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8BeAeH11e 

B IT0CJieAHl!e I'0Abl 6bICTpO pacTeT K0nl!'IeCTB0 pa6oT, m,mon

HlieMblX Ha ycKop11Tennx "!aCTIIU Bb!C0KIIX aHepr11ii C IT0M0lllbIO IICKpo

BbIX KaMep. 3To o6CTOlITenbCTBO CBlI3aHO C ·uenbIM PlIAOM 6eccnop

HbIX npe11MyI11eCTB, KOTOpb!MII o6naAaIOT IICKpOBbie KaMepbl ITO cpaB

HeHll!O C APYI'IIMII MeTOA8MI! TpeK0B0H peI'IICTpau1111 "!aCTIIU. K HIIM 

OTH0CSITCSI, ITpe:lKAe BCeI'o, ITpOCTOTa ycTpoiiCTBa KaMep, 6onblllaSI 

!IX CBeT0C11na, AOXOAS!lll8lI AO 4ir , Manoe apeMSI pa3peweH11S1 11 

He6onblllOe MepTB0e BpeMlI, K0TOpbie M0I'yT 6b!Tb yMeHbllleHbl AO 

0,1 MKCeK 11 0,1 MCeK, C0OTBeTCTBeHHO. Ba:lKHblM Ka"IeCTBOM IICKpo

BbIX KaMep .lIBnlieTCSI TaKme B03MO:lKHOCTb ynpaansieMOH per11cTpa

u1111 BbI6opo"!HblX co6hlTll,ii c':: ITOMOlllblO aneKTpOHHblX Cl!CTeM ceneK

UIIII. 3TH UeHHhle K8"IeCTB8 I103B0nSIIOT l!CITOnb30B8Tb IICKpOBhle 

KaMepbl B om,1Tax no ITpoaeAeH1110 11ccneA0BaH11ii KaK Ha ceITap11po

BaHHhIX, TaK II Ha Hecenap11poBaHHblX ny"!KaX BTOpll"IHblX "I8CTl!U 

B np11cyTCTBl!II 6onblllet'O cpoHa ITOCTOpOHHeI'O 113ny"IeHIISI. B KaMe

pax MO:lKf{O per11cTp11poBaTb HeCKOnbKO co6hlTl!H B38l!MOAeiiCTBII SI 

3a OAIIH IIMITynbC 113ny"IeHl!R YCKOp11Tenn. Oco6eHli0 Bblt'OAH0 IIC

nonb30BaTb MeTOAIIKY. IICKpOBblX KaMep B KOM6l!H8UIIII C MaI'HIIT

HblM ITOneM, TaK KaK xopowasi IlOKan1138UlllI IICKp ITO IIOHl!311p0BaH

HblM cneAaM "I8CTIIU B I'a3e AaeT B03MO:lKHOCTb C 6onbWOH TO"I

H0CTblO 113MeplITb IIX IIMITynbCbl II aHepr1110. Pa3MemeH11e IICKpOBhlX 

KaMep BHYTPII Mat'Hl!Ta IT03BOnlieT T8K:lKe HaAe:lKHO rrp0B0AIITb l!AeH-
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TH¢HK8UHIO paanuqHhlX peaKUHll H neranhHO aHanH3HpOBaTb KHHe

MaTHKY B38HMOAellCTBYIOlllHX qaCTHU rrpaKTHqeCKH rrpH nJ06bIX 3Hep

rHHX. 

TaKaH ycTaHOBKa, COCT0Hlll8H H3 HCKpOBhlX KaMep C 6onh.lll0ll 

rrnomaAhlO aneKTpOAOB H 6onhwero MarHHTa, B H8CTOH1llee BpeMH 

coopylKaeTCH B 061,enHHeHHOM HHCTHTyTe HnepHhlX HCCnenoBaHHll 

IWH rrpoBeneHHH OIIhITOB Ha rryqKaX qaCTHU C 3Hepruen 70 faB 

YCKOpHTenH B CeprryxoBe. 3Ta ycTaHOBKa, H83hIBaeMaH MarHHTHhlM 

l!CKpOBhlM CIIeKTPOMeTpOM ( MHC), rrpencTaBnHeT co6on rrpu6op 

yHuBepcanhaoro rnrra, rrpnronHhill nnH rn11p0Koro Knacca uccneno

BaHl!ll yrrpyrnx II Heyrrpyrnx rrpoueccOB IIpll Bh!COKIIX 3Hepr!!HX 

qaCTl!ll. 

nucceprau11H rroCBHllleHa paapa6oTKe 11 11ccnenoBaH1110 rnaB-. 

HOH qacTI! crreKTPOMeTpa - Cl!CTeMhl l!CKpOBhlX KaMep II CHCTeMhl 

!IX IIl!T8HIIH. nnH Bhll10nHeHl!H 3TOll aanaq11 IIOTpe6oBanocb pellll!Th 

pHA aayqHo-rexHuqecK11x rrpo6neM. ITpelKne Bcero Heo6xon11Mo 6h1-

no Teoper11qeCKI! 11 3KCIIep11MeHTanbHO orrpenenl!Th OIITl!ManhHhlll 

3a3op B l!CKpOBhlX KaMepax, IIPI! KOTOpOM coxpaHHeTCH BhlCOKaH 

nnBHeBaH a¢¢eKTl!BHOCTh perl!CTpau1111 qacTHU II Manoe BpeMH rra

MHTI!, TaKl!e 'naHHhle IIO IICKpOBhlM KaMepaM B nl!Teparype OTCyT

CTBOBan11, 3aTeM rpe6oBanocb paapa6oraTh rexHonor1110 1!3roroB-
2 

neHl!H l!CKpOBhlX KaMep rrnomaAblO aneKTpOAOB - 145 x 135 CM , 

ueHTpanhHaH qacTb KOTOphlX coneplKana 6hl Manoe KOnl!qecTBO 

BemecTBa. KaMephI nonlKHhI 6hm11 o6nanaTh xopowen Mexaaaqec-· 

KOH II aneKTpaqecKOll rrpoqHOCThIO, BhlCOKliMH BaKyyMHhlMII CBOll

CTBaMI! Ii xopOllll!MI! OIITHqeCKliMII KaqeCTBaMII. TexHonorHH aaro

TOBneHl!H KaMep CTOnb 6onbrnOro pa3Mepa B0061lle OTCyTCTBOBa-

na. 

