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MaHHE YISJSHO TEOPHH H NpPaKTHEE PEHTTEenO- clieK-
TPAJALHOTO KAYECTBEMHOrO H KOMHYECTEEHHOrO aHa-
JH3a MaTepUallos CAOMHOIO COCTaBA (CIAABOB, PYN
H MHHEDalloR).

Kaura pacCYHTaHa Ha HaY4HBIX paﬁOTHHKOB, HHHS-
HEPOB, TeXHHKOB K 1a60opaHToB, patotanmux B obma-
CTH upa3J'lIfI‘leIX PEeHTTEHO-CICKTPDAABHEIZ WUCCHSTO-
BaHHH H JIDYMHX BHOOE PEHTTEHOBCKOrO aHadnia
BelleCTBa, & TaKKe Ha acCnHPAHTOB H CTYASHTOR

CTapmnx KYypCOB EY30B COOTEETCTBYIOIIHX CllenHanb-
HOCTEH,
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MNPEIJUCJ/TIOBHE

C passuTueM TEXHHKM DerUCTPALUN PEHTIeHOBCKULX nyuelt — paspa-
GOTKOR M YCOBEPLIGHCTBOBAHHEM CHETUHKOB lefirepa, NpONOPHHOHATh=-
HBIX CUETYMKOB, CUMHTHIISNMOHIBIX CUETUAKOE H Ip., — MOfABUIACE BO3-
MOMHOCTL GHICTPOIO M TOYHOTO HaMepenus c1aboro GUIyOpPCCHenTHOTO
pelITTEHORCKOrO usvuesus. B mocsennce NeCATHAETHE METOARL PERTIEHO-
CHEKTPATLHOTO  dHAIH33d  VCICHIHO BHEIPSOTCA 5 IPOMBILISHHOCTL 1
FeoJOTHUECKYIO Ccaykoy.

Kak M3BeCTHO, PEHTICHOBCKAR CMEKTPOCKONHS SIBIALTCA OAHHM H3 JIyH-
WHX METOMOB MCCJAeIOBAHMA pACTpeleleHus 3ASKTPOHHBIX COCTORINH
M0 SHeprusM, [JIABHHM 00pasoM B TBePAHX TEmaX. OIoHAKO L8 TOAY-
denud HATCKHLIX PE3yapTaros HeoOXOIMMO BeChbMa TUIATEALHOE MPOTZ-
JleHie SKCTEPUMEHTA H 10801bH0 CJAQKHAA KPomoTinsas o0paboTKa mouay-
YEeHHBIX PE3VIbLTATOB. '

Mexcay TeM, 0030pHOH IMTEPATYPH, B KOTOPOH Opuln OB cucreMa-
THUYCCKH H3JIOMKEHEl COBDEMEHHRE METOABL PEUTICHO-CIeKTPAILHOTO 11a/1133
W HCCAesoBaHul TOHKOW CTPYKTYpPHL CHEKTPOB MCMYCKAHWA W MOTJIOILEHHS,
a Takye OMUCAHA COOTEETCTBYOILAA annaparypa, — HeT HU Ha PYCCKOM,
HM HA HHOCTPAHHBIX #amkax. Manauuuie y Hac xaarn M. b. bDoposckoro
w M. A. DroxnHa «Penrreno-crnekTpanpHuli adamus» (1939 r.), T. Xe-
Belui «PeHTreHo-xumiueckfl anaaua u ero npusmedenus» (1940 r., nepe-
go1 ¢ auramfckoro usgauus 1932 ro) ou [ Xesewn u 3. Aaexcaunepa
«IIpiMeHeHHe pPCHTTEHOBHX Ayduel B XuMadecKoM auamuae» (1935 r.)
COREPIIEHHO yCTapeTd, a BLILeqllue B nociefune roau kuuru 3. E. Batil-
wrelina  «MeTogsl KOJAMUECTBCHHOTO PEHTreHO-CHEeKTPadbHOr0  AHAIH3A»
(1956 r.) u «CUmerocWibHas anmapatypa MLdd PCHTTEHO-CHEKTPATRIONO
ananuaar (1957 r.) —nocesieds B OCHOBHOM METOZAM aHAMW3A M OTH-
CAHMI0 annaparypel ¢ HCMOIb30BaHHeM doTorpadiyeckoll perucTpaning
TIePBUYHLIX PEHTTEHOBCKUX CHEKTPOB.



OPEOLHCAOBHE

Bcnencieue  aToro ODpHMEHeHH: p&HTFQHO-—CHeK’Fp&J{bHOI‘-O a”Hanysa

¥ MPOMEILIICHHOCTH, TeONOTHYECKOH Cayxbe, TOpHOM sede ¥ APYrHX
OTPACIAX HAPONHOTO XUSAHCTEA HAleM CTPAHE PAaSBHBASTCH HENOCTATOUHO
GHCTPO, — B OCHOBHOM nyTeM KPaTKOCPOYHOro O8YYeHHS COTPYIHHKOB
HOBEIX /a00PATOPHH B HEMHOTOUMCASHHBIX HeRCTBYIOUHX PEHTTEHO-CTIeK-
TPAIEHHX J1a00paTopUsX, Tle HaKOWIeH LOCTATOUHBIH OTELT. :

Hacrosiuas kmnra wumeer wneabd BocnoaunTd YKasauwue# mpoben
B JMTepaType W TOSHAKOMUTH HAYYHHX paGOTHUKOB, VHKEeHepOB, n1a60-
PANTOB U CTYACHTOB, CHEUNANHSHPYIOWUXCS B OGJACTH DEHTTEHOBCKOH
CHEKTDOCKOIHH, ¢ COBPEMEHHBIMH MeTONaMU MCCAeNOBaHHE U anmapary-
po#f. 3uayuTenpHas HacTb KHHUTH TIOCBALLENA H3MOHKeHHI0 paGoT aBTopa
H €ro COTPYNHHKOB B 9T0H OOGM4CTH, KOTOPLIE HA4CTHUHO NYGJIHKYIOTCS
BIEpBHE,

M. Baoxur

BBEJEHHE

OCHOBHLIMH HaTDABNEHHAMH PEHTTEHOBCKOH CIEKTPOCKOUHHN ABIAOTCA
onpeicicHHe COJEPKANUA OTINEJLHEIX SJCMEHTOR B DASJIH4HEIX BelecTBaX
(peHTreHO-CTEKTPANbIEIAL aHaIN3) H WCCACKOBAHHA PACHPEACJEHHA, MJIOT-
HOCTH SeKTPOHHBIX COCTOSHME TIO SHeprusM B Teepiom tede. Ilo stum
BONpPOCAM 34 MOCHEIHHE IOJEl NOABKIOCH 3HAYHTENBHOE KOIHYECTBO paGor.
PeuTreHoBCKHe CHEKTPHl WCNOJB3OBANUCH TAINKE NIH HSYUSHHA XUMHYe-
CKOR cBA3H, OTNpelelendss BaJISHTHOCTH aTOMOB B HEKOTOPHX CoelMHe-
HUSX, WCCAelOBaHHA YpOBHeH oHeprHu CBOOOIHHIX aTOMOB, MOJMEKYM H
HOHOB B PacTBOPAX, W3MEPeHHS TOJLUHH NOKPHTUH MeTanios M T. A.

BaxHeAIHMH [PaKTHYECKUMK TIPHMEHEHHAMI PEHTT elO-CIEeKTPAIBHOTO
H/eMEHTAPHOTO . aHAMH3a  ABISAIOTCH: B TE0JOTHM —ONpeleleHnue CoCTakad
PYL ¥ MHHEDAJOB; B TOPHOM JAeJe — KOuTposib PalboTH 0GOraTHTENbHEIX
(aGpUK; B METANNYPrHH — WCCAEJOBAHHE COCTABA JETUPOBAHUBIX CTAMEH,
CIJIABOB, PA3JHYHOTO Chipbsi— PYA, (ICOER, 24 TaKKe OTXOLOB — [LIAKOB
M T. A.; B XHMHH — KOHTPOIEL CONEPIKAHHS PelKHX SJIEMEHTOB NpH pas-
paBoTKe TEXHOJOIHH M3BJEYeHWS uX u3 pyid. B cpasu ¢ ycosepillencrno-
BaHMEM METOAOB AHAJH34 4 BHNYCKOM COBDEMEHHLIX DPEHTITEHOBCKMX
PAYOPECUEHTHEX CTIEKTPOMETPOR ¢ MOHH3AIHOHHON perucTpauuet o6aacTsb
MPAKTHYECKAX NPUMeHeHHH DPEHTTEHO-CMEKTPANbHOIO AHAANSE SHAYHTE/bHO
pacmupuiace. OTneipHble padoTel MOCBAINEHE TAKIKE ONpeleNMeNui0o NpH-
Mecefi B TPOAYKTAX INEepPeroHKM HedTH, 4HANN3Y KPOBM HAa remoraoOuH
(no . comepwareMycss B HEM efesy) H T. I. :

[IpoBedeHHe SNEMEHTAPHOTO aHANW3ad IO DPEHTTEHOBCKUM CIEKTDaM
BOAMOMHO GA4roflaps TOMY, YTO HHTEHCHBHOCTh CHEKTPaSbHBIX JIHHHH
MK BEJMUMHA CKAyKd NOTJOUIEHHS OINpeNeiseMOro 2JeMeHTa 3aBHCAT OT
ero copgepmanud. Venoiesyda saxon Mosau, COTMACHO KOTOPOMY. KBan-
pPATHLIE KOpPEHb M3 YACTOTH ONpele/eHHON JAHHUH PEHTTEHOBCKOIO CheKTpa
auHeBHO pacTeT ¢ YBeJMYeHHEM aTOMHOTO HOMEDE, MOXHO yCTAHOBHTH
HAMHYME HEKOTOPOro JeMeNTa Jaxe B TOM Ciyuae, eClii €ro CHeKTp paHee
He OBLI HsyyeH. DTuM IyTEM BIepBHe OBIH 00HADYXKeHB! 3MeMenTH radHul
(8 1923 r.) u pemmfi (B 1925 r.), cyllecTsoBaHue KOTOPHX OBUIO Npedr
CKasaHO HA OCHOBE MEPHOAHUYeCKOH cucTeMbl aneMenToB . M. Mengeneesa.

Bckope moce 3TOro Ouulif pasBHTH KAUeCTBGUHBIN H KOJuYeCTEEHHBIH
PEHTreHO-CIIeKTPAMbHEIE @HAJAMSE TI0 CNEKTPAM NOTAOUIEHUS U HCHYCKA-
HiA. Tleperie paGoTH B 5TOM HanpapieHun, nposenenxeie B CCCP, oTHO-
carca ¥ 1934—1935 rr., rxoraa ObLIM CO3[4aHBl DPEHTIEHO-CIEKTPA/b-
nele mabopaTopun B XapbkoBe — B MHCTHTYTe 4epHOH MeTanaypruu
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(H. I. Bopucos u . M. ®orear)u 8 Mockee — 5 JIoMOHOCOBCKOM HUCTH-
ryre AH CCCP (M. B. Boposckuit n M. A. Buaoxuu). K koHuy 30-x rr.
Ha4yaty paboTaTh PEHTreHO-CTEKTPAIbHLE 1aB0paTopHu B Jleuunrpage —
B0 BeecowsHoM reonornueckom uncturyre (B. H. Ilpotononos) u s Mockse—
BO BcecoiosioM HHCTHTYTE MUHEPAILHOTO ChIphs (E. JI. Koctpos). TMocae
BOHHEL OBIIO COBA4HO MIOrO ULOBHX J1aBOpaTopHil; H3 Hux Haubodee
akTHBHO paGoraer nabopatopus B MHCTUTYTE reOXHMUH H aHAMUTHYCCKOH
xumue AH CCCP (3. E. Ba#inwTedin). Bo BceX =THX U B HEKOTOPBLIX
Apyrux 1abopaTopuax OBUIM * IPOBedeHBl MHOTOYUMCICHHHE paGOTH IO
‘PA3BUTHI) MCTOLOB aHalW3a U paspatoTke PeH1raH0-CHeKTPANbHOH anna-
‘patyprl. llpoHsBoncTso = ammapaType  Gslio  uoctasiero B 1940 r.
‘M. A. Broxmhetm u M. B. Boposckum ua DKCIIEDH* .CHTANBHOM MCXaHH-
ueckoM 3aBoide HHcrTuryTra ropwuwux uckomaemmx AH CCCP, a B mociei-
tpe roiel — M. A. BIOXHHEIM B SCHCPHMSHTAILHHX MacTepckux PocTos-
CKOrO rocynapcrienHoro yuunencurera, K. M. Hapbyrrom u A, B. Tuab-
Baprom — 5 MHcTuryre wpu~anaorpagun A CCCP.

Ilapanienbuo ¢ pasBUTHEM AUATHTHYECKMY. METOLOB OBLIO BHITIOAHENO
MHOIO BAKHEIX PA0OT N0 MCCACNOBAHMIO TOHKOH CTDPYKTYPH DeHTreHOB-
CKHX CHeKTPoB. Vsywenue munuil (uam Toxoc) HEMyckauud, CBASAHHBIX
€ SdaNOJHEHACM BAKAHCHH OLHOTO M3 BHYTPeHNHX YDOBHeH aroMa smaex-
TPOHOM € BHEUNErD 3ANOAHEHHOrO Y1oSHA, NOSBOJAET CYAHTE O pacrpe-
ACTCHUE NO 3HCPrUAM 3alOJHCHHBIY. C.CcTOgHUB. McchaenosaHue criexTpon
TOTMOIIEHN A, BOSHHKAIOWAX Tpu Hspelade sHepruH (GOTOHA aTOMY C Bbi-
GpacHBaHUEM BHYTPEHHEIO 2.iCKTPOHA B 001aCTh CROGONHBIX COCTORHUM,
NO3B0A4ET YCTAHOBHTE pacfpedefeHHe 9THX COCTOAuHl [0 SHEPT4AM.
K srum AByM MeTOoZaM 53 nociegiue romw npuGapuaci MeTod H30XPOo-
M4T JTUHERUATOTC CMEKTPA, B KOTOPOM BHYTPEHHMH 3JeKTPOH aToMa Takmke
BHOpACHBAETCH 3a fpeneabl 3anoJHeHHOH ISKTPOHAMH OOOJOUKH €ro,
HO  HeOOXOAMMAA A ITOTO SHEPrHA NEPENAETCS aTOMY S.eKTPOHOM
KaTOAHOrD NyuKa. MeToNl HBOXPOMAT CHVKHT TeM Ke [eaaM, YTO H HCC/e-
AJ0BAHUE CICKTPOE TIOTJAMIEHHS, HO 10 CBoeff paspewtaimed cuie ou
BABOC TIPEBOCXOIAMT METOH CHEKTPOE MOTJIOLLEeHHs.

Bonbuine yemexit mocTurnyTte 33 nocaenmee BpeMAa M B OBJACTH
HSMEPEHUA CTeKTPANbHOH HHTeHCHBHOCTH DEHTTEHOBCKMX Jyuel, aAas
H3MEpEeHHS KOTO o HCMOAB3YIOTC MPONOPUHOHATLHEE H CUHHTHIASIUOH-
HETe CuerTyuKH. lenodbsoBaHHe HX COBMECTHO C OAHOKAUAILHMM aHATH-
BATOPOM AMIAMTYAB MMIIYJLCOB TO3BOJIMIG BECTH H3MCDPCHHA Ges ofbiy-
HOTO  pasqomeHHA aydyed B CHEKTP ¢ NOMOWBID KPHCTAAAA. JTOT MeTOoI
HBMEDPEeNni CHNeKTPAAbHOK HHTEHCHBHOCTH OGJAJAET CTOMb BHICOKOH 4yB-
CTBHTCABHOCTBIO, 4YTO B HEM OKA34MOCH - BO3MOXHEIM MPHMEHHTh AJS II0-
AYHUeHHA PeUTreHOBCKHX My el BechbMa Ciafioe H3MYUeHHE HEKOTOPHIX PATHO-
dKTHBHHYX H3OTOMNOR, T. & 00OHTHCE 63 0OBIYHON peHTreHoBCKOR TPYOKH.

Bce mupe passuBaeTcs npuMeHeHHe PeHTTeHO-CHEKTPAILHOrO AHAMM3A
B HCCACNOBAHHH TOHKOH CTPYKTYPHl CHEKTpPOB, urpaiiuelt Goasbuiyo
Poiib B COBpeMEHHOH (u3MKe TBEPLOro Terd. .

FTABA I
BO3BYXAEHUE PEHTTEHOBCKUX JIYYEH

1. PenTtrenosckue TpyOKH s aHAAM3a N0 NePBHYHBIM COEKTpaM

OcuoBnLIMY YACTAMH PEHTTeHOBCKOHR TpyOkM ABJAAIOTCA KOPIYC, aHOX
# karol. Kopoyc ofccrneduBaeT  BO3MOMKHOCTE CO3IaHHUS BHYTPH TPyOKH
BEICOKOrQ BakyyMa. Has peHTreHo-CnekTpaibHOro aHagH3a MPHMELATCA
MOYTH MCKAIOUHTENBHO SJAEKTPOHHEIC TpyOKH ¢ HaKaJdeHHBIM KATQIOM.
Has nopmansHo# paBoTe Takwx TpyOox wneoOXoInM Bakyym 5 - 107 —
107% mopp. AHaius 10 TepBHYHBIM CHEKTPAM HCTYCKAHMA U MCCJe-
NOBAaHHE TOHKOH CTPYKTYDPB THX CHEKTPOB TPeOYIOT HAHCCCHHA HCC/IC-
OYEeMOro BelleCTBA HAa A4HOA PCHTLeHOBCKOA tTpySin. Jia sTUX Leneht
NPHMEHATCH pasOopHee TPYOKH C MeTA/JJHYECKHM KopuycoM, padoTain-
HiMe MPH HEPEPHIBHON OTKAYKe MapoMacisueiyM nacocoM. B umx yuaaercs
MOJYYHTb BaKyyM oOwiuHo He Bmme 5 - 1077 mopp; Gonee ke BHICOKOTO
BAKYYMA MOMWIO AOCTHYL, JAHUIL MPHUMEHAR CHEUHAJbHEIE MEPH M BHIMO-
PAKHBAS KOHASHCHPYIOLIHECS Tapel noRykamu. [ng anandsa mo coekrpau
NOTAOWIEHNs!, HCCIeA0BAHMA UX TOHKOH CTPYKTYDPH W BO3OYKIEGHHA BTO-
PHYHBIX CHEKTPOB (peHTreHoBCKOH IyopeclleHUHH) npuMeHAloTcs Jjubo
pasfoprble, aufo sanasHHbie TPYOKH C TMOCTOSHHHM BaKYyMOM.

Katom peHrredoBcko#i TpyOxm momKen o0eCnednBarth AHOLHEIE TOKH
or 20 go 50 wme npu ycroHuuBofl SMHCCHH 2JEKTPOHOB B TeueHHe AJH-
TeAbHOTO BPEMEHUH: OT HECKOMNbKHX Y4COE NPU  JABJEHHH OCTATOUHEIX

razos 107* Mmopp IO HECKOABKHWX COT YACOE MPH AABICHUH 107° mopp.
HurTh Hakana kaTolda M3roToBisercs auG0 u3 BOJIBPPAMOBOA NPOBOIOKH
guamerpom 0,2—0,25 aem u aaunodt 7— 10 cu, muBo us muaTunoBoft
npoBoaokH guaMerpoM 0,25—0.3 uu u miusod 8—12 cu. B mocmenuem
CAyYde MJATHHOBAY MMTh MNOKPBIBAETCH TOHKHMM CJIOEM OKCHUNHOH HACTH.
HukeneBana npopo/doka, OpUMeHSeMas B 2/JSKTPOHHBIX J1aMnax B KauecTmBe
Kepia OKCHIHOTO KaTOAa, NPH CPABHUTEAbHO ILIOXOM BaKYyMe pasfiop-
HBIX PeHTreHoBcKMX TpyOoK He ofecmeuuBaeT YCTOUYMBOH IMucCHH.
Pacuer HeoGxoDuMBIX pasMepoB HHTH HAKaAa OCHOBLIBAeTcd Ha (oOp-
mMyae JsmiMana: : : '

¥
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rie ¢ M 7 -—3apil W Macca 3MeKTpOHA, f— NocrosHHas [laaHka, B —
nocTosHHas bBonbumaHa, S— MOBEPXHOCTH HHTH, T— aGCoAIOTHAS TeM-
HepaTypa HMTH, ¢-—pafioTa BeXOJa MATEPHATa HHTH, € — OCHOBAHHE
HatypanbuelX Jgorapugmos. <Popmyna (1,1) ompelenser seaHuuHy ToKa
HACHILIEHHSA ig.

Tlpun OTCYTCTBHMM HaTpieHHd Ha DEHTTEeHOBCKOH TpyOke HenmyuienHbIE
HAKATGHHOH HHThIO S/eKTPOHB 00pasywT OKOJIO Hee NPOCTPAHCTEBEHHBIH
3apax, KOTODHH BeleT K npekpalleHHI0 JaabHeue#t smuccun. HeGouak-
WOE  HaNpAXeHue, MPUIOKEeHHOe K TpyOKe, BHI3HBacT HedoqpHIOH Tak
HA3BIBAEMEIH €AHOINHLIE» TOK, HECKOJbKO YMEHBLIAWLIMA NPOCTPAHCTBEH-
Hbifi sapan. Ilo Mepe pocTa HanpsaMmeHus 5TOT TOK OVIET PacTH A0 Tex
Nnop, 0oka NPOCTPAaHCTBEHHHR sapsan He ucuesHer. [pH 3ToM Bce 3jex-
TPOHEI, HCHYCKAaeMBIE HHTbIO, GyAYT NPUXOIHTL Ha aHOM, W AadkHefees
NOBHIIIEHHE HAAPSKeHus He BLIZOBET pOCTA AHOLHOIO TOKd. ITOT Ipe-
JebHEIH TOK M HASBIBAETCH TOKOM Hacwueuus iy, Kax sumino us dop-
myast (1,1), TOK wacuLIcHHS PACTET ¢ NOBHILIEHHEM TeMuepaTyphl 7 HHTH
H ¢ yMenbuieHueM paboTw BHIXONa . OIHOBpeMEHHO PACTET M HATIPHIKE~
HUE, TIPH KOTOPOM AOCTHTaeTCst HacbilenHe. [Ipu pacuete neoOxomuMmol
NOBEPXHOCTH S HHTH CJeAYeT 304Th TPeAefbHYI0 NOOVCTHMYIO AJS AaH-
HOTO Marepuasa TeMueparypy 7, a Takwe ero pafoTy BHIXOIA  o.
DT IaHHBe NAF HEeKOTOPHX nanfojee yHOTPeBHTEALHEIX MaTCPHANOE
npupedeHtl B taba. 1.

' Tadnuna 1

JlaHHele pna pacyera HUTel Hakana

] MperzanHan
Temnepatypa pabouas b

MaTtepuaa MAABAEITHA TeMmepaTypa, rpag.

kepHa, abc. rpal. abe. rpan.
N 1725 1100 34 000
X 50 ac 2040 - 1400 60 000
W. ..., 3620 2300 53 000
Th ma W . . | | 3620 1700 34 200
BaO na Pt . . . 2040 1400 21 000
5tO ma Pt . ., 2040 1400 25 000
Ca0 ma Pt , | . 2040 1400 28000

Jlag ynobBcrea pacueTa BeipasuM S B a3, I, — B #a u obo3nauuM
b= @/k; b Bmlpamaercs B rpaaycax. Torma (1,1) mpumer Bux

b
_ _ in==602S8T% 7,
OTKYId CJaeldyeT:
o _
$=0,00166 2% 7, (1,2)
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[Ipu pacueTe OKCHAMPOBaHHBIX HUTCH CIAEAYeT YUUTHIBATD, 4TO Bosa-
KyyMe 107% mopp ouu oGHAPYWUBAIOT SMHCCHIO YiKe HauuHas ¢ 1000°K,
a B OOBIYHEIX pasOopHLIX 2MEKTPOHHBELX Tpybrax —upu 1200°K. Kpowme
TOr0, HeOOXOLVMO VUHTHBATH, YTO KOHUEL HHTH OXAZKIAOTCH KOUTAK-
TaMy  KaTONa, W TOTOMY B HeHCTRMTEIbHOCTM paboTaeT AMWL Cpelnift

YUACTOK HHUTH.

OKCHAHAA TACTd MATOTOBIAETCA M3 CMECH TULATEABHO PACTEPTRIX YIJe-
KHCABIX cojdell Gapus, CTPOHLME M Kaablus B cneqyrou#;lx BECOBLIX ngo—
nopuaax: HB—60°%, BaCOs,, 30—40%, S1CO;, 5—10%, CaCO;. \3a1e1\{
OIHa Becopad 4aCTh CMECH PasBOIWTCA B JBYX HACTAX aMHIaleTaTa HiH
STUNOBOTO cnMpTa. Ias ¢Tabuausanui SMYJIbCHH DEKOMEHIYETCHd PacTBO-
puTh B aMAjauerare HeBobINOe KOMHYECTBO Uenaaynaowmaa. [1pw Liaurelb-
HOM XPAaHeHHH UACTHUIIEI OKCHHHOW TACTHl KOArymuPYIOT, TaK HTO Hepes
HEeCKOJbKO Heledb TAcTa NepectaeT xXopomo paborarth. [TacTa HaHOCHTCA
Ha HHTb TOHKOH KucTouko#. HuTh NpeiBapuTelbHO OUWILAOT TPABIEHHEM
B cOMAHOH KHCJAOTE W 3aTeM TLIATeJAbHO NPOMHEBAT BoAo#. ITocae BRICY-
IUMBAHWS HUTH M HAHECEHHH MACTH KHCTOYKA OTPAXHBACTCS M HCTOAL3YeTCH
LA CHATHA JHIIHMX KATeJek M CryUeHH# nacTel ua HuTd. Korza cio#t
HaCTH BHICOXHET, MOYKHO HAHECTH CASAVIOUIYIO MOPIUKD MACTE, MOKa HUTh He
6yner mnoxphHTa PaBHOMepHHM OenkiM HazertoM. Ilas sToro oOwmmio mo-
CTATOYHO OT OIHOTO N0 TpeX MNOKPLITHH. AKTHBHPYETCHS OKCHAHHE CAOH
au6o TPeHHPOBKOM peHTreHoBCKOW TPyOKu noid neGo/bILHM HANPIKEHHEM,
nu6o TpelBapUTEIbHBIM NPOKAAWBAHHWEM HHTH B BBICOKOM BaKyyMe B Te-
genue 10—15 muH. npu Temmeparype 1000—1100°C.

TlinaTHHOBaA OKCHAHPOBAHHAS HUTh VKA3aHHHEIX BHIle pPasMepoB
maudHaer padoraTh NpH ToKe Hakaaa 1,8—2 a. llasenue nanpswkenus
Ha ue#l cocrasaser okodo 1,5 g, Ilo Mepe pacmelIeHHA OKCHANOTO €04
Hakal TNPUXONUTCS VBeAuuYuBaATH. IIpH Toke Beme 3.5 @ u mageHun
HampsKeHus #a HutH okoao 3,5 ¢ HAUHMHAGTCA 3aMeTHOE PACHBLISHHE
miaTHHE. B 3ToM chiyuae pafoTy C/AelyeT NPHOCTAHOBHTL M 33HOBO OKCH-
INHPOBATE HMTh. )

BonbpgpaMoBas HHMTb YKasaHHHX pPA3MePOB HauHHaer pafoTaTh NpH
Toxke 5—06 @ u  nanpamenuw 10—12 g, C TeveHuem BpeMeHH HHTB
AOCTETIEHHO YTOHUAETCA, HeoOXOAMMBIR TOK HAKala TMANAET TPH ONHO-
BPEMCHHOM pocTe Hanpsbkenus Hakama o 16—20 8, u  Hure mnepe-
ropaer upu TOKe ok0a0 2 a. [llpusesHenne HuTeH U8 TOPUPOBAHHOTO
BOMbIpPAMA MOKET ATk CYILECTBEHHEl BHHIPHII B HeOOXONUMOR Jaid
TMTAHUA HHTH MOLJHOCTHM TOKA Hakala JHIIb Npu KapOHAHPOBAMMM TAKOH
autH. OIHAKO CHOMHOCTE NPOINEcca KapOHIAHPOBAHHA HE INIO3BOJsET TPO-
BOAHTE ero B mabopaTopHHiX ycaoBuax. Kpome toro, kapOuiuporaunbie
HUTH W3 TOPUPOBAHHOTO -BOJABMPAMA TePAT SMHUCCHIO [PU BIYCKE BO3-
A¥yXa B PEHTTEHOBCKYH) TPYOKY H TNOTOMY HeNPHMEHHME B pasfop-
HHX TpyOKax.

CpaBnuBas pafoTy IAaTHHOBOH 'OKCHIMPOBAHHOM M BoJXbbpamMoBof

HuTel, ClenyeT 3aMeTHTh, uTo npu BakyyMe 107°—107% mopp obe nuru
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pafoTadT 0IMHAKOEO XOpomo. [Ipu TAKOM BAaKyYMe B HEKOTODBIX Ciy-
4aaX MJAaTHHOBLIA KepH MoOeT ObiTh 3a3MCHEH HHUKeleBuIM. (O nuaxo gauie
BCero pasBopHbie pPEHTTeHOBCKME TPYOKHM I 9MHCCHOHHOTO aHaiu3d
paboTaor npu BakyyMme 5. 107*—5.107° mopp. B stom clyuae BOJb-
(pamMoBas HMTh OYEHb CHABHO PACTHLINETCH, NOKPHIBAST CJAOEM BOJb(PpamMa
HCC/IEAYEMOE BELIECTBO Ha aHoJe H AMOMMHHMEBYW (OJbIY OKOIUKA PEHT-
reHOBCKOH TpyOKH, HUTQ NPHBOLNT K PEe3KOMY NaJeHHI) HHTCHCHBHOCTH
cunexrpa. TIpH TOM e BakyyMme IJAaTHHOBAad OKCHIMPOBAHHAA HUTL palo-
Taer He Menee 10 wHacos. HocraroudHo ycToHUMBO HpPH MAOXOM BaKyyMe
paBoraer TaKKe HUTB H3 TOPUpORanHoro MomuGgeHa (75%/, Mo, 259/, Th)
[1], narowas smuccuw npu 1600°C.

Popma HETH SaBUCHT OT KeJaeMOH KoHUIYpaisd H pasMepos dokye-
HOTO MATHA, a TaKikKe 07T YCTpoHcTBa (POKYCHPYOLLErD KOJNAYKa KaTohaa.
Hauboaee pacnpocrpaHeHHON (QopMOH seaseTcsd WHANIAPHUECKAS CIIHPAb,
Y3roTORAAEMAas HABHBAHHEM HUTH HA CTAJbHYK) HPOBOJIOKY IHAMETPOM
1—1.5 mau- Ilpu sTOoM BawHO OBecleunTb NOCTOAHCTBO IIara CHHPATH.
Kounel eoabhpamosoit Hutr 3arubardTes M VKPEILISIOTCS BHHTAMH B COOT-
BeTCTBYWIIKHX KOHTaKTaX KaToja. Kouusl maIaTHHOBOH HUTH IIPHBAPHBAITCH
K MeNHEIM WIH HHMKEJeBLIM NMpOBoJouUKaM pauuoto 10—20 au (B saBu-
CHMOCTH OT AJHHB! OKYCHPYIOUIEro Koamnavka). [IpuBapka ocyliecTBISETCS

‘aufo B NIAaMEeHH CTEKJO0JIYBHOM rasopoft ropedku (B ciydde MeguoH npo-

BOMIOKH), Au00 TOueyHOH KOHTAaKTHOH 3i1exTpocBapkoi. [lpoBonouku yxpen-
ASIOTCS. BHHTAMH B KOHTAKTAX KATONA M CIYKAT MeCTKoH omopol nuTH.
lMpuMensAoTCA TakKe HUTH B BHAE IJIOCKOH 3ursarooCpasHolt cnupanu
wili HHOH momxonsile#t opabl. ' :
DoxycupyomMit  KOTMAYOK uMeeT ODBYHO GOPMY HMAUHAPA MIH KO-

- PHITA. B ceasu ¢ TeM uro npusMeHeHue H30THYTHX KPHCTALIOB 149 Pas-

JOMEHUA nydeHl B cnexTp Tpelfyer OORYHO THPOKOro (QOKYCHOTO NATHA
Ha 4HONE pPeHTreHOBCKOHR TpyDOKM, HHTB PACIOJAraeTcs 4Yalle BCero Ha
VPOBHE HAPYKHOTO OTBEPCTHS KOJHMaukKa nJH HECKOJIbKO BHYTDM HErO.
B caysae HeoOXONHMOCTH NMOIYYHTE Oonee ocTpHi (hoKyc, HHTL MOKHO
BIBHHYTh cllle TiyGimke B Koanauok. PagMep GoKyca 3aBACHT TaKXKe OT
PACCTOAHUA KATOL—aHOL. B HeKOTODPBIX PeHTreHOBCKHX TpyOkax mnped-
YCMATPHBARTCH BO3SMOXKHOCTB PETYAMPORKH KAK STOrO PACCTOAHEH, TaK
1 pacloNOXEeHHs] HUTH B hOKYCHDYIOUEM KOJNAauKe.

AHonHOe HANpSKEHHE, NPH KOTOPOM MPH AaHnof TeMOoepaType AocTH-
raeTcd TOK HacHUlenus, Oyiaer TeM Oo/blle, ueM TaAyOrke HAXOAWTCH
HHTL BHYTPH (DOKYCHPYIOUWLEro Koanauka. B penTreHoBCKHX TpyOxax.

APHMEHACMBIX TIPH PAa3AHYHBEIX PEHTTEHO-CHeKTPanbHLIX HCCHeIOBAHUAX,

pafiouee manpsHKeHHE OOBIYHO HeJOCTATOUHO 79 NOCTHMEHHH TOKA HACH-
wenns, TlpH HemaMeHHOM TeMmepaType HHTH H TOCTOAHHOW DAasHOCTH
MOTEHIHAJOB MeXAY KATOIOM H aHOIOM MOMHO 3HAYHTEJbHO YBEeJAUHUHTDH
CHY AHOZHOTO TOKa (A0 BelAMYHHE TOKA HACHLIEHHA) MYTEM BBeleHHU:
MEMIY KATOAOM M AHOINOM TPeTbelo EKTPOLA — CETKH H MOAAYN Ha
Hee TIOTeHIIHa/sa, [OJOIKHTEJIRHOrO OTHOCHTeAbHOro kKaroza. B paGore
Ditseniurteina [2] onmcana TpexsaeKTpOIHas PeHTreHOBCKad TpyOKa
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¢ pBoAb(PPaMOEOH MIOCKOH CHMPASbHOH HHTBIO BHYTPH LHIHHIDUYECKOTO
(OKYCHPYIOIIEI0 KOJNAYKa M3 HEPiKaBeioiled CTAITH. ¥ BHIXOILHOTO OTBEP-
cTHA KOJANAYKAa HA PACCTOAHWM 3.2 mi OT HUTH OBIA YEpenieHa CeTKa,
COCTOANIAS M3 HI0AHPOBAHHOIN HHKENeBOH PAMKYM C HATAHYTHIMU Ha Hee
HIECTBX) MAPAMACTbHBLIMH  MOJHONEHOBHMH  NPOBOJOYKAMH  AMAMETPOM
0,25 aam. TIpoBoJiouxkn pacnpefesndch ABYMA TPYINAMH IO TPH B KK~
qoft. FPaccTosiHe MeXAy TPOBOJOYKAMM B Kau(Joi rpynme cocTaBldlo
1.6  mi, Mexny rpymnmamu— 3,2 seu. XapaKTEDHCTHKH Tako# TpyOxn
NpH  pPasHEIX MNOTEHLHMANAX HA CeTKe M DASHHX TOKaX HaKaia NPeACTaB-
AeHsr Ha puc. 1.

HOias HEeKOTOPHX CHeHHATbHBIX padoT, HANPHMED MNpu CHATHH H30-
XpOMaT PLHITEHOBCKOTO CMEKTPA, HEOOXOAMMO 3HATH C BHICOKOA CTENEHBIO

30 “EID 8
+&fi}
§25 <200 rg"
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2 =200 3
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) ~400 =
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0 5 0 £ 20 2% X 4 g 5 O B 20 25 & 35
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Puc. 1. XapaxTepuCTHKH TPeXsAeKTPONHOH peHTreHoBCKOl Tpybxn [2]. Karton
3a3€MIEH.

& — HpPH MOCTOAIHOM TOKEe HAKATa 5,1 . H pasAHJYHEIX HNOTEHUHATAX Ha CETHE, S—HyHKTHPHHE Kpld-
BLE€ NpH MoTeruHase ng cerike + 20 8 M pAasfiHaIiki TOKaX HaKada.

TOYHOCTH pPAaBHOCTL MOTEHHHAJIOR MerAy KaToLOM H anodoM. [Ipu sTom
MaficHHE HAUPSHKEHWs HA HHTH KaToda NPAMOTD HAKada HeNONYCTHMO.
B Takux cayuyadax OPHMEHAIOT HOAOTPeBHHH KAaTol, OLHA H3 KOHCTPYK-
uutt . [3] KoToporo npefcrarieHa Ha puc. 2. Pasorpes HHKedeBOR OKCH-
O¥POBaHHON MIACTHHKM AOCTHraeTcs 9aeKTPOHHOH SoMGapLupoEKo# Bepx-
Hell NOBEPXHOCTH ee N0l NeHCTRHEM PASHOCTH NOTEHLUHAMOB, MPHIOMEHHOR
MEWAY MAaCTHHKOH H BONB(PAMOBOR HUTBIO APAMOro HaKanma. PeHrre-

HoBckas TpyOka paGoraer npu nasaeHusx He sbime 107° mopp, Gaaro-
lapa 4YeMy CJ0H OKCHAA na HUKeTeBOM KepHe 1aeT VCTOHUMBYIO SIMHCCHID.

AHON PEeHITEHOBCKHMX TpyOOK, NpelHasHaueHHEIX I8 aHAAH3a N0
NEPBHYHBIM CHEKTDAM, AOMHKEH OOGCCMEYHTE ROSMOXKHOCTE PACIOMOMKEHHR
0o0paauoB Ha ero paSovel NOBePXHOCTH B 064acTi GOKYCHOrO MATHA
KATOAHOTO My4Ka, a Takme OBICTPYIO u YHOOHYID CMeHY o6pasior. ITHM
YCAQBUAM JAYYLIE BCEro YAOBJIETBOPAET aHOJ CO CMEHHEIM HAKOHEUHUKOM,
OGBIUHO U3 KpacHOH Mel, HHOrAa — H3 AmMOMHHEA. CHocoBnl HaHeceHHs
ofpasla Ha NOBEPXHOCThH awoza GYAYT Madowens B ra. VI

B GombumucTee cilexTporpadoB BeckMa BaHO CTpPOTOe (PHKCHPOBA=
Hue ponoxeHHs pabouel nopepxHocTH aHona. Ecau HakoHewHur amona
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coelHHASTCA HA pesbﬁe C ero OCHOBAaHHEM, OXJawIieMBIM HpOTO‘{HOﬁ

poaoi,

TO C!)HKCH]_JOBEHMB MOBEPXHOCTH HAKOHEYHHKA HOCTHIASTCH Tepe-

MelleHueM BCEero aHOLa BIOML CBoeR ocu. Ilpyroft, Goree ynoOHLIH ?HO;;
cof onucan K. V. HapSytrom [4]. B nocTpoeHnoH uM peHTreHOBCKO
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Puc. 2. ITogorpesHefl OKCHIHPO-
panHLifi Karog [3].

] — BOARDPAMOBAT HHTE NPHMOTO HAKATA,

2 — I[IHKeaeBasn MAACTHHEA, NOKPETAa"z

CUMSY OKCHIHON NacTof, & — QoryCHpyio-

WM HQANANO0K, ¢ — BIDAH 8AeKTDOLOB
D CTeKAMHHYI0 HOMWKY KaTOoRa.

TPyGKe CMENHBIE HAKOHEUHHKH MMEOT Bl
NPAMOYTOIBHLIX TIACTHMHOK  pasMepoM
40 % 26 % 4 ma®. Tlaacrunku IOJKH-
mawrca ceoelt pepxue# pabouel nopepx-
HOCTBI) K 3yDlIamM aHOAHOrO KOJIMadka.
[MoaosenHe MOCICANErO [0 BHICOTE pery-
JHpYeTca OIHH pas-— TpH cOOpKe peHT-
renosekoB TpyOku. [lomxuM MUIACTHHKH
¥ ee ocBODOMKIEHNUE OCYILECTBIAIOTCH Bpa~
HlelHeM HaKaTAaHHOH HAPYXKHOB MydrTol.
Bpamwenue 5ToH MyQrel NOTHMMAET H/H
OMYCKAET OXIANIACMBIN TIPOTOYHOR BOAOH
GanIMaK, TPHKHMAOINE TIIACTHHKY K ay0-

1AM KOJAMauKa. BamMax oTBOAKUT TErJaQ OT

TIACTHAKK. ITO YCTPOHCTBO MO3BOIAET
duKcuposaTe padouyI0d MOBEPXHOCTH ILja-
CTUHKH Ble GaBUCHMOCTH OT €g Tod-
UIHHLL.

Anoa BBOANTCA OBLIHIO vepes H30-
JAATOP, paccuntaHubfl Ha  HeobXoImMoe
BRICOKOE HanpsweHne u oOecreunBam-
winH RBAKYYMHOE ymioTueHHe anoia. Ka-
Tod u Kophoyc TPy sasemuawrcd. [lpu
TAKOM YCTDOHCTHE MPAKTHUCCKH WCKJO-
yaeTcH BO3MOYKHOCTH PACCEHBAHMA HEKO-
TopO# YACTM KATOAHOTO IyYKa 11a KOp-
oyc TPYOKH, uT0 MOMWET HMeTh MecTO
TIpY 333CMACHIOM aHOoNe W nolade BHCO-
KOro HanpskeHus Ha Katon. B mocdel-
1eM cJAyyae PaccefHIILIe SMEKTPONEL 1aWT,
AOBOALIO COMLIIOH PeUTTeHOBCKHE (OH,
CYLUIECTREINO CHIKAOIMHAE KOHTPACTHOCTD
nuieHvaToro cruexkTpa anoaa. llpu 3azeM-

NEHHOM KaToje B aHauuTeldbHOH Mepe obijeryaercd Taioxke cTabuin3auus
pexuMa PaboTH PeHTTCHOBCKOA TpyOKu. )

Ha puc. 3 - IpeacTaBieHO YCTPOHCTBO TPYOKH B. A. Kasauuesa,
HCIOJIB30BAHHON B KOPOTKOBOIHOBOM DEHTIEUOBCKOM cnexrporpade KPC

KOHCTpyKLHM M.

A, BaoxuHa [5].

yCTpO fieTpo  auoad, NOo3ROJAIDUIEeS

HepeMeLlaTh "eTo BIOIb OcH (es napyuwelds BAKYyMa, MOKasaHo Ha puc. i
puusy. Hapysuas Tpydra 6 aHoaa IMepeMeulacTcd BHYTPU neno;mamncg.
oeTans 7, B KOTOPOH WMeeTcd MIJHIL 174 IIAOHKH, MPHNAAzHHON K TpyOKe &.

IIInoHka He mnossojger TpyOke TMOROPAYHBATHCH.

Hetanp 8§ npunasHa

.

]_] TPYBKH JJd AMAJIHIA TI0O MNIPBUYNEM COEKTPAM 17

K 3TOH TPYOKC B HHIKHCH ee YACTH U COEIMHASTCS
cuabporHoym & ¢ aeraderi 7. CuabdpoH npumnaaH
k -detanam 7 U8 1 ofecrneunsaer BAKYYMHOE CO-
caunenne HX. Ocepbie TNepeMelUCHHA TpyOxn 6
OCYLUECTRIAMITCA ¢ MOMOLLBIO crakaia [0, umern-
Wero HApPYHHYI0 HaKaTky W HABHUYMBAKLIETOCA
no pesedc Ha ueTads 7. Ilepenaua ocesoro mepe-
MenleHuna crakana /0 getain 8 ocyllecTnaseTcs
TPeMA WIHALKAMA f/, BXOIATUMMH B KOJALIEBOH
nas, WMemuiiica B uetann 8.

Tlonomenne paGoucht nNOBCPXHOCTH  aHoIa,
noctde TOro Kak oHa Ouiha B repsm# paz npa-
BHABHO  ¥CTaHOBJAeHd, GUKCHPYCTCS  CACAYHOLUMM
obpasoM. DBrHyE KaTod ws cbemuod wacrw 4
KopTyca 1py0xn, OTNYCKAOT 4epe3 BepxHee OTBep-
crie 9TOH MACTH IOCTUPOBOYHLIE HNepPEeRAldEIR NH-

JdUAIPUK CO ROMTEIM B HEHTpe HHXHErQ ero
TOpUa CTaAdbLHABIM OCTPpHEM. ]_LH.I'II‘IH,H[J HI BBITAYH-
paeTcHd  TaK, 4rodnl OH BXOIHJ NOOYTH [JIOTHO

B CLCMHYIO 4acTh Kopnyca. Koraa ocrpuc ynpercs

B UCHTD padouell NOBCPXNOCTH HAKOHCUHMKA 4HOA,
Hd  BRICTYRAOIEH 4YacTH UMAHHIpUKA JeJaeTcs
METKA [a YPOBHE BepXHero Kouua aetatd <. [lo
STOH MeTKe B JadeHeRweM pabouas NOBCPXHOCTL
auond Beersd Mower OLITh NPABHABIG YCTAHOBICHA,
GHC 3aBUCHMOCTH OT KOHKDETHLIX DAZMEpPOR HAKO-
HCuilMka avoda J.

Karoa TpyGrM § TOIONKEHHH, TNOKA3AULOM Ha
puc. 3, naer QOKYCHOE MATHO, VAJHHEHHGE B lid-
[IPpABICHUM  BHIXOIA Jayued M3 TpySkn vepes
OKOWKO, TIpH 9TOM MOAYHACTCA WHTEHCHBHHIA ny-
HOK  JAyHeH B CPaBHHTEABHO  Y3KOM  MuTepBale
yraos. [IpeiycMOTpeHa BOSMOMHOCTE TMOBOPOTH
KaTONd OKOIO BCPTHEAALHOH ocu Ha yrosm 90°.
B svom cayuac doxycroe nstho mo. YUaeTCH VAJU-
HOHUEBIM B HANPABTCHHH, TICPIEHIUKYAADHOM K ILIO-
CHOCTH puc. 3, u TpySKa IdeT IMpPOKO pac-
XOLAWMNACH TVI0K AVUeH, HHTRICHBHOCTH HOTODOT O
ONHAKO MEHpllUe, UeM B MepBOM cayuae. To Had
HOOC MOJAOMKenHe KaToda BLOUPAETCA B 3aBHCH-
MOCTH  OT TOr'O, HCCAELVETCH JIH yaKad JACThL
CHekTpa, i e HeoOXOAMMO HOAYYHTH OMIORpPC-
MCHHO BO3MOXHO 60dce MAPOKHA CHeKTD.

Oxkowro TpyGxH 3akpWiBaeTcd  4dI0MHHUCEOMN
doarrof  romwminod 1520 sr. doiasra npu-
KIASMBAETCH K OKOWKY  BaKyyMuoH CMaskoR u

2 3ax. 3821, M. A. Baoxuu

Puc. 3. TpybBra Kasan-
nesa [5] mas KopoTteo-
BOJHOBOIQ pPEeHTIreionR-

CKOTD ~ CleKTporpatha.
f —HakonewnHy aH0I8, 2 —
1A pdro poB LT HE0IUTOP AHD1A
(Cpersas  wacrs H30DAATORA
HE  uepTeME He NOKABUHA),
4 — DOHYCHPYHMILMA  ROME-
40K WKATOLTA, 4 — ceeMman
HALTh KOpIYCa  TpyVOKH,
J —OoTBEpPCTHE AJH OTHAUKH,
f— anoa, T — Icnodsuacini
haunen auoza, & - noaeHm-
HOA @aanen aunona, ¥ — cMae-
diod, 0 — crawan © Hapysocoi
HAKATECH, I — lumaekn.
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Puc, 4, TpySka Kaszanuesa [5] aan nnun-
HOROJHOEBOIO PEHTIEHOBCKOTO CNeKTPO-
rpada.

I — RAaKonCTHEK anoga, 2 — HHTb HAKAJLR KATONA,
3 — dappopoBni HEQUETOD 4083 {Cpeidasd YacTh
He nokadanal, 4~ ckofia, 35— BMIIT, CAHEMAILKE
PESHIOBEIE ¥IAOTHEHHA KATOAD B CBEMHOK aCTH
KOPOYCE TPYOKH, 6 — MEIHEIE UIHEG LA OX/AaM~-
ZeuHd KATOA38 W NMHTAHHT HATH HAKa 2 TOKOM.
7 — OTBEpCTHE IR OTHAMKH.

NPHARHMACTCA paMKOH Yepes TOUKYIO
pesuny MJH KAapTOH ¢ NpopesaHHbIM
no QopMe OKOWIKA OTBepCTHEM 1A
NPOX04a ayuef.

Ha puc. 4 npencrasrena apyras
TpyOka B. A. Kazauuera, ucnodb-
30BAUIEN B NJAMHHOBOJHOBOM DEHT-
FeHOBCROM  cmexTporpacge IPC
M. A. Baoxuna [B]. Irta TpyOKa
npelnaszHadena 1aa paboThl BUYTDH
BaKyyMHoro Gapabana  chexrTpo-
rpada. Bece vacTu TpyOku yKpen-
JAHED HA TWIHTe OCHOBANHA COEKTPO-
rpada, Onarogaps ucMy HMMeeTcs
BOSMOMKUOCTE NOIHOCTLIO PDA3AEIUTL
BAKYYMHEIE 00DeMB TPYOKM ¥ Oa-
paGana. Jto noseoaser paboratb
aufo npu 3aKpeITOH KpHuke Hapa-
Gana 0es OJBMH Ha OKOWKe TPyGKH,
OTKA4YMBAS [0 BLICOKOTO EBaKyyMa
Bech OapafaH, JIHG0 TIPH OTKPHITOH
KpHLWKE ¢ ¢oasroft Ha oxolke
TpyOKH. AHOJ 1 KOpnive TPpYOKU He-
NOCPeSCTBEHHO OXAAMIAIOTCA [PO-
TOUHOH BOAOH. Karol oXmdamnaercs
MeJHLIMH IIMHAMH 6, COyXAWHMK
OIHOBPEMEHHO M OJd TIHTAHWE TO-
KOM HMTH Hakama 2. Huwoas mwuna
OTBOJHT TeILIO 1A KOPOyc Tpydrw,
BepXHAA — Ha oOxnamiaemelt n0po-
Touno# BOJAOH nanel, BepedeHHEIH
M3OMHPDOBAHHO  4Yepe3  OCuOBAHNE
cnextporpada. das pasSopun TpyH-
KM J0CTATOYHO OCBOOOUUTL BHHT 5,
cunTh cKOOY 4 W 0cBoBOAHTD KL 6,
TMOCAe Yero Jerko MoMKIO BHHYTH
KATOL M BCPXUIOID CHEMHYIO 4aCTh
Kopnyca Ttpy0ku.

[lpennowenuoe M. B. Cra-
peIM [6] ynoBuoe yeTpoHCcTBO anond,
ofbecneynBauee Goiee HUIKYIO Tem-
NMepaTypy HCCJACIVEMOIO BeliecCTBa,
npenctaraeHo Ha puc. 5. Hakoneu-
MK aHoja /, KoTopbH MOWeT OwITh
caedan H3 Meln HAN  AJIOMUHHH,
saBHHUMBaeTCH B TPYyOKY, uepes

1] TEYEKH L8 AHAJM3A N[O NEPBHYHEIM CIHEKTPAM 19

KOTOPYIO TIOLACTCA BOIANOE OXJIanAeHHE- BakyymMHOe VIJIOTHeHue ofecne-
yiBaeTCsl PesHHOBOM mpokgaamkoh 2. Ilpm cMeHe HAKOHEHWHHKA BoLa M3
anoia TIPeABApUTENBHO BEINIYCKAETCHA 4Yepes Hpeﬂl-Iﬂ-SHa‘-]BHHblﬁ I 3TolO

1

=

\\\\\\\\_\\~ % %

e A
Frezsiemierss

Puc. 5. Komerpykuna anoma M. B. Craporo [6].

kpad 3. BLICOTa aHOLa MOMKET Jerko PeryaupoBaThCA BPYUHYHO. Baxyymuce
YIOTHENHE NOCTHIASTCA PE3HHOBLIM KOAbLUOM 4, KOTOPOE CHKHMAETCS TIPH
SaBMHYMBAHNMK rafiku & nasienHe Ha pPesHAy TepejacTcd Yepes CTaAbHYIC
maidy.

Jlas MONyYeHHS BeCbMa HHTEHCHMBHBIX PEUTFEHOBCKIX CTRKTPOB € 110~
MOTIBI0 HBOTHYTOTO KpucTamta OGompworo passmepa (maanok 40 )
K. M. Hap6yrr [7] mocrpona pasbopHYK) TPYOKY, DPACCYHTAHHYIO &
Harpysky ao 200 ma (puc. 6). TpyGka Ovna uchomiTana mpH pexumMe
50 k8, 100 ug. Cawma TpyOKa M BaKyyMHad CHCTEMa, COCTOALLAR M3 BH -
COKOBAKYYMHOTO  BEHTHAS, OBYX KPAaHOB MW MWIOJbLUYATOrO  BEHTUAS,

P
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1 BAKYYMOM PACCTOSHUA HHTH OT

vCHOrO TATHA B IIMPOKHX Tpelelax,

IbHOM OJ0Ke. YCTpPOHCTRO KAaTOola TO-

il B oDleM MACCHBHOM CTal

TPYEKH OJd AHAJMM3A NO NEFBHYHBIM. COEKTPAM

T pery/JHpOBaTh pasMeprLl ok
joryckas He3aBHCHMYH) YCTaHOBKY IO

cobpat
3BOJIAC

1]

I

100 pre
|

Ora Hunecona
YACTL.

daH

]

R T

H s

H OnxHa [9]; kaToau

Puc. 7a. PeHireHOBCEan TPy
auosa (B npenenax or 10 mo 30 mu) u pacnonomenus QoKycHpYOILETo

KOATAYKa OTHOCUTENBRHO HHTH. AHON TpyOKH yKpeiien ua dpaphoposom

HBOJIATOPE € TIOMOLULID)

[ra.

BOBBVXIEHHE PEHTTEHOBCKHX JVYEH
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BX0EH oJousrIekoden sunarnadn
QLW —ZF UL FLSOHME — Jf  ‘RNENBH HALG
QHAFILHMNLO Nobeurod yumofduainod asm
-ormaKadan  f0marod  SoHHTLEMEN ~g[ ‘3100
-md 00 wYoLen Anaodurdaad asinosra L aminn
FONIEON DONIULENEH — §  ‘GLO3E Ou  EYOHR
Kngoduriaad OIBFHLIIMAD)  Tpung — g
‘yandir Xuomouoariad eYOXME BV 0MmOND — 4
‘ExArron eMaLNA KT qrELISe HITLELNGIE — ¢
CWODCIRE WIEESIRARKOA L Mo hE10 B3 nedy — o
‘widneadol eu wagLdn wonamonaiiund uy
-1 gonaraindedvade srT nedn —p fariiusa
HEHHELABE0N0DNE — e TOLEN — 7 SroHR — T

0-0d efediodizom oloMg0H

-2J1HRd 0J080Hr0R0ML0d0N 0IONON
set (2] euifodey wwgdd] g -omg

£ /

OONYCHANIIETr O H3MCHEHHE

KOHMYECKOTO 1iuda,
HAKIOHA paCoue#t NOBEPXHOCTH &HOJA N0 OTHOWIEHHID K HANPABJSHHIO
BrIxOna nyueH depes oxowko. M30a4Top CMOHTHPORAH HA CAadaskax, Mo0-

BBOMAOIHX B HeGOMbINHX npegenmax HW3MCHATE BHICOTY aHOIA.
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PenTrenosckas tpydka c NMOAOTPEBHLIM KATONOM ¥ MATHHTHOH ho-
KYCHPOBKOH KAaTOLHOTO Nyuka, nperHasHayeHHas IS CHATHA W30XPOMAT
DEHTI€HOBCKOTO CNeKTPa, nocTpoeHa Huabconon u OQuunowm [8, 9]. Yerpoi-
CTBO TPYOKH IPeACTABICHO Ha puc. 7au 76. KaTo1nan yacts TPYOKU COAePIKHT

P S
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g 50 100wy

Puc. 76, Peutrenosckan TpyGka Humnncona
u OavHa; anojHas yacTs.

BEOIL(IPAMOBYIO HUTh, HATArHBAE-
MY TDYMHHOHR, ZeHcTByolieR
Ha TOABHIKHOK KOWTaxT /. Huthk
HAXOAHTCA BHYTPH 333eMASHHOTO
doxycupyilero  koamauxa 2
C OTBepCTHEM IHAMETPOM 6 aru
B BepxHelt ero yactu. [Tonoxkenue
KaTONa MOJKIO peryauposarth 10
BEICOTE TIOBOPOTOM CTakaHa J.
Bakyym o6ecneunsaercs cuab-
boHoM, pacmonomenHbiM BHYTPH
crakaHa. llogBmwwHo#t KOHTaKT
HHTH 3d43C¢MIICH, ,J]pj-'TOﬁ KOHTaKT
€& HB0JMPOBAH W BBIREIEH Ha-
PYXKY € MOMOWEBI) CTATBHOTQ
CTEePIHA 4, OXJdkIAEMOrO CHA-
PYxH Bogo#. Han dokycupymo-
LIHM  KOJMAYKOM [oMelygercs
anoinas nuagparma 5 ¢ uLeH-
TPAJBHEIM OTBEPCTHEM AHAMETPOM
6 mat u pagowM OTBEPCTHH, pac-
TONOMEHHLIX BOKPYT UeHTPA/Ib-
HOro u CAyKawWux 1gas OTKAYKI]
BepXHeld udacTh tpyOku. Koama-
YOK 2 u nuadparma § ¢ pery-
JUDYEMBIM 3230POM MEKILY HUMH
ofpasyior SMEKTPOCTATHYECKYIO
AMH3Y W NOSBOJAIOT NPOINYCTHTD
CHOKYCHPOBAHHLIH KaToMH bk ny-
HOK Hepe3 LEHTpATbHOE OTBep-
CTHE nuadparMsl B Tpybky 6,

-HBXOJIHLL{Y[OCH OO TeM ME Io-

Zzgggsgzm, :To H zuadparma &, [Tpoxons BHyTpu srton TPyOKH,
X H;uaéT NYY0K .U.OHOJII;II»ITe.?[blIO boxycupyercs MaruaTHOH AWH3O0R 7
" ﬁso.mopia ;mﬁ:aﬁrbﬁhé. Bepxusas wacrs srtoro YCTPOHCTRA sakpellieHa
Uepes M&TaJIPIH';eCKoe THafA JUH3A UenTpupyeTcad TpeMa BHHTAMH [0.
s J < KOMbUo /7 BBemeln (s naockocru, MepHeHIHKY -

puc. 706) Tpybxm 12 w j3 BOIAHOTO OXN2MISHUA MHUICHH.

OTzenbhre uacry TpyOku  u3oampoBamb!

Apyr oT npyra dapdopoBLiMu

K
T;irbluigm 4, 15. AHOﬂHaﬁ_;maq:»pama OXJIawgaeTcsd NPOTOYHOH BOAOH,
YilleH 4Yepes nprnasHuyio CHapyxu TpySky I6. Jlyunm Beixopar uepes

OKOmKo 77. i

[ri. 1

i]

Inaa HaHeceHHS B
BEPXHOCTbL M
puteiab 18,

(nepaekTOpH) 19 TpH TIPOXOKICHHH deped HHX TOKa OTKIOUAIOT

TOIHBIH MYyYOK OT CepeXHHEI TpyO-
ku 6, TaK YTO OH TOTAazder HI
ucrnapurens. TpyOka yxpenisercs
B TAMTE-OCHOBAHHM 20 CreKTpO-
rpada ¢ MOMOLIBLK YIAOTHAOIIX
pesunosoix xoxel 21.

Ilpyro# BapHanT Karofa Tolt xe
peHTreHOBCKOH TPYOKH MPEICTAB/IEH
ua puc. 8. Bepxmuif mnnockudl TO-
pel. IJAATHHOBOTO Kojmauka [ 10-
KpbiBaeTCH OKCHOHOH macrolt, [lu-
JuHIp 2 ¢ pesbOOR B HWMHEH YACTH
MO¥eT PperyJaupoBaTh TNOMONKEHHE
NJacTHHKH TO Beicore. B ueurpe
STOH MAACTHHKM MMeeTcsl Kpyrdoe
oTBepCTHE nHaMeTpoMm 6 ma. Bri-
€OTa UMAHHAPE GHKCHPYETCA KOHTP-
ratixot 4. BHyTpu koamauka pac-
00X eHa BOIbPAMOBAst HUTh, O1HH
3 KOHIOB KOTOpOR BEIBeAeH Ha-
PYyKY €  TOMOWBI  CTAMBHOTO
crepwua 5. Telo Katoda 6 H3
KDACHO# MeZH OXJawiaercs Mpo-
TOYHOH BOAOH, mporTekanuedl no
Tpybrayv 7. Paspes gepwareqas HUTH
TMOKa3daH cnpaea HasepXy puc. 8.

ITpu  3030YMIeHHH CHEKTPOB
€ MOMOUILID" PEHTICHOBCKHX TPYOOK
ONHUCAHHBIX KOHCTPYKONR Mccaeaye-
MOZ BEWIECTBO MOMENIAETCH HA MM-
WEeHE (4HOA) BHYIPH BAKYYMIOTO
o0beMa. BuaunTenbHo yroGHEe ClO-
€00 Bo30yHAeHUA CIEKTPOB, HCTOIb-

TPYBKM I8 AHAMH3A IO NEPBHHHBIM CIEKTPAM

23

BRICOKOM BaKyyMe HecielyeMelx BEULeCTB HA TO-

yumeny & CAYKHT MOJMOIEHOBBIA HIH BoAbpaMOBHIE wHCMA-

. TIITKH
HarpeBaeMel# KATOAHEIM Hy4KoM. OTKIOHTOUIHE KaT}H;{a

....\\\

RIS I
R

C
7—% )

OO

] _ 50 mm

Puc, 8. MoaorperHuil oKCHIMpPOBaHHBIH
Katom [9] peHTreHOBCKOR TPYOKH, Hpet-
crapneHHoll Ha pwmc, 7.

30BAHHEH Bopncosriv ¥ $oresem [10]. DaeKTpoHH KaTONHOTC NMYYKA Bbi-
HYCKA.THCh M3 BAKYYMHOTO 00bemMa Yepe3 HECKOJbKO OTBEpPCTHH B OKOIUKe
TPYOKM CKBO3b NPUIAAHHYKD K STOMY OKOMKY aTOMHHHEBYIO OIBLY
ToAKMHOR 12 mr. Bue TpyOku npu Hanpmkenun 70 wxs ymabatoch
Moayuute ToK cunolt 10 0,2 wmg mpu sHepruum saexTpoHoB 60,6 xa.
Cymecrsennrn ycnouem Gonee naum Menee AMMTCARHOH paboTH Tako#
TPYOKH #BANETCA XOpOILee CrilaKMBaHUe NyaAbCaliil BEICOKOTO HaMpDKeHUs,
B nporuznom Clyude B COCTaBe KATOAHOTO IIYYKa OKASHIBAKOTCA MENJeH-
HHE 3MexTpoHDLI, KOTOpble MpoxuraioT $Goabry. HerocTaTkoM onHcaHHOH



24 BOSBYMAEHHE PEHITEHOBCKUX IvupH [ra. 1

TP}T(DKI-‘I apadgeTCs CPaBHUTEAbHO Maaas HITEHCHBHOCTL CIIeKTPOB H He-
GOILINOH CPOK Cy#Ghl ¢oarru — 10 10 uacos.

Hexotopeie cnenmansipe KOHCTDYKUNH pPeHTreHOBCKHX TpyBok OynyT
OIOHCAHB B . V. Bogee noapofiure crelends o SATAsHHLIX 3MeKTPOR-
HEIX TpyGrax cm. [30].

2. Boa6ywnenue PEHTT@HOBCKHX Jyueii B razax

Ilepsrie pentrenoscxme CHEKTDPB MAPOR KHIKUX U TBEPIBIX Tea Gniu
Ioayuensr [11, 12] npu UCIADEHHH B BAKYYME BTHX BEIECTS H3 Ti-
T€IbKA, B3AKPHTOTO KpHmKOH c HeGOMBIIHM OTBepcTHeM. Brixomgamasn
IPH Harpeee THreabka wua OTBEPCTUSR CTPYHKa Hapa yiapiusagacn OXaawK-
A4CMBIM KHIKMM  BOSIYXOM maislem BHYTPH BaKYYMHOTO 0oBbema. [To-
AYHCHHBIE TaKHM 06pasoMm aroMmupe HAM MOJCKYIADHBIE MYuKH Bombap-
AMPOBATUCE  KaTOLNBIM myukoM, BOAOYMIABIIMM  DEHTTeHoBCKUE CTEKTp
CBOGOMNEIX aTOMOR 1y MOJEKya. Tak 6biMH HayueHLI CHEKTPE mapos Hg,
Na, K, S.

Penrrenonckue CTIEKTPE  OMATOPONHLIX razon Kr u Xe 6uan no-
ayvener [15,  14] npy TPOTYCKAHUN  3ACKTPOHOB  KaTOIHOTO nyuxa
P COCYL C rasoM CKBO3b TOHKYIO ATMOMUHHEBYIO (BOJIBIY, sa)aTyIo MeXIy
ABYMA METANIHYECKHMY pelueTkanmm. )

K-cnckTp Heona Grig noayden u Hayued BaukorciuM [15] 1 Kynuaem
n CpoBoaosoit-YKoanemu [16]; wuonuan PeHTrenOBCKan TpyOKA namos-
HAJNACL  HeoHOM A0  mapaenms 0,05— ] mopp. Chnexrpr MO AVIAIHCE
TPH - MOCTOAHHOM — HANPMKeHHH 1,49 K8 # Toke 100—200 umg 3a
6—12 wacos. ITpu stom 3 CIEKTPAX 0BHapyxuBaAuch game Rechma
caalrle MHHHM — Tak assisaeMuie caremintn, Jetauasumy MexXanusM Bo3-
OyKICHHA DEHITEHOBCKOrG XdPAKTEPHCTUYCCKOTO  CricKTpa IIpH TIPOXO-
JRACHUH HEPE3 Ta3 pAsPSna 104 nocTodHH M HAMPAKEHUEM N0 HACTOALLEr
BPeMCHH He BLISCHel.

B mancuefmen I'popen [17] BO3Dy#Ian K-cuexrp cep, L-cmexrp
Hoxa u M-cmexrp pryTu, PONYCKAA 4epes Maprl STUX siemenTon BL1-
COKQUACTOTHLIE CTOSUHE BOJHLL [Tpu  naeaenun napos s HECKOUIBKO CO-
THX L03el mopp Obia moayueua HauGO LA MHTEHCHBHOCTE CTeKTPa,
KOTOpas Bospacrana ¢ mopsmenuey HAaNPsLKCHUS HA paspsiHo# TpyGxe.
Jlyun Boinvekasuen ua TP¥GKH uepes  Tohkoe UCII0(AHOBOE  OKOLIKO.
Ipu  mowmnocry BLICOKOWACTOTHOTO rereparopa 50 am Gei10  zamerno
CBEUEHHE B3KpaHa BO.IH3N OKOIIKA,

HauGoaee wuntencusiipe PCHTTEHOBCKHE K -crekTph napos 30 Zn,
31 Ga. 32 Ge, 33 As, 34 Se n 33 Br W L-cnekrp napa 80 Hg Guau
noayuensr [posenom [18, 19] npu nmponyckaniu Yepes ras BLICOKOUa-
CTOTHBIX BATYXAIOUIHX BOJH. Hurencusnocrs M3J1y4veHHsa OLla CTOJAB Be-
MK, 9TO TMO3BOAAAA HpocBeumBaTh PYKY H BHIETb ce cKeldeT Ha 3k-
PaHe, pacnogomedHoM Ha paccroaunn 20 cu ot paspanuol Tpyoku.
Ocnosurie  nunun CNMEKTPOB  yKa3aHHEIX BLIlle SJeMeHTOR MOMXKHO OLljio
CHATE 82 1 wyac na cnexrporpadre Komya ¢ kpucrannom CHIOALI, H30-
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Puc. 9. Cxema ycranoeku 'posena [18] aaa BO30YMACHMA ra3ob
g BLICOKOUACTOTHBIMY $aTYXAIOWIHMH BOJIHAMH.

BO30YMIEHHA DEHTTeHOBCKHX XaPAKTCPHCTUYECKNX  CIEKTPOB. HosTomy
MBI OCTAHOBHMCSI Ha TOM MeTone Gouaee HOAPOOHO'V. rcrannena na
IlpuHuununanbHas cxeMa ycraHoBkd [pomena | >‘:.] HPEAGO @ v
puc. 9. Paspsaauas TpySra / aumamerpom 20 aa u naunno#t 30 cu i
H3rOTOBJIEHA U3 TYTONIABKOIO CTCKJIA
«nupeKc». Brixoagnoe okowko J
neaanoch Jaubo U3 TOro Ke TOHKO
pasayToro crekaa, Jaubo M3 adioMu-
HUeBOH Goanru Tomuuuol 20 wme,
HakJeelloNl Ha MeTaanH4ecKuit dia-
nen. Bakyymuoe YIIOTHEHUE MCKIY [
Gaanuem u  crexiaod ofecneuusa-
A0Ck muuenHoM. OTkauxa TpyOKH
OPOMSBOUKHIACL YePe3 OTBCpPCTHE 2.
B HuwHel wactu Tpybku umencs
¥3KHH OTPOCTOK 4, B KOTOPHH 3a- 5
KJIAOBIBACA KYCOUEK HCCAeAYeMoro ;
BelecTBa. OTPOCTOK narpeBanca B 3 _ T dj“’{’{—l
Nevl §, TeMInepaTypa KoTopo# pe- ™ !
ryJupoBanack 10 Tex 0P, TOKa Y- | .
PY¥TOCTE MapoR BEWECTRBA B Pa3psai-  Pue. 10. Vckponoit paspﬁni:élfg[w],
HOM TpyOKe He 10CTHTAMA HECKOIh- NPHMEHEHHHH B cxemel ]jr & ‘mm_
KMX COTHX [0Jel mopp u CHeKTp f&;:ﬁig}:i![;ﬂ:;eé}lgs12:;335:21:}0{ T e
Noayuanca HauGofiee sipkuM. Bri- Has Mepeladd, §— TeKCTOAHTOERIE CTORKM.
COKOUACTOTHOE HANPAMEHUE TOIBO- . 15 en
JUAOCE K ABYM MCTAAJHYECKUM KOJIbLAM 6, }'IlZIJ"IE.HI_-IbIM Ha :
APYT ot apyra. Bo wusbemanme mpodos pazpsanoit préxﬂﬁmem,ﬁy j:ilelo
H KOJNbIlAMM YCTaHARMMBAJACE BAIMTHAS THPEKCOBAR TpyOka 7. daa

| —f
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NPEAYNPEMACHUA ke NpoGos 1O TOBEPXHOCTH TPYOKH Bee ycTpoitcTBO
noMeuwianochk B Gake 8§ ¢ TPAHCHOPMATOPHEIM MACAOM.

VCTOUHHK BHICOKOYACTOTHHX 3aTYXAaWIHX BOJAH (pHc. 9) cocroax us
HHTAMLTo TPAHCHOPMATOPA € HKETEZHEIM CePIe HHKO M Ty Ha 100 g/10 ks
MowHoCTER 0,85 wem, eMmrxocts € 0,01 MK, UCKPOBOro paspsaaHnka P
C BMLUHTHBIMM CONPOTHBJICHHAME B u TpaucgopMaropa Tecia. [locaen-
HUA HMe] NMePBUYHYI0O OGMOTKY M3 32 BHTKOR, BTOPHYHYIO — u3 240 put-
KOB u mnomerlanics B Macke. YCTpoHCTBO paspannuka £ npencrasaeHo
Ha puc. 10. Fexkpopo#i npovexyrox PasluT na TPH HPOMENKYTKA MeKay
YETRIPLMA HENPEPEIBHO BPAMAOUIAMHCA MACCHBHBIMH MGIHEIMU UMTHEA -
paMu 7. Ito ycTpofictBo obecneunpano B 10 paz GOMBUIVIC MOULIOCTD,
YeM 1IAPOBOH DA3PANHHK C BLIAYBAEMOH HCKpOH. Kpartuafimee paccros-
HHC  MEXLY UHAHHApaMd noae0paHo . TaK, YTODH. nce TPH UCKPOBEHIX
TPOMEKYTKA ONHOBPEMEHHO INPOOMBAMHCE MpH AMILIUTYIHOM Hampsike-
mun 10 k8. Teneparop napan BHCOKOWACTOTHHE saTyxaolide KoheGanua
HaCTOTOH 5-10% 2 (mnuuo# Boauw 600 ALY

Kak moxasaau nccaemonauna Iposena, onucauneii Meron posGymknerna
CHEKTPOR 0BManaeT (B HEKOTOPHIX Clyuasnx) CYiLECTBENHBIM HelOCTATKOM:
OH n1aeT CNeKTPH BLICOKOHO!NHW3OBAHHEIX aTOMOR, Tlpu skcmosuuuax or
10 10 50 ¥acoB BLABIANOCE BOMBMIOE KOIMTECTRO cnadeix neauarpaM-
HHIX JHHHE — CcATeNAUTOR. :

3. Bo36ywacuue BTOpuuHuIxX PEHTT@HOBCKHX CHEKTPOR

Hast BOSOYMACHNUA BTOPHUHLIX PENTIeHOBCKHX JIyHe#l (PEHTreHOBCKOH
dayopecuenuun) Spao APCAAGIKEHO  MHOTO' PAasiHMHBIX  KOHCTPVKIME
TpyGok. Ouna us naubonec YAGUHBEIX KOHCTPYKUWH NpHiaimcmkuT Agex-
cannepy u dsccrepy [20]° oma 6baa MCIOABL30BILA B HEedoM page pa-
ot [21, 22]. YcTpoHcTBo aTod TpyGKkM MnpeacTaBAeHo Ha puc. 1. M-
CACAyeMOe BeWeCTRO HAHOCHTCY HA  BTOPHULLIA M3JTyuaTens /, KOTOpPLIA
PacnoJsiomern piuUOM C KaTOAOM 2; UNMTh HAKANE 34:KaTd B WHIax 3.
AHOL 4 M30AHpOBAH CTCKIAHHOHN TpyOxoft 5. IlepBuuumie penTreHoBCKuUE
AYUH, ROINMKAOWINE 14 aHOLE Won HeHCTBHEM KaTOLuOro ny4YKa, nek-
CTBYIOT HE BTOPWYHBEIA Haayuartedb. [locaenqui MCHYCKACT MpPH 9TOM Xa-
PAXTEDUCTUYCCKHE  CNEKTP peHTrEHOBCKOH (PAYOPeCLeHUHH, BEIXOATLHH
u3a TpyOKH uepes oKomko 6. TpyOka oTkaunpaercs uepea oTBepCTHE 7.
OCOOEIM IOCTONHCTEOM ITOH TPYOKH SBASeTCH 6MM30CTE BTOPUYHOTO H3-
AYHATEAst K OKYCHOMY M#THY 4HONA, 4TO oOecmeuuBacT SHAYUTETLHY 1)
HHTEHCHBHOCTE pAyopecueHnHn. HenocTaTKoMm spagercs HeOGX0ANMOCTh
BREACHHE HMCCNENYEMOr0 BEWECTEA BHYTPb BAKYYMHOTO 0O0besa. Kpowme
TOTO, Kax MOKasal oneT paboTH ¢ TPyGKof, M3AYUATENL SHAYUTEALIO
HArPCBAGTCR 84 CUET Tella HMTH KaTONa; MoCide paBoTH 1a noBepxHOCTH
HaIyuatenss HabJaOIAOTCH 1BeTa noGexaNOCTH — NPU3HAK HATHYNT TOHKOH
TJIEHKH  OKUCH0B. TakuM 06pasoM, OLHO M3 OCHOBHBIX IPeUMYILECTR
BTOPHYHBIX CHEKTPOB — BOSMOWHOCTh BO30OYKAEHUA HX Bes HATpeBaHUA
HCCAEAYEMOTO BEINeCTBA — TepseTca NP HCNOAbL3OBAHMH 3TOH TPyOKH.
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B HexkoTOpPHIX paGortax [23, 24], a raxwe B anmapartype. Bbll'l}'CEjl&E‘.-
moit  HexkoTopwimu dupmamn CUIA [23], zna BosOymieHud cnemii}{z
(AYOPECIeHINH TPHMEHSIOTCA 3aMafiHble  SAEKTPOHHBIE peHTTEHOBC
TpybKH. DTO 0CBODOKAAET OT HEOGXOAUMOCTH i
OTKauHBaTe TPyOKy Bo BpeMma paloTol, dedaeT
HM3JHLUIHHMH HACOCH H BCH) BAKYYMHYI) CHCTEMY.
Heo6xX0QHMO, OQHAKO, OTMETHTEL, YTO 3TH pPeuT-
reHoBCKHe TPYOKH He I[O3BOJAIOT TNOMECTHTH
ucCAelyeMOe BelIECTBO OueHs G/H3KO K WCTOU-
HHKY TIEDRHYHEIX JIyue#l, 9UTO BHAYHTENbHO CHU-
JaeT MHTEHCHBHOCTH (hayopecUueHUHH.

TeM e HENOCTATKOM CTPAajalnT M paspalo-
canubie KpacuukoBuM [26] pasCopuele TpyOKH,
B KOTOPHIX IpPUMeHeH UHAHHADHYECKHA BOJb-
$paMOBEIE aHOM ¢ KOAKCHAMbHO PacloIome:-:
HOH HUTBIO KaToAg. JIVY4H BBIXOIAT BIOJE OCH
anopna. HecMoTpa na cpaBHHTeNpHO O0JbBIIOE
paccTosiHEe OT padoued NOBePXHOCTH aHOIA
N0 BTOPHYHOro W3ayuarens, tpyoxu KpacHHKoBa
LaT UHTEHCHBHOS HANyYeHHe QiIyopecUeHIHH,
TaK Kak OGaarogaps G6onbmIofl TIOBEPXHOCTH M
MHTEHCHBHOMY OXJaM(IeHHIO AHOJLA OHH MOTYT
paBoTaTh Ha OHeHb OOJBIIHX MOLWIOCTAX — NPH
nanpaxeann 0o 90 xe u toxke no 200 ma; npe-
AenbHAg MOMIIHOCTE HX coctasider 12,5 wsm.

s KOPOTKOBOMHOBOTG  PeHTreHOBCKOTO
dayopecueHTHOTO cllekTpoMeTpa Baoxun [27, 5]
mocTpoua  pasCopnyi TpyOKy, NO3BEOAAICILYIO
NOMECTHTE BTOPHYHBIN H3/1yYatTelb BHE BaXYyM-
Horo obrvema TpyOKH Ha paccrosHud 8—10 aru
OT POKYCHOTO OATHA. DTO JAET BO3MOMHUOCTE 1O~
AYUUTH JOCTATOYHC HHTEHCUBHEIR CIIEKTPH QJIyo- H
pecucHIMM K OCBOGOKIAAET OT HeOOXOAUMOCTH ,‘r
Pasbuparts TpyOKY NPH KAKIOM aHAMH3e. YCTPOH - e
¢80 TpyOKu nokasaHo Ha puc. 12, TpySka pac- Prc. 11. Tpybxa Arexcas-
CUHTaHa HAa Hanpmxenus 10 70 #6 H TOKH 1O nepa u Msceaepa [20] aas
30 ua npu npeleNbHON MOWIHOCTH A0 1 K8M. Bo3bymnenws BTOPHUHBIX

AAUAHOBOAHOBLHIE PEHTIEHOBCKHH CMEKTPO- PEHITENOBCKHX ayueh.
meTp Baoxuna [28, 5] cHafked yHHUBepcaabHOH
PasGopHo#lt TPYGKON, MOBBOMAIOUIEH UCCAENOBATh KAK BTODHYHBIC, TAK M
MEPEUYHLIE CNEeKTPH. BTOpPHUHBIA HM3/iydarelb HAXOLUTCA B BAKYYMHOM
o0berMe TPYOKM 1A pacCTOAHUE 6—8 s OT (GOKYCHOTO NSATHA AaHOIA.
VMaayuarein beONWTCS BHYTpb TPYOKM uepes A0S Ges HapylleHHd ee
BAKYYMA, DTo MESBOMAET He BHIKJAWO4aTh ee TpH cMeHe obpasnos. Tpy6xa
Paccuurana na Hampsokenns 0o 40 x& v toku 0o 30 me npu mpeseabHOH
MounoeTH mo 1 xam.
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Yerpo#eTro

TPYOKH MNpencTasiedHo HAa puc. 13,

[ra.

AHOI BBOLUTCHT

CBEPXY 'EPE3 KDBULNKY BaKyyMHOTO Oapalana cmektpomeTpa B KODIYC
TPy OKn 10 1 uMeeT CMeHHbIE HAKOHEUNNKH / H3 DASTHUHBIYX MeTANIOR (mean,
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Puc. 12. Pentrénosckan tpySka Baoxmna [27,5]
1A KOPOTKOBONHOBLIX BTOPHUHBIX CMEKTPOR.

J— HawOWEVHWN aHOZA, Z— gaTtor, &- HBOIATOR  aHOAA,

4 — PTOPMMHEIE  MBAYYATCADL, & - MHOTOTASCTHINMATAET  [Ha-

fparda, Yepe’ KOTODVH AFUH  BXOAAT B cOeXTporpad,
6 — 3UMNTIAA Kamepa.

#edesd). B meadHble HaKo-
HEUHHKH 3aNIPeCCOBLIBAKTCT
BOIb(PPAMOBHE HAH MOAHE-
IJeHOBBlE MIACTHHKH; CEpe-
GpAnbi HAKOHEUHHK H3r0-
TOBJIACTCA  HAJIAB/EHTHEM
cepefpa Ha Melb, HHKele-
BBRIH W XPOMOBLIH DACK-
TPONHTUUECKHM — OCamie-
HHEM COOTBETCTBYIOWHX
MeTAIN0B Ha McIb. AHOL
BROJAWTCH deped thapdopo-
BLl# H30OMATOP 2 H HMeeT
PETVAHPOBKY IO BHICOTE C
nosmowplo cuaethouna. Ka-
TolL 3 Beefen cOOKY Tak-
HE Yepes KPHIUKY Baky-
yMuoro 6apabana u CAVIKHT
115 BO3OYMICHUA NepRHY-
HBIX A¥YeH NpH HCCaenoBa-
HuK ayopeclennnu (ma-
Ba /] npu srom vaaaserca).

O6pasum 114 neeaco-
BaHUA BTOPHUHLIX CTICKTPOB
BROAATCH YePEes BAKYY MHBIR
wawa 4. Obpasen (BTopuY-
HEI{  MBJIYYATEedb) HMCET
GopMy IuCKA IHAMETpOM
18—20 wma u TomuuHOM
1—5 sx. Ouck awufo Boi-
TAYHBAETCA M3 HCCaeaye-
MOFO MeTaMIa MM CTJAaBa,
Au00, eCAH HCCIEIVEMOE Be-
LWEeCTBO TPeAcTaRAdeT Co-
Gofi TOPOWOK, HAHOCHTCH
TeM WIH MHBIM coocofoM
(cm. ra. VI) Ha nosepx-
HOCTB & TI0MHHUEROTO IHCKA,

TMoyecTHB auCK B ¥rayOaeHue ruesfiad 5§ NoLaBaTesd o0pasuoR, BpauleHueM
wauda 6 TONNMMAIOT ero, NPONYCKAs Hepes A3, 10 ¢ro pafouero
MOJMOMKEHHA B DCHTreHOBCKOM TpyOre. Lllnud cBAsaH ¢ BMHTOM, BXOIA-
WHM BHYTPL TPYOKH, BeDXHAH YacTh KOTOPOH HeceT rHe3do aas of-
pasua. TpyOKa umeer BHYTpPeHHIOIO pesb0y; Cuapywu K wnell mnpunasHa
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Puc. 13. PentrcHosekas TpySka
Broxuda [28, 5] nnd nAMHHOBOTI-
HOGBX BTOPH4YHBIX CHCKTPOR.
Buusy cnpasa MOKA3dH BAPHANT TOH me
T[)}l‘l")KH LA HCCIEIOBAHHE [NERBHYMBEX

avued. [loaasaTenn ofpasloB 3aMeHeH
gaTonOM 120

0 N—
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LIMIOHKA, CKOJIL3ANAT B NPOAOALHOM Masy Kopmyca nosasateis. [lpu
BPaUlcHWH  MIu(d © CBASAHHOTO C HHUM  RUHTA TpyOKa ¢ obdpasuom
ABMKCETCA TMOCTYNATRABHO BBepX. [lodaraTcab 06pasuon VEKpenadeTca Ha
HIKIER HACTU NLTIOSA UPHCOBLIM 331BOPOM 7. [104 anoioM B OCHOBANMH
Gapalana yxkpenaed koamasox 8, obecncuusaoiini YCTanoBKy paboueit
noBepxXHoCTU o0pasua Beerna na osuoll u ToH e BRICCTE, HE3ABHCHMO
OT TOUIHHL 06}333]1,?11 NOTbeM TIOCACAHEI O OCVILECTEIALTCS 10 ymopa
B KoOamayok. TIpu 3ToM JaBieHhe Nepeiaercs ne Ha aud, d BOCIpPU-
HUMAeTCT CIellHaJdbLIkIM VIOPHLIM NOJMWITHHEOM, PACROAOMNEIHLIM B HHM -
Hell uvacTu noaapaTenn. BUHT TodasaTeus umeer B CROel HHMHeH uacth
BUIKY. B KOTOPYK BXOLHT COOTBETCTEBYIOLIMEH BRICTYT wWauda. Buut
HMECT  HETHIDEX3IAXOAHYH) TPANenOHIALHYI0 peabdy ¢ warom 20 i
qT0  T03ROAAeT, CchlesaB b ofSopoToB, MOLUSTL ofipasen. uvepes w03 na
120 wa. Maa cMenn 00pasua neofiXoLMMO CIYCTUTL Cro, Bpamas p1aad
710 ¥NOpa, B34aKkprRiTb NLII03, NOBCPHYR kpan 4 ua 90° oTkpLiTL upHCO-
BRI 33TBOP, BBINYTE LOJABATCAL, CMElHTh ofipaseu, MpucraBUTL TOIA-
BATCIR K INIIOBY, SAKDPHTL HPHCOBLIR 3aTBODP, OTKAYATE NogaBatesb 0-
PasloB 10 (QOpRAKYYMA HeDes CMeuuaibHbll Kpau (e nokasaunwmit 1a
HepTekKe); OTKAYKA OTHHMAeT 15 cex. Jlanee Heod xoauno OTKPRITE LLTIOS,
MPH 3TOM BHICOKMA Bakyym B Gapalane CHeKTpoMeTPa LUPAKTHUECKH [He
Hapymaetcs. Hakoneu, ofipasen wmomeT GLITL NOAHAT 10 ¥yrnopa B KoJ-
nagok. Cmena o06pasuos ornuMaer 1—2 mum. Jlyun B coexrporpad
MPOX0nar 4Yepes MHOTOILIACTHHUATHIA KoLammarop 9.

CricnmanbHas mowHas sanasiman pentrenosckad Tpybra (BDPB-70) 1}
Ana po30yKIeHHI KOPOTKOBOJIHOEBLIX CNEKTPOB (PAYVODPECHEIHH Pa3pa-
Gorana Hapdyrrom u dpuuman [29]. Dra TpyGra paccuurana ua Hanps-
wewma 1o 70 xe w toku no 200 ma upn MommoctH 40 7 feam.
YcTpofictBo ee npeacragieno Ha pHc. 14. B maceusmei# meanpift KOp-
nyc [ pmagn TREpALIM NpunoeM axon 2 ¢ BONEQPAMOROH MHDIEHBIO npS-
MOYTOIhHOH (opMEl. TIOREDXUOCTE MHINCUM PACHOJOWEHA MO yraowm 30°
K HATDABICUMI)  BEIXOIA JyYeH H3 TPYOKH udepea OKOWEKO 3, BAKPHITOE
BAKY¥YM-NAOTHEIM  Oepuaiuem (TOAILHHOH | Ata). Paamep oxycHoro
natHa 38 X 5 wa®. Boablias MOLMHOCTE 00BCTICYHBACTCH HUHTEHCHEHBIM
OXTMICHHEM HPOTOYHOM BOAOH, LHPKYAHPYOWEd Mo Kauadas BHYTDH
MEIHOTO KOpOyea Co cKoPocTeld 6—7 2fawun. lupoxn# doryc mower
OLITE PALUMOHATRHO WCHONB3OBAH B cnextporpadax ¢ M3OFHYTEIMH  KDU-
CTAIIAMH IOCTATOYHO SOIbWOR 1anns (nopaika 40—50 Mmat). Paccrosine
0T OKYCa N0 BHXOAHOTD OKHA— He Domace 11 aga.

Tpy6ka BPB-70 paGoraer npH saseMacHHOM anole. Bhcokoe Hanpsa-
erne nogaetcs Kalemem Ha KaTol deped KOHTaKTH 9, YKPCOJielHREIE Ha
nokoae & Coelunenie KadeabHOTO HAKOHEUHHKA ¢ KATOLOM TPYOKH ocyme-
CTBAAETCH RHYTPH TOACTOCTCHHOIO KOMKYXA, 34NI0MHEHHOTO TpanchopMaTop-
HEIM Macaom. KoxkyX KPemnres K GUaniy 4 0 CIYIKUT TAKKC M 118 34i A6
OT PCHTTEHOBCKOTO Manyuenust. CHAPYIKM KOWMYX OXAaX12eTCH NPOTOUHOH

1) Zra Tpybra np gansHcHmeM ofioanavenma SBXBI,

.3] BOBBYHJIEHHE BTOPHYHBIX PEH'L‘[‘EHOBCKHK CTEKTPOB 31
TERET rpviige, TPHNARHEOR K cTenkaM KOMXyxa.
L S nqc; C;f;ei}ilﬂ-gibr%iﬁampno,a yriaoMm 45° k ocH KOMXYyXa
Cuip(onHbIH MaCIoPp s0BaTh DEHTTEHOBCKYIO TPYOKY B ABYX D3aUMHO
HOBBO:M?T HCHOHb‘o-lémelmﬁx: Korna Jayul HI¥T BEPTHKAILIQ BHU3
nEpnenﬂHK??ﬁpme ,TH ]‘:OPH;-;OHTE{JH-}IIO. B nepBOM caydae TPYOka MOMKET
paeenid e Hﬂ?.ﬁ noxyuedns GIYOPECLEHTHOIO M3TYUEHHT HCCAeIYC-
wors npmiecliz:a J'11”;30 B‘Tz)po\i—-—;l.riﬂ HCCIeA0BAHHA CLUEKTDOR NOrioule-
MOIQ Belle » B

NOJAY4aeMnlX Ha CIJOHG TepBUUHOIO H3NFHCHNEA Tp}'fy}(}{,
HHA, J MDIZ
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Puc. 14, MowHas 3anafdHHan PEHTTEHOBCKAN
TpySka BPB-70 Hapbyrra u ®puaman [29].

C duaannem 4 cnagHo NePexXOAHOE KOJbLo & H3 koBapa, KOTOpOS
E CBOIO QuEpeAkr CNasnd €o CTeKMsnnbM  uzoastopoM 6. B ugongrtop
agBapen KaTol 7 ¢ JauHeHHO# BoandpaMoBolt CNUPAAb) M KOPLITO-
00pasnuM GOKYCHPYIOIIHM KOATaukoM. HeoOxonuMult TOK HaKana — no
7.4 a npu uanpawenuu 13 s.

CyllecTBCHHBIM  HEAOCTaTKOM TPYOKM sezadcTcad Goasluas TOJLLHIA
GepPHAAHEBOTO OKONIKA. EOJblIas MCLWECCTh, 3aTPAYMRAEMas Ha HAKail
HUTH KaToda, saTpyiaHsaer cralHAMBALHMIO AUOAHOTO TOKA TPYOKH (CM.
ri. 1) v npuBOAMT K SHAYMTEALHOMY PACHBUIEHMIO BOJBMOpaMa, TOHKHA
CloH  KOTOpOTO noxpubziaeT OCPWITHEBOSC OKOWIKO HBHYTPH H PE3KO
CHUYKAeT HHTENCHBHOCTb Haayiendd. Tak wkak TpyGka samaspsa, CHUMCTHTH
ITOT cnol nepoaMomuo. OT 3TOTe HCAOCTATKA CBOGOLHA OMOMCAHHARA
Eblllle TpyOxa Kpacwuwopa, OCPHAMHEBOE OKOLUKO KOTODOH MOMET OHITh
BCerna BBIHYTO H OUHILEHO.




FTJTABA I
BCNIOMOTATEJIBHASL ANNAPATYPA

1. HcTouHHEE NUTAHHA PEHTTEHOBCKHX TPYOOK

CobpemeHHan peHTreno-CneKTpanblias annaparypa MOXeT OHTb M0A-
pasdeqacHa Ha 4HeThlpe THNA: CHCKTPOrpadel 1asd KecTKoit obracTu

cnekrpa (no 0,5 A), KOPOTKOBOMHOBHE U IIHHHOBOJHOEEE CHEKTPO-
rpadE  C  KPHCTAMIaMi-AHAIM3AaTOPAMUH M  CHeKTpOrpadel Aaf MArKoH

obractn cnextpa (Goaee 20 A) ¢ nubdpaxuuonnermy pewerkamu. Hlau-
BonbIlee MPUMCHEHUE B PEHTIHO-CIEKTPATLHOM aHAAN3e UMEIT KOPOTKO-
BOJHOBERIC W  IJAHHHOBOJHOBLIE PEHTTEHOBCKHEe CIeKkTporpadul. Ilepenie

¥3 HUX OOHIYIIO mpeiHasHaueHbl Aad obnacTH cnektpa oT 0,6 go 1,8 A
W TpeOylOT BLEICOKOBOMBTHOM anmapaTypu Ha nanpmkemus 1o 50—70 ks
H TokM 10 30—50 wme npu nomesnoh Moulocty 1o 1.5—92.5 xam.
HanHHOBOMIIORbE  cHeRTporpadsl  OOLYHO CAVKAT L% MCCAEI0BalHA

ofaacte cmekrpa ot 1,5 xo 5.5—8 A. Btn crniekTporpadel rpedyior
uanpsxens a0 30—40 xs w roxn no 50 e ups D0Je3HOH MOLI-
Hoct #o 1,6 xem. Taxkum ofpasoM, ofa oTH Tuna Haudo.ee pacapo-
CTPAHSHIILIX CHEKTPOrpados MOryT OGCAVMKUBATHLCH ONHHM H TeM e DBbl-
COKOBOJBTHLIM anmapaToM, paccuuTaHHeiM Ha H0—70 k8 u TokH J0
30—50 ma npu monesHo# mowwoctd a0 1,5—2.5 rem. .

HMs puinyckaemoll Hawe# npOMBINICHIOCTB) BHCOKOBOALTHOHN anma-
PaTYPEl AJH 2THX ABYX THHOB CHEXTPorpados AyUile BCCTO MOAXOAST
ciaenymune: 1) BLICOKOBOABLTHAS HacTh PEHTIEHO-CTPYETVPUOH VCTAaHORKH
YPC-70-K1 n 2) sricokoponpThLit cTabuansapoBanyblil annapat BC-50-50
(npewHee oGo3HAUYEHHE SAH-160). B yeradosxy YPC-70-K1 sxoaur
BEICOKOBOMBLTHEIEE annapaT, paccuuTavHei® sa uanpsokenus go 70 ks
U toku 10 30 me. Annapar cofpar mo cXeMe HOAYBOAHOBOTO BHIIPIM-
AeHnd # obecneurBaeT (IIyTeM HCCHOMIILIX MEPEKTOUYCHAA) BO3MONKUOCTD
sascMieHun moboro nomwoca, Haa nuTaAus TpyOoK, NMPAMEHSEMEIX TIpA
PEHTICHO-CTIEKTPAMbHEIX MCCAeIOBAHHMAXN, OOBYHO 323eMAANT KATOL.

Patora pasSopHeix pentrenosckux TPYGOK B TCPBHE HECKOJBKO
MHHYT X0C/Ae BKIIOUEHHMA OT/HYACTCH HEYCTOHYHBOCTBIO, 0COOeHHO MpH
HamTauHH Ha anode HecaenyeMoro o6pasia B sufle mopoika. [lporpes
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GHTH M AHONA BEI3HIBAET BHINEJCHHE Tasd; IIPH 3TOM Uepes TpYOKY HAST
OBOMbHO 3HAUMTEIBHEE TOK ¥ Habmonaercs pesKHH CKAavOK ElHOILI:Ol"O
panpmkenns Bhus. [locae TOre Kax HACOCH YA4TIAT M3 obbeMa TPYOKH
BLLIEJIHBIIYIOCS IOPIMIO Pasd, NANpsiKende BHOBb NMOAHHUMAeTCH A0 NPExk-
gero sHauetins. EcAx IpuMeHseTCs OKCHIAMPOBAHHAA HUTL, TO IPH Tas0-
BLLIeJeHHSX AKTHBHOCTL OKCHAHOTO CJOS pPe3Ko nalaeT— KaK UOBOPHT,
UMeeT MecTo «OTpaBieliHe» HUTH. Yepes HEKOTOpOe BPEMS NpH NpOrpese
HUTH B XOpOWeM BaKyyMe aKTHBHOCTb OKCHIHOrO CJI0sl BOCCTaHABIH-
gacTcd. Bce 9T0 IPHROAMT TpPHM TPEHHPOBKE TPYOKM K SHAYMTEIbLHBIM
koqeO0aHuaM CHJABL TOKA H HANPSKEeHHS.

CyliecTBEHHOTO CTHAMHUBAHHST DEMUMA MHTANNA TpyOKM TpH ee Tpe-
HUPOBKE MOMKIO JOCTHTHYTH TpHMeHcHieM OydepHex CONPOTUBIHHA
KxaK DB HU3KOBOJBTHOH uens mnmTanus IOBHINAloUero TpaHcdopMaTopa,
faK H B BHICOKOBOALTHOH nenu. HuskoBoabTHu# Gydep npr muTanud o1
cern 220 g obuluAc paccuurbiBaeTes Ha Toxu Ao 10 @ ¥ mMeer compo-
THBACHHE TOpsizka 2 0. BHCOKOBOJBTHHHA Sydep, €epes KOTOPHH nox-
BONUTCA BEICOKOS HATPSKEHHe K PeHTTeuoBCcKoH TpyOKe, paccuuTnBaeTCs
Ha Tokd #o B0 ma H umeer conporueacHHe 100—200 xoar

Yerpotictio mipoctefiero Oycepa caenyioutee. Memnouabsyercs mpo-
TOUHOE BONIHOS OXJawpgeHue anoda. [l W30NUPOBAHUA &HONA OT 34-
BeMACHHLIX BONOTPOBOLHEIX TPYO MeXIy KPaHOM M AHOAOM BKIOYANT
CTEKMHHYIO CHHPadh H3 TPYOKHM BHYTPEHHUM auaMeTpoM 5—©6 sem W aan-
Hott 3—4 a. Takas ke BTOpads CIHpPadb YCTAHABIMBAETCA HA CTOKE
poasl u3 anofa. OGe cnHpany pe3MIOBHIMU TPYOKAMH COGAMHAKTCH
c maTpyOKaMH BOISHOrO OXJAakneHus auomga. OnHa u3 3THX TpyGOK, €O
CTOPOUE CTOKA, paspesaercd una paccroadus okomo 15 ca oT aHoda
M BHOBb COERWHASTCS KOPOTKOH MeTadnaudeckol TpyOKoH, depes KOTODYIO
H NOIABONUTCH BLICOKQE Hamps:keHwe. BydepHoe CONpoTHBIEHHE COCTOHT
B 9TOM cChyude ua crtosfa BOAL RUYTDH pesHHoBOM TpyOxu. Creayer
HMeTb B BUIY, YTO NOX LeHCTBHEM BHIIOPAMJASHHOTO BHCOKOTO HaTpaMe-
HHA IPOMCXOAHT IOBOABHO HHTCHCHRHEIA 2JMeKTPOIH3 Bofu. BBox Buico-
KOro - HanpPsHKeHus He cJledyer Hedartbh Ha Nojawaiefl TpyOie, Tak Kax
B 9TOM ClIyyae [MOTOK BOJW OyAeT MepPeHOCHTb BHYTPhL anona rasood-
pasHble NpOMYKTLI DasjoikellHs BOLH, YTO CYUIECTBEUHO YXYILIHE ero
oxjnaxienne. Kpome rtoro, Bpems oT BpeMeHn (pas B 1—2 Mecsna) He-
06X0AUMO IPOBEPSTE MATPYOKH BOASHOIO OXAZKLEHMS AHOLE, 4 TAKKE
METATIHYECKYI0 TPYOKY, 4epes KOTOPYIO TOABEINEHO BHICOKOE HATIPAME-
Hue: maTpyOKu uacTO 3aCOPAKTCA, a METAJauHYecKas TPyOHA NIPH DieK-
TPOJH3E pazbenaercs.

Annapar BC-50-50 paccumran Ha uanpsokerus no 50 k8 W TOKH
1o 50 ya. BonpamaeHue — OBYXTOJAYAEPUOLHOE TO UCTHIPEXKEHO-
TponHOoH mMocTOoBOH cXxeMe. Flmeerca  3JeKTpoHHHM  crabumuaartop,
oBecneunBaowmut cTabuabuocTs wanpamenua Ko 2,5%. Iyascanum Bbi-
IpAMIennoro HanpmieHws craaxeds fo 5% . Anmapar ue npenycmarpu-
BACT NMHTAHMA HHTH nAKada KaTodd PEHTTEHORCKOH TPYOKH] 3TO OOJOKHO
SuTE OBecmeueHo 0coBLIM VCTPOHCTBOM.

3 3Bak. 2621, M. A. Broxum
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Bo MHOrMX peHTreHOBCKHX 1a60pPaTOPHAX BBICOKOBObTHHIH anmapar
cobupaT M3 OTHeABHHIX HeTalel. ITpocTerwad npuHUUNHANbHAS CxeMa
OAHOKEHOTPOHHOTC  aulapaTa, JAOUIETO OLHONOIYIEPHOLHOE BEIIPAM/IE-
HHE, TpelcraBieda na puc. 15. Tpauchopmartop 7, nakana KEeHOTPOHA
HMCeT BTODHYHYIO (TMOHH-
ALY} 06MOTKY, H30IH-
POBAHHYIO OT NEepBHYHOH H
OT MeIE3HOTO CepaedHMKa
Ha MONHOE HATPAKEHHE BEI-
COKOBOJILTHOTO TpaHChop-
Maropa 7,. Hacto ofa sru
TPaHCHOPMATOpPA W KEeHO-
Tpoiu K pacnoaaraioTcs
B 00leM Bake ¢ TpaHchop-
MATOPHBIM MacJaoMm. Bro-
puyHas OBMOTKA BEICOKO-
BOALTHOT'O  TpaHchopma-
TOpa Ty uMeeT HeCKOJNBKO
JeCATKOB  TRHICHY  BHTKOB
TOHKOrQ  3MaiMpOBAHHOTO
MeAHOr0 OpOBOIA HuaMer-
poM 0,1-—0,2 wux. Tpu
narpyske rpancdopmatopa
! Ha 3Toi 06MOTKE Mpoucxo-

AT BHAYNTENBHOE IaJeHHe

Hanps:keunst. Kpose roro,

ZOTOMHHTENBHOE NaneHHe

~Z208 HallpMKeHUST HMeeT MecTo

Pric. 15, Cxema onHokenoTpomroro noaysoano- N8 Kenotpone (1—2 xs) u
BOTO  BRICOKOBONLTHOIO DEHTTEHOBCKOTO anma- . Ha BHICOKOBOJBTHOM Gy-

para. depHoM  conpoTHBIEHMH.
P — pentrenoscKas TPYOKa, K — BEICOKOBOALTHLIE KeHOTPOR? nOSTOM nazelHie HAIDH-
T} — BEICOKOBOABYIILIH TPanchopmarop, Ty — asToTpaschop- ¥ 4 p
MaTop, fI, — neperaaaTesk rpyood per}'nhpoijHa n;sogﬂg‘ WeHnnua Va. (aHouH.oe Ha-
PeRaOMaTeNE TOHKOH PEryAHDOBNM, Ta—TpBH(‘. OpMa] - P -
1Kana pEeHITEMOBCKOR TPYOKH, 1 — TpancopMaiop makama  IIPMKEHHE} HA PEHTIEHOR
KeHOTpoRE, Ty u- I\ — 1abopaTupHbBe  aBTOTPAHCOPMATODEL CKOH prﬁi{e‘ npu ee pa-
C TJIABHOE DETYAHPOBKON HATPAMENNH, & — BLCOKOBOALTHGC
6ydepHoe  CONpOTHRAEHHC, T—HHSKOBOJEBTKI%E 6}'(13@1)!;(1& foTte CYUICCTBEHUO MeHblIe
CONPoTHEARHEE, C — 3AMHTOLIE KOMIEHCATOp, JJ — KOHTPGL- . . .
P " Han KDACHAR 13MINQYKA. ‘Hanpsxenns Ve xomocroro
X014 TpaHcopmMaTopa: npu
GOMBIIMX HArpyY3sKax uHorga V, TOYTH BABOE MeHblLie Vy. Ha puc. 16
HIpencTaBleHtl BpeMenHble sasucumoctd Ve, V., a Tawke amognoro
TOKa i, PeHTreHOBCKOH TpyOku. [lpH MalbBlX 3HAYenmsaX aHOMIOTO Ha-
IIPHHCHHUA TOK {; pacteT BmecTe ¢ V', A0 JOCTHMEHHS BelHYHHBI TOKA
HACHILIEeHKHA, MNOCJde Yero "iu. ocrTaercsd IICGCTOANHBIM @ HOYTH 0 EKOHUa
COOTBETCTBYIOMEH TONYBOMNE; TNpPH MaideHdH V, K KOHUy paboueft mo.ay-
BOJHH {, yOBIBAaeT M, Tak e Kak H V,, OCTaeTCs paBHHM HYJIIO 10

caeayiouie# pabovyed nOIYBOAHEL
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B cBA3H CO CXeMOH OQHOKEHOTPOHHOro annapara (puc. 15) ra;eo,mfo-
IHMO PacCMOTPeTh POJb KEeHOTPOHA. PeHTrenoBckyio 'l‘p’y?I(yIB HC}\O'IO-.
pHIX CAYYasX IIHTAIOT TepeMeHHBIM HampamenueM (Oea REHO]'Ef;pOF-{a).
TPYOKA MOMET H CaMa BHIPAMJATL TOK BBEICOKOTQ ua%pﬂmerr@. g[(n:
cayyde, OINHAKO, NOMyCTHMAad MOWLHOCTE PaloTH TpyOKH AOIAKHA u;a
pesKO nOHMieHd. JledicTBUTENbHO, NpH AIHTENbHOH paboTe prmc:{ 2
MOMHYI0 PACUETHYI0 MOIMHOCTE (OKYCHOe MATHO Ha HOFBEPXHOCTH a:i,g_
pa30rpeRaeTcss 0O BeCbMa BEICOKHX TeMNepaTyp. (ﬂOH)-CBl;lM&H npgﬂ 40-
Has TeMMepaTypa Harpesa MelHOI'0 aHona JfocTHraet 950°, ]'hiOJIH ACH
Boro 1800° poabppamosoro 2200°C.) TIpH TakuX TeMOepaTypax HMeeT

W
’ b

Puc. 16. Kpusne Hanpawenns V', XOIOCTOro xoma Bhi-

- COXOBOJLTHOMO TpaHCpOPMATOPa, AHOIHOTO HAMpPIKE-
HHA V; Ha PCHITEHOBCKOH TpyOKEe H aHOIHOTO TOKA iy
TpH DONYBOJIHOBOM BLINpAMJICHWH (O cXeme pHe. 15).

MECTO SHAUNTENbHAS TEPMO3JEKTPOHHAA SMHCCHS, KOTOpas TIpH HEBLI-
MPAMJISHHOM HATPAYKEHHH JAcT TOK B OGPATHOM HalpaB/eHUM. Yerpoti-
CTBO kKaTtoxa TPYOKH He PACCYUTAHO Ha BAEKTPOHHYH GoMBapauposky:
¥ Karoda HET BOMSHOrO oxaamaeHusd. OTCONA ACHO, uYTO NpH MHTAHHM
PEHTTCHOBCKOH TPYOKH IepeMelHbM HanpsKeHndeM 1a NOJHYIO PacueTIy
MOWHOCTE Katox ee Oylzer OricTpo paspymiet, W tpydka BeiltieT uz
CTpos. Tawum ofpasom, nas HOPMAJILHOR paGOTH PEHTTEHOBCKOH Tpy6Ku
HeoOXOIUMO THTATE ee BETIPAMACHHBEIM BLICOKHM HaNnpmKeHHeM, BKIIO-
941 e¢ NOCNel0RATENLHO € KEHOTPOHOM. o

YCrpoHcTBO pPeHTTeHOBCKOTO KCHOTPOHA MNDPHMHIMIHANLHO He OTaAH-
HAETCH OT YCTPOHCTBA 34 maminod SJEKTPOIIOA PeHTIEHOBCKOH TPYOKM..
Oanako MapaMeTpel NHTAHWA KaTOZAa H HEKOTOPHE NeTaty KOHCTPVKHHH
HX CyllecrBenuo pasamuscr, Hurnb KaTold KeHOTpPOHA fedaercd M3 Hojee
TONCTOR u  maunHOH BOAb(PAMOBOH TPOBOOKH, HAa HAKAJ ee 3aTpavi-
BACTCH  BHAUNTENBHO GOMBLIAT MOMHOCTD. Baaronaps stomy ssmuccus
HHTH  KeHOTpOHAa aHAYUTETBbHO GoAblue SMHCCHH HMTH PEHTTEeHOBCKON
TPY¥OKU: ecad Tox HaCBIUEHUA DCHTIeHOBCKOH TpyOkH nopsaaka 10—30 Ma,
TO  TOK HackwedHd Kenotpona nopanka 0.5 g, Qunuako dakTuyeckw
H9epea KeHOTPOH IiHUTeNbHO NpomyCcKaTk TOK, Operocxoamuui 30 e,
HeIb3S, Tak kak amon ero MPEICTABMACT BOILPPAMOBYIO TaAPEIOUKY,

3%
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OXJMAKIAEMYIO TOJBKO 34 CueT JydeHcHycKanusa. doxycupyomui Ko.na-
oK KaTOA3, PACTOMOKCHHEIR BOKPYT IIMTH HAKA1a, npelHasuadeH I
HAMpPaBIelHad SAeKTPOIOB HA BCO TMOBEPXHOCTBE  aHOJa, TOTIa K4k
B 3JeKTDOHHBIX PEUTTeHOBCKHX TPYOKax 00bvHO (POKYCHOE MATHO AHOIA
BO MHOTO IECATKOB (& MHOTIA M B COTHH) Pas MCHbINE, dUeM y KeHO-
tpona., Crenosaredbio, MIAOTHOCTL AHOJHOTO TOKA 114 dHOJe KEeHOTPOHE
CYIECTBEHHO MCHBINE, HeM HA 4H0de PCHITCHOBCKOH Tpybxwu.

Ha puc. 17 npencTapdeHH RBOJILTAMNEPILIE XAPAKTEPHCTHKH PEHT-
TeHOBCKOM TpyOXM M KCHOTpOHA. [IpH  anomioM nanpmkendd V, na
TpyOrke Touka A mpercraeuT padouyilo TOUKY XApPaKTepPUCTHKH TPyOKu
(xpusas 7). TlockomsKy KeHOTDPO!I H PEHTreHOBCKad TpyOKa BKMIOYEHH
; nocAenoBareapHo (puc. 15), yepes HUX
HICT OJAHHAKOBREIH aunoiusit Towk i,
onpelensemnit  paGouelt TounoH A
ITOo yCaoBHe TI0sBoafer HalTw pabo-
Yy TOYKY B xapaxkrTepuctuiu KeHo-
TpoHa {(kpuBagd 2-—npu HOPMANBHOM
Hakanac). Kak BUIHO W3 Kpupol 2, na-
Jenume Hanpamenua Vy Ha KeunoTpPOHE
ouens Mmaae. OTcoaa ciaegyeT, uTo
Grarofapsa spaunreasno Goasiel Tep-
MOSJICKTPOHHOH SMHCCHHM ¢ KaToja
KeHOTPOHA  YCJAOBHOC — «OMHUECKOE
Vi W V  comnpoTupiende»  €ro  CYULECTBEHHO

) MeHBLIIe, ucM ¥ PEHTFEHOBCKOHR
Puc. 17. Boabtamnepunie xapakTe-
PHCTHEKM PEHIreHOBCKOH 1pydku u  TPYOKH.
KCHOTPOHA. Takum o0pasoM, e TOILKO [LIOT-
HOCTb UEKTPOHHOIO TOKAa HA NOBCPX-
HOCTH al00i, HO H CKODOCTH 3{leKTPOHOB B KEHOTPOHE BHAYHTEILIO
MeHblUle, 4YeM B PCHITEHOBCKOR TpyOre. IT0 W nNO3BOAdeT BHIPAMATH
KEeHOTPOHOM TOK BBICOKOIO HANPSeHHA IPH CPABHUTEABHO MajoM Iafe-
HHM Hanps:xenud na neM. Ecau kenotpod OyaeT pafoTarb TPH HenocTa-
TOUHOM Hakake (kpumagd 3 Ha puc. 17), ro palouas TouKa ero XapaxTe-
PHCTHKH IepeMecTHTCT B 5', OTKyda BHIHO, UTO TAcHME HAUPHIKEIHA
Ha KEHOTDOHE CYUECTBEHHO BO3PACTET (V;}V,;), KeHOTpoH dakTh-
YeCKH NPeBPATHTCH B PEHTreHOBCKYH) TPYOKY W HAYHCT HCOVCKATDL JAyUH.
Tak xak yCTPOHCTBO KeloTPOHA He OOSCIevHRaeT AOCTATOUNOH SaLlHTH
OT ayueH, TO MOM¥ET NOCTPANaTh Nepcouat, Oyayr sacheyeHbl GOTOIICHKH.
Kpome Toro, aHOI Keuorpowua, He HMesd DOCTATOYHOTO OXADKICHHH, pac-
KamuTca nofend, CTCKASHHad HOWKA, HA KOTOpO# OH ¥Kpemien, JOIHET,
H anojl BLIHIET H3 CTpOA.

C upyro#t cropousl, meperan HHTH KeHOTPOHA Pe3ko COKpPAUlaeT CPoK
CaywOB HUTU M TIPHBOIMT K IPEXKIEBPCMCHHOMY neperopanuio ec. Ecau
PEHTIEeHOBCKAd TPpyHra paboraer HA ueSOMBIIOM aP0OIHOM TOKC, 3HAUH-
TelbHO MeHbIeM i, ua kpueod J, To pafouad Toyxa XApAKTEPHCTHKH
KEHOTPONA CYLICCTRENHO CHH3MTCH, M IAXe TPH MaloM Hdxa/le HHTH

¢ )
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geHOTpoHa (KpuBasg ) NancHHC HATPAKEHAT Ha HeM He OyleT Nperoc-
XOIHTE TPEAedLHOr0 JONYCTHMOre snavenns (2 wg). OTcwaa ciaelyer,
qro NpPH  MAJOM aHOIHOM TOKe B IEJAX  YBelMYeHHA Ccpoka caymOn
KeHOTPOHA HAKaJd ero CJACAYCT YCTaHaBIHBaTh BOAN3M MUIKMAJILLONO
SHAUCHHHE, VKAZAHHOTO B NACTOPTEe Kenorpona. [IpH aHOAHKX Towax,
GAH3KAX K [IPCIedbHOMY JSHAHCHHIO HX AJS JaHIOr0 THIIA KeHOTpPOHAE,
CASJYCT VCTANABAMRATLE TOK Hakada BOJMSH BepXnelo ¢ro SHauCHHS.
[Tpu TiuaTedbHOM COOMOIGHHM STHX npaena pafora ¢ KeHOTpoHOM Oyler
prioane Oe30MacHa, 4 CPOK CAVIKOH Cro-— J0CTaToulio Beluk.

Oas onpeledeunst Momuoetn W, suielsenofl B peHTTeHOBCKOH TpYO-
Ke, CJAelyeT H3MCPHUTL IPHJCKEHHOT K HCH Hampskeuve H  AHOITHHHN
oK. [IpH H3VEDElUMM HANDKEHMS UHIAPOBLIM Pa3sDAIHHKOM (CM. HMIKE)
NENOCPEACTRENNO NAXOIAT AMIIHTYA-
HOe 8Havenue MNajeuHs LANPIKEOHHA Ha
TpyOKe Vi yage. MarHuTo 1eKT pudcCKul
MIULIHAMTIEDMETD  TIOCTOSHHOTO  TOKA
oupejeder cpeliee 3nadeiue AH0JHOTO '|

f

toKka I, Mownocrs W, norpebisiemas %Sii
==

7

pPeHTTEHOBCKOR TPyOKOW., MOMKeT GHTB ]h
C AOCTATOUHOH TOUHOCTBLI) HaMIena mo
dopmyae: Puc, 18 TIpUpUHIHaIbHAs CxCMa
= YeTh PEXKESHOTPDOHHOT O IRYXNOIY~
W =0,7TV4 vaxsia- (2,1)  [DeprONHOTO BLICOKOBOMLTHOTO PEllT-
FCHOBCEOQIO anmapaTa.
3naunTeALHOC pacnpocTpaieHue ;

I . . D — penrrenosesas pyora, A, — K, — weno-
HUMEET TAKKE IBYXNOIYHeDPHOBHAN Y€~  Ipouw (cTpeaxo 0305Hatle KaTom) T — Bl
THIPEXKGHOTPONHAS  CXeMa  IHTaHusd CEITE O s LI R
peHTTcHOBCKOH  TpyOKH, NOKazanhas
Ha. puc. 18. Ecid B HeKOTOPHH NOAYIEpPHOA BEpXHIA TOYKA BRICOKO-
BOJIBTHOTO TpancdopmxaTopa T 6yaeT HMeTh 0oJce BRICOKHE ToOTenuuali,
qeM HIKHSAA ero Touka, TOK OyieT NpOTeKaTk uepes KeinotTpoH K. DCHT-
reHoBCKY 1pyfuy F H kenotpon Ky B cieayiomuit noaynepuol mnol
Bonee BLICOKMM TOTEHLHANOM OKAIKETCST HHIKHAA TOMKA TpancdopMartopa T,
u TOK mnoMneT uepes Kenorpon Ky, Tpybxy P2 u keuortpon [, B ofe
MONYBOJANL TOK HWAeT ucped TpyOKy B OZHOM H TOM KC HANPARICHHH.
OTCca 9CHO, 4TO CPEINMH TOK, TCKYUWIME ucped PCHITEUOBCKYIO tpyOKy,
BIABOE TIPEBLIIIAET CPEAHHH TOK, TeKyliuf uepes Kawaslll oTielbHEBIH
KxeHOTpoH. EcaH, Hanpumep, KeHOTPOHB PACCYHTAlibi HA CHAY TOKA 10
30 e, TO YETHIDEXKenOTPOIHHAS CXCM4 TMO3BOMAET [PONYCKATh Uepes
PEeHTTeHOBCKYI TpyOKY Tok x0 60 ua. Bpemenufle zaBucHMOCTH aHOI-
1Oro  nanpsoxeuus V', dHOJHOTO TOKa i, a4 Taksike uanpsueHns Vi
XOJOCTOr0 X0J4a BBHICOKOBOJALTHOIQ TRAHCPOPMATOPa NPEICTABileHbl HA
puc. 19. '

Tlpunluunuansnas cxemMa OoJAYBOAHOBOIO PEHTTEHOBCKOrO amrapara
CO CrILMHUBAHHEM NV/ILCANUN BRICOKOIO HANPAMENHT KOIUNEHCATOPOM ILPH-
BedeHa ua puc, 20. Ha nepemit B3rass cospaercs BhevaT/ieHME, 4TO
OIHH M3 EBYX KeHOTPOHOB— K, Wan K, —arnferca qaumHnM. Caenyer,
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OIHAKO, TPHHATL BO BHHUMAHME, YTO NPH OTCYTCTBHH, CKaMeM, KeHOTpoHa K,
(T. e., ecid Ha puc. 20 3aMeHUTb 3TOT KEHOTDOH NPAMHIM [POBOAOHM)

Puc, 19, Iipuanie Hanpsaenwst V, XOMOCTOrO X0X2 Bhl-

COKOBOMALTHOrO tpadHcdopMaTopa, aHOJHOrO Hanpsbie-

HUA V, Ha PEHTIeHOBCKOH TpyOKe M aHONIOTD TOKa iy

OPH  ABYXIOAYNEPHOINOM BLIIPAMJISHHH (M0 CXeMe
pue. 18).

B pafiouyid NOAYBOJHY KoHleHcatop C OyaeT sapsmxeH M OGNV 4acTh
CBOEIO 3apsiia YAePHHUT B TCUCHHe XOJOCTOH noaysoiun. B atoT no-
P CHedHuit AOAYyIepHOA, Kak JerKQ BUAETb, KOH-

aeHcarop C u BropvuHad o0MoTKa Tpanchopma-
Topa T OKaXYTCAd BKMOUEHHEIMH NOCAeR0BATENLIO,
u obparnoe HANPIKCHHC HAa KeHoTpoue K OyaeT
MOMTH BABOe ©OO/bllle HaNPAMEHHA, RaBAGMOTO
KOHIeHcaTopoM. Ecin, manpuMep, KeHOTPOH K
paccudTaH Ha ofpartHoe Hamps:kenue 110 ws, TO
IIPM  OTCYTCTEBUM  KEHOTpPOHa K, Hanpamedue
TpaHcdhopMaropa Hedb3d OyideT TOLHATH BHIIE
58 ks, Hannuue KeHOTpoHA K, paspHBAET MOCHE~
. JoBaTeNbHOE COelHHCHHE KORAencaTopa C W Tpauc-

E::; JCOYETTSHH%;;ES%I- tdopmatopa T upu obpaTtno# I10ﬂyBO.THIC;_ BCE Ha-
JIOBOrG  KoWAeHCatop-  [IPFKCHWC pacmpeneqsercd Ha ofa keHOTpowa, u
HOTO BHCOKOBOILTHOrQ — HAlPAKeHHe Ha pPEeHTrenoBckod TpylOke Momer
PENTrEHOBCKOrO anna-  §uTe noinaro go 110 xe. Craaxupanue Iyanca-

para. b nanpsmKenns ua TpybKe KOUIeHCATOPOM MOMKHO
P — pewIreopeaa  Tpyoea,

K Ko — keroTponst, Cmwone  TPOCACHWTE 11O KPHBEM puc. 21. AnoiHoe Ha-
MH;’“‘;{EPT'Dg;@’;ﬁf;‘;;‘g;’"*’“ IpMKenMe Ha peHTreHoBcKo#l TpylOke Bce BpeMa

IPERMIIAET HAIPAKeHHe, [IPH KOTOPOM AOCTHI4eTCH
TOK HacwieHus ¥). Tlostomy aHOLnBR TOK [, O0CTaeTcd Bce Bpemd
NPAKTHYECKH MOCTOAHULIM.

Awnautyna AV, nyabcanuil Hanpmkeuws Ha PEHITEHOBCKOR TpyOKe
ONPEACIAETCA HM3MEHEHHEM PA3HOCTH MOTEHLMAl0B Ha koudencarope C

#) PaKvTHUCCKH AHOAMBIH TOK PEHTTEHORCKOH TpyOku, Kak BUAHO M3 pHC. 1,
OOLIYHO HE NOCTHraeT HaCheHHS.

1] UCTOYHHMKH TWMTAHHA PEHTTEHOBCKHX TPYBOK 39

33 TIPOMEXYTOK BPeMeHH Af, NHLIL HEMHOUMM MEHBUIHH noHoro nepuona 7.
Ma9 0OpocToTH  pacuera noJoXuM, uto Afé== 7. 3a spems Af nocae
32pAMKH KOHIEHCATOPA HAKOTUJIEHHOE MM KOJMYEeCTBO 3JAeKTpHuecTBa @

S

f
Puc. 21. Kpuenie nanpsisceHua V, BRICOKOBOABTHOI'O
TpanchopMATOPa, ARHOLHOIO HANDAMKERHA V Ha pent-
TeHORCKOH TpYyGKe H AHOAHOTO TOKA i, NpPH IOJIY-
BOAHOBOM BHIIPAMJGHHMH €O CrilamHBaHHEM NyJbca-

uuil KOHIGHCATOpPOM (no cxeMme puc. 18).

YACTHYHO CTeKAeT Yepes PeHTTEeHOBCKYW TPyOKY M yuenmblnaeTcs wa AQ.
Hetpyzno Bulletb, 4TO

AQ=CAV,— i, At =2, T.

OTcwoga MOXHO HaHTH eMKOCTh s KoHIeucaTopa, oO0ecneyHBawnIIyIo
CrAAXKHBANUE NY/IbCALMH HANpPAMKeHHA 00 BeJIUUHHLL L\Va NpH  ALNONHOM
TOKE .t
] fgT .
AV g

O6runo sanaorcs He abCOMOTHOH BeJVYHHOH AMINIMTYALl [YJIbCALUE
AV,. a ornocutednHoH, 8V ,=AV (V. B sroM cayuae
i, T

: :
C= 5 v = Fv, 3V, (2,2)

rae f—vuactora ceTH. [lpu samauxoft 8V, (06HMIO B mpoueHTax) Heo-
XoAuMan eMKOCTe C IPAMO NPONOPUNOHANLHA aHOIHOMY TOKY M 00paTHO
NPONOPUHOHAABHE UYACTOTE TOKA M AHOAHOMY HANPSKEHHIO.

B xayecrse nmpuMepa oNpelelHM Beanunuy HeoBxomumoM emroctu O
u3 crenywommx ganuoix: oV, = 5%, V=30 ks, i, = 30 ma. f=>50 24.
To dopmyme (2,2), monaras 8V, == 0,05, noayuum C==0,4 axg. Kou-
JEHCATOPLl CTOMAL GONBIIOH €MIOCTH, DACCYHTAHHBIE 1A BLICOKWE HAIpPA-
AEHHSI, MSrOTOBAAKTCA OOBIHHO C AHSJEKTPHKOM U3 KaOejbHOH OyMaru,
NoMewaTces B Goabline GaKi B 3a/uBAIOTCA TPAHCHOPMATOPHBIM MAaCIOM.

[Tpr nHeoGXOIMMOCTH TOAYUYMTL CTA4WEHHOE BHIIPAMICHHOS HATPAXKE-
Hue ua peurrenosckol TpyOxe, B ABa pasa 6oliee BHICOKOE, 4YeM ToO,
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H2 KOTOPOE PACCUHTAHH BLICOKOBO/LTHLIE TpaHcdoOpPMATOD U KOHAEHCA-
TOPL, HPHMEHASTCA CXeMd VABaHBAHHS, MpeicTaBdenHas Ha puc. 22.
BrLicONOBOARTHEHA anmapar, BRIOAHEH-
HBIH MO TaKOH cXeMe, MHOTIA HAZLIBAIDT
«KCTabHANBOABTOMY .
Loy Bomtee noipobubie CBEIeHHA O Bhi-
" COKOBOALTHRIX PEeHTTeHOBCKHX ala-
parax, HX CXeMBl, DP4cyeT H YCTpOiH-
CTBO  MOMKHO Ha#ity B #AMewmieica
cneumansuoff aureparype [1, 2].

Boabyxacuue keCcTKHX  pedtre-
HOBCKUX JIvaeH OCyIHeCTRIAeTCAd Jaubo
& s CTICIHANBHLI MK pem‘renoacmmu anria-
Puc. 22, l‘[pmmunﬁanbnasl ¢xema  paraMu, oOBYHO PACCUMTANILIMHE  11d

VABAHBAIMA AT CHHUA, Hanpsaenus g0  200—400 xe [1].
I — BHCOKOROILTHLIH _ TREHCEORMATAN, hiisisle) BRICOKOBOJIbTHEIMH  2JIeKTPROCTA -
P pomrenontian (00ky SR KOO yvecinv  rencparopasi a0 1

5 mes [3—T], aubo, npu euwe Hoaee

BLICOKHX HaNpmienusx, — Serarponamu  [6, 7). Dru ycTpoficTBa 1pu
PEHTIeNO-COeKTPAJIbHBIX HCCHEN0BAHHAX NPHMENSIOTCA JUIIb B MCKTKOUYH -~
TEALHRX cayyasx. 2Kenawuime 6HaHMe MO3SHAKOMHTLCE C HHMH MOTYT
O0pATHTLCH K YKA43aHIOH JHTepaTYpe.

ITpu WCCHedOBAHMH MATKHX PEHTIreHOBCKHMX IMHCCHOHHRX CIeKTpPOB

B 00aactu manmu Boan ot 10 go 500 A o6biuio noasayioTes nanpsme-
HUAMH OT HECKOJABKHX COT BOAbT 40 2—3 K8, IPH AHOLHEIX TOKaX IO
200 wa. HeobOxonuMele B STOM Clydae HCTOUHHKM THTAHUSA PEITICHOB-
CKHX TpYOOK HNPEACTaBJAAMOT cOO60H OOLIYHBIE BHIPAMHTEMH, IIMPOKO
pacnpocTpalelyEe B coBpeMeHHON JTaboparopHofl npakTUKe.
Hccuenosanne CHeKTPOBR HOTJAONIEHUH MATKHX PeHTreHOBCKUX JAyUeH
IPEACTABAAET OCOORE TPYAHOCTHI HUTELCHBHOCTE HCIIPEPLIBHOTO ClIRKTPA
B 910# 00MacTH caumKoM Maad, 4TeOB Ha ero QOoHe MOKHO OBLIO H3Y-
44Tk 3ABHCHMOCTh KO(pO(HUHenTa NOIJMOUICHUA OT MJIHHW BOJHB. Jlas
ITOR 1eJH COHA0UINOM CHeKTp NpHXO-
AMTCA  3aMEHATL TYCTHM JHHeHUaATEIM
CMEKTPOM BaKYYMHOH BRICOKOBOALT-
Hell  uckprnt  (cM., wuampumep, [8],
raarnl 8 m 10). Tor e cmextp npu-
Mensgercai H B KauecTBE HCTOYNHEA
JHHHE CPABHeUHA NPH HCCHeIOBAHHH Pric. 93. Cxena HCTOMHUKA [HTAHMS
MAFKHX  PENTIEHOBCKHX SMUCCHOHHBIX  papvumuOl  RBICOKOBONBTHON KOH-
CTIEKTPOB. JIETICHPOBAHHON MCcKkpel 10 CKHHHePY
Haa BakyyMHOH BHCOKOBOAbTHOH u Daconcrony [9].
KOHMAGHCHPOBAHHOH MCKpPHL  1neoBxo-
auM 0COOBIE MCTOUHHMK muTaHMs [9], cxemMa KOTOPOrQ Npelcrasiend Ha
puc. 23. KonaeHncarop € emrocreio 0,2 micgh sapssaerca ¢ npubinsm-
TEABHO KOHTPOJHpYeMOH CKOpOCTBIO OT BBECOKOBOARTHOTO (a0 50 xa)

SN
_

WO
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rpauchopmatopa 7 tHepes KeHOTpOH A U COTIPOTHRIEHUE R, pasnoe 10° o.u.
KolnelCaToOp BaIHUICH DaspaiHnkoM P, HCKpOROH NPOMENYTOK KOTO-
poro ycTaHoBaew Ha 45 ks, Paspsan Kowaencatopa dcpes BAKYYMHLIA
ocTpuiiuplt  paspainnk P, IPOMCXOIUT npu CHiIOBRpCMerHOM TIpofoe
NocABNOBATCAbIO  BKMIOYCHHOTO  paspajHdka P, ¢ WapaMi 1naMeTpom
3 ca; HCKDOBOH MNpPOMERYTOK IOCJEHErO VCTANOBIGH 112 35 #s. OBa
paspsguuka P, u Py npoGusawrtcd mpn HAIPAKEHHH OKoao 45 xa.
BosnywHEIE paspsainus P, crabuiusupyer HacTOTY MCKpelus, ofecrne-
wiBds JAOCTATOYHOE NOCTOAUCTBO CpeiHeld HUTEHCHBHOCTHU BAKYYMHOR
KOHACHCHPOBAHHOA HCKpel. YacToTa HCKpPCHH# B 3TOH VCTAHOBKe cCocTa-
gaaeT okodo 100 B munyry. Conporupsenne u CAMOHUAVKLYA HCKPO-
BOTO KOHTYPA AO/MUKHBL OBTh MHHHMAILHBIMM, 4T0OOL  OGECTEYHTh BOI-
MOMHO OOJBLIHA TOK B HCKDPe, OH NOCTHTAeT Reddulubl okoxo 104 4.

Brime OpIIM ONHCAHBL HCTOMIMKH ITHTAHHA PEHTTEHOBCKHX TpyOoK
Adn - PasinugHBIX  THHOB CnekTporpagor. Kpode nposedenHol B Hauane
TOH TAaBH KJ4CCHPMKAIEYE PEeHTreHOBCKHX cnekrporpados no obgacTu
AJAHH  BOJH, HX MOWHO pasOHTh Ha IBA KAACCA elie M B 3aBHCHMOCTH
OT HNPHMEHAEMOTO METONA DETHCTPAUMM M3Ayuenus. ECau CUeKTp peru-
CTpHpyeTca QOTOrPAhHUECKH, TO BO BPEMA SKCTO3HINAM BCe YaCTH CIIeKTpa
SKCHOOHUPYIOTCS OLHOBPeMeHHO. OTHOCHTeMbHbIE HHTCHCUBHOCTH pas.uu-
HBIX HacTel cmexTpa Oynyr cpaBHUTEABHO Man0 34BHCETL OT KOJeGaiui
pemHmMa paloTel PEeHTTEHOBCKON TRYGKH. B sToM Caydae TOYHLIE Pe3yfb-
TATEL MOLY¥T ORTbL MOAYYeHL! OGS CHeUMATBHOHR CTA0HIH3AUHH TTHTAH U
PEeHTIIeHOBCKON TpyOKHU.

B wacromwee spems wmpokoe pacmpocrpanenne MOJYUYHIH CHEKTPO=
rpaer ¢ HOHWBALMOHLON perucrTpaudedl: HOHHAALHONL LMY KaMepamu,
NPONOPUHOUANEHBIMA  VCHAHTEAAMNH, CYSTUHKAMMU Fefirepa v cruHTHAII-
LUHOHIBIMK - CueTunKaMu *). OOuelt 0coBeUIIOcTBIO STHX MCTOLOB FBASETCH
MOCACAOBATENbHA BO BPEMCUH DETHCTRANHA PASTHYHLIX ¥3KHX YVUYACTHOR
CIIEKTPA, MPOMIElINUX HCPE3 BXOAHYIO ek perucrpupyroumero npubopa.
Orciona scHO, ¥TO TOYHBIE 3uavelMs OTHOCUTCALHOR MHTCHCHBHOCTH paa-
JHYITBIX yY4aCTKOB COEKTPA NMPH HOHM3ALHOHHON PETHCTPAUHE MOTYT GLITh
HAHACUBl JHINb TIPH XOPOUeH CTabHAH3ALNHK pexuMa paboTH PCHTreHOB-
CKROW TpyOKru. Ecam, nanpuvep, usMepenue HUTCHCHBHOCTH TPOU3ROINTCA
€ TounocTeio 10 2%, 1o pewum paGortw PEUTreNOBCKON TPYOKU noimen
OLITL  BO  BCAKOM  CAdydae CTaOHIeH [0 19 TIpu cTaOuiauauposaimn
HCTOUHHKA THTAHHA PeHTTEUOBCKON TPYOKH  OTHEedBHO CTabHIH3HPYIOT
AHOIHEHE Tok ee {, 1 OTDEJBHO — alOIHOE Hanpsikenue V. HMuTcHCHR-
HOCTE [ amHHM XapakTepHCTHYeCKOTro CIAEKTPA BABHCUT OT STHX BeaHqHil
no dopmyae (cm., ranpumep, [8], riasa 2)

[= ki, (V,— V1 (2,3)

—_—

_ ) PerHCTpauHio CUMHTHMIAIMOHHEIMHE CHESTUHKAMH MbI G6y1eM yCIOBHO OTHO-
CHTL g MOHMIAIHOHIEIM METoiaM, TaK KaK BCe 3TH M eTO kL 06}121;[&10'1‘ pAgOM
OGumx CBOHCTE, HOTOPsIe ONPCARIAIOT DL CMeHPHYeCKHX TpefOoBaHuH, Mperbis-
TAEMEI X K HCTOYHHKAM HHTAHMA DCHTIEHOBCKHX TPYOOK,
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rie Vo— noTenitnan BosOywieHHs LAHHOH cepuum muuni, k — woshodu-
muedT nponopHuoHansHOoCcTH., Vi3 sTOf (QOPMYIH CiAeAyeT:
AV,
AT Al Vv,
—_ = e . 2’4
T =% T Vo &5
1— 2
Va

_AHOZHEIH TOK TPAKTHYECKH Jerko cTa0uiH3HpoBaTh C TOHHOCTRIO
o 0,5%,. T. e. Aiyfi,=0,005. Eciu HCOGXOOHMO, 4yTOOB HUTEHCHB-
HoCTb Obina crabuabHa no 19, To us (2,4) npu AJj/=0,01 noayuum:

AV 1 (A 84 Vo) — 0,0025 (1 — Y2
Va__ 2N T EG)(i *Va:)_o,oozo( jfa)

Ecan V, Budpano B mpenenax or 2V, no 4V, To HeoOXOIHMHEIE -3HA-
weHns AV, [V, oxaxyrca B npencaax ot 0,1%, 1o 0,2%,. Dro npelbABIALT
ocoBeHno kectkue TpeboBaHua K crabHIMBATOPY BHICOKOrO HANDSHEIHS.

PaccMOTpPHM BOIPOC O BAHAHHH HeCcTdOMIBHOCTH MHTAILETIO Hanps-
weHdsd. AHOAHOC Hampamenue V,; ¢ AOCTATOUHOH, TOUHOCTBHW MOWIO
NPUHSATH TPOMOPLUUOHAMBHBIM HANPIKEUHIO TNHUTAHWA. CielloBaTelbHO,
yaMeneHne nuTallero uanpstkenns Ha 0,20, mpuBejer K TaKOMY Ke
OTHOCHTEILHOMY M3MENCHHIO AHOIHOTO hampswenus. Tak Tak peurre-
HOBCKas TpyOka paboraer B pexume, OAM3KOM K  HACBIUCHMIO, TO
aHoOLNE# TOK {, omnpeieasercs gopwynot (1,1). B 2roft dopumyne
rteMmepatypa 7 IpUMEPHO TIPOTOPUMOHAIBHA KBAApaATy TOKA HaKald,
a ClefoBATE.bHO, M KBAIpaTy NHTAIOWIEro HanpsmeHus. Taxum 00pazoM,
npd  ouyeHb HeOOJLUIOM M3MCHEHWH THTAOWEro  HANPSKCHHA 6yaeT
MMeTh MECTO pE3KOe H3MEeHCHne aHOOHOro Toka. Kpome TOro, cnciyeT
TAKYKE YUECTb, YTO SMHCCHOHHAA CNOCOOHOCTE OKCUIMPOBAHHBIX HuTeh
He ARJASTCA TOCTOAHHON; ocofeilHo pes3ko Oua HaMeHfeTcd B mpolecce
TpEHMPOBKH TPYOKH, NpH CAy4aHHHIX Ta30BBELAC/SUHSX AW HCIAPEHUM
HeKOTOPLIX BEUIECTB, HAXONSUIHXCA B (QOKYCHOM IATHE aHona. Orciona
ciaemyer, 4ro crabuamMsaius TOKA HAKala He MOXET JaTb LOCTATOIHOH
CcTaBUABHOCTH AHOIHOTO TOKa PasbopHOR 3MeKTPOHHOR TpyOxu C OKCH-
ANpOoBANUOH HHTBLW.

[Ipy BO3PACTAHHU NUTAKNLETO HANPDKEHUS AUOIHRIA  TOK DACTET
auauATeIbHO OOIbiue, ucM AHOAHOE Hanpmxenue. B peayasTare 3TOTO
CYLIECTREHHO DAcTYT TANCHWA  HANDAKEHHA Ha GydepHoM conpo-
TUBJGIHUH, KeHOTpoHe H 8TOPHUNOH OOMOTKE BHICOKOBOJBTHOIQ Tpalc-
Gopmatopa. DTO B CBOIO Ouepelb TPHUBOLUT X YMCHLIICHUIO AHOAUOTO
HANpPSKEHUsT Ha pertreHoBCKOM TpyOrke. M raofopoT, eCAH nuranies
HanpsHKeHHE NOHHIKACTCHA, aHOAHOE HANpMKCHUE DACTCT. Bce 910 yKA3H-
paeT Ha OCOGYI B@OXKIOCTL HEIOCPeICTBEHHON CTROMIM3ALUM ANOIZHOIO
roka. EBcau mocacnuas obecneueHa, TO CcTabWIMsauust aHOAHOTO HaNpH-
WeHHS MOMeT ObLiTh [O0CTHPHYTa COOTBeTcTBylouleh crabumusanuel Ha-
ApsKeHus, MHUTAKMErO BHCOKOBOIBLTHEIA almnapar.

| THRJeHUAX R, — R, nona
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CTabuansarop aHOIHOrO TOKa peHTreHOBCKOH TpyOku, ofecneunraro-
WHA INOCTOAACTBO 2TOro Toka ao —= 0,5%, mpu wsmenenuax cereroro
BANPKCIHA na — 10%,. a Taxxe UpH H3MEHENUSX SMHCCHOHHOH CIIO-
CODHOCTH HHTH Hakaja kKaroja TpyOKH B JecaTku pas, paspabor
dpotiManom [10]. Cxema storo ctabunusaTopa, B TOM Bapna,am*e F:; KOT?)}-[
poM OH BBIIYCKAETCS MAaCcTEPCKHMH POCTOBCKOTO }"HHBepCH’léTB [11]
mpeicTaBieHa Ha puc. 24. Hurts Kartona pPeHITEHOBCKOH TpyOku P
nuTaeTcd OT TpanchopMaropa 7Ty, BKIOUGHHOrO B CeTb MOCAELOBATENbHO
C TepBHYHOH OOMOTKOH Deryiupyomero TpaHchopMaropa T; AHO,LIHLI?I

—2u
EAT A
e w1278
T
7 Z
24
L
: 7
%‘\E 5
3
> M o
< Puc. 24, Cxema CTafHIH3aTOpa all0OABOr0 TOKa TIO [7.8]
— PELTTelIOBCKAS 'l'pyﬁxa T, — TPaHChOpMaTo . CqITa b ' ’
Ty~ ancopyatop | mirsnn, S ad koo B ", TSI e iemus Thancqopatop,
Ry=BA5 Koa, R 5,35 O — E] s M, = 1,04 woar, Pyo=1,73 Ko,

=990 koa, Ry=135,6 xoar, Fy= 27,6 woar.

TOK PEHTrC ; >
PELTICHOBCKOR TPYOKH COBLAeT NOCTOSHHOE (NPH BCEX 3HaYenusx

= : o o
2 2;263;01{51) najenune nanpsoxenna 103.5 8 Ha compoTunIcHuax R, —R
3eMIIABTCA Uepes MUJIHAMIIE y : - . 22
MuiMaMnepymerp. Ilpu cayyaitues
LA . J1y IX Mepelanpame-
PH BHIXOIE M3 pemuMa cTabuIu3allul zarcuraeTcs IIpCﬂOXLI})a]-JI‘;-

TeasH z
HO,";}}J:IQP;HM:;()HHB crabunusatop J,, KOTODHE BHIEH Yepes OKOWIKO, pac-
1 O€ Ha Tepennefl nademn. Hanpawenne, nagamilee 1a c,ort:m
i A, l -
sron namme’ mond OT;QTSQ Ha ceTky aamnul J,. TMorenwnman xartous
_qar HTeIbHO 3&MJH HAa 5 ’
s 3 J a4 Hanupaxenue, Gauzkoe
(ﬁ‘lemeH,1Cpcry,1ﬁp}rem103 B HeQOJBIMIUX Ipelenax HOTeHmfome’Tpou R X
HEC CeTKHM OTHOCUTENLHO KAaTON: >T i . =
_ { 4 COocTaBJfgct —
ofecnmeunraeT paboTy ' . oleoae G
o OTL‘,\-'T( \51 paooTy namnel J, B AMHeHHOM Y4aCTHe ec Xapal{TepHC,TI/‘I{H
HOBCl{oﬁf."cr'ngH CeTOUHHIX TOKOR. HMaMmeneHue anonunoro rtoxa pEH‘J‘;"G
. pes‘w[b‘r[r]i)y KH BERI3LIRAE€T M3MCHEHHE NOTEHIHA/a Ha CeTKE AaMnm 7.
SESYBTATE YET0 H3MEeHAeTCd aHOAHBIH T 2 : 2!
e DHEIH TOK YCHJAHTC g
e ) LGRS S YCHAWMTCAS MOLHOCTH JT.,
amimpf-::gf?él?m HATpyaKy rpaHchopMatopa 7., a cnenoua’renbﬁodi
1 T ¥ = - -
pacen o€ [.]:jO!hB.-I{:HHt ero MepBHYHOH OBMOTKH. DroT 'rpchapopwa,To
el nch. R";ah, HUTO €ro cepleyHHMK [ajJek OT MACHHETHOTO Hﬁl{;hn_ueIf
RO3PACTAHMHE AHOJZHOTO TOKA PEHTIreHOBCKOH TPYOKH aKTHBHOe
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CONpPOTHBAEHHE TpaHcdopMaropa T, pacTeT, W TOK Hakata TPYOKH,
napaeMelii TpaHcopmartopom Ty, aBTOMATHYECKH MAnaeT.

Ecan onHcaHHbifl cTaluInsaTop 4aHOIHOTO TOKA BKJIOYCH HA peHTre-
HOBCKYIO TPYOKY C MIaTHHOBOH OKCHIMPOBAHHOR HUTRIO quamerpom 0,3 s
v oamuuoi 10 ¢x, 1o craOHIH3aTOP ABTOMATHYECKH YCTAHARIHBAET TOK
nHakaaa HutH oT 1,8 mo 4 @, 3 8aBHCUMOCTH OT COCTOAHHA OKCUIHOTO
CI0d M TOJOMElUHd TepeKIoYares CONpoTHBIcHHH R, — Ry [Tlocaen-
HUil  N03BOIAET VCTAHOBHTE OAHO H3  CASAYIOLMAX GEBATH 31-Iaq‘eHHﬁ
AHORHOTO TOKAa pelwrreHoBckod TpyOxm: 1,50; 2,50; 4,00; 6,50; 10.0;
15,0; 20,0; 25,0 u 30,0 ma. Crabuausatop He TOIbKO 00ecHCUHMBACT
NOCTORHCTEG 4HOIHOTO TOKA, HO H 4BTOMATHYECKH TpReHUpyerT pPeilTre-
HOBCKYI0 TPyOKY noche ee BruoueHua. HekoToprm ero HeioCcTaTKOM
apiseTCa nefoabllas TelIoBas HMHCPIVWA HuTH Hakada. ONMCaHud IPYTHX
CTAaBUIAH3ATOPOR AHOLNOTO TOKA PEITreHORCKOR TPYOKH MOMHO HalTH
B paborax [12—15].

Tlpu NOILOTPEBHOM OKCHUHOM Karode (puc. 2) ouncanHpif (‘,’Taﬁl'tﬁi'{séb
TOP XapaKTCPUSYETCS 3HAUMTCIBHOM TCTIOBOH MHEPUHCH M CTAOUIBHOCTE
AHONIOIG TOKA He IOCTHTdaercd. B srom chayuae B pabore [16] mpume-
HeHa CXxeMa, B KOTOpoH craduiusauns ofecleydBaercs BOBI[E:ﬁCTBH‘eM
HA Vexopsmowud MOTeHHHan Oy4ka SHeKTPoHOB, GoMOAPAUpYIOMUX 1HKEe-
JeBY¥I0 OKCHAMPOBANHYIO ILIACTHHKY. o

Dearnepnuonsas crabGHaIR3anua ANOIHOTG TOKA MOMeT OBITL AOCTHI-
HyT4 BOBLEHCTBUEM HA MOTEHIHAN IOTOJHHTEILHBIM, TPETLHM 3EKTPOLOM
peHTreHoBCcKoM TpyOkn — cetko#t. Takme TpyOxu ommcadsl B paie pador
[17—19); pacnpocTpaHeHHst OUM He [OJYYHJIH. B .

[pu crabuausHpopaniloM AHOAHOM TOKe [0CTATO4HAA CTa0uILHOCTD
AHOKHOrO HATDSYKEHHS MOKET OBTH IOAYHUeHA NPH COOTBETCTRYIOHIEH
CTA0HIH3ANNUE MUTAOMIEr0 HUSKOROALTHOTO HalpsiKewus. B HEKOTOPBIX
chAyuasx Moxer OLITh UCIOAB30BAL BLICOKOBOIBTHLIH cTalH/IH3UpORAHHBIH
annapar BC-50-50, xortopui#t gaer Hampsbkeuue no 50 xe, crabuabHoe
1o 2,59, Te e peaydbTarH MOXHO TOMYUYHTH ¥ NPH THTAHHH ."lIOEIOTQO
APYTOro BHICOKOROIBTIONO anmapata oT ctabmuusaropa uanpsvxenns CH-2.
Oda sri npubopa HMEIOT FICKTPOHHYIO CXEMY, BOBAEHCTBYIOLLYIO Ha o0~
WeHHe MOJ3YHA BapuaTopa (aBToTpaHcdopMaTopa C nIasuol peryaupos-
o). Craduauzanud anOAHOTO HANPSDKENMs MomeT ObTh TAKME A0CTUT-
H¥TA T[MTaHMEM BBEICOKOROLTHOrO ammaparta oOT {eppopesoHancioro
c%aﬁn,maa'ropa CT-3 mouurocteio 3 #sa. roT npulop naer HanpiKeHne
220 g, crabuabHoe o 19, mpw OOLIMUEIX H3MeHEHHAX MHTAMUIETO 1d-
npswxennd. Heroctarkom ero sBIfeTca gHaunTelbHad 3aBUCHMOCTE Bh:xo_‘a-
HOTO HanpsKeHus oT uacTOTel cern: no 8%, nma 1 24, Bce a7d C'l‘aOIii\.’h-l-
3aTOPEL MOTYT ORTbL NMpuMeleubl IPH HOHU3AUHOHUIOH PerncTpaluH HHTEH-
CHBHOCTH PEHTTEHNOBCKUX Jydell B cayuaax, Koria He rpebyeTcal BRICOKAA
TOUHOCTE H3MEPeHWH.

KalK yiKe VKasBIBAMOCH, NPH TOYHBIX H3MEDEHMAX MHTAHME PEHITCHOB-
CKOH TPyOKM AOJIKHO OCYIIECTRAATLCH AHOLHBIM Hallpﬂ}HeHHeM,’CTaélfl."{b-
peiM g0 0,1—0.29% .. Jas sTuX uenchh Godblle MOAXOIHT CTADWIHIATOP
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panpsmmenas CH-1 momnocthio 1o 1—1,2 wem, samowui stpdexTirIIOR
nanpsienne 127 8, crabuaphoe no 0.25%, npu mamenenusx HAIpAkKeHH
ceTH B npeanenax or —5 g0 —15%,, marpysku ot Hyaa o npeneils-
pOH MOWIHOCTH M HacTOThl B mpeledax oT 48 xo 52 2u. DTor cTaduiau-
saTop paspaboTad B HVIK®DI] 1as peBTreHOBCKOH CTPYKTYPHOMR ¥CTAHOBKH
YPC-50-F. On uMeeT 1Ba Apoccenst HACHILICHHH, BRAIDYEHHBX IO aud-
depeHtiadbiol cxexMe. ¥npapasiomne oGMOTKHE HX THTAIOTCH CIIELHaTbHON
3JaeKTPONHOH npucTapkod. Henocratkom crabnauzatropa CH-1 anasercs
CYUIECTBEHHAS  3aBHCHMOCTb  AMINIUTYIHOTO  BHAYEHHA  HATPDKeHNN
(no == 1,5%,) mpn uaMenenuax HArpyskM OT HY/IA 10 NpeicdbHOR MOoul-
noctu (1—1,2 xem). Jlpyro#t crabuiusaTop nmuTanus BECOKOBOJLTHOIO
TpadcihopMaTopa onucad B paborte [14].

Haa monydeHns Gonee BRICOKOH CTAOHALHOCTH 41I0IHOTO HATIPKEHHA
He0fX0AHMO HCMOMB30RATL MOLIHBE BJEKTPOHHEE CXEMBl € AaTYHKOM,
HETIOCPEICTBEHHO BKJIIOUEHHBIM B ILENnb BHICOKOTO HanpmxeHusd. Takue
YCTaHOBKH onucansl B page padot [12, 16, 20—24]. O crabuabhocTu
HMX MOXHO CYAHTE 0O CASAVIOWHM JaHubiM. B pafore [16] ommcanw
IBe YCTZHOBKH, OlHA U3 uux Ha 12 wxs, 50 wa, apyras—mua 100 xa,
50 wma. DTu HanpmkKenws GpIH CTABHIbULI 10 0,008%, mpu namenenuax
Haupsmkenus cerw na —= 109, [Myabcanuu nanpsskenns ne PeBOCXO0 IHIH
0.07 & B nepsoft ms vrux ycranorox u 0,175 s —po sropoH. Ilpnm
OOBIMHEIX  HOHMBAUMOHULIX HSMEPEHHAX OTHOCHTEIBHON HHTElCHBHOCTH
OTAEMBHBIX YHYaCTKOE CHEKTPA CTaOHJIbHOCTH %THX MCTOUYHHUKOB BHCOKOLO
HANIPSKEHHS ABJASeTCH JaKe WM3GBHITOUNOH.

MMeercs, onHaKo, paa GakToOpos, BMIAOIAX HA UHTCHCHBHOCTL CIexTpa
Aame  HpH  nAeANbHOR  CTAaOHIMSALMH DEKHMA TIHTANHS PeHTTEHORCKOH
TpyGru. Bo mpems paGorm paszfopuof TPYOKH TIPOHCXOIUT pachellennc
M UCIApPCHHE BENICCTBA, HAHECCHHOTrO HA aHON AJM CLEMKH CIeKTpa HC-
MyCKAHWA; MMCCT MECTO TOKPLITHE pafouell MOREPXHOCTH 41013 Bellc-
CTBOM, lIEDCHECENHBIM C HHTH 1axala; (GoJbra, 3aKpHBAOINAT OKOIIKG
TPYOKH, ¢ TeueHHeM BpEMCHH TOKpPBHIBAETCS PACTBIIERHBIM BCUIECTROM;
MONO¥CHHE  (QOKYCHOIO MATHA HA anoje W paclpedeelnc MAOTHOCTH
[IOTOKA SACKTDOHOB KATOLHOrO MYYKA B MPCIESaX TOr0 TIATHA nonasep-
KCHBI HEKOTOPLIM, B pAjie CAyJYaen CYIECTBEHHBIM, H3MeHeHHAM. B pe-
3YAbTATE  COBMECTHOTO UCHCTRHA BCeX 9THX (PAKTOPOB HAGMIONAOTCS
SHATUTCABINC KOMeGaHUT HMHTEHCHBHOCTH DaalHYHBIX VUaCTKODB CHeKTp4.

Ms ckasauworo Bunno, uto craSmansauwms pexHMa THTAHUA peHTre-
HOBCKOH TpyOKM MOMET [1aTh XOpOLldec pesyapTaTel UL npu padoTte
R sanamsunbix Tpy6xax, aubo na pasBopusix TpyOkax, B KOTOPHX ofec-
Teuen  BLICOKMH BakyyM — mopsaka 107°— 107° mopp. YHem Gombiue
BPEMECHH 3anMMAeT B NaHHOA PaGOTC IPOICCC U3MEPENUS OTHOCHTEILHbIX
AHTCHCHBHOCTEH, TeM 60/ce BRICOKHH BAKYYM 1OMKeH ORITB B pPeHTre-
HOBCKOH r1pyBre. JLas NOJIYUCHHA HANEMHEIX DPesyAbTATOB TAKHX H3Me-
PCHUE MOryr GBITb TPUMCHENH BCIOMOTATElbHEG (kxouTpoabHble) cyer-
"Min Tetirepa [25], CUMHTHANALHOHHME CUSTYHKH WM MOHH3ATIHOHHLIE
KaMepul — Tak HaspiBaeMbie «MOIMTOPH». B KauecTRe 0JHOTO M3 MeTOUOR
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TIpMMeHenHs MOHMTOpPA BOBMOXHO HCHNOMbL30BANHC €r0 B KayeCTBC «IaT-
YHKA MHTEHCHBHOCTH» [JfA aBTOMaTHY4ecKOH cTafWau3auud HHTCHCHBHOCTH
uzmydedns peHrrenoeckoit TpyOxu. Crabuansauus moxer ObTh JOCTHT-
HYTa BO3JefCTBHEM HA TOK Hakala TPyOKH, Hampumep TeM e CHocoloM,
KOTODLIH TpuMeHeH B CcTabuiusaTope aHOLHOTO ToKa PpoivaHa [10]
(puc. 24). B sTOM cayuae mo LENOYKE CONPOTHURIEHHH R;— Ry BMECTO
aHONHOTO TOKA MOMeT OHTb UPONYUIEH HOUM3aUHOHHEIH Tok. Ecan
B KauecTBE MOHHTOpA HPHMEHACTCS CHeTHHK, TO HMIYJbCbl Cro IIpeiBa-
PUTEALIO YCHAMBAIOTCA H HHTErpupyroTcs. TOK HOHM3AUHONHOH KaMEpHI
Tpebyer NpelBapHTEILHOIO YCHASHHA C HCMOJb30BAHHEM 3ASKTPOMETpPH-
yeckol fMaMIILl B KaYeCTBE NePBOro Kackana ycunenus, Hawayuuine pesyib-
TATH MOMeT OaTbh MOHUTOP, BO3AcHCTRYKmHH Ha TOTEHLHAT CerKH,
BREIEeHHON B PEHTTeHOBCKYW TpyOKy. lipyrue crnocoOwl MCIO/b30BaiHa
MOHHTOPOR [Js TPEUH3HOHHEIX H3MePeHHH HHTEHCMBHOCTH OyAyT pac-
cqoTpednl B ra. JIL

2. HMamepeuue BLICOKOTQ HaNpAXEHHSH

Hauboiee pacnpocTpadenHuM nNpHOOpOM 114 H3MepPeHHS BBICOKOTO
HanpsoKeHHsl sBaseTcd WapoBoft paspazHHK. OH COCTOHT H3 ABYX LIapOB

PaRHOTO IMaMETPa, OAMH H3 KOTODBIX — HEMONBUIKHEIN, M30JHPOBAHHEIM —
- NPUCOEIUHACTCS K BEICOKOMY HAaNpsAXeHUIO

z = H:Jﬂ !- yepes COMPOTHBJIEHHe B HECKOJbKO COT
iz . _'{];2" wox (OOBUHO — BOAANOE), 4 ApYyro#t —
56 - LM = TIONBHKHEIL — 3asemidercs.  PaspaaHuk
% A ‘ HMeeT VCTDORCTBO, INO3BOJAIOLIES Mel-
N A/ A JAeHHO MPHIBUTAaTh NMOABHMKIULIA Ml K He-
2ol » NOABHKHOMY. B MoMeur mpofos BHCOKOE
S 24 v HANpAXeHHE BLIKIIOUAoT, Aubo OLICTpPO
L b’ OTOABMTAIOT NOABMMHBIA wap IO TMpeKpa-
Pima i weHnd pazpsitda. llaposo# paspagnuig, Ha-

) EREEEES. i } npuMep THna V-85 ¢ mwapamu JuaMeTpoM

1T
G ¢ 8 2 & 2 228 %3 125 Mmau, uMeeT NOABMMHYID LKAy IJHA
POCITROAUE HERLY (oot 40 OTCUETA PACCTOSIHUS MEKIY OMiKaiuiuMu
Puc. 25. TpaiyupoBouHbE KPH-  Toykamu ofonx mwapos. Ilpu cOammenuu
BLIC IR BYX WMAPOBBIX PASPIl-  yapop mikama JBHAKETCS BMecTe C TO-
HHKOE MNP 3d3eMJICHWHH  OMHWO
napa. ABWHHBIM WAPOM; OTCUeT IPOH3BOAMTCA
0 HeNOABWXHOMY yKasaTenw. [lpu Opi-
CTPOM Da3ABHTaHAH IIADOB B MOMEUT NMpODOH WKala OCTASTCH Ha MecTe.
3To nozeoadeT Clelath OTCUET TOC/Ie NPeKpPAlleHHs Pa3pana H ONpeleluTh
pacCcTOMHHE MENIY MapaMu B MOMEHT mpo0os, le BHKIKUAd BBICOKOTO
HalpawKellnd.

Ha puc. 25 aauwl rpaduxu, nossoasomide 1o BeduudHe NpoluBHOTO
IPOMEXYTKA ONpeleldTs HanpskeHne. [IpupeleHHBIe KPUBLIE OTHOCHTCH
K npoBol0 BO3LYXa NMPM HOPMAAbHBLIX yeaoeusx: nasieHnn 760 mopp u
temmeparype 20°C. [lpm Apyrux yCAOBMSIX OTCUUTAHHOE Mo pHC. 25
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nanpsKenue HOKHO OHTB YMHOKEHO Ha NONPABOYHBIH Kosdgduent
BETUUHIA KOTOPOro MOMeT OHTh HafieHa MO HOMOTpaMme puc. 26. ‘
Ms ckasaHHOTO dcHO, uto npu 0GOH $opMe KPHUBOH BLICOKOTO
HANPAKEHUA MSMEPEHUS WAPOBEIM PaspsilUKOM NAIOT MPABHALIYIO Beu-
UNHY @MMAUmMYOR020 3HAYCHHA HanpsweHusa. [1oCKOAbKY KODPOTKORO ?1;-10-
BaSl IPANHIA CIEKTPA ONpeleNseTcs KaK pas STHM SHAYCHHEM HELJ'IUH}KE‘IIHH
1aPOBOH paspPANHHK OKA3BIRACTCH BeCbMa yA00IBIM npudopom ;IpH paa-,
JUYHBIX  (PHBUMECKMX MCC/ICI0BAHUAX ¢ HCNOIbI0BAHHEM PEHTTEHOBCKHX
ayae#t. Hpyrum ero nocrown-
CTBOM SBJIAETCA BO3MOMKHOCTE HOROTOTYET HOFDHGUEHT?
a0COMIOTHHIX HM3MepeHHH Ha- &0 el 404 1

nupaweHud. Baarozapa sromy dap r = 3
WwapoBof pas3pasHHK TIpuMe- _?30// < /—’/ /53'@5%:
NAETCH LA TPALyHPOBKH IPO- S /’, g /”/ 5
quX NPHGODOB, caymKauiux Iaq E?M T T T A ] D= §
H3MEPEHUS BRICOKOTO HANPs-  Epypl L LT LA T s
Aenug. TiHlarefbHBlE H3Mepe- < L L] ,‘/,,/, 3
HHA IUAPOBHIM PAa3pAIHMKOM Q"Hi’??(,‘,-“//r“//-r’//-—‘/ == .,gﬁ%
MOTYT MMETh OTHOCHTEMbHyI 4T 7T ] =&
TOYHOCTE A0 2—30/,. R R R T

HeoGxoaumo, oouako, cle- Tenrgpamymg,

IATb 32 TIPABHJLHBHIM BKJIO- S
a. 1p HO- puc. 26. MMonparounsii KosfpuLMEnT K ma-

qeHHeM paspaiHuka. Ecau, NPAMENHK, HIMEDEHHOMY NLIADOBEIM pPajpaAl-
HANMPUMED, BHIIOYHTE €ro mna- HHKOM. ‘ o
PaaeIbHO  BHICOKOBOJLTHOH :
oOMOTKe TpaHcopmaTtopa 7T, (puc. 15) do Kenotpona K, To npodoi
HUCKPOBOro INIPOMexyTKa TNpPOH3OHIeT HAa paccTOsHHH, COOTBETCTRYIDIIEM
AMINIHTYIHOMY 3HAYEHHIO HANDSKEHHA X0A0CHOLN NOJYROJHEL Mesay Ten;
NPelCTARIACT HHTEepEC pafouaf MOJAYBOJHa, AMINIHTY0a KOTOopoi BCEF’A&"
Menplie. OTCHla BHIHO, uTO NPAaBHIBHOE H3MCPEHHC aMIIHTYIHI ‘a-
?S:Ieﬁ NOJYBOIHEL BO3MOMHO JHIIL [PH BKAICYEHWH paspalHuKa nog.aze
;p;ggo;z-l K, 7nyulle BCRro — MapaliienbHO camo PeHTreHOBCKOH’
Mom%ﬁ?mﬁgm’m HEeJOCTATKOM IIAPOBOTC DPasPHIHUKA SBJASETCS LEBO3-
. SO PepblEH020  KOHTPOJA  HampskeHHs. [losTomy Hapagy
. H.mﬂ;c l{_{EIlIMH B If-:n:j'{e,rlHHe TOABL NOJNYYHIH WHPOKOE DACTIPOCTPAHEHUE
Bo ey no,q;;)gii;zmg;?g’ oGecleYHBaIOIIe HENPEPLIBHOCTh uaMepedni.
v (2, 26) ACHHA O [MAPOBRIX DPa3PSIHHKAX MOKHO HaHTH
Mexiiifégﬁlgﬂpso?qu S.HG'I?TPO(.;TQ'I‘I'I‘—ICCKHX KHJIOBOJBTMETPOB QCHOBAH Ha
Hn Hanpn;\-e}{ ’I/lu]C] a:r'{efupoma'rﬁ%(:l(oro BIdUMOReHCTBHA HAXOIALIHXCH
S e tif:f{ 1 1actelt npuGopa. TlockonbKy 9Ta cuia onpenemsercs
oK a3 .-agﬁa,la lelHieM  HaOpsKeHH:, KHIOBOJALTMETPLl TAKOTO T4
Fparya ‘ fgﬁefcm.rw;me HanpsKeHue, BHE 3aBHCHMOCTH OT €T'0 (POPMHL.
HHKoi[ POBKa saekTpoctaTHuecKuX KHIOBOALTMETPOB ILAPOBBIM paspsi-
# IDOU3BOAUTCH Ha XOPOWO Cria*»)EHHOM BBINPAMICHHOM TIOCTOSIHHOM
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HanpskeHun. [lpu nanpmkeuusx 2o 30 xs wmoryr OBITE HCNOAB30OBAHE
kunosoasTMeTpe Tuna C-96 ¢ Tpema npeaenamn uaMepeHui: 7.5, 15 n
30 #xs (kaacc TouHocTH npubopa 1,5). BRICOKOBOMBTHBIH 3eKTPOI ITOTO
npubopa NenOABHMKEI. 3aseMAcHIAn TNOABHMAKHAL MacTh npubopa MOKET
MOBOPAUMBATLCA TNON AedCTBHEM D/IEKTPUUECKOTO mnojs. PacTamkd, a
KOTOPHX VKpellleHa NONBMAHAA “acTb, CO3AAN0T NPOTHEOLEH CTBYIOLIHA
MOMEHT. VYKpenjeHuoe Ha 3TOH UACTH BepKalblle OTPaMaeT CBETOBOH
ayy BeTpoeuHo# B npubop JAaMNOYKH. D10 yerpolcTBo obecneuunact
BO3MOKIIOCTh OTCYETa MO NIKANE, HaneceHHOH Ha MaToBoM crekde. Ilpn
K Boicaremy Golec BHICOKHX HAMPSOKCHHAX MOKeT OBITH HDHMEHEH
HORANEFD 3MEKTPOCTATHYECKHH KuaopoibtMerp C-100, paccuuran-
HEl 1A Hanpmxenus 0o 75 #8. CyulecTBEHHBIM AOCTOMH-
Ao CTBOM TAKHMX KHIOBOJLTMETPOB fBIAeTcA 4YpessblvaiHO
’ mManas AoTpefagemas MMM MOUIHOCTL (TOJALKO 33 CHET
2, YTEUeK uYepes MI0IAIHIO).
BecbmMa yAOOHBIM KHJOBOJIBTMETPOM, O0ecnedunnaio-
. UMM HENPEPLIBHEHA OTCYeT BEICOKOrO HanpaMCHHA,
gapaserca npuop, cxeMa KOTOPOro MpeAcTariIcHAa Ha
puc. 27. DroT npubop nAerko MoKeT OBITb WATOTOBMIEH
3 oboB gaGopatopuu; rafapuTnl  €ro  3HaYMTEALHO
MeHbllle TabapuTOoB APYIHX KHIOBOALTMETPOR, PaccHo-
TpeHupix Bumie. IlorpefiseMas ©M  MOMHOCTL  (HE-
CKOJBKO #m) JHocTtaTouHa Mana. [IOCKONBKY B STOM
I KMJIOBOJLTMETDE HCIOABL3YETCA 1A H3MEPCHUH MarnuTo-
e saeKTpUueckull MEKpoaMnepmerp, NpubOp MNOKAa3LIBAET
Puc. 27, [puGop Ccpedree 3HAYEHUE BBHICOKOTO HAMPKEIMd- ITpoxoas no
II MSMEPEMHA  |[eNOuKe BHICOKOOMHBIX conpoTupienult R,—R, (puc. 27),
CPelHEIO 3HAUE-  yenez cpapHUTEAbHO MAMOE COTNPOTHBIEHHE ¥ M MHKPO-
HUst BRIDPAMICH- ) i
HOrO  BLiCOKOoro AMIEPMETP, TOK BHICOKOTO HATIPAMEHHT 3aseMasercd.
HAlPAKSHHI. [Ilkana MuUKpoamMTepmerpa MOeT OBTHL MNPOFPAIVHPO-
paHa TakK, uTOOHB OB BOSMOMEH HENOCPCACTBEHHEIA
OTCHET HATPSKEeHUH. MUKpoaMrepMeTp 3amMileHd OT CAyHaHHEX HepeHa-
npaxeHut Ta30BHM crabmiusaropom JI. Jlmm 9TOro CONPOTHBISHHE T
nonfupanT Takuwm, urobnl NAfeHHE HATIPAKCHUI HA HeM IPH NpeaennloM
HaNPAMEHIH, HA KOTOPOE PAcCyWTaH KHIOBOJIBTMCTP, HEMHOTO NPERLIIIAJIO
MOJOBUHY TOTCHIIMANA samuraina Tasoporo crabunusatopa. Konaenca-
Top C CAYMKHT 1dd 10oro, 4To0pl NMpH OY/IbCHPYIOWEM BHICOKOM Hanpike-
Huy  craduanzatop JI He sawwranca eOIM3AE  AMINHTYAHOTO SHAYEHHA
uHanpsxenud. HenocpencTseHHOe 3a3eMIeHHE MUKpOaMnepMerpa nefaet
9TOT Npubop GE30MACHHM H TIO3EO/AET BCTPOUTH €ro, HANPUMEP, B NYJBT
YNPABACHHA BHICOKOBOJLTHLIM allapaToM.

TMpuseieM npdMcpHLIE pacueT KHAOBOMLTMETPA, COOPAHHOrO TO CXEME PHC. 27.
[Mycte npubop aomxed OuiTh paccudTal Ha NPene/bHOS aAMIIHTYIHOS 3aucine
manpsaenna Vp = 50 xs. TlpeanoaomyM, UTO cXeMa BHOPAMICHUE -— MTOJYBOAHO"
Baf, 6€3 CrIAWHBAHUA MyI6CALHH RHICOKOBOIBTHEIM KoHnencatopom. Ecam dhopma

KPHBOH HAaNpPIHEHHA CHHYCOHIANBHA, TO TPeAeAbHOE CPeiHes HANIDIMEHHE Va
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Ha KOTOpOe Jomied GuTh paccyHTaH NPHGOP, PaBHO

V:f"mm K8.

Ecad TipHMEHACTCI MaFHHT(}SJ[GKTpH'-IBCKHﬁ MHKpPOaMIepMeTp Co IIEalcil na

100 sxa (I = 0,1 ia), TO CONpOTHBICHHE Beell UENOYKH Ry — Ry PABHO (Maisim
COTIPOTHBIEHHEM { NpeHeGperaeM)

"V 16-108
3 107*
Jas moacueta CyMMapHOW MOWHOCTH LW, HA KOTOPYIO JAOJAHDL 6LITE PacCYHTAHLI
3TH CONPOTHBIEHHSA, nafinem sdpeKTHBHBIE 3HaUSHHi CHIL TOKA H HaNpPAmMeHHA

Ha CONPOTHBIEHHAX Ry — Ry!
Vo

Vsﬁ)': 5 = 25 Ka;
A A
Loy = 5 i = 0,16 aa.

OT1clona MONYUHM: .
LW =V, pplapp — 4 am.

ClenoBaTeapHO, Aaf HeNOoukH Ry — Ry, MOKHO B3STh, Hanpumep, 10 conporus-
aemuit o 16 Moa, 0,5 gm Kamnoe.

Ecnid B XKauecTBe 3alllUTHOrO [a3zeBoro crafunmsaropa ./ BHOpaTh JNaMIy
CIr'3C (notennuald 3axwuranus 135 8), TO NpelelbHBH TOK i =01 Ma nonsen
BHI3BATH Ha CONPOTHBJASHMH ¢ NaJeHHe HanpsmeHwa Vyrz 70 8. TlpH TakoM Bol-
6ope r NaMma /T BCHEIXHET JNHIUL NpH YABOeHHoM neperanpamenun. Orciona
caenyeT: :

e Vi 70

i 10~%

= 0,7 Moat.

QcTaeTca ONPeleNHnTb eMKOCTh . [IpuMeM, YTO aMNJWTYAZ IYAbCAIHA NaleHHA

HanpAKenus (11a COMPOTHBACHHH 1) HE HOJMHA NPEBOCXOAHTE BEJWUHHB AV =
= 10 8. Torma noxyymm: '

_ir _107%.0,02
AV, 10

rae 7 — mepHon LepeMennorc toxa. KomgencaTop C JonieH ObITh PACCYHTAH
na HanpawmerHe 150 s,

C

= 0,2 mrgh,

3. MMonyyenHe BHICOKOrO BAKYYMA W BAKYYMHAS KAHAAUIAUMSA

Has  oTkauku pas@OpPHEIX DPEHTIEHOBCKHX TPYOOK M BaKyYMHEX
crnexTporpacdor OGHYHO NPHMEHSIOTCA ABAa HACOCA, BKAKUYEHHLIX TIOCASIO-
BaTeqpHo: (POpBAKYYMHBIH nacoc, nanpuMep Tuna PBH-20 won BH-461 M,
H NapoMacnguHelil Hacoc, Hampumep THma LIBJI-100 wau MM-40 A. Onu-
CaHue 3THX (M IPYyruX) HACOCOB H OCHOBHEIC NAPAMETPH HX MOMHO
HaltTh B cooreercTByIOUIcH nmTepatype [27, 28].

Bakyyumuas ycTanoska peHTreHOBCKOH TPYOKY JLOMKHA TOCISA0BATCIBHO
BEIOIHUTE CHASAYIOIME ONepaudu: 1) OTKauaTh TPYOKY QOPBAKYYMHBIM
Hacocom; 2) oTkauaTh TPYOKY NapOMACIAHBIM HacocoMm; 3) Ipoo/mnxath

4 3ax. 3621. M. A. Broxun
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OTKAYKY TPYOKH NapoMaclTdaublM HACOCOM L TeueHHe HeCKOJBKHX YaCoB
fes (HOPRAKYYMHOLO Hacoca; JNaeidende B TpyOKe 3a Bce 3TO Bpemd
BO BCAKOM CAyuae He JOMDKHO MOMunvarbed swme 5- 107% mopp;
4) orkmouuTh TpyOKY OT Hacoca ¥ NYCTHTL B Hee BO3lyx; 5) Ges Hapy-
Ulelus B4KYyMa B INAapoMACTIHOM HACOCE OTKAYATh TPYyOKRy doppa-
KYYMHBIM HacocoM; 6) orkayaTe Tpyowky
napoMacasHeM nacocoM. [locreinue Tpu
ONCPAIMH  MO3BOJAIOT OLICTPO  OTKPHTL
H BHOBb OTKauaTb TPYOKY, He 3aTPavu-
BAR BPEeMeHH HA OXJamieHHE H TIOBTOP-
HEIU Harpep napoMacisHoro Hacocd. 3Hech
CJACAYET Y4YeCTb, UYTO IONAAAHHE BO3AYVXA
B 3TOT HacoC IIPU KWIIEHHH Macaa IpH-
BOLUT K OCMAAHBAHHIO LOCIELHErQ, Nocle
4ero HeoOXOAHMO TINMATEALHO BHUYHCTHTE
- @ HACOC H BHOBL 33JHTh B HETO MAachAO.
@ 4 Haxonet, BaxyyMmHag yCTanOBKA HOJHHA
NMO3BOJIMTL NYCTHTL BO3AYX B (OPBAKYVM-
. HBIH HACOC MOCJAC €ro OCTAHOBKH.
Prc. 28. Sl el LU G e Ha puc. 28 npencraBieHa cxema
I_pcmmmmc“iofpr{;;'m, 9 maposa.  ONHOM M3 YKABAHHEIX BAKYYMHEIX YCTaHO-
casnmi macoe, & — hopsacyyunsdl nacoe,  BOK. |Ipd KOHCTpyupopaHuy ee 1eQdXO0-
4 — dopEakyyMELA Hain0H, § — BRICOKO- = . .
BAKYVMILIA SAI0DILER BelUTHIs, 6 — Tpex-  LHMO  OOECTCYHTL  XOCTATOUYHO GO.F[bLU}’I'O
WJ“BO’?IHEg“;Lﬂ?;i}i;l”ggﬁ;gf‘e BERT IPOMYCKHYW CnOCOOHOCTL BCeH BaKYyM-
HOHW kanaausauud., Pacuer mocaeanedt mo-
AeT OBITh CHENaH MO CAelyouled NPMOIWKCHHOR (OpMYIe NS CKOPOCTH
OTKaukH S fanHoro ofnhema (PeUUMHEeHTa) HACOCOM Yepes psi MOCAeio-
BATEABNO COelMHEeHHBIX TpyO:

11 3NV L V1N : -
s=5 O (T ARt A ) &)
i E kS

rie Sy — IPOH3BOIHTEIBHOCTE Hacoca (S H S, npeanonarawTcs BHpAa-
MeHHLIMH B .2fcex); L w D—nanuna u guamerp Tpydwm B ca) d — ua-
MeTp (B ca) puadparMmel, T. e. OTBCPCTHA, PasneqsiOllero ABe TPpySu
pasunoro amaMerpa. [lmathparMa yumTLIBaeTCcs AMIUE B CIYyYie, £CAM OHA
Ape[CTABIGET CONPOTUBRAEHHE NJIS OTKAYKH, T. €. eCJH TPH OTKauke
NOTOK rasd IBWKCTCA YCepes AuadparMy us mWHpoxol TpySul B Hojee yaKyO.

MNpureneM NPUMEDP DACUETA CKOPOCTH OTKAYKH PEUNHEHTAa uepes Tpyoy
anamerpom D =1 cau ¥ pauHod L = 10 car, Tlycrs NPOM3BOIHTEALHOCTE HACOCA
(M0 ero nacioprTanM JaHHBM) S, = 40 u/cex. Tlo popmyne (2,3) noayuus: § =
= 1,05 #/cer, T. e. Tpy0a yMEHDLIIHIA CKOPOCTH OTKAauKuM nacoca B 38 pas. Ecin
B 5TOM TIPHMEpe H3MENUTE TONLKO IMaMeTp TPYOHL, B3AB £ = 1 ca, TO HONYUHM
S = 26,4 afcer.

I3 sroro npuMepa BHIHO, HACKOILKO BAXHO NpHMeHeHHe TPYO 0O0b-
WOre IHaMeTpa B TOW YacTH BaKyyMuUOH Kadalusauuu, KOTOpPas HaxXO0-
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AMTCR MCHKAY NAPOMACIALEIM HACOCOM M peunnnenrtom. [ciu, naapumep,
(pOpBAKYYMHBIE Hacoc obecneuuBaer sakyym 5. 107° mopp, a napo-
vacaanett — 5 - 1077 mopp, 10 06Dbem ra3a, BHIKAYMRACMBIE STHM Hno-
cACAnHM HacocoM, coxuMaercqa B 100 pas, u ckopocts oTkauykk (popra-
KYYMHBEIM HacocoM MOWCT ObiTh coorseTcTBenno © 100 pasz mennime.
O7¢i00d BUAKO, 4TO AHAMETPH TPYOONpoBOIOE B (DOPBAKYYMHOH wacTH
VCTAHOBKH MOTYT OBITH 3HAUMTENBHO MEHbUIC, YeM B BLICOKOBAKVYMHON
yacTH, Ge3 CYUECTBEHHOTO COKpalleuns o0Ule#d CKOPOCTH OTKAYKH.

TIpoAo/KHTEABHOCTE ¢ OTKAUKH DELUMNHEHT2 Z0 NaBAcHHS Py MOWmeT
OpITE paccuuTaHa Mo GopMyie

P

3 v Py
fes 2,30 Llgte Tl (2.6)

¢ e

rie ©U-—o00beM peunnnenta B 2, S— CKOPOCTE OTKaYKH YCTAHOBKH
B 4fCer, py— HAYAIBHOE HNABAEHUC, P, —— NpedeibHOe NARCHHE, NOCTH-
racMoe B PELUMHCHTE NMPH BECBMA AMUTEABNOR OTKAuKe (£ BLIPAMKCHO B cex).

[TycTh, uanpumep, 1€00X0AHMO OTKAYATh PeHHIHEIT OBBEMOM Ue==5 4
oT armocdeproro aasienus (760 mopp) no nasmeuna 1077 mopp npn
nperenbHoM  ofecnevdBaeMoM hOPBAKYYMHBM  HACOCOM  J4BJCHHH
107° mopp. Ecnu ckopocTe orkaukn S=— 0,2 s/cek, TO TIO thopMy e
(2,6) monyuum f=—4,7 wmuu. OTcloga BHIUO, u10 B opBAKYVMHOH
YaCTH YCTAaHOBKM HeT HanoGuoCTH npuMeHaTh TPpyGLl GOMBLOTO nuamerpa:
name TpH HeOOMLIOA CKOPOCTH OTKAYKH A8 MOAYUEHHA (bopBakyyMa,
DOCTATOYHOTO a7 PabOTH  MAPOMACHIIOTO  HAcoca, Tpebyercs Menee
5 MHHYT.

