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C03tlAHl/1E KOOPtll/lHA THoro tlETEKTOPA 

HA OCHOBE nPOnOPl..\1/lOHAnbHblX KAMEP 

tlnH YCTAHOBKl/1 Cl/lrMA-AHKC 

1/1 nPOBEtlEHl/lE HA HEl/1 3KCnEPl/1MEHTOB 

Cne4~anbHOCTb: 01. 04. 23 - <l>~3~Ka BblCOK~X 3Hepr~,;, 

AaTope~epaT AHCCepT8llHH Ha COHCK8HHe yqenoA CTeneHH 

K8HAHA8T8 ~H3HKO-M8TeMarHqecKHX nayK 

tly6Ha 1992 



PaOOTa Bl:UIOJIH6H8 B JiaOopaTOpHH CBepXB!lCOKIDC 9HBprll'1 

OO~e.zurneHHoro HHCTHTYTa H~6pH1,1X HCCJ16~0B8Hm1. 

Hay1llme· PYKOBO,IJ,HTeJIH: 

~OKTOp (lMSHKO-MaTeMaTHqecKHX HayK, 

npocIJeccop 

Ka~aT (lM3HKO-M8T6M8THqecKHX HayK, 

CTapmmt Hay~. COTPY.zurnK 

O(lMlJ,HaJlbHl,16 01IlIOH6HThl: 

I'OJlYTBHH 

Mropb AHaTOJ1b6Bllq, 

AHTHTIOB 

Klpmt Mmca'1J10BHq 

; ~OKTOp (lMSHKO-MaTeMaTHqecKHX HayK,' 

np$ccop 
THilliHH 

AJ19KCe'1;AJ1eKceeBHq 
',1 

'Ka~aT (lMSHKO-MaTeMaTHqecKIDC HayK, 

MRa,zonmt Hay~ coTpy .zurnK · 

: Be,nymaH opraHHsalJ,HH: .. 

· 11HmaJ1hIDIBoB' 

Klpmt_MHXa8JlOBHq 

MliC'I;HTYT TeopeTHqecKon H 9KCnepiiMe~Ta~bH08'.(lM3HKH,· MOCKBa. 

. . 

3amH'l'.a, ,IJ,HCCep~alJ,HH C~CTOHTCH " " I992r." 

B qacoB Ha 38C6'AaHHH cnelJ,HaJIHSHpOBaHHoro CoBeTa ~ 047.0I.06 

B JiaOopaTOpHH cBep~BHcoiHx sHeprmt OOM,IJ,HHeHHoro HHCTHTyTa 

H~epmri. HCC~6'AOBaHmt,1 r.~OHa MOCKOBCK08 OOJl. 
' 

C ,IJ,HccepTalJ,He8 MOlKH0"03H8KOMHT~CH B 0H0JIHOT6K6'JICB8. 

ABTopecIJepaT pasocJJaH " 

YqeHHn C6KJ)6Tapb 

cnelJ,HaRHsHpoBaHHoro CoBeTa 

" I992r. 

~- · B.r.l<plmoXlllKHII 
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OBIUAH XAPAKTEPMCTMKA PABOTH , 

AKTyaJJbHOCTb. Bonpochl,, CBH38HHH6 C ., H3Y'l6:ijH6M ,cTpYKTYPhl 

a,npOHOB H ,lJ,HHaMHKH. ,me BSaHMo~encTBHR, ' OCTaIOTCH . aKTY8RbH811mID.m 

·BonpocaMH @!8HKH
0 

BhlCOKHX :meprmt. ,U.nH YCKOpHT6J1H Y-7□: HaqaJJa 80-x 

ro~oB-cymecTBOBaJJo, no Kpa8He'1,Mepe, ~a nyrn;nosBOJJHIOmHe ·pemaTb 

aKTyaJJbHhle sa~aqn @ISHKH BHCOKIDC sHeprmt: 

:- nocTaHOBRa opnrHHaJlbHhlX :mcrrepHMeHT8JlbHhlX 3a'Aa'f'H8' cymeCTBYIOIJJ,88 
MeTo,nnqecRoit Oase;; , 

-:,,COBepmeHCTBOBaHHe ycTaHOBOK'•H yJJyqrneiIHe 'IDC napaMeTpOB ,n.riH 

-perneHHH.HOBoro KJJacca sa~aq HRH 'BOSBpameHHe,• K "cTapmi'"' saia'i:i:aM 

).{Jlfl pernemrn Ha HOBOM ypoBH_e TO'lHOCTH H CTaTHCTHKH. 

CTpOHT8JlbCTBO• MO~epHH3HpOBaHHoil -ycTaHOBKH , Cfil'MA_:_Afil{ff . Ha 

ny'!Ke Y-70 - npHMep ·peammamm ,BToporo · ·nyTH. 3aMeHa , irc~oimx 

KaMep nporropu,HoHaJJbHhlMH c pasMepaMH o'l' MHHHMaJlbHHX 64x64 ,:i MM f-:i(o 

MaKCHMaJlbHhlX 3xI,5 '~ npn coxpaHemm BhlCOK08 Koop.zomaTHOit 

TO'lHOCTH ( ox~.6 _ MM) , rrosBoRHRa , • YJJY'lillHTh , lJH'A ·- napaMeTpoB 

ycTaHOBKH; i TaKHe KaK CB6THMOCTb (npHMepHO. Ha nopHiOK), '.. arrepiypa, 

·MHoroTpeKOBOCTb H ,npyrne.,. 8TO noSBOJlHJ!d nepeilTn' K'' pememno'·' pH~a 

!3KCII8pHM8HTaJ1bHhlX, sa~aq :, ' 

-· n3yqeID1e H 'cpaBHeHHe Ha HOBOM · 'ypOBHe•. CT8THCTli'lecko1t TO'IHO.Cffl 

,D,H®JepeHll,HaJibHHX, ceqeffmt ynpyroro pacGeHHiIH -C p · n K-p; 

- H3Y'l8HH8 ,lJ,HCCOlJ,H8lJ,HH 'IC--M830HOB B µ + µ - 'IC--CHCTeMy' 'Ha H,npai;. ' ... 

- · non.CK ,nnOapHOHHhlX pesOHaHCOB B · npo~eccax :. C . HCflYCKaHH8M. 

'KYMYJIHTHBHHX'npoTOHOB H',lJ,HC5apHOHHhlX ·peSOHaHCOB, oOpasyronnixcH B 

oOJJac.Tn • !l)parMeHTalJ,HH · · MHill9HH 'c : - ncnymcaHHeM' cHMMeTpH'IHhlX nap 

qacT~. · 
1 • - : UeJJb paOoru: 

,cos~aHHe · KOOp,D,HHaTHoro ,. 1 'A9T8KTOpa B K8'l8CTB6' OCHOBhl 

IllllpOKoanepTypHoBo': 'BhlCOKOCKOpOCTHoro_ a,npmmoro .'. cneKTpOM6Tpa, 

paspaOiJTK~. H ~,o~,ttrufu_e ~Jl~ • "s!~r?;; ,rrpono~lJ,HOH8JI~~ K~Mep . ·r.1a.rioro 
cpe,roiero (I;3xI·M?) n 60J1bmoro (3xI~5 M) pasMepoB; 

-~ rrpoBe~eHHe '~a ycTaftoBKe UHKJia 'sKcnepmieHToB; · · 

- HCCJ18~0BaHHe H cpaBHemie -'iia HOBOM. ypOBHe CT8THCTH'l6CK0:'1 

TO'!HtiCTH ',nn®x3pem1,1-rn.ilbmti: ceqe:mtlt 'ynpyforo pabcemnm 'IC-p· ll }Cp B 
~ari:asoiie·'rrepe.ziaq:"0,2k:fr<f~4·~craB/c)2 • :- . ,· ;'. ,', _ .. · '-' -' .. 