nnH IIl!TaHliH KaMep Tpe6oBanocb paapa6oTaTh Cl!nhHOToq.Hhl0 

11 BhlCOKOBpnbTHhie reaeparophl, KOTOphle 6hinli 6bl HaAelKHhl 11 

nonroaeqHhI B pa6ore. Peweaae aron rrpo6neMhI rrorpe6oaano rrpo

aeneHHH llllipOKOrO lll!Kn_a accnenoBaHl!ll HMIIynhCHhlX pa3pHAHHKOB 

11 coanaHliH HOBoro Tl!IIa pa3pHAHHKa, TaK KaK ylKe H3BeCTHhl0 

He ynoBneTBOpHnH Tpe6oBaHHHM HanelKHOCTH H nonroaeqaoCTH. 
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HaKoHeu, rpe6oaanocb paapa6orarh II accnenoaaTh crreuaanb

HYIO BhlCOKOIIp01!3BOAliTenhHYIO CIICTeMy oqacTKI! raaa B crreKTpo

MeTpe, a TaKlKe paapa6oTaTh Meron 6hICTporo Ii TQqHoro KOHTpO

nH OTHOCIITenhHOll ql!CTOThl raaa. B rrpaKTl!Ke pa3pa6oTKli ¢aa11-

qeCKIIX rrpa6opoB TaKl!e Cl!CTeMhl II M0TOAhl KOHTpOnH q11CTOThl 

raaa OTCYTCTBOBanl!. 

PaayMeercH, rrp11 peweaa11 arax aanaq rrorpe6oaanoch rrorryr

HO paapa6oTaTb pHn cnolKHhlX TeXHHqeCKl!X ycrpollCTB nnH 11aro

TOBneHl!H KaMep II reHeparopoa a ux aKc,rrnyarauna. K HIIM orHo

CHTCH, rnaBHhlM o6pa30M, crreuaanhHhlll ¢peaepHhlll CTaHOK nnH 

peaK11 rrnocKoro cTeKna Ha nnaHHhie rronoCKH, ycrponCTBa nnH Ha

THlKeH11H II rronKnettKII ¢onhr11 K aneKTponaM, crreuuanhHhill cTon 

nnH CKnenK11 KaMep, cacTeMa nnH n11¢¢epeHul!anhHOro aarrontteH11H 

IICKpOBhlX KaMep pa6oql!M ra30M, CIICTeMa BhlCOKOBOnhTHhlX 6nOKOB 

rra!aHaH, aneKTpOHHaH cacreMa aarrycKa reµeparopoB II npyrl!e 

ycTpOllCTBa. 

ITocne 1!3roT0Bnea11H a 11ccnenoBaH11H ornenhHhIX yanoB arr

rraparyph1 rroTpe6oBanocb rrpoBeCTII accnenoBaHl!H pa6oThI Been 

arrrrapaTyphl B eAIIHOM KOMIIneKTe. 3nech IIpeJKA0 BCero Hano 6hl

no uayqHTh nHBH0BYIO a¢¢eKTIIBHOCTh crreKTpOMeTpa, a¢¢eKTl!BHOCTb 

CliCT0Mhl O"ll!CTKH raaa II KOHTponH ero "!liCTOThl, yCTOll

"lliBOCTb pa60Thl arrrrapaTyphl BO apeMeHH, Ii orrpenenllTh 

OCHOBHhie TexaaqecKne naHHhie Bcero rrp1!6opa. 

Peweal!e yKa3aHHhIX rrpo6neM 11anolKeHo B ceM11 rnaBax nuccep

Tarrna. B rrepBhIX ABYX rnaBax paccMaTpl!BaeTCH Teop11H raaoBo-

ro pa3pHna B rrp11nOlK0Hl!II K l!CKpOBhIM KaMepaM. TaM )1(0 paCCMaT

p11BalOTCsi II KaqeCTBeHHhle TeOplill naBH.0BOll a¢¢eKT1iBHOCTII liCKpo

BhlX KaMep. B TpeThen II qerBepTo'n rnaBax naaa rexaonoraH 11a

roT0BneaaH KaMep II retteparopoB II o6cylKAaJOTCH peaynhTaThI 

11ccnenoBaHllll liCKpOBhlX pa3pHAHIIKOB II pa60Thl reHepaTopoB Ha 

IICKpOBYIO KaMepy • IT HTaH rnaBa IIOCBHllleHa OIIl!CaHHIO CliCT0Mhl 

O"IIICTKII II KOHTpOnH raaa. B rneCTOll rnaBe OIIIIChIBalOTCH OIIhlThl 

IIO 1i3Y"l0Hlil0 nHBH0BOll aitxfieKTliBHOCTI! l!CKpOBhlX KaMep C paan11q

HOll Ben11ql!HOll MelKsneKTponaoro aaaopa, 11 nenaeTCH BhI6op aa-
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aopa nnSI 6onbWIIX l!CKpOBhlX KaMep cneKTpOMeTpa. B CBAbMOii 

