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I.BaefleHHe 

Pa6oTaMH MHOrHx aaTopoa 6btno y6eflHTenbHO noKaaaHo, 'ITO a o6nacTH aHeprllll oT 

HeCKOilbKHX fleCliTKOB Mas flO HeCKOilbKIIX raa Heynpyrge B38HMOflellcTBI!ll aneMeHTSpHbiX 

'ISCTllll C STOMHbiMH llflp8Mll llpOHCXOflliT nyTeM pa3Bl!Tllll BHyTpllllflepHoro K8CK8fl8, KOTOpbil! 

C XOpornel! TO'IHOCTbiO MO>KHO p8CCM8Tpl!B8Tb COCTOliiiiHM H3 cepHH 110CileflOB8TellbHbiX 

llBYX'I8CTH'IHbiX B38HMOllel!CTBHll, ( flonp06HOe 06Cy}f{JleHHe OTHOCliiiii!XCll CIOfl8 BOilpOCOB MO>K-

/ 1,2/ 
ao HallTII, aanpuMep, B pa6oTax , rne npHBefleHa nanbaellrnall 6H6nHorpa<!>Mll). Maoro-

'ISCTH'IHbie B38HMOllel!CTBHll CyWeCTBeHHbl lli!III& B OTllellbHbiX '18CTHbiX CllY'ISliX, T8KIIX, 118-

npHMep, KSK peSKilllll C Bbi6HB8HHeM nei!TpOHOB, Tpi!TOHOB- H 6onee Tli>KellbiX <!>parMeHTOB. 

/3 -8/ 
PaC'I8Tbl T8K}t{9 ITOK83biB810T 1 'ITO C ITOMOinb10 T8KOrO ICBCICB.O.HOrO M9X8HH3M8 

MO>KHO o6'bliCHHTb aKcnepnMeaTallbHbie flBHHbie no HYKnOH-llflepHbiM n nMoH-llflepHbiM B38HMO-

nel!cTBHliM H npH 60ilbiiiHX aaeprHliX, BllllOTb flO T a (20 - 30) faBX~ XOTll B H8CTOliWee 

BpeMll 3TO 38KiliO'IeHHe npeflCT8BillleTCll He CTOilb XOpOIIIO 060CHOB8HHbiM, K8K B 06118CTII 

3HeprHJ!, MeHbiiiHX H9CKOilbKHX faa, Jleno B TOM, 'ITO llpll 3HeprllliX T a ( 10 .;. 30) faa 

peayllbT8Tbl TeopeTI!'IeCKHX p8C'IeTOB Cp8BHIIB81ll!Cb lllllllb C OTHOCKTellbHO He60ilbllll!M 'IIIC

IlOM cpenHHX 3KCnepHMeHT81lbHbiX llSHHbiX, COflep>K8WHX K TOMY >Ke BeCbM8 6onb111He 01111!6KI! 

H3MepeaHJ!, flOll8BilliiOW8ll '18CTb 3THX ll8HllbiX llOily'leH8 B <i>oT03MyllbCHliX H OTHOCIITCll K 

COBOKYilHOCTII nerKHX II TliJKellbiX llflep, fl03TOMy np11 T • ( 10 7 30) faa 0 COrllBCIIH 3KC-

nepHMeHT8 " o6wenpHHliTOl! MOflenH BHYTPIIllnepRbiX KSCKBflOB, paccMaTpHaaeMhlx KBK cepHH 

nocne.U.OB8T81lbHblX .QByX'lBCTH'JHblX C TOilKHOBeHHA, MOJKHO rOBOpHTb ITOK~ IlHWb B llOBOilbHO 

o6w11x qepTax. XoTll aaM cel!qac He HaaecTHO anecb KBKHx-n•I6o c e pbe3HbiX pacxo>KlleHHl! 

Me>Kny <'llbiTOM 11 TeopHell, TeM ae MeHee, 3TOT aonpoc Tpe6yeT ewe flBilbHellrnero H3y'leHI!ll. 

B o6nacTH csepXBbiCOKHX aHeprHll 1' > 30 faa CHTyauMH HBnlleTcH ewe MeHee onpe

.aeneuaoA. 3To o6ycnoaneao, so-nepBbiX, aeTO"'HOCThlO aKcnepuMeHTanbHhiX aaHHbiX o saaH

MoneAcTBHRX XOCMH'19CKH.X 't18CTHn C 8TOMHbiMH R.llpBMH (s •t{8CTHOCTH 1 BO MHOrHX Cily'tf:BHX

OC06eHHO, KOrfl8 fleno K8C8eTCH <!>OT03MyllbCHOHHbiX fl8HHbiX - 3HeprHll nepBH'IHOl! '18CTII

Ilbl H3BeCTH8 llHIIIb 110 llOpllflKY BellH'Illllbl), BO-BTOpbiX - 60ilbiiiOll TpyflOeMKOCTbiO TeopeTH-

x/ 3necb 11 aeane flanee 

TeMe KOOpllHH8T. 

T - KI!HeTH'IeCK8H 3HeprHll '18CTHllbl B na6op8TOpHOl! CHC· 
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qeeKHX paeqeTOB1 B KOTOp~X qaeTO DpBXOABTeH yqHT~BaT~ MHOrBe A8eHTXB 1 a TO B eOTHB 

qaeTBD. KpoMe Toro, B o5naeTB xoeMaqeexa_x aaeprHA M~ noxa eme epanaaTen~ao Mano 

3HaeM 0 eBOAeTBaX B3aHMOA8AeTBBA aneMeHTapB~X qaeTBII1 D09TOMY BH<jlopM811HH 1 aaxnan~

Ba8MaH B xaeKAAHOM paeqeTe, HBnH&TeB B&e~MA Dp8ADOllOJIU!:Tell~HOA, B 8'1'0 B eBOIO oqepeA~ 

exa3blBa&TeB Ha peaynbTaTaX paeqeTOB, 

TeM ae Meaee uenonb3onaaae eonpeMeaa~x 5~eTpoaeAeTBY!OlliBX eqeTa~x Mamaa H 

eTaTBeTaqeexHA aaan&3 H3BeeTH~X aKenepHM8RTanbHblX aaa&~X D03BOllBIOT Bee )1(8 nonyqu~ 

pHil Ba>KHblX aaKn!Oq&BBA 0 MeXdHH3Me HyxnoH-S!A8pHblX B3aBMOA&AeTBBA npB enepXB~eOKHX 

aaeprusrx. 

Cp&AB H3B&eTH~X B aaeTOHrnee Bp8MH axenepHMeaTanbH~X AaKK~X 0 B3aHMOAeAeTBBHX 

qaeTHD npH enepXBb!eOKBX aaeprBHX oeo60 Ba>KH08 3Ha'leHB8 AlUI paeqeTa BKyTpHHilepKblX Kae

K81lOB HMeeT 38Kll!Oqeaae 0 TOM, qTo epeAH BTOPB'IB~X 'l8CTHil, o6pa3y10m&XCSI npH &eynpy-.. 
roM rr- N ana DpB N- N eTOllKHOBeHHHX1 BMeeTe>t qacTana, KOTOp8B DO eBOBM enol!-

eTB8M OK83blB88TeH eymeeTB8HHO Bblll8ll8HHOA no epaBHeHB!O C OeT8llbH~MB qacTHD8MH, 3Ta 

'naaapy10mast qaeTana• yaoeaT B epeaaeM oKono 70% nonaoa aaeprKB eTanKHBa!Om&Xe>t q:ae

TBn. 

noao5&b!A a<jl<jl&KT HM99T M&CTO B B o6nacTH yeKOpBT&llbH~X aaeprBA, OAHaKO aaeeb OH 

ae TaK aaMeTea, Tax KaK KBH&Taqeexasr aaeprB>t naaupy10meA qaeTHDbl eme ae oqea~ nena

xa no epaBH&HB!O e ee Maeeol! DOKOH, DOaTOMY ee eBOAeTBA He ean~HO OTnaqaiOTest OT 

enoAeTn apyrax po>KAaiOmuxeH qaeTBn. B o6naeTH >Ke xoeMaqecxux aaeprHA eymeeTnonaaue 

TaKotl Meaneaao e6pae~na10mea eno10 aaeprHIO 'eTep>Kaenotl' qaeTan~, K&aeTHqeeKasr aaep

rHsr KOTOpoll HaMHOrO npeBOeXOilBT epellH!OlO a&eprBIO apyrBX BTOp&qBblX qaeTHII, KOHe'IBO, 

eylUeeTBeHH~M o6p830M eK83b!Ba8TC.Il &a p83BBTHH BByTpBBil8pHOrO KaeKaAa. 

/9,10/ 
B aawux pa6oTax 6hmB B~nonaea~ paeqeTbl Kaexaaon B npeanono>Ke&HH, qTo 

npH <jl&KCBpoBaHHOM aaaqeHBH DOllBOtl aaeprBH xapaKTepBeTHKH qaeTHil, o6paay!OrnHXeH B 

an&M8HT8pHOM aeynpyrOM aKT81 B eHeTeMe BX II&HTpa Maee ae 3aBBeBT HH OT COpTa eTan

KHB810lliHXeB, HB OT eopTa po>KAaiOrnBXCB 'laCTBD, npa aaepr11HX1 6on~WHX aeeKOllbKHX aeesrT

KOB fan, T8.K08 llp911llOll0>K9HHe 3KBHBBlleBTHO He!Cn!Oq&HH!O 'laeTH KaeKaaa, nopO>KJl8HHOrO llH

IlHpy!Owell qaeTHIIeA, TalC K8K aTa qaeTana nRWb H83Ha'IBT8llbRO H3Me&H9T aaneKHA 'XBOeT' 

eyMMapaoro aaepreTaqeeKoro eneKTpa a aaeprHa qaeTan, onpeaeneHHbJe no TaKoMy e n~KT

PY e noMom&IO MeToaa MoaTe-Kapno, npaKTH'I8CKH no'ITH HBKoraa ae paB&bl aaepnm n ll llH

pyiOmetl qaeTHilbl, Cpeaaue xapaKTep&eTHKH ayxnoa-Baepa~ B3a&MoaeAeTn:!l! npa aTOM oKa-

3bJBBIOTesr llOBOll~HO 6nH3KHMH K &a6lllOila8MblM Ka ODb!Te, 

Koae'lao, TeopeTH'I&eKHe xapaKTep&eTHKB nunaen~x qaeTan MO>KHO n aToM enyqae 

ep8BHHB8Tb llHW~ e TOll qaeT~lO aKenepHM8RT8llbB~X ll8HHblX1 KOTOp8H He BKmoqaeT DHilHPY!O

metl qaeTBII~. 3To oeo6eaao eymeeTneaao an& epeaaetl aaeprau qaeTHD, KOTopa R, nnonae 

llOHHTH01 OK83 b1Bli9TCR H8MHOrO M9HhlU&A1 "19M Cp9JlB5UI CyMM8pS:8SI 3HeprHSJ nHBH9BbiX 1.J8C

