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OBIUAJI XAPAKTEPHCTHKA PABOTbl 

B AHCCepTaUHH npeACTaBJieH UHKJI HCCJieAOBaHHtt, BhlnOJIHeHHhltt Ha nyqKax npoT0HOB 

BhlC0KHX 3Heprntt B nepHOA c 1970 no 1990rr. OfrLeARHJIIOIUett MeToAHqecKott OCH0BOtt 3TOro 

u1rnna 6hlJIO HCilOJib30BaHHe MeTo~a TOHKHX MHilleHett Ha BHyTpeHHeM nyqKe ycKop11TeJiett 

BhlCOKHX 3Heprntt. MHoroKpaTHaJI UHPKYJJHUHH nyqKa qepe3 MHilleHb B TeqeHHe UHKJia YCKO­

peHHH npeAOCTaBJJHeT YHlll<aJibHY!O B03MOJKHOCTb HCCJieAoBaTb 3HepreTnqecKy!O 3aBHCllMOCTb 

peaKuntt C yqacTneM npoTOHOB B nrnpoKOM AH':Ila30He 3Heprntt - OT 3Heprnn, 6Jill3KOtt K 3Hep­

rnn llHJKeKunn, AO HOMHHaJibHOtt 3Heprnn ycKopnTenett. B X0Ae 3KCnepnMeHTOB 6hlJIO pa3-

BHTa MeTOAHKa ncnOJib30BaHHH MHilleHett Tpex TllnOB: nneHoqHhlX, HHTeo6pa3HhlX ll CTpytt­

HhlX, ra30BhlX. ~eJiecoo6pa3HOCTb npnMeHeHnH TOHKHX MHilleHett Ha BHyTpeHHllX nyqKax 

ycKopnTenett AJJH Bhln0JIHeHHH onpeAeJieHHOro Knacca 3KCilepHMeHT0B C <pllKCnpoBaHHhlMH 

MHilleHHMll B HaCTOHIUee BpeMH o6menpH3HaHa H MnnreHn 3TOro Tnna nrnpOKO HCilOJib3Y!OTCH 

npaKTnqecKn Ha Bcex 3KCnnyaTnpyeMhlX IlllKJillqecKHX ycKopnTeJJHX BhlCOKllX 3Heprntt. 

OnncaHHhle 3KCnepnMeHThl. IlOCBHIUeHhl llCCJieAOBaHH!O ynpyroro pacceHHHH np0T0HOB 

Ha npoToHax B o6naCTll MaJihlX nepeAaHHhlX HMnyJibCOB (ynpyraJI AH<ppaKUHH) npH 3Hep­

rnHX OT 10 AO 400 r3B ll KYMYJIHTHBHOMY po~eHH!O a~pOHOB B npOTOH-HAepHhlX B3allMO­

AefiCTBHHX npn 3HeprnHX OT 15 AO 65 r3B. IlpeACTaBJieHHhle B AllCCepTaUHH <pH3nqernne 

pe3yJibTaThl 6hlJill nonyqeHhl B 3KCnepnMeHTax Ha ABYX KpynHettnrnx ycKopnTeJIHX npoTOHOB 

- yrnopHTeJie l1HCTHTYTa <pH3llKll BhlCOKllX 3Heprntt ( CepnyxoB) Ha 70 r3B ll npOTOHHOM 

cnHxpoTpoHe HaunoHaJihHott yrnopnTeJibHOtt Jia6opaTOpnn HM. «l>epMH («l>HAJI, CIIIA) Ha 

400 rsB. 

AKTyanLHOCTL pa6oTLI. llayqeHne ynpyroro pacceJIHHH aAPOHOB nrpaeT BaJKHY!O 

poJib B nocTpoeHHll uenOCTHOtt KapTHHhl CllJibHhlX B3aHMOAettCTBHtt, npn 3TOM oco6oe BHll­

MaHHe npHBJieKa!OT 3KcnepnMeHTaJibHhle AaHHhle no ynpyroMy pacceHHll!O npn BhlC0KHX 

3HeprHHX. OHn HBJJH!OTCH OCHOBott, Ha KOTopott CTpOHTCH MOAeJin Teopnn, OIIHChlBa!OIUHe 

MexaHH3M CllJibHhlX B3aHMOAettcTBntt B nrnpoKo:ll: o6JiaCTll IIpOCTpaHCTBeHHO-BpeMeHHOro KOH­

TnHyyMa: MOAeJIH C o6MeHOM peA)KH30BaHHhlMll qaCTHUaMn, OilTHqecKne H KBa3llII0TeHun­

aJibHhle MOAeJin, KBapKOBhle MOAemI n AP· 9KcnepnMeHThl no ynpyroMy paCCeJIHH!O IIpeAO­

CTaBJJH!OT TaKJKe B03M0JKHOCTb IIpoBepKH CJie~CTBHtt <pYHAaMeHTaJibHhlX IIplIHUHII0B Teopnn: 

AHCnepCIIOHHhlX CO0THOilleHHtt, IIpaBHJI cyMM, acnMilTOT~qecKHX COOTHOilleHHtt. 

B peJJHTHBHCTKOtt KBaHTOBOtt TeopnH IlOJJH <pYHAaMeHTaJibHYIO pOJib nrpa!OT TaKHe IIpnH­

unnhl, KaK JiopeHU-HHBapnaHTHOCTb, YHHTapHOCTb, aHaJilITHqHOCTb ll KpOCCHHr-cnMMeTpnH. 

IlpHJIOJKeHHe 3TllX IIpHHUllllOB K 6nHapHhlM peaKUHHM 

a+ b-+ a'+ b' 

II03BOJJHeT BhlBeCTll PHA CJie~CTBlltt lI.11!1 IIOBeAeHHH aMIIJilITJ.l{hl pacceJIHllH aApOHOB IIPII KO­

HeqHhlX 3HeprHHX ll B acnMnTOTHKe (s-+ oo), qacTb ll3 HllX MOJKeT 6hlTb 3KCIIepnMeHTaJibHO 
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nponepeua npn ,n;ocTynHLIX ,n;JIII ,mcnepnMeHTa aueprm1x. Han60JILI1Iee BHllMam1e npn aua­

Jlll3e :mcnepllMeHTaJihHLIX ,n;aHHLIX no noJIHLIM ll ynpyrllM Ce'IeHllJIM npllBJieKalOT cne,n;yIOm;lle 

Tpll COOTHOIIIeHllJI: 

(i) ,n;ncnepcllOHHLie COOTHOIIIeHllJI , CBJl3LIBaIOm;lle ;HepreTll'IeCKoe none.ileHlle peaJihHOil: 

ReAn(s) ll MHllMOil: ImAn(s) qacTeii aMnllllTJ.n;LI pacceJIHllH, ,n;JIII aMnJinTy,n;LI pacceHHllH BITe­

pe,n; ReAn(s, t = 0) MOJKeT 6LITh CBJl3aHa qepe3 onTll'IeCKJIO TeopeMy C ITOBe,n;enlleM ITOJIHLIX 

Ce'IeHllil: ITT( s) j 

(ii) orpann'Ienne <I>pyaccapa na cTeITeHh poCTa aMnllllTJ,n;LI ITpll s -+ oo 

IA(s,O)I :S canst· sln2s, ITT :S canst· ln2s. 

(iii) TeopeMa IloMepan'IyKa , ycTaHaBJillBaIOm;aJI paBeHCTB0 IT0JIHLIX Ce'IeHllil: B3allMO,n;eii­

CTBllli 'IaCTllO: ll aHTll'IaCTllO: npll S -+ 00 ll llMeIOm;aJI CBOllM ycJI0BlleM orpaHll'IeHI!e Ha 

CTeITeHh pocTa OTHOIIIeHllJI peaJihHOil: 'IaCTlI aMITJillTJ,ll;LI K MHllMHOil: 

1
. ReAn(s,t=O) 1 O 
im.,-+oo ( I -+ . ImAn(s, t = 0) In s so) 

Han6onee ,n;eTaJihHO 3KCnepnMeHTaJihHaJI ITponepKa yKa3aHHLIX COOTHOIIIeHllil: BLinonnena B 

ITP0TOH-npoT0HHOM ll ITllOH-npoT0HHOM pacceJIHllllll. lfayqenne MexaHJl3Ma CllJihHLIX B3a­

llMO,n;eil:CTBllil: Ha OCH0Be llCCJie,n;oBaHllJI HJKJIOII-HJKJIOHHOro pacceJIHllJI ITpe,n;ocTaBJIIIeT pH,n; 

B03MOJKHOCTeil:, ne,n;0CTYITHLIX B 3RCITepnMeHTax C qacTnn:aMll ,n;pyroro TllITa. OcHOBHOe 113 

HllX - 11I11p0Ta anepreTn'IeCKoro ,n;naITa3ona, nepxn11tt ITpe,n;en K0Toporo B na6opaTopHLIX 

ycJIOBllJIX onpe,n;eJIIIeTCJI B03MOJKHOCTJ!Mll pp- ll pp -KOJIJiail:,n;epoB. OtieHh acpcpeKTllBHOil: JIB­

JIIIeTCJI MeTO,n;ll'IeCKaJI B03M0JKH0CTh llCnOJih30BaHJIJI B 3KCnepnMeHTax C !pllKCllpOBaHHLIMll 

MllIIIeHJIMll MHoroKpaTHOil: n:npKJJIIIO:llll BllJTpeHHllX ITJ'IKOB np0T0HOB. ( aHTllnpOTOHOB) 'Ie­

pe3 TOHKlle MJIIIIeHn. IIpe,n;cTaBJieHHLie B ,n;nccepTan:n11 !pll3ll'IeCKlle pe3JJihTaTLI ITO yITpyrott 

,n;11cppaKO:llll npoTOHOB ITOJIY'IeHLI C 11CITOJlh30BaHlleM ,n;annott MeTO,ll;llKll. 

.[(pyroe nanpaBJieHlle nccne,n;onanntt C llCITOJih30BaHlleM ny'IKOB npoTOH0B BLICOKllX 3Hep­

rntt, KOTopoe aKTllBHO pa3BllBaJI0Ch nocne,n;nne ,n;Ba ,n;eCJITllJieTIIH, - 3TO n3yqen11e peaKD;llil: 

KYMYJIIITllBHOro TllITa 

p +A-+ h(0?:. 90°) + X 

C BLIJieTOM 6LICTpLIX qacTnn:, ITpo,n;yKT0B cpparMeHTaO:llll H,n;pa, B 3a,ll;HIOIO nonyccpepy. lfone­

MaTJl'IeCKll 3Tll peaKO:llll BLI,n;eJieHLI TeM, 'ITO KYMJJIIITllBHLie 'IaCTllO:LI He MoryT 6LITh poJK,n;eHLI 

na cno6o,n;noM ITOKOJim;eMCJI .HYKJIOHe ll, cne,n;oBaTeJihHO, 3TH peaKO:llll JIBJIIIIOTCJI CITen:n<pll'Ie­

CKll H,n;epHLIMII C y'IaCTJleM B npon:ecce B3allMO,n;eCTBllJI HeCKOJihKIIX CIIJihHO CKoppennponan­

HLIX HJKJIOHOB H.n;pa. B nan6onee o\im:eM IT0,n;xo,n;e TaKne o6pa30BaHllJI B H,n;pax MOJKH0 BOC­

ITpllHllMaTh KaK cpnyKTyan:n11 ITJIOTHOCTll H,n;epnott MaTep11n - "cpnyKTOHLI" (no ITpe,n;JioJKeHJIIO 

.[(.H.Bnox11nnena). K pac11IncpponKe Mexan113Ma o6pa30Ban11H IT0,n;o6HLIX crycTKOB a,n;ponHoil: 

MaTepllll B H,n;pax cne,n;yeT, O'IeBJl,ll;HO, no,n;xo,n;nTh C IT03IIO:llil: COBpeMeHHOil: Teop1111 CJIJihIILIX 
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B3aJIM0,n;eil:cTBntt, KBaHT0BOil: XpOMO,ll;IIHaMllKll. .H,n;pa MoryT CJIYlKllTh TeM IT0JillronoM, r,n;e 

,ll;0JIJKHa ITponepHThCJI ne,n;ocTpoeHHaJI 'IaCTh 9TOil: Teopllll - xpoMo,n;nnaMllKa 60JihIIIllX pac­

CTOJ!Hllil:. AKTJaJihHOCTh 3TOro nanpaBJieHllJI llCCJie,n;onanntt o6m:enpll3Hana. 

KyMJJIIITHBHLie npon:eccLI cne,n;ycr 0THeCTll K KJiaccy rny6oKo-neynpyrntt peaKD:nil: c 

yqacTneM JI,n;ep. Ce'IeHllll peaKn:ntt 3TOro TllITa 0'IeHh MaJILI, noaT0MY COOTBeTCTBJIOm;lle 3KC­

ITep11MeHTLI Tpe6yIOT C03,n;aHllJI ycJIOBllil: C BLIC0KOil: CBeTllMOChlO MllIIIenett. MeTO,ll;llKa TOHKllX 

BHJTpennnx MllIIIenett no3BOJIIIeT o6ecne'Il1Th BLICOKlle CBeTllM0CTll ( nopH,n;Ka L ~ 1034 ) ITpll 

ne60JihIIIOM KOJill'IeCTBe nem:ecTBa B MllIIIeHll H 0TH0CllTeJihH0 HeBLIC0KOM nOTpe6neHllll o6m:ett 

llHTeHCIIBHOCTII BHJTpennero ITJ'IKa ycKOpllTeJieil: ( ~ 1 % ) . 
Qem, pa6oThl. Ilpn BLinonnennnn npe,n;cTannennLix B ,n;nccepTan:nn nccne,n;onauntt pe-

11Iamich cne,n;y10m:11e 3a,n;a'Ill. B onLITax ITO ynpyrott ,n;ncppaKO:llll: 

- ll3MepeHne ,n;ncpcpepeHn:nallhHLIX ceqenntt B ynpyroM pp-pacceHHllll B o6nacni ITepe,n;annLix 

nMITJJILCOB ,n;o It I ~ 0.15(raB / c ) 2 c n:enLIO n3y'IeHnH anepreTll'IeCKoil: 3aBllCllM0cTn ITapaMe­

Tpa HaKJI0Ha ,n;ncppaKD:llOHHOrQ Konyca npn 3HeprllHX ,n;o 400 raB ll ITOJIY'Iellllll ,n;annLIX no 

ITOJIHLIM yITpyrnM Ce'IeHllJ!Mj 

- H3Mepenne ,n;ncpcpepenn:naJILHLIX ceqenntt pp-pacceJIHllli B o6nacTll Kynon- H,n;epno:tt llHTep­

cpepenn:nn (Jtl ~ 10-3(raB/c)2) c n:enLIO ll3J'IeHllll anepreTn'IeCKo:il: 3aBllCllMOCTll peallhno:tt 

'IaCTll aMITJITllTJ,ll;LI pacceJIHllJI npn 3HeprnHX OT 10 ,n;o 400 raB; 

- COITOCTaBJieHne B paMKax ,n;ncnepCll0HHLIX CO0TH0IIIeHn:il: ,n;aHHLIX no 0TH0IIIeHllIO peaJih­

H0:il: 'IaCTll aMnllllTy,n;LI K MHllMO:il: C ,ll;aHHLIMll no noJIHLIM Ce'IeHllllM C n:ellh!O nponepKll BLI­

nOJIHllM0CTll ,n;ncnepCllOHHLIX CO0THOIIIenn:tt ,ll;JIII aMnllllTy,n;LI pp-pacCeJIHllJI B llCCJie,n;oBaHHOM 

,n;nana3one 3Heprntt ll nporH03llp0BaHllJI none,n;ennH noJIHLIX Ce'IeHll:il: npll 6onee BLICOKllX 

aneprllllx, He,n;ocTynHLIX B HaCTOHm;ee BpeMJI na ycK0pllTeJIIIX. 

