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1. BBE.l\EHHE 

J\aHHaA CHCTeMa APe~$OB~X KaMep /J\K/ ABnAeTCA 4aCTb~ 3KCnepH
MeHTanbHO~ ycTaHOBKH no HCCneAOBaHH~ peaK~HH O~p,THOrO 3neKTpo-
pO>KAeHHA nHOHa Ha RAPe BOAOPOAa ( TT -p -o e + e- n ) t H Ha 
nerKHX AApax. 0Ha COCTOHT H3 18 KaMep pa3MepoM 48x48 CM2 H co
Aep>KHT 864 KaHana CDeMa HH$OpMa~HH. 

eHcTeMa .l\K/2/HaAe>KHO pa6oTaeT Ha ycTaHOBKe AnA HCcneAOBaHHA 
o6paTHOrO 3neKTPOPO>KAeHHA nHOHOe/i7/ C 1978 rOAa. 

eHcTeMa HMeeT PAA xapaKTepH~x oco6eHHOCTe~. 
1 • liJar HaMOTKH CHrHanbH~X npOBOflOK AflA J\K AOBOnbHO Man -

10 MM; noTeH~HanbH~e npoeonOKH, KOTOp~e o6~4HO pacnonara~T 
Me>KAY CHrH8flbH~MH, OTCYTCTBY~T; BCe K8TOAH~e npOBOflOKH HMe~T 
OAHHaKOB~~ nOTeH~Han. 

8 KOHCTPYKTHBHOM OTHOWeHHH 3TO o6~4H~e nponop~HOHanbH~e Ka
Mep~ C 60nbWHM warOM HaMOTKH CHrHanbH~X npoeanoK, C KOTOp~X 
CHHMaeTCR HH$OpMa~HA 0 apeMeHH APe~$a. TaKaA KOHCTpyK~HA OTnH-
4aeTCA npocTOTo~, HaAe>KHOCTb~ H YA06CTBOM 3KcnnyaTa~HH. XoTA 
OTCYTCTBHe OOTeH~HaflbH~X npOBOflOK H npHBOAHT K HenHHe~HOCTH 
APe~$oa~x xapaKTepHCTHK, 3Ta HenHHe~HOCTb npaKTH4eCKH He yxyA
waeT npOCTpaHCTBeHHO~ T04HOCTH /4TO ABnAeTCA KOHe4HO~ ~enb~ 
npHMeHeHHA .l\K a AaHHOM 3KcnepHMeHTe/. 

eneAyeT OTMeTHTb, 4TO Man~~ war HaMOTKH CHrHanbHWX npOBOflOK 
B .l\K CTaHOBHTCA ace 6onee pacnpOCTpaHeHHWM/3~ TaK KaK n03BOnA
eT HCnOflb30BaTb KaMepy B Ka4eCTBe rOAOCKOna, a T8KX<e CO~paTHTb 
BpeMA O>KHAaHHA HH$QpMa~HH H BKn~4HTb .l\K B 6~CTP~~ TpHrrep. 
B TO >Ke apeMA Tpe6oaaHHA, npeADABnAeMwe K T04HOCTH 3neKTPOHHO~ 
annapaTypw, napaMeTpaM APeH$oawx xapaKTePHCTHK, nocTOAHCTBy 
ra30BO~ CMeCH H T.n., KOTOpWe He06XOAHM~ AnA nony4eHHA BWCOKo
ro KOOPAHH8THOrO pa3peWeHHA, B A8HHOM cny4ae cna6ee, 4eM AflA 
APeH$oawx KaMep c 6onbWHM waroM. 

2 • .l\K pa6oTa~T B caMoraCAII(eMCR CTPHMepHOM /ere/ pe>KHMe/ 4,&/. 
3TOT pe>KHM xapaKTepH3yeTCA 60nbWOH aMnnHTYAO~ CHrHana, OTHO
CHTeflbHO ManWM MepTB~M apeMeHeM, WHPOKOH o6naCTb~ pa604HX Ha
npA>KeHHH, a T8K>Ke B03MO>KHOCTb~ npHMeHeHHA TOflCTO~ 8HOAHOH npo
BOnOKH, 4TO B COBOKYnHOCTH o6ecne4HB8eT eMy npeHMyll(eCTBO nepe~ 
nponop~HOH8flbHWM pe>KHMOM npH HCnOflb30B8HHH B KaMepaX 60nbWOrO 
I~ 1 Mo/ pa3Mepa. Pa6oTa B ere pe>KHMe no3BOnAeT Hcnonb30B8Tb 
BWCOKHH nopor ,PerHCTpa~HH /100 MKA/, 4TO C03A8eT xopowy~ no
MeX03811(HII(eHHOCTb - B peanbHWX 3KCnepHMeHT8flbHWX YCflOBHRX Ka
MepW 6wnH He4yBCTBHTeflbHW K pa6oTe BWCOK048CTOTH~X CHCTeM yc
KOpHTenA H APYrHx BHeWHHX ycTpOHCTB. KpoMe Taro, 6onbwaA aMn
nHTYA8 CHrHana B ere pe>KHMe n03BOnAeT ynpOCTHTb ycHnHTenH. 
npHMeHeHHe ere pe>KHMa He YXYAWaeT npOCTP8HCTBeHHOH T04HOCTH 
.l\K. 

3. no ycnOBHRM 3KCnepHMeHTa .l\K AOfl>KHa perHCTPHPOB8Tb no OA
HOH 48CTH~e a co6wTHH /3neKTpoH HnH no3HTPOH/. 3To no3aonAeT 

Ot.bfa11Hr:;;t, .. : ,;: cr.11.1 · 1 

S:FlEPtM:-IY ¥'tr:,,· '. 'J:,:t-•:'' 

6~6n~OTEKA 



cy~ecreeHHO ynpocr~Tb aneKTPOH~
Ky C4~T~eaH~~, np~MeH~~ napan

nenbHOe KOA~POBaH~e, np~ KOTOpOM nocne npOXO*AeH~~ 48CT~~~ 

4epea KaMepy Ha BblXOAe c~creMbl C4~Tb1B8HI.1~ cpaay o6paayerc~ KOA 

HOMepa cpa6oraswe~ npoao.noK~, a apeM~ APe~(J)a san~Cb!Baerc~ OA

HO A!lR see~ KaMepbl/s/. 

