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HEJb U 3AJAYU U3YUYEHUSA JUCHUIIJIINHBI.
Heas TUCHUNIAHBL:
- 3yueHue QyHIaMEHTAIBHBIX MMOHSATUH, MPEACTABICHUN U (PU3UKO-XUMHYECKUX MOJICTICH,
HCIIOJIb3YEMBIX B COBPEMEHHOU PaIOXHMHH.
3anauu:
—  Pa3bICHHUTH CyTh (DYHIAAMEHTAIBHBIX MOHATUNA W TPEICTABICHUN PATMOXUMUU, PACKPHITH
POJIb PAIMOAKTUBHOCTH B (PH3MKO-XMMHUYECKHX TPOIIEccaX, MPOTEKAIONINX B 36MHOH KODE,
rugpocdepe u atmocdepe.

— paccMOTpPETh BaXKHEHIIME XMMMKO-TEXHOJOIMYECKHME U  DKOJIOTUYECKUE IPOOJIEMBI
COBPEMEHHOM aTOMHOM YHEPIreTHUKH.
MECTO JNCOUMIIJIMHBI B CTPYKTYPE OIIOII:
Hucuunnuna «Paguoxumus» oTHocutcd K uukiay bl.  JQucuunimussl  (Momynn)

BapuaTHBHAs 4acTh (IucuuIuinHbl o BeiOopy b1.B1./1B.02.02). JlucuuninHa oCHOBBIBAETCS Ha
0a30BBIX 3HAHUAX OTAEIBHBIX TUCHUIUIMH ((pU3MKa, HEOpraHUYeckas XHMHS, MaTeMaTukKa) U
OTHpPAETCs] HA OCBOCHHBIE MMPU U3YUEHUH JTaHHBIX AUCUUILINH 3HAHUS U YMEHHUSL.

HI/ICHI/IHHI/IHa ABIIACTCA npeﬂmeCTBy}omeﬁ JIIA HN3YUYCHUA CICAyromux - AUCHUILINH
KPpUCTAINIOXUMHUA, CTPOCHUC BCIIIECTBA, XUMHUYCCKaAa TCXHOJIOTHA, 0e30MacHOCTh
KHU3HCACATCIIBHOCTH.

3 HEPEUEHD IIVITAHUPYEMBIX PE3YJIbTATOB OBYUYEHMUS 11O JUCIUIIJIMHE
MOAYJa10), COOTHECEHHbBIX C IINTAHUPYEMBIMU PE3YJIbTATAMHUX
OCBOEHMA OIIOII

Kon 1 HamMmeHoBanue

IlepedeHp MIaHUPYEMBIX PE3YITATOB O0YICHHUSI IO AUCIUIUINHE (MOIYJTIO),
COOTHECEHHBIX C UHJIUKATOPAMH JOCTHKEHUST KOMIIETECHITHN

peanuzyeMon

KOMITETCHIIUH
[IK-1 croco0OeH | 3HATh:
BBITIONTHSTE OCHOBHBIE MTOHSATHS U ONPEIEICHHS PaIHOXUMHH;
CTAaHTApTHBIE 3aKOHBI Pa/IMOAKTHBHOTO Pacrajia;
onepam 10| PA/MOAKTHBHbIC CeMEHCTBA ypaHa, aKTHHOYPAHa | TOPHS;

Knaccuukanuro MeToIoB BbIICICHUS U Pa3Ie/CHHS;

TpeIUTAraeMEIM OCHOBHBIE 3aKOHBI, 3aKOHOMEPHOCTH, MEXaHHM3Mbl M OOJIACTH TPUMEHCHHS
METOIMKaM METO/IOB BBIJIEJCHHUS ¥ pasjieieHus pPaJdOHYKIUI0B (COKPUCTAIUTU3AIIHS,

IpoOHasT KPUCTAILTH3AIS, aJCOpPOIMOHHOE COOCaXACHHE, XpoMaTorpadus,
IKCTPAKLHSL, JIEKTPOXUMHUYECKHUE METOIbI);

YMersb:

BriOpate onTrManbHbINH METOA BBIIEICHUS MUKPOKOMIIOHEHTA,;

Bri0pats HeoOXoANMMBIE [T BBIAETICHUS PEareHThl, MaTEPUaIbl, yCTPOUCTBA;
[IpencraBuTh Bce 3TAnbl XUMHUYECKUX MPOLIECCOB M XMMUYECKOI'O aHaIM3a B
BUJI€ YPABHEHUM peakLnid.

[loaroraBnuBath npoObl, copepkKalliue paaroaKTUBHBIC SIEMEHTHI JUIs
PaZAnOMEeTPHUYECKOro aHaIn3a;

Ucnonp3oBaTh 3aKOH pacmajga Juid  pacdyeTa aKTUBHOCTHM W MacChl
PaZnOaKTUBHBIX BEILECTB;

[IpoBoauTh pacyeTsl M3MEHEHUS! CKOPOCTH CUEeTa IPH MPOXOKACHUH
PaZAnOaKTUBHOIO U3JTydEeHUS Yepe3 BEILECTBO;
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Bnagers:

HaBBIKAMH  00paboTKH,
U3MEpCHHUS.

nyOJIUKaIi

METOAWKaMH MOATOTOBKH MPOO PaJrOaKTUBHBIX 3JIEMEHTOB JISl TPOBEICHUS
PagvoOMETPUUECKOr0 aHAIN3A.

HAaBBIKAMH PAJIMOXUMUYECKOr0 BBIACIECHUS TOUEPHUX IIPOAYKTOB pacnaja
€CTECTBEHHBIX PaJAMOaKTUBHBIX 3JIEMEHTOB.

HAaBBIKAMH IIPOBECHUS PANUOMETPUYECKUX U3MEPEHUN.
U OCMBICICHHUS
PalMOXUMHUUYECKOTO BBIJCIEHUS 3JIEMEHTOB M HX PaAHMOMETPUUYECKOTO

HaBbIKaMH TPCACTABJICHUSA HUTOI'OB I/I3MepeHI/II\/'I B BHIC OTYCTOB n

pe3yabTaToB

O0beM TUCHHMILIMHBI B 3a49eTHBIX eAuHUIAX (Bcero): 3 3E

o BuaaM y4e0Hoii padoThl (B yacax): 108

Bua yueOHoili paGoThl

KosmuectBo yacos 108 (popma

00y4YeHHus1 _QuHas)
Bcero no B T.4. 110
IJIAHY cemecTpam
5
1 2 3
KonTtakTHas pabora oOydarommxcs ¢ 84 84
MpernoiaBaTesieM
AyIUTOPHBIE 3aHATHUS:
Jlexkmun 42 42
[IpakTrueckre U CEeMUHAPCKUE 3aHATHUS 42 42
JlaGopaTopubie paboThI (1a00paTOPHBII
MPAKTUKYM ) i i
CamocrosTenbHas padoTa 24 24
Texymmii KOHTPOJIb (KOJTMYECTBO U BU/I; TectupoBanue, TectupoBanue,
KOHTpOJIbHAs paboTa, KOJUIOKBUYM, pedepar) YCTHBIH OIpoc YCTHBIH OIpoc
Kypcosas pabora - -
?ap[llzél;l) MIPOMEXKYTOUYHOM aTTecTaluu (9K3aMeH, saueT saueT
Bcero yacos 1o nucnuIuiniae 108
108 33E
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Coz[epmafme AUCHHUIIIMHBI. Pacnpez[e.ﬂe}me yacoB 1Mo TeMaM M BHJIaM yqeﬁnoii

padoThI:
dopma 00ydeHHs OUHas
Buabl yueOHbIX 3aHATHH Camoct | ®opma
AyIuTOpHBIE 3aHSATHSI | B T.4. 0fITeJIb- | TEKYII]
IIpakTu | 1a00pa | 3aHATH Hast ero
Ha3Banue pa3ne/ioB Beero HMeCKHe |TOpHbIe| s B pabora | KOHTp
U TeM 3aHATHS | pa0OTHI | HHTEP- 0Jis1
JIeKIHHI
: aKTHBH 3HAHU
ceMHHa oii i
pbl dbopme
1 2 3 4 5 6 7 8
Pasnen 1. PaguoakTuBHOCTE
Tema 1. Pa3zButue 7 2 4 4 1 YCTHBIN
MIPEACTABICHUH O ompoc
PaJMOaKTUBHOCTH
Tema 2. PanoakTUBHBIN paciial 10 4 4 4 2 YCTHBIN
orpoc
Tema 3. 3ak0H paTUOAKTHBHOTO 10 4 4 4 2 YCTHBIN
pacmana orpoc
Paznen 2. BzanmonelicTBue U31y4eHHS C BEIIECTBOM
Tema 4. Bzaumoaeiictue 10 2 6 2 2 YCTHBIN
Pa3IMYHBIX BUJIOB U3JIyYEHUS C orpoc
BEIIECTBOM
Tema 5. CriocoOmr 10 2 6 1 2 YCTHBIN
JETEeKTUPOBAHUS HOHU3UPYIOLIUX orpoc
W3JTy4YCHU I
Pasnen 3. Paguanimonsas 0e30I1acHOCTD
Tema 6. Bo3aeiicTBre u3iydeHus 10 2 6 2 YCTHBIN
Ha )KUBBIE OPTaHU3MBbI oTpoc
Tema 7. Bxkiajg pa3nuaHbIX 4 2 2 TECTUP
(hakTOpOB B 103y 00Iy4EHHS OBaHHE
Paznen 4. PannoakTUBHOCTD OKPY)KArOIIEH CpeJibl
Tewma 8. Kimaccudukanus 3 2 1 TECTUP
PaAMOHYKIIUIOB TIO UX OBaHHE
MIPOUCXOKICHUIO
Tema 9. TexHnorenuele 5 4 1 TECTHP
PaIMOHYKITUIBI OBaHHE
Paznen 5. SlnepHbie peakiiuu v MPOU3BOJICTBO PAAUOHYKIUIOB
Tema 10. SAnepubie peakiuu 5 4 1 TECTUP
OBaHHE
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Tema 11. [lonyuenune 9 2 6 1 YCTHBIN
PEaKTOPHBIX PATUOHYKITU]IOB ompoc
Tema 12. Pagnonyxiuasie 3 2 1 TECTHUP
reHePaTOPhI OBaHUE

Paznen 6. [lpumeHenne paanoHyKIHI0B
Tema 13. [lonstue o sinepHO 3 2 1 TECTHUP
MEIULIMHE OBaHUE
Tema 14. OcHOBEI MeTO 1A 11 4 6 1 YCTHBIN
PaIOaKTUBHBIX HHIUKATOPOB ompoc

Paznen 7. OCHOBBI s,1€pHON PHEPTETUKHU
Tema 15: SInepHblil TOMIMBHBIN 4 2 2 TECTUP
MK, Y CTPOMCTBO aTOMHBIX OBaHUE
peaKkTopoB
Tewma 16. [TepepaboTka 4 2 2 TECTUP
00JTy4eHHOTO TOTUTMBA OBaHUeE
HUTOT'O 108 42 42 15 24

Hcnonp3yemMble MHTEPAKTHBHBIE 00Pa30BaTEIbHbBIC TEXHOJIOTHH

B nmpomecce wu3ydeHHWs JMCUUIUIMHBL, C I€TbI0  (QOPMHUPOBAHUS W  pPa3BUTHS
npo(hecCHOHAFHBIX HABBIKOB OOYUYAIOMIMXCS, HapsAAy C TPaIUIMOHHBIMHA BHUJIAMH 3aHSTHH,
MIPOBOJIATCSl 3aHSTHUS B HMHTEPAKTUBHBIX (OPMAx: KOMITBIOTEPHBIX CHMYJISIHHA, IEIOBBIX W
POJICBBIX HIP-CEMHUHAPOB, pa300p KOHKPETHBIX CHTyallud, B COYETAaHHWH C BHEAYAUTOPHOU
paboToii. B pamkax yueOHOTO Kypca MpeayCMOTPEHBI BCTPEUH C MPEICTABUTEISIMUA POCCUHCKIX
U 3apyOC)KHBIX YHHBEPCHTETOB M HAyYHBIX OpraHH3alld, MacTep-KJIACChl JKCIEPTOB H
CTICIIUAINCTOB.

Jlekuuu pOBOIATCS B CIEAYIOMNX (hopMax: JEKIHsI-BU3yalnu3aus (C UCIOIb30BaHUEM
pa3uyHbIX (OpPM HATTSAAHOCTH: KOMITBIOTEPHBIC CUMYISALIUU, DPHUCYHKH, (OTO, CXeMBI H
TaONMII), JICKIUA-KOHCYIbTAlMs (ocymecTBisieMass B (opmaTe «BOIPOCHI — OTBETHI»),
npoOsieMHast JICKIHS U JICKIUS C 3apaHee 3aIUIaHUPOBAHHBIMH OIIMOKAMH.

[IpakTuyeckue 3aHATHS TPOBOIATCS B CIEAYOIIUX (opMax: KOJUICKTHBHBIA pa30op
peIlicHHs] CHTYallMOHHBIX 3aJ]ad Ha OCHOBE aHalIW3a MOJOOHBIX 3ajay, aHaJIW3 pPe3yJbTaToOB
JIEMOHCTPAIIMOHHOTO ~ JKCIIEPUMEHTA, a TaKXKe BBIMOJHEHUE HCCIEI0BATEILCKUX PadoT
YaCTUYHO-TIOMCKOBOTO XapakKTepa.

VY aeneHBIN BeC 3aHATHIA, TPOBOJAUMBIX B MHTEPAKTUBHBIX (POpMax, OMpeieseH ¢ y4ETOM
MOCTABJIEHHOW 1enu pabouell MporpamMMbl, OCOOCHHOCTEH OOYdYaromIUXCs W COICpKaHUS
JTUCIUIUTMHBI U cocTaBlisitoT He MeHee 20% oT Bcero oObeMa ayJJUTOPHBIX 3aHSATHIA.

1. Cooepotcanue kypca.
Pazgen 1. PaguoakTuBHOCTD
Tema 1. Pa3Butue npeacraBieHuit 0 paaAuoaKTUBHOCTH.
DopmanposeoeHus—NeKYUS-GU3YATTU3ALUS.
Bornpocewrspac MOTpeHvst:
Omgkpwvimue paouoaxmusHocmu. HMzomonwvi. Teopus cmpoenus amoma. Omkpvimue
Heumpona. /lenenue ypaua.
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Tema 2. PagnoakTHBHBIN pacmaj.
DopmanposedeHUs—neKYUA-GU3Y AIUBAUUSL
Bonpoceyrspac MOTpeHvst:
Paouoaxmusnocmo. Onepeusi ceésasu sopa. duepeus pacnaoa. 3aKoHbl COXPAHEHUs U
paouoaxmuenvlil pacnad. Hetimpuno.

Tema 3. 3ak0H paJJMOaKTUBHOI'O pacnaja.

Dopma nposedeHUs — IeKYUS-OUCK) CCUAL.
Bonpocsr s uckyc vu:

Eounuyer  paouoaxmusenocmu. 3axon pacnaoa. Paduoakmusnvie pagHogecus. Bekosoe
pasHogecue, NOOBUJICHOe paeHosecue, omcymcmeue pasnogecus.. Cmamucmuyeckuil
xapaxkmep paouoaKkmugHo20 pacnaoa

Paznen 2. BzaumoseiicTBue u3JiydeHusi ¢ BeleCTBOM

Tema 4. BzaumoeiicTBHE pa3TuYHBIX BUJOB U3TYUEHUS C BEIIECTBOM.

DopmanposeOeHUs—NIeKYUSA-OUCK) CCUAL.
Bonpocsrms pckyc vm:

Jlunevinas nepeoaua snepeuu. Bzaumooeticmsue anvgha-uwacmuy c eewgecmseom. Kpueas bpseea.
Bzaumooeiicmeue 31eKkmpoHo8 u nO3UmMpoHos ¢ eeujecmeom. Topmosnoe u3nyueHue.
Yepenkosckoe usnyyenue. Bzaumoolelcmsue 2amma-Kkeanmos ¢ eujecmeom. Mexanuzmol
g3aumooeticmsus. Domoaggexm. Komnmonosckoe paccesnue. Obpazosanue nap.

Tema 5. CiocoObI 1ETEKTUPOBAHUS HOHU3UPYIOIIUX U3JTy4YEHUH.

DopmanposedeHUs—NeKYUA-KOHDEPEHYLIA.

Bomnpockr misikoH(pepertmn:
Tunvr demexkmopos uznyuenuii. Honuzayuonnvie oemexkmopwvi. CYuHMuiIAYyUOHHBI CHOCOO
peaucmpayuu. Ilonynpogoonurosvie 0emexkmopubl. Paouoepagus. Ipunyunsi

cnekmpomempuu.  Ilonamue  sppexmuenocmu  pecucmpayuu.  Pecucmpupyemas
akmusrocmob. Cnocodwvl onpeodenenus KO3 @uyueHma pecucmpayuu.

Paznen 3. Paguannonnas 6e30nacHocTh

Tema 6. Bo3aeiicTBue n3aydeHus: Ha )KUBBIE OpraHU3MBbI.

DopmanposedeHUs—IeKYUs-KOHGpepeHYU.
Bomnpock! misikoH(pepeH mn:

Iousmue 0oszvl. Ilpupooa 6o30eticmaus usayueHus Ha opeanusm. Bzaumocsesnsze s¢ppexm-0o3a.
Ipunyunei, nesxcawue 8 ocHoée paouayUOHHOU 3aUjUmbsi.

Tema 7. Bxiaa pa3nuuneix (pakTopoB B 103y 00JTyUICHHS.

DopmanposedeHUs—eKYUs-KOHGpepeHYU.
Bomnpock! mistkoH(pepeHImn:

Ilpobnema padoma. Buympennee obnyuenue. Pecuonvl ¢ anomanvHoOu  NPUpPOOHOl
akmuenocmoio.  Kocmuueckoe — usnyuenue.  Bvicommuwvie  nonemsi.  Meouyurckoe
peHmeeHosckoe oocredosanue. CmpoumenbHvle MAMeEPUAbl.

Pa3nen 4. PaqinoakTHBHOCTH OKpY:Xalouieil cpeabl

Tema 8. Knaccudukaius paInoHyKIHA0B M0 UX MPOUCXOXKIECHUIO

DopmanposedeHUs—NIeKYUA-KOHGDEPEHUYLIA.
Bompock1 aisikoHbepeH mu:

Ecmecmeennvie psaovl. Kocmuueckoe usnyuyeHue u KOCMO2eHHble paouoHykiuowl. OcHO8Hble
nymu o6pazosanusi paouoHykiudo8 6 pezyivbmame KOCMuueckoz2o usiydenus. Muepayus
paouonyknuoos 6 npupode. Kanuti-40. Ypan. Paouii.

Tema 9. TexHOreHHbIE PaJMOHYKJIN b

Dopmanposederisi— ~KOH(peperyiis.
Borpocs! yisikoH(pepeH mn:
Texnozennoe  npoucxodcoeHue  paouoHykiuoos.  Hoepnvle — 63pvisbl.  [leamenvHocmb
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npeonpusmull 10epHo-monIueHo20 Yyukia. Ipancnopmusie sHepeemuieckue YCmaHo6Ku.
Asapuu na ASC: Yepnobwinw, @ykycuma.
Pa3nen 5. SInepHble peakiiu U MPOU3BOJACTBO PAAMOHYKJIH/I0B
Tema 10. Snepuble peakuuu
DopmanposeoeHUs—NeKYUA-KOHDEPEHYLIA.
Bomnpock1 mstkoHbepeHI un:

Tunvr s0epuvix peaxyuu. Ceuenue peaxyuu. Mexanuzm soeproti peakyuu. Cocmagnoe s0po.
Pezonancuvie u nepezonancnvle npoyeccwi. Peakyuu noo deticmeuem 3apsagicenHvlx yacmuy.
Peaxyuu noo oeticmsuem netimponos. Ilopocosuvle peakyuu.

Tema 11. ITonyueHune peakTOPHBIX PaIMOHYKIHIOB

DopmanposedeHusi— -KOHQDEPEHYLIA.
Bonpock1 s koHbepeH mn:

Yoenvnaa axmusnocms peaxmopuwix paouonykauoos. Kuaccuguxkayus uzomonoe — c
Hocumenem, 6e3 nocumens, 6e3 0obasnenus Hocumens. 3aKOHOMEPHOCMU HAKONIEHUs
PaouoHyknuoose 6 peakmope. Muwens. Hzomonno-obocawennvle muuienu. Cnocodwl
nepepabomku  obnyyeHHvlx ~ mamepuanog. Illpumepsvi  npou3zeoocmea  peaKkmopHviX
Paouonyknuos: kooanem-60, upuouti-192, uoo-131, cmponyuii-89

Tema 12. PagnoHyKimHbIE T€HEPATOPHI

Dopma npoeedeHUs — IeKYUS-OUCK) CCUSL.
Borpoch! s McKyc um:

Ipunyun pabomwvr  paduonyknuonozo 2emepamopa. (OcHOGHble 2eHepamopHble napul,
Haxooawue npakmuieckoe npumenenue. Koncmpykyua ecenepamopos. Ienepamopul
copbyuonno2o muna (2enepamop mexneyus-99m). I'enepamopol 3KcmMpaKyuoHHo20 Mmuna
(ecenepamopor mexueyus-99m u ummpus-90). Ocobennocmu s3Kcnayamayuy U HaAKONJIEHUs
00UEPHUX PAOUOHYKIUOOB.

Pa3znen 6. IlpumeHeHue pauoOHYKJINI0B

Tema 13. [TonsTHE O ANEPHONU MEIUITUHE

DopmanpoeOeHUs—NeKYUS-OUCK) CCUAL.
Borpoch! s iucKyc um:

Paouonyknuonas ouacnocmuka u mepanusi. Bwibop paouonykiuoos. Paduonykiudwvl 0/
ouaenocmuxu. Texneyuui-99m. ®@mop-18. Ilpunyun ODIKT, 1IOT. Tepanesmuuecxue
paouonyknuoevl. Cmponyuii-89, ummpuii-90, uoo-131. Cpedcmsea oocmasxu paouoHykiuoq.
Paouogapmnpenapamei. Jlyuesas mepanus.

Tema 14. OcHOBBI METO/a PAIMOAKTUBHBIX HHAUKATOPOB

DopmanposedeHus—eKyust-OUCKYCCUS.
Borpoch! s mckyc uu:

OcHogbl  mMemoda paouoakmuHvlX UHOUKamopos. Hzomonuwviii obmen. (OcobenHocmu
nogedenuss paouoHyKIuo0o8 8 yobmpapasdasieHHvlx pacmeopax. IllpumeneHue memooa
PAOUOAKMUBHBIX — UHOUKAMOPO8 6  anaiumuyeckor xumuu. Memoo  uzomonnoco
pasbasnenusn.  HyecmeumenvHocms — memooa.  Paouomempuuecxoe — mumposanue.
Heiimponno-akmusayuonnsiii ananuz. OnpedeneHue @Qu3aUKO-XUMUYLECKUX NAPAMEMPO8 C
UCNONIBb308AHUEM PAOUOAKMUBHBIX UHOUKAMOPOS.

Paznen 7. OcHOBBI s11epHOIi FJHEPreTHKH
Tema 15. SInepHblil TOIUIMBHBINA UK. Y CTPOHCTBO aTOMHBIX PEaKTOPOB
DopmanposeoeHus—NeKYUS-GU3YATTU3ALUS.
Bornpocewrspac MOTpeHvst:
Ionamue si0epno2o monausHozo yuxia. JJooviua ypana. Obozawenue ypaua. I[Ipouzsoocmeo
monauea. Ycmpoucmeo amomHbIX peaKmopos.
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Tema 16. [lepepaboTka 00Iyde€HHOTO TOILINBA
DopmanposedeHUs—neKYUA-GU3Y AIUBAUUSL
Bonpoceyrspac MOTpeHvst:
Cxembl nepepabomku ompabomasuieco s10epHo2o monausa. I eonocuveckoe 3axoponeHue
ompabomanHo20 s10epHO20 MONIUBA U PAOUOAKIMUBHBIX OMX0008.

6. TEMbBI IPAKTHYECKHX U CEMUHAPCKUX 3AHATUN
Temut nabopamopmnvix padom

PABOTA 1. U3mepeHne paluoOaKTUBHOCTHU C IIOMOIIBIO CYETUUKOB
I'eitrepa-Mromepa

HpI/IHIII/IH pa6OTI)I T'a30BbIX NOHU3alIMOHHBIX JCTCKTOPOB
O6paboTKa pe3yIbTaTOB U3MEPEHHUS PATUOAKTUBHOCTH
VYcranoBka co cuetunkoM I'eiirepa-Mromiepa

PABOTA 2. OnpenencHue abCOTIOTHOW aKTHBHOCTH METOI0M (DHKCHPOBAHHOTO TEJIECHOTO
yria
BnusiHue CBOWMCTB M30TONA W YCIOBUW W3MEPEHUN HA BEIMYMHY PETUCTPUPYEMOMU
AKTUBHOCTH
Onpenenenue abcomoTHON akTHBHOCTH Tipenaparta 90Sr(90Y)

PABOTA 3. Unentudukanus paguoHyKIHI0B METOJOM raMMa-CIIEKTPOMETPUHI
I'amma-cnekTpomeTpust
Ompenenenre aOCOMIOTHBIX AKTUBHOCTEH PpATUOHYKIMIOB B  MperapaTax JUOKCHAA
00€THEeHHOTO ypaHa

PABOTA 4. [lo3uMeTpusi HOHU3HPYIOIIETO U3JIyUCHHS
Pannanyonnas 6e30mMacHOCTh U OCHOBHBIE MOHATHS I03UMETPUN

I/ISMepeHI/Ie MOIINIHOCTH A03bI raMMa-u3JIydCHUA U pacyCT 3alllUThL

PABOTA 5. Onmnpenenenue 3arpsS3HEHHOCTH PaJMOAKTHUBHBIMH  BEHIECTBAMH pabOUnX
MMOBEPXHOCTEMN
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PABOTA 1. ©SMEPEHHE PAMTHOAKTHBHOCTH C ITOMOIIBIO CHETYHKOB
I'EMI'EPA-MEOAMAEPA

1.1. ITpEHOHD paboTeI ra30BEIX HOHH3AIIHOHHEIX AeTEETOPOB

SlmepHoe H3TVICHHE E NONABIANOINEM OONBIIHHECTBE CIVIAEB PETHCTPHPYETCA C IOMO-
B JETEKTOPOE — YCTPOHCTE, NpeoOpazyIoIIHK 3HEPTHIO ANEPHOT 0 HITYIEHHT B COOTBET-
CTEVIOITHE IMEKTPHYeCKHe CHIHAIEL KOTOpDEIE 3aTeM HIMEPANTCA H 3AMHCHEAITCA PaTHO-
MeTpHYecKoH anmaparypoH. PaboTa JeTeKTopoBE OCHOBAaHA HAa HOHHIHDPYIOMEM JeHCTBHH
H3TyIeHHs HIH 3¢deKTax. o0VCIOBTeHHBIX HOHH3AIHed BemecTEa. Himse KpaTko pac-
CMaTPHBAETCA MEXaHHIM PETHCTPALHH AIepHOTO HITYYeHHS ¢ MOMOIIBI TA30BEX HOHHIA-
ITHOHHEIX JeTeKTOPOE, CpelH KOTOPRI HAHOOMBIIe: NpHMeHeHHe HAXOIAT CUETIHEH [ eH-
repa-Mroamepa.

JeTeKTopEl NpeICcTARIA0T cODOH 3a0IHEHHOE [A30M YCTPOHCTEA C© JBVMA NIEKTPOTanH,
Ha KOTOPEIE MOJAeTcd BEICOKOS HANPTHeHHe (cXeMa BERmodIeHHd Ha pHe. 1.1). Ilox meficT-
BHEM IIEKTPHYECKOTO IIOMH 3MEKTPOHEL H HOHEL, 00pa30BaBIIHECHA IIPH NpPOXOEICHHH
AnepHOH FacTHIE! ((PoToHa) Gepes padoTHil 00BEM JETEKTOPA, HANPABICHHO ePeMEITA0T-
CA K 3dekTpogaM. [IpH 3ToM IpOHCXOOHT ¢Pazpal» HCTOYHHEA BEICOKOTO HAPAHEHHA de-

3 1 pPEe3 razoBVID CpeIy H CO3TacTcH

T PA3HOCTE MOTEHIHAIOE (BEIXOI-

¥ C HOH CHTHAT) Ha COMPOTHBICHHH

"_ F. AMmaHTyOa BEIXOZHOTO CHI-

Hala BO MHOTOM ONpeIeldeTcd

OpoOeccoM pasBHTHA paspiia,

KOTOPEIH, B CBOK O9epedb. 3aBH-

CHT OT IPHIOXEHHOID HAIpsH-

o1 HEHHA, KOHCTPYVEIHH JeTeKTopa
4 H COCTABA a2a-HallOTHHTELA.

B macToamed padoTe HCIONE-
IVIOTCH UHIHHIPHYECKHE CaMOo-
TracAmHAeci TATOIEHHEIE CUETHIH-
ki Tefirepa-Mronnepa THIa
Puc. 1.1. Cxema BRIFOUEHHA a30B0T0 CISTIHEA CTC. paboqmii 00bEM KOTOPBIX
1-amog, 2 -warom, 3 - m3omATop; 4- HCTOWHHE
BEICOKOT O HAIIPAKEHHA, 5- ONIOK PETHCTPALIHH;

R — marpyzous0e conpoTEBIeHRe; C - KOEIeHCATOD

Es
th

3AIIONHEH CMECBE0 aproHa (oc-
HOBHOH KOMIIOHEHT) H XIopa
HIH HapoE OpoMa (TacAmas Jo-
faeka) CTeHEH UHIHHZpa HB-
IAHTCA KaTOJOM, A HATAHYTA [0
OCH CIeTIHEA TOHKAA METAUIHYECKAad HHTR — aHogoM. Ha 3nmekTpoZbl MogaeTcAd padodee
HanpLiesHe 400450 B. Tlockomeky DHAMETPE WIEKTPOIOE PAIHHAKTCA MEEIY cobDol B
COTHH Pa3, HANPAXEeHHOCTE IONA BOMHIH HHATH Ha 2-3 MOPATKA BEIMIE, 9eM OKOIO CTEHKH
mIEEIpa. CoegyeT oTMETHTE, UT0 THIHHIPHIECKHH KaToI-CTeHEA H PACIoI0KeHHEIH Ko-
AKCHAMEHO AHOJ-HHTE ARIAIOTCE OOIMMHM 37IeMeHTOM KOHCTPYEIIHH cueTIHEOB [efirepa-
Mroamepa moboro THIIA.

Cuersmirn [efirepa-Mroanepa xapakTepH3VIOTCA TeM. UTC B HEKOTOPOM HHTepBale MO-
J3BacMOro Ha IMIEKTPOJEl HANPSEEHHA aMILTHTYA BEIXOOHOIO CHIHATA HE 2aBHCHT OT
IJHEPrHHE AepHOH IacTHUEL Paboves HanpsseHHe, OT OPABHIBHOTO BEIDOpPA KOTOPOTO EO
MHOTOM 33EHCHT cTa0HIEHOCTE PabOTEl CUETIHKA, JOVDEHO COOTBETCTBOBATE CepeIHHE 3To-
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I0 HHTepEATa. B perHcTpHP VIOMIEK IpHOOPAX, KOTOPEE, KaK IPABHIO, CHAOKEHEl JeTeKTo-
PaMH OIpeIeIeHHOro THIA, TpeOyemoe (VEA3aHHOE B DacHOPTe) NOCTOSHHOS HANPAEEHHe
MOOIePEHEAETCA AETOMATHIECKH.

Patodee HanpameHHe oDECHETHBAET [IOABIEHHE TAK HA3EIEASMOTO «IIPEPEIBAEMOTD KO-
POHHOTO pazpAnay. JIeKTPOHEL H HOHEL 00pa30BABIIHeCH KAK IIPH MPOXCOEICHHH 1epHOH
gacTHIT (hoToHa) gepes pabouwil 00BEM IETEKTOPA, TAK H HA CISNVIONTHE CTATHAX PA3BH-
THA pa3pAda, VCEOPAKTCA MIEKTPHYSCKHM [oJIeM H OPHOOPETART JHEPIHIO, JOCTATOMHVID
78 HOHHIAINHH H BO0VAIEHHS DOMBINOTO HHCIA AaTOMOB. B pe3vieTaTe B IPOCTPAHCTEE
BOMTH3H aHOMA 00pa3yIOTCH JABHHEL 3aDTHEHHEIX TacTHI. POTOHOHHIAINNA MOTEEYII TATO-
TeHa H MaTepPHATA KATOOa ¥eKTPOMATHHTHEIM H3TyHeHHeM E030VAIeHHEX AaTOMOE AProHa
CHOOCOOCTBYVET MTHOBEHHOMY PAcpOCTPAHEHHIO pPa3piAla BIoAE BeeH IMHHEI aHOIA. B pa-
ooTeM 00EeMe JeTekTopa o0pasyercd Jo 107 map HOHOB, IpHYEM HX 9HCIO He 2aBHCHT OT
NepBEHIHOH HOHHIAITHH.

DMeKTPOHEI ORICTPO (MeHes, TeM 23 107 c) coDHpaTCd HA AHONE, UTO BEI3EIBAST HM-
OyIBC HANPAEEHHA HA CONPOTHEICHHH R H MO3IBOMAST 3aperHCTPHPOEBATE dacTHHY. IIpH
3TOM BOKDYT aHOJDA OCTASTCH «HEXOM» MATONOIBINKHEX IONOAHTETLHEX HOHOB H Ha-
NPAHEHHOCTE NOMA YMEeHBINAeTCAd HacTOIBEC., ITO Pa3pal OpepEBacTcd, a CISIyHOad
ANEPHAR TACTHIA He MOMET BEI3BATH HOBRIX JaBHH CHeT=ZHE OVIET FOTOB PErHCTPHPOBATE
HOBVE0 HacTHITY TOIZA, KOIda IpoCTPAaHCTECHHEIH MOI0AHIEIBHEH 3apal NepeMecTHICA K
KATOOY H PazHOCTE IMOTEHIHATOE MEeETY IIeKTPOJAMH JOCTHTHET IOPOTOBOrC IHAYEHHA,
IpPH KEOTOPOM BOIMOEEH KODOHHEIH pazpal. BpeMsa BOCCTAHOBIEHHA «paboToCIOCOOHO-
CTH» JeTeKTOpa ONpefeffeTcd B OCHOBHOM CKOPOCTBIO Apefda MoToAHTENBHEIX HOHOB H
COCTARIACT IPHMEPHO 107 ¢, wro COOTBETCTBVET MHHHMATEHOMY HHTSPEATY EPeMeHH Me-
IV ABYMA [OCTEJOBATENBHEIMH YACTHIIAMH. KOTOpPEIE MOTYVT ORITE 2aperHCTPHPOBAHEL
PasmelbHO (paspelIalonree BpeMA JETEKTOPA T).

HeobxomguMo OTMETHTE, UTO B CHeTIHKE, 3AMOIHEHHEIM TOMLKO APTOHOM, IOCTE BOCCTA-
HORNEHHA HAOpLEEeHHA HAa IEKTPoJax KOpPOHHEL pa3pdl pa3BHBAaeTcd Ve 0e3 yuacTHA
AnepHOH UacTHUE. HeHTpanHzalHd NOJOAMTEILHEIX HOHOB aproHAa HA Karofe H (HmH)
HOTOHOHH2AIIHA MATEPHATA CTEHOK NPHEOIHT K IIOAEIEHHI0 CBOOOIHEIX 3TeKTPOHOE, KO-
TOpEIE NOPOAEIAKT HOBERIE HOHHBIE JIABHHEI H, COOTBETCTBEHHO. JOEHEIH HMITYIbC. Hepes
~10~% ¢ mmxn noeTopAeTcA. B pesyibTaTe BO30VEIASTCA IPEePEEHCTEI KOPOHHEIA pa3pan
H JeTEKTOpP CTAHOBHTCA HEYVECTBHTEIEH K ANEPHEIM HITVIeHHAM. JIN8 yCTpaHeHHd J0MXK-
HELX Pa3pagoB B padouHE 00BEM BBOIAT BEIIECTEA, MOIESKYIE! KOTOPBIX HMEHT CYIIECT-
BEeHHO DoJIee HH3KHE [OTEHIHAT HOHHIAIHH, 9eM aTOMEI aproHa. [IpH cTONKHOBEHHAX HO-
HEI apPIoHA OePEJaroT 3apal H 3HEPIHE Bo0VEICHHA MOMeKyIaM IpHMecH. [le3aKTHRAIHA
3THX BO3DVAISHHEX MOISKYI OPOHCXOINT, B OCHOBHOM, DE3HITVIATEIRHO H COMPOBOAIA-
eTCA MY JHccoUHATHeH. TakmM obpazoM. racimHe Jo0aBKH PelK0 YMEHEIIAHOT BepORT-
HOCTE [OABRIEHHA JOAHER HMIVIRCOE H INIHOCTER HCKTHOYAKT BO3MOREHOCTE BOIHHEHO-
BEHHA «HEVIIPABIIEMOTO» KOPOHHOTO Pa3pama.