0

HaytIHaH HOBRSiia. .. ,'lo."·;., ' 
~-.' ~ 

I. Paspa60T8Hhl KOHCTpYKlJ,HH' nii,'co3_tiaHU :'.· cepH'1Irae TeXHo.norH'!Hhle 

','.·)~ 

\ __ ,_ 

·. 



rrporropI.U-IOH8JlbHH8 KaMepu B IIIllpOKOM )UI8II830H8 :. pa3MepoB, BnJIOTb ,uo 

M8TpOBUX, C M8JIHM. KOJIH'I8CTBOM B811\8CTBa no nytJKY- OCHOBHOtt 

ocoOeHHOCTb!O K8M8p· RBJIR8TC.,fl HCIIOJ!b30B8HH8 H8TRHYTOtt TOHROil 

8JIIOMHlill8BOtt lf)oJibrH.B.K8tJ8CTB8 K8TO~X • 3JI8KTpo,tioB,. MCCJI8,UOB8HH 

xapaKT8pHCTHKH T8KHX K8M8p. 

2. C03,U8H·H·sanYtn8H B 3KCnJIY8T8I.U-IIO B COCTaBe ycTaHOBKll CL1I'MA-AHKC 

Koop~aTHHfi ,U8T8KTOp Ha IO TUC. rrpoBOJIOIC Ha OCHOB8 

rrponopI.U-IOHaJ!bHHX K8Mep. Ha MOM8HT cos,uaHHR napaMeTpll .· ycTaHOBlnt 

COO_TB8TCTBOB8JIH MlipOBUM CTaH,uapTaM B CB08M KJiacce. 

3 •. ' MsMepeHH C BllCOKOtt CTani:c'TH'I8CKOtt TOtJHOCTblO aClCOJIIOTHU8 

.UH@lepeHI.U-IaJibHHe cetJeHHR, 'lt-:p H K-p yrrpyroro paccem1!rn • rrpn 

HMIIYJ!bC8 43 raB/c B )Uiana30H8 rrepe,uatJ 0,2< it L<I ,4 (I'3B/c )
2

• 

4. IlpOB8,U8HO ,U8T8Jlb:EI08. cpaBH8HH8 .IUI@lepeHI.U-I8JlbHUX C8'I8Hllit 'IC-p 11! 

K-p ynpyroro pacceRHHR B irasBaJIBOM .IUimiasoHe • OTHOU1e11ne 

.IUI®iepeHU,1'!8JlbHOro. C0'I8Irn:R 'IC:-p IC .cetJ8HHIO K-p M8HH8TCR ciT I .2 . (rrpn 

t=-0,2 (I'aB/c )i) ,uo O, 7 ·· {rrpH t=-I,4 (I'aB/c )
2

). CetJelinR 

nepeceKa!OTCH rrpn t={-0,65±0,l) {I'3B/c)2 • 

s: CpaBH8Irn:8 .IUiiI4JepeHUH8JlhHhIX no CK80JIHHrOB011 nepeM8HHOtt totot 

C8'I8Hllil 'IC-p 1'! K-p. yrrpyroro, pacceRHHH, . OTHOpMHpOB8HHUX Ha 

OIIT1'!tJ8CICH8 TO'IKI,J, IIOIC83UB88T, 'ITO C8tJ8HHR He OffilCUB3JOTCR omwtt 
YHHB8pC8JlbH(?i1.qiyHKI:(}!ett. T .e ~,. rnnoTesa IIpOCTOI'O reoMeTpntJecKoro 

CirnfiJIHHra He BUIIOJIHR8TCH ,UJIR. pa3HUX K8H8JIOB yrrpyroro .pacceHHHH 

rrpn 1'!MIIYJihce 43 raB/c. 

IlpaKT1'!tJ8CIC8R 11;8HHOCTb. C, HCIIOJlh30BaIDrnM · cos.naimoro 

KOOp.l\1~3TIIOro, ,neTOitTOpa rrpoue,uena cepnR 3KcrrepHM8HTOB. 

PaspaOoTaHHUe H cos,uaHH1:m · rrpm10p1:(1'!0HaJ1bHUe 1caMepu c MaJJUM 

ltoJJM'l8CTBOM B8JJi8CTBa IIOIIY'lKY n. C ICaTOmIUMvI 3Jl8KTpo,naMn HR OCHOBO 

Hcl'l'HHYTOfi aJJJOM1'!ID!8BOil: qlOJlbI'H RBJHJIOTCH CTflH,IWpTHUMn · ,U8T8KTopaMlf 

/\J1H perHc·rparum Tp8l<OB sap.AlK8HlillX 'rnCTHU:, umprnw HCHCJJ!b3Y8MUMH BO 

MHOI'1'!X mrnrrepHM8HT8X; ql;J31'!KH . BllCOKli!X, 3Heprnil:. OH>! H8UIJIH 

IIpHM8Hemrn K8R B Iiy'II(aX o,nnosapR.l(HUX tJ8CT1'!1~ BhlCOKI,JX :meprml . na 

yc1copnTeJJe Y-70 {WliBS) - .Y~TaI~OBKli, MMC, I'lillEPOH, OOIAIUCC, T3K n B 

nytJicax pOJIHTUBHCTCR1'!X R,uep. CHHXpoq!830TpoHa OWIM H GSI (.IlapMUIT8,l\T, 

repMaIDrn) - ycT8HOBIC1'! _AHOMAJIOH H "4'1C-_-,U8T8KTOp". 

IIpe,nJ]OlK8HHll8 ,n.JlR.rrponopI.U-IOHaJ!bHUX KaMep C 3JI8KTpo,naMn H3 

H8THHYTOfi 8JIJOMHHH8BOi1 lf)oJibI'H ~OHC'I'pYKTOpCK1'!8 H. T8XHOJIOI'H'I8CKH8 

perneirn:H rrpHMellllMll .llJIH . KOOp,lUIH8THHX .ll8T8KTOpOB CJIO,llYIO!ll8I'O 

IIOKOJIOHHH - T.H. MH~In,npeitlf)oBUX KaMep. 
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ABTOJ?. sauu-rma_e'l'_: 

J. MOTOJr.l'.J8Cmrn po:c:yJlh'l'8TU: 
~\ ,, 

p;:rnpa60T!W, · c_03J(31T',W H IICCJJ8JJ:OB8Hlf8 xapaKTepnCTIIK Cl,JCTaMU • 

rrporrop11no,1a~1L1illX 1,aMep, co;;;.uairne Ha nx · ocHoBe Koop~clTHoro' 

)].8'l'OKTOpa, rrapaMBTpU JCOTOporo . o68CITff'lHJI1'! rrpoBe,nemrn pH.ll8 

::mcrrep1,1M8HTOR Ha ycTaHOBKe CL1I'MA-Affi{C; 

- C03,naml8 U sanycJC ycTaHOBKH Ha IIY'lK8 Y-70 ,UJl.r! 1'!CCJl8.llOB8H1'!.fl 

n K-p yrrpyroro paccem,rnH. 

'IC p 

2. 3KcrrepHMOHTBJlhHHe pesyJJhT8TH: 

U3M8p8Hll8 mi HOBOM ypoBH8 CT8TUCT1'!'-l8CKOtt TO'lHOCTU 

)]JlqlfiepeHUlWJlhHUX ceqemrn YIIf,YI'OT'O 'IC -p 11 K-p pacceHHnH · rrpll 

J,\MflY,TThC8 :).;1 I'aB/c H ;u,rnmmoH8 nepe_naq 0,2<.iti.:I,4 (I'aB/c)
2

; 

- .noTaJJbH08 cpaBHeJU18. Ha HOBOM ypoBHB CT8TJICT1'!'l8CK0:'1 TO'IHOCT1'! 

)J,ll(I4}opeH[\VIHJlbHllX CO'lOHni, yrrpyroro 'IC-pH K-p paCC8HHl1H B H83B8HHOM 

,n,m=mn3oHe • 

Anpoelm]Jrn pa60TH. Pe~,yJtbT8Tll, IIOJ!OlK8HHll8 B OCHOBY 

rowcepTau:nn, H80,l\HOKp3THO J(OKJJaJJ:llB8Jl:l-!Ch mi MelK.nyHapomrnx 

COBBIIWIDiHX COTPY ,l\H:l-l'l8CTB8 cm,MA-AHKC, Ha M8JK)l,yHapO,l\HOtt 

1mHqiepemurn no IIpOBOJlO'l!lhlM )l8T8KTOpaM, Ha 38C8)],8H1'!HX Y'l8HOI'O 

CoB8Ta OWIIII, H8YtJH11X CCMUHapax J!HIT OMHM U OHMY OMHIII, orry6JJI,JKOB81ill 

B B1'1,U8 :w.ypH8JlbHI1X CT8T0:'1 n nyc\nmcaumt Olllffl/i. 

