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06HapyE6HH6 H llOCH6~YD~6 H3M6P6HHH B6POHTHOCTH HCfiyCK8HHH 

KOHOB I4c HB 222-226Ra, 24Ne H3 232-234U ll 231Pa, 28Mg 113 234u 

H 236Pu, a TaKJ<e 32si Ka 238pj I-7 I B!leCTe c HHTeHCHBH~IIK Hc

cne~oBaHHHMH ;l:lpyrHX ll8PCll6HTHBHax H~6p CT8BHT HB llOB6CTKY ~HH 

SBAB~H T60P6THq6CKOR HHTepnpeTBUHH HBH6HHH H nporHoaHpOBBHHH 

peayHbTBTOB llOCHBAY~mHX H3M6p6HH~. ~HH 3TOrO BBXHO H8A6&HO yc

TBHOBHTb OCHOBH~6 K81.16CTB6HH~6 38KOHOM6pHOCTH npOU6CC8 CllOHT8H

HOrO p8Cll8,11;8 C HCllYCK8HH6M THE6JIHX KH8CTepoB. ilOHCK 8H8JIOrH~ 

6CT6CTB6HHO B6CTH, Cp8BHHB8H HOB06 HBH6HH6 C ABYMH ~yrHMH H3-

B6CTHHMH BHABMH p8;l{Hq8KTHBHOCTH C HCllyCK8HH6M COCTBBHHX l.IBCTHU: 

CllOHTBHHbiM ;!{6JI6HH6M H c( -p8Cll8,1l;OM. 

9KCll6pHM6HT8_JIDHH6 H T60p6TH1.16CKH6 HCCJI6,li;OB8HHH OCHOBHHX 

OC066HHOCT6n ,11;6Jl6HHH 0,11;H03H8l.IHO npHBO~HT K 38KniD~6HHID 0 CHHDHO~ 

nepecTpOMK6 H~pa B npo~ecce ero p83B81I8 H8 napy WP8rii6HT0B cpaB

HHMO~ MaccH/8 I. ~encTBHTenDao, sKcnepRMeHT noKa3HBaeT, ~To oc

KOJUCH ~6JI6HHH i Hi 1 BHXO,ltfllli.H6 C 38M6THOM B6POffTHOCTDIO, HM610T 

Cp6~HRlRl KHK6THqecKyRl 3H6Pi'l1Rl p831I6T8 T,_i , KOTOpaH H8!1HOrO 

M6HDID6 aaeprHH KYJIOHOBCKOro B38HM0~6MCTBHH STHX OCKOJIKOB B TO~-
W'-'f 

KS KOHTBKTB Bii , ecmt Ct.IH.TBTD, ~To OHH HM:SIOT paBHOBSCHYIO 

wop11y. · !lpH aToll BeHH'!I!Ha _Q:/ aaeproBJao~a npo~ecca OK831>1B86TCH 

~OCT8TO~H0n, ~T06:bl B H6KOTOpOM ~H8fl830H6 3H8~6HH~ ~e~pManH.H. 

qJpar:Y6HTOB j3t: H fi 1 60JIDIIiHX JIH..60 paBHHX IIJ("' p8BHOB6CHHX 3H8-

qeHHM fit' 0 
H .. frio 1 aaeprHH KYJIOHOBCKoro B38mtO.D;6MCTBHH 

B.~ l?tfi I l'i) y~OBH6TBOPHll8 yCHOBli!O 

'J e <~·I <~·;, ) 
Ql ~8/':'ft,/':J)+L>E,_· ~,)+LJ.E) YJ.' 

(.;,! 'J <~•f. ) - E<~".f (. . o ) 
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npHqeM Ej!;~<fr}3i{/J) - aHeprHH ;1\elj)opMBI\Illi lj)parMeHTa i y) , co

OTB6TCTBYIOW.8H 3H8t{6ff1110 f3iQ) . TBKliJI4 oe5paao.t.t, ,IJ;JIH CHJILHO Bbl

THHYTHX COCTORHH~ OCKOJIKOB npo~eCC HX p83JI6T8 OK83blB86TCR 88,11;

HXH OKOJI008pb6pHblM. B npe,IJ;6JILHOM ·cnyqae XOJIO,IJ;HOrO ,11;6JI6HHR 

l<Ne(; o o) ay ~ ~~ Z /3 iJ 'j3 f 1/:i 1 O,li,HBKO OTHOCHT6JIDH8R B6p0RTHOCTD T8-

KOrO ,11;6JI6HHR Y8JI8. C T60p6THt{6CKO~ TOt{KH apeHHR flAPO HM66T ill8HC 

p83,11;6JIHTLCR H8 napy ,11;6WOPMHpOB8HHblX (B HCKJIIDt{HT6JILHblX CJiyqBRX -

CWepHqeCKHX) OCKOJIKOB, 6CJIH nepe,n; p83pblBOY OHO OK83blB86TCR CHJIL

HO BblTRHJTblM (C napa.t.teTpOM A6WOpM8UHH,~OJI66 qey B~Oe np6BblW8ID

~HM p8BHOB6CH06 3H8t{6HH6} CTB,II;HH D6p6X0,11;8 B 3TO COCTORHH6 OllHCbl

B86TCR Ha· R3blK6 KOJIJI6KTHBHblX M0,11;6JI6~ C yq6TOM 060JIQt{6t{HblX nonpa

BOK npH CYW.6CTB6HHOM HCfl0Rb30B8HHH npH6HH~6HHH 8~H808TH~HOCTH 

.n;eWOPM8UHH no OTHOm8HHID R O,li;H0~8CTH\IHOMY ~BH~8HHID. AKT paap~Ba, 

KOTOp~~ npOHCXO,li;HT H88,li;H8d8THqecKH, npHBOAHT, rnaBH~M o6paaoM, 

K o6p830B8HHID CHJILHO B030Y*A6HH~X ¢parM8HTOB C 3HeprHHMH BOady*-

£ * " E.lej 
I\6HHH i(;) ?':- '-' i(;) • 

HBJI6HH6 o( -p8Cll8,IJ,8 K8PAHH8JILHO OTJIH\186TCH OT ,li;6JI6HHfl T6M, 

qTo aHeproBbl)l.6118HHe ~ npH paaBane po,n;HTenLCKoro a,n;pa AL· Ha 

c< -qacTHUY H .LJ;OqepHee R.LJ;po AI BCer,LJ;a 3H8liHTenDHo ueHLwe Bll-

8 (»~(fl 
COT.bl KY1IOHOBCKOrO dap:cepa OI.A.f , H ,li;Oll8pH86 H,Ll;pO OdpaayeT-

CH B OCHOBHOY HJIH CJl800 B030Y*.LJ;6HHOM COCTOfiHHHX, T.e. HY86T M6C

TO no,n;Oap:cepHhl~ Hea.n;HadaTa~ecKH~ npouecc dea cy~ecTBeHHOH nepe

cTpoHKH pO,li;HT6JlbCKOro ~pa. ilOCJI6,li;H66 CBO~CTBO YK83~B86T H8 0JIH-

30CTL ~ -pacna,n;a llPHMhiM H,zJ;epH.biM p88KUHHM C nepe,n;aqeH HJIM B.bi6HB8-

HH6M KJI8CT6POB, ,li;JIH KDTOp.biX llPHB6,li;6HH8H B6pOHTHOCTb onpe,n;eJlH6T

CH aHa~eHH6Y cooTB8TCTBYID~Hx ooonoqe\IH.biX cneKTpocKonaqecKHX WaK

TopoB. 
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ilpH paCTIBA6 RA6P C H~nyCK8HH6M TH~6nHX KJI8CTBPOB X(X=14c, 
24

Ne, 
28

Mg, 
32

Si), KBK H npH o( -pacna.zte, COXp8HR6TCH COOTHOlD6HH6 

<-<><f 
Gfx < BxAf T.e. npo~ecc oKaa~B86TCH rny6oKono~6apnepHuu. 