PazenTHE OpeprRlBacéMOIe KOPOHHOTO pa3pala NpPeIoNpedellfeT OOIBIIVED AMILTHTYIY
BRIXOJHOTO HMITVIECA H, COOTBETCTESHHO, BEICOKYVH) YVBCTEHTEIBHOCTE CHETHHEA. TaCTH-
IIa. CO3MABMIAS XOTH OBl OIHY Napy HOHOB. OVIET 2aperHCTPHPOBAHA. ITO Je1aeT CUeTIHRH
0COOEHHO YVIOOHBIMH II1 PErHCTPAUHH [—TacTHI. HMEHIIHK HeNpepEIEHEIH CIEKTp JHED-
rui. BuecTe c TeM He3aBHCHMOCTE aMIDIHTYIE HMIOVIRCA OT 3HEPIHH HOHHIHPYROINEH
TACTHIE] He IO3EOIAeT HCIOABI0BATE CHeTUHEH [efirepa-Miomnepa B cOeKTpOMETPHHEE-
CKHX HCCIEe0BAHIAX.

BagmeIve XapakTepHCTHEAME CIeTIHEOE SBITI0TCA (HOH H pazpellamines BpeMa.
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dor (ckopocTh cdeTa GoHA) — UHOIO HMIOVIBCOE., 3APETHCTPHPOBAHHEIX HpHOOPOM B
EIHHHITY BPEMEHH, B OTCYTCTBHE HCCIAEOYVEMEIX PATHOAKTHBHEIL IpenapaToB. PoH IeTek-
Topa 0OVCIOBISH KAK BHEIIHHM H3TVIeHHeM (KOCMHYECKHE TYHH, ecTECTBeHHAS PagHOaK-
THBHOCTE KOHCTDYEITHOHHEIX MATePHANOE, 1a00paTopHEIE HCTOYHHEH H3TVIEHHA. pagHo-
AKTHEHEIE 3aIPAIHEHHA JeTATeH pagHOMETPHYECKOH YCTAHOBKH H T.I1.), TAK H CaMOIIPOH3-
BONBHEIMH PaspaIaMH B CUSTIHEE (I0MHEE HMOYIBCED). [[OCKOMBKY VCTPAaHHTH BCE MIPH-
YHHE] MIOZBAEHHA (OHA HETE34, HIMEPAeMad CKOPOCTE CUETa IPEeapara BCeTIa COTEPEHT
$OHOBVIO cOCTaBAaomyio. POH OKa3bIBAST BIHAHHE HA TOYHOCTH ONpedeleHHA CKOPOCTH
CHeTA PATHOAKTHEHOTO BeINecTBa H TeM OOIBIIee, HeM HIEE AKTHEHOCTE OPEeNapaTta (o
wvpaeHenne (1.32)). Ouepmono. 9To GOH HATD CBECTH K MHHHMYMY. B 9acTHOCTH. 9TOORI
VMEHBIHTE BIHAHHA BHEIHETO HITYVIESHHA CHeTIHE 00BIMHO NOMEINANT B IANTHTHEIA T0-
MHE H3I CBHHITA.

$oH, cpegHee 3HAYEHHE KOTOPOTO VEAZAHO B TEXHHYECKOM IACIOPTE KaAJ0TO JeTeKTo-

Pa. 33BHCHT OT THIIA JI€TEKTOpa. ero KOHCTPVEIHH. A TAKKe VCIOBHH H CPOKA IKCILIVATa-
HH. Hanpamep, v caeTmmros THoa CTC doH He JomkeH OHTE Bemme 110 mwm/mum. ITpe-
BEIINIEHHE 3TOTO VPOBHA, IPH VCIOEHH NPABHIBHO VCTAHOBIEHHOTO PabotMerc HAaNpaKeHHA
H OTCYTCTEHR PATHOAKTHEHEIX 2arpAtHeHHH B IaIIHTHOM JOMHEES, VEA3EIEAST HAa BEINOT
CHETHHEA H3 CTPOA.
Pazpemarmee EpeMi (T) JeTeKkTOpa HWIH VCTAHOEEH E [Ie/IOM — 3T0 MHHHMATRHELL HHTep-
Ball BPEMEHH MeXETY JBEVMA IOCIEI0BATEIBHEME HMITYIBCAMH (JacTHIIAMH), KOTOPEIE pe-
THCTPHPYIOTCA PasdelbHo. B TedeHHe BpeMeHH T VCTAHOBKA HE MOXET (HECHPOBATH IIO-
ABTIeHHEe OPYTHX YacTHI B paboden obbeMe JeTekTopa. [loTepH IpH perHCTpallHH B 00ImeM
CIy9ae ONPedeqAoTCA TOH TacTei0 YCTAHOBEH, V KOTOPOH pa3pellalollee BEpPEMA MaKCH-
MATEHO. Pazpemaroinee BpeMi CAMOTACAIIHXCA cHeTHHEOE [ efirepa-Mromiepa cocTaenger
OPHEOIHZHTEIEHO 107 ¢, CUMHTH/UIANHOHHEIX IETEKTOPOR - 107107 ¢, NOTVIIPOBOJHHED-
BEIX — 1071077 ¢. ‘MeKTpoHHEIE CXeME GIOKOB PETHCTPALIHH KOHCTPYHPYIOTCA B KAEIOM
CIydae, KAk IPABHIO, TAK, YITOOEI HX Pa3pellarolles BpeMa DELIO MeHEBINE VEAIAHHEBLIX 3HA-
geHHH 1. [1o3ToMy COOTEETCTEVIOIIHE NOTepH ONpPedeIfiTCE JeTeKTOPaMH.

IlycTe B pabouHiA 00BEM JeTEKTOpa NPOHHEKAET [ JacTHO E CeKVHIY. Kaidad HI KOTO-
PEIX HOHHZHpPYET pabotee BemmecTEo. [IpH 3TOM YCTAHOBKA PHECHPYET [, HMITYIBCOE (dac-
THI). Torga qosid He3aperHCTPHPOBAHHEIX JACTHIL, B IEPBOM NPHOTHKEHHH. COCTABHT T-I,.
a HX cpefHee 9HCIO OVIET paBHATECA [ 1-J.. MHCI0 HezaperHCTPHPOBAHHEIN TAcTHI paB-
HO:

Lyt I.=Iy—1I; (1.1)
Cornacto (1.1), pazpemaromee BpeMa MOZHO PACCIHTATE 10 VPABHEHHIO:
T=—‘r““ —L, (1.2)
I -1

Pazpemaromee BpeMd MOAKHO ONpPede/IHTh, HAOpPHMED. 0 HIMEHEHHI CKODOCTH CHUETa
CEPHH MPElapaToR C HIBECTHOH aDCOMOTHOH AKTHEHOCTEREO (4;) Kammoro H3: HEX (cM. pas-
men 1.3). CnemyeT OTMETHTE. YTO 3HAYSHHE T, BRIYHCIEHHOE CoTnacHo (1.2). 6vmeT Gmiko
K pealsHOMY OpH VoIoBHH (I, —1)=0.1-I,. B OpyrHx cIydadx 3TO VpPaBHEHHE MOMEHO HC-
NOABI0BATE JIHINE A8 OPHOMHINTEIEHOH OLEHEH Pazpellaiomlero BpeMeHH.

Pazpematommes BpeMA OIpPAHHYHEACT MAKCHMATBHVED CKODOCTE CHETA. KOTOPVIO MOXEET
HIMEPHTE JAHHEBN JETEKTOP C KEIAeMOH TOTHOCTERID. UeM OOMIEBIIE T. TEM MEeHBIIE JOCTO-
BepHO QHECHPYEMAA CEKOPOCTH CUeTA. ECHH JoNd HeperHCTPHpPYEMEBIX HacTHn (1-I) mpe-
BEIMAeT 1+3%, B PE3VIETAT HEIMEPEHHY BEOIST MOMPABKY HAa PAzpellaloNee BPeMs (Vpas-
mene 1.3). [xa cuerauros [eiirepa-Mrionmepa, HaopHMep, 3TOMY VCIOBHED COOTBETCTEYET
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I, = 50150 ;vm'c. CUHHTHUISIHOHHEE JeTEKTOPE] IO3BOIAIOT PECHCTPHPOBATE B COTHH
paz OONEITYEO CEOPOCTE CHETA.

BemrmHy HCTHHHOHE CEOPOCTH CHETa IPerapata [ KOTOpYIO TAEEe HAIBIBAIOT PEermcT-
pHEpYeMoii AKTHEHOCTEI. MOMYIAMOT NOCTE BEMMHTAHHA CKOPOCTH c49eTa doHa [, H3 Hc-
NpPaBIeHHOMH Ha pazpellaomee BpeMA CKOPOCTH cdeTa J,,. paccIHTaHHod# no (1.1).

IC
I=I, -1, 1 I, (L3),
rae I, —HIMepeHHAd CYMMApHAR CEOPOCTE CIeTa MPEeapara BMecTe ¢ GoHOM

1.2, O6paboTKa pe3yARTATOE H3MEPEeHHS pPalHOAKTHBHOCTH

OopadoTka pesyIbTATOR EOORX HIMEpeHHH CBOIHTCH He TONBKO K pacdeTaM, HO H yde-
TV CHCTEMATHUESCKHX IOTPEINHOCTEH, ONeHEe CIYIAHHEDN NOTPEITHOCTEH H VCTPAHEHHEY
BO3MOBHE IPYDBIX OIIHOOK.

CHCTEMATHYECKHE TIOTPENTHOCTH HMEHT OJIHHAKOEERIE IHAYSHHA IIPH BEIIOMHEHHH HIMe-
PEHHH OJHHM H TEM & METOI0M ¢ IOMOIIBI OHOTO H TOTO e npHiopa. OHH OTEIOHIHOT
PEe3VILTATE BCEX H3IMEpPEHHWE B OJHY CTOPOHY, ABENNAA WITH IaHHEAT HCTHHHOE 3HATeHHe
H3MepaeMoH BeIHTHHEL. 3TH NOTPeITHOCTH MOMHO BEIABHTE O0 HATAIA H3IMepeHHH, CEeCTH
E MHHHMYMY HIH, [I0 KpafiHeH Mepe, OLeHHTE.

E cHCTeMAaTH9ecKHM OTHOCHTCH, HATIPHMED, NOTPENTHOCTH, CBAIAHHEIE ¢ OCTA0IeHHEM
HITYIEHHA B BO3OYXE H CTEHKE JETEKTOPA, €r0 CaMoOCTabIeHHeM, 00PATHEIM PACCEAHHEM
H BEPOATHOCTBIO PETHCTPAaUHH dacTHD ((oToHOE) geTekTopoM. COOTBETCTEYIONIHE IIOMpa-
BOYHEIE KO3DQHIHEHTE £, S, ¢ H £ ONPeNeNAoTCA, KAk [IPABHIO, ¢ IOMOIIBI IMITHPHYE-
ckux GopMyn H rpaQHEOE, KOTOPEIE HE BCETIA CTPOrO OTBEHAKT YCIOBHIM KOHKPETHOIO
HaMepeHHd. 19 MHOTHX HYKIHIOE C PA3RETRICHHON CXeMOH Paclaga MOTPelIHOCTE OIpe-
OeleHHA pATa Ko3)QHUHEHTOE p TAKAE BECEMA IHAUHTENLHA. 3HaTeHHA Ko3QHIHSHTOE,
HCTIIOABIVEMEIE TIPH PAcHeTax, MOTVT OTAHTIATECAE OT HCTHHHEIX Ha 10-15%. [ma yTowme-
HHA KAETOH NONPABKH KOHEPETHOTO H3IMEpPeHHHS OOBMHO TPedyeTCH BRINOIHHTE JOION-
HHTEIBHOE, TOCTATONHO TPVIOSMEDE HCCIemoBaHHe. [103ToMy B OOMBIHHCTEE CIIVIAEE I0-
BONLCTEVIOTCH TIPHOMHIHTENEHEIME 3HAYEHHAMH NOMPABOYHEIX Ko3GhHIHEHTOB, Jomyc-
Kafd, 9T0 OTHOCHTEIRHAA NOTPENIHOCTE HX ONpedeIeHHA COCTaRIaeT ~15%.

Cryqafigele DOTPeNIHOCTH OOYCIOBIEHEl PANOM OPHYHH, JeHCTBHE KOTODRIX HEOTHHA-
KOBO B KAR(UTIOM 3KCIEPHMEHTE H HE MOEET OBITE VITEHO 3apaHee. Pe3yviIBTaTE HIMEPEHHT,
[IPOBEIFHERX B OJHHAKOEEX VCIOBHAX, CIVIAHHO OTEJIOHAIOTICHA B IOMOEHTEIEHVIO H OT-
PHIATENEHVIO CTOPOHY OT HCTHHHOTO IHAUEHHSA HIMepdeMoH BeMHYHHEL CIydaiiHele mo-
TPEIMHOCTH OIPEIeNANTC. HATPHMED, KIACCOM TOTHOCTH H CTADHIBHOCTERH PaDOTE IpH-
DOpOB, a OpPH PATHOMETPHIECKHY HIMEDEHHAX — TAIKE H BEPOATHOCTHEIM XAPaETEDOM
nponecca pacnana Znep. C 3THM OponeccoM CEA33HA MHHHMATEHAR, IPH JaHHEIX VCIOBHAX
H3IMEpPEeHHA, NOTPelIHOCTE ONpeJeleHHE THCIA PETHCTPHPYEMEDL HMITYIECOB.

T'eHepalbHAA H BEHIOOPOTIHAA COBOKYIHEOCTE CIVIAAHEIX BeIRIHE. [JEcOepcHEa B
CTAHJAPTHOE OTKJI0OHeHHE

Kasmelfl sxcHepHMEHTATEHEIR PE3VIALTAT Xi. B YACTHOCTH, Pe3yIRTAT HIMEpPEeHHA THCIA
HMITYIECOB IPeIcTaBIfeT coOoH CcOVHaHHYH BelHuHHY. AOCOMIOTHO ToUHOe 3IHAYEHHE

H3MepIeMOoH BeTHTHHE! (670 HAIBIBAKOT JeHEPATLHLIM cpedruy H 0003HATAIOT |1) MOEET
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DEITE MOMVUEHO MHINE OpH DecKoHedHo DOMBIIOM THCIe 3ECOepHMeHTOoB. [Ivets Plx;) — Be-
POATHOCTE IOABIEHHA 3HATEHHA X; CIyIaHHoH BeIHIHHEI X, TOTJa
uxj=n=> xPix) (14)

[——

[ HIOTETHYECKYIO COBOKYIIHOCTE BCEX MEICTHMEIX PEe3VIBTATOR (0T -0 OO + o) HASEIBAIOT
ZEHEPATEHON cogoryNHocbR. [lapaMeTpaMH reHePATEHOH COBOKYIHOCTH ABIAKOTCA TeHe-
2 -

pPaTEHOE CpeTHEee || H 28HEPATLHAA JUCNEPCi O, KOTOpAad CIIVAMT Mepol paccedHHd ClIy-
TAHHOH BEIHYHHE] X OTHOCHTEIEHO CEOETO TeHEPATEHOTO CPETHETO!

o =2 (x-uyPx) (L.3)

f—

TlomoswuTensHOe 3HAYEHHE KOPHS EBATNPATHOTO H3 TeHEPANEHOH THCHEPCHH HAILIBASTCH
AGCOTIOMHBIM CIMAHOAPMHEIM OMKIOHEHNEM HITH AdOCOTOMHBIM CPeOHIM KeadpamuHeckiim
OMATOHEHNEM H TAKKS XapaKTepHIyeT PaccesHHe cIyvIafHol BeTHUHEL OTHOCHTEIEHO LI

o= ‘J’G_E (1.6)

CuHTaeTCd, 9T0 Pe3yIbTATEl H3MEepeHHH NOTIHHAITCS HOPMATEHOMY 3aK0HY pacupene-
nenns (pacnpegenesnio [aycca). BeposTHOCTE TOro, 9T0 CAyHAiHAS BEMHTHHA OKAETCH
B IIpegeTax OecKOHETHO MATOre HHTEPBATA MEeRIy ¥ H (x+dx), ompemenseTca Kak @) dx,
rae ¢verme ¢(X) — INIOTHOCTE BePOSTHOCTH HOPMANEHOTO PaclpeIeleHEs

{X—l.l,“j . e s (1L.7)

2a°

1
v )= exp—
/ e [
KpPHEVIO HOPMATBHOTO PACTIPeIeIeHHS XAPAKTEPHIVIOT TeHepaTbHEIE IAPAMETPEL LL H G-

Ha mpakTHEe TPOBOIHTCA OTPAHHMEHHOE THCIO 3KCIEPHMEHTOE (H3MepenHit). CoBOKYII-
HOCTE 11 PEATBHEIX PE3YILTATOB. MOMYIEHHEX NPH JAHHEIX VCIOBHAX IKCIIEPHMEHTA. pac-
CMATPHBAIOT KAK CIYIaHHYVIO enl00pr) H3 THOOTeTHUeCKOH IeHepalsHOH COBOKYIIHOCTH,
T.e. KaK eebopoyHyie cosorkynHocms. HaMepeHHA, pe3yiIbTaTE KOTOPEIX COCTABIANT BHIOO-
POHMHYI0 COBOKYIHOCTE, OOBEMHO HAZHEBAKT napattersHeimy. 14 BHOOPEH H3 N Pe3yIIETa-
TOB PACCUHTEIBANOT ELI0OPOYHOE cpedHee (cpelHes apHGMeTHIECKDE)

1 ]

;gx, (1.8)
PaccesHHe pe3yIETATOE HIMEPEHHA X; OTHOCHTENIBHO CPEJHETO XapaKTePHIVIOT subopot-
Has ducnepcun 5° H(HTH) eL60pOYHOE CPedHee KEAdPAMUNECKOE OMITOHEHIUE §

T =

F=—_S(t-x,) ®H 5=4fs (1.9)
n-1+<

BemrmHy s HA3EBAT TAKEE BEIOOPOTHRIM CTHAHOAPIHELM OMKIOHEHIEM.
Jlna cepHH H: 1 HIMEPEHHH CKOPOCTH C4eTa J CTAHJApTHOE OTEJIOHEHHe, cormacHo (1.9),
PaBHO:

tml

(1.10)

3uamenatens B (1.9) u (1.10) npegcTaengeT cobol wHcI0 cTeneHed cBODOMEL f, T.€. THCIO
HE3aBHCHMBIX HiMEPEeHHH MHHYC THCIO CEA3eH MEATY HEMH (MHHYC THCIO ONPEIeIgeMEIX
napaMeTpor). B 3THX ypaBHeHHAX [ = (n-1), TAK Kak Ha 1 HeZaBHCHMEIX Pe3yILTATOB IIPH
pacueTe BREIDOPOTHOro CPeqHers HAKIANBEBASTCS TOMBKO OHA CBA3EL BHOa (1.8).

CaegyeT oTMETHTE, 9T0 JHCIEPCHA H KBAJpaTHICCKOe (CTAHIAPTHOE) OTEIOHEHHE Xapak-
TEPH3VIOT EOCIPOHIE0JHMOCTE PE3VIETATOR HIMEPEHHH.
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CTaTECTEY9eCcKEl XAPAKTED PAJHOAKTEEHOIO pacoaga. Pacopenenersne IlvaccoHEa

PamHoakTHBHEIH pacnag Agpa — Npoliecc, KOTOPOMY NPHCYID BEpOATHOCTHEIH XapakTep.
IlycTe BpeMA HAOMIOIEHET [ HAT JOCTATOYHO OOJBIIHM SHCIOM AIep CYVIDeCTESHHO MEHE-
e DepHOA HX DoTypachata. Toraa 9Hcio PAcHaRlHXCE B eTHHHITY BPeMeHH Z0ep H, IpH
VCAOBHH cTA0OHIBHOH paboTel npHOOPOE, THCIO 2apeTHCTPHPOBAHHEIK HMIOVABCOE N OVIVT
NOMUHHATECE pacopenenento [Ivaccona. BeposarhocTtes FYV) Toro. 9To 23 JAHHEIR Opo-
MEAYTOK BpeMeHH 0VAeT 3aperHCTPHPOBaHO N HMITYIBCOE, €C/IH HX CpeJHee THCIC PaBHO
N . ompenenseTca BLIpakeHHEM:

N

a, ap(-N) (111)

P(N )=

ITpakTEeckH ya&e npH N =10 pacnpegenerne [IyaccoHa anmpoKCHMHpYETCA HOPMATEHEDM
¥ —_ —_

pacnpe,uenemaem( ) oba mapaMeTpa KOTOporo paBHEL N .

Taxmy obpazon. ducnepcia MYACCOH0ECKo20 Pachpedenenia THCIa HMITYIBCOE PAEHA

Gy =N (1.12)
CooTBeTcTBYIOINEE AOCOMIOTHOE CPENHEE KBANPATHIECKOE OTKIOHEHHE Onpy HAIBIBAKOT
TAKKE AGCOTIOMHON KeadpamuHeckoll guykmyayueli, IT005 o JIePKHYTE, 9T0 3T0 OTEIO-
HEHHE 00VC/IOBIEHO CTATHCTHEOH ((pIvETyaHeH) paTHOAKTHEEOTO PACcTIAgA.
Pacopegenense [TyaccoHa MO3BOMAET ONPEIeIHTE A0COMOTHYIO KBALPaTHIECKYE0 QUIVEK-
TVAHIY OTIETEHOIO HIMEpPeHHS HHCIA HMITYIRCOE V. aperHCTPHPOBAHHEIX 33 BpeMA 1

HITH CEOpPOCTH CHIE€Ta .!T;:
— NN [T I
Sury =V =T, H s, =—=,,—E ’—-' 1.13
) il S t t (1.13)

JopepHETeILHELIA HETEPEAT H JOBepPHTEILHAH NOTPEITHOCTE CPETHETD

Ilpu obpaboTke pPe3yILTATOR IKCIePHMEHTA HOCIEIOBATEMIO0 EAKHO OTESTHTE Ha BOTIPOC,
HACKOJIBKO OJHIKH MOTYIEHHEIE JaHHEIE K HCTHHHOMY 3HAYCHHI) H3IMEPACMOH BEIHIHHEL
Cpegree apudMeTHIeckoe ¥ H EHOOPOMHAA JHCIEPCHA 5° ABJAIOTCA JHIIB MOHE{HLIMU
OYEHRIMN TEHEDATEHEX TapaMeTPos

H=x H o=y (1.14)

B npenene, opH 11 — w0, CpeIHee Y CTPEMHTCA K TeHEPATEHOMY CPeIHEMY. A BEIDOPOTHAR
IHCTIEPCHR - K JHCIEPCHE TeHEPATEHOH COBOKYIIHOCTH o

OfHako TpHONDEEHHEIE paBeHCTEAa (1.14) He 30T MPeIcTaBNSHHA O HAJeAHOCTH H
TOUHOCTH OUeHEH. HanpiMep, 114 cKopocTH cIeTa /. B OTCYICTBHE HHBIX HCTOTHHEOE pac-
CeSHHA, KPOME CTATHCTHYECKOTO XaPaKTepa Paclada MOAHO 3alHCaTe. 5, =d,,, (1.15).
TIpu 3TOM 3HATEHHE 5, B HEKOTOPHX 3ECOEPHMEHTAX MOKET CTVYAIHO OKAZaThCH MEHBIIE
Opyp)- XOTA HMEHHO BEJIHIHHA Oppy XapakTepPHIYeT MHHHMATBEHO BOIMOKHOE, IIPH 33JaHHEX
VCIOBHAX HIMEDEHHA, CpeIHee KBATPATHYEeCKOe OTEIOHEHHE CEOpocTH cdeTa. IloaTony
OpH 00padoTEE pe3VIBLTATOR PACCYHTEIBAKOTCA TPAHHIEL J0SEPUMETEHO20 WHMEPSATA,

EHYTPH KOTOPOIO C 3apaHee 3AJAHHOH doeepumeTsHoll 8eDoRIMHOCINGI | MOKET HaX0JHTE-
cA HCTHHHOE 3HadeHHe NapanMeTpa. OOHOBpEMEHHO VCTAaHABTHBASTCH VPOSEHE IHAYLMOCIHN
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P — BepOoATHOCTE NOABIEHHT OTIIOHEHHH, Je#alllHK BHE JOBEepHTeILHED TpaHHIL p=1-7.
[THpHHEA 3TOT0 HHTEPBANIA ONPEIeIIeT TOTHOCTE PE3VIBTATA HIMEPEHHH, A JOBEPHTEIbHAL
BEPOATHOCTE XAPAKTepHIVeT HATE#AHOCTH ONeHEH. [JoBepHTETHHBEIS HHTEPBATE] OOBIHO
BRIMHCISHOT 18 95%-Ho# sepoatHocTH (=0.95; p=0.05).

JoBepHTENEHEIE HHTEPBAT HYEEH KAK IS HOPPEKTHOTD MNPEICTARICHHS 3KCIEPHMEH-
TAMLHEIX JAHHEIX, TaK H I8 NOCTPOSHHS rpadHEOE, 0CODSHHO IPH OTCYICTEHH TEOpeTH-
UeCKOrD CONHCAHHA IAHHEX JECHEPHMEHTATEHVEY KPHEVE) MOMHO [IPOBOIHTL B THOOBX
MECTAX JOBEPHTEIbHEIX HHTEPEATIOE.

IlpH noCTpOEHHH JOBEPHIEIBHEIX HHTEDEAIOE 1% HEOOMIBMIOH BEIOOPEH HCIOIBIVHOT
pacopemencHue CTBRIOOEHTA HIH I-pacOpelelIeHHe, KOTOPOe HMeeT HOPMHpPOBAHHAS CIIV-
UaHHAd BEeTHIHHA
¥-p x-p

PR o (1.16)

B dopuyne (1.16) s5.— swifopouroe keadpamuyeckoe omKIoHeHuE CcpPedHeso, KOTOpoe B

i=

\";pfﬂ MEHBINE KEATDATHIECCKOID OTEIOHEHHT OTIEIEHOID HIMEPDEHHT 5.

T 5 1 - 2
=  Ee——= —‘)‘_- _-_--. 3 1.1?,
Sz Sy ﬁ nm_“:ﬁ X, ) ( )

Ifie 52- enlfopoyHAas AUCHEPCUA CPeOHE20 apUBMEmINEcKo2D.

3HaUeHNA [ I 3a0ABacMOH BEpOATHOCTH | H 9HCIA CTeNeHeH CBOOOTE! [, CEA3AHHOIO C
BEIOOpOUHOH JHCHepcHeH cpelHero apHQMETHUECKOro 5o, MpHBeJeHH B Taom I1.2. Hc-

NOME3VA 3HAWEHHA [ . MOEHO ONpPEIENHTh JOBEPHTEIBHEIN HHTEPBAT A7 MeHepalbHOTD
CPETHETD || [IPH BEPOATHOCTH |-
TUET+1

P 5
Y Y
IIOe - BEIOOpPOTHOS KEASpATHYECKOS OTIIOHEHHE H3MepAeMOH BETHTHHEL, PACCTHTAHHOE IUIA CO-
BOKVIIHOCTH H2 17 Pe3yaBTAToE; (n-1)=f.

Cootomense (1.18) Hcmoms:y0T 414 HETEPBAMEHOH OLEHEH || B TeX CIyYaLx, KOTZa
IHAMEHHE TeHePATLHON THCTIEPCHH G- HE HIBeCTHO. JJosepumensHoil NospeuHocmeso Wil

HOZPEWHOCI bR EpEﬁHEEG Nl ﬂﬂ&épﬂfﬂ&?hﬁﬂﬂ! SEDOAMHOCIMN | HAIBIBACTCH BETHYHHA:
5
=+ —
‘lu —r-r.,r' ."f; [1 : 19}

Cpemsee ¥ H2 n CTyIaHHEIX Be/IHYHH CaM0 IO ceDe ABIAeTCA CIyIaHHOH BelHYHHOH H
pacOopefeneHHe X, B 00IIEM cIydae, Mo&eT NoTIHHATECT PAa3IHYHEM 3akoHaM. IlokazaHo,
OTO 3HAYEHHA T 74 HeCKOIBKHX BEIOODOTHEIX COBOKYVIIHOCTEH, KOTOPEIE COOEPEAT 0 pe-
IVIETATOR, ABIAMIIHYNCA COCTABHEIMH HacTAMH 0JHOH HOPMATEHOH COBOEYVIHOCTH C Napa-
MeTpaMH |l H o, TAKKE NOTIHHACTCA HOPMAJTEHOMY PaclpedeIcHHIO C TEM JKE IHaIeHHEM
reHEpaTLHOTO CPEIHETO || H TeHepalbHOH AHCIIEpCHel oo, paBHOM

oL=a"/n (1.20)

Beemen BMecTO CTyIafiHOA BeHYHHEI ¥ HOPMHPOBAHHVIO CIVHAHHYE BEIHYHHY =, KOTO-
pas pacnpeZeleHa [0 HOPMATEHOMY 3aKOHY ¢ mapaMerpamu =0 u ¢’ =1 :

LA TH_XTH (121

E o, y ’\E

- (1.18).
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B 3ToM coTydae BepPOSTHOCTE | TOTO, ITO CTYIAHHAT BETHTHHA T IONAAST B HHTEPEAT ¢ JI0-
BEPHTENLHEIME TPAHHIIAMH (-1, +1i,) ONpeTeldeTCH BRpAKEeHHEM

Pl-u, <~ <iu )=y (1.22)

—n
3Ha4YeHHA I, UIA BEPOATHOCTH | IPHEEIEHE! B Tadm 1.2.1. OTMeTHM, 9To [-paclpeneleHHe
[PH N—»%C OPEBPAIIAETCA B HOPMAILHOE, A 3HAWEHHA [, B Tabm. 11.2 paBHEI 3HAYCHHAM 1.,
Tabmema 1.2.1
u,=t, 1 1,281 1.5 1.645 | 1,960 2 2,576 3 3.291

0683 08 | 0866 | 09 0,95 | 0955 | 0,99 | 0997 | 0,999

CootrHomerre (1.22) mo3ponseT onpeenHTs IPAHHIE JOBEPHTEIBHOIO HHETEPBATIA IId
TEHEPATEHOTO CPeTHero MPH BepOATHOCTH . €CNH H3BeCTHO 3HAYEHHe IeHepalbsHOH THC-
[IEPCHH T .

o G
U —=<U<X+U —= 123
?J; I‘ -r..l’; I: )

JGSE_LDHMEJBHQH RoZPENHOCHE B JAHHOM CIVHae ONMPEIeTdeTCH KAk,

"]
_IH'TJﬂ:i“TE {114)

Tagmy 00pazoM, Pe3VIETAT HIMEPeHH CPeIHETD CIeIyeT SAlHCEEATE, VEAZEIEAS IPH 3TOM
EEPOATHOCTE 7, B BHIE:

T -

YEA, HmH  YIA (1.25)

OTHOCHTEIEHAA JOBEPHTENbHAA IOTPEITHOCTE (&) cpegHero apHpMeTHIECKOTO PAaBHA:

.
5, =" (1.26)

A

CTAaTECTEYECKHE KPHTEpH DOVaccOHOBCKOTO IAPAaKTepa pacOpeleleHHA THCIA
2APErACTPEPOBAHHELIY EMIVILCOE

PaccedHHe peIyIETaTOR HIMEPEHHA PATHOAKTHBHOCTH. B OOMEM CIyYae, MOKET OEITE
0GYCIOBIEHO HE TONBKO CTATHCTHYSCKHM XAPaKTEpOM paclafa H KolebamHH (oHa, HO H
IPYTHMH CIVIAHHEIME (akTopaMH (aNapaTypHEIE MOMEXH, NOTPeIIHOCTH IPOoIeTyPEl Hi-
MepeHHH H T.11.). I10o3ToMy [0 3aBEpIIEHHIO CEPHH ONBITOB MPOBEPANT COOTEETCTEHE pac-
IpefeleHHd Pe3VIBTATOR HIMEPEHHT THCIA HMITYILCOB (CKOPOCTH c9eTa) 3akoHy [lyacco-
Ha. [In9 ONEHEH CTEIeHH OMHIOCTH HAOMIOJAeMOro paclpeleleHHd K IVacCOHOBCKOMY
(TeopeTHIECKOMY) PacIIpeeIeHHIO PACCIHTEIBAIT | —KpPHTEPHIL:

R

a7 2
4 > (N -N) 5

1 Sn fm] 1 5 iml )
1y =(n-1)—="—=- — HIH  y, =(n-1)——=""— (1.27)

T N Tt T/t
BribopodHad OHCOEpCcHA 5 VIHTRIBAET BCE HCTOYHHEH CIVIAHHBIX OOTPENIHOCTEH IIpH
PECHCTPAITHH HMITVIECOE, 4 JHCIEPCHA C - — TOMBED CTATHCTHEY PATHOAKTHEHOTO PACTIATA.
Pazmuaie Me# Ty HADMOIIeMeIM H TEOPeTHUECKIDM PaclpeIeIeHHIMHE CUHTAETC HeCy-
IMEeCTECHHBIM, ©CIH 3KCIepHMEHTATRHAA BEIHIHHA |, HE IPEBEINIAST TaOMHIHOIO 3HA-
. Z -

UeHHA ¥ ggs AL 33JaHHOTO YPOBHA 3HaIHMocTH (p=0.05) H ZaHHOTrO WHCIA CTENeHEeH CBO-
fomer f (Tadx I1.3). B 3ToM cTydae I8 OOEHEH TeHePATEHOTO CPETHETO HCIMOMBIVIOT JA0-
BEPHTEIBHEIR HHTEPEAT BHOA (1.23). HanpuMep, JOBEPHTENEHYIO NOTPEIIHOCTE CPETHETO

-

Z-'.rf_.—ff
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fN) U3 7 H3MepeHHH YHCTA HMITYyIECOB (V). 00VCIOBTEHHVIO CTATHCTHYECKHM XapakTe-
POM pacTaza H(WIH) KomTedaHHi GoHa, pacCUHTHEBANT HA OCHOBAHHH (1.24):
gy, 2o gy NN )

ey =T i =tu, N (1.28)
B sToM coydae, T.e. B OTCYICTBHE ANIAPATVPHEIX IIOMEX., JOBEPHTENIBHVED MOTPEIIHOCTE
OTZEMEHOTO HIMepeHHa N; MOZHO OINpeIelHTE Kak:

Ayony =8y =3UGC,y, =1L,96,[N, (1.29),
r7e L4 JoBepHTeTsHOH BepoaTHOCTH v=0.95 nocTosHHad 1,~1.96 (Tabm. 1.2.1).

Ecm ;.{zm_ = ;.-12.1.35 . TO PACKOEIEHAE MeATY VEAZAHHEIMH PACTIPEIeIeHHAME IPHIHAET-
A 3HAYHMEIM. B 3TOM CIyuae reHepaThHOE CpeJHEe ONEHHBAIOT HA OCHOBAHHH Be/THYHHED
5. BEIMHCIeHHOMH no (1.10), H JoBepHTeNEHYI0 HOTPeIHOCTE cpenHero (fumn N ) HaxoasT B
COOTBeTCTEHH C (1.19).

C moMomER ;:{:— KPHTEPHA MOXKHO TAKKE IPOBSPHTS CTADHIBHOCTE (HaJe#HOCTE) pabo-
TEI PETHCTPHPYIOIIETO IIPHOOPA (cM. pazaen 1.3).

A

HorpemHocTE KOCBEHHOTDO H3IMEDeHEA. 3AK0H HAKOILTCHAA DOTPelIHOCT i

B sxcnepHEMeHTATEHOH OpPakTHEE NOOMIe#Allad ONpeleIcHHIO BEIHIHHA [ BO MHOTHX
CIVHAT{ He HIMepAeTcd HEMNOCPEeICTESHHO, 3 PACCUHTEIBASTCHE MO PEIVIETATAM IPAMOTO
H3IMEPEHHA HeCKOIBEHX MapaMeTpoB, 0T KOTOPEIX OHA 3aBHCHT. IlorpelIHOCTE TaKOTo KOC-
BEHHOIQ «HIMEPEeHHT» MOXKHO BEMHCIHTE ¢ IOMOIIEID 3aK0HA HAKOILTEHHA NOTPelIHOCTEH.
Ecnu ompenengeMas BemmamHA F=h(x;, X, Xs _ Xp) OpedcTarngeT coboll dwvHmmmo why me-
PEeMEHHEIX H H3BECTHEI BEIOOpPOUHEIE JHCIIEPCHH Pe3VIETATOR HENOCPEOCTEEHHEDL HIMEpe-
HHHA 5 5, .5, ,....5, . TO gHCHepcHs ¥ pasHa:

FE R R

2 (YY) 5 (&Y ) . (&Y (aY |

sy=|— | si+| | sLH = | 5+ | 5 (1.30)
| X LeX, | eX Lbox, |

B 3T0 cOOTHOmMEHHE BMECTO BRIOOPOTHEIX JHCIEPCHH MOKHO HOICTABHTEH T'€HEPAILHEIE

OHCTIEPCHH O, HIH KBaJpaThl JOBEPHTENBHBIX morpemmocted Al (oa. (1.19, 1.24)).

