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Llnsi OIIHCSHIISI Heyrrpyrnx B38HMoneilCTBl!il ,aneMeHTapHblX 'ISCTHU Bb!COKHX 

3HeprHll co cnOlKHblMH sinpaMH B H8CTOSimee BpeMSI rrpnMeHSIJOT MonenH, OIIHCblBSJO­

mHe He BCJO neTanbHYJO KapTHHy CTOnKHOBeHHSI,' a nHWb ee HeKOTOpble xapaKTepHbie 
' . 

'IepTbl. 3To o6CTOSITenbCTBO o6ycnoaneao COBpeMeHHbIM COCTOSIHHeM nnepaoll <pll3HKH, 

a T8KlKe ·cnolKHOCTb!O paccMaTpHB8eMoro rrpouecca. K 'IHCny T8KHX MOnenell, 06-

cy>KnfleMbIX cellqac B nHTepaType, OTHOCSITCSI Monenb Tpy6Kn/l ,2/ H K8CKanao­

HC!IapHTenbH8ll MO.Qenb 13- 7 I • UenbJO pa60Tbl 6bmo HCcnenoBamre rrpHMeHHMOCTll 

K8CK8.QHO-IICII8pHTenbHOll MO.QenH nnn HHTeprrpeTaUIIH B38HMO.QellCTBHSI 'I8CTHU C 

Sl,ttpaMII rrpH YCKOpHTenbHbIX aHeprHRX B CBeTe rrocne,ttHHX aKcrrepHMeHTanbHbIX naH­

HbIX I!, rnaBHblM o.6pa30M, pacnpocTpaHeHHe 3TOll MO.Qenl! 118 o6naCTb CBepXBblCOKIIX 

KOC~l!'IeCKHX aHeprHll T > 100 faa. 

L11rccepT8UHSI COCTOlrT H3 'IeTb!pex rnaB. B nepBoll rnaBe o6cyJK.QaeTCSI 0,t{HH 

lr3 cneu1r<j>1r'IeCKlrX MeXaHlr3MOB - 06paaoaa1me B HyKnOH-Sl,ttepHOM CTOnKHOBeHHH B03-

6ym,tteHHOll CHCTeMbl ( Tpy6Kn). noK838HO, 'ITO T8KHM MeX8Hlr3MOM aenb3SI 06bSICHHTb. 

MHOrl!e aKcnep1rMeHTanhHb1e <paKTbI. He cnacaeT nonoJKeH1re H npe,ttnonomeHHe o TOM, 

'ITO BTOplr'IHbie 'I8CTliUbI, polK,tteHHble np1r pacna.Qe -rpy6KH, B38HMonellCTBYJOT ,ttanee 

BHyTplr nnpa; cornaCHe TOOplrH H O!Ib!T8 npn 3TOM BO MHOI'l!X cny'Ianx TOnbKO yxy,tt­

waeTCSI, 3TO oco6eHHO OTHOCHTCSI K o6naCTll ycKOPHTOnbHbIX aHeprHll. np1r KOCMH­

'!eCKHX aaeprHSIX CHTYBUHSI S!BnSieTCSI MeHee SICl!Oll, O.QH8KO Ir B 3TOM cnyqae HMeIOT­

CSI onpe.QeneHHbIO yKa38HHSI O TOM, 'ITO npH lrHTepnpeT8UHH 3KC!IepHMeHT8 cne,ttyeT 

.OTK838TbCSI OT Monen1r Tpy6KI! ll BBOCTH npe,ttCT8BneHne o. cepHH nocnenoBaTenbHbIX 

B381rMO,ttellCTBlrll BHYTPH SI.Qpa. Hanpl!Mep, cymeCTBy!OWl!e O!IbITHbIO ,t{8HHbIO O napa-

MOTpO 8HH30TpO!Ilrlr U npOTl!BOpe'IaT r11.QpO.QlrH8MH'IOCKOll TOOp!IH H cornacyroT -

CS! C MO,ttenbJO KpaTHblX coyaapeHlrll. 
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·Bo BTOpoii rnaBe 11peACTaBneHbl pe3ynbTaTbl 11ccneAOBaH11ii KaCKaAH0-l!Clla­

' p11TenbH0ro MeXaHH3Ma B3al!MOAeiiCTBllH qaCTllU C P.JlpaMH B o6naCTll 3Hepr11ii 

; (~-~30) r~B /6, 7 / • Bee Bbl"ll!CneHHlI 6binll BbIIIOnHe~bl c II0M0!UbIO sneKTpOHHOii 

