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,ummary 

The poteni ial energy of a nucleus at large (3cission) 

deformation is ca 1 ..:nLtted by the shell-correction method due 

ta ~trutinsky. The shqpe of the nucleus in the zeroth-order 

approximation :s taken to be the Cassinian ovaloid, the de

Vi:J.tior> beinc: • xp:;n,!cd in E~ series in Legendre polynomials. 

Asymmetric sha1es of the nucleus are studied. A definition 

of the ~oods-~!xon type nuclear potential is given. The 

single-particl• S1Jectrum, shell correction, liquid- drop 

energy and tot< l potential energy are calculated. It is shown 

that the transt.ranium nuclei are symmetric at the first barri

er and in the : econd minimum of the potential energy. The 

second saddle ,,oint is situated at large asymmetric deforma

tion. fhe nucl•ar asymmetry near the scission point is in 

qualitative aveement with the experimental data on the 

asymmetry in tl.e mass distribution of the fission fragments. 

The agreement ],etween the theoretical results and the experi

mental data on the fjssion barriers is improved when the 

asymmetry is t1ken intc account. 



I. BBE,UEIIV1E 

B TeOpHH ~eneHHB dOH&lliOe 3Hal!CHH8 HMPCT U018UUHan&H8H 3HCp

rHB B~pa, 3aBHCHMOCT1 KOTOpOili OT cpOpMLI ero nOBC}XHOCTH U03DOHHCT 

C~enaT& KaK HCY.OTOpb!e KalJCCTB8Hilb18 BbiBO,l(LI 0 npone CCe ,n:eneiiHH, TaK 

H nony'4HT:b HHcpOpMaUHIO 0 cpOpMe H Macce H,n:pa B OCIIOBIIOM COCTOHIUIH , 

a TaK~e o aap&epe ~eneHHs. 

J].nil Bbll!HCH8HMB ITOTCHUUan&HOH 3Heprmt 8TpyT:!HCKHM npe,n:ncmeu 

MCTO,n/I-3/, B IWTOpOM 3HeprHH B,n:pa npe,n:CTaBnBeT ;n B Bl!,l\C CyMMLl 

Kanen&uon 3Hepnm H odonoqelJHO~i nonpaBKH. Benuq ma H 8HaK ooono

qelJHOtl nonpaBKH onpe,n:enBIOTCH CTeneH&IO cryii{CHHH !HH pa3pe:::CH11H O,TI,

HOlJaCTHlJHb!X ypOBHCA y ITOBepxHOCTH ~epMH. 

J].nR onpe,neneHHB O,l(I!OlJ8CTI!QHOrO CnCKTpa TlllK ~n!JX fl,ll.Cp fliJH OOnb

IIIOA (~enHTCHbi!OA) ~ecpOpMaUI!l! 11 rllnOTCTI!lJCCKHX C BepxTmremJX JI,n:ep 

npl!XO,l(HTCH 3KCTpanonMpOBaT& B l!OBYIO odnaCTb O,ll.HOl!aCTI!lJIIYIO, CXeMy 

ypOBHeil, donee HHH MCRee XOp01110 113BCCTI!yiO TOH&KO npH paBHOBCCIILIX 

,l(Ccp0pMai.U1HX M TOHbKO BdHI13H noaepXHOCTI! <i•epMH H nponepeHIIYIO no 

3KCnepl!MCHT8n&Hb!M ~aHHIJM Od OCHOBHb!X H Hlii3KOJIC:r:amnx B030yJK,l(811HbiY. 

COCTOHIIHHX H3BCCTHbiX s,nep. 

ilpH 3KCTpaiTOHHUHH CCTCCTBCIIHO HCnOHL30BilTI I!CC::mJaer.!OCTb 

H,nepHoili MaTepnl! H npe.n:nonaraTL aamtl!ne ca:.wcorJ aconaHHOro nonH B 

H,l(pe, npndm'Il!CCHHCM K KOTOpOMy HBHHCTCfl CpC,l(Hee nolle, HMCIOI!{CC UOQTH 

nOCTOHIIHOC 3H8ll81!118 BHyTpH H)(pa H B TOHKOM nep(XO,l(HO!.! cnoe cna.II.aiD

mee .J\O Hynn BHC n.n:pa. IToTeHuiAan Tnna By.n:ca-Ca~ oua co cniAu-opdu

Tan&uuM B3aHMO)(CtlCTBHCM, npOITOpU!!OHaH&HIJM rpa,l(I ICHTy UOTC!ll{llana, 

HBHH8TCH C cjm3HlJCC!Wtl TOQKH 3p8IH!H HaHOOnee nO;(XO,l(Hil{HM npl!OHI!li:e-

HMCM. 

