
W-5!3 
OB'bE.Z.HHEHHYR . HHCTHTYT H.Z.EPHYX HCCJIE.Z.OBAHHR 

llIMJIOB 
BHKTop MHxaHnoaHq 

4 - 11530 

M3YqEHME CTPYKTYPH ATOMHHX H~EP 
8 PEAKUMHX C 3JIEKTPOHAMM, ITPOTOHAMM 

M TH*EJIHMM MOHAMM 

CrreQHanhHOCTh _Ol.04 .16 - ~H3HKa aTOMHoro H~pa 
H 3ReMeHTapHhlX qacTHQ 

ABTOpe~epaT neccepTBUHH Ha COHCKBHHe yqeHO~ CTeneHH 

KaHnHnara ~H3HKO-MaTeMaTHqeCKHX HayK 

,Uy5Ha 1978 



Pa60T8 BIDIOJ1H8R8 B.Jia6opaTop:im T80peTH1!8CROtt qiH3RRlI 
06'!,e,ne:ReRROro HRCTHTYT8 g~pRWC lICCJI6,Il;oB8Rlltt. 

HayqRm!: pyROBO~Tem,: 
R8R~,It8T ~lI3RRO-M8T6M8'l'HqecRHX R8YR 
CTapmd HayqRm!: COTpy,n!ilm 

~IDW8JU,RU8 onnOR8HTU: 
,Il;oRTOp ~ll3RRO-M8T8M8TR'¾6CR.l!X H8YR 
CT8p!lll!! Hayqgm!: COTpy,n!Um 

· RSH,nH,JJ,8'1' ~R3RRO-M8T8M8Tifq6Crull HByR 

~oneHT 

r .H.A~HAC:bEB. 

B.E.EI?JIBRB, 

M.r.YPMH. 

Be.JJ111tee aayqao-nccne~oBaTem,cRoe yqpellt,D;eMe: 
Xap1,RoBcRd ~3HRO-T8X!lllqecKd IILBCTHTYT AH YC~ 

bTopeq:epaT pesocJiaH "_" ___ ;.._ __ I.978 ro,1111 • 
38Jllll?S ,ll;HCC81)T8nD COC'l'Olft'CR "_" _____ .!978 rD,1111 

aa sace,1111RJD1 Cn&IUISJD[SJIPOB8HHOro yqeaoro coBeTa K-047.0I.OI 
Jia6opeT0PD T80peTFI8CRO! ~3mtll 06H,IIJIL!i8WiOro IILBCTllYTS 
.iJ~pHHlC Ja:CCJl6,Il;oB8Hd, r. ,Ify6Ha, MocROBCRO! 06Jl8C'l'll. 

C JJ:}ICC8P'f8D;l'l6ff M0lltR0 03H8ROMR'.l'l>CJ'i B 6H6JIH0T6R8 OIDIB • 

yqeam!: C8RpeT8IJ1, COB6'1'8 

B. H .ll!YPAB.JIEB 

,! ,; 

OBUAH XAPARTEPHCTllliA PAIDTH 

AR'l'YSJIDROCTI, DJX)6JI8MH 

Ilp0B8PR8 BOSMOlKHOCTlI onacamm CT8THq6CRWC H ,nHHElMH'i8CRRX 
CBOttC'l'B 8TOMHWC g~p, npe~CR83HB88MWC· paSJlifqRtlMl'I MRRpl)CRODHqe
CRID.!H M0~8Jl8MR, npe~CT8BJ188'1' 6oiu,mott RHTepec. TSRoe OilllC8RlI8 
CT8JIO B03MOlltRHM. B CM3ll C DOSJBJI8H.R6M 6HCTp0~8HCTBYIOOUiX 8JI8R
Tp0HHHX BH'lllCJlll'.l'8Jll,RlPC MBmIIH, Il03BOJl81illUiX npOBO,nHTD JJ8T8JII,RH8 
MIIRpOCROnnqecRJIEl pac11eni: r.T8'l'H1!8CRRX CBORCTII g~eP" I/, CTPYR-

'l'ypu B03dyJIUtemmx cocToJIHm/2/H npol{ecca nepecTpottRn o6onoqeq
Hott CTPYRTYPH llR,nl!BlI,Jzy8JII,HWC g~ep B 8,nl!HYKl C'l'PYKTYPY COCT8BHO
ro g~ npR C'l'0.7ll{ROB8filfR 'JJJ3YX CJIOlltRHX mr,ep/3/. OcHOBHliM PIRCT
pyr,!6HTOM npOB8PRll npe~R838RPIH MHRp0CROilH1!8CRlIX M0~8JI~li g~a 
CJIYllt8T aRcnepm,ieRTH no paccemum pasJlllqRwc qacTHit, ~o nosBOJl8-
eT nsyqa'l'I, pBSJlifqRH8 acneR'l'H CTPYRTYPH g~ep. 

Ynpyroe ll Heynpyroe pacc88RlI8 3JI6RTPOHOB ll3-38 3JI6RTPO
MarM'l'ROro xapaRTepa B38HMO~RC'l'Bll8_ RBJll!8'l'CR 0~ RS HaII60JI86 
3~8RTHBRWC M8TO,Il;oB",IVISJ RsyqeRM CT8Tffq6CR!IX lI nepeXO,ll;IIWC 88:pR
~OBWC IlJIO'l'HOCT8li BR~. 3TH lICCJI8,Il;oB8RPIR ,Il;oDOJIHRKlT IlORBlIBmll6-
CR B IlOCJI8,ll;ll88 BpeWJ 3RcnepHM8RT8JII,HH8 pa60TH no ynpyroMy lI H8-
ynpyrOMY paccenrum npoTOHOB c eaeprnett = I ToB, Bunomi.eaRHe c 
oqeaI> xopomen 'l'OqROCTI,i/41. B O'l'Jlifqll8 OT 3JI8RTp0RO~ npOTOHU 
RBJIRKl'l'CSi CW11,HOB88HM0~8liCTBYIOOlHMll qacTIInaMH, lI 3'1'0 Il03BOJ188T 
nonyq:irrI, naqiOp.!8UHKl ae TOJU,RO O pacnpe~6JI6Hllll npoTOHOB BR~, 
HO lI O H8HTPOHHOH ROMilOH8HT6 CT8'l'zq6cROH lI nepeXO,ll;IIOH g~epawc 
MOTHOCT8it. 

