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HHCTHTYT HJJ;epHblX HCcneJJ;OBRllliH Jly6Ha, 1990 
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i. BBEJJ:EI:IHE 

Ko3¢>¢>Hn;HeHT Kaqecrna (K) HBnHeTCH OAHHM, H3 napaMeTpOB H3nyqe
. HHH, KOTOpbiH HCnOnb3yeTcH rnaBHbiM o6pa30M B o6naCTH- pa,n;Hau;HOHHOH 
6e3onaCHOCTH ·. ,D;nH onpe,nenEiHIDr. 3aBHCHMOCTH . He6naronpiDITHbiX. 6uonorH-. ' . 

qecKHX -nocne,ncTBHH o6nyiieHHH qenoae!Ca OT nHHeHHOH riepe,naqu 3Hepruu 
(1111S) H3nyqeHHH.- PernaMeHTHpoBaHHaH Me:»<,nyHapOAHOH ' KOMHccueii: 

_no pa,nuonoruqecKOH 3aliJ;HTe (MKP3) 3aBHCHMOCTh K OT 11119 npe,ncTaaneHa 
'Ha pHC.l (KpHBaHK) Ill' c noMOIIJ;blO,KOTOpOH MO,;eT oiipe,nenHTbCH 3KBH
aaneHTHaH A03a B none CMelliaHHOrO H3nyqeHHH C pa3nHqHbiMH 3HaqeHHHMH -

11119. 9KBHBaneHTHaH A93a H Tor.na pacctiHThiBaeTCH no ¢>opMyne: 
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PHc.l. 3as~cJIMocTI> Ko3qHpHUHeHTa Ka.,iecma, p~KoMeHnoaanHoro MKP3·. (KpRsan K), 

H peKoM6HHaUHOHHOrO napaMeTpa -KaqeCTBa ( Q R ) OT . JIHHeHHOH . nepep;aim 3HeprHH 
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r.ne K - cpewmii K03<l><lm~HeHT 'KaqecTBa CMelllaHHQro H3~~qeHHJI; D. 
nornomeHHaH '£~o3a, Loo ·-JII13, BKJIIOqaromaH ::meprHIO B~ex o-3JieKTpOHOB; 
D(L

00
) - pacnpe.neneHHe A03bi no.JII13; K(L 00 ) ~ 3aBHCHMOCTbK OT Jii13. 

,[(JIH npaKTHqecKoro·. onpe,neneHHH peKOMeH,nOBIDIHbiX. cpe,nHHX 3Haqe-. 
HHH K03<l><l>HUHeHTa KaqecTBa 'npH~ OUeHKe pil.n:HauHOHHOH onaCHOCTH B KOH-. ' 

KpeTHblX nOJIJ'IX CMelllaHHOrO H3JiyqeHHJI. npHMeHJ'IeTCH. peKOM6HHaUHOHHbrH 
MeTO.I(, HCTIOJib3YIOIUHH l'IBJieHHe peK0!\16HHauHH .TIOJIO:lKHTeJibHbiX H OTPHUa
TeJibHbiX HOHOB B TpeKax, o6pa30BaHHbiX HO~H~HPYIOIUHMH qacTHUaMH. 

IIpH 3ToM .nonH HoHos, Ii36e:lKasmHx peKo~6liHauHuH .no~THrmHx 3neKTpo~· 
,nos HOHH3auHOHHOH KaMepbr •. (T.e. 3<l><l>eKTHBHOCTb co6HP!iHHH HOHOB), TeM 
MeHbllle, qeM Bblllle.JII13 HOHH3MpyiOIUHX qacTHU. 3<l><l>eK'rmlHOCtb co6Hpa
HHJI HOHOB . <l>yHKUHOHairbHO CBJ'I:JIDJa C peKOM6HHauHOHHblM napaMeTpOM Ka
qec'rBa- PIIK (eM: HH:lKe n.2.1), 3asHCHM,OCT~ KOToporo oT·JIII3 oqeH& ~6JIH3-
Ka K 3aBHCH~ocTH K (L oo ) ; ~o· .nenaei- B03MO:lKHbiM H3MepeHMe .n~oro 
napaMeTpa B Cl\ielllaHHblX TIOJIJ'IX H3JiyqeHHH. (pHc.l, KpHBaH QR) .• 

HcnoJI&30BaHHe KOHuenUHH Kf?3<l>(llHUHeina · KaqecTBa H3Jiy~eHHH M?:lKHO 
paCuiHpHTb 3a paMKH ee HCnOJib30BaHHJ'I B 06JiaCTH pa,nHa~OHHOH 6e3onac
HOCTH H:npHMeHHTb B ,npyrHX ofinaCTJ'IX, r,ne K03<l><l>HUHeHT KaqecTBa MO:lKeT· 
HCTIOJlb30BaTbCH KaK H3MepHeMbtif napaMeTp cMemaHHOro H3JiyqeHmi, <l>YHK
UHOHairbHO CBJ'13aHHbiH C JII13. B qacTHOCTH, B pa,nHOTepa~H OT JIOKairbHOH 
TIJIOTHOCTH 3HeprHH, Bbi,neJIHeMoii B TpeKax qacTHU (a cne.noBaTeJibHo, o'i CBH- · 
3aHHoii c nett BeJmqHHhr K) · 3asm!HT 6HonorliqecKaH 3<l><l>eKTHBHOGTi. B03-· 
.neHCTBHJ'I H3Jiy~eliHJ'I Ha oeyXOJieBbie H 3.I(Op0Bble KJieTl<H; B pa,nH<;>6HO~OrHH 
C TIOMOJnbiO napaMeTpa, , xapaKTepH3yromero KaqecTBO H3JiyqeHHJ'I, MO:lKHO 
oueHHTh .. K03<l><l>Hri;HeHT KHcnopo,nHoro .ycHJieHHH (KKY) H oTHOCHTeiTbHyiO 
6HonorHqecKyiO 3<l><l>eKTHBHOCTb (0B3) B'nOnl'IX H3nyqeHHJ'I C Ma:rroH .I(030H, 
He.I(OCTaTOqllOH. ,l(JIJ'I HX' oripeiieneHHJ'I pa,nH06Honomqec,KHMH MeTO.I(aM~; . 
B . A03HMeTpHH napaMeTp, ·xapaKTepH3YIOIUHH KaqecTBO H3nyqeHHl'l, MOfKeT 