THIX1 aa6n10.089M8SI H8 Oll biTe. 
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B aaeTo Hmeii pa6oTe Mhl 

Ka.oa, BKnJOttaJOmero aKna.n "CTE 

Koneaal! aeex a p yr11x pOJKilaJOwl 

B Kattec Tae nH.oupy 10me ii • 

pHB8Tb HyKnOH, 1.JTO, O.O.H8 K0 1 RJ 

KO Ji 1.J8CTHil bl OtJ9Hb aenHKB no 

II . 3Ke nep&MeuTanb& bll 

I. KaK ao aeex aaw11x np 

nanaeb Monenb <jlepMa-raaa. P1 
!/ 3 -13 

R a r
0 

• A • 10 CM, r 

CneayeT oTMeTHTb, qTo 

lC Bb!60py BeJlHq&Hbl KOa<jl<jlHnHe~ 

TH 'laeTBIIo po)I(Jla!OrnHXCH B K8~ 

nH'I&KHe epeaaero eno6oaaoro 1 

M8TKOMY yMeHbWeHHJO q&ena m 

2. B eooTBeTeTBHH e H3B< 

eTBHSIX aneM8HT8pKblX qaeTBII ( 

epeaaee 'l&eno 'laeTHD, o6paay> 

eTBllKHBaiOm&Xest 'ISeTBII H nem 

nanoe 1 Mbl npennonaraeM, qTo 

T > 200 faa epenaee 'IHeno 

aHTH6apBOHOB) eoeTaBnH8T ]0~ 

npa T < 200 faa epenaee 'I 

>Ke&BH, ne>Kamae B OeHOBe 9TIU 

B3aHMOAetleTBBtl B o6naCTB yex 

TellbHO BilBO& M9HbW8 1 q&M All! 

eooTaomeaae eoxpaaHeTCsr a nJ 

T ~ 200 faa srnnsreTeH 

Db 0,1• D OpHMeH8K8 llHWb 

Dnsr aeynpyrBX eTOJU<HOBE 

noe~ Db '" 0,2 • D • 9C1 



OrB& A8CHTXB 1 8 TO B COTRH 

a erne cpaBBHTenbBO Mano 

STOMY BBcPOPMilllHH, 31lX1!8Abi-

1IIoHOll, H 3TO B CBOIO 0'18p8Ab 

BYIOlllHX C'IBTBb!X M8WHH H 

: noaaonHJOT ace )1{8 nony'IHTJ. 

•A&llCTBHll llpH CB8pXBbiCOXBX 

X UBHHbiX 0 B38HMOA8liCTBHHX 

:H pac'leTa aayTpHHuepHbiX xac

' o6paayJOlllHXCH npH ueynpy-

II(8 1 XOTOpaH llO CBOHM CBOII

OCTBllbBbiMH '18CTHU8MH. 3Ta 

aeprBH CT81IXHBaiOillRXCH 'IBC-

~X 3HeprHII1 OURilKO auecb OR 

~CTHilbl eme He oqeab aen•-

t CBllhHO OTllH'I810TCH OT 

XHX 3HeprHll cymeCTBOBBHH& 

~CTHilbl, XHHeTH'IeCXIlSI 3B8p-

ropR'IHbiX 'IBCTHll, KOH8'1HO, 

aoro Kacx:a.aa. 

OB B npeun01!0)f{8HHH, 'ITO 

!BCTHU, o6paayJOlllRXCH B 

3 B BHCHT HH OT COpTa CTil1!-

6ollbWHX HeCKOnbKHX neCRT-

'H KBCKBUB 1 nopO)f{UeHHOrO 1111-

neneHHbie no TBKOMY c neKT-

!lB ae paBHbi 3 HeprnH nnuH

RMouellcTBHll npH 3TO M OKB-

MO)f{HO B aToM cnyqae 

TopaH ae BKI110'188T liiiUHpyJO

~aCTHn, xoTopaR, anonae 

14SI 3HeprHR nHBHeBbiX qac-

B HacTo stme ii pa6 oTe M bi npuaoa HM pe.JynbTB T bi pac qeTa nonHoro B H Y T IJlHille fJHOro Kac

Ka.oa, BKnK)1-IBJOmero axna.n "cTep>KHeno t1 " nn.n u pyJOmeH qacTHll bT H BKnaabr nocn eay 10uurx no-

K0ll8HIIll BC8X UpyrHX pO)f{UB JOlllHXCH 'IBC TIIU, 

B xaqecTae nHuHpyJOrne i i qacTHU bi Mhi unH xoaxpeTHOC TII uanee acerua 6yn eM pacc MaT-

pHBaTb ayKnoa, ttTo, OllHBKO, HBn5leTcSJ aecymecTBeHH biM orpa HHl.leHHeM, TBK KBK aaeprHSI Ta 

Koii "'BCTHilbi OlJeHb aenHKB ITO Cp8BHeHBJO C ee MBCCOA nOKOH. 

II. 3KcnepuMeHTBnbHbie aaHH bie, Hc nonb30BBHHbte npH pacqeTax 

I. Kax ao acex H&IIIHX npeubiuymnx pa6oTax, unH onHC8HHH aToMaoro Hupa HCllOllbao-

aanacb MOAenh cjlepMn-raaa. PauHyc Hupa c BTOMHbiM HOMepoM A nonarancH paBHbiM 

R = r
0 

• A t/s • 10 -
13 

eM, rue r 0 = 1,4. llH<)><jl y a a o cTbJO rpaHHXlbl HApa npeae6peranocb. 

CneuyeT OTMeTHTh, 'ITO peaynhTBTbi pac'leToB oxaabiBaJOTCR aect.Ma qyacTBnTenbBbiMH 

K BbJ6opy B81IR'IRHbl K03<i><I>HXlR8HTil r0 t B 'IBCTBOCTH 1 6narouapsr 601!biiiOll MHO)f{eCTBeBHOC-

TH 'lllCTHXl1 po)f{ABIOillHXCSI B KB)f{AOM BKTe aeynpyroro B3BHMouei!CTBHR, AB)f{e H8601!biiiOe yBe-

nH'I&HHe cpeAHero cao6ouaoro npo6era 'lllCTRU BHYTPH srupa ( A • r 0 

M&THOMY yMeBblll8HHIO 'IRCliB 1!HBH8BbiX 'IBCTHU 1 BbJ11eTBJOlllHX H3 Hupa. 

llpHBOUIIT K 38-

2. B cooTBeTCTBHH c aaaecTHbiMH ceA'Iac axcnepHMeaTanbHblMH uaHHbiMR o aaaHMoueA-

/ 11-12/ 
CTSHHX 3J'IeMeaTapahlx qacTRil (eM. o6aopbl ) Mbi C'IHTanR, 'ITO npR T >> I f 3 B 

cpeuaee 'IRCliO 'IBCTHU 1 o6pa3y101llRXCR llpH aeynpyroM B3BIIMOU8liCTBHH, He 3BBHCRT OT COpTa 

CTIUIKBBiliOlllHXCSI 'lllCTHil H llBliRXOM onpeuensreTCSI BeliH'IRHOll KRH&TR'IeCKOJI 3H8prRR T : 

nan o e, Mbl npeunonaraeM, 'ITO llpH HeynpyrOM CTOliKHOBeHH~ 

T > 200 f3B cpeuaee 'IRCliO pO)f{ABJOlllRXcH TR)f{91!biX 'IBCTRU 

" -Meaoaa c ayxnoaoM npa 

)( -M930HOB1 6apROHOB, 

BHTH6apHOHOB) COCTBB11H9T 10% OT ROliBOrO 'IHC1!8 BCeX BTOpH'IHblX 'IBCTHU! Db • 0,1 • D • 

npR T < 200 ras cpeuaee 'IHCliO TH)f{ellb!X 'IBCTRll nonaranocb PllBHblM euRHRXl8. Coo6pa-

JKeHHR, 1!e)f{BlllH9 B OCHOB8 3THX llpe.llROliOlKeBRll, 3BK1IIO'IBIOTCR B TOM, 'ITO UliR 17 - N 

B3BHMOUellcTBHll B 061!8CTB ycKOpHTellbHb!X 3HeprHll BeliR'IRHB OTBOIIIeHHSI D h /u npR61!R3R-

Tellbao ausoe Meabrne, 'I&M nnsr N- N saaRMouel!cTBRR. Mbl npeunono)f{HliH, 'ITO Taxoe 

cooTROIIIeaHe coxpaasreTCH H npa 6onhiiiHX 3HepraHx. Bb16op senR'IHBbl rpaaR'IHoll 3aeprHH 

T a 200 ras HB11SI8TCB aeCbMB ycnoBBblM R onpeuenSieTCSI liRIIIb TeM, 'ITO cPopMyna 

0,1•n npaMeaeaa liRIIIb B o6nacTR, rue O,l•n ;?:. I (cM.
111 - 131 ). 

nnH aeynpyrRX CT011XBOB8HHll TH)f{ellbiX 'IBCTRU C BHyTpHsruepHb!MH BYKliOHBMH nonara
/11-13/ 

nocb n h .. 0,2 • n , ecnR T > 200 f3B, R n h • 2, ecnH T < 200 f 3 a • 
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8 COOTBeTCTBHH C TSXHMH pacnpeneneaBRMH MSCC pO~SIDmHXCH 'ISCTHn BhlilOnHHITHCa 

p&ITHTBBBCTCXHQ npeo6pa30BaHHSl OT CHCT9Mhl U9HTp8 MSCC CTSITXHBaiDmHltCSl 'I8CTHil 1 rna 

3808B81THCb BC9 Jt8p8KT epHCTHXH 1 OITHCb1BaiDWB9 31TQM9HT8pHb11! SXT, K na6op8TOpHOll CBCT9-

M9 KOOpnHHST, 

3, Tax xax B o6naCTB aseprsA T nOpRnXS H9CKOITbKBX 09CSITKOB faB H BhlW9 noc-

TSTO'IHO aanelKIIO H3B9CTHbl ITBlllb CyMM8p.bt9 HMnynbCHbl9 pacnpenenaHBR pO)KOSIDWBltCH 