3KcnepHM6HT/ I-7 I noKB3biB86T, GTO aHeprlm· B!:meTeB.nmx ilJpart.teH-

TOB t;"f';;y()xAf/A,· , aaaqHT, ,llOqepHHe H~pa l! KR8CTepb1 

OK83UB8DTCH npaKTHGSCKH HeBoa6y~.zteHHWMH. 06a 3TH apryMeHTa yKa-

3biBBIDT HB TO, qTO 38M6THOn nepeCTpO~KH pO.ztHT6JI1CKOrO R.ztpa B 

npouecce pacna.zta He npoacxo.ztHT, a X -pacna.zt, no Bee" BHAHYOCTH, 

HBJU16TCR 8HBJIOrOU o( -pacna.zta. 3TOT BhiBO.zt H6 cornacyeTCH C rHno

T630M o uexaHH3Me X -pacna.zta KBK cBepxacHMMeTpHqfioro .zteneHHH, 

llpHHHTOt'i B T60p6THG6CKHX pa60T8X / 9 /. 38M6THM, 0,1tH8KO, qTO 

c POCTOI4 M8CCbl A 1 

Bynmero OTHOW6HHH 

BbiJI6TBDmero KJI8CT6p8 )( 3H8G6HHH COOTB6TCT-

/ 
<.oA' 

QX 8XAf yBeRRqHB8~TCH, TBK qTQ B 

KOH6ttHOM HTOre ,1tOJillt6H llpOH30~TH nepeXO.zt K 11 J.t6JIHT6JI1HOMyi1 l46X8-

HH3MY • 

B T60pHH o(-pacna,zta yCTBHOBJIBHO, GTO CTpyKTypa pO.ztHT6JIDCKO

ro H .ztOG6pHero H.zt6p cymeCTB6HHO BJIHH6T H8 BBpORTHOCTH cK -nepe

XD.ztOB, onpe.ztBJIHH HX KJI8CCHWHK8UHD. !HH .zt6MOHCTp8~HH 3TOrO BJIHH

Hl·1H B T60pHH d.. -pacna.zta BEO.ztHTCH B paCCMOTP6HH6 TIOEBPXHOCTH8H 

KnacTepaaa o6nacTD po,n,HTSJI.DCKoro a.n;pa Ai, B .KoTopoa noJIHoCTDJO 

cwopMRpOB8Hbl ¢par.MeHT~ pacna~a:o< -tl8CTHU8 H ~oqepaee HApD. OueH

KH, npo,ZJ;e11BHH~e p,/ IO ~ nDK83~B8IDT, GTO ·AllH cx.-qaCTH~ B Kat~ecr
Be BHYTP6HH6~ rpaHHUH KJI8CT6pHO~ o6naCTH Ko~eT 6NT1 ucnonDaoBa-

HO 3H8t16HH6 

r~e r,; = 1,20 wu. CKaaaHHoe nerKo o6o6~aeTCH 

pO,ZJ;HT6JIDCKOrO HAPS C B~JieT0M Kn8cTepa )(. llpH 

R A 'l3 
COOTHOW6HHH AJIH cf « 38M6HH6TCR H8 

H8 cnyqa~ pacna,ZJ;a 

3TOM, H8UpHY6p, B 

A 'I' 
l( Ilo aHa-

norHH c o( -pacnaADM KJIBCTSPHDIM !llOPM!llBKTop GSCTHUbl X npe pT-
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CyTCTBZH CBH3H KBHBHOB Y~OBH6TBOpH6T yp8BH6HHV mpe~HHrepa: 

¢ef /I<} ----. j/_iJ IKe Kxc G-, (I<) 
XC (I Q)(' C I 

J{-i>Rt 

(2) 

r)le GcJI<) 
- mHPHH8 p8Cll8A8 

- aeperyHHpaaa xynoaoBcxaa WYHK~H, ;;c 
ll)lpa A;- B ROHan C k=:Ji,Vj,L)J kxc=f9'<,.,<Qx/1t 

H G/~ - BOXHOBOii B6KTOp H 3H6prHH OTHOCHT6H:DHOrO ~BMX6HHH 

qaCTHUbl X H .ztot~epaero H,Z~;pa, !"x - npHBe;u,eaaaa Macca qaCTIII

~N )( , PS~HYC /?1 B (2) C00TB6TCTBY6T Toqoe, nexe~eA B DOA-

dapbepao~ odnacTH nenee naewaea xynoaoncxoH 

r~e B~DOHHH6TCH YCHOBH6 G.c(f?t)>> f'; (Rt) 

TOtiKH nonopora, 

, npH~eM !;_ ( Rt) 
- perynHpaaa KynoaoBcKaH WYHKtiHH. H;u.epasH noTeauzan naaKMo~eAcT-

1/hucf'( } 
BHH qacT~H )( C )l0~6pHH11 lliiPDII 'X"V R B (I) COBD8)l8-

6T c ,D;eiicTBHTen:&aoH tiBCTDIO onTHtiSCKoro noTeauzana tiBCT~I:l X • 

llHTerpHpya ypaBH6HHe illpeAHHrepa (I) oT TOqKH Rt BOBHyTpi., MDE

ao BOCCTBHOBHT:D 3KCnepHM6HT8H:DHhl£1 RJ18CT6PHblit WopwqJaKTOp ¢;f rR) 
no ncea xnacTepaoH o6nacTH Rce~ R. ~ Rt H pacct~HTBT:o xnac-

d 
TepH.blii ·cneKTpocxonHtiSCKHH qJaxTop W.xc. t~BCTHUbl X : 

cR Rt 
Wxc = J £¢;! [R)fo!R. (3) 

l<ce 

·~/ cf 
BeJIHtiHH8 VVxc npOTIOpUHOH8Jl:DH8 HHTerpany nO KH8CT6pHOH 06-

JI8CTH OT npHB6~6HHOH WHPHHbl d'x~ (Jej. B CHnJ HHT6rpanDHOrO 

ODp6;zJ.6Jl6HHH 3T8 B6JIHtiHHa HBJIH6TCH 60JI66 yCTOHtiHBOii K M8HbiM B8pH8-

UKHM p8,1UIYC8 .KBHBJIB Rc t H6E6lrn a.fc. fR} t H MOli6T 6b1T:D HCfl01l:D30-

B8H8 AHH· KH8CCHWHK8UHH paaJIHqHoro THOB p8Cfl8AOB C HCTiyCK8HH6M 

4 



t~BCTHI..t X • 11asecTHO, trTo Bee o<. -nepexo;n;u no aenRtrHHBM 
d 

~c ~OEHO paa;n;enHT~ HB t~eT~pe rpynnu: o6nertreHHHe, nonyo6ner-

qeHHue, HeodnertteHHHe H KOH!lJHrypaJ.UWH.Ho-aanpeuteHHHe. ;l[rut odJier

qeHHb/X c( -nepeXO;ZJ;OB Mez;n;y OCHOBHHM.H COCTOHHHR.MH tt:6THO-ti6THHX 

H,ll6p SHSqeHHH (w,~J:t; =:lj=O = (111{;J.<cS'J'J8WE8lOTCH HSH60HoWHMI! H C 

HX noMO~OID MOERO BBeCTH aKcnepHMeHTBJ'IOHHe WBKTopu aanpeTa/ II I 
~c I ,li;JIH BC6X OCTBJ'IOHbiX nepeXO,IJ;OB: 

(4) 

MOJK6T dp8T:&CR 

WHKCHpDBBHHHH HJ'IH ycpe,n;HeHHbln no HecKonoKHM qeTHO-tt:eTHHM nepe-

XO.llSM KH8CT6pHH~ cneKTPOCHOfiJ!qeCKH" WSHTOp /III. nnH ,llpyri!X 

o6nerqeHHHX 0( -nepexo,llOE :!,· = J.t opQ ; L = 0 aHaqeHI!H $c 1 

MeHHIDTCR DT I ;n;o 3, ,n;nR nonyodnert~eHHHx - aT IO ;n;o IOO, ,n;JIH He

o6nerqeHHHx - OT 100 ,llO I000 H ,llHH HOHWI!rypa~OHH0-88llpem6HHHX 

0( -nepeXO,llOB ~d > 103, 

B OTIDPU16 OT o( -pacna,n;a, r,n;e llOT6HIUI8Jl 
·/·~cf ,, 

EI!H 0( -qacTI!I\hl c llOqepHi!M HllPOM v""-'~l { R.; 

a;n;epHoro B3aKMo,n;eHcT

I!S (I) xopomo l!ccne-

;ZJ;OBBH BO Been KJ'IBCTepHOn OdJ'ISCTH C llOMOut~ID ynpyroro p8CC6HHHR 

o( -"4.8CTHD,, peBKUH£1 (h,o/...} H MHOPHX ,ztpyrHX, np"odneMa OflHC8HIUI 

B38HMO,ll;6~CTBHff THX6JlbiH HOH - THE6Jl06 H,ItpO HB paCCTOHHHHX, 6J'IH3-

KHX K BHyTp6HH6H rpBHHI..t6 KJ'I8CT9pHOH OdnBCT~, B HBCTOHutHH MOM8HT 

,IJ;8Jl6K8 OT CBOero 0K0Htt:8T6J'IOHOrO pemeHMR. B TO 36 BpeKH B6pOHT

HOCTH rnydOKOTIOA68pLepH~X npoD,eCCOB KpHTHqecKH 38BHCHT OT BHAB 

v. n«cf , J 
noTeH~Hana XAf ( !?./ EO ECe~ naccnecKI! aanpemeHHO~ o6nacTII. 