COBM8CTH08 OI1HC8RPI8 3RCil8PllM8HTOB no pacceRHlIKl 3JI8RTPOHOB 
lI npoTOHOB C lICilOJU,80B8HH8M IlJIOTROCTett, paccqaTSHHUX B·p0MR8X 
O,ll;IIOH li TOH ~8 MO~Jlll, Il03BOJIR8T npOB8PHTI, lI YTOqRPITI, napaMeT
pu MllRp0CROilffq8CRRX M0~8JI8H. B CM8lI C 3THM npe~T8BJll!6T HHT8-
pec lICCJI8,Il;oB8TI, .ll3M8H8Hll6 88:pR~OBOii, H6HTPOHHOH .lI npoTOHROtt 
IlJIOTHOCT8i nplI lI3M8H8ill!.lI ll8p0M8TPOB M.HRp0CROilllqecRIIX M0~6JI8H, 
a TaRze Bap.aarnt.a ceqeRPitt ynpyroro H Heynpyroro pacceRHM aJieR
Tp0HOB lI Ilp0TOHOB. 

3RcnepHM8HT8JU,RU8 ~8HRU8 06mH0.8H8Jlll8.llpyJOTCR Ha OCHOB8 
qieHOM8HOJIOrHtieCRlIX W10TROCT6H. Ilpll 3TOM B8~0 llCCJI6,Il;oB8TI, o,n;ao-
8R8qaocTI, ll8BH6R86MWC Il8paM8Tp0B, npez~e qeM npoB~,nl!TI, cpaBH8-
M8 C COOTB8TCTBYl!lJlllMR MlIRpOCROilffq8CRlIMH pacqeTaMlI. 

'61,(:J.l:mc,,::u1 tmcmyT I 
uepnw. □tr.m:!JlOi--"11111 

6ViGJl~(f(EKA 



A11aJior11tJ1111e npo6JieM11 npa om1camrn ynpyroro paccesrn1rn H 
D036y1K,nemm ROJIJI8RTUBHUX: COCTO.flHHii .fl,n6p CTD.f!T ll Il q'l!3llR6 T.fl116-

Jil1X RO HOB. 0,IJJiaRO B OTJIU'JH6 OT npoueccon pacce.f!Hll.fl :rneRTpOIIOB . 

lI npoTOIIOB, r.ne !JTlI R8ll8Jil1 peaRmm OR8311B8!0TC.fl OCHOBHW.1U, npa 
CTOJIRIIOD6Hlm CJIOlKJIUX: H,nep rJiaBHYJO pOJib urpa!OT R8118Jil1 IlOJIIIOro 

cm!Hm!R .lUIYX .fl,11.0p C o6pa30B811U6M COCT8Dl!Oro .fl,ll;pa ll rJiy601w11oyn
pyrmc nepe.n;a'l, COCTllBJI.flI<llllIX 60JIE,ll1YIO 'l8CTb IlOJIHOro C6'l6Hll.fl peaR
ium. Ilpe;T)IO.'K6HHIDi B pa60T/5/ RBll31IRJillCCH'l8CRIIH peuenT Dll'!UCJI6-

H!l.fl C6'18HH.fl IlOJIHOro CJill.flHIUI ll mapoRO IICilOJib3Y!llllllitC.fl B HllCTO.fl;Jl66 

BpeMR Tpo6yeT o6DCl!OBllHIUI C TO'lRII 3Jl8HIUJ npaBIIJI RB8HTOBOH M8-

X8HIIRl1. 3TOit U6Jll1 CJIYIKl1T npe,n;JIO!!t8HH8Sl B .n;Rcce,m,amrn npocTalJ MO
,ll;6Jlb, lIBJI.fl!OUJlllJClI Cl!IIT630M MO,ll;6Jll1 raJ111H8 II .np/5/ I! .1!3B6CTHOit 

MO,ll.6ml M8TT8-BaitCROil~a-TOMaca/6/. KB8HTOBOM~X8Hll'l8CR8.fl IlOCTa

HODRa 38,wl'lH Il03BOJil1T pacmHpHTb 06JiaCTb npRM6HHMOCTH RB83llRJiac
CU'l6CRUX peU8IlTOB 118 OROJI068pb6pHU8 II no,n6apb6pHl16 :rnepnrn, 

118ll60JI88 11HT6peCHl16 C TO'lRll 3pelll1Sl OllHT638 HOBWC 9JI8M8HTOB B pe-
8Rllll.f!X IIOJIHO ro CJirulHIUJ. 

UeJib pa6or11 - Hccne,110Ba1rne H8ROTopwc onoitcTB OTPYRTYPH n.npa, 
npoHBJISlllQIDCCSJ B pe8RUll.flX C 9JIORTpOH8Mll, npOTOH8Mll II TSJIK8Jil1MH ao
H8Ml'I. 

llaytIHalJ HOB113H8 I! np8RTWI60R8.fl U8HHOCTb • B ,ll;l!CC8 PT8Ull1I 1rny
'l88TC.fl BJIH.f!HIIO Ha C8'l8HHSJ ynpyroro pacoeSJHH.fl 3JI6RTPOHOB 9JI8RTp0-
M8I'lll!TIIOU CTPYHTypu HYRJIOHOB UPI! MIIKpOCROilIT'lOCRIIX BlI'Il1CJI8H.l!.flX 
CT:]T:!'IOCRL!X 3ap.n,nonux IlJIOTilOCTBit ,Il)l.fl 1!30T0[10D IKOJI038, IIHRBJISJ !! 

[ylll!W, l!CCJI8,ll;OBC:Hll.fl RDTOPUX npDDO)JJ'ITCi Ha YOROPIIT6JI8 :{1il'~! / IJ/ • 
l!CCJIO]i0D8III18 ynpyroro pacC8.flHllSI IlpDTO!IOD Dll.flBl!JIO 11eo.n;no-

3ll:l'IHOCTL l13DJ!OIW8MUX napaMOTpOB CT8Tl1'lOCROPO HOl1TpDHHOro pac-
11 JlU,l\6JIOIIIIII B 3/lBHCHMOCU! or 11CilOJlb3J8J.ll,IX BXO.llllblX ,llfil!IIWX 3ap11,11oao

ro pacnpe,110J1e111111, O,IIHaKO OTHOCHT8Jlbllbl6 113M8HOHl1/I Halt,lleHHWX 
napaMOT poa oKa3aJIHCb ycroll•rnBllMl1 no OTHOli!OHiHJ K Bap11au1111M 3ap11.:.· 
,IIOBOrO pacnpe,11eneHH/I 11 MOryr OKa3aTbCII IlOJl83HWMl1 ,IIJIB CpaBH8Hl1/I 

C npe,IICKa3aHH/IMH KHKpocxon11qeCKHX Mo,11enel. 