3 



B~qncneHnn oaonoqeqHoll nonpaBKH B 3nnnnTH'llecKn ~e¢opunponaH

HOM H~pe Ha 0CH 1>Be O~HO'llUCTH'llHOrO C!IeKTpa B llOTeHI.\Hane THTia By,n-

ca-CaKCOHa nponc>~HRHCh B paaor/41. CrpyrnHCKHH n ero 

rpynna B KoneHrareHe/5/ ncnou3oBanH aonee oamy10 ¢opMy n.n;pa c HB

HO BHpa.JKCHHOH illHHKOli npH 00RbillHX .n;e¢OpMaUl1HX. 

PaHee nn11mme o6ono'lleK Ha npor.1ecc ~eneHHH paccMarpHnancn 

MrHaTIOKOM, KOTO)Hli Bbl'lll1CRHR 000RO'lle'llHUe nonpaBKH B MO,l{eRH .l{BYX 

KaCall!lll1XCH OCKO.!KOB/26/ • 

B ~nHHOll paaore npe.n;naraercn y.n;oOHaH napauerpH3aUHH ¢opMH 

TIOBepxHOCTH ,IJ,eR.l!llerOCH H.n;pa II[ npHBO,ll;HTCH pe3yRbTaTU Bbl'lll1CRCHHli 

3aBHCHMOCTI'! llOTI!HUI'!MbHOli :meprHH OT .ll,BYX napaMeTpOB: OT OCHOBHOli 

.lJ,eRHTeRbHOH .ll,C~~HH, npHBO.ll,H!lleli K yBeRH'llCHHIO paCCTOHHHH MC~.ll,y 

UeHTpaMH Tfl}i(CCTll Oy.rr.yiUHX OCKO_EKOB, II[ OT aCUMMeTpl1'llH0:1 ;',e¢opMaUHH, 

onpe.ll,eRHillliCH OTJ!OlllCHHe MUCC 0y,IJ,yl!ll1X OCKORKOB. 

06Cy:t,IIaeTC.l llOROJKeHHe a0CORDTHhiX I'! yCROBHLIX 3KCTpeMyMOB no

TeHilHURbHOH 3He:>rHl1 II[ HX CBJl3b C aCHMMeT pH eli ,n:eJJeHHS!. 

IJJJaHnpyerc.l npone.neHHe aonee no.rr.poOHb!X pacqeron. 

2. !1APAMET:ll13A'\1l:ll 'i>OPM!:l fiOBEPYJ:OCTM il)l,PA 

I!p11 Olll1CaW!l1 .rreJJCHII[fl fl,!lep CY~lCCTBCHIWM cpaKTOpOM, onpe.IJ,eJJBIO

U\11M 00'I>CM, a l1HI>r.IJ,a - II ycnex B!~lli1CJJeHU!l, .f!BJIBCTCB y,nnOHU.fl napa

MCTIJl13UUHB cjJOpMJI TIOBCpXHOCTU Rllpa. Onpe,neJJCHll€ IIIlpaMeTpW3C1TnH! Mil 

HO pa30l1Tb Ha ,l\la 3Tana. 11PpBhiH- Bhl00p CeMeliCTBa ~Hryp HyJJenoro 

npnOmuceHUS!, BT,>pOll - OTIHCaHHe OTKJJOHeHHS! HCKOMOli ¢Hryphl OT HCXO.!J,-

HOH. 

nnn 3a,IIaHH.l 3TOrO OTKJJOHeHHJl .l{OCTaTOI.[HO HUliTI'! CHCTeMy KOOp

.n;HHaT,B KOTOpOli CeMeliCTBO ¢nryp HyJJeBoro npMOJJHJKeHHJl JlBJJS!JJOCb Obi 

KOOp.ll,MHUTH~Wi nonepxHOCTRMH.Tor.na OTKJJOHeHI'!C JlBJ!JlCTCR cjlyHKUMCli 
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KOOp~HHaT, Onpe~eHRDmHX nOHO~eHHe TOLIKH Ha KOOI~HHaTHOA nOBepx

HOCTH. 