B 3KCnepnMeHTe no llCCJie,n;oBaHllIO KYMJJIIITllBHOro poJK,n;eHllJI a,n;ponon: 

- ll3J'IeHlle 3HepreTll'IeCKOil: ll A -3aBllCllMOCTeil: KYMYJIIITllBHOro o6pa30BaHllJI a,n;ponoB B llH­

TepBaJie aHeprn:tt OT 15 ,n;o 65 raB c n:enLIO nponepKH CKeil:llllnroro none,n;enllli KYMY.1IIITllBHLIX 

ceqenn:tt n o6JiaCTll BLIXo,n;a na pelKllM npe,n;eJihHO:il: cpparMeHTan:nn H,n;ep n noJiy'IeHllJI HOBLIX 

no A-3aBllCllMOCTll Ce'Iellll:il: ,ll;JIII KYMYJIHTllBHLIX 'IaCTllO: pa3Horo Tllna B IIIllpOKOM llHTepBaJie 

KJMJJIIITllBHLIX 'IllCeJij 

- npone,n;eHne 'IllCJieHHLIX pac'IeT0B na ocuone Mo,n;ellll H,n;epnoro KacKa,n;a c n:ellhIO on:enKll 

llCKaJKeHll:il: cneKTpOB KYMJJIIITllBHLIX 'IaCTllO: BTOpll'IHLIMll B3allM0,n;e:il:CTBllJ!Mll B JI,n;pax; 

- ll3Mepenne no.1I1Ipll3aO:llll RYMJJIIITllBHLIX np0T0HOB C n:ellhIO ll3J'Iellllll pollll cnnHOBLIX acp­

cpeKTOB B KYMYJIIITllBHLIX npon:eccax. 

IloMllMO Hay'IHLIX pe11IaJillCL CJie,n;y10m:ne MeT0,n;ll'IeCKlle 3a,n;aqn: 

- pa3pa60TRa 3JieRTpOHH0:il: MeTO,n;llKll C llCnOJih30BaHMeM nonynpoBO,n;HllKOBLIX ,n;eTeRTOpOB 

,ll;JIII perllCTpan:llll 'IaCTllO: OT,n;a'Ill B 3KCnepnMeHTax Ha BHyTpenneM ny'IKe O:llKJill'IeCKllX 

ycRopnTene:tt; 
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- pa:ipa6oTRa MeT0.ll0B q>opM11pOBa.IIIIH CBepX3BYROBOtt ra:ioBott CTpy11 B BaRyyMe .lllIH C03Aa-
i 

HIIH ra:ioBLIX MllmeHett, pa60Tarom11x Ha BHyTpeHHeM nyqKe ycRop11TeJIH; · 

- C03.lla.Illle ROHCTPYRillltt mreHoqHLIX II HIITHHLIX MllllieHett, 06ecneq11Barom11x BLIIIOJIH«,,.Hlle 

.llJIHTeJII,HhIX 9RCII0311lllltt Ha BHyTpeHHeM nyqRe ycKOpllTeJIH, II OTpa6oTRa cxeM CTa611JiiI3a­

n1111 c6poca nyqRa Ha T0HRlle M11meH11. 

Hay'-IHaJI HOBH3Ha pa60ThI. HoBll3Ha II0JiyqeHHLIX pe3yJibTaTOB 6LIJia o6ecneqeHa 

TeM,qTQ 

e B OIILITax IIO ynpyrott .llllq>paRI\1111 113MepeHIIH IIp0B0.llllJIIICJ, B He0CB0eHH0M panee .nn­
ana:ioHe sHepr11tt c II0,nBIDKemi:eM B o6JiacTl> peRop,nno MaJILIX 3Haqen11tt nepe,naHHLIX 

IIMIIYJII,CQB II o6Jia,naJIII CTaT11cT11qecRott TQqHQCTl>IO, npeBLimaromett .ll0CTllrHyTyro B 

npe,nmecTByrom11x sRcnep11MeHTax. ,[(eTamnoe 113yqeH11e ynpyrott ,n11q>paRn1111 B 06-

JiaCTII 9Hepr11tt OT 10 .llO 400 fsB np11BeJio R 0TRPLITIIIO "3aKOHOMepHOCTII 113MeHeHIIH 

pa,nnyca CIIJIJ,H0rO B3allMO.llettcTBllH IIp0T0H0B np11 BLIC0RIIX 9Hepr11HX" (No. 244 B 

focy,n;apcTBennoM peecTpe 0TKpLITll:lt CCCP); 

• IICCJie,noBaHlle o6pasoBaHllH RYMYJIHTIIBHLIX a,np0H0B B IIp0T0H-H.llepHLIX B3allMO,nett­

CTBIIHX BIIepBLie 6LIJIO npoBe,neno B o6JiaCTII 9Hepr11tt OT 15 .ll0 65 rsB C 0.llH0Bpe­

MeHHO:lt per11cTpan11ett BLixo,na qacTllll BO BCeM yRa:iaHH0M ,n11ana:ione sHepr11tt, qTo 

II03B0JIIIJI0 MIIHIIM11311poBaTl>. CIICTeMaT11qecR11e norpemH0CTII B IICCJie,noBaHIIII 9Hepre­

T11qecRott saBIICIIMOCTII RYMYJIHTIIBHLIX nponeccoB. BnepBLie A-3aBIICIIMOCTJ, BLIX0.lla 

RYMYJIHTIIBHLIX Me30H0B np11 yrnax BLIX0,na 6JIH3RIIX R 180° 6LIJia no,npo6no 113yqena B 

.llllaIIa30He RYMYJIHTIIBH0tt nepeMeHHOtt Xe OT 0.6 .ll0 1.8, qTQ II03B0JillJI0 o6napyJKHTJ, 

CllJil>HYIO R0ppeJIHUll!O CTeIIeHII A-3aBHCHMOCTII co 3HaqeHlleM RYMYJIHTllBH0ro qncJia 

Xe; 

• BIIepBLie B o6JiaCTll 9Hepr11tt CBLime 1 fsB CIIIIH0BLie sq>q>eRTLI B RYMYJIHTHBH0M po­

m,neHIIII IIpOT0H0B 6LIJIII 113MepeHLI C TQqH0CTl>IO, II03BOJIHIOmett ,naTb .ll0CT0BepHoe 3a­

RJII01ieHne 06 llX BeJI11qnHe ll 9HepreTnqecRott ll IIMIIYJil>CH0tt 3aBHCIIM0CTII. 

Hay'-IHaJI H npaKTH'-leCKaJI 3HR'-IHMOCTb noJiyqeHHLIX pe3yJibTaT0B 3aRJIIOqaeTCH B 

TOM, qTo OHR II03B0JillJill npoBeCTll 9RCIIepnMeHTamHyro npoBepRy npaB0MepH0CTII MH0rllx 

TeopeT11qecRHX II0,!J;X0.ll0B B o6JiaCTll q>ll311RII H,npa ll 9JieMeHTapHLIX qacTllll ll BHeCJIII cyme­

CTBeHHLitt BRJia.ll B 9RCIIepnMeHTaJil>HYIO 6a:iy ,naHHLIX, Heo6xo,nnMyro .lllIH II0CTp0eHHH 3aR0H­

qeHH0tt Teop.11:11 CIIJII,HLIX B3a11Mo,nettcTB11tt. IloJiyqeHHLie qi11311qecRHe pe3yJil>TaTLI ll MeTO­

,nnqeCRlle pa:ipa60TRH, BLIII0JIHeHHLie npn pa:!BllTllll MeT0,na T0HRIIX BHyTpeHHIIX MllllieHett, 

peK0MeH.nyeTcH llCII0Jil>30BaTJ, npn IIJiaH11poBaH1111 H0BLIX 9RCIIep11MeHT0B Ha llllRJillqecRHX 

ycRopnTeJIHX BLICORIIX 9Heprntt. 

Anpo6aQHJI pa60ThI H ny6JIHKRQHH. Pa60TLI, B0rue,nm11e B ,nnccepTaIIHIO, .llORJia,nLI­

BaJIIICJ, Ha ceM11Hapax B JIB9 n JIT<I> Ol1JUI, B l1<1>B9 (CepnyxoB), l1T9<1> (MocRBa) n 
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<l>HAJI; Ha npo6JieMHLIX ceMnHapax n pa6oqnx coaemaHnHx: ,[(y6Ha,1982r. n Hop-AM6ep.n, 

1988r.(ApMeHnH); Ha MeJK.nyHapo,nHLIX KOq>epeHUIIRX II0 q>ll3llKe BLIC0KllX 9Heprntt B KneBe 

(1970), llnKaro (1972); Ha Mem.nyHapO.llHOM ceMnHape II0 npo6JieMaM q>ll3llKll Bl,ICQRHX 

9Heprntt B ,[(y6He (1986, 1988, 1990rr.); Ha Mem.nyHapo,nHoll KOHq>epemrnn II0 CIIllH0B0ll 

q>ll3lIKe BLICOKllX 9Heprntt B BoHHe (1990), Ha 2-tt Mem.nyHapo,lUiott KOHq>epeHUllll IIO peaK­

llllHM B6JIH3ll nopora (1992r., YnrrcaJia, llbennH). 

06'beM .z:tHccepTaQHH . .UnccepTaUllH C0CT0llT ll3 BCTYIIJJeHnH ll .llBYX pa3,neJJ0B: pa:i­

.nena 1 ("YnpyrM .nnqipaKnnH") ll3 11 rnaa n pa3,nena 2 ("I{yMyJIHTllBH1,1e rrponecc1,1") H3 7 

rJiaB. Pa6oTa co,neplKHT 315 CTpaHllll TeKcTa, BKJJIOqM 259 pncyHK0B n CIIllCKH llllTnpyeMott 

JlllTepaTypLI. CrrncoK llllTHpyeMoll JIHTepaTypLI pa3,nena 1 co,nepJKHT 144 HanMeH0BaHntt ll 

C!IHCOR llllTHpyeMott JIHTepaTypLI pa3,nena. 2 - 117 HaHMeH0BaHntt. 

CO,UEP}KAHIIE PAEOThl 

Bo BCTynneHHH 061.HcHeH IIpHHUHII ll3JI0JKeHHH MaTepnana .llHCCepTannommtt pa60T1,1, 

B KOTopott rrpe.n;CTaBJJeHo .llBa llHKJ!a HCCJJe.n;oBaHntt: !IO ynpyroll .llllq>paKUHH ll KYMYilHTH­

BHLIM HponeccaM. O6a llllKJ!a HCCJ1e,n0Bam1tt Bhl!IOJll!eHLI Ha BHYTpe1rnnx rryqKax .n;ayx rrpo­

TOHHLIX yrnopnTenett - yrnop11Tene Ha 70 fsB (Y-70) l1HCTHTyTa q>ll3HKll BLIC0KllX 9Heprnl1 

(r. Cepnyxoa) n yrnopnTene Ha 400 fsB (Y-400) HannonamHott yrnopnTeJ!bHott Jia6opaTO­

pnn HM. <l>epMn (r. llnKaro, CIIIA). MeTo,n11qernott ocHoaott BLinoJJHeIIIILIX sKcnepnMeHTOB 

6LIJJO HCnOJil>30BaHne MeTo.n;a TOHKHX BHyTpeHHHX MHllieHett. OrrncaHHIO C00TBeTCTBYIOIUHX 

MeTO.llll'leCRllX pa3pa6oTOK B .n;nccepTannn y,nene110 3Ha'lHTeJ!bH0e BHHMa1111e. 

Pas.z:ten 1 noCBHIUen OIIHCaHHIO nocTaH0BKH ll ll3JI0JKenmo pe3yJJhTaT0B .llBYX 9Kcrrepn­

MeHTOB no nccne.n;oBaHnro npoTOH-npoToHHoro ynpyroro paccenHHH B o6nacTn MaJJLIX rre­

pe,naHHLIX HMnyJJhCOB: (IA) 9KCnepHMeHTy no pp -paccemmIO rrpn sneprnnx OT 9.5 .ll0 70 

fsB, nocTaBJieHHOMY Ha yrnop11Tene Y-70 l1<1>B9, H (IE) sKcnepHMCHTY rro pp -pacccnnmo 

B o6nacTH sHeprntt 50-400 fsB, BLinonHeHHoMy Ha yrnop1nene Y-400 <l>HAJI. 

B rnane 1 "Uenn n MeTO.llLI n3yqe11nH ynpyroro paccenmrn a.nponoB" KpaTKo H3JJOJKenLI 

TeopeTnqecRne acneRTLI nccne,noBannH pacceHHHH a.n;ponoa npn BLicoH11x sncpnrnx n o6cy­

m,naroTcH ,nlla MeTO.llH'lecKnx no,nxo,na B sKcnep11Me11Tax rro n3y•re11mo ynpyroro pacccmnrn 

a,npoHoB Ha MaJJLie yrJILI npn BLIC0KIIX suepr11Hx. OTMe•ra10TcH oco6c1111ocTH MeTo.11a pcrn­

CTpannn 'laCTIIULI OT.l{a'!H II ero upenMyIUeCTBa rrp11 BLIC0KHX II CBCpXBl,ICQ({l!X (> lO0l'sB) 

9HeprHHX: yron BLIJJeTa H sneprnH '!aCTllllLI 0T,lla'lll up11 q>IIKCllpOBannoM ncpe,11a11110M 4-x 

llMIIYJJhCe O'leHl> CJia6o MeHHIOTCH C p0CT0M s11epr11n IICpBll'IHLIX rrpoT0II0B ll o6JJaCTb KYil0H­

n,nepHoll llHTCpq>epeunnn OCTaeTcn CB060.l{IIOlt OT q>oua neyrrpyrnx NN-B3allMO.l{CltCTBlllt B 
MHmeHH. 
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PHc.l. CneKTPM npoToIWB OT,l{a'lH OT nJieHO'lHOif H rasoBoif MHilleHeif. IlpHMeHeHHe BO.l{O­

po.l{Hoif ra30BOif MHilleHH MHOI'OKpaTHO yJiy'lmaeT OTHOilleHHe "3cjicjieKT/<jJoH". 

rnaaa 2 IIOCBJIJneHa om1cam1:10 MHIIIeHe.tt, HCIIOJib3yeMLIX B CIIeKTpOMeTpax 'laCTHII OT­

,l{a'lH - IIJieHO'lHLIX H CTpji1HLIX,ra30BLIX. O6cym.l{a!OTCJI Tpe6oBaHHJI, npe.1{1,/IBJIJieMLie K 

MHIIIeHJIM 3THX THIIOB, ycJIOBHJI HX ,lKCIIJiyaTan;HH H orpaHH'leHHJI, CBJI3aHHLie C HX HCIIOJib-

30BaHHeM Ha BHyTpeHHHX IIY'lKax ycKopHTeJie.tt. I1pH HCCJie.l{OBaHHH pp -B3aHMO,!{eil:cTBHJI 

cymecTBeHHLIM He.l{OCTaTKOM HCIIOJib3YeMLIX BO.l{OpO.l{OCO.l{epmamHx IIJieHO'lHLIX MHIIIeHe.tt JIB­

JIJieTCJI HaJIH'lHe B MHIIIeHH JI.l{ep yrnepo.l{a, KOTOpLI.tt HBJIHeTCH HCTO'lHHKOM <pOHa, orpaHH­

'lHBaIOmero TO'lHOCTb H3MepeHHi1 npH itl < 0.01. HecMoTpH Ha peKop.l{rro MaJiyIO TOJIJnHHY 

IIJieHOK (~ lMKM) 3<p<peKT MHOI'OKpaTHOro pacceJIHHJI rra H.l{pax yrnepo.l{a HBJIHeTCH .l{OIIOJIHH­

TeJibHLIM <paKTOpoM, orpaHH'lHBa!OJnHM TO'lHOCTb H3MepeHHi1 B o6naCTH KYJIOHOBCK0.11 HHTep­

<peperrn;HH. IT po6JieMa C03.l{aHHJI 'lHCTO BO.l{OpO.l{HOil: 6eccTeHO'lHOJ1 MHIIIeHH, IIpHro.l{H0.11 .l{JIJI 

HCIIOJib30BaHHJI B BaKyyMrroll: KaMepe ycKopHTeJIJI, 6LIJia peIIIeHa B pe3yJibTaTe pa3pa6oTKH ra-

30BOl!: CTpyl!:ao.tt MHIIIeHH C renHeBLIM KOH,!{errcan;HOHHLIM rracocoM cnen;HaJibHOl!: KOHCTPYKIIHH 

(1,2]. B rnaBe 2 KpaTKO OIIHCaHLI KOHCTpyKUHH MHIIIerrel!:, HCIIOJib30BaHHLIX B 3KCIIepHMeHTe 

rra YCKOpHTeJie Y-70, H HX pa60'lHe xapaKTeKpHCTHKH. BR.I{ cneKTpOB qacTlIII OT.l{a'lH C HC­

IIOJib30BaHHeM MHIIIeHel!: .l{BYX THIIOB, IIJieHO'lHOil: H rasoBol!:, IIOKa3aH Ha pHc.l. 

