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B HaCTO~~ee epeM~ ~MeeTc~ aecbMa no,Qpo6Ha~ 3Kcnep~MeHTanb

Ha~ ~ T€0P€T~4€CK8~ ~H¢OpMa~~~ 0 XapaKT€p~eT~KaX B~COK03Hep

reT~4€CK~X B3a~MOA€HCTB~H HYK110HOB e.~,QpaM~, 4TO noason~eT, 

B 4aCTHOeTH, AOeTSTO'-'IHO TO'-'IHO BbtnonHFITb pa3m1'-'1Hble paC4€Tbl, 

CB~3aHHbl€ C npOXO>K,Q€HHeM ny4KOB 6b!CTpbtX HYK110HOB 4€p€3 B€1L\€CT

BO. Cyll.leCTBeHHO M€Hbwe HaeecTHO o ~AePHblX aaaHMOAeHcTBH~X 

,QeC1Tp0HOB VI a -4aCT~~, XOT~ 3TIII ASHHbl€ TaK>K€ Tpe6ytOTC.R Ail~ 

paanH4H~x .R,QepHo-¢>1113H4eeKIIIX pac4eToe. Heo6xoA~Mbte eee,QeHIII~ o 

Heynpyr~X B3a~MO,QeC1eTBHFIX ,Q€C1Tp0HOB Ill a -4aeTIIt~ eeC148C MO>KHO 

nony4111Tb 11111Wb e nOMOIL\biO KaeKS,QHO-~cnap~TenbHOC1 MO,Q€nH. 

KaK noKa38nH paeLJeTbl MHOr~X SBTOPOB /eM. pa6oTbl /1· 51, r,Qe 

MO>KHO H8C1TH ,Q811bH€14WytO 6~~t611HOrpa¢HtO/, KaCKa,QHO-Hcnap~TenbHa~ 

MO,Q€11b, ,QOn011H€HHS~ ¢oHrOBeK\.1M M€XaH\.13MOM BbiCOK03HepreTIII'-'I€CKO

ro A€11eH\.1FI, xopowo corna.eye:r,e~ c ~~tsaecTHblMH 3Kenep\.1M€HTanbHbtMIII 

,QSHHbiM\.1 no H€YilPYn1M ~A€PHbiM B3aiiiMO,Qei1eTBIII~M B WlltpOKOC1 o6naen1 

3Hepr\.1C1 HSJ1€TSIOIL\\.1X 4aeT\.1~ T - np\.16J1\113111T€JlbHO OT COTHIII M3B 111, 

no Kpa14He14 Mepe, AO H€eK011bK\IIX r3B/HyKnOH *. 
UenbtO HaweC1 cTaTbllt RBnReTCR Bbl.ReHeH~e aae~~te~~tMOCTIII epe,QHIIIX 

xapaKTepHeTIIIK HeynpyrlltX B3S\.1MO,QeC1CTBIIII4 OT THna HaneTSIOIL\eH 

4aeTH~bl. KaK Mbl Ya~~tAHM HH>~<e, a enr'-'!ae e3aHMOAeC1eTBH~ ner4aC1-

w~~tx .R,Qep C Tft>KenbtM\.1 VI epe,QHIIIM\.1 ft,QpSMIII 3TH xapSKTepHCTIIIK\11 - MHO

>KeCTBeHHOeTb BTOP\114Hb!X 4aent~ pa3nllt4HbiX COpTOB, VIX epe,QHIII€ 

yrilOBbt€ \II 3HepreTIII4etKHe pacnpe,Qe11€:HH.R, MaCCl?Bbl€ _VI 3S~.R,Q08bt€ 

cneKTPbl OeTaT04HbiX .R,Q€P Ill ,Qci>Ke ,Qem1MOCTb .RA€P, T • e. T€ 8€!l\114H

Hbl, KOTOPbl€ Ha~6011ee BS}I(Hbt np\11 pae4eTaX pa,QHa~\IIOHHOH 3SIL\111Tbt, 

HaKonneH\IIR none3HbtX ~aoTonoa ~ AnR APYrHx aHanorH4HbiX aa,Qa4 

/eM., Hanpi-1Mep, /7·91 I -' OKaa~BatOTc.A no4n1 He aae~~tC.AIL\HMH oT TH

na HaJleTatO~eH 4aeTH'-'bt H ripaKTIIt4€CKV1 eo8na,QSIOT e eOOTB€TCTBytO

Il\V1MH Be1111tl.!HHa·li1H ,Qil.R HyKn6H-.R,Q€PHbiX B38'111MO,Q€;~CTBII1i1 /npll1 pa~HbiX 
3HeprlllftX· HaJ1eTSt01L\HX. 4aCTII1t:t/ o 3To n03BOil.A€T HenO.nb30:aa·Tb y)f(e 