CrenaeM Temepbh npuMepHBIH pacueT NPOIOIHATEIbHOCTH  OTKAUKH
NAPOMAC/AHEIM HACOCOM PCHUHINEHTA O00LEMOM ¢=5 4 ot dopeakyyma
Po= 107" mopp 10 BEICOKOTO BAKYYMA p, =5 . 107" Mmopp OpHE npeiets-
HOM JaBIeHUH Poo=4 - 107" mopp. ITycrb ckoOpoCTh 0Tkaukn S — 10 z/cer.
[lo dopmyne (2,6) nadaem: £=23,5 cex. B ncHicrsarensHoctH B};E:Mfl,
I;IEO@XO,E[HMOE A8 OTKAUKH PEUHMIMEHTa MO jsapdedus 5. 1077 mopp,
OYART 3HAYHTENLHO O00Mblle, TaK KaK BCerAa HMEeT MCCTO OoJce W
MCHEE SHAUNTEABNOE HATEKAHHE DCLUTIMEHTA MSEHE Yepe3 pasiuuHbe ire-
HWIOTHOCTH M H3HYTPH EBCAeICTBHE TAasOBLIAEIEHHHE €O Leex BHYTPCHHHX
NOBCPXHOCTeA. [lAs  yMeHBIIeHHd L4TeKannd u3BHe HeoGXOIHUMA BOZ-
MOX10 Gosee TulATeabHas COOPKA OTKAYMBAEMOID npuopa, a 1ia mpe-
KPAWIEHHS Ta30BHIEACHHA BHY TPEHHUMH TOBCDXHOCTAME caciyer obecrne-
JUTR UHCTOTY STUX 1I0REPXHOCTEH M MPOBECTH AAHTENLHOE Nporpesadue
BCero mpuGopa (npu HenpeprBuoi OTKauKe}), Y4TO, OAHAKO, B PasBOPHBIX
METAMTHYCCKMX  PCHITEHOBCKUX TPYOKax H CHEKTPOrpadax NOIHOCTLIO
OCYWECTEHTE HCBOSMOMKIIO. IlosToMy EBHCcokas NPONYCKHAA CMNOCOGHOCTD
(ckopocTs OTKAYKH) BLICOKOBAKYYMUOH 4acTH YCTALOBKH SRATETCS Heol-
XOLUMEIM YCORHEM MOJYYEHHST BHICOKOrO BEKYYMA.

Hﬂegrépe;;xemm I_Ipe,.’l\e.flb}l};'}o AOTYCTUMYIO CKOPOCTb HATEKaHUs P; peuwu-
» PR KOTOPOH BAaKyyMHAs yCTAHOBKA MOMCT elle HOIIepkKUBATH

A
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B uem TpeldyeMBIH BRICOKHH BaKyyM, XapaKTepusyemuf TaBIeldeM [
CxopoCTh HaTeKaHms P Mowxer OnTb H3MepeHa KakuM-1100 BaAKyyMMeT-
poM IOCJAe OTK/INYEHHA pPelUMHelra OT BaKyyMHO# ycrauoskd. Habmo-
Iaq TOKAa3aguHd BAKYYMMeTpa B TeédeHue MNpUMEpHO 10—20 mMui., onpe-
NenAT CPelHIOw CKOpPOCTh Hatekauwa P o moppices. EciH CKOPOCTH
oTKauky S, paccumrtansas mo gopumyae (2,5), muipaxena B ajcer, Tpe-
Gyemoe famjieHMe p—B mopp, TO A1l NpeilesbHOH AONYCTAMOR CKO-
pOCTH HATCKaHUs £y IMOJTyUHM:

8
p=5p. (2.7)

rie U-—o00beM peUHTHEeHTa B 2.

[TpuseneM OpuMep pacueTa OPeEesHOH IOUYCTHMOH CKOPOCTH HATeKallHil.
Iycrs o0BEM - OTKAUYHBAGMOTD cextporpada o =20 .2, CKOpPOCTR OTKAUKH
S — 20 a/cex, Heobxogumoe nasienwe p = 5- 1077 mopp. Tornza no (2,7) nafigen
Pr=35-107" moppfeex = W18 mopp/zac = 43 moppfcymurn, OTCOAA BALNO,
41O €CAd IO MCTEYEldd CYTOK MOCTE IPeKPANieHAA OTKAIKW BAKYYyMMerp loka-
weT japieHue B clexTtporpade medee 4,3 mopp, TpeGyveMbl BaKyyM MOMET
6LITh  MOCTHIHYT. ECAH @€ 10 WCTEUEHHH CYTOK JaBJIeHWE OKAMETCH DRILIC
4,3 mopp, cacnyeT CPasy TNPHHATH MeDPHl 13 yCTPaHEeBUA MMEIDHICTOCA HaTe-
KaHHA,

HeBO3MOXHOCTE TOAYyUHTh TpebycMbifl BHCOKMA BakyyM Bbi3Rala
KAKOH-TuB0 OIHOM WM BCeMM CEAyOLLMMH MpuuMiamu: 1) nedacnpas-
HOCTBIO Hacoca, 2) HaTckandeM W3BHe H 3) rasoRLLIC/IElHIMA H3HYTPH.
[Ipexie Bcero HeoOXOLHMO BLIACHATL, Kakas H3 STHX Tpex I[IpUuHH
MMeer mecto. IIpHM OQOHOW JHNIb HEeHCNPABHOCTH 1lacoca JOCTUTHYTHHA
B peuunuenTe BakyyM He OyaeT CYUWIECTBEHHO yXyamarhea ¢ TeygHHEM
BpeMeHH TOC/IE OTKMQUCHHA PCLUMTHEHTd OT HAcOCOB. B sTOoM Cay4dde
HYMHO BLISCHHTH, KaKol M3 1RYX HACOCOB HeucnpaseH — QPOPBALY ¥ MHLIH
MAM TAPOMACTAULIA: €CiM ILOCTHPHYTOS B PEeLMTHeire MAABJCIAC BBILIE
0,05 mopp, nencupaseH (OPBAKYYMHBIH HACOC, eCan JaBJienie HHUWE
0,05 mopp — HeHCHOpaBeH NAPOMACIAIILI.

Tlpu HATMYMH SHAYHTENBHOrO HATeKAHHH (nocie OTKAIYEHHT PCUH-
IHeHTa OT HACOCOB) HYKHO MPOCASAUTb 32 XapaKTepOM STONO HATEKAHMH:
€CIH CKODOCTb €ro (U3MeHeHue NARJEHWA B EIHHUILY mpemeny) Oomee
HoM McHee MOCTOSHNE, TO HMMCET MCCTO HaTeKalxne H3BHE. Ecmm e
CKOPOCTh HATEKAlUd C TeUcHWeM BPEMEHH YMedbulacTed n CTpeMHTCA
K OUpCIeNeHHOMY IpeicHy, TO TNPOUCXOIAT TaAB0BRLILCHHE H3HVTPH.
[TpHIHHOR MOCENHEr0 HHOTAA ARJETCS HAMHUHe TACHKA THWEIBIX hpaK-
muft HedTH, CONEPKABIIMACH B HEOUHIICHIIOM OeHANHE, KOTOPEIM OBLIH
TIPOMEITE BHYTPEHHAE MOBCPXHOCTH PELAMHCHTE, arfo paguuie Lpyroro
aarpAsHeHEA. YKasamHoe BHIIe mNpelejbHOe Naplende pagHo B 5TOM
clyuae YNpPyrocTH [apa 3TOH NIeHKM. YOpaTh ee MOMHO TUIATeNLHOH
NPOMBIRKOH XOPOMIO OHHIMEHHBIM OEHSHHOM W/ IDYTHM HHCTHIM pac-
TBOpHTEAEM, MOCHe uero He0OXoAMMa NIHTEAbHAs OTKAuKa peIUIIHeHTa.

.. M3gecTHO MHOTO CIOCOG0R 0fHAPYWKeUHd HemIOTHOCTeH, ABJAILLHKCST

_ﬂpHLIPIHOﬁ T&4YHM H3BHE. HEIH.FI}"'-EU_IHM U3 UHX MOXHO CUHTATH TEpHME:IIE‘,HI’Ie
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reanenoro tedeuckartean ITH-4A, onucannoro e [28]. Tlpu orcyrctTiuu
3TOro mpubopa MoOryT OHTh HCHOJB30BAHE OPYrue meroaw. OIHUM H3
HHX ABIACTCA NOFPYXEHHEe DeLUMNIHeNTa B BOIY H HAKAYHRAHME €70 KOM-
peccopoM (MM DYYHLIM MODUIHEBHM HACOCOM) A0 NABJEHHS 1 HECKOJbKO
aTmocdep. Teyn mMoryT OniTh OOHapyXKenbl 10 HOSB/ICHHIO MY3BIPLKOL.
[lpu Apyrom crocode nabiiouaT 3a CBCYEHHEM Td30BOTO PA3PALHUKE
ITAEMOTO  KaTYUIKOH Pyuropda u NPUCOSTHHEHHOIO K pcunm{emy:
[IpUKAALBIRAS K DAaz3qMYHBIM MECTaM Teuell TPALKY, CMOUEHIIYID CIHPTOM
caeanaT 3a uBeroM csedenus. Ecau B COOTBeTCTBYIOHIEM MecTe umeeTes
Teub, MApLI CMUPTA BTATMBAKOTCA BHYTPbL, H Daspsl CTAHOBHTCA CePHIM
STuM cnocoboM MOXKHO O0HAPYIKMTL Teub JHIIb B CPARHHTCILIIO HeﬁOﬂ‘b:
MHX PEHHNHEHTAX.

Ecau atumn cnocodaMu OSHADYIHUTE TeUYh HE YIAETCA, MONKIQ 1O-
TLTATECS 00Ma3aTh BCe NOAO3DHTCAbHBIE MecTa NJACTHIAHOM, KaIbif
pas HaMep#sa sakyym. Kak rosabro Gyner saMasano nefcTRUTEIBHOE MECTO
TeuH, BAKYYM VayumiuTcda. [loclie $TOro maacTHAHH CleiyeT CHATH M TIPH-
LUSITh MCDEI JIS HAJEWUOr0 YCTpaicHHd Tedd., BuecTo miacTwimma mosucer
OLITE C YCNEXOM MNpHMeHeH CHMPTOBLH pPacTBOP LielNJaKa, KOTOPHH na-
HOCHTCA KHCTOUKON Ha NMOJA03PHTRIbHBE MecTa.

KoneTpykumu u pacueT pasinunbix uacTe#l ¥ YCTPOUCTB BAKYYMILIX
FCTAHORBOK, a Takke Oo/ce NoipolHEE CBEISlNST 110 BAKYYMHOHN TeXlHKe
Moo Ha#iTu B Aureparype [11, 28—37]. - ) ‘

4. Hamepenue BEICOKOTO BaKyyMa

Hapany ¢ pasAHYHBIMA BaKYYMMETPAMM I[IPOMBIIICHHOFO THMA I8
rpyOeX usMepeHui BAKYYMA 4ACTO HCHONBIVETCS CTCKJAHHLIR DPa3psiHuK
nuracMu¥  karywkol#t Pymkopda. Ou cocrouwr u3 npoBupky  IIuHOH

Puc. 29. Mydra niIs npucoeamnenus paspIiHHKA K Deuy-
IlHSllTy.

K DeMHOHEHTy, 4 —mafifa, § — TOUCTOCTEN A PESHIOBST TPYHKS, § — Falks
C HEPYHOH ITaraTROH.

I —crerannnan TpyGKa paspamHka, 2 —3ReKTROd, & — yalka, UpRuAKDHaT

0K/ - T |

g 010 12 cae v nuamerpom 14—18 i ¢ BOASHHEM B JDOHBIIKO K-

MEJ ILOM.II'[ocne;umH npeactaBmicT coCol aMKMHHHEBYIO TAPCAQUKY IHA
er _ : X e

)aag{;? 0—14 wmae, yKPEILIEHNYIO na BUASHHOH B IPOBHDKY NMPOBOIOUKE
3PATHUK TIPHCOSNHHASTCA K DPEUMIHCHTY I ) '

_ U TIOMOLLH  ¥C T
UokasauHoro Ha puc. 29. ’ vom yerpoRieras,
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[To xXapakrepy paspsia MOXHO OPHEHTUPOBOUHO CyAHTh O IOCTHI-
HYTOM BAaKYyMe TIPHMEPHO 10 IaBleHUs 107% —5.107" mopp. Tpu
JaBAeHHH MOPAAKA HECKOJBKUX mOpp BIOIbL OCH Pa3pRilHuKa NOABAACTCH
CPaBHMTENbIO TOHKHH cReTsmécsa wuyp. 1o mepe y/ayumienus BAKYyMa
wWHyp pacmmupserca; npu fasienuu 0,1 mopp ceeuenue saloJHAeT BCe
ceueHHe paspaiHuMKa W pasbUBacTCE Ha CJOW, Ha3biBaeMble CTpaTaMi.
PaccTosHue MeKAY COCENHMMH CTPaTaMd BaBWCHT OT JJMHEL CBOGOINOTO
np()ﬁera MOJEKYJ/JI rasa H MOJKET CIyHHTD T CYKOeHHs 0O CTelneHH pas-
peserua. [Ipu masnenun p okono U,1 mopp AmuHA croOOAHOTO TPO-
Oera I MOJAEKyJa BO3LyXa pasua oxodo 1 ma, 1mpH p= 0,01 mopp
{1 cxu. C parpyeHiuM CHUECHUEM JABJIEHNA PaCcCTOAHKE MWLy
CTpaTaMu CTAHOBHTCS CPARHHMEIM ¢ IIMHOM paspsanuka, a saTem i 00Jbiue
stoft naues. Ipu naeaciud oxkono 0,005 mopp crpaTnt WC4esaloT,
ocTaeTcs caadoe CBeuclde (3e/eHOBATOrO WIH LOAYGOBATOTO OTTEHKA)
CTEKJIA PA3PATHHUKA, KOTOPOE YCUIAMBACTCSA NPH NaBJSHNH OKOO 0,002 mopp.
CpeueHHe Td3a BHYTPH paspaiHHKa TpH 9TOM JABJIeHUH MPEeKpanlacrtes.
CpeueHHe CTeK/Ja  HCYe3deT MpH  dBIeHWUH 107° —~8.107" mopp.
TakoR BAKYYM TIDHHATO HA3HBATH KYEPHBIM BAKYYMOM®; IHJd HOPMAaIbHOR
paGoThl peHTreHoBCKOft TpYOKH ueoGxoxuM Goaee BRICOKAA BAKYYM.
Cpeuenue CTeksa LA1eKo He Beerfa TIpexpallaercd IPH YKA3AHHOM BLIIUC
napieHd. B SaBHCHMOCTH OT COPTA CTeKaa DA3PAAHHKA, WHCTOTHL €0
MOBePXHOCTH, YACTOTH KoMeGawuf U BCAUIHHBE IPHIOMEHHOTO K HEMY
HANpAKeHWd «ucpHuilt BAKyyM» MOKeT HacTynaTh W IMpH Boaee HH3KHX
aaBfciuAx, wHoria mo 5. 107% mopp.

s ckasauHOTro chAelyeT, 4TO, HECMOTpS Ud BCH HPOCTOTY H3TOTOB-
MeHus ¥ YAOOCTBO NOAB30BAHUA PaspALHUKOM I usMepeHus lAamieHis,
TOUHOCTb TAKHX ONpelelieHdfi oueHb Hepefuka. Dolee TOUHHE ITaHHBE
MOKHO NOJAYYHTL € [OMOLIBI0 TEPMO3IEKTPUYECKHX  BAKFYMMCTDOS,
nanpumep, tvuna BT-2 ¢ gatuuxom JIT-2 B CTEKIAUHOM Gagnone HIM
JIT-4M — B MeTamiudeckoM OanidoHe. Dtor npudop NO3BOJIAET OPOBO-
AT TOUHLIE HaMepenHd BAKyyMa Ipu JAagaeumax or 1 1o 107° mopp
W OPHEHTHPOBOUHBIE — 4O 107* mopp. Jna unopMaibHO#t pabOTEl PEHT-
reHoeckolt TpyOku HeoGxofuM OoJjee BHICOKHA BaKyyM; TOSTOMY IpH-
melenne npubopa BT-2 1aa usmepeHns BaKyyMa B pasdopHofl pentre-
HOBCKOH TPYOKe He MOiKeT GBITh peKOoMeHIoRaHo. FoHn3alnOHHEIA BAKYYM-
meTp BH-3 ¢ marynxoy JIM-2 nospodser H3MEPUTL JaBAEHHC B NMPCACIAX

—1 -5
or 107 1o 5-107° mopp, onnako cpok CAyKOB JaTuuka MpH Has-
neumn seime 10 % mopp Hactonbko Maa, uTO  AKTHYSCKH  BepXUMM

NpeicaoM 3TOTO BaKyyMMeTPad Chaelyer CHWTATD 107" mopp. Bakyym-
merp Bl1-3 oGnanaer tem Heyao6CTBOM, YTO He [03BOJAET CYIOHTB O TOM,
KOT4a WMEHHO IOCTHraeTcs O©OesolacHoe /s ero  JaTyuka  AaBleHue.
B 510M OTHOIWEHHH Golee YAOGHLIM aBAAeTCHd KOMOHHHDOBAHHBIA WOHU-
3AMMOHHBIA M TepMo9ekTpuueckuit pakyymmerp BWUT-1 ¢ nsyms datud-
kamn JIM-2 w JIT-2. Ma 9THX JAaTUMKOB TIepRLIA (MOHH32 LMOHHBH)
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BRMOUAETCA JIHIIL TOTMA, KOTIAAa BTOPOH (TepMozaeKTpHuecKu#l) nokawer
npedepHEN s Hero sakyym 107* mopp. BUT-1 paccuuTaH Ha IaBfie-
Hug B oGaactu of 1 no 5. 107° mopp.

HanGonee ynoGumivM A1s MaMepenus [4BAeHHd B DEHTreHOBCKON
TPYOKe ABIS€TCH MarHUTHBIY SAEKTPOPABPALHEIA BAKYYMMETp THrna BMB-1
¢ MeTajmuYeckuM JatuukoMm MM-5. 3T1oT npubop NOBBOJACT H3MEpATh
naBacHAA B npelenax oT 8- 107* go 2. 107° MOppP, 4 TAKEKE NO3BONIET
OCYIICCTBUTE OMOKHPOBKY NpPH ZasdeHusx or &5- 107* 50 5. 107° mopp
JaTuuk ero He NOPTUTCHA TPU TOMANAHHH B HErO BO3AYXa. .

Bonee noapobubie cBelenus o6 H3MEPEHMAX BAKYYMAa M ONNCAHHE
BaKYYMMCTDPOB MOMHO HallTH B MMewowlelica Turepatype [27, 28, 32, 331.



FITABA I

U3MEPEHHUE HWHTEHCUBHOCTH PEHTIEHOBCKHX
JIYUEH

HaubGones pacnpoCTpaHeHHEIM METOAOM DPErucTpauuin PeHTTeHOBCKHX
Ayucil elle HECKOALKO JeT Hasas asiancs ¢otorpaduyecknt; HOHU3A-
LHOHNAH KaMepa MPHMEHSI4Ch JHIIb B HEKOTOPLIX CHEUHAJIBHEIX CAYydasx.
OnHaKo 32 MOCAEAHHE TOJAB 3HAUHTE/ILUOE PAcHpOCTPAHCHHE NOJYHHIA
perucTpallis PEeHTreHOBCKUX ayuel cuerTunkamu [elirepa W COUHTHILIA-
MHUOHHBIMU CUSTHHKAMH. ITH TPHOODPH OTAMYAIDTCI MO CPABHEHHIO C (POTO-
rpadgpuyeckolt mienkoi# sHauNTEAbHO (olec BLICOKOH UYBCTBHTEABHOCTBIO
M C YCHEeXOM MPUMEHATCA I8 PEeTHCTpalMy Y3KHX Y4acTKOB CIEKTPA
(nampumep, OTHEALEHX MuHHA). [IpH perucTpanuuud WHPOKHX YUYACTKOB
CIeKTpa BO MHOTFMX cayyasx Oofee yi1oOHOR OKa3mBaeTCs BCE Xe CBHEMKA
na dotoniedky. Takum 00pasoM, B 3aBHCHMMOCTH OT KOHKPETHBIX ¥CI10-
Bufi JaHHOTO HCC/eloBaHuzs HeoOxonaumMo BHOPATh TOT WIH WMHOH MeTOn
PErHCTPALLMH JYUeH C yUeTOM CHenudHuecKkuX 0COOSHHOCTEH STOTO METONA.

1. Pororpaduueckas perucTpanud
a) Ofuue ceederus

Iaa doTrorpaduueckofl pPerHCTPallMH PElTTeHOBCKHX Jydeldt mpume-
HAIOTCS CTelyaibHble PeHTTeHOBCKHE TAeHKH, OOBYHO AByclofinpie. SHa-
ypTe/lbHAS UYBCTBHTEJBHOCTL STHX ILJIeHOK K PeHTIEHOBCKHM  JyyaM
ofecneunBaeTCH CYIIECTBEHHO OObIHM COLepiaHueM OpPOMHCTOTO cepe-
fpa Ha eiMHMUE IUIOWIANH CJAOM 9MYAbCHH, ueM B OOBIMHHIX oTOoMaTe-
puartax. Cro#i Takoft smyascud moraowaer oxono 30%, smeprum ayuel

(]

s

npH agnHe BOJHH 1 A u Toasko oxomo 19, mpn nmume sosaun 0,4 A.
[MoBBILIEHHE uYYBCTBMUTEALHOCTH INIEHKH K IKECTKOMY PeHTIeHOBCKOMY
MBNYYEHHI) MOMXET OBITb MDOCTUMHYTO NPHMEHEHHEM yCHAMBAIUWIHMX 3Kpa-
HOB, IVIOTHO NPHXHMAEMBIX K CH0K0 9MyIecHH. OHNHAKO HCIONB30BaHHE
TAKWX SKPAHOB NPH PEHTTEHO-CIEKTPANbHOM aHalu3e BO MHOTHX Cjayuyaax
He MOweT OBITb PEKOMeHIOBAaHO, TAK KaK TNPHBOILUT K PAaClIMPeHHIO
AUHEH, CHUMEHHMIO paspemaoinefl CHAB M K HCKDKEHUI0 OTHOCUTE.AbHOH
HHTEHCHBHOCTH JHHUHA.
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B Tex cayuanx, Koria JAyYd MalanT Had [ODIeHKY [0 HOPMAAUW K Held
pad nof nefoabHME ¥riaaMu K HOPMAJH, EBHIoAliee HNpPHMEHSTh BV~
CJAOUHYIO ILIeHKY; €C/IM jKe Jy4M NajaioT Ha OBYCAORHYIO TIEHKY nén
3HAUHTCILHEIM  ¥TAOM K HopMmaiu, HAOM0IACTCH 3aMeTHOE paclupeHHue
auHER 1 dame yuBoeHue ux. B Takmx cayuasx Bogee yaoOHOH arIgeTcs
gJHOCHOHHAA IJIeHKa.

HUYBCTBHTE/ABHOCTL  PEUTTSHOBCKHX  ILICHOK ONpeAeIAeT s VKa-
sanMeM NOJAH peHTreHa (cM. [1], crp. 70), BHauBamwuieh onpenefeHHOe
noucpHenne INICUKH (MPH CTANAADTHBEIX YCJAOBUAX TPOABAEHHA), W H3Me-
paercs B oOpaTHRIX peutreHax. B ofaactu CPaBHUTEMLHO MHATKHMX pPeHT-

reHOBCKHX Jydelt (mpu A > 2,5 A) BO3MOMNKHO Takke NpHUMEHEHHE KUHO-
NAeHKH, KOTOPad TPH SHAUHTEJbHO MeHbINEH UYBCTBUTEALHOCTH 0O
CPABHEHHID C PEeHTIeHOBCKHMH [JeHKAMH OTJHYEeTCH OT MOCAelHHX
ME/JKO3€PHUCTOCTBIO. JTO KAYeCTBO KHHOIJIEHKH BBIFOOHO INPH (HOTO-
merTpupoBauuu. Cpejande pasMepn 3epeH OpoMucTOro cepedpa peHTreHO-
BCKHX IUIEHOK — nopsiaxka 1,6 — 2 #k, T. e. B HeCKO/AbL®O pas NpeBoc-
XOIAT PasMEpPH 3epeH KHHOIIEHKH.

0) Domonrniomuocms

[Ipumenerne GOTOPErHCTPALUMHE KAK TOUHOTO MeTOAA HAXOMIeHHS
OTHOCHTENbHBIX MHTEHCHBHOCTEH INBYX YYacTKOBR CIEKTPAa OCHOBAHO Ha
U3MEPEHUH TMpPO3PAYHOCTH COOTBETCTBYIOIUMX  VYACTKOEB NpPOABJIeHIION
niaeHKu. Ilpu 9TOM HeOOXOZMMO YUYUTHLIBATB, YTO BCAKAS ILIEHKA npH-
o0peTaeT HEeKOTOPYIO Byaib, BO3PACTAOLIYIO CO CPOKOM €& XpaHeHHd.
HOHOJIHHTBJIBHaH B¥a/Ib MOXET TAKME MOABHTHBCH B mpolecce NIPOIBIecHUT

ITIIEHKH; 3Ta BYaab BO3pacraeT Co BpCMENEM IIPOABJASHHA M E 3HAUHTE/bL~

HOH Mepe BABMCUT OT COCTABA TPOABHTENA H CpoKa ero xpasenus. [lpu
OHpelEeJeHH TPO3PAYHOCTH OTAENbHBIX YYACTKOE NPOABACHHOH IMIeHKH
HeOOXONHMO VYHTHIBATE TOIBKO Ty HacTb ee TIOYeDHeHM:H, KOTOPAA Bhi-
3BaHa nﬂeﬁcrane}f PErucTpHPYEeMBIX DEHTIeHOBCKHX .TI}-"-!'E:PL,

HrobHn MCKMOUHTHL BiuaHHE 06el BYaJH ILJIeHKH, NOCTYNAT Cle-
nywowuM obpasoM. Ilpu cremke PEHTICHOTDAMMEl Kpas ILJIeHKYM HALEMHKHO
HpelOoXpaHdaioTCs OT AeHCTBHA pPEHTreHOBCKUX ayued ToJMCcTOH MeTad-
JIHYECKOH KacceTol; wusyuyaembiit CINEKTD BBIXOIHT TOJMBKO Ha cbeaueﬁ
qa{cm penTreHorpaMmel. Ilponyckas yskuit ayu cpera yepes HeoBayueH-
:igoqaﬂcT(I;anpoﬂBuquHoﬁ PEHTTEHOT PAMME, H3MepPHIOT HHTEHCHBHOCTE £y

ki B NPOH3BOABHEIX elunuuax. [lponyckas sarem TOT e vy
CBeTa tuepes usyuaeMblH yyacTox PEHTTECHOIPAMMLI, CHOBA M3MEDAIOT ero
UHTEHCUBHOCTBL { B TeX e elHHHNAX.
Ha_\iif:(;il:;??;}[i?b Ay'ua CBeTa, TPOIUEINRro 4epe3 peHTTeHOrpaMMy,
HPHHLLHn.plaﬂbHmec-)mmo MukpodortoMmerpa [2, 3], 0AHA HZ BOIMOMKHEBIX
S LX(’,'M KOTOporo mpeiacrasiexa Ha puc. 30. IMepen na-
ey pfm -:Porosﬂemen'r JAKPLIBAKT WITOPKOH (Ha cXcMe He no-
MeTpa | oy ycurma;s,maalo*r 3aUYUK, OTpaXeHHHH 3epKadbleM 3JIeKTpO-
s Hy/leroe JeleHHE OTCHCTHOA mIKaael. OTKPLIE WTODKY,
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MaMepPHIOT MHTEHCHBHOCTL f; CBETd, UPOUIEAIICro uepe3 HeoOdydennoe
MECTO peHTreHorpaMmbl. COOTRETCTBYIONINA OTCUeT 110 mKane 0003HAUHM [
3aTeM TCPCIBUTANT TLIEHKY Tak, uToOB JydY CReTa TIPOXOIHJ  4epes
HCCIeIVEMBIH YYACTOK peHTreHorpaMMel. [as 3TOoro caeXaT sa usobpa-
JWeHHeM ILIEHKH, OTOpPOWeHHEM OOTBLEKTHBOM 4 1a 3xkpan 6, NoOHBascCh
COBTIANEHHS HYKIOIO VYACTKA CHHMKa CO medbid B 3ToM sxpane. CooT-
BeTCTBYIOILMA OTcuer [ 1O IIKAje XapakTepusyer MHTEHCHBHOCTHL I

A
= 'g—%—.gﬂ% \\.ff

! TP T EEIRAAT

Puc. 30. Cxema mMukpodoTOMaTpa.

§— aamna, 2 — KORIEHCOR, § — PENTTEHOTRAMML, § — 0B HERTHE, J— nPH3Ma,
6 — 2Epan CO Weanwy, 7 — [POTOSSEMENT, § — nieab, ¥ — obberTus, I — 2ackK-
TpoMeTp, JI —OTCHeTHAS IMKata.

Koncrpyruusa mukpogdoTomerpa obecneduBaeT € AOCTATOHHOR TOMHOCTBIO
NPONOPUHOHAIBHOCTL MeKLY oTOpocoM saftuuka 1O OTCHETHOH WIKAjIe
H MUTEHCHBHOCTBIO H3McpAemoro ceeTa. TauuM obpasoMm, ifiy=/{/l; 2ra
OTHOLIEHHA OUPEASasioT KO3MOHUUHEHT IPO3PAYHOCTH ILIEUKH H 3dBHCAT
TOABKO OT TOCO uucia aepenl Dpomucroro cepedpa, KOTOpPOe DPACHAIOCH
70I De#lCTBMEM HCCJACIYEMOrO PelTFeHOBCKOTO HBJIYVYeHHS (HAJHUMC ByaIH
ABTOMATHYSCKH MCKIUAETCH).

TMouepuenue TIEUKH MON UeHCTBHEM pPEHTTEHOBCKMX JyHded NpUHATO
XApAKTEPHBORBATh PEIHUHHON s02apughmuieckod gomonromuocmi (A4
MPOCTO GOMORAOHLHOCHYIO) §, KOTODAH TO ONPCACACHHIO paBHA

s—=1lg o —1gle, ‘ 3.1)

= i ’

IIiAA HAXOMIEHHA OTHOCHTEJBHOH MHTCHCHBHOCTH PAasiHYHbLIX y4aCTHOB

PEHTTEeHOrPAMMEl HCOOXOIMMO 3HATh BaBHCHMOCTh (OTOMIOTHOCTH S OT

HHTEUCHBHOCTH J. DKCIepMMEHTANARHO OBINO NOKA3aHO, YTO B PEHTrEHOB-

cxo#ft 0GmacTH ChexTpa TP yMeHbUIeHHH MHTelucHBHOCTH [ B f pas

M OMUOBPEMEHHOM YBEJHYCHHH BPEMCHHM [ SKCHOBMIHH TOXKC B k£ pa3 1uo-

AyyalTcs paedbie (QOTOMIOTHOCTH. TaxkuM ofpa3oM, GOrOMJIOTHOCTE §

apigerca (yHKUue# mpousseneHus [f, koTopoe Mbl OyICM HaSHIBATH celi-
cmenes H penTreHoBCKHX Jy4eH. '

1] - ¢OTOTPAGPHUECKAY PETHCTPALLMA 59

8) dencumonempuueciue xapaKmepucmuru

Kpupasdt, NpeicTaBasioman 3aBucHMOCTE § 0T H == J£, nasmiBaetca Gernci-
MOMEMPURECKOU Xaparkmepucmurol Goroiaenk. Takas KPUBas Hoxasana
na puc. 31. B obuacr TOIL T .

. al. JacTH QOTOIIOTHOCTEH 10 S HaBumaeTcs npamMan npo-
NOPIHOHATBLHOCTE MEWAY GOTOMNOTHOCTRIO § u AelcrBueM /. Oauako s1oT
vq \yE\ 1 = o P
yuac OK_ KpHBOH pacnouomed B 001acTi Maleix QOTOIIOTIUOCTEN: OORYIO
So==0.5; npu s> 0,7 HabmORATCH YIKE 3HAYUTENbHLIE OTCTVILIENHS
OT 3aKOHa NPAMOA MPONOPUHOHANLHOCTH. (U JanbHCHWIMM BO3pacTanmem
LCHCTBHA, 1IPH O4YeHDb GOJIb-

LIHX ero sHauenHax, (poTo- S

ILIOTHOCTL AOCTHrAeT mpe- |
IeMbHOTO  3HAYCHHS 8, ’
NOC/JIE YeTQ HACTYIAET TaK L
HA3LIBAEMAN CORAPUBLILEA, 52 /
KOPIZad ¢ Boapacranuem H /
doTontoTHOCTE s mamaer O !
{(ara  wacT, KpHBOH Ha /
puc. 31 He moxasaua). a8r /
Ia puc. 32 npeacras- 7
JACHEI doToMeTpHYECKHS Qé:~
KPUBRIE COEKTPAIBHOH Ju- Sop—
HUH. CcodTofH Opu pasHBX g4
scno3auax, HmkHeil kpu-
EoH / COOTBeTCTEYVET Hau- a2r
MelLUIAT  JKCTIO3HIHA — by . , , , . ,
MAKCHMYM CC JIHIIL HEeHd- g N w00 g 200 250 500 H
MHOTO  BBRIXOJMT 83 IIpe- .
Le $o MPAMOH TPGTOPILHO- Puc, 31. JleHcuroMeTpuueceKas XapaKTCPHCTHKA

(POTONLIEHKHN.

HAABHOCTH Meway § u H.
Macwtad mo oo 20CHMCC NpORIBOACIL

Tar xax Bce TOYKH JIMHHH
CHATH DK 04108 S3KCOo3H-
I#M £, TO COOTBETCTBYIOLLHE 3THUM TOUKAM (BAOUIDL CTeKTPa) POTONAOTHOCTH §
HPaXtiyecku NPONOPUHOHANBHB UHTeHCHBUOCTH /. TakuM obpasow, hopma
Kprsol f nouTy He vexkakena. [Ipy BO3pacTaHnH 3KCTIOSHLINH C[JOTO]'IJI(-)‘I'HOCTH

HMERWeH vacTH KPUBOH (10 ypoBns sg) PACTYT NPONOPIHOLUATEHO SKCIIOIHITHY,
TOrda Kax (QOTONJAOTHOCTH BepXHeH 9acTH KPHBOH VReJWUHBAIOTCS Mei-
eHHes, 4yro caexyver ua puc. 5l. Hactynmaer uwckamenne thopMBl KpHEOH:
BEPXHAA NMOA0BUHA e OKASHBAEGTCH KOpOUe HIDKHeH. [lainHeiiees VBEJlH-
?{ewe SKECHOBHUUE  NPHBOAHT KO BCC  BO3DPACTADILMM  MCKAYKEITHAM,
kamorey ¢ Dl MACTYRaenmE ¢ ot " P BATNBAETCA BIM3, JMHAR
———— UOH (KpuRad & Ha pHC. )., Is sT0r0 mpumepa mugHo,
- efo Sbgme 3HAUCHHE MMCCT BOCCTAHOB/ICHNUE HCTUHHON $hopME! ciexTpa

poromerpudeckon Kpuso#. Memiy TeM, kak OVIeT NOKazaHO
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HmKe, TOUHHE H3MEpPeHHd (poTOMIOTHOCTH TpH § < 0,3 ne MOryT OBITH
TpoBeleHtl, a IpH s> 0,5 Tepsercs MPONOPUAOHATLHOCTD Mexay s u H.

OTciofa BULHO, YTO JAEHCHTOMETpHUYeCkas XapaKTepucTHKa, MNpPeacTas-
neHuas Ha pHc. 31, MOWeT OB Th
WCIOAb30BAHA JHIL B 1e0oNBIIOM
HHTEpBane dOoTONNOTHOCTEH, d N0~
TOMY BO MHOTHX MpPaKTHUECKHX CIy-
yanx ueynobua.

Ha puc. 33 mpeicrapieHa Apy-
ras JeHCHTOMETpHUeCKas XapakTe-
PHCTHKA, KOTOPYIO Mbl GyneM Hasbl-
BaTh n0AYA02apUdMueciol. Dta
XapaKTCpPUCTHKA MPeRCTABIIACT co-
Goft TpaduK BABHCHMOCTH doTo-
anornoctn s or lg H. Coorset-
cTByIOIiAs Kpumas oriuvaeTed An-
HellHBIM YuacTKOM B Gouiee ya06-
HOM 1 Oodee IMHPOKOM HHTEpPBANE
dporomnoTHOCTEH: OT ¢ ~0,4—0,5
1o s"=~1,2-—1,8. HehcTBus, co-
OTBCTCTBYOLLHE STHM (OTOMIOT-
wocTsM, obosmauuMm H' M H";
: oruowenne H”/H' 00O 1OCTH-
o -az 7 82 gz Is. raer 4—o0. Takum o00pasoM, eCiaH

MHTEHCHBHOCTH OTICABHBIX TOUCK

Puc. 32. POTOMETpHUSCKHE KPHBLIE  yHCCIEAYEMOTO CTEKTpa OT/HYAOTCS

cnel{"rpanbnon JHNHE TIPH pEiSJ'lI/I"-IHbiX He Gonee ueM B 4——6 paa’- a cOOT-
SJKCITOIHITHAX.

BETCTBYIOLIME HM GOTOTIOTHOCTH

{ — paccTopHRE BROIEB PEHTrEHOTPAMMEL I,—no-
JGOMERHE MAKCHMYMA HHTSICHEBIIOCTH AMHHH, He BHILIAW 33 Tpeledbl HHTCPBALA

DRCTOIHIKH Bospﬁ:{[‘xa}?;gh{f_;;?[;g%}ﬂ,{hﬁ nocTasieH- s — g, TO HOJI)-"JIOFapi»{qlMHLICC[(aﬂ

JeHCUTOMETpHUYECKAd XapaKTepH:
cruka (puc. 33) mospoieT HAWTA DPaBUIBHOC pacnpeneleHie OTHOCH=
Te bHOH MHTEHCHBHOCTH CHEKTpa BROJL PeHTTelOT PaMMEL.

Uacte KpuBofl Ha puc. 33 10 Hauala MRHEeHAHOTO YYacTKa COOTBeT-
cTByeT of.sacmu Hedodepiiek, & HaACTb, pacronoyenHas 3a AuHeHHEIM
YUYACTKOM, COOTBETCTBYET ofzacmit nepedepucer. TloayaorapubMHIecKyo
XapAKTePUCTHKY yHLaeTcsd TOUHEe BCETO MOCTPOHTE THO 3KCTePUMEHTATLHEM
naHHelM B 00aacTH JMHEHHOTO YHaCTKa. Tpu cofmoiedun CTAHAADTHLIX
ycioBi# mpoAB/IeHNs (cocTaB M TeMIepaTypa MPOABUTENS, TIPOAOTHUTEND=
HOCTL TIpOfBIeHHs) #ad JAHHOTO COpTd [IAeHKH BAWAYYIIYI0 BOCHpoM3-
BOAMMOCTb OOHApyHHBAET MMCHHO auHefinpfl yuacTok STOH Xapakreph-
cruxy. [losTomy, ecin (QOTOIMIOTHOCTD S MCCAenyeMoro yuacrka crekrpa
HAXOAMTCA B Tpefetax oOT 0,4-—0,5 no ", TO NOAL3YIOTCR noayaorapud-
MugecKofl XapakTepHCTHKOH. Ecnu e § < 0,5, To IPEATIOUMTAIOT XapaK-
TEPUCTHKY THNAa PHUC. 31. Coueranue 00CHX KPHBHX T[O3BOJICT paciuu-
puTh pabounfi HHTEPBAIL WHTEHCUBHOCTEH H GOTOMNOTHOCTEH, XOTd no-

1
I
|
i

|
]
1
]
1
i
1
1
1
I

1] ©  $OTOrPA®HYECKAA PETMCTPALMSA 61

T . .

EOEEEHHE JABYX KPUBLIX H NOJb30BAHHE PA3HEIMU KPHUBBIMH IS Da3JIHYHBIX
OAHOTO CHEKTpa MOPeACTAaBIAeT CYLUIeCTBeHHOE Heynos ‘Mer

dotonaoruoctel. Y crEo. Meroaa

:IH H RTA TOK I0JVJI0TrAa H(ph{ﬂqe[:[{()ﬁ TEHCHTOMET

o eﬁH b]ﬂ 1aC « 51-' p o pﬂquKoﬁ
1] p HEKHK 2T 6]:»1'13 el y

KAPAKTEPDHCTHE MO Hp CTAaBJIeH paBHeHHeM

s=qylgH—a, (3,2)

DS e o
HiLTCH:(H z{z{ - ngpammpu, 3aBUCAIIHEe OT YCJIOBME NPOHBIEHHT H CODPTa
. Hem OGoaswe pasnoctt As (puc. 33) QoronaoTHOCTEH ABYX

YVYaCTKOB CHeKTpa € MNOCTOMl
{HLBIM OTHOIIeHHeM § G
AOCTOAHHOR  AJUHOH OT- uirescHprocTed (1. e.

peaka Alg H), rteM Boabue S
KOHTPACTHOCTb TLIEHKH. {’vf?'— —————————————————————
[osToMy mapaMerp | Hassl- | e
BaeTcd xospfunuenmos
KOHMPICMAICHLE NISHKA., fgn: _____________________
On ofnapyxupaer HeHOIL- P -~ T
I0Y10 3aBUCHMOCTE OT Aauupl 0|4
BOJHBEL, BCHeNCTBHE uero ggb T
NOCTPOEHUE IEHCHTOMETPH-
geckol xapaxrepuctuxu mo 46F
LAHHLIM SKCIepHMeHTa He- g A —
00XOAHMO IPOBOJHTE IO o)
Kakoit-aubo AMHHH, pac- 42 *&'\
no ' /
il
¥Y4ACTKY CIeKTpa. o wwrwy ¥R
Oxnn us cnocofor no-  Puc.
CTPOCHHT  IEeHCHTOMETPH-
YeCKOH XapaKTepUCTHKHY CO-
;[;%PEKOB cienyiueM. PeHTFeHOBCKHE JYYH NPONYCKAWT uepes V3Koe
ok ;pgigf;ffﬂc;x; scf—;%aci: éi;l}{yp}éﬁﬁgnome[m}'m 3a HUM (QOTONMEHKY.
Macika npe b 3 JOCKY wHpHHOM 20 mm u nnu-
IIHPHHOH 4-1%;3: HOI;(:IJéKO 1]; ?Iépane e e oDt
= P S e PexxnM paBoTol peHTIEeHOBCKOH
"PyOKu 10 po s TAKHM, urobnl 32 4 ceK. (POTONJOTHOCTE § HOJY~
ono 0,02—0,04. 3arem mpn d
TPYVOKH, T. '
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3-30 INMonyaorapupMuIeckas ASHCHTOMETPH-
1eCKas xapaKTePHCTHEA (DOTONMJEHKH.

HEMIMCHHOM pexHMe p
3 aboTHl
Tpyox, €. MpH OOCTOAHHOH HHTEHCHBHOCTH [, CHHMMAIOT 9—1(%(:;11“1
Kor VEBAMBAWIIAMACA JKCTOIHUMAMH, HAYMHAA OT 4 ceK., W HaKOH(‘:
u ’ +y 1 =
Kamﬂ:;mpo;m NOBTOPAIOT HECKOABKO nepbbiX skcnosunuii. [pu a'roL;
) pas MepeNBUTAOT TJEHKY Ha 8 i Tak, YTOOB MewIy CO
s : cen-
y upju IE{:){K&MH OKA3BIBAJNCA HeOoOJNVUEHHEIR YYacTOK TJEHKH gmpmljﬂ
ML clle TPOAB/IeHHA ILIEHKH . :
] ee (POTOMEeTPHUPYIOT,
: PYWOT, oNlpelenas -
o ;r;;f;:‘mbg nas I{a}[{,ﬂé)ﬁ BKCTOBHIHH £, U CTPOAT -SEIBHCHI\FOCTB s OEIP?;(;
Y noiit takuM obpasom. rpad ‘
HK OTJAHYaeTcd OT
e : _ T NOAyJIorapudpMu-
OH JEHCHTOMETPHYECKOH XapaKTEPHCTHKM TOJBKO T}L;M ET(? oH
) k]
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CLBHHYT TIO OCH abCLHUCC Ha TOCTOAHHHIA A BCEX ero TOoYeK OTpe3ok,
paubift lg J; 1pu uSMepeHMAX OTHOCHTEIbHLIX HHTCHCHBHOCTEH STO e~
CYIIECTBEHHO,

M3n0KeHHM# TPOCTO# MeTon 00/ajaeT, OJHAKO, TeM CYLIECTBEIHRIM
HeZOCTATKOM, UTO Mafmble SKCTO3HIUMH TPYIHO BBLIEDPHATH C NOCTATOYHON
TOYHOCTBIO, @ CyMMapHas TPOJOMKHTETbHOCTD BCEX 3KCMO3HUMA (Donee
yaca OpPH JEeCATHKPATHOM ¥IBAWBAHWM) CTOJb BENHKA, HTO CTPOroe Io-
CTOSIHCTBO MHTCHCHMBHOCTH M3JIyHeHHs TPYLHO obecmeuntsb. [1o3TOMY OnLTH

paspaGoTaHbl TakkKe W APYTHE SKCTIePHMEHTAIBHBIE NpPHEMLI TOCTPOSHUT

LeHCHTOMETDHYECKHX XADAKTEPHCTHK, CBOOGOIHEIE OT YKa3aHUBIX IEL0-
cTaTkoB. Onng #W3 TAKAX MPHEMOB— «MeTOM IBYX SKCIO3HLHI» [4, B] —
COCTOUT B TOM, 4TO 4epe3 OKOUIKO B CBHHIOBOM SKpaHe NOCJACL0BATEIbHO
CHHUMAKT H4 CocolilHe Y'laC’Tl{H TeHKH OIHY | 1Y KC thy}{) JHHHKD
crexkTpa. B oTauune OT ONHCAHHOTO BLIIE MeTONd, TaKUX CHIMKOB
IeJal0T TOJBKO JABa, C 3IKCHOSHUHAMY, OTJIHYAICIIMMACH B k& pas (mpHu
NOCTOAHIOM pexuMe padors TpyOkm). WMs sTux JABYX SKCHO3HIUHHA
BOALINYI0 MOAGUPAIOT TaK, 4TOOB MaKCHMYM HHTEHCHBHOCTH JUHHH HMeT
hOTOMIOTHOCTb, BO BCAKOM Cay4de He MEHLIIYIO BCeX (poTomIoTHOCTEH,
BCTPEYAIOUIMXCS HA HCCAelyeMbX peHTrenorpammax. Iocae TposiBacHMd
DaeHKM ofe CHATHE JNHHHE OTOMETPHPYIOT. 3aBHCHMOCTH doTONI0T-
HOCTH OT pPAaccTosiHus L BAOJb IUVIEHKH (B HampaB/JIeHHH AHCTIEPCHE) CTPOST
au9 oBenx JauuHi Ha ofmeM rpaduke Tax, 4YTOOR MAKCHMYMBL JIBYX
KPUBLIX OBAM PACTIOMOMeHH na OIHOH opaunarte. TIpuMep TaKoro rpa-
(uxa mpuBelcH Ha PHC. 34, TAC MAKCHMYMbL THHUA COBMELLCHE C OCRIO
opAuHaT (MOKA3aHE TOMBKO NPaBele MOJOBHHE KpHBEIX). Bepxuas Kpusad
COOTBETCTBYET GOMbllleMy 3HAUCHMIO NeHCTBHS H. POTONAOTHOCTHL MaK-
CHMYMa 3TOR KpPHBOH ofosHauuM s;. COOTBETCTBYHOUIEMY 9TOH TOUKE
JEHCTBHIO NPUIMILEM TPOM3BOJbHOE 3Havende [7;. POTONAOTHOCTD Mak-
cUMyMa HIDKHe# Kpupoit oOosHauuM $;. COOTBETCTBYOILEE aTol QoTo-
nnornoctH Aeficteue H, = Hy/k. Ucpes MakcHMyM HuXKHel KpPUBOH mpo-
BeleM TOPU3OHTANBHYIO JHHHIO IO MNepeceueHHs ¢ BepXnel KpHBO# B
TOyKe @,. Vla 9TOH TOUKH ONYCTHM BePTHKAIBHYIO THHHUIO IO nepeceue-
HMS ¢ HiHeH kpuro#t B Touke By, OuesHAano, uTG  (POTOINOTHOCTD
TOUKH €, DaBHa §,, a COOTBETCTBYIOUiee ci neficteue — ;. Potonaor-
HOCTL TOYKM b, 0B03HAa4UMM S,. CoorBeTcTByWOWlEE BTOH GOTONAOTHOCTH
netictene H,= H,fk = Hy/k®.

[Tepexoas aHAJOTHUHLIMA TIOCTPOEHHAMH K TOUKaM ds, ba. @q. by,
(puc. 34), Mpl OyleM KaxiInB pas moayyaTb COOTBRTCTEYIOULAC ApYT
Ipyry sHauenud (QOTOTAOTHOCTH S, H HEHCTBHSH H, = H,/R™. Tlo 1uM
ndpaM 3HAYeHHH MOTYT OBWIThH MOCTPOEHBI NEHCUTOMETPHHCCKUE XapaKTe-
puctuku s (H) nan s(lg H). VimenHO TaxkuM 06pasoM To AanHHM puc. 34
Ouiau  mosyueHn xpusele puc. 31 u 33. Tlpu 97OM GBIIO TONOWEHO
Hy=300. QuepuaHo, 4TO MNOCTPOEHHBIE JACHCHTOMETPHHECKHC Xapaxre-
pUCTHKM OYIYT TeM TouHee, YEM IIMpe CHUMaemas JIHHHI. Curenyet
3aMEeTHTh, 4TO METON ABYX SKCosuimi He TpeOyeT HCIOJL3OBAHUA CHM-
merpuunniX auuuit. Iostomy mpu padore na cnextporpadax ¢ H3OT Y THMH
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Puc. 34. Benomorateapuni TpadHK K MCTOLY DBYX IKCHOIULHE
OTHOoweHHE skenosunui fk=1,32.

HHHT&HCHBHOC'I‘CFE (B MaKCHMYMe) OBYX AHHHY
OCKOJIBKY KaKoasg U3 3THX JUHWH BRIXOIUT

u3TyueHul, % OVoeT Heckoabko

AuHul Koy u Ko, #),
vor | omue UM GoTONIOTHOCTH

- . 5
) HanaraeMnoli spece Meton

A¥ONeTOB HECKO! F
5] serona Tom aumo, y KQIBKQ OTIHYAETCH OT OMMCAH-

HIITEHCHBHDCTﬂeHHH qTJO'l'Ol'IJIOTHOC’IH ITporononor npennaraj
H {y IyuKa cCBeTa, NPOIIEILIEro Yepes Byanb

ed. B stom cayuae I1
Doron [ o ! yuae OTOITONOR
YHUHTLIBATE HHTECHCHBHOCTH ()OHAa, Ha rcm'upof{) BbIXO,LLI/IEL'
O::HTe:;bHux HHTEHCHEHOCTEH NMHHH
AHAKO, BHAETDE, UTO ONpe '
neleHHas!
I0CTE» OTHHYAETCH OT OOUIENPHHATOH. OTiHune

JBEHAA MHTEHCHBHOCTE (JOHa,
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$§; M Sy ATA KAKIOrO u3 CHATHIX ayBaetor. OTuoueHHe §,/§, YOBIRAET
¢ poapacTanueM skcnosuiin. OAHOBPCMEHHO BOBpacTaeT (GOTOMIOTHOCTD
sy auuuu Kop. TlosTomy MOWHO pPACCMATpHBATE OTHOIHEHHE $,/5, Kak
QYHKLHED OT Syt

L= (s2) (3.3)

Kak nokasanr Ilporononos [6], Tpapuk 5TOA QYHKUMU TPAKTHIECKH
npeicTapTaerT cofoi mpmMyio (cM. puc. 32).
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Puc. 35. Benomoratenpunit rpadix k MeTory AyGreTos.

Kaxiykasepaaoch BeIe, B 0OJACTH MALX (POTONOTHOCTEH MOCIC-
HHE MPOTOPUMOBAJIBHE feficTsun M (puc. 31). Orcioma cacayer, 4o
nem Menplic S, TeM TOUHEC pasenctBo f(s,)~zx. Touxa A (puc. 35)
nepeceuenus INpaMoH  f(Sp) C OCBIO OPAHHAT COOTBETCTBYET TOUNOMY
ANAUENHIO %, KOTODOe MOMKeT OblTh TaKuM 06pasoM HafleHo 028 OaHHBIX
yeaosudi sxcnepumenma (% 3ABHCMT OT OTHOCHTEbHOH HITCHCUBIOCTH
¢boHa, T. e. Hanpsukenud Ha TPyOKe, H OT SAIUTH ILIEUKU OT paccedil-
HOTO wuadyucHus). ECaH B galbHEHINEM HE MelATh ¥CJIOBHS 3KCHEPUMEHTA,
BAMSIOUIHE WA BEAMUHUY %, TO rpaduk (OyHKuMM [ (Sp) MoxeT GuTh
TOCTpOen TI0 00HOAMY CHUMKY BrOpansoro jayGuera Ko, T. e. 10 OIHOH
Touke B (puc. 35), nockoapky Touxa A durcupopana H yXe H3BecTlid.

Mocne TOTO Kak mocTpoeua npamas f(s,), AEHCHTOMCTpHUUECKAd Xa-
pAKTEPHCTHKA MOKeT OuTh HalicHa cieayiownm obpasom. Bribupacs Ha
ocu abeiuce (pHc. 35) GOTONIOTHOCTE §° B 06J1aCTH MAadRiX 3HAUeldH S
y1o6Ho, Haupumep, nodowuth §° ==0,1. Haxonum CcOOTBETCTBYIOMIEE
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sHauenue f(s’). Ecau npuHATH, 4TO § npeicrTapaseT OTOMIOTHOCTD
auHuH Koy HeKoToporo (HKTHBHOre avbaeta Koy ., TO QOTONIOTHOCTD
£ - e *

s auHun Koy Toro ke ayOaera coraacro (3,3) Ovier pasua

S” —_— S:’f (S!).
Havmaa %, oTkaaibiBacM ce II0 ocH adcuuce u onpedeages f(s"). Tlpu-

HAB TENepb, 4TO §” MPEACTARTACT GOTOMIOTHOCTh JHHUU Ko APYLOro
¢uxTuBHOrO nyBaera Kuy o, Hatinem doronaoTsocts s aunuu Koy sToro

AvDuaer ?L {{52‘} ;
a—— Sﬁf (S”)- zat Ry
-
[Mpoacaxads  auanoruiHble
HOCTPOEHHST U PAaCyeTH Ha- 48 {20
JAce, TMOAYYUM  Habop 3Ha- (55} /
uennft goronnoruoctelt 87, g8l (5,) lis
s, 87, ... (PUKTHBHBEIX _’j—--“ g
JIHH [riﬁ, HIITEeHCHBHOCTH x'r 14l i :
KOTOPHX BOBPACTAIOT B LEO- ¥ 17
MeTPHYeCKOH TIpOrpeccHu: i b /
b2t e s |
Jr1 P [‘1 o — |
L oL T 10 , . L s g
EcId  ¥CAORHO TIPHHATH, 4z 64 a6s 48 40 42 4 &
uTo GOTOIIOTHOCTH § CO- Puc. 36. Padouuil rpapux k meroay ayGiaeron,
OTBETCTBYET HHTEHCHB-

Hocre fy—=1, To QoTomaorHoCTH &Y COOTBETCTRYET HHTEHCHBHOCTL %,
s —uurencusnocts ¥ W T. 4. TakuMm o0pasoM, MH MOAYudeMm napo
COOTBETCTBYIOIIHX 3HAUeHH# QOTONIOTHOCTH § M HHTEHCHBHOCTH f, 1O
KOTOPHM Tenepb MOMeT OBITh NOCTpoeHa JHGD AeHCUTOMETPUYCCKARA
kpupaa {(s) (puc. 35), aubo kpusas s(H) (puc. 31), aubo, Hakomeu,
wpunas s (lg A) (puc. 33).

Meron ayvOietor ocofeHHO ya00enl B TOM OTHOWEHHH, uTo MOCAe
OMpeeacHua % BCe IOCTPOEHUE MOMCT OpiTh REIIOMHEHD TIO OJHOMY
cHHMKY ay0acTa ¢ npou3s0abHod 3xcnozuimed. Takol ayBier modxer
OLTE BCeria cuAT na KAGX#O0H pedTreHorpaMMe. IToO HO3BOAAET HCOKI0O-
UUTh OIWMOKH, CRA3AHHBIE C HEOJHOPOIHOCTBIO PA3THUYHBIX  YUACTKOR
MAenKM, u3 KOTOPOH Brpcsaercd 1efouabmof KYCOK A9 CHATHA CHEKTPE;
HCKMIOYAOTCA Takwke H OWHOKM, CBA3dHHBIE C HECTAHIAPTHOCTLIO COCTARA
NpodABHTESd H YCJIOBME NpOABASHHA.

Kak mnoxasan IIporomomos [8], mocTtpoeHHs OCOOOH ICHCHTOMETpI-
dYeckof KpHBOH [(s$) A KawdOH PeHTreHOrpaMMbt He Tpebyercs. Takyio
KPHBYH MOMHO TOCTPOMTBL OJHH pPas 9 HeKOTOpOH YCAOBHOME npsamMof
F1(s,), coenuusomwed TOMKY % HA OPAHHATE ¢ TOHKOH S, onpedessemof
KoopauHataMu f (Sy) =5, = 1,0 (puc. 36). J1q Kami0l peHTTeHOTpaMMbL
crpouTes cBos (HcTHHIIAA) TpAMan f(s,)., OAHAKO He HA TOM e rpaduke,
4 HA Kaabke, HadoxedHoH Ha 3710oT rpadux. HMuteHcHBHOCTb, COOTBeT-

5 ZBam. 3621, M. A. Broxux
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CTBYIOILAN KAXKIOH M3MeDenHO# (QOTOMIOTHOCTH §, ONPeAeaacTCs CACIVIO-
muM OPOCTHIM nocrpoenneM. Mas touku s (puc. 36) npomoaurcs pepTH-
Kd/bHad MpAMasg 10 TOYKH a Ha npaMo#t f(S,), M3 TOYKH @ — rOpH3OH-
TadbHad NpaMas N0 TOYKH & na ycaosuoH npaso# f(s,), a sartes —
CHOBA BEPTHKAJIbHAA MOPAMAA A0 TOYKH ¢ HAa KPHBOH [; Hakoneu, ropH-
30UTaNLHAA NPAMag U3 TOUKH ¢ 10 OCH / MO3BOJHET OTCUMTATH TPeOYCMYI
HUHTEHCHBHOCTL /. -

2) Onpedenenue OMHOCUMEAbHOL HHMEHCUBHOCIY LUHILE

Ilpu ompelefienny OTHOCHTEILHON HHTEHCHBHOCTH [/l HBYX JuHui
HeoOXONUMO  yHecTh (OH, Ha KOTOPOM OHH BHIXOIHT, H HCKIIQUMTL Ero
BAHAHHE. POTOMETPHDOBAaHWE TENKHM MOMeT HDPOBOIAMTBCA Ha MHEPO-
¢doromerpe THna MP-2 [2] nan MEP-4 ¢ HENOCPEACTBEHHBIM OTCUETOM (hOTO-
naoTHOCTeH 1o mkadte. [lpu saxpmToM WTOPKOH (oTosdemenTe doro-
TOK OTCYTCTBYCT. 3TO COOTBCTCTBYeT «BGecKoHeyHO Ooabmol (GoTonioT-
HoCcTH». OTparennoe OT 3epKaablld IaAbBAHOMETDA H300DAMEHHE LIKA/LL
YCTaHABAHBAETCS MeTKOH ©O Ha HENONBMIKHYIO OTCUETUYH pucky. OTKpPHEB
WTOPKY W HaBels na medb dortodneMenTa (puc. 30) usobpamenue neod-
JYYEHHOTO YHACTKA DEeHTreHOTPaMMbl, TOLABHPAOT CHAY 1yYyKa CpeTa,
TPOXOAAMICTO  Heped TIEHKY, Tak, YTOOBl HYJb WKaisl (QOTOMIOT-
LocTed OKazancd NPOTHBE OTCYeTHOH pucku. Jag peryidpOBaHU:A CHJILL
CBeTa CJAYKAT CTYNeHUYaTHH PUabLTD M «cepslil ONTHYeCKHH KiIMH», ofec-
MeyuBAOWIKNG  TITaBHOE  M3MEHEeHMe WHTEHCHBHOCTH CBeTd. Ecaum Temnepn
HaBOAHTE Ha Wieat (OTOZ/IeMeHTa Pas/MuYHbIC YHYaCTKM DEHTTEHOTPAMMBL,
TO MO IIKANE MOMET ObTE HeMOCPEeNCTBEHHO HPOM3BCAEH OTCHET (GOTO-
NJAOTHOCTH § 3THX VUYACTKOB. ' _

doToMeTprpoBaHHe MoOueT OHTh TaKMKe TIPOM3BENIEHO Ha PErHCTPH-
pywoueM Mukpogortomerpe rtuna Md-4 pam omucarnom B pabore [3].
B s1ux MuxkpogoTOMeTpax KapeTKa ¢ DPeHTFeHO! paMMOH IBHKETCa OT
MOTOpa B HanpaBieHuH, TePIEUINKYAAPHOM K lWesn. ONHOBpeMEHHO 1
CHHXPOHHO C HeK [BNMMNETCH M pPEerucTpupylowas (PoTonAacTHHKA (WK
BpaulaeTca OGapabad C JeHTOR ocLuiorpaduyeckol doTodymarn); cKo-
pocTn  ABMKEeHHMA MOCACLHEeW B R DPas NPEeBOCXOIMT CKOPOCTL ABMIKEHHR
PEHTreHOTpaMMbl. BeilmuuHa % XapakTepHsyeT YBelHueHHe MHKPOMOTO-
IpaMMmLl IO CPABHEHWIO C PeHTreHOTpaMMON M MOIKET MCHATBCA B ILHPO-
KHX mpefenax. TIpH H3MeHCHWH OCBEILEHHOCTH (QOTOMEMENTA CBEeTOBOH
3aMYUK, OTPAKCHHLIH OT SepKajbua TalbBaHOMeTpa (MM 3JeKTPOMeTpa),
TIEPEMEILARTC BAOAL (DOTONIACTHHKM B HANpasiediuy, MepleliiKyaspHoM
K ee ABWxeuuto. ONTHYeckas CHCTeMa OCBETHTETH IalbBaHOMETPa daeT
Ha (OTOMIACTHHKE TOHKYIO CRETOBYIO 1UNUI0 (M300pamcHHe YBKOMH uLesu),
Napanaeiblyld HalpPaBACHWIO NBuMeHWs NJacTHHKM. [lepend camolt naa-
CTHHKOH MOMellaeTcss [WAMHADHYRCKAA JMISA, OChk KOTOpOH nepnemmm-
KyJIApHA K HANDaBIeHU OBHMeHHA NaacTuHkH. JIuHsa Gokycupyer creTo-
BYIO JIMHHHIO B TOUKY HA4 NOBEDXHOCTH IVIACTHHKH. IIpH CHHXPOUHOM
OBHKEHWH * PEHTIeHOTPAMMEl M (POTOMMACTHHKE Ha TOCAefHel Gyner sa-
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qjm{cup(maHa 3ABHCUMOCTE OTKJAOLIEHHA [ raJeBaHOMETRA OT TJHHLI BIOL
PEHTTEHOIPAMMLL (B HaNpPaB/JeHUH JHCTCPCHH).

s onpeleneHns (POTONMOTIOCTH HA PeruCTPHPYIOWEM MHKPOHOTO-
MeTpe HeOOXONHMO NOJYYKHTE Ha (POTONAACTHHKE (HJIHM OCHHIIOrpadu-
JCCKOH JeHTe) TPH 3amucH: 1) TEMHOBYIO JIMHHIO — TIDH 3AKPHITOR MITOPKE
(uIn TorawennoHd JgaMne OCBeTHTeJd TeHKM), 2) JHMHHIO BYyaiu — npn
POTOMETPHPOBAHUH HEOBIYUEHHOTO YUdACTKA PEHTreHOTDAMMEl H 3) OCHOB-
HYO KPHBYIO —TIDH POTOMETPUPOBAHHM YYaCTKa HCCJIEAYEMOTO CNEKTPA.
Cxema Taxko#ft MUKpOGOTOrpaMMBI mpelcTaBdena ua puc. 37. QCHOBHaE
KpuBad 3 COCTOHT . M3 - JIHHHH :
dora (cnnowHol CcrexTp u pac- e
cesnnOe M3Ay4eHWEe) M THKOR,
COOTRETCTBYIOWHY CIEKTPAJLHEIM
JHHHHEM.

Ecan nauGonbwas gorontor-
HOCTL  HMCCACLYEMOrQ  yHacTKa
PEUTTEenorpaMMel HG TDPCBOCXO=
JHT Mpededa § MPOHOPLEONAIIL-
HOCTH MEHKAY POTONAOTHOCTBIO §
W meHcrswem M (puc. 31), i
TO OTIpeiefeHHe OTHOCHTEIbHBIX i
HHTENCHBHOCTeH JHHWH ¢ yue-

TOM MPOUH3BOIANTCA Che- o S
_Or bora = ’p Oﬂl Puc. 37. Cxema muxpodororpamms, mony-
Ayiownm  0bpasom. Tlo MUKPO-  Laoi6i ya PECHCTPHPYIOIIEM MHKDPOGOTO-
hororpaMMe  H3MepsIoTCd  OT- MeTpe.

Gpochl  raabBaHoMeTpa I; W Ly 7_rouuopas RRIEE, 2 — AMBMA BYaaH, - OCHOBEMaw
B MAKCHMYMAX UHTCHCHBHOCTH JH- KprDas.

Hudt, fp— nasa ¢oHa w [, — g4 : .
Byaau (puc. - 37). Ecan auuHg doHa HMeeT HCKOTOPBIH HAKIOH, TO 4%
KaxuiIoW JduHHM [y Oyder wnMerb CBOE B3HaYeNUe, KOTODOE ITOAVYAKOT,
Yepennss OTCYETH Ha (OHC no ofe CTOPOHBEL OT AMHUH. 3aTeM omnpeie-
ag0T 1o (3,1) GOTONIOTHOCTH ${ U §,, COOTBETCTBYMUIME MAKCHMYMaM
HHTEHCHBHOCTH JMHHHHA, W Sy — 1449 dona: : -

Ip
iy

{

Ha weperucrpupyomem smuxpodoromerpe Md-2 (wau Md-4) sty doTo-
TLIOTHOCTH MOTYT OHTh H3MepPeHbl HCMOCPENCTBeHHO. OTHOWEHHE HHTeH~
CHBUOCTEH [, W [y MuHuB BruMCASIOT no dopMmyie '

11 51_5@

T Sq—g . (3,4y

Ecau e HauBonbmas hOTOMAOTHOCTL HCCACAYVEMOTrO YyYaCTKA PCHT-
FCHOTPAMMEl  NPEBOCXONMT  JIpefled NPONOPUUOHAMBHOCTH S, TO A%
05pabOTKH PE3YILTATOR PoTOMETPHPOBAIHA HeOOXOIUMO NpelBapUTEdALEG
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NOCTPOUTH [LEHCHTOMETPHUECKYIO XapaxrepucTuky s(lg ) doTtonneuku
(puc. 33). Tlpu stoM mag H ycioBHO BwOMpaeTcss TNpPOH3BOJAbHAA CIH-
Huna usMepenusa. HavagpHei#l y4acTOK IJeHCHUTOMETPHYeCKOH XapakTepu-
CTHKH (HeauHeHuyi 0014cTb 40 §') yA0OHee TOCTPOHTh OTAE]BHO B KOOP-
aumaaTtax ¢ () (puc. 31), uamepsas H B Tex xe eUWHHILAX.

OnpeneduB §;, Sy H Sp KAK YKasaHo Bblllle, A8 KaxaoH us sTHX
OTOMAOTHOCTEH 1O  JICHCUTOMETPHUECKHM — XapaKTEPUCTHKAM — HAXOAST
COOTBETCTBYIOLINE MM B3HAYeHWS MHTeHCUBHOCTEH /i, [o, [y (NOCKOMBKY
BCE YACTH PEHTreHOTPaMMBI CHMMAiTCH OJHOBPEMEHHO, HHTeHCHBHOCTH [
IO BCeX ee uacTell mponopuuoHaibua nefictenio ). OTHOLIGHHE WHTEH-
cuptioctett [, u Jo qmnull Momer OBTb Hakleno mo QopMyne:

I H—1I
11 2 (3.5)
) I,— 1Ty

TMpu oOTcyTCTBHM MHKpodoTOMeTpa oTHOWeHue /iff, ¢ nocraToyHOH
B HeKOTODHIX CJAyuYasX TOYHOCTBI MO¥eT OwTb Ha#leHO no TaK Hasbl-
paeMoMy memody waura [9—I11], sakmouawiueMycs B CJICAYIOLICM.
B cnexTporpade HemoCpPeACTBEHHO MHepell NJAeHKOH MOMENaiT aMOMIHHE-
guit  KauH, pebpo KOTOPOro NapaefbHO HANpaBIeHWID [QHCHePCHH.
TonuwHa KJanHa B ocHoBaHun —oT 0,0 10 2 sw (B 3aBUCHMOCTH OT
obaacTd IJAUH BoaH), BEcoTa—oT 10 no 35 am (B 3aBUCHMOCTH OT
AHHB JTHHHA HA cnexkTporpaMue). YJacTOK JUHHH, 3aKpHIBAEMBIH KIHHOM,
JNOMKEH MMeTh OIMHAKOBYIO HMHTEHCHBHOCTh TO BCel ero maune. To/urvna
KIuHa Bosde pebpa aomkHa OHTH BO3MOMKHO MEHBIIE.

JluHuK CNEKTpa, CHSATHIE 4epes KJIHH, ¥ caMoro ero pepa HMeOT Ha
crexTporpaMme Ooabwyio GOTOMIOTHOCTL; moCAcAHA yOniBaeT BIOIbL
OJMHBEl JUHHH, 1 HA HEKOTOPOM paccTofHuu A oT pebpa JHHHS HCuedaer:
QOTOMIOTHOCTL §; €8 B 3TOM MeCTe 3ABUCHT OT KOHKPETHEHIX yCAOBH#
SKCOepHMeHTa, 4 TaKXKe OT 0cOOCHHOCTeH 3penud SKCAepHMeHTaTopa. 10
npeie/bHOE 3HaYeHHe QOTOIIOTHOCTH, d CHelOBATENLHO, W COOTBETCTRYIO-
e eMy mpemeiabHble AckcTBue ) M MHTEHCHBHOCTH [;, MOMHO CuuTaTh
OOCTOAHHBIMH [J18 BCeX JHHUE CNeKTpOrpaMMbl.

[MycTs 1neo6X0AMMO HAHTH OTHOMICHHE MHTEHCHBHOCTER [; U [y IBYX
OueHb GJU3KUX JHHUH CIEKTPOrpaMmel, CHATOH ucpes wanH. llpeanono-
UM, 9TOo O0e JHMHMH CHATHL B OLHOM TMOPAILKE OTPawWeHud, 4 CcAcioBa-
TeqbHO, LAWHB BOJI UX Ay M kg U KOIPOHIUHeHTH OCAAOASHHA (b H o
Takke OueHb O/IW3KH; TMOJOXKAM Py = pp,=— . [lo 3axouy ocaabieHus
(cM. [1], cTp. 148) paBeHcTBO mMpeledbHHX WHTEHCHBHOCTe# oOenx Jn-
HUH MOeT OHTh 3aMHCAHO B CJEIyOLEM BHIE:

Ie—v® — [, =¥,
roe X, W X,— TOMIWHE KJIMH&Z B TeX €ro Mecrax, T/ KOHuUawTcd
COOTBETCTBYIOUIHE JMHUH, T. €. TJ€ MHTEHCHBHOCTb WX pasua f;- Orciona
caenyer:

— = (o —a),
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Ecnu oIHa CTOPOHA KJ/IMHA [NpH TPOBELEHHHM BDKCNO3HUMW OblAa ycTa-
HOBJEHAa MapasjelbHO [JISHKE, TO X; W X, CBA3EHBI C COOTBETCTBYIOUIMMH
JIAUHAMH fi; W Ay JUHUH COOTHOINEHHAMH

X, = Rk, toa,
xB e kg tg -:‘-t,
rne o— yroa KauHa. TakuM oOpasom,
xl_vg2: (hl_hz) tg&‘.: Ah tg .

Orcona nmoayyaem:

_1_1_. {g e-dR

7, =gt s
nid B Gonee yroOuo# dopme:

1g_§1 — kAR, (3,6)
riae i

k= 0,43utg a. (3.7y

TlocTtosunas (and JanHOH mnapel  JuHu#) & MoweT OBITh BHUHCAEHE
no (3,7), mubo ompelefena SKCIEPHMEHTANBHO B CAYYaAX, KOMIA OTHO-
LWeHHe MHTeHcHBHOCTeR [/f, wuzpectuo. OTHOCHTENBHAA TOTPEITHOCTE
MeTola, Kak mokasan HembauuxoB [11], umeer nopsmox 109/,

[Mpu noaezopaHun oTorpaduyeckuM METONOM A8 HAXOKASHHA OTHO-
Ulenpid WHTEHCHBHOCTER IBY¥X JMHWUR cJaegyeT VUYHTHIBATbL, UTO OTHOCH-
TelbHad% NOrPEUIHOCTh Pe3yabTaTa udMmepedHHit OyIeT TeM MeHbINe, deM
Gunuske onpeledseMOe OTHOIUIeHHE K equHune. Yem Oodbule OTIHYAIOTCH
ADYT OT ApYra CpaBHHUBaeMble HHTEHCHBHOCTH, TeM OO0Jblie BepodTHAR
ownbKa HaARIEHHOTO OTHOIUSHHA.

) «YcA08HAR DOMORAOHEOLILES

Ilpy MoCTpoeHMHM ASHCHTOMETDHUYECKOH xapakrtepucruku S (lg /) Hau-
Jydillad  BOCHPOM3BOLHMOCTE MoJydaeTcda B JAuHeHHOR ee obuaactu
(puc. 33), KOTOpPOH COOTBETCTBYET MHTepBad sHaveuuh lg H nopanka
0,6—0,8. Orciona Buino, 4To B Npelefax AHHeHHOTO yYacTKa MOTYT
OBITL M3MEPCHBI MHTEHCHBHOCTH, OTaMYaniuHecs He Oolee uem B 4—06 pas.
Mdaa roro uwroGel onpefedexde OTHOCHTeJAbHOH MHTEHCHBHOCTH TaKHX
JHHUA MOTJLO HLITh BLITIOMHEHND B Ilpe,.’l,e.."[a){ JHHeRHOT O }”—]3(:'1‘1{3. XapaK-
TEPUCTHUKH, HeoOXOAHMMO BecbMa TIIAaTelbHO TNoA00pPaThb SKCHO3HLUNIO!
tboTonaoriocty Gonee ciaaboR JHHHH J0JDKIA OKa3aTbCAd B CaMOM Hadale
ITOrD VYaCcTHA, a d;lOTOTI«'[OTHOCTb Haﬂﬁ()ﬂﬁe HHTEHCHBHONW — B ero koule.
ITo coamaeT 3HauMTENbHBIE HEyNOOCTBA TpH MMOJb30BaHWM (OTOrpadu-

HECKUM MeTOodIoM peracrpallid ¥ CYWeCTBEeHHO OrpaHHJYHBaeT ob1acTe
ero IpHMEHEeH .,
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Kak noxazanu Csmmcon u Bs#ikep [12, 13] nas onrudecko# oGaacTH
cnektpa u Bnoxun [14]— ann peuTrenoBCKoB o06.acTH, NEHCHTOMETPH-
YECKYID XAaPAKTEPHUCTHKY MOMKHO CHOPSAMHTh, 3HAYHTENbHO paCIUMPUB JH-
HeHHbIR ee YyuacToK, ecdH 3aMeHHTb (OTOIVIOTHOCTE §, onpele]eHHYIO
no (3,1), Tak HaswiBaeMOH «yCHOBHOH (DOTOMIOTHOCTLIO» !

w—lg (—{f— 1). | (3,8)

JeHncutoMeTprdeckan xXapakrepucruxka w (lg ) usobpamena wa puc. 38.
QOua NoMHOCTBID COOTBETCTBYET KpuBo# s (lg H) puc. 33, rtak kak obe
KPHBLIE TTOCTPOEHE TIO OJHOMY pPaay
usMepenuit. Ha puc. 38 Ha nesol
OCH OpPAMHAT OTMEeYeHbl Haualo w’
U KoHell @’ JUHeHHOTo YuacTKa
10 xapaxrepuctukn w (lg H). = s
CpaBneluda HA MPaBOH OCH OPAMHAT
d OoTMeueHH Hagado s M xoden §7
45 xapakrepuctuxn s (Ig H) mo puc. 33.
MoxHO B8aMeTHTb, 4YTO BepXHHE
lg#  KOHHLI mMHeHHbIX YUACTKOR 3aKai-
92 gupaworcs IpH OINUHAKOBHIX 3HAUE-
gr  HuAxX QoTonaoTHoCTH §7, TOTAA Kak
HIKHASA IPaHulla MUHEHHOro YYacTKa
xapaxkTepucTukl w (lg H) cooreeT-
CTBYeT 3HauuTe/lbHO MeHblIEMY 3Ha-
0% yenwio POTOMIOTHOCTH, 4Yem B Cy-
4yae xapakTepuctuku s (lg f7).
fi MuTeppan sHauenuit aelicrrua H
Puc. 38. TlencutoMmeTpuyeckas xapakre- B IPENENaX JMHERHOTO y4vacTKa Xa-
PHCTHKA «yCAOBHOH (hoTOMAOTHOCTHS w.  pakTepHerukn w (lg /) npeBocxo-
HUT COOTBETCTBYIOUHI HHTEPBAJ Xa-
paxtepuctikd s(lg H) nouTu B 4 pasa u noseoaseT HaliTH OTHOUIEHWE
WHTEHCUBHOCTEH JMuiuM, wHW3 KOTODHX oLHA Apuye JApyrok Oonee ueM
B 16 pas. Baaromaps 9TOMY «yca10BHas GOTOMIOTHOCTL® W OKAZHBAETCS
BO MHOTHUX CAYUAAX SHAYHTENBHO Oosee yaoGHOH XapaKTePHCTHKOR I0-
YepHeHHsd TUIEHKH, UeM (OTONAOTHOCTh §. CpA3b MeXAy W@ H § YCTa-
HapauBaeTcd Qopumyaamu (3,1) u (3,8). Tabauuws 3HauveHHH @ OaR
MIBECTHEIX BHAUEHHUH § MOXKHO HAHTH B HMewmedcs auTeparype (cM. [15],
<Tp. 316—318, a rakme [16], crp. 62—64). _
Jlunetinuit ygacTok xapakTepucTHKH @ (Ig H) MOMHO IPencTaBUTb
YpaBHenuem .
w=1"lgH—ua, (3,9)

<

24
7

T~
N

i

005

AHAJAOTUYHLIM  ypaBHeHuio (3,2). Tlapamerp v/ Taxke Xapaxkrepusyer
KOHTPACTHOCTE TIEHKH.
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e) P-shynruyusn

Kak Buaino wus puc. 38, B ofnactu maanx QOTOMIOTHOCTEH GyHK-
und w (Ig F) orcrynaer or munefinoro zakoHa. CpaBHHBAas BupaKeHus
(3.1) m (3,8), MEl BHOMM, 4TO TIPH GOJBLINX 3HAYEHHAX (GOTOMIOTHOCTH S
(korma lofl Z=>1) dynxknua w =2 s, HO Bcerla @ < s. B paze pabor
(8 oOnactu onTudeckHx cnekTpos) [17, 18] Hwuin NPelNpHHATH IOHCKH
dynknun P (s, w), 3aBuCHMOCTE KOTOpoR oT lg H 6bina Owl IHHCHHOH
BILIOTH 00 CaMBIX Manwex doronaoTHocTedt 5. Puc. 38 mokassipaer, uTo
47 AalpHeHlllero CHpaMaeHHs XapakTepucTuku @ (g H) HeoBXoauMo
YMeHBUWMHTh 3HaYeHuA @ B 0o6jgacTu Madux (QOTONAOTHOCTEH, HE H3ME-
HAd CYWECTBeHHO Xoaa 3ToH Kpupolt B obnactu GodbWIMX GOTOILIOTIO-
cTedl. IDTOMY YCIOBHIO, B HacTHOCTH, YIOBJAETBODSET TAK HA3LIBACMAS
«P-DyHKIHAS: :

P:w__—q(s—w), | (3.10)

rie ofnuno napamerp ¢ > 0. JeHcTBHTRAbLHO,. KAK BBIIO NOKA3aHO. BHILLE,
Pa3uOCTb § — W BCeria NOJ0XHTenbHa H B ofnacTH Soabmux (GpoTOMIoT-
nocTel oueHr mana. IIpUMEHWMOCTb 3TOR GYHKUUHM B OOJ4CTH peHTre-
HOBCKHX Jy4eld Ovlia moxasana Bafiwmteitnom [19—21] (em. raxwe [16],
crp. 65—72),

[IapameTp g yuuveBaeT OCOGEHHOCTH (QOTOILIEHKH H MpOllecca Mpo-
Apjenns. HTobvl onpeleauTh €ro, wna abcuucce IeHCHTOMETPHUYECKOH
xapakTepucTHKH s (Ig /) (puc. 33) mumbupaor asa orpeska A, (lgH) u
A, (lg ) papnoft nmunnl (nopsaka 0,2), u3 HMX oiuH — B OBIACTH HA-
yajbHOro uaruba kpuroft, a npyro#i —p amnefino# obiactu. Has sTux
OTpesKoB Mo Kpusolt s(Ig /) omnpeledsior COOTBETCTBYOIINE UM HHTED-
Bagael 3HadeHud Ags u Aps. Tlepecunmrtas Mx na «ycAoBHBE (OTOMIOTHO-
CTH® W, HAXONAT COOTBETCTBYIOUIHEe WHTepBadn Aw u A,w. [las uu-
rTepeana A, (Ig H) no (3,10) noayuum:

AP = Ay — g (B8 — Ajw);
aaa nHrepBana A, (lg H) anamorauHo uadigem:
AP = Ay — g (hys — Ay,

Ecau dyuxuua (3,10) naer quneftnyio -sasucumocts P (g H) B mu-
pPoxo# obmactu sHauenudt g Hf, To u3 paeeHcTBa HuTepsasoB A (Ig H)
u Ay (lg H) ewoTekaeT paseHCTBO uHTepeaior AP u AP, orxyna cre-
Ayer: .

. .’.‘LQW"—-‘JJ_@J
7= (a5 — 815) — (Agw — Bywy ° (3.11)

M3 papeHCTBa VKa3aHHBIX MHTEpPBAJOR TAKKE CAeAyeT, YTC OTHONIEHHA
JdeficrBuil Ff, COOTBETCTBYIOIMX KOHUAM 3THX HHTePBAJOR, AOJMHB OBITH
Papupl. Ecau caenaTs cuuMoOK kaxkoro-aubo aytiera Koy, s, 3aKPHB MOAQ-
Buny ero (mo /AJWHe JHHHR) CHEeUHAJBHO TOLOGPAHHBIM NOTJIOTHTEAEM,
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TO HA ONHOH penTreHOTpaMMe OKaMYTCd IBa CHUMKAa AYO/eTOB C OIHHA-
KOBEIM OTHOLIGHMEGM HHTCHCHBHOCTEH, a cledoBaTelbho, u HelcTeuf fi.
JKCMO3ULHIO W TMOTAQTHTE b HNoADHPAWT TakK, uTofnl QOTOMIOTHOCTH
JMHHE ODHOrO U3 STHX CHHMKORB Oblilu PACNONOMeHn! B 00.aacTH HELO-
pepmex, a QOTOMIAOTHOCTH APYroro — B aunelnol of1acTu XapaxTepwu-
ctuky s (lg H). OnperensioT GOTOMIOCTHOCTH § H «YCAOBHLIE (OTOIIOT-
HOCTH® W AJMA MaKCHMYMOB Tloueplelus Kawiol nuHuH ofoux nybBacTos.
PasHocTu sHauenudl § u w 115 Gonee caaboro AyBraera oGos3HavaoT 4§
u Ay, a nag Goaee sproro ayBaera— Ays u Ayw. Toraa mo dopuyie
(3.11) moxer Ouith nHaldena BeJMUMHA TNapaMeTpa ¢. IJTOT MeToL ObLI
npenaoxed B [19].

[Mockoabiy P-hyHKUNA cnpaMideT LeHCHTOMETPHUECKYIO XapaKTepH-
CTHKY B IIHPOKOM uuTepBaie (POTOTIOTHOCTeH, saBucumocTh P oT lg H
MoeT OBITh NPEACTABASHA YDABHELHEeM!:

P=+"lg H—a", (3.12)

anajoruunsm (3.2) u (3,9). KontpactHocTs 7" Mower OuiTh HalileHa mo

VrJIOBOMY KoadduuueHTy xapaxtepuctuku P (g H).
Beanunny P 1o u3BecTHBRIM § U ¢ MOXKHO OTNpPCASIHTb «MeXaHWUYECKHM
P-npeoGpagoratenem», onucanusim B [21] (em. raxke [16), ctp. 72—75).

ac) Beifop onmumarenoll skcno3utjuu

Bornpoc o Brfope ONTHMAABHOH 3KCMOIUIAH LA MoIyyenund Hanbodn-
mel KOHTPACTHOCTH crexTpa OBl paccMoTpeH DiIoXuHbM Teoperuue-
ckp [14] w npopepeH sKcnepuMeHTansHo [22]. TlocKoabKy <«yCA0OEHadA
(hOTOMIOTHOCTE® T CHPAMJAET AEHCHTOMETPUYRCKYI) XapaKTepHCTUKY
B poctarouno IMMpokoft ofmgactu doTonaoTHocTed, OyaeM HCXOAHTbL H3
ypasHenud (3,9), moa0muB

o =" lg h.
Beenenubit TakuM o00pasoM HOBH{ TNapaMeTp # MNO3BOJNET 3anHCaATh
ypaeueune (3,9) B Buie

w=lg (H)V, (3,13)

rie H'= H/k taxxe gBasgeTcs HDeHcTBHEM, HW3MEPEHHBIM JHIIL B HOBHX,

B £ pas O0abpWIuX enlHHUaxX. TJoCKOABKY B OTHOCHTEIBHEIX H3MEpPeHHAX

MHTCHCHEHOCTEH BBIOOp elHHWL u3MepeHHs NPOH3BOJel, B jJalbHelieM
Mul saMeHuM (3,9) ypasuenuem (3,13).

Cpasnusas (3,13) ¢ (3,8), moayumm:

') 1

B 3,14
Iy 1) Eol

[IpupaBHuBad BTOPYI MPOHBOLHYK oT [/l mo lg H' nyawo,

(@) _

(H"T [1"_ 2 (HNT }20,
d (g 77)2

— "2
(I} II.T(H.{)T']2 1 - (hir!)'i"
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HalleM yCJHOBHE Id TOYKM neperuda kpusolt [l = f(lg H'):

(HNY =1,
oTKyAa no (3,14) maxomum:
‘ I 1
T T (3,15)
uTo 1O (3,1) COOTBETCTBYET 3HAUEHHIO (GOTONIOTHOCTH §
s =Ig 2~20,30. (3,16)

Kpupas (3,14) sapucumoctn [/l, ot lg H’ npencrasicna ma puc. 39.
DTa KpuBag IO3BOJSET ONPENe HTb ONTUMATLHYIO SKCIO3HUMIO £, TpPH
KOTOpOH ofecrneuuBaerTcs HauGOabUIAS KOHTPACTHOCTh CIEKTPa, T. e.
RaRO04bUWAR PA3ROCHSs He-

ROCPEGCHBEHHOQ u3mepre- wﬁj o
Mutx seannun. B cnyuae do- 50 a0
Torpaduueckoft peructpanum %7
CICKTPa T4akoH BeJdunHoH @6
apasercs oTOpoc raaneaHo- 47
MeTpa ! (puc. 37). Cnenyer, g
OIHAKO, NPHHATL BO BHHMaHME, g5t
UTO [ BABHCHT HE TOJBKO OT gy
MOUCPHEHHs [IAIHOTO YYaCTKA o,
ILIEHKH, HO TaKIKE M OT 3/eK-

TPUYCCKUX W FEOMETDHUECKHX :

a3
%
as
ar

napawerpon  ukpodorower- 2 TIIL T ON 1h
pa. HToOH uCKMOYUTD BAMA- 5 —g5 1 471 G5 ia ;}’@wr
Hue NOCAeNHUX, NyUllie NpH- Ay bt A,@ff’” ?

HATE 33 HEHOCPEeNCTREHHO M3-

31@_pgem}r}0 Beﬂp}l]g]—]y QTHO- Prc. 39. 3aBucHMOCTL [.-"{30 oT Ig H” MpH
weHde [fl,. OLHO3HAYHO CBA- =L

34HIOE C}JOPMYJ'[Oﬁ (3}1) c A—TouKa mepernda, ab — IHHeHIHA YUACTOK KpHBOIL.
DOTONMIOTHOCTEID S.

ITycTe npu GoTOMETPHPOBAHMH PEHTTEHOTPAMMEl IB4 YYacTKA ee AalH
OTHOCHTEABHBEIE OTOpOCH TaabBaHoMmerpa [ifly u Iy/l,. KoutpacrHoCTh.
PCHTTCHOTPAMMEl ONPEAETAETCA PasHOCTBIO ITHX BEIHUMH

' [fo— 4| AL
o I
MHTeHCHBHOCTH COOTBETCTBYIOILUX YUaCTKOB CnexTpa o803HAYMM uepes
Iy u I, coorBercTBYIOIME HM NeHCTBHE — Ycpes H;:fl:f H H;-: It
Haa pemeuns nmoctasdcHHOM 3amaun HeoOGXOIuMO HalTH SKCIMO3UILHID £,

npu kotopoR Alfl, uMeer MakcHMyM. [IpU H3MeHEHNHH SKCMO3MUME £
OTHOLUEGHHE MUITeHCHUBHOCTeH fi/f, e MeudeTcs, 0CTAETCAd TaKKe IOCTOSH-

! ry
HuM orHOmeHue H(fHj3, a cielosaTedbio, u gorapuds 3TOTO OTHOLIEHHT

lg (Hi/H7) =g Hi—Ig Hy — Alg H' — const (£). (3,17)
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Ho npu 5TOM MCHSIOTCH BEIHUHHLI 1Z Hin lg Hin COOTBeTCTRYIOUINE
MM TOUKH NepeMemaiorcd no ocu adcmumce (puc. 39). Onnako no ycio-
pnio (3,17) oTpesor Alg A’ CKOIB3UT BIOAL 3TOH OCH €3 u3SMEREHUS
c8oel daunst. KanioMy W3 ero moJoyKeHMH COOTBETCTEYCT OMNpeledeHHas
skcmozuua f. OLHO M3 TAKUX TOJAOMEHUH [IOKasaHo Ha puc. 39 cTpel-
kol A lg H’; raxme oTMedena coOTBETCTBYROINAA 3TOH 3KCMO3WIHK KOHT-
pactHocThe Ayifl,. OueBuiHo, KOHTRACTHOCTH TeM Oo0dblie, dYeM KpYyUC
VKIOH KpHBOH Ha dannoM ee yuyactke. HauBoapweH KOHTPACTHOCTH
COOTBCTCTRYCT TaKas OSKCIOSHUUA fp MPH KOTOPOH cepelnna OTpeska
Ay lg H’ copnanaer ¢ afciuccod Touky mepernda: B 9Tod  Touke adco-
MOTHAs Beiuuuna epsoi mnpoussoanofl |d (Iflg)/d (lg H)| nmeer wmax-
CHMYM. .

Mz (3,15) u (3,16) caenyer, uro touxke neperufa kpuso# Ha puc. 39
COOTBETCTBYET Cepeluiia MUKPO(oTOrpaMyel, Hill hoTontoTHocTh § = 0,30,
[lpu maHHOK SKCMo3ULMM HamboAbui KOHTpacT obecrneuynpaeTcs A7
YUACTKOB MHKPOQPOTOMETPHUYECKOH KPuBOH, PACIHONOKEHHHX CHUMMETPHYHO
no ofe CTOPOHHW OT cpenneli aAuHuu MukpodoTorpammul. Ecau, Hanpu-
Mep, "Hecaenyercsd JUHHA Ha QoHe CIJAOIIHOrO. CHeKTPpa M PacCcesuHoro
uzinydeuus, o HauGonplmad aMIIHTY1Aa NUKa JAMHAE Oyier obecrneueHa
OpH Tako#l SKCMAOSUIMM, OPH KOTOPOH CepelliHa THKA (N0 BHCOTE €ero)
OKAWETCA HA cePeluHe MUKpodoToTpaMmbl. Ecam wncciaesywrea OTHOCH-
Tefblible HMHTCHCHBHOCTH HIBYX JHHWEA, To HaunboJpliee DACCTOSHUE MO
pepTHKaIu (puc. 37) MewAy ux MakcMMyMaMM OyleT MOOJAYUYEHO TpH
TAKOH JKCIO3UUMH, KoTIZa ofa MaKCHMyMa pAacIOJOMCHB CHMMETPHUHO
mo ofle CTOPOHH OT cpeiHel JuHHM MHKpOGOTOrpaMMBEl, AHaIOTHUIO
MoxeT OLITh OnpeleneHa W ONTHMATbHAA SKCIOSHLHS NMPH CLEMKE Kpas
TIOTVIOLICHHSA: CepeluHa CKauka MOTJIOUIEeHHs J0JIKHA COBMANaTh CO Cpel-
Hell aunvel MHKPOQOTOrpaMMEL.

OcoGoe aHaueHue MMeeT BLIGOpP ONTHMAJNLIUOH SKCOOSMUMH MPH UCCTe-
BAHMH OYeHh CJA0LIX SMMCCHOHHBIX JMUHH HAH TOHKOH CTPYKTYDH CHeK-
Tpa morJgowenus. [Ipd 3ToM BamHo ofecnednTh HaMOOMBINAH KOHTPACT
Maaux GAyKTyauu# ¢ona peurreHorpammel. Ma cKazaHHOTO BeIle SICHO,
4TO T4 Heab OyIeT HOCTMrHyTa npu QoromiotHoctd Qona s==0.30.
Ecau nmepphifi npoGHEIE CHUMOK, CHelaHHBR TIpH 3KCOO3NLUW ¢, noKasad,
4TO Cpedusis (POTOMMOTHOCTb § WCCAEIYEMOTO YdYacTKa CIeKTpa OTIH-
ugerca OT onrHManbnHoH (s == 0,30), TO ONTUMAILHAS IKCTIOINILUA Ly MONKET
OHTb Halilena no dopMyne

fo e 250 ¢, . (3,18)

5

«bopmyia sTa nepectaeT OHThE CApaBeldHBCH JUIlL B CAydadx, KOria
#Hauboaplad POTOMMIOTHOCTL HCCISIYEMOTO YYACTKA CHESKTPE BLIXQILHT 34
Tipedednl auHcHHo# sasucumoctu s () (pme. 31).

' Kpupaa puc. 39 umeeT 3HauuTenblHIA JuHelHBIH YUACTOK B CAelyi0-
KX IOpeleqax goronaoTHOCTelH:

0,1 < s< 0.7. ' ' 3,19
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fa 5TOM y4yacTKe HAKAOH KPWBOH OCTAETCH NDPAKTHYCCKM IIOCTOSHHBIM.
OTcona cacayer, 4TO NpU HWSMEHeHMH SKCTO3SHUUM KOHTPACTHOCTb CIIeK-
Tpa Oyler (QEaKTHYECKN OCTaBaTLCA TOCTOAHHOA 10 TeX NOp, TNOKa
(hoTOMIOTHOCTH HEKOTOPRIX uacTell CHeKTpa He BHHAYT 32 npegensl
(3.19). Itn npefespl 3aBHCAT TraaBibM 00pasom OT kKO3DDUIKHEHTA KOHT-
PACTHOCTH 7' ¥ NOTOMY B KAMKIOM CAyYde AOMKHLL ObiTb YTOUHEHH! 110
IKCHEPUMENTAAbHEIM JIdaHHBIM, MOJYYaEMLIM™ MDH CHATHH JeHCHTOMETPH-
ueCKOH  Xapaxtepucruxu. us  caywan, mnpexacragieHHoro wa puc. 39
(v/=1.5), aunedHOMy y4acTKy KPHBOA COOTBETCTBYET OTPE3OK ABCLHCCHI
aaunoit 0,84, B npellesaX KOTOPOTO HHTEHCHBHOCTbL U3MeHAeTCs B 7 pas.
Taknym 00pasoyM, eCH OTHOWIEHHE CPABHUBAEMEIX UHTEHCURHOCTEH /| Hs 27,
TO HamOOJLWMA KOUTPACT MOMKeT OHTb JOCTUTHYT JIHIIL [pPH CTPOTO
OTIpeleNeHHON IKCTIO3MUMM, KOTAa TOUHO obecrneunBanTea cHoOpMyTHpo-
GdHHBIE BBIDE ONTHMANbHHE yeaobud. Ecan [/l <77, to ontuMaibuwie
VCIOBHA MOTYT OBITL TOAyYeHsl B HEKOTOPOM HHTEpBAajde SKCIOBHIMH,
Tey Goabmes, uem Meubwe oTHOWeHue [,(/,. Ilpu ucciacsoBaHuu Mambix
QayKryaun#t HHTeHCHBHOCTH (IOHA mn3MeHeHHe SKCHO3uunu B 2.5 paaa
B TY HJIH HHYI0 CTODOHY OT 3Ha49eHHA £, oOlpeiscieHdHoro no (3,18),
1€ BBI3ORET 3aMETHOTO H3MEHEHHS KOHTPACTd. B 9TOM CaAyYae € TOYKH
SPEHHS SKOUOMHH BpeMeHH HauGogec BHITOOUOH SBRIAIACE OLI SKCMOIMIIHA,
TpH KOTOPOH nOCTHraercss Haumenbmas doromiornocts s==0,1 B (3,19).
ONHAKO AT OKOHYATC/IBHOTG BHIGOPA OMTUMAALHOK SKCIOSULHH HEOOXO-
IMMO €ILE FUYECTB POJL 3EPHHCTOCTH 3MYJAbCHH (POTOTIECHKH.

TOYHOCTE M3MEPCHHS HHTEHCHBHOCTH NPH (OTOTPaPHUECKOH PerdcTpa-
Ul BABHCHT OT (IyKTyauu#t QOTOMIOTHOCTYH, BO3HWKAMIIMX BCAelCTBHE
CTATUCTHYECKHX (QIYKTYaLUUH uucaa 3epeH 3MYJAbCHM HA. Iowazu S,
¥DeduUcHHOe H3o0pameHue KOTOPOH NMPOXOAWT MUMO 1uemd dhoTosleMenta
(puc. 30). Dror mompoc Gns paccmorper B paGoTe Baoxuna [14]. Sepua
METAMLIHYeCKOro cepebpa oGpasyloTcd B aMY/sCHH PEHTIEHOBCKOH TIeHKH
TPH NPOAB/IEHHH, B Pe3yabTaTe MNPelBAPUTEAbHOTO BO3NeHCTEWMA DPeHTre-
HOBCKHX aydeH. ITO BO3NEHCTEBHE COCTOMT B AKTHBHPOBAHUH (GOTOHAMU
MoueKynl OpomucTore cepebpa. Oanako mNpPOABHTENL BOCCTAHARIHBAET
Cepedpo JHIIL B TeX 3epuaX, B KOTOPHX AKTHBHLIE LWEHTPH HAXOLITCS
B MOBEPXHOCTHOM ciloe 3epeH. Kawinoe TaKoe 3epHO FMEHbINAET CHJY
CBCTa, TMPOXOLAUIEro Ha QOTOINEMEHT 4epes TIoWalbk S, mieHkd. B 1anb-
HEAWIEM IIOJ CIOBOM <«3EPHO» MBI YCMOBHMCA MOHUMATDL «3EPHO, AKTHEH-
POBAHHOE B MOBEPXHOCTHOM CaA0€», T. €. 3ePHO, KOTOPOE MOMKETr OHTb
TPOSBICHO. :

B muxpodoToMerpe ceeT MPOXONHT uepe3 MIIEHKY TEPHNeHIHKYJITPHO
¥ ee maockocTdH. PaccMOTPHM MpOeKIHI0 yuyacTKa S, IMenku Ha II0-
CKOCTb, mapaaaeipHyl mieuxe. Ha sTo# mpoexuus uvacTe naowanu S,
3AKPBLITA 3ePHAMH H TOTOMY HENPO3payHa [Aas CBeTa; CcBOOOAHYIO OT
NpOCKUUK seped 4YacTh maowaix ofozHauns gepes S. Ilycte S co-
OTBETCTBYET EPeMeHd OKCOO3MUMH f¢. DBepoArHocTh noOsBIeHHR HO-

BOro sepHa Ha cBoGOAHOH YACTH TPOEKUMM [JEHKH pPaBHa OTHOIIe-
Hing 575, '
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Hucao seped Ha naomaiud S, NJeHKH B MoMenT Bpemenl f obosHa-
yuM N, CPeAHWI MJIoualb npoeKuuHu sepua oBosxaumm o. [lpu HaMeHe-
Huy £ Ha df ofulee uucao sepedH N uaMeHHuTcd Ha 4N, oanako cBobol-
Hag OT B3ePeH 4YacTb S niowalu NPOoeKUNnu IJISHKH YFMEHBIUUTCS Ha
peauuuny d.S, MeHbmyw odN, a HMEHHO:

S T
dS = — o~ odN.
So
YcaopHuoe UMCAO TIPOEKUHE 3€peH, TMOKPHBALIHX BCIO ILIOWAlb S,
odoanauum M. Ouesuano, M= S,/s. Torna
as__ _ N (3,20)
S M
Iliowans ¥ 9HCIO 3epeH Ha HeoOJYUeHHOM yuacTKe ILICHKH oB0SHAUHM
€co0TBeTCTBeHIO Sy U Ny 9TH BeIHYHHB XapaKTepU3YIT BYalb IIEHKH.
WMurerpupopanue (3.20) naer:

s N
dS I -
SE=—5 [ v
Sg Ny
< N-N,
2, X 3,21
s, —¢ . ( )
PoToMIOTHOCTE §, OOpefenseMas no (3,1), OUeBMAHO, pPABHA
£ )
=g 2=
otkyia mo (3,21) moavumm:
N—N
s—0,434 2 1__; . (3,22)

ITpu ¢doTOMETPHPOBAHUH PA3/IHUYHBIX YYACTKOB pPaBHOMepHOo OOAYUeH-
HOM PeHTreHOBCKOH TIIGUKH BO3MOWHBL CTATHCTHYeCKHe PAYKTYaUUH
ypcaa sepen N na maomaim Sy, 4 CAEJ0BATEABHO, W (MUAYKTYAUUH Bedu-
ypnbl S cBOOOZHOM HacTH 3TOH ILIOWALM, Y4TO B CRBOK OUEpPENb BHI3OBET
gayxryauun  QoTomiaoTHOCTH §. O003HAYHM CPEIHIOW KBAIPATHUHYIO
daykTyaluio uucia seped uepes AN. Torza cooTBeTcTByHOIAd (IyKTya-
und GpOTONAOTHOCTH As no (3,22) Oyaer pasua

Ag=— 0,434 2N (3.23)
M

CayyafiHple paclpeieIeHHs Bejddun, KOTOPHE MOI'YT OLITh BHPAMeEHD
TOABKO LedLIM UHCJAOM, TOJUMHIITCA cTaTHcTuke Ilyaccona. HMs stofit
cTaructuku caeiayer, uro AN = /N (cwm., narpumep, [23], ctp. 130—133).
Ilpu 2Tom (3,23) npuHHMaeT Buj

-
As — 0,434%”. (3.24)

TPHHHUMATD BO BHHMaHue TIpH

1) SOTOTPAGHYECKAA PErHCTPALLHSA 77

Mo (3,22) u (3,23) moayuaeMm OTHOCHTEIbHYIO Gayrryannw GoTonaoT-
HOCTH!
As VN 0434

V' N= - 2.30Ms. (3.25)

s T N—N, Ms
‘OTCroa Caelyer, YTO OTHOCHTEAbHAS TOYHOCTH OTpPeELelleHHs (hoTonaoT-
HOCTH BO3PACTaeT C YBeJAUYCHHEeM (OTONIOTHOCTH.
Hatinem Tteneps peanuuny Al DayxTyauuit GoToOMeTpHYECKOH KpPUBOH,
T. €. 0TOpocor [ saHlumka raappaHometpa. [lo (3,1) n (3.22) noayuum:
NN
= IOC H »
OTKYAA Clenver:
i{\'r_‘ﬂrB E "I\.‘_J.;\..'D
[Al =20 M AN-——f0 .7 N
| Al M © — M V N

Bocnoapsosapunice sasucuMoctoio (3,22) N or s, Hatiem

1 ' !.U O o ST e
| A= 11 e=2% )/ N, 42 30Ms. (3,26)
3T0  BLIpakCHUE MMEET MAKCHMYM NPH (DOTOMIOTHOCTH Syanc: pasuol
. 1 N
Suane =— 0=434<§_WB) “ _f‘ﬁj‘:}{a
Ecan, kaxk 3To oOBIUHO HMecT 12
-MecTo, Ny == M, 10 At J
Smamo 220,22, (3,27) % o
ITo craructuxe Ilyaccoma 9% a4
OTHOCHTC/AbHEE GayKTvauuu ¢o- ai 06
TOMIOTHOCTH  AS/S M MHKDO- ’ '
poToMerpuvecko#t Kpusoh Alfl,  gug a4
B 31,7Y%, cayuaes GyanyT mpe-
BOCXOIOUTb CpeiHHe Kpaapatuu- 40 g2
HBle 3HAYEHWA UX, ONPeAescMble g . L 7
= i 1 i ! ]
no (3,25) u (3,26); B 4,5%, 0 42 0% 46 08 10 12 14 Y

cayuaes daykryauun OyIyT npe-
BOCXOIUTh 3TO 3Havenue Ooaec LuC 40, 3aeucumoctn  ortHOCHTEdbHBIX

HAYKTYalui MUKPOOTOMETpHYECKOH 3a-
muck Alfl, v QoTonnoTHoCTH Asfs ot tho-
TONIOTHOCTH S.

No=0; §,==1,12 arn; o=0u3; M=4.10%,

4eM B 2 pasa, a B 0,3% cay-
yaeB— Ooaee ueM B 3 pasa.
It coofpaxkeuds HeOOXOAUMO

paccMoTpenun  puc. 40, Ha KOTOPOM [OpencTaRICHH OTHOCHTCIbHBIE

‘aykryaunn Asfs u Alfl; (8 npouenrax) no (3,25) u (3.26) xak ¢yuxuun

(BOTOMIOTHOCTH §. B meHCTBUTEABHOCTH, KaK MoKasad SKCIepHMenT [14],
GAyKTyanuu  OKasbBAOTCA  HECKONBKO  GOJbLIE  TEOPETHYECKHX = Ha
BeIuuuHy, TOYTH ue 3aBHCALIYI OT (QOTOIIOTHOCTH. 3Ta MOmnpaska,
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no-guIuMoMy. o8ycaoBieHa uMelolefica Ha mieHKe GPUKLHOUHOH BYAIBIO.
oBpasyioliedics IPH Tpennu IIEHKH 00 YMaKOBOYHYIO OyMary.

daykrTyauud GOTONIOTHOCTH BhI3BIBAIOT COOTBETCTEYIONIYIO NOTPell~
HOCTb B OTpefe/eHHH HHTeRCUBHOCTH [ (MM ACHCTBUA HNY. Us (3, 1) n
(3.14) umeem:

s=Ig[1 4+ EHY']. (3,28)

AT1o ypaBHeHHE OIpele]seT CACAYIOULYIO CBA3b Mexny AH'[H  w As/s:
A" 2,305 As
H - T.r (] ____E—Q,ISUS) 5 ’

uto no (3,25) maet:
A VN, A 230Ms (3,29)
H M — e 23%) :

MuHEMYM 3TOH GYHKUMH HMeeT MecTo npu =2 0,55. 3asucumocTh (3,29}
AH'/H’ ot s npeacrasieHa Ha puc. 41. Kak puano u3 rpapuxa, y4er
3ePHHCTOCTH IITEHKH MpH-

10k BOIKMT K TOMY, 4TO MOTpeul-

J HOCTL B H3MepeHHUHW HHTEH-
CUBHOCTH (uAH  defcTrud)

45 npH  MalIbX QOTOTIOTHO-
e cTax s DwICTpo nagaer
~ I8 C BO3pACTAHUEM § IPUMEDHO:
= a0 0,3, 2 ¢ ZanbHeHRIIHM
‘qc??' : poOCTOM § MeHSeTCs Mdilo.
i MHTEHCHBHOCTL  JTHHHW
CIAEKTpa Onpelendaerca o

i pasHocTH JABYX OTCUETOB:
a5 , , : ] , . | B MAKCHMyMC JHMHHM H H&
g - a4z 44 06 08 40 12 44 done panom ¢ aaruel. s

) caabux nuHnf oba orcueTa

Puc, 41. 3apHCUMOCTE OTt OCHTEIBHON PIYKTYaudd  HMEIOT [OUTH OJMHAKOROE
aeficteun AH/H’ o1 GioTONNOTHOCTH S. spauedne. llo3TOMY, Y4H-
IIpu Tex e JLAHHLY, 4TO Ha puc. 39 u 40 TLBAS POAb 3CPHHUCTOCTH

IMYILCHU TIIEHKH, HeoOXo-
IHMO MOAGHPAaTh SKCMNO3HUUID Tak, 4To0H (QoronnoTHOCTL S QoHa Orma
BO BCAKoM caydac He wsenee 0,3. DTo Tpebopanue He TPOTHBOPEUHT
veaorio  (3.19), Ho noBBIaeT ero HmKHME npemea. Taxum obpaso,
ORMUMAALHOL sKCRO3uUnel credyem Cuumams maxyno, Apu Konopoit
FOMORAOMPOCH § HE BCEM UCCACOYEMOM VHACHMIKE [EHMZEHO2PAM ML
O6ydym ozpanuters. npedetamu ' :

0,3 <5< 07, (3,30)

Eciu Ha peHTreHOrpaMMe HApaAy cO caaGhiMM MO HHTEHCHBHOCTH YHACTKAME
CIEKTPA HMEIOTCS M OueHb apKue muuauu, ycaoene (3,30) ne mowmer OHITH

1] $OTOTPAPHYECKAS PErUCTPALLME _ 9

BBITIOJAHEHO TIJId BCEro HCCAeIYVEMOro y4yacrtika CIIEKTpAa. B stoM cayuae
NPUXOIUTCH JJHOO OTKA3ATRCA. OT ONTHMAJIbHLIX VCAOBHH CheMKH PIRS; | HéI{O—

TOPLIX YACTEH CNeKTpa, Mud0 noAOHPATDL SKCNOIHIIHH HEe IJIH BCEro CTexTpa,
4 A0 OTHelbUHX ero uacrtel.

8) [Mpaxmusecrue yxaszanus

Tlpu paGoTe C pEHTreHOBCKHMU NIEHKAMM CAenyeT qubinam, 4T
9TH IIeHKH, ocobedHo Tuna X u XX, BYaaupyioTCs Hame TEMHO-Kpac-
HEIM  CBETOM; NO3TOMY PEKOMEHIYETCHd OTDE3aTh HYIKHEIE KYCOK LISHKIL
B NOTHOH TEeMHOTE Ha CHeUMadbHOM pesake HJAM [0 maﬁ.r'l’ouy. Menee
HYBCTBUTCAbHBL K TEMHO-KPACHOMY CBeTY DEHTTEHOBCKMEC MACHKM Arda;
U3 HHX JYYIIHMH IS PEHTTEHO-CMEXTPANLIONO 4HANH3A SBAAIOTCH [LIeHKH
TN «Jlays-duapms.

IlposBnenue u QHKCHpOBAHHE chaenyer NPOBOAHTE B BePTHKAJLHBLX
NpoOHPKAX, TOMEIEHHBIX B CHELHATbHBE TCPMOCTAT (cM., Hampuwmep,
[16], crp. 137—139), npu 18°C. Temneparypy macaa., HAMOJHAKOLIErO
TePMOCTAT, MOMKHO TOHHSHTH, [NPOMYCKas BOAY H3 BOJOLPOBONA Uepes.
3MECBHK, HAXOJfAILMACA BHYTPH TepMmocTaTa. [loBelmenue TeMNepPaTypLL
Macna MOCTHraeTCs MPONYCKaHHEM TOKA uYepe3 HArPeBATe b, MOMEeUleHHEBIA
na nne Ttepmoctara. Temneparypa peryaupyercs JIEKTPOHHON CxeMOH
H pele, BHKINUYAOWHM TOK IOPH S34MBIKAHHE KOHTAKTOR TepMocTaTa,
MOMellennoro B mMacae. B sxapkoe Bpemst roga, a mpu oTCYTCTBHH TEPMO-
crata —u NpH JA00OH TeMIleparype BOBIYXa B NOMeILECHUH, npodupKu
C TIPOSIBHTEEM ClIelyeT IOMECTHTD B COCYI € BONOH (eMKOCTBIO He Mence | ).
M nepeji Havya/aO0M TPOABIEHMS NOBECTH TEMIEpPaTypy Boaw 1o 18°C,

PeuenTer mpoABuTedell, peKOMeHAVEMBblE Iif KAMIOTO COpTa MJICHOK.
OOBIYHO MPHJIATAITCA K KakKIOA KOpobKe IICHOK. XopouHe pesyiabTaThy
J3WT, B YACTHOCTH, CJAENVIOUIHE IPOSBUTEIH:

Ilpoaeutens M 1 [24]
Merox S o e
Cynn@uT HATPHA KPHCTATAHUE CKUI
MHapoxunon 90 6 8 6 oo ten & o -
Coua xpucrammueckas . . . . . . . . .-,
BpoMucTHHE Kaawit 5 o G
Boaa — no ofeema pacrropa

—
]

fu—
[
— N Codo~IkD

LI S LY

Bpeums npossrenns — okoao 7 MuHYT.

MposeuTenns N 2 [25)
Boza .
Meton
CyApdHT HaTpHA KPMCTANIHYECKHA .
Fugpoxndon . SI
Coja KpHMCTanrnyecKas
BpoMHCTEIH Kamuit SEE
Bona — 1o ofbema pacTsopa

Bpeums npoasiensa — oxoao 6 MHHYT.

ja—
[\
o Ran [ Ru
[S1R e s}
S

)
= o 3B U
o
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MpoassuTtens MNe 3

BOBE . . v v v v e e e e e e e e e e e 68’4;1

CyabhUT HATPHA KPHUCTAMIWYECKHH . . - . . . . 5

CHIAPOXHHOH . .« & + & & = ¢ a0 = v v o v e e e
20%,-it BOIHEIH PACTBOP €IKOTO KaMm . . . - - - e

BpoMucTHH Kaldil . . . . . . - . o . e e -

j er
BpeMs NpPOSRIEHNMA — OKOJNO 7 MHHFT. lposeuteas N 3 obecneunna
XOPOULYK KOHTPACTHOCTH PEHTITEHOTPAMMEL

Tpn COCTaBJEHHH TPOABHTENS HEOOXOLUMO TOJB30BATLLA TOABKO

JUCTHAAMPOBAHHOR BoJo#, HarpeToH 10 30—45°C. PacrBopenne Blex:

BelIecTB TPOBOAUTCA B MOPsALKE, YKAa3aHHOM B peuem‘alx. Ecl;leu ar:;?r;ﬁ?
pacTBOpeHns B NposaBaTede HaOMIONACTCH MYTh WIH DCTa.]HlEib qbsgBaTbcg
pelHEe KPYNMHKH, pacTBOp chelyeT TPOMHUILTPOBATE. o.ro oparh e
TPOABUTENEM PEKOMEHNYeTCd M0 HMCTeYeHHH 12 uwacoe mocle € o
paeuns. CpoHcTea nposiRMTeNs, B 4acTHOCTH HeoOxonumad HpoOL KH;
TeJbHOCTh TIPOABJIEHHS, CYLIECTBEHHO 3dBMCAT OT Ka4ecTBad HCHO.ﬂIb(?g 2
HHIX peakTHBOB. [l03TOMY BpeMdA NpOABIeHUA HeoBXOAHMO nc;im;()};%
SKCIEPHMEeHTANbHO, YYHTLIBAH, 4YTO C €ro Boapacraﬂne-m KOHTD THOCTS
cHuMKa moBeimaercd. OIHAKO TIpH YPESMEPHON BLIAEPIKKE B MPOABHI .ﬁ
na mheuke mnoARAfeTcs obiias Byanb (4aCTO HasuLiBaeMas <<xmmqe(,nxoﬂ
BYanbio»), MIOTHOCTL KOTOPOH OHICTPO YBEIHUHBAETCH BO BpeMeHH(;s{B“E‘,-
3TOM KOHTPACTHOCTH CHHMKA TafnaeT. ONTHMAMbHBIM BpemeffeMKggT aJCT_
HUSI CAEiyeT cuuTaTh BpeMs, obecmeyHBaiollee Maxcuma,:mHylo qgmx
HOCTb CHHMMKA [0 TOABJIeHWs 3aMeTHOR Byanum Ha Heoﬁutngfmbm CTaX
peHTreHorpaMMbi. [IpH CMeHe PeakTMBOB 3TO BPEMs CASIYeT OTPEAc
BHOBEE.;[?I 6LICTPOrO OKOHYAHUA TNPOABACHHA ILICHKA »HOTP?H{%TC:M;S
20-—30 cex. B 19/,-#f BOINBIEE PAcCTBOP YKCYCHOH I\HE:HO'II)I, arimJ n
QUKCHpYETCA B B3aKPelnHuTeNc, COCTABIAECMOM MO OJHOMY H3 CJACLYIOUL

MTOB:
petery Purkcawm Ne 1 [24]

Tunocy b HT KPHCTARARUECKHH . . . . . -« .« . 228 z
MetaGHCyIBRHT Kalkd . . . . . « « o . . - oo 1z
Bomga — 10 o0DbeMa PacTBOPa . . « - « « -+ = -«
Purcan Ne 2 [25] o7
: T A
FOM”qz'..”-y;qécﬁm”;”““'. e
"HIOCY NB(MHT KPHCTALN Ce e e s
KoHLEHTPHPORAaHNEIH pPacTBOD OHCYAL(PUTA HATPHA {1),1 :‘;
Bona — no ofibeMa pacTBOPa . . .« o« o+ - s v -
Bpema ¢ukcupoBanus § MAyT.
duxkcamx N 3 [23] os
9 G 8 4
BORE . . v v h e e e e e e e e 00 ,
CUNOCYALHHT KPHCTARAMYECKHH . . « - « « « « - -
HamaToiph . o - o 0 o v 0w e s e 0 G
MeTaBuCydbQUT Kamud . . . o - o - o oe et o 2
Boza — no ofbeMa pacTBOpa . - . - . . - 2T o

Bpems (uKCHPOBAaHHS ¢ MHHYTHL.

2} ' HOHHBAUMOHHASL PETHCTPALHS - . 81

B wapkoe Bpems rola pexOMEHAYETCA CAENYIOLMH PELCT:
Purcamx Ne 4 [24]

PanocynphuT kpucTasanueckuii . . . . ., . . . . 230 2
) Kpacyupr xpoMoBeIe . . . . . . . . . . .. ... 122
CynptuT HATPHA KPHCTANJHYEGCKHH . . . ., . . . 122

28%,-i BONHBIH pPacTBOP YKCYCHOH KWCAOTH . . . 35 44
Bopa — no ofbema . 3 0o o Bia 5 8 8 Gen o 1 2

BpeMa ¢uxcuposauns 4 MHHYTHL

Ecau YKa3aHHBIE E NPHBEICHHBIX BBIIIE PelenTaX KDHCTANIHYCCKHS PeaKTHEEL

OTCYTCTBYIOT, OHM MOLYT OGLITb 3aMEHCHs! Ge3BOLHBIMH MO CASIVIOUIHM COOTHO-
LIeHHAM:

1 2 consl Gesponnoll = 2,7 2 compl KPHCTALITHYCCKON;

1 2 cynndura naTpua Ge3somzHoro = 2 2 cyandura HaTPHA KPHCTAMAMHYECKOT O]

1 2 runocyaeura Gessognoro = 1,56 2 runocyasduTa RPHCTALAHUECKOTO.

Has - onpenenenus HeoOXOAMMOH MPOAOMMKHTENLHOCTH ukcupoBanus
IJEHKH 3aMeqdT BpeMdA, N0 MCTEYCHHH KOTOPOTO BCHA IIJIEeHKA CTAHOBUTCH
npoapauno . IINeHKY BHIHMMAIOT M3 dHUKCAXKa JIHIIE 0O HCTeYeHHH YVABOESH-
HOTO [POMEXYTHKA BPEMEHH, MOCHe 4Y4ero NMPOMLIBAIOT B NPOTOYHOH BOAe
B reveune 30 MuHyT. [IpOMEITYIO MieHKY HeoBXOLHMO CYIIHTL B clle-
IHA/JbHOM dlUIMKe, 33KPHTOM OT IBLJAH.

2. HonusauuoHHAA perucrtpamns

a) Ofwue cgedenus

Bee usBecTHble METOMB PErHMCTPALMH DEHTrEHOBCKHX Vel OCHOBAHMI
Ha HMOHH3AUHH MMH ATOMOB BeleCTBA. DTC OTHOCHTICH, B YaCTHOCTH, H
i doTorpaduuecKkoRl nieHKe M K COUHHTH/LIALHMOHHOMY CYETYHKY; OJHAKO
MO «HOHU3AUMOHHOHA perucTpauueil» NPHHATO TMOHUMATL OGHAPYKEHHE
PEHTIeHOBCKUX JIYYeH M M3MepeHHe MX MHTCHCHBHOCTeH mpu IIOMOLLH
CAeNYIOMX  NPUOOPOB: a) MOHU3AUHOHHOH KaMephl, 6) TPOMOPUMOHAIL-
HOTO  YCH/MTENH, B) NMPONOPLUMOHANBHOTO CYETUMKA M T') cuerunka | eft-
repa. IleACTBHE NOC/MEAHHX OCHOBAHO Hd HOHUBALMM ATOMOB HATIOIHSIO-
KX HX Ta30B. ITH NUPHOOPH TO3BOJAIOT NPOBOAMTL M3MEPEHHA B WH-
TepBaje HHTCHCHBHOCTEH, B COTHH pa3 IPEBOCKOMSIIEM MHTEDBAal TIPH
poTorpauueckolt perHcTpaund. YyBCTBHTENILHOCTH MPONOPLHOHAILHOTO
YCHAUTEAT H CUYETYHMKOB 3HAYHTEJBHO BHIIIE " UYBCTBHTEIBHOCTH q'JOTO-
IJICHKH. ITO MO3BOJAET 3HAYATENLHO VBeHYHTh CKOpPOCTh H3MepeHHH.
34uuch YraoBOro MaM CHEKTPANLHOTO paclpefe/eHus HHTEHCHBHOCTEH
MOMeT ObiTh NOMYYeHd C MHUHHMAJIbHLIMM MCK&XMEHUSMH BO BDEMS CaMOro
M3MepeHHs, TOrla Kak mpH (poTorpaduueckofl perucTpamuu HeoBXOLHMEL
nocaenywouwee GOTOMETPHPOBAHHE H MNepecueT OTOPOCOB raissaHoMeTpa
Ha $OTONAOTHOCTH M HHTEHCHBHOCTH.

Hapany ¢ ykasaHHEIMH TIDEMMYUIECTBAMH HOHU3ALMOHHAS perucrpauus
0o0nanaeT W pPANOM HENOCTATKOB. [TUTaHHE HOHM3aUHOHHBIX npubopos u
PerucTpauus uxX HMOYIbCOB TPeGYIOT NpUMeHeHHs NOBOJABHO CJOMHBIX
AEKTPOHHLIX MpPHOOpPOB (NMpasma, npd  GOTOPeruCcTPAUHE HeOOXOoMuM
He MeHee CAOKHBIA NpubOp — MuKpOodoTOMeTp). IloCiIenoBaTeldbHas BO

6  32ax. 3621. M. A. Broxum
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BpeMeHH DPErHCTPallud OTIEedbHBIX YHACTKOR ClekrTpa TPedveT BRHICOKOH
cTaGH/IBHOCTH HCTOYHHKA PEHTIEHOBCKHX JAy9cH. IJTO 3aCTABISET TDHME-
HATh CPAaBHUTE/BHO CJAOMHEE VCTpoiersa aubo aas cTaduan3aiiud pe-
KiMa PaboOTH PeHTreHOBCKHX TpYOOK, aubo Iad HCTPEPRBHOTO KONTPOVIE
MHTEICHBHOCTH KX H3Avdenus C IMOMOIILK) TaK HA3LIBACMBIX MOHIMOPOE
(KOHTPOAUPYWOWMX CUYCTYHKOB MM HOHM3aUMOILX Kamep). [lpu am-
TEALHOM PErHCTPalUt CJIeAYeT TaKi(e CUATATBCA ¢ PACHBIICHHEM ReUleCTRa
a4 3AeKTpOAaX TPYOKH, 4TO TPHBOIMT K TOMBJICHHIO MJAelKH Ha MOBEpPX-
HOCTH aHoJd (M H4 BTOPHYHOM H3JVYATEJIC — NPH PeTHCTPalui AAunno-
BOJHOBOTO (AVOPECIEHTHOr ¢ H3IydeHus). Touuuna MACHKM CO BPCMCHEM
pacTeT, 4 KOJMYECTBO MCCAEIYEMOTO BelECTBa, BTCPTOro B aHold (MpH
PErucTPauuu CHeKTPOB UCIYCKAHUs NePBUUHBIX fyuel), — yOmmaer. Ito
BHI3LIEACT NPOIPECCHPYIOLICEe YOLIBAHHE HHTEHCHBHOCTH PCTHCTPHPFEMATO
M3TyYeHus. YCTPaHWTh BanaHue 3TOr0 (GAKTOpa A0BOJIBHO TPYAHO; 114
5TOFO 11€0BXOAUMO MOAIEPKUBATL B DEHTIeHOBCKON TPYOKe AaB/eHHe Hu-
we 1077 mopp. B HCKOTOPHIX CJAyuaaX TpPHMEHeHHE MOHHTOPA MOWET
TOYTH HCKIIOYHTH OUINOKY, CB3AHIILIE C PACTIBELIEHNEM BEILECTBA B TpyOKe.
[TepeyHcAcHHbE BhIIE YeThIPe HOHUIAMMONNEIX NMPHOOPA MOTYT UMETh
oauHaKoBoe yorpodcTho. OOBYHO LAPYKHBIHK 3JeKTPON HX — KATOA —
NpelcTaBAAeT COGOH LMAMHAD, YAlLe BCETO aaseMaseMbift. DHYTpeunnf
3IEKTPOL -— aHoi] — dejaetcs  00BIU-
HO B BHILe HHTH, pacaojaraemoit
no ocu KaTonad (B WOHH3AUMOHHBIX Ka-
R MEPAX HMHOTIA INpPHMEHAETCH MIOCKHE
R ‘B:}-I).-'Tpt‘,lllﬂ»{ﬁ JICKTPOM). Pasmillgbte;
[HITH HOHU3ZLHOUHEIX TTPHOODOR OTIH~
e HATCA JIHIOE pCH(HMO}i TTHTALHA KHMX.
Puc. 42. TlpuHuumMatpnas cxema — XAPAKTEPOM HOHNMSALMOMHEIX TOKOB I
BRAIOUWEHHA HOHH3ALKHOHHOO TDH- crnocoboM ux pBFHCTp&QHH\
bopa. [yctb  HoOHHaAUMOHHBIA mpulop
BKJIOUEH, KaKk [OKa3aHOo, Ha puc. 42.
MCTOUHHK TOCTOAHHOTO HANPS/KEHHs CO37acT MEWIY OIeKTPOAAMH MPH-
Gopa pasnocTtb noTeHumamaor V. Ecam wouusauua rasa, HANOJIHSIONEro-
npuGop, OTCYTCTBYET, TO MNpPH MadoM aHauwennu V. (mmxe npodoluoro.
nanpavkeHHs) TOK uepe3 Tas He uaeT. Ecad Temeps B mpubop monaier
(OTOH PEHTPEeHOBCKHX Jyuel M Buzoser (QOTOYPPEKT 1A ONHOM U3 aTO-
MOB rasa, TO BLIPBAUULIA M3 aToMa OBLICTPHIA (OTORMEKTPOH Oyier
HOHH3MPOBATL HA CBOCM T¥TH JADYTue ATOMEl Ta3a.

Ecau, Hanpumep, Upudop HANONHEH aprouoM TIPH  JaBJeliHH 4530 mopp W

quMHa BOMHBL gorowa k=154 A (sucprus == 8 x28), TO CPEiHAA AIMHA NPO-
Gera saexTpoHa [ == 1,3 aa. Cpeinssa sHeprus, 3aTpadHBaemMas QOTO3JIeKTPOHOM

HA HOHW3ALHUIO OIHOLO aTOMa aproHa, =:== 25 gg. OT1CKILA CACAYET, 4TO UHCID N

MOHOER KamiorQ 3MaKa, CO3LAaHHLEIX B aproHe OpH npodere (OTO3ICKTPOHE:

¢ sueprueil 8 wag, pasuo npuMepno 320, BeauuuHa 3apAna KamaOoro HOHA paBH

sapany sieTpona e¢= [,6. 10719 g, Takmm ofipascM, B pPe3yIbTATE uopalhmasij
B ' MOHHIAUMOHHE NPHGOP OIHOTO PEHTreHOBCKOrO (POTOHI YKA3AHHOH AIMHBL
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BOJHEL BHYTPH 11p11/160pa BOBHVKAIOT HOub, o0Wui zapsaq KOTODHX pasen
Q=MNe=51-10" Tk (MOHOB Kaxioro 3HaKa). .

Mo xe#icTBHEM NpHIOMKEeHHOR K mpubopy PA3HOCTH MoTeHUMa 0B V
HOIOMKHTEAbILIE HOHBl APTOHA OYAYT ABHTATHCS 110. HAMPABICHHIO K L=
JUHAPHYCCKOMY  KAaTOY, a OTPHUATE]bHHE — K [enTPaJbHOMY anoay.
[pu wmanom V. (HeCKOMBKO /JeCATKOB BOIBT) MOHHL HBHH{chﬁ cpasuﬁ-
TEABHO MEINEHHO, W SHAUUTETBHAY YaCTh MX YCHeBaeT DPEKOMOHHUPOBATH
A0 pocTkenns saektponos. C mosniuweHueM V. CKOPOCTH MOHOB Takike
pacTyT, BCPOATHOCTE YKA3AHHON pekoMOHHAUMH YOBIBACT, H 3apfi, CO-
OUpacMBId HUTBIO, YBeauquBaetTCa. [IPH HeKOTOPOH PasuOCTH TOTEHLMA-
0B V) HACTYNAET «HACBIILCHHE» — BCe HMOHEI, 00DPA30BABIINECT B raac
npubopa, TOXOIAT A0 IMEKTPOAOB; pekoMOHHAILNA NpH 9TOM MPaKTHYeCKH
OTCYTCTBYeT. Taxuym obpasos, npu V =V, sapax, COOpAHHEIR HUTBIO,
Oy¥IeT paBell 3apaly () OTpHUATEMbHEIX HOHOB, T. €., B PaCCMOTPeHHOM
BHIIC TpHMEpe, 5,1 - 10777 g,

Ecnn emkocTe npufopa (BMmecte ¢ kafenew, KOTODHIL COEANHAST HHTL € NP~
GOpoM, H3MEDPAIIUUM ee HOoTeHIWad) paslia € = 45 ¢af = 5,0. 10711 @, TO uz-
MEHEHNE MOTENUHANA THTH N0 JeHiCTeneM 3apana Q coctannt AV = Q/C =~ 10-% 5.
llpoxoas me conpotuBncHuio R (puc, 42), aapag () maeT MMOYIbC Toka B VOLI-
RAeT B ¢ pas sa spemia RC. Tlpw R = 1010 oue RC — 0,5 cerw. OTciona caeiver,

‘HMTO CPejHHWA TOK /, MpOTeKalWHH 3a 1 cerc yepes comporunienue R, pchn

i
£=(I--e RU)Q%!I-;-’I-M’J—” a;

;[\m HEMPEPLIBHOTG NOIIEPAHUA TOKA TAKOH BEIWUHHB HEOGXOINMO, UTOGHI
@ MOHMIALHOHHEIN MpuGOp lONajan s, cpemHeM Oaun $oOTOH B CEKVHLIY.

dag yeudeHns HOHWBANHMOHHHIX TOKOB TPUMEHSIOTCA DAa3AHUILIC 5TeK-
TPOHHEIE cXeMBl [26—28] c BXOZHOH SACKTPOMETPHUECKOH aavnol.
Taxkue CcXeMH II03ROASIOT CPABHHTENLHO JerKo PErHCTPHPOBATD  TOKH
wopaaka 107*—1071% 4. OTrcwna citenyer, 4t0 HO

[ e f HH3AMHOIIAT Kamepa
MOKET ObiTh NpHUMEHENd IS PErHCTPALUMH H H3MEPEHH# HHTEHCHBHOCTM
H3TyueHus, obecneunBaOLIer) NONAAAHHE B HOHMBALMOHHLIH npufop He
Memee 2,3 - 10%—2,2 . 10* poronos B cekyuay uiam 1,4+ 105—1. 4. 108
(POTOHOB B MHNYTY (NPH YCAOBHH, UTQ xascdud $HOTOH obpazyer {pr)'ro'-
9J1CKTPOH BHYTPH HOHM3AUHOHNOTO Mpufopa, T. €. YTo ShMCKTBHOCTE
nputiopa papua 1009%).

[MonagaHue OTABALHOTO GoTONa B MOHMSAILKOLHEH] npuiop BLI3LIBAET
Had  COmMpoTHB/JIenMH R HMIOVALCH TOKA H HAOPAWEHHS, BEChMA GHICTPO
HapacTalomue H CPaBHHTEABHO MelJEeHHO CIAJAiLlHE, -

] HauGonwmee snavenwe TOKa iy B pAaccMATPHBAEMOM IMPHMEPE MO®eT OHLITh
OIeHEHO No popMyie

fo= -2 10,1071 4

RrRC

;?'I:].EAIPEEHH‘{HI]e COOTREICTBYET aMILIHTYANOE 3HAUCHHE HMIFIBCA HANPRME-

AV =1R~=10.1078 4
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3apUCHMOCTb AMIAHTYIB MMIY/bCA, BEISBAHHOrO OTACAbHEIM (bo*rei;
HOM, OT PA3HOCTH AOTeHIHalkop V [peacTasleHa HAa DHC. 43. Kpusaa '
OTHOCUTCH K (DOTONAM C SueprueH, COOTBETCTBYHOIleHd PACCMOTPCHHOMY

[=]
peme npumepy (A= 1,54 A), xpusas 2—x ¢oTouam ¢ sHeprued,
B 10 pas Goapmest (.= 0,154 A). HauanbHpie YYaCTKH 00eUx KPUBBIX
(npu V < V,) COOTBETCTBYIOT MAJHM CKOPOCTAM HOHOB; B STOH obaacTu
HoTeHIHA10B V CVIIECTBEHHOE 3HAauyeHHe MMeeT PexOMOHHAILH HOHOB;
HMOYAbC roTeHuuana AV @ cpelHHR TOK [ pacTyT C BO3pacTaHueM V.
' ' B stom pemusme padoThl HOHHM3A-
fﬁ‘?’» UMOHIBIH TpHOOP HEdb3d HCNOAL30-

Fesan | BRATE OJIH usmepemjﬂ HIFTEHCHBHOCTH
| PeHTreHOBCKHX nyuel.

or E IMpu V, <V <V, wnacTymaer
. :_ i i HACHILLCHUe; 3apsil, BhUAEIfoImHACH
=0y Lo Ba HMTH, DaBeH CYMMApHOMY 3a-
“o? z b psny BCeX HOHOB OJHOTO 3HAKA,
% S CO3IAHHBIX BCEMH  (POTOSJEKTPO-
o A HaMH, BHIpBAUHBIMM 3a | cex U3
a3 :; o ATOMOB rasa peNTreHOBCKHMH Y-
o7 b i yamu. IJToT sapan Mmt Oyadem na-
o | | : P 3RIBATL HAYALbHON UHOHNIAUULEU-
P 7/ S /S N . TpuGop, paGorawwmi B obnacT

0 2w 493595’35?7’999%’@@”%75?9?%9 HACBIUEHHS, Ha3HIRAETCH HOHL3d-

guoxrol xamepoid. Kaxk BHAHO H3
Puc, 43, 3aBHCHMOCTh aMILIATyasl AV TIpMBeISHHOIO pacHera, HOHHW3ALHOH-
HMOYVILCA HOHHW3AUHOHHOI'Q HpHﬁOpﬂ oT Hag KaMepa MOH:{E.'I‘ CAFAUTE JHUI L
TPRIOMENHOR K HEMY PASHOCTH MO~ pqq  [ePHCTPAUMM  CPABHUTETBLHO
TeHunanos V. GOJbUINK  HMIITEHCHBHOCTEH, BRI3BI-
pawnux 105%—108 uMnyscos B MH-
HYTY. AMILIHTYA2 KAKAOM0 UMIYILCA CTOIR MAId (10_5 s), UTO MPHMEHATD
LiE)HiiaauHOHH'yro KaMepy M DETHCTPAllUK OTIARJbHBIX HMIYJAbCOB He-
‘HeaecoolpasHo. )
Tlpu gainpHCHDIEM BOSPACTAHNH PasHOCTH MOTEHIHANOB V KUHEeTH-
‘Yeckas 3Heprust MOHOB B KOHUE CBOGOANOro Tpodera OKa3piBaeTCs ,rLocTa-
TOUHOH A8 YAApHOH HOHH3ALMH MOJEKY.1 rasa, sapil ofImero 4yucaa
WOHOB, obpasosapuiixcs B ofpeMe KaMephl, NAUMHAET BEICTPO BO3-
pACTATh, 3HAYMTCALHO IIPERBILAS HAYAIbHYI0 MOHUSAUHMIO. YVaapHaa HOHH-
3aUus CTANOBUTCA BO3MOXKHON BHauane B o0JMACTAX KAMEPH C HauGO NbIIHM
TpamMenToM TOTeHIHaNd, T. €. BOJMU3H HUTH.

34BHCHMOCTh TpaguenTa MOTEHLHAJa OT PAluyCa f ONpeIreifdeTCA Al -
aupnpHueckol Kamepsl GopMynoH

T MOB Tasa, KOJHYCCTEO
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rie K — paidyc Kartoaa, 7 — paauyc Huid. Ecan,
r =005 a4, TO Ha NOBEPXHOCTH HHUTH

oV
‘ ( 2 ):,:,., — 38V,

B paccMOTPCHHOM BhlILe NPHMEpPE CPeIHSA IJHHA CROGOIHOTO npofera Memiel-
Horo 3AeKTpoHA [, = 1,3.107% o, OTKYyIa CPeiHsd SHEPTHY, HAKOILISHHAHL WM
K KOHUY CBOero npogera, paena 38/.¢V. Kak yme yKa3bBasoCk, CPeOHAA SHEp-

rusl, HCOOXOANMAA AN CO3AANMA B aPrOHC OXHON Mapel MONOB, s = 25 sa. [lpu-
PaBIMBAA $TH IHESPTHH, IOIYIUWM:

HanpuMep, K =10 .,

38l Ve = ¢,
OTKYAZ HAXOLHMM IHOTEHUHAn1 V, NPH KOTOPOM BIEPREBIE * HACTYIAST YIaphas
HOHM3ALMSE
g

V«z - = .
381.¢

Ecad = Boipameno B 3, 10 noxaraeM ¢ =1 u Haxomum V=2 800 4.

[Ipy aroM HanpaweHWH BTOPHUHEIE 3JIEKTPOHH, 06pazoBaBiUUecs
B pe3ylbTaTe COYAADEHMA 4TOMA C NEDRUYHHIM 3JEKTPOHOM, HE MOTYT
B CBOIO OYCpelb BLI3BATH HOHM33UHI, TAK KAK OHHU ofpasyiorcs ¥ camol
HUTH U He YCTesalor uabpaTtbh HeoOXOOMMYI) KHHCTHUCCKYIO SHEPTHIO.
Oniaxko npu AatbHeRleM BO3pacTaHHH V' BTOPUYHBIE SJAEKTPOHBl HAHHYT
00pas0BHBATLCA BCe Aadblle OT HUTH H, HAKOHEN, CAMH CMOI'VT BLI3bI-
BATb yIapUYI HOHWSauuio. Ilpw HOCTATOYHO BHICOKOM HaNpPMCHHH
Ha0/I002eTCA MHOTOKDATHAA TOCIeNOBATE/bHAA YAAPHAS MOHUBALHS ATO-

HOHOB KaWIRH pas yaBauBaeTcs, BospacTad aa-
BUHOOOPASHO 10 BecbMa OOJLINHX BEIHUMH.

B pesyawrare storo B ofmactu moteHumanos V, <<V <V, HacTy-
[4eT TaK HA3LIBAEMOE <«Ta30R0e YCHJeHWEe» HOHH3ALMOHHOO Toka. OTno-
nieHue oOwiero sapaza o6pas3oBaBUIMXCA B KaMepe HOHOB OIHOTO 3HaKa
K HayalbHOW HMOHWMBALHM HABBIBACTCH KOIPEHUUUEHMOM 20308020 VCUAE-
Hig. ITOT KO3P@HUUEHT, KaK NOKA3HBIET OMHT, B 3HAUHTEALIIOM HIl-
repBate nanpsxeuu#t Vo, —V, He zanucur or mauasbHOH HOHH3AUHH H
OBICTPO BOBPACTAET € TOBLILIEHHEM Hampsmkenus V, IOCTUTAA K KOIILY
TOTO MUTepPRATd HECKOABKUX ThCHY. HMonusauuoHHbH npubop, pafortam-
UIRE B YK4A3AHHOM DeXUMC MNpPU TIOCTOSHHOM V., 1IaSBIBACTCH MPOAO PULO-
HOAtHetM  youagmesges. TOK, OpoTekandmwn¥ B 310M mnpubope uepea
conporuBieHue R (puc. 42), NpPeBOCXOANT TOK Hacwienus (8 06-
dactu Vi —Vy) B & pas, riae kR -— kosdduiuuent rasoBOro yCHAeHHA.
a9 MOHOXPOMATHYECKOrO MBJAYYEHHS TOK HACHIILCHHS NPONOPINOHANICH
CI'0 WHTEelCHRHOCTH; OTCHOIa cJaelyer, uUTO MPH BHAYHTCALHOM Ia30BOM
¥Cumeuuu OTHOCHTENBHEIC W3MepeHus MOTyT OLITh BHIIONHEHLI B WIHPO-
KOM HHTEPRaNe HITEHCHRHOCTEH.

Ipu % > 1000 srtor kxosdduUHeHT BO3PACTACT C MOBHIIEHHeM Ha-
Opawenns V' crons GuicTpo, UYTO CTaHOBHTCA TPYAHBIM  oO0eCleunTsb
YeTo#uueyio pafoTy TNPOMOPHUONAILHOIO  YCHIMTENd, T. e. CTpOroe
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ocToAHCTBO Ko3thduuueHta k. TTosroMy oOHUHO HONBHPAIOT HAUpM¥e-
une V Tak, wroGm k== 1000. ITpu srom Toku Topsika 107°—107" g,
KOTOPBEE CPABHUTE/ILHO JIErKO W3MePHTh JAaMIOBEM SJICKTPOMETPOM, MO-
AyYaTCs TnpH HHTeHcHBuoctsaXx B 1000 pas Membunx, uyeM B chaydae
HONM3ALMOHHON KaMeps. ITOMY COOTBeTCTBYeT IONalaHHe B IMPOMOpP-
LHOHAABHLIE ycuanTenb He MeHee 140—1400 ¢ortoHoB B MHHYTY (Taiwxe
yCnoBHO, cuntas 3(hexTHBHOCTh TpHdopa paBHOH 100°%/,).

. Ckauor moTeHuuana AV, Bm3bmaammﬁ nonagandey B upxbOp OLHOLO

. s
doroua (~=—1,54 A), OGecTpo BO3pacTaeT ¢ TOBHIUeHHEM ' HaNpAKe-

uua V' (puc. 43) ¥ npu k= 1000 gocTuraer BelHUHHLI AV == 1077 5.
IJTOT CKAYO0K MeHfAeTcd CTPOTO  MNPONOPLUHOHAMBHO 2HEPTHH  (OTO-
Ha. B ofnactu nadH  BOaH, OOBIMHO MCHOAb3YeMEIX B PEHTTEHOBCKOH
CHEKTPOCKOTHH, AVL‘:,J,IO—"*-—IO_E__&.\ ‘Taxve WMOYABCH MOTYT OLITh
H3MEpEHH € TOMOIUBIO CHEUHANbHHIX JAMIOBBIX VCHIMTENe# MMIYJb-
coB [26—28], uTo NO3BOJAET MO BCJAHYMHE HMOYJAbCAa HAHTH SHEPTHIO
doronor. CkopoOcTe cdeTa (OTOIOB OnpelelenHON SHEPrHU XapakTepH-
BYer - MHTEHCHBHOCTE Jydel COOTBETCTBVIOUIEH junl BOJHGH. Takum
o0pasoM, pacnpeieleHde CKOPOCTH CUYeTa 1O AMIIHTYIAM HMIYILCOB
XapaKTepuayer CcHOeKTpaibHOe & paclnpelelleHde HHTEHCHUBHOCTH peHTTe-
HOBCKUX ayac#. VoHmsauuonuwf mnpufop, paboramwwuit & ofJacTH Ha-
npoxenn#t Vi—V, ¥ HCmos3yeMbll LA pPerHCcTPallUH  OMOEAbHLLX
UMITYALCOB, 4 TAKKE CKOPOCTH CUeTa HMIOYALCOB onpedefennorf aMIliIu-
TYAH, HA3HBAGTCHA HPONOPUUOHAAbHOLM ctemuuionm. Taxkum ofpasom,
NPOMOPUHOHANBIBIA CYETYHK ¥ NPONOPHHOHAABHHH ycHAuTenr paboTaioT
B OIHOH OGMACTH HampMmKeHHH H OTAMYAOTCH JHINL [0 CBOEMY HasHaue-
uuw. Ecan HeoOx01uM0 naMeparb cpeddulf TOK Hpufopa M ajgda 3TOIO
NpHMEHseTCS JaMIOBHHR YCHJIMTEIs MOCTOAHHOTO TOKA (¢ BXOIHOH 3ieK-
TpoMeTpuuecKo# mamno#), npubop €BHUTCH NDPONOPLHOHANbHEIM YCHAW-
TeleM. [IpH H3MepeHHH >Ke OTIASABHEIX HUMIYIbCOE U TIPUMEHEHHH YCH-
JUTEJN  HMOYABCOB  [MOoTeHUHMaka npudop Oyaer NpOROPLUMOHATbHBIM
CUETUHKOM.

B ofmnactu HanpaweHuit V, <V <2V, (puc. 43) xospdbuiuent raso-
BOTO VCHISHHS YiHe 34BHCHT OT HavadeHOH uoHu3auuu. Ecau oTHOMmWE-
uue upyx umnyiascoe AVyr u AVy B ofmactu  Hacmuleuua (IpH
V=<2V =2 V,) pagHO A, TO TIOCJE rasoBoro ycugeuus B ofmaacto Vy—V,
3T0 OTHOWenue Oyaer Oyike K elMHHLUE M C BospacTaduem V crpe-
muTca K eaumHude. Jlpu V=V, pce UMMy bch, He3aBACHMO OT Hayalb-
HOHP HOHH3ANHH, OKAa3bLIBAOTCS PABHBIMH. 2Ta . 0014acTh HAMpsHKeHUR
HA3BIBAETCH O0AGCHLSEI0 OZPORHUMEHHOE NPONOPUUORALsHOCHE. B nnrep-
pane Hanpmxenuf V, —V, wonmzauwounstz npHOOpPHE He HCMOAL3IVIOTCH.
B xoHle 5Toro HHTepBala aMILIUTYIa HUMOYALCOB MOWET AOCTHraTh He-
CKOMNBKHX BOJLT.

B ofnactu wanpaxenu#t V,—V; (pHc. 43) monagaHHe B CUYETYHK
doroHa T0OG0H SHeprud BhHI3LIBAST MHOTMOKACKAIHYIO JIABMHY YiIapHOHK
woHuzaUuH. Tok, Npoxoaaumiul OpH 9TOM Yepes CYETYHK, YIKE He BSaBH-
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CNT OT HAYAABHON HOUMBALMM U OMPCACIIETCH TONBKO MAPaAMeTPaMH CAMOTO
cucTYHKA U NPHIOKEHHOH K HEMY pPasHOCTBIO HOTEHLUNAAOE V, T. e. HMeer
MECTO «CAMOCTOATCABHEIA paspsii». ITOT paspsal He HACTYIAeT IIpH
OTCYTCTBUM HayaTbuOR HOHM3aUuu. CTOMT, OIHAKO, XOTd Oul OIHOMY
(pOTOHY TIONACTk B CHETUMK U BHIPBATL M3 aTOMAa Tas3a (QOTOIIEKTPOH.
KaK C4eTdHK «CcpaboTaeT», — B HeéM NPOU3OHIeT paspal, KOTOPLIH BLI30BET
AMOYJIbC HAMPMKEHHA HA CONMPOTHBIeHHH R (puc. 42). Dta o6aacTh Hanps-
wenn#t Vi, — V' nasbiBaerca zeldeeposciod o00.4acmeio, a HOHU3ALMOHHBIR
npudop, paomatouunﬁ B STOM DE&XUME, — CUemiuKom Ieiizepa. Vamepe-
HHE CHKOPOCTH cueTa QOTOUOR
RavHO# AAHHE BOJHbLl CUETYHKOM 15701
Tefirepa 1O3BOJfSET ONpele/HThb '

UHTEUCHBHOCTE  COOTBETCTBYIO- 80
UIEro y4acTka cnektpa. B stod
00.1aCTH  MOTEHIHAJNOB HMILYIbC gﬁg
AV J0CTHraer HECKOJLKUX fAecdT- & )
KOB BOJI5Ta . §
Mru V >V, noasnswores g‘m

OTACJALHEE  CAMOTIPOH3BOJBHEIE
PaspAlb— «JIOMKILIE HMITY IbCH .
HYucao ux pacteT ¢ BoO3pacra- EHK
HUeM Hanpswenud V, H, HaKOHeI, 00 ; 2‘ 3‘ £ ‘;: B
HACTYTACT npPoGod 2034, lawe T o, A

TP OTCYTCTBHM HAYAILHON HOHM-

S
T

sauni. B oB1acTH uanpskeHrui Puc. 44, 3aBucHMOCTh TPONyCKHOH cro-

COBHOCTH CHMIONL (MYCKOBMTA) OT IJIHHE
7 : I : ' :
V>V nonusauuonnsic mpuoopel BOJHEL 1IPH Pa3iHUHLIX TOJITHHAX.

HC HCMOJB3YIOTCA. I

3 I—15 mw; 2—10 mm; 3 —5 ax. Ha adcumcce orse-

HpIrI pacdere QQJCPEKTI«IBHOCTH HEHO NoaoHeline K-wgpad Doragmenns 19 K,

UOHH3ALHOHHOTO HOpHbopa Heob-
XOQIUMO NPHHATE BO BHUMaHHe ciaedyiomnue cdaxtopel. 1) [Toraowenue nexo-
TOpPOH YacTH H3/yuenus BO BXOJHOM OKOIIKe npu®opa; NpomycKHas CHo-
cODHOCTL CMOIAHOTO OKOIIKA MOMET ObITh HalNeHa 0o KPHUBHIM puc. 44,
paccuMTadublM 107 MyckKoBHTa (KAlS1;0.,Hs). 2) Tloraowenne uacTu
H3/TYUEHHH B «MEPTBOM MPOCTPAHCTEE» nMpubopa, PAcIOIOMEHHOM I Helo-!
cpeacTeeHHO# 6AM30CTH OT BXOAHOrO oKouKa. Hanuuue Takoro mpocrpan-
CTBa CBA3@HO C KpacBHM 3hdeKTOM — HeOIHOPOAHOCTBIO SIEKTPUUECKOTO
oaa BOAM3M KOHUOB KaTofda. Bc/lelcTBHE 3TOrO uYyBCTBHTENBHHIR 0OObeM
vounsanuonHoro npubopa cokpamaercs Ha 6—10 ma ¢ Kawaoro H3
KOHLOB KaToda. [IponyckHas cHocOOHOCTE MEPTBOTO TDPOCTPAHCTBA
ToamuuHo# 1 ca MOmer OblTh HARNeHa TO KPUBEIM puc. 45, paccuuran-
HbiM A1 pafa HanodHsoumx npudop Gaaropoauwnix raszos. 3) Henonnoe
TMOTAoueHHe H3AYYeHHs! B YYBCTBHTE/bHOM O0BeMt HOHH3ALMOHHOI O NpH-
Gopa. Bceneacreue woHeuHBIX pasMepoB NpUOOPA Y4ACTR H3AYUEHHS BbI-
XOZMT H3 €ro YyBCTBHTENLIOrO o0BeMa, He DACTPATHR CBOKO SHEpPTHIO.
Hona sHepruM  MSAYUEHMS, TMOTJOLLEHHAA B UYBCTBATEALHOM O6BeMe
roruunoft 10 cam, Moxer OblTb uafilena 7o kpuswim  puc. 46,
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Laupe Boarer, A

Puc. 45. 3apucuMocTs NPONyckHol cnocofuocti caog GuaropoIlHOro
rasa TOAWHOH 1 c4f OT AJHHE BOJHHL,

1 — xpunron, 700 mopp; 2 — kpuntTon, 300 mopp; I —wcenown, 200 mopp; 4— aprowm,
700 mopp; 5 — apror, 300 mopp. Ha adcukcce 0TMedeHE MOAGHeHHS K-KPacB morio-
menng 54 Xe, 36 Kr u 18 Ar, a rtawse Ly, Lyp u Lppp-kpas noraoweund 34 Xe.
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Lo Somsl, A

Puc. 46, 3aBHCHMOCTEL OT AJMHHBL BOJHBI TOJH IHEDrHH PEHITEHOSCKHX
nyyel, mornowennod B ofbeMe rasza Toautuno#t 10 car,

1 —aprow, 300 mopp; 2-—aprom, T00 mopp, S — upunrom 300 mopp; 4 — kpUOTOH,
T00 mopp; 5 —wcenon, 200 mopp. Ha abenwece ormedenm K-Kpad MOTAQMIEHHS
34 Ke, 36 Kr 1 18 Ar.
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PACCUMTAHHHM I/ HAmOJHEHHA 0puGOpPa aprOHOM, KPHITOHOM HJHM KCe-
HOHOM. )

Yuer BCex TpeX (akTOPOB NO3BOJAAET ONPeleduTh SMHEKTHBHOCTD
HOHHBAIIHOHHOTO TPHOOpPA B SaBMCHMOCTH OT JIJHHB BOJHE. COOTBET-
CTBYMOLUE KDHBBIE A8 IBYX KOHKDETHHIX CJAYudeB MNPeNCTABIEHH HA
puc. 47. Kpusag [ oTHocurcs K Npufopy aaa uaMepeHus KOPOTKOBOI-
HOBBEIX CMEKTPOB, KpHBas 2 — 14

IJIUHHOBOMHOBHIX CNIeKTpOB. B 06oux 245
cayuasx  oOHapymHBaeTcs  Cylle-
CTBEHHAA 3aBHCHMOCTb OT JJIMHEL 2
BOAHEL. MOHOTOHHBIR XON 3TOH 3a- ™
BHCHMOCTH HAPYINaeTcs NpH Lau- V]
HaX BOJIH, KOTOPBIE COOTBETCTBYIOT §
KpasM MOTJOILEHHSA S/IEMEHTOB, BX0- %4‘3
JAWAX B COCTAB MaTepHana BXOL-  §
HOTO OKOMmKa W Trasa B npubope. %‘3‘?
Boilee nonHble cBejeHus O pacuere S
shPEeKTUBHOCTH HOHH3AIHOHHBIX 20r
npuGopos cum. B [29].
i
6) HorusguyuonHas Kamepa 7] i
[30, 31, 33, 34] g A 2 3 4 &8 &

g domet, 4

VionusannorHas  KaMepa, XaK  pyc, 47, 3apmeuvocts sthherTupHOCTIL

_OBIIO yKa3aHO BLINE, MOXET OblTh  HOHM3AIMOHHOTO nputopa 0T AJHHEL

HCNOAb30BAHA B PEHTTEHOBCKOH BOJANEL
CTIeKTPOCKOMMH LIt MONEPEHNS O 1_81owmoe oxto —enota 19 Juc padouns ras
HOCHTE2AbHEIX HHTEHCHBHOCTe# He CTPARCTBO — 1 £4f TAMNG  padoted 4acrH ka—
OueHb CAAGHX MBAYucHUN. TIOCHEN-  asommnron prO‘;mégﬂeni%’;i?m“ﬁc]’g‘f’.{fmnﬁoﬁgj_
nee 06CTOATEABCTBO B 3HAUNTEALHOR e Rl o iz padioueh
MEpe COrpaHd4YMBacT ITY obnacTh K-kpas moracmesns 18 Ar u 19 K,
NpHMeHeHHA HOHH3AUMOHIOH  Ka-

Meprl. OnHaKO Kavepa MOxeT OBTh HCIOAL30BAHA B KAUECTBE MOHHTOPA
(KOHTPOMUPYIOWErO CUeTunKa); 9TOT BONPOC GYAeT PACCMOTPeH B KOHLe.
lacToswel raaBe.

B npenvizymem pasiefe ykaselBalock, UTQ BCE HOHUBAUHOHHLIE NpH-
GOpBl B IpHHUMIE YCTPOEHH OAMHakoro. OnHako npu paboTe ¢ HOHU3AE-
UMOHHON Kamepof HeoOXOAHMO CYMTATHCH C UPE3BRIYAHHO MaABIMH TOKAMH,
KOTOpBle BOBHHKAKOT B 3ToM mnpHbHOpe. [IpH peructpanum Takux TOKOB:
IeKTPOMETPOM TOH H/IH MHOA KOHCTPYKUMH H3MEPSIOT TaieHHe HATps-
HeHus ‘Ha oyveHp OoJpOM conpoTueieHnn R (puc. 42). Eciu R umeer
nopanok 1010—101 o3, TO CONPOTHBAEHHE YTEYKA BLIBOJA aHONA U3
Kamepsl L0JKHO OHTL He Menee 102—101% o 370 Tpebyer ocobrix
Mep OJd TWIATEAbHOHM HSOJIALMM #HOIA KaMCPHE H er0 BhBoda. Creko
nan gapdop, KOTOpHE MOMHO NPHMEHATH B cueTumke [efirepa, B cayuae
HOHUZANHONHOH KaMepsl HeLOMYCTHMEl. B Helt MOryT OLITh HCTIOAb3OBAHLE
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JHTapb, TOMMCTHPON, @ WHOrja —ITaBieHHd kBapil. Ms0aaTop 1OMKEH
OLITh OKPYIKEH 3a3eM/IeHHBIM OXPAaHHBIM KO/bLOM, NPENATCTBYIOLHM PO~
HUKHOBEHWI0 3apANOB HA W3MEPHTEJbHBIA SIEKTPON (HHThH KaMmepel) Mo

IIOBEPXHOCTH M30JATODA. :

Puc. 48. lM3MepeHnne HOHH3AIWOHHOTO TOKa IO ME-
TOAY NOCTOAHHOTO OTKJAOHEIHHA,
If — MORMSANHOHNAH Kamepd, [ — 3ABKTPOMETP, KR — BHCOKDOM-

“moe conporusaenue (10° — 10" ox), K —xawd, B, u By —cyxue

o— SAUIMTHLIE CONPOTHBAEHWA (mMopaaxa Most),
?1%21%3?&1;{11;&&% HHTL SJeKTPOMETpa NPH cayuadfinmom npuaMna-
HHH €€ K HOMY.
MasecTeH psiil MeTONLOB M3MEPEHHA BeCkMa MaJBIX  HOHM33LHOHHLIX

TOKOB (J].O 107" 4a) 126, 30-—~32]. V3 HUX OCHOBHHIMH SBJSIOTCH: 1) METOL

¥
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Puc. 49, MsMepeHre HOHH3aUMOHHOTO TOKa 1O Me-
. TONY 3apAAKH.
QfosHauenHa Te e, yTo W ua pHc. 48, C—ycaobhad «mpu-

BeACcHIaA» eMHKOCTE HONMSAUHOHION KaMmephl, FASKTROMETPA
H COSIHHRIOUIET) HX SHPAHHPODRAaRnHOIO NpOBOLE.

=il

TIOCTOSHHOrO OTK/IOHEHHS, 2) MeTon 3apsaki W 3) merol paspaaa. Ilpuu-
UMNHAMBHAA CXeMa H3MEepPeHHH Mo MeTony NOCTOSHIOrO OTKAOHCHHS npe:té-
CTaB/ieHa Ha puc. 48. MonusallHOHHEI] TOK, IPOTEKAs 110 CONPOTHBACHHIO K,
CO3LAET HA HeM NajeHHe HaNPSKeHUs, H3MEpseMoe BJ‘IG_KTQOME:T[JOYM (cTpyH-
HEIM HJHM KBAADAHTHEIM). DTa CXeMa MeHee YyBCTBHTE/bHA, HEM ¥KA3AHHHIE

~ 1072107 %4
BHIIIC J1BS Lprme, HO MO3BOJAEST BCe e H3M€pﬂTb TOKH 10

rapen 5;. Ilocre pasvmiganus yreukn.
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u obmgasaetr TeM HpQHM}TLI_I,ECTBOM, 4TO JIEFKO MOeT ORITh HCMOJAE30BAHA
Jasd aBTOMATHYECKOH pPErucTpalud  MOHM3ALHOHNOTO TOK4. JlAf STOrO
©OOBIYHEI 3JIEKTPOMETD 3aMEHS2TCH JaMMOBBEIM (Ha IMEKTPOME TPHUECKOH
naMne)c NOCAEeNYIOWHM YCHACHUEM H CAMOTIHCIIEM, nanpuamep tuna DI111-09
{01HO3AMUCHLIM). S ' -

Cxewma usMepenuit O MeTOLy 3apAalLku H3oOpakena Ha puc. 49. [lepen

HAYANOM H3mMepeHuidt ko4 K 3aMKHYT. TTocie ero pasMblKaHus eMKOCTs €
3apMKAETCS MOHUBALMOHHEIM TOKOM. [lo cekyunmomepy sameuaior Bpems £,
34 KOTOPOE MOIRHKHAA CHCTEMa '
DIEKTPOMETPA NPOLLTA CTAHAAPT-
HOR uHcao Aenenuit. Monusawuon- —_—
1bI# TOK 06paTHO TIponopuKoHa-
Jiell BPEMEHH £; NPH OTHOCHTEIb-
1HBIX H3MEPEHHAX HHTEHCHBHOCTD
MOWeT OBITb YCJAOBHO TOMOMKEHA
paBHOH 1/t cex—1.

CxeMa usMepenuti 1o MeTOIy
paspsana noxasada Ha puc. 50. 2777
Tlepen Ha4yaJaoM u3MepeHHIt  Puc. 50. Mamepenwe HOHHIANHONHOIG TOKA
104 K 3aMBIKAIOT U eMEOCTD € o MeTony paspija.

BapAMAT  10- moTeHuHMaaa ©Ga-  Ofoznauenus Te e, uTO u Ra pHe. 48, C — HeBoan-
WAaR eMEOCTE ¢ O4CHB OOALITHM CONPOTHEIRHHE u
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HTQYa HOHU3AUHOHHEIH TOK mOI-
JACPIHHBACTCA B KaMepe 3a CUeT PAa3HOCTH MNOTEHILHAMNOB Ha eMKOCTH (.
Iror TOK OyIeT TNOCTENeHHD pasps:xares eMikocte (. Tlo Cel{yH,a,omepy

- BAMENAIOT BPeMs £, 32 KOTOPOE IOMBIKHAS CHCTEMA SAEKTPOMETPa NpOUITa

CTaHAapTHOE HHCAO aedeHuMt. Tak Ke, Kak U B NpeanaylleM Merole,
HMHTCHCHBHOCTE J YC/IOBHO H3MEPAIOT B OGPATHHIX CEKVHIAX.

8) Ilponopyuonarvustii yeuramens [33, 34]

OCHOBHBIM NPEUMYILIECTEOM HPONOPLUHOHANLHOTO YCUIHTENS O CPABHE-
{HMIO ¢ HOHM3AUMOHNOH KaMepoH sBafercs ero GoJsece BHCOKAA YYBCTBH-
TEIBHOCTh K CAa0BIM HBAy4YeHHAM: YCTOHuUMBam paborta 3TOTO npubopa
MOeT OLIThb MoayyeHa NPU raloBoMm ycuaesud no 103, [ H3MepeHUH
MHTCHCHBHOCTEH MPOMOPUHOHAMBHEIM YCHAATENEM MOTYT OBITh TPUMEHEHH
7€ JKe CXeMBl, UTO H B C/lyyae HOHH3aUMOHHO# Kamepw (puc. 48—50).
ABTOMATHYECKYI0 PErHCTPaLHID MOHM3ALHOHHOTO TOKA CAMOMHUCIIEM MOMKHO
ACTKO OCYLLECTBUHTE MO METONY NOCTOAHHOTO OTK/IOHEHUd (puc. 48), sameHun
ICKTPOMETP E 3fAeKTpoMeTpHUYeCKOH naMmozo# cxemoli c NOCAeIVIONIHM
YeunenueM. Braronaps spauMTennHo GOJBLIEH CHIE TOKA COMPOTUBAEHHE R
MOMET OBITh COOTBETCTBEHHO YMEHBLIEHO; STO CHHMKaeT MOCTOSAHHY Bpe-
MeHU (RC) CXeMEl H YCKODPSeT MPOUEAYPY PETHCTPALMH PACTIPEleIeHHS
HHTEHCHBHOCTEH II0 CHEeKTPY-

3nayuTeqbHan 3aBUCHMOCTD KO3PDUUHEHTA YCHIEHHS OT HANIPAKEHHUA,
IPUAOKEHHOTO K 3TOMY NPuSOpPY, 8aCTABIAET NPUMEHATE TOMBLKO BBICOKO-
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cTaBHIBHBIE XOPOIIO CriaakeHHWe WCTOYHHKE nwuradusa. Ho aawe mpH
5TOM KOSGOUUUEHT YCHIeHHd 3daBHUCHT OT HWHTEHCUBHOCTH (B obaacTu
HOMBbUIHX ee 3HaueHui#) B MeTole NOCTOAHHOTO OTKIOHEH!A. JIeHCTBUTRALHC »
yeM GOJblIe HOHU3AWHOHHEA TOK {, HAYUINE MO CONPOTHBICHUID R, TeM 3Ha-
yyuTelbHeE madeHHe Hanps:EeHus (R Ha HEM, & CIel0BaTelbHO, MEHDLIIE
PA3HOCTH MOTeHUMAMOB V — IR Ha caMoM npubope. B pesynerate ko
(DUUMEHT YCUIeHHS 1eCKOJbKO CHHIKAETCA ¥ MPOTOPUHOHATBHOCTE MEKIY
H3MepPAEMEIM TOKOM H MHTEHCHBHOCTBIO HAPyUlaeTCH. YrasauHwe#t neilocrta-
TOK, ONHAKO, IIPOSRISETCS 3aMETHO TOJBKO B 007acTH OOMBIIAX MHTEH-
CHBHOCTEH W BoOOLle HWe umeeT Mecra NpH pafoTe MO METOLY 3apalKu
HIH 10 MeTOLY paspsaia.

[lponopuHOHaAbHBHR YCHIATENb N8 PEeHTTCHO-CTPYKTYPHOTO aHalnsa
6w11 yerewno npumeHeH McaeneiM B CTYIHUKOBBIM [30] ¥ Oust PEHTreno-
CTEKTPATLHOTO 4HAM3a — DOPOBCKUM W BaoXuusim [36].

2) Hponopyuonassusi cuemuur (33, BO]

TponopuuoHanbHEIR CYeTYMK TP MOMaiaHud B HETO $OTOHOE penr-
TEHOBCKHMX JydeH [AacT HMIYILChE IODLIKA 107% 107" 8; ammantyia
MX 3ABHCHT OT SHePrHH (GOTOHOB., ITO TIO3BOJAET, B HACTHOCTH, H3YHaTEH
CHeKTpaJbHOe pacapencielne MHTEHCUBHOCTH DEeHTTeHOBCKOTO UBIYYeHHH,
HCCAeAYS pachpele/enue CKOPOCTH CHETA MMOYJALCOB B 3aBHCHMOCTH OT
uX AMILIATYAb. ChexTpansHas paspellaoulas Cuila TAKOTO MeTONd, ONHAKO,
3HAYHTEABHO MeHblle, YeM AJA KPHCTAll-iM(pPaKUHOLHOIO CNeKTPOMETPa,
M B 3HAUWTEAbLHOH Mepe ONpeleaseTcsl KOHCTPYKLMel CueTudka.

Ecay nocacIHAR perucTpupyeT CTPOro MOLOXPOMATHYECKOE HBJIYHCHUE,
TO aMILIWTYIa HMAY/abca OyaeT 3aBUCeTh OT TOTO MecTa, B KOTOPOM Mpo-
H30WaQ moraouielre goTona. Ecan GoTO3/ekTpoH BulpBall B rase cHerT-
yuKa BOJAH3HM OT OJHOrG u3 el KOHIIOB, YaCTb CO3NAHHBIX KOHOB He NOila-
ZeT Ha HUTh CYeTUHMKa. BO3HHUKAIOWIWIL ApH STOM HMTYALC OyIeT MeHbIle
UMOyAbca, 00pA3YIOLICTOCH TPH TMOraoleHdd (oTona B cpeinHcit wacTi
cueTuHKA. KaK YHE YKasBBAJOCL BHIIE, TAKOR MOHMKEHHOH dyRCTBUTEb-
HOCTBLIO OOJANAIT KOHIERE S VUACTKH CYETYHKA IJIHHOW OKOJO 5—10 .

Yrobnl HMCKAIDYMTL 3T0T Kpaesol 3ddexT H STHM MOBBRICHTD PA3pe-
AWMV CHAY CYCTYHKE, NPHMEHSIOTCS ABAa NpHEMA: 1) BxGIHOE OKOIIKO
pacnonaralT B CpDelHeR YacTH CYeTUMKa M Jyuu NPONyCKawT B Hanpa-
BJAEHUH, NepPHeHAHKYJIADHOM K ero ocH; 2} BXOIHOG OKOWIKO pacmofaraioT
B TOPLUOBOH WACTH CHETYMKd M Jyud MPOUYCKAT KO €ro [JIuHe; MNpH
3TOM KOHIE HHTH 3KPaHUPYIOT T4K, 4To ecid (QOTOSMEKTPOH BHIIOBET
HOIUKBANHIO BOJIHAH KOPLOB CUYeT4yHKa, TO SJMeKTPOHBE He CMOTY¥T NOI4CTE
Ha HUTh. [TepBLIA K3 STHX NPUEMOB 31AYKTEIBHEO Ipolle BTOPOTO. HO
ofgagaeT TeMH HeJ0CTATKAMM, YTO YYBCTBHTCALHOCTL TaKoTO CUeTYHMKA
ObICTPO MafaeT ¢ yMeHbIUEHHEM MAJIHHLL BO/IHBl WIAYUEHHS, TOCKOABKY
OUO Y3E HE MOMHOCTHH TorJoliaercs B Tase H3-3a HeIOCTATOYHOH
IAUHBL CYETHHKA; KPOME TOTO, YYBCTBUTEJBHOCTH CUETUMKA nMEET MaKCH-
MyM TpH oGpasoBaHnu GoTO3MekTpoHa BOAMEM HATH, T. €. B obacTi
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BLICOKOTO IpPaiHeHTa TOTeHIHAma, H YMCHBIIARTCH OO Mepe HPHGHHH{CHHH
vecTa 00pasoBatus GoTOsMekTpoHa K KaToly. Takum o6pasoM, aMmautyia
MMILYIbCA HECKO/bKO 3ABUCMT OT PAcCTOsnus clela GOTOSIeKTPOHA 10 ocn
cdeTyHka. TeM He McHee, NPONOPHHOHAAbHEIE CUYCTYHKH ¢ OGOKOBBIM
OKOLIKOM YCHEUIHO TPHMeHAIHCE B pade paboT (cM., Hanpumep, [37—39]).
Paspemaiomwas CHJIa TAaKOro CueTYHKa onpeleneHa Muanepow [39] mas
pasuslx IJIHH BOJH M3JAYYSHHH H Pa3HBIX TA30BBIX CMeceld, HAIOMHAIONIMX
«cyeTudK. Haunyumine pesyabTaThl ©HIM  NOJYYenb M[PH  HAlOJHeHUH
CYCTHYHKE aprosoM ¢ poOasaennem 109, wmerana. Paspecmawomas cuaa
{B TpOUEHTAX OT 9Heprun oroHa) Onita pamra 19,5%, mpu sHepruu
doToHoB 5,9 ka8 u 14,1%,— npu smeprum 24,1 Ks98; MUHUMYM paspe-
inaniled CHAb OKasatca paBHeIM 27,4%) npu snepruwu q]OTOHO}; 8,0 xas.

Jlyymue pesyabTaTH YIal0Ch NOJAYYUTh MPH PACHOMOKEHHH BXOAHOTO
OKOUIKA B TOPHOBOH uyacTH cueTudka [40—42]. Yrofs HCKIOUYHTL B STOM
ciyuae kpacBol spdexT n o0eCNeduTs MOCTOAHCTBO KOB(MQHIUHECHTA T'a30-
BOTO ¥CHJAeHUA M YYBCTBHUTEJILHOCTH CUETUMKA TIO BCeH ero AauHe, TIpH-
MEHAETCA YCTPOHCTBO, MOKasaHHoe Ha puc. 51. Ias uckmouenus obracTeit

Puc. 51. VYerpoiicteo {npouopuHOHaeruoro CHeTYHKA
40, 41].

I —xaTon, 2— HHTEL aHOMA, & — BALIHTHBI SACKTPON, 4 — BLPABHH-

BAIINHA SAEKTRON, & — EBADUEDBE HIOIATODH, § — BXOIHOS O

SAKPHTOR BINOMHHHeROR DOABMOR, 7— naTpyoox jas oTKaukHd H Ha:
MOAHEHWH CHETHHKA PHBOM.

€ dHOMAMbHO BEICOKMM TIpajHelToM IOTeHilHaAa BOJAH3M KOUUOE HHTH
(aHOMA) CAYKAT BAUTHBIE SASKTPOIN, KOTODBIE HAXOAATCS NMPH TOM IKE
NOTeHLHAME, UTO W HHTb. Baaronaps GofblwieMy AMaMeTpy HX IO CpaBHE-
{0 ¢ HUTBIO TPALMEHT IOTEHUHAlad HA KX MOBEPXHOCTH SHAUMTENBLO
MCIble, YeM BO3AC HHTH. 3alUWTHEIC 2JMeKTPOIH B CBOIO OuYepelb OKPY-
JKAWTCA BHIPABHHBAWOUINMH 3AEKTPOIAMU, HA KOTODHIE MONAGTCA NoTeHLHAT
UPOMEKYTOYHLIA MEKAY NOTEHUMAJOM HHTH U KaToda. ITOT ﬂOTeHL{Ha..‘;
!‘TO,E!.()HIJEIETCH TaK, 4TO0Bl OH ORI paBeH MOTCHUMANY BO BHYTpeHHeH 4acTH
CUETINKA 1A PACCTOAHWH OT HMTH, DaBHOM PAIMYCY BLIPABHHBAIOIErO
saekTpoda. JlaHHA 3TOTO  3AeKTPoda BHYTPH CYETIMKE NOMKHA OHITH
HC Menee palnuyca K4TONA; BAWUTHHA SACKTPOL He IOJUKeH JIOXOMMTH
A0 BHYTDEHHErD KOHUA BEIPABHMBAIOUIEr0 SMeKTPGLA Ha paccTogHue, IO
Kpalinefi Mepe PaBHOE PALMYCY MNOCJEIHETO. : ,
Hﬁiniiﬂjfﬂr;pa}gﬁ}:ziobz{a noaGope MOTeHILMANA HA BEIPABHMBAIOLIEM 3JeKTPOe
anouTyRa X O{J 2 npa PEruCTpaunu MOHOXDOMATHHYECKOTO W3IYHCHHS
PaccTostHHA TOYKH 03pasozaHng (POTOSMEKTPONA N0 BHYT-
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PEeHHEro KOHIA BHIPABHHBAIOIIETO saexTponsa. Ecau sxe sTa TOYKA OKashl-
BaeTcsi B OOJAaCTH 3TOro 9MeKTPOAA, -MMNYIbC HE BO3HHKaeT. Bce e
NPOTIOPLHOHAIBHEA CYETYHK (MO CPABHEHHIO ¢ OOBMHBIM CIEKTPOTPa(oM:
C KPHCTALIOM-aHAIH3aTOPOM) [NaeT 3HAYATE bHBIR pasbpoc MMny/bCOB No-
AMTLIUTYAe. 3aRMCHMOCTD CHOPOCTHM CueTa OT aMIUIHTYIB HMNY/IbCOB TP
perucTpauMu Y3KOH CHeKTpPajbHOH JIMHMH TIPEACTARMena Ha pHc. b2,
' : Kpueyw MOKHO Jerko pas-
JenuTh Ha yuacTkn [ wn 2.
[lepBui#t 13 HUX — OCHOBHOH—
XOpOoii0  aNnPOKCHMHPYeTCH
rayccoBol KpusoH, a BTOPOH—
«IJIMHHOBOTHOBBIH  XBOCT»
OYcHb MaNOR UHTEHCHBHOCTH—
MAKCBEMAOBCKHM pacnpencie-
HueM. Ecau npeuedpeup no-
_CJABIHUM,  TO . paspeliaiouas
CHA4 TaxKoro CyeTYHKA MpPH
_ asnepruax ¢oroHos 6 K38 co-
Puc. 52. Pacnperenesme CKOPOCTH cueta Io  CTaRJAET ~ OKOJIO 10%,, npw
AMIMATYAM HMIYIbCOB NPONOPLHOHAALNOTO  IHEPTHAX 24 K38 — QKO
CYyeTUHKAa ‘le‘l PerHcTpaiun MOHOXPOMATH- 50;." , T. €. B 2__3 p333 BHILLE,.
yeckoro wanyuenusa {uno [41]). e
o T ) D _© UeM B CAVYAE TPONOPLHOHAIL~
T o oanobutk soers 2. ' HOTO CHETYMKA € OKOIIKOM:
_ B OoxoBoH cTeHKe KaToda.
Kak noxasan Ampen [42], xopouas paspewsdollas CHAA4 TOPUOBOTO CHeT-
yuka B O6JACTH CPABHUTENLHO MATKOTO M3/yYeHus MOWKET ObITh ZOCTHTHYTA
BBEleHHeM ABYX HOMOJHHTEIbHHX BLIPABHHBAKILKX 3JEKTPOLOB MO TeM K
MOTEHLUUANAOM, YTO H HNepBHH BHPABHUBAWUIMA 3ACKTPOI. [TocTpoeHHbiik
B 9ToH pabBore NponopUHOHAABHBIH CUETYHK MMET CO CTOPOHEl BXOIHOIC:
OKOWIKA TPH KOAKCHAJABHO PACIOJOMKCHHBIX LHIMHAPHYECKHX BhIPABHHBAK -
WHX SAEKTPOIA, CYLUICCTREHHO CHHXABIINX KpdeBoh adbekT u Xopoulo
BLIPABHMBABIINX AMILIMTYAE HMIYALCOB BOMH3H KOHUA cueTyuka. B peayin-
TaTe OKA33J0Ch BO3MOXHBIM COKPATHTb NJMHY 3THX SJEKTPOLOB, a Cile+
IOBATE/MBHO, YMEHBLIMTH PAa3MepPhl MCPTBOrO NPOCTPAlICTBA  CHETYHKA, HTG

TIO3BOJHAO NPHMEHATL €ro B 00JacTH LAUH BOAH IO 2A.

Kak moxasaHo Bo MHormx paGotax (oM., manpumep, [41]). ammanryia
UMTIYILCOB  TMPOMOPUHOHANLHOIO CURTYNKA (COOTBETCTBYIOLIAA MAKCHMYMY
kpueoft Ha puc. 52) CTPOro NPONMOPUHOHAIBHA SHEPrHu (OTOHA B WIHPO-
KOM HHTepBajge 3TuX 3Hepruit. OnHako mpu SHeprusx HOTOHOB, A0OCTa-
TOUHBIX A/ noHusauux K-YPOBHA ATOMOB Tasa, HanQIHAOWEro CHCTHHK:
HapALY ¢ OCHOBHBIM NMHKOM, COOTBETCTBYIOHIMM A4HHOH 3HEDPrHH (POTOLOB,
MOABIASTCH enie OIMH MHK, — TaK ‘HA3HIBAEMBIH- «NMHK TOTEpU® -(pHc.-E:S)ﬁ
KOTOPHIH HHOTZAa OKa3mBaeTcs fame OoNbilie OCHOBHOTO. Amnaforuutasg
ciTyanua Habmopmaerca i B o6aacTi-2Hepruil -GOTOHOB, JOCTATOYHBIX LA
WOHU3ANHH - L-ypoBHell - aToMOB Tasa CHETYHKA, - OJHAKO HHTEHCHBHOCTE
TAKMX MHKOB -OueHb Maja. [IpoucxoxkieHie WX CBs3aHO ¢ ABYMA BO3-

Crapoeme cyvema
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MOMKHBIMH CAyYasMH o0pasoBauud Haya/JbHOH MOHM3AUHW B rase, KOTO-
pad 3aTeM TPONOPUMOHANABHO YCHAHMBAETCA 3a CYET JMABMHHOM YIapHOM
nonusanun. TaK, MOCAe NOrMOUEHAS PEHTFEHOBCKOrO BGOTOHA, 4TOM, HCIY -
CTHBIWHH OTOIEKTPON ¢ BHYTpeHHEH 00ONOUKH, Yepes OueHb KODPOTKHE
NpOMENKYTOK BPEMEHH YMEHBLIAET CBOIO 3UEPTHIO, HCMYCKas GOTOH n?pnyo--
peclieHLun rasa, 1100 BnipachiBag OXKe-3/eKTPOH (CM., HampuMep, [1])..
JTOT NPOMEKYTOK . BpEMEHH 3HAYHTEABHO MEHbIIE NJHTEJbHOCTH HM-
Ny AbCa CUYSTYHMKA; IIO3TOMY HAva/ bHa#A '
HOHH3ALMS,  BbLI3BAIHAA  BTOPHUHLIM  &7f
GOTOZMEKTPOHOM, KOTODHH  BHOHT ' !
B rase ¢GoToHOM (PIAYOPECUEeHTHOTO
H3IYICHHA  JHOO0  OMKEe-3JeKTPOHOM,
CKIAABIBAETCH € HAYaNLHOH HOHH3a-
uuell, CO3NAHHOA mePBHYLBLIM (HOTO-
MEKTPOHOM. DTa CyMMapHash WOHM-
zalls [PONOPLHOHANBHO YCHIHBAeTCHA
B cueTyHre. OAHAKO UMEeTCa MSRECTHAA
BEPOATHOCTL TOTO, UYTO (HOTOH GiIyo-..
PECILEHTHOTO - H3AYYEHMA - BRIHIET H3 ot L2
cueTyka 0Ges nordoinenus. B sTOM . i .
c/Iyyae Ha4a/lbHAH HOHHSALHA BTODHY- ” L -
HOrO (DOTOSJAEKTPOHA TEpseTCH, Hpn'o- 7 gmﬂaa?ri? - 2 %
JoeHUe MHKa (HAa KpuBol pacmpene- ; el sl
JeHHA CKOPOCTH CYETAa MmO aMmamTysam — DHC.  53. SanHCHMOCTS  CKOPOCTH
HMHy.‘TbCOB) CMellaeTcs B CTOPONY ?;:Ta NROIOPUHOHANBHOIO CUSTYUMKS:
S g—— AMITHTYAL. : NOIHEHHOTO apFOHOM) OT aMIOIH-

N 1 TYALl MMITyXpca [48].
Cin  TpOTPalyHpoORATL  AMIVIH-  ;_ yepaspemenuetit aybaet Ma Ko 2 — «nmie

TYALI MUKOB OCHOBHLIX HMIY/ALCOB [Q  NOTCPH» LA TOTO Me AYGAeT4. AMIIATYILE
$HepruaM (POTOHOB M NOCTPOUTH KpPH- ACOR 00 ;?agfﬂpomwﬁ cxeon.
BYH) 33aBHCUMOCTH CKOPOCTH CueTa '

OT SHEPrHH GOTOHOB (T. €. KPHBYK CICKTPAABHOTO pacnpeac/eHH:s
HHTEHCHBHOCTH), TO <«IHK MOTEpPH» OKA3HBATCH CMELIEHHBIM B IJAHHIO-
BOJHOBYK CTOPOHY Ha BeJWYUHY 9Hepruu (GoToHA Hanbolee APKOH JAMHHK
GIAYOpeCLenTHOr0 HaMydeHHs aToMoB rasa. O003HAYMM p, BEPOSTHOCTD.
NOT/IONIEHHS [EPBHUYHOIO (GOTOHA B HYBCTBUTEILHOM OOBEME CUETUHMKA
¢ poibpaceBanueM GOTOSJEKTPOHA §-YPOBHA aTOMa rasa, mg——liux(m,.
(hAyopecleH nl AAS TOFO Ke YDOBHA U £,— CPEIHION (N0 00beMy cyeT-
YHKA) BEPOATHOCTb BHIX0AA (OTOHA §-CePUH (IFOPECHUEHTHOTO H3IY4YeHMSE
rasa aa Mpefedsl YyBCTBUTEALHOro of6beMa cueTuuka. Toria BeposaTHOCTE fg
NOABNEHHA «HKA NOTePH» B cayuae K-ypopusa Oyner pasHa :

. _ Se=Prz%g - (3.31)
Tak kax nocle K-HOHH3AUMM TOAABAsOUee GONBILMIICTEO [€PEXO0I0B
aTOMa TepeBOIHT E€ro B COCTOsAHHE [-MOHM3ALMH, TQ s L-ypormnefs

MOMKHO TOJOHHTbY B - o - T _— -
: : i fL:(Pg+PL) o A AWR TSN J AN ) . (3’32}

§ 8

Crgpocms ovema, umnfeex
3
i
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JTa BCAHYHHA OYCHb Madd, TaK Kak Matdel oda MHOKHTEIS L!JL H E_L' ,.“_I.'TF!