B rnaae 3 OIIHCaHLI .l{eTeKTOpLI II perl!CTPHPY!OinaJI 3JieKTpOHHKa cneKTpoMeTpa qacTHII 

OT.l{a'lll rra ycKop11TeJie Y-70 11«1>B8. O6cym.l{a!OTCH xapaKTepHCTHKH .l{eTeKTOpOB, oco6err­

HOCTH HX 3KCIIJiyaTan;nn B BaKyyMrrol!: KaMepe ycKopHTeJIJI, OIIHCaHI.I cnoco6 KOHTpOJIJI 3Hep­

reTl!'leCKoro pa3peIIIeHHJI lI MeTO.l{ KaJIH6pOBKH cneKTpoMeTpH'leCKHX KaHaJIOB. C n;eJib!O 

O.l{HOBpeMeHHOro 113MepeHHJI .l{ll<p<peperrn;11aJibHLIX ceqerr11ll: B 3aBIICIIMOCTH OT HeCKOJibKIIX KH­

HeMaTH'leCKIIX nepeMeHHLIX 6LIJia C03,!{arra MHOronapaMeTpOBaJI cneKTpOMeTpH'leCRaJI ycTa-
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PHc.2. BJioK-cxeMa annapaTypM 3KcnepHMeHTa Ha yCKopHTeJie Y-70. 

HOBRa (MITCY), o6ecne'lHBIIIaJI B03MOlKHOCTb perHcTpan;H11 3rrepreTn11ecKHx cneKTpoB 11a­

CTHI1 OT.l{a'lH B KalK.l{OM IIIIKJie yrnopeHHJI 0.l{HOBpeMeHHO B 8-Mll yrnoBLIX TO'lRax ll 64-x 

llHTepBanax 3Heprllll nepBH'lHLIX IIpOTOHOB. Co3,!{aHHaJI ycTaHOBKa, pa60Ta!OJnaJI Ha JIHHllll 

C 8BM, 6bma 0.l{HllM H3 nepBLIX OTe'leCTBeHHLIX on-line CIIeKTpOMeTpOB, paspa6oTaHHLIX 

.l{JIJI n;ene.tt <p1!3HKH BLICORHX 3Heprnll: (2,3]. CBJI3b c 8BM o6ecne'lHBana, IIOMHMo rraKonne­

HllJI pa6oqefi llH<pOpMaUHH, aBT0MaTH'leCKllll: KOHTpOllb COCTOJIHHJI annapaTypLI, np0Be,!{err:11e 

KaJIH6poBO'lHLIX npon;e.l{yp :11 BLI6opO'lHYIO KOHTpOllbHYIO o6pa6oTRy .l{aHHLIX. O6maJI 6JIOR­

cxeMa annapaTypLI 3RCIIepHMeHTa Ha ycROpllTeJie 11«1>B8 npe.l{CTaBJieHa Ha p:iic.2. BamHLIM 

ycJIOBHeM o6ecne'leHHJI OIITHMallbHLIX ycJIOBllll: perHCTpaI\llll H 3aJnHTLI IIJieHO'lHLIX MllIIIeHett 

OT 6LICTporo paspymeHllJI 6LIJia CTa6HJIH3aUHJI ypoBHJI c6poca IIY'lRa Ha MllIIIeHb. 8Ta 3a­

.l{a'la 6Lina pemeHa rryTeM paspa6oTKH cxeMLI o6paTHott CBJI3H .l{JIJI yrrpaBJieHHH pa.l{llaJibHLIM 

I!OJIOlKeHlleM IIY'lKa B KaMepe ycKOpHTeJIJI • 

B rnaae 4 paCCM0TperrLI BOI!pOCLI o6pa60TKH :mcrrepHMeHTallbHLIX .l{aHHLIX. ArraJIH3 

.l{aHHLIX 110 yrrpyroMy pp-pacceJIHHIO rrpoBO.l{llJICH Ha OCHOBe llHTep<pepeHUllOHHOtt <popMyJILI 

BeTe .l{JIH 6ecc11:11HOBLIX aMI!llllT~ 

du 
dt = (1Acl 2 + IAn1l2(1 + a 2

) + 2Ac · An1(a + h)] • exp(bt), (1) 

r.l{e a = Anni An1 - 0TH0IIIeHlle peallbHOil: 'laCTH JI.l{epHott aMI!JlllT~ K MHllMOtt, 0 -

xapaKTep:113yeT C.l{Bllr <pas KYJIOHOBCRott Ac :11 :11 JI.l{epHott An aMI!llllT~. Cornacrro BeTe 

c5 = 2n • ln(</>/0) = 2 13~µ. ln(J:f.;.), 3.l{ecb f3a -cKopocTb rrpoTOrra B n.c.; k -BoJIHoBott BeR-
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Pnc.3. ,4mJupepeH~HaJibHOe ce'leHHe pp -pacceHHHH IIpH 3HeprHH 70 I'3B. 

TOP B c.u;.M.; a -pa.zuryc o6JiaCTll CllJII,H0ro B3a.ll:MO,n:el!:cTB.ll:H. KyJIOHOBCRaH aMIIJIHTy.n:a Ac -

BeJI.ll:'l.ll:Ha CTporo Bhl'lllCJIHeMan, MH.ll:MaH qacTI, n.n:epH0il: aMIIJillTY.Zl:hl An1 CBH3aHa C IIOJIHI,JM 

ceqeHneM onTnqecRoil: TeopeMoil: 

An1(s,t = 0) = uT/(4n~). (2) 

JI,n:epHhlil: ll 3JieRTpoMarH.ll:THhlil: q>OpMq>aRTOphl HYRJI0Ha annpoRC.ll:MllPYIOTCH 3RCII0HeHT0il: 

Fe = Fn = exp(bt/2). 
8RcnepnMeHTaJII,HO ll3MepneMhlMll B HameM 0IIhlTe 6hlJill ,n:Be S-3aB.ll:C.ll:Mhle BeJI.ll:'l.ll:Hhl: na­

paMeTp O ll napaMeTp HaRJIOHa ,n:nqipaRD;llOHH0ro R0Hyca b, xapaRTepn3ywru;nil: t -3aB.ll:CllM0CTI, 

aMIIJIHTY.Zl:hl pacceHH.ll:H. lfaMepeHne napaMeTpa b 6hlJIO BhlII0JIHeH0 B llHTepBaJie nepe,n:aHHhlX 

llMIIYJihCOB 0.01 :=:; !ti :=:; 0.12 Ha nepB0M 3Tane 3RcnepnMeHTa C llCII0JII,30BaHneM IIJieHO'lHOil: 

MnmeHn [ 4]. ,ll;JIH · nonyqeHnH OTHomeHnH peaJihHOil: qacTn aMIIJIHTY.Zl:hl R MH.ll:Moil: a 6hlJIH 

llCII0Jih30BaHI,J ll3MepeHnH, npoBe,n:eHHhle C Bo,n:opo,n:Hoil: CTpyil:H0il: MnmeHh!O B 6onee Y3R0M 

yrnoBoM nHTepBaJie c npn.6JIHlKeHneM R MHHnMaJihHo MaJII,JM 3Ha'leHnHM ltl ~ 0.001. 3aBn­

cnMoCTh ,n:nq> qiepeHu;naJII,HI,JX ce'leHnil: OT t 6hlJia Bhl'lllCJieHa ,Zl;JIH B0CI,Mll 3Ha'leHnil: 3Heprnn 

nepBll'lHI,JX IIpOTOH0B OT 9.4 .n:o 70 f3B. ,ll;JIH Ram,n:oro 3HepreTn'leCR0ro llHTepBaJia 3Haqe­

Hlle ceqeHnil: 6hlJIO ll3MepeH0 B ~ 70 - 80 YrJI0BI,JX TO'lRax co CTaT.ll:CT.ll:'leCROil: omn6Roil: B 

RaJK,n:Oil: T0'lRe ~ 3 - 4% (pnc.3). ,ll;JIH o6pa60TR.ll: 3RCIIepnMeHTaJII,HI,JX ,n:aHHI,JX 6hlJI pa3pa-

6oTaH naReT qiopTpaHHhlX nporpaMM COINT, ROTOphlil: o6ecneqnBaJI cRopocTh o6pa6oTRll 

~ 1000 co6./MnH. Ha 8BM Tnna B8CM-6. 

B rnaBe 5 npnBe,n:eHhl pe3yJII,TaThl 3RcnepnMeHTa npn 9Heprnnx 10-70 f::iB, npoBO,n:HTCH 

C0II0CTaBJieHne C ,n:aHHhlMll npe.n:mecTBYIOID;llX 3RCIIepnMeHTOB ll o6cylK,n:aeTCH nx CO0TBeT­

CTB.ll:e TeopeTnqeCR.ll:M npe,n:CRa3aH.ll:HM, 0CH0BaHHI,JM Ha .n:ncnepcn0HHLIX C00TH0illeHHHX (5,6]. 
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Pnc.4. 8HcIIepHMeHTaJibHMe ,l(aHHMe IIO IIOJillOMY Ce'leilHIO ynpyroro pp -pacceHHHH CBMille 

2 I'!iB. • - HaIIIH pe3yJibTaTM, OCTaJibIIMe TO'lHH - ,l(ailllMe npe,l!mecTByIOII.[HX H3Mepeimif. 
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PHc.5. 8HcIIepHMeHTaJibllMe ,l(ailllMe ,l(JIH OTllOmeilHH peaJibIIOif 'laCTH aMIIJIHTY/!bl H MIIH­

MOif Opp B HHTepBaJie HMIIYJibCOB IIpOTOHOB OT 5 ,1.(0 70 I'3B, • - pe3yJibTaTbl ,l(aIIIIOI'O :mc­

nepHMeHTa. CnJiom11an HpHBaH H3 {4}, mTpHX-IIYilHTHpIIaH - pac'leT 30,l!HIII'a (P.Soding, 
Phys.Lett.B,283,1964). 
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Ha 0CH0Be H3MepeHHLIX .n;mpepeHI{HaJibHLIX ceqeHHtt H nonyqeHHLIX .n;aHHLIX no peaJib­

Hott qacTH aMnJIHTY.n;LI ynpyroro pacce1rnm1 6LIJIH aLiqHcJieHLI noJIHLie ynpyrHe pp -ceqeHmI 

C ToqHoCTbIO, npeB0CX0.llJIIIIett pe3yJibTaTLI 60JibIIIHHCTBa npe.n;IIIeCTBYIOIIIHX 3KcnepHMeHT0B. 

CooTBeTCTBYIOIIIHe .n;aHHLie n0Ka3aHLI Ha pHc.4. E~JIH noJIH0e ceqeHHe pp -B3aHM0.n;ettCTBHtt 

npH cepnyxoBCKHX 3HeprmIX MeHJieTCR He3HaqHTeJibH0, nepeX0.llJI OT pe}KHMa na.n;eHHR K pe­

}KHMY pocTa, TO noJIH0e ynpyroe ceqeHHe npo.n;oJI}KaeT M0H0T0HH0 na.n;aTb, 0TpalliaR KaK <paKT 

cy}KeHHR .n;H<ppaKI{HOHHoro K0Hyca TaK 3HaqHTeJibH0e yMeHbIIIeHHe no a6coJIIOTHott BeJIHqHHe 

peaJibH0tt qacTH aMnJIHTy.n;LI pacceRHHR. 

OcHOBHott pe3yJILTaT 3KcnepHMeHTa B Cepnyxoae, 3aBHCHM0CTb napaMeTpa o = Ann/ An1 
OT 3HeprHH, noKa3aH Ha pHc.5. B HHTepaaJie HMnyJibC0B nepBHqHLIX npoT0H0B OT 9.4 .n;o 70 

niB/c a6cOJIIOTHaR BeJIHqHHa o M0H0TOHH0 yMeHbIIIaeTCR OT 3HaqeHHR 0.35 .n;o 0.09. Cono­

CTaBJieHHe noae.n;eHHR peaJibHOtt qacTH aMnJIHTY.n;LI pp-pacceRHHR C pacqeTaMH no .n;Jicnep­

CH0HHLIM C00TH0IIIeHHRM H npe.n;CKa3aHHHMH aKCH0MaTHKH noKa3aJio, qTo B o6JiaCTII 3HeprHtt 

.n;o 70 f3B 3KCnepHMeHT ll TeopHH .n;aIOT comacoBaHHYIO KapTHHY ,!l;JIH HYKJI0H-HYKJI0HH0ro 

pacceHHHH. BLIJIO CHHT0 npoTHB0peq11:e, K0T0poe ,!l;HCKYTHp0BaJI0Cb B CBH3H C aH0MaJibHLIM 

noae.n;eHHeM .n;aHHLIX rpynnLI UEPH (cM. T0qKll "Bellettini et al." Ha pHc.5). 

rnaBhl 6-10 noCBHIIIeHLI OIIllCaHHIO HCCJie.n;oBaHHH ynpyrott .n;mppaKI{Hll npoT0H0B npll 

3HeprnHx .n;o 400 f3B, npo.n;oJI}KeHH0MY ycKopHTeJie <l>HAJI B paMKax 3KcnepHMeHTa E-36 

[7,8]. CxeManrqecKoe H3o6pa}KeHHe ycKopHTeJibHoro KoMnJieKca npe.n;cTaBJieHo Ha pHc.6. 

IlocTaHOBKa 3Kcnep11:MeHTa E-36 6LIJia 0CH0BaHa Ha MeTo.n;11:qecKHX H TeXHHqecKHX pa3pa-

6oTKax, BLin0JIHeHHLIX npH npoae.n;eHHH npe.n;IIIeCTBYIOIIIero 3KCnepllMeHTa Ha Y-70. O.n;naKo 

Beeb K0MnJieKc annapaTypLI 6LIJI cymecTBeHH0 Mo.n;epHH3HpoBaH 11:, B qacTH0CTH, H3fOT0BJieHa 

CTpyttHaR MHIIIeHb H0B0tt K0HCTPYU:HH (pHC. 7). B ,D;llCCepTal{llH no.n;po6Ho H3JI0}KeHLI MeTO­

)J;HqecKlle acneKTLI BLin0JIHeHHH 3Kcnep11:MeHTa E-36, qTQ6LI 0Tpa3llTb TOT .n;onoJIHllTeJibHLitt 

MeT0,!l;llqecKHtt onLIT nocTaH0BKll 3KcnepllMeHT0B no ynpyrott .n;mppaKI{HH, K0T0pLitt 6LIJI npH­

o6peTeH B <l>HAJI. 