· 6biTh Hcnonb30B.aH ,nnH onpe.neneHHJI 3<P<PeKniBHor~ 3HaqeHHH 3Heprriii HOHO_. 
o6pa30BaHHJ'I H OTHOilleHHJ'I 3¢<l>eKrHBHblX TOpM03HbiX cnoco6Hoc~eH. B HC
cne.nyeMOM nyqKe H3nyqeHHH/2/ .... · .. · · · ·. -~. · ' 

IJ;eJibiO HaCTOHIUeH pa60Tbl J'IBnHeTCJ'I onpe,nenemi:e K03<l><l>HUHeiua / Ka- 1 . 

qecTBa B . noire ~3nyqeHHJ'I, · C03,l(aBaeMOM B BO.I(HOM <l>aHTc;>Me TepaneBTHqec
KHM nyqKOM HeHTpOHOB BbiCOKHX 3HeprHH, npe,nHa3HaqeHHbiM ,nJIJ'I pa,nHOTe

.PanHH rny6oKopacnOJ10">KeHHbiX 6()nb~HX pa,nHop~HCTeHTHbiX 3nOKaqecrneH-. 
HblX onyxoneii /S/ ~ Pe3ynh:raT~l H3MepeHHH cpaBHHBaJOTCJ'I c pacqeTaMH. 

'..·. . . . 
2. METO.l{HKA H3MEPEHiill 

2.1. PeKoM6HHauHoHHbrn riapaMeTp Kaqeerna 
\' • • , > • I • 

3KcnepHMeHTairbHO onpe,neJIJ'IeMbiH peKOM6HHauHOHHbiH napaMeTp Ka- . 
qecrna (PIIK) ...,.. sennqHHa, KOTOP!l:J'I o6bNHo oTO:lK.I(ecTBnHe'rcH c peKoMeH- . 
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.I(OBaHHhl~ K03<l><l>HUHeHTOM KaqecT~a (K) BB~Y HX npaKTHqecKM aHairOrHq-· 
H~H 3aBHCHMOCTH oT JIII3 (pHc.l) ~ IIo onpe)I.eneHHIO 141 · PIIK l'IBnH~TcH oi
HomeHHeM ,nOnH HOHOB, peKOM6HHHpyiOIUHX B onpe,neneHHbiX ycnoBHJIX 
nonocTH. TKaHe3KBHBaireHTHOH HOHH3auHOHHott KaMepbi BbiCOKoro .nasneHHH 
(peKOM6HH~~HHOH. KaMepbl) , HaxOAJ'IIneHCJ'I B HCCne,nye~OM none H3Jiy-. 

q_eHHJ'I, -~ ,none HOHOB, peKOM6HHHpyrounfx B TeX :lKe ycnOBHJ'IX B none CTaH
,naprnoro raMMa-H3nyqeHHH: 

1 -~r n· 
QR = . 

' 1 - f y - . . 

" (2) 

r,ne. Q R ~ peKOM6HHauHOHHbrH riapaMeTp KaqeCTBa; f n H . ( y - '3<P<PeK-
THBHOCTb C06Hp!lliHII HOHOB COOTBeTCTBeHHO B HCcne,nyeMOM H CTaH,napTHOM 
none H3nyqeHHJI. • 

. • Bblpa3HB 3<l><l>eKTHBHOCTb C06HpaHHH HOHOB qepe3 OTHOilleH~e TOKa. iR, 
H3MepHeMOrO B pe:lKHMe peKOM6HHauHH, K TOR:Y Ha~biJneHHJ'I. j S j Bblpa:lKe- . 
HHe (2) MO:lKHO 3anHcaTh a pa6oqeM sH.ne: · 

,. - ' . ' 

'· 

QR, =.!.. [ 1 - in(UR) 
R . i n<Us) ] ' '< 

(3) 

r.ne UR - HanpH:lKeHm~. o6ecneqHBaro~ee COOTBeTCTBYlOIUHH pe:lKH~p'eKOM
JiHHaumi; Us - Ha~pl'l:lKeHHe, o6ecneqHBaromee pe:lKHM, 6nH3KHH K HaCbl

me8,Hio; R = .1 - }; (UR) /iy (Us ) - 3HaJVIeHaT~b. BblproKeHHJ'I (2), Bbl
crynaiorri;HHB Bblpa:lKeHHH (3) KaK KairH6pOBO~brH.MHO:lKHTeJib. 

.CornacHO. TeOpHH nOKairbHOH .peKOM6HJ:IauHH .HOHOB 3aBHCHMOCTb pe- . 
.KOM~HHauHOHHOr~ napaMeTpa KaqecTBa OT JII13 .MO:lKeT 6hiTb npe,ncTaa.neHa' 
<l>YHKUHeii . , 

.\ 
p. -----,. 