[IJC5JI1'!IC8l~UH. B )ll!CCepTawm 

f;!lIIOJIHCIITillX 8BTOpOM B I 981 - J 990 

yc1copoHHH-n B JTaOopc.lTOpnn H)l,8pHllX 

H8itTpHHHOtt @'T3IIKU Mcli83. 

oC5o6tUOHU pesyJihT8Tll 

rr. B 0T,I18JI8 HOBllX 

rrpoCl.neM 011HM, a T8Kl!:e B 

paOoT, 

,M8TO,UOB 

OT,ueJJe. 

0CHOBHH8 P0.3YJJhTH'l'l1 H3JIOJJ:8Iill B ITHT}l nyClJmKa!J,l,rnX R ll:ypHaJJaX 

Nucl. Instr. Meth., ITT3, H.n:.'I>H3. II B 1rn.n:mnrnx OMHM /I-SI 

CTpy1cTypa n 061,eM ,nnccepTm:(1'!1'!. 

BB8,IIOmrn_,. Tpe:ic PJinB 111 3aJCJI\O'l8H1'!.fl 1'! 

Hett ·co.n:epll:HTCH 45 pncyHKOB, IO 

JlUTepa'I'ypti H3 57 H8HM8HOBaffifi1. 

)lnccepTat.J;rn COCTOUT 1'13 

1'!3J!OlK8H8 H8 120 CTpaHHUDX. B 
Ta6.nm~ n CII>ICOK ll,llTUpyeMott 

CO,UEPJKAIDIB PABOTH 

Bo Rfifl.ll8H1'!H JlOJl'lOpmrnaeTC.fl aKTyaJJhHOCTb 

cqiopMy JJUpoRaHU OCHOBHU8 neJIH . paCloTH, OJip0)],8Jl8lill 

J 

rrpo6JJ8MH, 

OCHOB1ill8 



TIOJ10lK8ID'I.fl, BHH8C8Hlill8 ua 3aIUHTY. 

ITepBa.fl rJiaBa rrocBHmeua paspaCioTKe rrporropUH?HaJibHUX KaMep, 
. OCHOB8 HCCJ18).l.OBaID'IIO llX · xapaKT8pHCTHK H C03).l.alil'IIO Ha llX 

KOOp).l.llHaTHoro ).l.8T8KTOpa ua IO THC.flq IIpOBOJIOK. 

KOHCTpyKI1,ID_I KaMep flBHJlllCb KOMrrpOMHCCOM M8lK).l.Y MHoroqncJieHHHMH 
TpeCioBaID'I.flMH K KaMepaM: 

- IIpOCTOTa KOHCTPYKI1,ID_I H T8XHOJIOrHqnocTb,, T.K. peqb IIIJia o('i 
H3rOTOBJl8ID'Ill CiOJibIIIOfi cepllll KaMep; 

-.HCTIOJib30BaID'Ie ).l.OCTYTIHHX OTeqecTB8HlillX MaTepHaJioB; 

- rrpocTOTa H ua).l.8lKHOCTb B 9KCITJiyaTaI1,ID_I; 

- H).l.8HTHqnocTb H CTaCillJlbHOCTb xapaKT8pHCTHK cepnttHI:lx KaMep; 

- M8JI08 K0Jlllq8CTBO BemecTBa no rryqKy; 

H ).l.p. 

ITyqKOBH8 KaMepH. CeqeID'Ie O).l.HO

KOOp).l.llHaTHOfi C8KI1,ID_I KaMepH IlOKasauo 

ua pnc:I. Au0).l.HH8 rrpOBOJIOKH 113, 30-

Jioqeuoro·BOJJbqipaMa ).l.HaMeTpOM IO MKM 

pacrroJJOlK8HH C maroM I MM. M8lK9JJ8KT~ · 

po,IU-IHtt sasop 5 MM. ~YBCTBHT8JJbHa.fl 

o6~8CTb 64x64 MM2 • KaTO).l.Hblfi 9JJ8KT

po).l. oCipasoBaH TOID~ofi HaT.HHyTotl: aJJIO 

Mlllil'I8BOtl:qJOJJbron. 0T).l.8JlbHH8 C8KUHH 

T8KIDC-KaMep MoryT OCib8).l.HH.flTbC.fl B 

MHOrOKOOp).l.llHaTHH8 rraK8TH rrpOH3BOJJb

HOfi TOJl!UHHll. ITaKeT KaMep IT03BOJJ.H8T 

TIOBHCHTb KOOp).l.llHaTHYIO TOqHQCTb H 

sarpysoquy10 crrocoCiuocTh rrpn· coxpa

HeHHH 9qqJ8KTHBHOCTH ·rraKeTa. Ha 

pHc.2 ITOKasaUH THITHqUHe saBHCHMOCTH 

9qqJ8KTHBHOCTH perHcTpaI1,ID_I H myMa Ha 
KaHaJJ perncTpaI1,ID_I OT HaIIpfllK8ID'Ifl Ha . . . 
KaMepe. ,U.mrna rrJJaTo rrpH rropore pe-
rHcTpaI1,ID_I 3 MKA He M8H88 500 B. Pa-

3Cipoc HaqaJJ rrJJaTo rro cepllll KaMep 
He rrpeBHIIIaJJ 50 B. XapaKTepHCTmrn : 

E.•1. 
100 

BO 

~~( ,€(€~ ·IIO~NHt-.ioi naec■M 

•-•ua41<>n1,ra 
C~ ........ f1>0H"OIIM 

•~ tonW'• 

~1*~).)?J a~JMpO~ nHCJIOI 

pani!M >M1npoM111M11 c .... , .. , ....... 

P11c ~ I CeqeH1.1P onHmcoop).l.H-

HaTHO:fi C8KUliIB ITY'1KOBOfi 
KaMepu. 

"' .,; KAMEPA nYYK. 

6oJ / / INw 
{t;ceH·"•n•l 

40i / / U"/'e ,i;sooyT~N t0,8 
0.6 

201 / / U27o/~ f~~ 

L.O L,2 t.,L 4.6. 4.8 s.o 5.2 U(MB) 

PHc.2 3aBHCHMOCTH s@)eK-' 

THBHOCTH H myMa .. ua KaHaJJ 
peI'HCTJ)aI1,ID_I OT .. Harrp.fllK8H11.fl 

Ha nyqKOBOfi KaMepe. 

ITOJJyqew rrpH paCioTe C MarnqecKOfi ra30BOfi CM8Cb!O~ 

Bl1J1H paspaCioTalill KaMepu aHaJJorHqHofi KoHcTpYKI1,ID_I c marori· 2 

4 
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j 
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MM. ,/ul:aM8Tp rrpoBOJJOK 20 ~M. sasop 7 MM. Pa3M8p qyBCTBHT8JlbHOfi 
oCiJJaCTH I28xI28 ~ 2 . -IlJiaTo rrpn rropore perncTpaI1,ID_I 5 MKA He Menee 
500 B. . 

KaMepu c pasMepoM '1YBCTBHT8JlbHOfi OCiJJaCTH I280x896 wl-. _Ha 

pnc. 3 IIOKa3aIIO . CGtIOID'IO .TaKofi IrnMepu 13).l.OJ!h aHO).l.HHX IIpOBOJIOK. ECTh 
KaMepu C rrpOBOJIOKaMH B)],OJ!b ).l.JlllHHOfi CTOpOHH n B).l.OJ!h KOpoTKofi. 

