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BBE,IlEHHE 

TIpe;::J;JIO)J(eHHbIH Banearoa MeTO.u. csera KJIaCTepOB B xar-repe C Me.u.

JIeHHbIM npononsnsrr-r .u.peHQJoM 3JIeKTpOHOB (Mll-xaxrepaj" 1/ n03BOJIHeT, 

B npanuane, C03.u.aTb KOMnaKTHbni w:r;eHTl-IQJl-IKaTOp 3apH)J(eHHhIx tIaCTl-IU 

B b6JIaCTl-I peJIHTl-IBl-ICTCKOro pOCTa nepBl-ItIHOH aonasanaa. 
K HaCTOHmeMy aper-reaa yxce BhInOJIHeH pan pa60T I 1-:- 51, nocaaurea

HbIX l-ICCJIe.u.OBaHmO aroro r-rerona. B. caoea ocaoaonorrar-arornea paoore 
Baneara nponer-rorrcrpapoaarr pafiorocnocofiaocrs Mll-xasrepsr C npearpo
BhIM npOMe~TKoM .u.JIl-iHOH 10 MM. Kaxrepa HanOJIHHJIaCb ra30BOH CMeCblO 

(0,83Ar + 0,09CH4 + 0,08 (OCH 3) 2 CH 2)' B KatIeCTBe aoaaaapyrourax 
tIaCTl-IU HCnOJIb30BaJIl-iCb 3JIeKTpOHhI OT p/a-l-ICTOtIHl-IKa 90Sr . <I>JIyKTyaUl-Il-I 

tIHCJIa saperacrpapoaaaastx l-IMnYJIbCOB onacsraanacs pacnpenerrenaer-r 

Ilyaccoaa, KaK H .u.OJI:JKHO 6hITb .u.JIH CJIytIaH nepBl-ItIHOH aoaasanaa. Onaaxo 
cpenaee aaaxeaae pacnpenenenaa OKa3anOCb HeBeJIHKO: N =12,2 CM -1. 

,IlJIH cpaaaeaaa: aenaxana nepBl-ItIHOH l-IOHl-I3aUl-Il-I B Ml-IHl-IMYMe l-IOHl-I3aUl-I
OHHOH Kpl-lBOH ,lJ,JIH aproaa, KOTOpbIH COCTaBJIHeT OCHOBy ra30BOH CMeCl-I, 

paana Ii min = 25,9 CM- 1 161 . H3MepeHl-IH B .u.aHHOH pafiore 6hlJIl-I Bh!
nOJIHeHhI npa CKOpOCTl-I .u.peH~a VAP = 0,95 CM' M'KC- 1 . 

TIoCJIe ony6JIl-iKOBaHl-IH pa60ThI III B03Hl-IK pan BonpOCOB, Ba:JKHhIX 

KaK C npaananaansaoa, TaK l-I CnpaKTl-ItIeCKOH TOtIeK 3peHl-IH. Heofixonarao 
6hlJIO l-I3ytIl-ITbpa6oTy rcar-repsr npa 06JIytIeHl-Il-I ee xacrauaraa C pa3JIl-itIHOH' 

l-IOHl-I3l-1pYlOmeH cnocofiaocrsro, l-ICCJIe.u.oBaTb BJIl-IHHl-Ie CKOpOCTl-I npeadia, 
)J.JIl-IHhI npeadia, CoCTaBa raaoaoro HanOJIHeHl-IH l-I T.n. aa npouecc peracrpa

Ul-Il-I KJIaCTepOB. 
B nOCJIe.u.YlOme.M 6hlJIl-I cnerransr nOnhITKl-I BOCnOJIHl-ITb 3Tl-I aenocraro

/ 21 ume naaasre. TaK, B pa60Te Baneara l-I np, accrrenoaana peracrpanaro 

peJIHTl-IBl-ICTCKOr9 pOCTa nepBl-ItIHOH aonaaauaa, 06JIytIaH Mll-xasrepy 
nytIKaMl-I npOTOHOB, nl-lOHOB l-I 3JIeKTpoHOB. Ocransm.re YCJIOBl-IH onsrra 
6bIJIl-I TaKl-IMl-I »ce, KaK ~ paoore 111 . 113MepeHHaH MeTo.u.OM rtpar-roro 

cxera KJIaCTepOB aernrsana peJIHTl-IBl-ICTCKOro pOCTa OKa3aJIaCb paBHOH 

= 1,14, rne NF l-I Nmin - tIl-ICJIO l-IMnyJIbCOB, aaperacrpapoNF /Nmi n 
BaHHhIX na 1 CM rpexa, aa nnaro <I>epMl-I l-I B Ml-IHl-IMYMe l-IOHl-I3aUl-IOHHOH 
Kpl-lBoH.·3Ta BeJIl-ItII-IHa OKa3aJIaCb npaxrepno B zma paaa MeHbllle, tIeM 6blJIO 

nOJIytIeHO B 3TOH »ce pafiore .u.pyrl-lM MeTo.u.OM, OCHOBaHHhIM na l-I3MepeHl-IH 

3a,II,ep)J(Kl-I nOHBJIeHl-IH Cl-IrHaJIa C xar-tepsr nOCJIe npOXO~eHl-IH sepea aee 
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HOHH3YlOI.I.J;eH lIaCTH~bI. KaK H3BeCTHO, B crrysae 0,lJ;H03JIeKTpOHHOH lIyBCT

BHTeJIbHOCTH xar-repsr 3Ta 3a,lJ;ep~Ka Onpe,lJ;eJIHeTCH ,lJ;peH<pOM 3JIeKTpoHOB 

01' 6JIH:>KaHllerO K aHO,lJ;HOH npOBOJIOKe KJIaCTepa. CJIe,lJ;OBaTeJIbHO, 3a

nepxoca HenOCpe,lJ;CTBeHHO CBH3aHa C paCCTOHHHeM Me:>K,lJ;y KJIaCTepaMH, 

r.e. C BeJIHlIHHOH nepBHlIHOH HOHH3a~HH. B KalIeCTBe npHlIHHbI 'HH3KOH 

lIYBCTBHTeJIbHOCTH M,I::(-KaMepbI 6blJIa Ha3BaHa ,lJ;H<P<PY3IDI, KOTOpaH npHBO

,lJ;HT K paCnJIbIBaHHlO KJIaCTepOB, H B03MO:>IGIoe HaJIHlIHe nOCJIeHMnyJIbCOB. 

