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1. BBE)lEHHE 

HyKJ10H-AA€PHble peaKU,IIIIrf a o6nacnt npoMe>KyTol.!HbtX 3HeprJ.1i:1 

T 05100 M3B nPOAO~a~T np~eneKaTb W\.1pOKOe BH\.1MSH\.1e eoaMo>K

HOCTb~ \.1CCJ1€AOB3Tb RBJ1€HH€ npeApaBHOB€CHOi1 3MMCCHH 4SCT\.1U,. 

MexaH\.13M lrfcnycK3H\.1A 4SCT\.1U, Ha CTaAH\.1 yCTSHOBJ1€HHfl CTSTHCTJ.1-

4€CKOro p3BH0B€C\.1fl B B036Y>KA€HHOH AA€PHOM C\.1CT€M€ 33HHMaeT 

H€KOTOpOe npOMe)!(yT04HO€ nOJ10)1(€Hio1€ M€>KAY npAMbiM\.1 peaKU,HRMH 

\rf pacnaAOM 4epe3 COCTORHHA KOMnayHA-RApa H He CBOAHTCR K Ka

KO~-TO npOCTOiil \.1X KOM6HH3U,H\.1. Pa3BHTH€ npeAPSBHOB€CHOrO noA

XOAS K RA€PHbiM peaKU,\.1RM n03BOillo1Il0 nOHRTb Ba>KHOCTb 3TOrO Me

xaHH3Ma, ero CBfl3b C npoMe>KyT04HOi1 CTPYKTypoH RApa, ASila 

o6'bRCH€Hl.-1e PRAY vtHTepecHbtX <fH·131-14eCKio1X 3¢¢eKToe I eM. o6ao

pbl/1.21 VI U,lriT\IIpyeMyiO 8 HHX Jlt.iiTepaTypy/ o 

Op1-1 cy~ecTey~~eM o6HnH~ MOAeneH npeApaBHOeecHoro pacnaAa, 

6m'13KHX no CBOHM ¢I.H3H4eCKHM npeAnOCblnKaM, npeAn04TMTeJ1bHee 

OK83-b1B8~TCR Te, KOTOpble, 6yAY4H- 'BHyTpeHHe HenpOH1Bope4HBb1MI-1, 

Oni-'!CblBB~T Halo160ilbWY10 COBOKynHOCTb 3-KCnepHMeHT8IlbHb1X ,QBHHbiXo 

60J1bWHHCTBO MOAeneiii npeT€HAY€T Ha OnHCBHH€ IlHWb ¢lOpMbl HHTer

pa.nbHOrO cneKTpa BTOPH4Hb1X 48CT111Lt, npeHMy~eCTB€HHO HYKilOHOBo 

B oTAenbHbJX c.ny~w~aRx paccMaTpHea~TCR ¢YHK~Hiit 
eoa6y)I{AeHHR, e~e 

pe)l{e 06Cy)I{A8~TCR yrJ10Bbl€ pacnpe,a;eneHHR 4aCTI-1!..to 0oc.ne,QHI-1i1 $8KT 

OTp8)1{8€T TPYAHOCTI-1, CBfi38HHbiC CO CTSTHCTH4CCKOi1 ¢0pMynHpOBKOiii 

MOAeneH npeApaeHoeecHoro pacnaAa, HCnOJ1b3Y10~HX npeAnonomeHt.1e 

0 KB83HPaBHOB€CHH, a T8K)I{€ Heo6XOAHMOCTb10 y4eTa npRMbiX Mexa

HH3MOB 06pa30BaHHfl 48CTH!..to 

C APYrOH CTOpOHbl, np1-1 6onee BbiCOKHX 3HepnttfiX MHOrHe xapaK

T€pHCTHK1it peaKt.tHH ycneWHO BOCnpOH3BOARTCR 8 paMKaX KBCKBAHOiii 

MOACil\11/31, 0AHaKO HenocpeACTB€tiHO€ nepeHeCCHHe K8CKBAHO-HCnapH.

TCJ1bHOH MOAenH Ha o6nacTb 3HepntH T0 ~1 00 M3B o6Hapy>KHeaeT 

CY1l.ICCTB€HHbiC KOI1H4€CTBCHHbiC paCXO>I<A€H\IIfl C OObiTOM AI1R. cneKTpanb

Ho-yrnOBbiX pacnpeAeneHHi1 BT0PI't4Hb!X HYKilOHOB /'3·f>/. 

B ABHHoH pa6oTe npeA.nO)I{eHa MoAenb, o6beAHHR10~aR cy1l.lecTeeH

Hbte 4epTb1 KBCKBAHOiii MOACI1H H 3KCHTOHHOrO eapHBHTa MOA€I1H npeA

paeHOB€CHOrO pacnaAao Mbl Ha4H€M C o6cymA€HHR OCHOBHbiX ¢H3H-

4€CKHX npeAnOnomeHL-1.~ 3THX MOA€J1eiii L-1 YCT8HOBJ1CHHR C8fi3H M€>KAY 

3T\IIMH nOAXOABMH., a 3BTCM H3J10)1{HM HaWy KaCKSAH0-3KC\IITOHHy10 MO

,QCJ1b RA€PHb!X peaKU~rtiii o AeTanbHOMy aHanJ.~tay pa3Hoo6pa3HbtX _xapaK

TepJ.~~CTJ.IIK 83SJ.IIMOACiiiCTBHR HYKI10HOB C fiAPBM\.1 6YAYT nOCBR1l.ICHbl OT

A€Ilb Hbte pa6oTbl 0 
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2, nPE/1PABHOBECHbl~ PACnA/1 Ri1EP H BHYTPHR/1EPHbl~ KACKA/1 
4T06bl nOHRTb B3SHMOCBR3b MO,QeJ1ei1 npe,QpSBHOB€CHOrO pacna,Qa R,Qep H BHYTPHR.qepHoro KSCKS,QS, Mbl npOC!l€,QHf.1 KpaTKO $H3t-1li€CKH€ npe,Qn0J10>!<€HJ.1R, KOTOPbl€ npl-1BO,QRT K pS3JU1llHbiM ypaBH€Hl-1RM, Oni-1-CbiBSIO~fiiM penaKCSI...Ilt!OHHbl€ npO!..i€CCbl. 6y,QeM xapaKT€Pl-1308dTb aoa-6y>K,Q€HHYIO R.QepHyiO CI-1CT€MY raMH!lbTOHHaHOM H==H 0 + V, r,Qe H 0 

OTH0Cit1TCR K H€B3aHMO,Q€i1CTBYIO~lt1M R.Q€PHbiM COCTaBJ1RIOIJ.IV1M. 8bJ6epeM npe,QCTSBJ1€HH€, 8 KOTOpOM H€B03MYIJ.I€HH~R 3H€PrHR ,QHaroHaJ1bHa H0 \Ea> ==EI Ea>, noH!-1MaR no,Q a ace 11HJl€KCbl cocTORHHR, KPOM€ 3H€Pri-1Y1. npe,QnOJlO>KJ.1M, 4TO B03MYut€HVI€ V ,QOCTST04HO MSJlO, 4T06bJ MO}f{HO 6brno npeHe6pe4b H3MeHeHHeM 3Hepnn1 01CTeMbl E. Tor,Qa, HCXO,QR 113 ,QHHSMH4€CKOrO ypaSH€HHR flHyBHJ1nA H HCnODb3yA M€TO,Qbl CTaTHCTH4€CKOI::t MeXaHMKH, MO)f{HQ nOKa3STb, LITO ,qHaroHaflbHbl€ 3fleM€HTbl MaTPHI..\bl nnOTHOCTH P(E ,a, t), HHTepnpeTHpyeMbl€ KSK eepORTHOCTb 06Hapy>K€HHR CI-1CT€Mbl 8 MOM€HT Sp€M€HH t 8 COCTORHVU1 Ea, 6y,qyT y,qo8neTBOPATb MacTep-ypasHeHHIO /6,7 1 *: 

aP(E,a,t)~ ~ [A(Ea,Ea')P(E,a', t)-A(Ea',Ea)P(E,a,t)]. /1/ at ah' 

3,qech coxpaH.R~~aA 3HeprH~ 8epoRTHOCTb nepexo,qa a e,qHHHI..\Y apeMeHH onpe,qefleHa 8 nepBOM nOpA,qKe TeOpHH B03MY~€HHA, 3aBHCA~ero oT apeMeHH: 

A(Ea, Ea') ~~I <EajV I Ea '> 12 cv (E), 1i a 
a MaTpi-14HbiJ1 3fl€M€HT < Ea(V )Ea '> C4HTa€TCR ,QOCTaT04HO rna,qt<O~ ¢YHKI..\H€~ 3Hep-rHH E ; t1h (E) - nflOTHOCTb KOH€4HbJX COCTOAHI-1i1 cHcTeMM. Cne,qyeT_ no,qL!epKHyTb, 4TO ypaeHeHHe /1/ nony4eHO a 

/21 

npe.qnono)f{eHJ.'fl.1 ManocTvt, epeMeHH 11
naMRTH 11 

CHCTeMbl 'mern no cpaa-H€HH~ c xapaKTepHbfM apeMeHeM nepexo,qa -11/A(Ea,Ea'), HO, c ,qpyro~ CTOPOHbl, caMO ypaBH€HH€ /1/ npvtM€HHMO ADA BP€M€H t»li/A(Ea, Ea'). 5naroAaPR ycnOBHIO 'mem «li/A{Ea,Ea') cny-4aJ.1Hbl~ npo1..1ecc, onHcbleaeMbJH ypaaHeHHeM I 1 I, ABll.R€TCR MapKoaCKHM. 8 $H3H4€CKI-1X npHft0)1{€~H.RX 4aCTO nocTyna~T Ha060pOT: noCTYllHPY~T CBOi1CTBO MapKOBOCTH npOI..\€CCa 1-1 cpa3y Bblni-1CbJBaiOT ypaBH€HH€ /1/, RBfl.RIO~eec.R O,QHOJ.1 113 $OPM H3B€CTHOro ypaBH€HH.R Ct-10nyxoacKoro. B pa6oTax 
18•91 

noKa3aHa cnpaee,qnHsocTb ypasH€HHJ.1 T~Koro THna Afl.R onvtcaHH.R nose,qeH1.1.R KOH€4HOi1 .R~epHOJ.1 CHCT€Mbl, KaKOJ.1 .RBfl.R€TC.R aTOMHOe R,QpO. 