B paMR8X IlOJiyMHRpOCRODII'l60ROi MO,n8JI.11 Sl.IlJ)8 np.11 ytJeTe ll30-

CRaJISJpllOit I! H30B6RTOpttott ROMnDH8HT MYJibTHil01lL-MYJibTUilO~I,HHX 

Oll.11 H np!I .UOOT8TO'IHO 60JlbfilOM O.n;H0'180TU'IHOM 683.1!08 Bll8PBl18 nOJiy

'18110 y~OBJIP.TB0PllT6JI!,H08 ·oriaca1111e C6'l6HHtt aeynpyroro paoceRHIUI 

3JI8RTJlOHOB .II npOTOHOB C B036y!lt.n;6HH6M nm1tailmruc I<Ba,npynom,IDilC co.:.:. 
OTO.f!HUH D Jl,lij)8X C 38IlOJIH8HHOit npOTOl!HOit o60JIO'IROit 663_np.llBJI8'l8,:.. 
II.II.fl IlOJU'OHO'IHUX nripaM8Tp0B. . .. 
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.fuISJ H30T0Il0B R8.7U,IJ,M 11 48 Ti Bll8Pl3ll6 o6pa60T8Hl:l 3Rcnepa

M8HT8JibHl16 .n;8HHl16 no aeynpyroMy pacceRHlllO npOTOHOB Ha OCHOB6 

q:eHOM6H0110rff'l80R.l'PC Il110THDCT8H ll .1!3B118'l6Hll napaMeTpll H6HTPOHHWC 

nepexo;II;Hux: nJIOTHOcTett. 
Ilpe,Il)IOJB:6118 npOCTM RB8HTOBOM8X8llli'l6CR8JI MOll8Jib ,lllISI Blllt8-

JI8Hl1/l R8H8Jl8 IlOJIHOrO OJIIUJHH.fl H3 IlOJIHOrO ce'leHIDI peam:o.m np11 

CTOJIRHOB8HHU T.f!JB:8J!WC IIOHOB. Ha OOHOBe 3TOl1 M0,n6Jill r,cc'l1IT8Hl:l 

noJIHOe ceqeHHO H ceqe1111e CJil1/IHHII inn p;aKUIIA 160;2 Al, 16o+4
Uca, 

40A"l +I09A9- • -

CJI6lt,'ln@'.6 pe3~JibT8TH BHI!BHraJOTC.fl w 38IIUITH 

I) nccJienoaaaae nonpaaoR R nmjq:epeHI.U1a1lbRblM cetJeHruIM ynpy

roro pacceSJHIDI 3118RTPDllOB Ha H30TOil8X JB:811838, HHR6Jl8 ll UllRRa, 
06yc110BJ1.emmX yqe'J.'OM 3JI8RTPII'l80ROtt CTPYRTYPH H6l1TPOHOB II Oll.l!H
op61IT8JII,ROro B38llMO.D:6itOTBl1/l C HYRJIOH8MH H838IlOJIH8HHllX o60110'l6R, 
H cpaBH6H.118 lllC C nonl'.8BRaMH, BH3B8HH11Mll ytJeTOM OCT8TO'lHOrD cna

PHB8T8Jibl!OrD B38.l!MO.D:6:fiCTBHSl, 
2) Bl1RBJI6llli8 H60,lJ,803H8'1ROCT8tt npa HCil01lb30B8Hlll'l 06H'lHOl1 

npoue,;:iyphl H3BJI6'l6Hll.fl napaM6TPOB R8:fiTp0HHOro pacnpe.n;eJI8lll!.fl U3 
9Rcnepf'li'/i6HTOB no ynpyrOMY pacce.f!R.11!0 IipOTOHOB ;. BJIH.flll.1!8 BXO;II;HllX 
.n;BHHHX no ynpyroMy paoce.f!H.11!0 9JI6RTpDHOB, Onpe.n;eJISH.1!6 O,lJ,803H8'l
RHX"'napaMeTp0B np.11· llCil01lb3Y6MOM cnoco6e 8H8JIH38 aRCnepm.ieHT8Jib-

RUX .D:8HHilX • 
3) ViCOJI6ltOB8llli8 38B.IIC.l!MOCTH ~6l)6RUl!8JII,Rh!X C8'l6H.v!ft tteyn-

pyroro pacc8RH.l!.fl aJieRTPOHOB·.I! npOTOHOB OT II3M8H8Hll.fl ReROTOpux:. 
napaM6TpOB IlOJIYMIIRPOCROUII'l8CRO:fi Mo,neJIH a.npa.·06pa60TR8 aRcnepn
M6HT8JibHUX: .naHHUX no 11eynpyroMy paooeJIHUIO npOTOROB aa .1130TOnax 
R8JII,IJ,M .I! 48Ti c U8Jll,ID .113B116'18Hll.fl napaMeTpOB aettTpORRHX nepe

XO;II;HJI: IlJIOTHOCT6il 11 cpaBH8HHSl C npe,nc1rn3aHHSJMH IlOJiyM.l!RPOCROnlI
'16CROil MO.n;eJIH .fl,npa. JloRa38T8JlbCTBO 11eo6xo,u,m.100T.I! ytJeTa ll30B8R

TOPHO:fi ROMilOH8HTll MYJibTllllOJib-MYJibTmIOJU,RHlC OWI ll BH60pa lt0CT8-
TO~HO 6oJibmoro O;II;HO'l8CTJ!'lHOrO 683llC8 ,lllISI OllHC8Hll.fl B036y~.n;6Hl1/l 
Rmtaibnroc RB8,ll;PYDOJU,HWC COOTO.f!W B .fl.IlJ)8X C 38UOJIH6HHOtt llPOTOHHOit 

060JIO'IROH. 
4) 06o6rqeHHe MO.D:6JlR EJiaTT8-Ba:ltcROilq:a-ToMaoa ,lllISI Bll,ll;8118Hl1/l 

R8H8JI8 IlOJIHOro OJIH.f!HHSl B peaRUl!.flX C T.flE8Jll:lMH l10H8Mll. Bo3MOJitHOCTI> 

y,llPBJI6TBOpRT8JII,HOro· OllR08HHSl 08'18Hlltt CJI!UIR:rul R IlOJIHHX C6'l8HRil 

peaR"rmn' ,lllISI H,nep 160+27Al, 160+40ca, 
40A'Z + I0

9
Ag • · 

3 

"' 



0cHOBHH6 MaTepHaJIH .im:ccep-raUIDI ,UORJia,mmaJllCb Ha C8MHHapax 
Jia6opaTOPlill T60peTm!6CROil qH3HRH 06~6,Il;liHSRROrO HHCTHTyTa Rnep
HWC llCCJ18nDB8Hllil H- Ha MeQyHap0,l(HOI- Jl8THett lllltOJle no Sl.l{8pHOI 

¢H3HKe (Ilpe.l(eaJI, Pyvwns, 1976). 

IIy6mrnamm. no pe3yJI~TaTaM .nm:icepTamrn ony6J1HR0BaHo ceMb 
CTaTSil. 

06~8M na60TH. ,Il.nccepTamm COCTOHT ll3 BBe,nerum, ~6THP8X 
rJIBB OCHOBHOrO co,uepJKaHruI fl! 3aRJllD'g8HruI, co.uepuT II7 CTpaIDIU 
Ma!llIDlOilHCHOro T8RCTa, 20 pHCYHROB, 3 Ta6.7IHIJ.H _li 6H6mrorpa~H~e
CKnil CllliCOR .7IHT8paTypH ll3 142 HanMSHOBaIDiil. 