6oee BLICOKMX YPOBHeH JFaps Far o - ellle 3HAYHTEBHO MeHbLIe. OTciona
CAEAYCT, 4YTO OTHOUWEHWe HHTEeHCHEBHOCTeH OCHOBHOTO MHKa M <«MNHKA
NMOTEDH» TPAKTHYECKH PaBHO!

Pr—J/k 1

. 1.

’r ) S

«ITuk moTepu» B OCHOBHOM Ompene/sercs notepe#t K-$payopecueHLuH.
Paccrosnde MeXIY HUM M OCHOBHBIM TTHKOM COOTBETCTBYET SHEPTHU
«poTOHOE Ko-Maldyuenus aToOMOB rasa.

Beanunnsl, Bxomsmuue B (3,31) u (3.32), a rakxe sHeprun Ka-tpoto-
HOB L5 HeKOTOPHX OJ1arOpOodHbLIX Ta30B, NMPeincTaBJAeHb B Tad.ad. 2.

Tadanuupa 2

Bepoatuoctn nosnieHns K- u L-¢TIHKOB MOTEPhY B CueTUMKE nuaMetpoM 30 arar,
HANOJTHCIMONM rasoM npn naviueiuu 380 mopp [43]

i |' | I
Tas Pre® | Wps % | wp % s, 5% | ep ' S % Sy, % ‘ (L)FUET%I;.]};“
| ! | i | Ko, ran
. _ | : 1 -
18 Ar 90 ‘ 11 1 ‘ 64 | 5 ‘ 6,3 ‘ 0,04 2,96
36 Kr 87 | 67 8 | 87 ‘ 16 | 351 1 ‘ 12,63
54 Xe | 82 ‘ 85 | 21 | 93 23 | 65 | 5 | 29,66
| |

Hg cnaTnsg KpuBOH pacmpenecHus CKODOCTH CYeTd IO AMILIUTY.AaM
MMOYILCOB  NOCAelHHE NPEABAPHTENBHO  VCUIHBAIOTCH  SJEKTPOHHLIMH
CXeMaMu (cM., HanpuMmep, [23, 27, 28]). OBwuit KOS IHHUHNEHT YCHASHUS
umeer  mopanoxk 108 — 104 TITocae storo AMILTUTYABl  UMOYJALCOB
OKasHBAOTCA OORUHO B mpeledax a0 100 8. 3T0 nospomaser NpUMEHHTD
OOHOKGHA 26 HBLE anazusamop amnaumyd gmnyascos [27], paGora
KOTOPOro OCHOBAHA HA CACAYIOLIEM [OpHHUHOC. YCHIenHbH HMIIYALC
NOpOXOIHT Hepes JBAa BHKJAWYeHHBIX napanpiledbHO ﬂ.HCKpH.\IHH&TOpa, npo-
OYCKAIOUHX TOMBKO HMIYJALCH, AMIUIHTYAR KOTOPHX MPEBOCXOAAT HeKO-
‘TOPYIO  HOpPOroByw Beaduuny. IlapaMerps ofoux AMCKPHUMHHATOPOB
I'IO.ELOGPHII.EI TAdK, YTO COO'TBCTC‘I‘B}-’EOLU,HE HM MOPOroBBE BEAHYHHEL aAMIIJIH-
TYA OTIMYAIOTCH APYT OT Apyra Ha HeGOIbWIYI0 BENMYUHY nopagka 1 &.
O6a IMCKPUMHHATODA BKJWUEHLI MO CXeMe AHTHCOBNANEHHHE, H peru-
CTPHPYIOWHA npubop OTMeuaeT HMMOYABCH TOABKO B TOM caydae, ecJau
HMIYJABC IIPONyMled THIUL ONHHM U3 NHCKPHMHHATOPOB. Taxkum 06pason,
HMIOYJABC 6}-"}10’1‘ sapemm‘pHposaH TOJABKO, KOTraa ero ElMl'[.."[HT}"I[a 3AK -
Helld B y¥3KHX mpefedax, — T4K HA3BIBACMOM «Kanajey — MeX/JIY MOPOoTaMH
000HX IHCKPHMHHATODOB. [ToBopoTOoM pyuKu NOTEHUHOMETPE MOMHO
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CMEUIATL KaHad [0 BCEMY HHTepRaqy ammmutyn (ot 0 zo 100 ),
COXPAHAA HeuaMellHOH ero HIHPDHHY. .

OaHOKAIAABHLIE  aHATH3ATOP AMILTATYD HMIYJALCOB HOMOJHASTCH Ha
BRIXOAE IIEPECUETHOH cXeMOHM, paboraowed no ApoHuHOH CHCTeME, T. e.
COKPAINAIOLIER HUHCAO COCUMTAHHLIX HMIYJIbCOB B 27 pas, rie n—
ue10e HHCAo (cM., Hampuvep, [27, 28]). 3a nocieinue TOIBl  pas-
paboTansl 60/lee COBepIIeHHBIE JeKaliIble MePECUYETHRIC CXeMbl, COKPAlLAIn-
iHe HHCTIO COCUHTAHHBIX HMAYAbCOB B 10® pas. Takue NpHGOPE cTpou-
JUCL BHANAIC 1a OCHOBE BAKYYMHBIX 3/EKTDOHHEIX 1AM BIIOCASNCTEHH
419 TOH Xe uenu OBIN NPUMENEHBl CHellUaibHble TAMOLL € TA30BBIM
HANOJICHHEM — TaK Ha3LIBaeMble «IeKATPOHBI» (cm., nanpumep, [43, 447).
CueT HMIIYALCOB TOC/IE TIEPECYETHOH CXeMbl MTPOH3BOAMTCH MHOO 3TeKTpPO-
MEXAIMICCKUM  CUETIHKOM MMOYJALCOB, JAHO0 N0  MOJOMNCEIUIO CBeTH-
weHcsd TOYKH HA KPYTroBOH Lukajde JeKaTPOHOB.

Onucannoe ycTPOHCTBO MN03BOMZET CHATH 10 TOUKAM KPHUBYI) CHEK-
TPAIBNOTO  PACTPENCIEUNT HHTEHCHBHOCTH. JIId STOro Ha OOBIYHOM
CMEXTPOMETPC €  KPUCTANAOM-AHATHZATOPOM NpPOUBBOAUTCH npeiBapu-
TEILHAT TPALYMPOBKA IPOTMOPUHOHAILHOTO CUETUHKA, — CHUMAETCH 34RM-
CHMOCTD  MILTHTYAB MMIOYJIBCOB OT 3HCPrHE GoToHOR. B HEKOTOPHIX
paborax [39, 45, 46] mnpumenen camommcer, PeOYKTOD  KOTODOTO
BPALLAETCH  CHHXPOMHO C ABHKKOM TOTCHIMOMETPA, CMEMIAIONICro Kana
110 amnauryaav. B stux paBorax mepecuerias cxema 3aMeHeHa CXeMOoH,
MHTeTPUDYIOUWER HMMYJIBCHL Ha BHIXONE OJHOKAHAILHONO aHa/1u3aropa.
Tox cXeMbl HMHTErpUpPOBAHHH MOCTe COOTBETCTEYHOLUETO YCHISHMST Peru-
CTPUPYETCA CAMONHCUEM. ITO YCTPOHCTBO MO3BOgSET aBTOMATHYECKH
3alMCEIBATE CHCKTPAAbHOE paclpelelieHHe HHTEHCHBHOCTH UBIVYCHHS.

VianomenHbie BHIUE MeTOLB CHATHS CIEKTPOB C MCHOJIB3IOBAHHEM
TIPONOPUHONANEHOrQ  CHETYAKA MOTYT OLITh HA3BaHH «MeTOLAMH Goc-
KPHCTAABHOH cnekTpoMeTpuny. Kax YIKE ¥KA3IHBA/JIOCH, MO CBOefl pas-
Pellaouedl CHIe OHH 3LAYMTCIBHO VCTYNAIOT OOHIMHLIM MeTOO4M pEeHT-
UEHOBCKOH CHEKTPOMETPHH C HCNOABL30BAHHeM KPHCTANIOR-AHAAHIATOPOR,
Oanako, GoJee BLITOAHHE FEOMCTDHYECKHE YCIOBHS NOJAYICHHH CIEKTPA
IpH  GeCKPHCTANLHOH CUEKTPOMETPHH MO3BOIAIOT HMCCIEA0BATh  3AYH-
TeabHO Oosee cialble H3IY4YEHHA, YeM 3TO BOIMOKHO NOCJC pas3iomke-
AHA B CTexTp Kpucramrtamu. IlocaenHee o06CTOSTENLCTBO 0Xa32M0Ch
pellaniuuM B pAxe paboT, B KOTOPBIX OBLIO 1HeoBXOIHMO HCCIEI0BATE
PeUTTEHORCKHR COEeKTpLl 4ypedBblualino Mamof HHTCHCHBHOCTH, B wYacT-
HOCTH, DEUTTEHOBCKOE H3IYYEHHE HEKOTOPLIX PATHOAKTHBHLIX H30TOMOB
(cv., mampumep, [37, 38, 41]).

B mexoroprix paGorax [47, 48] OPOMOPUHOHAIBHHE  VCHANTED
OLl1 TpUMeHeH .49 pPerHCTPAILHH PEHTTEHOBCKOrO  MBJIYYRHHS, Tpei-
BADUTENTLHO DPABJIOKEHHOTO B CIEKTP KpHCTaqnoM-aHanusaTopom. Croenu-
Puyeckue ocoBeHHOCTH NPOTIOPUHOHATLHOTO CUETUMKA OBIH HCOOMb-
30BaHBl B 3Tux paboTaXx AAS  AUCKpAMUHAILMH H3AYYeHUH, oTpa-
WEHHBIX OT KPHCTaXda B BHCHINX HAM HHSLIHX MOpALKaX ([0 OTHO-
WEHHKD K HcoaedyeMo#t obaacru CAeKTpa). IJTOT NpHEeM NO3BOJHET, Ipu

7 3ax. 3621. M. A. Broxum
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coxpaHeHWH BEICOKOW paspemawuied cuam  o0HULOIG CHEKTPOMETPA,
AOCTHYL BeCbMad 3HAUMTENBHOH UYBCTBHTCIBHOCTM AaHAAH34; AeHCTRH-
TeMbHO, Memawiuu#t (oH ocTaerTcsd caabLIM  JaMe [IPH OYcHb BHICOKHX
HANPSKEHHAX Ha peHTreHoBckof TpyOKe, 4TO BO MHOrQ pas IIOBBINIAET
KOHTPACTHOCTb MCCAeAYeMOro y9acTka cHeKTpa.

B  anddpaxromerpe XRD-5 [49] rakke TpHMeneH NPOTOPIHO-
HAJABUBIH  CYCTUYMK  JUIS  PETHCTPAUKH  DAYOPeCUeHTHOTO  H3AyueHHd,
PA3JA0IKEHHOTO B  CHEKTP KPHCTANI0M-aHAAH3ATOPOM. ITO MNO3BOJIHICG
NOJYUHTh BPCMEHHYIO pAas3pelaiouiyi cnocofHOCTE MeHee 1 amiccer.
ITpu sTOM mnOKasaHnus perucTpupywulero npudopa Npavo NPONOPUHO-
HAJNLHBL HHTEUCHBHOCTH B obJaacru, npepocxonaueit o 20 pas coormer-
CTBYIOLLYK 06JacTh MHTCHCHBHOCTCH TNPM  pPeTUCTPALHH  CUeTUHKOM
Fefirepa. .

) Cuemuur edzepa [33, B1].

[Tepeoie  cueTHYHKH, HOpedaomkennble [efirepos [51], wumenn aHoxa
B BMIE OCTPHS, BCTARIEHHOTO UYEPE3 TOPUOBYI) H3OJMHDYIOWLVIO NPoOKY
B KOPOTKHH UMAHHIPHYeCKHH kKarod. I1H  CcYeTdHKu obOaalaixm oucHb
MaABM YYBCTBHTEALHLIM 0O0beMOM — duilb BOAM3KH ocTpud. B nanbuefi-
men [eiirep 1 Moanep [92] co31add CHeTHMK C IJHHHHM IHAHHIPHYE-
CKMM KAaTOLOM H dKCHAaJbHO PACNONOMKEHHON HHTBIO — anojoM. 3Ta
KOHCTPYKLMH OT/AHYASTCH 3HAYHTEeJIbHOH DBeNUuHIOf YVBCTBUTENBIOTO
ofbema, Oaaronaps 4YeMy OH4 IWHPOKO TIPUMEeHAETCH B HacTOSLLEE
BpemMa *),

B refireposcko#t obaactu nanpswenu#t V,—V, (puc. 42) nsBauzu
HHTHM cOcpelortodeHa o00/acTh BLICOKOIO IpafHeHTa NOTEHUMANa, JoCTa-
TOYHOIO AJAs VIapHOR HOHH3auMK. HHCAO HOHOR HAYAILHOH WOHW3AIHH
Hapactaer B 3TOH obgacrtu JaBuHooOpasHo. [nuua moadore npoGera
NEPBUYHOTO QOTOMEKTPOHA { 3ABMCUT OT IJKHK BOJILI PErHCTPUPYE-
MOTO PEHTIeHOBCKOrO M3JyYelHs, COCTaBa M IABJAEHMA Tasa, HANOJHAIG-
uiero cuetyHK. a8 CrMelnHadbHBIX  PEHTTEHOBCKHX CUCTUYHKOB  THII&
MCTP-3, MCTP-4 uan MCTP-5 #%) & ofriuHOM o6macTu crmexkTpa, MC-
NOAB3YEMOR [JdA PEeHTTeHOBCKOro aHamausda, [ cocrasaser ot 0,5 1o
HeCKOAbKUX Ma. JLIg cayyad, paccMOTPEHHOrO Buiwe (B pazieiae 2.
pacroamed raaswl) {~= 1,3 amax. EcIr doTOMeKTPOH BHIPBAH H3 aTOMa
rasa LajJeKo  OT HHUTH, To ero npober OyieT TpoHCXOIHTh B 001acTH
TPATUHEHTOB TIOTEHIIHAIa, HCIOCTATOUMEIX IAd  YIAPHOH HWONH3ALUH.
B 3T10M cayyae HOHHAs JaBHHA He DPasBHBAET(H, H HMNYJAbLC He BO3HHKAET.
ITo Mcpe yialeHua TOYKH BO3HMKHOBenud (QOTONEKTPOHA OT HUTH

”) Takme cUeTyHKH wacTO Ha3elRalT <¢cyeTunkamu [elirepa — Mionnepas.,
WIH KOPOTKO <cueTunkamu 'elirepas. :

#%y ¢ MCTP» oznauaeT: MenHbH KaTOI, camOracsuMics (cM. HMe), TOPLOBOE
OKOIIKO, peHIreHoscxuii, Homep osHayaer: 3 — nud  penTreHo-clHeKTpaibHOIO
 aHaJ w3a B JAJWHHOBOJHOROH o6JacTH cHexTpa (1,5—5,5 A), 5—7T0 we nid
KOPOTKOBOJIHOBOH ofnacTtu cnextpa (0,5—2 A}, 4 — a8 peHTreHO-CTPYKTYPHOI G
anaansa (1,3—2,5 A).
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YUCI0 «IPOCHCTOE» MOCTENENHO pacTeT. DRIJIH MOCTABACHH CHellHa bHBIE
OMHTBL O HCCACNOBAHHIO DadHAIBHOIO paCApeleleHHA YYBCTBUTEb-
HOCTH CUeTYMKA K (POTOHAM DPEHTTeHOBCKOH obaactu crnexktpa. Jlaa
3TOTO  NPHMEHAACH TOPHOBBA CHETYHK, 9Yepes OKOIIKO KOTOPOTO Npo-
NYCHAICA TIIATCIPHO KOMIHMHDOBAHHBIM «HTOABYATLIA®  ayd, pacnpo-
CTPAUABIINHCA BHYTPH CHeTUMKA MNApatlIedblo ero OcH. Ilpu nocrosu-
HOM HHTEHCHBHOCTM Jyd4a CHUM4JaCh 33BHCHUMOCTD ckopoctH N cuera

HMTY1bCOB OT pACCTOSHUS o Jyya
or HutH [53, 54]. Tloayuenuwle
pe3yabTaTDl NpesCcTaRIeHDI Ha
puc. 54 479 CUETYHKOB, HAMOJIHEH-
HBIX APTOHOM ¢ HeDoabol nobasxrol
GPOMHCTOTO MeTHJAEHA MM XJOpa.
B mocnennem cayuae u9yBCTBHTEIb-
HEIH 00beM CUeTYHKA OKasalcs 3Ha-
HiTeNbHO OOMBIIHM, YeM B Clyuae
n100aBKH OPOMHCTOTO METHJEHA HIIH
IPYroro HeralOuAHOrO raza. Ito of-
CTOATENBCTRO BeChMa CYLULECTBEHHO
JPY PETHCTPANHH TOPIOBBIM CYeT-
YHKOM JHHHH CNEKTpa, IdHHA KO-
TOPOH NPEBOCXOANMT IHAMETP UYB-
CTEHTETBHOTO  of0bema  CcdeTuMKa
BOmm3KH HuTH. B sToMm cayuae cyer-
uuK ¢ HeOoabiiol nofaekoit xmiopa
no3BOAAET TOAYUNTE GOBIIV) CKO-
poCThL cYeTd, 4 CAelOBATEIbHO, H
GoJ/lee BLICOKYID YYBCTBHTENLHOCTD.

AHATOTHUNKEC ONBITE ¢ HIOJLYA -
TBIM JAyuOM OBLIN MPOBENeHE TaKkKe
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Puc. 54. 3apHCHMOCTE CKOpOCTH cyeTa NV

(B NMPOIeHTaX OT MAKCHMaARHOH CKO-

pocTH  c4eTa Nyl OT PacCTOSIHUSL p

MEH ALY WMOIBUYATHIM JAVHOM W HHThIO
CUeTUHKAE.

Ouasmerp cuertuxa 28 arw, HANOAHEHWE — aPToH

¢ A002RKOH GROMMCTOrG METHIeHa (KpHBas J)

HAH HeDOIBILOFO KOAHYECTDA XA0pa (Kpusas 2)
[58, 54].

H IJA BBISICIIEHHSA pacnpedeienuda YVBCTBHTEJIBHOCTH CYeTUHKA BIOAE €50

SJIHHEL. Hpﬂ 3TOM  OKasamochk, ™TO

B  BaBHCHMOCTH OT puaMerpa H

KOHCTPYKIIHN LUCTUMKE BHAUMTENBHOC CHHMKEHHE €r0 4YYBCTBHTEILHOCTH
TPOHCXOIUT HA pacctoanusx no 5—158 wu or ero xoumos. HeuyBcrou-
TEAbHAS YAacThb TOPLOBOTO CUeTYHKA BOJMBH ero OKOLIKA — «MepTROe

TPOCTPAHCTEBO® — OCOBERHHO peaxo

B o0macTH CPABHUTENBLHO MATCKHX

cuukaeT 3(MQMeKTHBHOCTL CYeTUHKA
PCHTTEHOBCKHX  nyueH. Jas sToH

obaactu CIIeKTPa COKpallleHHe JJMHB CYeTUHMKA 3a CcHer YBCJHYEHHHA

JdaBNCHHA rasa B HeM HEBEIINOILHO,

B MeDTBOM MNpPOCTPaHCTBE.

TAK K4K TpPH 3TOM PacTyT NOTEpH

Ha puc. 55 u 56 mnpelcraBiensl KOHCTPYKUMH BhmyckaeMmuix B CCCP

PEHTTENOBCKUX cueTyurkor MOCTP-3

u MCTP-5 coorBetcTBeHno mad

ANMHHOBOJHOBOR M KOpPOTKOBOMIOBOH ofaacTeft cmextpa [B5, 56].

Menmne#  KaToL MX  OCaXIdeTCH

BHYTPH CTEKNIHHOTO KOpHOyca Ha

yuactke k-— k. Aunon mpeacTapiseT co0o#i BOTb(PAMOBYIO MpPOBOAOKY

auamerpoM 0,06—0,1 mm. Croms

MaaiH  guHaMeTp HHTH TIO3BOJgeT
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noayudTh TpeOyeMbll BBICOKMH TrpasuMeHT TIOTeHLHAa/ld BO3JE €e MOBEpPX-
HOCTH TNpH CPABHHTEAbHO HEBBICOKOH pA3HOCTH MNOTEHUHAIOB MeX1y

HUTBIO M KaToZoM, CHeTuuKd HAMOMHAOTCS aprowom ¢ iodaskoit 159/
merHaans *) no ofuwerc nasienua 300 mopp (MCTP-3) wau 700 mopp
(MCTP-5). BxonHoe OKOINKO CYEeTYHKOB 3aKPHTO CI0I0H (MycKOBHTOM)
tomuuuot 5—10 mrx (MCTP-3) uan 15—20 urx (MCTP-5). Cnoiaa
TIpHBapeHa K CTEeKJY CICUHaIbHOH 3Maibio, KOSPPULHEHT TeMmmepaTyp-

HOrO paclIMpelns KOTOPO# OJH30K K COOTBETCTBYIOULEMY KO3hpuuueHTy
/ Q
y 7 _/- ’ /
_ ,2// 7 %
5 4777
/// //./ o ’

-« 1 ILII'l
bz 3 & L 6 7 8 9 g

Puc. 33. Cuetuur Tefirepa tuna MCTP-3 nasn
AnwunoBoAHoBol ofractd crextpa (1,5—5,5 A).

1 — iarog, 2—anol, §— BXOIHOE OKOMIKO,

! z -
;\E‘%P 2 / 3 R

5 2 ¢ 6 & g 12 8 £ B g

Puc. 56. Cuetunk [efirepa runa MCTP-3 naa kopoTko-
BomHOBOI ofmactu cuextpa (0,5 — 2 A).

J —matoa, f—anod, §—BXOiEOE OKOIUKO, 4 — JAMHTHOC KOJRLO.

crexiaa. Cuerunku paboTadT NPH PAaSHOCTH NMOTEHLHATOB MEWIY AHOIOM
M Karolom mnopaixka 1200—1500 g (MCTP-3) wan 1600—1900 s
(MCTP-5).

KoHcTpykuus cuerunka [efirepa I/s PEeHTTeHOBCKWUX AyueH, npu-
MeHsieMoro B CUIA [57], mokasawa Ha puc. 57. B 3TO# KOHCTPYKUUH
KaTol npencraBifder cobol MOABA LUAMHAP M3 XPOMMCTOR CTams,
K KOTOPOMY NpHBapeH CTeKAAHHBIA H3oadTrop. K mociennemy npueapeH
Takke Jeprarteab aHofa. B kauecTBe aHOAA MPHUMEHEH KCCTKHH BOMb-
dpavorniit npyT auamerpom 0,8 ata, yrpernieHHBH TOABKO OIHAM CBOUM
KOHUOM. Jpyroff cBoBOAHBIA KOHEU NOABSAGH TOYTH BIIOTHYIO K BXOI-
HOMY OKOIWIKY, 3akpeTOMYy caiofoft roawuHo# 12 ax. Cmoma npusa-
peHa Kk Topuy Karoza. CyeTuuk HANOJHAGTCH AProHOM (418 AJAMHHOBOJ-
HOBO# 0D1ACTH CHEKTPAa) HAH KPHMTOHOM (19 KOPOTKOBO/JIHOBOHK 00.aaCTH)

R ’“} Merunane — CH, (OCHg)e — mUAKOCTE, Kumsiimas npu 42° C,
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¢ 1004aBKOH OpoMHCTOro MeTwaeHa 10 obuiero aapiemus 300 mopp.
[IpenmMymecTBoM 3TOR KOHCTPYKUHN HBASETCA TOYTH MONHOE OTCYTCTBHE
MEPTBOTO  IIPOCTDAHCTBA; 3TO YBe/iHUHBaeT 35PPEKTHBUOCTL CUETUNKA.
OnHaKO NpHMeHeHHe CPaLHHTEILHO TOJCTOTO NpyTa B KaYecTse aHOIa
CHUMAET TpalueHT MNOTeHIHAala BO3/ie €r0 MNOBePXHOCTH, YTO Tpebyer
VBC/IMUCHHA palodero HaNpPsIHeHHS HA HECKObKO COT BOILT (no cpas-
Henuts co cyerunkom MCTP-3, vamoanenumiv 1o Takoro e laBiaeHHn).

Cuertunk Telirepa 1as ouens KOPOTKOBOJIHOBOTQ PEHTTEHOBCKOIO H
T-naayvenutt onncan Iromongom [58]. Cueruukn o6HYHOTO THIA C TOH-
KHMH CTCHKaMu xatona B obaacrtu y-ayueh o0ianalT OueHb MaaoH

4

t

0 7 2 5 % ;5 7 89 po

Puc. 57. Cuerunx Teiirepa aas PEHTTEHOBCKHX Jyueil
npuMeHsAeMuii B CIIA,
I —wato1, 2— amod, 3 — crexagnnas GYCHEKA , 4 — BXOIHOR OKOWIND,

& — cTenaguuemi H3OAATOP, & — ACPHWATCNL AOAR2, T — ITENTCLE aad
OTIKAMKH W HANOMIICHMH CUsTYyHEKa,

3

s@dextuprocTeio (ropaaxka 10-29/), B sto#f o6aact cnexTpa ¢oTOo-
9PQexT Ha MOSEKYTAX HATOANAIOLIETO CUeTYHK rasa HHYTOMEH, TaK Kak
Horvwomlenre Jiyued B rase mecbma Maad. Permcrpanus {-KB4HTOB ITPOUC-
XOAHT B OCHOBHOM JHINb B pPeay bTaTe tdoToshderTa Ha CTeHKAX KaTO a.
MJA MOBHINCHHS KOJMucCTBa GOTOSMEKTPONOB, BHIONBAEMLIX T-KBaHTaMu
i3 KaTOld, a Tak¥e 19 SHAYHTEJIBbHOrO YBEIHYEHHS YYBCTRHTCILHOTO
o6bema cyeTunka, JIOMOHI NOCTPOH.I MHOTOKamMepHut#t cueTunk (puc. 5R).
B ofmwem wunaunnnpuueckowm KOPLYCC KaTold cofpaH K3 HECKOJbKHX
CBMHLOBEIX DNMACTHH ToJlkbo# 0,4 uu ¢ OTBEPCTUAMH B LEHTPAAbHOHR
YTOMUCHHOR "acth. TLracivHb OTAMBAAHCE NOA  J4BJCHHEM, T0CAe Yero
HOKPBIBAMICH CloeM cepelpa ToMuMHON 25 Mk Ads 3aiepikuBanus Bhl-
AETAIOUINX M3 CBHHILA o-9dCTHLU. BHYTpeHHAs VIOMLeHHas YacTh NAACTHI
00p430BEIBAJA TOPOMI, YTO TO3BOJIAIO HICCIKATD OCTPHIX Kpaer BOTH3H
LCHTPaIELoro crepwus anofa. [Ilpocrpavciro mokay ABYMa cocelnumu
NAacTunaMy o0pasyer OBHY KaMepy cueTunka. B kaswiodt KaMepe yKpe-
HieHsl 4 NpyTKa U3 BOJL(PaMOROH IPOBOJOKH aunamerpom 0,25 w
B KauecTBe aHola. Onu NpuBapersl k TpyGouke, ¥KpenaeHuolt Ha UEHT-
PalbHOM  CTEDKHE aHOM4, KOTOPHH CHASddH U3 CTAJBHOH POBOJOKH
Anamerpom 1 ua v nzomuposaH oT katoaa. CUETYHK HANOAHAICS apro-
HOM ¢ I00aBKOH mMapoB ¢mupTa u padortan npu Hanps:xenun poine 900 s,
Jlyuu MpONycKanch B HANpPaBJIEHHH, NAPANLTENBHOM OCH cueTunka. Dddex-

THBHOCTE KawA0# KaMepul Iag <5-AyucH paius COCTABHIZ OKOJIO 0,9%.
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IioMOHI  CUMTAET, HYTO C YBEAHYEUHEM YHCJAd KaMep 3PPEKTHBHOCTH
cyeTunka MOXHO aosectd Ao 10°. MurepecHo OTMETHTb, YTO YyBCTBI-
TE€IBHOCTBE TaKOro CYETYHKA OK&3aJ1achb MOCTOAHHOH no BCeH MOBEPXHOCTH
nJacTHH Karoia.
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Puc. 58. Cuetunk Ieiirepa a8 eCTKMX DCHTrEHOE-
CKHX H Y-Ayueil.

P 1 —xopnyc, 2— CBHNNOBLE N1aCTHEM KaToia, 3 — NPYyTKH aHoAa,

4 — CTEKAAEHLIC  OYCHMEKH, § — UeHTPAALHHE CTepHeHb anola;
6—-'1'pyﬁlm'rue AepHCUTRAN NPYTKOE aHOd4.

Cuerunk lefirepa 144 BecbMa MsrKoH 006JacTH PEHTTeHOBCKHX Jydeld
onucan B paborax Pommkepca n Yaaxauna [59, 60]. Karoa cuetyuxa
auametpoM 1 ca uvmen aauny 2 cax. AHol mpeicrasasa co0off BOb-
dpavosyio HHTL auamerpoM 0,1 mu. BxoaHoe oxowxko 60 pacnono-
MEHO MAPATJIETbIO €ro OCH H uMedo pasmepwl 50,25 mmu? Oxo OwlI0
3AKPHITO ABYMA MJIEHKAMH HHTpara ueano0:103el toduudol 0,05 mr kax-
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nada. llponyckanue 9THUX MJeHOK TOKa3aHo Ha puc. 59. Onucanuusbll
c4eTUHK paboTaid BHYTPM Bakyymhoro Oapabana cnextporpaga, paccuu-
TaHHOTO Ha o01acte aani BoAH ot 20 zo 200 A. CueTyurk HANOIHAICH
YyUCTLIM KPUMATOHOM IIPH JLaBJAEHHH
60 mopp. Takum oOGpaszoM, IJICHKH
MPOTHBOCTOATH B BaKYYMe 1aBJEHUIO )
pcero 60 mopp, toraa kak npu Ha- Y
110 THCHHH CrieKTporpada BO3IVXOM
[pOTHBOAABIENHE COCTARIAIO OKOJIO
700 mopp; TaKOTO AaBJASHUA IIJACHKH
He MOITH BRAepikaTh. Kpowme toro,
HAXO01ACh BHYTPH OTKAYaHHOTO CleK-
Tporpada, miaeHkM 1apaan 1e6oOb-

FRYERe
1

WYK TeUb — MEHee 107* mopp/cex
Ha oOweM 1 2. Bce atn npuuunub o )
11€ TIO3BOIAAN N01b30BATHCSA OTMNasAH- o 0 200 300 400
HBIM CYETUHKOM M 3aCTABISIIH KaykK- Louwe Bomer, A
e e e e s Puc. 59. 3aBHCHMOCTL LPONYCKAlH#
rpada ONLNOBPEMEHHO MAPAMIENBHO  nvy n1eHOK HHTpaTa LEAMOAOIL 0O-
OTKAa4yuBaTh M CYCTYHUK M JUIdb  pped tomwmsol 0,1 Ak OT AAHWHL BOJHBI.
34TEM HANOJIHATE €ro KPUNTOHOM.

OcCHOBHOA XapakTepHCTHKOM CUETUHKA HBJIAETCA 3aBUCHMOCTb CKO-
POCTH CUETA MMMYJIALCOR OT PA3HOCTH [I0TeHUHAI0B V MeKLy ero amo-
) noM u kKaroaom (puc. 60) npu no-

Y ) CTOAHHOM WHTEHCHBHOCTH PerucTpHpye-
MOT0O H3JAVYEHHH. HOCJIE:J.HEE ycjioBHe
W Jerye  BCEero BbUIOJHASTCH TNpH 3a-

et MeHe PeHTrelOBCKONR TpYyOKH Kakum-

# ] G0 PaIHOAKTHBHBIM  HCTOUHHKOM
usayuenun. Tlpnm cusTuM 3ToH xa-
PAKTEPHCTHKH HMMNYJAbCH MOTEHIHATa,
BO3HHMKAWIUIHE HA aHO/LE CYETYHKA, VCH-
v -THBAIOTCA  J1aMmoBOH  cxeMofl u npo-
X0AAT  4epe3 JAMCKPHUMHHATOp; TO-
Puc. 60. 3apucuMocTh ckopocts N CACAHHH He MNPOMyCKaeT cay4alHuIx
CYCTa HMMIYALCOB IIPH NMOCTOAHHON  («AOKHBIX®») HMTVALCOB MaJ0f aMIlIH-
HHTEHCHBHOCTA WSy UCHHA OT HAIPA- v gy BeaeaCTBHE AMCKPHMHHALHH HE

#eHus V na cueruHke. . . P .

V', — mauaio 006JacTH OTpaHHYeHHOR MPONOp- PErHCTPUPYIOTCH TAKIAE UMIYIBCH Ma-
HOHaALHOCTH, V, —mopor refdrepoBckof JA0# AMIJIMTY 4B, BO3HHKAIOUIHE B npo-
obasetH, Vs~ E;Ec;ao&ﬁcgc_ 0" nopumonaibto#  obaactu  V,—V,
(puc. 43). Hmnyabcu ¢ OGoabuieH

AMMANTYA0H, BO3HHKawOuWHE B 00JacTH OTpaHHYeHHOR NPONOPUHOHAIb-
Hocty Vy3—V,, perucrpupyoTca yactuydo./lodas HX pacTeT ¢ nosbliue-
HueMm wuanpsxenus V. Ha cuerumke (puc. 60) M noctHraer mekoTopo#
NOYTH NOCTOSHHOW BeIHYHHBl B redreposcko#t odaactu V, — V.. 3Bror

L

LTS

T i
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YyHaCTOK XapaKTEPUCTHKM HaswBaeTcd n.2amo. [IpH gaidbHefiicM Bo3pa-
CTaHHM HANDAMKEHUA [OABJIAIOTCA JOMHLIE MMMVALCE 3HAUMTENBHOHR AMILIM-
TyAbl, HHCI0 MX ORICTPO BO3PAacTaeT, M B CUETYHKE HAUMDABTCH Henpe-
PBIBULIA CAMOCTOSITEIPHEIA paspal. _ :

Hem nuuniee NIaTO M 4eM MeHbUIe €r0 HAKIOH, Tew ayuwe pado-
TACT CUBTHHK: nebonbWHe KodeGanusg MUTAIGIIETO HANPHKEHUs Ie CKa-
3LIBAOTCH CKOMLKO-HUOYIAbL 3aMETHO HA BeTUMYHHE PErHCTPHpYemoM cko-
pocTu cuera. Memay TeM, HeOGXOIMMOCTE NOBLIIEHUA YYBCTBHTEABHOCTH
CUETUHKA K PEHTTCHOBCKUM JYuaM 3aCTABJSET HAMOMUATh HX razoM 1o
BO3MOKHO Oo.ce mricoKoro dasienvs. TIpu 9ToM, 0fHAaKO, Hampske-
aaa Vo n Vo casurawtcs B oBaacte $oqce BLICOKHX aHadcHumB. OnHO-
ppeMenno  aauna naato (V;—V,) coxpamaered, a HakAOH Cro pacrer.
Ecnu Hauano maaro cooTseTCTByeT cKopocru cuera Ny a xowsen — N,
TO CPeaHas CKOpoCThL cucTa N Ha 3TOM y4acTke OyAeT pabHa:

F_ NN
Ao [ |
A\t' _— 72“‘_ =

Haxka1oH v mnaare oOw9HO XapaKTepHs¥IOT H3MeHEHHEeM CKOpPOCTH cueta
npu Bospacrtanun Vo oma 1 8; 5Ty BeTHYHHY EBHPaMIOT B HNPOLEH-
Tax or N

=[N 102]oy, (3,33)
LN (Ve — Vi) o

Haanuue snaunresbHOrO HAKIOHA MAaTO M HeGoAblUAY CTO AaMNA 330Td-
BAAIOT PESKO TOBBICUTL TPeOOBAHWS K CTaBHILHOCTH HCTOYHHEA HATIPA-
IKEHHA 11 PeHTIreHOBCKMX CUETYHKOB. IJTH HCTOUHKHKH JI0/MKHBl OBece-
unsath manpsokerus 1o 2000 & ¢ xopowo craamenumME myabcauusMu u
cTabuabHocThio 20 —+=0,5%, npu OOBUHBIX BOSMOMHLIX KOICHAHHAX
nanpsxenns cetw (35, — 159).

Brome yike Gpuam paccMOTpenBl TIPOIECCH, B PeayabTarTe KOTOpPBIX
MONABIIHA B YYBCTBUTCJABHLIH 00LeM cueTyuka OTOH BHALIBACT B HEMO-
CpedcTBedHOH OJu30CTH OT HUTH TOSB/ICHHE 3HAUMTEILHOIO KOJIHUSCTBA
HOHOB. PaccMOTpuM Telleph NPHYHNLI, MNPUBOAAILME K INPEKPALICHHUIO
J4BHHOOODABHOTO HApacTauud YHCIA MOILUOB M TAWEHH paspana. Kak
TOILKO B oObeMe CYeTUHKA BOSHMKACT CHJIbLIAY HOHMSAUNA, YePed HOro
HatuWHACT HATH TOK, BRISHIBAIOWIMK Ha comnportuedennd R (puc. 42) sHaum-
TeJIbHOE Nnalenue Hampsukenud. TIpu sToM manpmkeuue Gatapew, nuranouwel
CHCTYHK (MM BHICOKOBO.IBTHOTO BBIUIPAMHTENR), LEAWTCA MEKAY CUETUMKOM
H ConpoTHiemHeM R. 13 pesyabTaTe NPUAOKEHHAA K CUCTUBKY pPA3HOCTh
notennuasos majaer. ConpornpieHde R noAGHPAETCA CTOML GOJLIIAM,
uTOo0bl OCTaBlleecs HA CUETYHKE HANIPsIKEHHE OKA3AJ0Ch He 0CTATOYHRIM
ILuas nollepskanus paspsaa. OIHAKO NPH CJOHIIKOM BOJLIIGH BelHYHHE
COTIPOTHB/IEHUsE K BOCCTAHOBJEHHE HOPMAALHOTO HAMPSKCIIHS HA CUETYM-
Ke 3aTATHBAETCH, TAK KAK C€aM cueTyuk oO6MalnaerT W3BeCTHOH eMKOCTBIO.

Heo6xoaumo Takike yuecTk CYUIGCTBCHHOE DA3JHYHE B MOIABMKIOCTAX
MOJOKUTENBHEX HOHOB M 3JeKTpoHOB. DBraaromapa csoel mano#t macce
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s1exkTporn 32 107 — 10 % cerx aocturawT mHuTH, TOr4a Kaxk [OJ0MH-
TCARHEIE HOHB 33 3TO BPEeMA NOPAKTHYECKH HE YCOEBAlOT 3aMeTHO CIABH-
nyThed. Kak - yae ykaswmpasock, ofgacts HX 00 PaA30BAHNS  IAXOIHTCA
B HeloCpeacTBeHHOR Gau30CcTH K HHTH. B pesyabTaTe BOKPYT HUTH obpa-
3yeTCa Kak OBl 06JIAKO TOJOKHTETLHBIX HOHOB, YTO BEI3BIBAeT BOBPACTA-
nie  «3PGEKTHBHOT O dxaMerpa HuTH. Tlpu 3TOM rpanmenT moTeHUMAana
Ha TOBEPXHOCTH HUTH TaldeT W YIApHas HOHM3AIMs TPeKpamacTcs.
3 9TOM COCTOMT BTopas MpHUYHHA OODBIBAHMA DPA3PHIA.

[Tpu oBpasoranun HOHIIOH MaBUUBL B TOM DeckMma Maaof 06aacTH cycT-
YNKa, Tle TePBHYHLIA POTOS1eKTPOH BHISEA HAYAIBHYIO HOHNBAILHIO, HAPSLY
¢ YiapHOH MOHH3AUMER MOJEKYT rasa MMecT MeCTO TakkKe W HX Boaby-
knenne. Boappawadch B HopMaabloe COCTOANME, MOJEKYIB [433 BBICHC-
snpaloTca, uemyckas cnycers ~ 10 % cex (oTonm VasTpaHoIeT0ROrO:
naayuerus. [ocaennue B CBOW oOuYEpeAb BHIHBAIOT doToapderT Ha ato-
MaX KaTO4a, B Pe3YabTATE 4Yero HOBHE (OTOIEKTPOHH IIOABIADTCH
0/JHOBPCMCHHO BO MHOTHX TOYKAX CUETYHKA, M BCCh ero oODb-eM MIHO-
BEHHO OXBATLIBACTCH PAIPAIOM. ’ '

ITocae npexpaulends paspana H3-3a NalieHHd HATPMKEHHS Ha conpo-
THEJIeUMH R B 00DbeMe CHCTUMKA OCTATCA NOI0KHTEALHLE HOHB B BUIE
ofnaka, oxpywmawwero unth. OHH A0X0IST 10 KaTONa NPHMEPHO qepea

107" cer. Tlomo#ins KaToady na paccrosinue nopanxka 107° cu, noao-
JKUTEIbHEIE HOHEI MPUTATHBAIOT K cefe 3IeKTPONLI M3 MEeTalid KaTodd W
PEKOMOMHHPYIOT C HHMH, HCHYCKas (POTOHB YIbTPadUOIETOBOrO H3IyYe-
g, DBripBanubie 3TuMu (GOTOHAMH U3 ATOMOE KaTOMa SJEKTPOIL BhIBLI-
BAIOT NOABJICHHE HOBBIX HOHOB, AHPOYHIUPYOUIMX 3aTeM K 3IeKTPOIAM
CUETUMKE, NPH 3TOM BOJIMBM HUTH BOSHHKAET HOBas Jgaruna., YroGH Takoit
IOBTODHBIH paspaf ne MOT MMeTh MecTa, OYeBMIHO, HeoOXOIHMO, uTOO.
PastocTL MOTCHUHATOB HA CUETYHKE OCTABAIACh HHIKE TOPOra reHrepob-
ckoft odaactn (V, na puc. 43 u 60) 10 Tex 1op, Moka NOJOKHTELHHC.

UOIR He HeATRAMH3YIOTCH Ha KaTone, T. €. Ha spems He Medee 1077 ceg.
DTO 03HAYacT, WTO NpPH CMKOCTH CYETYHKA (M NOABOAMMEIX K HEMY HPO-
BOAHHMKOB) nopsaika 30 cu comnporupienve R I0MKHO OBITh BO BCAKOM
ciyyae ne MeHee 3 Mosm. B HeHCTBUTCARHOCTH, OIHAKO, NPHXOIUTCH:
lnpuMeHATh GOJee BRICOKME COMPOTHRAeHUA, nopaixa 100 Mou.

Bpems nocie paspalta, B Teueune KOTOPOTO HATIPSHKEHHE HA CUETYHKE
OCTaeTcsd HUXKe TOpOra TrefrepoBCKOR 00JACTH, HA3BIBACTCH MepPMBsLiL
Bpemenes CYETYHKA- B STOT MPOMENYTOK EpeMenu CO3HaHHE B UYBCTBH-
TCARHOM 00beMe CUETUNKA HAUAILHOH HOHMBALMH He MPUBOIHT K BO3ZHHK-
HOBEHHIO JaBHUB ¥ OOPA30BAHMIO MMIVALCA HANpSKeuus. Eciu Havyadbias
HOHE3a1uA BOSHHKAeT CeHuac Ke Mo HCTeYeHHH MEPTROTO BPEMCHM, AMIIN-
IVHa uMnyabca OKA3BIBAETCH SHAYHTENBHO MEHbIICH aMTIMTYALI MepBOIo-
AMTyabCa. Jlnmb O HCTEYennH HEKOTOPOTO BPEMCHY, HA3HIEAEMOTO 88 Me-
REM BOCCMAHOBACHUA CUCTINKA (OHO OTCUMTRIBACTCH OT MOMEHTA NPeIRIAY
WIEro  paspsana), NOABJIeHHE B CHYETYMKE HavyalbHOW HOHM3AINH BHE3OBET
HMIIVILC HOPMAJdbLOH aMILIUTVILL.
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CyLleCTBYIOT pa3iuunble JaMIOBBIC CXeMbl 8HEULHZ20 2QuULeH i Pas-
paLa, MO3BOIAKDIIHG I-‘ICK}-"CCTBEEIHBII\'] nvreM 6bECTpO CHHM3UTL M[OOTEeHLHdT
Ha HUTH, KAK TOJIBKO uaudercd paspax (eM., nanpudep, [23, G61]) Drtu
CXEMEI, OJH4KO, HC MOTYT VCTPAIHTE OCHOBHYIO HPHUHHY, 34THTUBAOILYID
paspsi, — HaJ HuHE [OJIQMKHTEABHEIX HOHOB B 00BEeMC CHeTuwWKa, BLI3BI-
BAWINHX NPH CBOGH HEHTPAdH3aUUK HA KATOIe HHTEHCHBHOC VIbTpadHo-
JeTOROE H3J 1_\_"1':':11“&, ._]\'If[ YCTpaHeHnnd Bp&,"!.HO]"O ACHCTRHA 3TOIO H3IAYVHE-
HMS K OCHORHOMY a3y (00BUIIO — APFOHY WM KPUIITOHY), HATOTHALIEMY
cuetuni, #oBaBIACTCA HEKOTOPOE KOJIWYECTBO NAPOB CICUHATHHO TOA0-
SpaHHBIX OPraHHYECKHX AKHAKOCTEM nub0 raiouion. JHEPrud MOHHZALHH
MOJEKYA ITUX TApOE Ao nKHA OBTh Mellbiule IHePIHH (POTOHOB YKa3daH-
HOT0  VABTPA(PHOICTOBOIO H3AVHeHHA. 3 9roM  Caydae HMeeT MecTo
BRYMPEHALE 20ULeHUe B Pe3yAbLTATE TOFJAOWEHHA VIbTPatHOISTOBOTO
MINYUeHEA MOJdeKVIaMH napous. HpyruM Becbyma BRwRUILIM CBOACTROM HApOS
IOLKHO ORITL OTCYTCTBHe (poTosthdeKTa NMpH MOTIOUICHHA 9TOTO HaJIyde-
HUSD 3UEPTUs TOrJAOWEHHO!O (POTOHA A0JMIA BHI3BHIBATH JUIUNb IMCCOLHA-
DHD MOJTERY.I 1'[3[)013 Hd ABC HGHTPHHI)HHE MOTERY L.

B npouecce juccouuallul HNOBRILACTCA IaBJACHHMC B CHeTUYHKe, 4 CJje-
A0BATCALIIO, MEUAIDTCH erd S.TIEK'I’IJH‘—IEC[{HE XEIPHKT&IJHCTHKH. ]{pUME TOCO,
KOrja SHAYHTEIbHAA YacTh MOJACKYJ NapoB pacHainsetrds, racsulee NeHcTBHE
X TpexkpatuTcH. IJT0 0BCTOATEILOCTBO OrPaHHYHBAET CPOK CAYKOB Cuer-
unka. OTCloda 9CHO, YTO AJ1 BHYTPEHHero rauenud ocobeHio MpPUTOIHE
MHOTO2TOMIEIE OPTAUNYECKHE MOACKY b, KOTOPBIE 1MCCOUMMPYIOT HA HaCTH,
B CBOI0 ouepelb oGaajalowde racimum JefcTRHeM. B KadecTRe «racure-
Jiel» paspasa MpuMeHaTes napa sTuaosoro cnupra (CH,CH,L,OH), dpo-
mucroro Merudeda (CHyBr), Merwamans (CHy(OCHZ)) w zp., a Tacxe
TaqouIk, riasHeiM ofpazom xaop. CrofoiHble artomel xa0pa, o0paayio-
wHecsd nocuae JHccouwaudd Modekya Cl, npu NoTIOWEHHH FAbLTpadio.ie-
‘TOBOTO  (hOTONA, BHOBL COENMHAKTCA B MOMASKYIY M, Taxkum 00pasoM,
CPOK H3HM CUeTUMKA OKasHBaeTc# HeOTPAHWYCHHBIM. DBuicokan Xumude-
CKad A4KTHBHOCTE XJ0p4 34CTaBadeT TPHUMEHAThH B KaucCTBE MaTepHasa
A" Karoda HepXKapelomyio crads. Kax yie VrasuBasoch BRIUE, IpPHMe-
HeHHE XJIopa B KayeCTBE Tacillero rdsd TakiKe CYLIECTBeHHO VYBeIMUHBAeT
YYBCTEUTEIbHEIR 00TheM cueTuMka (pHC. 54).

Hobapra racaulero napa WaIu Tasa CYIECTBCHHO COKpPAlllaeT MePTBOE
BpeMs CYCTYUMKA U T03BOJAACT MO0 3HAYMTENbHO YMeHbUWHTbL Tacqulee
conpoTHRIeHHe R, au60 ROJHOCTBI HCMOAB3OBAThE BCE TIPEHMYILECTEA
-CXeM BHEmuero rawenwd. Ecaum veprBoe BpeMda cuerTduka Oe2 BHYTPeH-

. -3 -2
HerQ rauwenus umeeT nopagok 3 - 107°— 1077 cex, TO MepTBROS BpeMmd

CaMOTACSLIETOCS CUCTUHEA MOXKeET ObITh fosedeno go 107° cex. Idpyrum
BAMHLIM IIPEUMYIIECTBOM A00aBKu TaCHILErO Mapa ABJACTCH SHAUHTCLIIOE
TIOBRIIICHHE (10 HEKOTOPOrG ONTHMANBHOTO COLEpPIKAHUA SHTHX TNapoB)
IUIMHBEL IIATO OCHOBIOA XapaKTepPHCTHKH CUETUHKE, CONDOBOWIdeMOe,
OINHAKO, HEeKeJaTeSbHBIM VBETHUCHHEM Cro Hakjgona. Hanpsikedus, coor-
BETCTBYIOIIME HAYdAY H KOHLY IIaro, TAKMKE PpacryT C BO3pACTAHHEM
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HAPUAATBHOTO A4B/AEHHS IACHUNX NapoB. METOIM u3MepeHus MEPTBOIO
BPCMEHM  cueTddKa OynyT M3T0MEHL B pasAede 5 HacTOAMEH TiaBbi.
DI0K-cXeMa UTauus U PerucTpalui MMIYIbCOB cdeTunka [efirepa moka-
3aHa Ha puc. 61. FIMOyaecbl BLICOKOOMHOIO COTMPOTHRICHHS R HCib3a
NOJaBaTh 1A LJIHHHEIN KOAKCHANLHBRH Kabedb, 14K KaK eMHKOCTh Kaled
MPUBCIET K CYLUICCTBEHUOMY HX 3dTATHBAHMIO H CHUKEHHI BpeMellHOH
paspewaolleft  cuasr cueryuka. Ilosromy o0uYHO SKpauHas KopoSka
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Puac. 61, Baok-cxeMa THTAHHS M PECHCTPAIMU HMITY A6 COB
cuetunka [efirepa.

CUETHAKA UCMOCPELCTREHHO COENHISETCH CO CXEMOM ralleHHd H NepPBBIM
KACKALoM YCHJCHHA, KOTOPBIE BMECTE CO  CURTUHMKOM [epeMeuainTCcs
BIOJAb HCCaAeayeMoro cnexrpa. [lepself xackan youasudsa coenmsEscTod
GpoHupoBaHHbIM KabedeM €O Beefl OCTAJALUON CXeMO® IHTaNudA perua-
Crpaund HMITYABCOBE.

[Tocae NHCKPUMHMHAUMK CJabBIX JIONHEIX WMOVILCOE, BOSHUKAIOUIMX
BpeMss OT BpeMend B CUETYHKE, HUMIYJIBCH MOTYT MIATH [0 ABYM LEIHM.
OaHa M3 HHX CIVEKUT JJad CUETA HMIV.LCOE, HATIPpHUMED 3JCKTpOMEXaHH-
HCCKUM CHETYHMHOM, Lpyra O QUPEIS/JCHHE CHOPOCTH CYETd ¢ HCNOTb-
30BAHMEM CXEeMBl HHTUTPHPOBAHHA MMOYILCOB. B nepeoM 13 3THX MeToaOR
Nocae DONOMHHUTENBLIOTO YCHIeUHT HMOYIbChl NOCTYNAIOT B IIePECUeTHYIO

CXeMy; pasJMYHBle COBPEMEHHBIE TMPHCMB COKPAWEUHS TUCJI2 COCYHTAH-
HLIX HMIYJAbCOB yiKe OblAu ONHCAHLI B pasfgene 2, z. [lpu Buxomde

H3 nepectlem-[oﬁ CXeMBl HMNYILCB HCKYCCTBEHHG BATATHBAKTCT TAK, yTOOLI

venesato cpadathiBaTh pCiE  9EKTDOMEXAlMYECKOTO cueTuuka. [pyrue
UpUEeMBbl CUCTA MMIYJbCOLR C MOMOWBID HIIMKATOPOB Takme OGLIIH yiKe
ONHCcaHsl B pasijede 2, z.
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TTpu @3MEPEHHH OTHOCHTEJLHBIX HHTEHCHBHOCTEH pAasmAHYHEIX YHACTKOB
CAEKTPa 10 YHCAY COCUHTAHHBIX MMMYJILCOB MOMHO TOJB30BATHCH OIHWUM
ua CIelyomux ABYx npuemos. [Iycrb 32 HEKOTODHH IPOMEKYTOK BPE-
MeHH [ u3MepeH ¢oH CcuUeTHHKA, ONpeielseMbii KOCMHYECKHMH H3Jy4Ye-
HHAMH H pa,-'moa}{'n-mubmm 33Fpﬂ3lleHHﬂMH B CTO CTeHKAX. Oﬁb"{HO ITOT
¢on cocrapaser | —2 gun/suur Ha 1 cu® NOBEpXHOCTH Karola CueTYHKA.
Ecan cpapHuBaloTcad HHTEHCHBHOCTH IOBYX JHHHMH CTeKTpa, TO K 3TOMY
UHCAY UMIVABCOB HeoOdxoaumo enie 1obasuth (GoH, cosnapaemblil paccesi-
HBIMH  PEeHITEHOBCKMMH JIYYaMH{, CHeKTPaMH, OTPaKCHHBIMH B APYTHX
NOPAAKAX, a TaKWKe CIIOWHBIM crnexTpoM. OOmiee YHCIO HMOYABCOR.
3aPETUCTPHPORAHHOE 33 BpeMs f M COOTRETCTRYOUlee CyMMapHOMy dony.
oGosHauuy Ny. HHcno MMNynscom, 3aperucTpUpPOBAHHOR 34 PaBHBIE TIPO-
MEXYTKH BPeMCHM f, KOTAa CHeTHUMK OB HABEACH HA KAKAVIO U3 IBYX
CpaBHuBaeMeiX auuni, ofosnaunm Ny u Ny, OTnoweHde HHTEHCHBHOCTCH
Iy u I cpaBHHBaeMHX JHHUH OyieT pasHo

. T N —Ng
F=r=nt (3.34)

Takuy 00pasoM, 0% HAXOKICHHA OTHOCHTEJIBHOR HHTEHCHBHOCTH
,H.B}’X JHHWHA CTICKTDA 11606){0;1}‘1!\!0 CaeaTh 'TpH IrTSMBpE,IIHH UHCaa PI-.\'II'Iyﬂb-
COR CHEeTUMKa 233 PaBHBC IPOMEKYTKH BpeMeHH f. OTH [POMEKRYTKHE
BpeMenn b0 OTCUMTHBAKTCA MO CCKYVHAOMEDY, AHO0 331210TCS . CIELMANb-
HEIM YCTPOHCTEOM, HA3BIBaeMEIM maiiepost, aBTOMATHUECKH EBLIKIIOYAD-
UM TMCPECHETHYIO CXeMy CTNYyCTd 3ajaHHOe BpPeMst NOCAC €€ BKIHeHH:.
TToCKOJBKY TOUHOCTbL M3MEPEHMA MITEHCHBHOCTH 34BHCHT OT YMC/4 COCYM-
TalMEIX MMIVABCOB (CM. pasien O HacTosweH TaaBe), TafiMep omucai-
HOFO THIA He [LaeT OJHHAKOBO TOUHLIX MH3MepeHHHA HHTeUCHBIOCTeH.
CYMIECTBEIIHO OTJAHYAOMIMXCA APYT OT ApP¥Ta TIO BeJHYMHE.

Ecnn TpeSyercs npoussecTH OIMHAKOBO TOUHBIE IaMepeHHA UKTEHCHB-
HOCTeH ABYX JAMHHH, TpuMmeHsercs chaeayiomuB npuem. Mo cekyHnomepy
OTCYHTEIBASTCH ILIPOMEKYTOK DBpeMenlit fg, B Tedellle KOTOPOro UHCIO
COCYMTAHHEIX MMIIYIbCOB Ha (hoHe OYICT PaBHO HEKOTOPOMY 3aIaHHOMY
uncay N. Ilanee wnamepsioT NPOMEKYTKM BpPeMeHW fy W f, B TeueHHe
KOTODRX YHCJ0 MHMAVIbBCOB, COCYMTANNEIX MOPo3nb Ha ofenX [HHUAX,
ByneT pasHo ToMy e uwucay N. OueBniHO, 4TO CKOPOCTb CyeTa,
a Clie]0BaTeNBHO, M HHTEHCHBHOCTL COOTBETCTBYIOMICIO Y4acTKa CHeKTpa,
Oyner 00pPAaTHO HPOMOPUHMOHATEHA STHM TPOMEXKYTKaM ppeMenn. Ornowe-
HHe HureHcHprocTed fi w [, nna nopyx gaundi, Oyaer, OuYeBMIHO. DaBED

1 b ' _
I fip
7= i1 (3,35)
%

3lech BCE MHTEHCHBHOCTH HBMepeHnl B cerk L
Ecan I\ ™30y uw L, >0, 1o 8, <<ty u <=ty B sTOoM cayuae
owubKa B MSMEPEHHM {p 3HAYMTEJBHO MeHBbIIE CKAamkeTCd Ha OIHOKe
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onpelenenns OTHomweHua [i/f;. ueM owubku npu uzMepeHusx £, H f,.
Kpose Toro, f3 MoKeT oOxasaTbcst 4pesMepuo Goabmum. OTCOA BHIHO,
wro usmepexue houa MoxeT OHTb, 0e3 CYLWEeCTBeHHOro yulepba Adas Tod-
HOCTH OKOHYATEJAbHOTO peayibTaTd, MPOBCAEHO 34 3HAUUTEABHO Melblinf
TipoMexyToKk npemenu. Ecau #; u £ oTHOCaTCA K uncay N cOCUMTAHMEBIX
UMIYJIbCOB, TO nHa $I0HE J0CTATOHHO ONPEAC/HTE BPeM: f%, 32 KOTOpOE
Gyner cocunrauo N.}, HMIYABCOB, Iie 1\’&,:1’\?@_,-"@'. 3zech g = 1 u Moxer
OHTh B OTIENbHLIX CJAyYasgX pasHo, uanpumep, 4, 8, uaun 16, B 2apH-
CHMOCTH 0T ortHowenuud [ flg w Jp/fs. Ilocae onpenemenus t&. HAXOIAT
tq}:gt;, a saTeM Y¥Ke MOACTABIAOT fy B (3,35).

CyuecTBy0T cneygdaibHble TakMepbl, B KOTOPHX CeKyHIoMep 3amy-
CKAeTCsl OJHOBPEMEHHO ¢ BKMIQUEeHHEM [EPEeCcYeTHOH CXeMh M ABTOMATH-
YeCKH OCTAHABJMBAETCH TMOC/JAC OTCYeTa 34a44HHOTO UHCAd HMIYALCOB.
llikana Takoro cekymmoMepa rpasyHpyercs B oOpaTublXx CeKYHIAX H
T103B0OJI9ET HENOCPEeICTBEHHO OTCYMTHIBATL BeJIHYMHY 1/, '

Eciu nnaa usMepeHHs MHTEHCHBHOCTEH HCHOAL3YETCS CXeMa HITETDH-
DOBAHHA, TO TOCAE AMIIHTYAIOFO AHCKPHMHHATODA NPOH3BEOIATCA QOPMHE-
poBatke MPAMOYTOAbHBIX HMMIYJAbcos (cM. puc. 61), MOCTOAHHEIX MO MM~
TeJbHOCTH H aMiafTyle. 3areM HMMIOVIbCH HOCTYIAIOT B CXEMY HHTErpPH--
POBAHHA, T'AE 3apAAb, NEePeHOCHMBIE KAMABIM HMIV/ILCOM, HAKallJIUBAKTCA
ua emkoctd C M CTEKAOT € Hee yepes conpotueienne K. B pesyabTate
TIPH TOCTOAHHOR CKOPOCTH cuerTad eMKOCTh (C TOCTENeHHO 3apmKaeTcsd 10
HEKOTOPOTO paBHOBecHOTrO mNoTeHuHanta Vi, Ecau B HeroTtopsl#l MoMedT
BPeMeHH f, CKOPOCTh CHETA WM3MEHMTCH CKAYKOM M B jJafibHeHieM CHOBA
OCTanercd [MOCTOAHNOH, TO MOTEHIHAJM KOHISHCATOPA HAYHET MeHAThCH,.
CTPEMACE K HOBOMY paBHOBecuOmy 3navenuro V. Ilpm 9TOM B MOMeur
t, =1t +RC, 1. e. uepea RC cexkyun (roe R B ow, C B ¢f), UOTEH-
uManA=V, KOHOEHCATOpa CTaHeT pareH

1}1:1/__5‘1’:,
c
Tae AV =V —V,. Takum oBpasom, K Momedry £, noredHudan V; KoH-
JdeHcaTopa He AOHIET 4O HOBOTO PABHOBECHOrO 3HaueHud V Ha Be/MUMHY,
B e pas Menbwyio AV.

B Mmoment BpemeHu f,—1{f;,—+nRC mnorenuman V, kKoHnizeHcaTopa

Gyner pameu

Vnzv_i_f (3.36)
Ecau n =1, 1o noreuunat ne NOHILT IO HOBOTO PaBHOBECHOrO 3Haue-
HHST Ha BeAMUHMHY, cocTaasowyi 37%, or AV. [lpu n—=—2 s71a Benu-
unHa coxpartures 1o 13,5%,, npu n =3 — 10 5,0%,, npun =4 -— 10 1,89,
npu n=>5—umo 0,7%, or AV.

Ecau coorpertcTByiOWyw pomo Al B npouedtax o603HAYHTL R, TO
3 yCAOBHA

5 V—Va

h= " 102 =102e—n
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TOJdYHYHM H

b In—t A

T RO RC
Jra PopMyad MOIBOAIET ONPENeJHTh BPEMA BLOKUIAHMA ANE MOMYHEHHdA
pesyabTara sanaHHoHM TouyHocTH. COOTBCTCTBYHOUIME HHMC/AEHHBE LaHHBIE
npusefeHs B Tabm. 3.

— 2,30 (2—Ig k). (3,37)

Tatnuuna 3

3apHCcUMOCTD BpeMeHd Af BplkHAaHHA (o ennHuuaX RC) o1 TpefyeMol TounOCTH A
H3MepeHHA CKOPOCTH CUETA MPH MOIb30BAHHM CXCMOH HHTErPHPOBAHMA HMIYIbCOB.

- . |

i | |
& % ‘ o5 |1 2 | 4 7 ‘ 10 ‘ a0 30 0
| .
| |
:
|

L i
: I, '
A/RC } 530 | 4,61 ‘ 3,02 ‘ 3,29 ‘ 2,66
I :

230

1,61 | 1,21 | 09

TloTeHIMA, A0 KOTOPOro 3apskaeTcd KoWicHcatop € CXeMbl MHTEr -
pupoBanus, u3aMepdercs (MOCTe YCHJIEHHS JAMHOBLIM BOJbTMETPOM) CTPE-
JIOUHBIM 3AEKTPOU3MCPHTENbHLIM NpubopoM. [IpH HeNpEPHIBHOM TAABHOM
TiepeMelleHuy CUeTUdKa BAO/bL HCCAeIYeMOro CMEKTPa BABHCHMOCTE NOTEH-
uMada KOHIeHCaTopa oOT MOJOMKEHUS CHeTYHKa MOMeT OBITb 3aperucTpH-
pOBaHA CAMOIMKHCICM, JenTa KOTOPOTO ABMMKETCH CHHXPOHHO CO CYETUHKOM.
OTHomleHHe JHHeHHHIX CKOPOCTeH TepecMElienns JeHTLL W CUeTHUHKa
3304CTCA COOTBETCTBYIOILMM PEIVKTOPOM B 3aBHCHMOCTH OT HeoUXOAHMOIO
VBeAHUeHHs MacmiTada 3amHCH.

Gonce noapofHpe cBeleHHd O CXeMax TNMATAaHAA H PErHCTPAUMH UM-
NyAbCOB CYCTYHKA MOMKHO Hahith B [27, 28, 62].

3. COMHTHANAUMOHNEIH CUETUHK

CuMpTHAIAIHONHLIE  CUeTUHK ABidercs B HACTOSLIEE BpeMdA OIHUM
W3 wauboaee COBepHICHHBIX UpHGOPOB A H3MEpeHuss HWHTEHCHBHOCTH
C1aBHX pPEeHTreHOBCKHX uaaydeHHH. OH COCTOMT M3 CUMHTWIJHPYIOLLEr O
kpucTania v QOTOSNEKTPOHHOTO yMHOKHTeNd (PDY). B kauectBe cumu-
TUAJIATOPOB JIH PECHCTPALMH  PEHTTCHOBCKOrO H3JyueHus 00BMHO Npu-
MCHAITCH KPHCTATAL HOAMCTOTO HaTPus, a4 TAaKKe HOIMCTOTO Kaiud H
Le3us, aKTURMpOBAHHBIC He(GoMblION INpuMecblo Talius. B coorBercTBuM
< )rC'l'ﬂHOB“BIIIHMHCH CHMBOIHYECKHMH .OGOSHR‘-{GI-IHHMH TaKHE HpHCTH.’TSIb[
npunaTo odoanavars Nal(TD), KI(TD), CsI(Tl). PoToH peHTTeHOBCKOTO
W3JIVYEHHs ., TOTaNnas B KPHCTALI M TNOTJACWAACL OAHHM H3 er0 aTOMOB,
BHIpHBAET H3 Hero GHCTPHA (GoTodnexTpon. [ToclenHHH, IBUrasch B Kpu-
cTajie, HOHWSHpYeT H BO30V:KAaeT ero AatoMbl HA TNPOTAKEHHH BCETO
CBOETO AYTH IO TOYTH MOJHOHK morTepd 3Heprid. Hepes oveHb KOPOTKHA
NPOMEKYTOK BPeMeHH, NMOpPAIKA 107° cex, BO3GYWACHHBIE ATOMBI BHCBE-
YWBAKTCA, HCNYCKad HOTOHH BHAWMOrO HIH YIbTPAPHOTETOBOTO H3Jy4e-
Hug, BCRLIIIKA TAKOTO M3AyuYeHHs, Ha3HBAEMas CIHMHTUIAALMEH, COCTOHT

3] CUMHTH/IAIHORABH CUETYHK 11t

#3 HCCKOJILKAX JIECATKOB HJH COT CBETOBRIX (OTOLOB (Ha olun GOTOH
PeLTTCHOBCKOTO M3JYYeHHd).

Kpucraan HAXoAMTCA B TeCHOM KONTaKTe C HAPYIKHOH TOpLoBOH
MJIOCKOR CTEeHKOR CTeKagHHOTo kopmyca $3Y, poane KUO'I‘OpOﬁ pacnoao-
KeH  ¢QoToKaTod. HToOb YAVYWIKTE coBupaHHe wu NponycKamue CB:E‘,’]'Zl
Ha (poTOKATOM, CTOPOHA KpPHCTANIA, NPHKHMaeMas K TOPUOBOH CTelKe.
$IY, CMaA3EIBAETCA TIPOBPAUHLIM  MACIOM. OCTalblble FPAHHM KPHCTAAa
MOKPBIBAIOTCA KAKHM-IMOO0 XOpOIO OTPaKAIlOUIHM CBET BelleCTEOM, Hd-
npumep GemoH okucbio Maruumg. Ecan  kpucTaia TUTDOCKOIIHYEH, Kak
nanpumep Nal(Tl), ero cieayerT nokpeiTe 1u00 caoem Macaa, au6o ,ﬂ-‘-IC‘H--
KOR Kakoro-1u6o Maka, qufo NOMECTUTh B arMOCepy CyXoro asoTa {IGES],‘

Z f\

b

Puc. B2, YcTpo#AcTBO CUMHTHANAIHOHHOTO CUGTHMEKA.

.I—c-rex:lz}mhlﬁ wopuyc $Y, 2 —dorokaton, 3 — doryerpyoman AHadparua,
— 13— punouet, MM —anom, f5 — JAEOMHITECUHPYIOUIHE KDHOTHLI.

IToapoGHOCTH HSFOTOBJEHHS U MOHTaMAa KPHCTAJIOR
sepxHoCTH PIY MOWHO Ha#TH B paboTtax [64, 65].

OObIYHO  mepel CYETUHKOM  DpacHOAraeTcs Iledb, uepes KOTODYIO
PETHCTPUpYEMAS JMHUS CIEKTPa TOMafaeT Ha Kpuctama. [lpm Z0CTaTouHO
OO0JLIION AMMHe JTHHHY (NEPIEeHAMKYIIPHO K IUCTEPCHH) BHTIOLNO HMeTb
KpucTant 1auHo# 20—25 sy — IHiubL HEMHOrO MeHbine JHaMeTpa I
I‘\p]'ICI’T‘a.-‘?JI MOMET OBITH JIMIUb HECKOJAbKO WHDE wend; yioGHas mupHHA
er0 JeXHT B npefenax 2—4 . ToMUHHA KpucTatia 10MKHA OHTb
AOCTATOUHOA I MOUTH TOJHOIO MOTJAOMEHHS Haubodce KOPOTKOBOI-
HOROTO M3NYYeHUS TOH 06/aCTH DPENTreHOBCKOTO CTEKTpa, A9 KOTOPOH
MpennasHauaeTCs CUMHTHAIAUHOHNEA CUSTYHK; 115 9TOA [edd TPHrOIH&
TIACTHHKA TOMUAHOR 1—2 au. TIpH yRCAMYEHMH WIMPUHBI MM TOAULMHE
KpHCTAA1a UYBCTBHTCIBHOCTE CrO K DCHTFEHOBCKOMY HSJVUYEHHIO Ile VBe-
AMMETCH, HO KOCMHUYECKMH H DAanMOaKTHBHBIH (OH BO3pacTerT. B.Jaroiapﬁ
MafuiM  pasMepaM KPHCTAMiIa 3TOT (POH B CUMHTHAATLHOHHOM CYETUHKE
30 MHOTO pas MeEHBIUE, YeMm R cueTynKe [efrepa.

¥erpoficreo $IY nokasaHo Ha puc. 62. PoToKATON uallle BCEro npem-
CTapfiseT COOOH MOAYNPO3PAaUHBIR CYDPbMAHO-LE3HeBbH CAOH, HaHeceHHBIH

Had TOPLOBOH no-
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Ha BHYTPCHHIOW TMOBEPXIOCTh TOPUOBOIO OKowxkd Gamtona $IY. Bubpa-
CBIBAEMBIC M3 HErO MOJd JeACTBHEM CBeTa (OTO3JEKTPOHEl YCKODSIOTCH
SIEKTPHUSCKHM IOJEM TIO HanpaplIeHHI0 K doKycupyouleli auadparme.
Cxema sxmouenus DY noxasana ua puc. 63. Bee COMPOTHBICHUS Je/u-
Tefs  HanpsweHusl ry—rg OIHHAKOBH, HA KAXKIAOM M3 HHX nailcHHe
HalpaxeHus cocrasiader or 100 no 200 5. Bumecto 6atapen 5 06bl1uno
MCIOAB3YIOT BBHICOKORBOMBTHBIA CTAaOMIM3HPOBAHHHHE BRIIPAMUTCIL. BoJee
TOJIHEIE CXeMBl BKTOYeHHs PIY MoKHO HAHTH B HMeWOuICHCA TuTepaType
{cv., Hanpumep, [32, 66, 67]).
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Puc. 63, TlpuEUunHAaILHan cXeMa sxnoucHug V.

I hoToraTON, 2 — oRYCHDTIONLAL anapparsta, F — & — anuwoast, ¥ — auo1, 5 — Bu-
COROBOALTHAL OATUPER, 7, — Fg— LeAWTEAL HANDMIKEDHA, 72— COMPOTH®ARIIME 11a-
TPY3KH,

&

5 fE

[Tpo#ns dorycupywoinyw auadparmy, (POTOSACKTPOHEL MONALAOT HA
TepBei#l duno0d (2MUTTED), OOLIYHO TpPelCTABITIOLHE HHKEISBYI [id-
CTHHKY, TaKKe MOKPBITYIO CYPEMAHO-le3sHeBbiM cioeM. Ha nosepxxocTH
AMHONE KAMABIH MepBHYHHIA S/EKTPOH BH3HBAET BTOPUUYHYH) SMUCCHE
4—0 BTODUUHEIX S.IEKTPOHOR. ITH BICKTPOHE B CROI o4epels VKO-
PAOTCA SACKTPHYECKHM MOJIeM B HaNpaseHHU CJASAYIOWEro IHHONA, Tie
HHCJAO 3JEKTPOHOB CHOBA Bo3pacTdeT B 4—0 pas. Ofuiee 4ucao Auuo-
JI0B BaBMCHT OT THma $3IY u cocrapadeT o6Luso ot 9 mo 13, Tak 4TO
NOAHOE yCuIeHHe (OTOTOKa soxoouT io 10 — 108, Tlotox 9JCKTPOHOB
€ TMOCABIHCrO IMHOAR TIONAjaeT HA AHOJ M BBISLIBACT HMAYIbC HATIPANKE-
HHA HA HArpysodHOM CONPOTHUB/ACHHH R; 9TOT UMIOVILC MOMKeT GHTh H3Me-
PEH COOTEETCTBYIOLUM 3IEKTPOHHBIM YVCTPOHCTBOM.

¢IY 00aanaeT CpaBHATENLHO GOJBITHM TeMHOBBIM TOKOM, TJIaBHEIM
©0BpasoM sa cuer TEPMOIJIEKTPOHHOH 3MHCCHH OTOKATOAA M NEPBHIX
AnHOA0B. Kak ussecTHo [68] (cm. Takwe [66], cTp. 158), | ca2 HoBEpX-
HOCTH  CYpPBMAHO-Le3HCBOr0 (POTOKATOla IPH KOMHATHOM TeMmepatype
aaeT 10— 10% repmosackrpoHos B cekyHLY. M3 neckonbkux skzemnia-
pos PIY wmomno oToBpaTh Takof, KOTOPDHH 14CT TepMOIMEKTPOHHYIO
9MMCCHIO CO BCeH moBepxHOCTH Karola He Oodee 10° TepMO3ieKTpOHOB
B CEKYHAY. AMININTYZA MMIYJIbCda HAa BHXOZe $IY NPONOPUHOHAABHE
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QHCTY  OJIHOBPEMCHHO OCBODOLUBIIMXCH U3 KATONA 9IeKTpOHOB. DIV o
MpOBOAd, CUBA3BIBAOIUIE €ro ¢ NepshlM KAaCKaZOM YCHAeHHA, oB61a71410T
eMKOCTBIO €, WVHTHPOBAHHOH HEKOTOPHM conporusachuem R. [TosTomy
HOA «OJHOBPEMCHHO» OCBOGOAMBINMMHCH 3JEKTPOHAMH CJEIVeT HOHHMATH
BLRIIETHBITHECS 3a BpeMd nopaika RC. JelcrBuTenbHo, nocie ocsodome-
AUA TICPBOTO 3JACKTPOHA PA3ZHOCTL TIOTEHUMAIOB HA €MKOCTH € HEeCKOIbKO
TIOBBICHTCS, & 3aTEM HaYUET YMEHLIWATHCA, TIPHYeM YIAleT B € pas JHmle 34
spemsa RC. Ecau 32 970 BpeMS eMKOCTh C ONAThL sapaauTces Ouaronaps
OCBOBOMIEHUID BTOPOro 31eKTpoHa 13 doTokaTona, Pa3HOCTE MOTeHIIMA-
J0B Ha evmroctd C oKawmeTcs Goablied, yeM IPH OCBOOOKIACHHH TOABKO
oLHoro sjektpoHa. OTCHIA ACHO, UTO  eCiu BoIGpare RC mocraTouydo
maasiy (mopaska 107° cex), TO BepOFTHOCTD BLizeTenus IBYX TEPMOSIEK-
TPOHOB 3a 3TO BDEMS OyieT OYeHb HeBeldMKa. B3 peayasTare AMIVIATYIA
MMITYIBCOL, BBISBAHHLIX TEPMOSIEKTPOIHON sMuccued, SyieT (33 peikuMu
HCKJIOHCHHAMN) COOTBETCTBOBATH OOAOMY HAAILHOMY TEPMOIICKTPOHY
¢ dorokarona. Memay TeM, peHTIeHOBCKHe (DOTOHEI BHI3RIBAIOT B CLHHTH.I-
JHPYIOWEM  KpHCTALIC BCUBIUKY CBeTd, Jal0mylo ¢ doTokatonqa &Y
OOHOBPEMEHHO HECKOABKO (POT031eKTPOHOB. [locae NMePBOTO Kackaia
YCWICHHA MOMKET OBITh NOCTABAGH JHCKPHMUHATOD AMILIKTYS UMIIY.TECOR,
HACTPOCHHLIA TaK, urOOK OH MOT APONMYCKATL JIMIUb MMOY.ALCL, BLIABAH-
HEIE OAHOBPEMEHHBIM BLIAGTCHHEM HC MEHEC ABYX SIeKTPOHOB ¢ (BOTO-
kaTtona. Jtor Meroxn [68, 69] (cM. Takke [66], ctp. 325) mossoaser
Pe3KO COKDPATHTb TePMOSICKTPOHHBEIR O, HO BMECTE ¢ TCM CTABUT
BCPXHIOW IpaHuly 19 O0JaCTH LJAMH BOMI, DEruCTPHDPYEMBIX CLMHTH.I-
JAUMOHHBIM CUCTYHKOM.

B paze paGor [70—72] uavuadach BaBHCHMOCTD AMIIHTY IR MM~
IYIBCOB OT SHEPrHH (POTOHOB B DPEHTTEHOBCKOM ofmacTu cmexTpa. 3anu-
CHMOCTL 3T3 OKazatack OMMskod K anuHeHuo#. B [63, 73] 6uao noxasauo,
uto na 1 xs8 sHepruu dorvona npuxoaurca or 1 mo 3,5 SIeKTPOHOB
C KaToad BOTOYMHOMKHTENA, MNPHUEM BCPXHAA UHMDPa MOMeT OBTH FOCTHT-
HYTa JIMLIb [PH BCCBMA TIWATEAbHOR YCTAHOBKE KPHCTAAN4, ONMHCAHHOH
B [63], o0bruHo e 310 YMCaO He npeBblwger 1—1,5. OTcroza caeayer,
YTO NpH QOBIMHLIX YCAOBUAX ONHCAHHAA BHILIE AMCKDUMUHATLHA TCPMOIILK-
TPOHHOro ¢oHa IpuBeleT OAHOBPEMEHHO H K NOJHOH NOTEPE YVECTBH-
TEJIBHOCTH YCTANOBKH 100 H3AydeHHH C suepruama doTonor mence 1 xas.

bonee wan meuee ynepewnas perucTpauns GOTOHOB W BHISIeHHe HX
U3 TEPMOSICKTPOHHOTO (OHA HAYHCTCH TIPH ONHOBPCMEHHOM BhLIEICHUU
HEe MEeHce ABYX (POTO3JIEKTPOHOB € Katoaa ®AY. Tawxnu 00pasomM, BepxHsS
rpaHuna ofaacTH JIHH BOJH, PErHCTPUPYEMBIX CLHHTUIASILHOHHBIM CYOT-

o
YHKOM, OKaseedeTcd okKogao 6 A. Yewm Boime SHCPTrUst (HOTOHOR, TeM
JErHe OTAeMHTh BLIBEIBAEMEIE HMH MMAFILCH OT (oua. Omucannsil soiue
cnocod TOIABAEHHS TEPMOINEKTPOHHONO hona nenpuMeHuM B o6racTu
t’)o;lee MATKOro PIS.-’I)"‘-{EII[«!H, KOTOPOe NPUXOOUTCSH pCFHCTpHpOBaTb I1d
3HAUATEbHOM (Ole, UYTO DE3KO CHHKACT SPODEKTHBHOCTE perucrpauuu
TAKGIO i’!3J’£}"1€IIHH.

H 3aw. 3821, M. A. Baoxun
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CyutectsyeT n apyrod cnocoG mnonasaenus douna ®3Y, ocHoBaHHHH
H& IIPHMEHEHHWH TIO CXeMe COBHalenu#t ABYX DY, mnpucTaBIeHHBIX
K OIHOMY CLUHTHAIAPYIOWEMY KDHCTALIY € JABYX MPOTHROMOJOMHLIX
ero cropou [66, 69]; permcrpupyemoe wuasIyueHue namaer ua  KpH-
CTall C rTperbefi ero cropousl. Ecan coforBennoe Bpema kawiaoro $PIY

RC <2 1077 cex, TO BEPOATHOCTh OAHOBPEMEHHOI'O BBLIEICHUA TEPMO3ICK-
TpoHOB B o0oux PIY nuuromuo mada. C ApYro# CTOPOHWI, CLHHTH.IIA-
LHA, BOBHUKAWWEA B Pe3yIbTaTe MONANAHWHA B KPUCTANA PEHITEHORCKOLO
(hOTOHA, laer HeCKONbKO Ppas/ieTdILEXCA RO BCC CTOPOHBE CBETOBHIX
GOTOHOB, O00ROSPEMEHHO BHPBIBAOUINX (OTOSIEKTPOHE U3 KaTONOER
ofoux ®IY. Ilpu 3TOM cXeMa COBNAJEHUH TPOMYCKAET HMIIYJLC.

B ciyuae AMIHHOBOMHOBOTO pEHTTEHOBCKOrO M3JAYUYCHHS, KOTAa INpH
NOMaTaHHH Ha KPUCTALT OJHOTO PEHTIEHOBCKOro oToHa HA KATOAE OJHO-
BPEMEHHO BO3HHUKAWT 8 ¢peduesm |—2 poTosnexkTpoHa, Merod, OCHOBAI-
HBIH 112 COBMAAEHHHM, HAYHHAET NaBaTh npocyeTH. JIeHCTEHTEABHO, eC/IH BE-
POATHOCTE PETHCTPALWH (T. €. NOABAeHHsT (POTOMEKTPOHE) Mg oqnoro &Y
pagHa p, TO NPH HCIOAB30BAHMY CXEME COBNMANEHUR BEPOATHOCTEL PErUCTpa-
unK 6yner paBua p?, T.e. 3HAUUTENLHO CHHIHTCA IIPU MAJOM CPEIHeM 4HC/Ie
(POTOSAEKTPOHOB. JTO CTABUT Tpeled NPAMEHHMOCTH AAHHOLO MeTOo1d,

O

HEe TIOBBONAA PETUCTPHPOBATEL UBAYUEHHS ¢ AMMHOK BOMHE Oogee 6—10 A.
Biaroaaps BecbMa MAaNOMY MeDTBOMY BpPeMeHH CUHHTHILIALHOHHOTO
CYETYHKA (OHO OMpelelddeTcd B OCHOBHOM CaMOH PerucTpUpyioled cxe-

Mo# u mower umeTs nopanox 107° cex) sasucumoctd CKOPOCTH cueTa
HMIIYAbCOE OT MHTEHCHBHOCTH OKA3BIBAeTCH JUHEHHON BMAOTL 10 BechbMa
BBHICOKHX 3HaueHull — mopanka 10% wanjcer, 9TO SHAYMTENLHO BBILIE,
uem 1A cueTunka [efirepa. DPHEKTHBHOCTL PETHCTPALMH PEHTTEHOBCKUX
doToHOB mpu HCOOMb3OBanuu Kpuctanna Nal (T1) aocruraer 1009,

B ofnactu aamn Boan Huwke 3,5 A w ymensmaerca go 80%, ¢ yreau-

o
yeHHeM [JIMHH BOJHH 10 12 A [74]. [lpy cpaBHeHHM uYyBCTRUTCAbHOCTEH
CUMHTHIJANHOHHOTO CUCTUHKA M CYeTuHka [efircpa cieayer yuecTh,
BO-MePBBIX, OONLWYID sOPEKTUBHOCTL TEpPBOrO, a4 BO-BTOPLIX, CPABRHM-
TeqMbHO HeGONBINYID LIUHY MOMNEPEYHOrO CEYEHHS UYBCTBHTENLHOTO 06DbeMa
cuerunka [lefirepa. BcaencrBue 9Toro cnexrtpadbHas JHHHA  LJMHOMH
25 MM perucTpupyerca cueTuMKoM [efirepa muiie na uefonbwoM (He-
CKOJIBKO  M.AM) VUACTKE, TOTAA KaK CUHHTHAAALUOHHEER cueTduk s dek-
THEBHO HCIMOJAbL3YET BCK JJIHHY JAHUMM. ITO OOLACHACT 3HAYHTEALHO GoJee
BBICOKYK CKODOCTBE CYe€TA 1A OILHOM H TOH e JIMHMM CIUHTHAMILHOH-
HBIM CYETYHKOM [0 CPABHEHHIW cO cyeTumkoM [edirepa [75], 4To nosco-
nseT TIPH PaBHOM TOYHOCTH SHAYUTENbHO OHICTPee NPOBOLHTL UIMEpEHHH
CUHHTH/UTHIHOHHBIM CYETHHKOM, Hexeqaw cueTyukoM [efirepa. OnHako Bce
9TH TPEUMYLLECTB CUHWHTHANALHOHHOIO CYETIHKA MOTYT OLITh NOMy4eHE!
ArlWb NP SOPexKTHBHOH NHCKPHUMHHALNHE (OHA.

Ma ckasanHoro caelyeT TaKKe, YTO CUHHTHLIALMOHHHN CYeTUHK
MOMKET ObITh HCMONL30BAH O HEHOCPeACTBeHHOTO HCCIeNOBAHUA KPHBOH
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CMeKTPaIbHOrO paclupefefleHUus MHHTEHCHBHOCTeR: aMOMATYAA HMIYILCOB
9TOTO CYETYMKA IIPAMO MNPONOPUMOHaNEHA SHepruu doToHa. HekoTophie
OTCTYTLIEHHS OT /JAUHeHHOro B3akoHa 3TOH SaRMCHUMOCTH (NOXOAAULHE A0
209/, [72]) sacraBaAsioT B HeOOXOAMMBIX CJAYYasIX [IPOBOJHTH ClEUHab-
Uy TPAAYHPOBKY aMIUIHTYL HMIY/IbCOE IO JHHHAM CIEKTPa C M3BeCTHOH
AJHHOR BOJHEL. A

B COOTHETCTEMH C [68, 73] npumen, uTto Ha 1 x38 sHeprun (oToHa NPHXO-

autest (B cpemnem) okoao 1 ¢orosnekTpoHa ¢ kKatona $3IY. Torma npu kosg-

uumenTe yeuaenws w = 10% xananii x¥56 sHepruy (OTOHA AACT HA BHXOIE IV

3apan g = %e = 1,60 - 107 ™%, Ipu emxoct C anopa 3V (C NOABOAHMLIMU [1PO-

gosamd) nopazka 10 e ==11,1 ng 3apan ¢ mact HMOyAbe BHanpssenda AV
Ha 3TOH GMKOCTH

- ' —14
N LY O )
C L1107 g

QOrciona, HampuMep, caelyeT, uTo (oToHB ny6iaera Ko mend, obaanaw-
pe 3JHepruelt oxoao 8 k38, AanyT Ha BeXoae P3Y UMNyIbc Nopaixa
0.01 g. D10 COOTBeTCTBYeT PE3YNLTATAM, MOJIYYEHHHIM B PALE 3KCHepH~
MtHTaabHEX  pafor [72, 73].

[TpHUMepHas 3ABHCUMOCTH AMIIIA- L Boseod, £X :
TYAB  MMIVJABCOE OT SHEPTHH ﬁl?.lﬁt?té’ﬁ e 47 45 3¢ 93 0%

~1,44.107% 5,

$OTOHOB M AMHBL BOaAHE pent- &
'CHOBCKOTO M3JIYueHusd II0Ka3aHa f:; v
na puc. 64. Kak BUIHO M3 rpa- 60 o
dHKa, AMIOJUTYOB  HMIOYABCOB Y
CUMHTH/IAIHOHHOTO CYETYHKA B X P
PEHTTEHOBCKOH 06/1aCTH CHEeKTpa F%W //
UMEKT TOT JKE NOPAIOK BE/THYHHEL, S .
YTO W B CAyYdae MPONOPUMOHAAL- Sop /
HOTQ CUETUMKA. s //
J1s NoIaBACHHA TEPMOSJICK- .
TPOHHOTO OHA MMIYIBCH Heob- 0Ll .

a i 24 30 7 S0

XOULAMO TpexXie BCETO Y¥CHIAMTH eepeud Goasol. k38

B "Heckoabko coT (no 1000) pas;
Mg 3TOTO  HYXHA™ SACKTPOHHAR  pye. g4, [IpuMmepHada 3aBHCHMOCTD 4MILIH-
CxemMa, He }’BEJ’[H'—!HB&}OLL{BFI _I[.II!"I— TYLL HMAYJILCOB CHHHTHIAALHOHHOMO CYeT-
TeJbHOCTH MMOYJAbCA. 3aTtem MO- YWK& OT SHCDPrHH (I)OTO_HCIB H D,JTH.}IBI BOUJHL
weT  BBITE  HCHONBL3OBAH JHGO PEHTIEHOBCKOrO HAIyYeH!A.
AMILIHTYANEY]  DIHCKPMMHHATOD,

anbo cxema coenafenu#t (npu asyx @3V, paGoTaloUlUX OT OJHOTO KpH-
cTanna). BAoOK-cxeMa mepBoro Hs STHX MeTOILOB NpencTaricHa ua puc. 65.
Ee mMoHO NpMMEHHTH A DETHCTPAIUH WHTEHCHBHOCTH H3JIVUeHHd TOC/e
NpeIBAPHTENBHOTO PA3I0MKEHHA €ro B CIEKTP KPHCTALIOM-21aJH38TOpPOM
OOBIYHOTO PEHTTEHOBCKOTIO CHEKTPOMEeTpa.

© Tlpm HCCNelOBaHHH CHEKTPAABLIOrO pacnpelefleHus WHTCHCHBHOCTH
HETOCPEACTREHHO MO AMILTHUTYIAAM HMIYAbLCOR YioOHee BCEro BOCIONb30-
BATECA ONHOKAHAMALHBIM aMILIMTYIHEIM aHalH3aTOPOM HUMIYVIBCOE, KOTODHIH
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103BOJIAET, HE MEHss IIMPHHE Kaualid, TepPeMelnaTbh ero no BCeMY <«CHeK-
TPY aMIOAUTYE». Ecau nepeMenieHHe KaHa/Aa TNPOM3BOIMTCS CTYIEHYATO
(BpYuHYIK), TO AN OIpPEeIeNcHHA CKOPOCTH CHeTa HAa KamJoW CcTyneHH
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Puc 65. Gnok-cXeMa NHTaHAsA M PeTHCTPAIHH HMNOYJILCOB CLHH-
THAIANHOHHOIO CUETYHEA.

MO¥eT OLITh HCIQNB30BAHA IlepecyYeTHas CXEMa € 3NEKTPOMEXAHHYECKHM
CUSTYUMKOM HMIVIBCOB. Bo muorux cayuasx Oonee yirofuo HeOpeprIBHOE
fIepeMellenne KaHana NOyTeM BpalieHus TOTCHUHOMETPA MOTOPOM uepes
COOTBETCTBYIOWKN peaykTop. OT TOTC e PeAYKTODA OCYULeCTBJIASTCH
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Puc. 66. Bnok-cxeMa aBTOMaTHUeCKO# perucTpaudyd HMOyILCOB
CHMITHINAMOHHONO CYETUHKA C MPHMEHENHEM OJHOKaHANBIIOro
aHANM3aTOPA AMIJHMTYI HMIYAbCOB.

R — compOTHBICHHE aHOOHON narpyskd $3Y, R, — DOTEHIHOMETD CMEMGITHI

HHMCHErD NOpOTa  Kanana, My— AOTEHIHOMETD YCTAHOBKM IOMPHHKL KaHaua,

M—moTOop © peaykTopoM ckopocTel, S, B, — IMCKDHMHHATODLE, COOTBET-
CTBYIOUIHE HHSKUEMY H BepXHCMY ROpPOramM KaHamd.

W NpPUBOA JEHTONPOTHKHOrO MeXanHaMa camonucua. Baox-cxema rakoro
ycTpo#ictea [45, 46] nokasana Ha puc. 66. Munyabcs ®IY nocite npei-
BAPUTENbHOrO0 ABYXKACKAAHOrO YCHUIESHHS TPOXOIAT Napa/iielbHO 4epes
JBa aMIJMTYIHWX AucKpuMuHatopa Jy W J.. M3 HHUX Tepeui#t mpony-
CKAET TOABKO MMIOYILCH, Odnbiue HekoTopo# Bennuuwnm AV, danasaemod
NOTeHUHOMETPOM R;. BTOpOH AHCKPUMWHATOP MPONYCKAST TOMAbKO HM-

Top '/_v;,'rz
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ny/bchbl, OO0abinHe Beauduasl A,V == AV -8V, rae 8V — wmpuna xanana,
3anaBaeMan TOTCHUHOMeTPOM R, [Ipofna o6a IHCKPHMHHATOPA, WMIYILCH
LOCTYTIAWT HA CXeMY auTucosnanenuil, NPONYCKAIOWIYID HMOYILC TOJBKO
B TOM CJydde, €Cli AHCKPHMHHATOD /[ ApPONYyCTHI ero, a AIHCKPUMHHA-
He TPONYyCTHA, T. €. eCaH ammauTyna AV ummyabca Oniia Kak
pas B npele’laxX KaHamda:

AV < AV < AV, .

ECaH aMIAHTYAB HMIYAbBCOBR B HccielivemMol oOJacTH cmekrpa nocae
[peABAPUTENBHOrO YCUJACHHS OJOBeleHBl 10 HECKOABKHX MAECHTKOB BO/BT,
TO WMIUPHHY KAHAAa BeIOMpAlOT nop#aixa 1 s.

Pagpewraioniag CcHJIa CUUHTH/IIAKMOHHOIO CURTUHKA, MCIO/AL3YEMOro
0JA HelmOCPEeOCTBeNnOH perucTpalny CleKTPalbHOTO Paclpeleidenns Wi-
TEGHCHBHOCTH, 3dBHCHT B OCHOBIIOM OT Cpeilero HHcaAa A (HoTO3MeKTpO-
OB, BO3HUKAIMHX na kKarole $IY nOpuw NoNalaHUM OAHOTO PEHTIEHOR-
cxoro ¢oToHa B CUMHTHWIMUPYIOWHA KpHucTaad. Hucao # (POTOINEKTPOHOR,
ROZHMKAIOWHX B KOKIOM OTASIBHOM Cjyude, CARIyeT paclpeleleHHIo
[MyaccoHa u ompepenser Beawduny amnauryier AV umoyasca $3I¥Y. Pac-
npejciene 9HCAa 3aperiCTPHPOBAHHBIX HMOYABCOB MO AMIIMTYAAM M3yya-
OCH IKCICPHMCHTAAbHO [76]; OHO caenyeT rayccoBy pacnpelie/eHHio.
Mupusa (AV)y, sToro pacrnpelejseHds HA cepellHe OPIMHATH MAKCHMYyMA
ABASETCH Mepoit paspelnaionlel cHUJIB @ CYeTUUKA

(AV),,
rae AV — cpennas aMnauTyia HMOyiabca. Ecim ¢ —cpelHee kBalpaTHy-
HOE OTKJOHeHHe aMIauTyaw AV uMmnyawca ot 3umauenudda AV, To, Kak
H3BECTHO, ANA TA¥CCORA pACTIpeleseHud

(AV)s, = 25V 1n 4 == 2,365,
OTKyAa CJIeAyeT:

w::?,?;(iﬁ.

Snecy orHowende ofAV npencraBaseT colof CpelHIO0 OTHOCHTEBHYIO
KBAAPATHUHYIO GQAVKTYVALLUIO aMIJIMTYAB uMmyibca. [ToCcKoALKY 3Ta Ben-
YHMHA QUpelfeacTCs CTATHCTHYSCKHMH (QAYVKTYaUHAMKH 4HCia 7 BHAS/IHB-
wuxcs Ha karole P3Y  POTO3MEKTPOHOB, TO CpEIHAA OTHOCUTENbHASR
KBajparHuHad IYKTYaLds YKCAa £ AO/KHA OLITh PaBHA peqwuune of/AV.
Mz saxona pacnpenenenns llyaccoHa, cnpapefJHBOrO [AJs 2, HMEEM:
a1
——
; AV Va
Orcoaa cneiyer, 9T0 paspeluamiias CHId W CUHHTHAAAWHIOHHOTO CYET-
YuKa onpeireagercda popmMymoH
. 236

=

(3,38)
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Ecau HpHIIH'l'b, 4yro  #2 4HCAeHIo pElBHO S—SHEP]"HH peHTl"El[OBCKOI“O
¢oTOHA, BHIPAKEHHOR B K28, TO
2,36

W = = . 3,39

w Vi ( )

s sroft hopMyas, RampHMep, CJACLAYET, 4TO LIS (OTOHOB C SHEp-
ruelt e =16 w8 w = 96%,, nas dotouos ¢ aHeprueR ==24 K95 W

~48%, u r. 1. Baech, onnako, HeoOXOAHMO MPUHATL BO BHHMALNE,
YTO B MPOUCCCE YMHOMKEHHH 3ICKTPO-
Lz Bonwer, kX HoB Ha AmHOdax $IY  Takmke wumeer

200@‘?_3??{-‘5;& Q’? 4 Q‘? 62!3 425 MeCcTOo HEKO'TOpblﬁ CTATHCTUYCCKUH pas-

\ Opoc sHavenu#t KospGHUHEHTA yCHIE-
50 \ pua (cM. [77], cTp. 46—47), uro npu-
e BOAUT K HOMOJHWTENLHOMY CHHA{EHHIO
gw \ paspemaiomefl  CHIbl CLHHTHIASUHOH-
\ Horo cuetuuka. Cornacuo [78] paspe-
% ™ HIAOWAad CuJa TAKOTO CueTudKa IJd
& e horonos ¢ sHepruamu 6 w 24 k98 oka-
g — samace paeio# coorsercreenno 1209/,
) —— u 609, OTcioma claedyer, uTo MHCAEH-
HHH Ko3dduuneHT B dopumyie (3,39)

g nomken GHMTb yBelHuen na 25%:

¢ 0o s 4w 5 © 3

HHEDEUT POTIONOS, K30 W T (3,40)

Puc. 67. llpumepHasn 3aBMCHMOCTb
Eiziilgféoﬁeg%;fﬂgir BEEHI{JTHHM- TTpuMepHast 3aBUCHMOCTL €@ OT & U A
: -
TOHOB H IMHHBEl BOJHK peF})IT};Ign?)g— HPEACTABICHA Ha puc. 67.
CKOTo M3MyUeHH. BennuuHa w XapakrepHayer IId-
puHY Ag chekTpalrHOM IHHUW Ha
CepelluHe OpJHHATBE MAKCHMYMa KPWBOH CHEKTPATbHOTO paCHpeleilelus
MHTEHCHBHOCTH (TIOJAy4eHHOH ¢ WOMOUILIO ONHOKAHAJABHOTO aNnain3aTopa

umnyapcon). Eciau e— sneprua QoTOHOB, COOTBETCTBYIOIINX 3TOH JMHAH, -

HCTULHAA WIHPHHA KOTOPOH oueHe Mana, To w= Asfs. DTa BeaAHUHHA AIH
CUMHTHIAALHOHHOTO CUYETYHKA B HeCKOJBKO pas BoJibllie, ueM IMd [1po-
NOPIHOHAMLHOIO CUSTUHKA.

Ilpu cHATUM CUMATHIMALUMOHHEIM CYETYHKOM KpHBOH pacrpefeieHus
CKOPOCTH CuYeTa MO AMMIMTYAAM HMOYALCOB, DANOM ¢ OCHOBHBIM MAKCH-
MYMOM HEKOTOPBIX JAWHHHH oOHapyxHBaeTcd BTOPOH MaKCHMYM CO CTOPOHH
MEHbUIHX AMIIMTYA. IDTO — TAK HASLIBAeMBI «THK MOTEPH», O KOTOPOM
y¥Ke TOBOPHIOCE Bhille. B cayude cUMUTHANALHOHHOPO CUYETYHKAa OH BEHI-
3BAH CISIVIOWMMH TOpHYMnaMu. [IycTe SHeprus (POTOHOB MCPBHYHOTO
PEHTIeHOBCKOT0 H3AYUCHUHA, TAJAI0MIero Ha CUMHTH/MALMOHHLIE KpUCTALI,
npegocxonutr 33,4 xss —sHepruno K-Kpad NOTJOLIEHHS aTOMOB HOAA,
EXONAIUMX B COCTAB 9TOTO KPHCTAMIA. Torja Mocie MOTJOLIEHHd POTOHA
K-ypoBHeM aToMa MONa MOcAeIHUE BLIGpPACHIBAET MEepPBUUHBIE (OTOITEK-
TPOH; 33aTeM MOPYT MMETh MeCTO /ABa NPOUECCA: aTOM MO1a MOWET HCIY-
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cTUTL JM00 oxe-3aexTpon (cM., Hanpumep, [1])., MuBo BTOpHYHBIH POTOH
pPeHTreHOBCKOTO UIYOPECIEHTHOTO HaAyucHHA. B nocielHeM cayvae BTO-
pudHbi  (POTOH MOMNKET, TOTJIOTHEIUACH BHYTPHM KPHCTA/11a, BeIODOCHTH
pTOPHUHILIA DOTOSNEKTPOH, HO MOMKET W BEIATH 32 npeleapl KpUCTALId, —
TOTI1a CTO SHEPTHA TepPASTCH.

Taxum 00pasoM, BOBMOKHBEI HECKOABKO IIPOLECCOB npeobpasoBatud
SHeprHH MEePBUYHOTO (POTOHA B HEPTHIO 3JMeKTPOHOB, dlBHKVIIHXCA B KPH-
CTAAAE M BBHIBHIBAOIIMX BO3OYWAeHHEe M HOHH3ALHIO €rO 4TOMOE, HO JHIlb
OJHI M3 HHX  CBH3AI C no'repeﬁ
YACTH ZHCPTHH, BBIXCAdel 3a Tpe-
JeaH Kpucraddaa. PaccrosnMe Me-

ey pomonod, K30
b 2 % 4 5.‘?

T T T T T 1 s 3 ]
HMAY MAKCHMYMdMH OCHOBHOTO IIMKA “ i
W CMHKA  TOTEPH»  ONpelentercd
sHeprued Ka-hoToHoB oL (29 wag). %5 i
«IluK moTepH», COOTBETCTRYOUIHE e I
notepe K3-doTona uoia, ne obua- §4_
PY®UBAETCA pasdelbuo, BBHAY Ma- 8
JoH paspeiaoed cHAB CLHITHI- “0'
JALMOUNOIQ  CcyeTunra. IJITH IIHKH T 5} : 8‘&' . fg;?

OBITH  MCCJACAOBAHH B paile pa-
dor [73, 791 C Bospacraunem
HEPrUK NepoUYHBIX HOTOHOR Puc. 68. PacupejecHue CKOPOCTH CUETa
(mpu = > 33,4 x28) OTHOCHTENbHAA (B ¥ CHORIBIX ca,rf&uuax) IO AMIATYAAM
- HMIOYaLCOD (NOcTe  JLONONHHTENbHOrO
UHTEHCHBHOCTL ITIHKA TOTCPH  Obl- yomdenaa B 1000 pas) IpH perucTparmy
crpo najaet. Ha puc. 68 npei-  CHUHTHIASLHEONHBIM CUSTUHKOM doto-
CTARAEHL OCHOBHOH NHMK M «MHK HOB ¢ 3Hepruell 44 xas.
noTepH: 409 HepHH'-lIIOI“O HSJ'I}-'quHﬂ TIpase# HK — OCHOBION, JBBRA — wllPK NOTEPHS.
¢ sHepruef doToHa 44 was [73]. _
BoJee noipofHpie cBeieHHd © HCKOTOPHIX OCOOSHHOCTSX CUMHTHLIL-
LHOHHRX CUeTYHKOB MOXHO HaRtu B ofzopax [32, 66, 77, 80, 81].

Amzanmyia umrpnoad, 8

4. Jipyrue MeTOIbl pericTpaukM pPeHTreHOBCKHX Jyued

@) Henocpedemeoennan pesucmpaiun OmMosexnpormbt
VMAOHCHMEAE M

Kak ywe YKAasHBAJIOCL B mpeiblAyuleM pasiede, CLUHUTHIAALKOHNLIH
cueTudK o0nanaeT BechMa SHAYHTCILHEIM (OHOM, AHCKPHMHUHAIIHA KOTO-

POrO BO3MOKHA ML IJs M3JAyIeHWH C AAHuOH BoJubl e Goaee 6—10 A.

[
B ofgactu BoJee MATKHUX DPEHTTEHOBCKMX Ayyel (AecaTiku u coTuu A)
CUMHTH/ALISTUHOHHLIE CUETYHK YiKe HenpumenuM. B aToH obnacTd aauH
BOJH BO3MOMXHA HENOCPeICTBEHHAS DEerUcCTpauus H3IYYeHHS CTUEelHaAb-
HBIMM (OTOINEKTPOHHBIMH yMHOMKUTedaMi (PIDY), KaTol W AHHOIH KOTO-
prIX 0B474WT 3HAUUTEAbHOH paBoTof BrIXOXA NPH IOCTATOMHO BEICOKOM
KoshPUUKHEHTE BTOPUUHOIMEKTPOHHOR smuccun., Takuuu cpOHCTEAMM
o6ra0aKT  HEKOTOPHIE  MeTanas M CIJABB, [OIRSPrHYTHie OCODOH
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NOBEPXHOCTHOH TepMooGpaloTKe — Tak Ha3bIBAEMOH «aKTHBaumuy. [TepBhIl
$IY rtaxkoro tuna Guln onucad Audenom [82] M HCHOAL3OBAH B PEHTTEHOB-
ckoH objactu  cmexrpa O#senmTefinom # [unrpuxoum [83]. dorokaTod
s3T0oro $3Y COCTOAT U3 TAHTATOBOM MAACTHHKH, 4 IHHOIB — H3 HUKe-
JeBHX IACTHHOK, MNOKPBITHIX HanbidenuniM Be. Ofuiee uucao JHHOAOB
Obt10 paBno 10. Haunyumue pesyanTaTh OBUIH NOJYYElHbl MPH PA3HOCTH
noTeHuuaT0r 325 g MewIy ABYMS TOCAeI0OBATEJALHBIMH AHioiasu; OIY
padotan mpu 3,3 ws. [lposenennoe B [83] cpasuenue storo ®IY co
cuerunrom [efirepa npu pamsax Boad 1,64 u 0,71 2X noxazano, uto
cueTynk [clrepa obmazaer ®B 3TOH 064acTM AJAMH BOJH 3HAUHTEIBHO
Boabwe — B 5—10 paz — UyBCTBUTEIBHOCTHIO.

Aanen [82, 84] paspaCoran taixe ®IY C KATOIOM H AMHOIAMH H3
ctasa Cu-Be. [locle aKTHUBHPOBALHS IIOBEPXHOCTH NHHONOB Kosddu-
LHeNT BTOPHYHOIAEKTPOHHOH sMHCCHH UX Aoctur 5—~6. PafoTa Brixoaa
AT 3TOro cmaaBa pasHa 4,2 98, TAK UTO KOIHUECTBO TEPMODIEKTPOHOB
¢ 1 cu® nopepxHocTH 9/7eKTPOLOE He mpeBnuaer H—10 B muuyTy. 370
MO3BOIdeT O3 CyIeCTBEHHOTO VBeiMueHHs (OHA MOAHITH HANPAKEHne
nuranua PIY g0 4,5—5 ks M NOMYUHTH KOSPPHLKEHT YCHAECHHA 10
10°—10". @3V Takoro ruma ¢ 16 anHOAAMU Gmi C YCHeXOM IIpPHMEleH
Haxnopmxn u Kunrcronom [85—=87] ans perucrpanuu  MATKHX JIydelt
B crnexTpoMerpe ¢ auddpakunoHHOl pewerko#h. B srux pafotax Oniaa
NOCTHrHYTa YYBCTBUTENBHOCTE PETHCTPANHH crnekTpa npuMepno s 1000 pas
BBIIE, ueM NPH POTOPEerdcTpaluu. JTO MO3BOIMIO, C OIHOH CTODOHH,
[NOBBICUTE DA3PEIABINYI0 CUAY CHeKTPOMeTpa, YCTAHOBHE G0/ee VIKVI
BXOLuyl 1eis nepen karodom $3IY, a ¢ apyrolt cropoin, Godee ueM
B 20 pas cOKpaTHTh BpeMs CHATHS CIEKTpa.

B cnexrpomerpe Edpemosa u TwoTukosa [88], npeianasHaueHHOM A1

oGnactu gaun Boad ot 20 xo 300 131, TAKKE NPHMEICHA [ENOCPelCTBel-
nasg peructpauua PIY ¢ 13—15 guuomamm wus cmaapa Cu-Mg-Al
Oror cnaas, Taxke kak u cmras Cu-Be, naeT Bsechbma MaamBt TepMo-
SACKTPOHHLIA oH; ofa criaga 001aJal0T TeM ODOCTOHHCTBOM, YTO AKTH-
BUDPOBAHHAA NOREPXHOCTL HX TIOYTH He YMEHLIIACT CBOEro Ko3(ulueHTa
BTOPHUYHOIICKTPOHHOR SMHCCHM MOCAC HEOPOLOMKUTENLHOTO NpelhBaHHA
Hd BO3AyXe. OITO IO3BOJAET HBrOTORJIATL DPDY C OTKPLITHIM OKOUIKOM,
YTG  TIPENCTABIACT OueHb OOJBHIOE INPEHMYILECTEO MO CPABHEHHK) CO
cyeTuiKoM [eHirepa: mofad nieHKa, 3aKpLHIBAOUIAS BXOILUOE OKOLIKO,
B 00MAaCTH MATKUX PENTreHOBCKHX JAyuedl BHISLIBAET CYUIECTBEHHOE CHMH-
AelHe HX HHTEHCHUBHOCTH,

6) Kpucmanauweckuid cuemuur

Hekoroprle moaynpoBoaHMKOBHE MOHOKPHCTALILL, KaK, Hanpumep, CdS
[89—081], Ge [92], 00HapyXHBAOT MPH OCBEILEHMH HX PEHTTCHOBCKHMH
Ay4aMH 3HAYUTETbHYIO GOTONpoBOAMMOCTD. MeXaHusM 3TOro ABjIeHHH OLUE
uccaenosad B [88, 93]. [Ipu monasaHuy B TAKOH MOHOKPHCTAJT OTACAb-
HOTO (OTOHA PEHTTeHOBCKHX JAyded oH MOT/OWAETCH OAHMM H3 aTOMOB
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¢ eubpacoizanueM OHCTPOro QOTOMEKTPOHA. JlBHMKelHe MOCACIHETO
B PCIICTKE KPHCTAITIA CONPOBOKIAETCA BO3OYMACHHEM MHOIHX ATOMOR,
B pe3y/bTaTe 4Cro BHEIUHMC SJEKTPOHB HX 3a0pacHBATCd B MOIOCY
NPOBOAHMOCTH. [IPOHCXONHT peskoe KpAaTKOBPeMeHHOE MOKATBHOE H3Me-
HeHUe KOHUEHTDAaLUHH 3AeKTPOHOB B 1O0JOCE MPOBOAHMOCTH, M OBLice
COUPOTHBISHHE KPHCTAMIA MEHHETCH.

Ecau Ha ZBe NPOTHBOMOMOMHEIE CTOPOHBI KPHCTAAIA HAHECEH DI npo-
BOAAULNE CAOM H HA HMX MONAHA PAasHOCTh HOTEHUHAJOB OT HCTOYHHKA
TOCTOHHONO HANPSUKEHUHA, TO B peayabTaTe MOrAOUIEHHS 0IHOTO GoTOHA
TOK 4Yepe3 KPHUCTANI BO3PACTael MMIVIAbCOM. KoaHuecTRO
MepeHeCeHHoTo B HUMIYIBCE SAEKTPHYECTBA MOSKET TNpH
HEKOTOPHIX YCAOBHSX 3HAYUTEABHO MPEBOCXOIHTL oBuinh
3apal HauaJdbuHOW HOHU3AUMH, BOSHHUKIIHE b pesyanTaTe
npodera ¢oTtosaexrpona [93]. lpunpunuanbnas cxema
BKJIYCHHA KPHCTaMI1a noxasaHa Ha puc. 69. Ha Brco-
KOOMIOM COTPOTHBJASHHU BO3HHKAET HMIYJbC Hanpsi-
WeHHsl, KOTOPBIH MOKET OBITh H3MEepPeH NOCIC MHOTO-
KacKaurnoro ycuiaednd. OnumcaHure#ft npufop masweiasTcs  Puc. 69, [pwHLH-
KpUCHAAAELEcK M CICTUHKOM. [HalRHAA  CXCMa

Lnnuo w [Iaarr [90] HCOOAbL30BATH nIOCKHH Mo- KPHCTALIHYECKO-

ot . ro cuctuuka [89].
poxpucrand CdS rommuuoft 70 mk M mIowanbo K xpuctans  GAS
I swu®. O0c MOBepXHOCTH ero OLIIM TMOKPHITHI CAOAMH F — dhrapes na Sl g,
aKkpajara (KOJJIOMIaJbHOTO rpaduTa) C HpHCOedUleH- oy 10 0 12— Bu-

KO K ¥CHANTEI0,
HLIMM K HHM TOHKHMH MEIHBIMH NPOBROAOUKAMH. KPH- COOPAHHOMY Hd SACK-
TPOMETPHICCKOHR
CTaJdA TNOMEIMAJCH BHYVTPH METaMIHYeCKOH 'I‘pyﬁOT—IKH EED{CN
HENOCPEINCTBEHHO ¥ BRIXOAHOTO ee OTBepCTHA, 3aKpHI-

Toro cepedpaHo# doaproft rommunoH 5 mx. Yepes 510 OTBEPCTHE PeHT-

FEHOBCKMe ™ JIVYH C© AAHHOM BOJuE okodao 0,5 A nafga il HA KPUCTAMII-
Apyro#t koueit TPYOOIKY IPUCOSAMHAICT KO BXOALY IPeiBaPUTEAbHOTO ABY X~
KACKAIHOrO yCHINTES, TICPBas CTYNeHb KOTOPOro cofpaHa 11a SJeKTpoMe-
TPHUECKOR MaMme ¢ BXOAHBIM conpoTusiendeM 10° o4, a Bropas npencTan-
AsieT coOOR KaTOAHBIR MOBTOPHTEdb. EMKOCTL C MepBOR CTYNEHH H caMOro
Kpuctaana coctasaana 8 agh. JanrHelulee ycHAeHMe IOCTHraI0Ch OGBIU-
HLIMHM YCHAHTENSMH NPOMBIUAEHHOTO THIIA. IIpH OTCYTCTBHEU Vel HAGMO -
lancH QoH OKOAO 2 wmn/iur ¢ amnautyiol Goiee 20 s, AMmantyia
AMOYABbCOB, BBI3BAHNLIX PEUTTCHOBCKMMA JAY4aMi, 3BHCETA OT UX 3HEPTHH
n cocrapuna AV =068 wuwxs npu Av=45 xss. [lpu 10° sn/yuun yepea
kpuctannl e Tok 6. 107 4.
Roanuecrso saexrpuuectsa Ag B uMmyibce Buao paBHO

Ag=CAV=(8-107" ) (6.8 107" 5)=5,44. 107" &.

Pasieans Ag Ha 3apsi 5JeKTPOHA e, HAHIEM YHCIO 7 9/1EKTPOHOB, nepe-
Gpowiennnix B 30HY IPOBOAMMOCTH:
__Ag  544.10776 g

- — = 3,4 . 103,
g 1,60 . 1071 4
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OTciona CAelyeT, uTO PHEPrus e, saTpauusaemas Ha ofpasopaHme

0I1I0T0 3AEKTPOHA NPOBOJUMOCTH, paBHa
Ez-h‘i == Mﬂ'% 13 1.
n 34 - 10°

Onnako coraacno [92] ciaeayeT OMMLaTb, Y4TO B NENCTBHTEALHOCTH
£ MeHbIe HNPHBEIEHHOTO 3Hauenis, TaK Kak 3apal B HMIYJAbCE MPEBOC-
XOIUT 3apail HadvadbHOH HOHHMS3AIIHH, HefOCPeICTBCHHO Cco34aHHOR doTo-
a.ﬂﬁK'l‘pOI[OM.

B rnaaprefiimieM cuetuukH ¢ moHokpucraanaMu CdS Owmau npusenes
B DPCHTFEHOBCKUX A03umMeTpax. B HUX MCHOAB30BAIMCh KPUCTAINBL JIH-
nof 5—15 ax, wupuHol 1—2 wx w tomuwmdol 10—50 ux npu pas-
HOCTH ToTennHanos Ha Hux 30 8. [Tpu 3ToM ¢TaduALHOCTH NOKazaHU#E 103K~
METPOB MNOAYYMTh He yaajgoch. Olmako nomeuleHue kpucraita CdS
B pakyym [94] oOecneuuBaeT XOPOLWIYID BOCTIPOM3BOIUMMOCTE (POTOTOKA.
3TO NO3BOJHAOC TMOCTPOMTL HANGKHHHA ao3umeTp ¢ Kpucratiom CdS
B KAUYECTBC NAaTYHKA. ¢

TaxuM o6pasoM, KPUCTANAHYECKHE CUETUHKH MOTYT OBITh, UCIOAL3OBAHE
KAK a8 cyeTa GOTOHOB TO OTAEJbHBIM HMIOFALCAM HATNPRMEnudd, TAK H
IS uaMepeHus MHTEeHCHBIOCTH Jy4e#d 1Mo TOKY, HAVUIEMY HYCPES KPHCTAML.
[MeppHIl M3 STUX NMPUEMOB C YCOEXOM HCHOJB30BAICA B PEHTTEHOBCKOM

(=4
cmexrpomerpe Pore m Kpamepa [120]. B ofaacru naud poas 0,5—2,3 A
CdS-saeMeHT Tokaszakd CTOAb KE XOPOLWHE KauyecTBd, KaK W CYETUHK
TCepirepa. QOaunako CdS-smement #e TpeldyeT nmpuMenends CTabuiu3upo-
BAIHOIG BLICOKOBOALTIUOTO DBHIPAMUTENS: IAR MHTAHHA eTOo IOCTATOUHO
BCEr0 HCCKOMbKHX AGCATKOB BOJBLT U, KPOME TOro, 01l uymeer Goiee Mpo-
L CTYI0 CXeMy VCH/EHHT HMMMYJAbCOB. IDTO aenaer npusereHne CdS-saemenTa
BEChMA TICPCTIEKTUBHBIM, '

8) Domosresmenmol

HEI'EOCPE’.,E[CTBCHHOE MCIIDJIE30OBAHHE CEACHOBHX (.I]O'I‘OE)JIEM.E'.HTOB J A
PETHCTPAUMH PEHTTEHOBCKHX ."Iy‘-l(‘lﬂ NOKA3A/10 BeCbMa MaJAVI0 YYBCTBHTE! b~

HOCTh TAKiX (POTOSIEMENTOB — NMPHMEPHO B 10° pas MeHbIyo, ueMm Lis
BuIMMOH 00J4CTH CIeKTpa (H4 ELMHHLY IHEDIHH NAIAIOUIETO H3Ay4eHHS)
195, 96]. Oanako. MOKPHEAH NOBEDXHOCTH (BOTOINEMCHTA CRETOCOCTAROM,
JIOMHHECHHPYHILHM 104 AeHCTBEHEM PeUTTeHOBCKHX JIyueH B3e/eHBIM CBe-
TOM, JuOO HAKAaiHBag Ha Hero IHCK, BLIPE3AHHBIH M3 DEHTTCHOBCKOTO
skpana, Komopcku#t, Huxoabcku#t n BockpeceHckas [97] cMorau ypemu-
YUTE  YYBCTBHTCABHOCTBL CEJASHOBOIO  (POTOSAEMEHTA K DEHITCHOBCKUM
ayuam Tipubauznrenasno B 40 pas. D70 Aaf0 BO3MOMHOCTH MPUMEHUTEH
TaKo# QOTOEMEeMEHT AAd SKCIIPECCHOrO aHaau3d PacTBOPOB H MOPOHIKOB
N0 METOAY noraouwenud. Mamenenwe ¢oOTOTOKA MPOBOIHJIOCH 3¢PKAJILHEIM
raAbBAHOMETPOM YYBCTBHTEABHOCTBIO 107" @/mm - M, TPU PacCTOAHMH OT
WKaJIL 10 ragbaHomerpa 2,5 . PenrreHoBckas Tpybka paforana npu
50 xs n 10 ma. Tlono neHicTeuenm ayyel ranbpanoMeTp JaBajd OTKAOHEHHE
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7m0 WKale B HECKOABKO COT .4ta. TakuM OOGpPasoM, BIMOAHE BO3MOMHIO
H3Mepelne WHTCHCHMBHOCTH AOCTATOYIO CHJIBHOTO IPAMOTO NYuKa MCPBHY-

HBIX DEHTTCHOBCKHX JY4YeH CeleHOBBIM (DOTOSJIeMEHTOM ¢ dayopecLupyio-
1M 31(1)8][0-.\1, -

2) Haropasmempuuecrue memodst

M.t usMepeHHst 10MIOH S1EPrHH DEHTTRHOBCKHX AvueH B a0COMOTUBIX
eAMHWIIAX TPHMEHAIOTCA  CNELMANLHBIE KaJIOPHMeTPhl. [lepewi#t TakoH
KaJAOpUMETD, TOCTPpOoeHHBIA Pyu- )
noM [98] (eMm. Taxe [1], crp. 67), 2 |
NO3BOJHA  OIPEIedATb  kKos(du- i
UHeHT TIGJCSHOrO NeHCTBHA peHTre- i
HOBCKOH TpyOkM, T. e. ornomeHune 57 |
MOLEHOCTH  PeUTT@HOBCKHX  uyuel ; 2

1
|
|

K MOLLHOCTH BO3OY:KIAILErO MX
K4TOAHOTo Tnyuxka. OKazalock, 4To
3TOT KOIQPULHEHT MEHIETCA B Npe-
aenax or 0.5 mo 1,6%, r oBmacrtu
vanpsxkenwid ot 43 no 150 s.
daa Oofce BHCOKHX HaUpPIHeHui
KanopuMeTp PyMna He npucnocol-
neH. B nanpuetiimesM Guiau paspabo-
tavul [99] OGonee coBepliennne Ka-
JOPHMETPH 0af KeCTKHX penTre-
HOBCKHX HM3JIYUCHHH, BO3HUKAWLIIMX
npH  TOPMOMKEHHH 3IEKTPOHOB
¢ sueprueft 400 gs8, a Takwe aaq
y-ayuelt, BO3ODYMISHHLIX SJeKTpPO-
HaMu C sHeprued 22,50 Moe. B stux
KAMOPHMEeTPaX PelTreHORCKHE WM
T-A¥4H Nafadd Ha CTEeLHAJbHOE Ka-
JopHuMeTpHUecKoe Tedo (puc. 70),
go I—IaI‘Iv]E:B"aHlUO KOTOPOT'®  MOMHO — 2 .3|’ e
BIIO CYAHTE O NOTIOLEHHOR 3HeD- -
PHH. DTO TEAO COCTOAND M3 IBVX lPHC. 70. nOI‘J’IO[I{:?lI:OLuF‘,B Ka10pHMETPH-
CEMHUOBELX ]'_llr‘I.iIIfIH,'IpOB, CTARHHHX 1ECHOE TBJ'[COK(,:"II.‘I'I(;I ;haeﬂg}é{ct)};}({)H.pﬁlh\pCHOB-
JerKonaapkuM  mpumoem. Memay o, meprs wacTH <
HIMH B COUPANBUON KAHABKE QLIOTO  UWAMIADA, &— HOCCDEOPCHMAR AXTYHHSY 060~
43 STHX INNHAPOB GMA yAONEH iy KOKTITAOW mpesati, §se:
Har pepaTeb H3 $MadMPOBAHHOMN KOH-
CTaHTaHOROH nposoaowu. [locne cmaliky 060UX UHAMHAPOB HArpeBaTeJb
OKAa3LIBAJCS HAa TAYyOHHE, PABHOR TOJUIWHG CJ0A NMOJOBHHHOTO MNOT/IGHIE-
HHa (aas Jyuel NAHHOH KeCTKOCTH).

TeMmmepaTypa KaJ0PUMETPHUECKOTO Tedd H3Mepadiach € HOMOUILIO
TEPMHUCTOPA, TIOMEUIEHHOTO B OTBEPCTHH, BHICBEDJAEHHOM B Tede. TepMu-
CTOp, CHeYyeHHHH H3 CMECH OKMC/OB MapraHia, HHKeds H KofaibTa, HMed
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popmy cTepiHa gannod 40 s uw auameTpom 3 aem. TemneparypHbift
KOSQQUIHEHT COMPOTHRICHUA TAKOTO CTep:HA OTpHLATe]eH M pPaReH
—3.,9%, na rpanyc.

YCTpPOMCTBO KadopuMerpa TOKasaHo Ha puc. 71. Jlpa OZMHAKOBBIX
KaJOpHMeTpUUecKux Teaa 3 U 4 MOABEHIMBA/MChL NMPOTHB OKOINEK OTKA-
YAHIOTO KAJOPHMETPHUECKOrO sAlMKAa u OblAH pasie/]eHbl CBHHUOBLIM
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Puc. 71. KanopuMerp ANA MECTKOTO DEHTTEHOBCKOrO H3NYUSHUSL

[ — macaanag Haud; 2 — OTKAYAHHGIH AaTyRULH 1<aﬂop_1~mc'rppplcc1{uﬁ AULHEK, Doce-

pelpCHHLIE pHYTPH; § 14— KAADPHMETPHYECKHE TRIA 5 H 6—-1r-j\pw1(‘:ro EL; 7fusmt—

HOBEIL 9KPAH, MOKPETHHA AAOMHUEHEBEIME I1ACTHHAMK Sufd dn _} T}oa\mm{r;:

3AKPHTHE NPO3PAYHON BAKYFM-TNOTHOH IAaCTMaccoH (nracraueHOM); J? — HArp
paTeau; 13— TepmocTar; f4 — Memaaka.

SKPaHOM, TPENATCTEOBABUIMM OOMEHY TEIJIOBHIM M PEHTTEHOBCKUM (pa?-
CCSIHHEIM ¥ (IVOPCCLEHTHBIM) H3/yueHHAMH. AMOMHIHEBRIC HAKTAAKK
8 w 9 caymuad A9 TOTJAOWEHNST (POTOSNCKTPOHOB, BHIPBAHHLIX STHM
PEHTTEeHOBCKAM W3JIyUeHHeM H3 CBHHIOBOM NIacTuHel 3KpaHa. Kazopu-
METPHYCCKAN ALIMK TOMEWANCs BHYTPH MacasHOH Oawu, Temmeparypa
KOTODO# TOMNEPKHEAI2CE ABTOMATHUYECKH TEPMOCTATOM, HATpeBaTelsMi
W Memanko# ¢ TouHocTh no 0,1°. MaMepsemble PEHTICHOBCKHE JY¥4H
NPOXOAWAN ueped OJHO U3 OKOWIEK KaJOpHMETPa W AeHCTBOBAMH Ha
KaJOPHMETPHYECKOE TENO, PACTONONKEeHHOe NMPOTUB 3TOro okowka. lpy-
roe Telo ABAAIOCE KOHTPOIBHEIM.

- CpasHenue Temmneparyp OOOMX KaJOPMUMETPHUCCKHX TeJ OCYUIECTBIIA-
I0Ch TIYTEM ONpefefeHHss OTHOUIEHMH CONPOTHBIeHHH TepPMUCTOPOE.
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Ilpumenennas 4714 3TOTO MOCTOBAad CXeMa NpeACTaBieHa Ha pHc. 72.

YpaBHOBEIIHBAHNE MOCTA IOCTHraNoCh MoaGoOpoM CONpPOTHB/ICHUSA R Mara-

auHa. 3a BpeMa onmeitTa (10 mun.) TEMNEPATYPA KaJOPHMETPHYECKOrO

TEJNd H3MEHANaCh JHMIIbL Ha HeOoabulyio fomo rpasyca (mo 0,01°. [lo-

ITOMY MOXUO OBUIO ¢ GOJBLIOH TOYHOCTBIO CUHTATh 3aBUCHMOCTH COTIPO-

THBJAEHUA KR OT KOJUYECTBA TemAa, MOrJIOUIEHHOTO paCounM TenoM,
.

K om

566,00 F l 5

56500+

56400 -
Puc. 72. MocToBast cxema maa a
U3MEPEHHA OTHOUIEHHA COIPO- 553:@5'r L4 . ;s :
THBIEHHH 79 — TCPMHCTO DA pado- ¥o8 5 & & W
Herd KAaJAOPHMETPHYUECKOro Tela Z, mm

B Fp — TEPMHCTOPA  KOHTPOib- Puc. 73. 3aRHCHMOCTL CONPOTHRACTHS R

HOr'O Te4, MarasuHa (pHc. 72) oT BpeMeHH o6.ay-
P, =9520 ox; Ry=10000 ox; R —mara- ueHHn paboyero KaloPHMETPHYECKOrO
SHH CONPOTHRBAEHHE; ¥ — YCMUMTEAR Ho- Tena.
CTOSHHOCO TOKH; {"—raisEaHOMeTp
(nyab-wuaueatTop); I —osaement (1,3 a). & H B—MOMEHTbI HATAIA W KOHUE OOIVYeHHsd.

JUHEANOHR. DTO MO3BOMUNO MPH NPORELEHHH USMEPEHHH OrpPAHHYHTHLCS TIO-
CTpOeHIEM TPadHKa 3aBUCHMOCTH R OT BpeMeHH (puc. 73). Onut Hauu-
HAACH 82 HECKOJBKO MUHYT LO HA4ana o0JayueHHS M 8AKAHYMBAACH CTYCTH
HECKO/MBKO MHMHYT 1O ero NpeKpalleHHu. 310 MO3BOJALN0 TPHMEHHTH
OORIuHBIH METON BECACHHH MOMPABKH Ha TEIOBOH OOMEH ¢ OKPYIKAIOLIHM
IpocTPaHCTBOM (CM., nanpumep, [100], crp. 124),

['panyupoBKka KajlopuMeTpa NPOBOAMJACH MPOMYCKAHHEM TOKA uepes
HarpepaTedb, HaXolauuica shuyTpH paodero KaJOPHMETDHYECKOTO Tenad
(puc. 70). Brmuendwouiascs NpH STOM TeMJAOBas SHEPTHH MOKET OHITDL
TOYLO OmnpelelieHa, 4TO MO3BOJANO HAHTH H3MCHEHHE CONPOTHBICHHA R
Hd eIMHHIY SHCPIUM, NOTJIOLEHHOH KATOPHMeTpHYeCKHM TEa0M.

5. CTaTHCTHYECKHE OCHOBBI M3MEDPeHHA HHTEHCHBHOCTEH

- Kpanrosasn IpHpoaa peHTreHOBCKOTO H3IY4YCHHA OKa3kIiBaeT CYlecTBeH-
H10¢€ BJHAHHEC HAa TOYHOCTD HSMC[Q)EHHQ €rQ HHTEeHCHUBHOCTH. HYCTB O
PETHCTPAUHH PeHTreHOBCKHX H)T‘-Ieﬁ HEH3MEHHOH HMHTEHCHBHOCTH HCIOAb-
3y¥eTcqad CueTYHK. l'[pﬁ MHOTOKPaTHOM H3MCDEHHH 4HCJaa N HMNYJIbCOR,
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COCHYHTLIBAGMbIX CYETUHMKOM 33 ONMHAKOBBIE NPOMENXYTKH BpeMcHH f, Oy-
HeT mnoJiyuen pAl CPaBHUTENLHO OAH3KHX UOelmlXx uyHcen N, N,

. Ny oo N, Ecau Takmx oTAeAbHBIX uaMepeHUH KaXKN0A HHTEHCHBHO-
CTH ClleJaHo 60AblIoe KOMHYECTEO, TO cpelHue wicaa N KakIoro paia us-
Mepenuil ¢ IOCTAaTOYHOM CTemneHbd TOYHOCTH OYAYT HPOTOPLUHOHATBILE
COOTBETCTEYIQIIUM HHTEHCHBHOCTAM. OTielbHble e H3Mepeuus N; OyayT

oTanuaThes OT N na AN; = N; —N. INockoabky BCe N; —— Lefible YHCAE,
pacnpeleneiie HX [oluunderca cratHcTHke [lyaccoua. Kax wuapecTno
(cM., wampuMep, [101], ctp. 181), cpeauee KpaIpariuuHOe OTKIAONEHHE
OTACJABHOTO H3MepeHHsT PaBHO

i

S anye

G = 1,-:2_1 X (3,41}

Ws cratuctuxu [lyaccoHa cienyer (cM., nanpumep, [23], cTp. 130—133):
s=VnN. . (3,42)

Ecau ﬁj} 1, To pesyabrar OTAeILHOTO  HaMmepenus N == N; mostoMmy
OOBIYHO TIPMHHMAKT:

s~V N. | (3.43)

Beposrnoe OTK/JIOHeHHe F OTHE/BHOTO H3MEDEHHA MEHBUIE CPEelHero
KBANPATHYHOrO OTK/AIOHeHHA (cM., Hampumep, [101], crp. 183)

~2 o2 YN 3,44
rmgﬁm@VN- ( }

Otacabubie OTKJAOHenus AN; MoryT npesblwats o B 31,79, cayuaes,
20—3B 4,5%, cayuaes, 35— 0,3%, caysacs. [TosToMy 0OBYHO NpH-
HUMAIOT B KayeCTBe MPele/bHOrO BO3MOXKHOTO OTKJIOHEHMA | OTIEIBHOTO
H3Mepelys YTPOeHHOe CPelHEee KBAJpaTHYHOE OTKIOHEHHE!

== 3o 4,51, . (3,45

C yBeamuenueMm HMHTeHCMBHOCTH [ uiaW BpeMeHd cyera ¢ uncio N
COCUMTAHHBIX MMIY/ILCOB pacTeT. Ilpnm sroM coraacuo (3,43) pacrer
W cpeiHee Kraiparuunoe OTAOHeHue o. OQHOBPEeMEHHO OTHOCHTEIBHOE
CpellHee KBaLpaTUyHOE OTKAOHeHHe ofN yObiBacT:

i’:-"‘-:b'—,-lt. . (3,46)
N VAN

Ilpu onpenencHud MHTEHCUMBHOCTH HEKOTOPOH JHHHH DEHTTECHOBCKOTO
CMeKTPpa HeoOX0IMMO VYHTHEBATHL HUTEHCHBHOCTE CIJIOIIHOTO CHEKTpa,
PACCEeAHHOrO HBJAYUEHHH, 4 TakMe KOCMHYECKOTo i paﬂnoaKTHBHOrOEHS-
JAyueHn#, Ha ¢oHe KOTOpHIX HabmopaerTcsd HCclelyeMas JUHMA. CH
[efb CYETUHKA HaBelleHad KAk Pas Ha MAKCHMYM UHTEHCHBHOCTH JUHUH,
TO 3a Bpems ¢ OyleT sapeructpuposano N HMOyAbCOB, OOYCIOBICHHBIX
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COBMECTHBLIM NeHCTBUEM MHMH M $oHa. 3a To e BpeMss £ paloM ¢ Ju-
Huell OyleT saperHCTPUPOBAHO Ny uMOyabcoB, 06yCa0BARHHBIX TOIbKO-
donom. O6uiy0 Ny onpeneasoT Kax Cpennee 3HaveHue 1o obe CTO-
ponet or muumu. Hucno uMmmnyascos N, COOTBCTCTRBYIOWeE CaMOl JIHHUH,
OyacT pasHO

Na= N —Ny. (3.47)

"
Lcan cpendye KBaIpaTHuHBIe OWHOKH uncens A H Ny oBosHauuTe co-
OTBETCTBEHUO G M Gy, TO CPelHSd KBalpaTuuHas owmmbka o, yucia Ny
OymeT pasHa
[

rie HCMoab3osaHo (3,43). OTHOCHTEIbHAS "CpefHas KBAAPATHYHAR OIIUOKa
onpenencuus N, coraacno (3,47) u (3,48) paBHa

W=V@Fa =VNFN, (3.48)

I S (3,49)

OrHOCHTe bHAS BEpOATHAA OWIKGKA onpefeserus Ny no (3,44) u (3,49)
pasHa

ra _ 2V NTN, 3 50

Ny 38 N—Ny -~ (3:50)

Hafinem cpenmior Keaapatuusyo omubky Sy,2 OTHOWenH:A /,//, uHTEH ~

CHUBHOCTe# NBYX AuHMB. [IyCTh HHTEHCHBHOCTL ONIOH M3 IHX H3MepeHa

€ OTHOCHTEIbHOM CpelHelt wBaapaTuuHOH OWNGKOH (s,/N,), a Ipy-

rofl — (5,/N4),; TOraa oOTHOCHTeNbHas CpeaHas KeaApaTHHHAA OUIIAOKA
OTHOILICHHA MHTEHCHBUOCTeH pasHa

= )/ G

2

Ha ocnose noayuenHeix Qopmya pemmnn CAelYIOWY 3alauy. Heob-
XOJAHUMO HZMEPHUTE HUUTCHCHBHOCTH JHMHHUH, HpeBbIUIGIO'lll}"IO UHTEHCHBHOCTh
¢ona B m pas. Crkopocts cuera Ha doue My = Nyft (wunfrun) moxer
OHITE BCerja NpelBapHTeJbHO M3MCPEHA U CUMTAETCH usBectHoH. [pen-
NoJaraercs, 9TO CYCT MMOY/ILCOB HAa JHHMH H Ha (GOHe NPOBOLMTCSH
B TEUEHHE OJHIQKOBLIX MPOMEXKYTKOE epemenn. Hamimem BpeMs £ (B MH-
nyrax), HeoOxOAUMOE A ONpele/ieHUs UHTCHCHBHOCTH JMHUAH C OTHO-
CHTeILHOR BeposTHOM omulko# k9.

HMa ycaoeus sagaun cienyer:

N = ToT- (3,51)
Kpome roro,
Ny=mNg=mMyt, ' (3.52)
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oTkyna no (3,47) HaxoAuM!

N =N -+ Ng—=(m—+ 1) Ny=(m—+ 1) Myt. (3,53)
Moacrasasa (3,53) B (3,50) n ucnodbsys (3.51), moayumm:
b _2Y@EDME _ o SEET o
102 3 m:l-dlﬁt 3m .:‘l-‘.IQf

Pewas (3,54) oTHOCMTEJIbHO £, liafileM UCKOMYH (GOPMYJIY

4 m-L-2 104 —
i e T T (3;00)
9 m2E? fﬁgg

PaccMoTpuM HECKONLKO MPHMCDPOB MPHMEHEHMA NONYYEHHOH GopMyIL. ITycte
HEeOBXONHMAA TOUHOCTL HaMepenust pasna 50y, T. e, k=25, a CKOPOCTE CueTa
Ha QoHe Mé = 100 gaunfsurn. TIpu 9THX YCIOBMAX LA AHHHH, NPEBHMAKEHR
$oi Mo unrencusHOCTH B m = 10 pas, no (3,55) noxyuus ¢ == 0,21 s =213 cex.
Ilpr Tex e YCIOBMAX AAA IHHWH, DPABHOH MO HHTEHCHBHOCTH toHy (m=1).
noayuuM £ 53 aex, a nas auEnH, xotopas caabee doma B 10 paz (m=01),
HaiigeM f =~ 373 san =6 wac 13 Mo

anBe,EleI-IHbIE‘. pPesyieTaTH IIOKA3HBAWT, UTO eCqdd JHHHA 3HAYHTEIbHO
£ mabee (pOHﬂ, HHTEHCHBIOCTE €€ NPAKTHUeCKH He MOMWET ObLITh H3aMCpeHa
£ TOUHOCTBH), HOCTATOUHON 148 KOJHYeCTBEHHOTO AHAJAH34.

£ - - s

QiHaKQ ecaH B MOCIeIHEM M3 PACCMOTPEHHHXE cnywacs (m = 0,1) orpanu-
YynuTeCA TOUHOCTBI 50%, (k= 50), 4TO HOCTATOUHO AJMA KaueCTBEHHOrC aHatH3d,
1o 1o {3,55) £ == 3,7 MHH.

PaccMOTPHM elle [DHMEp pacucra YyBCTBWTESBIOCTH SMHCCHOHHOTO PCHT-
IeHO-CHeKTPAalbHOTO AHANM33. 30eChb 1101 4yBCTEHTEAbHOCTBI) NIPHHITO NOHUMATD
Npenensno Manoe comepacanve Cp 0, snevernra, IPH KOTOPOM elie MOKHO otHa-
PYHTE HaubOJee APKYHO ero IHEWK. s pemenns HEOOGXOLMMO HAHTH CKOPOCTh
.CUETa Mq, Ha oHe, a TaKxe CKOPOCTL cueTa M HA alandTHYECKOH JTHHHH oupe-
AENAeMOro SJASMeHTa NJIA HeKOTOPoH mpofn ¢ H3BecTHLIM conepwanmem C0
-3TOro 3JeMeHTa. BCAH 9TH BEAHYHHLI H3MEDEHD, TO CKOPOCTh CY8TA, COOTBETCIBYIO-
nfaA caMOi AuHHM, Gygser panpma M= M —M'}_. Q6b6ozuauny My ckopocTe cueta,
.COOTBETCTBYIOMYID Ccomepxannw 19, onpenensemoro saemenra. Cuurad M, npo-
_nopuroHaibHOU C, Halizem A4y no dopmyne

M M, M— My 3.56)
fme g =t @,

[lpr cueTe yHCAZ HMMOYALCOB CUeTUMKa Kawiplli pas sa BpeMa § ofiee
‘YHCAO COCUMTAHHLIX HA (JOHE MMMYILCOB PaBHO Ng = M@f. Cpennan KeaipaTwui-

-Has (pAYKTyauusa sToro uxcna no (3,43) pasHa

o =V Myt.

Ecan CcONepKandHe ONPSiASNsCMOro 3ACMEHTA B MCCRENyeMOH upofie CTOMR
/Maag, 4To YHACAC MMOYILCOR CaMOl #pKOH JHUHMM 3TOTO SAeMENTa, COCYUTAHHOE
32 BpeMs £, OKA3LIBAGTCA TI0 Beamuune e 0onee oy, TO OOGHApyKeHHe AWHWH
OKAZLIBASTCH 1IERO3MOMHLIM. BBIlIE yiHe OTMEUanoch, 4T0 CTATHCTHUECKHE (pAYK-
TTYAUMM  Beanununl Ny B 31,7%; cayuaes mpeepnualoT sg. [lpusmenm, uro Goxee
AJH MeHes yRepenHoe ofHapymcHMe JUHHH BOZMORAIIO IHIUb B TOM Cayuae, eCIH
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COOTRETCTBYIOULEC el YHCNO HMIYIBCOR He MeHee NpPeIelbHOH BelHuuHbl N
parHOH i

Nop= 235 = 2/ Mgt.

Takoe 4HCIO HMIOyALCOBE maeT npoéa C COaepiHanueM ONPeledseMOoro siemMeHia,

PABHEIM HCKOMOH 4yRCTRUTENsHOCTH Cp- CooTReTCTBYIOW AN CKOPOCTL cyeTa M,
panrHa

nps

op

R‘? N,
My, = —2 = 2}/—} . (3,57)

PZlJ.'i,ZI.eﬂHR 3Ty BRIWUHHY HA CHOPOCTE CYeTa ﬂ-’fi, COOTBETCTEVIOINYI) CORCDMKaNWID
1%}, ompeZenAeMoro sAeMeHTa, HaHAeM HCKOMOE MpeieibHOe copepiamue C_ @

B
My 24/ My

Cw=7Z =V 7 - (3.58)

OTciofa CAEAYET, UTO NI ODOAYULNHA HelaeMmMoH uyBCTRMTEALHOCTH Cpp 10610~
JHMO CYHTATE HMIYALCE KAXILHA pPas B TeYeHHe CASLYIOLICTO BPEMEHH £

4:1«4@
f:W_ (3,50

1 np
Ecan, manpumep, My = 100 wunfmur o My =300 aun/man, 10 nas obecneuc-
WM UYSCTBHTEAbHOCTH Onpenenesdus 1annoro siaementa Cp, = 0,1%, reobxommmo
BECTH CHeT Kaanlil paz 3a spema ¢ = 0,16 wmax =210 cerx; npu Cup= 0,019/,
£ = 16 arer. BONb Y0 4YBCTBHTEABHOCTE IPH 3alaHHbX My 1 My Noayunte TpyaHo,

Bo Bcex mpupeleudHniX pacdeTax npeailonaralochb, 4TO UYHCAO0 HMIOVJb-
COE cueTyHKa JHDO paBHO UYHCJIY BISTEBIUHX B Hero ¢GoTOHOB nubo,
BO BCAKOM CAyuyae, TNPONOPHHOHANBHO 3TOMY 4HMCAy. Memay Tem, Hagu-
UHC MEPTBOTO BPEMEeHH T CHeTHHKA HapyllaeT YKA3auHyl NpOnoplHo-
HAJBHOCTR; 5TO OCOOEHHO SBHAUHTENLHO CKA3BIBAETCA B CAYYAE DErHCTpa-
DUH CUETYHKOM [ eHrepa TIpH BHICOKHX CKOPOCTAX CHUETA-

O6osnauum M, unciao (OTOHOBR, NONABIMMX B CuUETUHK 3a | CeK
M HOTJAOWEGHHBIX B UYBCTBHTEALHOM 00BEME HANOMISIOUICTO erg raaa.
YcmopuMcsa uaselpath A, «HCTHHHOW CcKOpoCTB®O cueTa». Ecnu monarmunf
B cueTuHK (POTOH BEIpPEBAeT (DOTOIMNEKTPOH H3 aTOMA rasa, HAXOLAULLErOCH
B TIpcaeaax ykasaHgoro odObeMa, TO CYeTYHK «CpadatweiBaeT». QuHaKo
€CJH MOCAC BOSHHKHOBEHUS MPEIBIYINEro HMNYIbCA MPOIUI0 BPEMA
MeHplle T, HMEYabC He BosHUkHeT. Takue cayusam OyAyT MOBTOPATHCH
TeM 4allc, YeM BHIUE CKOPOCThE c4eTd W ueM OGoasiie <. Jas pentre-
HOBCKHX cueTunkoB Detirepa ©~ 1077 cex. Takum oGpasoM, npu 60ib-
WHX CKOPOCTAX CyYeTa «H3MePeHHas CKOopocTh cueta» M Gyner MeHbue
«HCTHHHOH» M. ’

Ecau cueTydk sa elMHHLY BpeMmeHH «cpabotan» M pas, To kamiawi
pas o Kax 01! BHK/MOYANCA HA T CEKYHA; TakuM 06pPasoM, 33 eAMHHILY
BPEMCHH HAKOMHIOCH Bcero Mt CeKYHI MePTBOTO BpeMeHH. lleno OGCTOHT
TaK, KaK eciu Obl CHETYHK 334 JKAKAYI0 eNHHHLY BDEeMeHM BKA0Ya/IcH
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1046K0 Ha (1 — M<) cekyHL u 3a 3TO Bpems Oba crnocoBen perucrpu-
poBatb BCE (QOTOHH, TIOTAOIUCHHBIE B €r0 YYBCTBHTEMbHOAM obnenme,
¢ UCTHHHOH CKopocTbIO cucra M,. Takum oBpasom,

M= My(1 — Mx).
Suas MepTBOC BpEMA T U OMPCAeaHE 3KCNEePHMeHTAABHO M, wHaligenm
KHCTHHHYIO CKOPOCTbL CHYCTa» IO (hopMy.e
oM :
Mo= 135 (3,60)

Hz sron (p()pMy.FIbI CACAYeT, 4To IIPH 3KCMEepHMEHTAJABHOM CnpeieaeHnn
CKODOCTH CHMeTd HMeeT MecTO OTHOCHTEJNLHAY OIuOKa, paBgnad
My — M
1’1’10

= M. (3.61)

Ecmu mpencOperathk ownbkamn 10 2%, 10 npeneabnas CKOPOCTb cueta M,,
- YIOBACTBOPRIOILAA STOMY YCIOBHIO, Oyaer mo (3,61) paBHa

.02
MEZ OO“,

T

OTKyAd, Hampumep, mpu s==23. 107 cex noayuuM M, == 67 wumnjcer ~
=4 108 gunfuun. Taxum 06pasom, ecan n=L 4000 gunfmun, To
MQIKHO He BBOAHTD NONPABOK MO dopmyre (3,60) u cuurars M == M,
IMpu M > 4000 gpenenne COOTBETCTBYIOUIEH NONPABKH HeOOXOINMO;
ONHaKO,KaK NMOKasaHo B pase pabor, popmyaol (3,60) MOKHO MOIB3OBATHCH
UMb NPH OTHOCHTENLRHX OwHOKax (My— M)/ M, <7 10%, (unoraa stor
npenes cumxaor aawe 1o 6%). 3o obbacHaeTca Tem,uTo dhopmyaa (3,60)
BEIBEIEHA B NPCANOI0OKEHIY, YTO MONAJaHKNe B cueTYHK OTOHA B TeyeHHe
MEPTBOTO BpCMENM He 3aTATHBAET STOrO COCTOAHMS CUeTuHMKa. B sefi-
CTEMTEABHOCTH Hé NOTNalaHHe B CYCTYHK HOBOIO (POTOHA iade B Tede-
ITHE  MEPTBOrO BPCMEHU BBISEIBACT UEKOTOPYH) AOTIOJHHTENLHYIO HOHW-
84ILMI0 Tasa M HECKOJBKO 3aTATHBAET 3TO BpeMs.

Ecan cunrare, ure ¢opuyna (3,60) CIpaBelJuBa MPH OTHOCHTEIBHEIX
oTrAouCHUAX M o1 My 1o 10%, u npunars no-npessxemy t=3 - 107 cex,
T0 mo (3,61) nalineM, uTo mnOmpaBKa K H3MEDEHHOMY 3Hauenuwy M Mo-
#eT OBITE pRelena 1o ¢opmyae (3,60) npu aHavenusx M, He Tpepocxo-
BAUIHX Beauaunwr M

0,1
Mg = -

== 333 uanfcex — 20 . 103 gan/mun,
T. € TpH HCTHHHOA cxopocTu cueta M, He Gonee 22 . 103 pan/mun.
IIpn TaKumX CcKOPOCTSX CHeTa BeCbMAa BaKHO 3HATH napaMerp t. Torna
no (3,60) Bcerma moxeT OHITH HalineHa TpeSyemas NoNpaBKa.
Hawnyuwuii cnocol onpejesenus MepTBOrO BpeMely — OTCUeT M-
TEJIbHOCTH HMNY.JibCa Ha SKpaHe ocuuanorpada 1ubo no «Metomy :miymet
passeprku» (cM., Hanpumep, [28], crp. 487), aubo uo «METOLY ABYX
HCTOYHUKOBY». [lociaendu#t COCTOMT B TOM, Y10, BaKPENHDE HEMOABHKHO
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HCCASIYEMBIM CHETUHK, HA HEKOTOPOM PACCTOAHHHN OT HETO (0OBIYHO — C NpPO-
THBOMOJOKHUEIX CTOPOH) NOMEWIAIOT ABA MCTOYHHKA PaiHOaKTHEHLIX usny-
vepnil. [lycTe mpm sTOM cueryuk nacr M, » umnyibcos sa 1 mad.
YOpap oOaMH M3 HCTOYHHKOB, DCTHCTPHPYIOT UHCIO UMnyaecos M,,
KOTOPOC HACT CYETYHK 33 TO JKE BPEMH MOoA IDeHCTBHEM OIOCO TOALKO
BTOPOTO HCTOUHHKA. YCTAHOBUB TepPBHIE HCTOYHUK TOYHO HA npexHee
MecTO, yOUpAKT BTOPOH HETOUHHE K pPerucTpupyiorT 3a 1 mun 4ucao
HMAyabcoB M;, KOTOpPOE CHETYUMK ZACT NOA JeHCTBHEM OAHOTO AEPBOIO
ncrounuka. Ecaw My u M, 8HAUNTEABLO TPEBOCXOANT HHCJIO HMIYIbCOE
OT KOCMH'UECKOTO HBJIYYENNA, TO MOCJAEAHHM MOKHO npeHeGpedb. B stom
CAyuae MERIy HCTHUHBIMM UHCAAMH HMIYIbCOB M, 4 n My o mpu pas-
RCAbHOM JeHCTBUH HCTOYHHKOR H Ma’l’2 NPpH HX COBMECTHOM JdeHCTBHNW
MMEET MECTO CHABAYIONAA OYERHAHAA BABHCHMOCTD:

‘A"lﬂ, i, 2 —_ -J‘Hn, 1 + .'Mr_n, o (3,62)

Mo dopuyne (3,60) noayuum pas Mo, 1,20 Mo 1 1 My, o caenywomue
BLIPAWCHUA!

.{1«‘]‘1,? M , 11'11 I‘l’f?
1‘140; L2me T-—j‘fL 2T ! ! 0, 1 = 1 ;‘?Ifh'v ] zw{]r 8= 1-— ./1"12'5 '

[Moxcrannas 3tv Beipamenns B (3,62) u npedebperas WienaMu, COLEPIKa-
WHMHE T2, [OAVYHM:
1”1 + r']r‘j-_)—.e’i'r"f-h-?_ -
TV MY A (3.63)
Queruano, 4ro M, + M, = My TaK KaK C BO3PACTAHHEM CKOPOCTH
CHETA KOJHYECTBO TNPOCYETOR DacCTeT,

Popmyaa (3,60) Obl1a NOAYYEHA B NMPCINOMOKEHHH, 4TO BEPOATHOCTE
BOSHHKHOBEHUA MMIY.LCA CYETUHKA TOCTOSNHHA BO BpeMeHd, T. €. 47O
HMIYABCEl PACIPEACCHB! 110 BPEMEIH «CTATHCTHUECKH PABIOMEPHOS. DTO
AEHCTEHTENBHO MMEET MECTO NIPH MUTAHUH PCHTIEHOBCKOR TPYOKH NOCTOSH -
HLIM CPAQKENNBIM HanpsicenneM. OIHAKO eCiH TpyGKa NMTAeTCA BEIIPAM-
TCHHLIM MYJILCHPYIOLAM HAIPAMEHHEM, TO MHTEHCUBHOCTH M3IVYEHHS MC-
PHOAMHCCKH NYALCHPYCT, u popmyaa (3,60) ywe nenmpuvennma.

Kak H8BECTHO, MHTEHCHBHOCTb / XapaKTePHCTHUECKOrO PEHTIEHOBCKOTO
CHEKTPA 3aBHCHT OT HaNpsKewns V HA PeHTTeHOBCKOH TpyOke Mo popumy.ae

feo(V—V)2, (3,64
rie Vy—noreuunan posOYmAeHHs AaWHOH muuu. Ecau V<l Ve TO
/= 0. Paccmorpum ciayuall, KOraa Hampsxedue V AYILCHPYET MO 3aKOHY

N .
AT
T
rie  T—mepuos  nyabcauu# TpH  OLHOTIOMYTIEPHOIHOM  BHIIPSAMIEHUH
(puc. 74, a). BosbyxicHne THHUN MMEET MECTO JMIIb HA VYACTKAX KPH-

BOoHt Hanpswenns spwe yposus V=V, Lcan, onHako, yuecThb saBucH-
mocthk (3,64), To craner oueshaHmM, uro BGinan TPAHUIL 3THX YUACTKOB

V = Vyage sin £, (3,65)
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(7. e. TpH ManelX 3HAYEHHAX H3OBITKA HATPAKEHWs V—V,) untencur-
HocTh [ nuenu Oyzer oueHb Mana. OTC0Ia CaeAyeT, uTO MCMYCKaHue
AMHUH TTPOUCXOILWT NpaKtThiecku Ha Oollee Y3KMX YUacTKax #f,, L,
B6IM3H MaKCHMYMOB HANpsxeHHs (Ha puc. 74, a 3awTpuxosann). Mewmay
YYacTKaMU fify, f3t,, ... MCNYCKAHMSA (POTOHOB HE NMPOUCXOIUT (AHOO YHCIO
HX TpencOpPeXRHMO MAI0), 4 BHYTPH HHX (GOTOHB MCMYCKATCT, — OQHAKO
HepapHOMepHO; OO0AbIAdA WaCcTk UX KOHUEUTPHPYeTCH BOJIMSH MOMEHTORB
BDEMEHH, COOTBETCTBYINIMX MAKCHMYMAM KDHBOH HANpSMKeHHS.

Ecan namepsaTe HHTCHCHEHOCTB [/ TaKOr0 PEHTTEHOBCKOTO H3/IVHeHUs
CYETYHKOM, TO CKOPOCTh CHYETAa MMMY/IbCOB (3@ BHYETOM (POHA KOCMH-
UeCKOTO M DaLHOAKTHBHOIO H3iyueHuH) OyaeT OTAMYATBCH OT HYJIA AHLIDL

v Ha y4acTKax £, fpf,, ... Ilpu
PR S— Y ___..  3TOM CKOpOCTB cucTa GynetT nocTH-
b AN A7, raThb  MaKCHMyMa  ORHOBpPeMeHHO
. C HampmxeHueM V HAa PEeHTTEHOBCKON
i . iz Zx 7
7 T TpyBre. OO0osHaunm Af nauTennb-
r HOCTb WHTepBANOB fif,, f3f,,
v . @) M=t —t, =t —ty=...
V :

7 E | ; Ornouenne AT k nepuony T nyib-

CAllHH HABLIBAETCA CHBANCHOCHLBID §°
Puc. 74. CpapHeHue ycaosni Bo30y- AL
MASHHS XapPaKTCPHCTHUECKOTO CIEKTPa —— (3,66)

B CIy4ae MyIbCHPYIOUIEro HampAmeHud I
IPpH OAHOMONYNEDHOTHOM BRIIpAMIIS- E
$iHH (@) ¥ IPH NOCTOSHHOM HANpsiate- CiH CHET HMIOYIBCOB NPOBOAUTCH
Huwn (6). 32 TIPOMEKYTOK BpemeHH ¢ % T
(kak 370 oOLMHO HMeeT Mecrto),
TO HaHleHHOe UYHCHO N HMIOY/IBCOB TO3BOMAET OMPEIENUTb CPLON 0/
u3MepeHrYo cropocms cuema M:
o N
M=
£
OueBHIHO, HTO UCMUHHAA CKOPOCHs cuema M, IpPH CHBAXHOCTH
§<€ 1 He NOCTOAHHA BO BpeMenn M BOIM3H MaKCHUMYMOB SHAYUTENbHO
npesocxonur M:

(MO)MaEc >> ﬁ

Ecin M cooTBeTCTBYeT Tako# CKOPOCTH CUeTd, IIPU KOTOPOH COracho
(3,60) eine mowuO Onano O npenefpeub IPOCYETAMU HMIVJIBCOB, T0
(Mohsaxe MOKET OBITb HACTONBKO GO/BIION, YTO BBeNEHHE NONPABKH Ha
NMPOCUeTH OKAXKETCA COBEPIIEHHO Heo0XOMHMLIM.

C sTo#t TOuKM 3peHus nHTaHUe PEeHTrenoBCKoH TpyOKH moCTosIIILIM
XOpOWO CraaKeHHBIM HanpsxeHdeM V' (puc. 74, §) uMeeT CyllecTBeHHOE
NpeuMYLLeCTBO MO CPABHEHHIO C MHTAHMEM HANDFKEHHeM, MyJbCHPYIOWINM
no 8akoHy (3,65). Ilycts, wmanpumep, NOCTOsSHHOEe Hampskenue V' poi-
Opano TakuM, 910 V' <7 Ve M oOecneunsaer TAKYIO € CPELHIOI0
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MHTEINCUBHOCTL /', KAK M B Cilyyae NYJABCHDYIOUIGTO HANDPMKEHMA, T. €.
[ =1. Tlpu TOCTOANHOM CriamenHoM HanpsweHHn V' WMOyIbCH CYeT-
ynKa pacrnpelefeHbl MO BpeMeHd «CTATHCTHYECKH PABHOMEPHO®, M, Kak

. ,
AerKo BUAeTh, HCTUHHAA CKOPOCTh cdeTa Mg sHaunTensHo Menblie (Mg)axe:
M!
0
——— < S,
. (Mo)yare

Buao moxasano [103], uTo BospacTaHUe IIPOCUETOB C yMeHbLUEHHEM
CKBAXHOCTH § He MeHfeT Buaa gopmyint (3,60), HO sKBHBATeHTHO 3aMens
MepTBOTO BpeMelH T HeKOTOPBIM TapaMeTpoM =’ == kt, rie A2 2= 1. Tlpu
AYABCHDYIOLIEM HAMPAMKEHUH MHTeHCHBHOCTh IPONOPUMOHATEHA Cpequed
ucTHHHOHM cxopocTH cuera Mg, KoTopad MoweT OuiTh HafieHa 1o Gop-
MYJIE o

T M
M{):Tc (3,67)
I — M
-
Ecau, uanpumep, Viaxe==4V,y T0 £==3.4, T. e. mapaMerp =’ 3sHauu-
Te/NbHO TPEBOCXORAUT MepTBoe spems <. C yMenblenunem V... mapamerp
v’ eme GoJablle BO3PACTAET.

OrTciona caefiyer, 4TO OpH NYJAbCHPYIOLLEM HATIPMKeHHH BecbMa BaK-
HOE 3HAYcHHE MMeeT ompelejeHHe mapaMerpa ', Jufo HelocpelCTBeHHOE
nocrpocHue rpaduxa sasucHmoctd My ot M, Tak kak Qopumyra (3,67)
CcrpaBeliuBa JHIUL MPH FCIOBHH

Mo—M 5 g0/, (3.68)
My

OQnuH u3 crocof0B, NO3BOIAILIIHX SHCTIEPHMEHTANBHO DELIHTE HOCTa-
BJACHHYH) 3ailayy, IasblBAeTCA MEMOTOM MHOZUX gﬁo‘;@bz. I—Ipl{ NpONyCcKa-
HHH PEeHTreHOBCKHX Ayueil uepes n CpO“'fbl" OOHOro W TOrO e Marepuana,
HMEI X OJAHHAKOBYIO TOJUWHHY _d, HHTEHCHBHOCTE .!r.n’ J'IyLleﬂ }rﬁblgae'r
N0 JKCIOHEeHUIHAABHOMY SaHOHY!

I, = fe—rdn,

rie [— HauaJbHasl MHTEHCUBHOCTB Jaydedt, a w-— nuHefunid xo3pdHIMenT
ocaabaenns (cm., Hampumep, [Ll], ctp. 148). Auanoruunoe BEIDAKEHHE

CBE3HIBAET U CPEAHKE HCTHHHEIE CKODOCTH CUETa MOC/ae moriommeHus Mg, ,
W no mormoueuus My: B -
' — —pd

Mga.n—Moe (s

OTKyda MoJyvaeM JHHeHHYIO 3aBHCHMOCTD lg Mo, OT 4ucia Goasr

lg Mo, n = lg My— 0,434p. dn. (3,69)

[To maHHBIM aﬁcﬂeplikieHTa H3BeCTHa, OIHAKO, II1e HCTHUHHASA CKOPOE’I)'
cyeTa M{}ﬂ a COOTBETCTBYROLLAA e HaMepeHHad CKOPOCTE cCUeTa Mﬂ,

-
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Mpu MaanX HWHTEHCHBHOCTAX (T. €. IO0ciAe TpPOXowIdeHHA O0JbLIOTO
yHCcaa 7 (Gobr), KOrda npocyeTaMH MOMKHO mnpedeOpeub, M, TpaxTu-
uecku paBHa Mg, M COFIacHo (3,69) Oyaer cnpaBelluBO PABEHCTRO

lg M, =~ 1g My,— 0,434u dn.
_Msmepus M, mpu n=1, 2, 3, ..., crpoar rpaduk sasncuMocTH
g M,, o1 n. Tako# rpadux npencTasied HAa pUC. 7D, @ COJAOIHOH Jwu-

HHeH. Kak u clenosalo OXuUIaTL, JAuHeWHas 3aBucHMOCTh lg-M, or n
HADYWACTCd HpH MalbiX 72, Tak Kak

M, ” R CKOPOCTh CYeTa, a ClIel0BaTe/bHO, U
40 S N YHCJIO NPOCYETOB BO3PACTAXT. DKCTpa~
25t \ 310°] 3—/&?“: TMOMAPYA JAMHCHHYIO UacTh KpuBo# B 00-
L 1 JacTh MABIX 7, MOJYuaeM TOKA3aAHHYIO
sl el __ Ha puC. 73, ¢ TYHKTHPHYIO JUHUIO,

. [ L OpCACTaBIADIIYIO 3aBHCHMOCTE (3,69)
ast 317 st //’ oas  JorapudiMa UCmurHOI cpelHed
el | i 4 ckopoctu cueta Mo, 5. [posens nps-
307 o204 MYI0, TapallelbHyl0 OpIWHATE, MOy~
25l . . . . N# gl ‘ /7 YaeM B TOYKaX Hepecedelus 3TOH npd-

¢ & B 2 0 207 ¢ MOR CO CIVIOWNOR M TYHKTUPHOH .TH-
Puc. 75. a— sasmcmmocts lg M, ~HUAMH TAPY COOTBCTCTBYIOIMX 3Have-
OT n WO MeTOAy MHorux (oapr Huft M, u Mo, . Ha puc. 75, a no-

(cunouiHan  kpunad);  mmnefiHask  gazaHa CMCTeMa TAKHX HPIMBIX. Toay-
SKCTpaﬂeﬂsquH HHMHeH uacT KpH- Fr
BOH NOKa3aHa NYHKTHPOM; 0 — 3a-  UCHHBIE napel 3sHaveHut M,, u My , no-

BHCHMOCTL HMCTHHHOI cpe:meH CKO- SJBOJIAWOT IIOCTPOHTI:- I“paﬂ.}rﬁpOBOWH}’PO
POcTH cueta M, 0T usmepensod AM;  KPHBYIO, NOKA3AHHYIO Ha puc. 73, §; npu
NYHETHROM NOKa3aHa Jmst CEE'[HBIIEI-II’IH 3TOM HHIEKCHI /1 MOT}"T OHITE OI-i}"i.lLEF-IbI.
sapucHMocTh My = M. Hpyro# crnocod nocTpoeHus rpa-
AYHPOBOUYHOH  KpHBOH  OCuoBan Ha

CHATHH 34RUCHMOCTH M3MepeHHOH cropocTtH cuera M Or aHOIHOTO
ToKa ¢ (puc. 76). Ilpu 3TOM BaXHO BCe BpeMsi NMOICDPKUBATD HANpamKe-
HHE, MHTalollee PEHTIEHOBCKYI) TPYOKY, MO BOSMOMKIOCTH CTabHIBLHEBIM.
ITpu OTCYTCTBHH CREWMAMBbHOTO CTabuIM3aTOPd HEOOXOJMMO CAENMTh 34
TIOCTOAHCTBOM HAMpAXKeuns MO KaKoMy-1u6o npubopy, TNOIKINYEHHOMY
HENMOCPELCTECHHO K DEHTTeHOBCKOH TpyOke (cM. ra. II, pasaea 4). Ecau
CTabMABHOCTL Halpsenis ofeclevela, TO HCTHHIVIO CKOPOCTH CyeTa M,
MOYKHO CHHTATL TPONOPIHOHATLHON aHolHOMY TOKY {. [lpu mMaduix
3HaYeHMAX [ CKOPOCTL CHeTa Madd, W MPOCYETaMHM MOWKHO npeHeOpeds.
[TosToMy HauaibHBIH YuacTOK kpuso# npamoauseen. Ha puc. 76 IKCTpa-
TIOJIALNA 3TOTO ¥yacTKa NOKA3aHA NYHKTUPHOR auuueft, ITa auHug, ove-
BHAHO, NPEACTABASET 3ABUCHMOCTb MCTHHHON Cpeduefl CKOPOCTH cueTa ﬂ
OT anoaHoro Toka {. [losrtoMy, mnepecekas obec JauHuHu (cmomﬂyro
M TIYHKTHPHYIO) CHCTEMOH MPSMBIX, Napa/iieibHBIX OPIMHATE, HNOAYYUM
B TOUKAX TepeCceueHHa 3ITHX MPAMBIX CO CMJCMHOR W NYUKTHPHOR .d-
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HUaMH MAPHl  COOTBETCTBYIOILHMX 3Havyenuft M u M'ﬂ. ITO 1O03BOJAAET
nNoCTPOUTh TRAAYHPOBOYHYIO KPHBYH, NPEICTABIAIOWIYIO 3apucuMocTs M,
or M (nonoGuo mpencrasienno#t Ha puc. 75, ). ManomenHpilt mertol

HeTTPUMEHNM, KOTZa ¢$OpMa KPHBOH HANDMKCHUS 34BHCHT OT A4HOLHOTO
ToKA (Hanpumep, NPH HAIMYHH BHICOKOBOJBLTHOTO kKadens).

Ecan Ha rpaiyupoBoulOf KPHBOH BuﬁpaTb TOYKY, B KoTOpo#H Efo

oramuaercs ot M ne Goaee wem Ha 6—10%, TO no nape Takux 3Ha-
ueHH MO n M Moxyo Harti ma- P
paveTp t'. Ilo gopmyre (3.67) no- s B /4
JYYHM! . . i 'i ‘
T’ :..\ﬂ{i-__iw . (3,70) 27% ,‘//
MM ] ,
D10 3HaveHue <’ N0O3BOJFET HAHTH g4l R
My MO H3BECTHOMY M, [0/b3YACh 5 ’
dopuyaoft (3,67) [B npeleaax ee s ]
TPUMEHHMOCTH coraacHo (3,68)]. i B
[Turanue peHTreHOBCKOHN TpydKu . P
yJIbCHPYIOWIUM HanpsHeHHeM 05110 20%
UCIOAL30BAHO B pale pador [104, s .
105] - mns CYLWECTBeHHOTO VMeHb- J&‘ : 4,: : 6 : é - ,5 ! X
LIeHHd HOHA MATKOH COCTABIAOWEH L, M7
PEHTreHOBCKOTO  H3JAYYeHHd. Ha Puc. 76, 3aBHCHMOCTD  M3MEpPCHHOMN
sTo 1eqH OBLTM NpUMeHeHL peuT- CpelHed ckopocTH cueta M OT amoa-

renoBCcKHe TPYOKH C CeTKo#t (CM. HOro Toxa I (CMaowWHas KPHUBAR).
ra. 1, pasned 1), wa KOTOPYi mo-  TIVWupoi nossssus skcrpouioutns rosaabroro
13BaJI0Ck MOLYIUPOBAHHOE MyAbCH-

PYIOLLee HAMPAMCHHE B BHIE NEePUOIMYECKY TNOBTODAUIMXCA UMIYILCOB
npaMoyroasioH dopmel. TloTeHUHan CeTKH NPH OTCYTCTBUM UMTY/ILCOB
noalupancs TakuM, utolnl TpyOKa Onia sanepra. VIMuyascol OrnMpadin
TpyOKY TOABKO HA Te YacTH NEPHOAd, B KOTOPble AcHCTBUTENBHO HCIY-
CKAETCH HCCAelyeMoe UsJavdeHHe (CM. puc. 74, a).

Boaee coBepiuieHHmH cnocod, ue Tpebywoniu#l BBejeHHs CETKM B PEHT-
FCHOBCKYIO TpyOky, Op npuMeHeH [lenunckum u Jlouwrom [105]. Onn
BBEJM B CUETHYIO CXEMY IHCKPUMUHATODP, [PONYCKABIIHH MMOYALCH
CYeTUMKA TOMBKO B Te vacTH MepHola, B KOTOPhle HCOYCKAeTCs uccie-
IyeMmoe mWadyueHHe. ITOT cnocod NO3BOJRKET HE TOAbKO COKPATATL (OH
MATKOTO TOPMO3HOTO PEHTIEHOBCKOTO H3JIVYEHUS, HO H CYILECTBEHHO
CHU3UTL KOCMHYECKHE GO, 0cOOeHHO MPH MaJOH CKBAKIHOCTH S.

C 1neibl0 3HAYATCABHOTO HMCKYCCTBENNOIO VMENBIIEHHS CKBaXHOCTH
004 onucaHHWX Bolle cnocoBa Oblan mpHMeHeuw [105] coemecrHo. HHa
CeTKY pEIITI'eHOBCKOﬁ 'l'p}fﬁl{ﬂ noiaBadqHch O4YeHBL V3KHe UMOYJAbCEL, OTIH-
paBuige ee 1A KpaTKHE TNPOMEXKYTKH BpeMeHH BOJN3M MOMEHTOR, KOT.a
HANpAMeHHe JOCTUTalo MakcuMyma. Harpes awona, xak usBecTHO., omnpe-
feigerca 3(PQCKTHBHEIMH SHAYEHHAMH alONHOIO TOKa M HATDKEHHH.

-
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[Tpr MMAYJILCHOM NWTAHUM TPYOKH AHOLHLIE TOK B HMOY/IbCE MOMeT
MOCTHrATL BeCbMa 0OAbwuX 3snauenndl. CilelyeT euie yuecTh, uTo IIpH
OOBIYHOM  MYJbCHPYIOIIEM — CHHYCOMAAIbHOM HATIPSKENHH  Ha TpyOKe
HATpeR dHola HMECT MeCTO M B Te YaCTH MepHOdd, B KOTOpble HCCIe-
Ayeyoe Haayuenue He wucnyckaercs (V < V,). Orciona scho, uto npu
MEPHOIHUBCKOM HMIYIBCHOM MNUTAHUH PEHTIeHOBCKOH TPYOKH Jerko Mo-
WeT ObTh noayucHa OOAbWAT HHTEHCHBHOCTD HCCAEAYEeMOro H31ydelnd,
HeM NPH OOBIUHOM (YABCHPYIOLLEM MUTAHVH ece, ITpu stom dou kocMu-
HECKOTO M MATKOTO PEHTICHOBCKOTQ H3AYueHHS OYIeT pE3KO CHUKEH.
HMenunnckomy w Jlowry [105] yaaoch 10CTuub 100-xparnoro ymenblne-
HHA OTHOCUTE/BHOH WHTEHCHBHOCTH ¢ona. B npyro#t paore [Tennuckoro
[106] yxasano, 41O penTreHOBRCKas TpyOKa MNMTal1ack BEICOKOYACTOTHBIM
HanpsxeHHem (npu uactote 50—100 x2g). TporoqKuTe bHOCTD HMIVIb-
COB cocTaBiaia okodo 1077 cex. Orcona no (3,66) nonyuaem ckmam-
HOCTE 8~ 0,01—0,005,

6. IIpuMeHeHHe MOHHTOpOR

llpn nocr1enoBaTedbuOf BO BpCMEHH PErHCTPAUMH MITCHCHBHOCTEH
CAHUM U3 HOHH3AUMOHHBIX METOLOE HIM CUMHTHAIAILHOHHBIM CHETUHKOM
TpebyeTcs BechbMa BLICOKAS CTaOHIbHOCTb HCTOYHMKA uaayuvenns. [lonnep-
KAHHE NOCTOAHCTBA AHOIHOrO TOKA ¢ TOYHOCTBIO 10 0,5%, u BEICOKOTO
HATPHKCHUA C TOYHOCTBIO A0 0,1—0,2%) MONeT 1aTh yaOBAETEOpPHTEIb-
HLH  pesyibTal JMINL [PH  ACMOAB3OBANHM 3aMATHNON  PEeHTreHOBCKOMN
TpyOKn. Heo0X0oanumo, ONHAKO, YUUTHBATH, YTO OGECICYEHHE CTOND Bhi-
COKOM CTAOUIBHOCTH BEICOKOTO HaNpsKeHHs NPpH CPABHHTENLHO GOALINOH
MOILHOCTH, MOTPpeBiseMolt TPYOKOH, TBATETCH LOBOILHO CIOKHOMA 3a1auet.
Orta 3anava OCOBEHHO YCAOMKIACTCS, ecau B npouecce paboTe HeoHXO-
AUMO H3MENATH AHOAHEIH TOK BO MHOTO Pas, HANPUMED NPH U3Mepelusax
DBYX JAUHHHA, OT/IMYAIILMXCA BO MHOTO pPas MO HHTEHCHBHOCTU.

Ecau maa paborsi npumenserca pasbopuas pentrenosckas TpyOka ia
HENPEPBIBHOM OTKAYKe, TO B HeH OOBIUHO MOCTHrAeTCH BAKYYM TMOpPHAKA
(2-+-8)-107" mopp. Tlpu Takom BaKyyMe HMMEeT MeCTO 3aMEerHoe pac-
MEIICHHE BEIIECTRA C HMUTH HaKana HAa aHoje; e¢ciu BO3OYKAACTCH BTO-
PHUYHBIH CHEKTD M M3IyYaTedb HAXOAMTCS B oOuwem BAKYYME C peHTre-
HOBCKOH TpyOKOH, To na MOBEDXHOCTH NOCASAHEr0 o6pasyeTcs HapacTao-
Wafd BO BPEMEHM TIMEHKA BELLECTBA, pPACHLIAGHHOI'O HE TOALKO ¢ HHTH
Hakala, HO W M3 (OKYCHOTO MuTHA aHONA. B stoM cayuae dawe nieaib-
Hag CTaGHAHBALHA DEeXUMA TMHTAHHS PEHTIEHOBCKOMH TpyOKM He RpHBener
K MOCTOAHCTBY HWHTEHCHUBHOCTH €€ W3JIyYCHHS.

HMaaoxennsle npuduns npupenan x paspaloTKe METONOB, [DH KOTOpPHIX
TOUHBIC MSMEPEHHA OTHOCHTCAbHEIX HHTEHCUBHOCTEM MOrYT OBTL IIPOMS-
BELeHEl MO0 NpH CTabUIHBALMU HENOCPEACTBEHHO ZHMEHCUBHOCME W3-
AyHeHHSA, aHOO Npu OTCYTCTBHM BCIKOH CTAGHAH3ANMH HCTOUHHKA U3Iyde-
Hid. 141 9TOR uean npuMeHsioTes KOUTPOAbHBE HOHU3AUHOHHLE KaMeph
i cueTunKu [efirepa — rak Haswpaemble MoOHamops. [lociedHue 1Ay
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MpUMEHEHHE MpPH  PEHTIEHO-CTPYKTYPHHIX HcC/lelopanuax [107—115]
5 CayyasX, KOria HCNOdb3YeTCd MOUOXPOMATHYECKOE XapakTePHCTHUECKOE
M31y4eHHe aHolLa. 32 Noc/AelHue TOAW MOABMIMCL TakKe paGoTH IO
OPUMEHEHUID MOHHTOPOB U NMPH DPEHTTCHO-CHEKTPAJbHEIX HUCCAS 0BANMLX
[88, 115, 116].

ITpocrefimui MEeTOA HCHOJIL30BAHHA MOHHTOpPAa COCTOMT B TOM, HTO
H3 PEHTreHOBCKOW TpyOKH depes IBa pA3sHHIX OKOLIKA BLINYCKAIOTCA IBA
ayua. OAMH M3 HUX TIOCTYTaCT B CHEKTPOMETP M pasjaraercs B CHEKTP
Kpucraiaaom, PacnpeneieHdHe MHTEHCHBHOCTH BIOJb CHEKTPa H3Mepserci
CUETYHKOM, KOTOPLIE MH YCAOBHMCH HA3BBAThR B daasHeliuiesm padogus
cuemuurom. Npyrof ayy AelcTByer HEMOCPEICTBEHHO HA MOHHTOD, YTO
MO3BO.IACT CHAelHTh 33 MHTETPaibHOH HHTEHCHBHOCTBW) H3AYYESHS PEeHT-
renorCKO TpyOKH B mIpolecce HaMepeHuBt pabouuM cueTHHKOM. JIeTko
BHIETL, OIHAKO, YTO TAKOH METOI HEC MOMET OOCCIEYHTH TOUHBIX DE3Y.lb-
TATOB IPH HM3MeHEeHHAX HAIDAMEHNs, MHTAIONIEIO PEHTrEHOBCKYIO TPYOKY.
He#icTeure bHO, MHTErPalbHasd HHTEHCHBHOCTDL /; NPONOPUUOHATLHA KBATl-
paty Hampsxenus V' Ha DPEHTTEHOBCKOM TpyOre (cm., Hanpuwmep, [l].
crp. 83):

I o V2,

TOTAd KaKk HHTCHCHBHOCTB [y JIMHHH XapaKrepHCTHYECKOTO CHeKTPa MpH-
MEPHO TPONOPUHOHAILHA KBAAPATY M3OHITKA HampameHHs V Hail noTeH-
unaaoM V', BosOy)KAeHHd 1auno# cepuu:

Iyco (V—V 2.

Ecay usmepaercs CrHexTpalbHas HHTEHCHBHOCTbL [, CILIOMIHOTO CHCKTDa
PEHTICHOBCKHX Jayde#t (HaNpumep, MPH HCCAENOBAHHH CIEKTPA [OTIOUIE-
HEd na (oHe CIMIOMHOTO CHEKTPa), TO OHA TPONHOPIHOHALHA NepBOH
cTeneHy H3OHITKA HanpsbkeHMs V' maa morteHuwatoM V, kBaHtomod rpa-
HULE BO3OYIKISHUS MBJIYYCHHA HAHHOH IJAMHB BOJHEL

LcoV—V,

Takum oOpasom, OTHOINIEHHE CKOpocTell cuera pabouero cHUCTYAKA W
MOHMTOpPa OVIeT 3aBHCETh 0T HANpPsKCHHA.