lloaTOMY na~Ho npoaHanHaHposaTo WeHoMeHonorHqecKHe H TeopeTH~ecKHe 

v.nud' 
M6TO;n;.bl UOCTp06HHH UOT8~H8JIOB YA-/- {J?j , OTOdpBTL ll0T6HIJ;H8J'IH, 

npHM6HHMbi6 B HCCJI6AY6MOH OdJIBCTM B38HMOA9HCTBHH THX6JI~~ KHBCTep 

- )loqepHee H~po. 
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UenL ~aHHDM pa6oT~ - npoBeCTH aaanHa ycTo~qHBOCTH K BH6opy 

noTeH~ana ~4/cf~ aHa~eHHM KnacTepHNX cneKTpocKonH~ecKHX WaK

TopoB, WaKTopoB aanpeTa H TBM caM~M B03MOXHOCTH o~H03H8~HO~ 

KnaccHWHK8UHH pacna~oB c HcnycKaHHeM Ta~enHx KnacTepoB X . MTo

roM STOrO 8H8HH38 HBRfl6TCH TIOCTp06HH6 KH8CCHWHK8UHH BC6X 3KCne

pHM6HT8HbHO HCcne,Il,OB8HHbiX X -nepexo~oB. 

2. ilp06RBM~ TIOCTp06HHH TIOT6HUH8ROB KR8CT6p-H,I1,p0 

B COBP6K6HHOM nHTepaType MO~HO H8MTH MHOrOQHCR6HH~8 H B6Ch-
'/wd , ) 

M8 p83H006p83Hbl6 B8pCHH (j_}6HOM6H03IOrio~qeCKiofX ITOT8HUioi83IOB rx¥ ( !<./, 

onHCbiBaiDmHx ynpyroe pacceaaio~e, cetJeHHH peaK~M " ~pyrHx Heynpy

rHx npoueccoB npH B38Io~MO~eMcTBHH coCT8BHbiX qaCTHU c HAPBMH. OT
yeqeHHOe p83H006p83Iof6 HB3lH6TCH C3l6~CTBiof6M H3B6CTH~X ~IofCKpBTHOH 

" Henpep~BHOH HBO,Il,H03H8GHOCTeM Io~aBneqeaio~a napaMeTpoB WeHoMeHo

norHqecKHX llOT8HUH8ROB B 06p8THOH 38~aqe p8CC6HHHH. ilepB8H H3 

HHX B03HHK88T, KOr,I1,8 63lH3K06 ITO K8q6CTBY OTIHC8HH6 ,1.1,8IDT TIOT6HUH8-

3l~, OT]lHqaiDmHeCH GHC3lOM CBH38HH~X COCTOHHHM, BTOp8H - KOr,I1,8 ,1.1,8H

HH6 OllHCbiB8IDTCH llOT6HUH83l8MH H3 O,Il,HOrO ,Il,HCKp6THOrO K3l8CC8, OTHH

qaiD~HMMCH H860p0M napaMeTpOB (HanpHMep, H60llp6,1.1,6ll6HHOCTH THTI8 

rny6oKH~-y3KMH HllH M63IKHM-WHPOKHM). CHTYSUHH ycyry63lfl6TCH, 6CHM 

HCC~e~yeTCH K8H8ll C CH3l1H~M norn0~6HH6M. Cy~6CTB6HHO B3IHHIDT HS 

peaynDT8T~ peWBHHft o6p8THQij 38~8~ H aK~ll6pHM6HT83l1H~e OWH6KH. 

TeM H6 M6H66 H60AH03H8~0CTH B TIOT6HUH8ll8X B38HMO,Il,6~CTBHH 

J, T, 3Ha • 0(-qac••~ c R~paM• uoryT 6~n ycTpaHeH~ np• npeu•a•

OHHOM HCCH6,1.1,0B8HHH paCC6HHHH COOTB6TCTBYIDm»X qaCTHU A0CT8TQqHQ 

BHCOKO~ aaeprHH B rnupoKOM AHanaaoHe yrnoB/ 12 I. He MeHee HHWop

MSTHBHO B 3TOM CMNCll6 H p8,1.1,yEH06 p8CC6HHHe/ 13 ~~ Qrp8HHq6HHR 

H8 TI8p8M8Tp~ ITOT6HUH83IOB B38HMOAB~CTBHH CX-qaCTHU C THE6ll~MH H,Il,

paMH nony~amcR •a aHal!llaa no~6ap>apHoA (n,C(_}-pea•n••/ IO I, 
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nnfl ftA6p-M~ill6H6tt, H8 KOTOp~X ~CCH6~0B8HHR 6~nH npOB6~6HH O~HHM 

H3 YK888HH&X BUlli6 CllOC060B,. CBOnCTB8 llOT6H~~8llOB OK838HHCO 6AH

H006p83Hb1MH. 

IlpH no,n;rDHKe HB Kneece L -He3BBHCHMb1X noreH~Hanoa, Bo-nepBbiX, 

rny6HH8 ,n;etlCTB11T6JIOHOtl 1.1:8CTH llKJC50rO H3 HHX CO_CT8BJIR6T ~ 5o/".x/lnAI 

MsB, T.e. BCe OHH OTHOCHTCR K paapa,n;y 11 rny60KHX11 
.. BO-BTOpblX 1 

qJ1CllO CBR38HHHX COCTOHHHn B T8KMX ll0T6H~H8ll8X He M6H0lli6 qHCll8 

aanpe~eHHbiX COCTOHHHH KJIBCTepa B p0,11;HT6JIOCKOM H,n;pe, T.e. YK838H

Hb16 noTeH~HanN He npoTHBOpeqaT o6o6~eHHoH reopeMe ReBHHCOHB (eM. 

H•J<e). 

ITo,n;roHKB sKcnepHMeHTanoHhlX ceqeHHH L -aaaHCHMbiMH noreHQnana

MH He npHB0,1l;HT B HCCll6,11;0B8HHbiX cnyqaax K Cy~eCTB6HHOMY ynyqme

HHKJ OllHC8HHH, H6CMOTpH H8 3H8qHT6llOHOe yB6llHq6HH6 qgcna nap8M6T

poB, KPOM6 TOro, T6pR6TCR 0,1l;H03H8qHQCTO HX Bbl6opa. 9TO CBHA6-

T6JIDCTBY6T B llOJID3Y B8pH8HT8 C L -H638BHCHMbiM TIOT6H~H8llOM. 

ilpH nepexo,n;e K C5onee THM6JibiM R,11;p8M-MHW6HHM H3-38 SKCllOH6H~H-

8llOHOrO Cll8)!;8HHH Ceq6HHH paCC6HHHH B OC5ll8CTH M8llb1X SHeprHH H 

60ll0illHX yrnOB nonyqKTD H860p .zt8HHax, ,11;0CT8TOqHH~ .ll11H YCTp8H6HHH 

H60,1l;H03H8qffQCTe~,OK83biB86TCH 38Tpy~HHT611bHHM. nnH KJIBCTepOB 

C MBCCOH h1x > 4 H6 H861110,11;8IOTCfl SKCnepHMeHTBJibHO H (hJ X) 

npoueccu. 

TeH~HBJIOB 

11 nerKHM.H 11 

M.t.teiO~Heca B nHTeparype BepcHH WeHoMeHonorHqecKHX no-

vn«<f'r) 
( /{ B33J<MO,lle~CTBI!l! H,llep C MBCCO~ A«208 C 

T~eHbiMH HOHBMH IZ-I4c, IGo a T.n. HaueneHbl Ha onHca-

HH6 ynpyrorO pacceHHHH H H€KOTOPHX peBKUHH. 

lloqTH Bee WeHoM.eHonorHqecKHe noTeH~HanH HMeiOT rnyGHHY ~ 

nopR.ztK8 H6CK0llOKHX ,11;6CRTKOB MsB, T.e. OTHOCHTCH K Knaccy 11 M6JIKHX1! 