'ISCTHn, ycpeno9BHbt9 no T'Sl)K91TbiM H nerKHM 'ISCTlll!SM, TO npH 3THX a seprBHlt OITSI BC9lt 

COpTOB po~SIDWBltCSl 'I8CTHU 1 38 HCKITID'IQBBQM ITHOBpyiDWSrO H}'lCJlOH81 B CHII:rr9M9 I{9HTp8 

MSCC BCnOITb30B8nBCb 00BH8KOBbl9 389preTB'I9CKH9 pacnpenen&HHH c.J ( r ) , B3SlTb!Q 83 

114-16/ 
3KCnepHM9BTBITbBbllt pa6oT • npennonarBITOCb, 'ITO 3TH pacnpeneneHHH 89 38BHCHT H 

OT COpTS CTSITKHBSIDWHXCH 'ISCTHn, (0TM9THM1 'ITO B 0Tnti'IH9 OT 3H&preTH'I9CKHlt HMnynaC

HblQ pacnpenen&HHH BTOpH'IHbiX TSI)K91Tbllt H nerKHlt 'ISCTHI{ 388'1HT91TbHO p831TB'I8IDTCH) • . 
B o6nacTH ycxopaTenhHhtX aaeprnA T <£, 30 faa nn11 po~SIDmHXCB tr -Me3oaos 

/17-19/ 
H HyKITOBOB HCnOITb30B8nHCb p831TH'I8IDmH9Cst pacnpenenesBst, B3stTbi9 83 pa6oT • 

Cpenastst aaepruH nuJlllpyiDmero ayxnoaa, •e= MN+'e onpenenHnacb B 

CHCTQM9 tt&BTpB MBCC CTSITKHBSIDWHlt 'ISCTHil KSK p83HOCTb 

M N + r f • < - ( n 77 ( M tr + r ) + ( n h_ - I )( M N + r ) ] (2) 

rae - nOITBSSI 3HeprHSI B CHCTeMe I{98Tp8 MBCC 0 M N H M" -Maccbt ayxnoaa a 

1r -M930H8 1 Db H ntr -cpenaee 'IHCilO p0~8IDWHXCSI Tst)K91Tb!X 'IBCTHn H tr 

M930ROB 1 -cpenHRst KHH9TH'I9CK8H 3HeprHSl BTOpB'IHhllt 'IBCTHil (ae C'IHTSSI ITBOHpyiD-

mero ayxnoaa), onpenen~eMast s a ycnosast 

n 77 (Mr +r) +( nb_ -l)(MN +r)•k·< . (3) 

KoacP<I>auaeHT aeynpyrOCTB k B COOTBQTCTBHB C 3KCnepHM9HTBITbHblMB OBBHblMB Bbl6paa 

paBHbtM onool! Tp&TB x/. OnpeneneooaSl TBIOIM o6pa30M BHBITBTB'I&CK8H aaBHCHMOCTb 

r - r (T) XOpOlliO cornacyeTCSI C BellB'IHBOl! cpenael! KHBQTH'I9CKOl! 3HeprBa, Bbi'IBC-

neoaoA aenocpencTBesao B3 pacnpene.'leanl! cu( r) 

npn O'I9Hb 60llblliHX 3HeprHstlt, O'I9BBnHO, 

r • T li 
\i 

r f • T 

nnst COOTB9TCTByiDrnBX 388'I9HBll T. 

(4) 

x/ 0Tnenhao 6btll paccMoTpes sapnaaT pacqeTa, B xoTopoM aaaqesast xoa<j><j>anseaTa Ic: 
paabtrpbtBBnnch no axcnepaMeBTSIThHOI! rncTorpaMMe. Onoaxo pe3ynhTSTbt Taxoro pac

qeTa OK838nRCb np8KTHtt9CKH H9 0Tn.H'I8JODJHMBCSI OT TeX, qTo nony'I9Hbl B cnyqae, KOrllB 

nnst Ic: acnonb3osanoch ero cpenaee aaaqeaae. 
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4. nocne BbtneneHBSI ITHI 

BTOpH'IHbllt 'ISCTHll npR T » : 

naranKCb He 38BHCSII.UHMH OT < 

'IDa oT aaepreTR'Iecxax pacnp 

89880 38BHCSIT OT COpTS CTBn 

lJ:8CTHUbl p ll3n9T8lOTC5l B Cpe.D 

KSX B rr - N CTOnKHOB9HHSIJI 

qTO K8C89TCSI yrnosoro 

BpeMSI H3B9CTHO nHWb 1 liTO OJ 

BHID nepsaqaoA qacTBilbl. Coo 

IT9T8IDT npeHMymecTB9BHO B 0 

BMnynbc nanapymmeA qacTHnb 

nnst rpy6oA OI{9RXB o6n1 

BaTbCSI COOTB0lli9BB9M 

Pe 

S!BilSllOWHMCst npB61TH)K98HblM C 

Mace. B aToM cooTaol!IeHBB 

K>ntero ayx.noaa, scex OCT3nhl 

H CooiJ - cpenaBe XOCB 

'IBCTBn. ( HanoMHBM, 'ITO yrnc 

3anaBast 3aaqeaast Cos 

neneanstM cu (IJ) 

neneaae cue (IJ) 

MO)KBO 

C TSKHM ; 

BeRKA B CBITY CBMM9TpHB aaq, 

neTaeT non yrnoM IJ f 

TOMY pe3ynhTB]DYIDmee yrnosc 

CBMM9TpB'IHblMH SIBITHID1 

B cnyqae N- N CTOni 

K8K OITH rr -N CTOITKHOB9B 

neHHSI BTOpH'tJRblX '18CTHil He H: 

npH61TH3HT9llbHO TBKOl! )1{9, Xl 

IJ <rr/2 (KITH IJ > rt/2 ) : 



JOIIUIXCJI 'IBCTHil BblllOIIHJI!lHCb 

lJII<H8alOIIUIXCH 'laCTHu, rae 

a~T, K na60p8TOpHOA CHCT8-

. ll8C !!T~OB f3B H Bblill8 llOC-

npeaeneaBH po)l(uaiOIUHXCH 

I 3THX 3 HaprHHX llllH BC8X 

YJUTOHa, B CH~8M8 UaHTpa 

<HH "' { r ) ' B3HTb18 H3 

a cnpeu eneaHH ae aaBHCHT H 

) T a aep r e TH'I8CKHX HMilyllbC 

H T81lbBO pa31lH'IlliOTCH) • 

)O)I{IlalOIIUIXCJI IT -M830HOB 

6 
/ 17-l!l/ 

IHTbl8 113 pa OT • 

r f onpeuensma cb B 

(2) 

M" -MaCChi HyKnoaa H 

!SJ TSI.>K9n hiX tf8CTB1l H tr 

llCTKU (ae C'IHTH!I llHilHpyiO-

(3) 

T81lbH biMH uaBHb!MH Bb16paa 

q8CK8SI 38BHCH MOCTb 

l H8TH'18CKOll 3BeprKH 0 Bbi'IBC 

TB8TCTBYIOWHX 3B8'18HHll T. 

(4) 

< a ea<teHHH Koa<jl<j>HuaeaTa K 
aKo peaynbTBTbl TaKoro pac

ony'!e Hbi B cnyqae, Korua 

4. nocne Bb!UeneHHJI llHilKpyiOIUero HyKilOH8 yrnOBble pacnpeueneHHH BCex OCTallbHblX 

BTOpK'IHblX '18CTHU llpH T >> 10 f3B 0 T a K )l(e KaK II HX 3HepreTH'!eCKKe pacnp euenaHHH, npallllO · 

naranRCb He aaBHC!HUHMK oT co pTa 3TH X qacTKU ( B CHCTeMe ueHTpa Mace). OaHa Ko B oTnK-

'!lie oT 3He preTH'IecKBX pacnpeueneHBll yrnoBbte p a cnpe u e neHKH BTOpH'IHblX <taCTHU cymecT-

B e HHO aaBHCHT OT COpTa CTanKKBBIOIUHXCH 'IBCTHU: B N- N C TOnKHOBeHHSlX BTOpH 't H bie 

qacTHU bl p ·aaneTalOTCH B cpellHeM CHMMeTpH'IHO OTHOCHTellbHO y rna () = tr/ 2 , B T O BpeMH 

Ill / 
K8lt B rT - N CTOnKHOBQHHHX HMeeT MQCTO 3 H 8 lJBTenbH8R 8CMMM9TpHS1 

'-'ITo KacaeTCH yrnOBOrO pacnpe !lell8HHJI llHilHpyJOIUel! <taCTHUbl 0 TO 06 3 TOM B Ha CTOH IUee 

Bp8MH H3BeCTHO nHWb, 'ITO OHa BbJ!leTaeT npe11MYW8CTBeRHO llOil M81lbiM yrno M K HallpaBne

HHIO nepBH'IHOll 'IBCTHubl. CooTBeTCTBeaao ace upyrue 'IBCT11ubl B CHCTeMe ueaTpa Mace Bhi

neTBIOT npeHMymecTB8HHO B o6paTHYIO CTOpoay, C T8M 'IT06bJ CKOMIIeHCHpoBaTh 6 0ilbWOA 

HMilyllbC llHilHpyJOmeA 'laCTHilblo 

llnH rpy6oft oueHXB o6naCTB yrnoB Bblll8Ta llHilHPYIOII(8rO HYKilOHa MO)I(HO BOCI!Onb30-

BllTbCH COOTHOW8HH8M 

(5) 

HBil!llOWBMC!I llpH6!lK)I(88HbiM cne,llCTBHeM aaKOHll COXpllH03HH!I KMllYilbCa B CHCT8M8 U8HTpa 

Mace. 8 3TOM COOTHOW8HHB p f , pb pIT -cOOTB8TCTB8BHO Cp81lHH8 HMllYilbCbl llBilBpy- · 

IQII(Qro H)'XIlOHa, BC8X OCT81lbHbiX pO)I(IllllOII(HXC!I T!l)l(e!lbiX '!aCTHU H IT -Me30HOB, Cos() f 

B Cos() - Cp81lBH8 XOCHHYC bl yrnOB Bbi!leTa llBilllpyiOII(8ft qacTHUbl H BC8X OCTllllbHbiX 

'IHCTHU. (HBilOMBHM, 'ITO yrnoB~e pacnpeaeneBHH "'b {()) - "'" {())) 

3allaBaH 3Ba'I8HHH Cos () BbllJRC.'19HHbl9 llO 3 KCnepHMeHT8nhHbiM yrnOBblM pacnpe-

aeneaHHM "' { () ) 

aeneaHe "'f {()) 

MO)I(HO oueBHTb BellH'IHBy Cos () f H llpH6llH)I(eHHO llOCTpOHTb pacnpe-

C THXHM 3Ha'I8HHeM cpeaaero KOCHByca. 8 cnyqae N-N CTOnKHO-

• 
BeBBA B CHilY CHMM8TpHH 88'181lbHvA CHCTeMbl llHilHpyiOIUHA HyKilOH B llOilOBKH8 cnyqaeB Bbi-

neTaeT llOil yrllOM () f B upyrol! I!Oil0BHH8 CllY'I88B - !lOll yrllOM (IT - (Jf ) • no3-

TOMY peaynhTHFYIOII(ee yrnoaoe pacnpeaeneHHe nonyqaeTcH cno)l(eHHeM uayx p acnpeueneaHA: 

CHMMeTpR'IBhiMH HBnHIOTCH yrnoBbie pacnpeueneHHSI H acex upyrHx BTOpH'IHb!X qacTHu: 

W{/1). 6>{()) + 6>{tr-8). 