vtM€101l\Hec.R ,Q8HHbte V1 ·B p.R,Qe en'y4aee yn·p'oeTvtTb Bbt4HCneH~~t'.R '/anro

pvtTM ·KaeKa,QHblX pael.feT68 ,QJl.R ,QeC1TpOHOB Ill Q;-4SCTIII~ 6onee CJ10}1(€H·~ 

4eM A11.R HYKilOHo8/3 'l·. 3aMeTHble paa.ri~~t4H.R npo.R.anRIOTC.R. nHWb eo 

B3S~MO,Q€i1CTBH.AX C '.nerKHMH .A,QPSMH, nplll MaeeOBblX -~J.o1C11SX A'S. 30. 

* MbJ He 6yAeM paeeMaTp~~tBaTb o6naeTb 6onbW111X 3Hepr~~tH, rAe 

eHTya~Hfl 'MeHee .ACHS 111 A11.R COr118COBSHI-1ft C 3KCnepHM€HTOM He66-

XO,El,HMO>f..1Cn011b30B-a1''b aHa4~~tTe.n·bHO 6onee c.nomHY\0 KScKaAHY\0 Mo

Ae.nb Is(. 
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~Hc.l. CpeAHee 't!Hcno qacTH~, o6pa3yw~xcH B HeynpyroM 
B3aHMO~e~CTBHH ppOTOHOB /KpHBMe/, ~eHTpOHOB /3Ha'tiKH 
0 H jj.f H a -qaCTHIJ; /3Ha't1KH • H '- I c rr.n;poM 238 U rrpH 
3HeprHH T. YKa3aHbi cTaTHCTH'tleCKHe rrorpemHOCTH pacqeToB. 

Bee np~aeAeHH~e HH*e AaHH~e nony4eH~ c noMo~b~ MOAenHBHYTpHRAepHYX KaCKaAOB, Y4HTYBa~~eH H3MeHeHHe CBOHCTB RApa-MHWeHH B pe3yJ1bTaTe BY6HBaHHR era HYK110HOB naBHHOH KaCKaAHYX 4aCTH~ /eM. 12•31! . .LleneHHe aoa6y}f(,QeHHbiX RAep, ocTaKMLV1XCR nocne KacKaA-HoH CTaAHH npo~ecca, paccMaTpHaanocb MeTOAOM, on~-tCaHHYM s pa-6oTax 1 4• 101 • · 
Ha pHc. 1 Ha npHMepe RAPa ypaHa Hnn~cTpHpyeTCR cTeneHb HH

sap~-taHTHOCTH CPeAHeH MHomeCTBeHHOCTH aapR*eHHYX H HeHTpaJlbHYX 
4aCTf.11..1 K ntny ·HaneTaiO~.qeH 4acTH~bl a cny4ae TR>Kenbfx RAep-MHwe
HeH, KorAa cy~eCTBeHHY~ ponb HrpaeT npo~ecc BbfCOK03HepreTH~ecKoro AeneHHR. EcnH orpaHH4HTbCR 5%-npo~eHTHO~ T04HOCTb~, K6K 3TO o6bf4HO AenaeTcR npH MoHTe-KapnoscKHX pac4eTax BHYTPHR~p
HbiX H Me>KRAePHbfX K6CK6AOB, TO 3H64HTeflbHbiX OTKflOHeHHH He 36MeTHO A6>Ke H6 rpaHH~e npHMeHHMOCTH K6CK6AHOH MOAenH, npH 3HeprHRX T nOPRAKa AecRTKOB M3B. To me caMoe MO>KHO cKaaaTb o6 yrnoeblx H 3HepreTH4eCKHX pacnpeAeneHHRX K8CKaAHbiX 46CTH~ /K6K B cpeAHeM, TaK H B OTAeflbHOCTH AnR 3apR~eHHO~ H HeHTpanbHOH KOMnoHeHT/. 