* Mbt He o6cy>K,qaeM 3Aecb npo6neMy Ha4anbHbiX H rpaHH4HbtX ycnoeHJ.1, CBR3aHHbiX C B03HI-1KH08€HH€M Heo6paTHMOCTH 8 ypaBH€HHH /1/, CM. OpHrHHaflbHbl€ pa60Tbl /6,7/ 
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Macrep-ypaBHeH~e Ill RBnReTCR MaTeMaT~4eCKO~ OCH080~ 6onb

WOfO Knacca MOAene~ npeAP8BH08eCHOrO pacnaAa*, ~3BeCTH~X nOA 

H83B8HHeM 3KCltlTOHHble MOAenH o B paMK8X 3TltlX MOAene~ COCTOfiHHe 

B036ymAeHHOrO fiAP8 nonHOCTb~ onpeAenReTCR 38,QaH~eM 3HeprHH 

aoa6y>K,QeHHA H 4Hcna aoa6ym,QeHHbiX 48CTHJ..t p "" AbiPOK h I n===p+h-

4ltlCI10 3KCHTOHOBI, TO eCTb a""n. npe,QnonomeHHe, 4TO B CyMMy 

L 8 ypaaHeHHH Ill ,Qa~r aKnaA nHWb 4neH~, orae4a~~He pac-

a=a 

CeAHH~ 3KCHTOHOB, npHBO,QHT K npaBHilY OT60pa npH nepeXO,Q8X 

6.n=0, ±2, 4TO CHJ1bHO ynpoutaer npaeyiO 48CTb ypaBHeHHR 111 o 

HcnonbaoaaHHe rHnorea~ o6 anpHOpHO~ paeHoeepoRTHOCTH acex 

B03MO>KHbiX COCTORHHH CI-1CTeMbl nepeHOCHT 8KJ..teHT B COOTHOWeHHH 

121 Ha paclleT crarHCTH4es_Koro ¢aKTopa w a (E) ; ycpe,QHeHHbli:1 Mar-

pH4Hbllll 3neMeHT Maa'=<Ea \VI Ea'> ot.teHHBaercR ¢eHoMeHonorH-

4eCK!rlo nepexo,QR B ypaaHeHHH I 1 I K npe,QCTaaneHHIO 4HC.eJ1 aanon

HeHHR, a~v1 ,v2 ,.o,,vA, a cl1y4ae paspemeHHOi:1 CYICTeMbl l1-1nH KOpor

KO,QeJI!crayiO~ero nOTeHt.tV~ana B381-1MO,Qe~CTBIIIR Mem,Qy COCT88IlRIOutHMHI 

C y4eTOM JlHWb ABYX48CTH4Hb1X CTOilKHOBeHHJII lrl npeHe6peraR KOppe

IlRJ..tHR~H Me~AY 48CTHJ..t8MH,OOI1Y4HM ypaaHeHHe 60ilb~MaHa B ¢OpMe 

Ym-tHra-YneH6eKa: 

:£[A , <v ><v >(l+El<v >Hl+El<v,>)-
ijk ij-+ kL i k k t. 

/3/ 

-A, . <v ><v, >(l+El<v. >)(l+S<v. >)]. 
kL -totj k L 1 J 

3ra ¢opMa ypaaHeHHR Ha cpe.QHHe 41-icna aanonHeHHR <vi > cny>KHT 

ocHosoH MO,QenH npe,QpaaHoaecHoro pacna,Qa, npe,Qno>KeHHOJII XapnoM

MHnnepoM- 6epHOM 1111 • 

B KI18CCH4eCKOM npe,Qene (0=0) O,QH048CTH4Hble COCTOAH!r!R MO>KHO 

XapaKTepH3088Tb OOilO>KeHHeM r H I-1MnyilbCOM p 48CTHJ..tbl H BBeCTH 

O,QH048CTH4Hyl0 ¢yHKJ..tlo110 pacnpe,QeJleH~A 

<vi>=r<r"1 ,P 1 ,t)d-;1 dPi~ridfidPi. 
6y,QeM C41o1T8Tb CHCTeMy npOCTpaHCTBeHHO-O,QHOpO,QHO~o Y4HTbiB8R RB

HbiM o6paaoM aaKOHbl coxpaHeHI-1A npH ABYX4aCTY14HOM pacceAHI-11-1, 

nepen1-1weM 131 KaK 

* EC!lH AOnyCTI-1Tb, 4TO cneKTP R,QepHbiX COCTORHHJII a Henpepb!BHbiH, 

ro, paanaraR npaey10 48CTb ypasHeH~A I 1 I AO aroporo nOPRAKa, Mbl 

npi-1XOAI-1M K ypaaHeHHIO A1-1$$Y31-11r1o 3TO ypasHeHHe H8WJ10 WHPOKOe 

np~MeHeHJ.1e npH onHC8HJ.1H npot.teccos nepeA841-1 Mace~ H yrnoeoro 

MOMeHTa 8 pe8KJ..ti-1AX rny60KOHeynpyrHX CTOilKHOSeHH~ TR>Keil~X HO

HOB / 10/. 
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~ Jfdp, dU v 
l. rei 

da (vrel 

dil 

rAe v 1 == JP. -P. I /m; T==p 2/2m 1-1 Al-1¢lQlepeH~Ha.nbHOe cel.leHHe d(J/ dQ re 1 J onpe,QeneHo s nepsoM 6opHoscKOM npJ.16n1-1~eHJ.1J.1. np1-1 nony4eHYIYI ROCfleAHero COOTHOW€HJ.1R npeAnonaranOCb, liTO pacCTORHHR Mem,Qy nOCile,QOBST€11bHb1Mitl SKTSMJ.1 CTOJ1KH0B€HJ.1R B€Illtl1<1.1, TSK 4TO B Ka-4€CTB€ BOJlHOBbiX cf>yHKL,tHa:i jEa> npl-1 Bbll.IHCJ1€HI-1YI MSTpr.1l!HbiX 3Jle-MeHT08 Ai.-+ kf /eM. /2// MO>KHO B3RTb nllOCKI-1€ BOJ1Hbt. ECllV! CliiC-J . -TeMa He RBI1R€TCR npocTpSHCTB€HHO-Q,QHOpO,QHOJ.1, TO 803HJ.1Ka~T ,QOnOJ1HHT€IlbHbl€ nOTOKVI BCJ1€,QCT8!.1€ rpa,Qt.1€HTOB n!lOTH0CT!.1 J.1 8HewH!.1X noneH. 8 KJ1SCCJ.14€CKOM no,QXO,Qe 3TO YlHHbiBaeTCR nyTeM aa-
M€Hbl no.nHO~ npOJ.13BO,QHOi1 Ha .noKaflbHYIO: -fL- -+-!/- + ~ V +F...,. V -+ ...,. iJt ut m P r,Qe F- BH€WHRR CYI.na. Tat<HM o6pa30M, npHXO,QJ.1M K KilSCCJ.14eCKOMy ypaeHeH'-110 5onbi..4MaHa "· 

4 

{) pk 
(-+- V + FV4 at rn Pk /4/ 

3TO ypaeHeH"le R8J1ReTCR ~CXOAH~M AllR MOA€J1et1 BHYTP~RA€PHOro KSCKaAa, HO npeA8ap~T€JlbHO OHO Jl~Heap~3Y€TCR C nOMO~b~ CJ1€Ayl0-tlle-C1 npOL4€AYPbl. fibiCTpble /KaCKaAHble/ 4aCT'-11..4bl '-1 HYKJ10Hbl RApaM"lWeH'-1, e111e He 808Jle4€HH~e 80 83aHMOA€~CT8~e, paccMaTp'-18aiOTCR KaK A8a pa3JlH4HblX nma 4aCTH1..4, H Y4HTb!BaiOTCR 83aHMOAei1cTB"lR JlHWb M€mAY 4aCT'-11..4aM~ pa3J1~4HOrO THna. npeAnonaraR Aanee, 4TO COCTS8J1RIOtliHe RApa-M~WeHH MOmHO on~CaTb paBHOBeCHO~ /MaKC8eJ1-J10BCKOi1/ ¢YHK1..4~et1 pacnpeAelleHHR f T (r, i)), AJ1R ¢lYHKI..I~~ pacnpeAelleH~R KaCKaAH~X 4aCTHI..4 113 /4/ nolly4HM ypa8H€H~e 

* 6onee cTpon1~ B~BOA ypa8HeH"lR T11na I 4! AllR cny1.1aR R.QepHblX peaK~I-1H .QaH 8 pa6oTe 1 12/ 8 npJ.16nt.1meHHI1 XapTp~-¢oKa, 3aBHCRLl~ero oT apeMeHH. Bonpoc~ npHMeHHMOCTH ypa8HeH"lR /4/ AnR on11caHHR BHYTpHRA€PHOro KSCKSAS o6cy~AaiOTCR TaKme B pa6oTax 6yHaKO-aa B.E. H Ap. 19 •131 . 
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a ~ 
(-+_I!_ 'V 
Jt m 

-+ T -+ cas 4 -+ -+ -+ 

+F'V~+ p (r)<av >) f (r,p,t) = Q(r, p, t), 

p rel 
/5/ 

8 COOTBeTCTB~VI C HOPMVIpOBKO~ OAH048CTV14H
O~ ~YHK~VIVI pacnpeAene-

HHA 

!6! 