I MaWHHhI. MeT0A0M MoHTe-Kapno c y"leT0M penHTHBHCTCKoii TpexMepHoii KHHeMaTHKH, 
I 

I MeTOAHKa TaKHX pac"leToB 110Apo6Ho 011acaHa B pa6oTe/ 10/, TTp11 poab1_rph1we He­

I 
: y11pyroro BHYTPlllIAepHoro B3aHMOAeiiCTBHlI BbIIIOnHHnClI 3aKOH coxpaHeHHH 3Hepr1111, 

38K0H coxpaHeHHlI l!Mllynbca Bb!IlOnHHnClI B cpeAHeM. TTp11 Bbl"ll!CneHHlIX BClI o6naCTb 

: aHepraii pa3AenHnacb 11a weCTb HHTepBanoB: < 0,5; 0,5- 1 ; 1 - 3; 3 - 7; 7 - 10; 

10 - 30 raB. B KalKAOM 113 3THX llHTepBan9B xapaKTepHCTHKH B3al!MOAeiiCTBHH qac­

THU, 11ony"leHHbie ycpeAHeHaeM 3KCllepHMeHTanbHbIX AaHHbIX, paccMaTpl1Ban11cb 110-

CTOlIHHblMll. LlnH ce"!eHHii B3aHMOAeiiCTBlllI HyKnOH0B 11 11 -Me30H0B C BHYTPHHAep-

HblMII HyKn0HaMII ( ·u t , uln ,u el ) , 011pei:ienmom11x 11po6er11 "laCTHU BHYTPH HApa, 

11c11onh30Banocb 3Ha"IHTenbHO 6onee MenKoe pa3611eH11e 110 sHepr11n. TTpaKTH"le-

CKH 3TH ce,IeHllH paccMaTpl!Banacb KaK HellpepblBHble q>yHKUllll 3Hepr1111. Bo BCeX 

pac"!eTax B Ka"leCTBe MOAenu HApa 6bma 11pHHHTa MOAenb ra3a <l>epMH c 11apaMeT­

poM •o •l ,4. Pa3MblTHe rpaHHUbl HApa He y"IHTbIBanocb. Pac"!eT llpOBOAHnClI AnlI 

cpei:iHero HApa qJOT03MynhCH_ll, a TaKlKe pa3b1rpb1Banocb B3aHMOAeiiCTBHe C pa3nH"I­

HblMH KOMII0HeHTaMH 3MynhCHH. B 11pei:ienax OWHDOK 3KCllepnMeHTa o6a c11oco6a 

IIPHBOAlIT K 0AHHaK0BblM pe3ynbTaTaM. PaCC"IHTbIBanHCb cpeAHHe AHq>cpepeHuHanb­

Hble pac11pei:ieneHHlI pa3nH"IHbIX BenH"IHH: _yrnoB BbineTa BT0pH"IHblX qacTnu, 3Hepre­

TH"leCKHe pac11pei:ieneHHH H T.A. Ebmll paCC'lHTaHbl TaKlKe HeKOTOpble 6onee AeTanb­

Hb!e xapaKTepHCTHKH, HallpHMep, yrnOBble pac11peAeneHHSI BTOpH'lHblX !1,-teAneHHbIX qac­

Tl!U pa3HbIX 3Heprali, K0ppenSIUHll cpeAHHX 'll!Cen pa3nH"IHbIX BHAOB BTOpll'lHblX qac­

Tllll. nocne llpOX0lKAeHHSI KaCKaAHOH CTaAHH peaKUHH OCTaTO'lHOe SIAPO B o6meM cny-

"Jae OKa3bIBaeTCSI Cl!nbHO B03oylKAeHHbIM. 3Heprag B03DYlKAeHHlI CHHMaeTClI llyTeM 

11c11apeHHSI H3 lIApa HepenHTHBHCTCKHX HyKnOHOB, AeiiTpOHOB H 6onee TlilKenbIX <j>par­

MeHTOB. LlnSI pac'leTa xapaKTepHCTHK HCnapHBWHXCSI "laCTHU ohlna HCil0nb30BaHa CTa-

TllCTH'leCKalI Moi:ienb lIApa, TTpHMeHlIBWHllCSI llpH 3TOM II0PHAOK pac"!eTa 110 MeT0AY 

MoHTe-Kapno OilHCaH B /10/_ Oco6oe BHHMaHae obmo YAeneHO TSilKenbIM lIAPBM 3MVnb-