nocne K6CK6AHOH CT6AHH B36HMOAeHCTBHR B 3TOM Cfly4ae OCTa~T
CR RAPS, 06n6A6~He, 6e30THOCHTenbHO K.JHny HSneTa~~e~ 48CTH
~bl, n04TH OAHH6KOBbiMH CpeAHHMH 3H84eHHRMH MSCCOSOrO H 38PRAOBO-
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P~c.2. Cpe.n.Hae 33PHAOEOe H MaccoBoe qHcna ocTaToqaoro 

H)J,pa TIOCne KaCKa)J,HOii: CT3)J,HH B33HMO)J,€HCTBHH. HCXO,[l;HO€ 

H,upo - 238 u ,T- 3HeprH.H 6oM6ap.oHpyiOm:eH -qacni:Qbl. KpHBbte 

B33HMO.Il€iiCTBlUI C TipOTOH3MH, 3H31.IK3MH e H X H3H€C€Hbl co

OTBeTCTB€HHO )J,3HHbl€ AJlH B33HMOp;eHCTBHii: C p;eH:TpOH3MH 

H a -qacn{lleH. YKa3aHbl CTaTHCTH1.{€CKH€ norpeiDHOCTH pac-qe

TOB. 

ro ~~cen ~ npaKT~~ecK~ O,QHO~ ~ TO~ me 3Hepr~eH soa6ymAeH~fl 

/p~c. 2, 3/. no3TOMY H€ TOJlbKO CBOHCTBa BbiCOK03HepreTYJ4€CKHX, 

KSCKaAHbiX 4aCn1U, HO YJ CBOHCTBa 4aCntU Ma.J:lbiX 3Heprll!~, BbiJ1€T310-

ll.\HX 8 npouecce pacna,Qa OCT3TOt..IHbiX fi,Qep, OKS3b1BatoTCR 04€Hb 

6m13KHMYJ nplll pa3HbiX 3HS4€HIIIRX MaCCbl 60M6ap,QYJpytow,eH 4SCH1Ubl. 

HanpYJM€p, OTHQW€HYJ€ MHOm€CTB€HHOCT€~ 3ap~m€HH~X H H€~Tp3JlbHMX 

43CTHU, p0>t<A310li.\HXC~ np~t~ pacnaAe OCT3T04HbiX ~AeP, KOTOpble o6-

pa3oean~t~Cb 8 HeynpyrHX CTOJlKHOBeHH~X P+ 23Bu "'a+ 238unpH T = 

=1 r3B, <n+>a/<n+> =1,0±0,1, <n >a/<n >p=1,1±0,1. npaKTH-

- - p n n 

4eCKH 0AHH3K08bl T3K>t<€ COOTB€TCTBYIOU\H€ yrnOBbl€ J..1 3HepreTH4eC-

KH€ pacnpeA€Jl€HJ..1~ pacnaAHbiX 43CTHU • 

He 3aBHC~U4€~ OT CBO~CTB H8Jl€T8IOU4€i:1 48CTHUbl OK33bi83€TC~ H Ae

IlHMOCTb ~Apa af/ain /eM. Ta611. 1/, XOTR B OTA€J1bHOCT\11 C€4eHHe 

Ae11eHHR a f 1-1 ce4eHV1e Heynpyroro B38HMOAei:1cTBHR a in cytl4eCTBeHHO 

eo3pacTaiOT npH nepexoAe K 6onee Tm+<eJlbiM HaneTaiOU\HM 4acn1uaM. 
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Pac.3. CpeAHHH 3Hepra.s:~: B035~eHHH ocTaTO~Horo H~pa rrocne KacKa,~J;HOH CTaAHH B3aHMO,D;eHcTBHH. Bee 0603Ha~eHHH, KaK Ha pHCo 2. 

