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JNOPAKIITMOHHOE PACCEAHWUE AITPOHOB
BBICOKOW SHEPI'UU

A.A.Bopobres, I'.A.Kopones, B.A.llerensckmi

BBenenmne

B xonme 60-x romoB mccienoBaHue riiobaIbHBIX XapaKTEPUCTHUK B3aUMONENCTBUS allPOHOB
MPENCTaBIsIo BeceoOIuii naTepec. Kakum OymeT moBeneHne MOTHBIX CEYeHUN B3aUMONENCTBUS
aZPOHOB € pocToM dHepruii! ByneT mm HabmionaThes cykenne MuQppakImonHOTO KOHYCa (1 CBSI-
3aHHOe ¢ OTUM YBeIMYeHne pasMepa dIeMeHTapHblX 9acThIl) ¢ pocTtoM sHepruu! omymspras
B TO BpeMs Teopus To0coB Pemxe mpenckasbiBajga MOCTOSHCTBO TOTHBIX CEYEHUT B acuM-
NTOTUYECKON OOTaCTU BBICOKUX SHEPTHUH, COMPOBOKMAIOINIeeCs JIOTapUPMUUECKUM CYKeHueM
NuGPaKInOHHOTO KOHYCa. BBITIOTHSIOTCS TN MUCIEPCUOHHBIE COOTHOIIIEHUSI, CBS3BIBAOIIINE pe-
ATBLHYIO 9aCTh aMIUTUTY OBl PACCESIHUS BIIEPET C TIOJTHBIMU CEIEHTSIMI B3aNMONENCTBUS TacTHUIL!
Hapytienne >Tux GpyHDaMEHTAIBHBIX COOTHOIIEHUN O3HA4YaJI0 Obl HapyIIeHNe TPUHIINTIA TTPU-
YUHHOCTY Ha MAaJIBIX PACCTOSHUAX. DTHU BOMPOCH! OLITH MOCTOSHHBIM TPEIMETOM 06CY KIEHS
Ha BceX KOH(epeHNnIx 1Mo Gpusnke BBICOKUX d>HepTuil. B wacTHOCTH, MHTpUTYOMMMI ObLIN Y-
6rmkanmn J1. HatToma u np. (1967 r.) , a Taxxe rpymmst Jlunnnentayma (1969 r.), coobuiasiime o
CYIIECTBEHHOM PACXOKIEHUN PEe3YIbTaTOB U3MEDPEHUS PeabHON YacTH aMITUTYIIbl PacCesHus
BIIEpE] ¢ TTPENCKAa3aHUIMU MUCIEPCUOHHBIX COOTHOIIEHUN B pp- U TP-PacCesTHUN TPU SHEPTUIX
0.6 I'sB u 30 I'sB, coorBercrBenrno. B 1969 rony B [INA®D Guin mpennoxen n pazpaboTal HOBbIT
HKCIePUMEH TATbHBI METOMN MCCIETOBAHMS MAJIOYTIIOBOIO PACCESHUS aIIPOHOB BBICOKIX YHEPT I
Ha OCHOBE HAlOIHEHHON BOMOPONOM ([efiTepueM, refineM) MOHM3AMIOHHON KaMephl BBLICOKOTO
nasyenns [1]. Kamepa sBisiiach OmHOBpEMEHHO MUIIEHLIO U HETEKTOPOM Sep OTHAYM (HTOT
nerekTop noayuwna waspanne UKAP). HoBoiit MeTon okasasicst MCKIIOUNTENBHO TITONOTBOPHBIM.
Om obecrieunBaeT TpeNn3noOHHOe U3Mepenne MudPepennnarbHbIX CEYeHI MaJIOyTIIOBOTO pac-
CesHUs pas3InYHbIX alpPOHOB, IpUYeM ¢ abCOTIOTHON HOPMHUPOBKOil ¢ TourocThio B 1%. Baxmno
TakKkKe, 9TO METOJ He MMeeT OIpAaHUYeHUl B CTOPOHY TIOBBIIIIEHUS YHEPIUN PACCENBAEMBIX Ya-
CTUII.

[lepBhie sKcEpUMEHTHI € UCTIOTBL30OBAHUEM HOBOTO MeToma ObIiN BHITIOJTHEHB! B ['aTunne B
1972 ronmy. Usyuanock pp-paccesune B nuamnasone suepruit 600-1000 MsB. B sTux skcrnepumen-
Tax 6bla pasperena 3aranka HatToma” m BoccTaHOBIEHA CIPABEMIMBOCTD IUCIIEPCHOHHBIX
COOTHOIIICHNUI B pp-paccesHun mpu >Tux sueprusax [2]. Besen 3a sTum Havanach moaroroBka K
skcrepumenTy wa yckoputene SPS B [IEPHe, kotopuiit momken Gt OLITEH BBENEH B HKCILTyaTa-
mmio B 1976 romy. OcHoBHol 11€71b10 SKcepuMenTa ObIIO NCCIENOBAHTE T P-PACCesHus B 001acTn
suepruit no 400 I'sB. [IpenBapurennio 6611 poBenen mpobHLI YKeepuMenT B CepryxoBe mpu
suepruu 7-mesonoB 40 I'sB [3]. Dkcuepument B [IEPHe 611 posenen 8 nBa srama. Cnavasa
Ha TyuKe qacTull ¢ sueprueii no 140 I'sB (sxcnepmvent WA9, 1978 1.), a 3aTeM mpu sHeprusax
gactui 1o 400 I'sB (sxcnepuvent NAS, 1981 r.). O6a skcnepuMenTa 3aBEPIIAINCE Y CIEITHO.
Bouin monmyuennl BaxkHble pe3yibTaThl [4], KOTOpbIE B COBOKYIHOCTHU ¢ pe3yabTaTaMu APYTUX
HKCIIEPUMEHTOB TTO3BOJINIIM YCTAHOBUTE OOIIYIO0 KaPTUHY B3aWMONENCTBUS apOHOB B 0OJacTH
NOCTYITHBIX B TO BpeMs sHepruii. KpaTkoe onucanme 5Toil KapTUHBI ObIJIO TAHO B CTaTbhe, OIIY-
onukoBarHON B 1983 r. [5] Huxe pTa cTaThbs mpuBoauTCst ¢ HEGOIBITIMI COKPAIIEHUSIM.
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B 1981 1. 6Bt ycrmemno 3aBepllleH COBMECTHBIN 5KCIIEPUMEHT MO MCCIENOBAHWIO YIPYTOTo
paccesHus aIpoHOB Ha KpymHeliem B EBpore yckopuTene mporonoB EBpomneiickoro menTpa
spepubix nccnenopanuit ([IEPH, lseitnapus). OcroBy skcrepuMenTa coCTaBIA HOBBIIT METOLI
NeTEK TUPOBAHUS sIIep oTHaun, pa3paboTanubiil B JleHUHTpaIcKOM HHCTUTY Te sIepHON PU3IKM
nm.b. Il Koncrantunosa AH CCCP. B skcniepumenTe mpuasiian Takxke ygacTne Gpu3nkn u3 ¢ppam-
ny3ckux yHuBepcuteToB B Jlnone u Knepmon-Peppane u mBenckme nccinenoparenn us Wucrn-
tyTa ['yecraBa Bepaepa B Y1cane. Takoe obbennuenne Cuil, olbiTa 1 BOBMOKHOCTEN Pa3TnuHbIX
mabopaTopuii TO3BOIUIO B KOPOTKUE CPOKU OCYIIECTBUTH MTUPOKYIO TTPOTrPAMMY UCCIETOBAHMIA.
DTOT HKCIEPUMENT SIBUJICS 3aBEPINAIONINM, HaKaHyHe BCTYILIEHUs B CTPON yCKOPHUTETEl HOBO-
r'o TOKOJIEHWS, B CEPUU MCCIIENOBAHUN MOTHBIX ceYeHUN n NudpakIiinoOHHOTO PacCesHus CUITbHO
B3aMMOENCTBYIOMINX YaCTUI], BBITIOTHEHHBIX Pa3IMYHBIMI Jab0OpaTOPUIMU Mupa B 0bJacTH
MaKCUMAaJIbHBIX Ha CEroflHs YCKOPUTeIbHBIX dHepruii. [less mawHoll cTaThm — paccka3aTh O
pe3yiibTaTax >TUX UCCIIeNOBAHNUT.