B CHyLiae aKCHaHbHOA CHMMeTpHH OTKHOHeHHe E!CTb ~YHKUH!l 

O~HOR nepeMeHHOR, KOTOpyn MOEHO 3a~aBaTb B BH~€ pa3HO~€HH!l no op

TOrOHaHbHHM nOHHHOMaM. K03¢¢HUHeHTH pR~a RBHRID!C!l napaueTpaMH, 

onpe~enRnmHMH ¢opuy noaepxHOCTH R~pa. Cxo~HMOC!b pH~a npH npe~

craaneHHH ¢H3HLieCKH HHTepeCHHX ¢yHKUH~ cymecTB€HHO onpe~eHH€T 

OO~eM BHLIHCHHTeHbHOA paOOTH. HanpHMep, npH BULIHCR€HHH ce~ROBUX 

TOLieK B KanenbHOA MO~enH K03H H CBRTeUKHA/6/ B KaLI€CTBe ¢Hryp 

HyHeBOrO npHOHHX€HHR HCnOHb30BaHH c¢epu, a OTKHOH€HH€ npe~CTaBH!l

HH a BH~e pR~a no nonHHOMaM nexaH~pa, npHLieM yLIHruaanoc» 9 LIHeHoa 

pR~a, T.e. LI€THHe TIOHHHOMH BnHOTb ~0 18-ro nopHUKa. KpOM€ OLieBH~

HOR rpOM03~KOCTH, 3TOT MeTOA OORaAaeT TeM H€AOCTaTKOM, LITO npH 

OORbMHX A€¢0pMaUHRX, KOr~a y !l~pa 06pa3yeTC!l !ICHO BllpaEeHHafl rueA

Ka, OTKHOHeHHe CTaHOBHTC!l MHOr03HaLIHOM ¢yHKI\H€M TIOR!Ip!-IOrO yr na H 

pH~ paCXOAHTCH. 

B " c p " .. 17/ pavOTe TaBHHCKOrO, avOTHOBa H Cepenma TI0Ka3aHO, LITO 

OLI€Hb YAOOHUM O~HOnapaueTpHLieCKHM ceMeACTBOM Kp~BUX, ~OBOHbHO TOLI

HO anpOKCHio!HpyiOmHM ¢0pMy !l~ep B ce~ROBOA TOLIKe, HBRRDTC!l OBaHH 

KaCCHHH. B ~aHHOR paoore OBaRH KaCCHHH HCTIORb3YOTCH B KaLI€CTBe 

¢Hryp HyHeBOrO npHOHHE€1IHH, OTKHOH€HH€ OT KOTOplX npeACTaBR!l€TC!l 

B BHA€ p!I~a no TIOHHHOMaM llexaH~pa. 

OrpaHHLIHMCH aKcHanbHO-CHMMerpHLIHUMH <lmrypa rn H B nnocKOCTH, 

npoxOAHmen Llepe3 ocn CHMMeTpHH, aae~eM KOOpAHHaru ( ~~ X ) Ta

KHe, LITO KOOp~HHaTHa!l RHHH!l R.. = ~f- Oy.n.eT 0 3aROM !\a.CCHHVI, 

' a 
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CB.fl3b ( f\-, ~ ) - KOOp.!{l1HaT C Ul1Jll1HJJ:pl1l!eCKl1Ml1 KOOpJJ:>1HaTaMl1 

( ~ ~) yCTaHaBJil1BeeTC.fl C TIOMOinbD COOTHOilleH!1ti 

(I) 

{ 

R.. ~ [ c'iL+Y-2 )'--~~ (il.-r'--)+ ~ ... l~" 