Cogeplit8IDI8 pa60TH 

BBe.neIDie co,nepuT RpaTRHil Oel30p OCHOBHWX ltaHaJIOB 
pea:itUHH B3alDIO.l(elCTBH! 3Jl8KTp0HOB, ClWCTpWX npoTOHOB H 
T.fll!t8JIWC HOHOB C .fl):ij)aMH. 06cyl!t,ll810TC.fl B03MOl!tH_OCTll HCCJl6,UOBaHruI 
pa3Jlli'iHWC CBOitCTB CTpyRTYpH .fl):\1)8 Ilpli HCilOJll,30BaHHH HaJieTaIOOtIDC 
~aCTHU, pa3Jlli'ial0l!IDCC.fl no xapaRT8PY HX B3anMO,ll6liCTBHR C .fl):ij)OM
MIDil6HbJO. 

B rJiaBe I paccMaTpHBaeTc.a ~qp.1aJIH3M ynpyroro H Heynpyroro 
pacce.aHHR 9J16RTp0HOB li 6UCTPWC npoTOHOB Ha .am,ax:. 06cyl!t,ll8JOTC.fl 
npH6Jlll!t6IDlil, ROTOpHe H606XO,llliMO C,USJiaTb .llJ1R Toro, ~T06H CB6CTH 
3a;a;a-qy pacce.flHn.fl R npOCTllM B~HCJ18fllt.flM, CO.U8Plit8!llliM TOJlbRO O,JJ,HO
~acTITTIHH6 CTaTm!6CKH6 ll nepeXO,JJ,HH6 .a,uepHH8 IlJIOTHOCTH. IlpHB8.U6H
HH8 ~Op.!YJIH IlOR83HBaJOT, ~TO B03MOl!tllOCTb -YnDBJ16TBOPHT8Jll,HOrD 
OnHC8IDli! 9RCil6pnM6HT8Jll,HHX ,ll;8HHHX o6ycJIOBJ18H8 TOJll,RO BH60poM: 
MO,ue;rm, npe,UCR83HBanneit B6~HHY ll ~Op.!Y COOTB8TCTBYDit8it O,JJ,HO
~aCTH~ROit MOTHOCTH. ,lJ;l.a pacce.aarui: 9Jl8KTpOHOB 06CYl!t,ll;8Jl'l'C.fl H6RO
TOpae . .n;pyrne no,uxo;a,u R pemeIDIJO 38,ll;8~li, WC IlP8HMYll!6CTBa li H6,UO
CT8TKR. 

B § I onRcHBae1Tc.a npoue,n;vpa _aaa;rm3a ynpyroro II aeynpyroro 
pacce.flllilil SJ16KTpOROB C IlOMOIIU>JO M6TO,ll8 napuH8JU,HHX BOJIH777, RO

TOpm!: .flBJl.fl8TC.fl R81!60J166 TO~llM M8TO,noM:.llJIR oimcaIDI.fl npouecca 
pacce.flRn.fl STWC· ~8CTHU. , , ,-,-

§ 2 co,nep!tll'l' ~Op.18Jll3M T80Pllll rJiay6epa(8/, H806X0,11HMml:, 
B ,ll8JlbH6:lilm8M ,llJ1R 0Ill!C8IDI.fl ,J:0$.l;epeHUH8JlbHWC ce~eHHit ynpyroro H
aeynpyroro pacce.aHH.fl npoTOROB c aaeprIIeil ~ I raB. 
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B rJIBBe Il JtHccePTamtK pacCMBTpHBaeTca ynpyroe pacce.aHHe 
SJ16KTPOHOB K npoTOHOB H8 .fl,l!Jl8X C ne.m,n noJiy~eHruI l'IH~Op.18IOIH 0 
pacnpe,nene~ 38Pff,ll8 K M8T8pl!ll B OCHOBHOM COCTOSHUIB JJ,U8p. 

§ I noc~a pemerum IlpilMOit aa;a;a~ ynpyroro pacce.aHH.fl 
SJ18KTpoHOB. B paMKax: npocTeIDneit 060J10~6~HOit MO,ll6Jll'I pacc~HT8HH 
npoTORHl:,18 H Heh'poHHl:,16 CT8Tl'I~SCI<H6 IlJIOTHOCTH ,llJ1R ~6THHX ll30TO
llOB ~6J1638 1 HHRSJl.fl.H nwraa.Ha OCHOB8MOTH0CT6it CTpDHTC.fl tta@eR
THBH8Jln SBP.flJ(OB8.!J MOTHOCT», y~HTHB81l!!8.fl H6 TOJll,RO O'l'Jlli~a 
9J16RTPITTl6CROro ~Op.1~8RTOpa npoTOHa OT I, HO li TSRl!B OTJIITTIII6 
8J16RTPITTl6CROro ~Op.¢8KTOpa HSitTpoaa OT o, K, RpoMe Toro, peM
THB.l'ICTCR.1'18 nonpaBRH, 0 06ycnoBJ18HHl:,l8 CnHR-Op6HT8Jll,HilM B38RMO,neit
CTB.1'16M C IlpDTOHaMH ll aeitTpDHaMH H638llOJIH8HllWC 060JI0~6R/9/_ IlpH 
aaepnm 9J16XTp0ROB 225 MaB ycROpHT6Jl.!J X~TM/13faccqnTaHW AHiWJepea
mi:aJll,HH6 ce~ellilil ynpy1:0-ro pacce.aarui: .I'! .l'ICCJl8;1!.0B8RH OTROC.l'IT8Jll,HH6 
.l'ISM6H8lll!R ce~ead, BHSB8RRl:,l8 BRJIIJII8HII8M Toro HJIH HHOro BII,nB no
npaBOK. 

AaanorK':!HW aaaJIRs 6wi npoBa,uea T8RJte B paMKax o6ono~e~aon 
MO;D;8ll C OCTaTO'lfHl:lM B38l'IMO;D;6iiCTBH6M, iipHBO,JJ,RlJlliM R napHHM ROppe
J18mi:JJM CBepxnpoBO,JJ,RIIt6ro T'flIIlal2/. Bl:,l.!lCH6HO, ~TO BRJIJ0~6IDI8 T81toro 
OCT8TO'lfROro B38lll40,neficTBM npHBOJ];ll:T R ropas,no M6HJ,lllRM .l'ISM6H6H.l'l
.flM B ce~eHH.flx, ~eM y}leT 9J161tTPOM8rHHTROn CTPYRTYPR HYRROROB. 