C BBOmOM B MeficTBIE HOBBIX YCKOPUTEJEN MUAa3’on SHEPTHH yCKOPEHHLIX YaCcTUIl Helpe-
pbIBHO pactmpsercs. Fcan ette B 1966 r. makcumasbHast sHeprus yckoputesei 6su1a 30 1'sB, To
B HacTOsIIIee BPEMS YiKe XOPOIIIO OCBOEHHOM siBiIsieTcst obstacTh suepruii mo 400 ['sB. [lpu sTom
HKCIEPUMEHTATOPHI UMEIOT B CBOEM PACHOPSIKEHUN HE TOJIbKO YUKW MPOTOHOB, HO W JIOCTa-
TOYHO WHTEHCUBHBIE Ty YK aHTUIIPOTOHOB, ME30HOB, TUIEPOHOB. JCBOEHNE TEXHUKN BCTPETHBIX
MPOTOH-TTPOTOHHBIX MTYYKOB TIO3BOJIMIIO UCCIENOBATE pp-B3auMONIENCTBIE BIJIOTH 110 SHepTun 62
['sB B cucreme nierrpa macce. s nocTuxkenns Takol YHEPTUN Ha OOBIUYHBIX YCKOPUTEIIX HEOO-
XOAUMO 66110 661 yeKOpuTH poTonbl 1o 2000 ['sB. B 6nmxaiitime ronsr MbI cTaHEM CBUIETETIMI
nanbHeiiero nporpecca yckoputenbhonn Texuuku. B IIEPHe yike mawanuch nccnenoBanms Ha
BCTPEYHBIX ITPOTOH-aHTUIIPOTOHHBIX My4ykaX B obmactu sHepruit 540 I'sB B cucrTeme nentpa
Macc. B nambHefiiem sTa obnacth Oyner pactmmpena mo 2000 ['sB wa yckopurtesne B barasumn.

[Iporpamma HayuHBIX MCCIEIOBaAHNIT HAa YCKOPUTEIIX MPOTOHOB BBICOKOI SHEPTUN B MTOCIIE]I-
HIe TONbl Oblila HallpaBileHa, TJIaBHBIM 00pa3oM, Ha U3ydeHne BHY TPEHHEN CTPYKTYPbI dileMeH-
TApHBIX 9aCTUIl. DT UCCIENOBAHNS TPUBEJTH B KOHEYHOM CU€Te K CO3MAHUIO TEOPUH CHILHOTO
B3aMMOMENCTBIS — KBAHTOBOW XpOMOIUHAMIUKN. KBaHTOBas XPOMOIMHAMIKA OKa3a/lach CIIOCO0-
HOU XOPOIIO OMUCaTh TPaKkTUIeCKN BCe HabIIoaeMble Ha ONbITe ~ KECTKWE MPOTECChl, TO €CTh
MIPOTIECCHI, TPOUCXOMISIITIE Ha PACCTOSHUSX, CYIECTBEHHO MEHLITNX paanyca Hykiona. Ommako
OCTAIOTCS ellle HEPEIeHHbIMI MHOTHE BakHble mpobieMbl. OMHON W3 MEHTPATBHLIX SBIISIETCS
mpobiieMa HeBBITETAHWST KBAPKOB U TIIIOOHOB Ha Gostbinine paccTostamsi. O mell TecHO cBs3ana
Takxe npobireMa KOInIeCTBEHHOTO onrcanus MUGppakiinoOHHbIX TPOIECCOB, TO €CTh MPOIECCOB,
MPOUCXONSAIINX Ha OTHOCUTENBLHO GOTBIINX PACCTOAHIAX (MOPAAKa paiyca VIePpKaHus KBap-
koB). OT perenust HTUX TPOGIIEM 3aBUCUT OTBET Ha BOIPOC, CMOKET M KBAHTOBAsS XPOMOIIHA-
MWKa OUCATh BCE OCHOBHBIE IBJIIEHUS B MUPE CUILHO B3aNMONENCTBYIONINX YaCTUI T 06JTacTh
MPAKTUIECKOTO TPUMEHEHWS 5TOH TEOPUN OrPAHUYUTCS TIYOOKO HEYIPYTUMHU TPOIECCAMU.

[Tonuabie cedenns n mapamMeTpbl MUPPaKINOHHOIO PacCesTHUs CUMTAIOTCS OTHUME U3 OCHOB-
HBIX XapaKTePUCTUK CUIBLHOTO B3aMMONEHCTBUS. Y CUIUSIMU TEOPETUKOB ObIIT CPOPMYITUPOBAH
PSLI TeOpeM, CBSI3BIBAIONINX MeKIy COOON pas3imyHble MapaMeTphbl MTu(PaKIINOHHOTO PacCesHNUS.
OTHU TeopeMbl OCHOBAHDLI JINIL Ha OOIMUX aKCHOMaX PeISTHUBUCTCKON JIOKAILHOW KBAHTOBOM
TEOPUN TIOJNS, BKIIOYAIONINX, B YaCTHOCTH, TTPEANOIOKEHNEe O COXPAHEHNN TTPUHITATIA TPUIITH-



HOCTHU B MPOIECCax, NAYIMHX B MUKPOIPOCTPAHCTBE Ha PACCTOSHUSIX, MHOTO MEHBIIHX pa3Mepa
npotona. [losToMy sKcriepuMenTaIbHAS TPOBEPKA TEOPETUIECKUX MPENCKa3aHuil mMeeT TIPWH-
UMHATBHOE 3HaYeHle.

Cpenn obIux TeopeM aKCHOMATUYECKON TEOPUH MOJIs 0coboe MeCcTO MPUHAIIEKUT Tak
Ha3LIBAEMBIM IHCIIEPCUOHHLIM COOTHOIEHSIM, CBSI3LIBAIOIINM WHTETPAILHBIM 00pa3oM pe-
AIBLHYI0 9acTh aMIUINTYALI YIIPYTOTO PACCEsSHus BIEPEN C TOIHBIMU CEUEeHUSMU B3amMOIe-
cTBust acTut u anTwdactul ¢ mutienbio (M.lemn-Mawnn w np., 1954; M.Tonbnep6epr, 1955;
H.H.Boromio6os, 1956). N3 npyrux BaxHBIX TeopeM oTMeTnM Teopemy llomepanayka o6 acim-
MTOTHIECKOM PABEHCTBE TOTHBIX CEYEHUH B3aUMOMEHCTBUS YaCTHUIl U aHTUIACTHUI] C MUIIEHBIO
(M.A . Tlomepanayk, 1958); TeopeMy 06 acUMITOTHIECKOM paBeHCTBE MU(PPEPEHITHATLHBIX ceve-
HIll yrpyroro paccesuns dactut n antudactutl (A.A.Jloryros u np., 1963; JI.Ban Xos, 1963),
a Taxxke Teopemy Ppyaccapa, yCTAHABINBAIOIIYIO OTPAHHYEHIE BO3MOKHON CKOPOCTH POCTa
NOMHBIX cevennii ¢ yenndenneM sueprun (M.Ppyaccap, 1961; M.Maprom, 1963).

