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1. BBE)J;EHHE 

)J;ml 34><l>eKTHBHOrO npOBe)J;eHHH pa,o;HOTepanHH Heo6XOAHMO 3HaTb DO· 

rnomeHHYIO A03Y B o6nyqaeMOH onyXOJIH H B OKpy)l(aJOI.J..U{X 3AOpOBbiX TKa

HHX, C TOliHOCTbiO He Xy)l(e 5% /1/ . )J;JIH MeAHUHHCKHX ny'IKOB tlaCTHU BbiCO

KHX 3HeprHH TaKaH TOliHOCTb HaxOAHTCH Ha rpaHH AOCTH)I(HMOrO. 

Mo)I(HO BhiAeJIHTh cneAYJOI.UHe 3Tanbi onpeAeneHHH A03bi a HHTepecyJO

meM oprane nauHeuTa: 1) a6conJOTHaH KanH6poBKa AeTeKTopa; 2) onpeAe

nenHe nornomeHHOH A03bl B KOHTpOJibHOH TO'IKe B cpaHTOMe H CODOCTaBJie

HHe C fiOKa3aHHHMH MOHHTOpa; 3) OTHOCHTeJibHbie H3MepeHHH npOCTpaHCT· 

BeHHOrO pacnpe)J;eneHHH A03bl B cpaHTOMe; 4) H3MepeHHH npOCTpaHCTBeHHO· 

ro pacnpeAeneuHH napaMeTpoa KallecTBa H3Jiyt~eHHH; 5) onpeAenenHe O)I(H

AaeMoro pacnpeAeneHHH 6HonorHt~ecKOH A03bl B opranax naUHeHTa c yqe

TOM TOfiOMeTPHH H OTHOCHTeJibHOH 6HOJIOrHlleCKOH 3cpcpeKTHBHOCTH; 6) YKJia

AblBaHHe naUHeHTa H o6nyt~enHe cornacuo noKa3aHHHM MOHHTopa. Ka)I(

AhiH H3 nepet~HCJleHHbiX 3TaDOB BHOCHT CBOIO norpElillHOCTb B onpe)J;eneHHe 

,l!.f)"3J:.f 0rHORHOP. ~HatleHHe ll03bl 3anaeTCH a6COJ110THbiM H3MepeHHeM B KOHT· 

pOJihHOH TO'IKe cpaHTOMa. 

UenbJO uacToHmeu pa6oTbi HBnHeTcH pa3pa6oTKa TeopeTHt~ecKH o6oc

uoaanuoro npaKTHt~ecKoro MeTOAa onpeAeneuHH nornomeHHOH A03bl 

B cpaHTOMe, o6ecneliHBaM!IUero TOliHOCTb, He06XOAHMYIO AJIH npoBeAeHHH 

pa,o;HoTepanHH. B Kat~ecTae cpanToMa paccMaTpHaaeTcH cocyA CTaHApaTHbiX 

pa3Mepoa, 3anonneHHbiH AHCTHJIJIHpoaanuou BOAOH. KaK ocHOBHOH AeTeKTOp 

HCfiOJlb3YeTCH HOHH3aUHOHHaH KaMepa (HK) . 

2. COBPEMEHHOE COCTO.HHHE TEOPHH llOJIOCTH 

QnpeAeJieHHe A03bl C fiOMOIUbiO HOHH3aUI{OHHOH KaMepbl OCHOBaHO 

Ha TeOpHH fiOJIOCTH, CBH3biBaJOIUeH HOHH3aUHIO ra3a C nornomeHHOH 3Hep

rHeH B eAHHHUe MaCChi MaTepHana, OKpy)l(aJOmero ra3oay10 nonocTb. Teo-· 

pHH nOJIOCTH 6bma nepBOHallaJibHO ccpopMyJIHpoaana Bp3rroM 121 H rp:r 

eM /S/ AJIH peHTreHOBCKOrO H raMMa-H3JiylleHHH H HHcpHHHTe3HMaJibHOH 

nonocTH. CymecmeHHoe pa3BHTHe TeopHH nonocTH AaJIH Cneucep H AT-
/4/ u /5-71 B THKC , a TaK)I(e PHA ApyrHX HCCJieAOBaTeneH . HaCTOHIUee BpeMH 

TeopHH nonocm AOCTaTOliHO xopowo pa3pa6oTana AJIH cnyt~aea, KOrAa 3a

pa><eHHMe ... CTJUthl, HOj;~'(O<e,n~!'?CTh, o6pa3ymTCR TOnhKO B rase 
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H CTeHKe KaMephl IIH6o BCe npHXO,IJ.HT TOIThKO H3BHe, DpHtleM 06hitlHO DOA· 

pa3yMeBaeTC.R BhinOITHeHHe ycnOBH.R paBHOBeCH.R o6pa3yiOI.UHXC.R 3ap.R)KeH

HhlX 'laCTHIJ;. 

B MeAHUHHCKHX nyt~Kax T.R)KMhiX t~aCTHU BhiCOKHX 3HepriDi: (BhiWe 

50 M3B) Ha6nroAaeTc.R Apyran KapTHHa: t~aCTHUbi, nonaAaromHe B nonocTL, 

o6pa3yiOTC.R KaK B CTeHKaX H ra3e KaaMephl, TaK H B MaTepHane cPaHTOMa, 

a TaK)Ke, BBHAY 6onhworo npo6era BTOpHtiHhiX 3ap.R)KeHHhiX qacTHIJ;, He acer

Aa HMeeT MeCTO HX paBHOBecHe. B TaKHX nyt~KaX, npH HCDOITh30BaHHH HOHH-

3aiJ;HOHHOH KaMepbl CO CTeHKaMH, OTITHtlaiOI.UHMHC.R no aTOMHOMY COCTaBy 

OT MaTepHana cpeAhl (cPaHTOMa), Aa)Ke B ycnOBH.RX paBHOBeCH.R 3ap.R)KeHHhiX 

tlaCTHIJ;, T.e. Ha AOCTaTO'IHO 6onhWHX rny6HHaX B cPaHTOMe, cymecTBYIOIUa.R 

TeOpH.R DOITOCTH Tpe6yeT MOAHcPHKaiJ;HH, D03BOIT.RIOIUeH Y'IHThiBaTh MHOro

CITOHHOCTh OKpy)KeHH.R DOITOCTH, B HaH6onee npoCTOM cnyqae- TpexcnoH:

HOCTh (ra3 - cTeHKa- cpeAa). 3Ta npo6neMa KatlecmeHHO paccMaTpHBanacb 
lfii n~ u 

ITHWb AIT.R 3neKTpOHOB • -'·'•".R T.R)KMhiX 'laCTHIJ; BhlCOKHX 3HeprHH npeA-

npHHHMaiTHCh DODhlTKH BBOAHTh K03cPcPHIJ;HeHThi, YliHThffiaiOIUHe AOITIO HOHH-

3aiJ;HH, npOH3BOAHMOH B DOITOCTH 'laCTHIJ;aMH, npHXOA.RIUHMH H3 pa3HhiX Ma

TepHaiTOB 191 . 0AHaKO TO'IHOCTh OIJ;eHKH 3THX K03cPcPHIJ;HeHTOB BeChMa Ma

na. 

B 6onee CITO)KHOM cnyqae CB.R3b HOHH3auHH ra3a C nornomeHHOH A030H 

B OKpy)KeHHH DOITOCTH onpeAeiT.ReTC.R C DOMOIUbiO 'IHCITeHHhlX pacqeTOB Me

TOAOM MoHTe-Kapno, An.R qero Tpe6yeTc.R 3HaHHe 3HepreTH'IecKoro cneKTpa 

'l..cU.:TIU.J,, i:i Ti:iKJKt: ,LJ,H~~t:}Jt:HJ..J,Hi:iJlbtil>lA (;i:'ii:HHH B;3Ciiiiviu)J;c::iC>Briii ucpBHmvi"v 

H BTOpHIIHoro H3nyt~eHHH c .RApaMH aTOMOB ra3a H MaTepHanoa, oKpy)KaiO

I.UHX nonocTb H 3anonH.RIOIUHX cPaHTOM. B HacTo.Rmee apeM.R TO'IHOCTh pe3ynb

TaTOB, nonyqaeMhlX TaKHMH paCtleT8MH AIT.R DYliKOB 'laCTHIJ; BhlCOKHX 3Hep

rHH, T8K)Ke HeBeiTHKa. 

HeKoTopoe npH6nH)KeHHe K OAHOPOAHOH cpeAe MO)KHO nonyt~HTh, HC

nonh3Y.R HK, CTeHKH lCOTopoH: H3roToaneHhl H3 CTaHAapTHoH: TKaHe3KBHBa

neHTHOH nnaCTMaCChl (T3ll) , H cPaHTOM, 3anonHeHHhiH TaKOH )Ke nnaCTMac

COH. Ho 3TO npHBOAHT K npaKTHtlecKHM orpaHHtleHH.RM H HeyAo6CTBaM, 

a nepeXOA OT nornomeHHOH A03hl B T3ll K nornomeHHOH A03e B BOAe HnH 

B TKaHH o6peMeHeH cymecTBeHHOH norpeWHOCTbiO H3·3a H36hiTO'IHOrO CO· 

Aep)KaHH.R yrnepoAa a T3ll: HanpHMep, An.R HeH:TpoHOB c 3HeprHeH: 6onee 

18 M3B 3Hat~eHH.R YAeiThHOH KepMhi B T3ll, ony6nHKOBaHHhie pa3HhiMH HC

cneAOBaTen.RMH, OTITHtlaiOTC.R 6onee qeM Ha 12% /lO, ll/ 

3HepreTHtl.ecKHH cneKTp tlaCTHIJ; B MeAHIJ;HHCKHX nyt~Kax BhiCOKHX 3Hep

rHH MO)KeT MeH.RTbC.R B 3aBHCHMOCTH OT ycnOBHH o6nytleHH.R H He Bcerna 

TO'IHO H3BeCTeH, liTO. TaK)Ke npHBO}J.HT K norpelllHOCT.RM OnpeneneHH.R }J.03hl 

Ha OCHOBe ITHTepaTypHblX AaHHhlX yAeiTbHOH KepMhl H ApyrHX napaMeTpOB 

B3aHMOAeHCTBH.R H3ITytieHHH C MaTepHanOM cpe}J.hl H CTeHOK HOHH3aiJ;HOHHOH 

KaMephi. 
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Bo H36e)KaHHe BhillleynoM.RHYThiX TPYAHOcTeii H coMHeHHH, aBTopoM Ha

CTo.Rmeii pa6oThi npeAnpHH.RTa nonhiTKa MOAHcPHKauHH TeopHH nono

CTH }J.IT.R TOrO, tiT06hi nonytiHTh o6myro cPOPMYITY, B KOTopoiJ 3cPcPeKT OTITH

'IH.R MaTepHana CTeHKH HOHH3aiJ;HOHHOH KaMephl OT MaTepHana cpeAhl ( cPaH· 

TOMa) Bhipa)KaiTC.R 6hi B HaiTH'IHH K03cPcPHIJ;HeHTa, Onpenen.ReMOrO 3KCnepH· 

MeHTaiThHO AIT.R KOHKpeTHOrO nytiKa H3ITytleHH.R. 

3. BhiBO,Il ,Il03HMETPHqECKOA <l>OPMYJ1hl 

PaCCMOTpHM o6nyqaeMbiH cPaHTOM, B KOHTpOITbHOH TOIJKe KOTOporo Ha

XOAHTC.R 3cPcPeKTHBHhiH n;eHTp ra30BOH DOITOCTH He6onhlllHX pa3MepoB 

(He HCKa)KaiOmeH: nepaH'IHoro noToKa H3ny'leHH.R) • llornomeHHa.R no3a B ra-

3e nonocTH D g MO)KeT 6hiTb Bhlpa)KeHa, cor nacHo onpeAeneHHIO no3bi, 

KaK 3HeprH.R E , nepenaHHa.R eAHHHn;e Macchi ra3a H yllleAllla.R Ha o6pa3oaa

HHeHoHoa: 

( 

ng = m Wq 
-;.-p v' (1) 

rAe W - 3HeprH.R HOH006pa30BaHH.R }J.aHHOrO BH}J.a H3ITy'leHH.R B paCCMaTpH

BaeMOM ra3e; q - 3ap.R}J. o6pa30BaHHhlX HOHOB; e - 3ap.R}J. 3ITeKTpOHa; 

p - DnOTHOCTb ra3a B yCITOBH.RX o6ny'leHH.R; V - 06'beM DOITOCTH. 

0THOllleHHe A03hi B OAHOPOAHOH cpeAe, oKpy)Karomeii ra3oayro nonoCTh, 

K nornomeHHOH }J,03e B ra3e .RBIT.ReTC.R DOCTOHHHOH BeiTH'IHHUH ,I.J,JIH lHJty'it:

HH.R onpeAeneHHOrO COCTaBa H onpeAeneHHblX cpe}J.hl H DOITOCTH. 3TO OTHO

llleHHe o6hitlHO o603HatiaeTC.R CHMBOITOM f H B p.R}J.e cnyqaeB MO)KeT 6hiTb 

AOCT8TO'IHO TO'IHO paCCtiHTaHO 
1121

• B .D;aiTbHeHllleM 6yAeM Ha3biBaTb 3TY Be

ITH'IHHY K03cPcPHIJ;HeHTOM A030BOrO OTHOllleHH.R (K,Il0): 

DA 
r = --
A/g Dg' 

(2) 

rne r A/ g - K,IlO cpeAhi A H ra30BOH nonocTH g; D A - nornomeHHaH no-

3a a cpeAe A, oKpy)Karomeu ra3oByro nonocTh, B cnoe, npHneraromeM K no

nocTH. TonmHHa cno.R - nop.RnKa pa3Mepoa ra3oBoii nonocTH B enHHHn;ax 

noaepXHOCTHOH MaCChi. 06hNHO B nytiKaX npOHHKaromero H3ITytieHH.R TOITIIJ;H

Ha paccMaTpHBaeMOfO CITO.R He.HMeeT 3HatieHHH BBH}J.y npaKTHtieCKOH paBHO

MepHOCTH A03hl B AOCTaTO'IHO OOITblllOM OKpy)KeHHH DOITOCTH, COOTBeTCTBYIO

IUeH ra30BOMY o6'beMy Manora6apHTHhiX HOHH3aiJ;HOHHhiX KaMep. 

