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TAPAH IO. B. 

OEll!Aff XAP AKTEP~C'lW{A P AEOTH 

AKTY8JibHOCTb npo6JieMu. CTpyKTypa noBepXHOCTH llOTeHUHaJibHOA 

:rnepr;m .si:.ztpa onpe,zteJUIDll\HM o6pasoM DJIHReT Ha noDe.ztemte .zteJIRllleRca 

CHCTeMU ll o6nacTH noTeHUHaJibHOI'O 6apbepa, ll03HHKax>mero B npouec

ce .ztecpopMau1-rn iI,ztpa tt, npe~e BCero, aa Da11menmyn xapa1tTep11cT11Ky -
' I B DepOiITHOCTb .zteJieHM. TetteHl!e ,ztJU:T6JibHOI'O DpeM6HII npe,ztCTaBJieHH.il 

0 ~OpMe 6apbepa .zteJieHl!H OCHOBUBaJIHCb Ha MO,ll6JIH l!G!~KOR Ka□JIH, KOTO

paa ,ll/lllaJia OJiaBHYl'J O,llHOI'op6y10 KpHllYD ,l\JIH ~aBHCHMOCTa noTeHU11Mb!IOA 

3Hepruu H,ztpa OT OCHOllHOA ,zteJIHT6JibHOA .ztecpopM8U110HHO!il KOOp,l\HH6TU. 

B 1966-1967 r.r. B.M.CTpyTHHCKV.M 6uJI pa3Dl1T MeTO,ll 060JIO'leq -

HOt'l nonpaDKH, npm.ieHeHHe KOTOpot'O K .zteJISI!I111MCH Cl1CT6MUM noitasaJio, 

qro 3Hepr11a 71.ecpop1-1au1111 H;!lpa ll npouecce .zteJieHM ocuv.JIJIHpyeT OTHO -

CHTeJI:!,HO rJia,ztKOA 38Bl1011MOCTH, OrulC!:lllaeMOA KaneJibl!O!il MO,ll6J!Ul. .l!JIH 

EIKTI-\H11;!\HUX smep 3Ta ¢yH,ztaMeHT6JlbH6a saKOHOMepaocTb np11BO,ztV.T K 

npe.ztCK636HHJJ ,ztByrop6oil cTpyitTypu 6apbepa C 6JIH3Kl1MII no llUCOTe rop-

6aMH 11 DTopuM M\U:UIMYMOM noTeHUilMbnon 3Hepr111-1 MeJK.ztY HllM'..t. Co:aoityn

HocTb HOBUX npe.z;.cT6BJieHl1R O npouecce ,lleJieHHll: THlK6Jll:,IX H;!lep OOJIY,nt

JI6 nas:aaHue 1,1071.eJ111 71.nyrop6oro 6apbepa. HaJI11'111e B HODOR MO.zteJ111 

71.llYX ce,llJIOllUX ToqeK co OBOHMH cneKTpaim nepeXOlJ,HUX OOCTOfiHllil l1 

,l\OOT8TO<IHO rJiy601toro MHHl1MyMa M6lK7J.Y HHMI-I, B KOTOpOM MOJKeT o6paso

B6TbCiI CHO Te Ma Kll63l1CT6UHOHap HUX yponuen, B3al1MO.zteAcTBj'DU\11X C 

ypoBHiIMII nepBo!il >lMH, ycJIOMHJ.IJIO tt B TO JKe Bpeua qpe 3BU'IUilHO o6ora

TJAJIO KapTHHY 71.eJieHttiI 1mTepeCH!:lMH qlll3H'l6CKl1MH OJI8;!\CT!ll1HM11, MHOr11e 

113 ltOTOpl:lX ,7.IOJilKH!l npomrn/ITbC/l B Heperym1p110M OOD6):16Hl!H 311epreT11-

tteOKO!il 3!lBl1011MOCTH llHTerpaJibHOR BepOiITHOCTl1 H YI'JIOD!:lX pacnpe.zteJie

Hl-Hl OCKOJIKOB OKOJIOnoporODOI'O II rJiy601tono.zt6apbepHoro ;!ICJiemrn • 

fipoueec ,zteJ1en11J=r TiIJKenux n)l;ep onpe,!!,eJifleTca B38HMo,l!,ei1cTB,rnM 

MelKJJ.Y Cl1CTeMe.Ml1 ypoBHet:i nepBo~1 u llTOpon iIMU 1-1 BsailMO.ztellcTBHeM coc

TOiIHHA ,zteJiwreJlbHOA 11 H6l1,CJIHTeJibHOR npnpO,!!,U llllYTPli Ka;K.ztOil CHCTeMli, 

3aKOHOMepHOCT11 3THX B3611MO.zte!ilcTllltll cyll!eCTBCHIIO 113MeHmlT CEOii xa -
' paKTep np11 npOABlll!leHHH llrJiy6b B no,zt6apr,epHyD o6Jl80Tb 011epr1ii\ KaK 

BCJl8,llCTBHe 3KcnonettUHaJibl!OI'O y6uB8IIHR npo1111uaeHOCTH rop6o:tt 6ap1e

pa, TO.K H BCJ18,!l0Tlme 3Kono11eHUl18Jlbl!OI'O pocTa paoCTOiIHIIA Mellf,ily 

ypOBHiIMI\, IloGTOMy 00061:.11\ HUTepec npe,l!.CTllllJl.flllT om,TU no IIS]'iemm 
BepOii'l'HOCTH ,ltCJ18HliiI ll ll03MO;Tilt0 6onee lilllpOKOlt AHfine:ioHe no~6apbep

llUX 3t1epr1-1~. 

K uaqaJiy 11aoTOlill1Cl1 pa6oTU atlCJlll(Ji, ,1.1amrne Jllll:U, ,V.;'! Oit.Ci;10ti0p0-

l'OBOA o6nacTH -I M:.B mrne oapbepa. iloao1rn .tO.!iXO,'tfiC.ero onoco6a 

~·-- -
l C()1,,c,r:• ,::!cmryT I 

U'Atf :-- i,,~~r.:iru:.:U 
. Gt"i~Ji~ :oTEKA 
~~ .. -
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Bos6y~emut 60J1ee HHSKl,IX 3tteprnn npltBO,lVlT K peaKQim lj_JOTO,lteJleHl,l/1, 
TUK :caK _npu v.cnOJlbSOBUHHH a--1rnattTOB He D0311l1KCJ.eT np1mu1m11aJ1bHWC 
orpaH¾'lettHtt no O!iepr1m, Kfutne npv.oyll!H pee.Ku1rn .neJtettHli no.n .nencTBH
eM r1ettTpOHOB \U!H sapSI."1(8!{1U,!X '18CT11U, a ucnOJl!>SODllllHe Cl1JlbHOTO'lHllX 
ycKop11TeJ1e~ 3Jl8K'!'J.)0110ll D Kll'leCTBe ltCTO<!HIUtOl3 TOpH031101'0 1,13,nyqe1mll 
O'lOHb 6oJII,t!OV. lllllT6HCHllttOCTlt n03ll0JllieT cyl!leCTDCIIHO pncampHTb npe,lte
JIU ::monep11MeH':e.JII>HL:X :B03MOlKHOCTen. ycTaH813Jl>IBaeUl:1e na,1te1meM CTllTH
CTIH:;: peI'HCTpv.pyei,mr. t.l.KT013 BllH:f)KAeHHOro ,ll,CJ!elll1ll B I'.i!y60Kono,1t6apb -
epHOW o6J!O.CTH. KpoMC Toro, yum<aJlbHll.lI np8o-roTa tta6opa YI'JIOB11X MO .:. 
ueHTOB, nepe.nru;aeMclX fl.ltPY np11 norJIOUiOH,m is-KBlltlT6, ltMeeT O'l8Hb 
601u,woe s1tn'¼e1me )J.Jlf! o,J.t11osaa'lHOll 11ttTepnpeTauirn pesyJ1r,TaToB, ooo6eu
HO B yoJ!OBliilX Ht.l..llH<!l-1.!l B I-IO}l8JIH ,!(Byrop6oro 6apr,epa '/J.BYX oneKTpOB 

11epexoa11ux cocTOliHHil ,?1,eJ1m!1eroca Sl,l1pa. _ 
UeJib pa6o-ru COOTOllJlli B .ico1,e.1tOllllHHH paSJllltjHUX npOllBJ1ett11ll ABY-

1•op60» cTpyKTypu 6ap1,cpa ,neJiemrn O OOMOU!blO OKcnep11MeHT8JlbHOI'O 1r1sy
'leHHf! B m.ipomM Jl:llanasoue oKoJIOnoporoBux H rJ1y601<ono,!(6ap1,ep11llX 
011epr.1R Bos6y-,i('IJ.eHJMt nepOllTllOCTH lr1 yrJJO:SblX pacnpe,1te11e1111n 00 KOJlKOB 

¢c)TOAeJleHlr1ll Tlllit8JIUX st;'.lep, 
HoJJl13Ha pa6oTH. Paspa60'l'atil:I lil.lCOI003~(}/eKTl1Bllhl8 Me~O,llHKK HCOJ1e-

AOBaH11R H noJiy'leHa HOllll/1 3KCnepm4eHTl:UlbHM 11u¢opMt.l.1llUI O ceqeHlillX 
1-1 yr-Jion1.1x paonpe,nenettHliX oor.oJ11to» rJiy6oKOnoP.6apbepuoro ¢o-ro.11.er.eHH11 
TID.teJll:.IX f!.ztep. YcTaHODJl6Hfl aHOMliJlbHOOTb C TO<l.KH speHHfl npe.!(c'l'aW!e -
Hl1i1 0 MI'HOBetltIOM .zteJ1emm Xb.11c1KTepa 3HepreTH'lecKOn Sdl3HC11MOC'l'lt ce -
qer111R 11 yrxonux pacnpe.,?1,e11eHH» ooKOmcon ¢QTo,lleJ1ett1m Mep asu 112S8U 
rJ1y60Ko no.zt 6apbepo1-1. ilor..e.sano, •1TO c61tapyir.e1rnue a1101>1a.m,11t MOI'YT 
6uTb ICOJl:11\feOTBetttlO 06'.l>ffOtteHll BJlllffHl•leM BKJl6,zta sa;.tepllt8HHUX .1teJ16HHA 
113 KSOMepHOl'O OOCTOf!HHll :STopoi ltWl, Blll1BJ18116 orpnHK\fCHtlOC'l'b _Tpa,itM
UliOIIHUX M8TO,lt0B Oru101lHl111 nepoltTllOO'I'H no.zt6apr,ep110I'O ,lt8Jl8HW1. [loJly -
t.tetto e,n.mtoo6pasaoe on11ca1111e aKCnepRMeHTnJ11>HUX Aautt11x DO Beel-\ Hsy -
•1eHHOR 06J18CTl1 no.1t681)b6pHUX OHepr1dl ll paMKaX nOAXO,lta, OCHOBaHHOro 

HU M0,1temt :BXO,llHlJX COO'.L'OJiin!St. 
HaV'llll!ll 1-1 npMTH'ltlCl'.afI ~ua•rnMOO'tb pa60Tol. ilpo1:1e,1teHHl:le B pa6o-

'1'8 ~lCCJICA0.6tl.liHSI po.ccmpl1JHI HOl!IK suamut O 110B6,,!!,CtlllK »epOflTHOOnt ,ne -
,'lCHllil - D.,"\l!(Henme~ xape.1tTepHC'I'l1Klf npoueoca. BuslBJteHHUC 3JtCllepHM8H -
'l'll.llbHO :ia1.0H01-1ep11oc-r11 ao!le,Zlamm ceqea11'1 11 yrncuiux prionpe:4ene1udt 

OOitOJIKOB ~OTO,l(eJICHIUt Tll1'tCJll:lJC J~ep nOOJ!YlllH.nH tl pa6oTe K MOI'Y'l' CJIY -
ll()'l'l'l, D l!,6J:btt8nmev. 1tp1rrepHeM n:pH :au6ope ,~ozteJrn KaHllJIOD ,lt8Jl8HKJI H NO
,r.e.Jm J!.Jlli on11oaHi'!ll BepOllTHOCTH ML'H0.8AHHOro H Sll,ll.8plmliHOI'O A6J18l11111, 
Pe syr.me. TU pa6oTu cTmJy.11npy11·: noc-rat10BltY 110D1,1x c,nflTOJl np11 eme 6c;,11ee 

!1,;~ ;;,1x :.inepI'~!ilX 1.•-is6y,KAett.sn rl AJ1li 60J1ee m~11)(>1toro 1cpyra !JACP. noJiy•-

i 
! 
i 
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,. t.tet1m1e :ii pa6oTe napaMeTpu 6api,epon ,7.tJ!f! 1-1:ioTono» ypatta 1-1oryT 6HTb 
LICnOJlb30BllHU 13 npaKTli'!CCKI-IX paoqeTliX ceqe_m1n' ,n;enemlft, 6 ,1{0T8JlbH8lJ 
OKonep;1MeHT6JlbH81i HHg;<>pMO.lU,ll O ll11XO,l1.llX H ceqemmx qJOTO,Iie.;ieH1m Tfl-

7.'C8JlllX Mep - nptt paspa60TKe M8TO,Ii0ll ttepaspymal'Jt;\61'0 KOHTpOr.ll. 
ABTOp nne,n;oTllllJl:IeT K 31l1Jll!Te OJie.n;ynume OCHOBHile nOJIOll(OIUU'I: 
I.Ha TOpMosHOM ny'Ute Ml-lKpoTpoHa WNI AH CCv"'P »1mo.•rneHll nsMepe

H11.fl I'Jiy-601tono,n6aEr,epHOI'O ¢oT0,7.tCJieH\1f! .ztellllTH Sl,l1ep: 
232Th.m,235

•
7Jo,mu. 