- noKanbHaR nnoTHOCTb 48CTVI~. YcpeAHeHVIe a /5/ s~nonHeHo no 

¢yHK4VIH pacnpeAeneHHR HYKI10HOB RApa-MHWeHH: 

<av 
1 

> = - 1- f dp'fT(r,p) v 1 
a(v 1 

) , 

re p T(r) re re 

a ce4eHI-1e a(vrel) AOI1>KHO y4VITbiB8Tb 3¢$eKT npi-1HI...\Hna naym-1. 

CTOA~aR B npasoH 4aCTVI ypaeHeHVIA /5/ $yHKI...\VIA VICT04HV1Ka 

pasHa 

171 

!8! 

~Hrerpo-AH$<!:JepeHU,H8IlbHoe
 ypasHeHIIIe /5/ Mo>Ker 6b1Tb npeo6pa-

3oeaHo K VIHTerpanbHOMY BVIAY· 8 48CTH0CTVI, eCJ1VI 6~CTp~e 48CTVI

U.bl na.Qa:or Ha nony6ecKoHe4Hbli1 6noK AAepHoro se~ecrea, ro /npe

He6peraA HYKnOH8MVI OTA84H "' nonaraA AJlR npocroTbl pT=const H 

F""' 0 I vtMeeM AJlA KacKaAHbiX 48CTHU. 

eas -+ 4 -+ 4 t , T 

f (r,p,t)=N 0 8(p-p 0 ) expl- fdt p <av > l + 

0 
rel 

t t 

+fdt"expl-fdt'pT<av >l x 
0 

rel 
0 t 

/9/ 

xQ(r-L(t-t"),p,t")pTpcas(r- P (t-t"),t"), 

m m 

.rAe rf'as (r,t)CBA38H8 C fcas ([,'i),t) COOTHOWeHHeM /6/. BepOfiTHOCT

HSA HHTepnpera~HR aroro ypaaHeHHA coaepweHHO o~eBHAHa: 4~t~cno 

~aCTH~ B AaHHOH T04Ke !, o6naAa~~HX HMnyJ1bC8MH B HHTepaane dp 

a6nH3H 3H84€HHA P, cK.naAblaaercA H3 nepai-14Horo ny4Ka N0 , AOWeA

wero AO ASHHO~ T04KH /c 3KCnoHeH~Hai1bH~M ocna6nA~~H
M $aKro

poM/, H aceao3MO>KHbiX npo~eccoa nepepacceRH\IIA, npi-1BOAAW.Io1X K HH

repecy~W,HM Hac 48CTH~aM. CoorHoweHHe /9/ H era HHTepnpera~HA 

CI1Y~ST 060CHOB8HH€M ADA p83BHTHA K8CKSAHOH MOAei1H HCXOAA H3 

8H8I10fHH Me>KAY B38HMOAeMcTBHeM 6~cTpoH 48CTH~bl C AAPOM H npo

XO>KAeHHeM B~COK03HepreTH4eCKOrO H3I1Y4€HHA 4epeg aew,ecTB0/3,14/, 

B peanbHOM CI1Y48e Heo6XOAHMO pewaTb CBA38HHY~ CHCTeMy HH~er-
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panbH~X ypaBH€HHtf THna /9/ C paCnpe~eJl€HHO~ ¢YHK~Hei1 HCTO~HHKa, CO CJlO}f(HbiMH Ha~aJlbHbiMH H rpaHH~HbiMH YCJlOBHFIMI-1. 6onee 3$¢>eKTH8HbiM M€TO~OM OKB3br8a€TCFI 1.1CnOJlb308aHH€ OTMe~eHHOi1 8biW€ aHanorH~t~, ~T06bl Ha ee OCHOB€ C nOMOI.I.lbiO M€TOAa t10HT€ Kapno M0-~€11HPOBaTb CYAb6y Ka}f(~OH ~aCTHI..4bl B Fl~pe. TaKr.-tM o6pa30M, KaK 3KCI-1TOHHbl€ MOA€11H, TaK J.1 MOA€!11-1 BHyTpr.-tR~€pHOrO KaCKaAa, OnHCbiBaR HepaBH08€CHbl€ np04€CCbl, CO~ep}f(aT PRA o6ut~t~X npeAnono>KeHr.-tH. 0cH08HbiMH H3 HHX R8!1f!IOTCf! npH611H}f(eHHe ''cna6oi1 C8R3r.-t 11 
/T. e. Manocr~t~ sen~t~~HHbl eosMyuteHr.-tfl V I "' y~er nHwb ABYX~acTH~Horo xapaKrepa saa~t~MOAeHcreHfl. Ho 8 pfl~e nyHKTOB 3TH MOA€!1H ~ononHRIOT APYr APyra. KacKa~HaR MOA€!1b RBHbiM 06pa30M y~r.-tTbt.BaeT reOM€TPHIO peaK4HH, COXpBHFIR BCIO r.-tHcf>OpMa~1-110 0 K~t~H€MBTI-14€CKI-1X xapaKT€PHCTio1K8X 6biCTpbiX ~aCTH4, OAHaKO OCTaTO~HbiMI-1 saaHMOAetfCTBHRMH M€>KAY HHMH npeHe6peraeTCf!: C06-CT8€HHOMY nose~eHI-110 KaCKaAHbiX 48CTI-11..4 OTBe~aeT ypaSH€Hr.-te COCTORHHA I-1A€a!lbHOrO raaa. C Apyrotf CTOPOH~, 3KCI-1TOHHaR MOA€!1b pacCMaTpr.-teaeT B036y}f(~€HHO€ RAPO KBK raa K883H4aCTitl4 /T.e. BKI1104BeT 11 4BCTH~HO-Ab1P04Hbl€ 11 

CTeneHH CB060Abl/, y~HTbi8BR OCTBTO~Hbl€ pp- , ph- H hh -saa~t~MOAeJ.iCTBHR. Ho KHHeMaTvtKa CT011KHOB€HHR J.1 reOM€TpHfl R~pa /8 ~aCTHOCTH, 8biA€Il€HHOCTb nep~-t$ep~t~4€CKHX COYABP€HHi1/ 8 3KCHTOHHOtf MOA€!1H norepRHbl, t..!TO aarpy~HR€T B 3TOM nOAXOA€ 06CY>KA€HHe yr!lOBbiX xapaKT€pHCTHK HCnyl!.leHHbJX t..!acTI-11..4. CneAyer aaMeTHTb, ~To 1-1 O}f(vtAaeMble o6nacrH npHMeH~t~MOCTH MOAene~ H€CKOI1bKO paanH~aiOTCfl. Ycno8HR- Ailfl KaCKaAHOi1 MOAeilH 11Y4W€ BblnOJlHRIOTCf! npH 6011ee BblCOKHX 3H€prHflX, KOrAa KHH€THt..!€CKBR 3HeprHR 4aCTH4bl OK83br8aeTCR MHOro 60JlbWe CP€AHeH 3HeprHr.-t CBR3H HYKJlOHa B R~pe, ~TO H o6ycna8JlHBa€T AOn011HHT€JlbHYIO ManOCTb B03My~€HHR,$aKTH~€CKH 3TO €CTb YCJ108H€ HMnyJlbCHOrO npH6J1H>K€HHR H 803MO>KHOCTH KnacCH4€CKOrO paCCMOTP€HH . .A TpaeKropYIH ~81.1>K€HHR 6biCTp0~1 4aCTJ.14bl 8HYTPH .A~pa. npeACTaBJ1A€T HenOCP€ACTB€HHbltf 1-iHTepec 06be~~t~H€HH€ 3TJ.1X ABYX MOAenel-1, 4T06br o6of!CHHTb aHH30Tponvuo yrnoebJX pacnpe,qeneHHH HCnYut€HHbiX llaCTYI~ Yl YilY4WHTb Oni-1CaHH€ xapaKTepHCTHK npoAYKTOB peaK1..41t11-1, HHI-14Hi-1pOBaHHOi1 BbiCOK03HepreTHt..!€CKHM HyKilOHOM, no cpaBH€HitiiO C TeM, t..!TO AS€T KaCKa~HO-I-1CnapHT€J1bHa.A MOA€Jlb, KaK OAHY ~t~a nonbrTOK o6beAr.-tHeHV1R ~ocro~t~Hcre KaCKBAHOH 1-1 3Kc~t~TOHHOH MOAenetf MO}f(HQ paccMaTpHBSTb rr.-t6P~t~AHYIO MOA€Jlb 6naHHa /15/ H ee pa3BHTHe Ail.A OnHCaHI-1R yrn08biX pacnpeA€Il€HI-1tf /16/, XOT.A He see nyHKTbl 3roro o6oeAI-1HeHHR 6eccnopHbr
1171• H1-1)!{e Mbl cneAyeM cxeMe, npeAno~eHHOH HBMr.-t paHee s pa6orax 118/, 

