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I .. 

ORUAH XAPAKTEPMCTHKA PAEOTII 

AKTVa.Jll,HQQTI> rrpo6JieMH. llHTepec K SJ.n0PHHM pe~ c 60JII,moil rre
pe,n;a~ett ll!MllYJibCa cBIIsaH c rrpo6JieMaMH peMTll!BHCTCKoti SJ.nepHoit WHSll!Kll, 
KOTOpa;i · B08HIDtJia Ha CTHKe Wll:3ll!Kll! .rmpa JI! 3JI0M0HTapiruX ~acTHI{. eyrq
J.UITHBHOe pOl!r,Il;eHHe ~aCT:Hq, TO eCTb pOl!r,Il;eHHe ~acTIDJ; B 06JiaCTH rrpe,n;eJib
HOti (pparMeHTa.rum: R,n;ep sa rrpe,n;eJiaMH KIDieMaTJl!KH O,JJ;HOHYKJIOHHHX CTOJIKHO
BeHHil, BH8UBaeT B 8TOH CBJI3H oco6Illi ll!HTepec. IlOHRTlle O KYMYJllITllBHOM 
3qJql0KT8 B08HIDtJIO ll3 H,Iteit O JIOKaJibHOCTll B8illlMO,JJ;eitcTBWI ~OHOB rrpll· 
60Jibl!IllX rrepe,n;a~ax ll!MllYJibCa ll O TOM, ~TO TO~e~Hmt 06'!.eKT, BOCIIpIDillMa
~ llMilyJibC 60Jibllllili' ~eM RMITyJibC u;eJioro HyxJIOHa' rrpllH~JI€00IT rpyrrrre 
HyxJIOHOB R,n;pa. 

I'lmOTeaa IcyMyJllITllBHOro .rmepHOro sqxlleKTa 6UJia QWOPMYJIRPOBaHa 
A.M.~ * B 1970 ro-,zy, a B 1971 ro-,zy 6wra rrpoBe.n;eHa ee rrepBaR 
3KCITepHM0HTMbHM 1IpOB0pKa Ha Cmrx:pQWa3oTpOH0 0.llilli B pea.KD;llll 
of + CU,-+ u + • • • IIplI 3Heprllll rrepBH~llX ,n;eiiTpOHOB 5 raB/HyxJIOH.13:wm 
o6Hapy,iteHll IlilOHll, 3H0PI'IDI KOTOPHX CYTit0CTB0HHO rrpeBwaJia KllH0MaTll~ecrutii 
rrpe,n;eJI wrn CJiytIM B8allMO,JJ;0MCTBHR OT,JJ;eJibHllX HyxJIOHOB ycKopeHHoro g!ij)a 
,n;eiiTepWI C Milll!0Hbl0,TIO ITOCJ!y,mJIO Ha~OM llHTeHCHmillX 3KCIIepllM0HTMb
HI:lX ll TeOp8Tll~8CKllX llCCJie,n;oBa.HliiJ: IcyMyJIRTlillHOro POJiUtBHHR ~aCT:Hq.Hsytie
Hlle 3TllX pe~Iil saCTaBHJIO BBO,JJ;llTb H0Bll8 W!R o6~oil .rmepHOll qlll8llKll 
KBapK-rrapTOHHHe rrpe,n;cTaBJieHWI He TOJll,KO O CTpyxTYPe HYKJIOHOB, HO ll 0 
cTpyxType caMoro a,n;pa. MaytieHHe KBapKoBoit CTpYKTYPH .rmep ,n;aeT HOByro 
JiIHWOp.1~ 0 MYJibTll!KBapKOBllX CllCT8Max ll Baam.m,n;eitcTBWIX, ~TO BalltHO 
,JJ;Jlll ITOCTpOeHWI TeOpllH CliJII,HllX B3illlMO,JJ;eitcTBd. 

HHTepec K llCCJie,JJ;OBaHlllO IcyMyJllITllBHoro po~eHWI ~aCTllIJ; Ha JierIGIX 
g!ij)ax o6yCJIOBJI0H TaKllte CJie~ o6CTORT0JibCTB&m: 

I. CorJiaClJO rnrroTese IcyMyJllITllBHoro .rmepHoro aqxlleKTa ero cBoilcT

:aa orrpe.n;0JllIIOTC/I He reoMeTpli'IeCKRMH CBOitCTBaMH CTaJIKJl!BaKIJtHXCR 06'!.eK
TOB, a JIOKaJ!bllliMH CBOiiCTBaMll .rmepHoit MaTepllH. CJie,n;oBaTeJibHO, rrapaMeT
pu aHepreTli'IecKll!X n yrJioBux pacrrpe,n;eJieHllit Ha JierKHX n TfillteJIUX .rr,npax 
,JJ;OJilltilli RM0Tb 6JIH3Kll0 8Ha~eHWI. 

2. J{eitTpOilli RBJllIJOTC/I H!lll60Jiee y,n;o6HUM 06'!,eKTOM ,lJ;JllI 3KCrrepHMeH
TaJibHOro H TeopeTR'l:eCKOro HCCJI8,D;OBaHWI BOIIpOCOB, CBJI8aHHllX C ITOCTpO
eHHeM peJllITllBllCTCKOro ll!MllYJibCHOro IIpll6JIHllt0HWI. 

I!eJib pa.6om. 
I. Coa,n;aHHe MaTeMaTli'IecKoro o6ecrre~eHWI crreKTpm~e-rpa J]JfCK-2. 
2. ll3M8peHHe, o6pa60TKa H aHaJIH3 3KCIT0pllM0HTaJibHHX ,n;aHHHX no 

IcyMyJ.U!TllBHOMY p0l!r,Il;0Hll10 ITHOHOB IIpH B8illlMO,JJ;eitcTBHH IIpOTOHOB C RMITyJib
COM 8,9 raB/c c JierKm.m .rr,npru.m; 

* 13aJI.rum A.M. n ,Iijl. OIDIH, PI-5819, )f,y6Ha, I97I. 
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3. AHa.mrn 3MI1llpll'I8CKIDC 3a.ROHOMepHOCTeii KyMyJIFITHBHOro pollr,ll;eHWI 
llliOHOB H RaOHOB Ha smpax u me TeopeTWISCRasI RHTepnpeT~ Ha OCHOBe 
CYll18CTByxI!llDC MO,l(eJISH. 

HaY;JHa.lI HOBH3Ha H IIpa.RTWISCRasI 3Ha'IHMOCTI, pa60TH. BnepBH9 BH
IIOJilISHO CHCTeMaTWI9CR09 HCCJIS,l(OBaHHe RYMYJIFITRBHOro pQJK,!(9IDIJI IIOJIOY.lli
T9JII,HllX R OTPIIUaTSJil,HllX IllIOHOB Ha JierRIDC smpax ITO,!( ,l(eficTBHSM IlpOTO
HOB C HMIIYJil,COM 8,9 ran/c. H3MepeHH 3HepreTR'!SCRH9 CII9RTPH IIBOHOB C 

yJ:'JIOM 3MITCC.llli rno0 OTHOCUT9Jil,HO Ha.npaB7I9IDIJI nepmi:1IHoro ny'!Ra ~ 
•rotep .I(BiiTeprui: n remIJI.A7l/I wa re.n:rui: BHIIOJilieHH xrnMepeIDIJI aHepreT1r1Iec
rurx CII9RTPOB IIp.lI pa3JllilIHI:lX yrJiax 3MHCCllli, a Ta.IOK9 yJ:'JIOBOii 3amICliMOCT.II 
RHBapHaHTHillC lUlliJJI03RBHllX cetJemrll IIpR qJRRCllpOBaHHOii BeJIWIRHe RMnyJII,
ca • .l(o HaCTO!Illlero BpeMeHH 3TH 3RCII9pHMeHTaJII,HHe ,l(aHHH9 no KyMyJiffTHB
HOMY pOllr,ll;eHRIO 'IaCTIIU Ha JierRUX H.I(pax OCTaIOTCH e,l(RHCTBeHHHMH. 

B .I(HccepTarum BnepBHe nsyq:eHa RBaPR-napTOHHaJI CTPYRTYPHaR: 1PYHK
rum H.I(pa, ROTOpa.lI B KyMyJiffTHBHOH o6JiaCTH HBJVIeTCH CaMOCTOlITSJil,IillM 
(He CBO,l(HMHM R O,l(HOHYRJIOHHllM) o6~eRTOM a,IU)OHHOH qJH8HRH. 