He CO.ztepEB~HX HH O.ztHOrO CBfl38HHOrO COCTOHHKH. nna WHKCHpOBBHHOH 

ll8pb1, H8CMOTPH H8 38M6THH6 BH6lliHH6 p8311H~H, OHH ,11;810T ,n;OBOllbHO 

~llM3KH6 3H8q6HHH llOJIOE6HHfl H BHCOT& C58pbepoB. B TO ~e BpeMH YES 
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B KH8CT6pHoM 00H8CTH XOA llOT6H~H8HbHHX KpHB~ H8~H86T Cepb63HO 

OTHHqBTOCH. ilpHuep TBKOrO fl0B6A6HHR AHH llOT6H~H8HOB 18o+2D8Pb 

fl0K838H HB pHCy.HKe.Ha-aa CHHLHOrO norno~eHHH B STOH oOnaCTH 

V #U~ ) paCCqHT8HHH6 C p83HHqijHMH llOT6HUH8H9MH (R C6~6HHH ynpy-

roro .p8CC6HHHH B WHpOKOM AH8fl830H6 3HeprH~ OK83HB8IDTCH OAHH8KO

BHMH. ~HH OllHC88HH rny0oKOllOA68pb6pHHX llPOU6CCOB ABHH~li KXBCC 

llOT6HUH8XOB 86 flO~O~T, T~K K8K 1 BO-nepBUX, H6 HW66T CBH38HHHX 

COCTOHHH~ (He YAOBH6TBOpHeT o6o6meHHOH TeopeMe ]6BHHCOH8) H, 

BO-BTOp~, era X6B~ CKXOH 

B TO Bp6MH K8K 38BHCHMOCTL OT ~pMU 3TOrO CKXOH8 B6XHqRHH 

nponopUHOH8XLHOli llp0HHU86MOCTH Oapoepa, oqeHL CHXLHBH. 

qTO K8C86TCH flOT6HqH8HOB 1 HCflOHL3y6MHX AHH OllHCBHHH 0KOH0-

68pL6pHOrO CHHRHHR TR~8nNX HOHOB, TO OHH HBJIRIDTCR awweKTHBHMMH 

ilOT8H~H8H8MH, MOA6HHpyiD~HMH CHH1HYID CEH31 K8H8JIOB, X8p8KT8pHyiD 

A1IR A8HHOI'O npOI.J;8CC8, H, T8KHM 06p830M, He HM6IDT ilpffN.OI'O OTHOW6-
. HVCf ) 

HHfl R p8CCM8TpHB86Mbi.Y. H8MH llOT6 HI.J;H8Jl8M V ( f!. OpH6HTHpO-

B8HHbiM H8 OllHC8HH6 OAHOrO, ynpyroro, K8H8318. 

Bcne~CTBHe CK838HHOro npH nocTpoeHHH MOASJIH B38HMOAe.ticTBHH 

Mbl Bb1HJX~8Hbl fl031130B8TDCH OTip8~6318HHbiMH TeOp6THqeCKRMH CX6M8MH. 

HaH6onee noApo6ayn H TOqayro HHWopMa~HID o KJiacTepHb!X Kaaanax 
/I4/ 

~aeT 6A"H8H TSOpHH ~pa (ETff) • ~CXO~HHM TIYHKTOM CXSMH 

RBnaeTCH HcnonLsOB8HH8 MHKpocKonuqecKoro A -TenLHOro raMHJILTO

HHaHa. PeweHHe Hw,eTcH :a BVI~e Ai -HyKnoHHO~ :aonHoBoi-1 il.JYHKIJ,11H, 

KOTopaa CDA8P2ET B cede WYHKI.J;HH o~Horo HJIH H6CKonLKHX K8Hano:a 

KnacTepH~ai.J;HH H nonapH38I.J;HOHHb16 qneHbl. llocneAH~e o6blqHo - o6ono

qeqaHe WYHKI.l;HH OCHOBHOro H H8H603186 HH3KHX B036y~eHH~X COCTOH

HH.ti CHCT6Mbl A l : 

(5) 
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Ha nonHoM 6aaace pemeHae ( 5 ) HBnHeTca TO~H~M. BonHOBHe WYHK

~aa ~BYXT6JIDHOH CHCT6MN llOJiyqa~TCH llp06KTHpOBaHH6M .pemeHHH (5) 

B HJl!CHhlti KJiaCT6 pHh!ti KaHan Co ! 

(6) 

~OPMWBKTOp (6) XOPOWO OllHC•Ba6TCH KaK B Kll8CT8pHO~ odnaCTH (aa 

C'll6T HBHOrO B.KHK.l'll6HHR .K8HBJI8 (]0 B ~L· ), Ta.K H B 060JIO'll6qHQ~ 

o6naCTH (aa c~eT nonapaaa~HOHHHX qneHoB). llpa ~OCTBTO'l!Ha«6aaace 

C llOMO~hiD (5) H (6) MO~HO OllHC8Th M llpOMe~yTOqHyiD (M6~~ Kll8C

T6PHO~ M o6onoqeqHoA) o6naCTh. 

B TO ze BpeMH annapaT 6AHHO~ Teopaa BeCDMa cnozeH H peann-

Hhl6 pacqeThl O.K838JIHCD BOSM~HhlMH HHillD ~llfl ner.KHX CHCT6M THTIB 

(<X+ci,ol.+ T M T.n./ I4 /). Cy~ecTayeT e~HHCTBSHHHil H ~aiD~H~ 
. I5 

H6ll0HHYID KapTHHY pacqeT qpeaauqa~HO B8~HOil CHCT6M>I 0( +ZOSpB/ ~ 
QqeHD WHpOKO npe~CT8BJI6Hhl B rrHTepaType pa60TH, CA6JI8HHH6 B paM

KBX O~OKBHBJlDHOrO H MHOrOK8H8JIDHOrO M6T0~8 peSOHHpyiDmHX rpynn 

(MPr)-npM6HH*6HHH e~MHoil TeopHM, r~e B npo6Hoil WYHK~HH (5) npe

He6peraroT llOHHpH88~HOHHHMH qJI6H8MH. KaK H B 6~HHOH T60pHH, T6X

HHq6CKH6 TPYAHOCTH orpaHH'l!HBBK.lT B03MOl!CHOCTH M6TOA8 H660JIDWHM 

~acnoM KaHanoB a He cnHUIKOM 6onDmHMH Maccau.a At a X • ABTo

paM HaaecTHH Hccne~oaaHMH CHCTeM Ol+40ca/IG/, I6o+I6o/ I? I, 

H, a HeKoTopoM npH6nH~eHHH, I 6o+40ca /IS~ Heo6xo~HMo aaMeTHTh, 

qTQ npeHe6p6lK6HH8 ll0HHPH3BnHOHH.biMH qJI6H814K ;llllfl THJK6JIHX m1CTeM HB

Jifl8TCH ;ztocTaToqao rpy6UK: MPr xopomo pa6oTaeT ;llnH ~erKMX CHCTew 

o(+of.. 
1 

T+3fle H T.~. H CHCT8.M, r~e Kll8CT6PH88~illl B K8HBJI8 

C ~OCTSTQqHO XOporno BHp8X6H8 (H8fipHMep o( +I6o). B OCT8HhHHX 

cnyqaax MPr MOJKeT npeTeHAOBaTn, CKopee, nHmb aa onacaHHe Wopu

®aKTopa B KH8CT6pHO~ 06n8CTH. 
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PacqeTH B PBMKBX ETH H MPr HBrnRAHO A6MOHCTPHPY~T, qTo B o6-

~6Y CHJ986 MHOroo6p83H6 CBO~CTB CHCT6M~ ABYX COCTBBHNX qacTHn 

HenDaR CKOHDKD-HH6y~D ToqHo OnHCBTD B ABYXTenDHOM WDPMBHH3Me. 

