
OB'bE~HHEHHYA HHCTHTYT H~EPHYX HCCJJE,l.\OBAHHA 
539.2.073 

CTABH11KOB 
MapK Bac11Jibea11q 

539.12.17 

1-83-397 

PA3PABOTKA HOBMX TPEKOBMX ~ETEKTOPOB 
11 3KCTIEP11MEHTARbHOE 113YqEH11E 

11X PABoq11x XAPAKTEP11CT11K HA YCKOP11TERHX 

Crre~J1aJibH0CTb: 01. 04. 01 - 3Kcrrep11MeHTaJibHa51 <pl13l1Ka 

AaTope¢epaT AHCCepTaUHH Ha COHCKaHHe yqeaoA 
CTeneHH AOKTopa ¢H3HKO-MaTeMaTHqeCKHX HayK 



Pa6oTa BimOJIHeHa.B Jiemmrpa,u;cltOM lmCT.IITyT8 ~epHoit 

qmsmm HM. B.II.KoHCTBHTmlOBa AH CCCP 

~Hl,18 OIIllOH8HTH: 

'AORTOJ:) qlH8mtO-:-f,111T8MaTlfll8CIGDC Hayx 

llJ:)Oql8COOJ:) 

'AORTOl) qm8HRO--MaT8MaTH1180IGDC HSYR 

nJ)Oqiecoop 

'AORTOJ:) qmBmto-:-t,iaT8MaTH118CIGDC HSYR 

llJ:)Oql8COOJ:) 

MltxaJJJI Hocl1lqx>Bl'I'I 

COJIOBb:EIB 

IlaBeJI ~'AOJ)OBH11 

EFMOJIOB 

AH.Iu.>el Hmto.naeBH'I 

roPBYHOB 

Be,tzy111ee H8yqHO-l11CCne'AOBaT8JILOlt08 yql)Ell!Ul;8HH8: 

MooxoBCRd HHllteHeJ:)H~SH11eoRd imcmTyT. 

3antl:Ta ,ItllCC8J:)T~ OOOTOHTCJl ~ .f -( 1983 r. 
B --ti ,mo.Ha 8808'ABHl1ll11 cne~lilJ)OBaHHOro OOB8Ta l--04?.0l.02 ·: 

II.PH Jia6opaTO,Pl11H BHCORHX 9Heprmt 06'.!,8,ItllHeHHoro lmCTKTyTa JJ,Il;8,PHliX 

l11CCn8'AO:BalDilil, .Itr6Ha MooROBCltOI o6naCTl11, ROHqiepe~"'.'38JI JIB3. 

C 'AHCC8,PT8lt1!81 MOJOIO OSHaltOMKTI>CJI B 6H6nHOT8R8 JIB3 0Wll1:. 

ABTOpajlepaT ,Pa80CJiaH ,,,./ g. -1' 0 1983 r. 

Y~eHHI ceKl)eTalJI, 

cnenm,J1Hs""°i,rumoro .••aere /flt<;<flj?' M. <». JIHXA lJEB 

OBJ!IAfl XAPAIITEPl1CTIIBA PABOTH 

AKTYBJibHOCTb npo6new. Paapa6oTKa H C03AaHHe HOBlilX A8T8KTOpoB 
JI,IJ,8pHblX B3aHMOA8RCTBHR RBnaeTCR BW!tHHM HanpaM8HH8M 3KcnepHM8HTBJib -
HOH JI,IJ,8pHOH ~3HKH, KOTopoe pacmHpaeT AHruta30H !p!3HqeCKHX HCCH8AOBa
HHH H OTKpwaaeT HOBwe B03MOllHOCTH AHR 6onee yrny6neHHOro IlOHKMaHHR 

CTpoeHM MaTepHH, Hoawe M8TOAW perHCTpaQKH npo~eccoB B3a.HMOA8HCTBHR 

JI,IJ,8pHoro H3JIYtreHHR C Jl,[\paMH H MaTepHBJiaMH pacmHpaDT npaKTHqeCKHe B03-
MO&HOCTH HCIIOnb30BaHHR aT~MHOH 3HeprHH, BH8~peHHR pe3ynbTaTOB HayqHWX 

HCCneAOBaHHH B HapoAHOe X03RHCTBO. 
3HatDCTenbHliH HHTepec a HayqffOM H npaKTHqecKOM IlJlaHax npeACTaMa

DT HCCH8AOBaHHB rny6oKOHeynpyrmc, MHOroqacTHtnWX B38KMO'A8HCTBHH B,IU)O
HOB H Jl,[lep C Jl,[lpaMH npH Ilp0M8JliYTOtnWX 3HeprH11X (HeCKOHbKO COT8H MaB) 

H8JI8TaDl!KX lffiCTml;, 
Co BpeMeHH Il0RM8HHR nepBlilX ycKOpHTenea npoweir;yTOtnWX 3HeprHR B 

paaHblX na6opaTopH11X HameR·cTpaHli H 3a py6ezou BlillonHeH 6onbmoR oeh,eu 
HCCH8AOBaHHH B3aHMOA8HCTBHH 8,D,poHOB C Jl,[\paMH, 0TH npo~eccw AO onpeAe

neHHOR nopw HenpoTHBOpeqffBO OilHCWBBJIHCb KaCK8,ll,HO-HCnapHT8HbHOR MO

A8HbD 8,D,poH-JI,IJ,8pHb1X B3aHMOA8HCTBHR, 
IlocneAOBaTenbHOe paaBHTHe HCCH8AOBaHHH rJIY60KOHeynpyrHX B3aHMO

A8HCTBHR B nocneAHHe rOAW Il03BOnMO ycTaHOBHTb HOBWe 3KcnepHM8HTBJib

HY8 <paKTW, CBR3aHHUe C pollr,11,8HHeMn-Me30HOB, TSUten!ilX ¢parueHTOB, AHR 

KOTOplilX o6~enpHHRTM TeopeTHqecKaa HHTepnpeTa~ OKaaBJiaCb HenpHeM -
newoR~ ,ll.na·nposepKH HOBlilX MoAeneR, 6onee rny6oKo H nocneAOBaTenbHO 
OilHCWBSD~ JJ,[18pHYe B3aHMOA8RCTBM, 61,1JJH He06XOAHM!,i 3KCnepHMeHTBJib -
HW8 AaHH.We O Jl,[lepHblX pac~eIIJI8HH11X, nonyqeHHlie Ha H30TOilHO _qffQTl,lX 

JI,IJ,8pH1,1X MHm8HRX co BC8CTOpOHHeR perHCTpaQKeR KOppenaQKOHHblX aaBHCHMO
CTeR H xapaKTepHCTHK Ilp0AYKTOB B3aHMO'A8HCTBM, 

B03MOJIHOCTH c~eCTBYD~HX 'A8T8KTOpOB MHOroqacTHqHl,lX JI,IJ,8pHlilX B3aH
MO'A8HCTBHR He OTB8'QB.JIH B nonHOA Mepe COBpeMeHHYM Tpe6oBaHHRM H orpa -
HHqffBSHH AHruta30H 3KcnepHMeHTBJibHWC B03MOJIHOCT8R HCCH8AOBaTeneR. Ana 
cqeTIDIKOBlilX CHCTeM TaKHM orpaHHqeHH8M aBnaeTCR HH3KM o6~aa OBeTOCMa 
MHOrOKaHSHbHlilX ycTaHOBOK. llcnonb30BaHHe JJ,[18pH1,1X gx>T03J,;;'nbcHR orpaHH -
qeHO HX cno:&HYM COCTaBOM (BOC8Mb JI,IJ,ep H 6onee qeTwpH8,ll,~aTH H30TOilOB) 
H BWCOKOR o6~eR llHOTHOCTbD waTepHBJia 'A8T8KTOpa (oKono 4 r/cti3), tlTO 

3aTPY'AHR8T HX mHpoKoe Hcnonb30BaHHe npn pa60T8 B Mal'HHTHOM ll0.718, 
Ana pemeHKJI HOBl,lX 38,ll,aq JI,IJ,epHOR qlll3HKH 61,1JJH tteo6xO,ll,HMJ,l HOBWe 'A8-
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TeKTOpu MHOrOtm.cTHlllililX .fJ,11,epHIDC B3aHMOAeAcTBH8 C B03MOllHOCTJDW, CY!lle
CTBeHHO npeBOCXOAJDqHMH CY111eCTByi>1qHe. 

HatmHM C 60-x rOAOB He06XOAHMOCTb HccneAO~aHKJI rny60KOHeynpy
rHX B3aHMOAe8CTBH8 ycKOp8HHblX npoTOHOB H .fJ,11,ep C .fJ,11,paMH B03p8.CTaeT. 
&ro CBH3aHO C HaqaJIOM OCBOeHHSI KOCMHqecKoro npocTpaHCTBa, C C03AaHH
eu YCKOpHTeneR. D03BOnm:llllHX ycKOpHTb .fJ,11,pa pa3H08 Ma.CCU OT 3HeprHA B 
HeCKOnbKO 113B Ha HyKJIOH AO penaTMBHCTCKHX 3HeprHR. BaaHMOAeRCTBKJI Ta
KHX qacTHq c .fJ,11,paMH B CBoeA OCHOBHOR tm.cTH - rny6oKOHeynpyrHe, OHR 
COIIpOBOllt,Itru:)TCH MHoro1:1acTH'llWM1i pac~8WI8IIWIMll • 

HoBHR TeOpeTHqecKHA DO'AXOA K onHcamm rny6oKOHeynpyrHX B3aHMO -
Ae8CTBH8 B,IU)OHOB H .1J,11,ep c .ff,llJla!,IH npH penaTHBHCTCKHX 3HeprHJDC CTHJIYnH
pOBaJI HHTepec K 3T08 npo6neue. B p.fJ,11,e na6opaTOpHA cqiopuynHpoBaHU H 
BWIOJlHJlllTCH mHpoKHe nporpa.MMl,I HccneAOBaHH8 B o6nacTH penaTHBHCTCKOA 
.1J,11,8pH08 ~3HKH. 

0TKpHTHe B ?0-x ronax HeCTa6HnbHH¥:, "oqapoBaHHUX" tm.cTHQ c Bpe
MeHaMH llH3HH lQ-lZ_lQ-lSC· TaIUte Tpe60BMO C03AaHHH HOBhlX np8QK3H -

OHHHX perHCTpaTOpoB MHOrOtm.cTHqHHX B38.HMOAe8CTBM8, KOTOpue MOrnH 6u 
o6ecnetmTb H3MepeHH8 BpeMeH D3HH HOBhlX qacTHQ H KaHaJIOB HX pacn8,!1,a. 

HaKOHeQ, B nocneAHee BpeMJt paapa6aTUBWlTCH aJibTepHaTHBHli8 npo -
rp!U.!Mli nonyqeHM .1J,11,0pHoA 3HeprHH aa cqeT sneKTp(>.fJ,11,eplillX npoQeccoB H 
J'-•KaTaJIH3a. Bee HaaeaHHU8 o6nacTH HCcneAOBaHHA OCTpO Hy)IA8.llTCH B 
TOqttOH HHqx>pMaQKH O rny6oKOHeynpyrHX, MHora'IS.CTHtnWX .1J,11,8pHblX B3aH -
MOAeHCTBHJDC. 

Bo MHOrHX HayqHHX Q0HTpax paaHIDC CTpaH IlOCTOHHHO B8AYTCH DOHCKO-
Bue HccneAOBaHHH, HanpaBn8HHU0 Ha C03AaHH8 HOBhlX TpeKOBhlX A8T0KT0p0B 
H Ha COB0pll8HCTBOBS.HH8 CY!ll0CTBYJOlllHX• 

B CBH3H C H3nOll8HHLIM paapa60TKa, C03AaHH8 HOBhlX A8T8KT0p0B 
MHOrOtm.cTHqHHX B38JUIOA0HCTBHR, OTB8q8.l)lllHX no CBOHM BO3MOllHOCTHM COB
peueHHHM Tpe60BaHWW, H BH8AP8HH0 HX B npaKTHqecKyio pa6oTy Ha YCKOpH
Tenax HBnR8TCH aKTYaJibH08 npo6neuoA,· HM0D~e8 BaJIHOe 3Haq0HH0 MH pe -
meHHH HayqHIDC H npaKTHqecKHX 38,ll,aq cerOAHHWHero AHR H MH DOWOTOBKH 
K HccneAOBaHWW Ha YCKOPHTenmc HOBOrO DOKOneHHH B 6YAY!ll8M. 

OcHOBHUe yenH 8aHH08 pa60TY uoryT 6UTb H3nOl!WHU cne~ o6pa
aow: 

l. Paapa60TKa H C03AaHHe HOBOro THDa AeTeKTopoe .fJ,11,epHblX B3aHMO
Ae8CTBHH, o6ecnetmBWllllHX perHCTpa.QKD woroqacTHqffUX 1 rny6oKoHeynpy -
rHX npoQeCCOB Ha 'IUICThlX .1J,11,0pHIDC MH!lleHJDC Ha OCHOBe rH6pH,U.H08 CHCTew. 
BKJIDqB.l)~eR BepllHHHliR AeTeKTOp, perHCTpHpyi>IqHR QeHTp pac~eWieHHH H 

AeT8KTOp 6UCTpux qacTHQ, npo6erH KOTOpliX He ynOlDUIHCb B A8T8KTOpe 
QeHTpa pac~enneHHH. 
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2. Paapa60TKa H C03AaHH0 HOBLIX THDOB Bepl!HHHhlX AeTeKTOpOB, B TON 
qHcne Ha ocHoBe npHNeHeHHH naaepHoro HanyqeHHH H ronorpaq,HH 1 noaBona
DlllHX perHcTpHpoBaTb .fJ,11,epuue B38.HMOAeACTBHH C BUCOKHM npocTpaHCTBeHHUM 
paapemeHHeN B D!HpOKOM yrnOBON H 3HepreTHqecKON AHanaaoHax. AHMH3 oc
HOBHUX npoQeCCOB, onpeAenaDlllHX rnaBHUe xapaKTepHCTHKH H B03MOlltHOCTH 
HOBoro cnoco6a perHcTpaQKH TpeKOB KaK npoapaqHUX ODTHqecKHX HeOAHO -
p0AHOCTe8. 

3. llpoBeAeHHe HccneAOBaHHR c HOBYMH AeTeKTOpaMH Ha YCKOpHTenax. 
IlonyqeHHe nepBOH ¢ffaHqecK08 HHqx>pMaQKH O HYKnOH-.fJ,11,epHIDC B3aUMOAeHCT
BWIX npH npouezyTo~ 3HeprHHX Ha 'lfflCThlX .fJ,11,epHhlX NHmeHax. 

Hayqttaa HOBH3Ha H npaKTHqecKM ueHHOCTb pa60TU. ):tHCCepTaQHH co
AepDT HTOrH pa60TU aBTOpa, HanpaBneHHOH Ha C03AaHHe HOBLIX THDOB Tpe
KOBhlX AeTeKTOpoB H HX npHMeHeHHe B pa6oTe Ha YCKOpHTenax. HccneAOBa
HHH npoBrHnHCb B TeqeHHe 1963-1982 rOAOB H ony6nHKOBaHU B pa6o -
Tru/l~Q • B HHX H3noxeHO OilHCaHHe HOBLIX npeMOXeHHH aBTOpa H npHBe
AeHH npaKTHqecKHe peayn&TaTu, nonyqeHHUe npH coaAaHHH annapaTypu Ha 
HOBOH OCHOBe, a TaKxe peayn&TaTU npaKTHqecKoro npHMeHeHHH HOBYX Ae -
TeKTOpOB B pa6oTe c ycKOpHTenmrn. . 

IlpH BWIOJIH8Hllll pa6oTU npeAnoxeH, paapa6oTaH H C03AaH HOBYH YHH
KaJibHHA TpeKOBWA AeTeKTOp - rH6pMAHM raaOXffAKOCTHaH Ke.Nepa. C03AaHH0 
3Toro npH6opa OTKpuno HOBYJO B03MOXHOCTb MH HccneAOBaHHH .fJ,11,epHUX pac
~enneHHH Ha 'lfflCThlX .fJ,11,epHUX MHllleHax B ycnOBHHX MHHHMaJlbHOro qi<>Ha noc• 
TOpOHHHX peaK~A. 

C yqacTHeM aeTopa pa60TU cqiopwynHpoBaHO npeMOllteHHe O C03AaHHH 
cneAOBhlX perHcTpaTopoe Hoeoro THDa - ronorpaqi~qecKHX TpeKOBWC AeTeK
TopoB. OTO npeMOXeHH8 B XOAe pa60TU AOBeAeHO AO npaKTHqecKOH peanH-
3aQKH - C03AaHa H Hcru,rraua e pa6oTe c ycKopHTenew nepeaa ronorpaqJH -
qecKM IlY3iipbKOBM KaMepa. aaperHcTpHpoBaHU B BH,U.e ronorpaMM H BOC -
CTaHoeneuu C HHX H306pa&eHHH TpeKOB aap,meHHhlX qacTHQ. 