B03MO){CHOCTb HCnOJIb30BaHHH ,lJ;peH<pOBbIX npOMe:>KYTKOB ,lJ;JIHHOH 

60JIee 1 CM HCCJIe,lJ;OBaJIaCb B pafiorax 13,41 . M,U-KaMepa HMeJIa MaKCHMaJIb

nyro ,lJ;JIHHy zrpearpa 100 MM. B pafiore 131 rear-tepa HanOJIHHJIaCb CMeCblO 

aprona (60%) C nponaaor-r (40%), a B pafiore 141 - CMeCblO aprona (71%) 

H H306yTaHa (29%). I1ccJIe,lJ;oBaHHH ~OBO,lJ;HJIHCb na necenapapoaamroxr 

nyurce tIaCTHU C HMnyJIbCOM 12 r3B/c 31 H na ny-nce MlOOHOB C HMnyJIb

COM 10,5 r3B/c 141 . EblJIO noKa3aHO, lITO nyaccononcxaa xapaxrep pac

npenerrenaa 3aperHCTpHpOBaHHbIX HMnyJIbCOB COXpaHHeTCH npn ,lJ;JIHHe 

,lJ;peH<pa ,[(0 6 CM. 
i

B pa60Tax 1-:- 41 peracrparraa KJIaCTepOB oCyI.I.J;eCTBJIHJIaCb 06bIlIHOH 

nponOp~HOHaJIbHOH xavrepoa. O,lJ;HaKO W3BeCTHO, lITO B TaKHX xavrepax 

B03HHKalOT Tpy,lJ;HOCTH, CBH3aHHble C BJIHHHHeM 3JIeKTpHlIeCKoro nOJIH 

3JIeKTpOHHbIX JIaBHH, BbI3BaHHbIX npHXO,lJ;OM KJIaCTepOB, ztpyr na npyra. 

QT06bI OCJIa6HTb 31'01' He:>KeJIaTeJIbHhIH 3<p<peKT anropsr 151 npHMeHHJIH MH 

peracrpanaa KJIaCTepOB nepBHlIHOH HOHH3alum 3JIeKTpOJIlOMHHeCQeHTHYlO 

xavrepy, lITO ,lJ;OBOJIbHO eCTeCTBeHHO. EbmH nOJIYlIeHbI 06Ha,lJ;e:>KHBaIOI.I.J;He· 

pe3YJIbTaTbI H, B lIaCTHocnt, anepasre - BbICOKaH 3<p<peKTHBHOCTb perncr

paUHH KJIaCTepOB (::::: 80%). CJIe,lJ;yeT, O,lJ;HaKO, 3aMeTHTb, lITO cpeznree 
1

lIHCJIO 3aperHCTpHpOBaHHbIX KJIaCTepOB B 151 HeBeJIHKO: N = 10,5 CM

(MH n03HTpOHOB C HMnyJIbCOM 5 r3B/c), lITO CBH3aHO C BbI60pOM B 'rca
lIeCTBe raaoaoro HanOJIHeHHH xar-repsr HeOHa C ,lJ;06aBKOH 2% anerona. 

Bropoe savreuanae, rcoropoe MOiKHO C,lJ;eJIaTb no nOBO,lJ;y peracrpanaa KJIaC

repon 3JIeKTpOJIlOMHHecQeHTHOH xavrepoir, COCTOHT B CJIe,lJ;YlOI.I.J;eM: Ha Hall 

B3rJIH,lJ;, ,lJ;OBOJIbHO Tpy,lJ;HO C,lJ;eJIaTb MHOrOCJIOHHbIH ,lJ;eTeKTOp C pasyr-rao 

MaJIbIM KOJIHlIeCTBOM BeI.I.J;eCTBa aa rryrn lIaCTHU, B TOM tIHCJIe H rrpn BbIBO,lJ;e 

CBeTOBoro CHrHaJIa H3 zierexropa npn nOMOI.I.J;H CBeTOBO,lJ;OB C nepeaanyuare
JIeM cnercrpa (CM., aanpaxrep, I 7I ). TIO-BH,lJ;HMO MY, npar-ieaeaae 3JIeKTpO

JIlOMHHeCQeHTHOH rcaxrepsr B HaCTOHI.I.J;ee BpeMH MOiKHO ClIHTaTb rrepcnerc

THBHbIM.TOJIbKO ,nJIH MeTO,lJ;HlIeCKHX HCCJIe,lJ;OBaHHH. 

Kpovre 3KcnepHMeHTaJIbHbIX pa60T, 6bUIO BbmOJIHeHO TaK:>Ke r-rarevra

THlIeCKoe MO,lJ;eJIHpOBaHHe npouecca 06pa30BaHHH H perHCTpaQHH KJIaCTe

pOB B Mll-xaerepe 181 . OCHOBHOH npaKTHlIeCKH Ba:>IGIbIH pe3YJIbTaT 3TOH 

pa60TbI COCTOHT B TOM, lITO H npa HaJIHtIHH ,lJ;H<P<PY3HH, pa3MbIBaIOI.I.J;eH 

KJIaCTepHylO crpyrcrypy nepBHlIHOH HOHH3aQHH, MO:>IGIO asrfipart, rarcyro 

BeJIHlIHHY npOCTpaHCTBeHHoro paspeureaaa B,lJ;OJIb rperca HOHH3YlOI.I.J;eH 
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lIaCTH~bI p = v p . r (anecs v p - CKOpOCTb ,lJ;peH<pa KJIaCTepOB;A M.B. A 
rM.e. - MepTBoe BpeMH B KaHaJIe perncrpanaa KJIaCTepOB) , lITO pacnpe

,lJ;eJIeHHe CHrHaJIOB C rcar-repsr fiyner nOJIHOCTblO connanart, C pacnpenena. 
.HHeM KJIaCTepOB nepBHlIHOH HOHH3aQHH. 

