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OBJ(A.H XAPAIITEP!r:Tvll{A PAEOTH 

AKTyanbHOCTb npo6neMH. IlonyMHRpDCROilfiqacRHS MSTO;m,I nccna,no

B8HHR"CTPYRTYPll 8TOMHOro n,npa HBJIBmCH oettqac, IlOl!tanyn, O,ItHliTh\H H3 
Han6ones IlpD,DYRTHBHWC. B qacTHOOTH, 6om,mruc ycnaxoB B HsyqeHHH 
cnoJKHWC n,nep ,no6Hnacb RBasnqacTHqHo-q;oaoHHM Mo,nenh n,npall, 2/. B 

OCHDBY 3TOli MO,nenH nonOJK6Hll MaTeMaTzqecRHS M8TO,ll,l1, paspa60T8HHll6 

,IVIB Cl'IOT8Mll MHOrruc Ten H.H.EoromoooBw/3,4/, ,11t.Eap,ItHHHM, JI.~ne
pOM H nx.mp0:iiepoM/5/, pa6oTu B.r .ConoBb6Bal6 H c .T .EanneBa I 
no napHHM ROppenRUHRM OBepxnpOBO.ItRmero THna, 8 T8RJK6 PR.It HOBWC 
0:,neft, I{8C810'JtIDCCH a~16RTHBHOro B38HMO,It8liCTBlffi HyRnOHOB B n,npax. 
Yonan: RB83ffq8CTHqHo-q;oHOHHOft MO,It6nR B 0Il!IIC8HHil HH3ROn6l!t8!1lRX co -

CTOHHHll 60nbmciro qncna H,nep C03,ItMH xopomyD OCHOBY ,1\JfH ,ItMbHenmero 
66 p83B!IITHR Ha o6naOTb BllOOROB036Yl!t.It6HHJ:ll{ COCTOHHHll. B HaCTOHmee 
BpeMH ,It8HH8H MO,nanb Il03BOnR6T 6,ItHRllM o6p830M OilHCHBaTb COCTOHHHR 

H,Itpa npH HR3RIDC, npOM6JltYTOqHJ:ll{ H BHCORUX aHeprHRX B036yJK,n6HIUJ. 
3TO ,wino B03MOlltHOCTb npHM6HHTb 66 R nsyqeHHID MynbTHnOnbHHX rn
raHTCRIDC,pe30H8HCOB. 

rnraHTCRH6 pe30H8HCH (rP) HBnHIDTCfl 06tUHM CBOiiCTBOM 8TOMHUX 
n,nep, qTo ,nenaeT npo6neMy HX nsyqeaHH O)J,Hoii H3 aaH6onee aRTyanb
HWC. Hcone,noE8HH6 rP Il03EOM6T 3HaqHT6nbHO npO,ItBHHYTbCH. B I{aqecT

B6HHOll M ROnHqecTB6HHOii HHTepnpeTauim aenpepHBHOro Cil6RTpa, cno
co6cTBY6T pemeHRro BOnpoca o ~parMOHTaUHH npocTHX ROHWHrypaUHii 
BOnHOBOft iYHRilHH no 6onae cnoJKHHM, ,naeT HHwop.1auuro o napaMeTpax 
OCT8TOqHHX CHn HO pn,ne ,ItHHaMHqecRHX xapaRT6PHCTUR H~pa, H8IlPH
Mep, 0 c~~aeMOCTH. HsyqeHH8 rP T8R~e ,It86T B03MOfill0CTb nyqme no
HfJTb M8X8RH3MH H6ROTOpWC npoueccOB (pacceHHH6 a.npOHOB Ha n,npax, 

B381lMO,It6HCTBH6 TJUtenwc HOHOB H T • ,n.). IJOBI:Ull6Hllllli HHT6J)6_C R rP 
06'l,JlCHfl6TCfl T8R~e T6M, qTo B nocne,ItHH6 ro,ll,l1 3HaqHT6JlbHO B03p0Cn!II 
061,eM H RaqecTBO He06XO,ItHMOii ~lRCil6PIDA6HTanbHOii MHiJ}0µ.!8IlHH. B 
qacTHOCTH, IlOHBMnHCb ,It8HHll6 0 T8R Ha3HB86MHX HOBHX fp (OTnflqHUX 
OT EI-pesoaaaca). 3TO npHBeno R DOCT8HOBR6 TaRIDC sa_wiq, RaR.~e
T8nbHo,e HsyqeHM6 E2-, E3- H Ml-:-P630H8HCOB, ,IVIB ROTOpllX no cpaB
H6HHID C ,n;pyrllMH HOBHMH I'P co6paH H8H60nbmHii 3RCil6PHM8HT8nbHHii M8-
T6pHan, 8 T8Rl!t6 HOCne,nOBaane Bonpoca O B03MO~HOCTH cymecTBOB8HRH 
rP 6onee, BHCOROii MynbTHilOnbHOCTH. 

Pem6HH6 3THl sa_wiq H8T8nRHB86TCH Ha cepb63Hll6 TPY.ItHDCTH B 

(Hr?,CJ!:{:Ie:.;;uil UHCrnl'Ji' 
I 
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cnyqae ~6~0pdHPOB8HRWC R~ep: BHCOR8R nnOTHOCTb COCTORHntt B 3T.IU R~
pax S8CT8BJIB8T pa60T8Tb C 60Jlb!IIBM ROmfnrypaWIOHHllM npocTpaRCTDOM, 
qTo ycnOIKHJlOT pacqeTH. Ho,c mron CTOPORH, ~8HH8R OC068RHOCTb ~e
~OpMUPOB8RRWC R~ep II03DOJIB6T npe.u;nonarau, qTo 13 8THX R~ax ~par
M6RT8UHR npOCTUX ROR~nrypaD,llil no 6onee CJlOMWJ cna6o CR81!t6TCR H8 
OCROBHWC xap8RT6PHCTHR8X I'P n, CJ16~B8T6liHO, 8TH xapaRT6pHCTRRR 
6Jl!3T xopomo OnHCHB8TbCR Y'/E.6 B npH6JlliE6RliIB X80THqacRHX ~83 (RPA ). 
PacqeTH c;qeTOM aRrap,10RHqecRHX a~eRTOD nOATB8Pllt~am 8TO npe.u;no
Jl0Jlt8HR/8 • 

B CBOID oqepe~,HCCJ18AOB8HH8 aRrapMOHHqecRHX 8~8RTOB, n3yqerui:e 
H8p0T8Ut10RHIDC COCTORHUH 13 HeqeTHHX R.n;p8X U PR~ mrux sa,uaq Tpe6ym 
cos~aHIUJ O.nH010ROHROrO 6831!08, ~OCT8Toqao nrnpOROro no 8R6prmr BOS-
6y11t~6H~ H npOB6peRHoro Ha pacqeTaX I'P. . . 