1 + R(p. ~ l) 
(4) QR = 

. -
r.ne p..- OTHomeHHe JIII3' paccMaTpHBaeMoro H3nyqeHHH H CTaHAaprnoro 
y-H3ny~e~HJ'I (eM. pHc.l). llpHeMneMaH ,nJIJ'I H3MepeHHJ'I Ko3<t><t>m:~eHTa Ka
qeCTBa, 3aBHCHMOCTb. QR OT JII13 o6ecneqlfBaeTCJ'I npHJIO:lKeHHeM K 3JieKTpO~, 
.I(aM KaMepbl TaKoro Hanpl'l:lKeHHl'l,_ npH KOTOpOM fy = 0,96. 06'beMHaH pe-. 

· KoM6HHauHH HOHOB npH 3TOM .non:lKHa 6biTb npeHe6pe:lKHMO Manoii. , 
.· ' Henb3H, o,nHaKo, rion8ocThro oTo~ecTBJIJ'ITh peKoM6HHauHmiHbiH na- _ 
. paMeTp Kaqecrna H peKOMeH,nOBaHHblH K03<l><l>HUHeHT KaqeCTBa. 0TMeTHM r- . . . 
OCHOBHbie pa3nHqHJI •. 

·' , ·_1. JloKairhHaH'peKo,M6HHauHJI HOHOB (TaK:lKe H PIIK) onpe,n_eJIHeTCH3<l>-
<l>eKTHBHbiM paCCTOJ'IHHeM Me:lK.I(y . HOHaMH npOTHBOnOnO:lKHblX . 3HaKOB 
B o6'heMe nopJ'I.I(Ka .nonH MHKpo~eTpa, :qTo He BnonHe .COOTBeTCTBYeT ueorpa
HH'<ieHHOH. JIII3, onpe,neJIHIOineH K( 1 ) ' oco6eHHO B o6nacTH HH3l<H~ JIII3. 

, '- 00 4 ' ' 
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2. 3aBHCHMOCTH PTIK H K OT nns He TO~ecTBeHHbl,. oco6eHHo B o6na-
\ ' 

CTH 6onbWHX JITI3. . _ 
3. PTIK onpeAemteTCH noKaiibHOH nnoTHOCTLID :Ho~m3ru:nm a T~esKBH-

·aaneHTHOM ra3e, a He. B BOAe. 
TipHBeAeHHbie pa3nH'flffi, OAHaKo,.He sneKYT cymecmeHHbiX pacxo~e

HHH Me~y tllicneHHhiMH 3HaqeHHHMH QR H K ~ cnyqae WHpoKoro cneKTpa 

3apH:>KeHHblX %CTJm; HO AOn:>KHbi npHHHMaTbCH BO' BHHMaHHe npH C~DOCTaB_~ 
neHHH AaHHhiX. C Qenbro npH6nH:>KeHHH ycnosHii pacqera H 3KcnepHMeHTa.Ha-. ' . 
PRAY c pacqeTaMH, HCnOnb3YlOIUHMH 3aBHCHMOCTb peKOMeH,AOBaHHOro xos!I>.-
!PmtifeHTa KaqeeTBa OT nns AnH .K~or~ THna q~CTHQ,. o6pa3yeMbiX B 'IPafi
TOMe HeHTpOHaMH BbiCOKHX 3HeprHH, 6bmH TaK:>Ke npHBeAeHbi pacqeTbl CO-
maCHO 3aBHCHMOCTH QR OT llll3. . . . ._, . 

2.2. 3KcnepHMeHT 

CxeMa lPOPMHPOBaHHH HeATpOWIOrO TepaneBTHqecKOI'O rly~Ka Ha 4>a": 
30TpOHe m=m O:IDIH onHcaHa B pa6o1:e 131 • BnoK-CXeMa 3KCnepHMeHTanbHOH ' ' 
YCTaHOBKH DOKa3iuta HapHc.2. <l>aHTOM (<l>), npeACTaBnHIOitiHH:co6oii BaHHY 

pa3MepOM 7 0 CM BAOnb HanpasneHHH ABH:>KeHliH HeHTpoHHoro . eyqKa. H no
nepeqH,biMH pa3Mepwm. 60x50 cM, co cTeHKaMH H3 nneKcHrnaca TOniUHHOH · 
1 CM (BXOAHoe-o:KHo TOniUHHOH 5 MM). HanOnHeHHbxH BOAOH, noMeiQancfi 
B npoQeAypHoH Ka6HHe HeHTJ?OHHoro Tep~esmqecKoro nyqKa B MecTe, 
npeAHa3HaqeHHOM AnH- DaQHeJITa, Ha paCCTOHHHH 0,8 M OT ~CTOBOrO KOnnH,; 
MaTopa (K) .c·AHaMeTpo~ ~TBepcTHH 10 eM H Ha pacc;oHHHH 9 MoT MHWeHH, 
6oM6apA:HpyeMOH npoTOHaMH c sHeprHeH 660 M3B. 3HepreTH~ecirue" cn~KTpbi 
HeiiTpoHos AnH MHwei:Ieii H3 6epHnnHH, MeAH H csHHQa1~1 , Hcnonh3osa.Bwlix-. ' 

... rm-:··_ 
~:1 n ; -:. .- __ 

~K 

-~ 

. 

•. 

PHc.3. SaepreTH'IecKHe 'cneKTphi IIJIOTHO· 

CTH nOToKa aeihpoaoa, a-bixo~x n~p; 0 

H3 Pa3JIH11Hb1X MHWeHeH OnTHMaJibHOH TOn· 

~. 6oM6ap;D;HpyeMhiX npOTOHaMH · 

c 3Heprueii 660 M3B I 51 . 

4 

I, 

PHc.2. CxeMa 3KcnepHMeHTa onpe,u;ene

HHH• peKOM6HH~OHHOrO napaMeTpa 

· Kaqecrsa. 

