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O~HHM B3 nyTe:ii: noBwmeHB.Il3clxlleKTBBHOCTB BcnonL30Ba­

HB.Il ny3hlpLKOBO:ii: Ka:Mephl B yCKOpBTeHLHOrO KOMnneKCa .IIB­

H.IleTC.Il OCYIQeCTBneHBe pe>KBMa BX pa60Thl, npB KOTOpOM 

npOB3BO~TC.Il ~Ba B 6onee c6pOCOB ny'IKa Ha Ka:Mepy B COOT­

BeTCTByro~ee 'IBCHO tfloTorpatflBpOBaHBii B O~OM IUIKne YCKO­

pBTen.ll. TaKoii pe>KBM no3son.11eT yBenB'IBTL 3clxlleKTBBHOCTL 

KOMnneKCa nponopnBOHaHLHO 'laC TOTe cpa6a ThiBaHB.Il ny3hlpL­

KOBO:ii: KaMephl. 

YcTaHoBKa "JIIO~MBna" /I~ pa3Me~euHa.ll ua ny'IKe qac­

TBn /2/ BhiCOKBX 3HeprB:ii: npoTOHHoro CBHxpoTpoua Hci»B3, 

AO HaCTO.Il~ero Bpe:MeHB ~eiiCTBOBana B pe>KBMe, npB KOTO­

poM BhlfiOHH.IIHOCL 0~0 tfloTOrpatflBpOBaHBe 3a nBKH yCKOpB­

Ten.ll. BMecTe c TeM B Te'leHBe p.11~a neT npoB3Bo~cL 

DO~rOTOBBTenLHhle pa60TW, KOTOphle ~On>KHhl 6hlnB 06ec­

ne'IBTL pa6oTy KaMepw B pe>KBMe ~Byx pacwBpeHBii c nony­

qeuBeM ~BYX tfloTorpatflB:ii: B O~HOM JUIKHe YCKOpBTen.ll. 3TH 

pa60TW 3aBepWBnBCL ycneWHWMB BCDLITaHB.IIMB B MapTI! 

1975 ro~a. Y CTaHOBKa YCTOB'IBBO pa6oTana 6onee CYTOK 

H c~enana 25000 pacwBpeHB:ii:. 0TCH.IITO oKono 4000 tfloTo­

rpatflB:ii: npB pa3nB'IHhiX BHTepsanax Me>K~Y nepBhiM B BTO­

phiM pacWBpeHB.IIMB C~BOeHHOrO IUIKna B pa3HB'IBhiX nono­

>KeHB.IIX KpBBO:ii: pacWBpeHB.Il O'I'HOCBTenLHO nyqKa 'laCTBn. 

B ~auuo:ii: pa6oTe npBBO~.IITC.Il pe3ynLTaTw BcnwTaHB:ii: 

H CBe~eHH.Il 0 no~rOTOBKe K HBM CBCTeM YCTaHOBKB "JIIO~­

MBna". 

I. IIoozomoeKa cucmeM 

Y cneWHhiM BCfihiTaHB.IIM YCTaHOBKB npe~eCTBOBaHB no~­
rOTOBBTenLHhle pa60TW, KOTOphle ODBChiBaiOTC.Il HB>Ke. 

3 



~ 

a/ C H C T e M a p a C W H p e H H Jl 

CYIQeCTBeHHO ycosepweHcTsosaH MexaHB3M pacwHpeHHJI 

a ero ra3oswi nyn:&T, 6naro.D;apJI 'leMy nos:wweHa cTa6Hn:&­

BOCT:b paOOT:bl CHCTeM:W paCWHpeHHJI H yMeH:&WeHO ,ZJ;HHaMH­

'IeCJ<Oe Tennos:w,ZJ;eneHHe s Ha,ZJ;nopwHesoM npocTpaHcTse. 

6/CHcTeMa 4JoTorpa4JHposaHHJI 

H3MeHeHHJIM no,ZJ;seprnHc:& neHTonpoTJI.>KH:we MexaHH3MW 

/JillM/ / 3 / H HX ra30B:WB nyn:&T. 3TH H3MeHeHHJI OblnB Ha­

npasneHW Ha yMeH:&WeHHe MOMeHTOB TpeHHJI B y3nax JlllM 

H Ha o6ecne'leHHe asTOHOMHoro ra3osoro nHTaHHJI npa­

BO,ZJ;HWX MeXaHH3MOB JlllM, 'I eM OOecne'IHBanOCb nos:wweHHe 

6:wcTpo,ZJ;elicTB11JI H Ha,ZJ;e)I(HOCTH ax pa6oTw. 

s/ 3 n e I< T p o H H :w e c H c T e M :w I< a M e p :w 

,lJ;nJI ynpasneHHJI YCT&HOBKOB B pe>KHMe ,ZJ;BYX paCWHpeHBii 

ycosepweHCTBOBaH:W HeKOTOp:We 4JYHI<IlHOH&nbH:We CHCTeM:W 

H ,!J;OOasneH:W HOBWe OHOKH. 0CHOBH:We H3MeHeHHJI BHeCeH:W 

a :meKTPOHH:we cxeM:w HMnyn:&cHoro ocseiQeHHJI KaMep:w. 