H~}l(e On~CbiBatOTCR KOHCTpyK~H~ ~ TeXHOJ10rVI~
 l-13rOTOBJ1eHVIR JlK, 

3JlBKTp0Hio1Ka C41o1TbiBaHHR HH(J)OpMa~~H, C4eTHble xapaKTepHCTHK~, 

a raK}I(e APe~(J)Oeble xapaKrep~r~crHKH ~ KOOPA~HarHa~
 T04HOCTb. 

2. KOHCTPYK~HR H TEXHOnOrHR H3rOTOBnEHHR ~K 

c~creMa AK cocroHT ~a 18 KaMep, co6paHH~X a TPH naKera no 

wecTb KaMep a Ka}I(AOM. Ha p~r~c.1 noKaaaHo ce4eHHe OAHOro naKera 

B co6paHHOM BHAe. 0H COCT~3 n~TH8A~8TH A~paniDMVIHHeBbiX pa

MOK 111, H8 KOTOpble KpenRTCR CTeKJ10TeKCTOJ11-1T0Bble nJ18Tbl C ne-

4aTHbiMH aneKTPOAaMH 121, AIOPa.mOMHH~eBble waii16bl 131 H naecaHOBble 

OKHa 141. 06parHaR cropoHa paMoK aaKneeHa TOHKHM I- 0,1 MM/ 

creKnoreKCTOJl~TOM /51 AilR nPeAOTepa~eHHR 3.neKTpH4ecKHX npo6o

ee C BbiCOKOBOJlbTHbiX 3J1eKTP0AOB Ha P8MK~ H AflR 11Y4Weii1 repMeTir1-

3a~AH BHYTPeHHero 06DeMa. C BHyTpeHHeill CTOpOHbl CTeKJ10TeKCTOJ1H

TOB~X nnar eHHTaMH 3aKpenneHbl Kan~6poeaHHble nneKcHrnacoeble 

6pyCKH I cne~cepbl/ /6/ AJlR aaAaHHR MelKaneKTpOAHoro aaaopa c 

Heo6xoAHMO~ T04HOCTbiO. CneAYeT orMeTHTb, 4TO aro eAHHCTBeHHaR 

AeT8Jlb B KaMepax, KOTopaR AOJ1}1(H8 i'13rOTaBJ11'1B8TbCR C BbiCOKOill 

T04HOCTbiO /+0,05 MM/. AJlR H8Ae}I(HOrO C}I(8THR p8MOK B 06J18CTH 

cneHcepos, C reM 4T06bl BbiAepmarb Me}l(3.neKTPOAHb1H aaaop, cpeAHRR 

TOJ1~HH8 K8}1(A0ii1 paMKH B o6naCTH Waii16 13/ AenaeTCR npHMepHO Ha 

0,2 MM MeHbwe, 4eM a o6nacri'1 cneHcepoe. 0Ha noA6HpaercR c no

MO~biO npoKJ18AOK 1'13 naecaHa, noMeut.aeMbiX Me>KAY paMKoH /1 I H waii1-

6aMH /3/. C Hapy}I(H0ii1 CTOPOHbl 8HOAHbiX nnaT 3aKpenneHbl CTeKnO

TeKCTOm1T08b\e nnaTbl c aneKTPOHI'1KOiii /7 I. 
BeoA 1'1 BbiBOA raaa ocy~ecrenRercR 4epea onHaKH 181, pacnono

meHHble Ha BHeWHHX paMKax. JlnR repMer~aa~HH o6oeMa KaMep ~r~cnonb

ayeTcR WHYP H3 saKyyMHo~ pe3HH~ /9/. 
Bee paMKH CTRr~r~eaiOTCR wecrHaA~aTbiO 6onTaMH /101, pacnonomeH

Hb1Mi'1 c waroM 160 MM. B co6paHHOM BHAe naKer ~MeeT 6onbwy~ 

}l(eCTKOCTb VI MOHTHpyeTCR Ha 3KcnepHMeHT8J1bHy~ YCT8HOBKY K8K 

eA~Hoe ~enoe. nocro~Hcrao nono}l(eH~R paMoK BHYTPH naKera np~r~ 

paapa6orKe \.1 c6opKe o6ecne4HaaeTcR reM, 4TO 4eTblpe yrnoebJX 

6onra AenaiOrcR c ManeHbKHM I- 0, 1 MM/ AOnycKOM OTHOC~TeilbHO 

AH8MeTpOa 0Teepcntii1; OCT8J1bHb1e 60J1Tbl Ael1810TCR C 60J1bWVIM 1-1 MM/ 

AOnyCKOM. 
~K HMeiOT ClleAYIO~\Ite reOMeTpH4eCKHe napaMeTpbl: War H8MOTKH 

8HOAHbiX npOBOJ10K 8=10 MM; AHaMeTp - 50 MKM; war H8MOTKH Ka

TOAHbiX npOBOilOK 2 MM; AHaMeTp 100 MKM; 383op Me>KAY 8HOAOM VI 

KaTOAOM L=8 MM. Bee aneKTPOA~ HaMOTaHbl npoeonoKo~ \.13 6epHn-
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PHc.l. CeqeHHe naKeTa nK B coOpaHHOM BHAe. 