ABTOpOM pa60TU B 1968 ro11.v enepBue cq,opuynHpoBaHo H o6ocHOBaHO 
nonozeHHe, H3 KOTOporo cneAYeT B03MOllHOCTb C03AaHHH ronorpaqiHqeCKHX 
TpeKOBlilX AeTeKTOpOB, B qacTHOCTH nyaupbKOBhlX KaMep BWCOKOro paape
meHHH C pa60qffy 06DeMOM,3HatmTenbHO npeBOCXOA~HM o6DeN qx>TOrpaqiH -
qecKHX KaMep C TaKHN ae paapemeHHeM. 

3-ro nonozeHHe 6WIO npaKTHqeCKH IlOATBe~eHO B QKKJie 3KcnepHMeH
TOB C peMbHUMH nyaiipbKOBWIH KaMepaMH M!UOro paawepa. Ilonyqeuu H BOC
CTaHOBJieHU ronorpa.MMl,I TpeKoB aapaeHHUX qacTHQ c imcnou aneweHTOB 60-
nee 100 Ha OAHON CaHTHMeTpe npo6era qacTHQY. 

C ytm.cTHeM aBTOpa cqiopi,ynHpoBaHO npeMOll8HH0 0 C03AaHHH naaepHIDC 
CTpHMepHUX Kawep C perHcTpaQKeA ~peKOB B BH,IJ,e ronorpaMN K TeHerpaMN. 
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Ha 3TOH OCHOBe nocne cepHH MOAenbHWC 3KCnepHMeH~OB C HCKpoBwm aapa
AaMH 6wia C03AaHa, OCHaiqeHa Heo6XOAHMOH naaepHOH TeXHHKOH H ynpaBJISI
n~eR MO~HoR HaHoceeyH'AHOR aneKTPOHHKoR HOBM ycTaHOBKa - naaepHM 
CTpHMepHM KaMepa B MarHHTHOM none. Ha 3TOH ll0 OCHOBe pemeHa 3a,D,atra. 
C03AaHM naaepHOH CTpHMepHOH KaMepH, pa60T8l'.l~eR B OPAHHapHWC ycnOBMX 
npH HanOnHeHHH ee 'llHCT!ill BOAOpoAOM. 

Paapa6oTaH HOBHH cnoco6 CTepeoTeHerpaq,HpOBaHHH naaepHWC CTpHMep
HWC KaMep. OTHM MeTOAOM noxyqeHa nepBM HHctic>PMaQHH O pac~enxeHMX 
.fJ,ll,ep yrxepoAa npoTOHaMH C 3HeprHeA l fuB Ha CHHXpoqHKXOTpOHe .JIIDMi. 

IlpoaH8JJH3HpOBaHli B03MOmu.te nyTH o6pa6oTKH HHctiopuaqHH O TpeKax B 
cneAOBLIX AeTeKTopax, aaperHCTpHpoBaHHWC B BHAe roxorpauu. C03AaH H 
HCnbl'l'aH nepBNH AeRCTByD~HA MaKeT YCTaHOBKH, npeAHa3HaqeHHOH AnH BOC~ 
CTaHOBneHM H o6Mepa ronorpaMM, nonyqeHHWC npH perHCTpa.qHH cxeAOB B 
TpeKOBLIX AeTeKTopax. 

IlpaKTHqecKHe peaynbTaTH, o6ecne'llHBM~He C03AaHHe HOBLIX AeTeKTO
poB, n03BOXMH cqiop.uyxHpoBaTb nporpau.uy HccneAOBaHM rxy6oKOHeynpy -
rHX npo~eccoB Ha HOBOH OCHOBe H npHCTynHTb Kee HCnonHeHHD Ha CHHXpo
qHKXOTpoHe .lll1al. IlepBNe peaynbTaTH HccneAOBaHHH rny6oKOHeynpyrHX pac
~enxeHHH .fJ,ll,ep 40.flr npoTOHaMH(l raB),noxyqeHHNe C yqacTHeM aBTOpa AHC
cepTaqHH, ony6nHKoBaHN H mHpoKo o6CYJIABl'.lTCH cneqH8JJHCTaMH. 

Pe8JJH3aqHSI OCHOBHWC nOXOlleHHH AHCCepTaqHOHHOH pa60TN B BHAe ASH
CTByD~ ycTaHOBOK, BHeAP9HHe HX B npaKTHKY pa60TH Ha YCKOpHTeJUIX, 
aH8JJH3 HX npaKTHqeCKHX B03MOllHOCTeH CTH.uynHpoBMH HCCneAOBaHM no AaH
HOyY HanpaBJieHHD BO MHOrHX na6opaTOpH.1DC B HameA CTpaHe H 3a py6e~OM. 
IlpH 3TOM HayqMTCH B03MOlltHOCTH MeTOAa, cnoco6H o6pa60TKH roxorp8.q1H -
tl6CKOA HHqi<>pMaqHH, paapa6aTHB8l'.lTCH onTHM8JlbHN6 YCXOBM perHCTpa.qHH . 
TpeKOB, C03A8l'.lTCH HOBHe ycTaHOBKH, npeAHa3HaqeHHNe AnH KOHKpeTHWC HC
CXSAOBaHHR Ha ycKopHTeJUDC. Pe3ynbTaTH 3TOH pa60TH o6Cyll,q8JJHCb Ha cne
qH8JlbHWC coae~aHH.IDC B CIIIA, AHI'XHH, ipaHqHH. 

B HacTo~ee apeMH pa60TH B o6nacTH ronorp8.q1HqecKHX TpeKOBhlX Ae
T8ItTOPOB B8)l;y'TCSI B Rameit 0'1':pa.H8, a T8.Itllt8 B pR,Ite JIB.6opaTopmt 
0'1':pa.H-YtiaOTRmJ; ORHH,. a TaKlle B UEPHe, B AHI'nHH, llJBeqHH, HnoHHH, 
CllIA npH npH3HaHHH npHOpHTeTa npeAnO~eHHR, HCCneAOBaHHR H pa3pa60TOK 
B 3TOR o6xacTH aBTOpa AHCCepTB.qHOHHOR pa60TY. 

Ha 3WIIHTY BHHOCHTCH cne,IlYl)lljHe noxolleHM: 
I. MeTOA C03AaHHH BHCOK03gq8KTHBHWC AeTeKTOpoB, npeAHa3HaqeHHWC 

AnH H3ytleHHH rxy6oKOHeynpyrHX .fJ,ll,epHWC B31lllMOAeRCTBHA,3aKJillll8.IJ!qHHCH B 
qiy-HKqHOH8JlbHOM 061,0AHH8HHH Tp0KOBLIX A8TeKTOpoB C AOnOXHSIDll{HMH ,IU)YI' 

,IU)YI'a B03MOlltHOCTJDffl B 8AHHHH perHcTpHpyiitqHR KOMnneKc - rH6plfA}WR Tpe
KOBHA AeTeKTOp. 
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2. Pe8JJH311QHH HOBoro M8TOAa B BHAe C03AaHHOH rH6PHAHOR raao~

KOCTHOR KaM6pN, OCHOBOH KOTopoR HBXHSTCH Taeno~KOCTHM 150-nHTpo
BM KaMepa, aanonHSHHM ~peOHOM, B pa6oqey o6~eMe KOTOpoR pa3M6~8H 
B8p!IHHHHR A8T8KTOP - AByxHHTpOBM repueTH3HpoBaHH8Jt KaMepa BMbCOHa, 
3anonHeHHM raaou - .fJ,ll,6pHOH MHm6HbD. 

3. Cnoco6 C03AaHHSI TpeKOBLIX A8T~KTOpoB HOBoro THna, pacmHpm:>~R 
B03MOlltHOCTH H3B6CTHLIX cneAOBl:llC perncTpaTopoa. C~OCTb ero 3aKnnqaeT
CH B perHcTpa.qHH cneAOB TpeKOBLIX AeTeKTOpOB KaK npo3paqHHX OllTHqec -
KHX HSOAHOPOAHOCTeR C npHMeHeHHSM H3nyqeHHH xaaepoa H roxorpa¢HH. 

4. MeTOA C03AaHllH IIY3NpbKOBLIX KaMep C BHCOKHM paapemeHHeM 3a 
cqeT coqeTaHHSI npHMeHeHHH roxorp~HH, cneqH8JlbHOro pellHMB. pacmHpeHHH 
KaMepH H OCBe~eHHH TpeKOB. 

5. 3KcnepHM8HT8JlbHOe llOATBe~eHHe pa6oTocnoco6HOCTH nepBOH ro -
xorp8.q1Hti6CKOH ny3HpbKOBOA.KauepH COBM8CTHO C YCKOpHTexeM. 

6. IlpeAnOll0HH8 H 3KcnepHMeHT8JlbHOe o60CHOBaHH6 UOAeXbHNMH 3KCne
pHMeHTB.l!H B03MOltHOCTH C03AaHHH naaepHOR CTpHMepHOH KaMepY C perHCTpa
qli8H TpeKOB B BH,IJ,e ronorpaMM H TeHerpaJ,n1.~C03AaHHe AeRCTByD~eA ycTa -
HOBKH - naaepHOH CTpHMepHOA KaMepH B MarHHTHOM none H HccneAOBaHHe ee 
B03MOlltHOCTeR B p08JlbHOR·pa6oTe C ycKOpHTeneu. 

7. PeayxbTaTH TeopeTHtiecKoro aH8JJH3a rxaBHWC npo~eccos, onpeAe -
nHD~ OCHOBHNe xaprutTepHCTHKH xaaepHoro MeTOAa perHCTp~H TpeKOB 
tiacTH~ B CTpHMepHLIX KaMepax. 

8. 3KcnepHM6HT8JlbHOe llOATBeplli,IJ,8HHe pactieTHoro npeACKa3aHHSI B03 -
MOlltHOCTH pacmHpeHHH Ha6opa pa6ollHX raaoB, npHrOAHWC AX~ HanOnHeHM 
naaepHLIX cTpHMepHWC KaMep, B TOM llHCne 'llHCTHM BOAOPOAOM, MeTaHOM, ap
rOHOM. 

9. 3KcnepHM6HT8JlbHOe AOKa3aTeXbCTBO B03MOllHOCTH nonyqeHM HHqi<>p
Ma~ 0 rxy6oKOHeynpyrHX B3aHMOAeRcTBH.IDC Ha tlHCTLIX .fJ,ll,6pHWC 11H111eH.1DC Ha 
OCHOBe pe3YXbTaTOB HCCXeAOBaHM pac~enxeHHH .fJ,ll,ep 40..irnpoTOHBMR(l raB), 
rAe noxyqeHH yrnoaHe, 3HepreTHtieCKHe, KOppeXHqHOHHl,18 xapaKTepHCTHKH 
IlPOAYKTOB rxy6oKOHeynpyrHX B3WIMOA6HCTBHR. 

IO. Pa601lllH BapHaHT KOHCTpyKqHH ny3HpbKOBOA KaMepN C TpeKO'QYBCT
BHTenbHNM·O~eMOM, BWOXHeHHHM B BH,IJ,e TOHKoro nxocKoro AHCKa (nHCTO
BM KaMepa). YcTaHOBKa Ilp0AHa3HatieHa AnH Ae~KTOCKOilHt18CKHX HCCXSAO
BaHl!R. 

CO).\EPJWillE PAEOTli 

,llHccepTaQHH COCTOHT H3 BBeAeHHH, IlHTH rxaa, 38.KXnqeHHH H npMO
lleHHSI. 

Bo BBeµeHHH cqiop.uynHpoaaHa npo6xeua, pemeHHn KOTopoa nocs~eHa 
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AHCCepT~OHHM pa6oTa. 0Ha CBJl3atta c HccneAOBaHHeM r.ny6oKOHeynpyrmc 
MHOroqacTHtrublX AAepHWC npoQeCCOB B o6nacTH npoMeJKYTOllliIDC 3HeprHR Ha
neTSJJiqHX qacTHQ. PeaynbTaTY HCCneAOBaHHR.AAepl-WX B3aHMOAeRcTBHR B 
3TOR o6nacTH 3HeprHH HMeDT BWEHOe 3HaQeHHe C HayqttoR H npaKTHQeCKOR 

TOQeK apeHHn. 
AHaJIH3 3KcnepHMeHTaJlbl-WX HccneAOBaHHR, BWOnHeHI-WX aa nocneAHHe 

roAU, HOBYe TeopeTH~eCKHe HccneAOBaHWi Tpe6~T OT 3KcnepHMeHTaTopoB 
HOBWC H 6onee AeTaJibHliX peaynbTaTOB O rny60KOHeynpyrmc 8,IU)OH-AAepl-WX 
B3aHMOAeRCTBHJIX Ha H30TOilHO QHCTWC AAepHWC MHllleHJDC. &ro lie Tpe6oaaHHe 
B COQ~TaHHH C BYCOKOR TOQHOCTbD perHcTpaQHH cneAOBOR HHqx:>pM~H B03 -
HHKB.eT npH perHCTpa.QHH H HccneAOBaHHH BpeMeHH USHH H KaHMOB pacnB,D.a 
HOBl:,IX HecTa6HJlbHWC qacTHQ c BpeMeHaMH l013HH 10-12- 10-13c. BoaMOllHOC
TH cyiqecTB~llp1X ue~OAOB perHcTpaQHH MHOroqacTHQHWC pac~enneHHR He MO
ryT B nonHoR wepe o6ecneQHTb pemeHHe 3TOR 38,11.aQH. TaKan CHTy~n CTH
uynHpyeT HccneAOBaHHSi, HanpaaneHHhle Ha paapa60TKY H C03AaHHe HOBWC 
AeTeKTopoa AAepHWC aaaHMOAeRcTBHA c pa6otmMH xapaKTepHCTHKaMH,npeaoc
xo~ xapaKTepHCTHKH cyiqecTB~HX perHCTpaTOpoB. 

Ilepaan rnaaa HOCHT o6aopHhlR xapaKTep. Otta noca~eHa aHanHay MHO
rotmcneHHYX pa6oT HccneAOBaTeneR B paaHWC na6opaTopHSiX B HameR cTpaHe 
H aa py6ezou, Ha.npaMeHHWC Ha paapa60TKY H C03AaHHe HOBl:,IX AeTeKTO~B 
Anll perHCTpaQHH rny6oKOHeynpyrmc, MHOroqacTHtruHX AAepHYX B3aHMOAeRcT
BHA. 

Ilocne C03AaHHn B KOHQe copOKOBWC rOAOB B PAAe CTpatt CHHXpOQHKno
TpoHOB HCcneAOBaHHn rny6oKOHeynpyrHX B3aHMOAeACTBHA 6unH HaQaTY BO 
MHOrHX na6opaTopHSiX. llayqancn COCTaB BTOpHllliIDC qacTHQ, HX 3HepreT~ -
qecKHe H yrnoaue pacnpeAeneHHSi. OcHOBHYM npH6opou Mn TaKHX HccneAo
BattHR cnymuiH AAepHhle qx:>T03M;ynbCHH. llaBeCTHhle orpaHHqeHHSi 3TOro Me -
TOAa no6yir,t\aJIH HCCneAQBaTeneA HCKaTb IlyTH Mn npoBeAeHHn 3KcnepHMeH
TOB C QHCTYMH MHmeHJUIH H B03MOllHO 6onee nonHYM aHaJIH30M npO.DJfKTOB 
AAePHYX pac~enneHHA. 

llacTb HCCneAOBaTeneA IlYTaJiacb npHcnoco6HTb H3BeCTHhle npH60pY, B 
TOM QHCne KaMepy BHJibCOHa, nyaYpbKOBYe,AHgqi,}'3HOHHhle KaMepy Ann Hccne
AOBaHHR AAepHYX pac~enneHHR 6ea KaKHX-nH60 nepeAenoK. OrpaHHqeHtwe 
B03MOmfOCTH 3THX npH6opoB He Il03BOnHJIH BeCTH nonHOQeHHYA aHMH3 xa -
paKTepHCTHK Ilpo.DJfKTOB B38.HMOAeACTEHSi B He06XOAHMOM AHanaaoHe • .ll;In HC
cneAOBaHHJI MaJio.nyqeawc pac~enneHHA 6WIH HCilOnb30BaHY cTpHMepHhle KaMe
PY, pa60T8JJ~e B pe&HMe CaMOmyHTHpOBaHHn. 

IlonouTenbHhle peayn&TaTli 6WIH AOCTHrHyTY npH paaBHTHH MeTOAa 
AAePHYX qx:>T03M;ynbCHA. MeTOAOM 8,II.COp6QHH nH60 nyTeM npHMemHBaHHSi quc
TWC MaTepHMOB B HHX BBOAHJIHCb AAepHhle MHl!IeHH, trl'O Il03BOnHJIO C onpe
AeneHHl,IMH TPYAHOCTSIMH npH aHSJIHae BWOnHHTb nepaue 3KCnepHMeHTY Ha 
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QHCTWC AAepHYX MHllleHHX - ypatte, yrnepoAe H HeKOTOpwc APYI'HX SiAPSX. 
3HaQHTenbHYM ycoaepneHCTBOBaHHeM MeTOAa AAepHWC q,oT03yYnbCHA nanneT
cn paapa60TKa HOBWC TpeKOtiYBCTBHTenbHYX MeHOK Ha OCHOBe KpHCTannOB 
Hadl,gC£. XoTn QHCno paaHYX AAep B HOBWC AeTeKTOpax YMSHbWHnOCb no 
cpaBHeHHD C qx:>T03yYnbCHSiMH, ace orpaHHQ8HHn B03MOllHOCTeR HOBWC A8TeK
TOpOB OCTMHCb Ilp0llHHMH. 