HToOB HCKAIOYHTL BAMSHHE HANpskenus V' Ha OTHOWICHHE CKOpOCTEH
cuerd pabouero cueryuka U MOHHTOPA, HeoOXoaumo, urolnl BTOpod .iyu
NpeaBapuTEAbHO OB Pas/iOKeH B CHEKTP M 4TOGH B MOHMTOP IONanaia
AuNMA XAPDAKTEPUCTHURCKOTO COEKTPd (MAM  Yy3KME YuiACTOK CHJOILHOIG
CTCKTPA), MMEHINas TOT e MOTCHUMAT BO3OYMIEHHHA, YTO M HCCAedYeMan
JAHHHA (MAM HCCAeAyeMBIH yYacTOK CHJAOWHOrC cnexTpa). Hempepuisuoe
BEIMOIICHHE 3ITOTO  YCAOBMA B IPOLECCCE 3ANUCH CHEKTPa B WIHAPOKOM
MHTepBade /JHH BOJH BCTpe4aeT B3HAYUTENbHLIE TPYIHOCTH H NOTOMY
noka me GbLIO OCYLleCTBAeno. OINHAKO 3TO YCJAOBHE MOMHO CPaBHUTCIBHO
JAerKO BLINOJAHHTE B Cc‘[&,.‘l}-"lOLLlHX CII}"-EHHX:

1) upu Mccienrosanun GOPMEL OTAEIBHOH JUHHM CHEKTPAa HCIYCKAHH,
aAnGo rpynnel GaHsKHX JHHEA OIHOH CepHu;

=
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2) IpH HCCAEIOBAHMM Y3KOTO Y4aCTKA CMEKTPa NOrJoulcHua BOMH3H
€I'0 TJaBHOTO Kpas;

3) npu KOojuuecTBeHHOM (JYOpPeCUEHTHOM aHaan3e GOAblIOH mapruu
06pa3iloB Ha OIMH ONpeACIeHHHH 31eMeHT.

B nepsOoM W3 9THX Cay4aeB MOHHTOP IOKCH GBITh HaBelded Ha TY JKe
JAWHHHIO CHeKTpa, YT0o u pabounifi cuerumk. lllean nepen MoHMTOpOM MO-
JKET TPONYCKaTh JHHHID IO BeeH ee IUHPHHE WM TOJBKO 4YacTh ee
BOAM3H MaKCHMyMa unrTencupuocTu. B Takom monomeHHu MoHHTOpD 3a-
Kpelifercd M O0CTaeTcs HeNMOJBHMKHBIM BO BCe DBpeMd CHATHA KPuBOH
CIEKTPAJBHOTO pacnpeieedts HHTEHCMBHOCTH IO INHPHHC JHHHH. JTa
KpUBas CHMMaeTcs padouuM CUYETYHKOM, BXOJHAH HIETb KOTOPOrC H0MMHA
HuITh BO MHOI'Q pa3 yie uccjaeayemo#t amnumn cnexktpa. Padouu#l cueTuuk
nepeMeliaeTcs BAOAb H30PAHHOrO YYacTKa CHEeKTPa; CKOPOCTL CUYETd Ero
OpH 3TOM DETHCTPMPYETCA TEM HMIH MHBIM CHOCOOOM.

Bropo# cayuall orawdaercs OT NepPBOr0 TOJbKO TeM, uTO MOHHTOD
JOKeH OBITH HaBeNeH Ha YYacTOK CILTOWHOTO CHEKTpa B OGJaCTH LJIHH
BOJIH, COOTBETCTBYIOIIMX MCCHelyeMOMY Y4acTKy CHeKTpa NoriouleHud.

B TpeTbeM H3 pPacCMOTPEHUBIX CJAYYAEE — NPH  KOJHYECTBEHHOM
(huyopecUeHTHOM AHAJIM3e HA ONPEACACHHBIN 3/MeMeHT — NepBUYHbIE DeHT-
TCHOBCKHE JYYH, BHIXoidUiMe u3 (QOKYCHOrO NATHA aHoLa, JeHCTBYIOT
OIHOBPEMEHHO HA IBA PACHOJOMEHHHIX pAioM obpasua. Ms vHux onnH —
HccaeayeMult  ofpasell — MOCHIAET  BTOPHYHBIH  JIy4Y  pPeuTreHOBCKOH
GQAYOPECUeHIIMH B CUEKTPOMETP, TAe OH PAa2Jaraerca B CIeKTD KpHCTAM-
J0M u perucrpupyercd pabouuM cueTuuroM. [lociaelnu# HaBosuTCH HA
AHAMWUTHYECKYIO JMHHIO ONPEle/SeMOr0 SIeMEelTd M 3aKpeldgeTcd HCMIo-
aprkno. Bropo#t obpasel — cTaHaapT — NpefcTaBdsder cOOOH NMIACTHUKY
H3 TOTO e YHCTOrQ aseMeHra. BropuuHoe ero HaayyeHue COCTOHT
TOABKO M3 XaPaKTEPUCTHYECKOTO (IYOPECHEHTHOrQ H3AYYCHHA STOTO
3JEMCHTA M HEeKOTOPOrO KOJHYSCTBA PACCesHHOTO HaayueHud. HasbBapuTbes
0T Goablilefl YacTu PACCETHHOTO H3JAYYEHHS MOMIIO TUATE/ALHBIM KOJIH-
MHPOBaHHeM Ny4Ka BTOPHYHBIX MAyueH craHiapTHOro o6pasuna (nocaeno-
BATEJbHO MPOMYCKAA STOT NYUOK 4epPe3 ABa KPYTABX OTEBepCTHA ILHAMET-
pom menee 0,5 wm KaMcioe B CBHUILOBBIX SKPaHAX; DACCTOAHHE MEWIY
3KpaHaMH HoDkHO OMTbL He MeHee GH0—70 am), [Moayuennm#t nyuor Mo-
der ORITh (03 AOMOMHMTENLHOIO PA3A0MKENHA B CNEKTP) HCMOCPEACTBEHHO
TIPONYLIEH B HelOIBHKHBIH MOHHMTOP.

Kax noxaszan onwT, OTHOWenHe HHTEHCHEHOCTeH, Hamepennnix pado-
YHM CYCTYHKOM W MOHWTOPOM, OCTAETCA NPHM OMMCAHHBIX BHIIIE YCJAOBHAX

TIOCTOANNBIM € TOuHOCTLIO 10 4%, nawe ecau aGCoOMOTHAS MHTEHCHE-
HOCThL M3JAYUCHHA WCKYCCTBGHHO H3MCHARTCH 8 HECKOABICO OCCAIMKOE pa3.
Ecan ofa o0pasuna-—ucchneayemuli W CTAHIAPT — HAXOIATCH PAIOM H

APHMEPHO HA OJHHAKOBHIX PACCTOAHHAX OT POKYCHOTO THTHA aHoma |
HHTH HakaJga Karona, 1o pachbileHHOe BelleCTRO OTKAalbiBaerTca HAa 000OHX
obpasuax npuGIM3NTCILHO B OIuHAKOBOH Mepe. OAHaxko MpH CcMene HC-
craeaveMblX 00pasuoB HeoBX0IMMO (XOTk W He KAMIbIH pasd) yHCTHTH
TIOREPXHOCTE CTAllapra.
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B 11060M U3 pacCMOTPeHHBIX Bbllle CJYYaeB BOSMOMHE Pa3IHIHBIC
cnocoBEl HCNO/Ib30BaHua MouuTopa. Oaun us 91X cmecodor [107,
108] coCTOMT B TOM, YTO MepecyeTHble CXeMBl OOOHX CYCTYMKOB — pa-
Houero M MOHHTODA — MYCKAIOTCA OJIOBPEMEHHO HAMATHEM KHOTIKH M
paoTaloT 10 TeX [op, NOKA MepecueTHAs CXeMa MOHHTOPA He 3aperu-
CTPHPYET B3al1aHHOTO YHCAA MMNYIbcoB (nopsiaka 5000 — 10 000). B stor
MOMEHT CHEUHAJABIOE pefieliHoe YCTPOHCTBO 4BTOMATHYECKM OCTAHABRJM-
paeT ofe mepecyeTHnIe CXeMbl. [lociae 3aMHMCH NOKa3aHW# 00EUX CcXeM
HAKaTHEM BTOPOHM KHONKH YCTAaHaBJIHBAIOT HX CHOBA B HYJAEEOE MOM0-
wenne. Ecan a1o TtpeOyerca (mpu cHATHM (OPMBI CHEKTpPa), OIHOBpE-
MEHHO MOTOD CO CTYIEHUATBIM PEAYKTOPOM aBTOMATHUYECKH HepeMe-
1waeT padoudil ¢yeTUMK B HOBOE I[OJOMEHHe Ha 3apaHee 3ANAHHBHN He-
Ooasuioft yraopoit umHTepsan. lalee cHOB2Z HAMUMAIOT HA NEPBYID KHOMKY
U TMOBTOPSOT BeCh npomecc usMmepenud. Jlerko puiers, uTo mpH mpa-
BHIBHOH YCTAHOBKE MOHMTOpPA 2ADETHCTPUDOBAHHOE HCIO UMIYJIbCOB
paBouero cueruuka ne OVAET 3aBHCETH OT pewdMa paloThl pPeHTTeloB-
crofl TpyOKH.

MznoskeHHBHA METOLR CTYHeHYATOH perucTtpauyu o3BOJSCT CHHMATh
(hopMy CTeKTpa MO TOYKAM, HO HE [03BOJAAET [PHMEHATH CAMOMHCEL
g% HEMPEPBIBHOW  3anmucHM KPHBOH pacmpefcteHus HHTEHCHBHOCTH MO
cOexkTpy. B nmocaegmesm ciyuae HMMEIOT MeCTO MCKAKCHMA, CBASAHHBIE
raasHeiM 00pasoM ¢ coBCTBeHHBIM BpemeHeM RC MHTerpupyiomed auettku
(HHePUHOIIIOCTBI) CAMOTNKHCIA ODBYHO MOwHO mnpedebpeus). D10 3acra-
BIACT MO0 OHeHb. Mel/eHHO 3aNUCHBATH, — TaK, utofut 332 Bpema 4RC
{cM. rTaba. 3) cyeTUMK TIEPEMElNaJCcd 10 CNeKTPY Ha IUHPHHY BXOAHOH
uiesM, AuG0 OTKasaThCsl OT NOJAyYeHHs Towynol KpuBoH, T. e. moitu Ha
HeKaxceuua ¢ Tem, uTofH HX 3aTeM ucnpaputk (cM. ra. V, pasaen 3, a).
Itn HeyzoOCTBAa HCKAKYAIOTCE B MeTode cTyneHuatolt perucrpaituu, rie
Ha KamIO# CTYNMeHH BO3IMOXKEH CUCT B TeUueHHe TPOMEXKYTKA BPeMEHH,
JAOCTATOUHOrO 144 ofecnedenuds TpehycMoH TOUHOCTH (CM. NpelbIyILHA
paazned).

Ecnu mpoBoauTca KaueCTBeHHEBIH anaid3 Ha MHOTO 3JIeMEHTOB ¢ o0niu-
Holt moaykoiduecTBeHuoft (rpyGoi#t) oneHkof WX colXepwanud, To Heol-
XOAHMO TIPOBECTH M3MEPEHUS HHTEHCHBHOCTH CIEKTpa B IUHPOKOM HH-

Teppate ILAHH BOMI., ITO MOXKHO OCYIHECTBHTL AWMDO TPH HedpepoLiBHOR
samucH, JAuS0 TPW  CTYHeH4ATOM [epeMelleHHH CuYeTUMKd, HO € OYellb
MafbiM ArOM, — B HECKOJLKO Pas MeubluuM wupHHbl AHHuE. Kak yxe

VKA3KIBAAOCH BHIIE, MOHHTOP HE MOweT oO0eCHeudTbh BBICOKOH TOUHOCTH
H3MepeHHH B LIHPOKOM HunTepsade IJIMH BOJH, HO TPH KaYeCTBEHHOM
4Ha/M3e T4KAd TOUHOCTH W He Tpedycrcs. ITo MO3po/feT NpH MpoBene-
HMH  anajusa mNo IVopecUeHTHOMY HBJIYUeHHI) BLIOpaTb B HAYECTRe
CTaHZAPTHOTO OO0PA3Ua IAEMCHT, XaPAKTEPHCTHYSCKHH CHOEKTP KOTOPOro
pacnonoxen B cpenadel 4acTH HCCAeAYeMOro uHTepBana AAHH BoJgd. [lpu
alanuse N0 TepPBHYHOMY W3AVUeluH) MOHHTOP MOMKHO HABECTH Ha [OpPH-
MOH OYYOK, RLUIYULeHHLIR uepe3d BTOPOS OKOIIKO DedTreHOBCKON TpyOKu.
ITOT MYYOK MOMKeT ObTh KOTIUMHPOBAH U 0cAalied amfOMHHHEBRIM
-
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GHILTPOM 0 TaKOH WHTEHCHMBHOCTH, KOTOPYID MOHHTOpP crmocobeH sape-
FHCTPHPOBATE ©€3 CYLiecTBelHBIX HCKaxwenui.

Eciu B paccMarpisaeMoM CAVYdE [OPOBOAHTE PerHCTpaliio ¢ TakoH
CKOPOCTBIO, 4YTOOB WSMEPEeHHEIE OTHOIUGHHA WHTEHCHBHOCTeH JauHIH
B MaKcuMyMe OBUIH 110 BO3MOMXHOCTH O/H3KH K HCTHHHHEIM HX OTHOLUE-
HHAM, TO BpeMdA, HeoOxOnMMOe [OAs MNpoBeleHUd BCErO ZHAMNSA, OKAMeTCH
upesMepuo OCABLUIKHM -—— MHOTO 9acoB. M9 3HAYHTEABHOIC COKpaleHud
STOTO BpEeMeMM NpPM HenpepblBHON sanuck crextpa Omao paspaborano
[117, 118} cneunanssoe ycTpOHCTBO, HCMOAB3CBAHHOE B AajbHeHllem H
npu CTynesgatoll perucTpaunu ¢ moHmTOpoM [L12]. ¥YcerpofictBo sTO
B rniochelHeM CHAy4ae COCTOWT B ChelVIolieM. PesepCHBHBI MOTOP €O
CTYNeHuUaTHM PpeNyKTOpPOM NepelBrraeT pabouHi cueTuHK OBOJBUIHMHA
CKAYKaMe, NPU KOTOPHX (opMa JMHBHH HE MOMET OEITL 3apPerHCTPHPO-
BAHA, HO- BRMECTEe € TeM HCKAUaeTes Npomyck auHui. MMoyabscm 97010
cueTuura POPMHPYIOTEH H NOCTYIAOT B CXeMy HMHTerpHpOBAaHHA, HA BH-
XOHEe KOTODPOH NOCTABIEH peryjudpyeMbift IMcKpaMuHaTop. [locneann#
VCTAHARIKHRAIDT Ha elizeMBlH NOPOT UYBCTBHTEABLHOCTH, BHOUpaeMH# H3
CAeAVIOMHX coobpamennii: npu perucTpauuy (oxa (CHAOIIHOTO CHEKTPA
H pacCeAHHOTC H3AYYeHH#) AHCKPHUMHHATOD 3aMepr; NpPH NOBBIUEHHHM HH-
TEHCHBHOCTH PETHCTPHPYEMOIO H3JAYUEHHMH BRIUE YPOBHA CTATHCTHYECKHX
dayxtyauuit (poHa AMCKDHMHHATOP oOTrnupaercd. [IpH saneproM AMCKpH-
MHHATODE MOHHTOD OTKAIOYEH, H aBTOMATHYeCKada perucTpalus He IIpo-
ugpoanTed. OrTnupanye JUCKPHMHHATOPA A2eT HeOOXOZMMHH  CHIHAT,
B pe3yabTaTe KOTCPOrC MOTOP peBepcupyetcs, paSouHfl cueTudK INejaeT

Asa  GoakwuX CcKauka B OOpaTHOM HaNpaBASHHH, TOCAE YEro MOTOpR

CHOBA DeBePCHPYETCA, CHUETYMK MepeXONHT Ha TpAMOe IBHKeHHe, HO
Teneph * CTYNEHYATHH PeAYKTOP JaeT Majibieé CKaukH—B [1ecATh pas
MeHbllie Npenwxyilux. OTHOBPeMEBHO aBTOMATHUYECKH BHAKUIETCA [epe-
CYUETHAH CXeMa MOHHTOPA, KOTOPad YHPAB/AZeT PEAYKTOPOM: CKAUYOK OCYLIG-
CTB/JASeTCH KaKAB# pas JHINb MOCAe TOro, KaX MOUMTOP DNACT 3ajaHHoe
YHCAO MMNYABCOB. Takoe ABHMEeHHE CIeKTPOMeTpa INPOHCXOEUT RO Tex
nop, TOKA BACKPHMHHATOP CHOBA HE OKaKeTca 3amepThiM. Ilocie storo
pafounft cueTuHK HefaeT elle NeCATh MAAHX CKAYKOB; 3aTeM MOHUTOP
oTkmouaercd, pabounB ¢uYeTYHK NEepeXOANT HA OOMbIIME CKAuKH, W aBTO-
MaTHYeCKAas PerKMCTPalHA rpexpainaerca. '

ApTOMarnuecKas CTyNeHuYaTad perucTpaums, onucanuad B [112], obe-

CNEYUMEANACh TIpHMeHeHMeM Aas pabouero CcueTYHKa HEpeCUeTHOH CXeMbi
Ha pekaTpoHaX. Kpyrosele WKaJAH NOCAeAMHX aBTOMATHYECKH (oTorpa-
dupoBanuck HAa KAaLp KMHHOMJEHKH B MOMEHT, KOrjia NepecueTHas
cXeMa MOHHTOP2 OTCUMTEIBAJa salaHHOe CTaHA3APTHOE 4YHCJIO - HMIOYJAb-
cos. Ha 70T e kanp oORHOBpeMeHHC ¢IOTOTPadHPORANOCE H OTCHETHOR
YCTPORCTBO YTAOBOFO MNepeMellleHus cueTuHka. Taxkum o6pazom  (puKCH-
POBANNCE NIBe KOOPAWHHATEI, CJOYHHBIIME 3aTeM. I MOCTPOEHHA COOTBeT-
CTEYWILNEH TGUYKM KPHBOH CHEKTPAJBLHOTC pacrnpelnefeHius HHTEHCHBHOCTH.
ITpu ouepefHOM CKauke KHBOIJeHKa NepedBHTafach Ha cledylomiui xaip,
a nokasaHua of0enx IepecyeTHHIX CXeM aBTOMATHYECKH COpPACHBANMCD
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B sro#t e pabore [112] npuMeHena euie omHa (TpeTtbn) nepecuernad
CXeMa, TAKKE PErHCTPHPYWLIAT HMIYAbCE pabOvero CUeTUMKI ¢ MOMEeHTA
TePEXOAd ero Ha NPAMOS ABIKEHME MAMEIMH CKAYKAMHU, T. €. IPH NpO-
XOMIEHHR WMEMN CYETYHKA MO LIupHHe JnHMH. [lokaszamus 310# Tepe-
CUCTHOH CXeMH He cODACLIBAOTCA B HAYale KamkIOTo Maioro CKAYKA.
OTcyer, 3apPeruCTPUPOBAHHBIN CXeMOH TI0 OKOHuAHMY TIPOXOMWIEHMA i~
HHH, TNPONOPLHOHAJNEH HHTETPaAbHOH HHTEHCHBHOCTH JHHHHM. STOT OTCueT
Taike GOTOrpadEpyeTcs — B MOMEHT, KOTA2 IHCKPUMHHATOP, BiIOUEH-
HHH TIOCAE CXGMBI MHTETPHPOBAHHA HMIYAbCOB paBOYero cuertuwia,
OyIeT 3amepr. :

Onucannoe ycrpo#cTBo mpumeHeHo B [112] aas peructpagud naud-
(paKuMOHHOR KAPTUHEI MOJNHKPHCTaNIMYECKHX BeurecT. Ecau ero npu-
MEHHTL AA7 MOAYKOIHURCTBEHHOTO (BIyOPeCUeHTHOTO PEHTIEHO~CTEKTPATb~
HOT'O aHamusa B WHTepBang yrios Bynwda — Bparra oxono 6° (Hanpumep,
OoT-5 g0 11%), To Oouablde CKAYKH MOMHG BoIGpaTe oxomo 0,017,
a mansie —okono 0,001° Tlepebie NomKHE cneporaTes Apyr 3a ApyroM
Yepes MPOMEXYTKH BpeMcHH, paBabie 4RC, rie RC-— nocTodnnad Bpe-
MEHH CXEMBl HHTETDMPOBAHHS HMIY/IBCOB paboyero CuUeTYuKa. ECiaM
RC=1.25 cex, To GoXplliMe CKaUKH MOTYT CAENOBATb Yepes Kawmgbie
O cex; B 9TOM C/yYae HA CHATHE BCEFO YYacTKA CIIEKTPa notTpebyeTca
OKoa0 1 waca, 7. e. HeMHOrWM Godee, 4eM 9T0 HeOOXONUMO st $oTO-
rpaduIecKodt perHCTpalMu TEepBUYHOTO CHeKTpa. Memay Tem, Kaxk us-
BECTHO, TOCAEANHE BO MHOTO Pa3d MHTEHCHBHEE CIEKTPA IyOpPeCeHins.

.OHHC.&HHaH CTynenyaTas PerucTPallHs CIeKTPa € BEIVIHMM MOHUTO-
POM OCHOBAHA HA CYETE MMNYJILCOB PabodYero CYETYHMKA 33 BpeMdA, B Te-
HeHHE KOTOPOTO MOHHTOP 1aCT 32J4HHOE CTAHAAPTHOE YUCIO HMIYABCOB.
Ecnn B KavecTse MOHMTOpA MCHOAb3yeTca cueTdux Iefirepa, meprroe
BPeM# KOTOPOTC OTAHUAETCA OT MEPTBOrO BpPeMeHu pafouerd. CueTIHKA,
TO BO3HHKHET ROTMOTHUTETbHAA OWHOKA, CBA3AHHAS C PABIWYHBIM KOMW-
YeCTBOM NPOCHETOB OS0MX CUETYHWKOB (MaXe IIPH  DPaBHHIX CKOPOCTHAX
cueTa). Ira omubKA BO3PACTAET € POCTOM CKOPOCTH CUETA M CTAHOBUTCS
0cobenHo GOABLIIOA NPH CYIMIECTBEHHO PasAMuHBIX CKOpOCTAX cueTa. Jlas
ee HCKMOUeHHd Obuta  paspaborana ocobas cxema [L11], npuMenenuas
gatem B [112]. B Helt nepecueTHBIE CXEMH PETHCTPHUDYIOT MMNYABCET
KKIOrCe cueTyyKa (pabodero M MOHMTOPA) TOALKC B TOM Ciyuae, eciad
HH OIMH M3 HAX He HAXONWTCA B <MepTBOM» cocrodHun. Kpome Ttoro,
A1 yMeHbUISHHA KOCMHYECKOTO.H PANHOAKTHBRHOrO ¢oHa, 3Ta e CXeMa
HE MO3BOJSET PErHCTPHPOBATL HMIOYAbCH CHCTUHKOB B Te TIPOMENYTKY
BPEeMEHH. KOTAd DeHTreHOECKads TPyOxa, NMuTaeMad NyJbCHPYOIUHM Ha-
OpsHKeHUeM, He HCNyckKaeT HCCASOYEMOTO HaIydeuus (puc. 74). Takoe
YCTPOBCTBO TpefyeT, NpPasiid, HeCKOJABKO GOABUIErO BPeMeHH A48 HAKOTI-
Aenud HeoOXO0AuMOTO (IPU 3aTaHHOH TOYHOCTH) KOMAMYECTBA HMIITYABCOR,
HO 3aT¢ 00ecriedMBacT BEICOKYIO TOUHOCTh PeayAbTaToB NPk AOG0H CKO-
POCTH CyeTa KaWKIOrO H3 CUETUHKOB.

-Bo MHOrMX cayuasx enatebHO, 4TOOHI CIEKTPanbHOE pacipedele-

HHE HHTEHCHBHOCTH (OwIIO 24NHCAHO CAMOTIHCUESM B BHIe CHAOIUIHON
- :
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Hl.'JIIBOﬁ. Takdd 3aNHCHE HE MOMET ORTh OCYILECTRAENA 11PH CT}"IIE’.HT-IH'I'Oﬁ
perucTpaludi cIckrpos. ONHH 13 BO3MOMHHX CNoco0OB HCIOIL3OBAHI
MOHHTOPA LM YCTpPaneHHA K0oae0diinl HHTEHCHRHOCTH HanyueHua B 1npa-
uecce HCTPCPHIBHOM 3alnCH COCTONT B CJACAYOUIeM. B KauecThe MOHH-
TOpa MOMWeT DBRITh HCMOAL30RANA MOHU3aUHWOHHAA KaMepa HJH PONOpLHe-
HajbHbH YCUWIRTCAR C NMOCASYIOWIMM JIaMIOBBIM YCHaeHuem, sub0 cuetr-
yuk Tefirepa €0 cXeMOR MUTErPHPOBALIMSA HMTYALCOR., /A ONpeiedeHHOCTH
UPEANOJ0KHM, YTO B KAYECTBC MOHMTOPa phiOpaH cuerduk. Munyiabco
padouero CUETYMKA PErMCTPHPYHOTCA BTOPOH CxXeMOH HHTETDHPOBAHHA.
[IpUMcHEHHCM TaK HaduiBaeMOH «CXeMbl JaroMeTpa» MOMHO MNOAYYHTL
Ha BRIXOIE STOR CXeMBEl TOK, IPONOPUHOHANBHBEIH OTHOUWIEHHID CHll TOKOB
ofelX CXeM WUTETPHUPOBAHHA. BEIXOAHOR 10K CXCMBI A4roMeTpd 3arnHCH-
BACTCH CaMOIUCUEM.

BuecTo cxoMBl TaTOMETPa MOMKHO 014 BBIXOC KAWIOW M3 MIHTErDH-
PVIOWIHY CXEM MOCTABHTL IO KCXEME :[O]"a[}l-l(.bj\-![-i[)OBaHHﬂ TOKa», 4 3a-
TCM, HANpPaBHE 3TH TOKH LUABCTPEYY APYT APYTY, TOJAYYHTE TOK, TpPo-
NOPUHOHAMLHEH NOrapudMy OTHOIIeHHs ckopocrel cueTa pabounM cueT-
MMKOM H MOHMTODOM. 3ANHCHE TAKOrQ 1T0Ka JacT MCKOMOE COSKTPaIbHOE
pacupefegellie HHTEHCHBHOCTH "B ."iO]"apI’ICpMM‘—]E,CKOE\'I I.\'lﬁ(‘,ll_l'[‘ﬂf)&; 3TO
vyacTo OrIBacT OueHb FAOOHEM, B 0coOeHHOCTH [IPH NAJHUMY JINIHE
CTEKTPA, PA3IHUAILHXCE [0 HHTEHCHBHOCTH HA HECKO/LKO MNOPHAKOB.

B padorax [88, 113] e xauectee MouuTopa OuLiia HCNOJB30OBAHA
HOHHUBAIMOHHAS KaMeDa, TOK KOTOPOH (mocae HeoOXOAMMOrQ YCMJIEHHS)
BO31eCTBORAA HA CETKY JAMIIRl CXEeMBl MHTCTPHPOBAHHS HMIYILCOE pa-
Boucro cueTHHKa. [lyTeM COOTBeTCTBYIONIErO MOA0OPa NapaMeTpon CXeMbl
MOWHO  O®LI0  aBTOMATHHECKH DPOTYIMPOEATE UYRCTBUTEABLIUOCTH CXEMEB
HHTCTPHpOBanus TaK, uyTodn ona Owia ofpario nponepPuHoHadbia HWiH-
TEHCHBHOCTH H3AYYCHHS, DErHCTPHDYCMOH MOHHTOPOM. DTOT METOR TAKME
NO23BOIACT OQCYINECTBHTE TOUYUVID) HEMPEDLIBHYID 340HCDL HIUTCHCHEHOCTH
CICKTPE.

TMocneonHe TPH MeTola pPerucTPalud CreKTPOB  MO3BOJAANDT UpHME-
HUTE MOHWTOD JIIA HCOPEePHBHOH 3anucu xpupoil; 0inaxo ecan rpedyercs
f0iee BRICOKAA TOYHOCTH M3MeDeHHH, TO neofXOIHM BCe e HeNoCPel-
CTBEHHBIA Cuer HMIIVILCOB B TEYEeHHEe DOCTATOIHO HoaLIHOrO HPO:\'I{:’.)]{:\_-'TKH
EpemeHd. 118 3ToR UCIH HY:KHO NAPALIeapHO CO CXCMOM WUTETpHpOoBa-
HHH HMIIY/ABCORB paGOqu‘O CHETYHKA UWMETE TIEPECHETHYH) CXEMY. One-
BHAHO, OANAKO, YTO [pPH HCIG/JIb30BAHHH AKOOroe M3 TPEX YKA3AHHLIX
MeTOAOB PE3VARTATL W3MCPCHHM C TMOMOLLLIO NMepecyeTHOH cxempt GyayT
BABUCCTL 01 KOACHAHUN MHTEHCHBHOCTH WCTGUNHKE WIAVYSHHS, TAK KaK
MOUHTOP NPH 3ToM eoobiie He OvieT padorarhb.

Horone [119] B KavecTBe MOUMTOPA NpPHMEHHI HOHUSAILBIOUIVIO Ka-
MEDY, TOK KOTODPOH (HOCAC COOTBETCTBVIOWIETO IaMIIOBOICG ¥CHJEHHH)
HCMOABR3OBAICA. 144 PETFAUPOBAIMA TOKI 11aKala 11T KaToAa PEeNTreLon-
CHOR 'l‘p}-’ﬁl{ii. 3’1‘?} cxeMa OOCCTMeYNBAST TMOCTOAHCTBO WIUTELCHMRBIOCTH H3-
JA¥UeHHd PenTreHORCKOH TpyBxu, 49T0 MO3BOJARET C  DABHLIM YCIeXOM
HROW3IB0ANTE KAK aBTOMATHHECKVH) 341HCE TOKd CXEMBI I»THTCFIJHpORHHHH
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HMITFALCOR palouero CUeTUMKA, TAK H HEMOCDPEACTBElHEHT Cuet 9THX MM~
HUYJABCOB € MOMOMIBK NEepeCdeTHoN CXEMBI.

HecyoTps ma BCEe HpeMMyUlecTBA CTAOMJIM3ALHNM HHTEHCHBHOCTH Hi-
AYYEHUS MyTeM BO3AeHCTEHA TOKAZ MOHUTODA Ha TOK HAKAAA PEHTTCHOR-
CKOR TPYOKu, 3TOT METOA BCTPEYAET Pl MPHHLUHMIHAIBHLIX TPVAHOCTEH.
Oidna 13 HHX COCTOMT B CJeA¥IOLLEeM. DNCKTPOHHAK CXEMd, YNPAaBTHIOLan
TOKOM HaKald, AO/DKHA ObIThb DACCYMTAHA TaK, dYTOOB! NPU YMeHbIUCHUH
UATCHCHEHOCTH  H3JAYUEHHs TOK HAKadd, a CJaeJORaTelbHO, H aHOIHBIR
TOK BO3pactand, u uaoGopoT. OAnako BO3PACTAHU AHOAHOIG TOKA He
GCETUd COOTBETCTRYET BO3PACTALNE HHTEHCHBHOCTH.

HeACTBUTeABHO, HHTEUCHRHOCTE [ XapaKTEPHCTHUECKOTO CHEKTpA 34-
BUCHT OT dHOLHOTO TOKA [, 4n0dioro Hanpswenua V, wa peHrrenos-
cko#t Tpybke u norenunata V, sosbyxicuug AaHHOH CepHu:

feo la U’fa - VQJE' (3.7 1)

Ilpumen, uTo cxema, muramwiwas naxad TpyOkw, craluaHsuposana u npu
KoneDaHUAX NATIPAWCHHES DHTAIOWeR CeTH TOK Hakala, d CAeA0BATEdLHO,
B aHOIHBH TOK OCTATCS OOCTOAHHBIME, H3MCHACTCH JUWEb aAHOIHOE lia-
npsieHue. Tlocacance OOBIMHO 3HAYHTEIBHO Melblle HalpmKenus V.,
XOJOCTOTO X0da TpaucthopmMaTopa:

V,=V,—i,R, (3.72)

rie R 0314494CT «BHYTPeHHEe COLPOTHRAGHHE® MCTOULMKA BHICOKOTO Ha-
NPAKEHHS, COCTOSMIIEE H3 COTPOTHBAeHUE KENOTPOHA, BTOpHYNON 00MOTKH
Tpauchopmaropa, a Takdwe GYPepioro BOANHOIO WIM CHANTOBOTC COMPO-
THBJACITHA, OOBINHO BRAKYACMOTO MOCICAOBATEILHO C PasGopHoR TpyBKot
dast craxueanus ce padorte. [Toicrarus (3,72) B (3,71), noaygew:

feco if.f. Ve — (F:HR —j— V—Q)I‘) (3,?3}

HaMeneHue Hanp#di#ens CeTH B CBOID QUepeik BEI3OBET OpONMopPHHO-
HAJbNOE HIMCHEHHE HANpAMensd TpﬂHCLpOpM&TOpH, 4T0 ApHBEIRT K HEKO-
TOPOMY H3IMeHeHdl) HHTEIICHBHOCOTH, [ paccMaTpHBaeMOA sdqauc crabn-
JAH3ANHUA  HUTEHCHBHOCTH  OCHOBALIA 112 KOMNOEHCAILMH STOTO H3MeHeHIHd
COOTBETCTEYVIOWHM PETYITUDRORBANNEM AHOTHOTO TOHL, COBMECTHOE H3MeHe-

uve Vo, wa — AV, u {, BHa 25 AL, noamno sate Af=—{0. Brpasum Af
gepes Af, H AV, H npupasdHseM ero HymMo:
. 7 af .

Briyucanm npoussoanuvie df/0i, v 070V, no (3,73), noacraeum ux 5 (3,74)
W COKPaTHM TOAYYCHHOe BhpameHde na Vi, —V . Dro sacr:

Afy == — e T8 AV (3,75)
Heeneayem dopuyay (3,75). Ecan V,—V, = 20 R, To snaxn Af,

u AV, nporasonosomunl. Ecaw V,—V, < 2[R, 10 snaku Ai, u AV,

-
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OIWHAKOBL. B TocaemueM cayuie IaleHde HANPAKeHWS HA BHYTPeHHEM
COTIPOTHBAEHHH OKAa3bIBAeTCA CTOJML SOAbWIKM, YTO BO3pacTanie anOIHOro
TOXAa MPHUBOIUT K SHAUATEJBHOMY YMEHBIUSHHIO AHOIHOTO HAMPAKEHHH,
W MHTeHCHBHOCTB u3aydeHHn yOpiBaer. [LOMYCTHM, 4YTO ceTeBOe HANpPEKe-
HMe Beipocho. Jlas KOMIeHCAUnu YBEJIHYHBIIETOCA MPH STOM aHOLHOTO
HanpsKenuss B TEPBOM Cllydac HeOOXONWMO YMeHbHIHTbL AHONHBIA TOK,
BO BTOPOM CJIyude — YBEJIMYHTE €ro.

Ma CKa3anHoTO BHILle CAeNYeT, YTO CYLWECTBYET HEKOTCPHIH KPUTHYe-
ckult peskuM padoTel TPyOKH,” onpedenseMbd yCIOBMEM!

(Vaep =V -+ 2 (i R- (3.76)

Ecau V, > (V )kp, TO 3AEKTPOHHAEH CXeM3 MOMET OCYWECTBIATL pery-
JHPOBANHE, H3MEHAT AHONUBIA TOK.B CTOPOHY, [POTHBOMOMOMKIIYIO CJIY-
YaHHOMY M3MEUEHHI0 AHOJHOrO Hampsxenua. Ecau Temepb YBeJU4HThH
aHONHBIAA TOK IO KPHTHYECKOrO, TO MPOU3OHIET CPHIE cTabuaHsalluk U

ONpOKHAHBAHAE pexuMa padoTst TpyOxu. g ofecrederus HOPMaTbHOH.

paGoOTH NP YBelMYEHHOM AHOJHOM TOKE NPHIETCA ONHOBPEMEHHO yBe-
JAHYHTE H AHOJLHOC HATPSIKEHHE,
B kauecTBe mphMepa NpHBeAeM chaeayouwuit pacder. Ilycrs BHYTPEH-

Hee COTPOTHRJIGHHWe peHTreHOBCKO# Tpybku R =500 xonx # TpyOKa

paGoTaeT npu i, — 20 ma. Torza {,R=10 xs. Eciu namepaerca uuteH-
cuBHocTh K-cepun Hukens (V,=8 xg), TO KPUTUHECKHH DEXUM Oyaer
HOCTHrHYT Tipn V,— 28 xg. YMeHbwenue anomuoro toxa 10 10 xa mpu-
BeleT K NALEHMIO KPUTHYECKOrO Hampskenus 10 V=18 k8.

TpyAHOCTH, CBA33HHEIE C KPUTHHECKUM DPEXAMOM, MOXIO YCTPAnUTS,
eCNHM CYLIECTBEHHO CHUSHTH BHYTpDEHHee CONPOTHBIEHHE HCTOYHHKA BEICO-
KOTO HanpsmeHua. ITOro, B UYACTHOCTH, MOMKHO JLOCTHIHYTH, BKIIOUHB
NapalaeibHO ¢ PEHTTEHOBCHKOH TpYOKOH BHICOKOBO/IRTHLIA MACHAHLIA KOH-
JEHCATOP eMKocThio He medee 0.5 uwh (octaBus nebompmoe OGypephoe
CONpPOTHBIEHHE BKMIOUEHHBIM MOCIENOBATENRHO ¢ TPYOKOH).

[lpu BO3NeHCTEMH TOKA MOHMTOPA HA HAKAJ PeHTTEHOBCKOH TpyOKH
BO3HMKAeT ellle OflMa TPYMHOCTh, CBA3aHHAA C TefIOBOH MHEePUMER HHUTH
pakaga. Tak, HANpPUMEp, MNMATHHOBAA OKCHAWPORAHHAR HHTH HUAMETPOM
0,3 sa, naunod 10 ¢u obnagaer TemnmosoH wHepuuefi mopanxa 2 cex.
" Tlpu cayyaliHoOM BO3PACTaHUH HHTEHCHBHOCTH SARKTPOHHAA CXeMa CHIXAST
TOK HAKana A0 TeX MOD, MOoKa He OYINeT BOCCTAHOBICHA TPEWKHAA HHTEH-
cuBHocTh., QOHAKO, ecJaH TO NPOH30HILT 40 HOCTHMEHHA HHTHI) HaKajsd
HOBOH# DABHOBECHOH TeMnepaTyphi, TO NageHHe SMHCCHM OyaeT MPOXO.-
ATHCS, 4YTO BLI30BET YMEHbIIeHHEe AHOLHOTO TOKd W CHHKCHHE HUTEH-

CHBHOCTH. DIeKTpOHHad cXeMa HauHeT JeHcTBOBaTb B OOpaTHOM Hanpa-.

BACHHH, YTO B KOHILE KOHIOB JerKOo MOMXeT BO30yauThL KonaeGareIbHEI#
‘pexum paboTe TpyOxu. [11aBHYO pPeryaupoBKy MOXKHO NOMYYHTb, TIpPH-
Meuds [OBOJILHO CAOWKHYI) 9eKTPOHHYIO CXeMy aBTOMAaTHYEeCKOTO pery-
AHpOBAHNUA.

OT TpyZHOCTH, CBA3aHHOH C TenaoBOH HHepuued HUTH Hakamaa, MoJ-
HOCTRW cBofOAHA CHCTEMAa PperyavpoBaHud, Ipelnoxentasd [lenuucKuM
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g Jlourom [105]. B srofi cucreMe TOK MOHHTOPA BO3AeHCTBYET B KOHEU-
HOM MTOTE HA TOTEHUHAA TPeTbelo 3JIeKTPONa PeHTreHOBCKOH TPyOuu —
ceTKH. 3T0 TO3BOMAET OCYLIECTBUTb Oe3blHEPUHOHHYI) CTabu U331l
MHTEHUCHBHOCTH, OJHAKO lle YCTpauseT CPBBA CcTAOHAM3AUNYE TIPH Nepexole
uepe3 KPHTHYSCKHHM pexuM padoTel TPpyOKH,

Fla CKasanuHOro BLIUE CJASIVET, YTO I[P COBPEMEHIOM COCTOAHHHA
TEXHHKHM W3MepeHHd HHTEeHCHBHOCTH PeHTTeHOBCKHX Jyuell Hamayuilne
pesyibTaTel MOTYT OBIThE TOJAYYeHH B CiydYae HCIOJB30BAHHA MOHHTOPA
IpH MCCAeJOBAHUAX (OPMEI M TOHKOH CTPYKTYPH CHNEKTPOB, 4 TaklKe
fIpH KOJAHYeCTBEHHOM PEHTreHO-CIeKTPANBHOM aHaluse, KOrha MaMepeHus
NPOROIATCHE «MO TOUKAM», 4 cueT HMIYJILCOB pPadOouuM CUETUHKOM ALTO-
MaTHYeCKH TIPpeKpallaeTcsT HOCAe TOPO KK MOHHTOP OTCYHTAET HaNepei
3aJ4HHOE YHCAO HMOYALCOB. [IpM KauecTBenmOoM aHANH3E B IIHPOKOM
MHTEPRAde CHeKTpa CHATHE KPHMBOH CHeKTPaJbHOTC pachopejeleHHs WHTEH-
CHBHOCTH «IO TOYKAM» HelUeiecoo8pasHo, TaK KaK OTHUMaeT CJAHIIKOM
Muoro BpeMenu. OAHAKO B 3TOM CJAy4Yde TOUHBIE H3MEPEHHS HHTEHCHBHO-
CTH W3IMILHY, # KPHBAas MOMKeT OHTh 3alHCaHAa aBTOMATHYECKH Oe3 MC-
nOAB3CBAHHA MOHUTODA. Ilias 3TOH uenu NPUMeHSOT CXeMY HHTETPUpPOBA-
HHS HMOYJABCOB M 3SAeKTPOHHuB caMomnncern, (HampuMep, thna S3[IT1-09

uiu [1C-1, oxgHosanucHuie, co rpeMeHeM npodera KapeTky Iepa ne Golice
2,0 cex).

-
10 3ak. 3621. M. A. Baoxun



rIABA IV
PA3JIOXEHUE PEHTFEHOBCKHX JYYEH B CHEKTP

B sTtoft rimage 6}-",[!3-"1‘ OMHCAHLI MCTOAW H anmnapaTtypa Jdd Pasdadomsenid

2 -
PEHTredHOBCKHK ayyell B cuexTp B ofjactd gagH BogId go 20 A. Onu-
cauue MeroLoB M alnaparyphkl JJad HCCICAOBAHHS MATKHX CIEKTDPOB

2
(v oBaactu aaun sosn ao H00 A) momuo walttu B autepatype [1], rie
NPUBEieHbl TAKKEe OCHOBHBIC CBEAElHd O ABYKPHCTAIbHLIX CIIEKTPOMeTpax,
He paCCManHBaEMB{X B IIHCTOHLU,CH rJaIaBec.

1. Metognl pasnOMEHHS PEHTreHOBCKUX JAyuel
B CHEKTP

@) Memode naAOCKOZO0 Kpucmarilo

Fa Bcex H3BECTHRIX MeTOAOB pPd310Melnd PeHITeHOBCKHX Jyueft
B CHEKTD C NOMOIUBLID [LIOCKOTO KPHCTAAA3d MBl PACCMOTPHM UL 1Ba —
MeToasl Bpsrros u Coadepa, COXpaHUBWINE CROE 3HAYEHHME N0 HACTORLUIENO
BPEMCHH.

Memod Bpszzos. TlepBeM METOAOM PA3JOMENHS PEHTTEUOBCKHE Tyuelt
B chckrp aeiaserca merod B. ' u B. JI. Gparros [2, 3]. B nepsofi moaean
CEBOETO CUEKTpPOMETPAa DPSrru NMPHMEHHAM HOHHBAIHOHHY PErHCTpalltio
cnektpoB. B naneoefimes Owiaum paspadoradnl npuHuunsl dororpadmue-
cko# peructpauun. Cxema xona aydeft B McToAe Dpsrros mpeacrasicHa
ga puc. 77. Weae § u Qorontenka g4’ pacnonaranrcd 1A OAHOR OKpYMXK-
HOCTH ¢ LeHTpoM () Ha OCH BPAlEHHA KpHCTaA1a. PaccMOTpUM LeHTpadb-
HBI# JAyu, NPOXOAAUIAA geped weab S u nonafawwuil B rouky O kpu-
CTal114, HAXOAAICrocd B nodosxkeHud K . ¥roi cwoiabmenus / SOK =g
onpeleAeT TY NJIMUY BOJuB A, Koropasd OyieT «OoTpa)KeHa®» Io 3dKOHY
Byawiha — Bpasrra (cM., Hampumep, [1], ra. 7, pasien 4, 2):

nh = 2d sin , (4,1)

rae n— MNOPAIOK OTpameHMAa (lUeloe UHCIO) H d — Kpardaliliee paccrod-
UHe MEeXIY MABYMSA COCEIHHME AaTOMHLIMM ILIOCKOCTAMH, C KOTOPLIMA
nazamwiil  ayu ofpasyer yroda ¢. [locie <«orpajxeHus» TOI TeM K
YraoM @ JAy4 npofiier ycepes Touky P QoTONaeHKH, Tae M HacT MOHO-
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XPOMATHHECKOS  h300paxenue wieau. [IpH DOBOpaunBaHMH  KpuCTa/ia
MCHAETCA  yroq, OO0pasyeMbll LeHTPalibHHM Jyuom SO ¢ IIOBEPXHOCTBIO
Kpucrasta. baaronaps stomMy oTpawcHublfi B Touke O ayd usveHseT
SHHY BOJHEL M IonazaetT B APYryio Touky Qoromienkd. Kauanwe kpu-
CTaa1d  OTHOCHTeNRHO ocH O B [Opelciax  HEKOTOPOTO  Yri0BOro
HHTEPBANa 6;% TNO3BOJSET CHATH COOTRETCTBYIOILME VUACTOK  CHeKTpa.

PorycHOe MATHO F anola pPenTrenoRcKoll TPYOKH HMeeT KOHEuHHIC
pasMepel, BCIEACTBHE YeTO, KPOMC HeHTPadbHOro ayua SO, Ha KpucTasn
BCeria NaijawT U IPYIHE JVIH B HEKOTO-
pOM YIIOBOM HHTepBane d,u. [TosroMmy npm
UEMOIBHKHOM KPHCTATIC CHEKTP NOAYUYAETCH
B TIpeledax, COOTBCTCTBYIOIIHX 3TOMY VTi0-
BOMY HHTCDBAaJY.

ITposeneM BCIOMOraTe IbHYIO OKPYKHOCTE
acped roukn S, O n P (puc. 77). Ilycte
KDHCTALI W3 NOA0WCHEA K; TOBEpHYT B HO-
poe noaowcnue K, Toury nepecedcHHs 1o-
BCPXHOCTH KPHCTAMIa CO BCAOMOraTedbHON
OKpPy#HOCTBIO  o0o3naunm A. Paccmorpnum
propo#t ayy SA. JroT ayuy mangeT Ha KpH-
CTaid B &T0 HOBOM TIOJOMKEHHH Ky MO TEM e
yraoM @, TaK Kak oba yraa / SOK, H  pye
L SOK, usmepdiores noaoBuHOH ayrn OS
BCTIOMOTATEARHOW orpy:HOCTH. Tlocie orpa-
AMeHud 0T KPHUCTAAa1a B TOUKe A Noia Tem e YIJIOM © BTOPOR AVY HIeT
no Hanpasdacoulo AQ. Yrofi Mexay OanaioliuM H OTDAMENHLIM JyuaMH
Beeria paped m — 2. OTcwa CaelyeT PABeHCTBO YLIOE:

£ SOP = / SAQ.

Tak war ofa 3TH ¥ria BOHCAHL BO BCTOMOTATEAbHYIO OKPYKHOCTb, TO
OHH ONHPAIOTCH HA PABHHE AY¥TH 3TOH OKpYKHOCTH. [TOCKOJIBKY 3TH AYTH
umelT ofulee navano S, OHM DOMKHLI uMeTh M ofuwnt wonen 2. Orcwona
CTeRAYET, YTO TPH MNOBOPAYMBANWE KDPHCTAMAd JAYYM, MajaloulHe Ha HETO
H3 [Iedu TMOA ONPEefc/ICHHBIM YTa0M ¢, BOKYCHPYTCA B 001IYyK Touky P,
Fie U 130T MOHOXPOMATHYCCKYIO JUHHK) CTHEKTPA.

Takuu ofpasoM, Meroil Bpsrroe ssagercd GOKYCHDPYIOWLHM, XOTH M3
HBJOIKEHHOTO HACIO. UTO (GOKYCUPOBKA 9Td — PASHOBPEMEAREZ, B KamioM
OJIOMEMN KPHCTALIA JUllle OOHA ero Touka A oTpaxkaer Jyy ¢ naHHOR
AAMHOH BOJAHBL A B Touky P. I[lpn paBuOMEpPHOM KayaHHH KpHCTAgna
B HHTEPBAJE Yra0B 8;9 PABHOMEPHOE OCBElleHHE CTCKTPa AOCTHrACTCH
AUWIL B YTAOBOM HHTCPBaAle 5,9 — ¢ [4]. Ouennano, uem octpee oxyc F,
TCM Apue OYAYT dHbUM CeKTPa (IPH OLUIAKOBHIX PeuMax paboTh PenTre-
HOBCKOH TPyOKH) U TeM Menblue OyAeT VTJIOBOH MHTepBad d,u. C apy-
TOW CTOPOHB, TIPH HAJIMYHHM NPOTHKEHHBIX CA40BIX HCTOUHHKOB HAAYUEHUS
(HanpsuMep, NpPH MCCAENOBAHUM  (PAVOPECIEHTHOID PEHTIEHOBCKOTO H3-
A¥yeHHd) MeTol Bpsrros gacrt cneKTp oOvenb MATOH MUTEICHBHOCTH.
L

. 77. Cxema Bparroe uo-
JYUSHHA CIeKTPA.
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leoMeTpuyeckue YCAOBHA BOSHHKHOBCHHS COCKTPAaJbHOH JHHHM OueHB He-
BHITOAHBL, TAK KAaK HCIOJb3yeTcd JMllb BecbMa Majasd JOJs HaIyUCHWA,
Nafapolero Ha KPHCTAJI.

OxpyxHocts Saa’, Ha korTopol pacmosaralorcd wedb u GOTOMIenKa,
HA3HIBAETCA POKALBHOE OKPYHCHOCMBIO, 2 ee PAANYC — paduycoit cnem-
m:g)oapa:_:ﬁa. O6ozuauum stor panmyc R. OOparthas yraosasn nucnepcus
D,=[Ak[/l Ao |, orkyna no (4,1) noayuum:

r 24
Dy=~"-cos o. (4.2)
ArTa BeauuuHA HE BSaBHCHT OT panmyca R cnekrporpada. [lonowenus
JuHuA COeKTpa HA (GOTOIIEHKEe OyAeM OTCUHTHEATL 0 POKAJBHOR OKPYIK-
: HOCTH oT weau S. JauHy gyre  3To#A
P okpyxuoctn SaP ofosuaunm L. SToH

o Iyre COOTRETCTBYST UCHTPAILHBIA YroJ
SOP =7 —2¢, oTKyla CICIYET:
. L
w2 = ?;
TAL]=2R|Av]. (4.3)

I
O6paTtnas  nuHefnas nucnepens Dp=

=|ALl|AL|, orkyma mo (4,2) n (4.3)
TOJYYHM:
GAYACIRY,. . ;1 oMy D
P _ ' Pr=sg 17— =
Puc. fS, Cxema Coanepa nouay- d }
YeHuHs CrieKTpa. : . T aptose=gpcigy; 4.4

£ ) -
Dy, seipamactca oObH4HO B X/aa. PaccrosHke Me¥Ay ONpelcieHHBIMH
JUHHSIMM CHEKTPa 1la peTreHorpaMMe Oyier Tem Oobile, yem Menblle
oOpaTHaa JaHHeHMHad nucrnepcHd, <JaefoBaTeJbHO, deM Oonbille painyc
crnekrporpada R u yrol ¢. [locneguuii coraacHo (4,1) pacter ¢ yMeHb-
IUEHHEM MEKIAOCKOCTHOTO paccrosHud . Haubonapmias nucnepcus (npsd-

Mad) MO¥etrT OBITh NOCTHTHYTA MYFTEM CHEeUMaNLHOTO Toadopa KPHCTALIA .

H ero oTpaxaiomux naockocreft. Ecan de==nk/2 u olHOBpeMeHHO
d > nh2, to yron ¢ Oauzok K 90° (cO CTOpPOHL MEHBIUMX YIJIOB) H
JMCTIEPCUS (MpaAMan) OKaXeTca BeckMa O0MBINOH.

IMpu HOHMBALLMOHHOH perucrpaluu crnexrpoB B Touxke P (puc. 77)
IOMEIAeT A BTOPAad I1GeJb, 3a KOTOPOH pacmoaardeTcda HOHH3aLHOHHAS
Kamepa HAIM cueTyuk. [lpnBop, npennasHaueHHBIH [4JA% MOHM3AUHOHHOH
perHcTpalkl CHeKTpa, HaseiBaeTCsl OOBIYHO crexmpomenpos; npu ¢oro-
rpaduieckofl pericTpaliy coekrpa npuGop HA3EIBASTCA CHEKMPO2PAHosn:

Memod Cossepe. B onucanHoM Beille MeTole bBparros us pcero
H3AyJYeHHA, Tajalollero Ha KPUCTaAd, AAd 00pasoBaHHS AHHWE CHEKTpa
HCIIOAb3VeTCa JHINb HHUTOXKHAA A0Js! (PaKTHYECKHM JAHHWI JaHHOR AJHHBI

1] METOIBl PABMOXEHUA PEHTIEHOBCKHX JVYER B CIEKTP 149

BOAHB OTPAKAST /MWL OYEHb Y3KAR TOJ0CKA KPHCTanda, NapalifelbHas
sxoHOH wean (B0ausu Toukn A, puc. 77). Counep [5] nperaomna npomny-
CKaTbh WHPOKHH MYYOK Jdyued na Kpucradl K uepes cucremy M; Go/buioro
KOJAHUYECTBd MAPAJLISIbHBX MAACTHH ¢ MaJbIM 3330DOM MEWAY COCCIHUMM
maactHHaMu (pHc. 78). Taxkas cucTeMa IJIaCcTHH HA3LIBASTCH MAO2OHAL-
CHLOHUQMOM  KOALUMAMOPOM, WIH Kossumamoporm Coaisepa. T1yuox
n3 HCTOYHHKA £ [IOCJE OTPaXKeHHd OT KPHCTALAa NPOXOAUT uepes BTOpOH

koanumatop Coanepa M, 1 perucTpUpyercs HOHM3ALHONUHOK Kamepoll M.

Alast u3yuwenud pacupefeJeHHS HHTEHCHBHOCTH BIOJDL CHeKTpa HeoOXOoAHMO
M3MCHATL ¥TOJ @, MOL KOTOPHIM JYYH IaldaidT HA KPHCTAAI, IIpH ITOM
OAHOBPEMEHHO OO/MAEH U3MEHATHCH YTOJ MEKAY KpPu- :
CTAANOM H OTPAMKEHHIBIMH JyUaMU, NMPOXCIANHMYU de-
pes BTopo# koaanmatop M, H MOHMIALUOHHYI Ka-
mepy #. 3TOT yroa nomken GuTh BCErAa paseu yray
naieHus ¢. Iliaa cobmoaennsa pareHcTRa 000OHX yrios
OOLIUHO TIOBOPa4HBAaIOT KPHCTALI OKOJO OCH, HpO-
Xoldulefl uepes ero neHTp O, na yroa Aw; oaHo-
BPEMEHHO BTOPOH KOMHMMATOP M HOHH3ALHOHHYIO
KaMePY COBMeCTUO TOBOPAUYUBAIOT OKOJO TOH KE OCH
4 B TOM X€ HATIPABAEHHWH HAa ABOHMHOK yroa 24w,
Pouas koanumartopa Coniepa mosicHena ua puc. 79, mmm[
rae I0Ka3aH Xo4 Jyuel uyepes 3a30p MeMIY AByMHA
COCEAHHMH NapaffelbHLIMK TacTHHAMU. Ecauw anuna :
MAACTUH A, a. 3a30p MEXIY HuUMH—bH, TO INYuOK E;l;' g?;m?(};;,ﬂ%%_
fiyueH, TPOXOAAIUMEA MEMAY NJAACTHHAMH, MMEET YIJIO-  BEIPC3deMOTO ;mym;
BOH pacreop i+, paBHBI# COCEIHHMHA I1TACTHH-
HaMH &9 H iy KONIH-
maropa Coanepa.

ﬂ:Qarctg%.

L F — HCTOUHHK AYHEH,
[Mpu yciaosun b <€ A OOAy4uM: Bomay nokasama  xpi-
Basn [ pacupefeienHs

- ob ' - HHTEHCHBUOCTH B Opele-

== - {4,5) - aax smpesansoro nyuxa.

B sroM cayyae uepes Bech KOMAMMATOP TPOXOAHT NYYOK [OUTH [14DAIEb-
HEIX Ayuelt ¢ HeOOABIIHM FrAOBLIM PACTRODOM ), ADYriMu CIOBAMH, KOJMAK-
marop Coajepa HCK/TIOUAET KOCHE AYVYH. [IpH 91oM ayun, uayuiue uepes naa-
CTHUY MOM MAJbLIM YIAOM, NPOXOIAT BUYTPM HEe CPaBHUTE/bIO IJIHHHBIR
LyTb, a JYy4YH, MAYLIME 4ePe3 MIacTHHH Mol OOJMbLIHM Yri0M, NPOXOAAT
B TpeledaX KOJAAHMaropa OOcAeloBaTeabHO 4Yepe3d MHOTO ILJAACTHH.
Orctoma BUANO, Y4TO BCE JYYM, HAYILKE BHE MAJOro yriOBOTO MHTepRasa &,
Oyiyr IMOrMOMEHEl MAACTHHAMH KOMJANMATOPA H He BEIMIVT H3 HETO Lawe
TNPH CPABUUTENbHO TOHKHX ILIACTHHAX W3 He OUSHb THMKE/NBX MeTalios.

Hamuuue pBTOpOro xoaaumatopa M, nospouaunc Coliepy 3aMeHHTD.
MoHOKpHCeTaMI K (pHc. 78) NOMAHKPHCTAMIUYECKOH MAACTHHKOR TeXHuue-
ckoft cTaan. Taxk Kax MHOFOIJIACTHHUYATBHIH KOJIHMATODP NPONYCKAET TOALKG
NoYTH HapanieabHbil Ny4oK aydedt, TO H B 3TOM ciayuae Oblaa noJyyeHa
BO3MOXKHOCTE MCCACAOBANNA PacnpefcJeHd HHTEHCHBHOCTH PEHTIEHORCKHX
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Jyded N0 CHexTpy. EcaH ke AJA PasiomcHUd JAy4eH B CNEKTD HCMO.b-
3yerTcs MOHOKDHCTAMI. TO EBTOPOH koanumMartop M, aBasercd, MO cyuie-
CTBY, H3JIHMILIHHM.

Pazpemaiomas cuma cnexrpoverpa Coadepa ompenenserca BedRunHORH
Yr70BOro pactsopa $ H IpaKTHYMECKH BCerja SHAUHTENBHO UMKE paspe-
waromed cuanl CrcKTpomerpa Gparror u APYruX QOKYCHPYIOIIUX CIHEKTPO-
METPOB, paccMaTpuBaeMBIX Hioke. Onnako GOAbLWIMM [PEMMYIIECTEOM
cnexTpomerpa Coadepa sBafeTcs ero BrCokas cBerocumaa. Mertonx Coua-
JAepa MO3BOIACT NPH HOHH3ALHOUHOK DErHCTPAlHM CICKTPA OLHOBPEMSITHO
WUCNOAB30BATE NMOYTH BCKO MOBEPXUGCTh OOJABLIONO IMJAOCKOTO KpPHCTA/lid.
Ouesunno, B meroge - Comitepa ¢ororpaduueckan PETHCTPAIHA HCTpH-
Melnma.

6) Memods sepmurassnoli PorycuposKi

ITpu BepTukaicHOl (QOKYCHPOBKE NPHMEHAIOTCA MOIOKPHCTAMbHBIE
TNaCTHHKY, M3OTHYTHIE MO MOBEPXHOCTH KPYTOBOILO IUAHHIPA. Mul Oyiem
B JadbHeHIlleM MPeANlonararh, uTo ofpasywuide 3ToH HHAHHAPHYeCKOH
TIOBEPXHOCTH M €€ OCb FOPH3OHTAIbHE], & BXOLUAA 1edb W (POTONIEHKA
BepTuranpHb. M3oruyTeift Kpucranit obecnevnsaeT 0dunospeernyio HoKy-
CHDOBKY B BEPTHKAJABHOH N/ICCKOCTH.

Memod Famowa. B merome Tamowa [6, 7] pacxozmumiics myuox
PEHTIEHOBCKHX JYueH OT (POKYCHOrO TIATHA aHoaa F nocie npoxomﬂéﬂnﬂ
e S nasdaeT Ha Kpucraar K, UBOrHYTHE no paguycy g = AN (puc. 80).

r

&a I &

Prue. 80. Cxema 'amoula noaydeHus crexTpa,

ITocne oTpaweHus oT KpHeTanaa (no 3axkouy Byanda — Bpsrra) myuox
Ay4ell NpoNOMKACT PACXOAHTECA B TOPH3OHTANbHOH IIOCKOCTH, HO B Bep-
TUKAIbHOR — CXOUNTCA B nanpaBienun dortonienxkn aa’. [locaesnas pac-
NOM0MKeHa TaK, dTO uyepes ee MAOCKOCTh APOXOOHT ock SP usoruyroi
NOBEPXHOCTH KpPHCTAa.

Bribepem TOuKy S 1menn, pacnosnoKenHyl0 Ha OcH uaruda kpucrania,
Brinesnum Jay4, upoxoasuiuii mz S B Touky A KpPHCTAaada, paciiookKeH-
HYI0 B OAHOH TOPU3OHTAABHOM HIAOCKOCTH C 3TOH ockl. TIyeTe 3TOT ayd
nanaet nmox yriaoM ¢ K obpasyoulcH# TOBePXHOCTH KPUCTA/lld, mpoXoisd-
e uepes A. Tlocie oTpawmeHHs [OL TeM K€ YIJOM JAyY IONALAET
B TOUKY P dortonaeHku. PaccMoTpuM Ayry HOPM@ibHOTO CeyeHus MOBEPX-
HOCTH KDHCTAMAa, IPOXolamylo vepesd Touky A. Jlyuu, swmenwue Ha S
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H [JonaBmiHe Ha KpPHCTAMI B TOYHH, PacnOIOMEHHEBIC HI ol AVIeE,
o0pasayloT € TNOBEPXHOCTBIO KpHcTaada yrasl ¢. [Mocae oTpawenns Bee
3TH JAyun 00pasyloT nyuYoK, cXodguwtica B Touky P ¢oTonaeHku. Pac-
ctoanue SP oboznauum L; OHO paBHO

L=2pcty . (4.6)

C BospacraHueM AJHMHLL BONBI A ¥rod ¢ Takike pacrer, a Toukd A u P
npubImKaloTes K edd. Pacxoammocrs nyyka Jayued B rOpPH3OHTAMLHOH
MJOCKOCTH TipH  IOCTATOYHOM IJHMHE KPHCTadda ofeClHevHBIET QANOBpe-
MEHMOE TOJAYYeHHC CMeKTpPa B 31aYHTebHOM WHTEpBaje NAWH BOJH.

Beprukaabnas GOKYCHPOBKA CYUIECTBEHHO YBEJUYHEACT HITEHCHBAOCTD
CHEKTPa 10 CPaBHEHWI) C MeTOIOM Dp3rros maockoro Kpucraina. Ecau
B Metole [aMolla MHTEHCHBHOCTB 0003uauurb fp, a B meTolde Bparros [,
TO

Iy ) l/ie—"
7 == gin ¢ 5 g o . (4,7)

31ech ¥ — noaoBHna YrJia pacTBOPAa MBOTHYTOr0 KpHCTasIa, K — paiuyc
doxasbHoro Kpyra crekrporpada Bpsrra, S—ImupuHa IEMH TOTO e
criexkTporpaga. Ecau, nanpumep, R =200 aumn, S=0,05 umn, ¢=—25°
" {) :600, TO xr_'[‘ = 19!5

Taxk Kak Weab uMeeT HeKOTOPYK Lauuy A, TO 3TO NPUBOAHT K H3-
BCCTHON IehOKYCHPOBKE, B peayibTaTe KOTOPOH GECHOHEMHO y3aKad JHHuA
npuobperaer B Meroge [NaMola mwpuwy w@;:

=22 ctg ¢ (1 L) sin? b 4.8
Wy = Tctg(r( ““i—*m)blﬂ T ( ¥ )

Ecau suyakcus GOTOMICHKY HMeeT TOJNUIHHY ¢, TO KOCOE maieHue Jlyded
HAa TMJAeHKY BBI3hIBAET IOMOJHHTEIBHOE PACUIHPEHHE Wy

Wy == g ctg o. (4.9)

T

O6paTtuaa auHefnas aucrnepcus B MeToiae [amoma pasHa

, ‘;;\M_n}@}/—_m
D=t =1V 1—(3z) - (4.10)

rie 7 -— DOPAROK OTpaKeHnHs, d — MEXIIOCKOCTHOE pPACCTOSHHE A JaH-
HOTO KpUCTAl/a.

FaMom nNpMMeH®I CUIbHO U3OTHYTEIE ([0 PaiHyCy BCEr0 HECKOJBLKO
CAHTHMETPOB) MOHOKPHCTAIbHEIE TIIACTHHKM KamenHo# CoJH. IJTH KpH-
CTAJIAB 0OJanalT SHAYHTEIbHONW MO3aH4HOCTBIO H HEOAHOPOAHOCTHIO,
YTO HEe MO3BOJET NMOJYUMTh CMEKTPH BHICOKOTO KadecTea. Paspeluaioiunas
CHJIA OKA3BIBASTCA HE3HAYHTENbHOH, d BEIUTPHIN B MHTEHCHBHOCTH MeHbIlE,
yeM B cJayuae ApYrux QOKYCHPYIOUIMX METOLOB, OMMUCBIBAGMLIX HMKE.
Meton [aMolwia pacnpocrpaHeHus He IOJYYMI. .

Memod Kynuag. VlHOH MeTOA BePTHUKANBHOR (OKYCHPOBKU, AB/AO-
wiuiica, N0 CYUIECTBY, BapuautoM Meroia Dpsrros, Obll npelloikeH




152 PASJIOXEHHE PEHTFEHOBCKHX JAVYEN B CHEKTP [ra. v

Kyuuwiem [8]. Cxema noayuedus CIEKTpAa B 3TOM MeTOle MOoKa3aHa
Ha puc. 81. lleas S u anapparma D BepTuxatbuwi. Kpncraii H30THYT
10 MOBEPXHOCTHL KPYTOBOIO IWHJAHHIPa C TOPU3OHTAIbHOH OCbi0 SP.
PortonieHka aa’ usrudaercs no dokasHOMY KpyTY, paiuyc OS kotoporo
oGosraunm R. Kpucraii momer NMOBOPAYNBATLCA OKO.10 BEPTHKAIbHOHR
OCH. mpoXxoasueR uepes ucHTp O dokaibHoro kKpyra. Juapparma D
OFpaniuuBACT PACXOIHMOCTh NyYKa JayucH CpasHHTEIBHO HeBOabLINM
YTJIOBEIM HNITEPBAIOM 6%, OJ44TOLAPH YEMY MPH HENOIBHIKHOM KpHCTa/171e
CHEKTD NOJYHAETCS JINIb HA Y¥3KOM YuacTKe POTOILICHKM BOJN3H TOUKM .
Panuye o usrnba kpucrania onpereasercs paccrogtuem 0o0pasyiomiest
Kpucraita K or ocn usruba SP, T. e.
p=0ON. 0oTKYia noJyuaem 3aBHCHMOCTB o
oT R 1 2 uan i

nr.

57 (+.11)

s=Rsinz=—
BTopoe papveHcTBO Caeiver us (4,1). [lpu
coOmoaennn ycaosua (4.11) nalaowudl Ha
KpHCTa11 B Hanpasicunu SO ny4ok Jyueft,
PACXOaAUXCA B BePTHKAABIOH MNI0CKOCTH,
MOCJC OTpameHus OT Kpucraaia 6yleT cxo-
Puc. 81. Cxema Kymgas noay- AHTBCH K Touke / (OKAIBHOR OKDPYIKLOCTH,
YeHHs CHeKTpa. Meron KyHuan gaer suayntensno 6o-
JICC  HHTEHCHBHBIE CHOEKTPBI, HEM  METOA
bLpsrros, oanako ob6aazaer Tem HelOCTATKOM, YTO A48 KAakiOro yraa s
Byabpa —Dpsrra (mam 2as Kamkaod ATl BOHBI 1) CYULECTBYeT CBOfH
OCOOBIA painyC p KPHMBH3HLI KpucTa.iia, onpeleasempit no (4,11). Tem
fie menee, HCNOAL3Yd KPHCTa11 rumca, Kymwao yiaaock npm paamyce
pOKaIbiOr0 Kpyra R =130 xu noayuuTs xopomyio POKYCHPOBKY H
PABHOMEDHYIO WHTCUCHBHOCTb B WHTepBale 0% yraos Byavda — Bparra
OKOI0 2°. IJ70, B uaCTHOCTH, MO3BOIHIO NOIVYHTH OIHOBPEMEHHO BCHO
K-cepuio Kami1oro us saementon 11Na. 12Mg, 13A1.
a3 noayuenns cnektpa B 060.aee WHPOKOM HHTEpBade yriaos ¢ o-
aedmwer n Tafepae [9] nocTpomiu CHEKTPOrpagh, B KOTOPOM KPUCTALI
CIHILL, BHPe3dHHBIA B Buie NPAMOYIOablON NIACTHHKH, CBOMMU IBYMA
MPOTHBOMOIOMHLIME pebpaMi Kacaiacs JABYX NMapaiedbibiX onop. YMeHb-
LWEHHC PACCTORINS MCKAY ONOPAMH NPHBOANAO K YIPYTOMY U3rHOy KpH-
CTanIideckod naacTuuku. Ilpu nopopaynBaHni KpucTaaia 0Ko.Jo ocH O
CneuHaIbnbil Ky JaYKOBbIH MCXAHH3M  ABTOMATHUECKH MeHAI KpHBH3HY
KPHCTA1IA TaK, 4TO yC10BHe GoKycuposki (4,11) cobaoianock npH 100oM
yrae z. B aaibucAmem caiona Guiaa 3aMeHena runcom [10].
boace y100HHA cmekTporpad, ocHOBaHHBIE Ha MeTOIc Kyiwas, 6wma
noctpoer Baw aep Beprom u Bpunkmanosm [11]. n ABTOPBI MPHMEHILIH
KpHCTA11 1046l aanHo#d 140 mu (B ropusontaibiiom Hampas.Telliu), wi-
pruHo# 40 sy (B BepTHKaAbHOM nanpas.ednn) H Toauinno# 0,05 .
Kpncrania 6v11 u3orsyr no HEN3MEHHOMY DAANYCY KPUBM3HBI § = 200 s,
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Kill1eMaTHYECKOE YCTPOMACTBO CeKTPOrpada o6ecneyinBato asToMaTiIeCKOe
I3MCHCHES DPACCTOsHHA R OT KpHCTAlaa 10 YV3KOro .auHeHuaToro doxryc-
HOI'O NATHA 3HO1a PCHTICHOBCKOH TPYOKH M OT KPHCTAIIa 10 POTONIEHK .
[Ipn sTOM oOOecmeynBatocs CoOOJI01eHIE YCIOBHS oxycuposki (4,11)
1as moBoro yraa <. Tlpn HENOABHMHOM CTCKTPOrpade OIHOBpeMenHo

MoJayuaIcs CreKTp B HHTeépBajde I4HH BOJIH oxkoao 0,5 A. Crnexrporpad

paccuuran Ha obaacTh Aaun BoJaH or 9 g0 19 A, Ou umeer NoYTH 10-
£

CTOAHHYI0 00paTiyIo AnHeRNYIO aucnepcuio Dy~ 16 X/ .y u cHAGMKen MeXa-

HIIBMOM 39 [JaBHOTO KA4aHMs.

B stom cmekrporpage OCTpoe nneduatoe GOKYCHOE AATHO pellTre-
HOBCKOR TPYOKi 3aMeHACT BXOIHYIO tledb. Ecian 1iuHa GoKycHoro narda
BE.TMKA # parHa /i, TO GeCkoHeulO Y3Kasd JHHus Ovier pacuinpena cne-
KTporpadom. Haubo.1ce ysxoe Mecto Juumu 6vIeT B ce cepeanse. [lo mepe
YAalenua K KOHUAM THHHS paciiupseTcs i Ha paccrosHun 0,54 ot cepe-
AuHBL OYIeT MMETH WMPHHY W, PABHYIO

: . ] R®sin §
w=|(2cig?z <+ 1)sinh — 2| " — . 4,12)
- [( ‘gt 1) Pl dags (%12
ric I —nooBNHa  Yr10BOro pacTBopa Kpmctaada. Ecam § o <o manu,
TO AN UMEOT BUJL STIHATHYCCKUX AYT ¢ paduycom Kpusuaael 0,50 clg ¢.
AGcomothan o6paThas paspelanowas cua AS ciiekTporpada, Boeipa-
HCHHAS B 38, Ooupciensercs ¢opMmyaod
) . L . .o L2345 - 1Rk
AE = I (2ctg?c 1) sin h — —-] sin 2 sin ¥ S—e  —
.| z d22
Fluredensiocte no CPanHEHHIO CO CMeKTporpadoM ¢ ILIOCKHM KpHCTAI-
AoM (no metoay bpsrros) sospactaer B 6 pas npu = —=30° 5 34 pasa
mpit =230 u B 90 paz npu ¢ = 70"

(4.13)

68) Memoods zopusonmaasnoti ghoxycupossiu

Ipu ropusonTaibnolt POKYCHPOBKE, Tak ke Kak M NP BEPTHKAILHOM,
HPUMENIOTCA  MOHOKPHUCTAIbHEIE MIACTHIIKH, H3OPIYTHE MO MOBePXHOCTH
Kpyrosoro nuamitipa. B nansHeMwicnm npeanogaracres, uro o6pasyioniue
STOH IMTHIAPHYECKON MOBEPXHOCTH H CE OCh BEPTHKATbIEL, TaK JKC KAK
M JIMHHK crniekTpa. Bxonwas wmwenb B Goabmuncrse meroion TOPU3OHTATL-
HOH  (DOKYCHDOBKIt OTCYTCTBYET; .MMHItH CHeKTpa 00pasyiTes O.1aroaapa
okycupyowemy ACHCTBHIO H30THYTOrO KpPHCTA11a: Nocie OoTpakerna oT
HETO  IY4M  OQOHOBPDeMEHHO CXOIATCA B TOPH3OHTAIBHOR MI0CKOCTI
B HAMpPaBIeHiil BEPTHKATBHOR wuledn perucrpupyiowero upudopa®) (i1m
oTONIeHKH, TaKke pacnoaaraemoft BCPTHKAIbHO). B  BepTukaIbnof
MIOCKOCTH  POKYCHPOBKA OTCYTCTBYET: BLATA M3 HCTOYHHKZ, Y4 pac-
XOARICA B HAMPABASHMN K KDHCTAT1y, @ NOC.Ie PAa3JIOKEHHs B CHeKTp
NpPO10.LKAWT PAcXOlNThCd B BePTHKAIbHON MIOCKOCTH.

“) Mexmouenre cocranager miwe MeTos Jlio-MOHMA, M3I0mCEENH HNKe.



154 PABAOMKEHHWE PEUTTEHOBCKHX A¥4YEH B CIEKTP [Ta. 1v

Memod Hoezanna. QOpHoppeMennads QOKYCHDOBKAa PeHTTCHOBCKHX
CIHEKTPOR BHepBwe Onuia ocymecTBiena Morannom [12]. 3ror merol
JUMPOKO TIPHMEeHAeTcd W B nacrodiuee BpeMd. Cxema X044 AyueH mpu
AoJVYIeHHH CNCKTpa no meronay lorawHa nokasadva Ha puc. 82. IlnockocTb
PUCYIIKA CuuTdaeM TopHsouTadsHoW. KpucTausd K H30THYT NO WHIHHIPH-
yeckoH MopepXHocTH paaMyca R ¢ ockio O. Otpawamiue aTOIMIIbEC
TITOCKOCTH  Napa/LICAbHBI  HAPYKHOM IOBEPXHOCTH KpucTatia. ‘epes
LEeHTPANBHYIO TouKY A Kpucraina
npoBeieM BCIOMOraTeAbHVIO Ka-
CATEIRHYH OKpY®RHOCTE APOQ
paguyca r= RfZ,

Uenrp O scnoMorare/sHOHA
OKPYIKHOCTH PACHOJIOWER HA (e~
peauHe paanyca OA KpucTalia,
HMerounuk £ peHTTCHOBCKHX Y-
Yo MpPeAnoIomuyd HAXOAAUIUMCH
BUYIPH 3TOH okpywHOCTH. Pac-
CMOTDHM uen:rpanbumtﬁ[ JAVH, ma-
Aawwuft B rouky A kpucraiia
oM YrJUIOM © K KacaTedmHOH
ILIOCKOCTH ff B 9TOH TOuke.
ITo sakony Byaedha—Dbpsrra(4,1)
oTpamenHuii ayd NoRieT o Ha-
npasaeniio, oopasywinesy ¢ Tof
Puc. 82, Cxevma NOIyueHHA COEKTpa No  JHE  KACATEILIOH  IAOCKOCTHID

Woraniy. Yrod, pasHHR ©. ITOT av4 nepe-

CEYET BCIOMOTATEIBHVE) OKPYX-

HOCTb B HekoTopolt Touxe P, Ecau nazawowu# Jay4 npolosxuTs B of-

PATHOM HANpaBJeldH, TO OH IePeceueT BCAOMOraTeibliYI) OKPYHHOCTEH

B TOuKe (J, pacnoomcHHOH CHUMMETPUUNO £ OTHOCHTEABHO UEHTPAIb-
noro pamnyea OA KpucTasid.

HMs nocrpoennoff takuM 00pasoM ToukH () ApoBeieM BCNOMOTATedb-
uyio  npaMyio — xopay QB’. Touky B sufupaeM TIpOU3BOABUO HA
BCHOMOTATC/ALHOH OKDYKHOCTH, BOausH A H 11POBOAMM uepes Hee panuyc
kpucranaa OB. M3 nocrpoenus puc. 82 caenyert:

LOBQ=/ 0AQ= 5+ —5¢. (4,14)

Yepes TOyky B KpHCTadia TPOBEIeM KacaTeidbHYIO MAOCKOCTH, TEpHeH-
AHKYAAPHYIO K paanycy OF, a uepes Touky B — pmapaaneibnyw el
wiockoeth., Cornacho (4,14), xopaa QB° ofpasyer c 3TOH mocaeineh
TAOCKOCTHI) ¥rod ¢. OTciiza caeayer, 4TO eCaH Ob yYaCTOK KpHCTAMIA
BOausu B mepeHecan B B’ ¢ coxpaneHHeM CBOEro UANDPABACHUA, TO J¥H,
NajalILuit 1d STOT YYacToK KPUCTAMIa 110 Hanparieunio QB7, orpasuics OH
704 TeM ke ¥raoM ¢. OTpaKeHHWA MO THM YIIOM Jiy4 MO 33KOHY
Byapda — Bporra 6yuet uMerb TY K€ AMHHY BOMubl A, 9ro M ayu AP,
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OTPAWEHHBIH B nedrpe kpucraaaa. Ka pue. 82 Buino, urg oda Avua
AODKHBEL COHTHCE HAa BCTIOMOTATEJALHON OKPYWRHOCTH B obumiell Touxe 2.

Pacewotpum ayd, nazaowusi s F B Touky B KPHCTAAIA B HANpPaE-
JRIAN,  MApANICIRHOM Xople QB T. e. mony yriomM o k kKacareanuol
MI0CKOCTH  Kpucrania B Touke B. [locae OTpaenud TMoa YIJIoOM o
K TOH e IIOCKOCTH JIyd ¢ AJAHHOH BOAHBE A NOHIST HO HATIDAB/IEHHID,
napaiieabHoMy xopiae B'P u mepeceyeT BCHOMOTATCABHYIO OKPYIKHOCTE
B Touke P’, Gunsko#f k P. AHAJOTHYHOE TOCTPOEHHE, TPOBENENNOE s
ToukY € KpPHCTadida, ITIOKA3WBACT, YTO V4, OTPANKEUHLIA B 3TOH TOuKe
01 YraoM ¢ K KPHCTaaly, [epecedyeT BCHOMOTATEBHYVIO OKPVIHOCTH
B - Touke PY pacnoiomenno#, Tak e KAk U L7, HECKOIbKO OaMKC
K kpacraiay, sem P. Ecau yrrorol pactsop ¢ mpucrasia mana, To
TOukM P" 1 P" naxoasTed ouens Gauak0 k 2. Takuu obpasom, BOAN3H
P obGpasyerca ©OKyC BCex .yuell, OTPAMEHHHX OT KPHCTAIIa TION ¥T-
A0M 9 B OoOULeR ropusonTaabHOW nAoCcKoCTH. JT03TOMY BCHOMOraTC.AbHas
OKPYMHOCTE HaSLIBACTCH (Hoxaasnod. OrpanduupaeMbil el KPYr 11asbli-
BACTCA BONaabHbEM KpYZOM FPoyaanda.

JIyun ¢ AMHHOH BOJHEL ), PacXoisllMecs M3 HCTOUHHKA b BCPTHKAIb-
1IOM  HaNpAB.CHUH, IIOCAE OTPAKEHHA OT KPHCTANIA TIEPECEKAIOT BLPTH-
KaiIbHYI) NpAMYI0, NMPOBeleHHyd depes P, jqufo OpoXoasT ouenn GIM3K0
Kk Hel. Ecam B touke P oomecTHTH BEDPTHKAABLUYH) Lleib, 4 33 HEel —
perncTpipyrowui mpudop, TO NHOCACAHHH CMOMET H3MCPHTHL HHTCHCHB-
HOCTL MOHOXDOMATHYECKOTO H3Iyuenuss ¢ JAdHOoH BoaHBE A, Mowdo
TAKME HIOTHYTH NO POKAILHOMY KPyTy oTOomIcHky aa’. Toria na Hefi
OyleT ORHOBPEMENNO 3APeruCTPHPOBAH YUACTOK CTIeKTpPa B Ipesgeqaax
BCEX Frioe ¢, nOJA KOTODPHIMH H3JIYYCHHE MOWET I[1414Th H3 HMCTOUHHKA
Ha Kpucramd. Ecau aanny GoTOTMICHKM OTCHHTHIBATE BIOAL (POKAABLHOTO
Kpyra OT NeHTpa A KpDHCTANId, TO [HHus B Touke P BHHIeT Ha pac-
crodunn L, parnom taunc ayrn AeP. Kax Buino us puc. 82,

L=2r¢ = Ro. (4,15)
OﬁpaTHafl AuHelHag JUCOCpCHA D;’, pagia
YN I SN S

Touxku mepeceyeHns BCeX MOHOXPOMATHUECKHX ayued ¢ QoOKAIBHOH
OKDYKIOCTLI0  DACHOAOKEHH B Ipefciaax YuacTka 31oH OKpPYKHOCTH
ATuHOR wy. ITa BEJIHYHHA OTPEIENISeT re0MeTPHYCCKYI) HIAPHAY CTPOTO
MOHOXPOMATHYCCKOR  AMHHM, CHATOR HA  CHekTporpade no MeTody
Horanna:

.
wy, = -%?— clg @, . (4.17)
Tie U — YIIOBOH pacTBOp KpucTasia.

‘Ecau smyibcust GOTONACHKH HMeeT TOMUHHY g, TO KOCOE MaACHHe
AyueH 112 eHKY BEI3LIBACT NOMOJIHUTEIbHOE DACIIHPCHHE ¥, OMpefeife-
mMoe no (4,9). 310 06cTOATEABCTBO, B YACTHOCTU, He MO3ROIAET CIHMATE
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CIeKTPE MO MeToAay. Moransa Ha ABYCJIOMHYIO ILIEHKY, WM, BO BCH-
KoM ClAVdiade, DBRI3LIBACT []e()ﬁXOﬂI{}IOC'[‘b CHATL ¢ TAKOW mnJelKH H?lp}"}h"
HEft CTOH SMyALCHH. DTO MOMKHO CedaTh CPas3y TO OKOHYAHIH MPOSB/IR-
Hild, Lp]]](C}l})Oliﬂ{ll{H H HpOMhIi-}:—l][}‘I]-‘IH nAaeHKEH, KOria 3_\'11\’.'713(:{1‘;] parsf))'x.-‘la:
OHAa TOTAAd JIETKO CHHMAcTCs HOITeM B CTPYe XOJ01HOH BOILL.
Ecau peicota KpHCTaada pasHa A, TO $TO DBI3LIBAET LOMOIHHTCIb-
HOe pacllHpeHHe JHHHHA CHexKTpa Ha BOAMUAHY W, DaBHYIO
Wy = ctg o (4.18)
3 840 LD
Kak Buawo us dopmya (4.9), (4.17) u (4,18), Bce TpHu pacmiupeiusd
NPOTOPUHOHATBHEl ¢l @, H, XOTH OUM He AAJHTHBHEL, PC3YALTADYIOLLEe
pacliupenne w TaKXe NPONOPUHO-
be— 7T Hadbuo ctg o. [TosToMy ¢ yMeHBLUIEHHEM
yriaa ¢ (a CIefoBATENbUO, M IJUHEL
BOAHEL 4} ofliee pacllipcHHe JAHHHH
pacrer. B peayabrare merod Moranna
MOMET OBTh HCIOJB30BAH JHLIL B 00-
JacTH GoabmNX YTI0B © (00RYILO TIPH
v = 20°) nad wccaelopanud CPaBHH-
TeAbIO  AJTHHHOBOJAHOBOH  ofiacTw
crnexkrpa. B aro#t obaacTu GOKyCHPYI-
niee acHCTBHe KPHMCTAMNIA Jerko MOMKET
00eclednThr BHMTPHII B HHTEHCHEHOCTH
B HCCKOJBKC JeCATKOB a3 no cpasie-
HMIO C METOAOM ILIOCKOTO KpHCTALIa
Bpsrros. C Boapacraunem yrioBoro
pacrsopa i paciuupeHue JIUHUE COrJac-
o (4,17} Gucrpo pacrer.
Hacto W3OrHYTLIEE KpucTaaa He
Puc. 83. CxeMa orpaHWdenHA YOO~ 1oung clelyeT IOBEPXHOCTH Kpyro-
poro pacmopih;g};c:;ma BMETOAC  poro uuaunapa. Ilpm sTomM Bo3HH-
e — ,;C we, wTo Ha KaeT HOMOAHHTenbHAd NedOKyciporKa,
pre. 82, o8y CcloBIEHHad OORIYHO YaCTAMH KpH-
cranaa, uauGojgee yIaJeHHBHIMH  OT
Bre CepefuHbl, 4YTO B3aCTaBddgeT OrpanuduBaTbh YLaoeo# pacTeop # KpH-
cranaa (nau ero aneptypy U/2). as 9Tol Hedn OPHMCHAIT CHELMATb-
Hutlt axpan 3 (puc. 83), pamnonaraeMbl# [0 WEHTPAJLHOMY pasuycy OA
KpHCTa1da. JKpan 3aKaHYMBAeTCd BepTHKAIbHHIM JcssheM E. Ilag moay-
uenud rpedyeMoro yraosoro pactsopa & mpu Aaune T gelcreyiouleft
YACTH KpucTaisa ueoOXOAHMO, uToOH jesBHe OBLIO FIAAEHO OT LENTpa
Kpucralia Ha paccrosnve [ = AE, onpeaeasemoe 1o QopMyie

He=R oo =T oo, (4,19)

¢}

|

2
ClpareliuBod npu ycaosum U <=7 1, urto OOHYHO Buinoauserca. [Ipu
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IJCHTF'C‘-][O-CIIEKTPHJBHOM a;[ezweHTapuo_.\{ daHA/IH3e BRBhICOKAA pazpewamiuan
cana He nymna v H omower Gvrh BWMOpPAHO  TaKuMm, 4TS5 MOAC3HO
HCIOL30BATE BCIO AAHHY kprcraista. C Apyro#i cTopoHm, mpu Hecaeso-
BaHWH TOHKOH CTPYKTYPH CHEKTPOB HEOOXOIHMMA BLICOKAf DPAa3peLIaonras
Cida, HTO  33CTABJAAET SHAYHTEIBHO COKPAllATh AaNepTYPy KpucTania.
DTOT Bonpoc OuL1 MecaenosaH BOpHCOBbIM [13].

Ha dopmyaw (4,19) caeayer, uTo NpH HEMOABHMIIONM sKpaue, T. e.
Mpi TOCTOAHHOM fd, ¢ BO3pacrauuem yraa ¢ OVIyT yOLBATH ancpTypa
kpucraiia $/2 u netcrsyomas gamna ero 7. 3To, OYSRHIHO, NpHECACT
K COO'E‘BE‘.TC'I'B}"IOLL[@.M}-" VMEHBUIEHHWK) MHHTRHCHBHOCTH 7 CHBI{TI}Z{, 0'1‘[{}";18
caenyer, u4to oo Hccty o.

(. BospactanueMm yraa ¢ pacTeT Taieke paccrosmue AP aunun CIEKTDA
OT neHrpa  Kpucrania. Tax  kax  Qoxycewposka B wmeTome Ioradna
OCYIECTBARETCA  TOABKO B TOPH3OUTATLHOH IMOCKOCTH, 4 B BepPTHKA/IL-
HOH TIOCKOCTH Jyud PacXoUiTCd, TO HMCET MEeCTO IOMOJHHTCILHOE
ocaalaenne cuekTpa. B pesyabTaTeé  MHTEHCHBHOCTH THHHE yORIBACT
o0paTHO MpOTOPUNOHAIBHO TICPBOH CTCHEeHM CYMMApPHOH XJHHBEL NYTH
AyHed OT pcTowHuKa F 10 KpHCTamIa M OT KPHCTALIa 10 Touka P.
PaccrosHue ucTounuka ayweft 1o uehwrpa A Kpucragia ofoznauns 7.
Tocae otpamenns nyuu npoxonar nyrs AP — R sin . Orciaa HAXOIHM,
UTO MHTEHCHBHOCTL J 6y¥AeT 06paTHO IPONIOPIHOHALLIE YMAMe [+ Rsine.
O6a paccMOTpeHHBIX BBIIIE 3h(PEKTA COBMECTIIO NPHBOANT K CACILyiouwlef
38BHCHMOCTH MHTEHCHBHOCTH OT VTJaa !

Joo fl _clgy (4,20)
sin e - i
PT R

Beipawmenne (4,20) monydeHo B npelnoaoweHuu, €TO HCTOUHHK F
PEHTIEHOBCKHX JYYCH HMECT LOCTATOULYI NPOTMKEHHOCTh, 4ToOH mepe-
KPRITb  BCE PACCTOAHME MEWNY Jy4aMM, MIYWHME [O0X yraaMd ¢ Ha
Kpuctali B ero kpafuve Toukn B u C. D10 AeHCTBUHTENBIO HMELT
MECTO B OOJABLUMICTRE CYWECTBYIONIHX KOHCTPYKIMHA caexTporpados.
Cayuah TOYEUNOrO HCTOUHMKA Jyuel ObLI pacemoTtped Bporpenom [14],
MOKA3aBLUINMM, YTO HHTEHCHBHOCTbL CTEKTpd OKA3LBAcTed HAHGOJABIIEH, ecy
TAKOH HCTOUHHK DACHOJIONKEN Ha (OKATBHOH OKPYMHOCTH (8 Tonike Q).

Ilag noBHITCHHS Daspemaowed Culbl cnexrporpada no Morauwsv sa
CHUET YMCHBIUEHHA TeOMRTPHYCCKOrO pacmlupeHus Jaunuét [lporomnonos
[15, 16] npesfomus MCAOIL30BATL MOHOKPHCTAAbHEIE MIACTHHKH, BbIpe-
SaHHLIE TAK, UTO HX TIOREPXHOCTH OOpA3yeT HEKOTOPHHU Yroa o ¢ oTpa-
KAIOULIMEL TOMHBIMH  TIOCKOCT#MH. Taxkol crmocof ucnoassobaris Kpi-
CTANLIA [PHHATO HASLIBATH CMOCOTOM iKOChX naockocmed. Xon JAyuelt
B 3TOM ciayuyae nokasan na puc. 84. Jlyun naxator wa Kpucrall ol
YUAOM ¢ —o H OTPAKATCH MOL YIMOM ¢ o K ero noBepXHoCTH (Tou-
HEE — ¢ KACATEIBbHOH TIOCKOCTH B TOYKe mameHus). [IpH TaKoM HCHOAb-
30BAHMW KPUCTAJTA BECh CTCKTD MOBOPAUMBACTCA OTHOCHTE.ILHO HeHTpa O
doxameHOro Kpyra Ha yroa 2z B cropony ocu O kpucrania. PaccrosHue
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MeH(AY  JIMHMHMU CIeKTpa 0OpPH 3STOM HE Meusercs; <aeloBaTcabHO,
LUCIEPCHA QCTAeTCH TOCTOAHHOH, B BeipawmcHHC (4,16) coxpanserca.

C npyro#l CTODOHEL, OYEBHIHO, HTO NPH CHOCODE KOCHIX NAOCKOCTEH
AOBOPOT BCEro CHCKTPEd B YKAa3aHHOM BHILIE HANpaBfAeHHW [PHBOAHT
K VMeHbLIeNHI0 paclidpedHud w, W, U W B dopmyaax (4.9), (4.17) n
(4.18) yroa ¢ gomxen ORITHL 3aMeHel YLIOM ¢ —-o MeMIy KacaTedablof
K KDUCTAJNIY B TOYKe HaNCHHA ¥ OTPaMeHHHM iyuom. OTcola cilenyer,
9TO PC3YALTHDRYOUEe pacuikpenue @ OyaeT Menblle, dYeM B CAyuYaE,
KOIla NOBEPXHOCTb KPHCTANId NApPalieibla OTPaKAKIHM ATOMHBIM NJI0-
cxocTaM. B cnocofe KOCHX TIIO-
CKOCTel uMeeM:

weocty (v—+o).  (4.21)

EciH uag vceaelopaHus onpe-
neaedHo# yakoM odiacru cnekTpa
BHIP23aTh MJACTHIKY KPUCTALIE 104
TAKMM YTJIOM & K ATOMHBIM IIOCKO-
cTaM, urtobul cymma ¢ -t o Ovlia
Gauzka k 90° 1o pacwiupeHHe w
OyaeT HHYTOMHO MAI0, a CAef0oBd-
TENLHO, Paspelaolas CHIa — OUeHb
BhICOKA. Ec/aH weaateqbHo ucciaeio-
BATh IIMPOKHH WHTCPRAN CHEKTpA,
COOTBETCTBYIOILHHE  OO0RINHO  FriaM
Byasda— Bpsrra ¢ > 20° 710 npu
Beidope o [nedecoodpasuo, 4rodol
aas Bcel oBmacTH  HCCACAVEMOTO
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Memod Hozanccona. Haa yoTpancHug AehOKYCHPORKH, TpHCYUIeH
meTody MoranHa, Horadccod [17] npenaomua BRILITH(DOBHIBATE W3 MOHO-
KpHCTadbHOTO O/0Ka (Haupumep, U3 Kpaplla) TOHKYI MIACTHHKY 0o
(opMe MOBEPXHOCTH KPYrOBOTO LHANHAPA paimyca R (puc. 85, BBe‘p){y).
B 3TOH n.1acTHHKe aTOMbl PACHOAGIKEHBl MO MIOCKOCTHM, [aparielbHBM
KacaTeJdbHOH TAOCKOCTH B Cpeluell TOuke KpucTalad. 3atem [LTACTHHKY
w3rnbaioT Mo popue MOBEPXHOCTH KPYroBOTO UUAHHAPA pajuyca r — Rj2
¢ ueHTpom B O (puc. 85, BHMBY). )
[Mpu 3710M oTpamawwme atoMubie
MAOCKOCTY NPUHUMAIDT GOPMY M0-
BEPXHOCTCH  KDPYTOBOTO UMAMHAPA
pannyca R ¢ uenrpos B O. Kax pun-
HO M3 pHC. 85, B MeToue Moranccona
HNOBEPXHOCTL  KPHCTAMIA  PACTIon-
eHA BI0Ab dhokanbHoro kpyra AP0
paanyca r ¢ tenTpom B O'. Kaca-
TeMbHEBlE TAOCKGCTH K OTPAMAIONIHM
ATOMHBIM HOBEPXHOCTAM NepneHIu -
KYyndapuel K paaunycam OB, 04, OC.
Cpasuupan puc. 85 ¢ puc. 82, My
BUAWM, YTO, B OT/JAHUYHE OT NpubiM-
JKeHHOH  (DOKYCHPOBKH B MeTode
Morauna, meron Horanccona ofec-
neyuBaeT TOYHYIO POKYCUPOBKY, ITO
NO3BOJACT BLIGPaTe GOALIIVIO anep-
TYPY KpucTadia, Hpu aobom sHave-

Puc. 85. CxeMa MoranccoHa nonyueHus

Puc. 84. Xop nyueit B cnekTporpade

uo  HMoragHy ¢ KpPHCTAlIOM, Bhipe-

JaHHBIM II00, )‘I‘.‘IOM o K OTPAMAINIIHM
NAQCKOCTHM,

it — @TOMHBE HA0CKOCTH. CoTaapHEe 0003Haue-
HHS Te 3e, UTO H Ha pue, 82

CHeKTPd cOBMONANACHE 3ARUCHMOCTD
<o 00
XL P — 5 ( ’ )

B NPOTHBHOM CAVYae JacTh aneprypH
KpHCTaJdna ue 6}'}1(’.T HCIIOJB30BAHA!

nazamuui  nyu nogodner K KPHCTaAIy TOL  VIJOM 9 — 2, MEHbLLIHM

HUH KOTOPOH paciiMpenue w; pasHO
Hyao.  Hea  Apyrux  pacmupe-
HHA @y W Wy NO-TIPEIKHEMY ONpele-
naoTcd Gopuynamu (4,9) u (4,18).
Touno Tak Me cOXPaHAETCA CpaBe -
AMBOCTL K dopmya (4,15) u (4,16).

CIIeKTDa.

A — KDHCTANMIMeCKAY - NAaCTHHKA 10  U3THOA,
K' - T0 e nocae warnda. ILUTPMXOBKGE n0Ka-
JUHO HATIPABACHHE OTPAXKAIOUMX aTOMILX Ta0-
CKOCTCH. &if — KACATEALHEE TLIOCKOCTH K H3OrHvV-
TLIM ATOMELIM DOBEPXIOCTAM KPHCTA a4, (eTaub-
el OD03RATEHHA Te e, YT M 14 phe. 32,0

Buurpenu B uHTencupuocTH fi B Merouae HMorauccouna mno CPaBHEUHIO
€ MHTEHCHBHOCTRIS [p B MeTode BpPIrroB onpesenserca ¢hopMyaol

anepTypsl #/2, n Gmmkafmas K HCTOUHMKY 4YaCTh KPHCTAaMLIa HC Oyaer
ocBellena Mol HYAHBIM yriaoM. Eciu kenaredbHO TOMHOCTBH MCHOALIO-
BATbL aNepPTYPY KPHCTAljJa NpH BceX yraax o, 1uauudas o1 20°, 710
nomkno Obre =l 207 — /2. O6runo aneprypa Kpucraana /2 we npe-
Bocxoaut 1°, a noromy z momer Gurbh pHOpan oxono 197 Tlpusenenue
KpPMCTAilId, DBIPE3AHHOTO MOJ TAKHM ¥rjAOoM K OTPAMAKIINEM aTOMHLIM
MIOCKOCTAM, CYUIECTBCHHO VBeJHYUBACT pPa3pellalolIVIo CUIY CHeKTpo-
rpaa FloraHua *).

#)y Hexotopue coobpaxcenns, ofmue nus Metogoe Moramna un Kowmya,
O B3AMMHOM pAacHoloxEeHMH (QOKYCHOro HATHA AHONA PEHTIEHOBRCKOH Tpylxu H
KpUCTanaa, & TAKKE 006 OTPATIHUEHHH HITWIIHeH pacXoiMMOCTH TIANAKIero Ha
KpMCTadn Ty4Ka ayuedl, H3nomeHbl nuwe, B paszens o meroje Komya.

Iy 23 .

rac S—IMHPUHA leaw B MeTole Bpsrros. [lpn Goasmok anepType
AerKO  HOJTYYHTH CTOKPATHRIE BBHIHTPBILI B MHTCHCHEHOCTH NpH GoJdee
BRICOKOH paspewawilel cule, deM B MeTtode Morawua.

Hezoctarkom Merona Moranccona ABIAETCH CAOMHOCTE H3COTOBICHHS
TOHKOH KDHCTAMTMYECKOR MIACTHNKH, BHHUIMGOBANHOH ¢ GOABIOR TO4-
LOCTEIO  TIO (popuME TOBCPXHOCTH KPYTOBOIO UnaurIpa. OpurHHaitsHel
CHOCOU  MArOTOBACHUA KpPHCTaama Ias MeTola MoraHccoHa mpengoweH
B [18]. B stoft paGote Gniia wcnoAb30EAHA MOHOKPHCTANLHAA IIACTHHEKA
AAIOMHITMSA. Opuen'mpouh‘a aTomMHo# PEUIETKH [IJACTHHKH 3843ardTaCE
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B [PONECCE €& U3roToRAenns no Meroly Tohedema [19]. Mexoansim marepua-
JOM  CAY:KHAA IPOKATAHHAA MOJA0CE TeXHHHECKOTO aJIOMuHUA TOJUIMHOH
1 aa, wupurolt 20 ma v gauno# 30 cau. Koauuectso npumeceft B ueM
ne mpesnmano 0,5%/ . Ilns npenpapure/bioro OTHKUTA NOAOCA YKIALbI-
Ba/aCh HA WECTKYH njaactuny us ciiaBa Ni— Ag u BMecre ¢ Hei Ipo-
TA'HBANACh 4epe3d TOPU3OHTAIbHYI TPyO4aTyio Iedb [pPAMOYTOIbHOTO
cedenna 6 > 1,2 cx® uw mnmunolt 60 cu co ckopocrtbid 9 cafuar TpH
temneparype 550°C. 3arem mosoca pactaruBanack na 2% u BHOBL na
maactue u3 cnaaga Ni— Ag npoTaArusBatack 4epes TY He Meyb CO CKO-
pocTeio 3 caufwac npu rtemnepatype 630°C. B mauase mporarusanns na
KOuUge [10JGCH TPOUCXOAHIL PEeXPUCTATIR3ALUHA M BBIDACTAM MOHOKPH-
crant. Korpa nanea nociieanero LoCTurana HeCKOABKHX €., IPOTATHBAHHE
NOACCH  OpeKpamanoch, [locde  OCTBIBAHHA HOJYYEHHOrO  MOHOKPH-
CTaM14a ¢ Helro CHMMAJach DPeHTIGHOTPaMMa HO Merody Jlays u onpere-
JA/MaCh OPHEHTHDOBHEA aroMHOR pewerkn. Mo cTepeorpaduueckofl npo-
KLU ONPenedluch YIAB, HAa KOTOPBIE HeOOXONHMO MOBEPHYTE MOHO-
KPUCTAM OTHOCHTEABHO IBYX B3aMMIIO NePHeHAHKYAAPHEIX ocelt 445 TOTO,
uToOH edaemule aTomHbie maockoctd (111) nau (100) oxazanuce mapan-
Jelbubl 0CTalbHOM 4acTH NOJOCLl. Ha CHelualtbHOM CTaHKe, CHalMXeHHOM
ABYKPYIKHELIM TOHHOMETPOM, OCYLIECTBAAIOCL 3AKPYUHBAHRME [OJHKPU-
CTATANYECKOR 4vacTM Tos0oCH, a 3aTeM uarub ee Ha Tpedyemble yriad
OTHOCHTEIbRO MOHOKpHcTadsHOW uactH. [lpu stom cacayer wusferarhb
Kakof-16o dedopMalud MOHOKPHCTANIA. 3aKDYYUBANHE JA0MKHO HPOH3-
BOAMTLCA Ha yroad He Oodee 25° a waru®—wua yrosd, He TIPEeBOCXOJH-
wri 40°

3areM T0OACCA TPOABHIANACE MOHOKPUCTALIOM BMO2peil CO CKOPOCTHIO
2 cafrac uepes TpyGuATYIO Iledb NPAMOYIOABIOTO CeYends IMHPHHOR
6 cm, BuicoTtoli 2,5 cm wm aausoft 606 cu npm Temmepatrype 630°C.
B pesyabTare 3TOro Ipouecca IOAYUATACH HeledOpPMMPOBAHIAA MOHO-
KpUCTaabLHAM 107J0Cda, OpPHeHTallud KoTopoft OTK/JIOHAJIACE OT 3a5aHHOH
He Oonee ueM ma 1° M3 sTo# moaocw BrIpesaics kKpuctamt rpefyeMoro
pasmepa H H3rHOancd M0 UMAHHIPHYECKOH noBepXHOCTH pazuyca R,
a saTeM CHOBA TOMEUIAJACH B medb M npH TeMmnepatype 630°C mwminep-
supagca 24 vaca N0 NOAHOH DPEKPHUCTANAM3AUMH. [ OTOBBHA MOHOKpM-
CTATA MMCJA MPeXHIOW LHIMHIPHYECKYID $opMy., HO aTOMB, pacno.a-
rasuigecs Hocte HarHdad mo UHAMHAPHYECKHM IOBepXHOCTAM painyca R,
B peayabTATe PeKpPHMCTAMIM3aiii BHOBb: OOpPA3OBLIBAMNM CHCTEMY napaj-
JedbHBIX ILIOCKOCTe#, Kak TO MOKasauo ua pHe. 83, eeepxy. Msroro-
BJeHHe KpHCTalaa nqad Mctona MoranccoHa sakaH4UKMBAAO0Ch AONOIHHTENb-
HHIM IIJACTHUECKHM H3THOOM KpuCTaIld 0o uwuaduipHyeckofl mosepx-
nocrti paauyea r = R/2.

Ias ucoelTaHud HPHCOTOBRJIENNOrO BBINEONHCAHHEIM crnocoBoxm KpH-
craana Owan cust aydaer Cule. Penrrenoeckas Tpy0xa pacnogaraiach
BOaK3H QOKANBHOTO Kpyra, uMeja Ha 4Hoje QOKYCHOE NATHO pasme
pamu 1,2 % 1,2 wu® 1 paboraaa npu 45 xs& u 20 ama. JlySaer nomy-
4aicAd 33 MAAVIO QM0 CEKYHAB, a TIpH 3KCHosHLUM peime 0,5 cew owas
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3HIBANCA YKE NEPesKCNOHHPOBaHHbIM. TakuM o6pasoM, OGoabliHe MOHO-
KPHCTAMIEl AMOMHHUA, MPHIOTOBJAEHUEIE IO MeTody- Floranccoua,. oGaa-
Aal0T HCK/IIOUHTENBHO BHICOKOH CBETOCHJON; OMHAKO paspemalman cuaa
CMEKTPOTPada ¢ TAKMM KPUCTANIOM 3HAUHTENLHO HHME, YeM NMPH HCNOMb-
30BAaHUH KBaplla.

Memod Kowya. T'opusoHTanbHas QOKYCHPOBKA MOHOXpPOMATHUECKHX
PEHTTEHOBCKHX  NydeH TIpH INPOXOMWAEHHWH  Yepes KpPHCTALA OLia
npednowena Komya [20, 21]. Xoa £
JdydeH B 9TOM MeTole IOKA3aH HA
puc. 86. MoHokpHcTanbHaA mAA-
CTHHKA K H30THYT4 TIO KpYLOBOH
LUIHHAPHYCCKOH MOBEPXHOCTH pa-
zuyca R ¢ ocewo B O. s doxycHoro
natHa FEf aHopa penTreHoBcKoH
TpyOKH JIYYH NMaJaloT HA KPUCTAMLI
C ero BLIMYKIOH CTOpPOHBl H OTpa-
WAWTCA OT aTOMHEIX ILJIOCKOCTEH,
PACTIOMOMEHUBIX HOH IPAMBIM YIAOM
K TOBEPXHOCTH KPHCTALIHYeCKOH
naacrunku. [locne uarnGanus xpu-
CTAMIA MO paauycy R aToMHbIe NO-
CKOCTH  pacHofiaramrcs eeepoo-
pA3HO, CAeAYA HATIPABACHHAM paiuy-
cos OB, 0A, OC, ... Ha puc. 86
NpedcTaBJelEl TPH JAydYa, Najaiouiue
B Touk B, A, C xpucraina non
¥riaoM © K OTPAWAIUM LI0CKO-
cram. llocide DpoxomienHs wuepes

=)

a;

KPHUCTA/LI 3TH IYYH CXOAATCA B TOUKE I
¢ Ha dokaabHOR oxpyxuoctu AOQ  Puc, 86. Cxema Komya nodyuchus
paamyca r =R/2 ¢ uentpom B 0. CIIeKTpa.

$oxancHAA OKPYIKHOCTE KacaeTcs N, 1 Ny — 3rpads, OTPAHHIHBAIMIHE ANEPTYPY
KpHCTalla C BO]"I-Iy’i'Oﬁ CTOPOHEI KPHCTaAa, OCTﬂa;LHE?Iaeljf:tl::?SISI;TJCHHH T& HC, YTO
g ero neHtpe A. [locae oTpamedus

MOHOXPOMATHYECKHUE Jy4H CoOMPAIOTCS B TOUKY /P2, PACHOJONKEHHYIO Ha
TOR e OKPYMHOCTH CHMMETPHYHO TO4Ke { OTHOCUTEJALHO AHameTpa AQ.
Poronneura aa’ pacnonaraeTcs BepPTHKAAbHO M H3rHOaeTcsd mo Gokafb-
HOHW OKPYMHOCTH. Diaarogapsi pacxoXIeHHIO Jyuel B BepTHEaAbHON NJIO-
CKOCTH, a4 TaKe NEKOTOPOMY HaKIOuy padoueff MOBEPXHOCTH anona
K TOpPU3OHTAILHON TIOCKOCTH, HA (POTOTICHKE TOAYYAeTCH MUHHA CUEKTpa,
HAYyan Bloab obpasyollel LHAUHADUUECKOH TIOBEPXHOCTH NieHKH. [lpu
MOHHMBALMOHIIOH pervcTpallun CHeKTPad BAOIL GOKAMbHOH OKPYIKHOCTH
nepeMeulaeTCd BepTHUKAaJbHA" 1Ieb, 33 KOTOPOH HAXOAMTCS PErHCTpPH-
pywouwuit npubop. [NogoxedHe AHHHE CNEKTPA HA QOKAALHOK OKDYMHOCTH
onpedeasercsd AAHHOR ayru OP ={=2r¢ = Ry, oTkyna noayyaem 00-
paTHyIo JuHeHHYIO aucnepcmio [); B TIOAHOM COOTBETCTBUM C (4,186),
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B cs#3n ¢ TeM, 4TO Kpalkinue Toukd B u € KpuHcTaaia HeCKO.TBKO
OTCTYNAT OT (POKAMLHOM OKPYMHOCTH, HMEET MecTo Hebo/buias nedo-
KyCHpPOBKAa [rak e Kak ¥ B Meroae Morawna, cm. puc. 82 u dop-
myny (4.17)]. Pacuiupenve w,; nunuit B Metone Kouwiya us reoMeTpHUYeCKHAX
coobpaxkeHul A0MKHO OHITE PAaBHO

%
w, = 5 (BF+2)ig o, (4.24)

rige ¥ — yriosok pacTEOpP KPHCTajia (YABOSHHAs anepTypa), ©— YI 0.
Byaeda—Eparra, # — Tomuuna xpucTaana. B mefictBurensnocTn npu npa-
BHJIBHOM H3rufc KPHUCTAldI4 DAcCIUMPEeHHE OKA3LBaeTcA Medbmme. Murenb-
cram [22] ofwAcuun sSTOT (QaxkT BHIOJHLHIMH B 1aHHOM cayuae IOe-
tdopMaumuamMu  KpucTaana, OAaTonaps KOTODHIM BOAMSH ero BLINYKIOH
MOBEPXHOCTH MEXMMIOCKOCTHLIE PACCTONHUA o AMA OTPAMAUWIHMX AaTOMHLIX
MIOCKOCTeH pacTyr, a BONHSH BOruyToH MoBepxXHocTu yOnmawT. C BO3pa-
CTAHMEM ¥T/a ¢ pacllipeHyle w; YBCJHUHBaeTCd, MO3TOMY merod Kowya
He NpHMeHseTcss B obgacTH Go/bluHX yraos ¢. Kpome Toro, npu Gofb-
WHX LJAHHEX BOJH CTAHOBHUTCA CYIMECTBEHHBIM NOIJIOUIEHHE B KPHCTA/IE.
B ofnacT# MambiX aAMH BOJH BEIMIPLIMI B MUTEHCHBHOCTH MO CPABHEHHIO
¢ MeTomom Dpsrroe cocTaBnfeT HECKOMBKO NeCATKOB pas.

JlononHuTeNblble PACHIHPEHHA Wy M Wg BHSBAHLI COOTBETCTBEHHO KO-
HedHOH TOMUIMHON ¢ cnOd SMYyAbLCHH (MOTOILIEHKH (/18 ABYCACHHOH MASHKN
g — TOJLUMHA BCel [MEHKH)}, 4 TAKKE BePTHKAMBHOH pPACXOAMMOCTBIO
Jyduel H KOHeUHOH BuICOTOH A KpHCTaiLia:

Wy — 2 1o . (4,26)
8R '8

PesyabTUpYIOlLiee pacUIMDeHHE W ONPEHENfAeTcs BCEMH TPEMA pacLiipe-
HUAMH W;, Wy H @3, OAHAKO CJAENYeT HMETb B BHIY, YTO BEJUUHHEl STH
He aILIUTHBHDL.

Kak punHo ws puc. 86, npaMuie DEHTTeHOBCKHE AYYM, TPOLICILIHE
Hepes KPHCTA/I, MOTYT HOMACTb HA YUacTOK (OKANLHOTC KPY¥ra BO.IH3mMm
TOUKH (J, B peayaeTare 4ero o6JacTb CHEKTPA TMPH MAa/LIX yriax ¢ oka-
*KeTcsl sacBevenuol. Jra obmacTb O¥IeT TeM YiKe, ueM MeHbllle YI.I0Ba®
aneptypa #/2 KpHCTamda u yeM AaJblle OT HETO PACMNON0KEHO (hOKYCHOE
narno EF anona. C Ueabio pery/MpOBAHHS aNepPTyPHl KPUCTAdla npumMe-
HAWTCA 3Kpaho N, u N, 3saspurag KOTOpHIE, MOMHO 3aKPHTh Kpad
KpUCTaJina. 3ITO BaXKHO elle M NOTOMY, YTO KpPas KPHCTAlL1d4 HHOrI®
AAai0T 3aMeTHble HCKaMCHUT (MpH HeTouynom uarube). OcobeHHO CyluecTBed
3KpaH Ny, Tak Kak uepes Kpafimiow TOuKy C KpPHCTaldla u3 Kpaluels
Toukn £ (POKYCHOro¢ NATHA TPOXOILHUT npamoit ayu EP, onperelsiowunt
rpaHuny o0.aacTH 3aCBeTa CO CTOPOHBl GOJBLIKUX YLAOB @.

[TycTh (okycHoe NATHO BEITAHYTO B HANPAB/AEHHH, NOYTH Napaiiefb-
HOM KPHCTaany (kKak mnokasaHe Ha pHc. §6). U passepul ero kak pas

LOCTATOUYHEL- AJ OCBELWIEHHA EBCefl mosepxHoctw BAC kpucranta NOE

JF =333 ma. Croas Gonklloe pac-
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yIIaMM © K erc OTPaKamlLUM MACCKOCTAM. B aToM cayuae paccrosuue
OT cepelHH®l doxycHoro natHa F A0 ueHTpa /A Kpucraina 101%HO OHITE
He MeHee BeJHuuuwr f, omnpeledfeMofl CACIVIOUIHM BLIDAMEHHEM:

=

Ca— : (4,27

rae mnpenmnojaraetcs, uTo Yrabn ¢’ # {h Madu; 33ech o — npemedsieiit

yroa1 Byneda—bpsrra, sacseunpaeMeiil NPAMBIMH dydaMu. Ecau, nanpuMep,
neofxonumo, uToBm ¢’ Owio ne Ooace 4° ro nmpu R=1000 .uu
n =2 moayamum mno (4,27)

CTOSHUE MeR Y KPHCTAII0M H HCTOUY-
HHKOM Jydel HeXenareabuo, BO-
UepPBREIX, MNOTOMY, UYTO IMNDH 3ITOM
CYLIeCTBEIHO COKpPAallaeTcs - HHTEH-
CHBHOCTH CHEKTPa, a BO-BTOPHIX,
IOTOMY, UTO YMeHbinaercs 06/acTh
¢crnexTpa, noaydaeMaa B meroie Ko-
ya OAHOBPEMEHHO MPH HENOABHM-
HouM cnexrporpade. eficTEUTeNBHO,
sTa 0faacTh crnekTpa Ao (B yraosol
Mepe) paBHa Yray, 0L KOTOPHIM
{$OKYCHOE TIATHO BUAKO U3 LUeHTpa A
KpucTaJaia:

&@:(? cos ¢ - 1)&, (4,28)

a 3TOoT yroa yOmBpaer ¢ pOCTOM f.
B npuBeneHHOM Bolllle IpHMepe Ma-
JHIX yraoz ¢ 1o (4,28) nonyuaem
Ap == 8%, Oinako cilelyeT V4ecTb,
YTO AL cpeaHas 4acTb 3ToH 00-
Jactu  cnexktpa OyAeT OcBellgHa
Oolee UK Melee PaBHOMEPHO; K rpa-

Puc. 87. PacnoaoxeHHe MHOIONIaCTHH-

. TH  HHTEHCHBHOCTb . 2
myuam - obrac gatolt Awaparmbi M B Metoxe Komiya.
crexTpa yOLIBaeT 10 Hyad.

S —BHXOAHAN IKedh, [ —cuetdHK leiirepa;

Bo nabexanue 3acBeTa NpAMEIMH OcTadbHEHe 000FHAYEHHT TR e, YTO H HA pue. B2
AyuaMH  SHAYMTENBHOTO  Y4yacTKa
CAEKTPA CO CTOPOHH M@abX YrAOB, MEMILY HCTOYHHKOM JAyueH H KpH-
CTAANOM TOMEUIAIT MUOTONMACTHHUATYI aAMapparmy (puc. 87) [23—26],
COCTOALLYI0 W3 HA0Opa MeTalJHYeCcKMX IJacTHHOK, PAacNOI0KEHHEIX BEEpPO-
obpazno ¢ ofmell ToukoH cxoaa Q. ¥Yrod Memay KpalHuuMu NIacTHHAMH
00JeH OuiTh papen ¥ — YABOEHHOHW 4nepType KDUCTAAa. 3a30pbl MEwIy
COCeJHHMH NJIACTMHAMH M HX JUJIHHA [OJXHB OFPDaHHYHBATE YILJOBYIO
PACKOAHMOCTL MyuKa (CM. PHC. 79) A0 HeBOMbOH TpeOyeMOR BeJHUHHBI.
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Haauuue Takoit suadparmer ocodedno yrobuo B cayude HOHH3alIMOHHOH
perucTpalidd  CleKTpa, IpH KoTopoH He TpedyeTcd OIHOBPEMEHHOTO
DOAYYEHHA UIHPOKOTO HHTEpPBAla CHeKTpa. .

Tlpu xauecTBeHHOM aHaAM3e 4YacTo TpebyeTcs CHATL CIEKTP B MWHPO-
Ko# ofaacTy yraoB, BrAOUawWed M Manable yrael g. B sroM caydae
TAKXE BO3MOXHO IPHMEHEHWE MHOrONAICTHHHYATOW BeepoobpasHoi aHa-
pparMel, OOHAaKO BO BPEMA SKCMO3HILMM
11e06X01MMO W3MEHATh YroJ TaleHHsd V-
Yeilf Ha KPHUCTAa/I1 NYTeM KAYaHHA CTIEKTPO-
rpada B HYXHOM HHTEPBA/e YIJIOB ¢,

C ToH e UeAb)— AT9 HCKIOUE-
HHSl 33CBeTA KOPOTIKOBOJHOBOIO yuacTKa
cnexTpa — [IpoTtononos [27] npuUMEHHA
npocryio auadparmy D (puc. 88); aauu-
HYI) CTOPOHY (POKycHOTO naTtHa F aHoaa
PeHTreHOBCKOR TPYOKH OH pacHoJOWMI
NPHOIH3INTRIBHO NePIeHIHKY ASPHO K KPH-
cranny. HanBoiee yoanenHas Touka E
(dOKYCHOTO MNfATHA MOMeT .1aTh MOpAMOR
3acgeT A0 Touku P, dokainHOH OKpyXK-
HocTH. IlpH Takom pacnofoxeHHuH oryc-
HOTO NATHA PEHTreHoBCKaa TpyOKa MOMWET
BHITh TOMEINEeHd SHAYHTENLHO | GIHWe K
KPHUCTAAAY, ueM B cJy4ae, Koraa yIau-
HeHHaa d[acTbh NATHA INapaiielbHa KpH-
craany (puc. 8G). B mepsoM M3 3THX
Puc. 88. Xoa n#yuedl B MeTome cayyaes (puc. 88) mam  POKYCHPOBKH

Kowya no llporomonosy. M3NYYEHHS, BoIXOIfulero M3 F, AocTa-
D ot Snps eoer, saope.  TOUEN KDHCTALT SHAYHTEALUO MEHbUIMX
THBASMOTO  NREMRIMHE .r[y_ua.‘.m..Ot:Ta.r[L.— paa_\IC‘:}OB‘ e BoO Bl‘()pO\{ C.I'[}ﬂ_[ac_ EC_I'{H
Hele 0003HadeHHMdT —TE HE, 4TO0 H U1l

' puc. 82, MCCACAYETCS  F3KUH y4acToOK  CHEKTpd,
TO  BRTOJAHEE pacnojarartb QoKycHoe
OATHO TEPHeHIMKYAADHO K KPHUCTALIY: CHOEKTp mojiyuaercd y3xufl, HO
BMecTe ¢ TeM M Oofee HurencusHwelf. Takoe pacnofoxenide IOAE3HO
TIPH KO/JIH4EeCTEEHHOM aHAMHM3e ¢ TNpUMeHeHHeM (OTOPErMcTpallin 4 BO
BCeX CAYYaAX MOHW3AUMOHHOM peructpanuu. JlMmnL npy KAueCTBEHHOM
aHaMsC C IpHMeHenHeM OTOPerucTpalHy, KoTaa HeoOXOAMMO IIpH HEro-
ABHKHOM CHEKTpOrpade MOJayddTE BO3IMOWHO OGomaee mupoKu#i ydacTox
CIEKTPd, MOMET OKa3aTLed BHIOLHee PaclofoskKeHHe HOKYCHOTO NATHA
napanrielbH0 KPHCTAAAY *).

B Hexoroprix KpucTammax (C/Mi0fa, PHIC) MMEWTCH ATOMHEE I10C-
KOoCTH, YnoOHBEe ANA HMCHOAB30BAHHA HO Meroly Kollya, HO pacnofo-
JKEHHBIE HEe NeprneHAHKVJISPHO K IIOBEDXHOCTH, a MOA VIJIOM o K HOp-

g

*) 3HauuTenbHAaA YacTh BHICKA3AHHLIX 31ech cOoofpanienuit B pasHOH Mmepe
otnocutcs u kK Metony HorarHa.
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maau (puc. 89). B stom cayuae dokycupoBka Takike Syaer Ha (OKAIb-
HOW OKPYMMHOCTH paiuyca r = R/2, HO Bech CIEKTD OKameTCd TIOBEPHY-
THIM N3 ¥Tod 2¢ OTHOCHTeJbHO ueHTpa OF 3TOH OKpymHOCTH. HakioH
IOCKOCTel coraacHo [lporononosy [15] Brronnee BLIOHpaTe Tak, uToOLI
B PE3YAbTATE MMOBOPOTA cnexkTp npudmuxansca X Touke O (puc. 89).
B sTOM cayuae paciiHpeHHS Wy, W, H Wy YMeHbIUAIOTCH, a TAK KAK AHU-
crnepcHst COXpaHsieTcs, TO pa3pelarninas cHia yBeJHukBaercd. B dop-
myi1ax (4,24), (4,25) u (4,26) ¢ Torna nomkHo OBITH 3aMEHEHO HA © — o
AHCIEPCHA TIO-TIPEKHEMY ONPede/neTcs ’
puipameHnem (4,16).

Memood Hro-Mounda. Hna Toyeu-
HOTO (3 TakXKe BEPTHKAJNbHOTO JHHeH-

¥ F
g
Pye. 89, KXoz nyuyed B cnextporpade Puc. 90. Cxema monyueHHs cnexTpa
no Kowya ¢ kpuctanaom, B KOTOPOM mo Hwo-Moumy.
OTpaXAIOIIHE ATOMHBIE NJOCKOCTH I F — MCTOMHMK DEHTICHOBCKNX ayued, K—Kpu-
PACIONOXMEeHL]l TROL YIAOM o K HODMAaIH. CTaaA, M —MUOTONAACTHHYATAT LHaparss,

f'—cuerunk Tedrepa, @ — muoumul gorye

P — Touka CNOEA ATOMHEIX MAOCKOCTel. OcTaln- OTPAMENIOrD MydKa Ayued.

one oDOSHANSHHS T JKE, 4TO H Ha PHo. az.

YATOrQ) HCTOUHHKA PEHTTEeHOBCKOTO Mau T-usaydeHu#t Hio-Moun [28] npen-
JOKHI METOA HCCAEA0BAHMS CIEeKTPaJbHOTO pacnpenc/icHua HHTEeHCHE-
HOCTH NyTeM oOpamieHHa xoaa ayuelt n mertose Komya., Toveunw#i ucrou-
uuk F nomemaercd Ha (GoKaJabHOH OKPyXHOCTH painyca r==0"A4
(puc. 90); aAyuuM manaloT ua KPHETAAA ¢ BOUrHYTOH CcTOpOHEI ero. Paago-
JKEHHC B CICKTP IPOHCXOMMT MPH OTPaXXCHUH OT aTOMHEIX IIJA0CKOCTEH,
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NepHeHIHKYAADHBIX K MOBEPXHOCTH KpHCTajaaa. [locae ero msruba mo
panuycy R=2r=0A 9TH n/J0CKOCTH PACXOASTCS BeepoobGpa3Ho; Froi
MEMAY KPaWHMMH IJIOCKOCTAMH DaBeH U — YIBOEHHOH anepType KpH-
cranna. Ilocie oTpaweHus npouleluide YePes KPHUCTANT JIYYH NpPOAOJ-
AT pacxonuthed. Tlpo#as MHOTONMACTHHYATYIO AHadparmy, Aydu iona-
nawnT B cuetuux ledirepa, rie u perucrpupyworcs. uadparma caymut
Lag Toro, uToOB TpaAMBe JAYYH, MPOUWEILNIHC Yepes KPUCTaLl, He MOTJH
TMONACTh B CUETYHK. :

Hpeuwymectse MeTona [i0-MoHIA COCTOHT B 3HAYMTEALHOM BHIHMIPHILIE
B HHTEHCHBHOCTH MO CpaBHeHHI0o ¢ MeronoM Komya. [ledcTBHTeNBHO,
B Mcrole Komya (puc. 86) kamAb# aTOM, HAXOASIIHKCT B HCTOUHHKe F,
NOCHIJIACT CBOS HBJAyUeHHEe PABHOMEPHO BO BCe cToponbl. OOHAKO oTpa-
JKeHHe H3Jy4enus IaHHOH INJHHBL BOJHB A No 3akony Byasda—Dbpsrra
uMeceT MeCTO JUIb MOA JrJAOM ¢ K aTOMHBIM MJAOCKOCTAM, TOYHEE ——
B mpelleslaX BEChMa Malloro MHTEpPRAIA 69 OKOJIO yraa ¢. Has nanbonee
COBePLUEHHBIX KPUCTA/10B KBAPLA H Ka/lblUHTa 8¢ COCTaBAZET Okono 37,5.
Toaeko TO uaayyeHme, KOTOPOE TNPOXOAMT BHYTPH HMHTepRada Oy, defi-
CTBHTEILHO HCAOAL3YETCH IA 00Dpas3oBaHu# JHHHH CIEKT D a.

B merone xe Mio-Mouma (puc. 90) usnyuenne, BHIXOMMIEC M3 Kai-
BOTO arToMa UCTOYHHKA & B HHTEDBajde YTJOB ©, HONANAET HA OTPAXKAN-
IIIHE aTOMiblE TIJOCKOCTH KPHCTANI1A MOL YPAaME ¢, TOYHEE -—— [0 Y JIaMHu,
BecbMa OJH3KHMH K ®. DTa OroBOPKAa CBf3aHA € TEM, YTO KpPHCTAMT
M3OTHYT MO paiguycy, BABOE TDPEBHILIAKCINEMY paguyc (GOKaJbHOTO KPYTa
¥ TOTOMY BCe Coablle OTCTYmaeT OT MOCJAEIHEr0 MO Mepe yhajenus
orT uenrpa A K xpasm B u C. B peaynbrarTe, mo mepe yaageHus OTpa-
HAWWEeR MJIOCKOCTH OT LUeHTPa KPUCTAdl1a, Yrosd TaleHHs Jyua Ha STY
NJIOCKOCTE BCe Goabllle OTAMYAETCH OT ¢, M KOTA4 9TO OTKJAOHEHHE Ape-
B30O#LeT BeauuMHy /8¢, oTpamenue Gojbuie He GyIeT HMETb MecTa.
MOKHO MOKa3aTh., YTO YCJAOBHCM OTPaXKeHHs ABJAETCH:

fig ;
(2)
ITO yCnOBHE COPAaBENHBO MPU MadbX ¢ H 9. B cnexTpomerpe, oo-
crpoeHioM Jlio-Monmom, #=1°25. Ecau noaoxuts do=3".,5, 710

no (4,29) pca ameprypa kpucTadaa OyieT NOJE3HO HMCHO/Ab30BAHA TIPH
@ < 8° [as moGoro yraa ¢ nodesHas anepTypa onpenensercd ¢op-

MyJaoi
3 by =
5= }/-?, (4,292)

TaKXe crnpaBenuso#t npH Manmx ¢ U 9. Takum obpasom, B MeTOIe
Hwo-MoHna Bce wusayyeHue, NpPOXOnAllee BHYTPH HHTEpBaia Vrios,
paBHoro ¥ (yaBoenno#i Mo.Je3uOR ameprype), HCHOABL3YETCA IS Perl-
CTPaUMH MOHOXPOMATHYECKOrO H3JAYYEHHS, COOTBETCTBYOLIEro Yriay .
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OTCi0Aa MOTyYaeM BBIMIPEIL B HHTEICHBHOCTH [y MeToaa [io-Momia mo
CPABHEHHIO C MHTCHCHBHOCTBIO fy B MeToZe Kourya:

Jn__®
I By ”

Jnq npHBeAEHHEIX BLIILE JAHHEIX clekTpoveTpa Jlo-Monna IfIg=1300 #),

CpaBHHM paspewanmue crnocoSHOCTH METoMA Kowya u dwo-Monaa.
OHu, 04eBHAHO, OYAYT paBHLIL, €CAM pasMepsl MCTOYHHKA B MeTolde [lio-
MoHaa (BroAL (OKANLHOR OKPYKHOCTH) PaBHEl MIMDHIE JUHHM CIEKTPA
8 Mmerose Kourya. e ImHpe HCTOYHHK, TeM MeHLLIC PaspeINAIOMIas CHIa
8 MeTone Ho-Monaa. Ecau, nanpuMep, WIMPHHA HCTOUHMKA M3JYyYeHHs PaBHA
0.2 uu B verone Iio-Monaa u 26 axm B metone Komya, T. e. B 130 pas
GoJblle, TO KOJHYECTBO HM3IYYAOWHX 4TOMOB B MEPBOM CAy4ae OKaKeTCH
8 130 pas MeHbine, yeM BO BTOpoM. [pHHAB npeskHue 3nayennd & u S, no,1y-
9HM 1As MeTona JomMonAa OKOHYATe/blEH BRHTPHIN UHTEICHBHOCTH B Je-
¢aTh pa3s. OTci01a BUAHO, 4TO MeTold J0-MoHaa, AA0UHN HCKAOYUTEALHO
BLICOKYIO HHTEHCHBHOCTh CIEKTPA B CJYYae TOUEYHOrO MCTOYHHKA H3MIY-
SCHHA, MOMKET OLITh C FCNeXOoM IMpPHMeHen M a4 JI060r0 HCTOUHHEKA,
PacoadracMoro 3a (PoKaIbHOR OKPYKHOCTBIO. B arom cayuae B Touke F
{puc. 90) nomxHa OblThb TOMEWICHA Y3Kas Uledb. ECAH PACCTOAHHE HC-
TOUHHKA H3/ydeHUs OT Touku I 3HauMTeNbHO Meublue pamuyca R uaruba
KPHCTA/1d, TO COKPALLEHUE TI0/1e3HOH anepTyPel KPHCTaIa HeReauko [14].

2) Kpucmanas oas cnexmpozpados

Brifop xpucrania 414 cnextporpada ONpenenseTcss Leqblo HCCAe1o-
Bamva. Ecinm mpenmonaraercst ImpoBeieHHe PEHTIEHO-CIEKTPAILHOTO 3Se-
MEHTAPHOIQ AaHA/IH3d, TO B OOJLIMHHCTBE C/IYUAER BRICOKAS Pas3pelamllas
CHJa He HY:KHA, HO HenaTeJbHO, UTelbl cnmekTp OBA BO3MOXKHO Ooflee
ApKuM. B 9THX CAyYasx MOMHO TPHMEHHTH NAacTHYeCKHB Harub Hexo-
TODLIX MO33HYHBIX KPHCTALI0B — KaMenuok CcO/H, aMOMUHMA. ITH Kpu-
CTadTel JaI0T BeChMa ApKHe CNEKTPR, XOTA M npu He0OAblWIOH pespe-
matowett cune. Mcciaenopanns ToHKOH CTPYKTYDPH! CHEKTPOR BHIABHTAKT
B KauyeCTBE BAMHEHWErO YCAOBHMA BRICOKYIO paspellaiomyrd cuay. Hau-
JYHLWHUM KPUCTAAIOM B 3TOM OTHOLIEHHH SBAsAeTCH (Mo Bporpeny [29])
KBapu, H4 BTOPOM MECTE — KaJbUHT. XOpOIlUMe Pe3yAbTaTEH MOTYT OLITh
TaKMe NOAYUYEeHLl ¢ KPHCTAMIAMH CIIOAL (MYCKOBHTA), rumca, (uoopura,
Tonasa. Bce 3TH KPHCTaJThl JOTKHBI OBITh ONTHYECKH YHCTLIMH H Heledop-
MUDOBAHHDLIMH. TOHKHEe MJIACTHHKH THICA W CJAIOIL JerK0 OTCA4HBAIOTCA
JlesgHeM B BOAE, OLHAKO NOBEPXHOCTHE HX J0/xHA OHThL Ge3 cryleHek.
TpebyeMas OpHEHTHPOBKAa AOCTHraeTcd JAHOO ONTHYECKH NpPU  NOMOLIH
MOJIPU3ALHOHHOIO0 MUKPOCKONE, JUO0 MO PEHTIEHO-CTPYKTYPHOMY CHHMKY
(veTomom Jlays). OpueHTHPOBKA NJACTHHKHM TIHACA MOMeT OLITh OIpe-
Jdeflena MO XapakTepy ee H37A0Ma. [HIC HMeeT COBEPIIEHUYK) CHaHHOCTD

#) B cnoelt paGote [28] Mio-Moun npunonut asHO 3anwimenHywo uudpy 5000.
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MewnaockocTuble paccTosnuus d M MHTEHCHBHOCTH
I1I5 HEeKOTOPHIX KPHCTal1l0B

[ra. 1v

Ta6anwuma 4
oTpakeHHs [¥)

1

B Huiekes maockocTH d, ‘ !
Kpueraaa hiel bX '—'
W ce Haspaiue I | 11 ‘ 1833 J v
|
— |
(1010) ‘ | ,l
NAOCKOCTL mpH3mbl 4,24602 10 ' 10 | 3,5 -4
Ksapn (1011) i |
Si0, MAOCKOCTh 3,33626 | 35 55 @ 03
pombosipa ‘
(1120) ,i :
NMIOCKOCTL IpH3MEL 2,45144 10 10
BTODOTO poja
(1330) [ 1,17762 | 20 0,5 !
.l (2233) 1,01275 | 15 | '
| | |
Kaasuur | (211) | lr E
CaCOy II0CKOCTh ! 3,02945 33 | 12 17 18
| crnajiHoc ! | ‘
Tonas (002) :
Al, [SiOy4] [F, OH]s OAOCKOCTD 4,18697
criaiHOCTH |
(200) | 23198 | 3| 7| 3
(303) 13528 | 30 | 2 E
Pa0oput ’ (111) | ‘ !
CaF, NAOCKOCTE 13,145 | 30
crnalHOCTH [ i' !
©2 | 97 | | |
Kamennas coab I (200) . _
NaCl ! II0CKOC TS | 2,81400 | 120 25 |
CHaiHOCTH | _ ! !
dTOpHCTHIl AMTHIL (200) 2,009 | 110 |

LiF
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ITpodoaxmce Hue
| : a
R Waaencw NJAOCKOCTH d, '
Kpucraaa hk&l | EX ) ]
H eg [a3BaHHe | I ‘ 11 ‘ 1 |, v
Tumnc (020) l ‘ ’
CaSO, - 2H,0 TIOCKOCTE | 758470 | 17 |
CIIaHHOCTH ’ l
| 1 I | ]
i (200) | 2,59 ' ! ' ‘
Myckosut (caoia) (001) ‘ ' |
KAl, [AlISiz04] [OH]s MI0CKOCTE 9,94272 7 |
cnaitinocTu ‘ ‘
(100) 515 | [' | |
(201) 2,53 ‘ | | 3
@311) 1,69 - 5 f
A NIOMHHHHA | (111) | 5 l i
Al ! II0CKOCTh | 2,33 \ 140 .
OKTa3apa | - 5

L i i

*) MuTeHcHRHOCTL [ JaHa B YCAOBHBIX EAHHMIIAX; PHMCKHE UMPLL 03HAYAIOT
MOPALCK OTPaneHHUIL,

no naockoctu (010). IMepneHAHKYIIPHO K 3TOR MAOCKOCTH, MapaiielbHO
HANPABJIEHHAM IABYX APYIuX cnaluocTefl Immca pacnoiomeHb MJAOCKOCTH
(101) u (100). Ks uux mepsas napaiielbHa TaK Ha3HBacMOMY <«PakKo-
BHCTOMY>» H3/IOMY, @ BTOPas — BOJIOKHHCTOMY» H3I0MY. ITO MO3BOJAET
JerKo OMNpeaeauTbh HYKIOE HanpasieHHe NO xapakTepy wusioma. Ooa
HANpaBJcHHUsS H3/10MOB 00pasyioT Mexay cobo#t yroa B 66°9’. Opuenru-
poBKa Tunca Aas MOJYYeHHs PEeHTreHOBCKOTO chnekTpa 1no Merony Komya
onucana Oojee nojapoGHo B pabore Ilporononorsa [30].

OpueHTHPOBKA C/I0Ib MOXeT OLITh, XOTH H He OueHbL TOYHO, OCYILEeCT-
piacHa no «durypam ynapa» [31]. JIncTouku camoani napannedbHbl MA0-
ckoctn coBepwennolt cnafinoctd (001). Ecam ma tako#i JHcTOK mocTa-
BHTb MPHTYILIEHHYI Hriay H YAapHTb 1O HeR MO0JA0TKOM, o0pasyercs
IecTHIy4YeBas 3Be3na: Ase 00Jee KOPOTKHE TPeWlHHb WAYT MO Hanpa-
BJAEHHAM IIJTOCKOCTeH HecoBepllenHo# cnaiuoctu (110) u (ITO); TPeTbH,
Go7ee JJAHHHAA TPEUIHHAa napdinedbHa MJAOCKOCTH CKOAbkenus (010).

Kpucraiist kaMeHHOH coam, TOnasa, (IH0OPHUTA, KAaAbUHTAa MOTYT OLITh
CKOIOTH PE3KMM Y1apOM MOJOTKA 110 JaHUETY, MOCTABACHHOMY JC3BHEM
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TOUYHO MapasedbHO MIOCKOCTH CNARHOCTH {ad KaMeHHo# conum — (100),
ans tonasa—(001), naa ¢moopura — (111), nas kameumra — (211)).
TIpH HCHOAB3OBAHMHM OIPYrUX NJOCKOCTEH 3THX KPHCTA/IOE, a TaKKe
B CJyHde KpHCTaAAa KBApua, He HMEWWEro II0OCKOCTeH cmaHuocTH, maa-
CTUHKH HYKHOH OpPHENTHPOBKH MOTYT OHITh BHIIIUAEHH H3 KPYIHOLO
MOHOKDHCTaAbHOrO GJOKa, a 3aTeM OTWIAMPOBAHE W OTIOJIHPOBAHEI.
TlonpoGuoe omucanHe STUX oNepalnit 179 KBAPHA HMeeTCa B {32, 33].
B Taba. 4 npuseseHBl SHAYEHHA HEKOTOPHIX MEWIIOCKOCTHEIX Pac-
CTOAHUM d s KPHCTANNOB, HauboMee YIOTPEGUTENBHBIX B PElTreHOBCKOM
CTEKTPOCKONUH. DTa Talauua AaeT BOSMOKHOCTb BHIGPATh KPHCTAJLI, TIO-
XOAAWUA ps DOAydeHHd UcCaeayeModl oBmacTd cnextpa. TIpH 5TOM Cae-
AYeT YYIHTHIBATB, 4TO JAaHHOE 3HAYCHHE MEWIIIOCKOCTHOTO PAacCTOAHHA d

TIO3EQIAET HCCAEMOBATh CHCKTD B MHTEPBaJde JJHH BOJIH A
G VY (4,30)

n f

TIe A -— HOPANOK OTPawenwus. B Tala. 4 npusepeHB! TaKXe OPHEHTHPO-
BOUYHHE (BecbMa TpyOnie) 3HAueHus HHTeHCUBHOCTeH [ oTpaenns oT pas-
JIMUHELX  MIOCKOCTEH KPUCTAIOB MO JLAHHBIM, HMEIOWWMCA B pale pa-
Gor [78, 34—39].

Ecin crekTpH NOAywamoTCs NPH NPOXOMIEHHH JTyueH CKBO3bL KpH-
<tann (meronsl Komya, Hio-Morna), To MONpaBKy lla mpedoMieHHe nyvett
BBOMUTL He HYKHO. ECau Ke CHeKTDBl MOAYYaOTCAd NPH OTPAMEHUH OT
TIOBEPXHOCTH KpucTaina (Meroast Bparra, Kynuns, Morauna, Horanccona),
TO 3TY MONPABKY HYIKHO BBeCTH, 4TO OOBIYHD NeNaeTcs s3aMeHOH WCTHH-
HOTO MEIKMIOCKOCTHOrQ DPACCTOAHHA ¢ VCAOBHHIM d,, SaBHCAWMM OT II0-
paaxa otpaxkeHus (cM. Hampumep, [1], crp. 214). Tak, HanpaMep, 3Ha-

geHus d, M4 NNOCKocTH poMBosnpa (1011) kBapua mo [40] pasum:
' d, —3335,729 X '

dy — 3336.130
d, = 3336,205
d, = 3336,231
d — 3336,264

BHaveuns d, ans naockoctu (1340) kpapia no [40] paBuwi:

dy = 1177,602X
dy=1177.616
dy==1177,620

d =1177,621.

Buavenua d, A9 psala MIOCKOCTeH PA3JMYHBIX KPHCTA/MIOB MOMKHO HaliTH
s [41].
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Yraet ¢, H3MEpeHHBIE MPH TEMIEPATYPe £ KPHCTAMAA, JOMKHB OBITh
spueeleHel kK 18°C ¢ yuerom xosddbuULHenTa AHHeHRHOrO pacwypeHnsa
KpHCTAAa: '

P187= P Ao, ' (431

The nonpaeka Ay B YrAOBEX CeKYHIAX paBHA JA9 ILIOCKOCTH chafi-
goeTd (211) kaasuwura:

Ap=2,18(t — 18 tg ¢;

A% naockocTH pomBosapa (1011) KBApIA:
Ap=2,13(t—18%ig g;

nas niaockoctn (1340) keapua:
Ao =276 (t — 18" tg o.

B pare paBot [37, 42, 43] orMeuaetca, uro WIHPORKA H NOMHPOBKA
SMPHBOMAT K MCKAMEHUIO [OBEPXHOCTHOTO CJAOS KPHCTANI4, YTO CHHIKAST
paspewiaoulyo cuiay. Ee MOXHO MOYTH NOJHOCTBLW BOCCTAHOBHTL CTPAB-
JIUBAHHEM 2TOTO CJOA KUCAOTOH. Hamnpumep, nocie mwaudGoBKy M HOMH-
POBKH KaTbLMTA DPEKOMEHAYETCA MPOTPABHTH €0 5 CeKylll B 0,7-xHop-
MaabHOM counstHOH kucaore (2,6%). Keapu nporpasamsaior 4 MunyTH
naasukoBo# KucaoTo# (40%) npu xomuaTtHOH Temneparype (18—20° o).

ITracTHyecku#t uaTHO MOHOKPHCTANBHOK TNIACTHIKM KAMEHHOH COMNM
JIETKO OCYIWIECTBUTD, CHKUMAs ee B HACHILIEHHOM BOJHOM pacTtBope NaCl
MeMAY EBBINIYVKAOH M BOTHYTOM NOBEPXHOCTAMHM NBYX CTAABHHX GJo-
0B [44]. OIHAKO NPH STOM NOAydaerTcd CTYMEHUYATHIH uaruG. I[laasubii
H3rub MOXHO MOJYYHTE [45] NOCTENEHHBIM NPHKUMOM MAACTHHKH TeH-
HUCHBIM MAYOM K BHIIYK/AOH NOBEPXHOCTH CTANLHOTO OAoKa (TaKiKe
B HacHIIeHHOM pacTBope NaCl).

Yapyru#t usrub CJRONB, THNCA, KBAPUA U APYLHX KDHCTAIAOB MOMKET
OBITh OCYILECTBIEH TNOCTOAHMBIM CXKATHEM MEX1y IBYMs OBEPXHOCTAMH
(BHIMYKMOA W BOTHYTOH) ABYX CTANbHHX.GI0KOB. DTUM CHOCOGOM, OJHAKO,
OUeHb TPYIHO MONYYHTE TOYHYH) LHMIHHADUYECKYIO IIOBEPXHOCTb KPHCTAM=
MUMECKOR TIACTHHKM, TAK KaK KOWIAA THUIMHKA, TONABIIAA MEWAY KPH-
CTAMIOM ¥ CTAJBHBIM “GJOKOM, BEISOBET 3HAUMTENBHOE HCKAKEHHE IOBEPX-
HocTH kpucTaana. ClOJa W THIC MOTYT GHTE NPHKATLHL K OTHOH CTOPOHE -
UHTHHIPUYECKH H3OTHYTOR NPYKuUHHOK mimacTunku [46], aubo npukieeds
K el UamoOHMaKOM. [l1acTHHKY KaiIbLUMTA M3OTHYTH TDPYIHO, TAK KaK
OHA JCTKO JI0MAETCA HPH HATHOAHMM TO IAOCKOCTAM CKOJA.

Hauwnyuma#t Meron uaruGa yIpyrux NAACTHHOK KB4pIa — NocanKa ux
#4 ‘ONTHYECKHE KOHTAKT HAa TOUYHYIO BHIIYKIVIO LHIHHADHIECKY O NOBEpX-
HOCTb CTaAbHOTO [47] uan crexkaanuoro [48] Gaoka. Onepauust sta Ha-
CTOJLKO C/AOMHA, YTO MOJHOCTHIO VAA1aCh TOAbKC [uabsapry [48]. Bouee
fIpocTofl MeTon H3rHOAa NAACTHHOK KBAPUA, NAKIMMUE I[IOYTH CTOAb SKe
XOpollHe pe3yabTaThl, NpeftoxedH Bycrepom [49] u Tuabsaprom [50].
3TOT METON OCHOBAH HA TOM, YTO YHCTHH M3ru® yHpyroh mAaCTHHKH
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Ha uerslpeX onopax (puc. 91) MOXKeT 1aTb TOUHYIO MOBEPXHOCTH KPyro-
poro nuauaapa. Onopel [ M 2 NpedcTaBaanT co0od HenoABHKHEIE TIPH3ME,
Ha CTPOro napafiieibHble peSpa KOTOPBIX oOmHpaeTca Kpucralr 5. Ilo
KOHIAM HA HET0O HAMHMAWT JABE ADYIHEe OTIOPH — BUHTLI 3 H 4.

Maru® kpHcTalla KOHTPOJHPYETCA ONTHYECKH ¢ NOMOLILID YCT4HOBKH,
pasMemaeMol TO uepTey, HAHECEHHOMY Ha CTOJe WIH Ha CHemHanblodk
mocke (puc. 92). Ilpn mOCTPOeHHH uepTeMa NMpewae Bcelo ua ueHtpa O
MPOBOLAT KPYr pamuycoM r-—0’A==R/2, rie R— rpebyeMui pasuyc
warnba kpuctanna. Yepes A mnposo-
st nuaMetp AQ ¥ HeMHOTO NpPOROJ- \A/fr
waweT ero 3a A. Hepea Ty me TOU-
Ky A NPOBOAAT KacaTe/lbHYI ff H IBe
paeiele  xopAst AS wu T AP. Yroax
OAP pHOUpalOT TakEM, UTOOBl npU
paBote nmo merogy Kowmya wnn Hio-
MeoHZa OH OB OGAH30OK K Cepelnde

5 L
3 4
i 2’ BT
Puc. 91. Unctwii narn xpuctaana na Puc. 92, CxeMma onTHUecKOl ¥oTaHOBKE
YeTHPEX ONOPax. Al KOHTpOAA uarufa KpHcTaana.

HHTEPBA/M2 ¥YLJIAOB <, HA KOTOPHH paccudTadH [auHHHA CIexTporpadh.
B cayuae MetonoB Moransa uaum Moranccona GIM3KMM K CepelMHe STOFO
unTeprana yraos BubupawT yron PAf Xopaw AS w AP npomomnxawt
B 0oBe cropoHr 3a Touku A, S u P. Hepea § w-P npopoaar npaMsle,
NepneHiuKyIapiible COOTBeTCTRYIOILHM XOopAaM.

CaenanHoe TakuM 00pa3oM nocTpoeHHe 00€CneynBaeT BO3MONKLOCThH
TUIATENBHON YCTAHOBKH KPHCTALAOIEep:AaTeNs ¢ KpucraiioM K Tak, 4Todnt
UEHTP KpuCTaaaa coBnalal ¢ roukol A, a caM kpucrtaan Gwma manpa-
prned no #f. llleneBof oceeTHTEab L VCTAHABRJMBAWT TakK, urobul ero
measr OpJla BePTHKAIbHA M PaClOOMKeHa Hal Touko#t S, a aye weda On
B nanpasienun SA. OcBeTHTE b COCTOHT M3 JAMNOUKY (HANPHMED, ABTO-
MoOuabHOTO THRA Ha 12 8, 21 ¢8) m npamMofl wesd WHPHHOR OKOAO
0,05 wma. Mewmay mamnouxo# ¥ lenbio MOXeT OblTh IOMelleH KOHIeti-
COp., MO IIQCJe WedH HUKAKOHR ONTHKM He LOMKHO OoiTk. Paccrosnue
MEMIY JaMIOYKOM M LIedbl, a TakXe Yron INOBOPOTA HHTH JAaMIOYKH
OTHOCHTENbHO llean nonbupared Tak, u4robb NYyUOK Jy4ell oOCBeulas
foMee HMAM MCHEC PAaBHOMEDHO BCHO pafouyw) NOBEPXHOCTE KpHCTania
{(Memny onopamu J w 2 sa puc. 91). OTpameHHHH OT KpHCTAlJda Jy4
HOMKEH HATH TOYHO [0 HATIPaBiAeHRIO AP, Droro [obHUBalTCAd COOTBET-
CTEYWLULUM HOBOPOTOM BCErQ KPUCTANJI0EPHAaTENA OKONO TOUKH A, nocrie
Yero KPHCTAMIOAEDHKATENb IaKPemdeTcs Ha CcTojle OCOOHM BaKHMOM,
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ycTaHoBAeHHBIM BOausH A BHe oxanbHoro kpyra APO. OrpaxeHHbic
OT KPHCTAMIA Jyuyd wabioialdT Ha HeNpoasleHuol o HEPUKCHPOBAHHO R
qm'rc:nnacmuﬁe, KOTOPYIO Nepiar B PyKe HePHeHIUKYTIPHO K Xopie AP.

CoBMecTus cepenuny dGOTOMIACTHHKH C TOUKOH P, HAKHMAIOT NOCTe-
TICHUO Ha KpuCTala noovepelHo BuHTamu 3 u 4 (puc. 91). Tlpu 310M pasMui-
TO€ cHauana M30OpaeHHe HAUMUAET CTATMBATBCA B Y3KYIO BEPTHKAABHVIO
TO10CKY. HamuM BHHTAMH DEeryiHpYIOT Tak, STOOH CryLIelHe HHTEICUHB-

" UIOCTH BCE BpeMa YAepMuBanoch BOIHIH cepenunsl uaobpamenus. Korpa

Oyner noayueH oOcTpuit QOKYC, CleBa OT Xopaik SA yCTaHABIUBAOT
SKPaH, B4KPBIBAIIHA Hafaiuui HA KpPUCTALI JAYY M0 ero CepeiMHbL.
JefActBya TOMBKO NpaBHIM BHHTOM, IOGMBAITCA TOUYHOH MOKYCHPOBKH
OTPAHEHHOrO Tyuka NpaBod MONOBHHON KpHCTadna B TOUKY P. PoKycH-
POBKAa TIPOBEPACTCH MPH NOCTYNATENLHOM TNEPEMEIEHHH OTOMIACTHHKH
BIOAb OTpamennHoro Jayda sOausn . [IpH 9TOM MNO/IESHO NOBEPHYTH
$oTONNACTHHKY OKOO BEPTHKAIBHOH OCH MOn OCTPHM YILJIOM K Xopae AP.
3aTeM MEPeNBHrAIOT SKPAH TAK, HTOGH 32KPEITE HadaiuH 1y4 ¢ mpa-
BOH CTOpOHBI A0 XOpAH SA H TeM e mpueMoM npoBOaIT GOKVCHPOBKY
MIEBOM TMOMOBMHBI KPHCTAaAT4, ASACTBYA TOABKO MeBHbM BHHTOM. IlpH
2TOM  (QOKYCHPOBKA TMpABO# MOJOBMHEL KPHCTANAd MOXKET HEMHOTO Ha-
pymarbea. HeckoabkuMH MOBTODHBIMM MepeMemleHHSMH SKpaHa cmpaga
HATEBO U HAOBOPOT MOOMBAITCH 0AHOBpeMeHHOH Xopollei POKVCHPOBKH
OOEUMH ITOTOBHHAMH KPHCTAMIA. YOpar skpad, OKONY4ATEIBHO MPOBEPAIOT
(OKYCHPOBKY nyuelt, OTpaKeHULIX OT BCeH MOBEPXHOCTH KPHCTATIA.

[Tpu onrtuueckolt GOKYCHMpPOBKe KDPUCTaMIa CAEIYeT HMETh B BHIY,
HTO OTPAMKEHHE JyqeH HPOHCXOANT OT OGeHX MOBEPXHOCTEH KPHUCTAMAA,
BCACACTBUE uero u3o0padienne LledH OOBYLO VIBAHBACTCA M MMECT BHI
Aybuaera. Haule Bcero yiaBOcHMe 3HAYHTEILHO ApYe BHIDAXEHO OpK OTpa-
HEHHH OT ONHOH M3 MOJOBMH KPHMCTAanina M HHOTIA BOBCE He OOHADYIKH-
DAETCA NIPH OTPAMCHUH OT APYrof mosoruxul. [Ipu nepemelienun ¢oTo-
ITACTHHKH  BOOJB  OTDAMEUHOro 1y4ya NOJAOKenue (GOKYCAa TOYHEeE BLero
MOXHO YCTAaHOBUTh IO HAMAYYIUEMY paculellJIeHHI) nyOaceTa, ocobeHHO
€CIH MAACTHHKA DPACIOOXKEHa [I0J OCTPHM YIJIOM K JAVYY.

[To oxonwaHuu ONMTHUYECKOH (POKYCHPOBKH NMpHCTYNAIT K PeHTreHOB-
CKON  doxycuposke. QnHako Nepel 3THM HeOGXOIMUMO NPABHIABHO OTh-
I0CTHPOBAaTE CHEKTPOrpad. YCTAHOBMB KPHCTALI04eDkKaTenb B pabouee
TNOJOWEHHE, TIpeKae BCEro MPOBOIAT ONTHYECKYIO IOCTHPOBKY npubopa.
ALnst 5TOro, CHAB KOPNYC PEHTIEHOBCKOH TPYOKH, yIupaoT OCTPHE KoHel
Geofl manouxky (MOXHO B3ATh CIOHYKY) B CepedHHY @OKYCHOTO IATHA
Anoaa (MM B CepPejUHY BTOPHYHOLO H3Iy4aTe/ds) M SIPKO OCBEW AT ero
famnoi. Habionas nenTp KpHCTaNIa Yepes CepeNMHY TPOPC3H KacCeTd
HJIX MO OCH CcYeTYnKa (P 9TOM €aM CUETYHMK H UIEAh LOMKHE OBITH
yOpaHL!), HaxonaT H300pakeHHe KOHUA MalOuKM B KPUCTAMAE. Perynu-
PYOT BHICOTY HMCTOYHMKA PEHTTEHOBCKHX Jyu4eH ¥ HaKkJOH KPUCTA/iI1a
{QTHOCHTEJLHO BEPTUKAALHOR IIOCKOCTH) TAK, 4TOBH M306pamkeHide KOH LA
TaaouKkyn HaG/0aaI0Ck TOYHO N[O CePellHHE MPOPEe3N KACCETH MM 10 OCH
CHETHHKA. YCTAII0BHE MO WIKane NPUSOPa HEeKOTOPHH JroJd @ najeHus
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ayuye# Ha KPHCTAa1Jd, NOBOPAYHBAIOT KPHCTATI10IEpPrkaTedb OKO.I0 BEDPIH-
KalbHOH OCH 10 TeX NOop, MOKa OTPaKeHHBH ayy (HaoOparkenune KouiLa
1127109KH) He OyaeT BHAECH TOYHO B HANpAaBJIeHHH, OTMEedeHHOM Ha Kac-
ceTe TeMm Ke yraom ¢. [Ipu moHH3sauMoHHOHM permcTpanuu, oTpamelinmi
Jyd4  nomkeH OBITe BHAEH TJ1a30M MO OCH CYETYHKA, KOrAd 1OCACIHNH
YCTA4HOB/IEH «MPaBHJABLHO», T. €. KOTJA €I0 OCb HUET NOI TEM JKE YLIOM o,
OTCHUTAHIBIM MO WKajge npudopa. 3aKOHUHB ONTHYECKYK HOCTHPOBKY.
IIPOBOAAT PEHTTEHOBCKYIO IOCTHLOBKY, 100MBaAcb NPABHIBHOFO Hanpas-
JEHHS OTPAKEHHOTO JYy4Ya KakK B TOPDH3OHTaAbHOH, TAK H BePTHKAILHOM
NIOCKOCTSX. IJTO BHINOJHAETCA CHAYA1a BH3YAl1bHO MO payopecUnpyvio-
LUIEMY 9KPaHY (&CAH JOMYCKaeT KOHCTPVKIIHS cnekTporpada), a satem —
CHHMKAaMH CMeKTpa, JH00 HameleHHEM cuyeTunKa Ha MAKCHMYM HHTCHCHB-
HOCTH JHHMH.

Tlpn npoBeleHHH DCHTTEHOBCKOM (DOKYCHPOBKH KpHCTaaaa AcHalor
CHHMOK BEPTHKAJTBHOW JIHHMW CHOEKTPA HA ODTOXPOMATHYECKYH (MIH H30-
OPTOXPOMATHYECKYIO) (POTOMJIACTHHKY, PACNOAOKEHHYIO TOL HeGOoMbIlM
YTJIOM K TOPH30HTAAbHOM NAOCKOCTH TaK, 4TOGB! JAyY «UYCPTHA» BAOAL
naacTuHkH. [lonowenne paBodeil MOBEPXHOCTH KACCETHI CNeKTpoT paga
HIH WelH (MPU HOHH3AUHOHHOR PErHCTPallHH CMNEKTPa) OTMeyalT Ha
¢poTonseHke TOHKOH LapanuHoi. TakoH MeToA 0cOGCHHO y100eH B BaKyy M-
HHIX crnekTporpadax, rie¢ VCTAHOBKA ILIACTHHKN MOMKeT OLThL CIedana
NPpH KpacHOM CBeTe, a2 CHHMOK JHHHH CHEKTPa — NpPH 3aKpHTOM Gapa-
Gane cnektporpada, r noano#t Temuore. Ilocae mposiBaCHHA (GOTOM.1a-
CTHHKM H3 He# oTucTaAuBO OYyICT BHANA TOYKa CXo01a ayue# — doKyC.
Ha xopoTKOBONHOBEIX cnekTporpadax (H Ha HEKOTOPHIX IAWIHOBOJIO-
BHIX) OLIBAET yOOoDHee CAEMATH CePHI0 CHHMKOB MHHHH CHEKTPA HA OJHY
(POTOMAEHKY, PACIONOKCHHYIO BepPTHKANBHO, NEPHeuAuKYIspHO K OTpa-
WMEHHOMY Ay4y. TIpn 9TOM pasHble CHHMKH 4eJal0Tes  Ha PAa3JHUHBIX
PacCTORHHAX OT KpPHCTaAla, BOJAM3H OXMAAEMOH TOYKH CX01a JavuchH.
laenka nepensuraercs kakaw pas wa 10—15 wmw w pacnoaaraetcs
TaK, 4TOOB OTIe/]bHbie CHHMKH JIMHIN HEe HAaKJa1BBAJIHCL APYr HA apyvra.
[Tocae mpoAB/eHHs ILIEHKH ONPeleasloT, B KAKOM ee TO.IO0MKCHMH BHILI
Hauboaee y3kaa anuud. [lpu nopropuom cuumke MLIEHKY N€pcIBHTAIOT
CKAaUKaMH N0 5 MM H YTOUHSIOT NOJOKEHHe (oKyca.

CreayeT MMCTL B BMAY, YTO B MeTONaX, IAC CNEKTP NOJAYUAeTCa MpH
NPOXOMKACHHH Jy9el CKBO3b KDHCTAMN/, PEHTIeHOBCKHH (OKYC MOMWKCT
HECKOJ/bKO 1€ COBNaNaTh C ONTHYECKHM. YCTAHOBUB 3TV pasHHIY, CHOBZ
NORTOPHIOT ONTHUECKYIO (okycnposky. Ecaw, nanpumep, pextrenosckni
(OoKyC OKalancs 1aiblie¢ ONTHYECKOTO Ha ! mM, TO MNPH ONTHYLCKOX
(POKYCUpPORKE CleayeT YCTAaHOBHTH TOUKY C€X0Jda OTpawKemiiblX Jvyeit
BHYTPH (OKAIBHOTO Kp¥ra Ha paccTosHuH 2/ wm ot Touku PP. Boiee
TOYHBIH Pe3yabTAT MOKHO MOJAYUYHTL, €CJAH NMePedBHHYTh OCBETHTE b Oiwke
K KPHCTaa1y TaK, 4ToObi LleJdb NepeMeCTHAACh BAOAb Xopas SA wa l wa.
B 3TOM cayyae ONTHUYECKHH (OKYC CaeayeT YCTaHOBUTH BHYTPHM (poxaib-
HOrO Kpyra Ha pacctosuud [ umu or P. TIoBTOpHBIMH MOOMEpeAHLIMI
PEHTTEHOBCKHMH 1 ONTHYCCKMMHU (POKYCHPOBKAMH NODHBAOTCH TOYHOIO-
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COBNAAEHHA paluyca (POKAILHOTO KPVra peHTTeHOBCKOTO H300paskeli s
¢ Ppaanycom paboueR nNOBepXHOCTH KacCeTbl (HaH paanycoM Kpyra, ne-
KOTOpOMY nepeMeunlaeTcd Uiedb HOHH3ALHOHHOTO CNeKTpoMeTpa).

Eciu no okoHuaHHM peHTrCHOBCKOH HOKYCHDOBKH OKaXeTcs:, uTo-
Kpad KPHCTALla HeCKONbKO HCKAKAIOT CHEKTDP (JAHHHS 3aMETHO pacui-
peid Ml CONPOBOMAACTCA ODEOJIAMH), TO COOTBETCTEYIOUIHE UACTH KpH-
cTalia clreayer OJeHANPOBATh IKPAHOM, KOTOPBIM CHabeH KPHCTAA10-
JepikaTeib.

B pesyabrate aauteabroro Bosie#icTeus PEHTIEHOBCKHX avuelt na
KPHCTa1A KBAPHA MOCACAHHA NPHOGPETAET TEMHYID OKpAcKY, COBEpIIEH-
CTEO ero aTOMHOR DECIUETKH B 3HAYNTEIbHOH Mepe HapviuaeTcs, Kpii-
CTa31 MNepecTdeT NaBaTb XOPOWHH CNEKTP — pa3peluaiomas cuaa pesko:
nailaer. BoccTanosaenne mpeHero BRHICOKOTO KavecTBa atoMnof pelIeTKH
AOCTHTACTC HATPEBOM KpHCTaldla 10 Temnepatypst 270°C [517. [pn
STOM TUIACTHHKA KBApIA CTAHOBMICH BHOBL Mpo3pauhoi. Harpes momxen -
TPOBOAMTLCA MEINMCHHO B BAKPHITOR MeYd IO KOHTpOJEM TEPMOMeTpa:
nau Tepmonapet. Bruiepxar kpucraan npu 270—300°C oxoao 20 mu-
HYT, BLIKIIO4AIOT Neub M, He OTKPLIBaA ee, A4IOT el MelJCHHO MMO.1-
HOCTBIO OCTHTE. CaeayeT yuecTs, yTo mpn OLICTPOM B HepasHOMepHOM
Harpebe WM OCTHIBANHH KBAPUEBAasAs MJIACTHHKA JErkKo J10maeTcs.

2. KOHCTPYKUMH PeHTreHOBCKHX cnexkTporpados
a) Crnexmpozpadst ¢ naockum Kpucmaeiiom

Crexmpozpagh Kpacnurosa. Ias uccreponanns CNIEKTPOB peHTre-
HOBCKOH (iyopeciienuns Metannos KpacHukos [52] nocrpoun cnekrpo-
rpag ¢ BLICOKOH paspewawomel CcHIOH, cXcMa KOTOPOro npejcTas/ca

Puc. 93. Cnexktporpad Kpachukona.

Ha puc. 93. B 3TOoM npnbope npuMeHeHa MoOwHAasA PeHTreHOBCKAs
TpyOka [/ Kpacuukosa, onucanHas Bsllue (cM. cTp. 27). M3 TpyOku avuir
Md1a10T HA NMAACTHHKY HCCIE1YeMOro MeTan1a 2 — BTOPHYHEMR W3AYYaTe.1b.
BoaGymaentbie B sTOH naacTuake BTOPDHYHBIE JAYYH PEHTTEHOBCKOH dayo-
PECUEHUHH NPOXOAAT uepead miedb 3 M auadparmy 4 M pasaaraiorcs
B CMCKTP KPHCTaAJOM TOMaza & NMPH OTPAKEHMM OT JLJIOCKOCTH chafi-
Hoct (002). [anmee ayun nonanaior uepes nenaodaliopoe  OKOWKG
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B BAKYYMHYID JAaTyHHYK TpyOy 6, rae W perucTpupyloTcs Ha $orTo-
nAsHKe, NOMeWAeMOH B CHeUMAALUOH KacceTe 7. Ilochenuss moxeT ObiTh
¥cTadHosieHa B HOGM MecTe BHYTPH TPyOml. PaccrodHHe BAOAL X044
Jyyel OT IMeMH [0 I[JIEHKH MOT/JAO M3MeHATbCA B mpelenax oT 20 ao
295 em; B Ipyrom cmekrporpade [B3] paccrosuHe R oOT KpucTaaaa Ao
IAeHKH Mordao nocturate 4 . [Ipu pemume padoTel PeHTTeHOBCKOH
Tpy6xu 40 w8, 120 wma nybaer Koy, UHHKA HA pacCTOsHMM R=—2 it
pHxo1ux 32 13 wacos. JluHuu o ¥ oy NOAY4AAHCE HA PACCTOTHHH OKOJO
3,2 aam APYT OF ApPYra M HMMCJH IIAPHHY nopanka 0.6 .

B srom cmextporpatde KpacHuwkoB cpasuuBal cHHMKH ny0iera sde-
MENTOB M[ePEeXOJHOH TpYIOLl ejleda B CIJABAX H YHCTBIX MEeTadkaXx,
JIONYYCHHHX SASKTPOAUTHYeCKH. i 3TOro Ha KacceTe YKpennaaaach
JKEJMe3Had UITOpKAa TOMUIHHOH 2 w4, OHa Moraa JAerko NOBOPAYMBATHCA
QOKONG TOPHIOHTAMBHOW OCH, YKDerfieHHoH NIPOTUE CEePeauHBbl KACCETHL.
Ilpu ycTaHOBKe I[ieHKH IUTOPKA MNOAHHMAaMdck B BepXHee TOJOKEHHE.
[Tocae orkauxs TPpyOHE MPOWM3BOLWICA NepeH CHUMOK. 3aTeM HCCilelye-
MOE BCHIECTBO (BTOPHUHEIM H3AyvaTedn) saMeHsock apyrum. Llltopxa
BHIBOAMIACh MAaTCHHTOM M3 BePXHEro IIoJOKeHHd pasHOoBecHs (Oes napy-
IIeHHS BAKYYMA B JaTYHHON TpyOGe), ONMPOKMAEIBANAChH BIHM3 M 3aKPBIBAJIA
ADYIYVID TOJAOBHHY MAeHKWM. ITC YFCrpoHCTEO FO3BOAKIO Ne1aTb AB3
CHHUMKA HA OIHY TLICHKY.

Chpeayer OTMETHTH, YTC NPHMeHeHHe B cHekrporpade lorauwa wpu-
€TaMa C <«KOCHMH MiaocKocTamuy [15, 18] mossoaser noayuurtek Gonee
BLICOKYIO paspeliaininyld cuay, uem B chHexrporpade Kpacuukosa, npu
BHAYMTEARHO MeHpnx radaputax npubopa. HTeHCHBHOCTL CHeKTpA
NOBRIIAETCS B STOM CJAYUYae MPUMEPHO HA ABa HOPAILKA.

Cuexmposemp Ppudnane v Béprca. MonusanuoHHBIA CAGKTPOMETD
no mMeroay Coanepa ¢ OOabWIMM TLIOCKHM KPUCTAMIOM H perdcTpauved
crekTpa cueTyukoM [eHrepa Opln moctpoen Ppuamanom u Bépxcom [54].
Dror npubop NOCAYHNUI OCHOBOH [INT HECKOJBKMX THIOE CIEKTPOMETDOE,
pHNyCKaeMelXx B nactosutee npema B CHIA. Xom ayuel cooTBeTCTRYET
pHc. 78, XOTS B NEeKOTOPBIX MOJenasx BTOpoR koaaumartop M, oTcyr-
cTByeT. McrouHukoM A BTOPHUHHX JAydell #R/AAeTCA uccilenyemelit oGpa-
3ell, OCBeulacMHH MEPBMUYHEIM MYUKOM 3anadHHOH DeHTIEHOBCKOH TPYyOKH
€ BOB(MPAMOBLIM aHOMOM.

Yro6ul GOKYCHOE IMATHO a@HOJA MOMHO OBLIO [HO BO3BMOMKHOCTH TIPH-
GIM3UTL K DHXOOHOMY OXOWKY TRYOKHM, a4 CASIORATEILHO, M K BTOPHU-
HOMY M3AydudTeqlld, ¥ CreHoK TpPyOKM pachofaraiuchk asa HeOoabiIux
MaruuTa M3 aNLHUKO, OTKJAQUABLIHE KATOIHBIH MYyHOK B HYMHYIO CTOPOHY.
DTO MNOBHIIANO HHTEHCHEHOCTb BTOPHUHOrO chexrTpa Ha 25%/,. Kommu-
matop Coanepa cOCTOAN W3 CHCMHOH ONPAaBRl ¢ OTBEPCTHEM KBAIPATHOTO
ceyeuns paszmepos 19 > 19 wx?® u gaunost { mudo 100 ma, aubo 400 s
Onpasa naoTHO 3a0uBaNach HHKCICBBIMH TPyOxamm Anamerpom 4 aubo
1.6 wmam, mbo 0.8 wmu co credxamu roauipHoR 0,05 aa. TpyOku nawmor
TorT e dddexT, UTO K mapandaensHele nhactHuxd Coanepa, HO H3roOTO-
BIcUHe KoAaumaTopa ynpowaercd. CMCHOA HeTHIPeX THMOR KOJNEMMATO-
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POB MOXHO MNOJYYHTH OLHO H3 CJIEIYVIOUIMX 3HaueHW# Yriosol anep-
Type $/2:

1y =100 ier, d=16 a4, H2=1°

2) 100 0,8 1/p°
3) 400 1,6 1f,°
4) 400 0,8 1g®

Aag pasaowenus nydelt B CHEKTD IPHMEHAIHCh MCKYCCTBCHHO BHIpa-
IMEHNHIE KPUCTAMAB  KaMmenHoOW coau [naockoctu (200)] w ¢awopura
[maockocTu (022)] anubo#t A0 75 mm. [NpH HCCIeNOBaHHMM IJIHH BOJH OT

- Lol
0,5 m0o 0,9 A 6ma wHcnoAb3oBaH GMOOPUT, a TpH BOALINIAX IAHHAX
L]
Bomi {10 2,5 A)— xaMeHHaa coab.

Puc. 94, CnextpoMerp Ppunmasa u BEpkca.

I —pentrenokckas Tpydra, 2 —gepwarens oipasuocs, J— woaaumatop Coarepa,

4 — wpHcTaaa, J—cuetink lefireps, § —OAHTA OCHOBaoWM, 7 — DCPHLCD 44 yoTda-

NUBKHK H OTCHETA YrAOBOUQ NOTMHEHH KOHCTA/Aa, §— NpeiBapiTe bHui YCHAHTEAL
HMIOYABCOBR CROSTUHKD.

OGuuu#  BUI CTeKTPOMeTpa NOKazsadH Ha puc. 94. Hs penrrenosn-
ckoH¥ TpyOKM JYuUH TNajalT Ha HACCAcAyeMHH o00pazen, yipemaeHdnd#t Ha
TYPEeIH PEeBOBREPHOTO Tuua. [loc/deduss MO3BOMASET YCTAHOBHTL Ha Hel
cpazy 4 ofpaaga, HO I[IeDBMYHBIE JYyYd NafgalorT AHWL HA OIHH M3 HHUX,
HaxoadyMics B paboueM IOJOMEHHH., T. €. IPOTHB OKQIUKA PEeHTTeHORB-
cKo# TpyOKH. YCTAHOBKA OCTAAbILX 00paanoB B paodec NMOJOIKESHME
NPOMBBOSHTCA INOCHSIOBATETbHBIMH MOBODOTAMH TYpelH KANKIBHE pas
Ha 90° BTopHuHee Jy4H PeHTreHOBCKOHM (uyopecneuuuy, sosbymieH-
Hele B ofpazue, npoxoudr uepes KoJaaxMatop Couepa, pasmarawoTcs
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B CIEKTP KPHCTAMIOM M PErHCTPUDYIOTCA CHYeTYHKOM. B ApoMblmiaeH-
HBIX MONEJAX CKOPOCTbL C4eTa PEerkCTPHpYeTcs JqHOGO CcXeMOoH uHTerpu-
pPOBAaHMS HMOYJALCOB W caMmonlucUeM (crnexTpoMerp THHa <«Hopeaxos),
anGo nepecueTHOM cXeMoR (cmexTpomerp Tuma XRD-3S).  Onucaune

3THX NPHOOPOB MOXHO HaHTH B Jdutepatype [55, 56].
OcoBennocTpio  cnekTpoMerpor Tuna Coldepa sBAfeTcs Hefo.Ieman
HX paspemiaioiias  Cuaa. OHa ofHWIO  JocTarowua  Ads8  OTAedeuns
aunuy Koo HCCAEAYEMOro SJeMEHTa OT

Gamkadiredt k med aunnu KPS coceaHero

3MeMEHTA. ANalua SAeMCHTAPHOTO COCTABa

& BelleCTRA Ha Takux npubopax He Opes-
- CTAB/AseT 3ATPYIHEeHUH, €ClH OH TPOBO-
e, AuTC Mo JunuaM K-cepun. Ilpu amaanse
z e 1O JTUHHAM L-cepHu TPYAHO H36EKATH
g%‘ NATOYKEeHHs JHHHH PASIHUHEX 9MeMeHTOR,
g 9TO  BH3BIBAST LEKOTOPLIE 3aTpYRHeNud
S H CHM¥AeT TOYHOCTb aHaausa. [losTomy
s UCCHENOBAHUS TOHKOH CTPYKTYDLE

g CHeKTpa ClekTpoMeTpH THIa Comaepa He

s, & 2 4 2 rogarca.

Sk [TpuGopsl OMUCaHHOTO BBIIE TUA [O-
Puc. 95, 3apuckmocTb nponycka-  JAYYHIH 3a pyOeOM IUHPOKOe paclpo-
HuA BO3AYXa (xpweas [} W re-  cTpaweHHe N PasHUYHBIX AHANMTHUECKHX
ans (KpUBas 2) OT ANHHAL BOAMKL  yovop H.1s1 paciiuperus A0CTYIHOH necie -

PEHTTEHOBCKHX Nyuel.
AOBAHHIO OBJIaCTH CIleKTpa B CTOPOHY fo-
Havsa nyTH ayus 300 ara,  ITasieupe

(=

BLEERAOR T e Jee mmannerx sojui (no 10 A), Bépre [57}
TOMECTHI BeCh CHEKTPOMETD B BAKYYM-

Hui Gapabau. B psaae paGor [58, 59], BmmOnHeHHHIX Ha CTIEKTPO-
meTpax <«Hopeaxko» npoMuiminensoro Tmna, Sogdee MATKY10 o0f1acTh
CIIEKTpa YALIOCE PCTHCTPUPORATL C AOCTATOWIOH HMHTEHCHEHOCTEIO, HO-
Mellas uccaeayeMBld ofpasen, kolavmarop Comgepa, kpucramionepiKa-
Tedb W CHETUHK B CNEUWATBHEIA KOKYX, B KOTOPOM, OLHAKO, BAKYYMHOC
yuaoTiende He OBLAO AOCTHTHYTO. [T03TOMYy KOMYX HenpepHIBHO mpoay-
paacs. reaveM (0,55 .z/smur). TlpeumyliectBa namogHeHus CIIEKTPOMETPa
reilieM BMIHE H3 puc. 95, na KOTOPOM MPHEBCACHE KpPHBLIE MpPONyCcKa-
HHS PCHTTEHOBCKMX JyUYefl IaA Tefind M RO3AYXA. JIPH HCHOJbIOBAHHH
CTIeLHANLIOTO  cHeTHHKA  [59] MOWHO OBLIO PErucTPHPOBATH CHEKTPLE

- o
¢ Zaunoh BoaHW Ao 15 AL

0) Domoepadhunecicue cnexmpozpael ¢ 20PUIORIMAADHON
orycuposicol
Bo.ibioe KOMMYECTEO KOHCTPYKUME (GOKYCHDPYIOWIMX CIeKTPOrpados,
onybaMKOBanHOe KaK B OTCHYeCTBElLHOW, TaK ¥ B 3apyGewnoH antepa-
TYpe, HCKIOYaeT BO3MONKHOCTb AeTalbHOrO OHHCAHWA BCeX 3THX KOH-
crpykunit. I109TOMYy HHME MPUBOAMTCH OTHCAHHE JUIHbL HEKOTOPLIX
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Hanfofee XapaKTepHBIX COBpeMeHHEIX ChexkTporpados, cHauala — Ko-
POTKOBOTHOBLIX, 3aT€M — MJHHHOBOJIHOBEIX.

Kopomnrosoanoses cnexmpozpagp PCK-3. MowHn# penrrenos-
ckud cnexrporpag PCK-3 aas xoporkopoanoso#t ofactu CHeKTpa TIo-
crpoed  HapOyTtrom, ['maveaprom, Ba#iumrefinom u  BeaseBoim [48].
B stoM mnpubope wucnomesopana crenpaibHas penTreHOBCKAn TpYOxa,
paccuuTanuas Ha 50—70 xe u 100—200 xe (omucanue cM. puc. 6,
ra. I, paspen 1). Kunemaruucckas cHcrema criekTporpagd, paspaboran-
Haa HapOyrroM, paccuutana na NOJayYcHHE CHeKTpos Mo Meroay Kowya
B llpeleaax yraos @ Byaeha—Bpsrra go 30° Pasnowchwe mayuedt

B CNEKTD OCYWEeCTRIAC1Cq KPHCTAANOM KBapLa, HOCAMEHHBIM  OIITHUYES-

CKMM KOHTAKTOM 114 TOYHYH UMIMHAPHYCCKYIO TIOBEpXHOCTE CTEKASHHOTO
xpucramnoaepxarend. Cnexrp nonyuaerca or miockocre#t (1010) kpapua.
Papuye warnfa wpucrtamna 1 u, manwa ero 40 ses. Ip ctoab 60.b-
WO/ JTHIUEHHOH ancprype KpuCTalaa NpsMmblic AYUH K3 WHPpoKoro (60 aa)
POKYCHOTO mATHA A0AA PEHTTEHOBCKOH TpyOKHU MOTY¥T TNEPEKPHTE
YHIacTOK  CNeKTPa B 0GJ4CTH MadblX YraoB ¢. Bo wusbBewansuc 5TOro
Mesay TPYOKOR M KPHCTALTOM NOMelleHa MHOTOMIACTHHYATAS IHadparma,
MPONYCKADINAS JI¥YM B HOCTATOYHO ILUMPOKOM HHTepBa’te yraos. Kpu-
CTANI0AEPXATENE  YCTANORACH HETIOABMXKHO, & peHTTeHOBCKas TPyOKa
BMeCTE € AWadparMOfi MOBOPAUUBAETCA OKOJO IEHTPA KPHCTaMIa; YIdIEL
HOROPOTA TPYOKU OTCUUTHIBAIOTCA MO HEMOABMMNKHON INKANE C TOYHOCTDBIO
1o 107, ) :

Tas  dororpaduyeckos perucTpanuu crnekTpa ApeI¥CMOTPEHEl JIBE
CMEHHBIC KacceTel. Onma M3 HEHX npelHasiadYeHa Iad AJnHHOH TLIEHKH,
HBOTHYTOR MO pasmycy 0,5 a. BTa kacceta CchoenMatbHHM YCTPOHCTBOM
ABTOMATHYeCKH YCTaHaBIHBAETCA BiOJb (DOKANBHOTO Kpyra. Jipyras kac-
CeTa CIOYHAT A79 HeDOABUIOH NIOCKON - WICHKH M BCCTIA YCTAHARIH-
BA€TCA  NEPNEHIMKYIADHO K JAydy, HIYWEMY K3 LeHTPa KpHCTaAna.
OTCUET YTAOBOTO NOMOMEHHA KACCETH TPOHIBOANTCA N0 HEMOABHMHON
HWIKaAe ¢ TOYHOCTRI 1o 107, .