JlHeaoH 6pOH3~. KaTOAH~e nnOCKOCTH /K/ HSMOTaH~ B OAHOM Hanpaa
neHHH, aHOAH~e /A/ - 80 B3aHMHO nepneHAHKynRpH~X, TPH H3 HHX 

AaiOT X -KoOpAHHan.e rpeKa H TPH - Y -KOOPAHHaTbl. AHOAHaR 

nJlOCKOCTb COCTOHT H3 nRTHAeCRTH npOBOJlOK, ABe KpaHHHe 3S3eMne

Hbl H He HCnOJlb3y~TCR AnR perHCTpa~HH 4SCTH~. 
Heo6xOAHMaR T04HOCTb npocrpaHcrBeHHoro pacnonomeHHR H HaTR

>KeHio'le npOBOJl04HbiX 311eKTPOAOB 6b1J1H OnpeAeneHbl Ha OCHOBe pa6o
Tbl/7/, rAe GbinH nony4eHbl ~opMynbl A11R pac4era MeXaHH4ecKHX AOnyc

KOB H HSTR>KeHHH 311eKTPOAOB nponop~HOHaJlbHOH KSMepbl npOH3BOJlb

HOH reoMeTpHH. nnR KaMep AaHHOH reoMeTpHH peaynbTaTbl pa6orbl/7/ 
Bblpa>KaiOTCR B CJleAY~~eM. 4T06~ o6ecne4HTb nOCTORHCTBO xapBKTe

PHCTHK nK 8 npeAeflaX 1% /no HanpRmeH~~ nHTBHHR/ He06XOAHMO 

8~Aep~aTb: a/ OAHOPOAHOCTb AHBMeTpa BHOAHO~ npoBOflOKH C T04-

HOCTb~ -7%; 6/ war HBMOTKH BHOAHWX npOBOflOK C T04HOCTb~ 

-0,4 MM; B/ Me}I(3JleKTPOAHbl~ 3830P C T04HOCTbiO -· 0,2 MM. 0AHa

KO Tpe60BBHHe K T04HOCT~ Wara BHOAHWX npOBOJlOK HBXOAHTCR Ha 

ypOBHe He HH}I(e ~0,05 MM, TaK KaK KBMepa HCnOJlb3yeTCR 8 K84eCT-
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ae APe~¢080~. AnR B~nonHeHHR Tpe6oa8HHR nyHKTS B HCnOnb3Y~TCR cne~cepbl /6/. MHHHMSnbHOe H8TR)KeHHe K8TOAHbiX H 8H0AHbiX npo
SOnOK AOn)KHO 6b1Tb ] H 4 r COOTBeTCTBeHHO. nocKOnbKY MHHHM8nbH0 AOnycTHMble CHnbl H8TR)K8HHR OK838nHCb CnHWKOM M8nbl, 4T06bl BblnpRMHTb npoaonOKY, 6bi11H BblfipaHbl ClleAY~IqHe CHllbl H8TR>KeHHR: AnR 8HOAHbiX npoBOnOK - 50 r, AnR K8TOAHbiX - 1QQ r, KOTOpble ropa3A0 MeHbWe COOTBeTCTBY~~HX pa3pb18Hb1X ycHnHH /no H8WHM 
H3MepeHHRM 3TH ycHnHR COCT8BnR~T 300 H 800 r C00TB8TCTBeHHO/. 

~K H3rOTOB118Hbl B OCHOBHOM no T8XHOnOrHH, npeAnO)KeHHO~ B pafiore/8/, u,enb~ Kor'opo~ 6blno C03A8HHe AOCT8T04HO npocro11 rexHonorHH AJlR HarorosneHHR 6onbWHX I'?. 1 M 2/ paa6opHbiX KaMep 
C M8nb1M K011H4eCTBOM ae~eCTBa Ha nyTH 48CTHLI,bl /TOn~HH8 OAHOrO naKera ~K cocraanRer·~ 0,15 r/cM2/. 

PaMKH CKne~ttaanHCb anoKCHAHbiM KneeM, ero cocraa: anoKCHAHaR CMOna /K115/+ OTaePAHTenb /n011H3THneHn011H8MHH/ + au,eTOH 
8 COOTHOWeHHH 1:1/5:1/5 nO aecy.~068BK8 au,eTOH8 npHBOAHT K TOMY, 4TO KJ1e~ CT8HOaHTCR M8Hee BR3KHM, ere ner4e H8HOCHTb Ha CK11eHB88Mble noaepXHOCTH, nocne 38TB8PA8B8HHR OH nerKO o6pa6aTbiBaeTCR pe)Ky~HM HHCTPYMeHTOM, CKJ1ef1Ka nony4aeTCR fionee ynpyrof1 H H8A8)KHOI1. nepeA CKneHKoH A~P811~MHHH8Bble P8MKH npoTpaaJ1HB811HCb a ~en04HOM pacraope. CKneHKa paMoK /1/ ·C nnaraMH /2/ 
H H3011HPY~~HM CTeKllOTeKCTOnHTOM /5/ Be118Cb 8 B8KYYMHOM MeWKe, 4eM .AOCTHranOCb noCTORHHOe A8BJ1eHHe --1 Kr/CM 2 no BceH CKJleH
aaeMOH nOBePXHOCTH. 8aKyyMHblf1 MeWOK H3rOT8811HB8J1CR H3 TOHKOrO I -0,2 MM/ nonH3THneHa. CneAyer OTMeTHTb, 4TO MeTOA cKneHKH B aaKyyMHOM MeWKe 4pe3abi4811HO npOCT H npHrOAeH ,qJlR AOBOnbHO 6onbwHx noaepxHocreH. nepeA CKne~KoH ace nnarbl /2/ aaKpennRnHCb H8 paMKH /1/ BHHT8MH, pacnonaraeMbiMH B W8XM8THOM nOpRAKe c waroM 160 MM; wa~6b1 /3/ aaKpennRnHcb TaK>Ke BHHT8MH. nocne aToro npOH3BOAHJ18Cb paa6opKa OAHOH H3 P8MOK, Ha CKJ1eHaaeMble noaepXHOCTH H8H0CH11CR TOHKHJ1 C11011 KneR, ace AeT811H CHOB8 CBHH-4J.18811HCb BMeCTe H paMKa noMeiq8118Cb a B8KyyMHbJ~ MeWOK, KOTOpbl~ OTK84J.1B811CR ¢OpB8KYYMHbiM H8COCOM. PaMKH H3BJ1eKanHCb H3 MeWK8 a cpeAHeM 4epea 12 4. CKne~Ka naacaHoablx OKOH c paMK8MH npoHa
aoA~ttnacb Ha MOHT8)KHOM crone. PaMKa KpenHnacb K crony 6onraMH, 118BC8H0Bbll1 nHCT/TOll~HHO~ -100 MKM/ nosepx paMKH npHK118HB811CR 11HnKOJ1 118HTOJ1 no nepHMeTpy CTOna C HeKOTOpbiM H8TR)KeHH8M. no aHeWHeMy Kpa~ paMKH B 118BC8He Ae11811HCb OTBepCTHR AH8MeTPOM -5 MM, pacnonaraeMble B AB8 PRA8 B W8XM8THOM nOPRAKe C waroM -40 MM, paccroRH~e Me*AY PRAaM~ -10 MM. B 3T~ orsepCTHR no-
Me~an~cb KannH KneR, a caepxy nnorHO npH)KHManacb nonocKa creK
noreKCTOll~Ta /11/ TOll~HHOH 1 MM H WHP~HOJII -20 MM. nocne 3aT
aepAeB8H~R KneR nHWH~~ naacaH o6peaanc~; Heo6xoAHMoe HaTR)KeHHe nascaHa Ha paMKe AOCTHranocb nporpeaoM s noToKe ropR4ero B03.AYX8. C BHYTPeHHeJ1 CTOPOHbl Ha naBC8HOBOe OKHO HaHOC~llCR TOHKHH cnoH nonynpoaoAR~ero noKp~THR /anKaMoHa/. 
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PHc.2. YcTpoHcTBO H cxeMa BKnro
~ KOppeKTHpyro~eH rpe6eHKH: 
1 - rpe6eHKa; 2 - cHrHarrDHaH 
rrpoBonoKa; 3 - 6aTapeH; 4 -
na~ma. 