~OPYWBKTOP (6) B npMH~Mne He HBnHaTCH codcTB6HHO~ WYHK~He~ 

KBKOrO-RM60 AByxT6HbHOrO rBMHHbTOHHBHB, 8 B OAHOKBHBJibHOM MPr
npH6RME6HHH OH OC06HM 06paaOM HOpMHPOBBH H C TQqHQCTbV AO HOPMH

pOBKH COBllBAB~T c pemeHHeM ypaBH6HHH illpe~Hrepa c HenoKBJibH~M 

onepaTOpOK Vmtcf(RJJ? 1
) B6CbM8 CJIOZHOrO BH,lJ,B. B 3TOM CMblCJI6 llO

llHTKH CB6CTH 38,lJ,8qy B38HMOA6ijCTBHR ,lJ,BYX COCTBBHHX qaCTH~ K ,lJ,Byx

T6JibHO~ C K8KHM-JIH60 npHBHqHNM JIOKBJibHHM llOT6HnH8JIOM llpHBOAfiT K 

p~aynDTBTBM c orpaHHqeHHO~ o6naoTD~ npHMeHHMOCTH. HaH6onee no~ 

CH6,lJ,OBBT6JIDHBH CX6M8 llOCTpOeHHH 3KBHB8JI6HTHOrO JIOKBJibHOrO llOT6H

UH8n8 (3IDIT)-M6TO~ OpTOrOH8llbHHX ycnOBM~ (MOY). 0H8 npe~no~eHa 

CaHTo/ 19 I. B ypaEHeHHH MPr 

"' Oll6p8TOp 8HTHCHMM6TpH38~HH, p - Oll6p8TOp nepeCTBHOBKH, 

T(R,R 1
)=< l/!41 ifx S fR''-1?)/:p;jJjf/JA1 '/xS(J<':_R'J/>, 

V (R,R~ =<1/fV 1/;SfJ<''- r<)/ ~ V~/J{r;;1 rfK S(R'~ R'Jj >, 

(7) 

(8) 

(9) 

(IO) 

(II) 

HCKOMBH ~yHKUHH y6{R~ paanaraeTCH llO C06CTB6HHHM ¢YHKUHHU HH-

]() 
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TerpanoHoro H~pa I< (t<, R') 

""' ¢{I<.) = 2_ < cP(R)/</;, (Rj > ¢, [ 1<.} 
1 l?=o 

(I2) 

rl(e (A (t<} YI(DBHeTBDPH~T ypaBHOHH~ 

(I3) 

Ecmt cneKTP co6cTB6HHhiX aaa'tleHHii A, aMeeT npocToR BH~-

). ==!-( 
h 0 (I4) 

(peaJIH3YIDTCH TOJibKO 38llp6li(6HHbl6 HJIH pa3p6Dl6HHH6 COCTOHHWl)rTO 

Jl;l!H COCTOHHBll C ).'n:f ypaBHOHHe(I3) 8KBHB8i18HTHO YCHOBJ!iJ 

(IS) 

T.e. npH nepexo~e OT Ai -qacrn't!Horo ypaBH6HHH K ,n;ByxTeJI:&HOMY 

B03HHKB6T H60~H03HB'tlHOCT:&, CBH38HHBH C T6M, t.ITO B nepB06 H3 HHX 

uo~Ho noi(CTBBHHTh @YHK~HH (IS) c npoH3BOnoHHM BecoM. B MOY aTa 

HOOI(H03H8~HOCTh YCTp8HHOTCH OpTOrOH8HH38~8H yD(A?j K 38npe~eH-

Hbil4 COCTOHHHHM! 

<r:/J(R)/¢.(1~}>=0 AA<-' n_$ho. 
(I6) 

Torl(a, HM8H B BHI(Y yCHOBHO (I4),TpeTHH ~TI8H ypaBHOHHH (7) OK83H

B80TCH paBHHM Hymo. )lonOTIHHTen•Hoe npH6i!Hl<OHH8 pa6oTH/ I 9 I -
Dp6He6pe~eHH6 06M6HHHMH (CBH38HHHMH C H6TPHBH8JibHHMH ll6p6CT8HOB

K8MH H3 (8)) MaTpH~HllMH 3TIOMOHT8MH onepaTopOB (9) H (IQ) CBOI(HTIO 

COOTHOW8HHO (7) K ypBBHOHH~ 

(I7) 

rl(e -
11 npRMH6 11 KHH6THt16CKHii H fiOT6HIJ;1118JI:&Hhlit 

ll 



~H8H~ 1 HBHHID~M8CR 1 0~8BH~H0 1 HOR8RhH~MH B CHy~ae,eCnH 

CO~epEH~ 06M8HH~X ~H8HOB. B~p8E8HH8 ~HH TIOT8HUH81I8 

ne 

(I8) 

npH 3TOM OR8381IOCh OOnHOCT1ID 8H81IOrMqH~M illMpORO MCll01I13Y8MOMY B 

MCcne~oEaHMHX TREe~x a~ep B~PB*eHHID ~nR WDnAHHr-nore~uana. 

TaKMM o6pasoM, nponeAypa nocrpoeHMH TBKHX noreHuuanon nony~Hna 

MHKpOCKOTIHqeCKOe 000CHOBaHH9. 

Eonee TO~H~e (y~MT~Ban~He o6MeHH~e qneHu) uccAeAOBBHHR 1201 
CHCT6M nerKHX K1IBCT6POB ol-+ci.. Jo/.. + T

1 
o( +c/_. H T.TI. 1 A1IR KOTOpllX 

npH6XHE6HHO BUTI01IHRIDTCR ycnoBHH (I4), TIOK838HH, qro MOY A88T 

oqeH1 xopomee onHcaHHe Was pacceaHHR H CBH3BHHux cocTOHHM~ B 

!IIHPOKOM AHBnaaoHe MOMeHTOB L H ~meprHt1 E 3THX CHCTeM. 8KJ3HBa-

vhud(} 
1I6HTHU~ 1IOK81I1HUM ll0T8HUH8H R A1IH STHX CHCT8M, TIO-

CTpOOHHH~ MOT0~8M" pa6oTf 20~ MO,llelll!pyroll(llil CYMMY V:[){l() 

H H81IOR81I1HllX 06M8HH~X qneHOB KHH8THqecKOH 3H6prHH H llOT8HUH81Ih

HOH aHeprHH a~epHoro B38HMDA8~CTBHH,OKasanca: I) L- He3aBHCHMUM, 

2) E >- HeaaB•c•MHM, 3) rny6oK•M (~50('x/mN (MaB)) np•THr•Baro-

~HM TIOT8HUH81IOM 1 06MeHH8H qaCTh KOTOpOrO 

Vft ucf( n) N B H yCH1IHB88T npHTH~8HH6 B ~ 

c v:o ( R} • 4) ~aaa SL (E) noTOHL\>18 non oro 

BOpRm:· 0606l!l8HHOkf. T80peMe JI8BHHCOH8 

06n8~88T CBOMCTB8MH !,2 

!,5 paaa no cpaBH6HHID 

p8CC8HHHR B HeM YAOBHST-

(I9) 

r.n.e ho( L) COOTB8TCTBY6T qncny CBH38HHbiX COCTOHHHn C MOMSHTOM 

"'""' ,J L B noren~•ane V 1 R; 

~CCR6~0B8HH6 donee TR*81I~X nap HOHOB 38Tpy,11.Hfi.6TC~ H8n.Hq.HeY 

B cneKTpe ~pa HHTerpanhHoro ypaBHeHHH (I3) 6on1woro Ha6opa nony

aanpew;eHHUX COCTORHHH 0~ .\.It < 1 . MeTOAbl llOCTpoeHHH OKBHB8-
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1I€HTHbiX JIOK81l:&Hb!X llOT8HUH8JIOB B STOM Cnyqae p83BHT~ B UMKR€ 

Hanp/21 I). ~ccne~oBaH~ pa6oT X.XOPHY"" 

CHCT€Mll l 6o+ol ' 

C COTpy~HHK8MH (CM. 
40 I6 Ca+o:, 0+r60 11 r.n .. OrMetJ:eHHble Bbl!II€ CEO~CT-

BB llDT€HUH8JIOB B STHX CHCT6M8X COXp8HHIDTCH. HCK1I~tJ:€Hl:'l6 COCT8B-

1IH8T CBO~CTBO 2 - TIOHB1IH€TCH llll8BH8H 38BHCHMOCT1 o6M€HHbiX M8T

pHtJ:HbiX 31I€M6HTOB OT SHeprHH - C pOCTOM i: OHH ITO MO~J1IID JM€Hb

W8!0TCR. 

XopHytJ:H, SMITHPHtJ:eCKHe ~SHHbl€ B mHpoKOM yrnoBOM AHanaaoHe noaBo-
1IH1IH DAHOBpeMeHHO nonytJ:HT:& H WeHoMeHonorHtJ:6CKHe noTeHuHanH. 