KaMepu MoryT OCib8~.flTbC.fl B ).l.ByXKopp).l.llHaTUHe naK8TU rrpoH3BOJibHO:lt 
TOJimHHU. Auo,mme IIpOBOJJOKU ns 30JJoqeuJro BOJlh~aMa ).l.H8M8TPOM 20 

MKM pacna.flHH c maroM 2 MM. MeJK9JJ8KTpO).l.Hl:lfi sasop 7 MM. B OCHOBY 

KOHCTPYKI1,ID_I KaMep ITOJIOJK8HH )],Ba OCHObHUX rrpIDiunna, oCiecneqnBmnx· 
BUITOJIH8ID'I8 MHorqqHCJJ8HlillX JK8CTKHX TpeCioBaHHfi K K8M8paM: 

HCITOJ!b30Baune T8XHOJJOrllll MHOrOCJJOfiUHX ).l.H9Jl8KTpnqecKHX CUJIOBUX paM 

U IIpHM8H8ID'I8 HaT~HYTOtl: C ITOMom110 TeMITepaTypHoro rpa).l.H8HTa TOHKOfi 

8JJIOMlllili'l8BOfi qJOJJhrH B KaqecTB8 KaTO).l.HOro 9JJ8KTpo).l.a. Ha pHc.4 
ITOKa3aHO C8M8fiCTBO saBHCHMOCTefi 9qqJ8KTHBHOCTH perHCTpaI1,ID_I H myMa 

»a KanaJI perHcTpaD,ID_I OT, uarrpHJK8HH.fl Ha KaMepe. Ilpn . nopore · 5 .. MKa 

).l.JlllHa rrJiaTo He MeHee 500 B. PasCipoc HaqaJI ITJiaTo no cep,rn ns 20 

KaMep He rtpeBumaJI IOO B. 

1lillOIIMpy!01141te .-rynNM 

\ . ra"°11b1M "~nne,nop 

~ '....,, ~=:ltttl0Mp0NHH11oli:i 

a1110ttMttMeN~ •o,.ra 

C.Ml'"tta/lblfllllt' np(>BO/IOMM 
ill/lllDMMKMHalll C>om,r-a 

,_ t ::ltHM)Mp0UHtflllii:i 

PHc.3 CeqeHHff KaMepu c qyBCTBH

T8JlbHOfi OCiJJaCTb!O I280x896 MM2 . 

C•• 
,oo 

60 

60 

LO 

< << 
.! ]! 

CMECb: 
aprott 

27% , IU06yutt , 

N~ 
•tc""•"il>II 
5 

3,8 '1) L}. L.L . L.6 L.8 SD 5.2 U111BI 

PHc.4 3aBHCHMOCTH 9!l¢leKTHBHOC
TH n myMa ua KaHaJI perncTpaD,ID_I 

OT HaIIp.HlK8ID'Ifl Ha KaMepe. 

·ITaueJibHH8 KaMepu_c pasMepoM qyBCTBHT8~hHOfi OCiJJaCTH ·28I6xI408 
MM2• CeqeID'Ie KaMepu B).l.OJ!b aHO).l.HHX IlpOBOJJOK ITOK83aHO Ha .pHc.5. 

HeCYm8fi OCHOBOfi KaMep flBJlflIDTC.H ).l.H9JI8KTpHqecKH6 IT8H8Jlll C ·COTOBHM 

38IIOJIH8ID'I8M.. ' BHCOKOBOJlhTHH8 9~8KTp0).l.ll oCipasoBaUH IIpOBO).l..H!UHM 

ITOKpHTH8M Ha OCHOB8 cepeCipa JlllCiO rpa!lJliiTa Ha BHYTpeHHefi CTopoHe 

naHeJJH. IlpoBOJIOKH. H3 30JIOqeHoro. BOJ!bqipaMa ).l.Ha!-18TpoM 20 MKM 
pacna.HHU c maroM ,2 MM. MeJKsJieKTPO).l.Hl:ltt sasop 7 MM. Ilo 

. 9J18KTpITT8CKHM xapaKTepHCTHKaM 9TH KaMepu ITO).l.OCiHH KaMepaM I280x896 

MM2 • MM88TC.fl )],Ba THITa TaKHX KaMep - C aHO,niillMH IIpOBOJJOKaMH B)],OJ!h 

5 
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,Il,JrnHH08 CTOpOH!,J H B,Il,OJ!h KOpOTK08, 06ecrreqnBa10mruc H3MepeHHe 

' Koop.zumaT X 'H y. 

PHc.5 Ceqemre-KaMepu C qyBCTBH

T8JlhH08 OCiJiaCTh!O 28I6xI408 MM
2 • 

COTOBaA 

naHenb 

CM:"HanbHb1e 
·npoeonoHM 

COTOBaR 

~ I 111111111111111 If naHenb 

Koop,IUmaTH!,18 ~0T8KTOP ,Il,JIH YCTaHOBKH CLITMA-AflliC. neT8KTOp 

co.n,epJKHT niecTh IIJiocKoc-re8 IIY'lKOBux IcaMep, 061:,e.zumemmx B .n,Ba 
. .· 0 

TpeXRoop.zumaTH!,JX rraKeTa, lli8CTh IIJIOCKOCTefi KaMep I280x896 ~lhl"'. 
IIHTh IIJIOCKOCTe8 K8Mep 28I6xI408 MM2 • 06rnee KOJIHqecTBO IIpOBOJIOK 

~ro TllcHq. Ha KaMepax pacrroJio

JKeHa _ sJieKTpoHHKa perucTpm.1,mi: 

,IJ,BYX TUTIOB: Ha OCHOBe MHKpocxe

Mll K405:XIII* ) · H ' THTia Le. Croy 

7700** ~ 06a Tuna HMeioT o,nuHmco

BYIO CX8MY opraHHsauHH (Puc.6). 

OcHOBHOe OTJIHqne - B opraHH3a-
' ' 

~nm sa.nop:aam B ·KaHaJie perucTpa-

~. B KaHaJI8 ·perHCTpa~ Ha 

MimpocxeMe K405XIII · .. sa,nepJKKa 

peaJIH30BaHa Ha O)UIOM O)UIOBHCipa

TOpe. B KaHaJie 9JI8RTpoHUKu pe

PHc.6 CXeMa opra:imsal.UIB, B.IJ8KT

po~ perHcTpmu,rn: Iia K~Mepax. 

rucTpmiirn: Le _Croy - Ha OCHOB8 ,IJ,BYX mipaJIJI8JlhHl1X O)UIOBHCipaTopoB, 

cpaCiaTirnaromruc · rrooqepeJUio OT cJie,nyromruc .n,pyr sa .npyroM cHrHaJioB. 

TaKaH opraHHsa~H sa.n,epJKKu oCiecrreqnBaeT sHaqnTeJihHoe yBeJIHqeHHe 

sarpysoqHoil • CIIOCOCiHOCTH KaHaJia perncTpa~ B YCJIOBUHX 

9KCII8pHM8HTa. 

L'ICIIllTa:inrn rrporrop~oHaJihH!,JX. KaMep. L'ICIIllTaHHH .c , pal(HOaKTHBHllM 

HCToqHHKOM ·HBJIHJIHCh ·' qacTh!O T8XHOJIOrHqecKoro rrpouecca, 

0Ciecrre'IHB8IOII\8I'O KOHTpOJih pa60TOCIIOCOCiHOCTH KalK,noil KaMepu . H 

H,Il,8HTH'lHOCTh · MX xapaKTepncTHK. IlpH 9TOM BaJKHO, qT0611 CillJIO 

o6ecrreqeHO COOTB8TCTBHe H3Mep8HH!,JX xapaKT8pHCTHK xapaKTepHCTHKaM 

Ha rry~e peJIHTH_BHCTCKHX qacTHU Ha YCKOpHT8Jl8.. CxeMa · MOJlll:TOpa 

*) L'l.ASo.iJyTBHH H .np. IlperrpHHT owrn, 9-81-674, )LY6Ha I98I. 

**) PCOS II. Le CROY Research Systems Corp, June 1977. 
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IIOK;3aHa~a puc.7. CnrHaJI'MOHH-
/ ' ' -

TOpcl m,1paCiaTl1B8JICH IIpll COBrra.n,e-

HUU curHaJIOR C 'l8Tllpex M8JlllX 

·rrpi.mopLl.UOHaJihHhlX KaMep H cu;,m
. TU.JlJIRl.].HOHHOro C'l8Tq1ma. 06J1y 1rn-

!HH) - 01' pa,nuoaKTllBHOf'O HGTO'l'

mnca I OP.Ru. <lioH 'CJiyqafiHUX COB

m1,11.em1tt H8 rrp,rnHmaJI 0, I %. Bee 

rrpnBe.n.emrue BHll!e 3aBHCHMOCTU 

31tqJeKnumocTn · OT Hanpmr.emrn m1-

Mopmm C pal(H08KTHBHUM HCTO'-IIIB

!(01\1. 