HaMOTKa nposono~H~X 3neKT
POAOB Ha paMK~ npo~3BOA~nacb 

epy4HY~. PaMK~ aaKpennRn~cb 

Ha MOHTamHOM CTOne, Ha ABYX 
npOT~BOflOnO>KHbiX CTOpOHaX KO

TOpOrO pacnono>KeHbl PRAbl Kan~6posaHHbiX WTblpeC1, aaAa~w.~x war 
HaMOTK~, ycTaHOB!leHHbiX C T04HOCTb~ +0,1 MM. 8 npo~ecce HaMOT
K~ MOHTamH~K ponHKOM 06BOAHT npoaonoKy BOKpyr WTblpe~. noc.ne 
HaMOTK~ npoaonoK~ pacnaHea~TcR no BHYTPeHHeMy nepHMeTPY paM
KH. HaTRmeHHe npoeonoK np~ HaMOTKe aaAaeTCR 3neKTpOMOTopoM, 
Ha san KOTOporo HacameHa noAa~~aR KaTyWKa c npoaonoKo~. npo
sonoKa npony~eHa 4epea TPH 6noKa, K HH>KHeMy 1-13 HHX nOABeWeH 
rpya; no yr.ny npOB~CaH~R npOBO!lOKH KOHTpOnHpyeTCR CH.na HaTR
meHI-1R. ,llaHHbl~ cnoco6 HaMOTKI-1 He Tpe6yeT CJ10>KHoro o6opyAOBa
HHR ~ n03BOJ1ReT BeCTH HaMOTKy CO CKOpOCTb~ OKOJ10 250 npOBOJ10K 
a 4ac, a TaK>Ke o6ecne4~saeT nocTORHCTso HaTR>KeHHR npoaonoK 
_:!:5%. 

War HaMoTKH cHrHaJ1bHbiX /aHOAHbiX/ nposonoK nocne pac
na~KH AOnOJlHHTeJlbHO H3MepRJ1CR H KOppeKTHposaJlCR ycTpO~CT

BOM, noKa3aHHbiM Ha pHc.2. 3TO ycTpO~CTBO COCTOHT ~3 

MeTan!1~4eCKO~ rpe6eHK~ A.fl~HOC1 50 CM, B KOTOpO~ CAeJlaHbl npo
pe3H WHPHHO~ 0,19+0,02 MM C warOM 10+0,02 MM; rpe6eHKa nepe
Mew,aeTCR OTHOCHTenbHO CTO.na MHKPOMeTP~4eCK~M BHHTOM. Ha.n~~He 
3J1eKTPH4eCKOrO KOHTaKTa Me>KAY CHrHanbHOH npOBO!lOKOH H rpe6eH
KO~ CBHAeTenbCTByeT 0 TOM, 4TO nO.nO>KeHHe npOBOJ10KH He06XOAH
MO nonpaBHTb. 

Ao H nocne pacnat1KH naKeT. ,llK co6HpancR H npOH3BC?A~.nHCb Bbl
coKoso.nbTHble HCnbiTaHHR H nposepKa repMeTJ-13a~HH o6oeMa KaMepbl. 
BbiCOKoeo.nbTHbJe HCnbiTaHHR nQo~oo~aeOAJ.1!1HCb Ha B03Ayxe, npH 3TOM 
ace CJ.irHanbHble npoaonoKH aaaeMnR.na.tcb, a Ha KaTOAbl noAaea.nocb 
HanpR>KeHa.te 10 KB. 06Hapy>KeHHble Ha paMKax MecTa npo6oes aaK.nea.t
aa.nHCb TOHKHM I - 0, 1 MM/ cTeKnOTeKCTO.nHTOM. 

np~HRTaR TeXHOnOrHR AaeT B peaynbTaTe c.neAy~~He T04HOCT~ 
reOMeTpHt.~eCKHX napaMeTpOB: ·~S =0,04 MM; /').L =0,2 MM /CTaHAapT
Hble OTKJlOHeH~R, ycpeAHeHH!Me nO BCeM TpeM naKeTaM ,llK/. 