rnaae rrpnaeneHhI 3neKTpo1111h1e cxeMhI ynpaane1111SI pa6oToil 11cKpo

BhIX KaMep cneKTpoMeTpa. 8 3aKnIO'Iellllll ccpopMyn11poaaHJ,I OCIIOB

Hhle HOBhie peaynhTaTh1, nony,1eHHhie a nnccepTau1111. MaTep11anh1, 

nonoi1<el!Hhle B OCHOBY !laIIHCaHUSI n11ccepTau1111, ony6n11KOBaHhl B 
/2t- 7 / 

pa6oTax 

fnanhl nepF1aSI n BTopaSI 

B rrepaoJl II BTopoil rnaaax nnccepTaunn nanoJKeHLI OCHOBHb1e 

aaKOHbI raaoaoro paapnna II naH aHanna pa3BHTIIH paapgna no cne

ny, HO!lll_30BaHHOMY '!aCTnueJl. TaM lKe paccMaTpHBaeTC51 Teop11H 

mmHeBoil 3cpcpeKTHBHOCTH HCKpOBbIX KaMep - crroco6HOCTh IIX K 

OAIIOBpeMell!IOI! per11cTpaunn MHOI'HX '!aCTHU. 3Ta Teop1151 onnpa-

6 ill • /1 / • 
eTcg Ha pa oTy Harrnepa , B KOTopon naHo 11anoJKe11ne Ka'!eCT-

BeH11011 Teopnn mrnHeBOll 3cp<peKTIIBHOCTII. C 11CllOflh30Bal!lleM nail

HOM Teop1111 6bin Bbll10fll!eH paC'!eT OllTIIManbno'il Benn'IIIHbl Me)K3neK

TPOAHOI'O aaaopa IICKpOBOll KaMepbl nng per11crpau1111 nayx 'laCTIIU. 

8 pac'!eTe Y'IIITbIBan11Cb rrapaMeTpbl IIMITynbca, llOABl!lKHOCTh 3fleK

TPOHOB II IIOHOB B Heone, na'lanbHaH nnoTHOCTb HOIIOB B cnene 

'18CTl!Ubl, nanne1111e raaa II K03!p!p11Ull8HT Tay11ce11na. ScpcpeKTIIBHOCTb 

Jlfl51 OAIIOBpeMeil!IOll per11cTpau1111 'laCTl!U llplllll!Manacb pai3lloil 0,9. 

Ila sroro pacqera cnenonano, '!To orrruManbHan aen11'111Ha MeJK

sne1<rponHoro aaaopa paaHa 1,57 CM, TaKaSI aen11'!11Ha, HeCMOTpSI 

Ha np116n11JKeHHOCTb ncrronbaoaaHHoJl reop1111, xopowo cornacyercg 

co 3Ha'!eHHeM OllTIIManbHOll Benu'l~Hbl aaaopa, KOTopaSI 6bina nony

'!elfa 113 peaynhTaTOB rrocnenylDWIIX Ollb!TOB C IICKpOBblMII KaMepa

MU • .llnSI 6onbwero '!ucna '!acruu aHanua He rrpoaonnncg 11a- aa 

6onbw11x pac'!eTHbIX rpynnocreJl. 
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rnaBbl rpe,TbSI II '!eTBepTaSI 

Tex11onor11S1 113I'OTOBne1111S1 IICKpOBhIX MonyneJl 

11,aarronHeH11S1 11x 
/2/ /3/ 

pa6o'll!M raaoM • CrreKTpoMeTp , 

paapa60TKe II coanaHIIIO OC!IOBHOM 'laCTII KOTOporo llOCB51IUena na11-

HaS1 n11cceprau11st, rrpencTaanSieT co6011 y1111aepcanhHY10 ycTanoB

KY, rrpen11aaHa'!en11y10 nng rrpoaenen11S1 w11p0Koro Knacca 11ccneno

BaH11il yrrpyr11x II neyrrpyrux rrpoueccoB rrp11 BhICOKIIX 3nepr1151x, 

OcHOBl!bIMII ero 3neMeHTaMII srnnSIIOTCSI IICKpOBbie KaMephI-MOAyn11 
2 . 

pa3MepoM 145 X 135 CM • KoHCTPYKUIISI 3THX MOAyneJl 11ao6paiKe!Ia 

Ha puc. 1. Oc110BaHHSI 3neKTpOAOB cnenal!bl 113 JIIICTOBOI'O A10pan10-

MU!IIIS1 TBepnoil MapKII TOfllUIIHOll 3 MM, '!TO o6ecrre'll!BaeT BCeil 

KO!ICTpyKUIIII xopowy!O lKeCTKOCTh. 8 OCHOBaHHII 3fleKTpOAOB l!Me

lOTC51 OKHa, 38Knee!I!lh18 na;SIHyToil cponbroil TOfllUIIHOil 50 MIIKPOH. 

.ll11aMeTp OKHa COCTaBnHeT 60 CM. EoKOBbie CTeHKII Bbll10fl!IeHbl 

113 rronocoK CTeKna ronm1111oil 12-14 MM_ll BblCOTOll 2 CM, HaTg

JKe1111e II llOAKne11BaH11e cpOIIbl'l! K OC!IOBaHl!IO 3neKTpona rrp01!3BO

AIITCSI Ha crreunanhl!OM ycrpoJlcrne, KOHCTPYKUIISI KOTOporo llOKa

aa11a Ha pnc. 2. KaK BIIAHO 113 p11cy11Ka, 1!8TSilKe1111e cponbl'lllllp0113-

BOAIITC51 BbIABl!lKeH!leM rrya11co11a 16 U3 MaTp!!Ubl 15. n OAlKaTne 

3neKTpona K cponhre rrpu llOAKneuaaHl!II rrpOH3BOAIITC51 C llOMOIUblO 

KOflhU8 11. OKOH'laTenhHOe CKne11aa1111e MonynH rrp0113BOAIITC51 Ha 

crone C xopowo BblpOBHeHHOll llOBepX!IOCTblO, .llnH pe3KII CTeKna 

Ha rronOCKII, 113 KOTOpblX !13I'OTOBn51IOTC51 60KOBbJe paMKII Monyng, 

6b1no CKOHCTpy11poaaHO ycTpOllCTBO Ha 6a3e rop1130HTanhHO-cppe-

3epHoro craHKa. 