\ 
\ 

P.a. HCrCNHMK 

M0HMTOl)Hble 
nporoP11- l----7 
KaMepbl 

=~•el I 
KaMepbl 

Clf4HTl111. 
C'fet'tMK 

Pnc.7 CxeMa opraHHsa~ MOHH

Topa ,ll,JIH HCTII1T8HHH KaMep C pa

l(H08KTJrnHl1M HCTOqJrnKOM. 

L13MOpelrn}J 3arpy30'lHOi1 CITOCOCiHOCTU K8M8p IIpOH3BOl(HJIUCb rrpn 

06.TIY'IeHHH cepm aHO,Il,lillX IIpOBOJIOK OT itx:>HoBoro pa,nuoaKTHBHOro 

l!CTO'IIIBK8 R CTopone OT MOHHTopa. L'!CTTl1T8HHH itJoJibI'OBllX H , rraH8JlhH!lX 

lWMOp ,naJin UJi1l3KH8 p03YJILT3TU: C 3Jl01CTpOlrnKOil Ha MHKpocxeMax 

K405XIII sarpysoqnafl CTTOCOUHOCTL OI!p81(8JIHJl8Ch M8pTBl1M Bp8M8H8M 

icamrna perucTpmu,rn: TM= (I, 5 - I ,8 )'I'38)l.8plKKM" C 3Jl8KTpOHHKOi1 Le 

Croy B UCCJ18,ll,OB8HHOM .nnarra30H8 sa.n.epl!:GK M8pTB08 Bp8Mfl TIOCTOHHHO H 

pamm 'I'M~ mo He. 

, L'lcrrunimrn rrporrop~oHaJI~Hllx 

IcaMep B rryqKax peJIHTUBUCTCKHX 

1rncTm1,*) TIOK833.i'ill, qTO ,Il,JIH o.n

H03apHJUIUX 'l'8CTUU Ha'laJIO JJJiaTO 

E% 
100 

g, 

80 

~ 

GE■96% 
1 N• 2,17•1f 'A: 

rpaKTlf'l8CKU COBJI8,IJ,88T C Ha'laJIOM 70 

IIJ11l'f0, IJOJIY'l8HlillM C pa}Ul08KTHB- 60 

HHM HCTO'l'HHKOM. 

Ha pm-: .8 JIOl«:138Ha - 3aBUCU

MOCTb 9!pp3KTHBHOCTH qDJlbf'OBOfi 

KaMepH C JJI8I{TpOHHKOtt perllC'I'pa-

IJJm _ Ha· OCHOB8, .MHKpOCX6Mll 

K405XIll, CTOfllll8i1 B UpHMOM IIY'lKO 

'lC- --M830HOB Ha ycTaHOBlW CLITMA

AHI{C • OT HHT8HCUBHOCTU TTY'-lKa. 

ITpu M,mCIDJl3JlhHOil . HHT8HC11BHOCTH 

50 

-d d -d d 
MHTEHOIBHOCTb llY'l<A 1/c 

PHc.8 3aBHCHMOCTb 3!pp3KTUBHOC-
' ~ ' -

TH KaMep I280x896 MM"' B TipHMOM 

rryqKy 'lt -M830HOB Ha ycTaHOBKe 

CLITMA - MIKO OT HHT8HCHBHOCTU 

rry•.rna. 

* A. n. 8npy('i1m, ARTopoiIBpa1· mrccopTmnm, I -88-790, )LY6na 1988. 
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I 
::::2 106 I/c 

I 
&®JeKTUBHOCTb He Hll-

me ::::96%. 3TO HaXO,lUiTCfl:B cor~a
Cllll C ,naHHHMll, :; nci~y'leHHh!Mll C pa
,lUiOaKTllBID.lM ncTO'lHllKOM. 

· IlhqmHa MepTBo:A: /s~HH Bos~e 
no.n.nepmeK, IlpOBO~O'lHOro MaCCUBa 
Ha K~11epe _ I280x896 MM2 _rrpn Hy~e- _ 
BOM noT8HUlla~e Ha_ HllX, U3MepeH- , 
Hafl Ha nytJKe pe~f!TUBUCTCKllX '11:-
M830HOB, COCTaB~f!eT ::::1,5 CM 
(pnc.9). 

Er. 
100 

50 

10 ; 

8 . 

0 10 XMM 

. Pllc. 9 ·. · 3aBHCID/IOCTb &(WJeKTHB-
') 

HOCTR KaMep · I280x896 MM"' OT 
paccTOHHllfl ,n;o no.n.n,epl!arn . rrpo
BO~O'!Horo M8CCllRa. 

Bo -BTopo:A: r~aBe /orrn:caHa YCTclHOBKa eMI'MA-AHKe B 3KCII8pllM8HTaX, 
B KOTOIJHX-HCnO~b30B~~Cfl paspa60T'lHHH:A:_KOOp,IJ,HHaTHH11 ,ll;8T8KTOp. 

•Ha pnc.IO nQKasaHa cxeMa ,ycTaHOBKH B .&KcnepnMeHTO no 
llCCJie,noBaHll!O yrrpyroro paccef!Hllfl '11:-p li:K~p B ,nHana30H8 nepe,na-q 
0,2< it r<I, 4 (rsB/c >2. OHa · cocTOHT ·IIs nytJKOBo:A: -qacTII/ 
mll,nKOBO,nopo,n;Ho:A: MIBJieHll, CliCTeMH· perIICTpaUllll IlpOTOHa OT,na-qn , l1 

cllcTeMH perncTpaUllll -qacT,IIIJ,hl pacceHHHo:A: Bnepe.n. encTeMa 
perHCTpaUllll_ . _rrpOTOHa OT,na,rn no3BO~f!JJa perIIcTp.rrpoBaTp KaK 
HarrpaB~eHlle BH~8Ta IlpOT?Ha OT,na-qn :: - C noMOl!lb!O 'CUCT8MH 
rrponopUllOHa~hHHX~ KaMep H ere ll,ll~,ll;pll'l8CKIIX KaMep, •, TaK l1 

i' - ! 

KllH8Tll'l_8CKYIO &Heprmo IlpOTOHa OT,na'lll ..: C noMOIUb!O cu,trr!Tll~~f!UllOHHHX 
Ka~op1™e'i'poB. Yro~ pacceHHllH, ~eTHl!le:A: Bnepe,n . -qacTnUH, n ee 
RMITY~hc perncTpnpoBa~ncb MarHnTHHM cneKTpoMeTpoM •. encTeMa 
3~8KTpOMaI'HllTHl1X Ka~OpID118TpOB ll3 CBllHUOBOI'O CT8K~a c~ymn~a ,n~fl 

. w 
C:=::J __ ,,, 
--33 

. ' Ar A1-=:}/ - . 
1r Ii II~ ri =f._l\Zf1 CZ . . H_ 1 S3 (1 .S2 DISC S1 

t,±,t,tt-tt+· 
1
~23 ~-~ ,. ,. ,. ls~2• S4. . . ,2 

==~--~~-
C:=::J w 

Puc.IO exeMa ycTaHOBKH B 3KcnepID118HT8 no ncc.rre,noB8Hll!O ·yrrgy:roro 
pacceHHllH '11:-p n K-p B ,IJ;0anas0He nepe,na-q 0,2<itl<I,4 (raB/c)~ rrpn 
UMITY~bce 43 raB/c. 

8 

I 
~ I l,: 

(, 
'' ,; 
rl 

!j 
-l 1· 

., 
r,j· 

;/ 

!
I{_ 

r 
i 

.f 1 

r 
f' 1' 

ii 
! 

i! 

i 

1-. 
f 1 · 
,I 

~

(I 
. 