3.·3flEKTPOHHKA C4HT~BAHHR HH$0PMAUHH 

KaK OTMe4aJ10Cb SO BBeAeHHH, ,llK no ycnOBHRM 3KCnep~MeHTa 
AOn>KHa per~cTpHpoaaTb no OAHO~ ~acTH~e s co6biT~~. B 3TOM c.ny-
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4ae npHMeHATb pacnpOCTpaHeHHY~ CHCTeMy C4HTWBaHHR, npH KOTOPO~ 
Ka*AaR CHrHaflbHaR npOBOflOKa /KaHan/ nOAKfl~4eHa K CBOeMY BpeMR
~M~pOBOMy npeo6paaoeaTen~ /B~n/, He~enecoo6paaHo, TaK KaK 
60nbW8R 4aCTb annapaTypy He Y48CTByeT B np04ecce C4HTWBaHHR 
nOfleSHO~ HH¢QpM84HH. AnA COKpa~eHHR 06DeMa annapaTypW H cmaTHR 
H~OpMa~HOHHOrO MaccHBa, nepeAaBaeMOro C aK, YCTpOHCTBO C4H
TWB8HHR/9/ napanneflbHO KOAHpyeT HOMepa cpa6oTaBWHX KaHanOB 
cpasy nocne ycHnHTene~. B 3TOM cny4ae npH npoxomAeHHH OAHO~ 
48CTH4W 4epe3 KaMepy HOMep KaHana aanHCWBaeTCR 8 ABOH4HOM KOAe 
B perHCTP, a BpeMR APeH$a onpeAenReTCR OAHHM BUn, CTon-cHrHan 
AflA KOToporo o6paayeTCR nyTeM o6beAHHeHHR no ~n~ scex KaHanoa 
KaMepw. 

~pyroH 0C06eHHOCTb~ CHCTeMW C4HTWBaHHR RBnRBTCR KOAHPOBaHHe 
HOMepa cpa6oTaawero KaHana a KOAe fpeR. 3To noaaonReT Hs6emaTb 
cy~ecTBeHHoro c6oR npH HanomeHHH KOAOB _a npeAenax paapewa~e
ro BpeMeHH WH$p8TOpa, 4TO 6wsaeT, KOrAa 4aCTH4a npOXOAHT npH
MepHO nocepeAHHe Me*AY ABYMR aHOAHWMH nposonoKaMH. B TaKa~ 
CHTYB~HH, npH HCnOflb30BaHHH KOAa rpeR, npOHCXOAHT 3anHCb KOAa 
OAHOrO H3 COCeAHHX KBH8flOB; npH HCnOflb30BaHHH me 06W4HOrO no-
3H4HOHHOrO KOAa 3anHCWBaeTCR HOMep noCTOpOHHerO KaHana. 0AHa
KO He3H84HTeflbHOe HCKameHHe 3anHCWBBeMOH KOOPAHHaTW MOmeT 
npOH30HTH H npH HCnonb30BaHHH KOAa rpeR, TaK KaK apeMR APeH¢a 
onpeAenReTCR no nepsoMy cpa6oTasweMy KaHany, TOrAa KaK a pe
rHCTP MOmeT 3anHC8TbCR KOA COCeAHero C HHM KaHana. npH 3TOM 
BeflH4HHa MaKCHManbHOH OWH6KH H3MepeHHR KOOPAHH8TW 4aCTH4 paSHa 
npOH3BeAeHH~ CKOPOCTH ApeH$a Ha paapewa~~ee BpeMR WH$paTOpa. 
no3TOMY speMR paapeweHHR, onpeAenReMoe AflR AaHHoro WH$P8Topa 
AflHTeflbHOCTb~ HMnynbCOB KOAa, AOflmHO 6WTb no B03MOmHOCTH MH
HHManbHWM,/B HaWeM Cfly4ae AflHTeflbHOCTb HMnynbCOB KOAa -25 HC, 
4TO MOmeT npHBOAHTb K OWH6Ke H3MepeHHR KOOPAHHaTW AO 1 MM/. 

npHMeHeHHe ere pemHMa/4/ n03BOflR6T yCT8HOBHTb BWCOKHH nopor 
perHCTPa4HH, 4TO npaKTH4eCKH yCTpaHReT npo6neMy SHeWHHX Haso
AOK. KpOMe TOre, He HymHO npeAbRBflRTb BWCOKHX Tpe6oaaHHH K CTa-
6HflbHOCTH 3TOrO nopora, TaK KaK B ere pemHMe CHrHan B03HHKaeT 
CK84K006pa3HO H ero aMnnHTYAHWH pa36poc Man. 8 HaWeM cny4ae 
nopor ycHnHTeneH-$opMHpoaaTeneH paseH 100 MKA npH cpeAHeH aM
nnHTYAe cHrHana -1 MA /xapaKTePHW~ nopor AnR nponOP4HOHanbHOro 
pe*HMa- HeCKOnbKO MKA/. BxoAHOe conpoTHBneHHe paBHO 150 OM. 