B cny'!ae N-N CTOilXhOBeHHA pacnpeueneHHH B3SITbi H3 pa6oT
114

-
171

• TaK 

K8K llll!l tr -N CTOilKHOBeBHA npH T >> 10 f3B 3 KCilepHM8HT81lbH bi8 yrnOBble pac npeue-

ll8HHH BTOpH'IHb!X '18CTHU H8 H3B8CTHbl 0 TO <jlyHKUH!I 6> ((}) B 3TOM cnyq a e Bbi6H p ana cb 

npH6nH3RT81lhHO TBKoll )1(8, xaK H llllH 'IBCTRU, po)l(llBIOII(RXC!I B N - N 

() <tr/2 (Hill! () > tr/2 ) : 

W{(J) • 6>{8)•6>{tr-8). 
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CnenyeT, onnaKo , nonqep KHYTb, "!To,aec MOT p H ua rpy5o KaqecTBeHHhiH xapaKTep nocTpoen

H biX pac n p e n eneHH i! , 3 TO HB BHOCHT CK Onb-HHOyA b 3H8 "111TBllbH biX. O WHOOK B peaynbT8 Tbl K8C-

K8ll.HbiX pacqeTOB, T BK KB K BCn 8U CTBH9 penBTHBHCTCKOrO C*8THR yrnoB rrpH nepexone K na

Oo pa TOpHO i! CIICTeMe xoopnHHaT n eTa nbHaR <jlopMa yrnoB bi X pacnpeneneui!A s c i!CTeMe nenTpa 

MBCC OK83 blB89TCSI He O'leHb B 81K HO ti . 

11 pH a uepr11 HX T < 30 f a s AJHl HYKROHOB H IT -MB3 0HOB 0 pOlKA 8 101UHXCS! B Hey npy-

PHX CTOnKHOBeHR HX, RCllOllb3 0B8 llHCb a x cnepi!MeHTa nbHhre rll c T o r paMMbi, B3HT br e 11a paoo/ 
1B:-2CV

1 

5. nnH Olli!CB HI!S! y r nOBbiX pacnpen ene uRl! y npyrHX N-N H IT- N saa uMon ellc T-

Bill! s o5nacTH a uepr11 A T ;;: 30 r a s, rne HaT 3 KcnepHMBHT81IbHbiX naHHbiX, Hcnonb30Ba-

ROCb npi!ORHlKBHHe OllTH"'8CKOl! MOnenH, KOTOpoe, K8K H3BeCTH00 XOpowo cornacyaTCS! C onw~ 

TOM s o 5 nacTII ycxopuTenbH bi X a ueprHR. Bnpo"!eM, TaK KaK npH 5 onbWH X a ueprusrx nonas

nHJOIUaR "18CTb ynpy ro 
4 

p8CCBS!HHb!X "18 C THU KOHil8HTpllp yeTCS! B 0 0 ll8C TH 0"18Hb M8llb!X yr

nOB, TO KOHKpB TH bi H B b!OOp yrnOB biX p acnpenene.!!Hl! OK83biB89TCS! He O"'BHb CYLl!BCTBBHHWM. 

Boo5 me npH p a cqe Te BHifTpliHABpHb iX K8CK8AOB, HHHUHllpOB8HHb!X "18CTRU8MH O"'BHb Bbi

COKOII 3 HeprHII 0 n ocn e Toro 1 K8K B bineneua lll!AHPYIOIU8H "18CTHU8 0 A BT8llbH bl8 CBE!lBH H H 00 yr-

nOBbiX H 3 Hep reTH"'BCKIIX pacnp ene llBHHSIX "18CTHU B 3JIBMBHT8pHb!X CTOllKHOBBHHSIX 3H8"1HT8llb

HO MBHBB B8lKHb l 0 "'BM llpR p8C'JBT8X _B 00ll8CTH yCKOpHTBllbHb! X 3 HeprH fl . JlpH O"'BHb BWCO

KH.X 3HeprHRX onpBA BllHIO!UliMB S! B ll!IIOTC!I KHHBM8TH"'BCKH8 <jlaKTOpb l pBll!ITHBIICTCKHX npeo5pa-

3 0B8HHII. 

6. M bl npennonaraJIH, "'TO BCe B03MOlKHb18 H3008pH"'BCKH8 COCTO!IHH!I !!Bn!IJOTC!I CTBTHC

TB"'BCKH p 8 BHOB8pOHTHb iMH. JlpH B biCOKHX 3HBprB!IX TBKOB npHORHlKBHBB npenCTBBll!IBTC!I 

BllOllHB Ollp8Bil8 HHbiM, T8K K8K C pOCTOM 3 HeprHH H300 8pH'JBCKBB 3 8BHCHMOCTb B38HMOABII

CTBH II ObiCTpo ocna5nsreTc». Bee acnonb3osaswuecH s xone Bbi"'HcneHHl! aKcnepHMenTanh

H bte xapaKTBp HCTHKR ynp yrBX B Hey npyrHX B38l!MOABl!CTBlll! 3ll8MBHT8 plib!X "'BCTHU npH HB

OOllbWHX aaeprH!Ix, Korna eme cymecTEieaaa aao5ap11"!ecxa!l aaBHCHMOCTh, 5b!nH ycpenaeab! 

no nao5 apH"'BCKOMY cnnuy. B oxoaqaTanbHblX peaynbTaTax npenrrona ranocb, 'ITO rronosuua 

BCBX T!llKBllblX "'BCTHil H ABB TpeTH IT -Me30HOB HBllS!IOTCS! 38pS!lKBHH blMH "18CTHU8MR. 

7. Jlp11 B bl'JHCRBHBHX SCSI o5naCTb 3HeprHII pa3nBnHn8Ch H8 OAHHH8AU8Tb HHTepsanos: 

< 0,5; 0,5-1; 1-3; 3-7; 7-10; 10-30; 

30-175; 175-375; 375-625; 625-875; > 875 r a s. 

B KSJKAOM aa aTux HaTepsanos xapaxTepHCTBKH saaaMonel!c TBHl! qacTHn, nonyqenabre ycpen-

HeHReM 31tCIT9pHM9HT8nbHblX ll,8HB biX1 p8CCM8TpHB8nHCb IIOCTOSIHHbiMH. 

n trH C8"18HHll B38HMOnel!CTBBH HyKnOHOB H IT -MB30BOB C BByTpBS!ABpHblMH HYKROHB-

MH ( at , a In , a ef } , onpenenHJOIUHX rrpo5era "'BCTHU BBYTPll srnpa, acnonb3osanocb aaa-

"'HTBllbHO 5onee MBRKOB p830HBHBB flO 3HBprHB. JlpaKTli"'BCKB 3TH CB"'BHHS! p8CCM8TpHB8-

8 

llHCb K8Jt HenpepbiBHb!B <jlyHJtl 

"'ftllOCh B Ce'JeHHe a J , , 

B o5naCTB T > 20 ran ceq 

a t(MN) a 39,5 MO, 

at (ITN} • 24 M5, 

Bee Bbt'I'HCneHHH BblllOlll 

Kapno c y"!eToM pensrTBBHcTc 

cxeMa pacqeTos Obma Toll JKE 

aeynpyrax BayTpBanepablx cT 

nBpy10mero ayxnoaa) paawrp> 

Hyitnoaa saeprua onpenenana< 

nna scex npyrux "18CTBn. 

Cpenaee "!Bcno poJKAaJOn 

Bbl'I'HCnanocb no npasunaM, y 

OllHO BKH 008 9TBX "'BCR8 OKS 

paawrphiBBnKCh c secaMa, ps 

JtaJtBe onHJKallmue nenble '!'Ben 

qacno poJKilaJOmHxcsr 

DIT • ( 

nna ooecne'!'eHHS! ll0CT8' 

RyXnoaa T paCC'I'HTb!BaJIOC 

Bo scex cnyqasrx, Korna 

pBT&llhHO p83birphiB8ROCh 1 C I 

B38HMonellcTBHe. CnenyeT, on 

O'I'&Hb ORH3KHMH K TOMy, '!'TO 
TO 

Kllpa ¢QT03MYllbCBB Ga 



·TseHHbtil xapaKTep nocT poen

,rx . OWH60K B peayn bT8 T bl K8C

HR y rnos npu nepex one K na

·n p enenennl! s CHCTeMe n eHT pa 

OB, pOlKA810tnliXCli B Heynpy
/ 1 ~2(V I 

lrpaMMbl 1 B3 51 T b19 H3 pa6oT • 

H rr- N B38HMOil9llcT-

'81IbB bi X .08HH btX, RCITOnb30B8-

, x o powo corn acyeTCSI c onw

pu 6 onbmH x a aeprHliX nonaa

B o6n 8CTll 0'19Hb M8Hb!X yr-

'Cli ae 0'19Hb C Y!ll8 CTB9HHb! M , 

38HftbiX qaCTHU8MH oqeab B bi -

a, ll9TBRL Hbl9 CBI!l9HIIli 0 6 yr -

H blX CTOnK HOBe HHSIX 3H8qHT9n b-

t a nep rB fi , npu O'l9Hb B o!CO

Opbl p e nliTHBHCT CKH X npeo6 p a -

! COCTOSIHHSI SI BnSIIDTCSI CT 8 THC-

RHlK9HH9 npe llCT 8 BRII9TCII 

8li 3 8BHCHMOCTb B38.HMOA9 ll -

:'IHCR9HIIll 3KCR9piiM9 HT 8 nL-

9M9HT8 pHbiX 'l8CTHll npH H9-

BHCIIMOCT b , 6btnH ycpeAH9Hbl 

nrronaranocb, qTo nonoBHHa 

3 8 pSI>KeHRbi MH qaCTHU8MH . 