3aBHCHMOCTb Me)I(Ay nornomeHHOH }J.030H B cpene H 3apH}J.OM, o6pa3yiO

l.UHMC.R B nonocTH, npencTaBn.ReTC.R cornacHo paaeHcrBaM (1) H (2): 

w q 
DA = _A A ----r 

epV A/g" 
(3) 
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.HuAeKc A npH 3HeprHH Houoo6pa30BaHHH B ra3e o6o3uaqaeT, trro paccMaTpH

aaeMlUI aenwrn:ua KacaeTcH cneKTPa 3apaJKeHHbiX qacrn:Q, HOHH3Hpyroi:QHx 
ra3 B yCJIOBHHX oKpyJKeHHH nonocTH cpeAOH A. 

3aMeHHM Tenepb ue6onLwoif cnou MaTepHana cpe,ll;bi (A), uenocpeACT

seuuo OKpyJKaJOI:QHH ra3oayro nonocTb, APYrHM MaTepHanoM (B). YcnoaHH 
B npeACTaBRHJOT CHTya:QHJO, OTpaJKaJOI:QyJO ¢lauTOM C noMei:QeHHOH B HeM 
HOHH3a:QHOHHOH KaMepOH C peanbHbiMH CTeHKaMH. 3a ClleT BBeAeHHH HOBO· 

ro MaTepHana B o6I:QeM cnyqae H3MeHHTCH cneKTp l!aCTH:Q, HOHH3HpyJOI:QHX 
llOROCTb, H COOTBeTCTBeHHO H3MeHHTCH 3apHA, o6pa3yJOI:QHHCH B ra3e nono

CTH. 0TuoweuHe 3apHAa, o6pa3yromeroca B yCJIOBHHX A H B ycnoBHHX B, 

0603Hal!HM CHMBOROM {3 H B AaJibHeifWeM 6yAeM Ha3biBaTb CTeHOl!HbiM K0-

3¢l¢lH:QHeHTOM AeTeKTOpa (CK,ll) : o. 

qA 
{3AIB = --, (4) 

qB 

npHlleM HHAeKc A o6o3uaqaeT ycnoBHH o6pa30BaHHH 3apaAa B nonocrn, 

OKpyJKeHHOH OAUOpOAHOH cpeAOH A, B HHAeKc B- TpeXCJIOHHYJO CHTya:QHJO 

(ra3- MaTepHan cTeHKH KaMepbi B- cpeAa A). YcnoBHH B MOJKHO paccMaT

pHBaTb H B 6onee CROJKHOH KOH¢lHrypa:QHH, OTpaJKaJOI:QeH OTAeJibHble KOHCT

pyKTHBHbie llaCTH HK. 
B ueKOTOpbiX cnyqaax CK.Il MOJKeT 6hiTb onpeAeneu l!Hcneuuo HnH aua

nHrnlleCKH qepe3 napaMeTpbi B3aHMOAeHCTBHH H3nylleHHH C MaTepHanOM cpe

Abl, creHKH H ra3a. Bo MHOrHX ApyrHx cnyqaax l!Hcneuuoe 3HalleHHe CK.Il 

MOJKeT 6hiTb HaHAeHO 3KCnepHMeHTaJibHO, COr naCHO onpeAeJieHHJO ( 4), C HC

UOJib30BaHHeM 110HH3aJ..IHOHHbiX KaMep OAHHaKOBOH KOHCTpyK1..111H, HO OTRH· 

llal011..111XCH MaTepHanOM CTeHOK, RHOO OAHOH KaMepbi, C TOHKOCTeHHbiM 3ReK
TpOAOM H CMeHHbiMH pa,ll;HaTopaMH /IS/ . 

Yl!HTbiBllR paaeucTBa (3) H (4), nonyqaeM o6ruyro A03HMeTpHlleCKYJO 

¢lopMyny, B KOTOpOH OTRHl!He A03HMeTpH11eCKHX CBOHCTB KOHCTpyKTHBHbiX 

MaTepHanOB HK oT csoifcTB MaTepHana cpeAbi BbipaJKaeTCH B eAHHOM, 3Kcne
pHMeHTanLuo onpeAenaeMOM Ko3¢l¢lH:QHeHTe f3: 

WA q B 
----r AI '{3 AlB' epV g DA (5) 

rAe q8 - 3apH,ll;, o6pa30BaHHbiH B liYBCTBHTeJibHOM 06'beMe HOHH3a:QHOHHOH 
KaMepbi THna B, noMemeuuoif B ¢lauToM,3anonueuuLm MaTepHanoM A. 

Ha COCTaB H cneKTp H3nyqeuHH, lla,ll;aJOI:Qero ua ¢laHTOM, H COOTBeTCTBeH

HO, HOHH3Hpyroi:Qero llOROCTb, npH BbiBOAe ¢lopMynbl ( 5) He HaKnaAbiBaJIOCb 

npaKTHlleCKH HHKaKHX orpaHHlleHHH. <l>opMyna HOCHT o6I:QHH xapaKTep H, 
KaK 6yAeT llOKa3aHO HHJKe, ll03BORHeT ua OCHOBaHHH H3MepeHHH 3apHAa 

H HeKOTOpbiX napaMeTpOB KallecTBa H3nylleHHH B KOHKpeTHOM nyl!Ke onpeAe

RHTb nornomeuuyro A03Y B cpeAe, 3anonHHromeif ¢lauToM MH MHOrHX nyq

KOB npOHHKaJOI:Qero H3RylleHHH, AaJKe B TeX cnyllllRX, KOrAa COCTaB H cneKTp 
H3nyqeuHH HeH3BecTHbl. 
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4. qACTHhlE CnYqAH 

Pa3nHliHLie pe3ynbTaTbi BnHHHHH cTeHOK KaMepbi ua BRA npHeMneMoro 

BbipaJKeHHH A03HMeTpHlleCKOH ¢lopMyRbl ARH pa3HbiX H3nyqeuHif HaH6onee 

YA06HO paCCMOTpen, B 3aBHCHMOCTH OT OTHOWeHHH npo6era R 3apHJKeH

HbiX 'laCTH:Q, HOHH3HpYl011..111X nonOCTb, K 3¢l¢leKTHBHOH MHHe XOpAbi nono

CTH d (coomeTcmyromeif MeJK3neKTpOAHOMY paccTOHHHJO HK) H K TonmH

ue cnoa B (cooTaeTcmyromeif TonmHue cTeuKH KaMepbi). 

4.1. R « d 

3ToT cny11aif KacaeTCH npeJKAe acero MHrKoro peuTreuoscKoro H3nylle

HHH, a TaKJKe ueifTpOHOB npoMeJKYTOl!HbiX 3HeprHH, npH AOCTaTOliHO 6onbWOH 

llOROCTH. 11oHH3a:QHH ra3a npOHCXOAHT 3a ClleT l!aCTH:Q, o6pa3yJOI:QHXCH B Ca

MOM ra3e. B AaHHOM cny11ae 

f3 = 1, 

kA 
r Alg = ~· 

WA = W8 = W, 

q, =q, =q, 

DA 
Wq kA 

-;pV. k;' (6) 

rAe k A, kg - YAeJibHlUI KepMa nepBHliHOrO H3nyqeHHH B MaTepHane cpeAbl 

H B ra3e COOTBeTCTBeHHO. ,llnH peuTreHOBCKOrO H raMMa-H3nyqeHHH OTHO· 

weuHe yAeRbHOH KepMbl MOJKHO 3aMeHHTb OTHOWeHHeM MaCCOBbiX K03¢l¢lH· 

:QHeHTOB nornorueuHa 3HeprHH. 
BnHHuHe CTeHKH KaMepbi B AaHHOM cny11ae ue o6uapyJKHsaeTCH ( c yqe

TOM orpauHl!eHHH 0 HeHCKaJKeHHH nepBH'IHOrO nyl!Ka). 

4.2. R .s; B 
~ ( 

TaKaR CHTya:QHH HMeeT MeCTO MH raMMa-H3nyqeuHH C 3HeprHeH, ue npe-

BbiWaJOI:QeH - 2 M3B, a TaKJKe MH 6LICTpbiX ueifTpouoa c 3HeprHeif, ue npe

Bbiwaromeif - 20 ~bB ( rpaHH:Qa 3HeprHH 3aBHCHT OT MaTepHana H TORl:QHHbl 
cTeHKH B). PaauoaecHe 3apaJKeHHbiX 'laCTH:Q, AOCTHraromHx nonocTH, non

uocTbJO o6ecne11euo. HouH3a:QHH ra3a ocymecTsnaeTca 3a c11eT 'laCTH:Q, o6pa-

3YJOI1..111XCH B CTeHKe HRH B ra3e. B AaHHOM CJiyllae 
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Wa rB/g kA 
{JA/B = --· --- • --, 

WA rA/g ka 

WBqB kA 
DA = .. - rB/ • (7) epV k

8 
g 

3aBHCHMOCTb K,ZJ;Q 6hiCTpbiX HeHTpoHOB OT OTHOWeHHH npo6era BTOpH'IHhiX 

3ap.R)I(eHHhiX qaCTHU K pa3Mepy nonocm MO)I(eT 6hiTb onpe.u.eneHa cornacHo 

pacqeTHhiM .U.aHHhiM MaKapesHqa H llwoHhi
1121• Ycpe.u,HJIJI npo6erH, H3 3THX 

.u,aHHhiX MO)I(HO nOJiyqHTb npH6JIH)I(eHHYJO <l><>PMYJIY 

rB/g = (~. d' 
ka d' + R- + 

1 ~)-1' 
d' + R 

(8) 
S B/g 

r.u,e d' - yTpOeHHOe Me)I(3JieKTpO.U,HOe paCCTOJIHHe nJIOCKOnapaJIJieJibHOH 

HK; 8 B/g - OTHoweHHe MaccoBhiX TOpM03HhiX cnoco6HOCTeH B MaTepHane 

CTeHKH H B ra3e; k 8 - Y.U.eJibHa.R KepMa nepBH'IHOrO H3JiyqeHHH B MaTepHane 

CTeHKH. 

4.3. d « R $ B 

3TOT CJIY'IaH OTJIHtlaeTCJI OT npe.u,bi.U.ymero TeM, liTO KacaeTCJI H3JiyqeHHH, 

orpaHHqeHHoro no 3HeprHH (To'IHee no npo6ery a;ropH'IHhiX 3ap.R)I(eHHhiX ~~a

emu) He TOJibKO csepxy, HO H CHH3Y • .llHana3oH paccMaTpHBaeMoro raMMa

H3JiyqeHHH npHMepHo 0,1 + 2 M3B, HeHTpoHHoro H3nyqeHHH - 3 + 20 M3B, 

npH MaJihiX pa3Mepax nonocTH. ,lln.R 3Toro cnyqa.~~ H3 Bhipa)l(eHHH (8) cne

.U.YeT 

rB/g = 8 B/g' 

OTKy.u.a, cornacHo (7), 

D = A 
WBqB 

epV 

kA 
k- SB/g• 

B 
(9) 

uo npe.u,cTaBJIHeT co6ou <l><>PMY1lY, npHMeH.ReMyJO npH onpe.u.eneHHH .U.03hi 

B KJiaCcHqecKOH pa.u,HOTepanHH C nOMOmbJO raMMa-H3JiyqeHHJI H 6hiCTpbiX 

HeHTpOHOB. 

CTeHO'IHhiH K03lPlPHUHeHT .u,eTeKTopa B .u.aHHOM cnyqae HMeeT BH.U. 

fJ A/ = .!B... ~LI-. ~L 
B WA SA/g ka 

W8 _ • _I:JL . -~~. k A _, 

WA LA LgB ka 

r.u.e LA, L 8 - TOpM03Ha.R cnoco6HOCTb qacmu B MaTepHane, oKpyJKaromeM 

nOJIOCTb, B ·CJIOe, npHJieraromeM K nOJIOCTH, COOTBeTCTBeHHO B ycnOBHHX A 
H B; LgA , L18 - TOpM03Ha.R cnoco6HOCTb t~acTHU B ra3e .II.JIH 3HepreTH'Iec

Koro cneKTpa t~aCTHU, B ycnoBHHX A H B. 
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4.4. d < B « R 

Bee t~aCTHUbi npHXO.IJ.HT H3BHe cnoH B, oKpy)l(aJOmero nonoCTb. TaKa.~~ 

CHTYaQHH npH6JIH3HTeJibHO (c TO'IHOCTbJO .U.O pa3JIHtfHH B reHepaUHH .U,eJibTa-

3JieKTpOHOB) OTpa)l(aeT o6nyqeHHe C nOMOIUbJO 3apHJKeHHhiX tlaCTHU, He npo

H3BO.IJ.HmHX JI.U,epHbiX peaKUHH, HanpHMep, C nOMOIIJ;bJO 3JieKTpOHOB C 3Hep

rHeH B HecKOJibKO M3B: 

WB 
fJA/B = WA 

~A L -, 

W A ,. W8 = W, 

DA 
WBqB 

epV 

gB 

LA 

Lga 

Wq __ !Ls 
epV A!g· 

4.5. R1 « d « R 2 ::;: B « R s 

(10) 

B 3TOM cnyt~ae 3apH)I(eHHhie t~aCTHUhi cocTaBJIHJOT 3 pa3Hhie rpynnhi: 

c ManhiM (Rl ) , cpe.II.HHM (R2) H 6onbWHM (Rs) npo6eraMH. TaKa.~~ cHTya

UHH HHOr.U,a npH6JIH)I(aeTCJI K o6Jiy'leHHJO qaCTHUaMH C 3HeprHeH B HecKOJib· 

KO .U,ecHTKOB M3B, KOr.U,a OCHOBHOH BKJia.II. B .U,03y C03.II.aJOT npOTOHbl (c npo-

6eroM R3 , 3Ha'IHTeJibHO npeBbiWaJOJ..UHM TOJIJ..UHHY CTeHKH KaMepbi), MblPa-
,...,..,,...,.. ... ~,. ... ,.,. In ....,.,....,...e::_,......,,...,. • l) _ ,..,.,.. .....,.,....,.._....,.,. ,., ... ,..,... ... ,...,..,..,..,..,. .. ....,,.... 'O"T ...... ,.,.,.,...,.,.,. .......... ,..,,.. ....... ,.,. ... ,.,..... .....,.,.... .... .,.,. ...... 