UccnenoBanme nudpakimOHHBIX MPOIECCOB TIPUBETIO B CBOE BpeMs K CO3MaHWIo psma (hemHo-
MEHOJIOTTYEeCKUX MOMENIeNl CUITHLHOTO B3aWMMONENCTBUS, 3 KOTOPLIX HAWOOIBIIYIO M3BECTHOCTD
Moy Ynsaa Momeilb momiocoB Pemxe. Teopnsi KOMIIEKCHBIX YTIIOBBIX MOMEHTOB, Pa3BUTas Tep-
Boragannio T.Pemxe (1959) mus ommcanms paccesums JacTHIl MAJBIX SHEPTHI, OblTa 3aTeM
pacmpocTpaHeHa Ha olcanne paccesuns dacTul Buicoknx suepruii (I'.Yy, C.Ppayqm, 1961;
B.H.I'pu6os, 1962; P.bnankenteknep u M.I'onbnenbepr, 1962). CoBpemeribie BapuanThl HTOi
MOJIEITH XOPOITIO OMUCHLIBAIOT MHOTTE SBJIEHsI, HabiiomaeMble TP B3aMMONENCTBUT aIPOHOB BbI-
cokmx suepruii. [losTomy nnTepecunr mpennprnnMaeMbie B HaC TOSITIIEE BPEMS TTOMBITKN Y CTAHO-
BITEHU S KOITMYECTBEHHON CBI3U MEXK Iy MOIEBIO TOTT0coB Pemke n KBaHTOBOM XPOMOTTHAMUIKON.

Hpﬂmoe n3MepeHune IOJIHBbIX ceueHUn

B onbrrax nmo msmepenuto monHbIX cevennit o, )" B3aUMONEiCTBIS aJpPOHOB h ¢ mpoTomamm p

Ha BHEITHUX ITyYKax YCKOpI/ITeJIeﬁ TOYHOCTD ONIPpENCITIEHM A ceuenni JoBeneHa Jo 03%, TOYHOCTb
nsMepeHud IIpOTOH-IIPOTOHHBIX cevenunii Ha BCTPEYHLIX IIyYKaX IMOKa HECKOJ/ILKO HUZXKE, TEM HE
MeHee B JIVUIINX 9SKCIIepUMEeHTaX OHa COCTaBJIsdgeT OKOJIO 1% OCHOBHBIG SKCIIEpUMEHTaJIbHBIC
JaHHBIC 10 U3MEPEHUIO ITOTHBEIX adPOHHBIX ceuenni IIpUBENEHBI Ha pI/ICl

B saBucumocTnu ANPOHHBIX cevennii oT SHEPTruM 1m copTa BSELI/IMOIIGfICTBYIOHII/IX YacTnl MOZK-
HO IIpOoCJIEONTDL P SaKOHOMepHOCTefI. B YaCTHOCTHU, BUOHO, YTO C POCTOM SHEPTUN pa3HUIla B
BeJIMYNHe ceuenni BSELI/IMOIIGfICTBI/I}I JacTnI h+ n aHTUYaCTHUI h™ ¢ IIpOTOHaMI Y6BIBEL6T, Ipu-
YeM II0 3aMedaTe/IbBHO ITPOCTOMY 3aKOHY:

o4 () — opy, " (p) = const[p?, (1)
rze p — UMIYJILC HajdeTalomel yacTuiibl, o 2~ 1/2. [IpsMbiMu usMepernsMu 5ToT 3aKOH yCTaHO-
BieH noka B muanasone 5 < p < 400 ['sB/c, onnako ecTh ocHoBaHUe ToJaraTh, 4TO OH BBITIOJ-
HsleTcs u npu Gostee BBICOKUX »HepTusax. CoBceM HEMaBHO CTAJl M3BECTEH PE3YILTAT U3MEPEHS
MIOJTHOTO CeYeHUs B3aMMONECTBIS Ha BCTPEYHBIX aHTUIIPOTOH-TPpOTOHHBIX nyukax [[EPHa npu

NOoOAH

SKBUBaJeHTHOM uMnyiasee p = 1500 I'5B/c: op)"" = 43.8 & 0.4 MOH. DTOT pesybTaT HaXomuT-
¢l B XOPOITIEM COTJIACHU €O 3HaYeHneM, ToaydaeMbiM 1o (opmyie (1). Ouenka, coenanmas mo
5Toil popMyIle ¢ HalJIEHHBIMI U3 ONbITa 3HAUYEHWSIMU BXOMSIIEl B Hee KOHCTAHTBI, MOKa3bIBa-
eT, uro npu sHeprusx > 10* ['sB ceuenns B3aumoneiicTBus YacTUl 1 aHTUYACTUL CTAHOBATCS
NPAKTUYECKN HEPA3TNUYNMBIMI, B COOTBETCTBUU C TIpencKasaHmsMu Teopembl [lomepanuyka.

CTGHGHHOfI 3aKOH Y6BIBELHI/I}I Pa3HOCTI ceuenni HJacTul 1 aHTU4dacTHhul, XOpouIo obnacusgeTcs
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23 Puec.1. OcHoBHBIE pPe3yIbTaTH
g ] OpSIMOTO W3MepeHUsl TOIHBIX allPOH-
% MpPOTOHHBIX ceuenuii. llanubie mpu p >
“2330 = i 400 I'»B/c nomydensr Ha BCTped-
el — HBIX TPOTOH-TTPOTOHHLIX W TPOTOH-

- aHTHIPOTOHHBIX Tyukax B IIEPHe.

O — bpyxkxoiiBer (1965), o — Cepmyxos
(1971), o — barasus (1976, 1978), m —
N HEPH (1976), A - IEPH (1980), A —
HHEPH (1982).
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Wmnynse p.FsB/c

MOMIEIBIO TIoTtocoB Perke, mpuuem Bennmunna mapaMerpa « >~ 1/2 npemckasbiBaeTcs 5TON MO-
TIEITBIO 13 HE3aBUCHMOTO aHaIn3a MoCIeNoBaTeTLHOCTH MacC N3BECTHLIX ME3OHHBIX PE30HAHCOB.

Kax Bummo u3 puc.l, momnble cevenns CymnecTBEHHO 3aBUCST OT THUITA B3aNMOIETCTBYOIITIX
aJIPOHOB, YTO €CTECTBEHHO, MOCKOILKY KBAPKOBBIM COCTAB alpOHOB pasjndeH. Y MUBUTEIBHO,
cKopee, TO, YTO MTOBOILHO XOPOIIIO BBLITIOTHSAIOTCS COOTHOIEHUS MEXKIY PAa3TnIHbIMUI CedeHus-
MU, CIIEYIOMINe N3 mpocTeiiieil Momenn HesaBucuMbix kBapkos (B.M.Jlesumn, JI.JI.®panxdypr,

1965; I Jlunkuw, d.Yoxk, 1966), nanpmvep:

MNoaAH MNOAH __
oy fortt = 3/2 (2)
U
MNoaAH MNOAH __ MNoaAH _ MNoaAH — MNoaAH _ EOIL% — EOIL% _ MNoaAH
o ot =0 os, os, oz, oz, oo, (3)

K coxkanenuto, Monieb He3aBUCUMBIX KBAPKOB He MMeeT TOKa CTPOTOro 0BOCHOBAHUS B KBAHTO-
BOW XpOMONMHaMUKE.