Paameprl n nosiowenie GOKYCHOTO TATHA AHOAA MOMHO KOHTPOIH-
POBaTe HeMONBHIKHOH kaMepo#-oGckypofl. Jlyun mpoxoist B Kamepy
ucpes HebOMbwWOE OTBEPCTHE W N2I0T M30GpaMKeHHe HA (DIYOPECINDYIOLLEM
SKPAHE, YCTAHOBMAEHHOM B ee KoHUe. Maolpamenue MoxHO HadmoLarTh
BH3YaMLHO YEPES CBUHIOBOE CTEKJIO, HA KOTODOM IaieCeH KPEcT.
B mpouecce wsroTopienns npuGop I0CTHPYETCA TaK, WTO OpH IIPABMIL-
HOM TNOJOXEHNH (OKYCHOTO TNATHA AaHOLA LUeHTD W306pameHns INTHA
Ha SKpane COBMAAdCT € UEHTPOM Kpecta. DT0 npocToe NpucHocobie-
Hue OOeCMEeNHBAET HAZRWHOCTH PaBoTLl CHCKTporpada. Hanuuue MOLHOH
PCHTreHOBCKON TPyOKH M BCChMA  COBCPIUEHIOIO KPHCTAMIOLE PKATENT
NORKFICHIIO  MYBCTBHTEALHOCTD  3AeMEHTADUOrO AHANW3A 00  BCJIHUYMHE
nopsitka 0,019, uto npumepHo B 5 pas NpeBOCXOAHT YVBCTBUTE Ib-
HOCTR  AHAJIH3A HA CHEeKTPOrpadax MPEemHUX KOHCTPYKLMA,

Hopomwosoarossil cnexmpozpag KPC. KopoTKOBOIOBLIH DPEHT-
renosckuit crmexrporpad KPC kowcrpykuuu Baoxuuna [24] B Teueuue
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pada JeT BRITYyCKACTCH Bﬁcnepnmen'ram;'i'rbl.b?ﬁ Mactepckumu PocroBckoro
vHuBepcuteTa. B 3TOM mpudope mNpHMeHEHa peHTreHoBckas TpyGKa
(puc. 3) Kasanuera (cM. . I,
pazaen 1). O6mu# pua KPC
ApeicTaBien  Ha pHc. 96.
[MpubGop mnpennassaven ads
doTorpapuuecrkoll peructpa-
UKW TEPBHYHLIX  CHEKTPOEB
B ofaacru yrioes Byuaopa —
Bparra or 4 no 25° doky-
CHPOBKA  CIIEKTPa  OCyIlC-
CTBJAAETCA TIO METOLY Kowya.
ITpumMecHeHNEe KPHCTAMAA KBAD-
12 ¢ HCIOJAb3OBaHueM oTpa-
KEHUS OT ILJIOCKOCTEH MPHSMb
(1010) mosposeT PeTHCTPH-
poBaThb B AEepPBLIX OBYX MO-
PALKAX OTPAMEHHd CHOEKTPHI
K-cepuu saementos ot 27 Co
a0 47 Ag u L-cepuu sne-
meHToR oT 68 Er gmo 92 U,
T. €. 00JacTe NJHH BOJH OT

0,5 no 1.8 A.

YCTpoHCTBO  KPHCTALAO-
DCprKaTeNd I03BOMET OCYLLE-
CTBUTE YHCTBIH H3rH0 KpH-
CTANIa Ha YeTHPEX ONOpax mo
smetoay lunemapra (puc. 91).
Cnexrtporpad paccudraiu Ha NOJIYYeHHe CIEKTPOR MpH paaMycax KpH-
BH3HE Kpuctamna orT 0,7 1o 1 u. KpHBUSHY KacCeThl MOMIO MCHATH

Puc. 96. KopoTKOROMIOBEE PeHTreHOBCKAH
cnextporpady KPC.

Puc. 97. Kaccera cnekrporpaga KPC,

or 0,35 mo 0,5 m, B 3aBHCHMOCTH OT BHIODAHHOrO paluyca Hsruda
Kpucranna. IJ1o obecneumsBaeTcd YCTPOHCTBOM KACCETH, HOKABAHHBIM
Ha puc. 97. Tubkas cranbHas nnactuHa / C OKOUIKOM  1is npoxoja
JIy4eH Ha IIeHKY BXOAMT CROMMH KOHLAMHW B MPOpeau ABYX seranc 2. [laa-
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CTHHA M3THOAETCA NPH 1OBOPOTAX STHX AeTaleit BOKPYr ocell, MpOoXo-
JAULHX Hepes CepeRuHH npopesed. [Mosoporyl 0CyIICCTRANIOTCA BuHTaNw .
TpaBuabHOCTL H3FrHOA MPOBEPHETCS CIICLLMA AL HbIM IHPKYICM, IPUAATAeMBLIM
K CHCKTporpady. Ilo moctumenuu TpedycMOR KPHBHAHH KOHLLLI MLTACTHHL
SKUMATCA BUHTAMH B Tpopessx acradefl 2; Mocacinue B CBOO ouc-
pCAb SAKPEIIATCH BHHTAMU, CBASLIBAIOMEMH KX € OCHOBANHEM KaCCeThl.

YCTPOHCTBO BaKYYMUOH CHCTEME U CHLOMHBIY (va wauge) Kopnyc peAT-
FCHOBCKOR 1pyGxn o0ecneunBaoT BOIMOKHOCTE GRICTPOR CMCHLI WCeae-
ayeMulX 00pasuos. Crekrporpad) ocofeHHO yrnoGen 1a8 npowssoicrTpa
KAUCCTEEHHEIX W MOIYKOJIHUCCTBEHHBIX aHATHSOR HA TICPEYHCICHELIE BHIIES
JACMCHILL, A TAIOKE A HCCICAOBAHUY TOHKOW CTPYKTYPL MX CIEKTPOS.
KoHeTpyxnun cruckTporpados tuna Komya em. Tawxe [60, 61].

Hrunnosoanosnd crnekmpozpag Bopucosa u Dozeas [62]. DroT
CIEKTpOrpad MO3BO.IHET MOJYYHIB CTICKTD 10 Metody Horansa 5 npe-
agnax  yraos Byabda — Bparra or 20 uo 70° Kaccers cnexTporpada
BLUIOJHEHA R Buie CCKTOPA ¢ MPOAOJBHOH HPOPeshio  aag MpoOXoaa
ayuetl; pannye cnexrpa 100 . Oracasuoro KPHCTALI0AeKaTedd NeT.
COOTBETCTBYIOWAA 9aCTh CCKTOpA B NMPOLECCE H3FOTOBJCHUS O6HTauH-
Bacred mo pazuycy 200 wa. Kpowme voro, obecncturacres napaiiens-
HOCTE OceH O0eMX UHIHNIPUYECKHX NOBEPXHOCTCH (0Brovenumx mo pa-
auycam 100 u 200 xx) n roudHoe kacanwe ux g TOUKE, PACAOAGHEeUHOR
Hd OCH BpalleHua cexTopa. KpHeradad HaxksaanBiaercd H=a HOBCPXHOCTE
pawnyca 200 wae v npumAMaetcs K HCH  maacrunof, ofTowelnoR 0o
TakoMy o®e pairwycy. Tpebyemoe orpaungenye ANePTYPRE  KPHCTALAA
AOCTHTARTCA  JMCBBHEM, DACCTOAHHE KOTOPOIO OT KPHCTALIA peryaf-
PYeTca BHHTOM. DororpaduuecKkas [NIenKa TPUKHMACTCS Awpaneso#
AeNTOR K HOBCPXUOCTH Kaccetsl paanyca 100 mm. Bo usbematue
MONALAHAA DACCEANHOIO HBAYYCHHUA B CnekTporpad, Ha mepenmedl uacth
CEKTOpA, MEWAY DPEHTT@HOBCKOH TpyOKo#t u  kpucramiow, VEDPETIIeHA
anahparma B BHAC 1rOPU3CHTAIRHOR pPeryanpveMoH menu.

Onucanioe yerpofcTso cnexrtporpada MMeeT wLenbio YCTPAHUTL He-
0GXOIUMOCTE IOCTHPOBKYM H (POKYCHPOBKHM KpHCTaLia npu padore. Cre-
AYeT. OJHAKO, OTMETHTh, uTCO TPUMEHEHIHBIH B Hew MeTOd Haruba KpH-
CTALIA CHATHEM €O MEWIY JBYMS UMAUHADHYECKHMH [OBCPXITOCTIMHU
OAHHAKOBOTO  paluyCa HC I1aeT CTOMb COBEPUIGHIIOTO WaruBa, Kaxuw
oriuuaercs Metoid [Nuaveapra (puc. 91),

AAGHEOROAROBELE DEHMZCHOBOK i} cnexmpoepagh APC. Cnextpo-
rpap OPC ¢ dokyenporko#t no Horauny u dboTorpaduueckolt peru-
Crpauwes HEepBUYHLIX CHEKTPOB B 00AACTH  Vr.ioB Byuanda — Bpsrra
20%—81°30" nocTpoen Baoxuumm [24]. JPC B Tedenue paga neT
BLINYCKAETCA DKCNEPHMEHTAIBULIME MACTEPCKHMH POCTOBCKOTO YHUBEP-
CHTeTa. B 3ToM npufope npuMeHeHA PelTreHOBCKAH TpyOka Kasanuera
(puc. 4) (cm. ra. I, paszenr 1). Msrud kpucraaxa mo paanyey 0.5 u
OCYWMCCTRAACTCA N0 Meroay luaskapra. Jliuma xpueramma— 40 s
409 NOTYHEHWS  CIEeXTpa HMCOOMB3YETCA  YUaCTOK  Kpucralna AJUHOH
10 24 wmu. TlpumeileHne RJACTHHKH KBapla, BHIpe3adaHol 11apadie/sHo
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Puc. 98, JIaMHEHOBOAHOBLI] PeHTreHoBCKHii cnektporpad JPC-1.
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n10cKocTH  npusmel (1010), nospoaseT NOAYYHTH Cchoekrpsl B o8JacTH

oaun BoaH ot 1,45 mo 8,4 A. Crnektporpad npelHasHaueH B OCHOBHOM
A9 TIPOBEMEHHs KaY4eCTBeHHEIX M I[IOJYVKOAHYECTBEHHBIX pPeHTreHO-CTIeK-
TPAILUBIX AHANH30E Ha 3deMmeHTH oT 13 Al no 29 Cu no K-cepuu m Ha
31eMeHTH OoT 35 Br no 74 W mo L-cepuM, a Takwe ILJ% HCCAELOBaHUSA
TOHKOH CTPYKTYPH CHeKTpos sTux saementos. Ofwu# sun IPC npen-
crapled Ha puc. 98 (monens IOPC-1), naaxw ero—mua puc. 99. Penrt-
reHOBCKas Tpybxa 7 M BOOFHOEC OXJawIeHue 2 BBeleHnl B BAKYYMHEH

Puc. 99. llaan cnexrporpaha APC-1.

Gapadau cnexrporpada 4epes NJAMTY ero oCHOBaHud. TpydKra moker paboTaTh
npu OTKpHTOM OGapabaHe, 4r0 3HauMTEMLHO OGJETY4aeT HOCTHPOBKY IpH-
6opa, nomyckaa Ha0moaeHde gaunu# CmexkTpa Ha 3skpaue. Ilpu cuémke
AAMHHOBOAHOBBLIX CIHEKTPOB BHYTpH OapaBana MomeT OBITH CO3IaH BHI-
cokMB BakyyMm (6 — oTBepcTHe AMd OTKauku). ECAH HCOOAB3YeTCH KpH-
cTana, BbpesaHHb moa yraoMm 10° K OTPa)KaloliMM aTOMHBIM ILAOCKO-
CTAM, TO OKOLIKO TPYOKH MOMET OHTh OCTABJEHO OTKPBITHIM; TIPH 3TOM
ONTUUECKHH 3aCBET BUAUMBIM H3/JIyUeHHEM TPYOKH (OTPayKeHHBIM OT IOBEpX-
HOCTH KPHCTa/1a) HE HAJMOWUTCA Ha UCCHeNyeMBl#l DeHTreHOBCKHH CTeKTp.

Kaccera 3 cnexrporpada HMmeeT UHJIMHAPHUECKYH pPabouyi) moBepx-
gocTe paluyca 0,25 w. [lo cmoemy yerpolicTey u 1o dopme oua
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CXOIHA C ONWUCAHHOW BLIIe KacceToW cnexkTporpada Bopucopa u do-
reas [62]. Kpucranmonepwarens 4 dokycupyercs u IOCTHPYETCH OTHO-
CHTC/BHO KACCETHl IpH M3TOTOBVeuuu Ipubopa. AnepTypa Kpucralaia
peryiaupyercsa JesBuesm, Kortopoe B MolXean JIPC-1 OepeiBuraeTes 10
calasKaM & Tak e, Kak u B cnextporpade [62]. ¥riaosoe nepeMeLe-
HHE KacCeTbl OCYLECTBAACTCH HAPYKHOA PYKOATKOH 7, pacnogomeltoH
N0 OCHOBaHHEM CHEKTporpada, u OTCYHTLIBACTCS O WIKATE, VIA3LIBAK-
WeA ¥roJ HaleHHus UeHTDaJbHOrO JIyda Ha KpHCTAll.

B monemn IPC-2 yraosoe mepesetiienue KacceThl HPOMSBOLMTCA AHGO
OT  PyKH, Ju00 aBTOMATHUECKH MEXdHW3MOM, PABHOMCDHO KaualolLHM
Kaccery Ha rpelycMulli HHTepBajd VrJaoB, ¢ 34laHHLIM HAYAI0M 3TOrO
MHTCDRAMA. YCTPOHCTBO ITOTO MeXaHH3MAa NPelCTABICUO HA puc. 100.

//_\
Zji z 7
D I —

Puc, 100, Mexauusy ais KawaHHA KACCETLI cnexktporpafa JPC-2,

[Tepenaua npwamenus 1apymHOM PYKOATKH BHYTPL OapaaHa CchnekTpo-
Tpaa OcyulecTBASETCA OCLIO J, PACHOIOKEHHOR MOA LEHTPOM KPHCTAMTA.
BaxyymHuoe ynaornenue obecreuuBacTCs pesHHOBOH TpyOKOH, KoTOpad
MpH  OBWKEHHH KAaCCeThl  MOMKET 3aKPYUMBATBCA HOPHOIMIUTEALHO HA
yroa —=30% Kaccera waraercs mo nasré npubopa Ha JABYX pPOJMKAX.
[Mon nauto# Ha ocu [/ yxpemdew poiuar 2, BeAyIMH 3Ty OCh. Bropo#
puiuar 3 MoxeT CBOGOAHO IIOBOPAYHBATBECA OKOJXO OCH. Ha npoTHBONO-
JOMHOM €ro KOHIe YKpemnieHa ayra 4, ¢ nwbofl TOUKOH KOTOpO# BUH-

TOM & MOMeT ObIThb CBASAH puiuar 2. DTO NO3BOJHET YCTAHOBHTH 3aiaf-

HOe Havano HHTepBaJa xavyavu#l. Ha ayre 4 ykpenneHa ock poauka 6,
KOTODBI YVOMPAETCH B KYI1auoK 7, PABHOMEPHO BpawlaeMBHH OKOI0 ocu 8
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MOTOPOM OT wmIBeHHON Malunuel dYepes JIBOHHOH HEPBAYHLIA DEIVKTOP.
CKOpoCTL BpallleHHs MOMHO PervidpoBaTh BHHTOM, PACHOIQMKETHBIM Ha
PEOCTATe PALOM C BEIKIOWATCIEM MOTOPA (O NIuToH crexTporpada).
Hpodpuib kyrauka ofecncyupaer pasHOMepHOE VIJOBOE KayaHHe KAaCCoThl.
Ob6paTiioe  mepeseluenne pLiuaros OCYIIECTRALET NPY®RUHA 9, nataru-
bawmias craibHyio JacHry J0, mepexHHYTYIO uycpes poaux /7 u 3aKpemn-
JCHHYW Ha crodike /2 pruara 3. JIpyTo#l KoHey APY:KHIEL 3aKPETLIeH
14 HEIOIBHKHOU cTofiKe J3. HeoOXonuMEHA YruoBoH wWHTepBam Kauanutt
yeTdnasilupaerca cMenoft Kynauka 7. K cmexTporpady npuaarares tpu
KYMA4Kd,  TIOSBOJKIOIME  Kayarb KacCety Ha YIIOBEIC unTepnais 6,
12 u 24°,

Hro6e nabeimars HepaBHOMEPHOCTH ¥raoBoro pacupelefcHud HHTEL-
CUBHOCTH CMEKTPA, CBASAHHOA C OrpaHHuEeHHeM anepTypel KpHCTamta
acssuem, B PC-2 npenyeMorpen cheumanbumii  Mcexaiusy, KOTOPBLIR
IpH MOBOPOTAX KACCCTBl aBTOMATHUECKH YCTAHABJIMBACT Ae3RHC HA pac-
Crosuud o7 Kpucrania no sakony (4,19). Y¥CTPoHCTRO 3TOTO Mexa-
MH3Ma nokasaHo ua puc. 101, Jlessne J monsemeno k xaperxe 2, Ha-
[IpagIacMOM  camaskaMu 3, M BXOAUT B KpPUCTaldolepwkaTens 4, YEpen-
JeHHBIH B Kaccere J. Jlocreanuft Momwer MOBOPAMHEATECH OKOJIO OCH 6,
MpoXoasmued Jepes nenTp KpucTadna. Hal kacceTofl na croiixe 7 VKpern-
JeHA  HEMOABUMKIAS ILlecTepHa &, oCb KOTOPOH coBmaiger ¢ ochio 6.
C sTol miectepuelt cBs3aHa BTOpas weerepua &, nosopavMBaruancs
OKOIO OCH, MECTKO CBA3anuo# ¢ kaccetoit 5. [lpu NOBOPAYKMBAHHY Kac-
CETBI OKOIG ocd 6 uecTepus 9 BPAIAETCH OTHOCHTEARHO 1KACCETH
¢ YII0BOH CKOPOCTHIO, B O Pas LPEBOCXOAmiled yraopyio CKOPOGCTE Boa-
menns  Kaccetel. C  wectepuelt 9 crasau  wyaauox /0, TOAKAOHMH
poimx [J, 0Cb KOTOPOTO 3aKpeliena lia KapeTKe 2. IMpoduns kytauxa
ofccnednBaeT TNepeMeliende KapeTkH 2 ¢ qaesBueM 7 1o 3axony (4,19),
UTO M OOYCJAOBIMBICT HE3ABMCHMOCTB AMEPTYPBl KPHCTALIa OT viaa
Byabda — Bpsorra. OfpatHoe nepeMellenne KapeTkw OCYLIECTRIALT TIPY-
wung (Ha puc. 101 ne noxasana). K IPC-2 npuaaraercs HaBOp CcMen-
HBIX KY.14YKOB, [O3BOJAIOMHX YCTAHOBUTH OJHO H3 CJACAVIOIIMX 3Haueiui
pafoucH aaunu kpuctasna: 12, 18 v 24 .

Orkauxka cnexrporpaga HOPC npowmasoaures BAKYYMHOH CHCTEMOR,
ofecTieynpaionlel BLICOKYI0 CKOPOCTh OTKAUKH — OKOI0 25 4 'cer. Jromy,
B MACTHOCTH, CHOCOGCTBYET MPHMEHEHHE BHICOKOBAKYYMHOIG 3aNOPHOID
BeHTHAA ¢ OOABLIIMME NPOXOAHLIMH OTBepcTHAMU. QOu CAVAHUT Ia8 OTKII0-
qCHHs NapoMacifaHoTo Hacoca oT Oapafana crnexTporpada. Yerpoficrso
ero mnokasano na pnc. 102. B sentuie Her cuanoHa, uTo BO MHOTO
pas YBeJMYHBACT CPOK ero cavadel. Orteepcrue J coeiuHseTcs C Bapa-
Ganom  cmextporpada, OTBEPCTHE 2-—C  MAPOMACAAHBIM  HACOCOM.
$branell 3 ¢ pCBHHOBBIM KOJIBLUOM 3aKPHIBAET WIM OTKPHBZET oOTEEp-
crue 4. Tlpn ppawennu wauda & MIOCKHA  BHCTYN 6, BXOIULHH
B BUIKY 7 puita &, MepejaeT BPALIEHHE ITOMY BUHTY, YTO 3acTaBiaser
AeTanb 9 NOCTYHATENbHO TEPEMELIATHCA BAOb CBOEH OCH. Bpawenuio
STOR JeTaln mMpenfaTCTBYET WIMNOHKA, VKPENdeHHas B HeNOLBHKHOK
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sryake 70. Koraa daanen 3 npuKuMdeTcs K KpasM OTBepcTHs 4, OH
ABTOMATHYECKH BLIPABHUBAETCS;-5T0 of0ecHeynBaeT paBHOMEBDHOE CiKATHE

Puc. 101. Mexaunusm cmextporpaga APC-2 gas apromartu-
YeCKOUIQ [epeMellecHHA Ae3sna no 3akoHy (4,19).

@) — BePTHRAJBHEIR paspea; 0) — BHI CBEPXY.

YIJAOTHAOUWErO PE3HHOBOTO KOJbILA. HapaeHue BUHTA neperaeTca y¥oop-

HOMY IMOIWHITHHKY M He BOCIpHHHMAeTCH I.LIJ'IHCPOM 9.

A AaHR0BOAROBLE  penmeenoscrall cnexmpoepagp PCJH-2. Bror
npubop, nocrpoennwmi HapbyrroMm, Baknmre#nom, [mapeaprom u DBe-
asepbiM  [63], paccuuraH Ha QOTOrpadUUecKy) PerHCTPalMI0 TEPBHYHBIX
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cnextpor K-cepuu siaementon ot 19 K no 29 Cu n L-cepuu aneMeHTOR
or 47 Ag 10 73 Ta. Crnexrpu BO30YH1AI0TCA B PEHTTEHOBCKOH TpyOKe
KOHCTPYKUHA KOTOpo# [25] Opiia omucana B I I, pasien 1. B'an'o?li
TpyOKe mNpuMeHena peryiupoBka pasMepoB doxycuoro narua. Mcecie-
AYEMOC BEIIECTBO BTHpAETCS B PHAICHYIO MOBEPXHOCTH Melno# naa-

CTRHLL MOCHEIHAT OXJIa:KIAeTCH TONBUMHEIM MeIHRIM OaliMaAKOM BHVTpDU
M, V1]

KOTOpOTO  Luprymupyer Boda. KoHCTpykuus anona ofecmeuusaer cram-
A4PTHOCTL ycranoskn palouelt MoBepxHOCTH MeaHOHM mazcThnel. Pasio-
MEHHE JYMeH B CMEKTp OCylMecTBaeHO 1o MeToay Morarccona. Kpucrann
KBaplia = Bblpesat nod yraom 10° x  [uockoctasm  npusub (1010)
BHUITH(OBAH ¢ 00CHX  CTOPOH MO  NMAHHIDHYSCKOH noacpxaof:'m;

Puc. 102, BeICOKOBaKYYMHbI 3a10DHLE BenTHIb
cregrporpaga JPC.

paniyca 1 . [lpumenens KPHCTAMLIOALDKATENH ABYX THMNOB: OAHL H3
HHX — CTeKJAAHHBIR, KPHCTAN1 B HEM TOCAMCH ONTHYSCKHM KOH;‘BHTOM
Ha TOHUYIO NHIMHIPUYECKYIO NOBCPXHOCTb paauyca 0,5 u; B APYTOM
KPUCTAN1 H3OIHYT HA HETHpEX ONOpaX nmo MeTody [wmabsapra (pHC.'gl)
Takxe no pasuaycy 0.5 a. Tlpu TwaTelbHOM H3rOTORIEHUM Kpucra.r{r[o:
Aeparejas BTOPOTO THNA NOAYUYAETCH CIEKTP CTOAb yKe XOPOILIHHA, I-{Hl{
H B CIyYde KPUCTAIOIepHKATe.ls NEepPBoOro THIa.

Kaccera W KpucTadI0mep®aTe b HEHOARMIKHDLL U NOMCLIEHEl B BAKY VM-
Heift Gapadan; panuye xaccers 0,5 . BapaGan orkaunsaercs na qjuol -
Bakyym. KpucTamroncpikarels wnaxonures B ocodoit KaMmepe, coe:umeg-
HOH IIMPOKHM CHJABPOHOM C PEHTTEHOECKOH TpYGKOH. Kamepa H TpyOka
OTKAUUBAIOTCA HA BHICOKHH pakyym. Tpybxa mMower HOBOpa‘{ﬁBa"'l‘hCﬂ
OKOJO UCHTPA KDPUCTAINA; BO BPeMd IKCNO3HLUMA OHA JIBHKETCS ABTO-
MATHUECKH OT MOTODA € DEAYKTOPOM; Tepelady OCVIMECTBJIACT SKCILCH-
TPHK, 0O0BCMeuuBaOMNA  paBHOMEDHOE pacnpenelenne MHTEHCUBHOCTH
B10Ib cheKTpa. [pubop cuabmen apyms OTPAHWYHTENIME CO PTYTHLIME
peae, H3IMEHAIOUIUMH ABHKeHNE TPYOKH Ha oOpaTHoe npu mayx'ee ﬁow
JIOMEHUAX, (QHKCHPYIOWNX HAualo M KOHel| MHTEPBRANAd KayaHui.

Has dororpaduposanus COCKTPA HCNOJB3YETCHS KHUHOILIEHKA, IOME-
ICHHAT B MArasuH, HaXOLsMiCA BHYTPH RaKYyMuoro Gapabada. [liaenka
[odaeTca W3 MarasMHa 5 padouee NMOJOKEHHE CTEUHAJLHBIM VCTpOHCTEOM
NPHBOA  KOTOPOIrO HaXoiuTcs BHe Oapabana. [locie cobeMxu ::1'1&1;sz1
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COOTBETCTBYIOWHUH  VHACTOK IJEnKH MOWET OHTh OTpesan 3aci0HKOU-
HOIKOM, TAKIKe yIpapisiembid cuapyxu Sapadana. OrpesaHHblH y4acTOK
MIeHkH BHIHMMAeTcsl dHepes BaKYVMHBR M3 B ocofoit kaccere. Tawuum
OOPHI%OM, nocae  TOoro KdlK Mmardasmn SHPH}KCH PYIOHOM KHHOMIEHKH, BCE
DUepaUUHH 110 3aMcHE TIJIGHKH M H3BJACHELMKO ee u3 GapabaHa Mory:t npo-
H3BOAHTBCH Ha csery Oed napyuwennsd sakyyma. OcCHOBHas Kaccera CHek-
TpoTrpada HMECT IBE TOPH30HTAdAbHBIe npopesu. OIHa U3 HUX (BEPXHIAS)
CAVIKNAT LA UPONYCKAHHA HA I[VICHKY HCCJASAYEMOrO PCHTTCHOBCKOTO
H3JIVUEHWH, ,ﬂpyraﬁ — 4. BIEYATRIBAHHA Ha HE IO HACTDL MNJIeHKHR
IIKAAN IJMIL BOJH, Y70 CYLICCTBEHHO 00/cryaeT pacluHgpOBKY CHeKTpa.

Crnexrporpadp PCI-2 npeacrasaser cofol KOMIEKCHYID VCTaHOBKY,
BK.‘IIOH&I’OU.L}"PO BHK}-’}".\-I]I}"PO CHCTEMY, HCTOYHHE Bbmpm-t:tem[oro HBICOKOID
panpswennst (10 30 wxs npu 60 me) 1 nvibr ynpariennd. [Ipu onsiT-
IO IKCAAYaTARMH TepBRIX srseMmmaapes PC/-2 ofHapymUIHCch HEKO-
TODEIC HOHC']'p}’K"I'HBIlHB HedJOCTATHH, YO IHOMEILEAJIO ﬂE].,'[b[IEﬁU.‘.'c’.M}" BHEM-
penmo neppofl Moaean svoro npudopa.

Haarnosoanosse  orkyverpiomue  myove-crnexmpozpads.  Vpu
MCCIe10BAHME  TOHKOW CTPVKTYPH  CAEBKTPOB FIABNOES  304veHHe  HMeeT
DOIVUSHHE RHCOKOH paspewawowell cuabl. J7T0 3acTaBascT paborartbk NpH
BOSMOKHO GoJpileM panuyce waruba kpucranna. Jas obaactu didn

soaH pume 2 A crexrporpad n0MKeH HaXoJAWThed B Bakyyme. [Tonckn
nauboliee pALUOHATEHOW KOHCTPYKIIHN TAKOTO npHOOpPd ORUIM HaNpPaBAelkl
Ha COBMCUICHME ARYVX yeaosui: Goupworo pazuyvea GOKadblLOro Kpyra
M BO3MOMIIO Madoro obbeMma BakKyyMHOH wacTu. Taxoft ty&yc-cnexTpo-
rpad ¢ QoxycHposko#it no werony MoranHa Owil BHOEpPBRIE NOCTPOEH
Xaravuaowm [64] » (usHyccko#t 1adopaTopui ¥Ncadbekoro YHUBCPCHTETA,
a saTeM, C HeDOMLIIMMHM U3MeHEHHAMH, OLLT HCIOAB30BAH BAT Pala APYIHX
paGoT, BHNOJIeHHEX B TOR e nalopatopuu (oM. Hanpuwep, [63]).

Puc. 103, Cxema doryeupywuiero tybyc-crnextporpada.

Wrnekesl f, 2 1 3 OTHOCATCE COOTBETCTREHHO K yraas p=30°, 45° u 60°,

Cxema dowyeupywmero  rydyc-cuekrporpada npeicTaBleHa Ha
puc. 103. Kpracrana 1 penTreHoBckas TpyOxa P MOTYT ne3asucHMO APYr
OT APYra IOBOPAYMBATLCA OKOMO ocu (J, mpoxojsuel yepes HeuTp KpH-
cratia. POTONIeHKAa MOMer OBTH paclodckeHa Jubo TOL IPAMEM YIIOM
K OTpasmKeHHOMYy Jayuy (mogoxenwe A), aubo mo xacaTeabHol K (oxaib-
HOMY Kpyry (monoxenue B). Ha puc. 103 noxasauw naa npumepa
VCTaHOBKH CTekTporpada aas rTpex yriaos ¢ Byaeda — Bpsrra. Takaa
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CXeMad MONYYEHUWA CHEKTPA TIO3BOASCT MOMECTHTH DEHTTEHOBCKYIO TPYOKY
H KpHCTaiaodepskaTenb B OOWHH BakyyMHBIE Gapadan neSoabLIoro
00teMa, a KAacceTy — B OTAEIBHYIO AMMHHYIO TpPYOY, HAa3bBAEMYIO my-
Gyecom, B KOTOPOH Takike CO3BAETCH BaK¥Y¥YM. J[Las modyuenus crekrpa
IpPH  3ajalHOM yrie ¢ DEHTreHoBCcKkad TpyOKa, KPHCTALTOACPHATE b
W KACCeTa YCTAHABIMBAWITCA sapaHee NP OTKPLITOM clekTporpade H BO
BpeMs .CBEMKH OCTAWTCH NEMOABMKHBIMA. JTO NO3BOMAECT NOAVUHTE CAEKTP
JMWE B HeOO/LUIOM HHTEpBAIC IJIHH BOMI, NOCTATOYHOM INIPH HCCJAelo-
BaHHAX TOHKOH CTPYKTYpH cnexTtpa. Takas cxema npufopa aaeT BO3-
MOKHOCTE OBOHTHCL 083 TPOMO3IKUX KOPHOYCOB ¢ GOABLIIMM BAKVYMHLIM
OO0 LEMOM, XAPAKTEPHRIX /I8 HEKOTOPBIX AHAIOIHYHBIX cnempéfpa{pos
{cym., Hanpumep, [66. 67]).

Konctpykuua goxycupyomero tydyc-cnekrporpadba mNokasaHa Ha
puc. 104. Ilpubop pasmeuicH B GapabGane / u 1y6yce 2. Ha cbhemuoh

Puc. 104, Komcrpyxuus dokycupyronero tybyc-cnekrporpada no [64, 63].

@) — BePTHRKAABULIH paspes, O)— A4k,

Kppimke S Gapabana yKpemieHa peutreHobBcKas TpyGka 4, KoTopas Mo-
HEeT MOBOPAYMBATBECI OKOJIO BEPTHKAAbHOH ocu SapabaHa BmecTe ¢ KpbLu-
KO#; yrod NOBOPOTA OTCYHTHIBAETCS IO IIKAJe, PACIONOMEHHOR CHADYHH
Ha pepxuem duanne GapadaHa. Kpucraamolepi:xkareab § TOROpayHBaeTcs
OKOJIO TOH e OCH; Yri0oBOE I[O/CMKEHHE ero OnpeleldeTcs II0 LuKaie,
PacmoaoXeHHOM N0k KpHCTamloiepkareiem. Kacceta 6 yxpemnewa na
NONBMKHOM KapeTke 7 H MOMeT BMecCTe C HeH MepeiBUraThcs BAOMIL TO-
PH3OHTAMBHOA ocH TyOyca 2 mo canaskam 8. Kposme Toro, kaccera
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MOKeT IIOBOPAY¥BATHCS BOKPYT BEPTHKAJILHON OCH, Opoxoaame# gepes
JLEeHTP KapeTkd. I1a OCb NPOXOAUT 4epes padouyio MOBEPXHOCTL (OTO-
TIACTHHKM, ¥TOJ NOBOPOTA KACCeTLl OTCYMTLIBAETCA MO FOPU3OHTIIbHOH
KPYroBo# wxane, pacnofosKeHHOR HA KapeTke 04 Kacceto#. Camasku 8
VKPENIeH: Ha ToOpH30uTalLHOR miuTe 9, TOABeleHHOH K MaCCHBHOH
BEpPTHKAABHOH cTOMKe [0 Ha ABYX KpouwTeHduax: KOPOTKOM [/ M JAMH-
oM /2. Ha naure 9 umeerca WKada /3, OO KOTOPOH OTCUMTLIBAETCH
noaomeHwe Kapetku 7. Tybyc 2 nepelpuraeTrcs mo peabcam J4 Ha KaT-
i kax /5. OTkauka Gapafana u Tybyca

SR . Z NPOH3BOIUTCH MADAMNIEIbHO ABVMSA
A=u-;—| a/a 8. oo N BEICOKOBAKYYMHBIMU HACOCAMHU HCPES.
’_ S ey 7/, oTBepcTHA 16,
=]
//J'/,/:f WAL A Ilpu ycTaHOBKE KACCETBHI W KPH-
’/'% MW CTANA0JepsKaATe s B HYKHBEIC TIOJ0-
,% AT ) stenus  TyOyC  OTKATHIBAeTCSd 110
% A A AN AN RN o FU
7 CTOTUTUTUTUTY e1bCaM B CTOPOHY, W KpbiIKa Oa-
7 N9 p poHY
é§ pabana (BMecTe C peHTreHOBCKOH
§ TpyGroR) cHuMaeTcs, HTobm ueHTp
8§ KacceThl oOKasaacs Ha ¢GoKalbHOH
N 3 |
§ OKDYKHOCTH, HeoB6X0IuMo coGI0-
& § JeHHe VCAOBHA
8 .
< > p=Rsing,  (4,32)

Puc, 105, IIpm:'l‘aBKﬂ K peI-ITl"ﬁlIOBCI{PT‘_;I rig P-“'pEiCCTOHHUC OT OCH Kpu-
TpyOKe cnekrporpaga Craporo [68] CTaaa 10 STOTO LeHTpa, R— paiuyc
IJA MONYUEHHA CNMeKTpa QayopecleHT-

HOFO H3TYuCHHS. usruda Kpucranaia. B cnektporpade
T T A Xarayuila R Gwlio 6ausko K 1 oa
CTALI0LCPHATEL, TOYHOEe 3HauenHe R ONpCcLeaa10Ch

JKCHEPHUMEHTANbHO 1O  CHUMKAM
CHEKTPalbHOW JMHHW HAa TJIACTUHKE, PACHoJoKeHHoR nOauan goxryca moi
HeDOoAbIIMM  FraoM K TOPH30OHTaAbHOH nmockocTH. [1o okonuanuu ycra-
noBKM BCeX vyacTell cnekTporpada TyOyc 2 cuHoBa mpHABWraeTcd K CToH-
Ke /0, u xprimka 3 olepaeTcy Ha Oapabaw. Bakyymuoe yniotneuue 40-
CTUTracTCad KOJbLIEBHMH Pe3UMHOBBIMM Npowianikamu. OOmmnH o6beM BaKy-
YMHOH# d€acTH cmekTporpadgpa 27 .z

Ayganornanvie doxyveupyiomie Tydyc-cnexTporpadel noctpounu Cra-
peit u Tpancauwkos. B cnexrporpade Craporo [68] penTreroBckas
TpyOra BBedeHa uepe3 Zuo OapaBaHa, BMCCTE C KOTOPHM 0Ola MOMET
NOBOPAYMBATLCA OKOJO ero ocH. Bakyymuble oGbeMbl TpyOkH u Sapa-
Gamna pasaedeHbl. B OGapafaue u TyOyce noAlepwuBaeTCs: (QOPBAKYYM
(107% mopp). Tybyc smunot 1,8 . u auamerpom 15 ca MOCTOSAHHO
cocianHeH ¢ OapadadoM. Ha NDpoTHROMOAOKHOM KOHIE Tydyca uMecTCs
CheMHAad KPLLKA, ofecneunpainas BaKyyMuoe yiorHenue. CHAR KPBILIKY,,
MOHO BLIIBUHVTHE W3 TyOyca peliky ¢ MHJIJIHMCTPOBOH wikanol, BIOb
KOTOpoHM Ha canaskax mepemeliaercs kaccera. [loche ycTanoBKW mocmel-
Hett ua paccroanun p [cm. (4,32)] oT KpHcTanna ¥ TOBOPOTA €¢ MOML
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YRAIoM ¢ K Ayuy (aubo noia yriaom 90°) pelika saaBuraeTcs Ha MecTo,
TyOyC B3aKPBIBAGTCH M OTKAYHBAETCH BMecTe ¢ OGapabaHOM. YCTaHOBKA
TPYOKH H KPHCTAAA0Zeprkarte/id NPOHIBEOLUTCA TAK ¥Ke, Kak H B OMHCal-
HoM BLle clieKTporpade XarayHaa. Ilpu $TOM HCNOAb3OBaHMuE CHEKTpo-
rpaja BOSMOXHO Kak To Metony KorawHa, Tak u no merony Komya.
HMarub kpucramma ocywecTsiedH no erony I'uiesapra. Anon penrre-
HOBCKOHM TpyOxu HaXOAMTCH TMOJA  BHCOKHM HanpsKeHHEM W BBejeH
B TPYOKY CHM3Y, KaTOXL 3asemiell W Haxoaurcs ceepxy. CHSB KkaTou,
MOYKHO 3aMeHMTB CTo 0COUOH
IIPUCTARKOH, MO3BOAAIOLLEA
TOAYUYHTE W HCCJEL0BATh PENT-
reloBcKoe  (GUIyopecueHTioe
uanyuenue (puc. 105). Kpu-
CTAMIONEIKATEIE  YKPenaeH
HEeNOCPeICTREHHO Had aHOIOM.
Paccrosuue or  QorycHOTO
naTia aHoAa A0 H3Jyuareas —
28 ma, OT waavuyareds 10
LEHTPA KpPHCTaAna — 15 .
Ha stoM cnexkrporpadge ayGaer
(PIYOPECUCHTHOTO U3JyUeHnus
TiKey , npu 35 ke u 50 wa
BEIWIET C  (POTONIAOTHOCTLIO
0,6—0,6 3a 8 MWH., JHHHT
TiK3,—3a 16 wacos.
Crnexrporpagp Tpaneauu-
Kora [69] oTaugaeTca oT onu- =
CaHHOIO BEIIE TyOYC-CHEK-
Tporpada Xariayeia TeM, uTO
HEe TOJABKO KPHCTAMIONEPHKA-
Telb, HO W peuTreHoBckKas TpyOKka BLeeleHB B Gapalan KoaKCcHaJ bHO
Hepe3 BAKYYMILle KOHyCHbie Mindu. Kartol u Mulllens aHoma TpyOxu
pacnojioMens 9KCICHTPHYHO U NPH BPAUIEHWH HaApyxHOH uacTu TpyOKu
OMHUCHIBAIOT OKPYKHOCTE BOKPYI KpucTaidofiepsatean. Tybyc umeer
amuny 1,9 e m auametp 13 e, uTO nossoaserT paboTaTs Mo METOAY
Worauna mpu yraax Byabgpa—Bpsrra 1o 85° ¢ kpucraniow, H30THYTBIM
no pamuwyey ot 0.5 no 2 . Becer .mpubop nHaxonuTca B oBINEM BBICO-
KoM BakyyMe. Bo3MomKHOCTE BpawleHus TpyOKH M KPHCTAMIOLEDIKaTe s
B BAKYYMe MO3BOJSIET NPUMEHHTL B 9TOM IpuGope He TOIbkO doTOrpa-
GUUECKYIO, HO W WOHHUSALHMOHHYIO PEeTHCTPALUIO CNCKTPOB.
Arunnosoanossl Gorycupyiouud mysyc-cnexmpozpah Bopucosa.
Opurunaibias KOUCTPYKUUA TyOyc-cmextporpada ¢ GOKyCHPOBKOH To
merony Horanusa ocyuwectsrena Bopucoswn [70]. Cxema 3toro nputopa
npexcrariera Ha puc. 106. Kpucranmosepwarenb [ sakperieH Ha uwu-
auniape 2 M BMeCTe C HHM MOWeT OBITh BCTABJAEH B HCMOLDHMWHEIH KO-
Hyc 3, TAe M BaKpeILIgeTcs B ONpedefeHHOM ToaoxeHuu. Ha 3ToT Konye

Puc. 108. Cxema ty6yc-cmextporpada
Bopucosa [70].



162 PABJIOMEIHE PEHTTEHOBCKHX JAY¥YEH B CHEKTP ra. v

ofer ApyTOH HapywHBH KOHyC 4, KOTOPHA MOMET NOBOPAYHBATLCH
na 50° DBo puyTpenHem umiauHIpe ® o00HX KOHYCAX HMeIOTCA V3KHE
ropus0uTalbuble TPOPE3H Mg BXOAa H  BHIXoda Jayde#. [lpopess
HAPYKHOTO  KOHYyca 3aKpuiTa amoMmulHesoft  (Qoavroft. Peutre-
HOBCK4s TPYOKa & HaxXOAMTCA BHe KaMephl KpHCTalla ©  VKpenJeHa
Ha Iedye, NOBOPAYHBAIOLIEMCHA OKOJIO OCH HelQIBUXIOTO KOHyca 3.
3Ta KOHCTPYKUMA oOecrnedyusaeT EBOZMOKHOCTE VA0OHOH CMeHLI KpH-
CTAamoAep&ATEACH C pasAUdIHBIMH paduyCaMu KPHMBHSHEL B Mpeleax
A0 4 . PeryiupoBKa anepTYPH KPHCTAAIA JOCTHTACTCH JE3BHEM HOXKA 6.

Cumemiag kacceTa 7 HYKHOTO patuyca KPHBUIHB HAXOAMTCA BO BTO-
pol KaMmepe, cocTodAled M3 BHYTpPeHHero KOHVCa &, CBA3AHHOIO ¢ PHI-
varoMm 9, u Hapymnoro xouyca I{), csazaHHOoro ¢ pwidarom JJ/. Priuar
9 MOmeT MOBOPAUUBATBCH OKOAO wapuupa /2, KOTOPHH VCTAHABIHBACTCA
Ha Danxe /3 B neHTpe dQoxalpHoro Kpyra. OO0 Hapywumx kouyca 4
u I coenuHsiorca TpyooR 4.

Onucanragd KOHCTPYKUHA TNO3BOMACT TMOAYYATE CIEKTPH B npeneaax
yraos v ot 20 mo 70° ¢ pecoma Oonpwol aucnepcued u paspeaio-
we# cuiol TpH MMHHMAABHOM Bakyymuom obbveme. Kpome Toro, wkon-
CTPYKIIMH oOecneumpaer aBTOMATHYCCKYI0 VCTAHOBKY KAaCCETH  BIOJb
dokalbuoro Kpyra nipH JwboM yrae ¢. Bo ppesms CLCMEM CleKTpa BCe
yacTH chexkTporpada ocrawrces HenoABHKHBIMH. CyieCTEEeHHBIMH Hefo-
cTaTkaMH aTore npufopa  ARAGIOTCA
ero Oompwne Tadaputel, HeoOXOoaM-
MOCTE MNPONOVCKATbH JyuYd H3 TpPyOKH
Ha KpPHCTAAa uepe3 IBe POABIH — HA
OKOUIKE TPYOKM H Ha NPOpe3H KO-
uyca 4 wu, uakowel, HeoOXOIUMOCTh
IpH YCTAHOBKE CIeKTporpada Ha Kam-
It ¥ron ¢ noaduparts rpyoy /4 coor-
BCTCTBYIOUIEH JHJuHEL M obecreun-
BATL BAKYYMHOE YIJAOTHEHHE €& Ha
000OUX KOHIIAX.

A AURHOB0AROBEE  crEexmMpOpap
Puc. 107. Cxema penrrenoncxoi 10paé. Cnextporpad ¢ ¢oxycupos-
TpyOKu cnekrporpada Mopaé [71]. kKo mo wMerony Horauna, paccuu-

o TaUHHH na ofaacTe AAHH BOAH  OT
2 no 20 A, mocrpoun Mopaé [71]. CrnexkTp MOayYacTcs NpH OTPasKEenuHn
OT Kpucramia caoibl. [as Toro urofe nabeimaTb, ¢ OLHOH CTOPOHEL,
NOTJ/OUICHHS PEHTTeUOBCKUX Jyued B (oJBIe OKOIIKA pPeHTreHOBCKOH
Tpy6K¥M M, ¢ ApYTOH CTOPOULL, 3aCBEUMBAHMA (POTOMASHKH BUAHMMLIM CBe-
TOM HAKAaJTeHHOH uwTH KaToaa, Ouima TIpHMeHeHA PeHTreHosckas TpyOka
ocoGolt kowcTpykuuu (puc. 107). Karonnuii nyuox co3idaeTcs 3/eKT-
POHHOH TYIIKOH, cocTodAuwled W3 HUTH Hakada ¢ POKYCHPYIOIIHM KOJmay-
KOM /., HaXONAIIMMCs IIOJ BBICOKMM HANpsykeHweM — V/, U aHOAHOH IHa-
¢pparMel 2, KoTopasa sasem/IcHa. [Io BLIXODe M3 NYIUKA KATONHBIH MYUOK
MoNanacT B JIEKTPOCTATHYECKuH nedaexTop, OTKICHSIOWME SJEKTPOHEL

Y
N

el
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na 127° oT neproHayadLHOTO HX HampaBieHHs. [edAeKTOp COCTOHT H3
JABYX KOAKCHAABHBIX LUNJIHHIPHYCCKHX MeNHBIX IJIacTHHOK 4 W 5, H30-
THYTEIX MO painycam R, =95 ¢x u Ry=— 10,5 cau. BuyTpenwss maa-
CTHHKZ 3a3eMJeHa, Hd HAPYKHY NOIaH [oTeHuuan— V', cBasaHHBIR
¢ V ciaenyioumuM COOTHOLICHUCM:

AR
vi= 7

rie AR=R,—R,, a R=(R 4+ R,}/2. Tlpy yrasaunex BeIHuHIax
paduycos R, U R, umeem V' =0,050V. Hanpaxenne Ha peHTreHOBCKoOH
Tpy6re Owao pasuo V=20 ks, orkyaa V'=1 ws. Tpybxa paborana
npu toke {==95 ma. UTOGH Ny/IbCaluM HaNpmKeHun He HApywaau ¢o-
KYCHPOBKH 3JeKTPOHHOTO NYuYKa Ha MOBePXHOCTL Mumenu 3, V' cun-
MaJoCh C IEIHTeas nanpmkedus V, N01asacMOro HAa 3JEKTPOHHYI MyII-
ky. OnucaHHoe YCTPOHCTBO MO3BOAMAC MOAYUYHTE pPal CHEKTPOB B 06-

vV, (4,33)

(=]
J4acTH Aaui BodH oT 9 mo 14 A,

8) Hornusauquorusie CREKMPOMEMPBL € 20 PUI0HIMAADHO
BORVCUPOBKOE

B aureparype onucaHo Oo0JblIoe  KOJHYECTBO KOPOTKOBOJHOBEIX
¥ IJIMHHOBOIHOBBIX HOHU3AUUOHHLIX CMCKTPOMETPOB C TOPU30HTANBHOR do-
kycuposroit no Komya [23—26, 72, 73], mo Hwo-Mouay [74—76] u no
Horanny [24, 36, 67, 77—82]. Huxe ONMCHBAIOTCH HEKOTOPBIE Haubo-
Jee XapaKTepHEE KOHCTPYKIIHHM 3THX Npubopos.

Kopomxosoanogeti permezer08cKul VHUBEPCAADHOE CREKIMPOMEMD
KPY(C. Cnextpomerp no merony Kowya ¢ uoHmsaluonno# perucrpa-
uue# nepBMdHEIX HJAH BTOpHuUULIX (duayvopecuenrHux) crnextpos KPY¥C

‘noctpoen  Baoxuanym  [23, 24]. Dtor npubop B TeudeHue pana fAeT

BHINYCKAETCA MACTePCKUMH POCTORCKOTO yHuBepcMTeTa B JBYX BapHaH-
Tax: B OJHOM H3 HHX KPHCTA/AM KBaplia H30THYT 0o paiuycy 1 .,
p apyrov — 0,4 ., B mepsoM u3 3TUX BAPUALTOB KP¥C mpennasuayen
478 HCCAELOBAHUM TOHKOW CTPYKTIYDB CHEKTPOE, BO-BTOPOM — AJA Lie-
Jiefl peHTreHO-CIICKTPAaIbIOro 3/eMEHTAPHOTO aHA/HBa COCTABA BCLIeCTRa.
CrickTpbl MOTYT OLITh MOAYYEHBI MOL YriAaMu @ B;y’.ﬂh(l}a—Bp’:}I“ra oT 4°

]
g0 15° B untepsane aaun soar or 0,6 no 1,8 A B mepsoM mopsaake

—_— o

OTpaKeHUa OT TIOCKOCTCH (1010)u 071 0,5 10 1,1 A —— BO BTOpOM MOpAIKE,
yTO MO3BOAfAeT HccaenonaTh no K-cepud sunementsr ot 27 Co no 45 Rh
u no L-cepu —oT 68 Er 10 KOHIA MepHOUHYECKON CHCTEMD! SICMEHTOR.

Pentrenosckaa tpyoka KPYC (puc. 12) 6nlna ymxe onucaHa B ria. I,
pasaea 3. Maru® KpHCTaana Ha YeTHIpeX OMOpax OCYUIECTBIAETCA MO
meroly [Habpapra. KuHeMaruuecKas CXeMd CHCKTPOMETpPa TPelCTaBileHa
Ha puc. 108. Peurtrenosckas TpyOxa / MOMeT yCTAUABIHBATLCA B JABYX
NOACKEHHAX: B OMHOM M3 HHX NPAMOH MY4Y0K MNMEPBHYHHIX Ay4deH Npoxo-
IuT Yepe3 HEMOABUKHYIO MHOTOMAACTHIYATYIO Auadparmy 2, B Apyrom —
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uepes TY ke IuadparMy NPOXOMAHT NMYYOK BTODHUHBIX fydefl. B wamiaom
‘M3 9THX MOJOKeHHH peHTreHoBcKad TpyOka B nmpouecce padoTH  HeENo-
aBMxHaA. TIpu. uccnelOBaHMH  BTOPHYHEIX CIEKTPOB M3MYUYaTelb TaKKe
HemoABuKeH. [lo BRIXOZe H3 nuadparMbl JAy4u NPOXOIAT Yepes KPHCTAJL
8 u pasnaralorcd B CHeKTp, Pperncrpupyemer cuetunkoM MCTP-5
(puc. 66). [lepex CcUETUHKOM pAaclo/OMeHA BXOAHAA LUelb &5; WHPHHZ
ee sallaeTcs NPOKMaAKaMH, YCTAHABIMBAEMBIMH MO KpadaM. KuHeMaTHKa
cnekTpoMeTpa ofecmeuHBaeT MepeMelleHHe LWeTH N0 TOPHSOHTANLHOMY
doranphoMy Kpyry 6. Prluar 7 noBOpayuBaeTcs OKOJO BEPTHKAAbHOH
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Puc. 108, KuHeMartuueckas cxema crnektpoMeTpa KPVC.

OCH, paC'{‘IOJ'IO}I{E.HIIOiﬁ non HeHTpOM KpPHCTAMNa;, OChb CHYETYHKA aBTOMATH-
HeCKH Hampas/asaeTca BIOAL OCH STOTO pHYara. KPHC'FZI.UHO,ELEP}KHTEIIE:
YKpenJjeHn Ha IOIPYroM poluare 8, KO'I'OphIﬁ TaK¥HEe MNOBOPAYHBACTCH OKOJAO
QCH, HPOXO,E.HLL[,GH nojg LeHTPOM KpHUCTalla. Ha IPYroM EKOHIE 2TOTC
pHUara, ua paccTodHuHd, paBHOM DALHYCY El}OKa.i'IbHOPO Kpy¥rd, YKpeljenublL
NOINIHINOHUKH, B KOTOREBEIX MOMKET [MNOBOPAYHMBATBCH BEDTHE4AbHAH OCh

¢ yKpenjaeHHHM Ha HelH mxueoM . C 3TOH OCbI0 KeCTKO CBA3aH Tpe-.

TH# pnuar JO, HA NPOTHBONOJOKHOM KOHIE KOTOPOro (Takxke Ha pac-
CTOSHHH, PABHOM panuycy (QoKaJdbHOTO KpyTra) HMeeTcsd BepPTUKANbHAS
OCb, PAacnOJOXKeHNas I@OJ4 1uedbld 4 M Belyulasd KapeTKy CueTYMKa.
[IIxkus 9 cBA3aH HAKDPECT ABYMS CTAJAbHBIMH JeHTamu [/ co wxwusom 72
BABOC Oosbllero auwamerpa, wueM - wKHE 9. Llkue J2 HeNOABHAKHO
YKpenaed Ioj LeHTPOM KPHCTAIa. '

DTa KHHeMaTHra ofecneuuBaeT aBTOMATHUeCKOoe COOIDIeHHe reoMe-—
TPHUECKHX YCJOBHH, HeoOGXOMHMEBIX NPH HOHW3ALMOHHOH perucTpaLui.
KpHucTann nosopauuBaeTcd ¢ YraoBoH CKOpPOCTBH, BABOE MeHBIUEH yrio-

BoH CckopoCTM RpallleHus phivara 7, Hecyuwlero cuetuwk. Ilpusosn Bcero

VCTpPOHCTBA OCYUIECTBAAeTCs TIPH NMOMOWM AVTH I8, XecTkOo cBA3auHOH
C pHUaroM 7; HeHTP KPHBHU3HLI AYrd COBIAjaeT € LEHTPOM KPHCTAL1a.

K ofoum ee KoHuaum NPHEDPENJICHE KOHIH JBYX CTaAbHBIX JIEHT. JIEHTA 14
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HATArHBAETCA DPOJHKOM J& H OXBATHIBAeT WWKHE 16, ¢ KOTODPBIM CBA34H
Apyro# ee KoHel, a JeHTa /7 OXBATHIBAET IUKUD /6 B NPOTHBONO IO -
HOM HAMDABJIEHHWH U IDYIHM CBOMM KOHUOM TAKIKE CB3AHA C STHM LIKH-
BoM. Tloc/enmntt ckpenseH ¢ UepPBAYHLIM KOMECOM, CBSIBAHHLIM o uep-
BAYHBIM  BaAuKOM J&8. Banuxk NpHBOIMTCS BO BpaiicHHe aubo OT PYKH
Uepes pPyKOATKY J9, aubo OT CHHXPOHHOTO aBuratens 20 Tuma CH-2
(2 o6f/mun) uepes peaykrop 2/ na TPH cKopocTu: Oe3 3amendeHus

g H C saMelieHuaMu B 4 u B 20 pas; uepssaunas ne-
pelaua naer samenienne B 200 pas. Koucrpykuus
TIPHBONHOTO yCTPOHCTBA ONMHCaHA HUXKE (CM. CIEKTPO-
Merp HPYC, puc. 116).

I.ng opuenTHPOBOYHOrO OTCueTa yr.ia NoBOpPOTa
KPHCTAM1a OTHOCHTENBHO MANAIOLINX HA HEro Jyuelt
H yria nmoBopoTa CUETYMKA OTHOCHTENLHO KpDHCTaJ1a
HMEIOTCA IiBe rpagycuple IUKAadw, PACoIOKeHHble HA

Puc. 109, BepruxanuHueiii pazpes ciekTpoMerpa KPY C.

wruBe J2. OTcueThl MO STUM IIKajIaM [IPOH3BOLATCH TIO YKAIATEI9M
YKPEIIeHHbIM Ha poluarax 7 u §. TOUHMIA OTCHeT Yra0BOrO NOMONKelns
CIEKTPOMETPA HPOMSBOLMTCA TO KPYrOBOH IUKame, VKpemiewnofi ma
wkuBe 76; 31a wxana umeet 200 nedenuii; coThie Jony KAXKIOTO fele-
HHS MOTYT OBITh OTCYHTAHBI 1O INKAaJde, CBA3AHHOH ¢ pVKOHTKC;ﬁ i9
YepBAYHOro Basmuka. Ilpoussenenusifi MO 3THM Iukanam oTcuer 3aBUCHT
AuHeftio ot yria . OuAd TpanyupoBKM LIKAM IO yraaM ¢ HCHOAb3yercs
HECKOMBKO ADKMX JIMHUH CHEKTPAa, A8 KOTOPHX VLA PacCUMTBIBAIOTCA
U3 MSBECTHBIX LMWL BOJH M IOCTOSHHOH d IJIOCKOCTH NpHaMbI KBapua.

Ha puc. 109 mnpencrapaen BepTHKAAbUBIH paspes KPVC. JIyun ot
TPYOKM / momanalT Ha KpucTaidn 2 W 40 Iueau 4 TIPOXOAAT B TpyGe 3
SKPaHHPYIOUIeHd CUETYHK OT DPaCCesHHOTO u3IyueHusa. B mogjenn c 60.%:
WM pacCTOAHUEM OT KPHCTal1a IO CUETYHKA 3Ta TpyGa OTKAauMRaeTcs
doppakyymueiM  Hacocom. B 3ToM  cayuae Bxomnoe (ropuzonTranbuoe)
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M BHIXOA10e (BepTHKAABIIOE) OKOWKH TPyOw 3aKPHBATCA UedaodaHoM.
Haanune BakyyMmHo# TpyObl 3HAYMTENbHO COKPAllaeT IOTEPH) HHTEHCHB-
HOCTH TP NPOXOWIACHHHM CJI0A BO3AYyXa TOMUUHOH oKoao 1 it
VMnyaecw cueruuka 5 moc/e TIpelyCeHInTedd 6 NepenaloTed mo sKpaHn-
poBaHuoMy Kabelw 7 B 2MEKTPOUSMEDPHTEebHBLIH IIKad, B KOTOpOM pac-
NOJMoKeH GAOK TIHTAHMA CUETUHKA, TepecyeTHAd W MHTET PHPFIOUIAT CXEME,
caMomnucel, (€CAH OH OTCYTCTBYET, TO NPelyCMOTPEenbl KJAEMMBL JJIf €ro
NpUCOCANHENNS CHAPYIKH INKada),-a TakKe CcTAaDHIMBAaTOP aHOLHOTO TOKA
(mo_ cxeme puc. 24). Cxema HHTeTPMPORAHMA HMOYALCOR HMEET nepc—
KJ0uaTedb CONpPOTUBAeHUE R Ha pasnudune snavenus RC ot 0,5 mo
60 cex u mepexaiouaTeab emkoctelt €, [O3BOJAMOWIMH BHOPATL OIHO
A3 ABYX BO3MOMKHEIX SHaYeHHEt craTHCTHYecKOW owmHbKM waMepelus.
MazayuaTeap cnekTpos QaIyopecleHUMH NOMEUlAeTCs B 3aMTHON KaMepe
(puc -12), pacnonoxmenHol noj peHTreHOBCKOH TpyOkol. [lpw nepexonc
K MCCJAelOBAHIO - TIEPBAYHHIX CHEKTPOB 3Ta Kamepa cunumaercss. TpyOxa
nopopayupactcs na 90° Ttak, 4TO ee MNePBHUHOE WSJIYYCHUE MPOXOIUT
yepe3d MHOIOMIACTHHYATYIO auadparMy, OCTAWILYIOCA Ha TpPeiHeM MecTe.
Hopomixosoanosstid VHUBEPCAAbHELE DEHM2EHOBCKUE CREKMPOMEM]
PCK-4. MonusauHOHHBIH CMTEKTPOMETP A9 PEerHCTPANMHM NepPBUYHLIX HIH
BTOPMUHBIX PCHTTENOBCKHX CIHCKTpoB B ofgactd aadn Boad ot 0,1

no 2,0 A 6ma nocrpoed HapOyrrom [25]. Tpudop paccuurtan Ha yraol ¢
oT 2 no 37° Cnoexktp noayuaerca no merony Komya, xpucramn mau-
now 40 sa mocamed ONTHYSCKHMM KOHTAKTOM HE BRITYKAVIO LHJIAHIPH-
YEeCKYEK) MOBEPXHOCTH paiuyca 1 M CTeKAAHHOTO KPHCTAMI0IePHATEeld.

B PCK-4 ucnonpayores oTpaxkenus niaockoctaMu (1010) u (1340) xsapua.
PenTrenosckas TpyOxa — cmennasi. [[aa TEpBUYHEIX Jayuel TpUMeHAeTCHd
pasbopnas TpyOKa, KOLUCTPYKLHS KOTOPO#H AHAJOTMYHA OMMCAHHOW BLille
TpyOke cnexrporpapa PCJI-2 [63]; nna BosOy®IcHHS BTOPHYHBIX Jy4cH
Henoasayercs Tpybka BPB-70 (puc. 14, ra. [, pasnen 3).

KuneMatuueckas cxema cmnexrtporpajpa PCK-4 u xon ayue#t B Hew
nokasagm na puc. 110, Ma wucrounMka [ peHTTCHOBCKHE [yud Yepes
MHOTOMJIACTHHYATYIO Auadparmy 2 MONagaoT Ha HENOIBHKHLIE KpHUCTAMLT 3
H moc/de OTpaweHHs OT €ro BHYTpeunuX ILTOCKoCTel uepes wets 4
MPOXOAST [ CueTUMK (Ha uepresme He nokazan). [Hleas yKpemieHa Ha
kouue TPYGH 5, KOTOpas MOMKET CKOMb3UTh BUYTPH XOMyToB 6 u 7
B HampasieHWd OCH OTPAKENHOIO Tyuka Jayuei. [llepennu#t  xoHei
Tpy6H §. Bcerma HAXoAuTCs BHYTpH Apyro#t Tpy6nt & Irta nocaenusd
u 004 XOMYT4 JKECTKO CBA3aHB C PHYarom 9, KOTOPHH noBOpavynBaeTCs
oTnoCHTebHO ocH O, mpoxonsiuie# Yepes UEHTP kpuctaata. Ha 1pybe &
HAl e 4 YKPemAcHa OChb, CBA3aHHaa pruaroM /0 ¢ nHemonsukHOM
ocwio OF, Haxonsuwedics B uenTpe QokanpHoro Kpyra. Omucannoe ycTpoi-
CTBO 4ABTOMATHYECKH VICPIKHMBAEGT LUlelb CYETUHKA HA QokaibHOM KDPYTe,
4 OChb CHCTYHMKA RCErja HanpaBideT Ha UeHTD KPHUCTAITa.

HMcTounuK peHTTCHOBCKOrO HM3/yueHHs W avadparmMa ycrauoBieHsl Ha
crosmke 1], KoTopuifl Moxer moBopauuBathbes okono ocu O. Csnse
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MeHAYy Pprdarom 9 u croaukom 7 ocyuiecTRagerca asyGuaToll nepe-
naue#t, oOecneuuBamolleli ONHOBPEMCHHOE BDPAUIEHUE HX B IPOTHBOMNOJION-
HEE CTOPOHBI Ha OAMHAKOBBIG yribl, TeM caMblM VIOBIETBOp#eTCA DaBeH-
CTBO YTJI0B ¢ TMAHEHHs M OTPAKEUUs JIyuell OT aTOMHBEIX MJ0CKOCTeld
KpHUCTaLIa.

TlpuBof -Bcero ycrTpoRcTBA OCYLIECTRAACTCH OCOOBIM CHHYCHBIM MeXa-
uusMoM. Ha koHue priwara 9 umeercsa ock OF, cBa3LIBAKONLAA €O ¢ MO-
IBHXKHOW Kapetkold /2. [llociennss CKoJb3UT BLOJb Hanpasisoiued 73,

() —

= vr—

.

Puc. 110. Kunemardueckas cxeMma cnextpomerpa PCK-4 [63].

VKperJcHHOR Ha npyroft kapeTke /4, KOTOpas JABHIKETCH BIOJIb HENO-
asHwHOH Hanpasmioueh /5. Kax Buano us puc. 110, paccrosuue
ocn O ot muHun OO NPONOPUMOHATBHO BedduHile sin . 3TO paccTo.i-
HHE OMNMpeleqseTcd Ha HeNOJBHMKHOK Kaite /6 Mo HOHuycy, CBAIAHIOMY
¢ xapetkod J4. TIpu HCIO/NB30BAHHH IJIOCKOCTH TIPH3MEl KBapla (1010)
nepeMelieHuio KapeTkn J4 Ha 1 s COOTBETCTBYET H3MelleHHe IJMHBL
Boanbl Ha 10X (B mepeoM mnopanake oTpamennus). Kpome Toro, mupen-
YCMOTPEHa BO3BMOMKHOCTB TNEPEX0Ad HAd OTpPaxenue: oT miaockoctel (1340)
kBapua. B srom cayuae 1| ua TepeMELIEHHS KapeTKH COOTBETCTBYET
M3MCHCHHIO JIHHE Boaubl na 2,5 X. Taxum ofpazom, npubop oTanuaercs
MOCTOAHHOM JMHEeHHOW JucnepcHed Mo BeeH oO1ACTH PCTHCTPUDPYEMDLIX
aaun voad. Ilo sakony Byuaeda —DbBparra AgMHa BOXHE A Nponopuuo-
113JbHA BeJauuliHe §in o, HOBTOM} HMEeTCs BOSMO)RHOC’lb HpOl"pﬂ,J.YHpOBaTb
wkaly /6 HemocpelcTBeHHO MO AJHHAM BOJH.
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INepeaprskeHne KApeTKH {4 OCYLIECTBAASTCA NUO0 MUKPOMETPHYECKUM
BHHTOM OT pyku ¢ TouHocTeio A0 0,01 wma (B npenenax no 50 ),
auG0 aBTOMATHYECKH OT MOTOpA 4Yepe3 YepPBAYHYIO TNepenauy.

Cnextpomerp PCK-4 1osBoisfer Taxkwie NPAMEeHHTb GOTOrpaduyecKyio
PErHCTPAUMIO; A 3TOro meab 4 3aMmeddercs kacceTol nas  ©oTo-
MJICHKH. BO BpeMs CLEMKM CIEGKTPOMETD OCTAETCH HEMOABHMKHBIM.

Hopomrosoaroself . penmeenosciud  cnexmposemp Béprca u
Lpyrkca. Ilaa onpelelentds CONepmaund JeMEHTOB 0 CIOEKTpaM peHT-
TCHOBCKOH (MIYOPECHEHIHH, MHTEHCHBHOCTH KOTOPBIX MOMET ObITh H3Me-
peHa B posayxe, Bepxc um Bpyxc [82] mocTpouwnd KOpPOTKOBOMHOBBIH
chneKTpoMerp ¢ Qokycuposkoit mo weroldy Morauna. Kak usBecTHO,
B KODOTKOBOJHOBOH OOMACTH CHOEKTpPa, TpH MadulX YraaXx ¢ MeTol
Horanna He obecriedmsaeT BLICOKOR paspellaouledl cuie, OIHAKO HTOTO
v He TpedyeTcsa nna anannTHueckux uedeH. C ApYro# CTOpPOHBI, B METOAE
oranna, B otauune or metona Komiya, MCKaAOuaercd mOraoweHde PeHT-
IeHOBCKMX JIyued B KpucTalle., ITO CYUECTBEHHO [Ias cpeiHch oB6/acTH

cuexrpa (B obOaactu mauu Boan ot 1 go 2?\). [ToCKOAbKY H3NYYeHHEe
ONMpeOeACcHHOH AMHUBLL BOJHBEL MONANACT B CUSTUYMK UYepesd I1Iedb, GOABIIOH
LWIHPHILL CHeKTpa Ha oxaabHOM Kpyre He Tpebyercd. Boisee Toro,
C UEJpK YMCHbIIEHHS HBAMIIHETO pacCesHHOTO H3/YUYEHHS B CHEKTPO-
MeTpe JKeNaTeNbHO MCKJIOYHTL BECh CNEKTP, KpPoMe TOR NHHHH, KOTODasd
pPerucTpUpPYeTCd B JAaHHBIR MOMenT.

Fl
Puc, 111. Cxema noxryuenus Puc. 112, Cxema uolyuegus
(pnyopecuUeHTHOTO CHEKTPa OT (pryopecueHTHOrO CIHeKTPa OT
naockHx ofpasuor no Bépxey BOJOCHHX o6pasuoe no Bépxcy
u Bpykcy [82]. u Bpyxcy [82].
1 — pentrenosckad TpyOka, 2 — ofipa- F — auabparMe YOI T4CAAKA HA PeHT-
3ell, § —BEOLHAA meilb, 4 — H30THY- FeHOBCKYH TPYOKY. OcTaakhme of03Ha-

TeF KPHCTAAA, § — BEIXOAHAA IUEAB,

UeHHA Te Hie, 4TO H Ha pHc, 111,
f§ — cHETYHE, 7 — QORAALHEHA EpYVC,

CxeMEl monyueHust (IYODECUSHTHLIX CIEKTPOB OT IJIOCKHX M OT
BOMOCHEIX O0pPasLoB, YAOBICTBOPAIOLUIHE MEPEUHCASHHEIM BHILIE YCJAOBHAM,
npencrasieds Ha puc. 111 u 112, Tlpu uccienosanuu miockoro obpasua
NOC/eAHHA yCTaHaB/iuBaiCA 3a (DOKAJTBHBIM KPYTOM, H JAYYH IPOXOIAHIH
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13 KPUCTA/IN Ycpes Iledb, MNOMEUIEHHYIO HA CaMoM (OKAILHOM KpYTe.
B cayuyae ponocuwlx 00pasuoB aHANMBHPYEMbIH TODPOLIOK HAHOCHJACA HA
TOHKYH CTEKAAHHYIO HHTh, KOTODAad YCTAHIBAMBAJACh Ha (DOKAJIbHOM
kpyre. B oGoux cayuasx peHTreHOBCKas TpyOka u oOpasen OwiIM
HenOABMKHBL. Kpucranl Mor gBHraTbca no GOKAIBHOMY KPYTLY: B Ty Ke
CTOPOHY, HO ¢ BaBce GoJbllefl yrioOBOH CKODOCTHIO ABHTAaCh H BHIXOJ-
1ad Medb BMecTe cO cueTYHKOM [efirepa. Takum obpazom, B 3Tol KOH-
CTPYVKUHH TIPW W3MEHEHHM PCTHCTPHUPYeMOH [/JMHE BOAHBL (DOKAMBHHHN
HPYT MOBOPAYHBAETCS OKOJO CBOErQ LEHTpa.

Crexmposmemp Oag Kpabduell KOPOMKOBOAHO80L ofracmu perm-
eennscrkux aydeil. Bexman [73] NOCTPOMN PEHTTRHOBCKHH CIEKTPOMETD
nna uccaenoBaHus K-cepHH Tsmedbix saeMeHTOB (73 Ta — 92 U) B ofaacTu

o .
aaud BotH » oT 0,10 no 0,22 A. PasmoxeHue ayuefl B CHEKTp ocyiie-
CTB/IHIOCh KDHCTAMIOM KBapua 1o meTony Komya npu orpameHuu ot

naockocTe#t (2243), nna xKoTopelX nocrosuHad d=—1012,75 X. V¥kasaH-
HOW ofaacTH crnekTpa COOTBETCTBYWT Yraw ¢ oT 3 ano 6% Paanyc
maruda xpuctaana R=— 2,66 . PeurrenoBckag Tpy6xka ¢ MarHUTHOH
dorycupopko#i kKaroaHoro nyuka pabotara npu 500 xe w 80 _uxa.
Hanpakenne Ha TpyOKY mnoaaBajJoCch OT SJEKTPOCTATHUECKOTO reHepa-
Topa Bau-je-T'paada. Craduiusanus HanpamkeHns oGeCleyHBATACh C TOU-
HocThO 10 19/, Chnexrp perHcTpUpOBANCH CHMHTHISIMOHHBIM CUeTUH-
xou ¢ kpucradioMm Nal anumaserpom 25 mm, tommumuof 25 ma. s
YMEHbIIEHHA (GOHA, BBI3BAHHOTO PACCESHHBIM H3AYUYEHHEM U OTPANKEHMAMH
BHICIIMX TIOPAAKOB, TPUMEHEHO, BO-NEPBHIX, TIIATENIbHOE IKPAHUPOBAHUE
CBHHIOM PEHTTeHOBCKOH TPYyOKH M CYETYHMKA, 4 BO-BTOPHIX, — BhLIEAEHHE
HMTUYALCOB, BLIBBAHHHIX HCCHACIVEMBIM H3JyYeHHEM, C NOMOUILK) OJHO-
K4HAABHOTO AMILIHTYIHOrO AHAIH3aTOPA.

e o

Puc. 113, KuneMaTHuecKan cxeMa cnextpomerpa Bexkmauna ]73].

KunemaTuueckas cxema clekTpoMeTpa Bexkmana nmokasana Ha puc. 113.
PenTrenoBckHe yud M3 MCTOUHMKA [/ TajawT Ha KpucTaian 2 B Hanpas-
JeHHH HENOIBMMKHOre poluara 8. KpHcTamiolepikarteib KeCTKO CBA3aH
CO CTepxHeM 4, KOTOpPHIE MOMKEeT NOBOPAuYMBaTBLCA OTHOCHTENIBHO BEPTH-
KanpHOH OCH, mpoxoasulel yepes HeHTP Kpuctasia. OTpameHuble Jyuu
pacnpoCTPaHsAOTCd BAOAb OCH pwidara & W yepes Weldb 6 NONAajalnT
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B CHMETYHK 7. Pplyar § Taxe MOMKCT INOBOPAauHBATBLCS OKOJAQ BEPTHKATb-
HOM OCH, npoxoisawei uepes LedTp KpucTadita. Llleab n cueTynk yxpen-
JeHH Ha INIOUWIAAKe, ECTKO CBA3aHHOH ¢ phivarom 4. B sToff naowwaike
uMeeTcd MIMHL, RIyiwuu#  Bloab  OcH  pblHara §. B miun 3aXoauT
IWINH/IBKA, YKDelJIeHHas Ha KapeTke §; HOocieluds MONKET TMepelBuTathCs
N0 HANpaBAdOWMM 9 ¢ TNOMOWBI0 Belylwero BuHTA JAaunoh 200 wua
¢ mwaroM pesbOnl 1 ma. OTcYeT NOJOKEHHA CYETYHKA IPOBOAWTCS TO
MMJIIHMETPOBOHR IIKaTe W Mo Kpyropomy JaumOy /0, ykpenienHoMy Ha
peryweM BuHTe. JlumO nmeer H00 pencHuil, MosBOJAGLWHX OTCYHTHEATH
TIO/IOKEHHE CHETYHKA C TOYHOCTBIO 10 2 mrc. DHHT NO3BOJASET MepeKpuiTh
HHTepBad Iaun eoaH Ak=—76X. lwucnepcus nputopa— 0,382 X/ um.
Wlupuna wenu — 0,1 aa.

¥roa majeHHs ayuelt Ha OTpaMaUIME MIOCKOCTH KPHCTAXIa IOJKel
OLITH BCErla paBeH VLAY MEMIY ITHMH ILIOCKOCTAMH M JAYYOM, HIYILHM
OT KPHCTA/N/a B HATIpPARJAeHHH wead O. Jto obecneyusaetces yerpof-
CTBOM, COCTOSIIMM M3 IBYX priyaros /7 pasHoR maunel u KapeTku 12,
CKOAb3Ale Broas prwara 4. Oawus kouuom 00a 5TM puivara moca-
’KeHLl Ha BEPTHKAABHYIO OCbh, CBA3AHHYI ¢ Kapetkoft 72, okoiao koTo-
POH OHH MOrYT CBOSOAHO TOBOpAYHBATHCH. [IPOTHBONMOAOKHBIMH KOH-
LaMM PHYATH MOCAKEHBl HA BEPTUKANBHBEIC OCH, CBS3alllbIe ¢ pHYaramMu 3
u §, Kax NoKasaHo Ha puc. 113, Paccrosnus or 3THX oce#t 40 OCH
Bpallelud KPHCTAZJIa paseel Mexay cofoft. OnucawHas cuereMa prya-
rop, ocell W KapeTku /2 apTOMATHUeCKH NOBOpAuyHBaceT phiuar 4 (a Bmecte
C HMM M KPHCTAII £Z) Ha ¥roj, paBHHA TMOJOBHHE YIaa IOBOPOTA
peuara &, Hecyllero CuYeTyHK.

B cBasu ¢ TeM, 4TO KATOIHLIA nVY0oK ODHAPYIKHBAM 3aMeTHBIE DIYKTyd-
IHH BO BpeMeHu, OBLT NPUMeHEH CASAVIOUIHA METON PerucTPauHd MMIYIb-
COB CUETYMKA: YHCAO HMNOYJLCOB OTMEuajoCh [Cerga AQ AOCTHIKCHHA
3aldHHOTO KOJIMUECTBA SJEKTPHYECTBA, MpOTeKawllero L aHOOHOH ueln
pentrenorckoft TpyOxn. Tleueparop Bau-ge-I'paada noasep:kuean TOA
BLICOKHM OTPHIATE/NbHEIM HAaNpdXeHHeM KATOOHYE 4acTh TPYOKH — 3JeK-
TPOHHYK TFIIKY. Mullens 3aseMasnach Yepes KOHJAEHCATOP, HAKANAH-
Baplini 3apar (IMepecHOCHMBEIM auoilbiM TOKOM) [0 CTaHIapTHOH Bedu-
YUHBL 2 MK, NOCTE HErO 2MeKTPOHHAA CNYCKOBAad cXema («UHTerparop
TOKa» — M- [83], cTp. 404 u cien.) GricTpo paspsiKana KOHAEHCATOP.
Paspaan nNocaegHero AaBaqM  uUMOVABCH, 3acTarassiuge cpadaruisaTh
nepecuerny® cxemy. [locne ortcuera 23a0aHHOTO  UHCAAZ  HMIVILCOB
(or 300 no 10000) mnepecuerHas cxeMa CUMHTHINALHOHHOIO CYETUHKA
ABTOMATHYECKM BHIKJAIOYasacs. Tawkum o0paszoM, @OKasaHus mnocieiHe#
BCEr1d OTHOCHJAHChH K 33JaHHOMY «HHTErpaibHOMY TOKY». COOTEETCTBYIO-
wuit 3apsai, MEePeHOCHMEIM AHOAHBIM TOKOM, YycraHaBausaiaca ot GO0 no
20000 mwr. .

Kopomicosonnose cnexmpomemp Hwo-Morda. Cnextpomerp, TO-
crpoennpit IHioMoHIoM [74] no paseuToMY MM MeTOLY, UMeeT KDHCTA/
KBapua pasmepamu 723 77 uu® uw Tommuweo#t 1 uu, wusornyrtomil 10

panuycy 2 4. Chnektp nogyuaeTcss Mpu OTpamenuy 0T maockocteit (1340);
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PACMOMOMCHHBIX MEepPNeHInKy/IapHO K TOBepPXHOCTH kKpucTadaa. [lpubop
MCIOJBSYETCH I/I PETHCTPAUMM YKEeCTKOIO PEeHTIeHOBCKOTO U y-H3Ayde-
HHA pajiHOaKTUBHLIX M30TOMOB. I[lOC/JeIHHE NOMElATCH B CRHHLOBOM
lrape H 3aHMMAIOT BHYTPH HETO O0beM, HMEOLHR CACLYIOULYI) TCOMETPH-
HeCKY® (POpPMY: B TOPHSOHTAJABHOH IJIOCKOCTH CEUYEHHE STOTO O0beMa
UmeeT BHA pomOa, OAdHAa AMArOHAIL KOTOPOTO pAaclofoiKena BIOJb Ha-
[paB/aeHHd HA LeNTp KPHCTA/Lid M HMeeT AJMHY D M., a Apyrag aua-
TOHa/b, PacrnoaOKeHHad BAOIb (POKAABLOTrO Kpyra, umeer aauny 0,1 g
BRICOTA OObema pasua 30 au. Msay-
UYeHHE BBIXOIMT M3 CBHHUOBOTO IUapa
Yepes JHHeHHOe BEPTHKAILHOE OKOWIKO
H TlajlaeT HA KPHCTAIL1 € €ro BOTHY-
TOH CTOPOHBI; . NPORAA KPUCTALI W
Pa3JIOKHBIUKCE B CIEKTP, H3ilyYyeHHE
uepes  BeepoolpasHO  PACXOmAILYIOCH
MHOTOMMACTHUYATYIO  AnadparmMy no-
NanaeT B CHCHHANBHEIR MHOTOKaMep-
HLIA ecdeTunk (puc. 38, ra. I, pas-
ded 2, d) aouamerpom 82,5 . [na-
(¢rparma COCTOHT H3 LIECTH CBHHUOBHIX
naactud aauno#t 0,8 wu; wupuna naa-
CTHH H TNPOMEKYTKOB MCIKLY HHUMH
OJLMHAKOBA H COCTABAAET B V3KOH 4acTH
(co cTopour! cueTunka) 4,4 au; BRICOTA
naactud — 50 wae. T1IacTHE saK.aI0-
YeHH B TOJCTOCTEHHYIO TPYOY 3 cniiasa
TAXEANK MeTaioB (Pb, Sb u Sn) u
00pasyioT 7 TNpOMeXYTKOB i TpO-
xoma ayye#. Iwuadparma nossojser
OTIEMUTE  OTPaXKeHHbBIH  KPHCTAIIOM
IYyUOK Jy4YeH OT NpaAMOrQo Ny4YKa NpH
haunax eoan A > 7 X, Puc. 114, KuHeMmaTuuecCkas cxema
KuHeMaTHyeckas cxXeMa CrexTpo- criexTpoverpa o-Monna [74).
metpa [w-Mowaa mnpencraeieHa Ha '
puc. 114, Beuny rtoro uTo nauBoiee Taxenolh wacTLid CHEKTPOMETpa
spdsercs auadparMa f, ona BMECTE €O CUETHYMKOM 2 VCTALOBJEHA HENO-
ApuHO. Kpucrann 3 mosopauuBaercs OKOMO BCPTUKAABHOK ocu O, Tpo-
XO4AWel uepes ero HeHTP; HCTOUHHK H3ayueHus T ¢ BABoe GoJibuwief
Yra0BOH CKOPOCTBIO MOBOpPavHBaeTcd oOKoJA0 To# ke ocu. [lpu stoMm
HCTOYHHK ABTOMATHYECKU YAEDMHBAETCH Ha POKANLHOM KPyre. DTO L0CTH-
raeTcsd CAeLYIOIHM yCTpOHRCTBOM. Prhiuar 4 mosopauuBaeTcs oxoao ocu (O
H JKCCTKO CBH3@H €O CTOJNMKOM KDHCTaNd0ZepraTeds. Ha 5TOT poluar
HAleTad CKOAB3ALAA BROJL Hero MydTa &, ¢ KOTOPOH MKCCTKO CRH3aHA:
gapetka 6. Tlociennss MOMET CKOMLBMTL HA POJUKAX BAOJbL HATIPABITO-
welt 7, Kayalowehca OKoI0 HEeNOIBIKHON BepTUKAAbHOH oOcu , 3akpel-
Jenno Ha oceBOH AMHUH nuadparvel, mpoxopamch uepes O.

Ns
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Hcrounur wuanyuenus 7T yKpemiedH Ha Tonsyue 8, KOTODHIE MOXKeT
‘CKOMB3UTh BAOAL pridara 9. IlocieaHu#t nomopaumBaeTcd oKoao ocu O,
A Ha CBOEM IPOTHBOMO/JOMHOM KOHLUE HeCeT BEPTHKAAbHYI OCb P, Beliy-
wyio Kaperky J0. Ocp P 3axkpenicHa Ha pbluare 9 Ha pacCTORHHE
OP = 0Q. Kaperka /0 MOMeT cKOAb3uTh 1m0 KapeTke 6. Llentp dokanb-
110T0 KPYra HaXOIMTCA Ha pwuare 4 B TOYKE, uepes KOTODPYH MPOXOIHT
BepTuKaabHagd ock OF. Ita oCk CBA3aHa pweivaroM /7 ¢ apyro# BepTH-
KaneHOH OChI0, yKpenJaeHHOR HAa mnoj3yHe 8 B ueHTpe HcTounuka 7T
ODTOT MeXaHH3M TOCTOSHHO YIepHBAeT MCTOYHHK Ha (POKATBHON OKDPYIMK-
HOCTH ¢ leHTpoM B 0.

Ha kaxnoM u3 KOHLOB KapeTkH 6 YKDem/IeHH MO [Ba MOIUIMIIKKA
{0IMH Hajl IpyruM), B KOTOPHIX MOPYT BPAWATLCS NBA BUHTA € OIHHA-
KoBO#i pesnfoR. Ocesnle ABMIKEHUA BUHTOB HCKTIOY9CHBL, HIDKHHE BHHT
OPOXOIUT Heped MYy(TY, KAYAOWYIOCT Ha HeNOLBIKHOH ocu Q. [lpu
BpalleHHH STOTO BHHTA ©OT PYKH kaperka 6 OVIET CKOAbL3HTL BIOJb
HaNpaBaMoWeH 7, uamenss tem camsim / QOS = ¢ — yroa Mexay orpa-
FHANWHMH aTOMHBIMH TJIOCKOCTAMH -KPUCTANIA H OCEBOH JHHHEH KOJIIH-
Matopa. Bepxwuft BHMHT CBA3aH C HMKHUM BUHTOM ABYMA ONHHAKOBHIMH
wIeCTePHAMH, HAXOIAWMMHUCA B 3saueleHHd. [lpu Bpauenun oT pyKH
HUXXHErO BUHTA BEPXHHHM BHHT BpamaeTcd B IPOTHBONOJICMKHOM HAmpa-
B/ACHHH C TOH e YrilOBOH CKOPOCTBIO. BepXuu#l BHHT HPOXOAHT uepes
MyQTy, CBA3AHHYI C KapeTko# /0, m [BHraeT ee B TOM JKe HampasJ/e-
HHM, B KOTODOM OJHOBPEMEHHO IIeDEMeulaeTcs U Kaperxa 6.

Vs npuBencHHOrO OMUCaHUA CJEAyeT, YTO HOPMalb K KDPUCTAITY
BCerja HampaeieHa mo ocH poluara 4. Touky nepeceweHHs 3TOH OCH
< npaModl QP oGosHauum S. [lpu cBopkeé MexaHuaMa paccTosnus QS
# SP ycTaHaBIMBAKTCA PaBHBIMH. [IPH BpallleHHH BEPXHErO BHHTA M3Me-
uaerca / SOP —yron mnagenus aydefl ua aTOMHBIE MJAOCKOCTH - KPH-
€Tamna. YCTPOACTBO MexaHHW3Ma o00eclneYuBaeT MHOCTOSHHOE PABEHCTBO

¥rioe
£ QOS =/ SOP = o,

W sroro pasexctsa, a rakixe H3 yciaopud OP = 0Q chenyer, 4To 0Ch
HANPaBAAOWER 7 Becerfa 6yleT pacnoNoKeHa NOL NPAMBIM YTJIOM K pwiyary 4.
ITpi paBHOMEpHOM BpalleHHH HHKHErO BHHTA DaBHBle oTpeskn QS u SP
OYIYT U3MEHATb CBOIO LJHHY Takxe paBHOMepuo. I1OCKOMBKY NaMHL O P
u OQ wneusumenusi, orpesku QS u SP Bceraa NMPONOPUHOHAIbHEl BeJ/H-
YypHe sin o:

QS=S8SP=0Q - sing,
A TaK KakK, ¢ IpPY¥ro# cToponsl, no 3akoHy Byastha — Bparra

R 24
A= —8In v,
n T

TO

QS = SP=0Q

5 .
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Orc0aa caenyer, uto mpu PaBHOMEPUOM BPaWIEHUW HHMKHETO BHHTA
AMHHA BOJHBL A, Ha KOTOPYIO HACTPOEH CHEKTPOMETP, Gyner Taxike uame-
HATLCA PABHOMEPHO. ITO MO3BOJSIET JIETKO CKOHCTPYHPOBATDH MpPHCTIOCOB-
JICHUE NI HENOCPeNCTBEHHOTO OTCYeTa AJHHBl BOJNE. LIlar BHHTOB u
paccroanus OQ u OP BuifpaHb TaK, uTO OIHH 0B0pOT BHHTOB uHaMe-
HAET JUIMHY BOJHB A TouHo Ha 1 X.

Ha BepxHem BuHTe ycrtanomien GapaGan C [eqeHHAMH, TIO3BOMIOULHH
OTCUHTHIBATL g0 0,001 X.

Ecmu Ha nonsywe 8 B Touke T yCTAaHOBATH Iiedb # 3a Helt (mo su-
HUM TP) CYeTYMK, TO, MOMECTHE HCTOUYHMK H3JIYYeHUs ¥ BXOJa B KOJ-
TUMATOP (CO CTOPOHB!, MPOTHBONOIOKHON KPHCTALIY), MOKHO NpeBPaTHTh
cnektpomerp Hiw-Mouaa B cnektpomerp mno merony Kowmya, ¢ coxpane-
HHEM  BCErO  ero mexanuaMa. B TakoM BapHAaHTE CHEKTPOMETDP MOMeT
OLITb MCHOTb30BAH [ DErHcTPaiuu H3MY4YeHUH OPOTHKEHHLIX HMCTOUHH-
KOB, HApHMEP 1151 HCCASNOBAHUA CIIEKTPOB PEHTIEHOBCKOH (Ayopecie L u.

ARUHHOBOAHOBHE permeenoscrul VHUBEDCAALHOLE CHEKMPO MERp
APYC. Ins uccileqoBaiua CHEKTPOB B 00JaCTH AMHH BOAH OT 1,45 no

o
5,4 A Baoxun [24, 78] MOCTPOUI NAMHHOBOIHOBLIY PEHTreHOBCKUEH VHU-
Bepcaabueiit - cmexrpouerp JPYC, Koropm#l B TeueHue psaia JeT B-
NyCcKaeTcad DKCTEPHMEHTANbHEIMH MACTEPCKHMH POCTOBCKOrO YHHBEpCH-
TeTa. PasloxeHue B CHEKTP OCYILECTRASETCS IO MeTony HoranHa kpu-

CTan10M KBapua, BeIPe3alHBIM NAPa/Ie/bHO ILIOCKOCTAM TPH3MEL (101—0).
Tlpubop paccunTaH Ha MHTepBal YIIOB © oT 20 no 43° wuro mosBoader
PECHCTPUPOBATE CHEKTPH K-cepuu JdeMeHTOB 0T 16S 100 29 Cu u L-ce-
pun sgeMentos ot 42 Mo go 74 W. C nomousio MPYC MomHO uccre-
[OBaTh KaKk NePBAYHBIC, TAK U BTOPUUHLIE DEHTTEHOBCKHE CHEeKTpLl. Hc-
TOYHHKOM HU3JIYYEHHs CJYKHT PeHTTeHOBCKas TpyOka (puc. 13, ra. I,
paslen 3); TaM Ke OMNHCAH H MONABATENb 00pasuoE, NO3IBOAAOUILIH
OrICTPO BBOANTH B TPYOKy O6pasisl uepes WA03 Gea HapyWeunsa BhICO-
KOro Bakyyma BO Bcem oObeMe npuGopa (MPH MCCICNOBAHHH CHEKTDOR
dayopecuenunn).

Cnexrpoverp - Buimyckaercs B Tpex papuaTax. Mogens HAPYC-1
nanbosee MpHCIoco6aeHa AMA PEHTTEHO-CNEKTPAIbHONO KOMHYECTBENHOTO
4HAaH3a HA OTHe/bHBIE 9JEMEHTH. PerucTpauus CHeKTpa NPOH3BOLUTCS
cuetunxoym [efirepa tuma MCTP-3 (puc. 55). UMOyabcsl cHeTYRKa mocie
HPEIyCHIUTeNT NepelatoTed B 3JeKTPOUSMEDHTENbHLIR 1KAd, B KOTOPOM
OHH (OPMUDYIOTCSH, YCHIAMBAKTCA H HHTErPHUPYIOTCA. [loche nOTIOMNHK-
TCIBHOI'O yCHJeHHA BHIXOLHOH TOK HHTErPaTOpa M3MepAeTCs NPO(UILHEM
CTPEJAOUHEIM TanbBaHOMeTpoM. KpoMe TOro, mxad HMeeT BBIBOLLL 4
TPHCOeNHHEHHA NepecyeTHOR cxembl THna [IC-64 u sjsexTpoMexaHuue-
CKOTO  CHCTYHKE MMOYJAbCOB (MOCHefHMe iBa npubopa MHOTAA BCTpaH-
BaOTCA B wkad). B mkady HMeOTCH TAKKE BHINPAMHTENb NJ4 TIHTAHHSA
cueTuuka (10 2,4 x8) u cTaGUIM3aTOD AHOLHOTO TOKA PEHTreHOBCKOR
TpyOxu, cobpaunei#t mo cxeme puc. 24. CXeMa HHTerpUpOBaHHS HMIYb-
COB HMEET HE34BHCHMBlE NEPEKIIOUATENH conpoTuBIeHHl R u emiocrelt
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HHTEr PUPVIOIIEH sAdelKH. D10 No3BoadeT BuIOPATH HYMXKHOe 3HaueHHe RC
or 0,5 1o 60 cex M OIHO M3 ABYX BO3MOXHEIX 3HAUEHHH CTaTHCTHUEG-
cKo# omubOku usMepeHuft. 3a cTalHIbHOCTBIO BLICOKOTO HATIPAMKCHHA,
MUTAOLEr0 PeHTIeHOBCKYIO TPYOKY, B TpoUecce H3MepeHuH HeoGXoauMo
BCE BPEMS CACIWTh.

Kunemaruueckas cxema JPYC-1 u xox nyuefi B He#t npeinctasieHsr
Ha puc. 115. 3pecs J—katod, cayxawull A1 BO3OY#IcHHS NepBHYHBIX

Pue. 115, Kunematuyeckasa cxeMa crekrpometpa IP¥C-1 [24].

AyuycH TIIpH  perMcTpauMM  COeKTpoB duvopecueHUuMu; 2 -— aHOI, MOI
HHUM PacTOMOXKEH H3AYy4aTels BTOPHYHHIX CIIEKTPOB; S —— MHOTONAACTHH=-
yaTas AuadparMa, OAACTHHKH KOTOPOH BeepooGpasuo pacxoadaTcd B CTO-
pouy kpuctanionepxarens 4. Kpucraan wusorayr no panuyey 0,5 s
Han ueHrpoM ero HenompH:kiuO VYKpendeH HWIKHB 5, CBASAHHBIA HaKpecT
CTAAbUbIMU  FEHTaMHM CO INKHBOM 6, JHaMeTp KOTOPOro B iAga pasa
MCHBbUIe OHameTpd IIKHBa &. [locie pasioikeiHs B CHEKTD JYUH NPOXO-
A4T ueped wedb 7 B cyeTynk & KpucTalroaepiaredb 4 yCTaHOBJICH
Ha phiyare 9, KOTOPHE MOMET MOBOPAYHBATBCA BOKDPYT BEPTUKAILIOH
OCH, NPOXOASIICH NOA ICHTPOM KpucTatida W IWkusa 9. Ha Tom ke
peiware Ha pacctosHHu 0,25 M oT 3TOH OCH YKPENJCHH NOAMIHIHHKH,
B KOTOPBIX MOMKET MOBOPAUMBATHCA OCh, MECTKO CBA3aHLIAf CO IUKHBOM 6
u peruarom /0. Ha mpoTuBOmONOMHOM KOHLE 3TOTO PhYAra Ha paccToOf-
num 0,25 u orT ocu wkuea 6 YyKpemseHa Npyras BepTHKalbuas OCh,
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PACTIONOKEHHAA TOYHO TIOA IWIEAbIe 7 H BeIYWIas KAPETKY CUCTYHKA 8.
Kaperka cKOAL3UT MO HanpapBISIOUWHM BAOAL peivara /J, KOTOPLIA MOKeT
IOBOPAYMBATLCH BOKPYT OCH, PACHOJOKEHHOH IIOJ LEHTPOM KpHCTalda.

Onucannoe yCcTPOUCTBO MPH TepeMelieHHn preiyara /J apToMaTHdecKu
YCTAaHABAHBAET OCb CYETYMKA IO TeM e YIIOM K KDPHCTaldy, 410 u
YIO MancHHA PeHTrEeHOBCKUX Jydel: Vri10Bas CKOPOCTh HOBOPOTA PHI-
yara /] Basoe OoJjblie yrioBo#l CKOpocTd moeopora poiaara 9. Mleas 7
pacmonosxkeHa Ha (OKaJABHOM KPYTE, ILEHTP KOTOPOT0 COBMalaeT C LeH-
TpoM mWKuBa 6, a OCb CueTunKa & BCerja HanpaBieHa Ha IEHTP KpH-
cTanIa.

TIpuBoa Beero MeXaHusMa OCYLLEeCTB/SCTCH uepesd wind, nepenauini
JBUKEHHE BHYTPL RaKyyMHoro Gapabana cmektpomerpa. Ha ocu mauda
puyrtpu Gapafana pacnoiowed KR [2, coeluHeHHBIH CTAALHBIMU JEH-
TaMd (HATAHVTHIMH poJukoM [3) c ayro#t /4, ykpenaeHuo#i Ha pruiyare /7.
Ha Tom we maude cHApPYXH VKPCIICHO 4YepRAYiOe KOMECO, CBA3aHHOE
€ UEPBAYHLIM  BAAMKOM, LECYIUIMM OTCUeTHHIM Jaumb /5. Orkauka cnex-
TpOMETpa MPOM3BOIHTCA uepes orBepcrue 6.

Koucrpykuua nmpuponHoro ycrpofcrBa nokazaHa Ha puc 116, lxus 7
{/2 na puc. 1135) Haxodurtca BHYTpHM BakyyMHoro fOapafana. Yepes aHo
Bapabana NMpoxX0oauT WAHG 2, Ha OCH KOTOPOTO MOMeT CBODOILHO MOBO-
PAUHMBATLCS PA3pPesiOe UepBAylioe KOMCCO 4, CBA3AHUOE C YepBAUHBIM Ba-
auxoM €. B AmxHel I0J0BMHE UEpPBHUHOIO KOJSCAa VKPENISHH TPH
WIHIBKY &, HATAIHBAEMEBIC TPeMA NPYWHuaMH 6; KOHUB THX HPYVIKHII
OMIPATCs Ha IUMHJIbKH, KeCTKO CBS3daHHEEe ¢ BepXHol NMOJOBMHOH uep-
BAuHOro KoJjeca. [Mpu cBopre HIKHAT MOJOBHHA 3AKPYYUBAETCH N0 OTHO-
MCHHIO K BEPXHeH, mocae dero uepBdaunbid Banuk 4 ClUCOageTcs ¢ uyep-
BAUHBIM KOJecOM. Biarodapsa HaTmKCHHI NpVikHH 6 uckmovaercd m0drT
B 370M coeluneHun. [1poloabubid M0DT YepPRAYHOTO BaMHKa YCTPaHICTCS
33 CUCT BHMHTA C KOHYCOM, BXOIAUIMM B KOHVCHOe yrayDienwe Ha KoHue
3TO0TO Baanxa. llocile HardKeHus BaNHKA BUHT saKkpemidercd ralkod u
xourprafixofl. Yeppaunnfi Bagnk B Modean OPVC-2 ppautant or pykn.
Ecau mpu 2TOM 3KCUEGHTPHUKH 7 He NPHAHUMAOT AeTalb & K UePBAYHOMY
wbaecy, ock wanga 2 e OyieT UBUraTLCA.

Hetans 8 moxer B ueboapmnx npenenrax (nopanxa 0,5 acw) asu-
TarbCd BAOJAE OCH IITH(AE, HO INMNOHKA NPenATCTBYET NMPOBOPAUHBAHUIO Cé
BOKPYT 3TOH ocH. PPUKIHOHHOE CUENJIeHHe IeTaln 8 € UepRAUHMM KO-
JdecoM 4 OCYLIeCTBARETCA ¢ IIOMOUIBIO ABYX komdell 9 M3 Marepuana
¢ BoabmuM KosbhpuimenToM Tpenua. Ecaw konbua ne cwatw, mumud 2
MOMHO TIOBEPHYTh 3a PYKOATKY, PACNOIOXEHUYI0 BHH3Y ocH mauda. Ho
ecad SKCUESHTPHKM 7 Caau koabua &, 1o npupoxn wanda momer OmHTb
OCYLISCTRAS TOMABKO OT yepBayHO# napw 3—4. Takum ofpasom, MOKHO
Jerko repefTH 0T GLICTPOro Yria0BOro MepeMenicHud MeXaHu3Ma CTeKTpo-
MCTP2 K MEAMEHHOMY MHKDOMETPHYECKOMY MopeMelleHHIo Cro. Ha ocu
wanga pacmonomed auMO [0, OTCYET MO KOTOPOMY 3aBHUCHT JHHeHHO
ot yraa o Byaepa — Bparra; aumt umeer 200 nenevutt — CTONBKO Ke,
CKOABKO 3¥0GbeR ¥ dYepeauHoro kodeca 3. Cortwle foau denseuud aumda
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MOTYT OHITb OTCUMTAHEl O BTOpOMY aumOy (IS5 Ha pHc. 115), yxpen-
JEeHHOMY Ha OCH 4YepBAYHOro Baauka 4. Llkany aumba /O MomHO ferko
Nporpanyuposath B yriaaX Byaba— Bparra mo MakcuMyMaM HeCKO/b-
KX ApKuX JuHH#. COOTBeTCTBYWOWMH TrpadHK npencrapaseT cobolt npa-
My JnHAE. OanoMy medeHui0 auMGa uepBAYHOTO BAMKA COOTBETCTBYET

2P
.f///,,‘-v;ﬂ' —
'////// Illlillllll///: 4 o ///;.

Puc. 116. Ipusoanoe ycrpoiicrso cnexrpomerpa JPYC-1.

TIEpeMELIEHHe BXOAHOHM IlenM CYeTuMKa BAOAb (POKAMBHOrO Kpyra mpu-
mepHo Ha 0,01 ma. Bo Bcex coeawHeHMAX uacTed, NBUKYILHXCS BHYTPH
OapabaHa CNEKTPOMETpA, NPHUMEHEHO TOJbKO TPeHHe KaueHud. CTanbHple
ACHTHl MECTKO CBA3AHBI CO IIKMBaMu 9, 6, /2 um ayro#t /4 (puc. 115).
Bce 570 mO3BOMAET MOYTHM MCKIIOUHTL JMIOGT U MEPTBBH X0 MeXaHM3MA.
[Ipu npenusuoHHHIX H3MEpeHHAX CielyeT CHMMAaTb KDHBYW pacrpenc/e-
HUA MHTEHCUBHOCTH IO CNEKTPY IPH ABHAKEHUMM MEXaHH3MA TOAbKO B OANY
cropouy. B 3TOM cAyuae poab MepPTBOrO X043 HCKIYaeTCd.

Kpucramn wusormyr mo meroay [uasBapra (puc. 91). Koucrpykuus
KPHUCTALIOLEPHATRN U €0 CTOJMKA NOKasaHa HAa puc. 117. Kpapuesas
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Kpucrammaieckans miractuHka [ maomansio 40 3 10 uu? v ToamuuO K
0.3 mm onupaercs Ha ABa BepTHKAIBHBIX NPA3MATHUECKHX CToa6uKa 2.
C Ipyro# CTOPOHBI Ha KOHIUH MIACTUHKH HAMHMAKT BHHTH 3, coobian -
e e HYXKHYI0 KpuBu3HY. Il1acTHHKA CTOHT Ha ABYX ONOPax, HMe-
KX (POPMY TFOPUBOHTANBHEIX MOYIHIMHAPOB (H/IH npusm). [Hocae onTH-
yeCKoH dOKycHpoRkH (cM. paszen 1, 2 sToH TJIaBH) BHHTH 3 3dK/IEUBAIOTCS
WE/MTAaKOM B CBOHX pa3pesHLIX cTOHKAX.

PerynupoBanue amepTypH Kpucranna INPOM3BOLHTCH JesBUEM 4, KOTO-
PO€ NOJACTCA BHHTOM &. B HHKHEH HYacCTH KPHCTAAIOMEPaTeld W B ero

12 e

3 e 5
W 570500 [
1]
77 v,
A R \ o

7 ;
Ry

Puc. 117, Kpucrannoaepaateas
ciuekrpoMerpa JIPVC-1 co cro-
JHKOM,

CTOJIMKE WMMEIOTCH OTBEPCTHS, DACIONOXNKEHHBIE TOYHO I[I0] UEHTPOM KpDH-
crajna. Yepes 5TH OTBepCTHA NPOXOAMT IUNMUABKA 6, VKPCIIEHHAST TOYHO
MO LEeHTPY OCH, BOKPYT KOTOPOH MOBOpaumBaioTcs peivard (9 u f7 Ha
puc. 115). llnuabka ofecneunBaeT cOBNALeHHe HEHTPA 3TOH OCH C 1eH-
TpoMm KpucTaxla. IIpH IOCTUPOBKE KPUCTAN/IA B rOPH3OHTAALHOR MAOCKO-
CTH €r0 MOMHO IIOBODAYHBATE EHHTOM & OKOJO HIMHIBLKH 6; obparHoe:
npuwenne oGecneunsaeT mpy:xkuna 7. MOcruposauue B BepTuxaabnom na-
NpaBJIeHHN NPOUSBOAHTCHA TPeMs BHHTOBBIMH HOMKAMHU CTOJMMKA U TMPY/KH-
HOH, NpUTAruBaOlied CcTONMK K pruary (9 wa puc. 115). Ceepxy Ha
KPUCTALIONEPXATEAL  NABHT MJ0CKad IIPYIKHHA, TNPHKUMAIOLLAA ero
K CTOJHKY.

O6wu#t sun cnexrpomerpa IPYC-1 ¢ 971eKTPOM3MEPHTEABHLIM |
cTabHAMBUPYIOMUM 1KkadoM TpelncTaBided Ha puc. 118, Mogeas IPYC-2:
ornnyaercs o1 IPYC-1 Haanyuem CHHXPOHHOTO ABHTATENs H pPeayKTOpa,
nepenamero  BpalleHHe 4YepBAYHOMY Banuky 4 (puc.. 116) audo Ges
samesienus, aubo ¢ samennenuem B 4 uan 20 pas. Kpome Ttoro, urxad
JPYC-2 umeer BcTpoeHHmft caMomnucew THrna SIM1-09 gau IIC-1. Dro
NO3BOMAET ABTOMATHYECKH 3amuCcLIBATh paclpele/eHHe WHTeHCHBHOCTH [0
CMeKTpy, 49T0 00ecneyuBaeT, B YACTHOCTH, BO3MOMKHOCTL HPOBEJZEHHUS HC
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TOJBKO KOJHUECTBEHHOTO AHAAK3a HA OTUEJbHBIE 3JISMEHTE, HO TaKKe
KaveCTBeHHOTO H MOJYKOAWYECTBEHHOIO aHAJHM30B Ha HECKOAbKO NEeCATKOB
oaeMcHTOB. KoanuecTpeHHBH ananus Ha IPYC-2 yao0Hee Bcero mpousso-
OHUTb [IPH BHKIOYEHHOM peAYKTOpe, Bpallas 4€PBAYHEIM BATHK OT pPYKH.

Moageas JPYC-3 oranuaerca ot JPY¥C-2 vanuuueM BTOPOro, KOH-
Tpoaupywiero cuerTuura [eHrepa — mountopa; MNOCAEAHHHR NPHHHMAET
HIJIYUeHHe OT CTdHO4pTa,
COCTOSILLETO.  H3  YHCTOTO
ZAeMeHTa, 1a KOTOPEIH Npo-
BOILHTCA aHanus. Fcenenye-
MBIt ofpaselr W CTaHIapT
HAXOJATCA PALOM H CO-
BMECTHO BBOIATCA  uepes
IUJK3 B PEHTTEHOBCKVIO
TpyOry. Bropuynoe wnamy-
yenue ofpasua W cTaH-
Japra OIHOBPCMeHHO BO3-
Gy IAeTCA NEPBHYHHIM H3-
JAyueHHeM aHoaa, MMy 1LCwu
MOHHTOPA MOCAE NPeaycH-
JAHTeNS TIOCTYNAlNT B SieK-
TPOH3MEePHTSABHEIN IKad,
(DOPMHUPYIOTCA W HHTETpPH-
pyoOTca  ocobo#  aueit-
kot RC. TOK uUTETrpPHPO-
BAHHMA HCIOAR3VETCA LA
BO30eACTBHA HA LIAKAT DEHT-
FeHOBCKOHM TpyOkH. Iroi
LEdH CIAVMHT «3IeKTPOH-
HHH crabHaHsaTOp MHTEH-
CUBHOCTH», KOTODPEIH 3aMe-
HAeT B mogean IPYC-3
Puc. 118. O6uwm# sma cnextpomerpa JPYC-1 CLe DL ST L g T

€ 3MEKTPOH3MEDHTENLHEIM H CTaSHAHIHPYIOMHM }(a: HME}OIHHﬁCH BEPYﬂC—l
WKaOM. n APYC-2. MonuTtop odec-

: . NeydBaeT IpPelH3HOHHOCTD
BalUCH CTHEKTpPa CaMOMHCLEM, BCTPOSHHBIM B IOKAd, 4 TakKxe BBICOKVIO
TOYHOCTh H3MEPCHMHA N0 TOYKAM NpH PerHCTPAlMHH HMIYIBCOB pado-
Yyero cuetydxa [ef#irepa nepecyeTHOH CXeMOH H SJEKTDOMCXAHHYECKHM
CHETYHKOM. ITO nO3BOAdET HCNoAL3oBaTL JAPYC-3 He Toabko aag kKa-
YeCTBEHHOTr 0, MOJYKOJIHUYECTBEHIOIO H KOJHYECTBEHIOTO aHAJTH30B, HO H
D79 HCCNENOBAHHA TOHKOHM CTPYKTYpH BTODHUHLIX CHCKTPOB HCIYCKaHHA.

Haunnosoanosetd gpoxycupyomuti cnexmpomemp Ouauna. Crexrpo-
MeTp € hOKYCUDOBKOHN no MeToay Morawua, npelHasHadeHHwl# TOALKO I8
HCCMEeNOBAHNA TOHKOH CTPYKTYPH Y3KHX Y4YaCcTKOB CNEKTPd, MOCTPOHIT
Oumnn [77]. AHAIOTHYHBIA MO KOHCTPYKLHH CIEKTpoMeTp omucan Bpor-
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penoyM [36]. IlpuHuun ycrpo#icTBa 3THX TpUOOPOE, pacCYHTAHHEIX Ha
yraw ¢ B npedenax ot 20 no 70° mnokasaH Ha puc. 119. [lepexon or
onHo# oOMACTH ANJHH BOJH K IPYroH W COOTBETCTRVHIOILEE H3MeHEHHE
yria ¢ MPOU3BONATCA IepeMCIUEHHEM IeHTPa KPDHCTAN1a U BXOLHOH wie
cueTYHKA (BMecTe C CaMHM CuYeT4yuxOM) Blodab ocu AA. Tlpu stoM Kpu-
CTaall TOBOPAYMBAETCH] KAKIHHM pas Ha TpebyeMulit yroa Tak, utoOw
oTpaxKenubl# Jyu OB HampasaeH BAOAbL ocu AA. KpucraatonepimaTenb
W CYeTUYHK HAaXONATCH HA KApPeTKAax, KOTOPBIE MOTYT CKOMAL3HUTh BAO/b
00X HANPABIAKINHX, PacHooToMeHHBX HnapantielbHo ocH AA. Broas
3TOH OCH PACTIOJOKEHA IIKAAA, TO KOTOPOH NPOU3BOAMTCH OTCYeT NOJI0-
MEHHH LeHTpa KpHCTalla M IUETH CUHeTYHKA.

Pue, 119, TlpuEnun ycrpolcTBa CHeKTPOMETPOB
Ouauna [77] u Bporperna [36].
] —penTredoBokas TpyOka, 2 — KPHCTAAA (B TPeX MOSOXSIHIX),
& —gcuertyi efirepa, 4— BXOXHAA wieqk, Jyru, DoMeusHHRe 3(°,

45° 1 60°, —vacTH @QOKAALHOTO KPYCa NpH HacTpoinie npudopa Ha
YEASAHHEE YA, £ — kacaTeapHad K QOKAABHOMY ERYTY.

Ocb cuerudka sceria namnpasnena no oceH AA. Ha kaperxe cuetunka
HMeeTCs TOBOPOTHHIM Kpyr, Hecymu# Catasku, KOTOPHE NO3BOJMIOT Nepe-
MEIWATh CUeTUHK IOCTYMaTedbHo oI MmobuM yraoM K ocu AA. Tlepen
OTKA4YKOH CHEeKTPOMeTpa IMpPH IMOATOTOBKE €ro K HCCAeJOBAHHIO Onpege-
JCHHOTO YV4YaCTKa CHUEKTpPa [OPOU3BOLATCH VCTAHOBKA KAPETKHM KPUCTAILIA
Broab ocu AA u TpeGyeMbH TOBOPOT KPHCTAMMoaep:katedd. Ilpu 9T0M
n00uMBaQTCA coBmanenud UICIH CHeTYHKA ¢ QoKansuwvid Kpyroum. Canasku
HA MOBOPOTHOM Kp¥yre Kaperkd CuYeTyHKa VCTaHABAMBAKTCA NAPa/liedblo
KacatenbHoit K doxanpHOMY Kpyry. [Ipeln3sHOHHHIH BHHT, NepeMeniaw-
WUl CUSTYHK MO STHM CA/da3KaM, CBI3aH THOKHM MeTaJdIHYECKHM TPOCH-
KOM C UEDEAYHBIM KOJAECOM, OChb KOTOPOrOo 3aKpelJeHd HeNOIBMKHO HA
MJIHTE OCHOBaHHMA clekTpoverpa. YepBAUHBIA BanuK NPHBOAHTCS BO Bpa-
LUleHMe CHAPYMM deped RBAKYYMHLIH BBOI.

[NpeuMyILecTBOM CMNeKTPOMETPOBR OIHCAHHOTO BHILUE THNA ABJASETCH
MX BBITAHYTOCTh B OJHOM HANpPABJICHHMHM M y30CThb B IPYroM. IJTO MO3BO-
JASeT TPHMEeHHTb OOAbLIOH PAIWyC KPHBU3HE KpucTanna — 1 4 u no-
MECTHTL CHEeKTPOMeTp B LJAMHHEIR y3xu#l ©OapadaH co CpaBHUTEJBHO
HeOOMbIIHM BAKYYMHBM 00bemoM. OIOHAKO 3TH CHEKTPOMETPH 00 MamanT
M PALOM HENOCTATKOB: OHH TPeOYIOT NpelBapHTed-HOH VCTAHOBKHM BeeX
yactefi npubopa KawiIbld pas N0 CHOeUHANLHOMY pacuery, IO3BOJAKT
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H3yuaTh JUIIbL Y3KHe VUACTKH CTeKTpa. HakoHel, mepeMelnedie 11eu cueT-
YMKa 110 KacaTeNbHOM K (DOKAJBHOMY KPYI'Y TI0 MEPe VIaJcHHS OT CaMoro
Kpyra CONPOBOMKAAETCS HeKOTOPOH mnotepeHd paspemaomef cuasl. [lpu
5TOM OCh CHETYHKAa, OCTaBafach IapaniedsHOH ocn AA, yme ue 6yuer
Hanpapjiena Ha LUeHTP KPHCTAMAI4, YTO MOXKeT IMPHBECTH K HeDoabLIoMy
H3MEHEHHK) YYBCTBHTEABHOCTH PETrHCTPAUMH CHEKTPA. ‘

Lrunnosoanosslli 6oaputod ghorycupyiowut cnexmposemp Cand-
cmpéaua. JIaa ycTpaHeHUus NepeuucAenHBIX BHIIE HEI0CTATKOB CIIEKTPO-
merpos Ouamna u Bporpena, Canmctpém [80, 81] mocTpoHI CEKTPOMETp

Puc. 120, KunemMaTHyeckan cxema
H X0z nyyel §oapmoro COeKTpo-
merpa Canncrpésa [80].

OPHUIrHHAABHON KOHCTPYKUMM ¢ KPHCTALIOM, OKYCHPYIIIHM [0 MCTOLY
Horawna u usoruyrteis no painyey 2 . [NpuGop mowveieH B BAKYYMHOR
Tpybe nuamerpom | 4 w amuuo#t 2,5 wm. Ou paccuurtad Ha obnacte yr-
J0B © oT 35 o 80° 4To TMO3BOMAET, TPHMEHAS PA3MHYHBIE KPHCTAMILL,

(=]
HCCEMOBATL CHEKTPH B Ipelefax nJud BoaH ot 3,5 mo 19,6 A. Cnex-
TPOMETP TMpPEIHA3HAYEH TOMALKO IJIA HCCASJOBAHUE TOHKOH CTPYKTYDbE
crexkTpoB. KuneMardyeckas CXema ero H X0 ayyeit moxasaww Ha puc. 120.
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Cuetunk J/ yKpelieH Ha xapeTke 2, KOTOpPAs MOWKET CKOJNL3MTL TO HAa-
ApaBISIOIHM 3, napa/ieapHLIM OCH  cucTuHka. Jlepeméinenne KapeTKH
Ha HeGONbUIVI) IJHHY OCYULCCTBIACTCS TPEUM3UOHHBIM BUHTOM 4 C IIATOM
1 ma. OTcueT noaoskeHHs KapeTrkd B npeilenax 1 .y NPOH3BOAMTCH
yepes CTexkasHHOEe okowko ¢ TounocTeio ao 0,001 aw mo aumby &,
ocBelleHHOMY Jampouko#. JIBH:KeHHE BUHTY <4 MOXKHO llepelarbh M3BHe
ycpes TOPLOBYIO Kphluky GapaGana. Ilpu nepeMeilenun kaperku Oouee
yeM Ha .44 LEJ0e YUCJHO MMAAHMETPOB OTCUHTHIBAETCA 10 HIKale 6,
Taice ocBelteHHof Jammouxo#, Maobpamenune sToff mKaam oTdpach-
BAETCHA OMTHUECKON CHCTEMOHM Ha NOAYNPO3PAiHOe CTeKs0 ¢ HaHeceuHoH
Ha lleM oTcuyeTHo# crpeqkott. Ocb cueTudKa [epeMellaeTcd Mo HanpabJe-
HuIo ocn AA. '

BxonHas 1efb 7 CUETYMKA VKpenaeHa HA TOH e kKapeTke 2. Ilon
LLEMBI0 HAXOAUTCA OCh £, OKOJO KOTOPOH MOMCT NOBODAUHBATBCH PH-
yar 8. [IpPOTHBONIONOMKHBIA KOHel ero cesisaH ocbi0 O ¢ poyarom 9.
Ha 1pyroM KoOHLE 9TOTO pLuara yCTaHOBMIeH KpHCTalloncpxaTteas 0.
TMon nenTpoM KpHCTanaa MPoXoauT ocb C, OKGJIO KOTOPO# noBopauu-
paetrca puuar 9. Ocb C pacnonoxena va aunuu AA. Paccrosnus OF
i OC ycraHaBIMBaOTCA PaBULIME  panMycy (OKaJbHOTO KpyTd, T. €.
nosopuHe paaMvca R msruba kpucranna. Hopmaan k xpucramay ycra-
HABAMBAETCS TO oCH pEuara 9 u npoxoautr uepes ock U. Torma yroa
OCP 6yner paseH yray ¢ Byasha-—DBpsrra. [lox tem xe yriaom ¢
ycraHaBAnBaeTCst poar [/, necyw i peHTrenorckyio Tpyoxy /2. Prmar /7
MOMET TaKyKe MOBOPaYMBaTbCsl OKONO ocH C.

Paccroanue p wean 7 cdeTunka oT ocu C paBHO

p = R sin .
Ilo saxkony Byabha—Dpsrra usmeem:
£ 71
sin 'ZF = ﬂ .
Orcwna CoIyuyae:
nk
p= 55 M (4,34)

ITo 1O3BOASET TPOrpaIyupoBaTh OTCHETHL NOMOWelnnd KapeTKl Mo AJjH-

HaM BOJH:
2dp

fl;]\ _'}.—e. (4,30)
OGparHaa BOJHOBas IMcrepcus [, paBHa
A 2d .
Dl —_3 ﬂ; = E — COHSf (-’-.). (4.', 36)

Taxum OGPEEOM, OTCYETH p MNOJOMEHHA INeJH CHeTHHKA nutefHo 3aBH-

CAT OT JAOJAHHBI BOJHEBEL 4, 4 BOJHOBAaH IHCIepPCHA OKA3LIBACTCHA NOCTOAHHOH
1% BCero cnexrpa.
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MoctpocHHe#t CaHicTPEMOM Ha OMHCAHHOM IIPUHIHNE CHEKTPOMETP
OTJIMYAETCA TeM, YTO MIOCKOCTh (POKANEHOTO KDPYra PACHOIOMEHA BEp-
THKabHO. Priyarn 8 u 9, coeguHennbie ock (), cBoGOINO CBMCAOT
Buu3. TaK xak mnpelHusuoHHbi# punt 4 gaeT ML HeGOJbIION  XOI,
TO 1] HACTPOHKM CIEKTPOMeTpa B IIHPOKOM HHTEPBAJE JTOB ¢ HMEETCH
ApPYro# BUHT C mwaroM 6 ms. OTOT BUHT IBUraeT ONHOBPEMEHHO IBE
KapeTKH, MEePCMeIlaioIHecs Napajielbno APYr APYTY BCerjia Ha pasHble
paccroaunsd. OIna M3 3THX KapeTOK HeceT 0ch C KPHCTALIOLEPKATEA,
Npyrad — PEHTTeHOBCKYW TpyOky. O3TH nOepeMelienus IPOHM3BOANTCH
sapatee, nepen Hawa/loM paboTel. YTJI0BAA YCTAHOBKA TPyOKH Momker
ObITb TIPOU3BelleHa CHAPYXM uYepe3 BAKYYMHEIH BBOL, HO B mHpolecce
HaMepeHHd TPYOKA OCTAGTCA HEMOABHKHOM, TaK Ke KAK H 0ocb (.

B oriuude OT ONHCAHHBIX BHIILC cnekTpoMetpor OuauHa u Bporpena,
B XOI¢ H3MCPeHHH 1Heib CUeTUMKA ABHMKETCH TOUHO 10 (QOKaIbHOMY
KPyry H OCL CYCTYHKA HampaBleHa CTPOro Ha UenTp Kpuctamna. [lpu
panuyce KPHBH3HLI KpPHUCTamia 2 4 pabouas uacTh €ro BIOAb (HOKAMb-
HOTO Kpyra wuMesT HuauHy 10 20 sa, a B NepPHeHIUKYIADHOM HalpaB-
denun — 2 ma. Ulupduel JuHuM, H3MepeHHble 3THM npubopom [81],
OKa3a/HuCh JHIb He HAMHOTO OOJbile eCTeCTBenuoH IHMPHHBEL JAHHKH
N0 ompencIeHUAM Ua IBRYKPUCTAJIbHOM CIEKTPOMETPE, 4 B HEKOTOPHIX
CIyyasaX — lake MeHblle, 9YTO VYKAa3LIBaeT /MINb Ha HONYINEHHLIE paHee
OomHOKH B OUelKe CCTECTBEHHONW MUPHHLL AMHKH.

2) Ksanmomempst

Cnexrpomerpsl ¢ ONHOBpPeMeHHOW perucTpainiefl HECKOALKHMX IIHH
BOMH TIPHHATO HAa3bIBATL KeanmoMmempamu. OHU CIYKAT 4% 3KCOpece-
HOTO KO/MMYECTBEHHOTO OTpENeNeHHs CONEePMaHHA HECKONBKUX onpene-
JEHHBIX  3MCMEHTOB B (OJBLIOH NapTHH OIHOTHMHBIX 0OpPA3ILOB.
Ecan uccreayercs coctaB GumapHOro cCriaga, TO IOCTATOYCH IBYX-
KaHaJbHBIH  KBaHTOMeTD. Takwe mnpubopw mnocTpousn I paroKoymua
u Mapew [84] u Bépxc u Bpykc [85]. Ilepsuit ns 3Tux npuopor
COCTOAN W3 IBYX HOBYKDHCTAAbHBIX CIEKTPOMETPOB C perdcrpauuedt
cueTunkoM [efirepa dayopecuenTHOrO wu3nyyeHHS OJHOTO U TOTO IKe
obpasua. OnuH M3 CHEKTPOMETPOB ORI HACTPOEH HA AHATUTHYECKYIO
AUHHI ONHOr0o W3 ONpPelelseMblX 3JeMeHTOB, BTOPOH CHEKTPOMETp —
Ha JHHHW  ApYroro  ajeMeHTa. OTHOICHHE HAMEPEHHBIX HHTCHCHBHO-
CTeH He 3aBUCUT OT AaHOOHOrO TOKa, & Opu OJH3KUX [OTenlunanax
BO3OYIKIEHUR — MANO 3aBUCHT M OT BHICOKOTO HANPSIKEHHS, IPUIONKENH-
HOTO K PenTreHOBCKOH TpyOxe. [IpumeHeHue IBYKPHCTANBHBIX CIEKTPO-
METPOB C TIJIOCKHMH KDHCTAJTaMU TIO3BOAMAO TOAYUHTE BEHICOKYI) DPAas-
PelIaoULYIo CHAY MpH Manux raapurax CHeKTPOMETPOB.

Cnextporpad Beépkca u Bpyxca [85] uMeerT ellle MeHbIIHE pPa3Mepbl.
B Hem ncnonbsyoTcs ABa MadHX IVIOCKMX KPUCTalia (GTOPUCTOrO JHTHA
Tomuubo# 0,1 aa; crexTp moJyuaeTcs mpH OTPaKeHWH OT y3koro pedpa
kpucramia. Ha o6a kpucramna onHoBpeMenuo namaet payopecieHTHoe

Cmumui Mn Ko (o= 2,10 ﬁ&) 1
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n3jlydeHue OT HCCAenyemoro o6paaua. CnexTpH PerucTpHPYIOTCS Ha 0BIYIO
QOTOMAEHKY, H3OTHYTYIO no paauycy 57.3 am. Has yMeublUeHHH TOTI0-
LIEHHS [UIMHHOBOJHNOBOTO HM3/IyY4eHHd KaMmepa ChoekTporpada OTKAuHBaeTcs,
auf0 HanoJHAeTCs redumeM. BpeMms sKcnosuuuu cocrasager 0,5—1 uac.
HyscreurenpHocTs npnfopa AocTaTouHa s oGHapyskenus 20/, Mn B crann
uan 0,5%, Mn B amomunuu. HecMOTpa Ha Mainle pasMepnl, paspeliaio-
was cnocobrocTh chmexTporpada IOCTATOYHO BEICOKA OJd  PAas3deacHus

[=]

Bépxe u bBpykc [82] nocrpouau
TaKKe TPeXKaHaJAbHLIA QOKYCHPYIO-
muit kKpauromerp (puc. 121), xam-
OBl M3 KaHaJ0B KOTODOTO [Ipef-
craageT cofoll caMocTOsTe AbHBIH
CAEKTPOMET] ¢ Perucrpauieti cuet-
unkoM lefirepa, paGoralomu#t no
cxeme puc. 111 uwan 112, wo ¢ o6-
wuM o0pasioM B KadecTBe HCTOU-
HHKd (UIYOPECLEeHTHOTO HIAYYEeHUA
u ¢ o0wuM (POKAIbHEIM KPYTOM
(nocienHee yciloene He 00A3aTelb-.
HO). KsauTomerp, B uactHocTH, OwBlA
NpuMeHeH A aHanusa crameft Ha  Puc. 121, Cxema xona ayvedt B Kpau-
Cr, Ni u Mo. Kamaeit n3z xaHa- Tomerpe BEpkca u Bpykca [35).
705 ORI HACTpOGH Ha perictpa-  OSoMemu_ress vtons puc lilie ou s
uu Ayoaeta Ko 0LHOTO H3 3THX
37eMEHTOB U KEeCTKO 3aKpemlfed B TaKOM Nodoxeuwu. Ias onpenene-
nug Ni m Cr Obiim NpHMEHEHBI KPHCTAMAB (IICOPHTA, MSOTHYTHIE MO
panuycy 200 ma, u cuerunxku [elirepa, HanoaHeHHwie aprouom. Jlas
onpeneacHud Mo kpucTaan dwoopuTa OB H3CTHYT no paauycy 400 atu.
Tlpu pasuwmix paanycax KPUBM3HBEI KPUCTANIOB BXOJuasa Medb 3 paclo-
Jarajack B TOUKe NMepecedenis QOKAIbHLIX OKPYKUOCTEH BCeX KPUCTANIOE.

Hanbrelllee yBeauucHde YHCAa KAHAJMOB HE NO3BOJSET PACTIONOWHTH
COOTBETCTBYIOIIHE CHEeKTPOMETPL B ONHOM ofume# miaockoctu. [MoaToMy
B UETBIPEXKAHATLHOM KBauTOMeTpe Aagepa u Axceabpona [86] ayum
B KaKIOM CHeKTpOMeTpe PpacTpOoCTPAHAIOTCAd B BEDTHKAIbHON ILIQCKOCTH
(puc. 122). Penrtrenosckas tpy0ka / ocsemaer ceepxy obpasci B aep-
Jateae 2, pacTooKeHHLIE IOPU3OHTANBHO. PAVOPECUCHTHOE H3IVUEHIe
B YeTHIPEX NANPABACHHAX NPOXOUWT uepes Koaaumaropw Cojaepa 3
B CaMOCTOATE/bHEIC CHEKTPOMETPH €  INVIOCKHMM  KpHCTAAdaMH 4
w perdcrpupyerca cuetumkamu [efirepa 5. Ma sTux cnexkrpomer-
por Tpu cofpaHnl Ha OpPOCTEHIUHX BEePTHKAMABHEIX TOHHOMeTpax 6
(puc: 123) w nacTpaupaioTcs KaxkIBH Ha oTlelbHHH saement. YerBepTHii
CMEKTPOMETP HMMEeT TIPHCIOCOoO/eHHe 7 IJd aBTOMATHYECKOrO IIJABHOTIO
NPOXOMACHHA TIO BCEMY CHEKTDPY; NOCHEIUNH PEerUCTPUPYETCH CAMOTIHCLEM.
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BepruxaibHei#f rounoMeTp Amgepa M Akceanpoga (puc. 123) umeer
IBE Nmaphl CBASAHHBIX Medy cobof mecTtepeH: d, 6 —c¢ mepenaueit 1: 2
n 7, 8§ —c nepenayeft 1:1. lllectepun & u 7 yKpen/JcHH Ha BeayLIeM

&
Puc. 122, Cxema xpantoMmerpa Annepa u Axcenppoza [86].

Bany [0, koropui#t ppawaior or pyku. C mecrepHedt 8 cBa3aH BeAOMBIH
Ban /7, BMeCcTe C KOTOPHIM EBpallaeTca Kpuctaal I, w ykasateas 4,
No3BOJAAIIWHNA OTCYHTATh YrioBoe mnodoxeumwe no aumby 3. Pamxa 9,

&) {5

Puc. 123. Cxema ycrpofictea ronnomMerpa Aaiepa
H AKceaeppona [86].

Hecymiad cuetuuk [efirepa 2, mecTko cBA3aua ¢ 1UecTepHed 6 u BMecTe
c el cBOOOAHO IOBOpayuBaeTcs Ha BeioMoM Baay JJ1. Tlpu mepemelie-
HHM KpHCTaLia Ha yroa Ag oNUcaHHOe YCTPOHCTBO aBTOMATHUECKH
NOBOPAYHBACT CHETYHK Ha yroad 2A¢; TeM caMplM DOCTOAHIO ODecTneuu-
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BAmTCHA 'rpeﬁ}-'emble 0 BaKOHaAM OTPAMKEeHHUS B3aHMHBIC pPacnoaorcecHAA
Malawuierc 1ydya, KPHCTAA14a U CHETUHKA.
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Puc. 124. Cxema xnantomeTpa Iecaepa u Kemna [87—91]
€ NUCNEPCHOHNBIME AYeHKaMM, TIIOCKHMH KDPHCTANNAMH M
peructpanHe#l cuertunkamu Iefirepa.

I — penrrenopcxas TPYOKa, 2 — MCCABAVEMRI ofpazen, §— KOLIANMETOD
Coraepa, 4 — 1A0CKHE KPHCT&AALI, & — CUETYHKH [eitrepa.

Hanbosce coBepuieHHBI! PeHTreHOBCKUH KRAHTOMETP CHPOCKTHPOBALL
Vecaepoum, KemnoMm u Jmoucom [87—90]. B nacroamee Bpems B CLLIA
HaJamell TMpPOMBILLISIIHEIH
BRIMVCK JBYX THOOB 3ITOTO
npubopa [55] Ha 8 KaHaaoB.
PayopeculeHTHOS H3AyYEe-
HHe perucrpupyerea aubo
cuerunkamu [eltrepa, aubo
CILHHTHAAALHOHHBIMH CUeT-
YHKAMY 110 CxeMe, OAU3KOH
K paspaldoTaHHON’ 019 ONTH-
4ecKoro KeaHTOMeTpa [91].
[TpuBop BHIDycKaercH B 1e-
CKOJIBKHX BapHaHTaX, B
OJHOM H3 HHX JaTUHKOM
AB/JIAETCH TAK HASHIRAEMAN
KAWCTIEPCHOHHAA AuefKkay,
B APYroM — «HEIHCTep-

Puc. 125, Cxema xsantomerpa Iecaepa, Kemna u
Maconca [87, 88, 90] ¢ pucHepCHOHHBIMY AYCHKaMH,
CHOHHAA Avedxa». HIOTHYTHIMH KPUCTALIAMH M Deructpauiell cumH-
Ha pHC. 124 npencTaB- THIIALHOHHLIMH CYSTUHKAMH.

JdeHad CXeMd KBaHTOoMeTpa é:gig;g&iﬂ)ﬁ&ﬁﬁi ;rp_y?ii% 2_- rrt(.:cneﬂycnhlE_ 06?33&1,
C IUCTEePCHOHHLIMH AYeit- iHedh, 6— TOMHRECIHpYIOLIA Hpneann L, 7 by
KaMH, B KOTOPOM NpHMe-

HEHDl TMIQCKHEe KPHCTALIEL M PerucTpauus cuetdynukamu [efirepa. Pasnome-
HHE B CIEKTP ocyulecTBAsercs o mertony Conmepa. Ha puc. 125 usobpa-

MeHa CXeMa IAPY¥rore BapHaHTa KBAaHTOMETpA, TaK®e C AHCIEPCHOHHBIMH
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AUEHKAMHI, B KOTOPHIX, OAHAKO, CTEKTpP pasnaraercs no meroay lMoraHHa,
4 M3IYYCHHE PErHCTPUPYeTCA CUHHTH/IIALHOHHEIME cueTuyuKamu. K3 BocbMu
OIMHAKOBBLIX AYEeK OJHA HCIOJbL3YeTCH L8 PErucTPautH dJIYyOpecLeHTHOrO
M3IVUeHAA Kakoro-iaubo craHzapTa.

7 ITHM CTAHIAPTOM MOMET OHTb OCHOB-

HOH KOMTIOHEUT HCCedyeMOoro odpasia,
nibo  ocoOe#l  oOpazeu. OcraiabHbE
CeMb AYECK HACTDAMBAIOTCA Ha pEru-
! CTPAUMIO AHAMHTHYECKHX JuNHH pas-
IUYHKEIX S9ACMEHTOR B Npeledax Aaui

ful
|15 4 poan ot 0,6 mo 3,1 A. [an pasmio-
Y ;'-\45 JKEHHS Nyyedl B CNEKTP OOBIYHO HCNOJb-
| 3VIOTCH KPUCTAMIBL PTOPHCTOTO JHTHS.
| BriGop yraa Byasda— Bparra Bosmo-
E%ﬁss weH B npefeaax ot 9 mo 50°
2 3 Henucnepcuounsie auetiky (puc. 126)
Puc. 126. Cxema KsaHtomerpa Dec- ~ DBLIENSIOT CEJNEKTHBHBIMH  (DHALTPAMHU
aepa, Kemna u onca [87, 88, 90] HYMHYI) CPaBHUTEALHO Y3KVi0 001acTh
¢ HeIMCHCPCHOHHLIMM aAueHkaMH ¥ cnekrpa. Paspewamouias cuia ux sua-
pe‘“CTpau”i};eﬁ’ésﬁézi‘?ﬂuﬂommm YUTEAbHO HUMe, YCM B CAyuae IUCTep-
] — poHTreHoBCKad Tpyowa, 2-— HCCARLYyeMad CHOHHBIX f4ceK, 0QHAKO CYU'I‘ECTBCHHH B
nptfﬁa,3—CTﬁHﬂaPT,4—nHa¢parMhl,5—CC~ NMPeHMyLIecTBOM TNEPBBIX ABIACTCH Bo-
JAeETHEHEE PHARTRE, § — MIOMHNIECIHP VIOUHE =
KpHeTann, T— DAY, nee Beicokas (B 5—10 pas) u“HTEH-
_ CHUBLOCTD PErUCTPUPYEMOro H3AYUCHHA.
Peruerpaling CeKTPa NPOUIBOONTCS B kepanToMerpax XRQ u XI1Q B coor-
BETCTBHH C 6J10K-CXeMOH, IpeAcTaBAentol ua puc. 127. O6uiuil crabuausu-
poBainft  BLICOKOBOJbTHLIH
BHITNIPAMHTENL 2 TIMTAeT BCe . 5
BoceMb ¢9eTuukoB [elirepa /7. ;
[Mocsie BKIOUeHHA KBAHTO-
METPad HMMOYJABCHL  KAMIAOTO
CUeTYHKA HAKAIJIMBAKTCA 114
KOHIEHCATOPAaX COOTBETCTRYIO-
KX HHTCIPATOPOR & IO TeX
nop, [OKa CYeTYMK, PEerHCTPH-
PYIOLIMHA H3/IYYeHnHe CTANIapTa,
He JACT 3alaHHOE UYHC/IO HM-
nyJabcor. B 3TOoT MoMeHT BCe
CUETYHKH ABTOMATHYECKH BEI-
KJIUAKTCH, W [epeKigua- & =
Teb 4 (TaKkKe aBTOMATHYECKH)
NooYepelHO MOAKIINUYAET KaX-
OB U3 ceMu paGouHX KaHalOB
K YCHAMTEMI0 & U PeryaaTopaM YCTAUOBKH HYA4 6 M YYBCTEMTENLUOCTH 7.
PesyabTaTh 3aNHCHIBAKTCS PETHCTPHPYIONM MHIIHBOJBTMeTpOM 8 Ha
OymMaknol Jedrte. Bech KONMUECTBEHHHIM 4HAMM3 1A CeMb JJAEMCHTOB

Puc. 127. Baox-cxema KsaHToMmetpa [ecaepa
u Kemna [87, 89, 90].
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npousBonutcst 3a 2,5 mud. ToOYHOCTH €ro BEChMA BHICOKA M MPAKTHYECKU
He 34BMCHT OT KoJaeDaHUfl MHTEHCHBHOCTH HCTOYHHKA H3IVYCHHS, T4K
KAK OIHH H3 BOCbMH KAaHAJOB HCIO/JL30BAH B KauecTBe MOHHTOpa. Pac-
muhpoBKa Pe3yAbTATOB OTHHMAeT OYeHb Mano Bpemenu 0.1aromaps Tomy,
YTO JICEHTA CaMOInHcla paarpaq:mena 751 KawmIoro 3JAeMeHTA Helnocpeln-
CTBEHHO B NIPOLEHTax, JUG0 C TOUYHOCTHH) 4O UEJIOUUCACHHOTO MHOMKHTEIA.
B monyvaemple peayabTaTel HeOOXOIMMO, OIHAKO, BHOCHTE HEKOTOPHIE
Monpapku, cpadaHHble ¢ 3ddexraMu uabuparTeAbHOTO MOTLIOLWEHHA H BO3-
GyxaeHus (cM. ra. VII).

0) Penmezenoscrie MUKPOAHAAUIAMOPEL

PeHTTEHOBCKHMH MHEKPOAaHATH3ATOPAMH HA3LIBAIOTCH  CHEKTPOMETDH,
npejHasHaYeHHHe [J1d UCCJAENOBAaHMA COCTARAa OYECHb MalHX 00BeMOB
peuiecTea. [lepBmift Tako# mpubop Obln mpeinoxen amowem [92, 93].
B sroM Mukpoanaiusatope (puc. 128) penrtrenosckas tpyOka nosbywmiaeT

i
i

Puc. 128. Penrrenosckud mukpoaHaauzatop [amoura [93, 94].

1 —penTrenopckan TPYOKAE, 2 —MccaeayeMwit o0pasen, §— HEOTHYTHH EpHCTZLA,

4 —hoTONAACTHERS, 5 H 6 — sKpane, 7 M 8§ —u3obpaxenus 00pazua b ayuax pasoof

NAMHB BOJHML, o M 8§ — BRIOUEHHA, COCTOAIIHE H3 DASHWXN INeMeHTam, @' H B’ — Hag-
Opaseuns 3THY BEANYMCHHE.

(G IYOpCCLEHTHOE U3IYyYCHHE NoBepxHocTH uuimda kakoro-aumbo Meraiia,
CIAaBa WM JApyroro o0bekTa, 00Majaiollero MHKPOHEOLHOPOLHOCTAMH
cocrapa. Crexrp mnoayuaeres 1o Meronay [amoma (cu. poime). Ecam
B COCT4B 3€pPeH @ ¥ & DBXOIAT Pa3HBIE 3IAEMEHTH, TO COeKTpaJbHbe
uzoOpaykeHHs B JYUaX COOTBETCTBYIOULEM JMMHBL BOMHLI OYAYT MOMYYeHbLE

_OT pa3HBIX KDYTOBBIX CeueHHW KpHCTania (TOKasaHHBIX Ha puc. 128

NyHETHPOM). DTi H30Op@KeHMs BLIHAYT HA PABIUUHBIX yuacTKax hoTo-
nractuakH. Takum 06pasoM, MHKpoaHaausatTop IaMolla nosBOMACT H3VUHTH
pacnpepelienie 3JACMEHTOB MO TMOBEPXHOCTH ulimda.

MuKpoaHanusaTop CO 3HadHTedbHO Ooabuefi paspewawinefl culof
noctpoen Kacterom n luunbe [94—96]. 2ToT mpudop (puc. 129) cocrour
H3 Tpex OCHOBHBIX yacTei: 3.."[6}{'1‘;)OHHO"OHTM‘—]ECKOH CUCTEeMEBI, Jauel
HroAbYaTHH SJAEKTPOHHBIR Jy49-30HI (pasMephl erc B (OKyCe nopsika
1—2 mx?), DEHTreHOBCKOTO CHeKTpomeTpa mno Foranccony W merasno-
rpagHuecKoro ONTHYECKOr0 MHKpockomna. Paspemwaomas cuaa npuGopa
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cocTasaet okoao 2 mx. Ilpu ucciesopanuu MeTaatorpaduueckoro wangda
Kakoro-iaubo CIiaBa AeKTPOHHBIA 30HI TOL KOHTPO/IEM  ONTHUECKOTO
MHKPOCKOMA HABOANTCA HA ONpelefieHHoE 3epHO. BoabymicHuwe B sToM
3€pPHE PEHTICHOBCKME JYYH MOCTYNAIOT B CHEKTPOMETP. MHKPOAHAMN3ATOP
MO3BOJIAET NPOBECTH KOJAMYECTBEHHBId AdHAAM3 B3epHA B NAHHOH TOuKe
Ha UeJABIH  pAL  SJeMEHTOB, Jubo HaHTH pacnpeleneHHe CONepKAHHA
ONLHOTO M3 3THX 3JEMEHTOB MO
PasHEIM TOYKAM BAO/bL BHOpaH-
HOTO HampaBJieHus.
Teopernueckue OCHOBLI aHa-
2 138 «B TOYKCH» MHCCAEN0BaHBL
2 Im= 3 Kacrenom u Hekanom [97, 98],
E] B nepso# us stux pabor mo-
K43aHO, 4YTO TIPU VCKOPAIOILEM
HanpsxeHHH 29 xg U medHoH
4 5 ) MHIIEHH rAayOHHA TPOHHKHOBRE-
/ ; HHS DIEKTPOIHOTO 30H1A HMEET
e nopsaaok 2 .. HMHTEHCHBHOCTE
‘[im f BO8OYIKIAEMOTO B MCIH H3JIY-
5008 YeHWA ¥MEHbIIACTCH ¢ TAVOHHON
% ¢ OPOTIOPUMOHAILHO KOJHYECTRY
SACKTPOHOB KATONHOIO IIYVUKA,
NOMIEAUIHX 010 9TOH TaAyOHnEL, 1
MAJI0 IABHMCHUT OT YMEHBU_IEUHQ
UX 3HCPrUd (MPH NMPOXOMIEHIH
) ¢ IO - MelH  Toawmuuofl 1k
Puc. 129, ;\'%‘:1:55:”[33“35&013 KacTesa  syepryg SJIEKTPOHOB  YMEHb-
ISR waeTcda Bcero na b #s8). Bo sro-

J — 3IeKTPONNAT TIVIIKA, 2 — onadpparsa, § — nepeas =
COCHDAMIAT  SASKTPOCTATHUECKAN JTHHSA, 4 —unmep- pOﬁ paOOTC HCCAEnOBANO B/HA-

TYpuas  anadiparsa, § — BTopas cOBMPANULAT SJeK- T e . .
TRPOCTATHYSCK A nm’asa, 6-—Hccac;ye3m’t obpaser, Une CI:JJ}OP&("LLEHT”OI‘O LENLAER

o — I _f/b\.i}/
an

ANNANY

- allll B

7 — PEHTTENOBCKAR CHEKTROMETD, #— zeprano, Hu4, BOSG}TH{JBHHOFO CITJIOIHH BIM
‘@ — 0OBEKTHE METAAA0rPAGHIECKOTD OUTHUYCCKOTD MH- ¥
Kpocxona, Bff — peicOKOE HAMPLIKEIHE. CIIEKTPOM B COCEAHHX C AaHHOH

Toukolt ofbeMax, M NOKA3aHO,
UTO TpH HanpsbxkeHun 20 KB HHTEHCHBHOCTbL WBJAYYEHHS [MHKA B MecTe
‘CBOEI0 BOSHHKHOBEHHA YBEAHYHMBACTCS 33 cueT (uyopecueHTHOro Ha3yue-
unsg Ha 6,8%,, a npu Beixoze mox yraom 16° k moBepxHOCTH (0L STHM
YUIOM HCCAELyeMBIM NydOK JydeH RBIXOAWT H3 TNOBEPXHOCTHOTO CJ04A
-©00pasua B Hanpas/lennu crHekTpomerpa) — Ha 3,6%/,. Ecan B HCCTeayeMOM
8epHe ColepiKanue UHUKA Mand, a B COCeNHMX 0OLeMax — BelHKO, TO
B pe3yAbTAT KOJMHYECTBEHHOTO OIpelefeHHST COAEPKAHHA IHHKA HeoOXO-
AHMO BBECTH COOTBCTCTBYILYIO SKCICDUMEHTaNbIYIO NMOTPaBKy. Ecau npu
6OMbIIOM  COMEPIKAHUN LMHKA B COCCAHHX O0O0BEMAX COAepIKAUHE Ero
B HCCAenyeMolt TOuKe MeHce 4—5‘3"..-"(5, TO TOYHHI KOJIHYeCTBEHHEIR aHaIHd3
CTAHOBHTCA HEBO3MOIKHEIM.
MUKPOaHaIM3aTOP MPOMBIWAEHHOTO THIA co3zan Béprcom u DBpyk-
<om [101] na ocnome onucaunoro suiwe npubopa Kactena u Tuube.
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Ananoruunbli MHKpPOANanusaTop mnocTpocH bBoposckum u Miabuubiu
[75, 76]. ¥Ycrpo#ictee ero IpeacTaBieHo Ha puc. 130. DnexTpoiuno-
OMTHYECKAa cucreMa 3T0T0 npudopa gnaer (OKYCHOE NATHO pasMepanu
2—4 mr. Vexopsawollee HANPAXKEHHE MOXKET MEHATbCH B upegenax ot 30
mo 50 ks, TayOuna T1POHHKHOBEHHS S/IeKTPOHOR B oOpasen uueer
nopsaiok 2—5 amx. AHOZHEIRL TOK TPYOKH MOMHO PerylHpOBaTe B IIpe-
neaax ot 0,1 no 1 wxa. PenTreHoBRCKMe JVUH pasnaraloTcsd B COGKTP

Puc. 130, Mukpoananuzatop Boposckoro u Masnma [75, 76].

] — 3ACKTPOHHAY NYMIKa, 2 — cHeTeMa GOKVOHDPVIOIIHY MACPHUTHMY AWe3, J—KaMepa
HecaezyeMmoro ofpasng, 4 — cugTtunk HOoToios, § — HIOMHYTHHE KPHCTaal, § — MeTan-
ADTPAPHYECKHR OUTHYSCERH MAKPOCKOIL

usornyteM no panuycy 300 wa xpucrtaaaom Keapna mo metony lloMoHaa;
CTIEKTP PETHCTpUPYeTcd CHeTYHKOM C TOMOLIBIO 3JeKTPOM3MeDHUTeIbHOR
KOJOHKH OT pEHITeHO-CTPYKTypHo# ycranoekn ¥PC-50-M. 3anuce
MHTEHCHBHOCTH pPEHTTElIOBCKOTO H3/AYYEHHA, NOCTYMNAIIEr0 B CUYETUHK,
1pous3BoLUTCT M0G0 TIPU HEMOJBMIKHOM o0pasic U HenpepbBHO IBH-
WYLEMCHE BAOAb CHEKTpa cueTUHKe, /Au80 NpU HeNOABHKHOM CUETUHKE
1 HeNMpepHBHO ApmKyiemcs ofpasue. CropocTs OpwweHus o06pasua
MOwHO Menstb B npenerax oT 10 mo 120 se/surn., Tlpu sToM 3amuch
HHTEHCHBHOCTH, PETHCTPUPYEMOH CUETHHKOM, MOMKET OHTB [OJVYeHA
¢ yeenuuenueM MacmraGa po 2 - 10%, YyBCTBHTENLHOCTH OIIpeleeHudA
OTAeABHEIX 3aeMenton — nopaaka 0,19/,

HannHeRiee passuTHe MuKpoaHanausatopa Kacrena npupeno x cospa-
aup npubopa [9Y9], mosBoAAIOUIEre HENOCPeICTBeHHO BUIETE HA CHHUMKE
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TONOTPAdHUID pacnpeAcieHus OTIeabHEX AIEMEHTOB — NIpHMecel K OCHOB-
HOMY MeTamny. Ocoboe 3IeKTpOCTATHYECKOE YCTPOHCTBO  3acTapaser
UrObYATHIH  3/ICKTPOHHBIE 30HL 00eraTh NOBEPXHOCTB HCCIeAYEMOT O
wanda pasmepom 0,4 %< 0,4 uu®. Brisspaemoe 30HIOM PeHTreHoBCKOE
H3JAY4YEHHE TIOCTYMacT B NPONODUHOHAALHBINA cueTuuk. OIuoKaHanbHLIH
AMILIMTYAHBIH aHa/IM3aTOP BHIEASET HMIYJbCHI, COOTBETCTBYIOLLHE JIMHHH
ONpENeJEHHOrO SJEMEHTA; 3TH HMIY/IbCE 3aTCM HHTETrPHPYIOTCA. [loTeH-
uuan ayefiku RC HHTerpaTtopa yNpasafeT UHTEHCUBHOCTBIO ayua oObluHOTO
TEJCBHSHOHHOTO yCTPOHCTBA; STOT JAyy oferaeT skpaH OCHHIOTpadu -
UeCKOH TPYOKH CHHXPOHHO C HIOJABYaTHIM SICKTPOHHEIM 30HIOM. Baaro-
Adps STOMY Ha 9KpaHe moayuaercd (yBeauuendoe B 130 pas) usobpamenue
HCCAENyeMOro yuacTka wanda. Ha cHMMKAaX 5KpaHa MecTd, COOTBeT-
CTBYIOUINE HAMHYHIO [AHHOTO 37E€MEHTA, BEIXOIST OEJLIMH MATHAMH Ha
YepHOM (OHe.

Usnomenue obineti TCOpuM N ONHCaHHMe KOHCTPYKIHH pata peHTre-
HOBCKHX CIeKTPOrpadoB MOKHO Hafitn Takwe B kHure Bafinmresina [100].

riABA V
OBPABOTKA PE3YJbTATOB 9KCNEPHMEHTA

B 3T0# riase paccMaTpPHRAIOTCA TONBKO Te METOLL 06paBdoTKH peayabra-
TOB SKCIEPHUMEHTA, KOTOPHIE NPHUMCHSIOTCA [PH HCCASLOBAHMIX TOHKOH
CTPYKTYpLl cnexTpa. Mertoan o6paloTKH PE3yabTATOB SKCIEPUMEHTA TIPH
DPEHTTEHO-CNeKTPATLHOM aHaMH3e OYAYT M3AOMWEHB B CAelVIOLIHX TadBax.

1. IMocTpoeHHe GOpMBI SMHCCHOHHHX CIEKTPOB

s mocTpoenHs TO AAHHEIM SKCICPHMEHTa KpPuBOR [ (E) — dopue
SMHCCHOHHBIX CIEKTPOB — HeoOXomumo HalTH HHreHcumBuocte [ (uaw
BEJAMUMNIY, TMPOMOPUHOHAJBHYK HMHTCHCHBHOCTHM) BO MHOTHX XapPaKTEPHBIX
TOYKaX CHEKTPa W SHEPTrHIo $oTOoHOB E AA8 TeX e TOueK.

a) Onpedeacrnue 3nepziy omoros

Pacemorpum naufonce pacnpocTpaHeHHHIR caydaif, KOria mpu To.ay-
YeHHM CHekTpa Ha cmexktporpade c doxycuposxott mno Komya wau
Moranny ¢oronnenka pacrnojaraertcs BiOJb (OKaALHOTO KPyra. B sTom
ciyuae coraacHo (4,15) paccroanna AL MeXIY OTAENbHLIMM TOYKAMH
CHCKTPOTPAMMEl BAOJb HATPABASHHMA IHCIEDCHHM NPONODUHOHAJBHEL Pa3-
Hocram Ag yraos Byanda — Bparra, COOTBETCTBYIOLIMX TeM Ke TOYKAM.
OtHoweHue Ap/AL ecTb BelMYMHA MOCTOSHHAY BO BCEX TOUKAX CNEKTPO-
rpavmbi, O0osnaunm 31y peamuuny O:

@ — 5% — const (9). (5.1)

[Monowenne L OTIENbHHIX TOUEK DEUTIEHOTPaMMBL MOWKET OLITh M3Me-
PEHO HEMOCPEACTBEeHHO TIPH pafoTe Ha HEPerHCTPUPYIOMIEM MHKDPOQOTO-
mMerpe Tuna Md-2 (uam MP-4 npH HCMOAR30BAHHH €ro OAs [IPAMBIX
usMepeHu#t doronnoTHocTH), Haualo oTcyeTa NPOM3BOALHO, TaK Kak
B JafdbHEHINEM XOde BHUYMCHEHHNH HCOOAB3YHTCH TOJABKO pasHocTH AL
3HauYeHH# BeauyHHL L.

ITpu HCUOJBL3CBAHHH L7 PACLIHPPOBKE CMEKTPA MHKPOMOTOrPAMME,
CHITOH Ha perucTpupyiolleM mukpodoromerpe (nanpumep, THma Md-4),
CYUWECTBEHHO, YTO PACCTOAHMA MEXIY OTACIbHLIMH €& TOYKAMH MpPONop-
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UHOHA/AbHB  DACCTOSHHAM MEXIY COOTBeTCTBYIOUIHMM TOUKAMH CHEKTPO-
rpaMmbt. OTHOLIeHNE STHX PACCTOAUNY XaPaKTePUSYeT YBeTHYEHHE MUKPO-
(oTOMETPA, IOCTOAHHOE N0 BCe# AAHHE MuKpodoTOorpaviMu. Ecam B oToM
cayuae AL Gyler o0003HaYaTh DACCTOAHHA MENKAY TOUKAMH MHKPO(DOTO-
rpamuMel, To dopuyna (5,1) cHoBa okawercs cnpareinurol. B ofoux
cayuasx ® yaoOHO BLIPAXATL B YIJOBHIX CEKYHAAX HA MA.

ITpu HaMepeHWAX CHEKTPAJIBHOTO PACHpPENeelud HHTCHCHBHOCTH ha
HoHH3AUMONUBIX crekTpomeTpaX Ttuna JOPYC wan KPVC (cw. ra. IV,
passca 2, §) NOJOMEHHT LUedH CUETUMKA, ONpeiedcHHBle [0 INKAd4aM
TuX npubOPOB, 3aBHCAT OT yraa ¢ JuHeliHo. Eciau OTCYETH TO 3THM
wxanaM o003HayuTh uepes L, T0 dopmyaa (5,1) oxamercs cnparernunol
u B 3TOM Caydac, HO @ BymeT namepsiTbca yke B YIIOBLIX CeKVIIIAX
Ha JE/IeHHEe LUKA/TIH.

Bo Bcex cayuvasx, xoraa cnpaseaansa ¢opmyaa (5,1), yroa Byabha—
Bpsrra, coOTBeTCTBYIOIIMEA KaXKIOMY OTcyeTy £, MOMeT OHTh HaHzen
AHHeHHOR MHTEPNOJAUHER Mexly SHAYCHHAMH YIJI0B © NI IBYX CTaH-
AApTHLIX JIMHHK C© MBBCCTHBIMH ILJAMHAMM BOJH A, MM JHHHH AOJKHBE
OLITh CHSTH HA HMBMCPEHHOH CIIeKTPOrpaMMe PALoM ¢ Hccaelyemol obna-
CTBH) CHEKTPA; MPH (OTOMETPHPOBAHHE CNEKTDOTPAMME, a TAKKE TpH
HENOCPEeNCTBEHIION HOHHBAHONNOR PETHCTPALUHM, TOJOXKEHUS CTAHILAPTHLIX
AHHUHA AOMKHBEL OBITH oOlpeneseHbl B OOICM DALY H3MCDeHHH Mccacaye-
Moro crektpa., [Ipu STOM npoxoxIeHHe BAO/Ab CHEKTPa IOMKHO TIPOU3-
BOAMTBCS BCE BPeMA B OAHY CTOPOHY (BO HaGeXaHHC MEePTBOIO XO0Ia
MeXaHu3Ma MHKPOOTOMETpa HJAH cHexkTpomerpa). KouwtponasHme namepe-
HHUA PEKOMEHAYETCH NPOBECTH NPKH ABHKeHHH npufopa Bce BpeMs B ofpar-
HOM HAUPaBJeHHH, [OCJIE 4Yero pe3yabTaThl HaMepeuu#l YCPCAHAIOTCH.
Ecnd MePTEHMHA XOI BeJHK, TO JyYlle NOBECTH BHYHACACHHS B KarKIOM
M3 JABYX YKA43aHHBIX C/YyUdeR [0 KOHUA M YCPeIHUTL TMOJYYCHHBIC 3HA-
ueHHA SHEPrui (POTOHOB /1A XapaKTepHBIX TOYEK CIICKTPA.

K cTanlapTHEIM AVHHAM TPel'LARIATCA CACAyIomMe Tpefopanusn. Jtu
JUHHH JLOMKHBL OBITh PACHOJOMECHBL 1O BO3MOMKHOCTH Oue K uccde-
IyeMOMY ¥UacTKy CIeKTPa; ONHAKO HH 3TH, HH Kakue-aubo ApyruHe
JMHHH TeX e 3JICMCHTOB He JO/KIE HAXOAHTBCE B mpelefaX HayuaeMoH
obnactu, s nonyyenus HanGoaele#l TOYHOCTH PesyabTaTOB H3MepeHnfk
JeJareibHO, UTOOBl CTANJAPTHBIE AHHHM OBIIH PAcTooNeHsl 1o ofe
cTopoHH OT 3To# oGnacTH cmexTpa. Eciw Takme aunuu  he yIaercs
noxo6paTk, TO MOMHO BLIOPATh U JBE JAMHHW, PACIOJOKCHHEE C OJHOHR
CTOPOHBI OT HCCHEIYEMOTO YUacTKa clextpa. B aToM cayyae HHTepIoJs-
nMA  3aMeudeTcs 9KCTpanoadiueit. [lpy HOHH3AUHOHHOK pErHCTpauny,
01HAKO, YI0OHEee NOCAGIHEE PACTIOIOMENHE, XOTA OTC H MOMET HECKOJALKO
CHHBHTL TOUYNOCTb PE3YIbTATOB H3MepeHuH: €CAM STH JHHMHM PAaCTIoio-
Jelll MO PasHBIE CTOPOHE OT H3yyaemol 0O6JacTH, TO NP ABHKEHHR
CIEKTPOMETPAa BCE BPeMs B OAHY CTOPOHY MPUNOIHTCH JHIIHHA pas
NPOM3BOIUTE CMEHY MCCAGIYEMOTO BEUIECTBA.

JAMHBL BOJH CTAHILAPTHBEIX JHHHUA 20/DKib GBITh H3BECTHHI C TOH-
HOCTBW 10 COTHX nodei eaunuusl X. HeoOxounumo takike, 4ToOH 3TH
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AuHUH OBIIM ¥3KH, C OCTPO BLIPAYKEHHLIMH MAKCHMYMaMu. ITOMY Tpefo~
BaIHIO O@bIlJHO }-',-‘IOB.."IETBOprIOT KODOTHOBOJJHOBRIZ JHHHH, KOTOpre MOI‘}'T
6bITb CHATEl B BLICIIHX nop&m&ax OTpa}I{EHHH.

OGLI‘IHO CTdHIADHBIE JHHHH CHUMAKTCH OTASJABHO, IIOC/A8 TOro Kak
Cl'[E'.KTp HCC.-"IE,LL)"&MOI'O BeLUeCTBa }-‘;&{e CHHAT. ,H,.'"IH 3TOI'0 CMEeCch COQTRET-
CTBYIOULHX S/eMeHTOB (B SKCNEPUMEHTAJbHO TOLOOPAHHOM COOTHOIIEHHH)
BTHPAIOT B 0cOOYI0 TONOBKY anoma. B o1om CaAyuae HeoOXOoIUMO, YTOOEE
CTaHAApTHBIE JHHHH ObLIM APKHMH, TaK KAK CHEMKA Caa0biX JHHHH Tpebyer
3HAYKMTEIBHOH SKCHNO3HIIMEH, 34 Bpemﬂ KOTOpOH HAaJOMCHHE CTJIOIHOr G
cncx'rpa H paccedlnoro HSJI}-‘T{(-JI-II'IFI C}-’LL[ECTBEUHO CHH3HT KOHT}JE]CTHOCT}:.
HecaelyeMoro crekTpa. Ilpnm wonuszaunmonnott perucTpainnu 1o coobpa-
JKelHe e Apadercd C}"J-LLGCTBEHHJ_:H\-I; O0HAKO IOJOKeHKHe HIJKOH JJHHHE
MOMWET 6I>]Tb HAWICHO SHAYKUTEJEHO TOYHCE M 6bICTpeC, HeM TIOJAOMElIne,
cnabo# JMIIMH.

[lpu u3MepCHHH CHEKTPOrpaMMLI Ha HEDETHCTPUPYIOIEM MHKpOhoTO-
MeTpe (OLHOrQ H3 YKA3dUHBIX BLIIG THIIOB) OTCHETEl PACCTOAHUYN L Tpous-
BoaaTcd ¢ TounocThio 10 0,01 ama. Ecam ke MUKPOGOTOrDAMME TOAY~
HCHA HA  DETMCTPHPYIOLIEM MHKPOGOTOMETpe, TO NMPOMepPHl ee He MOTYT
OLITL MOJAYHUEHB C TOYHOCTRIO, npespocxonsueit 0,1 wa; nostomy mena-
TeNbHO, YTOOLI VBEAMYCHME MHKpodOTOMeTpa OO BRODPaHO He Menec

8—10. Ilpy O66ABIMX YBENMYCHUHX na MHKPODOTOrpaMMe MOMCLIALTCH
JUIIL OUEHb HEOOMbINAS YACThL COEKTpAa.

Kak yike ykaseizanoce & ri. 111, pas-
ned 1, 2, Ha MEKPOOTOrpamMMe L0TKHEL
OBITB CHATLI, KPOME OCHOBHOH KPHBOH, gl
ellle ABe BCHOMOTATEIbHBIE: TEMHOBAS ~i
JUHHA W AMHHA Byaad (cM. puc. 37). i
TeMHOBa MUHUS HIeT B HalpaBIeHHH ‘ U
ancnepcnu. IlosTomy pasmetky Mukpo-

GOTOrpaMMBl IPOU3BOAAT B BEPTHKAIb- 7
HOM HANPAaBAEHUH, NePNEeHAHKY.IAPIOM
K TeMHOROH JHIHHA; B 3TOM Hanpaec-
HHH HAa Hee TIPORKTHPYIOT xapaKrep- ol
Uble TOYKM KDUBOH, HaMEYEHHBIE MA9  puc 131, Pasmorxa MHKPOGOTO-
usMepennit. Yepes srifpanune Toukm IpaMMEL,

IPOBOISAT MUIOAKOH B VKa3aHHOM Ha- i1 2 —cTannaprubie AHHHH, MEMIV KOTO~

- PLIMH HAXOIMTCT  HCCAeIyeMad  odracthb.
UpdBACHHM  TOHKHE UADATIHHH, HauH CHEKTPA, J— TeMIUBAA JHHHE, £ — JHEHS

HawuHecs Ha TeMHOBOH /JHHHM W 3a- BYAMH, J— OCHOBHAH KPHEAA, 0 — COPM30I-

i TaABITaN BCOOMOTATEAbHAS IPSMas, Iapdi-

KAaHYHBAIOMINECA Ha JHHHH BYAaJlH. TEALHAN TeMHOBOH AMHMH, 7 — OLHA H3 MHO-
Pazsertka MUKPOBOTOr PaMMBl [0~ IHX BEDTHKAABHLX DA3METOUHBIY JNEHHHI.

kazana Ha puc. [31. Jlag yMmedbme-

HUS OIUMOKH, CBA3aHHON C BO3MOXKHOM HENapane bHOCTHIO BEPTHKAMBILIX
Hapanut, MOJAC3HO NPOBECTH I'OPHIOHTAALHYH BCIOMOTATEBHYIO NPAMYIO:
Ha YPOBHE HccaelyeMmMo# obnactu cmexktpa. CHekTpanbHOe NOACHKEHHE
KaAOR XapaktepHOH TOUKHM, BeIGpaHHOH Ha OCHOBHOH Kpusoi, onpe-
ACAFT IO €8 PACCTOAHHIO OT OJHOM H3 CTaHIAPTHLIX JHHHH. 210
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PacCTONHHE H3MEPAT JHHeHKOR ¢ MHIINMETPOBEIME medeHuamu. OTCYET
MPOH3BOIAT BAOJL FOPHU3OHTAAPHOH BCIIOMOTATEBHOR npsMOH C OLEHKOH
Ha rna3 necareix foqaelt wmu. Vamepenns Moryr 6uiThb BRIOOAHeHH W Ha
KOMIIapaTope, KOTOPBIM, OJHAKO, NPH AeCATUKPATHOM YBE/JHYEHHH MHKPO-
$OTOrpaMMLl  CYLIECTEEIHOTO TPeHMYLIECTBA He HaeT. OdveHb Yi00HDI
KOMNAapaTtopsl, CTOMMK KOTOPHIX MO3BOJACT NePeMellaTb MUKPODOTOr paMMy
CTPOTO NEPNEHAUKYAAPDHO K HANPAaBIEHHIO, 110 KOTOPOMY TPOH3BOIATCS
H3MepeHHH.

Takum 00pasom, BOSMOMHEI 1Ba METONA M3MEPEHUH CIIEKTPOrPaMMbI:
HEIIOCPedCTBCHHO 114 HEeperucTpupywieM MuKpodoToMerpe H Mo mpem-
‘BAPHTE/JBHO CHATOH MHKpodoTorpamve. B GoabluvHCTBe cayyaeB Golee
YAOOHBIM U TOYHBIM SBISETCA MEPBLIM M3 STHX METOLOB.

HonycTaM, 4TO TeM WM HHLIM TyTeMm (10 CHCKTPOrpAMME, 110 MHKDPO-
GoTOrpamMme MAM NPU HEMOCPCACTBEUHHIX HOHMBALMOHHBIX H3MepPeHnsix)
Halneno paccrosHne AL Memay ABYMA CTaHAapTHLIME JUHHAMHE | u 2
W paccrosmue A L memny sunmnedt / w HeKOTOpPOR TOYKOM X uccaenye-
MOro cmekrtpa. Ilpumem, uro )y <7k, < ). Ilo saxkony Byasda — Bparra
“AHAJOTMYHbIE COOTHOLIEHHS OYLYT HMETL MECTO W IS YrioB o:

1< Pp < Pa-

‘OGoaHauum ¢y — 91 = A9 u 9, — ¢; = A o. Coraacuo (5,1) penuunna @
MOMeT OLITh ONpefe/eHa MO CTAHAAPTHBIM [THHHSIM:

A
() Ja ok 5,2
-Baech Ay¢ ONMpelensiOT B CEKYHIAX 1[I0 PasHOCTH YOIOB ¢y M $a, pac-
CHYUTBIBACMBIX € TOYHOCTBIO 10 17 MO WM3BECTHHIM AAMHAM BOAH Ay M Ay
CTAHNAPTHEIX JHHHH. Pacuer npoBomar, moab3ysack 3aKOHOM Byabpa —
Bpsrra: :
. nhk =
0= —, '3"—)’
sin ¢ 54 (2,3)
‘Ecin cIeKTp NMOayY4eH NPH NMPOXONKIEHHH Aydedt CKBO3b KpUCTann (MeTOI
Koumya), To d npencraBaser coBol MCTHHHOE MEKIIIOCKOCTHOE paccTon-
Hue. ECAM e CHeKTP MOMydeH IPH OTPasKeHHH OT MOBEPXHOCTH KpH-
-cTaiaa (meron HorauHa), To BMecTo d CieAyeT B3ATh d, — YCJAOBHOE
MEMTIIOCKOCTHOE DACCTOMHUE 14 NaHHOTO MOPAIKA OTPaMeHUs /.
[Tpumenas IHHEBHYIO HHTEPHO/IALUIO, TIOTYUHM:

Su=1+ D AL, (5.4)

B cBAsu ¢ TeM, uTO 1418 PABHHIX CTEKTPOB YACTO TOJYYAIOTCH HE COBCEM
“ONMHAKOBBIC B3HAYeHns AgL, a caenosatenpHO, M Beauunnw @, pacuer
YhobHee BecTH mocjde npeodpazosanus (5,4) B COOTBETCTBHU C (5.2):

AL .
Pz=¢11 Qo9 AL _ (5.5)
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Ornomenne A L/A,L ue zasucuT or Macwraba crnektporpammni, B mpo-
necce MaydeHnd omnpeldededno# HeSonekWoHR obaacTu CIIEKTpa TpPH Hen3-
MEHHBIX CTAHAAPTHBIX JHHUAX BEJAUYMHEBL ¢y H Ag@ OCTAIOTCH MO CTONHHLIMI.
IlyeTe wccrenyeMmblfi yuacTok crmckTpa pacnomoken b CeXYIOILHX
npelenax sHavenuH orwomenus AL /A,L: ’

ALL AL AL
o e B (5,6)
Aol AL ™AL ’
Hast Heckoabknx 3navenudt A, L/AL B YKa3aHHBIX TpeleldX pacCUHTHIBAIOT
1o (5,5) COOTBETCTBYIOILME UM 3HaYCHHS Pz NOCIE UYEro ONpeledsior
suatdenna sneprid dotonos E, no gopuyie
’ 1,23704-107 _ 6,1852- 1088

=R AU

e L dsincpm—’
rae £, usMmcpeno B 98, k' n d—3B emmnmmuax X. 31cch  Tak Ke,
NaK no Ipu pacuere sin'g mo (5,3), sHavenne d BuGUpAOT C VUYeTOM
yKasalielx  peille  coobpaxeHud.  Beauuuny  sin ©p ONpelenasioT Mo
LIECTU3HAUHBIM  TaO/MHUAM HATYPAAbHEIX 3HAYCHHH TPUTOHOMET PHYECKHX
dyHKum#.  Pacuer E, no (5,7) nposoasr ma apupMomerpe, audo
Mo CeMH3HAYHBIM Tabauuam Jorapudmos:
=6,7913537 —lgd +Ig sin ¢, (5,8)

rie rtak we E, — 8 98, b, # d—&p cauuu-.
uax X. Hanpumep, npn nonydenus cnexrpa
no meroay Kollya ¢ HCnoab3oBanueMm mio-
ckocTel npuamel (1010) kBapua emecro (5,7) -
u (5,8) moayuum: X, I 05 if

E,=1,45671.102 —"__. (509 AL/, 0

8in gq

(5.7)

-G

’ Puc. 132.TIpuMepusiit rpaduk
lg £, ==3,1633717 4 Ig n—Ig sin - (D,10)  3aBHCUMOCTH SHeprHu £, 1 38
OT oTHOWleHua AgL/A)L.
TMochae onpencaenus E,. A neckoibkux  Lappm 1o OPAMEATE APOCTABILHLI
3HauCHul oTHOWenna A L /AL ctpost rpagux "0, e D T
3TOH 3aBHCHMOCTH Ha MHJIJIUMETPOBOH OymMare
B TakoM macurraGe, 410Gl Ads 3HaYeHHH £, OTKAALBIBACMBEIX 1O OpIu-
nare, 1 28 coorBercTBOBax He Meiiee 10 a4, a A5 3HAYCHHH ALLIAL,
OTkMalbiBaeMbix no aGenucce, 0,1 coOTBeTCTBOBAAA He Menee 100 aae.
YKasaHnbele MacurraGe SBAMOTCH OPUEHTHPOBOUHBIMU M B KamIOM OTIeHdb-
HOM cay4dae A0/DKHBL ObiTh BHOpPAHH B COOTBETCTBHH KOHKDETHHIMH
YCTOBHAMU Skcnepumentd, Ilocrpoenustt Ttakum o6pasom rpadux npen-
crapiser COO0H NIABHYIO KPHUBYIO, OYeHb MaJjo OTKJIOHSIOULYIOCSA OT IIps-
Mol (puc. 132). Tpacdur nospoaser no HalleHHOMY Aag IaHHOH TOYKH
snayeHuo A, L /Ayl nenocpencTBeHHO OTCUHTATH BHEPrHI $oToHA F,.
Hacto ObiRaeT HeOOXOAMMO BHIPA3UThL SHEpruw $oTOHAa B pHabeprax,
T. . B elMHunax &/R, rie k- BoMioBOe uHCTO B e~ a R—
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nocrodunas Puibepra. Ecau sweprus E BhIpaKeHa B 38, 4 NAAHA BOIHE!
A—p ennHuuax X #), TO HUMEIOT MeCTO CIenViollHe COOTHOLUeHHA:

E__ 911270105

- X :
£

E=13,6023 =, (5,12)
R

B cayuasx, KOrla CEKTp perucrpupyercd Ha GOTOMIACTHIKE, NOCTAR-

Mennoft nepneHiUKYAGpHO K ayuy (puc. 103, nonomenue A), mubo

BIOJIL KACATCIbHOH K (QokamsHOMy kpyry (puc. 103, nomomenne B),

(5.11)

4

Puc. 133. VMHTeprniolHpoBanke 110 CTaHIAPTHLIM JH-
HHUAM NIPH ChEMKE 10 Metoay MoraHHa u pacnono-
HMEHHH  QOTONNACTHHKH Q4  [ePHeHIHKYIAPHO
- K ayay OP.

Touxa 2 (1acTHEKM HAXOAMICH Ha (QOKAALHOH OKPYICHOCTH.

K — xpucrann, # — kacareaibHad K QOKAIbHOLN OV AKIIOCTH, Npo-

BeaeHead uepes umentp O kpuctaana, P, v Py cTamaapruble
T HHEH, Px— HECASAVEMAR TOUKA CHEKTpa.

dopuyna (5,1) ywe Henpumennma. OnucaHuas BeIe AUHeHas HHTED~
NOALNE B 3THX CAy4yasX HENpHrojHa M [oMKHa OHTh 3aMeHeHa ¢op-
MyJtamu, BHBeleHHBIMH XarayHaom [1] nma cwemku no merony Moranua.
CoOTBETCTBYIOIIHE IIOCTPOSHHs [PHBENEHE HA puc. 133 (ans mnoJoske-
Hus A) u puc. 134 (ana nonowenns B). Coxpauss BBeleHHlE BHIUE
0003HaYen s, MONYYHM B OGOHX CAydasx:

. Qo == @1+ A5P. (3.13)
B nmomoxennn A yron A,p moxer OwTh HafZen no QOpMyiIe
Apl
tg Ay = = ; (5.14)

AL
chdo?—'r( "E‘;’T)ig Ay

) 1X'=1,00202.10" 1 g4,

1] NOCTPOEHHE ®0PMH 3MHCCHOHHLIX CHEKTPOB 227

a B MoOJOKeHHH B —rmo dopmyie
Azl
BoL

/_\x'o & -
: AL )
ctg Aop — (1—F2F ) c1g 91+ 29)

t (5.15)

[l=}

Bnece Ap =0 — ¢, rie ¢ —yron Byasda— bpsrra ana 1yya, uaywero
M3 LEeHTpa KpHCTalla B TOUKY P (OTOMAACTHHKH, pAaCHOJOXKEeHHYIO Ha
(OKaTbHOH OKDYMHOCTH.

Puc, 134. VMurepnonmpoRaHHE MO CTAHTAPTHBIM IHHHUAM
npui cwevMKe 0 Merony Morassa u pacnonomeHHH ¢oTo-
NAaCTHHKH NapaiaelbHO KAaCAaTENbHOH K TOuke £ doKanb-
HOH OKDYHHOCTH.
O0oJHaCHHA Te Ke, 4WTO M Ha pHe, 133,

6) Onpedesenie OMHOCUMEABROE LURMEHCUEHOCHL

I3 HaXOXIeHHS OTHOCHTENBUGH MHTEHCHBHOCTH OTHE/AbHBIX TOYeK
CMEKTPOTpaMMbl MO  pPea3yabTaTaM MHKPODOTOMETPHPOBAHHS - TPHMEHSIOT
cnocoGr1, omucanupie B 1. III, pasnen 1, 2. Ilpu uamepeHuax Mukpo-
¢oTorpaMMel, Ha KOTOpOH NPOH3BelNEHA PASMETKd, ONHCAHHAS B IPeNsi-
ILywem pasieje, OTKAOHeHHs I M [; 3allunka ra/ibBaHOMETPA OT TEMHOBOHR

JIMHHA  H3MEPSAIT BIOJb BEPTHKAJBHBIX wapanud (cM. puc. 131). IMocae

pacdeta GOTOMIOTHOCTH § MO (3,1) HAXOLAT OTHOCHTEJNLHYIO HHTEHCMB-
HOCTL (B TIPOM3BOJIBHBIX eIHHHLAX) 1O NeHCHTOMETPHYECKOH XapakTepH-
cruke (puc. 31 u 33). Ecian GOTONNIOTHOCTL § H3MEHAETCA JNUUIL B Npe-
Hedax JauHeHHOH vacT XapakTepHCTHKH § (Jf) (puc. 31), To oTHOCHTEABHAS
MHTEHCUBHOCTb [ - moOxeT OHTb TNPOCTO TNPHPaBHeHa (OTOMIOTHOCTH,
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Ecan e (pOTONMOTHOCTL § M3MEHSETCH B IUHPOKHX Npeaeiax, TO YacTo
OviBaer yiaoOiee nepeftTH K YCIOBHOH QOTONIOTHOCTH w Max P-QyHKUHH
{ra. IIl, pasmean 1,0 u 1, e).

ITpoMepn MUKDOMOTOrpAMMEL MOTYT OBITE 0COOEHHO VAOGHO U TOUHO
BBIMOJAHEHB H3a KOMIOAparope ¢ KOOPIMHATHEIM CTOJHKOM, MO3BOASIOULNM
nepeapurats MHKpOMOTOTpaMMy B IBYX B3aHMHO I[EePHMeHIHKVIAPHBIX
HanpapaeHuax. OTCYeTH 3THX MHepeMellleHUH NPOHIBOAAT C TOUHOCTHIO
a0 0,1 mmx B nanparieHHH, NePNEHIHKYJIAPHOM K TEMHOBOH JUHHU M

¢ touwocTeio A0 0,05—0,1 mu Baons sToro HamnpasigeHus. Ilpu Hadauuu

KOOPAMHATHOTO CTONHKA IpelBapHTe/bHas Ppa3MeTKa MUKPO(OTOrpaMMbl
(npoBefenue napanuu) He rtpefyerca. HeoGxomumo juiih urodxoH oTMe-
THTh XapakTepHble TOYKH OCHOBHOMR KpHBOH, NOJOKeHHe H MHTEHCHBHOCTH
KOTOPEIX MPEANOAaraeTca H3MEpPUTH.

Ecau uccaenosaHue CHeKTpa NPOBefeHO [P HOHH3aLMOLNOH peru-
CTpAllHH, TO Pe3yabTaThl HIMepeHHR HMHTeHCHBHOCTH CJelyeT HCIPARUTH
Ha BOBMOWHBIE TIpocuerthl cueryuxa (cm. ra. [II, paamen 5). Hamayumum
METOLOM [OCTpOenud rpaayipoBouyHo#t kpueoi#t (puc. 75, 6) srasercs
XMETOA MHOTHX (POJABT>.

[Tocsae TOro Kax AAS XapakTepHHIX TOUeK HAHIEHBI COOTRETCTBYIOULME
HM 3HePruu $OTOHOBR £ M HHTGHCHBHOCTH [/, MOXHO NOCTPOHTE KPHBYIO
sapucuMoctd J(E). Dra Kpupas eule HEe SBAACTCA OKOHYATEILHOH, B Hee

neoBX0IUMO BHeCTH HCIpAaBJeHHd, paccmarpupaemuie ke (pasgen 3).