B §~2npx HCilOAL30BaHH.l'l 3KCnepnMeRTaJILHWX AaHBWX no ynpyro»y 
paCC8!HMD npoTOHOB/4/ a TaRXe BXOAHWX AaHHWX no ynpyrowy pacces~ 
Hl!lO 8J161tTp0ROB, npHB8;8HHWX B "P]Jyx :pasn.l'l~HWC pa6oTax:/IO,II/, 
HaMH 6HJIH li3BJ16~6Rl:,l napaM8TPH HeffTpoHHoro CT8'i'H1?6CROro pacnpe
.uenerum .1Ul.!J Ra~ro as 'IIJ5YX aa6opoB napaMeTpoB aapg,noBoro pac
npe,ueJierum. HcnoJU,sOBanacb cJie,n;y:mtaJJ napaMeTpnsamm aenTpoaaIIX 
pacnpe,ueJiead: 

·.P('Z)=fo(t+w'l2;R2 )/[1+expcrz/< >], 
llpl! 8'i'OM .11)1.!J y,no6CTB8 cpaBH6Hli.fl C COO'i'B6TC'i'BYlllllllMR sapa,noBblMlI 
napaM8TpaMH napaM6TPH30B8ROCJ, nCB6PRYT06" H8iiTpoHH08 pacnpe;u.e
J16HR6. PesyJIM'STH pac~eTOB npHBe,nea1:,1 :a T86JI. I. 

06aapyxeaa Clllll,HM SSBHCHMOCTb Il0JIY~6HHWC napaMeTl)OB aeft
TpoHHoro pacnpe;u.eneIDI.fl OT HCil0Rb3Y8Ml:,llC BXO,JJ,HIIX ,ll;8HHl:,IX ,llJ1R aapg
,noBoro" pacnpe,neJieIDI.fl. 0,IJ.HSRO __ OTH0CHT8Jll,HH6 llPlipallt6Hll.fl napaMST
poB OR838JIHCJ, ,noBOJll,RO CT86WHW.!ll II MOryT 61:,l'l'r, .l'ICilOJU,30B8Rli 
ir;m cpaBHemm c· npe,ucRa38RWIMH wrnpocRon~ecKHx Mo,ueneii L · 06cyJt
,namc.a BOSMOlltHl:,16 npK':l.lIBl:,l Bl:,l.!lBR8HHOii R80,Jl,HOSH8~HOCTH a6cOJ!lOTRWC 
saa~effllit napaMeTpoB. 

5 



Ta6.llllua I. Ilony'leRHue napaMeTpH aettTpoaaoro pacnpe,neneRIDl. 
IlapaM6TPH 38psl,IJ.OBOro pacnpe,eneRWI, OTM6'16RHH6 
. 6yRB011 F , BS.RTH ns pa6oTH ID/, 6yRBOff . H - ns 
pa6oTi/II/. . . · . 

H,I!Jl8 R3ap aJap . R11 a· 
H w ('l2/Z 

Jap 
t.'l2/z 

H 
x2 
,, 

4Cba F 3,676 o_,5ss 3,720 0,557 -O,I02 3,486 3,453 2,9 
H 3,777 0,589 3,704 0,564 ..'..Q,I58 3,497 3,406 3,5 

42.ca F 3,728 0,59I. 3,645 0,$3I -O,II6 3,6I6 3,,538 I,O 
H 3,840 0,595 3,622 0,645 -O,I72 3,525 3,466 I,2 

44ca F 3,748 0,572 3,66I 0,624 -0,095 3,5I5 3,556 0,9 
H 3,850 0,575 3,644 0,63I -O,I5I 3,531 3,490 I,3 

" 
48ca F 3,744 0,526 3,954 0,53I -0,03 3,476 3,623 2,0 

487-; F 3,855 0,563 3,826 0,60I -0,076 3,585 3,639 I,4 
H 3,956 0,566 3,817 0,60I -O,I32 3,605 3,573 2,I 

rnaB_a ill ,ItKccepTatmn nocB.Rmeaa aeynpyroMy paccemurn aneR
TpoROB H npoTOROB. OoaoBRoe ~!3.HHe y,1teneao BOSMOll!ROCT.RM nony
MHRpOcRon.1rqecRoil Mo,nenH s~/2/ · (oc5~ao imnon:r,syeMott .1tn.R onn
caRWI · aaepnm n npmia,1unrnux Bepo.RTHOCTeil ~.neRTP~MarHHTRHX nepe
xo,IJ.OB) rrpa pacqeTe ;!Ui@epeatman:r,amc ce'leRHtt aeynpyr;oro pacce.R
RWI aneRTPOHOB H npoTOROB C BOS6yz,neHHeM RlIE811mRX RB8,IIJ)YilOn:&RHX 
COCTO.RR!lli B .R,IlJ)8X c 

0

88IlDnR6HROH npOTOHHOil 06onO'IROil. 
B § I npHB8,Il;6R BHBD,n ~Op,!yn ,nnJI R8HTPORRHX ll npoTORHW: 

nepexo,IIJlmc nnOTHOCTett, 0IlHCHB8JOlllHX B036yE,neRlle ROMSRTHBHHX 
O,IIJlajORORRHX COCTO.RHRtt an8RTp0R8MH H 6HCTPHMH npOTOH8Mll B par,1-

Rax HCilOn:&syeMoro ~OJJ,!8M3M8. 
. B § 2 ,nnJI HSOTOilOB onoBa npOB8,IIJ3HO. 11ccne,noBaRH6 38BHCHMOCTH 

B8nH'IHHH' H ~OJJ,!li nepeXO,IIJlHX MOTROCT6ii OT H3M8H6Rll.R H8ROTOpmc 
napaMeTpoB nonyMHRpocROnll'lecRott uo,nen.i,:. PaccM8TPllll8lll'1'CH. ,n;ea 
saa'leRHJI .1tn.R B8.llll'IHRH HSOB8RTDpHott RORCTaHTH Myn:&THilOn:&-Myn:&TH-:, 
non:r,aoro BsaHMo,neiicTBH.R: ;;e, = 0 :e: ;;e, = -I, 5 ~o • BenH'll!Ra 

6 

HSOCRan.RPROii ROHCT8HTH ~o B o60H.JC cny'IB.RX BH6Hpanac:r, T8R, 
'IT06H nony'IHTJ, 3RCil8PHM8RTBn:&H06 3H8'16Rll6 aHeprHH ypoBIUI. BH
.RCH8RO, 'IT_O no,IJ.06H08 H3M6R6HH6 .e, npMBO,ItKT R 3HB'IUT6nnROMY 
HSMe~eHIDD o6meil aop.1npoBRH B~acneHHoro ,ItKq:q';epeatman:r,aoro ce'le
HHJI pacce.RRH.!I aneRTPOHOB, RS M6H.IIH. npn STOM ~op~H yrnoBoro pac
npe,neneRHJI. 3aBHCllMOCTJ, C6'16RIDl aeynpyroro pacce.RRH.R IlPOTDROB 
OT HSM8R6HH.!I . ;,e, ORasanac:r, ,nDBOn:&RO cna6oil, XOT.R npn . 