HCCJI9,!(0BaHRe_RBapR-IIapTOHHOll CTPYRTYPHOH qiyHKIJ;HH B a,IU)OH-R.I(ep-
HIDC B8llilld0,!(8HCTBHJIX Il08BOJil!J.!O IIp9,l(CRa8aTI, peayJII,TaTH 
naMepeHHfi cetJeHHii r;ry6oRoHeynpyroro pacceHHHH MIOOHOB Ha smpax yrJie

. po.n;a W!.H x > I (coBt'\118CTH!l11 eRcnepliMeHT NA.-Lf OWIH-UEPH *). 
PeayJII,TaTH pa6oru MOryT 6HTI, HCIIOJII,30:&Ulli !Ip.II nocTaHOBRe KOppe

JiffJ:WOHHllX 3RCnepHMeHTOB. 
.l(aHHHe, IIOJIYtJeHHUe B ,l(HCCepTarum, yxe HCnOJII,80BaHU ,l(J1li IIpOBepRH 

pa8JIW!HUX TeopeTWieCKIDC MO,l(SJiett KyMyJiffTHBHOro pOllr,ll;eH:wi: M880HOB. 
Anpo6aulll! pa60TH H ny6JIRR8llHH. PeayJII,TaTH, BOfile,l(llIHe B ,l(HCCepTa

!WIO, 06c~a.,mc1, Ha HaytJHllX ceMHHapax HaytJH0-3KCnepHM8HTaJII,HOro Me
TO,l(HtJSCKOro OT,l(SJia, Hayq:H0-3RCIIepHMeHTaJII,HOro OT,l(eJia P9JiffTRBHCTCKOH 
R,l(epHOH qJH8WW: JIB3;,l(OKJI~CI, aBTOpOM Ha Bcecol08HOM COB811l8,HHll no 
IcyMyJI.HTHBHOlzy atW)BKTY H R,!(8pHOlzy CReHJIRHry (EpeBaH, 1980), Ha II 
BcecOI08HOM npo6JieMHOM ceMHHape no B3aHMO.n;ettcTBHIO tJac~ BHCORIDC 3H9p
rntt c smpaMH (TamReHT, 1981), Ha IT BcecoIOaHOM coBelll1l,HHR no rrpe,l(eJII,
Hoii qiparMeHTaI{RH H,!(8p (MocRBa, 1982), Ha MBJK,eyHapo,l(HOM COB91Ila.mnt no 
HCCJI9,l(OBaHHHM B 06JiaCTH peJIFITHBRCTCRoii H,!(9pHOll qJH8RRH (.l(y6Ha, 1982). 
3RcnepHMeHTaJII,Hlle ,l(aHHH9 6wm TaKllt9 rrpe,l(CTaBJieHll Ha YR YI MeJK,eyHa
pO.JJ;HIDC ceMUHapax no qJH8HK8 BHCOKIDC 8Heprml:' (,Ily6Ha, 1978, 1981), Ha 
EBponeiiCROH KOHqiepeHIWH no qJRSRRe '!aCTIIU (By.I(anemT, 1977), Ha XIX 
M8l!i,IzylUlpo,l(HOH ROHqiepe~ no qJH3RRe BHCORIDC 8Heprntt (ToRRO, 1978) H 
Ha XXI Me;KJtYHapo.I(Hoii KOHqiepe~ no qiuaHKe BHCOKUX aHeprd(Ilaplllt,1982). 

OCHOBHlle peayJII,TaTH ,l(HCCepTarum HSJiooteHH B 8 ny6JIRR~x. 
06i,eM pMOTH • .l(nccepT~ COCTORT na BB9,!(9HlllI, '!eTHpeX rJiaB R 

* Camm .11.A. OWill, .l(I,2-81-728, ,Ily6Ha, 1981, c.223. 
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BHBO,l(OB. Pa6oTa H8JIOllteHa Ha I30 CTPaHIIUax, BRJIIO'Ia.H 40 pHCJHKOB H 
3 Ta6JIIIUH. CrmcoR J:WTlipYSMoii JIHTepaTYl)H BRJIIOtJaeT 114 HaHMeHOBaH!il:ii. 

CO.IJ:EPJ[AlillE PAEOW 

Bo BBeneHHH no,l('IepRRBaeTCH a.RTy-aJII,HOCTI, 3RCn8pHM8HTaJII,HllX H 
TeopeTWI9CKIDC HCCJie,l(OBaHntt KYMJ.1IfITRBHOrO pOllr,ll;eHH.H a.I(pOHOB, 4JOPMYJIH
pyeTCJI D;eJII, pa6oru, KpaTKO HSJIOJKeHO CO,l(epiltaHHS ,l(RCCepTauHII. 

B nepBOfi rJiaBS BB9,!(8Hll OCHOBHHe noHHTWI H BeJIW!HHH peJDITHBHCT
CKOfi H,l(epHo:l! qJH8HRH. PacCMOTP8HH rHIIOTeaa KyMyJDITHBHOrO H,l(epHoro aqi
qieKTa R CJie.n;yICIIlHe HS Hee rrpe,l(CKaaaHR.H ~ 3KCII8PHM8HTOB. 

B § l ,l(aHO rroMrne RHKJIIOSHBHofi peaKIWH u BBe.n;eHH ocHOBHHe nepe
MeHHHe, RCIIOJII,3Y8MH8 B peMTRBHCTCKO:li H,!(9pHofi qlHSHKe, B TOM tJHCJie H 
KyMyJDITHBHoe 'lHCJio X . IIoRaaaHo, 'ITO ,l(J1li CJiytJa.H r;ry6oKoHeyrrpyroro 
pacceHHH.H JISIITOHOB X/ A nepeXO,l(HT B nepeMeHHy!O !31,epReHa. . 

B § 2 paccMoTpeHU IIOHHTWI MacmTa6Ho:li·HHBapHaHTHOCTH n rrpe.I(eJII,-
Hoii qiparM8HTaumr. Ha OCHOBe CBOliCTBa KOPOTRO,l(ElHCTByxI!llDC Koppe-
mn;ntt B IIpOCTPaHCTBe 6HCTPOT IIOKaaaHO, 'ITO npu 3HeprHH peJDITRB.IICT
CRRX H,l(ep OROJIO 4 raB/HYRJIOH HaCTJIIa9T aCRMIITOTR'!eCKRH peJJmM, IIpli 
KOTOpOM aami:CHMOCTI, CetJerurfi H,!(9pHllX CTOJIRHOB8HRH OT 3H8prHH CTaJIRH
Bru:Jlt.lIXCJI H.I(ep CTaHOBRTCJI H8CYll18CTB8HHOfi. 3TOT pelltlIM Ha3HBa9TCJI rrpe
,l(eJII,HOH qiparMeHTaune:li H.I(ep. 

B § 3 pacCMOTpeHa M0,!(9JII, KyMyJDITRBHOro H,l(epHoro etW)eRTa. OTMe
THM CJI9)zy!O!Itli9 H3 Hee npe.I(CRa8aHHH ,l(J1li CBOHCTB mrnapHaHTHHX HHKJII03RB
HllX ce-qerurfi B KyMyJIIITHBHOH o,6Jiacrn: 

1. 3a.B.IICHMOCTh RHBapHaHTHOro ce'!eHHH OT CBOHCTB HaJI8Ta.Kl]1ero H,l(
pa ,l(OJDKHa IIpaRTR'IeCKH OTCYTCTBOBaTI, B CRJIY 061Ilero CBOHCTBa a,IU)OHHOii 
MaTepH.II - IIp9,!(8JII,HOH qJparMSHTaIWR. 

2. 3aBHCHMOCTI, RHBapllaHTHOro ce'leHHH OT KYMJ.7IlITHBHOro ~RCJia MO
llteT 6HTI, anrrpoRCRMllpOBaHa 6HCTPO y6HBalalle:li qiym~uett. HaIIpHMep 3KC
IIOH8!ITO:li. 

3. IlOB9,!(9HRe RHBap.liaHTHllX .IIHKJII08RBHHX cetJeHRfi B 8aB.IICEMOCTH OT 
3Heprnu lI yrJia 3M.IICCHH ,l(OJilKHO 6HTI, IIO,l(06HI1M ,l(J1li pa8JIW!HHX H,l(ep, Ta.R 

KaR OHO orrpe,l(eJIFI8TCJI CBO:liCTBaMH H,!(8pHOH MaTepli.lI 'a MaJIHX paCCTOHimlIX. 
4. Ilp8,l(CKa8SHH ycRJieHHHe (no cpa:sHeHRIO C A2 3 ) 8aBlICRMOCTR RH

BapliaHTHllX RHKJII03RBHHX ce'IeHRfi RYMYJIIITHBHOro pOllr,ll;emm OT aTOMHOI'O 
Beca qiparneHT1Ipymtero H.I(pa. 