AHa.non1l4HO B€,QYT ce6.A xapaKT€PVICTI-1KVI BTOpH4HbiX 4aCT"'4 H OCTaTOL4HbiX .R,Qep 8 Cllyl.4ae B3aVIMO,Q€~CTBr.1iiJ C .A,QPaMVI cpe,QHero aTOMHOro eeca. 3TO BH,QHO, 8 4aCTHOCTH, 1-13 Ta6.n. 2, r,Qe B Ka-4€CTB€ npHMepa npVIB€,Q€Ha MHQ)I{€CT8€HHOCTb. 4aCTVIL\ ,Qil.A B3aHMO,Qei:1CTBVIt1 co cpeAHJ..1M .AAPOM $OT03MYilbCHH 
70 'Ga. DTHoweHHe 4Hcen 3ap.A}f{€HHbiX VI H€i1TpaJlbHbiX 4aCTJ.1U,, o6paayiOIJ.II-1XCFI 80 B3alt1MO,QeiiiCTBVI-

TaQnm.~;a I 
0THOCHT€JibHaH BeiTH~HHa A~HMOCTH HAeP ypaaa rrpoToHaMH, p;eHTpOHaMH H a -qacTH~aMH c 3HeprHeH T 

ur af ac (a I ) Ddp~ (a-:-)d/(-a· )P, Dap~ (-_-)a/-.- P . 1n m . 0 m a1n CTaTHCTH'tlecKa.s:~: norpemaocTI> pac"tJ:eTa Ll.D =+10% rr~:m, T =0.,5 r3B H +I5% TIPH T ~4 r.B. 
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Ta6m-1:u;a 2 

Cpe,z:r;HHH MHOJKeCTBeHHOCTb HeHTpOHOB <fin> H CYMMapHaH MHO

JKeCTBeHHOCTb BCeX BTOpH~HhlX ~aCTHU <nt>,pOJK,z:r;aromHXCH ITPH 

HeyrrpyrHX B3aHMO~eHCTBHHX TIPOTOHOB, ,z:r;eHTpOHOB H a -~ac
THIJ; C Hp;paMH 70·oa H 14N ITPH T = l f3B 

p d a 

70aa <n > 5,5.:_0,4 5,9.:_0,4 6,2.::_0,4 n 

<nt > 11,5~0,8 II ,6~0,8 12,4~0,9 

14N 
<n > 2, 1.::_0, I 

n 

<n t > 6,6.:_0,5 

.RX C npOTOHOM H a -yaCTHL.J.e~, npH 

<n > /<n > = 1 ,2+0, 1. 5JlH3KHMH n a n p -
reTHYeCKHe pacnpe,QeJleHH.R YaCTHL.J.. 

2,7.::_0,2 2,9.:_0,2 

6,8.::_0,5 7,3.:_0,5 

T=l r3B, <n±>a/<Il_t>P =1, 1~0, 1, 
OKa3biBaiOTC.R yr JlOBble V1 3Hep-

Cna6aR YYBCTBHTeDbHOCTb xapaKTePHCTHK HeynpyrHx e3aHMO,Qe~

CT8H~ K THny HaJleTaiOLl.le~ YaCTHL.J.bl o6yCJ10BJleHa TeM, YTO reOMeT

PHYeCKHe pa3Mepbl 3TO~ YaCTHU,bl 8 HeCKOJlbKO pa3 MeHbWe pa3Mepoe 

A,Qpa-MHWeHH, n03TOMY BKJla,Q ctJparMeHTaU.HOHHbiX KaHaJlOB, KOr,Qa 

YaCTb HYKJlOH08 HaJleTaiOll.lero ,Qe~TPOHa HJll-1 a -YaCTHU, BbiJleTaeT C 

60JlbWO~ 3HeprHe~, He HCnblTaB B3aHMO,Qe~CTBH.R C BHYTPH.R,QepHbiMH 

HYKJlOHaMH, cpaBHHTeJlbHO He3Ha4HTeJleH /K TOMY me MHOmeCTBeH

HOCTb YaCH1LJ, 80 ctJparMeHTaL.J.HOHHbiX KaHaJlaX 3HallHTeJlbH0 MeHbWe 

cpe,QHe~/, H 3HeprH.R, BHOCHMa.R 8 .R,QpO HaJleTaiOLl.le~ 4aCTHU,e~, 
u.enHKOM H.QeT Ha npou.ecc KacKa.QHpoeaHH.R H eoa6ym,QeHHe .R.Qpa

ocTaTKa; YHCJlO 8TOPH4HbiX llaCTHU. H HX CBOHCTBa B 3TOM Cllyllae 

onpe,Qell.RIOTCR He Maccollt HaneTaiOll.leilt YaCTHL.J.bl, a ee 3Heprlt1eilt. 