En,M.S 
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CH a sKcnepHMeiiTax, npHBeAeHhi Ha pHc.3. llpo!I>Hnb nyqKa :BbtcoKosi:Iepre
mqec:KHx ·HeH~pOHOB~Ha BXOAe B !l>aHTOM H rny6HHHOe pacnpeAeneHHe no

. rnomeHHOH A03bi, H3MepeHHhle C ~OMOIUblO HOHH3aQHOHiJOH KaMepbl AHaMeT-
poM 16 MM 131 , noKa3aHbi Ha pHc.4 H 5. · . - ·, · . · 

'llnoCKafl peKOM6HHaQHOHHaH KaMepa (PK Ha pHC.2) C AHaMeTpOM 
sneKTPOAOB _ 36 MM H nonHoii ioniUHHOH 10 MM · ( noA06Him no KOHCTpyKQHfl: 
KaMepe THna KR-1316 , 7 1), HanonHeHHaH nponaHoM no A AasnemieM 400 Klla, 
noM:emanacb B lPaHTOMe (<I>) nepneHAHKynHpHo HanpasneHHID nyqKa • (TI). 
TiepeABH:>KeHHe KaMepbi ocymecTBJmnocb c noMOlllblO ABYXKOOPAHHauioH: 
cli:cTeMhi I!epeMememm. Ponb MOHHTOpHoro AeTeKTopa (M) BbmonHHna TOH
KOcTeHHaH TpaHCMHCCHOHHaH -- HOHH3aQHOHHaH, KaMepa ,· C Me:>K3neKTpOAHhiM 

· paccTOHHHeM 5 MM, 3~nonHeHHaa al-Moc!l>epH:biM :So·3AyxoM. · 
ToK (nH6o 3apHA) MoimTopHoii H peKoM6imaQHOHHoii KaMep H3MepHn

CH c noMOIUblO ABYXKaHanLHoro sneKTpoMeTpa (3) if cqHThiBancH c QH!I>po
BbiX :BonbTMeTpOB (UB) . llpH H3MepeHHH 3apHAa npOH3BOAHnOCb OAHOBpe
MeHHOe HaKonn'eHHe. ero, a TaK:>Ke OAHOBpeMeHHOe OTKnlOqeHHe o6eH.X. Ka~ 

~Mep. Pe:>KHM HaKoiuxe:aim 3apHAa npHMeHHncfi nHwh npH pa6oTe c noHifmeH- . 
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fmt6MHA CIIAHTOMA, . CH H.20 , . 

PHc.4. rny6HHHOe ;D;03HOe pacnpep;eneHHe (r llP) H pacnpe;o;eneHHe K034JqlHUHeHTa 

KaqeCTBa HeHTpOHHoro Tepane~TID!ecKoro nyqKa. 
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P.4CCTO~WE arocw nY4KA, CM 

PHc.5. Pa,nHari&HOe pacnpe~eneHHe (PP) HeiiTpoHHoi:o 

'ljepaneBTlltleCKOrO nyqKa Ha BXO~e B cPaHTOM (Z "; 0 CM) .:__.· 

H. K03cPcPHI.UieHTa KaqeCTBa Ha 'rny6HHe z· = '15 CM BO~&I. 
I 

·/ 

I. • 

HOH HHTCHCHBHOCTblo, ,. a TaiOKe npH · HCCTa6HJibHOH pa60TC ·. <lJa3oTpOHa •. B. OC• 
, HOBHOM HCnOnb30BaJICH pCiKHM H3MCpCHH1I. TOKOB,. npH 3TOM o6ecne~HBa
.naCb npu6nH3HTenbHO OAHHaKOBaH nOCTOHHHaH BpCMCHH B 060HX KaHanax 

. . . . I . 
:meKTpoMeTPa. B Ka:>KAOM peiKHMe npoH3BOAHJiacb perncTpaumi .n;ocTaTotiHo 
6onLllloro •mcna noKa3aHlfH un<Ppoaoro J3onLfMeTpa c 'uenLro cHHiKeHHH cTa-
THCTH'IecKou oni"H6KH. . , . "·· . .. . . 

·Ha peKOM6HHaQHO~iHyiD KaMepy nOAaBaJIOCb nOO'IepeAHO -HanpHiKCHHe 
. Us , o6ecne'IHBaiOIIJ.ee peiKHM, 6riH3KHH K HaChiiiJ.CHHIO, H HaripHiKEiHHC U~ , 
o6ecne-imaarom.ee COOTBCTCTByiOIIJ.HH peiKHM. peKOM6HHa]lHH. lloA6op HilllpH

iKeHmi UR ocym.ecTB~IHnCH AOBKnlO'ICIIIm HCHTpOHHOrO ny'IKa B none y
H3ny'leHHH HCTOlffiHKa Cs-i37 ,' ycTaHaanuaaeMoro nepeA <PaHTOMOM. KoaT
ponLHoe H3MepeHHC B n'one y-H3ny'ICIIHH npOBOAHnOCb Tal6Ke nocne HCHT-. 
POHHoro o6ny'leHHH. · · 

0CHOBHhiC. H3MepeHHH . npOBOAHnHCb npH MOIIJ.HOCTH A03hl nOpMKa 
1 crp/MHH . .[{ononHHTCnbHhie H3MepeHHH 6hmH npoBeAeHhl TaiOKe npH CCMH·' 
KpaTHO ll<lHHiKCHHOH HHTeHCHBHOcntnyq:i(a C UenbiO y'leTa o6'beMHOH peKOM· 
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6HHauun iioHoB. C 3Toi1 iKe uenLro 'la~L H3MepeHHi1 6hma ahinonaeHa a .n;ayx 
BpCMCHHbiXpeiKHMax BhffiOAa npOTOHOB Ha <iJa30TpOHa, .pa3nH'IaiOIIJ.HXCH Be
'nH'IHHOH AnHTenbHOCTH HMnynbCOB ny'IKa, cneAyromu:x; B 060HX. cny~aHX 
c o.n;~aKoaoii qacToToii (250Tu). B o.n;HoM peiKHMe'.n;mrrenLHocTL HMnynL-