Ha PHC.3 nOK83aHa 6noK-cXeMa CHCTeM~ C4HTWBaHHR HH~OpM84HH 
c OAHO~ AK. YcHnHTenH-$OPMHpoaaTenH H WH¢paTopw HOMepa KaHana 
pacnono*eHY Ha KaMepe. YcHnHTenH paa6HTW Ha TpH rpynnw, no 
WeCTHaA48Tb B KamAoH; KamAaR rpynna CO CBOHM WH$paTopoM paa
Me~eHa Ha OTAenbHOH nnaTe /pHc.l, no3H4HR 7/. WH$PaTop HMeeT 
BYXOA ~nH H 4eTWpe BMXOAa CHrHanoa KOAa• MnaAWHe pa3pRAY KOAa 
AnR aceH AK o6paay~TCR cyMMHposaHHeM no ~nH cooTaeTCTBY~~Hx 
paapRAOB WH$paTOPOB,CTapWHe - KOAHPOBaHHeM HOMepa rpynnw /B Ko-
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Ae rpeR/ no COOTBeTCTBY~~~M CHrHanaM ~~H. WH$paTOp HOMepa rpyn

n~ H cxeM~ HnH pacnono*eH~ Ha OTAenbHO~ nnaTe Ha KaMepe H coe

AHHeH~ C B~XOAaM~ WH$paTOPOB HOMepa KaHana KOaKCHanbH~MH Ka-

6enRMH He6onbWO~ AnHH~ 1-1M/. B 6noK-cxeMy C4HT~BaHHR BXOART 

TaK*e CTaHAapTH~e J10rH4eCKt.1e 6nOKt.1 6~CTpOail 3neKTPOHt.1KH/10/ AnR 

s~pa6oTKH ynpasnR~~HX cHrHanos c y4eTOM HH¢QpMa~HH OT APYrHx 

AeTeKTopos, 6noKH KAMAK/11/AnR aanHCH KOAa HOMepa cpa6oTaswe

ro KaHana H BpeMeHH APe~$a, paapa60T8HH~e B na6opaTOPHH RAePH~X 

npo6neM, ~ 38M. 
CHcTeMa Ae~cTsyeT cneAY~~HM o6paaoM. Oocne npoxomAeHHR 4e

pea KaMepy 3apRmeHHOail 4aCTH~~ Ha B~XOAaX WH$paTOpa o6paayeTCR 

KOA, COOTBeTcTsy~~HH HOMepy cpa6oTaBweH nposonOKH. 3TOT KOA 

nO KOaKCHanbH~M Ka6enRM /AnHHO~ 120 M - AnR KOMneHca~HH aa

AepmKH B~pa60TKH CTpo6-HMnynbca CHCTeMoH 6~CTP0~ 3neKTp0Ht.1KH/ 

nepeAaeTCR Ha perHCTp KAMAK, KYAa aanHcwsaeTcR npH HanH4HH CHr

Hana H~H co csoe~ KaMepw /Ant.1TenbHOCTb HMnynbca ~~~ -25 He/. 

CHrHan Hn~ npeAsapHTeJ1bHO cTpo6HpyeTCR cHrHanoM OT 

6~CTPO~ 3neKTPOHHKH, AnHTenbHOCTb KOTOpOrO npHMepHO pasHa MaK

CI-1ManbHOMy speMeHH APei1¢a /B HaWeM cny4ae - 0, 5 MKC/. 

BpeMR APeH¢a aanHcbJBaeTcR OAHO AnR sceH KaMepbl. 0Ho o6pa

ayeTCR B ABe CTaAt.1t.1. CHa4ana Ha BbiXOAe (T-+ Q) 6nOKa 11BopoTa 11 
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o6paayeTCR ~MnynbC TOKa, An~TenbHOCTb KOTOpOrO pasHa pa3HOCT~ 
apeMeH np~XOAa CHrHanos cTpo6a H HnH; aMnn~TYAa 3Toro HMnynb
ca perYJlHPYeTCR AnR ~3MeHeHHR 4yBCTBHTeJlbHOCTH npeo6pa30BaHHR. 3aTeM 3TOT HMnyJlbC noAaeTCR Ha OAHH 1113 BXOAOB weCTHBXOAOBOrO 
cTpo6~pyeMoro aapRAOso-~~~posoro npeo6paaosaTenR /3~n; KA006112/, 3~n ~MeeT eMKOCTb 256 KaHanos I AnR Ka>KAoro BXOAa/, 
4yBCTBHTeJlbHOCTb - 4 nKn/KBHaJl /HOMHHaJlbHaR 4yBCTBHTenbHOCTb - 1 nKn/KaHan/. 4YBCTBHTeJlbHOCTb npeo6pa30BaHHR BpeMR-KOA 
perynHpyeTCR OT 0,8 HC/KaHan AO 20 HC/KaHan. AflR AaHHOH CHCTe
Mbl AK Hcnonbaosanacb 4YBCTBHTenbHOCTb 2 He/ KaHan. 

4. C4ETH~E XAPAKTEP~CT~K~ 

KaMep~ pa6oTa~T npH nocTORHHOM npoAyse rasosoH cMeCb~ H3 
TeXHH48CKOrO aproHa, MeTaHa H MeTHJlaJlR B COOTHOWeHHH 62:21:17 
npH aTMOC~epHOM AaBneHHH. raaoe~~ COCTae nOAAepmHBaJlCR C T04-
HOCTb~ OKOJlO 1%. 

TJ.mH4H~e c4eTHbte xapaKTepHCTHKH /3¢>$eKTHBHOCTb, cKopocTb 
OAHH04Horo C4eTa H WYM~/ AK npHseAeH~ Ha pHc.4. Ha p~cyHKa 
BHAHO, 4TO nnaTo a.r,p¢)eKTHBHOCTH AOCTaT04HO senHKO I - 400 B/. 
Paa6poc nonomeHHH .nnaTo a$1PeKTHBHOCTH AnR paaH~X KaMep cocTaBHn a cpe,QHeM +20 B, TO eCTb npHHRTaR TeXHonorHR o6ecne4HaaeT ,QOCTaT04HY~ o,QHopO,QHOCTb AK /eM. paa,Qen 2/; AllR Kpa~HHX AK 
C48TH~e XapaKTepHCTHKH CMeW,eHbt npHMePHO Ha +80 8 Ha-aa HX Bbi
A8Jl8HHOrO nono>KeHHR a naKeTe H 11aneKTPH4eCKoi1 npoapa4HOCTH 11 
KaTOAOB. 