.:e,=·-I,5 ae0 Ilp0HCXO,ItKT YM6HJ,ID8Hll6 H6HTPDRROii H YB6nll'l6HH6 
npoTORROii nepexo,naux MOTHDCTett no cpaBR6HIDO co cnyqaeM, ROr,na 

ae,=o • IlOR838RO, 'ITO j'B6nll'16Hll6 ROnH'l6CTBB Y'IHTHBB6MHX ypoB
aen O,IJJiO'lacTH'IHOro 6asnca npHBOMT ae TOn:&Ro R yBenll'leHHID aMn
MTY,ll,H 38p.R,IJ.OBOtt nepexo,naott nnOTHDCTH,.HO HR cymecTB6RHOMY H3-
M8H8HHD ipopww, nJ)HOnuam~elcs x oOwqao ncnon&syeuol B ~eaoueaono

. rli"lecROM 8H8Jm36 ~op.1e_r11,npO,nlll18Mli"l6CROii MD,Il;6nll Tacca. 
l1cnon:r,sys 3H8'16HH6 .e, = -:I. 5 ;;eo (T8ROii HaOop ROHCT8RT 

y,noBn6TBDPHT8n:&HO OIIHCHBB6T 3H6prllll HHE8ilIIIHJC RB8,IIJ)YDOn:&HHX ypoB
Heil H nonozeHHJI rnraHTCRRX H30B6RTOPHHX RB8,IIJ)YDOn:&HHX pesOHBH~ 
COB/21) H BH6npa.R ,nDCT8TO'IHO 6on:&mott o',IIJlO'l8CTH'IRH11 6831!'.C C BRn:r<r
'16RH6M RB83HCT8IUIOR8PHHX COCTO.Ranii BDnOTJ, ,no ::rnepnm 20 MaB, 
y,u,anoc:r, ODHC8TJ, ~~ereHtman:&Hbl6 ~8'16RIDl aeynpyroro pacce.RH~.R 
aneR'l.'p0HOB aa swi;pax I 6Sn H 58N, H npOTOHOB HB .R,npe 58Nl 
6es n;Bn6'16Hll.R IlO,IU'OHO~RHX napaM6TPOB. PesynnT8TH pac'l6TOB ;!1)1.R 

.R,I!Jl8 Ni npo,neMDHCTPHPOBaHH aa Enc. I,2. 
B § 3 ;!1)1.R H30TOIIOB R8n:&tnl.R ll 8Ti npOBe,neaa o6pa60TR8 

3RCil6pm,16RT8n:&Rb!X ,naRRHX no aeynpyroMy pacce.RRHID npOTOROB/4/ C 
uen:&ID H3Bn6'16HH.R Il8paM6TPOB R6iiTPOHRWC nepeXO,IIJlHX nnOTROCT6li. 
HcnonhSOBanac:r, ~eHDMeaonorl!'lecRa.R rayccoBcRa.R ~oµ.,a nepexo,naux 
nnOTHOCT6fi, y,noBn6TBDPHT6nnRO OIIHCl:m810tll8.R aeynpyroe pacce.RRH6 
aneRTpOROB aa STRX n,npaxlII{ 

rz R :z 
.Pi}z) "v exp[-(~)] • 

HopMHPOBR8 sapsI,nOBOli nepeXO,IIJlOfi n~OTHOCTH BH6paaa o6H'IRl:lM 
cnoco6oM: ·s 3Cl P. l.+ :z I \ r;:;-;-;::;-;, .Pi_ ('l) 'Z c,'Z = V B(El) 

8 ,nnJI H6fiTpORHDfi MOTROCTH IlOCTj'nHpOBanoc:r,: 

S
H 1..2 N . 

JL {'Z) 'Z r d'l = zV B(EL/ ' 
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Ni (p,p'J 
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V 

6 (2 16 

°"tlH' 1,paa 
PRC• I• IlpOTOHHrul H il8liTpoHHWJ nepexO,ll;fl.H8 IlJIOTHDCTH H ~e

p6HUHa.1ll,H06 C6'i6HH8 aey~roro pacceHIU1SJ npOTOHOB C 
-aaeprnett I rsB aa a,npe Ni • 3RcnepHMeHTaJII,HI:l6 ;naa

HHe B3HTI:l H3 paooTi/Ial. 

Jr/ 
-J 

ID 

-It 
JO 

-s 

SBN. 1 , (e,e J 

2+ l,;l,'15MaB 

10 ,...____.______.__..._.....____.___,___, 
0,8 1,2 1,6 q; 4'-t 

P1m. 2. XBa,m>aT qop,i<taRTOpa aeynpyroro pacceaHHH sneRTpoROB 
C aaepr.0:ait 225 MsB. 3RCil8P.lIM6RTa.1ll,HI:l6 ,n8RRH6 B3R-TH 

H3 paoo•w/I3? 

8 

-I ,,. 

l 

\ /, 
) 

t 
'':f 

' ( 
'.: 

,' 

.{ 

\( 
\ 
~' 

r'AS N R Z - -...0:cna aeitTJ)OROB H npoTOHOB B am,e. IlapaMeT-
PI:l B{EL), RH H C1H C'iHTan.0:01, CBOOO,ll;fl.llMH. Pesy}ll,TaTI:l 
p0C'i8TOB Ilp6)JOT8BJI6HH B TM.II. 2. 

TaOJIHUB 2. IIony-..eHHH8 napaM6TPli H6ftTpOHHI:lX nepexO,nal:lX IlJIOT
HOCTeil. IlapaMeTpli 3a~rrBllX IlJIOTHOCT6li B3HTI:l H3 

paOOT;/. I/ 

ff 

R3ap RH 
B{EL) x2 flm,a I a1ap QH B(EL}JA 

40ca 3-- 3,536 I,483 3,5II I,213 0,712 20 
42ca 2+ 3,541 I,459 3,20? I,6?9 I,09 2,4 

~Ca ~ 3,67I I,428 3,192 I,?19 I,O 5,2 
487-; 2+ 3,7?? I,340 3,280 I,698 I,32 15,? 