' 

' 
! :1 

perncTpaUllll COOHTli:A: pa,D;0aUI10HHoro paccef!Hllf! •. TO'IHOCTb ll3M0p0Hllfl. 
nepe,na-qu rrpn yrrpyroM paccef!HUU BO BCSM ,ll;0ana30H0 OH~a Ot::::0,017 2 . . . 
(I'sB/c) • 

Ha pnc.Il noKasaHa cxe
Ma YCTaHOBKU B 3KCn8pID118HT8 no 
llCC~e,noBaHlllO ,lUiCCOUllaUllli '11: -Me-
30HOB c llMITY~bCOM 50 raB/c B 
[L + [L - '11: - -CUCT8MY Ha H,npax * ) • 3TOT 
3KCnepllM8HT TIO::!BO~~ BnepBHS 
Ha0JIID,n;aTb ,pesoHaHC 'lCz (1680) B 
po'll:--cHCTe~e"_ ·c Henocpe,ncTBeHHo:A: 
perncTpau.ne:A: r0.-MesoHa . no · ero 
pacna,ny Ha µ+µ..:~napy. 

Ha p~c.12 noKa3aHa. cxeMa 

"'. '• 

I ~~ 

c, • ;c.s. Ct ~ 0 \.,_ 

--E----------3-~ 

,"-.. I · l 
............... 1·~- ~. -.~~ ,..,. I .. 

F•+iHt :i-r-++--
· '._~ 

M X►I. 

Puc.II exeMa ycTaHOBKU B &KC-
·, 

nepIDIIBHTe no,ncc~e,noBaHUIO ,IJ;0C-
coUI1aUllll '1C--M830HOB B µ+µ-'IC--

ycTaHOBKll B 3KCnepID110HT0 no no- CHCTSMY Ha H,npax. _ 
llCKY ,ll;00apHOHHHX. p030HaHCOB B 
ou~aCTU-Macc 2 - IO raB B rrpou.eccax C ncrrycKaHllSM KYMY~HTHBHHX 
IlpOTOHOB,B '1C~Be-B3aID110,ne:A:CTBHHX rrpn IDIIITY~bCS 40 raB/c **)_ ,U.rrfl 
aHa™sa ncno~b30Ba~acb peaKUI1H: 

'1C-Be-B2X. 

:· k--·pb+Pr · 
J---pb+pf+'IC ' 

r,ne Pb ll Pr - IlpOTOHH, BH~8Ta10mne B sa,nH1010_n nepe,n;HIOIO no~ycwepu. 
no ,naHHHM · 3KCnepID110HTa Ohl~ .· no~y'l8HH orpaHll'!8Hllfl Ha C0'l0Hllfl 

,oupas6BaHllH ,IJ;06apno~x pesoHaHcoB, pacna,naromuxcH Ha pp n 
pp'll: -COCTOf!Hllfl 

, ·•Ha pnc.13 noKa3aHa ycTaHOBKa no nOHCKY ,IJ;06ap1t1:0HHHX 
pesoHaHCOB, oOpasyromuxcH · B · oQ~aCTU (fillarMSHTaUllll Mlllll8Hll C 
HCITYCKaHll8M CUMM8Tpll'IHHX nap -qacTRU B '1C-Be-B3aHMo~e:A:cTBllf!X rrpn 
RMITY~bce 43 raB/c ***) O,n;HID/1 us rrpeID11ymecTB· TaKo:A: rrocTaHOBKU 
3KCnepID118HTa f!Mfl0TCHXOpomaH ll,n8HTllqMKaUI1H BTOpll'lHHX -qacTID_\; 'ITO 
orrpe,neRHBTCHMa~o:A:Be™'lllHO:A: IDIIITY~bCOB n Ma~ YPOBHeM qx:>Ha -rrpn 
OO~blll~ nonepe'IHHX IDIIITY~bcax rrpo,nyKTOB pacna.na~•IlpOBO,lUi~Cfl aHa~3 
peaKu.n:A:: 

*) IO.M.AHTUITOB n ,np.· Ilperrp:mi:T M~B8,. 86-178, CeprryxoB )986. 
**) IO.M.AHTUITOB n ,np. Ilperrp:mi:T 1'I~B3. 90~167,' IlpOTBllHO 1990. 
***)IO.M.AHTUITOB n ,np. Ilperrp:mi:T M~B8, 90-168, IIpoTBllH9 1990. 
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'1t-Be-B2X H 

4-pp 

1t-Be-B2x 

t: d -

d:+ 

ITO . ,U8HHl1M 8KCIT8pID118H'!'a l'.5HJm. ITOJIY'WHH 

ol'.5pa30B3HH.fl . ,uul'.5ap110Him~ pe30H8HCOB, 

orpaHwrnmrn 

pacrra,umoniuxcB 

HR 

Ha 

Cf.3'1H!U1.fl 

PP n 
'll:d-COCTO.HHH.H. 

':fy 

□ 

□ 

□ 

□ 
CH 

. PC= 
01"7_1 ~ 

m:mnnnn or 

M 

~ ~if 
+-n,
s.~ 

'' ""'7: 
Xhol 

Pllc.I2 CXBME! YCT8HOBKTrl B 3KC

rrepViM8HT8 ITO ITOTrlCKY ,L(H:01:lfJilOH

HHX pe30H3HCOB B rrpoueccax C 

ncrrycK3Hlrl8M ICYMYJIHTHBHblX rrpo

TOHOB B '1l:-Be-B33IDIIO,ll,8ilCTBH.f!X. 

Wl-1POt«)Yl"011b~blt 
- cne,npoMerp JJBr!:~;:.:c: ., 

flepeAHHK ~-:,:.::.. 

~=-·-n·-~-= -~;✓ J 
"'" l .. ~- ~..,..I --- ii-·· 

B"'tl - [1]1 'gu~..,.... _,,,_, , 
. ·-· .. -- ll ,,._, ---i, 

. .:::a:::?~. 1, 
~--"'- x~I ' 1/ . ~=--- . ~i:-· 

F'1!C. 12 Gx~,r,m yr:;TnHGBTm E :me-· 

nepnMeHTe m, ntH1CKY ,un6npnou-

Hl1X pesonancoB, oupasy10muxcH B 

oOJiaCTU qipaI'M8HTaJJ.irn Mlllll8HU C 

HCIIYCK31ill8M . CHMM8Tpwrnux nap 

qacTHH B 'IC -B8·-B33llMO)l8tlCTBTrl.f!X. 

TpeTbH rJiaBa ITOCBHIU8Ha HCCJI8,UOB81illl0 yrrpyroro 

pacce.f_lmrn rrpn HMITYJibce 43 raB/c. Hal'.5op ,uanmlX 

1t-p H K-p 

11pOH3B◊)U!JlCR 

rrepHO)U!'l8CKH OT,U8JlbHO ,UJIH 'IC- H K--M830HOB. PeJKHM pal'.50TH 

rrepeKJIIO'I3JlC.fl B rrpouecce 3KCIT8pHM8HTa. 8TO ol'.5ecrrequJio M3KCIDll8JlbHO 

uJIM3KU8 3Ha'JeirnH CHCT8M3TH'I8CKHX OlllW')OK 11pl! l!3MepeimH. ceqe1m:A 

yrrpyroro pacceHirnH 1t-p n ICp BO BCBM .iurarrasone rrepe,n:aq 

0,2<ltl<I,4 (I'aB/c)2 • 3a-Bp8MH 8KCTI03HUI!M qepe3 ·ycTaHOBKY l'.5UJIO 

rrporrymeHo ~6 ro8 ·'1C--M830HOB H, 4,5 108 K--M830HOB. -IIOJIY'l8Hlill8 

.U8HH118 , ·no .wr!MJep8HUM3JlblillM ce 1rnlillHM anrrpOKCID11HpOB3Jll!Cb 

3KCITOH8HUM3JlblillMJ.I tpJpMyJiaMJ.I: 

do = [ 2:£] exp(bt) 
dt dt t=O 

do = [ do ]· exp(bt+ct2 ) 
dt- dt t=O · 

10 

do 

dt 
[ do] exp (bt+ct2+dt3 ) · 

dt t=O 
IloJiy'IeHHH8 B 3KCII8pID118HT8 ,naHHble Il03BOJll!Jll! 11pOH3B8CTH ,U8T3JlbH08 

cpaBnenne miqqiepenwrn.iu,nux ceqenn:A yrrpyroro pac_ceHirnH. Ha pnc. 14 
IIOIW33H11 38BUCUMOCTb OTI!Olll81illfl JlH@>epenwiaJibHllX ceqeffi1:A yrrpyroro 

pacc~.HH~.H '1{;·-p U ICp OT B8JllI'lUHH rrepe,na'III B ,UH8IT830H~ 0,2< l t l <l ,4 
(I'38/c )~. Cn'lemrn :m✓ieIOT pn3m1e HaKJiom1 II nepeceKaIOTC.H rrp11 