237Np, 239,:!tcl Pu, 2 1 Am • H11JK1me npe,neJiu 11s11.epeal1iil 7-t;:,1 qeTr10-qeTn11x 
JIZtep (., ro10+ ro-IIo-) 6UJil1 orpattl~'leHll CTaTltCTl1KOti per.icTp11pye1mx 
C0611THll, ·AJ!H H8'leTHl:lX n,l.\ep ( - ro-7 + 10--8 0) - qx>HOM cnoHTllHHllX AO
JleHi,liil npHMeoeiil 11 .neJiettnn no.n ,neiicTn11eM qioTot1enTpoHoD. 

)lxlt qeTHO-'i6THl;lX MOP DO BCeli 06J1aCTll no,zt6apbepm:iX 3ttepr!iiil, 
,ltOCTynttoiil-no CTaTHOTaKe OTC'leTOD, noJiyqeHll _.naHHUe 06 y~JIOBl:lX pac
npe.neneHHflX OCKOJIKOD, 

2 .Buxo,i;u ( 0 • f ) - peaKQ11i1 ll,Jllt mu l.f 2l&u :a o6;iaoTH ce'-!t'rnult -8 l . "'IO + IO- I 6 ocittapyllG1nruoT flBJiettne 11 11soi.icpttuiil menb!f)", a yrJ1onuc 
paonpe.neJ1eHl.f1i OCKOJl~OB 3T>IX .ll,!1.ep'no Mepe npn6JIHJKCHID1 K 06JiaCTl.f 
meJibg'/a - pesKoe YBOJil.ft.!8Hl16 OTHOC1-ITeJ!bHOI'O l3KJia,na RSOTponHO~ KOMnC
H6HTU. fiApO 232Th attaJIOI'li'lHUX oco6eHaocTeiil B TOM lite .11.no.nasotte ce -
'i8HHM HH B DhlXOAe, Hl1 B YI'JIODOM 6HH30TpOnHH He 06,mpµn:ao.eT. 3Tu 
OBOROT:aa OJIYX'J'l.T api-yMeHTaMa B nOJ!bSY CB1I314 flll.ll8Hl1Jt 

11
l130MepHUM 

Gl8Jlbtp11 C St.l.Aep;:.aHlllH-1 ,neJle Hli8M HS HSOMepttOI'O. COC'l'Of!H!Mi - OCHODHOI'O 
. OOCT0f!Hl111 l3TOpOI\ SIMU, 

'.3. Tpc.JtH~HOHl:ltre MeTO.ztH om1oattlist DepOflTHOCT~ HH3K03HepreTv.<lCC
KOI'O ,l1.6Jl8HH1i He MOryT OliTb HOnOJibSOBaHhl .ltJlfl KOJIH'l80TD8tlt!OM HHTep
npeTau.iK 0611apy11teHHllX Cl30MO~B QOTO,neJiettnll D rxy60KOno.1t6api.epHOll 
'06J100TH ouepi-1-11\. Ha1-160J1ee noJittO 4J!,15H'l8CKOiil CHTyaUVJI COOTD8TOTDYCT 
paspa6oTaHHllti D iIOCJieAHOe BpeMll 110,llXOl-t, OCHODllHHllli Ha pacCMOTpe11H~l 
COCTOSIHUI\ ,neJntTeJibHOil npupo.nu D nepBOll H DTOpol.t m.10.X ltllK DXOAHllX 
OOCT01IHHR ,llJifl npoueoca ,neJieHH.fl. ~ paMKax OTOI'O nOAXOll,O. noJiy'lCHO 
Y.llOBJleT»opnTeJibHoe om1caa11e pesy;u,TaTOll 3ttcnepuwe»Ta, 

06~eM ,ltltCCeP'£6UHH. lnocep-ra!lHfl COCTOHT 143 DBCA8HH1I~ Tpex· 
rJial3 H 581CJ!l)'l8HHSI. OottOl3HO A TeKCT ttan1tca11 Kil I28 CTpaHmtax, DltJ!Jl
'it.l.DtllllX B ce6g 4 TlldJ!HUhl, npHJIOE8Hl4e (Ta6.r.Hua ua 7 CTpaHIIUD.X),on»-
001.t UKTHpyeMoA ·JIHT8paTypll it3 88 IIO.MM6HOB81iHA, H '/J,OrtOJllteH 35 pncytt-
ltllMH. ,,.. 
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CO,llEPJKAH\1.E P AliOTli 

Bo BBenemtH 0600HOBYBaOTCfl aKTYMbHOOTb Tew, aaeTOfl iq,aTKOe 

conep~aHHe AHocepTaUHH no rnaBaM, H ~PMJAHPYDTOfl OOHOBHli8 nonoire

HKfl, BliHOCHMYe Ha 3aun,iTy. 

nepaaa rJiana nooaa~eaa BonpooaM OKCnepHMettTaJI&Horo Hsyqettua 

Bl,IXOAOB II ceqe1111R peaKUHH <J/OTOl16JieHllfl H30TOno» 11, ,U,Np, Pu.Am. 
B oKoJionoporoBotl H r,iy60Kono216apbepnotl o6nacTH aaeprHR. 

B Ta6JIHUe I nepeqHoJleHS HOOJIOAOBaHHUe B pa6oTe H30TOnu ff 

y1ta3a11u Hsyqeua!le auanasonu rpo.awrnux atteprHR TOpMosa11x g -KBaHToB 

Emax H aeJutqHa ceqeHHR <J/OTo,lleJleHAA Gat .ttnfl 3THX Mep. 

Tatb11ua I 
,lluanasoH Mep, rpaHuqHux 01teprHR Email 11 ceqenutt 

ipoTo,neneHAA CSH , 1100J1e.ttoBaHHHX. n ,ztuooepTaUHH 

(B OK06Kax yKasaH nopMOK BeJIHqHH) 

--------~---------------~-------
fl.n,po. Emax, .M,B Gilt. ts 

--------------------------------m11, 
mu
mu 
mu ~gu 
U7Np 
m~ 
2~Pu 
ru~ 

4,8 + 7,0 
4,8 + 7,0 
5,0 -t- .7,0 
3,5 + 7,0 
:3,5 + 7,0 
4,4 + 7,0 
4,4 + 7,0 
4,4 + 7,0 
4,4 + 7,0 

6,5 (-I!)) -t '.3,6 (-3) 
I,2 (- 8) + I,4 (-2) 
I,6 (- 7) + I,6 (-2) 
I,O (-IO) + 3,6 (-2) 
3,6 (-II) + 6,5 (-3) 
2,2 (- 8) + 2,5 (-2) 
2,8 (- 8) + I,8 (-2) 
9,I (- 8) + a,'.3 (-2) 
:3,5 (- 8) +· I,9 (-2) 

-------------------------------
On1,1T1,1 npo1tsBOAHJ1Hob Ha BttemHeM nyqKe MHKpoTpoHa Htn AH OOCP. 

PerHOTp8UHfl OCKOJIKOB ooy~eOTBJlflJl80b TBep,ttOTCJlbHUMH TpeltOBl:lMli ,neTelt

TOpaMH, B 1(6.qeoTBe ttOTOpux HOUOJlbSOBaJlaOb OJID.zta, llpeSBU'16R1tafl ltOM

naKTHOCTb AOTeKTOpOD H BUOO!tafl aqxpeKTHBHOOTb perKoTpauHH OOKOJlltOB 

B onnae npaKTKqecKH 21nn Boero ,nKanasoaa nosMo~aux yrnon na.t1.eHHfl, 

0 O,llHOtl CTOpOHU, H HeodXOAHMOOTb M8KCllMMbHOrO llcnOJib30llaHKll HK -

TCIICHBHOOTll TOpM03110ro nyq1ta, C Apyrotl CTOpOHl,I, onpeaeJlllJIH Budop 

oxeMY omrra: ru1aoTKH1tK npe,n:eapKTeJl&HO odpadoTaH110R cJIDAH noMe~a -

JU!Ob no o6e CTOpOlll:l OT ABYCTOpOHHHX OJIOeB HJIH MeT8JIJ1Kqec10tX qi0Jlbr 

,llC.llll'Jleroofl MaTepMruia Ha MHIIHM8JlbHOM paccTOllHHH ( ... 1;2 MM) OT HKX 

[8} .111160 BOJlOTHYX> K llllM {9} • a Bee A8T8ltTKPYDl!lee yoTpOROTBO B BH

Ae o6opKM nOCJICAOBaTeJlbHO paono.noxeKHUX aeJifllllHXCfl MHmeaeR H CJIDA 
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noMemaJIOCb ll fij''lKe ~...;K:3aHTOB B 11enocpe,llCTBCHHOA 6JUl30CT.-I OT Top

M03HOA Mltl:!CHII. 

1fonoJib30:BaHHe.f! cxe~:a onuTa nos:BOJUIJia tta nep:Bou aTane 11ccJ1e -

,ll.Oll811!1U nuno.r.HUTI, 113?:epemrn B::IXO,ll,Oll peaKUlrn iJ)OTOACJICH\,\fl 0,llHOBpe 

Me 11110 .nnn .llCBflTII y1rnsa11111:1x n Ta6naue I an,ep ll ;n.winaaoue a11epr11l\ 

Emall= 7,0 i- lf,4 MaB. H11;;;m,:e npe,11,eJJU ll3l<!epe1mA ,ll.Jlfl 'leTH0-4eTH'lX 

fl,Llep 6uJm orp&HWieHH CTO.TMCTl•moil per110Tpl!p:{CM1IX co6UTlil1; AJ!fl He -

'l8THUX n,n.ep _. QOl-!OM C!lOHTa!!HUX ;,.e.,e1111i1 npm1eceA ii ,llCJleH!\£1 [10,ll .neA

CTBIICl~ ¢o?OHeATpOHOll. l,fau~pe1111ue 3Kcnep11Me HT!l.jjbl!O :auxo.nu peaKllttH 

1-1Cfi0Jlb30Bll.Jll1Cb ,ll.Jlll llOCCTaHOllllC 111111 CC'lCHl1i1 ~OTO,ll,CJ1CHl1ll. BoccTUHOB

J1em1e ceqe1111n npOll3llO,ZJ.IIJ:OCb C noMOt:\hlO MeTO,ll,a M11HllM113Ell\l111 HanpaB -

.11e1mor-o pacxor.me1111n [5) . 
B Cllfl311 C noJiyqeHHb:11.11 ,ll,aHHbll-ll-1 B § 3 nep:&O!\ I'JlaBU o6cy;K,llf.18T

Cfl pesottaHcttaH cTpyKTYfl ce4e1111il, npoa1rnett11.fl acpGeKTOD Allyrop6on 

cpopMu 6apbepa ,neJieHll/1, cpllBHIIBaJOTCli ,lleJIIIMOC'l'H :a pcaKUIIHX ( 1!. f), 

(n, f) 11 ll np.flMl:lX peaKlllUl½. 