IlapaMeTp B(EL) .JT.}IH nonyMarll'i_ecRHX R.nep 42ca .0: 
44ca 

OR838JICR 6JIH30R R npHB6.ll;8RROli B6pORTROCTH -8JI8RTPOMarHHTHI:lX ne
pexo,nOB B(EL¼A. H3BJieRaeMoil H3 sRcnepm1eHTOB no aeynpyro
My Jl8CC8HHIDO 3JI8RTPOH0✓1II. 3TO yRasl:lBaeT Ha npHMepao o.nimaRO
BI:l6 B6.1lil'ill!HI:l IlpDTOHHllX I,I aei!TpORRI:lX nepexo,nal:lX IlJIOTHOCT6li, 't!TO 
Ill)ll pac-..eTax 3TWC IlJIOTRDCT6il B paMRax IlOJIYMHRPOCROilH'i8CROft MO
.ll;8Jll! B03MDJIIBO 'l'OJII,RO npH ;£1 :j:. 0 • 

Iloru,o6Hml 8H8JIH3 3RCil6pliM6HT8JII,HJ:lX ;I(BHHWC .JT.}IH R,m>a 40ca 
npo,neMDHCTpHpDB8JI cna6yD 'iYBCTBHT8.1ll,HOCTI, pacc'iHTaHRWC .ll;H~~e
peawaJILHWC C8'18HHit aeynpyroro pacceRHHH IlPOTOHOB OT H3M6H8HHH 
40p,!9 BHYTIJ8HH8it 'iaCTH nepeXO,ll;fl.WC IlJIOTHOCTait. C ;n;pyroft C'l'OPOHH, 
HCil0.1ll,30BaHH6 60JI86 perumcTH'iHOli 3RCilOH8HUH8JII,HOH 8Cll!MDTOTHRH 
nepeXO,ll;fl.I:lX DJIOTHOCT8li Il03BOJIR6T YM6HI,Illl'ITI, X 2 

.JT.}IH 3TOro H.npa 
B I,5 pasa, yny-..maa npH 8'1'0M onacaHHe 3RCD8p!i!M6RT8 B OOJI8CTH 
M8JillX yrJIOB pacc8RHHH. 

rnaBa I:/ .JlHCCePTBUHH nocBamena BH.neJieHIDORaHana nn11Horo 
CJIHHHWJ .n;BYX s.nep npa CTOJIRROB8HHH Tfl~6JillX HOHOB C H,m>aMH. Pac
CMaTpHBaJOTCH peaRrm:H C y-..acTH8M H8JI8T8JOOUIX -qacTHU C M8CCOi! 
A~ 40 H C 3H8l)rl!8il £ z (2-10) MaB/HyRJIOH, ,1J)1H ROt'Opl:lX 1t8H8JI 

llOJIROro CJIHHHHH COCT8BJ1J'l8T OOJII,myD 'i8CTb'UOJIHOI'O C6'i8Hli8 peaR

UHH. 
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' 
B § I npiiBo;D;IITC.!I t<iiaccmf,HRaIJ,IDI pa3Jmt!HllX RaHaJIOB peam:nrn, 

conpolioatJ¥;iianruc B38ilMO.I(e:ltcTBl!8 T.!Iilt8JIHX HOHOB C .!I,IJJ)ar,m. 06cyllt,na

eTCSJ umpo1rn:lt Rpyr coBpeMeHHruc TeopeTH'iecmu: Mo,neJieil, no3BO.iIBIO
mruc BH,I\6Jll!Th p83Jmt!HI,16 R8H8JIH pe8RUIIH, rue .I(OCTOliHCTBa ll He,no-

. - - . ~ . 
CT8TRII •. 

B §' 2 IlIJ6,IVI8raeTC.!I MO.n,eJih, SJBJ18!0lll8.!IC.!I CHHT630M M0.!(6JI6il ra
JIMH8 li ,IJJ)/57 li MO.n,eJIH EJiaTTa-Ba:ltcRorif;a-ToMac/6/. 0nTlt'l6CRd 

IlOT8HUII8Jl B38RM0.!(6llCTBli.!I ,n;ByX .!I,nep-BHOllpaeTC.!I B BH.!(6 
·_ _ {. z, z._e 2 . 

U('l.) ~ .. 'l . I 

- -V(rz)- iW('l) 

'Z > R. ·' 

ct<'l<R . 
IJOCTY JIHPY6TC.!I, 'ITO npll 'l ~ Q' ID.166T MBCTO _no~o~ norJIOU16Hll6, 
T.e. P~Ill6Hll6 ypaBH6llli.!I lllpe;D;l!Hrepa ID.166T B' 8TOil OOJ18CTll BR.I( 
TOJihRO cxO,Il.R'.Jlellc.!I cq;eplt'lecRoll BOJIHH (pac·; 3). 

. • . .. {:z) ' ·, 

Xe =Aene (Ko'ZJ, 

r,ne 

Ko: Vy.J{E +_V(ct)]/t.,'-. 
. 1··. 

HenpepHBHOCTb BOJIHOBOi1 q;yHRtnrH H ee IlpDH3BO.I(HOil nplt _. -'l::: Cl H ' 
B 8CRMilT

0

0TR'l8CROil OOJIBCTH h03BOJISleT O,nR03H8'lHO onpe.n,eJillTb ROaq;

q;nnaeHTH , Ae H Se - napnaaJlhime 8Jl6M6HTll S -M8TpI1IU,!. Ce
'l6HH.!I_ CJIH.!IHH.!I H IlOJIH06 C6'l6HH6 p08RUl!H Onpe~eJISIDTCSI CJ16.IIYIDIIU™ 

o6pa30M! 
0() 

°c11 = ~- [ (2t +·f) /A~(l<Ko ~ 
K e=o _ _ __ 

. 0,0 ' ·-2 

op·= ~-[c2e+1J(1-JSt!J -
I< -e=O ': · 1. : . 

,Il;m llOT6HUII8Jl8 U(i) , BHOpaHHOro B BH.!(6 ·Ilp.!IMOyrOJibHO:lt 
.!IMll; llOJIY'l6HO, 8H8JIHTli'l6CR06 pem6Hli6 li liCCJ16.I(OB@H p.!I.I( B8lltHllX 

npe,n6JlbHHX, CJIY'l86B • · _ 
,B .§-3 o6cyilt,n;B~TC.!I -BH6op napaM8TPOB M0.!(8Jlli li liX CB.!I3b co 

CTPYRTypoi- ytiac;~yroutruc n pea1<tiirn .R,JJ.ep. '.Ilf.!I 'peaJlhHO:lt '!BOTH onTn
'lSCROro noTSH.UliBJia itcno,lll,3yeTC.!I napaMeTpH88IW.II/I4/ noTeHU1IaJ1a 
Tliila 6paRHepoB~iwro, noJiytiaeMoro · HS cooirHomea~n Me11t,ny nJIOT

HOCTI>JO aaeprHH li TIJlOTHOCTbID MBCCH _B T60PHH .R.n,epHO:lt M8T6plili. 