I B OAHHR8AUBTL HHT 9pBan o B : 

'as. 

II '!acTun, nony 'I9HRbte y cpen -

H biMH. 

C BHyT pH11A9pHbl M H HYKROH8-

R.apa , ucnonb3os anoch aaa-

'TH C9 'l9HHR p 8 CCM8Tp 11BB-

nucL Jt8Jt uenpepbtBaw e ljlyaJtnRH aaeprau, Ce'leaae pacceSisHSI c nepea apSIAKoll u sKn10 -

'18ROCL B C9'19HH9 U .£ , TBK lt8K 3H8JCR 3Jt9KTpB'I9CKOI"O 3 8pliA8 '18CTRU H9 p 83RH'I8 RHCb, 

B o6nac-ru T > 20 raa C9'19HBli B 3 8BMOA91l.CTBH li C'IBT8RHCL ITOCTOliHHblMB: 

U t(IIIN> • 39,5 M6, 

Ut (rrN) • 24 M 6 , 

"Jo (NN)• 32,5 M 6 , 

U
10 

(rrN) a 20 M 6 , 

III . Me-ron pac'leTa 

U 
0

fi,NN)a7 M6, 

u.f(rrN) = 4 M 6 . 

Bee Bht'IHcne BHH Bblnonaeaw aa a nexcrpoaaol! C '!eTaol! Maw u a e M-20 MaTOAOM Mos Te-

Kapno c y'leToM penHTBBBCTcJto i! Tpe xMepaol! KHaeMaTBJCB, B o6rnux qepTax npuMen uamaSic H 

cxeMa p8C'I9TOB Obln8 TOil JKe, 'ITO H B p a 6 oTe
131

• npu 3TOM AnH KBlKAOll B3 pOA HBlliHXCH B 

aeynpyrHX BayTPHHA9pHblX CTOITKHOB9HBHX THlK9R blX H n e rJtHX 'IBCTHll (aa HCKR10'19HII8M nu-

AHpy10tn91"0 BYJCROB8) p83bll"pblBBR8CL aaepr HH H yron B btn9T8 8 , nnli nHAHp y JOtn91"0 

HYJtnoaa aaepruH onpenenHnac., no ljlopMyne ( 2), a yron a wneTa 8 f p aaLrrpbt a a ncH xax a 

A ITII BCeX npyrRX '18CTHD, 

Cpenaee '!Reno poJKAaJOmBXCH '18CTRU D H Cp9AH98 'IBCITO TSilK9RblX 'l8CTHll D h 

Bhl'IBCnHnocL no npaaanaM, YJtaaasBhiM B npenhlAYmeM napa rpaljle, B TOM cny q a e, Korna 

OABO H.JIH o6a 3THX 'IHCIT8 OK83blBBnHCL npo6BWMH, T,e, 

0 
• ( 

0 
) nenoe + !!. ) + !!. 

nenoe h 

p83hll"pblB8niiCL C BeC8MH 1 p8BBWMH COOTB9TCTB911.HO 

H 

JtSXHe 6 n a JKall.ruue nenwe 'IRena cnen yeT a w 6paTh ( c aeno cTa TKOM a~a c 113 6 btTXOM ). 

qucno p o JKAaJOmHxc n lr -M930BOB nonaranOCL paBBbtM 

D lr • ( D ) - ( D 
6nuJKal!ruee nenoe · h ) 6 nuJKailruee nenoe. 

nn11 o69CR8'19HBH AOCT8TO'IHOi! CT8THCTHXH npH K8lKAOM 3HB'I9HBH 3 H9pi"BB n epBH'IHOI"O 

RYJCITOBB T paCC'IHTWBBnOCb OKOITO 400 BHyTpB11A9pHbl X X8CK8AOB, 

8o BC9X cny'IBIIX, KOI"A8 p8CC'IBTblBBITOCb B38HMOA9HCTBH9 C ljloT0 3MYRI>CH9il, n p e n aa

pBT9RbBO p83btrpWBBROCL 0 C KaKOil RAepsoi! KOMITOR9HTOi! ljlOT0 3MYRI>CHH n poHCXOA HT A8HH09 

aaanMoneilcTBBe. CnenyeT, onaaxo, oTMeTHTI>, 'ITO p eaynhTBTbt pacqeToB OKB3 bt BBJOT C R 

o'leHL 6nuaJtHMH 1t ToMy, 'ITO nony'laeTCH npn senocp enc TaennoM paccMoTpe auu cpennero 
TO 

IIApa ljloToaMyrrbCBH Ga 

9 



IV . PeaynbTSTbt pac>teToB. Cpaaaeaae c axcnepaMeHTOM 

Ce>teaa 11 ayxnoa-~tnepahlx aaaaMonellcTBHll. Bbt'lllcneaabte MeTo.uoM 

MoaTe-Kapno c e qeHHH peaKUHH u, a ceqeaaH ynpyrax aena¢paxu noaahtX c eqeaal! 

t1 
nd 

ll Up9.U91IBX CTBTHCTH'teCKHX OIUH60K pBC'IeTa OKB3b!BBJOTCH He 3BBHCHIUBMH OT 3Hep-

rHH aaneTaJOmero ayKnoaa B xopomo cornacyJOTCR c peay1IhTBTBMH pacqeToB no onTB'Iecxol! 

Mo.ue1Ill. 3To BHnao, HanpBMep, B3 Ta6m<nht 1, rne npHaeneabl peaynhTBTht pacqeToB nn11 
TO 

cpenaero H.upa ¢oT03MY1IbCBH Ga UpK Tpex pB31IH'IHb!X 3H9prBliX. 

H eaaBHCBMOCTb ayxnon-s~.uepHbiX ceqeaul! OT aaepraa iiBIUieTcsr npHMbiM cnencT5HeM 

npennono~eHHH o nocTOHHCTBe ceqeHHA N -N B rr -N B3BBMO.U9l!CTBHll B 061IBCTB Bbl-

coxux aaeprull . 

Bbt'IBc neHHbte aaaqeaaH u, cornacy10TCSI C OUe1:1K8M'H 1 nonyqeHHbtMH B3 3KCIISpH-

M9HTB1IbHbiX cpe.UKHX npo"tierOB KOCMH'19 CKHX npOTOHOB B ¢oT03MY1IbCHH, O.UHBKO OIIIB6KH H3-

M9peanl! B aTOM c nyqae oqeab aenHKB (eM. Ta6nnny 2). 

KaK n B o6naCTB ycxopuTenbHbtX aaeprn ll, ceqeaue and COCTBBnlleT npR61IH3HTe1Ib-

ao 40% OT ce>teRHll 'IHCTO .ua¢paxunoaaoro paccesransr aa Hnpe (nocne.uaee Bbt'IBCnsrnoch c 

UOMOIUbJO OUTK'IeCKOJ! MO.UenH). 

n onaoe ceqeaae B3BBMo.uel!cTBHll xocMR'Iecxoro ayxnoaa co cpe.uaaM H.UpoM ¢oToaMynh

caa cocTBB1Ili9T oxono o.uaoro 6apaa. 

AaanorH'IHbte peaynhTBTbl nonyqeHbi .U1Ill nerxax H.Uep 
1~ 

c H 
~T 

A 

B ee 3TH peaynhTBTbt onpenenHJOTCll c eqeauHMH ynpyroro a aeynpyroro N- N cTonx

aoaeaa ll B srnpe H ae 3BBHCHT OT .U9T S1IbHblX npe.UU01IOJK9BBll 0 MeXaHH3Me BRyTpHH.Uepaoro 

KBCKB.UB. 

MaoJKe c TaeaaocTb po>K.URJOIURXCH qacTHU. TeopeTH'Iecxae a axcnepHMea-

TB.nbH bie 3H8"leHHR CpenaeA MHO>KeCTBe'iHOCTH pO>KAB.IOIUH XC H nHBHeBbJX H K8CK8JlHblX "18CTHU 

x/ 
npnaeneabt B Ta6nnuax 3 H 4 • 

TeopeTaqecxne aaaqeaHH, xopolllo cornacyJO!IIBecsr c onhtTOM ·a o 6n acTH ycKopaTenbHb!X 

17 8/ 
3ReprHl! ( CM. 1 

) 
1 

B .UB1IbH9llllleM B03paCTBJOT 3HB'II!Te1IbHO 6btCTpee 3KCUepHMeHTB1IbHbtX. 

3 aepreTH'IeCKBll 3BBHCHMOCTb pBC'I9TROJ! MHO>KeCTBaHHOCTH pO~RJO!IIHXCSI 'IBCTHU npH 

T :i: 100 faB OCTBeTcsr npH61IH3BTe1IbHO TBKOll JKe, KBK H .U1ISI yCKOpHT91IbHb!X aaepral! . B 

'lB.CTROCTB 1 ttHcno nHaaeBhiX q acTHil o • • T rne m • 0,6 • 3xcnepHMeHTan&HaR aaBH-

CHMOCTb n 8 ( T) COOTBeTCTByeT UOKB3BT91IJO m • ~ H 61IH3KB K TOMy, 'ITO aa6-

nJOnaeTCH nn11 cnyqasr N - N CT01IKHOB9HHll. 

x/3necb" aea.ue nanee nanexcaMH H g Mbl 6yneM OTMe"'B.Tb BenHtfHHbi 1 OT-

H OCSIWHeCSl COOTBeTC TBeHHO K nHBHeBbiM H K8CK8llHbiM tt8CTHUBM. KpHTepHH OT 60p8 T8KHX 

'IBCTIIU CM., HBllpHMep, B pa60TBX/ 3,21 / • 

10 

npn 3HeprHHX1 601Ibllll!X 

3KCIIepHMeHT8nbHblMH 3H81.1eHH 

ero He1Ib3SI YCTpaHHTb HHKBKH 

3KCUepHMeHTB1IbHbiX .UBHHbiX 11 

npii'IIIHB CT01Ib Cli1IbHOrC 

B TOM 1 tfTO KHHeTHtfeCK8H S He 

KBCKB.UB yMeHbiiiB9TCSI .UOB01IbJ 

npu xa~oM nocne.uytomeM He; 

srnpa o6paayeTcll 6onbllloe xon 

Ecna He yqHTbiBBTb BK1II 

tJBCTHU OK83biB89TCSI nOBOnbHC 

TeOpllll .UBeT HeCK01IbKO 3BBb!U 

B o6nacTH ycxopuTenhHb 

110 OT1IH'IBIOTCH OT CBOliCTB np 

1IH.UHpyJOIUel! 'IBCTHUbl ( B npen• 

UpBKTH'IaCKH He OT1IH'IBeTCSI 0 

IIIHBBHIISI 3HeprHH M9>KllY BCeM 

H lr- N CTOnKHOB9HHA. 