Sg;ifeRTHBHl:lli annapaT ,ll)1R usyqeID1R I'P ~aeT RBasnqacTnqao-q:oRoH-
HaR M0~6Jlb R~pa/I, 2/ •. . 

Uenb pa60TH. PasBHTb B paMRax RBasnqacTuqRo-(1:oHOHROft MO~eJlli 
R~pa 1opd8JlHSM, IlOSBOJIBIO'JUIB OilHCHBaTb BHCOROBOS6yneHHH8 H6POTaWI
OHHH8 COCTORHHR B ~e~OpMHPOB8HHHX R~pax, UC noMOillbID 8TOro ~Op,!8-
JlH3M8 UCCJ16~B8Tb B O,WIO~OHOHROM npn6Jllillt6HHH ( RPA) HOBH6 I'P B qeT
Ho-qeTHHX ~6~0pMHPOB8RHI:llC R~pax. Ilo.nyquTb O,WioioHOHHwl: 683HC, xopo
mo anpo6upOB8HHl:lli B pacqeTax H6POT8WIOHHWC COCTORHHH B lllHpOROH 06-
JlaCTH aaeprun Bos6y11t,neRHR R~a. 

HayqnaR HOBH3Ha H npa1<uqecRaR U6HHOCU. B ,!tl'ICC8PT8WIU npo~e
MOHCTPHPOBaRH mnpORH8 BOSMOlltHOCTH RBa31fll8CTHqRo-q:oHOHROH M0~6Jlli no 
nsyqegmo BHCOROB036yneHHHX COCTORHmt B ~6~0pdHPOB8HRRX R~pax. 

HOBHM BRJla~OM RBJ1JI6TCR ~8JlbH6ilmee pa3BHTH8 M8T6MaTlfll6CROro an
napaTa MOA8mi, no3BOJIBl!lq68 HCCJ16~0B8Tb B paMR8X RPA U30CRaJIBpHH8 H 
HSOB6RTOPHH6 I'P B qeTao-qeTHHX R~ RaR nyTeM n3yqeHHR CTPYRTYPH 
0T~6JlbHliX O,WIO~OHORRHX COCTORHmt, T8R H nyTeM pacqeTa C00TB6TCTBYD
uuu: cunoBwc ilYHRWiii. Ilpe;D)laraeMa.a npn BTOM opirHHanMia.a ~op,1ymrpo13-
Ra MeTo.ua cnno_BHX 1YHKnd pa,!tl'!Ranao ynpomaeT pacqeTH I'P. 

Ha OCHOBe/9{nnepnHe nonyqeHH B aHaJIHTHqecKOM BH,Ite npu6JlHX6HHHe 
BHpal!teHllR ,ll)1R 8Heprntt H BOJIHOBHX 1YHR:rnrl\ H8POT8WIOHHHX COCTORruul: 
ReqeTHHX R~6p B cnyqae, ROr,na BOJ1ROB8fi IURRWIR C0~8PlltHT TpeX~OHOR
HYID ROMnOH6HTY. 

Ha npUMepe RBa~pynOJlbHHX I'P noxasaao, qTo rap,10HUqecmrn ( RPA) 
pacqeTH B paMRax RB8Slfll8CTlflIRO-qjOHOHHOH M0~6JlH RBJlRIDTCR xopoJ.nHM 
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npu6J1H11t8RH6M ,ll)IR_ OIIHC8HHR OCHOBRHX CBORCTB rP B ~e~OpMUPOBaRHUX R~
pax. 

BnepBH6 npOB6~6HO nrnpOR08 IlOJIYMHRpDCROIIH'l6CR06 HCCJ18~0BaHH6 OR
TynOJlbHHX rP. XapaRT6Pl1CTHRH 3TIDC rP BITTHCJlSHH ,ll)1R 60JII,lll0ll rpynnH 
R~ep. IlonyqeHHH8 pesyJlbTaTH MOryT 6HTb IIOJ183HH npu IlOHCRe ORTynon
HHX rp Ra 8RCil6PHMSHT6. 

HOBHM BRJ18~M RBJlRJOTC.R pacqeTH ·cHJIOBHX g;yHRIUitt npHB6~8HHOii: B6-
PORTHOCTH £'). ( A= 4,5,6,7)- u M). ( }.. = 2,3)-nspexo~oB, npo,ne-
JIBHRHe ,ll)1R ps~a R~ep B lllllpDROH 06JI8CTll 3H6prrrii: BOS6Yllt,lJ;6HIUJ. 3TH 
pacqBTH YR83HB8IOT H8 BOSMOJKHOCTb cy~eCTBOBaHHR B ~eq:op,1npoB8HHWC .R~

pax mraHTCRHX E40 -, E50 - · n M21 -p8SOH8RCOBX). 
BnepBH6 no~T H H3yqeR Bonpoc O B03MOJflliOCTH 3HaqHT6JlhHOrO pac

I11BnJ18HllR (ymupeHHR) MI, -pesoHanca B ~ecf;oµ.iHpOB8HHWC .R~x. paccMOT
peHH IIPlflIHRH TaRoro pacmenJISHWJ. 