-ca COCTaBnHna OKOnO 70 MKC, B ,n;pyroM- 3500 MKC, T.e. 3aiTOnHHna no'ITH 
:aech npOMeiKYTOK BpCMEiHH Me~y HMnynbCaMH'·( 4 MC), o6ecne'!HBaH peiKHM_. 
npaicrH'ICCKH HenpephffiHOrO H3ny'leHHH. 1 • 

. c UenbiO BBCAeHHH nonpaaotiHoro K03<P<PnUHeHTa,' Y'IHThmaromero B03-
MOiKHOe BnHHHHe MCpTBhiX 06'bCMOB B KaMepe, B pasi.eMaX H Ka6enHX, 
a TaiOKe anmiHHe BHYTPCHIIHX noTeHunanoa ·pei<:oM6HHaUuOHHOH KaMephi, 
'HCKOTOpbie H3MepCHHH npOBOAHJIHCb KaK npH nonOiKHTenbHhiX, TaK H npu 
oTpuuaTenLHhiX: HanpH:>KefiHHx Us· If u R. C uenLro y'leTa B03Mmmou ollln6~ ' 
KH, o6ycnoaneHHOH HCnOnHbiM HaCbiiiJ.CHHCM, 6bma CHHTa nOnHaH BOnhT-aM- , 
nepHaH xapaKTepHCTHKa • .[{nH yqeTa B03MOiKHOro BnHHHHH MeiK3rieKTpOAHO- • 
ro .HanpHiKeHHH Ha BenH'IHHY 'IYBCTBHTenbHOro o6'beMa KaMephl BOnbT-aMnep-
1HbH~. xapaKTepncTHKH a none y -n3ny'leHHH 6hmH cHHTLI npu HecKonLKHx 
3Ha'!eHHHX AaBneHmi ra3a B KaMepe. ,[{nH Y'ICTa H3MeHeiiHH 'lyBCTBHTenbHOCTH 
MoHnTopaou KaMepbi c rinornocTbro a~3Ayxa perucTpupoaanucb T~MnepilTypa 

" ' ' 

. H aTMOc<lJepHOC AaBneHHe BO BpeMH H3MepeHHft.· BhmH H3MepCHbl TCMHOBbiC. 

.TOKH o6eux KaMep AO H nocne aeiiTpoHHoro o6nyqeanH. B .. CBH3HC 3aMe'leH
HhiM Apeu<PoM oTHollleHHH TOKa peKoM6HHauHoHHOH KaMephi K ~oKy MOHH
Topa (oKono 0,3% i:l. tiac). nepHOAH'IeCKH noaiopfinncL H3MepeHHH PTIK 
,B ~OHTpOnbHOH TO'IKe ipaHTOMa: . . . 

< · 2.3. 06pa60TKa pe3yfiLTaTOB H~MepeHHH' . 

3Ha'ICHHe peKOM6HHaUHOHHOrO napaMEHpa Ka'leCTBa QR OnpeAenHnOCb. 
OTHollleHHeM TOKOB ·(unu ·3apHAOB) cornacHo Bbip~eHHIO (3), B KoTopoM 
3Ha'!eHHC . i Bhi'IHCnHJlOCb KaK OTHOllleHHC noKa3aHHH TOKa. ( HJIH 3apHAa~ , 
co6upael\1oro aa 3neKTpOAaX peKOM6HHaiUiOHHOH. KaMepbl npH 3aAaHHOM 
HanpHiKCHHH, :K cooTBeTcTayrom.eMy · nOKa3aHHIO MOHHTopa: HanpHiKeHue, 
noAaBaCMOe Ha peKOM6mla!lHOHHYIO. KaMepy, COCTaBnHnO UR = 205 B. 
llpH 3TOM 'IHCneHHOe _3HaqeHHe KaJIH6pOBOlffiOrO MHOiKHTCnH R B .BblpaiKe
HHH (3) paBHO: R = 0,039. 

. ,[{nH pony'ICHHH OKOH'IaTenbHOrO . 3HaqeHHH Q~ Ha onpeAenCHHOH 
rJty6HHC Z H onpeAeneHHOM paCCTOHaHH OT OCH ny'!Ka r B . <iJaHTOMe BBO
AHnuc'b cooTBCTCTByromue nonpaaotffihie 'lnCHhi H MHOiKHTenu •. qucneHHbie 
3Ha'!eHHH', aau6onee cy~ecTBeaahiX nonpaaoK, y'IHTbiBaroiiJ.Hx B03MOiKHbie 
OlllH6KH, . ynOMHHYTbie. paHee, COCTaBnHnH: o6'bCMHaH peKOM6HHa]lHH -'
OT 0,2 AO 4,0%; TeMHOBOH TOK H TOK HaBeAeHHOH aKTHBauHH MOHHTopa -
H3%, nomipHOCTb HanpHiKCHHH- 0,6%. CTaTHCTH'ICCKaH norpernHOCTb H3-