TIpamenerse (1.30) mas DByX BAEHBIX Tac THEIX CIYI3EE J36T ClIeIyIOIIHE PE3VIBTATEL

"Wl

DVHEIHA JoBEpHTENEHAL NOTPEMIHOCTE
p_ X% 52=02 +5L +5°
x3
F=x+x-x A =AD +A7 +A]

TIpmMepoM KOCEEHHEIX «H3IMEPeHHI» ABIASICA ONpeJelcHHE CKOPOCTH CHUeTa Ipenapa-
Ta ([,=I,~{ ;). KOTOpad PacCYHTHIBAETCA IO PE3YIBTATAM H3IMEPEHHH IBYX BETHTHH CyM-
MapHO}l CKOPOCTH CHeTa Ipenapara BMecTe ¢ GoHoM ([;) H ckopocTH cueta doHa (Ig). B
cOOTEeTCTEHH ¢ (1.30) JoBepHTENRHAS NOTPEIIHOCTE ONpeIeleHHA J,; PaBHA:

Ayit-1y) = EafAyr1) + Bygr, (1.31)

TIorpemHOCTH OTASMBHOTO (€IHHCTBEHHOTO) H3MepeHHA [, H [z MOAHO BEIMHCIHTE,
[pefnonarad OTCYTCTBHE HHELX HCTOYHHKOB PACCEAHHA PeIVILTATOB, KPOME CTATHCTHYE-
CEOTO XapaKTepa Pachaja H konedanss doHa, mo ypasseHHsM (1.29) 1 (1.13). B aToM cay-
Hae OTHOCHTEIBHAA MOTPEIIHOCTE CKOPOCTH cdeTa Jyp AMA JOBEPHTENLHOH BepOATHOCTH
OIpenendeTCs YPABHEHHEM BHIA
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'3 E} ‘lT-'J‘ =gl i 1
i ) = L=y ) = - ¥ - -
- Y S A I-1,
Ecin npoeogHTca 0, NapalIelbHLEX HIMEPEHHH OIHOTO MPENApaTa H fy HIMEPEHHH
¢ona, TO AOBEpPHTETBHEIE MOTPENHOCTH A CPEJHHX 3HAYeHHH /. H J; PacCYHTHIBAIOT, B

3ABHCHMOCTH 0T 3HAYEHHA §~ — EpHTepnd. cormacHo (1.19) wm (1.24). B aroM ciyuae

(1.32)

(133)

PerncTpanns paqHoaKTHEEOCTH HMEET CBOH oco0eHHOCTH. OIHOH H3 HHX ABIAETCH Sbi-
fop ONMUMATLHOZO0 COOMHOWEHUA MEXCAY SPEMEHEM UIMEPEHUA CROPOCII CHEMA Npend-
pama c goHoM [, U epeMeHeM uIMepeHus goHa 1, KOTOpoe, IpH (HKCHPOBAHHOH oOmed
IPOJOTAHTENBHOCTH H3MEPEHHA !, 0DecIeTHBaeT MHHHMATBHOE 3HAYEHHE MOTPEIIHOCTH
ONpeneIcHHT Iw
Kombumupyva (1.30) 1 (1.13), MOEHO MOMVIHTE BREIPAKEHHE IT9 aDCOMOTHOH KRATpATHIE-
CEOH QUIVETYalHH CKOPOCTH CIeTa [IPeapaTa 3a BEreToM (oHa:

(1.34)

Tlocne muddeperunpoBanns ypaeHeHHs (1.34), HemoME3VA VCIOBHA MEEHMYMA MOTPEIIHO-
CTH rfG.I{_rJ=D H IOCTORHCTEA a‘(f= ttts = n:cmat}. MOEHO HAaHTH HCEOMOS COOTHOIISHHE:

*—=J§ (1.35)

i lg
Cootmomenns (1.35) u (1.32). mo3BONMOT PacCUHTATE BpeMa OTASIBHOTO H3IMEPEHHS Ipe-
mapaTa ¢ QOoHOM (f.mm) H hoHa (f2m,). HEOOXOTHMOE II4 TOTO, YTOOR MOTPEIIHOCTE CHO-
POCTH CHeTa npenapara [, He MPeBEIIATA 33JaHHOH BETHTHHEL O

Tigd ™
. L+ JII LI +!!IEI
rcm=u;ﬂ4"i H Fgmtn = Uy — i ¢ . (1.36)
"};-'J,vJ'IIr _Iq&)li ) 'J;.r."; H; _I-qt- r

Ecne npenonaraeTcd TPOBECTH # MAPALTENSHEX HIMEPEHHE OJHOTO IIperapara HiH do-
Ha. TO BPeMA Ka#I0ro H3 3THX H3MEPEHHH. COOTBETCTBYIOMIEE 3aJaHHOMY 3HAYEHHIO O, + .
L

IODAHO ORITH B M Pa3 MeHEIIe, UeM paccUHTaHHOe mo (1.36).

don caeTauroE [efirepa-Mioiwiepa pageH HECKOIBKHM JECATEAM HMILMHH H 00BIMHO BO
MHOTO a3 MeHBIIE CKOPOCTH CHeTa mpenapara © dosHoM. [lo3ToMy B GOMBIIHECTES CIyda-
€B, COITACHO (1.32), mOIpenHOCTE Oy OVAET MeHbIme 10% maike OpH OTHOM HIMEDEHHH
I: u I MIpOIOIANTENEHOCTRRO 0 1+2 MEH. ONTHMH3IAIHA H3MEePeHHH HeoOXOoOHMa, eClIH
OCHOBHOH LIEBI0 3KCIEPHMEHTA ABTAETCA MPAMOE ONpedeneHue I, a CKOPOCTh cdeTa I,
COMOCTABHMA CO CEOPOCTBIO cdeTa (hoHa. 3aMETHOTO CHHAECHHA NOTPEIIHOCTH IIPAMBIX pa-
IHOMETPHIECKNY HIMEPEHHH COeIVeT TODOHBATECA TAKEE B TeX COVIASX, KOTTA 3TH IIO-
IPEMTHOCTH BHOCAT CYINECTBEHHBIH BEJIAN B MOTPEITHOCTE Pe3ViIETaTa KOCESHHOTO OIpeIe-
menHd BemEaHEE T (o, (1.30)). HampoTse, eciH OpelBapHTEIRHEN PACHET NOKAZAN, 9T0
MOTPENHOCTE HENOCPEICTECHHOTO H3IMEpeHH® | OKAXETCHd 33BeI0MO MEHBINE HIBECTHOH
(M 3amaBaeMoi) DOTPEITHOCTH OJHOTO H3 IMAPAMETPOE [}, MOXKHO OTPAHHYIHTBCH IIPOBE-
IeHHeM HECKOIBEHE HIMEPEHHH CEOPOCTH CHeTA NPENapaTa IpOoIoIEHTEIRHOCTEI mo 1
MuH (e paboTy 2).
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1.3. ¥YeraHoBEA co cueTuHKOM [eArepa-Mmoasepa

Meas padoThl

[IpHobpecTH HABRIKH H3MEPEHHA CKOPOCTH CHUETA NPeNapaToR ¢ NOMOIIEK pagHOMETpHIE-
CEOH YCTaHOBKH;

IPOBEPHTE CTA0HIBHOCTE PA0OTEL PETHCTPHPYVIOMISH ANNAPATYPEL;

ONPENENHTE PasPeIIaloes BPEMA YCTAHOBEKH.

ObopyooBaHHEe H DPENapaTEl

PagmomeTpHYUecKad YCTAHOBKA co ceTaHEoM [efirepa-Mromnepa tana CTC.

Habop npenapatos 51 UY} C HIBeCTHOH ADCOMHOTHOH AKTHBHOCTEID H PETHCTPHPVEMOH
CEOPOCTBI0 C9eTa 0T 5 1o 500 mvar/c.

BriootEeane padoTEl
1. Hamepenne choHa

Onpenenenne CKOPOCTH CUeTA (OHA MPOBOJAT B TEX e VCIOBHAX, IT0 H HIMEPEHHA Pa-
THOAKTHEHOCTH NPEIAPATa, T.€. IPH 33EPETOH EpBINKE IAMIHTHOTO JOMHEA. [IpoEOmAT 3
HIMEPEHHS MPOIOTAHTeTRHOCTEE = 50 ¢ (mmm 1 Mun), B Tadm. 1.3.1 BOMCEBAKOT THCIO
(oB0BEX HMITYTECOB (N3) H CROpOCTE ceTa ({3;=Ny¥). [logaras, 9To paccedHHe THCIA OT-
CUETOB CBA33HO TOMBKO CO CTATHCTHYECKHM XapakTepoM KonefaHHf (OHA, BEIMHCISIOT
NOBEPHTEIRHEIE HHTEPBATEL T4 3HAYEHHH [p; COOTBETCTBVIOIIHE 95%-HOH NOBEpHTEIE-
HOH BEPOATHOCTH (Ages = +1 960, = E{Iq;..fa‘:)!"}.

Cpensee apudMeTHYecKoe 3HaUeHHE CKOPOCTH c¥eTa doHa J; CPaBHMBAIOT C MacOOpT-
HEIMH TaHHEIMH. ECTH 3HaUeHHE fg,, ermel 10 BMnaEH, 2 pabodes HANPAEEHHE VCTAHOB-
JIEHO TNPABHIEHO H BHYTPEHHHE INOBEPXHOCTH JOMHEA HE COIEPEAT PATHOAKTHEHEIX 3a-
TPAEIHEHHH, CUETIHE CIeTVeT 3aMeHHTE.

Tabmmal 3.1
Ne Ng. HMII I3, HMIT'MHH Agos I3, HMIU/MHH

| [t |

2, ITpoBepEa cTADHMALHOCTH pafoThI ANIApATYPEL
CTATHCTHYSCKHH XApPAKTep PATHOAKTHBHOTO PACHANA JaeT BO3IMOEHOCTE MpPOBEPHTE
cTaDHIBHOCTE (HaZeKHOCTE) paboTH peracTpHEpyiomero npudopa. C 3Toil Uemsio B cTporo
OHHAKOBEIN VCIOBHAX OpoBoIAT 10 NociieIoBaTeNEHEIX HEMEpeHHH N; IpoIo/DiHTeTRHO-
cTBO 1 =50 ¢ (WIH 1 MHH) 119 DpenapaTa co cn:opocnm('} cueta 1000=3000 v/ veE. He-
nons3ve ypasHeHHd (1.19), (1.12) m (1.27), BEMHCATIOT BHOOPOTHYIO JHCTISPCHED, THCTIED-
CHEO pacHpegencHns [IyaccoHa H 3HAYEHHE ¥ - KPHTEPHI.
Tatmma 1.3.2

No PeayneTaTsl HaMepeHHi (V;, ) PezyIBTATE PACIETOR
1

AT - 2 . 2. .2
2 ‘:N" # G.u- N 5.'.' » "r warh
10

* B 31oM cyaae J:>=]3, a IOMpaBKa Ha paspellaiomes BpeMa npeHefpekMo MaTa.
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PaccuHTaHHOE 3Ha9eHHE e CPABHHBANIOT CO 3HATCHHEM }{zu_uj 0718 YPOBHA IHATHMOCTH
p =0.05 1 mcaa crenesei cBoboms =9 (17 s=16.9; Tatn. I1.3). CuETaroT, 9T0 AMIApaTyp-
HEIE MIOMEXH, KOTOPEIe JOCEHE! HApVIIHTE MYACCOHOBCKHE XapakTep paclpedeIeHH THCIA
PETHCTPHPYEMEDL HMITYIECOE, OTCYICTEVIOT, ©CIH 3HAYEHHE Y <169 B [IPOTHEHOM
CIydae PAcXOBEIeHHe MeATY HaOMIOJaeMEIM paclpeleleHHAM H pacnpemerneHHen Ilyvac-
COHA MPHIHASTCHE IHAYHMEIM, 9T0 CBHISTEIRCTEYET O HATHYHH CTyYaHHEIX MorpelHocTed,
CEA3aHHEIX C HECTADHIEHOCTEEY PabOTEI IPHOOPA.

3. OnpenencHHE paspeIlaIIero BEpeMeHH

s onmpenencHHA PA3pEINAONIET0 BpeMeHH HIMePAKT CROPOCTB cdeTa [ ; MIecTH CTaH-
TapPTHBIX NPeNapaToE ¢ HIBECTHOH a0COMOTHOH AKTHEHOCTREO 4; To0El VMEHBIIHTE HO-
IPEIHOCTE, CBA3AHHYIO C HETOUHOH (HECAIHEH IPenapaTos B KACCETe, IPOBOLAT MO 4 H3-
MepEeHHA, KARTEIHE Pa3 DOBOPAMHEAS MPENapaT BOEDYVT OCH HA CIIVIANHEIE yTo@ VopenHs-
HOT DOMVIEHHEIE PEIVILTATEL

Tabmina 1.3.3
Ne A Br N, MO I mam'c I.;, man'c f“ +A,

JloBepHTENBHEI HHTEPBAT CPEJHEr0 Ka#JOoH CepHH H3MepeHH: ([ ;) pacCIHTEIBAIOT mo
dopuyae (1.19). 3HaueHHe f,, 114 BepofTHOCTH 7=0.95 H 4HCIa cTemeHed cBoGome! /=3
IpHBEIEeHH B Tada I1.2.

CTpoAT rpadHK 2aBHCHMOCTH CKOPOCTH CHeTa [ ; IPeapaToR OT HX a0COMFOTHOH AKTHEHO-
CTH 4; HCIONBIVE BEMHCIEHHEIE TOBEPHTEIRHEIE HHTEPBATEL [IpH MANeIX 3HA9EHHAX [
KOrJa NpoH3BeleHHe T-J;, HHYTOXHO MATO, CKOPOCTE CUeTa NPONOpPUHOHANEHA 4. B mane-
HeHmeM HabmogaeTcd OTKIOHEeHH: OT HHeHH0CTH. Ha 3KCTpanomHpoBasHHOl <MacTH Opa-
MOf THHHH HaJ TOUKOH [, HAXOOAT COOTBETCTBYIOmEee e 3Ha9eHHe [, H mo dopmyme (1.2)
PACCHHTEIEAIT 3HaUeHHEe T. OIpeIelfioT MAKCHMATEHO BOZMOZEHYI0 CEOPOCTE CUETa, KO-
Topaf He TpeOyeT BEEICHHA MOMPABKH HA T (T g < 0.02).
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PABOTA 2. OIIPENEAEHHE ABCOAMOTHOH AKTHBHOCTH METOIOM
DHECHPOBAHHOTI'O TEAECHOI'O ¥TAA

2.1. BAHgHHe CBOHCTB PaOHOHVEAHIA H YCAOBHH H3MepeHHH Ha
BEAHYHHY PeTHCTPHPVEMOH AKTHEHOCTH

OnxnoH H2 33739, pellaeMED ¢ HCIIOMIE30BAHHEM JeTeKTOPOE, ABIAETCA HIMEpeHHe THCIA
TACTHII ONPeIeIeHHOTD THIEA, HCOYCKAEMEIX PATHOAKTHBHEIM IIPEelapaToM, H/HIH ero ab-
COMIOTHOH AKTHEHOCTH. T.€. YHCIA A1ep. PAacHafarollHXCy B [OPENapare B eIHHHITY BpeMe-
HH. OgHAK0 H3MEPHTEIBHEIE IPHOOPH! (HECHPYIOT, KAK IPABHIO, TONBEO TacTh HITYIe-
HHA, CONMPOBOXETAIOINErD IEPHEIE NpeBpamensd. [Jond dUacTHU (PoTOHOE), He 3apeTHCT-
PHPOBAHHEIX [PHOOPAMH, 3ABHCHT OT PAcIIQIOMEHHT MIPENapaTa OTHOCHTEIEHO JeTEKTO-
Pa. MOTTTONIEHHA HITYVHIeHHA CTEHEAMH JeTeKTOopa. BeDOATHOCTH BIAHMOIEHCTEHA HITYHe-
HHA ¢ PaboTHM BeIlecTBOM H JIPYTHX (akTopos. KpoMe TOro. HEKOTOPEIE YacTHIEL IpO-
HHKIITHE B 9VECTBHTEIBHEIH 00BEM IETEETOPA, MOTVT OBITH HE 3APETHCTPHPOEAHEI H3-33
HATHYHA PAZpelIatonero BpeMeHd. BuyecTe ¢ TeM Mo00H JeTeRTop IOMHMO HMITVIECOE OT
TACTHII, HCITYCKAEMEIX HCCIEAYEMEIM IPENapaToM, (PHECHPYET H NOCTOPOHHHE HMITYIBCH
— ¢on. IlosToMy mepexof OT THCIA HMIYILCOE I, PETHCTPHPYEMEIX IPHOOPOM B eTHHHIY
BpEeMEHH, K adCOMEOTHOH akTHEHOCTH 4 TpedyeT y4eTa pala IoIpaBok.

TIpe#ne BCETO, B HIMEPEHHVEO CKOPOCTE CUeTa J; BEOIAT NONPABKH HA PA3PEIIAIIes Bpe-
m T (ecoH meodxomumMo) B oH (cM. yvpasmenne (1.3)).
PerncTpEpveMad aKTHEHOCTE [ CBR2aHA C a0CO/FOTHOH AKTHEHOCTER 4 HIMEpAEMOIO
00pazla, COTepEANETD HYEJIHT ¢ NpOCTol CXeMoH pacnama, COOTHOIEHHEM

I=p4 =[n(pekSqgl4 (2.1).
roe ¢ - EoafHIHEAT peTHCTPAHEE, 1), P, £ & 5 H ¢ — paccMATPHBACMEIE HIEE [IONPABOTHEIE KO-
addErEeETE J H 4 BEIpA#EHE] COOTESTCTECHHD THCIOM HMITYVIECOE H AKTOE PACTIATA, OTHECEHHEIX
K OJHOH H TOH #e eIHHHIE BEPeMeHH.

Ecm H3IMepRIT AKTHBHOCTE H3I0TONA CO CIOAHOH CXeMOH PAcHati HIH pPaBHOBECHOM
CMEeCH H30TOIOE, TO NPOH3BEINeHHe (P &k S ¢) BEMHCIAIOT IIA Ka&Joil —Tof KOMIIO-
HEHTEI HUTYIEHHS H Pe3yILTATEl CYMMHpPYVIOT. B 3ToM coygae (2.1) npeoOpeTaeT BHI:

I=Any pekSa, (22
:

JddeKTHEHOCTER JeTeKTopa (£) K JAaHHOMY BHIY HITVIEHHA HAIEBaeTCAd BEPOATHOCTE
TOTO, 9T0 JACTHUA (KBaHT), NePeJaE 9acTh CBOSH 3HEPTHH aTOMAM padot€ero BeIIecTBa Je-
TEKTOpPa. BRIZOBET B HEM MNpONECCHl, MNOIBOIAIOINTHE IAPETHCTPHPOBATE 3TV HACTHITY HIH
kBadT. Koaddrmment 3ddekTHEHOCTH = - OTHOIIEHHE YHCIA YacTHI (KBAaHTOR) [, BEIZEAB-
ITHX TakHe MPOLEccH, K o0MIeMy 9HCTY YacTHI (KBAHTOE) J; MPOHHEIIHX B padowHi 00B-
&M AeTeKTopa 3a BpenMi perHeTpausu (& = [ Iy). Cnegyer oTMeTHTS, 9T0 B 0OLIeM Caydae
H3—33 HATHYIHA PA3PEIIAFINEro BpeMeHH 9HCIO 2aperHCTPHPOEAHHEIN HMITYIRCOR I = I,

P QeKTHEHOCTE JeTeKTOpa € ONPedelIdeTcd BEPOATHOCTBRE) BIaHMOZEHCTBHA HYacTHII
{poToHOE) ¢ aToMaMH padoTEro BeIecTEa. KOTOPAad 3ABHCHT He TONBKO OT BHAA H SHEPTHH
AAEPHOID HATYYEHHA, HO H 0T KOIHYecTEA BelllecTBa B pabodeM odeeMe deTekTopa. Jlma o-
H3TYIeHHS, 0OMATAKIETe 0YeHh BRICOKCH HoHMZHpVIOmMEeH cnocofHocTeio. £=1. Sdibex-
THBHOCTE CHeTHHKOE [ efirepa-Mromnepa k B-m3myaenmo Omm3a K 100%., Tak Kak OpakTH-
HeCcKH KA#Iad [-9acTHIA CO3TAeT XOTH OBl OOHY IMAPV HOHOB Jake B HeDOIBIIOM Taz0BOM
o0BeME ZETEKTOPA.
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S QeRTHEHOCTE 3THX CHUETIHKOE K J-HITYIEHHIO 33BHCHT OT €0 JHEPrHH, MATEPHAIA H
TOMIHHEL KATOOA, TAK KAK BEPOATHOCTE B3aHMONEHCTEHA QOTOHOE C ATOMAMH Ta3a HH-
TTOAHC Mala. KopoHHEN pazpal B CUETIHES HEHIHHPVIOT BTOPHYHEIE JICKIPOHEL KOTO-
pEIe «BEIOHBAIOTCEy HOTOHAMH H3 MOBEPXHOCTHEIX CIOSE MATepHAla KaToga. OmHakD Jame
[IPH ONTHMANEHOH TONIHHEE KaToda 3QdeKTHEHOCTE He NpeBsmaeT 2%, a A4 J-KBaHTOB C
sHeprai E, = 1 MaB koaddmumeHT = paser 0.2+0.6%.

J1% perHcTPaIHyE |—H3TYHIeHHA HCIOMBIVIOT, KK IPARHI0, CUHHTHITAIHOHHEIS HIH IT0-
TVIIPOBOJHHKOEEIE JeTeKTOPEL. 3ddeKTHEHOCTS 3THX JeTeKTOPOE, B 3ABHCHMOCTH OT 3HED-
rHH (POTOHOB, COCTABA H PasMepOE CLUHHTHUIATOPA (HIH IOMYIPOBOSHHKOBOTO KPHCTALIA)
cocTagngeT oT 20% mo 100%. 3ddexTHEHOCTE PETHCTPADHH 3apSEESHHEIX TACTHI TAKHMH
JeTeKTOpaMH 00RMHEO OmHzEa K 100%.

KosddpanmerT ociabreEna & VIHTBEIEAST NOTEPH HITYVHeHHA HA OVIH OT HCTOMHHEA J0
padotero BemecTBa JeTekTopa. OH paBeH OTHOIIEHHK) THCIA 9AacTHI [y MPOHHEINHX B
OVECTBHTENBHEN O0BEM AeTEKTOpa Hepes CI0H BO3AVEA TOMUHHOH o) H CTeHKY (OKHO)

CUETTHEA TOMMMHOH d,. K

k GHCTY 9acTHU Jps. HCITYC-
KAEMEDX B HAMPABTEHHH Je-
1,000 \ TEKTOPa C IIOBEPXHOCTH
0.500 o npenapata (k= Iy / Iys).
! ™~ IIpormEkaroman  crnocob-
0,200 \\ HOCTE [—HITVIeHHA Xapak-
0,100 TEPHIVETCH  MAKCHMANE-
HEIM IpoberoM R, — MH-
0,050 HHMATEHOH TOMIOHHOH IO-
0.020 [JIOTHT&TH, KOTOPBIH 32a-
' IEepA&HBAET BCE  [f—TACTHITEL
0,010 N C HAYATEHOH 3HeprueHd
0,005 A\ Eg e (Tabn. I14). Caego-
\ BaTeNBHO, PEeTHCTpAITHA [—
0,002 \ 9acTHIl CYeTIHEKAMH [ efi-
0,001 \ repa-Miomiepa Bo3MOEHA
0,0005 \l IpH VCIOBHH dr<Rpme. B

YaCTHOCTH, J14 H3MEpPEHHT
HHIKOMHEPTETHIECKOTO H3-
ayaeHHA (Ep pex < 0.2 M3B)
ODRMHO HCOOIEIVIOT Je-
TEKTOPEl C OKHOM TOJIITH-
HOH 3+5 Mr/cn.

OcnabneHne MOTOKA [—9acTHI CPABHHTENBHO TOHKHMH moraoTHTenaMu (d=03 Rug)
ONHCEIEAETCA, B NepBOM [pHOMH#HEeHHH, 3SMIHPHYECKOH 3KCIOHEHITHATEHOH 3IABHCHMO-
CTRID. B 3TOM cIyias. ¢ MOTPemHOCTRR ~ 15%, moaddumHEeHT & MOMHO ONpeIeIHTh MO
dhopurye:

0.1 0.3 0,

i

0.7 09 dRpx

Puc. 2.1. 3agHCcHMOCTE K03 dHIHEETA 0cnalneHn &
ATA [—TACTHI OT OTHOMEHHA /Ry

k=exp(-nd ) (2.3).
Te || - MACCOBEIH Ko3(HITHEHT 0CTa0eHAs B cr /T (Tabm. [1.4; 35a9eHnA || H Ry, PHBEICHHEE
1A AMOMHHHS, MOEHO HCOONEI0BATE 1A ONEHKH OCTAONeHHA [—HITYIeHHI B JPYTHX
MaTepHATax), d = d)—d: — CyMMapHAT TOIIHEA 7104 BO3IYVXA H OKHA B Tl
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Ecmu Tommmea moraomapmero cuod d npessimaeT 0.3 Ry, TO 409 OUEHEH & MOEHO
BOCIIONTB30BATECH IMITHPHISCKHM rpadmxon (puc. 2.1).

JECIOHCHITHATEHBIH 3AK0H OCIa0IeHHA y—H3.IyIcHHA BRINOIHACTCA OpH THO0H ToJI-
IIHHE MOTIOTHTENA H Ko3(¢HumenT & 1 kBaHTOER C 3mepruefi E, Bceraa MoxeT OBITB
PACCYHTAH (3HAYEHHA |, OPHEENeHH! B Tadm I1.5). OmHako B OOMBIIHHCTBE CIVIacE (Ha-
npuMep, npH E,~0.1 M3B) noTepiMs (—H3TyMeHHA B CTEHKAX JETEKTOpPA IPeHEOPEraloT,
npHEEHMat k= 1.

IlpomrsKaromas cOoCcODHOCTE G—9ACTHII KpaHHe HH3KA. HX Opo0er B TBEPOOM EEINeCTEE
HIMepAeTCH JECHTEAMH MHEPOMETPOB. [103ToMy C—HITYVIAIONTHE TPETIApaTEl MOMEIIAMT
BHYIPE pabodero odbena (paboduero BemecTea) JeTeKTOPa; B 3TOM cayaae /=1

Koaddaoaert camoocaadnesme S yIHTEIEAST DOIMIOMIEHHE (PaccedHHe) AOEPHOTO HATY-
TeHHA B CAMOM PATHOAKTHEHOM BEIIECTEE H PABSH OTHOIIEHHID YHCIA HACTHII HIH KBAHTOR
I;, HCIYCEAEMEIY B HATIPABIEHHH JETEETOPA C NOBEPXHOCTH MPEeNAapaTa, HAXQASMEeToCH Ha
OeCKOHESHO TOHKOH MOJTIOXEE. K IOTHOMY THCTY YacTHI HIH KBaHTOE [, HCIycKaeMEBIX
3THM IPENapaToM B HallpaBIeHHH JeTekTopa (5 =15/ 1)

Ilonmpaeky Ha caMociadlIeHHe cledyeT VIHTHIEATE, NPe# e BECETO, [IPH PeTHCTPALHH [—
TACTHI. BEINE OTMETaToch, 9T0 OCIA0IeHHe f—H3TyIeHHT JOCTATOYHO TOHKHME TTOTTI0TH-
TeIAMH NMOTIHHAETCH SKCIOHEHITHATEHOMY 3akoHy. 14 omeHKH S B 3ToM cayaae (dy, =
0.3 Ry ) MOMHO BOCIOIBI0BATECH (DOPMYIOH:

_ 1-exp(—pd, )
e

np

2.4),

T7e TOMIMEHEA dyp BI:IPEI..EEHEI B MHHEHHED {CM) HIH MACCOBEIX &THHHIAX (T/ o ). EosddHOHEHT oc-
TaDIeHHT |1 - BCM ! i oM /T. cooTBeTCTREHHO.

IIpH perHcTpamHy [—H3TyIeHHA CTAPAalTCA HCNOAB30BATE OEHEs TOHEKHE IPENapaTel, 118
KOTOPBIX Npom3sedeHme Wd,,<0.02. B »tom cmyuae, cormacso (2.4), xozdpdmummenT
1252099 1 monpagKa HA CaMOOCTAOIEHHE He BBOTHTICA.

IlonpaBka Ha caMoOCTAOVIEHHE HE BEOOHTCA TAlGke [IPH OTHOCHIEIBHEIX H3MEPEHHAK
«TONCTRIX» (dyp = 0.75-Rypg) HCTOUHHKOB [(-HITYMeHHA (MeTOZ HACHIIEHHEIX clock). B
3TOM C/Ty4ae pPeTHCTPHPYEMad CKOPOCTE c9eTa J IPOoNopUHOHANLHA VISTEHOH aKTHEHOCTH
Ay 0bpazia, HMEIIEro II0MATE 5:

A
I=

5
" (e-k-g-p-m) (2.5).

Ife & k. g. P H 1|- 00CyATaeMEle B HACTOAINEM pa3fiene MONPABOTHEIE n:&a-:pl:bl-ﬂmeﬂ'm, Ay MOEET
6BITE BEIpAKEHA THOO B HMIVCT (1 - B CMC/T), THGO0 B HMIVc-cM° (11 - B cM); pasMepHOCTE 5 - M-

Ocnabnenne MOTOKA y—KBAHTOE, KAK [OIPABHIO. NpeHeOpedIndo Malo. Y pABHEHHEe THIIA
(2.4) memecoo0pa3zHO HCIOMB30BATh, 3aMEHHB KO3DOHIHEHTEI || (I1f [—HITY9eHHA) Ha
ko3tppHIHeHTE 1y B3 Tabm I1.5, 774 OUEHKH CaMOMOITOMEHHA MATKOTO |—H3TyIeHHA B
JOCTATOMHO TOICTEIX IPEMApaTax (L, dyp=0,05).

KoaddunmesT 06paTHOro paccedHHEA § — OTHOIIEHHE THCIA TACTHI Jys. HCIVCKAEMEIX B
HalpaBIeHHH JeTekTopa ¢ HOBepXHOCTH NpelapaTa, HaXoOAerocd Ha MOLIONEE KOHed-
HOH TOMIOHHEL K 9HCIY 9acTH J5, HCOYCKAeMELX B HAllPABIeHHH JeTeKTOPa C IOBEPXHOCTH
TOrO e [PENapaTa NPH OeCKOHETHO TOHKOH nopnoaxe (g = s I ).
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bera-TacTHOA MOEET HIMEHATE HANPABISHHA CBOSTO JEHECHHSA IPH KEARIOM BIaHMOIeH-
CTEHH C ATOMAMH MAaTePHATA NOIIOHEEKH, HA KOTOPYVES HAHECeH HCCTIeTyeMBIH mpemapar. B
PEe3YILTATE HEKOTOpad HACTE HAITVUEHHA, HCIIYCEASMOIO B CTOPOHY HOTONEH, MOXET OT-
PAEATECE B HANPABTEHHH JeTekropa. Ko-
T, 3 HIMERT ¢ BOZPACTAET C VBEAHUSHHEM
TOMIIHEE! MOAJIOEEKH /i, JOCTHTAd Hackl-
meuus nopE  h=02+04 R, ObparHoe
paccesHHe TAKEE PACTET NPH VBEIHYIeHHH
ATOMHOTO HOMEPA MATEPHATA IOIIOEIH
Z H 3HeprHH [—IacTHII. NpPOHRIIT TeHIeH-
mHIo K Hackmmenmwo (puc. 2.2; %°Co Ep max
=03 M3B; P Epmg =17 M3B). Ilpu
3ToM OOpATHOE paccefHHe HITYVIEHHA C
1.0 & l L, sHeprHeH Ep ma= 0.6 M3B ogs0f H To# XKe
f f 40 80 Z NOIJIOAKOH IPHMEpPHO OofHHAKOBO. Ecmm
~4 28 (Cu) MOII0EEKA H3TOTORISHA HI IeTKOro MaTe-
PHATA, HAOpHMep. OprcTeEna  (Z=4). To
Prc. 2.2 3agHcHMOcTE KodddHIHEHTA g 0DpaTHEIM paccesHHeM HITYUeHHA MOpak-
oT mm;gna.m TIOTOREEH 114 [-HATyIeHHT THYeCEH 1 BCeX [-HCTOYHHEOB MOEHO
OCon P < :
mpeHedpeds (1< ¢ =1.1; puc. 2.2).
J1% OoCTATOYHO TOACTEIX IPENapaTol
(mpakTHYeckH HAUHHAA C dnp — 0.2-Rpg) Ko3QdHIHEHT g=1. Tak Kak OTpameHHEE [-
TACTHITE] TIOTTIOITASTCE CAMHNM IPeNapaTon.
Ilpu H3MepeHHH 7-HITVYAIOIIHEK NPETIAPATOE OOpPATHOE pPaccefHHE, KAk IPaBHIO, He
VUHTEIBAOT, TAEK KaK B OONBIIHHCTEE cavdase g = 1,02
Hompaeka Ha cXeMy pacmaja p. CHOeETp HTVIeHHA, CONPOBOAIANOINEIC PAaclam Lmep
DONBLIMHCTEA HYKIHIOE, COCTOHT H2 YacTHI H/HIH |-KBAHTOE HECKONIBEHX 3HEPreTHIeCKHX
TPVIIL, KOTOPEI® XapaKTEPHIVIOTCH Pa3THYHEIMH Habopamu koahdHmHenTOE 8. &) S H )
Jomna H3TyHeHHA JAHHOTO BHOA (HIH JAHHOH 3HEPIHH) B CHOEKTPE HCOYCKASMEIX ZOPOM
YACTHIT (KBAHTOR) HASEIBAETCH MOMPABKOMH HA CXEMV pacmana p. 3uavenns xoaddurmentor
P; TIPHBEIEHE B TAOMHIAX H30TOonoBE (Tabm I1.1)
TeomerpEiecknil Ko3ddEOEEHT 1] VIHTEBAET NOTEPH HITyUeHHA, 0DYCIOBICHHEIE B3a-
HMHEIM PACTIOIOEEHHEM [IpPenapaTa H cHeTUHEa. OH paReH OTHOINEHHID THCIA TACTHII
(kBaHTOB) [, HCIYCKAEMEIX IPENapaToM. HAXOJAINHMCA Ha OSCKOHEYHO TOHKOH IIOIVIOKEKE,
B HAIPABJISHHH TYECTEHTENILHOTO 00BEMA JETEKTOpa K ODINEMY YHCIY 9ACTHII (KBAHTOE)
A% p, . NOABIAMOIIHXCA IIPH pacnafe agep (n=[ /4% p,).

1.8

14

[eoMeTpHIecKHd Ko3QHIHEHT paBeH eIHHHAIE, €CIH PATHOAKTHEHEIH MPeNapaT HAXOOHT-
CH BHYTPH HOHH3alJHOHHOTO [A30BOTO JeTeKTopa (47M-CHeTHHK) HIH paJHOAKTHBHOE BEINe-
CTEO PAcTEOPEHO B AHIKOM CUHHTHLIATOpe. Ko3hdHEIHEHT 1) B pAge CIVIaeE MOXKHO OI-
PedeIHTE, PACCUHTAE TeIecHEIH YTOI (. IO KOTOPEIM JeTeKTOop 00IyIaeTcd HCTOUHHEOM
HaTyIeHHs (1) = @/4n). B caydae caosHOH KOHQHEIVPALHE NpPenapaTa HCOOIBIVIOT 3KCIE-
PHMEHTATRHEIH MeTON HAXOEIeH:HA 1) (cM. m 2.2).

AfcomOTHEY0 AKTHEHOCTH OpeOapaTa, cornacHo (2.2), Mo#HO HafTH 1o 3HATEHHID ero
HCTHHHOH CKOPOCTH CHETA, €C/IH H3BeCTeH Ko QHITHEHT PETHCTPALHH .
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TouHo ONpeIeTHT: HIH PACCIHTATE BCE COMHOEHTENH Ko3ddHIHEHTAa ¢, Kak oTMeda-
7I0CE BEIIE, BO MHOTHX CIVIaAX BECEMa JATPyIHHTEeIEHO. [Io3ToMy IUIA ONpeJelcHHA ad-
COMOTHOH AKTHEHOCTH 9ACTO HCIOIBIVEIOT MHOO «MeTON OTHOCHTENBHEX HIMEPeHHED:, TH-
00 «MeTon PHECHPOBAaHHOTO TElTeCHOTo Yriay. CyTh 0DOHX METOIOB — CPABHEHHE, B CTPOTO
TOMIECTEEHHEIX VCAOBHAX, CKOPOCTH CUETa HCCIENYEMOro (KOHTPOIBHOro) mpenapara (1)
CO CKOPOCTEI0 CHETA ITATOHHOTO (CTAHIAPTHOTO) Openapata ([,,,). cCoZepEamero HIBeCcTHO
KONIHIECTEC PaJHOHYETHIA.