3KCIIepHMeHTaJII,Hoii rrpoBepRe rHIIOT88H KyMyJifITHBHOro H,l(epHoro aqi
WeRTa n96BH~eH § 4. IIpHBe~eHO onucaHR8 8RCIIepHMeHTa no qiparM8HTarw.!I 
ycKopeHHHX Ha CRHXp0qJa80TpOHe OWill H,l(ep ,!(8i1Tepwi:, B KOTOpOM 6HJI oo
HapyxeH KyMyJiffTHBHHfi atW)eKT. 3aT8M paCCMOTp8HH pe3yJII,TaTH 3KCIIep.lI
MeHTOB, BHIIOJilI9HHHX B JIB3 0Mflli Ha yCTaHOBRe JUiCK-1, no RCCJie.I(OBaHHIO 
3HepreTR1IeCKHX CII8KTPOB R A-3aBRCHMOCTett cetJeHRfi B peaKD;lllIX p+A -
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-"fi ±( I800) • B aT:UX llCCJI8.I{OBa.HRllX 6WIO IIOKasaHO, 'ITO aHepreTH'l8CRll8 
CII8RTJ)ll IIHOHOB B nepBOM rrpn6.mmeHim llM8IOT aRCIIOH8HIUiaJII,HlliJ: xapaKTep 
E dG/dp = a. exp(-i/To) Am Bcex· ncCJie.n;yeMUX JI,Itep; o6HapyiKeHo, 

'ITO 3Ha'l'.8Hll8 IIOR83aT8J.tll CT8II8HH It p8.Illi0 IIpillvI8PHO I IIpll arrnpoKClI

MaumI ce'leHIDl: ~AYJiliTllBHOro p0i!Q];8Hllil 'Iacnm aHaJillTH'l8CKO:li SaBllCllMOC
TI,IO E d 6 / d p c,(. An. . . 3TH aKcrrepRMeHTaJII,Hlle qirutm naxo,IVITCR: B cor

JiaCllll C IIp8.I{CKa3aHMMll MO.I{eJill KYMY'JiliTllBHOro JI,ItepHoro a/fxileKTa. 
31wnepHM8HTll !IO RYMYJIJITllBHOMY p0i!Q];8Hll!O IIHOHOB B IIpOTOH~epHUX, 

IIHOH~epHUX ll qJOTOH-JI,Itepma: CTOJIRHOB8HRIIX, BllIIOJIH8HHll8 B HT31IE(MoC-· 
KBa).~H(EpeBaH)H,EepRJil.I(ClilA)3BSE,IIO.I{TB8p~ aTn 3aKOHOM8pHOCTll. 
KpoMe Toro, COBOicy'IIHOCTI, ID118I<ll!llXCII 8KCII0pllM9HTaJII,HllX .I{aHHllX IIOSBOJIJI-

8T C,!{0JiaTI, BlIBo;o; 0 TOM; 'ITO IIpll aHeprMX rrepBll'IHllX IIpOTOHOB Ha'lllHafi 
c 4 ran H rrpn aHeprnax rrepBll'IHllX rmoHoB c I,5 ran HacTYIIaeT acllM!ITo
Tll'lecrurli peDM - rrpe.I{eJII,HaJI qiparMeHT~WI JI,Itep. 3Ha'le,me rrapa.MeTJ)a 
HaRJIOHa Ji -M830HHllX CII0KTJ)OB, Ha'lllHaJI C !3T:UX aHeprm't, H0 SaBllCllT 
OT copTa H8JI0T8.!0!ll0fi 'laCTRIW ll COCTa.BJJ.il0T 60-65 Mall B llCCJI0,!{0BaH-
HOM B 8T:UX aKCII0pllM0HTax llHT0pBaJie KllH0Tll'l8CKllX aHeprmi. 

BTOpall rJiaBa IIOCBII!ll8Ha BOIIpOC8M MaTeMaTH'l0CKoro o6ecrre'leHM yc

TaHOBKH. 
B § I .D;aHO OIIllCaHll0 ll xapaKT0pllCTHKH CII0KTJ)OM8Tpa ,IJJ1CK-2/I/. 

S3 (10•SO•J) 

C (30•70•30) 

Pnc. I. CxeMa ycTaHOBKH .IUICK-2. 

IlplllilUllIHMI>HaJI CX8Ma yCTaHOBKH 
IIpllB0,!{8Ha Ha pnc. I. 3KCII0PIDll8HT 

IIpOBO.I{ILJI~ Ha BllB8.D;8HHOM rryt!K0 
c:imxpoqiasoTpoHa Ol1IDI. IIepBll'IHue 
'laCTRIW - IIpOTOHll n·.n;e:liTJ)OHll C llM
IIyJII,COM 8,9 raB/c 'n HHT8HCllBHOC~ 

Tl>IO (2-3)•IQII 'laCTim; (BpeMII Bll-

BO.I{a rry'IKa ll3 YCKOpllTSJili ~ 0 ,4 c). 
Oco6eHHOCTl>IO KpnoreHHo:li Mm118Hll 

yCTaHOBKll JIBJIJI0TCJI pa3M0!ll0Hll0 B 
0.I{HOM BrutyyMHOM KOJ!l.YX8 C 60JII,illO:li 
BllXO.I{HO:li arrepTypo:li COCY.I{OB C ,m.n;
Rm/1 r0JilleM, Bo;o;OpO.I{OM n ,I{e:liTeplleM, 
a Ta.Kllte COCY.I{a ,n;JllI qioHOBllX ll3M0-

pemrll:. MarHllTHO-OIITH'l0CK:1Ili KaHaJI CII0KTpOM0TJ)a COCTOHT ll3 aHaJill3llpYIO
!ll0ro Mal'HllTa n .n;y6JI0Ta KM,Iq)yrrOJII,HllX JlllHS, qiopMll!)Y'KmID( !Iy'IOK BTOpll'l
HllX 'laCTim;. HMIIyJII,CHOe paapeme:me CII0KTJ)OM8Tpa 8,6% (IIOJIHaJI illllpllHa 
Ha IIOJIOBllH8 BllCOTil) • .AKcerrTaHC yCTaHOBKll 1,72.ro-5 cp. BTOPll'IHll8 

~ EyproB H.A. n .DJl. fl~, 1980, T.32, c.423. 

.ee .A.IIaHa.rum: K.B. H .DJl· Ilnc:&Ma B JiillTg), I980, T.33, o.666. 
llBBlsc.broeder L.S. et al. Phys.Rev.Lett., 1979, vol.43, p.1787 • 
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'laCTRIW perllCTJ)llpOBa.JIUCl> B HHT0pBM0 yrJIOB OTHOCHT0JII,HO HaIIpaBJI8HWI 
rrepBll'IHOro IIy'IKa OT 490 ,!{0 I80° ll B llHT0pBM8 ID/lrryJII,COB OT O,I5 .I{O 

I,6 raB/c. H.n;eH~ BTOpll'IHllX lJ'.aCTim; OOY!ll00TBJIIIJW.CI, rryTeM H0-
3aBllCmllllX ll8M8pemrll: Bp8M0Hll IIpOJI0Ta Ha .I{Byx 6asax (3,8 M ll IM). 
Cpe.I{H0KBa,n;paTll'IBaJI Oillll6Ka ll3M0pemrll: OOOTa.BJlil0T 260 rro. ,llJI,l IIOBl:llll8IDl!I 
Ha,D;eJ!tHOCTll Bl:1.n;8JI0H:lm IIOJI08HllX co6uTllli B0JIQOI, ll3M0p8Hll0 ll0Hll3~0HHIDC 
IIOT0pl> B CltliHTHJIJiliTOpax ll llHT8HOllBHOOTll ll8.7JY'l8HRfI BaBHJIOBa-qepeHKOBa 

B TB0p.I{OM p~Tope. 0THOOllT0JII,HY!O lIHT8HCllBHOCTI, IIy'IKa ycxopeHHllX 
'laCTim; ll3M0pll0T T0JI8CKOII C'l8T'IllKOB ~ (S 4, S 5, S 6) • l'pMYlll)OBKa T8-
JI8CKOIIa OCY!ll0CTBJtlIJiaCI, M0TO.I{OM ll3MepeHM HaB0.!{8HHOH aKTllBHOCll'll B yr

Jiep0.!{8 ( c TO'IHOCTI,10 ±5%) npn o6Jiytlemm IIOJillCTllpOJia ( C8Hs) B qioeyce 

rrepBll'lHOro IIylJ:Ka. 
Ha ycTaHOBK0 ,!llICK-2 6llJill II0.7JY'l9Hll aKCII0pllM8HT8JII,HU0 ,I{routll0 no 

KyMyJiliTHBHOMY poi!Q];eHHIO .1i ±, K±, p, p, d, t. TaKllte 6llJill HSMepeHU ,YII
pyrne IIpOTOH-IIPOTOHHlle, nyRJIOH-.I{e:liTJ)OHHll8 ll ,!{0HTPOH-.!{8HTPOHHll0 pac
CeJIHml B llHTepBaJI8 nepe.I{aHHllX RMrryJII,COB OT 0,I ,!{0 2,0 (raB/c>2. 