BTopoll 3TU[l. llCCJle,l\OB!l.111'1¼ Clll!SUH C o6Hapy,KeHl1eM EoyuaHOM C 

cciTpyJJ.HIIKllMll B ClilA (1973 r.) eme 6irnee rJiy6oKo no.n. 6apbepoM no:r,o

ro flB.ilCH\Ui B oeqe,l!rn l]/OTO,ll,OJlCHlln 236U , QOC'l'Ol!U\ero B ,ll,OCTllTO'iHO 

pe3KOM 3C1MO,ll,Jl6Hlnl CJtopocTII y61:11iam1H BUXOJJ.8 pei:mu1rn no Mepe npOABl'l

lKC\111.fl Brny6h no!( 6apbep np11 Emox l:,4,4 lfaB. CTpo11oxolK.l\eH1te aToro 

ltDJICHIHt, aHOMaJlbl{()r'O C TO<iKl1 spemm npe,ncTaBJIOHll!i\ 0 ·DepOnTHOCTlt 

MI'HOBeHHOI'O .n.eJ1ea11a, 61:1J10 CBH3MO EoyuaaoM o 11peo6J1a,n.att11eu· B 06-

JlUCTII T!l.,(llX H!.\3K\,IX 3tteprutl l'IK.T.rutO. sa.n;eplKllHH!lX ,1\8Jie11111\ 113 1130Mep

llOI'O COCTOf!ltWli HU ,ll,He DTOpo!i\ Htm, DOJleJJ,C"rDl1C qero OHO nOJlY,-IIIJIO 

ttasnamrn "11soueptt1:,11,l. meJlbg_;" • 

Bciwpe 11 Hll M111tp0Tp0He lfi?n AH CCCP np11 yqacTtt11 a:a1•opa 6HJJH 

nonyqeaH npe.n.BapmeJibUble ,naHHble, CDll,ll,CTOJlbCTBOBallllJl-18 06 UHUJ!Ol'll'l

llllX: a4><l>eKTax B Bux:o.nax rJty601tono.n6apbepuoro iporo.n.eneHl1.fl n.nep 
212Th, 

23SLJ, 2l7 Np [ I] . }.laJlbHcfimee pasB11T11e nttx onHTOJl om1ca110 B 

§ 4 nepBOII I'JlllJlH. 
nooJie onTl1Mll3al\HH MCTO,lll!Kll C UeJlhll YllOJIU'iellV.fl <iYBCTBIITCJlh

HOCTH 31tcnep11MeHTn 6llJill npo:ee.ne1ru 6onee ,neTaJihttt.e " ll 6o;iee ornpo

KOM ,t\HanasoHe Hl-13Kl1X OHepr,111 l1CCJIC,ZJ.0Bali:lfl .l(Jlfi Tpex y,,e :,mo,-mttaB -

muxca Mep 11 _nJifl 110Doro a,i;.pa 2l 6U . HsMepeaHHe ll ,n11anaso11e 

Emox = 3, 5 + 4, 4 MsB r,ux:Ol\U BMecre c 21nt1HUM>1 AJ!lI 6oJiee BHCOK11x 

:rnepr11n H pesyJibTaTaMK HCCJie,ll,ODi'l.lll'iil ~OHOB l'lflCl\CTallJlelll.l Ha p11c .I. 
B 3TKX m1MepeHl1flX, BllnOJIHCHHl:IX:, cj/a1tTHqec1t11, aa n1ie,n.eJ1e 'J30SM0;i(H0-

CTeA l1CTO'iHHKa H9JlY'lC!l}ll1 l1 01,cnepl-lMC!lT8JlbHOU ).ICTO.lll~KK, 6u.;1 noJly-
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P.ic ,I. l{pyI'JilU!rl 311U4ICCHIH 110KU30.HU 11e3yJtbT6Ti-J H3Mepettui\ BUXO,ll.OB 

Y { Emax) peartt11m 4'0To.ne11e mrn: e - HUCTOli!llall pa6oTa; o- pa6oTa 

WHiJl&liHCltOA t'pynnu. TpeyrOJibHUKl1 U nyHKT:,q)llLle 1111HIUI -. 3Kcnep1me11-

Td,lhlltin 11 TeopeTl1'leCIU1fl, COOTBe'l'CTlleHIIO, OL\eHKH qiotta ,ll.eJ1et111R ttei\

l'p0tliiM11 peaKU~li Be (?J ,n) ; npm1oyf'Om,11111tif l1 mTp11x-nyt1KTUpt1lie JmtrnH 

1·0 ;1rn n;m peaK1um D<~.n). lliTp11xoBKOfi no1m::iuu ypoDeHh ~>0Ha ono11 ,.. 

T!HIIIHX ll,eJ1e111111 I\ ,lleJiellltR 00.JJ. ,nei\CTBUeH KOOMWieCKOI'O l13JIY'leHHll. 

4e Ii p»Jl IIOBUX pesy Jll,Tl1TOJ3, onpen.OJJl1DtJ!l1X xapaKTep nOCJIO'AYllillifX no11c
KOB B 3KCnepH~l81i'tfiJli,tlOM l!Syttemm ll T80pCTll'iCCKOfi 1rnTepnpeTt1Umt 

rr13;ie11HH, a 11Mettuo: 
- anepBue 6uJ10 11a6J1ri.1te110 llBJ1e1rne "11soMepttuA lil,ML<F" ~Jill an.pa 

236U 
- 6U1lil y·r04H6UU ;ne.1H11le ;ltllll 2111U H 06Hnpynenu :rna'lHTeJJbHIW lleT0'l-

hOCTll B pe.60-reEoyMaHa 11 ,11p.: 
- noBTop11af! ce:p1.1a fll!Mepem-111 JJ.JIH 212Th cy1qecTJJ011Ko y-ro'11111J1a " nsue

HtUia xl'lpcuc-rep rJ1y60Kono,n.oap1,eplloro ·.auxo.zu1, 'fro o :f'!CTOM He;tocTaToq •. 

Hull CTf.lTl1CTl1'1eCKOA 'I'O'tHOCTlt :a Cfl.l~l:IX IU1;11Hl1X Tpex 'l'O'lKflX no6y.D,HJ10 

ll03}l.ep;!llTbC/l OT l111TepnpeTOU111\ pesyJihTtiTOB, KOTOpa11 Ci11J1a. y111e ll.11H6 

il npeuap11ToJ1hHOl1 ny6»mw.u1111 (I) ; 
.• T,11arem,uoe 11cr.J1c~o:aam1e HcTo•rn111:oa i!Ciltpo1111oro q:oHu ap1uieJ10 K 

~tl{i11G•ietrnn, 4:ro ero nia11ume tta BeJ111'lv.Hy Iiuxo.na neneHKlt U7Np :a 

-7-

rJiy6oKon_o,zr.6apbepttoVi 06.'lacTa c11Ju,uee, tteM 11pe~no1.:amJiocb B pa6o·re 

[I] • l-1 31:W'il1TeJll,Ha.fl '{UCTh 3Q(fleKTa :,;c:r.eT 6:0:Tb c:a,rsa,ta C no6oq;rn
MV. ;ne.r.em'lllMll, 

Ta:(v.M 06paso:1., :aonpoc c6 i1soucpxol!. u:c1r:.ri)e ;:J,Jl.fl 23~Th 11 23iNp 

OCTaCTCfi OTKpUTUM. JJ.;;i,r ero D!:lF.CHeami: Tpe6JiJ'i:Cli 3Ha<rn:::e:ii,:~o 60;:::, 

1:11,rn l1HTerpaJibH!,rn noTo:cv. ~ -KBt:r.TOll :a c:i.yc.r:.J 232Tn ;\ cneu:,io,m,1-rne 

Mepbl 6opb6U c RCtiTpOHHbl!-1 -I,oaoll. :3 CJ!yqae 237Np. 
C.llC.ll.YJJli!l·IM O<!eHl, :Ba'KP.hlM pesy.llbTilTOl'. 6o;;ee ,z:::TC:J11,Hl:1X V.3Mcpou:Hl 

llUXO;J.a .ll,Jl/I 2lSLJ l-! 2.~&LJ ·, Ha ¼3Y'WHV.l~ KOTOpb:X 6!:lJlll COCpe,n,O'i'O'lCHU 

yc,rnY.li B .l{.a.r.bHev.meM, mm;:och ycTaao:aJiemrn Ha o6ov.x f!'A?ax pesonaac
uo;\ OTpyKTypa ceqe,rnli ~T0)tCJ!CHl1il: :a 06J:llOTl1 i::CJlh(i)!l (pac .2). 
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Pnc.2. Ce'!ettmt QOTO,ll.eJlCHY./I Gt<E~) ,ii.JUI 2~6U n :mu : TCMHHe 

3Ha'!Kl1 - pesyr.bTUTtl HUOTOll~en pa60TU, c:aeTr.ue - pcsyJlhTuTU pu-

60TU EoyMaHa ".ll.P• 

3TOT 3Kcnepv.MenT8JlhHl:ll! qiaKT noCJI'J}i(\1JI 0CttOl:>8Hl\eM ]\JUI 0TKU3ll OT ynpl'J·

ill8UHOI! TeopeTv.'!ecKoli lllaTepnpeTauirn HB.nemrn "1130HepHul1 :::e.11,;f', ,.uu

HOI\ EoywaaoM 11 nepnoml!l:CJlbHO noMcp.arnuni;:l;liica n pa6oTax c y'luc·::.\e:1 
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ODTOpa [I,2]. HoBe,11,eH1rn BllXOJJ.a <l>oTOJJ.eJieHV.il np11 caMllX lll13KIIX 3Hep

rMx, ¢opHllpyD!!!ee CMJlbHllil pesoHflHC B ce•1CHl1l1, OOJ!HOCTblQ OOJJ.TBeplll

,11,eno .!l.JIR 238U B ne,11,annen (1978 r .) pa6oTe HTOJibRHOlGiX q:asmtoa 

( itpyr;we cneT.'IUc 3Hfl'¾Kl1 Ha pitc .I). 
Bo :BTopol-1 rnane onuc:rnaeTcft McTo,zurn.e., npe,ll,0TaBJ1ftJOTclt II o6cyir.

AD.DTCl1 pesyJlbTl\Tbl l13MepetmA yrJIOBllX pe.cnpe,lleJ1em1A OCKOJlKO B 40TO,zte-

JlCHHil 232Tu , 2.l6LJ H 238LJ, 

B H8CTO!lU\llX 3Kcnepl1MeHTll.X, r,l\e 0061:ITIHI ,ll,OJ!CHl'lll He PQ.3,ll.CJ1ltl1T

CR 110 Bpe~1elM, ycTaHOBJ!etme :Bl1,lla yrJIOBUX pacnpe,ll,CJICHl'l!-1 OOKOJIKO J3 B 

06JiacT~1 usoMepuoro IaeJU,qia Morna 611 mmThoit KpmwrncKon nponepiton 

ero 11p11po.n,u. Ec;m rJiy6or.ono,116apbepHHe e.HOMO.Jil'll1 Buxo,11a peaKUml 

( 1'. f) ,i'lCllCTBl1TCJlbHO o6ycJIOBJ!CH!:I BKJID.,AO M 30,ll,epimmu,;x .n.eneH11i:i, 

TO ilOJl)!([l(l cyll\OCTBCHHO YMCHblliV.TbCl1 am,is0Tpom1a p0.3)ICTa OCKOJIKO.B 

llCJ!Cll,CTllHB pasop,!CtlTO.U,rn yrJIOBOro MOMe·irra MP0. Kar. :r, pesy.llbTO.Te 

H{lnycKa1111n ?5-KBaHTOB npn sacenemrn H50MepHOI'O ypoBHH, TO.K H :S 

pesyJibTaTe Baam.;o.n.ellcTimn yrJio:Boro Mo Me HTa c. uar1111T1m11 noJieM a.To

Ma B TO'¾e1me npet1CHH lltli3lll1 l130Mepa, 

.ll.Jill nccJie,llona1111H 11nTepecyJ1mero 3rp<pet.Ta aim6o;ree 6JiaronpmrrHi:I 

tteTHO-•-teTHHC a;1,pa, y KOTOpliX B OKOJIOnoporoB0!-1 o6JiaCTw1 yr'J!OBUC pac

npe,ll,CJICITTiil OCKOJIKDD peaKO llH1180Tponttu. B HO.CTO.rtutell. pe.6oTe tisytte. -

JIHCb n,11,pa 232Th , mu 11 mu . 
VisMepem1n yrJio:sux pacnpe,lieJteumi I'Jly6oKO no)l 6apbepoM cnnsa11u 

C ()OJ1btJ!11,H\ TPY.liHOCTfiMH, Talt Kalt l1HTCI'p0.JibHUl-l Di:IXO;t pea1,u11H 4)0TO,lJ,e

JieHl1/t ,ll.0.)i{C ll Henocpe,n,CTBOHHO Ii !JJIH30CTH OT TOpM08HOr1 MUll!eHl1 ( HU 

pe.cCTOllHHH ;2 MM) n 06J1e.CTi\ H30MepHOI'O meJib¢a COCT6BJ!lt8T BCJIU'IHHY 

nopR,llKA ro- ,ne;re1mn/Mr•MKKn H COOTBCTCTl:IYCT HU'!TOJKHOMj' cetteltl1D ,!\C

JICHH!l ro-106. KpoMe Toro, Tpe60BO.HHe Bi:1,11,CJICHWI B npooTpaHCT.BC Hll

npallJI6HVI II ny'¾Ke. i-KDUIITOB 11 pasJteTe. OOltOJIKOll B npelKliV.X on1:1·.wx 