IlpOB6~8HHH6 B ~ccepT8WIH HCCJie~OBaHJUJ CJ1Jl!t8T ,n8]lbR6Hlll6MY pas
BHTHID RB8SH'!aCTliqHo-q:oHOHHOii: Mo~enH. Omr H6 TOJlbRO .nam HOBYD HHq:op
M8WIID OTP, RO ll Il03BOJIBIOT COS~aTb ~OCT8TOqHO Ha~SIKHl:lli OMO~OHOHHl:lli 
6asnc, Heo6xO)];HMl:lli ,ll)1R perneHJUJ mHpORoro Rpyra q:HsaqecRHX sa,naq. 

Anpo6aµHH pa60TH. Pe3JJlbT8TH .n;HCC6pT8IU!li ~ORJ18;nHB8JlliCb H 06cy11t
,namrcb Ha C6MHH8P8X ]a6opaTOPHH TSOpeTnqecKoii ifnsHRH OifilH, Ha 27-, 
28-, 29-0M COB6I118RIUJX no R;nepHoii: Cil6RTPOCROmm H CTPYRType aTOMHOro 
R~pa, Ha M61!tl!3H8POMOH ROH~BpeHWIH no H36pannllM BOnpocaM CTPYRTYPH 
.a~a (,Ily6Ha, 1976 r.)' H8 IY Mellt,JJJRapO,WIOM C6MHHape "3JI8RTP0Marnnx
HHS B38HMO;nettCTBIDl R~ep npu M8JIHX H cpe,WIHX 8H6prHRX" "(MocRBa' 1977)' 
Ha XI MelltlJSHBpo,Wioil neTHeii mxone no n~epHott q:nsHRe (IIHP, Mmio]laiiRH, 
1978 r.), Ra MelltlJSHBpDMOii ROH~epeannn "fl~epHaR ifHSMRa H aneRTpDMar
HHTRh!e B38HM0~6HCTBHR" (\l>Pr' MailRu, 1979 r.). 

Ily6]1HR8Ulm. Ilo pesyJ1M8T8M ~CC6PT8IU!li ony6JlHROBaHO BOC6Mb 
pa60T. 

06'b6M pa60TH • .JinccepT8WIR COCTOliT HS BB6~6Hrul, TpeX rnaB ll sa
RJ1KJ'J6HID!; ORB CO~Spi!tHT 121 CTPaHH~Y Mall!HHOnHCHoro TeKCTa, I5 I)HCYR
ROB, IO T86]1HU ll 6H6.ID!OrpaquqecRHtt cnncoR HS 115 Ha3B8HHii. 

x) HHlltRlrl!: H~6RC osHaqaeT usocnuH pe30H8HC8. 
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CO,UEP!AHME PAEOI'H 

BB6ll6HH6 co,nep1!tHT RP8TRYIO xapaRT6p!1CTllRY RB83H''l8CTHtJHO--q,OHOHHOi1 
MD,neJIB .a.npa nee npHMeHeHRR ,ltJlfJ pemeHHR mnpoRoro Rnacca 3a.n,aq no 1'13Y
'l6mno CTpyRTYPH CROlKHHX .a,nep. )laJ166 Cl!t8TO 06pHCOBWl86'l'C.8 npo6neMa I'P, 
pacRpHB86TC.8 es 8RTY8RbHOCTb. JlaeTC.8 RP8TRHil o6sop 3RcnepHMSHT8RbHO
ro MaTepimna ll T60p0THtJ6CRHX llCCJ16.U:OB8Hllli no HOBb!M I'P B ,neqiop,tl'!PDB8H
HHX .a.npax. CT8BHTC.8 3a,natJa nonyMHRpDCROnlltJ6CROro onllC8HRR HOBW:: I'P B 

,neqi0µ.1HpOB8HHHX .a.npax B paMRBX RB83lltJ8CTRtJHO-if;OHOHHOH MO,nemr. 

B nepBOi1 rnaBe p83BHB86TCR M8T6M8THtJ6CRHH annapaT RB83HtJ8CTHtJ
' HO--{[OHOHHOll MO,nenH, HS OCHOBe ROTOporo Ilp0B8,ll;6HH ,ll;8JII,HSi1nrn:e paC'ISTH. 

B § I .naaa ~OpdYJll'JPOBR8 MO,neJlll'., Il03BOJ!R!Olll8.R OilUCHB8Tb B paMR8X 
RPA CTPYRTYPY HepOT81\UOHHHX COCTORHHil tJ6THO-'l6THWC .n,aq:op,mpOE8HHWC 

.a.nap npu O,lJ.llOBpeM6HHOM Y'l6T6 ll30CR8Jl.8pHO~ H H30B6RTOPHOi1 ROMilOHSHT 
OCT8TOtJHHX CllJl. raMl'!JlbTOH1'18H CHCT6MH BRJllOtJ86T cpe.n,aee Il0Jl6 CBRCOHa
By,nca, napHH6 ROppen.armn CB6pxnpOBO;rr.Hmero Tl'!Il8 u OCT8TO'IHH6 MYJlbTll
Il0JlbHH6 HJll'J CilUH-MYJlbTHnO)ll,fill6 CUJ!H. IlDJ1Y'l6HHH6 qDpdYJlH MOryT 6HTb 
llCilOJlb30B8HH ,ltJlfJ H3Y'l6HRR o.n,aoqioHOHHWC COCTO.IJHHH Ilpll Hl'l3RUX, npoMe
JKYTO'lHl:lX H BHCORHX 3HeprRRX B036yl!t,n6HHR. 