B § 2 paCCMOTp0H KOMIIJI8KO nporpa.MM peaJII,HOro Bp0M0Hll K o6pa6oT-

Kll .n;ammx. 
B rrpo~ecce aRCIIJIYaT~ YCTaHOBKa pa60TaJia CHa~aJia Ha JlllHllll C 

313M E3CM-4 ( I975-I978 rr.) II Ha'lllHaJI c /?79 r. Ha JlllHllll c 3Ri EC-J0:10. · 
IlporpaMMa ,IVIII pa60Tll Ha JIHHllll C E3CTJ-4 I BllilOJIH/IJia qiyHK~ KOHTPO
m, HaKOIIJI0HWI lI aHaJIR8a llliq)OpMalzylll. YrrpaBJI0Hll8 pa60TOH rrporpaMMII 

B8RQCI, B p8l!WM0 .I{llaJIOra aKCII8pllM0HTaTop - 3BM. 
Ilpll paspa6oTRe HaMll KOMIIJI8KCa nporpaMM P9aJII,HOrO Bp0M0Hll CII8K

TPOM8TPa ,!llICK-i2 •3/ AM SIM EC-I040 6WI HCUOJll,SOBaH OIIllT cos.n;amm 
aHaJIOrll'IHllX CHCT9M .I{Jlli ycTaHOBOK ElfC-2 ll "KpnCTa.JIJI". 

Il pa60T0 OTM8'l8Hll OCHOBHll8 MOM0HTH, CBII3aHHll0 c· B08MOl!tHOCTLIO 
rrapaJIJI8JII,HOro pemeIDl!I B peaJII,HOM MaCWTade Bp8M8Hll CJI0.ztYIOlllllX OCHOBHllX 
sa.n;a'l: IIplI8Ma ll HaKOIIJI8HlI/I Ha MarHllTHllX JI0HTax .I{aHHllX; T8XHH'l8CKOro 
ll ~ll3ll'l0CKOro KOHTpom; onepaTllBHOrO B3allM0,!{0HCTBlI/I aKCII8pID110HTaTo

pa c 3JJA. 
PaCCMOTpBHll BOIIpOCll aqxpeKTllBHOrO llCIIOJlI,SOBaHllll onepaTllBHO:li na

MfITll; llllim;llaJill8~ll ll onepaTHBHOfi HaCTpOHRH KOMIIJI8KCa rrporpa.MM; 060-

pa, HaKOIIJI8HWi K nepBll'!Horo KOHTpOJili aKCII8PlIM9HTaJII,HllX .I{aHHllX. 
IlpOrpaMM!i o6pa60TKH .D;aHHllX lICllOJll,SYIOTCII B p8lKIDll0 pa6oTll Ha Jlll

mm (on-line) ll B p8JIUIMe off-line. ~asI aapernCTPllpOBaHHaJI ycTa

HOBKoil: 'lacnma aHaJill3llpy8TCII !IO ,!{0CHTll KpllT0pIIJIM (Bp8MfI IIpOJI8Ta Ha 
pa8HllX 6asax, llOHll8~0HHll0 IIOT0plI B C~HTWJJlfITOpax, llHT8HCllBHOCTll 
BCIIlllll8K 'lepeHKOBCKOrO ll8.7JY'l8HM), KOTOpue o6pasym npocTpaHCTBO co-
6um. OpraHnsaIUlf.[ rrporpaMMU MHoroMepHoro aHaJIHsa nosBOJIJieT B rrpo
~ecce o6pa6oTRH .n;aHHUX Bl:1.n;eJiliTI, C06HTM B pa3Jlll'IHllX MHOrOMepHUX 06-

JiaCT.IIX ll CTJ)OllTI, O.I{HOM8pHll8 lI .I{BYM8PHll8 rrpoe~ C0,!{0pl!tlIMOro aTKX 
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o6JiaCT8li Ha OCH KOOMfillaT IIpOC'l'paHCTBa co6!lTllli. AH8Jill3 IIOJJY'I8HH!lX 

pacrrpe'A8Jlemrf1 II03BOJifi~T He TOJII,KO Bl:!'mCJmTb 'IHMO co6uTIDi OIIp8'A8J18H
HOro copTa JI CTaTJICTWI8CKlle :xapaKTepJICTJIKlI CIISKTpOB, HO li o~e
HlITb BKJia.rt CJJY'{aHH!lX COBIIa,ri:emrtl: IIpJI 6om,llllDC 3arpy31<a.X perIICTpRPYJ(lll9li 
arrrrapaTYP!l. )])Iff o~eHKII_ cKoppe.IDipoBaHHoro rro cxopocTJI woHa IIcrrom,ay
eTca JIHHeii:HaJI CBII3b BpeMeH IIpOJieTa BTOpWIH!DC '!aCT~ Ha ~yx 6aaax. 

3@leKTIIBH09 yrrpaBJI9Hll9 pa60TOH KOMIIJieKca nporpaMM JI KOH'l'pOJ!b 
IIOCTYIIa.JOlllSli llHq)OpMaIUilt H9B03MOJKH!l 683 pa3BIITOH CIICTeM!l orrepaTill3HOrO 
B3ffilMO'A8liCTBllli 3KCII8pIDIIeHTaTopa C KOMIIJ18KCOM nporpaMM. ,D:.71li yrrpaBNIID
mero B03'A8liCTBM C03'AaH!l rpymru KOMB.H.n ynpa.BJieHWI Ha6opoM CTaTJICTII
KH, B!lBO'AOM ~pMar.um:, ynpa.BJI8HII8M Ha.KOIIHT8J18M Ha MarHJITHOH ·J18HT8, 
B!lBO'AOM 'AIIarHOCTWI8CKlIX coo6meHHii, !pyHK[(llOHIIpOBaHll8M nporpaMM o6pa-
60TKJI H ·aHa.JIH3a IIOJJY'{eHH!lX pe3Y,XbTaTOB. 

B § 3 OIDICaHa nporpaMMa! 47 'AJia MO'A8JllIPOBaHW! pa60TU YCTaHOBKII 
M8TO'AOM MoHTe-Kapxo. OHa II03BOJlll8T BH'lIICJllITb a.KC8IITaHC II mmyXbCHOe 
paapemeHIIe CII8KTpOM8'l'pa, KOOP'AllH8.TH!l8 li mmym,cHUe paCIIp8'A8J18HW! 'Ia.C
T~, WOPMY II IIOJIOJKeHHe BpeMllnpOJieTH!lX crreK'l'poB 'AJIR: pa3Jill'IHUX m.mym,

coB li copTOB tiaCT~. IIpllB8'A8H!l CB8'A8Hru1 06 opramra~ npo-
• rpaw..ru, 'A8.8TCil OIIHCaHIIe ee pa60T!l li Cpa.BHeHlle peaym,TaTOB, IIOJJY'I8H

H!lX Ha ee OCHOBe,c pactieTru.m, B!lIIOXH8HHliMll ~ynIMl! M8TO'A8MJI. Ilpill38'A8-
H!l npIDIIepu pactieTa BpeMllIIpOJI8TH!lX CII8KTpOB II liX cpa.BH8Hll8 C 3KCIIepJI
M8HTallHHMli pacrrpe'AeJ1eHWl'.Mll. 

PaC'I8TU, B!lIIOXH8HH!le Ha OCHOB8 Hamett nporpaMMH, HCIIOJII,30B8Jll!CL 
IIpli IIpOB8'A8Hllli li3MepeHllii II o6pa.6oTKe 3KCII8pIDII8HTallH!lX 'AaHH!lX Ha yc
Ta.HOBK8 JlliCK-2. 

B T'08TLeil rJiaB8 IIPJIB8'A8Hll 3KCII8pIDII8HT8.XbH!le 'AaHH!l8 no_ mmapllaHT
H!lM lIHKJll03KBH!lM cetieID!IIM pOlK,ll;eHM nOJ10JmT8Jll,H!lX II OTp~a.TeJII,HUX IlliO
HOB IIpli B3allMO'A8liCTBllli npOTOHOB c mmym,coM 8,9 raB/c c .11erK1IMll JJ.IU)a

Mll H, D , He, 611 • BTOpWIH!l8 IlliOH!l pernCTpllpOBaJlllCL B llHT8PBaJ18 yrJlOB 
B!lJ18Ta 90°-180° OTHOCJIT8JII,HO Harrpa.BJieHWI nepBlitIHOro nyqxa JIB llHT8p
BaJ18 mmym,coB OT 150 'AO 880 MaB/c. 3HatIIIT8JII,HafI l!aCTb 'AamnlX JI3 IIpII
B8'A8HHOro llHT8pBMa OTHOCHTCil K IcyMYJllITliBHott o6JracTII. 