Ocobbiit nHTepec BLI3LIBAET POCT MOIHLIX CeUennil ¢ sHeprueii. Brepsoie BospacTamme oy
6o110 obmapyxeno FO. I Ilpokomkunnim u op. B 1971 r. B Cepmyxose. llosnnee 6b110 ycTamo-
BIIEHO, UYTO TEHOEHINS K POCTY MPOSBIISIETCS TakiKe B MOBENCHUN NPYTHUX adpOHHBIX CETeHUI.
B repMunax mudpaxium pocT cedeHnil o3HadaeT OO yMEHBIIIEHWE MPO3PAYHOCTH CTATKIBA-
IOIUXCs 00BEKTOB, TNO0 yBeInvYeHne UX pa3MepoB. beckoHeuHbIl pocT ceveHmit momKeH 06s-
3aTETLHO COMTPOBOKMATHLCS POCTOM Paliyca B3anMONCHCTBUS.

[Ipumep HGeckoHETHO PACTYIIIETO € SHEPTHUEN CeUeHUs BCIENCTBIE YBEINUEHUS Panyca B3a-
MMONEHCTBUS — ceUeHNe NOHM3AIINT aTOMOB PETITUBUCTCKUMN 3apsKeHHBIMI JacTUIIaMT, OTTH-
ceiBaeMoe m3BecTHO hopmyrioit bere-broxa. Crenyer 3aMeTuTh, ofHako, 4TO B peajbHON cpefe
pannyc 37eKTPOMarHU THOTO B3aNMONENCTBIS OKa3biBaeTCs OT paHNIeHHBIM MOIIpU3aImeil aTo-
MOB cpenbl. B pesyabTaTe, mpu yBeJIUUEHUN YHEPIUM CeUeHWe MOHW3AINHU, TOCIe HEKOTOPOTO



pocTa, CTAaHOBUTCS TOCTOSHHBIM (T1aTo Pepmi). AHATOTUYHbIE SIBIEHIS MOTY T TTPOUCXOMUTD 1
B cllydae B3auMOJNIENCTBUS aIPOHOB, TIe POJTh CPeNbl NTpaeT (PU3nUecKuil BaKyyM. ylcHO, omHako,
9TO SKCTepUMeHTaIbHbIe MaHHbIe, TpefcTaBlIeHHble Ha prc.l, He TMO3BOIIIOT ONpeNeNnTh Xa-
pakTep aCUMITOTUYECKOTO MOBENEeHMS MOTHbIX ceuennii. [[s 3Toro HeobxomumMo mpoaBUHY ThCS
B 005TacTh CYIIECTBEHHO OOIBLITIX SHEPTUH.

Onpeneneﬂne MOJIHBIX ceUYeHUM B obJiacTn 3Heprm71 BbIIIIE
YCKOpPpHUTEJIIBbHBIX

HucnepcrnonHble COOTHOIIEHUSI, YIIOMSHY ThIe BbIlle, 00Ia/laloT 3aMedaTebHbIM CBOWCTBOM:
OHW TIO3BOJISIOT OIEHWTH TOBENICHIE TIOTHBIX CeYeHN 3a TTpefelaMn SHePTUil, TOCTUTHY THIX CO-
BpeMeHHBIMI YcKopuTeasmu. [leso B ToM, 4To mucnepcnoHHble COOTHOIIEHMS CBI3bIBAIOT WHTeE-
T'paJIbHBIM 00pa3oM TOTTHBIE CEUeHT T U}Zio;“(p) B3aUMONENCTBUSA JaCTHUIL M aHTUIACTHI] C TTPOTO-
HaMW C IPYTOHN 5KCIepUMEHTATLHO N3MEPUMON BEJITMIMHON, OOBITHO 0003HaTaeMON TTapaMeTpPoOM
prp(p,t = 0). Benmuuna pp,(p,t = 0) ecTh oTHOIIEHNE pealbHON YaCTH aMITHTYIBI YIIPYTOTO
paccesHus YacTUIbl (MW aHTHYaCTUIILI) Ha TIPOTOHE K ee MHUMOI YacTH, TPUIeM 5Ta BEJTNYN-
Ha W3MepseTcs B 00JacT OUeHb MaJbIX TepefaHHbIX MMITYIThcoB t — (), Wam, 9TO TO XKe camoe,
B 00JIaCTH OY€Hb MAJIBIX YIJIOB paccesaus. CTpPoro roBopsi, MUCIEPCUOHHBIE COOTHOIIEHTS TTO-
3BOJISIIOT BBIYUCINTE BETUUUHY pry(p, 1 = 0) TpH HEKOTOPOM 3aTaHHOM MMITYIIbCE HAJIETAIOMINX
JaCTHI P TOITBKO B TOM CJIydae, €Clii TTOJTHbIe CeUeHMs U}Zio;“(p) M3BECTHHI BO BCEM MHMalla3oHe
UMITYI6coB 0T p = 0 10 p — oo. Vmemnno mostomy Benmunua py,(p,t = 0), nsmepenmas B 06ia-
CTW YCKOPUTEIbHBLIX SHEPT U, OKa3bIBACTCS TYBCTBUTEIBHON K TTOBENCHNIO TTOTHBIX CEUeHUN 3a
mpenenamMi >TUX >Hepruil. PacyeT mokasbiBaeT, 9To ecian Benudnua pp,(p,t = 0) msmepena B
HEKOTOPOM [THAIA30HE UMITYITBECOB JI0 Py 45 C TOTPENTHOCTHIO He Gomee Ap = £+0.01, To 510 maet

BO3MOXKHOCTH TTOUYBCTBOBATEH TIOBENEHE ngo an

(p) BIIIOTEL Mo MMIYILCOB, mpuMepto B 10 pa3s
MPEBBITITAIOIIIX Py c-

CoBpeMertbie METOMBI M3MEPEHUs PEAIbHON 9acTh aMIUITHTYILI YIIPYTOTO PACcCESTHUs BIIe-
pel OCHOBaHbI Ha WCHOJIb30BAHUKM MHTep(EPEHIINN KYJIOHOBCKOTO U SIEPHOTO B3aWMONENCTBIIL.
OxcrnepuMenTaIbHAS 3alada CBOMUTCS K MPENN3NOHHOMY U3Mepennio nuddepennnaibHoro ce-
YeHUsI YIPYTOro paccesHus B 06/1acTi OYeHb MAJTbIX TTepelaHHbIX UMITYJILCOB, T/le HHTepdepeH-
MUOHHLIN Y(PPeKT MakcuMasieH. AHaln3 MaHHbIX BLITOIHIETCS € MOMOIIBIO M3BECTHOH WHTEP-
(depentnonnoit popmyiabl bere. Hecmorpst Ha npubnuxkeHHbI XapakTep 5TOlH (POPMYIIbI, OHA
TO3BOJIAET ONPENENNTh pry(p,t = 0) ¢ morpemnrnocThio we Gomee £0.01.