HimMepeHHA NpoBOIZAT HA OTHOH H TOH e VCTAHOEKE C OJHHM H TeM e JeTeKTOPOM H
KEACCETOH IMA KpEIUIeHHA o0pa3nok. [IpemapaTel JO/DEHEI HMETh HISHTHYHEIE QopMy H
pasMep H OBITE OJHHAKOBO PACTIOVIONEHE] OTHOCHTEABHO IOEeTeKTopa. PaJHOAKTHBHEIE Be-
[MecTEA HAHOCAT HA PABHEIE IO TOMIIHHE NOLTOXEH. KOTOPEIE HITOTOBIEHE! HI OOHOIO H
ToMeE MaTepHanla. [IpH perHCTpalHH [-9acTHI] PEKOMEHIYETCA HCIOAB30BaTh TOHKYED Op-
TAHHTECKYIO IUIEHKY HIH OVMary. o0paTHOe paccefHHe OT KOTOPHIX MHHHMATEHO. J[1E yoT-
pAHEHHA MOTPEIIHOCTH, CEAIAHHON © caMOOCTabIeHHeM [-HITyUeHHA, CIeIVeT HIMEDATEH
CKOPOCTE CYeTa JMHOO 0UeHB TOHKHX NPenapaToB (Ldy,<0.02), mido npenapaToR, TOIIIHHA
KOTOPEIX CPABHHMA (HIH GONBINE) ¢ MaKCHMAIBHEIM IPoOeroM [-gacTHI,

Ecnu mpenmapaTel cOTEp@aT OOHH H TOT JKE PATHOHVEIHI. TO. IpH MPOBEIEHHH HIMEpe-
HHil B OJHHX H TeX e VCIOBHAX, Ko3QHIHEHTE PErHCTPAIHH ¢ OVIVT OJHHAKOBEL B
3TOM CIyHae FOBOPAT 00 ompegeneHHH aGCOMIOTHOH aKTHEHOCTH (4,) IO «MeToZY OTHOCH-
TeIBHEIX HIMEepeHHH Y.

(26)

B Tex coy9afx, KOTOA OTCYTCTEVEOT CTAHIAPTHEIE NPEeapaTel, COOEPHAAITHE TOT e HVE-
THI 9TO H HCIOMEIVEMEN B pafoTe, MPHMEHTHOT «MeTON (PHECHPOBAHHOTO TEIECHOTD VT-
ma». OH 3aKTIO9aeTCd B HIMEPEHHH CHOPOCTH CHETa NPENapaTos IPH COOMHOIEHNH MOCTOo-
AHCTEA FEOMETPHIECKOTO Ko3Q{HIHEHTa 1) B COUETAHHH ¢ PAcIeTOM BCEX HEOOXOIHMEIX
NONPABOK, BXOIAINHX B Ko3DdHIHEEHT peTHCTpanHH ¢. [ToCKOMBEY pacteT KadIoro H3 Ko-
s dErEeHTOE B (2.2) OVIET YBeIHUHBATE NOIPEIIHOCTE ONPedeIeHHd 4, cTpeMATCA obec-
MedYHTE TAKHE VCIOBHA PEerHCTPAIHH, KOTOPEIE MOIBOMAKT CUHTATE XOTA OBl HEKOTODHE
OMPABEH PABHEIMH 1.

1,
4=

Can

2.2. OnopeneneHre aOCOATHOH AKTHBHOCTH IIpenapara 9Sr(?0Y)

B macTosmeidi paboTe 114 onpefelleHHd Aa0COMIOTHOH AKTHEHOCTH KOHTPOIBHOTO Mpema-
para “°Sr(*"Y). B KOTOpOM H30TONEI HAXOZATCA B COCTOSHHH BEKOBOTO DABHOBECHA, HC-
IOJIB3VIOT STATOHHEIH Ipenapar "MT1. Heobxommuzie mia NOCAEIVIOIEX PACIETOR JaHHELE
(mepHOIE! MOTYPACHIATA. HEPIHA YACTHI Ep my H BEIXOJE! MACTHII HA PACTIaT) IPHEEIEHE B
Taom. IL1.

IIpenaparTsl NpeIcTARTAKT coOOH AMIOMHHHEERIE THCKH TOMIMIHHOH 1 MM, Ha ODOBEpX-
HOCTE EKOTOPEDN HAaHEeCeHO PATHOAKTHEHOE BEINECTBO B KOIHYECTEE. COOTBETCTEVIOMIEMY
VCIIOBHID «ﬁeconean TOHKHH obpazemny (5=1). [L10mags AKTHEHOTO [IATHA B IEHIPE IHC-
KOB paBHa 1 o A oboHX HCTOYHHEOE @@eMHnm PETHCTPAaUHH [(-HaTyueHHA ==1.
KoadHITHeHTE 0BpaTHOTO paccesHHs HATYUeHHs — S1, © Tl Y, B Ipelerax MorpemmHo-
CTH H3MEPEeHHH, MOKEHO CIHTATh OMHHAKOBRINME (1.2< g =1 3).

Tasmy obpazoM, Ha ocHOBaHHH (2.2), ¢ YIETOM PABSHCTEA ), MOAKHO allHCATE!
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IIe HHOSKCH j H § OTHOCATCA K 3TATOHHOMY H HCCTIETVeMOMY IPEIapaTas, COOTEETCTECHHO.
CrnenyeT mOT9epEHVTE, 9T0 B VpaBHeHuax (2.6, 2.7) anavenns [, I, u I, - HCTHHHEIE pPerH-
CTPHPYEMEIE AKTHBHOCTH. T.€. CEOPOCTH C9e€Ta. HCIPABICHHEIE Ha PA3pEIIAlOIIEe BpeMA T H
don (cv. ypaprenne (1.3)). B HacToAmed paboTe 0OBMHO HCIOABIVIOTCH MPEMApaThl, CKO-
POCTE CHeTa KOTOopPEX MeHpme 6000 HMII/MHE, 9TO IO3BONAET He BEOIHTE IOMPABKY Ha T.
OcHoBHOH BEIAD B NOTPEIIHOCTE HCKOMOH BETHSIHHEL .4, BHOCHT 3HA9YHIEIbHAT OOTPE-
HOCTB onpefeneHHs ko3ddunnenTos octadmenna & (8ym=0gsy= Opry=0.15); BEICOKA% TO4-
HOCTE H3MEDEHHA CEOPOCTH CHeTa NPAaKTHUeCKH He OyIeT BIHATE Ha KOHeHHEIH peIyIeTarT.
VHUHTEIBAL 3TO VCIOBHE, IIA ONpedeleHHA 4, MOBHO OMPAHHYHTILCA NPOBeISHHEM, KAk
mpasmwio, 4+5 HIMEPEeHHH CHOPOCTH CUeTa MPENapaTos IpoIoDEHTEMLHOCTRE Mo 1 MuH (B
DONBIHHCTES CTYHIAEE IOTPENHOCTE ONpeaenennd I, 6yaeT Mersme 10%:).
Dens paboTel
OnpeneneHne MeTOI0M QHECHPOBAHHOIO TEIECHOTO VIVIA aOCOMIOTHOH AaKTHEHOCTH IIPETIa-
PaTa, COTepAAIEro PABHOBECHYIO CMECE H30TOMOB — S1(- Y ).
ObopyaoBaHHe H MaTepHAABI
VcTaHOBKA ¢ DHMHHIPHYeCKHM caeTaHEoM [ eiirepa-Miomepa.
KoHTpOIBEHEIH Openapat er(mY}.
STATOHHEL (CTAHTAPTHEI ) OpemapaT Mle CONPOBOIHTEIEHEIM [TACTIOPTOM.
Beimoaaerans padoTsl
1. [IpoRoOAT IpeIBApHTENABHEE (IPOTONAMTENBHOCTEI =50 ¢ wm =1 MEH) HIMepeHHA
CEOPOCTH CHeTa 3TATOHHOTO 00pazna [ry. KOHTPOMBHOTO Hpenapata L H doHa [y He-
mons3ve cooTHomeHHA (1.32; 1.33), oueHHBANT MHHHMANEHYIO OTHOCHTENBHAS [IOIPEll-
HOCTE (Oy1e) ONpPENENEHHA CKOPOCTH ¢9eTa [y H I ., NPH JOBEPHTEIEHOH BEPOATHOCTH
¥v=0,95 qna 4 HamMepeHHII Ka&J0r0 OpenapaTa H GoHa MpoJoIAHTEIEHOCTEIO o 1 MEE'.
2 TIpoeomsat mo 4 HIMepeHHA CKOPOCTH CUeTa KOHTPOABHOTO H CTAHIAPTHOTO MPENapaToE,
KAEIEI pa3 MOBOPaTHEAd HX BOKDYT OCH HA CIVIAHHEIA VTo4 H GOHA NpOIOEHTETEHO-
cTBI 10 1 MEH. HaxomdT cpegHHe CKOPOCTH CHUETa IPEeNapaToB 3a BEMeToM doHa. B oTcyT-
CTEHE [IONPABKH HA Pa3pellalolles BPeMi: Ig,m y - I,;.—}}_x Iq} B =TIy I,;. I om I,;..
3. PaccYHTEIBaOT MOTpelmHOCTH (A, ) ompeneneHHs Ig " I, 11a 95%-Hoil JoBEpHTEIE-
HOH BepOATHOCTH, HCOOAB3VA ypasHeHHd (1.19. 126 u 1. 33} HrTaom I12.
4. Hemomsaya dopuyry (2.3) u tadm 114, paccYHTRIBAOT Kﬂ?@c[:lmmerrm ocnabaenns (k)
f—amyaeHHd “sr. Y 1 "™T1 (Tommuea cTerkn OeTEKTOPA H CI0A BO3TYXA d=63 I»!II-'rCMz:I.
5. PaccuuTeieaoT, cormacHo (2.7), abCoMIOTHVIO AKTHEHOCTE KOHTPOIRHOTC IPENapara.
6. IIpEMeEas 33K0H HaKoUTeHnd morpemsocTed (1.30). paccuHTEIBAIOT OTHOCHTETRHYED H
a0COMOTHYIO MOTPEIHOCTH BEIHIHHE] A, COOTBETCTRVIOMHE 95%-HoH J0BEPHTEILHOH
BEPOATHOCTH, IPHHHMAN, IT0 HOIPEIIHOCTH Spy=Osn™ Opny—0-15. IlorpemHocTs onpege-
TeHHA A7 VEA33aHA B MACIOPTE ITATOHHOTO IPeIapaTa.

- 21 ma 3 K -2 K n3
5% =38] +0; +0; +8° + ¥__5 o+ L& (2.8)

Asrer s T} n *'n An { k.‘h’+kr j: S r-ki.. +kr J‘

®opma A Crpannna 26u3 58



MuHucTepCcTBO HayKH U BRICIIEro oopa3osanus PO

o o Dopma
YIIbSHOBCKUI rOCYyJapCTBEHHBII YHUBEPCUTET

@ - Pabouas mporpaMma JTUCHHILIHHBL

PABOTA 3. HOEHTHEHEAIMA PATHOHYEAMITOE METOIOM IFAMMA-
CIIEKTPOMETPHH

3.1. l'aMMa-creKTpoMeTpH

Tanpaa-H3Ty9eHHe CONPOBOAIAST AICPHEIE IPEEPAIICHRA NOTABTHIINErD OOIBIIHECTES
PATHOHVEIHIOR. JOpo, o0pazyiomescd OPH PaJHOAKTHEHOM PAclale, dallle BCErD OKAIE-
BaeTCA B BO0VAIEHHOM COCTOSHHH (E_), IpH Nepexofe H2 KOTOPOro HA YPOBEHE C MEHB-
meH SHeprHed HIH B OCHOBHOE cocTofHHe (E;) HCITyCKaeTcH y-KBAHT. JHePrHA KEaHTOB
(Ey=Ex—E.) onpenemnseTcd CTPVKTYPOH 3HepreTHUECKHX VPOBHeH KOHKPETHOTO AOpa H.
ClIeIoBaTEeIbHD, Y-CIEKTP AB/IAETCA CEOS0OPAZHEIM (MACHIOPTOM PATHOHYEIHIA. [losToMy
raMMa-COEKTPOMETPHA — ONpeleTeHHe SHEPTeTHIeCKOTO CIIEKTPa Y-KBAHTOE, HCTYCKAEMEIX
HCCIeTVeMEIM BeIIecTBOM, — HAHOOIee YHHBEPCATEHEIH MeTOI HACHTHOHKAIINE PaTHOHYE-
JTHAOE B Npo0ax pasIHTHOTO COCTABA. | aMMa-CIIEKTPOMETPHA ABJIACTCH TAKKE BAKHOH co-
CTABHOH YacTEH MHOTHX HHCTPYMEHTAIRHEIN METOJ0E XHMHYecKoro aHamiza. Hanpuauep,
{-COEKTPEl HYRIHIOE. 00pasvIoNHyca NpH HeRTpoHHOM 0DIyIeHHH CJICEHOIO 10 COCTABY
obpazna, NO3BOIAIOT YCTAHOBHTE COJEPEAHHE PAIHYIHEIN XHMHYECKHX NIEMEHTOB B HC-
CIeTVEMOM BEIIeCTEE.

3.1.1. HeoyckaHle H IOTAOIIEHHE TAMMAa-EEAHTOE

JHepreTHUecKHe COCTOAHHA (VPOBHH) A1pa JHCEPETHE H HMEOT MHPHHY [ p. CEA3aHHYIO
CO BpEMEHEM HX HH2HH T, CoOTHOmeHHeM [ efizenbepra: Iyt~ I/2xr, roe i — mocToSHHAS
IInapka. B cOOTBETCTEHH C NPHHITHIIOM HeOIpeIeleHHOCTH, Y-KBaHTH, HCIIVCKASMEIE BO3-
OVAIEHHEIMHE ATIpanMH [IPH 0THOM H TOM e Iepexole, He MoTVT HMeTh abCOMHTHO OTHHA-
KOBVHC 3HeprHK. CIerRTpansHaf JHHHA, 0TBeYAR0IIad TAKOMY Iepexoy. He SBIAeTcA Dec-
KOHEeUHO TOHEOH, a 0DIAgaeT ecTecTBeHHOH IMHpHHOHE [ KOTOpad paBHA, Kak [PaBHIO,
107°:107° 3B. Kpome Toro, OpH HCOVCEAHHH GOTOHOB YACTE 3HEPTHH MEpexona MOmeT
OBITE NMepeJaHa AOpY (3HeprHd oTdavH Ep). a IIHPHHA THHHH HCIYCKAHHA VEEIHTHBACTCHA
Ao 3Havenna [ H3-33a MOTYIAIHHE 3HEPIHH NPH TEIIOBOM AsHxeHuH aaep (3ddexta Jon-
nepa). 3Haenna Ep 0 [ NpeHeOpeREMO MATEl 0 cpaBHeHHIO ¢ £, Hanpamep. nmx J"C_ﬁ'
(Ey=662 Kk3B) otHomeHHa EpE, B IrE, paBHEL COOTBETCTBEHHO, 26-10° 1 63107
TlosToMy CHOEKTpP HCIOVCEAEMEIX V-KBAHTOB CHUHTASTCA, [OPHMeHHTEIBHO K TalMa-
COEETPOCKONNHE. JTHCEPETHEIM.

DHepPrHK Y-KBAaHTOE, NPecOpa3OBaHHVIC B MIEKTPHYeCKHe CHIHANEI JeTeKTOPa, OIpe-

JeTA0T 0 NOTOEEHHD THHHA aNmapaTypHOTO |-CHeKTpa. QopMHpOBaHHE KOTOPOTO 00Y-
CJIOBIEHO, B OCHOBHOM, NePBHIHEIMH [POLECCAMH MOTEpPH 3HEPIHH -HIIVICHHA B KpH-
CTAIE JeTeKTopa; (OTONOITIOMEHHEM, KOMITOHOBCKHM paccesHHMeM H  0Opa3zoBaHHEM
IMeKTPOHHO-IO3HTPOHHELL [Tap.
PoromorTomernne (oroaddekT) — DIpomecc NepedadH Beel IHEDPIHH |-EBaHTa IIEKTPO-
HY. Kak OpaBHao. K- g L-obomodsl aToMa obIydaeMoro BellecTEa. KHHeTHIeCKAR JHeD-
THA BEIOHTOTO 371ekTpoHa (doToanexTpora) £, paBHA Pa3HOCTH MEXATY IHeprHeH GOToHA H
SHEPrHeH CBA3H B aToMe, HanpumMep, K-anextpona: Ey =E —~Eg

Bagarcra, obpazoBapmascd Ha A-obomodke, 3aM0MHASTCA MEKTPOHOM ¢ OTHOTO H3 Ha-
XOOAIMHKCA BRINE VPOBHeH HampeEMep, L; Brmengwomagcs mpe 3ToM 3Heprus (Ex—Er)
MOET OBITE THOO paccesHa B BHIE PEHITeHOBCKOro KeanTa (Ey = Ex—E;;), mibo nepegana
IPVTOMY 3I€KTpPOHY, HanpuMep., Lp-oDoMo9rH. 3TOT IISKTPOH IIOKHHET AaToM. T.K
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Ey—E;r=Epp B stom 2akmogaetcd abdert Ome. KackagHoe pazMHOKEHHEe «IBIPOKy IOCTE
[NEPBOTD OEEe-TIEPEX0Ia IPOHCKOIHT IO TeX IIOop. [IOKA OHH He NepeMecTITCH BO BHEMTHHe
obomouss. TakumM obpazomM. QoToa(QdekT CONPOBOEIASTCA IHOO PEeHITEHOBCKOH Qurvo-
PeECOeHITHEH, THOO EackamoM (Ome.

KonmuaecTEeHHOH XApaKTEPHCTHEOH BEPOATHOCTH BIAaHMOINEHCTBHA |—KBAaHIOE C aTo-
MAMHE OOTIOTHTENE SRIAETCH «CeTIeHAE BIaHMOaeHcTEHT. CeueHNe YHCICHHO PABHO BEPO-
ATHOCTH B33HMOJEHCTEHA KBAHTA Ha eJHHHIIE IIVTH B BelIecTBE. COJepAKameM OJHH aTOM B
eIHHHIE 00BEMA, H HMEET PasMEepPHOCTH IUIOMATH (Kak npaBmno, cM ). Cedenne dotomo-
IJIOINEHHA (T) pe3ko BOIPAcTaeT NPH VMeHBIIeHHH E, H VEeIHYeHHH aTOMHOTO HoMepa Z
BeIIeCTEA NOTIOTHTENS: JIE KBAHTOR OTHOCHTENBHO HeOomsmoH 3HeprHH (E, < 511 k3B) 1
IPONOPIHOHATEHO OTHOMIEHHID z E,_,:“s . CaemyeT OTMETHTE, UTO 3HAYEHHE T CEATKO0OpDAz-
HO VBEIHTHBASICH B CIVIaf PaBeHCTBA F, 3HePIHH CBAIH IIEKTPoHOB HAa K- [- mwmi M-
0DOIoTEAX.

DoTo3dipekT ABTAETCA NpeodIaJAITHM IPOLECCoM NepeJatH SHEPTHH IIPH IPOXOM-
JEHHH KEAHTOE HHIKOH 3HEPIHH Hepe3 IOIIOTHISNb, HMEHIHE OTHOCHTEIEHO DOIBIIOH
ATOMHEIH HOMeD. B 9acTHOCTH, XapaKTepHCTHYIECKOS HITVIeHHe, HMEIIIee, KAk IPagHiIo,
HeGOIBIIYIO 3HeprHio (Ey < Ey). MormomasTcs Mo MeXaHH3MY doTo3dderTa.
KoMOTOHOBCKOE pacCeAHHEe — IepPelata FacTH 3HEPIHH |-KEAHTOB WISKTPOHAM BHEIIHHX
0DOMoYer. JHEPrHA CBAIH 3THX IEKTPOHOE NpeHeOpeXHMO MATa [0 CPABHEHHIO C F, H
paccesHHe TPAKTYeTCH Kak YVIPYToe CTONKHOBEHHE (OTOHA C OTASIBHEDM CBOOOIHEIM IIEK-
TpoHOM. B pe3viIeTaTe 3IeKTPOH MOKHIAET aTOM. a Y-KBAaHT ¢ 3HeprHefl E, oTKIOHAETCH
OT HANpPABIeHHA JEHEEHHA NePEHYHOIO KBAHTA. KHHeTHYeCKAT SHEPIHA KOMIITOHOBCEHX
31eKTPOHOB (E gymm= E,—E,'). BEIOHTEIX MOHO3HepreTHIeCKHMH EBaHTaMu (E,. k3B). u3-
MeHAETCA B IMHPoEHX Npedenax: 0< Eaumm = ET-[l-I-[SllflfT}]'l_ Yucmo GoToOHOE, MpoXOo-
OANTHE 9€Pe3 DOINIOTHTEIb IPH PETHCTPALHE V-HITVICHHA, BEMHKO H 3HEPTETHICCKDE Pac-
IpeJeleEHe KOMITOH-3TEKTPOHOE B VEASAHHEIX TPAHHIAX SBA9eTCH DaKTHYECKH HeTpe-
PEIEHEIM.

BepoATHOCT KOMITOHOBCKOTO PaccefHHR (C) PacTeT MpH YMeHBIIeHHH E, H NpH VBe-
THYeHHH Z OOTyI3aeMOro BeIecTBa, HO 3aBHCHMOCTH OOJee IUIABHEIE, 9eM B cIydae $oTo-
stdexTa: B nepeoM npHOMIKeHHEH, ¢ « Z/E, B OOJBIIMHCTBE NOTIOTHTENEH KOMITOHOB-
CKOE PaccCefHHe ABIAeTCH OCHOBHEDM [EPEHYHEIM MPOLIECCOM B3aHMOZEHCTEHA am1d $oTo-
HOB CPEIHHX H BEICOEHX 3HepIHi, A OpH HeOOMBINY Z — H T MATEHX j—KBAHTOE.
ObpazoBaHEEe map 3MeKTPOH-MO3ETPOH — E3aHMOICHACTBHE BEICOKOIHEPTETHIECKHX |-
KBAHTOE C [IOMEM AIep, IPHEOIANES K HCUEIHOBSHHID KBAHTOE H 00PAI0BAHHID 3apIEeH-
HeIX TacTHI. Iloporoead 3HeprHA Ipollecca PaBHA VIBOSHHOH 3HEPIHH MAacCEl MOKOH 31eK-
TpoHa (1022 x3B). a kuHeTHIecKad 3Heprua wacTHU E, = E.= (E,~1022)/2. Tlocnemyto-
INad AHHHTHIAIHA DO3HTPOHA NPHEOIHMT K MOAEIEHHIO JBYX KBAHTOB C 3HeprHeH mo 511
K38 Kasmeli. KOTOpEIE, B CEOH O9epelb. MOIVI IMOIMIOTHIBCA BEIecTEOM [0 MEXaHHIMY
toToadderTa HIH pacceAThCT HA 3MEKTPOHAX. BepodTHOCTE 00pasoBanmd map () mpomop-
UHOHATEHA Z- H pacTeT c yBelqHdeHHeM E,. JHauUeHHe § CpPaBHHTEIHHO BEITHKO JHIIE IIA
doToHOE C 3Hepruedl Hoaee 4000 k3B, a B gmanmazore 1022<E,<2000 k3B Bo MHOTO pa3
MeHEIIE CeYeHH KOMOTOHOBCKOIO PACCETHHA.

IECO0HEeHOEAILHEIN 3AK0H 0cTa0leHEA B OPOEEKAKINAA COOCODHOCTE V-HUIVIcHHA.

OmicaHHEIE BEINIE NPONECCH MPHBOIAT K OCTA0IeHHIO IOTOKA Y-HITVICHHA: VMEHBIIE-
HHe HHCI3 Y-EBAHTOR H3 DApalIelbHOrO IVHEA, NAJaNIero IepleHIHEYIAPHO I0BepXHO-
CTH MOTTIOTHTENE, MOTIHHASTC IKCIIOHEHITHATLHOMY 2aK0HY
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Ny = Noexp(-u) (3.1),
roe Ny u N — =HCIA Y-KBAHTOE, MATAIIIEY HA NOIIOTHTENE H NPOMEIIIEY CKBO3E HETO, COOTBET-
CTBEHHO. [ — TO/INIHHA [IOIOTHTEN B €M, |- KO3(bQHITHERT ocabieH s B o™

KoadduumeHT ocnabneHss || 33aBHCHT 0T XHMHTECKOTO COCTABa NOTTIOTHTENA H SHEPTHH
v-EBaHToR (Tabm I15). OH XapakTepHzIveT NOMHVI) BEPOATHOCTE BIAHMONEHCTEHA (OTOH-
HOTO H3TY9EHHA C BEIIECTBOM H PaBeH cyMuMe Ko3ddHITHEHTOR ocTadieH s 3a c1eT doTo-
mormomenns (1), KOMIITOHOBCKOTO PaccesHHA (T ) 1 o6pazoBamms map (3):

'=(t+o+yx) 10 -n= 7+ d+9 (3.2),
IIe 1. T, ¥ - Ce9eHHA IDCEOEH]:DL IPOLECCOB no’.repn SHEPTHH (B CM'), 7, — THCIO ATOMOE B 1 o
OOy IaEMOT0 MATEPHATA.

EcH TOINIHHA NOTTOTHTEIA, HMEIONIETo INOTHOCTE 0 (rfoa), BEIPAEEHA B r/eM’. To muw
OLIEHKH 0C/Taf/IeHEA IOTOKA HCIIOMb3YIOT MACCOBEIH KosddmmaenT 1= 1/ o (oM /r).

ToToHEI HE HMEIOT ONpeIeIeHHOTO NpoDera E BelleCTBE H 3KCIOHEHITHATBHEIR 3aKOH
ocratieHHs MoToka (3.1) BEMoTHATCA IPH MoGoM 3HaYeHHH /. 19 XapakTepHCTHEH IIpo-
HHEAOIEH Crooco0HOCTH V-HMIVISHHT HCOOARIVIOT 3Hademme 1/u  (cpemmsas roovOHHA
[IPOHHKHOBEHHA (OTOHOE B JAHHEIH MATEPHANI) HIH TOMIHHY NOIIOTHTENA, OCIa0Ia0me-
ro motok B 2 paza (/}»=/n2/u’). CremyeT OTMETHTE, 9T 3HA9eHHE /- 14 [IOTOKA KBAHTOR C
sHepreell E, B COTHH pas Donple CI0A MOIOBHHHOIC OCTAOIeHHT IOTOKA NIEKTPOHOB.
HMEFOITHY KHHETHIECKVIO JHEPTHIO Eop = E,.

Hoem3ama#a cpelbl.

e 3apAaeHHBIX SACTHI, 00pa3yVIoOMIHKCA HEOCPeICTBEHHO B IePEHYHEIX IPOIeccax
MepesavH JHeprHH, OTHOCHTENBHO Hepeduko. HoHHzppyviomee deficTEHE —HITYVIeHHS OI-
pegenAeTcA, B OCHOBHOM, HEVIPVIHMH B3aHMOJEHCTBHAMH (JOTO-, KOMITOHOBCKHX H
3MEKTPOHOE (IIOZHTPOHOE) MAp ¢ aTOMAaMH 0OIyIAeMOro MaTEPHATA. NPAKTHISCKH BCA KH-
HETHYECKAR 3HEPrHA 3THX JacTHI PACXOIYeTCA Ha HOHHIAIHED H/HIH BO30VAICHHE ATOMOB
MOTTIOTHTEMA. BMecTe ¢ TeM, IEH&EHHE IMEETPOHOE HWeped BEIIECTBO §ce2dd COMpPOBOME-
I3aeTcHd JIeKTPOMATHHTHEIM TOPMOIHEIM HTy49eHHeM. JJond moTeps Ha TOPMOZHOE HITYIE-
HHE VBEIHIHBASTCH ¢ POCTOM KHHETHYSCKOH 3HeprHH 4acTHO (Fy,) H aTOMHOTO HOMEpa
mornoTuTend Z B KpHCTALIAX CIMETHAMANHOHHEIX (Z,5,=32 a1a Nal) B noTynmpoBomHH-
KOBRIX (Z=32 mua (Ge) JeTEeKTOpPOR 3TH MIOTEPH COCTARIAIOT THINE 2-3% a4 BRICOKOIHepre-
THIECEKHX MIEKTPOHOE (Epy, = 200043000 x3B) B npeHedpes®Mo MATEL B cIviae E,=1000
k3B. B raMua-creKTpoMeTpHE IOTEPH HAa TOPMO3IHOE HUTYIeHHe 00BMHO He VIHTRIBAKTCH.

3.1.2. IIpouecce! npecbpasoBalHda SHeprHH FrAMMA-KBAHTOE B AeTeKTOpax

B HacToAmee BpemMA I8 CIEKTPOMETPHH J-HITYVICHHA NPeHEMYIIECTEEHHO HCIIOIBIVIOT
JeTeKTOPH JEVX THIIOE. CIHHTHITAITHOHHEIE H NOTYIPOROIHHKOBEIE.
COEETELIAOHOHEHELIE JeTeKTOPhl IPEICTABIAKT Co00H KPHCTALT-COHHTHIIATOD, ONTH-
HMeCKH CBA3AHHBIH ¢ (DOTOMEKTPOHHEIM yMHOEHTeReM (P3IV) Yame Bcero B KadecTse
COHHTHIATOPA HCNOMEIVETCHE MOHOKPHCTATI HOTHIA HATPHA. AKTHBHPOBAHHEIR TALTHEM
Nal(TI); mpevenssoT Takse KpacTamnsl CsI(T1) # BiyGe;0qa.

3neKTpoHEl (IOZHTPOHEL), NOABIAMIIHECT IPH NPOXCAIEHHH IOTOKA J-KBAHTOE Tepes
EPHCTALT, HOHHIHPYIOT H/HIH BO30VAEIAI0T OONBIIOE THCI0 aTOMOE. MakCHMATEHEIR Ipo-
Oer 3THX JacTHI, Kak [IPAaBHIO. 3aBEJOMO MEeHBIIE p‘l’i\tﬁpﬁﬂ KPHCTALIA H IPaKTHIECKH
BCH KHHETHYECKAT JHEPrHA NepeJacTcd COHHTHLUIATOPY ") Ocmoemas "acTs JHEPTHH BO3-
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OVAIeHHS TpasECcHOPMHPYETCS B TEIUIOBYED, 9aCTh — BBICBEUHBASTCA: THCIO CBETOBRIX do-
TOHOE cocTaBxfeT B cpedHeM 10-100 xa 1 k3B nornomeHHOR 3HeprHd y-H3myaeHHd. [IpH
3TOM JONA 3HepPrHH BOI0VAICHHA NIpeodpaiyveMoH B CETOBEIE HMITYIBCEL, — BEIHYHHA
NOCTOSHHAS U9 JAHHOTO KEPHCTATIA. [lo3ToMy 9HCIO GOTOHOB, COCTABMAIOIIHE OTAENH-
HYK COHHTH/UIAIHE, IpOIopIHOHATRHO KHHEeTHIeCKOH 3HEPTHE 3apAACHHRIN JacTHI, T.€.
Jofe JHePrHH {-KBAHTA, NepeIaHHOH KPHCTALTY.

BCOEIIEH CBETA, NOMATad Ha doTokaTon ©3Y, BRIIEEBAKT 3MHCCHIO NIEKTPOHOE, KOTO-
PEIE B ¥IEKTPHIECKOM [IOME YCKOPAIOTCA H NONATAIT HA NEPBHIH AHHOA. [[oTOK 3meKTpo-
HOB, OPOX0JA CHCTEMY JHHOMOE, VEEIHUHEAESTCH JABHHOOOPAZHO NPHMEPHO B 10°=107 pas,
H MEKTPHIECKHH HMITVIEC ¢ aHoZa D3V mocTymaeT B perHCTPHPVIOMIVIO AlIIApaTypy. 3a-
PRI, IPHHOCHMEIH TABHHOH HA aHOJ, IPONOPUHOHANEH THCIY 3MEKTPOHOE, BEIDHTEIX C do-
TOKATOOA. KOTOPOE, B CBOK OHUepeldhb, ONpeIeIieTcd HHTEHCHEHOCTER CBETORBIX BCIBIMCK.
Taxmy 00pazoM. AMIUTHTYIE! CHTHATOE HA BeIXode P37V IponopUHOHATRHEL 3HEPIHH, IIe-
PegaEasMoH Y-KBEAHTAMH aTOMAM CUHHTH/LIATOPA B IePEHYHEIX IPOLIeccax.

PazeHTHE 3MEKTPOHHON TaBHHE H GOpMHpOBAHHE cHTHATA HA aHode 3V 3ammmaer

10710, 3ror NEePHOT MEHBIIE BPEMEHH BBICBEUHBAHHA (POTOHOE HEOPraHHYECKHMH
kpHCTALIaMH (B cayaae Nal(Tl) ~2-107 c). KoTopoe ompemelsieT paipellaloliee BpeMT
COHHTH/UIAIIHOHHEIX JeTeKTOPOE (cM. cT1p.6).
JeHcTEHE HOIYOPOBOJHAKOBEIX JeTeKTOPOB OCHOBAHC Ha HOHHIAIHH Padotero BemecT-
Ba JeTEKTOpa (MOHOKPHCTAIUI KPEeMHHS HIH CBEPXIHCTOrO TePMAHHA) 3apaEcHHEIMH Tac-
THOAMH, [OFBIAKITHMHCA OpH ero y-o0mydeHHH. CpenHas 3HEpPIrHA, 3aTpadHBacMad Ha
00pazoEaHHe OOHOH HApEl 3IEKTPOH-BAKaHCHA. cocTakmaeT 2.9 ® 3.8 3B mia repmaHmd H
EpeMHHA, COOTBETCTBEHHO. JIEKTPOHE! ([I03HTPOHE]) IPH TOPMOEEHHH BHYIPH pabotdero
00BeMa JeTEKTOPA CO3TAN0T OOMBIIOE THCIC CBOOOIHEIX HOCHTENEH 3apAIa (Iap JIEKTPOR
— BaKaHCHA), KOTOpPEIE IOJ AcHCTBHEM MPHIOEEHHOIO HANPIHECHHS JBHAVICA K 3IEKTPO-
gaM. B pe3yiaeTaTe BO BHEIIHEH NelH JeTeKTOPa BOSHHEAET JIeKTPHYUSCKHE HMITVIILC, IIpO-
NOPIHOHATEHEI MNOTIOMIEHHOH 3HEPIrHH 7-EBaHTa. JTOT CHIHAT 3aT€M VCHIHBAETCA H
PETHCTPHPYETCA.

bonpmas moZBHAHOCTE HOCHTENEH 3apAna B Ge H Si mo3BoaAeT co0paTh 3apAT 3a Bpe-
MA OpHMEPHD 10°-107"c, 4T0 OBeCHedHBAET BHICOKDE EpPeMEHHOE paspelleHHE OOTVIIPO-
BOJHHEOBEIX JeTEKTOPOB. JTH AeTEKTOPE! (KaK H CUHHTHUIAIHOHHEE) MOZBOJSIOT PerH-
CTPHPOEATH BEICOKHE CEOPOCTH CUeTa 0e3 MOIPaBKH HAa Paspelalomee BpeMa T (cM. cTp.6).

3.1.3. AmapaTVpHLIA CIIEKTP

AMIITHTYIA CHIHANA JEeTEKTOPA. KaK OTMEdATOCE BEINE, ONpedeIdeTcd NOTTI0IIeHHOH
EPHCTALIOM KHHETHIeCKOH IHEeprHEH 3apaAeHHEIX TacTHI, MOARIAIONTHNCA B PEIVILTaTe
NEPEHYHEL IPONECCOE BIAHMOTEHCTEHA AIeKTPOMATHHTHOIO HITYIeHHT C BellecTEOM. B
ITHX NPOIeccax Y-EBaHTEl MOTVT Nepedalk KPHCTALTY JHOO BCHO 3HEPTHED, JHOO TOIEREO
9acTe €€, H, CIeJOBaTeIEHC, JAKE IPH PETHCTPANHH MOHOIHEPIETHISCKOrD HIMYIEHHYT Ha
BEIXOZE JETeKTOPa QopMHPYIOTCS HMITYIBCH PAIHIHOH AMIUTHTYIEL

IIpu dotosdiderTe Bct IHEPIrHA 7—KBAHTA PACXOIVETCH HA VIATEHHE H3I ATOMA, Kak Ipa-
BHI0, K-31ekTpoHa. Bo30yVEIeHHEIH aToM [epeXoIHT E OCHOBHOE COCTOAHHE, HCOYCKAR
KBAHTEl XapaKTePHCTHUECKOTO PEHTTEHOBCKOrO HITyIeHHs Ey T oxe-3mekTpoHEL Ilpo-
Oecc NEPECTPOHEH MIEKTPOHHOH 000I0YEH 3aBEPIIAKTCA IMPHMEPHO €Tepes 10%c mocre
NOTTIOMEeHHA NepBHTHoro doToHa. K 3TOMY MOMEHTY 3HEpPIrHg HCXOTHOIO y—KBAHTA (CyMMa
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KHHETHUECKOH 3HeprHH GOTO3NEKTPOHA H 3HEPIHH BO30VAUICHHA IEKTPOHHOH CHCTEMEI
aTOMa) [IOTIOINASTCA B JIOKATBHON 00MIacTH KPHCTALIA, PasMep KOTOPOH ONpege/ e TCA HIH
MAKCHMATEHEIM TPoOeroM (Ryg) BEIOHTEIX 3MEKTPOHOR, HIH (IpH GoTODOrIOMEHHH HI2-
KOSHEPTeTHYECKHX Y-KBAHTOE) — IPOHHEARNIEH CIoCcOoOHOCTEH XapaKTePHCTHIECKOTO Hi-
myaennd. Hanpemep, 3HavesEus R, 4709 BRICOKOIHEPTeTHISCKHX aTekTpoHoR (500 B <
Eg4= 3000 E3B) B EpHcTamnax Nal B Ge cocTapnswoT oT ~ 0.8 1o ~7 MM, a I8 3MeKETpo-
Hoe E;=100 k3B — 0,06 m. TIpoder ome-a1eETPOHOR BO MHOTO paz MeHeIe. B To e Bpe-
MA IUIE OOTTomeHns 99% I0TOKA PeHTTeHOBCKHX KBAHTOR (Ey < 28 x3B) Heobxomm coil
BEIMIeCTRBA ~ (.5 nond.