' MepeHHH To:Koa ·np~ o.n;H6u ycnmoBKe peK~M6nHau~oHHoi1 KaMephi a ¢laHTO-
•• • ' _-1' • ' • ' '< 
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Me He npeBbilllaJia 0_,5%, 'ITO COOTBeTCTBOBaJIO 4%. norpelllHOCTH onpe)J;eJie
HHH PTIK. llorpelllHOCTb a6coJIIOTHOro' 3Ha .. UiHHH MO)KeT AOCTHraTb · B HeKOTO·
pbiX TO'IKax 12%. OcHOBHbiMH HCTO'IHHKaMH TaKoii HeonpeAeJieHHOCTH ·HB
JIHIOTCH HeDOJIHOCTbiO BbiHCHeHHbie HBJieHHH )J;peifcpa 'IYBCTBHTeJibHOCTH aJIIO.
MHHHeBOH MOHHTOpHOH :KaMepbi, H3MeHeHH.H 3cpcpeKTHBHOCTH co6HpaHH.fl 
HOHOB B peKOM6HHauHClHHOH KaMepe B npouecce 06Jiy'leHHH A03·aMH DOPHA· 

. " . '' 
Ka HeCKOJibKHX rpeif; · BJIHHHHH HanpH)KeHH.H, npHKJia)J;biBaeMOrO Me)K)J;y 
3JieKTpO)J;aNIH1 Ha qyBCTBHTeJI_bHbiH 061>eM HCDOJib3yeMOH peKOM6HHaJ:UiOH-
HOM KaMepbi. ... 

3: METO,llHKA P ACqETA' 

" \, 
PactJeT npocTpaHCTBeHHoro pacnpeAeJieHHH K03cp<}:muHeHTa . KatJecrna 

B CMelllaHHOM .no~e H3Jiy'leHH.H, o6pa3yeMOM B, BO)J;HOM cpaHTOMe HeHTpOH~ 
HbiM ny'IKOM c rpaHHtiHOH 3HeprHeii cneKTpa 660 M3B (pHc.3) , npOBOAHJIC.H 
Ha 6a3e. pac~eTOB npOCTpaHCTBeHHbiX pacnpe)J;~neHH~ JIOrJIOIQeHHOH H 3KBH-

. ' ' ' ' ' ( 
BaJieHTHOH A03bl corJiaCHO Bblpa)KeHHIO .· · . . . . 

'I 

(5) 

" AJiropHTM · pactJeTa npocTpaHCTBeHHoro pacnpe)J;eJieHHH nornoiQeHHOH 
A03bi D(r; z), B BOAHO;_.. cpaHTOMe, o6ny11aeMOM y3KHM ny'IKOM MOH03Hep
reTH'IeCKHX HeHTpOHOB, DO)J;p06Ho H3JIO)KeH B pa6oTax /8,91. 'TaM )ICe npo" 
BeAeHbi pactJeTbi K03cpcpHUHeHTa Ka'leCTBa AJIH Y3Koro MOH03HepreTH'IecKoro 
ny11Ka Heii'ipoHos~'-c. 3HeprHeii 525 M3B. B AaHH~~ p~6oTe Bbi'IHcneHHH Ko3cp
¢HUHeHTa Ka'leCTBa npcme)J;eHbl C. ytJeTOM cneKTpaJibHOrO COCTaBa H npOcpHJIH 
KOHKpeTHOrO HeHTpOHHOrO TepaneBTH'IeCKOrO ny'IKa, na)J;aiOIQero Ha cpaH- . , 

' " ' ' ' ' ' ·, ' ) 

TOM. ·. B pac11encr • npocTpaHcTseimoro· pacnpeAeJieHHH nornoiQeHHOH A03bi 
' ' ... ' . ' . . 

Y'IHTbiBaJIC.H BKJia)J; B noJIHyro nornoiQEmHyro · A03Y. BTOPH'IHbiX npoTOHOB, 3a~ 
pH)KeHHbiX 17-Me3oH:os, 3JieKTpOHOB, THJKeJibiX 3apH)KeHHbix qacTHU ( d, T, 
3
He, 4 He), a T~K~e ociaTO'IHbiX fiAep 8 fl:Aep OTAa'IH.KHCJiopoAa, KOTOpbie' 

o6pa3yroTcH: a proynbTaTe-HE;ynpymx H ynpyr~x B3aHMOAeiicn:iHii aApo:Hos 
' . . .. •, '\ ' 

C HApaMH KHCJIOPOAa BO)J;bl. 

· llpH pactJeTe noniloii nornoiQeHH~H A03bi Y'IHTbiBaJICH BKJiaA 'laCTHU 
Hynesoro; nepsoro H BT~poro noKoJieHHH 151•· CneAyeT·3aMeTHTh,.'ITO BKJiaA 
'laCTHU BToporo · noKoJieHHH y ytlli;~IB~c.R ripn6JIH)KeHHO • ABYMH cnoco6aMH. 
B ~epsoM ilapHaHTe (MOD-1) y'IHTbiBanocb riornm:heHHe sc~ii 3HeprHH 'la
CTHU BToporo DOKOJieHHH, BO BTOpOM aapHaHTe (MOD~2) Y'IHThiBMOCb no

rJioiQe~He TOJibKoqacTH 3HeprHH 3THX 'laGTHU, KOTOpaR HAlh ~a HOHH3auHro 
cpe)J;bi. PactJeTbi K03cpcpHUHeHTa Ka'leCTBa · c HCDOJib30BaHHe~£ sapHaHTOB 
MOD~1 H MOD-2 AaiDT, COOTBeTCT:ijeHHOi HIDirniOIO H sepxliroro rpaHHUY ero 
3Ha'leHHH (eM'. pHc.4-6) . · , 
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5 ,: tO .s· 20 25 30 .35 

r.IJY&MHA IP.4ITOHA, eM HaD 
' PHc.6. r~y6Jffiaoe pacnpep;eneHHe K03$$m::UteaTa Ka'leCTBa HeHTpOHHbiX 

nyqK~~' D~JiyqaeMbiX H3 pa3m;;'lHbiX MHIIIeHeH. 1 •• : 