'f..::. -&~(i) { i1.-TI.- ~ 1~L 
...r£ 1· f' C ( i s.. ... ,.J.)t- i.~< i!.-rt.) + ~t..] ~ J 

' 
r ,ne ~ - KBa,npaT paCCTO.f!Hl1.fl cpOKyCa OBaJIOB !{aCCl1Hl1 OT Ha'tlaJia 

ICOOp,l\l1HaT, BeJil1l!l1Ha, Cpl1KCl1pOBaHHart ,ll;Jl.fl KalK)\Oll KOOp.l(HHaTHOH CeTKH. 

flpl1 -6 = 0 ( Jt, )( ) - KOOp,ll;l1HaTbl nepeXO.l(.f!T B TIOJiflpHble KOOp,l\l1HaTbl, 

TO~!Hee,B pa,l\l1yC l1 KO ;~n:yc TIOJI.flpHOfO yrJia. flpH ~ t 0 pa3Jil1'4Hble KO

op,n:l1HaTI!ble CJTK!I! OT Il1l!aiOTC.fl ,n;pyr OT ,1\pyra TOJibKO MaCmTaClOM. 

0,1\Ha 113 TaKnx :wop.l\l1HaTHhlX ceTOK npe,llcTaBJieHa Ha pl1c. I. Ko

OP.Jl:l1HaTHaH Jil1HI1.fl R.. = coh}..t (onaJI !{accl1HH) npH o < R~~ 
npe,llcTaBJI>JeT co oon n;ne OT,n;eJibHh!e 3aMKHYThle Kpl1Bhle, nepexO.llfiinHe 

npn fi. ~ o B OKPY'Ji\HOCTl1 c ueHTpaMvt B JieBOM lii npaBOM cpoKycax, 

a npl1 ~ <:: ft.<:: OO::J - B e.i(MHYIO KpvtByiO, CTpeMRinYIOC.fl IIplii 

K OFPY'.KHOCTl1 C UeHTpOM B HallaJie KOOp.l(l1HaT • l{OOp,l\I1HaT-

Han JIJ/IHl1.fl It=- {'5 npe,llcTaBJIReT coOol1 JieMHMCKaTy EepHyJIJil1. 

!{OOP.J\MHaTHa.fl Jl1Hl1.fl X=~t Bb!XO.l(l1T np11 X'>O J/I3 npano-

ro, a np11 X < o - 113 Jienoro cpoKyca 11 yxO,l\l1T Ha oecKoHetiHOCTh, 

!1pl10Jll1JKaRCb K np.f!MCil, npoBe,lleHHOti tiepe3 HallaJIO KOOp,l(HHaT. 

ITpeoopa30BaHl1!' oopaTHOe (I), HMeeT Bl1.1\ 

{ 

.Y• ~ [ (R.~ +~ A~4,.~ + f-)li:_ R.'t"t.x"--1.) - ~ J ~ 

i. =~ [ ( Jt +1.~R!-(.t)C.~i)+~"')~ ft-CJ.~-:1)+~] ~ 

(2) 
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PaCCMOTpKM KpKBy!l B IIJIOCKOCTK ( R.,X ), TaJ:yD
1 

'ITO KOOp,n~maT-

Hble JIHH~nl "J.-= ~ nepecexaDT ee He doJiee, 'leM s o,nHon TOtiKe. 

3Ha'leHKe ~ 1 npH KOTOpOM npOHCXO,ll;I1T nepeceqeHie 1 Oc503Ha'lHM 

tiepe3 R,( )(.) • Tipe,II;CTaBHY: cf>yHKI:(Hil R. (X) B ypaBHE HHI1 Kp11BOH 

FL::. ft.( X ) B Bl1,11;e pH,~~;a no nOJII1HOMaM JiexaH,npa 

(J) 