HarronHe1111e Monyneil pa60'll!M I'830M rrp01!3BOAIITCSI B BaKyyM

HOM 6oKce C All~cpepeHU!lanbHOil Cl!CTeMOll 11arron11e111151 raaa, ll03-

BOn51101Ueil rapa11T11pOB8Tb 'IHCTOTY Harron11e111151 II 6onbWYIO 3KO!IO

Ml!IO raaa. TTp1111u1111 pa6oTbI cucTeMhI xopowo a11ne11 11a pnc. 3. 
~/ , 

pa 3 p 51A1111 K II • TT11Ta1111e l!CKpOBbIX MOnyneil crreKTpoMeT-

pa, 11Me10IUIIX 60nhWYIO co6CTBeHll)'.IO eMKOCTh, l10Tpe6oaano coa

na11u51 AOCTaTO'l!IO IIpOCTb!X II 11anelKl!blX B pa6oTe BbICOKOBOflbTHbIX 

pa3p51AHl!KOB, xapaKTep11ay10IUIIXC51 6onbWIIM CpOKOM cnyJK6bI, Ma-
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nblM BpeMeueM cpa6an,ma!IIHI II 6LICTpblM HapacTa1111eM TOKa. 

K HaCTORIUeMy BpeMeHII B n11TepaType rrpe11nolKeHO HeCKOnbKO 

Bap11aHTOB ra3011arronHel1HblX IIMIIynhCHblX pa3pRIIHIIKOB. 01111aKO 
) 

Ha116onee yrroTpe611TenbHblMII B CXeMaX IIIIT8Hl!R KaMep cTan11 

'leTb1pe TIIIIa pa3pRIIHIIKOB, OTnl!'Ia!Ollll!XCR Bap11a11TaM11 IIOlllKl!ra 

pa3pMa B rrp116ope. 4To6bl COIIOCTaBIITb OCHOBl!bie xapaKTep11c

Tl!KII yKa38HHhlX pa3pRIIHIIKOB (11x KOHCTpyKUl!R cXeMaT11q110 11306-

palKeHa Ha puc. 4). pa60Tal01UHX ,B Olll!HaKOBLIX ycnOBl!RX, 6b1no 

rrp0Be11e110 11x mupoKoe 11ccne110Ba1111e. l13Mepe11b1 BpeMena 11apac

Tan11R ToKa B 11Mrrynhce, 3a11eplKKI! BKnJ0qen11R, 11 orrpe11ene11a rrpe-

11enbHaR qacTOTa cpa6aTb!BaHIIR. C11enalia TaKlKe cpaBHl!TenbHaR 

oue11Ka ·"11onroBeq11ocT11" KalK11oro T11rra pa3pR111111Ka, BpeMeHHbie 

xapaKTepl!CTl!KII pa3pRLIHII KOB IIOKa3aHbl Ha_ p11c. 5, EbinO ycTaHOB

ne110, qTo pa3pRIIHIIKII C OTKpblTOH 11 3aKpbITOH CIICTeMaMII rro11-

lK11ra rrocne 100 Thie gq cpa6aTbrna1111i1: 11Men11 c11nbHOe pa3pyme-

1111e B IIOlllKIIPBJOllleM sneKTpo11e, 11 rrpaKr11qecK11 rrepecTaBan11 pa-

6oTaTh rrocne 100-200 TblCRq BKn10qe1111i1:. P
0

a3pRIIHIIKII uronbqaTO

ro T11rra Morn11 cpa6aTbIBaTb 400-500 TLJCRq pa3, rrocne qero 11x 

3arrycK CTaHOBllnCR 11eycToi1:ql!BblM, B pe3ynhT8Te 3Tl!X 11ccne110-

Ba1111i1: y11anocb He TOnbKO rrpoBeCTI! qeTKOe cpaB!!0Hl!e IIOCTOl!HCTB 

pa3n11qHbIX pa3pRIIHIIKOB, HO II pa3pa6oTaTb !!OBblli Tl!II pa3pRII-

Hl!Ka C KOnbIJ.eBOH CIICT0MOH IIOlllKl!r'a, B KOTOpOM B 3Haq11TenbHOH 

CTeIIe!!II 6binll ycTpa!!e!lbl yKa3a!l!lbie 11e11ocTaTKII. Eonee qeM IIBYX

neT!lllli rrep11011 SKcrrnyaTaUIIII l!OBOI"'O pa3pHIIHIIKa IIOKa3an ero Bbl

COKYIO nade)K!!OCTb II cTa611nhHOCTh. Bonee 11ecRTKa J1.mnn110H0B cpa-

6aT1,rna1111i1: renepaTopa He rrpllBOIIRT K KaKOMy-n1160 Hapyllle!IIIIO 
'• 

pelK11Ma ero pa60ThI, 

re Hep a TO p bl. Ha OCHOBe IICIIOnb30B8HIIR pa3pRIIHIIKa C 

KOnhUeBOH CIICT0MOH IIOlllKIIPa 6bin pa3pa6oTaH KOMIIaKTHblli IIM

rrynbC!lblli re11epaTop 11nR IIIIT8l!IIR IICKpOBblX Mo11ynei1:. BpeMR KOM

MYTBUllll TOKa B STOM re11epaTope COCTaBnHeT 10-15 !!CeK, a Be

n11q1111a KOMMyT11py10mero TOKa - 10 Ka, Ilpll uarrpHlK0HIIII Ha a110-

11e 20-30 KB. B KaqeCTBe pa6oq11x eMKOCTeil B reHepaTope IICIIOnh-

8 
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3YEOTCR rrnoCKlle KepaM11qecK11e KOH11eHCaTOpbl T11rra KBH Ha 10 Hejl 

11 11arrp=eH11eM 30 KB. Bee pa11110TeXH11qecK11e sneMeHTbI re11epa

Topa - eMKOCTb II corrpoT11Bne1111e - MOHTIIPYIOTCR B KapKace 113 

oprcTeKna 11 3an11Ba10TCR Tpa11ccjJopMaTop11b1M MacnoM. 