(Pa60THO.B H.c. " ,1l,p. ,1970 r.) DJleKJIO :ia co6oA HCTIOJlb30.BaHl1e Jll1lllb 

tte60J1i,ll!Oll '-i!l.CTH 'HICJ!a npo11cxo,lU:illUlX Il Ml11l1Cllli ,neJ1eH11lL 

B HliCTOH\!.\e~ pa6oTe aa.zr,a'¾a 61ma pemeua C OOMO\ltb);) BUCO!toSr;,<".JICK

TJ.IBIIOA MCTOAllKi1, B JCOTOpoll llCl10Jlb336TC.li Bee npocTpE\IICTBO BO!tpyr 

,l\CJH!lllC«ca MHlllO!ill ll caMa MlllllCHh npl!6Jl»l!CCHa K llCTO<iHHity TOpM03HOI'O 

11sJ1yqel!l\/1. loTeK't»pyn~ee ycTpol-1cTDO npe.ncTanJIHeT co6oR u11JI11H.Ltp 

AntH!eTpON 50 J,1)1 " llllCOTO~ :30 MM, 1l OOIIODamrn KOTOporc no,11, YI'JI014 

115° K 0011 ny'¾r..a, connaACJlUleA c OChll Ul'IJ111!1,11,pa, saiqicnJ1et1a .neJIRU\a.Jt

ci\ l<IHl!ICl\b. Ben lltlyTpeHtulll noBepXHOCTh UHJlHH,npa noKp!-llla6TCft .n.eTeK-

1'1'.py,nac" CJID.ltO R. Kos¢{/l'lU11eHTU Yl".ilOllOL'O pt1.Cnpe,ll.CJICIIIUt 

WC,8,) = a ... b stn2 -& + c slniu; (I) 
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Pt1c .:3, B Bepxtten 11 cpeJUlel1 •mcT.ruc uso6pa)ll.ettu napaMeTpu yrJIO.BUX 

pacnpei1e.4e1rnn · oc1t0JIKOB <poT0AeJ1e11wi H21h, 236U, Zl&U B sa.BHcHwocTH 

OT Emax. •reMttue KBa.itpaTu - pesy11:r,ora-ru 11acT0111llell pa6oTu, Te1,111ue 

1tpy11!.KH - pesyJib'l'aTl:I pa6oT Pa60Ttto11a H.G. " ,np., cBeuue KpYlltKH ... 

pesyJibTUTU pa60T!-J mBeACKOA rpynnu. 

B K'1li!llel\ 11acTU c11eTJ1Ue Kpyiurn - no..a:ttun l!UXO,ll, 4()10.l{CJleHHll CO~ 

OTl!eTCTByllQIID( Jt,llep, 36T6MlltlHHIJe Kpyatal - tl30Tponuaa ltOMfiOHeuTa 

nuxo.zta Ya , nyHKTllp - 1t0Mnotte11Ta Yb , 11p11pa11tte1111an Ya 11 oo.llacrn 

MaKCMNYM8 6HHSOTponHH. 

flyHKTltpOM B BepxtteR '{llOTl'I p1,1cyt1Ka 110Ka3Utl0 fl.CIUUl'I"O'I'll'{eC:-coe 

3t1t1'1e1111e KOOqx[;>\UHeHTa CaC/b = 0,05 npu :rnepr111tx Jlume clapt.epa. 
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HaXOAfITCa O OOMO~bD M8TeM6Tl\qecKOP. o6pa.60TKI\, I\COOJ!b3YD~en MeTO).l, 

Mo!i're-Kap;io. Yl'JIO:SUC pacnpe,neJiemlll y,ne.JIOCb R3Y'lV!Tb lJnJlOTb ,no 

Etnolt =4, I5 lfaB ,ll,Jlfl 2l8U, Emax = 4, '.3 14:lB ,nJHI 236U " Emax = 5, 0 l,faB 

,ll,Jlil 232Tu . Pe3yJU.l'8TI.I 3Kcnep~il41:HTa ( TeMHUC 1rna,npaTHHe 3H8qKI\ Ha 

p~!C .J)ao,nTBepJ.t11Jm OJK;l)l.aDm:,ncll KfipTuHy: no Mepe npH6n!1ll(OHl1/l K meJU,-

qiy yrJioeall e.aHsoTpomrn WC90°)/Wl0') ( a-t » HO\JM!,lpo:eKe a+ b = I ) 

i{loTo)l.eJ1omm 236U H 2311U na.1-laeT 11:;-:;e. YIJelll1'iCH11l1 B!tJ!ana 3Mep111a1-1-

Hux i'l,CJ!em!l\, a B 06J'.f10Tl1 CO.MOl'O meJ!bfa ;.eJIO,rne C'l'UHOllliTCll ll30Tpon

HUM. 0TcyTCTBtte ~lj/lpeKTa Ha 212To B RsyqeHHOM ,n11anas0He oorJiaoyeT

Oll C T8KOli tHITepnpeTauweR. 

HnrJIHJ-lHYPl Itapnrny IWHK]PC!il..\lU1 ao,a;epll(a,rnoro I\ M!'HO:BeHHOl'O ).l,6 -

JietU'lil MOlltHO noJiy<UtTb Ttll~%1C O 110M0tnb» Yt'JIOBUX l(OM!"IOHC!-IT nuxo,nn: U30-

Tponao 11 Y0=aY/<a;\b+~C)
2 

('l'eMHlie 31ia'lKU n mu.net\ qac-ru p11o~J) 

" .zt~moJiblioi\ Yb=3b Y/(0+3b+&c> (nynr.:rap;me Kpanue). Ha p1rnymw '.} 

.,l\30TpOnHM KOl•mOHeHTa np11ne,11,e1-1e. 1l TeX Jte 6].\UHl\1.l£:lX, 'ITO H rtOJ!HliA Bbl

XO.zt, a .lVlnOJibHail ltOW10H6ttTa )'M6Hb1JleH8 'l'!'.I.K, "1T06bl JJ,00Tttl"a..110Cb COB -

Mel!le,me 1tpm10£1 Yb c ,ll,aHHliMH 06 Ye1 ·B o6Jio.c-w. t1.aK.c11MyMa ("n.no.To'') 

a-1 • Xopomo lll-ll.HO, qTo D CJ!yqae ?!GU R 21au !tp1rnue Cl-lJlbHO pacxo

)1.fl'rcit nplll Emcril< 5 M:3B, n To npe1,1,1 ttaK ·Taitoro pacxo,rJie!llM,, 06Ma1m

eMoro BKJIMO M 38,1.iepJKaHtti.x ,neJie1-111fl :a Ya , n. c11y,1ae 2~2Tu neT. 

B KOHl.\6 I'.JitlDU Ha 6a3e OOBOltynttocTU ttMelOl,l\11XCli ,ll,aHHUX O Klm.npy

noJibHOil KOMnoHettTe qx)T0,1l,OJ1em1ll, ,n.ononue HHOI-\ pe3)'JlbTaTaMI\ HaCTOli\!1HX 

:)KCncp1tMe HIOD, 06cyirJ1aeTCli, CTpyin'ypa 0116KTpo:a K!lttaJIOB ,ll,6JlC!Ullt till 

rop6ax 6apbepa 11 ,11,enaeTCll llUBO)l., qTQ n0Be,ll.ett11e KBMpynoil.b!-!OR KOM -

noue1-1TH ¢'oTo.n,eJieirnn corJie.cyeTcH c npe,D,nOJIOJKemieM o 11a.pyl!le1um sep 

Kt'l.Jibl!Oi\ CHMMeTpm1 cpopMI.I a,11,pa aa BHOlllliCM rop6e. 

TpeTbll I'Jl8.B1l. noc:amnena 1m6opy MeTO.ll,a MO,neJibHO-TeopeTl'NeCKOt'O 

onHcamm BepORTHOCTH no11,6apbep1:iOI'O .n.eJIOI-IH/1, KaH!lJIOBOMY altO.JU'13Y C 

npMO\llbD .a1.16patt1-1oro MeTO,ll,a oi:cnep1,MeHT!l.Jlb1tllX ,11,attH1i1x ,ztJtll 236U H218U 
H o6cyl!t.n.emrn pe3yJihTflTOD auaJlR3a. 

UeJib TeopeTl\\leCKOI'O a11a;rn3a pe3yJlhTUTO.B H3Mepe1U1n :eepoil't'HOO'l'R 

AeneHHR o6i;.qno coc1o»T n BOOCTattonJielllrn napfillP.TpOB 6apbepa 1-1 cnelf.T

pon nepexo,u.HJJX COCTOHmtn B ce,D.JIOB!.X 'l'O'lK!'lX. Tpy,!!.HOCTH 0.ll,H031!fl.'{1{01'0 

pcUielllm 3Tot\ 3Mfl'llr1 KpODTCll B ,ll,OBOJlbHO 60JlblllOM ql{CJ1e napnMeTpo:a, O 

OONO~bD KOTOpux 3MllDTCft c11onc-rna 6np1,epa, Ta.K .I\ B CJIOJKttOCTH cnelt'l'

pa cocTont11Ht, KOTopuc MOI'YT yqacTBoBaTb :a npoueoce 11,eJtemm. Tip1-m-

ur.nM.1t1>m1M npe1n1y~ecTnow peaKUHY. (11,f) nepeA 11,pyrRM11 ::noco6at.111 Bos-

6yn:;1.e!!;111 Kel.K pe.3 1-t liBJlllCTCll npOCTOTa cneKTpa peaJil13YD'.llHXOll r.aH8.JIOD 

Jl.Ct.!'llll'Jt. OJlill'O,?\Opit Cll\JlbHOR 36111\01\MOC.'l'H ce•te IUUl q;<IT0110l'.'Jl0ut61tl11i OT 

,., 

r 

r 
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MyJtbT1mo.1n,11ocTH is-r.llfl.HTOJ3 3aMeTHUI:\ l!lt.Jla.ll, D L',e;ie1111e 'iCT HQ-1.!f~'!'HilX 

n;:.ep :s6J!i!Sl1 nopora BUOC,IT J!l1l!lb COCTOllHttil. C. AllYMil KOMOI\HP..UirnM\1 0 !"Il-l-

He. J 11 qeTttOCTI\ 1C : J1t "' I- ii z+. flpl! :>TOM MOI'JT pca..'!H3•:J!l0.T!,-

Cll ItaH8Jlbl C Kfl =◊- Iii 1-- I\ 1{1t .. o+, 1+ ;i 2+ ( K - npo:!°K!~¾rr J lti'l 

11anpa13.,1e1me .a,eJJe1-11rn). 1focTo cv.ryru.ma yripol'..laCTCf! &1.1\e 60.r.f:~ ;.1:,-:ia 

CiOJZbllIOn pas tmua DblCOT 6apbepc:a .ll.Jlfi KMO.JIOll c K =0 Iii K r (J. 3 ,:a

KHX CJly'iaHX J:l0::JH,1ltaeT YHilKl'lJU,He.n B03MOl:IHOCTb flO K03,f>tuui'le!l't3),! 

yrJIOBoro pe.c!!pe.neJmttIDI oc:~O.llKOB nu;te,1Y.Tb :i no.mrnx ceqe mm ~xno,1e

Jiemrn napt.1Y.!?.JlbHLle COCT8BJllL'<J4Ue Ei.ii/.l.;lrl3l1}lOBUT!, uerwope,nc'l':il1'Hf.\) Bepo

fi~l:iOC'l'l\ ,ll.eJ1emrn. 'iCpes OT,'1,eJI b,rne ita1-ia • .!i!:l. 

Kane..110-e1:1n a11a.m13 1uiTerpa.r.1>HUX u ,11,r1qicj'lepeHUV1a.lt1>t1ux ce,1e1rnt1 ,lie-• 

JleHIUI :B CTO.ilb illilpOKO~ O()Jl[lCT;! 3HeprlilR, lCOTcpan B Hl.!()T0fl:1;l'.X 3KOl1ft

pr!MeHTax npocT1~paeTc>! ~o rpamu, OHeprc·~a,;ecr.o}1 c1em1 n crn.n:Tpe 

nr1yTpen1mx :aos6yi,.Aem1i1 llO 1:lTOpoi'I m.ie ¾Jl¾ ;'J.&Jo.e ~WCKOJibKO t-1v.;r-e, r,.o 

Cl-IX nop He npoi1:3DO.ll.11.;[C/l. AJU!. KO.:I:-l'i<::O'i:'.lJeHaoa UHTepnpeTaUt'.11 F:E.r.eHIL'l 

rlSOMepH!ii'l nICJibqJ D pal'.lM'e EoyMZ.HO. q975) 11 B [21 6,rna npe,!it1p1-!HllT/;l 

nomn:'Ka np1'.Mettwr& no.n.xoi\, pa3rm.TJ:i~ :a puMKru<.:Teopm: nosMJil\e~mP. 