Tpebyemas TOYHOCTL B M3MEPEHWUN BeIWUUHLI pp,(p,t = 0) Obima mocTUrHyTa Giaaroma-
ps pa3paboTKe HOBBIX HKCHEPUMEHTATbHBIX METONOB U3MepeHus nudPepeHInasbLHOrO ceueHnst
YIPYTOTO paccesuns Ha Majble Yribl. JOQOEK TUBHLI METOMN MCCIENOBAHUS Pp-Paccesuns Obia
paspaboran B [lybme B.A.Huxutunoim u np. Ou cocTonT B m3MepeHUN SHEPTUN U YIJIa BBI-
JeTa MPOTOHA OTHAYM W3 MUIIEHU, B KaueCTBE KOTOPOI MCIOIb3yeTCs Ta30Bas CBEPX3BYKOBas
CTPYs BOMOPOIA, PACIONOKeHHas BHYTPU YCKOPUTEIbHON KaMepbl. B ['aTumne aBTOpOoM 5TOi
CTATbU € COTPYMHUKAMU ObLIT MPENIOKeH METOMH, TTO3BOJMUBIINN NCCIENOBATH HE TOIBKO pp-,
HO W Tp-paccesHue B IINPOKOM IMara3oHe sHepruit. B sToM ciydyae MUIIEHBIO U B TO K€ Bpe-
MS$ IETEKTOPOM TTPOTOHOB OTHAUN CITYKUT HAINOJHEHHAs BOIOPOMIOM MOHW3AIMOHHAS KaMmepa, I,
KpOMe TOTOo, perucTpupyercs jeTsimas Bruepen dactuia. Haxomner, 8 [IEPHe Y. Amanonm u mp.
Oblila OCBOEHa TPEIU3NOHHAsS TeXHWKa PErucTpalliil IBYX pPacCesHHBIX MPOTOHOB Ha BCTped-
HbIX myukaX. /[lobaBuM, 4TO BCe 5>THU MeTOMBI TIO3BOJISIIOT TaKikKe M3MepSTh apaMeTp HaKJIOHA
N PaKkInOHHOTO KOHYCa B 00JaCTU MAaJIbIX MepelaHHblX UMITYJIBCOB, O KOTOPOM pedb TOHIeT
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K macTtostmemy Bpemenn manbosiee MOIHO NCCIENOBAHO pp- 1 7 p-paccesine. O CHOBHDIE YKCTTe-
PUMEHTDI BBITIOTHEHDI Ha yckopuTessx B ['aTunme, Cepnyxose, batasun n [[EPHe. Pesymnrator
u3sMepenns py,(p,t = 0) npuBenensl Ha puc.2 n 3, U3 KOTOPHIX BUIHO, YTO peasbHas 9acTh IeH-
TPAITBHOI aMIUIUTY/ Ibl, OYIyun oTpuiiaTeabuoil B obnactu suepruit ~10 ['sB, ¢ pocTom sneprum
YMeHbIITaeTCsl o abCOIIOTHOI Be/TMYNHe, 3aTeM MeHseT 3HaK 1 BHOBbL Bo3pacTaeT. lakoill xa-
pakTep ee M3MEHEHUs COOTBETCTBYET POCTY TMOJHBLIX ceuenuii. bosee ompeneneHHblil BHIBOL O

IoBegeHnm cevUeHnii MOXKHO caeljlaTh, IIpoBeds aHaJIl3 UMEIOIINXCA SKCIIEPUMEHTa/JIbHBIX JaHHBIX

C HUCIIOJIB3OBaHMEM NUCIIEPCUMOHHBIX COOTHOIIEHNI.

[¢] 200 400
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1 5 10 50 100 500 1000
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5000

Puc.2. OcuoBHble pe3yiabTaThl U3Me-
peHus pealibHON YacTW aMIIUTYIIbI
VIOPYTOro T~ p-paccesHus.

CuutortHast nUHUS — pes3yiabTaT pac-
yeTa MeTO/IOM HUCIEPCUOHHBIX CO-
OTHOUIEHUI; B pacyeTe WMCHOIb30Ba-
HBI 3HAUYEHUS CeYeHUs O':i;”, AIMITPOK-
CUMUPOBaHHbIE CIUIOUTHBIMU JTUHUSMU
Ha puc.4. ¢ — HEPH-T'atuwna, o

Cepmyxos-I'aTunmna, A — Barapus.

Puc.3. OcuoBHble pe3yiabTaThl U3Me-
peHUs PpeaqbHONl YacTH aMILUTHTYIIBI
VIPYTOTO pp-paccestHus.

CuutonrHast IUHUS — pe3yIbTaT pacue-
Ta MeTONOM HUCIEPCHOHHBIX COOTHO-
1ieHuil; B pacuere MCIOIb30BAHBI 3HA-
venus ceuenuit o)2t*(p), anmpokcn-
MUPOBAHHBIE CILUIOMIHBIMEI IUHUSIME Ha
puc.5, 3alITpuUxoBaHa 06J1acTh Heompe-
meenHocTH pacdera. m — HEPH, § —
barasusg-/lybma, o — Cepuyxos, O —
bpyxrxeiipen, A — HEPH, A — lN'aTun-
Ha, ¢ — [IEPH-T"aTunHa.

HpI/I 9TOM BO3HUKa€T BOIIPOC O CIpPaBENJINBOCTH AUCIICPCHUOHHBIX COOTHOIIIEHN B 0bJIacTH
BBICOKHNX 3H6pFI/H7L I’I»ELHpI/IMep7 €CJIN MTPpUHOUWIT IPUYMHHOCTH HE BBLITIOJIHAETCA Ha MaJIbIX pacCTO-

sunsx (nopsnka lp), To, Kak 0TMeYa i MHOTTE aBTOPbI, 9TO TPUBENET K 3aMETHOMY HapyIIEHITO
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NUCTIePCUOHHBIX OTHOMeHn npu s>ueprusx F > 1/ly. VI #zao6opoT, eciu s5KcnepuMenTambHO 10-
KasaHa CIIPaBelIMBOCTh NMCIEPCHOHHBIX COOTHOIIEHNIT, cKaxkeM, no sHepruii mopsaaka 100 I'sB,
TO 5TO 03Ha4YaeT, 9YTO NPUYMHHOCTH CYIECTBYET, [0 KpailHeil Mepe, 10 pacCTOAHNN MacIITaba
10716 e (3.00Mm, 1955).

[IpoBepKy AMCIEPCHOHHLIX COOTHOIIEHWIT MOMKHO OCYIIECTBUTH, CPaBHUBasA HKCIIEPHMEH-
TalbHble 3Ha9eHns pp,(p,t = 0) ¢ BLIYNCIEHHBIMI € TIOMOIIBIO ANCTEPCHOHHBIX COOTHOIIEHNI,

TIPU UCTIOITHL30BAHUN 3KCTIEPUMEHTAIBHBIX NaHHBIX IO ngo an

. lIpwm sTom nns wp-paccesuus myd-
e BuIGpaTh obimacTh uMnyiabcos 10 < p < 100 ['sB/c, a nas pp-paccesuus — 40 < p < 400
['5B/c, nockombky 30ech pesyiabTaThl IUCIEPCHOHHOTO PacyeTa HOMKHBL ObITEH Haubosee HaIek-
HBIMW 1 MaJIOYyBCTBUTEIBHBIMI K TTOBENEHUTO TTOJTHBIX CEUYEeHWH 3a MpeneaaMu yCKOPUTETbHBIX
SHEPTUH.