HeaaaacaMo OT npennonc 

B COOTBeTCTBHH C 3KCnepHMeH 

3HepreTa'tecxae c 

npaaeneHbt Bht'IHCneHHbie H aa 

'leCKOl! ·SHeprHH pO>K.UBJOWHXCSI 

HeTH'tecxasr aHeprHH 1IHBHeBbi> 

HOrO HyK1IOHS H 3HH'IHTe1IbHO 

6opoT, KHHeTnqecxasr aHeprHll 

poxol! o6naCTH Tw(I0-1 

MHIIIeHH. 

Tax xax nannpyJO!IIBH qa 

rHH nepBHttHOrO HyKnOH8 1 TO t 

Me>K.uy axcnepaMeHTd1Ibf 

MecTo 3HattHTenbHoe pacxo~• 

cpenHax queen 4 0 

TeopeTnqecxaH aenH'IHHE 

'• = 120 + 12 M aa H 

PacnpeneneHne n o 

naJOUlHXCSI .nHBH9BbiX H KBCKan 

'teCKH He 3BBHCliT OT 3HeprHH 



teHTOM 

Bbi'IHCneaabie MeTOllOM 

~aa¢paxnaoHHhiX c eqeaal! 

!l~TCSI H9 3 a BHCSIIUIIMH OT 3Rep

BMH paC'19TOB no onTH'I9 CKOl! 

pe3ynbT8 Tbl paC'I9TOB 

prnHx. 

reTCH npSIMblM Cn9 llCTBHeM 

aMoael!cTBHll B o6n acTH Bhi-

nonyqeaHbiMH 113 sxcnepa

•ynhCHH, Ol!H8KO OIUH6KH H3-

COC T aBnS!eT npa6nH3HTenb

( nocneaaee Bhi'IHCnHnocb c 

:o Cp9l!HHM HllpOM <jloT09Mynh-

2T 
H A 

a aeynpyroro N- N c Tonx

MexaaH3Me BHyTpHS!ll9pROrO 

peTH'I9 CKH9 H 3KCn9pHM9H-

.HeBbiX H K8CK8Jl.HbiX 't18CTHU 

lM ·s o6nacTH ycxopnTenbHbiX 

>lCTpee 3 KCnepHMeHTBnbH bi X. 

[la~IUHXCSI 'laCTHU npH 

ycxopaTenbRbiX 3Heprnll. B 

3KCnepHMeHTanbH8H 38BH -

6nH3Ka K TOMy, 'ITO aa6-

OTMeqaTb BenHtJHHbl 1 OT

KpHTepHH OT6opa T aKHX 

npH 9HeprHHX, 6onhWHX HeCKOnbKHX l!eCSITKOB f3B, pa3n!I'UI9 M9lKllY paC'I9THbiMll H 

3KCnepHM9HTanbHbiMH 3Ha'leHHSIMH 
t. ± 

n .. H OK83biB8eTCSI HaCTOnhKO 6onbWHM, 'ITO 

ero H9nb3SI ycTpaHHTb HHKaKHM pa3yMHbiM BapbHpOBaHHeM l!CnOnb3 0BaHHbiX llpH paC'IeTaX 

3KCnepaMeHTBnbHbiX aaHHbiX no BbiCOK0 3 aepreTH'IeCKHM N-N H rr- N B3aHMOllellcTBHSIM. 

npH'IHHa CTOnb CHnbHOrO paCXOlKll9HHSI M9lKllY 3KCnepHM9HTOM H TeOpHell 3aKn~'la9TCSI 

B TOM, 'ITO KHH9TH'19CKaSI 3HeprHSI nHl!Hpy~IUell '!aCTHUbi no Mepe pa3BHTHSI BHyTpHSillepaoro 

KaCKalla yM9HbiUaeTCSI llOBOnbHO M9lln9HP.0 0 6naroaapSI '19MY He TOnbKO npH nepBOM, HO H 

npH KalKl!OM nocneayiOIU9M HeynpyrOM B3aHMOll9liCTBHH nHl!Hpy~IUell '!aCTHUbl C HyKnOHOM 

Sll!pa o6pa3y6TCSI 6onbWOe KOnH'!9CTBO BTOpH'IHbiX '!aCTHU. 

Ecna ae y'IHThiBaTh sxnaa naaapy~mel! qacTHUhi, TO cpeaaee '!Reno polKaa~IUHXCSI 

'!aCTHU OK83biBa9TCSI llOBOnbHO 6nH3KHM K 9KCnepHM9HTanbHOMy, Ol!HaKo H B 9 TOM cnyqae 

19,101 
TeOpHSI naeT H9CKOnbKO 38BbJWeHHbie 3H8tteHHH • 

B o6nacTH ycxopHTenbHhiX 3HeprHll csollcTBa nHaHpy~well 'laCTHUhi cpaBHHTenbHO Ma

no OTnH'!a~CSI OT CBOl!CTB apyrax BTOpH'IHbiX qaCTHU, H BHY TPHSill9pHbill KaCKall C y'leTOM 

nHl!Hpy~IUel! '!aCTHUbl ( B npeaenax OIUH60K H3MepeHHll H CT8THCTH'I9CKHX OWH60K pacqeTa) 

npaKTH'IeCKH ae oTnH'!aeTcH OT- xacxaaa, pacc'IHTaaaoro B npeanonolKeHHH nonaoro pa3Me

WHBaHHSI saeprHH M6lKllY BC9MH '18CTHUaMH, o6pa3y~IUHMHCSI nocne aeynpyroro N - N 

H lr - N CTOnKHOB9HHll. 

He3aBHCHMO oT npeanonolKeHHll o ponH nHaHpy~mel! 'laCTHUhi xacxaaa bi e g -'laCTHUbl 

B COOTB9TCTBHH C 9KCll6pHM9HTOM llO'ITH uenHKOM COCTOSIT H3 HyKnOHOB. 

3aepreTH'I9CKHe cneKTpbl pOlKll8~IUHXCSI '!aCTHU. 113 Ta6nHUbl 5, rae 

npHB9ll9Hbl Bbl'IHCn9HHbl9 H H3BeCTHbl9 HaM 3KCnepHM9HTanbHbl9 3Ha'I9HHSI cpeaael! KHH9TH

'19CKOll -saeprHH po)f(l!a~mnxcg '!aCTHU, H H3 rHcTorpaMM pHc. I BHl!Ho, 'ITO pacqeTaag KH

aeTnqecxaH 3HeprHSI nHBH9BbiX 'laCTHU 6biCTpO B03paCTaeT npH ysenH'I9HHH 3HeprHH nepBH'I

HOrO ayxnoaa H 3Ha'IHTenbHO H3MeHH9TCSI npH nepexoae OT nerKHX x • TSI)f(en biM HllpaM. Hao-

6opoT, KHHeTHtteCK8SI 3HeprHH K8CK8ll.HbiX '18CTHU OCTSeTCH npa KTH'IeCKH llOCTOHHHOA B WH-

3 
pOKOll o6naCTH T • (10- 10 ) fsB H 0'19Hb ·cna6o 38BHCHT OT aTOMHOro HOMepa Slllpa-

MHWeHH. 

Tax xax nHl!Hpy~IUaH qacTnua, BbineTa~IUaSI H3 Hllpa, yaocnT oxono (54 ~ 3)% 3Hep-

rnn nepBH'!Horo ayxnoaa, TO cpeaane 3Ha'leHnSI r • H r' • CyiUeCTB9HHO pa3nH'Ia~TCSI. 

Me)f(l!Y 3KcnepHMeHTdnbHbiMH H TeopeTH'IeCKHMH 3HeprHSIMH nHBHeBbiX 'laCTHU HMeeT 

MecTo aaattHTenbuoe pacxo~enHe, onnaKo 3TO pacxo~nenHe ue cTonh paaHTenbHO, ~aK nnH 

cpennnx qncen a 8 

TeopeTH'IecxaH senH'IHHa 

'• = 120 + 12 M3B H r 0 

r • BeCbM8 6nH3K8 K 3KCnepHMeHT8nbHblM 3 H8'1eHHHM 

170 M3B, nony'leHHbiM B onbiTax npH T=9 n 16f3s
121

-
221 

PacnpeaeneaHe no nonepe'IHOMY HMnynhcy. nonepe'!Hbie HMnynhCbi po)f(

aa~IUHXCSI nHBH9BbiX n xacxal!HbiX 'laCTHU so seeM HHTepsane saeprnll T ~ I f 3 B npaxTH-

'19CKH H9 38BHCSIT OT 3HeprHH nepBH'IHOrO HyKnoHa H OT aTOMHOrO HOMepa Slllpa-MHW9HH. 

II 



CpeaHee 3Ha'!eHHe P l amr nHBHeBbiX '!aCTHU, poJKaaiOmllxcsr s <!>oT03MynbCIIII np11 T = 100, 

500 II 1000 f3B 0 COCTilBnsreT COOTBeTCTBeHHO 0,41 + 0,02; 0,44 ~ 0,02 II 0,49 ~ 0,05 f3s/c; 

ansr K8CK8aHblX '!a CTIIU np11 3TIIX 3HeprHSIX P 4. = 0,35 ~ 0,02; 0,30 ~ 0,02; 0,32 + 0,03fl'lsh. 

flp11 B38HMOael!CTBHH C srapOM yrnepoaa npOTOH8 C 3HeprHel! 100 f3B 

P1• = 0,43 ~ 0,03 f3s/c; P .l • = 0,33 ~ 0,02 f3a/ c. 

Pe3yllbT8Tbi pac'!eToB Hennoxo cornacyiOTCSI c 3KcnepnMenTanbHbiMII aaHHbiMH ( e M. 

pnc. 2). 

Y r no a bi e p a c n pea en e H 11 sr. YacTb nony'!eHHbiX pe3ynbT8TOB npHaeaeHa a TaonH

ue 7 H H8 pHC, 3. 

TeopeTH'!ecKoe pacnpeaeneHHe ansr nHBHeBbiX '!aCTHU Ha pHc. 3 aosonbHO onH3KO K 3Kc

nepHMeHTanhHOMy. BbmeT
4 

KacKaaHbiX qacTHU co 3H8'!11TenbHOl! seposrTHOCTbiO npoHcxoanT 11 

Ha oonbwlle yrnbi 8 > 90°. OaHaKo onbiTHbiX aaHHbiX ansr KacKaaHbiX '!8CTHu npH T> 30 f3B 

B H8CTOSIW99 Bp9MSI ITOK8 H9 HM99TCSI. 