. , I 

Pac'leT 3KBHBaJieHrimii A03bi H (r , z }'-nposo)J;HJICH cornacHo Bbipa)Ke
HHIO (1) C HCDOJib30BaHHeM )J;JIH Ka)K)J;Oro BbillleHa3BaHHOrO BHAa H3JiyqeHHH 

' ' ' 

CBOH:l{ K03cpcpHQHeHTOB Ka'leCTBa, onpe)J;eJieHHbiX COrJiaCHO, peKOMeH)J;aUHHM 
MKP3. llpH 3TOM .AJIH 3ap.H)KeHHb~ 11a~THU c nHHeiiHoii nepeAaiJeii 3HeprHH 
6onee 3,5 K3.B/MKM.HcnoJib30BaJIOCb 3Ha'leHHe K a 3aimCHMOCTH OT 3Ha'leHHH · 

.· •. , , . .. I ... , • . 

nns B BO,IJ;e. Ko3cpcpHUHeHT KatH~CTBa ,IJ;JI.H OCTaTO'IHbiX H,nep H HAep OTAa'IH 
. KHCJIOpo.p:a npHHHMaJIC.fl paBIIbiM 20. . , , 

· KpoMe _Toro, 'KaK y)Ke yi:roMmianoch, .nmi 'npH6Jimi<eHH.H ycnosH:H pac-
' 'leTa K YCJIOBHHM 3KCnepHMeHTa 6bmH BbinOJIHeHbl TaK)Ke paC'IeTbl C HCDOJlb· 

30BaHHeM 3aBHCHMOCTH QR OT flll:3. 

4. PE~YllhTATbl H3MEPEHH:A: H PACqETOB, 

. Pe3yJibTaTbi H3MepeHHii H pac11e~os K03cpcpHUHeHTOB .Ka'lec~a HeiiTpoH
Horo TepaneBTH'IecKoro · nyliKa cse,neHbi a· Ta6JIHUY H · npe,ncTasneHbi 
Ha pHc.4-6.- ' · . . . .. 

. Pacnpe,neneHHe K03q;cpHUHeHTa Ka'leCTBa no -~ny6HHe cpaHTOJvra AJIH 6e
. pHJIJIHesoii. ;MHllleHH, TOJIIUHHOH 64 r/cM2, 6oM6ap,nHpyeMoii npoTo~aMH 

. •' 
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Ta6nu(la · 

'foqKM AeTeKTMpo-
MaTepMan M TOJIIIUfHa aeM:'fpoaoo6pa3yromeM: l'v1iuneaM naami B ¢aaToMe 

z, CM r,cM .· BepwumM: . MeAb CaMHeu 
64 r/cM2 • . ,98r/cM.2 1l3 r/cM2 

0,6 0 5,1±0,3· 5:2±.0,3 5,r'± 0,3. 

3 0 J4,1±0,25 4>1±0,25 4,1±0,25 

6 0· . ' 3,6±0,2~ ...J - .3,9:!;0,2 

9 ;o 3,3±0,2 - 3,8±0,2 

15 0 3,2±0,2 
: { 

3,3±0:25 3,8±0,3 

15 6 2,9±0,25 3,0±0,25 3,3±0,25 

15 12 2,6± 0,25' -'. - I. 
25 0 3,0±0,2 . -
33 0 - . 3,0± o;3 3,5±0,3 
70 0~ 2,8±0,3. - ' \ 

.. ' . ' , ; ' ,' . . 

c :mepmeM: .660. M3B, npeACTaaneao aa pMc.4. IIonyqeaHbie AaHHbie xopoillo . 
( ·. •' . . ,• , '. . ' . ·' 

COrJiacylOTCfl B npeAeJiax 3KCnepHMeHTanbHbiX OlllM60K CO 3HaqeHM.flMM, no-
JiyqeHHbiMM paaee. ,lJ,Jlfl. 6epMJIJIHeBOH MMilleHH TOJII.UMHOH. 4,6 r /CM 2, AaiOI.UeH, · 
OAHaKo, 6onee JKeCTilliH cneKTp I:ieM:TpOHOB /10/ , qeM AJI.fl HeHTpOHOB Tepa
neBTMqecKoro nytiKa ·(pHc.3). 1-hMepeHHbie 3HaqeaM.flK03cPcPMUMeHTa KaqecT- .. · · 
Ba TaKJKe XOpOillO. C~J\JiaCylOTCfl C pacqeTHbiMM. 3HaqeHMflMM B npeAeJiax HMIK· 
a eM: M aepxaeM: rpaHMU, ,lJ,aaaeMbiX aapMaHTaMM, pacqeTa MOD-1 M · MOD-2. 
IIpMqeM 3.tiaqeHM.fl K03<i>cPMUMeHTa K~qecTea, paccqMTaHHbie C MCnOJib30Ba-

. HMeM 3aBMCMMOcn:i K (L), p~Kol'v1eHAOBaHHbiX MKP3, npaKTMq~cKH ue OTJIM
qaroTcn OT 3HaqeHMH, ··paCC'lMTaHHbiX C MCII<lJib30BaHMeM 3aBMCMMOCTM _Q R (L) , 
KOTopyro MMeeT peKOM6MHaUMOHHafl Ka¥epa, MCII<)Jib3yeMrui . B M3MepeHMflX 
npM f.y = 0,96. 3TO n03BOJifleT; M3MepneMyro BeJIMqaHy peKOM6MHaQMOH~ 
HOrO napaMeTpa KaqecTBa. OTO)KAeCTBJiflTb B. AaHHOM CJiyqae C K03cPcPMUMeH
TOM KaqecTBa HeHTpOHHOro TeparreBTMqecKoro nyqKa. 