• B § 2 p83BHD86TC.8 Il£RM8HHT8RbHO R ,ll;8HHOH uo,nemr M6TO,ll; CHJlOBWC 
lf.YHRi:mll, npe,nJ10lK6f!Hlill i O/. C llOMOUU,IO 3Toro M6TO,ll8 ,lt]lfl CJ!Y'l8.8 tJ6T

HO-tJ6THHX ,ll6WOpMHpOB8HHhL~ .R,ll6p BHBO;rr.HTCR BHp8llt6HH.R ,ltJlfJ CHROBUX: (J'.YHR-

lJ,!1H B ( E;.. ( M )I), w) ~PHBe,neHHHX EepD.RTHDCTell: E'). (Mi\)-nepe-
xo,noB, HM6!001HX BU,ll; 

t{E>,(MA) w)=~.[ B(Ell{ni\),O ➔Wt.). 
. J .2.TT t (W-Wt)2.t-(6h,)2 

3,necb B(EA(MA)JO ➔ W.t) · - npHBe,nenaa.a B6PO.RTHOCTb f"). (MA) -
nepexo.n,a H3 OCHODHOro COCTORHIDJ R,llpa HB O,lJ.llO(IOHOHHOe (mm Ha poTa

lJ,!10HHYJO nonocy o.n,aoq.OHOHHDro COCTORHl'I.R) C 3HBprn:ei1 W-t J {). - napa
M8Tp ycpe.n,aeHRR., 3H8~6Hl'l6 ~OTOporo 6epeTC.H MHOro M6HbID8 3Hepr6TllltJ8-
CROH 06Jl8CTH _ROR8JlH38lJ,!1H I'P • l1cnO)ll,30B8Hl'l6 CHROBWC cfYHRIWit ll03BOJ!.8- · 
ST pacc'lHTHBaTb npHBe,n;eHHHe Bepo.aTROCTH nepaxo.noB B IDHPDROM UHTeP:. 
B8Jl6 3H8prun BD36yllt,ll6HH.8, H6 pema.a npu 3TOM CSRYJ!RPHOro ypaBH6HIDJ 

,ltJlfJ R81K,llOro COCTOflHRR R.npa. TaRoi1 no,nx:o.n pa,nHR8JII,HO YilPDUIB6T BH'IHC
Jl6HH6 xapaRT6pUCTHR I'P. 

B § 3 nonyqenH B 8H8JlllTH'l6CROM BH,ll6 npH6IDillt6HHH6 Bupa'lll'.6Hll.8 .. .llJIB; 
3HeprHi1 H BOJlHOBHX cfyHRIWi1 HBpOT8lJ,!10HH11X COCTORHHi1 H6'l6.THlllC ·.rtertop,iH-

4 

(,, 

' \. 
J 
~ 

t 

pDBBHHUX .R~ep B. CJ!Y'l86, ROr,na BOJ1HOB8.8 ~HRUWI co~epm:HT TpexrtoHOHHYID 
ROMllOH6HTy. IlpH 3TOM HCilOJlb3Y6TC.8 M8TO,/~/, 38RJlIO'IBIOOUl'.ttC.fl B TOM, 'ITO 
B6Jlll3li RBllt,ll;OrO onpa,ll6Jl6HHOI'O BH,n8 nom:ica CHCT6MH OCHOBHl:IX ypaBH6HHii 

,rm8TC.8 ,ltJlfJ 3TOil CHCTSMH COOTBBTCTBYI00166 npH6JlH~6HH06 pemeHHe. B CHC
T8M6 YP8BH6HHi1 Y'lliTUBSIO'l'C.H BC6 ROrepaHTHH6, 8 T8Rl!t6 IlOJl!OCHHS H6ROre
J)6HTHH6 'IJ16HU. IlonyqeHHH6 Bup8E6Hru=J, RBMIOOUieCR O,llHID,4 ns B8PH8HTOB 
BHXO,ll,8 38 paMRli RPA. MOryT 6m.'b Il0Jl63HH npa HCCJ16,ll;OB8HHH MHOrORBB-
3H'lBCTH'IHHX ROMilOH6HT BOJ!BOBHX (fYHRUl'Itt BUCOROB036ylK,ll;6HHllX COCTORHHi1 

(Hanpm,iep, B o6naCTH 3HeprHH CBJJ3H H6ilTpOH8). 
Bo BTOJ)Oii rnaBe ,nnccepT8Ul'Ili 8H8J!H3Hpyl0'1'C.8 p83YRbT8TU pac'ISTOB 

3Jl6RTPH'l6CRliIX I'P B 'l6TH0-~8THUX .nsqopMIIpOB8HBHX .a.npax. ,Il,Jm rnapoROil 
06Jl8CTH sneprHH B036yE,nenrui: .a,npa pacCM8Tp!1BBIOTCB E~ -nepexo.m,I C 

4 ~ A ~- ? • Bee pac~BTU BllllOJlH6HH B paMRBX RPA C HCllOJlb30BBHH6M an
napaTa RB83H'lBCTH'!HO-if;OHOHHOii M0~6Jlll, H3Jl0~6HHOro B nepBOii rnaBS. 
0CHOBH8.fl ~8CTb peaym,TaTOB nony~ena nyTeM BH'IHCR6HRR CllJlOBUX ¢ynR~ 

rmn. . 
. Il8paM6TPH llOT6HlJ,!18J18 CaRCOHa-By,nca B3RTH HS pa60T/II/. B pac'le

T8X Y~IITUB86TC.8 mnpORllii 0,lJ.llO'lBCTlf'lHIDl: 6B3HC C aneprHRMH ypoBHSii OT 
-36 .no +40 MaB. KoncTaHTH napnHX RoppeiuJIWH no.n6apamc.fl no napHUM 
aneprH.RM. B R8~6CTB8 OCTBTO~Horo B3~1IM0~6iiCTBlffi B3RTU MY)ll,THIIOJlbHU6 
CHJll,I. B CJ!Y~8.flX A= 2 H 3 H30CRBJ!RpHB.8 H H30B6RTOpHB.8 ROHCT8RTH 
MY )ll,THilOJlbHHX mm 'l ~)',) H '£f) c};HRCHPYJOTCR T8R, '!T06u npaBHJlb
HO 0IlHCHB8JlllCb aneprHH HUBtBiimruc H6pDTBlJ,!10HHUX COCTORHH! C Ir,= 2+ li 
3-, 8 TBRBt6 aneprHH E2r li E3i-p630HBHCOB, nOJ!Y'l8HHH6 liJll'J H3 3RCil6-
pHM8HT8 ( 11 =2), HJlll c noMOlllbIO n1.npo,D;l'!HaMHtJecRoil ouearui: ( ').. =3). 