Cl!H ( Ag 11 Ilr ) , TaK KaK B03M0lKHble OTKnOHeHlllI OT K8CKaAHoro MeXaHH3Ma 

3AeCb A0nlKHbl 6b1n11 6hI IIP0lIBHTbClI oco6eHHO Cl!nbH0. 
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TToKa3aHO, "ITO BCSI COB0KYIIH0CTb OCH0BHblX 3KC11ep11MeHTanbHblX AaHHbIX 110 

B38llMOAelicTBHIO qaCTHU C 3Myni,c11eii llpII YCKOpHTenhHbIX 3HeprHlIX cornacyeTCSI 

C KaCKaAHbIM MeXaHII3MOM, paccMaTpHBaeMbIM KaK cep1111 He3aBHCHMblX ABYX'laCTH'l-

Hb!X B3aHMOAeiiCTBHH BT0pH'lHblX 'laCTHU C 0TAenbHb!Mll BHYTPHHAepHblMH HyKnOHa-

MH. MHoro'laCTll"IHble B3aHMOAeiiCTBlllI BHyTplllIAepHblX HyKnOHOB cymeCTBeHHbl nHWb 

B HeKOT0pbIX 'laCTHbIX cnyqagx, TaKax_. HanpHMep, KaK peaKUHH C Bbl0HBaHHeM DblCT­

phlX AeiiTpOHOB, TPHTOHOB 11 6onee TlilKenbIX <j>parivteHTOB. 

B TpeTbeii rnaBe llpHBeAeHbl paC'leTbl 110 KaCKaAHOH MOAem1 B OonaCTll KOCMH-

qecKHX ::rnepraii 'I',)' 100 r::rn /11-16/. KaK 11 B o6naCTH 6onee IIH3KHX 3HeprJ!ii BCe 

Bbl'lHCneHHSI 6bmH BbIIIOnHeHbl MeT0AOM MoHTe-Kapno c y'leTOM TpexMepHOii penH-

0THBHCTCKOfi KHHeMaTHKH. MeTOAHKa TaKHX pac'leTOB OllHCaHa B/10/. TipH Bbl'lHCneHH-

lIX BClI o6naCTb KOCMH'leCKHX
0 

3Heprllii 

BanoB: 

> 30 raB 6hma pa3AeneHa Ha lllITb llHTep-

30-175; 175-375; 375-625; 625-875; > 875 faB. 

B KalKAOM H3 3THX HHTepBanOB xapaKTepHCTHKH HeynpyrHX'B3aHMOAeiiCTBHii 'laCTHU 

C'lHTanHCb IIOCTOlIHHblMH H 6binH B3HTbl H3 3KCnepHMeHT8nbHbIX pa6oT (cM., HanpHMep, 

o630pb1 /8,9/ ) • TT pH aHeprHlIX E > 30 faB AnlI BHyTpHlIAepHblX B38HMOAeliCTBHii HC­

nonb30BanHCb Te lKe ABHHbie, 'ITO 11 B paC'leTax B o6naCTH ycKOpHTenbHblX 3Hepraii. 

XapaKTepHCTHKH y11pyrHX aneMeHTapHbIX B3aHMOAeliCTBHii llpH E > 30 faB, rAe HeT 

3KCnepHMeHTanbHblX AaHHbIX, paCC'lHTbIBanHCb no OllTH'leCKOii MOAenH. 3Ta MOAenh, 

KaK H3BeCTHO, xopowo cornacyeTClI C 3KCllepHMeHT0M B o6naCTH YCK0pHTenbHblX 

sHepr11ii. LlnH po3b1rph1wa Hey11pyrax rr-N. H N -N B38liMOAeiiCTBHii B o6naCTH 

K0CMl!'leCKHX 3Hepr11li Dbma C0CTaBnena cneuaanbHalI nporpaMMa. B nepBOM BapHaHT­

Te paC'leTa 3Hepr11lI BbIAeneHHOii nHAHPYIOIUeli qacTHUbl ( HyKnOHa) 011pei:ienHnaCb 113 

3aK0Ha coxpaneHl!lI saeprHH. Bo BT0p0M B8pHaHTe aaeprlllI nHAHpyIOIUeii qacTl!Ubl pa3bl­

rpbIBanacb np11 II0M0IUH 3KC11epHMeHTanbHOii rHCTOrpaMMbl K03q>q>HUl!eHTa neynpyroCTH. B 

npeAenax CTaTHCTH'leCKHX Oll!H60K paC"!eTa o6a BapHaHTa llpHBOASIT K npHMepno OAHJlaKO­