3. $OPMYflHPOBKA KACKA~H0-3KCHTOHHOA MO~EflH 
¢>1-13H4€CKa.A KapTHHa, Jle>Kal!.lafl 8 OCHOBe Hawetf MOA€I1H, AOBO!lbHO €CT€CTB€HHa. BnereewaR 8 f!APO llaCTH48 MO}f(eT 1-iCnbJTaTb OAHO HJlH tH€CKOI1bKO BHYTPHRA€PHbiX CT011KH08€HHtf, liTO npVIBOAHT K o6-
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p830BSHIIIIO B036y)!(,QCHHOrO MHOrOI..ISCTIII'--IHOrO Tlllna 
11 BXO.QHOr0

11 co

CTOBHIIIB1 KOTOpOe nocne HCnyCKSHIII~ I..ISCTIII~ MO)!(CT nepe~TIII B OCHOB-

HO€ COCTO~HIII€ H€nOCp€.QCTB€HHO 111n111 C,Q€nSTb 3TO nyTCM .QSnbHC~-

Wero ycnOmH€HIIIA COCTO~H~~~~ snnOTb ,QO o6pa30BSHIIIB KOMnayH,Q

A,Qpa c ero nocne,QyiOUJ,HM pacna.QOM. noae,qeH~t~e neps~t~I..IHO~ I..ISCTH~bt, 

a TaK}I(e 4acn1ll, sToporo 111 nocne,QyiOUJ,IIIX noKoneHIII~ /ecm1 TaKOBble 

VIMCIOTCA/ ,QO MOMCHTa HX nor110UI,€HJ.IIA \1111111 BblXO,Qa 1113 A,Qpa paCCMaT-

pvtBSeTCA B paMKaX MO,Qenlll BHyTpiiiA,Q€PHOrO KSCKa,Qa. no,QCI..I€T I..IVIC-

J1S 38XBS"-l€HHb!X A,QpOM l..ISCT\11~ Ill 11 ,Qblp0K11 
1 ofipa30BaHHbiX 8 pe3yJ1b

TST€ BHYTPIIIA,QCPH~X CTOI1KH08€HIIl~ 1 onpe,QCI1A€T BXO.QHYIO I..ISCTIIII..!Ho

,Qbtp04HYIO KOH¢1-lrypa~L-110 B036y)!(,Q€HH0rO R,Qpa 1 3Heprlllrt B036y}l(,Q€HIIIA 

KOTOporo onpe,QCJ1fi€TC~ 3aKOHSMIII COXPSHCHL-1fl. )J.a11bHei1wafl 11 CY,Qb6a
11 

fi,Qpa npOCJ1€)!(!1l88€TCfl B paMKaX 3KC\IITOHH0~ MO,Q€11111 npe,QpaBHOBeC

HOrO pacna,Qa 1 KOTOPSfl CCTCCTBCHHbiM 06pa30M BKiliOI..IaeT Ill paBH0-

8€CHYIO CTa,QIIIIO 83SIIIMO,Qe~CT8lllR. 

TaK~~tM o6paaoM, cor11acHo KacKa.QH0-3KciiiTOHHoi1 MO.Qenlll /K3M/ 

A,QepHaA peaK~IIIA npOXO,QHT TP\11 CTS,QIIIIII - KSCKa.QHYIO, npe,QpasHo

B€CHYIO Ill paBHOB€CHY!O /KOMnayH,Q-~,Qp0/ 1 B OTil\tll.IIIIC OT ,QBYX3Tan

HOrO MeXaH!Il3Ma Cep6epa 114 ~6 COOTB€TCT811llll C 3TIIlM Kam,QaA 3KCne

plllM€HTaJ1bHO-IIl3M€pAeMaA B€Jli-11..1111Ha 6y,Q€T B 06UJ,eM cny1..1ae CO,Qep

)!(8Tb TPIII KOMnOHCHTbl. B 4SCTHOCTIII, ,QI1~ IIIHKI1103111BHOrO cneKTpa 

I..ISCTIII~, WlllpOKO o6CY*,QSCMOrO Hlll}l(€ 1 6y,QeM lllMCTb 

KacKa,QHaA CTSAIIIA B3Sli!MO,Qei1CTBIIIA onHCbtBaeTcA AY6HeHCKOiii sep

CVIe~ MO,Q€11\.1 BHYTPlllA,QepHoro KaCKa,Qa IS,tg/. MOHTe-KapnOBCKOe 

P€W€HIIl€ CIIICTeMbl IIIHTerpa!lbHblX ypaBH€Hlll~ n-tna /9/ ,QSCT O,QHO

I..IaeT\.14HYIO c!JYHKU\.110 pacnpeAeileH\11~ fcas (f, P, t), 1..1epe3 KOTOpyiO 

Bbtpa>t<aiOTCA see Heo6xOAI-1Mble xapaKTepvtCH1KIII. Hanpli!Mep, ,QJl~ Ncatt_p) 

1113 eOOTHOW€H\.1R /10/ IIIMCCM 

R teas 
cas __,. 4 1 2 __,. cas -+ __,. --+ 

N (p) dp ~- J d b J dr J dtfb (r,p,t)dp, 

a in 0 r> R 0 

r,qe vtHTerp!llpoeaH!Ile BbtnonHeHo no seeM ,QonyeTIIIMbiM napaMeTpaM 

y,qapa b AilA l..laCTIIIU, BbiWeAWitiX H3 flAPS paAvtyeoM R s MOMeHT 

OKOH48Hvtfl KaCKS,QHOi1 eTa,Qvtlll teas , CileAyeT nOAl.ICpKHYTb, !..ITO 

B€I1Y141t!Ha a in paCC41t1TbtBSeTefl B paMKaX eaMOi1 KSCKaAHO~ MO,Q€Illll; 

OHS onpe,Qe!lfleTeR pa3MepaMIII fi,Qpa Ill np03pa4HOeTb~, KOTOpO~ eOOT

BeTCTBY€T nepBbl~ I..IJleH B ypaBHCH\111-1 /9/. 

Bee KaeKaAHbte pael.ICTbl BbtnonHeHbl e paMKax TpexMepHoi1 reo

MeTPIIIlll. YI..IT€Hbt ,Qiti¢¢Y3HOCTb RAepHO~ rpaHIII~bl 111 noTeHUitlana ~,Qpa, 

a TaK>!<e Bilt.1AHitl€ npii\H~lllna naynvt Ha BHyTplllRA€pHble COYAapeHII\A 

HyKilOHOB. 

noene,Qy~l!~He eTaAllllll B3SlllMO,Qe~eTBIIIR 06CY>KAalOTCR Ha OeHOBe 

MO,QIIlc!Jvt~lllpOBSHHO~ 3KClllTOHHO~ MOA€Illtl, npeAJlO>KeHHOH paHee ,QBYMR 
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H3 aBTOpOB /20~MOA€11b 3$¢€KTHBHO HCnOnbayeT C8~3b MaCTep-ypaaH€HHR /1 I c MapKOBCKHMH cny4ai:1HbiMH npot..teccaMH. ,Qe~CTBHT€11bHO, npo4ecc ycTaHosneHHR cTaTHCTH4eCKoro paaHoaecHR, onHcbraaeMbl~ ypaaHeHHeM /1 I, npe,QcTaB11R€T co6oi1 npHMep pa3pbreHoro MapKoecKoro np01.-'ecca /21/: apeMeHHaR nepeMeHHaR MeHReTCR Hen pepbiBHO, Y! 8 H€1<0TOpbli1 C11y4ai1Hbli1 MOM€HT npOHCXOAHT CKa4K006pa3HO€ H3M€H€HH€ COCTO.AHH~ CHCT€Mbl, npH4€M nOB€,Q€HH€ CHCT€Mbl 8 CneAY~~Hi1 MOMeHT apeMeHH nonHOCTb~ onpe,Qen.AeTc.A ee cocTORHHeM 8 HacTO.A14Hi1 MOM€HT. nocK011bKY 8epO.ATHOCTH nepexo,QOB A (Ea. Ea ') H€ 3a8HCRT RBHO OT BpeMeHH, TO 8p€MR O>KH,QaHHR CHCT€Mbl 8 a-M COCTO.AHH\11 pacnp€A€11€HO 3KCnOH€HltHaJ1bHO /nyaCCOHOBCKHi1 nOTOK/ co cpeAHHM speMeHeM >KH3HH 1'i./A (a, E)"' 11/ ~A (Eu, Eu ') ' 21-',3To noA-a, cKa3biBaeT npocToi1 cnoco6 peweHHR CHCT€Mbl ypaeHeHHi1 I 1 I: MoA€11HpoBaHHe cny4a~Horo npot..tecca c noMO~b~ MeToAa MoHTe-Kapno. Tat<a.A Tpat<T08Ka AOnycKaeT npocToe o6o614eHHe 3KCHTOHHOi1 MOA€11H Ha 8K11~4€HI1€ 8C€X nepeXO,QOB C /\n = 0, ± 2, Y4€T 06€AH€HHA COCTO.AHHi1 3a C4€T HCnycKaHH.A 4acTHt..t 1.1 3$¢eKTOB MHOrOKpaTHO~ 3MI-1CCHI1 4aCTI-flt /20/. C Y4€TOM BC€X 3¢l$eKT08 CHCT€Ma ypaBH€HHi1 /1/ npHHHMaeT BHA 

aP(n,E,t) ~-A(n,E) P(n,E,t) +A (n-2,E)P(n-2,E,t) + dt 
+ 

+A
0 (n,E)P(n, E,t) +A_(n+2,E)P(n+2,E,t) + /11 I 

+ ~ J dT {dE 'Aj (n. E, T) P (n+ n . , E ', t) 8 (E '- E- B . - T) . j ' c J J 

BpeMR }!{H3HH B036yJK,Q€HHOi-1 RA€PHOi1 Cr.1CT€Mbl B COCTO.AHHH C ll= p 1- h 3KCHTOHaMH /HO pa3IlHl-lHOi1 p-, h -KoM611Ha4H€i1/ 