~~1. 
·101u t2 .... !Ip I ill 

0.81 I I\ I l ~ t IL I ~f Ill II 
o~ .43r,s1c f I 
o. • 20r:iB1c Aso'd •l 

02 • 100 faB/c Rubinstein .. J 

02 o.4 0.6 o.e to 12 t4 t6 ta 2Jl 
t.(r,e1d 

Puc. l 4 !J8BIIC,!MOCTb OTHOlllO!Hl.H 

.n:nqxpepc111(}!8JlhB!lX C8'{81Hlfi ynpy

ro_ro paccnmurn ;;;·-p w IC p OT 

Be.mi'lmm nepo.n:acm. 

<) 

itl~( □ ,65±0,T) (I'BR/c)~. Cor-
.nacHo J'l1JTOT8~,8 r'POMP.TpV!1l•) 1'J{C1f'() 

1;mit\JU1HJ:'i ; 1111f1J!ep:m(HHJibHhle ce

'IAHUH '1L-p _lf K-p ynpyPOl'O pac
G8f!HlIH C'I'FIHOBH'PCH O)WIHHKOBUMH, 

8GJIII nx OTHOfJMHfJOBflTb ua Ol!Tl1-

'leciaw 'I'Cl'Hrn II oTJTOJKWl'h oTHo

cm·nJ1bHO uepeMeHno11 to tot, r,ne 
CT tot ~ l10Jl~i()8 G8'l0ffil8. R H8KO

TOpb!X pal'.5oTax B rrpe.neJiax IIX 

CTa'TUCTJI'l8CKO:&l TO'IHOCT1l H36JIIO

.ll,88TC.H ·car JlclCII8 C l'lll10T830t\ 

'i 
10-•I 

11f 

1U L • 

10 

•n·p,4]rJB/C 
•r,.or,Blc 

20 30 
-1-a,,..M&t1r,B1cJ' 

Pllc. 15 3aBIICUMOCTlI .nwfql8p8HUM

aJibHOI'O 1t-p n K-p yrrpyroro pac

ceHHn.H, o·mopr,mpcmaHHue Ha on

TnqecKne TO'IKII H 0TJ10l!(8HH118 OT-. 

nocnTeJihHO rrepewnrnott to tot. 

reoMeTpII'IecKoro cxetlJIIIHra. • HarnII 

TO'IHOCTb, 

l1MIIYJThC8 

.nmrnue, MM8IOUtne Jiyti:my10 CT3TUCTH'l8CKYIO 

.3HatJ:UMOM pa3JilltJ:lIH 3THX C8'l8HUtt npn 

Co01'R8TCTRYIDIUHe ce'IeHII.H noKasattbl Ha p11c. I5 • 

roBOp.HT 0 

43 raB/c. 

*) M;a•o Z. et al. Nucl. Phys. D255(1985) 273. 

**)Rubinstein R. et. al. Phys.· Rev.D30(1984) 1413. 
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8 38KJIIOqemm: IIpRB8)].8Hhl OCHOBH118 pesyJibT8TU ,nRCC8pT81UiOHHOtt 

paOOTU: 
l. PaspaOoTaHa R C03)].8Ha CliCT8Ma Ha,nelKlillX R T8XHOJIOrRqHUX 

rrporrop1umHaJibHhlX KaMep B UIHpOKOM .nirnrra30H8 pa3M8pOB R RCCJl8)].0Bam1 
RX xapaKTepRCTlIKR: 

a) PaspaOoTaHU KOHCTpymurn '1'8XHOJIOI'WUillX cepRttHU:ic 
rrporropIJ,ROH8JlbHUX KaMep C MaJIUM KOJIR'l8CTBOM B8!1\8CTBa ITO rry1-my, C 

8Jl8KTpo,naMR R3 HaTRHYTOtt C IIOMOil\blO T8pMRqecKoro rpa)].l!8HTa 
aJIIDMRHR8BOtt ql()JlbI'R, C qyBCTBRT8JlbHO:£! 30HOtt OT MRHUM8JlbHUX 

, 2 ') 
pasMepoB 64 x 64 MM .no MaKCRMaJibHUX' - 1280 x 896 MM"', 

rrpe.n;Ha3HaqeHHUX .D.JIH paOOTU B rryqKax peJIHTRBRCTCKRX H,nep n 

O.n;H03apH.n;HUX qacTRU BUCOKRX 8HeprR1!. 

0) PaspaOoTaHa cepRnllaH T8XHOJIOI'RH IIpOU3BO.D.CTBa T8KRX IcaMep, 

BKJIIOqaromaH, HapH.n:Y C R3I'OTOBJl8HR8M, KOHTpOJib R llCiillTamrn C 

pa,nR08KTRBHhlM RCTOqHlIKOM. fIOCJI8.D.H88 II03BOJIRJ!O OCYIU8CTBRTb 

H8IIp8p!1BHU:£! T8XHOJJOrlc'lqecKR:£! IIpOl~ecc. ,J!TOI'OM KOT!;iporo S!BJI,IIO'I'CH 

IIOJIHOCTblO rrpoBepeHHUe R p800TOCIIOC00Hhle KaMepu,_ He Tp80YIOI1\U8 
.n:onOJIHRT8JlhHhlX rrpoBepoK Ha nyqKe YCKOpRT8JIH, qTo_ HBJIH8TCH 

aKTYaJihHUM rrpR cos.n:amm: OOJihlliRX 8KCnepRM8HTaJibHhlX YCT8HOBOK. 

B) Ha • 9cHOB8 KOHCTPYKTnBIDlX 8Jl8M8HTOB cepnil.no!t KaMepu 
8KCIIepRMeHT8 NA-4 paspaOoTaHU R C03,Il.11HU IIHH8Jlbllile 

rrporropIJ,ROHaJibHhl8 KaMepu .D.JIH YCTaHOBKli C!AI'MA-Am{C C pa3M8pOM 

qyBCTBRT8JlbHO:£! OOJiaCTR 2816xl408 MM2 . 
r) ITpoBe,neHU cpaBHRT8JlbHU8 RCIIllTaHRH KaMep Ha rryqKe 

peJIHTRBRCTCKRX qacTRU R C pa,nRoaKTRBHUM .RCTOqHlIKOM, IIO)J.TB8p,I1.ll:Blli}i8 

R.D.8HTRqHOCTb RX xapaKT8pRCTlIK B OOORX CJiyqaHX: 

2. Ha OCHOB8 paspaOoTaHHUX rrporropIJ,RoHaJibHUX KaMep cos.n:aua R 

sanym.eHa B 8KCIIJiyaTaUR10 ua ycTaHOBK8 CJAI'MA-AHKC TpeKOBaH CRCT8Ma 

Ha IO TUC. IIpOBOJ!OK. 
3. 8 KaqecTB8 rrpeIIHTCTBymen noJIRMepR3aURR ,n:oOaBKli B rasOBYIO 

CM8Cb rrponopIJ,ROHaJibHUX KaMep rrpe,nJio~eH li30IIpOIIRJIOB!11! CIIRpT BM8CTO 
M8TRJ18JIH. Ero IIpRM8H8HR8 CYIU8CTB8HHO yBeJIRqRJIO pecypc pa00T11 

KaMep. 
· 4. Ha OCHOBe KOMIIJl8KCa CIAI'MA-AHKC cos,n:aHa , 8KCnepRM8HTl)JlbH8H 

ycTaHOBKa .D.JIH RCCJI8.D.OBaHRH yrrpyroro %-p R K-p pacceHHRH, B 

,nRarrasoue rrepe.n:aIDllx qeT11p8XRMIIYJihCOB 0,2 < :t: < I,4 (I'aB/c)2 c 

ToquoCTblO at= O,OI7 (I'aB/c)2 BO BC8M ,nRarrasoHe t. 
5. Vf3M8p8H11 C BUCOKO:£! CTaTRCTRqecKo:£! ToquoCTblO ,a0COJI10TH118 
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,nRqqiepeHURaJibH11e ceqeHRH ~-p R K-p yrrpyroro pacceHHRH npR 

RMnyJibce 43 raB/c B iu'larrasone rrepe,naHH11x qeT11peXRMIIyJihCOB 0,2 < 
') 

:t: < 1,4 (I'aB/c)"'. 