B § I RB npm,iepe .a.npa 238u, ,ltJlfJ ROTOporo IIM68TC.8 H8H60J166 
IlOJlHIIB 3RCnep!IM6HT8JlbHHi1 MBT8pH8Jl no HOBUM I'P, paccMaTpHB8JOTCR CBOii
CTB8 rHraHTCRllX E2o- II E2i-P630H8HCOB. IlonytJeHO H6IlJlOX08 cornacHe 
pesyJlbT8TOB pac'l6TOB C 3RCnepID.16HTOM/I2/. 3TO rOBOPHT O TOM, ~TO 
rBJl,!OHH'leCRH6 ( RPA) pac~BTH B p0MRBX RBB3li'lBCTH'lHO-if;OHOHHOtt MO~SJIH 
BBJ!RIOTCR ,ll;OCTBTO~HO xopomHM npH6JlllE8HH6M MR OilHCSHH.R OCHOBHUX: 
CBOiiCTB I'P (aneprHR pa30HBHC8, snepreTH'lBCRB.R 06JlaCTb ero JlOR8JllI38-
1WH, 'BRJ!B,ll;-B 6e3MO,ll;6JlbH06 3H6pr8TH'l6CRH B3B6ID6HH08 np8BHJ10 cyMM 
( EWSR ') ) B ,neitOJlfflpDBSHHHX R,DJ)8X. 

B § 2 npOB6,ll;6HO mnpOR06 HCCJ16,llOB8HH8 ORTynoJlbHUX I'P Tpex THnOB: 