JhrnHOM (1968 r .) r1 Jl~aHoM u M!f.ou (I974 r.) 'A.TLii oni!camir. cw=-yauv.n, 

:B KOTopux cy~eCTlleHHO n:ie.11uo,z;ctk:'l'B1ie TO.:tbKO MC)i(~ r.o~may-H,n,l!UM,1 coo.

TOllllrlflMli B paaHHX f!MflX. C 110M0i:ll,i0 T8KO!t MO.li,C!m, ;,ono1rnes1V.)I\ npe;:i.nc:

JtOlireHl1614 0 UCJtHOM 31.\Tj'XU,UI.U Bl1Cpau110!:lHOll 1-lO,!l.hl JJ o6ea;,:: m,a:x:, MOl:-110 

6UJIO paCC'!ltT!:iDaTb Jll1lllh Ha. CUCH.tty xnpaK'repn 3!1epl'C'!l.\'l!lC!t0R :rn.lli1CUMO•· 

CTH nepon.THOCTM 38,1.ifJplli'.aHHOl'O I-I Q.noBeH!-iOi'O ,ll.C;n:emu;: :a cpe;.HeH, hO 

lie Ha OOHCl:l.HV.e pesorta1mrior. CTpyr.Typ!! l!SOMepHCt!'O ll!e.llb1',a, 

!1pv.M!:"l!iieMl:lit n ,1.1,e.attoi'i pa6o'l!e ITO'AXO;A, KOTO'f)Ui'i OCttCJlaH Hll MO'At,

JIH DXOAIU1X COCTOf!IUI~, 6HJl p0.3DHT f:e,ll,a::wo ll pu.ciOT6X rniepmr.tl.!!CKliX 

(1978) n 'fJ!ltta.1-lHorepMaHcKl-tX q:¼s;itton (I978) a onpo6o:nca D attaJ!tt3e 

»epoaTHOOTH Nt'ROJ3eHKOf'O ;t so.nep:W.HHOl'O 'AC.ll~tt»JI B npmtLIX poa~u1111.x. 

~o~·noAXOA Hav.6o~ee noJtHO oTpa~ae~ cne~"4'rigy nsa»Mo~e~cT~Wi ~e.r.H

TaJ11>HHX » ac,z,.eJii1T6JlbHliX cocTOnt-i11Il, a v.cnom,i1yel-!b!\l nu annapa·r Teo -

p1rn uostA)'lllCRK~ nosno.rmeT O,l!.ct.n'tt> mar K a,I1.er.naT1to,iy oni\cnana ,11.eJ1e -

1nm :a 06J1oc'i'i1 cmn,tto paspel!te~max r.neKTpon » o<Se11x nwax. )ipyroa er•o 

»a~Hoe AOC'l'OMHCTBO - 3~0 OTCY'roTDOEanmaR. npell:,ll.O 303MO~tlOUTh OA~HO

o6po.saoro on~ca.mut BCpOfITHOC'l'l'I no,1!,68.pbeptlOl'O ,llC.llOHW'l llO roe" ::llt011C· 

p1nleKTaJlbHO miyqemtoR OOJl'lOTli :rnepr1tR. Kp~'tltO CJTb UOJ.tXO)ta 0(1CTO!fi 

B Ol!C,ll,Ylla\Clt, 
lfoTO'lt!HltOM 'AeJlWJ:CJtbllQI\ uupHHU l3036YJI01CIHIOi'O COCTORl!M ltoMna

YM-MPa lll!JIR.CTCII npirnecb ,ll.CJllfreJtbHOI\ MOAY B e:ro flO.r.ttoncR (!;yH.tH\'111, 

no.tt1iJU1D\llallc1t B peayJ11>TaTo :s3ar1Mo.1.\0"cT»M weiSJJ.y n.o.nwre1u,iw1m na6pa-· 
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u~o Hl{IHII\ MO,l{llHlt ll 000'.PO!HiUilMJ,t HeAeJ!K'l'8,Jll,HOll npnpo.nu, ll036yllt,llC.eMIJ
MlA 1l il(i'!tlJH,HO~ C1'tl,l!.Rlt pe!!KUl·IH. Ta lilt If o6pa30J.I • .ztCJmTeJibHliO B116pa -
UIHI urpanT pOJib BXO,ll.fib!X COCTO.flHKit ll,JHl npQecca ,ll8Jl8Hl,l.fl~ 

B pe3]JlbTa"Pe- :asa1u,10.n,eRcTnrn 11xo.ztttoro cocTOl!Hltll IA) c ue11os-
1,1yuteHmu111 KOMUaJH,~HliNU' OOCTORHl1.f1Mlf ra) o6pasyKJTCfl HOBIJ6 ltOJmayH,D,-
lil:lC COC'l'ORllrlfl ICC> • Pa.onpe_iteJleHHe CHJHl DXO,llHOl'O COCT()fllUHl cpe,l'll4 
IC0l-(llliYl(11.HbX onpe,l'leJ'J18TCR OOOTHOl.ilCIU-18}1 onpe,l!.010 ti ll!11p1Htil rAa 1l pac
C'l'ORHmt Du- NClUY ltO~maylt,Z\HlBffi ypO.B!IJ1Mll. B C.lly'lae r11a» Da KBa,lt -
ptl.TH t1MIIJll1TY,l( BQJlHOl'lUX q,ymtUHll ( C11A>2 • KOT01me omm1,rna1JT np1114eot 

' BXOAliOro coo"tMH11.fl l'A) B ll"a.ro11an1rnomimmx cocT011tt1mx I ot) pacnpe 
iteJICll\l .nopOITT!OJ)ClCl,lM o6pa~ou BOKpyr 3Heprm1 :BlCO'Ai!OC'O COCTOll.mrn 

(Cti,A)2 ~ ( Da/2'n)fA(l /HE-E.;.)2 + r,.~/'l 1 (2) 

B npe.iteJie oqeHb CJ1a6cro 511Tyllatl1Ui rAD < Da BXO.lU!.06 OOCTOll 
tH!O coxpaHli6'1' xapalt'l'ep npnKTl,!qecKI{ tUfCTO BXO'AHOC'O 1A JIUl.llb Ma.nail 
l\MTb ero Cli'JIU npui4ecnrnaeTOK 1)' .li,pyrue K014n8JU'AHUe OOCTO'llH~Jl. Pao " 
npe.zteJiem1e' 31:0R OCTd'l'O<UiOP. CltJlli MO.t.HO nOJt}NrlTb :B riepooM nopAAK8 

Teop1rn :aosi;ryuie1flllit: 

( CaA)2 ~ { Da/2'1?}f~0 /{Ert- EA)2, ( E01·* EA) (3) 

fopMll.llbHO 0) :>Knwea:Jle'ttTUO JIOpetiUOBCKOMY paonpe"e.neHIUO O ~pimolt. r::: 2Da/?t · ll MOi!CtfO- OTIW;!Hlt\'l'l> I'Jttl'Alty.-i 1-!aC'l'b· par.npe.lteJt'eHwt (Cctrl B 
o6CMX · c:ny'iMX C\!Jt'J;H'Cl;O' ·(2) If o"leHb ()'Jli160t'O ('.3') saTyxamrn e)l.lt'Hmt 
lope,mrriicK«M BIAp!ilietmeM' c nmp1rnoA 

rA = [ rf a + ( 2 D'al :n )1') 
112 (4) 

0CTflllUllleoll :e- c.ny<iae O'-leH& CJ!a6oro anTyxaHll.li npaKTll'!eCKLt '!lifCtUe 
.aXO,il,ill'Hl COCTORHU)I fee a> ~OJllltltU 6u·r1, Y't'l'eH!1 0'.t')leJU,110'. Ko~<pRUUeH'l' 
(CttiAi .ltJlll T~ltOl'G CO~'r'O~tttY.li KO&HO m.1RT!i O noMOUJ.1,11' npmnvra cyMM: 

(CitoAi=E- L,(CaA)2 ::f-·{irl-(iDa./at1}112 
/ r~J 

G(.i<fto 
(5) 

B o61i!eM' cJ!y'!ae noJimifl nrnp"Hl\- llXO'AHo.-,o cooToamm,. itpO)re !lll4'flH!Hl 
:-i1:1'l'yJ<nmrn, onpai,:e.ro1eTCJ1 11' co6c'1'Bet~tWMl4· pacnt.'1,n.alHffl ur.1p11HaNK co'CTO.il
Hihl tA> (11anp1rnep, AtfJhiTl'J!bHOfi fAt , pe,iniiln..toltttoR r~ll' M -r.l'l.) • 

l 
f' 

I 
) 

l 
·l' 
l 
'' 
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B MO . .lleJlll ll,.&yrop6oro 6apbepa COCTOHIIH~ 11,llpa ecTecTBeHHUf.C o6pa-
30N pas,lleJ!JlilTCfl Ha ,llDt'l KJIOCCa BXO,ll,Hlll( 1l KOt.tnayi~llHUX COCTOIHmlt: 
IA> 11 IO) B nep.so£l sme 11 18) H lb> :ao BTopoA, cooTBeTCT:eeano. 
TaKl1M oopaaou, IIYlltHO Y'-IIITUD8Tb B3!lltMO,ll.elicTBHJ1 BXO,llHUX coc·roll.HHil C· 
r.01,mayH,nHUMI,\ KOK BHYTPl1 K8lf.,ll0t'O KJ!8Cca, Ttnt H MC)i()(,' COCTOllHIIJW1l 
pll3HUX KJiaccoJl. IlocKOJl!>KY ll38HMO,ll.ellcTDl!e Melli,lly COC'l'OJIHWiMH pa:umx 
KJlllOCOI:t !IO,l\al!Jtettu qiiiKTOpOM npOHHUMMOCTli BHyTpe11Hel'O rop6a, 3fl.,ll,'a
'IY oCh:J'-IHO peJJUll'l' npr161rnlt\et1110. BnaqaJle pacOMaTp11BalOT OT,D,eJibHO ll:if!li·-· 
uo,aellcT!llle KOMflUYH,ll,HllX COCTOHHl1H l(JlfiCCll I, IO) , . C BXO,lUlllMH co·a ., 
TOllHttll.HH IA) 1-1 1B) H oT,21en1oHO - BsamID.ll.Clloinmi cocToflHl!ll lb) 
c IA) 11 18) . B pesp1,TaTe aTHX 11su11uo,D,encTBH11 o6pusyIDTM tton.ie 
KOHllUYll.1\HUe COCTOJl.HUll ta'). 11 f O) , KOTOp!Je npttlltl,ll,JleJKaT Te'U :atet 
K.aacoaM,.'-ITO u tte11osMyUleHHt1e coc·ron1111,1-IO> 11 lb> , cooT.aeTc.t-rae-n-ao. 
CocTOllHUfl. I a') " !ti) CO,ll,eplt(t1'l' npl-lMCCb ,ll,CJIWI'CJibHOil MOi{U. rtpv.,fell• ))' 
COCTOflHll!IlC l<JlllCO!l fl 3Tf.l npttMeOb Cy!lleCTllCIH!O CHJlbHee 113-3U 60.nAiifeli• 
,l,\6JlliTeJlbHOR 1:mp11Hu DXO,ll,HUX COCTORHII A 18) ( r6f - Ts, rllf -T,.;rr;) 
11 113-38 Mettbmell llJ!OTIIOCTU KOMl18yall.HUX COCTOHHlii\ llO !l'tOpOl\ iH!e-. fto.~ 

• G'l'OMY cocT011111-1a ID) 11rpallT pox1o DXO,ll.riUX coc'l'omrnA .14J1a ffl') . 
OcttOBIIUe CJ!e,ll.CT13Hll Tl.lKOI'O p!lCCMOTpeHU.fi 1tpaTKO c':ao,l'lli'?~li K o,Jieii:yil!fiflMY. 