B rnaee 6 .n;aH0 on11:caH11:e TeXHllKll 3KCnepllMeHTa E-36, BKJIIOqaR onHCaHlle KOHCTpyK­

UHtt ll xapaKTepHCTilK poT0pHott ll fa30BO.ll: MHIIIeHett, .n;eTeKTOpHo.ll: c6opKH, KaJI11:6poaoqHLIX 

rrpone.n;yp. O6cy}K.n;aIOTCH <pOHOBLie ycJI0BHH Ha yCKopllTeJie Y-400 11: crroco6LI yqeTa H BLI­

qHTaHllH <pOHa. OTHOIIIeHlle 3<p<peKT/<poH rrpH pa6oTe C B0,D;opo.n;Hott fa30BOtt MHIIIeHbIO 

llJIJIIOCTpHpyeTCR crreKTpaMn Ha p11:c.8. KpaTKO orrncaHa 3JieKTp0HHaR JI0fHKa C'beMa .n;aH­

HLIX 11: opraH11:3aU:llH npHeMa Ha 8BM PDP-11. O6cy}K,!l;aIOTCH HCT0qHHKH c11:cTeMaTHqecKHX 

OIIIll6oK: MepTBoe BpeMH arrrrapaTypLij 3<p<peKTilBHOCTb .n;eTeKTOp0Bj IlCKallieHHH cneKTpoB, 

CBH3aHHLie co BKJia.n;oM Heyrrpyroro KaHana; reoMeTp11:qecK11:e norpeIIIH0CTHj BJillHHHe pacce­

HHHLIX MarHHTHLIX noJie.ll:; HeToqH0CTb 3HepreT11:qecKott Kam16poBKll .n;eTeKT0pHLIX KaHaJI0B. 

rnaea 7 noCBHIIIeHa aHaJIH3Y .n;aHnLIX no ,!l;H<ppaKI{HOHHOMY nnKy lI onpe.n;eJieHHIO na-
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Pnc.6. YCRopnTeJibHMif KOMIIJieKc <!>HAJJ (1972r.). Ha IIpHMOJIHHeifHOM IIpoMeJJCYTKe CO 
pac1IoJiaraJiac1, MHIIIeHb H o6opyJ{oBaHHe 3KCIIepHMeHTa E-36 (Internal Target Area) • 

paMeTpa HaKJI0Ha .n;H<ppaKI{HOHHOfO K0Hyca. Ilpll HaKonJieHllll ,D;aHHLIX no .n;Hq>paKI{HOH­

HOMY nHKy lICn0Jib30BaJiaCb nJieHoqHan p0T0pHaR MlIIIIeHb. IlpOTOHLI 0T,l(a'lll perHCTpllpoBa­

JilICb BHe o6nacm KJJIOH0BCKott HHTepqiepeHI{llll npH 3Ha1l:eHHHX nepe.n;a11 ltl OT 0.01 .n;o 0.18 

(f3B/c)
2 

(pllc.9) 'r.n;e 3<p<peKT MH0f0KpaTHoro paCCeHHHH H ymep0,l(lILitt !pOH He yxy,lJ;IllaJIH 

3HaqHTeJibH0 ycJI0BHH BLI,D;eJieHHH ynpyroro nHKa. B 3T0M lIHTepBaJie t HaH6oJiee cyme­

CTBeHHLIMH Bll,D;aMH KoppeKI{Hll 6LIJill nonpaBKll Ha H,D;epHLie B3aHM0,l(e:ll:cTBHH B KpeMHlleBLIX 

.n;eTeKT0pax ( .n;o 10%) lI Heynpyrne pp-B3aHM0,D;ettcTBlIII B MlIIIIeHH. B lIHTepaane 3Heprntt 

OT 50 ,1(0 400 f38 ymoaott ceKT0p ,D;JIH np0T0H0B 0T.n;aqll, CB060.n;HLitt OT nHK0B .n;Hq>paKI{HOH­

Horo B036y}K,!l;eHa npoTOHa, cy}KaeTCH no Mepe yaeJill'leHHH 3HeprHH. Ilo3TOMY aJ,IqHTaHHe 

BKJia,D;a HeyrrpyrHX nHK-;;; OT peaKI{Hll pp-+ N·(~)p B YKa3aHH0M lIHTepBaJie t CTaH0BlIT.bCH 

Heo6XO,D;HMOtt B o6JiaCTll 3HeprH.II: CBLIIIIe 150 f38, r.n;e BeJillqlIHa rrorrpaB0K rrpeBI,llllaeT 1 %. 
vl3MepeHHaR ,rnepreTH'leCKaR 3aBHClIM0CT.b rrapaMeTpa HaKJioHa b( s) ll0Ka3aHa :aa pHc.10. 

C0BMeCTH0 C ,l(aHHLIMll .n;pyrHX 3KcrrepHMeHTOB. O6JiaCT.b ,l(aHHLIX, rrony11eHHLIX B <l>HAJI, 

arrrrpoKClIMHPYeTCH JllIHe.11:Hott 3aBHClIM0CT.bIO 

b(s) = bo + la'ln s = (8.23 ± 0.27) + 2(0.278 ± 0.024)/n s(f3B/c)-2 • (3) 

Ilo.n;o6Hoe JIHHettHoe ll0Be,D;eHHe rrpe,D;CKa3LIBaeTCH Pe,D;}Ke MQZJ;eJI.bIO c 0.n;HH0qHLIM JI0JIIOC0M. 
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PHc. 7. I'a3oBaH cTpyifHaH MHIIIeHb :mcnepHMeHTa E-36 B <PHAJI: 4 -com10 H cHcTeMa ROJI­

JIHMaTOpoB; 5,6 -BepxHHH H HHJKHHH RO.l{eHcan;HOHHMe RpHOHaCOCblj 11 -RaMepa ycROpHTeJIHj 

12 -BaRyyMHMif 3aTBop {MHIIIeHb BMBe,l{eHa H3 RaMepbl ycROpHTeJIH B IIIJII03 Ha.I{ 3aTBopoM). 

~~ 
UL~~ 
M-oodfill , L 
~A~~wc: 
~Q51 2 3 1 3 5 

RECOIL PROTON ENERGY 

PHc.8. E -cneRTpbl qacTHIJ; OT.l{aqH OT BOAOPOAHOil ra30BOif MHIIIeHH, pa6oqHe H cj,oHOBIJe 

cneRTpbl HaJiomeHM APYI' Ha Apyra • .YRa3aHM 3HaqeHHH 4-x HMIIYJibCa t, COOTBeTCTBYIOII{He 

n;eHTpy ynpyrHX IIHROB. 
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PHc.9. ,l!Hcj,cj,epeHn;HaJibHOe ce•IeHHe npH :meprHH 132 I'3B H3 .l{allllblX no napaMeTpy Ha­

RJIOHa AHcj,paRIJ;HOHHOI'O ROHyca. 
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• REF. [6] 
D AMALDI ET AL. 
I> 8ARBIELLINI ET AL. 
+ BEZNOGIKH ET AL. 

l)p 

• FOLEY ET AL. 

100 I 000 10 000 

·· s (GeVl1 

PHc.10. IlapaMeTp HaRJIOHa AHcj,paRUHOI/Horo IIHKa b(s) P.JIH ltl < 0.l8(f38/c)2 rrpn 311cp­

rHHX CBMme s=lO I'3B2• +,• -P.almble 3KcnepHMel/TOB B Ceprryxoae {5] If <PIIAJI {7]. 
CnnomHaH RpHBaH - Pe.l{)f(e cj,HT C BRJIIOqeHHeM TOJibKO fI0Mepo11a, UITpHXOBaH KpHBaH - C 

/1.0IIOJIHHTCllbHblM BKJIIOqeHHeM f H W TpaeKTOpHil. 
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PHc.11. ,l!mfJCjiepeHJlHaJibHMe Ce'leHHH yrrpyroro pp -pacceHHHH IlpH :meprHHX 50 H 400 
I'3B. CilJIOfilHMe RpHBMe pe3yJibTaT HaHJiy'lmero cfJHTa, mTpHXOBMe - pe3yJibTaTM cfmTa C 

c/JHRCHpOBaHHMMH p = 0.0 if p = -0.025. 

IloJJee nonpo6Ho na6monaeMoe nOBe,!lemi:e b( s) o6cylK.!laeTCH B paMKax Tpex rpynn MO,!leJJell:: 

MO,!leJJell:, OCHOBaHH!dX Ha Teopllll nOJJ!OCOB Pe,!llKej MO,!leJJell:, cne1111aJJhHO pa3Bl!Th!X ,!lJIH onll­

caHllll napaMeTpa b, 11 06II1l!X MO,!leJJell: ynpyroro pacceJIHllJI. 

rnaBa 8 n0CBJIII1eHa aHaJJll3Y ,!laHH1IX no peaJJhHOll: 'laCTll aMnJJllTJ,!l11 ynpyroro pp -

pacceHHllll npll 3Heprl!JIX 50-400 n~B. AJJropllTM o6pa60TKll ,!laHH1IX no peaJJhHOll: 11acni: 

B OCHOBe CBoell: on11paJJCH Ha nporpaMMH1Ie pa3pa60TKll, Bh!nOJJHeHH1Ie npll npoBe,!leHHll 

3KCnepnMeHTa C fa30BOll: Ml!IIIeHh!O B CepnyxoBe. CyII1eCTBeHHh!e ,!lOnOJJHeHHH 61IJJll C,!leJJaH11 

B CBJI3ll co cneumpllKOll: 3KCnepl!MeHTa B <l>HAJI. O,!lHO H3 Hl!X CBJI3aHO C ycnJJeHl!eM BKJJa,!la 

cpoHOBOll: KOMnOHeHT11, o6ycJJOBJJeHHOll: B036ylK,!leHl!eM H306apH1IX COCTOJIHHll: B HeynpyroM 

KaHaJJe pp-B3aHMO,!lell:cTBHll:. B11JJ11 anpo6npoBaH1! ,!lOnOJJH11TeJJbH1!e MeTO,!lllKll B1!'ll!TaHllH 

cpoHa C TeM, 'lT06h! ,!lOBeCTll TO'lHOCTh onpe,!leJJeHllll OTHOIIIeHHJI p peaJJhHOll: 'laCTll aMnJJllTY.!l11 

K MHHMOll: ,!lO 1 %. 

l•faMepeHllll ,!l11cpcppeHIIllaJJhH1IX ce11eHHll: C BO,!lOpO,!lHOll: CTpyll:Holl: MllIIIeHh!O BhlnOJJ­

HJIJJHCh B OTHOCHTeJJhHOll: IIIKaJJe H3-3a CJJOlKHOCTH onpe,!leJJeHHH llHTerpaJJhHOll: CBeTl!MOCTll 

o6JJaCTH B3aHMO,!lell:CTBHH npoTOHHOTO ny11Ka C HeCTaUHOHapHbIM BO BpeMeHH Ta30B1IM noTO­

KOM. ,UJIH npHBJI3Kll ce11eH11ll: K a6cOJJ!OTHOll: IIIKaJJe 11cnOJJh30BaJJaCh onTll'leCKaH TeopeMa (2). 

Ilpn !pllTllpOBaHHll ,!lllcpcpepeHUHaJJhH1IX Ce'leHHll: llHTepcpepeHIIHOHHOll: cpopMyJJoll: BeTe (1) 
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PHc.12. OTHomeHHe peaJibHoif 'laCTH aMIIJIHTY,lU,l R MHHMOif p(s, t = 0) B ynpyroM pp 

-paccenHHH B 3aBHCHMOCTH OT 3HeprHH IIpOTOHOB. e H /:;. OTMe'laIOT HamH ,aaHHMe IIpH 

3Hepmnx oT 9.4 /1.0 400 I'3B. 

R03!p!pl!UlleHT a6COJJ!OTHOll: HOpMllpOBRH 11 OTHOIIIeHne p l!CnOJJh30BaJJHCb B Ra'leCTBe CBo6o­

,!lH1IX napaMeTpoB. IlapaMeTp HaRJJOHa b annpoRCHMllpOBaJJCH Hall:,!leHH1IM HaMll COOTHO­

IIIeHlleM (3). Ha p11c.ll pe3JJJhTaT11 Ha11JJy11III11x cp11ToB .!lJJH .!lBYX 3Hepmll: 50 11 400 r3B 

nORa3aH1! cnJJOIIIH11Mll JJllHHlIMll. 

Ha p11c.12 noRaaaH11 pe3JJJbTaT11 Ham11x 113MepeHllll: p B CepnyxoBe 11 <l>HAJI coBMeCTHO c 

,!laHH1!Mll ,!lpyr11x 3RcnepnMeHTOB, B1InoJJHeHH11X B o6JJaCTll 3Hepr11ll: ,!lO 500 r3B. IloJJy'leH­

H1!e pe3JJJhTaT1! conocTaBJJeH11 C pac11eTaM11 no ,!lllCnepC110HH1IM COOTHOilleHHJlM. Kp11B11e, 

np11Be,!leHH1Ie Ha p11c.12, npe,!lCTaBJIH!OT pe3JJJhTaTI.r ,!lllCnepcllOHHhIX paC'leTOB. np11 pa3JJH'l­

HhIX npe,!lIIOJ!OlKeHlllIX O noBe,!leHllll nOJJH1IX ce11en11ll:: 1-uT(pp) 11 UT(fip) pacTyT C 3Hepmell: 

KaR ln2
(.s/122) ,!lO Eoo ; 2-uT(pp) CTaHOBllTCH nocTOHHHhIM (44.2 M6H) np11 E ~2000 r3B 

; 3-uT(PP) nocTOlIHHO (38 M6H) np11 E ~120 r3B (Bo Bcex cny11anx ,!lonycRaJJOCh, 'ITO 

UT(PP) 11 UT(fip) c6JJHlKaIOTCH co CRopocThIO E-0·
602

). ConocTaBJJeH11e c ,!lllcnepc110HH1IM11 

RpllBhIMll n03BOJJHeT 3aRJJ!O'lllTh, 'ITO no Rpall:Hell: Mepe ,!lO E=2000 r3B, npeRpa!lleHne po­

CTa noJJHbIX pp-ce'leHnll: llCRJl!O'leHO. YcnemHan npoBepRa ,!lllcnepcllOHHbIX COOTHomeHllll: Ha 

OCHOBe nony11eHH1IX ,!laHHhIX nORa3bIBaeT llX BLinOJJHllMOCTh B 113y11eHHOll: o6JJaCTll 3Hepr11ll: 

11 no,!lTBeplK,!laeT o6oCHOBaHHOCTh OCHOBHhIX aRCllOM RBaHTOBOll: Teop11n noJJH. 

B rnaBe 9 npHBO,!l/lTCH ,!laHHhle no noJJHh!M ynpyrllM Ce'leHllHM ~r, nony'leHHLie Ha 

ocHoBe ll3MepeHHhIX ,!lllcpcpepeHu11aJJhHhIX ce11eH11ll: ynpyroro pp -paccenHHll. OTMe11aeTCH, 

11To B llHTepBaJJe 3Hepr11ll: OT 100 no 300 r3B 0Tnomen11e u!f / u1; np116JJH311TeJJhHo nocTo­

HHHo 11 paBHO 0.18, 'ITO 3Ha'lHTeJJhHO HlllKe BeJJH'lHHLI 0.5, COOTBeTCTByIOm;e.ll: CJIJ'la!O pacce­

HHHll Ha npoTOHe, RaR a6coJJIOTHo 11epHOM ,!lllCRe. Ilony11eHHOe OTHomeHlle u!f / u1; 6JJH3Ro 
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K npe.n;eJiy BaH rocpa (0.185), KOTOphitt COOTBeTCTBYeT raycco6pa3HhIMY a6cop6I11IOHHOMY 

npO<plIJIIO npOTOHa. 

rnaBa 10 nOCBHIIIeHa TeopeTII'leCKott IIHTepnpeTaIIIIII .n;aHHhIX no ynpyrott .D:II<ppaKIIIIII 

a paMKax aCIIOMaTII'leCKIIX orpaH1I'leH1Ifi KBaHTOBOfi TeOplIII noJIH .D:JIH aMnJIIITY.D: 61IHapHhIX 

peaKI11Itt, o6cyJK,n;eHIIIO 06061I1eHHhIX Mo.n;eJiett ynpyroro pacceHHIIH H CTPYKTYPhI npoTOHa B 

paMKax 9TIIX MO.n;eJiett. PacCMOTpeHO pa3BIITHe Mo.n;eJibHhIX no.n:xo.n:oB K onncaHIIIO aMnJIIITY.D:hI 

NN-pacceHHIIH B snoxy pp -KOJIJiatt.n:epoB H o6cyJK,n;aIOTCH B CBeTe 9TIIX Mo.n;eJiett nocJie.n;HIIe 

.n;aHHhie no ynpyrott .D:1I<ppaKI11IH, noJiy'leHHhie Ha KOJIJiatt.n:epax ~EPH II <I>HAJI. 