6. ITpoBe,neHO ,neTaJibHO~ cpaBHeURe ,nRtiqlepeHIJ,RaJibH11X ceqeHR:£! 
'l[-p.n K-p ynpyrora..pacceHHnH B HasBaHHOM .n:RarrasoHe. OTHomeURe 

.nirrtqiepeHURaJibHOI'O C8'-I8HRH 11: - p K ceqeHnlO K-p M8HH8TCH OT I. 2 (npH 

t=-0,2 (I'aB/c) 2 ) .no 0,7 (npH t=-I,4 (I'aB/c)2 ). CeqeHRH 
nepeceKalOTCH IIpR t=(-0,65 ± 0,1) (I';B/c)2 • 

7. CpaBH8HH8 ~ pem .,HaJlbHUX no CK8i!JIIDITOBO:£! nepeMeHHon 
tatot ceqeHR:£! 'IC-p R K-p yrrpyroro pacceHHHH,. OTHOpMHpoBaHHUX Ha<' 

onTli'Ie CKR8 TO'IKR, IIOKa31!Bae T, qTo ceqeHnH He OIIRC11BaIOTCH 0.n;HO:£! 

YHRBepcaJibHOtt q)yHKIJ,Re:£!. T.e., I'HIIOT83a IIpOCTOro reoMeTpHqecKoro 

CK8i!JIHHra.He B11IIOJIHH8TCH .D.JIH pa3H!1X KaHaJIOB yrrpyroro pacceRHRH 
rrpR HMIIYJihC8 43 raB/c. 

8. Cos.n:aHHaH ua OCHOB8. rrporropIJ,ROHaJibH11X . KaMep TpeKOBaH 
C!l:C'l'8Ma Ha IO T11C. IIpOBOJ!OK ycrremHo HCnOJib30BaHa . B 8KCII8pHM8HT8 
no HCCJI8.D.OB8HH10 ,nRCC01U'l8UHH 'IC--M830HOB B µ+µ-'l[--CHCT8My Ha H.n:pax, 

B 8KCIIepHM8HT8 ~o IIOHCKY ,nROapROHH11X pesoHaHCOB B rrpoueccax C 
RcnycKaHHeM KYMYJIHTRBHIDC IIpOTOHOB B 'lC-88-B38RMO,nei!cTBHHX IIpH 40 

I'aB/c li B 3KCnepRM8HT8 ITO, IIORCKY ,nROapHOHHUX . pe30H8HCOB, 
oupa3yl0!1\liXCH B OuJiaCTH q)parM8HT8UHH MRm8HR C HCIIYCK8HR8M 

Cl!MM8TpRqHhlx nap qacTHU B 'l[-88-B3aRMo~encTBHHX IIpH RMIIYJibC8 43 
raB/c. 

OCHOBHhle pesyJibT8TH. ,nRccepTaUHH orryuJllIKOBaHU B CJI8.n:yl0!1\RX 
pauoTax: 

l. A.B.BHlliH8BCKR:£!, 
JI.B.CBeToB 

Vf.A.I'OJIYTBHH, IO.JI.3.noCHH, IO. T • KHpmHH, 

IlponopIJ,RoHaJibHH8 KaMep11 C B11COKOBOJlbTHHMR 
8JIIOMRHH8BO:£! ql()JlbI'H. 

3JI8KTpo.n:aMR H3 

IlperrplllIT OW{Vf 13-83-15, nyOHa 1983. 
ITT8 MI (1984), 60. 

2. B.A.BaTapHH, H.IT.By.n;aHOB, A.B.BHmH8BCKRi!! 
Vf.A.I'OJIYTBmi:;' B.E.}lffiJibUOEi°; B.IO.Kap~aBHH, 

B.M.HaxpaTCKR:£!, A.A.ITonoB, JI.B.CB8TOB, n.A.CMOJIHH, 

CHCT8Ma rrporropIJ,ROHaJibHhlX KaMep Ha 8200 KaHaJIOB 
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H.C.I'oJioBa, 
IO. T .KHpIOmHH, 

B.C.XaOapoB 

.n;JIH ycTaHOBKR 

-~ 



CLIT'MA. 
IlperrpIDIT OWIM 13-84~833, .IJ:yOHa 1984. 

3~ ·yu Kiryushin and A.Vishnevsky 
Proportional Chambers for Registering Charged Particles and 
Relativistic Nuclei. 
Nucl~ Instr. Meth. A252(1986),p 281. 

4. A.B.BHIIIHeBCKIDl:, M.A.I'OJIYTBIDI, IO.A.ropHynJKIDI,. B.IO.KaplY.aBIDI, 
IT.A.KyJMH:ld'!, ·P.Jie11THep, r.~.MHueJibMaxep, A.A.Hos.npm:r, 
A.I'.0Jiblll8BCKIDl:, A.A.ITOIIOB, C.PliMaHH, H.Ce,n.nmc, .n:.A.CMOJ!lllt, 
P.ToJie,n;o,. B.M,TpaBKIDI, B.C.XaOapoB, IO.M.AHTIDIOB, KA~EaTapm:r, 
B:A~EessyOoB, H.IT.Ey,n;anoB, 10.rr.ropm:r, .n:.c • .n:em-1coB, O.B.Epornm:r, 
B.r.KapTarneBa, M:B.KoToB, IO.M.MeJiblil'IK, A.M.IleTpyxm:r, 
C.A~·Ilo'JIOBHHKOB,' .n:.A.CTO.HHOBa' . p .B.IlllpuxaJiaBa' B.H.Po11m-lrnB1-IJIH 
YcTaHOBKa CLIT'MA-AHKC . ,n.JI.H 1-ICCJie.n;oBaIDrn yrrpyroro 'TC-p 1-l K-p 
pacce.Hmrn. 
Cooomemrn' OWIM Pl-89-202, ,nyona 1989. 

5. IO.M.AHTIDIOB, B.A.EaTapIDI, B.A.EessyOoB, H.IT.By,n;aHOB, 
10.rr.ropm:r, .n:.c • .n:eID-ICOB, O.B.Epornm:r, B.r.KapTalileBa, M.B.J{OTOB, 
10.M.MeJibID-IK, A.M.IleTpyxirn, C.A.ITOJIOBIDIBOB, .n:.A.CTO.HHOBa, 
A.B.Bl-lil!HeBCKIDl:, M.A.I'OJIYTBIDI, 10.A.ropHylIIKIDI, _ IT.A.KyJIHID-l'I, 
P.Jie11THep, r.B.MHueJibMaxep, A.A.Hos.npIDI, A.I'.0Jiblil8BCKIDl:, 

. C.PliM~HH. H.Ce,n;JiaK, P.B.IlllpuxaJiaBa, B.H.Po11m-IIl!Bl-lJIH 
Yrrpyroe pacce.HID-Ie 'TC- 1-l K--M630HOB Ha IIpOTOHax IIpll 1-IMIIYJibCe 43 
raB/c. 
IlperrpIDIT OWIM Pl-87-539, .IJ:yOHa 1987. 
H,n;epHafl ~ll3RK8, T.48, BllII.I(7), I988, CTp.I38 . 

. ~•,., ••-~~~~M.,.,.:._,',; ,'~";. 

PYKOTTHCb nocTynHJia B Hs,n;aTeJibCKHH OT,n;eJI 

2 anpeJI.H 1~92.ro,n;a. 
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