BbIM peilynbTaTaM. KaK IlOKa3an ananH3, pe3ynbTaTbl Bbl'lHCneHHli npll KOCMH"!eCKIIX anep-

rHlIX BeCbMa 'lYBCTBHTenbHbl K BhI6opy BenH'lHHbl pai:i11yca r 0 • HanpHMep, i:inH 

T = 1000 faB np11 yBenaqenaH r 0 OT 1,4 AO 1,6 cpennee qacno 6b!CTpbIX BTOpll'l -

Hb!X 'laCTHIJ·, o6pa30BaHHbIX BO B3al!MOAeiiCTBIIII C 3MynhCHeii, yMeHbwaeTClI OT n -

- 61 AO n -49. OcTanbHbie xapaKTepHCTHKH OT •o 38BHClIT cna6ee. B o6naCTH 

YCK0pHTenbHbIX aneprali na6nIOAaeTClI 6onee cna6alI 3aBHCHM0CTb Bcex cpeAHHX xa-. 
paKTepHCTHK BT0pH'lllblX qaCTHU QT r O 

5 



IloKaaaHO, 'ITO Monenb HyKnOH-SIAepHblX B3al!MoneiicTBIIH Ha OCHOBe KaCKaAHO­

ro MeXaHl!3Ma, paCCMaTpl!BaeMoro KaK cep1111 AByxqaCTll'lHblX B3al!MOf!eiicTBIIH, pe3KO 

npOTl!BOpe'll!T 1!3BeCTHblM 3Kcnep11MeHTanbHblM Aal!HblM B o6naCTII 3Hepr11ii, 6onbWIIX 

'HeCKOnbKIIX neCSITKOB fsB. Haa6onee xapaKTep!!bIM srnnSieTCSI paCXOlKAeHl!e nng MH0-

1 

JKeCTBel!HOCTII pOlKllaJOIUIIXCSI 'laCTllU, KOTopag B OnbITaX npll T> 100 fsB OKa3bIBa-

leTCSI B HecKonbKO paa MeHbWeii, 'leM sTo cnenyeT aa Teopaa. ;pyr11e sKcnep11MeH­
I 

;TanbHble ll TeopeTH'leCKl!e xapaKTepllCTHKII BTOpll'lllbIX 'laCTllll B npenenax owa60K 

!f3MepeHl!H paan11 'laIOTCSI He TaK c11nbHO. AHan11a noKaaan, 'ITO npH'll!Ha CTOnb c11nb­

Horo pacxoJKneHHil MeJKAY 3KCnep11Mel!TOM II TeopllfH CBSI3aHa C TeM, 'ITO Klll!eTH­

'!eCKan 3HepI'IISI n11n11py10meii '!aCTl!llbl no Mepe pa3Bl!TIISI BHyTp11nnepHOI'O KaCKana 

yMeHbWaeTCSI llOBOnbHO MenneHHO, 6naronapn 'leMy He TOnbKO np11 nepBOM, HO II npll 

KalK!lOM nocneny10meM HeynpyroM B3al!MOAeiicTBIIII n11n11py10meii 'laCTl!Ubl C HyKno­

HOM SI!lpa o6pasyeTCSI 6onbwoe Kon11'leCTBO qaCTl!Ux). 

Ecn11 He Y'll!TbIBaTb BKnan n11napy10meii 'laCTl!llbl, TO cpenHee 'lllCno polK!laIO­

IUIIXCSI 'laCTIIU OKa3bIBaeTCSI llOBOnbHO 6nll3KIIM K 3KCnep11MeHTanbHOMY, OAHaKO II B 

3TOM cnyqae Teop11n naeT HeCKOnbKO aaBbIWeHHble 3Ha'!eH11SI. KpoMe Toro, MHOlKe­

CTBeHHOCTb nHBHeBblX '!aCTl!ll C pOCTOM 3Hepr1111 B03pacTaeT, BCe JKe aaMeTHO 6bI­

CTpee, 'leM 3TO cnenyeT 113 3KCnep11MeHTa. TaK KaK aaBbIWeHl!e pacqeTHOH. MHOlKe­

CTBeHHOCTII CBSI3aHo B OCHOBHOM C n11n11py10meii '!aCTHUeii, TO nanbHeiiwee ycoBep­

weHCTBOBaHn e Monen11 nyKnoa-Sinepaoro Baa11MoneiicTBHSI nonlKHO npoxonnTb B nepByiO 