Tagmm obpazoM, npH QOTONOTIOIIEHHH Y-KBAHTA AMIUTHTYIA HMIYIBCA MPOMIOPIHO-
HABHA 3HEPIHH £, H B allIapaTyPHOM CIEKTPe MOABIAETCA MAKCHMYM — IHK DOIHOTO Io-
raomenns 3Heprad ([II173). BeuteT peHITeHOBCKEX KBAaHTOE 3a [MIPeJeisl KPHCTALIA MOKET
[IPHEBECTH K ACHMMETPHH IHEA [TT13 HIH K DOSBIeHHIO TOMOTHHTEIRHOTO MakcHMyMa. Ha-
OpHEMep. 114 Hoga Ey=28 k3B H B anmapaTypHOM CIEKTPE JETEKTOPa ¢ TOHEHM KPHCTALIOM
Nal(Tl) MoxeT HaOIEOIATECA (IIHK BELTETAY, OTEETAROINHE 3HeprHH Enp = E,—28 k3B.

IlpH KOMIITOHOBCEOM E3aHMOOEHCTBHH IoOI4 SHeprHH. KOTOpad OCTaeTcA ¥ PaccesHHOIo
KBaHTa £,', B Ka#J0M CIViae pasHIHA H OTHOCHTEIBHO BEMHEA. EC/IH paccefHHEIE KBAHTE
BELTETAOT 33 Mpedeisl KPHCTALTA. TO IPH KXKT0M BIAHMOTeHCTEHH JeTeKTOPY NepeIacTca
PATHYHAA JOIE JHEPIrHH NePEHUHOTO KBAHTA (Ewumm=E,~E,"). Taxue codeTHT dopMHpPY-
0T HENPepHIBHVIO 9acTh CHEKTPa (KOMIOTOHOBCKHI KOHTHHYVM). JEKAIIVIO JeBee [HKEA
MOMHOTO IOTTIOMIEHHA 3HeprHH. [pammma 3Toro pacOpedeleHHA COOTESTCTEVET MAKCH-
MATBEHOH YHEPIHH KOMITOH-NIeKTpoHOB: E[1+(51 l.-"l.’;'T)]_l (xaB).

B cnekTpe pamlHOHVETHIOE, HCIIVCKAIITHY BEICOKO3HEPIeTHHECKHE KEAHTEL, MOTVT Ha-
OMOIATHECA, B NONOMHEHHe K IHKY [II13 H KOMITOHOBCKOMY KOHTHHVYMY, MAKCHMYMEL
COOTEETCTEVEOIIHE BEUIETY 33 MNPEIefsl KPHCTAMIA OJHOTO HIH JBVE AHHHTHIAITHOHHELX
KBaHTOE (E,—511 k3B mm E,~1022 x3B).

Heo0xoguno OTMETHTE, 9TO He TONBKO HENOCPEAcTBeHHO (hoTo3ddekT. HO H COBOKYII-
HOCTE IIEPBHYHEX OPONECCOB MOEET IPHBECTH K MOTHOMY NOITIONIEHHN 3HEPIHH KBAHTA
E, B kpHcTane. HanpuMep. paccedHHEIR KOMITTOHOBCKHE KBAHT E," MOXKET NOTTOTHIRCA [0
MeXaHHIMY doToadderTa. Tak KK MepeMeneHHe KOMITOH-VIEKTPOHA H OTONOIIOMEHHE
3TOTO BIOPHIHOID KBAHTA B EPHCTALIS MPOHCXOIHT IPAKTHYECKH OTHOBPEMEHHO, HA BEHI-
X0Ie JeTekTopa QOpMHDPYETCA OTHH Pe3VIBTHPVIOIIHE HMITYIBEC, KOTOPEIH NPONOPIHOHA-
JIeH 3HeprHH E, H BHOCHT BKIAJ B ITHK IIOJHOTO NOTIOMEHHA 3HEPTHH. JTOT IMHK 9acTo Ha-
3LIBAIOT (POTOMHKOM, MOTISPKHEAS TeM CaMEIM, ITO €r0 MOABTeHHE ONpedendercd ¢oTo-
MOrIOMIeHHeM KAK MEePBHYHEIX, TAK H 9ACTH BTOPHYHEDX EBAHTOE. YUeM OOMBINE KPHCTATT,
TeM BEINIE BePOATHOCTE [OITIOMIEHHA ETOPHYHEIX KBAHTOE H, CJIEJOBATENBHO. DOJBIIE OT-
HOCHTEIbHAR HHTeHCHEHOCTE (DOTOIHEA B allIapaTyPHOM CIEKTpE.

IIpencTapIeHHEIE BEINIE MEXAHHIME] E3AHMOICHCTERS Y-KBAHTOE C BENIECTBOM ABIINIOT-
CH O0ITHMH UTH BCeX THIIOB WIEKTPOMATHHTHOTO H3TYIeHHA CEePXBEICOKOH JacTOTEL, B TOM
THCIE XAPAKTEPHCTHIESCKOTO PEHITEHOBCKOTO, AHHHTHIAITHOHHOTO H TopMozHoro. IloaTo-
MY PETHCTPAHT H ONpeIelleHHe SHEPIHH, HAIPHMED, PEHITEHOBCEHY KBAHTOB OCHOEAHEL
HA TeX #e IPHHITHIIAX, 9T0 H FaMMAa-CIeKTpoMeTpHs. B 3T0H CBAIH CIeIVeT OTMETHTE, UTO
PATHOAKTHEHEIH PACIAT MOEET HEHIHHPOBATE He TOMBEO Y-HITVIEHHE, HO H XapaKTepH-
CTHUECKOS PEHTTEHOBCKOS. BO MHOTHX CIVIARX 3HEPTHA BO3I0VAICHHA AIpa NepemacTcd
HEMOCPeNCTEEHHO EKTPOHY, Hampinep, K-000M0¥KH, KOTOpPLIH MOKHIAST aroM (Ipolece
BHYTpeHHeH KoHBepcHH). [IpH mocneqyiomed nepecTpoike 3MEKTPOHHOH CHCTEME] HCIIVC-
KAKTCH PEHTTEHOBCKHE KRAHTH H aIekTpoHel Ome. [TomoOHRIE «BHYVTpeHHHE hoToad-
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eKT» BEISEIBAST TAKOKE pPAcHa] AOpa NyTeM IEKTPOHHOIO 3aXBaTa. B cHeKTpax pagHo-
HYETHIOER YacT0 HAOMOOAKTCA MHEH [IOMHOTO [NOTTIOMIEHHS IHEePIHH «KOHBEPCHOHHOTOM
PEHITEHOBCKOTD HATVIeHHT (cM. Tadm. 3.1).
TaMMa-COeKTPOMETp COCTOHT H3I JeTEKTOPA, IHHeHHOTD VCHIHTETA H AMIUIHTVIHO-
uHGpoBoro npecdpasoBatend (ALIII), CBA3AHHOTO ¢ MePCOHATBHEIM KOMIBIOTEpoM. Hecme-
IVeMBIH THATAZ0H aMIUTHTYT pa30HBaetcd Ha n (Hanpumep, 1024 mwm 4096) paEHBIX yaa-
CTEOR (KaHATIOR), KAMIOMY
MUK NONHOrS NOFNCLIEHItA H3 KOTOpBIX NPHCBIHBACT-
IHepm Cd TOPATEOBEIH HOMEp.
2B — HPGe AMIIIHTVIA CHIHAIOB, TIO-
- = CTYHAKNOIHX  Ha  BXOJ
Mal ATTTI, wmzMepAeTCcH, H B
Ea#OeIH EAHAT IIOMAIAIOT
COOTEETCTEVIONHE EMY
HMIIVIBCE C AMIUIHTVIOH
wAv, v, vEAVL
KOTOpAd 3AaBHCHT OT IO-
[IOMEHHOH — KPHCTAIIIOM
3IHEPrHH E=AF,
EAAE, .. EAAE, Yacmo
HMITVIECOR, AKKYMYIHPO-
BaHHEIX B KA#IOM KaHATE
334 BpeMd HIMEDEHHA I,
NOJCYHTEIBAETCE H B pe-
IVIBTATE MOTAVIASTCA All-
mapaTvpHEH coexrp. O=H
[OPEICTABIAET COOOH JHCEPETHOE PACOPEIEIfHHE, IO OCH A0CIOHCC KOTOPOTO OTIOMEHE
HOMepa KAHATOE (aMIUIHTYIE! CHTHANCE, 3Heprud E). a 10 OCH OPIHHAT — HTHCIIO HAKOI-
JIEHHELX B KAHATAX HMITVIECOE (pHC. 3.1). B mamemefimen »Ta MHCTOMpaMMA aMIpPOKCHME-
PYeTCH IMABHOH EPHEOH C HCOOME30OBAHHEM TOH HIH HHOH MATeMaTHYeCKOH MOTEIH, Ha-
npEMep, dyvEimme [ayeca.

15 Toro 9T00B COOTHECTH HOMEPA EAHATOE IHAUECHHAM 3HEPIHH Y-KEBAaHTOB, IPOBOIAT
KaTHEOPOBKY CHeKTPOMETpA mo 3HepTHH. C 3ToH NeTsl HADHPAOT CIEETPEl HeCKOMBEIY
CTAHTAPTHEDY HCTOYHHKOE H B KAKIOM CHOEKIpe CNpels/Ifi0T HOMEepa KAHATIOB, OTBETAD-
ITHe EHTPAM [HEOE IDOMHOID [IOTTIOMEHHS. JTHM KaHATAM NPHCBAHEAIOT COOTBETCTEVED-
ITHe TAOMHUHEIE 3HAUeHHA E, (W Ey) H NIPOBOIAT MHHEHHVIO ANNIPOKCHMAITHIY 3ABHCHMO-
CTH IHEPIHHE 0T HOMEPA KAHATA CIEKTPOMETPa M-

E,=a+bn (3.3).

BaxH0oH XapakTepHCTHECH JETEKTOPOE, IPHMEEAEMEIX 1A CIEKTPOMETPHHE HATVICHHH,
FABMAETCH HX OTHOCHTEIBHOE SHEPreTHIecKoe (AMILIHTYIHOE) pa3pemeHHe - OTHOMIEHHE
IMHPHHE! GOTOMHEA HA ero moayBkeicoTe (1) K 3HEprHH KBaHTA E,, COOTBETCTBYIOMEH 3To-
My mHEY. YemM MeHBIIe 3HadeHHe JIVE,, TeM Ve paspelleHE! AHHHH ANNApaTypPHOTO
coexTpa (cM. prc. 3.1).

[ITuprsa mHKa 77 oTpakaeT GIVETVALIHED aMIUTHTVI CHTHAIOE HAa BBEINOZE JeTEKTOPA,
ODVCIIOBTEHHYI0, [TABHEIM 00pPaz0M, CTATHCTHISCKHM Paz0pocoM THCIA HOCHTEIeH 3apana
(). Hen Oommme oOpasyeTcs HOCHTeNelH 3apAda. TeM MeHBMIe (o 3akoHy IlyaccoHa) oT-
HOCHTEIBHOE CpPEIHEKBAIpaTHIHOE OTKICHeHHe 0=1/(n,)" H mydme aMmIETYZHOE paspe-

1000+

CropocTe cueTa, wwnfc

KOMATOHOECKAN
KOHTIHY YA

0 1000 2000 SHepria, (3B

Puc. 3.1. CoexTpr *Co. IIOTVIeHHEIE C IOMOIIERD
norynpoeogEHKoBoroe (HPGe) m
CUHHTHUIANHOHHOTe (Nal) qeTekTopoB
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merxe. CTaTHCTHYEeCKHE KoTe0aHHR AMILTHTY] BREIXOTHOTO HMITYIECA CIOHHTH/UIAIHOHHO:
I'0 JeTEKTopa o0VCIOBIEHE QUIVETYAITHAME EeCBMAa HeOOMBIIOTD THCIA MIEKTPOHOE, BEIOH:
TEX ¢ (POTOKATOZA H MPHXONINIHX HAa Nepebll guaog 3V, a nmomympoBogHHEOBOTO -
OOIBINOTC THCIA I8P MEETPOH-BakaHcHA. Hampiep, IpH OOTVIOINEHHH B KpHCTaLIe Nal
sHeprad E,=600 k3B Ha mepesli qHHOA momagacT MeHee 200 37IEKTPOHOB, 9TO JaeT ~7%
pazdpoc B BeMEMHHE BENOTHOIO HMITYIBCA. [IpH MOTIOINEHHHE Y-KBAHTA TAKOH He SHepIHI
B EpPHCTaNIe TepMaHHA obpazyercd -~ 200000 HocHTemed zapAga, 9T0 B KOHETHOM CHUETE
OPEIONPeIeIacT IHATHTEIBHO TVIIee OTHOCHTEIEHOE IHEPIeTHISCKOS PazpelleHHe o
MYIIPOBOIHHKOREX AeTekTopos (F/E,~=0.003+0,009 8 muamazome 1000<100 x3B) mo cpas
HEHHE) CO CIHHHTHIIAHOHERME (0,06=0.1).

IL1omans OHKA D0 THOTO DOTI0MeHES 3HEPIHEE FraMMa-KBaHTa.

B cnexTpe HCCIeOyeMOTO HCTOYHHEA ONpeAeIAIOT MoloikeHHe (3Heprmio E,j) doTto
IIHKOB H HX IUIOIIATE (HHTEHCHBHOCTE) - ODINee YHCIO0 HMIYIBCOB, 0OVCIOBIEHHEIX PO
IIeccoM MOTHOTO MOTTIOIMIeHHA SHEPIHH Y-KBaHTa E,; H HAKOILTEHHEIX B €JHHHITY BpeMeHH I
KAHATAX CIEKTPOMETPA, COOTBETCIBYIONIHK 3THM IHEAM. CHOEKTPH HYKIHIOB COISpPEAT
KAK OPABHIC. HeCKOMbEO MHEOE I3 H cooTBeTcT
EVIOITHE 3THM [THEAM KOMITOHOBCEKHE KOHTHHYYMEI
a Tamke QOHOBYI0 COCTABMIANINYI. [loaTonmy doTo
IIHEK HAXOJHTCH HA «(IBeJecTaney, ChopMHpOBAHHOM
HMITYIBCAMH, B OCHOBHOM, KOMITTOHOBCKHX IEKTPO-
HOB, a Ta#®e QoHa (o puc. 3.1 ® puc. 3.2) O
OIIpefeIeHHA HCTHHHOH momatH mEka I3 Heod
XOZHMO BEIMECT: H3 OOMIEro 9HCIA HMIOVIBCOE, HA
KOIUTEHHEIX HA PACCMATPHBAEMOM VUACTEe CIIEKTp:
(I-5). TV HX 9acTh, KOTOpaf 0OpasyeT « beJecTaD
(Iz). CoBpeMeHHEIE CHOEKTPOMETPEl HMEWT NOpPoO
IpaMMHOE ODeCHedeHHe, [NO3BOIANINEE HAHTH Ipa
HHOE! MHECE [T H paccIHTaTE HX HHTEHCHEHOCTE
BuecTe © TeM, BO MHOTHX CTVIafX MOZET OHTH IO

k m k JI83HA OpelBapHTENBHAS BHIVATRHAL OIIEHEA HCTHHOE

- = = IWIOMATH THEA I3, peKoMeHI0BAHHAL, HAIPHMED

Prc. 3.2. Onpenenenre mromamu B Padote [5] (puc. 3.2). Ilycts I, - CKOPOCTE CHeTa

muka [I13 [4]; moAcHeHHT B OOHOM H2 1 KAHAIOB HENOCPEICTBEHHO MO [IHEOM

TEKCTE Ip;i 1 Iyj — CKOPOCTH CHETA B OTHOM H3 K KAHATOR CIIe

Ba H CIIPaBa OT IHKA, COOTBETCTBEHHO. IIpeanonara

£TCA, 9IT0 pacHpefeleHHe HMIVIBCOE «IIBEIECTAIAY

HE COJePEHT KAKHX-THOO MAKCHMYMOB, 33aMACKHPOBAHHBIX (QOTONMHEOM. Torma HCTHHHAS
wIomans muka (I;) Gyaer pasHa:

L] . & k
If = [ Ip _%r’ [ I.L,-"' [ I.'-_,-)I (34)
=l = o]

=1

JaHTemnHOCTE HAbopa COSKTPOE ONpeleafeTcd TpedyveMod BelHUHHOH THCOEpPCHH HI
MEpAEMOH IITomMamH Imka [II3 (ij_f = IrtDs[(m/2k)+1]). BpeMa 0TOEIBHOTO H3IMEDEHHS
MOKHO PacCHHTaTh [0 ypasHeHHI0 (1.36), 3aMeHHB, COOTBETCTBEHHO. CKOPOCTH CHUET:
npenapata (I.) 1 dona (I;) Ha 0dmyI0 WIomMans mHEA (I;.,=[;1l,) H OIOMATE (IBEIECTa
73y mog mHEoM (I;).
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3.1.4. 3dvbexTHEHOCTE PErHCTPAIHH TaMMA-KBAHTOE II0 IHEY IIOAHOTO
IIOTACIIIEHHA H OIpeleicHHe afCOANTHOH aKTHEHOCTH PATHOHYEAHIA

HcTEHEHEAA CKOpPOCTE c9eTa J, perHCcTpHpYeMad JeTEETOPOM IH00T0 THIIA, H a0COom0THAR
AKTHBHOCTE 4 HVKIHZA CO CIOEHOH CXeMOH pacmaga CBS3aHEl cooTHoIeHHeM (2.2). Ina
IpakTHIecKOH y-CHeKTpoMEeTPHHE HaHOOIBIHE HHTeper OpedcTARTIeT 9HCIO IaperHCTPH-
POBAaHHEIX HMITYIECOB. 0OVCIOBIEHHEIX [IOMHBIM [NOTIOMIEHHEM 3HeprHH £, ;. HIH HCTHH-
Ha# IUIOWATE [ ; MHKA NOJHOTO [OTIOMIEHH SHEPTHH 3TOr0 KBAHTA:

Ii=@i~ ;A= pi-gg;- A (3.5).
rIe @ — koad D HITHeHT peTHCTPAEH KEAaHTOR Ey; (cu pazgen 2.1); oy - Jond EBaHTOE Fy;, SHepras
KOTOPED MOTHOCTEE MOTTOMEHA B KPHCTALIE JeTEKTOPA: ) - BENOI KBAHTOR E,; Ha pacman (IIo-
NpaBKa HAa CXeMY pacmaga); £r; — 3P eKTHEHOCTE PETHCTPANEH (0 MHEY OOTHOTD IOTTIOMEHHT)
KBAaHTOR F.,; B YCIOBHAX IAHHOTO HiMepeHHT, [;; — ITomane meKa 1113 B BvMiv/c: 4 — aKTHRHOCTE
HCTOYHHEA B BE.

Tasing obpazoM, 3¢ deKTHEHOCTE PETHCTPAUHH V—EKBAaHTOB (10 MHKY [IOMHOTO ITOTTIOINE-
HHA) £; — OTHOIIEHHE THCIIA 33PeTHCTPHPOBAHHEIX JeTeKTOPOM KBAHTOB, JHEPTHA KOTOPEIX
E,; T0THOCTEI0 NOTTONIEHA B KPHCTALIE, K 0DINEMY WHCTY KBAHTOE JaHHOH 3HEPrHH. HC-
MYCEASMBIX HCTOMHHEOM B eqHEHITY BpemerH. Hemomeaya (3.5) 5 (2.2). MOEHO 3aIHCATE

£p;=Uyi / pi-A)= E_{E]i"“i-"' Pi) = W lerkySyqi]-o; (3.6).
TOE 1 — FeoMeTpHIeckHi Ko3ddHmHenT g; — sbdexTHBHOCTE JeTekTopa. & — KosQQHIHERT
ocmabnerns, S; — kosdhHIHERT caMoocTabTeHns, g; — KoaddumHenT ofpaTHOTO paccemEmal
OCTANLHEIE 000IHATEHAR IPHBEIEHEE B (3.3).

3¢ddeKTHEHOCTE £7; 33aBHCHT OT 3HEPIHH Y—KBAHTOB. B3AHMHOTO DACIIONOAEHHA HC-
TOYHHEA H JeTeKTOPa, COCTABRA H PAa3MepOoB KPHCTANLIA JeTeKTOopPa, TOMITHHE] HIMEPASMOTO
MPENapaTa H HEKOTOPEIX APYTHX ¢akTopoe. O4EBHIHO. 9TO PACCYHTATh 3IHATEHHE £¢;
cno#He. [lo3ToMy I8 onpegeneHHd a0CIOTHOH aKTHBHOCTH 4, HCCIeyeMOro Iperapara
OOBIMHO HCHOAB3VIOT «METOH OTHOCHTENBHEIX H3MepeHHE» (cM. pasmen 2.1). Hampsmep,
eCIH HCCHeNyeMEBI HCTOUHHE H CTAHIAPTHEIA o0pazen (3TATOH), COTepEAINHMA TOT Xe
HYETHT HIBECTHOH aKTHEHOCTH Ay, HIMEPAIT E CTPOTO TOXAECTBEHHEX VOIOBHAN, TO HC-

KOMAR AKTHBHOCTE, cormtacHo (2.6) u (3.5), OymeT pasHa:
Ax= T/ Ty m) A (3.7)

KanmbpoEka cOeKTPpoMeTpa 0o 3(pdhe KTHEEOCTH.

EciH HeT NOOXOQAIUEX 3TATOHOB VIEABHOH aKTHEHOCTH, TO »PQEKTHEHOCTE PETHCTPA-
ITHH Y-KB3aHTOB H3YIaeMOT0 00pasma (g;,) ONpeIelaioT Mo KATHOPOEOTHOH 33BHCHMOCTH £f
OT 3HeprHH E, X14 330aHHEIX YCIOBHE HiMeperHA (pHc. 3.3). JInd kamHOPOEKH CIIEKTpO-
METPa HAOHPAKT CIEETPEl HECKOMBEHX 3TATOHHBEIX HCTOYHHEOE H3BECTHOH AKTHEHOCTH,

KosdduaomerTs 1, &, £, 5, ¢ paccMaTpHBaoTcA B pazdene 2.1, B macTHoCTH, 3@ eKTHEHOCTE
JeTeETopa £ ONOpedendeTcd 3Had9eHHeM KoaddHUHeHTa ocimatmesHEs L. HanopeEwep, gma v-
HATy9eHHET - CS (E=062 x3B) e Nal rosddumment | = 0.277 e’ H ¢ aTOMAMH EpHCTATIA Tom-
mHEOE [=3 ©M BIAHMOIeHCTEVET -~ 50% DODAEmIEX B JeTeKTop KBaHTOB: = = (NN
=(1-e*"")= 0.564. [IpH PETHCTPAIHH MATKHX KBAHTOB (Ey=100 x3B) 3 dexTHEBHOCTE TAaKOTO Te-
TeETopa nprommEaeTca k 100%.

") B nammOM cydae K0(hHIHEHT ¢; =1, T.K. BEPOATHOCTE YIPYTOro (fe3 HIMEHEHHS SHEPIH)
pPaccesHHd Y-KBAHTOE MPeHeOpeEmEM0 MaTa.
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HUTYIAKMIHY V-KBAHTEl B IIHPOKOM 3JHEPTeTHUYeCKOM IHATAZ0HE, BEIMHCIAKT HCTHHHYIO
IIOMAZE COOTBETCTBYIOIIEX HM MHKOB ITII3 H. HCNomb3va (3.6). - 3HATEHHA €7 1 KakJoH
sHepred. [TocTpoeHHAR 3aBHCHMOCTE MO3BONIAET OMPENENHTE £;y H. CIEJOBATETBHO, HCKO-
MVI0 AETHEHOCTE

AT, peeg ] (3.8)

HaneperHa HooleqyeMEIX H 3TATOHHEEDE 00pasloE OIPOBOJAT B OJHHAKOBELL YCIOBHAX. CO-

i1 o D/EOgAS DOCTORHCTBO TeOMEeTpHYe-
CEOT0 E03(dHIHEHTA 1) H HCIIONB-
3ye OmH3EHE IO QOpME, COCTABY H
IUIOTHOCTH Mpenapatsl. Hampmuep,
KamHOpoBEY 1m0  »ddekTHEHOCTH
I8 TOYEYHBIX HCTOMHHEOE MOZHO
001 4 NPOBECTH IO CHEETPaM 00pasoBRX
CTAHTAPTHEIX raMMa—
CHEKTPOMETPHUECEHY HCTOTHHEOB
(OCTH). Onq KamHOpOBKH HCIONE-
IVIOT TAKEE NPENapaThl, COmepEa-
ITHe HIBECTHOE KOMHYEeCTEO IIPH-
POOHOTO TOPHA B PABHOBECHH C
OpoayETaMH pacnana. Hx cnexTpr
COIEepPEAT NedEl pAT HHTEHCHBHEDY
Puc. 33, Tunwemas 3aBHCEMOCTD 3(Q(QEKTHBHOCTH  mmkoe (oM. Tadn. 3.1). axTHBHOCTH
PETHCTPAUEH Y-EBaHToB (1o mHEY II13) or Hx TOMEpHHX HYKIHIOE B TAKHX TIpe-
SHEPTHE MApaTaX pPABHEl HIBECTHOH A&AKTHE-

HOCTH MATEPHHCEHY.

“Hpe R THEIOC TR

0,001

=0 100 200 S0 w0 2000
Juepran, kB

Vaet doHa.

[anpMa-COeKTp H3IMEpPAeMOro [PenapaTa BCErda COJEPAMT (QOHOBVEO COCTABIIAIOLIVIO,
0OVCIORTEHHVE0 HATVIEHHEM IIPOIVETOR PACTIATA PATOHA, KOTOPEE IPHCYTCTEVIOT B ATMO-
cipepe. a TarEe PaTHOHVEIHIOB, BXOIAINHX B KOHCTPYELUHOHHEIE H CTPOHTEIBHEIE MAaTe-
PHATEH, KOCMHETSCKHM HITVIeHHEM, TOAHRIME HMOVIRCAMHE (cM. crp. §). Ecmm mons doHo-
BEIX HMIOVIBCOE B CIEKTpPE NpPEeNapaTa HEeBelMHKAa, T0 HCTHHHVH ILIOINATNE MHECE [IT13
0DBEMHO OOpedenfoT B IPedNOIoAeHHH JOCTATONHO PABHOMEPHOIO PACIOpele/IeHHA HM-
IYIBCOB «IBEECTATAY, KOTOPEIH K TOMY #€ JTHIIE YacTHIHO CchopMHEpoRaH doHoM. $oHO-
Baf KOMIIOHEHTA B CIIEKTPAX OPEIapPATOR HH3KOH AKTHEHOCTH TpedyeT Goaee TINATEIBHOTO
VHeTa, TAK KaK OHA ECETJA CONEPAMT «CEOH» MAKCHMYMEL, B HACTHOCTH, MHEH [I113 Hamy-
WeHHA PATHOHVEIHAOBR eCTECTBEHHED PATHOAKTHEHEIX CeMeHCTE VpPaHa-PATHT H TODHA, 4
Tarcke MHEH K. aHHATHIAMHOHHEX KBAHTOB H IpyTHE. 3TH (OHOBEE MAKCHMYMEI H HEKO-
Topele MHEH I3 B cOeKTpax OOBEKTOBR HCCIEJOBAHHA MOIVT YacTHYUHO HIH OOTHOCTEED
NePeKpPEIBATECA. B 3TOM cIyHEae B pactieThl AKTHEHOCTH HeoOXO0IHMO EHECTH JOIIOIHHTETE-
HYH0 IONPABKY Ha ILIomats GoHoBOTo OTOMHKA:

A=ﬂ (3.9).
PEf
rge 4 — aKTHRHOCTE PATHOHVEMHAA. [; - [IOMATE (33 BEMETOM «IBEIecTATAY ) IMHEA IOMHOTO Oo-
[TIOIMEHHA JHEPTHHE F, B cOeKTpe mpenapata. [y - Wiomans maka ITIT3 2a ydacTke coekTpa doHa.
COOTEETCTEVIIETO 3HEPIHHE £,
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Cnektp (oHa HaAOHPAKT, Kak INPABHIO. HEIOCPEACTBEHHO [epel NpoBeIeHHEM HIMepe-
HHii Ipemapara H 00A3aTelsHO B TEX He YCIOBHAX, 9T0 H CHEKTP Ipenaparta. B 4acTHOCTH,
IS TOTO 9TO0EL YIeCTh NOTIOMIeHHe (POHOBOTO H3IYIEHHS B HIYIaeMOM 00pasle, clIegyeT
Pa3MECTHTE Ha JeTeKTope MYITE — 00pasel] TakoH e MacCH H TeOMeTpPHH, HO He cofep-
FHAITHA H3IMEePAEMEIX PATHOHYKIHIOE (XOIOCTOH OIEIT).

ITporpaMuEOe ODecledeHHe COBPEMEHHEIX CIIEKTPOMETPOE MO3BOMAET YVIECTh MOMTYIEH-
HBIH CHEeKTp $OHA IIPH PacdeTe NOMOKEHHA H HHTEHCHBHOCTH THKOE CIEKTpPa HCCIeIVeMo-
Io Ipenapara.

3.1.5. HaepTudhHEEAIHS padHOHVEAHIOR

HaenTHHEAITNA HYKTHIOE BETIOYAET B 208 CIETVIOIIHE 3TAIlE:

1) KamHOpOBEA CHOEKTPOMETpPa IO 3HeprHH, 2) HabOp CHEKTpa OOBEKTAa HCCISIOBAHHT,
uneHTHOHKAIHT mHEoR [1113 0 ompefeleHHe HX IUIOMIATH, 3) KATHOPOBEA CHEKTPOMETPA
no »hdexteHocTH, 4) Habop ciekTpa hoHa, 5) pacteT AKTHBHOCTH PaTHOHVETHIOR. Ilo-
PANOK BHITOMHEHHS omepausil 2)-4) ompemendeTcd VCIOBHAMH IPOBEISHHS KOHEPETHOTO
IECIEPHMEHTA.

B choekTpe HccaegyeMoro MpelapaTa BRIOSMANT MAKCHMYME! H., HCIONIBIYVA KaTHOpPO-
BOTHYIO 3ABHCHMOCTE (3.3), OmpelendwT JHEPrHI0 KBAHTOE, COOTBETCTEVIOIIVED ITOIOME-
HHI0 HEHTPOB 3THX NHECE. CpAaBHHBAKT NOIVICHHBIE PE3VIBTATEL CO CIPABOYHEIME JaH-
HEIMH H OTMEHUal0T MAKCHMYMEL KOTOPEIE MOTYT OBITE OTHECEHEl K IHEAM NOJIHOTO IOTI0-
[MeHHA SHEPIrHH Y-EKBaHTOE IPEIIoIaracMel HYETHIOE.

BonbIMHHCTEA HYKIHIOE C BePOATHOCTRED D; HCIVCKAROT KEAHTEL PA3MHUHOH 3HEPTrHH
E.; (o, mampavep. Tabm 3.1 B Tabm I1.1) B HX COSKTPE COTEP&AT HECKOIBKO ITHKOE II0T-
HOT'O TOTTIOMIEHHA 3HePrHH. 11 Hage#H0H HIeHTHOHEAITHE HYKIHAA HeTaTelbHD COIoC-
TAEHTE ¢ TAOIHYHEIMH J3HHEIMH He TONBEO 3HEPTHH), HO H OTHONIISHHS 3HAYEHHH p; IId
PacCMATPHBAEMEIX KBAaHTOR. C 3ToH Iedslo onpelendioT IUIOMATH BELTETSHHEIY [HEOE
(I;; = Apye,;) B MoCTe KATHOPOBKH CHEKTPOMETPA Mo 3 {eKTHBHOCTH (14 3aJaHHEIX V-
JIOBHIl HIMEPEHHH), HAXOJAT OTHOIIEHHE BEPOSTHOCTEH HCIYCKAHHA P COOTBETCTBYIOMEX
Y-KB3HTOE. B CI0OMHOM CIOEKTPEe HCTOYHHEA, COOEPEAIETe HECKOMBKO HYKIHAOR, VIaeTCH
HAZe#HO ONpPeIelHTh NOM0KEHHE H IUIONIATE, KAK NPABHIO, TOMBKO JOCTATOMHO HHTEH-
CHEHEX MHKOEB. J[1T9 HIEHTHOHEAITNMH HEHIBECTHOTO PATHOHVEIHIA HeoOX0IHMO, ITOOE C
JHTePATYPHBIMH JAHHEIMH COBIATH IapaMeTpsl (p; E, ;) OCHOBHEIX THHHE aNIapaTypPHOTO
y—CIeKTpa (0OBMHO MHHHE, COOTBETCTBYIOMWHEX p; = 5+10%). ITo muomams 3THX HanbGoxee
HHTeHCHBHEIX IHKOE PAcCHHTEIBAKOT A0COMIOTHYIO AKTHEHOCTE HYEUTHIA.

B pAae cIyiacE 1A HICHTHOHKAIIHH HCIIOMB3YIOT TAKKe IEPHO] NOTYPAclala, PaccHH-
TAaHHEIH [0 HIMEHEHHIO [UIOIMATH COOTBETCTEVIOINETD IIHEA OT BpeMeHH. EciaH mpemapat
COAEPAHT HYVETHIEL HMEeOIHe CYINSCTBEHHO PA3THYHEIE NEpHOJEl NOTVPACHaZa. TO CO
BpeMEHeM JO/DKHO HabMHIaTecd IPOrHOSHPYEMOS HIMEHeHHe (JOPMEl AMIUIHTYIHOTO pac-
OpeIenTeHHd. 3 HMeHHO — 3aMeTHOE VMEHBINeHHe HHTeHCHBHOCTH IHKOE., OTHOCHITHXCH K
EOPOTEOAHBYIITHM HYETHIAM.
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3.2. OnpenescHHe AOCOAKTHREIX AKTHEHOCTEH PANHOHVKAHIOE B
Npenaparax OHOKCHOA o00eOHEeHHOTO ypaHAa

IIene paboTsl

[IpakTHUeCKOS 0OIHAKOMIEHHE ¢ ANIAPAaTYpOH 14 rauMa-cleKTpoMeTpHUecKOoro aHATH2A,
KOIHYeCTECHHOE OIpeleIeHHe J-HTYIAMIHE PATHOHVEIHIOE B 00BeMHEIX 00pasmax.
ObopyooBaHHe H IpelapaTsl

I'anpMa-COEKTPOMETP C MOTYIIPOBOJHHKOBEIM HIH CIHHTH/UIAITHOHHEIM JETEKTOPOM; Habop
HeTouHHECR OCTH; npemapart *2ThO,. HCcIegyeMEle IPenapaTsl JHOKCHIA YPaHa.
Brioo1aeaEe patoTel

1. KanHbpoBEA raMMa-CIeETPOMETpA 0 SHeprHH

[IpOBOMAT MOCAEAOBATEIBHEIE H3IMEPEHHA CTAHIAPTHRIX npemapatoe OCTH (**'Am. *Na,
BTcs, “Co m op.) Ha paccTosHEH 10-15 cM OT JeTeKTopa MPOIOAHTETEHOCTRI Mo 2-3
MHH. 3aIMICEBAIT HOMEPa KAaHATIOE, OTBEHA0ITHE NeHTpaM MHEOE 1113 B KaEIoM COeETpe
H COOTBETCTBYIOINHE HM 3HadeHH: E, KoTophle ykazaHml B macmopTe komrutekra OCTH.
OnpenendoT Ko3dhHIHeHTE THHEHHEOT 0 YPaBHeHHR (3.3).

2. KanmbpoBEka raMMa-cIeETpoMeTpa o schdexTHEHOCTH )

2.1. IlpoBooaT B TedeHHE ~~ 3( MHH. HIMepeHHE CTaHIAPTHOID Mpellapara “>ThO,. Beige-
JIAIOT BCE MHEH 11113 B COEKTpe OpelapaTa H, HCIOMBE3VA JaHHEIE Tabm 3.1, maenTHbHIH-
pyEoT HX (oM. pasgen 3.1.5).