B .1\aJibHettmeJl dy,~~;eJl H3yt~aTb B 3aBI1CI1MOCTH OT napaueTpOB ( ~,a(,.._ ) 
CBOnCTBa aKCI18.,'IbHO-CHJlJleTp11'lHbiX ll,ll;ep, <f>OpMa TIOBejiXHOCTK KOTOpllX 

npe,~~;cTaBJIHeT cadott <P11rypy spameH11H c oc5pa3yDlllE'ti, onpe,~~;eJIHeMotl 

ypaBHeHI1eY: It •R.()(.) • B xaqecTBe Y:epH ,~~;ecpopMai :1111 <P11ryp HyJie-

soro np11c5JIHXeH11ll BJleCTO KBa,ll;paTa paCCTOHHI1ll cf>OKy<a OT Ha'laJia KO-

TaKyll 1 

3. fEOMETP~qECKHE XAPAKTEP~CTMKH 

ITpH Bbl'lHcJieHHH TaKHX reoMeTp11'leCKHX seJIH'li1H: KaK od~eM H,~~;pa, 

CMeJileHI1e neHTpa THllCeCTI1 1 KBa,l\pynOJibHbltl MOMeHT 11 1 eiio npe,JJ;TIOJIOJI!:l1M 1 

'lTO TIJIOTHOCTb H,~~;pa IIOCTOHIIHa BO BHyTpeHHeH Oc5JiaC1 11 1 OrpaHHtieHHOH 

TIOBCpXHOCTbll (3) 1 11 paBHa HyJIIl BHe ee. KyJIOHOBCKIH IIOTeHUHaJI H,JJ;pa 

BbltiHCJIHM B npe,II;IIOJ!OliLeHI-1111 1 "'TO IIJIOTHOCTb 3apH,:n:a TI]'OTIOpUllOHaJioHa 

TIJIOTHOCTll li,JJ;pa. 
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Y~OOH~e n~pat.eHHH ARH yroa3aHH~x nen~nH AaH~ n paooTe CTpy

THHCKoro, nn~CHKO M ITonona/B/, rAe O~Ra MCnORh30BaHa UHRMH~pH~e
CKaR CHCTeMa KOop;;nHaT. Bhlpa.JKeHHtl (I -2) ~OCTaTO~H0 1 ~TOO~ no ypaB

Hei!HIO R-= R. ( )( ) uaHTM B HeHBHO!.! Bn~e ypaBHeHHe KpHBOtl B UHRHH

APM~e CKHX KOOp.llJ1HHTax ..Y. =-Y'( 'i. ) . HO npH 3TOM B03HnKaeT ,l(Ba OC

ROJKHeHHH. Bo-nepBllX 1 HCOOXO~HMO ~HCRCHHO pemaTh HCJIBI!Oe ypaBHC

Jme. Bo-BTOp~x, ~ :o oonee cymecTBCHHO, q>yHKUHH .::Y.:..Y.( 'i. ) npH 

I!CKOTOp~X KpHTH4C ~KHX OTpH!jaTeRbH~X 3Ha4CHHJIX napaMCTpOB ~t.tn. 

'W\.. = 1 1 2 1 ••• CTlHOBHTCfl MHOr03Ha~HOl1 1 a BORH3ll 3THX KpllTH'leCKHX 
- i~~ 

3Ha4 CHHM npM nepe ~eqernm OCH "r ::. 0 >IMCCT OORhlliJIO npOH3BO~HyiO J.. 'l. ' 

'ITO pC3KO CHIDtaCT T04HOCTb B~4HCRCI!llfl HHTerpaROB npM HHTCrpHpO

BaHMM no MCTO~y f1ycca C cpHKCMpOBaHH~M 4HCROM J3ROB. IT03TOMy RMCCT 

cu~cn nepeHTH K ( R., 'I- ) - KOOMHHaTaM, B~opan X s Ka4CCTBe 

HC3aBHCHM0!1 nepeMeHHOll. BllpaJKeHHJI ARR OOCYJ!:AaeM~X HHTerpaROB B 

( ft, 'f. ) - KOOp,n HHaTHOl1 CH CTCMC AaHLl B npHROXeHHM. 