B 1965 ro.DJf 6un Ilp0MO&BH cnoco6 perHCTp~H AA8PHWC MHOroqac - . 
THQHWC B3aHMOAeACTBHA B nonHOM 061,ewe Ha OCHOB8 . .A;I1;8pHoi1 qJOT08M;yJII,
cmi: Itait Mlllll8HH a 061,ewe nyaup&KoaoA Kauepi/11. YcTattOBKa TaKoro poAa 
HeCOMHeHHO pacmHpneT B03MOllHOCTH HayqeHHSi npoQeCCOB AAepHoro B3aHMO
AeACTBHSi, OAHaKO Mn pemeHHn 38,11.aq AAepHoA q)H3HKH, Tpe6~~HX onpeAe
neHHWC H paaHWC AAepHl:,IX MHllleHeR, 6WIO He06XOAHMO Apyroe, 6onee nonHoe 
pemeHHe cTo~eR aB,D.aQH._ 

TaKHM o6paaoM, B 3KCnepHMeHTaJlbHOl-\ AAepHOR qJH3HKe K 70-M rOA8.M 
cno&Hnacb cep&eaHM npo6neua. Ann ee pemeHHn 6uno Heo6xOAHMO paapa6o
TaTb H C03AaTb HOBYe TpeKOBYe AeTeKTOpY, o6ecneQHB8JJ~He B03MOllHOCTb 
BYCOK03~KTHBHWC HccneAOBattHR MHoroqacTHQHWC AASPHWC peaKQHR. 

Tpe60BaJIOCb, QT06Y HOBYe AeTeKTOpy o6nB,D.aJIH cneAYD~MH KaqecTBa
MH: 

- o6ecnetmBaJIH B03MO&HOCTb npoBeASHHSi HccneAOBaHHA Ha QHCTWC, B 
TOM QHCne MOHOH30TOilHWC, AAepHWC MHmeHHX; 

- o6nB,D.aJIH BYCOKHM npocTpaHCTBeHHYM paapemeHHeu; 
- perHcTpHpOBaJIH Bee aapsmeHHYe Ilpo.DJfKTY AAepHWC B3aHMOAeACTBHl-\ 

B IDHpoKOM 3HepreTHQeCKOM H yrnOBOM HHTepaanax; 
- pa6oTanH B uarHHTHOM none Mn o6ecneqeHHSi attanHaa aapAAOBoro 

COCTaBa npO.DJfKTOB peaKQHH. 
HacTO~M pa6oTa IlOCB~eHa pemeHHD 3KCnepHMeHTaJlbHOR npo6new: 

paapa60TKe, C03AaHHD H HCcneAOBaHHD B03MOllHOCTeR npH pa6oTe Ha YCKO
pHTennx HOBWC Tp0KOBl:,IX AeTeKTOpoB, YAOBneTBOpSiDiqHX IlOCTaaneHHYM Tpe-
60BaHHSIM. 

OcHOBOl-\ Mn pemeHHn npo6new nanneTcn Ilp0MOZeHHe aBTopa pa60TY 
0 C03AaHHH Mn perHCTPOQHH MHOronyqeswc AAepHWC B3aHMOAeACTBHA cnoz
HWC (rH6pffAH1,1X) CHCTeM, COCTO~ H3 AeTeKTOpa BepnHHhl pac~enneHHSi H 
AeTeKTOpa 6ucTpwc qacTHQ, KOTopue CBnaaHY Mel(JO' co6oA cfl.YHKQHOHaJlhHO. 
H no CBOHM xapaKTepHCTHKaM AOilOnHSiDT AP1I' Apyra. 

Ann perHcTpaQHH aepnHH B3aHMOAeRcTBHn npeMO&eHO HCilOnb30BaTb 
KaK H3BeCTHhle cnoco6y B BffAe Kauepu BMbCOHa cneQHaJibHOR KOHCTPYKQHH, 
TaK H HOBYR cnoco6 perHcTpaQHH TpeKOB B cneAOBWC A8T8KTOpax. HoBYR 
cnoco6 3aKnDllB.eTcn B A8T8KTHpOBaHHH cneAOB B Tp0KOBWC A8T8KTopax KaK 
npospaimwc 01ITl:l'i8CIWX HSOAHOPOAHOCTeii C npllM8H8Hll8M KorepeHTHoro nany
qeHHSi naaepoa H ronorpa4)HH. 
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3KcnepHMeHTaJibHOe P8.3BHTHe 3THX npe,11,JlOJEeHHll, o6ecnetruB~lllee pe
mettHe CTOJI!ljell npo6new, COCTaanneT COAepxB.HHe nocHe,IJ,yilll!HX rnaB AHC -
cepTBJ.\HOHHOll pa60Thl. 

BTopan rnaaa OOCBJilljetta OOHCaHWJ 68.30B0ll ycTaHOBKH - 130-HHTpOBOll 
Tn&eHOJEHAKOCTHOll nyahlpbKOBOll Krutephl, npeAH8.3HaqeHHOll ,11,Jlfi pa60Thl C MH
weHJDm, YcTaHOBKa C03Aatta AHB H3~eHHB B3aHMOAellCTBHB qacTH~, ycKopn
eMblX Ha CHHJCPOWiKHOTpotte Jll1Sl!b, c fiAPaMH. 3To-onpeAeHHHO ee p8.3Mephl H 
BeHHtn!tty MarHHTHoro nonn B MarHHTe LC-12, B KOTOpOM Otta paaMe111etta BO 
BpeMH pa60Thl Ha ycKOPHTene/2/. 

PaaMephl qx>TOrpa.qiHpyeMoro pa6oqero o6aeMa paBHN 800x400x400 MM~ 

IlpH ttanontteHHH KaMephl CMeCbD ~peOHOB 13 H 136-1 HMnyHbC HaH6onee 6h!C
Tpoa ~TH~ OT YCKOpHTenn-npoTOHa C atteprHea· l raB, paBHNB 
1690 MaB/c, MOJEeT 68Tb H3MepeH C TO~OCTbD He xyxe 15%. :Hrutepa CKOH
CTpYJApoBaHa ,11,Jlfi pa60Thl C BHyTpeHHHMH MHWeHHMH B BJAAe Tpy6 C raaoBUM 
ttanontteHHeM, MePHWC qx>T03M,YHbCHll H cneW1aJibHliX TpeKOtiyBCTBHTeHbHblX 
CHeAOBWC AeTeKTOpOB. · - · 

MarttHT .IC-12 peROHCTpyHpOBatt. OH o6opyAOBaH noaopoTHOll IIJiaTqx>p
MOll, ROTOPM o6ecnetruBaeT B03MOllHOCTb era paaaopoTa tta±l5° OT OCHO
BHOro HanpaaneHHB, ~o 003BOHBeT BBOAHTb B pa6otrua o6aeM HaMephl ye -
HopettHNe ~acT~ B AHanaaoHe wmynbcoa oT 400 AO 1700 M3B/c. 

KOHCTPYHWifi TH&eHOJEHAHOCTHOB nyahlpbHOBOll Krutephl npHBeAeHa Ha 
pHc,l. IlpHBeAeM OOHCattHe HeHOTOpwt HaH6onee xapaRTepHHX Y3HOB ycTa -
HOBHH. 

Kopnyc RB.Mephl HaroToanett H3 ttepxa.Belllllell cTa.nH 1Xl8HlOT. Kauepa 
HCOUTatta.Ha AaBnettHe OKOHO 100 aT, trrO 003BOJIBeT HCOOHb30BaTb ee ,11,Jlfi 
pa60Thl C nponaHOM, ~eOHaMH H JEHAHOll yrJieRHCHOTOB. PacmHpHTenbttlill Me
XaHH3M C raaOBl,OI npHBOAOM C03Aatt (5e3 BOAfiHOro 6yq,epa. TaKas KOHCTpyH
~fi o6ecne~a HaH60HbmyD OAHOPOAHOCTb uarHHTHOro nonn B pa6oqey 060-

eue HaMepi,I H no-rpe6oaa.na 60Jibmoa TlllaTeJibHOCTH H3rOTOBJieHHB Bcex Y3JIOB 
ntteBuonpHBOAa Ka.Mepw. 

OcoOeHHOCTbD HOHCT~H HaMephl BBHB8TCB ycTpoACTBO KpeIIJieHHH 
paOoqero 3~THorp cTeKJia c paauepou 850x440x440 dH cTeHoJI B OKHax 
,11,JlB qx>TorpaqiHpOBattHH. OHH COOpaH!i B eAHHYD CHCTeM,Y H OTHlCTHpoBaHU Ha 
06111eu HeCYllleM HOpnyce - KOJIO&Ke npOTHBOAaBJieHHS. &ra ocoOeHHOCTb Ha
Nephi o6ecnetruBaeT coxpattHOCTb OCHOBHOA DCTHpoBKH OOTHqecKoll CHCTew 
np14 YOTBHOBR8' H OTJIUHBattHH BHyTpeHHlitX MH1118HeA. 

B nepeAttew -rop~e Ropnyca KaMepe HaxOAHTca OKHO c paauepou 180x 
x?O MM~ OHHO npeAH8.3HaqeHO ,11,Jlff BBOA& nyqKa H ocae111eHHH BHyTpeHHHX YH

mettea nyahlpbKOBOll HaMepy. BttyTpH RaMephl OKHO HMeeT cne~aJibHhlA cp.natte~. 
npeAH8.3HaqeHHUll ,11,Jlff HpenJieHHH MHllleHeA HJIH 3arJiymKH C TOHHOCTeHHhlU OK
HON. 
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PHc. I~ lioHCTp~ TDeJIO&ifAKOCTHOA ny3Iip&KOBOA 
KaMepw: I - OCHOaaHHe Kawepw; 2 - Kopnyc 
pa!So-qero o6I.e.wa.; 3 - KOJinaK npoTHBo,11,aMe
Hu; 4 - OCHOBHOe 38Dp!THOe CTel<JIO KaMel)l,l; 
5 - OKHO ,D,JIJ1 BBO,D,a 'QB.CT~ H OCBe~eHM pa
(So-qero o!S~ewa Kawep1,1-10011eHH. 

PHc. 2. KoHCTPYKI.\Kll Kawepw-MH!lleHH: l - q:Jla.Heq 
IJY3Iip&KOBOA Kato1ep1,1; 2 - 4].lia.Heq KaMep1,1 
YHlll8HH; 3 - KOpnyc KSMep1,1-MH1IIeHH; 4 -
qiJia.Heq Jl,JUI KpenneHM OKHa H3 JiaBcaHa; 
5 - 3a!'JIYlllKa HOHOnpOBO,D,a; 6,?,8,9 -
,11,eTaJIH pacmHpHTeJI&HOA CHCTew; IO -
,11,HO KawepH-lffl!II8HH. 



B o6oeMe ny3blpbKOBOA KB.Mepbl pasMeiqeHa Kru.tepa BHJibCOHa - BepmHH

Hbl0 AeTeKTOP c aBTOHOMHOA CHCTeM00 pacmHpeHHn H OCBeiqeHM. Kru!~pa 

BHJibCOHa pacctmTaHa Ha pa6oTy npH BHy-rpeHHeM AaMeHHH 3 aT H ttapyz -

HOM AaMeHHH OKOJIO 30 aT. Cxe.Ma. K8Mepu-MHI110HH npHBeAeHa Ha pHc.2. Pa-

6otmlt o6oeM ee HMeeT AHaMeTp 220 MM, BblCOTa - 100 MM. 
06ecneqeHHe pa6oTocnoco6HOCTH rH6PHAH00 CHCTeMbl noTpe60BMO pe -

meHHJI cpasy HeCKOJibKHX HOBblX cneJ..1Hgil!'1leCKHX s~aq. 

0AHa H3 HHX - nponycK noToKa qacTH~ qepes o6oeM KB.Mepbl npH MHHH

MMbHOM qioHe nocTopo_HHHX AAePHbDC peaK~. OTO AOCTHrHy-ro Bb160p0M KOH

CTPYKJ..IHH BBOAHOrO OKHa Kru.tepbl H C03AB.HHeM HOHOnpOBOAa B pa6otleM 060 -

ewe ny3blpbKOB00 KaMepbl. 

~ran npo6JieMa - TeMnepaTypHM COBMeCTHMOCTb AByx RaMep. Jinn 
Toro trr06bl B RaMepe BHJibCOHa 6bln MHHHMMbHbl0 q)OH, ee TewepaTypa He 

AOJillHa 6b1Tb Bblllle 20°c. TseJIOllH,!l.KOCTHble KaMepbl o6bltlHO pa60T8!1T npH 

60JibmHX TeMIIepaTypax. PemeHHe Bonpoca 6blno HaR,D,eHo nyTeM noA6opa cue

CH qipeoHoB, HanoJIHJD>lllHX nysblpbROBYI) KaMepy. CMeCb ~13 - 30% H ~13Bl 

- ?0% Il03BOJI.ReT Bb16paTb pa6otzyD TeunepaTypy OKOJIO 20°c. 

tt HaRoHe~. npo6JieMa perHCTPaJ..IHH RapTHHbl AAepHoro B3aHMOAeACTBHH 

B rH6pHAHOA KIUlepe~ ROTOpaH BblnOJIHMacb eAHH00 qlOTOrpe.¢HqecKoA CHCTe-
M00, BKJIDq8.l)lqeA TPH qioToannapaTa. . 

B CB.R3H C TeM, tlTO TpeKH B nysblpbROBOR Rru.tepe H Rru.tepe BHJibCOHa 

pacTyT C pasHoA CKOpOCTbD, AJI.R HX ocBeiqeHHH 6blnH HCnOJib30B8.Hbl He3aBH

CHMble CHCTeMbl OCBeiqeHHH. 3~ePJIRa BpeMeHH qlOTOrp&pHpOBB.HHH nysblpbKOB 

B nysupbROB00 RaMepe - 3 MC, a RaneJib B RaMepe BHJibCOHa - 100 MC. /J.o

nOJIHHT8JibHM CJIOllHOCTb perHCTPaJ..IHH 8AHH00 KapTHHbl paciqenneHH.R B pas
HliX KaMepax Ha OAHy qlOTOM8HKY - pasHble BeJIHtmHbl H npHpo'Aa 3JieMeHTOB 

TpeKOB B nysblpbROBOA H KaMepe Bwu,coHa.Pasuopu nyaupLKOB-300-400 .MRM, 

a Kall8Jll, IIpR HameM pellltMe pa60Tbl-OKOJIO 100 MRM. EcTeCTBeHHOe pe

meHHe 3THX TPYAHOCTea npH q)OTOrp&pHpOBB.HHH HaR,Il,8HO H3 aHMH3a Bblpaie

HH.R AJI.R BeJIHtlMHbl OTHOCHT8JlbHOro OTBepcTHH f,Nfl,8 o6oeRTHBa npH qlOTOrpa
¢HpoBB.HHH o6oeMa RB.Mep: 

c,WlB :=& 2 {f + /Jo) V / Ii~ 1 
' Kfl.8 

rAe .Po - K03¢qlHJ..IH8HT yBeJIHqeHHH; P - BeJIHllHHa lp!l.30BOlt AeqioeycHpoB

KH; .Jl - C peAHJm BeJIHllHHa AJIHHbl BOJIHbl oc BeTHT8JI.R; .11 
- B8JIHtlMHa A8qlO

KYCHpO BKH B npocTpB.HCTBe H306pazeHHH. 
I 

B CB.R3H C Tew, tlTO BeJIHqHHa 111(8 npH qlOTOrpa¢HpOB8.HHH Kru.tepu 
BHJibCOHa B TpH pasa MeHbme, qew npH qlOTOrpaqiHpoBB.HHH nysupbKOBOA Ka

/ 
Mepw /JKn , TO AJin coxpaHeHHH B8JIH'llHHbl lp!l.30BOR 'A6qlOKyCHpoBKH H .RPKOC-
TH Hso6paieHH0 3JI8JreHTOB Tpexa npH qlOTOrp&pHpoBB.HHH Rawepu BM.llbCOHa 
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CJieAYeT yBeJIH'llHTb 3HatleHHe BeJIHtmHbl OTHOCHTeJibHoro OTBepcTHH o6oeKTH

BOB Cl(IJ. 
B HamHX YCJIOBH.RX BeJIHtmHbl OTHOCHTeJibHliX OTBepcTHH Bcex o6oeKTH -

BOB MeHMHCb aBTOMaTHqecKH sa 60 MC nocJie qlOTOrp&pHpoBaHH.R nysblpbKO -

Boa KB.Mepbl AO qlOTOrp&pHpOBB.HH.R Ka.Mepbl BHJibCOHa OT A = 40 <&l{n = 0,025) 

AO A = 21 (8KJJ = 0,048). 
Ben nocJieAOBaTeJibHOCTb cpa6aTblB8.HH.R HCnOJIHHTeJibHblX MexaHH3MOB 

rH6PHAHOH KaMepbl H YCKOpHTeJI.R o6ecne'llHB~TC.R cxeMoa ynpaBJieHH.R. 0Ha 

.RBJI.ReTcn, no cyiqecTBY, · ~eneBblM npo~eccopoM c "samHTo0" B Hero npor. -
p8.MMOH HCilOJIHeHH.R pa60tlHX onepaJ..IHil. Bb!XOA!,1 3JieKTpOHHliX JIOrHqeCKHX 

6JIOKOB CBn38.Hbl C ycHJIHTeJI.RMH MOlqHOCTH H HCilOJIHHTeJibHblMH MexaHH3M8.Mli 

3JieKTPHtlecKoro HJIH nHeBMaTHqecxoro THna, KOTOpble o6ecnetmB81lT cpa6a-

Tb1BaHHe B HyllH!,18 MOMeHT Krur,D,oro ysJia ycTaHOBKH. YIIpaBJI8HR8 

CRHlqlOIO!RJIOTpOHOM IIpR pa60T8 Ha ny,me TaKlK8 OCYJll8CTBIDI8TC.R CX8MOR 
ynpaBJieHM KaMepoA. Cxeya ynpaMeHH.R o6ecnetmBaeT "npHB.RSKY" MOMeHTa 

c6poca nyqKa OT ycKOPHTeJI.R C TO'llHOCTb!O H8CKOJILKO 'A8C.RTKOB MHKpoce -

KYRA K onpeAeJI0HHOM,Y MecTy KpHBblX H3MeHejiH.R 'AaBJI8HHJI B llH,!l.KOCTHOH H 

rasoBoa KB.Mepax. 