fnaBa IIRT8R 

CIICTeMa 11errpepb!BHOi1: oq11cTKII ra3a II KOH-

/5/ 
T p On R e I' 0 q II C "!' 0 T bl • Qq11CTK8 ra3a ocymeCTBnReTCR 

no cxeMe, 11306pa)Ke1111oi1: Ha p11c. 6 11 7, C11cTeMa co11eplKIIT 11Ba 

sneMeHTa oq11CTKII - gqei1:Ky C aKTIIBllpOBaHHbIM yrneM II gqei1:Ky 

C MeTann11qeCKIIM KaIIbUll~M. 

ilnR ocymeCTBneHIIR Herrpepb!BHOI"'O KOHTpOIIR q11cTOTbl ra3a 

HaMII 6bm pa3pa6oTaH crre1111anhHb!i1: MeTOII, OCHOBaHHhlH 118 pa3pR11-

Ho-penaKcau110HHOH gqei1:Ke, B OCHOB0 STor'o MeTOlla IICIIOIIb30B8H 

'scjJcjJeKT CIIIIbHOH 3aBIICIIMOCTII IIOTe11u11ana 38)Kl!r'aHIIR ra3a OT ero 

cocTaBa. KoHKpeTHO scjJcjJeKT pean113yeTCR B pa3pR11110-penaKcau110H

Hoi1: gqei1:Ke, qepe3 KOTopyJO rrpoTeKaeT K011Tpon11pyeMb1i1: ra3. Ta

KaR gqei1:Ka, RBIIRRCb sneMeHTOM RC -re11epaTopa, II03BOnReT 11e

rrpepb1BHO 1!3MepRTb ql!CTOTY ra3a rryTeM 1!3Mepe1111R qacTOTbl cpa-

5aTblB8HIIR reHepaTopa, KOTopaH, KaK 113BeCTHO, 38Bl!Cl!T OT 113-

MeHeHl!R IIOTe11u11ana 38lKIII'8HIIR ra3a B gqei1:Ke. TTp1111u11rr11anbH8R 

cxeMa pa3pRIIHO-penaKC8Ul!OHHOi1: gqei1:KI! IIOKa3aHa Ha p11c. 8. 

rnaaa wecTaR 

/6/ . n II B II e Ba R s'cjJ cjJ e KT II B II OCT b , .llnR ycrrelllHOI"'O rrp11Me-

HeHl!R l!CKPOBhIX KaMep B SKCIIep11MeHTax,. OHi! IIOnlKHhl 06na11aTb, 

C OIIHOH CTOpOHhI, Bh!COKOH n11BHeBoi1: scjJcjJeKTIIBHOCTb!O, C 11pyroi1: 

11MeTb Manh1e paapewaJOIUl!e BpeMe11a. TTepBOMY ycnoBl!JO xopowo 

y11oaneTBOpR!OT° KaMepbl C 60IIblllllMII Me)KsneKTPO.CIHhlMI! 3830pa-

/7/ . 
MIi , TOI"'lla KaK BTOpOMY - KaMephl c MaIIh!MII 3a3opaMII. 0T-

C!Oll8 B03HIIKIIa 11eo6XOIIIIMOCTb B 3118111111 OIITl!ManbHOH Ben11q1111b1 
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Me)K9neKTponuoro aaaopa, npn KOTopoM B KaMepe coxpau.11eTc.11 

BblCOKa.11 a¢¢eKTHBHOCTb nn.11 OAHOBpeMeHHOfi perncTpaunn HeCKOnb

KIIX 'laCTHU. 