CoBnaAeHHe peayn:&raroB npH p831Il:'ltJ:HbiX 3H€prHHX OK8381IOC1 XOpOIDHM 
1 221 

' 
ll OT e Hll;}'I8 Jl 

V""d (Rj 

oco6eHHO, ecJIH cnerKa Bap:oHpOBar:o aarpaBOG:Hhl~ N..V
V~' . KoJmtJeCTBeHHhle MCcJie)lOBarrna noreHL.I,HBJIDB 

)lllH €~€ donee TH~€JIHX H)l€p-MHW€H€~ H8 )l0CT8T01..J:HO 

E~COKOM TGOpGTHqecKOM ypOBH€ B H8CTOH~88 Ep8MR He npOBe~eH~ 

Ha-aa donoworo o6~eMa BwqwcneHHli. O~HaKo,c roqKw apeHHH reopeTM~ 

qeCKOH1 KaqeCTE8HHW8 CBOi1CTB8 E38HMO~ei1CTBMH HHT8peCyiD~MX H8C 

nap KJ18CTep-HApO npaKTHqeCKH HMqeM He OTJIHq8IDTCH OT HCCJI8~0B8H

HWX. HeKOTOpoe SKCnepHM8HT8JlbHOe ITOATB8~A8HH8 STOMY - COXP8H8-

HH8 CBOliCTB ll0T8HU~8Jl8 <X-q8CTH~8-H~po llpH nepexo~e OT nerKHX 

H,l(ep K TflJK81IWM. 

B HTore ,l(JIH B38HMO,l(e~cTBHH KJiacrep - TR*enoe HAPO B odnacTH 

rny60KOTIO,l(6apoepH~ SHeprHH 8,l(HHCT.B8HHOH onp8B,l(8HHO~ H p88JIH3ye

MOH B03MO~HOCT1ID OCT88TCR HCllOJ1130B8HHe WD~HHr-noTeHUHBJIOB p83-

Hb1X THTIO.B - K8K ,l(.BOi1HblX, noJiyq8IDti{HXCR qaU{e BCero npeodp830.B8HH-

8M Bupa~eHHH (18) K WopMyJiaM, co,l(ep~amHM nJIDTHDCTH npocrpaHCTBeH

Hbl~ p8Cllpe,l(8Jl8HH~ CT8JIKHB8IDWHXCH R,l(ep: 

(20)_ 
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TBK H OAHH8pHHX, npH TIOny~eH~H KOTOp~X llp0H3BO,ZJ;HTCH CB8pTK8 OTI

TH~8CKOTO TIOT8HUH8ll8 HyKROH-H,D;pO C llnOTHOCTbiD llpOCTpaHCTBSHHOrO 

pacnpeneneHHR Knacrepa: 

(21) 

rnydHH8 WD~HHT-ll0T8H~H8ll8 CY~8CTB8HHO 38BHCHT OT BH~8-38Tp8BO~

HOrO V,v,v (AliH )(BOliHoro) Hlill V,v;~; (MH O)(HHapHoro) B38HMO

ne~CTBHR H MD*8T B8pbHpOB8Tb, llpH MCCH8~0B8HMM TRX8RUX RA8p, H8 

necRTKM npo~eHTOB. Macmrad aTMX BBpH8UM~, BHAHMD, npMMepHo TaKa~ 

E8, K8K M M8CillT86 06M8HHO~ ~8CTH TIOT8HUH8na. ilDCKOJlbKY npH 3TOM 

3KCll8pMM8HT8llbHM8 ,ZJ;8HH~8 H8 ,Zl;8IDT B03MO*HOCTM BNA8llHTb Ollp8,1J;8ll8H

H~~ TMTI 38Tp8BO~HOTO B38MMO,ZJ;8HCTBMR 1 MO*HD CK838Tb, ~TO WDll,ZJ;HHT

TIOT8HUH8llN BOCTipOM3BO,ZJ;HT llOT8HUM8llN C Y~8TOM 06M8HH~X qneHOB C 

H8KOTOpO~ (XOTR, B03MO*HO, H H8,1l;OCT8TQqHo~) roqHOCTbiD. K TOMY *6 

qaCT:b 06M8HHOI'O B38HMOA8i1:CTBVIH B 38Tp8BO~HhJX OilTHq8CKHX ITOT8HUH8-

Jl8X N -RAPD CDASP*HTCR. CxeMa, npeTSHAYID~BR Ha BBe.n;eHHe nonpa

BOK, y~HTNBBIDmHX 06M8HH~8 swweKTN B ,ZJ;BO~HOH WDn,ZJ;HHr-npOU8,1l;ype, 

llp8,ZJ;Jl0~8H8 B pa6DT8/ Z3~ 38M8TMM, OAH8K0 1 4TO B HHT8p8CYID~8H 
H8C KJl8CT6pHO~ 06n8CTH pOR:b 06M8HH~X KOMTIOH8HT B38HM0,1l;6~CTBHfl 

YM8HbW88TCflo 

B saKniD48HHe paa.ztena yKa*eM, qTo B~we M~ o6cyE,ZJ;ana JIMW~ cy~e

CTB8HHO H88AH868THqecK"8 llOT8HUH8ll~ B38HMO,ZJ;8MCTBHR COCT8BH~X 

qacTHU, BORHOB~8 ~YHKUHH KOTOP~X ~ H ~ WHKCHpOB8H~ KBK 

CBOHMH KB8HTOB~MH 4HCJl8MH, T8K H ll8p8M8Tp8MH 1 xap8KT6PH3YID~MH 

HX p83M8p H ~opuy. Cy~8CTBY8T ,11;pyro~ KJIBCC llOT8HUH8llOB, KOTOp~e 

crpoRTCR no cne,ZJ;yiD~eM cxeMe. ~nR WHKcapoBaHHoro paccroRHHR we~AJ 

ueHTpaMH MBCC WparMeHTOB R B KaKax-Jilll6o npe.ztnono~eHHRX - .ztHa6a

T~48CKHX HllH 8AH868THq6CKHX - B~4HCllfl8TCH llOnH8R 8H8prHH CHCT6M~, 

KOTOp8fl H 06~RBRR8TCR TIOT8H~H8JIOM. 3TDT CllOC06 OllHC8HHR B38HMO-
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A6nCTBHR T8K~e HCllORb3y6TCH npH HCCR6AOB8HHH X -p8Cll8A8 /9/. 
B acHMnTOTH~ecKoH o6naCTH, HecKonoKo npaBee uaKCHMyMa 

3TH ll0~6HUH8HH COBll8AS~T C WDRAHHr-llOT6HUH8R8MH /24~ 
BHyTpeHHeH o6nacru 38 TOqHO~ KOHTSKTa nepeMeHH8H R 

6apoepa, 

Bo 

repaer 

CMHCR KOOPAHH8T~ OTHOCHT6RDHDrO ABH~6HHR H CT8HOBHTCR nap8M6TpH

~6CKOH nepeM6HHOH. Yp8BH6HH8, OllHCHB8~~ee CHCT6MY B 3TOH 06n8CTH, 

He OTHOCHTCR, B006~e rOBOpH, K Wp6AHHrepOBCKOMY THny, 8 RBnR8TCH 

yp~BH8HH8M XMnna-YHnnepa /~ ilOSTOMJ, XOpOWO OnHCHB8R 8CHMll-

TOTH~8CKY~ odnaCTD, A8HHHH llOAXOA He A88T B03MDEHOCTH yCT8HOBHT1 

CBH31 BH8WH6H odn8CTH C BHYTP8HH8~ (o6ono~e~HOH) 06R8CTD~ HApS. 

MM8HHO 3TO BHHYAHRO 8BTOpOB p860T /g/ HCUOR130B8T1 ~HCTO We

HOM8HOROrH~8CKH8 CllOCOd~ OllHC8HHH B38HMOA8HCTBHR R8B88 TQqKH 

KOHT8KT8. B H8H60H88 HHT8p8CHO~ AnR H8Wero HCCll6AOB8HHR 06H8CTH 

ll8BOro CKROH8 6apoepa llOAXOA~ T8KOrO THUS A8~T, 38 C~8T BKRID~e

HHR B llOT6HUH8H KHH8THq8CKOH 3HeprHH OTHOCHT8R1HOrO ABHE8HHH 

WparMeHTDB, 38M8THO donee nonvroe y6HB8HHe, ~TO npHBDAHT K cepo

eaHOMy 38HHE6HHID npOHHU88MOCTH 6apoe~a. 8TO y6HB8HH8 38T6M nepe

XOAHT B OTT8RKHB8HH8 BO BHyTp8HH8H 06R8CTH, T8K ~TO llOT8HUH8R 

aaqacTyro H8 COA6~HT KB83HCBH38HHHX COCTOHHHH. KpaMe Taro, B38H

MaA8HCTBH8 ~p8rM8HTaB B Odn8CTH HX nepeKpNB8HHH npa HCllORD30B8-

HHH llQT8HUH8ll8 llROTHOCTH 3H6prHH H era ynpo~eHHon B8PCHH npOKCH

MHTH-llOTeHUH8R8 /26/ OllHCNB86TCH H8AOCT8Ta~Ha KOpp6KTHO, 8CRH 

B Ka~eCTBe WYHK~HOHana nnoTHaCTH-aHeprau ucnonoayeTCR CT8THGec

KaH, H8 3SBHCH~8R OT KHH8TM~8CKaij 3HeprHH H8H8T8ID~ero KllSCTepa 

WopMa t:r;ohucf) , OTBeqaro~aa 8AHa6aTuqecKaH rHnaTese ~na aTHO

CHTenbHora ~BHE8HHR AOqepHero fl~pa H KR8CT6pa. B CHny CK838HHaro 

HCllOllD3QB8HH8 llOT6HUHaHOB nOCR8~Hero THUa np8ACT8BRH6TCR H6anpaB

~8HHNM. 
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Ta6nH~a I 

.KJra.CT6pHll9 CII9RTpOC.KOill1'i9CI\YI9 QfaKTOphl Wcl ,1J,JlR p83JIH'llillX IIOT6HIU1aJIOB ~cl = f 