Ana Il0Bbllll0Hli.R 3¢qieKTHBHOCTH HCilOJib30BaHH.R nyqKa ycKOpHTeJin pa -

AHOTeXHHqecxoA cJiy&6oa YcKopHTeJibHOro OTAeJia ~ paspa6oTaH pellHM 

pa60Tbl CHHXPOJ..IHKJIOTpOHa, ll03B0JISOOlqH0 eeCTH OAHOBpeMeHtty11 pa6oTy rH6-

PHAHOA KaMepu C HeATpOHHWJ cneKTpOMeTpOM • 

IlocJie saeepmeHM cosAaHH.R ycTaHOBKH e 19?4 roAY H nycKa ee Ha 

nyqRe CHmsl?9J..IHMOTpOHa ee ROHCTPYK~ 6blJia 381qHiqeHa aBTOpcRHM CBHAe
TeJibCTB0,1~1. a OCHOBHble MaTepHMbl 06 ee ycTpoACTB8 H B03MOZHOCT.RX 
OilHCaHbl B ny~ 4, 5, 6/ • . . 

B TpeTbeR rnaee H3JiaraDTC.R pesyJibTaTbl IlOHCKOBblX HCCJieAOB8.HH0,Ha

npaMeHHhDC Ha paspa6oTey H C03'AB.HHe Hoeoro cnoco6a perHcTp~HH HHqiop

MaJ..IHH B TpeKOBblX AeTeKTopax C nplUleHeHHeM H3JiyqeHHn'naaepoe H rOJIO
rpaqi:im. 

B03MOllHOCTH eepmHHHliX AeTeKTopoe C rasoeblM HMOJIHeHHeM orpaHH -

qeHl,I. HH3KM IlJIOTHOCTb rasa orpaHHtmeaeT B03MOllHOCTb HCCJieAOBaHH.R 
.ff,ll,epHHX B3aHMOA8RCTBHA C M8.JllillH ceqeHH.RMH. 

IlpeACTaaxxeT 60Jibmolt HHTepec HCilOJib30B8.HHe nysupbROBblX KaMep B 

KaqecTBe eepmHHHliX AeTeKTOpoe, OAHaKO HX B03MOllHOCTH orpaHHqeHbl BblCO

KOA IlJIOTHOCTb!O AeTeKTHpYl)iqeA cpeA!,1, KOTOpaR He Il03B0JI.ReT BecTH HCCJie

'AOBB.HHH npoAYKTOB B3aHMOAe0CTBHJi c HH3KHMH 3HeprHJUm H npo6erBJ,1H, 
UeHbmHMH 0,5 - 1,0 CM. OTO 06CTO.RTeJibCTBO 3aKp~aaeT B03M03HOCTb HC -

CJieAOBB.HHH .ff,ll,0PHbCC B38.lUIOAeAcTBHA npH npoMe:zyTO'llHblX 3HeprH.RX C no -

MOlqbD nysblpbKOBi KaMep, pa6oTaDlqHX B o6iqenpHH.RTOM peJWMe. 
B pa6oTef?, BblilOJIHeHHOA c yqaCTHeM aBTOpa AHCCePTaJ..IHH, IlpeAJIO-
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•eH ny'l'b pacmHpeHHB B03MOllHOCTeA TpeKOBlilX AeTeKTOpOB, BKJil)'ll8JJll!HA ny-
31:ipbKOBlie·KWlepli. 

IlpaKTH"I8CRll B08.T,P8KOBlid ~8~8KTOPli npe~OTaBJlJDDT 00601 o~eHHHI 
oeh.eM, 3aIIOJ1HeHHblA IIpo3patmWI ,11.1IJI CBeTa (B B~HMOM AHaII8.30He 'IUlCTOT) 

MaTepHaJIOM - raao~ HJIH &H,IJ,KOCTbD, B KOTOpOM IIOCJ18 npoxo~eHHJI aaps
llteHHOA qacTH~ B CHJIY Tex HJIH HHl,IX lpHSHti:eCKHX Ilp0Q8CCOB OCTaeTCH 

'"AOp0lltKa", OTPaxaDll!M ny'l'b qacTH~ a o6oeMe perHCTpaTopa. 8JleMeHTli 
11AOp0lltKH" HJIH TpeKa qacTH~. KaK npaawrn, TO.a IIpo3paQHli, c~ecTBy
DT KOpOTKOe BpeMJI, a IIO CBOHM OIITHQeCKHM CBOACTBaJI OTJlHtlSJ)TCB OT Ma• 

TepHa.na, 3aIIOJlHSDll!ero AeTeKTOp. HaIIpHMep, K8JIJIH B KaMepe BMbCOHa,ny-

3liPH B nyaupbKOBOA KaMepe, CTpHMepli B CTpHMepHOA KSMepe HT-A· 
HawH npe,11.110J1teHO perHCTpHpoBaTb TpeKH B CJ18AOBI\IX AeTeKTOpax KaK 

npoapatnil,le OIITHQeCKKe HeOAHOPOAHOCTH B npoapaQHoA CpeAe C IIPHMeHeHH

eM ,l1.IIJI 3TOro KOrepeHTHOro K3JlyqeHHB Jl8.3epoB K rOJIOrpaqiHH. 

,Ua.nee B AHCCe_pTaQHH KpaTKO K3JlaI'8JJTCJI OCHOBHble - HHTepqiepe~ -
OHHliA H TeHeBOA - CIIOC06H perHcTpallJU! OIITHQeCKHX H80AHOp0AHOCTeA,Ko
TOpue KHTeHCHBHO pa3BHB8JOTCJI B IIOCJle,o,'Hee A8CBTHJI8THe B CBB3H C pa6o
T8JoOI B 06J1acTH 8.3p0AHH8l4HKH, ipH3HKH IIJla3MLI, AHHaMHKK B3puBHWC IIPOQec
COB. AH8JIH3 OCHOBHblX cnoco6oa perHcTpaQHH npoapaQHI\IX onTKti:eCKHX He -

OAHOpOAHOCTeA (IlOH) C npHMeHeHH8M T~HQHOHHOA annapaTypu - KHTepq:e
poweTpOB, npH6opoa TeIIJiepa KT.A. noaaoJIHJI cAeJiaTb BliBOA o TOM, Q'l'O 
B HamHX YCJIOBHJIX, B KOTOpbDC BallHl,IM MOMeHTOM BBJlJleTCJI OTHOCHT8JlbHM 
npocTOTa K BliCOKas tzyBCTBHTeJlbHOCTb aIInapaTypli K pe3KHM H3MeHeHKJIM 

KoagxliHQHeHTa npeJioMJieHKB y perKcTpKpyeMoro oeh.exTa, QeJ1ecoo6pa3Ho Ha 
nepBOM 3Tane KCCJleAOBaHKA npHMeHKTb TeHeBoA MeTOA perHCTPaQHH IlOH •. 

8TO oattaqaeT, QTO AJ1B Hae HaH60JlbWHA npaKTKQeCKHA KHTepec IIpeA

CTaBJlBKlT cxew noJiyqeHHB K BOCCTaHOBJleHKB roJiorpaw IIO cnoco6y ra6o

pa. 
06iqee BliprutteHKe ,11.1IB aMIIJIKTYAli CBeTOBoro nOJlJI w • npomeAfilero qe

pea roJiorpB.MMy npH ee aoccTattoaJieHHH npK ra6opoacKoA cxeMe roJiorpaipH-
poaaHHB,HMeeT B~ . 

2 
· 

w' =rr/(r+a) +,;2 
~; exp{tfr) +r/exp{i2:t,.)a.~ 

r - aMIIJlHTYAa n~BJJiqero CBeTOBOI'O noTOKa, f'o = rr*; a - aMIIJ!KTYAa, 
COAep;!t8.lllas HHq;opMaQHKJ 06 o6oeKTe; JPr - qiaaoaas xapaKTepHcTKKa cTpyK
Typli o6oeKTa. 

IlepBliA QJI8H 3TOI'O Bl:ilpallteHHJI onHCliBaeT qiopMHpOBaHHe AeAcTBHT8Jlb
HOI'O H300paxteHHB. TpeTHA QJI8H, nponopQHOHaJibffliH a1- MHHMOI'O. BTopoA 
QJI8H OTpBJKB.eT if'oH Ha BOCCTaHOBJleHHOM H306pallteHHH, KOTOPliA 06lillHO or
paHHQHBaeT B03MOlltHOCTH npHMeHeHHB ra6opoBCKHX cxeM roJiorpaqiHpOBaHHB 
H 3acTaBJIBeT IIOJlb30BaTbCB cxeMB.MH ]eATa H YnaTHHeKca C OTA8JlbHliM 
OIIOpHl:,lM IJY'IKOM • 
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B HBlllHX .a YCJlOBKBX, KOI'Aa perKC~Hpyi)TCB MaJllie H80AHOPOAHOCTH 
B orpaHHQ8HHI\IX KOJlHti:eCTBax, BeJlHQHHa,t-<< I,H n03TOyY BJlHBHlle qx>Ha 
MaJIO CKa3liBaeTCB Ha Kati:eCTBe BOCCTaHoi&eHHI\IX I'OJlOI'paw. IloMHMO 3TOI'O 

HMeeTCJI HeCKOJlbKO CIIOC060B 60pb6li C qi<)ttOM OT COIIpBll8HHbDC H306pallteHKA. 
~aJiee B I'JlaBe onKCaHbl aKcnepHMettTaJlbHble HCCJleAOBaHHB B03MOllHOC

TeA K ycJIOBHA peI'HCTpaQHH CTaTHtieCKKX H AHttrumtieCKKX IlOH B KOffAeHCH
poBaHHblX H I'8.30BHX CpeAax C npHMeHettHeM TeXHHKH I'OJlOI'paipHpOBaHHB. 

ABTOp0M C COTPYAHHKaMH C03AaH OAHH K3 nepBb!X B CTpatte annapa -
TYPHbDC KOMIIJieKCOB, no3BOJlHBmHX BliIIOJlHHTb KCCJleAOBaHHB no HaaBaHHOA 

nporpB.MMe. 
I'JlaBttOe Tpe6oBaHHe K annapaType, C03AaBaewoA ,11.1IB noJiyqettHB ro -

JlOI'PaMM TpeKOB 3apsmettHliX qacTKQ,- o6ecnetiettHe AOCTaTOQHO BliCOKOA Be

JlKtlKHbl qia.KTopa V - B~ttOCTK roJiorpruo.w: 

V = IMaKc - IMaH , 
I Ma.Re+ IMttH 

I~ HttTettCHBttOCTb caeTa, qx>PMHPYDll!M roJ1orpa¢Ht1ecKYD pemeTKy. Otta 
onpeA8JlB8T B8J1Ht1Htty CB8TOIIponycKaHHB pemeTKH B MHH. H MaKc. ee no -
tiepttettHB t(I}~KI K ee, TaKKM o6paaow, AHqipaKQHOttffYD aqiq:eKTHBttocTb. 

ll3JlOZettttoe onpeAeJlKJlO nporpWJMY au6opa H ttacTpoAKH 3JleMettTOB, 

BXO~HX B cxeyY I'OJlOI'pagiHpoBattKJI, B nepBYD otiepeAb Jl8.3epa, qx>TO -
IIJiettKH, cneQHa.nbttOI'O CTOJla H tta6opa onTHti:8CKHX 3JleMettTOB. 

Ans roJiorpaipHpoaattKa cTaTHti:ecKHX IlOH 6wx HCIIOJlb30Batt He-Ne J1a-

3ep OKI'-II MOll!HOCTbll 2 MBT c ,11.11HttoA BOJIHN l = 632 HM. Bwxa BliIIOJl
tteHa ceJieKQHB noneJ18tl:HblX MOA KOJ1e6aHHA, KOTopas 06ecnet1HJia mHpHHy 

IIOJlOCli H3JlYQeHHH A~, 6JIK3KYD K 1500 MI'Q. IlpH 3THX YCJIOBHBX ~JlHHa KO
repeHTHOCTH H3Jlyti:eHHJI Jlaaepa t paaHa 

JI ,., 0,32 ·C 6 
1, = ' llY = CM. 

Ana perHCTpaQHH I'OJiorpaw 6Wia Bli6paHa qJOTOIIJ18HKa "IAHKpaT-600". 
,Q.ns ee OIITKMaJibHOA aacBeTKH Ha cpe,IJ,HeM ypoBHe IIJ!OTHOCTH Heo6XOAHMa 
3HeprHB IOO M'1fJ];l/cw2. &ro oaHati:aeT, ti:To ,11.1IH roJiorpaMMU c paaMepow 
IOxIO cw2 Heo6xoAKMa aKcnoaHQHJI c HamHM Jiaaepou OKOJlo IO c. &ro 06-

cToBTeJibCTBO onpeAeJIHJIO :.ecTKHe Tpe60BaHKB K KOHCTPYKQHH IIJlaTqx>pw 
,11.118 rOJlOI'paipHpoBattHB. 3a BpeW! roJiorpaipHpOBaHKJI HeAOIJYCTHM CABHI' 

roJ1orp8.MW Ha BeJIHtmHy,npeBiiDIBJJll!YD 0,5.d. CTOJI ,11.1111 roJ1orpariiHpoaattKJ1 
6WJI H3rOTOBJlett B B~e T&eJlOA CTaJlbHOA IIJ1aTqiopML1, paaueiqettttoA Ha qe
Tl:ilp8X ttaKatmHHI\IX aBTOM06HJibHWX 6aJIJlOHax. 

-0AHHM H3 Ba&HHX Tpe6oBattHA K IIJ18HK8 SiBJlB8TCSi,paapemeHHe. Otto on

peAe~aeTCJI ,11.1IHHOA BOJIHH H cxewoa roJIOI"~poBattHJI. 
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JI. 
d= 2 Si120 ' 

r,11,e d - mar ro;rorpaipmmcKoR pemeTKH, 8 - MaKCHMaJibHID\ yroJI Me~ 
Jlyt18.MH, HHTepq,epHpyDll!HMH H8. I'OJIOI'pawe; .i/, - ,11,JIHHa BOJIHli H3JiytieHHJl. 
IlpH BblOOpe IlJieHKH HeOOX0,11,HMO KpoMe paapemeHHH ooecnetrn:Tb ee ceHCHO~

JIH3a~. COOTBeTCTByDuzyIO ,11,JIHHe BOJIHH Jiaaepa, H CBH38.HHyD C HeR 

CBeTOtiyBCTBHTeJibHOCTb. 
B nepaoR cepHH aKcnepHMeHTOB, on:11caHHl>IX B pa60TaxfB, 9 ,lO/, B 

KaqecTBe oooeKTOB ro;rorpa.¢:ltpoBaHHJl oHJIH BH6paHH: 

A. IlyablpH B CTeKJIRHHOM OJIOKe. 
/J.ll = 0,33 - P8.3HHI.18. B K03qxpHI.1HeHTax npeJIOMJieHHHj 

V = 100 cw3 - ro;rorpa4:1tpyewR oooeM; 
{) = 0,01 - 0,5 CM - paaMep H80,11,HOp0,11,HOCTH (IlY3HPH). 