B rnaue 11 nepe'IIICJieHhI OCHOBHhie pe3yJibTaThI HCCJie.n;oBaHIIH ynpyrott .D:1I<ppaKI11III 

npoTOHOB npn 9Heprnnx OT 10 .n:o 400 rsB, noJiy'leHHhie B pa6oTax, Ha OCHOBe KOTOphIX 

HaIIIICaHa .D:IICCepTal\HH. 

PM.n;eJI 1 3aaeprnaeTCH cnncKoM JIIITepaTyphI, IIII'flipyeMott B rnaaax 1-10 SToro pa3.n;eJia. 

Pa3~en 2 nocBHIIIeH IICCJie.n;oBaHIIIO o6pa30BaHHH KYMYJIHTHBHhIX a.n:poHOB B npoTOH­

n.n:epHhIX B3aHMo.n;ettCTBIIHX npn 9Heprnnx OT 15 .n:o 65 rsB. B rnane 1 KpaTKO o6cyJK,n;aIOTCH 

TeopeTH'leCKIIe acneKThI HCCJie.n;oBaHIIH KYMYJIHTIIBHOro scpcpeKTa B n.n:pax. 8 CBeTe pa3BII­

THH TeOplIH n.n:pa KYMYJIHTIIBHhie npo11ecchI IIHTepeCHhI TeM, 'ITO co.n:epJKaT HH<popMaIIHIO 0 

CTPYKType n.n:ep npn MaJihIX MeJK.n:yHyKJIOHHhIX paccTOHHHHX, a C n03HIIHfi TeopHH CHJibHhIX 

B3aHMO.n;efiCTBIIfi, KBaHTOBOfi XpOMO.D:1IHaM1IKII, OHH HecyT IIOJie3HYIO IIH<pOpMaI11IIO .D:JIH pa3-

pa6oTKII xpoMO.D:IIHaMIIKH 6oJibIIIHX paCCTOJIHIIfi. 

KyMyJIHTIIBHhie peaKIIIIH OTHOCHTCH K KJiaccy rny60KO-Heynpyr1IX peaKI11Ifi Ha n.n:pax II HMeIOT 

MaJihie ceqeHHH B .n;IIana30He OT 1 M6H .n:o 10-5-10-6 M6H. [loJiy'leHIIe CTaTIICTII'leCKII xoporno 

06ec11eqeHHhIX .n:aHHhIX B 9TOH o6JiaCTH Tpe6yeT IIpOBe.n;eHIIH .D:JIIITeJibHhIX ceaHCOB Ha IIY'IKax 

BhICOKHX 9HeprIIJ:i II BhinOJIHeHIIe no.n:o6HhIX IICCJie.n;oBaHIIfi Ha BhIBe.n;eHHhIX IIY'IKax JIBJIHeTCH 

O'leHb .n:oporoCTOHIIIHM MeponpHHTIIeM. 8 9TOM IIJiaHe IIOCTaHOBKa 9KCnepnMeHTa Ha BHY­

TpeHHeM I\Y'IKe ycKOplITeJIH C IICIIOJib30BaHIIeM MeTo.n:a TOHKIIX MIIIIIeHett HBJIHeTCH oqeHb 

paI1IIOHaJibHhIM perneHIIeM, no3BOJIHH 06ec11e'11ITb npo.n;OJIJKIITeJibHhie 9KCn031IIIHII C noTpe-

6JieH1IeM He3Ha'IIITeJibHOfi .n;oJIII IIHTeHCHBHOCTH ycKopeHHOro IIY'IKa n IIpOBO.D:IITb ll3MepeHne 

ceqeHntt O.n;HOBpeMeHHO B IIIHpOKOM IIHTepBaJie 9Heprntt. CornacHO KBapKOBhIM Mo.n;eJIHM Ky­

MYJIHTHBHhIX peaKI11Ifi HX MeXaHH3M IIHTepecHO nayqaTb npn 9Hepr1IHX, Kor.n:a KBapKOBhie 

CTeIIeHII CBo6o.n;hI .D:OJIJKHhI 6eaycJIOBHO IIpOHBJIHTb ce6n B n.n:pax, T.e. IIpH HMnyJibCax (Ha 

KOHCTHTyeHT qacTHilhI-CHapn.n:a) BhIIIIe 11opora KOH<pattMeHTa KBapKOB (> 0.5rsB/c). 9TOT 

11opor .D:JIH IIpOTOHHhIX ny'IKOB COOTBeTCTBYeT 3-4 rsB/c. TaKHM o6pa30M 9Heprnn CBhIIIIe 15 

rsB, IIpH KOTOphIX BhinOJIHeHhI Hamn HCCJie.n;oBaHHH, aaae.n;OMO 06ec11eqnaaJI1I BhIIIOJIHeHne 

sToro KpnTepnn. 

B rnauax 2 Ill 3 ll3JIOJKeHhI MeTO.D:II'leCKHe BOIIpOChI, CBH3aHHhie C 11poBe.n;eH1IeM 9KCIIe-
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PHc.13. CrreKTpoMeTp KYMYJIHTHBHMX al{pOHOB B KOJibUeBoM aaJie yCKopHTeJIH ~'-70. Ml-

6, S1-4, Cl-2 -MOHHTOpHMe(M), TpHrrepnbie(S) H 'lepeIIKOBCKHe(C) C'!eT'lHKHj ,l!IG-5 -

l{peifcJ,oBble KaMepblj T - MHIIIeIII, Ha IIpHMOJIHHeifHOM yqacTKe KaMepbI MeJKJJ.Y 6JioKaMH 45 

H 46 MaI'HHTa ycKOpHTeJIH. 
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PHc.14. BJioK-cxeMa 3JieKTpORHKH cneKTpoMeTpa CKA. 
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PHc.15. BpeMHIIponeTHIJit c1reHTp /J.JIH qacTHii c HMIIYJibCOM 550 M3B/c. 

plIMeHTa Ha ycK0plITeJie Y-70 I1 <1> B8. l13MepeHIIH 6LIJIII BLIII0HeHLI Ha MarHIITH0M ClleKTpo­

MeTpe KYMYJIHTHBHLIX a.ztpoH0B (CKA) [12,13], B K0TopoM B KaqecTBe TpeK0BLIX .zteTeKTopoB 

IICII0Jlb30BaJIIICb .ztpel!:q>OBL!e KaMepLI (plic.13). .l{JIH II,lleHTIIq>IIKaJIIIII qaCTIIJI IICII0Jlb30Ba­

JiaCb TeXHIIKa BpeMeHH 11poJieTa ll aMIIJIIITY.llHLil!: aHaJIII3 CIIrHairoB qepeHK0BCKIIX C'leT'IIIK0B 

[11]. 
B rJiaBe 2 IIO,llpo6HO 0IIIICaHa K0HTPYKJIIIH ClleKTp0MeTpa: ,lleTeKT0pLI, JI0rH'leCKaH II 

perlICTPIIPYIOIJiaH 3JieKTp0HIIKa (plic.14), CIICTeMLI K0HTp0JIH .zteTeKT0pHLIX KaHaJI0B ll y11pa­

BJieH1IH peJKIIM0M c6poca IIY'!Ka Ha MIIllieHb, CIICTeMa c6opa ,llaHHLIX Ha 8BM. O6pa6oTKa 

3alllICaHHOl!: IIHq>OpMaJIIIII 11poB0,ll1IJiaCb B TPII 3Talla (rJI.3). Ha 11epB0M 3Talle BLIII0JIHHJiaCb 

Ha1I60Jiee BpeMHeMKaH 'laCTb aHaJIII3a - reoMeTplI'IeCKaH peK0HCTPYKJIIIH co6LITlll!:. IIocJie 

TpeKOBOl!: peK0HCTPYKJIIIII .ztaHHLie 0 co6LITIIHX 11epeH0CIIJIIICb Ha BT0plI'IHLie ST-JieHTLI, aJI­

roplITM IIOCJie.ztYIOIJiel!: o6pa6oTKII K0T0pLIX BKJIIO'laJI CJie.ztYIOIJilll!: Ha6op 3a,llaHIIl!:: 

- copT1Ip0BKa co6LITIIl!: 110 IIHTepBaJiaM 3Hepr1III 11epBII'IHLIX 11poT0H0B E; 

- HaK0IIJieHIIe M0HIIT0pHLIX cyMM 110 0T,lleJibHLIM E-IIHTepBaJiaM C yqeTOM ,ll0JIII 6paKOBKII 

co6LITlll!: 110 0T,lleJibHLIM KplITeplIHMj 

- 110Jiy'leH1Ie 3-MepHLIX EPM-MacclIBOB (3Heprm1, IIMIIYJihC II Macca qacTHJILI) .ztJIH 110Jie3HLIX 

co6LITIIl!:, Y.ll0BJieTBopH!OIJIIIX Kp1ITep1IHM OT6opa; 

- BLI'IIICJieHIIe IIHBapliaHTHLIX ,llliq>q>epeHJIIIaJibHLIX ceqen1Il!:. 

OcHOBOl!: anaJIII3a .ztaHHLIX 6LIJI BpeMHllpOJieTHLil!: II IIMIIYJibCHLil!: anaJIII3. B Ka'!eCTBe llplI­

Mepa Ha p1Ic.15 II0Ka3aH BpeMHllpOJieTHLil!: ClleKTp ,llJIH II0JI0JKIITeJibHO 3apHJKeHHLIX qacTHJI 

c IIMIIYJihCoM (500±25)MaB/c. Ha p1Ic.l6 II0Ka3aHa KoppeJIHJIII0HHaH MaTpHJia "HMIIYJihC­

BpeMH 11poJieTa" ,llJIH IIOJIOJKIITeJibHLIX qacTIIJI, IIOJiy'leHHaH 11pll IIHTerpaJie II0JIH B aHaJIH31I­

PYIOIJieM MarHIITe B · l = 0.3TJI · M. IIoJiy'leHHLie 1IHBap1IanTnLie ce'!eHIIH II HHTerpaJibHLie 
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PHc.16. KoppeJIHf!HOHHaH MaTpHJ!a "HMIIYJibC-BpeMH 11poneTa". 

EPM-pac11pe.zteJieH1IH 3aHOCIIJIIICh Ha DST-JieHTLI cyMMHpoBaHHH .ztaHHLIX OT.zteJibHLIX ceplI:lt 

II3MepeHIIl!: C pa3JIII'IHL!Mll H.ztpaMII MHmenlI. OKOH'laTeJibHLie Pe3YJihTaTLI 110 llHBap1IaHTHLIM 

ce'leHIIHM polK,lleHIIH a.ztp0H0B ,llaHH0ro TIIlla Ha pa3JIH'IHLIX H,llpax II0JIY'laJIIICb 11yTeM ofrh­

e,lllIHeHHH .ztaHHLIX 0T,lleJibHLIX paH0B C yqeTOM IIX CTaTIICTH'leCKHX BeCOB. B 11porpaMMe 

DST-o6pa6oTKH 6LIJIH 3aJioJKeHLI 11po11eeypLI q>HTIIpOBaHHH ce'!eH1I:lt .ztJIH 11pe.ztcTaBJieH1IH IIX 

B 11apaMeTplI30BaHH0l!: q>OpMe 110 II36paHHLIM KHHeMaTII'leCKIIM 11epeMeHHLIM. 

.l{JIH K0HTpOJIH aJir0plITMa o6pa6oTKll ,llaHHLIX II llpaBIIJibH0CTll y'leTa pa3Jill'IHLIX 11011pa­

BOK 6LJJia C03,llaHa 11porpaMMa B0C11p01I3Be,lleHHH Ha6JIIO,llaeMLIX q>II3H'leCKIIX pac11pe.zteJieH1Il!: 

11yTeM MoHTe KapJio po3LirpLima co6Lirnl!: 11poxolK,lleHHH qacTIIJI 'Iepe3 CIIeK;rpoMeTp [10]. 
8To cTpaxoBaJio 11po11ecc o6pa6oTKH OT 11porpaMMHLIX om1I60K II 06ec11e'l1IBaJio K0JI1I'leCTBeH­

Hy10 OJieHKY o6ocHOBaHHHOCTII BeJIH'IIIHLI KoppeKJilll!: Ha q>OHOBLie BKJia.ztLI, Ha MHoroKpaTHOe 

pacceneHHe, Ha BpeMeHH0e II KOOp,lllIHaTH0e pa3pemeHIIe .zteTeKT0p0B II T.,ll. 

8Kc11ep1IMenTaJibHLie Pe3YJibTaTLI 110 ce'!eHHHM o6pa30BaHHH KYMYJIHTIIBHLIX IIIIOH0B ll 

KaOHOB 11p1I 3HeprHHX 15-65 r3B [15,17,20-24], 11pe,llCTaBJieHLI B rJiaBe 4. IIepBLie 3KC11ep1I­

MeHTLI 110 II3Y_'leHIIIO KYMYJIHTIIBHLIX peaKJIIIl!: BLIHBIIJIII HaH6oJiee xapaKTepHyIO oco6eHHOCTI, 

KYMYJIHTIIBHLIX ClleKTpoB: 0HII xopomo a1111p0KCllM1Ipy10TCH 3KCII0HeHJIIIaJibH0l!: 3aBIICllMO­

CTb!O OT KHHeTII'leCK0fi 3Hepr1III qacTHJI, exp(-T/To), IIPII 3T0M TeM11epaTypa ClleKTpOB, To, 
011pe;ZJ;eJIHIOIJiaH IIX HaKJI0H, CJia6o 3aBIICllT OT 3Hepr1Ill II Tlllla qacTHJI-CHapH,ll0B ll aTOMHOro 

HOMepa, A, q>parMeHTIIPYIOIJiero H.ztpa. IIo.zto6nLil!: "n.ztepHLil!:" cKefiJIHHr H0CIIT 11p1I6JIHJKeH­

HLil!: xapaKTep 11pll 3HeprHHX ,ll0 10 r3B, O,llHaKo yJKe 11p1I 3HeprHHX CBLillie 3-5 raB Ha6JIIO­

.ztaeTCH 11p1I6JIHJKeH1Ie K aCIIMTOTII'leCK0MY II0Be,lleHHIO co CTa61IJibHLIMII xapaKTeplICTIIKaMll 

q>parMeHTaJIIIH H,llep. B 3nepreT1I'leCK0l!: mKaJie 3T0 C00TBeTCTBYeT HaCTYIIJieHHIO peJKHMa 
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PHc.17. CpaBHeHHe HHBapHaHTHiiIX ce'leHHif B peaRIIHHX: p + Al -+ ir-(168°) + X 11pH 

E=B.9 I'aB (I::, -,lzy6Ha), p + C-+ irPm(159°) + X 11pH E=37 I'aB (•, o - HamH ,aaHHMe) 

H p + C -+ ir+(160°) + X 11pH E=4OO I'aB (n -<PHAJI). CooTBeTcTByrom;He HaRJIOHM 

3RCIIOHeHT paBHM T0 = 45, 48 H 65 MaB. 

npe,n:em,Hol!: qiparMeHTan;1m n,n:ep cornarno rnnoTeae lly II HHra (Phys.ReV. 188(1969) 

2159). CReitmmroBoe IIOBe,n:eHIIe Ce'leHIIl!: HaII6oJiee HarJIH,n:HO npOHBJIHeTCH npll lIX npe,n:­

CTaBJieHlllI B COOTBeTCTBJIOII~el!: MaCIIITa6Hofi nepeMeHHOfi. B Ra'leCTBe MaCIIITa6Hofi nepe­