Taxoe cpaBHeHUe MOKa3zaHO Ha PUC.2 U 3; BUIHO XOpOIllee CoTyiacie PAcYeTHBIX U HKCIepU-
MEHTAJIbHBIX TAHHBIX, TTO3TOMY MOXKHO C YBEPEHHOCTHIO YTBEPKIATh, YTO NUCIEPCUOHHBIE CO-
OTHOIIIEHHS BBINOIHAIOTCS, 10 Kpaiiiell Mepe, no uMmnyiabcos 100 ['sB/c B cayuae 7p-paccesnust
u no 400 I'sB/c — B cayuae pp-paccesnust.

B IpenInooKeHnm, 47To NUCIIEPCUOHHBIE COOTHOIIEHUA OCTAIOTCA CIIpaBENINBBIMI W TIPpU
noan

hp (p) u
prp(p,t = 0). st pp-paccesmns s1o 6bito cnenano rpynmoit IEPH-Pum B 1977 1., a nas 7p-
paccesuus — rpynnoit [[EPH-I"aTtuuna B 1981 r. UccnenoBanus mokasaim, 4To HaMETHUBITUTCS

mvmysbcax 10* — 10° I'sB/c, 6bUT BBITOMHEH OMHOBPEMEHHBI aHaln3 JaHHBIX O O

B 007aCTW YCKOPUTEILHBIX SHEPTUN POCT TMOTHBIX CeUeHU OymeT TPOomoKaThes W Tpu Ooltee
BBICOKIX dHeprusax. B wacthnocTn, cevenne U;?]f”(p) OyneT BO3pacTaTh, IO KpallHell Mepe, o p =
2000 I'>B/c (puc.4), a o, 7*"(p) — mo xpaiineit mepe, no p = 40000 I'>sB/c (puc.5). Oxasamnocs, ato
BO BCEM WCCIENOBAHHOM MHMalla3oHe S>HEPTHUH CeUeHMS NOCTATOTHO XOPOIIO alllPOKCUMHUPYIOTCS
cenytollell YHUBEPCAITLHON 3aBUCIMOCTBIO:

Ly (p) = on F 04(p/po) ™" + o4 (p/po) ™" + a3 lln(p/po)]", (4)

roe po - pasmepmbiii mapamerp (po = 1 I'9B/c, a oy, 07,07, 0, a, 3,7 - HekoTOpbIE TOMOKN-

TeITbHBIE TIO BeJINYWHE KOHCTAHTHI, HallleHHBIE W3 HAWIYYIIeTro OMMCAaHUs SKCITepIMeHTaTbHBIX
TaHHBIX TI0 0} 7" (p) W prp(p, T = 0).

B obnacTn BbICOKMX HHepTHil BTOpOWl u TpeTuil uiensl B (4) "BeIMEpaioT”, cedeHus B3a-
UMONEUCTBUS YacTHUI W aHTUYACTUIL ¢ TPOTOHAMU CTAHOBITCS ONWHAKOBHIMU W PaCTYIIMMMA
JorapudMIIecKn ¢ yBeanuenneM saeprun. UuTepecio, aTo snadenne mokasaress v B (4) okasa-
JIOCH TPaKTHIeCKH PaBHLIM Ipele/IbHOMY (pyaccapoBCKOMY 3HAUEHUIO Y, 9= 2. Hade roBops,
TeMT POCTa TIOJTHBIX CEUEHUIT oKa3ajcs MaKCHIMaJbHO BO3MOKHBIM B ITpefesax, MOMyCKaeMbIX
teopemont Ppyaccapa. Ommako moka ere paHo TOBOPUTHL O HachileHuu mnpenera Ppyaccapa
7n3-3a OTPAHMYECHHOCTW WMCCIIEIOBAHHOTO SHEPTeTWYEeCKOTO MHTEpBajla W TPOM3BOja B BHIOOpe
KOHCTaHTHI Pg.

Kak mox#o BumeTh u3 puc.d u 5, B 0671acTU BBICOKUX DHEPIUH BeTNUNHA MOTHBIX CeUeHUH
BO3pacTaeT MPUMEPHO Ha 7% NpHU yBeJMYEeHNN SHEPTUU B € pas. 3aMeTHM, 4YTO OObICHEHNe
CTOb MHTEHCUBHOTO POCTAa TOTHBIX CEUEHWH ¢ SHEPTHUEN SBISeTCS HeJIeTKUM MCIBITaHMeM IIITs
Momienn osocoB Pemxke. B ee mepBoHavyalibHOM BapuaHTe IIPENNOIarajoch, 4To B oblacTH
ACUMIITOTUYECKT BBICOKMX SHEPTUH aMIINTyNa paccesHms OyneT ONpenesiThCs Wb OTHO-
KpaTHBIM OOMEHOM HEKOTOPOI YacTullei, HazBaHHON moMeponoM. Ilpm sTom momepon Obli Ha-
nerer (BechbMa TTPOM3BOIBHO) TAaKUMU CBONCTBAMU, KOTOPbLIE 00€CTednBaIl TTIOCTOSHCTBO MOJI-
HBIX cedyeHUl npu p — oo. Momenb nomyckaer HebOIbIIOE U OYEHb MeNJIEHHOE BO3pAacTaHUe
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o 2""(p) B MPeAaCHMITOTIYECKOI OBIACTH TIepe/l BLIXOIOM cedeHuil Ha KouncTanTy. CoBpemen-

P

HBIE SKCIIEpUMEHTaJJbHbBIC OaHHBIE O IIOJIHBIX CEYEHUAX, OYEeBIAHO, HE COI'JIaCYIOTCA C 5TUMU
npenckKas’aHaMI U 3aCTaBIAIOT € COXKaJIEeHEM OTKa3aThbCd OT CTOJIb HpOCTOﬁ KapTHUHBI CUJIb-

HOT'O B3aWMMOAENCTBUSA B 007TaCTHU BBICOKUX SHEPTHM.
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Puc.4. DKCTpanoasins TOAHBIX CedeHuil
TP-B3aNMONENCTBUS 3a IPEIeNIBl yCKOPH-
TeNbHLIX SHEPTUil MeTONOM COBMECTHOTO
aHau3a MaHHbBIX 0 075" 1 pr—p(p,t = 0)
¢ TOMOIIBIO JHCTEPCHOHHBIX COOTHOIIIe-
HUIL.

CIuUIOoIIHbIe JIMHIY — PesybTaT Hauryd-
IIETO ONMMCAHNUS MaHHBIX (opmymnoii (4),
3aMITPUXOBaHa 06JaCTh HeolpeneaeHHO-

CTH SKCTPAIlOJIAIINI.

Puc.5. DKCTpanoasiuns TOAHBIX CedeHuil
PP-B3aMMOIEICTBUS 3a TPENeIbl YCKOPH-
TeNbHLIX SHEPTUil MeTONOM COBMECTHOTO
aHau3a MaHHbBIX 0 0" 1w py,(p,t = 0)
¢ TOMOIIBIO JHCTEPCHOHHBIX COOTHOIIIe-
HUIL.

CIuUIOoIIHbIe JIMHIY — PesybTaT Hauryd-
IIETO ONMMCAHNUS MaHHBIX (opmymnoii (4),
3aMITPUXOBaHa 06JaCTh HeolpeneaeHHO-

CTH SKCTPAIlOJIAIINI.