B. Bo3,D,ylllHM IlOJIOCTb, IlpHJieI'aJ)r.qM K HarpeToR ,11,0 300°C npoBOJIOK8. 

All. = 0,003~ 
Vn50CMj 

0 = l - 3 CM. 
WJIH aaperHCTpHp0B8.Hbl I'OJiorpaMMl,I 00b8KTOB AH B H BOCCT8.HOBJieH!il 

a caeTe He-Ne ;raaepa. B paooTe npHae,11,eHbl cJio'liorpaipHH aoccTaHoBJieHH!ilX 

H300p8.11teHHR. 
Ha OCH0B8.HHH 8.HaJIH3a llQJiyt18HH!ilX peayJibTaTOB B ,11,HCCepT~H c,11,e

JiaH BblB0,11, 0 npHMeHHMOCTH npe,11,JIOZeHHOI'O MeTo,11,a ,11,JlR peI'HCTp8.l.lHH CT8.TH

t{8CKHX IlOH, a TalOICe llOKaaaHa B03MOllHOCTb IlOCJie,11,0BaTeJibHOI'O 8.H8.JIH3a 
pacnOJIOZeHHlilX B npocTpaHCTBe o6oeKTOB no HX H300palleHHRM, BOCCT8.HOB

Jl8HH!i1M c ro;rorpruow. B npHHI.IHile,aTa B03MO&HOCTb noaao;rneT yaeJIHtrnT& 

aarpyaKy I'OJIOrpaipHpyeMlilX CJl8,11,0BblX ,11,eTeKTOpoB nepBHQHliM Ilj'llKOM npH 
3KCll03HI.1HH Ha ycKOpHTeJinx. 

Ilpo,11,oJIJ!M HCCJie,11,0BaHHH, ONJIO HeOOX0,11,.HMO yCT8HOllTD BOSMOlltBOCTD 
no;ryqeHHH H BOCCTaHOBJieHHn I'OJIOI'paMM ll0,11,BHEib!X HJIH ,11,HHaMHtleCKHX OOo

eKTOB. OKOHtlaTeJibHblR OTB€T Ha aonpoc O B03MOllHOCTH I'OJIOI'pa4}HpoB8.HHH 

IlY3HPbKOBblX KaMep MOI' OblTb'AEW TOJll,KO IlOCJI9 8KCll8pHMOHTOB Ha p9.slJlliHOM 
npH6ope. 

Onpe,11,eJieHHblR HHTepec K TaKOyY 3KCnepHMeHTY OblJI CBH3aH C pa6oTa
MH 8.BTOpa, B KOTOpblX OHJIO c,11,eJiaHO H OOOCHOl!aHO npe,11,JIO]lElHKe O aJ3H01lt

HOCTH paoOTbl I'OJIOrpa.¢:ltqecKOR nyaHpbKOBOR KaMepbl B cne1.1HaJibHOll pe2th,~e 
c BhlCOKHM paapemeHHeM H no cpami:emm, c cJioTorpa4}HqecKHMH iaurepawi 
OOJlbIDHM p8.00QHM OOoeMOM. 

&iJia H3BeCTHa aaBHCHMOCTb IlJIOTHOCTH llY3HPbKOB Ha TpeKe sapmieH
HOR tJaCTHl.lbl B nySHpDKOBOil: KaMepe OT ee pa6oqeR TewnepaTY!)H T, neper

peaa npH pacm:11peHHH !!p H BpeMeHH pocTa ny~~g t . Otta HJIJIIJCTPHPY -

---:.~~:)-:,}lf 
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eTCH I'paqlHKOM, npHBe,11,eHHWi Ha pHc.3. lla rpa4}HKa BH,11,HO, QTO,yBeJIHtlHBM 
neperpea 11p B ny3lipbKOBOR KaMepe, H8.llOJIHeHHOR nponattow OT 8 ,11,0 I2 aT, 
H coKpar.qan BpeMH pocTa nyaHPeR OT l MC ,11,0 0,1 we, MOllHO yaeJIHtrn:Tb HX 
IlJIOTHOCTb B HeCKOJibKO ,11,eCHTKOB paa. Heo6xo,11,HMoe paapemeHHe no o6oewy 

KawepH OHJIO npe,11,Jio&eHO o6ecneqHTb aa CtleT npHMeHeHHH ,11,JIH perHCTpa~H 
TpeKOB I'OJIOrpa.¢:ltH. 

PHc. 3. 

~ 
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,,----------------, 

O 100 200 JOO "10 . 500 600 

aa.nepIKa BClllllllKK (NKC) t' 
OKCneplilleHTaJibHM aaBHCHMOCTb IlJIOTHOCTH nyaHpeR B npo
naHOBOR KaMepe OT I'JIYOHHbl pacmHpeHHH ,~p) H BpeMeHH 

' a~eJ»IKH qx>Torpa.¢:ltpoBaHHH ( L), 

• 
Ha OCHOB8 M0,11,8JIH, pasBHTOH A.A,IlHCTOJibKOpcOM ,11,Jlfi OilHCaHHfi npo -

1.1ecca 38.llHCH H BOCCTaHOBJieHHH I'OJIOrpa.wJE, OHJia pacClfflTaHa BeJIHlfflHa 
OOJiaCTH C paapemeHHeM (e IlJIOCKOCTH, napaJIJieJibHOR I'OJIOI'paMMe) He xyze 
flJJ/. ,11,Jlfi py6HHOBOI'O Jiaaepa. QqepTaHHe ee rpaHHI.1 npHBe,11,eHbl Ha pHc.4. 

llcnoJib3YH ,11,8.HHble rpa¢HKa, MOZHO onpe,11,eJIHTb, QTO OHa paeHa ,11,JIH I'OJIO -
I'paMW. 5x5 c.l- I; = 100 CM. IlpH qx>Torpaq:HpOBaHHH B8JIKlmHa I'JIYOHHbl pea
KOCTH B npocTpaHCTBe npe,11,MeTOB ~ TeMH :ae YCJIOBHRMH J;p paBHa 

/1rp ~ 3JR =2MM. 
01.1eHKH IlOK8.3blB!UlT, QTO npH I'OJIOI'pa.¢:ltpoeaHHH w MO&eM HMeTb IlHTH,D,ecn -
THKpaTHID\ BbiHI'phllll B BeJIHQHHe peI'HCTpHpyeworo o6oeMa. 

B 1968 I'0,11,Y B ~M aBTOpOM H COTpy,11,HHKaMH 6b1Jla paapa60T8.Jta H coa
,11,8.Ha nepBM I'OJIOI'paq:HtleCKM nyablpbK.OBM KaMepa C o6oeMOM 0,5 JIHTpa. 

Otta OblJia HCilblTaHa B pa6oTe C HMilY,JibCHWiH peHTreHOBCKHMH Tpy6KaMH, HC
TOtlHHKOM 60co, CHHXpoTpOHOM ~13/. 

fJiaBHOe Tpe6oeaHHe K cxeMe I'OJIOI'pa.¢:ltpoBaHHfi ,11,HHaMHtleCKHX, TO eCTb 

* A.A.ilHcToJI&Kopc.JJ,AH CCCP, 1967, T.172, J 2, c.334. 
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PHc. 5. 

MOAeJibD A.A.llilcTOHbKopca. 

:tl:f ---- _3,., 
.tliil 

Cxewa OilTHQeCKOR CHCTew ronorp.poBaHHJI MMOR ~peOHO

BOR KaM8pli Ha CHHXp0TpoHe: l - py6HHOBYR naaep; 2,3,4, 
5 - AeTMH peaoHaTopa naaepa; 6 - scnoworaTeJibttYA naaep; 
?,8,9,10,ll - AeTMH onTHqecKoR Te~ecxonHqecxoR cHcTew; 

12 - ASRHTeJib nYlU(a; 13,14,15 - nyal,l!)bKOBas xawepa; 16 -
ronorpawwa; 18 - BaKyywtrut xawepa CHHXpoTpoHa. 
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M8HmO~HX CB08 IlOJIO&eHHe B npocTpaHCTBe, 06D8KTOB -- KOpoTKHR Jl8.38p

H1,1A HMnYJibC, IlpH 3TOM He06XOAHMO coxpaHHTb Ha AOCTaTOqHOM ypOBHe Be
JIH~HY KorepeHTHOCTH JiaaepHoro H3H~8HHH, 8 AHCCepTa~H AaHl,I oqeHKH 
He06XOAHMOR AHHT8JibHOCTH naaepHoro HMilYJibCa npH perHCTP~H TpeKOB B 

ny3l,l!)bKOBWC K8Mepax. 

Ha pHc.5 npHBeAeHa cxeua pacno~o~eHHR ronorpa¢HqecKoR K8Mepy Ha 
CHHXpoTpOHe Jlllil.~. B KaQeCTB8 OCB8THTeJIH 6b1Jl HCilOJib30BaH HMnYJibCHl,IH 

Jiaaep "PaaAaH 2M" C naccHBHYM ¥0AYJIHTOpoM Ha pacTBOpe ~MaqHB.HHHa 
BaHB,11,HH, )],JIHT8JlbHOCTb CBeTOBoro ,HMilYJibCa B O.u;ROim'IKOBOM P8JIUIM8 reHe

pa~H - 20 HC. )],JIHHa BOJIHl,I HSJiyqeHHH - 694 HM, B RS,''!~CTB8 perHCT!)llpYJ>

JllllX c»<>TOMaT8pllaJIOB HCilOJII,30BaJlliCD c»<>TOII.7l8HRH,WQTOilJiaCTHHFll COB8TCRO
ro IIpOll3BO.l{CTBa.IlpH pa60T8 Ha YCROpHT8JI8 rOJIOrpaq!K"I8CltBJi RSMepa 6:wra 

3ailOJIH8Ha ~peOHOM W-13. qepea Hee nponycKMCH n~OK /-KBaHTOB AHHT8Jlb
HOCTbD 400 MKC c 3HeprHeH' 80 .143B. ronorprupHpOBaHHe BlillOJIHMOCb c sa -
AepuoR OKOJIO l uc. 

IlpH ronorp.poBaHHH CJI8AOB 3JI8KTpOHOB OT /-HCTOQHHKa BpeMH aa -
A8P~H ronorp.poBaHHJI 6blJIO nepeM8HHl,IM, IlpH 3TOM 6NJIH HCilOJib30BaH!,1 

py6HHOBliH Jiaaep C 3Jl8KTpOOilTHQeCKOR MOAYHH~eR A06pOTHOCTH H ZHAKOCT

Hl,IH JIOC--4M. )],JIHHa BOJIHl,I HSJiyqelilU[ JIOC-4M - 560 HM, AJIHTeJibHOCTb CBS -

TOBOro HMilYJibCa - I,5 MKC. 
Ha pHc.6 npHB8A8Hli ~Torp•H BOCCTB.HOBJI8HHliX C ronorpaMM H306-

pW1t8HHR TpeKOB 3JI8KTpOHOB OT HCTOQHHKa 60co. PaaM8pN 3JI8M8HTOB Tpe -
KOB Ha BOCCTaHOBJI8HHWC H306paJJt8HHHX B saBHCHMOCTH OT ycJIOBHH ronorpa
¢ltpoBB.HHJI H peZHUa pa60Tli Ka.M8pli MeHHKJTCR OT 20 AO 200 MK,/14/. 

IloJiyqeHHl,18 pesyJibTaTN IlOATB8PAHJIH npaKTHQ8CKyll B03MOZHOCTb pe -

rHCTpa~H 6NCTponpOT8K8.i'.l~ npoqeccoB C npHM8H8HHeM HMnYJibCHliX Jiaae
poB paaHoro THna, a TaKZe onpeAeJIHJIH aecb KOMilJI~Kc annaparrypN1 Heo6 -

XOAHMOR AHH ronorp!llpHQ8CKOH perHCTp~H TpeKOB B nysYpbKOBWC K8Mepax 
C BliCOKHM paapemeHH8M. 

BWlHNM MOMeHTOMHCCJI8AOBB.HHH C npHMeHeHH8M ronorprupHQ8CKHX ny -
3l,l!)bKOBWC xawep HBJIH8TCH BOCCTaHOBJl8HH8 H o6wep rrpeKOB sap.Rll8HHJ,0C 

tlB.CTHq. AHMH3 M8TpHqecK✓ CBORCTB ronorpaww 6b1Jl BliilOHHeH aBTOpoM C 
COTPYAHHKaMH B pa6oT/15 • MaKeTH1,1e Hs~epeHHB BoccrrattosneHHNX rono -
rpaww Il0Ka3MH, QTO IlOJIOUHHe 06D8KTa B npocrrpaHCTBe, BOCCTaHOBJieH -

Hoe C.OAHO~eBoR ronorpaaom,woa~T 6NTb onpeAe~eHO B MOCKOCTH X!J 
(nepnel:f,I\HKYJIHpHO :nyvy) c TOQHOCTbD .± 2 MKM, a no OCH l MO&eT AOCTH
raTb ,±109 + 300 MKM, )].JIH Il0Blillll8HHJI TOQHOCTH ycTaHOBJI8HHH KOOJ)AHHaTN 
.co6~exTa aBTOpOM IlP8AnO&eHO BOCCTB.HaBJIHBaTb IlOJIO&eHHe 06D8KTa B 

npocTp~CTBe, HCilOJib3YH ABe ronorpaaom, IlOJIYQ8HHli8 IlOA pa3Hl,IJ,ffl fI' -
JlaM/16/. · 
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PHc. 6. BoCC'l'aHOB.n8HH1,18 H30CipaiE!HiUi TpeKOB 3JI8KT

p0HOB B roJiorp.qecKoA·ny3HpbKOBOH Ka.we
pe: l - qx:>Torpa¢wl TpeKa 3JI8KTpoHa, BOC
CTaHOB.neHHOro C roJiorp8IOllil, no.nyqeHHOH C 
JIHAKOC'l'HHM Jiaaepo11; 2 - TO ll8 C roJiorpa.w
w, llOJIYqeHHOA C pyCiHHOBWol Jiaaepou.lliroT

HOC'l'b 3JI8M8HTOB TpeKOB Ha qx:>Torpa¢Hmc
CioJiee 100 mT. Ha CM npoeiera. 

PHc. ?. HoHCTPYK~ ycTaHOBKH ,D,JIH BOCCTaHOBJie
HHH H oeiuepa roJiorpaMM: l - OCB8THT8Jib 
(Jiaaep JII'-56); 2 - TeJieCKOnHqeCKBJI CH
CTeMa;' 3 - roJiorpaMMa; 4 - MaTOBHH 3K

paH c nepeKpeCTHeu; 5 - IlOBOpoTHHA ceK
TOp C llO,ItmmHOtt KapeTKOH, 



,!l.Jin H3MepeHHH BOCCTaHOBReHHHX H300pW!teHHH TpeKOB C ronorpa.MM ON
na pa3paOoTaHa H C03Aatta cneQHMbHan ycTaHOBKa - ronorpa.q:HqecKHH pe -
npoeKTop. Ero cxeMa npHBe,geHa Ha pHc,7. TpeTbn rnaBa 3aKaHqHBaeTcn 
OilHCaHHeM ero ycTponcTBa/17/. · 

qeTBepTan rnaBa COAeplltHT pe3YRbTaTN IlOHCKOBblX 3KcnepHMeHTOB, Ha
npaBneHHHX Ha perHcTpal.\HI) HCKpOBblX Pa3PMOB pa3HOn ARHTeRbHOCTH B•ra-
3ax KaK npo3paqHHX OilTHqecKHX H80;I:tHOPO;I:tHOCTJDC (IlOH) C npHMeHeHHeM H3-
nyqeHHH na3epoB H ronorpaqiHH,· 

oTa 3a,qaqa B03HHKRa KaK CReACTBHe pa3BHTKH HCCReAOBaHHn rny6oKO
HeyttpyrHX B3aHMOAencTBHH c npmaetteHHeM rH6PHAHOH ra3om1,11.KocTtton KaMe
pN. Ilocne H3~eHHH OOIIIHX_XapaKTepHCTHK MepHHX pac~enneHHn no BCeM 
KaHMaM 6~H BllJJ,eneHN_OnpeAeneHHNe npoQeCCN, npeACTaBRSUO~He B AaHHNn 
MOMeHT HaH60nbmHn HHTepec. CeqeHHe 3THX npoQeCCOB c~ecTBeHHO MeHbWe 
IlORHOro. 