HH3R03HepreTH'l6CROro E3o-P630H8HC8 H BUCOR03H6preTl'['IJ6CRHX E3o- H E3j 
-pe30H8HCOB. Bee 8TH P630H8HCU ~OBO)ll,80 tJ6TRO BH,lJ.llH RB pHc. I, r.ne 
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l blE3 w}spu/MeV 

~~~ o·o-ro 
238

u 
.A , A 

ii~ 
/~~ O'H2 ~ 
~) n n d} 0·0-3-3 

1 ~-
5 
I. 
3 
2 

5 
I. 
3 
2 

0 

-.;: 

5 10 15 20 25 30 35 
w,MeV 

Pn:c. I. Cl1R0Bll8 ~HRI.Urn C(£3, W) B 238 u ,IWl OT,ll,8)IJ,HHX npoeRmdi 
K=O,I,2,3 (pn:c. a)-d)) n: cyMMapHue no R (pnc. a), f)). 
CilROfilH!:18 Rpll:Bl:16 H8 pe:c. a)-e) IlORytJ6HH IlpH ~2)/£'1)=-I,5, 
IDTpIDCOBaR RPll:B8R Ha PRC. 8) - npn: '£.f)= o, Cil)IOIDH;Jl RPHB8Jl 

Ha pnc. f) - npH "£!s)= ;t.~> = O. 

6 

~ 

t--

" 

B RatJOCTBe THilHtJHOro npHMepa H306paxeHH CH)l0Bli8 ~YHRUHH E3-nepeXO,ll,OB 
B 238u • B 3TOM Jl,ll,p6 ORTYilORbHl:16 I'P p8CilOROX8HU COOTB6TCTB8HHO npn: 
aHeprmIX 2-? lilsB, 16-21 MsB H 34-38 MsB. CROJKHaJl croµ.ia 3THX pe30HaH
COB o6yCROB)l8H8 T6M, tJTO Brue ~0µ.!HpoB8HHH YtJ8CTBY8T OT IO ,11,0 30 RO)l
)16RTHBHHX COCTOJlHHfi. 

B naparpa~e Ilpe,ll,CT8B}16HU H npoaHanH3Hp0B8HU pesynbT8TU pactieTOB 
OCHOBHW:: xapaRT8pHCTHR BC6X TpeX THilOB ORTYilO)lbilllX I'P ,IWl 60)lbillOfi 
rpynnu P5,ll,R088M6JlbHillC H TPBHcypaHOBHX Jl,11,ep. IlOR838HO, tJTO BWllIC}l8H
HaJl 38BHCHMOCTb SHeprnn BHCOR08H8preTJltJ8CROro E3o-P630H8HCa OT M8C
COBOro tJHC}18 A 6nH3Ra R 8RCil6PliM8HTa)lbHOfi OU8HR6 105 A-I/3 MaB. J1;J.R 
154.Srrl IlOJIYJ°HO y,11,0BR8TBOpliT8)lbH08 COrRamrn T80P6TlltJ8CRll:X H 8RCil8-
p1-IM6HT8JlbHHX r3/ 3HatJ6HHfi BR}18,ll,OB HH3R08HepreTHtJ6CROro E3o-P830H8H
ca B EV:-SK • CHJIOBue £tyHRUIIH B 154 Srn B o6nacTtt aToro I'P n:so6paJKe

H:U Ha pnc. 2. <l'yHRUM Bfr=o ,;\=3 w) B:utlncneHa .lWl onepaTopa ne-
, J A 

pexo,11,8, HM8I00!6ro Bll,ll, m (T=0,,'\=3) =(~/A)~ r/'Y"'/1 (.Q,). 
L =j 

blE 3: w I sou/MeV 

, 

0 2 I. 6 8 10 12 w, MeV 

Pnc. 2. CyM.~apaue no np06Rllll:H K Cll)IOB:Ue ¢YHRUHH npHB8,ll,6HHOfi B6POJlT

HOCTll: aReRTpHtJec1uu: nepexo.n;oB C ( ti 3, w) (cn~omHaJJ RPHBaJJ) 
n HsocRa)IJlpHmc nepexo.n;oB C(T=0,;..=3 w) (mTpwcoBaJJ RpHBaJJ) B 
154$m. CTpeRR8MR Bll,IJ.6)16H8 06R8CTb ~ORaRll:38Ullll Hll3R08H6pre-

TatJ8CROrD E30 -pe30H8HC8 
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IloJ1y'l8HHH8 B ,naHHOM naparpa~e pesyJU,T8TH YR83HB81DT R8 10, 'ITO 
B .ne~op.rn:pOB8HHWC H,npax ,nOJll!Ul.H cymscTBOB8TL BC6 TPH nspe'lHCJl8RHl1X 
THll8 ORTYllOJU,HWC TP. 3TH pesyJILT8TH MOryT 6HTL llOJISSHH npn llOHCRe 
ORTYllOJILRllX TP H8 SRCll8pro.!8HT8. 

B § 3 ~ !IIHpOKOro HRT6pl!8Jl8 aaeprHH BOS6Yl!t'A8RHH paccMOTpeHH 
£'), -nepexo,llll C 4 "A~ ?. 0cHOBR08 BHID.18HH8 IlPH STOM y,neJ1H8TCH BOll
pocy O cymscTBOB8HHH 8}16RTP3'18CRHX TP BHCOROil MYJILTHllOJILHOCTH (A.;!l-4). 
,Ung RORCT8HT ;K_:J\) H elf}>,) 38 OCHOBY 6epyTCR OU6HRH, ll0J1Y'q6HHH6 
O.EopoM ll E.MOTT9JILCOHOM liIS 'AOBOJU,RO o6mux (fHSJiI'q8CRl!X coo6p8l!t6HHli/I4/. 

-x, 1>-)= 4TT_ mw; M'~B·ru;;2>. x0'1 = _ .!!J!.._ M~8-cp_;;2
>. (I) 

t> 2-;.+i A.(.r2.>.-J.') r I l A.(.r2.>-> j 

r.ne V = !20 MaB. PesynLTBTH, noJ1y-qeHHHe c aTliIMH oneHRaMn, nccJ1e;rzy
mcH H8 YCTOil'lHBOCTL R HSM8H9HliIID ROHCT8HT :£t>,) H :.et\ B lllH

pORHX, HO 4HSH'l6CRH pasyMHllX npe,n6Jl8X. 
IlpOB8'A8HRH6 pac'lBTH YR83HB81l'l' H8 B03MOJKHOCTL cy~SCTBOB8HIDJ B 

'AB~Op.tliipoB8HHHX R'AP8X rnraHTCRIDC E40- H E5D-p6SOH8HCOB. Ha p.0c. 3a) 
H 3b) 8Tll pe30H8HCH pacnOJIOl!t6HH COOTB6TCTB6HHO npH aaeprMX 
I0-!8 MaB H 20-30 Ma.l:l. Ms PHCYHROB Bll,1J,RO, 'ITO H6CMOTPff Ra HSM9H6HliI6 

;rfl B mnpORHX npe,nenax, ,naHHHS p630H8HCHH6 06JI8CTH OCT8KlTCH 
xopomo BH.ll,6Jl6HHHMH, XOTH H C,D;BHr81ll'l.'CH H8CROJILRO no aaepr.lffl. 

B CJIJ'q88 ~ = 5 H 6, R8R nOR8SHB8IOT paC'l8TH, MO'ltHO roBOPHTL 
TOJILRO O pacnpe,n9Jl9HliIH CHHH E5- H E6-nepexo,noB no UlllpOROMY HHT9PB8-
11Y aaepr.e:e:. 

B TJ)6TLSii rJ18B8 ,nHCC6pT8UHH B P8MR8X RB83H'l8CT,I'lHO~OHOHHOil • 