MbI ,lJ;OBOJIbHO nO,lJ;p06HO paCCMOTpeJIW ace H3BeCTHbIe HaM pa60TbI no 

06cy:>K,lJ;aeMOH MeTO,lJ;HKe. 3aMeniM, lITO peJIHTHBHCTCKHH POCT H:3MepHJlCH 

TOJIbKO B pafiorax 12,51 , npHlIeM B 121 BeJIHlIHHa H3MepeHHoro pOCTa OKa

3aJIaCb cyI.I.J;eCTBeHHO MeHblle, tIeM MO:>KHO 6blJI0 O)l(H.u;aTb. 

HaMH 6bIJI npe,lJ;JIO)KeH MeTO,lJ; 191 , KOTOpbIH fl03BOJIHeT oQeHHTb crro

C06HOCTb M,I::(-KaMephI H3MepHTb nepBHlIHYlO HOHH3aQHlO BO BceH 06JIaCTH 

peJIHTHBHCTcKoro pOCTa ziazce npa HCnOJIb30BaHHH tIaCTHQ C <pHKCHpOBaHHOH 

HOHH3HpYlOI.I.J;eH cnoc06HOCTblO~ TI03TOMY flpe,lJ;CTaBJIHeT aarepec npHMeHHTb 

31'01' MeTO,lJ; K pe3YJIbTaTaM pa60T / 3,4/, B KOTOpbIX npaaezieasr 3aBHCHMOCTH 

cpenaero tIHCna 3apeniCTpHpOBaHHbIX CHrHaJIOB N 01' CKOpOCTH ,lJ;peH<pa 

(pHC. 1a). Ha pHC. 16. nOKa3aHbI 3TH :>Ke.FaHHbIe, npencraarreaasra B BH,lJ;e 

3aBHCHMOCTeH cpenaero tIHCJIa CHrHaJIOB . Nt, aaperacrpapoaaansrx B eAH

HH~y apesreau, 01' CKOpOCTH ApeH<pa.. 113 pacynxa BH,lJ;NO, tITO Nt JIH60 He 

3aBHCHT 01' YAP (KpHBaH 1), 
a' JIH60 3aBHCWT 01' Hee ,lJ;OBOJIbHO 

cJIa60 (KpHBaH 2). TIOCKOJIbKY 
8 ,lJ;eHCTBHTeJIbHaH BeJIHtIHHa peJIH

r THBHCTCKoro pOCTa MH ra30BbIX 

cr-recea, HCnOJIb3yeMbIx B pafio
/ 3,4!,

Tax HeH3BeCTHa, TO MH'~ 6 

OQeHOK MbI npHMeM BeJIHlIHHYl=t£ 
5 

"F/nmln = 1,4, KOTOpaH ,lJ;0

BOJIbHO peaJIHCTHlIHa. CJIe,lJ;OBa
~ 

TeJIbHO, 1'.1<:. KJIaCTepbI aa nnaro 

<I>epMH npHXOAHT B zterercrapyro. 
I.I.J;HH 3JIeMeHT M,U-KaMepbI B 1,4 

pasa tIaI.I.J;e, tIeM B MHHHMyMe 

HOHH3aQHoHHOH KpHBOH, TO Hy:>K

HO CpaBHHBaTb BeJIHlIHHbI f.1 t , 

6 aanpar-rep rrpa YAP ~ 1 CM- MKC-1 

H v AP = 1,4 CM' MKC-1. 113 

"i 7 

8 

_~2 pHC. 1U CJIe,lJ;yeT, lITO 
u 

~ 
_ - 6 ~. if 

Puc. 1. 3a8ucUMocTb cpeoueeo sucnaI:t" 
sapeeuctpupoeanuux CUZ1latl08 OT CKOs 
pOCTU op~rfia v AP : a -lla eounuue 
onuut« (N),. 6- 8 eounuuy epeueuu

" (Nt ). 
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~ (v = 1,4) 1,0, )l;JIH Kpl:IBOH 1,
_t-B..E....- _ {Nt ( VAP = 1,0) 1,1, ,ll;JIH KpHBOH 2. 

TaKHM o6pa30M, OKa3hIBaeTCH, 1:ITO nerexrop /3/ COBceM He 1:IyBCTBH

TeJIeH K H3MeHeHHlO nepBH1:IHOH HOHH3au:HH, a nerexrop /4/ 1:IyBcTByeT ee 

,ll;OBOJIbHO crrafio. 

TIo nonony nocneznrero asrsona czterraer-r O,ll;HO saxteuaaae. Ouenrca 
1:IYBCTBHTeJIbHOCTH Mll-xawrep /3,4/ cnenaaa C nOMO~blO npeMO)KeHHO

rO.B pafiore /9/ MeTO,ll;a Mo,[(eJIHpOBaHHH. XOTH car-r MeTO,ll;, no namer-ry 

MHeHHIO, a6JIMaeT BhICOKOH BHyTpeHHeH T01:lHOCTblO, ornraxo MH ,ll;OCTH

)KeHHH 3TOH T01:lHOCTH rpefiyerca KOppeKTHO Y1:lecTI~ yCJIOBHH KOHKpeTHoro 

orrsrra, B 1:IaCTHOCTH ,ll;HcPcPY3HIO H MepTBoe BpeMH B xanane perncrpanaa 

KJIaCTepOB. KpOMe roro, rpefiyerca saaaae BeJIH1:IHHhI peJIHTHBHCTCKoro 

pOCTa nepBH1:IHOH HOHH3aUHH. TIOCKOJIbKY MhI He CTaBHJIH CBoeH uerrsro 
nOJIY1:lHTb T01:lHYlO ouenxy 1:IyBcTBHTeJIbHOCTH Mll-xar-rep /3,4/ , TO 3TIi 

oueaxa HOCHT TOJIbKO Ka1:leCTBeHHhIH xapaxrep. HHTepeCHO OTMeTliTb, 1:ITO 
4/

1:IYBCTBliTeJIbHOCTb M,ll-KaMephI/ 6JIH3Ka K BeJIH1:IHHe, nOJIy1:leHHoH Ba

JIeHTOH H zip, /2/ . 