Heo,ll,HOpO.llHOcTb paonpe,ll,eJiemrn CHJ11:1 nxoittt!1X ooc-rosurn~ 16>. no 
ltOtm8yH,ll,Hl:IM COCTO.RHIUlM (B CJiy'-lae, KOI'.D,a rs; MeHbllle pncc1ofirnlf! HCll
lJ.Y I B > ) o6ycJia.MuBaeT rpocc-oTpyKTYPY .zteJI!f'l''e.it1>HOlt nMJlllH11 coc'i'oll
HHl1 IQ') . fesyJibTUTOM m:e B311l1MO,l(e~C'l'lllt.fl COCT011Hl1R' tfl'J O K/.le!O'll!vl
Mli y:»eJIH'-leHHy.:i A6Jll!T8Jll>HYll IDl,!plrny ,ll,UC!tpeTHUlm K01tnayfl,ll,IWlffl COCTOll
lUl!IMl1 I Ii) fillJlllCTCll npoMeEyTO'lHafi CTPY KTypa Aemt't8J1MIO~ lll1-lp11llli 
COCTOlllntA IQ') • 

3-ra KaprHl!a 11/ipywaeTC.fi B I'J1y60KOllO,D,6apr,ep110A 06J1ElCTH. no Mepe 
CHl1lKeHl11l 011epr,rn. ll036ylK,l\eHlUI 11 np116.nmleH"fl K 11:HY BTOpo~ 'mm 3Kono
H6HUllf1JlbHO p11cTyU1ee cpe,11,Hee paCC'l'OfiHHe Mel!Oly ypollwtMll I b) WJliteT 
cTaTb 60J1b~1e, 'WM cnpe,D,OBalt m11p11Ha cocTO.fiHHR 1B) . To ecTb, m1.Tya
uu11 (2) C'KJlhHOI'O serryxaHHll nepeXO,l\H'l' 'B c1tTyau1rn (J) 0'!6H.b CJI!i60l'O 
2a-ryxam1R 11 ll!Hplilia rpoco-cTpy1<Typ dy,D,eT onpe,D,eJIRTbC.F. y11,e 11e onpe.l{o
»oA m11p11aoril, a p'accToflttHeM Me~y ypon1unut lb) . 0.~11aKo Ta~ 6y.iteT 
pacnpe,neJ1eHa 'rellepb JlUUlb MaJlafi ,ll,OJUl CWI!J BXO]IHOl'O COOTOllHl\'fl,. O'c;ttoJ1-
11aR i,:e ee qacn oocpe.11.0To<01TcR 11a 6nuaAllieM K •B> 00'11-ro!iHl'IK fb'o,}' • 
o6pasya oqe1u.' ys1rn11 pe&ottaac· n .zteimtcnttolf m11p~He ooc1ot1ml'it fc,'> 
nocICOJ!bKy noJJHl:l.!{ mnp1ma KOMrlOYll'.ltilllX coc'l'Off'IIMlif uaceall ts ', ,Clt;ta;it!:1-
llaeTOSI 1t3' ig;ip1rnu MX n3a;1M'oAelto'tlHUl c c-ocTO'mm1t1tM itnacca .I f1fo' w 
l.ieJmTeJlbHOI\ mupi!HII ft;t (pa'.itlili.U'H'O'rttr-tm llll{{}Wmt f61J, ,l(ae1• w.,111'.l'il lSi(J!OJJ; 
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B rli ) H o6e 3TH COCTa:BJtlUJll\KO 3KCnOHeHI.\H6JlbHO y6ll:B!l.llT C 3!lept'He0 

( ... T~ M ... Te, cooT:neTeT:aem10), To .1lJlfl. n3a1-1MoAeilcT:aHJ1 Ill>· c ta') 

Tattl!e CK.Opo peo,msyeTcrt cwryau1m (3) H 1.mpima pcs~ni.attca, 06ycxonJteH-

11oro npar.TH'-tecKH '-tr.cToR ,neJ!HTeJJbHon :BH6pa1..11,1ea lb0) , 6y,11eT onpeAC-

JJltTbC.IJ paccTOJtHHCM MCJKAY KOMnnyH,n.HUMH ypOBH/lMH :B nepnoil JtNC: 

fbaeis 2Da/1t . 
AHaJtorHqHYD cTpyKTYPY ·n rny6oK.ono.n.6apbepttoil oonacTH HMeeT n 

ID\lpntta 36CeJiemm H30Mepa. O.ititOKO 11epo1t'l:HOCTb 30,U,eplKlli:ll-!Oro ~eJtemtlt, 

ttaK u :n npen.mec-rnyDU!HX Mo,11ennx, :a cpe.n.mm ropa.a,n.o cna6ee 3an11:cwi 

o-r attepr\m (-TA) , 'teM EeponTImcT1, M!'Honenaoro ,1J,enem-1n (-TAT6) 

U03•ro1-1! np1-1 mrnImx 3Iteprnnx (' 4, 5 M:iB ,1nn paccMt.Tp;taaewmt 3,l!,ecb 

ll,n.cp 13 U u 138U ) -aepo.RTHOC'l'b aa;<1epimIrnoro .n.enem-m cTatto:a~TM npe-

06J1aAO.Dii.1eil, a l3 !tp'r!DO" 3UepreTW-lC?O!t011 llall,ICl1HOCT11 cyMMapttoi\ l'.lepO.RT

HOCTM MrHone,rnoro M sa.z;.eplKam-1or0 ;.1.eneHtu1 3TO np»B0,11.rtT K non:a.ilemm· 

11s,10Ma, o6ycJI0MCIUioro nepexo,11.01,1 c 60.riee KpyTol\ sa:aH.c11MocTu,-TATa, 

1\a 6oJiee cna6y» ' ... TA (M30Meptt1:HI me1u,q_i). . 

vlcXOl\HOl1 3Kcnepi-!MeHTaJlbHOI\ HH(1lOpMaUl'i611 ,ll,Jm lt6HaJI0:00t'O auru111-

'36 llDJlll!JTcn yrJtonue 1toi.1n0HeHT!i Ya.Yb ,Ye · · , noJtyqei-tHl:le c ,noMOlllbD 

1toJiM/HUHel-\TOD a, b. C yrnonoro · pnonpe,11,eJiett1rn W(&) Ms mrrerpo.nb-

uux DllXOi'!,OB Y '. ,r 

Y =Fl vJ<~> sln-&d~ = 2F(a + 2b/3 + 8c/l5 )= 2Fll 
(6) 

. Ya=~Y/V, Yb=2bY/(3v), Ye= 8cY/(15v) 

u 3 plm .3 l!l'.)J,HO. •ITO y HS.OTO!lOB ypntta DKJla,i:\ H50TponHofl 1touno-

KCATU :n nom1ul\ 1Juxo,11., 6y,11yq1t Ma.JI&M ·:a panoue nopora ( ... 6 MaB), o 

y1o1em,meumni 011eprm1, tta•nutaa rtpm~epl-lo o 5 MeB, OUC'l'PO yneJ11NHBaeT

cn, cire.110BllCb no,n.aBJIHDl!tHM :a pal\oHe i.rnowepuoro mem,qia. · Ktl.1t y'l!.e ro -

B0pH.ll0Cb Btl!lle, 3T0 O13O1\CTDO ·c11asu:aaeTCft""H!l.l-lH C H30Tpo1111.en sa.n.epimH

Horo 21.eJ1ettu.R Ii npeo6JtanammM ::1a.u,epl!taImux · ,ll,eneIrnn 11 · o6mi.cTu 1rnowep-

1toro lll6llbqJD.. CJle]l,yli 31tcnep111-1eHT6JlbllliM pesyJtbTaTaN M ,ll,lUll{Ol\ »It mt·;.. 

-repnpeT!il.U-11\, Mli noJJyttaeM llO3MO:ltl:lOCT7, 3ltCTpanOJUlUl11'i M3Mep13HHO0 OHep

reTv.qeol.".OI\ 36111\CHMOCTU Ya(Emox) :B cJ!yqae usu It uau ny-ret« "P" -

coe.1tnue1-1HJ1 1t 11e~ D o6JiacTH Emax , 4 M:iB .ll.6HHl:lx 06 nHTerpaJ1bHOM nY

XO.ll.e, T .e. » npe.n.nonoJ1.e11111t Ya.=Y npit y1tasa1111ux- 01tepr1tax. 

J3 pesynTnTe 11.ll.TCMflTW·ICC!tOI\ o6pa60TltH 1\3 yt'JlO:ilUX KOMOOltetn' 

11uxona 6mia noJiy'tettu ceqemut Ga.Ob.Ge ,1u1a 2! 6U n 2~11U , c tto

't'OpilMl4' .n np1H5Jllll!tCl!ln\ 0~2 lJ. G~l ( c,~l " oP - cetteHlut ,llJtnOJibliO

ro ~ 1tNl.ll.pyno,n.11oro OJIC!tTpM.'-lCCKOro qJOTOllor.11011\CHlUI, OOOTBOTC'rl3ettuo) 
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1t o· Y'tCTOM 3aJlCplllaHllOI'O ,ll.8.llOIHUI, Ce'letme KOToporo 6y,neT o6osua -

Gd . G'«K 
'-taTbCll f , MOl!IHO npcoTO 0Blt36Tb eeqe!fllil )!.C.nemm t AJlli !:6-

H!l.JIOB o it.nai:fl'oDuloGl xap!i1:tTep1.tcT1tK6tr..t J,,r.K 

Of+O::.:Gc, Gt0:::0b+Or1/2, a:-l+201/3=20a/3 

3tH ceqemut nottasattu itpyr.mnm 3Hli'iKflMH !i6. pno .4-5. 

~ 

1 

'g:1 
, Ir: -4. 

"' 0-~~-
,§'l 

2lllu 

G1•0 
I oro 

. I 
I 

l ,1,.0 

'

' 

..fi 

-1 
rt\{ 

•t / o/'/ ~ 
·I I -.1.J\ ~ 6 t 

I .. I i . .6 • - MB 
4 1 • 

6 t,. ll 

( 'l) 

Pac .. 4. Fesym,T8'£ll tilt8JI~l3a ltO}IUO tteHT 0-e'-ti;lHIU{ 9.0'l'O.ll,CJlCIIWl 236LJ, 

l{pyt'JIHC SHll'-IKH - ceq1rnmi, 1.lOCCT/l!iO:B.llCHl-l!.le HS \13Mepeum,x lmXO,l\OB. 

CnJIOil!!JUC KpUBb:e - pac'leT 13 HO,!l,CJ!W BXO!l,HUX CUC'l'O.RHl!lt oe'ie!l!Hi 14r'tl0-

B6tl!!Ol'O ~TO.,IICJlettH.fI qepes Hllll'l!R1;1ue 'ltAH!lJIU J11K "' 2+0, r-o u rr; 

llYHKTHp - pao'leT cyuw:ipuor-0 Dua,;i;a se.~epil\ammx ,!l,eJiemrn I'!:> \130Mepao

ro cocT(HUlwt, saoeirn:eMoro qepea yKaae.amIe !ttiHo...1u (y1,111oaHmo Hu 2/3 

,l!Jlll Op6B!ICHiM1 0 3r.onep11Mel!TllJlb!ll:H(II ,JtaHUUIGt, 014. TC!tCT); I'l10TorpaM

V.d - pac'l.eTtt0e oe"ieJrde Sl\1lep;1m1rnoro· .nene1mn, yope,nuettnoe n6J11-ta\, 

ya1toro pes0Ka11oa no m1Tep.Bll.llllM wear.,zy l'lsMepemnam TO'IY.f:I.MII Duxo.u.a. 
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flpu BH'IIICJletnm HC..!\6JlUIIJX pae•1eTOB npe,2tilOJlflI'tiJIOCb :aupoll'Jl,etrne 

H111Kai1wv.:{ nonoc KIi'=- o+ 11 Kfl"' o- 1111 m1elllnew rop6e B " 11cnon&soaa

Jlt1Ch Mo.n.eJli> 11 0 sa6ulli.lttw.:M K " DC nwpoi1 sn1e. )J.n11 wv.p.tuu snTyxattiut 

ll.ElJll!Tem,HUX 1rn6paU,¾i:i lOlnCCfl fl, r Bb , llll6i1pllJlll.C 'b Jll1Hel-i11a!l 31lDUCU -

M'.)C'l'b OT :rnepI'lHI Bos6yia)1.C!lllfl llO nropoil flMtl, m'i.paMeTpl 3TOi1 36.lHIOIA

t~OCT:1 onpene,111.111101, vrn no.n.romrn 110,n :;1<cnepttHe11TnJILHue A6.HHl:le pac -

•iC'i'llllX ce•1e Hl\i1. np!,1 llU'll1CJleUmt IIJlOTilOCTH ypo1rnei1 HCilOJlbSOllaJIOCb 

oimctume B paMmx Mo,nc.,u c1wpx·re1tyqero HApa c 1~e110Met10J1orw1eo1mw 

y•1eTOM Y.OJ1J1e1<nrn11tix 11 otioJIO'lett1rnx :;,b<J;e:e'r0B (i\rua·rD1t A.B. u JJ.p., 