B nocnientne romer 6btu pa3paboTaHbl Apyrie BapUaHThl MOAEN TOMEPOHOB, MPUBOMSIIIIE
K POCTY TIOIHBIX cevennii. B ommom n3 nux — momenu “kputndeckoro nomepona” (B.H.I'putos,

A A Murpamn, 1968; A.A . Murman, A.M.Ilomsxos, K.A.Tep-Maprupocsm, 1976) yunrbiBaercs
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B3aMMOIeCTBIE MeXK Ty TIOMepOHaM B Tipotiecce obMena. Momesb mpenckasbiBaeT POCT MOJTHBIX
CeveHMI TTPOMOpPINOHAIbHO Inp BIIOTH 1o sHepruit ~ 107 T'sB u nponopruonambro In'/%p mpn
p — o0. B mpyrom Bapmante — momenu “nankputndeckoro nomeporna” (X.Yenr, T.By, 1970;
k. Kapnn, 1974) cBoiicTBa moMepoHa W3MeHEHBI TaKuM 06pa3oM, 9TO 0becrednBaeTcs POCT
ceueHmil cHadasa IpoHopHuoHaibo p=, rme A ~ 0,07, a 3aTeM mpomoprmoHanbHO In’p mpm
p — oo. Obe Momenn MOTYT [IOCTATOYHO XOPOIIO OMNCATEL CYIIECTBYIOIINE JaHHEIE O Thy “*(p)
B 00/TaCTW YCKOPUTEIbHBIX DHEPTHUIL.

Y HuUBepcaJibHOE CyXeHue NuPpakInuoHHOTO KOHyca

Kax MBI yiKe oTMedasin, pocT TMOTHBIX CeYeHUN MOKeT 03HaYaTh 100 YMeHbIIeHe Tpo3pad-
HOCTU CTAJIKUBAIOIINXCS 0OBEKTOB, JIMOO yBeandeHne nx pasMepon. Iiisi BLISCHEHUS KapTUHBI
SIBJIEHWS TIOTIE3HBIM OKas3bIBaeTCs TpUBIIedente MaHHbIX O TapaMeTpe HakoHa nudhepeHnnnaib-
HOTO cedeHUs YIPYTOro paccesHus B o0TacTU MajblX MepefamHbiX UMY/ THCOB Uhp(p,t), orrpe-
eTeMOTo KaK TPOU3BOAHAS TI0 TepelaHHoOMY UMTIYILCY § oT jorapudma nuddepeHnnaaTbHoTO
cedeHns yIpyroro paccesnns. JTa BeINUnHa HEIOCPEICTBEHHO CBA3aHa € PadnyCoM B3amMO-
nericTBytomnx vyactut. [Ipubnnxenno

bup(pyt = 0)oo R}, + RZ, (5)

roe R, n R, - cpenmekBalpaTHYHLIe paQUychl HajeTalollero aipoHa I IPOTOHa-MAIIEHN, CO-
OTBETCTBEHHO.

Ucnonw3yst monensb onunonomepontoro oomena, B.H.I'pu6os B 1961 r. mpemnckaszan morapud-
MUYECKIH POCT pajInyca B3aluMONeCcTBUS aJlpOHOB C yBeJIMYeHeM dHePT UM — CyKeHne nuppak-
LIMOHHOTO KOHYyCAa:

brp(p,t = 0)oc2a’plnp. (6)

3nech op - HeKOTOpast KOHCTaHTa, Ha3biBaeMas HaKJIOHOM TpaekTopuu noMepona. OHa cBsszana
¢ Maccoli momepona: apool/(mp)?, onHako abcoMOTHYTO BETHUNHY >TOM KOHCTAHTBI TEOPUS He
maet. Cyxenne nudppakiimoOHHOTO KOHYCA TIPENCKA3LIBAETCS TaKKe MONEISIMU KPUTUIECKOTO 1
HaIKPUTHIECKOTO moMeponoB. [loxarmyit, camoll XxapaKTepHoll 9epTOil 5TOTO SIBIECHUS SIBIISET-
s €T0 YHUBEPCATBHOCTD: TEMII CY/KEHMWs, OPENeSeMbINl BETMINHON (Vp, HE NOJKEH 3aBHCETH
HI OT COPTa B3aWMONEHCTBYIONINX AIPOHOB, HU OT MEPENAHHOTO WMIYIbCa B OGITACTH MAaJTbIX
OTPHUIATETLHLIX 3HAYEHUH .

o mocemiero BpeMenn Ka3aloch, YTO YKCIEPUMEHTAIbLHbIE TaHHbIE He TONTBEPKTAIOT TU-
MoTe3y YHUBEPCAIBLHOTO CyXKenus Kouyca. MakcumanbHoe cyxkenne KOHyca HabIionanoch B pp-
paccesHum, B TP-pPacCeSHuN OHO OLITIO OYeHb MaJlbiM, a B Pp-PacCesHum, HaobopoT, mapaMeTp
HaKJIOHA YMEHBIIAETCS ¢ POCTOM dHeprun. Takas cHTyarus mopoaniia y MEOTUX (PU3NKOB CKETI-
TUYeCKOe OTHOIEHTE K BO3MOKHOCTH MCIOIBL30BAHUS MO ToTtocoB Pemxke B Gusnke Bbico-
kux suepruit. Tax, M.Ilepa mucan 8 1974 1. B cBoent kunre ” Pusnka apOHOB BLICOKOM YHEPTUH
” Hudpak mmoHHbIT KOHYC B YIPYTOM PACCESHUN ... CTUMYJINPOBAII IpuMeHerre Teopnn Pemke k
OIMCAHTIO CUIILHOTO B3amMomencTBusi. poHus ceromust cocTONT B TOM, YTO MBI Telleph COMHE-
BaeMcsi, nMeeT JTu Teopust Pemxke BooOIe oTHoIeHne K MUPPaKIHOHHOMY paccesnnio”. boree
OCTOpOKHAs OIEHKa CUTYalllW 3aKJII0Yajiach B TOM, 9TO B HCCIENOBAHHON 0O0IacTH SHEPTUI
elre CIUIITKOM BEJTMKO 3HadeHne Pa3siIndHbIX TPOIECCOB, MACKIPYIOMINX CBSI3AHHOE € MTOMEPOHOM
CyZKeHme KoHyca. ['eM He MeHee, HEKOTOPBIE NCCIENOBATENN CANTAIN, UTO B Pp-PACCESTHUN TPO-
NCXOMUT CIydaiiiioe COKpaIlleHne BKIIA/IOB HEITOMEPOHHLIX TTPOIECCOB U TTOYTOMY HabIIomaeMoe



_ 909

yBenmyenre mapaMeTpa HakiIoHa by,(t ~ 0) ¢ smeprueil ¢Bs3aHo ¢ HAKIOHOM TPAeKTOPHUN TTO-
Mepona. 3 anammsa nanubix pp-paccesuus rpynnoii barasus-/ly6ra B 1973 r. 6bl10 HalimeHo:
2ap = (0.56 + 0.05) I'sB/c™2, u 5To 3HaueHMe MIMPOKO WCIOIBL30BAIOCH B MHOTOYMCJIEHHBIX
TeopeTYecKnx paboTax.