1-13 npoaeneaaoro BhIIlle paCCMOTpeHliH cnenyer HCKJIlO1:IliTeJIbHaH 

BIDKHOCTb npoaepxa 1:IYBcTBliTeJIbHOCTH Mll-rcar-repsr K H3MeHeHHlO nepBH1:I

HOH HOHH3a.uHH JIli60 na 1:IaCTHUax C pa3JIH1:IHOH HOHH3YIO~eHcnocotiaocrsio, 

JIH60, no KpaHHeH Mepe, C noraoursro MeTo,ll;a, npeMO)KeHHOrO B pafiore /9/ . 

B CBH3H C 3THM HaMH 6hIJIIi BhInOJIHeHhI axcneparaeirransnsre HCCJIe,ll;OBaHHH, 

B KOTOphIX aonpocy BhIHCHeHHH npH1:IHHhI HH3KOH 1:IyBcTBHTeJIbHOCTH 

Mll-xar-rept.r ynerranocs oco6oe BHHMaHHe. Pe3YJIbTaThI 3THX HCCJIe,ll;OBaHHH 

npHBO,ll;HTCH HH)Ke. 

..... 
.ATITIAPATYPA 

Mll-xaxiepa TPMHUHOHHOH KOHCTpyKUHH (pHC. 2), KOTOpaH HCnOJIb

'aoaanacs B ,ll;aHHOH pafiore, HMeeT CJIe,ll;YIOI..U;He napavrerpsr: ,ll;JIHHa npeadio
noro npor-rezcy'rtca - 30 MM; paCCTOHHHe Me)K)l;y KaTO,ll;HhIMH QJIOCKOCTH

Mli - 6 MM; war HaMOTKH KaTO,ll;HhIX npOBOJIOK - 1 MM; naaxrerp rcarorr

HhIX npOBOJIOK - 100 MKM; war HaMoTKH aHO,ll;HhIX npOBOJIOK - 4 Ml\Il; 

nnaxrerp aHO,ll;HhIX npOBOJIOK - 20 MKM. Bsrcorcoe aanpazceaae nonaerca 

na npOBOJI01:lHylO nJIOCKOCTb (,ll) H rcarozmste nJIOCKOCTH (K). AHO,ll;HhIe 

npOBOJIOKH nO,ll;KJIlOtlalOTCH K TOKOBOMy yCHJIHTeJIlO C nOJIOCOH 100 Mf'u, 
BeJIH1:IHHa nopora perncrpanaa, npaseneanaa KO axony yCliJIHTeJIH, 0,5 MKA. 

Puc. 2. Cxeua Mll-xauetn« OflR cuera 
«nacrepoe. 1 - otinacrs .ueonenuoeo 
opeiufia; 2 - pezuctpupytotuan npo

nOPllUOHMbH(JJl «auepa.1 

BJIOK-CXeMa yCTaHoBKH MH 

liCCJIe,ll;OBaHHH pa60ThI Mll-rcar-re
psr npaaenena aa pHC. 3. KOJI

JIliMHPOBaHHhIH rtyno x 3JIeKTpO

HOB OT f3 -~CT01:lHHKa 908r 
npOXO,ll;HT xepes xar-iepy H TeJIeCKOn CUHHTliJIJIHUHOHHhIX C1:IeT1:IliKOB 8 1 H 

82 . <1>opMHpOBaTeJIb (<1» B rcanane pernc'rpanna CHrHaJIOB C Mll-xar-re
psr CJIy)KHT ,ll;JIH sanaaaa BeJIH1:IHHhI r-repraoro BpeMeHH rM. B.' KOTO

poe onpenerraer npOCTpaHCTBeHHoe paspeuienae p = r M. B •• VAP . CcPOP

MHpOBaHHhIe HMnYJIbChI C KaMephI rtocrynaror B 6hICTPhIH C1:IeT1:IliK KC-021 

H na BXO,ll; cxer-n.r TpOHHhIX COBna,n;eHHl1: CC 3' Ha nna npyrax axozra CC 
3 

nocrynaror HMnYJIbChI co CUHHTllJIJIHUHOHHoro TeJIeCKon~. Cxexra TpOH

HhIX COBna,ll;eHHH CJIy)KHT ,ll;JIH BhIpa60TKH crpofi-ar-myrn.ca, KOTOphIH OT

xpsraaer C1:IeT1:IHK KC-021 na BpeMH C1:IeTa KJIaCTepOB. MHKpo3BM ynpaa

JIHeT npoueccoxr aafiopa racrorpaeoa H BhI1:IHCJIHeT napar-rerpsi nOJIY1:leH

HhIX pacrrpenerreana. B yCTaHOBKe B OCHOBHOM HCnOJIb30BaJIliCb 3JIeKT

pOHHhIe 6JIOKIi, paspafioraansre B JIHTI. 