~'"'.I.JI:.&~ .... .I. \""" &.1..1-''V''-'"".&. ............ ..,.,. i::;' .1.&'-' .L.l}"'-"U.I.#.I.&.A.J."'-.&V ................. -. ... .L'V'oi.L .......... .I:.L.I.J..&.U. V.I. .... J..I..I.'-.I:J., .&.I.- .1..1.-JJ..I..lV-

CTbJO nepeceKaromHM nonocTb) H H.II.pa oT.u,at~H (c npo6eroM MeHbWHM, '!eM 

MeJK3JieKTpo.u,Hoe paccTOHHHe HK) . Yt~HThiBa.R a.u..u,HTHBHOCTb 3apH.u.a H .u,o3bi, 

HecJIO)I(HO noJiyqHTb 

fJ I 
- Wa • ~~~AgJ~~~L~_asL~-

A a-
WA kgl+kB2/(SB/g)2+asLg3 

kA1+ kA2 + agLAS ---
r - -------------- ' 
A/g- kgl+ kA2 /(SA;g)2+ agLg3 

DA = WBqJL 
epV 

kAl+kA2 +asLAS 

k-1 + kB;-/(SB~>:-:-a--;L3' 
g ( . g g 

(11) 

npHqeM UHlPPOBOH HH.U,eKC 03HaqaeT, liTO paCCMaTpHBaeMa.R BeJIH'IHHa KacaeT

CH t~aCTHU c npo6eroM coomeTCTByromeii rpynnhi; ag - OTHoweHHe <PmoeH

ca .u,nHHHonpo6e)I(HbiX '!aCTHU Ha rpaHHue nonocTH K ¢nroeHcy Bcex nepBH'I· 

HhiX qaCTHU; kMi - 3HeprHH 3apHJKeHHbiX '!aCTHU C npo6erOM rpynnbi i , 
Bhi.U,eJI.ReMaH B e.U,HHHUe MaCChi MaTepHana M B paccMaTpHBaeMOH TO'!Ke, 

Ha O.II.HY nepBH'IHYJO 'laCTHUY. 

<I>OpMyna (11) He BCer.u,a MOJKeT 6biTb HCnOJib30BaHa .U,JIH TO'IHhiX pac

'leTOB .U,03bl, TaK KaK qmrypHpyromHe B HeH napaMeTpbi He BCer.u,a .U,OCTynHbl, 
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O,ZUiaKO OHa MO)l(eT 6hiTb none3HOH Amt oueHKH A03hl H BnHHHHH ee OTAeJib

HhiX KOMITOHeHT. 

4.6. R » d 

3TO cny'IB.H, KOrAa eAHHCTBeHHhiM orpaHHlleHHeM HBJUieTCR npeHe6pe)l(e

HHe HOHH3aUHeH ra3a 3a C1JeT 1JaCTHU, o6pa3YJOIIUIXCR B CaMOM ra3e. MO)l(HO 

C1JHTaTb, 1JTO npH AOCTaT01JHO MaJihiX pa3Mepax nonOCTH 3TO KacaeTCR n01JTH 

BCeX MeAHUHHCKHX ny'IKOB BhiCOKHX 3HeprHif • .[lrrR KOHKpeTHOrO ny'IKa 

uenecoo6pa3HO, OAHaKo, npoaepHTb anHRHHe ra3a oueH01JHhiM pacqeToM HnH 

3KCnepHMeHTaJibHO, HaiTpHMep H3MeHRR AaBneHHe HnH COCTaB ra3a B nonOCTH 

nu6o H3MeHRR pa3Mep nonocTH. B paccMaTpHaaeMOM cny11ae rA/g= S A/g, 
H 06IUaR A03HMeTpH11ecKaR !fx>pMyna MO)l(eT 6hiTb npeACTaaneHa KaK 

D = A 
WAq B 

epV SA/gf3AIB• (12) 

rAe SA/g OTHOlllemte orpaHHtleHHhiX MaCCOBhiX TOpM03HhiX cnoco6HOCTeH 

MaTepuana cpeAhi H ra3a, ycpeAHeHHoe no cneKTpy 3apn)l(eHHhiX qacruu B Me

cTe pacnono)l(eHHR nonocTH. OrpaHH1JeHHe KacaeTcn y11eTa AeJILTa-3neKTpoHOB 

C npo6eroM, He npeBhllllaJOIUHM pa3MepOB nonOCTH. 3neKTpoHbl C 6onblllHM 

npo6erOM AOn)l(Hhi paCCMaTpHBaTbCR KaK OTAeJibHbie 1JaCTHUhl. 

llpaKTH1JeCKOe HCnOnb30BaHHe cPOpMYnhi (12) AnR onpeAeJieHHR a6co

nJOTHOrO 3Ha1JeHHR nornomeHHOH A03hl B cPaHTOM~ B MeAHUHHCKHX nyqKax 

'laCTHU BhiCOKHX 3HeprHH 6yAeT npoAeMOHCTpHpoBaHO HH)l(e. 

5. OOPE.UEJIEHHE OAPAMETPOB .U03HMETPI11JECKOA 

<l>OPMYJihl 

5.1. 06oeM KaMephi, V 

A6conJOTHoe 3HatJeHue tJYBCTBHTeJILHoro o6'beMa HOHH3aUHOHHOH KaMe

phi, ecnH OHO He H3BeCTHO H3 reoMeTpH'IecKHX pa3MepOB nonOCTH, onpeAe

nReTCR nyTeM KaJIH6poBKH. KanH6poBKa MO)l(eT 6hiTb npoBeAeHa a none 

H3ny1JeHHR, CXOAHOrO no COCTaay C ny'IKOM, B KOTOpOM npeAUonaraeTCR 

npOBOAHTb H3MepeHHR, nH60 B none CTaHAapTHOrO raMMa-H3ny'leHHH H30TO

na 6°Co. PeKOMeHAYeTCR HCnonb30BaTb HMeHHO 3TOT H30TOn AJIR AOCTH)l(e

HHH eAHHCTBa rpaAyHpoB01JHhiX nOCTORHHhiX, HCnOnL3yeMbiX B na6opaTOpH

RX acex cTpaH. KanH6poaKa npoBOAHTCR nyTeM cpaaHeHHH 3apRAa, o6pa3yJO

merocn B rpaAyHpyeMoif HK, c 3apnAOM B 3TaJIOHHOH KaMepe H3BeCTHoro 

o6'beMa /14/. llpH TaKOM cnoco6e He Tpe6yeTCR 3HaHHR KOnH1JecTBeHHhiX na

paMeTpOB HCTO'IHHKa H3ny1JeHHH. EcnH )l(e HMeeTCR B pacnopR)l(eHHH 3TaJIOH

Hoe none H3Jiy1JeHHH C XOpOlllO H3BeCTHOH 3KCn03HUHOHHOH A030H HJIH Kep

MOH B CTaHAapTHOM MaTepuane. o6oeM rpaAyHpyeMoif HK onpeAeJieReTCR 

KaK 

8 

V = ( W S818 1L M/Bllk . -~) ' 
ep KM c 

(13) 

rAe K M - KepMa B CTaHAapTHOM MaTepHane M B KOHTponLHOH T01JKe 3TaJIOH

Horo nonR H3Jly1JeHHH; IL Ml B - OTHOllleHHe MaCCOBhiX K03cPcPHUHeHTOB no

rnomeHHR 3HeprHH B CTaHAapTHOM MaTepHaJie H B MaTepHaJie CTeHKH KaJIH6-

pyeMOH KaMepLI; llk - npoH3BeAeHHe nonpaaotJHhiX K03cPcPHUHeHTOB, y'IH

ThiBaJOIUHX nornomeHHe H pacceRHHe H3nyqeHHH cTeHKaMH HK 
114~ HHAeKc 

C YKa3hiBaeT, 'ITO BCe napaMeTpbi OTHOCRTCR K ycnOBHHM KaJIH6pOBKH. 

llpH npoBeAeHHH KaJIH6pOBKH MaJIOra6apHTHhiX cl>aHTOMHhiX 11K B CBO· 

6o,ZUioM npocTpaHCTBe a none H3ny'leHHH H30Tona 6°Co, KaK npaaHno, 

c uenLJO o6ecne1JeHHR 3neKTpOHHoro paaHoaeHHR, cneAyeT yaeJIH'IHTb TonmH

Hy CTeHKH KaMephi AO = 0,4 r/CM 2 , HanpHMep, C nOMOIUbJO COOTBeTCTBYJO· 

IUHX KOnnatJKOB, H3rOTOBneHHhiX H3 TaKOrO )l(e MaTepHaJia, KaK H CTeHKH 

HK. 

lJHcneHHhie 3Ha1JeHHR nocTORHHhiX napaMeTpoa AJIR HK co cTeHKaMH 

H3 T3n, 3anonHeHHhiX aTMoccl>epHhiM B03AYXOM, B none raMMa-H3ny'leHHH 

H30Tona 6° Co cocTaanRJOT: W = (33,97 ± 0,06) 3B 
1151; SB/g = 1,142

116f 
ILM/B = 1,0, ecnH KepMa 3TaJIOHHoro nonR noAaeTcR AJIR T3n, nH6o ILwB= 
= 0,908/16/, ecnH 3TaJIOHHOH RBnReTCR KepMa B B03Ayxe. llpHBeAeHHbie AaH

Hhie KaCaJOTCR cyxoro B03AyXa B HOpMaJibHhiX YCJIOBHRX. llonpaB01JHhiH 

K03cPcPHUHeHT nornomeHHR B ITJiaCTMaCCOBhiX CTeHKaX TOniUHHOH 0,6 r/CM 

AJIR raMMa·H3ny1JeHHR H30TOna 60 Co paBeH 0,990 161
. 

Ecnu uccneAyeMaR HK repMeTH1JHa, TO npH KaJIH6poaKe o6hi1JHO onpe

TTPTTAPTf'A Hf' OO'hf'M KaMP!JhL a Macca ra3a. T.e. n!>OH3BeneHHe V 0 • 

5.2. llnOTHOCTb ra3a, p 

llJIOTHOCTb ra3a 3aBHCHT OT ero AaBneHHR H TeMnepaTyphi. ,llnR B03AY· 

xa H MHOrHX ApyrHX ra30B npH KOMHaTHbiX TeMnepaTypax H He 01JeHb BhiCO· 

KHX AaBneHHHX MO)l(HO BOCnOnb30BaTbCR npH6nH)l(eHHeM HAeaJibHOrO ra3a: 

p 
pTo 

= --p, 
p T o 

0 

rAe p , T - coomeTcmeHHO AaaneHHe H TeMnepaTypa ra3a so apeMR npo

BeAeHHH H3MepeHHif; P0 - nnOTHOCTb ra3a B CTaHAapTHhiX ycnOBHHX. ,llnR 

cyxoro B03Ayxa p
0 

= 1,1818 Kr/M 3 npH AaaneHHH P0 = 100 Klla H TeM

nepaType T
0 

= 293,16 K. • 
I 

5.3. llapaMeTphi KatJecTBa 

llapaMeTphi, XapaKTepH3YJOIUHe Ka1JeCTBO H3ny1JeHHH, B cPOpMyne (12) 
HenocpeACTBeHHO He BhiCTynaJOT. 0AHaKO OHH HY)I(Hhl AJIR oueHKH O)l(HAae

MOrO 6HOnOrH1JecKoro AeHCTBHR H, KaK 6yAeT noKa3aHO HH)l(e, MOryT 6biTb 

HCnOnb30BaHhl AJIR onpeAeneHHR 3cPcPeKTHBHOrO 3Ha1JeHM 3HeprHH HOH006-

pa30BaHHR H OTHOllleHHH 3cPcPeKTHBHhiX TOpM03Hhi:X cnoco6HOCTeH B HCCJie

AYeMOM nyqKe H3ny1JeHHR. 
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3,necb n~~araeTCH HCnOJib30BaTb peKOM6HH~HOHHbiH napaMeTp Ka

'llecTBa (PllK) /l I , JierKO H3MepHeMbiH C nOMOI.UbiO HOHH3aunoimou KaMe

pbi, HaiTOJIHeHHOH TKaHe3KBHBaJieHTHbiM ra30M npH .ZJ;aBJieHHH HecKOJibKO 

COT KHJIOnaCKaJieH, C Y'lleTOM HBJieHHH JIOKaJibHOH peKOM6HHaUHH HOHOB: 

1 - t 
QR = --a-, (14) 

r,ne Q R- peKOM6HHaUHOHHbiH napaMeTp Ka'llecTBaj f - 3<f><f>eKTQBHOCTb C0-

6npaHHH. HOHOB B yCJIOBHHX 06Jiy'lleHHH (KacaeTCH noTepH HOHOB TOJibKO 

3a C'lleT JIOKaJibHOH peKoM6HH~nn); R = 1 - f c - .nonH nouoa, peKoM6HHH

PYIOLUHX JIOKaJibHO B none CTaH,napTuoro raMMa-H3Jiy'lleHHH H30Tona 
6

° Co. 