1> 1i 
---"----~ A(n,E) A(p,h,E) 

1i 
' /12/ A+ (p,h,E) +A0 (p,h,E) +A_ (p,h,E) +~ ['j (p,h,E) 

J r,Qe 8 COOTB€TCTBHH 
C H3M€H€HH€M 4HCJla 

C /2/ aepOFITHOCTH napt..tvtaJlbHbiX nepeXO,QOB 3KCHTOHOB Ha /\n 

A. (p,h,E)~~IM. 1
2 w. (p,h,E), an -n 11n Llfl /13/ 

a aepoRTHOCTb /a e.QHHH4Y epeMeHH/ 11CnycKaHHR HYK110Ha THna j 8 H€npepb18Hbli1 cneKTp 04€HeHa 113 C00THOW€HH.A ,QeTaJlbHOrO 6anaHca: 
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r. (p, h, El ~ 
J 

E-B. 
f J Ai (p,h,E,T) dT, 

c 

Ai (p,h,E,T) 

vi 

2s. +1 
~'-:-- v. :R. (p,h) 

<v(p-1 ,h,E-B i-T) /14/ 
-"--~To. (T), 

c 17 2113 J J w(p,h,E) lnV 

rAe s . - Cm1H; B. - 3Hepnu=l CBR3H; V.- KyJlOHOBCK\11\ii 5apbep; 

11 . - Jnplt1BeAeHHar~ 
1 

Mace a !...laCTVtllbl. ¢1aKToh :R j (p, h) o6ecne4HBaeT 

J 6 " 
yCJlOB!Ae, npl-1 KOTOPOM Bbl pBHHbllt1 3KC\IITOH OKS3b\BaeTCR HyKJlOHOM 

nma j. Ero pac4eT c wcnonb3oeaHI4eM TeXHVIKVt MoHTe Kapno He 

npegcTasnReT 6onbworo TPYAa. 

npegnonaraR 3KB\.1Ait1CTBHTHY~ CXeMy ypOBHe~ C OAH04BCT\.1UHO~ 

nJlOTHOCTbiO g, AilR nnOTHOCTVI n -3K01TOHHOrO COCTOHHIIIA HAPS ~t~M.e

eM .'22.23/ 

g(gE)p+h-1 

w(p,h,E) ~ 
/15/ 

p1 h 1 (p+h-1)' 

3To Bblpa}f{eH\IIe Heo6xog~t~Mo noAcTaB!-1Tb e ypaeHeH\11e /14/. B sepo

RTHOCT\11 nepeXOAS /13/ BXOART nnOTHOCT\.1 COCTORH\11\ii C y4eTOM 

npaBVIIl OT6opa Ailfl BHyTp14RAePHbiX nepeXOAOB. CooTseTCTBYIOI1.\It1e 

BblpS>!<€Hlt1fl B paMKBX 3K8Y1AHCTBHTHOi:1 CXeMbl nony4eHbl 8 pa6oTe /24 / 

H YT04HeHbl C y4eTOM nfvtHUHna naynvt VI Hepa3m·1414MOCHI OAHHaKOBbiX 

3KC14T0H08 8 pa6oTe 125 : 

'" (p.h,E) ~.ll.. ~:-d(p+l,h+l)l
2 [ gE-d(p+1, h+ !.l_Jn+1 

+ 2 n+1 gE- d(p,h) 

g 
"'o (p, h, E) ~ 2 [gE -Cl(p,h)] [p(p-1)+ 4ph + h(h-1)], 

n /16/ 

g 
(p,h,E) ~ 2 ph(n-2), 

rAe Cl(p,h)~.!..(p2 +h2 +P-h) _.!..h, 
4 2 

npeHe6pera.A pa3m14vteM M.aTpi44HbiX s.neMeHTOB M+ =M_ =M 0 = M. 

o~eH!-1M eenvt4vtHY M a npeAno.no>KeHHH, 4TO A+ (p,h, E) xapaKTep!4-

3YeT eepO.ATHOCTb KSa314CB060AHOrO pacce.AH14R HyK110Ha, HaXOA.A~e

rOC.A Bbtwe 3Hepri4H <l>epMIA TF, Ha HyK.noHe .AApa-M~r~weHI-1. TorAa 

<o(v,01 )v,01 > ~.!!.._\M\ 2 g[gE-d(J>+l,h+IJf[gE-d(P+l,h+ 1) 
1
n-1, 

1171 

V. 1i n+i dE-d(p,h) 

lnt 
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r,Qe Vint - o6oeM saaHMO.Qei:1cTBH.R, "' ycpe.QHeHHe a nesoi:1 4aCTH 
ypaBHeHVIR /17/ 8bln0JlH€HO no 8C€M B036y}f{,Q€HHbiM COCTO.RHlt!.RM .R,qpa c y4eTOM np"H4"na nayn". KoM6"H"PYR /13/, /15/" /17/, nony4aeM OKOH4aTeJlbHO .QJl.R sepO.RTHOCTe~ nepexo,qos 

_2_=:::(vrel)vrel > 
vint 

A+ (p,h,E)" 

<a(v 1 )v 1> ~[ gE-U(p,h) Jn+t p(~1)+4Ph+h(h-1), 
--'::"'e!lL-"''-'e"-- __ 

r Vint n gE-Ci(p;-l,h+l) gE-U(p.h) 

<a(v '~e.l._)_v~,c:oe;_l _> [-gE_-_d_(_p,_h_) __ J n+1 (p,h,E) - - a V int gE-u (p+l, h+l) 

ph(n + I)(n - 2) 
[gE- U(p,h)l 2 

/18/ 

11Tal<, Ha4aJlbHbl€ yCJlOBlt!.R ,QJl.A CVICT€Mbl ypaBH€HV111 /ll/ trp=t , cas 
n=n 0 , E ::-oE 0 pacc4~t~TbrsaiOTC.R no r<acr<a,qHo~ Mo,qen~t~. eweHVIe /11/ MeTo,qoM MOHTe Kapno ,qaeT sepo.RTHOCTH aaceneHVI.A paan~t~4-Hbrx cocTO.RHI-1~ P (n, E. t). Mbr 6y,qeM HS3biBSTb npe,QpaBHOBeCHbiMvt T€ 4aCTVI4bl, KOTOpbl€ HCnY!li€Hbl ,QO 
CTSTlt!CTV14€CI<OrO pSSHOB€Clt!.R t eq' = A (n • E), oTr<y.Qa nony4aeM .QJl.R - eq 

MOM€HTa ycTaHOBJl€Hlt!.R 8 .R,Qpe 
¢HI<Cf.1pyeMoro ycnosHeM A +(neq·E)= paBHOB€CHOrO 3Ha4eHH.R 4V!CJla 3KClt!TOHOB n ::: ..j 2gE . npe,qpaBHOB€CHa.R KOMnOH€HTa 8 /10/ ,QJl.R 

eq 
VIHI<Jlf03VIBHOrO cneKTpa 4aCTVI4 TVIna j MO}f{€T 6b1Tb npe,QCTaBJleHa KSK 

'eq · u· ( !l) 
PRQ ~ ..., • J p N (p) dp~ f dt}; A (n,E,t) P(n,E, T)--'-F(!l)dTd!l. teas n,E c d(T,fl) 

/19/ 
Yrnosy10 aae~t~Clt!MOCTb F(fl) npe,QpasHosecHoi1 KoMnoHeHTbr ~t~cny-1!.1€HHblX 4aCTH4 Mbl 06CY.Qt-1M 8 CJl€.QYIO!.!.!€i1 pa6oTe; nor<a 3aM€Tlt!M, 

4TO f d!l F(!l) " 1 . 
AHanon14HO cooTHOWeHHfO I 19/ MO}f{HO aanHcaTb BbtPa>KeHHe Afl.R paSHOS€CHO~ (n) n ) KOMnOH€HTbl VICnyll.I€HHbiX 4aCTlt!4: 

- eq 

/20/ 
r ,qe MOMeHT' t...,. 00 OTBe4aeT nonHOMY CH . .RTlt!fO ao·a6,Y}!(,Q€Hlt!.R a a C4eT 3Mlt!C~~H ~aCTH4· nocKOJlbKy 8 CTSTlt!CTV14€CKOM paBH08€CHH COCTO.RHVI.R 
C pa3:11144HbJMJ.1 'll ·p8-BHO.BepO.RTHbl, TO BP€M€HHa.R 3a 8HClt!MOCTb B npa- . 
soH 4acT~t~ HC4e3aeT: 

10 .. 



N EQ (p) ctP ~ :£ Aj (n,E,T) 
n,E c 

''' (n -1, E- B j-T) 

:£ w (n, E) 
n 

:£ <> (n-1, E-Bj -T) 
n dTd!l. 