MO,nenn B 0,1J,RO~OHORHOM npH6Hlll!t8HliIH npoBO,nHTCR HCOJ19.nDB8fU!6 MarHliITHWC 
TP B 'q9THO-'q8THHX .ne~Op.!HpOB8HHHX H,npax. ,Ung mnpOROft OOJ180TH aaep
rHH Bos6yl!t,neHIDJ nsy-qamoH MA-nepexo,llll o .,\ = I,2 n 3. 

0,1J,RO'l80TH'l~ 6asnc liI onaP3B8T8JU,R06 B38llMO,nettOTBH9 BSHTH T8-
Rm.lH l!tS, R8R BO BTOpoi rJ18B8. 0CT8TO'lH08 B38ID40,nettcTBH8 OOOT8BJ1HKl'l' 
onHa-MyJ1LTHnoJ1Laue cl'!JIH Tnna r;H { a Y.-1-1 } »r • .llnH BH'll'IoneaHH 
HSOCR8JIHpHOil H HSOBSRTOpHOii ROHOT8RT CnHR-MYJILTl'IllOJII,HHX OHJI x!>-I ,H 

'£ ()I) HOnOJILSY8TOR ~op.iynal15/ . 
j . 

f>-)_ fJtl __ 4rr·41f /llhB· -(z;>.-2.) 
X." -£.1 - A <r:u,-2> · tpM, (2) 

a B OJ1Y'l8RX t\ = 2,3 T8Rl!t8 H. ~Op,\yJia/IG/ 

8 

6: 
l 

1/ 
j: 

'I: 
i 

) 
~!\ 

. ') 

~ 
) 

Pnc. 

, 
1
b(E1.·o•-1.•i spu 

.. ' ·~•138 

3 - a) 

2 

1 

0 

5 

L. 

3 

2 

0 

r __ lr'\· '. 
. / 

' / \ 
I r-1

"-- -

1 

., 
/ 

·10 20 

b!Es~o·o-s-i Ai~ 
166Er 

\."'\ ✓ .... .., 

\./", ... / 

10 20 

166Er 

30 w,M3B 

30 <.Jt-138 40 
) 

3. CyMMapnue no K CWIOBHS WHRUHH -C (E4; o+- 4+) (pHo. a)) 
a C(E5; o+- 5-) (pao. b)) B 166t:r. CnJiomnue RPHBHS 

_nonyqenu c·ncnoJILSOBaIDieM oneaoK {I); !lH'pnx-nyHRTHPHM KPH
BM_ aa pab. i:i) - npn z!"J , yMeaLmeaaoil na !7%; mTpHXOBHS 
RPHBHS. - npliI _. X {:1 , yMeHLmaliliwc B IO pas ( pao. a)) n B 

50 pas (pnc. b )) 
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5LblM1;wl spu/MeV , 
// ,, 
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., '= 
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5
, bl 
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0 

10 
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5' cl 

0 2 4 

10 

5' dl 

0 2 4 

,, 
" ,, 
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'• ,. 

6 

6 

8 10 

8 10 

12 14 

o·o-t1 

14 

,0•0-1· 

12 14 

0·0-1• 

1L.w,MeV 

P0:c. 4. CmroBue ifYHRU0:II -8(M:i,w) B 230 Th ,IVlJ1 OT,nem,nwc npo-

6RU0:ii K=D,I (pnc. a), h)) II cyMMapnue no H (p1rn. c),d)). 

Pac. a), b), c) noJiy-qeHll npa x:,> n £ l') , Bll'JilcJiennl:lX 

no {fop,1yJie (2) (cnJIOIDHa.ll RPHB8.ll) H npn x:" = xl'1 .= O 
(InTPKXOB8.ll RPHBa.ll). P11c. d) noJiy-qen npH -xt=o H xJ•), 

:Bll'qtfCJ18HHoii no ifopiyJ1e (2) 

10 

-

30 ll:(M2:wlsplflleV; 1 

' I\ 
ft i 

20L r1ni 
'I 
,'; 

al 
; i 
I/ 

10 L •2 f ( 
"I ii 

I /, 

I d 
> ' 0 5 10 15 20 

b[M3;wlspu/MeV 

150
1 r, 

/'.r' \ ,,-\ 

100 

50 
bl / 1/ ll ', 

' ' ' / '··\ \ 

15L.sm 

o•o-r 

30 

f.1/V1/i \ 
J~ I ,...... ·, 

/,. __ .,,. \ ... , ..... _~:-,. 
0 5 10 15 20 25 30 w,MeV 

Pac. 5. CyMMapnue no K CRJ1O:eue {fym<~ C (M2, w ) H { (!A3, w ) 
B 1545m. Pac'leTa ·npoBe,nena npn £J'1 = £l1 

c: £~31
" £1'° = o 

(InTPIIXOB8.ll RPHB8H) H npll 3H8'q6HH.llX ROHCT8HT, IlOJlY'q8HHillC no 
tfop.iyJ1'6M (2) (cnJIOIDHa.ll ltpnBa.ll) Ii (3) (mTpnx-nyHRTHpH8.ll 

RPHB8.ll) 

II 



,,,,IA)_ (A)_ ',,r-2.8 -(U,-2.) 
"'-11 -£1. - - -'-'---- M9r3·m~ . A-<r>--1.>.z. -r . (3) 

1IHCJI6HHIDi Roa<lil;mmeHT B (2) no,no6paH B CODTB6TCTB9!il C B6Jlll'!IIB8MR 

;tj'> H £1'1 B/l?/. ,Il,rul cmrHOBOro R op6HT8JII,HOrO r:apOM8THllTHWC 

q:aRTOpOB B3HTH B8RyyMHH6 3Ha'!6H.ll:H. 

J:l § l paCCM8Tpl!B8IOTCH CBOii:CTBa rnraHTCROrO Mli-P630HaHC8 B pe,n

R038M6JI1,Hl:VC R TpaacypaHOBl:VC R,npax. 
PaC'!6TH IlOR83h!BaIOT, '!TO B ,n;egJOJ:X,IUPOB8HHl:VC R,n;p8X B081\IOIKHO 8Ha'!R-

. Ten1,aoe pacmenneaae (ynmpeaae) Ml.rpeaoaaaca, B peay JIJ;,TaTe '!ero ero 

o6nacu JIOK8Jlll8a!lllR MOIK6T ,n;OCTMraTI, 5-? MaB. Ilpn: 3TOM HM8R03H6praTH

'!6CH8H '!8~T1, 1.ll1-P680H8HC8 B OCHOBHOM cJ:oµ,,n:pyeTCH .88 C'!8T npoTOHHl:VC 

COCTOHHllii:, a BHCOH03HepreTll'!6CHaH - 38 C'!6T Heii:TpOHHllX. Ha pn:c. 4 
.n;JIH 

230Th, aanpHMep, Bn:,n;ao, '!TO Ml:1,-peaouaac pacmennea na .nB~ '!ac

Tll, pacnoJIO,lt6HHH6 npa 3HeprHHx-8 H ~13 MaB. 