2. MMocTpoeHHe (OPMBl CIEKTPOR MOTJOLLEHIS

$PopMa CrneKTPOB MOIJIOLUEHUS NPENCTARISET 3aBHCHMOCTH MacCOBOTO
KO3(hpHLMEHTa TOTJOLLEHHST T, OT SHepruH ¢doToHoB E. Ilpu obpadorke
IAHHBIX SKCIepUMeHTa ONpeledenve 3HeprHB (GOTOHOB s BHIOpPAHHBIX
XapakTepHHX (MAKX PaBHOOTCTOAWMX) TOUEK CIIEKTPa NPOM3BOIUTCH TAK e,
K4K H B CJyduae SMUCCHOMIBIX CNEKTDOB. OTH omnpeleieHds NA0T 3Ha-
dyeHHs abcunucc Todek HcKOoMOM KpuBoH. [lid HaXOwieHHd OPOHMHAT ITHX
TOYeK ODEIYHO 3AMEHSIOT MACCOBHH. KO3MOHLHEHT NOTAOLIeHus T,, NMPO-
nopuuoHanLiol emy semwunno#t g (f,/1) (em. [2]):

230 . 7, SR :
T T 8 '[0‘: ) . (5,16)
‘b0 peauduHOR ‘— lg J, or kOTOpOH T, saBucHT auneiio:
- o 2,80 | _,30 : -
T = gly— Ig 1. . (5,17)

‘3aeCh - — MOBEPXHOCTHAS [UIOTHOCTB MOTJAOTHTEAS, KOTOPY ODBIYHO
‘HeAb34 ONpeleinTh C Toﬂ e CTelleHbl0 TOYHOCTH, € KAaKOH HB\iepHCTCﬂ
"H’H'IEHCHBHOC'IB

“B coydae ¢ HOHI»IS&LI.HOHHOﬁ PerucTpaluid MHTEHCHBHOCTE [y HenpepriB-
SHOFO FCIIEKTPA Au0la HPHM OTCYTCTBUM [IOTJAOTHTENS MOMET- OBITh JAErKO
ii3MepeHa  aas  wawaol -Toukd -cnektpa. [MHam  ToH ke TouKW - OTIpe-
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fenseTcsd HHTEHCHBHOCTL [ M3JyyeHHA TOCTE NPOXOWIRHHA ero uepes
NOTrI0THTE b, l‘[epeﬂ,anraﬁ IeJds CYeTHHKa BIAOTbL CHeKTpa, B 1{3)-!(1]:)13{
TOuKe TOC/AeI0BATENbHO H3MepsioT oOe HHTeHcHBHoCTH Jy u . Ecau
CHEKTPOMETP BaKVVMHBIH, TO VialeHHe MOTIOTUTENA C JAHHHH, 110 KOTO-
pOH pacnpocTpaHAeTCs HaMepsAeMoe H3JAYUenHe, W BO3BPAT €r0 B NpexkHee
noJIoMKeHHe OCYIIECTRIAI0T € MNOMOINBI 3IeKTPOMarHUTHOTO penae. Ecawm
HHTEHCHEHOCTL [, HENpepnIBHOTO CHEKTPAa aHOLA B HCCAeLYeMOM Y3KOM
YHaCTKE CTNEeKTpa NMOCTOfHHA M MCTOHYHHK HM3JYYEHHA JOCTATOYHO CTabH/IH-
aupoBaH, To f, moxer OpTh M3Mepena JHbL B Haua/Jle U B KOHILE ChHEMKH
kpusolt J(L), rae L —oTcyer YTIOROTO NOJOMWEHHH CYETHMKA [0 LIKAJe
npuBopa. Tlo okoHuaHHH uH3MepeHMH H NOC/Ie BBeASHMA TOTPABKH Ha
OpocYeTLl CYeTYHKa CTPOoaT KpHBYK 3asucumocTd g (Jy/) or sueprun
doroHoB £

[Tpu dororpaduueckodt perucrpauun chnekrpa [, OOBYHO He onpe-
LEAs0T H OTPaHHYMBAIOTCA TOJABKO H3MepPeHHAMM HHTEHCHBHOCTH [ injs
KaMI0H TOYKM CTIeKTpa. ITH H3MEpeHMsT MPOU3BOAAT TaK Ke, Kak H
B CJAyY3ae CBEMKH 3MHCCHOHHLIX CHIEKTPOB.

Ianee cTpOAT KPHMBYI 3aBHCHMOCTH — Igf OT sHeprum delOHOB E.
Ecaun na BceM yuacTKe chnexkTpa (POTOMIOTHOCTL § HE BBHIXOIHT 3a npe-
fedbl THHEHHOTC y4acTKa NeHCHTOMeTDHUYeCKOH XapaxrepuctHru s (J),
HHTEHCHBHOCTL [ MOmeT OBITH 3aMeHeHd (OTOIJIOTHOCTBIO §. B STOM-
cayuae CTPOAT KPUBYIO 3apucuMocTy — Ig s or L, dopma KoTOpOH MOETO
pAeT GOpMY KPHBOH, npe,luammomcﬁ 3dBUCHMOCTD T, OT E.

Yao0HHMH crnocol nocTpoeHUA -Tako# KDUBOH npu CbOTOp&I‘HCTpaLlHH
yKasau BaﬁlrmTeﬁHOM [3]. B 9rtom crnocobe ucmoabsyerca P-dynknus
(cM. va. Ill, pasmex 1, e). CoraacHo (3,12) umeem:

P=+"1glt—ua",
Tak wax apefcrsue S = ff. Bech MHTEHCHBHOCTL {, 4 C/elOBRATEAbLHO, H
COOTBETCTBYIOUICE 3HaueHue P, OThocATrcs K JIy4y, NPOUIEAIIEMY YEepPEe3

noraoTHredb. MinTeHCHBHOCTE TOTO Ke Ay4a A0 noraouleHds ofosHauuM /)
COOTBETCTRBYVIOILEE 3HaueHue P-(pyHKILHH:

Pﬂ == T !Q’ !Uf—ﬂ”. -
Pasnocts P— P, pasna

= wf
P—Py=1"1g ;. (5,18)
Cornacuo (5,16) nmeem:
lg!i — — 0,434mz,,. (5,19)
[Moncraeaaa (5,19) B (5.18), nouayuum:
2,30P 2,30 P
B _f : ;}EU T”m P, (0-20)

T. €. MaccoBbl KoO3hdHUHEHT NOrJIOUIEHHA 3aBHCHT JuHeliHO oT P.
Qucona caeayer, uYro dQopMa KpuboH sapucumoctdn — P or sHepram
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¢orona E OymeT BNOAHE COOTBETCTBOBaTH (opMe KpHBOH, npercras-
Jawuie  3aBHCHMOCTL T, 0T £. :

Pacuer u ¢nocoOGH NPUCOTOBJIEHHA NOTJOTHTENeH ONUCAHBEL B JMUTEPd-
Type (cM., Hampumep, [2], ra. 9, pasmen 1). YcraHaBiuBaTh MOrIOTH-
Tedp JAAd HCCHeLOBaHMA CIHEKTPAa TMOrJOLLeHHS Jyudlle BCEro mnocJdae KpH-
cTania (mo xoay Jyuel), Bosmomuo Ommxe K Hemy. Ecaum noraorureib
momeliaercs N0 KPHCTALIa (MExIY HHM U PEHTreHOBCKOH TpyOkoh), To
BO3OYHKAEHHOE B MOLIOTHTEREe IYOPECLEHTHOE HBJIYYeHHE MOMeT JaTb
HaMOKelUHe SMHUCCHOHHOIO CIeKTDPd 1a CHeKTP IMOTJAQULEHHS, 4YTO B HEKO-
TOPBIX CAyYasx NPUBOLUT K CYUIECTBEHHBIM HMCKAMKeHHAM TOCAEAHEro.

3. Yuet uckaxeHwuit (GOPMBI CNEKTPOB

@) Heraocenus, sHocuMble NpPu HenpepusHOl 3anucu

[lpH HenpepHIBHOH 3amMcH (QOPMBl CIEKTPa Ha PErHCTPHPYIOLUEM
MHKPO(OTOMETPE MOTYT BO3HUKHYTH -UCKAMKEHHs 33 CueT HHEPUHOHHOCTH
caMonicua. B MHKpPOGOTOMETPAX HCMOAB3YIOTCA B3ePKaibHEE TANbBAHO-
MeTphl WM JEKTPOMEeTPH; HHEPUMOHHOCTb MOCTIeNHHX OOBLIYHO © He-
CKOJBKO pas MeHblue, 4eM NepBuX. MepoH MHepUHMOHHOCTH 3THX MNpH-
GopoB sBasercs Inepuon T COGCTBEHHBIX KOJeOAaHHH MX MOABMMKHOH
cuctemsl. OmnpeneiuTb 7 MOXHO WyTeM H3MepeHHs OTHOLIEHHS g YyB-
CTBUTENEHOCTH TpHOOpa HA TIOCTOAHHOM H TIEPEMEHHOM TOKaX.

[Tycth, Hanpumep, HeoOxoAuMO Ha#tu mepuon 7T COOGCTBEHHLIX KOJG-
Ganufi 3epKkasbHOTO 9/MeKTPOMeTPd B MHUKPOGMOTOMeTpe, ONHCAHHOM B 14].
Hampasup Ha 3epKadblle Jy4 OT UIEJEBOTO OCBETHTES/IH, HAOMONAOT 3a
OTpaweHHHIM JYYOM [0 NOJOXKeuHo safiunka Ha wkate. Iloxas ma mo-
ABUKHYIO CHCTEMY 3JeKTpOMETpa NoCTosHub! noTennual V (nopsuka 1,5 8)
OT 3JeMeHTa cyxoB Oaraped, ONPeNeddidT OTKAOHeHHe o -~ 3affiyuka 1o
wxane. 3aTeM MeXIY MOIBHXHOH CHCTeMOM M KOpPIyCOM SjeKTpoMeTpa
NpHIAralOT TepeMeHHOe Hampskenne V' (nopamka 12—24 g). [lpu 3s1OM
gafiyMK Ha WIKaJe pasMoercd B I0J0CY, 'mupﬂuy o’ KOTOpOH# H3MEpsiOT.
Drof mMpHHE COOTBETCTBYET H3MEeHEHHWE MOTeHIHaJla MepPeMeHHOTO TOKa
or +V, 1o —V,, rie V,— aMIIuTyAHOe 3HaYeHne nanpsmierud. Ko
usMepeHHOe ROJBTMETPOM 3Hadewue V' mpencrasiser cobod sgdexTHB-
HOe HampseHHe, TO IIPH CHHYCOMIAAbHOH Qopume KPHBOH HATIPDAMEHHA
V,=12V’. Beanuune aMIIMTYIHOTO HanpmxeHus V, COOTBETCTBYET
ammauTyna o, = o' /2 koaeBanui zafdyMKa MO UIKATe.

YyBCTBUTEIBHOCTb  3JEKTPOMETPA K TOCTOANHOMY  HANPHAWKEHHIO
paBua V /o W BupaxaeTca B BONbTAaX Ha Jefelue WKtk HyBcrBHTENb-
HOCTb S1EKTPOMETPAa K I[epeMecHHOMY TOKY (B TeX e elMHHUAX) paBHa
V fog. OTHOmEHHE ¢ STHX BEIWYHH DABHO

Ve 1 Vi -
I=Vog — 373 V" Eet
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OnpenemB ¢, naxoiat nepuon 1 COOCTBeHHBIX KoneGauni <K Py TuIbHOH
CHCTEMBl 9JeKTpoMeTpa TO (OpMyile

T="T,V 1439, (5.22)

rae Tp,=—0,02 cex— nepuoa Mmynbcauuit NpoOMBIILTIEHHOTO [IepeMEHIOro
TOKA.

Ecau, wanpusep, 1wupHHA (OTOMETPHpPYEMOH 3IMHCCHOHHOH THIHH
win kpasi mornouleHHs mopaaka 0,3 A, TO mMpuHa 4L ywacTka crek-
Tpa, OCBEU14eMOro CBETOBBHIM 3aHYHKOM HJIH MPONYCK2EMOro B uieb (B 3d-
BUCUMOCTH ©T KOHCTPYKIMH MHKPO(OTOMeTpa), J10MkHa OblTh MO wpafi-
Helt mepe B 5—10 pas senbine, 1. e. nopaika 0,06—0,03 xw; B npo-
TUBHOM caydae HeusOelKHBI 3HAUMTENblible HCKaXEHHs QOPMLI CIeKTpa.

TMonyctuM, uro wmupuua 8L sToro ydactka BuiOpana 0,05 wma. B atou
CIyuae CKOPOCTb IBHMKEHHS KADETKH MHKPOQOTOMETpPa, HecyweH cnekTpo-
rpaMMy, LOJKHA OHTh NOCTATOUHO Mano#, uro0bl HHEPLUHOHHOCTH Taflb-
BAHOMETPA MM SAEKTPOMETPA He BHECTA JOMOJHHTEIBHBIX HCKaMeHHH.
Haa 270T0 HeoOxoammo, 4TOGH BpeMs 3f NPOXOWAeHHA yyacTka BL
cmextpa OBIO He MeHee mepuoia T  COOCTREHHHIX KOJeGaHMH perucTpu-
pylouero npu6opa. Ecmu, nanpumep, T==0,15 cex, 7To mDonycruvasd
CKOpPOCTh ¥ (HOTOMETPUPORAHHA ONDENeseTCst U3 YCAOBHA:

5L Bl _
T — ) = e (0,23)
Tak, NpH YKAa3aHHBIX 4MCJOBBIX 3HAUYEHHAX 8l u T nomxHo OuiTh:

v < 292 0,33 smfoex =20 it min.

AHa/JOTHYHOE YCHOBHE JMAOJKHO OBTH BHIOJIHEHO H NPH HENOCPeA-
CTREHHOH 3anucH QOpMBL CHEKTpa PEerucTpHPYOINHM HOHMSALLHOHHLIM
cnextpoMerpoM. OnHAKO B MOCAELHEM CAy4Yae 3TOTO YCJIOBHS elle He-
JOCTATOYHO, TAK KAK 3JeKTpPOHHAS cXeMa Takoro npufopa BKRIOUIET
UHTErPUDVIOIYIO AdefiKy, eMKocTb C KOTOPOH HaKallMHBAeT 3apsibl,
HePEHOCHMBE KAKABM HMOYAbCOM. JTa eMKOCTh WYHTHPYeTcd COIPOTH-
siaeHneM R. VMHepUHOHHOCTb sMefKM OMNpeledseTca BpemeHeMm RC, B Te-
yeHHe KOTOPOrO pPA3HOCTb TOTEHUHATOB Ha eMKOCTH C yMeHblUaercs
B e pas 3a CYCT TOKd, [IpOTeKalollero 4epes conpotusieHue R. Ecmu C
BLipaXKeHo B gapanax, a R —B OMaxX, TO npouseeieHHe RC Oyuer Bupa-
KeHo B CeKyHIaxX. MHepUMOHHOCTb MHTETPHUPYIOUIeH AYERKH 4YacTo 3HAUM-~
TebHO TPEBOCXOMMT MHEPLHMOHHOCTH camomucua: RC = T.

CKOpOCTh ¥ TPOJBHIKEHHS BBIXONHOH Ile/K CIEKTPOMETDA BIOJb
CTeKTpa Jerxo mosxker ObTh BHOpaHa B COOTBETCTBHH C YCJAOBHEM (5,23),
rie 8L B 3TOM cayyae ripeicTagiseT WHpuHY wemu. Onnaxko cobmoleHue
VCJAOBHSA

U < B (5,24)
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TpeOYeT YacTO CTOMb MENAEHHOTO HOBHIKEHUS UIEIH, YTO A4 noay4yeHus
HEHCKAKEHHOR DOpMbl CnexTpa ObA Onl HEOOXOLUM YPESMEPHO GOALLIOH
NPOMEKYTOK BpeMeHH. Kpome TOTO, B TeueHde TAKOIrO [POMEKYTKA Bpe-
MEHH TPYIHO OCYWECTBUTE CTPOryw cTalHaMs3alii0 UHTEHCHBHOCTH PEHT-
FeHOBCKOTO H3iy4yeHHs, B OCOOEHHOCTH eCiM NPHHATHL BO BHUMAHWE pac-
ObLAEHHE BeIEeCTBA BHYTPU PEHTreHOBCKOH TPYOxU npu mauTedbHoOH ee
paborte. DTH COOGPaMeHHs BO MHOTHX CJaVYaaX 3aCTABJANT TPOBOAUTE
4BTOMATHYECKYI0 HOHHIAUMOHHYIO PErHCcTpalliid CNeKTpa OnicTpee, deM
9TO jgomycTHmo mo ycaosuio (5,24). Ecam npu srom ycaosue (5,23)
COO/MIONEHO U MHEPUHMOHHOCTHIO CAMONMCUA MOMHO MpeHeGpeub, TO HCKA-
. WeHMA QOPMHEI cnexkTpa HVAYT 00YCJA0BIEHEL
r 7 p 4 NPAKTHYECKH TOJBKO MHCPLHOHHOCTHI) HUTE-
— rpupyouei sueHku. [lpocto#t rpadmueckutt
MeTOI HMCIpABJEHHS (POPMEI CHOEKTpPA IS
310ro ciyyaa ykasan Typuapu [5]. Ou 3a-

p  KIOYaeTCd B CASAVIOULEM. '
[lycrb perucTpaums crnexTpa OCyiecT-
BJIACTCH TO CXeMme, NPHHUHN KOTOpoH MHo-

5d NPOMEXKYTOK BpeMenu dt HOHH3ALHOHHBIR
Puc. 135. TNpunuunmancuas  TOK (1), rie dtv<=. RC u BL6paHo B MO-
CXeMa HENDEPRIBHOH samucu  meut t. JTOT TOK B MpUBEJCHHOH YIPOLLEH-
-OpMEL CNEKTPA TPM PETH-  poy cyeye NPOTEKAET MO LENMH MEKIY CYET-
CTRAUHMH H3IyUeHHA CYSTUH- R )
KoM ['eiirepa. uukoM " W koHzenucaropoMm C HHTETPUPYIO-
I —cuemunk, B u C_'COHPOTHDR_ el fAueKWd W apadeTCH 3apAIHBIM 1.4 C.
HHE H KOHIEHCZTOp MnTerpupyiomed  BelWUHHY, TOKa / B MOMEHT © MOMHO CuH-
SuefKH, £ — PErHCTDHPYIOMLHE 3ICK- .
TPOHIMCPUTEILHER HPHEOD  {CaMO- TaTE CTPOTO MNPONOPUHOMANBHOR HHTEHCHE-
nkeen). HOCTH U3MEPAEMOTrO H3JAVYeHHI B TOT Ke
- Moment Bpemenn., Ecau B npouecce sanuch
yroa ¢ Bynsda-— Bparra uamensercd 8o BpeMein pPaBHOMEPHO, TO GOpMA
KPHBOH /(%) cOBNARAET C GOPMOM KPHEOH pacIpeiceHus UHTEHCHBHOCTH
MSYUEHHA 1O YIaaM ¢.

Oznnako Halu4de MHEPUMONHOH UNTErpHPYIIEH AYeHKH NPHBOIUT
K MCKaXKeHHsM (OPMEI KDMEBOH, DErHCTPUDYEMOH CaMOOMCIEM: 34BHCH-
MOCTB PpPa3pAIHOrO TOKa [ OT BpeMeHH OTJAMY3eTcd OT aHATOCHUYHOH
BABHCHMOCTH JAf 3apAfsHOrO TOKa [.

JHlonmycTHM, 4Yr0 3anucCh pAa3psOHOTO TOKAa § ObLIa HAYATA TPH MPO-
XOWNEHHY BBIXOJHOM mienn COEKTPOMETPA 1O FUACTKY CHEKTPA C MOCTOHH-
HOM HMHTEHCHBHOCTBE),- 4 B4MACh HCC/IEIYEMOro ClexkTpa OHAa HadaTa
B MOMEHT BpPEMeHH #,; OyleM CuHTaTb, YTO K STOMY MOMEHTY 3apsi
KOHIeHcaTopa C LOCTHT PaBHOBECHOrO 3HaYeHHs Q, Ecau mocue £, unten-
CHBHOCTL DErHCTPHPYEMOro chekTpa OyleT pacTH, TO HAYHET BO3PACTATH
H 3apan ( xoujeHcatopa. 3aeucHMocTs Q (t) mpeicrtasieHa Ha puc. 136
cromwHoR auHHeH («3apanHolt kpusol»). 3apan koumencatopa Q ()
B MOMEHT f >> < OyIeT OonpefefsTbcs NBYMS (QAKTOPAaMH: 3aBHCHMOCTBID
8apaAHOro TOKAa f(7) OT BpEMEHM T M YAaCTHYHOH pPaspAIKOH KOHAeHCa-

kasan Ha puc. 135. PaccmoTpum cpeanudi-
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TOpa 324 NPOMEXYTOK BpeMeHH {—<, OTIe AUl mMoMeHT { 3anucu
CMEeKTPa OT TPeibIAYIIEr0 MOMeHTa <. 3a NMPOMEXYTOK BDEMEHH dt 3apan
KOHASHCATOPA pacTeT HA4 Belnuuny dQ (T):

_ dQ ()= I(7)dr.
3a nocielyolui NPOMEXYTOK BpeMenn f—T 3TOT 3apai YOHBAeT MO
SKCIIOHEHIHANTBHCMY  3dKOHY M gl

K MoMeHTy f MOCTHIUET HEKOTO-
poro snauenusi d@Q(?):

dQ () == exp (_ t;e_ct) 4o (=) .

T}
DTOT 3apal YBEJAMYUT MOTEHLIHMAT
KOHAGHCATOPA HA Beauuuny dV(f): 0
e fra
¢
d ) (¢ o
dVv (t) = aQ () —
_ - Puc. 136. Bcrnomerateapnoe nocrpoenne
I{tyde i—= K YueTy HHEPUWOHHOCTH HHTErPHDYIoLeH
= ¢ T RC ) AuefiKY NP HENPEPLIBHOH 3aNHCH CHeKTpa.”

I —3apagHas kpHEag, 2 — paspaadad KpuBas.
Sapal dQ (7), noaIyvenHwui

KOHI@HCATODPOM 32 I[IPOMeMYTOK BpeMeHM dT, BHI3OBET B MOMeHT { TIO-
sipsienve Toxa di(f):
av @) () d= {—t
dff:—.: e 2 (_.,_ - 1.
Q) R RC RC
Ob6oanaunm BpeMa RC==7; 3Ta BelMYMHa XapaKTEPU3YET HHEPIHOH-
HOCTE HHTETpHpyiOuled auelkd. PaspasHbB Tox i(f) B MOMeHT f on-
peilegeTcs BCEM TIDOUECCOM 3aPANKM KOHAEHCATOpa 34 MPEllIecTBYIO-
lice BpeMs U MOYKET OHITh HANIEH MHTErPHPOBANUEM TIO BPEMENUW T B Npe-

Aeaax or £y no ¢ :
i

[3
; -t il
[ (f)= f“;f) di— e f‘f [(z)eT g=. (5,25)
£y

ty

3JToT TOK H QupeleiseT OTOpPOC Ilepa CaMONUCLUA B MOMEHT BpeMeHHU f.
Taxum oOpasom, GopMa 3anNMCAHHOH KPHBOH XapaxTepuayetcs (OyHK-
unedt £(f), TOrAA KaK UHTEHCHBHOCTh CIEKTpa onpefeser dyHKUUIO ().
Ins yeraHoBAeuusl CBA3M MEMKAY HMMM Tpoauddepennupyem (5,25) no
BPEMEHH:

t oL = BER
DO b | ke T [ 10T ae - T 1) T | = L |—i)+ 11,
ty

Orclona NoayuyaeM WCKOMYIO 3aBUCHMMOCTE B (opMe puddepeHuualsHOro
YpPaBHEHUA

Io—=i@+149. (5,26)
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Ecan BBIXONHAA IIENb CHEKTDOMETPa BMECTE CO CUSTUHKOM nepeiBpu-
TacTCA BIOJbL CHEKTPA C. MOCTOSHHOH YrJIOBOH CKOPOCTBIO &, BHIpakeH-
HO# B 2pad/mum, TO H3MeHeHHe yrita d¢ 3a MDOMEAYTOK BpemeHu df
OyaeT pasBHO

d(? ::Qdf,

Tie BpeMd H3MepeHO B MHHYTaX. Kawio# TOuKe 3amHCH COOTBETCTBYET
CBOH yroi g, DpOMISHHHBHA BRIXOHHOH UEJNLID B MOMEHT f. Mpu nuueti-
HOM HHTEPMOMAUMA MO yrIaM ¢ MeXAY IABYMS CTAHIAPTHBLIMH JHHHAMH
yaoOHee BEIpasUTb TOKM [ u { kak dynkwan yraa p. [IpuHuMas 8o BHH-
MaHHe, 4TO

dE _di@) dy _ o di(p)
aE T dy @t " de

noayuuM BMmecto (5,26):

(9 =i(e)+0 L2, (3.27)

rie ®=Q7T npexncrasagser cobo#t yrou, KOTODHH CUeTUHK Tpouied 3a
spemMa T= RC, TakiKe BHIPAKEHHOE B MHHYTaX. DTOT Yroa Beeria
MoxerT OHTE ONpefefeH M B lalbHeHIEM TNpeNNoJaraeTc H3BeCTHHIM.
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Puc. 137. T'padudecioe Henpasienne (GopMbl CUeXTpa, TIOAY-
YEHHOH NpM HenpepblBHOH samucu.

¥pasrenne (5,27) M03B0/MTET NPUMEHHTE MPOCTOH rpaduyecKuil mpueM
Afd HAXOXAeHHMS HCTUHHOW ¢opmul cnekrpa f(g) no sanucu, dopma Ko-
TOpO# XapakTepuayerca dynxusedt i(¢). Ha puc. 137 cnaommno#t aumue
TIOKa3aHa KpuBas i(g), BhYepueHHad caMomucleM. [1a Haxomierus Opau-

HaTel HCTHHHOH (POpPMBI chekTpa /(p) NPOBOLAT KACATEJbHYI0 K KDPHBOH

B Touke A, abcuucca KoTopo#t pasHa ¢. Ias 3Toro B Touke A nmpudaH-

3] VUET HMCKAMKEHMH @GOPMEI CIEKTPOB 235

3UTEAbHO NEPNeHIUKYIAPHO K KacaTedbHOH CTaBAT 3ePKAI0 ¢ TMepellnM Ce-
peGpeuuem. Habmonas 3a uszobparkeHueM KpHBOH B 3cprafde H cllerxa
NnoBOpAYHBag NOCAedHee, NoGuBamTCH maasHoro (Ges mamoMa) nepexola
B Touke A camol kpuso#t B ee usoGpamende. B TakoM Nododkenuu Npo-
BOIAT KAPAHAALIOM JHHHIO BAOJL 3epkania. Ilosepuye nociennee ua 1807
NOBTOPAIOT Ty Ke onepaun0. EciM Bropas xapaHlalllHas JHHHA HE TOYHO
copmanaer C MepBOH, NpoBOiAT OCHCCEKTPUCY NOAYYEHHOTO Manoro yrid.
[MeprieHIUKyAAPHO K 3TOH OHMCCEKTpHCEe NpPOBOAAT Yepes Touky A Kaca-
TeAbHYW #f, Yroa HakioHa KoTopol K ocu adcuuce oBo3uaduuM o.
OraoxuB mo abcuMcce OT TOUKK © OTpesok, papHeifi @, noayuaiot
Touky @ (9" > ¢). Yepes Touxky ©’ NpoBOLAT [PIAMYIO, MAPANIETbHYIO
OCH OpAHMHAT, A0 mepeceveuns B Touke [ ¢ kacateanno#t #f. TTockoabKY
tg a = di (9)/dp, aanna orpeska ED papHa
di (3)

ED=AFiga="= Zo

3aMeTHM, YTO OpAuHATA TOYKH .4 paBHa (¢); OTCIOAE CJAeLyeT, YTO GPiH-
mara Touku D Oymger papua

i) +ED = 1)+ ® L — 1 (o),

B CcOOTBeTcTBHH ¢ (5,27). Yepes Touky J[J nposesenm npsmylo, mapai-
JeibHYID ocH afcuucc IO mepecedeHua B Touke B ¢ MPOLOKEHHEM
opauHaTtel Toukd A. Haknennas Taknm ofpasoM Touka B u Oyfer co-
raacio  (5,27) npelcTaBAsTL TOYKY MCTHHHOM KpHBOH TpH ToM ke
acuucce 9.

[posens OMUCAHHOE MOCTPOEHHE BO MHOTHX TOYKAX IKCTEPHMENTAlb-
HOM KpuBOH £ (@), NMONAYYHM COOTBETCTBYIOLIHE TOUKH HCHPABNCHHOH Kpu-
ol [ (), koTOpad H MomeT ObITh 3aTeM NPORENSHA MO JITHM TOUKAM.
Vs ypapuenns (5,27) puaHa xapaxtepnad 0CO0eHHOCTb HCIPABJIEHHOH
KpUBOH: OHA IepeceKaeT KPHUBYIO I(9) B ce IakcTpeMymax. Heficrau-
TensHo, npH di (¢)/dt =0 umeem /(v) = i(y). Conocrasnas kpussic i(g)
u [(p) (puc. 137), MBI BUAUM, HTO HCKDKECHUSL, BHOCHMBbIE HHEPIMOH-
HOCTBI0 HUTErpHpyoulelt s9YeHKH, BHISBIBAIOT 3aMa3ibiBaHME, SKCTPEMYMBI
KpuBOH CMEWAOTCA B TY CTOPOHY, B KOTOPYI0 MBMEHSETCSA BO BPeMEHH
yron . Ecuu mpu 3anMci PeBepCHpOBATE ABHMKEHHE, TO cMewleHns Gy-
LYT NMPOHCXONATL B O6patHylo CTOPOHY. B 3TOM cayuae mpu ucnpasae-
Huu  GOpPMBI IKCTIEPUMEHTANBHOR KPHBOH yrox @ creayer OTKAaABBATH
OT TOYKH © B [POTHBOIOJONKHYK CTOPOHY (¢’ < ¢).

VanoxeHnol Tpadnueckif mpueM MOMET OHTb elle HECKOMABKO YIIPO-
lleH, ecid OTKasaTbCd OT NOCTPOeHHa TOouek 5 H NPOBOIUTL MCIPAB-
JNEeHHYI0 KPHBYI) HElOCPeACTBeHHO uepes Touku FP. Tlpu stom dopma
xkpupofl He OyIeT OTIHYATLCA OT MOCTPOGHHOH Mo Toukam B, HO BCS
KpuBad CABUMHETCH OTHOCHTENbHO HCTHHHOPO ee TOJOMEHHS B TY e
CTOPOHY, B KOTOPYH OTKAaLLBANHCL OTpeskd @ B mpoiecce NOCTPOEHHA.
D10 TOTPeBYET COOTBETCTBYIOILErO MepeHoca MacmTaba no ocH ¢ (B Ty e

CTOPOHY).
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0) Heraocernus, srocumsie annapantypoi

Vickaxkenuss Qopmbl CriekTpa, BHOCHMBIE annaparypoi, HMeiT pas-
JAHYNOE TpOHCXOWIeHWe. JubhpOKLuonHble UCKGHCEHUS BO3SHHKANT
B npouecce 00pasoBaHud CHEKTpPa npH IUPOPAKUHU PEHTIEHOBCKHX Ty -
deft Ha aTOMHOH pelleTke KPHCTA/UIA-AHANH3aTOpa. DTH HCKAMeHHs 3a-
BHCAT OT KOHCYHBIX pPasMepos KPHCTAA1a, CTENCHH COBEPIIEHCTBA €ro
PelieTKy, €& MO3aMYHOCTH, A TaKWKe OT TENJOBHX KOJeOAHME aTOMOB.
leosemputeckue uckancenuss BOSHUKAIOT BCAENCTBHE HETOYHOM Pokycu-
POBKH M30THYTOr0 KPHCT4ANd, BEPTHKAALHOH pPAacXODHMOCTH TyyKa Jy-
yel, KOCOTO majeHua aydeH Ha NJICHKY, €€ 3ePHHCTOCTH, 4 TaKXKe H3-3a
KOHNEHHEIX DPasMepOB 1IeMH MHUKPOMOOTOMeTPa WM BLIXOLHOH UIedH HOHM-
B8aUMOHHOTO CHEKTPOMeTpa.

Bo Beex paGorax, CBS3aHHBIX ¢ HCCAeZO0BaHMEM TOHKOH CTPYKTYDEL
CIIEKTPOB, MCNpaBAeHUEe QOPMBI MOCAEIHHX NPEJCTABIsSET 337a4y MCKIIO-
HUTENBHOR BaMHOCTH. JTuM 0OBACHAETCH HAMHYHE BHAYMTENbAOrO YUC.A

COOTEETCTBYWOIIUX pabor [6—16]. Boaslsas 4acts WX NOCBALIEHE HCTIpas- .

AEHUIO  (POPMEI  ONTHYECKHX CHEKTPOB KOMOHHALMOHHOTO pACCEAHUA;
CPaBHUTENBHO MPOCTAA KYIO/I000pasHas (popMa 9THX CMEKTPOB NO3BOISCT
JETKO aNPOKCUMHPOBATH COOTBETCTBYIOLUME KPHBHIE HECJOKHHIMH AHA/IH-
THIECKHMM  YHKIMAMM, TOCIE 4Yero (OPMY MOMKHO UCIPABHTH Pas/IHY-
Humi o MeTopamu. Omuako 149 GoMee CIOKHLIX (OPM KDHBHIX peHTIe-
HOBCKHX CHEKTPOB MCNYCKAHHA M MOTJIOLEHNMS STH METOLB! HElPHTCHDI.
Jlutne 32 nocAelHHE TOABL MOABHINCE paGoret [17—22], peayabTaTel Ko-
TOPBLIX MOIIO HEMOCPEACTBEHHO HCTIONB3OBATH AJA MPAKTHYECKOTO HCTpPaR-
AeHna QOPMBl PENTTE@HOBCKHX CHEKTPOB. _ :

M3 stux meTomoB Gojee NPOCTBIM M JOCTATOYHO TOUHBIM SBI9E1CH
«METON CTyneHeH», npennowendett Hukudoposem [22]. Huxe wusna-

raercs BAPHAHT 3STOr¢ MeTOAa, KOTOpblﬁ MoeT OBIThb HasBaH CMETOLOM

CTOIGHKOB». DTH METOAB, OUHAKO, MOBBOJAIOT UCTPABAATE POPMY CHIEKT-
POB JMIIb B CJAYyYae HCKAKEHHs, UMEIOIIEr0. IMCIEPCHOHHBIE xapakTep.
[TpHiuMmManbHo STOT MEeTON MOMeT ObTb PABBUT W AJA MHOPHX apy-
ruX (QOpM HCKaNenud, HaNlpHUMep B CAyude MCKAKEHHs, HMEIOILero bopMy
rayccosoi kpuso#t ommGok. OaHaKo HeoGXOAMMBIE LIS STOTO KPOMOT-
JTHBHIE PACYETH! elle He NPOBEHeHbl. .

«MeTolL TPHrOHOMETPHUECKHX pagory» [17, 19—21] nossoaser Halitu
Gopuy moGoro mexamenns u MPOBECTH HEOOXOLMMOE HCMpPABIACHHE (GODPMEL
HCCAeLYEMOro CeKTpa. JToT MeTO.] 0COBeHHO YNOOEH TIPH HANMMUYKY 4BTOMA-
THYECKOTO TapMOLMYECKOTO aHAIUBATODPA, HO MOWKET OLITh TMPHUMEHEH U TPH
€r0 OTCYTCTBUH; ONHAKO B TIOCAENHEM Cayyae Tpebyerca 3HAYHTEALHO GOIE~
0as sarpata BPEMEHH, 4YeM B MeToge CTOAOMKOB (npumepHo B 10 pas).

Bce MeTONM HCNpaB/ieHHA OCHOBAHEI HA PEUIEHHM CIEAVIOIEr0 WHTE-
TPaJbHOrO ypaBHelHs THTA CBEpPTKH:

F@= [fG)e@—z)dz (5.28)

3] VUET HCKAXEHHHE $OPMH CHEKTPOR 237

The z—9Heprud GOTOHA WM AJMHA BOJHEL, F (2) — HCKAKEHHOE annapa-
TYPoH CHeKTpaiabHOe paclpefiefeHne MHTGHCHBHOCTH (SKCTepPHMeHTalb11asd
kpupas), f(2)— ucTHHHOE pacnpede/eHue HHTEHCHBHOCTH, © {2 — Zg) —
QYHKIHA MCKakeHUs, Ta TOCAENHAS MPElCTABAAET IKCTEPHMEHTANRHYIO
<$opMy AUHHH ChexkTpa B cJAyyae, ec/lH HMCTHHHas MIHPHHA JIAHHH TIpe-
HeOpeXKMMO Mafla MO CPABHEHHMK € IUMDHHOR HcKaweHus. @PyHKuAs
@ (z —2,) AcmKHA OBHITh HOPMHPOBAHA MO YCIAOBHIO

s )

fcp(s) ds=1, (5.29)
— .
Tie S—2—2,. . _

[TapameTp 2, XapakTepuU3yeT CHEKTPANLHOE TMOJOKEHHE NpeilelbHO
V3KOM JIHHUH, Pe3YAbTATOM MCKaXeHHd KOTODOH ABJAAeTCA KpHBasd
© (2 — 2;). VinTencupHocTs f(2) TaKOH THHUM B NeACTBHTENLHOCTH OTAMYHA
OT HYJAA TOJABKO ApU 2= Z;. [loC/e HCKAXKeHHUs OTIHYHAZ OT HY.s HHTEH-
CHBHOCTH HaGmonaeTcs IO BCeMy CIeKTPY; SHaueHHE 3TOH HHTEHCHUB-
HOCTH B TOYKe 2 CHEKTpa paBHo @ {z— 2y). Ecau ucxaxeuue, B vacr-
HOCTH, obgalaer nucnepcwoHHON opMO#, TO QYHKUHA ¢ (2 — 2Z,) HMeET
CAeRVIOWHE BHI:

1 -
¢ (2—2zq) = =B [z — 2z (5,30}
Ee

rie ycaosue (5,29) cobmoneno. 3mece = /2 — noayumupuHa KPHBOH
GYHKUWE HCKAMNEHHA HA cepelHHe ODIHHATH MaKCHMyMa, | — NO.Has
UIMpHHA ee.

Kax suino us (5,30), eIMHCTBEHHHIM TapaMETPOM,” MOJHOCTBIO OIpe-
JeAIOWAM HCKAMKEHHE IUCTIEPCHOHHOK ¢OpML, dBJsercd ee IHPHHA 7.
ak u3BeCTHO W3 ILaHHBIX, [MOJYYEHHHX HA JBYKDHCT2JABHBIX CASKTPOMET-
pax, AMHHH PEHTTEHOBCKOTO CHEKTPAd HEMepPexXOAuuiX 3MeMEHTOB, BO3HH-
KAWUIME BO BHYTPEHHUX 3M€KTPOHHBIX 000MOYKAX, HMEOT NHCIePCHOHHYIO
dopmy. HVICTHHHYIO WHPAHY JHHER 13 CepelHHe OPIMHATHL MAKCHMYMA
06o3HaunM 7o OHA TaKKe Oupele/AeTCs ABYKPHCTAABHLIM CIEKTPOMETPOM
¢ TOMOUIbI0 COMNOCTAB/AEHHN IUHMpPHH JHHHK, HalkleHHHIX B Helapa/lielb-
HOM M B TapajJelbHOM IIOJOMEHHAX KPpHeTaanoB (M., nanpumep, [2],
ra. 10, pasmen 1). OnHako «ecTecTBeHHaf» WUPHHA JHHHE, ¥YCTaHO-
BJAeHHad MO STHM LAHHLIM BO MHOTHX paloTax, Okasalach B psle CAy-
yaep OGoabllle IMEPUHH STHX JuHUH, HelocpeJCTBEeHHO HaMmepeHHOR npu
BHICOKOH paspemiaioue#t cume anmapatyprt. Kak yxasan Bporpen [23],
3TO CBA3AHO C HENPaBHJALHBIM BBeleHHeM NOIPABKHM HA MCKaMeHUWe ABY-
KPHCTAMbHbIM CHEKTPOMETPOM B HENapailie/bHOM M0J0MKEH!H: 3T3 MOTIPABKA
B . NeHCTEMTEABHOCTH JOJKHA BBOJHTHCA OyTeM BHUUTAHHS HPHHEL JTUHHW,
u3MepeHHOR B Mapa/ieibHOM TOJ0KEeHHH KpHcTaanoB. [lepecuuTaHHBHe
B COOTBETCTBUM C 9DTHM. €CTECTBEHHEIE IIHPUHBL T, MAHHUH Koy b Ko
-moMewiedsl B Taba. IV, Bsarot w3 paborel [24] (cm. Ilpunpwenus

.-¥ gnure). Tloap3ysach 3THMH DAHHBIMW, MOXMHO HaHTH (DOpPMY W IIHpUHY
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UCKAKEHHS TOH# anmnapaTypo#, Ha kortopo# paloTaer IKCTIEPUMEHTATOP -
Ilna sToro panoM ¢ HccaenyeMBIM YHaCTKOM CIEKTpPa H10/KHa OBITH CHATE
(WM TPOMEpEeH3 HOHHBALLHOHHBIM CIEKTPOMETPOM) OAHA H3 «CTAHAAPT-
HEIX»> JuHMH, ToMenlennelx B Tabxa. [V, OpenMyluecTBeHHO H3 uuCIa
AMHHH HENEePEXOUHBIX 9/MeMeHTOB. Ecam Takas JHHUA CHATA B TOM Ke
HOPAIKE OTpaMeHud, 9TO H HCCAeNyeMBIH CIEeKTDP, W SKCIEPHMEHTAILHAE
dopma ee oxasanmack BecbMa GauSKOH K IHUCNEPCHOHHON ¢ WHpHHOR 74,
TO OYHKLHS HCKAKEHHs TaKKe XapaKTepH3yercs IUCTEPCHOHHOH (opMoit
C MupHHOH |, paBHOH '

T="Ti— To-
Ecin mccrenyempit crmekTp cHAT B TOpAiKe #, 4 CTAHAAPTHAS M-

Hhs — B TIOPAAKE My, TO WHPHHA | (GYHKUUN MCKaKEHHS B TOPHAKE - i
paBHa

7i
T={1— LO)F_O- (5,31}

Mentod cmoabuxos. TIpeiNONOKAM, YTO CHATAA 1A IAHHOM CHEKTpO-
rpade (WM Ha3MepeHHas HAa CINEKTPOMETpE) CTaHAapTHaas MHHHS OKasa-
JaCh  UMeKlel aucnepcuoHHylo ¢opMy. B sTomM cayyae HcKameHHe
MOMXHO CYMTATE Takme IUCNEPCHOHHBIM, M INHPHHA ero y MOXeT OHTb
onpelenena no (5,31). B nanpuefmem My Gydem mpeanonaraTh, uto
H3BECTHO. :

BeruepTnm Ha MMATHMETPOBOK GyMare HaRIEHHYIO 3KCIEPHMEHTAMBHO
KPHUBYIO - CMIEKTPaJbHOTO paclpefefelyus HHTEHCHBHOCTH: 1O OpAMHATE
OTJIONHUM OTHOCHTEJIBHYI0 MHTEHCHBHOCTh F (2) B OPOMSBONBHEIX eRHHH-
nax, Tak utoOn HauGosabluas opiuxaTa cocraiasia 150—300 swm: 2a
HYJib TNPHMEM [AUMEHBINYR) HHTEHCHBHOCThL, BCTPEHAOULYIOCH Ha HCC/e-
Ayemom yuacTke crmektpa. Ilo abcuucce oTnoxum suepruio ¢otoucs E
B yCaIOBHOM Macwtale, mpuHAB 3a eluHHMLY noAywHpudy = 7/2 dyHk-
UMW HCKQKEHHA; 33 HYJb abCUUCCH npuMeM NLIHHHOBOAHOBYIO TPaHHLY
Ly HccnefyeMoro yuacTKa CHekTpa. BeJWUHHB 2, OTJOMEHHHE MO
abcuucce, GyayT, TakuM 06pasoM, PaBHEI

E—E,
= (5.32)
Macwtal no aGeumcce BHOUpaeTca TakuM, uTOH Bech HCC/EIyeMEIH
y4acTox cmekTpa umen gauny 200—350 ma. Ilpun TakoMm Bmbope edm-
YHHE! 2 dyukuna uckakenus (9,30) Gymer uMeTh Goiee mpoctoft BHI

Z

51 1 - =

‘P(z“zo):;m- (3,33)

IIposenem opaunater kpuBo# F (z) uepes Bce lefmble M NOJVIENHE
sHavewns z. Coceinue opauHaThl GyAyT OTCTOATH NPYT OT APYra HA Be-
amauHy 32 =0,5, deMmy coorserctByer 3F ==8/2 = 1/4. Uepes TOuUKH
KpuBOH F (2), pacnofOxeHH:He NOCepefdHe MEWIY TPOBENEHHBIMH opau-
HaTamu, npoBedeM OTPE3KH TPAMBIX, MNAPAMIAENbHHX OCH . alcuuce, 10
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nepecedeHns ¢ Ompxafwpmu OpAMHATAMH. DyleM cuuTaTh, UTO MIOLIALB,
3aK/oueHHans MEXAYy kpuBo# F (2) um abcuucco#f, noctaTouno XOopouo
2MPOKCUMUDPYETCA CYMMOH TMONYYEHHHIX NPH YKA3ZHHOM TIOCTPOEHHH TIpf-
MOYFOAbLHBIX CToMOukoe (puc. 138). AOCUIHCCH cepelWH CTOJACHKOE
paeHnl 2; =10,25; 0,75; 1,25; 1,75; ... .

Ecan BrcoTe croabukoB, paeHble F(2;), HU3Mepeubl B MM, TO Oag
pemieHnd 3ajaul o6 HCOpaBacHHM (QOPMBEl CHEKTPa ILOCTATOYHO HalTu
HCOPARAEHHYI0 (QOPMY «eIlHHMUHOTO CToaAOuKa», T. e. CTOJ0HKA IUKpH-
Hott 8z =—10,5 u BhicoTo#t 1 a.s. Ec/n saTeM Bce OpIuHATHLI HCOPABASHHOMN

"?’3)1- 74

z

Puc. 138. Anpoxcumauus KpuBof £ (2) cToafHKaMH
TIPAMOYTONLHOR (POPMBIL.

@QOpPMEl eTMHHYHOTO CTONOMKA YMHOMKHTE Ha F(z;), To Ovier HaliieHa
HCIpaBieHHas (Qopma croabuka ToH e wmpuust 62 =0.5, HO BmICO-
ToH F(2;). CyMmMupyd naas KaxAaoro z COOTBETCTBYIOUIME OpPIMHATLE
HCHpaBJeHHOR (OPMB BCeX CTOJAOHKOB BEICOTOR F (2;). TOJYYHM HCKO-
MY MCHpaBIeHHYI GopMy f(2) uccieayeMoro cmexrpa.

PemweHHe wunTerpafbHoro ypaBHenusa (5,28) 14a eIMHMYHOTO CTOJI-
O6uka wmwuputo#t 6z=0,5 u BeCOTON | MM MOWHO HAWTH MO METOAY
noclenoparedbHuix npubmuacenul [8]. 3TOT MeTON COCTOMT B CACIYIO-
weM. B xauectse mepporo npuOmmkeHus f;(2) K HCTHHHOH yuk-
uud f(z) mpuMeM HMCKaXeHHYIO anmapartypo# ¢oyHknuio F (2). 3a Bropoe

npubaiKenue IpPHMeEM
f2 (@) = f1(2) +- 4. (2). - (5.39)
Jaga HaxoxjaeHdus NOonpaBku A (2) X nepBoMy ApHOMIKEHUID 3aMelHM

B (0,34) 2z Ha 2z, yMHOXHM O0€ YacTh 3TOrO paBeHCTBA HA G (Z — Zg)
U TIPOHMHTErPHPYEM IO 2, B NpelelaX OT — OO A0 ©O:

[ 1oz 9 c—20) dzo= | f,(20) % (¢ — 20) dzo+

B fﬂl(ZG}?(é—zo)dzg. (5.,35)
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Ilia paccMaTpHBaeMOro BTOporo Npubaumchus B
(D.35) MmOl 3HAKOM MHTErpasna MOJONKHM fa(zy) =
Tpan cormacHo (5.28) Gymer pasen F(z). B tou
HeOpexmeM HCKaskeHHeM (BYHKILH Ay (2), xoropyio BHpaxaer Bropoft uirte-
Fpal B npaeo#d yactu (5,35); Toraa stor HH'rerpén MOMET GLITb 3aMeHEH
camolt  dyuknmeRrt A(z). Haxouen, o6osHaumm yepes F,(z) nBawim
UCKAMCHHYI0O DYHKINIO f(2) (MAM HOBOE HCKaKeHue F(2) ):J

JAEBOH YaCTH ypaRHCHUS
F(z,); Torua stor uute-
we npubanmeHun npe-

F,(2) — f F (2) ¢ (z2— 2,) dz,. (5,36)

w—

IJTOT MHTerpan CoBmasaer ¢ TICPBEIM WHTErpasioM B npaso#t vactu (5,35)

Tak K@K mo ycaoBuio f;(2) = F(z). Takum oGpasow,
Oamxenun BMecto (5,35) Oy YHM!

F)=F, ()44 (2), (5,37)
OTKYIa HaXolAuMm monpasky A, (z):
MR =F(2)—F,(2).

MoxcraBasg 370 Bripakenne Ans A (2) B (5,34) u cuoBa monarag fie)=
= F (z), noayunum 114 BTOpOTO NpHOTHKE HHA?

f2(2)=2F () — F, (2). (5,38)
B Tpethem mpulamkenHu nonommm:

BO BTODPOM HpH-

F@ =@ 0@ =2F () —F ()-8 2).  (5.39)

3aMeHss, KaK M B NpedLAyILEM Ciydae, z uepes zo, ymHOXKas (5,39)
Ha ¢ (Zz—2)) U HHTCIPHDYA, MOAYYUM: '

[ 1o we—2) dza=2 [ F(20) 0 (2 — 20) dzy—

L v

— f F1 (20) ¢ (2 — 29) dzg - f A (zg) o (2— 29 dzy.  (5,40)

AT

O60o3H3uyag

fnl

Fr@= [FiGo¢@—z)dz, (5.41)

—co

AapeobpasyeM (5,40)

: aHaTOTHYND TOMY, K4K 3TO OBIQ CAedaHo Ads
ypaBHenus (5,35): ;

F(2)=2F (2) — F; () +8,2).
Orcwona .Haﬁ,ﬂ,_eM Ay(2) W noacrasum B (5,39):
fs(2) = 3F (z) — 3F, (2) + F; (2). (5,42)
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IJKCTPATONUPYS TOT JKe npueM, Haltnem aas mpubanmmenus f, (2):

fa®= 2 (=" CIPFon_1(2), (5.,43)

=

rae obosHaueHo Fy(2)=—F (2), a O — 6HHOMHAAbHBE KO3(DOUIHEHT

m__ 7l .
T oml(n—m)) ?

apauvenusi C, Nerko HalTH, BEIIHCAE H3BECTHHIA «4YUCIIOBOH TPEYTOJIBHHKY
ITackand. :

HManoweHHB# MeTO IOCHeAOBATeNBHLIX npudankeHHH paeT A4
SKCIepHMeHTAIBHON KpHBOH, MMenllel GOPMY NPAMOYTOABHOrC CTOABHKA
BrICOTOH | #em u mApHHOK /2 = 7/4, cleayn0IYI0 UCIPABACHHYIO opMy
(B - mpubmKeHHH): '

. 1 & =1 A z -+ B/4 z2— 04
f?; (z):_ 2 (—-—]) Cn [HTC tgm—arc 'tg 'm—:]. (5,4‘4)
T =1
C BospacradueM mopamka npubmukendd parn (5,44) pacxomurcd, uTo
CBA3AHO C PA3PHIBHLIM XapaKTepoM HCIOPaBAfeMOH (QyHKUHH —— NpAMO-
yrosbuore cronbuxa. [1o3TOMY CYIUECTBYeT HEKOTOpPOe ONTHMAIbHOS

npubaniKeHue. Ilpu ucnpaBieHHH 5.

QOopME cmekTpa OWHUOKH 3KCHepu- &+ v

MCHTA De3KO YCHAMBAKTCS M  TeM o]

foablle, yeM Bellle HOMEp NpHOMHME- _ 2

Hua. OfHT MOKasaja, uUTO ONTHMAalb- & =

Hoe MpPHOJAMKEHHE B PASHBIX CAyuasX ] : fgﬂ{‘
(B 3aBHCUMOCTH OT (OpPMLI KDHBOH, i ’ L
TOUHOCTH UBMEePeHAH M mUpHHBL 7  Z- p 3 _ 007
(PYHKIHH MCKaMeHHS) HAXONLUTCH MEK- ] 2 OE P\ s & & M T
Ay fig (@) 1 fiy(2). Tosromy Buiau J A \//(3_ .
rabynupoBansl 00e stH  QyHRuMH. 29 24| ] 002
UucaeHnble 3HAYCHHMSA MX NPUBEJCHH _, | [0
g taba. 5 u 6, rie onHH 0O0O3HAUEHH g L™

. . M - .
Pi1o U P15 COOTBETCTBEHHO. POPMA I;%g Puc. 139, TIpaMoyronpunil cTonbnk f
BOH p;(§) mOxazaHa HAa puc. '+ (slEMEHT SKCIePUMENTANhHOH Kpu-
Ecnu 2z, xapaxkTtepusyel I[OJOMXeHHE. pOi) U uCHpaBienHad B NATHAINATOM
cepeluHEl cToaduka 1no ocu abeumce, npufimxenun ¢opma ero 2 npu
: 3K MY I~
qgeT sHAYCHEHE “oToR  AMCIEPCHOHHOM MCHAMEHWH, MOy
T0 p(s) onperense o PHHA KOTOpPOro INpHHATA 3a €NHHHIY.
YHKIMM B TOUKe Z, yAalleHHOH OT Z .
Kpueas & npescTagnseT 4acTh KpHeQH 2
Ha PpPAacCTOAHHE §=z—Zy B Macmrabe 11_110 OCH OPIHIAT, YEEJHYSIHOM
SR T E T - B 100 pas. Jlepad oce OPLHHAT OTHOCHTCA
l_[O.JIBSyS'IC_b OINOH U3 ITHX rab K KPHUBLIM J B 2y Ipapad — K KpWBOi 3.
JIAL, UCTIPABJAIT 3KCTIePUMeHTANbHY KDY
dopMy HCCHEIYEMOrO CHeKTpa B CJAGAYIOINEM TODAIKE. Breiyepuupalor
SKCMepPHUMEHTANBLHYIO KDHBYW B YyKasaHHOM MacwTale (cm. wiue). [lpu-
Mep TAKOTO _IOCTPOGHHA TPHUBENEH HA  pHC. 140. Yacto ymoluee

16 3Zaw. 3621, M. A, Broxxu
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3uauenus Py HCMpasIeHHOH QyHKIMM B JecaToM

JULA SKCHCPHMEHTANbHOH KPHBOH, npe
CTONGHK BBIcOTOH 1, mupusof 0
NONYILHPHHA § €rO TIPUHNTA 34 eIHHHILY.
PACCTOAHHA KOTOPBIX OT CepejiHHbI

OBPABOTKA PE3YJILTATOE SKCIEPHU MEHTA

0. VMekaxenn

[ra. v

Tadaouwa 5

NPHOTHIEHH N
ACTABNALUER MPAMOYrOIbHEK

& BHCNEPCHOHHOE,
SHAYEHHA Py, TaHk mIs TOUEK,
cTonBHKa 0003HAYEHL §
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OoTKNanHBaTL 1o abcumcce sHepruio ¢oToHor F H{:nocpeﬂ(:TBem_w_B 38,

kak »TO caeaado Ha puc., 140, a TouxH abcuUHCChI, COOTBETCTBYIOILIME

LeALIM M MOJYUEIBM 3HAUCHUAM Z, PACCUMTHIBATE 0O (POpMyJe:
E=E,+ 82,

poiTexaowett us (5,32). las 3Tux snavenn#t £ M3MepdiOT MO HCHpPaB-

(5.45)

]

I5] P |51 | Do ‘ Dy
!' —_—
0,0 - 7,060 5,5 — 0,005 11,0 — 0,001
0,5 — 2,005 6,0 — 0,004 11,5 — 0,001
1,0 — 0,735 6,5 — 0,004 12,0 — 0,001
1,5 — 0,165 7,0 — 0,003 12,5 — 0,001
2,0 — {1,026 T — 0,003 13,0 — 0,001
2,5 — 0,005 8,0 — (1,002 13,5 — 0,001
3,0 — 0,006 8.5 — 0,002 14,0 — 0,001
3,5 — 0,007 9,0 — 0,002 14,5 — 0,001
4,0 — 0,008 9,5 ~ 0,002 15,0 — 0,001
4.5 — 0,007 10,0 — 0,001 15,5 — 0,001
5,0 — 0,006 10,5 — 0,001 16,0 0,000
I
Tataouma 6
To we, uro v raGanna 5, nna bYHKELKHH py; B NATHAZLATOM
TpHGIHAK eHHK
o] | I
sl | Pis | Is1 | Pin i [ 5] Pis
0,0 -~ 89,7000 5,5 — 0,0053 | 11,0 — (0,001
0,5 — 3,3362 6,0 — (0,0042 11,5+ — 0,001
1,0 — 10,9000 6,5 — 0,0037 12,0 — 0,001
1,5 — 00612 7,0 — 0,0031 12,5 — 0,001
2,0 4~ 0,0424 7.5 — (,0028 13,0 — 0,001
2,5 - 0,0134 8,0 — 0,0024 13,5 — 0,001
3,0 — 0,0095 8,5 — 0,0023 14,0 — 0,001
3,5 — 00,0128 9.0 — 0,0020 14,5 — 0,001
4,0 — 0,0110 9,5 — 0,0018 15,0 — 0,001
4.5 — 00,0086 10,0 — 0,001 15,5 — 0,001
5,0 — 0,0065 10,5 — 0,001 18,0 0,000

asieMofl KpuBo#i coorsercTByomue opaunarst F(E). [Ipuwepnas cpoaka
TakuX msMepennft gaHa B Tala. 7. :

{
2004

0

1B -
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Puc. 140. Vicripamaenue CICKTPA IOLJONEHHN HA IUCTIED-
CHOHHOG MCKaaceHHE, BHOCHMOE auTllapaTypo,
% : — 05 : TAOME TEH=
HE KpHEOH Horamendd T=25,60 56, Ilo opIivHaTe OTAOHEHA HIT
CUH]:}?;ICT]) CI]-')JEI\'TPEI In ¥CIOBHEIX ©THHHIAE — AeJeHHAX MPI.T[DHMCTPUBU"I

E 53 eHNTAARHAT KpuBax F(E) wn
GyMAarH, Ha KOTOROH BLIIEDPUEHEl SKCTSDHM T KDy
" Iiic.ulpaps:lcmiaﬁ pHBan f (E). E,=8307.0 78, E,=83533,8 6.

15 HAXOMCICHWS OPAMHATLI UCIPABIEHHON KpHBOH B Touke E credyer
MPOCYMMHDPOBATL 10 BCeM CTOAOHKAaM (Ha xoropele pasdurta SKFnﬁpH-
MeHTa/NbHasl KpHBas) OPAMHATBl HCMpPABJeHHOH HX GOpMB AT TeX XKe
sHaueHH# E. OTH NoCAeIHHC MOMXHO HaWTH, YMHOMKHB COOTEETCTBYIOLLUE
sHavenuda ¢yuxkuuum p (BsaToie M3 Taba. b5 wman 6) ua suicoTy CTOMOHKA,
BLIDAKEHHYIO B #.M, NOCKO/JLKY p OTHOCHTCA K CTOAOHKY BHICOTOR 1 M.
«COOTBETCTRYIOLULEE» 3HAUCHHA p ONpPele slioTCH PacCTOSHHEM § Cepelulbl
KaKIOTO cToafura oT Toyku F. BeluuyuHa § wuaMepsieTcd B TEX XKe

16%*
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Tabaouuma 7

ITpumep pacuera sueprdd GOTOHOB £ AJs LCAMX H HOIYVIeNRIX
SHAUENHH Z M IPOMEPA COOTBETCTBYIONIMX OPJIMHAT KPHEON F{E),
npelcTaBNeHnod Ha pHe. 140, Ey = S207,00 28; 5= 1,30 36

E, F(E), | = (B | a2 F(EhL
z 28 ,u(_u) e l;s f’,;\((i) E JZ& ,155,)
0,0 | &307,00 | 190,35 12,5 | 8323,25 | 173,5 25,0 8339,50 37,0

0,5 | 8307,65 | 189,95 | 13,0 | 323,90 | 171,65 | 255 | 8340,15 @ 3345
1,0 | 8308,30 | 1896 13,5 | 8324,55 | 169,5 26,0 | 8340,80 | 30,65
1,5 | 830895 | 189,35 | 14,0 | 832520 | 167,0 | 26,5 | 8341,45 | 28,1
2,0 | 8309,60 | 189,0 14,5 | 832585 | 164,0 | 27,0 | 8342,10 | 26,25
2,5 | 831025 | 1888 15,0 | 8326,50 | 160,8 27,6 | 834275 | 24,45
3,0 | 831090 | 188,35 | 15,5 | 832715 | 156,95 | 28,0 | 834340 | 22,95
3,5 | 8311,55 | 187,95 | 16,0 | 8327,80 | 152,5 | 28,5 | 834405 | 21,7
40 | 8312,20 | 1876 16,5 | 8328,45 | 147,3 29,0 | 8344,70 | 20,55
45 | 8312,85 | 187,05 | 17,0 | 8329,10 | 141,3 29,5 | 834535 | 194
50 | 8313,50 | 1867 175 | 832975 | 134,0 30,0 | 8346,00 | 184
55 | 831415 | 186,2 18,0 | 8330,40 | 126,0 30,5 | 8346,65 | 17,55
6,0 | 831480 | 1859 18,5 | 8331,05 | 116,5 | 31,0 | 8347,30 | 168
6,5 | 831545 | 1853 190 1 8331,70 | 107,2 | 31,5 8347,95 | 15,95
7,0 | 8316,10 | 1847 19,5 | 833235 | 994 | 32,0 | 834860 | 1535
75 | 831675 | 1840 | 20,0 | 8333,00 | 91,65 | 32,5 | 834925 | 14,85
8,0 | 8317,40 | 183,55 || 20,5 | 833365 | 86,2 | 33,0 | 834990 | 14,15
85 | 831805 | 1828 21,0 | 833430 | 82,5 33,5 | 8350,35 | 13,75
9,0 | 8318,70 | 1820 21,5 | 8334,95 | 79,0 34,0 | 8351,20 | 13,25
9,5 | 819,35 | 18L0 | 220 | 833560 | 74,8 34,5 | 8351,85 | 12,8
10,0 | 8320,00 | 1800 22,5 | 8336,25 | 69,0 35,0 | 8352,50 | 12,45
10,5 | 8320,65 | 1789 23,0 | 8336,90 | 62,0 || 355 | 8353,15 | 12,0
11,0 | 8321,30| 177,9 23,5 | 8337,35 | 53,55 || 36,0 | 8353,80 | 11,7
11,5 8321,95 176,55 24,0 | 8338,20 46,75
12,0 | 832260 | 1751 24,5 | 8338,85 | 41,15

| | |

CIHHALEX, UTO M Z, T. €. 32 eJHHHLY H3MepeHHs § TAKwe TPUHHMAeTCA
noaymupua f ynkunn uckamenus. Tak Kak 1as CTOAGHKOB, HAXO-
AAWHAXCA CTpaBa U CjaeBa OT Touku £ Ha paBublX PACCTOAHMAX §, 3HA-
UEHHs p ONWHAKOBBEI, TG YLOOHO paHblle APOCYMMHDPOBATH PABIOOTCTON-
HHe OPAMUATEL 3KCHEPUMEHTANPHON KPHUBOH, a B8aTeM Yme CYMMy MX
YMHOXHMTb HA COOTBETCTBYIOUIEE 3HAUEHHE p.

Pacuerst CBOIAT B TalaHLy; TpUMEp TaKHX pPACYETOB NpHBedeH
8 Tab1. 8, nanHele KOTOPOH CooTBeTCTBYIOT Tabi. 7. OBe Tabawius
OTHOCATCA K KPHBOH, MokasaHHOH 1a puc. 140. Mcnpakiena yacts Kpupo#,
Bak/ouentas Mexay z=0 (L, = 8307 98) n z=36 (F = 8353,79 28).
B rabn. 8 npuseneH mpumep WCNpaBicHMA OPAMHATH, COOTBETCTBYOLLEH
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Tadauna 8

[Mpumep wcnpanieHua GopMbl CMeKTpa, TPEACTABISHHOTO Ha puc. 140,
A TOurH 2z = 22,0 (E — 8335,60 5g). Opauuartsl BOIMHCANE 13 Taba. 7.
Menoasaosano narpamaroe npurmxenue (rada. 6). Jna s = —1575
H - 14,25 5 nocnenwneH KOXOHKE naHel 3Hauenus g;F (£),

' rne gyx BaATO H3 Taba. 10

‘ F”(E), | IF (E),

55 a F(E}, BF(.E], Dig &F (Ejﬂ
= ) TS S R T e _.‘}:‘:!{EJ & ‘ ‘ AL LA AL
748 | 748 |1 725,06 —85| 1351695 l
0’0‘ 0| RS TR |+ 725 | 85 3051 17.55|187,05] —0,43
—05 | 2L5 | 790 ) | 90 130] 171,65
o5 | 225 | 690 | 1480 | 10376 490 310! 168 |188.43 — 0,38
—10 | 20 | 825 ] b —95] 1258|1735 |
10 | 230 | 620 | 1445 |—130,05] "o | 575 | 1505 18945 — 0,34
— 15| 205 | 862 | i
B | 938 cs | 13075 —8s50l—10,0 1 12,0 | 175,1
4+ 1,5 | 23.5 | 53,55 | 139,75 8,55 T 100 | 320 e
—201 200 818 < a7l —105 | 11,5 | 176,55
+20 | 240 | 4675 1384 | +d,s7. Tron | 525 | 1483
—25] 19,5 | 994 ) 10| 110 | 177.9
4250 245 | 4115] 14055| +1881 . 170 | 330 | 1415
—30 ! 190 1072 — 11,5 | 10,5 | 178,9 |
43,0 ] 250 37,01 1442 — 137011115 | 335 | 1375
= | 185 [ 12,0 | 10,0 | 180,0
— 35| 185 | 116,5 | 01 10, 0
T35l 255 | 3345] 14095 —192] 1120 340 | 1325|-
Y —125 | 95 | 181,0
AR 12?’0— 156,65 1721+ 125 34; 12,8
p & b g Rah — 1, . 3" il L
$20 0 28 i ,:;’Ej > 1 —130 | 901820 |
451 175 | 134, +13,0 | 350 | 1245
. I ¢ — ) 1 ) 1 ]
445 | 265 | 281 | 1621 | 139) v | as | 1e0s
—5,0 | 17,0 | 1413 o | +135 | 355 | 120
+50| 270 | 2625] 16755 —1,090 T 4% | "8 | 18385
—55 | 16,5 | 1473 L.14,0 | 36,0 | 11,77
55| 27,5 | 2445| 171,750 — 091 _145| 7,5 | 1840
T 145 365 | —
— 60 16,0 | 1525 | | +145 1 36,
T 60| 280 229517545 — o074 —13,? | 7.0 | 1847
150 37,0 | —
nddE 1k 0,661 i12,5 | 651853
a A T 8.5 —|-F185 | 875 | — | 22021 —2,29
—70] 150 1608 | ; . |
70| 200 2055 18135 —086/ 1575 cocl 1856 | — | — 3,0
75| 145 | 164.0 i+ 14,25 3625 115 | — — 0,25
4757 2095 | 194 | 1834 | —0,51
— 80| 140 | 1670 FAE) = X [ps F (E)] = 82,42
80| 300 | 184 | 1854 | —044 3
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sHauennto z=— 22. Kax suano uz tadn. 5 u 6, ¢ yiagenueM croabuxos
OT HCIpaBAdecMOH OpAUHATH NpH GOMbIIMX | S| BHAYCHHA p;, H pPig
yOmBawT u npu |s| > 15,5 cravoparcs seHee 0,0005. Taxum 06-
pasoM, OTAelsHBIe CTONOHKH, yIaleHHHE OTF UCTIPaBRASeMOR oOpAMHA-
TH Oogee ueM nHa 15,5 noaymHpuasl (MVHKLUMHM HCKAMXKEHHUS, BHOCAT

CTOAL  Malyie AOdI0, YTO IPH  CYMMHPOBANMH  BEJAHUMH, CTOAIIHX
B KOJQHKE piazF(E) Taba. 8, Mowmue, Kasaaocs O, Iy JA0JI0  1e
VUHTHBATD.

Oznnako, TPOMEDH OPIAMHATE BHOOAHAKTCH TOJABKO B Ipelenax

HCIPABAAEMOrQ y4H4CTKA CNEKTPd, B QAHHOM c/ayuyae —B oOnacTu 3uade-
nut £ oor £y 10 E,, uam auavenufi 2 or 0 1o 36, Meway rewm, kpakiss
H3MepeHHas COpaBa oOpiHHarta (MIpy 2= 30} OTCTOHT 0T HCnpaBiIsemoil
(mpu z==22) mumb na s==14, T. e. Ha BeAWYHHY, 19 KOTOpOH NO.Is,
BHOCHMAA OTASNbHLIM  CTOJMOHKOM, UMECT elle 3AMETHYID BeJdHUHHY.
C neso#t CTOPOHBI OT wHCOpaBAsieMOH OPIOMHUATH HA PACCTOAHMAX, IIpe-
pocxouamux |s|=15,5 (1. ¢. npun 2z==0,5 1 1aice B CrOpOoHy Melb-
WHX 2), OPOWHATH SKCHepuMeHTaJIbHOR KpHBOH umewT OGoJbINHe 3Haye-
uus. Ofe COBOKYIUOCTH BCeX CTOADHKOB, PACHOJQIKEHHBIX ChnpaBa oOT
z2==36 u cireBa oT Zz==~0,5, BHOCAT CYyLleCTBeHHE BKIaX B MCNpAB-
ASCMYI0 ODAMHATY M JOMKHE GBITb YuTeHH. DBojdee TOYHHE TPaHHLIBL
He HCMNOJL30BAHHBIX IIPH HCIPABMEHHMH VYACTKOB MOMKHO HAATH, ecJH
yuecTb IMHUPHHY cToabmkos, pabaywo 0,5 (B eauumuax waMepeHHA Bejn-
uunel 2z, uaM 0,25 v B eOMHMLEX HM3MCPEHHS -3HepPrHu  PoTOHOB F,
T. e. B s8). Kpainu# caepa cronfuk, cepeirund KOTOPOro HPAXOIWTCH
Ha 2==0,D, sakaguuBaeTca cJaeBa TpH 2= 6,25, T.e. HA pPACCTOAHHH
s=—15,75 ot wncnpagigemofi opauHare., Kpa#iHu#t cnpapa croabuk,
cepeliHa KOTOPOro NPHXCAMTCH Ha z=— 30, 3akauuupaeTcs CcHOpasa MOpH
2=236,25, 1. e. Ha paccroanun §$= 14,25 oT wHcnpapisemoit opmu-
HaTHI. )
YueT Jouu, BHOCHMMOH B HCNpanisieMyd OPIHHATY BCeMH CTOAOMKAMH,
HAXONAUIMMHACA CIpaBa oT 2= 36,25 u caena or 2==06,25, Momker OBLITH
‘TPOBC/IeH C A0CTATOYHOR TOYHOCTRIO, eC/H ANPOKCHMHPORATh 0fa yuacTka
KEPHBLIX DBHEe 2THX NPeledOoB NPAMOYVIOALHBIMH FOPH3OHTAABHLIMH TIONTY -
CTYTEeHAMH, BBICOTH KOTOPHIX paBHbl «CpeiHefl BaBellcHHOH» OpIMHATE
COOTBETCTBYILHX VYACTKOB KpHBOH. JlocTaTouHas TOUHOCTE MOMWEeTr OLITh
nofdyueHa NpW VCpelHeHWM Ha Tias. [Ipd 3TOM clefyer YYMTRIBATB, YTO
0 Mepe VIQJeHHA BePDTHKAJNLHBIX cTOMOMKORBR BHOCHMAS HMH 004 }’f)l—:l-
BaeT. VcnpabidcHHe KaKIoR MoJaycrymeHH (Ipasofl m smesolt) moxer OwbITE
NPOBEACHO METOILOM MNOCASHOBATENbHEIX npudmoxedudt. as sxcnepu-
MEHTAAbLHOH KPUBOH, uMeoulel ¢dopmy MOAVCTYIEHH BeicOTON 1 aa u
HIVILEH B CTOPOHY MOJQKMTENRHHX Z OT TPaHMILE ApH z=—0 (puc. 141),
WCApaBleHnan Kpupad B #-M IpubMlnKeHHH HMeer dopmy:

-

1, 1N met
fn(z):.-g._[_.ﬂ_g(u—l) ! .narctgﬁ. (5.46)

=1
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Dro BHIpaxkenue npu z < 0 paBHO

fo (@)= — ___.”.?_+ é 2 (— 1Y 1C arctg % . (5.47)

" =2
a npu 2> 0 paBHO

T
C.}L +1 1 W M—1 -4
fn(z) — 9 '+’? 2‘ (_1) ?‘Iar‘:tgm_l . (5’48)
= 2
PacueTsl, BLINOJHEHHLIE MO TUM (popMyiaM, cBefdern Brrabm. 9 m 10.
B uEX f,(2) saMeHeno yepes §,, 4 BMECTO Z MOCTAB/IEHO §-— DACCTOAHKE

<?;5
8 -

%l6 w -w <0 -6 -6

-4
!

L L

L L

-G

~006
- 008
-Q 10

-G/2 |

Pue. 141, [paMoyrodbHas noNyCeTyneHs / (5A€MEHT SKCHEPHMEN-

TalLHOH KPUBOH) M HCNPABAEHHAA B [ATHALNATOM HPUGIMEKEHHH

ee dopma (KpHBag 2) npH JUCHIEPCHOHHOM HCKAMEHHH, HOXY-
IMMPHHA KOTOPOLO TIPHHSITA 38 €JHHALY.

Kpupas 3 mpercTapMeT HacTe KPHEDH 2 B MacWiTabe M0 OpAHLATE, YBean-

yennoM o 100 pas, [Ipapag OCEH OPAHHAT OTHOCHTCH X KpHews I H 2, jaecsas —
H KPHEOH J.

TPaHMILN MOJYCTYIEHH OT HCIpaBaseMOM opauHars. s nojycrynemn,
BEICOTA KOTODON paBHAa «CpelHell B3BelIeHHOH» OpAMHATE YYaCTKa CHeKTpa
3a OIHOH M3 YyKa3aHHHIX BRILle IDAHUL, HCOpaBieHuas (GODPMA MONKET
OuTh HafileHa YMHOWEHHWeM ¢, Ha BHCOTY cTymeHH. COOTBETCTBYIOUIME
npousBeleHus TNpHBeleHb B NMocaeidued Koao0HKe Taba. 8.
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TaGmumna 9

.
3uauyeHHs ¢jp HCIPABJIEHHOM ‘QYUKUHMY B [eCATOM MPHOAHKEHHH pnsa

JECTIEPUMEHTANEHOH KPHBOH, NPEIcTaBIfgio
HONYCTYNEHE BEICOTOH 1, HIymyio OT Hek
Bo3pacTaHus §. Mckawernie aucnepcHonnoe
38 eIMHHLY. 3HATCHHA gqq

L{EH TPSMOYTONBIYIO
OTOPOH CPAHHULI'B CTOPOHY

» TMONYUIMDHHA 3 ero npuusta
HAHBEL LA TOYEK, PACCTOSHHA KOTOPHIX

OT IpaBHUBl CTYHEHH 0f03HAUEHBl § F)

- = —s ~tha —5 ~{a
0,25 3,030 5,75 0,055 11,25 0,028
- 0,75 1,025 6,25 0,051 11,75 0,027
1,25 0,290 5,75 0,047 12,25 0,026
1,75 0,125 7,25 0,044 12,75 0,025
2,25 0,089 7,75 0,041 13,25 0,024
- 275 0,094 8,25 0,038 13,75 0,023
3,25 0,088 8,75 0,036 14,25 0,022
3,75 0,081 9,25 0,034 14,75 0,021
4,25 0,073 975 0,032 15,25 0,020
4,75 0,066 10,25 0,031 15,75 0,019
3,25 0,060 10,75 0,029 i
|
*) B raSnuue mann suaveHus G1o 1 § < 0; 3HaueHua g maa § >0 Mmoryr

6LITE HaHneHH Mo hopMyne: g (

H=gup(—s) |+ 1L

Ta6auiwa 10

To we, uto u Tadnwua 9, nis DYHKUHE §15 B NaTHANNATOM
LUPHEIHEHHH

—tig —& [ —q.5 —3 —t.5

0,25 4,3500 5,75 0,0547 11,25 0,028
0,75 1,0138 6,25 0,0505 11,75 0,027
1,25 0,1138 6,75 0,0468 12,25 0,026
1,75 0,0526 7.25 0,0437 12,75 0,025
2,25 0,0950 7.75 0,0409 13,25 0,024
275 0,1084 8,25 0,0385 13,75 0,023
3,25 0,0989 8,75 0,0362 14,25 0,022
3,75 0,0861 9,25 0,0342 14,75 0,021
4,25 0,0751 9,75 0,0324 15,25 0,020
4,75 0,0665 10,25 0,0310 15,75 0,010 °
5,25 0,0600 10,75 0,0295
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Memod mpuzonomempuieckux paéos NP CuMMEMPULHOM UCKE-
HCEHUL IMUCCUOHHBLX crexnpos. ByneM HCXOMHTL U3 ODUIEr0 HHTETPab-
HOTO ypapueHus (5,28), ceaAspBaOero Tpu GyHkuun F(2), f(2) u o (s),
MpejCTaB/IAWNe COOTBETCTBEHHO SKCTNEPUMEHTAIBHYI) M HCIPaBIEHHYIO
KPUBBIE M QYHKUMIO ucKaxeHud. [Ipu nocTpoeunu Kpuso# F (2) OTAONUM
mo abcuucce sHepruio GoToHOB E ¥ pufepeM rpauuubl MCHpaBideMok
ofnactu cmexrpa E, (Hauano) u E; (koHew). OGo3HauuM ILUPUHY STOR
of6aacTH Ey— Ey=23. Ilycte 2 osmauaer pasuocts E — E,.

Eciu uckawenue uUMeeT AMCMIEDPCHOHHYIO dOpMy

1 1
‘?(z_zﬂ):"-:»ﬁ— 1_I_(z—-zo)2 ’ {2)
-[ P

rde B=/2, To mupuHA 7 QYHKUMHA HCKAKEHHS MOKeT OBITL HalieHa
no (5,31), xak 5TO OBLNIO ONHCAHO BHIE. -
Ecnu uckaxenue uMeer GoOpMy rayccoBofl KpHEBoi *)

ve—m =) e[ 22 ¢z, (5.50)

rie B uMeeT MNpexHHH CMBIC/A, M YCJAOBHe uHOpMupoBaHua (5,29) cobmo-
JEHO, TO MAPaMeTp Y TaKKe MOMXeT OHTb HalleH N0 UIHPUHE T, OMpE-
IeNleHHOH SKCIEepUMEHTAaNbHO (OPMH  CTAaHIAPTHOH MHMHHWH; HCTHHHAS
LIHPHHA €e JAOJKHA OFTh H3BECTHA TIO NAHHEIM, TOJYYEHHBIM Ha ABY-
KpucranbuoM cHoexkrpomerpe (cM. Taba. IV [lpuromenu#t k kHure). Bee
IWHPHHEL §, ¥y H Yo MPEANOJAraioTCA H3MEPEHNBIMH HA CepeidHe Op.Ii-
HATH MaKCHMYM4 COOTBETCTBYIOUIHX KPUBHIX-
Ecau ucTuHHas (opma CTaHAapTHONR JHHHK JHCIEPCHOHHAR:

fu-i-(z}:—i(?: (5,51)
N
Po
TO TpH rayccosoM Hckawenun (5,50) skcnepumenrtanbHas dopMa JHHHK
corjacHo (5,28) Gyrner:

ar o[ o]
K/ In: - ; .
Fa@) =5y 22 | o dn (55
- HE
—® : Bo
rie Po— Yo/2.
Beeznem caelymoumue 0603H&‘-IE.HHSIZ_ _
x=X07 | (5.53)
y=Y0Zg, (5.54)
t:m—Vf;Q (2 — 2y). | (5.55)

*) Metoa Hcnpasiedus (OpMLI CIHEKTpPA NPH TayCCOBOM HCKAaMKEeHHR pazpa-
fotan B. T, CaueHio.
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Torzxa (5,52) moxer GulTb npeobpasoBaHO K BUIy

fel

5 Ky ye_tE h
For(x) = V= e/‘ yT—]—(x——t)‘l dat. (5,56)

— 0

Wurterpan, sxondliuit B 370 BHpaXKEHHE, He MOMET OBITh BHUHCIEH
dHAJHTHYRCKH, HO 174 INaAbHEAIIMX pacyeToB MOYKHO BOCTO.B30BaTbCH
TabaunaMy [25], B KOTODHX IaHLl 3HAYEHHs (YHKIMH

[l

1 e ¥
u(x, y)=— / 2

J’T"—Fm dt. (5,57)

—00

Bocnonbsosasmiucek sTo# (hyHKUMel, mMOAyUHM:
Fer(x)=KyV = u(x, y). - (5.58)

HeTpyino BuaeTh, UTO NOJOKEHWC MaKCHMYMa CTAHIADTHOH JHHHH

NpH HCKAKEHHHE He MeHHeTCd, Tak Kaxk ofe QVHKUME fo (2) U @ (8) cum-

MeTpHYHL. OTCIONd CACAYeT, YT0 MaKCHMYM (VHEUAHM Fo (2) pacHoJo-
wen npu z==0. Coruacio (5,53) makcHMyM GyuKuUMH F(x) pacno-
noxKed npu -x = 0:

[Fer ()] o = Fex (0) = KyV 52 (0, y). (6,59

BuiGeped Ha ocu 2z TOMKY 2, VIANEHHYI0 OT TIONOMEHHA MAaKCHMYMa
Fep(2) na noaywupuny srofl GyHKIMEA Bi=17:/2=2". Toraa noayumm:

For(z) =22 (5.60)

Samerss 2’ vepes x’ no (5,53), Hahzem:

g Y2 ,__Vinz

=12, (5.61)
ITo (5,58) u (5,60) umeem:
— 1R
Fale)=KyV7a(x, ) =8F 00 3. .69
OTKYId CJelyer:
a(, =209 (5,63)

Ecmn nas crannapTHofl smnmu wspectna (no taba. IV TMpuaowenuf
K KHHTe) HCTHHHAd NOAYWHDHHA Bp= 70/2, 2 SKCNEPHMEHTAaALHAS MOJIY-
IIMPHHA €& IpU rayccoBOM HCKaKEHHH OKasanach pAaBHO# By, To mO
(5,54) u (5,61) nattmem cmase Mexiy x' w y:

g
¥ =2y, (5,64)

3] YUET MCKAKEHHH SOPMBI CIEKTPOR 251

rtabanuaM [25] Takoe sHaueHHe Y, NIPHM KOTOpoM pasenctso (5,63) ymos-
neTsopgeTcs. 3atem 70 (5,54) ONpeleNsioT HCKOMYW [HoaywupuHy B
rayccoBa HCKaWeHHs:

roe 5, = B, a caenopareabHo, X' > 3y. 3Has §,;/3;, NOLLICKHBAT MO

o

— .1%..’33 Bo—=0832 2. (5,65)

Mycrs, uanpumep, By=1,13 98, 3, =1,53 s8. Torna no (5,64)
uMeeMm x’ = 1,35y. o rabauuam [25] vaxoans, uro (5,63) yiomaereo-
paetcs npu  y=1,24. Tlo (5,65) Haxomum B=0,76 a8, orKyIa
1T=23=152 as. . -

ByleM cuuTaTbh, uTO TapameTp  QYHKUME AcKawenHda ¢ (s) ualien
u wWapectHa ee  Qopwa— Iucuepcronnas  (5,49) mam rayccoea (5.50).
Pazmoskum  dyuxuus F (2} 1 f(2) B TpUTOHOMETPHUECKHE PAIbl IO CH-
HyCaM HeUeTHLIX IapMOuHK!

) Fy= 3 Asinz, (5.66)
i

., km
F()=Y, Bysing 2, (5.67)
k

rle INHpMHA MCIPABAAEMOro yuacTka crnekrpa 6 = F;—F, npundra aa
yeTBepTh NePHOAd. PYHKLUMI0 MCKAKEHHS 0 (2-— Zg) PA3JoNKHM B TOM Ke
HHTEPBAIC 1O KOCHHYCAM YETHHIX TapMOHHK:

¢z—z) = N oSt (z—2). - (5.69)
I
Bysnem cuATaTh, YTO MHTEHCHBHOCTh HCIPAaBIACMOTO 3MHICCHOHHOTO
CICKTpa HE NPEBOCXOAHT OWMOOK 3KCUEPHMEHTA TOAbKO BHe HHTEpRAIA
or F, no £, Torma mupeieaw HuTerpupoBaHua B (5,28) MoryT OuwTb
3aMEHEHBl KOHEeYHLIMH!

a
F)= [ f(20) 2 (2 —20) dzq. (5.69)
0

lMoxctasus (5.66), (5.67) u (5.68) B (5,69) u uUuTerpupyd B npeienax
or 0 1o 20 (u3 coobpawenul OPTOTOHANBHOCTH), NOAYYMM:
_Ai’c
B-’“_Tk . (5,70)

Ecan kosdduuuedTsl Ay HafaeHs OOHHM H3 MeTONOEB rpaduyecroro
rapMOHHYeCKOr0 aHATU3a SKCOEPHMEHTAAbHOR KpHBOH, 2 KOSMPHIHCHTH

.'Ck LI)}'HKLLHH HCKAMEHHN pPACcCUHTaHbl AHATHTHHCCKH, TO TIO q)OpMyJ'[E

(5.70) moryt Owith naficHH kxosdduuuenTh B MCTUHHOH dopMbi Crex-
tpa. Cunresupys pan (5,67), MOMKHO TOCTPOHTL HCKOMYIO KPHUBYIO —
ucnpasiendyio @opMy CcnexrTpa.
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Hanoenusld MeTON, KaK NOKasaHO B padGorax [19,21], me csoBoaen
OT HCKaXeHHH BOMM3M rpaHul £, u E; MCOPaBIfeMOro y4acTKa CHekTpa.
Kpaeprie uCKaweHHS TeM 3HauuTe/nblee, YeM BHIIE HHTEHCHRHOCTb
9MHCCHORHOTO  CneKxTpd BOJAM3H STHX TpaHuil. YBeAHYeHHe HHTepBand o
He TIPHBOIMT K XOPOIIHMM pPE3Y.AbTATAM, TAK KaK IPH 3TOM ATIPOKCHMA-
1" SKCTCPUMEHTANLHOR KPUBOH panoM (5,66) cTaHoBuTcs Hosee Tpya-
HOA H MeHee TOYHOH. OITi CooGpakKeuus CilelyeT HMeTb B BHAY NpH
BeiGope rpanuu Ey u E; HCNpPaBadeMOro yyacTka CHeKTpa.

[IpuMeHeHne TPHFOHOMETPHUECKUX PSIOE K DELIEHHK) PACCMATPHUBAE-
MOH 334aYH B HEKOTOPBIX CAYYasSX MOMET NPHUBECTH K IOMOMHUTE ThHBEIM
HCKAMKEHUAM TaKiKe W BOJH3H KPYTHIX Y4YaCTKOB CIEKTpa, HANMpHMep Ha
. KOPOTKOBOJIHOBOK TPaHMIE 3MHCCHOHHOTO CHEKTPA METAMIOB. JIECh
HaGmonaercs  oddexT Mnbbca — A0KHBIA Y3xult MOABEM KpUBOH BOIH3H
REDXHEH YaCTH KPYTOM BETBH CNEeKTPa, B DE3YAbTATE KOTOPOro HCIpPan-
JeHHan KPHBaA OKA3HIBAETCH B STOM MeCTe 3HAYHTENBHO BLILE WCTHHHOR.
AHanmorHyHBI® VSKHH JIOMHBIHE Buiipoc HaOmMofaercsd ¥ B HMKHeH HacTH
KPYTOR BeTBH. IJTH OCOGEHHOCTH M3M4raeMoro MeTola ‘HeOGXOIHMO 3HATH
U YUHTEIBATb, UTOOBl He NONYCTHTh HENPABH/BHLIX BLIBOJOB NPH MHTED-
NPeTaliy HCOPaBIenHOl KpPHBOH. _ ' '

B cayuae nucnepcuonnoro uckamenns (5,49) xosgdUIHEHTL ¢, MO-
T¥T OHTL € JOCTATOYHOH TOUHOCTHE) BLIMMCJEHBI TIO hopMYIe

krf B . ks = -
ck:exp(——gﬂg)-——?m%, (5,71)
rae k=1, 3, 5, ... 3uauenns k=/2 w WHTCrpaibHOrO CHHYCa si(Bw/2),
YMHOKEHHOTO Ha £, npuselerb! 5 tabmune | IMpunosweHudl Kk kuure.

B cayuae rayccosa uckawenus (5,50) xoS5dOULUEHTH € MOTYT GHTH
C AOCTATOYHOU TOUHOCTBIO HalileH:H MO QoOpMy.ie '
2 B2 32
ck:exp[—m(rg)]:exp [— 0,8899 (g) kﬂ. (5,72)

OGe dopmyast —(5,71) u (5,72) — cnpasennussl mpu 5 0.

[Tps OTCYTCTBHM MAIIMHHOrO TrapMOHMHYECKOrO AHAMM3ATOPA IDadu-
UECKHH TapMOHHYECKMH aHalIu3 SKCMEPUMEHTAIbHOM KpuBof F (z) Momer
GEITb ¢ TpeSyemo#f 81eCh TOYHOCTBIO OCYMIECTBJIEH N0 MeTOLy YUeGHilena.
Ilpu pasaowenmm F (2) mo cudycaM HeHeTHLIX TAPMOHHK 3Ta pyHKIHA
3aMeHAETCA [epHOILHYeCKOH HedeTuoift GyHKmuel, oOManawiuel CHMMeT-
pueti Il pona *), ¢ mepnonow 43. {ua npumenenus MerToga YeBriesa
B 3TOM cCiy4ae paso0beM HHTCPBa’ § CripaBa Ha/QeBO HA HeYeTHOE YHCIO 72
4acTed, TOe 7 NPUHNUMAET SHAYSHHA:

nzl, 3, 5, ooy k‘;g; (5,73)

*) Cum., manpumep, M. H. Bporwmrediny K. A. Cemennacs, Copa-
BOUHHK N0 MaTeMaTuKe, paspen «Paast Pypses. FocTexuamar, 1954,
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81eCh R, —HOMEp TapMOHHKH TIOCJACAHEro uneHa pama (5,66); naa
STOTO 4ieHa M BCeX CAeAYIOMMX A0MKno OmTh Ay <1 mu. Opaunate
sKCTepuMeHTaldbHol KpuBof F (2) B Toukax meneums oGozuaguMm F,,.
rie m— HOMep TOuUKK [dedeHHA (Cm. puc. 142). Habigem eemumumny N,;:

m1—1

2
N,— 1| Fy4-2 2 (— 1™ Fs,, |. (5,74)

Iigd
m=1
31ech HCMOAL3OBAHE TOMBKO OPIHHATE, H3MePEeHHBIE B UETHBIX TOYKAX
JdeNeHus. )
ITocae Toro kaxk wHaHueHwl BeanywHbl N, 419 BceX 72, Iepeuyuc/eH-
HEX B (5,73), COCTaBHM CJAEAYIOILYIO CHCTeMY JMHeHHEIX YpaBHEeHUH:

tar . o+l

. 4=
Npy= 2 (—1) 2 4, e (5,75)
41
rne f[,— LUejoe YHC/IO, 3aKJHUYEHHOE B CJACAVIOWUX TIpeneiax:
Ry 1 By 1 _
A R PP R 5,76
o D NS gy g - (5.76)

Pewus cucreMy ypasuenuit (5,75), nailuem KO3p(OUUHCHTH A TPHTOHO-
MeTpuieckoro paga (5,66), anpOKCHMHPYIOUIRro SKCMepHMEHTAMLHYIO
¢opmMy cnextpa. ITpoBepKa MPABHJABHOCTH BBIYHC/AEHWH M IOAYUEHHOHR
TOUYHOCTH NPOUSBOIUTCA CHHTe3HPOBaHHeM psga (5,66) B HekoTopmix
Touykax. [IpH BLIYUCAEHMH CYMMBEI ‘
YMEHOB STOrO PALA MOKHO BOCHOMb- /(2]
gopaTkca  Talu. Il Tlpunoxenuit
K KHHIe, rjie naHe! suadeHHs sin 2e,
PeayabpTaThl CHHTE3a CBEpAOTCH 34-
TEM C HKCHEePHMeHTaNTbuOH KPHBOH.

Hatina no (5.,70) koaddu-
UHEHTH 5, TPUrOHOMETPHYECKOTO
pana (5,67), cTPOAT KPURYIO HCIPAB- o T e T 2 T2
AeHHOR (POpMBL CIIEKTPA, NOMb3YACH
COOTBeTCTBVIOUIeH MAawuHOW; npu  Puc. 142 IMpuMmenchue metona Uebuime-
ee OTCYTC”EBHH’ pan (5,67) moxer B4 K pasiomedio F(2) B TPHTOHOMET-
OLITh CUHTE3HPOBAH C  TMOMOIULBIO PHUSCHHH PpAL 10 NeYeTHRM CHHYCAM.
To#t e Taba. IL

PaccmoTpuM npumep NpHMeHe-
HHS M3JIOIKEHHOTO MEeTONA K HCTpaB-
MeHHIO (POPMBI SKCMEPHMENTATBHOR KPUBOH, NpelcTaBAcHHOR Ha puc. 143.
Iaa pasioweHud 3TOH KPHBOH B Tpnrm-mmerqpuqeumﬁ pal MmO CHHyCaM
HeYeTHBIX TAPMOHHMK TpHHHMaeM wuHTepBan &—=—7I,—[F, 3a ueTBepThb
nepuosa GYHKUWH, anpoxkcAMupyoumed F(2). Pacuer abcuucc uyeTHLiX
TOuek JefleHus TIPOM3BOAMTCA IO BepxHed wkaie &—z2 (puc. 143),
HampaBleHHOH B CTOPOHY, IPOTHBOMOJIOXHYIO 2, M HAUXHAIOUleHCs

YHead Not 0Ckio aliCUMCE ¥KASHBAWT HOMCDa TO-
Uek LeAeHHA HHTEPEATA § HA 2 PABHAX OTPEIKOB.
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Tpumep Haxomuenda seaumunn N, nas cnextpa puc. 143. N, paccunraun no (5,74). B xononxe X naun

snauenns cyMmbl B (5,74), Fy= 3,0 s, Beanunnm (8 — zop) 2886l B 98, Fop, — B s, 3max npu Foy,

292 as.
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B Touke Ey, T. e. npu 2z=23. AGCUMCCH B — 2, COOTBETCTEYIOLIH €
opauHataM Fy,, onpejensircs mo dopmyie
- - 25 i
O~ Zam = - . (5,77)

Iast stux abcunce o’ kpuBo# F (2) H3MEpAIOTCH OPIMHATEHI Fyope Coot-

BETCTBYWLIHE DACYeTH M PE3YAbTATHEL M3MepPeHHH npuBedeHE! B Tatua. 11,
i
ﬁﬂ?_ f“'\
s
- !; '\{;“‘(Z)
L278 t :
]
- ' |'
d 1 !
2 Thz) A
iy \
00+ ‘ .~
4 Y\
V:irk N 1I1
i v
.60_
2 ]
] ! Z 3
/ X \
20 / \
] // \
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= T T T T T T T T T T T T -
gz '28 & 0 B 2 & 4 il
"‘? . ' 4: & 2 i) 2 25 2829258z
8O 8320 8324 8a8 8552 8336 80K m;{sa'f
&
i
Puc. 143, lMenpapieHHe SMHCCHOHHOLO CHEKTpa Ha

JHCHeDCHOHHOE HCKAMEHH:, BHOCHMOS annapa'rypoﬁ.

LlnpHEa KPHBOH HCKAMEHHT §=1,60 ss. Ilo opimmare oTIoeHa
HHTEHCHEHOCTE CHeRTpa § B YOAODHMX eIHHHUAX — IeAcHMAX MALGM-
MeTpoBoit  O¥Mard, Ha KOTOROM BHIYQUENLl SHCIEPHMETAILHAT
KpHBad £ (2} v Honpasaesnas kpHpad f(2). E =85316 s, §=129,2 54,

rae AJiA MpUMepa 7 TPHHUMAeT BSHaYeHMs BCeX HEUETHBIX UYMCEJ TOJbKO
10 R, =25 prOOUATEIEHO. B LeHCTBHTENBHOCTH 3TOr0 uucA2 UIEHOB
pasa (5,66) HedocTaTOYHO, ¥ NPHXOAMTCS IPOBOAMTH PACUETHl 1O 3Haye-
Hn#l R, nopsaka 49—69. McenpasieHHas Kpupas, NOkasaHHaa ua puc. 143,
nocrpoena aqd cayvas kR, — 49. Cocrasienue rtabn. 11 caeayer npo-
LOKATh A0 TeX MOP, MOKa HECKOAbKO [N, MOIPAI He OKAXKYTCA Melblle
I awar. _ *

B Ttata. 11 npupefennl Takye 3HAYEHMA CYMMEL, CToAUle# B mpaBol
yacTd Gopmyast (5,74), u penuuunbl N,, PacCYMTaHHHE 10 TOH Ke Pop-
myme. Ha#ineHHHe snauerus N, HCHOABIYIOTCH LS COCTABJIEHHA CHCTEMbI
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ypaeHenn#t (5,75). Brmuuiem 5TH ypaBHEHHS, HauMHAA C NOCHEIHErO 31a-

YeHUA 7, DABHOTO Ry, MW jaajee yMeHbIIas f Kawawll pas Ha elHHHIY.

IMpu stoM orpanuunMcs KosdduunuenTaMu Appi_1 C HHIEKCaMu, YIO-
BASTBOPADIIAME CJAEAYIOIEMY COOTHOMICHHIO!

n(2— )=k < k. (5,78)
HEFKO BHI2Th, 9TO l'IpH }rCJ'[OBI"II"I
n> L (5,79)

ypaeserua (5,75) EMEOT B NPEBRLIX UaCTAX TOMBKO OAMH uieH s {= 1
¢ xosbduunenrom A, = A;. Takuu o6pasom, npu yciosu (5,79) umeem:

E—1
Ap=(—1)% Np. (5,80)

B paccmarpuBaeMom npuvepe npH R, — 25 ¢dopuyna (5,80) cnpaseninea
41a Béex B > 9. Hafinennwe no s70# dopmyne xoodbunueHTr Ay— Asy
npueeneHs B Tada. 12.

TatGauya 12

3nauenust kKoshduuHentoB Ay, ey H By nas npHMepa
pHe. 143 B tabn. 11

|

& A gt l By 5 l Ager g l B

MM AL ] MAL i M | ALAL | MAr
1 | 4-8245| 400634 | 18558 15 | —145 | 1-05235 | —2,77
3 -}~ 53,64 —- 0,8758 -+ 61,25 17 — 4,46 - 0,4817 — 926
5 — 28,59 -+ 0,8085 — 35,36 19 40,75 | - 0,4409 -+ 1,70
T — 13,13 -+ 0,7484 — 17,54 21 — 1,19 ~+ 0,4055 — 293
9 — 15,02 -+ 0,6800 — 22,09 23 — 0,10 -+ 0,3712 — 0,27
11 |4 584 | 06219 | £939| 25 | 4094 | +03414 | 4275

13 _ + 14,42 -L 00,5723 - 25,20
] |

CocTapum Tenepb ocraibHue ypaeHenus (5,75) aaa n < 9:

Ny==— A+ Ay; A=Ay —N,——1,19—11,94=-—13,13,
Neg—A,— A+ A, A — — 28,59,
Ny=—A;+ Ag— Ay + Ay; Ay =+ 53,64,

Ni=A —A;+A;— A+ Ayg— Ay + App— Agg A — A+

- Ay — Apy - Agg; Ay =-82,45.

Hafinenurie 3HaueHus A, — A, raoke Braogenm g taba. 12. Tlposepxa
TNPasHIbHOCTH PacuyeTOR KO3QduuneHtoB A H TOUHOCTH, ¢ KOTOpoH pan

<
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(5,66) anpoKcHMMpYeT KPHBYIO, MOMKET OB ThL RLIMOJMHENA CUHTE3HDOBA-
HUEM 3TOTO pAda B HEKOTOPHIX XapaKTePHHIX TOUKax KPHBOH F (). oz
3TOFO npeobpasyeMm Pl
(5,66):

F (2)= >, Ay sin ko, il
(5,81) 01

rie ¢ (B rpailycax) ¢sA3aHo
c z dopmyaol
bopmy X 20 -

e=gp ¢ 5.8 4]

{

CunTea BHIIOJHAETCA 1O 87
taba. I Tlpwnoxkeiys.

Kosddunuents Cos
paccuMTantble N0 QopMyne a0
(5.71) ¢ HCHOILIOBAHHEM
Tada. 1 Ilpraoxenu#, -no-
JAyYyeHB TNPH  3HAYEHUHX 0
v=16 a8, 5=08 98, 7
8 =29,2 98 ¥ Takme npu-
pesennl B Tadu. 12. Tau ke
naHbl 1 KOSDPUUKMEHTH By, 09
Halilendple 1o GOpPMYIe
(5,70). Cuures pazna (5.67) S
no tada. [I TMpunoxennit

80

yio0Hee BCero BHIIOIHUTH @ M
no dopMyac 4 ;
f(2) =2 Bysin kg, 40 5 \
’ X N B
F/le 3HAYCHHA & PACCUMTLI- P 7 TSR 2
paloTca no hopMmyae (5,82). g & @ G 40 e

[TocTpoeHHAs TO pe3Yib- i

TaTaM STOrO CHHTE3d K[u- Puc. 144 I/lcrfpannenwe_ crexTpa TOrIoLeHHA HA
AHMCIeRCHOHHOE HCKANMEHHE, BHOCHMOS almapa-
BdA npelcTdeiadaeT — CO- TVpOﬁ.

! - X U r -

Gou MCTIDABJACHHYIO (iJOPMY Ulspuna kpuBoH Hekamerna T=2,60 a8, [1o opaupaTte oTao-
CTIeKTPpd, KOTOpAad TIoKasaHa #EHA HOTEICHBHOCTR CUEKTRE / B YCAOBHBIX CLHHHIAX —

- AedeMHAX MH.i!.T[HME’IpUBUﬁ 5y)1'di‘}i; € — SRCHEDPHMEHTAILHA

Hd Ppuc. 143 MYHKTHPOM. kpuBad & (2, ncipi1s.wen1[aq kpuead f(z), BenoMmoraTenpbuad

e APKTAHCEHCOHIA F) () © mapaMeTpos 1, =23y, HCUpaBJIcHHAT

Memod mp.uzoﬂ'o'ue BCOOMOCATENBHAY lapx'ram'enconna fu (lzj cT OapdMETPOM T;
mpuieckux pados npu & —xpusuie F{z)—F (2) ¥ f(z)— i (2.

CHMMEMPULHOM QCILAMNCe- :

Hilll cnerc’mpo& RO2A0MEHTA. Brime yie oTrMedaoch, HTO MeTol TpH-
TOHOMETDHYECKUX PHAAOR HE crofoneH oOT KpaeRHX UCKAMKEeHHH, KOTODBIE
pPacTyT € YBCAHYEHHEM OPOUHAT CIICKTPA BOIHaK rpanun HCIpaBideMoro



258 OBPABOTKA PE3VJLTATOB SKCIEPHMEHTA [rm. v

yyactka. ODTO He NO3BOJAET MPOBOAHTH HENOCPEACTBEHHOE HCIpABJeHHe
CHEKTPAa TMOTAOUIEHNA, KOTODPHE OOCHMHO XapakTepuayeTcs GOIBUIHMH
3HAYEHHAMH HMHTEHCHBHOCTEH C JJMHHOBOJHOEOH CTODOHE OT Kpad TOrJo-
wenus. Ecam cHHMOK CTaHZAPTHOH SMUCCHOHHOH JMHHH TIOKAasan, 4YTO
MCKaieHHe MMeeT AMCHePCHOHUYIO MM rayccosy OpMY ¢ MOMYUIHpPH-
HOH B, TO COOTBETCTBYIOLIEE HCHPABJEHUE CIEKTPA NOMIOLIEHHS N0KIO
OBITh [POBEleHO MO KPHBOH, IPEICTaB/AIIEH 33aBHCHMOCTD HHMEHCHE-
Hocmi [ 9TOTO cnexTpa oT sHepruu QortoHoB E. JIMWwb nocie MCIpasJe-
HHS 9TOH KPUBOH MOMKHO DACCYMTATE M NOCTPOHTh KDHBYIO 3aBHCHMOCTH
Koathpuyuenma nozrouennsa © (MM BeJMYHHE, CBA3AHHOH C HUM MMHEHRHO)
OT SHePriH (OTOHOB.

PaccMotpum ciyualt ducnepcuonno20 uackaowenisa © NOAYIIHPHHOHR
£ =v/2. lpuMep uCnpaBleHHA CHEKTPA NOTJOLWeHHA F (2) mpencraeied
Ha puc. 144. PasoGbem niomans kpusoit F (2) Ha Ape uactu (puc. 144, a),
pasneneHHBe apKTaHreHcounol
81

F
Fi(f)=="Larcig Pt (5.84)

rie mapamMeTpel Fg, 2; u B;=7,/2 BHOHUDPAOTCS NPOMBBOALHO, C eldH-
CTBEHHEIM OFPaHHYEHHEM: T; AOKHO OBITh BO BCAKOM ciyuaé Goabuie 7,
AeJaTeNbHO B Lesoe uucno pas. [loxasauHas Ha puc. 144, @ apkramreH-
conna F;(2) paccudrana NpPH CAENYIOUIMX 3HAYEHUAX MapaMeTPOB:
Fo=200 mam, z,=11,7 98, 3, =20, rae 3 =1,3 ss. Pacuer npouspo-
IAT TPH 3HAYEHHAX 2 B TpelefaX 0T — GO A0 OO} NPH STOM BHAYEHHS
apkTaHrenca ciaenyer OpaTth B npefenax oT w 10 0 COOTBerCTBeHHO.

¥4acToK MJ0OmaaM xpuBofl, pPACNONONKEHHOR MOL ApPKTAHTEHCOMAOH

Fy(2), moxer ObTb HCNpABIEH HENOCPEICTBEHHO; TOC/E HCIIPABICHHA
ITOT YyYacTOK OyleT OrpaHHueH TaKKe dADKTAHICHCOMNOH [ (2):

F, gy — 8 -
fi(z)y= —T:]'- arc tg ;{-_—21 . (5,85)

Has  wcnpaB/eHMs YYyacTKa IJOlIag¥ KpHBOB F (2), 3aK/MOUEHHOH
Mex1y F(2) m Fy(2), rpaduueckum TOCTPOCHHEM HAXOIAST PA3BHOCTH
sTuX GyHKuu# (puc. 144, 6). TloayueHnas xpuBas F (2) — F;(2) Hmeer
BOMM3M TDAHMII HMHTepBala 3 Majitle OpPAMHATH U MOTOMY MOMKeT OBITh
HCOpABMEHZ METONOM TPHIOHOMETPHYECKHX pPHI0B TaK, KAK 3T0O OLLIO
USJI0MKEHO BLIIIE B TIPHMEHEHHWH K SMHCCHOHHBIM CIekrpam. [Ipu sToM
KpacBrle HCKaXieHHs1 OyiyT HesHauuTeNbubIMH. MICHpaBicHHas TakuM cmo-
cobom kpusas f(z)—f;(2) Takxe mokasaHa Ha puc. 144, 6. Croxus
rpaduyecKn OPLHHATH 9TOH KPUBOH ¢ OopauHaramu Kpusol f;(2), noay-
4HM HCKOMYIO HCIpaBIeHHYI0 hopMy f(2) cnekTpa noraoienns (puc. 144, a).
OTa KpuBad MOXKeT OHITE 3aTeM MCMNOJML30BAHA I/ NOCTPOSHHA 3ABHCHMOCTH
~—1g [ or suepruu Qoronos E. Kak ykaselBajgoch BBillle, Takas KpHBAs
npeicTasiager Gopmy CTeKkTpa NOT/OUleHUA B KOOPAMHATAX < (£), Tak Kak
ko3hdUIHEHT NOrAOMEHHS T 3aBHCHT JHHe#HO OT — lg /.
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B cayuae 2ayccosa uckamcernua (5,50) ¢ noaywupuuoh 8 mrowans
ciextpa f(2) moxer ObTh pasnefena Hd [ABE 4YaCTH HHTErpaidbHOH rayc-

coBOH KpUBOH F1 (2):

.

|2 — 2zl

. — mo )
Fl(z):%{l S erf[";ff‘z(z#zn)];. (5,86)

3uauenus dyuxuun erf (x) moxuo Ha#Tu B Tabauuax [26]. Ilpu
2=z, byHKLHuA Fi (2)=F/2. Tlocne ucnpas/enus: kpupas (5,86) umeer

BHI:
_F z—=z [ ¥in2Z -
ﬂ(Z)—%{l—meT[[m(Z—zo)]}- (5,87)

I'paduyeckoe BhYMTAHHE KPUBOH F;(z) u3 Kpuso# F (z) maeT KpuUBYO
F(z)—F; (2), uMewuywd (OPMY, CXOLHYIO C IMHCCHOHHBIM CNEKTPOM.
Vicnipas.ieHHe €e Ha rayccoBo uckaxenue (5,50) mokeT OmITh MpOBEIeHO
TaK, KaK 9TO ONMCAHO BHIIE A9 SMHCCHOHHOTO CMEKTpa. 3TO 14acT KpH-

BYIO f(z)_—f;(z), noc/ie Yero rpaguyeckoe clOXeHHE ee ¢ Kpuro# (5,87)
JACT MCKOMYI) KPHBYIO f(2) HUCHPAaBAEHHOTO CHEKTPa IOTAOULEHHS.
[TocTpoerus B 5TOM caydae CXOOHB C MOKA3AHHEIMH Ha pHc. 144, Ho
HCMPAB/IeHHblEe KPHMBHE 3HAUHTENbHO MEHBIIE OTCTYNAIOT OT 3SKCMEPHMEH-
TaJdbHEIX, HeM B CJIyYde AUCTEPCHOHHOTO HCKAKEHHS C TOH Ke NOMYIIH-
puHo# . Bo MHOTHX cAyuasx WUCTpaRICHHE HA TAYCCOBO HCKAKCHHE HaetT
CTOML HEe3HAYATE/bHOE H3MeHCHHe (OpMBl IKCIEPHMEHTAIBHOR KpUBOH,
YTO WCIPABRJEHME TIPAKTHUECKH OKAZHIBACTCH HAMIHIIHHM.

Haxoocoenue gopust uckascenuf 8 obuen . cayiae. Ecaun dopma
CTAaHIAPTHOM JHUWHW, T[ONyUYeHHAd HAa [JaHHOK anmapatype, OKameTCs
He [NMCTNepCHOHHOM M He TrayccoBoft H ilawe He CHMMETDMYHOH, TO A1
HCOpPABICHHS (OPMEl CriekTpa HeOOXOAMMO NpelBApHTENbHO HAlTH BYHK-
ILHI0 MCKAKEHHH @ (Z2— 2Zg). ByneM cuuTaTh, 4TO HCTHHHAA (QOPMA CTaH-
TAPTHOR MHHUH fop (2) — DUCHEepCHOHHAN: ' :

1 N K
Pox T T @6 "

fer ()= (5.88)

rie Bor == Ter/2 — NMOAYIIHPUHA €€ HA CepeluHe OPLUHATEL MaKCUMyMa,
S — naowank cooTeeTcTByOUEH KpuBol. Ecan Fo. (2) Bripawaer skcie-
PUMEHTAMBHYH (MCKAXEHHYIO) (OPMY CTAHIAPTHOHR JAHHHM, TO H3 VCJIOBUI
COXpAHeHHs SHeprHU Jyued B MPOLECCE HCKAMEHHA CASHYET:

S= fo Fer(2) dz.
= 0

IlpunuMasd BO BHUMAHME, YTO IIMPHHA CTAHIAPDTHOR JIHMMH Yo = 204
OOBIYHO BHAYMTEJBLIIO MEHbIe INMPHHE! 0 MCMNDABASEMOrO YYacTKa CIEKTpa,:
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MOKHO € JLOCTATOUHOH TOUHOCTBI) MOJOMKHTL:
52
S f Fe(2)dz. (3.89)

— &2

Jlas Haxowgenus S BHYEDUMBAT 9KCICPUMEHTANBHYID (GOpPMY CTaH-
napraoft JHHUH Ha MHAIHMeTpoboit OyMare Taw, YTOOLI BLICOTA MAKCH-
Myma ee Onga paewa 150—200 aww; no abcuwcce B obe CTOPOHEI
OT IQMOMKEeHHs MAKCHMYMa OTKAAILIBAIOT mo 8/2 28, rie d—Bech HaMe-
YeHHHH K HCOPABASHHIO HHTEPBAA HCCAedyeMoro cnektpa. Macwrad mo ocu
adcunec BROHpalOT Tak, 4Tobwm wHrepBad & saHaa 200—300 au. To arolt
OCH OTKIAABIBAKT SHEPTUID (QOTOHOB (B 38), APUHUMAA 34 HYAL A0.L0-
Jdicenue Marwcamyma cmandepmuold aungy.

ITocne pHfopa norxolsmero MacwtaGa H BHUCPUHBAHUT IKCTEPH-
MEHTAIBHOH (GOPMEl CTaHAAPTHOW MUHHH CHelVeT ONPEleJHTh MIOWAnk S,
OrpauM4YeHHYI0 9TOH KPHBOH cpBepxy W ocwo abcumce cruay. Has sroro
yao0Hee BCCrC AKKYPAaTHO BHPE3ATh U3MEPAEMYIO MIOILaAb, 4 TaKKe KBaj-
par co cropoHo#t 10 ca, TOUHO B3BECMTb MX HA AHANMTHUCCKHX Becax H
II0 OTHOUIEHHKY BECOB HallTH wamepaeMyw naowars S. Tlpu stom” mio-
uralk BHIDE33HHOTO KBAaADPATA HAXOLUTCH B CJEIVIOUIHX eNHHMIAX: OOHA
H3 eTO CTOPOH WBMePAeTcs B 98, B COOTBETCTBUH ¢ BHIOpaHHHEM Mo abcuucce
MacmraboM; Apyrad CTOPoOHa — B M- B 5TOM cayuae miowals S oka-
JKeTcs M3MePeHHOR B YCJAOBHBIX €IHHHIAX 28 - MM.

Hatinennoe TaxuM oOpasoM udcieHHOe sHauenne S MOWHO TENEphb
NOICTABHTL B BHIpamenne (5,88) 142 HCTHHHOH dopMbl fep(2) cragnapruol
AuHuYE, rie Bep ¥ 2 TalKe H3MepeHH B 8. DByaem mpeanomsaraTb, 4TO 2
OTCUHTHIBACTCA OT MOJOKEeHHS MAKCHMYMA KDPUBOH Fap (2). Mdag naxowne-
HUS QVHKIMH MCEDGKenus ¢ (22— 2;) pPAaiioKHM B TPHUTOHOMETpPHUBCKHE
paOH BCe TPH (GYHKIHH, BXOAsIHEe B MHTerpalbHoe ypasHcHHe (5,28).
urepsan 8, B KOTOpPOM 3allaH MCCIAeAyeMblfft CHEKTP, TPUMEM 33 TONO-
BUHY Tepuoia 3Tux dyuxknu#t. Bce TpH KpHEHE Bo BTOPOH MOJOBUHE
NepHONa MPONOJOKHM TaK, 4rodp oHM offnaganu cuwmerpueit 111 poaxa,
IpH 9TOM fop (z) oxamcred yeTHoH ¢yuxuneh. Pasitonum dynkuun Fe. (2),
fer(2) H ©(2—2y) B TPUTOHOMETPHUECKUE DPSIIH:

Fon (2) = Z (A;, sin % 2+ aycos fle;—" z), {5,90)
-

fen(2) = % Z by cos -kg- z, (5.91)
5

9 (2 —2zy) = E [C;f_ sin-!-e-?-?- (z—zg+cpcos % (z—_zo)] . (8.,92)

i

rie k NPHHHMAST TOMBKO HeYETHBIE 3HAUSIHHA.
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[oacrasasa (5,90), (5,91) u (5,92) & (5.28) u unrTerpupys B mpenes
nax or—5/2 o §/2, moayuum:

Al an
Co—= 13 r—=—r. (5,93)
b 5
- K k

Hro peuwlaeT 3agayy O HAXOMISHHH HOPMHMDOBAHHOH 10O (5,29) dyuruuu
uckaweHua (5,92) B obmenm caydae. ,

Pacuer s3Hauenuél KosthbuuHeHTOB Jp MOMeT ObTh C AOCTATOMHOHR
CTEMEHBIO TOYHOCTH BHINOAHCH To dopyyie

, !  kRE, k3,  km
bR—S[exp(— ;*'T)— BF. 517], (5.94)

rIC 3H3YeHUs HHTCTPAIbHOTO cuHyca si(Rw/2), yMHOKCIHBE HA B, MOMHO
paars uz Tada. | Tlpuaowenui. ) ,

Onpenenenyie Ko3pdunneuros Ap H @i BHIIOMISETCS rpaduIcCKUM
rApMOHHMUECKHM AHAIHBOM SKCNCPHMEHTAILHOM POPMBI CTANAAPTHOR MMHHH
mo meroly YeGwmesa. IlpuMep [OLFOTOBKH KPHBOH s pasJOMKEHHSA
MO CHHYCAM H KOCHHYCAM HeueTHHIX TapMOnMK MOKa3aH Ha pHC. 145.
Mo ocu abcuuce oOTAOWeHa Beauwuuda z=—F-—FE,,, rie F,, — sHepruas
$OTOHA, COOTBETCTBYIOLLAN MAKCUMYMY KPUBOR. Kpusasg mnocTpoeHa HA
yuactke OT 2= —25{2 f0 2=} 3/2. Tloxn abcuuccol AaH BCTIOMOraTeilb-
Heill MacmTa® B TeX e CAMHHUAX HaMepeHHA (23), HO HY/Ip UIKATH
cnpuHyT ua 8/2 Biaeso. [loabayfack $TUM BCIOMOTATE/BLULIM MHCIBTEJ.(?OM,'
paso0beM Bech HHTCPBAT (WIHPHHOH 3) ma 2i pasnwx uacrefl, rie i
NpHHUMACT HeucTHHE 3HadeHHd! =

i=1, 3, 5, ..., &g (5.95)

anech R, — HOMCp 10CAenHero dWicHa psapa (5,90). Tlpu xaxcaom 3sHave-
HEH [ TOUKH [meneHds OyieM HyMepoBaTb ciesa Hamparo. Hyab Bcno-
MoTaTelbHOH MIKAAE TPUHHMAEM 33 UY/ISBYK TOUKY IeleHus, WKOHEIL
unreppana & OymeT wumers Homep 2i. Alcumcca g-# TOUKH LeJeHud
BCIOMOTATENLHOR IHKANB MOMET OHTE paccunraHa mo Qopuyne

B b -
2t = - (5.96)
B HeueTHLIX TOUKAX fefeHna g=—27—1, re j=1, 2, 3, ..., 4

U3MEPHM ODIMHATHI Fq M 019 KAKIDOTO { BLIMUC/IMM CASIVHILYVIO BCJIHYUHHY

JM?-_:—L_Z(.__]) TPy (5,97)
=1
CocraBuM CUCTeMy ypaBHeHu#H
J
T ., B
M; == Zﬂiwg‘.;-u- (5,98)
j=0
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rae J MOMeT OHIThL HaHHeHO Ha CJASLYVIOIUETO HEPABCHCTRA:

k, — 31 —

T Iy (5.99)

Cuctema ypasmenus

5,98 :
verus §— ( ) BEHIMHCHIBAETCH HAYMHAA C HauOOMBLIErO 3HA-

w2 BaATeM [ YMEHBILACTCH KaM(ALIH pas na 2. Pemenue sToH
!
200

60

20 cr

80

0.
2 -8 -4 g 4

g ] T T 6; T _{.:'2_ T ?‘(:j- SJZ
$ & 2 6 2 4 8 2528k
Puc. 145. IxcnepuMenrambuas dopma

T

£, (2) cramnapruoi
JHHWH IIDH HECHMMGT]’JH‘-{HOM HCKaXeHHH.,

HeTHnuas WHpHEa AHEHE | =2
E: B e 744 8. Mlnpuna HCOPABIAEMOr0 Y4acTka

cuexTpa §=232 s5. [I0 opanmate OTA0Ke

14 HETEHCHBHOCT

HblX  CRHIHOAX — LeACHHAX = MHIAHMETDODOH  OyMary, b cﬁiﬁﬁ:ﬁa };_;_Emof‘-
(z4-8/2) — ecnoMoraTeabuan, e

CHCTEMHB HE NPEeNCTABJSET TPYA4, OHO AHANOTHYHO II
L cucreMsl ypasHeHHR (5.75). TaxkuM cnocoSoym wu
xospduunents @, paga (5,90).

s HAXOXiIeHHd KO3 HUIIHCHTOR A;; HBMEDHM OPIHHATHI Fl B Yer-
HBIX TOUKax neneHus ¢=2jf, rue j=0, 1, 2, ., .. (Fi—1) gi npu-
HUMaeT npexuue 3uayeHus (5,95). Ilpu kawiom u3 srux ’BHa'—]E:HHI;i i
BEIYHCAHM CIELYIOILYIO BEIHUHHY:

POBEEHHOMY BhimIe
OIyT OBITh HaBigeHwl

it i+

1 Itz .
Ni=5 D (—1) 7 Fy (5.100)

=0

[ra. v
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CocTaBuM CHCTEMY ypaBHeHuH
| z .3"4-?:-—_:E !
Ni=2(— 1" % Aigjen (5,101)
-~ j=0
rie J umeeT npewxdee sHauvenuwe (D,99). Pewenue 5TOH cucTeMsl HacT
sHauennst kosdpuunentos Ay pasa (5,90).

[TpaBuibHOCTE OnpefejgeHHs KOIMDRIUEHTOR Ar u ax NPOBEPAIOT
cymmupopanues pana  (5,90). 3HaueHns sinRe MOryT OmITh B3ATH
uz Ttabm. Il Tlpunowenndt, a sHauenus cosko—ua tabmr III. Csasp
MEWIY YTJAOM @ M 3HaueHHeM 2 YCTaHaBanBaercd no GopmMyte

B - :
22m.cp, (5,102)

rae ¢ npuHmmaer auadenus or — 90° po -90° Jocrarounas TOUHOCTH
ADOKCHMALMH SKCIepUMEeHTaAbHONH KpuBOM Fop(2) AocTuraercs oOBINHO
npu Rk, — 25 —29. ' , ,

flocne Toro kaxk HadineHel KosddunuedTs Ay, gz ¥ by, fopMyas (5,93)
MO3BOAIOT BHMHCIUTD KOS(MPUUMEHTE Cy H ¢ QYHKIUK HCKaxeHus (3,92).

Henpasaenue ~“Popisl IMUCCLOHRO20 crekmpa 8 o0mem cayuiae.
B nampmefimem ME OyiaeM cudTaTh, UTO KO3pdHIMeHTH Cp U €3 QYHKUUU
uckawenusa (5,92) wsBecTHn. DBouepTHM KpPUBYI0 SKCMEpPUMeHTANbHON
dopMbH B HuTepBajle & 58 (3Ta BeauyuHa 8 Obia MCNOMb30BaHA BBIMIE
M HaXOWKAeHHs Ko3(pduuuentoB Cp U ¢z). MacmTald mo oCu OpPAHHAT
BriGepeM TakuM, yToOH HawGoabluas opiuHara uMena AauHy 150—200 aa;
o ocu abClUUCC HHTEPRAd 3 AOJKEH HMETb B JLauny oxojao 150—250 mu.
Suepruto GOTOHOB, COOTEETCTBYIOULYH Haualy 3TOTO MHTeprana, o0osHa-
uuMm E,. Hynesyo Ttouky abcuucchl BeOepeM 1O CepenuHe MHTepBaia o.
Toria apryMent 2z, OTIOXeHHHH 1o abcuucce, OyIeT CBA3aH C 3Hepruel
¢doTonos E dopMynon

B ~
z:E—(ED—-',—-Q—). (5.108)
AIpOKCUMMpPYEM HA yuacTKe O SKCIePUMEHTAMbHYID M HCTHHHYK
Kpushie (OPMB CTEKTPA COOTBETCTBEHHO TIEPHOIMUECKUMH pyHKUMAMH F (2)

u f(2) ¢ nepuonomM 23. Pasnoxum 5TH QyHKUMU B TPUTOHOMETPHYECKHe
pALEL :

F(z):E(Ak sin%:ﬁ:—-}—akcos %z), (5,104)
K

]‘(2)22(1‘3;{s sin%z—l—bkcos%ﬁz), (5,108)
- :

rle £k TpHHHMAET TOJBKO HeUeTHEIE 3HAYeHHH. [ToncTaegnaa (5,104},
(5,105) u (5,92) B (5,28) m wmHTerpupys oT —&/2 10 /2, Habtmem
Ko3ppuiuenTs By u by ucnpaBiennod QOPMH CIeKTpa:
I£=_§_f?fs4_cg‘?"ﬁ;sck; by =2 A=y (5,106)
Cr+cx Cr+ %



264

3HAUEHHA CYFMM,

OBPABOTEA PES¥ILTATOB SKCNEPHUMEHTA

[ra.

lpumep Haxompenws Bemmumn N; u M; nns_ cmexTpa, HpencTABICHHOTO
X (z+4-8/2)
(— DU mpy £y — snakom

BIOOAIHY B 3TH BHEPaXEHHA.

Fo=0. Beanmunns

| \
i J [' o 1 ‘ 2 3 4 5 || 6
|
Lz |0 ! / |
F‘_’j — 0 | |
3| 2482 0| 1067 21,33
‘ Foj —0 | 150,50 | — 40,35 I
5 | 232 0| 640 | 1280 192 | 2560 |
S —0 | 1305 | —1178 634 | —157 i |
2| a2 0| 457 | 914! 1371 | 18,20 | 2286 | 92743
L Py —0 | 549 | —15235| 994 | —731 | 27,0 | —11.45
| i | | |
o | 205482 0| 356 | 711 1067 14,22 | 17,78 21,33
Fo —0 | 227 |- 141,65 150,5 | —92,0 75,95 - 40,35
11| 25+ ¥/2 0] 291 | 5820 873 | 1164 | 1435 | 17,45 |
Fyj —O0 | 141 [ 1169 | 15145 |--14005 | 884 | 7625 |
o a2 0 9,46 | 4920 7,38 | 985 | 1231 | 1477
13 3 0 |
Fy; —0 | 1085 | —738 | 1440 | -153,0 | 1288 | —86,]
i i 1 3 ‘ 3 4 i: 5 G ‘
) Il
g 02 | 16,00 B |
| Fojoi 78,65 | [
3 | Zoj1 /2 533 | 1600 | 2667 |
Fag—q —954 | 7865 | —1335 i
5 | zej-1-- 372 3,20 9,60 ‘ 16,00 29,4 28,8
Faj_y 176 | —1530 | 7865 | —303 7,0
S | Fosm1H o2 2,29 6,86 | 11,43 16,00 20,57 25,14 |
Faj1 — 9,05 1386 | — 143,05 [ 78,65 | — 483 17,05
NEYRERY 1,78 | 533 | 889 | 1244 16,00 [ 19,56
Foj_y 5,9 — 95,4 [ 151,8 '[ —198,0 7865 | — 59,7
1 | Fama 42 1,45 4,36 | 727 | 10,18 13,09 16,00
Foj_1 —44 44,95 | — 143,35 [ 1529 | —111,1 78,68
o | 2951 +5/2 | 1,23 3,69 6,15 | 8,62 | 11,08 13,54
Faj—1 3,5 | —255 1250 | —151,05 | 1470 |—10215

3]

¥UE

T HMCKAMEHNHH <$0OPMLI COEKTPOB
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Ta6nonuua 13

pa puc. 146, N, paccumraum 1o {(5.100), M; —no (5.97). B xosouke Y jgaHbL
nAHBL B 28, F‘.?j H
(— 1/ HERYE] Ygreppan & = 32 38

Foj—1—B Mat 3HaK 1pH Foy ONPEJRNACTCH 3UAKOM

7 & 9 10 1l ‘ 12 i Ny
| | o | o
i | -
| '3 4-110,15 | -+ 36,72
i | !
| | 4~ 60,4 112,08
l |
= ! — 556 | —7.94
! 5 |
24,89 28,44 | ‘ | w:
18,0 — 8,0 | . | = 14,85 | — 1,65
i | !
90,36 2327 | 2618 | 29,09 ! ] ‘
506 | —2475 | 1445 | —60 i — 4495 | —4,09
* ] 1 B
¢ o 4 ‘ 071 K |
17,23 1069 | 2215 | 24627 2708 | 2954 ] )
76,65 | — 38,0 325 | —18,9 125 | —48 + 10,0 1 4-0,77
* ' 1 | |
7 8 ‘ 9 10 11 ‘ 12 13 b M,
‘ + 78,65 | + 78,65
— 30,10 | — 10,03
! )
— 80,25 | — 16,05
1 i N ~
E1s 1 N l
-—2 i,g:? + 2955 | 4,22
2311 | 26,67 | 30,22 | ‘ |
255 |— 13,35 3,0 | l — 29,60 | —3.29
18,01 | 21,82 24,73 | 27,64 | 30,95 |
—667 | 351 |—184 | 107 | —23 | | —=mes| —218
1600 | 1846 | 2092 | 2338 | 2585 | 28311 3077 ‘ ]
7865 |~ 71,65 | 444 | 2015 | 1515 | —855 | 195 | +3270 | 4 2,52
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Cunresupyd pag (5,105) Bo MHOTHX ToukaX, Ha#ieM uckomyio ¢yHK-
wu f{z). :

IlpuMep rpadHUeCcKOro PasiOXeHHs QyHKIMH F(2) 10 CHHyCaM H KOCHHYCAM
HEYETHLIX FapPMOHHK H3JOXMEHHBIM BHme MeTonoM “YebuimeBa npusencx B Taba. 13,
cocTaBAeHHOR mo pwuec. 146, Hafinennne spmauenHna N; u M;, noMemeHHble
B nocleiHeil kxonomke Ttada. 13, MOryr OHTH HCHONB30BAHH NJA COCTABJISHHS

i
1 N
B0 PN
- N\ 2)
140 - { !

120

T71 T 1 1 1 1 LR 1 LI
-5 -2 -8 -4 a 4 8 2 ¥z
rr 1 1717 1.1 1.7 1§t 1 1 71 1 171
g 4 8 £ K A K4 28 3230 2482
Puc. 146. Mcniparaeune SKCIePHMEHTANLHOR dopMel F(2)
SMHCCHOHHOTO CIEKTpa Ha HecHMMeTDHYHOE HCKakeHHe,

Hekamenne RaAAeH0 N0 CTAHAAPTHON JAWIINH, SKCOEDHMEHTAALHAA QODMA
KOTOpOH MOka3ada Ha pHe, 145, f(2) —Hcopaphenuas EpHBag. Mac-
wTadsl 10 OC4M KOOpPAHMHAT — T€ e, YTO W Ha pHe. 145,

cucteM ypasuenuH (5,101) u (5,98), Ilna meex { >k, (3 ypaBHeHus $TH— OIHO-
uyjeHHHE ¢ MHuekcoM j= 0 1 xospdunuenramu A; — A; H a; = ag
E-1
Np=(—1) ? A4
My = ay. (8,108)

(5,107)

B paccmarpusaemom npumepe k£, =13 u ypapsenua (5,107) n (5,108) cnpasexn-

AMEH UPH BCex k3> 5, HalineHHHe no STHM YpaBHCHHAM 3HaueHHA Ay H g
noMeuienn! B 1aba. 14. CocTaBuM Teneps OcTajibHEIe ypaBHeHHd (5,101) u (5,98):

Ny=—Ag+ Ay Ay= Ay Ny= —1,66— 36,72 = — 38,37.
Ny=A;— Ay} Ay— A, - Ay— Ay + Ay A = — 37,54
My = a5+ ag ay= My — ag= — 10,03 1+ 3,20 = — 6,74.

My =ay+ as+ ay+ @; + @94 a11 + @133 41 =+ 100,17.
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Sunauennst xosdduuuentor A, Ay, a; ¥ @y Takxe BKIOueHs B Tafa 14. Tlpo-
BEPKA MPABHALHOCTH PA3NOMEHHS H NOJYIEHHOH TOUHOCTH alpOKCHMauHd KPUBOH
NMPOMZBOIUTCA CuHTe3HpoBaHHeM paga (5104) no TaGa. II u 11l TMpuaoxeHuii.
BuayeHHsT z pacCuHThiBalOTCA O Qopmyre (5102); ¢ npuHuMaeT 3HaueHWA
ot — 90° no - 90°,

Ta6nuua 14

Snauenns kospduumentor Ar M @y J[ua TpHMepa,
NpHEEIEHHOTO Ha puc. 146 w B Tada 13 '

1

k | G 1 g Agr s

| A AL | MM AN
1 — 37,54 | 410017 || . 9 | — 165 | —3,29
3 | —38,37 —6,7 | 1 i + 409 | —2,18
5 | 41208 | —1605| 13 | +0,77 | +2,52
7 + 794 4422

i i

3nan xosqdpunuentst Ay, @z Cp M (f, MOMHO EEYMCIHTL 3HauYeHHs By W by
no gopmynam (5,106), a sarem cuuIesnpoBath pan (5,105) Tak, Kak 9TO ONHCAHO
BHIIEe nJa pAapa (5,104). Mcnpaenaednaa TakuMm ofipazoM kpuead f (2) mokasaHa
Ha puc. 146 nyukTmpom. Dra kpuBadA NOAyYeHa NpH £, = 27, TaK KaK IpH-

BELEHHOe B PACCMOTPEHHOM TNPHMepe paslomeHue npu &k, —= 13 me maer nocra-
TOYHOH TOUHOCTH. [na onpepedeHua k2, cocramaenue tabi 14 clremyer nponod-
HaTh IO TeX HOP, NOKa HeCKOABKO N; H M; NOApAN HE OKaWyTCsA MEHLIE 1 M.

Henpasaenue popue. cnexmpa nozaouesus 8 ofwen cayiae.
HMaaonennsiit Bpille MeTOJM MCNPaBAeHHs (OPMBEl CIEKTPa, OCHOBAHHBINA
HA Pa3JoKCHHH 3SKCIEPUMEHTAJAbHOR KpHBOH N0 cuuycaM H KOCHHYCAM
HEYETHHIX TapMOHMK, le cBolonell OT KpaeBHX HCKaweHu#. TlocmeinHue
TeM 3HauydTedbHee, 4YeM Ooublle ODAUHATH IKCNEPUMEHTAABHOR KpPHEOH
BOanau rpaHuu  uHTeppata &. [losToMy HcIpaBieHHe GODPMBL CIEKTpa
noraopweHus B obuienm clayuae NpH OOJIbIIHX SHAYEHHAX HMHTCHCHBHOCTH [
CO CTOPOHBl MafeplX sHeprud £ BeTpeuyaeT 3HauureNdbHEIE TPYIHOCTH.
Ecan, xak 9To 4acto OniBaeT, ©COOEHHO BAXKHO TOJYYHTE NPABHABHYIO
dopMy EKDPYTOH BeTBM KPHBOH HHTEHCHBHOCTEH (T/AaBHOI'O Kpaf Norio-
LIEH:A), TO HCIpaBIcHHe (OPMBI SKCIEDHMEHTAJBHON KDPHBOH MOWeT
OLITh l‘prBe,ﬂ.eHO, XOTd H C HeKOTOpHMH JNONOJIHKETEJEHEMHE HCEAMeHHAMH
B GoJaee HJMHHOBOJHOBON uacTu cHexkTpa. 19 3TOTO MOMHO BOCIOJb-
30BAThCS MBJI0MKEHHEIM BbILE METOAOM BLIPE3AHHT YacTH IJAOWALH HKCIE-
pumeHTaibHO# KpuBOH F (2) BAOAL MCKYCCTBEHHO TOCTPOSHHOM apKTaH-
reHcouns F,(2) (5,84). Tlocnenuas HcnpabBisercs jullb NpuGlHKeHHO,
B NMpedloJOKel i TUCIePCHOHHOTO HCKAKEHNS annapatypel. MenpasieHuan
dpopma f;(2) 9TOH apKTaHreHCOMIB CTPOWTCA B 3TOM cayuae mo (H,85),
YTO, KOHEUHO, IPH HeIUCHIEePCHOHHOM HCKAXKEHHH BHECET HEKOTOPHE
HeTOUYHOCTH, OCOOSHHO TIPH TeX BHAYEHUAX 2, Ha KOTOPLIE NMPUXQIHTCH KPY-
Tag BeTBL ApKTaHreHcouinl. ITosToMy mapamerp 2, [cM. ypaeHeHHe (5,%4)],
xapakTepusyiomut  monoxenue  TOYKM  neperufa  APKTAHTEHCOWIH
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caegyeT BHOpaTh TakuM, 4ToBEl 9Ta Touka OBJAZ PACHOOKEHZ BO3-
MONCHO Jajblle OT TAaBHOrO Kpas ucnpasasemoro cuektpa. Caeayer,
OJHAKO, WMETb B BHIY. 4YTO YyAaJeHHe STOH TOYKH OT raaBHOro Kpad
33CTABAACT VBeJUIUBATE HHTEPBAl &, 4TO B CBOKW OWEPEIb TIPUBOAMT
K VXYAWEHHID C©XOAMMOCTH paia (5,104) M 3HaYUTEABHO VReIWYHBAET
HeQOXoauMOe UHCHO TapMOHuK Rg. TIOSTOMY 3nauenne napaMerpa 2
cAelyeT BHIOMpAaTh KaMIABIE pas B COOTBRTCTBHH € KOHKDeTHOW (opmoi
HCOpasIdeMoil KpusoH.

[Tocre rpaduHuccKoro BHYHTAHUS APKTAHTEHCOMIB F;(Z) H3 SKCOepH-
MeHTanbHOH kpupol F (2) noayuyaercd KPUBAS ¢ MaJBIMH OPAHIIATAMH
BOAM3M 00eHMX rpandll HCOPABIHEMOrO Y4acTKa CrHekTpa. PasHocTHYIO
kpusyiw F (z) — F{(z) MOKHO Tenepb WCMPaBWTh TaK, KaK 3TO OINHCAHO
Bele B O0UieM C/Iy4Yae HCKAWEHHT 3SMUCCHOHHOTO cmexkrtpa. CIomuB
rpaguyeckd MCNPABAEHHYIO KPHUBYIO f (2} — f, (2} ¢ HCnpasieHHOH apKTaH-
reHcouno#t fi (z), NOAYUMM HCKOMYH MCIPAERJISHHYH KDHBYIO f(2) unTeH-
cuBHOCTeM [ cIexTpa TNOrAoweHHd, KOTOpasg W MoMerT OBTL 3aTeM
fMecpecynTaHa Ha kosdduuuent noraouweHus t (uiaw —lg f, saBucawmu
or < .auueitno). Ilo aBcoucce OKOHYATEIBHOM KPHBOM OTKIaABIBASTCS
sHeprua dotonon E.

3) Hewasicermua, BHOCEMELE SBRYMPEHRLIM VPOBHEM AMOMO

Towkaa CTPYKTYP4d PEHTTEHOBCKUX CHEKTPOR HCOVCKAHWH TO3BOJAET
CYIMTB © pacnpelejedyu M0 9HEPrHAM B34NOJHECHHBIX SJICKTPOHHBIX
COCTOSHHE HA NepHdEepHH aTOMA ¥ B 30HE BAJEHTHLIX SJEKTPOHOE TBEp-
moro Tena. Toukad CTPYKTYpa PeHTI@HOBCKMX CIEKTPOB TOTAOUIEHMs
DAeT CBCACHHS © paclpeieleuyy MO SHEPTHAM CBODOLHBIX SAeKTPOHHBIX
COCTORHUA 33 TIpeleqaMy MeKTPoIol oSO0MOUKH 4TOMa H B 30He Tipo-
BOAHMOCTH TBepaoro tena. Cormacno CkuHHepy [27] unteHcHBHOCTH [ (E)
SMHUCCHOHHOTO CICKTPA NPONOPUMOHAARHA CASIVIONIEMY BHIPAXEHHIO:

1(F)cov3N (E) P (E), (5,109)

rue v—uactoTa cnexkTpa, N (E) — IIOTHOCTL 3an0/HeHHEIX 9JCKTPOHHBIX
coctosHul, P (E)-—repoaTHocTb Nepexoia. OOHUHO B NpefenaxX UIMpPHHBL
AMHCCHOHHOR TOJOCHI HSMEHelHeM MHOMHTeNd ¥ MOxHO npenebpeyn,
a P(£) wuameHserca B STHX NpeleaX NAABHO W HE3HAYMTENbHO. Taxuu
obpaszom, wpuras [(E) nozpoaser cyouTk o sasucumocrn N (E).

CormacHo To# e pabote [27] kosdduumuent normomenns 1 (F)
OPONOPUHOHAACH BHPAKEHHID

T(E)co N (E) P (L), (5,110)

rie BepOATHOCTE Tepexofa P(E) R mpeieraxX Kpas TOrIOUWENHS TAKKe
MeHAeTCH He3HauynTedbHO; Oaaromapd  3roMy KpHBas <t (F) T03BOJSET
CYAHTE O BABHCHMOCTH AOTHOCTH CBOGOANUBIX MCKTPOHHBEIX coctoauui N’
OT SHEpPTHH.
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B TeHCTBUTEILHOCTH, ONHAaKO, CBAsb mexiy J(E) u N (E) HIIH (L)
u N’ (E) Goaee cioxua, uem 310 cileayeT ua dopmyn (5,109) u (5,110).
[lpu BHIBOAC MOCAENHHX OLUIO TPEANONOKCHO, YTO LIHPUHOR BHYTpeH-
HEro ¢-YyDOBHA aToMa MOKHO npeHeOpeuyb. Mely TeM, mupuHa u dopma
ero CyulecTeenuo uckamawr Kpusse N (E) u N(E). YueT 5THX nucKa-
weHHf TIPMBOAMT K CACAYIOLIMM HUTErpajbHBIM YDABHEHAAM]

R

I,(Eyco fN(E.D)-te)g(E—EO)dED, o (5,111)
1, (E) 0o f N’ (Eg) @, (E — Eo) dEy, (5,112)

rie W, (E— Ey) dE — BepOATHOCTE TOrO, HTO aTOM, BO30YMACHHHH Ha
BHYTPCHHHA g-yponedy, OyieT UMeTh SHEPTUMIO B Ipenenax oT £ 10 E--dE.
dynkuua @, (E—E,) HopMHpyeTca O YCIOBHIO

f@yq(E——EOj dr =1 (5.113)

W XapakTepuayeT (OpPMY BHYTpeHHeTo ypoBHi. Jlerko BHAETB, uTO (Op-
myas (5,111), (5,112) u (5,113) puonHe analoruyHsl QOpMyIaM (5,28)
u (5,29), rae ¢yuxkuus @, (E) urpact poib <HCKAMEHHD>. Takum oOpa-
3oM, 3alaun of wCHpaB/icHHH (QOPMEl CIEKTPA HA HCKAKEHHS, BHOCHMEIE
anmapaTypo#l w BHYTPeHHuM YPOBHEM aTOM2, OKa3bIBAITCA MaTeMaTHHYeCKH
3KBHBAJEHTHBIMH.

Kax wusmectHo [28] (cM. Tawwke [2], rm. 3), dopMy BHYTPEHHMX
YPOBHEH ATOMOB MOMHO CUMTATH AHMCHEPCHOHHOH!

1 1
w, (£ -— Foly = AT TTE— BN (5.114)
iy 1 -— ("—C__)
" Be

rae B, = 7,/2 — MONYIIHPWHA BHYTPEHIIETO ¢-yPOBHA. EC/IH MCKakKeHHE
. o ; 8, T BJEIIHE
anmapaTyphl TaKde [AMCNEPCHOHHOE C TIONAYIMPHHOA [, TO MCNpasnk
SMHCCHOHHOLO CTIGKTPA MOKeT OHTbh NPOMSBEACHO CPasy Ha «CyMMapHoe
HCKaKCHHME», KOTOpOe Takke OYICT MMeTh IHWCTEDPCHOHHYIO GopMy

¢ noaywmpuHo#t, pasHo# cymme -8, Ilag 3TOro MOXHNO BOCNOMB30-

BATLCS OJUHM H3 HW3AOKCHHEX BLIMIe MeTOLOB, JydlIe BCETrQ — MEeTOAOM

CcToAGUKOR Kak Bojce MPOCTHIM U OuicTppiM. Ecnmu Hekaende annapartyphl
HeAMCNepPCHOHHOE, TO HCMpaBieHde (Gopmbl CHOCKTPa 11e00XOANMO TPOBECTH
ABMKIAEL  CHAYAJIA Ha WCKameHWe annaparypolt, 3areM Ha HCKaXeHWe
Bfly'FpCHHﬂM ypomie_\q.
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IIpy o0paboTke CNEKTPOB NOT/OLLEHHS HCIpPAaBACHHE Ha HCKaXeHHS,
B}[E‘.CEHIILIE'.H annapaTtypo#, LOKHO OkITh NPOBEAEHO MO KPHBOM wurmesn-
cusrHocmed, a HUCHpaBIeHHE HA HCKAMN(EHHS, BHECEHHBIE BHYTpPEHHHM
YPOBHEM aTOMA, — 110 KpUBOM Kosdduguenma noziomenusn = (E), Ao Ty-
HEHHOH TepecyeTOM HCIPABICHHON KpuBOH HHTeHCHBHOCTeH. Kak vike
YKa3BIBANOCE BERILE, BMECTO KOIGQHUHMEHTd MOTAOLICHHS T MOXKET GHTh
[I0CTpOCHA KpUBast 3aBUCHMOCTH—Ig / oT E. 3ra Kpueas H uCnmpaBagerca
HA WWHPHHY H (OPMY BHYTDPEHHETO YPOBHA aToMA.

Suauenus wHpus K-, Ly- u Li-ypoBHeH pasfMUHLIX 4TOMOB MOKHO

naitu B Tabn. V. u VI Tlpuaosenndt, CcocTaBIeHHBIX 10 JAHHEM
pabots [24].

r1ABA VI
KAYECTBEHHbBIA AHAJU3

1. OnpegeneHune coctaBa npolsl

a) HyscmeumessHocis GHAANZE 4 O00AACHMB 220 NPUMEHEAUA

[Mo peHTreHOBCKUM CMEKTPaM OOLIMHO MOTI'YT OHThL ONPEeIeNeHBl Cle-
LYyIOIHe SJIeMeHTH: Ha [AJHHHOBOJHOBHEX (OKYCHDVIOIIHX BaKVyMHBIX
cnekrporpagax M chekrpoMerpax—oT 163 mo 29Cu mno K-cepuu
u or 42Mo 10 71 Lu no L-cepun; Ha KOPOTKOROJHOBHIX (POKYCHPYIOLIMX
CneKTporpadax u ChnexkTpoMerpax —ot 28 Ni mo 42Mo no K-cepun
u o1 70Yb Ao KOHLZ NEepHONHYECKOH CHCTEMBI 3JeMEHTOB No L-cepum.
HeoOxoauMoCTh npuMeleHHd ABYX THIOB IPUGOPOB (LAMHHOBOHOBBIX
W KOPOTKOBOJHOBBHIX) MAJsi ONpele/leHus BCeX NEPEUYUCACHHBIX BHIMLE Sie-
MEHTOB BHITeK3eT u3 0cO0eHHOCTel QOKYCHPYIOIIKX CHEKTPOTPAdhoB H
CNeKTPOMeTpoB. KopoTkosoiHoBEe npuGOprl, paGoTaomiie 1o METOLY
Komya, He nO3BOJMIOT NOAYYHTE AJMHHOBOJHOBBIE CHEKTPH, TaK KAak
MATKHE JYYH IOTJOLLATCA KPHCTALIOM-AHAIU3aTOPOM; NPHOGOPH, (GOKY-
cupyoomde crnextp no smetony Horadsa, oGualamdT B KOPOTKOBOMHOBOH
00MaCTH CHeKTpa O4YeHb Manoit paspemapmedt cutof. CHexTpoMeTps Tuna
Coanepa ¢ IVIOCKHM KDHCTa/VIOM MMEIOT 3HAYMTE/BHO MEHBIIYIO paspe-
WALy CHAY, 49eM chekTpoMerpw THna Morauwna m Kowya B coorser-
CTBYIOIIMX o0nacTsx crnektpa. DBuecTe ¢ TeM, NpPH HCOOAB3QBAHHH
mponyBaeMoro reqaneM kowyxa [1—3] conexrpomerp Connepa mower GHTb
IpHMEeHeH IJs 4HAJIu3a HAa BCe NEpPEeuHC/eHHBIE BEINE SJIEMEHTH.

Maxnonanen u [apsyad [4] HCOOAB30BaAM [/ dHANHIA HA BCE 3JEMEHTEHI
or 4Be 1o 92U naockywe AHQQPPAKIHOHHYID pEINETKY, WMEBIIYIQ
571 wrpux Ha M. YTOJA naleHHd ayue#t va pemerky Owts pasen 457,

YTO TNO3BOALIO TIOAYYATH CHEeKTPH ¢ OJHHOR Boadel oT 5 mo 200 :C}\
Cro/sb Maaeldl yros NaneHHs HCK/IOYAJ BOBMOMHOCTb MPHMEHEHHA BOTHYTOH
pemeTKH. Pentrenosckas TPyOra (C SJIEKTPOHHOH NYWIKOH OT 3/JeKTPOHO-
rpada) padorana npw 30 xs uw 0.5—3,0 ama. DKcnosuHuM COCTABASIH
or 15 musx 8o 3 #ac, B 33BHCHMOCTH OT COHep)Kauusg OIpeAeddeMBX
anMeMenTOB. AHanus Ha 3MemeHTH 4 Be — 16S nposonnics mo aunun Ko,
Ha saementil 13 Al—42 Mo—no nuuun Le, Ha 3aeMenTHl 35 Br—82 Pb —
no auHuM Mo u Ha saeMeHTH 82Pb—92U —nmno auduu Nyg— Ov.
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YyBcTBUTEIBHOCTH aHAAH33a ABTOPLI He VKASLIBAIOT, OAHAKO OHA He MOMCT
OHITE CTOJB K€ BLICOKOH, KaxX TPH HCNOAL30BaHHH NpudOpOB ¢ KPHUCTAll-
JAMH-2HAIU3ATOPAMH, BBHIY MaJj0H CBETOCHJAB MA0OCKOR DupQpakIHOHHOR
PELIETKH.

B namprefiem Ads onpeniefenHOCTH ME OyIeM NpennofaraTh, 4To
aHanus MpoeQintTca ua npufopax ¢ KpueTanaaMi, QOKYCHDYIOWHMH
crekTpul Mo Mertogam Moransa o Komya. Perucrpala CneTpa MOMeT
OuTh (ororpaduueckod HAM MOHHM3AUMOHHOM. KadyecTBeHHBHIH aHAIHS
HA BCK) TPYNNY B HECKOJbKO IECHTKOB 3JeMeHTOB, KOTOPHE MOTYT OLITh
onpelescHbl HAa OILHOM nOpubope, viaondHee BCEro NPOUSBOLHUTE O NEP-
BHYHBIM PEHTreHOBCKHM CICKTpaM. B sToM ciaydae MOMET OHITE IIpHME-
umena Aubo doTorpaduieckas PerHcTpalus CIeKTpa, MO0 MOHH3ALHOHNAA
C aBTOMATHYeCKOH 3anuchbi) camonucneM. IIpu HeodXoLMMOCTHM IPOBECTH
KAa4eCTBEHHHH aHa1M3 Ha O0AbWIFH) TPYIIY IEMEHTOB IO BTOPHYHEIM
CIHEKTPAM CJAeAVeT Y4UTHBATh, 4YTO (oTorpadHyecKas PerucTpallns MOTpe-
Oyer OYeHb IJUTE[bHLIX JKCNO3MUMA (JecaTKH 4YacoR), 4 MOUH3AINMOHHAN
peTHCTpANMA C 3aMHCHK) CAMONHCIICM BO3MOMKHA JIMIIb MpPH CPAaBHHTEABHO
HHUBKOH YYBCTRBATENBIIOCTH 0O0napyeund sieMenToB. Pacurm@poBka peHT-
FeHOTPAMMBIL CHEKTpa, CHATOTO Ha (QOTONeHKe, MNPOHIBOAWICA TaK IKE,
Kak W pacwH@pOBKa B3alHcH CHeKTpa, UPOHsReleHHOH caMomucueM NpH
HOHU3AUHMOHHOH perucTpauuu. [Tixe wmur OyieM HOpeanoiaraTb, HTO Ka-
YeCTBEHHBIH aHAAH3 BHIOJHRETCH [0 PeHTreHOrpaMMe MepPBHYHOrO CHEKTpa
(ecid He CIeldadO OTOBOPKH).

UyBCTBUTENBLOCTh aHadu3a Ha cunekrporpade tnna Komya OO LEIUHO
aoctaraet 0,05—0,1%, nag BCcex 3ACMeHTOB, KOTOpPLIE MOTYT OHTE OIpe-
neqaeHnl Ha 3TOM  crekrporpade. CnexTprl 3THX 3JIeMEHTOBR  BBIXOIAT

(]

B MHTepBaie naud Boad oT 0,6 mo 1.7 A. Daemenrwsi, CICGKTPH KOTOPHX
BEIXOIAT 33 KOPOTKOBOMUOBOH rpadunedl 3Toro uHTepBana, MOTYT OBITh
onpeledcHB JHINL CO BHAUWTEJABHO MeHbUIeH UYBCTBHTEbHOCTBIO! BOS-
OyMACHHE HX CTEKTPOB IPOHCXOAMT MHpH (ojee BLICOKOM MNOTCHIMAME.
Mexny TeM, Kak H3BECTHO, WHTEHCHBHOCTh J, JHHHH XapaKTePUCTHYECKOTO
CMEKTPA 3aBHCHT OT HANpPsweHHa V' HA peurrenoBCKo# TpyOkKe U MOTeH-
uuana V', BO3OYXK/IEeHHS BHYTDEHHETO ¢-YPOBHS aToMa 10 (QOpMy.ne

IJJM(V—V'Q)Q, (6,1)

cnpapeaaueoit mpu V < 3V . PenrreHorckas TpyGra crnexrporpada THNA
Komya oGwusO paﬁo’rae1 IIPH nanpskennun V' okoao 50 wxs. CrnexTpul
DOCTATOYHON MHTEHCHBHOCTH MOJYYaIOTCA npM ycmosun V > 3V, uTO yke
nas K-cepum 42Mo u L-cepum 98 Cf norpefoBano Onl HATpsKeHUd
V' > 60 ke

DueMeHTLl, CHEKTPH KOTOPHX BLIXOLAT Ha chmektporpade tuna Komrya
3a AJIMHHOBOMHOBOW TpaHMIeH VK43aHHOTO BHINE HHTEPBATA MJHH ROJH,
rake Moryr OBITE onpefefenb JULIb NDH 3HAUATENbHO MeHblUueH uyB-
CTRHTEALHOCTH, HIUTEHCHUBHOCTE 3THUX CHEKTPOB CYMECTBEHHO Ialaet npu
POXOKIEHHH 4epe3 BHXOJHOE OKOIIKO PeHTreHOBCKol TPyOKH, KpucTallt-
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AHAIM3ATOD, CI0M BO3AYXa, PpacmoNOKeHHslt Meway TPyOkoi u goro-
naenkol, a Takke yepea KoHBepT H3 uepHoi Oywmaru, B l{OTO]I)O‘\{ Aaxo-
auTCA TienKa.

[pua wmcnoibzoBawmm B crekTporpade rthna Komrya oTpawmeHis
or naockoctd mpusmel (1010) kpueramaa xkeapua ATA aHanH3a CAYKHT
Yy4aCTOK CHeKTpa, BHXOIAWMH B mpelefax yrios o Byabdpa — bparra
or 4° 10 1195. B s7oM HilTepBaze MOTYT OHTL MOIYYEHE! CHEKTPH ApH

anuHax soad or 0,6 1o I,TA B MEPBOM TNOPAIKE OTPAKEHHd H 10

3
0,85 A — B0 BTOpPOM ©NOpAIKC oTpamenud. Beck 9TOT YHaCTOK CHEKTpA
OBEIUHO BHIXOAMT OLHOBPEMEHHO IIPH HETOABMXKHOM CIEKTPOrpade, eciu
yroa Tajends Jgy4efl Ha oTpaxaoulMe ILIOCKOCTH KPHCTAMIa YCTano-
BleH MOCEpelMHe VKA3aHHOTO YrJOBOrO WHTepBada, T. €. Gausox x 8%
Tlpu cbeMxe CIeKTpa Ha criekTporpage tHna loranwa I/A aHaansa

ch()ﬂbsyeTCH ofreyHo ofmacTe nauH BoMH or 1,45 1o 58A Ecau
CTEKTD TNOJAy4aeTcs NPH OTPaXeHnuH OT IMIM0CKOCTEH MNpH3MbL KBapua,
TO yxasaHHoH oOJacTd IJHH BOJH COOTBETCTBYET WHTEPBAJT YLI0B 3

ot 20° 10 43°. B stom murepsare obracte winn somi or 1,45 no 2,9 A
MONKET OHTh HOAydeHa BO BTOPOM MOPAIKE OTPIKEHHS, a Clelyioulad

3a ne#t obnmacte ot 2,9 mo 5, SA—n NepBOM TNOPAiKe OTpaMKeHHd.
YyBCTBMTEABLOCTD anaiusa coctasager okoxo 0,06—0,1%, na Goarmun-

CTBO 3/€MEHTOR, CHEKTPBl KOTOPHIX BBIXOAAT B 00JaCTH LMK BOAH a0 4 A.
AHamu3 1o CUeKTPaM, PaClOJ0KeHHbiM B 00/ce MIMHHOBOIHOBOR obmacT,
o6nataeT MeHble# UYBCTBHTENBHOCTBRIO, TAKX Kaxk B 2Toft ofnactu umeer
MeCTO 3HAYHTEJNbHOE TIOTA0IneHHe Aydeld B $oapre, 3akphiBaiuied Bhixoa-
HOEe OKOIUKO PeHTrenoRcKoRf TpyOxH (0OLIYHO NPHMEHAETCH allOMHHHERAA
doasra TonuuHo#t B—7 MK). '

YyBCTEHTENLHOCTE 4HAMH3A MO CHeKTpaM dIYOPeCUeHNn TIPH MOHU3a-
LLHOHHO# pEerucTpauid oTlduaeTcs psaioM ocobenHocTe#; 3TO  CBA3AHO
CO chHeunA@HUEcKHM XO0A0M 3arucuMocTH dddexrTuBHOCTH cuerunra [elirepa
OT AJHHBI BOMHBL (puc. 47)., €O 3HAYHTENbHO MeHblleH WHTEHCHBHOCTHK
CAEKTPOB L-cepu# MO CPaBHeUUIO ¢ HMHTEHCHBHOCTBID CHEKTPOB K-Cepuu
GAYOPECUEHTHOTO WBJAYHeHHS, a TaKKe € pALOM HEKOTOPHIX ADPYTHX
tdaxkTopoB. UYyBCTBHTENBROCTL ONpelesenus OGOJbUIMHCTBA - 3JMEMEHTOB
MO CHeKTpaM (IyopecieHilni — OKOJIo 0,04%,, 119 HEKOTOPHIX HAEMEH-
10B — Ni, Cu, Zn — ppime (1o 0,005%), a1a opyrux — umxe (HanpHMep,
aad penkux semens— nopsanka 0,1—0,2% ).

YypCTBUTEABHOCTD  8HATH3a N0 MNEePBHYHBIM CIHEeKTPaM OIPeAeHseTCs
KORMPACMAOCHSI0 AHATHTHUECKHX JIMHWH, T. €. OTHOWIEHHEM HX HHTEH-
cuBHOoCTed 7, K MHTEHCUBHOCTH (OHA [y, HA KOTODOM OHH BHXOIAT. ITOT
(GOH COCTOMT THaBHEIM OOpa30OM M3 HENpepLIBHOrO CHeKTpa (Hajzaraioule-
rOCd HHOrJa B HECKOJbKHX NOPANKAX OTDAMCHHS) M PACCedlHOTO HBAY-
ueHua. Ornomenue f./fy 3agucur orT Haupaxenua V' wa penTrenoBcKof
Tpyoke. Bcaum [, saeucur oT V 100 KBalIpaTHYHOMY B34KOHY (6,1),
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MHTEHCUBHOCTE [y HENpepLIBHOIO CHEKTPa MPHOMHKEHIO CAeAVeT auHeli-
HOMY B3aKouy

ILiecaV—V, (6,2)
rie Vo ONPEeJe/seTCd KBAHTOBBIM YVCIAOBHEM
hic
Vo= - (6,3)

VIHTeHCHBHOCTE CMEKTPOB, HAaJaraoIUHXCs B BBHICIIHX MOPAAKAX OTPAkKe-
HHA, 8 TAKKE HHTEHCHBHOCTH DACCEAHHOTO HBJAYUEHHS PACTYT C IMOBHIe-
HHeM Hanpsbreuus V.

C 1OBBIICHNEM HANPMKEHHA HA DPEHTreHOBCKOHM TPpyOKe npu V > 3V,
WHTEHCHBHOCTE [, .MUMM pacTeT MejMeHHee, 4eM 3TO CJAeLYeT IO 3a-
kony (6,1) (cm., wnampmmep, [B], ra. 2, pasgen III, 1); NpH OYeHb
BLICOKHX HaNpsKeHHsX V' MHTEHCHBHOCTL J[; HAUHHAET YMEHBIIAThCH.
Us sTux coolpaxenu#t caelyer, 4TO € BO3pacTaHHeM Hanpsukenns V)
KOHTPACTHOCTL JHHHH XapaKTePHCTHHECKOTO CHOEKTPA, H3MEPAEMAs OTHO-
menueM [/l cHadanma pacter OLiCTPo, 3aTeM MeljeHHee H, HAKOHeL,
nagaeT. 910 Obo 00HapyxeHO BHepBhie YHuepepom [6], a saTeM
TIATEAbHO HCCHe0BAHO [eMBAHUKOBLM [7] B KOPOTKOBOANOBOH 08.1acTH
cnekTpa (Ha cnextporpade tuna Kowya). TIpu sToM OKasaiock, 4ro ais
3JAEMEHTOR C NOTeHUHanamu posGymacHus V, or 10 no 20 xs nanboiee
BRITOAHBIM HANpsukeHWeM V' Ha DeHTTeHOBCKOH TpyGke aBadetca 50 xs.

CyluecTBenHoe NOBHINEHHe KOHTPACTHOCTH TICPBHYHOTO XapaKTepHCTH-
HeCKOTO CIIEKTPA, & CJAeN0oBaTelbHO, W YYBCTBUTEABHOCTH aHAJH33, MOMKET
OBITh NOCTHUTHYTO IPH PACNOIOMEHHH BLIXOIHOTO OKOINKA PEeHTIEHOBCKOH
TPYOKH HENMocpencTBeHHO 3a KaTomoM [8, 9]. B sTtom CJyUae PEeHTreHOB-
CKHE JIyYH BBIXOAAT M3 TpyOKH B HanpaBMeHHd, [1POTHBOICIONCHOM
KaTOAHOMY N¥UYKY. EciW aHON aMiMHHHeBLIH, T0 KOHTPACTHOCTE CHEKTRA
noBbllilaeTcsi Gogee 4YeM B 5 pas, M UYBCTBHTEALHOCTbL AHANH3A NOCTH-
raer 0,01—0,029%,. Opnako BcacICTBUE HEKOTOPBIX KOHCTDYKTHBHHIX
HeynOOCTB DECHTTEHOBCKMe TPYOKH, YCTPOHCTRO KOTOPHIX OCHOBAHO HA
YKa3aHIIOM TNPHHIHME, HE MOJYYHIH MOKA CKOJBKO-HHOYIb CYIIECTEEHHOTO
pPaCIpOCTpaHEHHH.

ITpu MOHKBAUMOHHOR PEeruCTpaluH CHeKTpa GOMLIIOE BHAYEHHE HMCET
MPaBHAbHEIA BHOOP LIHDWHEL L1€H, DACTIOIOMEUHON NEePell HOUU3aHOHHbIM
npubopom. Ha puc. 147 xpumas ! npenctasiser ¢opMY aHamHTHUECKON
JAHHEH, B33PerHCTPHPOBAHHOH NpPW OYeHb YSKOH NIedM, — MOPSAKA NeCAT-
KoB ai. TlopusonTambuelM NYHKTUPOM o0ozHauen dioi. TIpeancioxus,
4TOo KpHBasg J/ moaydyeHa npd GOABIIOM COAEPIAHMH OTpELENNeMOro 9Jje-
MenTa nocae  suwumanas ora M3 Pe3yAbTATOB HENOCPENCTBEHHBIX
usMepenu#. IlycTe cepemmna mieqH coBNaideT € TONOMKEHHEM MAKCHMYMa
HHTEHCUBHOCTH JHHUM. OTHONIeHHe MHTEHCHBHOCTH TOH 4YacTH JHHMH,
KOTOpPAasd MPOXOLHT B 1Iefdb, K COOTBETCTBYKMIEH MO mupHHE HacTu doHA
ONPENENAeT KOHTPACTHOCTbL JAHHH.

Ipeacrasum ceGe, 4YTO BHauale OUYeHb Y3Kad Ledb [IOCTENEHHO.
pacwnpserca. Kak Bugno us puc. 147, KOHTpacTHOCTH JuMHHM OyIET
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pacTH [0 LIMPHHE! IMENH &y, NPU KOTOPOH HHTEHCHBHOCTH MHHHM Ha Kpasx
jueaH OKaxKeTcAa paBHOH HHTeHCHBHOCTH ¢oHa. C panbuefimim Bospacta-
pgeM INHPHHEl WM KOHTPACTHOCTB JMHHH HAYHET yMeHbIiaTbed. Cie-
nOBATENbHO, TP NAHHOH HHTEHCHBHOCTH JMHHM ONTHMAaAbHOH MWIMPHHOR
ieau aBaseTcs by,

Tlycrh TeNepb COAEDXAHHE TOTO e %JeMeHTa B npode yMeHLIUHTCH.
COOTBETCTBEHHO CTAHET MeHblle M HHTEeHCHBHOCTb AHANHTHYCKOH JHHHH
3TOr0 3deMesrta (KpHBas 2
pa puc. 147). 3710 B cBOW W
oucpellb IPHBEAET K YMEHb-
IMEHHID ONTHMAJIBHOH -
PUHEL WEJH (10 pasMepa by).
UyeCTBUTEILHOCTD dHANH3A
Ha HalHbplf 9JaeMeHT Onpe-
aeasercs mo camoit cnabo
JAMHUHM, KOTOpad GIIE MO- -

weT BHTh oBHApYMeHa Hal _//
GoHOoM. C 3To# TOUKH 3pe- - ey

HHA, Kasamoch Owl, BaWiiee T S
by [t L

Bcero . obecHeduTs MAaKCH- i

MaJbHYHD ~ KOHTPACTHOCTH .y !

CaMbIX CAaOBIX JHHHHA, T. €.
B3ATL  BO3MOWKHO  Dojee
V3KYVIO utenb, OIHAKO Upes-

Puc. 147, Cxema, NOACHAKI(AA BeIGOP ONTHMANL -
HOH IMHpHALL & IMedd NpH HONM3AUHOHHOH per-
CTpaLMH CIEKIpPAa.

MEDHOE CyOKEHHE  LIeaH N — MHCAO HMOYIBCOH, COCUMTAHHBIX 33 BpeMa f=—comst
NPHBOIHT K DE3KOMY Ta- L — 0TCYET FTIOBOCG MONQMKEHHA CUETUHKA.

HeHHIO CKOPOCTH  CYeTa -

UMOYABCOB CHETYHKA, 4 CJASHOBATRIBHO, M K COOTBETCTBYIOLEMY BO3pa-
CTaHHIO HeoOXOAHMOTO BpeMeHH CHeTa. Jr1o coofpaKeHHe He MO3ROMAET
padoTaTe NpPH OUCHB Y3KOH wienu. B kamnom KOHKPeTHOM C/Ay4ae TIPHXO-
IHTCH MCKATL KAKoe-TO KOMOPOMHCCHOE pelleHHe PpAacCMOTDEHHOrO BO-
npoca. Ilo-BHOMMOMY, Jydlle BCero BHOHPaTe MUPHHY UIENH papHOH
HEpHHe MWHUEA HA CepefuHe OPLMHATEL MakcHMyMa. Ilpu sTtom dopma
JUHHH 10JMXKHA ORITh NpelBapUTENEHO ONPENefeHa C HCIONLIOBAHHEM QUYeHb
¥3KOH menau.

0) Iloavuernne 4 paculafposrKa CREKMPOZPEMM

Hag nonydeuMss NepBMYHOTO CHEKTpa HCCAIeLYeMOe BellieCTBO pac-
TUPAT B TOHKHH NOPOMOK H IIPOYHC BTHDPAKT TBEPIBIM NECTHKOM
B npenpapure/bHo pudaenyio pafouyl TOREDPXHOCTE MEIAHOrO HIH amo-
MHHHEBOTO HAKOHEYHHKA aHojNa. MefHelf HaKoHeUHHK [aeT OOABUIYIO
MHTEHCHBHOCTL ¢OHA, a4 CHef0BaTe bHO, H H0Mee HH3KYIO UYBCTEHTENb-
HOCTB, YeM aMioMHHHeREH. ONHAKO NOCAeAHUH BHLAEPIKUBAET HATPY3IKH
B 2,5 pasa Meubmine, YeM MeIHBIH; STO COOTBETCTBEHHO YBEJIHYHBACT
HeoOX0nuMyl0 IKCIOSHUHIO. Pud/eHHe HAKOHEUHHKA aHOAA NPOHUIBOLHTCA
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OCTDHEM WJH Je3BHEM B BHAe T'YCTOH CHCTEMEl MAPAMIEJBHBIX HeTHAVOOKHX
unapanud. Ilocrmenuue HaHOCATCS B ABYX Da3JMYHBIX HANPABICHHAX.

Jad aHasusa no BTODHUHBIM CIEKTPAM HCCJAENYEMOE BEIECTBO MO-
weT OBITh HAHECEHO TeM e CMocofoM Ha MelHBle MAH AaTIOMHHHEBLIE
Kpyrasie  #HAM  TpAMOYTOAbHEE [UIACTHHKH, Ju00 (B KOPOTKOBOIHO-
BOM CNEKTPOMETpPE) — HACBINAHO B CHEUHAAbHBIE AMIOMHHUEBHIE KIOBETH
raybuno#t 0,5 . '

ITpu paciiMpoBKe NEpPBUUYHOTO CHEKTPA, CHATOTO HA KODPOTKOBOIHO-
BOM CHEKTPOTPAde, cielyeT UMETh B BHAY. UTO B OONACTH CPABHHTEALHO
Ma/lLbX JrA0B @, HCMOMb3yeMbiX HA 3TOM npubope, auueluasd nHcnepcua
Mafo MensieTcd BLOAbL CIIeKTpa.

S JTO MO3BOJISET HHTE

Bri Cuk ) ' pripeTH-
| Cuk g, “u fir Cukcr, poBaTh OGHAPYMEHHBIE JMHHIM,
A npuMenss JiHe HHYVI) HHTepno-
~ . CHAOHI0 (MM 3KCTPANOAALHD)

. N0 LMHHAM BOJH A,

. —]

—2 | Lt Ecmn necrenyemoe Beuie-
bl = . CTBO ObLIO BTEPTO B MeAHBIH

Puc. 148, Cxema KODOTKOBONHOBOTO yuacTka | AWOUEWHHK AHOLA, TO HA peHT-
CrieKTpa. reHorpaMme ppifizer K-cnexrp
Me 11 ue. 1 . ]
TOTO, TOBHIIIEHHAs YYBCTBUTEABHOCTH 6p0M0(:epe6p$E£0H SM:‘}EQCHH }é;po(;\é?
HAEHKE C KOPOTKOBOJIHOBOH. CTODOHBI. OT K-xpas NOTIOUeHUS  LaeT
%Egl[zzmo 6333‘16_T_HY10 PE3KYI0 TpaHHUy, COOTReTCTBYIOWYW Br K-kpawo.
M 00p430OM, Ha TJeHKe BCerfia PETHCTPHPYIOTCA CACAYIOUIHE CTAH-
(.IlprHlbgf:.ST.ﬂXHHHH 1 xpa#: CuKay (aaaua soawbt h== 1541 X), Cu Koy
N X),)’ CuKP; (h==1389X), | CuKpg, (=1378X); BfK
O6pamnoii  suneinold ducnepcuedi [ Haswizaercs HHTEpBAT IJIMH
BOJH, mnpuxofsiuMHca Ha [ ma crnekTporpammpl. Ta BeNMYMHA MOMKET
OBITb HaWmeHa 0O CTAMAAPTHLIM JUHHAM Ha ABYX YUACTKAX CIEKTpa:
.(h;e)}{,uy Br K-xpaem u gmume#t Cu KB, (unm Cu KB u MEKAY AHHHAMA
WKBy u Cu Koy (uau CuKay). 3uavenns D’ na stux yqa{:TKéx creKTpa
Pa3IHyai0TC  OOBIYHO HE3HAUHTENBHO; IS OCTANBHEIX YUACTKOR CIEKTPa
MOMHO TNPHHATh Te e 3HaueHHs 1.
c [Iycte, nampumep, oO0parthas AUCTepcHs ONpeleddercd IO JHHUHAM
cu:ff.:;.mﬂmefu Ko,; paccrosHue [, MEKILY HHUMKH H3MEpPAIOT JHHEHKOH
POBBIMM DeleHHAMH, OLLEHHBAdA «Hd [IJasd» [NecATuie N0JH
MILIHMETPA. Ecau HHTepBam NJHH BOJH MeXAY STHMH JHHHAMM COCTAB-
AsteT Agh, 10 oBpartHaa aucnepcus paeuHa

_ 1Agh] 3
o= logl 59

# H3MepAeTcH B X/, :
. Mg Haxoxpenus IAHHE BOJHBI L, HEH3BeCTHOH /HHMH X Bubipaio:
) r("f)dwﬁaﬁmyfo K HeH CTAHZAPTHYIO JHHHIO C H3BECTHOM AAMHOH BOJUB Aug-
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Tako# cTaHmapTHolM amnuel Ha npumepe, MPHUBEIEHHOM HA pHC. 148,
gpagerca auaas Cu KB, ¢ AIMHOH BOAHB Ay = 1389 X. Torna b, MOMKHO

UCJAHTE MO QOopMy.ne . :
BBIY 'CI] pMy. }'.x,:‘l'\(}vr_t“D!Lwn (6,5)

rae L, paBHO PpaccTOAHHIO (B MA) MeXLY CTaHAAPTHOH W HEH3BECTHOH
JAMHMAMH CHeKTpa. L, Takie uaMepsercd MuHe#KOU C OLeHKOH «HA r1as»
necatwx Joaefl a4, Ecou craupapTHas JIMHHA HAXQLMTCA C LIHHHAOBOI-
HOBOM CTOPOHH OT HEH3BeCTHOM JHMHUHM, TO B (QOpMYyTe (6.5) snax —+
saMeHsieTCs Ha —. -

PaccmoTpum cayualt, xorna CHeKTp TOJaydaercd Ha cnekTporpade
runa Komya mpy OTpakeHMH OT IJAOCKOCTeH MPH3Mbl KPHCTAind KBapua,
usorHyroro mo pazuycy 850 mam. Torxa offpaTHas [OMCIepCHd paBHA
D' = 9,9 X/xm. Tlpu wuavepenun paccrosnult L, u L, MOKeT OHTH
ponyitena owmmnbxa Ao 0,2 ua, ueMy COOTBETCTBYET (NpH YKasaHHOM
suguenuu D) ownbKka B ONpefeseHnH IJAHHGL BOMHEL A, 10 +3X.
OTcioza BUIHO, YTO T[pH HHTEpIpeTalMd KaHHOW JHHUH mo Tabanmaw,
B KOTOPHIX BCE JIMHHHM PACNOJOXMEHBI B TIOPSIKe BO3pAcTaHHA IIMH BOJH
(cM., wmampumep, [10]), caenyer [LONYCKAaTh BOSMOMKHEIE OTCTYTNJIeHUR
0T paccuMtaHHoro smHauesua i, Ao —=3 X. Kpome TOTO, HeoOX0IHMO
y4ecTH, 41O B TOM TOUKE CIEKTPA, B KOTOPOH HAXOMMTCA HEHIBECTHAR
AMHAA X, MOTYT BHATH JHHHM B HECKOJbBKHMX MNOPAAKAX OTPAMEHHUI 1.
Orciona BufgHO, uTo dopmyay (6,5) HeoOxoIUMO YTOUHHTH, 3aMEHUB e

BEeNUUHHOU 7IA,,: s DL (6.6)

kg
Fie 71— Ienble Yucia.
[1puBeneHHbie cooBpaxerna MOKA3LBAIT, YTO paclindpoBKa OTAEMb-
HOHW HeuaBecTHOH JHHHM CNEKTpa Uaule BCero OKashBaeTCs HEeBO3MOMHOR:
B rabaunax [10] BOMu3H HaRNEHHOTO 3HAYEHMA rk, HMEETCs LeNHH pan
AHHHHA, uHe BHXONMHHX 34 Tpenenn wuntepsata —=3X. TlpaBuabuoe
OTONAECTEACHHE TUHHHA BOSMOMNHO JHIUL MOCTE ONPENENeHHS BEMHUMH 7k,
As BCeX JAHHWUP, BHILEAUIHX Ha CNeKTPOrpamMMe.

TipuMep pacuppOBKH KOPOTKOBOMHOBOrO CIEKTPA, H306PAKEHHOro Ha
puc. 149, gan B 71adn. 15. CraHpapTHBE JHHHH (K-cepra MenH) MOTYT GHITL

! 5 527 21‘5
[ — EUHJGI
Cukg: Cukoe, 5

Puc, 149, CnextporpaMma, TONYy4eHHaA HA KOPOTKOBOJHOBOM CIIEK-
Tporpade.
BHHS)’ OTMEYeHbl CTAHIADTHHIE KPad H JHHHH. Hanpaa.‘le}mc OTCHETa 0T HHX YKa-
rSaH( CTPEAKIMH. BelJKHPIC HHCbpb.[ obo3amavanT NOPAIKOBELE HOMEDA JAHHUHA.

VCTAHOBJGHH NIPH CPaBEEHHH 9TOTO CHEKTPA €O CNeKTPOM HYACTOrQ MEenHOro
agona. Ha crexTpe [OCAeNHero, KpoMe MHHHA Mend, BHIXOIAT M K-Kpasi NOTNo-
uenus GpoMa u cepefpa, KOTOpLIE TaKme MOTYT CIAYMHTE CTaHaapTaMu NpH
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Taoby 5 -
abauuna 1_) oToxAecTBAennn NUHKI cnexrTpa. TouHbie JIMHEL BOAH MX MOMEIGEHH B CKOOKax

Paciunpposka CrexTporpaMMLr, npeacTasienHok ma puc, 149, Crpeaxamu B KOJOHKE «nmhgp» tabm 15
YKAa3aHO HallpaB/cHHE OTCYETa PacCTOAHHE OT CT'dIITLapTH}_,Ig e IMpucTynasa K pacuiudpoBKe CNEKTPa, CIEAYET IPeme BCEro OLENHTh 00paT-
H auHmi. Ha ywactke BrK— CuKgy D’ = 9,92 X ata. wa ‘-'tlapcjﬂ(e HYIO ITHHeHHyi0o IHCOEPCHIO Ha Da3HBIX yuacTKax CexTpa. Tak, Xa:A yuacTka Br K
Cukpfy — CuKay D" = 9,74 Xfﬁ;.u. Unrencuemocty £ TP.ngbI i Cu KBy HaxoOuM: pasHOCTb IIAH BOAH | Agh | = 460 X, pacCTOAHHE MEWILY STHMH
Mo AecATHOANNBLHOR WIKame i CTaHIAPTAMH, WU3MEPEHHOE MO CMNEKTPOrpaMMe pHC. 149, Ly = 46,4 s, oTKyIa
no (64) D’ = 9,92 X{axu. D10 3Hauenne O0ODPaTHOH LHCIEPCHH TNPHHHMaeM NpH
pacmudposKke BCeX IUHMH, PACNONOMEHHBIX € KOPOTKOBOAHOBOH CTOPOHBL OT

; Crannaprisie L A%, S . : Cu KB:. dna wvyactia crnektpa Cu KBy — Cu Kay naxoamm: | Agh | =
x| g a ., crangapra Cu Kf;. [ y p By 1 aum: | Aok |
KPP 1 TH#HEN At X % Jwrius Hanomeuus = 148X, Lop= 15,2 s, D’ =974 X/axu. D710 3Hauenume [}’ npuHHMAEM A5
- ncefl yacTH CIeKTpa, PacnoJOXeHHOH ¢ AJIMHHOBONHOBOH croponn oT Cu KBy
) B xononke «lg» Taba. 15 Janel usMepeHHble IO CIEKTPOrPaMMe PACCTOAHHA
1 1 + — 26,9 — 267 651 Nb K3.7 _ IHHMI o1 enelyiommx ctaHmapros: Br K, Cu KB;, CuKeqy u Cu Kay; nanpasie-
2 956 954 i HWE OTCUeTa yKasaHO CTpeaxamu. B kojoHKe <«Aly naHel Npowseenenmns DL,
: i — 2o 664 Nb Kyl — Suauenus nh, paccumntadol 10 (6,6). PesyanTat pacluKM(pOEKM NPUBEIEH B HpeX-
3|10 — 17,5 — 174 744 Nb Kz f _ nocaenHedl xKonoHKe, [Ipn HaloOMeHWH ABYX NHHHE Oodee clnafas M3 HAX yKasaHa
4] 8 —170 169 - L B nocnenuel xonowke. las npHMepa PaccMOTpHM 101pOOHO X014 pacwH{pOBKH
3 2 - 749 Nb Kaof — awHEM Ne 12, [las Hee pacueToM TNOIYYEHO nhg,==1102X. M3 tabamy [10]
51 2. —9,3 — 92 826 Y KayJ _ {cTp. 64—65) BRIMUIIEM Bee JMUHHM, PACNONOMEHHBIE B Tpejelax nhy = 3X, 18
6 1 — 8.9 — 88 830 Y Kool . oT 1099 no 1105 X, Takux auunil okaspiBaercs 9:
7 — Br KI — —_ (918) . . 73 Ta Kao V,
8| 1 + 34 4+ 34 952 Th Lagd _ "’78 Pt L3,1,
9 _ Ag KIT o : 72 Hi L"H[,
ol - (970) — — : 78 Pt L],
+142 | 4141 1059 Ta L,/ 34 Se Kayl,
1 +179 | +178 | 109 Ta Lysl — ' GBI SEoeh
I +186 | 4184 | 1102 | Taiys _ | 54 Xe KpJIL,
131 2 21,9 ‘ 77 Ir L3,
4 -+ -+ 217 1135 Ta Lyyd — _ 79 Au LEJ
14| 4 — 99 T o {puMcKo#i nuppoH yKasaH nopARoK orpaxenus). [loTennuan BOSOYHISHHA AMHUM
15 9 ’ . 1282 Ta Lo/ T ¢ mauHOH noauel A= 1102 X BO BCcAKOM ciydae He HHIKE:
— 73 —171 1307 Ta L3,/ Nb KRof!
16| 8 = - e < 1,24 . 104 1,24 . 104
— 5,4 — 53 1325 Ta L8/ _ Vo= 5 = e = 11,2 s,
17 | 4 — 5,2 — 51 1327 Nb K377 Ta L3g7
18| 2 - 38 — 35 1343 TaZ3,7 eCNlH JHHHA BBIINA B TEPBOM NOPsiAke OTPaMenHsa, ¥ He meHee nV B #A-M
191 o aLpy — mopsnke oTpawmednd. Cnekrp, npencraeieHnmfi Ha puc. 149, Owin cHaT upu
Cu KB/ — — (1378) — — HanpsixeHdd 30 xa, OTKya cXeiyeT, UTO DPACCMATPUBASMasl JWMHHA He MOrid
21 7 Cu Kg4! — _ (1389) BELITH B 5-M ¥ GOJEEe BLICOKHX NMOPAAKAX OTpaxenua. Manosepositen m 4-if nops-
21 | 10 T o 0K, TaK Kak LJf COOTBETCIBYIONIeH AMHWE NPeRBIUCHHE HATPAMEHWA Ha TPYOxe
o — 4,8 — 47 1490 Nb Koz (7 — Han NOTEHUMANOM BO3OYaAEHWSA OUelk Mald, TaK YTO HHTEHCHBHOCTH ITOH JTHIHH
8 49 — 41 h E- _ Spina 66 HMYTOMHO Manxoii. ITH coo6pamxeHHs NO3BOAKT Cpasy HCKIOUMTh
23 | 10 ' ’ 1%96 o U ! o o 73 Ta Kea V.
—20 —19 1518 Ta Lagf — Jupmsa 54 Xe KBy /[f uckaouaercs, Tak KaK KCEHOH He MOMKET ObTh B TBEp-
24 2 — 07 _7 1530 Ta Laof C a10M Tene, HOMOapIMPYEMOM KAaTONHLIM NTy4KOM Hi aHONE PEHTTeHOBCKOH TPYOKH.
2 | 10 c ' - #-LGg -u Komgl UYrofEl TPOBEPHTE, MOKET ikt JanHas THHAA GbiTh ONHOH M3 YKA3AHHBIX BHILIE JuHHA
u Koyf — e (1537) — — IAaTUHD, CHESYeT IPOBEPHTh, HMEIICA JW B HCCACLIYEMOM CHEKTPE IDYTHe,
26 9 Cu Koyl _ _ (1541) B Goiee spKAe NuEMM niaTHHB. B Tadmupax [10], c1p. 34 1aHL HMHIECHCUBHOCTH
97 | 9 - o - auswi £-cepun. Jee nuaun nnatuiel — Lag v LBy — apue nunmm LBs. Tam we Ha
+1L5 | 4112 1653 Y Koyl — crp. 228 maxoiuM AMHRL BOJH STMX ammwmi Az, = 1310X m Apy =1118X.
28 1 - 12,3 -+ 120 1661 Y Kaoff . B cndcke sHAueHmA rhg, (Ta6a. 13) ects 1307 X, uto 6ausxo x 1310 X, Ho mwnwum,
: ) Snuakoii k 1118 X, wet. 370 yHexpaeT B TOM, WTO HCCIeAyeMas JAUMHMA HE Tpu-

HNAaQIeHHT NIaTHHE.
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IpoBepuTh HanHuMe cellena B oGpazlle no Godee SIPKHM JIHHHAM HeJlb3f,
Tax KakK B TIDHECACHHOM BBHIIIE CIIHCKE BOZ MOXHBIX JMUHA HMeeTcs caMast fApKas
Junns Se Kay. OpHako aunns M 12, xo7Ta u caaba, HO ewe He Ha npeaeae
BHIMMOCTH, 3TO IONAHO OBl NOSBOJAHTE -OLHADYIKHTE 1 BTODYI0 JHHMID 4Y6-
feta Ka, 1. e. nubH©0 Se Koy, Ee aausa soas 1107 X (rabauyn [10], ctp. 146).
Taxofi aunuy B 1267, 15 Het; TakuM 06pazOM, (eJeHa B aHAAHIHPYEMOM ofpazue
TAKKE HeT. AHANOTHUHAN NPOBEPKA Ha HPHLIHH M 30070 NOKA3LIBAGT, 4To 60ace
APKHX JHHu 9THX SNEMEHTOB B HCCJelYeM OM cneKkTpe Her. Takan e NpoBepKa
ana Ta Lyy ofHapyxuBaer Bce Godee SPK®€ JIWHWH TaHTana C NPUOGIH3HTENbHO
NPaBHIBHEIM COOTHOIIEHHMEM MX HHTEHCHBHOCTCH, JTO NO3BONAET C YBEPEHHOCTLIO
YCTAHOBHTE HalHYyHe TanTaja B aHAJH3HpPYeE MOl npobe.