:£ w(n,E) 
n 

/21/ 

3,QeCb no.nHSR n.nOTHO¢Tb B036y}!{,Q€HHb1X COCTORHI-1~ nocne CYMMlt1po

BSHHfl no n ,QaeT 3KcnoHeH~HSilbHYIO 3aBHCl-1MOCTb :S w (n, E) -
n 

- exp2V gE. TaKlt1M o6paaoM, A.nfl t > t /1t1m1 n > n I MO>KHO 
- eQ - eq 

BOCnOilb30BSTbCfl 06bi4HbiM 111-1CnSpl-1T€JlbHbiM1 1 np\116J11.·1>1<€Hlt1€M__!!}'T€M 

$OpM8IlbHOI:i nO,QCTSHOBKIIf B /14/ (d(p,h,-E) 4W(E) -exp2,/aE, 

r,Qe a - napaMeTp n.noTHOCT~-t ypoeHeH. 

4. BXOnHA~ HH$0PMA~H~ H YCnOBHE OG'EnHHEHH~ MOnEnE~ 

KaK Blt1AHO H3 ypaeHeHlt1i1 /5/, /71 1-1 /8/, exo,QHoH lt1H$OpMa~~t~eH 

,Qilfl Onlt1CSHlt1fl KSCKS,QHOH CTa,Qlt1lt1 B K3M RBilfiiOTCfl CBOi1CTBa R,Qpa

Mlt1W€Hlt1 /T,e. n.nOTHOCTb pa~ngeA€Il€Hlt1fl HYKilOHOB pT(0 lt1 lt1X 

3HepreT!-1Ll€CKYI\It cneKTp f T(r, p)j,a TSK>!<e xapaKT€Plt1CTl.1Klt1 B381-1MO

,Qei1cTBJ.1fl ceo6o,QHbtX HyKilOHOB. Mbl on~t~cbreaeM nnOTHOc Tb A,QepHot1 

MaTep~~ pacnpeAeneH~eM ByAca-CaKCOHa c napaMeTpaM~, H3ene4eH

HbiM~ ~3 OnbiTOB no pacceAH~IO 3Jl€KTPOHOB Ha A A paX. 3HepreT~4ec

K~~'i cneKTP AA€PHbiX HyKnOHOB OU€H~BaeTCA B np~6Jl~)K€H~~ 8blpOmA€H-

(3Jf'3n2 T 2'a 
Hero $epM~-ra3a c noKanbHO~ 3Hepr~e~ $epMH TF(r)=-~lp (r)] . 

..UnA xapaKTepY!cT~K 3neMeHTapHoro aKTa a , do/df! ~cnonb3oea-

Hbl annpoKc~MaL\~~ ~3 pa6oT /3,9l. ..UeTanbHOe cpasHeH~e AY6HeH

cKoro eap~aHTa c APYrYIM~ eepc~AM~ KaCKaAHo~ MOAen~ BblnonHeHo 

s pa6oTe / 26 / • 

.QnA npeAPQBI'i>OBeCHOV!' 'C·'TaA~'Ii'( BXOAHbiM~ AaHHbiM'~·' K3M AB11AIOTCA 

napaMeTpbl. HCXOAHOrO COCTOAk~A CY!CT€Mb( ~ YCP€AH€HHbl€ kBaApaTbl 

MaTp~4HbiX 311€M€HTOB M 2:KaK yme nOALI€PK~Banoc'b BbiW€, B HaWeM 

nOAXOAe Ha4a11bHOe cocTOAH~e An~ npeApaeHoeecHoro pScnaAa pac-

C4~TbiBaeTCA e paMKax KacKaAHd~ MoAen~. Ben~4HHa M2 OL\eHHsa- , 

€TCA COOTHOW€HH€M /17/ 8 np~6Jl~m€HH~ 

<a(vrel )v rei >=<a> <v rel > • /22/ 

B 3TOM nP~6n~meH~~ 3¢¢eKTHBHOe ce4eHHe cTaHOBHTCA ¢YHKUHe~ 
4~Cna 3KC~TOHOB/20/: 

li 



ecm1 'T < 2T F, 

ecn~t~ T > 2T F, 

yl!V!TbiBSeT 8!1Hf1HV!€ np~t~H~I-1na nayfll-1, a Be!li-1~1-1HS <'Teo! > CKilS,QbiBa
eTCR 1-13 Cpe.QHei1 KIIIHeTHI.leCKOi:1 3HeprHI-1 B036ym:,QeHHOi1 llSCTH~bl, Tp+E/n IHai1,QeHHOJ.1 ycpe,QHeH!-1eM KIIIHeTH4eCKoi1 3HepnH1 I..!BCTI-1-~b! T no SeeM 803fv10>KHbiM KOH¢Hrypa~l-1f1M 
HvtRI l-1 KIIIHeT~t~~eCKOJ.1 3HeprvtVI napTHepa, 
cneKrpy BblpO>K,QeHHoro ¢epM~t~-raaal. 

ns3KCHTOHHOrO COCTOR-
5 T F I ycpegHeHHOi1 no 

Bxo,QR~l-1~ s ¢opMyny 1171 o6beM saa~t~MO,QeJ.1crs~t~R MO>KHO npe.QCTBBV!Tb KSK V. ==}77(2r +::\)3 , r,Qe '/\ - ,QilV!Ha ,Qe-6po~!1eBCKOi1 BQ!l
Hbl ,QllA OTHOCV1,:g1bHO~ C~OpOCTI-1 V rei , a Be!1J.1l.IHHS rc VIMeeT no
pR.QOK pa,QHyca KepHa HYKilOHa. Cne,qyer aaMeTV!Tb, I.ITO 8 MO,QeilRX BHYTPI-1FI,QepHOrO KSCKa,Qa npvt BbiCOKHX 3Hepn1RX aHaJ10rY14HbiM o6-
pa30M onpe,qenReTCFI pa.Q~t~YC B3aHMO.Qei1crs~t~R ~acTHLI 12 71. Boo6ll.le roeopR, s nesy~ l!BCTb ypaeHeHHR 1171 cne,Qyer e~e ssecrvt HeKoTOPbJt1 ¢aKTOP, T04HOe 3HS4eHr.1e KOTOporo onpe,Qe!l.AeTC.A Vl3 cpaa
HeHHR peaynbraroe reopr-11-1 c 3KCnepvtMeHroM. KaK noKaaan aHanvta 
r.1HTer panb HbJX cneKTpos 1.1acn14, BbJnonHeHHbli1 Ha 6onbwoi1 rpynne 
.A,Qep B o6nacn1 T 0 =15 M38, r,Qe BJ11-tRHr.1e KSCKS,QHO~ CTS,QHVI npe
He6pe>KV1MO MSilO, npvt r c == 0,6 ¢M C xopowei:i TOI.IHOCTb~ MOm:HO nOf10}1{VITb 3TOT $SKTOp pSBHbiM e,Qr.1Hl14e / 20,2S/. 

fiOJ1bWJ.1HCTBO npe,QJ10}!{eHHbJX 3KCV1TOHHblX MO,QeneJ.1 pS3J1Hl.laeTCR 
m1Wb BbJ6opoM napaMeTPI-13841-1111 M 2 . Ha1116onee nonynRpHa napaMeTpVIaa~..tiiiR, npeAllO>KeHHSR Konb6ax-Knai1H 12 91 : 

/23/ 

OgHaKo AJJ.A nony4eHVI.A cornac11R c onbJTOM ' 1onTI1Mai1bHY10 11 senH4111-
HY K np~XOAIIITCR sapblllpOBSTb 8 WlllpOKOM IIIHTepaane 3Ha~eHIII~ OT 95 ,qo 7000 M38 3 1301 s aasHCY1MOCTI<1 oT 6oM6apAI-1PYKHJ.IeJ.1 4acTY1J.Ibl Y1 KaHana peaK4vt11. B He,qasHe~ pa6ore Konb5ax /"31 1 c.qenaHa nonbJTKa a$$eKTI1BHO yl!eCTb aasvtCIIIMOCTb K or ~111cna 3KCY1TOHOB nyreM 
BBe,QeHIII.A 3SBIIICIIIMOCTM K OT 3HeprVIVI B036ym,QeHIIIR. KaK BIIIAHO 1113 
plt1c.1, aTa napaMeTpr.13aJ.IIIIR AOB011bHO 5nHaKa K Hawe~ 04eHKe Mar~oro 3neMeHTa /17/, /22/. 

nocK011bKY 113BJ1e4eHIIIe M 2 CBR3SHO C npeAnOJlO}f{eHHeM 0 B!ll,qe 
UJ6.n (n,E), MO>KHO nOnbJTSTbCR cpa3y 94eHVITb sepORTHOCTb nepexo

A8 A+ a ,qyxe coorHoweHllfR 117 I. J1cnonb3YR peaynbTSTb! Knaccl-1-
l.lecKIIIX KSCKSAHbiX paclleTOB, f>naHH npeAI10>f<V1J1 CJle,QyiOutYIO annpOK-
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0 

PHC.J. 3HepreTH~eCKaH 3aBHCHMOCTb cpep;Hero KBa,o;paTa 

MaTpHqHoro 3neMeHTa I a/ 11 sepoRTHOCTH BHYTPIUtp;epHhiX 

nepexo,o;os /5/. Pe3ynbTaT&I .n,aHHoH pa60Tbi AJIH pa3JIHq

HhtX ll IlOKa3aHbl Herrpepb!BHbiMH KpHBbJMH: a/ 3aUITPHXOBaH

Ha.\l o6nacTb - oueHKa M2 no ¢opMyne /23/ c K==95 M:3B 3 

.n,Jur Hmtmeri H K = 200 M3B3 AJ1H sepxHeH rpam{~I o6na

CTH; ITYHKTHpHaR KPI1BaH - H3 pa60Tbl Konb6ax /S 2 /; 