Mccne,n;OB8HllH IlOHaaann:, '!TO 3H8'!llT8JI1,H06 pacmenJI6HH6 (ymHpeHH6) 

Ml1 -pe80HaHC8 MOIK6T OHTI, BH3BaHO CJI6,llYll[tlfMll Ilpll'!RRBMH: 1) H6ii:TpOHHH6 

cnn:a-op6n:Tan1,aue napTHepu, o6paay!O'Jtll6 Ml1 -peaoaaac, o6na,n;aDT 60JI1>nrn:M 

op6RT8JII,HHM -'!ll.CJIOM f ' '16M npOTOHHH6; 2) B O,n;HO"q8CTll'!HllX IlOT6Hllll8-

Jiax CaKCOHa-By.ncafII/ H li1U11,CCOH8 H6fi'!'poHHH6 CHJIOB,6 napaMeTpH cmm

op6llT8JII,HOro B88HMO,ll;6HCTBHH 6on1,me npoTOHlll:VC/ll,l4 ; 3) OTCYTCTByeT 

( ft f )-B88.llMO,ll;6HCTBll6, 

TaK~6 B § l ,n;JIH pil,!(8 H.n;ep paCC'!llTHB8IOTCH cp8,n;HH6 npaB6,ll;6HHH6 

pa.nHaimoaaue mnpnau K,,u H OTHomeHllH cpe.n;HHJC mnpza ~i /Fm 
B OOJI8CTH 3Heprna CBH3H H6HTPOH8, 

B § 2 .n;JIH pe.m<oaeMeJII,Hl:VC n,n;ep npoBe.neao iccne,n;oBaHlle M2- n M3-

nepexo,n;oB B mHpOKOM HHT8p:B8JI6 3HeprHH B086yg,n;eHRH, IlOK838HO, "qTO B 

cny'!ae A = 2 npR aaeprHH 5-12 MaB llM68TCH ,n;ocTaTO'!HO xopomo BH.n;e

JI6HH8H pe30H8HCH8H 06JI8CTI,, ROTOPYIO MOlltHO paccMaTpllB8T1> R8R rnraHT

CKIDi M2:cP680H8HC. 3Ta 06Jl8CT1, '!8TKO npOHBJIR8TCH Ha pile~ 5a). B 

cBDIO o-qepe.n.r,,na pnc. 5b) BH,n;ao, -qTo B CJlY-qae A =3 MolltHo roBopnT1> 

Jlllfill, 0 pacnpe,neJ16HlIB CHJlH M3-nepexo.noB no mHPOKOMY HHT6PB8JIY 3H6P-

rHH • 

. B aaRJIJ!Jtl6HRH .n;llCC8PT8IUlll nepe'!HCJIRIOTCH OCHOBHH6 BHBO,JJ;H. 

12 

0CHOBHH6 peayJI1>T8TH ,ll}ICC8pT81UIB 1 BHl!llllr86f.lH6 .JYlfl 80lljll'i'H 

1. B paMH8X HB83H'!8CTH"qHO-{OHOHHOii: MO,JJ;6lli1 H,npa pa8BHT annapaT, 

ll03BOJIHIOl'.llrli O,n;HOBP6M6RHO y-qHTHBaT1> ll30CK8JIRpHH6 ll H80B6HTOPHH6 OCT8-

TO"qHH6 CHJIH. C llOMom1,10 ,naHHOro annapaT8 M011CHO HCCJI6,JJ;OB8T1, CTpyHTYPY 

o,n;aog;OHOHHIDC COCTOHHRH '!6THO-'q6TH1:VC ,n;eifop.\lHPOB8HHHX H.n;ep B mupOHOH 

o6iiacTH aaepr,m BOa6y~.n;eHHH. 

2. Paapa60T8H 1\16 TO.n pac-qeTa CllJIOBHX cJ:y HKIJ;nti ripHB6 .neHHllX Be pOHT

HOCT6H £),,- H MA-nepexo.non, ,n;JIH cny-qaH 'l6THO-'l6THHX .fl.n;ep IlOJlY

tJ6HH COOTB6TCTBYIOUIH6 (fop,1yJIH:. 11CilOJI1>30B8Hll6 YK888HH!1X Cl1JIOBHX <!YHK

llllH Il03BOJIR6T CYH!6CTB6HHO ynpOCTHTb p8C'l6TH rp. 
3. BH:Be,neHH: npH6JIMIK6HHH:6 8H8Jlll'i'll'16CRH6 BH:paaemii:i ,n;JIH 3H8prn:ii: ll 

BOJlHOBWC cJ:yHHIUlii: H8POT8IUlOHHWC COCTOHHllH H6'l8THHX H.n;ep B CJiytJae, 

KOr.na BOJIHOBaH q:yHKllllH HM86T Tpexg;OHOHHYIO ROMilOH6HTY, 

4. BH:'lllCJISHU OCHOBHU6 X8paKTep;ICTHKfl KBa,npyIIOJlbHH:X I'P B 238LJ. 
CpaBH8Hll6 IlOJIYtJ6HHHX psayJI1>T8TOB C 3KCil6pl1M6HTOM CBH,JJ;6T6RbCTBY6T 0 

TOM, '!TO rapMOIIB'l8CHH8 ( RPA) pac~GTH B paMH8X KB83HtJ8CTlf'IHO-q:OHOH

HOii MO,neJlll HBJIRJOTCH xopomKM IIPH0Jlll1[8Hll6M ,nJIR OIIHC8HllH OCHOBHHX 

CBOHCTB I'P .B .necJ:opMHPOB8HHH:X H,n;pax. 

5. ITpone.neao IIIHp0H06 HCCR8,nOB8Hll6 Hll8K03H6prsTfl'l6CROro E3o-pe-
30R8HC8 II BH:COHOaaepr6Tll'!6CHIDC E3o- H E3j-pe30H8HCOB. 0CHOBHH6 xapaK

TSPHCTllRll 3TllX I'P BH:'lllCJ16HH: ,nJlR OOJII,moii rpynnu: H~sp. IToJiy'leHRH8 ps-
8YJ11>T8TH: YH83UB8lOT Ha TO, ~TO BC8 8TH TPH THil8 ORTYIIOR1>RWC lP ,LlOAatHU 

cymscrnonaT1> B ,neq;OpMHponaaairi: H,n;pax. 

6. Hccne.nonaHH xapaRT6pHCTllRH Ml_cP880H8HC8 -B PH.ne pe)l.K038M6A1>

HH:X H TpaacypaHOBWC H,nep. IlOK888HO, ~TO B .nsq;OpMHpOB8HHHX .H,n;pax B08-

MOatHO 3H8tJliT6JlbHOe pacmsnA6Hll8 (yarn:peHll6) hllrpe80H8HC8,. npn KOTOpOM 

00Jl8CTb ero Jl0K8Jlll38IJ;llli MO)!t6T ,ll;OCTHrau 5-?·, :riaB. PaccMDTpGHH: IIPll'l!fHH 

T8KOro .pac~SilASH.ll:H. 

. 7. ,Il,rul mnpoKoro HHT8pBaJ1a aaeprnn BOa6y~.neHHR H.npa pacctJHTBHH: 

H npoaita.niisupOB8HH: CHJlO:Elll(,<rYHKIU:H! IlPllB6,Ll6HHllX Be·po~THOCT6ii £ A -
nepsxom,ii 6 4 ~- )i ~ ? II M>. .:..napexo,noB' C . A = 2,;C P1f$yRI>~8TU pac

'!STOB y1<aaH:Bai<>T ii.a B:J~Mo:~o;u cym~c~BOB8HM B ,n;eq:opirnpoiiaa~~ H.n;

pax E4
0
-, E5

0
- H M2

1
-peaoaaacoB, 

13 •I 
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