3TH H3MeHeHHJI H ,ZJ;OnOnHeHHJI B ::mei<TpOHH:WX CHCTe­

Max ycTaHOBKH no3sonHnH ynpasnJIT:& MexaHH3MOMpacwH­

peHHJI, HMnyn:&CH:biMH naMna:MH, npOTJI>KKOB nneHKH H sne­

'laTWBaHHeM Ha Ka>K,!J;OM J<a,ZJ;pe npB)I(HMHWX penepH:WX Kpec­

TOB B . pe)I(HMe ,ZJ;BYX pacwapeHHB, a ,ZJ;OOasneHHe I< OHOI<aM 

CHHXpOHH3a.QHH CTaH,ZJ;apTH:biX 3Hei<TpOHH:WX OHOKOB ,ZJ;ano 

B03MO.>KHOCT:b npOBO,ZJ;HTb pa3,ZJ;en:&Hyl0 HaCTpOBKY MOMeHTOB 

paCWHpeHHJI J<aMepw OTHOCHTen:&HO ny'II<a 'laCTQ. .IJ;nJI 

OCYIQeCTBHeHHJI HenpepWBHOrO BH3yan:&HOrO KOHTpOnJI 3a 

pe)I(HMOM co3,ZJ;aHa TalOKe cnenHan:&HaJI cxeMa, no3BOHJIIOIQ8.JI 

!IIHKCHpOBa Tb p- f - ,ZJ;HarpaMMY Ka>K,ZJ;OrO llHI<na ny3WpbKOBOB 

KaMep:w Ha 3anoMHHaroiQeM ocnannorpa4Je C 1-37. 

r/ TexHonoraqeci<He CHCTeMw 

ilO,ZJ;rOTOBI<a TeXHOHOrH'IeCKHX CHCTeM BKHIO'Iana pJI,ZJ; 

MeponpHJITHii, HanpasneHHwx Ha coi<paiQeHHe pacxo,ZJ;a )I(B,ZJ;­

I<OrO BO,ZJ;OpO,ZJ;a Ha TepMOCTaOHHH3a.QBIO H Ha COI<paiQeHHe 

ero noTep:& npH TpaHCnOpTHpOBI<e no CH4JOHHWM nBHHJIM. 

,ZJ;j CHcTeMa sne'laT:wsaHHJI cny>Ke6Hoii 
HH4JopMa.QHH /4,5/ 

B u;enJix co:KpaiQeHHJI speMeHH sne'laTwsaHHJI cny>Ke6Hoii 

BH4JopMa.QHH ysena'leHa JipKOCTb OCBeiQeHHJI OHT CHY>KeOHOrO 

4 
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BH4JOpMao;HOHHOro Ta6no. 3TO ,ZJ;OCTHrHyTO YCTaHOBKOH naMn 

THna HCM -10/50, ysena'leHHeM HanpJI>KeHHJI ax nHTaHHJI 

H H3MeHeHHeM OnTH'leCKOH 'laCTH CHCTeMW Bne'laThlBaHHJI. 