Tadmuma 3.1
Hantoaee HETeHCHBHEIE PEHITEHOBCKHE H J-THHHH PagHOHVEIHIOE PATA S3Th
E.x3B | pp% | moyewman | E, w3B | p % | myempg | E, 2B | p. % | mysomm
728 | 202 T 7386 | 433 Tpp 5832 | 845 =T
74.8* | 104 Tpy 241 3.00 "“Ra 7273 | 638 | UBi
75% 341 T 2702 | 343 Tac 7040 | 434 | TAc
77.1* 175 ““Pp 2774 | 631 BV 860.6 | 1242 | T
873* | 7.80 pp 300.1 328 Ipp 0112 | 266 | “fAc
00* 1.04 Tac 328 205 Tac 0648 | 511 | ““Ac
03 4 320 Tac 3383 | 113 Tac 069 162 | ~Ac
1201 | 245 Tac 463 444 Tac 15882 | 327 | Ac
2003 | 3.88 “FAc 5108 | 226 BV 26145 | 0016 | °T1

* - RAPAETCPHCTHRIECKOE PEEITCHOBCKOE HITYICHHS

2.2, Henone3ye OporpaMMy o0padoTEH CIOEKTPOB, ONPENeNfroT HCTHHHYIO IUIOMATE Jp;
(mvm/c) kammoro maka INT3. PaccuuTeeaioT, cormacHo (3.6), addexTHEHOCTE perncTpa-
IIHH COOTBEICTBYIOIHX KBAHTOR £7;~(IyPi2d), rae 4 — HIBeCTHAY aDCOMIOTHAS AKTHBHOCTE
npenapata —-ThO, (BK). p; — BHXOX KBAHTOE Ha pacmaz (Tadm. 3.1)
Tadmma 3.2
PezvaeTaTs! 00padoTEH COEKTPA m'[hD]
No EAHAT, E;. x3B HYEJIHT pi % | Iy, mvmlc £fi

1
2

2 3. Henonssya ogHy H3 nporpany (Microsoft Excel, Ongin 1 T.01), crpoar rpadHx 3aBH-
CHMOCTH 3{)eKTHBHOCTH PETHCTPALHH £f OT 3HePIHH KBaHTOB E (oM. pHC. 3.3). JleBad H
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[IpaBaf BeTBH 3TOH 3ABHCHMOCTH AIMPOECHMHPYETCS PAINHYHEIMH IOIHHOMAMH E JIOTA3-
pH}MHEIECKOM MacIITade: ) )
Ing=a+blnE+clnE +dinE + ... (3.10)
3. HoerTadHEAnHS AHHEHE CIeETpa DpelapaTa JHOECHOA VpaHa
[MToxy=ardT CIEKTP IPEmapaTa OHOKCHTA 00eIHEHHOTO VpaHa (IpoIoTaHTEIEHOCTE HIMe-
perns 10<15 MEHEYT). BELIETAOT MAKCHMYMEL, ONPEIENAOT IUIOMATE (33 BEMETOM «IIBe-
JecTamay») KAAJOre BEIIEIEHHOTO IHEA [;;. I[IPOBOIAT HAeHTHQHKAITHIO IHEOE IIOIHOTO
IOTTIOMIEHHA ¥HEPIHH, HCIOMB3YE KATHOPOBKY CIEKTPOMETPA o 3HeprHH (3.3) H JaHHEle
H2 Tabm 3.3 (o pazmen 3.1.5). PeayeTaTel 23aHOCAT B Tadm. 3.4,
Taommuma 3.3
Hanboaee HETEHCHBHEIE PEHITEHOBCKHE H V-THHHH HVIIHIOB pPAIA “urTU
E.x3B | pi.% | syemig | B, @B | py, % | Byemg | EL 3B | pr, % | Byviomin
02 4 28 “Th 800 | 3.36 =g 1437 | 1096 | U
02 8 28 “Th 033 | 581 =U 1633 | 508 | &U
10013 | 084 | “™Pa 105 2.69 =0 1857 | 572 | U

Taomuma 3.4
PezyaeTaTsl 00padOTEH CIEKTpa JHOKCHIA odeTHeHHOTO YVpaHa
Ne KaHat n | E. x3B HVETHT I;;, mam'c
1
2

4, Habiop conexTpa choma
Coexrp doHa HabHpaeTcs B Tederne 12-24 4acos HeMOCPEICTBEHHO MEPE] BRIIOTHEHHEM
sagaqH. CTYZeHTs DOTyIai0T MACCHE JAHHEIX H 0OpabaTelBaiOT cuekTp ¢ona. Pesyieratn
onpefeNeHHEs IUIOMATH OTOMHKOR B cmekTpe (oHa ([p;) 2aHocAT B Tabmamy 3.5, aHaTo-
THYEYI0 Tabm 3.4 (6e3 VEAaHHA PaTHOHVEIHIA).
5. PactieT aKTHEHOCTH H H30TOIHOTO COOTHOLIeHAS 2351 /2351]
5.1. Mcoonszya gaHHEIE TAOm 3.4 B 1ada 3.5, onpesensoT Imomats mHEOE 1113 coekTpa
IPENapaTa YPaHa 3a BEIMETOM ILIOMATH (QOTONMHKOE HA COOTBETCTBVIOMEM VIACTEE CIIEK-
Tpa dora: I; = (Iri—Ig:).
5.2. Hemoss3yE NOMYyIeHHYEO 3aBHCHMOCTE &5 oT E (3.10), onpegentioT ko3dQHIHEHTH pe-
THCTPAllHH £7; /1A KBAHTOE E;. HCIIYCKAEMEIX NIPENapaToM ypaHa. BerucnaoT (o kaxmdol
JIHHHH CIOeKTpa), cornacHo (3.9), u lamucemBaioT B Tabm 3.6 abcomOTHVIO AKTHBHOCTE A;
PATHOHVEIHIOE.

Taomuma 3.6
ABcomoTHAA AKTHBHOCTE PATHOHYEIHIOE B Opellapale JTHOKCHIA oDeIHEHHOTO VpaHa

Ne E;. 3B PagponyemHn | p;. % £ (I~ Iy). mm/c | A, Bx

(=]

235

- . 23
5.3. Ha OCHOBAHHH IIOJTYMEHHEIX 3HAYCHHH AKTHEHOCTH — U H — 'Th DAacCCYHTHBAIOT Hio-
T35y T3 - wr
TomHoe cooTHomerHe U H U B npenapate, HCIOMB3YA OCHOBHOH 3aKOH PaJHOAKTHE-
73 — 21
Horo pacmaga (= 'Th - zouepHmHi HykIHT - U).
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PABOTA 4. JOZHMMETPHA HOHH3IHPYIOIIETO M3AVUEHMA

4.1. PagnannoHHag 0e30IacHOCTE H OCHOBHEIE IOHATHA J03HMETDHH

HapakTep B3aHMOIeHCTEHA HOHHIHPVIOIIETO H3ITVIEHHA ¢ BeOISCTEOM 3ABHCHT OT €T0
EHI3, 3HEPIHH JacTHI ((HOTOHOE), a TAKKE OT CBOHCTE MOTTIONMIAIOIIETD MaTepHama.  Ha-
JIVIEHHE, COCTOAINEE H3 3apAMEHHBIX TacTHI. ABIACTCA HENOCPEACTBEHHO HOHHIHDVED-
mHEM. ATeda-JacTHIEL PacXoayIOT MPAKTHISCKH BCH KHHETHUSCKYIO JHEPTHIO IPH HEVII-
PYTHX CTOMKHOBEHHA C IEKTPOHAMHE CPeIEl, IPHBOIAINHX K HOHH3AHH H/HIH BO30YAIE-
HHI aTOMOB H MOMEKVI. B caydae B-4acTHI peamH3vVIOTCA JBa MEXAHHIMA [0TEpE JHED-
rHE 1) HEYIpyToe BIaHMOASHCTEHE (HOHHIAIMHOHHEIE MOTEpH). 2) NpeobpazoBaHHe TACTH
KHHETHUECKOH 3HEPIHH B ¥IEKTPOMATHHTHOE TOPMO3HOE H3IVIeHHE (paTHAITHOHHEIE [IOTE-
pH). CpegHis 3HEpPrHS CHEKTPOE [-9acTHIl NOJABIAOMIErO THCIA PATHOHYEIHIOE MEHEIIE
1 MaB. 1% TakHx TacTHI pagHAIHOHHEIE I0TePH He npeBemmaT 10% B MH00BD cpegax, a
IpPH NOINIOIIEHHH B JETKHX MAaTePHATAX (BO3IOVX, OHOIOTHYECKAR TKAHb H T.IL) - IpeHed-
PEEHMO MANE (HampHMep, B BoZe - MeHee 0.5 %),

MexaHHIME] NEPeIaTH 3HEPTHH PEHTTEHOBCKOrD HIH J—HIUTYUeHHA BEIIeCTRY J0CTATO-
HO NOZpoOHO PacCMOTPEHEl BRIE (cnd. pasgen 3.1). YHcoo aToMOB, HOHH3HPOBAHHEIX He-
NOCPEICTEEHHO B PEIVILTATE TPEX NEPBHYHEIX NpPOLECCOB, OTHOCHTENBHO HeBedHko. Ho-
HHIHPYIOmee AeficTERe QOTOHHOTO HITYIEHHA 00VCIOBIEHO, TTABHEIM 00pa3oM, HEVIIPY-
THMH B3aHMOZeHCTEHAME (OTO-, KOMITOHOBCKHX H 3IEKTPOHOB (OZHTPOHOE) Iap ¢ aTo-
MAMH 00IVIaeMOr0o MaTepHATa. [To3ToMY 0OHO HAZEIBAETCA KOCBEHHO HOHHIHDVIOITHM.

BronorEMeckoe OeHCTEHE HIIVHICHHA ONpeleldeTcd Nepedatdeil 3HeprHH 4acTHO (do-
TOHOE) MOJEKyTaM EMeTOK TEAHH H KPOBH, Pa3pyIIeHHeM HYacTH HOHHIHPOBAHHEIX HITH
BO0OVEICHHEEN MOIEKYI H MOABICHHeM XHMHYECKH AKTHEHEIX PAIHEATOR. [Ipolecchl
VHACTHEM MOCIETHHX [PHBOLAT K QYHEUHOHAMLHEIM HIMEHEHHAM B KISTEAX H ONpemend-
FOT, TAEHM 00pazoM, HeOIAroNpHATHEIE OHOIOIHYECKHE IOCIeICTEH OOIyIeHHA.

JIro0ol 9e10BEK NOCTOAHHO NOIBEPTACTCA BO3AeHCTBHID KOCMHYIECKOrD HITVICHHA, H3-
TYIeHHA eCTeCTECHHEIX PATHOAKTHEHEN HIOTONOE, HAXOIANIINCA B TKAHAX OPTaHHIMA H B
OEpYyEarmeH cpege. [TorIoMMeHHAR IPH 3TOM 3HEPIHA (033) MATA H COCTABIAeT OHOBEIH
VPOE€HB, K KOTOPOMY OPraHHIM AJANTHPOBANICA 33 EpeMiA 3BomrouHHE. IlosToMy mobas pa-
00Ta ¢ HCTOYHHEAMH HOHHIHDPVIONIHY HIMVIeHHH, B TOM THCIIEe ¢ PATHOHVETHIAME, TOJE-
Ha OEITE OPTaHHI0BAHA TAK. ITO0EI CHHIHTE 0DIVIeHHE J0 BOIMOKHO HHIKOIQ VPORHA, Xe-
TaTeNsHO OMHIKOTO K (oHoBOMY. B 00meM cmydas JOMycTHMEIR (6e30macHbId) YPOBEHB
BO3ICHCTBHA HA 9eI0BEKA HOHHIHPVIOIMET O HITVICHHA, HCKYCCTBEHHOID HIH IPHPOIHOLO
OPOHCKOETIEHHA, HeCcTKO VCeTaHaBMHeaeTcd «HopMaMH pagHanHOHHOH Oe30NacHOCTH». B
HACTOAIIEe BEPeMa AeHCTEVET JOKYMEHT, VTBepEIeHHEH B 2009 r. - HPB-99/2009 [6].

OCHOBHEIM MOHATHEM PATHAITHOHHOH O230MACHOCTH ABA9eTCA "103a HadyieHus" (1o3a).
Horaomennman xosa (D,) — otHomenne s3geprun dE HOHMIHPVIOMIETD HATVIEHHT, IIE-
PEeIaHHOH BeIIECTEY B MIEMEHTAPHOM 00BEME, K Macce din BeITecTBa B 3TOM 00BEME.

D =% 4.1)
IlormomenHas qo3a HIMepAETCHA B EOVIAX, JelIeHHEX Ha | KT egmHHDA cHcremer CH -
rpeii (I'p). BuecHcTeMHEAg eqHHANA - paj (0T aHra. radiation absorbed dose). CootHo-
IIEHHE MEATY &IHHHIIAMH: 1 pag = 100 3pr/r = 0,01 Ta&'sr = 0.01 I'p.
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IlonaTHe «morI0IIeHHAR 1033 IPHMEHHMO K THOORM BHIAM HNTVUeHHA H K THOORIM 00-
TyIaeMBIM MaTepHantaM. J7I9 OLEHKH BO3AeHCTEHA HA CPely KOCBEHHO HOHH3IHDYVIOIIHY H3-
JTy9eHHI HCIOMB3YeTCH TAKKE IOHATHE KepMa (0T aurn. kinetic energy released in mate-
rial). Kepma (K) — oTHOIIEHHS CYMMEI IePROHAYANRHEI KMHETHYSCKHY 3Hepriui dF, Bcex
3ApPAAECHHEEX HOHH3HPYIOIIHX TACTHIL, 00pazyIOIMHXCA MoJ AeHCTBHEM KOCBEHHO HOHH3H-
PYIOLIETO HATYVIEHHST B 3IeMEHTAPHOM 00BeMe, K Macce BemecTea dm B 3ToM 00beMe.

K== (4.2)

i
Emiarma KepMEel — rpeH - COENAIAST ¢ eJHHHNEH NOrI0MmeHHOH 035

B cmyaae $oTOHHOTO HITVIEHHA KepMa ONpeIeIqeTcd KHHETHUSCKOH 3HeprHed BTOpHT-
HEIX WIEKTPOHOB H MOIHTPOHOB, B TOM THCJIE TOH e¢ 9acThi ¢ KOTopad Npeodpa3yeTcd B
TOPMO3HOS H3TyieHHe. B obmeM caydaae 3HadeHHe KepMEl B VCIOBHAX WISKTPOHHOTO PAE-
HOBeCHA' ' COBMANAET ¢ MOrIOIMIEHHOM 030 ¢ MOrPeNTHOCTER, OIpedenieMol IHATeHHEM
£. ITng doToHHOro H3TVHEeHHd ¢ 3HepriHed F < 3 Ma3B (T.e. 119 y-HITVIeHHS IpakTHIeCKH
BCEX PaJHOHYIIHIOE) H Cpel ¢ HeDOIBINOH 3IeKTPOHHOH IUIOTHOCTBED JOJIA SHEPIHH g
BECEMA HeIHAYMTEeNsHA (~1% mma Boamyxa. ~2% mug OHOmMOrMYeckod TkamH) B mavecTme
BEIIECTEA, B KOTOPOM ONPENEIseTcd KepMa (OTOHHOTO HITYVIEHHA, WacTO HCIIONB3VETCH
BOIOVE. 3HAUEHHA NOTJIOIEHHOH J035l H KEPMEL B BO3OVXE NPAKTHISCKH COBIATAIOT.

Jna oneHEH JeHCTEHA PEHITEHOBCKOTO H —HITYVIeHHA OJHHM H2? IEPBEX OBLIO BBEJeHO
NOHATHE KCHOZENOHOHHOH Zo3nI ([D:) — 3HePIHH HITYVUIEHHA, NpecOpazOBaHHOH B
KHHETHYECKYIO 3HEPTHE 3aPAEEHHEX JacTHI E eIHHHIIE MACCEl CYXOT0 Bo3gyXa. Enumma
IKCNIOZHITHOEHOH M03H B cHcTeMe CH — xyvmoH Ha kmmorpavu (Kn/kr). Ha npakTHEe He-
MOIEIOBATH BHECHCTEMHVED eIHHHITY [, — entred' . PeHTren (P)- mosa HamyueHHA, IpPH
koTopoii B 0.001293 r sosmyxa (Macca 1 ov” Bozmvxa opu 0°C B gapmenmm 1013 wT1a) ob-
PazVIOTCH HOHEL, Hecymmae 3 336- 10" Kx 3apAga Ka#moro 3Haka. 1 P=258-1 o Ka/sr.

3apan 3meKTpoHA Jmnen 1.602-107" Kx. Crenosarensso. npu goze B 1P e 1 o Bozmyxa
obpazyerca 2,08-10° nap Horoe. [IpHAWMAT CPeIHION IHEPTHE) 00pPaz0BAHHA IIAPE HOHOB
B BOOVEE paBHOH 3385 3B (1B = 1.602-107° T =1.602-107" 3PT), MOAHO ONPeIeIHTE
JHepreTHUSCKHe 3KBHBANSHTH PEeHITeHA (I19 Bo3gyxa): 1P = 0,113 3pr.f+:M3 = 8.73-107°
It = 87.3 spr/r = 0873 pag = 0.00873 T'p. [Ing OHOMOTHYECKOH TEAHH BRITIONHAETCA
cooTHOomeHHe: 1P = 095 pag=0,0095Ip.

IlocrnencTeHA BOIMSHCTEHA PA3HBIX BHIOB HITVIEHHA Ha HYeI0BEKAa MOTYT payIH4aTHCH
Jaie IPH OOHOH H TOH #e NoTIomeHHH qoze. Hanpauep, o-H2ayvdeHHe Iopa3go OMacHee
p- mmH doToHHOrO HITyUeHHA. {14 CONOCTABICHHA OHOJOTHIECKOro SEeHCTEBHA H3TyHe-
HHH Pa3THIHOTO COCTABA EESIEHO IOHATHE SKBHBAACHTHAT Xo3a (H;)

" nerTpoHEDE PAEHOBECHE - COCTOHHE B3AMMOTEHCTENT HITYIEHHT ¢ BEIIECTECM, TPH KOTOPOM SHEpPTHE
HETyIeHHA, NONOMEH AT B BEROTOpoM o0BeMe BRIIECTEA, PAEHA CYMMApHOH ENHeTHIeCECH HEPIHH HO-
HEH3HPVIOMEX 9ACTHI, OOpA30EAHHEELX B TOM #e obpeMe. JNMeKTPOHHOS PABHOBECHE BOIMOMHO OpH obIyge-
HEH (OTOHAME OIECPOTHOH OO0 ATOMEOMY COCTABY H INIOTHOCTH CPEJEL HAIPHMEp, BOSIYXA.

") 3xcmosrmmonEas 1033, VUHTHEANME: HOHEIHpYIOMES JeficTEHE (POTOHEHOIO HATYIEHHY B BOIYXE.
CIYEET VCI0EHCH MepoH sdderTa ofTyIeHHA PV THX BEemecTE (CHOMOrEIeckOl TEAHA): cBA3b Mexay I, B
D, Mo#HO VCTAHOEHTE JIHIE DpROMEEesHC. [losToMy 3Ta GH3HOecKAd BeIHTHHA B OQHIHATHEELD JOLY-
MEHTAX, PerIAMEHTHPYIOMEK OIpaBHIA paboTel ¢ HCTOUHMEAME paguanss, ¢ 1990 r. me ynosmemaeTcs. Bae-
CTe ¢ TeM, HOHH3ANEC BOSTYXA JETEC H3MEpPHTE H 0 PE3VIETATAM TAKHX H3MEePeHHH MOBHD CYIHTE oD
IHEPTHH, NOTICMEHECH OHOTOTHIEckol TEARERD. BHITyCEASMEIS paHes NPHOCPHL, OTEATHOPOEAHHEIE B €IH-
HEIIAX MOITHOCTH SECTOSHIEOEECH J03EL 0 CHX NOP HCOOIBSYEOTCH A SOTHMeTPHIECKOTO KOBTPOIIE.
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Hp=DgaWx (4.3).
I¢ BIBCMWEBAIMER KoaddummenT I} (paHes HCOONEIOBABINERCH HAZBAHHE Eo3ddHIHEHT Kage-
CTEA H3Ty9eHHT:) 3ABHCHT OT ILTOTHOCTH HOHH3AITHE cpefel HITyIeHHeM R H OTpasacT CTeNeHE
eT0 «DHOTOTHISCKOH BPETHOCTHY.

B cucreme CH emuunnefi Ay semdercs 3meept (38);. 1 38 = (1 I'p)- Wy Onz dotoHOE,
MeKTPoHOE H B-uacTHn My =1 38/Tp; ana HeHTpoHOE (B 3aBHCHMOCTH OT 3HeprHH) g 0T 5
mo 20 38/Tp; ana o-gactay Wy = 20 38Tp. BaecucTeMHOH eIHHHIEH SBI4eTCA 03p (OHO-
JIOTHYECKHH 3KBHBATEHT paga), 1 38 = 100 63p.

ITpn po3meHCTBHE HATVHEHHA CTIOHKHOTO COCTABA 3HAYCHHE 3KBHEATICHTHOH JO3IEI PABHO
cyuie Hy 019 BCeX BEHI0B HITVIeHHHA.

H=%H=>D,,W, 44
" A

TIoTOK H3ITy4eHHA CO BPeMEHEM MOMKET H3MEHAThcA. I1oaToMY AeCTBHE H3TYyIeHHA HA
BEIIECTEO OUEHHEASTCA TAKKE BETHTHHOH MOmMHOCTH xo3nl (P) — 1o3a HaTyueHHA 22
EIHHHITY BEPEMEHH (¢, MHH, 9 H T.IL).

[Tpeness! 403; JOMYCTHMEIH VPOBEHE 3arpa3HeHHS TOBEPXHOCTER

B HPB-99/2009 [6]pe1ensroTCE TPH KAaTETOPHH OOTyIaeMEIX JTHIT. [IepcoHan IpyImsl A
PadoTaeT ¢ HCTOYHHKAMH H3IYVICHHA HeNocpedcTBeHHO. IlepcoHan rpymmel b B pabodee
EpeMA MOEeT HaXOOHTECH B cdepe Bo3JeHCTEHA HCTOYHHKOE HaTyIeHHA. OCTATBHEE TH0-
OH OTHOCATCA K KATETOPHH «HACEIEHHEY .

Jd1a mepcoHAIa IPYOOLI A VCTaHOBIEHE! cledyiomHe mpegeasl goz (ILT): 20 M3e B
rog, 2o He oomaee 100 M3 3a moORIE HOCTeOOBATeNbHEIE 5 1eT; OpH 1700 padowHy gacax B
rogy gomycreEMo 12 ME3E B 9ac; IpH [MecTHIacoBoM padodeM gHe — 72 MK3E B JeHE. [na
KHCTeH PYE Dpemen Jo3sl yeemmdeH 1o 300 Mx3E.

J11 mepcoHaTa rpvonsl b, B ToM =mcae amd yIamuxca cTapme 16 xer, 11T Merrme B 4
paza. [lns HaceleHHA mpefensl Jo3 Menbme B 10 paz. Jna cpaBHeHHH, ecTecTBeHHOE ((o-
HOBOE) 0DIVIeHHe YeT0BEKA COCTARIAET B cpemdeM 2 4 M3 B rom.

IIpu paboTe ¢ paTHOAKTHBHEIMH BEIIECTBAMH B OTEPHITOM BHIE HEIb3A HCKIHOTATE BO3-
MOKHOCTE 3arPA3HEHHA He3alIHIIEHHEIX VIACTEOB Teld, NEepPHUaTOK, CIEmoJedas!l Jadopa-
TOpPHOTO 0GOpPYAOBaHHA H T.I. ECIH VpOBEHB 3arpA3HeHHA (IUIOTHOCTH MOTOKA SaCTHII)
MPEREIMIAST IpemelsHe TOMVCTHMELD (cn. pafoTy 5. Tadm 5.1). OpoBOIST Ae3aKTHRAITHED
[OBEPXHOCTEH.

Iloza 0T EHEITHETO HCTO'THHEA [-HIAVIeHHA

TIpn paboTe ¢ BFHEIDHEMH HCTOTHHEAME [—H3My9eHHA KAK IPAEHIO PACCHHTBIBAIOT HH-
TETPalsHYE J03Y B CI0e MOJHOTO [OTJIOMeHHA. beTa—HamydeHHe HMeeT HelpepHIEHEIH
CIIEKTp H TIPH pacdeTe HCIOMBIVIOT 3HAUEHHE CpeJHel JHeprHH E (0OLIMHO MPHHHMAIOT
f=ﬂ,4 Ep meze. DONEE TOYHEIE 3HATEHHA Enm PATHOHYETHIOE [IPHBEIEHE], HanpumMep. B [8,
9]). Heobxomumo Takke OTMETHTS, UTO 118 OHONMOTHYECKOH TKAHH NMOTEpPH 3HEPrHH, 00Y-
CIOBNIEHHEIE OTPAEEHHEM [-HacTHII HIH IpecOpazoBaHHeM X 3HEePIHH B TOPMOIHOE Hi-
TIyUeHHE, IPeHe0PeEHMO MATEL

Ecin Ha NOBEPXHOCTE IUIOIIANED 5 (B cnf} IajaeT DOTOK [—9IacTHIL HMEHIIHX MakKcH-
MATEHYEO 3HEPTHI Egmy (B M3B) H MAKCHMATEHEIA Ipoder Rug (B rea’). To 3Heprus
3THX TaCTHI IPAKTHYECKH MOIHOCTERY NOIIOIIAETCE B C/I0e OHOMOTHYeCKOH TEAHH MaccoH
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M=5"Rpq. [IpH IIIOTHOCTH OOTOKA Fp (qacrm];fcf “C) MOITHOCTE NOTTIONIEHHOH T038 Prp
PaBHA:

BEs FO0AGu M 5 ) um B, =1602107.
-C

P, = 5045 ]
" ‘s'Rm.u' qu.l. = Rmm:

fod (45)
[

ILnoTHOCTE MOTOKA Fj., CO3JAOIIETO A03Y MOmMHOCTERO B 1 I'p/c, cornacHo (4.5). paBHa:

F, =625 100 = B (4.6)
4Eﬂmﬂ
Bripazense (4.6) MozeT OBITE HCIOIE2ORAHO T OIEHKHE MOIMHOCTH o3l B-HimydeHnd (B I'p/c)
H3IBECTHOTD CHEETPATBHOTO COCTABA IPH PETHCTPAIHH €70 OPHOOPAMH, OTEATHOPOBAHHEIMH E
eHHHIAX CKOPOCTH CTeTa (1 mMiic). Pog = I /53 @-Fa. TAe p-Ko3GHITHERT perHCTPAHH, S; -
MIOINATE JETEKTOPA B CM-.
Ina To4edHOrD HCTOMHHEA AKTHBHOCTRR 4 (B BE), HaXomamerocd Ha paccTOAHHH 7 (B

€M) OT OOIYIaeMOro OOBEKTA, VIHTEIBASTCH OCIADICHHE [IOTOKA [-9acTHI CI0eM BO3IAVXA,
KOTOPOE MOJIHHACTCH, B NIEPEOM NPHVITECHAE, SKCIOHEHITHATEHOMY 2akoHy. [lormomes-
Had 1033, CO3IABASMAT HCTOTHHEOM CO CJIOMHEIM COCTAEOM HITVIEHHA, PABHA:

At < p0A4E, . Je™
4t < Ry
e p —ILIOTHOCT Bo3AyXa (mpH Hy. 0.00129 r/end’): ¢ — Bpena (c); I7A /-0ff TPYIME! 9aCTHI p; —
A07A 9acTHI Ha pacmam. Epmax; - MAKCHMATBHAA 3HePTHA (M3B). Ruey; — MAKCHMATEHEIH IPOOEr
(T/cm j Ui— Ko3tbdHEIHEET ocnabaeHEd B BO3OyNe (cM/T).
3HAYEHHA Ry H || I7IA ATHOMHHHEA DpHBeIeHE B Ta0m. [1.4. IIpH pacderax, He HyAIAO-

IDHXCA B 0C000H TOTHOCTH, 3TH 3HAYCHHE MOXHO HCIOONEI0BATE A OLEHEH D_rl'ﬁ E IPYTHX
MATCPHATAX. B YACTHOCTH, BBO3OVEC HE OHOTOTHISCKOH TEAHH.

D,, =1602-10™. (Ip) 4.7).

Joza 0T BHEINHETD HCTOIHHKA |-H3AYIeHHS

ITpu npoxo#aeHHH GOTOHHOTO, HAIPHMED, J-HITYIeHHA, 9epe3 BeIIeCTEO OJHA TacTh €I
JHEPrHA PACXOIVeTCA HA HOHHIAIHID ATOMOE CPeIEl, APVTad Npeodpa3yeTcd B SHEPrHED
ETOPHYHBIX ([IPeHMYIISCTBEHHO KOMITOHOBCEHX) QOTOHOB H HE VIACTBYVET B COITAHHH
mo3sl [To3ToMY MOMHEIH EoaddHIHeHT oclableHnd —HATVISHHS |L MOAHO MpeIcTABHTE
Kak CYMMY K03 JdHIHEHTa HCTHHHOTO NOTTIOMEHHA (HIH 3IeKTPOHHOTO Npeo0pa3oBaHHA)
U B Eo3)DHIHEHTA |, XAPAKTEPHIVIOIIETO BepOATHOCTE MPeolpaloBaHHY [NEPEHHYHOIO
OTOHHOTO HITYUSHHT BO BTOPHTHOE.

ITycTe noTok doToHOR ¢ 3Hepruei E, (M3B) B mioTHOCTERIO Fy (boToR/c-cM”) IPOXOIHET B

TedeHHe t (cl Hepe3 CI0H BO3AYXA MPOTAKEHHOCTEEO Al (CM). ITOMABK MONEPETHOTO Ce-
UeHHA § (CM) H MI0THOCTRK p (T/en’). Torma, ¢ VUeTOM 3KCIOHEHIHATRHOTO 3aK0HA 0C-
7Ta0JIeHHA OTOKA, 3HEPTHA, Npeodpa3oBaHHA B KHHETHISCKVIO 3HEPIHIO 3TeKTPOHOE (Io-
IHTPOHOB) B 00BeMe Maccoll Am = 5-Al-p, paBHa: AE, = E, F.st-[1-exp(—pAlp)].
TIpn LeAlp < 0.1 copaBeamHEO AE,=E, Fyst-uAlp (4.8)
Kak orMewanocs. 3HaweHHA kKepMil (K) B mormomersoft moser (D,,) B Bo3mgyxe mmA 7-
HITYIEHHA PATHOHYETHIOR NPAKTHIECKH (C IOTPelHocTEO B 1%) coBmamator. Hexoma m3
(4.8) momymng:

AE, .
K=D_ =0 =EFut (MsBT) mm K=D, =1602-107°EFur (I'p) (4.9).

I |l - MACCOBRE K03 QHITHEHT HCTHHHOTO MOTTTOMEHHT (c:.i].-"r}, {Tabm. I1.6)

®opma A Crpannna 42u3 58



MuHucTepCcTBO HayKH U BRICIIEro oopa3osanus PO

o o Dopma
YIIbSHOBCKUI rOCYyJapCTBEHHBII YHUBEPCUTET

@ - Pabouas mporpaMma JTUCHHILIHHBL

JECTOZHITHOHHAA 1033 B BO3TVXE, VIHTHIBAR JHEPreTHHUeCkWH 3IKEHEANEHT pEHTTeHA
(1P = 0.00873 I'p). paeHa: D, = 1,335'10_3'E?Fﬂl,!‘ (P). 3HaueHHEe NOTTIOINEHHOH O3 B
DHOTOTHYecKOH TEAHH (B pamax) OVIeT OIM3EHNM K 3TOMY 3Ha9eHH (mpuMepHo 095 D,).

Bripasenne (4.9) Do3BomieT OUEHATE MOITHOCTD AO3El Py, (HIH MOIIHOCT KEPMEI B BO3TYXE)
O0 CHOPOCTH cdeTa J (HMm'c), eciH QA HCOOMBEIYEMOTO JeTeKTopa IIOMMATER S; (CM) HIBecTHA
3 deKTHEHOCTE & PETHCTPAIHE GOTOHOR JAHHOH 3HEPTHH E

I 1 _ I Ep
w5 5 F 5,5 6510 P

rae F, - WIoTHOCTE MOTOKA (OTOHOB, CO3TAOIMIETO B BO3AyXe 403y (KepMy) MomEocTeio 1 T'plc.

o) (4.10).

Kepma B Bo3nyxe K (Kak H DornomeHHas J03a Dy ,). cozgaBaeMad TOUeTHEIM HCTOMHH-
KOM MOHOSHEPreTHUECKOr0 H3TVIeHHA Ha PacCTOAHHH 7 (B M) 3a BpeM# 1 (B ). paBHa:

K=D, =1m2-1cr”-‘4fjf“" ‘A}',:r“-r (alp) (4.11).
rae 1.602-10" — xosddmmenT nepecuera MsB B [Tk (Ia/Ms3B). 4 - axTEEHOCTE (BE). E, - 3mep-
rug orooe (M3B), p - Bexon GoToHOE ¢ 3Heprued E, Ha pacman, e - Ko QHIHeHT HCTHEHOTO
DOTTIOMEHHT (M /KT), [ - KepMa-IocToAHHEAT pagHoHyETHAA B [alp e (c-Bx)].

ITapamerp T, {rann. [1.7) xapakTepH3VeT MOIIHOCTE BO3AYIIHOH KEPMEL /—H3TyIeHHT TO-
TEeTHOID HCTOYHHEA AKTHBHOCTEE) 4 = 1BK Ha paccTORHHH 00 TOYKH IeTeKTHPOBAHHA
r = 1n. Ero ofEMHO HemomsayeMas pasMepHocTs - [al'p-u-/(c-Bk)]. rae al'p (arTorpeii) pa-
pen 1077 I'p.

[MoaHaA KepMA-TIOCTOAHHAA ([ ,) 114 PATHOHYEIHIA, HCIIYCKAKIEre QOTOHE PA3THIHEIX
sepref E,; (M3B) ¢ BEXoZoM Ha pacmag p; H Ko3dpHIHeHTOM HCTHHHOIO MOITIONMIEHHA
le.s (M'/kT), paBHa cymMe mapHATEHEX (1)

; ) 3 1013 s 2

r- E pE n.,-1,602-107°-10 =,}_er‘ ET“ rarp.f“
: 4 : ; bx-c
roe [, - HOpMATHI0BAHHAA (T.€. PaCCIHTAHEAL LA 0= 1) DaplHATEHAT KepMa-TIOCTOAHHAT.
Hemomsava (4.12) ¥ nanusle, npHeBeaesHse B Tadm 11, I1.6 (wm I1.8). Mo®HD paccIHTaTh,
obpamas npH 3TonM BEHHMAHHE H3 PA3MepHOCTE BEOJHMEIX Be/THYHH, 3HadeHHe [, mma mro-
OBIX HCTOYHHEOE C H3BECTHEIM (OTOHHEIM CIEKTPOM, B T.9. HeNpephBHEEMM. J18 pagHO-
HYKEIHIOE 3TH HAYEHHA H3IBECTHEL, 9acTh H3 HHX OpHBedeHa B Taon. I1.7. Omopegemme [,
BEIHCLAROT, cornacHo (4.11), sxagenns K (win D, ,) B ToOUKe IeTEKTHPOBAHHA.

3HAUCHHY IKBHBATCHTHOMH 1025 B GHONOrHYeCKod TKAHH H NOMIOMIEHHOH J03H B BO3IY-
xe 114 doToHOB c 3Hepruel 0.04+15 MaB cBaszaHu cooTHOmesHe H = 1.09-D, - ITo-
ITOMY IPAKTHIECKH I8 BCEX j—HITYIAKIIHE HYETHIOE MOEHO 3AIMHCATE

H=109-D, -W=109-K-V = 1{}9‘45_ L w (4.13),
rae paiMepHocTE H - a3e. D, w1 K- al'p. W=1a3e/al p; ocTaneHEle yEazaHEL B (4.11).

TIpH pacteTe MOMHEOCTH 3KCIOIANEOEHOH 10351 P, TOYETHOr0 HCTOMHHEA HCIIOMB3YET-
cH 3HAYCHHE TAMMa-IOCTOAHHOH pagHoHVEIHIA (I,). OHa paBHA MONIIHOCTH JO3H B P/,
CO3TABACMOH —HITYICHAEM TAHHOTO DATHOHVIUTHIHOTO HCTOMHHEA AKTHEHOCTER B 1 MEn
H3a pacCcTORHHH 1 ¢ OT HeToUHHEA. Ee pasuepHoCTh P-cyfa-mKn. 3aavenns [, 111 Heko-
TOPEDX HYETIHIOE INpHBEIZeHE! B Taba 117, IlpH HeoOXOIHMOCTH [AaMMA-IIOCTOAHHVID HC-

TOTHHEA O CIIOEHBDM -CIIEETPOM MOAHO ONPEISIHTIE, BOCIIOEIORABIMHCE JAHHEINMH TabdT.
IIL6uILB.

J (4.12).
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P.oa’
- 5 =5 R -
[,=1945% pE u,=>pl,,=>T, ( T ) (4.14),
r i J

rae a1 GoToHa ¢ smeprued E,; (MaB) n BemonoM Ha pachan p; 3HA9eHHA |l ; 3a73HE] B o/
[, - HOpMATH3IOBAHHAL (T.€. PaccHHTAHHAL 114 P=1) DapiHATEHAT TaMMa-TOCTOAHEAT.