MeHHOl!: IIplI npe,n:cTaBJieHIIlI RYMYJIHTlIBHhIX cneRTpOB IIIllpORO lICIIOJih3JeTCH lIHBapIIaHTHaH 

6e3pa3MepHaH nepeMeHHaH Xe, 'llICJieHHO paBHaH MlIHIIMaJihHOfi Macce MlIIIIeHII B e,n:IIHIIn;ax 

MaCCI,I HJRJIOHa, He06XO,n:IIMOfi ,n:JIH poJK,n:eHIIH '!aCTlID;hI c ,n:aHHhIM lIMIIJJihCOM. Ilo onpe,n:e­

JieHlIIO, RYMYJIHTlIBHOl!: o6JiaCTlI COOTBeTCTBYeT Xe > 1. IlpII poJK,n:eHlllI IIlIOHOB c lIMIIJJihCOM 

q,r B IIJ'!Re 'laCTlID; C :meprIIefi Eo 

Xe = a/(1 - E" + m,r + mN 
Eo ) ' (4) 

r,n:e a = ( E" - q1,;) / E 0 - nepeMeHHaH CBeTOBoro q>pOHTa. B cooTBeTCTBHH c ( 4) npII E 0 ~ 

E" + mN Xe ~ a, B o6JiaCTII aHeprIIfi HaIIIero aRcnepIIMeHTa (E ~ 15 raB) Xe npeBhIIIIaeT 

Ci He 6oJiee, 'leM Ha 10%. B 'llICJie OCHOBHhIX 3a,Zl;a'l IIPlI BhIIIOJIHeHIIlI 3RCIIepIIMeHTa Ha 

cepnyxoBCKOM ycROpIITeJie 6hIJIII: 

• no.n:po6Hoe lICCJie,n:oBaHIIe E-3aBlIClIMOCTlI Ce'leHIIfi o6pa3oBaHIIH RYMYJIHTlIBHhIX q>par-
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PHc.18. 3aBHCHMOCTb napaMeTpa HaI{JIOHa 3RCIIOileHT B RYMYJIHTHBHOif X2 (xc > 1, q,r > 
q0 = 450MaB/c) H ,aoRyMyJIHTHBllOif X1 (xe ~ 1) qacTHX crreRTpa (TO'lRH npH 9 I'aB -
,aaH11Me rpynnM ,aHCK, ,ay6Ha). · 

MeHTOB npll 3Heprllll CBI,JIIIe 10 raB C n;eJihlO Bl,JHCHemrn CTeneHH npn6JIHJKeHHH K 

CKefiJIHHrOBOMY IIOBe,n:eHHIOj 

• IIOJIJ'leHHe TO'!Hl,JX ,n:aHHI,JX no A-3aBllCllMOCTH ce'leHHfi, BKJIIO'laH o6JiaCTh Xe > 1.3, 

r.n:e OHlI npaKTH'leCKlI OTCJTCTBOBaJIII. 

CneKTphI ir± -Me3oHoB 6I,JJIH II3J'leHI,J npn HMilJJibcax OT 250 .n:o 1000 MaB/c B 7-MH IIH­

TepBaJiax 3Heprnn nepBH'lHhIX npoToHoB OT 15 ,n:o 65 raB aa 6-Tll THnax n.n:ep Be, C, 
Al, Ti, Mo, W [17]. CyMMapHan OIIIII6Ka cTaTHCTH'leCKoro xapaKTepa npn BI,J"'!HcJie­

HlllI ce'leHIIl!: ~ 3%. HeTO'lHOCTb a6coJIIOTHOl!: HOpMllpOBKlI ceqe1rnl!:, CBH3aHIIaH C OIIIll6-

KOfi l{aJIII6poBKll MOHlITOpOB lI OIIIH6Kol!: llMIIJJibCHOro aHaJIH3a, 01.1enena B 15%. Bamno 

OTMeTlITh, 'ITO, 6Jiaro,n:apH MeTO,Zl;HKe O,Zl;HOBpeMeHHOro na6opa ,n:aHI!I,JX BO BCeM .n:nana30He 

3HeprIIl!:, o6e 3TH OIIIllfiKll ne llCKaJKalOT ll3MepeHHOl!: 3HepreTll'lCCKOl!: 3aBl!CllMOCTll CC"'IC­

Hlll!:. E-3aBIIClIMOCTb CC"'ICHlll!: HaII6oJiee Til.\aTCJlbHO 6I,JJia ll3J"'ICHa na yrnepo,n:1101!: Mllll!Cllll 

[21]. YcTaHOBJICHO ll3MeHeHHe TCMIIepaTypI,J (HaKJIOHa) CilCKTpOB B6JIH3ll KllIICMaTll'lCCKOl!: 

rpaHIID;hI Xe ~ 1 OT T(xc ~ 1) = T1 = 63 MaB .n:o T(xc ~ 1) = T2 = 48 M3B. 113 

3TOl!: 3aKOHOMCpHOCTII BI,JHa,n:aIOT ,n:aJIJII,Je, IlOJIJ'lCIIJII,Je B <l>HAJI Ilpll 400 raB (p11c.17). 

E,n:llHCTBeIIHOe 061,ncueJilIC 3TOMY' l!CKJIIO'laIOil.\ee anoMaJibHOC 113MeHCIIIIC peJKHMa cppar­

MeHTaD;lllI H,n:ep npl! E > 65raB, - 3TO uaJIH"'lllC IIMilYJihCHO 3aBllCllMOl!: CllCTCMaTll'ICCKOl!: 

OIIIH6KII B ,n:aHHhIX npll 400 raB. Cornacuo KBapKOBI,JM MO,Zl;CJIHM KYMYJIHTllBHoro 3cpcpcKTa, 

npe,n:noJiaraIOil.\l!M cneKTaTOpHI,Jl!: MexaHl!3M polK,n:CHllH KYMYJIHTl!BHI,JX MC301IOB, 3aBl1CllMOCTb 

llHBapnaHTHoro ceqe~llH OT MaCIIITa6uol!: nepeMCIIHOl!: Xe npll O ~ 180° (qT = 0) }10JIJKIIa 

OTpaJKaTb KBapK-napTOHHYIO cTpJKTYPHYIO q>yHKl.\lllO HJ1pa G(x, qr = 0) ~ exp(-x/xo) , 

IIpll 3TOM 3aBIICl!MOCTh napaMeTpa HaKJIOHa Xo OT 3Hepruu npu Bl,JXOJ1C na peJKUM "acUMIITO­

TH'leCKOl!: CB060}1I,J" ,n:oJIJKHa OTCJTCTBOBaTb. Ha puc.18 IIOKa3aHO }1a!IHI,JC no Xo }1JIH peaKI.\Hl!: 
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PHc.19. E -3aBHCHMOCTb Ce'leHHJf AJIH ,r+ (.) H ,r- ( 0) rrpH pa3JIH'lHblX HMilYJibcax IlH0H0B 

B peaKUHH p + C -+ 1r + X. lllTpHXOBble rroJI0Cbl -3KCTparroJIHUHH ce'leHHif 3aBHClfM0CTbIO 

u(q, E) = C(q) · (1 + B(q)log E) B o6JiaCTb 3Heprnif <PHAJI. · 

p+C(Be, Al)-+ 1r+X rrpn: 3Heprm1x oT 8.911.0 400 niB. B KYMYJIHTn:Bnoll: o6nacm (x > 1) 

rrapaMeTp Xo yMem,maeTCH OT 0.12 11.0 0.105 rrpn: yBeJin:qenn:n: 3Heprn:n: oT 8.9 11.0 57 r3B. 

3naqenn:e Xo rrpn: 400 r3B HeC0BMeCTHM0 C 11.aHHLIMH rrpn: 6onee HH3KHX 3Heprn:Hx, 3Ta aH0-

MaJin:H 3aTpylJ.H.HeT 011enKy acn:MIITOTn:qecKoro 3Haqenn:H x0 • 

A6comoTHaa Benn:qn:na ce'leHn:ll: B peaK11n:n: p + A -+ 1r + X norapn:q>Mn:qecKH pacTeT B 

11.n:arra3one 3Heprn:ll: OT 1511.0 60 r3B (pn:c.19), B03paCTaH Ha 15-20%. E-3aBHCHMOCTh M0liCeT 

6LITh rrapaMeTpll30BaHa B BH!J.e 

!!!._ du = C(l + B(q)logE) · 
Ad3q 

(5) 

3rraqenllH B(q) yBeJin:qn:BaIOTCH BlJ.B0e B HHTepBaJie HMIIYJihC0B IIH0H0B OT 300 lJ.O 800 M3B 

[21]. OTMe'leHHLie oco6eHHOCTH E-3aBHCHMOCTll KYMYJIHTHBHLIX CIIeKTp0B xapaKTepHLI lJ.lIH 

Bcero na6opa Hll.ep OT Be 11.0 W. 

A-3aBHCHMOCTh KYMYJIHTHBHLIX crreKTp0B H0CHT ycnJieHHLill: xapaKTep, ll.JIH A ~ 20 ona 

npn:6m1meHHO HMeeT o6'beMHUfi BH!J. (7 ~ A 1• Ilonyqenn:e T0'IHLIX 11.aHHLIX B nrn:poK0M !J.H· 

ana30He 3Ha'leHn:fi A H KYMYJIHTHBHLIX qn:ceJI B HameM 3KCIIepn:MeHTe, ll03B0JIHJI0 rrpoBeCTll 

6onee no11.po6Hufi aHaJill3 A-3aBHCHMOCTH [15,24]. Euna BLIHBJieHa cymecTBeHHaH KoppeJIH­

IlHH MeliC!J.Y CTeneHblO A-3aBHCllMOCTll n: 3Ha'leHn:eM KYMYJIHTllBH0ro 'lllCJia Xe- Ha pn:c.20 
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PHc.20. OTHonreHl!H rropMnpoBaHHblX Ha HYKJI0H ce'leHHif AJIH ,r+(R!) H 1r-(R::i:) -Me30HOB 

IlpH Ea = 45r3B H pa3Jilf'lHblX 3Ha'leHHHX KYMYJIH~lfBHblX 'll!CeJI OT x=0. 72 AO x=2.01. 
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Pnc.21. lloBeAeHne napaMeTpa m(xc) npH pa3Jilf'lH0M orpaHH'leHHH HHTepBaJia A CHH3y. 

flyHKTl!pOM IIOKa3aHbl 3Ha'leHHH X2 IIpH Tpex 3Ha'leHHHX Amin• 

23 



3 

::E: 
&-
::- 2 
:!I 

/IC-

,~,~'i 

925 
Q,..M3Blc 

PHc.22. 8cjJCjJeHTHBHaH ,aJIHHa cjJopMHpOBaHHH 11 H TOJIIl{HHa r, IIaCCHBHOI'O IlOBepXHOCTHOTO 

CJIOH n,aep ,aJIH HYMYJIHTHBHbIX IIHOHOB pa3JIHqHoro HMIIYJibCa. 

IIOKa3aHO OTHOIIIemre RA = u A/ uw HOpMHpOBaHHLIX Ha HYKJIOH HHBapnaHTHLIX cetJeHHli 

U A = ~ ::q K cetJeHHIO Ha BOJibq>paMe. Pe3yJihTaTLI q>HTHpOBaHHH CTeIIeHHOll: 3aBHCHMOCb!O 

Uinv ~ Am(xc) IIOKa3aHLI Ha pnc.21. CTeIIeHHOe OIIHCaHHe y,ZJ;DBJieTBOpHTeJihHO no KpHTepH!O 

x2 
TOJihKo B o6JiaCTH cpe,ZJ;HHX n THJKeJILIX H,ZJ;ep (A ~ Amin ~ 27). XapaKTepHo o,ZJ;HaKo, 'ITO 

npn JII06Lix Amin m pacTeT JIHHell:Ho c Xe• Ha6JIIO,ZJ;aeMaH A-3aBHCHM~CTh 6LIJia KOJIHtJe­

CTBeHHO BOCIIpOH3Be,ZJ;eHa npn HCIIOn:h30BaHHH MOJlHq>HIIHPOBaHHOll: MYJihTHKBapKOBOll: MO,ZJ;eJIH 

[15] JlOIIYCKaIOru;ett, 'ITO (a) H3-3a 3aBHCHMOCTH BepOHTHOCTH o6pa:ioBaHHH MYJihTHKBapKOBLIX 

KJiaCTepOB OT IIJIOTHOCTH H,ZJ;epHoro Beru;ecTBa ,ZJ;Hq>q>Y3Hhlli IIOBepXHOCTHLili CJIOll: H,ZJ;pa CJia6o 

ytJaCTByeT B q>OpMHpOBaHHH KYMYJIHTHBHLIX tJaCTHII, IIpH 3TOM TOJIIIl;HHa nacCHBHoro CJIOH 

r, B03pacTaeT C yBeJIHtJeHHeM nopH,ZJ;Ka KYMYJIHTHBHOCTHj (6) B q>OpMHpoBaHHH cneKTpOB 

KYMYJIHTHBHLIX a,ZJ;pOHOB cyru;ecTBeHHYIO pOJII, nrpa!OT BTOpH'IHLie B3aHMO,ZJ;eil:CTBHH B H,ZJ;pax, 

BKJia,ZJ; KOTOpLIX CKOppennpoBaH c JllIHHOll: q>OpMHpOBaHHH a,!l;pOHOB 11. Ha pnc.22 IIOKa3aHa 

3aBHCHMOCTh OT HMIIYJihCa IIHOHOB r, n 11, HCIIOJlh3yeMLIX B KatJecTBe CB060,ZJ;HLIX napaMeTpOB 

MO,ZJ;eJIH. 

vbytJeHHe o6paaoBaHHH KYMYJIHTHBHLIX KaOHOB n aHTH6apHOHOB npe,ZJ;cTaBJIHeT oco6Litt 

HHTepec H3-3a CBH3H MexaHH3Ma HX o6paaoBaHHH C oco6eHHOCTHMH KapKOBOro MOpH B H,ZJ;pax. 

Han6onee OtJeBH,ZJ;Ha 3Ta CBH3b B CJiytJae "MopcKnx" KYMYJIHTHBHLIX tJaCTHII, K- H p-' He 

CO,ZJ;epJKaru;nx B CBOeM COCTaBe BaJieHTHLIX KBapKOB H,ZJ;pa. CetJeHHH o6pa30BaHHH KYMYJIHTH­

BHLIX K±-Me30HOB IIOJl yrnoM 159° H 3HeprHHX IIpOTOHOB Ep=l5-65 r3B 6LIJIH H3MepeHLI 

HaMH npn HMIIyJihcax JlO 800 M3B/c Ha H,ZJ;pax Be,C,Al,Ti,Mo n W (pnc.23). 

HaKJIOHLI cneKTpoB Edu/ d3q = C exp(-T /T0 ) JllIH K+ H K- npnMepHo o,ZJ;HHa­

KOBLI, KaK H B cJiytJae IIHOHOB TeMnepaTypLI To ~ 45M 3B HeCKOJlhKO B03pacTa!OT ( ~ 5%) 

B HHTepBaJie A OT 9 JlO 184. O,ZJ;HaKO A-aaBHCHMOCTh BLIXOJlOB K+ H K- -MeaoHOB cy­

ru;ecTBeHHO pa:!JIHtJHa: OTHOIIIeHHe HOpMHpOBaHHLIX cetJeHHli JllIH BOJihq>paMa n 6epHJIJIHH 
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PHc.23. H1IBapHaJlTHble ceqeHHH o6pa3oBaHHH K± -Me3oHoB B peaHIIHH p+ A-+ K(I59°) + 
X IlpH Ep =40 I'3B. 