LIT06b1 onpenen11Tb aToT napaMeTp, 6bmo uaroToBneHo Hec

KOnbKO cepnfi onHonpoMe)KyTO'lHbIX KaMep (Monynefi). KaMepbl 

nepBofi cepHH IIMenn Me)KaneKTpOAHblfi aaaop, paBHblfi 1 CM, BTO

pofi - 1,5 CM, TpeTbefi - 2 CM, 'leTBepTofi - 2 ,5 CM, n.11Tcli - 3 CM 

n wecTofi - 5 CM, nnomanh aneKTponoB y Bcex KaMep 6bma onn

HaKoBa·. n COCTaBn.11na 135 x 145 cM
2

• HaMepeH11e nnBHeBofi a¢

¢eKTHBHOCTH npOBOAHnOCb B ABS 8Tana, BHaqane OHa 11ay,rnnacb 

npn HyneBofi aanep)l{Ke HMnynbca II HyneBofi Benn'lnHe O'llll!laJOme

ro non.11. 8neKTpnqecKne 11Mnynbcb1 c RC -reHepaTopa nonaBanncb • 

Ha KaMepbl C noMOlllb!O KOpOTKHX coennHHTenbHblX npoBOAOB, llnn

TenbH.OCTb nepenHero ¢pOHTa IIMnynbCOB He npeBbIWana 12 HCeK, 

-7 
a BpeM.11 cnana - 1,5 •10 ceK, AMnnnTyna HMnynhCOB nn.11 nnTa-

HH.11 Ka)Knofi cepnn KaMep non6npanacb 6nnaKofi K npo6nBHofi. B pe

aynhTaTe npoBeneHHhIX 11ccnenoBaHnfi 6hmo ycTaHoBneHo, 'ITO B 

KaMepax c aaaopOM 1 CM a¢¢eKTHBHO ( ~ 0,9). perncTpnpyIOTC.11 

nHWb 1-2 qaCTHUbl. TTpn 6onbWeM qncne 'ISCTHU nHBHeBa.11 9¢¢eK

THBHOCTb pe3KO nanaeT. B KaMepax )1{8 C aaaopoM 1,5 CM cnnb

HOe naneHne a¢¢eKTHBHOCTH Ha6nronaeTc.11 nnwb npn per11cTpaunn 

6onbllie 'leTblpex 'laCTIIU. H TOnbKO nn.11 KaMep c aaaopOM 2 CM 

nuBHeBa.11 a¢¢eKTHBHOCTb OCTaBanacb BbICOKOfi ( ~0,8) BnnOTb no 

per11cTpairnn 8 'ISCTHU, OTCJOna 6hm cnenaH BbIBOA, 'ITO onTHMSnb

Ha.11 BenH'lHHa aaaopa HCKpOBblX KaMep 3aKnJOqeHa B IIHTepBane 

OT 1,5 _no 2 CM, 

Ha BTopoM aTane nccnenoBaHnfi nonpo6Ho 11ayqanacb nnBHeBa.11 

a¢¢eKTHBHOCTb KaMep, nnomanb aneKTpOAOB KOTOpbIX paBH.11nacb 

135 x 145 cM
2

, a Me)KaneKTPOAHhifi aaaop - 2 CM. 8TH KaMepbI, 

KaK yKa3hIBanocb BbIWe, 6hinH npHH.l!Tbl B Ka'leCTBe pa60'IHX Mony

nefi nn.11 cneKTpoMeTpa. Ha KS)KAYJO napy KaMep nonaBanucb nMnynb

CbI, KaK II npu nccnenoBaHH.IIX Ha nepBOM 8Tane, OT OTAenbHOro 

reHepaTopa. nonaqa HMnynhCOB ocymecTBn.11nacb no Ka6en.11M nnn

Hofi 20 M, OnbITbl npoBonnnucb Ha qaCTHUax KOCMH'ieCKoro uany-

10 
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...., 

'leHH.11" npoTOHHOM ny'lKe yCKOPHTen.11, TTpn'leM nHBHH OT KOCMH

'leCKHX 'laCTHU, KOTOpbie perncTpHpOBanncb B KaMepax, nopo)Kna

nucb o6bI'lHO He B o6'beMe KaMep, a B aTMoc¢epe Boanyxa H ne

peKpbITHfi n£'!60paTOpHoro IIOMel!leHH.11. LlaCTHUhl nHBHefi, AOXOAHB

WHe no KaMep, 11Menu B cpenHeM paBHOMepHoe pacnpeneneHne no 

nnomann aneKTponoB KaMep. B 9KcnepnMeHTe c npoToHaMn qepea 

KaMepbl nponycKanHCb 'lSCTHUbI, pacce.llHHble Ha non11aTnneHOBOfi 

MHWeH11, Bc.11Knfi pas qepea KaMepy npoxonnno no nBe n 6onee 

'laCTHUhI. PeaynbTaTbI nccnenoBaHnfi B o6onx cnyqa.11x xopowo cor

nac0Ban11cb npyr C npyroM, PeaynbTaTbl H3MepeHH.11 nHBHeBOll 9¢

¢9KTHBHOCTH Ha 'ISCTHUSX KOCMH'leCKoro uany'leHH.11 npencTaBneHbl 

B Bnne rpa¢nKOB Ha pnc. 9, Ha 9TOM pucyHKe no ocn a6cuncc 

OTnO)KeHa BenH'lHHa Bpe!l,ieHH aanep)KKH HMnynbCOB B MKCeK, a no 

OCH opnnHaT - a¢cpeKTHBHOCTb onHoro npoMe)KyTKa KaMepbl K pe-

rHCTpaunn COOTBeTCTBYJOl!lero 'lHCna qaCTHU. 

KaK H cnenoBano 0)KHnaTb, nHBHeBaH s¢¢eKTHBHOCTb KaMep 

MOHOTOHHO nanaeT no Mepe B03pacTaHH.II qucna OAHOBpeMeHHO pe

rncTpnpyeMbIX 'laCTHU, OnHaKO no a6conJOTHOfi BenH'lHHe a¢¢eK

THBHOCTb KaMep, o6nanaromnx aaaopoM B 2 CM, OCTaeTC.11 eme 

BbICOKOll BnnOTb no perncTpaUHH 8 'ISCTHU, 

rnaBa cenhMa.11 

B cenbMOfi rnaBe npnBeneHhl aneKTpOHHbJ.e cxeMbI, paapa60-

TaHHb1e nn.11 ynpaBneHH.11 HMnynbCHblMH reHepaTopaMH ccneKTpOMeT

pa, a TaK)Ke cxeMa HMHTaTopa, noaBon.11romero ocymecTBn.l!Tb npo

BepKy aneKTpOHHbIX CXeM H CHCT8Mbl nnTaHH.11 KaMep npn pa3HblX 

'laCTOTaX cpa6aTb1BaHn.11. 

Ha pnc. 10 npnBeneHa 06111a.11 6noK-cxeMa annapaTypbI cneK

TpoMeTpa. 
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3aKlli0'10Hl!e 

8 3SKlli0'10HIIII i:rnccepTSUIIII KpSTKO Cq>OpMyn11pOBSHbl OCHOB

Hhie H0Bbl0 peaym.TSThI, nony'leHHbie B pa6oTe. 

1. Paapa60TSHS TeXHOllOI'IIH 1!3I'OTOBneHl!H l!CKPOBbIX KSMep 

6onbWOI'O paaMepa. KaMepbl l!M0JOT xopowyJO MeXSHl!'l0CKYJO npo'I

HOCTb II o6nanaro:i- BbICOKIIMII sneKTp01!30llHUIIOHHblMII, OITTl!'10CKII

MI! 11 BSKYYMHblMI! CBOl!CTBSMII, Paapa60TSH KOMnneKC BCITOMora

TellbHbIX ycTpol!CTB nnH 1!3I'OTOBll0HIIH KaMep paanl!'IHbIX pa3Me

poB (ycTpol!CTBO nnH HSTHJK~HIIH II HSKnel!KI! Ha sneKTpOAbl qiom.

I'II 6onbwol! nno111an11, ycTpOl!CTBO nnH TO'IHOl! pe3KI! Alll!HHbIX no

nocoK TOllCTOI'O CTeKna II np.). 