Pacno)l 
w(1l w(2l w(3) w(4) w(5l w(6) w(7) w (8) r""" AHT-

Ai~ X+Af Xc XC XC " XC Xc XC xc MaB' 
-pa 

222R8~14c +208Pb 2,9(-10) 1,6(-8) 3,7(-8) 1,8(-6) 6,0(-6) 1,6(-6) 2,2(-6) 1,7(-9) 4,35(-33) /2/ 
223R8~14c +209Pb 3,1(-12) 1,8(-10) 4,0(-10) 2,2(-8) 7,1(-8) 1,9(-8) 2,7(-8) 1,5(-11) 2,89(-37) /I;2/ 
224R8__.l4c +210Pb 2,2(-10) 1,5(-8) 3,0(-8) 1,9(-6) 6,3 (-6) 1 ,5( -6) 2,3(-6) 8,9(-10) 5,75(-38) /2/ 
226Ra~14 c +212 Pb 0,82(-10) 6,6(-9) 1,2(-8) 9,2(-7) 3,2(-6) 7,2(-7) 1,1(-6) 2,2(-10) 2,13(-43) /2/ 

,_. 230Th-24Ne+ 206Hg 2,2(-18) 1,2(-15) 3,2(-15) 2,0(-12) 1,3(-11) 1,3(-12) 2,4(-12) 2,7(-17) 1,04(-46) /2/ 
0" 23lp8~24Ne+ 207Tl 1,1(-19) 5,4(-17) 1,5(-16) 9,8(-14) 6,7(-13) 6,7(-14) 1,2(-13) 1,1(-18) 2,68(-45) /3/ 
232u~24Ne+ 20BPb 7,1(-19) 3,3(-16) 9,6(-16) 6,1(-13) 4,2(-12) 4,3(-13) 7,8(-13) 7,1(-18) 3,97(-43) /4/ 
233u~24Ne+209Pb 4,5(-2ol 2,5(-17) 5,7(-17) 5,9(-14) 3,9(-13) 3,8(-14) 7,1(-14) 5,7(-1el 6,9o(-47l /5/ 
234u~24Ne+210Pb 7,8(-18) 5,1(-15) 1,2(-14) 1,3(-11) 8,8(-11) 8,3(-12) 1,5(-11) 7,4(-17) 3,90(-47) /6/ 
234u~2sMg+205Hg 6,1(-22) 7,0(-19) 2,1(-18) 2,8(-15) 2,5(-14) 1,9(-15) 3,5(-15) 1,9(-20) 1,29(-47) /6/ 
236Pu~28Mg+208Pb 2,0(-22) 1,9(-19) 6,7(-19) 9,4(-16) 8,1(-15) 6,1(-16) 1,2(-15) 7,2(-21) 5,07(-44) /7/ 

CHMBOn (-n) 03H8l.l8eT q>aKTOp 10-n. 



3. Peayn1rar~ pacqeroB H o6cyz~eHHe 

llpOU6AJp8 B~qHCR6HHfl K1I8CT6pH~X CTI6KTpOCKOfiHqecKHX ~8KTO-
cl . 

poB Wxc 6aaHpoBanac:o Ha pemeHHH ypaBHGHHH. (I), B KOTOPOM B 

Vmuf{ ) 
K8t16CTB6 fl0T6HUH8R8 X4f- f<. HCTI01I:030B81!Cff O~HH8pH~H HJIH 

~BOHHon WDJI~Hr-TIOT6HUH8H. HyKJIOHH8fl TIROTHOCT:O KH8CTepa B B~pa
(27j 

~eHHRX (20) " (21) 6panacb H3 pa6oT" " AO"epHero RAP• -

H3 I '213/. B B8pH8HTe o~HH8pHoro lj,JDMHHra Hcnon:oao:sanHc:o a a-

Tpano~H!Ie VA-'A.,t 

3 - /31/, AnR 
/23/ 

60T: 4 - , 

noreH~an~ H3 pa6or: I -

WOnAHHra ABO~Horo VA'AI 
/32/ /32f 

5 - 6 -

/29/ 
' 

2 - /30/, 

-TIOT6HijH8JIH H3 pa
j33j 

7 - • KpoMe 

roro, Hcnon:oaoBancR raK~e rny6oKH~ WeHoMeHonorHt~eCKHH nore~Han-

B rex cnyqaax, Kor~a WeHOMeHonorHt~eCKBH WopMa 

TIOT6HUH8JI:OHOrO 6ap:oepa A11R nap~ X+Af 6HJI8 H3B6CTH8, npOBOAH-

1IOC:O cpaBH6HHe c g;JopMOti 6ap:oepa ,ll;Jlfl won~HHr-noTeHUH8JI8. Eo BCe.x. 

T8KHX cnyqaax p831IliJqHH OK838JIHC:O He CnHWKOM 601I:OIIIHMH H He npHHH

M81IHC:O BO BHHM8HH€ 1 TIOCK01I:OKY C8MH q;JeHOM6HOJIOrliJqeCKH6 OOTHqec

KHe llOT6HUH81I~ HayqanHC:O npH AOBOJI:OHO B~COKHX (no Cp8BH6HH~ C 

p8Cll8,ll;OM) 3H8prHHX 1 8 BKJI8A 06M6HHNX qneHOS, 3WW€3THBHO yqHT~Bae

M~~ B 3THX llOT6HUH8Jl8X, 38BHCHT OT aHeprHH. 

ra6n. I ,n;nR p83JIHT.ZHCJX nap X npHB€~6H~ 3H8ti6HHR 

, paccqliJT8HHUe C yK838HHNMH BNill6 ITOT€HUH8Jl8MH. 06pama~T ,e 
Ha ce6R BHHMBHHe 6on:ornHe BapHBUHH BenHqHH ~~c .n;nH WHKCHpOBaH-

HOro KaHana c B saBHCHMOCTH aT Bb16opa noTeHI.\HBJia. ,ll)IH X :;14c 
OHH ~OCTHr8~T qeThlpeX, ~JIR 24Ne - CeMH, a ~JIR ZSMg - BOCbMH no-

pR~KOE. Ha TPH nopa~Ka MOryT DTJIHT.l8ThCR peayn:oraTbl pacqeTOB B 

noreH~Hanax 3 H 8, ,n;nH KOTOp~x paanHqHR B WopMe 6apDapoB MHoro 

MeH:ome X8p8KT6pHbiX OWH60K H3B1I6T.leHHR HX nap8M6TpOB H3,,ll;8HHbiX TIO 

pacceHHH~. BoaHHKBeT cep:oeaHaH npo6neMa, KoTopoH,npaKTHT.leCKH, He 
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dt.mo B nponeccax c ot.. -qaCTH~BMlof., r):le 
,,/ce 

llOT8HI.Vf3JIOB B8JU·fllHHbl rvclc M8Hfl!OTCH 

~JIH paanHqH~ WDJI,llHHr

BCero B 5-6 pa/ IO I, 

qro 6nM3KO K Heonp6,ll8118HHOCTHM B~~HCJI8HHH 86COJIIOTH~X WHpHH c( -

pacna,lla. K rouy ~e HcnonoaonaHHe ABHHHX no (nfX) -peaK~HH no-

3BOJIH8T cyaHTD Macrnrad yKaaaHH~x napHanHH noqTH BABoe. ,e 
Heodxo,llHMO OTMeTHTD, qro paaMax napHauHH BenHqHH ~XG 

B HCCJI8AY8MUX cnyqaHx X -pacna,lla npHuepHo TBKoH ~e, KBK npH HC

nonoaoBaHHH qHcTo KYJIOHOBCKoro noTeHUHana c odpeaaHHeM AnH B38-

HMDAeHcTBHH KJI8CT8p-H,llp0 1 8CnH M8HHT1 pa~yC o6pe38HHH ~I5%. 