B .nan&uenmeM 6y.neT no.npa3yMeBaTbCH, 'liTO PllK onpe.nenHeTCH npn TaKOH 

uanpH:lKeHHOCTH 3JieKTpnt~ecKoro nonH B MK, npn KOTopou R = 0,04, T.e. 

3<f><f>eKTHBHOCTb C06HpaHHH HOHOB AJIH CTaH,napTHOrO raMMa-H3Jiy'lleHHH CO

CTaBJIHeT fc = 0,96. 

PllK 3aBHCHT OT JIHHenuou nepe,na'IIH 3Heprnn, TO'IIHee OT JIOKaJibHOH 

nJIOTHOCTH HOHH3~HH B 06'beMaX pa3MepOM nopH.D;Ka HecKOJI'bKHX MKr/cM2 . 
qncneuuoe 3Hat~enne PllK o6bl'IIHO ot~eHb 6nn3KO 3Hat~eHHIO K03<f><PnunenTa 

Ka'lleCTBa H3Jiy'lleHHH - napaMeTpa, IIIHpOKO HCnOJib3yeMOrO B .ZJ;03HMeTpHH 

AJIH uenen pa.nnaunouuou 6e3onaCHOCTH. MMeiOTCH 3KCnepHMeHTaJibHbie .nau

Hbie no rny6HHHOMY pacnpe.neneHHIO PllK B <f>aHTOMe,o6nyt~aeMoM npoTona

MH c 3Heprnen 200 M3B /l9// npoToHaMH 660 M3B 
120 ~ nenTponaMH co cpe.n

uen 3Heprneu 350 M3B
121 

' 17'-Me30HaMH 
1221 

H ny'IIKaMH .npyrnx 'lla

CTHU ~23/ . Mo)I(Ho TaK:lKe aocnonb3oaaT&CH pact~eTHblMH 3Ha'lleHHHMH PllK 

JIH60 K03<f><f>nuneHTOB Ka'llecTBa. 0.ZJ;HaKO 6onee .ZJ;OCTOBepHbiM HBJIHeTCH on

pe,neneune PllK uenocpe.ncrneuuo B KOHKpeTHOM nyt~Ke B ycnoBHHX o6ny

'lleHHH. 

5.4. 3ueprHH HOH006pa30BaHHH, W 

Cpe.nnHH 3HeprnH, n.nymaH ua o6pa30BaHHe o.nuon nap&I nouoa B ,naH

HOM ra3e, 3anOJIHHIOI.UeM nOJIOCTb, 3aBHCHT rJiaBHbiM 06pa30M OT CKOpOCTH 

3apH:lKeHHbiX 'llaCTHU B nOJIOCTH, T.e. B o6meM CJiy'llae 3aBHCHT OT COCTaBa 

H cneKTpa H3JIY'IIeHHH, Ha KOTOpbie B HeKOTOpoH CTeneHH BJIHHIOT TaK:lKe pa3-

Mepbl nOJIOCTH H aTOMHbiH COCTaB MaTepnana, OKpy:lKaiOI.Uero nOJIOCTb. 3Ta 

3aBHCHMOCTb He CHJibHaH, H HHOr,na .ZJ;OCTaTO'IIHO JIHIIIb npH6JIH3HTeJibHO OUe

HHTb 3<f><l>eKTHBHYIO 3HeprH10 'llaCTHU, HOHH3HpYJPLUHX noJIOCTh, 'IIT06bi onpe

A6JIHTb 3HeprHIO nouoo6pa30BaHHH no Ta6nH'IIHmM ,naHHbiM. O.nnaKo B pH.ne 

CJiy'llaeB H npH6JIH3HTeJibHaH OUeHKa ,neHCTBYIOI.Uero cneKTpa B KOHKpeTHblX 

ycnoBHHX o6ny'lleHHH 6hmaeT 3aTpy.nnnTeJibHOH, a B cnyt~ae t~aCTHU BbiCOKHX 

3HeprHH, .ZJ;a:lKe npH H3BeCTHOM 3HepreTHllecKOM cneKTpe, .ZJ;OCTOBepHblX Ta6-

JIH'IIHbiX .ZJ;aHHbiX 3HeprHH HOH006pa30BaHHH nOKa He HMeeTCH. 

ABTOpOM HaCTOHI.UeH pa60Tbl npe,nnpHHHTa nonbiTKa yCTaHOBHTb COOT

HOIIIeHHe 3HeprHH HOH006pa30BaHHH C peKOM6HHaUHOHHblM napaMeTpOM Ka

'llecTBa H3Jiy'lleHHH B KOHKpeTHOM M8.ZJ;HUHHCKOM nyt~Ke. llpH 3HeprHH 3apH

:lKeHHbiX 'llaCTHU, npeBhima10men onpe.neneHHbiH nopor (.nnH npoTouoa 3TOT 
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Puc.]. ConoCTtJB/IeHUe 3fJBUCUMOCTU 

3Hep2UU UOH006p030BOHUR U K03rjirjiu

ijUeHTa KO'IeCTBO OT 3Hep2UU HeUTpoHOB. 

nopor COCTaBJIHeT - 70 K3B) , 

PllK H3MenHeTcH npn H3MeneHHH 

CKOpoCTH 3apH:lKeHHbiX 'llaCTHU 

npH6JIH3HTeJibHO TaKHM :lKe o6pa-

30M, KaK H3MeHHeTCH H 3HeprHH 

HOHOo6pa30BaHHH. 

llpoHJIJIIOCTpHpyeM 3TOT Te-

3HC ua npnMepe Manora6apnTnon 

VV/Wc a 
1,15c;:::::::::::::lllliil II lilllii r15 

1,10 10 

1P5t 1 1 • 1 11 10: · 1 • 1 1 
1~~ 1 t 5 

0,2 Q5 1 2 5 10 
En.MaB 

HOHH3aUHOHHOH KaMepbi, o6nyqaeMOH 6biCTpbiMH HeHTpoHaMH, 6e3 <f>aHTOMa. 

B 3TOM cnyt~ae 3HeprnH nouoo6pa30BaHHH uan6onee CHJihHO (no cpaaueun10 

C ,npyrHMH BH.ZJ;aMH H3Jiy'lleHHH H ,npyrHMH yCJIOBHHMH) H3MeHHeTCH C 3Hep

rneH nepBH'IIHOrO H3Jiy'lleHHH, npH'IIeM HeMOHOTOHHO. 

Ha pnc.1 npe.ncTaaneua 3aBHCHMOCTh 3Heprnn nouoo6pa30BaHHH oT 

3HeprnH HeHTpOHOB B TKaHe3KBHBaJieHTHOM ra3e, 3aiTOJIHHIOI.UeM HH<f>HHHTe-

3HMaJibHYIO nonocT&, oKpy:lKenuyiO cnoeM T3ll, o6ecne'IIHBaiDLUHM paauoae

cne 3apH:lKeHHblX 'llaCTHU, HO He C03Aa101UHM B03MO)I(HOCTH nOBTOpHbiX B3aH

MO.ZJ;eHCTBHH 
1241. Ha3TOM :lKe pncynKe ,naHa 3aBHCHMOCTb Ko3<f><f>nunenTa Ka

':l.~la·ua J..I.JlH l,;Jlt:=K1IJi:1 ~i::lJJHJt\t::HnDlA ':tc:tt:..itiii. c T8I1, v6.uy~Ci~iviVi':i. 5u:;:.::-rpi.t:i.iviZ:i. 

uenTponaMH. Ko3<P<PnuneuT Kat~ecma pacc'IIHTaH cornacuo MeTo.nnKe n nc

xo.n;HhiM AaHHbiM, ony6JIHKOBaHHbiM 3n6epToM n .np/
251

. Ban.ny no.no6nH 

3aBHCHMocm Ko3<f><PnunenTa Kat~ecma n PllK oT nnueuuou nepe.nat~n 3uep

rHH, MO)I(HO C'IIHTaTb, 'liTO npe.D;CTaBJieHHaH 3aBHCHMOCTb OTpa:lKaeT H 3aBHCH

MOCTb oT 3HeprHH uenTponoa uenocpe.ncTaeuuo H3MepHeMoro napaMeTpa, 

PllK. 

KaK BHAHO H3 pnc.1, o6e KpHBbie KaK 6bi nOBTOpHIOT ,npyr .npyra: cna.n 

O.ZJ;HOH H3 HHX COOTBeTCTByeT cna,ny ,npyroH, HMeiOLUHeCH pe30HaHCbi COOT

BeTCTBeHHO OTpa:lKaiOTCH Ha o6eHX KpHBbiX. 3TO ,naeT B03MO)I(HOCTb annpOK· 

CHMHpoBaTb 3HeprHIO HOH006pa30BaHHH npOCTOH 3aBHCHMOCTbiO: 

w= w [1 +f3w(Q -1)], 
~ C I 

(15) 

r.ne We- 3HeprnH nouoo6pa30BaHHH B .D.aHHOM ra3e AJIH CTaH.D.apTnoro raM

Ma·H3JIY'IIeHHH H30TOna 6°Co; Q - peKOM6HHa.IJ;HOHHblll napaMeTp Ka

'lleCTBaj f3w= 0,009- annpOKCHMHpyiOI.UaH llOCTOHHHaH. 

Pa3JIH'IIHe Me)I(.ZJ;y 3HatieHHHMH 3ueprnn Honoo6pa30BaHHH, nonyt~eHHbiMH 

c noMOI.UhiO <f>opMyJihi (15) 11 pacctiHTaHHbiMH MeTo.D.OM MonTe-Kapno 
1241 

He npeBbiUJaeT 1,5% BO BCeM npe,!l,CTaBJieHHOM ,!l,Hana30He 3Hepnlli HeHTpOHOB 
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Puc.2. 0THOCUTerlbHaJI 3HepzUR UOHOOD· 

pa306QHUJI 0/IJI MOH03HepUTU'IeCKUX 3/leK
• /26/ 

rpoHoe, a - no rfiopMyne Bau6en11 
6 - no rfiopMy.ne ( 15). 

H nOJIHOCTbiO YKJI~bmaercH B OWH6-
KH HMeiOI.UHXCH 3KCnepHMeHTaJibHbiX 
3Haqemrn :non aenuquuhi. 

ct>opMyna (15) TaK)I(e xopowo 
anDpoKCHMHpyeT 3HeprHIO HOH006-
pa30BaHHH AJIH pe.D;KOHOHH3HpYJOI.Ue

ro H3JiyqeHHH. Ha puc.2 npe.n;cTaaJieHa 3HepreTnqecKaH 3aBHCHMOCTb 3Hepruu 
HOHOo6pa30BaHHH .D;JIH MOH03HepreTuqecKHX 3JieKTpoHOB, nOJIHOCTbiO 3aTOp
MO)I(eHHbiX a ao3eyxe, paccqnTauHaH cornacHo <t>opMyne Ban6en.R, peKoMeH
.n;oaauHon Me)I()J;yHapo.n;Hon KoMuccueu no pa.n;uonoruqecKHM e.n;HHHQaM 
H H3MepeHHHM 128~ u paccqnTaHHaH qepe3 K03<l><l>nuneHT Kaqecma 1271, co
macHo <t>opMyne ( 15) • Pa3nuque He npeBbiWaeT .n;ecHTbiX .n;oneu npoueHTa. 

IJpH HCnOJib30BaHHH <l>aHTOMa TOqHOCTb annpOKCHMaQHH no <t>opMyJie 
(15) 3Ha~eJibHO yJiyqwaeTCH: npH BbiCOKHX 3HeprHHX -:3a cqeT 06bJqHO 

.D;OMHHHpYJOI.UeH HOHH3aQHH, C03.D;aBaeMOH .D;eJibTa-~JieKTpoHaMH, a B CJiyqae 
HeHTpoHOB npoMe~TOqHbiX 3HepruH - 3JieKTpOHaMH H npoTOHaMH, o6pa-

3YIOIQHMHCH noCJie 3aMeAJieHHH HeHTpoHOB .D;O TeDJIOBbiX 3HepruH. 
L(JIH HeHTpoHOB BbiCOKHX 3HeprHH (0,1 + 1 r3B) 3HaqeHHe 3HeprHH 

HOH006pa30BaHHH, paccqHTaHHOe COrJiaCHO MO.D;eJIH BHyTpHH.D;epHoro KaCKa
.D;a H ucnapeHHH 1281 , oTJinqaeTcH oT paccqHTauHoro no <t>opMyne ( 15) He 6o
nee, qeM Ha 1%. Eme nyqwero cornacHH cne.n;yeT O)I(H.D;aTh AJIH npoTOHHhiX 
nyqKOB BbiCOKHX 3HeprHH (npH HCnOJib30BaHHH <t>auTOMa): B .D;aHHOM CJIY· 
qae HOHH3aQHH nOJIOCTH npOHCXO.D;HT npe)I()J;e acero 3a cqeT .D;eJibTa·3JieKTpo
HOB B TpeKax nepBHqHbiX H BTOpHqubJX npoTOHOB H qacTHquo 3a cqeT T.R)I(e
JlbiX qaCTHQ H3 H.D;epHbiX B3aHMO.D;eHCTBHH, KOTOpbie, COrJiaCHO npHHQHny 

3apH.D;OBOH He3aBHCHMOCTH, no.n;o6Hbl o6pa3yiOI.UHMCH npH B3aHMO.D;eHCT· 
BHH C HeHTpoHaMH BbiCOKHX 3HeprHH. 