,!l.JIH pemeHHH TaKHX 3a,qaq oqeHb YA06Ha CTpHMepHan KaMepa. Otta HB
nneTCH ynpaBnHeMWd AeTeKTOpOM, TpeKOqyBCTBHTeRbHaH CpeAa B Hen - ra3, 
B03MO~Ha pa6oTa npH HHTeHCHBHHX IlOTOKax nepBH~ qaCTHQ-CHapMOB AO 
108 1/c. 803MOXHOCTH CTpHMepHOH Ka.MepN maeVT rpaHHQN, TaK, npKOCTb 
CBeqeHHH TpeKOB CHRbHO 3aBHCHT OT nepBOHaqMbHon HOHH3~H. OrpaHH -
qeHHaH mHpOTa c~ecTByv~HX qJOTOMaTepHMOB He Il03BOnneT perHcTpHpoBaTb 
Ha OAHHaKOBOM ypOBHe KaqecTBa Bee TpeKH qacTHQ B pac~enneHHH, CneAN 
c KOpOTKKMH npoGeraMH TepmoTCH, OrpattHqeH Ha6op ra3oB, npHrOAH!:DC MH 
HanOnHeHKH_ KW&epN. OcoONe TPYAHOCTH B03HHKBllT npH perHCTpaQHH TpeKOB 
B Ka.Mepe, aanonHeHHOH BOAOPOAOM, 

IloHCKOM nyTen MH pacmHpeHKH 3KCnepHMeHTMbHblX B03MOXHOCTeR 
CTpKMepHblX KaMep AOJII'08 BP8Mll 3aHKMBllTCH MHOrHe HCCReAOBaTeRH B Ha
men cTpatte H aa pyoexoM, B iHccep-raQHH AaH KpaTxHn ooaop ocHOBHwc oT
npaBHblX HAen TaKHX IlOilNTOK H npHBeAeHN pe3yRbTaTN 3KCnepmaeHTOB, 

IlpOAO~ HCCReAOBaHKH B03MOllHOCTen ronorpaqiHqecKoro MeTOAa, aB
TOpoM c COTPYAHHKaMH 6~ npeMo&eH H pa3BHT HOBN8 cnocoo perHCTpaQHH 
TpeKOB 3apHXeHHblX qacTHQ B CTpHMepHHX KaMepax B KaqecTBe npo3paqHHX 
OilTHqecKHX·tteOAHOPOAHOCTen (IlOH). 

B nepBOM QHKRe 3KCnepHMeHTOB O~a BNHCHeHa B03MOllHOCTb perHcTpa
QHH HCKpOBblX Pa3PMOB MHKpoceKYHAHOn, a 3aTeM HaHOCeKyH,l\HOn ,g.,\HTenb -
HOCTH B B03A;YXe B KaqecTBe IlOH C npKMetteHHeM.ronorpaqiHH/I8-20f, IlpH 

BeAeHN:OilHCaHHH ycTaHOBKH, pa3pa6oTaHHon MH perHCTp~H IlOH B ra30 -
Bon CpeAe, cxeMN ynpaBn~HKH, ooecneqHBBl)~e CHHXPOHH3aQHI) HCKpoBblX 
reHepaTopoB H HMDynbCHHX nMepoB B HattoceKYffAHOM AHana3otte. OnpeAene
HN yCROBHn, Il03BORHV~He perHCTpHpoBaTb HCKpoBNe KaHMN C pa3~ 3a -
AepxKaMH OTHOCHTeRbHO Haqana pa3pMa, CpeAH MRVCTpaQHn K rnaBe npH -
BeAeHN qic>TOrpa.¢HK HCKpOBblX KaHMOB, BOCCTaHoBneHHNe C HHTepqieporpa.UM, 
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i; 

H TSHerpWlMbl, ASMOHCTPHPYJO!I!HS B03MOllHOCTb perHcTpat(HH H BOCCTaHoBJie-
HH.fJ IIOH paapa6oTaHJ-!liM MSTOAOM. ,,. 

B npoQecce 3KCnepHMeHTB.JibHOro HCCJlSAOBaHH.fJ TeHerpaMM HCKpOBWC 
KaHaJIOB 61,JJlO ycTaHOBJlSHO, trro npH aa,n,el)}ltKax perHcTpaQHH AO 30 + 50 HC 
npocMaTpHB8.IOTC.fJ TOJlbKO OTASJlbHHe 3Jl8MSHTll paap.R,D.a. il.nOTHOCTb Katta.na 

paap.R,O.a HapacTaeT AO 400 + 500 HC. ~B.Jiee OT KaHB.Jia OTpuBaeTcn YAapHan 
BOJ!Ha H YAB.JIRSTCR OT MSCTa ee o6paaOBaHHR co CKOpOCTbD 3ByKa. llao6pa
~eHH8_QSHTpa KaHB.Jia npH 3~0M yYSHbmaeTCR no npKOCTH, coxpattnncb AO 
aa,n,e~eK perHCTp~H OKOJlO 100 MKC. 

3TH 3KcnepHMeHTB.JibHHe· peayJibTaTu CTaJIH OCHOBoa AJIR qx>pMB.JibHOro 
aH8.J!H3a OCHOBHUX npOQSCCOB, conpoBO)IQ:\8.IO~HX JlaaepHyIO perHcTpaQHD 
IIOH12II. 

0CHOBHlle 8T8.IIH npOASJlaHHUX pacqeTOB CJISAYJOil!He. OnTHqecKan He
OAHOp0AHOCTb B BffAe HOHH30BaHHOro raaa xapaKTepHayeTcn BSJlHqHHOA pe1p
paRQHH ( n -I} 1 /1. - K03ipJ)HQHSHT npeJIOWISHH.fJ raaa. 

BeJIHqHHa pe~paKQHH MaaMU, COASPJEalllea CB060AHHe 3Jl8KTPOHH H T.fJ
~eJiue qacTHQbl (aTow, MOJ18KYJ1H),onpeAeJ1SJeTcn KaK cyMMa BSJlHqHH pe~ -
paKQHA OT qacTHQ KaJIQ].oro CO!)Ta: 

ll - I "" { Ile - I) + ( Ila - I) . 
~B.Jiee B pa6oTe Ha OCHOBe H3B8CTHUX ~3HqecKHX npOQSCCOB BllnOJIHe

Ha OQSHKa BSJlHqHH pe~paKQHa, CBSJ3aHHWC C KOHQSHTpat(Hea 3Jl8KTpOHOB 
( ne -I) H HOHOB ( Ila -1) s CTpHMepe. . 

3asHcHMocTb BeJIHqHHH ( lle - I) oT KOHQeHTpaQHH aJieKTpoHos Ne H 
AJIHHH BOJlHH npoXOA~ero CBeTa JI. HMeeT BRA 

-/ftJl.2 A/2 
Ile -1 = - 4, 43 · 10 ''e . 

BllllOJIHeHa OQ8HKa BKJla,t\a B pe~paKQHD TmteJioa 
qHHa onpeA8Jl.fJ8TCff MOTHOCTbD raaa B KaHB.Jie 

KOMllOH8HTll. Ee BBJlH
CTpHMepa, KOTopan B OCHOB

conpOBOJl,q8.IO~ ero paaBH -HOM 3aBHCHT OT raaOAHHaMHqecKHX npOQ8CCOB, 
THe: 

n -I= (n -1)-1!:-, a o J)
0 

rAe fl0 ,.fJu - K03qxpHQH8HT npeJIOMRSHHR H MOTHOCTb raaa B HOpMB.JibHllX 
YCJlOBHBX; .I' - MOTHOCTb "paaorpeToro" raaa B KaHB.Jie CTpHMepa. 

OJlBKTpOHH B KaHa.ne CTpHMepa nepeASllT sa cqeT CTOJlKHOBeHHa CBOD 
3HeprHI> TSflleRUM qacTHQau. IloJiaran, trro aToT npoQecc B cTpHMepe 3aRaJl
tmBaeTca ycTaHOBJleHHew PaBHOB8CHR npH H8KOTopoa TeunepaType T, MOllHO 

YCTaHOBH'l'b ee H3 ypaBHeHHR Caxa: _¼ - ( 

F(T) = r~ t [II~ {n{ r;eNa j] . 
Kopen aToa CWHKQHH onpeAenneT aHaqeHHe paBHosecHoA Teunepa-
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Typu T; Na., Ive - KOHQeHTpaQHH HoHoB H aJieKTpoHoB B nnaaMe; .J - no
TeHQHB.JI HOHH3at(HH; /,! - llOCTO.fJHHM BoJlb~aHa; A - KOHCTaHTa. 

XapaKTepHlle BpeMeHa ycTaHOBJlBHH.fJ paBHOBeCH.fJ AR.fl JierKHX raaoB -
ABC.fJ'l'KH HaHOCBKYHA• XapaKTepHlle paBHOBSCHll8 TewnepaTypu - HSCKOJlbKO 

Tucaq rpa,n,ycoB. 
IloJiaran B COOTBBTCTBHH C MOA8JlbD TOqeqttoro paapusa,trro raa H3 

o6oeua HaqB.JibHOro 3HeproBJ:,l,ll,8Jl8HH.fJ Blil'l'eCH.fJSTC.fJ B Y3Kyr:J 30HY, OKpYJ18,11-
~ pacmHpRDil!HACR"06bew, a raa B pacmHpeHHOA 30He pacnpeA8Jl.fJ8TC.fJ paB

HOMepHo, MOJtHO onpeAeJIHTb KOHelffiYI) MHHHMB.JibHyx> MOTHOCTb raaa PMHH B 

CTpHMepe, HMeE~eM pa,n,Hyc Ra: 2 

f'uuH. = .f>o ( J; ) · 
Ro- HatlB.JibHllA · pa,n,Hyc CTpHMepa, onpeAeJieHHllA H3 YCJlOBH.fJ' PeTepa. 

BeJIHtmHa OTHOCHT8JlbHOro H3MepeHH.fJ pe~paKQHH 3a Ctl8T H3M8H8HH.fJ 

nnoTHOCTH TSflleJioA cocTaBJI~ea 
. . {\- 1 PMUH 

0a = - :Po 
3Ta BeJIHtlHHa onpeAenaeT xapaKTep npo.xoir,qeHHR cBeTa qepea IlOH. 

PeayJibTaTu pactleTOB AHHaMHtl8CKHX xapaRTepHCTHK raaoB B CTpHwepe npH

B8'A8HH B Ta6Jlm:te. JJ.a,mme II,Pirme'AIBH MJI, MOM8H'l'a "to +50 HO, r'A• t0 - BpeMH 
aasepmeHHSJ nepeAB.tlH 3HeprHH OT 3Jl8KTp0HOB K HOHSM raaa H t2 = ta - Bpe
MR OKOHtlaHHR pacmHpeHHR HarpeToro raaa - OTpi,IB YAapHoA BOJlHl,I. lis Ta6-
JlHIJJ,I BffAHO,tlTO BKJlB,ll, 3Jl8KTp0HHOA COCTaBJlJUl~ea B K3MeHeHHe B8JlHtDIHW 
pe~p~H npeae6peuwo MB.JI.lisMeHeHHe pe~paKQHH B OCHOBHOM onpeA8M-
8TC.fJ 'l'SflleJlOA KOMI10H8HTOA raaa, COA8p&all!erOC.fJ B CTpHMepe. 3TO 03Haqa
eT,trrO ARfi Jla38pHOA perHC'l'paQHH npeAfl0tlTHT8JlbHee raa1,1 C 60JibmoA Be~ 

JlHtlHHOA H~tlaJibHOA pe~paKQHH, raa1,1 npH llOHH&eHHOA TewnepaType H npH 
nOBbllll8HHOM AaBJl8HHK. 

IlonyqeHHU8 3KcnepHM8HTaJibHlil8 H pactleTHUe AaHHli8 Il03B0JlHJlH cos -
AaTb ycTaHOBKf ARR perHc'l'paQHH 'l'P8KOB aneKTp0HOB KaK IlOH B cirpHMep
HOA Kawepe. Ee cxewa npHB~AeHa Ha pHc.8. 0nTHtl8CK8JI CHCTewa ycTaHOB

KH D03B0Jl&Jia perHcTpHpoBa'l'b TpeKH B BffA8 .ttJ3YXJIY1IlllHX rOJlOrp&MM H Te -
HerpaMM. CTpHMepHaa Kawepa 6WJia aanoJIHeHa cwecbm:He-: 50%,CH4 - 50%. 
B KatleCTBe OCB8THT8Jlfi HCllOJib30BaJIC.fJ py6HHOBHA Jla3ep C 3Jl8KTpoOnTHtl8C
KHM MO,JzyJlJITOp0M A06poTHOCTH. Ileps1,1e ronorpaMMl,I H BOCCT&HOBJl8HHll8 H30-
6paaeHHfi Tpel!OB 3JI8KTp0H08 6WJIH ll0Jly,l8Hl,I B pa6oTax/22 ,23/. TpeKK pe

rHCTpHpoBaJIHCb no AByxJiyqesoa cxeue !e~Ta H_Y,naTHHexca C npHM8H8HH8M 
weTO'Aa roJior~qecxoA HHTe~poweTpH✓24 , 2W. · 

B AHCC8p'l'aQHH npHBeA8Hll ~Torp•H nepawx BOCCTaHOBJl8HHWX C ro
JlOrpaww TpeKOB 3Jl8KTp0HOB. 3neweHTW TpeKa B CTpHMepttoA KWolepe HM8ET 

paawepi,1 0, 6 + 2 MM no ARHHe cJieAa npH nonepeqaow. paawepe 0, 6 + I w. 
IlpoT.fJJE8HHOCTb.3JieweHTa TpeKa no nOJIE c~eCTB8HHO M8Hbme, qew B K&lil8-
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pax, pa60TaKllllHX B TOM lite pelltHMe, npH q,<)TOI'paqM'lleC!toll peI'HCTpaI.1HH. 
· Ta6Jrn~a 

,llHHaMH'lleCKHe xapaKTepHCT~KH I'a30B B o6oeMe CTpHMepOB 

I'a3 He Hz Ne CH4 

Eo, 20 30 30 40 20 40 40 60 
KB/CM 

Ro, 171 IIO ?31 546 443 I66 ?2? 215 
MKM 

Af .1016 
e -3, 2,12 12,30 O,lE CM 0,51 0,0?2 l,20 2,35 64,8 

TxI0-4 
l,42 - I, ?O O,?~ 0,81 ·0,95 l,20 0,80 l,IS K 

' 

R, . 
~ MKM 264 225 848 680 486. 219 958 502 . 
~ 

Oe o,o6c 0,000 ~ 0,003 O,Ol? 0,000 0,001 0,000 0,007 
1-

1--l"" 

~ 0,58 0,78 · 0,2c 0,36 O,l? · 0,43 0,42 0,82 II 
..... 

"i-J 
/Jn xIO' 0,21 0,28 0,3'; 0,52 O,II 0,29 2,04 4,0 

trto, 808 250 895( 41?3 17640 1090 99?8 842 HC 

~ 
Rt, 544 368 229'; 1774 1248 500 2610 895 MKM 

II 

"" oa.. "1--.l 0,90 0,91 0,9( 0,91 0,87 0,89 0,92 o,~4 

/J/2 
xI04 0,32 0,32 l,3C l,31 0,59 0,61 4,43 4,52 

IloMHMO peI'HCTpal.lHH AByxJIY'll8Bl:ilX I'OnOI'paMM 6WIH 3apeI'HCTpHpOBaHli1 
OAHOny-qea~e I'OnOI'paMMbl - TeHeI'p~. CTpyKTypa aneMeHTOB TpeKa Ha Te
HeI'paMMe TaKOBa, 'IITO Il03BOnaeT co cpaBHHJenbHO B~COKOll TO'llHOCTb~ ye -
TaHaBnHBaTb nonollteHHe cepeAHHlil 3neMeHTa TpeKa. Ha 3TOll OCHOBe IlOKa.aa
Ha B03MOlltHOCTb Hcnonb30BaHM CTepeoTeHeI'pa.MM MR onpeAeneHM nonage -
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PHC. 8. CxeMa ycTaHOBKH ,IV!fi perHCTpa~H TpeKOB 
3R6KTpOH0B B CTpHMepHOH KaMepe C py6HHO
BliM naaepOM! l - reHepaTop HMIIyRbCOB 3a
nycKa; 2 - 6noK HaKaQKH naaepa; 3 - cTpo6-
reHepaTop; 4 - CQ6TQHK j3-qacTH~; 5 - qiop
MHPOBaTenb; 6 - KoMaH,IJ,HhlH 6noK; 8,9 - rnH 
c 6noKoM 3anycKa; IO - KaMepa; 11,12 - on
. THQ6CKHH 3aTBOp C 6noKOM llHTaHHH; 13 - na-
3ep Ha py6HHe; 14 - qioTorpa¢HqecKM nneH
Ka. 

?He. 9. TpeKH j3-qacTH~ ,IVIHHOH 3 CM B CMeCH 
?()%He+ 30%CH4: a,6,B - TeHerp8.MM1,1 
3a,n.ep;1KH perHcTp~H: a - 100 HC; 
6 - 200 He; B - I ~KC. !POTOllR8HKa 
fflf'B-2 <S = 0,2 e,o..rOCT), naaep Ha 
py6HHe; r - qJOTOCHHMOK: MeHKa "~30-
naHXpOM11 ($ =. 900 e,o.. fOCT), oeh,eKTHB. 
"renHoc-40", ,o.Haq:parMa I: 1,5. 



HM CHeAa qacTH~ B npocTpaHCTBe oea IDC roHorpa.¢H48CKOro BOCCTaHODJie-
HH/26/ • . 

Ha pHc.9. npHB8A8Hbl H300p8.llteHHR TpeKOB 3H8KTpOHOB B CTpHMepHOH 
KB.Mepe, aaperHCTpHpoaaHHble C IlOMO~bD HaaepHoro H3Hytl8HHR B BKAe TeHe
rpaMM , a TaRllt8 B BR,lt8 i;p()TOrpaj/BR. 