I KRMRK 
,- - t-..U"'UKPO 

~ §s ~ ~ 381'1 
,...~ ~ ~ 
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Puc. 3. EflOK-CXe.M.ayCTa,H08KU OflR uccneooeanus patioru Mll-tcauepu, 
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BWBoprA30BoAcMECH	 PE3YJIhTAThI H3MEPEHHJ?I 

B HaCTOHW;HX HCCJIe.n;OBaIUmX rear-tepa nportyaanacs H306YTaHOM 

C rrpavrecsro napon aQeTOHa npa aTMOC<pepHOM .n;aBJIeHHH. llOJIH aQeTOHa 

B ra30BOH CMeCH aapsapoaanacs.	 . 

DPH BhI60pe ra30BOrO HanOJIHeHHH MhI pyKOBO.n;CTBOBaJIHCb pH.n;OM 

Tpe60BaHHH. B .n;aHHOM cnyxae OCHOBHOe H3 HHX - MHHHMaJIbHOCTb npo

.n;OJIbHOH .n;H<P<pY3HH :meKTpOHOB. B pafiorax /1751 HCnOJIb30BaJIHCb raaoasre 
CMeCH, .n;JIH KOTOphIX npO.n;OJIbHaH .n;H<P<pY3HH COCTaBJIHeT a X::::: 200;MKM 

aa O.n;HH caHTHMeTp npearpoaor-o nYTH, npa CKOpOCTH ApeH<pa V =: 

, == 1 CM' MKC -1. Cyw;ecTBeHHO MeHbllleH .n;H<p<pY3HeH 06JIa.D;alOT ra30'ifhIe 

CMeCH na OCHOBe TaK Ha3hIBaeMhIX "XOJIO.n;HhIX" ra30B, aanpar-tep, CMeCb 

H3 80% yrJIeKHCJIOro rasa H 20% H306yTaHa, )l;JIH KOTOpOH ax = 80 MKM, 

npa 'rex :IKe car-isrx yCJIOBHHX /6. 10/ . 3Ta CMeCb Y:IKe npHMeHHJIaCb B Mll 

xavrepe, KOTopaH pa60TaJIa B KatIeCTBe xooprtanaraoro zterercropa /11/ . 

DOCKOJIbKY yrJIeKHCJIhIH raa rpefiyer Tw;aTeJIbHOH OtIHCTKH, MbI OCTaHOBH

JIHCb na H306YTaHe, B KOTOpOM nponorrsnaa .n;H<p<pY3HH ax = 100 MKM, 

tITO rnnus He3HatIHTeJIbHO 60JIbllle, tIeM B ynor-raayroa asnue CMeCH H30

6yTaHa C yrJIeKHCJIhIM ra30M. 

Manaa BeJIHtIHHa .n;H<P<pY3HH n03BOJIHJIa HaM npoaoznrrs	 H3MepeHHH 
1 

npn nOHH:lKeHHOH CKOpOCTH zrpearpa v AP = 0,25 CM'MKc- BMeCTO 

YAP = 1 CM' MKC -1, xapaxrepaoa )l;JIH npyrnx pa60T. DPH 3TOM .n;H<P<PY

3HH soapacraer no ax = 200 MKM. DOHH:lKeHHe CKOpOCTH npearpa naer 

BIDKHoe npear-ryurecrno na arane MeTo.n;HtIeCKHX HCCJIe.n;oBaHHH. HMeHHo 

npa VAP = 0,25 CM' MKC -1 6hICTpo.n;eHCTBHe 3JIeKTpOHHOH armaparypsr 
Y:IKe He orpanavaaaer npOCTpaHCTBeHHoro paspeureaaa xar-repsr B Han

paBJIeHHH .n;peH<pa. TaK, npa BenHtIHHe MepTBoro BpeMeHH B KaHaJIe pe

rHCTpaQHH T... = 10 HC npOCTpaHCTBeHHoe paspeureaae p.= v.l1D· TM• a= 1Vl." •	 /81 • 
= 25 MKM, tITO cyurecraeano MeHbllle peKOMeH,IJ,OBaHHOrO B pafiore p = 

= 50 MKM npa ax = 200 MKM.	 " .. 

Kpor-ie MHHHMaJIbHOH .n;H<p<py3HH,. ra30BaR CMeCb .n;OJI:lKHa 06eCnetIH

aars BhICOKYIO nJIOTHOCTb nepBHlIHoii HOHH3aQHH H 6oJIblllOH peJI~THBHCT

CKHH pocr, B :JTOM CMhICJIe H306YTaH rarcxe npe.n;CTaBJIHeT onpeneneaasra 
aarepec, a HMeHHO: H306yTaH xapaxrepasyerca BhICOKOH illIOTHOCTblO 

nepBHtIHOH HOHH3aQHH ii min =: 42 CM-
1 

B MHHHMyMe HOHH3aQHOHHOH 

KpHBOH /6/ . )laHHbIe 0 peJIHTHBHCTCKOM pocre )l;JIH H306yTaHa B JIHTepa

Type OTCyTCTByIOT, XOTH MO~O npe.n;nOJIO)I(HTb, tITO OH MO:>KeT OKa3aTbCH 

cyuiecraeaao MeHbllle, tIeM )l;JIH 6JIaropo.D;HhIX ra30B, xoropsre COCTaBJIHIOT 

OCHOBy THnW:lHhIX ra30BhIX cvrecea )l;JIH raaopaapaznn-rx zierexropoa. 3TO 

YKa3aHHe cnenyer H3 .n;OBOJIbHO ManOH BeJIHtIHHhI nepaoro nOTeHQHaJIa 
/61

HOHH3aQHH B H306yTaHe I =: 10,8 3B 

6 

Ha pHC. 4 npencraaneasr 3aBHCHMOCTH cpenaero tIHCJIa saperacrpapo

BaHHhIX HMnyJIbCOB OT HanpH:>KeHHH aa npOnOpQHOHaJIbHOH rcaxrepe (Uk ) 
1 1 

)l;JIH .n;ByX CKopOCTeH npearpa: YAP =: 0,25 CM' MKC- H YAP =0,375 CM.MKC-. 