2. TTpoBeneHO noi:tpo611oe 11ccnei:tOBSHl!e pa60Tbl l!CKpOBblX Ka

Mep 6om.w11x pa3MepOB np11 paan11'1HblX napaMeTpax IIX ITIITSHIIH 

BbICOKOBOlll,THblMII IIMITYllbCSMII, Y CTSHOBneaa OITTl!MSllbHSH Ben 11-

'IIIHS MeJKsneKTPOAHOI'O aaaopa, np11 KOTOpol! coxpaHH0TCH BblCOKSH 

lll!BH0BSH s~~eKTIIBHOCTb per11cTpau1111 'ISCTIIU B KSMepe. 

3, 0cyIUeCTBll0HS SKCIT0pl!M0HTSllbHSH ITPOBepKa CITpSBei:tnl!

BOCTI! cy111ecniyro11111x Ka'leCTBeHHhIX Teop11l! no mrnaeBol! sqiqieK

Tl!BHOCTI! per11cTpau1111 'ISCTl!U, 

4. TTpOB0A0HO i:teTanbHOe 11ccnei:tOBSHl!e pa60Tbl l!MnynbCHblX 

paapHAHl!KOB C paan11'IHblMI! Cl!CT0MSMII IlOAJKIII'S, TToKS38Hbl npe

A0llbl IIX npl!M0HIIMOCTI! B SKcnepl!M0HTSllbHOl! Hi:tepHol! q>ll311Ke, 

Paapa60TSH HOBbll! Tl!Il paapHAHIIKS HS 6onbW1!0 TOKI! II 11anp11JKe

HIIH, OTnl!'ISIOIUl!llCH npoCTOTOl! 1!3I'OTOBneHl!H II SKcnnyaTSUIIII, 6onb

WIIM cpOKOM cnyJK6bl II IICKlliO'll!T0nbHOl! HSA0lKHOCTbiO B pa6oTe, 

8TOT paap11AHIIK cel!qac HSXOAIIT Wl!pOKOe np11MeHe1111e B fla6opa

Top1111. 

5, Paapa60T8Hbl II 11ccnei:tOBSHbl Cl!llbHOTO'IHhie l!MnynbCHbie 

reHepaTOpbl HS 11anp11JKe1111e AO 80 KB, reaepaTOpbl OTllll'ISIOTCI! 

npOCTOTOl! 1!3I'OTOBneHHH, 6onbWIIM cpOKOM cnyJK6bI II HSA0lKHOCTbiO 

B pa6oTe, 

6. Paapa6oTaHa II 11ccneAOBSHS BblCOKOilp01!3BOAl!TenbHSH 

Cl!CTeMa O'll!CTKI! l!HepTHOI'O raaa. TTpei:tnOJKeH II BHei:tpeH HOBbll! 
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paapHAHO-'ISCTOTHhll! cnoco6 sq>q>eKTl!BHOI'O KOHTQOllH OTHOCl!Tenb

HOl! 'IIICTOTbl raaa. 

7. BhmonHeH MOHTSJK II npOBei:teHo pa6o'!ee l!CITblTSHl!e l!CKpo

BOI'O cneKTpOMeTpa 'ISCTIIU B KOMnneKCe co Beel! annapaTypol!, 

fl11TepaTypa 

1. F.Shneider, Preprint CERN AR/Int. GS/63-9, (1963), 

2. K.A. Eal!'lep, IO,H. 3bIKHH, B,11, H11Ka11opoB, 11,X, Hoai:tp1111, 

A.Cl>. TT11capeB, B,<I>. TT11capeB, H.C. ToncTol!, B,H. <l>11n11nnoB, 

B.M. lllewyaoB. TTpenp11HT OHHH, P13-4191, ,Uy611a (1968). 

3. P. AH.i:tJKeHK, E,M, Aai:tpeeB, A.TT. E11p10KOB, 11.M. Bac11neBCK11l!, 

B,B. B11wH11KoB, IO.H~ 3b1K1111, 3. )l(eH'l11KeB11'1, H,.U, Kpaxo·T1111, 

B.11. H11Ka11opoB, A.Cl>, n11capeB, H.C. ToncTol!, A.A. THnKHH, 

B.M. lllewyHoBi TTpenp1111T OHHH, Pl3~3588, ,Uy611a (1967). 

4. A.Cl>. TT11capeB, B.M'. lllewyHoB, TTpenp1111T OHHH, P13-3570, 

.Uy611a (1967) • 

5, A,<I>. TT11capeB, B,M. lllewyHoB, Openp11HT OHHH, P13,-4446, 

.Uy611a (1969). 

6, E.3. Konen110B11'1, A,<I>, TT11capeB, A.C. Capal!K11H, B,M. lllewyaoB, 

Coo6111ea11e OHHH, Pl3-4369, ,Uy611a (1969). 

7. 11.A. ronyTBHH, IO.B. 3a11eBcK11l!, IO,P. flyKCTHHbw, 8,0. 0Ko

HOB, r.r. TaxTaMhiweB, B,11. YcTHHOB, B.M. lllewyaoB, TTpen

p11HT OHHH, 1819 (1964) • 

PyKOill!Cb nocTyn11na B 1!3ASTenbCKl!ll OTi:ten 

28 anpenH 1969 roi:ta, ' 
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P11c.l. KoHCTpyKIUHI Monym1. 1 - OCHOB8Hl!e sneKTpona, 2 - 6o
KOB8SI CTeHKa, 3 - OKHO sneKTpona, 3aKneeHHOe cpon&roii, 