19'/9 I'.). lllttp1mu lJ -pacnan.a ICOl•llli::IYH.llll!Jl( COCTOfllUI ~ paccttUTUBaJll\Cb 

r.t npe,nnoJ1oiilemrn o npeo6J1u1:1attv.11 Ei •-nepP.XO,no:s, OO.ll'llm11i:ut11xc~ npa

mrny ti ( f.iS - :mep1'Hll nepeXOllU). Pl.i3Jlll'HIH ll nJIOTIIOC'l'llX ypoBHeA 

,1 prU\ltl'!.lll10llllbl;{ cmp1111ax ll nepEO~ ,t ll'l'OpoA SMUX Y'll\'i:UBtlJlllCb npOCTUl4 

t:,il!H1T'1)J.1 !}HCf,I'lni !l036y)l(AeHV..fi HB. 3HE:pnrn 11301,mpttoro COO'l'Olt!IH.ll. Pac -

'Hl'l'Hlle OJ!O't'UvCT\1 ypo.1rneii Ii pru\1\lil\l\0llHU';! l1.111pllHU ucp.mpOOOJ111CL ltd 

:,tto.'ieH!rn 3Tll,t neJIWIIHI np1t rmepr1m c:&fl3l\ ne w-rpo na. Ji.Jill onpeAeJie Hl-lli 

CC'lCllll?. JllHlOJll.l!Oro 'I\ 1tne.~pynoJ1llH0l'0 tpOTOOOI'JlOOlerll1H npH tll\3Kl1X 3Hep

r'HHX ltc00Jlh30Il(iJ!OCb 3KC'l'pai10Jli!IH!ll nopeuno;ic Kl'IX Iqll\llUX, OOHCUBaDllll\X 

ro1ra1tTcK11e El- l-1 E2 -peso11a11cu. Hapa,wrpu JlopeuuoBcl'j\X 1tp11nux ~JIil 
I 

.l.\lHIOJlhHol'O q,OTOOOl'JiO'lle Hl-lfl onpe.neJHIJlV.Ch 1-13 no.zr,roHI<l1 no.?!. COllOKYOHOCT b 

:ix.cnep11MeHTE1J1t,HUX ,nof1111.1x o ce,1e1111l\ rpoTonorJ1011{eH1rn !IP" E1 < IO M3li, 
)l..llil KDfl,npynoJibl\OI'O (j)O'l'OllOI'JIOill.eiil\n l\C00Jlb30ll6.J!l1Cb napawnpu JIOpett -

t\llUHU, nOJl;f'lCHlllle B pa60TO 6pa3HJlhC:KHX q,ns11Kon npn HOCJ18AOBO.Hl111 

Ae./lemm 2l 6U 3J1e1t-rpo11aMa (1978). 
Pe3y.r.1,i•aw MOAeJlbHUX pacqeTon ce,ie11~1v. 1j)oTo.zr.eJ1eHlo1fll~6U u2.'8U 

rlOKU36tlU Hf1 pv.c ,11-5: cnJIOWllUl·llA JIIHiltfll~t - ,11Jlfl t.ll'ilOl!eHHOrO .n.eJICHKil, 

Kpymnm nyHli.'l'"POI~ - J!,JlH 38.1:lep;,;;eunot•o, l'i.aK :Bl-l,l\HO IIS p11cy111tOB, B tte

JiOM no.11y4euo y,11.oMeTnr,pi.!'I•eJJbHoe omtca1me ;:ttcnepuMeHTtiJlhHUX pesyJn,

·raToB. HeKO'I'Opoe l,1CJ(J)J)'l(HH\6 cocTaBJUICT Jli1fllb 13epXHllli yqacTOlt oeqe •• 

mul !tll8ApylloJlhHOW KOl~llOHeHTll 4'0T01ICJHHi11ll 
236U , 0,!Ulll.ltO 36MeTHld11 

fH'l361:oc .na1mux pusuux pa6o-r :a 3TOA 06.11acTK (1o1eJ1Kl\M nyttltT'itpOM tta 

p110 .5 110Ka38.lll:l pesyJl&TaTU liJBC,ltOIWR pa6oTll, I.9'18) Sfl.TPYA!IJtC'l' O.lttlO -

3H!HHYD 1i11'l'upnpeTau.uo 1m6.~i,.ztarrnoro pacxol{Aemm paeqeore. K s&cnepK -

t1en·ra. 
rlr1;n1M1iil,I.~ no a11ep1•m1 pesomrnc '6 ce•lOHllltX 

216U 11 nau KUXO.ztll'r~ 

en u 061it1.CTK U30Mepuoro mt:111,(J)a u noJ(allJ!ltD!ill\R llltJlllJJ. :a 11ero .z1aeT se •· 

ll.Ct,.,1rn11oe .lle.::em~e. :Joroor pesounno npHna.AJlOliKT It 1taTero111rn pesomrn -

;•~•11, m11pt111a K\'l'l'OpllX BCJlf:AO"rfiltO fs<Du !,I rb<Da onpeAOJIJl6'l'CSI H8 llntpK-

1 Cl\ 'lll'r,,Xil'rl.H. r6b' e !IP.Jlll'iln!OR Du<<fab . 01m c.m,tlllKOl.f M8.Jl6 D 

0 

' ·1 
G . 
E•2 
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Plic ~ 5. PasyJwraTu a11aJ1mia ttoMnottettT ccqe1mn g;ow,1J.e.nemm 2?-5u; 
MeJIKI,iri nyHKTHp - Ce'ietrne r:na.n,pynOJlhHOI'O :~'l'O,ltCJlemut lmlU , !10JIY'ieH

H08 WBe,ItCKOR rpynnOil. 0cTBJlbHUC 0003Hatte!i1Ut TO ite, '{1'0 lia pllC •1t, 

cpan11ettKa o paccTOliltll6M MCll\ll,yo3KC1tepaMe1tTaJihllHM.t TO<iitnMYL ~Emiu"' 
.. O, I + 0,2 Mc1B ii V.HTerpaJlbl!ON :a:.xo,ll,e Y(En1a,J •· iiooKOJ!bltj' np,t 

11oocTat10BJie1urn cct1ea,1tt ·1'13 .l\O.IIHb!X 06 Y(Emai) , q1a:,Tv.'!cc1,a no.r.y,mc1.·-· 

Eu .. n E<l> , 
Of! i1HqiOpMaUM JU1r!lb O '1UCJI8 ;:teJICliri!.1 D UH'rf!f'DO.Se mcu - 1111.lX , i!l'l.¼-· 

· 6onee fl'A8KDaTttUM c.0Aep~e.m10 Mo:,TeY.aTM'!ec1to\.i o6pa6oTtw. s:wm,p:rne11-ra.1a,

HliX ,!\!:\HiUlX 6p,eT YiCltOJ1l,3O:BalittO0 Hu p11c.4-5 npe.1.1cTe.D.'ICHV.C paC'!C'l'BOH 

36BHCKMOCT.t ceqe1rnf,i, n BMe rv.oiorpa~u.u., ycpe.lI.H,rntten ll npe21,c.1ux rue.

ra 11sMcpetmi TeopeTM•1eo K'fll itpwuy.i. 
lilKpmta pesOHllHCOB npli 6oJiee BUCOKUX :rnepr1-u1.x onpe,z;.e . ."JT.e'l'Cfl D 

OOHOBtlOM m11pm10 A saTyxa1mst ACJIYiTC.U.HlilX n116pauun ::JO !l'l'Opol1 11MC, 

r8b • Hu1-1et11tee COOTORHUC ,ltuHIU.lX, lt 007.fet.JIC!illD, l10Kll He l103DO.!li!C'l' 

0'1'6131-!Tb :11onpoc 06 ~CltBl:l.TnOCTH nOJ:.)''lCHHllX np11 110.l\r'OHl~e napo.:.teTpop, 

OHepreT1'\'-tec1t0« St\l!l!Ol'lMOC'rlt !lrnpHHl:l 3t'l'ryxnmrn, XOTli O ee rIOHO~(btl yr.a

JIOCb on11cau pesouancu, paonoJJn)l.:eHttlie npa 011epr11Hx i. 5+'.3 ,2 M:JB Ht!A 

.l\llOM DTopoA mm. :SOJibillOI\ pa:;p1rn 11elKll.y rw.oneptlMCKTO.Jib~u11 ·ro'lich1.11 

no Ol'lepI'Kl\ B 1too.ne.u.ovaHHRX Ra TOpMO?HOlil ny'lr..lJ O -r.D.t..HTOll MO:f.t}T rlf, ►!

»o.zr.wn, S nponyoKy pe30H6HCOD, 6 Tf\Y.lte l'IBJtl>OTCli HCTO'ltr,\~OJ.1 i1CJWJile -
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Hill\ pemett¼ii,, nO-lll'.,li,llMOMY, B OCHOllHOM CI'Jla~mBaHlllt, np11 :OOCCTaHOll

Jiemrn ceqem1H as Bl:lXO,llOB. 

'i'pa]J,l~UHOHl-ly:o TPY.ll.HOC':b npe.z;.c7aBl1.ilO omlCu.H,'\e CTpJKTYPH noJIO

roro y,;acT1.ta ce'-!eHY.il. B nepxttev. <racTJt. pacc1-1e.Tp1rno.e1t.oro :rnepreTwtec

Koro ,:i.aana3otta, r'Jlll.BHbiM ocip2'30l,I - pc30HaHCOl3 ,ll,½TIOJ!bHOH KOMCTOH6HT!J 

[lpa otteprv.ax 5,85 :1.oB ,I;Jifi 236U v. 5, 7 MoB - .z;AA 238U . HsBeCTHa 

B03MOiKi-iOCTh npeO,llOJieHlU[ no.z106ttl:lX Tpy,nHOCTev. - :JTO CJlO~mafi CTpyitTy

pa rop6oB. npc.z;.cr,:asu:re.eMait TCOj)6TV.t,:eCKJ.Uli1 pac<ieTaM\1 " l,alTCHCllBHO 

o6cy;Maeua.n B r.oc;:e,:i.ttee npe 11JL 0,nm1;w Ta:trui' ,1l,CTaJm3e.UMfi He BXO.ll,H

JJa l3 3t\!J;U'-!V. HaCTOR\l\CI'O a,ill.Jll13a. 

flOJIJ"WHHl.16 B aHUJIV.f naj_)ait.e 'rpil cSapbepoB ,lleJJeH,Hi 
236U v. 

23au 
ll.JIR H½):(av.mv.x 1mHaJioB - EttB v. hwA,B - np1rne.n.em, D Ta6:mu.e 2. 

Ta6m:l\a 2 

i1apo.Me'l'Pli 6apbepon ;1te.r.emm E~tB 11 nw A,fi, nOJlY'IeHHUe 

np;1 U0,11,I'OHKe (B :l.:al3) 

i:iapbep A ·. Ee.pi,ep B 

---------------· O+ 0- t- · O+ O- l-
n,:ipo E1 Et Et hw Et E1 E1 hw 

--------------------------- -
236LJ 

2~11u 

5,6 

5,8 

6,45 

6,8 

7,0 

7,2 

I,2 

I,'.3 

6,0 6,0 6,4 0,7 

6,15 6,5 6,55 0,7 

---------------------------------
EJ1nro,11,npR rmpoTe OKcncp11MCHTaJ1bHO J,\3J'WliHOI'O OHCpI'CTl1'1eCKOI'O 

.Z!,V.llnU30Ha naptwc:rpu 6e.pi,epoll tf1,1Kcv.pynTCll ll .Z!,OCTU'I'O'iHO Y3Kl1X 11H -

TepnaJicx: 6(E~t)~ :i:(O,I5 + 0,20) :,b3, 6(E~;)=!_CO,IO + 0,15) M:aB, 
6(hwr.J"":;:.(0,05 + 0,10) M:,B. Bu,11,eJleHu cocTOllHV.R c K .. o .llJlfI c:iapbepa 

A , TaK Kait ll npc.zi:noJ.oir.ett1rn "3c6umrn:m K " BO DTOpoA RMe '!YDCT-

llV.TeJILHOCTb K rlOJIOlKCHIUO Ke.HaJJU K = I 31!0.'!11TCJ!bll0 Hl1JKC, D Cl3ll311 C 