II . B1>r6op epeMeHHozo UHIIIepeaAa 

BpeMJI Me)I(,ZJ;y nepswM a BTopwM pacWBpeHHJIMH KaMephl 

B O,!J;HOM llHI<ne YCI<OpHTenJI He MO)I(eT BldOHpaT:&CJI npOH3· 

BOHbHO. OrpaHH'IeHHe BpeMeHHOrO HHTepsana iiO MaKCHMYMY 

Hai<na,ZJ;hlBaeTCJI pe>KHMOM paOOThl YCI<OpHTenJI, a no MHHHMy­

My - B03MO>KHOCTJIMH KaMepld H ee CHCTeM. 0,ZJ;HHM H3 He­

~enaTen:&HhlX nocne,ZJ;CTBHii pacwapeHHJI /neperpesa/ >KH,ZJ;­

KOCTH JIBnJieTcJI o6pa3oBaHae napa3HTHhlX ny3hlp:&Kos. Ko­

naqecTso H pa3Mephl 3THX ny3hlpbi<OB 3aBHCJIT OT KOHCTpyJ<· 

THBHhlX oco6eHHOCTei KaMephl a neperpesa >KH,ZJ;KOCTH. Oc­

HOBHaJI 'laCTb napa3HTHhlX ny3hlpe:ii: B Haweii KaMepe B03HH· 

KaeT Me>K,ZJ;y 3HeMeHTaMH OTpa)l(aTeH:&HOrO pacTpa CHCTeMhl 

ocseJ.I.teHHJI /6/. Pa3Mephl 3THX ny3hlpeii cyJ.I.tecTseHHO 6on:&we 

TpeKOBhlX. llocne pacwapeHHJI a no,ZJ;)I(a THJI_ paooqe:ii: >KH,ZJ;­

KOCTH ,!J;HJI BOCCTaHOBHeHHJI ee Ha'laH:&HhlX napaMeTpOB 

TpeoyeTcJI Hei<oTopoe speMJI. llonaraJI, 'ITO see .D;pyrae 

napaMeTphl soccTaHasnasaiOTCJI 6wcTpee, MO>KHo npHHJIT:& 

3a BpeMJI BOCCTaHOBneHHJI CYMMapHOe BpeMJI KOH,ZJ;eHCa.QHH 

3THX napa3HTHhlX nyJhlpeii a .D;Hccananaa Tenna, noi<anaJo­

saHHoro B 30HaX KOH,ZJ;eHCa.QHH. B COOTBeTCTBHH C 3THM 

MO~HO YCTaHOBHTb rpaHHilY BpeMeHHOrO HHTepsana DO MH­
HHMYMY H3 cne,ZJ;yroiQero ycnOBHJI: 

tw ?: t 8 + t p ,., tK + t A + tp , /1/ 

r,ZJ;e t W - BpeMJI Me>K,ZJ;y nepBhlM H BTOphlM llHI<naMH paCWH· 

peHHJI /puc. 16/, t H - BpeMJI BOCCTaHOBHeHHJI Ha'lan:&HhlX 

napaMeTpOB pafioqeii >KH,ZJ;KOCTH, t p - ,ZJ;HHTeH:&HOCTb llHI<na 

pacwapeHHJI, t K - speMJI KOH,ZJ;eHcanaH napaJHTHhlX nyJhlpeii, 
t A - BpeMJI ,!J;HCCHDao;HH Tenna. 

BpeMJI KOH,ZJ;eHcanaa cyJ.I.tecTBeHHo 6on:&we speMeHH ,ZJ;ac­

cananaa a JasacaT npe>K,ZJ;e scero oT paJMepos nyJhlp:&Ka 

B nepeOXHa>K,ZJ;eHHJI >KH,!J;KOCTH, HHH HHa'le, OT npeBhlWeHHJI 

JJ;asneHH,eM >KH,!J;KOCTH paBHOBeCHOro(6~) npH ,ZJ;aHHOB TeMne­

paType 
17 

•
8

1_ Ysena'leHHe ~P8 npH swopaHHoii TeMnepaType 
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Puc. 1. a/ Cxe..wa CUHXPOHU3at~uu; 6,8/ 8P€MJI MeJICOy u..w­
nyAbCOM ny'IKa 'IQCIIIUij /II/, nocmynaiOUIUM 0111 C'l€11f'IUKQ 
nepea Ka..wepoii, u u..wnyAbco..w Kpu8oii pacruupeHUJI. 

Tpe6yeT ~nR COXpaHeHBR qyBCTBHTenLHOCTH pa6oqei ~~­
KOCTB ysenaqeHBR cTeneua pacwapeuaR ( £), qTo o6Liquo 
orpauaqasaeTCR KOHCTpyKTBBHLIMB Oco6eHHOCT RMH. 

B nepBLIX KpaTKOBpeMeHHLIX BCDLITaHBRX ycTaHOBKB 
B pe)I(BMe c~soeuuoro UBKna /~eKa6pL I972 ro~a/ y~anocL 
~OCTBrHyTL YCTOBqHBOB pa60TLI CHCTeMLI pacwapeHBR C t l1 = 
= 600 MC. AuanB3 nonyqeHHLIX DpH 3TOM CHBMKOB pa6oqero 
06'LeMa DOKa3an, qTO t l1 = 600 MC < t B + tp - Ha ciJoTO­
rpaciJaRx ua6mo~ancJI CYIUeCTBeHHLii cllou OT napa3BTHLIX ny-
3Lipei. · 