RA(K+) = ~ ~ 10 JllIH K+ H RA(!(-) ~ 2 ,ZJ;JIJI K-. CooTBeTcTBeHHo, npn cTeneHHott 

annpoKCHMaIIHH A -aaBHCHMOCTII, u ~ Am, noKa3aTeJih m=l.6 ,ZJ;JIJI K+ H 1.15 ,ZJ;JIJI K­

C II03.IIII.llli KBapKOBOll: MO,ZJ;eJI.11 q,parMeHTan.11.11 q>JIYKTOIIOB IIO,ZJ;o6.11e HaKJIOHOB IIHOHIILIX .II 

KaOHHLIX cneKTpOB MOJKeT 6LITI, .IIHTepnpeT11poBa110 KaK yKa:iamre na TO, 'ITO pacnpe,ZJ;eJie­

mie CTpaHHLIX "Mopcm1x" KBapKOB BO q>JIYKTOHax cpaBHIIMO no JKeCTKOCTII C pacnpe,ZJ;eJie­

Hl!eM u- n d-KBapKoB B H,ZJ;pe. C11JihHoe pa3JilltJlle A -3aB11c11MocTett J(+ 11 K- -MeaoHoB B 

3HatJIITCJlbHOll: CTeneHI! MOJKeT 6LITI, o6'bJICHeHO, KaK IIOKa3aHO B rn.5, pa3JilllJHOll: CTCIICl!h!O 

IICKaJKenntt CIICKTpOB (na-aa 3HatJIITCJlhl!Oll: pa3HIIIILI J(+ N .II K- N ceqe1111tt) BTOPll'IIILIMII 

B3al!MO,ZJ;ell:cTB.IIHMII B H,ZJ;pe. 

B paMKaX KBapKOBLIX q>JiyKTOHHLIX MO,ZJ;CJiett KYMYJIHTIIBIIOro 3q>q>CKTa OTIIOIIIenne BblXO­

JlOB RYMYJIHTIIBHLIX a,ZJ;pOHOB paaJilltJHoro T11na ( ~' f, :; ) MOlKCT 6h1Tb CBJ1aa110 c KBapHOllhlM 

COCTaBOM q>JIYRTOHOB, a IIMIIYJihCHaH 3aBIICIIMOCTb 3TIIX OTIIOIIICIIIIA - C IIMIIYJibCllhlM pac­

npe,ZJ;eJieHlleM ~TpyKTypHLIX RBapKOB B HIIX. qT06hl Bhl/lBIITb COOTBCTCTBYIOIIIHC 3!pcpCKThl, 

H3MepeH11e OTHOIIICHllll: JlOJllKIIO BhlIIOJIHJIThCJI C TO'lHOCTb!O ~ 2 - 3%, IIOCl(OJihKY' nanpHMCp, 

COOTHOIIIeHlle u- II d-KBapKOB B H30TOII-HeCIIMMCTpH'IHhlX H,!l;pax OTJill'laCTCJI OT I IIC 6oncc, 

'ICM Ha 15%. HaIIIII _l!3MepeHIIH OTIIOIIICHIIJI BhlXOJlOB ,r± -MC30IIOB B COllOHYIIIIOCTII C nan­

HhlMH Jlpyr11x 3Kcnep11MeHTOB (np11 E < 10 r3B) noKa3hlBann [9], tJTo np11 311cprn11 E ~4-5 

r3B 3TO OTHOI1Ien.11e BblXOJlllT Ha ypoBCHb ~ 1, ,ZJ;eMOHCTp11pyJ1 TCM CaMhlM BLIXOJl na pelKIIM 

npe,ZJ;eJII,HOll: q>parMeIITaIIHII H,ZJ;ep (p11c.24). 3aBIICIIMOCTb OTIIOIIIeilll/1 R(-1 +) OT IIMIIYJib-
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PHc.24. H3MeHeHHe owomeHHH BMXO.l{OB 1r- K 1r+ B peaKIJ;HH p + A --> 1r( 0 > 90°) + X npH 

Bo3pacTaHHH 3HeprHH npoTOHOB OT 1.l{o 70 I'3B (ToqKH npH T11 <5 I'3B-.l{aHHMe llipe.l{epa, 

BepK1m). 
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PHc.25. HMnyJibCHaH 3aBHCHMOCTb OTHomeHHH R(-1 +) BMXO.l{OB 'Ir- H 7r+ -Me30HOB B peaK­

IJ;HH p +A--> 1r(l59°) + X .l{JIH pa3JIHqHJJX H.l{ep. 
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PHc.26. Ko3qJCjJHIJ;HeHTM HCKaJKeHHH Me3oHHMX crreKTpOB .l{JIH H.l{ep C(w), Al(o), Mo(.6.), 

W(.6.) .l{JIH .l{BYX 3HaqeHHH .l{JIHH cpopMHpoBaHHH a.l{pOHOB lJ = 0 H lJ = 5q. 

COB IIHOHOB, H3MepeHHaJI HaMH ,!J;JIJI rueCTH H,n;ep OT Be .n;o w, IIOKa3aHa Ha pnc.25. Bo Bcex 

cnyqaJIX OTKJIOHeHHe R OT 1 He npeBLIJIIaer 20%. CymecTBeHHaJI HMIIYJII,CHaJI 3aBHCHMOCTb 

MOJKeT 6LITb OTMeqeHa TOJII,KO y H,n;pa BOJII,q>paMa. RoJIHqecTBeHHaJI KOppeJIJI~HH MeJK,n;y OT­

HOJIIeHHeM d- n U-KBapKOB n OTHOJIIeHeM R Ha6mo.n;aeTCH TOJII,KO y JierKHX H,n;ep • .[l;JIJI Ben 

C 3TH owomeHHH cooTBeTCTBeHHO paBHLI: (d/u)Be = 1.08, RB. = 1.12 H (d/u)c = 1.00, 

Re = 0.95. "CTnpaHne" no.n;o6Ho:il: KoppeJIJI~HH y 6onee THJKeJILix H,n;ep MOJKer 6LITh CBH3aHO 

C B03pacTaIOme:ll: pom,10 BTOpHqHLIX B3aHMO,!J;e:il:CTBH:il: B H,n;pax. 

B rnaBe 5 o6cyJK,n;aeTCH npo6JieMa HCKaJKeHHH cneKTpOB KYMYJIJITHBHLIX_Me30HOB BTO­

pnqHLIMH B3aHMO.n;e:il:CTBHHMH B H.n;pax. .[l;JIJI o~eHKH BeJIHqHHJ,l HCKaJKeHH:il: 6LIJI npoBe,n;eH 

p03LirpLIJII co6LITH:il: poJK,n;eHHH H npoxoJK,n;eHHH KYMYJIJITHBHLIX Me30HOB B H.n;pax C HCIIOJII,-

30BaH:lleM o6meH3BeCTHO:il: TeXHHKH pacqeTa H.n;epHoro KacKa,n;a (25). IlpH paccMOTpeHHH 

B3aHMO,n;e:ll:cTBH:il: Me30HOB C HYKJIOHaMH H,n;pa yqnTLIBaJIHCb ynpyrn:ll: H Heynpyrn:ll: KaHaJILI, a 

TaKJKe B3aHMO.n;e:il:CTBHH C nepe3apH,n;KO:il:. lfa-3a OTCYTCTBHH. TOqHLIX TeopeTnqeCKHX o~eHOK 

,!J;JIHHbl qiopMHpOBaHHH Me30HOB 11 MbI npoBeJIH pacqeT ,!J;JIJI .n;BYX 3HaqeHH:il: 11 = 0 H l15q(<I>M) 

(q-HMIIYJihC Me30Ha B raB/c), HCXO,!J;H H3 TOTO qTo, o~eHKH //, nonyqeHHble Ha OCHOBe 3KCIIe­

pHMeHTaJII,HbIX ,n;aHHhIX, JieJKaT B 3TOM HHTepBaJie • .[l;JIJI KOJIHqecTBeHHO:il: o~eHKH BeJIHqHHbl 

HCKaJKeHH:il: BhlqncJIJIJIOCh OTHorueHHe D = Ni/No, r.n;e N1 = N1(p,O) -"perncTpHpyeMbI:il:" 

IIOTOK Me30HOB H No -HCXO,!J;HLitt IIOTOK Me30HOB, reHepnpyeMbltt IIpH TeX JKe p H 0. Ilony­

qeHHble BeJIH'lHHbl K03q>q>H~HeHTa HCKaJKeHH:il: ,!J;JIJI 4-x H.n;ep IIOKa3aHhl Ha pnc.26. RoppeK­

THpOBKa cneKTpOB Ha B3aHMO.n;ettCTBHH B KOHe'lHOM COCTOHHHH (BRC) ycHJIHBaeT CTeneHb 

A-3aBHCHMOCTH H c6JIHJKaer ee BH,!J; ,!J;JIJI Me30HOB pa3JIH'IHOTO THIIa (pnc.27). 
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PHc.27. A-3aBHCHMOCTH BblXO,l{a Me3OHOB 3KC1IepHMeHTaJlbHO Ha6J1IO,l{aeMble ( CIIJIOIIIHble KpH­

Bble) H CKoppeKTHpOBaHHble Ha BKC (1IITpHXOBble KpHBble) ftJIH ftBYX 3Ha'leHHi1 nepeMeHHOif 

Xe= l(o) H Xe= 1.9(•). 

B rnaue 6 OIII!CaH 3KcnepHMeHT no H3MepeHHIO noJIHpH3al\HH KYMYJIHTHBHbIX npoT0HOB. 

Ceeii;emrn 0 noJIHpH3al\HH, no.rryqeHHble B npe.D;IlleCTBYIO~HX 3KCnep11MeHTax, H0CHJIII npo­

THB0petIHBblil: xapaKTep. 8KcnepHMeHT 6bIJI nocTaBJieH c I\ellbIO: 

- npoBeCTH H3Mepemie noJIHp!I3al\HH C HH3KIIM ypoBHeM cTaTJICTJI'leCKHX H CIICTeMaTH'leCKHX 

norpeIIIHOCTett; 

- HCCJie.D;0BaTb 3HepreTJitJ:eCKyro aa:sHCHM0CTb 3q>q>eKTa B o6JiaCTH CBbIIIIe 10 r3B, rii;e noJI­

H0CTbIO 0TCJTCTB0BaJIII ,naHHble no noJIHpH3al\HH B KYMJJIHTIIBHbIX npoI1eccax; 

- HCCJie.D;0BaTb 3aBHCHM0CTb noJIHp1I3~1III OT HMnJJibCa npoT0H0B, BKJIIOtJ:aJI o6JiaCTb CBbIIIIe 

800 M3B/c, npaKTHtJ:ecKH Henccneii;oBaHHyro; 

- C0n0CTaBHTb BeJIIltJ:IIHJ 3q>q>eKTa npH MaJibIX (0 ~ 160°) H 60JibIIIHX (0 ~ 90°) nonepetJ:HbIX 

HMnyJibcax; 

- noJiytJ:JITb 0I\eHKY A-aaBHCHMOCTH noJIHp!I3al\lIH. 

8KcnepHMeHT 6bIJI BblnoJIHeH no cxeMe onbITa no .D;BOil:HOMY pacceJIHJIIO: KYMYJIHTIIBHble 

npoT0HbI 0'! nepeott MHIIIeHH HanpaBJIHJIIICb Ha MHIIIeHb-aHaJIHaaTOp H H3MepJIJiaCb JieBO­

npaBaJI acHMMeTplIJI pacceJIHIIJI. l1aMepeHHJI 6MJIH npoeeii;eHbI npn .D;Byx yrnax Bblxoii;a Ky­

MJJIHTHBHbIX npoT0H0B 158 H 95° [18,20). .LJ:JIH BblnonHeHHJI HaMepeHJiil: ycTaH0BKa CRA 

6bIJia MO.D;llq>HI\IIPOBaHa B noJIHpHMeTp (pnc.28)(14). OcHOBHble peayJibTaTbI H3MepeHJIJI no­

JIJipH3~HH npe.D;CTaBJieHbI Ha p!Ic.29 [26). 

.Ll:JIH 0I\eHKH BJIIIJIHHJI npoI1ecca nepepacceJIHIIJI Ha noJIHpH3al\HIO npoT0H0B, BbIJieTaIO~HX 

B 3a.D;HIOIO nonyccpepy, Mbl npoBeJIJI MoHTe RapJio M0.D;eJI!Ip0BaHHe npoX0JK.D;eHHJI npoT0H0B B 

JI.D;epHoil: cpeii;e c K0HTpoJieM cnJIH0B0ro C0CTaJIHHJI e aKTaX nepepacceJIHHJI (19). PeayJibTaTbI 

pactJ:eTa noKaaaHbI Ha pHc.29. 

B rnaue 7 npocyMMHp0BaHbI 0CH0BHble q>H3JitJ:eCKHe peayJibTaTbI HCCJie.D;0BaHJIJI KYMYJIJI­

TIIBH0ro o6paaoBaHIIJI a.D;p0H0B npH 3HeprlIJIX OT 15 .D;0 65 r3B. 
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PHc.28. CxeMa IIOJIHpHMeTpa ( OCb IIOJIHpHMeTpa BblCTaBJleHa IIOft yrJJOM 95° K HaIIpaBJleHHJO 

rrepBH'lHblX IIPOTOilOB). T - rrepBH'lllaJI MHI1Iellb, "C" - yrnepOftllaH MHI1Iellb-allaJ1H3aTop; 

Sl-4, Al-3 - rpHrrep1rne H anrncoarra,l{aTeJJbIIhle c'leT'lHKH; DCl-7 - ftpei1cpo»ble KaMepM; 

Hl-5 - I'OftOCKOIIH'leCKHe C'leT'lHKJf; AM - anaJJH3Hpy10mni1 Marnnr; Ml,M2 - MOIIHTDphl. 
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PHc.29. HMIIYJJbCIIaH 3aBHCHMOCTb noJIHpH3aUHH P (ycpem1e11110i1 no yKa3aHHhlM E­
HIIrep»aJJaM) KYMYJIHTHBilblX npoTOIIOB Pc B peaKUHHX p + 12 C -> Pc(95°, 158°) + X, 
p + 9 Be -> Pc(158°)·+ X, p + 96 Mo -> Pc(158°) + X. KpHBble - pC3YllbTaThl pac'!eTa 

no MO,l{eJIH H.z{eplloro KaCKa,l{a B npeftIIOJIO)l(ellHH, 'ITO IIOJIHpH3aUHH KYMYJIHTHBllOI'O 1IpOTOlla 

B TO'lKe po}l(ftellHH paana IIYJIIO. 
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BhIBO.UhI II OCHOBHhIE PE3YJihTAThl PABOThI 

B OIIl>ITax !IO ynpyrou JI.H<l>paKQHH: 

• Ha ocHoBamrn II3Mepemrn .ZUHpcpepemwaJILH!llX ce'leHIIll: yupyroro pp -pacceHHIIH B 

o6nacrn KYJIOH-HJI.epHoll: IIHTepcpepeHITIIII (0.0003 :5 ltl ::5 0.01) II3y'leHa 3Heprern­

'leCKM 3aBIICIIMOCTb OTHOilleHIIJI BeinecTBeHHOll: 'laCTII HJI.epHoll: aMIIJIIITYm.I K MHIIMOfi 

Q = ReAn/ ImAn B IIHTepBaJie 3Heprnll: OT 10 JI.O 70 r3B. 

• Pa3pa6oTaHa 3JieKTpOHHM MeTOJI.IIKa IICCJieJI.OBaHIIJI yupyroro pacceJIHIIJI !IpOTOHOB 

Ha BHyTpeHHeM IIY'lKe ycKOplITeJIJI C IICIIOJib30BaH1IeM IIOJIYIIPOBOJI.HIIKOBblX JI.eTeKTO­

poB II raJoBoll: CTpyll:Holl: MIIIlleHII. C03JI.aHHaJI auuapaTypa, pa60TawinaH Ha JIIIHIIII 

c 9BM (uepBhlll: on-line cueKTpoMeTp Ha yCKop1ITeJIJ1x Bb!COKIIX 3Heprnll: B CCCP), 

06ec1Ie'l1IJia B03MOlKHOCTb II3MepeHIIJI nncpcpepeHn1IaJibHblX Ce'leHIIll: B o6JiaCTII MaJiblX 

yrnoB pacceJIHIIJI C peKOpJI.HOll: TO'lHOCTblO, 6naronapH 'leMy 3Ha'leHII/I a(E) 6b!JIII II3-

MepeHbl C TO'lHOCTblO cpaBHIIMOll: C TeopeTII'leCI{Qfi HeoupeneJieHHOCTblO B Bbl'llICJieHIIII 

a(oa ~ 0.01). 