B § l OIIHCaHa npo~e,ey-pa OIIp8'A8J18HHll mmaplia.HTH!lX mmJII03KBH!lX ce
-qemrf1. PaCCMOTp8H!l B8Jlli'IllH!l nonpa.BOK, KOTOp!le HCnOJII,30Ba.JlllCb IIpJI B!l
"IHM8~ ce"Iem pOlK,ll;eHM IIHOHOB Ha .11erxmc JI,Iq>ax. :3TO nonpaBKII Ha 
TOpMOJ!t8Hll8 II MHOroxpa.THOe pa.CCMHll:8 BTOpWIH!lX "IaCT~ B BemecTBe cneK
'l'pOM8Tpa JI Mm118Hll, pacrra.zt IlllOHOB, a TaRllt8 nonpa.BKll, o6yc.110BJ1eHHHe 
pa3Mepru.m Mlllll8Hll II ycpEl,Il;H8Hll8M B8Jlli'IllH!l ce-qemm no llHT8PBaJIY m.mym,
COB ll p . Bl:!'mCJ18Hll8 axcenTaHCa ycTaHOBKll C y-qeTOM nonpa.BOK 'AJlll RalK

'AOil: ItOHKp8°THott axcnepHM8HTallHott CHTY~ IIpOBQ,Il;HJIOCb C noMOmLIO ,o,e
JllIPOBa.HRfI M8TO'AOM MOHTe-Kapxo Ha OCHOB8 OilllCaHHOli B!lill8 nporpaMMl:l 4 • 
CTaTllCTH"I8CKafI TO"IHOCTb paC"I8TOB HQ xyJ!te 5%. 
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A6COJIIOTH!le BeJlll"IliH!l 08"I8Hllli II3MepeH!l C TO"IHOCTLIO 15%. OcHOBHOH 

BK.lla.zt B 3TY B8.mI'IllHY 'AaIOT a@leKT!l, CBII3amffi8 C H8KOHTpOJ!llpY8MUM pa3-
6pocoM peaym,TaTOB, rroJ!y'le:mrnx B pa.3J!H"'lHHX ceattcax pa6oTH Ha ycKo-

pllT8J18. 
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Plic. 2. i11mapliaHTHU8 ceqe
mm POl!Ul:8Hllli IIHOHOB Ha JI'A
pax BO'AOPO'A8. B 3aBliCIDIIOCTll 
OT KliH8Tlftl8CKOil: :meprirn. 

B § 2 B B:ime 'ABYJC Ta.6~ 
H rpaqJHKOB mie.nc'.!;aBJ18H!l II3-
MepeHH!l8 H~5 •6 • 71 BeJm'IllHU 

mIBapliaHTH!lX 'Ali(!4leP8ffm18.JibHHX 
ce"!eHllil:. Ha pIIc. 2, 3 noKaaaHa 

1oi 
I. p+ D -11(181f}+ X 

I . . 11: (8,9rJ~) 
't 0 n (8,9ra!¥c) 
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Plic. 3. i11mapna.HTHue ce"IeHWI pOlK,ll;e
HWI IIHOHOB Ha Mpax 'A8HT8pltll B 3a
BllCIDaOCTll OT KIIH8Tli"l8CK0ll 3H8prllli. 

38.BUCHMOCTI, mrBapliaHTH!lX ce-qemm OT KIIH8TWiecKott 3Heprll! 1i -M830HOB 
]1.Jiff. JI'A8P BO,D;opo,na ll 'A8liTepWI ll yr.11a 3MllCCllli IlllOHOB mo

0
, a Ha PIIC. 4 

IIpKB8,IJ;8ij8. 38.BHCIDIIOCTb 'AJiiI JI'A8p re.mm H yr.110B moo, I68o, 154 O, 1200 
H 90°. IlapaMeTp T0 npn oIIHcamm aHepreTJI"IeCKIIX cneKTpOB 
IIHOHOB 38.BHCllMOCTb!O exp(-T/To) _IDII88T M8,nyIO[I1ll8 3Ha'I8Hllli: ,IVllI yrJia 
rno0 u fl.!U)a 'A8HT8pHJI - 5I ,Q±l ,2 B MSU'KOU -qacTn crrexTpa ( Tdi < 214 MaB) 

H 35 ,3 ± O ,9 B KYMYJIHTKBHoii ooJiacTH CTr. > 280 MaB); wm MY"!aJI 
w:panaeHT~ r9JIIIJI - 47,9±1,I B MJII'KOli II 41,7 ± 0,6 B KyMYJIIITill3HOH 
'Ia.CTR CII8K'l'pa. 3Ha'I8Hll8 rrapa.Me'l'pa To 38.BliCHT OT yrJia 3MllCClill li 
pa.BRO 54,4 ± 2,9 'AJlll 1200 II 84,0 ± 0,5 'AJlll 900 B CJJY'{8.8 p0l!Ul:8Iill!I Illl

OHOB Ha MP8 re.mm. 
Ha pIIC. 5 HHBap:na.HTH!l8 08"I8Hllll POl!Ul:eliWl 'Ji+ -M830HOB Ha JI,Iq)8 
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Pllc. 4. HHBaplla.HTHH8 cetteHWI 
p0li\lt8HM IIllOHOB H~ H,Itpax re.mm 
B 3aBllCllMOCTll OT KllH8TlI'I8CKOil 
3Heprllll ,ItJIII pa3J!lI'IHIIX yr'JIOB Ha-

6.mQr(eHWI. 

'b 
~ 
~0.15 
"° :c 
'--' 
a. 

to.10 
'b 
LU 

0,05 170 180 8,, 140 150 160 

Puc. 5. 3a.BllCHMOCTI, mrnapllaHTHilX 
cetteHllil pOllt,I(eHWI ITOJIOJ!WT8JII,HHX 

IIUOHOB c liMIIyJII,COM 500 MaB/c OT 
yrJia Ha6.mQrteHWI. 

re.ma: c m.myJILCOM 500 MaB/c rrpe.rc
CTaBJI8HH B 3amICEMOCTH OT yrJia 

3MllCCIDI. Ha pllC. 6 :mraa.plla.HTHH8 
cett8HM Ha O,I(HH HYRJIOH qlpaI'M8HTll
PYJOlll8rO H,Itpa .ItJI!I polQtemm Ji""- Me
aoHoB c_m.myJII,COM 500 MaB/c Ha 

H,Itpax D • 4He. Pb IIOCTP08Hll B . 
3aBUCHMOCTll OT cos fJ • IlpHM8pHO 
JIUHe!iHafi 3aBllCllMOCTI, Jiorap$a 
C8tt8Hlil! OT cos fJ IIpll qUIKCHpOBa.H
HOil BeJlll'illl!8 liMIIyJII,Ca ttaCTHU 8CTI, 

OTPaJJt8HH8 a.HaJ.IorlI'IHOii 3aBHCHMOCTn OT cos 9 RJ'MYMTHBHoro ttllCJia. 
0TM8TllM, ttTO OTHOW8Hll8 RHBap:n:a.HTHOrO cetteHM Ha O,I(llH HYKJIOH qjparMeH
THPYJ!lll8ro SI,Itpa .rtJill pOJ!U(emm 'Ji +-MeaoHa Ha H,Itpe cmmna R 3Toii xe Be
JIHtt:ime ,I(Jlll H,Itpa reJillll M8HR:8TCff OT ~r ,8 ,I(O 0,3 rrpll ll3M8H8Hllll cos 8 
OT -I ,I(O 0,6. 

BllrrOJIH8HO OIIllCaHll:8 llHBapllaHTHHX cetteHllll: 3aBllCHMOCTI,ID 

exp(-x/< X) ). EcJIH 3HatteHHe rrapaM8TPa <X> paBHO O,I37,±0,002 B 

llHT8pBaJI8 7 9~ X' 3 ,4 ,I(JI!I c.ey-qaa pOJ!U(emm IlllOHOB Ha cpe,ItHeM ll TSI
llt8JIOM H,Itp8 8 'TO ,I(JI!I SI,Itpa .rteilTepM 3TOT rrapaM8TP paB8H 0,0982 ± 
± 0,00I6 B HHTepBaJie I ,0 ~ X ~ I ,6. 