,D;anLueiwae accne~osauaR noKa3ana, qTo npu t
11 

= 
= 850 Me, APu= 1,5 KFc/c..w 2 , T = 26° K /TeMnepaTypa 
pa6oqei ~KOCTB/ ycnosae /I/ BLinonuReTcJI, o~aKo 
He06XOMMaJI qyBCTBHTenLHOCTL KaMepLI He o6ecneqasaeTCJI 
H3-3a ue~ocTaToquoi senaqauLI £ • il03TOMy ysenaqeuae 
t 11 B npe~enax, orpauaqeHHLIX pe)I(BMOM pa60TLI YCKOpHTenR, 
RBnJieTcJI uaa6onee npocTLIM nyTeM ycTpaueuaJI ueraTasuoro 
BnBJIHBR napa3BTHLIX DY3Lipei Ha KaqeCTBO ciJOTOrpaciJai BTO­
poro UBKJia. 

6 
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HCXO~JI H3 H3nO)I(eHHOrO, B ~anLHeBWHX HCDLITaHHRX 
6LinH npHHRTLI 3HaqeuuJI t 11 = I ,5; I ,8; 2, I ceKyHObl. 

Ill. HcnblllfaHUJI 

lin OK- CXeMa ynpasneHHJI ycTaHOBKOB npu HCDLITaHHJIX 
B pe)I(HMe ~Byx pacwapeuai npase~eua ua puc. 2. 

CacTeMa cauxpouuJauuu o6ecnequsana ynpasneuue 
3neKTpOHHLIMB CHCTeMaMB BCero KOMDneKCa YCTaHOBKH OT­
HOCBTenLHO MarHBTHoro nonR YCKOpHTenJI /H yeK.• puc. Jaj 
H CHCTeMLI 6LICTporo BLIBO~a /JiB/ nyqKa qaCTHU H3 KOnLUa 

CMCTEHA CHHXPOHH3AIJHM 
!ICTAHOBKH "1\IOAMHI\A. 

CMHXPOMMn\JhbCbl OT rn'J M 68 

Puc. 2. liAoK- cxe..wa ynpa8A€HUJI 8 peJICUMe 08YX pacruupeHUU. 
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YCKOpHTeJUI / 9,I 0/ 3anyCK CHCTeMbl CHHXpOHH3aUHH OCy~QeCT­
BnBnCB cuaxpouMnynLcaMu, nocTynaawuMu OT rnasaoro 
nynLTa ycxopuTens 1rny 1 /II I 

3anycx 3neKTpoMexaauqecxux ycTpoiicTB cucTeMbl pac­
wupeHHB npOH3BO.ZJ;HnCB 3neKTpOHHbiMH CHCTeMaMH YCTaHoa­
KH no .ZJ;BYM xaaanaM. Taxoe pa3.neneaue o6ecnequsano ae-
3aBHCHMOCTL HaCTpOBKH. Ka:>K.ZJ;oro UHKna paCWHpeHHB pa6o­
qeii: :>KH.ZJ;KOCTH OTHOCHTenLHO nyqxa 'laCTHU I t II , t I

2 
I, 

r.ne t I. - BpeMJI Me:>K.ZJ;y HMnynLCOM nyqxa 'laCTHU llll, 
J u 

ROCTynaiOIUHM OT C'leT'IHKa nepe.n KaMepoH, H MHHHMYMOM 
Kpusoii: pacwupeaus /puc. 16, 1 e/, j - nops.nxoablii: HOMep 
UHKna paCWJ1PeHHJI. 

Ynpasneaue pa6oToii: cucTeMbl !lloTorpa!lluposaauJIIC«<>I -
RpOTJI:>KKa nneHKH, BCnbiWKa HMnynLCHbiX naMn, nO.ZJ;CBeT 
RpH:>KHMHbiX KpeCTOB H nO.ZJ;CBeT Ta6no cny:>Ke6HOB HH!IIOpMa­
UHH - OCy~QeCTBnBnOCL no O.ZJ;HOMy KaHany OTHOCHTenLHO 
HMnynLca nyqxa fi, 06ecne'IHBaB TeM CaMbiM paBeHCTBO 

t 21 = t 22 ' 

r .ne t 2j - BpeMJI Me:>K.ny HMnynLCOM nyqxa n H MOMeHTOM 
acnbiWKH a HMnynLCHbiX naMnax I puc. 1 el. 

Ha HaqanLHOB CTa.ZJ;HH HCnbiTaHHB 6bln npHHJIT pe:>KHM 
O.ZJ;HOrO pacwupeHHB B UHKne YCKOpHTenJI, o6ecne'IHBaiOIUHB 
.ZJ;OCTaTO'IHO BbiCOKOe Ka'leCTBO TpeKOB. fiapaMeTpbi .3TOrO 
pe:>KHMa npuse.neubl a Ta6nuue. 