Tenm nce npmemom mMoryr Outh pacuEMdPOBaHbB H BCE OCTAALHBIE JHHHH
CHIEKTPA. JTO NPHEOMMT K OOHADYMEHWIO T HHAR CIelyiolHx 3xementon: Nb, Y,
Ta n Th. B
0T 28 Ni 10 42 Mo u L-cepun BCex saeMenT OB of 70 Yb 10 KOHua NnepHOIHYeCKOH
CHCTEMbl 3]EeMeHTOB.' Pe3ymsTaT aHanusa TO3BOAAET YCTAHOBHTH, HUTO H3 STHX
ABYX TIDYOIl 3MCMeHTOR HeT HH OJHOFO, K POMe NEPEUHCHEHHBIX BEIIIE UCTHPEX
SAEMEHTOB *). 3ITO OTHOCHTCH, €CTECTBEHHO, MMIMbL K COLEDPHEHHUAM 3IEMEHTOR,
NPEeEOCXONAWME 1peNes YYBCTBHTEAbHOCTH WX 0fHapymerns (0,05 — 0,19/,).

Ilpu pacmudpoBke CneKTpOrpamM, TOJYYeHHBIX HA OJAHHHOBOJHOBOM
cnektporpade, HeoOXOAHMO NpPUHMMATI> BO BHHMAaHHe, 4TQ B oOOMACTH
GOMBIINX ¥IA0B ¢ o0paTHas JHHelthasd [HCIepCU He MOCTOAHHA U yObI-
BA€T C BO3PACTAHUEM YFri1a ¢@. IT0 O6CT OATeALCTBO HECKO.ILKO YCIOWHAET
pacwH@pPOBKY IIMHHOBONHOBHX CNeKTDPOB. [I0CKOABKY B MeTone Moranua
IPH PacHoJIOHeHAH (POTOMIEHKH 10 (OKaMHOMY KPYTY Yroa © nuHeliHO
CBA8aH C paccTofsHMeM L BROAL MJIeHKH (B HANPABICHHH AHCHEPCHH),
Yrael ¢ AAd HeCKOJbKHX Haubodee ap EHX JAHHHA MOryT Ouitk uaftnensr
AHHeHHOR uHTepnoaanuel wiu sKcTpanoanuedt no paccroauuam L, OTCUH-
TAHHBEIM OT CTaHAAPTHHIX JHHMH. TakpkaMu crasgapramum spasoTcs ay6-
aer Koy n Ko, Menyw Bo 2-M M 3-M nOPIIKAX OTPAKEHAS M JHHWS K,
MeNH B 3-M TOpAIKE OTpameHHA. DTH JMHMH JerKO Y3HAThb Ha CNeKTPO-

rpasMme, €CJAH HNPEeMBAPHTENLHO 6BL1 FI0JIYIeH CHOCKTP YHCTOrQ MEAHOTD

anona. Murepnoasuns nposonutes no dpopuyaan (5.2) u (5,4) (em. ra. V,
pasnex 1, a).

Tlocme Toro kak Ha PasHBIX YYACTICaX IVIEHKH ONpeaened pap Go.ee
APKHX JMHHHA, OCTAJbHBIE JUHHHM MOTYT OHTh PACIIUB[OBAHLL OTHCAHIHIM
BHINE MeTONOM JHHeHHOH WHTEPmOMALW M N0 AAUHAM BOJH, C HCNOIb30-
BaHueM dopuya (6,4) u (6,6). Oznako o6patHas aoucnepcua D7 yike He
MOXeT OblITb NPHHATA NOCTOSAHHOM M AGDKHAa OHTb oONpeleseHa Lia
K2XKJAOT0O y4YacTKa CHEeKTPa OTAEAbHO (TEQ HSBECTHBIM JIMHHAM).

B to Bpems kax Ha cmexTporpade -Tuma Kowya Bech crextp mMoxeT
OBITh 10.Ty4eH OQHOBPENEHHO IPU HENMOAB MIKHOM NpHGOPE, Ha CHCKTPOrpade
THna MorawHa pPAaBHOMEPHO OCBELLaeTCA TONbKO VIiOBOH HHTepBad pas-
Mepom okoJo 3% Ias NONydYeHHs BCerO CHEKTpa NPM dOTOT padHuecKoH
PErucTpauuu MpHXONUTCS TMOCAEOBaTE JIbHO CHHMATh YYacTKM CHeKTpa
yepe3 Kamible 3° (Hanpumep, naunHag ©T 21°307 1o 39°307), ambo cme-

*) He moxer 6LTo ONpENENeHO JNHIUL  HAMMYHME MEIW, TaK KAK AHOJ PEHT-
PEeHOBCKOH TPyOGKU — MeIHLIH,

CHATOH O0JacTH CHEKTPa MOIYT BbliTH K-cepuu BCeX 3JeMEHTOB -
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HHAJMLHBIM MeXaHM3MOM HENMpPEPHIBHO H MAaBHO KauaTh KacceTy ¢ KpHCTada-

jgopepxatelem B Tpebyemom unrtepsane yraok. [lpapuabsmil  Bribop

yraa © MO¥eT OmiTh npoHsBesed mo TaGia. 16.

h Tadauuwa 16
¥rasl ¢ Byasda — Bpsrra Aas OCHOBHHIX aHANMTHYECKHX [IHHHH,

noayuaeMelx Ha AAHHHOBONHOEBOM CFI&KTDOFP&Q}E IpH OTpal{eHHH
OT MAOCKOCTH IIPH3MBLI KPHCTANIA KBaPUd

[Mopaiox OTpamennd TTOPAADK OTDAMEIHA
DaeMeHT | JIHIHA - | Daement | Jlunun i

1 ‘ P I 3 | I ‘ 2 | s
15 P Ka | 46°107 —- — 749 In Lo 262157 == —
16 S Ko | 39° — — 50 Sn La 25° = —
17 CI K= | 337407 — — 5l Sb La 23°457 e —
19 K K= | 26° — — |l 52 Te La 229407 - —
20 Ca | Kz | 23915 | — — 531 | Lo |21985 | - —
91 Sc | Ka | 20°507 | 45307 | — 155 Cs | La | 19°407 | 42240/ | —
22 Ti K — 40°107 — | 56 Ba Lo — 40°40" —
22 Ti Kg 1 — 36°057 — | 857 La La — 38040/ —
23V Ka _— 36° — 57 La La = 35°10 ==
93V | Kp| |32 | — 138Cel| La — |3 —
24 Cr Ko — 322307 —_ 58 Ce-| LB — 33°357 —
25 Mn K _ 209307 . — 59 Pr La e 35°20¢ —
26 Fe Ka = 27° — 60 Nd Lo —_— 33°457 —
26 Fe K3 - 24°207 — || 62 Sm| L= — 31° -
27 Co K — | 24°50” —_ 63 Eu Lo — 299507 =
928 Ni | K= — |23 — 64 gd| L= — | 2840 | —
29 Cu Ko — 21°10° | 33° 64 Gd L — 25°407 —
29 Cu | KB — — 129° 66 Dy| L« — 26°30 —
30 Zn Koo | — 19°30° | 30°207 | 68 Er Lo — 24°457 —
41 Nb Lo 42°107, — = 70 Yb La _ 23%057 365057
42 Mo| Luo 397157 — — 72 HE La == 21°357 | 33°30
44 Ru La 34°40° — — 73 Ta La — 20°55F 32020’_
45 Rh Lo 32740/ —_ — T4 W Lo — 20°157 | 31°15°
46 Pd L 300507 — — || 82 Pb Me | 389207 — —
47 Ag La 29°107 — — 90 Th Ma | 29° e —
43 Cd La | 27°35" — — 92 U Ma | 279207 — —

2. Moaykonu4yecTBeHHbI AHAINS

Tlo OKOHYAHHME PacWHGPOBKH CIEKTPOTPaMMBEl NDUCTYNAT K OLEHKE
COep:KaHuA 97eMeHTOB B aHANN3UpyeMOH npoﬁe—nonyxomqecgan--
HOMY auaguay. IlpeapapHTelbHO 10JKHA ObITh YCTAHOBNEHA YYBCTBH-
TeJAbHOCTb ONpeleNenus MCCASLYEMBHIX SJAEMEHTOB, T. €. HaHMCHbIee UX
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colcpiaHue, TPH KOTOPOM caMas spkas JaHuna Koy WiIH Lo, BLXomuT
na npeflene BuiumocTH. Ecam B cHaTOM chmekTpe aunua Ko, KaKOro-
aub0  2IeMeHTa BHIUJIA Ha Npelede BHIHMOCTH, TO CojpeprKalue ero
JIETKO OUEHHTB: OHO DPABHO YYBCTBUTEJILHOCTH. ILONYCTHM, 4YTO nocaenHsaa
pasua 0,1%,. Eciu B cuaToM cmekTpe Auxua Koy 0Kasaiach B m pas spue
fpeaena BHAMMOCTH (110 OLEHKE H3 T,1a3), TO COLEPKAHHE IIEMEHTE — QKO0
m pecathix gonef %, Tlpu AnHTenbHOM HaBHKe yaaeTcss GOJee MM MeHee
NpaBUIbHO OUEHHBATE HMHTEHCHBHOCTH JOMHMH 10 m=— 10, T. e. 1o

ConepiKaHua onpelenseMoro snemenTa 19/,

L
ip

3_

9 1 1 L 1
i} 5 1 5 20%

Puc. 150. BasucuMocTs KOHTpacTHOCTH aunuil K-CepHH
UHPKOHHA OT CONEPEAaHHA ero B npobe (mo [7]).

7 —ana aumun Key, 2—0as auaud Kos, 3 — A9 JHIHH K3, 4 —1aa
AMHHH KB,

B cayuae cosepxkanms TOTO Ke 3jeMeHTa, Npesocxonsuero 1%/,
NMOAYKOJIHYECTBEHHBE aHA/JIN3 MOMeT OBTb BHIOJAHeH No 0O0Jee CAAOHM
JuHMAM crnekTpa. Tak, aunug Ko, BiBoe ciaabee ganuum Ko, (cM. aau-
Hble 00 MHTEHCHBHOCTAX jquHu# B TaGauuax [10], erp. 33—34); uypcTbu-
TEAbHOCTh anaausa 1o aunnd Ko, Oyzer pasHa 0,2%/. Oneunxa conep-
MAHHA 3/AeMeHTa no STOH NUHHM BO3MOMkHa do 2%, worza munua Ko,
oxaxercss B 10 pas apue npepena supumoctn. Jauus K3, B 5 pas crabee
AuHHH Koy M TO3BOJSET TOSTOMY OLEHHBATH COIEDIKANHA 3/eMEenToB
B npefenax ot 0,5 ao 5%,. Hakowen, caman cnabaa aunns K3y unn KBy
¥ PAa3HEIX 3/eMEHTOB HMEET pPasAHYUHYI) HHTEHCHMBHOCTB, KOTOpasa B 20 —
700 pas wmeHbule HHTeHCHBHOCTH Kz,. [1yCcTh, HAaNpHUMep, OLLEHHBAETCA
<ogepxanne HHoOud, aunus KB, xoroporo B 30 pas caafee nunmn Koj.
B stoM cayuae mo KB, BO3MOXKHO ONpelelieHue Coep:aHUd HHOGHS
B npegenax oT 3 mo 309 ,. Bojee BuicOkHe comep®anus 1MobGus ¢ TO# e
TOYHOCTBIO YCTAHOBAGHH OBITH HE MOTYT, TaKk Kak auxng KB, — cawas
clabas JuHHAA K-CepuH 3TOro sfAeMeHTa. B 3TOM oTHoumenum yaoGHee
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TPOBOAUTE TONYKOJHUECTBEHHBIM aHATH3 MO JAUHUAM L-cepuu, B KoTopoh
BCeraa UMEeKTcs ouedb ciaadble MHMHHH; NOCAEAHHE MO3BOIMI0T OLEHHBATH
colepkanue 3neMeHTa BMaoTe Ho 1000/,

IMpu nadMuuu  JOCTATOYHOTO HABHIKA NOJAYKOMUUeCTBEHHLIH aHAIH3
LaeT BO3MOXKHOCTb OIlEHHBATE CONEPIKAHHUS 3JIEMEHTOB C BO3SMOMKHOM ouHG-
kol B 1,5 — 2 pasa. Jl1s cpaBHEHMsS YKAXKEM, YTO AHAJOFHYHAad OLEHKA
colepikaHus IO JHHHAM ONTHYECKHX CHEKTPOB MOMET J4aThb OIIHOKY
B HECKOJABKO [ECATKOB pas.

TOYHOCTE PEHTTEHO-CNEKTPANbHOTO NONYKO/IHYECTBEHHOIO aHaNIH3d Mo
NePBHYHOMY H3JAYYeHHI) 3aMETHO CHHiKaeTcsl B 06/1acTH GOJBIIMX KOH-
UeHTpauufi oUpeleldeMEIX 2JeMEeHTOB. DELIO 3aMeyeHO, YTO aAHAJH3 A4eT
B TAKHX CJAYYaAX 3aHHKEHHYK CUGHKY COIep:auuda. MccaeloBaHuwo 31oro
ponpoca nocpameHa pafora IembaHukoea [7], B kOTOPOH HMccaeiopaHa
KOHTPACTHOCTh JIMHUH XapaKTepUCTHUECKHX CIEKTPOB HEKOTODHX Bile-
MEHTOB B 3aBHCHMOCTH OT KOHLEHTPaUMM 3THX 5deMedToB. KoHTpacTHOCThL
onpelefdalach TO OTHOUIEHHIO HHTEHCHBHOCTH f; JIHHHH K HUOTCHCHB-
HocTH Jp dona. Oxasanock, uTO ¢ BO3PACTAHHEM COAEPIKAHUH DJAEMEHTOR
KOHTPACTHOCTL CHAUaNa BO3PacTaeT JUHeHHO (NPONOPUHOHANEHO COMEPKA-
HHIO 3MeMEHTOB); 3aTeM MPONOPUHOHANLHOCTE HADYMIAETCH, BO3PACTAHHME
KOHTPACTHOCTH 3aMennserca. Hampumep, Ha pHe. 150 mokasaHa 3aBucH-
MOCTb KOHTPACTHOCTH JHHHH K-CepuH LHPKOHHS OT ero coaepwkauua C.
[1ponopUHOHANBHOCTE MeWXIY STHUMH BeJHUHHAMH HADYUIAETCA AAd  JIH-
Koy mpu C=2 4%, nng mawun Kop npu €=z 6%,, naa muanu KB,
npu C = 10%,, nas auaum KB, npu C =z 15%,.

OTmMeueHHpIe HAPYIIEHUS TTPOTOPUHOHAIBHOCTH Meway Joffy u C Habm0-
1410TCA BO BCeX CAydasnX, KOTHA onpeleldeMbifi 9AeMeHT ¢ GOJMbIIHM aTOM-
HEIM HOMEDOM BXGIMT B COCTAB MPOOH, OCTAAbHOE BeleCTBO KOTOPOH («Ha-
MOJMHATEAbS) HMeeT Maiblfl WIH cpelnu#l aToMHEIE HOMep. B aToM caiyuae
¢ yBeJHYEHUEeM COAEPHaHHH ONpeleNsieMOr0 3JeMEHTAd OIHOBDEeMeHHO
pacteT H MHTEHCHBHOCTL HEeNPepHIBHOrO CHEKTPa npolel, BCAeACTBHE
4elro CKODOCTb BO3PACTaHWSl KOHTPACTHOCTH YMEHbIUASTCS.

KauecTpennoMy W TNOJIYKOAMYECTBEHHOMY 4HAAM3Y TIOCBALIEH DAL
pabot [10—14]; cu. Takwe [15].



FJTABA VII

KOJMYECTBEHHBIA AHAJIM3 110 NEPBUYHEIM
PEHTTEHOBCKHUM CIIEKTPAM

Komyecrsennui PEHTITEHO-CIeKTPAABHBIA  aHAMH3 1o NEPBUYHOMY
H3JIYHEHHIO Yallie BCETO NMPOBOANTCS itemodo s BHYMPERKez0 cmandapma;
B HEKOTODBHIX CIYY2SX NPUMEHACTCHS TaKime semod BHEULHEZO CIMGH-
dapma, sHauuTEAbHO COKPALAOIIUE TPOLOIKATENLHOCTD AHAIN3A, HO 06,13~
JawlnA MeHbIe# TouHOCTBIO. B 06oux CIy4asx aHalusHpyeMas TpoGa
BTHDPAeTCA NeCTHKOM B pudaenyio palouyo NOBEPXHOCTL MeZHOTO o i3]
AMOMHHHEBOIO HAKOHEUHHKA aHo/4. HMamepenue untencussocTe#t auuni
CHEKTPA NPOUBBOAUTCH IHBO CUETUHKOM, 60 dhoTorpaduposannen CHexTpa
Ha MIGHKY C NOC/Ienyioulum ¢$poToMeTpupoBaHuEM CIEKTPOTPAMMEL.

1. Metoxn BHyTpensero cTaHaapta
a) Teopus memoda

MeToa BHyTpeHuero CTaH1APTA OCHOBAH HAa CPABHEHNHH MHTEHCHBHOCTH
AHHHKM ONPEeNenseMOro sadementa A ¢ GAMKOH K« HEA JMuHHe# cTaHpapr-
HOTo saeMeHTa B, MCKYCTBEHHO BBeIEeHHOrO B npody B TOYHO H3BECTHOM
BECOROM KoOnHuecTBe. IIpH npoBeneHWu amamwsa MPHHEMAIOT, YTO OTHO-
UIeHUe HATeHCUBHOCTeR [4/ip AHAMHTHUECKUX JIHHUN 3TUX SAEMEHTOR

NMPONODUUORAIBHG OTHOUIEHHI) BeCOBLIX KoHueHTpaunit C4/Cp Tex we
3/1eMeHTOR:

CA JrA
T k75 @

rle BR—TaK HaselBaeMBIR nepexodnuii kosdduruenm. Popmyaa (7,1)

NOSBOTAET HAHTH KOHUEHTpauulo C 4 ONpeneIseMOro 3JieMeHTa, ec/H
HIBECTHA KOHUEHTPauus Cp CTAHIAPTHOrO 5ieMeHTA. [Tepexonnnit Kosg-
PuuvenT 2 pomken GuTh Halimen 3apauee.

Beanuuna ero ompenessercs Opexue BCero OTHOLUEHWEM KOJMHYECTH
BOBOYKACHHHIX HA aHOe PEHTIEHOBCKOH TPYOKH aTOMOB HCCielyeMOro
H CTaHIAPTHOTO SVIEMENTOB, a TAKIKE OTHOIIEHUEM BEPOATHOCTEH COOTBeT-
CTEYIOWAX TePeXO00B MEWAY YPOBHAMH STHX atoMoB. OTHOWEHHE KOJM-
FECTE aTOMOB 3TUX S/JEMEHTOB ONPElendercs He TOJIBKO OTHOLUEHHEM HX
BCCOBLIX KOHLEHTPAUMA, HO M OTHOLICHHEeM aTOMHBIX EecoB. B cporwg

. 2 5
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Odepelb, OTHOWIEHHE KOJHYECTB ATOMOB, Bosﬁy:«ﬂeﬁﬁb{x Ha aufme peiljr;-
TeHOBCKO#H TpyOKH, ONMpeneldeTcs He TOAbKO OTHOH.[('{H’P{EM HX hOJ’lHt—I "-,
HO H OTHOIIEHHEM BepPOSTHOCTEH HOHH3ALWHH coomeqcmy}oum?( BuyTp:Oﬁ
nux ypoeueh. TlocrenHee saBuCHT OT Hanpsixenus V ;a peH r;esgi; of
TpyOKe, TaK Kak MHTEHCHMBHOCTh JMHHA B NEDBOM TIPH .m}r»:eu;qOB A H} !
q';dpmyne (6,1), rme moreHunan Bo3Oyxgeuus V., ais ’SJIE.MCH o nycon
‘pasanyen. Econ Hanpsaenue ua TPYOKe M3MEHHAETCS TOYHO r{IB g
gpanbHOMy 3aKoHY (B pafouuBt nonynepuon), To B dopmyie { :Ba 330\{
weHne (V—V )2 nOMKHO OBHTH 3aMeHEHO Sd)q)GKTiHB-HLIM KBaIparo:
n3bpiTka HanpsxenHs V' naj wanpsiendem V, (cm. [1]):

AT
I(V - Vq)‘a]acpq, = T+ V"I +
Vi sin [2 arc sin (Vi V)] — 8V, V, cos [arc sin (V,/ V)]

* (7’2)
2n — 4 arc sin {Vg/ V)

rie V,—aMnmuTyaHoe gnavellHe HaNpMkeHusa V. o ovEin Goremoe
[Mpu uHaMeHeHUH AHOIHOIO TOKa PEHTIGHOBCKO py )Ke“m. woe
3HAYEHHE MOTYT HMETh H3MeHeHus GOpMBI NMYJALCANHMH Hanps ! H.OCTeﬁ
chlegHee MOMeT CYWeCcTBeHHO H3MEHHTh OTHOUIeHHE HHTeHC {Bﬁ}l(eﬁym
cpamfmsaemux AMHUE CcOekTpd, EeCAH B Lenu FblCOKO!"; fl:inmeeuHe
HMEeTCHd EMKOCTb — KOHILEHCarop Wau kabeib, TOMBOAALLY 11a11([)31H0M ¢
¥ TpyBke. B 3THX cayuadx HeoOXOLHMO Bcerga padoTarh MpH O]
; TOKE.
TOMP);{;H;:P?;[:OBLHHHQX BOJH CDABHUBAEMBIX JIHHUE TPUBOIWT K pa%LHH:
HBEIM H3MeHeHHAM HWHTEHCHBHOCTEH HX TIpH BbIXOILe‘J'Iy'-IreFi glau;;l} oy
1ipoBel, @ Takwme IMpH NPOXOMIeHHM nyued depes (lJOuIbg} (;11{ }-‘()Hgip'l‘a
TEHOBCKOR TPYOKM. KPHCTAMI, cnoﬁcBoaii}éxaéaqe;(poﬂgofﬁoizHH};)B;]K c“e}{:
HTCSH [INIeHKa MHPH CHeN J
'?pg?;g(%(a)?:, :@f’i' Haxoneuw, c.rrgnye'r yyectb 'ran;:'l(e paannqni';;f:i‘1agz?;-‘
TeNbHOCTE (oTOnmAeHKH Wiu cuerunka [efirepa K pasHbIM ;I“L..m n.e pOTH.
 Dtu dakTopEl TPHBOLAT C CASAYIOUEMY BHIPAMEHHIO A P
Horo kosdduuwenra k:

AAFEP_B ({V_ Vg'B)E}E,@q; exp E (E‘L Com—— ) X. ' (?'3}
k —_—. V— V 2] .4 ViR T
ApFara(( 240 ]55 i

riae A-—atoMHetl Bec, F— spdhexTHEHOCTE (CNeRTpanbHad q}'l'sm‘mlir:c‘:;;-
HOCTB) npudopa A H3MEPEeHHS HHTEHCUBHOCTH pEHTFEHOBCMF‘{ q;{}me:
) — BEPOSTHOCTE NMepeXxoda aTOMOB W3 I_raqanbnor({ COCTOAHHSA ic:vciga};ﬂﬂ
Menra A) nau ¢ (104 saemenra B) B xOHEUHOS COCTOAHAHE TIPH WCOY

: #, v, , H W p— duHefnsie KOIOPHUHEHTH ocaabieHus
CPABHHMBAEMBIX JHHUH, v, iB

| b

naa  TeX ke JUHHR TpW NPOXOMKIEHHH PeHITEHOBCKHX :'iyqeifa -:;ifj:
;[JOJIbr‘y, KPHCTAMT, c/ofl BO3AyXa, 4YepHyIo Gy.\alalzy (xapjh;elg ;g&pal{-
unjleKcoM £), TOJUIHHA KOTODHX oﬁoauat{‘ena Xi. Hﬂrfekfeb;{em‘ E
TepM3YIOT OnpefaefAeMblfi 3MeMeHT A M CTaHAAPTHLIA 3 .
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Ecnu nyuu perucrpupyores dotorpapuueckn, to onpejesieHHe CIeK-
TPAAbHOM 4yBCTBHTEALHOCTH TIPHMeHSEMOTO COpTa [JdeHKH IIPefcTABIAET
cobo#l  Tpymoemkyio sanauy u OOHYHO He NpoMsrOauTCa. [lig obuest
OPHEHTHPOBKH Ha puc. 151 mpencraBnena sapumcHMocTh sbdexTusnocTn F
PEHTTeHOBCKOR nueHKH Tuna Jlays [2] oT amumer BOJHEL ).

BepostHocTs mepexoma p ¢ mocTarounof TOUHOCTBK) MOMKET OBITh
TpuHATa NPOMOPUHOHAABHON OTHOWEHHIO WHTEHCHBHOCTH C

Well JMHMM CHeKTPa K CYMMe MHTEHCUBHOCTEH Beex
cepun. HurencusHocTn

HanpuMep, B tabauuax

OOTBETCTBYID-
JHHUH pgauHolt
JHHHY, BHIpaseHHBe B NPOLeHTAX, MOMHO HalTiH,
[3] (ctp. 33—34). Tawm e MOTYT OkTh HafgeHbr
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AAuwg  Boswmer, xX

Puc. 151. 3asucumocts s¢gextusmoctn F PEHITEHOBCKOH DlIeHKM
DA Jlays OT mAMHLI BOAHE A

U MOTeHUHANB BO3OY¥IeHuA Vg (cTp. 35), a raxke maunbre, neoGXonu-
MBI€ L4 BREIYMCACHHA KOSPDUUMEeHTOR OCaab.geHus (cTp. 38-—42).

Bpuny caomuocTH TOUHOrO yuera BteX (aKTOPOB, OKa3BIBAIDILHX
BAMSIHUE HA NepexoiHbid KospduuueHT £, nocienHni 00rIYHO omperne-
0T SKCIEPUMEHTANbHO, J/a 3TOTrO MaroTORIAOT HCKYCCTBEHHBIE CMeCH
C HMSBECTHBLIMH BEeCOBLIMH KOHIEHTPALMAMH OBGOHX SIeMEHTOR A un B.
Beibupawor cranpaprusis PeXHM  DAOOTH DEHTFeHOBCKOH TPYGKH — lia-
npsenue V. u, nupu  Hamuyuw EMKOCTH, — aHONHBI® TOK i,. Ecau
CIEKTp perucrpupyercd dortomtenxolt, To VCIOBHS TMpPOSABICHUS ee
(cocraB um TemmepaTypa TMPOABUTENA, BpeMs TPOABACHUA) TAKIKE NOJHHLI
GEITE BLIGpAHLL CTannapTueiMu. Ilpu Beex sTuX*ycaomuax ONPeedaioT
OTHOWIEHNE HHTeHCHBHOCTEH [4/fg; awas ans HCKYCCTEBEHHOH CMECH OTHO-
wende C4/Cp, MOWKHO o (7,1) Ha#tTu NepexXoAHHHd kKosdduuuenr k.
B nambhe#tmem npu TMPOBENEHHN aHAMH32 BCe TEPeUHCASHHLIE BbILLe
CTAHLAPTHLIE YCJIOBHA 3SKCHEPHMEHTA [1OMKHEL BBRUIEPIKHBATLECH  CTPOro
TOCTOSHHEIMH,

INpu cmene copra POTOMIAEHKH WAM TIPH 3aMeHe CYETUHKA Iefirepa
APYTHM SKBEMILIAPOM [epexorHLi Ko9(hdHINENT HeOoOXOIUMO onpene-

{ra. vir
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auTbh  cHoBa. [lostomy unenecoofpasHO TrOTOBMTE Cpasy JOCTATOYHOE
KOJIHYECTBO HCKYCCTBEHHBIX cMecedl M Xpauuth HX € TeM, yToOHBl BCEria
HMEJaCh BO3MOWKHOCTL OHICTPOH NPOBEPKH BEJIHUYHHBI NEPEXOLHOTO KO3d-
¢uuneHta. IlockoabKy sHadenus 3THX KObdULHEHTOR B4BHCAT OT MHO-
X KOHKDETHHIX YC/IOBMH SKCNEPHMEHTA, B KaxIoH madopatopuu Heol-
XOIMMO TPOBECTH CaMOCTOATENbHEE ONpelefeHus koaddHUHeHTOB R. Haa
ofwe# OpHeHTUPOBKH B Tabna. 17 mpupejens! NpUMEepHBIE 3HAYEHHS Mepe-
XOIHHX KO3(h@HUHENTOB AA9 HEKOTODHX Nap 9/JeMEHTOB.

T_aﬁ.rlnua 17

HpuvepHeie 3Hauenus NepexoIHLX Koaduuuentos £ (hopmyna (7,1))
LAt MEKOTOPLIX Nap sieMeHToB A H B -

;
) | 1 | Tupua

Junna Jluaus I e Baement| ) :

DaeMenT | gpeventa| HMEMEHT| 5revenTa & [ Snerent SUEMEHTa < 2 BUAEMENTR -
# i = T a B

{

i

21 Sc | Kay |57 La| LI | 0011} 73 Ta | Lo |74 W Lag | 1,40
22 Ti | K% |23V | Kay, | 399 |73 Ta | 48, |74 W | Lg, | 1,20
22Ti | Kbt |23V | Kay | 765 | SLTI | La |82Pb| Lay | 11

30 Zon | Koy |28 Ni| Kpy | 0,124 81 Tl | LB [82Pb| LB | 1,5

80 Zn | Ko, |28 Ni| Kg; | 0257|82Pb | Lay (83 Bi| Lay 0,89
39 Y Kay |40 Zr | Koy | 1,01 | 82 Pb | Lgy |83 Bi| L8; | 067
40 Zr | Koy | 42 Mo| Key | 069 | 82Pb | Ly, |83 Bi| Ly, | 080
40 Zr | KB | 42 Mo| K=y | 3,93 | 90 Th Lay |38 Sr Kay | 387
41 Nb | Kay | 42 Mo| Koy | 0,78 | 90 Th | LB, |38 Sr| Kg 0,92
5T La | L8, |23V | Ky | 2,60 | 92 Lag 138 Sr| Kay | 245
57 La | LBy |39 Pr| Lay | 2,08 | 92 Lfy |38 Sr | KBy | 149
57 La | LBy |60 Nd| Loy | 1,89 || 92 Lo, |90 Th| Loy | 0,64
58 Ce | LB —| 60 Nd| Lag | 2,08 || 92 LBy |90 Th| LBy | 1,60
58 Ce | Loy | 23V | Koy | 421

cCcCcc

HMHorna omelT [IOKA3BIBACT, 4TO KO3dPpHUHeHT & 3ABHCHT OT GTHOILLE-
HuA HHTeHcHBHOCTe# [J4f//p. B Takux caydaax HeoOXOIHUMO USCOTORUTH
HABOp MCKYCCTBEHHHIX CMecel 3feMeHTOR A u B ¢ pasauuubiMu on{omen
HuaMu C,4/Cp, HAHTH 049 Kaxinol cMecH oTHolleHus [4//p u mocrponTs
rpaduk sasucuMocTH Ca/Cp or [4/fp. D1uMm rpadukom MOMHO B Aa7L-
HeMIleM NOMB30OBATLCH MPH IIPOBeJEHHWH aHanusa [4].

*TlpaBuabHEHA BHOOD CTAHIAPTHOTO 3MEMEHTA OCHOBAH HA CAEIVIOLIHX
coobpanwennax., CpabHHBaeMBHe JIMHHH IOJODKHB HMeTh OH3KHE IMulbL
poJjin. B 3TOM Ccayuae OHH BEEIYT B OIHOM MOpsIKe OTpa}KeHHHG fle,ua—
AexKo Apyr OT Apyra u OyAYyT HMeTh OJH3KHME TOTEHLLHAIH '1303 Ve~
Husg. B nmportuBnoM cayyae HefoabilHe Kko/J1e0aHUA HANPSKEHHA, TH-
TAIOILErO DPEHTIEHOBCKYI0 TPYOKY, MOTJHM ©H CYLIECTBEHHO HsmengTb
OTHOIIEHWEe HHTEHCHBHOCTe# 2THX AMHUH, 4To caenyeT M3 GopmMynH (6, )..
CpaBnuBaeMble JHHHM MOTFYT TIPHHAANEXATh K OJMHAKOBHIM HJAH DAasHBIM
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cepuAM CNEKTpa, HO TIpH MCTIYCKAHHMM STHX JMHUH KOHEYHbIE COCTOANUUA
ATOMOB HE AOMKHD COOTBETCTBOBATD HAPYKHBIM YPOBHAM, 3/EKTPOHHI
KOTODPHIX YUYacTBYIOT B 00pasoBaHUM XUMHUECKHX ceaself. Ecam nocaea-
Hee ycjoBMe He co0awleHo, TO H3MEHEHHC Xapakrepa XHUMHYeCKOH CBA3H
MOMKET MPUBECTM K 3HIMMTEJLHOMY HSMEHEHHIO MHTEHCHBHOCTH JIMITUM.

CTaunapT MOWeT (bITh HCHO/BSOBAH WJIH B BUIE YHCTOrO SJACMEHTA,
HAM B BUAE KAKOTO-JAu0 ero coeduHeHus. HeoOXo1mmo, OAHAKO, YTOOH
CTAHNAPTHOE BeIIeCTBO He YAeTyuduBaIoCh CKO/BKO-1iNGY AL 3aMeTHO NpH
uarpesanuu o 200—300°C B BakyyMe (Takue VyCiaoBus HMEQT MECTo
Ha auole peHTreHOBCKo# TPyOkwm). Hammude B maGoparopuu MOAXOIAILLTO
COCAHHEHMA B AQCTATOIHOM KOJHUECTRE TAKKE ABAACTCA ONHHM H3 Bam-
HLX ycaoBuit Npu BHOpE CTAHAAPTHOTO SJICMEHTA. HeobGxoanmo, Kpiye
-foro, 4ToOH HH ONHA M3 APYrUxX JHHUM 3TOro HAH JPYroro 3/eMedTa,
BXOAANIEro RO B3ATOC COedMUeHHe, HE HaJarajach Ha aHaAMTHYECKYO
AMHHIO OfpedeiseMora 9jdeMenTa. HakOHRI, KemaTenbHO, yToBBl CTAH-
NApTHHE BeMEHT OTCITCTBOBAN B HCCIeAyemoR npobe; 3TO MOWET OHITH
YCTaHOB/JEHO MPeJBAPITE]bHO MO Pe3Y/AbTATAM KAYECTBEHHOTO DEHTIEHO-
CTeKTPadbHOTO aHaanal. B OGOJNBIIMICTBE  CIYUaeB ocoBeHHO FA0OHBIM
CTAHIAPTHEIM 2JdemMenToM ABjiserTcs OmpxaHuiif K onpenengeMomMy — CO-
cepunfi (IO ATOMHOMY HOMepy) SJeMeHT. '

Hanuune ApYrux UIeMeHTOB B MCCJeLyeMOH npode MOMeT B HEKO-
TOPHWX CAyYadxX TIPHBECTH K MSMEHEHHIO BRIWYMHBL MEPeXOLHOTO Ko3dth-
dbunHeHTa k&, He YUITHBACMOMY dopuyaoi (7,3). Tak, ecanm Mexuy
CPABHHRAEMBIMH JMHWIMH PACIO/OXKeH KpaH TMOTAoIleHs KAKoro-1udo
sieMeHTa €, TPUCYTCIBYOImero B Tol ke mpofe, TO KOPOTKOBOIHOBAA
JAMHEA TpU BHIXOAe wyueHHs M3 auoaa Oyier ocaabreua Goabuie, veM
INHHHOBOMHOBAS. EciM MeIy KpasMu TOTJAOUIEHHS ONPeIciseMOro H
CTAHIAPTHOTO 3JeMeH!d HAXOIHTCA APKA JWHHS TPCTHEro SACMCHTA D,
To Oyier HMeTh MecTd IONMCJHUTENbHOE BO3OYKACHHE 3JAEMEHTa, Kpait
KOTOPOTO pacrooxkel C JIHHIOBOJHOBOH CTOPOHE!, M HHTEHCHBHOCTD
MHKH 5TOrO 3JaeMedt BoapacTeT. Takuu o0pasoM, NepeXOUHHIH KO3d-
pHUMEHT R B HEKOTIPBIX CJAYy9anX BfyaeT 3aBHCEThH OT COCTABa npoObl.
Brusuue yKasaunbix sppexrTon u3BHPATENLHOTO MOTJIOWIEHUS U B30 yH-
neuust Ha MHTEHCHBHDCTB Auuali TpH . BO3OY#AeHMH (AYOPECLEHTHOTO
PEHTTEHOBCKOTO WIAYEHUA 3HAYMTENbHO Boabile, HeM TpH BO30 VA LEHIN
MepBHYHOTO M3Ay4eHm. B cBA3H C 9THM nabuparenblbie sdderTet OyILyT
paccMOTpeHBl B chaeayoulelt TiIaBe.

TOUHOCTE KOJWYeiTBEHHOTO AHAMH3a 110 METOLY BHYTPEHHEro CTaH-
gapra cocrasaser mnpiMepHo 5—T7%, oOT comepiaums OMNpELETAEMOTO
IMeMeHTa, €CJAM 5TO OAepWaHMe IPEROCXOJMT Tpelel YYBCTBUTENBHOCTH
Horee wem B 15—20 pas. Ecau., Hampumep. Openel Y9yBCTBHTE/IBHOCTH
pager 0,05%,, To kommuecTBeHHBl aHaIM3 C YKa3aHHOH Bulle OTHOCH-
TEJABHOR TOUHOCTHIO J0eT OBITh BRINOJHEH TPH CONEPXNAHMAX ONMpEle-
HMeMOTO saemenTta, Ghapmux 0,7—1%, Tlpn yMedHbmeHuwu cojepxanus
peposiTHas omubia picrer, Aocturas 100%, npu mnpemese HyBCTBHTEID-
HOCTH.
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6) Anaauz pyo HeoOROpodH020 COCMABR

PaccMoTpuM caAyYau, KOria Ads aHalusa NOCTymaeT mpoda, cocTodasd
{3 PpasHOPOAHLIX 3epeH, — HANPHMED pYla, B COCTAB KOTOPOH BXOIMT
HECKO/IbKO Da3MHyHBIX MUHepasoB. B Taxux cayuasx Go/plioe 3HaueHHE
npuoBpeTaeT BOTPOC O c¢pedueld npobe (nan npedcmasumesbHoll npobe),
T. e. npode, COCTaB KOTOPOW HeHCTBMTENLHO COOTBETCTBYRT CpelHEmMY
cocrapy pynul. Crporoe cobiaoleHHe 3TOrO YCI0BMA HEBOSMOMHO, HO
BO BCAKOM CJyyae AO/MKHL OBITH TIDUHATH BCE BO3MOMKHBIE MEPH IJd
TOro, 4TOOH pe3yabTaT aHaausa OJHSKO COOTBETCTBOBAM COCTaBY Cpel-
Heti npolH.

[lpu peuTreHO-CHEKTPAIbHOM dHAMU3e IO MepPBUYHOMY H3AYHEHHIO
(2 BO MHOTHX CIyuadX—H 10 (IYOPECUESHTHOMY H3/MYUEeHHIO) KOJaude-
CTBO BeillecTBd, HENOCPeNCTBeHHO HCIOAb3yeMoe OJs IIOJydeHHs CHeK-
Tpa, COCTaBiseT OKOJO0 3 #2; TpH cpenHedl TJAOTHOCTH npolr, ua-
npuMep 3 2/cu?, 9TO KOTHYECTEO COOTBETCTBYET OODLEMY 1 mnm?. Orciona
BHAHO, YTO IJS IOAVYeHHS TPABHIBHEX Pe3yaLTATOB aHalu3a LOJKHO
GpiTh OfecmeueHO TLIATENLHOE paaMelbyeHHE H MepeMelIHBaHHEe BOZMOKHO
BOMBIIEr0 KOJHYECTBd WCXOAHOR mpoOEH.

[MoaroTorka nPOOH EOIHOPOAHOTO COCTABA K aHAMH3Y COCTOHT
B ciaenyioueM. HeckolbKo cOT rpaMM pyAH 3aAHBAT BOXOR U pasma-
ALIBAIOT B IIAPOBOH MedbHULE B TeUYEHHE HECKOJIbKAX 9acOB. 3aTeM npody
BEICYIIMBAKT, HACHTAOT KPYrao# Kxyuko# Ha AHCT Oymarn M HECKOIbLKO
pas (mocAefoBaTEIbHO) Kgapmywom. llpn KBApTOBAHMM Kpyrias Kyuxa
DYABl IeAATCA HOKOM Ha 4 paBHBIX CEKTOpE, Pasie]eHHslX IBYMS B3a-
HMHO TIEPTIEHIHKYIAPHBIMH AuaMeTpaMu. [1Ba TPOTHBOMOIOKHBIX CEKTODA
BHIGPACHLIBAIOT, LBa ADYIHX MEPEMElIMBAIOT, COGHPANT B KPYTAYIO KYYKY

‘W CHOBA4 KBApTYiOT. DTOT NPOLECC TPOLOIKAWT 10 TeX Top, MOKa He

6yner otobpano 0,5—1 2 BewecTea.

BrijeeHHoe NOCAeIOBATENbULIME KBADPTOBAHUAMH HeOOMBIIOE KOMH-
YeCTBO M3MEABbUEHHOHR DVAbI B3BEMIMBAIT, K0GABAMIOT HeOOXOoAHMOE KOJA-
YeCTBO CTAHAAPTHOrO SIEMEHTA, HACHIAKT B AaraToOBY0 MM AWIMOBYIO
CTYNKY, HaIMBaOT HeGONbIIOE KOMHYECTBO CMOHMPTA W TILATENLHO PACTH-
paoT, 106MBAACh DPABHOMEPHOTO pACIpele/qeHus HACTHLL CAMOH PYREl H
10GABJEHHOTO CTaHAApTAa MO BCeMy OObLEMY BeulecTBa. JTa onepauus
MOKeT OniThb ¢ HAHOOALIHMM VIOGCTEBOM BEINIOJHEHA B MEXaHMYECKOH
crymke, onucanHo# B [5]. PacTupanue HeoOGXOIMMO MPOBOLMTH HE MeHee
30-—40 MuH., DOAMBAA CIHPT TO MEpe ero BLICHIXAaHHA. 3aKOHUHThL pa-
cTHpaHue MOXHO JHMIIb TMOCTe BLICEHIXAHHS [OC/ASAHEH MOpHMM CrupTa,
KOMIa BELIeCTBO npeicTaniseT coboil rycryo kawuuy. Ecaum pacTupa-
Hue TPeKPATHTb OO BEICHIXAHMSI CIHPTA, TO TNpPH OCENAHHH B3BELIEHHBIX
B CNHPTY 4YacTullL NPOH3OHIeT TOCAOHHOE pasieneHue BemlecTsa IO
yIensHOMY BeCY 9aCTULl, HYEro BO BCAKOM Ciy4de NONMyCKAThH HE CJELYyeT.
Mz monroTosieHHOH TakuM obpazoM npodsl GepyT AMA daHAAH3A TNOPIUIO
oBbeMoM OKOMC | Mu® M BTHpaOT B pHpIeHyi0 pafouyio MOBEPXHOCTH
HAKOHEUYHWKA AHOIA DPEHTTeHOBCKOR TPyOKH.
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Ms cxasanHOro Bulwe CclAelyer, 4YTo Aas obecneueHus tpebyemoik
TOYHOCTH aHaIu3a HeoOXOAMMO BROJHE ONpeleICHHOE M BechMa BHCOKOE
pasmeibuenne npofel. KpynHocTe wacTHU, pacrepToRl B cTynke npobb
MOKCT OBITh YCTAHOBJEHA CHTOBBIM aHanusoM. Hacwnas npody B cHTO,
NepeMenInBanT ero KHCTOYKoH (0es  Hawuma); ecad npoba nca (uau

MOYTH BCA) MpPoRIET uepes CHTO, OepyT CACAYIOUIEE IO HOMEPY CHTO"

C MEHBIINMH OTBEPCTHAMM W TIOBTOPRIOT Ty Ke ONepauwi. Pasmep or-
BepCTUH B CUTAX XapakTepU3YeTCH UHCIOM Meul, “T. €. HMCIOM OTBEp-
ctuif na 1 guveRumit mofiv (25,4 mwm). B Habope cuT smHeHHLE
pasMepH OTBepCTHH oTapuawrea B ) 2 pas. Tak, curo 250 mew umeer
oteepctusa pasmeponm 0,052 mat, cuto 200 mewr — 0,074 a4, 150 mew —
0,104 ax, 100 sew-—0,147 un, 65 mew — 0,208 um u 1. 5. Ecam
npofa npomaa udepes cuTo 200 Mew, TO 3T0 VCAOBHO OTMedacTCd ald-
KoM MHHYC (— 200 wmew), a ecam npofa He Ipowiia 4Yepes CAelyOles

no pasMepy CHTO, — 9TO OTMEHaeTCs 3HakoM e (- 250 wmew). Ta-
KM 00pasoM, pesy bTaT CHTOBOTO alaansa B PACCMOTPCHHOM TpHMEpe
3amHCBIBAIOT caedywonm ofpaszom: — 200 250 ueu.

JdomyeruM, uTo nHpoby yaanocb pacTeperh no khaacca — 250 wmew, T. €. an-
HeHHEIe pasMepsl 3eped — nopanpxa 0,05 sy, Uncno Takux 3epen B 1 aemd —
oxono 8000. Ecax onpepenaemslii 3M1eMEHT BXOIWT B COCTAE MHHEPAN4, UHCAO
BEPEH KOTOPOrO COCTapaAeT, Hanpumep, 109, or ofmero uwmciaa sepen npofu,
TO YHMCHO 3eDCH NAHHOTO MHHepana B 1 wam® Syner okxouno S00.

B pasuubix nopuuax npobu, oO0bemom mo 1 mu® xaxnad, 6yIyT BCTpe-
4aThCA OTKJOHEHHS OT CpejHerc uHcaa seped. Cpelnee KBanpartnuioe
OTKJOHEHHE JJ1d OTHeJbHON NOPIMH MpoBLI ONpEjiesasercs CTATHCTHKOR
[MyaccoHa H paBHO KOPHIO KBaiparHoMy wu3 uucaa N sepen AaHioro
mutepana [cm. rua. III, pasaenr 5, dopmyna (3.43)]. ITo (3.44) "Haxodum
OTHOCHTENBHOE BEPOATHOE OTKJIOLEeNHEe OT CPelHero B 0o0ueM cJydae:

i = i L — ffg 103 _'ls‘g_ Ol_,-"'lo,
N 3 VN L3 kP
rie F— BepOATHOE OTKJACHeHHuE, [
f— HX IJAOTHOCTL B 2fc#® (uau, 9rQ TO ke, B m2/uu3), P— pec BadaTol

NOpUHMH MPOOH B M2, K— 10/4 YMC/Aa 8epel JAaHHOTO MHHEepasa, Buipa-
JKCHHAM B TIPOUEHTAX OT 00mero uucaa 3epeH npolH.

B paccMoTpeHHOM npuMepe NV = 800, r/N/==2,4%),. Beanyuna r/N xapaxrepu-
3yer BEPOATHYIO OLUMOKY Pe3yAbTaTa aHAlIH3a, CBASAHHYI0 ¢ (QAYKTYalHAMH €O-
cTapd HCOONBIINX MOPUMH EellecTBa, T. €. BLHI3BAHHYIO HEQIHOPOIHOCTHIO NPOOLL

Ecnm B pacCMOTPEHHOM BHllle NPHMEPE UACNO 3€pEH MHHEpala, B KOTODHH
BXOIUT ONpeieNAeMLlil sleMenTt, cocTapxser He 109, a 0,19, or ofuero umcna
seped, 10 N =8 u +/N 2224V, TllpeseapHaa BosMommas CwWHOKa p 1o (3,45)
mower ObiTh B 4,5 pasa Ooibule BepoOATHOH, OTKyAa p/N =100/, Ouesuauo,
B 5TOM CAyYae KOJHUECTBCHHMH aHaau3 HeBo3MOMeH. Ilin NpOBejeHHA anainsa
C DPeXHeH TOYHOCTRI) HCOOXOAHMO YMEHLUIMTL (IFKTYaUWH Y¥cla sepeH

5 10 pas, T. e. YyBEIHYHTL uYucho seped B 100 pas, a ux iuHeHnBle pasMepsl —

[
YMEHLUIHTL B V100 == 4,6 pasza, poeeast ux go 0,01 s, uro npexpcrasaser
TPYAHYIO 3agauy.

JUHEHHBIH pasMep 3epeH B M,
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Tlycts uMcno sepen mamHoro mMuHepasa coctasiser 109/, or ofmero umcaa
sepeH pyMb (Kak B ePBOM H3 PaCcCMOTPEEHBIX EblUie NCHMEROB), Ho JauEefi-
HBI€ Pa3MepPel 3¢peH Soaplie, HaOPHMEp KIACC KPYNHOCTH HX COOTBETCTEYET
— 100 4 150 xeze. B stom cayuae awrnelisble pasMepsl 3epeH nopsaika 1/8 ara,
ofuwee yncno ux B 1 4ae® oxoxo 510, u N = 51, otkyna r/N == 9,39/, ILus yrenuue-
Husl TOUMOCTH aHajJWia B STOM cayuae HeoOXOAHMO JH0O NONONHUTCABHO H3MENL-
uuTh npoby, AH60 B3ATe IJA aHalusa GOJLIIEE KOJHUECTEQ BEUICCTBA, UTO BOS-
MOMHO B Psijle CIy4aes NPH NepeXone K aHaludy IO CIIeKTPaM [eHTreltOECKOro
dayopecueHTHOrO H3AyYeHHA,

8) Pacuem Heolx00uMBX HABECOK

Ilpu ¢oTorpadudeckoM MeTOLC pPErucTPAUMM OTHOIUEHHE HHTEHCHE-
HocreH ABYX JAuUHUA MOKeT OLITh M3MEpPEeHO TeM TOUHee, 4YeM OJHKEe STH
HHTEHCHBHOCTH APY¥T K Ipyry. ONRT [NOKasak, uYTO OTUOIICHHE HHTEH-
CUBHOCTeH IHHUH MOXer OBITb Ha3MepeHO ¢ HAUGObIEeH TOUHOCTLI), CCAH
OHO 3aKIOYEl0 B CJAEeAYIOLMX CPABHUTENbHO Y3KMX Opeleax:

IA —
0,5 <7 - = 2. (7,4)
Ip
PapencTtso uuteucupHocTel [f4 u [y OyICT DOCTHTHYTO, ecau co-
raacno (7,1) oTHOMeHHe BeCOBHX KoHUcHTpalu#h C4 u Cg paBHO
Ca_p (7.5)
CB - ) !
Jns BRINOJHEHHS 3TOrO VCIOBHA K HccleniyeMol npofe HeoOXONUMO I0-
GaBHTb TAKOE KOMHYECTBO CTAHBAPTHOTO “jaeMenta B, yTobH ero Beco-
Bas koHueHtTpauus Cp Owaa pasHa

Cp=——> (7.6)

rne BecoBas konUewrpauud €4 oOnpeledseMoro 3ssementa A H3BecTHa
JMIIL  OPHEHTHPOBOUYHO MO IAHHHM KaYeCTBEHHOro (NOAYKOJRYECTBEH-
HOro) aunanusa. Kaxk ye YKasuBAJOCh b NpelBIAyIIeH riaase, MOJYKOIH-
YyeCTREeHHAs OlleHKa COIepIKaHUs 3JeMeHTOB MOXeT OblTh BLINOJHEHZ
¢ omubxko# & 1.5 2 pasa. Taxkum ofpasom, pacuer Cp 1O AaHHBIM
NOJYKOAMUECTBEHNOTO aHaausza obecneunpaer cobmoaenue yciaosua (7,4).
WMs ckasanuoro Cciaeiver, uro IOpu ¢oTorpaduyecKkoll perncrpanun
CNEeKTPa TIPOBeJeHHE KOMHYECTBEHHOTO PEHTIeHO-CNEeKTPajbHOrO aHaiu3a
TpeGyeT NPCABAPHTENLIOrO BHIOMHEHHS KAaUeCTBEHHOTO 4HAaau3a ¢ noJay-
KOJHUECTREHHOR OLeHKOR COiep:KaHMa ONpedciAdeMOTo 3JeMeHTA.

PaccMOTPHM XOm pacueTa HEOOXOAMMBIX HaBECOK Ha KOHKPETHOM IpAMEpe.
[ycTn, HanpuMep, HeOGXONMMO TIPOBECTH KOJMYECTBeHHBIH aHauM3 na HuOOHUiL
KadecTEEHHBIA aHAAM3 OOHADYIKHI M3 IBYX COCEIHMHX ¢ HuoOueM SIeMeHTOB
TOXBLKO OIMNI — MPKCOHKA. B Kauecrse CTadmapTHOTO RelecTna BuOHpaeM apy-
roit cocerpuil snement — monubaeH. Ero oxucen MoOy neTyu u He mMoxeT GLITB
TIPRMEHEH; OJHAKO MONKHO KCMOmb3oBaTh coegunenne CaMoOy Ilycrs mo man-
HEIM TOJSYKOMNMYECTEEHHOrQ aHalnw3a B aHamn3upyeMol npofe CoIep:uTes OKOJIo
10/, Huobus, T. e. Oy, =19/,
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Ecnu nepexonnuit xoshduunenr &= 0,78 (cM. tadm 17), To mo (7,6) naii-
nem Cyr, = 1,289, OrHOmEHME MOJISKyAAPDHOIO Beca CaMoOy Kk atoMHOMY

pecy Mo papro 2,08. Taxum o6pasom, Becosas KOHHEHTpaUHA CTAHIAPTHOT O
Eel[eCTBa NOMxHa OBTh paBHa

Coaroo, = 208Cy, = 2,667/,

OTHOCHTEIbHAA OMMGKA BIBEUIHSAHMA CTAHAAPTHONC BRN[ECTBA He NOMHHA
npeeermate 1% Eciu B3seulnBaHHe BHMOMHACTCA HA BECAX UyBCTBUTEIBHOCTHIO
0,1 42, TO MHHMMANLHOE KOJHYECTSO CTAHAAPTHOLO BeUIECTBA, KOTOPO2 MOMET
ObITe B3BEUIGHO Ha TaKUX BecaX, pasuo 10 a2, ECIH B COOTBETCTBHE C 3THM
Hasecka CaMoO, erifpana pasuoit 10 42, TO 3TO KOAMYECTBO pasBHO 2,66%, ot
aHAAMZHPYeMOH# NpoGu, eCld BeC NOCAELHeH papeH

10 a2
2,66
B stux pacuerax Bec npo6ul mpummMailor 3a 1000/,

+ 100 = 376 2.

Bapemusanne NPOH3BOLAT Ha KYCOUKEe KAaJIbKH. Caauana OTBEINHBAIOT
HYHHOE EKOIH4Y2CTBO HpOf)bI, 4 3aTeM — CTaHIapTHOS BeleCcTBO. l'IpH
3TOM HeT HeoOXOIUMOCTH B TOUYHOM co0 T10aeHHH PACCHUHTAHHBIX KOJH-

yecTB. Eciau mefcTBHTEALHO OTBEINEHILIE KOJWYCCTEA OTJAHYATCAd OT.

paccumtaHHeIX e Gosee weM Ha 10—1589%,, To 3Tto He ckawercs ua
OKOHYaTeJBHOM pe3yabrate aHaaus3a. Heodxomumo auuwb, ytoBol oTRe-
HieHHbIe KOIHYeCTBA OBLTH TOYHO ONPELedeHE M MO HHM HaBleHA MCTHH-
Hag Becosad KOHUEHTPAauud CeaMop,, 4 3AT€M H HCTHHHOE 3uadeHHe Cy,.
[Tocnennas semvudHa ¥ NMpUHEMAeTCa NpH pacuere Cyy MO (7.1).

TTocne B3BewMBAHUA BCLUIECTEO OCTOPOIKHO MEPeCHNAOT € KaibKu
B CTYAKY ¥ NAATSILHO, TILATETBHO MNEePEeMellnBaiOT € A03aBIeHHeM
CUpPTa, KaK ONUCAHO B NpelblayuieM pasiens. OTHONIEHHE HHTEHCHBHO -
crell Iwy/lmo ROKHO OBITh HAWIEHO Kax Cpeanss BeIHYMHA IO CreKTpaM
ABYX-TPeX MOPIHE NpUIroTORIeHHOM cMecH.

Ecau nna usvepeHus HHTeHCHBHOCTER NpHMEHASTCA HMOHM3AMUMOHHAA
PErHCTpALHA WJIH CUMHTHIASUUOHHLIA CYeTHMK, To ycaosue (7,4) ywe
He #BifeTCd o0A3aTeabHEIM. B 9TOM cayuae aHaiHz MOMeT OHITh npo-
BEleH ¢ HaubGOTbuled TOUHOCTBIO MO TrpaduKky, NPeACTABAAOIIEMY 3ABHU-
CUMOCTL KOHUEHTpaluuu C4 OAPEleNfeMOro 3IAEMEHTA OF OTHOLIEHHS MH-
TeHCcuBHoCTelt fa{lp upu nocmomrnnof dan scex CAVYEaes KOHUeHMpa-
yax Cp cmandapma (Hanpuvep, Cp=— 109%). B srtom cayuae, xaxk u
B NMpelbliyineM, Mpu pacHyeTe HaBecOK BeC mpolst npunHmMawT 3a 1009/
Cpapur cTpoaAT m0 SKCMepHMEHTATbHBIM NAHHLIM; MOJIYYEHHBIM Hd HCKYC-
CTBEHHBIX CMECHSX C U3BeCTHBIM CofepiKaHueM o60HX ameMeHTOB— A u 5.

ITOT MeTom auanMsa Golee TOYEGH, YeM ONHCAHHLIH Boie MeTOL,
OCHOBAHHBIl HA YpaBHeHUM WHTeHCHBHOCTe# MoAGOpOM ompeleleHHOR
KOHIEHTPAUHH CTaHAapT4. ,I_[eﬂa_:'rBHTe.f[bHo, KaK ¥yie YKa3BIBANOCH BHIUIE
(B pasgene l.¢ HacTosuleH Taapn), GBIBAOT CIy4ad, KOrga nepeXomHblft
Ko3hpuuueHT £ 3asucur ot J4//p [4]. B Takux caywasx aHaguz Mower
OuiTe TMpoBened MO KPUBOH, NpPencTABASIOULEH 3aBHCHMOCTD Ca/Cp oT
T4/1p. Onnako Taxag Kpueas B ofuleM c/Iydae He OLHO3HAYHA: XOL €&
3aBUCHT OT Cp. Tlo sTofi npwunne Goaee TouHHN pesyabTAT MOMKET
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ObITh TOJYYeH NpPHM NOCTOSHHOM 3HaveHuu (g, YTO DANEKO He BCerla BO3-
MOWIO npu GoTorpadHYecKOM MCTOLe pPeTHCTpanuu cnekTpos. OTcona
BHIHO, YTO HOHHSAUHOHLAA PpPeTHCTPalus CHeXTPOB NPHHIMIHAABHO MO-
et JnaTh OO0jee BBICOKYH) TOYHOCTH KOJHYECTBEHHOTO auasusa, 4YeM
doTorpaduyeckas perucTpanus.

2) Crneyuassroe CAVEIQU QHROAAUSQ

O6a coceduux saemenma npucymemsyiom 8 npofe. Ecan xaue-
CTBEHHLIH aHanus OBHADYIKH, YTO B ananusupyeMol npole NpuUcyTCT-
BYIOT 06a 3deMeHTa, COCEAHHX C onpeleldeMbIM, TO aHAMU3 MOMET OHTDL
nposeleH NpH HCNOAB3OBaHHU  «MeTOAd JAoGaBoky [4], mnpuroauoro,
B UACTHOCTH, IPH aHAAM3e TPYNOB PeAKO3eMelbHEIX 3JMeMeHTOoB. Onmn
U3 ABYX COCelHHX 3JeMeHTOB BHIOHPAWT B KauecTBe CTaHIADTHOIO 3Je-
menTa B. [Mo choextpy, NOJYUeNHOMY NpPH TNPOBSAEHHH KadeCTBEHHOTO
aHanusa uccrenyeMo¥ Tpofnl, HAXOAAT OTHOUIeHHe HHTCHCUBHOCTER
({4/ip)y = Qp- Barvem K npofe H00GaABAAOT ueh‘OToppe H3BCCTHOE lxo.rm-
yecTBO crangapTaoro sixementa B.  TlycTh  KOHLEHTpaus AoGapKi,
BHpaMeHHas B NPOLEHTAX OT Beca McxonkoH nmpolwr, pasHa Cp. Tlony-

YHB CNEKTP CMECH, CHOBA ONpene/]sioT OTHODIeHHEe HHTeHCHEHOCTCH
(Talip)y = Q- .

Konueurpauus onpeneseMoro 9meMeHT4 B NPOUeHTAX OT Beca He-
xonroh mpobw B ofoux cayuwasx pasHa C4, TOTAA KaK KOHIEHTpalHs
CTaHJAPTHOTrO 3JeMenTd B NePBOM CAyuyae pabua Cpr. 4 BO BTOPOM CIy-
wae Cp—+Cp Tlo (7,1) uMeem i3 STHX ABYX CAyuaes:

Cy Ca
fr— k e ; ———
CTB oo ) C,BJ.—CjB

— k,Q ==y, (7.7)

rae Ry W R, — 3HAYEHHA NEPEXOIHOIO Kod(bHUHEHTE k npy I4lip. pas-
HOM Qp M (J; COOTBETCTBEHHO. OITH 3HAYeHMa R MOIYT OHITE HaljeHL
o TPEeNBAPUTENBIQ NOAYVUeHHOM KpHBOR 3aBHCHMOCTH & OT Q.
Cucrema ypaenenuwit (7.7) noa3BodsfeT HadTu ofe HeHW3BeCTHBIE KOH-
pentpand Cq H Cpl
NS !

CB; (7.8)

R B

Cp= —1__ (5. (7,9)

g %

Cq=

OTciona BHIHO, YTO KPHBYIO, NPCICTABJIAIOWIYI S3aBUCHMOCTE k& OT (),
ynofHee 3aMelnTb APYro#t KpPHBOH, NpeacTaBifiolieH  3aBHCHMOCTD
w=— kQ oT Q. Drtum objeruaercs pacueT KoHueurpauu C,y u Cp NO
(7.8) n (7,9).

ManoxeHublR METON nNpUMensioT He TOJBKO B Cayyasx, korza oba
COCEeIHHX SemMeHTa NPHCYTCTBYIOT B npofe, HO W B pAle APYTrHX; Ha-
npuMep, TPU aHaiuse Ha MOJKWOGIEH MOMET OrasaTbes, 4T0 B npobe
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APUCYTCTBYET TOJIbKO OIMH M3 Coceauux 3nevMeHToR — Nb, Torma kax
coceaHull sieMenT — Tc He Moxer OBITH MCMOGAL30B3aH B KadecTse CTAH-
napra. Mcnonesys B atoM cayyae Nb B kauecTee CTaH1apTa. MOIKHO
NpoBECTH AHAMM3 [10 MeToAy AoGaBox.

Anarus nposodumces Ha 8ce OCHIBHBLE KOMTOHeHmb: npoGw. Eciu
Hpofa COCTOMT W3 HeBOALIIOrQ YMCA3d KOMIOHEHTOR, CoaepKauud KOTO-
PEIX MOTYT ObITh ONpeHeTeHH MO0 PEHITEHOBCKUM CHEKTpaM, TO BO MHO-
TUX TaKHX CIy4YadX KOJAHYECTBEHHBIH adaTH3 MOWKET OblTh BHIIOAHEH Ge3
BOMELTHBAHUA CTAHAAPTHOTO 2eMeHTa. [IyCTh, HAmpuMep, HeoGXOAUMO
NPOBECTH aHAMH3 JATYHH HA Medb M UMHK. [IpeHefperaz HeGOALIMHMH
BO3MO'KHEIMH TIDHMECAMH ADVIHX 31eMEeHNTOB, MOXHO [0 T0MHTD:

CGU._'_ CZEL = 1.

Haitng otHomeHne HHETeICH3HOCTEH fou/fzy aHAMUTHUSCKUX JHHME Menu
H UMHKA B JATYHU, oONpeaetaT oTHoweune CgnfCza 1o (7,1} 3Suasn
CYMMY W OTHOUIEHHE KOHUSHTPAUMH, HAXOIAT KAWAVIO U3 HHX.

Anaaus Maasx npimeced K OCHOBHOMY Komnoxenmy. B ciydaax,
KOrja KOHIEHTPAUWd OCHOBHOTO KOMTOHEHTZ Npoful H3BecTHa, KOJauYe-
CTBeHHBI# aHANH3 HA HEKOTODEIE NPUM2CH TAKHKE MOMET OBITh BLITOIHEH
Ges3 joMelwlMBaHUA CTAHAAPTHOrO “meMenta [1]. DroT npuem, B "actuo-
CTH, MCHOIb3YIOT INPH AHATH3E CH2UHA TbHBIX CcTafell Ha Jerupyoimue
100aBKH, TPH Onpemetend# npuMecel B MUHEPATAX H T. I. Hanpumep.
IpH dHaTh3e HeKOTODHIX HMPKOHUCBHX MHHepatoB Ha Nb, Y u Sr oxa-
3a10Ck BO3MOWHHIM CPABHHBATH HHTCHCHBHOCTL Haubolee apkoft  JH-
HiW Koy 3THX 9MeMEHTOB C MHTRHCHBHOCTLO caaduix aunult K3; u KB,
HUDKOHHS, CONEDKAHNE KOTOPOTO 6BITO H3BECTHO N0 IAHHLIM OOLIUHOrQ
XUMHYECKOTO  gHann3a. COOTBETCTBYIHE MePeXOAHBle KO3t DUMUCHTE
MOMKHO MpEeNBAPHTEIbHO YCTAHOBUTH HA MCKYCCTBEHHLIX CMECHX.

2. MeTOH BHENIHEr0 cTawgapTa

Ilpu nporenenuu aHa TH3a MO METO1y BHEIUHEro cTaHiapra (5] cpasdu-
BaOT HMHTCHCUBHOCTh = aHaMHTHYSCKOH JHUHMA OIpejeldeMOTO -9 IeMeHTa
B CHOGKTpe HCCaenyeMoR NpoSsl ¢ HHTEHCHBHOCTAMH TOR IKe JHHHE
B CHEKTPAX HECKOAbKHX CTAHIADTHREIX ApPo0 ¢ PA3THUHBIMH TOUHO H3-
BECTHHIMH COACPKAHMAMH TOro Xe sieMenTa. CywecTBeHHHM HpeUMYLLe-
CTBOM 3TOr0o MeTona ABTAETCH ero OuCTPOTal CTAHNAPTH MOTYT OHITH
CHATBL NPEeIBRAPHTETHLHO ONHH Pa3, TOCAE YslG AHAJIH3 BEIIQIHIETCA NO
cnexTpy npofnl 623 modasteHus K Hell KakuX-3I460 CTA1AaDTOB.

Onuako To OBCTOATETBCTBO, YTO CIEKTRHN MPOOH U CTAHAAPTOB MO~
AYYAOTCA B PA3HOE BpeMsl, IPHBOOUT K 3HAYHTEThHOMY CHUMEHHIWQ TOY-
HOCTH dHAJH3a: OTHOCHTeIbHAd omubxa pe3yabTaTa aHaidsa NOCTUraeT
15—209/,.

Mpu ¢otorpaduueckolt perucrpauun ynoGua CrTeNywLas MeTOLHKA
CpaBHeHHA CrneKTPOB npo0bl M CTaHZApToB [J]: CHEeKTpOTpaMMsel CTaH-
1apToB (¢ OOpesaHHHIVU YHCTBHIMH TOTAMH) 32UMAIOT B PaMKe B MOpAIKe
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$03DACTAOMNX cofepKaHui. Meway 3THMH CHEKTDOTPAMMAMH OCTABIAKT
NPOMEXYTKH, B KOTODHE MOMKHO 3aTeM NOMElldTh CIeKTPOrpaMMy Hccie-
aveMolt npoGel. PaccMmaTpuBaude cnexTporpaMM M  HHTEPIOJIHPOBaHHE
-(I;Ei rfia3) UHTeHCUBHOCTEH aHAMHTHYCCKHX MuHHH TpOH3BOIHTCA C WO-
MOUIBI0 HE20MOCKORG — PABHOMEPHO OCBEIEHHOTO CTEKNZ, HAa KOTO-
poe HAKJIANEBAETCSl PaMKa C TUIeHKaMu. .

CraHnapTel yI00HO NPUTOTOBHTHL co C.F[E?,EI,}-'EO;JFU{MH mco.:acpﬁ{aunﬁhm
onpeneiasemoro saeMeura: 0,19, 0,397, 19/, 3%, 10%,, ... AHanuz
MOMeT ObiTh NpOBeleH ONHOBPEMEHHO HAd HECKOABLKO 3AEMEHTOB: B STOM
clyude BCE 9TH SJEMEHTHI BBONATCH B CTANAAPTH B PABHBIX KOJHYECTEAX.
HanoJ uHTe b (BEIIECTEO, B KOTOPOM pa3faBieHBl HCCAeLYeMEe 2JeMEeHTH)
NOMKeH HMeTb COCTaB, 110 BO3SMOXHOCTH OJH3KHEE K COCTaBy NpOOH.
TMoayueHne CNeKTPOR H NPOfABACHHE CIEKTPOrPaMy neoHxoIuMO BCeraa
NPOBOINThE NPH ONMHAKOBHIX YCIOBHAX.

JonoauuTe JbHEE CReIeHHd M0 MeToJHKE KOJHYSCTBEHHOTO IMHCCH-
OHHOIQ AHAAM33a TIO NEPBHUYHBIM PEHTTeHOBCKMM CIEKTPam MNpu qororpa-
¢$uuecKOH pETHCTpauuy MOKHO HaliTH B kHure BaHuwrteHHa[6], a Takxe
8 page paBoT, MNOCBAUIGHHLIX OTAEJIbHEIM BONPOCAM KOAMUECTBEHHOTO

aHamusa [T—211.



FJIABA VI

KOJMUYECTBEHHbBIM AHAJU3 110 BTOPUUHBIM
PEHTTEHOBCKHUM CHEKTPAM

PeHTreHo-CneKTpatbHHA aHamua [mo BrOpHYHOMY {(DAYOPCCHeHTHOMY )}
PEHTTCHOBCKOMY  MBJAYYSHHIO 00MajaeT LeablM pPAiIOM  CYWECTBEHHEXK
HNPCUMYNICCTB MO CPABHEHMIO € AHAJMSOM MO IEPBHYHOMY H3JIVUEHUIO.
Mccaenyemrit ofpasen aubo pacmosaraerca B BO3ILYyXe BHE BAKYYMHOT' G
o0bema, auOO BBOAMTCS B BAKYYM uYepes ILMO3, — B OGOHX cayuanx
cMena obpasina MosKeT GLiThb BLIMOJHEHA OUGHD OBICTPO. B xone aHaausa
00pasen, He uATPEBAETCH H He NOLBEPraeTcd KaKUM-iHOO SaMeTHLIM
USMEHEHHAM, 4YTO yacTo OriBaeT BecbMa BawHO. IIpu NpapHabIOM mpoBe-
ACHHE - aHAMM3a NO METOLY BHELIHEro CTAaHAApTa B HEKOTOPHIX CAYYasx
MOXeT OHTE nOJMyYela BHICOKAA TOMHOCTh pesyibTaTa aHaanza Oes
AOGAaBACHHS B HCCAEIYEMYIO NpoOY KAKMX-TMBO BeluiecTs (cTanmapToB).
Haxowel, oamum H3 OCHOBHMX npeumyuliecTs (hAYOPecUeHTHOTO AHANMSE
ABJIAETCA OTCYTCTBMC HENPEPBIBHOTO CNEKTPAa BTOPHYHOTO PEHTTEHOBCKOTO
uznydeHus, Oaarofaps YeMy KOHTPacCTHOCTb AHAMUTHUECKHX  JiHKH,
2 C/IeA0BATENbHO, H YYBCTBHTEJALHOCTb OTpEeleJeHHS SIEMEHTOB SHAUM-
TEJIBHO BLILIE, 4CM NPH aHAJIM3e 10 MEPBHYHEIM CHEKTpaM.

Bece sTH npeumyuiecrra (PIYOPECUEHTHOrO' PEHTIEHOBCKOTO AHAJH3A
UPHBEIN 82 MOCJENHUE TOXN K IMHPOKOMY PACNPOCTPAHEHHIO €r0 B IpPO-
MbimedHoctd CLUIA, rne BO MHOTHX cayuasx ol saMenus IpYyTHE BHIbBE
aHa7H33, B TOM YHCJIE H ONTHYECKHH CHEKTPAJbHEHM anamus. TIpoMbimieH-
HOe TIpUMEHEHHE (UIYOPECUENTHOTO DEeHTIeHOBCKOTO 4HAMH3a HAYaloCh
B Hacroaiee spems u B CCCP, a Takxke B psane apyrux crpau.

K 4ucny HemocTaTkoB ST0TO aHAMMB3A MONHO OTHeCTH MaNyI0 HHTEH~
CHBHOCTE BTODHUHEIX CNIEKTPOB, KOTODas B HeCKONBKO [ecaTKOB pas
MEHbINe  MHTEHCHBHOCTH TNepBHYHHIX. IT0oaTOMy ¢oTorpaduueckas perm-
CTpauus BTOPHYHLIX CIIEKTPOB MpPH KOJMYeCTBEHHOM AHAMM3e B HACTOAUIeE
BpeMid He mpuMensercd. OLnako BHICOKAs YYBCTBUTEMbHOCTH COBPEMeHHDBIX
CHETIHKOB  DEHTIEHOBCKMX (DOTOHOB BNOJHE NOCTATOMHA s GHCTPOMH
U TOYHOM DEruHcTpauiu AyopecHeHTHEIX CNEeKTPOR.

Hpyrum wemocraTkoM sToro amaamsa sagercs CYLLECTBEHHAR 3aBHCH-
MOCTE  HHTEHCHEHOCTH QHaMUTHYECKMX JHHMR MCCAENYEMOro 3SJIeMeHTa
oT 0o06ulero cocTaBa npobH, H B OCOBEHHOCTH OT HANHUYAS HEKOTOPBIX
TAK HAZLIBAEMBIX «MEMIAKWIMX» INEMEHTOB, O KOTOPHIX MOAPOGHee O6yger
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CK43aHO HMkKe. DBJAMAHAE STHX 9AeMeHTOB H OOIIero cocTaBa TpOoOHE
Ha MHTEHCHBHOCTE aHaAUTHYeCKHX JuHuHA HAOMONaeTCAd uW NPH aHAJHM3E
10 NMEPBHYHBIM CAEKTPAM, OLHAKO B MOCAENHEM CIYude OHO MHOTO MEHBLIIE.
[Tostomy BO GaVOpeClUeHTHOM aHalHae NOpuobperaldT ocofoe 3HaueHHE
TEOPHH YKABAHHBIX BJAHAHHA M CrenuaibHble NPUEMBl aHaHsa, MOSBOJSIO-
iMe TOJVYHTL TOYHBIE DPE3YJABTATHL BHE BJaBUCHMOCTH OT COCTaBa MPOOH-

Hakouel, caeayer OTMETHTH €lie OXHH HeIOCTATOK AHAMH3A 10 BTO-
pHUHLIM CIIEKTPaM: eClH YYBCTBHTeSbUOCTH aHAJH3A N0 MEPBUUHBIM K-
i L-crmekTpam MNpHMepHO OOHHAKOBA, TO MpH daHaauae no guyopec-
LHeluTHEM L-CHeKTpaM UYyBCTBHTENbHOCTL B D—7 pPas HHXKE, 4YeM NpH
apaamMse no K-cnexrpas. ITOT HeJOCTATOK, ORHAKO, OTHOCHTENEH, TaK
KaK UYBCTBHUTENLHOCTL #HAJAH3A TO TEPBMUUHBLIM L-CHEKTpaM TIpHMEPHO:
Takasd e, KAK H 10 BTOPHUYHLIM L-CHEeKTpaM, TOTA2 KaK MYBCTBHTEIb—
HOCTL (PAYOPECUEHTHOre aHAMM3Aa N0 BTOPuYHBbIM K -COCKTPAM NDHMEPHO
B 5—10 pas Buie, ueM IO NEPBUYHBIM K-CIOEKTPaM.

TeopeTnueCkne OCHOBH PEHTTEHO-CNEKTPATbHOTO  (IyOpPeCclueHTHOTG:
4HANNRA PA3BUTEl B CAEAVIOILAX OCHOBumX paforax: [amow [1]— komu-
YeCTBEHHLIE aHAIM3 9JeMeHTa B OHHADHOH CMeCH C «HEMCIIAULUM»
3AeMEHTOM; DBAOXHH [2] — KOJMYECTBEHHBI aHANM2 3IJMEMEHTA B TPoHHOR
CMECH TIDHM HAJMYMM OJHOrO Mellaouiero siaementa; Ulepman [3, 4]—xo-
JHYECTRBeHHBH 4HAIH3 BCEX KOMIOHEHTOR TPOHHEIX cMeCe ¢ YHeTOM
MOGHX  B3aUMHEIX «MeLIAaIOIIMX» BJAHAHHR 9THx siemeHToB; bBuTTH It
Bpuccu [5] — koaMuecTBeNLEl aHANHS BCeX JIEMEHTOB AWOLIX MHOIOKOM-
NOHeHTHRX cMecell. OTNeNbHble BOMPOCH TEOpHM MOXHO HaliTw B [6—10].
MeToay BHYTPEHHEro CTAaHLAPTAa NOCBALeHW paboTm [6, 9, 11—23].
METCIY BHeinHero cTaHaapra— paboTsl [2, 5, 7, 9, 24-—34], oTae’bHLIM
BOTpOCAM MeTOAMKM anaansa— padorel [35—D01, 68, 69], cM. Taxwe
ofaopu [538—60, 70]; nocaemune Tpu palorw [69, 60, 70] coaepwar
CCHUIKM HA OOWIHPHYIO AMTEpPaTypy.

1. Memawimue »JeMeHTH

a) Memod srewnezo cmandapma

‘B MeTOHe BHENIHErD CTAHAAPTA HHTEHCHBHOCTH AHATHTHYECKOH JIMHIN
ONpeneseMOro SJaeMeHTa CPAaBHUBACTCA € HHTEHCHBHOCTBIO TOH XKe JHHHK
B CTAHJAPTE € M3BECTHHIM COIEPXKaHueM 9Toro sjemenrd. Ilpu voHusa-
ILMOHHOR perucTpalMM CHeKTpa TaKoe CPaBHEHHE MOXeT OBITh BBIMOJNHEHO:
oueHb BHCTPO, HO TpeSyeT BLICOKOH CTaOMJIBHOCTH MCTOYHHKA HBJIYYEHHS,
160 TpHMeHEeHHs MOHHTOpa. B nepBoM npubammenun OTHOLICHHE HHTEH--
CUBHOCTEH AHATHTHUECKMX JHHHH ONpelelseMOr0 3JEMEHTA B aHANH3H-~
pyemoit npofe M B CTaHIapTe PaBHO OTHOWIEHMIO BECOBHIX KOHLEHTPALUHR
9TOro 3/eMeHTa B npobe M cTaHlapTe.

AHanusupyeMmyw npoly Oynem PpaccMaTpHBaTL KAk COCTOALIYI M
OTpEAE/AEMOrO SJIEMEHTA M «HAMOJHHTENA» — OCTaILHOTO BELIECTBA NPOGH -
VIHTeHCHBHOCTD 4HAJMTHYECKOH JMHHH OIpeleliieMOro 3JeMeHTa Cylle-
CTBEHHO B34BMCHT OT COCTaBa HanoAHuTedd. Ecau HAaNOJHHTEIb COCTOMT
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#3 TAMETBX 3SJEMEHNTOB, HHTEHCHBHOCThL dHAAHTHYECKOHR JHHHM OVIeT
BHAUATEJBbHO MeHbIUE, YeM B CJAYy4Yae HANC/IHHTEAN H3 JeCKHX 3IeMeHTOB.
ITosToMy B MeTOAC BHeWHErO CTaHAapTa HeOGXOAHMO TOTOBHTb CTAHIAPTHL
13 HATOJHHTeJe, OAM3KOM 110 COCTaBY K HANOJHHTEN0 AHAJAHSHpyeMmoh
npoGel. Ilpu 9TOM yCcaoBHM MeTOL BHEIIHErO CTAHAAPTA MOMET HAThb
“TOYHHIE DEe3VAbTaThi.

Onuako naxe mpH OAH3KHX ATOMHBIX HOMEDAX SJEMCHTOR, BXOIAULHX
B COCT@aB HaMOJHHTedeR TpoSul M CTaHIAPTa, B HEKOTOPHIX CAYYadAX
BOBMOMHBI PE3KHE H3MEHEHHS HHTEHCHBHOCTH A4HAJHTHYECKHX JAHHHH.
ITycre, Hanpumep, HeoOXOJIHMO OMpeeduTb MN B OKHCJICHHOH Kele3HOH
pyne. IlpuuveHeHHe MeTONA BHEINEro CTEHZAPTA TPeGYeT HITOTOBAEHHS
CTaHNAPTOB (MHOTIA MOCTAaTOUEH OAHH), COAEpPHKAWHX MN B H3BECTHHX
KOaH4eCTBaX. JOnycTAM, ¥TO STH CTAHHAPTH NPHUTOTOBJAEHH HA HANOJIHH-
Tede, cocToAlleM u3 uucToro Fe,O, Ecmu p Hanonmmrede pyae comep-
KHTCH  3HAUWTENbHOE KOMHYeCTBO BaHALHd, TO, XOTA ITOT IAEMEHT NOO
ATOMHOMY MHOMepY OAM30K K KeJe3y, OH BHI3OBET peaxoe ochaabieHHe
HHTEHCHBHOCTH ananuTHYeckKoH mumnn aydnerta Ko Mapranua. Hedcreu-
TEJNbHO, JJAHHE BOJAHE K-Kpas MOTAOLIEHHdA Banwaaus pasHa 2264 X,
4 AMMHBEL BOAH  auHHR OyBaeta Koy, Koy Maprauua paBdsi COOTBET-
<tBerto 2097 u 2101 X, 1. e. nyGaeT pacnodaosker GAH3KO € KOPOTKO-
BOJTHOBOH CTODOHH OT Kpad NOrAouicHMA BaHaiusa. [IpH STHX VCAOBHAX
‘OyHeT WMeTh MeCTO MHTEHCHBHOe BO30YxIAeHHe K-ypoBHeH aTOMOB
BaHajusl ¢oronaMu nybaera Mn Ko OpH HX BBHIXONC U3 TAYOHHBE NPOOH,
TAe OHM BOBOYIKIAKTCA MEPBHYHLIMU PCHTITCHOBCKHMM Jay4YaMu. B pesyib-
TaTe 3TOre ayb6rer Mn Ko OyzeT H30GHpAaTeNbHO («CEASKTHBHO») IO-
TJIOULEH, TOTJA Kak TAKOrOo ocrnabiaeHHA 3TOro aybiera B CTaHZApPTE He
npou3cHaeT.

Ecin B TOM xe mpuMepe B COCTAR HANOJHHUTENA DYIbl BMECTO BaHa-
JHg OyAeT BXOAMTE BHAYHTENHHOE KOJHYECTBO KOOAILTd, TO, XOTH 3TOT
9JAeMeHT fABJfercs OMmKalinMM CcOoceloOM Kelnesa (IO ATOMHOMY HOMepY),
‘OH BBI3OBET PE3KOR BO3PacTaHHe WHTEHCHBHOCTH AySiaeta Mn Ke. Jeti-
-CTBUTEJRLHO, AAHHA BOSHL K-Kpad Horfowends mapradua pasHa 1893 X,
a nauHel Bosn auuuil Koy ¥ Koy, K00anbTa paBHBl COOTBETCTBEHHO 1785
# 1789 X, T. e. aunum sTOrO AYGJUETA pacmosOKeHn Boadae K-kpas
Mapraiila ¢ KOPOTKOBOJMHOBOR CTOPOHEBL. [IpH 3THX YCIAOBHAX NpOoU3OdfeT
AONOJHUTEBHOE HMHTEHCHBHOe uafuparenbHOe BO3OYKIcHHe K-VpOBHA
ATOMOB MAPraHia BTOPHYHBIM H3Ay4YeHHeM Ko0anbTa, U HUTEHCHBHOCTD
AyGreta Mn Ko cylecTBeHHO BO3DACTET MO CPABHEHHI) ¢ HHTEHCHBHOCTBIO
groro ayGiaeTa B CTaHIapTe, HAMOJHHTEIb KOTOPOTO HE CONEPKHT
Ko0aabTa. .

Takue SmeMeHTHI, Kaxk MapraHel, H Ko8aJbT B PACCMOTPEHHHX BhILE
OpHMEpaX, HA3HBAIOTCA MEUAUHEME 2reMedmame. HecMorps na To,
YTQ ATOMHEIE HOMepa MX OAW3KH K- aTOMHOMY HOMEPY HaNOJHHTEd
«CTAHAAPTA, OHM MOTYT BHI3BATh 3HAYHTeAbHEE 3(MPeKTh H3OHPATENLHOTO
TIOTJIOUIEHHA HIH  BO3OYXKISHHA AHAMATHYECKMX JIHHUR ONpEemescMOTO
BIeMenTa.
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6) Memod srympernnez0 cmaniapma

Has onpegeleHus Kakoro-auGo 3deMenTa N0 MeTOLY BHYTPEHHErO
cranjapra B npody 106aBIAI0T cOCeAHHH 3ieMeHT (CTAHTAPT), KOMHUECTBO
KOTOPOro TNpPH HOHH3AUMOHHOM DErHCTPAUHH COeKTpa B 3HAYUTEIALHOH
Mepe OpOoH3BOJIbHO. IJTO HO3BOJALET NPH MOOHX COASPKAHHSX ONpelne-
JAeMOro  deMeHTa #00AaBAATH BCCTAA OOHO M TO JKe KOJHYeCTBO CTaH-
JAAPTHOTO 37eMeHTa. B meppoM npud.aneHHH OTHOILIeHWe MHTEHCHBHOCTeH
DGOHX IMEMEHTOR MPONOPUHOHAALHO HX BEeCOBHM KOHUEHTPALHAM.

HecmoTpa ua TO, 4T0 KOJHYCCTBEHHBIA 4HAAU3 110 METOLY BHYTPeH-
HETO (TaHAapTa OTHuMaeT OO0Jblue BPEMCHH, UeM JHAJH3 N0 MeToAy
BHENIHETO CTAHAAPTA, OH HAWesa OOWMpPHLe NDHMEHEHHA RO MHOTHX CJy-
qaax, OCOOSHHO NpH aHalHi3e PYI Pa3IMYHOTO COCTARA. ITO OOBACHHAETCH
TeM, YTO OTHOLI&HHEe HHTEHCHEHOCTeR OJH3KHX JMHHH 3HAYHTEJbHO MeHbIle
BABMCUT OT cocrtaga mpods, Uem KX aBCOMOTHAA HHTEHCHBHOCTD.

"OQnHako ¥ B METOLE BHYTPEHHEID CTAHAIPTA BOBMOMHEL, XOTA H
Gonee penxHe, cayuag wusbHpaTerpHHX 3MPEKTOB, CYLIECTBEHHO HCKa-
IKAIMX OTHOLIeHHe HHTEHCHBHOCTe# cpaBHuBaemex Juuu#. [lycTs,
HaNpuMep, HeOGX0IAMO ONpele/MTh COIEPKAHHE MapraHia B KaCCHTEPHTE
{vunepan SnOp). B wkauccrtee smementa cpaBHeHHA BHOSDeM COCeNHUH
saeMedT — Cr. [I1a onpenefeHdsa NepexoiHoro xosddumuenta £ B dop-
ayne (7,1) cocrasum cvece Mn u Cr, BBeOeHHHIX B TOUHO M3BECTHEIX
KOANYECTBAX B UHCTYI0 OKUCH SnO, (B3ATYD B KavecTBe HAMOJHHTEMAA).

Ecag B anHaiuaupyeMoM MHHepade HMEeTCd B KadecTBe NPHMECH
HEKQTOPOE KOAMUYECTBO JKEAE33a, TO AHATHTHUYECKAA ~nwWHMA Xpoma (ny6-
ser Ko) Gymer usBuparensHo poalywaena ayGaetom Ko wxesesa, Toraa
Hak AyBier - Koo MapraHua Takoro BosOy»aenus HCIBITEIBATE He OYAeT.
JleHCTBHTEIBHO, JAMHH BOAH K-Kpas [OOrIoLieHMs wMapradua 1893 X,
K-wpas noraouwenua xpoma 2066 X; Mexiy 5TUMH KpagMu PACNONaraeTtcd
ayéaer Koy, Ko, weaesa (LIMHB BOJH COOTBeTCTBeHHO 1932 u 1936 X).
QOTcoga cieayer, ¥TO 3TOT OylfeT cMoOmkeT BO3OyauTh K-ypoBeHb xpoMa,
Ho He po3dyaur K-ypoeenb mMaprasua. B pesyibTaTe pe3KO yMeHLIIHTCH
OTHOLIeHKWE HHTeucuBHoCcTeR Jyq/fgr. @ C2A0BATENBHO, COOTBETCTBRIHO
BO3pacTeT mepexogHblt Koshdpunment k. Ecauw 310 OOCTOATENBCTBO
He OyIeT Y4TeHO, DEe3VaLTAaT araiH3a OKAKETCHs 3aHMKEHHBIM.

Ecnu B TOM e TPUMEPE BMECTO MENe3d HMeeTCH unag NpUMeCh —
pauaguit, TO OyzeT uMeTh MeCTO IPYro# usbupare’bHb# sfpipext. e~
CTBUTEHBHO, Oaunbl BOMH muanit Kay # Ko, MapradHna ¥ XpoMa pPaBHH
cooTtpeTcTBenno 2097, 2101, 2285 u 2289 X. Mewny sTtuMu ABYMA
AySneramu waxoautea K-xpal morJollenns sananus (andia Boaus 2264 X).
Orciona Ccaeiyer, 4TO BaHaauit OyierT uaOUparenbHO MOrAOWATE TOJMBKO
ny6ieT Maprauia, BCJAEICTBHe UYero M B 3TOM C/y4de OTHOLUEHWE WHTEH-
cusocrell fan/loe YMeHBIIATCS, 4 MepeXOIue#l Ko3thpuLUHedT & BO3pacTeT.

B pacCMOTPeHHBIX TpUMEPAX JKele3D H BAHALUN SARASIOTCH MEHaw-
QEMKM 3TeMeHTaMH, BBIFLIBAIOWIMMH Pe3KO BIDAKEHHBIE H3GUMpaTeNbHbE
addextel. Opwako MOryr ObTh CJAy4ad, KOTda HEKOTOpPHIE 3MeMEHTH
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TPUBOAAT K OODATHHM HCKAXKENUIM WCCASNIYEMOTO OTHOLIEN M HHTEHCHE-
HOCTeH, HO SHAYHTENBIO MEHBIIMM, YeM B DACCMOTPEHHBIX BHILIE CAYYanX.
Tax, nanpuMep, ecan SpKasg JHHHA MELAIOIIETO S/eMEHTd DACNOA0KEHSE
6M3KO € KOPOTKOBOMUOROH CTOPOHH OT K-KpaeB NOTJIoWeHHA 06GOHX
9NEMEHTOB, JHHHH KOTOPBHIX CPaBHHBAWTCA, TO OVIeT HMeTb MeCTor
nononuuTe/bHoe BO3OYKIeHHe OOOHX 3ITUX DAEMEHTOEB; OLHAKO CHJBHEE
Oyner BOsOYMkIeH 3jeMeHT ¢ GOJBIINM ATOMHBIM HOMepoM, Kpa#t norio-
WEHHS KOTOPOrQo pacnoioweH OMKe K JHHEH MeIHaliHero SieMeHTa.
HeTpyauo BuIeTB, 4TO B 3TOM CJVYAe H3MeHeHHe OTHOLIEHHS HHTEHCUB-
HOCTefl CpaBHMBaeMEX MuHU# OyAeT 00patHO TOMY, KOTOPOE HMEJO MecTo
B JIBYX PacCMOTPEHHBIX BHIIle Caydasx.

Hakonen, BposMosken caydafl, B KOTOpPOM Kpal NOrAOMMEHHAS MeIlaio-
IEro JIeMeHTa PACTIONOKEH OIHM3KO C LIMHHOBOJHOBOH CTOPOHB OT 06Genx
CpaBpHUBaeMLIX JHHUK chiexkTpa. Torma obe sty JauHHM 6¥IYT usbupareiblo
NOriOULeHH MEMANIIHEM SJEeMEHTOM, OAHAKe SdderT okamxeTea GOAbINHM
AT MHUHE,  KOTOpas OiKe K DACCMOTPEHHOMY KPal IMOTJOiLEHHA.
B pesynbTaTe 3TOro SyneT CuJabliee ocaafiend JTHHHA SJAeMEHTA ¢ MEHBHINM
ATOMHBIM HOMEDOM, M OTHOLIEHNHE HHTEHCUEHOCTeH M3MEHHMTCA B TOM e
HANPABTEHHH, YTO M B TPEIBIAFIUEM Cayyae. :

Ma cxasanHOro HCHO, 4YTO yueT BAMAHUA MEIIAIIHX 3JeMEeHTOB
ABNAETCS OOHOM M3 OCHOBHBIX 3a4ad TEOPHH  PeHTTeHO-CNeKTPANbHOTO
aHaM3a. J70 BAHAHKHE OCOOCHHO BEJMKO NpH BOsOYKIeHHu (Qayopec-
UEHTHEIX CHEKTPOB MNepPBHUHLIMH DPEHTIEHOBCKHMH JYHdMH, KOTODHIE
B GOJBIUKMHCTBE CAYY4eB IPOHHKAIOT B HCCAEAYEMYI0 Npofy 3HAUHTEIBHO
rayGxe, YeM KATOIHBIR TYYOK NPH BO3GYMAEHHH TEPBHYHBLIX CHEKTPOR.

2. AHAJH3 OpE OTCYTCTBHH MEIIAIWHX DJIEMEHTOB
a) Teopemuueciue OCHOBH QHAAUIQ CUHAPHBLX CMecel

PaccwoTpum uccnenyeMmoe pemecTso (ofpasew) s pide LAoCKOonapan~
ACNLHOTO CNOS pasMepoM § ¢.#4%, TOXMHOH d, HA NOBEPXHOCTh KOTOPOTO
NajgaeT NoA yr/AOM ¢ NMapalie/bHbH NYYOK MOHOXPOMATHYECKUX NEPBHYHBIX
PEHTreHOBCKHX Jayuell. [lAuny BOMHBI 3THX Ay4ed 000sHaYUM X, WX HH-
TEHCHBHOCTb HA TOBEPXHOCTH oOpasua-— f,. [IpaMeM, urto obpasel mpeln-
cTapsigeT cololl GMHAPHYIO CMeCh OMpeNeNaeMOro 3eMeHTa A H Hanold-
uuteada H moGoro cocrtaga. OGoznaumm h; AMMHY BOJHBI HATUTHYECKOH
JHHUH [ BTOPHUYHOTO CIeKTPAa ONpelefseMOro 3jJemeHTa. [1yCTb JAunus §
NPHAALMEHUT F-CEePHU 3TOrO 3aeMenTa. Torla HETEHCHBHOCTE [, 9TOH au-
HuK Ha GOJplIOM paccTosuunyu R OT 00pasiia B HaNpaBJeHHH, 0BpasyoeM
yrom § € ero mnOBepXHOCTBIO, Oyaer paBHa [cM. [61], dopmyna (6,29)}

Ay
11 SA—]. tA =
fy= g L ssing ph—2i
nR S fy 14 sing  pg
sind - py

X{l-—m.exp [__(5;1?_{_ Si!:}s@)d]}, 8.1)
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rae ‘w&i H S:;—COOTB&TCTBGHHO oTnaya EIL‘IYOIJE.CL'LQHU.HH i CKAYOK

AIOT/IOLIEHHST §-YPOBHS ATOMOB ONpejenseMoro anementa A, 4 — rTuned-

gelfl KOod(MdHIUMeHT HCTHHHOTO MOOTJ/OIIEHHS TEPBHYHBIX JyueH B omnpe-
AedfeMOM 3JeMedTe, W, H p;— JdHelHbe KO3GMOUIMEHTH ocaabieHus
g 0f0pasie NepBHUHOrO H3AYUEHUHT M JHHHH { COOTBETCTBEHHO, pf—-Be-

POSITHOCTH HCIYCKAHWSA JMHHHM { aTOMOM A, BO3OYXKIOEHHHIM HA ¢-YPOBEHD.

Vs stofi ¢GOpMyabl CAEAYeT, YTO HHTECHCHBHOCTb (PAYOPECHEHTHOrO
yanyyenusd OpCcTpo yOHBAET [0 Mepe YOAJAeHUd AMUHBL BOJHBI Ay NEP-
BHYHOTO M3Ay4YeHHs OT [QJIMHBL BOJHBL Ly, COOTBETCTBYIOUlEH g-Kpawo
TOTNOIIeHHA onpelengeMoro sieMeuta (cum. [61], puc. 92). Ecau crextp
$ayopecleHIU N BO30YHAAETCA HENPEPHIBHEIM NEPBHYHEIM CHRKTPOM BOJB-
HpaMOBOTO aHoAa, TO JHUIb HebOMbluas UaCTe I[IEDBHYHOTO CNeKTpa,
PACIONOKEHIAT HETOCPEACTEEHHO ¢ KOPOTKOBOJHOBOH CTOPOHE! OT- ¢-Kpas
moraouwenud, Oynet sddextiBio  BO3OYKAATH §-CEPHIO (p."IyODECLLOP:HLLHH
onpeneigeMoro siaeMerta. OTcoia BHIAHO, YTO AMd MOIYYeHH Haumboiee
WHTEHCHBHEIX CIeKTpoB GAyOpecueHut HeoBX0 uM0O BO30YIKAATE HX HaH-
©Gosee APKAMU MHHUAMH MEPBUYHOrO XAPaKTEPUCTHHECKOrO CMEKTPA aH01a;
MaTepuan TOC/AelHer0o NOMKeH OuiThb B KaMIOM cJydae NOI00paH Tax,
yTOGH 9TH JHHHHA OnUIH PACTIONOMEHE BOSMOKHO §auKe (C KOPOTKOBOJIHO-
BOH CTOPOHH) K g-Kpaio norfouieHud. [Iag $TOro 1eoGXoiuMo TOJYYaTh
NepBU4HbE PEHTTeHOBCKHE IY4H B CHelHabHO#R pasbopHof TpyOke; anon ee
momued O6BITh cHabeH Haf0pOM CMEHHBIX HAKOHEYHHKOR, padoyas TIOBREpX-

HOCTE KOTOPHX NOKPHTA DAasJUUHEIMEA MeTannamu: W, Ag, Mo, Zn, Cu,

Ni, Fe, Cr, Ti, ... OnHako a4 OpPaKTHUCCKMX LeneR He Bcerna ynoGHo
T101b30BATbLCA pazbopHofl TpyOKo#, Tpefywiieldl HenpepHBHOL OTKAYKH.
Tlostomy, 0¢oBeHIO A BO3OYXASHHA KOPOTKOBOJTHOBLIX CIEKTPOB, 4aCTO
BLITOIHEE TIPHMEHSITh 3ANAFHHYIO PEHTrEHOBCKYIO TPYOKY GOJbION MOUIL-
HOCTH ¢ BOAbMhPaMOBRIM aHONOM, HampuMep TpyOxy BPB-70 (puc. 14).

dopmyaa (8,1) mossomser HaHTH 3aBACHMOCTb WHTCHCHBHOCTH aHaNM-
THYECKOH NUHHH { ONpeleideMOro siementd A OT €ro BeCOBOH KOHIEH-
Tpanuu C4 B OGUHAPHOM cMecH ¢ HanodHuTexem F7. BecoBad KOHIUEHTpaUHA
HanoaHuTeag & TakoH cmecn Cp=—1—C,4. O6o3HauuM Py ¥ pp MAOT-

HOCTH 9aemeHTa A W HanomuHTedns M cooTpetcTBedyo. TIMOTHOCTH
MEXAHHUYECKOH cMeCH TeX JKe KOMIOHEHTOB paBHA

—1
o__(Ca 1__&) — PafH ) 8.2)
=\ Pu pat(Pm—ra)Ca

TMapuuaabnee NAOTHOCTH KOMNOHeuToB A u / B ofbeMe CMECH PaBHB
C 4 u p(1 —Ca) coorsercTBeHHO. 3ieck (M B IaibHeHuleM) BepXHUH
panexc 0 ozHauaer «OHHAPHAA CMEChb».

JluHeiinsle xo9dduuieHTs  ocAabieHHs P NePBHYHOTO  H3JAyYeHHH
B komnoHentax A u H ceaszausl ¢ MacCOBRIMH kKo3dhuuHeHTaMH ocaal.ie-
HHSA P, Gopmydamu [cM. [61], dopmyna (4,5)]

= (Ll P°Cs 0 = ()t 07 (1 — C). 8.3)
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Fie HMMKHME HHICKCEl NpH KO3Q@uUNeHTaxX ocnabieHHd XapakTepHayioT
usdyueHue (MepBHYHOE), 4 BEPXHUIE — NOrJOLIAIOIIEE BeHleCTRO. MAaccoBhe-
Ko3pduunentsl ocaabaenns (p,,)d u ()2 MOMHO B 6OABIIHHCTBE Npax-
THUHECKH BAWHBIX CAYYaEB 3AMEHHTH MACCOBLIMM KOS(MMULHEHTAMH NONI0-
WeHHsd, & TOCACIHHE MOTYT OBTE HeNOCPEIACTBEHHO BLIMHCJSHH 1%
MoOux BewecTs (cM. [61], ra. 4, pasaen 1).

HMcnoabsys annuTusuocTs KOSQOUUHEHTOR OcnadacHus, HalieM gs Iy,
CIEAYIONIEE BblpaMmeHue: '

== P‘f —+ P'fr - (EJ‘m fL 906_.‘1 + (ELM)IH P’ ( . CA)' (8.4
Awnarorudnoe BREIPAMEHHE MOJVYHTCH M H.J1d Wil -
W = (P‘m)f p9C 4 -+ (‘r"m}.{f PG (I—C.). (8,5

[Toncrasum eupamenua (8.4) u (8,5) B (8,1) u samenum T MACCOBLIM
KO3(DPUIUCHTOM TNOrIOUIeHNS (T,,):! HepBUYHBIX JAyyel B sdemedre A:

Tf — ("cm)f‘ 00C .. (8,6)

Torza noayuum Bmecto {8.1):

1 —expi— el a
P Pl— (gt A)’”IC

2 Az T ;(CA A (8,?}
rine
5 Si—1 A
= A 8 S N
& 4 f2? @—q ‘S&i S(\‘m)l 23 ¥ a (8-8}
e (P-m);i (i"’n\'ﬂ,):}_4
4T T + sind (8,9%
P (E‘L'm)lH 1 (f"‘m)-gH
Y= sin .{“1_ quj‘, (8,10),
=0y T Uy (8,11p
mo = p0go. I

31ect & He BaBHCHT HH OT KOHUEHTPAaUMH €4, HH OT COCTABA UATIOTHH-
Tend; m%— noBepXHOCTHAS IIOTHOCTL 0Opasua B 2/c.i2.

Ecan m° oueHr Mal6, TO BCe BHIDANKEHHE TION 3HAKOM exp B (8,7)
Maad, M MOMHO IPUMEHHTb NPHOIHKEHHYIO BOPMYAY

e == 1—x, - (8.13%
B srom cayuae pmpamenue (8,7) npuMeT CiedyoOILH# NpoCcTOl BuA:
I8 = Em®C 4, (8,14y

T. €. UMeeT MECTO IpaMasd NpPOonOpPUHOHAALHOCTE MEHAY HHTEHCHBHOCTLHHR
AHAJHTHYECKOHR JHHHH H KOHu&HTpﬁL{HEﬁ OMpeleAeMOro sjeMeHTa, npuieM
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K05 PUUHEHT NPONCPUHOHATBHOCTH OT COCTABA HATIQOJHUTENS HE 3aBHCHT.
TOUHOTC KPHTEpUA «MaJIOCTH» BBIpAKEHHS mOnL 3HawoM exp B (8.7) Her,
HO MOMKHO NPHHATE CAeIVIOHH NPHOMHMEHHBH KpUTepHH: NOrpernocTh
dopuyas (8,13) ne mnpemocxomur 1%, ecam x <7 0,134, uro mcerna
MOMeT OwnTh DpPOBEePEHO B KaXIOM KOHKPETHOM <¢iay4ae. llperenbHas
TIOBEPXIOCTHASL TAOTHOCTb MY «TOHKOTO» 00pasua npu BuOpPaHHOM KpH-
repuH OVIeT paeHa
o 0134 -
1y S GroSeen (8,13)
1 MoweT OwmTh Hatinena mo (8,9)— (8,11).

Kak Buano uz (8,14), ananna «TOHKHX» OODA3IOB JErKO BHIO/HUM
OAHAKO B TOHKOM 00pasue Mado H3TV4awinHX aTOMOB, NOSTOMY UYBCTBH-
TeJBHOCTH aHaaW3a M TOYHOCTb €ro NOPpH Madnx KOoHueHrTpamusx gy
3UAUATENbHO MeHblle, 4eM B cayuae «ToJctoro®» obpasua. Ortciona cre-
AyeT, UTO AuajJH3 TOHKHX 00pasioB BLHIIOZeH JHIb INpH OOABMIHX
KOHIEHTPAUHAX OUpeAe/JieMOro  3/eMeHTAa. llpM TNpPOBeIeHHHM aHalu3a
A0 MeTOLY TOHKOTO 00pasia HeoOXOIHMO CAelHTh 33 YOCTOAHCTEOM
NOBEPXHOCTHOR TIOTHOCTH ere mY Tak Kak HNOCAEIHAT OIPENeJseT
BeHYHHY KO3¢HUMeHTa TPONCpUHOHATLHOCTH B (8,14).

PaccuorpuM IApyrofi npeneisHu#t cayuyall, B KOTOPOM BCIMUHHOH exp
B (8,7) MomHO nipeHefpeub. ITo-— cayuall «TonACTOro» ofpasua. Kpure-
PHEM Taxkoro 00paslia yCIOBHO TIpHMeM CASIYIOINEe HepaBeHCTBO.

exp [~ (2g 4 aC ) m?] < 0,01,
OTKYIA CAeLyer: '

-

4,61
ml > ——
- op - aly

Has Toncroro obpasua, npeneSperas BeduudHOH exp B (8,7), HaRgem:

%

e . » ?
a1t aC, Ca (817)
Corpacuo NOJIVYEHHOMY BHIPAIKeNHIO, B ofleM clAyuae «TOACTOrO» 056pasua

0

NpONOPUHOHAILHOCTE Mexiy [z U C4 TepAeTcs, 4YTO 3aTpyAHART IPOBE-
deHHe KOJANYeCTBeHHOTO aHaausa. OJHAKO ecdd HANOAHHTE.NL COCTOHT
M3 SIEMEeNnTa, COCCAHEro TO ATOMHOMY HOMEPY C ONpEeie/deMbM, TO o,

6/13K0 IO BEAHYHHE 'K o, & <&, ¢, H BTOPBIM 4Y/JIeHOM B 3HAMeHaTe e
H e Y H

Bupamenus (8,17) moxuo npenedpeub; NOCAediHee TaK:Ke BCerja BO3-
MOKHO TPH MATHX KOHIeHTpaunax C4. BO BCex TaKMX CAyHaaX TOJYUHM

OpaMylc NPONOPHHOHAIBHOCTE MEXAY /s u Ca

(8,16)

0
lo =

R ¢y, (8.18)
&g

OAHAKO KO3(M@PUUIHEHT NpPOHOPUHOHANBEHOCTH OVAeT 33aBHCETh OT CO-
¢Tapa HanogHuTead. Takuwm o06pasoM, €CHH KeJaTeJbHO HMeTh NpAMYIO
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TPOMOPUHOHANBHOCTE MEXKIY HHTEHCHBHOCTBI) AHATATHYECKOHN IMHHH H KOH-
{lEHTPAllHER ONpeledeMOTO 9JE€MeHTd, TO B CaIydae TojcToro obpasua
€AeAyeT OTPAHUYATBCI @HANH3OM TOAbKO MANLIX CONEPMAUuH JTOro sae-
MEHTa, TOTJAA KaK B C1yyae TOHKOro o0pasua auanus MoxeT OBTh NPo-
BelleH JHUIb TpH OGOJABIUKX 3HAYEHHAX C4. _

Eciu mo xoay pafoTH TNPUXODUTCH NPOBOAMTh AHAIU3E BEUIECTB
€ CAMBIM DAa3AHYHBIM CONEDMAHHEM ONpeIedAeMOro SJIeMeHTd, TO Keaa-
TEILHO MOJB30BATHCA efuHON MeTOAMKOHN aHa1H3a- Tak Kak Toukue 06pasnb
B00GLIe He MO3BOJAIOT ONMPEIelsTh Malsie coiepwkanus Cq, TO NPHXO-
zurca paGoTaTh MO METOAY TOACTHIX 00pasloB, KOrja cnpaseliua Gop-

myna (8,17). B stom cayuae 13.«_ HE 3aBHCHT OT TIOBEPXHOCTHOR MJAOT-

I HOCTH MmO, HO HeoBXOAHMO VuH-
TBIBATE, YTO O M o 33aBUCAT OT

Ay ———— — — — — — — BelwecTBa HamoAudreas. Ecau

2 | B OUHAPHON CMEcH HATOJHHTEIb

// 1 COCTOHT M3 3/eMeHTa, COCEHIHEro
’17'6'#*“4)“___"7 ¢ I Mo ATOMHOMY HOMEpPY ¢ Onpe-
Kol — — — 3 ; Ae/sieMbIM  BJEMEHTOM, TO IpH
P a0 E MOOBX KOHLUEHTpausax C cnpa—o
E ' peaauBo (8.18), u sapucHMOCTE [a

P lr lr ot C, npencrapadger coboi nps-

g 7 FGF £, MY MHHHD, NPOXOIZUIVEd Yepes

, Hauaao roopauHaT (ecid u3 pe-
Puc. 152. 3aBuCHMOCTE MHTENCHBHOCTH /;  3yibTATOB HENOCPEICTBEHHBIX

AHAJNTHYECKOH IMHHMM $JAeMeHnta A oT ero HaMepeHH# BoidecTs don). [lpu
KoHIeHTpauun C 4 B TOACTOM ofpasue. C4 = 1009, HUTEHCHBHOCTE

Kpueas /i @« —ox,, kpHpad 2: = e s KQH- =

B; 3w ga .A ,U\mf BCEX KPHHB:C érl[pmli’m fg:kfﬂ,,g_ (CM' puc. 102' Kpu-
. "H 7 %a By10 [I).

Ecau HamoJHHTe b COCTOHT
U3 3AeMeNTOB, ATOMHEHA HOoMep
KOTOPHX BHAYHTENLHO MEHBIIE ATOMHOTO HOMEDPA ONPEeNensieMoT0 SMeMeHTA,
TO HANOGJHHTE/b, a CIENOBATENbHO, H BCs Npoba, npH MOGOH KOHUEHTpa-
uHd C, NOTfAOUIAI0T MEHbIle, YeM B MpelbiaylieM cayuae. [Tosremy mpu

«  ==cpnsi.

A

0 < C4 <C 100%; kpuBag, npeicTaBisiouias 3aBucuHMOCTh fo 0T C4. Byner
MPOXOAUTL BHIUE NDPAMOH, NPEACTABINOMER Ty iKe B3aBMCHMOCTH NpH
COCEIHHX aTOMHBIX HOMepax Z4 M Zg. Onmako npu C4 =0 u npu
C4 = 1009, xpnBad GyneT npOXOAUTH Yepe3 Te iKe TOUKH, UTO U B TIPEAH -
Aywem ciyqae. OTCIONA BUAHO, YTO 5T4 KPHEad OOpPAlIEHA BBHIOYKIOCTHI
kBepxXy (puc. 152, xpumas 2). -

Ananoruuneie COOBpaXkeHHA MOKA3LIBAOT, YTO eCAH HAMOJHATETb
COCTOHT U3 3/CMEHTOB, ATOMHBIM HOMED KOTOPHIX BHAYHTE.NBHO TIPEBOC-

XOIHT aTOMHBIH HOMeD OnpeleldeMOro 9JAeMeHTa, TO 3aBHCHMOCTD Ig OT C 4
OyneT npeiCT4BleHA KPHBOR JMHHEH C BBHIIYKIOCTHIO, 0OpauleHHod BHM3
(puc. 152, kpueaa 3).
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Cpasnmeaa Tpu Kpusbie na puc. 152, MBI BHIMM, YTO COCT4B HANO.I-

0
HUTESd OKashiBaeT OUeHb OOMBLICE BJAUAHHE HA X0 3ABHCHMOCTH [s oT C 4,
TaXKe TNPH OTCYTCTBHH Memawnwux 3gementos. HayanbHHe yuacTku Bcex
KpHBEIX OAM3KHM K TPAMBIM, OLHAKO O0JACTb KOHUEHTpauu#, B KOTOPOH

MOKHO TPHHATH NPAMYI NPONOPUHOHAMLHOCTh MEXKLY [9 u €4, NOMKHA
OubITh ONpele/eHa IKCIEPHMENTAAbHO B KawJ/IOM KOHKpeTHOM ciayuge. OHa
3ABHUCHT TaKMe OT HeoOXONHMOM TOYHOCTH aHA/JH3A.

Ms cxasaHnoro caeiyer, YTO AAS TOJCTHX 06pasuoB OpHMeHeHHe
METONA BHEHIHEr0 CTaHAapra, OCHOBAHHOIO HA MaMepeHHH abCcoaTHOH
HHTEHCHBHOCTH AHAJIHTHYECKOW JTHHHH, BOSMOXKHO AHLIL CO CTAHIAPTaMH,
NPUTOTOBJEHHBIMI HA HAMOAHUINEAE, BOIMONWCHO C0Aee GAUSKOM RO
COCMABY 16 HOROARNMERD OHOANZUPYEMUX nPOS. '

MeTon BHYTPeHHEro CT4HNAPTA, OCHOBAHHEIH HA HM3MEDPEHMM OTHOCH-
TeJbHOH MHTEHCHBHOCTH OBYX OJH3KMX JHWHHE COeKTpa, B 3HAYHTEdb-
HO#t Mepe cBOBOJEH OT YKasaUHOro HeAOCTATKA. [IpH  OTCYTCTBHMH
MeIAIHX 2JeMeATOR COCTAB HANO/JHHTENS MOMET MEHATHCH B IMHPOKHX
npegenax, Omaronapa 4eMy 3TOT MeTol Oo0jdee ynoGeH npH aHajHs3e PYA
Pas.IMYHOTO COCTABA, XOTA W HJIS BBEACHHS CTAHAAPTHOTO 3/€MEHTAa BHYTPb
11podsl HeOOXOAMMO 3aTPAYHBATE MHOrO BpeMeHH (00n4HO He MeHee | waca).

[TpaBunbHOe npuMeHeHHe O0OMX METONOE NO3BOJAET NOAYVUHTLE OTHOCH-
TeJbHYI0 TOYHOCTh PEe3yAbTaTOB aHaiHaa nopagka 3—4%, npu comepixa-
HHAX OTPEefeNAeMOro 2NeMeHTd, MPEBOCXOINIIAX Ipeies YYBCTBHTeALHOCTH
ero omnpeledenus B 25-——35 pas. Ilpu ymenbuieHUn coaepIKanusa 5SaeMeHTa
OTHOCHTENbHAT MOTPeMHOCTh aHaawsa pacteT u nocruraet 1009, wna mpe-
Ieie YyBCTBHTENbHOCTH. EciaM, nHanpuMep, uyBCTBUTENLHOCTL ONpEIe/eHns
Kakoro-jmubo smemenra coctdeaaet 0,04%, To amanma ¢ oTHocHTeabHOR
TounocTho 4%/, MoxeT OuIThb BEINOAHEN NP BCEX KOHUEHTPALHAX, Npe-
pocxoxawux 1%,

r

0) Axagaus no Memooy gHewHez0 cmandaepma

Ecan avaanzapyemas npoBa cocTout us OMM3KHX MO ATOMHBIM HOMe-
paM. 3JeMEeHTOB, TO € YCMEXOM MOMeT OHTbh NDHMEHeH CKOPOCTHOMN amamus
IO METOAY BHELIHero CTaHAapTa. B 3ToM ciayuae [0CTATOYHO NIPUIOTO-
BHTH [0 OIHOMY CTAHZADTY C M3BECTHHIM COZEDIKAHHMEM KAKIOrQ H3
onpelefaeMblX 2ASMENTOR.

fpu npoBeaenny aHanusa GOJAbIIOH MAPTHH AHAMOTHUHBLIX TIPOO nNpeie
BCEro YCTAHABJIMBAIOT CIEKTDOMETP HA AHANHTHUYECKYIO NHHHUIO OJHOTO H3
onpenenfeMbiX 3JSMEHTOR; 3aTeM I[OOUEPefHO H3MEPSIOT BpeMd, Heol-
XONHMOE Adf COCYHTBHIBZHHS HEKOTOPOT0 MOCTOAHHOIO YHCIA MMNYAbCOB
(manpumep, 5000), korna na paBoueM MecTe mpubopa HAXOLHTCA COOT-
BETCTEYIOLIHA CTZHIAPT, @ 3aTeM — KAKAAN H3 auaTHBHPYEMBIX Tpod.
Te ke onepanyH NOBTOPAIT, YCTaHABAHMEBAad CHEKTPOMETP ud Apyrof
DAeMEHT, H T. [,

MHTEHCHBHOCTh AHAMMTHUECKHX JHHHH ONPENefsioT KAaK BeJHUHHY,
ODDATHYI0 H3MEPEHHHM TPOMEKYTKAM BPEMEHH, U BHPAKAOT B cex !,
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3 5TUX HHTEHCHUBHOCTEH BLIYMTAIOT OH, KOTOPHIE HSMEpPAIOT B TOM Ke
[OJOMEHNHE CNEKTPOMETPa, NOMECTHE Ha palouee Mecto o0pasen, cocrosa-
KA M3 UYHCTOTO HANOJHHTENAA, T. €. HE COoAepxallH# OnpenedseMora
saeMeHTa. VIHTeHCHMBHOCTb JIMHWA ToC/de BBYMTAHMA (OHA MH Oyaem
HA3BIBATE «HCTUHHOH HHTEHCHBHOCTBIOX.

Pasgenus HCTHHHYIO UHTEHCHBHOCTh GHANUTHYCCKON AHHHK CTAHAADTA
H3 COAePMAHHE B HEM ONpPeleiAeMOro SJEMeHTa B HAPOLEHTaxX, MoAyuHM
UCTUHHYIO HWHTEHCHBHOCTb, npuxonsumiyiocs Ha 19, nanworo sneweura.
DTY BEIMUHHY YCAOBHMCS HAsBIRATh <EIHHHUHOH HHTEHCHBHOCTEIO.

Hesd HMCTHHHBEIE HHTEHCHBHOCTH AHAIMTHUECKHX JUHMH olIpeedseMOorQ
SJEMEHTA B aHAJHBHPYEMBIX mpofax HA eNUHMYHBIE HHTEHCHBHOCTH TeX e
JUHUB, Halnem KOHUEHTPaUHH C4 OOpelefdeMblX SJeMeHTOS.

BBHAY TOro ¥TO TOYHOCTH 2HAJH3A 34ABHCHT OT CTASHIBHOCTH H3IY -
YEHHS] PEHTreHOBCKOH TPYOKH, INpH auanuse Goabiod NapTHH HPO6 Heob-
XOIMMO BpeMsl OT BpPeMeHM YCTAHABJHBATL CTAHIAPT B pafouee moJgomKe-
HHe U NOBTOPHO NPOBEPATH €IAHMHHUYHYK) HHTEHCHBHOCTH. '

IlpH W3roTOB/CHHH CTAHAAPTOR HCOGXOIUMO YUHTHBATH, UTO MHTEH-
CHUBHOCTE JWHHUH CYMECTBEHHO 33aBHCHT OT IJIOTHOCTH obpasua. Tak,
HampHMep, HHTCHCHUBHOCTb AHAAHTHYECKON JHHHM JHTOTO MeTania npu-
MEPHO B ABd pasa NPEBOCXOAHT HHTEHCHBHOCTL TOH e JHHHM IOPOILKO-
obpazHoro Meraina. TlosToMy, ecan avaausupyeMeil 06pasely NPeACTaBageT
cofo#l Cmaas, TO CTAHAADT TAKME AoMKeH OHTH OPUTOTOBIEH B BHAS
CmflaBa, ec/u aHANMBUPYeMEd o8pasel, — NOPOIIOK, TO ¥ CTAHXADT AOJKeH
OBITE TIOPOLIKOM.

Ecid B anaausupyemo®l npole HanOAHHTEAL COCTOMT W3 SJeMEHTOR,
JAJeKUX MO aTOMHOMY HOMepY OT OIpefelseMOro 9JeMenTa, TO TaKke
MOMeT ObTb NMPHMEHEH AHAIH3 IO METOLY BHEUIHETO CTAHIAPT4, OLHAKO
B 3TOM CJAy4Yae OH HECKOAbKo yoaowaaercsa. [lpesmcne Bcero caenyer

yYecTh, YTO 3aBHCHMOCTh g OT Ci OyIeT B 3TOM CJy4ae npencTaBleHa
kpuso# auuued (puc. 152, xpusee 2 M 3), T. €. NPONOPUMOHATEHOCTh

MeWILy 13 u C4 Tepsercs. ONHAKO € JOCTATOYHOH [Ja TPAKTHYECKUX
CAYYaeB TOUHOCTBLK) MOMKHO IIPHHATB, YTO TPONOPUHMOHAMABMOCTL HM@ET
MeCTO B OGJaCTH CPABHHTENBHO MaluLiXx KOHHeHTpauui — no 5—209/,.
B sToM cayvae XopollHe pesyAbTaThl HaeT Meron pasbapicHusi B 5—20 pas

analiusMpyemolfl mpoBp HaNOJIHMTENeM, N2 KOTODOM NPUCOTORJAEH . CTAH-

napt [33., 34, 68]. Kak yxe yraswBafoch BLimE, B&CLMA BaMHO, UTOOH
N0 CBOEMY COCTABY HATIOJAHHTENb CTAHAAPTA OB MO BO3MOMKHOCTH OJHKE
K HAMOJNHMUTEIO aHAJNH3UPYeMbIX 1Ip0s. TlpH cofaopeHHH BCeX DTHX YCAO-
BuH aHAJAW3 [NPOBOLMTCA TaK e, KaK H B ONHCAHHOM BhHILe CcJydae,
nocie 4Yero pea3yibTaT aHadnsa yMuoaetcd ua kosdduument pasbasie-
HHA TPOGHL.

Ecan pas6Gaenende npol HewesaTe/bHO, TAK KAk OHO CBfI3aHO CG

3HAYUTENBHOH nOTepeﬁ BpeMeHH, TO a4 OINPeleteHHd Kamioro aaeMelTa |

HeEOOXONHUMO HSrOTOBHTE HaGOp CTAaHIAPTOB HAa HANOAHHMTENE, YAOBIETBO-
pAolleM YKA3aHHHIM BhHIIe TpeGopanusM. B stoM naGope yooGHO HMETH
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cacayroiuse collepxavud (4 onpefensemoro smemenra: 0,1; 0,3; 1; 3;
10; 30; 50; 70 u 1009, MavepWws 018 KaMAOTO K3 ITHX CTAHIAPTOB
UCTHHIYIO HHTEHCHBHOCTE [3, CTPOAT TpaduK ee BaBHCUMOCTH OT Cu.
B nafpuefiluenm, TPH NOZb30BAHHU STHM TPAaGHKOM IMa aHaiu3a, ycTaHa-
BIMBAIOT HA DENTTEHOBCKOH TPyOKe TAKOE e 3HAYeHHMEe BHICOKOTO HAmpsi-
JKCHHUA, KAK M TPH CHATHH TPAaJyHDOBOYHOH KPHBOH, ¥ nOISHPAOT amoji-
HHIL TOK TaxuM, uTOoOBl ananiutuueckas mubms 100%,-ro crammapra
MMel2 TPEKHIOW HHTenCHBHOCTE. [locae 3TOro ompesenenue comepranuil
AaHHOTO SJeMeHTd B Npobax NPOBOLHTCA HENOCPEACTBEHHO 1O rpadmKy.

Hnaa npuroTtobienus npoGul (uau cTawpapra) K AHANU3Y MOTYT. OBITh
MCIIOMB30BANLD Caedytouiue npueMbl. Ecam mpoba mnpencrarizer cobolt
MeT4T MM CNIaB, TO U3 HErO MOMeT OBITh BLITOUYEH UJIH BHPe3aH ofpa-
sell HY:KHOH ¢opmbl. Ecam npofa nmopowmkosan H obpasel moMeuraeTcs
Ha BO3LYXe BHE PEHTIeHOBCKOH TpyOKM, npofia MoMeT OLITh HACHIIAHI
B NIOCKYIO 2MI0MHHHEBYIO KIOBeTKY. [10BEDXHOCTD TAKOTO O6PA3LA AOMKHE
ObITE COBEPUIEHHO POBHOH H 10MKHA NDMKUMATLECA cTeKaoM. Ecau nopom-
Kopasgs mnpofa mnomellaercs B pabouee NOMOKEHHE B BAKYYM, rie oia
HAXOIHUTCA PAAOM C aHOMOM PEHTreHOBCKOH TpPYOKH, TO mNpUMeHeHHe
KIOBETOK HCKTIOMAETCH,  TAK K4K BLICOKOE HAIpDMKeHHe OYICT BHIPLIBATH
NOPOIIOK W3 KIOBETKHM. B 31OM ciyuae cmenyeT H3TOTOBHMTb NOCTATOYHOE
KOJIHYeCTBO AMIOMHHHEBRIX (WM MENHBIX) MJIacTHH NO (opMe ofpasua u
BTHpPATb TpoOY MECTHKOM B WX pH(JIeHYO TOBepXHOCTH *). Ecnu 6yaer
sameueno, 4To npoba BCE e BHPHIBASTCA SICKTPHUYECKHM MOJEM, NOBEPX-
HOCTb NJTACTHHEI CO BTEPTHIM B HEe MOPOIIKOM MOYIO OONHTL pastap-
JASHHBIM PACTBOPOM HEANYIOHLZ B aETOHE, MNOCJE Y4ero MAACTHHA 40MKHA
OBITE TWATENRPHO MNPOCyIieHa, 4TOOb He MCHOPTHTHL BLICOKOTO BaKyyMa
B pPeHTreHOBCKOH TpyOKe.

HauwayuiiuM M&TOIOM IDHMOTOBJEHHA NOPOWIKOBOTO 06paslia spagercs
npeccoBanue OpHKETOB TpefyemblX pasMepoB. B xawecTBe crasyowux u
OJAHOBPEMEHHO PpasbaBIfIOWIMX BewlecTs HOOABAAIOT Kpaxmal, rpadur,
caxap, alOMHHHEBHIR NOPOMWOK. 3ce STH BelleCTBa NOCTATOYHO TPO3PAYHH
NdyKe 07d MATKMX PEHTTEeHOBCKHX ayueli. Amrep u Axkceaspon [20] tma-
Teapno cmeiuBasu 0,5 2 npobut u 0,5 2 TOHKOTO AMIOMHHHEBOTO MOPOITKa
v Tpeccopanu MX mnod nasicHueM 2100 xzfen® B BHEE KPYTABX IUCKOR
amameTpom 2,5 ca u TomnuHo# oxono 1,3 um. BpukeTn momyuanuck
npodnee, HMeAH BHI aMOMHUMEBHX IHCKOB M ObiH yunolHw B ofpalie-
Hui. Moprumop, Pomaic u Tewe [15] r?ffeccosa.m obpasun ¢ gofasae-
HueM 0,50'; xkpaxmana.

8) ARGAUS N0 MEMOSY BHYMPEHHE20 CHQHIGpmL

HcnonbzopaHue BHYTDEHHErO CTaHNApTA A aHamusa TpebSyer mpen-
BAPHTENLHOR MOATOTOBKH TipoOul. TIpH BOSOYXIeHHM CHEKTPOB (ayopec-
LeHIHH 3aBUCHMOCTh HHTEHCHMBHOCTH AHAMHTHYSCKOH NHHHM OTIPENedeMoro

*) B cnexrpoMerpe JPYC muactausl nas 00pasios HMEOT OPMY UUNHHIPA:
auaverpoM 20 Adf ¥ TONUHHOW 0O 5 M. :
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s/eMenTa OT ero COIep)KaHHs B oOlIeM cayude He CASAyeT IpaAMOH Tpo-
nopuuoHaabHocTH (puc. 152, xpuBHe 2 u 3). D10 Ke 3aMeuaHHe OTHO-
CHTCA H K aHaadTHuyecko# JIWMHMM SIeMeHTa, HCNOJAb30BAHHOTO B KadecThe
cranaapra. Ecau oba. siemeHTa HMelOoT OGJHSKHE ATOMIEE HOMEpPa, TO
(TpH OTCYTCTBHM MeLIAWOUIHX SJEMEHTOB B HANOJHHTENNX TPOOGH M CTaH-

JapTa) KpHBEE 3aBHCHMOCTH I} or C4 Gyayt uaTH oueHp GJM3KO NPYT
¥ apyry. TeM He MeHee, OTHOlleHHEe HMHTEHCHBHOCTEH AHAIHTHMECKHX
JHHHE ONpeaenseMOro 3MeMeHTa H CTaHapTa OyneTr 3aBHCETh He TOJLKO
OT OTHOLUEHHS HX KOHLUEHTpauM#, HO H OT camol KOHUEHTpauUHW CTAH-
1apra.

Mz Cxa3aHHOTO BHITCKAET CAeIYIOUIMH NpHeM, KOTODHHA MOMKET OHTb
€ ycoeXOoM TIIpHMEHeH TNDPH MHOHH3AUHOHHOH perucrpanun cloekrTpa (HJIH
pericTpanuu ¢ nowmowbi $PIY). IlpenpapurenbHo H3rOTORISETCH CEpHI
HCKYCCTREHHBIX CMecel olpenendeMoTO JJIeMEeHTa CC CTAHAAPTOM H HANo.-
aurened. ColepKaHusa OUPeleiseMoro sjementa OepyT no caeayoniei
mrane: 0,1; 0,3; 1; 3; 10; 30; 50; 70; 1009/, Comep:taHue CTaHIapT-
HOTO B3MeMeHTa BO Beex cmecsx OepyT OJMHAKOBEIM, Hampumep 100/, om
CYMMBL ONPLOEAAEMOZO FALMECHMA U HANOAHUMEAS, NPURAMOL npu
pacteme 3¢ 1000,. Ilna BCex HCKYCCTBEHHLIX CMeceH HM3MepAlOT OTHO-
HeHHe HCTHHHBIX HMHTEHCHBHOCTEH aualHTHYeCKHX JHHHHM OIpeasrseMoro
SAEMEHTa W CTaHAapTa, IOc]e 4ero cTpodT TpadiK 3aBHCHMOCTH 3TOTO
OTHOILEHHA OT KOHUEHTPauuu C,4 ONpenenseMOrc sieMenta.

IMoayueHHu# TakuM 06pazoM TpadHK HCNOABL3YICT B LanbHeHIIeM TPH
ananuse. B xamnoh npobe, apunsgs ee sec aa 100%,, no0apadIoT TaKoe e
KOAMYECTBO CTAHAApPTd, Kakoe OLLIO BReleHO B HCKYCCTBEHHBIE CMECH
(uanpumep, 109/g). 3areM TaTeJbHO TiepeMemMBawT TNpody ¢ RoGaBKOH
cTaHjapra B cryike co cnuprom (em. ra. VII, pasmen 1, 6). Hsmepun
Ahg Taxoro o6pasua OTHOoUIeHHe HCTHHHEIX HHTEHCHBHOCTER aHAMHTHYE-
“CKMX JHHWH Onpele/sIeMOTO SJEMEHTA W CTAHIAPTA, HAXOHAT MO rpaduxy
HCKOMYIO KOHIeHTpauuwn Ca.

B cayuyasx, xoraa npoba cOAepHT 00a COCEAHMX 3JaeMeHTd — Onpe-
gendeMblt ¥ crangapt, B page pabor [9.34] 61 ¢ ycnexoMm TpHMeHen
<Meron moGaBoky» {cM. ra. VII, pasnen 1, 2). - *

[lonrororka o00paslOB K AHAJNU3Y BO3MOMHA ONHHM H3 clocoGos,
VKa3aHHLIX B KOHUE TpenHAyiero pasiena. Haubonee yno0Ho OGpuKeTH-
POBaHHe OOpPA43LOB.

Kak yxasmsawTt Apdep M Axcenspon [19], mpu onpenenenwm HHOOHA H
THTAaHa B PYLAX XOPOLIHE PE3YALTATH fall clenywouiud mertoi. [lpeiBapHTelbHO
H3ArOTOBIANACH “CMech NIA OpuxetrHposauuas: 5 2 MoOs, 10 2 BaCO,, 5 2 rpa-
dura u 85 2 caxapa. Monubuer Obin goGaBlCH [N aHAaIWsa Ha HWOGHH (mo
apuuaM Ko), Gapuil — 0js aHalu3a Ha THTAH (CpasHHBAmuChL nunuu TiKa u Bals).
1 2 npobu cMewuBancs ¢ 1 2 cMecH Aaa Opukeruposandd. [locne TwareasHoro
passewmMBanug ofpasey npeccopancs nomx maprendem 1400 wefcar? B Bume xpyr-
noro GpHKera guamerpoM 2,5 ¢ar, ToamwmeOH# okoNo 3,2 AL

B apyroit pafore Ammep H Axceaspon [22] npH aHaimu3e Ha TOPHA NpHMe-
HHMJIH B KadecTBRe craHmapra taniauil. Cpapmupainck duaun - ThLf, n TILBqE..
Ofpasusl FOTOBHIHCE CHefyiollHM clocofom. Tlpofa pacrupanace fo mucnepc-
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BOCTH —200 atew (e, T V1L, passena 1,6). 3aTeM B MEXAHMUECKOH CTyNKE C 10-
GaegienneM shupa NepeMclIMBAlach M pacTHpaiach B TeYSHHE Tionyuaca CMelh
caeayiomero cocrasa: 0,8 & npodul 0,1 2 xmopucroro Taaaus; 0,67 2 amoMmuAnne-
poro mopomxa u 0,33 2 xapGopyuna {nocJIe i noGapnen B kadecTBe adpa3usa,
ofeCTeUHnAaIEero TILATENLHOE H3MelTbueHne Rmemectsa). TlonydyeHnas cumech
npeccopanack nox nasiennesm 1400 rxzfcu® B BHAS KPYLIAOTo fpHKETA OHaMETPOM
25 ea u Tonmuaol oxono 1,6 s Tewm we ¢nocofoM MOTOBHIHCE W HCKYCCTBEH-
Hple CMecn, HeoOXoIMMBLIe IJAf MOCTPOSHHA rpagyHpoBouHoil KpHBOH. B Hexyc-
CTBEHHHIY cMecax Npoba 3aMeHalach MOHALUTOM € H3BECTHEIM COACPAANNCM
ropun (9,659/). Ilpu ne oueHp GOMbMUX COAGPAAHHAX TOPHA B PYAaX TPRAYHDPO-
BOUHAS KpPHBAA HACTONLKO GIW3Ka K NPAMOH, UTO [MOSBOJMACT HAWTH NOCTOSHHLIK
RIS BCEX KOHIEHTpaluil TepexOonHEil Koy(HIHEenT 2 H NOoAb3OBATECH HOPMY-
aoii (7,1). Cpenussn OTHOCHTENbHAA QIUHGKA ONpeleneHHA TOPHA IIPH auajiuse
PYI H MHHEDAAOB PASIHUHOTO COCTaRa 6maa pasHa 4,77, (npd comepwaHHAX
Topua ue mMeHee 0,79/p).

[puMenerne MeTONA RHYTPEHHEro CTanHAapTa IpH MOHH3ALHOHHOH
PErHCTPALHH CHEKTPA BCTPEUAET HEKOTOPHIE TPYLHOCTH. HeHcTBUTeARHO,
MpH  OlNpeleelid TEePeXOAHOr0 KOoShulUHeTa k mnpeanmonaraercs, HTO
HHTeHCHBHOCTH [4 u [p CcpaBHHBASMBIX AHATHTUUCERHMX JHHUE BDIemeH-
o A W B MaMepHIOTCA B MAaKCHMYMe pacrpele/eHud HHTEHCHBHOCTH TICY
wupHHe 5TUX JHHAK. TIPH MOHH3AUWOHHON PETHCTPALUM CHEKTPA MOMHO
BB10 6L OJHH Das3 CHATb «MO TouKaM» (QOpMY ofeux JMHHHE, naHTh
HOMOMEIH UX MAKCHMYMOB M B nanbuefiieM MPOBOIMTL @HAMMS, YCTAHAB-
AMBad INeNb CUYeTYHKA KAKABM pas B 3TH TIOJOMKENHA W OTCHUTHIBAA HX:
o mKajse COeKTPpOMeTpa.

Onnako Haauune HeuaBexHoro MogpTa npubopa He NMO3BOJANET yCTaHO-
BHTb LIETh CYETUHKA TOYHO Ha MAKCHMYM JTHHHW N0 H3MEDEHUSM,. CAfJaH-
HeM panee. Iaa Toro 471oOB BLISBAHHAA STHM omnbra HpAa TO BO3-
MOYKHOCTH MeHbHIE, MOMHO paGoTaTh ¢ UIMPOKOH NIeNbi0, HO 3TO NpH-
BOAWNT K VMEHBIUISHUID paspemaiomed cHani npuopa, BO3PACTAHHIO
MHTEHCHBHOCTH (OHZ W TIANEHHIO YYBCTBUTEIbHOCTH M TOYHOCTH aHamusa.

_Tlpu woHMSamMOHHOW PETHCTDALMKM CIEKTPA MOXHO PpeKOMenlOEaTh
caeaywOULME NMpueM aHanH3d IO MeTONY BHYTDEeHHEro CTasiapTa, B SHatin-
Tejqbuol Mepe cBOGOOHEIN OT YKA3AHHOTO BRIIE LEAOCTATKE. TTpuMeHEHHe
dopwyae (7,1) ne Tpebyer, 4TOOL HHTEHCHBHOCTH fg w fg ObiH W3MeE-
peHs! HempeMeHHO B Makcumyme. OHH MOTYT OHTL HaMepeHH B ModoH
TOMKe NUHHH, ONM3KOH K MaKCHMyMy; HeoOXOAHMO JHIlb, y1o0bl  KAK
B XOMe aHaauM3a, TAK U TIPH HaXOmIeHun Ko3({puuHeHTa k mo cTauwmap-
TaM (MCKYCCTBEHHEIM CMecHM) STH TOUKH JTHH OBAKM OJIMHAKOBEL, T. €.
HAXOMHMUCH HA ONHOM DPAacCTOAHHH OT NOJOMKEHUT MAKCAMYMa WHTCHCHB-
HOCTH.

OTCiona BHTEKAeT CASAYIOLLHE UPHEM aHanusa: CuerunK yceranas-
AMBAIOT IO INKade CHOeKTpoMerpa Bosmoxao Omike (M0 TPenBapure.Ib-
HEIM U3MepeHHsM) K MAKCHMYMY HHTEHCHBIOCTH JTHHUH A. VauepsioT
IO Ovepedd HHTEHCUBHOCTM 3TOH JIMHMH B HCCAEAYCMOM ctpasie Ja

# B crannapTe F4. 3aTeM CHYETUHK AHAJOTUYHMBIM CHOCOOOM yCTAHABIM-
BAWOT HA JUHHIO B M M3MEPHIOT TO OYEPel¥ HMHTEHCHBHOCTH STOR AHHWH

B - CTAHAAPTE I's u B wuccaenyemom ofbpasue Jp. Ecam xoHuLeHTpauuu
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s r
afneMeHTOB A u B B cTanpapTe pasHH C4 0 Cp, a B uccaeayemom obpasie
Cs u Cp, 10 MO (7,1) uMeeMm:

s LT ci.2 I,

OTKYNA CIELYET:
. £

CA CA ”rrB ‘!A
Cp Cglpy 14'

4
OTHolmenus uureHcueHocTell [p/fp 1 IAH:;_ HE 3aBHCAT OT [IOAOKeHHS
TOUEK JAHHUH, B KOTODH X NPOH3BeJeHH M3MEPEHHS, TIOCKOALKY 3TH TOUKH
Lag uccaeayeMoro ofpasua H CTAHZAPTa OAHHAKOBBHI.

2) Cpasnernue wyscmeumessHocmelf anaause ne K- u L-cepunsn

OcHoBubIMH  $AKTOPaMK, ONPelelAlOIMMH HHTEHCHBHOCTL [, JHHHH {
P 2

Cepuu ¢ (QIYOPECUEHTHOTO WBAYYCHHA 37eMeHTa A, ABJFIOTCH COTJIACHO

cdopuyae (8,1) prxon dayopeciueHIun w;“, CKAYOK NOTJI0LIEHHS Sq u

‘BEPOATHOCTe pft ucnyckawus 570H muHEM. CONOCTABUM MHTEHCHBHOCTH

Han$oaee PKAX AHANHTHYECKHX THHHH K-cepum (Kog, ) w L-cepun (La,).

Lag cjydaes, KOTHa TaKHe JHHHM DACTIONOMKeHHl B CHEKTPe OueHb OIM3KO
apyr x apyry. OueBHAHO, 4TO AyOJaeT Koy, ; OyIeT NpHHAAIENAThb. Jer-
KOMY 3JleMeHTY, a JuHug Lo, — Tawenomy.

CpapHuBad TNepevYHCIeHHBIE BuIIE (AKTOpPH A9 TaKHX CAY4aes 0o
IAHHBIM, TpuBeleHHEIM B [61], MOXKHO YCTAHOBHTD CJAEVIOUIHE NpuMepHBIE
COOTHOUIEHHA:

wy =~ 1.5 wy,

Sk = (3 S 3,5_} SLIII’
DEay 5 =2 1.2p1.,.
OTcona caenyert:

) (-wSpﬂh )i B
m‘* %5,5"-3—“6,5.

B coorBercTRHM € STHM 3KCNEpPHMEHTaAbHOE HCCiegoBaHue [2] moka-
3410, UTO PacnojoxeHHBe PANOM juHin VKo, o v Ce Lay naw0T npuvMepHo
B 5,0 pasa Gosee BHCOKYH) YYBCTBUTEJIBHOCTh OMPENENeHHA BaHAAMA TI0
CpPaBHEHHIO € LepueM; TOYHO TaK JKe, PACTONOMKEHHBIE DALOM JMHUY
Cu Koy, o v Tala, nawoT B 7 pas Gojlee BLICOKYFI YYBCTEHTEIbHOCTh ONpe-
Ae/eHUA MEJH NO CPABHEHHIO € TAHTAIOM. ' '

OnBIT TIOKA434a7d, 4TO JeCKO MOTYT OblTh MOJYYeHH CAEAVIOUINE YYB-
CTBHTE/IBLHOCTH GAYOPECUEHTHOrO aHanmaa: Taxeawe 3neMeHTu (Ta, Pb)
no Loy — 0,04 = 0,00%,; penkwe semau no Loy —0,1—=-0,20/, V. Y
no Koy, 2-— 0,03+ 0,04%,; Ni, Cu—20,005%, u 1. a.
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3. AHA/M3 NP HAJHYHH OZHOTO MEHIAKMIEro SJEeMEeHTA

PaccvoTpum npody, B cOcTaB KOTOPOH BEXOAMT Mewaomufi ameMent M;
3TOT 3MeMeHT MOWeT OuITh OJM3OK MO ATOMHOMY UOMepY K OMNpeseide-
MOMY 9]eMeHTY A, HO BBI3BLIBAET 3HAMHTEbHOE W3OHPATeAbHOR MOTIOLIEHEE
win Bo30ywaenve (pAyOPECUeHTHOTO H3AY4eHUs 3Toro aieMeHta. OCTalb-
HOH cocTae npolnl NO-NpeHeMy HasoBeM Hanoduutedem H W 6ynem
NpeanoAaraTe, YTO NOCASIHHH HEe COASPMHT MEIIdOHX 3/MeMeHTOR.

a) Cayeaf u3bupametsro20 RO2A0UeHUNT

ByseMm HcXomuTe H3 obuied dopMyas (8,1), B koTopolt xo3dpduLHEHTH
ocaaGaedus W NOTAQUIEHHA AOJKHB OBITh TENEDL NPEACTABASHE CYMMOH
Tpex uleHoB. B npexuux o803HAYCHUAX TONYUHM:

p1 = () PCa + ()] pCar - (pm)i p (1 —Ca —Ca),  (8,19)

pi = (pm)? 5C4 + @)t pCa + ()t p (1 —Ca — Car),  (8.20)

o= (et pCat. (8.21)
rie JIOTHOCTE TpoMHOR cMecH p pasHa

c C, 1 —C,—Cy 17t
p= {_A . S M:r ) (8,22)
Pa Par P

IMoacraeue (8,19)—(8,21) B (8,1), HalineM HHTEHCHBHOCTL AHAJHTH-
veckol nonun { saeMenTa A:

l—exp[—(egt+al, + o' Chy)m]

— . 3,22
ly==% e oCy T aCyy Ca ( )

rie
& = oy — o, (8,24)
M= e ¢ + sin & (:72)

a m 03HAYaeT NOBEPXHOCTHYI MIOTHOCTh T @pﬁuoﬁ cMecH B z/cmZ; OCTalb-
Hule O6GoaHaueHus — npexnue [cM. (8.8)—(8,11)].

[lpuMenss MeTOXN BHEIIHero CTAHAAPTA, MEl CPaBHHRAEM MHTEHCHBHOCTH
aHa uTudeckoR JHHHM [ OnpefledfeMorc sjgeMeHTa A B npobe W B CTaH-
LapTe; TIOCAELHuIl NPHTOTOBAEH HCKYCCTBEHHO HA HANOJHMTENe, He coiep-
WaweM Mellalonux. saeMeHToB. Eciau B npobe NpUCYTCTBYET MelIAIOLULHKH
9JeMeHT, TO JAWEe RpHL PABHUX KOHUEeHMpauUsx OnpefeiseMoro 3Je-
MenTa B npobe M B CTAHZAPTE MHTEHCHBHOCTH AHAJNUTHYECKHX JTHHHH B 3TUX
ofpasnax He OyAyT paBHH: H30MpaTe/ibHOE MOTMAOuUIEHHe JAHHUA { Mewaw-
M saeMeHTOM M DPHBOIHT K YMEHBIIEHHI) HHTEHCHMBHOCTH STOR JWHHUH
B npofe no cpaBHEHMK €O craHzpaproM. Ytofbl ompemeanth, BO CKOJBKQ
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pas yMenbIIaeTCA HHTEHCHBHOCTb aHAJMTHYECKOH JHHMM M3-3a NPHCYT-
CTEMA 3reMenta M B npobe (10 CpPaBHEHWIO CO CTAaHIAPTOM), CjAeayeT

pasieaHTb HHTEHCHBHOCTE 13 GunapHo#t cMecH [dopmynaa (8.7)] Ha HpTeH-
CHBHOCTb {p Tpo#tHo# cMecu [hopmyaa (8,23)]:
1 (1 @'Cyr ) 1 — exp [— (az + aC ) mO]

L, ag+aC,y ] 1—exp[— (ag-FaCy +a'Cy)m]’

(8,26)

Ilpu padore nmo Meromy Touxoro ofpasua, T. €. HPH NOBEPXHOCTHOH
NIOTHOCTH 9, lle MpeBocXomAlleRd npenenbHOro 3Hadeuns (8,15), a Taxwe
TIpH aBaJOTHYHOM YCJAOBHH A0S MLl

0,134
ag+aly + o' Cy

P (8,27)

BhipameHde (8,20) MOXHO ynpoCTHTh, HCMOAbL3YS NMPUOIMAKEHHYIO PopMyay
(8,13):

fg (1 a'Cyr ) (g + al 4) mo . mo (8,28)

ng ag+aC, (aH—|—aCA—|—a’Cﬁ)m=}T'

Ecan Bce oGpasupl (NpoGe ¥ CTaHIAPTH) UMEOT DABHLIE MOBEPXHOCTHBIE

IAOTHOCTH, TO U3 dopMyan (8,28) cacayeT paBeHCTBO HHTeHCHBHOCTeH [o

u J5. DTo osuavaer, uro B cnydae TOHKHX oOpasuoR npH CcOOJIOAeHHM
Kpurepuee (8,15) u (8,27) Mewawwee pausHue aaementa M (uabupa-
TeJbHOE HOTJIOILEeHHEe) TPAKTHYeCKHM He OyIeT BLI3LBATL 3aMETHOTO
¥MEHBIIEHHA HHTCHCHBHOCTH aHAJHTHYECKOH JMHHH.

Taxum oOpagom, aHamus 1o MeTony TOHKAX 00pa3los obaanaer He
TOMBPKO VKA3AHHBIM BHIME TNDEHMYLIECTBOM — OpAMOA NpONOPLUOHAAL-
HOCTBIO MEMIY HHTEHCHBHOCTBI) #HAMMTHUYCCKOR JHMHHMI M COZepIKAIHEM
OIpelenseMOro 3JeMeHTa, — HO H. elle QMUHM BAMKHBIM AOCTOHHCTBOM —
HE33aBHCUMOCTRIO OT MEAIOMHX 3JeMeHTOB, H3GUpPATeJbHO OTJAOLIAIWMKE
AHAJIHTHIECKYI0 MUHHIO. K HeZOCTATKaM TOHKMX OGpPasloB NO-IpexleMy
OTHOCATCS HEOOXOLHMOCTE B3BEeIMHBAHHH OOPA3LOB W pacnpeleneHUs pas-
HEIX HAaBeCOK Ha paBHOH IJOMaiH, a TaKe HEBO3MOKHOCTbL aHajnsa
npol ¢ ManuiMH cOmepMaHtamMu 4, Tak KaK YYBCTBHTENBHOCTh ONpele-
JEHHA 3JICMEHTa B TOHKOM 00pasue 3HAUHTENbHO HHIKE, 4YeM B TOJACTOM.
[MosToMy, HecMOTpPd Ha BCE MPeHMYIIECTBA aHAMN3a IO METOLY TOHKHX
00pAa3UOBE, Halle BCETO NPHMEHAETCA AHAAHM3 N0 METONY TOMACTHX 00-
PpasiLos.

KputepueMm noBepXHOCTHOH TAOTHOCTH 00pasia, KOTOPHE MH OyleM
Ha3BIBATHL TOJCTBIM, B chayuae OunapHoli cMecu sBasercs ycaosne (8,16);
Aad TpoHHOH CMecH HMeeT MECTO AHAJOTHYHOE YCJIOBHE:

4,61
e+ aC 4 a'Cy”

m > (8,29)
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lpn cobmwgeHnd 3THX YCJIOBHA MOXKHO NpeHeGpeub JKCIOHCHTAMH
B (8,26), uro mACT CICA¥HOULee TPOCTOE BhIPAIKEHME:

(8.30)

OTHOCHTeAbHOE HBMEHEHHE HUTEHCHBHOCTH, BHIZBAHHOE MEIIAKINHM Je-
MEHTOM "B TOJACTOH npobe, pasHO

AL, 95— 1, a’
T I T agtaC, Car. 8.31)

Dra BeAMYHHA IPONOPHHOHAMLNA COACPMKAHHMIO Cy MEIIA0NIEr0 HJAeMeHTa,
onHako Ko3hPUUHEHT NPONOPUHOHAMBHOCTH 3ABHCHT OT KOHueHTpauun C 4
OTIPeIeAseMOr0 BASMEHTA.

Eciu o, OMH3KO K &y, T. . ecau = Mand, aubo (npu mwoGoM a)

ecad Mand C4, BTOPLIM UNEHOM B 3HAMeHaTede BHIpareHua (8.31) mMokuo
fpeHedpedb. DTO NaeT NpAMYIO NMPONOPLUUOHANLHOCTE MEMLY OTHOCHTENb-
HHIM YMEeHbIIEHHEM HHTEHCHBHOCTH H KOHIeHTpauue#f H30HPATEbLHO MO-
FIOWAIILETO 3JAeMenTa:

L P, (8,32)

ONHAKO KO3 OUIHeHT NPOAOPLUOHANBLHOCTH SaBHCHT (T COCTABA HANOJ-
HuTedd. OTCwOma ACHO, 4TO B METOAE BHEUIHeTO CTaHIapTa HeoOXOZHMO:
BeerJa TOTOBHTh CTAaHIADTHL HA HANOJIHUTEN]E, COCTAR KOTOPOTO BOSMOMHO
Sosee OMH30K K COCTABY HAMOJHHTENd HCcdeAyemolt napruu npod.

HMa dopmyas (8,31) clefyer, Uro NpH MalbX KOHUeHTpauwnsx Cyr
MEINAIONEro 9AeMEHTa BJAHSHHE er0 Ha HHTeHCHBHOCTbH AHAIMTHYECKOH
MWHUH HEBEJUKO H MM MOXHO mpeHebpeub. Takum 00pazoM, yuer Memaw-
wiero saeMeHTa HeoOXOOHM JHINE B CAydae OabIIMX CONepXaHuBl ero.

CrazaHHOe BHIUC ONpeleldeT CASAYIOINHMRA TIpHeM aHain3a Mo METOLY
BHelllHero cranfgapra. [loabsomartbea opuynamu (8,31) u (8,32), a taxwke
dopuynravu (8,17) u (8,18), ¢ pPaCCYNTAHHHIMU TeOpeTHYUeCKH Napame-
TpaMu o, &, Oy U B, — HE PEKOMEHLyeTcsd, TAK Kax HOPMYJbl BHIBEIEHE!
A MOHOXPOMATHYECKOTO NEPBHYHOTO PEHITEHOBCKOTO H3JIYUeHHS, TOrIa
KaK OOLIYHO 5TO HAAyYeHUE sBJserTCd CMeIaHHeIM. [losToMy npum mpak-
THYECKOM dHAJNH3e BLIBeleHHEE GOPMYIsl ﬁy}lcaT MUIB  AJ9 OHEHKH
XapaxTepa COOTBETCTBYIOUIeH 3aBHCHMOCTH, a Bce HeoOXOAUMBIC AaHHbLIe
DOJ/KHBL OHITh HafIeHB 3KCIEPHMEHTAJIBHO Ha MCKYCCTBEHHBIX CMecax.

[Mpenne Bcero HEOOXOIHMO BESCHHTE TIPEAS/B IPUMEHHMOCTH GOp-
myaet (8,32). Jlaga sroro HIroTOBAAIOT HAGOD HCKYCCTBEHHBIX TPOHHBIX
cMeceft aneMeHTOB A W M ¢ HAMOJHUTEdEM, MPH MOCTOSHIOM CONEPIKA-
HHH MelIalmiero 3JIeMeHTa. OTO CcolepikaHHe BHOMPAIOT PABHBIM Ipe-
AeJbHO BONBINOMY BO3MOMKHOMY COMEPIKAHHMIO ME[UAIOLIETO DJISMEHTZ
B gaHHo# napTHu npod. Copepikanus ONpelensieMOro 3JeMeHTa Bhi-
Supaor mo cleaylome# mxame: 0,3; 1; 3; 10; 30; 50; 70%,. Kpowme
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TOTO, HA TOM K& HANOJHHTEJe H3rOTOBAAIT HabGop GHHApHHIX cMecel
C TeMH JKe€ KOHUCHTPAIMAMH O'ipelefsieMOT0o 3JeMeHTa (6e3 Mellaomero
3ieMenTa). DHHAPHYIC ¥ TPOHHYIO CMecu ¢ OAMHAKOBEHIMH KOHUEHTPA-
auamu C4 YCTOBHUMCH HAa3LIBATh <aHAZOTHYHBIMHX.

[Mpu craHzapTHOM pewume palOTH PEHTreHOBCKOH TPYOKM H3MepAIoT
"MHTEHCHBHOCTb AHAJUTHUECKHX JuHufl siemeHTa A B ofoux nHabopax
MCKYCCTBEHHBIX cMecelt. Haxoaar OTHOCHTEIBHOE H3MEeHeHHE HHTEHCHB-
HocTd AffL*F) oM4 ncex aHanOrMYHHIXY nap cmecedl. Haxodeu, crpost
rpadux  sasucHMocTR Aff[, oT Cu
(mpu nocroanHoM Cy). Taxon rpacdux
NOK433aH AN HEeKOTOPLIX YACTHBIX
cayyaes na puc. 153. Ilo rpaguky
MOYHO HAHTH TpeleJbHYI0 KOHHEHTpa-
uue C,4, TPH KOTOPOH OHA HAYHHAET
BAUATL Ha BeMUYHHY KosdPuuHeHTta
npu Cy B dopmyne (8,31). Ouerunno,
ANE MEHLIMX KOHUeHTpauu#t C,4 6y-
leT chopaBenqusa dopmyaa (8,32).

Onpenenus 06JaCTh TPUMEHUMOCTH
dopuyam  (8,32), crpoar paGounit
Puc. 133, 3aBHCHMOCTD OTHOCHTEJb- rpaguk  BaBHCHMOCTH, MpeNCTaBise-

HOIO YMEHbIIEHUs WHTEHCHBHOCTH mMO# oTOR Qopmynol. ['padur nmeer
Afyff, aHAAWTAYECKOH HMMHWKM onpe-  BHI OPAMOH, Tpoxolsuleil uepes Ha-
JenaeMorQ sneMeHTa 0T ero Kod- Yyaao KOOpMIHHAT. .H.pr'aH TOUKA, omnpe-
nentTpauns C, mpu Cy = const. Denfwoulas HanpaBiAeHHe 3ToH  nps-
Kpvpas, | mmmomuters v SnSICHOM oM, CTPOWTCA AtA TOM NIOCTOAHHOR
‘HpHBLA 2 — HANOAOHTENR JETUe ONpegende- KOHUCHTPAUHH Cm, .14 KOTOPOE OnLT
Seaourenny wxcane ompenemenare sae:  TOCTPOEH TPEXBILYWIHH BCIOMOTATE.b-
MeRTa. Hefl rpaduk (puc. 153). IHas sroft
KOHUEHTPAUHK IPHHHMAKT 3HA4YeHHEe
Afpfl;, cOOTBETCTBYIOUIEE HAYATLHOMY TOPUIOHTAALHOMY YHYaCTKY BCHO-
MOraTedbHOTO rpaduKa. '
Pabouuft rpadux, ANO3BOJAICIHH yuuTHIBATL BAHAHKE Melnamwiéro
aeMeHTa, O0bHuHO yaodHee CTDOUTH, OTKJAALIBAS TIO OPILHHATE BMECTO

BeAWdHHE Afyff, OTHOMEHHE HHTEHCHBHOCTEH 13/12, pasHoe cordacHo (8,31)

N Al ,
_Tzu:f_ju. . (8.33)

23

TlpuMep rtaxkoro rpajuxa mokasan Ha puc. 154, Cuenyer mmers B BHAY,
YTO NOpPH M3MEHeHHM COCTABAd HANOJNHMTE]A HaKAOH NMpAMOH Ha TpadHKe
UIMEHHTCA: JeM TsHKENee HANOMHWTEb, TEM MeHbIle HAKJIOH. Ecau manox-
HUTeNb CHJAbHEE [OrAOMAeT AHATHTHYECKYIO JHHHIO [, UYeM Mewmamniuf
‘9NIEMEHT, HAKJAOH TpaMoft OymeT oTpHUATENIeH.

#y Cuneayer ofpardHTb BHHMaHHE Ha TO, 4T0O B 3HaMeHaTtede JQHAa CTOATH
HHTEHCHBHOCTD JHHHHM [ B MpPOLHOE CMeCH.
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Paloun#t rpapux mnoseomser mo H3MEDEHHOMY B3HAYeHWH) MCTHHHOH
MHTEHCHBHOCTH [, O/A mpolhi, colepkaumeR Mewaonui SjeMeHT, HaltTu
VCAOBHYIO unmeHcusHocms Iy nas npobui, cBoBonHoM oOT 3TOTO sUe-
MeHTa. OAHAKO Mad STOro HeoBGXOAHMO IpeXne BCETO ONPeeiHTh CO-
JepwaHne Cp  Memamoilero 3JeMeHTa. 970 OnpefedeHHe MOMKHO TakKe
BBLIOIHUTD METONOM BHELIHErO CT4HZAPTA, HO 3M€Ch MOMKET BCTPETHTHCS
CASNYIOUd TPYLHOCTb. Ecau saement M uabupareabHO moriaowaer H3IY -
UCHHe 3jeMeHTa A, TO OH CaM mpy 3TOM H3GHPATEIbHO B030yxIaeTCy.
TTostomy mnpu ompenenenun Cyr 3gemMeHT A oxawercs MEIIAKIHM: o
‘OYIET yBEIHUMBATE HHTCHCHEHOCTD thayopec-

UEHTHOTO H3My4eHHS 3MeMeHTa M. £
YKasaHHOe 06paTHOE BANAHWE SneMenTa A 7
Ha usayyenne onemeHta M momer cyme- 57
CTBEHHO HSMEHWTh MHTEHCHBHOCThL auaanTH- 48
YeCKOM JIMHWH 9TOTO sJaeMenTa AHWL TIPH - 1§
‘60AbIINX cOmepKanuaX siementa A. B srom 14
Ciyyae TNpPOBEJEHHE AHAAU3A PACCMATDH- ;2
BAEMEBIM 3MeCh METOAOM BCTPEY4ET HCKI0- 0
MHTESABHLIE TPYNHOCTH M CKODee BCerc He- 5 g 25 357" A

BHITOAHHMO, Tem OGoflee, 4Yto 1pH  60.b-
WX Cy4 JuHelinas  saBucumocTh  (8,32), Puc. 154, Biusnue npumecu
Mewawas B OCHOBe pabouero rpaduxa KeN€32 M@ MHTEHCHBHOCTD
{puc. 154), repserca. [TosTomy B natbHefimenm A UG

Mbl OyLeM [pearnojaratb, 4o C, CpaBHU- HaToMUTe AL — Kpéuneseu.
Tenbio Mané. C apyroH CTOpOHBI, onpese-

Jexne Cy MOMNET MOHAROOATBCA N1 BBeNeHUs MOMPABKH N0 paGouemy rpa-
PHKY TOIEKO B TOM cayuae, ecad Cy penuko. [lpuw Madom C4 H Gonb-
oM Cy O6paTHHM H3GMpAaTe/IbubM BOSOYKICHHEM AHATUTHYCCKON IHHHY
MEIIAIOWEro  HJAeMeHTa H3IydeHueM shemeHTad A MOMHO mpenefpeub.

Takum 06pasom, BO MHOTMX NPAKTHUECKH BAMKHLIX Ccay4yasx onpele-
JCHHE KOHUEHTpauud 34eMeHTa M MO MeTOLY BHELIHEr0 CTaHAapTa He
BCTpevaeT Kakux-AuGo TpyauocTefl. DTOT MeTon TpPeSyeT HArOTOBIelus
£TanaapTd, COCTOAWEr0 H3 OHHAPHOH CMECH HANOIHUTEAS C H3ReCTHBIM
corepxantem smesmenta M. Xom npopeledus TAKOrO awanusa OoLl OMNH-
CaH B pasiede 2, § wacroamei riaswl.

Tlocne ompenenenus Cyr TeM HKe MeTOLOM BHEIIHEr0_STaHAapTa Onpe-
DeasioT Cy4. TIpH 3TOM HCMOMB3YIOT CTAHZAPT, COCTOSMWMUH u3 SuHapHoO#
CMECH HANOMHHTens ¢ saementoMm A (fes Mellammmero siemedTa). Mame-
PEHHYK HCTHHHYK HHTEHCHBHOCTL [, AHAAMTHYSCKOH JWHHM siemenTa A

]
FMHOWKAIOT Ha OTHOLIEHUE 12/;’2, sHatineHHoe mo pafodeMy rpadHKy aag

A3HHOT'O 3HAYeHHA Cyr. [IONYUEHHYI) YCIOBHYIO HHTEHCHBHOCTH 1‘;’ U HC-
NONL3YIOT TPH onpenefeHHd C4 OAHHM H3 NPUEMOB, H3J0XMEHHbLIX B Pas-
Ienae 2, § HACTOAIEH TJaaBoi.

Onucaunbl BRIle MeTON aHAMH3A TOJACTOTO OGpasua, COoNepKalIero
OLHH HBOHPATEIBHO IOTAQULAIMWH IeMEHT, OCHOBAH Ha NpPHMEHEHHH
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NBYX OCHOBHHX dopmym: (8.17) u (8.31). Kak Ouli0 NOKasaHo, aHaIH3
3HAYMTENLHO YIPOULAeTCs B OGJACTH MadbeX KOHUeHTpauu# C4, LAs KO-
TopeIX popMyaa (8,17) naer nuHeHHYIO 3aBHCHMOCTD, a dopuyaa (8,31) —
HE3aBHCHMOCTE 13/1'2 or C4. Cpasuusad yriaoBule KOPHHLHeHTH B 00euX
hopMyaax, MbB BHIAHM, 9YTO 004 OHH NPAaKTHYECKH NEPECTAKIT 3ABHCETb
or C4 7NpH OIMHAKOBLIX 3HaueHUsx 91oH koulleuTpauuu. OTcoga cle-
4yeT, 9YTO TMOCTPOEHHE BCIOMOTATedbHOro TpaduKa THOA, NOKA3AHHOTO
Ha puc. 153, uzmmmnpe: TakoH TpadHK CAVHHT TOJABKO s TOTO, 4TOOH!
HaWTH MPEeLeNbHYID KOHOeHTpauuy (4, OPH KOTOPOH €le MOXHO npe-

HeOperaTh 3aBHCHMOCTBID ]g/fg oT C4. Ho %Ta mpenenbnas KOHUEGHTpPa-
uuA C4 MONKeT OHTH HENOCPEACTBEHHO Hallieua no rpaduky THOA puc. 152:
OHA COOTBETCTBYET KOHHY HAYANLHOIQ NPAMOJHHEeHHOro y4yacTKa mocjel-
Hero rpaduKa.

ITpupeaeHHbe COOBPAXKEHHT TIO3BOAHIOT 3HAUMTRABNO COKPaTHTL pa-
60Ty no HNOCTpoeHHIO pabouero rpaduka tHIa puc. 154 1 10 BHHECHE-
HHI) OO/IACTH er0 NPUMEHHMOCTH: NPHHLUNIHAABHO TPAPHK MOXeT OolTh
NOCTpOeH o oOXHOH Touke, ualilenHoHl SKCTePHMEHTAALHO DA OLHOH
NAPH AHANOTHYHEIX HCKYCCTBEHHHIX OWHAPHOHK M Tpofinol cMece#t. Pado-
uuft rpacduk npencraeageT coSoH NPAMYI0, TIPOBEJEHHYIO YEPES 3TY TOUKY
¥ TOUKY ¢ koopiuHaTamu Cy =0, 13/12: l. Oua Bofee TOYHOrO Oflpe-
leeHHs HaK/I0oHA TIpAMOR JkenraTeJbHO M3IOTOBHTH 2—3 4HAJIOTHYHEBIE
napel cMmecell ¢ PA3NHYHBIMM  COAeD)KAHMAMH Cy ¥ TIPOBECTH [PAMYIO,
yCpeldHeHHNY0 NO BCEM TOHUKaM.

Ipu anainze npoGul, comepikauiel GOMbIIOE KOIUUECTBO OGOMX e~

sMeHTOB A u M, H3IOMEHHLIH MeTON BHELIHEro CTaHAapTa MOMeT OmTh
C yCOeXOM IPHMEHEH NOCJe NpelBapHTE]bHOrC. pasbasienus npolu 1a-
nonuntenem 8 5—10 pas, no xowuenTtpanunm C,, 3aBelOMO MeHbLICH
TOM mpeieAbHOM, TpPH KOTOPOH HapymaeTcs auneflHAR 3aBHCHMOCTb /5

oT C4. B stom cnayuyae n dopuyaa (8, 31) ModeT OBTBE 3ameHeHa Gofnee
npoctofi gopmynoft (8,32).

TloaBoass MTOT, MBI BHIHM, YTQ I'lpHMEIIEEIME', MeTOda BHEIUHEro CraH-

AapTa B CJAydae, €CNH B HCCAELyeMuX Npofax KaueCTBEHUBIH andina
OBHAPYHHUA OAHH (M TOIBKO OHWH) H3GHPATENLHO NOTIOWLAINAR SNeMEHT,
BO3MOMHO Bcerfa. OTHOCHTEeNbUAd TOYHOCTE TAKOTO AHAJAM3A — MOPALKA
4—5%/,. OgHako mOCTpOEeHHE NBYX rpa@HKOB MO HCKYCCTBEHHBIM Ounap-
HEIM M TpoHubIM cMecaym TpebyerT npoBeleHHd SHAUMTENLHOHR TOAFOTO-
BUTEAbHOH pafoThl I8 KaxkioH GOMBIOH NapTHE anaJorHYHBIX Opod
(Hanpumep, Aaf pylduwix nped U3 OJHOTO MECTOPOMACHHS, NPH aHaIuse
AeTUPYIOIHY JO00ABOK K CTAJAAM OMPENEIeHHOTO COpPTa W T. I}
Hcenenyem Tenepb, YacTO JH MOTYT BCTPETHTBCA MEIIANOMIME e~
MEHTb!, BEHISHIBaOINHe Ha3OHpaTeabHOe TNOTJOLIEHHE adHaJIUTHYECKOH JH-

HWM onpefensneMoro siaementd. Ha puc. 155 i npHMepa TpuBeneHa

33BHCHMOCTE MACCOROTO KO3Gh(HUHEHTA TOTJOLIEHHS MEMANLIEro SJe-
MEHT4 OT ero aTOMHOrO HOmepa Zy Ajd Clydas aHakxMaa Ha MUK 10
ayOnery ZnKoe. Kak Bunpo us rpaduka, cymecTsyiT Tpd OGMACTH 3HAa-
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gyeHHH ATOMHBIX HOMepOBR Ly, A48 KOTOPHIX BJIHAHHE Memaioulero 3Je-
MGHTa OKasuiBaeTca ocobendo OGorpmuM. HabuparenbHoe mnorgouledue
WMEET MeCTo B K-000M0YKaX MeIaloWHX 3JAEMEHTOB, PACHOJOMEHHEIX
s obOaacru f, L-oBoaoukax—B oOnactv Ff u AM-o6onoukax —g 06-
gacta [If. Takum oOpazom, u3BHpAaTEAbHOE MOTJOLIEHHE MOMET ObITh
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Puc. 155, 3asucumMocTs KO3PPHIHEHTA NOTIOLE-

HHs1 (Tm)?f Mellalllero sAeMeHTa OT €erQ aToM-

HOrQ HOMEpa Zy VDM aHaNM3e Ha LMK [0 aHa-
JTHTHYECKOH NHIHH ZnKa.

Hagmuen 18 OTARMBHBIN  BETBAX  HPHBOH — IOTROIUA0-
HHE YPOBHH COOTBETCTBYIOMIMX MCUWIAKINHX  S48MEHTOR.
Fy B 1f— ofuacTu MadHpaTedBHOTC DOraouiesds. [opHIoH-
TAABHW K TYHETHP LHPOBSASH HE YDODHE HeKOTOPOCQ BHIGDaH-

HOP0 YCAQBHD CPRIHErD 3HAYSMA (-:m)i .

BLIZBANO 3HAYNTEAbHLIM KOJHYECTBOM DA3AHUYHEIX SASMEHTOB, eC/H TOJBKO
OHU BXOLST B HCCJIEIyeMyH Npoby' b Goabluux KojuuecTBax (mpu Car.
BO BCAKOM cayuae, ne MeHee 19/)).

Aganus mo MeTOAY BHYTPCHHErO CTanjaprd 3HaYMTeARHO MeHbIIe
34BUCHT OT cOCTaBa NpoOH 1 TpedyeT MeHblIel! NOAroTOBHTEABHON PaboTH.
[MpakTHueckoe NPOBEIEHHE TAKOro aHalu3a OwIIO ONMCAHO BHINE (pas-
nea 2, & HactoauieH raase). O01acTh MEMIAWIHX 3AeMEHTOB H CTeneHb
HX BAMAHMA HA XOI H Pe3yAbTarThl aHaJH3a TaKie 3HAUHTENLIO MEHbIIE,
yem B METONe BHEWIHETO CTaHIapTa. JIHIUb B HCKIMYHTENBHHIX CAy4adx,
paccMOTpeHHHX B pasnene 1, § HacToslle# raaebl, BAHSHHE MEIIAIOIETO
3MEeMCHTA MOYKET OKasaThea GoapmuM. YxazawHEHE OCOOSHHOCTH MeToia
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BHYTPEHHErO CTAHRAPTa ONPCHSAMJH IOBOJEHO HHPOKOE TIpHMEHEHHE erd:
ilpﬁ aHalu3e pyYIA pAa3THYHOIO COCTABA, MMHEDANOB KM APYIHX BElECTB,.
COCTAB KOTOPHIX OT Npofel K npofe MOMKET HSMEHATHCH B HIHPOKHX npe~
Jeqaax. K HemocTarkaMm STOTO METOAA MOWHO .OTHECTH HONOJTHHTEIBH VIO
3aTpaTy BpeMEHH Ha BREACHHE CTaHdapTa B Kawayie npody, a rakwe
HeOOXOIUMOCTE NOOYEPENHOT O U3MEpeHns HHTEHCHUBHOCTH ABYX PA3JMHYHBIX.
JAMHHR, UTO He MNO03BOAAeT paboTaTe TIPH HENOABMMHOM CIIEKTPOMETPE.
IlpuMeHeHHe ABYXKaHAALHOrO CHeKTPOMETPA TIOJHOCTLID VCTPaHAET IO-
CleqHUE HeJoCTATOK.

6) Caywaid usbupameipnoz0 8030yxnclenus

PaccvoTpum TpoHHYI0 CMeck, COCTOAINYI0 M8 ONpEfenseMoOro s.je-
senta A, Mewawinero sgesmedta M w wamomnutens Ff. Ecau aromnbie:
noMepa Z,4 u Zy »7eMcHTOB A u M Gamskn w Zyxy > Z 4. TO B paie
C.1yuaeB MOMET OKAasaThCsi, YTO JHHHUS j cepud ¢ (QAYVOPECHCHTHOTO H3-
aydenus sneMenta M usduparennHo -BO3OYHKNAET §-YPOBEHL BAcMeHTa A.
[Ipu 3TOM MMEIOT MECTO CASIVIOLIHE HEPAREHCTBA:

N < g < N <R < (8,34)
riae A; — IJHHA BOJHB IIEDBHYHOTO DPEHTrEHOBCKOTO M3JIYUYEHHA (MPEITo-

AaraeTcd, Uro 3TO HIAYYeHHE — MOHOXDPOMATUUECKOE); lgg u }kf—n‘wnm
BONH ¢'- W g-Kpaep norJolleHUs saemedToB M # A  COOTBETCTBEHHO;
}\f;*-f H A —— LAHHE BOJH THHMH J CepHH g’ M NHHUYM [ CepHH g DieMeH-
ToB M u A cooTeercrBenno. Bce 3TM NIUHBL BOJH B PacCMaTpHBAEMOM
cayuyae OJuMsKm ADYT K APYry. Jluwua { apeictapaser coBoH aHammTuue-
CKYH) JIHHHIO, HCOOMB3YEMYID IS onpejeleHHs sneMenTa A.

Ilpu coGnwonenun nepaseHcTe (8,34) mepBHunBIE PEHTTEHOBCKHE AYUH

BO30YKAAIOT OXHOBpeMEHHO o06a saementa A u M. Kpoume Toro, usay- .

YeHUe saemMeHTa A YCHUIMBAETCA 34 CUeT JOMCIHMTEABHOTO H3OHpPATEdb-
HOTO BO3GYHIAEHHA 3TOTO JAEMEHTE (PAVOPECUEHTULIM HBMYUEHUEM MELIAI0~
1mero saementa. EcAM OpHM MCNOJAB30BAaHHH BHEMIHErO CTAHAAPTA MOGIe -
HHA npencragnger coGoft GMHAPHYIO CMeCh, He CONEPKALIYE) MeIlailuero
3AeMeHTa, pe3yabTaT aHanv3a OKaweTCs 3aBullellHbiM. [Ipu paBHBIX CO-
aepwaunax C4 saemeHTa A B npofe W CTaHNAPTE HHTEHCHEHOCTL fy
AHATATHYECKOH AHuMKH B npofe okakercs Oofblle, YeM B CTauZapTe.
Yuer sddexta HaCHPATENBHOTO. BOBOYRACHUSE MOXKET ObITh TIPOREIEH
no cxeme, npeacrasaedHol Ha puc. 156. Tlyers ofpazen npencrasiser
cofoft maockomapadiensHu Ccmol TogwmuHo# 4 W maowaasio 1 cawd
IMapanmensnsli MYUOK MePBHYHOrO MH3JyYeHMA [403e8T HA [OBEPXHOCTH
ofpasua mol YyrioM ¢ H nMeeT HHTeHCHBHocTh [;. Inydusy x atomor A
BuyTpH 0Opasna OyieM OTCHHTHIBATE OT Bepxuefl MOBEPXHOCTH MO Hamnpa-
BleHHIO ocH x. OJHH M3 TaKiX aTOMOB OTMe4YeH Ha puc. 156 cHMBO-
a0M A. ®ayepecueHTHOS H3JAyueuwe aroMa A HCClegyeTcs B HANpPaBJIe-
HiH, obpasylomeM Yronl ¢ ¢ TIOBepPXHOCTHIO; HHTEHCUBHOCTL [; 3TOro
Hanyuenud usmepsercs Ha OoablioM paccrosnuy R or ofpasua.
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Uccnenyem cnauana BosOyknaiolmee nedcTeue atomoB M, pacnono-
KEHHDBIX, BO-TIEPBEIX, HA  OAMHAKOBEIX pPACCTORHHAX 7 OTHOCHTEIBHO.
aromMa A, a BO-BTOPLIX, Ha OIHHAKOROH TiyOHHEe TON TMOBEPXHOCTHID.
obpasua. [locilennee ycaosHe HEOBXOIMMO, TAK KAK MEPBHYHOE H3Ayde-
HHe, Bo30ymgawmee aroMbl M, ociaBepaeT c rayounoft. O6aacts, yno-
BJACTEOPAOUIYIO TMOCTABIEHHBIM VCJAOBHAM, MOIKHO BLLICIUTh, B398 npo-
CTPAHCTBO, 34KJIOYEHNOE MEXNY ABYMS chepamu c ueHTpaMu B A uw pa-
AUYCaMH 7 U r—dr, U BbIPesas u3 HCro (GUIYDY BpPaIIEHH:A, 3aKJII0YeH~

HYHD MEWy ABYMA KOHHYECKHMH NOBERXHOCTAMH C BEDUWIHHAMH B An
YriaMu NOJOBHHHOT O pac- -

TBOpa ¥ U y—-dy. Ilepece-
UEHHE BLLIGJASHHOH TakuM of-
PasoM QUTYPHL C IIOCKOCTERIO
yepTexa Ha puc. 156 samrpu-
xoBaHo. O6bem ee oboszHAa-
guM dv.

Bee atomm M, zakiouen-
HHe B 00Beme dU, OKA3BIRAIOT
Ha HEHTPaNpHHHA aTom A oIu-
HAKOBOe Bo3OykKaaomee gefi- &
CTBHe. Brunciue npupoct
HHTEHCHBHOCTH AHANHTHYECKOH]
JHMHUH i atovMa A mon paua-
HHEM HBAYUCHUS OZHOTO ATOMA
M u yMHOMMB 3Ty Bemu- Y
SHHY H2 d9HCA0 artoMoe M-

B obbveme du, wualizem cywm-
MapHoe JueHCTBHe BCeX aTo- '

woB M, 3aKimoueHHLIX B stoM  Pue 156, Cxema k pacuery s¢dexra Hadupa-
oGveme. HaxoHew, mponuTe- TeALHOrD BO3GYKIeHud,
IPHDORAB 110 ¥, ¥ U X, HaHgeM

[HOJMHOE yBeIHYeHHe HHTEHCHBHOCTH AHAAMTHYECKOH JMHHH NOA BJH AHHEM:
MEIFAWIUETrD ZTeMeHTd, OPHCYTCTEYIOHICTO B 06[)33]_].6.

Lna maxomneuns neBCTBHA, OKASLIBAEMOTO Ha aTom A ONHUM ATO-
MOM M, mpexie BCero clleiyeT HalTH SHEPTHIO NePBHYHOTO H3JAVYeHUs,
AOTJIOMEHHYIO ¢'~ypoBieM 5Toro atoMa. Mckomas sHeprus onpeendercs
BEMHUHHON YACTHYHOTO ATOMHOIC KO3(MPHUIMEHTd HCTHHHOTO MOTJIOUICHHA.