6/ 3alllTpHXOBaHHaH o6naCTb - p€3YJ1bTaTbl pac"tieTa 

•\ (n, E) Ami n :-::: 3, 5, 7 cor nacHO rap;HOJIH H p;p / 33/; 

nyHKTHPHaH KPHBaH - H3 pa6oT&I BnaHHa .' 15/niTpHx-nyHK

THPHaH - OU€HKa /24/ ITO OITTH~eCKOMY TIOT€HUHany. 3Haq-

HaHeC€Hbl 3KCTI€PHM€HTaJibHbl€ 3Ha't.I€HHH .\ +- (n,E) 

0 - H3 pa60T '2/ ; e - H3/33 1 H /). - H3/34/ 

CHMa~l.·110 /! 5 /: 

A+ (T) ~1.4-102 \T+B)-6·10 18 (T+B)2 

6 

raAV!Om1 VI AP:' 321 no.ny4VIIlJ.II Bblpa}l(eHHe AilA A+ 1-13 11nepBbiX npHH

U,HnOB11, BblnO!lH\IIB ycpeAHeHJ.IIe no AAePHblM COCTOAHIII.AM C nnOTHOCTbiO 

COCTO.AHHill /15/. 06a 3T\IIX pe3y!lbTaTa npeACTaBJleHbl Ha PHC. 1. 

KaK OTMet.~eHO B pa60Te 132 /, Ail A nony4eH!IIR COrJlaCI-1A C YIMeiOutr.-lMHCA 

3KCnepiiiMeHTa!lbHblMI-1 AaHHblMJ.-1 no CneKTpaM BTOplti"''HblX \.laCTJ.IIU, Heo6-

XOAI-1MO yMHO}I(J.IITb 3TH 3Hat.leHHA A+ Ha $aKTOP 0,2-0,3, "''TO np~t~

BOAIIIT K COBnaAeHI-110 C HaWe~ OU,eHKO~ BepOATHOCTI-1 nepeXOAa A+' 

HaKoHeU,, MO}I(HQ CBR3aTb BepOATHOCTVI nepeXOAOB C MHI-1MOill l..laCTbiO 

onTI-1"'1eCKoro noTeHu,Yia.na 

,\ ~-1..w . 
+ 11 OPT' 

/24/ 

I-1CnO!lb30BaHHe 3KCnepHMeHTa!lbHbiX 3Ha"''eHI-1ill WOP T AaeT BeJlH4HHY 

A+, 6.n~t~3Kyl0 K HaweH /eM. p~t~c. 1/. C.neAyeT OTMeTHTb, 4To AJlA co-
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CTO.RHI1R n =3(p =2,h~1) a6COJ110TH8.A B€Jli-14!11Ha A-t MO>KeT 6b1Tb no-11Y4€H8 3KCnepi-!M€HTanbHO no mecTKO~ 4aCTH cneKTpa HYKJlOHOB. AHam13 6onee Tpex .Qec.ATKOB HeMTpOHHbrx cneKTpos e peat<~YH1 (n,n) np" T0 ~14,6 M3B noKa3an, 4TD A+~ /5,9+0,7/·102!:-! "He 3aBIIICI-1T OT MSCCOBOrO 4111CJ18 .A,Qp8-MIIIW€HH
1
2T. AHanorH4HO HCCJ1€,QO-BaHIII€ .QI1R (n,p)-peaKt..tl-111 npH To= 14 t13B ,qano 3H84eHI-1e ,\+ = = 4,9·1 021 c-1 /33~ 6nVl3Kvte pe3ynbTaTbr ,qnR eepo.RTHocn., nepexo.Qa 6b!J111 nony4eHbl npl-1 J.13Y4€HYH1 $yHKLI(·1~ B036y>K,Q€Hl-1.R B (p,n) -peaK-1..4VH1: ,\+ = 6 ·1 o21 c- 1 134! Kat< BJ.1,QHO 1-13 PHC 0 1' 3TVI 3KcnepVIM€HT8JlbHbl€ aHalleHVLR HaxO.QRTC.R a xopoweM cornac1-1111 c Hawett ot.teHKot1 M 2 . ~lllryp!llpyiO~H~ 8 /14/-/16/ napaMeTp g CBA3aH C napaM€TPOM 

nflOTHOCTIII O.QH048CH14HbiX COCTORHI-la:::f a== 
6
2 

g. Mbl Bbl6pa!ll-1 a= 
A/10 M B -1 

u

17 
" 

= 3 KaK Ha np€APa8HOB€CHO~, Tal< 1-1 paBH08€CHO~ CTa-A~.RX npo~ecca. Cel.leHVlfl o6paTHOi1 peaKLIHI-1 o inv (T), 8XOARlQI-le a ¢opMyilbJ /14/, B3f!Tbl cor nacHo pa6oTe 1
3 51 3Hepr~Yl cB.A3~ l.lac-; 61 ' Tl-11..1 B j - H3 pa60Tbl 3 

. npeHe6peranOCb 3¢¢leKTaMV: cnaplt18aH~R l.laCTI-11..1. 

Ba»<HbJM MOMeHTOM 8 K3M RB!l.R€TCR ycno8~e nepeXoAa OT sHyTp~.RA€PHOro KacKaAa K MOA€!1~ npeApaeHOBeCHOH 3MY1CC~~. B o6bJ4HO~ KaCKaAHO-HCnaplt1T€IlbHOiiJ MOA€fll.1 6bJCTPbl€ 4aCTY1l\bl npOC!l€>Klt18aJOTC.R AD HeKoTopoH MY1HY1MailbHoH 3HeprHY1 - 3Hepr~~ o6peaaHY1R T~TcuT• cocTa8m1JOlQei1 npHMepHo ?-1 0 M38. KaK noKaaa HO 8/3/, eaplt1al.I~.R B pa3YMHblX npeAeilaX B€Illt141-1Hbl T CUT H€ M€H.R€T CYL4€CTB€HHO CP€AH€rO 4~C!la l.laCTVlll B RAepHOM aKTe; ¢laKTVll.I€CKI-1 B 3TOM C!ly-4ae p€4b Y1A€T 0 TOM, KaKI-1€ l.laCTHL.Ibl Ha3bJBaTb KaCKaAHbiMI-1, a KaKHe - J..1CnapJ.1T€IlbHbiMJ..1, B Ka4eCTBe HYI1€Boro npi-16Il~>K€HH.R K Hawei1 MOA€!11-1 H1-1me paccMOTpi-1M 11 TaKoill cnoco6 11 pe3Koro o6peaaHJ..1.R 11 
Ail.R nepexoAa K npeApaeHosecHOMY pacnaAY RApa. B pea!lbHOM cnyl.lae cneAY€T o»<~AaTb HeKoToporo crnameHHOro /no 3HeprJ..1~/ o6peaaHHR, npH4€M ~3 06lQ~-iX ¢l1-13Vl4€CKHX C006pa>K€HHi1 RCHO, 4TO npH nepeXOA€ K 60!1€€ HVI3KY1M nep81-14Hb1M 3Hepr~-i.RM BK!laA 8 nor J10li.I€HH€ 4aCTI-lll Ha nepJ.1¢l€PHI-1 VI 80 8HyTp€HHVIX o6nacTRX .RApa 6yA€T M€H.RTbCR, 4TO cosepweHHO He nepeAaeTCR npJ..16!1H»<eHJ..1eM peaKoro o6pesaHH.R. ECT€CT8€HHO nonbJTaTbC.R C8R3aTb yC!l08VI€ nor!l0[4€HI-l.A 6biCTpOi1 /KaCKaAHOill/ 1..laCTI1l.lbl CO CTeneHbiO 6m130CTI-1 MHHMOH 4SCTVI M0A€Il,bHOrO OnTH4€CKOrO nOT€H1..1Ha!la K ero 3KCnep~-iM€HTSilbHOMY 3Ha4€HI-110, H3BileKaeMoMy 1-13 aHa!lH3a onbJTOB no ynpyroMy pacceRHHJO 4aCTI-l.ll Ha .AApax. YKa3SHH€ Ha 3TO C!l€AY€T 1.13 cpaBH€HHR KI18CCI-14€CKOrO ypa8H€H~.R /5/ C erO KBSHT0BOM€XSHHLI€CI<HM aHanoroM, rAe npoxomA€HJ.1€ l.lacTHLI LJepea RAepHoe 8eutecTeo ynpaenReTc.A RA€PHbiM onTH-4eCKVIM noT€Hl.IJ.18!10M /37,38/, 

B npl-16!11-imeHI-11-1 ''cna6oi1 CBR3H 11 
MHHMYIO LJaCTb onTHl.lecKoro noTeHl.IJ.1ana MO}I{HQ Bb1Pa3J.1Tb '-lepe3 C€4€HI-1€ a pacce.RHJ.1R l.laCTJ.1~ HS RAepHbiX COCT8BJ1R10ut~x: 
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W (r) =-"!!...<a(v )v >pT(r), 
OPT 2 rei rel 