Hogubie skcnepumenTaiibible nanuble, nonydernnbie B 1981 r. rpynmoit [IEPH-T"aTunna, no-
3BOJTHITH TIPEMJIOKUTH NHYIO WHTePIpeTalnio HabmomaeMoil KapTUHbI. bbITo mokasaHo, 4To Bee
cyIecTBYIOIIIE B HacTodIlee BpeMs MUpPOBEle nanuble o ptp, K¥p u 7¥p-paccesann npu —1 <
0.2 (I'sB/c)? xopoliio onuchBalOTCS YHUBEPCATBHON 3aBHCHMOCTLIO

by (pst) = bu(t) F b+, (1) /p? 4 ba(lnp), qg~1/2, (7)

rze ¢ IpUHNMaeT BO BHIMaHWe HeJorapnpMIHecKil XapakTep U3MeHeHns TapaMeTpa HaKJIoHa
IpH MasIbIX oHepruax. Ilpu oTom mapameTp by okasascs He 3aBUCAIIAM HU OT COpPTa YacTHI, HI
OT TepemanHoro mMIyIbca (puc.6,7): by = 2o = (0.2840.03) (I'sB/c)™2, uro BIBOE MeHbIIe
3HaYeHns, IPUHATOTO paHblie. VIHTepecHo OTMEeTUTh, 4TO B 5TONl WHTepIpeTalnn Haubosee
GIM3KAM K acHIMITOTHYECKOMY SBIsSeTCs ToBefeHne 1t p-paccesans. Habmonatomuiics xe mpu
p < 10* T'sB/c smaunrensubiii poct by,(p,t ~ () cBs3am, B OCHOBHOM, He ¢ TpaeKTOpHeN mMo-
MepoHa, a C MCYe3HOBEHHEeM BKJIA[0B IPYTUX MpomeccoB. MTak, MOXKHO yTBEpKIaTh, 9TO CY-
MIECTBYIOIINE DKCIEePIMERTAIbLHBIE JTaHHbIE BIOJIHE COTJIACYIOTCS ¢ TUIIOTE30il YHIUBEPCATLHOTO
cyZKenns nuppakImOHHOr0 KOHYCa B OOJIaCTU BLICOKMX SHEPTHIL.
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R Puc.6. Ilapamerpsl HakmoHa OudpaKkIm-
e OHHOTO KOHyCca B oOJacTW MaJbLIX Tepe-
o 12

3 MaHHBIX TMIYIHCOB.

T Bee skcmepumMenTanbuble MaHHbIe TpUBe-

<]

nensl K sHauenmio —t = 0.02 (I'sB/c)%
CILIOIIHBIE JIMHNN — DPe3yIbTaT HAWIyd-
IIETO ONICAHNS TaHHBIX GopMyIoi (7);
a— by = 0.29:4£0.08 (I'>B/c)~2,

- | 6 by = 0.30£0.04 (I'>B/c)2.

100 10! 102 108 104
Wmnynec p,laBjc

N3 popmymst (6) cremyer BeIpaKeHne N pasHoOCTH HAKJIOHOB Nu(GdEPEHITNATLHBIX CeTeHmiT
paccesHUs 4acTHUIl U aHTUYACTHUIL Ha MPOTOHE:

br-p(p) — br+p(p) = const/p”. (8)

Bo-niepBbIx, BUIHO, 4TO 5Ta Pa3sHOCTL CTPEMUTCS K HYJIIO TPU P — OO, B COOTBETCTBUU C
TeopeMoil 0 IpeneLHOM paBeHcTBe nuddepennnanbibix cedenuii. Hamee, cpasrmBas (7) ¢ (1),
MOYKHO BUJIETD, YTO 3aKOH yOBIBAHUS Pa3sHOCTH HAKJIOHOB yNUBUTEIHLHBIM 00pa3oM CoBIIa1aeT C



-2
o

[«]

MapameTp Haxnowa bhp, (I'eB/c)
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- ! ! I Puc.7. [lapaMeTpsl HaKIOHA OUdPaAKIN-
L ¢ - oHHOTO KoHyca mpu —t = 0.2 (I'sB/c)?.
10 A CrtolliHble TWHWH — Pe3yNbTaT HAWIyd-
o TP 4 M IIeTO OMUCAHNS TaHHBIX Gopmymoir (7);
81 "’%’ 7 a — by(pp) = 0.2840.05 (I'sB/c)~2,
T T i 6 — by( KEp) = 0.2440.08 (I'sB/c)~2,
°r RN A NN T N NE i S A R B*bz(ﬂ'ip): 0.27+0.05 (FSB/C)_Z-
100 10! 102 108 10

Mmnynsc p, rSB/C

3aKOHOM YOBIBAHUS Pa3sHOCTH cedeHnit, mpudeM mapaMeTpbl o u ¢ [—t = 0.2 (I'sB/c)?] okaszamucs
npaxTHdeckn ommHakoBeMm: ¢ = 0.5240.02, o = 0.55+£0.02 B caywae pEp-paccesmms; ¢ =
0.56+0.03, a = 0.56+0.03 B ciiyuae K ~p-paccesHmus.

Kax ™Mbl yiKe oTMedasn, 3aBucuMocTh (1), omuchiBaiomas pasHocTh TOTHBIX CEIeHNT YacTHII
W aHTUYaCTHIl, CleayeT 13 Momenn nomocoB Pemke. B mpumntmne, Boipaxenue (7), onuchbiBaio-
IIee PasHoCTh TMapaMeTPOB HaKJIOHOB, TaKke ciefnyeT u3 »Toit Momenn. Onuako GpakT TOYHOTO
paBeHCTBa MoOKa3aTelel o n ¢ 00BACHUTHL OYeHb TPyaHo. Bo3aMoxHo, miist sToro motTpebyercs
epecMOTpeTh HEKOTOPhIe OCHOBHBIE TOJIOKEHMs Teopwn morocoB Pemxe. Bmecte ¢ Tem, sToT
daxT ABIAETCS €CTECTBEHHBLIM 71 OOBIYHON MU(PPaKIIMOHHON KapTUHBI.

3akirodeHne

UccnenoBanus nociienHnX JIeT TPUBETH K YCTAHOBIEHUIO Psifla 3aKOHOMEPHOCTEN BO B3aMO-
neficTBUN alIipOHOB BbICOKOM sHeprun. Hanbomnee BaxKHBIME U3 5TUX 3aKOHOMEPHOCTEN SIBIISTFOTCS
YHUBEpPCaJbHOE BO3pacTaHle MOJHBIX CeYeHUN U PaanycoB B3alMMONENCTBUS aIPOHOB C yBeJIH-
venneM sueprun. OB6ITIHOCTDL U MPOCTOTA HANIEHHBIX 3aKOHOMEPHOCTEN MO3BOJISIIOT HANESThCS,
uTO GyneT pa3paboTaH TeopeTUUYecKnil ammapar mis ux omucanus. [lomyuennble skcnepumMen-
TallbHBbIE JTaHHBIE COrVIACYIOTCS € BbIBOIAMU OOIINX TeopeM, c(hOPMYJIUPOBAHHBLIX Ha OCHOBE
aKCUOM JIOKaJIbHOM KBaHTOBOW TEOPUU TIOJIS, CIASNOBATEBHO, 3TH aKCHMOMBI OCTAIOTCS CIIpaBe]l-
JUBBLIMEU B MCCIENOBAHHON Ha CErofiHs 007acT BBICOKUX DHEPIrUM.

HoBwiit »Tam B mM3y4eHNUU CUIBLHOTO B3aWMONENCTBUsS HAYHETCS TOCIe BBOMa B CTPOM
yCKOpUTeeN-HaKOnTelell MpOTOHOB 1 anTunpoTonoB. (ObecrmeunBaeMoe >TUMEI YCKOPUTEISI-
MU pe3Koe MponBrKeHne B 061acTh CBEPXBBLICOKMX SHEPIUil MOKET TPUHECTH MHOTO BaKHBIX 1
HEOXKUTaHHBIX PEe3y/ILTATOB.
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