10 

,Il;m MHID.10:lt '180TH HCTIOJ1b3Y6TC.!I q;eHOM6HOJIOrlt'leCRH:lt TIOT6HUH8Jl 

W(Z)= (Wo/p){E-½;)d~ [1+exp('l~/""J{
1

, 
. w 

r.ne ¼ - RyJIOHOBCRHfi 6apbep, onpe.n,eJl.!IeMHil: peaJibHOil 'lBCTbID 
TIOT6HUII8J18. C 6;D;IIHHM aa6opoM napaMeTpOB MH~on 'l80Tll TIOT6HUH8-
]18: 

¼{,= 0,367 MaB•'PM, dw= o,5 'PM, 
'IJ VJ 

Rw=f,l/(A1 +A1 ) <PM 

IlOJIY'l6HO y,noBJ16TBOPHT6JlbH06 corJiaCH6 C 8RCil6Pm.16HT8JlhHHMli ,n;BH
HHM.II ,nJl.!I peaRI.Urtl 160+27Af , 160+4Dca .II 40Ai + 109Ag- • 
B RatieCTBe npm.1epa Ha p.lic. 4 ,IJ)J.R 160+ 4Dca noRa3aHH cetieHH.!I cJIM
.!IHli.!I ll IlOJlH06 C6'l6H.II6 p08RUIIllo 

B § 4 06cyilt,namc.1I·HeK0TopHe np.1I6JIHilt8RIDI,HcnoJII>8YeM1,Je B MO

~eJIH, rpaHllll,ll 86 npm.1eHm.1DCTli ll nepcneRTllBI,l .!(8JibH6:ltmero P83B.II
Tli.!I, PaccMaTp.lIB86TC.!I CB.!I3b R8H8JI8 rny60ROHeynpyrnx nepe,na'l C 

l<8H8JIOM IlOJIHOro CJIH.!IHH.!I .nBYX SJ,nep. 0TM6'186TC.!I B8:KHOCTb COBM6CT
HOro 8H8JIH38 H6CROJlbRliX R8H8JlOB peaRUM~ B paMRax 8;D;IIHOil M0.!(6JIH. 

B 38RJIID'l6lll'IH o6cyat,n;BJOTCSJ ~ll3ll'l6CRH6 CJ16.I(CTBH.!I IlDJIY'l8HHHX 
pe3yJibT8TOB .II H6ROTOpI,18 ~8JlbH6HIIIH8 npo6J16MH. 

0cHOBHll6 P§3YJibT8TI,1. IlDJIY'lBHHI,16 B ,rm:ccepT8p;lll! 

I} YCT8HOB]l6H0 1 'ITO ,nJI.!I-.II30TOilOB ~8Jl838, HllR6Jl.!I ll 1;(llRR8 peJl.!I
TllBHCTCRll6 nonpaBRli R C6'16HH.!IM ynpyroro pacce.!IHH.!I 8Jl6RTPOHOB 

npli 8H8prH.II 225 MaB, o6yC]l0BA8HHH8 CilllH-Op6HT8JlhHHM B38.IIMO,neil

CTBH6M 8Jl6RTpOH8 C IlpOTOHaM.II H H6:ltTpOH8MH .!I,IJJ)8, B 3~8'lliT6JlbHOil 
CT8Il6H.II B38llMHO ROMil6HCllPYIDTC.!I. IlonpaBRll, BH3B8HHhl8 Y'l6TOM 

8]16RTPH'l6CROil CTpyRTYPH aenTpOHa, npnBO,I!.RT R li3M6H6IDIBM C6'16Hnil 
H8 20-30%. IlDR83aHO, 'ITO B8JIH'lllHI,l nonpaBOR YB8Jlll'l.lIB8IDTC.!I C B03-
pacT8Hll6M 'l.lICJ18 H6:fiTpOHOB y ll3DTDilOB. 

2) ll3BJ16'l6HI,1 napaMeTpH CT8Tll'l6CROro pacnpe,n8JI6llli.!I H8:ltTpOHOB 

,nJl.!I nsoTonoB RBJlbnM li 48Ti HS aRcnepHME)HTOB no ynpyroMY pac
ce.RHHID 8]18RTp0HOB R npoTOHOB. BI,1.!IBJ18H8 'rue CllJll,R8.!I_. 38BliCm.10CTI, 

OT liCil0Jlb3Y6MllX BXO,n;RHX Il8paM8TIJOB 38p.!I,noBoro pacnpe,n8Jl8Hll.!I, 
O,n;R8RO OTHOC.IIT6JlbHH6 .II3M6H6Hli.!I OT .!I.I(pa R .!I.I(py OR838]lllCI, ycTott

'lllBHM.II H MOryT OHTb liCil0Jlb30B8HI,1 ,nJl.!I cpaBH6HH.!I C npe,ncR838H.II.!I

MH MliRpOCROilll'l8CR.IIX_ M0.!(6]16:fi. 
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3) IloRaaano, '!TO TOJII,RO cyMMapHHit aifq:eRT ( ;e, 'j: 0 Ii ytteT 
naneRHX OT IlOBSPXHOCTH_ ~6:[l\lll O.IJ;HOttacTWJHWC COCTO.RHd) llO8BOJI.fl-
6T noJiyttnn aRcnspm.1e,iTaJI1>HHe anatteHruI ,n.m'f¢epeHUli8JIIiHWC cette
Hr1il: Heynpyroro pacce.RHIDl SJISRTPOHOB C BO8CiylltlI81m6M, HHllt8WllllX 
RB8JIPYTIOID,HWC 'COCTO.RHUfI B .R.JJ;Pa~ C aanOJIHSHHOil: npOTOHHOit OCiOJIOtt
ROil:. 

4) 118BJI6'l6HH napaMSTPH HSil:TpOHHWC nepeXO.IJ;HHX IlJIOTHOCTSil: lIJlfl 

ll8OTOilOB R8Jl!,IIM U 48 Ti • IIoJiytteHHH6 _n8HHH6 T8Rllt6 YR88HB8JOT 
aa HeOCiXOlIID,IOCT!, BRJIJOtt6HruI ll30B6RTOpHOfi ROMilOH6HTH MYJI~THllOJII,
MYJl!,TllilOJI!,HWC CHJI lIJlfl BHP8BHHB8HruI BRJia.na npOTOHHOil: ll HSilTpOH
HOil: nepexo.IJ;HWC llJIOTHOCTSil: ~JIR paCCMOTpeHH.R nonyMarHqeCKHX ~ep. 

5) Ilp6lIJIOllt6H8 npOCT8.R RBaHTOBOM6X8HR"l6CR8.R MOJI6Jl!, BH.ItSJISHWl 
R8H8Jl8 llOJIHOro CJIH.RHH.R B peaRUli.RX C T.Rllt6JIHMH HOHaMH. C e~HHHM 
HadopOM napaMSTPOB MHllMOil: tt8CTH OIlTH'l6CROro IlOT6HUH8Jia TIOJIYtt6-
HO YlIDBJI6TBOPHT6JI!,HO6 OilHCaHHe 3KCil6PHM6HTMI,HHX naHHHX no 
llOJIHHM C6tt6HIDIM peam:urn: H cetteHruIM CJlll.RIIB.!i lIJlfl p.a.na n,nep. 
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