B cnyqae N - N CTOnKHOBeHHll 113 npoCTblX KHHeM8TH'!eCKHX cooopalKeHHA, OCHOB8H

Hb!X H8 npeoGpa3oBaHHSIX flopeHua, cneayeT, 'ITO yron, B KOTOpblil B naoopaTOpHOi! CHCTeMe 

-" BbineTaeT nonoBHHa scex poJKaaiOIUIIXCSI '!8CTIIU, 8~ • T B HyKnoH-sraepHbiX CTOnK-

HoaeHHsrx yobiBaHHe yrna IJ" C pOCTOM 3Hepr11H S!BnsreTCSI oonee MeaneHHblM ( CM. Tao-

n11uy 7). flpH'IIIHa 3Toro 3aKni0'!8eTcsr so snHSJHIIH nocneayiOIUHX cTonKHoaeHHil BHYTPH srapa1 

COOTBeTCTBYIO!UHX MeHbWIIM 3H8'!eHHSIM 3HeprHII T • fl03TOMY IICOOnb30B8HHe COOTHOWe-

HilS! y c • ctg IJ"" ansr onpeaeneHHSI 3HepriiH nepBH'IHOil '18 CTHUbl 0 K8K 3TO aenaeTCSI 

HHOraa B 3KCnepHMeHT8nbHblX paOOT8X 0 MOJKeT npHBeCTH K cymeCTBeHHblM OWHOK8M, 

Ha p11c. 4 yrnOBbie pacnpeaeneHHSI niiBHeBbJX '18CTIIU npeacTaaneHbi K8K <jlyHKUHSJ nepe-

MeHHOI! Jg tgiJ B aTHX pacnpeaeneHHsrx 3aMeTHbi asa ropoa, 'ITO sransreTcsr npsrMbiM cnea-

cTaneM llsyropooro xapaKTepa Hcnonh30B8HHhiX np11 pac'!eTax yrnoBbiX pacnpeaeneHIIil 

'IBCTHU s N - N cTOnKHOBeHHsrx. ITocneaHee xopowo BllaHo 113 p11c. 5, rae noKa3a Ha 3BOniO-

uHsr yrnosoro pacnpeaeneHHsr niiBHeBbiX '18CTHU no Mepe yaenH'IeHHSI '!Hcna BHyTpHsrae pHbiX 

CTonKHOBeHHll. flo Mepe p83BIITIISI BHyTpllsraepHoro KaCKaaa BTOpii'IHble B3aiiMOaeiiCTBIISI pOlK-

aaiOIUHXCSI '18CTIIU crn8JKIIB810T yrnoaoe pacnpeaeneHIIe, fl03TOMY B KOHe'IHOM yrnOBOM pac 

npeaeneHHII nHBHeBblX '18CTHU asyropOOCTb OK83biB8eTCSI 3 Ha'!IITenbHO MeHee 3 8MeTHOA, '!eM 

nmr HcxoaHbiX N - N B3llHMoaeilcTsHII. 

BMecTe c TeM cneayeT noaqepKHYTb, 'ITO yrnoBbie pacnpeaeneHHSI 'IBCTHU s N - N 

CTOnKHOBeHHSIX npH T > 30 f3B 1!3BeCTHbl nnOXO H I!X B8pbl!pOB8HHe BeCbM8 CyiUeCTBeH

HO CK83bJBaeTcsr Ha <jlopMe KpHBbiX Ha p11c. 4,5. B qacTHOCTH, ecn11 ansr 'IBCTHU, poJKaa iOIUHX-

CSI B N- N CTOnKHOBeHHSIX 0 Bb!Op8Tb pacnpeaeneHHSI , oonee KOHUeHTpHpy!OlllHeCSI B oonac -

TSI X IJ '" 0 II 8,. rr 0 TO 3TO npHBOaHT K 3H8 '11!TenbHO oonee SlpKO BblpaJKeHHOII asyrop-

oocTH Ha pHc .4, HO O'!eHb cnaoo cKaJKe Tcsr Ha apyr11x pac'!eTHbiX xapaKTepHCTHKax. 
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I 

Ha rHCTorpaMMax, BbJpaJKE 

HeTo'IHOCTII N - N yrnOBbl X p~ 

npeaenen11srx w ( lg tg IJ) . 

TaKIIM oopa30M, Moaenb f. 

X 8 HH3M8, p8CCM8TpHB89MOrO K 8 

BeCTHbiM 3K C nepHMeHT8nhHbiM Jl 

aeHHOCTH po>KLJ.aJO lllHXCSI ttacTnu ~ 

KOnbKO p83 MeHbWel!, '!eM 3TO 

'!eCKHe X8p8KTepHCTHKII KaCKaal 

uHne, MOJKHO obmo Obi HaaesrTb< 

BYIOIUero B8pbllpoB8HHSI IICnOnb2 

II rr -N B38HMOael!CTBHSIM 

acex cnyqasrx pac'!eTHbie 11 ono 

IUeCTBeHHO pa3nH'I810TCSI, 

TaK KaK 3aBbiWeHHe pacqo 

'18CTHUeil, a yrnOBbie H 3Hepre· 

B38HM009ACTBH SIMH BTOpH1.fHbiX 

sraepHoro B38HMoaellcTBHSJ aonx 

'IHCna '18CTIIU 0 00p83YIOIUHXCSI n 

K T8KOMY CHHJKeHHIO, s " 

BHyTpHS!aepHblM HyKnOHOM nlla ll] 

00p83YIOIUHXCSI BMeCTe C He ll B 

3Heprllsrx poJKaaiOmHecsr '18CTIIU 

TII'!Hb!e B38HMOaeiiCTBHSI npea c · 

cnyqae , Kor.aa ace qacTHUhi, o• 

nee rrornOUl8JOTCSI T8K>Ke O.ll.HH1o. 

nOHHOrO B381!MOaei!CTBHil He OT 

CneayeT OJKHaaTb, 'ITO 3~ 

npeaeneHHil W( Jgtg8 ). 

KacKaaHbie pac'!eTbi c y• 

TOSIIIX99 Bp9MSI BbiiTOnHHlOTC H. 

Mbi onaroaapHbi Ll.l1. 6 



~oTosMyrrbCHH rrpn T = 100, 

"!: 0,02 H 0,49 "!: 0,05 fs!Y'c; 

0,30 "!: 0,02; 0,32 + o,o3reah. 

:ell 100 rss 

iT8rrbHbiMH naHHbtMH ( CM, 

:bTaToa rrpnaeaeHa a Ta6nn-

HC, 3 noBOrrbHO OrrH3KO K 3KC-

'epostTHOCTbJO rrponcxonnT n 

9llHbiX '18CTHU rrpn T> 30 raa 

HX COOOpa>KeHHll, OCHOB8H

btl! B na6opaTopHoll cncTeMe 

B HyKnoH-stnepHbtx cTonK-

5onee MenneHHbtM (eM. Ta6-

CTOrrKHOBeHHli BHyTpH stnpa
1 

' HCflOnb30B8HHe COOTHOWe-

8CTHUblt KBK :3TO aenaeTCSI 

!CTBeHHbtM OWHOKBM, 

:TaBrreHbl KBK ~yHKIIH<t rrepe-

'ITO stBrrsteTcst rrpstMbtM cnen

yrnoBbtX pacrrpeaerreHHli 

•He. 5, rae noKa3aHa 3BOn10-

eHH<t 'IHCIT8 BHyTpHstllepHbiX 

IH'IHbte B38HMOlleliCTBI!<t pOlK-

. B KO!Ie'IIIOM yrrrOBOM pac-

3nbHO M9Hee 38M9THOA, qeM 

ueneHnst 'IBCTHU a N - N 

·poaaHne aecbMa cywecTBeH

cnH llnH "18CTHU, pO>Kll8JOWHX-

OHtleHTpnpyJOwnecst a o6nac

e stpKo Bbtpa>KeHHoll nayrop-

X xapaKTepHCTHKBX, 

f 
I 

Ha rncTorpaMMax, Bbtpa>KeHHbtX a aaancnMOCTn oT () HrrH OT Coo() (cM.pnc,3), 

HeTO'IHOCTH N - N yrnOBbtX pacrrpeneneHnll cKa3btBaJOTCst 3H8 '1HTerrbHO cna6ee , 'leM Ha pac-

rrpenenennstx W ( lg tg {)) . 

V. 3 a K r. 10" e H n e 

TaKnM o6pa3oM, Monenb HyKnoH-stnepHbtx roaHMonellcTsnll Ha ocHose KacKaaHoro Me

xaHH3Ma, paccMaTpnaaeMoro KBK cepnst nayxqacTH'IHbtX B38HMonellcTBIIll, rrpoTnsope'IHT H3-

aecTHbiM sKcrrepnMeHTarrbHbtM naHHbtM, Han6onbwee pacxo>KaeHne nMeeT MecTo nnst MHO>KecT

aeHHOCTH pO>Kn810 IUHXC<t 'IBCTHU, KOTOp8<t B OITbtT8X rrpn T ~ 100 fsa OK83btBaeTC<t B Hec -

KOrrbKO pa3 MeHbwell, 'leM 3TO cnenyeT na Teopnn. llpyr11e 3KcrrepHMeHTarrbHbte 11 TeopeTI!

qecKne xapaKTepHCTHKH K8CK8llHbiX H nnaHeBbtX '18CTHU pa3rrH'I8JOTC<t He TaK cnrrbHO, B rrp><H

unrre, MO>KIIO 6btnO 6bt 11anestTbC<t cornacoaaTb 3TH xapaKTepncTHKH c rroMOWbJO cooTBeTcT -

ByJOIUero B8pbHpOB8HH<I HCITOrrbayeMbtX rrpn pac'leTaX 3KCrrepnMeHT8rrbHbiX ll8HHbtX ITO N- N 

H IT -N roanMonel!cTanstM (a rrpenenax nx 3KcrrepnMeHTarrbHbtX own6oK). OnHaKo ao 

BCeX crry'IB<IX p8C'IeTHbte H OITbiTHbte 3H8'1eHH<t MHO>KeCTBeHHOCTH po>Kn8JOWHXCA '18CTHU Cy-

weCTBeHHO p83rrH'I8JOTC<t. 