QqeaH.D;Ho, <l>oPMYJIY (15) HenpaaoMepHo cqnTaTb coaceM yuuaepcanb
Hou. 0Ha He MO)I(eT 6biTb HCnOJib30BaHa npH 06JiyqeHHH MaJibiX 06'beKTOB 
HeHTpoHaMH npoMe~ToqubiX 3HeprHH 6e3 <t>auToMa. TaK)I(e a cnyqae o6ny
qeHHH T.R)I(eJibiMH 3apH)I(eHHbiMH qacTHQaMH HeBbiCOKHX 3HeprHH, npH MaJIOH 
)J;~)Jle HOHH3aQHH 3a cqer BTOpHqubJX qacTHQ, HCnOJib30BaHHe <t>opMyJibi (15) 
MO)I(eT npHBecTH K 3aBbiWeHHIO 3HeprHH HOH006pa30BaHHH, eCJIH He yMeHb· 
WHTb qucneHHoro 3HaqeHHH Ko3<l><t>uuneHTa fJw . He.n;ocTaToquo yToqueHa 
OWH6Ka annpoKCHMaQHH no <t>opMyJie (15) B CJiyqae nyqKa 1T-Me30HOB. 
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He npOCMaTpHBaJiaCb Heo6xO.D;HMOCTb MOAH<l>HKaQHH <l>opMyJibi npH HCnOJib· 
30BaHHH pa3JIHqHbiX ra30B H aceao3MO)I(HbiX ycnoaHH. O.D;HaKO npoae.n;eHHbie 
conOCTaBJieHHH H pacc~euHH n03BOJIHIOT C.D;eJiaTb qerKHH BbmO.D; 0 B03M0)1(· 
HOCTH npHMeHeHHH <l>OPMYJibi (15) AJIH onpe,n;eJieHHH 3HeprHH HOH006pa30· 
aaHHH B HOHH3aQHOHHOH KaMepe, 3aDOJIHeHHOH B03.D;yXOM HJIH TKaHe3KBH• 
BaJieHTHbiMH ra30BbiMH CMec.RMH B peaJibHbiX ycJIOBHHX 06JiyqeHHH B Me~
QHHCKHX nyqKax BbiCOKHX 3HeprHH. IlpH 3TOM HeT Heo6XO.D;HMOCTH onpe,ne
JIHTb COCTaB H cneKTp qacTHU, HOHH3HpyiOI.UHX nOJIOCTb, .D;OCTaToquo O.D;HOrO 
napaMerpa Kaqecma. H~e)I(HOCTb H ToquocTb onpe.n;eneHHH 3HeprHH HOHO· 
o6pa30BaHHH C nOMOI.UbiO npeAJiaraeMOrO. MeTO.D;a Hepe.D;KO cymecTBeHHO Bbl· 
we no cpaaHeHHIO c .n;pyrHMH MeTo.n;aMH, 6naro.n;apH qeMY HOHH3aQHOHHbiH 
MeTO.D; onpe.n;eJieHHH .D;03bl B nyqKax qacTHQ BbiCOKHX 3HeprHH, no.n;aepraa

WHHCH COMHeHHHM B CBH3H C Tpy.D;HOCTbiO OQeHKH 3<l><l>eKTHBHOH 3HeprHH 
HOH006pa30BaHHg29/, y.n;ep)I(HBaeT CBOH .D;OCTOHHCTBa H B 3TOH 06JiaCTH. 

B Ta6nuue npe.n;crnaneHbi qucneHHbie 3HaqeHHH 3Hepruu HoHoo6pa3oaa
HHH a HeKoTophlx Me.D;HQHHCKHX nyqKax OMHM . 

Ta6nuija. 3HalleHUR napaMerpoe oo3UMerpuqecJ<ou ifJopMynbz 0/lJI 
• He~<oropbiX MeOUijUHCJ<UX nyllJ<Oe OHJ/H 

t 
Bu.n; E, z, QR w, s H20/a KR-13\ VAK-253 

H3JI. M3B r/cM2 3A B . Ia I kx 

. t1 2U I . t12U I Krrp/KJI crp/P 

p 200 1 1,5 34,12 1,161 1 1 39,61 1,022 

5 1,4 34,09 1,160 1 1 39,54 1,020 

IlHK 1,4 34,09 1,160 1 1 39,54 1,020 

30 5,5 35,35 1,203 "'1 "'1,4 =-60 "' 1,5 
p 660 1 1,9 34,25 1,165 1 1 39,9 1,029 

5 1,8 34,21 1,164 1 1 39,82 1,027 
n 350 1 4,8 35,13 1,196 0,996 1,002 42,10 1,086 

5 3,5 34,73 1,182 41,06 1,060 
15 3,3 34,67 1,180 1 1 40,91 1,055 

y 1,25 1 1,0 33,97 1,156 1,01 0,97 38 0,98 
~·-- I 

5.5.0THoweHne TOpM03HbiX cnoco6HOCTen, S 

,ll;JIH onpe,D;eJieHH.R .D;03bl B Me.D;HQHHCKHX nyqKax qaCTHQ BbiCOKHX 3Hep

rHH C nOMOI.UbiO <lx>PMYJibi (12) Heo6XO.D;HMO 3HaTb OTHOWeHHe orpauuqeu
HbiX TOpM03HbiX cnoco6HOCTeH B MaTepuane cpe.D;bl H B ra3e HOHH3aQHOHHOH 
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Puc.3. Conocrae!leHue 3aeucUMocru or

HoweHWI ropM03HblX cnoco6Hocreu 

U K03ifx}iUijUeHTQ KO'IecTBQ OT 3Hep2UU 

npOTOHOB. 

KaMepbi. 3TO OTHOWeHHe 3aBHCHT 

OT cneKTpa 3ap1'DKeHHhiX qacTHU 

B OKpy:>KeHHH DOJIOCTH, T.e. OT Ka

lJecTBa H3Jiy'leHH.R. PaccMoTpHM ao3-

MO:>KHOCTb ycTaHOBJieHH.R IPYHK

UHOHaJibHOH CB.R3H OTHOWeHH.R TOp

M03HhiX cnoco6HocTeu u peKoM6HHaUHOHHoro napaMeTpa Ka'lecma. Ha puc.3 

DOKa3aHa 3aBHCHMOCTb OTHOWeHH.R HOOrpaHH'IeHHhiX TOpM03HhiX CDOC06HO

CTeH BO,Jl;bl H B03,n;yxa OT 3HeprHH npOTOHOB. 3aBHCHMOCTb DOC~OeHa cornac

HO Ta6JIH'IHbiM ,ll;aHHbiM MaCCOBOH TOpM03HOH CDOC06HOCTH /SO . llyHKTHpOM 

0603HalJeHa OQeHO'IHa.R 3aBHCHMOCTb orpaHHtteHHhiX (JIOKaJibHbiX) TOpM03-

HhiX CDOC06HOCTeH 8 fj. , npH orpaHH'IeHHH fl = 10 K3B, T .e. npH6JIH3HTeJibHO • 

COOTBeTCTBYIOI.UeM 3HeprHH ,n;eJibTa-3JieKTpOHOB, C npo6erOM, paBHhiM pa3-

Mepy DOJIOCTH THDH'IHhiX !l>aHTOMHhiX HOHH3aUHOHHhiX H peKOM6HHaQHOHHhiX 

KaMep. llpu 3Hepruu npoToHoB BhiWe HecKOJibKHX" ,n;ec.RTKOB M3B HOHH3aUH.R 

DOJIOCTH ocymeCTBJI.ReTC.R npaKTHttecKH TOJibKO 3!:1 CtleT ,Jl;eJibTa-3JieKTpOHOB, 

H n03TOMY OTHOWeHne orpaHHtteHHhiX TOpM03HbiX cnucuuttu~.;lt::H 1.,;1pO::ivinTC.ii 

K DOCTO.RHHOH BeJIHttHHe, TaKOH :>Ke, KaK H B CJiyttae o6nyt~eHH.R B CTaH,ll;apT

HOM none raMMa-u3nytteHH.R. Ha puc.3 npe,n;craaneHa TaK:>Ke 3HepreTnttecKa.R 

3aBHCHMOCTb K03!l>!I>HUHeHTa KattecTBa npOTOHOB, nepeceKaiOIUHX DOJIOCTb, 

cornacyiDI.Ua.RC.R C peKOMeHAOBaHHOH 3aBHCHMOCTblO OT JIHHeHHOH nepe,n;attH 

3Hepruu ( Jlll3) npoTOHOB B ao,n;e. B .n;aHHbiX paccy:>K,n;eHH.RX AJI.R 6onbWeH 

tteTKOCTH BbffiO,ll;OB paCCMaTpHBaeTC.R HOHH3aQH.R, npOH3BO,ll;HMa.R TOJibKO npo

TOHaMH H CODYTCTBYIOIUHMH AeJibTa-3JieKTpoHaMH, a ttaCTHUhi, B03HHKaiOIUHe 

B .RAepHbiX peaKQH.RX, ,Jl;OJI:>KHbl paCCMaTpHBaTbC.R OT,Jl;eJibHO. 3TO KacaeTC.R 

KaK OTHOWeHH.R orpaHHtteHHhiX TOpM03HbiX CDOC06HOCTeH, TaK H K03!l>!I>H

UHeHTa Kattecma. llpu 3HeprHH BhiWe 15 M3B Jlll3 npoToHoB a ao,n;e
1301 

MeHbWe 3,5 K3B/MKM, H K03!l>!I>HUHeHT Kattecma npoTOHOB H conyTCTBYI0-
/27/ u 

mux ,n;enhTa-3neKTpoHOB 6nu30K e,n;HHHUe • Hu:>KHHH npe,n;en 3Hepruu npo-

TOHOB Ha pHC.3 COOTBeTCTBYeT 150 K3B. Bonee HH3KHe 3HeprHH He npe,n;CT~B

JI.RIOT HHTepeca C TO'IKH 3peHH.R onpe,n;eneHH.R OTHOWeHH.R TOpM03HbiX CDO

co6HOCTeH, T.K. npoTOHhi c 3Heprueu MeHbWe 150 K3B He nepeceKaiDT nono

CTH THDH'IHhiX !l>aHTOMHhiX HOHH3aQHOHHhlX KaMep, HaDOJIHeHHhiX aTMOC!I>ep-

HhiM B03AYXOM. 

Bau,n;y no,n;o6HR KpHBhiX, npe,n;cTaaneHHhiX Ha puc.3, npueMJieMa 

annpOKCHMaQH.R 
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SH2ola = Sc [ 1 + f3s (Q -1 )], (16) 

/lll/ 
r,n;e Sc = 1,156 - OTHOWeHHe OrpaHH'IeHHhiX MaCCOBhiX TOpM03HbiX CDO-

C06HOCTeH BO,Jl;hl H B03,n;yxa AJI.R CTaH,ll;apTHOrO raMMa-H3JIY'IeHH.R H30TODa 
6° Co; Q - cpe.n;HHH K03!l>!l>nuneHT Kattecma nu6o PllK ttaCTHU, HOHH3HpyiD

mux ra30BYIO DOJIOCTb; {3 S = 0,009 - annpoKCHMHpyiOI.Ua.R DOCTO.RHHa.R; HH

,n;eKC a yKa3biBaeT, 'ITO ra30M HK .RBJI.ReTc.R B03,n;yx. 

BTopH'IHhie ttaCTHUbi, B03HHKaiDIUHe a .RAepHbiX peaKUH.RX, o6hittHo npu

BO,n;.RT K YBeJIH'IeHHIO KaK OTHOWeHH.R TOpM03HhiX CDOC06HOCTeH, TalC H PllK, 

npaKTH'IecKH He Hapywa.R cnpaaeAJIHBOCTH annpoKCHMauuu (16). TotiHOCTb 

!l>opMyJihi (16) - OKono 1%. Bo3MO:>KHa 6onee TO'IHa.R annpoKCHMaQH.R, ec

nu HCDOJib30BaTb BMecTO !l>opMyJihl (16) HeJIHHeHHYIO 3aBHCHMOCTb 8( Q) , 
a TaK:>Ke npH CQeUHaJibHOM Bbi6ope COOTBeTCTBYIDI.Uero napaMeTpa KatlecTBa 

JIH6o yt~eTe ,Jl;OJIH aJIL!I>a-ttaCTHU, HOHH3HpyiOIUHX DOJIOCTb. Heo6XO,ll;HMOCTb 

YTO'IHeHH.R DOrpeWHOCTH onpe,n;eneHH.R OTHOWeHH.R TOpM03HhiX CDOC06HO

CTeH DOCpe,n;CTBOM napaMeTpOB Kattecma, a TaK:>Ke B03MO:>KHOCTb paCWHpeHH.R 

npe,n;JiaraeMoro MeTo,n;a Ha ,n;pyrue MaTepuanLI u ra3hi Tpe6yeT npoae,n;eHH.R 

HOBhiX HCCJie,Jl;OBaHHH. TeM He MeHee HCDOJib30BaHHe !l>oOMYJihl (16) B CJiy

qae npnMeHeHH.R B03,n;yxoHanonHeHHhiX HK B BOAHOM !l>aHTOMe, o6nyttaeMOM 

MeAHUHHCKHM nyt~KOM qacTHU c 3Heprueii: a HeCKOJibKO coTeH M3B, ,n;ocTa

TO'IHO 060CHOBaHHO H D03BOJI.ReT onpe,n;eJIHTb OTHOWeHHe orpaHHtleHHbiX 

TOpM03HhiX CDOC06HOCTeH B KOHKpeTHbiX yCJIOBH.RX 06Jiy'leHH.R, H DpH 3TOM 

U't:l Tn~f\,;Jtyrpg -rnuunrn ~U!;1Jl'U'O ~U'Pl'\T"QTUU&a#"'lrnrn ,-.nPVTn~ ~S~ns:J~PJ.n.JJ...TV U~f"T'UTT --- -r--v ---·--- ----- --------- ----r- ------------ -------c-· ---r------ ---- -- -- --.--.~ 

HOHH3HpyiDIUHX DOJIOCTb. 