H3MepeHHH rrpoaozranacs B reseaae cTp06-HMnYJIbCa )l;JIHTeJIbHOCTblO 4 MKC, 

HatIaJIO rcoroporo 6hlJI0 aanepxcaao na 2 MKC OTHocHTeJibHo MOMeHTa npo

XO)f()l;eHHH HOHH3YIOw;eH tIaCTHQhI. B COOTBeTCTBHH C MeTo.n;OM, npenrroi-l :>KeHHhIM B pafiore /9/ , 3THM .n;ByM CKOpOCTHM .n;peH<pa COOTBeTcTByeT 

npoxoscneaae tIepe3 Mll-rcar-repy tIaCTHQ, HOHH3YIOw;an cnoc06HOCTb KO

~ TOphIX OTJIHtIaeTCH B 1,5 paaa, Mepraoe BpeMH B 3THX H3MepeHHHX 6hillO 

BhI6paHo MHHHMaJIbHO B03MO)KHhIM .n;JIH naurea 3JIeKTpOHHKH T M = .8. 

= 10 HC, tIeMy COOTBeTcTByeT BeJIHtIHHa p = 25 MKM. UH<PPhI OKOJIO 

KpHBhIX aa pacynxe nOKa3hIBalOT .n;OJIIO aQeTOHa B ra30BoH CMeCH. 

KpHBhIe aa pac.d C pOCTOM HanpH:>KeHHH BhIXO.n;HT aa ITJIaTO, tITO ro

BOpHT 0 .n;OCTH:>KeHHH MaKCHMaJIbHO B03MO)KHOH 3<p<peKTHBHOCTH rcar-re

psr B .n;aHHhIX yCJIOBHHX. ,llaJIbHeHlllHe H3MepeHHH, orracaansre HH:>Ke, 6hI

JIH BhInOJIHeHhI npa Uk = 4 KB. 

3aBHCHMOCTb csera xavrepst 

aa nrraro (U k == 4 KB) OT KOH

QeHTPaQHH aQeTOHa B ra30BoH
 

cMeCH npencranrreaa na pHC. 5.
 
50 

Tlanetrne csera C pOCTOM KOH


QeHTPaQHH aueToHa 06nHCHfleTcR
 

YMeHbllleHHeM BpeMeHH )f(H3HH
 

3JIeKTpOHOB B ra30BoH CMeCH,
-40 
tITO norrraepzcnaerca H3MepeHHR6l 
MH C liOHH3aQHOHHOH KaMepOH, 

I KOTOpaH 06JIytIaJIaCb a -tIaCTHQa..... 
~.II MH OT p/a-HCTOtIHHKa 239 pu 
t
 
:!
 . 

1::1:'" 

20 

~ Puc. 4. 3a8UCUMOCTb cpeoueeo uucna 
sapeeuctpupoeannux UMnYllbC08 Nt 
OT HanpRJKeHWl Uk ua nponopuuouans

,~I 
.
. 

10 
noii «auepe OIlR 08YX cxopocteii opeii

ifJa: + - VAP =0,25 CM'MKC-~ G 

YAP = 0,375 CM'MKc::- 1. auifJpbl OKOIlO 

KpU8blX no «asueaior OOIlIO a14eTOHa 
~ u ~ u ~ u ~ ~ 

~.~ 8 za3080U cuecu. 
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- - - - - - - - -- - - - -- - - -
50 

Puc. 5. Saeucuuoctv cpeoneeo Iluc!!.a 

sapeeuctpupoeauuux uunynscoe N, 
npu Uk = 4 KB OT KOHt/eHTpal1UU 

..... lta 
~ aueroua 8 2a3080il CMecu.' + - VAP= 
~ = 025 CM·MKC-l· • - V = , , AP~ 30·

"'I" 
= 0,375 CM' MKC -1 . 

~ 
Pi 20 

to 
(pHC. 6) . BpeMH )K]13HH 3JIeKTpO

HOB COCTaBHJIO: B H306yTaHe o 
14 MKC; B CMeCH C 6% aueroaa 
5,5 MKC; B CMeCH C 8% aQeTOHa 

4,5 MKC. 

Hecxro rpa na a6COJIIOTHOe nanenae cxera na pHC. 5, C pOCTOM KOH

QeHTpaQHH anerona aospacraer qYBCTBHTeJIbHOCTb M,U-KaMepbI K H3MeHe

HHIO HOHH3YIOI.I.J;eH cnocofiaocrn qaCTHQ, qTO MO)J(HO aaners na pHC. 7. 
,UJIH zransnemuax HCCJIe,n:oBaHHH MbI BbI6paJIH ra30BYIO CMeCb, conepzca

5 

~ 

'-Jt: " 

~ -

33 

o 5 15 20'0 
T, NNe 

Puc. 6. Gaeucuuocn, cpeoueii 88flUIlUHbl sapnoa, U3MepeHH020 UOHU3at/UOH

noii «auepoii, OT 8peMeHU cotiupauun 3fleKTpOH08. Fa3080e nanonnenue tea

uepu: 1 - u306yTaH (100%),. 2 - u306yTaH (94%) + auetou (6%),. 3 
u306yTaH (92%) + auerou (8%). 

a 
~ L meopemU'IeeKUU I1QKCUl1YI1 .... so 

l~ . /II ~R·l10 // 

M 
~ + 

~ 

" 
6 

~ll .:
mt 
1.1, 

I 
1.2 

2,5 6 8 12 
KOHUfHmpaUUfI ouemaua, % 

utyro 8% aQeTOHa, KOTopaH xapaxre
pasyerca OnTHMaJIbHbIM coserana

eM I!..apaMeTpOB: cpezmnr-r 3HaqeHH

eM Nt , qYBCTBHTeJIbHOCTbIO H ina

pHHOH pacnpenerrenaa aaperncrpa

POBaHHbIX HMnyJIbCOB. 