3¢>$eKTHBHOCTb Ha nnaTO COCTaBHJla B cpe,QHeM £=99,6% npH cne
AY~IqHX ycnoe~-tRX: cKopocTb c4eTa KaMep~ /aarpyaKa/- 4.10 4 c-1, 
AJlHTeJlbHOCTb CTpo6-HMnyJlbCa 450 HC, HHTepsan yrnos naAeHHR 
TpeKOB - +25°, 0THOCHTeJlbHO HeB~COKaR 3arpyaKa onpeA8J1RnaCb 
3KCOeP,HMeHTaJlbHbfMH YCI10SHRMH, 0,QHaKO KaMep~ HCnbiTb!SaJlHCb H npH 
aarpyaKe AO 10 6c-~ B 3TOM cny4ae HX 3~eKTHBHOCTb nOHH>Kanacb 
,QO "( =98, 2%, 4TO npHMepHO COOTBeTCTByeT 3Ha4eHH~ MepTBOCi 30Hbl 
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'=50 MKC•CM AnR AaHH~ raao-
BOCi cMec~-t/5~ AosonbHO 6onbwaR 
AJlHTeJlbHOCTb CTpo6-HMnyJlbCa 
TaK>Ke 6~na eoaMO>KHa Ha-aa 
He6onbwoH aarpy3KH KaMepbl. 
DAHaKo 3Ha4HTeJlbHOe coKpaw,e
HHe AnHTenbHOCT~ CTpo6-HMnynb
Ca OPHBOAHT K SeCbMa H83Ha4H-

PHc.4. 3aBHCHMOCTh 3~eKTHB
HOCTH l• CKOpOCTH OAHHOqHOro 
C'tleTa N H WYMOB ll OT HallpJI
~eHHH rrHTaHHH ~K. 



TenbHOMy yMeHbWeH~~ a~eKT~BHOCT~o TaK, Hanp~Mep, npH AnHTenb
HOCT~ 275 HC ~ AnR caMoro He6naronpHRTHoro yrna naAeHHfl TpeKa 
/no HOpManH K KaMepe/ 3~eKTHBHOCTb 6~na -98% npH TO~ ~e 3ar
py3Ke - 4 .1 04 C-t; C pOCTOM yrna 3$l)eKTHBHOCTb B03pacTaeT o 

5. APEA$0B~E XAPAKTEPHCTHKH H KOOPAHHATHAR T04HOCTb 

0TnH4HTenbHaR oco6eHHOCTb APe~$oa~x xapaKTepHCTHK AfiR AaH
HO~ c1-1cTeMbl AK - cy"'ecTBeHHaR Hem1He~HOCTb npH Man~x yrnax 
naAeHHR TpeKao 3TO RBnReTCR cneACTBHeM ABYX npH4HH: ao-nepa~X, 
oTcyTCTBHR noTeHu,l-1anbH~X nposonoK, KOTOPble o6bi4HO pacnonara
~TcR Me*AY CHrHanbHbiMH A11fl YCTpaHeHHR 06nacT~ cna60r0 311eKT
p~4eCKOrO nOilR, H ao-sTOpbiX, npHMeHeHHR ra30BO~ CMeCH, Heo6-
XOAHMO~ AnA nony4eHHR YCT0~4HBOrO ere pemHMa, B KOTOPO~, OA
HaKo, OTCYTCTByeT 3~eKT HaCbl"'eHHR CKOpOCTH APe~$a 3neKTPOHOB 
npH Mana~ Hanpfl~eHHOCT~ nonR /AK AaHHO~ reOMeTpHH, pa6oTao"'aR 
a nponopu,~oHanbHOM pe~HMe H aanonHeHHaR raaoeo~ cMeCbO c ebl
pameHHbiM 3~~eKTOM HaCbl"'eHHR CKOpOCTH APe~~a, HMeeT Cy"'eCTBeH
HO 6onee Jl~HeilHble APeil$oable xapaKTepHCTHK~ Its/ I. Ha p~c. 5 
npHBeAeHo ceMeHcTeo APeH~oablx xapaKTepHCTHK, nony4eHHbiX Ha 
ny4Ke 4aCTHU. c ManoH yrnoeoH pacXOAHMOCTbiO I- 2° I npt-t paaHbiX 
pacnonoH<eHHJlX ,[l,K OTHOC~TenbHO ny4Ka o XapaKTePI-iCTHKH nony4eHbl 
Ha 60I1bWOM CTaTHCTH4eCKOM MaTepHaile MeTOAOM nOC11eAOBaTe/1bHbiX 
npH611HH<eHHHo 0HH XOPOWO annpOKCHMHpyOTCR aHaJl~Tt-t4eCKOH 3aeH
CI-1MOCTb~ B~Aa 

·~x(t)~a[ 1-exp(-bt)], 

rAe ll x(t) - nyTb APeH~a BAOI1b X-KOOPAHHaTbl; t - aaperHcTpHpo
saHHOe apeMR APeH~a; a 1-1 b - cao60AHble napaMeTpbl, KOTOpble noA-
6~paiOTCR AI1R KamAoro yrna naAeHHRo B Ka4ecTee Ha4al1bHOro npH6-
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o· 

20' 

11~H<eHHR AnR APe~~oawx xapaKTe
PJ.1CTHK 1-1cnonbaoeam1cb I-1HTerpanb
Hble speMeHH~e cneKTPbl cHrHa
noa c AK I 14, ts/, 3To np~6n~>Ke
HHe OKa3anOCb A0CTaT04HO XOpo
W~M ~ He YI1Y4WJ.1110Cb B peaynb
TaTe nocneAYO"'~x HTepau,~H. 