'iCM norpewHOCTh o(E\~) He MCHee, 'iCM D ,llDa pasa, 60Jibme o(E~/\). 
GDUllHC!wle pesyJibTUTOB iUCTORll!,ero U!le.Jllt:JO. C no.puMeTpaM11 6api,e

pon rn,u 11 ilsu , no,1y11eHmrna B .Z!,pyr11x pa60TtlX, noKasaJIO, '!TO 

MO~C.r.b DXO.Z!,IU.:X COCTOIIHl111 B cpmrnemrn C npe.11,U1eC"rllY::lll\11l•l\1 M0.11,CJIRMJ,\ 

npv.BOJUIT :s cpe,1.rneM K GoJlee llucoK11M sHa11eH11RM hwA 11 hwB , np1NeM 

.l4JIR rop6o:a B ::no yi.1em,:i:em:e TO.T.'l\HHU 6upMpa "KoMneHcHpyero.11
11 

yBe

r.11qe11ue~, ero BUCOTU • .ll.;rn rop6oB A Te.Kol\ OT'-!CTJIHBOA KOppeJ111u111t 

IICT. HO o6pamceT Ha ce6!! lllll-l ►ltllll\6 Cl1CT6MflTl1'iCCKOC paCXOltillCHHC 3Ha-
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EO+ 236LJ 
'!01111fl ff\ ,!\JUI , noJiy'!OHHUX ll tlllfiJil13aX pe!1KUl1fl (~, 1) 11(t,pf}, 
c OJl.HOi1 cTopomi, 11 peu,tu1111 (d,pt) , c .n;pyron. CpaBHett11e 11cxo.nttlix 

At111HUX, l1COOJ1b30Il6:8llll-lXCR B 3T\1X a11am13ax, noita3WIO, 'iTO B03U0.l(H0tt 

npwumon y1<:a36.HIIUX pacxolK)J,elHli1 HBJIHCTCH. [lQ-1lM,lJ,11MOMY. 1m6J1ilAdfll~IIH

ca 34,q;eKT noAaBJiettilll BICJIUAa Ka11aJ10:a lflT .. o+ n pea1u11m (d,pf) 

0CH0BHUE PE3YnbTATU PAEOT!:i 
~:-; 

I.Pa2pa60Tanu BUCOKO:J(lqJeK'rl1BHUe M~To.zuum perttcTpat\1111 OCKOJlKOB 

q:OT0;1\6Jl61111ll )l.JIH 113Y'i8HUfl OOJIHOI'O :auxo.n.a » yrJIOBUX pacnpcACJ1ett11n~ 

06ecne'!l1Dt1')1J1l1e B03MOlKHOCTb H3MepCHIIVI B o6JJaCTl1 C8'-!6Hl1'1 AO ;...IQ-l.L6. 

ua TOpUOSHOM rt;t'lKC [lpltl cpeAHeU TOKC ycKopcmmx aiieKTp01101l AO I0011KA. 
2 .B mttpoKou .n110rw::.io11e no,ll,6apbepm1x H 0KoJ10110poroBUX 3HepPHi1 

mrnepeuu l!llXOAU 11 CU'l(Hl\Ul (}OTO,l!,OJJ6Hl!R AJlR AOBH'rl1 ll,l\ep D OOJIEIC'I'H 

Th-Am, npn 3TOM cy!lleC:TBettHO yTO'lHCHH pe3yJibTe.Tu npeatt11x aKcnep11-

MCHTOB. )tJUl 2ii1pu ,ll,6HUU6 noJJy'iCHU. »nepllU8, AJIH 236U - O,ll,llOBpe11.eHHO 

co ll!BC,l\CKO!t rpynnon. Bnepnue [IOJly'!eHI. ,llaHHUe D 3HOpril'l'l1'!CCKOM .n11a

na3011e "- 5 MsB ,nJin 11Acp2l2Th.m,mu,mNp, 219 , 21f1Pu, 2 
.. 1Am. 

J • .llJlll qeTupex ll,llep 2l 2Th, 216U, 2nu l1 
237 Np , 11Me¥J1]\UX .l{OGTa

·rO'!HO .BclCOKU~l nopOI' ,l\Jlfl ,ll6JIClll1fl H~l-1TpOHllMII, npe.l{[lp11HilTU rl3MepCHlili 

11 o6nac·ru rpattwrnux :mepr11fl Top1,10311oro cneKTpa Erna~ = J,5...4,5 l.foB 
C I.ICJ!bll 11CCJ10l,\0Btllll.UI I'J1y6ciKO[lO,l\6apbep11ux aHOMflJlHH DUXO,llfl. B c.nyqae 

n.n.ep 236U 11 238U 11n,nelt\110 ycTaHoBJietto ttnJI11<t11e c11060.n.1rnn OT DJ1l1HH1rn 

qJOHOB C'l'YfiCllbKH 11 3HepreT,1'lCCKOA 30.DHCIUIOCTII BUXO.ll~ pea1t111m q()TO·

.ll,CJICIUlil - l\30UOpHOI'O 1l1eJ1b4'1l. 

4.fiOKa3dHO, 'ITO peSKOMY ·Kpal.l B CTYUOHLite BUXO,llOB mu II BBLJ 
ll BOoc·ra110BJiellHOM C8'16Hl111 ~TO,llCJl61111H COOTBCTCTByeT pe30Wl.llC 

( Ei, c= J, 6 M3B) - aaH6oJiee HHSKO paoaoJ1olt\ettttuA 11s Kor,lla-J11160 HHOlllil · 

,ttaDlllltXOR .D peaKL{IHI ,llCJIC rum • 

5.B1mOJIHOtl!J HS1.tef:elllttl1 yrJ10lll:.r.{ pucnpe.~eJie1mn OCKOJlID B •ilOTO,l\C -

Jl6HH!1 232Tu, il&U H 38LJ l3 tte llCCJIC)lOBtlllHOA po.Hee 06J1aol'l-i rrnep 

rHR ( 5,0 + 5,2 M3B l,\JlilU2Th, 4,J -t 5,2 lfaB ,l\Jlllmu, 4,15 .-
4, 6 M:iB AJIR 238U ) • .llJtfl 1iso-rono1:1 ypaua 11nep:aue o6uapy::eHo pesKoe 

U6A6HHO yrJIOBOA ll.lUlSOTpon11H ¢0TOJJ.e.11e111m b/ 0 no Mepe npv.6.1111J11emu 
It oeiJiaOTH HSOMCp11oro lll8Jlb4)a, TPYAHO 06'1,i!Cll*MOC :a paw<ax npeii;cT1rn

J16HllA O MI'HOJl8tlHOM ~BJl8Hl1H, ll,JqleKT He HU6)n>,ll,aeTCll B IIGC.lle,1\0Dl:!HIIOM 

.o,Haaasotto .ztJll1 2!2'fh. 
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3 yr.l!o:r,ux pacnpeAe.r.emrnx ocitoJIKOD 1:0Tot1.e.r.em1H 2!2Tu :imepmie 

061mp:,;,;e1-1 p_ocT i::ac.7.ipyno.r.bHO~ Ko:.moaer:Tu np11 Emal\~ 5,2 ~foB. 

6 .CC.BMeCTflLlll a1-mJiii3 no.ayqeHHUX ;..amrnx O DUXO.l\llX n yrJIODOV. am1-

30T]?O OH\\ p:!3;te•re. OCKOJIKOil ~lOTO,r,11J:e mrn no::ll3l:!EaeT. 'ITO 061mpj')i{OHI-IblO 

B CJlytio.e ,_Jeu V. 
23&U 81lOM8Jl1111 B 3HepreTWWCKOU sam!CV.ll.OCTl1 06e11x 

xupaKTCpY.cT;:!, 1-!0r'JT 6UTb 06'h!'ICHellbl Bl' ... l!C:.}.\OM sa.x;epiKaHHUY. ,ZJ;6JieH111ii, 

OllC1'PO :r,npe.c'lCtJ¼HM C ~/NOHb:llCHl10M ::iuepr¼ll. 

J C:rifi:.rn C ./\f:IHHHM\I O no!'e,nemrn KDa.ll.py30JibHOi1 KOMCTOH6HTbl qJOTOAe-
rn~h . 

:
0 c:H1l'! 11 paccv.oTpeH :aonpoc o BJivtfIHU;t cm:.1:eTp1m 9op1,11:1 Mpa B npo-

uec,:e AeJLCHill1 Ha cner:Tp ,caHaJIOD, yrnom.ie pacnpe.n;eJieH;i.fI oc KOJJIWD, 

pu3.1.1<1v.R .i;e;:m,:ocTei,1 n (i:)OTO}.\eJielllm H B ;;eJiemm nocJie npmmx peaKUl'li\. 

7 .lloita3f1H(). 'ITO TpD.,l.\HUIWHHUe 1,1e-.o.z_u Olil1C8Hill/I nepo11TIIOCTH nO,l.\-

6Upbep1:oro ,l\eJieH,rn ,rneM.' orpau;1qe11nue 06JlacT111 np111-1emn:.ocT~1 '11 He i.ip

ry'l' c.~jiKWl'h OCiiOBOiii C,l.\llf!OJ.'O no.n;xo,r.u K Olil!CllHl1)J CC'ICHV.ti BO llCeM l'IO

C.:l,n,or1aHHO!.\ ,l.\VlE!nasone :wepr11ll Bos6y,i\,n;emrn, :a KOTopoM cpe~m1e pac -

C'l'Ofl,i.lfl .ie;,c_r,.y ypOBHflMl1 J3 flM!\X VI npo1111~ac:,1oOTh rop60B 6apbepa ,l.\CJle

,.,rn l\CHiliO'l'CH Ha MHOI'O nop,1,Zi!WJ:l, a BMOCTe C H\1Ml1 MOHflCTCfl VI xapaK -

-:ep onpe11,eJI/!JJU(llX BepOnTHOCTb ACJIO!Ulll B3Ul1MOJJ,Cr-iCTBl1il MOiflAY KBaHTO 

lillM!ll COCTOfilli.\fll,f,l BilyTp11 O,l.\11011 f!Mli 11 COCTOHH!llJlMill, npHHd,illl8lit61J1HMH 

pasmrn JIMaM. 
Bu11:a.r.ew.1 np1rnu,m11aJibH8ll orpa111,tt1enaocTb ycpe.nnenuoro orrnca1mit 

ill.lJlCHHll i!SOMepiiUV. IJCJ!hql, o6JiaCTb KO'.'Oporo mrn60J1ee xapattTeptta nJill 

npOHB)l(llll-!fi ,!U'lCKpOTHOli CTpJKTJPil cneKTpa COCTOJIHlil1 l3 06e11x f!MllX. 

ti. notta3aHa .S0'3MOJiUIOCTh e,nm1006pa3 HOl"O on11catt~Ut 3Kcnep1,tMe HT8Jih

iiHX ,!l,all!IUX BO DCCII 11sy<Iei1HOl-l o6JiaCTll no.116apbepm-1x 3ttepr11ii D paMKax 

11,0,l\eM BXOl(Hi,IX COCTOlIHV.l\. lfooJJe,l.lOJlfllll:I HUV.60Jlee 110.JKHHO acneKTl:I npa-

1,1ettemlll ,il.8.HIIO~ M0,11,C.illl, C. TCll0;(6 MO.ne.r.a KllllllJIOB AOJICIU-1.fl, l3KJUll{alO!ll6A 

3~\i)eKT!:l C.Cl\MMCTp11¼ ce,)t;IOBHX KOH<;il'lrypa~11n ,l.\llJl"Op6oro 6apbepa. 

I101tu31:Hlfl l303MOlKHOCTh KOJl\l'ieC:TBef!HO ro on;CllH'11,I HU6J11J,l.\aeumc 

caolic·rn ce•iemn:i Knit cynepnos11uim ceqom!fl Mrttone1rnoro 11 saneoJKattno

ro Z',CJlefli-lH. Pe:JOliuHC B cetJCHl'IP.X qi()TO,llOJ!elUrn :miu 11 218U npH 

E 11 °' J, 6 M:-i3 orrncaa Kmc pesottauc B 3a.zteplKnHttoM ,il.eJ1emm, CB!131lHHliR 

C n;JflK.Tv,•tec:Kl1 •rnCTOli ,ll6Jl}!TeJlhHOl-1 m16pmrnct:1 JlO BTopon ltMO - O;ltHOff 

113 Htm6o.nee 61i1-1SlMX 1- .llHY SU.lbl. 
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JlltCb Ha CoDelllaml.l'i no CI\HTe3y 11 noucKy TpaacypaHOBUX 3J1e1,e!iTOB 

(Jly6na. 1976), Hll IY J3oeCO!l3Hon ItOH~iepemum 'no HerlTpOIIHOf, gJl13HKe 

(ECHe:a, I977), 11a Me11C1.:,ttapo,1.1HoM cm.l!losv.yMe no qi11s.1:te u x1nm,1 .iteJle
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