Ha pHC. 8 nOKa3aHbI 3aBHCH

MOCTH napaxrerpon pacnpenerreaas 

C06bITHH no qHCJIy aaperacrpapo

BaHHbIX HMnyJIbCOB OT BeJIHqHHbI 

r-rep'raoro BpeMeHH B KaHaJIe peru

cTpaQHH CHrHaJIOB C M,U-KaMepbI, 

rcoropsre on~e,n:eJIHJIHCb no acer-ry 

pacnperrerreaaro. oKa3aJIOCb, qTO oc

HOBHaH qaCTb pacnpezterrenaa naa
60JIee TOqHO OilHCbIBaeTCH 3aKOHOM 

Puc. 7. Saeucuuocn. IlY8CT8UTeflbHOCTU 

Mll-tcauetn« OT U3MeHeHUJl UOHu3YIOU4eil 

cnocotiuoctu uactuu (a) U OTHOCUTeflb

uoii tuupuuu pacnpeoeneuun 3ape2UCT

pupoeaunux uunynscoe (6) OT KOH

ueurpauuu aueroua. 

a 

...... 
'7)30 

-
~ 
t: 
't'

..... 
I~ ~ 

20 
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~~ I 
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Tt/) , He 

Puc. 8.3a8ucuMoCTb napauerpoe pacnpe

oenenus sapeeuctpupoeanuux uunyns
C08 N t OT 8eJlUIlUHbl uepreoeo epeue

HU 8 tcanane pe2UCTpat/UU CU21tGfl08 C 

Mll-tcauepu. 

8 '9 



Puc. 9. Pacnpeoeneuue C06blTUU no 

IIUCJlY 3ape2UCTpupOBaHHblX uMnyJlbCOB . 
npu r . = 25 HC. Fnaoxan KpUBaJl 

M.B. 
pacnpeoenenue Ilyaccoua. 

J 

~ .so~-
\.I 

<:: Ilyaccona n~m r M.B. = 25_ HC, He

CMOTpH aa TO, qTO ahi N t OT ~ 
. JIHqaeTCH OT e,lJ;HHHUbI. 3TO non
raepacnaerca pHC. 9. llpOHCXO)K

o	 1lJ neaae C06bITHH C MaJIbIM qHCJIOM IJ 
3aperHcTpHpOBaHHbIX CHrHaJIOB na-
MH ,lJ;0 KOHua He nOHHTO. Be

JIHqHHa r MoB. = 25 HC HCnOJIb30BaJIaCb B ziansaeaumx H3MepeHHHx. 

Ha pHC. 10 npaseneaa 3aBHCHMOCTb qHCJIa HMnyJIhCOB Nt, saperncr

paponaaasrx B rexeaae HHTepBaJIa BpeMeHH 2-;.6 MKC,OT CKOpOCTH npeiirpa.
 

3KcnepHMeHTaJIbHble TOqKH, 0603HaqeHHble na pacynxe CHMBOJIaMH p, K,
 

N 

17, e, COOTBeTcTByIOT HOHH3YIOII.J;eH cnoc06HoCTH npOTOHOB, KaOHOB, nHO


HOB H 3JIeKTpOHOB C HMnyJIbCOM P =5 r3B/c/ 9/ . TIPH 3TOM rtpezmorraraer-


CH, qTO nF / nm1n =: 1,4. .
 
3aBHcHMoCTb aa pHC. 10 yxce npHBo,lJ;HJIaCb HaMH panee B pafiore /9/ 

•	 ,[(JIH MJIJIIOCTpauHH npeMO:>KeHHOrO B HeH MeTO,lJ;a MO,lJ;eJIHpOBaHHH. B pa-

6oTe/9/ rrpaseneasr TaK)Ke pe

3YJIhTaTbI 3KcnepHMeHTaJIhHOrO 

JO	 MO,lJ;eJIHpOBaHHH H3MepeHHH HOHH

3YIOII.J;eH cnoc06HOCTH KaOHOB H 

,/

nHOHOB B H,lJ;eHTH<pHKaTOpe ,lJ;JIH


HOH 64 CM.
 
25 

OCHOBHOH aonpoc, KOTOpbIH 

B03HHKaeT npa aHaJIH3e" 3Kcne

pHMeHTaJIbHbIX pe3yJIbTaTOB, KaK 
" p

i 2D ,," nOJIyqeHHbIX B ,lJ;aHHOH pafiore, 
1:: TaK H B pafiorax ztpyrax aBTopOB,",'~ 

,,"	 CBR3aH C HH3KOH qyBCTBHTeJIhr-" "",,,,,	 HOCThIO Mil-rcar-repsr K H3MeHeHHIO . \ 

15 HOHH3YIOII.J;eH cnoc06HOCTH qaCTHU.,"	 • 
,"" 

Puc.lO. 3aBucUMocTb cpeoneeo IIUClla 

UMnYJlbCOB Nt, 3apeZUCTpupOBaHHbiX 
~ I I B revenue UHTepBMa BpeMeHU [2 MKC,as fO--------,:s 

U;p/(V~ -Q25CIf/1fKC) 6 MKC h or CKOpOCTU opeurjia. 

B xaxecrae B03MO)KHbIX MeXaHH3MOB, xoropsre MOrJIH 6bI npHBeCTH K HH3

KOH qyBcTBHTeJIhHOCTH, HaMH 6bIDH paCCMOTpeHbI ace HBJIeHHH, rcoropsre 
B TOM IiJIH HHOM BH,lJ;e ynoMHHaJIHCh B npyrnx pafiorax, nOCBHmeHHbIX 

MeTO,lJ;y cnera KJIaCTepOB: 

a) npocsersr, CBH3aHHble C HaJIO)KeHHeM HMnyJIhCOB; 

6) npocversr, 06YCJIOBJIeHHble B3aHMHbIM BJIHHHHeM JIaBHH zipyr 
na zrpyra; 

B) B03MO)I(Hble ,lJ;OnOJIHHTeJIhHble HMnYJIhCbI, aa qTO YKa3bIBaJIOCh 

B pafiore /2/ . <POTOHHbIH MexaHH3M B03HHKHOBeHHH 3THX HMnyJIhCOB 

HaH60JIee aepoarea. 
O,lJ;HaKO aHaJIH3 3THX HBJIeHHH na KaqeCTBeHHOM ypoane He n03BOJIHeT 

06'bHCHHTh arccnepawrearansasie ztaaasre. 