O'lepellb B HanpaBneHl!ll CHHJKeHl!n 'll!Cna '!aCTIIU. o6pa3yIOIUIIXCSI np11 BHYTPIISI!lepHblX 

B3al!MOneiiCTBIISIX n11n11py10meii qaCTIIUbl, K TaKOMY CHHlKeHl!IO npllBOlll!T y'leT OllHO­

apeMeHHOI'O nornomeHIIn Olll!IIM BHyTp11nnepHblM HyKnOHOM n11n11py10meii 'laCTl!llbl II 

eme HeCKOnbKIIX conroBOlK!laIOIUIIX 'laCTHU, o6paayIOIUIIXCSI BMeCTe C Heii B npe!lbI­

nymeM N -N CTOnKHOBeHIIII. TaK KaK np11 BblCOKIIX 3Hepr11nx polKna10m11ecn qaCTl!Ubl 

BblneTaIOT B Y3KIIH TeneCHblH yron, TO TaKHe MHoro'laCTll'!Hble B3alIMO!leiiCTBIISI npen­

CTaBnSIIOTCSI BeCbMa BepOSITHblMll/17 I. 

TaKaSI Monenb paccMaTp11aaeTCSI B '!eTBepToi! r11aBe. IloKaaaHo, 'ITO nnSI 06'b­

SICHeH11SI 3KCnepHM~HTa no CTOnKHOBeHHIO '!aCTIIU C SIApaMI! np11 KOCMH'leCKIIX 3Hep­

I'IISIX neo6XOAIIMO BBO!ll!Tb npencTaBneHHe O MHOrO'laCTll'lllbIX B3al!MOAeiicTBHSIX 

x) B o6naCTll ycKopnTenbHblX 3Heprnii CBOiiCTBa n11nnpy10meii 'laCTl!Ubl cpaBHII-, 
Tenbl!O Mano OTn11qaIOTCSI OT CBOHCTB npyrax BTOpll'lHbIX '!aCTllll, II BHYTPIISI!lepHblii 

KaCKan C y'leTOM nannpy10meii '!aCTllllbl ( B npenenax ow1160K 1!3MepeH11ii II CTaTHCTll­
'leCKl!X oum6oK paC'!eTa) npaKT11qecKl! He' OTnll'laeTCSI OT ·KaCKana, paCC'lHTaHHoro B 

npennonoJKeHHH nonaoro paaMew11BaHHSI aHeprHH MelKAY ace't-rn 'laCT11uaM11, 06paay10-
lllHMHC SI nocne Heynpyroro rr-N II N -·N - CTOnKHOBea11ii. 
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BTOpll'lHbIX 'laCTllll B nnpe. TaK KaK O TaKHX B3al!MOAeiiCTBIISIX B HaCTOSill!ee BpeMSI 

HH'lero He ll3BeCTHO, TO, ipaKTl!'leCKll, pewanacb o6paTHaSI aanaqa: no onblTHbIM pe­

aynbTaTaM nnepHblX B3aHMOAei!CTBHii onpenenSinl!Cb xapaKTepnCTIIKH MHOI'O'IaCTH'l­

HblX B3aHMOAeiiCTBl!ii. EbmH nonyqeHbl cpeAHHe xapaKTepHCTIIKH TaKHX B3al!MOAefi'."' 

CTBHii, KOTOpb!e OKaaanl!Cb llOBOnbHO 6nH3KllMll K COOTBeTCTBYIOIUHM xapaKTepllCTH-

KaM aneMeHTapHbIX rr-N ll NA-N B3aHMoneiicTBllll ( np11 COOTBeTCTBeHHO OllHHa-

KOBblX 3HeprHSIX B Cl!CTeMe ueHTpa Ma
0

cc). Hcnonbayg nony'leHHbie TaKHM o6pa30M 

CBOiiCTBa MHOrO'laCTl!'lHblX B3aHMoneiiCTBHii, MOlKHO cornacoBaTb 3KCnep11MeHT ll Teo­

pll!O BO BCeii o6naCTII 3Hepr11ii ( 1- 1000) fsB. nony'leHHble peaynbTaTbl ony6nHKOBa-

Hbl B pa6oTax16, 7, 10-17 I II o6cyJKnanHCb Ha BceCOI03HblX KOHqiepeHUHSIX ·no !pll3H'."' 

Ke KOCMH'leCKHX nyqei! B 1964, 1965 a 1966 ronax /13,14,17/_ 
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