14 

~ /P ., 
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15 
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13 
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P11·c.2. y CTpOiiCTBO nnSI HaTSIJKeHHSI cpon&r11. 1 - CT8HHHa, 2 - Ha
TSIJKHOii BHHT, 3 - pe3HH0Bhlii wayp, KpenSIIIlHii npoKna.nKy 
113 non11sT11neHOBOii nneHKII 17 i 4 .:.. npHJKIIMHOe KOnbUOi 
5 - KOHTpOnbHhie yronKH .nnSI ueHTpllpOBSHIISI sneKTpo.na 8; 
6 - pe3HHOBhie npoKnBllKH .nnH aameMneHHH KpaSI cponbrH 9; 
7,12,13,19 - peryn11poB0'1Hhie BHHThl ltnSI ycTaHOBKII nono
)K8ffllH II cp11Kcau11:n sneKTpona no ue~Tpy ycTpoiicTaa; 
10 - ynopHhlii BIIHTi 11 - npHJKIIMHOe KOnbuo; 14 ._ BIIHT 

.nnn nonHSITHH nyaacoaa 16; 15 - MaTpnua; 18 - cnoii 
snOKCHllHOii CMOnhI. 
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Puc,3. CucTeMa oTKa'IKR R aanonaeau.11 Moi:tyn.11 pa6o•mM r-aaoM, 
1,6,10,11 - BaKyyMHble Tpy6KR;. 2,3,7,17,18,20 - BeHTRnR; 
4,5 - MaH0BaKyyMMeTpbi; 8 - ARaijiparMa am!$epeHURa1IbHO
I'0 MaHoMeTpa; 9,13,23 - I'R6K11e wnaHrR; 14 - Kpb!WKa c 
on11BK0ii; 15 - wnRnhKll an.11 ll0,t)KaTR.11 J:(BepUbl 21 K 6oKcy; 
16 - WBennep, o6ecne'IRBa!Olllllll 60KCY 6oKOBYIO )KeCTKOCTb; 
22 - pe3RH0Ba.ll npoKnaaKa An.II BaKyyMH0I'0 ynnoTHeHII" 
aBepUhI; 24 - Moaynh; 25,26,28 - 6annOHbl c pa6o'IRM r-a-
30M;. 27 - 6oKC, CBapeHHblll 1{3 nRCTOBOll CTanR Tonumaoii 
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3aBl!CIIMOCTb BpeMeHI! aana3.C(bIBaHfffl T 3 BKnI0'leHl!fl paa

P!!c,S. pS!AHl!Ka OT aanpmirnHl!fl aHOJ:(HOI'O n11TaHl!fl II aMnn11TyJ:1bl 

IlOJ:llKl!I'a~~eI'O l!Mnynbca V n • a) 3aBl!CIIMOCTb T 3 OT 

V 1 - l!I'Onb'l8T8fl Cl!CTeMa IlOJ:llKl!I'a; 2 - nOJ:(lKl!I' '!e-
n· a 

pea Tl!T8H8T0-6apl!eByID nnaCTl!HKy; 3 - nOJ:llKl!I' qepe 

cnIDAflHYID 'nnaCTl!HKYi 4 - nOJ:llKIII', OTKpb!TblH no noBe~x

HOCTI! cnIDJ:lbl; 5 _ nOJ:llKl!I' no n0BepxHOCTI! CTeKnSIIIHOII 

watt6blj 6 - KOnbUeBafl Cl!CTeMa no.C(lKl!I'a, 6) 3aBl!Cl!MOCTb 

T 3 OT Va ·, O6oaHa'leHl!fl Ha Kp!!Bb!X Te lKe, '!TO II 

aa p11c. a), 

P11c,6, C11cTeMa O'IIICTKI! I'aaa II er-o KOHTpOnfl. 1 - Kpb!WKa yn

noTHl!Teng; 2 - KOMneacaTop AaBnemrn;· 3 - MeTann11'lecK11tt 

KanbUIIH; 4 - 11aMep11TenbHaS1 TepMonapa; 5 - Kopnyc f!'lett

KI! KOHTpong r-aaa; 6 - aaaeMneHHbif1 aneKTpoa .H'leilK11; 

7 - Bb!COKOBOnbTHblii aneKTpoa fl'leiiKII KOHTpong; 8 - BBOA 

HaIIpfllKel!l!fl B f!'leiiKy K0HTpomi; 9 - I'830Bblll KonneKTop; 

10 - Mo.1:1yn11 cneKTpOMeTpa; 11 - KOMnpeccop; 12 - per-y

nflTOp aaBneHl!fl I'a3a B KOMnpeccope; 13 - l!CKpOBOil MO

aynb; 14 - qlllnbTp; 15 - Kpb!WKa gqefiKI! O'IIICTKl!j 16 - ane
MefiT HaI'peBaTenfl MeTann11qecKor-o KanbUllfl, 
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Pnc.7. KoHCTPYKllliSI SI'leilKli O'lliCTKli C aKT1iBliPOB8HHblM yrneM. 
1 - Kopnyc SI'leilKlii 2,3 - KpbillIKlii 4 - aKTliB1ip0B8HHblll 
yronb; 5 - ceTKlii 6 - ra30Bbie MarncTpann; 7 - panna
Top; 8 - cocyn nnsi JKliAKoro aaoTa; 9 - lKHAKnll aaoT; 

10 .- TennonaonSl!lliOHHaSI aamnTa. 
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6 00 2 3 4 5 Ta 1 
T,MKCeK 

Pttc.9. 3aBHCHMOCTb 9cf>¢eKTHBHOCTH perttcTpaUHH qacTHU B KaMe-

pe 1wyx H BOCbMH qacTttU OT BenttqttHhI oqmuaJOmero nonn 

H BpeMeHH 38A0PlKKH HMnynbca, rAe T -BpeMR 3aAep>KKH 

ttMnynbca, E -annapaTypaan aaAep>KKa, paBHan 0,6•l0-6
ceK; 

1 - oq0ma10mee none paBHo aynID; 2,3,4 - oq0maromee 

none paBHO 20,30 tt 50 B, COOTBeTCTBeHHO. OyHKTHpHblMH 

KpHBblMH ABHB 9~~eKTHBHOCTb perttCTpaUHH BOCbMH qacTHU. 
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