• Pa3pa6oTaHa MeTOMKa IICIIOJib30BaHIIJI TOHKHX IlJieHO'lHblX, HIITJIHblX II CTpyll:HbIX ra-

30Bb!X MIIIlleHell: Ha BHyTpeHHIIX IIY'lKax IllIKJIII'leCKIIX ycKOplITeJiell: co CTa61IJIII3an1Iell: 

pelKIIMa HaBeJI.eHIIJI Ha MIIIlleHb C IlOMOJnblO aKTIIBHOll: o6paTHOll: CBJl31I Jl.JIJI ynpaBJieHIIJI 

pannaJibHLIM !IOJIOJKeHIIeM IlY'lKa. 

• C03JI.aH KOMIIJieKC MIIIlleHell: II per1IcTp1Ipywinett aunapaTyphl, KOTOpL!ll: IlOJIHOCTblO 

06ecue'11IJI Bbl!IOJIHeHIIe 3Kcnep1IMeHTa Ha BHyTpeHHell: MIIIlleHII ycKOplITeJIJI Y-400 

<l>HAJI (CIIIA). 

• B <1Kcuep1IMeHTe E-36 <l>HAJI II3MepeHbl nncpcpepeHITIIaJILHble ce'leHIIH ynpyroro pp 

-pacceHHIIH B o6nacTII 0.0003 :5 ltl ::5 0.16, onpeneneHo noBeJI.eH1Ie napaMeTpa Ha­

KJIOHa b(E) nncppaKITIIOHHoro Konyca II peaJILHOll: qacrn aMITJIIITYJI.hl pacceJIHHH a(E) 
B o6nacrn 3Heprnll: OT 50 JI.O 400 r3B. 

• Ha OCHOBaHIIII 3Kcnep1IMeHTaJibHblX JI.aHHblX, noJiy'leHHLIX B O!Ib!Tax Ha Y-70 II Y-400, 

ycTaHOBJieHO, 'ITO B o6JiaCTII 3Heprnll: OT 9 Jl.O 400 r3B JI.1IcppaKn1IoHHblll: KOHYC B pp 

-pacceJIHIIII ClKIIMaeTCH, !IplI 3TOM uapaMeTp HaKJIOHa b pacTeT C 3Hepr1Iell: OT 8.7 JI.O 

11.9 (r<1B/ct2
• B paMKax onT1IKo-reoMeTp1I'lecK1Ix npeJI.cTaBJieH1Ill: no YKa3hlBae-r 

Ha pocT paJI.1Iyca o6JiaCTII. CIIJibHOro B3alIMOJI.ell:CTBIIJI !IpOTOHOB. JloraplI!pMII'leCKIIll: 

pocT b( s) IIplI s > 30r3B2 COOTBeTcTByeT npeJI.eJiaM JI.OIIYCTIIMblM !IplI BLIIIOJIHeHIIII 

6a31ICHLIX aKCIIOM KBaHTOBOll: TeoplIII IlOJIJI. 

• Ilony'leHLI 3Ha'leHIIJI Ce'leHIIJI IIOJIHOro yupyroro IIpOTOH-!IpOTOHHOro pacceHHHJI ue1(E) 
B o6JiaCTII 3Hepr1Ill: OT 9 JI.O 312 r3B. IloKa3aHO, 'ITO OTHOilleHIIe yupyroro Ce'leHHH K 

IlOJIHOMY u,tf uT MOHOTOHHO yMeHblllaeTCH OT 0.25 JI.O 0.184 c yBeJI1I'leH1IeM 3Hepr1IH 
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/1.0 100 r3B II B IIHTepBaJie OT 100 JI.O 300 OCTaeTCH IlOCTOJIHHbIM Ha ypoBHC 6JIH3KOM K 

upeneny BaH rocpcpa (0.185), ycTaHOBJieHHOMY JI.JIH rayccoo6pa3Horo a6cop6n1IoHHoro 

upocp1IJIJ1 npoToHa. 

• YcTaHOBJieHo, 'ITO OTHOilleHIIe peaJibHOfi 'laCTII aMITJIHTYJI.hl K MHIIMOll: aPP(E) J1.JIJI pp -

pacceHHHJI BIIepeJI. B o6nacrn 3Heprnll: OT 9.4 JI.O 400 r3B H3MCH/ITCJI OT -0.35 Jl.O +0.04, 

MeHJIH 3HaK nplI E=270 r3B. IloKaaaHo, 'ITO noBeJI.eH1Ie aPP(E) II noJIHoro ce'leHHH a-P/ 
OCTaCTCJI cornacoBaHHOM B paMKax nncn.epCIIOHHblX COOTHOilleHIIll: BO BCCM II3Y1ICHHOM 

nnana30HC 3Hepr1Ill:, IlOJI.TBCPlKJI.M cnpaBCJI.JIIIBOCTb OCHOBHLIX IIOCTyJiaTOB KBaHTOBOll: 

TCOplIII IIOJIJI Jl.JIJI aMIIJIIITYJI. 61IHapHbIX peaKUIIll: (yHIITapHOCTb, MIIKponplI'IIIHHOCTb, 

aHaJIIITII'lHOCTb, Kpocc1rnr-CIIMMCTpHH). 

• Ha OCHOBaHIIII ycTaHOBJICHHoro IIOBCJI.CHIIJI aPP(E, t = 0) n nncnepCIIOHHhlX COOTHO­

IlICHIIll: Jl.JIJI peaJibHOH II MHIIMOll: 1JaCTei1 aMIIJIIITYm.I paCCMHHJI CJI.CJiaHO npeJI.CKa3aHne 

o nanLHell:IlleM pocre noJIH?ro ce1JeH1IH uPP(E) JI.O 3Heprntt E~2000 r"B, KoTopoe Ko­

CBCHHO IIOJI.TBCplKJI.aCTCJI JI.aHHblMII c pp -KOJIJiattnepoB II MOlKCT 6b!Tb B 6JIHlKall:IlJee JI.C­

CJITIIJICTIIC HenocpeJI.CTBCHHO IlOJI.TBeplKJI.CHO JI.aHHhlMII co CTpOHIITHXCH pp-KOJIJiall:JI.epoB 

RHIC n LHC. 

2) B 3Kcnep1IMeHTe no IICCJICJI.OBaHIIIO KYMYRJITHBHOro o6pa30BaHHJI aJI.POHOB B 

npOTOH-HJI.CpHbIX B3alIMOJI.efiCTBIIJIX IIplI 3Hepr1IHX OT 15 JI.O 65 r3B: 

• C03JI.aH KOMilaKTHblll: MarHIITHbli1 CIIeKTpOMeTp C TpeKOBblMII JI.CTCKTopaMII (npell:cpo­

Bble KaMepbi) JI.JUI II3MepeHIIJI IIMIIYJibCHhlX pacnpCJI.CJICHIIll: aJI.pOHOB, pOlKJI.CHHhlX Ha 

BHyTpeHHell: MIIIlICHII yCKop1ITCJU1 Y-70 (ll<I>B9,CepnyxoB), B pA-B3aHMOJI.Cll:CTBIIHX. 

• C Bb!COKOH CTaTIICTII'leCKoll: TO'lHOCTblO (3-4%) Bb!IIOJIHCHO H3MepeHne nncpcpepeHnn­

aJibHblX IIHBapliaHTHhlX CClJCHIIll: O'inv = Edu/d3q o6pa30BaHIIJI IllIOHOB, RaOHOB II npo­

TOHOB Ha HJI.pax Be, C, Al, Ti, Mo II W IIOJI. yrnoM 159° B IIHTepBaJie IIMuym,coB 

anpoHOB OT 250 JI.O 1000 M<1B/c (1300 -JI.JUI npoTOHOB) B o6JiaCTJI 3Heprnll: nepBIIlJHblX 

IlpOTOHOB OT 15 JI.O 68 r3B. IlplI 3TOM B IlJKaJie KYMYJUITIIBHOll: nepeMeHHOll: Xe 6b!JI 

nepeKpbIT nnaIIa30H OT 0.6 JI.O 2.0 JI.JUI IIIIOHOB II OT 0.9 JI.O 1.8 JI.JUI KaOHOB. 

• BhlllOJIHCHHOC B IlIIIpOKOM nnana30HC 3Hepr1Ill: II3MCpCHIIC OTHOilICHIIJI Bb!XOJI.a KYMY­

JIJITIIBJl:hlX IllIOHOB pa3JIII1JHOro 3HaKa IIOKa3aJio ( C Y'leTOM JI.aHHbIX, IIOJIY'lCHHhlX IIplI 

6onee HII3KIIX 3Hepr1IHX) ' 'ITO HalJIIHM C 3Hepr1Ill: 4-5 r3B, 'Ir- /1r+ -OTHOilICHIIC Bhl­

XOMT Ha IlOCTOJIHHhlll: ypoBCHb ~ 1 , JI.CMOHCTPIIPYH Bb!XOJI. Ha pelKIIM npCJI.CJibHOll: 

cpparMeHTaITIIII HJI.CP IIMCHHO nplI 3TOM 3HepreTII1JCCKOM uopore Eu. 

• YcTaHOBJICHO, 'ITO OTHOilleHIIe R(1r-;1r+) Bb!XOJI.a IllIOHOB pa3HOro 3HaKa cna6o 3aBHCHT 

OT KYMYJIJITHBHOro lJHCJia Xe Jl.JIJI Bcex HJI.ep. B paMKax !pJIYKTOHHblX KBapKOBLIX MOJI.C­

Jiell: 3TO MOlKCT 6b!Tb HHTepnpe-rnpoBaHO KaK YRa3aHne Ha HJI.CHTH'lHOCTb HMilYJibCHblX 

pacnpeJI.CJICHHll: u- H d-RBapROB BO !pJIYRTOHax upn X > 1. 
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• YcTaHOBJieHo, 'ITO a6coJIIOTHLie 3Ha'leHIIJI lIHBapHaHTHLIX Ce'leHHfi O"inv( 7r) B .zmarra3oHe 

3HeprHfi OT 15 lJ.0 65 raB yBeJIH'llIBa!OTCH B 3aBHClIM0CTlI OT KYMY1llITlIBH0ro 'llICJ!a 

Xe lI aT0MH0ro H0Mepa H.l(pa Ha 20-40%, 'ITO roB0plIT 0 rrp116JimKeHHOM xapaKTepe 

"H.l(epHoro" CKeil:JlllHra, xapaKTepHoro .1(1IJI cneKTp0B KYMY1llITlIBHLIX a.11poH0B. 

• TmaTeJIJ>Ho H3y'leHa A-3aBHCHMOCTL KYMY1llITHBHLIX ce'leHHil:. BrrepBLie, Ha ocHoBe 

.l(aHHLIX B m11poK0M .zmarra30He Xe, .l(0CT0BepH0 II0Ka3aHo, 'ITO A -II0Be.l(eH11e H0ClIT 

HBHO BLipruKeHHYIO 3aBHClIM0CTb OT Xe, a HMeHH0 C pocT0M Xe 0Ha ycHJIHBaeTCH . .l{1lll 

A>20 cTerreHHM arrrrpoKCHMan;mi A-3aBHCHMOCTH B cpopMe u ~ Am xapaKTep113yeTCH 

Xe -3aBHCHMLIM rrapaMeTp0M m(xe) = 2/3 + Xe/3. 

• Ha 0CH0Be M0.l(eJIH H.l(epHoro KaCKa.l(a BLIII0JIHeHLI pac'leTLI II0 on;eHKe BeJIH'llIHLI lIC­

KaJKeHHfi crreKTpoB KYMY1llITlIBHLIX a.11poH0B lIX B3alIM0.l(eil:CTBlIHMlI B K0He'lH0M C0CT0-

HHlilI (BRC). On;eHeHHLifi acpcpeKT HCKaJKeHHil: (rrp11 yrnax BLixo.11a 6nH3KHX K 180°) 

0'leHb 3Ha'lHTeJieH B a6coJIIOTHOM BLIX0.l(e lI A-3aBHClIMOCTlI .1(1IJI KYMyJIIITlIBHLIX IIH0-

H0B 11 KaoH0B. Y'leT BRC KoppeKn:1111 cymecTBeHH0 MeHHeT xapaKTep A-3aBHCHMOCTH, 

ycHJilIBM ee 0TJ!lI'llie OT ofrbeMHOil: lI c6nmKM A-3aBHClIMOCTI, .1(1IJI a.11poH0B pa3Horo 

KBapK0Boro C0CTaBa. YcTaHOBJieHHHOe rro.110611e A- lI Xe- 3aBHClIM0CTett lIHBap11aHTHLIX 

Ce'leHHfi .1(1IJI KYMyJIIITlIBHLIX a.l(p0H0B pa3Horo THIIa ( 7r±, J<±) II03B01IJieT C.l(eJiaTb BLIB0.l( 

06 YHHBepcaJibH0CTlI MeXaHlI3Ma lIX p0JK.ZJ;eHlIH lI ' B paMKaX q>JIYKTOHHLIX KBapK0BLIX 

M0.l(eJiett:, 0 paBHOfi JKeCTK0CTlI, x- pacrrpe.11enen11tt u, d lI
0 

S KBapK0B BO q>JIYKTOHaX. 

e Co3.l(aH II01lllpHMeTp C TpeK0BLIMlI .l(eTeKT0paMH lI rrpoBe,l(eH0 lICCJie.l(0BaHHe CIIlIH0BLIX 

3<p<peKTOB B KYMY1llITlIBH0M poJK.ZJ;eHHlI rrp0T0H0B lI .11eil:TpOHOB C lIMIIYJILCaMH .1(0 1000 

raB/c rrp11 yrnax BLixo.11a 158 11 95° na H.l(pax Be, C 11 Mo. 

• YcTaHoBneno, 'ITO II01lllpH3an;IIJI KYMY1llITHBHLIX rrpoToH0B Pp(E0 , q, 8) HMeeT CHJILH0 

BLipruKeHHYIO yrnoBy!O 3aBHClIM0CTb, HO He3Ha'lHTeJILHa II0 BeJIH'llIHe (Pp(e = 95°) '.:::'. 

10%) lI HMeeT cna6yw 3aBlIClIM0CTI, OT KYMY1llITlIBH0ro 'llICJia (11Mrryn1,ca rrpoT0H0B 

q) lI 3HeprHH rrepBH'lHLIX IIp0T0H0B Eo. Ilo1lllpH3aD;HH KYMYJIHTlIBHLIX .11efiTpOHOB B 

rrpe.11enax om1160K lI3MepeHHH 0TCYTCTByeT (Pd< 3%). 

e Co3.11ana rrporpaMMa M0.l(eJIHpoBaHHH rrpoxoJK.ZJ;eHHH IIp0T0H0B B H.l(epHott cpe.11e C 0T­

CJieJK11BaH11eM ero CIIlIH0B0ro C0CT0HHHH. BLIIIOJIHeHHLie pac'leTLI II0Ka3aJIH, 'ITO Ha-

6JIIO.l(aeMaH II01lllpH3aD;HH KYMY1llITlIBHLIX IIp0T0H0B M0lKeT 6LITI, B 0CH0BH0M o6'bHCHeHa. 

rro1IJip113an;11ett, rrp1106peTaeMott B aKTax rrepepacceHHHH na HYKJI0Hax H.l(pa, T.e. rro-

1IJip113an;11H rrp0T0H0B B rrepBH'lH0M aKTe KYMY1llITlIBH0ro poJK.ZJ;eHIIJI 6JIH3Ka K Hymo. 
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