/25/ 

r,Qe ycpe,QH€H~e BblnOI1H€HO no cneKTpy 1'1,Q€PHbiX HYKJlOHOB VI BKJ11048-

€T s ce6R 3¢¢eKT npi-1HU.'-ma nay.n1.1 /eM. 1711" YcnoB~ttR npVIM€HH

MOCTI-1 ::nora COOTHOW€H\.1fl BblnO.nHAIOTCA J1111Wb np\11 ,QOCTST04HO Bb!CO

KVIX 3Hepri-1AX VI ,QJ1R ~€HTpSI1bHO~ 06J1SCTI.1 R,Qpa. np111 3TOM pS,QVISJ1b

HOe noBe,QeHI'Ie n!lOTHOCTIII p T(r), KSK Blti,QHO 1-13 ¢lopMyi1bl /25/, cne

AY€T aa noee,QeHVIeM onTVI4ecKoro noTeHu,111a.na. B o6~eM c.ny4ae 

<I>YHKU.ItlR p T (r) OTCTSeT OT W 'opT(r), 4TO o6yCilOBJ1€HO KOH€l.IHOCTbiO 

pS,QVIyCa B3SVIMO,Q€~CT8VIR 4SCTVIU, VI 3¢l¢eKTOM H€J1HHeHHoH CBR3VI WOPT 

VI p ~ nocKOJ1bKY B HSCTORlt.\€€ Bp€Mfl Mbl He M0)1{€M noCJ1€,QOBST€J1bH0 

yYeCTb 3TVI ¢laKTOPbl, TO Mbl onpe,Q€J114M MHIAMYIO l!SCTb onnt4€CKOrO 

nOT€HU\IISJ1a ,QI1R KSCKS,QHbiX 4SCT1.<1U. W rg't-r{r) COOTHOW€H~€M /25/, 

B3.AB B K64€CTBe p T(r) pacnpeAeileH~e 8yAca-CaKCOH6, HO Ail .A 3Ha-

4€H~H napaMeTpOB, OTB€46~~~X 06DeMHOIIi 46CT~ MH~MOrO OnTH4eCKO

ro noTeH~\tla.na, H3s.ne4eHHOro H3 aHa.nHaa 3Kcnep~t~MeHTSI1bHbiX AaH

HbiX, 4TO KOCBeHHbiM 06pa30M y41o1TbiBaeT 3¢¢JeKT He!1HH€11iHOIIi CB.A3H 

WOP H p T • 

F7'ac4eTbl woc:~(r) ,BblnO.nHeHHbl€ M€TOAOM MoHTe Kap.no' npeACTas

I1€Hbl HS pHC. 2, TSM }1(€ HSH€C€Hbl 3KCnepHM€HT6!1bHbl€ 3H64€HH.A 

------ exp 
MHHMOIIi 4aCT\.1 onTH4€CKOrO nOT€H~H6!16 W PT (r) , no.ny4eHHbl€ 

B ABYX pa60TaX p63HbiX SBTOPOB /S9 •40/. ~HTepeCHO OTMen1Tb, 4TO 

AI1R T 0 ,?30 M3B HX pe3y!1bT6Tbl 36M€THO OTJ11.146~TC.A, XOT.A no 

KP~Tep~IO x2 AJ1.A yr.nOBblX pacnpeAe.neHHIIi 8 ynpyroM pacce.AHH~ 

H Aa>Ke Ail.A non.Ap~36~HOHHbiX H3MepeHHIIi OHH npaKT~4€CKH COBna

ASIOT. np~ nepeXOAe K MeHbWHM 3H64eHHAM TO P6CC4~TaHH6.A MHH

MS.A 4SCTb onT~4ecKoro noTeH~Hana He nepeAaeT MaKCHMyMa nor.no

~eH~t~.A, HMeiO~ero M€CTO HS nep~t~~ep~H .AApa. K 3TOMy CJ1€AY€T A0-

6ae~t~Tb, 4TO ycnOBHA cnpaBeA.nHBOCT~ KSCKSAHOH ~ OnT~4€CKOIIi MO

A€Ilelli He COBnaASIOT: KSCKSAHS.A MOA€Ilb paCCMaTpHeaeT pacce.AHHe 

HS CB.A3SHHbiX HYKJlOHSX, a He HS nQTeH~~SJlbHOH RMe, KSK OnT~-

4eCKS.A MOA€I1b. TaKHM o6paaoM, o cor.nac~t~H Me>KAY W c~pT "' w~pT 
MO~HO roBOpHTb Il~Wb C onpeAe.neHHOH CTeneHbiO T04HOCTH, KOTOPYIO 

6YA€M xapaKTepH30B6Tb napaMeTpOM 6nH3bCT~ 

p = I (W cas (r) - W exp (r)) /W exp (r) I , 
OPT OPT OPT 

Ecn~t~ AOnycTHTb, 4TO nPoToH c 3Hepr~ttelli 60 M3B YAOBneTeop.AeT 

yc.noBHRM npHM€H~MOCTH KSCKSAHOH MOA€I1H, TO,KSK BHAHO H3 pHC.2, 

3TOMY COOTB€TCTBYeT 3H64€HH€ p = 0,2-0,3. Donee T04HO napaMeTp 

6!1H30CTH MO>KeT 6b!Tb Bb16paH J.13 CpaSH€H~.A C OnbiTOM p€3YilbTSTOB 

pac4eTa xapaKTep~cTHK~ AA€PHOIIi peaK4HH. Pacc4HTaHHble s paa

IlH4HbiX npeAno.nO>K€HHRX cneKTpbl BTOpH4HbiX npOTOHOB 1.:13 peaK~HH 

p+A ._.p'+··· noKaaaHbl Ha p~ttc.3. B~t~AHO, 4TO J.1cnonbaoaaHHe sa-

p~t~aHzTa C 11p€3KHM o6pe3aHH€M11 npHBOAHT K noABJ1€HHIO H€$H3\o14€CKO

ro nposa.na s cneKTpe 4aCTH4 a6nl-131-1 TCUT' npH nepeXOAe K 6o.nb-
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12 r----------, PHC • 2. MHHMa.fl qacTb OIITHli€CKOrO IIOTeH

8 

4 

0 

8 
iR 
% 

4 
.: 

T,•1SM3B ~Hana AnH pacceHHHR npoToHa aa RAPe 
54 Fe: • - pesynoTaTbi MOAeJioHbiX BbNHc

nemn1:; cnnoniHaR H nyHKTHpHaJI KPHBbie -
3KCIIepHMeHTaJibHbie 3Hal!eHHR H3 /39/ H /4( I 
COOTB€TCTB€HHO. 

1io 
~ 

W~M 3Ha4eHH.AM 3HeprHH 60M6apAHPY~~ero 
npOTOHa npoaan MaCK1.1pyeTC.A Bbi60pOM ee
nH4HH~ wara s rHcTorpaMMe, HO npH T0 = 
~ 15 M38 era anHRHHe pe3KO HCKamaeT 
o6~y~ ¢opMy cneKTpa. noAK11~4eHHe Mexaf-------'---~--""--1 HV13Ma npeApaBHOBeCHOti 3MHCCJ.IH1 YI1Y4Wa€T 
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4 
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2 

~102 
~ ..... • 10 
:E 

1- 10 :g_ 
"' ., 

0 6. 

6~ cornacHe c on~TOM, crna~HBa.A TeopeTvt-

8 

4eCKYIO KpHBYIO. CneAYeT 3aMeTHTb, OA-
HaKo, liTO npOI-1HTerpJ.1posaHHbrH no seeM 
yrnaM 3HepreTH4€CKHH cneKTp He RBllReTCR 
4yBCTBHT€JlbHOH xapaKT€PHCTHKOH peaK~HH, 
no3TOMy Aa>Ke o6bi4Ha.A Kact<a,qHo-Hcnapl-1-
TenbHaR MO,qenb ,qaeT paayMH~e peaynbTa
Tbl. KaK Mbf noKa>KeM HI-1>Ke, Ha~t~6onbwelli 
~yBCTBHTenbHOCTb~ K MexaHH3MY npe,qpae-
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54 Fe • pI 29M3BI 
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PHc. 3. 3aepreTWieCKHe crreKTPbi rrpoToHoB: KpHBbie 1 H 2 paccqa~no K3M C p = 0,3 H 0,1 COOTB€TCTBeHHO; HenpephlBHaH rHCTOrpaMMa - BapHaHT C 11
pe3KHM 05pe3aHHeM 11

; p€3YJibTaTbi KaCKap;HO-HCIIapHTenbHO.fr MO)J;eJIH HaHeCeHbi IIYHKTHpHOI{ rHCTOrpaMMOH; e - 3KCIIepHMeHTanbHbi€ 3Ha'tl€HHR - H3 /41,42/, 
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HOB€CHO~ 3MII!CCI-1\II o6naA810T cneKTPbl npOTOHOB, YICnyt14eHHbiX 8 o6-

naCTb 60nbW!IIX yrnos, ~TO n03BOnReT 6onee TO~HO $1-1KCYipOB8Tb 

3Ha~eHI-1e P=0,3, KOTOpoe \IICnOnb3yeTCR Aanee so ecex HaW!IIX pac-

~eTax. npYI 3TOM ~ K~~€CTB€ W~~T M~ !11CnOJlb3yeM nOTeH~I-18Il 

rp\IIHI1!11Ca-6e~eTH1' 3 9! AilR npOTOHOB c 'I< 30 M3B Ill Hei:1TpOH08 

c T< 20 M3B, np111 66.nbWI-1X 3HeprHRX HcnonbaosaH noTeH~111an Ma

H3 / 40 ·' ADH npoTOHOB 1-1 Mapwat<a/431 AI1H He~TpOHos. 

B noc.neAyiOW,I-1X pa6oTax Mbl A€T8I1bHO conocTaBHM c aKcnepHMeH

TOM peaynbTaTbl pac~eToe no K3M. 
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