B AHCcepTal\HH OimCaHO H8CKOHbKO enoeoooa Il0Bbllll8HM 3qxfeKTHBHOCTH 
perHeTpal\HH CHyqaHHO pacnpeAeHeHHblX BO BpeMeHH eOONTHH e IlOMO~bD Ha -
aepHh!X KB.Mep. CpeAH HIDC - perHeTpaIJ;HR TpeKOB e llOMO~bD H3Hytl8HM ll30T
Horo Haaepa. I'HaBHble ero AOeTOHHeTBa - KOpOTKHH HMITYHbe· (IO He) H 
ONCTpliH aanyeK (~IOO He). 0TH oeooeHHOCTH ll03B0HHJIH yaeHHtraTb 3q$K -
THBHOeTb perHeTpaD;HH TpeKOB Ha nopB,D.OK, a Taro,;e c~eeTB8HHO ynpocTHTb 
exeMY ynpaDJieHM ycTaHOBKOH. 

Ana perHCTpal\HH TpeKOB HaaepHblM MeTOAOM B KaMepax cpaBHHTeHbHO 
OOHbWIDC paaMepoa npH ITOArOTOBKe K paooTe Ha ycKOpHTeHe 6WIO paapa6o -
TaHO HeeKOHbKO aapH8.HTOB OilTHqecKIDC exeM, Il03BOXRD~ pemHTb 3TY aa -
~aw. 0AHa Ha HIDC npHBeAeHa Ha pHe.IO. B cxeMax TaKoro THna TeHerpaw
w npoeD;HpyDTCR Ha IlOHynpoapaqHyD paeeeHBail~ eTeKJIRHHYD IlJiaCTH~ C 
noMo~bro xyqeR eaeTa, HMero~mc paaHhlH ~BeT HJIH paaHyD noxapHaal\Hx/ I. 

a. 

~. ------ . :--- . 

'PA 

:x: 
3 

'PA . -~ -- --
· - PK 

6 

PHe. IO. Cxeua perHeTp~H cTepeoTeHerp&W nyTew gx>Torpa¢Hpoaa
HHR npoeKL\HH TpeKOB e MaTOBOro 3Kpatta: PK - paapH,11,HaR 
KaMepa, 3 - MaTOBHH 3KpaH, IA - lfoToannapaTN, ~ - CBe
TOqiH.lrbTpN HJIH ITOJIRpo~. 
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Hso6pa&f)HHJI TeHerpWOI C 3Kpatta qx:>Torpwf)lipyDTCR C n~MO~D lfoTOannapa
TOB C pa3HliWH eeeTOgiHJibTpal,IH HJIH IlOJISp0KA8.MH COOTBeTCTBYJ)~ea ~pHeHTa
D;HH. 

PacqeTHblH aHaJIH3 yexoaldl xaaepHOH perHeTpaD;HH B CTpHMepHOH KaMe
pe IlOKaaaJI, 'llTO Ha6op raaoa, npHrOAHblX AHR HanOJIH9HHJt KSMep, MO:EeT 
01:lTb pacmHpeH. 3Ta B03MOllHOeTb 6W1a npoaepeHa 3KenepHMeHTaJibHO. Ha 
peayJibTaToB 3TOH pa6oTu, Haxo~eHHOH B AHecePTaD;HH, cxeAYeT OTMeTHTb 
Ty qaQTb, B KOTOpol:t HeeJieAOBaJiacb B03MOllHOeTb HaDQJIHeHHR CTpHMepHOH 
Ka.Mepu BOAOpoAOM. )leTeKTOp TaKOrO THna OTKpuaaeT B03MOllHOCTb ,D,JIS mH
poKoro KJiacea HOBHX HecJieAOBaHKH Ha tmeTOJ\ ttyKJIOHHOl\ MKmeHK. B HamIDC 
OKOHqaTeJibHblX 3KCnepHMeHTax OWla HeDOJib30BaHa CTeKJIRHHa.q KSMepa 200x 
x200x60 w.f, pa6oTaBmaa B peJ1HMe 08.MOmyHTHpoBaHHR 6ea KaKIDC-JIHCiO A0-
6aBOK/28,291. OcHOBHOl:t HaDOJIHHTeJib - BOAOpoA,DO AaHHHM xpOMOTorp·
qeeKoro attaJIHaa,He HMeJI npID1ecel:t Ha ypoaHe 6oxee 10-3%. fumyJibeHoe 
HanpmteHHO IlHTaHHR KaMepH paBHRXOCb 30 KB/eM. TpeKH 3JI8KTPOHOB npo -
eKTHp0BaJIHeb B BKAe TeHerpaMM Ha eTaHAaPTtty11 lfoTOilJISHKY "HaonaHXpoM-
18" (SO 85 = 12 eA.I'OCT, R = 300 JIHH./MM). )laaxeHHe B Kauepe MeHs -
xoeb OT 6,4 AO I,O aT. 

:&i.JIH noxyqeHH KOHTpacTHble TeHerpSlW!,I TpeKOB B tmeTOM BOAOPOAe BO 
aeeM AHaDa30He AaBxeHHH. B AHeeePTaD;HH npHB9AeHH ffoTorp.H TeHerpaw, 
DOJiytl9HHHe npH paaHblX peimMax pa60TN KaMepu. 

IlpoAeJiaHHble HeCJI8AOBaHHR npoAeMOHCTpHpoBMH B03).IOllHOCTb e03AaHHH 
JiaaepHol:t eTpHMepHOH KB.Mepu C mHpOKHMH HOBWIH B03MOllHOeTmra H Il03BOJIH
JIH npHCTynHTb K C03AafilUl Ha 3TOH oeHOBe TpeKOBOro MHOroqacTHQHOro 
eneKTpoMeTpa, Dp0AHa3HaqeHHOro ,D,JIR paOOTH Ha eHHXpOD;HKJIO~poHe .lll1W. 

B IlRTOH rxaae OilHeaHH ycxoaHR"pa6oTN Ha npOTOHHOM IlytlK8 eHHXpo
D;HKJIOTpoHa ~ HOBHX yeTaHOBOK - rHOPKAHOl\ raaOD,IJ.KOCTHOH KB.MepN H 
xaaepHOH CTpHMepHOH KSMepN H npHB8A9Hbl DOJiy,18HHble peayJibTaTH. 

OeHOBHOH aa,n,aqej\ 3KenepHM8HTOB Ha yeKOpHT8JI8 RMRJIOeb Il0Jlytl8HH8 
nepBOH HHlfopMaD;HH O rJiyOOKOHeynpyrHX pac~eIIJieHHRX Ha tmeTHX JJA8PHblX 
MHWeHRX H BWieHeHHe B03MOllHOeTej\ HOBNX yeTaHOBOK B npaKTHqecKOH pa6o
Te Ha YCKOpHTeJie. 

06~aa cxeMa pacnoJIO:EeHHR rHOPKAHOl\ raaOlD!,11,KOeTHOH KaMepu Hee 
npoTOHHOro TpaKTa B 3KCnepHMeHTaJibHOM aaxe npHB9AeHa Ha pHc.II. 

MarHHTHblH TpaKT ,D,JIR rHOPKAHOlt raaOlD!,11,KOCTHOA KaMepu OWI pacetm
TaH H HacTpoeH KaK HCTO'llHHK "KapaffAamHoro" ny,ma AHaMeTpoM I,5 CM a 
eBR3H e Tew, qTO OH AOJIJteH oCieenetmaaTb MHHHMaJibHblit qJOH B KaMepe npH 
paCioTe C raaOBHMH MHW9HJDGI. 

B ~ooepTaitl!IJ! 0DJI0alla ll0~0TO~ llp020lil[0ro ~ro 

TpaKTa, BKJIDtmlO~ero MarHHT liC-12, K HeCJI8AOBattl4RM e rHOPKAHOA raao -
lD!,11,KOCTHOit KSMepol:t H JiaaepHOH CTpHMepHOlt KaMepol\ e yeKOpeH!iliMH qaQTH-

~ c l'IMIIYJll.CSMK OT 600 MsB/o ,ltO 1600 ~aB/o. 
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J.(.nR pa60TH C rH6pH,I\HOH KaMepon He06XOAHM HepaCTRHj'THH BO ~peMeHH 
nyqoK (200 MKC) c 103 - 104 qacTH~ B OAHOM c6poce. IlpH 3TOM MPHOBeH -
HM HHTSHCHBHOCTb 6nHsKa K 108 I/c. OTO BHCOKM HHTeHCHBHOCTb, TPYA -
HM MR HSMepeHHR, 
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PHc. II. CxeMa pacnonoxeHHR rH6pH,I\HOH raso~KocTHOH KaMepN a 
3KCnepHMeHTanbHOM sane CHHXpO~KnOTpoHa. 

,!J,JIR HSMepeHHR QHCna npOTOHOB B pasOBOM c6poce 6WI paspa6oTaH, 
COSAaH H SB,D,SHCTBOBaH B pa6oTe C ycKopHTeneM HHTerpanbHNH HHTeHCH-. 
MeTp Ha OCHOBe C~HTHRRR~OHHOPO CQeT4HKa/30/. BenHQHHa CPSAHSKBB,D,pa
THtIBOA omH6KH HSMepeHHR 1000 npoTOHOB B OAHOM c6poce 3THM AeTeK
TOpoM He xyxe W,. 

Pa6oTa rH6pH,IIHOA KaMepH Ha nyqKe npoTOHOB 6wia HaQaTa npH Hanon
HeHHH KaMepu-MHmeHH QHCTblM rasoM 40Jlr. Pa6oqee AaBneHHe - 2,3 aT. 

HacTpOHKa Ha nyqKe rH6pH,IIHOH Ka.Mepu B 3KCnepHMeHTanbHOM sane BN
nonttnnaCb npH Ha6nDASHHH sa penMoM ee pa6oTu H nonoxeHHeM nyqKa a 
KaMepe no TeneBH3HOHHOMY KaHany C 3anOMHH8JO!IIHM 6nOKOM THna "JlHTOKOHH. 

PerHCTpa~R AASP!iliX BSaHMOASHCTBHA B rH6pH,IIHOH KaMepe BHilORHR -
nacb eAHHOA CHCTeMoA' BKRD48.l0!118A TPH o6beKTHBa "Pyccap-IlnasMaT" ( f .. 
= 150 MM, 2cJ= 60°). Hrur,u,oe paclllenrieHHe IlO~HOCTbD q;<>TorpacpHpoaanocb 
Ha OAHOM Ka,Ilpe·qx:,TonneHKH c pasMepaMH 80xl30 MM~ 

IlpH onpeAeneHHH KHHeuaTHQSCKHX xapaKTepHCTHK TpeKOB qacTH~ aHanH
SHpOBanHCb qeTupe BOSMOllHl,le npH HamHX 3HeprHmc aepcHH Mace qacTH~-npo
AYKTOB c nono:.mTenbHHM sapAAOM ( m.1[' - Macca n-MesoHa, mp - Macca npo
ToHa, ma. - MaOOa ,It8fiTpOHa,mol, - Macca cx'.'-qacTH~) Hm_i- - C OTpHI-1aTenb
HHM sapAAOM. 
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HanHQHe AByx cpeA C "<fJMbTpou" Me~v. HHMH B BH,I\e CTSHKH KaMepN
MHmeHH (4 MM,CTanb) nosaonnno AOCTOBepHO H,I\eHTHipt~poaaTb qaCTH~ B 
cnyqae HX BblXOAa B nysNpbKOBYD Ka.Mepy. B Tex cnyqamc, KOrAa npH ycTa
HOBneHHH MaCCH qacTH~ OCTaaanacb HeonpeAeneHHOCTb, BHilORHMCR cpaB
HHTSRbHHA aHanHS ee HOHHS~OHHblX IlOTepb, B AHCCepTa~H OIIHOaHli MSTO
AHKa TaKHX HSMepeHHH H C03~aHHM ~ 3TOH ~enH annapaTypa. 

Ilocne qeTupex 3KCilOSH~A Ha npoTOHHOM nyqKe 6WIO nonyqeHO OKORO 
10000 CTepeoq;oTorpajHA. B AHCCepTa~H npHBOARTCR pesynbTaTN o6pa60T
KH H aHanHsa 2,5 THCRQ AAep!iliX pacl!lenneHHA. 

IlpH aHanHse 2000 cTepeonap 6wio HaH.IleHo 657 cnyqaea Heynpyroro 
BSaHMOAeiiCTBHR npoTOHOB, OcHOBHHe peaynbTaTH HX o6pa6oTKH H aHMHSa 
ony6nHKoBaHH B pa6oTax/3I-35/. 

B peaynbTaTe 3TOA p~60TH 6wia nonyqeHa nepaan IlOAp06HM HH<flopMa
~ o pacl!lenneHHmc RAPa 40dr , a TOM QHCne: nonHoe ceqeHHe, oe11eHRe 
BblXOAa npoTOHOB, n,-.Me30HOB, ol -qacTH~. Ha pHC, 12, 13 npHBeASHH B Ka -
qecTae HnnDCTpa~A 3HepreTHQeCKoe pacnpeAeneHHe .9Z""-Me30HOB H Koppe
nR~OHHHe 3aBHCHMOCTH BblXOAa 1f' -Me30HO; H c:£ -qacTH~ OT MHOXeCTBSH
HOCTH B pacllleilneHHH. 

CneAYeT OTMeTHTb, QTO HCilORbSOBaHHe rasoaon MHmeHH IlOSBORMO 
HccneAOBaTb xapaKTep MJIPKOH qaCTH Yl'-M830HHOro cneKTpa. }{oppenR~

OHHHe saBHCHMOCTH nonyqeHH anepaue H B HaCTOffillee BpSMR o6cyx,o.aJOTCR. 
IlonyqeHHHe pesynbTaTH npoaHanHsHpoaruw a pruiKax MOAHipt~poaatt -

Horo aeyTpHanepHoro KacKB,D,a (MBK). PesynbTaTH pacqeTOB npHBeAeHu Ha 
rpa.¢HKe Ha Ta6nH~ax. Yrnoaue H sHepreTHqecKHe cneKTpu Hennoxo onHcH
BaJOTCR 3TOH MOASRbD. 38.MeTHHe pacxolllleHHR 3KCilepHMeHTanb~ AaHHblX H 
pacqeTOB Ha6nDA8JOTCR MR BblXOAa ff-M830HOB, OTHOWSHHR Jr/.f[-, B 
AHCCepTa~H o6cyx,o.avTcn BOSMOllHl,18 npHQHHH 3THX pacxoll!leHHA. 

Ilocne OKOH4aHHR HccieAOBaHHA B03MOllHOCTSH nasep!iliX CTpHMep!iliX 
Ka.Mep C /3 -HCT04HHKaMH 6una C03AaHa OCHOBa MR nepeXOAa K 3KCnepH
MeHTaM C HOBliMH ycTaHOBKB.MH Ha CHHXpO~KJIOTpoHe .IlillNI. 

3B,D,aqei1 3THX 3KCnepH.MeHTOB 6WIO HCCRSAOBaHHe B03MO.llHOCTSH HOBblX 
ycTaHOBOK npH HayqeHHH r~y6oKOHeynpyrHX B3aHMOAeACTBHA.0ImOaHa BHOBb 
oos,It8.HlUUI yoTaHOB.Ka - .1.msepHM oirpm1epHaJI KaMepa (JICK) , npe,ItHaaHa
qeHHM _MR pa60Tli C cu. OHa BKnvqaeT CaM npH60p JICK, nasepttyi) CHCTe
MY OCBSllleHHR, qJOToperHCTPHPYJJ!IIHS yanu, reHepaTopli HMnynbCHliX Hanpn -
xeHIUt' TpHrrepHYJJ CHCTeuy Ha C~HTMRR~OH!iliX cqeTQHKax. YnpaaneHHe 
TpHrrepHOA CHCTeuoA,paspa6oTaHHOA a CHCTeue KAMA}{, BliilOnHReTC~ uanon 
3BM CM-4. CoAepxaHHe 3TOH QacTH AHCCepT~H onHcatto a pa6oTax1'36 ,37/. 

Iiwlo BliilOnHeHO ABa ~KJ!a 3KCnepHMeHTOB. 
B nepaou JICK pa6oTana 6ea uarHHTHoro nons. PerHcTp~ TpeKoB 

BliilOnHRnacb Ilj'TeM npR.Moro npoeKTHpOBaHHH TpeKOB Ha qioTonneHKY C no-
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2. ' 3 
MO!JlbKf aaoTttoro Jiaaepa. PaaMep KB,D,pa l2x8 cu.JICK c paawepow 25x25x6c1o 
6Wia 3aIIOJIHeHa CMeCbll:?0% He H 30% CH4. )J,aBJieHHe paBHO aTMocq:epHO
MY. 0,11,HOBpeMeHHO c JI8.3epttoi\ peI'HCTpa~eR BblilOJIH&11acb ¢QTOI'pa¢HqecKM 
3aIIHCb Sl)J,epHblX B3aHMO,IJ,eilCTBHR. AHaJIH3 noJiyqeHHWC TeHerpaMM ll03BOJIHJI 
ycTaHOBHTb CJ1e~111ee. 