5.6. CTeHO'IHhiH Ko3!l>!l>nUHeHT ,n;eTeKTopa, {3 

B pa3,n;ene 3 6hmn npe,n;craaneHbi q,opMynhi, no3BOJI.RIOIUHe pacC'IHTaTL 

3Hat~eHne CK,ll; a HeKOTOphiX oTAeJILHhiX CJIYtta.RX. Ho, KaK y:>Ke 6hmo ynoM.R

HyTo, B H3MepeHH.RX Ha Me,Jl;HUHHCKHX DY'IKaX BbiCOKHX 3HeprnH 6onee ,Jl;O

CTOBepHbiM .RBJI.ReTC.R 3KCnepHMeHTaJibHOe onpe,n;eneHHe 3TOH BeJIH'IHHbl. 

3KcnepHMeHThi, npoae,n;eHHbie C DOMOI.UblO TOHKOCTeHHOH 11K CO CMeHHbiMH 

pa,n;uaTOpaMH B nyttKax DpOTOHOB H HeHTpOHOB BbiCOKHX 3HeprnH /lSI, D0-

3BOJIHJIH DOJiy'IHTb HCXO,Jl;Hble ,ll;aHHhie ,ll;JI.R OQeHKH CTeHO'IHbiX K03!l>!I>HUHeH

TOB ,Jl;eTeKTOpOB, H3rOTOBJieHHbiX H3 pa3JIH'IHbiX MaTepHaJIOB, a TaK:>Ke Onpe

,Jl;eJIH!b CK,ll; AJI.R KOJIKpemhiX .THnoa HOHH3aUHOHHhiX KaMep, npnMeH.Re

MhiX B 011.HJ1. B ~THX 3KCnepHMeHTax 6hma DOKa3aHa MaJia.R 3Ha'IHMOCTb 

aTOMHOrO COCTaBa CTeHKH ,n;eTeKTopa npH onpe,n;eneHHH nornomeHHOH A0-

3bl B !l>aHTOMe B nyttKax tiaCTHU c 3Heprueii: nop.R,n;Ka coTeH M3B. 

5. 7. llonpaBO'IHbie K03!l>!I>HUHeHThl 

llapaMeTpbl, BbiCTyOalOIUHe B !l>opMyJie (12), 061;>I'IHO onpe,n;eJI.RIOTC.R 

B YCJIOBH.RX, HeCKOJibKO OTJIH'lalOIUHXC.R OT H,Jl;eaJibHbiX, COOTBeTCTBYIOIUHX 
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H006XOAHMbiM AJIH BbiBO,na !}>opMyJihi. llpHBe,neHHe K Tpe6yeMhiM yCJIOBHHM 

ocymecTBJIHeTCH. nocpe.ncreoM nonpaBO'IHhiX K03tPtPHUHeHTOB. llpe:>K,ll;e ece

ro 3TO KaCaeTCH Onpe,neJieHHH 3apH,na, o6pa30BaHHOrO B tzyBCTBHTeJibHOM 

o6'beMe 11K. cl>OpMYJia (12) MO)I(eT 6hiTb MOAHtPHUHpoBaHa KaK 

D = ~Sf3llk, 
epV 

(17) 

r,ne napaMeTpaM npHAaiOTCH 3Ha'leHHH Henocp,neCTBeHHO H3MepeHHhie JIH60 

B3HTbie H3 Ta6JIH'IHbiX AaHHbiX AJIH CTaH,npaTHbiX yCJIOBHiL llpOH3Be,neHHe IJk 
TpaHC!}>OpMHpyeT 3TH 3Ha'leHHH K yCJIOBHHM, H006XOAHMbiM AJIH Onpe,neJie

HHH A03bi. 

Ha6op nonpaeot~Hhix K03tPtPHUHeHTOB 3aBHCHT OT peanhHhiX ycnoemi: 

H3MepeHHH, T.e. o6hl'IHO AOJI)I(eH onpe,nenHThCH HHAHBHAYaJihHO AJIH Ka:>K,ll;o

ro cnyt~aH. HeKoTOpbie, HaH6onee qacTo ecTpeqaiOmHecH nonpaBKH, paccMOT

. peHbl HH)I(e. 

5.7.1. Bna)I(HOCTh 

EcnH 11K HerepMeTH'IHa, H pa6o'IHM ra30M HBJIHeTCH aTMoc!}>epHhiH B03-

.nyx, TO napaMeTpbi 11K B HeKOTOpOH CTeneHH 3aBHCHT OT co,nep)l(aHHH BJiarH 

B eo3,nyxe. BnHHHHeM enarH Ha o6'beM 11K o6hlliHO MO)I(HO npeHe6pet~h. BnHH

HHe Ha 3HeprHIO HOH006pa30BaHHH, TOpM03HYIO , cnoco6HOCTb H llJIOTHOCTb 

B03llVXa Vll06HO paCCMaTOHBaTh COBMecTHO. 3HaqeHHe COBMeCTHOrO nonpaaoq

HOrO .K03!}>!}>HUHeHTa BJia)I(HOCTH B ,nHana30He OTHOCHTeJibHOH BJia)I(HOCTH 

157 80% npH KOMHaTHOH TeMnepaType COCTaBJIHeT 1,0027 ± 0,0004 no OTH0-
/26/ 

rneHHIO K cyxoMy B03AYXY 

5. 7 .2. HachiiUeHHe 

Jl;IH onpe,neJieHHH 3apH,na, o6pa30BaHHOrO B tzyBCTBHTeJibHOM 06'beMe 

11K, Ha OCHOBaHHH H3MepeHHOrO 3apH,na cne,nyeT BBOAHTb nonpaBKY Ha TOK 

HaCbiiUeHHH, 06biqHO onpe,neJIHeMyiO MeTOAOM 3KCTpanOJIHUHH o6paTHOrO 

3HaqeHHH H3MepHeMOrO 3apH,na KaK !}>yHKUHH o6paTHOrO HanpH)I(eHHH, 

B CTeneHH, 3aBHCHIUeH OT THna peKOM6HHaUHH HOHOB. llonpaBO'IHbiH K03!}>

tPHUHeHT HaChiiUeHHH (T.e. o6paTHOe 3HaqeHHe 3!}>!}>eKTHBHOCTH C06HpaHHH 

HOHOB), KaK npaaHJIO, He npeBbiillaeT e,nHHHUbi 6onee,qeM Ha 0,5%, 'ITO npH-

6JIH3HTeJibHO COOTBeTCTBYeT noTepe HOHOB 3a cqeT JIOKaJihHOH peKOM6HHa

UHH. Ho npH BhiCOKOH MOIUHOCTH A03bi B cnyqae HMnyJihCHOrO H3JiyqeHHH 

,no6aaO'IHbiH BKJiaA BHOCHT o6'beMHaH peKOM6HHaQHH. ,IlJIH pa3AeJibHOrO on

pe,neJieHHH nonpaBOK Ha JIOKaJibHYIO H 06'beMHylO peKOM6HHaUHIO HOHOB 

CJie,nyeT CHHTb xapaKTepHCTHKH HaChiiUeHHH 11K npH HeCKOJibKHX ypOBHHX 

cpe,nHeH MOIUHOCTH A03hi, He H3MeHHH epeMeHHOH CTpyKTypbi nyqKa. 
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5.7.3. llOJIHpHOCTb 

3apHA o6bl'IHO H3MepHeTcHnpH OAHOH nonHpHOCTH HanpH)I(eHHH.npHJio

)l(eHHoro K 11K. llpH 3T0!\1. MOryT B03HHKaTb norpeillHOCTH 3a C'leT co6HpaHHH 

3apH,na H3 B03AYDIHhiX npoMe)l(yTKOB eHe pa6oqero o6neMa, 3a cqeT HcKa)l(e

HHH 3JieKTpH'IecKOrO nOJIH B pa6oqeM 06'beMe 3apH,naMH, HaKanJIHBalOIUHMH· 

CH Ha HenpOBOAHIUHX noeepXHOCTHX, BH.D:HMbiX H3 pa6oqero 06'beMa H T .n. 

llonpaaO'IHbiH K03!}>!}>HUHeHT nOJIHpHOCTH, HBJIHIOIUHHCH OTHOilleHHeM cpe,n

Hero 3HaqeHHH 3apH.na, co6HpaeMoro npH pa3HOH nonHpHOCTH, K 3apH.ny, co-

6HpaeMOMY npH nOJIHpHOCTH, npHMeHHeMOH B pa6oqHx yCJIOBHHX H3Mepe

HHH, HaxOAHTCH 3KCnepHMeHTaJibHO AJIH Ka:>K,li;OH 11K B yCJIOBHHX HCCJie,nye

MOrO nyqKa H3JiyqeHHH H, KaK npaBHJIO,OTJIH'IaeTCH OT e,nHHHQbl He 6onee,qeM 

Ha 1%. 

5.7.4. A6coJIIOTHoe 3HaqeHHe 3apH.na 

llpe,ncTaaJieHHhrn MeTo.n onpe.neneHHH nornomeHHOH A03hi Tpe6yeT H3-

MepeHHH a6cOJIIOTHOrO 3HaqeHHH 3apH,na, o6pa30BaHHOrO B 11K. 3apHA o6bN· 

Ho HaKannHeaeTcH Ha eMKOCTH, no,nKJIIOqeHHOH K 3JieKTpoMeTpy. Bo H36e:JKa

HHe BJIHHHHH napaMeTpOB 3JieKTpoMeTpa, a TaK)I(e coe,nHHHTeJibHbiX Ka6eJieH 

H HecTa6HJihHOCTH nHTaHHH yCHJIHTeJibHbiX KaCKaAOB uenecoo6pa3HO HCnOJib· 

30BaTb 3JieKTpOMeTp B pe)I(HMe nOJIHOH OTpHQaTeJibHOH o6paTHOH CBH3H. 

B 3TOM cnyqae H3MepHeMbiH 3apHA c BhiCOKOH TOliHOCThlO onpe,neJIHeTCH 
rrnnT11.-.,_,ono1''f1'11t'l•lf o•~YJ"'.f"\I"'T'1'11 1'11 Yllr-.••n1'1'0'1'1'1'11rr .,,."'J_,....t"T'\1'1'n1'1'1'1lrT """ T"JT """"'T'I'n ""''t""''nT~...,--,..,... .... .... .t' ............. &-.# ................................... _. ................................................................... ~ ..... - ........ ~ .. , ............... ~ ........... A.l"'-11&4a._,..., ..... .... ~ ... - ....... t'_ ...... "' .. 

pa. llorpeillHOCTb a6COJIIOTHOrO 3HaqeHHH HanpH)I(eHHH, H3MepHeMOrO C no

MOIUblO COBpeMeHHbiX QH!}>poBbiX BOJibTMeTpOB (Ha ypoBHe HecKOJibKHX CO· 

TeH MB H Bhirne) , o6hi'IHO He npeBhirnaeT coThiX .noneH: npoueHTa. EMKOCTh pa-

6oqero KOHAeHCaTOpa AOJI)I(Ha 6hiTb H3MepeHa B a6COJIIOTHbiX e,nHHHQaX nyTeM 

cpaaHeHHH C 3TaJIOHOM. llOCTOHHCTBO eMKOCTH THnH'IHbiX KOH.neHCaTOpOB 

C nOJIHCTHpOJIOBbiM AH3JieKTpHKOM BnOJIHe AOCTaTO'IHO AJIH QeJieH A03HMeT

pHH, H He Tpe6yeTCH qaCTbiX npoeepOK HX a6COJIIOTHOrO 3HaqeHHH. 

5.7.5. 3!}>!}>eKTHBHaH TOqKa H3MepeHHH 

ra3, 3aKJIIOqeHHbiH B nOJIOCTH 11K, OTJIHqaeTCH OT MaTepHana cpe,D;bl 

no nornomeHHIO H pacceHHHIO 3apH)I(eHHhiX qaCTHu, rnaaHbiM o6pa30M, H3-3a 

6oJibill_?rO pa3JIH'IHH n.JV>THOCTH. 3.TOT !}>aKT yqHTbiBaeTCH COOTBeTCTByiOIUeH 

nonpaaKOH, KOTOpaH JIH60 BKJIIO'IaeTCH B npOH3Be,neHHe llk B tPoPMYJie 

(15), JIH6o, 'ITO 6onee y.no6Ho, oco6eHHo B cnyqae Me.D:HUHHCKHX nyqKoB 

BbiCOKHX 3HeprHH, COOTBeTCTBYIOu.ufM CMeiUeHHeM 3!}>!}>eKTHBHOH TOqKH H3· 

MepeHHH BHYTPH nonocTH. 3To cMeiUeHHe (paccTOHHHe Me:>K,ll;y reoMeTpH

qecKHM QeHTpOM ra30BOH nOJIOCTH H 3!}>!}>eKTHBHOH TOqKOH H3MepeHHH) 3a

BHCHT OT THna 11K H OT napaMeTpOB nyqKa. Jl;IH c!}>epHqecKHX 11K peKOMeH

,nyeMoe CMeiUeHHe (B CTOpoHy HCTO'IHHKa H3JiyqeHHH) B nyqKax 6hiCTpbiX 
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HeiiTpoHOB cocraanaeT 2/3 pa.n.eyca nonocTH /SV. Pa3Mepbi nonocTH $aH

TOMHbiX 11K 06bi'IHO HeBeJIHKH, H nonpaBKOH CMei.UeHHa llaCTO MO)KHO npe

He6peqb. 