Ioz2a. cozgaBasMad HCTOTHHEOM AKTHEHOCTEID 4 Ha PACCTOAHHH I 33 BpeMd I

D-P.t=2Lt (P) w  H=095D -W(owp) (4.15)

v

Crnenyer oTMETHTE, YTO 3KCIIOZHITHOHHYIO J03V B BOIAYXE, HIMEPEHHVIO ¢ IIOMOINBRD TO-
IJMMETPa B PEHITEHAX, CHUHTAKT, KAK IPABH/IO, PaBHOH 3KBHBATEHTHOH go3e (H, G3p).

3am@ETa oT H3AYIeHHA

[poHAKaOmad CIOCOOHOCTE G-HXTYIeHHEA BeCEMA He3HATHTENIBHA: Npoler ¢—JacTHI B
BO3MVXE He mpeBemmaeT 11 cM. a B JeTkMx MaTepHanax (Boga. mepemo H T.ar) — 0.01 em
CnegoBaTenbHo, OJekIa, IEPIATEH H JaKe MHCT OYVMarH OOTHOCTRRD 3AIDHITAKT OT BHEMI-
Hero oOIyIeHHA. BMecTe ¢ TeM. G—AKTHEHEIC HYRIHIEL, [OMAEIIHE EHYTPE OpPTaHH3IMA,
OPeICcTABTAIOT CEPReIHYI0 ONAcHOCTE, T.K. VISIEHAT HOHMZATHA DHOTOTHIeCKOH TRAHH Ci—
JACTHIAMH OUeHE BEICOKA (Ha 1 MEM mpobera HECKOMBKO TEICAY MOIEKVI). BiIBeIIHBaro-
muit kodpdrmment M, = 20 (cv. ypaerenne(4.3)). [TosToMy paboTa ¢ C-HITVIATEIAMH
(mpes#de Bcero, ¢ 3MAHHPYIOIMHME MPENapaTaMH) IODKHA OBITE OPrAHHIOBaHA Tak, YTOOHI
MHHHMHIHPOBATE BOIMOKHOE HOCTYILIEHHE PaTHOAKTHBHEIX IA30B H [ELIH B BO3OYX pado-
THX NoMemeHEH. CoOTBETCTEVIOIIHE XHMHIESCKHEe ONEPAllHH NPOBOJATCA B BEITAAHEIX
mradax, SOKCAX: NpH HeoOX0IHMOCTH HCIIOIBIYIOTCHA PECIIHPATOPEL

BrimmoaseHHe GONBIIHHECTEA SECIEPHMEHTOR C HCTOUHHEAMHE - H (-H3JIyIeHHA CBAIAHO C
BHEIIHHM 00TydeHHeM. [IpH 3ToM OOBIMHO OPHEHTHPYEOTCA Ha JHEEHVIO NpelelbHO T0-
OVCTHMYE0 T03V H,z = Doy - = 72 m38 = 7.2 mbap (W= 1uve3e/Mel p = 1ubap/upam).
Hemonszya (4.7) 1 (4.13, 4.15). onpegenssT MEHHMATEHO JONYCTHMOE PACCTOAHHE OT HC-
TOYHHEA [ HIH, [IPH 33a0aHHEIX [IapaMeTpax 4 H 7, BPEMA f,, B TEIEHHE KOTOPOro MOZEHO
HAXOMHTECA BOMHIH HCTOYHHEA HOHHIHPVIOMEre HiMyYeHHs.  Hanpumep, nma -
HCTOTHHEA
P H, r
W=t ar, (Y T W= gesaT

TlomyqaeMele IpH paboTe ¢ PATHOHVEIHIAMH J03BL Kak 3T0 caegyer H3 (4.7) m (4.13).
MOTYT OBITh CHIEDKEHEI 3a CUeT. 1) YMEeHBIIEHHS aKTHEHOCTH PagHOHYEIHIA 4 H(HmH) Bpe-
MEHH 3KCIEPHMEHTA ! (IPAaBHIBHEIH BEIGOD METOOHEH H NPHMEHeHHEe BEICOKO3dibekTHE-
HOH anmapaTypsl); 2) VBEIHYeHHA PACCTOAHHA 0 HCTOYHHEA 7 (HCIIONB20BAHHE IpocTeii-
ITHX MAHHIYIATopoE). OOHAKo Ha IPAKTHEE HelMb3d Oe3rpaHHTHO VMEHBIIATE AKTHEHOCTE,
BpeMA pabOTEl HIH YVBEIHIHBATE PAcCTOAHHE. ECIH «3aIHTa BpeMeHeM» H(HIH) «paccTod-
HHeM» H¢ MOIBOIANT CHHIHTE JO3Y 0 MPelelbHO JONYCTHMOTO VDOBHA, YCTAHABIHEAIT
3AMTHTHEIE 3KPAHEL

JIf 3aIMATEl 0T B-H3TVIeHHEA NPHEMEHAKT 3KPAHEl, KOTOPEIE 3aJep#AHBAIOT BCe -
HACTHITEL, T.€. ¢ TOMUHHOH d 2 Ry (Tabn. I14). [IpH 3T0M HCIOTB3IVIOTCA MATEPHAEL C He-
OOMBIIHM ATOMHEIM HOMEDOM, HANPHMED. NOMHMETHIMETAKDHIAT (oprcrerio). B stom
CITyHae BEIXOJ (JOTOHHOrO «TOPMO3HOTO» H3NMYISHHA HEIHAUHTENIEH, a LI MOII0MEHHT
cobCTBeHHO [—TacTHI OOMBEINIHHCTEA PATHOHVIUIHIOE JOCTATOYHO 3KPAHA TONITHHOH He-
CEOMBED MM.

A (4) (4.16)

®opma A Crpannna 44u3 58




MuHucTepCcTBO HayKH U BRICIIEro oopa3osanus PO

o o Dopma
YIIbSHOBCKUI rOCYyJapCTBEHHBII YHUBEPCUTET

@ - Pabouas mporpaMma JTUCHHILIHHBL

DoTOHHOE HITVIEHHE VIS BCETO OCHAONISTCH MATEPHATAMH C OONBIIHM ATOMHEEIM
HOMEPOM H BEICOKOH IUIOTHOCTRD. [IpH MPOSETHPOBAHHH 3AINHTEl B Ia00paTOpHH, KAk
IPABHIO, PellacTcd 3a7ada olpeleleHHA TOMIIHHEl CEHHIOBOTO 3KPaHa, 00eCIe HEAIONTE-
IO 33JaHHEH VPOBEHE OCTAONEHHA y-HITyIeHHA. [IpH 3TOM HATO YVOIHTEIBATH PAIHYHA B
OCIA0IEHHHE IOTOKA (DOTOHOE B YCJIOBHAX «V3KOTO® H «IIHPOKOrOH IMyYKOE. B reoMeTpHH
V3KOTO NYYKA IEeTeKTOp PerHCTPHPYeT TONBKO HepaccefHHOe HITyUeHHe HCTOYHHEA. B
3TOM CJIyMae ocIadNIeHHe MOTOKa GOTOHOE H J03E MOTIHHACTCA 3KCIOHEHITHATEHOH 3ABH-
CHMOCTH:

D‘I-?I = -DG' &TP('HQ’} [:41?},
rae Dy - 033, CO3TABAEMad Y3KHM MyIKOM 3a 3AMHTHEIM 3KPAHOM TOMMHHOH 4 (cM HIH r.-'c:«f),
Dy — moza B orcyTcTEHE 3KpaHa (4 = (). 1 - IOTHEIH KO3 PHITHERT OCTACIEHNT {-HTyIeHH T (ex!
HIH cM7/T) (Tabn. I15).

BErmcIeHHe TOMIOHHE! 3KEPAaHA B COOTBETCTEBHH ¢ (4.17) Beerma MPHEOIHT K ZaHIDKEHHO-
MY 3HATEHHIO ¢ 3T0 CBA3aHO TEM. 9T0 HA o0MyIaeMeli o0BEKT 33 3KpaHOM [IaJaeT TAK Ha-
IEIBAEMEIH «IMHPOKHH IVIOK», B COCTAE KOTOPOTO KpOMe NepEHYHOIC HITYVHNeHHT -
HCTOYTHHES (VIKHE TYI0K) BXOTHT TAakEe (—H3TVIeHHe, PACCEIHHOS MaTepPHAIOM 3alllHTH H
VBETHUHBAIIEe MOITHOCTE J03EL. B CIydae MOHOSHEPTETHUECKOrD H3MVIEHHA 034 (B
al p) Ha BHYTpeHHEH NOBEPXHOCTH IKpaHa PaBHA

At

D, =D, +D,  =De*+D =De™* B, = ?g'“d B, (4.18),

rae 4 — AKTHBHOCTE HCTOUHHEA (BE), [ - KepMa-mocTosEras (Tadm. [17). 7 — paccTosmue oT He-
TOTHHEA (M), { — BpeMa o0myueHHA B ¢, Bp — QAKTOp HAKOILIEHHA J03E], KOTOPEIH 33BHCHT OT
3HeprEH GoToHOE E,. MAaTepHATA 3aITHTE H TOMITHHE] 3KPaHa, BREIPAKEHHOH B De3pasMepHEX e1H-
HHOAY | (Ta0mILe, I1.10); ocTamkHEle obo3HaTeHHA B (4.17).

JIA HCTOUHHEA, CHEKTP KOTOPOTO COCTOHT H3 HeCKOMBEHX JTHHHHA:

.D = "-"" : EI Ep|l—: .'E_!l:d ) B.I’)..' = EDD.I E_Pld ' 'Bl"-'.l [4 19}-

i 2
I

e A KOMIOHEHTHI CIEKTPa ¢ 3HeprHed E,;: p-BEIXOT HA pacmax, [, — HOPMATH30BAHHAT [ap-
MHATEHAT KepMa-TocToAHHaA (1abmn I18). 1 - koaddmmeHT ocmabnesns (Tadm. I15), Dy — go3a,
cozgaeaeMad npE a=0, Bp; — daxTop HakomwreHnd (TaoILY).

Hanenus pasMepHocTH A, T, { H 7, MOEHO DOTVIHTE aHATOrHIHEIE (418, 4.19) seipame-
HHA 19 3ECTIOIHIHOHHEOH JO3EL

Vpaeeenns (4.18. 4.19) mo3B0NII0T OMpeIeNHTs, BO CKOMRKD Pa2 3EPAH HIBRECTHOH TOI-
INHHE! ¢ YMEeHBIIAET YPOBEHE 0OMyiIeHHA OIHAKO PEIIHTE NPAMVIO 3aJady - PacCHHTATE
TOMITHHY 3KpaHa, 0DeCHedHBAKIIErD 33JaHHYVID EPaTHOCTE OCTADIEeHHA, MOXHO TONBEO
METOZOM «IIOCTIEI0BATEIBHEIN IPHOMDECHHAR, Tak KaK 3HaUeHHe Bp 3aBHCHT 0T HCEOMOH
BEJIMTHHEEL d H He MOMET OBITE 3apaHes VITEHOD.

[IpoeKTHPOBAHHE AITHTEI MPOBOIAT ¢ Ko3dHITHEHETOM 3amaca [0 MOIIHOCTH 3KEHEA-
JIEHTHOH Z03EI, PAaBHEIM 2. JTO CO3TAET pe3cpE, KOMICHCHPVHIIHH EO3MOAHEIE IOTPeIIHO-
CTH BE HCXOTHEIX JAHHEX, BOIMOEHOCTE OOMVEEHHES 0T HEYITEHHEX HCTOTHHKOE H T.IL 1a-
KHM 0DpazoM, MOIDHOCTE J03El HA IOBEPXHOCTH TAMNHTEL HE JOMKHA IPEBLINATE 3HAUEHHT
6 mr3e/4 (36 138 33 gess). Ha npaktere 1us pacdeTa 3amuTel o0BHHO HCIOIBIVIOT Tad-
muny HT. T'veeea (Tadn I1. 11), cOCTARTEHHVIO YHCTEHHLIM MOTeTHPORAHHEM T4 IMIHPO-
KOT0 ITyHEA QOTOHHOTO HITYIEHHA C YIETOM J030BOTO (akTopa HakoILleHHA. [I718 HCTOY-
HHEA MOHOHEPreTHIeCKoro Hiayderna E,. nemomssys (4.13) mwm (4.15), sermcasior qosy
(Dg u Hp) B OTCYTCTEHE 3aIDHTEl H ONPEISIA0T KPaTHOCTE €€ OCIA0IeHHS 0 NpPeIeIbHD
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OOmyCTHMOTO YpoBHA: k = 2(Hp/Hys). toe Hy= 72 vr3/ness = 12 uE38/1 B Tabn. I1.11
HAXOJAT TOMIIHHY 3alTHTEL COOTEETCTRYIOIEeH 3HATeHHAM T H E, .

B Tex caydadx, KOrga HCTOYHHE HMEeT CIIORHEN CIeKTP HUTVISHH, IaMHTY PacCIHTE-
BAKOT METOIOM «KOHKVPHPVIOIIHX THHHi». [Ipe#ae Bcero, oumeHHE 3HaveHHs pl) (o

4.11. 4.12). BEIOHPAIOT B CHEKTPe HeCKONBKO JTHHHI E, ;, KOTOpEIE BHOCAT 3aMeTHEIH BEIaT
B 403V. 3aTeM pacCcUHTEIBANOT KPAaTHOCTH ocnabimeHHs k; oId Jo3, CO3MaBacMEBIX KAETOH
BEIOpAHEOH KOMIIOHEHTOH.
ﬂ = Eﬂ& =k L., (4.20),
H, H,.T, r
rae Hy; — Aosa. cosgaeaeMan fotoHamm E,; mpu d = 0; I',; B T, — maprHaneHad H momHaT KepMa-
OOCTOAHEEIE; &; H K —KpaTHOCTH OCTA0IEEHA 1—TOH JHHAH H BCETO CHEETPa, COOTBETCTECHHOD.
Hanee g kasmoi mieEH E, ; 10 3HAYEHHIO §; HAXOLAT HeoOX0 HMVED TOMIHHEY 3aIIHTEI

d;. BLIGHPANT IIABHVIO JHHHIO (TPeGYIOMIVIO HAHGOMBIIEH 3aNTHTE! d.) H KOHKYPHpPYIO-
IIVIO JMHHEK (CIeIVEoInad 33 HaHOOMbIIeH TOMNHHA 3alTHTEHL dy). KpaTHOCTH ocnabrmeHHS
3THX MHHEHH (k. # &) yIBaHBarOT, N0 TAOMHIE HAXOAAT HOBEIE 3HaYeHHA 4. Hd, (a2 k. v
2 k,. cooteercTReHHO). ITo pasHocTH (d.- d. = Ay.) u(d, - d,= Ay,) ONpeOendioT CIOH
NOTYOCTA0MeHHA L4 IVIABHOH H KOHKYDPHPYIOImEH JHHHA H BEIOHDAIOT HAHOOMEIIEE H3
IBVX 3HaTeHHH A., OKOHYATeIBHO TONINHHY 3alHTH d HaXOZIT H3 COOTHOMIEHHH:

d=d.+ A, eCIH (d.-d.)=10

d=d+ Ass, ECITH Ui{ﬂre—ffx)-:i_"'.:_'z

d=d,, eciH (d,-d ) =Ay

k=2

4.2, HHMEPEHHE MOITHOCTH 03Bl FAMMAa-HI3AVIEHHEST H pAacHeT SalllHTEI

Ilene paboTel

— H3MepeHHe MOIMHOCTH OO3EL, CO3J3aBaeMOH HCTOTHHEOM V-H3TVIEHHS Ha PAa3IHIHEX
PACCTOAHHAX,

— pACHUeT JOMYCTHMOTO EPEMEeHH PaboTel ¢ HCTOTHHEOM De3 3AMHTHOTO 3EPAHA;

— ONOpeIeNcHHE AKTHBHOCTH HCTOTHHEA,

— pacHeT TOMIOHHE! 3A0THTHOTO 3KPAHA.

ObopyooBaHHe H IpeIapaTsl )

KoHTefiHep Cc HCTOTHHEOM 7-HIIVIEHH ('3 'Cs); mosmmetp JIPT-05; pynerka;

Brimo1EeEEe padoTE

1. 3HaKoMATCA ¢ HHCTPYEUHEH o padore ¢ JosuMerpoM JPI-05 H roTOBAT ero K HIMepe-
HHAM. .

2. HaMepsaoT MOIMHOCTE 3KCIO3HITHOMHOHR mo3el P, (MEP/c) HeTOTHHEA Bics, VCTAHORIEH-
HOTO Ha pabodeM CTOMEe COTPYIHHEAMH MPaKTHEYMA, HA PacCTOSHHH 7 0T 5 7o 1 M (c ma-
roM 50 cu). HataHyTas JeHTa pYIeTEH ARISETCH HANPARIAIONIEH, BOOME KOTOpOi mepeme-
AT JATIHE Jo3HMeTpa. B KamgoH Touke IpoBOIOAT TPH NOCIeIOBATE/IRHEDL HIMEepeHHS
(c mmTepBamonM B 5+10 c). B Tabn. 4.2.1 BHoCAT cpegHee apHdMeTHIeCKOe 3Ha49eHHe P
OTMedar0T obmee BPeMA (144, - BPEMA 00TyHeHHA) BEITOTHEHHA 3T0H JacTH padOoTEL
VeHTEIBAT 3HEPreTHISCKHH JKBHBANCHT PEHTTEHA, IePECIHTEIBAOT 3HaTeHns P, (MxP/c) B
JHAYSHHA MOITHOCTH BO3TYINHOH KepMel Py (alp/c).
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3. Crposar rpadux zapucHEMOCTH Py oT 177 H, B COOTBETCTEBHH ¢ VpaBHenHeM (4.11). pac-
CHHTEIBAKT AKTHEHOCTE HCTOTHHEA 4 B i

Tatmma 4.2.1
nin r.M P, mPc Py, alp/c U fna. C
1 5.0
2 45
o | 10

4. Tlo peaynaeTaraM mamepennd P, (Py) Ha paccTosumu 1, 2 ¥ 5 M ONpeNendioT, COTIACHD
(4.13. 4.16). momycTHMOe BpeMd paoThl ¢ HCTOUHHEOM fy . JM9 CTVIEHTOR (HepCoHam
rpyanel B) gomycTenas qHeEHas go3a cocTaemgeT 18 mu3e.

OUeHHEAOT J03Y, NOMVISHHVIO IpH NPOBEIeHHH HIMEpPeHHH, CUHTAR, 9T0 B KaEToH HI 9

TO4eK YamHiicA HAXOJHICA B TeIeHHE 1, .

5. Ilpegmomaras, 9ro padoTa ¢ HCTOYHHEOM OYIeT IpoBOOHTECA e eIHEBHD B TetueHHe 1 10
HAa PAacCTOAHHH | M, ONpPeleldloT TOMNIHHY CEHHITOBOTO 3KPAaHA. VMEHEBINANOMIETo ODTyHe-
HHE JI0 [IpeIeIbHO JOIyCTHMOTO YPOoBHA (Tadm. I1.11).

PABOTA 5. OIIPEOEAEHHE 3ATPASHEHHOCTH PAITHOAKTHEHBIMH
BEIIECTBAMH PABEOYHX ITOBEPXHOCTEH

Ilpu padoTe C PATHOAKTHEHRIMHE HIOTOIAMH B PATHOXHMHYECKOH Ta00paTopHH (Ipak-
THEYME), B COOTBETCTEBHH ¢ OCHOBHBIMH CAHHTAPHBIMH IIPABHIAMH 0O€CIIedeHHA PaTHAITH-
oHHOH OezomacHocTH (OCTIOPE-99/2010 [7]). Heotxomio peryispHO OPOBEPATE CTENEHE
IATPAIHEHHOCTH PAIMHYHEL [IOBEPXHOCTEH, HA KOTOPEIE MOITIH MONACTE PATHOAKTHBHEIE
EEMIECTEA. ¥ POBEHE 3arpH3HEHHOCTH — IUIOTHOCTE NOTOKA TACTHIL, HCIVCKAEMEIX 3arpa3-
HeHHOH MOBSPXHOCTEI, ONpedenfeTcd N0 BEIXOAY Ci- HMH [-9acTHI B BEPXHIOW MoTycde-
Py Hax lem” moBepxHOCTE (dacT./(cy-MEE)). Pazie¥aroT HeHECHPOBAHHVIO (CHHMae-
MVE0), HECHHMAESMYVIO H 00INVI0 (CYMMAapHVIO) 3arpA3HEHHOCTE. YPOBHH 3arpA3HEHHA PYE,
NepIaTok., COelode# s, o00pYVIOBAHHA, IOBEPXHOCTH CTOIOE H T.0. HOPMHPYVEOTCH, HCXO-
I8 H3 NOTEHIHATEHOH ONAcHOCTH NONATAHHA PATHOHYETHIOE BHVIPE opraHuiMa (HPB-
99/2009; Tadm. 5.1). [To3ToMy ZOMVCTHMOE KOIHYIECTED PAIHOAKTHBHELX A0ep Ha 1 cM° TIo-
EEPXHOCTH EO MHOTO Pa3 MEHBINE TOT0 KOTHYECTEA, KOTOPOE MOEET COZNATE MPEIelsHO
JOMYCTHMYE) JO3Y BHEIIHero obmayaeHHs (cM. ypaHennHd (4.5, 4.6)).

TIpubopE., ¢ DOMOIIEND KOTOPBEIX ODHADYAMBAIOT H HIMEPANOT PATHOAKTHEBHEIE 3arpas-
HEHHA, HAIBBATCA PagHOMETPaMHE. ¥ pOBEHE 00meH 3arpA3HEHHOCTH (Faap) ONpegenaioT
NePEHOCHEIME IPHOOPaMHE [0 PETHCTPHPVEMOH AKTHEHOCTH lcM™ HOBEPXHOCTH ¢ VHIETOM
koapHIHEHTa cgeTa Ky
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po I (=11
wp S o S ll')

(5.1).

THe Iozqp H J3 —CKODOCTE CHETA( ) 3arpA3HEHHOH MOBePXHOCTH H QOHA. COOTBEICTBEHHO (B
HMITMHE); S — IUIONIATE OKHA AETEKTOPA B CM'; ¢ -K03((HITHEHT PErHCTPAITHE PATHOMETPA.

A onpedeneHHs Ko3QdHIHEHTa cIeTa NIPOEOINTCA KATHOPOEKA PATHOMETDA [0 H3-
TYIEHHI0 3TATOHHEIX HCToUHHKOB. Kosdduunert K., paBeH OTHOIMEHHIO THCIA TaCTHII
HCITYCKAEMEDM 3TAT0HOM B MHHYTY B YTOI 27 (Fyny. NACTIOPTHEIE JaHHEIE), K CKOpO-
cTH cueTa (I sm—{p). HIMEPEHHOH IPH HATOKEHHH 3TATOHA HA OKHO JeTEKTOpa:

F,

E = HS,25 52
o I'(J.F _I! (ﬂp e} S.HJ { }

com "L
JIn9 KOHEPETHOTO PaJIHOHVETHIA 3HadeHHe K, ONpelendeTcd o rpad Ky 3aBHCHMOCTH
K., oT E; g, KEOTOPEIH CTPOAT N0 Pe3VIETATaM HIMEPEHHH HECKOIBEHX 3TAT0HOB.
- Tabmmma 5.1
JomycTiEle VPOBHH PaTHOAKTHEHOIO 3arPA3HeHHA NOBEPXHOCTEH {qac*r.f{cmz-mm}}

OOLexT 3arpa3HeHHT ATeda-aKTHEHEEIE HYKTHIE® | beTa-aKTHRHEE

HYE/IHIE
OTIeTEHEIE OpoTHE .

HenoppesaeHHAT KO&A, IONMOTEHIA,
BHYTPEHHAA I0BEPXHOCT JHIIEBELX Jac- - 2 200%+*
TEH CPeICTE HHTHBHTYATEHOH JATHTEL H
IepIaToR

OcHOBHAT COIENOIE#A. BHYTPEHHAT D0-
BEPXHOCTE JONONHHETETEHEY CPEICTE - 20 2000
HHIHEHTYATEHEOH JAIMHTEL CIeo0VEE -

[TopepXHOCTH MOMEMEHHH TOCTOAHHEOTO

NpedBEAHHA NePCOHATA H HANOTAMET 0T c 20 2000
E HHX 0DOpYIOBAHHA -

[TopepXHOCTH DOMEMIEHHE TepHOTHE-
CKOTO Npe0BBAHHA NEPCOHATA H HAXO- 50 200 10000
aAmerocd B HEX 000pyI0BAHEA

* nna mopepxHocTell pabody moMemIeHEH H 000pYVICEAHHA HOPMHpPYEICA CHHMAaeMoe |HedH-
CHPOEAHHOE) 3aIpAIHEHAE; I OCTATEHEIX DOBEPNHOCTEH — cyMMapHOe (CHHMaeMoe H HecHH-
MaeMoe ) 3JArpAIHeHHE]

** amp(a-aKTHBHEIE HYKIHIEL TOMYCTHMAY 00BEMHAY AKTHEHOCTh KOTOPBIX B BO3AVXE pabotdmx
nomemesmi JOA < 0.3 Brar (¢ Th, " Amu gp.);
*%% 1179 PABHOBECHOH CMECH H3OTOMOB ST + ﬁ[ He Gomee 40 TacT/cM-MEH.

" Ilonpapky Ha pazpelIaioIies BpeMA JeTeKTOPOE O cHeTIHEAMH [ efirepa-Mioxaepa B pernct-
PHPVEMVED CKOPOCTE CUeTa COERIMHO HE BEODAT, TAK KAK BEIHWHHA [ B VpaBHeHHIX (5.1; 5.3),
Eak mpaenno, Mepeme 10000 mvmivee. Kpoue Toro, Zase mpH Oones BEICOKOH CEOPOCTH CHe-
Ta (=13000=20000 mar'MHE) HeKOTOpOe CHEAEHHE TOTHOCTH ef OIpeleleHHA, KaK IOoKa3ala
TPAKTHEA, HE OPHEOIHT K CYIIECTBEHHOMY VEETHISHH NOTPeITHOCTH KOHSTHOIO Pe3yaBRTATa
PACHeTOR — 3HATEHHH Fipp HIH AFogpy.
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HedukcHpoBaHHAR 3arpA2HEHHOCTE (AFqp) MoeT GEITE OIpeleleHA ¢ MOMOINER KAK
NepeHOCHEIX, TAK H CTAUHOHAPHEIX PATHOMETPOE METOOOM «BIATHA cyXolo mMazxaw. It
3TOre QHIETPOBANBHOH OVMArol, IMIOINANEIY MEeHEINEH, UeM BXOTHOS OHHO IJETEKTOpa,
TPHAIE IPOTHPAOT ONPEENeHHYIO IIOMATE (S,,;;) TOBEPXHOCTH NOMEINeHHH HIH 060pY-
JoBaHHA. Ha OTKATHODOEAHHOM PaJHOMETPE HIMEPAKT CKOPOCTE CIeTa MpOoOBI-«Ma3Ka»
(- 24zz) H PACCIHTEIBANT HeQHKCHPOBAHHVIO 3aIPA3HEHHOCTE:

il =y
AF,, ~F,-—%% & g (5.3)
Maz

ITens padoTel

Hayaemne paboTel pagHoMeTpa; ONpeleNcHHe YPOBHA HeHECHpOBaHHOH (CHHMaeMoi)
3ATPAIHEHHOCTH MOBEPXHOCTH [—AKTHEHEIMH HYETHIAMH.

ObopyooBaHHEe H OPENapaThl

Pagmomerp VHM-1M. Habop 3TaI0OHHEIX HCTOUHHEOE [(—HIIVIeHHA C CONPOBOIHTEIEHEI-
MH NacIOopTaMH, EXOBETHL, NOBEPXHOCTE KOTOPEIX 2arpAIHeHA OJHHM H2 HCIOIBEIVEMEIX B
[IPaKTHEYMe [—aKTHEHED HVITHIOE.

Brimo1senne paGoTel

1. 3HaKoMATCA ¢ KpaTKOH HHCIPYELHEH o padoTe C PaIHoMETPOM H TOTOBAT €0 K H3Me-
DEHHAM.

2. TIpoeoodar 3 H3MepeHHA CKOPOCTH ceTa oHA IpoIomEHTEIRHOCTRED M0 1 MHH.

3. I'pagvapyvior pamHomeTp ¥ HM-1M 0o 3TagoHHEDM HCTOIHHEAM ﬁ—HS.‘I}-“IEI—El‘FI:HC, o,
“MT1. paenoBecHas cMech © S1(Y). JHeprHi HATYHeHH H MEpHOT MONYPAcHaga 3THX Pa-
MHOHVEIHIOE MPHBEOeHEl B Taba. I1.1. «DdderTuRHA» 3HeprHs f — 9acTHII HCTOMHHEA
g . 3HaUeHHe KOTOpoH OORMHO HCIOMLIVIOT IPH IOCTPOSHHH KAaTHOPOBOMHOTO Ipa-
¢uka B koopaanatax K, — Eg g pagEa 1.6 M3B.

TpH 3TANOHHEIX NPENApaTa ABIAKTCA «HHCTRIMHY [-HITYIATEIAMH, B TO BpeMA KK
pacmag Aopa “co CONPOBOAIACTCHA HCIYVCKAHHEM JBYX HeCTEHX V-KBaHTOB. B 3ToM ciaydae
OIPH KATHOPOBES PATHOMETPA IPOBOIAT IBA HIMEDEHHA: CHAYTATA - 00IOeH CROPOCTH CHETa
3TanoHHOTO mpemapata ([, .,~=Iz+I+[;). 3aTeM - CKODOCTH CHeTa. OOYCIOBTeHHOH 7-
H3TyaeHHeM (I sm:=I+]3). IIpH BTOPOM H3MEPEHHH MeATY OKHOM JeTEKTOPa H IpPEmapa-
TOM MOMEINANT ATFOMHHHEBEIH JHCE, TOMIIHEA KOTOPOro PaBHA (HIH HEMHOTO DOIBINE)
MAKCHMATEHOMY Tpodery P-uacTmm (80-81 m'."cmz}. PazHOCTE MeEOY [ 3my H I 3wy COOT-
BETCTEYVET CKOPOCTH CUeTa [-HIIVICHHA Ko0aasTa-00.

1A KaEIoro STATOHA NPOBONAT IO 3 HIMEepPeHHS CKOPOCTH cieTa [, (1na “Co mo 3
HIMEPEHHS [ ypg H I 3m2) TPOIOTEHTENRHOCTEIY N0 1 MEH, HAXOOST CpeiHes IHAYCHHE
(Je sm—Ig) H. cormacso (1.19; 1.26; 1.33), - norpemHocTs cpeasero And 95%-Hoi JoBepH-
TeneHOH BepoaTHOCTH. Ilo dopuyne (5.2) onpenenaior kosddumment caeta K. ; I18 Kak-
Joro 3TanoHa. OTHOCHTENBEHVEY NOTPENMHOCTE ONpedeneHHs K ; OLEHHBAKT. HCIOMLIVA
3axoH HakomwieHHd (1.30), paccuHTaHHVIO DOTPENHOCTE CpelHed CHOPOCTH CUeTa H Io-
TPEINHOCTE ONpefeneHud Fy, »y, VKa3aHHVIO B HaCIOpPTe:

=0 )-K

o

bl - -
T _ar 21
s =4 |'_.“-.|'¢.I+"F H Ay

(=51

(54)
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[lomyaeHHEIE JaHHEIE EHOCAT B TaliL. 5.2 H, ¢ VIeTOM IOTVIHHEIN 3HAYCHHHA Mg~ ;, CTPOAT
rpadHK 3aBHCHMOCTH K03 QHITHEHTa c9eTa OT 3HepIHH P-HITyIeHHA.

Tatmuma 5.2
Hyxmaa, F i1z GACT/MHH o
Ne | DEpHOX mo Hagary | Epme. | (L amg). K K. tA;
OOTY- | macmopry | E3MepeEns | M3B | munm/mem | 9acT/mvn - -
pacmaga

4. OnpenendoT HeQHECHPOBAHHVEO 3arPA3HEHHOCTE padodeH noeepxHOCTH. I8 3TOTO. Mo
COTJIACOBAHHID ¢ IIPEIIoJABaTeNeM, BEIOHPAT 2 yaacTka (mo 100+200 o KAEIE) 33-
IpEHeHHOH MOBEPXHOCTH H ONpeJeIftoT HX ILIOMATE. Y32HAKT, ¢ KAKHM DATHOHVETHIOM
IPOBONHIHCE PaboOTEl Ha JAaHHOM pabodeM MecTe, H, HCIONBIVA MOCTPOEHHEIH rpadHK
K i~E5 max. ONpegenaoT ko3 OHIEEHT cueTa IIA 3TOTO HYKIHIA. DByMa®HEIM QHIBETPOM
OHAMETpoM 3-4 ¢ TPIGEIE! IPOTHPAKT BEIISTEHHEIH VIacToK H H3IMEPIOT CEOPOCcTh CIeTa
HEIETPa. AHATOIHIHEIM cIocofoM GepyT «Maz0K» CO BTOPOTO VIACTEA. BRIMHCIIOT CHH-
MAEMYIO 3ar PA3HEHHOCTE (AF,,,. ypaBHerHe 5.3). ComOoCTaRIAOT MOTyIEHHEIE PE3YIIETATE
C JAHHEIMH TaOd. 5.1 H oINpeXensroT OTHOMIEHHE BEIHIHHEl AFypy K JOOYCTHMOMY VPOBHIO
JATPAIHEHHOCTH Fas.

Tadmnma 5.3

Ne padouero | (I.mlg). K. AF oy, AF.
MECTA Ha [UIaHe | HwIT'MHH YAaCT/HMI | gacT/cns MEE F

b JOINYCTHMAA 3alPASHCHHOCTE

7. JABOPATOPHBIE PABOTbBI, IPAKTUKYMBbI
He MPeAyCMOTPEHO Y4eOHbIM IJIAHOM
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8. TEMATHUKA KYPCOBBIX PABOT

HE 3allJITAaHUPOBAHO y‘{66HLIM IJIAHOM

9. MIEPEYEHDb BOITPOCOB K 3AYETY

o n

©oo N

11.
12.
13.

14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24,
25.

26.
217.

28.

29.

30.
31.

DHeprus cBs3U HYKJIOHOB B sifpe. [Ipuunnbl HecTaOuinbHOCTH aTOMHBIX siaep. Hykmuanast
KapTa.

[TonsiTre paanoakTuBHOCTH. OCHOBHBIE TUIIBI PAJUOAKTUBHBIX MPEBPAILEHUN.
CrioHTaHHOE ¥ HEUTPOHHO-UHIYLIUPOBAHHOE AeJeHUe siiep. Paqnonyknuael 11s siaepHoi
SHEPreTUKHU.

Caepxtsikenble 351eMeHThl. CriocoObl MOJyYeHUs! U IPUYHHBI HECTAOUIBHOCTH.

Tunsl pagnoakTUBHBIX NpeBpalieHuid. Anbda—pacnan. JHepreTHueckue CreKTpsl anbda-
U3ITy4EHUs.

Turbl paqnoakTUBHBIX NPeBpallleHnid. beta-pacnaj ¢ HCITyCKaHHEM JIEKTPOHOB.
DHepreTuyecKkue CreKTpol OeTa-u3IydyeHusl.

Tumel paqnoakTUBHBIX NpeBpalleHuid. beta-pacnaz saep ¢ UCIyCKaHUEM ITO3UTPOHOB.
DHepreTuyecKkue CreKTphl OeTa-u3IydyeHusl.

. Thrbl panoaKTUBHBIX IPEBPAILICHUN. DIIEKTPOHHBIN 3axBaT. BropuyHbIe Mpo1ecchl B

aToMe, IPOUCXOASIINE TIPU FIEKTPOHHOM 3axBaTe.
Hcnyckanne raMmma-KBaHTOB IPU paJlOaKTUBHOM pacnaze. M3oMepHble epexo/Ibl.
DHepreTudeckue CreKTpbl raMMa-U3TydeHusl.

CroxacTdeckuil XapaKkTep paJMOaKTUBHOTO pacnaaa. Buasl pacnpenenenui,
ONMCBIBAIOILIME CTATUCTUKY PAUOAKTUBHOIO pacaja U perucTpauuy U3IydeHu .
OCHOBHOM 3aKOH paJMOaKTUBHOTO pacnaza. [lepuon nomypacnana. CriocoObl onpeeneHus
nepuoja noiypacnaaa. EquHALBI N3MEPEHUs paJuOaKTUBHOCTH.

[lenoykn pagnoakTUBHBIX ITpeBpalieHuil. PagunoakTuBHBIE paBHOBECHS.

SAnepHbie peakiuu. DHEpreTHIecKuil 3(HEKT 1 SHEPTEeTHIESCKUN TTOPOT SACPHBIX PEAKIIHH.
SAnepubie peakiuu. DPpdekTuBHOE ceueHne. PacueT BhIX0A0B SIEPHBIX PEAKIIUM.
[Tony4yeHnue paMOHYKINAOB C HOMOUIBIO AJIEPHBIX PEAKIUHI MO IEHCTBUEM 3apsKEHHBIX
YacTHLI.

SnepHble peakuuu Moj AeicTBUEM HEUTPOHOB. [lonyueHne paaMOHYKIMIOB € TOMOIIBIO
Pa3IMYHBIX UCTOYHUKOB HEUTPOHOB.