Vn~d{ , 1 
llpH OTR838 OT npHHUHllOB OT60p8 TIOT8Hll;Yi81IOB XAf l<j 1 npHH.fl-

d 
TbiX BDIWe, BBPHBUHH nenHtrnH Wxc noapacryT ew.e Ha HecKon:oKo 

nopHI\KOB. HanpHMep, 6ap1ep ~llil npoKCMW!TH-noTeH~Hanaf 26 I oKa-

3biB88TCH B~ill6 1 46M ~HR BC6X WCCH6~0B8HHHX llOT8H~W81lOB H3 T86JI.l. 

TaKwM odpaaou, ~nH modwx reopeTM46CKHX cxeM cyw.ecTBYIOT cep:cea

H~e H80llp6~6JI8HHOCTH npH paCCMOTp8HHH 86COJIIDTHHX B6p0HTHOCT6i1 

KJI8CT6pHOrO pacna~a. C STOW T04KH 3p8HHR ll0Jl83HO H3y4HT:C CHTya

~HID c ¢aKropaMH aarrpeTal II I B Ta6n. 2 npHBe~eH~ aHa~eHHH 
~c , pacc~T8HHbl8 no WopMyne (4) c reMH *e noreH~HanaMH, qro 

d 
H B T86JI. I. B K846CTB8 (Wxc.)lfer 'leT. 11CITOJI:C30B8JIOC:C 3H846HH6, 

JCp8AH6HH08 ITO COC6~HHM R~paM. BH~H0 1 qrQ B OTJIH41118 OT B8JIHqHH 

3HaqeHHH WaKropoB aanpera ycroi14HBb! OTHDCHTen:cHo Bbl6opa 
>/nud, 1 llDT8HU,H8JI8 VXAf (K/. 00 BCet1 BH~HMOCTH, T8K8H JCTOi14HBOCTb CO-

xp8HHTCH H ~JIR 60JI68 WHpOKOrO KJI8CC8 ITOT8H~H8JIOB. 

AnH Bcex wayqeHHb!X aKcnepHMSHTan:cHo cnyqaeB pacna~a HeqeTHO

ro R~p8 H86JII0~86TCH JCTOi1qHB08 AOCTOB8pH06 ITOA8BJI8HH8 B8pORTHOC-

TH p8Cll8A8 ITO OTHOW8HHIO K B6pORTHOCTH p8CTI8A8 qeTH0-48THOrO. 

oTOT W8KT 6"n BrrepB"e yCT8HOBHeH B pa60T8XI 35 ·36 I. 
KoHKpeTHble 3H846HHH WaKropa aanpera ~c , KBK BH;D;HO 

H3 Tadn. 2, H8XO~HTCR B npe;n;enax 13~116. AHanorwqHbiM M8CillT860M 
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Ta6IDIU8 2 

~aKTop~ sanpeTe J"xc 

(I) (2) (3) (4) (S) (6) (7) (8) < $"x< > 

223Ra--+14C+209Pb 82 86 84 84 87 82 83 87 84,3 

231Pa__.24Ne+207Tl I3 I4 I4 I3 I3 I3 I3 IS I3,S 

233u ~24Ne+209Pb 94 no 97 liS II6 II2 III 7l I03 ,5 

yjli yKYA 

100 

75 

50 

25 1------------L-----------~ 
5 10 15 R 

~opMB rroTeHUHanDHoro 6apDepe ~nn paanHqHHX ~eHoMeHonorHqecKHx 

OITTHqeCI<I!X ITOTeHUHBHOB B3BHMO.~eliCTBJIJl JJ:~ep I80 H 208p6 C DBpaMeT

pBMH BemecTBeHHoll qacTH : I- V0 c: 40 MaB, R
0 

co 10,7 ljt.l, ct -=.0,6IIjt.l, 

2 - V0 = 56 MaB, 1< 0 =- I0,25 ljt.l, ex =. 0,68 ljt.l, 3 - V
0 
~ 72 MaB, 

R0 "' I0,251jt.l, u., co 0,631jt.l. 

I!J8HTOPOJ3 aanpeTa 5-t200 X8p8KT6Pl13YIOTCH nonyoc5.nertJeHHbl6 d.. -nepe

XO~bl B R,ZI;pax. KaK B o{- , T8K H B X -pacnaAe \1.18KTOpb1 aanpeTa 

Olll1CbiB8IOT OTHOCHT6JIDH06 YM6HDW6HH6 BepOHTHOCTH nep6XOAOB M6EAY

YPOBHRMl1 H6tJ6THb1X (POAHT6JibCKOrO H AOqepHero) RASp, P83JIHtJ8~-
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MHCH no cnHHY (Bo Bcex HayqeHHbiX cnyliBHX X -pacna,IJ;a, KBK H B 

oC-p8Cll8,ll;8 HCTIJCK88TCH qaCTH~B CO CTIHHOM 0). TBK06 8,zl;HH006p83H8 

CBOt1:CTB <X- H X -p8Cll8,zl;8 C1lJJKHT 3KCll8pHM8HT8JI:OHhiM .l(OK838T8JIDCT

BOM 6~HHO~ npHp~,ll;hl 3THX HB1l8HH~, TIO,ll;TB8pJK,ll;88T BBEHyiD pon:o 

crpyKrypHux a~eKTOB B X -pacna,IJ;e. BocnpoHaBeCTH no,IJ;o6Hbl6 WBKTO

Phl aanpera B MDA61lHX THnal 9 I, r,IJ;e reopHH X -pacna,IJ;a crpOHT

ca no aHanorHH c reopHeH ,IJ;eneHHH, rpy,ll;HD. Xora reopHH ,IJ;eneHHH 

T8K~8 BOCITpOH3BO,ll;HT qeTHO-H8q6THhl6 3WW6KThl B ,ll;6JIHT81lbHhiX illHpH

HBX, npHiiHH8 3TOrO - p831lH1iH8 BbiCOThl 6ap:oepOB ,ll;81l8HHH B li8THhiX 

H HeqeTHbiX H,ll;p8X, KOTOpOe B03HHK88T ,ll;1lH liHCTO 8,ll;H868THqeCKHX ITO

T8HQH81lOB B38HMO,IJ;6HCTBHH. 0HO COB8pill8HHO He X8p8KT6pHO ,ll;1lH ,ll;H8-

v"",t ) 68THq8CKHX H Cy~eCTBSHHO H88~H868THqSCKHX llOT8HUH8ROB XAJ (R, 

KOTDPhiMH onHCbJBBSTCH X -pacna.z4, ,l.lono11.HHTSJibHoe sKcnepHMeHTBJibHOe 

noATB8PJKASHHe e,zr.»HD~ npapo,n;hl OC::- H X -pacna,o;a MDJKHO db! no 601 no

ny~HTb, H3M8pHB odnerqeHHbiH )( -nepexo,n; WSJK,ll;y COCTOHHHRMH H81.18T

HhiX RJ.t8p. 

B 38RJIIDqeHH8 OTM8THM eme O,li;HH BBJKHhl~ ~8RT, ,1J.OK83hlB8IDmHH H8-

RH~H8 a~~SKTOB, CBH38HH~ KBK CO CTpyKTypoll Bhi1I6T8IDl.ll6rO KJI8CTS

pa, T8K H CD CTpyKTypoH COCTOHHM~ pO,li;HTSJibCKOrO H ,1J.OqepHero H,1J.6p. 

~3 8H8JIH38 TB6JI. ! BH,1J.HO, ~TO,HSCMOTpH HB D6CyJK~8BWH8CH BhiWS He-

onpe,zr.6JI8HHOCTH, 3HaqeHMH KJI8CT8pHhiX Cll8KTpOCKOTIHl.I8CKHX 

tiBCTHI.J. 3H8l.IHT81IbHO M8Hbrue B81IHl.IHH w:: ~ ro-2 I IO 

WBKTOPOB 

I w na,l(a-

~T npH6JIH3HT8RbHO HB 7 llOpH,1J.KOB llpH nep8X0,1J.8 OT x=14c K x= 24Ne H 

el.lle ua 3 nopHJJ;Ka B cnyqae 
28rng • 

ABrophl dnaro,n;apar ~.C.8aMHTHHHa, O.A.KHH3bKOaa, B.f.Hey,n;aqa

aa, B.M.lllHnoaa aa ueHHhle odcyJK,n;eHHR. 
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