5.7 .6. llpotrne nonpaBOliHbie K03$$HUHeHTbi 

KaK Y*e ynoMHHanocb, npH aae,D,eHHH nonpaaoliHbiX Ko3<t><I>HUHeHTOB 

Tpe6yeTCH HH.D.HBH.D.YanbHbiH no,D,XO,D,. 11Hor,D,a MOryT OKa3aTbCH cymecTBeH

HbiMH nonpaBKH, KaCaJOJ.UHeCa TeMHOBOrO TOKa 11K, B03MYI.UeHHH, BBO,D,HMO

ro KOHCTPYKTHBHblMH MeMeHTaMH, no.n..n.ep)KHBaJOI.UHMH .n.eTeKTOp, npocT

paHcTBeHHOH HOO,D,HOpO,D,HOCTH pacnpe,n;eneHHR ,D,03bl H napaMeTpOB KaqeCTBa, 

rpa,D,HeHTOB TeMnepaTypbl H T.n. flpH onpe.n.eneHHH ,D,03bl He B BO,D,e, 3anon

HHIOJ.UeH $aHTOM, a B KOHKpeTHOH TKaHH, Tpe6yeTca, KaK MHHHMYM, BBeCTH 

nonpaBOliHbiH K03$$HUHeHT, paBHbiH OTHOilleHHIO orpaHHqeHHOH TOpM03HOH 

cnoco6HOCTH ,D,aHHOH TKaHH H BO,IJ,bl. B cnyqae MarKOH 6HonorHqeCKOH TKa

HH 3TO OTHOilleHHe o6bi'IHO cocraanaeT "" 0,994. 06mee trncno npHMeHae

MbiX nonpaBOliHbiX K03$$HQHeHTOB MO)KeT 6biTb ,D,OBOnbHO 60nblllHM, no-

3TOMY cne.n.yeT CTpeMHTbCH, qTo6bl Heonpe.n.eneHHOCTb Ka)K,IJ,OrO H3 HHX 

He npeBbiillana .n.onH npoueHTa. 

6. OllEPAT11BHbiA METOll OllPEllEJIEHI1H ll03hl 

C llOMOIUbiO PEHTrEHOMETP A • 

PeHTreHoMeTpbi - npH6opbi )I.JIH H3MepeHHa 3KCn03HUHOHHOH .D.03bi -

nonytrnnH IIIHpOKOe npHMeHeHHe B Knacc~ecKOH pa,D,HOTepanHH C nOMOJ.UbiO 

peHTreHOBCKHX H raMMa-ycTaHOBOK. 11, XOTH nOHRTHe 3KCn03HUHOHHOH ,IJ,0-

3bl HenpHMeHHMO K nyqKaM llaCTHU BbiCOKHX 3HeprHH, HCnOnb30BaHHe peHT

reHOMeTpOB .n.na onpe.n.eneHHR nornomeHHOH ,D,03bi a $aHTOMe, o6nyqaeMOM 

TaKHMH nyqKaMH, MO)KeT 6b1Tb o60CHOBaHHbiM. 

lleTeKTOpOM peHTreHOMeTpa 06bAHO aanaeTCH HOHH3aUHOHHaH KaMepa 

C B03,D,YX03KBHBaneHTHbiMH CTeHKaMH H B03.D.YIIIHbiM HaiiOnHeHHeM. floKa-

3aHHa peHTreHOMeTpa nponopUHOHMbHbl 3KCn03HUHOHHOH ,D,03e 3neKTpOMar

HHTHOrO H3nyqeHHa c 3HeprHeH .n.o ""3 M3B. YtrnTbiBaa caa3b Me*.D.Y 3KC

no3HQHOHHOH .D.030H X H KepMOH a ao3.n.yxe 

X = K e ( 1 - g ) /W , a a 
(18) 

(r,D,e g - ,D,Ona 3HeprHH BTOpHliHbiX 3neKTpOHOB, yHOCHMaR TOpM03HbiM H3-

nyqeHHeM) H nonb3YHCb $opMynoH (13), nonyqaeM CBH3b Me)K.n.y 06'beMOM 

11K H o6pa30BaHHbiM B HeM 3apa,D,OM Ha e,D,HHHuY 3KCn03HQHOHHOH ,D,03bl 

B ycnOBHRX KanH6pOBKH. llo,D,CTaBnaa Bbipa)KeHHbiH TaKHM o6pa30M 06'beM 

KaMepbi a <l>opMYnY (12), nonyqaeM 
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w 
]c[+SA/a~A/dx"R= kzR' 

lls/a 
D -[ llk 

A - (1 - g) SB/ g 

(19) 

r.n.e R - noKa3aHHa peHTreHOMeTpa a e,n;HHHuax 3Kcno3HUHOHHOH ,D,03bi; HH

.n.eKc a 03HallaeT, UO ra30M 11K HBnReTCH B03,D,yx; HH,D,eKC C OTHOCHTCH K yc

nOBHHM KanH6poBKH B none CTaH,D,apTHOrO raMMa-H3nyqeHH.a, HH,D,eKC X -

K H3MepeHHHM B HCcne.n.yeMOM nyqKe. 

TaKHM o6pa30M, nornomeHHaa ,D,03a a Hccne,n;yeMoM Me.D.HUHHCKOM 

nyqKe llaCTHU BbiCOKHX 3Hepr8H MO)KeT 6biTb onpe,n;eneHa no noKa3aHHRM 

peHTreHOMeTpa, npHqeM KOHBepTHpyiOJ.UHH K03$$HQHeHT kx nHillb He3Ha

qHTeJibHO 3aBHCHT OT THna nepBHliHOrO H3nyqeHHa, ycnOBHH KOMHMaUHH 

H rny6HHbl B $aHTOMe. 

no CHX nop Hepe,D,KO BCTpeqaJOTCH peHTreHOMeTpbl npoKanH6pOBaHHbie 

a ycTapeBIIIHX, aHecHcTeMHbiX e.n.HHHUax- peHTreHax. B qacrHOCTH, TaKHe 

npH60pbi eme HCnOnb3YIOTCH B ,D,03HMeTpHH Me,D,HUHHCKHX nyqKOB JIHfl 

011HI1. B 3TOM cnyqae qHcneHHbie 3HaqeHHa K03$$HUHeHTa kx 6nH3KH e,D,H

HHUe crp/ R (CM. Ta6nHey)' T.e. noKa3aHHH npH6opa B peHTreHax trncneHHO 

6nH3KH 3HaqeHHIO nornomeHHOH ,D,03bl B caHTHrp3RX. 

flpH onepaTHBHbiX H3MepeHHaX nornomeHHOH ,D,03bl C nOMOJ.UbiO peHTre

HOMeTpa HeT H006XO,IJ,HMOCTH HCnOnb30BaHHa conpOTHBneHHH, eMKOCTeH 

H aonLTMeTpoa a pe)KHMe a6conJOTHbiX H3MepeHHii. HeT TaK*e Heo6xo,D,HMO

CTH qHcneHHO 3HaTb a6coniOTHOe 3HaqeHHe 06'beMa npHMeHaeMOH 11K, a yqeT 

aTMOC$epHOrO ,D,aBneHHH H TeMnepaTypbi 06biliHO npOH3BO,IJ,HTCR nyTeM 

npOCTOH yCTaHOBKH qyBCTBHTenbHOCTH peHTreHOMeTpa C HCnOnb30BaHHeM 

KOHTpOnbHOrO HCTOliHHKa 6eTa- HnH raMMa-H3nyqeHHR Henocpe,D,CTBeHHO 

nepe,D, H3MepeHHHMH B nyqKe. 

HecMoTpa Ha K~I.UyJOca npocToTy, a npe.n.cTaaneHHOM 3,D,ecb onepa

THBHOM MeTo,D,e nOnHOCTbiO HCnOnb3YIOTCH OCHOBHbie ,D,OCTOHHCTBa ,D,03HMeT

pHqecKOH $opMYnb1 (12) H yqHTbmaJOTCa ace Heo6xo,D,HMbie napaMeTpbi

qepe3 K03$$HUHeHT kx . O,D,HaKo a oTnHqHe OT a6conJOTHbiX H3MepeHHii, 

Henocpe,D,CTBeHHO HCnOnb3YIOJ.UHX $OpMYnY (12), onepaTHBHbiH MeTO,D, npH

BH3aH K KOHKpeTHOMY npH6opy (peHTreHOMeTpy), H Tpe6yeTCH nepHO,D,H

qecKH npOBO,IJ,HTb rpa,D,yHpOBKY 3TOrO npH6opa B 3TMOHHOM none raMMa

H3nyqeHHa. 

7. qJ1CJIEHHhiE 3HA qEHI1JI llAP AMETPOB 

ll0311METPJ1qECKI1X <l>OPMY J1 llJJH HEKOTOPhiX 

MEll11U11HCKI1X llYqKOB 011HH 

B Ta6nHue npe.n.cTaaneHbi tmcneHHbie 3Ha'!emm ocHOBHbiX napaMeTpoa 

.D.03HMeTpHqecKHX $opMyn (12) H (17) .una HeiiTpoHHoro, raMMa- H npo

TOHHbiX nyqKOB llleCTl1Ka6HHHOrO KnHH!1KO·cPil31l'leCKOrO KOMnneKCa J1Hfl 
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/39/ 
011Hl1 . )luaMeTp nytiKOB Ha nonyBbiCoTe pa,n;HaJibHoro no3oaoro pacnpe-

neneHHH COCTaBJIHJI 40, 5, 120 H 100 MM, COOTBeTCTBeHHO AJ1H nytiKOB npOTO

HOB 200 M3B, npoToHoB 660 M3B, HeiiTpOHOB 350 M3B H raMMa-H3JiytieHHH 
6° Co. PeKoM6HHaUHOHHbie napaMeTpbi KatiecTaa onpenenrmHCb c noMOII.J;bJO 

peKOM6HHaUHOHHOH KaMepbi THna KR-13
191

, HanonHeHHOH CMeCblO nponana 

H ao3nyxa. )lnH 3TOH KaMepbi a Ta6nuue nan CK)l, oueHeHHbiH Ha ocHOBaHHH 

H3MepeHHH, npoaeneHHbiX c noMOII.J;bJO TOHKOCTeHHOH HK co CMeHHbiMH pa

AHaTopaMH 1131 . CK)l nonan TaK)I(e AJIH B03AYX03KBHBaneHTHOH HK Tuna 

V AK-253, ucnOJib3yeMOH B OHHH a KJIHHHtiecKHX peHTreHoMeTpax. )lnH 

3TOH KaMepbl AaHbl TaK)I(e K03Q:>Q:>HUHeHTbl k x, KOHBepTHpyiOII.J;He noKa3aHHH 

peHTreHoMeTpa B nornorn;eHHYJO A03y B aone. 3HeprHH HOHoo6pa30BaHHH 

H OTHOIIIeHHH TOpM03HbiX cnoco6HOCTeH onpeAeJIHJIHCb COrJiaCHO Q:>opMYJiaM 

(15) H (16). 

KaK BHAHO H3 TafiJIHUbi, napaMeTpbl MaJIO 3aBHCHT OT pOAa H3JiytieHHH 

H OT rnyfiHHbl B Q:>aHTOMe, 3a HCKJIJOtieHHeM rnyfiHHbl 30 CM B npoTOHHOM 

llYIJKe, npeBbiiiiaJOLUeH. npo6er npOTOHOB H ll03TOMY He OlleHb cyrn;eCTBeHHOH 

AJIH pa.n;HoTepanHH. B pHne cnyqaea MO)I(HO CIJHTaTb o6ocHOBaHHbiM ucnonb-

30aanue nOCTOHHHOrO 3HatieHHH BeJIH'IHH W , S , {3 H kx B MeAHUHHCKHX 

nytiKax tiaCTHU Bb!COKHX 3HeprHH. 3TO KacaeTCH TaK)I(e HeKOTOpbiX nonpaBO'I

Hb!X K03Q:>Q:>HUHeHTOB (HaCbiii.J;eHHH, llOJIHpHOCTH H Ap.), 3Aecb He npHBeAeH

HbiX. 

8. CPABHEHHE TIPE)lJIAf AEMOfO METO)lA 

C )lPYfHMH PEKOMEH.UAUHHMH 

Cyrn;ecTayeT pHA peKoMennauHii no npaKTHtiecKoMy onpeneneHHJO no-

3bi B paAHOTepanHH, pa3pafiOTaHHbiX KaK OTAeJibHbiMH ClleUHaJIHCTaMH BeAy

II.J;HX UeHTpOB, TaK H HaUHOHaJibHbiMH H Me)I(AyHapOAHbiMH opraHH3aUHH

MH/l?,29•31-341. 0AHaKO AO CHX nop HeT eAHHOH CHCTeMbl (npHHHTOH BO 

Bcex CTpanax) AJIH A03HMeTpHH TepaneBTHIJeCKHX HeHTpoHHbiX nytiKOB H nyq

KOB qacTHU BbiCOKHX 3HeprHH. Uenecoo6pa3HOCTb c03AaHHH TaKoH cucTeMbi 

IIIHpOKO paCCMaTPHBaeTCH Ha COBeii.J;aHHHX H CHMn03HyMaX nocJieAHHX 

neT 
135

"
381

. Hau6onee pa3pa6oTaHHbiMH HBJIHJOTCH AOKyMeHTbi, coKparn;eH

Ho Ha3biBaeMbie eaponeHCKHMH1311 H aMepHKaHCKHMH peKOMeHAaUHHMH. 