B JICK MOllHO peI'HCTpHpOBaTb C ,11,0CTaToqHOH qeTKOCTbll KaK OT -
,11,eJibHble TpeKH qacTHQ, TaK H MHOI'OJiyqeaue pac111enJieHW1, COCTOroqHe H3 

. qacTHQ paaHWC 3HepI'HH. ConocTaBJieHHe OCHOBHWC xapaKTepHCTHK TpeKOB 
paaHWC qacTHQ npH.p8.3HblX YCJIOBHIDC peI'HCTpa~H noKaaaJio, trrO no TaKHM 
napaMeTpaM,KaK paaMepu 3JieMeHTOB TpeKOB B,11,0Jlb H nonepeK 3JieKTpHqec -
KOI'O IlOJIH, llJIOTHOCTH HOHHaa~H, B03MO&HOCTH ycTaHOBJieHHHOOpe,11,HHbl Tpe
Ka, Jiaaeptrne TeHeI'pa.MM!i B JIYtllllYD CTOpoHy OTJIHq8JOTCH OT qi<lTOI'paipHR,no
JiyqeHHblX B Tex &e ycJIOBHmc. 

Bo BTopow ~KJie pa6oT JICK 6Wia paaMe111etta B warHHTHOM noJie MC-12. 
Otta HBJIHeTCH BepmHHHHM ,11,eTeKTOpOM Ma!'HHTHOI'O MHoroqacTHtniOI'O ,11,eTeK -
Topa, np~.H~HaqeHHOI'O ,11,JIH HayqeHHH pacna,D,a BUCOKOB036Yllr,ll,eHHWC aTOM
HblX Sl)J,ep' 3S/ • 

PeI'HCTp~ aepmHH B38.HMO,ll,eilcTBHH BHllOJIH&llacb HOBHM cnoco6ow, 
3~HllleHHHM aaTopcKHM CBH,ll,eTeJibCTBo./27/. CxeMa perHCTPHPYiJllleil CHCTe
w, pacnoJIOlleHHOH a MC-12, npHBe,11,eHa Ha pHc.14. ~TOI'PaipHPOBaHHe Tpe
KOB BblIIOJIH&llOCb Ha CTatt,11,apTHYiJ cfx)TonJieHKy."HaonaHXpOM 21" mHpHHOH 
35 w, S O 85 = 120 e,11,.rocT,H paapem~HHeM 280 JI/MM. Kawepa 6HJia tta -
llOJIHeHa ~ Hz H 50% CH4 npH aTMOCq:epHOM ,11,aBJieHHH. Ana ocae111eHHH 061.
eMa JICK HcnoJibaoaanca naaep JIOC-4w. B ,11,HccepTa~H ,11,atto no,11,pD6ttoe onH
cattHe ycTaHOBKH H noJiyqeHHblX peayJibTaTOB. Ha pHc.15 npHBe,11,eHl,I CTepeo
TeHeI'paMMb! pac111enJieHHH H,11,pa yrnepo,11,a. t{eTKO Bll,ll;HH aepmHHa pac111enJie -
HHH H TpeKH BTOpHtniwt qaCTHQ C .,paattoit nJIOTHOCTbll ·HOHH3a~H. 

lloJiyqeHHHe peayJibTaTH Il03BOJIHIJT CtmTaTb, qTo HCllliTaHIDl KOMnJieK
ca JICK C ycKOPHTeJieM npomJIH ycnemHO H ycTaHOBKa MOEl3T HCil0Jlb30BaTbCH 
,11,JIH npoae,11,eHHH Sl)J,epHWC HCCJie,11,oBaHHR. 

B npHJIOlleHHH OilHCaHa HOBM YCTaHOBKa, npe,11,HaaHaqeHHM ,11,JIH pe -
I'HCTP~H npoiptJieil IlOTOKOB Sl)J,epHblX H3JiyqeHHil. H,11,ea C03,ll,8.HHJI TaKOI'O 
npH6opa aucKaaatta AcKapbHHOM r.A. H ,11,p.*. Coa,11,atillHA npH6op npe,11,ciraa
Jiaeir ' co6oi1 nyaupbKOBYIJ KaMepy C tzy'BCTBHTeJibHHM CJIOeM, H3I'OTOBJieH
HHM e BH,11,e ,11,HCKa c ,11,HaMeTpOM 200 MM H 'TOJIIqllHOA 2-3 IO(. IlpH6op 6wr HC
Illi'l'aH KaK npo!pHJIOK8'1'p Ha CHHXp0~KJIOTpOHe ~ H KaK peI'HCTpairop no
TOKa npoxo,11,smpoc qacTHQ B cociraee ,11,egieKTOCKOnHqecKoil YCTaHOBKH B npo-
H3BO,ll,CTB8HHblX ycnoaHmi39,40~ . 

• r.A.AcKapbHH H ,11,p. ~. 1959, T.3?, c.1469. 
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PHC, 14. Cxewa perHCTpa~H R8.3epHIDC CTepeoTeHerprum: 
l - perHcTpHpYJ)IqHe if'DTOKaMepH ~h-5; 2 -
IlORHPH3~0HHUe CBeTOcpH.llbTpH; 3 - lllli,I\KOCT
~ R83ep c Rlll!Il0B08 HaKatmo8; 4 - IlORHPH-
3a~OHHM npH3Ma-p83BeTBHTeRb nyqKa CBeTa; 
5,10,ll - 3epKaRa; 6,7 - TeRecKonHqecKM 
CHCTeua; 8 - MaTOBH8 3Kpatt; 9 - CTpHMepHM 
Kawepa; 12 - MOHTam!M WlaTif'opMa, 

PHc. !5. 
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CTepeoTeHerpa.ww pac~enReHHH JJ.IUla 
yrRepo~a npOTOHOM(l raB),3aperHCT
pHpOBaHHUe a MarHHTHOM no~e MC-12: 
l - npoeK~ B HanpaMeHHH 3ReKT
pHqecKoro noRH a KW4epe; 2 - npo
eK~H no~ yrROM 15°. 



OCHOBllliE PF.3YJU,TATH PABOTH 

A. Ilpe~noxeH H peaJIH30BaH HOBHH npHHl!Hn nocTpoeHHH AeTeKTOpDB 
AAepHl:ilX peaKl.lHH, npe~HaaHaQeHHhlX MH H3ytleHM rny6oKOHeynpyrHX B3aH
MOAeHCTBHH C ~CTblMH AAep~H MHW8HHMH. OH saKnnqaeTCH B ¢YHK1.!HOHaJib
HOM o6oeAHHeHHH AByx AeTeKTOpoa, no CBOHM B03MOXHOCTHM ~OnOJIHJllOOlHX 
APYr ~yra, QTO o6ecne~aaeT perHcTp~D acex sap.illlteHHhlX npo~KTOB 
K8ll{,l\Oro pac~enneHHH B WHpOKOM yrnOBOM H aHepreTHQ8CKOM AHanaaoHax. 

B. IlpeAnO~eH H peaJIH30BaH HOBHH npHHl!Hn A8T8KTHpOBaHHH TpeKOB B 
c~eA~BblX perHCTpaTopax B KaQeCTBe AHHa.MHQ8CKHX npospaqHl:ilX onTHQ8CKHX 
HeOAHOPOAHOCTeA C npHMeHeHHeM 1n.my~bCHOro H3nytleHHH ~aaepoa H ronor

Pa¢HH. 
B. IlpeMOXeHa, o6oCHOBaHa H peaJIH30BaHa B03MOllHOCTb nonyqeHHH 

HH4JOPMfil\HH O AAepHblX B3aHMOA8HCTBHHX C BliCOKHM paapemeHHeM B 66nbWHX 
o6oeMax, qey STD MOXeT o6ecni~Tb 4JOTOrpa¢Hn, c llOMO~bD TpeKOBblX Ae
T8KTOp0B H, B qacTHOCTH, C noMO~bD nysHpbKOBOH Ka.Mepli, pa6oT8Il~en B 
cnel!HaJibHOM peXHMe C perHcTpal!HeA TpeKOB MeTOAOM ronorpa¢HH. 

llpH peaJIH3al!HH STHX npeMO~eHHH ~HnOnHeHO cne,IJ,yll~ee: 
1. CD3AaH 6aaoaHA AeTeKTop, npeAHaaHaQeHHHH Ann pa6oTH.C TpeKo

QYBCTBHTenbHhlMH MHWeHHMH,- 130-nHTpDBaH T.flllteno~KOCTHaH nysHpbKOBaH 
Ka.Mepa a MarHHTHOM none coneHOHAa 1£-12 H KOMnneKc annapaTypH, o6ec
neqHaaD~HA ee pa6oTy C YCKOpHTeneM H o6pa60TKY nonyt1eHHOH HH4JOPM~H. 

2. C03AaHH TpeKOQYBCTBHTenbHHe MHlll8HH - "aepumHHHe A8TeKTOpli": 
a) KaMepa BHn&coHa cne~HaJibHOH KOHCTPYKl.lHH, npeAHaaHaQeHHaH 

AnH pa60Tli B o6oeMe nyslipbKOBOA Kauepli llOA Hap~ AaBneHH8M OKOnO 
30 aT; 

6) qip80HOBM nyslipbKOBaH Ka.Mepa C .o6oeMOM OKono l n. Ka.Nepa oc
H~eHa CHCT8MOH, C03AaHHOA MH perHcTp~H TpeKOB C nOMO~bD ro.iiorpa
¢HH. IlpaKTHqecKOA pa60TOA C YCKOpHTeneM ADKaaaHa pa6oTocnoco6HOCTb 
YCTaHOBKH. AocTHrHyTa MOTHOCTb aneueHTOB TpeKa,6nH3KaH K 100 WT./CM. 

_3. CD3AaHa H 3an~eHa B pa6oTy C YCKOpHTeneM rH6PHAHM raao~
KOCTHaH Ka.Mepa. Ee OCHOBa - 6aaOBliH A8T8KTOp, TJDltenO~KOCTHaH 130-
nHTpDBaH Ka.Mepa, B pa6oqey 06oeMe KOTOpoA paaMe~eH H 4lYHK1.!HOHHpyeT 
B8p!DHHHliA A8T8KTOp - Ka.Mepa·BHnbCOHa. 

4. C03AaHa naaepHan CTpHMepHaH Ka.Mepa C perHCTp~eA TpeKOB B 
BHAe TeHerpaMM. YcTaHOBKa HCnlilTaHa B pa6oTe Ha CHHXPOl.lHMOTpOHe ~
IloKaaaHo, QTO naaepHaH CTpw.epHaH Ka.Mepa n03BOnHeT 3!pii8KTHBHO yBenH
~Tb HpKOCTb H306p8.ll8HHH MaJIOCB8THJllHXCH penHTHBHCTCKHX TpeKOB Ha Hec
KOnbKO nDPAAKOB, pacmHpHTb AHaIIa30H perHCTpHpyeMWC OAHOBpeM8HHO Tpe
KOE C pasHOH BenH~HOH YA8~bHOA HOHH3~H, nOBliCgTb TOqHOCTb perHCT-
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Pfil\HH KOOp)J,HHaT Tp8KOB qacTHq H HX HOHH30.QHOHHblX xapaKT8pHCTHK. AoKa
aaHa pa60Tocnoco6HocTb naaepHblX cTpHMepHblX Ka.Mep npn HCilOJU,30Balillll 
lllliPOKoro Ha6opa pa6o'IIl!X rasoB. 

5. Paapa60TaHa TeopeTHQ8CKM MO)J,8Jlb Ma onHCaHHa MexaHH3Ma pe
rHCTPfil\HH TpeKOB B JiaaepHIDC CTpHMepHJ:DC K8.Mepax. Ha 3TOil OCHOBe C03)J,a
Ha nepBM JI8.3epHM CTPHMepHM K&iepa, pa6oTaJliljM npH H83KCTP8MMbHblX 
peJKHMax C HallOJIH8HH8M traCTliM BO)J,OpO)J,OM B mHpOKOM )J,Halla30He pa6o~ 
)J,aBJieHHil. 

6. Ilpe)J,JIOlleH, paapa6oTaH H peaJIH30BaH B pa6oTe Ha YCKOPHTeJie HO
BblH cnoco6 perHCTPfil\HH npocTpaHCTBSHHOro pacnOJIOll[eHM TpeKOB a K8.Me
pax no !pOTOrpaqiHID,( HX JiaaepHblX CTepeoTeHerpa.MM. OTO pemeHHe OTKPWIO 
BO~MOll[HOCTb pa6oTbl C TpeKOBb!MH JiaaepHb!MH )J,8T8KTOpaMH C HCnOJib30BaHH-
0M Ma o6pa60TKH HH!pOpMaqHH CYll!8CTBYIJI118il TSXHHKH o6Mepa H MWIIHHHoro 
aHaJIH3a CJie)J,OBOil HH!pOPMfil\HH. 

7. IloJI~eHa nepBM 3KCnepHMeHTMbHM HHqx>pMB.Qlia O rny6oKOHeyn
pyrmc: B3aHMO)J,eilcTBHaX npoTOHOB(I raB)c AAJ)&IH H30TOnHO traCTOil Ml!llle
HH 40dr c perHcTpfil\Hen B rH6pffAHOH raaoJJG~KOCTHOlt K8.Mepe IlPOAYKTOB 
B3aHMO)J,eilcTBHa B WHpoKOM yrJIOBOM H 3HepreTHQ8CKOM )J,HanaaoHax. 3Kcne
pHMeHTMbHble )J,aHHble npoaHMH3HpoBaHli C npHBJieqeHHeu COBpeMeHHblX M0-
).1,SJieit 8APOH-AA8PHblX B3aHMO)J,8HCTBHl1. 

8. IlpeMOll[eHa KOHCTpyKqM H C03)J,aHa HOBM YCTaHOBKa Ma H3Me -
peHHa npo¢HJien nyQKOB QaCTH~ H )J,8qi8KTOCKOnHH - JIHCTOBM ny3liPbKOBM 
K8.Mepa. 0Ha HCIIl,ITaHa B pa6oTe C ycKOpHTeJieM B ~ H Ha )J,8!P3KTOCKO
nHqecKOM CTSHAe. 

AIIPOBAI{llil PABOTli 

Pa60Tbl, COCTaBJiaDiljHe OCHOBY )J,HCCSPTa~H, )J,OKJIB,IU,lBMHCb aBTOpOM 
Ha C0MllHapax no K8.M8pHOit M0TO)J,HKe Ollill1 H l.(EPHa B )l.y6He B 1965 rOAY H 
B AJiymTe B 1968 ro)J,y, Ha pa6oqeM COBeiljaHHH no T0XHHK8 IIY3liPbKOBblX 
K8.Mep a )l.y6He B 1969 rO)J,y H Ha MeJt.11.YHapO)J,HOH KOH(P3p0HqHH no annapa
Type B ¢"3HK0 BblCOKHX 3HeprHA B 1970 roAY; MaTepHaJibl 6WJH npe)J,CTaa-· 
Jl8Hbl Ha M8Jt.llYHapo)J,HYI) KOHqi8p0HqHJ> no annapaType B ¢"3HKe BblCOKHX 
aHeprHn,1973 ro)J, (HTMM, WpacKaTTH). 

0TH pa60Tbl B BffA8 o6aopHoro )J,OKJIBAa aBTOpa ony6JIHKOBalil,I B MaTe
pHMax Mell,!zyHapo)J,HOro CHM1l03HyYa no Bonpocau aBTOMaTH3fil\HH o6pa6oT
KH )J,aHHblX c ily3blpbKOBblX H HCKpoBwc K8.Mep,I97I rO)J, (,Ily6Ha), a TalOle 
)J,OKJIB,IU,lBMHCb H ony6JIHKOBaHbl a waTepHanax Ilepaon, TpeTbelt H lleTaep
TOil BcecOD3HblX KOH\P8P8~ no ronorpa¢HH B T6HJIHCH, YJibaHOBCKe H 
EpeaaHe. 

. Ilpe)J,CTaBJI8HHbl8 B )J,HCCSPTfil\HH peayJibTaTbl H3JI0ll[8Hbl ~B 40 ny6JIHKa-
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qHaX B BeAYiljIDC COB8TCKHX H aapy6elltHHX ¢"3HQ8CKWC JltYPHMax, B TOM traC
Jie }1{3Tf, llITi, IIT3, AAfl CCCP, ''Nuclear Instr. and Methods ", "lluclear 
PhJ'S• ", B npenpHHTax JlillM!, C006IljeHHax Oillill, Tpex aBTOpcKHX CBffA0 -
T8JlbCTBax. 

YcTaHOBKH - r116pll,ll;HWI raaoll[ffAKOCTHM Kawepa H JiaaepHWI CTPH -
M8PHM Kauepa - a 1979 H 1982 r. 3KCnOHHpOBMIICb B naBHJibOHe "iffaHKa 
AH CCCP" Ha BAHX CCCP H y)J.ocToeHH cepe6paHblX Me)J,anelt. 
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