TaK KaK aaBbtWeHne pacqeTHoll MHO>KeCTBeHHOCTH cast3aHo a ocHOB>IOM c nnanpy10weA 

'IBCTHuell, a YTrrOBbte " sHepreTn'lecKne pacrrpeneneHnst orrpenenstJOTCst rrpenMywecTBeHHo 

B38HMOnel!CTBH<tMH BTOpH'IHblX 'IBCTHU, TO narrbHellwee yCOBepweHCTBOB8HHe MonenH HyKrrOH

stnepHOrO B38HMoael!cTBHst non>KHO rrpoxonnTb a rrepay10 O'lepeab a HarrpaaneHnn CHH>KeHHst 

'IHCna '18CTHU, o6pa3yJOWHXC<t rrpn BHyTpnstnepHbiX B38HMOllellcTBH<IX nnnnpyJOJUell 'IBCTHUbt, 

K TaKoMy cHn>KeHnJO, a qacTHOCTH, npnaonHT y'leT onHoapeMeHHoro rrornoweHHst onHHM 

BHyTpHstnepHbiM HyKrrOHOM nnnnpy10well '18CTHUbl H ewe HeCKOrrbKHX COITpOBO>Kn8JOWHX '18CTHU, 

o6pa3yJOwnxcst BMecTe c Hell a rrpenbtnyweM N- N CTorrKHoaeHnn. Ti!K KaK rrpn BbtCOKHX 

3HeprH<tX pO>Kn810IUHeC<t 'IBCTHUbl BbtneTBIOT B Y3KHll TerreCHbiii yron, TO TBKHe MHOrO'I8C

TH'IHbte B3anMonellcTBHst rrpencTaanstJOTCst aecbMa aepostTHbtMH 
1 101 

B Kpal!HeM rrpenerrbHOM 

cnyqae, KOrna BC9 "18CTHUbt, o6p830B8BWH9CS1 IIpH B38HMOD9A C TBHH C OLlHHM HyKnOHOM, Jl8-

nee nornOW8JOTCSI T8K>K9 O.ll.HHM HyKnOHOM, X8p8KT9pHCTJfKH HyKnOH-SlJ]9pHoro H HyKnOH-HYK-

ITOHHOrO B38HMOneliCTBHII He OTrrH'IBIOTC<t npyr OT npyra, 

CnenyeT o>KnnaTb, 'ITO aTo rrpnaeneT TaK>Ke K yaerrn'leHHJO nayrop6ocTn yrnoabtX pac

rrpeneneHnli W{lgtg8 ). 

KacKanHbte pacqeTbt c yqeToM MHoro'laCTI!'IHbtx B3BHMonellcTaHll aHyTpn stapa a 11ac -

TOstwee apeMst BbtnOrrH<tiOTC<t, 

Mbt 6naroaap!!bl n.H. 6rrOXI!HUeBy 38 o6cy>KneHne rrony'lei!HbiX pe3yrrbTBTOB. 
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Ta6nHua 

Ce<~eHH!I B3BHMOilellcTBH!I HyKnoHoB c !lllpOM Ga 
10 

, Bbi'IHcneHHbie MeToaoM 
MoHTe-Kapno H no onTH<~ecKoll MoaenH ( nocneaHHe 3Ha<~eHH!I yKa38Hbi s 

CK06KaX) 

T, f 3B o, ,M6 0 nd ,M6 

roo 872 ±. 32 (860) 84 ±. 4 ( 80) 

500 880 ±. 33 (860) 82 .±. 4 ( 80) 

1000 884 ±. 34 (860) 85 .t. 4 ( 80) 

T a 6 n H u a 2 .. 
Ce<~eHH!I HeynpyrHx HyKnoH-!IaepHbiX B3aHMoaellcTBHll, onpeaeneHHbie no 
3KCnepHMeHTanbHOll BenH'IHHe cpellHero npo6era npOTOHOB B ~OT03MynbCHH 

llO Heynpyroro B3aHMOileliCTBH!I 

T, f3B npo6er L , CM u, ,M6 

170 1231 41 ..±. IO 490 +170 
-IOO 

950 ±550 
1241 

39 ± 12 520 +240 
-1.30 

2,8.1031251 22 + 10 
- 6 

940 +360 
-300 

3.103 /25/ 27 + 32 
- 10 

760 +460 
-420 

3,5.1031261 
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T, faa TeopHH 

75 16,2:!:0,9 

100 24,3;&;1,1 

250 46,~,4 

500 71, 7±4,3 
IOOO 95,I:!:9,5 
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Ta5nHua 3 

CpenHee qncno qacTHu, po~aiDWHXCR npn aeynpyrux saaHMoneAcTBHRX rrpoTOHOB 
c <!>oToaMynbCHel! 

TeopHH 

II,B±.0,6 

15,4;t0,8 

31,8±.1,6 

46,6±2,8 
61,3:.t6,1 

± . . I . 
OnblT TeopHll 

II ±. 0,4 
8±0,5 /23/ 12, lil;.O ,6 

12, 9.:tl' a/231 
;128-30 

25 .:t.1,2 

8,8±4,2 33,5.;t2,0 
42,6t4,2 

22,5±..:/
231 

a - rronaoe qucno po>KJlBJOlilHXCSI qacT.Hu, 

± 

TeopHll 

5,5 !. 0,2 

6,3 :.t 0,3 

12,5.t.0,6 

16,8±,1,0 
21,3.t2,1 
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Ta6naua 4 

Cpeaaee qacno qacTHU, po~aa~maxcH npa aeynpyrax saaaMoaeAcTBHHX npoToaos 
12 

c HapoM C npH T= 100 r as 

TeopHH 0 n bi T l 
' 

16,6 ± 0,9 8,81±0,32 1321 q 

I 

. 
7 35+1 0 1331 
' ' ' I 

± 10,5 .±. 0,'3 
/32/ 

D . 5,6±0,2 .. /33/ 4,5±.1 

4,0±.1 /34/ 
I 

D 0 5,3 ±. 0,3 I 
I 

± 2,7.:!: 0,2 •• 
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CpenHRH KHH 9THqecKaH aueprHH qacTHU, po~aroWH XCR npH ueynpyrHx saaHMoaeAcTBHRX 
12 70 

npoToHOB c SI.Op8MH C H Ga 

100 r ae 
c/o 

cu Ga70 
500 rae; c.1o 1000 r ae; 

5,7 .±0,3 3,8 t 0,2 6,5 ± 0,4 10,1 + 0,9 
/29 v 

2,1 ±0,1 1311 1,53+0,07(2,4+0,9; 2,96± 0,02 4,0 + 0, 4 
( 2,9±0,3/ 

63 ± 3 58 + 1,5 260.! 14 590 ;! 60 

o,r6 ± o,o1 0,147 + 0,007 o,14 ± o,o1 o,14 + o,o1 

r . H r -cp9JlHSISI 3HeprHSI BC9X nHBH9BbiX H K8CK8.llHbiX 1.f8CTH U 1 • 
r ~ -cp9JlH SI SI 3H9prHSI n HBH9B bl X tt8CTHU 38 Bb1\f9TOM flH.OHpyJOIU9A 1.f8CTHU bl, 

'f - aueprHSI nHLlHpyrollleA tt8CTHUb11 
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T a 6 n H u a 6 

CpellHHH nonepelfHLzii HMnynbc nHBHe BbiX tta CTHU, po>Ka a. JOWii XCH npH soauM one Hc TBHH 

c RU~O MH q~T03MynbCHH KOC MHqec KHX q8CTHU c aHeprKe A T = (1 0 - 105 ) f a a 

x / 

T, f a a pl' f aa/c 

IrY+Icf O, 4I i O,I3
1351 

/35/ x) 
0,8 .!:. O,I 135/ 
o 5 + 0 I x) 

250 . ' - ' /23/ 
0,3 ±. O,I 

ro .;. roo 0,4 ±. O,I /36/ 

Teope THqecKo e 3HaqeHHe npH T ~ 1000 f a a, 

p l G (0,49 ~ 0,05) faa/c 

TpH npHaene HHbiX 3 HaqeHHll P l nonyqeHbi pa3nHqHbiMll 

3 KC nepHM e HT8 11bHbiMJ;I MeTO.ll8MH. 
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BCeX nHBHeBbiX HnH KBCKBAHhlX '18CTHU0 o6pa3yiOIIlHXCSI npH B38HMOAeACTBHSIX npoTOHB C 

12 70 
<IApBMH C H Ga 

100 rsa TO - - 500 rsa; Ga 1000 rsa; 
12 c.'o c 

9,3 ±. 0,5 II,5±0,6 5,1 ±.. 0,3 4,0±. O,J 

52 ;!:; J 51,5±2,0 53 j-_ 3,2 53.± 6 
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P H c. 1. PacnpeneneHHe nHBH9BbiX 'l8CTHU, o6paayJOWHXCSI B <jloToaMynhCHH, no senH'lH-
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ToqeqHaSJ KpHBa 
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B ~OT03MynhCHH 1 ITO senHqH

'0 npOTOH8 T = t9go~:3B. 
)8MM8 H3 p860Tbl • 

p H c. 2. 

C12. 
20 T=100G-eV 
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0 ..... .,......._.._ 

20 Ga.'O 
7'=500G-ev 

10 
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20 G-a,.'10 

T=-1000Ge v 
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0 0.5 
PacnpeaeneBue nHBHBBhlX qacTHU no eenuquHe ux nonepeqHoro HMnl.n&ca. 
OyHKTHpoM yKa38Hbl aKcnepHMeHTan&Hhle rHCTorpaMMbl Ha pa6oT/3 ,35/ 
ToqeqHall KPHB811 - aKcnepuMeHTBilbHble aaHHble pa!SoThl
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P H c . 3. Yrnosoe pacnpenen enHe nnsneBbiX qacTHU, o6paayJOIUHXC!I npH saaHMonellcT
BHH npOTOH8 C 3HeprHell 500 ras C ¢QT08MynhCHell, nyHKTHpOM H8HeCeHa 
8KCnepHMeHT8nbH8SI rHCTOrp8MM8 H3 pa60Tb/ 29/ • 
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;THU, o6p83YIOWHXCll npH B38HMO.[leftcT
OT03MynbCHeA. nyHKTHpOM H8H9C9H8 
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P H c . 4. Y r no aoe pacnp eneneaHe nHBHeBbtX qacTHu a 38BHCHMoCTH oT nepeMeaaoA 
X • lgtg/1 . 
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p II C, 5, Yrnoaoe pacnpeaeneHI!e ni!BHeBbiX '18CTHU nocne N BHyTpiiS!Ilep!'d'IX B3811-
Moael!cTBIIA, Bbipa>KeHHoe B nepeMeHHbiX X • lgtg8 • Hapo Ga , 
T = 500 r,s. 
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