AHwms IIOJIY1l8mmx: 3KCII8pllM8HTa.7.II,HWC ,nammx: IIOKaSBJI,ttTO cpe,ItHee 
3Hatt8Hll8 OTHOW8Hl:UI BWCO,Ita gj+-M830HOB R BWCO,Ityf1t--M830HOB B U3M8p8H

HOM llHT8pBaJie KllH8Tlltt8CKIIX SHeprmi paBHO I, 04 ± 0. 05 wur .ir.ru>a 
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Pnc. 6. llirnaplla.HTHIIe cetteHWI Ha 

O,I(lll! HYKJIOH qlpaI'M8HTHpyroll{ero SI.rt
pa ,I(Jlll p0llt,I(8IDJH !n+-M830HOD C HM
IIyJII,COM 500 MaB/c B 3aDllCllMOCTll 
OT cos 8 • 

I,I5 ± 0,02 .ItJI!I H,Itpa re.mm n yr
Jia 90°. Bilxo.rc rroJIOJ!tllTeJII,mrx mm
HOB ll3 SI,Itep BO,I(Opo.rca rrpeoomaeT 
BllXO,I( OTp~aTSJII,HHX IlllOHOD IIpll

M8pHO B 4 paaa. IlpllDe,It8H Ta.Kllt8 
Jl!I..rt OTHomeHllil Me,rmy cettemtl!Mn 
POli\lt8HM 7i +-n 7i--M830HOB Ha 
pa3JI1f!IHIIX SI,Itpax. 

B § 3 paccMOTp8HO rrpUM8H8HH8 
CTa.H,ItapTHLIX M9TO,I(OD SI,It8pHoil !pll3ll
Rll ,I(Jlll ITOITilTRll 06MCH8HM rrponec

ca KJ'MYMTllBHOro pOJ!U(eHM IlllOHOD. 
B nsjlleHHOH HaMll JI:n:TepaTYPe c.rce
JiaH BllDO,I( 0 TOM, ttTO HH cpepMU
,ItDIDlt8Hll8, Im MHoro1tpaTHOe paccesr
HHe He MOryT CJJY]KHTI, OCHOBHHM Me

X~SMOM pOllt,I(8HllSI IcyMyJillTllDHilX 

ttacTiin, XOTSI MOrYT llrpaTI, CYJ!l8CT
B8HHYJO pOJII, KaR rrorrpaDK:n:, oco6eH
HO B 06JiaCTll Ma.JillX mmyJII,COB~ OT-
M8 TllM, ttTO ,I(Jlll IIOJIY'l8HWI 8 TllX Bll

BO,I(OD T80p8TllKll llCIIOJ!I,30BaJ!ll H8lllll ,I(aHHil8 ITO ltYMYJillTHBHOMY pOli\lt8HllID 
ITllOHOB Ha .rcettTepmi. ,UeilCTBllT8JII,HO, 8H8preTlI'I8CRll8 CIT8KTPil IlllOHOB Ra

~8CTD9HHO IIO,I(06Hll ,ItJIII ~ettTepM ll TSIJKeJIIlX SI,Itep, XOTH cpe,ItHlle ~epx,,m

llMIIYJ!I,CH B 8TllX p;ByX CJIY'IaSIX CYil!8CTB8HHO pa3.7lli'I8.KlTCSI, a 3a 
C~8T TOJII,RO MHOrOKpaTHOrO paCC8SIHM B006Il{e H8D03MOlKHO IIOJJY'lllTI, HYR
JIOH, JI8TJim:n:il TIO.rt yrJIOM I80°. 

B § 4 IIpllB8,I(8HO cpaBHeHHe 3RCII8pllM8HTaJII,HllX ,I(aHHilX ITO RYMYJillTllB

HOMY p0llt,I(8HHID IlllOHOD Ha .rcettTepmi: C pactteTaMH, BllITOJIH8HHHMH B paMKaX 
peJillTHBllCTCKOro llMITYJII,CHoro rrpn6JIIDiteHM. 3TOT TeopeTnttecKllil IlO.rtXO'A 

6HJI pa3DllT B pa6oTax M.H.CTPllKMa.Ha ll JI.JI.\lipaHKlJ!YI)Ta*. 0HH OTM8tJaJOT, 
ttTO D HaCTOffll{88 BpeMli CpaBH8.Hll8 T80p8Tlltt8CRUX rpopzyJI C pesyJII,TaTaMll: 
ll3M8p8Hllll B 'AaHHOM ~e smruI8TCSI rrpe,ItBapllT8JII,HHM. 

B tt8TBepToil l'JiaBe DmIOJIHeH a.HaJI:n:3 8Mllliplltt8CRllX 3aROHOM8pHOCTeil 
ICy:MyJllITHBHOl'O pOllt,I(eHWl M830HOB B IIpOTOH-SI,Itepmrx: B3a:n:MO,It8ilCTB~8/ ll 
me HHT8prrpeT~ Ha OCHOB8 T80p8Tlltt8CRllX MO,IteJieil. 

B § I paCCMOTp8HO IIOB8,I(8Hli8 8HepreTlltt8CKIIX CII8RTPOD ll yrJIOBHX: 
SaBHCllMOCTeil :mmap:naHTHIIX cetteHllll: IIllOHOB H RaOHOB. Ha a.HB.!IB3a .rcamrn:x, 
IIOJJY'l8HHHX Ha yCTaHOBKe .lllICK-2 Ilpll llMIIYJII,08 rrepDR'llruX IIpOTOHOB 
8,9 rsB/c, a TaKllt8 .rtaHHHX, ITOJIY'I8HHWC COTPY.ItBHRaMll Hffl B 3RCII8pll-

* CTPHRMaH M.H., ~T JI.JI. 31IAH, I980, T.II, c. 950. 
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l\!eHTax IIpll :rneprHH 400 ra:B", CJie,nyeT, 'ITO IIpe.D;CTa.B7IeHH8 8KCnepllM8H
TaJlI,HllX ;i;aHHux B Bime napaMeTpH3anIDI exp(-T/T0) He cnoco6Ho OTpa-
3llTb y.D;OBJI8TBOpllT8Jil>HllM o6pa30M CYill8CTB8HHhle xapaKTepHCTHKH KYMYNI.
TJIBHOro acixI>eKTa: rrpe;i;em,HYIO <pparMeHTlmlllO ll YHHB8PCaJII,HIDi: napaMeTp 
HaRJIOHa 3HepreTWieCKHX cneKTPOB, 

B § 2 OOCYiK.I\aIOTCff 3aBllCHMOCTH HHBapHaHTHilX ce-qemm KYMYN!.THBHO
ro pOlK,l(eHl!JI IlllOHOB OT aTOMIJOro Beca tpparMeHTHpYJOm8ro H,Iijla. llCnOJU,30-
BalUie 6om,moro Ha6opa R.I(ep' 81 no3BOJIIIJIO ;i;eTaJII,HO ll8y<IBTb TaK HaaUBa
eMHe ycHJieHHue llJrn aHOMaJII,Hll8 A-8aBHCllMOCTll, I1oKa8a.HO, 'ITO npn X > ~ 
ITOB8.D;eID1e cetJ:eHIDI pOlK,l(':lHII.fI IBIOHOB BHXO.I\llT Ha pElJilliM AI ,I1;.7IJI R,I(ep 

c aTOMlillM B9COM A ~ 20+30, a Ta!Oi'te 'ITO xapaKTep 
A-8aBllCI™OCTll C9'!9Hll/I pOJ!0];9HH.fI 6UCTpllX tJ:aCTl~ Ha H,Iijlax B 8a,ll;HIOIO no.rry
ccpepy onpe;i;eJIHeTCff He RX llMIIYJibCOM ll yrJIOM 3MHCCHH, a KYMYNI.THBHHM 

'lllCJIOM X • 
B § 3 paccMOTp9HO ITOH.fIT119 KBapK-napTOHHIDC CTpyKTYPHllX ipyHK[(llli 

R,I(ep - CaMOCTO/ITeJlbHllX (He CBO.D;l1MHX R O.D;HOHyKJIOHHllM) xapaKT9Pl1CT11K, 
KOTOpue .fIBNI.IOTCff OCHOBHUMH o6~eKTaM11 3KcnepHMeHTaJibHillC 11CCJI9.D;OBaHllli 
B o6JiaCT11 peNI.TllB11CTCKOH .fI.1(9pHofi ~11811Kl1, Han6oJiee IIp.fIMOH cnoco6 RX 
1I3MepeHI!JI - lICCJI9,l(OBaH11e r.rry6oKOHeynpyroro paCCe.fIHl!JI JienTOHOB Ha R,I(
pax. 0.D;Ha.RO ll3-3a MaJIOCTll C9'!9Hllli 3JI8KTp0MaPH11THUX 11 CJia6mc B3aHMO
,l(eiicTBllli OCHOBHhle CB9.D;9Hl!JI O RBapR-napTOHHilX CTpyKTypHUX ~ 
R,I(ep 6UJill no.rry-qeHU Ha OCIIOBe 11CCJI9.D;OBaHl!JI rrpe;i;e.irbHOH ~parMeHT8$Ill R,I(ep. 