3AKJIIOQEHI1E 

B 3aKJIIOqeHHe MO)I(HO C,lJ;eJIaTh CJIe,lJ;YIOII.J;He BbIBO,lJ;bI : 

1. TIO,lJ;TBep)K,l:(eHa ,lJ;OBOJIhHO HH3KaH qYBCTBHTeJIhHOCT~ M,1J;-KaMepbI, 

B KOTOpOH B xanecrne ,lJ;eTeKTHpYIOII.J;erO 3JIeMeHTa HCnOJIh3yeTcH 06blqHaH 

nponOpUHOHaJIhHaH xar-repa. 

2.0TMeqeHa He06xo,lJ;HMOCTh 06H3aTeJIhHOH npoaepxn qyBcTBHTeJIh

HOCTH. Be3 TaKoH nponepxa, ,lJ;0 rex nop noxa He 6y,lJ;y! BbIHCHeHbI H YCTpa

HeHbI npHqHHbI sroro HBJIeHHH, KaKHX-JIH60 BbIBO,lJ;OB 0 cnoc06HOCTH 

KOHKpeTHoro zierexropa H,lJ;eHTH<pHUHpOBaTh qaCTHUbI nerrars HeJIh3H. 

C,lJ;eJIaeM aasrexaaae, KaCaIOII.J;eeCH BbI60pa ,lJ;eTeKTHpyIOII.J;ero 3JIeMeHTa' 
1

B Mll-xar-repe. qacToTa npaxona KJIaCTepOB 107 -;'10 8 
c- B ,lJ;eTeKTHpyIO

II.J;HH 3JIeMeHT CJIHIIIKOM BeJIHKa. B 3THX yCJIOBHHX B perHcTpHpyIOII.J;eH 

nponOpUHOHaJIhHOH xavrepe cyII.J;eCTBeHHyIO POJIh nrparor HaJIO:>KeHHH HM

nyJIbCOB, xoropsre J1MeIOT ,n:JIHHHbIH "XBOCT", a TaK)Ke BJIHHHHe JIaBHH 

npyr aa zipyra. ,UJIH yCTpaHeHHH 3THX He:>KeJIaTeJIbHbIX 3<p<peKTOB B rca

qeCTBe ,lJ;eTeKTHpyIOII.J;erO 3JIeMeHTa M,U-KaMephI ueJIeC006pa3Ho nonsrrart 
CH npHMeHHTh nJIOCKHH naBHHHbIH CqeT1:IHK (CM., aanpavrep, pafiory /12/ H 

UHTHpOBaHHyIO B HeR mrreparypy) • 

ABTOPbI 6JIarO,lJ;apHbI B.B.KapnyxHHY aa nOMOII.J;h H KOHCyJIhTauHH 

npa C03,lJ;aHHH 3JIeKTpOHHOR armaparypsr; JI.r.A<paHaCheBY H C.B.Tpy

COBy aa nOMOII.J;h B paapafiorrce nporparar-moro 06eCneqeHHH; ,1J;.M.Xa

3HHCY H B .Carapy sa norreaasre 06cy)K,l:(eHHH.: 
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PYKOIlHCb rrocryrrana B H3,naTeJIbCKHH OT,neJI 

21 ztetcafipa 1988 rona. 
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. KpyrJIOB B.B.• HIII(KrIDl M.B. 
06 H3MepeHHH nepBlItlHOH IIOHlI3aUI1H 
MeTo.n;OM cxera IOIaCTepoB B xasrepax 
C MenneHlfbIM .npeHcPOM 

PI3-88-883 

BblnOJIHeH aHaJIH3 pafior , B KOTOphIX accnenoaarracs 
xar-repsr c'Me.n;neHHhIM ApeHepOM C nensro C03AaHH.R: HAeHTHepH
xaropa 3apR)I(eHHhIX tIaCTHU' B 06naCTH peJI.R:THBHCTCKoro pOCTa 
nepBHtIHOM HOHH3aUHH. Ofiaapyxcena AOBonhHO HH3KaJI tIyBCT
BHTenhHOCTh 3THX AeTeKTOpOB K H3MeHeHHIO HOHH3HpYIOm;eM 
cnoco6HOCTH tIaCTHU, npa HCt:Ionh30BaHHH B xaxecrse perncrpa
pyromero anesreara 06hltIHOM nponopunoaansaoa rcar-repsr. 

IlpHBOA.R:TC.R: pesynsrarsr 3KcnepHMeHTaJIhHhIX HccneAOBaHHM. 

Pa60Ta asmormeaa B Jlafioparopan .R:AepHhIX npofiner-r , 
OHRH. 
Coo61U~HHe 06'beAHHeHHOro HHCTHTyra lI,D;epHbIxHccneAOBaHHH. .lly6Ha 1988 

nepeBOAO.C.BHHOrpaAOBOH 

Kruglov V.V., Nikitin M.V. PI3-88-883 
About the Measurement'of Primary Ionization 
by 'Cluster Counting Method in Time Expansion Chambers 

The works were analysed in which Time Expansion Cham
bers are investigated in order to make a charge particle identifi 
.cator in the region of relativistic rise of primary specific ioniza
tion. These devices are found to be low-sensitive to variation of 
tile ionizing power of particles if a usual proportional chamber 
is used as a detecting element. The results of the experimental 
investigations are given. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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