Cyll.leCTBeHHa.R aaeHCvtMocTb oT THna HaneTatOuteilt YaCTHL.J.bl npo.RBJl.ReT

c.R JlHWb 8 OT.QeJlbHblX KaHanax peaKU.HH /oco6eHHO .QJl.R nep~~;ctJepH
YeCKHX CTOJlKHOBeHH~/. 

~Ha.R KapTHHa HMeeT MeCTO ,QJl.R 83aHMO,Qe~CTBHilt C nerKHMH .R,Qpa

MH, KOr,Qa BKJla,Q ctJparMeHTat.J,HOHH~X KaHaJlOB npeeanHpyeT /HanpH

Mep, npH B3aHMO,QeiltCTBHH ,QeiltTpOHOB VI a -yaCTHU, C .R,QPOM a30Ta 

CelleHHe ctJparMeHTat.J,HH COCTaBJl.ReT OKOJlO 75% Ce4eHH.R HeynpyrHX 

eaaHMO.QeiltcTBH~/. XoT.R cpe,QHRR MHomecTeeHHOCTb eTOpHYH~x YacTHU. 

npH 3TOM VI .He .CJl!IIWKOM CVIJlbHO 3a8HCHT OT MaCCbl HaJleTaiOLl.leilt Yac

THLJ,bl /CM. Ta6n. 2/, pa3JlVI4He .B yrnOBbiX VI 3Hepren1Y€CKHX xa

paKTepHCTI-1KaX 3Hall~t~TeJlbHOe. 

Bee 3TH oco6eHHOCTH HeynpyrHX B3aVIMO,QeiltCTBHilt nerKHX HOHOB 

c .R,QpaMH Henocpe,QCTBeHHO BHAHbl s npou,ecce MOHTe-KapnoecKoro 
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KacKa,QHO-~cnap~TenbHaR MO.Qenb RAePH~x peaK4~~ xopowo npo
eepeHa Ha OnbtTe AI1R HYKJlOH-R,QepHbiX CTOJ1KHOBeHHJ:1. 3KCnep\.1MeH
TaJlbHaR ~H¢0pMa~HR 0 Heynpyr~X CTOJ1KH08€HHRX 8~COK03HepreTH-
4€CK~X ,Qeii!TpOHOB ~ a -4aCTlt14, C KOTOPO~ MO>KHO cpa8Hlt1Tb pe3ynb
TaTbt paC4€TOB, HaMHOrO M€HbW€. npeACTSBJ1R€T HHTepec npoeepHTb 
3KCneplt1M€HTSJlbHO, C KaKoill· TOlfHOCTbtO BbtnOJlHRIOTCR yKa3SHHbl€ 
BbtW€ BbtBOAbl 0 CJla6oi:1 3aBlt1Clt1MOCTlt1 xapaKT€pi-1CTI-1K HeynpyrHX 83a
I-1MOA€iiiCTBHill C TR>K€JlbtMH H Cp€AHI-1MH FI,QpaMH OT THna 6oM6ap,QHpyto
ll.\€il! l!aCTH~bl. 3Kcnepi-1M€HTaJlbHO€ nO,QTB€P)f(.Q€HH€ 3THX BbiBO,QOB 
no3B011HJ10 6bt CYL11€CTB€HHO ynpocTHTb anropHTMbl P03btrpbtWa Heynpy
rHx B3a~MO,Q€"'CTBHi:1 nerKI-!X R,Qep C TR}I{€JlbiM\.1, 4TO J.1M€€T Ba)I(HO€ 
3Ha4eHHe e pac4eTax pa3nH4Hbrx RA€PHO-¢H31-14€CKHX npo4eccoe. 
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