----. 
0 
><. 
'---
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M:u IIpOB8JI11 a.JlaJIII3 :mcnep11MeHTaJII,H:UX .nammx no RYMYJIHTJIBHOMY 

o 0,4<X<0.55 
a 0,65<X < 1,0 
• 1,0 <X<1,5 

p~eHHIO Meaouon B nepeMeHHUX X 
(o6o6nt9HH8.fI MaCIIITa6HaJI nepeMeHHaJI) 

n2 , 
H rj , . 

Ha p11c. 7 nOKa3a.HII OTHOIIl9HH.fI 
C9'!9Hllli pOlK,!(9!Il!JI J/ -M830HOB Ha 
H;i;pe reJill.fI .D;JIH O.D;llllaKOBUX X np11 

nonepe'IHOM ~m,ce, OTJrn'IHOM OT 

HYJIH, n ;i;m P~ =0. B HHTepBaJie 
0, 65 ~ X ~ I, 5 IIOJIY'l8HO OIIllCaHlle 

AaHHUX ipyHI<UIISH 
0.1 0.3 O.S 0·7 

P,' ([',a/cf <J>(P1)= (0, 99,±0 ,06) exp(-(4. DI± 
PllC, 7, 3anlICHMOCTb 1. B9Jill'llIHU OT- ,±(), 21) if ) , 
HOIIl9HI!Jicp(f'!)=f(X,Pj)/f(X,O) OT r;i;e Pi_ BhlpruK9HO B raB. 
nonepetJ:Horo ID/lllYJil>Ca .D;JIH c.rry-qaa .um H,Iijla CBlIHil;a B p Pb-u d Pb-
pOlK,l(eHH.fI IlllOHOB Ha R.I(pe reJill.fI, B3allMO,D;eiicTB11.fIX nOJiy'leHa ~0-

HaJII,Ha.fI 8aBl!Cl!MOCTb cp(~) = 
2 

= 0, 9 exp(-2, 7 p .L ) + 0, I. 3Toii llte 8aBllCllMOCTll Y.I\OBJieTBOpil!OT .D;aHHile 

~ikiforov N.A. et al. Phys.Rev., 1980, vol.22C, p.700. 

IO 
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no pTa-B8aHMO.D;eiicTBll.fIM IIpll 3Heprllll nepBll'IHUX IIpOTOHOB 400 raB. 0T-
p 2 0 6 MeTHM, 'ITO 3aBllCllMOCTb OT J. B KYMYJIJITJIBHOII O JiaCTlI OTJill'laeTC.fI 

OT 06H'IllO llCITOJU,3yeMoro pacrrpe,D;8JI9HIDI 

'P( P:) = (exp(--10 P1 )-t o,45 e)(p (- 2,7 p:)) / 1,4 s. 
I1apaMeTpll3aUII.f! lll!Baplla.HTHhIX cetJ:eHHii KYMYJI.fITllBHoro pOlK,l(eHl!JI .D;JifI 

pa3.7Ill'!HUX tJ:aCT~ ll .D;NI. IIIHpOKoro 3HepreTWI9CKoro llHTepBarra (OT,9 .D;O 
400 raB) 8aBlICllMOCTbB'.l exp(- X/< X > ) ;i;aeT 8.I\llH:ull rrapaM8Tp HaRJIOHa 
CII8KTpOB, KOTOphlll B IIp8.D;8Jiax 3KcrrepHMeHTaJII,HhIX OIIllI60K paneu 

(X) = 0,14, B TOM '!lICJI8 ll .D;JI.fI C.nytla.fI ll8Mep8Hll.fI KBapK-napTOHHOH 
12 . 

cTpyKTypHott IPYHKUIIH B p0aKU1III j4 • C -+ JI + • •• rrp11 aHepr11:u 280 ran 11 

60JIT,IIIHX QJ. = 100 raB2. CTpYKTYPHM qiymmim ~JI '.11 ± -ll I(1°-M880HOB 
IIpllM8pHO O.D;llHaKOBa, a ,Il;.7IJI K"°-Me30HOB IIO'A06Ha CTPYKTYPHOli ~ 
WII! if,± •ll Ir°-M830HOB, • HO 3Ha'!8Hll8 88 BeJilI'IIIHhl COCTaB7IJI8T 

5 % OT llOCJI8.I(Heil. 3TH cpa!<Tl:l HaxO,ll;!ITC.fI B Y.D;OBJI8TBOplIT8JII,-
HOM corJiaCHH C npe.D;CKa8aHll.fIMll KBapKOBoro MeXaHll3Ma .D;Jlll CJIY'la.fI KYMY

JlllTllBHoro POJ!OJ:8HH.fI: BaJI8HTH!le KBapKlI CTaJIKllBaIO!qIDCCII o6~8KTOB COCTaB
JI.fIIOT 'laCTb K+-ll jj±_M880HOB, HO He BXOMT B COCTaB K--M830Ha. PaB8H

CTBO C8'!eHm1 .D;JifI KYMYJI.fITllBHUX ri+- 11 K'"-M830HOB MOlKHO llHTeprrpeTHpOBaTb 
KaK p83YJil>TaT nO,D;XBaTa 1I8 CllMM8Tpir'Uloro KBapKOBOro MOpil d - ll S
KBapKOB Bhl6llTUMll BaJieHTHb!MII U-KBapKaMII. 

AHBJI1I8 3KCn8pllMeHTaJII,HllX .D;aHHUX IIOKaaarr, 'ITO B8JIW!llHil IIHBapHaHT
HllX llHKJII03llBHl:lX C8'!eHim IIpllMepHO O.D;llHaKOBhl-npu O.D;llHaKOB:UX KYl\fYJI.fITllB
HllX 'llICJiax BTOpW!HllX Im:OHOB .D;JifI ID/lllYJil>COB II8pBW!HllX IIpOTOHOB 
8,9 raB/c II 400 raB/c. 

. B § 4 paCCMOTp8Ha KBapK-rrapTOHllaJI KapTllHa KYMYJI.fITllBHoro pOlK,l(eHM 
M830HOB.BO BC8X paCCMOTP8HlIHX T80p8Tll'l8CKHX MO.D;8JI.fIX KYMYJIHTllBHOro acJ>
W8KTa IICITOJU,3YJOTC.fI WI!I cpami0mm c pactJ:eTaMll H8llfil aKcnepm.10HTMbHH8 

.D;a.Hlill8.B paCCMOTpemmx MO.D;8JI.fIX ITOJIY'l8H~ o6'.o.fICH8Hlle D;8J!Oro p,gn;a 8KCII8pII
MeHTaJII,H!lX ~aKTOB, O.D;HaKO, RaK OTM8'la8TCff CaMHMll TeOp8TIIKa.Mll, .Hll O.D;

Ha na IIp8.l(JI0'1t8HHllX MO.zt8JI8ii H8 ;i;a0T nOJIIIoro oim:caHH.fI Bcex xapaKT0pma: 
OC068HHOCTeit KYMYJI.fITHBHOro pCllK,1(8.HWI M880HOB, 

B BUBonax CWOP.fYJIHpOBa.HH OCHOBHUe·p83YJ!bTaTl:l .D;IICCepT8$IOHHOii 
pa6om •. 

· OCHOBHl:lE PE31.II1TATH .D,HCCEPTA!Ulli 
I. Cos~o M8.T8MaTll'l8CR08 060cn8'!8Hll8 CII8KTpOM8Tpa .D.HCK-2,B ROTO

po8 BXO,ll;!IT CJI8~8 KOMIIOH8HTH: IIpOl'paMMH WI!I pa60TI:l YCTaHOBIGI Ha JIII

HlII:1 C SH~,rrporpaMMa ,IJ;.7IJI MO.D;8JIHpOBaHllJI pa60TI:l YCTaHOBRll M8TO~OM MoHT8-
Ka!)J!o,rrporpBMMH o6pa6oTroI lI aHaJm8a 8KCil8PllM8HTmHI:lX 'ABH!WX,IlporpaM
MH08 060cn8~8HII8 6wro IICnOJII,30BaHO rrpn IIpOB8'A8Hml 8RCn8pllM8HTOB O IIO
MOiql,JD ycTaHOBroI .D.HCK-2 Ha CllHxp~OTpOH8 OIDIII n o6pa6oTR8 !)83YJ!bTa-· 
TOB ll8M8p8Hllli B I18pll0.D; C I975 no I982 IT. 
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2. BnepBHe BHilOJill9HO 3KCil9pilM9HTaJII,H09 RCCJI9AOBaHR9 pOlK,l.1;9HWI 

IDIOHOB npR B3allMOA9fiCTBRll IlpOTOHOB C m.mym,cor.i 8, 9 raB/ C C JI9fIWMR 
,impaMH H, D, 4He B RHT9pBaJI9 yrJIOB BLIJI9Ta 90°-ISOO OTHOCRT9Jll,HO Ha

IlpaBJI9HWI nepBRtIHHX npOTOHOB ll B m.mym,cHOM RHT9pBa.ne 150-880 MaB/c. 