· Pa,l1,Manbaoe · pacnpeAeneaMe K03cPcPMUMeHTa KaqecTaa aeM:TpoHHoro 
nyqKa, M3MepeHHOe Ha rny6ffiie 15CM, COOTB~TCTByronieM: paHOHY MaKCMMy
Ma pacnpe,l],erieHMfl nornomeHHOH. A03bl, noKa3biBaeT MOHOTOHHbiH cnaA ero 
3HaqeaMM: .c YAaneHMeM OT ocM nyt!Ka (pMc.5). PacqeTbi,OAHaKo, noKa3biBaroT .. 
6onee AeTanbHOe · pacnpeAeneHMe AaHHOrO napaMeT~a no pa,!1,Mycy cPaHTOMa: 

. HeKOTOpOe yBeJIMqeHMe (OKOJIO 6%) Ha paCCTOflHMM, ·coOTBeTCTBYIOI.UeM pa
AMycy: nyqKa (5 CM), ·a TaKJKe 'fia paCCTOflHMM, COOTBeTCTBYIOI.UeJ._VI rpaHMUe 
30Hbl riyq:Ka, COCTaBJI.fllOI.UeM 13. CM B pa,!1,HanbHOM pac,npe,l1,eJieHMM nyqKa, na-
AaiOI.Uero ua cPaHTOM. . . . 

' ( 10 
1: 

· Cna6an 3aBMCMMOCTb K03cP<l>MUMeHTa' Kaqecrna OT cneKTpanbHOro co
CTaBa HeHTpOHHOrO nyqKa, OTMeqeHHafl AJI.fl 6epWIJIMeBOH MMilleHM, Ha6JIIOAa
eTCfl TaKJKe .M npM ~OJfee cymeCTBeHHOM M3MeHeHMM cneKTpa HeHTpOHOB, 
oco6eHHo aa HecKOJibKMx nepBbiX caHTMMeTpax rny6MHbi ¢aaToM'a. TaK, npM
BeAeHHbie Ha pMc.6 ICPMBbie pacnp'eAeneHM.fl K03cPcPMUMeHTa K'aqecrna no rny-
6MHe cPaHTOMa ,l1,Jlfl 6epMJIJIMeBOH M MeAHOH MMilleHeH OTJIMqaJOTCfl He 6onee . 
qeM · Ha .5% Apyr OT Apyra; ,l1,Jlfl CBMHUOBOH MHilleHM 3~Menibie. OTJIMqM.fl. 

. ' 
~'J: 6epHnJIMeBOH MMilleHM, OKOJIO 15%, Ha6nioniuoTCfl 3a 'o6JiaCTblO MaKCMMy- · 
Ma A03HOrO pacnpeAeJieHMfl, B TO. BpeM.fl KaK cneKTpbl HeihpOHOB M3 3TMX · 
MMilleHeH (pMc.3) pa3JIMqaJOTCfl AOBOJibHO cymecTBeHHO. HeKOTopoe B03~ 
pacTaHMe K03cPcPMUMeHTa :KaqecTBa c nepexoAOM oT nerKMx MMilleaeM: K 6o
nee TfliKeJibiM CBfl3aHO, Ha Halll B3rJI.HA, C yMeHbuieHMeM cpeAHeH .3HeprMM 
HeHTpOHOB, na,l],alol.UMX Ha tPaHTOM, . BCJie,l],CTBMe qero npOHCXOA~T, C O,lJ,HOH 
CTOpOHbi, yMeHbllleHMe cpeAHeH 3Heprlm BTOpMqabiX. THIKeJibiX 3apH1KeHHbiX 
qacl-lf.u M, cneAOBaTeJibHO, yarumqeaMe Mx cpeAHMX JII13 B BOAe, .a c ,!1,pyroM: 
CTOpOHbi,IIpMBOAMT ~ yMeHbllleHHIO AOJIM qacTmi C HM3KMMM JIJ13, o6pa3ye
MbiX :HeM:TpoaaMM, - 3apnJKeHHbiX riMoaoa, a TaKIKe 3JieKTpoaoa M no3HTpo
Hos, MHMUMMpyeM~IX y -KBaHTl:i.M~ OT paCna,l],a TT

0 -Me30HOB / 3 / 

)lJifl pa,!1,MOTeparrHM npeAnoqniTeJibHbiM flBJIHeTCfl npMMeHeHMe nyqKa, 
'C03AaiOI.Uero. 6onee BbiCOKOe 3HaqeHHe cpeAHeH J1J13 (T.e: M K03cPcPMUMeH
Ta KaqecTBa), qTO n03BOJifleT .6onee 3cPcPeKTMBHO npOOAOJieBaTb pa,!1,HOpe-. 

' . ' . I 

3MCTeHTHOCTb . 3JI<)KalJ:eCTBeHHbiX KJieTOK. J103TOMY 60JiblllOH MHTepec 'npeA-
CTaBJ'IH~T , nanbHeHillMe MCCJieAOBaHMfl ycJIOBMH C03AaHMfl HeHTpOHHoro rryq
Ka: AaiOrQero MaKCMManbHbiH K03¢cPHUMeHT KaqecTBa .. IIpM 3TOM onpeAeJie
HMe K03cPtPMUMeHTa KaqeCTBa MOIKeT AOBOJibHO . ripOCTO ocymeCTBJI.flTbCH 

... C nOMOI.UblO OnMCaHHOrO B AaJIHOH pa6oTe MeTOAa M3MepeHM.fl peKOM6MHa-
/ , , . 

UMOHHOrO napaMeTpa KaqeCTBa,. MCnOJib3YlOI.Uero MOHM3aQMOHHYIO KaMepy 
: )· . ' 

C nOBbiilleHHbiM ,l],aBJieHMeM ra3a. 
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