M :
(Tg-)i . YuuTHBAEA BHXOA (PIYOPECEHIHE wé{ ypogHa ¢’ aroma M u Bepoat-
HOCTB pj}f HCIYCKAHUA JMHHA § TeM e aTOMOM. ROSOYMIUEHHHIM HA
q’-ypOBEHb, MOXHO HaliTH SHEPTHI0 (UIYOPECHEHTHOTO M3JIyUeHUs] C K-

HOf BOJIHH :f ucnyckaemoro aromom M. D10 mosmoaser paccuuTarth.
HHTEHCHBHOCTE TAKOTC H3JYYEeHHA HA DACCTORHUM 7, T. €. B TOuYKe, Tiae.
HAXOIUTCA LEeHTPaabHbiH aToM A.

Halinenuas TakuM myTem MHTEHCHMBHOCTb MOMeT OMITh Tellepb HCIIONb-
30BAHA 1/19 OTpeleleHHs HHTEHCHBHOCTH (DIVOPECUEHTHOrO M3/IYUeHHSE

f
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atoma A noj BIMSHMEM BTODHYHOrO u3nyueuus aroma M. Pacuer mpo-
BOJUTCH AHAJOIHYHBIM OPHEMOM, ¢ YUYETOM HacTHYHOTO aTOMHOTO }(09;{31
' A y
(buLMEHTa WUCTHHHOTO NOTJIOIeHMs (-cq);, BEIXOJA IYyOpeCUeHIHH W/
M BEPOSTHOCTH p3 MCHyCKaHHs JuHHA [ atOMOM A, BO3OYKIeUHBIM Ha
; z

j-yPOBEHB.

10T pacueT MO3BOSET BHIMUCAUTH MHTCHCHBHOCTE (PIYOPECUEHTHOrO
M3AYUEHUA AHAMMTHUECKOHN JHHMM, BOSHUKAWIIErD TION BIUSHHEM HSGHrpa-
TelbHOre BO3GYMKIEeHHA BTOPHUHBIMH JAYUaMH MEUIAILIErO SJeMeHTa. Iy
UHTEHCHBHOCTH MOEKHO Ternepb TNpuOaBHTE K HHTEHCHBHOCTH TOIO JKe
M3JAyUEeHUs, BOSHUKILETO MO AeHCTBHEM MEPBHYHEIX p(—:HTI‘eHOBCKHX.ﬂy‘{Eﬁ.
O6osnauny [, CyMMapuylo HUTEHCHBHOCTL AHAMMTHUECKOH JAMHHH i Ompe-
OeJaeMoro sieMeHTa B TPpOHHOH CMecH, npekcTaBafo el coboli aHann-
aupyeMylo npoly. FHTEHCHBHOCTD I3 sroft numum B 6uuapﬁoﬁ cMecH
¢ ToH e KoHuenTpauue# C 4, 10 He cofepmaninii MelIAOWIEr0 SAEMEHTA,
Hatinena zseime, OTHOlleHnE 52/12 MOKA3LIBAET, BO CKOJBKO pPa3 HHTEH-
CHBHOCTbL AHATWTHYECKOHN JHHMM BOBPACTAET 34 CUET NMPHCYTCTBHS Mellat-
anlero siaemeHta B npofe. Xon pacyera 12/1‘; noapolHo wanomen B [2].

PesyIpTaTel PACUETOB MOKA3AMH, YTO NPH PaboTe MO METOMY MORKEZX
006pasyos OTHOCHTEJbHOE BO3DACTAHME HWHTEHCHBHOCTH 3a cHeT ualupa-
TenpHOTO BO3OYMHIEeHUA BHpakaerca ciaeiyiowed npudmipxesHol dop-
MY NOH:

o .
=0 et ﬁ“‘zj% oH A; Car SHH A ? (8.35)
I3 I3 m’ By FBTCa B Cn
rIe BBeleHH CleLyoLiHe 0603HaYeHH:
M M3

' 3 uSy—1 4 A
k; == -4— (Tm)l —q:ST_ wg{piﬁ (‘i'" ] (8’36)

q’ 1
BJH = (P‘m)jH’ (8-’37).
BAE = () — () "(8,38)
PUE = () — () (8.39)

BIeCh, KAK U paHee, HEMHAA HAJEKC KO(PPULNEHTOB NOTAQLLEHH A H ocaad-
MeHHs XapAKTEePH3YeT H3/Iy4eHHe, a BePXHHMH MHIEKC — NOrCLIee
BelecTBO. .

dopmyaa (8,35) mnoKaswBaer, HTO JIHHEHHAN B3aBUCHMOCTE MEMIY

szfg H Cyr He mMeer MecTa. Popma KpHBOH, MpeACTABIANIEH 3TY 3aBH-

CHMOCTE, ONPEJEAIeTCs] COCTABOM HAMOMHMTESA H KOHIEHTpauMeif 3mae-
menra A. [lpu adanuse TOHKMX oOOpa3UOB NG METOARY BHEMIHEro CTaH-
napTa HeoOXOAHMO Beeraa coGMI0NaTe PABEHCTBO NMOBEPXHOCTHHX ILAOT-
socrell m (npoow) 1 m® (cTaHmapTa). IJTH OCOOEHHOCTH, a TAKYKe HU3Kasd
MYBCTBMTENBHOCTb H Manas TOYHOCTE OMpejeneHus MajdeiX KOHLEHTpa-
nu# C4 NOKASHIBAOT, YTO AaHAAM3 TOHKHX 00pasioeB, COJepHallux sHa-
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YUTEIbHBE KOMMMECTBA H3OHDATENbHO BO30OYKIAIMX MelWamnupx 3/e-
MEHTOB, - MPAKTHUYECKH HEBRHIMOJHHM MMM, BO BCAKOM Cayyae, Heleldeco-
ofpasaeH.

PesyabraTel pacueToB 08 MOACHOZO ofpasya [2], nokaswpaoT, YTO

OTHOMEHKe !2/]3 MOMET OHTb NPEencTaBlIeHO Caeayoniel npubaxeHHOH

opmyIoit:
A ag+al, [ RCpr
i 4o g——m— | 8,40
77 agtaC,+a'Cy| gf_f_l__??fHCM] (8,40)

rae @ -—yucaeHau KO3dhdruvedHt, uaMeHAIOMHECA B HeGOALIINX npe-
& ~ i 5 A
merax or 0,7 (an AI:‘::J,A;;) a0 1 (an Ay {h;!i): OoCTaJbHEIE 0003HA
YeHUS — FpeiHHE.
0

[Toayuennaa cia0kHas 3aBHCHMOCTDL 12/!2 OT Cy 1OKashIBAeT, YTO Ha
Gopyy cOOTBeTCTBYIOWEH KPUBOH CYLIECTBEHHO BAWAKT Te Xe hakTop,
ure ¥ B CJAyuae TOHKoOro ofpasua —
COCTAB HANOJHHTEAs ¥ KOHIEHTpa- 6@)
nus C4 onpepenseMoro sJaementa. Ta- 2/ Yha

KiM 06pasoM, Npu OOJbLIIHX KOHIEH- 20
TPAUHAX M30MpaTedpHO BO3GYHIAI0-
ULero 3JeMeHTa NPOBEJSHHUE AaHAIH3A 15

TOACTOre ofipasua  BCTPEYaeT 3HAuH- 10
TeJbHbie TPYAHOCTU. IIpeonodeHury HX ’
TMOCBAEH pasfea 4 HacToaweH raaBel. a5

CaowHpif xapaxktep 3aBHCHMOCTH ’
12;’_53 oT (' ONpenenserca CAeAVIOWH MY
ofcToateasctramu. Ecan nanonpuTedb
NMOrJacllaeT  gHAJHTHYECKYIO JHIHIO  Puc. 157, BanaHie NpHMecH MOAu6-
CHIbHEE, HeM MelaInHi 3JeMeHT, TO  J1€HAa Ha MNTEHCHBHOCTB Ay6ieTta Ka
0 Mepe rospacTanus Cy (TPH TOCTONAH - _ HTTpHA.

HO®H ' _ HaRoAHHTEe b — KpeMuesed, KpHeaa
roepioo Gocems pacrs. Honcrns, LB
Kpmeas 2— O =1,8%; m =280 uzjcad.
TEALHO, € Bo3pactaHdeM Cy  yacTe B
HaNOJIHUTENA 3aMCHACTCA MEeulaliuM :
IMEMEHTOM, M MNOTJOMIEHHEe JHAJHTHYECKOH JHMHHM MDH BHIXOE M3IY-
yeHMA M3 00paslna  yMeHpllaercs. Bwmecte ¢ T&My, PACTET M EO3GY-
maawuee nettcteme saementa M Ha ¢-ypOBeHb ONpeledseMoro aJe-
smeHTa. Tawkuwm ofipasoM, ofa srH daxtopa IeHCTBYIOT B NAHHOM cayuyae
B OIUY CTOPOMY, YTO M TPUBOINT K HENPEPHBHOMY BO3DACTAHHMIO [y
B Tpo#uo#d cmecu. OnHak0, Kak yike OHIIO CKasao, npu yBeau4e-
HH Cy POCT OTHOIIEHHH 12/1’3 He/HHEEeH ¥ 3aBucHT ot C4 W cOCTaBa
HATIOTHHTEIA.

Ecny manomuuTens morgomiaeT aHamHTHYECKYI JMHHIO ONpeLEdseMOro
Snementa ciaabee, ueM MeWAWIMUA 27TEMEHT, TO ¢ pocToM Cy (npu mo-
cTosHHO# C4) 06a paccMOTpeHHHE Bhime GaKTOPa AeHCTBYIOT B IPOTH -
BONOAOKHBIX HANPABACHHAX: TIOMMOIIEHHE H3NYYEHHMA TPH BLIXOAE wH3

g

a 0 20 30 W WL Gy
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ofpa3ua pacTer, . YTO NPUBOAMT K VMEHBLICHHIO HHTEHCHBHOCTH [s}
BO3pacTaHie H3OHPATETbHOTO BO3GYMIASHUA ONHOBPEMEHHO BEAET K YBEJAH-
ueHHK) 9TOH uHTeHCHBHOCTH. EcCin aTOMHBIH HOMEpD MEMIANILETr( 3JIeMeHTa
BHAMHTENBHO OOJbIUE ATOMHOIO HOMepa Hanoduwrenad (Zy 5> Zg),

- ¢ BospactandeM Cy, HECMOTPHA Ha H30MpaTe/IbHOE BO3OYMIEHHE, MONKET

HMETBH MECTO HEIPEepLIBHOC YMeHbIICHHE 12/19.

3207 Ecan we Zy<= Zgy, TO !2/12 OyIeT Hempe-
A PEIBHO PacTH. B npoOMeXxyTOUHBIX CAYY4sx OTHO-
260 wenne 7,/ 15 ¢ Bospacrtanmem Cy cHauaia pa-

CTCT, MOCTHraeT HEKOTOpPOTrO MakcHMyMa, a 3da-

= : . O
. TeM- YMeHBInaeTcd. XapakTep 3aBHCMMOCTH 12/12
2440 oT Cy CYWECTEBEHHO H3MEHAETCS TaKkKe C HO-
5 BEPXHOCTHOH mAOTHOCTBIO #t (APENNONardeTcs,
yro Beerga m®=—m). XapakTepHHwi BWI COOT-
2 5] .
F2007 BETCTBYIOWMX KPHUBBIX MOKa3zau Ha puc. 157
E .
S
kY
160 KBy whor iy LB, L,
™ oy A LR 0 "
§ 1 : _m*ﬁar,e : =,
S04 I
i {
=, E ax
3 I S — A — -NE
N &0, : B Heg Ly "L/agz ' EE»
o ; =
s i =
ol L i %
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Lk} T 1 ! ¥ 1 1
£ ,40 w0 w ! Bl oz,

Puc. 1.‘)_8.- IlpumepHasn 3aBHCHMOCTE  BO3GYRIANWILETO

AeHCTBMA (B yCMIOBHBIX e@NWBHIAXY MeMAanIlHX SleMeH-
TOB OT HX ATOMHOr0 HOMepa IJA clyuyasd aHalH3a Ha
UMHK No AyGaery Ka.

Hannmew Ha OTIENLHWX BETBAX KpPHBOH — HaHGOIee ApkHe BO3OYH-

ASUIHE JHHEHH COOTBETCTBYIOUIHE MEIIAIIUHX saeMenton, Jo JF — 0=

A4cTH  H30HPATEALHOTO EBo3Oyaaenns. [OpHIOHTAIBHEIH DYHKTHD

APOBeLen YUAOPHO AAf HeKOTODOTO CPelUers SHAUelH: oS0y Hna-
ULETo TeilcTsiy,

A0 KOHEPETHOTCG CAYy4aAA ONpeleJeHUs HTTPHA B NPHCYTCTBUH E{O.ﬁlv’lﬁﬂ,eﬁa,

H30upaTeThHO BO3OYHKIAOUIEr0 AHAAHTHYECKYIO JHHUW Y Ko.

YToOR NpONEeMOHCTPUPORATE, HACKOABKO YaCTO MOMKET BCTPETHTHCH

usbupareabHo pO3OYMIalOWIUN MeluawMBP 3jeMenTt, HAa pHc. 158 moxa-

33aHA 3aBHCHMOCTL BO30V#AAWUiero AeHCTBHS MEIAINHX 3NEMeHTOB 0T
HX aTOMHOrO HOMepa. Kax BMIHO H3 3TOTO DHCYHKZ, O0JACTH 3HAUHTE/b-~
HOro H3BHpaTeNbHOTO BO3OVIKNEHUS OXBATHIBAIOT CPABHHTENBHO He(O0.b-
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MOe YUcao dMemedToB. Takusm o6pasoM, XOTS u3OMpaTelbHOS BO3GYIKIE-
HHE CYIIECTBEHHO SaTPyAHseT aHAH3, HO COOTBETCTBYIOUME MEUIAIOUIHe
SMAEMEHTH MOLYT BCTPETHUTLCH 3HAUMTENLHO pexce, YeM B cayyae HalH-
PATENBLHOTO TIOTJIOWLEHHs (CM. puc. 135). R

TIpuMeHeHue METOAA - BHYTPEHHEIO CTAHAAPTA EG MHOTHX cayyasx
YMEeHbIdeT BJHMSHHE H30HpPaTeTbHOrO BO3OYKISHHS M NO3BOJSET NOAY-
UHTL HOCTAaTOMHO TOYHHIH pes3y/bTar.

4. AWanus npu HaaWIHH HECKOJIBKHX MeIaloMuX 3JEMEeHTOB

[Ipu ananuse MHOrOKOMIOHEHTHHX CILTABOB WAW CMeced MOTYT BCTpe-
THTECSL PAasiUHBIE ~CIYYaH B3AHMHOIO u3GUPATEIPHOTO ~ BAMAHUA COCTA-
BAAIOWHX npody SaementoR. OO0mag TeopHd aunanudsa MHOTOKOMIOHEHT-
HEIX 1pob M mpakTAYecKHe NpHeMul MPOBENEHHS TakOro aHaI#3a paspa-
Gortanu buttH u Bpuccn [5] Ha ocHope }-leBHE‘.lII-{ﬁ Ulepmana [3]

a) Teopemwiecrm-e OCHOBLL GHAAUSA MHOZ0KOMIIOHERMHOLZ npobs

Teopus aHaau32 MHOTOKOMNIOHEHTHOH NpOSH OCLIOBAaHA HA OpPUMEHE-
HuH oOwero Boipawenus. (8,1) K pacueTy HHTeHCHBHOCTH l»p (Miyopec-
HUEHTHOTO H3MYYeHHH aHAJUTHYeCKOR JHHHH {p saemenTa P. [lpeanona-
raeTcd, UYro aHAIM3 OPOBOAMTCA MeTONOM BHEIIHEeTD CTALAApTa TOCaeno-
BATE/IbHO HA BCe KOMNOHEHTH ( TPOGH; MisS OTHENbHBIX - SJIEMEHTOR
NpuHYMaeT. sHaweHus -A, B, C, ..., P, ... . VicxoiueiMH SKcnepumed-
TaAbLHBIMU JAHHBIMH ABJIKIOTCH pesyabTaThl usmepennit (npu CTB}{,EIapTHBIX.

YCJIOBHAX) unrencuBHocTel. fop aWHHE ip B Tpofe M HHTEHCHBHOCTEH igp
TeX e JHHHH B COOTBeTCTBylome UHCTEIX SAeMeHTaX P, caywamux
CTAHOZPTAMU.

B" popmyme (8. l) 3aMEHUM Kosq'n:pﬂuueurm Horaoueus u ocaabie=-
HHSL CAELYIOLIHMM OOGLIMMHM BLIPAMEHHAMU:

P = (t,,)FpC,. ' (8.41)

P1= ()1 Png{p‘m)?cq’- - (8,42)

. g N .

e, == ()i p" =p %‘a ()i, Co- (8,43)

HonczaBHB (8. 41)—-—(8 43) B (8,1), monyumM OIS MHOTOKOMIOHEHTHOH

Tpode: .
*F = cosec® () L cosec & (1 iy

T cosec ¢ (p_m)iQCQ —+ cosec ¢ S (;Lm)?PC (8.44)
e : &
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HHTeHCHBHOCTD f%jp AHANUTHYECKOH JHHHH [p 4HCTOTO 3aementa P
MO¥erT OwiTh Hahmena no (8,44), ecau monowurh Cp =1 u Cgrp="0

T k
T cosee Gy + cosec b ()]

(8.,45)

Mo d¢opmynam (8,44) n (8,4D) wnalimem OTHOWIEHHEe MHTEHCHBHOCTEH
Igpflgp. KOTOpoe 0603HAYMM ¥p,!

= cosec ¢ Z () + cosec U 3 (pm)f Co
Iip 1 Q P

M . (8,46)
Ly P cosec ¢ ()} -+ cosec ¢ (#m‘}

BenHunMHA %5, KAK YKasaHO Bblie, MOXeT OwTh HallAeHA 1O HAHHEBIM JKC-
nepumenTa. OueBHIHO, YTO 2%, > 1.
Beenem craeaywouiee o0003HAYSHHE:

cosec ¢ (u)f A+ cosec § ()
gg= : (8,47)

P
cosec ¢ (i) - cosec (“”*)'ip

TAE HWKHHH MHIEKC XapaKTEpH3YET UBAYYALIMA aToM, 4 BepXHHH WH-
Iekc— norgowaiomutt atoM. B uacrHoctu, gh=1. Vs paccmoTpenus

Boipaxenus (8,47) chaenyer, uT0 B O0meM caydae q%#q‘g. Hcenons-
syeMm (8,47) naa ynpouwenda dopmyne (8,46):

'APCP=2<;§CQ= R EquCQ; - @,48)

OTCIONA TMOAVYZeM CASAVIOINYID CHCTeMY JMHHeHHBIX ypaBHeHHﬁ (o qncny
KOMIOHEHTOE NPOOH):

w(uP—l)CP+Q§Pq§CQ=0. (8.49)
KpoMe TOro, OUEBHIHO, WMEEH:

DCo=1. (8.50)
@

Pemas cucrtemy ypapuenu#t (8.49) u (8,50), MOKHO oOTpemeiuTh HCKO-
Mple KoHueHTpauun Cg. eCaM UBBECTHH BCE Mapamerpsl g§ H 10 NaHHHIM
IKCTIEDHMEHTAa HakieHm BCe %p. OObwee uucno ypasneuad (8,49), (8.50)
Ha eNVHHWIY TpeBHaeT YucAo HewsBecTHexX Cg. YCIOBMEe COBMECTHOCTH
9TUX ypasHeHHd NO3BOMSET HCIOJb30BATE KIHUIHHE» SKCNEPHMEHTAABLHEIE
JAaHHBIE AAS yTOUHeHHA sHaueHu#t Cy.
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[daa yaoOcTBa NoAb3opaHuA ypaBHeHuamu (8,49), (8.50) sunumesm
HX B pPa3pepHYTOM BHIE:

— (1) C,+q5C,+d¢5Cr+q4Cp+ ... =0, )
3Ca— (s— 1)Cs+95Ce+93C,+ - - =0,
gAC ;4 qBC,— (1g— 1) Co—+qBCH+ ... =0, (8,51)

gﬁc _1_‘?1) B'_'_g_p g_(‘ I)C _i_

C +CB+C +Cpt.. =1 (8,52)

=

Onpenedenue napaMerpos ¢@ moxker OuTb BHIMOJHEHO JUGO pacyes.
TOoM 1o Gopuyne (8,47), aubo IKCmepHUMeHTATbHO. YUHTHIBAA, UTO HOP -
myxaa (8,47) npeanofaraer MOHOXPOMATHYeCKOe MePBHUYHOE HAAYUYeHHE,
TOTla Kak TMpaKTHYeCKH 9T0 H3JIyueHHe Bcerja CMelllaHHOe, clefyeT
NpeANnOUECTb SKCNEPUMEHTAIBHBI CNoco6 ONpeleNeHns napameTpos g,
Berpaxenne (8,47) noxkasnipaeT, uTO KaXARH M3 3THX TapaMeTpoB 3aBH-
CHT TOJbKO OT ABYX KOMIIOHEHTOB:! H3ayua0lero P U NOoriaowanimero Q.
Orcioga CAelyeT, uTO BeqMYHHA NapaMeTPOB ¢¥ HE 3aBHCHT OT COCTaBa
npolel 1 moxeT ObTe Ha#flleHA HA HCKYCCTBeHHBIX OHHApDHBIX Hpofax
{(cnaBax MM CcMecsX) KoMmoweHTos P u Q. Ecanm 4HCIO0 KOMOOHEHTOB
B 2HANM3HDYeMHX Npofax paBHO #, TO HeoOxommMoe yHcao N HCKyC-
CTBeHHBIX OHMHAPHHIX npof, <CoJepiKaullx Bce BO3MOMHBIE pPA3/iHYHDIE
MAPH KOMMOHEHTOR, PABHO

N=200 . (8.53)

Kampas GuuaphHas npofa CAyWUT AN HAXOMKIEHHA ABYX TApaMeTpoB: g§
P
H g
PaccmorpuM GHHApHYIO HpoGy, COCTOAILYI0 H3 ABYX KOMIOHeHTOB P
H Q. HamepuM njd 3ToR NpodH MHTEHCHBHOCTH aHaMHTHYCCKHX JuHaf iy
H {,- Tlpn HEU3MEHHBIX SKCTIEPHMEHTAMbIIEIX YCAOBHAX HM3MEDHM HHTEH-

CHBHOCTH TeX 3Ke JMHHE uHCTEIX %J4eMeHTOoB P v Q. Pasnenus nocaen-
HHE HHTCHCHBHOCTH Ha COOTBETCTBYIOUIME NIEPBHIE, Halinem xf, U ‘;.‘, [apect-

HLe KOHUEHTpALMH 3JeMeHTOB & u P B OunapHo# npobe o603HauumM C
u CQ
CocraBuM cHCcTeMy yvpapHeHu#i (8,51) nas GuuapHolt npolmi:
— (% — 1) Cp+98C;, =0,

, ; ) (8.54)
qg P—(xg— I)CQ = 0. J
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Hz 2To#l cHcTeMbl HAXONMM:
' v
C
- r P
qp = (‘p— l)C_"
e

ok |
qP e ‘..(,’ S 1 —? - l
& ( & ) CP J

(8,55)

B uanomeHHOM MeTONEe MAAS ONPEIeleHHd BCIMYHH % HeOOXOIHMO
NPHFOTOBHTE CTaHAapTel — O00pasubl, H3IOTOBAEHHHIE U3  YHCTHLIX 9.Je-
meHTOB. Jlaf HAXOMIEHHs MApaMeTPOB. ¢ NPHUMEHAITCA GHHApPHbIE TPobH,
COCTABJNEHHBIE M3 TEX E YMCTBIX 3MeMeHTOB. Tak Kak HCnoab3yemwie
AAf 3TUX lesdeH Marepuanbl MOTYT CONepKaTh NPUMECH, TO KaK CTaH-
LApTH, Tak U OuHAapuble NIpoOH CAEAYeT M3COTOBAATH W3 OJMHAX H TEX e
marepuanoB. ClenyeT Takme yueCTb, 4TO HHTEHCHBHOCTb AHAMHTHYECKOH
JHHUM CYWIECTBEHHO 3dABMCHT OT Xapakrepa nopepxnoctd obpazua
(ero wWepoOXOBATOCTH), ero (U3HYECKOr0 COCTOAHMA (CMA4B, MOpPOLIOK,
NPECCOBaHHBIA HOPOWIOK # T. A.) U paAja Apyrux daxropos. Orcoona
cAelyeT, uTO CTaHAAPTHl H OWHADHEE NPOOL NOMKHB OBITH HPHIOTOB-
JeHH ONHHAKOBO, — JHOO Te H [APYrde BLITAYHBATCH W3 METAJI0B
H CINJZBOB H HOBEPXHOCTH HX WJIHQYIOTCH, JHGO BCce OHH NPECCYIOTCH
M3 MOPOLIKOB IDH OJHHAKOBHLIX YCJAOBHAX H T. A. TOuHO Tak xe AOJ-
WHH OBbITb OPHTOTOBMEHB ¥ O0pasubl H3 HCCASNYEMBIX MHOTOKOMIIOHEHT-
HEIX TpOG. o L

Oaunako nocnesee TpeCGoBaHHE HE BCerna MoweT OblTh OCYIIECTRIACHO,
YTO CKa3BIBAETCS HA MHTEHCHBHOCTH AHAMMTHYECKHX JUHAR HCCAeayeMbiX
obpasuoe. Hanuuie npuMeced B UCXOLHBIX MaTepHanax, HCIOAB30BAHHEIX
414 GUHApHHEIX Opo0 H CTAHIAPTOB, OTpaXKaeTcd HAa HHTEHCHBHOCTAX aHa-
ANTHYECKHX JuHME B 3THX ofpazuax. O6a 9TH OGCTOSTENBCTEA MOTYT
BEI3BATb CYLIECTBEHHBIE OWHMOKM, A1 HMeKJIOUedHs KoTopuix Bapuram,
Fovap u Hwouc |69] mperaomuan meectd B cucTeMmy ypasHeHu#t (8,51)
enre OAMH NapaMeTp S, Ha KOTOPLH YMHOMKAWTCH BCE BEIHUHUHEL “X.
3TOT napaMeTp VYHTHBAET KOHKPETHOE COCTOAHHE MOBEPXHOCTH HCCJelye-
MOro ofpasud, ero QH3NUYECKOE COCTOSIHHE, a4 TAKKE HECKOMBKO YMEHb-
mwiger omWuOKY, BHI3BAHHHIE HAMHYMEM OpUMeceHd B MCXOAHHLIX Marepuanax.

MapameTp S Momer OpTh Haliew, €ciH K cucTeme ypapuesndt (8,501)
NpPHCOENUHUT: eule  ypapuende (8,52). 2r1o pact nags S ypaBHeHue
TpeThbe#t <cTeneHH. K3 Tpex KopHeH 3TOro ypasHenHa apa aulo KoM-
OAEKCHB], JAu00 NPUBOAAT K OTPUUATENbHLIM BHAYEHHsM KOHUenTpauui C.
Takum o6pasoM, JerKo MomeT OblTh HalNeHO enuHCTBEHHOE NPABHALHOS
3HaueHne S. ' '

) ITpusep aHaAn3a MHOZOKOMROHEHMHOR RpOGHL

PaccMOTpUM B KAUECTRE IIPHMepa aHa k3 YeTHPeXKOMMOHEHTHOrQ Ccniasa,
COCTOALIETD W3 XPOMa, JMejesa, Huxena u moaubieHa, B raxkom cHiaaee Xpom
MOXeT W30HpAaTEAbHO NOrioaTh H3aydenuda Fe u Ni, meneso — manyuenue Ni;
np¥ S5TOM OJHOBPEMEHHO HMEWT MecTo oclableHHe W3INAYUSHWA HHKENA H yCHIe-
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HHe H3NyueHHs XpoMa. UTO KAaCASTCA HM3NYUSHH Mele3a, TO OHO moweT anbo
ocnafeTs, AMG0 VCHAHTLCA, B 3aBUCHMOCTH OT KoHueHtpaumii Cr u Ni. Takum
ofpasoM, paccMaTpusaeman mnpoba TPEACTaBIART [OBOABHO CROKHLIE CHJXAB
B3aHMHO Mellapiiux IPYT APYIY KOMIIOHEHTOB.

Brina cxejada TNONBITKA ONPENENEeNHs KOHUSHTPAUHH BCeX uerhipex
KOMTOHEHTOB Ccnjaga OOHUHHIM METONOM BHEWHero CTaHiapra He3 yueTa BIHS-
HHMA Memawuidx saeMedTos. [10AyYeHHbIC TakHM 06pa30M Pe3YIBTATH COLEPANN
cAedyIoUHe OTHocuTenbHbe omuGKn: Cr—20,4%; Fe 4-61,4%,; Ni— 43,69/ -
Mo —0,5%,. Kak Bwunso, ouwHOKH OYEHL BEIMKH, 34 HMCKIOYeHHeM MOoan{neHa,
aHanHay KOTOPOTO B CNIABe He Mellalu HyKakHe H3bupaTeapuole s(QerTel.

Iast wpoeeneHws apaku3a [0 MeTOny Burri n Bpuccu [5], wsnoxeHHOMY

B TIpeAbAyIIeM pasnele, HeOOXOAMMO TMpPEeX]e BCEr0 ONPenciuTh HapaMeTpsl gp,

TaGauma 18
CoCTae BCMOMOTaTeJNbHBIX GMHapHEIX ClaacoR ¥)

Bruapunit napruep Q
ChipeneaneMuit
a1eMenT P

Cr Fe Ni Mo

Cr%, —_ 4824 .| 48,07 74,28
Felf, 50,83 — 51,53 65,33
INELIA 48,19 46,65 — 53,70
Mo/, 93,53 34,44 46,27 —

*) B raSanue mawet Cp MDH ONPEASICHHH INEMeH-
TOB, NEPEUHUCIEHHBIX cnieBa, H Cp-— NpPU ONPELCIeHHH
9JIEMEHTOB, I€PeYHCIeHHEX CBEPXY.

Ias storo OLIT M3roTORIeH HaGop OMHAPHBIX CNARBOB (CONSPHABLUME HeBOIb-
IIHe TIPHMECH - NMOCTOPOHHHX BeulecTB). COCTas CNNaBOB mpHsene: s tabn 18.
I3 cpaBHenMA PE3YALTATOB M3MepeHHsl HHTEHCHBHOCTEH aHAAWTHYECKHX JMAHMH

B CIJAABAX W B YHMCTLHIX 3ieMeHTaX OBIIH Halnensl BenuuHHB 'X.P, TIpHEETeHHEIE

TaGbanua 19

r
JKCHEPHMEHTAbHBIE SHAUESHHA %p IJsl CHAZEOB,
NpHBEAEHHLIX B Tabm. 18

B Eunapuulit mapTHep

Hamy:1aronH i

aieMeHT P -

Cr Fe ‘ Mi ‘ ‘Mo’

Cr 1,000 1,760 1,815 1,841

Fe 3,360 1,000 1,613 . 1,835

Ni 2,860 3,670 1,000 1,954

Mo |- 3,770 2,787 2,461 | 1,000
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B tafa. 19. Haxodey, o QJopn'iy.r[a:u (8,58) Ouiim RLIUHCICHEL napaMeTpsl gg,
npHBeleHHEEe B Tabn 20, '

Tatauuma 20

[Mapamerpu qg ANA CNNAEOB, NPHBENEHHBIX
E Tatx. 18

Moraomaomwmit 3aement Q
HMazayuaommnit
snesmenr P ;
Cr © Fe Ni ‘ Mo
Cr 1,000 0,721 0,613 2,660
Fe 2,482 1,000 (0,676 1,582
N1 1,863 2,420 1,000 1,108
Mo 0,877 0,9435 1,260 1,000

Honyuenssie TakuM 06pasoM NapaMeTpbl TO3BOJHIR COCTABKTD CAYAYIOW YIO
CHCTEMY YpasHeHHH no ofipasuy (8,51):

— (3¢ —1) Cr £ 0,721Fe 4 0,813Ni - 2660Mo = 0,  (8,56)
2482Cr — (%, — 1) Fe + 0,676Ni 4 1,582Mo = 0, (8,57
1,863Cr - 2,420Fe — (1 — 1) Ni - 1,108Mo = 0, (8,58)

0,877Cr - 0,9435F e + 1,260Ni — (5, — 1) Mo = 0, (8,59)

rae CHMBOJBL XMMHYECKHX 3JNEMEHTOB JCIOBHO O3HAYAKT HX BECOBbIE KOHIGH-
TpAauuK, BhIPaMEHHbIE B IPOLEHTaX,

[lpu anammse yNOMAHYTOrO cnaapa OBIIH HaligeHLI CHeRYIOMME ZHAYCHHSA
OTHOLUEHHA HHTEHCHBHOCTEH: -

tr = 5,04 % =2,346; wy; = 6,640; =y = 15,34, (8,60)

M3z 9THX [AHHLIX BHAHO, UTO B CIJIABE CONEPHTCA GOJbIUE Melesa, yem Ipy-
'THX TpeX KOMNOHEHTOB, TaK KaK wp, HMEET HauMeHblWee 3HaveHue. Kak yme
yKagzblBanoChb, CHCTema ypaBHeHHH (8,56)—(8,59) comepwur ozno <anmmuees
YpasHEHHE, IOCKONLKY BCErJa CYILECTBYEST €Ile OauO ypabHenwue (8,52):

Cr4Fe4 Ni++Mo=1, (8,61)

OrGpocumM BpeMeHHo ypaBHeHue (8,57), cogepwalnee %pa (LA KOMNIOHEHTa
¢ Hauboabuieit koHuemtpanuedi). CcraapHbie ypasrenus (8,56), (8,58) u (8,59)
TepenuileM, PasiedHE HX HAa KOHUEHTDALHK elesa M MOoJCTABHE YHCIEHHBLIE
3HauYeHHA eBcex % no (38,60):

Cr Ni . Mo ’
— 4,04 2+ 0,813 5+ 2,660 = = — 0,721, i
Cr Ni Mo o Ao
1,863 = — 5,640 & 41,108 = = — g,440, i (8,62)
Cr NI Mo
0877 - + 1,260 & — 14,34 2 = — 0,9435.
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Cucrema ypabHenufi (8,62) nospoiser BHIYHCIHTE TPH OTHOIUEHHSA KOHLEHT-
pauuil Cr, Ni u Mo k xowueHtpanuu Fe, nocae uero, HCHONbL3YA YpaBHEHHe
(8,61), MOWHO ONpemelHThr M CaMH KOHIEHTPALMH STHX 3AeMenTos. (603HauHM
uepes «’ onpenennteds cuctemsl (8,62). IlpusneueHue OnyUEeHHOr0 paHee ypas-
Henust (8,57) mozponder HaliTH GoXee TOUHOE 3HAYEHHE & 3TOFO OnpenenHTe A,
C 9sroll uemso ymHOwHM (8,57) Ha oTHOoweHwe :/Fe u NOMCTARMM UHCISHHOS
3HaueHue =g, H3 (8,60):

2,482 % 4 0,676¢ % 41,582 %‘; — 1,346 (863)
Pewas cucremy (8,562), nonyuuw:
c L |—om 0,813 2,660 osel |
F_“’S == |—2420 — 5640 L108| = — —— |
—0,9435 1,260 — 14,34

N R 2,660 L6549
F=7| 1863 —242 L108[ = — 2222 (8,64)

0,877 - —0,9435 — 14,34
_ — 4,04 0,813 — 0,721 ,
_“;_2 — % 1,863 — 5,640 — 2420| = ig’g‘j.

0,877 1,260 — 0,9435

IloxcTaBuM HaiineHHble 3HAVEHUS OTHOUIEHHH KOHUEHTPAUWA B ¢IHmHees
ypasuenve (8,63):

— 2,482. 108,61 — 0,676 - 163,42 — 1,582 - 39,37 = 1,346¢,
OTKya HAXONMM YTOUHEHHOE 3HAueHUe = onpenerntenn cucremil (8,62):
g = — 328,62.
Cromum BCe TP OTHOUIEHHA KOHUenTpauuit (8,64):
' Cr _ 311,40
Fe
IlpubasuyM X Aesoil wactu (8,65) oTtHomenue Fe/Fe, a k NpaBOH ~— e THHHMLLY:

-
Fe |+ Cr 4 Ni 4 Mo _ 1 — 1,94760,
Fe Fe :
rge dcnoabzosalno (8,61). OTciona Haxonwn:
Fe = 0,5135 = 51,35%,.
3uasa = ¥ KoHUeHrpaymio Fe, nerxo Hafinem no (8,64) KOHLEHTPAUHH OCTAALHBIX
3NEeMEHTOB:

Ni , Mo
I —_— = = ;
; Fe+ Feo 0,94760. (8,65

Cr = 16,97%; Ni=2533%; Mo = 6,159/,..

Ilpn cpaBnenuu ¢ AaHHBEIMHM XHMHUCCKOTO AHANHM3A TOFO e CHIAEA obuapy -
MEHbl CAELYIOLHEe OTHOCUTRAbHbE OWKOKH HalinenHbIX 3Hauenmil: wis Cr - 3,109/,
aan Fe -+ 2,299, nns Ni— 4,70%, u nax Mo — 6,10%, Srtor PESYALTAT CcASAyeT
CYHTaTL XOPOINMM, OCOSEHHO €CIH NIDHHATh BO BHMMAHHE OOJbIIHe B3aHMHBIC
MellalolUlHe BJAHAHHA KOMOOHEHTOR NTAHHOTQ CIJaBAa.

Ananus PYL BO3MOMEH TEM M€ MeTOAOM, eCJAHU % HAXQIHTH KaK OT-
HOLUEHHEe WHTEHCHBHOCTEH aHAMUTHYCCKMX IHHul B KaKOM-JHOO noaxons-
ueM XHMHYeCKOM COCIUWHEHHH (E'IlelHTOM B K4a4YeCTBE CT&H,E[&[)TE) H B pyoe.
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Fcau, wanpuMep, pyNa — OKHCJEHHAd, TO CTAHAAPTAMH MOTYT CAYMHTDH
YHCTHIE OKHCIL ONpeie’seMblX DJIEMEHTOB] €CJIH pyaa CyabohHIHad,
B KauyecTBe CTAHLAPTOB MOTYT OHThb B3ATE YHCTHIE CY/Ab(UAH 3IEMEHTOB,
BXOISLWHX B COCTaB pYAR. B IeppoM W3 3TUX CJyvyaeB pe3ybTaThl

dHaJJau3a 6y,H.YT npelcTaBAlATE coboft KOQHUEHTPAaUHH OKHCJIOB ONpenefdc-.

MEIX SJEMEHTOB, BO BTOPOM CJAyYde — KOHIEHTPAUHK CYJIbQHOOB.

B saxgroueHde OTMeTHM CYHIECTBeHHBlE MpeMMyIlecTsa A1 leneH
aHaMu3a ABYXKAHAABHBIX CNEKTPOMETPOR [16,19], o6ecneunpanimux 00Ib-
Myl GeICTPOTY aHdNW3d, HE3ABHCHMOCTb OT KoJeSaHHA pexuma paboThH
PEHTIeHOBCKOH TPYOKH K BBEICOKYW) TOYHOCTh W3MEPEHMS OTHOLICHHA WH-
TencHBHOCTeH#l CpABHHBAEMHIX NHHHHE Kak B MeTOHne BHEIIHero CTaHiapTa,
TaK M B MeToje BHyTpenuero craHzapra. Euwe GOAbliKe TpeHMylUecTBa
WMCIOT MHOTOKauaibHHe KBanToMmeTpwl [41] (cM. ra. IV, pasmen 2, 2).

5. OnpeneJjeHne TONIUH MOKPBITHH

3a HeCKOJBKO TOCHSAHNHX JeT DPEHTTCHOBCKOE (IYOPECUEHTHOE W3-
JVYeHHE HAWIO elle OLHO BaXKHOe NPOMEILIEHHOe TpHMeHeHHe [62—66]
K OTperefeHyio TOMUIHH MOKPHITHH — TOHKHX CJOGE PASJAMYHEIX BELIECTB,
HaHeCeHHBIX H4 OCHOBHOH MaTepman — mopkiaaxy. Ilpa 9TOM HCHONB-
syorTcs nBa crnocofa onpeleleHud TOJAWMHB CAOA: OLWH H3 HHUX OCHOBAH
HAa yOBIBAHHM MHTEHCHBHOCTH (JIYOPECLEHTHOrO W3JYHeHUS TNOAKIADKH
€ PpOCTOM TOMUWHH TOKPBEITHA, APYTO# —Ha BO3PACTAHHM HHTEHCHB-
HOCTH (DAYOPECIIEHTHOTO H3AYYeHWd TNOKPBITHSI € POCTOM ero ToJ-
1L AHEL. o
DrUMH  cIOCcO0aMH  MOMKHO® ONPEeNe/HTh: NOBEPXHOCTHY IAOTHOCTh
ciosi Zn Ha owMuKOBaHHOH cTaau [62] B upemenax 10,6—43.,5 mezfcu®
< tounocteio 0,3—1,99; Tommuuy caos Sn ryikeHoft CTann [63]
& mpemenax 1—4,5 mx ¢ rtounoctsw 3 — 4%, Toammny caos peppo-
MOpOmKa Ha OPraHuyYecKofl NoAKAaAKe MArHUTO(OHHOH JIEHTH [63, 64]
B npemenax 15—25 mx, koauuecTEo Ag B caoe oTosMyabcun [64]
W T. 0. MuHHMadbHA® TOJILMHEA TOKPHTHE, KOTOpas emie MOweT ObiTh
uamepena, —nopanxka 0,025 mx [65]. BosMOmHO TaKkme OCYIECTBUTH
HeNpepHBHYI 34MUCh H3MEPHEMOH HHTEHCHBHOCTH IIDH PABHOMEDHOM OBY;
JKEeHHW HCCIelyeMoro Ofpasna B cpoeft mmockocTu. Tawum myTeM MOXHO
TOAYUUTh CBEdeidd O pAacOpelefelHd TOMUUHE MOKPHITHA N0 NOBEPX-
HocTH moaxkiamkd [63]. ¢ F.=

B psme cayuaes, paccMOTpeHHHX B pabote 1631 pasaomenue nyueft
B CNEKTp SBJAETCA HM3IMIUHHM; HENOCPEACTBEHHOS HCIOIb30BaHHE (AyO-
PECIEHTHOTO H3AYUSHUS BO3MOXHO, B YAaCTHOCTH, €C/H aTOMHLIE HOMEPA

9AEMeHTOR, M3 KOTOPHIX B OCHOBHOM COCTOHAT ClIOH ¥ momkmagka, Cy--

1eCTBeHHO OTAMYaOTCd ApYyr ©OT ApYyTa, ¥ PayopecHenTHOe H3Nyuenue
Gomee JETKOTO M3 HHX NOJHOCTBIO [OFAOWASTCA B CI0e BO3LYXa IO
NnonanaHus B CueTuuk; aubo, ecdu HPH COOTBETCTBEHHO TMOAOGPaHHOM
HANPMKEHUH HA PeHTIeHOBCKOMW TPyOKe ¢ayopecueHTHOE Hamyuenue Sonee
TAMEJIOTO BJEMeHTA He BO3OYMKIaeTCH.
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- VlsMepenue TOJUHHBI €O OCHOBAaHO HA MOCTPOEHHH KAIMGPOEOUHOTO
rpaduKa no cTaHZAPTAM C H3BECTHOH TOAWHHOR cnos. [locas Toro Kak
Tako# Trpauk NOCTPOEH, ONPEAENEHHE TONIMMHE C/08 MOXeT OBITh NPO-
M3BeleHO Ge3 Karkoli-aufo nrop4u u3deauf, YTO 4YACTO MMEET peuraloinee
a3HadyeHHe. }IMeHHO 3Ta OCOGEHHOCTh PEHTIEHOBCKOTNO METOAA M3MEDEHHS
TOMIIHHE H OOeclneyuja MNPOMHILJIEHHOS €r'0 TPHMeHEHHe.

Ocobuil u Gosee TpyaHeH cAydall TPeNCTABATIOT ONPENENeHUA TOM-
[MH [IBYCAOHHEIX MNOKPHITHH, HalpHMED IPH HUKEJIHPOBKE CTAMM MOCJIE
FAPENBAPUTEIBHOTO MENHEHHs ee MoBepxnocTH- B pabore [64] npumenes
CAeLYIOWHUR MeTOMA: H3MepATCA H CPaBHUBAWTCH HHTEUCHBHOCTH IHp-
¢pakuuonneix aunui (111) n (200) Menu, moayueHHHIX [Opu AeHcTEMn

/
s
A %wﬂewpy @
. S
A A)
7y (5

Puc. 159, ¥cranoBra Fecca Ana usMepedds TONUME NOKPHTHH,

() — WOIHAI UHOHHA KaMepa o OfHHM padounM ofBeMoM B 6] — HOHNS3LHONHAY
KaMepa © ABYMA pabOuUMMM OGTLeMaMH: HHMKHHM & H. BEDXHHM b, [ — HCcAcLyeMulit
ofipaseny 2 —TpoanTyaose il Kopoye, §— CEMHIOBLA SKPAH, 4 — KOHTAKTHAH AM0MH-
HHERRA MAACTHHEE, J — M30JHDOBAHHAA OCepHAMHERAH [JAACTHHKA, § — 3ACKTPOMETD.

g3 MCCJAELYEMYIO MOBEPXHOCTb H3MV4YeHHWS DPEHTIeHOBCKOH TPYOKM C© Men-
#pIM  aHogoM. Tak Kak CpABHHMBAEMEHE JAYYH NOPOXOAAT uYEpe’ BEDXHHEA
Ao Hukead nNOL PASHBIMH YrAdMH, TO OTHOIIGHHE WX HHTEHCHBHOCTEH
MpefcTaBIgeT OAHO3HAUHYW QYHKIHIO TOMUMHLL ciaod Ni; 3Ta QyHKImHA
onpeneasercs 3KCNEPUMeHTaNbHO IO CTAaHAApPTaM H Hsoﬁpamae’rm B Bille
rpadura.

OnHoBpeMeHO YEPBUYHOE H3JAy4YeHHe TPYOKH € MeIHBIM aHOILOM
nabupaTedbHo Boa3Oyxaaer K-cepHIO (JyOpPeCLeHTHOrO M3JAyuyeHud xkejesa
NOAKAAAKH. DTO H3AVYEHME TPOXOIUT B CYETUHK uYepe3d ABYCJIOHHOE MHO-
KpBITHE; HHTEHCHBHOCTb €r0 3aBHCHT TOJBKO OT CyMMapHo# TOMIUuUHEL
obfoux caoer (Cu u Ni), Tak Kax KoaddulluenTr noradfienns Menu
W HuKeNd aaa uadyueHua FeKa &muakn npyr k apyry. Taxum oBpasom,
TIO CTAHAAPTIEM 00pa3laM MOMHO IOCTPOMTH TpaduK 3ABUCHMOCTH HH-
TeHCHBHOCTU (uayopeclieHTHOro uanyuenus Fe OT CyMMB ToJuui clIoes
Cu wu Ni. [Mockodeky TomuuHA caos Ni onpedeasercs Henocpeﬂcreeﬁﬁo
3TQ TIO3BOJAgeT nalitH Tomumuy ciaos Cu.

HMsnoxeHuelit MeTOA JAaeT BO3IMOWHOCTE ONPEAESATh TOJUIHHBL ABY-
cnofinux Cu-Ni-nokpoituit ot 0,01 aMx IO HECKOJIbKUX MK. :

OpUTrHHATLHBIH MeTOJ H3MEePeHHsd TOJHH TOKPHTHH TPEANOKEH
Teccom [67]. Meroa ocuHOBAH HA -33aBHCHMOCTH KOMMYECTBA BTOPHYHBIX
BJCKTPOUOB, BHDBAHHBIX H3 BellleCTEA NOL NeACTBHEM MEPBHYHBIX DPEHT-
TeHOBCKHX Jyvel, OT aTOMHOrQ HoMepa BelilecTBa. EcCiu Ha NMOBepXHOCTH
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MeTaflga MM CTeK/JIa HAHeCeH CJOH JaKa HJH IPYroro Meranna,.To Ko-
JMYECTBO BHIPBAHHEIX Jy4YaMH 3JeKTPOHOB OyieT 3dBuCerb OT TOMUHHH
cnoq  MOKPHTHA. OTHOCHTENbHOE MAMEHEHHWE KOJIHYCCTBA BBIPBAHHBIX
BJAEKTPOHOB MOXeT OHTb HaflIeHO MO HM3MEHEHHIO HOHM3ALHUH BO3LYXA
B ofbeMe crneuHajpHO# HeBOaAbIION HOHH3AUHOHHOH KaMmepsl, MOKa3aHHOR
Ha puc. 1569, a. Kamepa orkprTa cepxy. Ha nee ywiraiwipaercs HCcne-
Ayemblit ofipasen noxpsitueM BHu3. Yepes xamepy Ha ofpasen nomanaet
NyY90K PEHTTeHOBCKHX ydel, Bo30yaaaeMbl X npy HanpsykeHHax 40—190 ka.

B paGore [67] nokasavo, uto B CGOJBIINHCTBE CUy4deB CIpaBejuBa .

caeldyiouLast gopMyia:

4

“— = (m)e d, (8,66)
.

rie [p— WOHH3aUHMOHHEIH TOK, H3Mepeuusld [Js BelecTBa NOLKTALKY,
ig— TO 3Ke JAA Beumecrsda caod (AOCTATOUHO TOJACTOTO)., {—TO e I
CAQH TOJMMHOK ., HaHeCEHHOIO Ha NOLKJIAIKY, (Tu)e — MACCOBEH KO3d-
(uuHeHT ocnaBaenns caod. ['paduk STOH 3aBMCHMOCTH., NOCTPOCHHBIR
IO CTapmapTHHEM o6pasnaM C M3BeCTHOH TOMUMHOH d NOKPEITHA, NO-
3BOJAET ONpeAedaTb TONUIMHEL Cloes MeTaldaa mo 2—O6 .wux, aubo chnoes
naka 1o 80 k. TouHOCTb MaMepeHus TOMIMHLL cocTapaser oT 2 no 69/,
OxBaTnBaeMufl PEHTTEHOBCKHMH JIYYaMH VYacTOK TOBEPXHOCTH HMEeT
auamerp 6-—8 mau. MamepseMele HOHH3AUHOHHEIE TOKH MO TOPAINKY Be-
nuudnsl pasHel 1077—107" g

B To#i xe paBote [ecca onmcana Gosee coBepllleHHasd HOHH3ANHOHHAS:
Kamepa ¢ aByma pabGouumu obwveMaMH a u & {puc. 159, 6), pasnenen-
HEIMH HM30JHpOBaHHOH OepHiuvepolt mmacTHeKOH. Kamepa cayxur anx
fo/fee TOYHLIX H3MeDeHHH TOJUWHHB MNOoKpeTHH. VloHusauus posayxa
B pepxHeM oObeme b onpelensercd B OCHOBHOM BTOPHUHBIMU 3JEKTPO-:
HaMM, HCOYCKAEMHIMH HCCHICLYeMBIM 06paslioM, M CIeL0BATe]bHO, CONPO-
THBJeHHe R, 3Toro 06beMa 3aBHCHT OT TOAUIMHEL ¢ €108 [OKPLITHS.
HMonusanua Bo3dyXa B HIHeM OO0beMe 4 3aBHCHT TOJBKO OT HHTEHCUB-
HOCTH peHTreHoecknx Jyuedl. Conportusienue R, 3TOro ofbeMa ABALETCH:-
CBOEro poda Mepo#t 3To# wuHTeHcupHocTd. Hanpsoxenne 300 s Garaped,
miraoed Kamepy, pacapefensercs Meway o6beMaMM & U b TIpoNop- .
LHOHAIBHO HMX conporusieHusaM, OTciona caenyeT, uTo noreHunan V'
GepunaneBofl MiacTHHKH OyleT pase

V=300 —*— 8,67

Ra."f—Rb ( ’ )
STOT NOTEHUHAT H3MEPRHSTCHd DAEKTPOMETPOM H MOMET OHITh nporpanys-
poBaH 1O TOJAWHHE d caog mag HaHHOH Naprl CHIOH — MOIKAaIKa. IMoTen~
nyan v NpaKTHYIECKY HE 34ABHCHT OT BO3SMOXHBIX KOJeHaHHH MHTEHCHB-
HOCTH PEHTIe2HQBCKHX nyqeﬁ.

Fr1ABA IX
ABCOPBUHMOHHBIA AHAJIH3

MeTon SaeMEHTAPHOIO aHa/Au332, OCHOBAHHHIE HA NOTJAOLIEHUM DEHT-
CHOBCKHX Jy4Ye#l wuccienyemulM o6pasmoM, Obln mpeatowed [aokepowm
1 ®ponvakiepom [1] eme B 1925 roay. Ounnako aumb B nocaeanxe 5—10
[eT JganbHefimiee pPA3BHTHE S3TOTO MeTOJAa, 4 TAKKE TEXHUKH NOAyYEHHH
1 M3MEpeHNs PEHTIeHOBCKHX JydYell NPHBENH K WHPOKOMY NPHMEHEHHIO
16COPONHOHHOrO- aHAMK3a B HEKOTODBIX OTPACiax l’IpO\{blLLl.I'IEHHOCTH
3 YAaCTHOCTH — HEPTAHOR (cM. oO3opel [2,3]).

I Ol'lpe,le.JIEHHe COmepAHHA 3JeMeHTa N0 CKauKy HHTEHCHBHOCTH
B0JIH3H Kpada MOTNOMEHHA

a) Adarn3 10 NOZAOULLHIIO HERPEephERO20 CHEKMPA

Ecau mpomycTHTb PEHTTeHOBCKME JYYH 4Yepe3 TOHKHH CIOR HCCenye-
108 npolbl, a 3aTeM p43JOKMTE HX B COEKTpP, TO BOJH3H Kpas NOTAO-
OeHHA ONpEleNAeMOT0 3JEMEHTA HENPEepPBIBHBIR ChneKTp OOHAPYEKUT pes-
(M CKAYOK MHTeHCMBHOCTH. OTHOLIEHHE HHTEHCHBHOCTEH, H3MEpPEeHHBIX
10 00e CTOPOHH OT Kpas MOTAOLIEHHR, 3aBHCHT OT KOHLEHTPAUUH ONpe-
[EAEMOTQ 2JAEMEHTA; HA 3TOM W OCHOBAH MeTOL aHafiu3a, NpelfomedHblil
"nokepoM M Ppoumadiepom [1].

. MecnenyeMyo npofy npelcrasiMd B Buie OHHapHOW CMecH, cocTos-
el W3 onpexeasemoro sdemeHta A W Hanoxnuteas H. Pa¥cesnunewm
JENTTEHOBCKHX ayde#t Mul OyieM B fajbHefineM TipeHeOperats. Msmepum
IHTEHCHBHOCTE f; JIyuell, NMpoIesuX 4Yeped ONHODOLHHY MIocku# obpa-
i€l ¢ M3BECTHOH NOBEPXHOCTHOH TJIOTHOCTHX m. [lycre {; oTHOocuTCH
{ Y3KOMY YYACTKY CHEKTpa, PacnodoXeHHOMY ¢ KOPOTKOBOAHOBOR CTO-
JOHB OT g-Kpas TOTJOIWICHHS ONPElETIeMOrO  SJeMEHTa, B HENOCpel-
:TBeHiIOH GJHSOCTH 0T 3TOro  Kpasd (}\1{,«‘2, 3y =2 hy). AHanoruuHo
13MepHM [, — MHTEHCMBHOCTBE YU4CTKA CTUEKTPa (TOM e wWHpUHL), pac-
IO0JMOKEHHOIO € AJHHHOBOJHOBOH CTOPOHHE OT ¢-Kpad DOTJOLIEHHS 27e-
1eHTa A, B HENOCPeNCTBeHHO# O.IHIOCTH OT 9TOTO Kpad (hy > kg by =2 Ay).

CuuTtas, UYTO WHTEHCHBHOCTH [, yuYacTKa HenpepHBHOTO CHEKTPA
off e WHPHHBL A0 RoTAomenud o 00pasie NpH GAU3KHX NJIHHAX BOIH Ay
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M ), OAHHAKOBA, TOJAYUHMM!:

I, = fyexp [— (zp), ml. (9, 1)

I = Iy exp [— (3); M1 (9.2)

Mo npaBHay aiZMTHBHOCTER MAaCCOBHIX KO3(ppULHEHTOB  [IOTJOUIEHHA
HafineM: )

(tm), = Gm)} Ca—+ (w)f (1 —Ca), (2.3}

roe C4— KOHUEHTPAlud OINpENeIseMOTO SIeMeHTa; BEpPXHHE HHASKCH
npu  KO3GQQUIMEHTAX O3HA4YanT MOTAOIAWLIEE BEIECTEO. IMpumewm, uro
A0 GUHSKHX LIWH BOTH Ay U Ay KO3PDHHUHEHTH NOTHOWEHH 119 HATOIHH-
Tend 0auHAKOBH! ()i =(7,)}. Toria moayuum:

(tm)y = ()i Ca+ (t) ¥ (1 — C). (9 4}

IMoxncrapum (9.3) u (9,4j B (9,1} u (9,2} :
I, =Iyexp [— (tw) mC4] - exp|[— () m (1 — C'A}], (9.5)
Iy = Iy exp [— (s mC 4] - exp [— ) m (1 —CW].  (9:6)

Pazzenum (9.5) Ha (9,6): _

B — exp |—[Gmf

Ig

Oraowende KO3DPHUHEHTOB NOTJAQUIEHHA ('cm)f u ('cm}gl IpelcTassaeT
cobofi ckawok moraowenns St -

sa_ Cml (9.8)
T G |
OTKyAa CJaelyerT: _
1 e
‘;_lzexp [——(‘cm}f‘ (1 —~§4) mCA] 5 (9,9)
e q
MoayuenHOE RBIpaXKEHHE NO3BOMAET OUPELeAUTH Ca: -
o g lhfh)
Cu= — (9. IO?
ruge : 1 )
wyg == 0,434 ()] ( 1 — S_A) = 0,434 [(){ — ()] (9,11)
q

IMpopenenye ananusa H3JI0NKEHHBIM METOLOM TpedyeT T ATeALHOTO
SKpaHHpPOBAaHUs MNpuGOpa, WM3MEPHIONIETO WHTEHCHBHOCTD, OT TPOHMKHO-
BeHHA [OCTOPOHHUX Jiyue# (IPAMOro mnyuykd, PacCcesHHOTO H3IydeHHA
u T. 1.). KpoMe Toro, HampsieHHe HA PEHTTeHOBCKOR TPYOKe He 10/LKHO
IpeRHIIATL YABOSHHOTO IOTEHUMANA BO3OYMINCHHA ¢-ypPOBHA ONPEACsie-
MOFO 9SneMenTa, TaK Kak B NPOTHBHOM Ciydae Oyaer HMerTh MeCTO Ha-

(e ] MCat}. ©.7)
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JOMCEHHE CHEKTPOB, OTPAXMEHHBIX B BBICIIHX NIODAIKEX. OJJ,HH.KO Jaxe
npH coOAICHHH BCEX VHA3dHHEX MeD NpelOoCTOPOXHOCTH HeH30eHHD
MPOHHKHOBEHHE B HSMCPHT&."[thIﬁ. HpHﬁOp I-IEKOTOpOﬁ HaCTH NOCTOROH-
Hero Haayudenus, poaelcrsHe 3TOMO BeaHYHMHA HSMEepACMOTC CKayka HH-
TEHCHBHOCTH nauaer, KOS(I)LPHLLHEHT ¥4 OKasnpaercs MEHBIIE CBOErO TEO-

'peTHYeckoro 3uadvendsa (9,11) ¥ UyBCTBHTEJBHOCTH METOAZ CHMMKAETCA.

Ortciona, Bo BCAKOM chyvae, clelyeT, UTO KOMPpPHUMEHT x4 AOMMEH
OpiTe OIOpele]cH SKCIepHMEeHTaNbHO [0 HECKOMLKUM CTaHAdpTaM C pas-
AUUYHLIME COOEPKAHUAMM IMeMeHTa A NpPH OIHHAKOBOM HAuOMHUTexe Fi.
Ecau npu sTom oxamercs, 4TO %4 3aBHCHT 01 C4, TO BMECTO (GOpPMY.H
(9,10) MoXHO peKOMEHAOBATb NOCTPOUTE MO [AHHEM A  CTANAAPTOR
rpadux 3aBucHMOCTH C4 or 1g (/,/f;) H NONL30BATLCS UM B NAJbHeHIIeM
npu anaanae. :

Crnoco6bl pacuera ONTUMAALHOR TOAMIKHEE ofpasua, HeoOXOLuMol
NG HOJYVYCHAS MAKCHUMAajabHOM KOHTPACTHOCTH CKAYKA HHTEHCHBHOCTH,
uanoxenw B [4] (ra. 9, pasamen 1). Tam e onucaHel W MeTOAH OpPH-
TOTOBJCHHA NOTJAOTHTENeH W3 TepinX BelecTB, [lpaxTHyeckn abcopbH-
LHOHHEIH AHAAM3 Yalle BCero MPHMEHRAIOT IIPH ONpelefeHUH CPARHUTEABHO
TSKeBlX IpuMecel K wmumaxocraM, [locjelHHe NOMEWIanT B CRelHadb-
HIBIE [LIOCKHE KIOBETH C MPOSPAUHBLIMH LIS PEHTIEHOBCKHX JY4Yed BXOMd-
HEIM ¥ BHXOMHBIM OKOIIKAMM. Haro/HeHHE KIOBET IPOHIBOLAT NUMETKOMR
yepes ONHO M3 JOBYX MMEIOMMXCA B KHOBeTe OTBepcTHH. Bropoe orBep-
CTHE CJAYXKMUT s BHXOAA BO3nyxa. [locie nanonnenus oba OTBEpCTHS
3aKPHIBAIOT. ' .

OnTuMajJpHas TONMHA KIOBET C YMeHbIleHHeM KouleuTpauuu €4
racrer. Tak KaK MaKCUMAABHYIO KOHTPACTHOCTE BAXMHO OOECHeuHTh NpPH
MaJEX KOHIEHTPAUHAX, TO MOMHO BCErIa NPHMEHATh KIOBETLI CTAHLAPT-
HOM ToaMmHHL, PAacCUYATAUHLIE O MaabX C4. YyBCTRWTEABHOCTE TaKoOIo:
MeToza aHannsa — nmopsaka 0,15—0,5%, nna saemenrop, K-cnektpwl
KOTOPH X BHIXQMAAT Ha KODOTKOBOJHOBBIX ChHekTpoMerpax (28Ni— 42Mo).
OTnocHrenbsad TOYHOCTb axanusa —rmopanka 10%, npu copepskazuax,
OPEBHINAKILNX 4yBCTBUTeAbHOCTe B 10 pas. C yMmewbiieHueM cofepika-
vl ONpeefeMoOro SAeMEeHTa TOUYHOCTh aHaauza OBCTPO najger.

6) AHGAUS MO NOZAOWEHUI XAPOKMEPUCMULECK020 CReKmps’

A6copbunonnufl aHaau3 MoXeT OHTB NpoBeneH Mo Hanboaee APKHM
AHAMAM XApAKTepDHCTUUYECKOro CHEKTPAa, pACHOMOMEHHLIM [0 pasHbne
CTOpPOHBEL OT Kpasd MOTACUIEHHSl ONPEIeIAeMOro JeMeHTa. ITO HNO3BOJSET
3HAUMTEAbHO MNOBLICHTE YYBCTRUTEALHOCTD W TOYHOCTD anaNH33 TIO CpaBHe-
HMIO C AHAJH3OM 110 HeNnpepbLiBHOMY  CHeKTpy. OIHAKO0 HAYaAAbHLIE
MHTEHCHBHOCTH JUHHR (70 TOTJAOIIEeHHA) Heab3d CUMTATh OAMHAKOBLIMU.
Kpowme TOTO, M3MEpeHHe HHTEHCUBHOCTeH JAMHWE TIDUXOANTCA MpPOBOAWTDL
B TOUKAX CHEKTpa, PACIOJOMEHHBX HE HACTOMIbKO OGAH3KO IDPYT K ADYIY,
yTobB MOXKHO 08110 mnpelefpeyb HEMEHEHHEM MACCOBOTO KO3thdulvenra
NOrjQuUIeHHA HATIOMHHUTEIA. '
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BrifepeM nRe SpKHE JHHHH CHIEKTPA MO BO3MOKHOCTH OAMMEE K §-Kpaw
MOTAOUIEHUST ONPEJLIAEMOTrO IAEMEHTA A AJHHBI BOTH HX Ay H 1y JOMKHE
OLTL CBA3AHD . Y¥C.IOBHEM:

My < hy < Ry (9,12)

HayangkHble WHTEHCHBHOCTH STHX JHHHE 0803HAYWM COOTBeTCTBEHHO IG,J.-

u fy o. Tlocre mpoxodcaenns duepes ILockull obpasel, H3rOTOBIEHNBIA
LS : P . n

u3 uccaeIyeMoR OuHapHOH ApPOGH, HHTCHCHEHOCTH TeX e a1uuu# Oynyt

PABHEI

Iy=1I; 1exp [— (tuh!tmCa — (zp)m (1 — C4}], (9.13)
p==1Iy, 2€Xp [~ (zr)imC4 (T Em (1 — Ca}l. (9,14)
Domycrusm, uro Cq <€ 1, a ('tm)f CBfA3aHO C ('cm}IH dopuyioi
H ?\2 3 - H
) = ( }\l_} (e, (9,15)

OCHOBaHHOH Ha H3BESCTHOH HPONOPUHOHANBHOCTH (%) cs i3, Torna (9.13)
g (9,14) opuMyT BMR

Iy =Ty, exp [— (=) mCa— () m], (9.16)
=1y, 3 exXp [— (v)¢mCa— () m(ia/h)?], (9,17)
M3 aTuxX ypaBHeHHH cClelyer:
In(ly, /1) = (’:m)f‘mCA -+ (Tm)ffm’ (9.18)
In (Ig, 2/fy) = (zm)imCa () m (afh)?. (9,19)

¥mnoxns ypasnenue (9,19) na (3;/h)%, Buiurem ero us ypasuenus (9,18):
In(lo, J7D)— (afha) In(fy o/ ) = [(:m)ii — (AyfRo)? (Tm)éi] mC 4. _(9,20}_
OTKYAA NOJAy4YdeM HCKOMYH) KOHIEHTDEUKK OIPeledseMOro SIeMeHTa:
2,30 {Ig (Zo,+/11) — (M1/h0)® 1g (Zo, o/12)]
A= = :
m [(—“m)fl — (dyfRo)® ('Em)‘g{J

Ecau  ueofxoanmo onpeneadTh Bec P4 snementa A B 1 cm?® pacrpopa,
TO TNPH HSBeCTHOH ToJAmMHE ¢ KIOBETH HANIeM:

mC 4 230(1g (g, 1/1) — Oufhp)31g (o5 13))

) 3.21)

Pym= gt == - (9.22)

d [(T-m)'ii - (}‘1#!}“2.)3 (Tm)f] ’

3aeCh  ROAWHO OBTL DBLIPAKEHO B ¢4, TOTAa P4 moayuutcda B 2/ci’.

na naxoxaenus Cyq nan Py no dopmvaam (9,21) n (9,22) neobxo-
AHMO TIPOBECTH UYETHIpE M3MepeHHs JMHHE ¢ JIHHAMH BOJSH Ay H Agl
HHTEHCHBHOCTE KaXKIo# W3 HUX [OA#HA OblTh H3MepeHa OPH OpoXoiKie-
HAW JyueH uepes WYCTYIO KioBeTy (fp , M Jy ) W uepes KioBery ¢ HC-
cleayeMelM pacTBopoM (f; u f). MaccoBrle xoadipuuueHTH NOrIOUIeHHS
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(¥t u (T)2 MOTYT GEITH pAacCUMTAHEL 1O OLHOMY M3 METOILOB, H3.JI0-
MEHHBIX B [4] (cm. ra. 4, paspen 1). 31o naer 6osee MaM MeHoe YioO-
BJIETBOPHTC/ALHEIE Pesy/ibTaThi, TaK KAK [J9 aHAJAH33 ncnonbsyfoTCﬂ
APKIE JIMHHHwH BANSHHE [OCTODOHHHX M3IYYeHMH HeSHAUMUTCABHO, MpH
STOM, KOHCYHO, NPEANOJaracTcs, MTO TMPHHATH BCC HEOGXOAMMLIE MepLI
IO BamUTE CYCTIHKA OT PACCEAHHBIX M TIPAMBIX AyueH, a nuUTawmee
PCHTIGHOBCKYI0 TPYOKY HanmpsykeHHe HC NPEBOCXOAUT YABOEHHOIO NMOTEH-
nuata Boa0ymueHua g-kpas siementa A. Tem ne meHce, Jyumme pe-
3YJIbTATH JACT IMNUPHUSCKHN MEeTOHN, OCHOBAHHHIH Ha aHANOTHYHBIX H3-
MEPEHHAX~HUTEHCHEHOCTeH ayueH ¢ IIHHAMH BOSH Ay W Xy, TPOBEISHHBIX

7

%&

&

Puec. 160. Yceranosxa Durcrpéma [6] mus KoIHUCCTBEH-
HOr0o afcopSUHOHHOTO aHanusa,
I — penTeenosckan  TpyOka, £ —3kpan. §F— woaammatop, 4 — GHCK
€ 16-60 DASCTHHKAMH WS PASAHMIBIX MCTAAMOE, & — CENSKTHWRHEIN
GHILTE, BrRGe0mul Ao — HaIydenie  MeTaiata 32 TPAN OBAIHOH
ONACTHIKH, HAXQIAWEACH © paboueM  WOIQWEHHH  {0CTalpHple
13 pHALTPOR ®A DHCYIIKE HE NOKA3aHbi), & — SKPaH; 7 — KAAKBPOGAH-
Hax Tpy0a (CeueHHC BHYTpeHuers kaHama 0,3 44%), § — KoBeTa ToOA-
uthaod 2 —4 aem, F— HOMM3AUWOHNAR HaMepa,

Ha CTAHNAPTHHIX OOPAsUAX C MBBECTHBIMYU MOBEPXHOCTLLIMHA TIOTHOCTAMHE 71
H KOHUEHTpauwsiMu C4 onpejensemoro sjemenra. B stoM cayuae dop-
myde (9,21) ynoGuo npuiate caenvioud pun:
Ig (Zo, /1) — (A/R9)3 1g (Zg, of o)
A= 7 » . (9’23)

W Am

rae

A

Sg— Y o a3 (oA
w, = 0,434 [(‘-m—)l — (Milhe)® (T3 ] (9,24)
)
Cranpapturle 06pasibl CAYKET IJS HAXOMAEHHS TAPAMETPA %.
ManoseHupll Met1on Oma npumenen Hemosxonesm [B] K aHaluzy NMOPOUIKOBEIX
1po6 Ha CHSKTPOMETPE ¢ H3OrHYTHIM KpucTaanosm., OOpasuel s aHaluia roro-
BHIMCb N¢ creiyloweMy penenty. Mecienyemas npoGa cMmeumBanach ¢ 200/,
NOPOLIKOOGPASHOTO  METHA-aKPHIATd, [IQAHMEDHIHNPOBAHHOTO IIPERBADHTEIbHBIM

29 Zawx. 3621, M. A, Broxun
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ofnyuenueM, H CIeKalach mom naraenues npu 170° C B rewenwe 10 muH, Ipu-
rOTOBASHHL TAKHM CcrocofoM Opuxket fHaMeTpoM 20 4ra Oulll NOCTATOUHO NPOYEH.
OIHaKO HEKOTOpas HeOMHOPONHOCTs 06pa3los HE MO3BOJHIA NOAYYHTL BLICOKYI
YYBCTBHTRIBHOCTD ¥ TOMHOCTE, [IpH ONDEIENCHHH IMHKE B HANOAHHTEAE, COCTOAB-
mweM B OCHOBHOM H3 Kalbll#sd HAYM KPEMHHS, KONHUESCTREHHHH aHAIN3 OKA3aNnCs
BO3MOMHBLIM INpH COJePMaunsX UHHKA He HHke 20, AfcomoTHas owHéka ama-
Jusa Oplna okono 0,5%; OporoMmHTEdb-

2 7 HOCTh aHanusa — oxono 30 MuH. .
' 3 AHAAOTHUHBIR METOx IIpHMeHEeH
o — #“’7@ Zurcrpémom [6] K oupene’eHHI) KOHIEH-
L TPABHH Keleia B pone, Y CTaHOBKA
\\\\ Y JurcTpéma nokazaHa Ha puc. 160, HywHaa
. s 4 THHHA CHEKTpa — ny6aeT Ko  TOFo Mawm
& HHOTO MeTanjla — NOJyvaeTcs EBo3byxne-
HueM (UIYOPECHEHTHOrO H3AYUYSHHT ORHOrC
~ uz 16 Merannop, H3 KOTODHX ChoedaHLh
N MIACTHHKW, NOMEeNIeHHHEe Ha 00ujeM No-
BOPOTHOM NHCKe. [TpoTRB Kanaoid H3 sTHX
Vs A MAACTHHOK YKPENISHB 0COoOHE CeISKTHB~
\ 7 Nbe QUABTPH, MOBOPAUYHBAINUHECA BMECTE
N, NS ¢ nuckoM. [Tojo6pae HYHHYIO [INACTHHKY,
¢ S NPONYCHAIT €& HINYYCHHUE YePe3 HanQi-
HEeHHYIO PACTEOPOM KKOBETY, KOTODAH Mo-
MeT OETL DPOCTRIM JIBHACHAEM TepHATeNs
~ (me noxasaHmOro ua pPuc.-160) zameHena
\\ / / cocenHeli nyerolt wiosetoll, Msayuenue
nomanaeT B KIOBETY uYepe3 KadnOpopaH-
HYIO TpyOY, BBIISALOMIYI NY4OK Iy4ed
TOYHCO H3BectHoro cedenms (0,0 aea?).
Ipu TomnHHe XwWBeTH 2—4 aam obweMm
noraouianiel yacTH PacTEOpPa COCTaBJATE

& 1—2 s,

Puc. 161, ¥Ycramopka Jparoxoy- Haa Oﬂp?éleﬂelli”ﬂ[(;fegiiiT;?Hf(‘mjéi’;

muaa (7] @A KomMueCTEeHHOTo [IPHMEHAN nyGmern ) J b
afcopBNMOHKEOTO aHaAH3A. BOaHBL Ni K}z = 1,6(? A= A1) 34 KoGannTa
1 — pentrenoseKas Tpyira, 2 HJ — MIACTHEKH {Co Ka = 1,79 x& = }q); K-xpan I'IFOI‘.TIOLLLe-—
Mg PASNH4YHEIY METAAROB, ¢ — HCCHelyeMuiil HHf Kele3d HMeeT NPOMEeXYTRYHYI NIHHY

dpaseu, & -— 9HPAH € YIKHM OEQMIKOM 10d ~ )
gpgxo;g’ Ju,rqeﬁ,p 6 W 7—musornyreie kpu-  BoOIHb Fe K= 1,74 A= )'-q- Anajinz npo-

¥ 1 ks £
‘;{Sﬁ;g;amgzcﬁggﬁ?f:ﬂ Caveara ¢ Gore.  BOIMACA CO SHAYENHEM X, PACCTHTARHBIM
’ N ARREOR. TEOPEeTHIECKH, [IPH COLSPHAHHAX MCAS3H

ot 0,4 no 1,59, Hccneroepanus Ha cTaH-
IapTaXx ¢ HSBECTIiklM CONE@pH{aHMeM 3 Kele3a NOKA3aNH, YTO OTHOCHTENLHAA goq—
HOCTb Merola — nopaika 5—I10%, “yBCTEHTENBHOCTL aHalM3a B pa il
DHrcTpémMa HEe YKasaHa, HO OHA ,;-mnncHaoﬁgll_[TgKTe;;aqﬂreano BLILIE, YeM IpH
aHMM [IJf AHAAHZA NEIPEDLIBHOTO. . . .
HCHOS?J?;‘?—IH&J[LHE}'IO ,JiByXKﬂHaJle)l?lO VCTAHOBKY C {pOTOI‘paqu:ilieCKOM pemgrpau,n?g
H3ayuennst noctpond Hparoxoynun [7]. ¥craHoBKa HII?C)IIIEIJH&:IEIE& a4 | hICTpgaH
aGCOPOIUOHHOTD aHANH3A HA ONDENCHeHHBA 3AeMEHT, XOL AyueH B HeH 110Kamﬂ_
ua puc, 161, XapakTepHcTHYECKHE CHEKTDEHI Hy}HHbIXrﬂ,.'IHH BOJH L?z,qag{m(
ONNOBpeMCHHMM BO3OYMeHHEM (GIYOPECHEHTHOTO H3AYUSHHS )‘IB)'XC!':JIE c:re“{mu{.
M3 PA3NMUHBLIX MeTanros, Ofa myuKa Jyued NPOXOIAT UEpes HCCAeny .
obpasen, pazfaraloTCAd B COEKTP ABYMH WIOTHYTLHMH  KDHCTAMIAMH H OLHO pH
MEHHO CHHMMaIOTCA Ha JBYX COCEAHMX yudcTkaX ONHOH NCPErHyTon tpomgneHgﬁ:
TMepenenHYE NIEHKY B HOBOE IOJOKEHHE, MOBTOPAKT TOT He c,ﬁl-ma;?;ii ??{1—1}{}5'1'
pasna. [lpotoromerphporar ofe Mapsl NOAYYEHHBX TAKUM 0LPA3OM. | a
Momcno HafitH no (9,23) KoHUeHTpallHI} ONpenelAeMOro 3JNSMeHTd.

2] AHAINE MO M3MEHEHHWIO HMHTEHCHBHOCTH TIPH OOCJIOWIEHHR 339

B ycramoeke [paroxoymuia TPHMEeHEH:l KPHCTZMAb KaMenHOoH CONH, MJa-
CTHUCCKH M30THYTEI® R MAcCisiHOA OaHe mpu Temnepatype 335°C. B ofaactd

AJMWH BOJI TIOPALKa 1A aupoun Ko Donyuaiuch 3a 3 MuH. (6e3 noraougamimero
ofGpazna). llpy onpejeneHHH COIENCAHHS TAMKESNOTO 3aEMenTa Pb B zerxux
Hanoaanteasx Si0y B H,O (pacTBopr) uyBCTEHTENBHOCTD 0OKazaaach panuoi
0,2—0,6%,. OTHOCHTENbHAS TOYHOCTL AHEIM3a PacTBOpDOR — HopAuka 7%, npwm
conepmanmu cBuHUa 2073 mrzfuu® W nopanxa 30-—40%, npu coaepmanun
ceuuna 7,5 Mz i,

2. Onpepenenne CONEPIKAHHA DJISMEHTA
N0 M3MEHEHWI0 HHTEHCHBHOCTH OPH NOTJOLIEHHUH

VsMeHeHne conepianus onpefelseMoOro sieMcHra 4 b npobe ¢ Ha-
HoAHHTE1eM H MOCTOAHHOTO COCTABA TNPHBCAMT K H3MEHEHHIO Koshdu-
LHEHTA NOrICWEeHHd Npodul. YKazauHad 3aBHCHMOCTL NO3BOJSET TOCTPOHTE
aHaan3, OCHOBAUHKIE Ha H3MEPEHHH MHTEHCHBHOCTH MyuKa AVu4eH, npo-
IIEANUX Hepes INIOCKONapaiiefpHbl ofpasen. Tako# auaaus obiaagaer
ACBOAEHO BLICOKOH UYBCTBHTEALHOCTBIO TONBKO I[PH ONpelefeHHH cpag-
HHT2ABHO TMHEAOTO 3JAeMeHTd B JelKOM UAMOJHHTeNe. V3 CKABAHHOTD
OYERMIHO. MTO TPOBENSHHE KAYSCTBEHHOTO AaNATH3Z TAKHMM METOLOM He-
BOSMOMHO: OOHAPYMEHHOE M3MEHEHHC IIOT/IOWATETLHOH CHOCOBHOCTH
00pasua MOXeT OLITh BHI3BAHO TPUMECKID JIOGOTO 3JEMEHT2 B COOTBET-
CTBYIOUIEM KOJHYECTBE HAH [I&We COBOKYVMHOCTHH) MHOTHX 3JeMeHTOR.
Taxum 06pa3soM, paccMaTpHBaeMB 37eCh METON aHAIH33 BOSMOMEH TOIbKO
B Cayddsix, HKOTAA [OCTOBEDHO H3BECTHO, 4YTO, KPOME ONAPCIUSIAEMOrO
SMEMEHTZ M HATIONUUTENS NOCTOSHHOTO COCTABRA, B HCCnenyeMEIX npodax
HET HHKAKHX IPYyrUx NpHMecel B CKOJBKO-HHOVIL 3HAUHTEILHLIX KOJIH-
YeCTBaX. JTO, B HACTHOCTH, NO3BOJHIC LOBOJBIC WHPOKO pacrpocTpa-
HUTH AaHHBM MeToR B ue@TaHOR [IPOMBIUASHHOCTH A4 onpeneicHUA
TMDUMCCH CepPbl B Pa3fudUHBIX YIAeBOIOPOLAX.

a) Aficoaronmuoii smemod

ByleM HCX0AuTb M3 OOINETO BEIPAKEHHS A WHTEHGRBHOCTH nyvyKa
ayuel, npowenmux depes obpasel:

I =T Pmrd, (9,25)

rie J;— p4uambHas MHTEHCHBIOCTbL TNYUKd, i, — MACCOBBIK KoahbHUeHT
ochabaeunsi ayyet B nmpofe, p— MAOTHOCTH NpOGH, d — TOMILMHA OF-
pasma (4ada OKUAKOCTe® — TOMUMHA  KIOBeTo). Jlna OunapHof cmecu,

cocrosAuret Mz ameMenTa A M HanonHuTena [, umeewm:

P == (Pm)aCa + (:J'm)H (I—Cy= (1"m)}_'-f -+ [(l-"m)A - (EJ‘m)H] Ca  (8,26)
IMo1crapass (9,26) 8 (9.25), noayumwu:

D) — (pamdgg + [0 4 — (o) ] Ct (9.27)

P
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OTKYyda ClaeilyerT:
[#3
Ca=—2T1g (/) —ban, (9,28)

rae nmapaMerpot a.&ﬂ H b,—iH FABUCHT OT KOHKPpeTHOTO CoCTapa l’lpDﬁBI H
oNnpelendioTcd CAeAVIQIHHEME BBLIDAMEITHAMHA.

2,30 30
—— L — 1] . ,Q
v T e R 1 (9.29)

1
T (E"‘JJ&)A/’{E‘LM)H —1°

ban (9.30)

[Tpn anaiuse pPasTUYILX YTAeBOLODONOB Ha conepanve cepul XblOrc
n Bunpuenckuft [8] M0Ab30BATHCH BLICOKOCTAOMIBLHLIM HCTOUHHKOM pPEHT-
reHOBCKOrO  M3JAyUY2iud — DATHOAKTHEHEIM  H3I0TOTIOM Fe® B KOMHYCECTES
4 wmrsopy, AasaBmiuM  okoaos 14,8 . 107 pacnanos tuna K-3axpara B ce-
kyuay. Tlocre pacnaia o6pasoBLiBasMCE aTOMB Mn* ¢ 0aHOH BakaHCHCH
Ha K-ypoBHe; 3TH aToMbl HadyuawT K-CepHI0 Mapradua, Cpelbds sdpex-

[=]
THRMAA AAHHA BO.AHB KoTOpoR 2,06 A. Pacnam He COnpoROXIaeTcs HC-
NYCKAHWEM KAKMX-AH00 APYTHX usaydeHmnfl, KOTOpble Morau Onl AATh
Hexedare IbHLl doH.

Hecnenyemble ankHe YTIeBOAOPCAEl MOMEILAJIMCE B KIOBRTH TOJILH-
Holt 5 aa ¢ OepuAAMeRBIMH OKOowWxaMmu TonwuHo 0,45 acu. OOnem
KIOBET cocTapaaa okoio 1,5 aa.

Boaemas crabuapHOCTL HCTOUHHKA H3nyvenwd (TIepuod noJypacnana
Fed® —oxoao 2,94 roma) nossoduia MSMepATb WHTEHCHBHOCTL J; mnyuxa
Aydel, mpomeiniero yepesd MYCTYIO KIBETY, JWIHL OIMH D33 B ABE HeJeNH.
Mo mepe mnageHwds AKTMBHOCTH HCTOYHHKA MocAennnit  npulammancs
K CUeTYMKY IJO ofecleveHHs TpemHeH MHTEHCHBHOCTH. Takum ofpasow,
TIPH KawaoM analfusc AOCTATOUHO CilefaTh JUMb OgHO H3MepellHe MHTEH-
cypuocty { myuxa ayuel, NOpOMeRILIET0 Yepes KIOBETY, HaNOJHEHHYIO
aHATM3NPYEMOR MHIKOCTLIO. _

Onpeneaente Ca 1o senwunue 1g (fof/) TpeGyeT snanus mapaMeTpOB
Gy M By [cM. dopmyay (9.28)]. Irv mapaMeTpe 3aBuciAT B CBOIO
ouepent OT (W), ATH Cepot U (W), Adf JaHHOTO yriaesosopoda. [lpu-
mengaa dopsyay (9,27) Kk aHanaMsy ABYX CTAHZAPTOB — YHCTOTO HATOI-
HMTETR (YrAeBOLOPOAE) H TOTO e HATOJAHHTE s C U3RECTHHIM COIepXKa-
HHeM OMpelefeHHOTO 3JeMeHTa (Cephl), MOIyuuM:

In(f /i .
n(pidﬂj :(P‘m)ﬁ’_ (9.31)
In(% = (P‘m)g - [(pm) g — (Emdgl Cas (9,32)
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rae [z — MHTEHCHMBHOCTb nyduka Jayuedl, mpowemmnx Uepes KIOBETY
C YHCTHIM  HAMOTHHTESEM, [p — IOTHOCTL HAMOAHHTens. Us VparHennh
(9.31) 1 (9,32) Haxoauwm:

1 I In(l iJ
(“m)A:ECj [ n (i) I {ly/{m)

g

. LD e 089

Popmyna (9.33) nossoaser no ABYM VKA3AHHHIM BUIIIe CTAHIAPTAM
HAATH MaccoBRIR KosMpuuuent ocaadienns (p.m)A 04 Cepwl, BXoadulel
B CoCTaB ucCcieldyeMblXx suaxkocTel. OH oxazaics PABHHM (-U'm)A:' 206.
Tenepe octaercs eme ualitu (2m) 2O AHAIH3UPYEMOTO ¥rAeBOI0pORA.
O603HauEM MACCOBLIE KOSOPHIHeHTH ocnabieHnd 1.5 BOIOPOAd H yIJe-

poaa COOTBETCTBEHIO (Wy,); W (u,.), a KOHUEHTPAIUH 9THX 3J4eMEHTOB
B UHCTOM yTaescnopole ) W C, coorBeTeTrenno. Torrma OyneM HMeTh:

(P“m-)H = (Pmh €1+ ()2 Co. (9,34)

OtHowenne xouleHTpauuit C; u C, 0BOIHAYHM 7 M BhipazuM B (9,34)
€y u Cy vepes r. VM3 pasencTs

C
f%zr; Cl+62:1 (9,35)
BHITEKALT!
—_— l - r
G=11 G=rgpge (9.36)

[Toncrasus (9.36) 8 (9,34), noayuum:

(P‘m)H: (l”*rﬂx;)llf'_(?l:“m)zi . (9.37)
Takum obGpasou, Pl BABUCHT TOJBKO OT OIHOH nepeMeHnofi Bean-
MHIELL 7, W3BECTHOH 14d KAWAOTO ¥rAERBOZOPOAA. DTO NOIBOATET [IG-
CTPOUTE rpadHk 3aBHCHMOCTH (;L,”_)H OT ¥ U NOAL30OBATECA UM B XOIe
anamnsa. [paux cTpoar no anaucHugwu (m)g- PHCTUCDHMEHTAILHO ORpE-
AefleluLM HA TOR >xe ycranoske. [ag uicToro yraesonoponsa ¢ uapect-
HBIM 7 BHAUEHNE (Pgp)y HAXoLAT No dopuyae (9,31). SeaucuMocTh Beiu-
UMHB (Wyg)gy OT r npencrasiena Ha puc. 162. as usookTana, HanpuMep,
r=25.,30, nax nerana 5,61, uuxIorexcana 5,96, Toayoda 10,4, oen-
soma 11,9 u 1. o.
3uast (W), 49 cepsl H (Pm)g AdA NAHHOTO YTAEBONODOIA, MOMHO
mo (9,29) u (9,30) malTH uMclcHUBE 3HAYeHHN NapamMeTpos @, ., u b,
H TONCTABHTL HX B OCHOBHYIO dopMyay (9,28), koropas w CAVIKHT 174
pacueTa COICPMKAHMA CePLl TO UIMEDEHHBIM 3naucHuaM { u f;. [lior-
HOCTb p JRUAKOCTH ONPENEATIOT 2PeOMeTPOM. ABCOMOTHAA TOUHOCTh OTIpe-
AeleHus COAEPKANMS Cephbl OKasajack pasno#t 0,059/
AHatoruyHu#t MeTol Ouim npuMeneH KomoscxuM, HHKOAbCKUM 1
Bockpecenckot [9] x aBainay Madbix COREPKAHHA (4 TH¥XEIOr0 KOM-
MOHEHTA B HEKOTOPBIX PacTBOPAX H OHHADHHIX HOPOUIKOOBPASHHX CMecsx
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¢ JCTKHM HAMOJHHTE eM. B Kauecrpe WCTOYHMKA nzaydeHus OLiTa IpHMEHeHa
peHTrenoBcKan TpyOka, pexaM padoThl KOTOPOH BCe BpeMs NOMIepHHBAICS
MOCTOAHNBIM.  FIHTCHCUBHOCTD M3JIyueHHS H3MEPANACH CeNeHOBHM (BOTO-
S/AEMEHTOM, TNOKDLITHM CHENUAIbHEM COCTABOM, JIOMHHECUHDPYIOUIUM MOL

necTHeM PEHTIEHOBCKHX ﬂchﬁ sefeHrM cBeToM. DPoToTOK OnpelcI4ICH
HeNOCPCACTREINIO TAMLBAHOMETDOM.

()

96 /4

/!

22 = / .
/ N N
245 /
. . E
48 L - i I
& 7 g i r

Pue. 162, 3aBucumocTh MaccoBoro kosddummpenta ocnabie-

HHA () YHCTHIX FLICBOIOPONOB OT OTHOMIEHHA 7 KOHIEH-

TpanuH (', ¥rueposa K KOHUeHTpauum €, BONOPOAa IIpH
sh@erTHBHOA aauHe BOAmb A == 2,05 A.

Ilpu cobmofennu clenyiomux ycaoBull, 4acTo BCTPCYAOMIMXCH B NPaK-
THYECKOH padoTe:

CCagl 1, \
(pm) g <€ (o) g j (9,38)
(I—lm)ﬂ- m <& 1,

Gyhem HMeTh:

f
]_0% exXp {_I(P‘m)AcA _‘_{E“m)H] m} B
Al — () y Ct (o) gl 2 1 — (12m) , mC 4, {9,39)
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OTHEYA3 CﬂCﬂyET:
1— I,

L= p—gl, ,
CA (F-’*m)_anl N 7 (9 40)
rie
1 b4
— . — 9,41
P () 47 9 O ( )

Taxk kak Cu<Z]1, TO m nNpaKTHYCCKH He 3aBucuT o1 C4; TOSTOMY
TapaMeTphl p H § TaK:XKe MOMHO CUHTATH HCIABUCUMBIMU OT 4 W HAXO-
JAHTE MX SKCNEPUMEHTAALHO MO HECKOABKHM CTAHZAPTAM ¢ H3BECTHBIMU
COAEDHAHHAMH ONpereISCMOro 2AeMEHTA.

B padote [9] zaBucumMocTs C4 or 7 naobpamanacek rpadHyecky *)
O SKCOEPHMEHTAABHEIM LAHHBIM, NOJAYYEHHBIM [PH MCCAELOBAHHUH CTaH-
napros. B of61acTM  MadbX  KOHUEHTPAaUMB SKCIEPHMEHTafAbHblE TOUKH
XOpOLIO JOMATCA HA NPAMYID ¢ OTPULATENLHBIM YIVOBHM KO3(MMOUIHEH -
TOM, UYTO corjacyercd ¢ gopuyaolt (2,40). Moctpoenuan rakuM obpazom
upaMag CaOyMHHaa L8 JadbHeHilMX aHAJAH30B. AGCOAW0THAS TOUYHOCTbL AHA-
JM3d Jexara B IIpefedaX OT HECKOJbKHX IecaTelX 1o 1%

0) OmuocumersNoii Meprod

OpUTrHHANbHBIA MeToa afcOopOUMOHHOTO aHaju3a YTJAEROAOPONOB HA
Cojllepanue cepnl npeldaoxed Kpancrornom, MsTTeiosoMm u Dsancom [10];
€XeMa HX YCTaHOBKM I[IOKasaHa Ha
puc. 163. Jpa nyyxka pPeHTreHOBCKHX T~
Ayyel, BBIXOIAKX vepe3 OKoKe 2 e
H3 OAHOTO HCTOUHHKA (pPCHTTEHOBCKOH
TpyOkH [), OLHOBpeMEHHO MNPOXOLHT
CKBO3b COCYALL C BXOAHEIMW M BHXOI-
HBIMU OKOILEAMH H3 GTOPHCTOr S IHTHS.
B oaoun ¥3 3THX COCYAOB 3 HANHBAETCH
dCCAeIyeMad sKHAKOCTh, B Apyroi 4 —
YHCTHIH HANOJHHTEIE (YFACBOIAODON, HE
coaepwawnit ceprr). [Npokng yepes co-
CyILe, KaxiLl oydor ayued neRcrsyer
na =00 S e L i O LT O b Puc, 163. ¥cramoska I'{-pal-iCTOHﬂ,
{7 n 8). Meron OCHOBAH 1A YPABIMBA-  Mylrinea u Sranca [10] mam xomu-
HHUI HHTEHCHBHOCTe# O0GOHX NYYKOR MO-  wecTRenmoro aGCOPOIMOHIIOIO aHa-
C1E NPOXOKIEHUS UEPes CPARHUBASMBIE an3a,
suakoceTH. Jlaa sToft weaw cayxar jRa
arreqwatopa § U 6, npelfcTaBidiolige CoGOH MAOCKOMAPANIENEHEE CTE-
KASHHbIE LTACTHIKY, Kamaas TOJIKHCOR [, ycTaHaBAHBaeMuie CHadajla Hep-
TenJUKYI9pHO K JI¥YaM; NOBOpavuBas MAACTHHKY Ha yroa 0, uamendioT
AAWHY IOYTH Ty4a BHYTPH Hee; STO M NO3BOJAST PEry/JAUpPOBATH WHTEHCHB-

#) B paGote [9] npusenena HenepHas aHAJIHTMYSCKas 3aBHCHMOCTL € 4 OT /.
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HOCTL Ay4a. Jlauna NyTH Ayua BHYTPH [LIACTHHKH, NMOBEPHYTOH ua yrota 4,
pagHa {secf.

IMycrs 8z osuavaer QukcHpoBaHHLIE Yro. TOBOPOTA arreHlaTepa &
(pHc. 163), cTOAIIErO HA MYTH «KOHTPOIBHOrO AyYA» M CAYKAWIETO A5 Ha-
HaJbHOH DEerymupoBKHM YCTAUOBKH. ITOT ¥roJ BuiOHMpaercd NpoH3BO.AbBHO,
OI1AKO HE MEHEE HEKOTOPOH BeNHUMHHL, 3aBUCAILEH OT MIOTHOCTH Mecaedye-
Mo# KUAKOCTH. [lepea Hayadom uaMepenuli Ha NyTH 06OUX ayued yCTaHas-
AHBAIOT NYCThIE COCYAB H PErYAUDPYIT yroa MOBOPOTA aTTEHINATOPa &, CTOs -
WETO Ha nyTH «padoyero Jyua», IO TeX [IOp, MoKa ne GyaeT IOCTHIHYTO
PaBeHCTBO HHTEHCUBHOCTeH 000UX Myuelt n0ociie NIpoXoxaenus Yepesd OKOIWKH
COCyn0B H atTeHoaTopsi. CooTBeTCTBYIOWNA Yroa noRopoTa aTTeHaTopa &
obosnaunm 0, a moayueHHble pPABHBlE MHTEHCHBHOCTH nycre OyayT {;.

Hamue B cocyn 3 HCCAcAyeMY®O IKHIKOCTH, a B cocyn & — uHCThil
HAIOJIHANTEb, YCTAHABAUBAOT 00a cocysa ua mpekuue mecTa. Tenepsb
o6a .1yua ocnabeoT, ounako pabount Jyuy, HpOLICANiHA Yepes aTTeHnaTop &
M COCYL & C© XUIKOCTBI, COIepauleB IpHMech onpeleigeMOoro ame-
MeHTa A (cepy), ocnabeer GOJbINE; MHTEHCHMBHOCTH ©r0 08O3HAUHM F.
VIHTEHCHBHOCTL KOHTPOJBHOTO Jyua, NPOLIeILIero gepes GHKCHPORAHHHIH
aTTEHIDATOP 6 M coCyn 4 € UHCTLIM HAaNOJHHTENeM, OGO3HAUMM I
Ilas ypapuuBanua MHTEHCHBHOCTEH oGoux .Tyuefl TeNEepbL MPHIETCS YMeHb-
IIHTE  ¥roJd TIOBOPOTA ATTEHWATOPA § N0 HEKOTOPOTO HOBOTO SHAYCHHS
04 < 0y Tlpu srTOoM anmua nyTu pabouero JA¥4d B ATTEHIDATOPE 5 YMEHL-

wiurca nHa  Beauuuny [ (sec f,—sec04), WHTEHCHBHOCTL ero BO3pAacTeT
H CTaHeT papHa fg

Texp [pl (sec By~ sec 8] = I, (9,42)

rae p—muHednud  Kosdduuuent ocaadrenws cTexaa, u3 KOTOPOFO
Cilenad arrenwarop. Ma papenctsa (9,42) caenyer: -

Iy '
In —= =l (sec i, — sec 0 y). (9,43)

C 1pyroH CTODOHBI, YYMTBHIBAA H3MEHEHUs PaBHBIX HEYAJIbHLIX HHTEH-=
CHBHOCTeH OGOHX fny4eM npu NOMOMHUTENBHOM NPOXOWMASHUH HX yepes
HCCAEAYEMYID MHAKOCTE (B COCYAC 3) M UMCTHH HANOMIHTENE (B cocyae 4),
NMOAyYHM COOTBETCTECHHO (opMy.inl (9,32) wu (9,31), rae & — niauHa
cocyaos. Ilpn Maawix KoHLenTpaunax €, ONPEAeNTeMOro SIeMEITa MOKHO
npcHeOpedr H3MeHeHHeM MIOTHOCTH p MCCASLVCMOH SKUIKOCTH MO cpas-
HEUNID C ILTOTHOCTBK) [ WYHCTOTO HANOJNHUTENN U MOJOKHTE [, = p.
Buiuuras (9,31) us (9,32), nattgem:

In{fgil
_(F;-a# = [(.U‘rﬂ):l - {P‘m)ﬂ'] CA + (9’44)
OTKYId MOMHO BRIYHHCIHTE [’ICI{OM)'EO KOHI_I,EHTpaLLI«IIO Cﬁ,j_ Cepnt:
In¢fytf
CA_ _ ( H}J ) {9345)

T ed [ty — ]
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Noacrabass B (9,45) sHauenue In (Jy//) us (9.43), noayunm;

sec Bo_ sec fl,

Cam K004 (9.46)
rae
¢ L (9.47)

— d [(E-Lm)A - (Hm)a’] ’

Kak mupno w3 (9,47), npu onpepenenun CePBl B DA3JMHUYHRIX VIJASBOLO-
ponax napamerp K GyIeT 3aBHCETh oOT (). Mowwuo, onnako, BLIOpDATH
: e

7

=
T 7
r v

af/

N 1
g 0% a8 12 L5 20 AA

Piic, 164. 3anHCHMOCTE MacCOBLHX KO3DQUIMEHTOR OCNaGICHEA M
BoJdopofa (kpasas f) ® yraepona (KpHBas 2) OT OAxHEl BOJHE A,

Tarkylo AuIly BOJIIG, [OPH KOTOPOH 1A BCeX YTIEBOAOPOIOB (ip)g
OKAXETCA OAWHAKOBHIM. [leficTBUTCABHO, coraacHo (9,37) (e )zr B4ABMCHT
oT oTHOWeHUA 7 = C,/C, comepxanui yraepoaa ¥ nomopona. Ha puc. 164
NpUBEIEHEl KPHBLIE 3aBHCHMOCTER (P); 1499 BOogoposa (Uom)e  Mist
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yraepoga OT Lauuu Bosuw h. Kak bHawo u3 rpadukos, OpH AJuHe

(o]
BOJHH, Oqusko# x 0,6 A, kpunnie nepeceKarcd; CAEAOBATENLHO, TpPH
STOH AJMIE BOJHE ()} = (). OTEVAA no (9,37) noayuaem:

(!-’*m)!:( — (!"‘m)l - (P‘m)2 = const (‘F) (9’48)

HMcexopa us storo, Kpaucrton, Mstrews v 3Ieanc [10] nozxbupaan
TAKOC HANPSHKENHE 1A PeHTTeHOBCKOH Tpybre, urobul shbekTHRHAd AaKHA

~
BOMHBEL PEHTTCHOBCKOTO ManyueHus Osina Gmusxa K 0.6 A. Kosdpuuuent K
ONPELEIsIcH SKCIEPUMENTAIBHO IO HUIKOCTAM C H3BECTHHIM COIEpKAHUEM
cepol. HesasucuMocte K OT cocTasa YrIeBOJOPONOB CBHIeTeIbCTBOBANA
o TpasuipHOM ToAfope pexxuMa padorTsl TPYOKHM. VIOBAETBOPUTEIbHBIE
PesyabTaTLl HOMYYEHU IPH AMIAUTYAHOM B3HAYCHUHM Hadpmkedus 38 xa.

Kak yike VHasuBalOCh BHILIE, YPABIMBAHHE HMHTEHCHBHOCTEH padodero
H KOHTPOJBHOTO JyucHl [POH3BOIHTCA NOABOPOM yria MOBOPOTA aTTe-
HIoaTOpa & npu GUKCHPOBAHHOM IOIOKEHHM arremwaropa 6. PaseHcrno
HUHTCHCUBHOCTEH ycTaHaBaupaaock B padore [10] caeayioluM MeTOIOM.
[Mocse npoxoienus coCYaoB M aTTEHIOATOPOB 062 JydYa NafaTH Ha Qayo-
PECLUPYIOUIHE 3KPaHB: padouuil Jyy—HA 3KpaH 7, KOHTPOABHLH — Ha
skpad 8 (cum. puc. 163). 2xpaubl PacuogOMeHH B CBETOHENPOHHLIAEMOM
auivke 9 ¥ oOpalleHB CBETAWMMHCA CJI0AMH Bo pHyTpb. (CnensanbHasg
OMTHYECKAN CHCTeMa HAMPARISeT CBET, HCXONMUHE 0T 000X SKPAHOB,
Ha (HOTOKATOL SASKTPOHHOTO YMHOYXHTe s (Ha puc. 163 He norasaHnoc).

Pentresorckas TpyOKa MNMUTA1ach BHICOKMM HanpshHKeHHeM MPH OOHO-
TIOAYNEPHOAHOM BHTpAMAendd. B COOTBETCTBMH ¢ 3THM CcBedeHue OOOHX
3KPAHOE IOyJabcHpoRailo 50 pas B cexyHdy. HenocpeucrBenno 3a sKpaHaMn
HaXOOHUICS BPAUAEMHA n2 OcH [/ CUHXPOHHBIM MOTODOM IHCK-TIpepH-
Bateibs JO C OIHMM OTBEPCTHCM, KOTOpOe 10 OuUspeAd OTKPHIBAJIO
skpads 7 # & BpauleHse AKcKa CHHXPOHH3MPOBAJOCH ¢ YACTOTOH Ny.ib-
calMfl cBeTa, MCXOAfWEro a3 sxkpaHoB. Muck menan 25 ofoporos B ce-
xyuny. Ocofoe 3nekTpoMeXaHWUeCKoe YCTPOHCTBO NO3BOJSNIO IPOUSBECTH
ha3sMpOBKY IMCKA TaK, YTOOH OH NPUOTKPHIBAN KaKIHE 3KDAH B MOMEHT
MAKCHMyMa €r0 CBEUCHHMA.

IIpH paBeHCTBE MHTEHCHBHOCTEH CBeueHHR 9KPAaHOB ToKH PV, BO3HU-
Kagillie NPV OTKPHIBAHAK J1060TC 3KpaHa, OBLAM DABHH M MyJIbCUPOBATH
¢ gactotoio 50 zy. Ecau ke paBeHCTBO HHTEHCHBHOCTEH HApYINanoCch,
TO NORBIATACH AOTONNUTEbHAA COCTABMAAIOLUIAS TOKA ¢ YacTOTOH Myfibcd-
naf 25 24, kKoTOPas W MOTaa OniTh OOHADYWEHA CIelMadbHOH YYBCTBH-
TeJBHDH DIEKTPOHHOHK cXeMoit. ITOT MeTOL NOSROMAR € OOIBIOH TOYHO-
CThI0 $aMaHCHPOBATH HHTEHCUHBHOCTH pabouero W KOHTPOJIBHOTO JIyueH.

ABcoMOTHAS TOYHOCTE OTpeAeeHHs Cephl HIMOKEHHHM METOLOM —
nopsaka 0,03—0,1%; TPONOHKUTE IBHOCTE OJHOTO aHAj1u3a H5——15 MUH.

[TPUJIOKEHMUS



L 3HAYEHHS £=/2 u & . si(k=/2)

3 k—z s 521 I A %‘T“ k-si k_;
|
1 1,571 — 0,200 37 58,12 — 0,011
3 4712 +0113  + 39 61,26 + 0,012
5 7,854 —0075 | a1 64,40 0,012
7 11,00 + 0,035 43 67,54 +- 0,013
9 14,14 — 0,044 43 70,69 — 0,005
11 17,28 10,035 47 73,83 £ 0,005
13 20,42 — 0,031 _j 49 76,07 — 0,010
15 23,56 40,028 :i 51 80,11 + 0,010
17 26,70 0,025 33 83,25 0,011
19 29,85 40,017 5 86,39 40,011
21 32,99 0,017 57 89,54 — 0,006
23 36,13 40,016 59 92,68 40,006
25 39,27 —0,015 61 95,82 — 0,006
27 42,41 + 0,016 63 98,96 4 0,006
29 45,55 0,020 65 102,10 — 0,006
31 48,69 + 0,013 67 105,24 + 0,007
33 51,84 0,010 69 108,39 — 0,007
5 54,08 +o010 |
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If. YETBIPEX3HAYHBIE TABJHLBI sin ke _ Ti TS
MpueeneHHble ueTHIPex3HAuYHBIE UHCHA DOPEACTABAAIT Coboll  sHayeHHR : sin ky
104 - sin ke, Tlpu sin k¢ = 1 B Tex mwe KOIOHKAX CTOUT OZHa DHppa «ls, ‘
5 AN 8° | ge 10¢ 1me ] 12e 13 140
. 1° 90 ge 40 5° g 7o | [ - i
e e e e e Ul 1392 | 41564 | 41736 | 41908 | 32079 | 42250 | + 2419
3 | 40523 | 141045 | 1564 | 42097 | 2588 | -t 3000 - 3584 A baon | 30401 45000 | 5446 ) 45878 | 46298 | + 6601
5 | 40872 | 41736 | 12588 | 3420 | 4926 | 4 5000 | - 5736 ; =+ : + +7660 | 8192 | 48660 | 9063 | - 9307
7 | £1219 | 32419 | 43584 | 4605 | L5736 | 46601 | + 7547 18290 | 48910 | 49397 | 59744 | 49945 | 9998 | 49903
9 | +1564 | 43090 | 44540 | 5878 | --7071 | 48090 | -+ 8910 9 | 49811 | 49877 | 1 . | 9877 | 9511 | L8310 | — 8090
11 | 41908 | 3746 | -+ 5446 | 6947 | L8192 | _p o135 | + 9744 i é + g?gg + gg?g + 9297 | 18572 | 47431 | 46018 | 44384
13 | 192950 | 4384 | 16293 | 17880 | 0063 | J-9781 | — 998 . +97 + 7060 1 4-0018 | 44067 | 41908 § — 0349
| e e R | i e 5 | 48660 | 7071 | 5000 | 42588 0000 | — 2588 | — 5000
17 | 42924 1 5592 | 47771 | =9272 | 49062 9781 | - 8746 }g T igg ; I ’;1540 +1736 | — 12191 —4067 | — 6561 | — 8480
19 | Ja256 | ots7 | Lsas7 | +or03 | Looes | sz | 73l 4 469; L1564 | — 1736 | — 4848 | — 7431 | — 9205 | — 9976
21 | 43584 | 46691 | 48910 | --9945 | 19850 | 48000 | <5446 g + gggg _ i‘fig — 32?8 I g?gé — ggéé el s
23 | 43907 | 47193 | 9336 | +9994 | 19063 | -} 6601 | — 3256 25 el == 93;7 = 8660 | 8796 | 817
25 | 4226 | 7660 | -- 9650 | 9848 | 8192 | _.5000 | - 0872 27 | _sers | _soto | 1 ~got0 | _ss78 | _ ;’73? —17s0
27 | 44540 | 48090 | 19877 | 4-9511 | 47071 | 3090 | — 1564 59 2880 0877 e | o el I
29 44848 | 48480 | 9986 | 8988 | 45736 ! |- 1045 | — 3907 - - — 0397 | — 6561 | —2079 ! 2924 | L 7193
31 — 997 — 9877 | — 766 — 3256 | +9079 | s
31 | 5150 | 18820 | 40086 | 48290 | 44296 | — 1045 | — 6018 a3 | — g?gé oy oo | S 3?52 el e | T8
33 | 4-5446 | 49135 | 49877 | {7431 ) 42588 | —3000 | —7771 35 | — o848 7071 | —1736 | 44226 i s660 | 1 e
35 | 5736 | L0307 | 9659 | --6428 | 40872 | — 5000 | — 9063 47 8088 | —a4510 | 4 =l v N Rl
37 | -p6018 | 10613 | 19336 | 45200 | — 0872 | — 6601 | — 9816 39 | —7a31 | —i1sea | 1 ;ggﬁ T ggo; 1 2?3“ 8072 | 5746
39 | 16293 L9781 | 48910 | | 4067 | — 2588 | — 8000 | — 9986 — 100 A F9396 ) 49511 | 45446 | — 1045,
41 | 46561 | 19903 | 8387 | 2756 | — 4296 | 9135 | — 9563 : i; _ 2392 T i?iﬁ H TSGO Il 2‘;’3‘3 | faae ) — 562
43 46820 | 49976 | -7771 | 1392 | — 5736 | —o781 | — 8372 45 Tl T Iy 1R
45 | 47071 1 1 + 7071 0000 | —7071 | -1 -— 7071 ; o | XTI+l e togy | —roml | —1
47 | 47314 L ou76 | 46293 | —1392 | —8102 | 9781 | — 5150 a5 | IS | 590 8T | 00T —A06T) —odss 8%
s0 | F7esr | Toots | Toate | —ore | —ooes| —oras | —ouma 49 | 4-5299 | 9877 | 4-7660 | 0175 | — 7431 | — o925 | — 5502
51 L TTTL | - 9781 | 4-4540 | — 4067 | —9659 | - 8090 | — 0323 f’é T ggg; + SSTZ} i ??“g _ 2223 _ 251 o 8387 | -— 1045
53 | £ 7986 | -9613 | --3584 | — 5299 | —9962 | — 6601 | - 1908 5'5 H 0sas [ 4 7071 + 1736 o063 | — éggg e ir 5746
55 | <8192 | 9397 | 2588 | —C428 | —9962 | —5000 | + 4220 57 1 9945 i 4540 | — 5000 | —9986 | — 5878 | -+ gféi : Z)gfé?
57 48387 | 49135 | 1564 | — 7431 | — 9659 | — 3000 | -|- 6293 = 0972 R e e i e
50 | L8572 | -8820 | 0323 | — 8290 | —9063 | — 1045 | 7986 P9 [ HSHIE | IS4 | TR | — A - 20 ] 751 | o 9613
05t : . - ; 61 | 7880 | — 1864 | —9397 | —7547 | 4-2079 | L9563 | - 7193
61 | 8746 | 48480 | —0523 | 8988 | —8192 | 41045 | 4-9205 63 | +5878 | —d540 | —1 4540 | L5878 | 4+ 9877 | - 3060
63 | 8910 | +8090 | —1564 | — 9511 | — 7071 | -}-3091 | -+ 9877 65 | 43420 | —7071 | —09397 | —0872 | | 8660 I 8192 | — 1736
g ! ] 5 T | G006 - -
65 | 9063 | 7660 | —2588 | —O848 | —5736 | 4 5000\ 9962 67 | 4-0698 | —8910 | —7660 | 2024 | {9045 | 4 4848 | — 6157
67 | 49205 | -7193 | — 3584 | — 90904 | — 4926 | 46691 | 9455 60 | —o0r0 | —os77 | —5000 | --6293 | 4 o511 | o o ‘
69 | 49336 | 4 6691 4540 | — 9945 | — 2588 | 8090 | - 8387 | E [ meHL | 0523 | —9135




352

NPHJI0ME HHA

fipodoascenie
sin &y
N 150 16° 170 i 18° 160 200 210
!
1 | -1-2588 | 2756 | 2924 | 43090 | 43256 | 3420 | -+ 3584
3 -+ 7071 —+ 7431 § 7771 -+ 8090 | -} 8387 | 8660 | -} 8910
5 | 9650 | 49848 | 19962 | +1 4-9962 | 9848 | — 9659
7 -+ 8659 —+ 9272 -+ 8746 + 8050 ¢ 47314 | L6428 | 5446
9 -+ 7071 -+ 5873 -+ 4540 £ 3090 | - 1564 0000 | — 1564
11 + 2588 -+ 0698 — 1219 — 3080 | — 4848 | — 6428 | — 7771
13 — 2388 | — 4695 | 6861 | —8090 | — 9205 | —usd8 | — 9986
15 — TO71 — 8660 — 9659 —1 — 9659 | — 8660 | — 7071
17 — 9659 -— 9994 ~— 2455 — 8090 | — 6018 | — 3420 ; — 0523
19 — 9659 | — 8290 -— B018 -— 3090 | 0175 | 13420 | 1-6293
21 — 7071 — 4087 — 0523 - 3080 | 46203 | 8660 | 4 9877
23 — 2588 -+ 1362 -+ 5150 - 8090 | 9744 | 9848 | _L.§387
25 | 2588 | 6428 | 9063 | L1 49063 | 46428 | 92588
27 -+ 7071 -+ 9511 -+ 9877 48090 | -} 4540 0000 | — 4540
29 -+ 9659 -+ 9703 <7314 -+ 3090 | — 1908 | —06428 | 9336
31 | 49659 | 46047 | £ 2250 | 3000 | — 7547 | —9848 | —9336
33 -+ 7071 —+ 2079 — 3584 — 8090 | — 9986 | — 8660 | — 4540
35 + 2588 — 3420 — 8192 —1 — 8182 | —3420 | - 2588
37 — 2588 — 7830 — 9988 — 8090 | — 2924 | -3420 | - 8387
32 — 7071 — 9945 — 8387 — 3000 | - 3584 | 4-8660 | 49877
41 — 9659 — 8983 — 3907 -+ 3090 | L8372 | 4-9848 | L 6203
43 — 9659 — 5299 -+ 1908 -+ 8090 | 9877 | 16428 | — 0523
45 — 7071 0000 -+ 7071 +1 i 7071 0000 | — 7071
47 — 2588 -+ 5299 -+ 9816 4~ 8000 | - 1219 | —6428 | 9986
49 | 2388 | 8988 | 4-9205 | 43090 | —5150 | —0O848 | — 7771
51 -+ 7071 -+ 9945 -+ 5446 — 3090 | -—9336 7 —8660 | — 1564
53 - 9659 - 7380 — 0175 — 82090 ; — 9563 | — 3420 | 1 5446
55 | 49659 | 43420 | —3736 | —1 — 5736 | 3420 | .- 9659
57 -+ 7071 — 2078 — 9336 — 8080 | 0523 | 8660 § 1 8910
59 -+ 2588 — 6947 — 9744 | — 3090 | 16361 | 98348 | | 3584
61 — 2588 — 9703 — 6820 43000 ] |-9816 | 46428 [ — 3584
63 — 7071 — 9511 — 1564 8090 | 4 8910 0000 | — 8910
65 | —9639 | —o6428 | 4226 | 1 4226 | — 6428 | — 9659
687 — 9659 — 1392 -+ 8572 48090 | — 2230 | — 0848 | — 5446
69 — 7071 -+ 4067 -+ 9986 --3090 | — 7771 | — 86601 - 1564

YETHIFEX3HAYHHE TABIHLEL sin Ro 333
fIpodoancenue
sin ky
. t

A 22e 2295 23° 2q= 23° 289 a7e

1 3748 | 43827 | 4-3907 | 44067 | 44226 | 44384 | --4540

3 49135 | 49239 | 49336 | 49511 | 9659 | - 9781 | - 9877

5 49397 | 49239 | 4-9063 | 48660 | 4-8192 | 47660 | - 7071

7 + 4384 | }-3827 | 3256 | 42079 | 0872 ] —0349 | — 1564

9 —3090 | —3827 | —4540 | — 5878 | — 7071 { —8090 | — 8910
11 8829 | 9239 | —9363 | —9945 | — 9962, — 9613 | — 8910
13 | —9613 | —9239 | —8746 | —7431 | — 5736 | — 3746 | — 1564
15 | —5000 | — 3827 | — 2588 0000 | +4-2588 | - 5000 | -+ 7071
17 | --2419 | 3827 | 45150 | 47431 | 49063 | 9903 | L 9877
19 | 48480 | 19239 | 49744 | 9945 | -+ 9063 | -7193 | J-4540
a1 19781 | 9239 | 8387 | 5878 | -+ 2588 | — 1045 | — 4540
23 1 5592 | 13827 | 1908 | — 2079 | — 5736 | — 8480 | — 9877
25 — 1736 — 3827 -— 5736 — 8660 | — 9962 § — 9397 | — T071
57 — 8090 - 9239 — 9877 b— 8511 | — 7071 | — 3090 | 4 1564
29 — 9903 | —9239 | — 7986 | —4067 | 0872 | 5592 | 4 8910
3i —61537 | —3827 | —1219 | 14067 | +-8192 | L 99%6 | 4 8910
33 11045 | -3827 | +6293 | 49511 | 9639 | L6691 | | 1564
a5 -+ 7660 -+ 9239 -+ 9962 4- 8660 | 4226 | — 1736 | .- 7071
37 4-9976 | 49239 | 7547 | 12079 | —4226 | —8829 | _ o877
39 - 6691 - 3827 - 0523 — 5878 | —9B6BE9 | — 9135 | — 4540
41 0349 | -—3827 | —06820 | 9045 | —8192 | —2419 | | 4540
43 | —7193 | —9239 | —9998 | — 7431 | — 0872 | 4-6157 | . 9877
45 —1 — 9239 | — 7071 0000 | 7071 | 4-1 —+ 7071
47 | —7193 | —3827 | 0175 | 17431 | 9962 | @157 | — 1564
49. | 0348 | 43827 | -7314 | 49945 | 5736 | __924190 | — 891C
51 4-6691 | 49239 | 4-9986 | 5878 | —2388 | __ 9135 | — 8910
53 | 49976 | 49239 | 46361 | —2079 | —9063 | 8829 | — 1564
33 7660 | --3827 | —O0872 | —8660 | — 8063 | 1736 | 4 7071
57 41045 | —3827 | — 7771 | — 9511 | —2588 | 4 6601 | 4- 9877
59 —6157 | —9239 | —9925 | — 4067 | 5736 | 19976 | 4540
61 — 9903 | —9239 | —6018 | L4067 | 49962 | 15502 | — 4540
63 — 8090 — 3827 | + 1864 | 19511 | 4 TOTL | 3000 | — 9877
65 | — 1736 | --3827 | --8192 | L8660 | —O0872 | — 9397 | — 7071
67 5592 | 9239 | -9816 | 42079 | — 8192 | — 8480 | 4 1564
69 L9781 | -9239 | -5446 | —5878 | — 9659 | — 1045 | 8910




354 ' C O NPHAOMEHRA

UETHIPEX3HAYHBEIE TABMRUEL sin ko 355
Hpodoancernue fTpodotacenue
sin kg sin &
I ! | ) | | :
AN ogo i age |. 30° 31° a0 i a3e 340 PN ase 35° aw i 38° 9% 40 Cd41e
i | i :

1 44695 | 44848 | 45000 | 45150 | 5299 | L5446 | 53592 1 45736 | 45878 | 416018 | 6157 | 16293 | 4 6428 | 4 6561
3 1 9945 | 9986 | 1 9986 | 49945 | - 9877 | 49781 3 ] 49659 | L9511 | 49336 | 9135 | 18910 | -+ 8660 | 4 8387

5 | 6428 | 5736 | --5000 | -4226 i 3420 | -2588 | |- 1736 5 | o872 0000 | —0872 | — 1736 | 2588 | —3420 | — 4226

7 | —2786 | —3907 | —5000 | —6018 | —6947 | — 7771 | — 8480 T | —9063 | —9511 | —9816 | —9976 | — 0086 | — 9848 | — 0563

9 —9511-| —9877 | —1 - | —9877 | — 9511 | — 8910 | — 8090 9 — 7071 — 5878 | 4540 | — 3090 | — 1564 0000 | -+ 1564
11 —7880- | — 6561 | —5000 | —3256 | — 1392 | 4 0523 | 4 2419 11 44226 | 4-5878 | 4-7314 | --8480 | 10336 | 49848 | _ 9998
13 - 0698 -+ 2924 | -+ 5000 -+ 6820 | 18290 | -9336 | -9503 13 —+ 9962 i + 9511 + 8572 | + 7193 | J-5446 | - 3420 + 1219
15 4+ 8660 | 19659 | -1 —+ 9659 | - 8660 | 7071 | - 5000 15 4 2588 0000 | —2588 | — 5000 | — 7071 | —8660 | — 9650
17 | 48088 | 17314 | 45000 | 42950 | — 0698 | —3584 | —6157 I7 | 8192 | —-9511 | —9998 | — 9613 | — 8387 | — 6428 | — 3907
19 | -+1392°| —1908 | — 5000 7547 | — 9272 | — 9986 | — 9613 19 | —8192 | 5878 | —2024 | 1-0349 | 1 3584 | | 6428 | 4 8572
21 — 7431 | —9336 | —1 | —9336 | —7431 | —4340 | — 1045 21 +-2588 | |-5878 | |-8387 | 4-9781 | L9877 | 48660 | 6293
23 | —9703 | — 7986 | —5000 | —1219 | 12756 | 46293 | 8829 23 | 49962 | 9511 | 47547 | 44384 | | 0523 | — 3420 | — 6820
25 — 3420 | L0872 | 5000 | L8192 | 4-0848 | 9639 | 4 7660 23 | 44296 0000 | —4226 | —7660 | —9659 | —9848 | — 8102
27 | 45878 | 48910 | 1 48910 | 4-5878 | 4-1564 | — 3090 27 | 7071 9511 | — 9877 | — 8090 | — 4540 0000 | —+ 4540
29 | 49994 | 18572 | 45000 | --0175 | — 4695 | — 8387 | — 9976 29 | —90683 | —5878 | — 1219 | 43746 | 7771 139848 | 4 9455
31 45299 | 40175 | —5000 | —8746 | —0994 | — 8387 | —4384 31 40872 | 15878 | 4-9205 | 49903 | 17771 | 43420 | — 1908
33 | —4067 | —8387 | —1 — 8387 | — 4067 | -1564 | 46691 33 | 19659 | 49511 | 6293 | 1045 | — 4340 | — 8660 | _ 9986
35 — 9848 | 9063 | — 3000 | 0872 | 46428 | 9659 | + 9397 35 45736 | 0000 | —5736 | — 9397 | — 0659 | — 6428 | _ pg72
37 | —6947 | —1219 | 45000 | 4-9205 | 9703 | 4-6293 | +-0349 37 | —5736 | — 9511 | — 9455 5592 | 40523 | 46498 | | 9744
39 | 42079 | 7771 | +1 +4-7771 | -2079 | — 4540 | —9135 39 | —9659 | —5878 | 40523 | 46691 | 9877 | 48660 | L 3584
41 49272 | 9455 | 4-5000 | —1908 | —7880 | — 9986 | — 7193 41 — 0872 | 15878 | 9744 | 48829 | 3584 | — 3420 | — 8746
43 4+ 8290° | 92250 | — 3000 | —9563 | — 8988 | — 3584 | 4 3746 43 | 49063 | 49511 | 44848 | — 2419 | — 8387 | — 9848 | — 6018
45 0000 | — 7071 | —1 — 7071 0000 | =-7071 | -1 45 | 47071 0000 | —7071 | —1 — 7071 0000 | 1 7071
47 | —8290 | —9744 | — 5000 | 4-2924 | 4-8988 | 49336 | 4 3746 47 | —4226 | —9311 | — 8746 | —2419 | {5446 | } 9848 | | 7986
49 | —9272 | —3266 ; 45000 | 9816 | {7880 | 0323 | —7193 49 | —9962 | —b5878 | J-2950 | 8829 | 19336 | 13420 | — 4848
51 | —2079 | 4-6293 | 41 46203 | — 20791 —8910 | — 9135 51 — 2588 | L5878 | 49986 | 46891 | — 1564 | — 8660 |. — 9336
53 | --6947 | 49877 | 43000 | —3907 | —9703 | — 7771 | 3-0349 53 | 8192 | 9511 | 3256 | 5592 | —8986 | — 6428 | 1 2050
55 | 29848 | 4206 | —5000 | —9962 | —6428 | L2588 | {9397 55 | -8192 | 0000 | —8192 | —9397 ] —92588 | 4 6428 | 1+ 9962
57 | 4067 | 5446 | —1 - .| —5446 | 1 4067 | L9877 | 4-6691 57 | —2588 | —9511 | —7771 | 1045 | 48910 | 8660 {. 4 0523
59 — 5289 | —9998 | — 500 44848 | 0994 | - 5446 | — 4384 59 — 9962 | —5878 | 483907 | 49903 | 46293 | — 3420 |. — 9816
61 | —9994 | —5150 | 3000 | 9998 | 4695 | — 5446 | —— 0976 61 — 4226 | 5878 | 49925 | 3746 | —6203 | —9848 | — 3256
83 | — 5878 | 4540 | -1 | 4540 | — 5878 | —9877 | — 3090 63 | 7071 | 49311 | 41564 | — 8090 | — 8110 0000 | L 8910
65 | 13420 | 40962 | 45000 | — 5736 | — 0848 | — 2588 | - 7660 65 | + 9063 0000 | —9063 | — 7660 | 42588 | 9848 | & 5736
67 | 9703 | 6018 | —5000 | —9925 | —2756 | 47771 | 4-8829 87 | —O0872 | —9511 | —6561 | 4384 | |- 8986 | 4 3420 | — 7314
69 | 7431 | —3584 | —1 - | — 3584 | L7431 | 48910 | — 1045 69 | —9659 | —05878 | 5446 | 4-9781 | 4 1564 | — 8660 | — 7771




356 MPHIOMKE HHES YUETEHIPEXSHAUHLIE TABMHHE Sin Ro 357

Hpodoaxcere Fipodoarcenue
sin ey sin kg
¢ 1 | ] . ! | _’
AN 42a '| 43° 44= | 45 ll a5« 472 45 e 8= ‘ 0= ‘ 51° . o= | a3e | a4° 55=
i : |

Lot 46691 | 46820 | 6947 | 47071 | 7193 | 47314 | 7431 1 | 75347 | 4-7660 | - 7771 | 47880 | 4 7986 | 8090 | 4 8192

3. —+ 8080 - 7771 -+ 7431 + 7071 | 46691 | 46293 | --5878 3 —+ 5446 L5000 | -+ 4540 4067 | 43584 | 43090 | 2388

5 — 5000 | — 5736 | —6428 | —-7071 | — 7660 | — 8192 | — 8660 5 — 9063 | —09397 | —9639 | — U848 | — 9962 | —1 — 9962

7 -—9135 8372 | — 7880 — 7071 | — 6157 | — 5150 | — 5592 7 __ 9094 1736 0523 40698 | 1908 | L3090 [ -} 4226
9 43090 | 44340 | 15878 | 47071 | 8090 | 4 8910 | 9511 9 49877 | 11 . 49877 | 49511 | 4-8910 | ~-8090 | - 7071
11 <9781 | 49205 | 1-8290 | 47071 | -} 5592 1 4 3007 | 2079 1t 40175 | 1736 | — 3584 5299 | 6820 | — 8090 | — 9063
13 — 1045 | — 3236 | —5209 | — 7071 | —B480{ —— 9455 | --9945 13 —9925 | —9397 | — 8387 | — 6947 | — 5150 | — 3090 | — 0872
i5 —1 — 9659 | —8660 | — 7071 | —A000 | - 2588 0000 15 + 2588 45000 | 7071 | 48660 | L9659 | 1 + 9659
171 — 1045 | 41908 | 4-4665 | 47071 | 48829 | 0816 | 4 9945 17 | 49205 | 7660 | 5446 | + 2756 | —0175 | — 3090 | — 5736
19 49781 | 49925 | J-8988 | 7071 | -4384 | 1219 | —2079 i9 _. 5150 7660 | — 03368 | — 90994 | 9583 | 8000 | — 5736
21 -+ 3090 — 0523 | —4067 | -—7071 | — 9135 | — 9986 | — 9511 21 7771 — 5000 | — 1564 | 42079 i 15446 | 18090 | 1 9639
23 | —9135 | —9998 | —9272 | —7071 | —3746 | - 0175 | + 5592 23 | +7314 | 19397 | 49986 | 8988 | |-6361 | 3090 | — 0872
25 —- 5000 | — 0872 | 43420 | J-7071 | 9397 | 9962 | - 8660 25 +-5736 | 11736 | -—2588 | — 6428 | — 0063 | —1 — 9063
27 y 48090 | 49877 | 49311 | 47071 | 43090 | — 1564 | — 5878 97 | —8910 | .1 — 8910 | — 5878 | — 1564 | -+ 3090 | 4 7071
29 | 4-6691 | 2250 | —2736 | —7071 | —9613 | - 96744 | — 7431 29 | —8256 | 1736 | 46203 | 9272 | 2-9925 | %8000 | - 4926
31 —6601 | —9563 | —O703 | —7071 | —2419 | --2924 | - 7431 31 19816 | 10397 | 46203 | 1392 | 3907 | —8090 | — 9962
33 — 8030 —— 3584 - 2079 47071 | 49781 9336 | 4 5878 a3 10523 5000 — 8010 | —9945 | — 7771 | — 3090 | . 2588
35 | 45000 | 4-9083 | 49848 | 7071 | 1736 | —4226 | — 8660 35 | —9962 | 7660 | — 2588 | L3420 | 4.8192 | 11 8192
37 | 49135 - 4848 | — 1392 — 7071 | — 9903 | — 8746 | — 5592 37 + 2250 47660 | 9986 | 8290 | 43256 | —3090 | — 8192
39 — 3000 | — 8387 | —9945 | — 7071 | — 1045 | 5446 | 4-9511 39 | 19336 | 45000 | — 1564 | — 7431 | — 9986 | —8000 | _ 2588
41 | 9781 | —6018 | 40698 | J-7071 | 19976 | -|-7986 | +-2079 41 | 4848 | o307 | — 9336 4695 | 1-2250 | 4-8090 | _ gg2
43 | 1045 | 7547 | 9994 | L7071 | 40349 | —B56]1 | —9945 43 | —7986 | 1736 | 15446 | 9703 | - 8746 | 13090 | . 4996
45 | 41 + 7071 0000 | —7071 i —1 — 7071 0000 45 | —7071 | 1 + 7071 0000 | — 7071 | —1 — 7071
47 | 41045 | —6561 | —9994 | —7071 | 0349 | 7547 | 4-9945 47 | --6018 | —1736 | —8387 | —9703 | —4848 | 4-3090 | 4 9063
49 | —o781 | —7986 | —0698 | 7071 | 4-9976 | 46018 | — 2079 49 | —-8746 | — 9397 3584 | L4695 | 49744 | {8090 | 4 0872
51 — 3090 + 5446 t 1-9945 | }-7071 | — 1045 | —8387 | — 9‘?1 1 51 3584 45000 | L9877 | L7431 | —0523 | — 8090 | _ 9859
53 | 49135 | 8746 | 4-1392 | —7071 | ~—9903 | —4848 | - 5392 53 | 49744 | 4-7660 | —0523 | —8290 | — 0455 | —3090 | - 5736
55 | 5000 | —4226 | —9848 | —7071 | 1736 | 9063 | |- 8660 55 | 40872 | —7660 | — 0659 | — 3420 | 45736 | L1 L 5736
57 | —8000 | — 9336 | —2079 | 7071 | + 9781 | 3584 | — 35878 57 | — 9986 | —5000 | 14540 | 9945 | 4-6203 | —3090 | — 9839
59 | —6691 | 42924 | 49703 | 4-7071 | —2419 | — 9563 | — 7431 50 | 1908 | 9397 | L7771 | —1392 | —9205 | —8090 | 4t 0872
61 | -p6691 | o744 | 42756 | —7071 | — 9613 | —2250 | - 7431 B1 49455 | 41736 | — 7771 | —9272 | —1219 | --8090 | 4 9063
63 | 18080 | ——1564 | —9511 | —7071 | + 3090 | --9877 | + 5878 63 | —4540 | —1 4540 | 4 5878 | -~ 9877 | 43090 | — 7071
65 | —5000 | —9962 | —3420 | 7071 | 49397 | 4-0872 | — 8660 65 | —8192 | 4-1736 | +-9659 = 6428 | —4226 | —1 — 4296
67 | —9135 | 40175 | 49272 | 7071 | —3746 | —9998 | —5502 67 | 46820 | --9397 | 4-0523 | —8988 | — 7547 | --3090 | 4 9982
69 43090 | 9986 | ~-4067 | —7071 | —9135 | 0523 | 49511 69 | 46293 i: — 5000 | ——9877 | —2079 | + 8387 | -|-80%0 | — 2588




IIPHIOAEHHH

Ffipodoarcenne
sin &u
N 56° 570 58e 59° 60° 61° 62°
1 | 8290 | 18387 | 48480 | 8572 | --8660 | J-8746 | 8829
3 42079 | 1364 | 41045 | 40323 0000 | — 03523 | — 1045
5 | —9848 | —9659 | —9397 | 9063 | — 8660 | — 8192 | — 7660
7 1 45299 | 46203 | 7193 | 47986 | 8660 | --9205 | - 9613
9 | 45878 | 4540 | 3090 | -I-1564 0000 | — 1564 | — 3090
9703 | —9986 | — 0903 | 0455 | — 8660 | — 7547 | — BI5T
13 1 11892 | 43584 | 4-5592 | 4-7314 | 48660 | 9363 | -+ 9976
15 + 8660 | 7071 | —4-5000 | 1 2588 0000 | — 2588 | — 5000
171 7880 | —0336 | 9976 | — 9744 | 8660 | — 6820 | — 4384
19 1 9786 | 40523 | 3746 | 6561 | 18660 | --9816 | --9903
21 4-9945 | 18610 | 46601 | 3584 0000 | — 3584 | — 6691
23 | _ 4695 | —7771 | — 9613 | 90925 | — 8660 | — 6018 | — 2419
25 | 6428 | —2588 | 1736 | - 5736 | 18660 | 4-9962 | —+ 0397
27 19511 | 49877 | 48090 | 4540 0000 | — 4540 | — 8090
29 | 0608 | —5446 | —8829 | — 9998 | — 8660 | — 5150 | — 0349
31 — 8088 | — 5446 | —0349 | -|-4848 | 1 8660 | 0008 | - 8480
33 | 47431 | 9877 | 49135 | 4 5446 0000 | — 5446 | — 9135
35 | 13490 | — 2588 | — 7660 | — 9962 | —8660 | —4296 | L1736
37 | —9994 | — 7771 | —2419 | 430907 | 18660 | 9925 | £+ 7193
39 + 4067 | 48910 | 9781 | 46203 0000 | — 6293 | — 9781
41 46947 | 40523 | —6I57 | — 9816 | — 8660 | — 3256 | 3746
43 —9272 | —9336 | —4384 | 12924 | 8660 | 19744 | -+ 5592
45 0000 | 7071 | +1 4. 7071 0000 | 7071 | —1
49 49272 | 3584 | —4384 | — 0563 | — 8660 | — 2250 | 4 5302
49 — 6947 | — 9986 | —6157 | 41908 | 8660 | 9455 | | 3746
51 — 4067 | J-4540 | 49781 | 4-7771 0000 | — 7771 § — 9781
53 | 9994 | 6293 | —2419 | — 9205 | —8660 | — 1219 | J-7193
35 — 3420 | — 9659 | — 7660 | 420872 | 48660 | --0063 | 41736
57 | —7431 | 1564 | 9135 | 8387 0000 | — 8387 | —9133
59 | 48988 | 18387 | — 0340 | 8746 | —-8660 | — 0175 | 1 8480
61 40698 | —8387 | —8829 | —0175 | + 8660 | 8572 | — 0349
63 | —9511 | —1564 | 8090 | L 8910 0000 | — 8910 | — 8090
65 | 6428 | 49659 | 41736 | —8192 | —8660 | 0872 | 9397
67 | 4695 | —6293 | —9613 | — 1219 | 8660 | --7986 | — 2419
69 | —9945 | —4540 | 4-6691 | - 9336 0000 | — 0336 | — 6691

YETHIPEX3HAUHRE TABAHLUEB Sin ko 359
IIpodoaceriie
sin Ry

N 63° 64 65 66° 67° 67,5 6
1 | 48910 | 4-8988 | 9063 | 19135 | £ 9205 | L9239 | 4 9272
3 — 1564 — 2079 | — 2588 | — 3090 | — 3584 | — 3827 | — 4067
3 — 7071 — 6428 | — 5736 | — 5000 | —4226 | — 3827 | — 3420
7 | 49877 | 49994 | L9062 | 9781 | 4-9455 | 19239 | 1+ 8988
9 — 45340 p —B8Y8 | — 7071 — 8090 | — 8910 | ——9239 | —9511
11 — 4340 — 2756 —0872. | 41045 | 42924 | 1-3827 | 14695
13 + 9877 49272 | J-8192 | 46691 | | 4848 | - 3827 | |- 27566
13 — 7071 | —8B60 | —9659 | —1 .} —9B39 | —9239 | — 3660
17 | —1564 | 41392 | 44226 | 4-6691 | 48572 | 4-9239 | 49703
19 | 4-8910 | 6947 -| 44226 | 41045 | —2250 { — 3827 | — 5299
21 — 8910 — 9943 — 9659 -—— 8090 | — 5446 | — 3827 | — 2079
23 | 1564 | 5209 | 4-8192 | 9781 | 39816 | 30230 | -+ 8290
25 -+ 7071 43420 | — 0872 | — 5000 | —38192 | — 9239 | — 9348
27 — 9877 — 9511 — 7071 — 3090 | 4-1564 | -3827 | |- 5878
29 | 4540 | 4-8200 | 4-9962 | -9135-| 6018 | 4 3827 | + 1392
31 | 14540 | —0698 | —5736 | — 91351 — 9925 | — 9239 *— 7880
033 — 9877 — 7431 —2588-| 43090 | + 7771 | 49239 | 4~ 0945
35 1+ 7071 - 9848 -+ 9063 -+ 5000-] — 0872 | 3827 | — 6428
37 -+ 1564 — 4695 — 9063 | — 9781 — 6561 | — 3827 | — 0693
39 | —8910 | —4067 | 42588 | 18090 | 49986 | 19239 | -+ 7431
41 - 8910 49703 | 45736 | — 1045 ¢ — 7314 ] — 0239 | — 9094
43 — 1564 — 7880 — 8962 | —6691 | 0175 | 3827 | 16947
45 | — 7071 0000 | +7071 | 41 47071 | 13827 0000
47 -+ 9877 - 7880 40872 | —6691 | —9998 | — 9230 | — 6947
49 — 4540 | —9703 | —8192 | — 1043 16820 49239 | --9994
51 | —4540 | 44067 | 9659 | 4-8090 | 20523 | — 3827 | — 7431
53 -}- 8877 44695 | —4226 | — 9781 | — 7547 | —3827 | -+ 0GYS
‘55 | —7071 | —9848 | —4226 | 45000 | 9962 | 19239 | J-6428
57 — 1564 —+ 7431 49659 | 4-3090 | —6293 | —9239 | — 9945
59 -+ 7071 40698 | —8192 | —9135 | — 1219 | |-3827 | . 7880
61 — 9877 — 8280 | 0872 | 48135 | L7986 | 43827, —1392
63 -+ 1564 - 9511 -+ 7071 — 3090 | — 9877 | — 9239 | — 5878
65 -+ 7071 — 3420 | — 9962 | — 5000 | 5736 | 49239 | 19848
67 — 9877 — 5298 | - 5736 + 9781 | --1098 | — 3827 | — 8290
69 ~}- 4540 -1 9945 - 2588 — 8090 | — 8307 | — 3827 | 42079




360 NPHJACAHEHHA YETHIPEX3HAYHHE TABIMLEl sin Ro 361

HIpodoarcenne Hpodoascernue
sin &g sin ey
: | | |
N 69° 700 71 720 73 e T \ Toe mo | e 190 ‘ g0 | ae o
i | ‘

1 --9336 | 9397 | 9455 | 9511 | 9563 | L9613 | 49659 1 49703 | J-9744 | 19781 | 9816 | 9848 | 9877 | 9903

3 | —4540 | —5000 | — 5446 | — 5878 | —6203 | — 6691 | — 7071 3 — 7431 | — 7771 | —8090 | —8387 | — 8660 | — 8910 | — 9135

5 — 2588 | — 1736 | — 0872 0000 | --0872 | 1736 | 3-2588 5 + 3420 | 44226 | 4-5000 | L5736 | |-6428 | 4-7071 | - 7660

7 + 8387 | 7660 | --6820 | 5878 | L4848 | L3746 | | 2388 7 41392 | L0175 | —1045 | — 2250 | ——3490 | — 4540 | — 5592

9 | —9877 | —1 — 9877 | —g511 | —8910 | — 8090 | . 7071 9 — 5878 | — 4540 | —3090 | — 1564 0000 | - 1564 | - 3090
11 --6203 | L7660 | + 8746 | -9511 ) 9925 | 9976 | L 9659 11 48988 | - 7986 | 6691 | 5150 | 4-3420 | - 1564 | — 0349
13 | +0523 | — 1736 | —3907 | — 5878 | — 7547 | —8829 | _ 4659 13 —9994 | — 9816 | —9135 | — 7986 | 6428 | — 4540 | — 2419
15 — T071 — 5000 — 2588 Q000 | -2588 | 4 5000 4- 7071 15 -+ 8660 4 9659 —+1 + 9559 L8660 | -+ 7071 4 5000
17 49986 | 49397 | 47986 | 3878 | J-3256 | 0340 | _ 92588 17 — 5299 | — 7547 | —9135 | — 9925 | 9848 | — 8910 | — 7193
19 — 7771 — 9397 | —9994 | —9511 | — 7986 | — 5392 | 2588 19 ~+ 0698 +3907 | L6691 | 4-8746 | 19848 | 9877 | 8829
21 1564 | 5000 | 7771 § 9511 | 9986 | 4-9135 | | 7071 21 44067 | 40523 | —3090 | —6293 | 8660 | — 9877 | — 9781
23 + 5446 | 1736 | 4-9986 | — 3878 | —8572 | — 9903 | — 9659 23 — 7880 | —4848 | —1045 | 42024 ' | 6498 | 8910 | L 9976
25 | —9639 | 7660 | —4226 | 0000 | J-4226 | J-7660 | | 9659 25 -+ 9848 | 48192 | 4-5000 | 40872 ; —3420 | — 7071 9397
27 +3910 | +1 + 8010 | 5878 | 4-1564 | — 3090 | — 7071 27 — 9511 | — 9877 | —8090 | — 4540 0000 | 44549 | |- 8090
29 | —3584 | —7660 | —9816 | — 9511 | —6820 | —2419 | 1 9588 29 +4- 6947 | 49563 | 9781 | L7547 | 4-3420 | — 18564 | — 6157
31 — 3584 | 41736 | 46361 | 49511 | 49744 | 7193 | .| 9388 - 3l —2736 | —7314 | —0T81 | —9455 | — 6428 | — 1564 | | 3746
33 + 8910 | 45000 | — 0523 | — 5878 | — 9336 | — 9781 | __ 7071 33 —2079 | 43584 | -8090 | 9986 | -8660 | 1 4540 | — 1045
35 — 9659 | —9397 | — 5736 0000 | 45736 | --9397 | L 9559 35 + 6428 | 10872 | — 5000 | —O063 | — 9848 | — 7071 | — 1736
37 + 5446 | L9397 | 9563 | 45878 | — 0175 | —6157 | 9559 37 —9272 | —35150 | 41045 | | 6820 | 9848 | 1 8910 | 4384
39 + 1564 | —3000 | —9336 | — 9511 | —5446 | 41043 | 1 7071 39 + 9945 | 48387 | 3090 | —3584 | —8B60 | — 0877 | — 6691
41 — 7771 | — 1736 | + 5150 | 9311 | 9205 | 4384 | _ 9588 .4l — 8200 | —9925 | —6691 | —0175 | 6428 | { 9877 | - 8480
43 + 9986 | --7660 | --1219 | — 5878 | — 9816 | — 8480 | 2588 43 -+ 4695 | 49455 | 9135 | --3907 | — 3420 | —8910 | — 9813
45 | —T071 | —1 — 7071 0000 | 47071 | +1 - 7071 45 0000 | —7071 | —1 | — 7071 0000 | --7071 [ 1
47 -+ 0523 -+ 7660 -+ 9925 + 5878 | — 1908 | — 8480 | _ o659 47 — 4895 - 3256 -+ 9133 49205 | L3420 | — 4540 | — 9613
49 46293 | —1736 | — 8572 | — 9511 | — 3907 | 4384 | 1 9859 49 | 18290 | 1219 | —6691 | —9998 | 6428 | - 1564 | L 8480
51 — 9877 | —5000 | +-3584 | —-9511 | +-8387 | 1045 | 7071 51 | 9945 | —5446 | 3090 | 1-9336 | 8660 | 4 1564 | — 6601
53 48387 | 49397 | 12924 | 5878 | —9998 | —6157 | 4 92588 53 49272 | 48572 | 41045 | —7314 | — 9848 | —4340 | 4 4384
55 2588 | —9397 | — 8192 0000 | 48192 | 4-9397 | 1 9588 35 — 6428 | —9QU62 | —5000 | 4-4226 | | 9848 | 4-7071 | — 1736
57 — 4540 | 5000 | 49986 | 5878 | —3584 | — 9781 | _ 7071 57T | 4-2079 | 9336 | J-8090 | — 0523 | — 8660 | — 8910 | — 1045
59 +9336 | 1736 | — 7547 | —9511 | —2250 | 4-7193 | 9659 59 | 42756 | —6820 | —9781 | — 3256 | L6428 | 9877 | - 3746
61 — 9336 | —7660 | 4+1908 | 4-9511 | 47314 —2419 | 9859 61 — 6947 | 42924 | 9781 | 4-B561 | — 3420 | — 9877 | — 6157
63 44540 | 41 L4540 { — 5878 | — 9877 { — 3090 | 7071 63 | 49511 | 1864 | —8090 | —8910 | 0000 | + 8910 | —L 8090
65 -+ 2588 | — 7660 | — 9063 0000 | -}-9063 | 7660 | — 2588 65 | 9848 | —3736 | 4-5000 | 4-9962 | 3420 | — 7071 | — 9397
67 | —8387 | 1736 | 9744 | L5878 | —BIS0 | — 9903 | — 2588 67 | 7880 | 8746 | — 1045 | —9363 | —6428 | 4340 | 1 9976
69 9877 | £ 5000 | —B293 | —9511 | — 0523 | 4-9135 | 7071 69 | —4067 | —0086 | —3090 | 47771 | 8660 | — 1564 | — 9781




362

NPHJAOMEHHA

Fpodoarcenue
sin kg
K 83° 84 85° 86° g7e g8e 8oe 90°
1 | 49925 | +9945 | 19962 | 49976 | 4- 9986 J-9994 | 4-9998 | + 1
3 | —9336 | —9511 | —9659 | — 9781 | — 0877 | — 9945 | — 9986 | —1
5 | 48192 | 8660 | 19063 | 4-9397 | 49659 | 9848 | 4-9962| 1
7 | —6561 | —7431 | —8192 | — 8820 | — 9336 | — 9703 | —9925| —1
9 | 4540 | 5878 | 7071 | 4-8090 | 48910 | 19511 | L 9877 -1
11 | —2250 | —4067 | —5736 | — 7193 | — 8387 | — 92721 — 0816 — 1
13 | —0175 | 42079 | 3-4226 | L6157 | 4 7771 | 4 8988] 49744 | -1
15 | -+ 2588 0000 | — 2588 | — 5000 | — 7071 | — 86601 — 9659 | — 1
17 | —4848 | —2079 | 40872 | - 3746 | --6293| 1-8290| 4- 9563 | -1
19 | 46820 | 44067 | 40872 | — 2419 | — 5446 | — 7880 | — 9455 | — 1
91 | —8387 | — 5878 | — 2588 ¢ -1045 | 4-4540| - 7431 | +9336| 41
23 | 19455 | 7431 | 44226 | |- 0349 | — 3584 — 6947 — 9205 — 1
25 | —0962 | —8660 | —5736 | 1736 | - 2588 4 6428 | 49063 1
27 | 4-9877 | + 9511 | 7071 | 3090 | —1564| — 5878 | — 8910 —1
29 | —9205 | —9M5 | — 8192 | 4384 | +0523] 45200 48746 -+ 1
31 | 47986 | 9945 | 9063 | .- 5592 | 0523 | — 4695 — 8572 —1
33 | 6293 | —9511 | —9659 | _.p6O1 | — 1564 | | 4067 | - 8387 | L1
35 | 44226 | 48660 | +4-9962 | | 7680 | + 2588 | — 3420 —8192| —1
37 | —1908 | — 7431 | —9962 | 8480 | — 3584 | L2756 +7986| L1
39 | —o0523 | +5878 | 9659 | 19135 | | 4540 —2079] — 7771 | —1
4l | 492924 | —4067 | — 9083 | _9p13 | —5446| -+ 1392 | - 7547 | 1
43 | —5150 | 42079 | 48192 | 4 9503 | -6293| — 0698 | — 7314 —1
45 ~+ 7071 goop | — 7071 — 7071 0000 | 47071 | 4-1
47 | —8572 | —2079 | 45736 | 4 9903 | +7771| 4-0698| — 6820 —1
49 | 49563 | 4067 | —4226 | 0513 | —8387| — 1392 | 6561 | 41
51 | —o986 | —5878 | 42588 | 4-9135 | + 8910 42079 | —6293| —1
53 | 49816 | 4-7431 | — 0872 | — 8480 | — 9336 | —2756| 4-6018| + 1
55 | — 9063 | —8660 | —O0872 | 1 7660 | - 9659 | 4 3420 | —5736| — 1
57 | + 7771 | 9511 | }-2588 | — 6691 | —9877 | — 4067 | 45446 1
59 | — 6018 | —9945 | —4226 | 15592 | + 9986 4-4695| — 5150 — 1
61 | 4-3907 | 49945 | |- 5736 | — 4384 | —9986| — 5299 | - 48481 |- 1
63 | —1564 | —9511 | — 7071 | 43090 | + 9877 | |- 5878 | — 4540 —1
65 | — 0872 | 8660 | ~-8192 | —1736 | — 9659 | — 6428 | - 4226| + 1
67 | 3256 | — 7431 | — 9036 | 0349 | + 9336 | - 6947} —3907| — 1.
69 | —5446 | 5878 | 4-9659 | 4 1045 | — 8910| — 7431 | 3584 | +1

HYETHIFEX3HAYHHE TAB/MHUE COS R 363
1. HETBIPEX3HAYHBIE TABJHUBI cos &z
TlprBeneHEMe weTHIPEX3HAYHEIE YHCJAA OPeICTABAAIT colofl suaAueHua
104 cos k9. Tlpu cos 2¢ =1 B Tex e KONOHKAX CTOHT OIHa uHppa «ls.
X 10 2:\ 30 4& 5& 60 ';.'d
1
1 -+ 9948 -+ 9994 |- 9986 49976 | 9962 | 19945 | 9925
3 - 9986 - 9945 -+ 9877 —+ 9781 | 9659 | 9511 | 4 9336
3t -+ 3962 ~f- 9848 -+ 9659 —+ 9397 | 49063 | 8660 | L 8192
7 - 9925 -+ 9703 -+ 9336 8829 | --8192 ; -7431 | 4 B561
9 -+ 9877 -+ 9511 - 8910 + 8090 | +-7071 ;| |-5878 | 4 4540
11 —+ 9816 - 9272 -+ 8387 4+ 7193 | 5736 | 4067 | 42250
13 -+ 9744 -+ 8388 -+ 7771 - 8157 | 14226 | J-2079 | — 0175
13 -+ 9659 —+ 8660 - 7071 - 5000 | - 2538 0000 | — 2588
17 - 9563 -+ 8250 -+ 6293 43746 | 40872 | — 2079 | — 4848
19 -+ 9455 + 7880 | + 5446 + 2419 | — 0872 | — 4067 | — 6820
21 -+ 9397 -+ 7431 —+ 4340 —+ 1045 | — 2588 | — 5878 | — 8387
23 -+ 9203 -+ 6947 -+ 3584 — 0349 | — 4226 | — 7431 — 9455
25 L 9063 -+ 6428 + 2588 | — 1736 | — 5736 | —8660 | — 9962
27 -+ 8910 -+ 5878 -+ 1564 | — 3090 | — 7071 | —%®s511 | — 9877
29 -+ 8745 -+ 5299 -+ 0523 — 4384 | — 8192 | — 9945 | — 9205
oS Ry
N ge ge 10° 11e 120 13° 140
i -~ 9903 -+ 9877 -1 GB48 + 9816 | 19781 | L9744 | -+ 9703
3 -+ 9135 -~ 8910 -+ 8660 8387 | 8080 | 7771 | 7431
iz - 7660 -4 7071 -+ 6248 -~ 5736 | 5000 | 142268 | 4 3420
7 -+ 5592 -+ 4540 | 3420 2250 | 1045 | — 0175 | — 1302
9 - 3090 - 1564 0000 — 1564 | — 3080 | — 4540 | — 3878
11 -+ 0349 — 1564 | — 3420 | —5150 | —6591 | — 7985 | _ 8988
13 — 2419 — 4540 | — 6248 — 7986 | — 9135 | — 9816 | — 9904
13 — 5000 — 7071 — 8660 — 96539 | —1 — 9659 | — 8660
17 — 7193 — 8910 — 9848 | — 9925 | — 9135 | 7547 | — 5299
19 -— 8829 — 9877 — 0848 | — 8746 | — 6691 | — 3907 | — D6OS
21 — 9781 — 9877 — 8660 | — 6293 | —3090 | L0523 | - 4067
23 — 9976 — 8010 — 6248 — 2924 | -1045 | 4848 | - 7880
25 — 9397 — 7071 — 3420 40872 | 4-5000 | 8192 | L 9848
27 — 8090 — 4540 0000 +— 4540 | 8090 | L9877 | 4 9511
2G — 6157 — 1364 + 3420 | 7547 | - 9781 | 49563 | 16947




364 TIPMAQIKE HUA YETBIPEXSHAYHBE TABAHUH COS B¢ 36H

fipodoanenue : Hpodoascenie
cos ky cos kg
H : . |
SN 15° 16° 17 18° 19° i 20° e x e ‘ 20° . B Rl G2y Eik 31°
f - i _ i
1] 49639 | 49613 | 49563 | 9511 | 9455 | 49397 | - 9336 1 | 18829 | 18746 | 48660 | 48572 | 4 8480 | 8387 | 1 8200
3 o 7071 -+ 6691 46293 | - 5878 L 5446 L 5000 | - 4340 3 -+ 1043 -+ 0523 0000 | — 0523 ¢ — 1045 | 1864 | — 2079
5 | 2588 | 1736 | 10872 0000 | — 0872 | — 1736 | — 2588 5 | —7660 | —8192 | —8660 | .—9063 | — 9397 | — 9650 | — 9848
7 | —9588 | —3746 | 4848 | — 5878 | — 6820 | — 7660 | — 8387 7 | —913 | —9205 | —8660 } —7986 | —7193 ) —6203 ) — 5299
9 — 7071 | —8090 | —8910 | —9511 | — 9877 | —1 — 9877 9 — 3090 1564 0000 | -4 1564 | 43090 | 44540 | L 5878
11 | —9659 | —9976 | 9925 | — 9511 | — 8746 | — 7660 | — 5203 11 | -p6157 | 7547 | 8660 | 49455 | -9903 | L9986 | 4 9703
13 | —9639 | —8829 | _ 7547 | _ 5878 3907 | — 1736 | - 0523 13 | +9976 | 49563 | 48660 | 47314 | 5592 | 3584 | o 1302
15 | —7071 | —3000 | __ 2588 0000 | -+ 2588 | 5000 | 4-7071 © 15 | 45000 | 2588 0000 | — 2588 | — 5000 | — 7071 ; — 8660
17 | —2588 | 0349 | 13236 | 3878 | 7986 | 9397 | | 9986 17 | —4384 | 46820 | —8660 | — 6744 | — 9976 | — 9336 | — 7880
19 | 49588 | —-5592 | L7986 | --9511 | L9998 | 49397 | -|-7771 19 | —9903 | —9816 | —8660 | — 6561 | — 3746 | —0323 | | 2756
21 27071 | 49135 | -9986 | 4-9511 | 47771 | 15000 | } 1564 , 21 | —6691 3584 0000 | + 3584 | --G691 | 48910 | -+ 9943
93 | 3-9659 | -+9903 | 48572 | L5878 | 492250 | — 1736 | — 5446 93 | +2419 | 6018 | 48660 | 9925 | 9613 | 4 7771 | |- 4695
25 49639 | 47660 | 4296 0000 | — 4296 | 7660 | — 9659 .25 49397 | 4-9962 | 8660 | 4-5736 | -1736 | ——2588 | — 6428
27 | 47071 | 43090 | 1564 | — 5878 | —8910 | —1 — 8910 27 | 8000 | 44540 | 0000 | —4540 | — 8090 | — 9877 | — 9511
29 -+ 2588 — 2419 | — 6820 | —a511 | — 9816 | — T6B0 | — 3584 29 — 0349 — 5150 | —B8660 | —9998 | — 8829 | — 4446 | — 0698
_ _ |
cos By ) . : cos ko

h ¥ 08 L 2205 qgo 24° 950 269 a7 \ 35 l 36 a7 age ag= I 40° 41
| 1

1| 49272 | 49230 | 49205 | 9135 | 19063 | 4-8988 | + 8910 1| 4-8192 | 8090 | 47986 | {7880 | 7771 | 4-7660 | 4 7547
3 | 44067 | 43827 | 43584 | 3090 | --2588 | 2079 | 1564 8 | —2588° —3090 | —3584 | —4067 | —4540 | —5000 | — 5446
5 | —3420 | —3827 | — 422 5000 | — 5736 | — 6428 | — 707} 5| —9%2 ] -1 —9962 | —9848 ) —9659 | —0307 | — Y063
7 | —8988 | —0239 | — 9455 | —9OT81 | —9962 | — 9994 | 9877 7 | —4226 ; —-3090 | —1908 | — 0698 | 0523 | 41736 | - 2924
9 | —o9511 | —0239 | —8910 | — 809 | — 7071 | — 5878 | — 4540 I S L S e S St O S T S R ST B —+ 9877
11 | —4605 | 3827 | — 2024 | —1045 | 40872 | 4 2756 | -+ 4540 " 1Ly 49063 | 8090 | 48820 | 45299 | 4-3584 | 4-1736 | — 0175
13 | 9756 | 43827 | 4848 | J-6691 | -8192 | £ 9272 | | 9877 LN T e A S e
15 | -+8660 | 19239 | 19639 | -1 + 9659 | 8660 | 7071 15 | —9%59 | —1 S i et s e (G L R i
17 | 49703 | 49230 | 8572 | 6691 | 4226 | L1302 | — 1564 17 | —5736 | —3090 | —OI75 | {-2756 | +-5446 | J-7660 | + 9205
19 | £5299 | 3827 | }-2250 | — 1045 | —4226 | — 6947 | — 8910 UM S SGTEN BE te Me U BEles SR e B (RS st il e il et B A
21 | —2079 | —3897 | —5446 | —8090 | —9659 | —9945 | — 8910 21 | 49659 | 4-8090 | 4-5446 | 2079 | —1564 | —5000 | — 7771
23 | —8290 | —0239 | 9816 | — 9781 | —8192 | 5299 | 1564 23 [ 0872 | —3090 | —6561 | —8088 | —9986 | — 9307 | — 7314
95 | 0848 | —9239 | 8192 | — 5000 | —0872 | 4 3420 | 7071 25 [ —9063 ) —1 — 9063 | —6428 | —2588 | 4-1736 | 4-5736
27 | —5878 | — 3827 1564 | 43090 | 7071 | 49511 | 4-9877 27 | —7071 | —3090 } 4-1564 | 5878 | + 8910 | -1 Y
20 | 41392 | 3827 | 46018 | 9135 | 49962 | -4 8290 | L 4540 90 | 44226 | 8090 | 9925 | 9272 | 6293 | } 1736 | — 3256




366 NPHAOKEHHS
Iipodoascenue
cos ky
i 420 43 440 45° 46° 47° 4ge
k an
1 +7431 | 7314 | 47103 | 7071 | 46947 | 6820 | 4 6691
3 5878 | — 6203 , —6691 | —7071 , —7431 | —7771 | —8090
5 8660 | —8192 | — 7660 | — 7071 | — 6428 | — 5736 5000
7 4067 | 5150 | 6157 | 7071 | 7880 | 48572 | 9135
9 4+ 9511 | 8910 | 48090 | 47071 | 5878 | 14540 | - 3090
11 —2079 | —3907 | —5592 | —7071 | —8290 | — 9205 | —9781
13 —9945 | —9455 | —8480 | —7071 | —5209 | —3256 | —1045
15 0000 | 42588 | 4-5000 | --7071 { 8660 | 9?39 +1
17 19945 | 9816 | 8820 | 47071 | 4695 | + (1(30§ — 104?
19 42079 | — 1219 | —4384 | — 7071 | — 8988 | —9925 | — 978
5 5 —_ — 4067 | — 0323 | L 3000
1 — 9511 | — 9986 | — 9135 7071 | — 406
33 — 4067 | — 0175 | 4.3746 | L7071 | 49272 | +9998 | L ?135
25 48660 | L9962 | 9397 | J-7071 | 4-3420 | ——0872 | — 5000
27 +5878 | 41564 | —3090 | —7071 | —9511 | —O877 | — 8090
29 — 7431 | — 9744 | — 9613 | — 7071 | — 2736 | 4-2250 | -} 6661
cos ky
N 49 50° 51 52° age 540 550
1 6561 | 46428 | 6293 | -+6157 | 4-6018 | 45878 | - 57:__33
3 — 8387 | —8660-| —8910 | —9135 | —9336 | — 9511 | — 95;2
5 — 4226 | — 3420 | — 2588 | — 1736 | — 0872 0000 | -+ 08
7 +9563 | 0848 | 4-9986 | 4-9976 | 4-9816 | 9511 | 4 ggg:ls
9 | L1564 | 0000 | — 1564 | — 3090 | — 4540 | — 3878 | —7
|
- ' 50 | — 7314 | — 5878 | — 4226
11 — 9998 | — 9848 | — 9336 | — 8480 3
13 41219 | 4-3420 | 4 5446 | 7193 | 8572 +951(1) +gg}g§
15 | 496859 | 4-8660 | - 7071 | 35000 | H-2588 gqtl)l — 8?92
17 — 3907 | —6428 | — 8387 | —9613 | — :9998 —9 978 o1
19 — 8572 | — 06428 | — 3584 | —0349 | 42924 | -5878 | -
21 46293 | 8660 | 9877 | 9781 | 8387 |- 5878 | - gggg
23 46820 | 4-3420 | —0523 | —4384 | — 7547 | — 951 (1) i
25 — 8192 | 09848 | — 9659 | —T660. | — 4226 | 090 -+ s
27 — 4540 0000 | -+ 4540 | 8090 | 9877 | - E:}o ; ; + b
29 49455 | 49848 | 7771 | 3746 | —1219} — 58 —

———

HETHIPEXSIAUILE TABIHULT COS R 367
{Ipodoaorenue
cos ky
o o | e I
N 55 57° | 58° |= aye [ 60e 51° 620
L | 45592 | 453446 | 45299 | L5150 [ 5000 | 44848 | 4 4693
3 — 9781 — 9877 | — 9045 — 9986 | —1 — 9886 | — 9945
5 -+ 1736 +2588 | 3420 | 4226 | - 5000 + 5736 | 6428
7 -~} 8480 + 7771 | 4-6947 | 4-6018 | -+ 5000 -+ 3807 | J- 2756
9 — 8090 — 8310 — 9311 — 9877 | —1 — 9877 | — 9311
11 —38090 | —0523 | 11392 | 13256 | - 5000 | 4 6561 4+ 7880
13 | ~-9903 | 49336 | 48290 | 6820 | - 5000 + 2924 | -+ 0698
15 — 3000 — 7071 | — 8660 | — 9659 | —1 — 9659 | — 0866
171 —6157 | —3584 | —0698 | 42250 | -+ 5000 | 7314 -+ 8988
19 | +9613 | +9986 | 49272 | {7547 | 45000 | 4-1908 | — 1392
21 — 1045 — 4540 | — 7431 — 9336 | —1 — 9336 | — 7431
23 | —8829 | 6293 | —2756 | 41219 | 4 5000 + 7986 | L 9703
25 -+ 7660 + 9659 | 4-9848 | 18192 | + 5000 + 0872 | — 3420
27 |- 43090 | —1564 | —5878 | —8910 | —1 P—s8010 | — 5878
29 | —9976 | — 8387 | — 4695 | + 0175 | 5000 | 48572 | 4 9994
cos ko
N 63° 6ie 65 §6° &7 67°,5 [ B3e
1 -+ 4540 4384 | 4226 | 44067 | - 3007 + 3827 | - 3746
3 — 9877 — 9781 | —9659 | —9511 | — 90336 | — 9239 | — 9135
51 #7071 | L7860 | 8192 | 48660 | 49063 49239 | 1+ 9307
7 -+ 1564 + 0348 | —0872 | —2079 | — 3956 | — 3827 | — 4384
9 — 8310 — 8090 | —7071 | —5878 | —4540 [ — 3827 | — 3000
11 - 8910 -+ 9613 | J-9962 | 1 9945 | 9563 + 9239 | 4 8829
13 — 1564 — 3746 | — 5736 — 7431 | —8746 | —9239 | — 9613
15 | —7071 | —5000 | — 2588 0000 | 4 2588 | 43827 | — 5000
17| 49877 | 9903 | 19063 | 7431 | 45150 43827 | 4 2419
19 —= 4540 — 7193 | — 9063 — 9945 | 9744 | 9239 | — 8480
21 — 4540 | 1045 | 42588 | 15878 | 4 8387 49239 | 4+ 9781
23} 49877 + 8480 | 5736 | -2079 | — 1908 | _ 3897 5592
25 | — 7071 — 9397 | —9962 | —8660 | — 5736 | —3827 | — 1736
27 | — 1564 23000 | 47071 | 49511 | 40877 49239 | 4 8090
29 +8910 | 45592 | 0872 | —4067.| — 7986 | _.gosg | __ 99303




368 NPHIAOMKEHHA
Ilpodoasrcenne
cos ko
N 69° 700 e | T 73° 4o 75+
1 | 4-3384 | 13420 | 4-3256 | 4-3090 | 2924 | 42756 | 2588
3 — 8910 — 8660 — B38Y — 8090 | — 7771 — 7431 — 7071
5 | --9659 | 4-9848 | 9962 | 41 19962 | 19848 | - 9659
7 — 5446 — 0428 — 7314 — 8090 | — 8746 | — 9272 | — 9639
9 — 1564 Q000 -+ 1564 -+ 3090 | + 4540 | 13878 | 7071
11 -+ 7771 1 6428 -+ 4848 -} 3080 -+ 1219 —0B98 | — 2588
13 — 9986 — 9848 — 9205 — 8090 | — 64561 — 4695 | — 2588
15 L 7071 -+ 85660 -+ 9659 41 —+ 9659 | 4 8660 - 7071
17 — 0523 — 3420 — 60138 — 8090 — 9455 | — 9994 | — 9859
10 | —6293 | ——3420 | — 0175 | 3090 | —+-B018 | - 8290 | -+ 9659
21 -} 9877 - 8660 - 6283 43000 } — 0523 | —4067 | — 7071
23 — 8387 — 9848 — 9744 — 8090 | — 5150 | — 1392 | -2588
25 | 19588 | 46428 | 9063 | 1 - 0063 | 4 6428 | - 2588
27 - 4540 Q000 — 4540 — 8090 | — 9877 — 9511 — 7071
29 — 9336 — 6428 — 19058 -+ 3090 + 7314 | + 9703 -+ 9638
cos &2y
N 76° 77e e 79° 80° 81e g2=
1 42410 | 2250 | 4-2079 | 41908 | 1736 | -1564 | - 1392
3 — 6691 — 6293 — 5878 — 5446 | — BOOO — 4340 | — 4067
5 | 49397 | 49063 | 8660 | 8192 | 47660 | 7071 | - 6428
i — 9903 — 9998 — 9945 9744 | — 9397 | — 8910 | — 8290
9 | 28000 | 48010 | 49511 | 9877 | -1 49877 | 4 9511
11 — 4384 — 6018 — 7431 8572 | — 9397 | —O8BTT | — 9994
13 — 0349 -}- 1908 4 4067 -+ 6018 - 7660 + 8910 | 3 9703
15 -+ 5000 -+ 2388 0000 _.9588 | — 5000 | — 7071 — 8660
17 | —8480 | —6561 | —4067 | —1219 | 4 1736 | -4540 | - 6947
19 | 49976 | 92056 | 7431 | 44848 | 4-1736 | — 1564 | —4695
21 — 9135 — 9986 — 9511 —T771 .| — 5000 — 1364 | 42079
23 | 46157 | 1-8746 | 19945 | 4-9563 | |-7660 | - 4540 | - 0698
25 — 1736 — 5736 — 8660 — 9962 | — 9397 — 7071 — 3420
27 — 3080 ~+ 1564 -+ 5878 -+ 8910 1 -+ 8910 -+ 5873
29 ~+ 7193 - 2924 — 2079 — G561 — 9397 | — 9877 — THEO

ECTECTBEHIBIE WHPHHLL 7o AuHAR Ko, u Koy 369
ITpodoasrcenite
cos By
) | |
LN Rae 84° 85° 86* ,  87° gg° s9° | goe
3 t |
1 | 21219 | 1045 | 0872 | L 0698 | 10523 | 40349 | L 0175 | 0000
3 3584 | ——3090 | — 2588 | 2079 | — 1564 — 1045 | — 0523|0000
) 43736 | 45000 | 4226 | 43420 | 4-2388| 4-1736 | + 0872 | 0000
7 | —7347 | —e691 | —5736 | —4695 | —3584| — 2419| — 1219|0000
o | 4-8910 | 48090 | 47071 | - 5878 | 4540 | £ 3090 | - 1564 | 0000
11 — 9744 | — 9135 | — 8192 | — 6947 | — 5446 | — 3746 | — 1908 | 0000
13 | 4-9998 | 9781 | 9083 | 7880 | 4 6203 | - 4384 | 4 2250 | 0000
15 | —9659 | —1 9659 | — 8660 | — 7071 | — 5000 | — 2588 | 0000
17 | 48746 1 9781 | 9962 | 49272 | 47771 -+ 5592| - 2924|0000
19 — 7314 | — 9135 QuBZ | -— 9703 | — 8387 | -- 8137 — 3256 | 0000
21 | 5446 | --809) | 4 9659 | 9945 | - 8910 - 6691 | - 3584 | 0000
23 — 3956 | —-6691 | — 9063 | — 9994 | — 9336 | — 7193 | — 3907 | 0000
95 | - 0872 | - 5000 | 8192 | |- 9848 | + 9659 | 47660 | 44226 | 000C
27 1564 | —3090 | — 7071 | —9511 | — Q877 | — 8000 | — 4540 | 0000
20 | ——3907 | 1045 | - 5736 | 8988 | -} 9986 | 8480 | 4 4848 | 0000
| i
IV. ECTECTBEHHBIE HTHPHHDI v, JIUHUHA Koy U Koo
P ' l
Jaemenr (T"{;{é“l’ { rr'?jguﬂ’ DACMEHT {T"; f“l ’ I (T"L-Zg%’
) |
22 Ti 1,38 1,90 32 Ge 2,73 2,94
23 W 1,58 2,21 38 Sr 4.5 4,6
24 Cr 1,86 243 40 Zr 5,2 5,4
25 Mn 2,46 2,96 41 Nb 5.8 5,4
26 Fe 2,65 3,00 42 Mo 5,86 6,15
97 Co 2,45 3,12 44 Ru 6.8 6,7
28 Ni 2,26 3,03 45 Kh 7.3 7.2
29 Cu 231 3,21 16 Pd 7.8 7.9
30 Zn 2,44 2,90 47 Ag 8.6 8,7
31 Ga 2,40 2,53 74 W#) (43,0) (43,3)

#}y Haunele jpas 74 W, BO3MO®NO, 3aHHMEHEL
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NPHAOKEHNHA

V. HIUPVHBI K-¥POBHY

Ml
E};Ie.ucm‘ T‘ZS’ L DnemenT ng’ i BaeMenT T:E—:
12 Mg 0,44 24 Cr 084 | 40 Zr 3,55
13 Al 0,48 25 Mn 0,92 42 Mo 410
14 Si 0,51 26 Fe 1,00 45 Rh 5,38
15 P 0,54 27 Co 1,09 47 Ag 6,28
16 S 0,57 28 Ni 1,19 50 Sn 7,98
17 Cl 0,60 29 Cu 1,30 55 Cs 12,0
18 Ar 0,63 30 Zn 1,40 60 Nd 17,7
19 K 0,65 31 Ga 1,53 65 Thb 26
20 Ca 0,68 32 Ge 1,67 70 Yb 36
21 Sc 0,71 34 Se 1,98 | 75 Re 48
22 Ti 0,74 36 Kr 237 || 79 Au 61
23V 0,79 38 Sr 2,82 ‘
VI. IUAPHHBI L;;- M Ly -YPOBHEH
Daement oy | YL [ry— Yo [T
o | a8 ‘ 28 ©oa8
22 Ti 1,16 0,64 32 Ge 1,27 1,06
23V 1,42 0,79 38 Sr 1,78 1,68
24 Cr 1,59 1,12 40 Zr 2,05 1,85
25 Mn 2,04 1,54 41 Nb 1,69 2,09
26 Fe 2,00 1,65 42 Mo 2,08 1,78
27 Co 2,03 1,36 44 Ru 1,84 1,94
28 Ni 1,84 1,07 45 Rh 1,82 1,92
29 Cu 1,91 1,01 46 Pd 1,89 1,99
30 Zn 1,50 1,04 47 Ag 2,42 2,32
31 Ga 1,02 0,87 -
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Ceetocnaa 130, 151, 133, 157, 159, 166

CenentHBHOE EBOSOYmIelune, oM. Haduparess-
HO® BO3OYACIEHHE

— NOTAOIIEHHE, ¢M. Maﬁupme ALHOE NOId0ueHte
Cuancton 17, 28

CHHYCHEIH MexaHWsm 197

CHTOBHI ananns 290

Crauoy noriouteHus 301, 310

CrepamuocTe 132, 133, 135, 136

CHOPOCTE ClieTa 99, 129135

— — uzvmepenHas 120
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— — HCTHHHas 129, 130
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Cotersennoe npeMa, oM, 110CTOAHHAH BPeMEHR
CTAMOGBOH CHeMED |

Coasphsauka 59

ConpoTHEIRHEE Sydepuoe 33, 42

CrnexTporpamya 276, 277

Couextporpag 32, 143

CrexTpoMeTp 148

— ARYHpHCTaABUBIL 146, 237

— IBVXKAHATBHRE 212, 330

- Hopearo 173

— «XED-35= 173

Cpeinas npoda 28%

CTaduAH3ar0p AHOAHOTO uanpixenusd «CH-1» 43

— — ToHd 43, 44

— (Qeppopesouanchai 4

Craduauzdiius AHOIN0MD Tors 42, 44

— WHTEHCHBHOCTH 136

-~ Deamnepluomnan 142

CTabuILHOCTE AHOLHOCO MANDEEeHHT 44, 43

Cranpnapt 292, 294, 295, 307, 330

CTamIaprisie AMUHH COEKTPE, CM. JIHHHH Cheg-
TP4 CTaHAAPTHEIE

CranzapTHui saeMeut 237, 238, 293, 204

— —, pacueT KOHOSHTRAIlmH 291, 292, 306, 308

CratueTuxa [yaccons, cu Pacnpeneaenne [Tyac-
coa

CTontuk esdHAYHEN 230, 241, 242

Cxema aaroMerpa 142

— aorapHpMHEpoRanE Toxa 142

— coBnafenuii 114, 1156
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CUnnNTHATHPYIOMKA  KpHoTada, oM. Kpueraan
CUHHTHAAHPYIOHIK

Cuerunw Teirepa 41, 87, 98

— —, BpeMA BOCCTAHOBAEHHA 105

— —, Tacgurve naper 106
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— —, — — BHYTperHee 106 o

— — xaa MArPKHI ayqed 102, 103

— —, UCTOUHHE THTaHus 104

— —, KOHCTp¥KOHA 99—102
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— — —, DEHTTEHOECKHE 95

— — —, CXeMa MHTAIAE ¥ perMcrpanmu 107

— — — TOPUOBEE B9 . ;

— — —, yaerpaduoaeToBoe Hanyrenus 103

= w= —, XaparTepreTHEa 103

— — —, s PEKTHBHOCTS, - ¢M. MOHHZAUHOMIbIT
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— HKOHTPOMBHEIE, eM. MovuTOD

— KpHCTAMAKYeCHHR 120122

— pabounit 137 :

~ CHHNTHANAUHONEEE 41, 11, 111

—, BMILTHTYAd HMOyAsca 117

—, Meprsoe ppema 114

-, pa3pewmarunas cura 117, 118

—, TYBCTBHTEABNOCTL 114
, afpeRTREHOCTL 114

Tatimep 108, 104

Tepuuerop 123—125

TeuencwaTenk redueBnlit 53

Tox oaceimenws 12
oncTwaf obpasen 303—305, 312, 315, 321

— -y Kpurepuit 303, 312

Toukui pbpdsen 303, 504, 312, 320

— —, Xpurepwit 202, Li2

ToUHOCTE KOAMYSCTBEHHOCO aumaamsa 238, 244,
305, 329, 346

TpanchopMaTop BRCOKOBOALTHHNE 33, 42

— HAKAAA KeHOTpOHA 34

— — Tpyhru 34

— Tecaa 28

[T

¥ron Bynwpa—BEpsrra 281
¥Yipaupanme aanpzsenda 40

Purcax 80, 81
durcnposanue 79, 81
DUILTPH CeAcKTHBHHE 338

PIyopecueHTHOE H3AYYERML 36, 27, a0, 31, 95, 119
DIVopecIenTHER amanana 296, 297 ’
Poxalbuas OKDYKHOCTH 148, 151, 135, 1949, 209
PORAABHME KpyT Poyaansa, oM. Pokadbhss ox-
PYHHOCTE :
cpqlgﬁc;{pom{a CMeRTRa oduOspemennas 130, 133,

— — pa&sHcBpeMedAas 147

$oxycﬁp}'10u.mﬁ Koanayow 14, 21, 22, 36
OKYCIEOE NATHO aHoaa 14, 17, 21, 24, 35, T
15%, P A 3 1, 26, 35, 36, 147,

PopMa BEYTPEHHEro ypopas 269

— cnextpa 221, 228, 230, 234, 236

~- — WCTHHHag 237, 249 )

— —aHCNepAMeHTAAbHAA 237-—230, 249, 25
o P , 249, 253, 260,

PoTomeTpupoBaHUe G6, 67, T3, 222, 227, 231

POTONAOTHOCTE 58—78, 228, 209

— ¥comnoBHaT 69—72, 228

—. dayRTyanuy 76—78

POTORAPOBOIHMOCTE 120

POTOFICHTPORYEE yMHOXNETEIp (DIYY 110—115

— —, AMUJIHTYIAZ wMOYabca 112, 115, 117—119%

= —, LHCRpusuanud poma 113—115

— —, DXEMI BEKAKWeHUa 112, 114

— —, TepMOBO#R yor 112—115, 120

— —, thororkaroa 111—113, 120

— - —, TEpMOAENTPOHHA SMUcCeHA 112—115

Doroanesent 122, 125

UncrnoBo# Tpeyroanuu 241
YyBCTBHTRALHOCTL aHaituza 128, 129, 178, 272—
274, 303, 310, 335 .

Maporoil paspainuk 46, 47

[lnpura puyTpeHuero yposun 268
-~ AHHHH ecTecTeennan 212, 237, 359
— — usMepenuas 237

— IEAH ONTHMATLUAa 275

Hlmos paxkyyMuaoill 27—29, 203

JEpAR FCHMMBAIUMA 56

JHCNMOIMLKA ONTUManbHag 72—75, 78

DIeKTPONSMEPATENbHBIA miiady 195, 203, 208

DAEKTDOMETP 3epEankHER 57, 58, 230

— —, nepuol woaedanuit 230, 231

JAeNTPOMEXAHWTRCKMA  coeTYyHkK uMuyascas 107

Boeprpounas oymea 192, 193

— CTIVCHOBAS cXema 200

Jaeurpomnelit song 217, 218 .

JALKTPOCTATHILCKUN TerepaTop 199, 200

SaeMeHT CTAHAAPTHLIH, oM. (UTAHRADTHLIA BJe~
MENT

ShauTrep, oM. JIHHOI

Buepris $HOTOHL, USMepeRMe 223, 228 N

SpheRTHERLED ¥BANPaT N30 THA HANpYweHHd 285

HHTATEAH!

_CBoeBpemeHHo 3axaseHBafTe HeOoOXOMMMYIO JAHTEPATYDY.-
: 3’31‘;33131 NOKYMaTeJ el ONpeledsioT THpam KHUT,
Kouanyecrro SKIEMILTAPOB KHUTH, NOCTYIaiom el 1s npo-
Ja¥H B MAraawHel, 3aBHCHT OT YKC/I4 33KA30B MOKynaTeneH.
@] BRIXONSIIHX KHHFGX MOMHO Y3HATL B KHIKHBIX
MardsuHax WM #Ha o6wnasJeunfi ¥ pexgam FlazatenscTea,
IlpenrapuTentHEl 3aKkas odopmasercs Ha NOYTOROH
OTKPEITKE B KHHXHOM MarasuHe. O ToCTyIIeHHM 3aijpaan-
HOH JHTEPaTYPH B KHHXHBIE Maraswu MOKynaTels u3-
BellAeTCd MarasuuoM 10 MoYTe. 3aKas CoXpaHsieTca B Te-
YEHWE HeleJu ¢ MOMeHTa H3BelleHUd,
TTpenpapuTedbhble 3aKASE MOWHO TAKKE HAMpAaBISTh
oTdenaM <«KHUra — mourotts mo aﬁpecam:

Mocksa, K-9, Iemposra, 3. 15,
Mocksa, Lenmp, ya. Kuposa, 0. 6.

TlpengaputenbHele 3axasbl KOHOMAT BpeMs W obeclie-
YHBAIOT TIOKYTNKY KHUT B TIeDBHIEe MHH IIPOILAMH.
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