HcCJISAOBaHH 3Hepr9TH'l9CKR9 Cil9RTpH li yrJIOBHe 3aBliCilMOCTH RHBapRaHT

HHX RHKJII03liBHHX Ce'leHRfi. 3Ha'IRT9JII,HaJI 'laCT!, AaHHHX OTHO0RTCSI lt OJJy
'laJO eyMyJlllTRBHoro ~eHwi: 'lac~. 

3. 3RcnepilM9HTaJll,HH9 liCCJI~OBaHRII 3aKOHOM9pHOCT9:ll o6paaoBaHWi 

IlliOHOB Ha JierKRX R.I(pax IlOATBep~ npeA0Ka3rumll I'liIIOT93H KYMYJIJ'ITliB

Horo ,imepHoro 3qlq/9RTa. 

4. IlpOB9A9H aHaJIU3 RHBaPliaHTHHX liHKJ1103liBHllX 09'!elilifi, npliB9A9H
HHX B 'AR00epT~li, B nepeMeHHOfi X (o6o6meHR9 MaCmTa6Hofi nepeM9HHOH). 

B eyMy.llf!TliBHOH 06JiaCTll X > I AaHHHe 0OOTB9TCTBYJOT RBapR-napTOH

HOH CTPYKTYPHOfi qiyma:(lm ,impa Kalt CaMOCTOilT9JI!,HOMY (He CBO'ARMOMY K 
OAHOHYKJIOHHHM) O(n,9KTY a.I(pOHHOH (p,13Rltli. TaKRM o6pa30M, B AliCCepT~ 

BnepBHe R3y'!eHa KBapK-napTOHHaJI CTPYKTYPHaJI ~ ,impa A.llf! X > 1 . 
5. HHBapllaHTHH9 llHRJII03liBHHe C9'l9Hlifi KYMYJIJ'ITliBHOro pOlK,l.l;eHWI IlliO-

HOB, RcnymeHHHX Rs ,imep AeiiTepWI (l , X , l ,6), ,imep a.n:rmmHIDI R 

CBRHUa (l ~ X ~ 3,4) 6HJIR OilllCaHH 3aBliCllMOCT!,R) exp(-X/<X) ). IIo
Jiy'l9HO 'AJlfI B8Jill'IRHH ( X} 3Ha'l9Hll9 0 ,0982.±0, 0016 B . CJiytiae JierKoro 

li 0,137 ± 0,002 B CJiytiae Cp9~H9rO ll T.fIJK9~0r0 ,imep. 
6. BnepBile .ItJIII TWKeJioro (Pb ) li JierRoro · (4He) RAeP nOJiytieHa aa

BRCRMOCT!, llHBapllaHTHllX liHKJ1103llBHllX C9'!9Hlifi pOlK,l.l;eHWI Ji - M930HOB OT 
l P.1. 0Kasa.noc1,, 'ITO aaBRCRMOCT!, ce'leHwi: KYMYJIJ'ITRBHoro pOlK,l.l;eHWI OT 

nonepe'!Horo m.myJII,ca oTJill'!aSTCR (oHa 6oJiee CJia6aH) OT aHaJiorR'!Hoii. 

3aBRCllMOCTl1 ,Il;1IJI H9KYMYJIRTRBHOli o6JiacTn. 
7. IlpOB9~9HO Ka'l9CTB9HH09 cpaBH9Hl19 3KCnepRM9HTaJII,HllX ~aHHHX C 

np~cRa3aHWiMll pa3JillTllillX BapliaIITOB KBapK-napTOHHOfi MO'A9JrII RytfYJIIITHB
HOro pOlK,l.1;9HWI M930HOB. 

Ilo MaTepRaJiaM ARCC9pT~IDI ony6JiliKOBaHH CJI9AYKIJlll9 pa60TH: 

I. ABepRtieBa T.B., ~RH A.M., EacRJiaAae c.r., Eo~apeB B.K., Tuop

~aHecKy H.' I'OJIOBaJIOB JI.E.' Kpil'lKO A.II.' MasapcKlrll B.JI.' MaHRTOB
crurn A.H. ,MaTlClll9BCKRI1 E.A. ,Mopo3 H.C. ,He;JOJ;aHOBa C.A. ,HliKRTIDK H.M., 

Ilruie6pa~eB JO.A., IloBTopefmo A.A., Pllxm!IUGlli C.B., CTamIH-

cKlrll B.C., XpeHoB A.H., UBRHeB A.II. YcTaHomta 'A.llfI RCCJie~oBaHWI 

KJ'MY.llf!TRBHoro pOlK,l.1;9Hllll 'lac~ (JJ:HCK). mum, I-II3I7, ,Uy6Ha, 1978. 
- 20 c. 

2. HBaJI'leHKo H.M., KapneHKo H.H., IIaHe6pameB JO.A., CaAOBHRKOB B.H., 

CeHHep A.E., CeHHep JI.A., CTaBRHCRmi B.C. KoMUJieKc nporpaMM pe
aJII,Horo Bp9M9HR 'AJlll RCCJI~OBaHWi Ha YCTaHOBK9 .IUICK-2 eyMyJIIITllBHO

ro pOllf,l.l;eHWI 'laCT~. OIDIU, I0-81-754, )tr6Ha, 1981. - II c. 

12 

,;:'l:.. •• 

3. HBaJN9HKO H.M., KapneHKO H.H., IlaHe6pameB JO.A., PRX~ C.B., 

CeHHep A.E., CeHHep JI.A., CTaBliHCKmi B.C. PyxOBOACTBO no pa60T9 

Ha 3RII EC-1040 c ROMTIJISRCOM nporpaMM .IUICK-2. 0IDTII, E2-I0-81-7I6, 
,Uy6Ha, 1981. - 52 c. 

4. IlaHe6pameB Kl.A., CTaBRHCKmi B.C. IIporpaMMa ~JIil Mo~eJIUpoBaHIDI pa-

6oTH ycTaHOBKli .IU:!CK-2 MeTo~oM, MoHTe-KapJio. OUillI, l-82-896, ,Uy6Ha, 
1982. - 7 c. 

5. ~RH A.M., Eo~apeB B.K., roJioBaH0B JI.E., Maaapcm B.JI., Ma

HIITOBcKlrll A.H., Mopoa H.C., IIaHe6pameB Kl.A., IIoBTopefiRo A.A., 

PRXB~ C.B., CTaBRHCRmi B.C., XpeHoB A.H., UBRHeB A.II. KyMy
JfflUilI JI9rKRX RASP. OIDJJ1, Pl-1II68, )tr6Ha, 1977. - 14 c. 

6. Baldin A.M., Khrenov A.N., Manyatovaky A.N., .Moroz N.s., Stavin
aky V.S., Panebrataev Yu.A., Povtorejko A.A., Rikhvi.taky s.v., 
Angular and Energy Dependence of Cumulative Particle Production 
Cross Sections. In, European Conf. on Particle Physics, Budapest, 
1977. Abstracts••• Budapest, 1977.- p.37. 

7. ~RH A.M., Eo~apeB B.I<. , I'Rop~aHecRy H. , I'oJioBaHOB JI.E. , Ma

sapcrurn B.JI., MaWIToBcRmi A.H., M_opoa H.C., IlaHe6paT~eB IO.A., 

lISHT~ M.' IIOBTopefiKo A.A.' PRXB~ C.B.' CTaBRHCRlifi B.c.' 
XpeHoB A.H., UBRHeB A.II. 3RcnepRMeHTaJII,HHe AaHlille no ltYMYJIJ'ITnB

HOMY pOlK,l.1;9HliID IlliOHOB IIpll B3allMOAefiCTBIDI IlpOTOHOB C l1MIIJJI!,COM 

8,9 raB/c c JierKnMR .impru.m. 0IDIU, 1-82-28, )tr6Ha, 1982. - 12 c. 
8. Baldin A.M., Bondarev V.K., Ghiordaneacu N., Khrenov A.N., Litvi

nenko A.G., Manyatovaky A.N., Moroz N.s., Panebrataev Yu.A., 
Pentia M., Rikhvitaky s.v., Stavinaky v.s. Experimental Data on 
Inclusive Croes Section for Cumulative Production of Fiona, 
Kaona, Antiprotona and the Quark-Parton Structure Function of fl 

Nuclei. JINR, E1-82-472, Dubna, 1982. - 28 P• 

PyxollllC!, IIO0TYIIRJia B li3,IJ;aTeJII,Crutii: OTA9JI 
21 MapTa 1983 ro.n;a. 

13 

• 