KOOPAHHaTHaR T04HOCTb /cpeA
HeKBaApaTH4HOe OTK/10HeHHe/, yc
peAHeHHaR no seeM ~K H no APeH
¢oeOMY npOMeH<yTKy, COCTaBJlReT 

PHc.S. CeMeHCTBO gpeH~OBMX xa
paKTepHCTHK; rrapaMeTpOM Cn~T 
yron rrageHHR rry~Kao 
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0,2 MM. CneAyeT OTMeT~Tb, YTO W~pOKO pacnpocTpaHeHHWH cnoco6 
onpeAeneHHH T04HOCTH AK no wHp~He pacnpeAeneHHH OTKnoHeHHH 
H8 nonyBWCOTe B npeAn0110~eHHH, 4TO OHO HOPM811bHOe, TO eCTb 
a"" fwh m /2,355, npHBOAHT K HCKYCCTBeHHOMY 328b!WeHHIO T04HOCTI1. 
3TO MOmeT 6WTb CBH38HO C 8-3neKTPOH8MH, YWHPHIO~MH pacnpe
AeileHHe OTK110HeHHH 11 Ha XBOCT8X 11

, K8K 6bl110 OTMe4eHO 8 pa60Te/ts( 
8 HaweM C11y4ae pa3HH48 Me~AY Aei1CTB~Te11bHOH T04HOCTbiO ~ ee 
O~eHKOH no HOPMa11bHOMy 38KOHY pacnpeAe11eHHH AOB011bHO cy~ecT
aeHHa- 0,22 MM H 0,15 MM cooTaeTCTBeHHO. AnR cpaaHeH~R c AK 
APYrHX KOHCTPYK4HH npHBeAeM HaHny4WYIO T04HOCTb, nony4eHHYIO 
no HOPM811bHOMY 3aKOHY pacnpe,QeneHHH A11H OAHO~ H3 KaMep AaHHOH 
KOHCTPYK4HH, KOTOpaH COCT8BH118 0,11 MM. 

TaKHM o6paaoM, AaHHaH KOHCTPYK4HH AK, npHHHTaH npo4eAypa 
n011Y4eHHH ApeH$OBWX xapaKTepHCTHK H HCn011b30BaHHe CfC pemHMa 
He YXYAWBIOT KOOPAHHaTHOiif T04HOCTH no cpaaHeHHIO CO CT8HAaPTHbiM 
ypOBHeM -/0,1-0,2/ MM. 

6. 3AKJ1104EHHE 

OnwT TpexneTHero HcnonbaoeaHHH ,QaHHOH CHcTeMW AK noKaaan 
ee BWCOKyiO H8AemHOCTb H npOCTOTY 3KCnnyaTa4HH. 3a 3TO epeMH 
He 6bl110 HH OAHOrO o6pb1Ba npOB0110K. nocne HenpOA011mHTellbHOrO 
nep!o1oAa 0TJ1BAKH He 6blno cny4aee OTKaaa a 3neKTpOHHKe. He cy
~ecTeoeano npo6neMbl BHeWHHX H8BOAOK, nocne 3-4-KpaTHOH CMeHbl 
raaa a KaMepax OHH BXOART a pa6041o1H pemHM cpaay nocne nOAa4H 
BbiCOKOrO HanpRmeHHR. 

AeTopw ablpa~aiOT cao10 npHaHaTenbHOCTb B.n.nyra4ea~4y, 
H A.H.~H11Hnnoey aa noneaHwe o6cymAeHHR; B.r.caaoHoay,B.A.WTblpH
Hy, A.E.HOBHKOBy,H.A.BnaAHMHpOBOH, c.r.nnacTHHHHOH,r.B.noKHAO
aoH, B.~.4ypKHHoH, B.A.CMHPHOBY, B.M.KYAPHB4eBy aa noMO~b npH 
H3rOTOB11eHHio1 KaMep; n.n.HeMeHOBY aa nOAAeP~Ky pa60T~. 

!lHTEPATYPA 

1. ~eMbRHOB A.B. HAP· OH~H, 13-7683, ~y6Ha, 1974. 
2. AneKceea r.~. HAP· B KH.:TI! MemAYHaPOAHOe coae~aHHe no 

nponop~HOHanbHbiM H APeii<!>OBbiM KaMepaM. OHRH, 1113-11807, 
~y6Ha, 1978, c. 57. 

3. 0HY4HH A. n. B KH. : III Me~,QyHaPOAHOe coee~aHHe no nponOP4HO
HanbHbiM H APeH~OBbiM KaMepaM. OHRH, ~13-11807, AY6Ha, 1978, 
c. 21. 

4. A1ekseev G.D. et al. NIM, 1978, vo1.153, p. 157. 
5. A1ekseev G.D. et al. NIM, 1980, vo1.177, p. 385. 
6. Verweij H. lnt.Conf. on Instrumentation for High Energy 

Physics, Frascati, 1973, p.616. 
]. AneKceea r.~. H AP· nT3, 1978, ~4, c. 47. 

10 



8. AneKceea r.a. HAP· nT3, 1978, ~5, C. 50. 

9. KapnyxHH B.B. nT3, 1980, ~2, c. 88. 

10. 6opeHKO B.¢. H AP· OHHH, Pl3-12334, ay6Ha, 1979. 

11. AHTIOXOB B.A. HAP· 011HH, 10-80-650, ay6Ha, 1980. 

12. AHTIOXOB B.A.~ AP· OHHH, 10-11636, ay6Ha, 1978. 

13. AneKceea r.a. HAP· nT3, 1978, 14, c. 51. 

14. Cheng D.C. et al. NIM, 1974, vo\.117, p. 157. 

15. Breskin A. et al. NIM, 1974, vo\.119, p.9. 

16. Sau 1 i F. B KH. : Ill Mell<AYHapOAHOe coaeUlaHwe no nponop~wo

HanbHbiM ... Apeii<!>OBbiM KaMepaM. ay6Ha' a13-11807' ay6Ha' 

1978,c.31. 

17. 6epemHeB C.<!>. HAP· R<!>·, 1977, 26, c. 547. 

PyKon~cb nocTyn~na a ~3AaTenbCKM~ OTAen 

1 AeKa6pR 1981 roAa. 

11 