,L{ns coxpaJ:UeHHJI speMeuu xou.neucauuu ~P8 61o1no yse­
nuqeuo .no 0,9 KFc/cM 2 , a coxpaueaue 'IYBCTBHTenLHOCTH 
KaMepbl npu 3TOM .Z(OCTHrHyTO ysenH'IeHHeM f .Z(O 1 ,25o/o. 
fiocne 3THX H3MeHeHHB OCyJ:UeCTBneuo .Z(BOBHOe pacwupeaue 
H !lloTorpa!llupoBaHHe TpeKOB 'laCTHU. fipOCMOTp OTCHJITbiX 
CHHMKOB noKa3an, 'ITO 
HOCTL a o6oux uuxnax 6~o~na 

O.ZJ;HHaKOBaJI 'IYBCTBHTenL-
.Z(OCTHrHyTa npH COOTHOWeHHH 

f I I ( 2 = 1 '20 I 1 ' 10 I. 

Bee napaMeTpbl pe:>KHMa pa6oTbl ycTaHOBKH so apeMs 
acnbiTauuii: npuse.neubl a Ta6nuue. 

B 3TOM pe:>KHMe npou3so.nunacL C'LeMKa Tpexoa qacTHU 
OT .ZJ;Byx c6pOCOB ny'IKa, OCYJ:UeCTBnBeMLIX CHCTeMOB JiB 
B O.ZJ;HOM UHKne pa60TLI YCKOpHTenJI. HacTpOii:Ka H KOHTpOnL 
pe:>KHMa nposo.nunucL no ocuunnorpaMMaM p- £ • TunosLie 
ocuunnorpaMMLI noKa3aHLI ua puc. 3. 

8 

Puc. 3. 0CI4UAAOZpaMMQ Hac•poilKU U ICOH.POAJI peJitUMQ 
npu tJeyx pacwupeHUJIX. 

Ha puc. 4 npuse.neuw !lloTOCHHMKH, nonyqeHHwe a nepsoM 
B BTOpOM pacwupeHHJIX KaMepw. 

IV. Br-aeotJw 

1. CacTeMw pacwapeHBJI a TepMocTa611JD13alliiB o6ecne­
'IBBaiOT B03MO:>KHOCTL CTa6anLHOB B .Z(nBTeJD.HOB pa60TW 
ycTaHOBKB B pe:>KaMe .nsyx pacwupeHHI. ITpa 3TOM cTa6am.­
HOCTL TeMnepaTypw B .ZJ;aBneHBJI pafioqeii :>KB.Z(KOCTB He Xy:>Ke, 
'leM npa pa6oTe c O.ZJ;HBM pacmapeuaeM. 

2. llpB pa6oTe C napaMeTpaMB,DPBBe.ZJ;eHHWMB B Ta6~e, 
o6ecne'laaaeTCJI awnonueuue ycnoBHJI Ill. 

3. KaqecTBO Tpexoa B o6oax uaxnax,no npe.nsapaTem.uol 
oueuxe,.noc~aTO'IHO Bblcoxoe. 

9 
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B 3aKJIIO'IeHHe aBTOpbl Bblpa)KaiOT rny60KYJO 6naro.n;ap­
HOCTL H.M.rpaMeHHD;KOMY 3a llOJie3HOe o6cy)K,IJ;eHHe H aK­
THBHYIO no.n;.n;ep)KKY pa6oTbl, coTPY.D;HHKaM KpHoreHHoro oT.n;e­
na H.H.IianaH.D;HKosy, E.H.,lJ;LJI'IKosy, A.r.3eJIL.n;OBH'IY 3a 
UOJie3Hble COBeTLI; COTpy.D;HHKaM OT,IJ;eJia BO,D;OpO,IJ;HbiX KaMep 
llB3, cepnyXOBCKOrO Hay'IHO- 3KCnepHMeHTaJILHOrO OT,IJ;eJia 
H llBT A OHJIH, npHHHMaBWHM lyqacTHe B no.n;roTOBKe H npo­
ue.n;eHHH HCITLITaHHii, coTpy.n;HHKaM H«J)B3 K.II.Mb13HHKOBy, 
B.H.KoToBy H .n;pyrHM, o6ecne'IHBIIIHM .n;ua c6poca nyqKa 
'laCTHD; Ha KaMepy B O,IJ;HOM D;HKJie YCKOpHTeJIJI. 
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PyKonucb noc•ynUAa e U30a1fleAbcKuil olfloeA 
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