PaccMoTpHM HX ocHOBHbie xapaKTepHCTHKH. EaponeiicKHe peKoMeHAal.lHH 

(EP) KaCalOTCH, rJiaBHbiM o6pa30M, HeHTpOHHbiX nytiKOB, aMepHKaHCKHe 

(AP) r:a3AeJibHO paCCMaTpHBalOT HeHTpOHb/331 H TH)I(eJibie 3apH)I(eHHble qa

CTHUbi 
291

• Cornacno EP ocnoaHbiM A03HMeTpHtieCKHM AeTeKTOpoM HBJIHeT

CH TKaHe3KBHBa.neHTHaH HK, ra30M - TKaHe3KBHBaJieHTHaH ra30BaH cMecb, 

Q:>aHTOMHOH cpeAOH - BOAa; KaJIH6poBKa AeTeKTOpa ocyrn;eCTBJIHeTCH 

no 3KCn03HJ.UIOHHOH A03e. Cor nacHo AP, OCHOBHbiM AeTeKTOpoM AJIH a6co-
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JilOTHOrO OnpeneneHHH A03bl HBJIHeTCH KaJIOpHMeTp,H JIHillb npH OTCYTCTBHH 

KaJIOpHMeTpa peKOMeHAyeTCH HCnOJib30BaTb UHJIHHAp <l>apaneH (B cnyqae 

ny'IKOB 3apH)I(eHHbiX tiaCTHU) JIH60 TKaHe3KBHBaJieHTHYJO HOHH3aUHOHHYJO 

KaMepy, HaDOJIHeHHyJO B03AYXOM; peKOMeHAyeMOH Q:>aHTOMHOH cpeAOH HB

JIHeTCH TKaHe3KBHBaneHTHa.H )I(HAKOCTb HJIH T3TI; KanH6poaKa HK npoao

AHTCH 6e3 Q:>aHTOMa B none raMMa-H3JiytieHHH HCTO'IHHKa 6° Co no KepMe 

a B03Ayxe. )lo3HMeTpHtiecKue Q:>opMyJibi, KaK EP, TaK HAP, conep)l(aT, a HB

HOH JIH60 B CKpbiTOH Q:>opMe MHO)I(HTeJib, 3aBHCHII.J;HH OT TOpM03HOH cnoco6-

HOCTH MaTepHana CTeHKH AeTeKTOpa. )lJIH CJIY'Ia.H 6biCTpbiX HeHTpoHOB TaK)I(e 

COAep)I(HTCH MHO)I(HTeJib, 3aBHCHII.J;HH OT yAeJibHOH KepMbl B MaTepHane CTeH

KH. )lnH nytiKOB 3apH)I(eHHbiX 11acrnu 3TOT MHO)I(HTenb, cornacno AP, HrHopu

pyeTcH. B Q:>opMynax EP H AP conep)I(HTCH TaK)I(e MHO)I(HTeJib, HBJIHJOII.J;HHCR 

OTHOIIIeHHeM TOpM03HOH CnOCOfiHOCTH TKaHH H MaTepHana AeTeKTOpa, Ofiblll· 

HO OnpeAeJIHeMOH 11epe3 AeHCTByJOII.J;HH cneKTp 3apH)I(eHHbiX IJaCTHU B pa6o

tieM o6oeMe AeTeKTopa. 3HeprHH HOHoo6pa30BaHHH, cornacHo EP, AJIH HeHT

ponoa c 3Heprueii no 14 M3B HaxoAHTCH no Ta6JIH'IHbiM pactieTHbiM AaHHbiM 

B 3aBHCHMOCTH OT 3HeprHH HeHTpOHOB, a AJIH 6onee BbiCOKHX 3HeprHH peKO· 

MeHAyeTCR nOCTOHHHOe 3HatieHHe w = (1,06± 0,04) we . CornacHO AP, 3Hep

rHH HOHOO~pa30BaHHH npHHHMaeTCH nOCTOHHHOH AJIH AaHHOrO rnna tiaCTHU: 

34,3 3B AJIH npOTOHOB B B03AyXe, 33,7 3B AJIH TH)I(eJibiX 3apH)I(eHHbiX tiaCTHU. 

TipH 3TOM KOHCTaTHpyeTCH B03MO)I(Ha.H OIIIH6Ka AO 10%. 3Ta OIIIH6Ka, COB

MeCTHO C HOOnpep;eneHHOCTblO OTHOIIIeHHH TOpM03HblX CnOCOfiHOCTeH (CO· 

rrtRrHn A P nT 4 ~".0 10% ~ '3!!!!!-!1,?~~.'!0~'!'!'! CT (:~~PC~'!'!! '!!!~~!!~} , :!G r::;~;;:.&G:.::;.·, 

HBJIHeTCH rnaaHoH npH'IHHOH oTxona AP oT HOHH3aUHOHHoro MeTona onpe

nenenHH nornorn;eHHOH A03bl B nOJib3Y KanOpHMeTpa. 

KaK cnenyeT H3 BbiiiienpuaeneHHbiX xapaKTepHCTHK EP H AP, MeTOAH

Ka, npenna.raeMaH a HacToHrn;eii pa6oTe, 6JIH)I(e K eaponeiicKHM peKoMeHna

UHHM. OcHOBHoe OTJIHtiHe npennaraeMoii MeTOAHKH oT EP H AP 3aKJIJOtiaeT

CH a ytieTe MaTepHana cTeHKH HK nocpencTBOM 3KcnepHMeHTanbHo onpene

JIHeMoro CK)l (nu6o o6ocnoBaHHoro npHnHCaHHH 3TOMY Ko3c:pc:pHUHeHTY 3Ha

tieHHH, paaHoro enHHHUe) , a TaK)I(e a cnoco6e onpeneneHHH 3HeprHH HoHoo6-

pa30BaHHH H OTHOIIIeHHH TOpM03HbiX cnocofiHOCTeH nocpeACTBOM peKOMfiH

HaUHOHHOrO napaMeTpa KatiecTaa. Pa3JIHtiHe B npennaraeMOM cnoco6e Ka

nu6poBKH (ucnonb30BaHHe 3TaJIOHHOH HK BMecTo 3TaJIOHHoro HCTO'IHHKa 

H3JiylleHHH) He CTOJib cyrn;ecTBeHHO, ecJIH HMeeTCH AOCTyn K 3TaJIOHHOMY 

HCTO'lliHKY H3JiytieHHiJ. TOtiHO TaK )l(e cnoco6 onpeneneHHH BeJIH'IHH W 
H S MO)I(eT paccMaTpuaaTbCH He3aaHCHMO OT npHMeHeHHH TOM HJIH HHOH 

A03HMeTpHtiecKoii Q:>opMyJibi. OnuaKo ace BMecTe no3BOJIHeT nonytiHTb 6onee 

BbiCOKYlO TO'IHOCTb onpeneneHHH norJIOII.J;eHHOH A03bl npH npHMeHeHHH pac

CMaTpHBaeMoro MeTOAa, OCOfieHHO B cnyqae HeAOCTaTO'IHO TO'IHO H3BeCTHOrO 

cocTaaa H cneKTpa 3apH)I(eHHbrx 11acrnu a pa6otieM o6oeMe neTeKTopa. )lJIH 

MeAHJ.UIHCKHX nytiKOB JIHTI OHHH HeonpeneneHHOCTb a6conwTHoro 3Hatie-
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HHH norJIO:l.UeHHOH )J.03bl B <IJaHTOMe COCTaBJIHeT 476%, 'ITO TPYAHO )J.OCTH)KH· 

MO npH npHMeHeHHH )J.pyrux MeTO)J.OB. 

llO)J.hiTO)KHM )J.OCTOHHCTBa npe)J.JlaraeMoH MeTO)J.HKH. MeTo)J. npocT, 

o60CHOBaH, yHHBepcaneH: npH BbWO)J.e )J.03HMeTpH'IeCKOH <IJopMyJihl BBO)J.H

JIHCb nnw& He3Ha'IHTeJibHhie orpaHH'IeHHH u ynpomeHHH. ,Iluana3oH 3Hepruu 

H COCTaB paCCMaTpHBaeMOrO H3JIY'IeHHH npaKTH'IecKH He orpaHH'IeHbi, MeTO)J. 

MO)KeT 6biTb npHMeHeH TaK)Ke B HOBbiX, MaJIO HCCJie)J,OBaHHbiX DY'IKaX H3Jiy

'leHHH CO CJIO)KJ{biM COCTaBOM H cneKTpOM. ,IlJIH H3JIY'IeHHH BbiCOKHX H CBepx

BbiCOKHX 3HeprHH He Tpe6yeTCH TO'IHOrO 3HaHHH COCTaBa H ClleKTpa, a TaK)Ke 

3HaHHH 3JieMeHTapHbiX ceqeHHH B3aHMO)J.eHCTBHH H3Jiy'leHHH C aTOMaMH cpe

)J.bl u MaTepuana )J.eTeKTopa: napaMeTphi, Heo6xo)J.HMbie )J.JIH onpe)J.eneHHH )J.0-

3hi ( W, S , f3 , nonpaaO'IHbie Ko3<P<PnuneHTbi) MoryT 6hiTb HaH)J.eHhi 3Kcne

pnMeHTan&Ho. llpH 3TOM o6ecne'IHBaeTCH yaepeHHOCTb B llpaBHJibHOM yqeTe 

ocHoBHhiX <PaKTopoa, BJIHHromux Ha <PopMnpoaaHue 3apH)J.a B ra3e HK. 
He Tpe6yeTcH npHMeHeHHH ToncTocTeHHOH pa6oqeif HK: npu H3MepeHHHX 

He HY*eH yqeT CTeneHn paaHoaecHH 3apH)KeHHhiX qacTHU. HeT TaK)Ke Heo6xo

)J.HMOCTH TO'IHOrO 3HaHHH aTOMHOrO COCTaBa MaTepuana CTeHKH ( eCJIH H3· 

aecTeH o6'heM KaMepbi u CK.Il onpe)J.eJieH 3KcnepuMeHTaJihHO )J.JIH TaKoro *e 

MaTepuana) • B paccMaTpnaaeMOH MeTO)J.HKe onpe)J.eJIHeTCH He TOJihKO no

rnomeHHaH )J.03a, HO u napaMeTp, xapaKTepu3yromnH Ka<~ecmo H3Jly<~eHHH. 

B npe)J.JlaraeMOM cnoco6e rpaAynpoaKH HeT Heo6xo)J.nMocm ucnonb30Ba

HHH 3TaJIOHHOrO JiCTO'IHHKa H3Jiy'leHHH. 

.n-~.u :-::C;1!!0!'"~ !":p!!!'.~eHeH!-!!! E~~X ~:u?Ht:"BH'hTY nyHl<'TOR npenJJaraeMOH Me

TO)J.HKH Heo6xo)J.HMO HMeTb KpoMe pa6oqeif HK u THDH'IHhiX acnoMoraTeJI&

HhiX HK (AJIH MOHHTopupoBaHHH, )J.JIH KOHTpOJIH pa)J.HaUHQHHOH o6CTaHOBKH 

B none pacceHHHoro H3Jiy<~eHHH u T.n.) TaK)Ke TP" HeTHllH'IHhiX HK, a HMeH

Ho: TOHKOCTeHHyro HK, no3BOJIHIDmyro onpe.u,enHTb ucxo)J.Hbie )J.aHHbie )J.JIH 

oueHKH CK.Il, 3TaJIOHHyro HK c xopowo H3BecTHhiM o6'beMOM - )J.JIH rpaAyn

poaKH pa6o11eii HK u <PaHToMHyro peKoM6nHaunoHHyro KaMepy - )J.JIH H3Me

peHHH napaMeTpoa Ka<~ecma. YnoMHHYThie HeTHllH'IHhie )J,eTeKTOpbi ucnonh-

3YIOTCH TOJibKO npH HCCJie)J.OBaHHH Ka'lecTBeHHO HOBbiX ny'IKOB. llpH pyTHH· 

HbiX H3MepeHHHX )J.OCTaTO'IHO ucnonh30BaHHH nnw& pa6o11eii HK. 

B 3aKJiro<~eHne cneAyeT OTMeTHTh, 'ITO npe)J.JlaraeMaH MeTOAHKa onpe)J.e

neHHH )J.03bl HaxO)J.HTCH B Ha'laJibHOH CTa)J,HH npaKTH'IeCKOrO llpHMeHeHHH. 

0nTHMH3aUHH H peanbHaH OUeHKa MeTO)J.HKH MOryT 6biTb npOBe,rr.eHbl JIHWb 

nocne HeKOToporo 11epno)J.a 3KcnnyaTauuu. 
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PyKonHCh nocTymma B H3.D.aTenbCKHH oT.nen 

27 HIOnH 1988 ro.na . 

• 

3eDMiaiCJCil M. 
Mero.-.uca o~......,. .ll03W • Me,!UIIUIIICJam JJY'OCU 
IIICTIIQBWCOICim....,.... . 

.... !WI!O-• • .n.&lpaopllllalpllolll Qo6.neM OHIIH. 

lhpeaoJallnOIJa 

ZlelcQdlld M. 
Method of Dole Determination In HJcb Enell)' hrticle 
n.apya.m. 

Pl&-88-681 

Pl&-88-&81 

Tbe cavitJ tbeoey II mod1tled to obtain IUch a formula for detarmblation of ablorbed 
dole llliDI iODiution cbamber In hiP eDe11J pll'ticle beama, wb1cb (formula) contalaa oalJ 
one factor dependent on ioniution chamber wall i.aaterlal, and tbia factor can be detenaiDecl 
uperimentallJ. Tbe eneru expended to cnadon an ion pair and the reltrict.ed ltoppiDc power 
mtio 1ft correlated wiU. a ftiCOmblnation iQda of radiation q~, wbicb ailo can be found 
apedmentallJ In tbe lnvutlpted radiation beam. ACCUIICJ of tbe ablorbecl dole determiDa~ 
tion In tbelaPJ bemna of pll'ticlel witb eDeiiJ of 10111e buDdleda MeV, bJ- of tbe metbocf 
IJIOpoeed, .. equal to about ~~. . 

The lnvettiption bu been performed at tbe Laboratoey of Nuclear Proble~m, .JINR. 
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