[IpuMeHeHue s1epHbIX peakluii U COBPEMEHHOM 3HepreTuke. Peakuuu qeseHnst 1 peakiuu
HYKJIEOCHHTE3A.

B3aumoelicTBue MOHU3UPYIOLIUX U3IIYYCHUH ¢ BelecTBOM. J((HEKThI, COMPOBOKIAIOINE
MIPOXOXKACHHUE U3ITYUCHHS Yepe3 BEUIECTBO.

BiaumoneiictBue anbda-vactui ¢ emectBoM. [Ipoder anbga-uacTuil B BeleCTBE.

Kpusas bporra.

BsaumoneiictBue 6era-uactur ¢ BemecTBoM. Ocnabienue 6eTa-u3aydeHus..
BiaumoneiictBue 6era-yacTull ¢ BemecTBoM. TopMo3Hoe u3itydeHue. YepeHKoBckoe
U3JIyYEHHUE.

MexaHn3MBbl B3aUMOJEHCTBHS FraMMa-U3JIy4€HUs C BEIIECTBOM.

B3aumopelicTBre raMMa-u3inydeHus ¢ BemiectBoM. OcnabiaeHne raMMa-u3nydeHust
Pa3IMYHBIMU MaTEpHAIaAMH.

OO1as XxapakTepuCcTUKa METOI0B PETUCTPALMY HOHU3UPYIOIINX HU3Ty4eHUN. THIIBI
JETEKTOPOB.

Perucrpanus HOHU3UPYIOIINX U3IY4YCHUN. BiausHue CBONCTB paJUOHYKINIA U YCIOBUI
NU3MEPEHUH Ha BEITUUYHMHY PETUCTPUPYEMON aKTUBHOCTH.

I"a30BBIE HOHM3ALIIOHHBIE JETEKTOPBI.

Mertoapl peructpanuu raMmma-usnydeHus. ['amma-cnekTpomMeTpusi.
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32. Perucrpanus anbda- 1 0eTa-u3IydeHUI ¢ MOMOIIBIO KUAKOCTHON CIIMHTUIUIAIIMOHHON

CIICKTPOMCTPUH.

33. ®usnyeckue U XUMHYECKHE MOCIIEICTBHUS BO3ICHCTBUS HOHU3UPYIOIIET0 U3TyUeHHS C
BelecTBOM. Pannonus Boabl.

34. JleiicTBrE MOHU3UPYIONINX U3ITYYCHUH HA )KHUBBIE opranu3Mbl. Heratusubie 3¢ dexTor
obmydenwus. BzaumocBs3b a3 dexT—mo3a.

35. [Nonstue mo3a obmyyenns. J{o3bl, XapaKTepu3yoNIe HEMOCPEACTBEHHO HOHU3NPYIOIIUE 1
KOCBEHHO MOHU3UPYIOUIUE U3ITY4YEHUS.

36. [Tornomennas no3a. Exununmt namepenus. CriocoObl onpeaeeHus.

37. Kepma. Dkcnio3unrionHas j103a. EnuHuter namMepenus. CBs3b MKy HOHH3AIMEH BO3TyXa
raMMa-u3JIydeHHEeM U TMOTJIONEHHOH 10301 B OMOJIOTHYECKO TKaH!

38. Jlo3a OT TOYEYHOTO UCTOYHUKA CO CIIOKHBIM COCTaBOM TaMMa-u3imydeHus. Kepma-

IIOCTOsIHHAA.

39. DxBuBaneHTHas U d(pdexTuBHas 10361 JlOTyCTUMBIE YPOBHU OOIydEHHUS TS Pa3InIHBIX
KaTeropuil HaceJICHHUs.

40. 3anuTa OT HOHU3HPYIONUX H3TYIeHUH. 3alTuTa BpeMeHEM, PACCTOSTHUEM, C
HCI0JIb30BaHUEM SKpaHOB. Pacyer 3auiuThl OT BHENIHETo OeTa- U raMMa-H3IydeHusl.
[IpuHIMMEI, TeXxalire B OCHOBE paualiMoHHOM 3amuThl. [IpaBuna paboTsl ¢
PaAMoaKTUBHBIMU BEIIECTBAMHU.

10 CAMOCTOSTEJBHAS PABOTA OBYUYAIOLIUXCSA
Conepxanue, TpeOOBaHMs, YCJIOBUS M TIOPSIOK OpPraHU3aIlMM CaMOCTOSTEIBHOM
paboThl oOydJaromuxcs € ydeToM GopMbl 00yUeHUs! ONpeeIIeTCs B COOTBETCTBUU
¢ «llonoxenneM 00 OpraHM3alMUd CAMOCTOSATEIBHONH pabOTHl O0YYAIOIIUXCS,
yTBEpXKACHHBIM YueHbIM coBeToM Yl'Y (mpotokoin Ne 8/268 ot 26.03.19 1.).

dopma 00yueHHs: OUHASI.

Haszpanue pa3aeioB u
TEM

Bun camocTosnTeIbHOI padoThI

Oo0beM B
gacax

®DopmMa KOHTPOJIA

Paznen 1. Xumuueckas TepMogrHAMHUKA

Pasnen 1. PagnoakTMBHOCTE

Tewma 1. PazButne  |[IpopaboTka yueOHOTO MaTepuasia 1 YCTHBIU OIpOC,
MIPEJICTaBICHUI O C UCMOJIb30BaHUEM PECYPCOB TECTUPOBAHKE, BKIIOYCHHE
PaMOAKTUBHOCTH  |y4eOHO-METOIUYECKOTO U BOIIPOCOB HA 3a4eTe

nH(pOpMaIMOHHOTO 0OecIIeueHuUs

JUCIUTUINHBI;

[ToaroToBka k coaue 3a4yera
Tema 2. [IpopaboTka yuebHOrO MaTepuana 1  |ycrHsIii ompoc,
PagnoaxkTuBHBIN C UCIIOJIb30BAaHUEM PECYPCOB TECTUPOBAHUE, BKIOYECHUE
pacnaj y4eOHO-METOIUYECKOTO U BOIIPOCOB Ha 3a4eTe

UH(GOPMAITMOHHOTO 00ecreueHus
JUCIUTINHBI;
[ToaroToBka k coaue 3a4yera
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Tema 3. 3axon
pPaMOaKTUBHOTO
pacmana

[IpopaboTtka yueOHOTO MaTepuana
C HUCIIOJIb30BaHUEM PECYPCOB
y4e0HO-METOIUYECKOTO H
MH()OPMAIIMOHHOTO 00eCICYCHUS
JIMCIHUILIHHBI,

[Toaroroska k craye 3a4yera

YCTHBIH OIIpOC,
TCCTUPOBAHUC, BKIIFOUCHUC
BOIIPOCOB HA 3a4€TE

Paznen 2. BzaumoieiicTBre H3IIy4eHHS C BEIIECTBOM

Tema 4.
BzaumoneiicTeue
pa3IUYHBIX BUJIOB
M3JIYYCHUS C
BEIIECTBOM

[IpopaboTka yuebHOrO MaTepuana
C HMCIIOJIb30BaHHEM PECypPCOB
y4e0HO-METOINYECKOTO U
MH(OPMAIIMOHHOTO 00eCTIeYeHH S
JMCIUTUIAHBL,

IToaroroBka k ciade 3adera

YCTHBIH OIpOC,
TECCTUPOBAHUC, BKIIFOUCHUEC
BOIIPOCOB HA 3a4ETE

Tema 5. CrtocoObI
JNCTEKTHPOBAHUS
MOHU3UPYIOIIHX
W3TyYEHUN

[IpopaboTka yuebHOTrO MaTepuana
C HMCIIOJIb30BaHHEM PECYpPCOB
y4e0OHO-METOIUYECKOTO U
MH(OPMAIIMOHHOTO 00eCcTIeYeHH S
JIMCIUTUTAHBL,

TloaroroBka k ciade 3adera

YCTHBIH OIpoC,
TECTUPOBAHUC, BKIIFOUCHUEC
BOIIPOCOB HA 3a4ETE

Pasnen 3. Paguanmonnas 0€3011acHOCTE

Tewma 6.
Bo3znerictBue
W3JIy4YCHHS Ha
YKUBBIC OPTaHU3MBbI

[IpopaboTka yueOGHOTO MaTepuraa
C HCIIOJIb30BaHHEM PECypPCOB
y4e0HO-METOAMYECKOTO 1
WH(POPMAITMOHHOTO 0OecTIeueHUs
JIMCIUTUIAHBL,

[ToxroToBka k ciave 3adera

YCTHBIN OIpOC,
TECTUPOBAHUE, BKIIOUCHHE
BOIIPOCOB HA 3a4eTe

Tema 7. Bxiang
pa3IMYHbIX
(hakTOpoB B 103y
00TydeHust

[IpopaboTka yueOHOTO MaTepuraia
C HCIIOJIb30BaHHEM PECYpPCOB
y4eOHO-METOINIECKOTO U
nH(pOopMaIMOHHOTO 0OecIeueHus
JIMCIUTUIAHBI,

[MoxroroBka k ciave 3adyera

YCTHBIU OIpOC,
TECTUPOBAHKE, BKIIIOUCHHE
BOIIPOCOB HA 3a4eTe

Paznen 4. PannoakTUBHOCTD OKPY>KArOIIEH CpeJibl

Tema 8. IIpopaboTtka yueOHOrO MaTepuana YCTHBIH OIIpOC,
Knaccugukanus C MCIOJIb30BAaHUEM PECYPCOB TECTUPOBAHME, BKIIIOUCHHUE
PaTMOHYKIIUJIOB [0 | y4eOHO-METOIMYECKOTO U BOIIPOCOB HA 3a4eTe
UX POUCXOXKICHUIO | MTHPOPMALIMOHHOTO 00eceueHHs

JUCLUIIINHBI,

IToaroroska k cnaye 3a4yera
Tema 9. IIpopaboTtka yueOHOrO MaTepuana YCTHBIH OIIpOC,
TexHoreHHsie C UCIOJIB30BAaHUEM PECYPCOB TECTUPOBAHUE, BKIOYCHUE
PagOHYKIIU 1B y4eOHO-METOINYECKOTO U BOIIPOCOB HA 3a4€Te

MH(OPMAIIMOHHOTO 00ECTICYSHHSI
JUCIUTLINHBI;
[ToaroToBka k coade 3a4yera
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Pazpnen 5. SlnepHble peakuu U MPOU3BOACTBO PATUOHYKIUIOB

Tema 10. SAnepusie  |IIpopaboTka yueOHOTO MaTepHaia 1  |ycTHbIii onpoc,
peakuuu C UCIOJIb30BaHUEM PECYPCOB TECTUPOBAHUE, BKIIOUCHHE
y4e0HO-METOIUYECKOTO U BOIIPOCOB Ha 3a4eTe
UH(POPMALIMOHHOTO 00eCTIeUeHHSI
JUCIIUTUIAHEI;
[Toaroroska k craye 3a4yera
Tema 11. [IpopaboTka yuebHOrO MaTepuana 1  |ycTHsIi onpoc,
[Tonyuenue C UCIOJIb30BaHUEM PECYPCOB TECTUPOBAHUE, BKIIIOUCHHE
PEaKTOPHBIX y4e0HO-METOINYECKOTO U BOIIPOCOB Ha 3a4eTe
PaIMOHYKIINI0B MH(POPMAITMOHHOTO 0OecIIeueHus
TV CIUTUIAHEI;
[ToaroroBka k crave 3a4dera
Tema 12. [IpopaboTka yuebHOrO MaTepuana 1 |ycTHsIii onpoc,
PagnonyknuaHele  |C UCIOJIB30BAHUEM PECYPCOB TECTUPOBAHKE, BKIIIOUCHHE
reHepaToOpsbl y4e0OHO-METOINYECKOTO U BOIIPOCOB HA 3a4eTe
MH(OPMALIMOHHOTO 00eCTIeYeHH S
JUCIUTUTAHEI;
TloaroroBka k ciade 3adera
Pazgen 6. [lpumeneHne paanoHyKIUIOB
Tewma 13. Tlonstue o |[IpopaboTka yaueOGHOTO MaTepuasa 1  |ycTHBI ompoc,
SIEPHON MEAUIIMHE |C UCIOJIb30BAaHHUEM PECYPCOB TECTUPOBAHUE, BKIIIOUCHHE
y4e0OHO-METOINYECKOTO U BOIIPOCOB HA 3a4eTe
WH(POPMAITMOHHOTO 00€CTICUeHUS
JCIUIUINHBI;
[ToaroroBka k caaue 3a4yera
Tema 14. OcuoBbl  |[IpopaboTka yaeOHOTO MaTepuaia 1 YCTHBIH OIpOC,
MeTo/1a C UCIMOJIb30BaHUEM PECYPCOB TECTUPOBAHKE, BKIIIOUCHHE
PpaZvoaKTUBHBIX y4eOHO-METOIUYECKOTO U BOIIPOCOB HA 3a4eTe
UHUKAaTOPOB UH(GOPMAIMOHHOTO 00ecTIeYeHUs
JUCIUTUINHBI;
[ToaroToBka k coaue 3a4yera
Pa3znen 7. OCHOBBI siIepHOM PHEPTETUKHI
Tema 15: SAnepusiii  |IIpopabotka yuebHOT0O MaTepuaa 2 YCTHBIH OIpoc,
TOIUTUBHBIN UK.  |C HCIOJb30BAaHHUEM PECYPCOB TECTUPOBAHKE, BKIIOYCHHE
YcrpoiicTBo y4eOHO-METOIMYECKOTO U BOIIPOCOB Ha 3a4ETE
aTOMHBIX PEaKTOpPOB |MH(OPMAITMOHHOTO 00ecTeyeHus
JUCIUTIINHBI;
[ToaroToBka k coaue 3a4yera
Tema 16. IIpopaboTtka yueOHOrO MaTepuana 2  |yCTHBIH omnpoc,
IlepepaboTka C MCIOJIb30BaHUEM PECYPCOB TECTUPOBaHHE, BKIIOUECHUE
00JTy4eHHOTO y4eOHO-METOINYECKOTO U BOIIPOCOB HA 3a4ETE
TOTUIMBA MH(POPMAIIMOHHOTO 00ecreueHus

JAUCHUIIIINHBI,
IloaroToBka k caade 3a4yera
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11. YHEBHO-METOANYECKOE U UTH®OOPMALIMOHHOE OBECIIEYEHUE

JUCHUIIJIINHBI
a) CIucoK peKOMeHAyeMoi JINTepaTyphbl
OcHoBHAaA :
1. HaBwinos, HO. I1. OcHoBel paguoxumuu : yaebHoe mocoome / FO. I1. daBpimoB. — MuHCK :
Bermmiimas mkomna, 2014, — 319 ¢. — ISBN 978-985-06-2395-9. — TekcT : 31eKTpOHHBIH //
DNeKTpOHHO-OMOIHOTeUHAs cucremMa IPR BOOKS : [caiT]. — URL:

https://www.iprbookshop.ru/35519.html

2. Mapxouxkui, 5. JI. OCHOBBI paJinaliioHHON OE30MIaCHOCTH HacelleHus : yueOHoe mocoodue / S1.
JI. Mapxonkuii. — MuHck : Bemmiimias mkona, 2011. — 224 ¢. — ISBN 978-985-06-1962-4.
— Texkcer : anexkTpoHHBIN // DnexkTpoHHO-0nOmmoTeyHas cucrema IPR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/20110.html

3. bexman, WM. H. Pammoxumus B 2 1. T. 1 dynnameHTanbHas paauoOXuMUs . YYeOHHK H
npakTukyMm Uit By30B / M. H. bekman. — Mocksa : U3parensctBo FOpaiit, 2020. — 473 c. —
(Beiciiee oOpaszoBanme). — ISBN 978-5-534-04180-4. — Tekcr : amekTpoHHBIH //
Oo6pazoBarenbHas iathopma HOpaiir [caiit]. — URL: https://urait.ru/bcode/450184

4. bexman, WM. H. Pammoxumus B 2 1. T. 2. TlpukiamHas paguoXuMus W paHaiHOHHAs

0e301acHOCTh : yu4eOHUK U mpakTukyMm s By30B / M. H. bekman. — Mocksa : M3narenscTBo
IOpaiit, 2020. — 386 ¢. — (Bricmiee oOpa3zoBanue). — ISBN 978-5-534-04182-8. — Tekcr :
anektpouusii /[ O6pasoBatenmbHast — miaardgopma  FOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/450473

JlonoHUTeIbLHAS JTUTEpPaTypa

1. OcHOBBI paawaniMOHHOTO KOHTpOJsA. IIpakTnka oTOOpa W MOArOTOBKH TIpoO : yueOHOe
nocobue / II. B. Martoxun, P. H. Scrpebunckuii, JI. B. Jlenucoa [u ap.]. — benropon :
benropoackuii rocygapcTBeHHbIN TexHOoJornueckuii yuusepcutet um. B.I'. lllyxosa, ObC ACB,
2017. — 153 c¢. — ISBN 978-5-361-00541-3. — Tekcr : 3neKTpOHHBIA [/ DIeKTPOHHO-
oubmmoreunas cucrema IPR BOOKS : [caiit]. — URL: https://www.iprbookshop.ru/80519.html
2. I'epranos, B. U. Pagnoxumus : ydeOHO-MeTomuueckoe mocobue : B 2 vactsax / B. I

I'eprasioB. — Mumnck : BI'Y, 2017 — Yactp 2 : Ucnosb3oBaHue paaruonu30TOIOB ISl PEIICHUS
npaktuueckux 3amad — 2017, — 119 c¢. — ISBN 978-985-566-405-6. — Tekct :
anekTpoHHbd  //  JlaHb : 3JICKTPOHHO-OMOIMOTeYHAas cucreMa. — URL.:

https://e.lanbook.com/book/180646

YyeoHo-MeTOoANYEeCKASA
1. Tlomonbckas 3. B. Paguoxumust : METOOMUYECKUE YKAa3aHUS CAMOCTOSITEILHON paloThI
OakanaBpoB HampasieHus moarotoBku 04.03.01 Xwumus / 3. B. Ilogonsckas; Yial'V,
Okoin. ¢dak. - YapsHOBeK : Yal'V, 2019. - 12 c. - Heony6nukoBanHbIi pecype. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/10922 . - Pexxum moctyna: 9bC Yal'V. -
Texcr : 2JIeKTPOHHBIN.
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0) nporpaMmMHoOe o0ecrnieyeHmne

1. Microsoft Office
2. OC Windows Professional
3. Anturuiaruatr BY3

B) Ilpodeccuonaiibubie 6a3bl JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBI
. DJIeKTPOHHO-0MOIHOTEeYHbIE CHCTEMbI:

Hudposoit obpaszoBatenbHbiii pecypc IPRSmart : snekrponHo-0MOMMOTEYHAsT cucTeMa @ cauT /
OOO Kowmmnanus «Aii ITu Ap Memua». - Caparos, [2023]. — URL: http://www.iprbookshop.ru. — Pexum
JIOCTYTA: JUIsl 3apETUCTPUP. MOJIb30BATENEH. - TEKCT :3JIEKTPOHHBIM.

O6pasosatenbHas miatdopma FOPANT : o6pasoBaTenbHbIH pecype, IeKTpOHHAsS OHOIHOTEKA :
caiitr / OO0 DnextponHoe m3matenbctBo «FOPAWT». — Mocksa, [2023]. - URL: https://urait.ru. — Pexum
JIOCTYTA: JUIsl 3apETUCTPUP. TTOJIb30BaTENEH. - TEKCT | 3IEKTPOHHBIM.

baza nannbix «OnextpoHHas Oubnuoreka texundeckoro BY3a (ObC «KoHcynbTaHT cTyneHTa») :

ANMEKTPOHHO-OMOMMoTeuHass cucrema : caiit / OOO «[lomutexpecype». — Mocksa, [2023]. — URL:
https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexxum moctyna: ajist 3apeructpup. moJib3oBareneit. — Teker :
ANEKTPOHHBIH.

OBC Jlawp : snekrpoHHO-OuOIMOTeuHass cuctema : cailt / OOO DOBC «Jlawb»y. — CaHKT-

[TetepoOypr, [2023]. — URL: https://e.lanbook.com. — Pexxum gocrtyma: i 3aperucTpup. MOJIb30BaTENeH. —
Tekcr : 21eKTPOHHBIN.
OBC Znanium.com : 31eKTpOHHO-OMOIHMOTeyHas cuctema : cadt / OOO
«3uannym». - Mocksa, [2023]. - URL: http://znanium.com . — Pexum goctyma : Ui 3aperHCTPHP.
MOJIb30BaTeNel. - TEeKCT : ANEKTPOHHBIN.
. KoncyapranrIlinioc [DnekrponHsiii pecypc]: crnpaBounas mpaBoBas cuctema. / OO0
«KoncynpranTt Ilmocy - DaekTpoH. aaH. - Mocksa : Koncynerantlliioc, [2023].
. ba3bl JaHHBIX EPUOANYECKHUX U3JAHUIL:

eLIBRARY.RU: nayunas snekrponHas Oubmmoreka . caiit /| OOO «Hayunas DiexTpoHHas
bubnuoreka». — Mocksa, [2023]. — URL: http://elibrary.ru. — Pexxum mocTyma :ajist aBTOPH3. MMOJIb30BATEIICH.
— TeKCT : ANeKTPOHHBIN

OnektpoHHas Oubnuoreka «M3marenbckoro nqoma «I'pedbennukoB» (Grebinnikon) : ayiekTpoHHAs
oubmuoreka [/ OO0 U]l «I'pebennmkoB». — MockBa, [2023]. — URL: https://id2.action-
media.ru/Personal/Products. — PesxuMm mocTyma @ ajs aBTOPHU3. MOJIb30BaTEICH.
TeKCT : AIeKTPOHHBIN.

4.  @epepajbHasi rocylapcTBeHHass HHPopMalnuoHHasi cucTeMa «HanuoHanbHasi 3JIeKTPOHHAS

onbaHoTeKa» : dNeKTpoHHas ouonmoTeka : caiit / ®I'BY PI'b. — Mockaa, [2023].

— URL: https://u36.pdp. — Pexum pgocryma : a8 moJib3oBareneid HaydyHol Oubnmoreku. — Tekcr
3JIEKTPOHHBIM.

. Poccuiickoe obpazopanue : dbenepanbubiii mopran / yupeautensr GLAY «DULTO».

URL.: http://www.edu.ru. — TekcT : 3J1€KTPOHHBIH.

6. DJIeKTpoHHAas1 0ubauoTeyHas cucrema Yal'y | Mmoaynb «OnekTpoHHas 6ubnuoreka» ABUC
Mera-ITPO / OO0 «Jlata Oxcopeccy. — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum gocryma : s
MoJIb30BaTeNe HayqHOH ONOIHOTEKU. —TeKCT : AIEKTPOHHBIH.

CoriacoBaHo
Havansnuk Ympasnenus nHGOpMaIMOHHBIX 7 ¥
TEXHOJIOTUH U TEJIEKOMMYHUKAIUI [LIL. Bypnun Z 5.05. 2023
12 MATEPUAJBHO-TEXHHUYECKOE OBECINEYEHMUE HAYYHO-

HCCHEﬂOBATEHBCKOﬁ PABOTbI
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VYuebnas aymutopus 216 s mpoBeneHuss 1a0OpaTOPHBIX 3aHATHH J1a00paTOPHOTO
TUMNA, TPYNIOBBIX ¥  HMHIUBUAYAJIbHBIX KOHCYJIbTAllMM, TEKYLIETO KOHTPOJS H
MPOMEXKYTOUHOM aTTecTanuu (¢ HAOOpPOM JEMOHCTPALIMOHHOTO OOOpYIOBAaHMS IS
oOecrieyeHHsT TEMAaTHYECKHX WIUTIOCTPAllMd B COOTBETCTBHHM C paboyeil mporpammoi
mcuuIuiiHel).  [lomenieHne yKOMIUIEKTOBAaHO —CIICIHATU3MPOBAaHHON MeOenpio Ha 18
MOCAJOYHBIX MECT M TEXHUYECKMMH CpEICTBAMHU: DKpaH HACTECHHBIH, JOCKA ayIUTOpHAs.
PaGouee mecto npenogaBarens, WI-FI, uatepuer. [Tnomans 43,65 kB.M.

VYyeOHast ayauTopus Jisi CaMOCTOATENbHON paboThl cTyneHToB 230 ¢ noctynom Kk IbC.
Jns  camoctositenbHOl  paboTel  crymeHtoB, WIi-Fi ¢ goctymom k 3HOC, 3BC.
KomnbroTepHbIii  Kiacc yKOMIUIGKTOBAHHBIM —CIIEUATM3MPOBAaHHONH Mebenpto Ha 32
MOCAJIOYHBIX MECT M TEXHHYSCKUMHU cpeacTBamMu  oOydenus (16  mepcoHaIbHBIX
KOMITEIOTEPOB) ¢ jocTynoM k cetu «Muatepuer», JUOC, DBC. [Tnomane 93,51 kB.M.

UuranpHelil 3a1 HaydyHOW OMOIMoTEeKH (ayauropus 237) ¢ 30HOM AJi CaMOCTOSITENILHOM
padotel, Wi-Fi ¢ gmocrymom k DHUOC, DBC. Aymuropuss YKOMILIEKTOBaHA
crienuanu3upoBaHHo MeOenpio Ha 80 TOCaZOYHBIX MECT M OCHAIICHAa KOMITBIOTEPHOM
TeXHUKOM ¢ mocTtynoM k cetn «Muateprer», YUOC, OBbC, s3xpanom u npoekropoM. ITnomans
220,39 kB.M.
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13 CHELIUAJILHBIE YCJOBUS JAJI51 OBYYAIOLMXCS C
OTrPAHMYEHHBIMU BO3MOKHOCTSIMM 3/I0POBbSI (OB3) 1
WHBAJIJIOB

B cmysae HeoOxomumocTH, oOOydalIIMMCS M3 4YUCIA JIMI C OTPAaHUYCHHBIMHU
BO3MOXHOCTSIMU 3JI0pOBBsl (1O 3asBJIEHUIO0 OOYy4aromlerocs) MOTYT Mpeaararbcsi OJHU U3
CJICAYIOIINUX  BApPHUAHTOB BOCIIpHUATHA I/IH(l)OpMaIII/II/I C YUCTOM HX HWHAWBUAYAJIBHBIX
MICUXO(HU3NIECKUX 0COOCHHOCTEH:

- JUISL JIAL] C HApYIICHUSMH 3PEHHSA: B TEYaTHOH (hopMe YBEIWYCHHBIM HIPUPTOM; B
(dopMe SIIEKTPOHHOIO JOKYMEHTa; B (QopMme ayauodaiina (rmepeBosx y4eOHbIX MaTepuajoB B
aymnodopmar); B TmedyaTHOW ¢opme Ha si3bike bpaiins; WHIMBUIyadbHBIE KOHCYJIBTAIlMH C
MpPHUBJICYEHUEM TH(IIOCYPIAOTIEPEBOAUNKA; HHIUBUIYAIbHBIC 33/IaHUS] M KOHCYJIbTAIIHH;

- JUId JIMI C HapylIeHUsIMU ciyxa: B me4yaTHOH ¢(opme; B ¢GopMe 3IIEKTPOHHOTO
JIOKYMEHTA; BUIEOMATEPHAIIbl C CyOTUTpaMK; WHANBHUIYaTbHBIE KOHCYIBTAIUH C IPHBIICICHUEM
CYpJIOTIEpEBOUMKA; UHANBUIYAIbHBIC 3aJaHNUS U KOHCYJIbTAIH;

- JUTSL JIAI] C HApYIICHWSMH OTIOPHO-IBUTATEIBHOTO ammapara: B NedaTHOH Qopme; B
dbopmMe DIIEKTPOHHOTO JOKyMeHTa; B (opMme aymuodaiina; HHIUBUAyaTbHBIC 3alaHus |
KOHCYJIbTaITHH.

B cnydae HEOOXOMMOCTH HCIIONIF30BAHHS B Y4€OHOM IPOIECCE YACTUIHO/UCKITIOUUTEITHHO
JTUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOIOTHH, opranu3amus padotsl [ITIC ¢ oOyuarommmucs
¢ OB3 u uHBaIMaMM MpeaycMaTpUBaeTCs B AIEKTPOHHOU HMH(OPMalHOHHO-00pa30BaTeIbHOMN
cpeze ¢ y4eTOM MX MHIUBHUAYaJIbHBIX CUXO(PU3NUIECKUX OCOOCHHOCTEH.
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a) CnucoK peKoMeHyeMoil JTuTepaTypsbl
OcHoBHag :

. aBbiaoB, FO. I1. OcHoBHI pagunoxumui : yaeoHoe mocodue / FO. I1. [laBpiqoB. — MUHCK :

Beimmiinrast mikona, 2014, — 319 ¢. — ISBN 978-985-06-2395-9. — TekcrT : 37eKTpOHHBIN
Il DnexTponno-6ubaroTeunas cuctema IPR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/35519.html

Mapxouxkuii, 5. JI. OCHOBBI paguaniMOHHON 0€30MacHOCTH HACEeNIeHUs | yueOHoe nocooue /
S1. JI. Mapxonkuii. — MuHck : Beimaiimas mkoina, 2011, — 224 ¢. — ISBN 978-985-06-
1962-4. — TexkcT : 31eKTpOHHBIH // DnekTponHo-0ubmmoTeynas cucrema IPR BOOKS :
[caiir]. — URL.:_https://www.iprbookshop.ru/20110.html

. bexman, . H. Paguoxumus B 2 1. T. 1 DyngameHTanpHas pajguoXuMHs @ Y4eOHUK U

npaktukym 11 By30B / M. H. bekman. — Mocksa : M3gatensctBo FOpaiit, 2020. — 473 c.
— (Bpicmiee obOpazoBanme). — ISBN 978-5-534-04180-4. — Tekct : 3JeKTpOHHBIA //
O6pasosarenbHas iathopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/450184

. bexman, WM. H. Paguoxumuss B 2 1. T. 2. I[lpuknagHas paauoXumus U paadariiOHHas

0e301acHOCTb : Y4eOHHK M MPaKTUKYM Ji1s By30B / M. H. bekman. — MockBa : MI3naTenbCcTBO
FOpaiit, 2020. — 386 c. — (Bsicmiee oopazoBanue). — ISBN 978-5-534-04182-8. — Tekcr :
anekTpoHHsld  //  OOpasoBarenbHas  mnatrgopma  FOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/450473

JlonmoJTHUTeIbHAS JIUTepaTypa

OcHOBBI pasiraiuoHHOro KoHTpois. [IpakTrka oT00pa M HOArOTOBKHU MPO0 : yueOHoe nocodue
/T1. B. Martioxun, P. H. flctpebunckwuii, JI. B. Jleancosa [u ap.]. — benropox : beiaroponckuii
roCyIapCTBEHHBIN TexHonorndyeckuil yausepcurer um. B.I'. Illyxosa, ObC ACB, 2017. —
153 c¢. — ISBN 978-5-361-00541-3. — TekcT : 31eKTpOHHBIN // DIEKTPOHHO-ONOIHOTeYHAS
cuctema IPR BOOKS : [caiit]. — URL.: https://www.iprbookshop.ru/80519.html

. I'epranos, B. 1. Pagnoxumus : yae6HO-MeToandeckoe nocodue : B 2 yactsax / B. W. 'epranos.

— Munck : BI'Y, 2017 — Yacte 2 : Hcnosnb3oBaHue pajuOU30TONOB ISl PEIICHUS
npaktndecknx 3agad — 2017. — 119 c. — ISBN 978-985-566-405-6. — Tekcr :
9JeKTpoHHBIM  //  Jlamb  :  2JeKTpoHHO-OMOnmoreunas  cucrema. —  URL:
https://e.lanbook.com/book/180646

YyeoHo-MeTOANIECKAS

Jlogonsckas 3. B. Pagumoxumus : MeroaMyeckue YKa3aHHMsl CaMOCTOSITENbHOM padOThI

OaxanaBpoB HampasieHus nojarotosku 04.03.01 Xumus / 3. B. Ilononsckas; Y'Y, Dkomn.
dak. - VYapsHoBck : Yul'V, 2019. - 12 c. - HeonyOnuxoBanusiii pecypc. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/10922 . - Pesxum noctyna: 9bC Yul'V. - Teker
. DJIEKTPOHHBIMN.

CornacoBaHo:
Crnenunanuct eyt Hb Yal'V_/ Craponbuukosa J1.P. _|29.08.2024

JIOMKHOCTB COTPYIHUKA HAYYHOH OHOITHMOTEKH DdUO MOJIHACH nara
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B) IIpodeccuonanbHbie 6a3bl JaHHBIX, HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

1. DJ1eKTPOHHO-0HOIHOTEYHbIE CUCTEMbI:

1.1. Hudposoii obpasoBarenbHbii pecypc IPRsmart : snextponHO-OnMOMIMOTEUYHAS
cucTema : cait /

OO0 Kowmnanus «Au Ilm Ap Meaua». - Capatos, [2024]. — URL:
http://www.iprbookshop.ru. — Pexwm

JIOCTyNa: JUIsl 3apETUCTPUP. MOJIb30BaTENEH. - TEKCT : JIIEKTPOHHBIM.

1.2. O6pazoBatenshas wiarhopma FOPAMT : oGpazoBaTenbHblil pecype, MeKTPOHHAS
oubnuoreka :

caiit / OO0 Drnekrponnoe m3marenbctBo IOPAMT. — Mocksa, [2024]. - URL:
https://urait.ru. — Pexum

JOCTyMa: JIJIsl 3apPETUCTPUP. MoJIb3oBarTeseil. - TeKCT : 3JIeKTPOHHBIH.

1.3. ba3a pgaHHbIXx «OnekTpoHHas Oubmmoreka TtexHuueckoro BVY3a (OBC
«KoHCynbTaHT CTYAEHTaY) :

IIEKTPOHHO-O0MOIMoTeuHas cuctema : caidit / OO0 IMomutexpecypc. — Mocksa, [2024].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum pmoctyma: s
3apPErUCTPUP. MOJIb30BaTENEH. — TEKCT : JIEKTPOHHBIN.

1.4. KoHcynbpTaHT Bpaua. DIEKTPOHHAA MeIULIMHCKas OuOInoTeKa : 6a3a JaHHbBIX : CAalT
/ OO0 Beicmas nkoja OpraHu3aliy ¥ yIpaBJIeHHs 3ApaBoOXpaHeHneM - KoMIUIeKCHBIH
MEIUIUHCKUI KoHcanThHr. — MockBa, [2024]. — URL: https://www.rosmedlib.ru. —
Pexxum noctyna: s 3apeructpup. moiab3oBaTtenei. — TEeKCT : 3JIEKTPOHHBIM.

1.5. bospias MeTMIIMHCKAsE OMOJIMOTEKA © AJICKTPOHHO-OMOIMOTEYHAs CUCTEMA : CAMT /
OO0O bykan. — Tomck, [2024]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum
JOCTyMa: JIJIsl 3apETUCTPUP. Mosib3oBareneil. — TeKCT : 3IeKTPOHHBIN.

1.6. OBC Jlans : anmekTpoHHO-O0uOMoTeuHas cucrema : caiit / OO0 DBC Jlanb. — CaHKT-
[MerepOypr, [2024]. — URL: https://e.lanbook.com. — Pexxum nocTyma: [uist 3aperucTpup.
IIOJIb30BaTeNe. — TEKCT : AIEeKTPOHHBIN.

1.7. 3BC Znanium.com : 31eKTpoHHO-01OIMoTeYHast cucteMma : caiit / OO0 3HaHHyM.
- Mocksa, [2024]. - URL: http://znanium.com . — Pexwum goctyna : Juist 3aperucTpup.
noJib3oBarenei. - TeKcT : AIeKTPOHHBIN.

2. KoncyastautIliwoc [ DnekTpoHHBIHN pecypc]: cipaBoyHas mpaBoas cuctema. /000
«Koncynbsrant ITmocy - Dnektpon. naH. - Mocksa : Koncynerantlnroc, [2024].

3. eLIBRARY.RU: Hnayunas snekrtponHHas OuOmmoteka : caiit / OOO «Hayunas
Onektponnas bubnmoreka». — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexxum
JIOCTyNA : JUIsl aBTOPHU3. MOJIb30BATENIeH. — TEKCT : 3JIEKTPOHHBIN

4. @enepanbHas rocyaapcrpeHnasi nHpopmanuonHas cucrema «HanuonaabHas
JJIEKTPOHHAsE OMOJMOTEeKa» : dJeKTpoHHas OuOnmoreka : caiitr / ®I'BY PI'b. —
Mocksa, [2024]. — URL: https://36.pd. — Pexxum noctymna : ans mosb3oBareseit
Hay4yHOU OMOMmoTeku. — TeKCT : ANeKTPOHHBIN.

5. Poccuiickoe od6pa3oBanme : dpenepanbHblil moptain / yupeautens PI'AY « ODULTO».
— URL: http://www.edu.ru. — TekcT : 3JeKTPOHHBIA.

6. JaextponHas OumOumoreynass cucrema Yal'V : Moayns «OnekTpoHHas
o6ubmuoreka» ABUC Mera-IIPO / OOO «Jara DOxcopece». — URL:
http://lib.ulsu.ru/MegaPro/Web. — Pexum poctyma : s MoJib30BaTeledl Hay4HOM
6ubmuoreku. — TeKCT : AIeKTPOHHBIH.
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