OtJeBMAHO, 4'IO oo'beM qmryp~ spauteHvrH c oopa3yK>mel1 R. = R. ( 7- ) 

MeHReTCR C H3Mei!E HHCM na paMeTpOB ( €: , .,(11,_) • 'fa JOKe CMell(aeT Cfl UeHTp 

TRJKCCTM npu H3MC~ emm c(l'l\. C He'leTH~M ?n. • ITpOBeAeM RMHCtlHOe 

paCTRJKeHUe qmrypE BpamemlR H C~Blir BAORh OCR 6 TaK 1 <!TOO~ 

OO'beM cpnryp~ OCTLBaRCR nOCTORHII~M, a UCHTp TJIJKCCTH RCJKaR B 

Ha'lane KOOpAHHaT npH RIOO~ 3Ha~eHHRX napaMeTpOB ( E:, d.,._ ) • B npH

ROJKeHHH AaCTCfl B!fp8.lltCHHe ,l\Rfl nnor:Ja)1H nosepXHOCTH 1 I<YJIOHOBC !<Oil 

3HeprHH 1 KyROHOB<:KOrO nOTeHUHana H I<Ba~pynORhHOro MOMCHTa. 
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B Ka;qecTBe HJIJIDCTpaUHH Ha pl1C.2 .n.aua cjlO}Ma ll)l.pa B HyJieBOM 

1,2, ••• MacrnTa6 ¢wryp npo-

H3BOJieH 1 yCJIOBHe COXpaHeHHII Od~eMa C H3MeHeHHeM ~ BHTIOJIHIIeTCII. 

3uaqeHHD ~ = 0 COOTBeTCTByeT c¢epJttqecKall ~OpMa ll)l.pa. ITpH 

o "'E ' o, 4 OBaJIH I<accHHH nec:DMa 6JIH3KH K 3JIJivmcaM c OTHOll!eHH

eu noJiyocen 

(1 .. - ~ t.) I (1.. +; =. 1 

C pOCTOM OT 0,5 .n.o I,O noRBJIReTCII H craHOBHTCR Bee OoJiee 

TOHKOil met\Ka R)l.pa, KOTOpaR npH <;: = I 1 0 06p iiJ1aeTCR B HyJI:b. C 

)l.aJI:bHet\mHM pOCTOM ~ OCKOJIJ<H y )l.8.JIRIOTCR .IiPY c OT .n.pyra, npHCiJIH-

~aRC:b K c¢epHqecKOH ¢opue. 

EOJiee CJIOliCHaR 1 aCHMMeTpHqHaR OTHOCHTeJI:b!l) TIJIOCKOCTH 1 nepneH

)l,HKyJIRpHOH K OCR CHMMeTpHH 1 qlOpMa R,Iipa npe,n:cT.lBJieHa Ha pHc.J, r.n.e 

Ha Kal!C,IiOM OT,IieJI:bHOM pHCyHKe 11306pa.r.ceHbl rjm rypu np11 c!JHKC nponaHHO!A t 1 

t = 0 (0,25) 1,00*), H qeTHpex 3HaqcJ!HRX Q~ , o/.L =0,0(0,1)0, J. 

C H3MeHeHHCM C H tit_ COXpaHReTCII OCi1,e!A ! OCTaeTCR HeTIO)l.BHJ:t-

HI:Hl ueHTp TRJKeCTH. ITpH 6 = 0 napaueTp al.-d. onHcunaeT ,n:HnOJI:D-

HYIO .n.e¢OpM8.UHIO ccjlepu, KOTOpall, KaK 113BeCTH0 7 n:ll1 MaJIUX o/.L B 

OCHOBHOM npHBO)l.HT K CMel!ICHHIO l\eHTpa Tm:eCTH. ]]03TOMy C H3MeHCHHeM 

o/t, 11 npl! cjJI1KCH]lOBaHHO!.! l\eHTpC TII:::CCTll :)0].•. llJ(]lil MaJJO MCHReTCR.!IpH 

G ~ 0 H3MenenHe napa.MeTpa d..t.. y~e He cno;:I1TCI1 K ,Iil1nOJJ:DHOl1 

.n.ecjlopMal\1111 1 11 cjlopua R.n.pa c pocTOM 

BHCl1T OT o(~ • 

6. nee Oc•JJee cymecTBenno 3a-

C H3MeUeHUCM oL -J... MeHReTCII OTHOJileiiHC 0( '1eMOB "6Y.IiYJ11HX OC-

KOJIKOB". Y)l.00Hhi!J CBOHCTBOM )l.UHHOH napaMeTpll3al.l1H IIBJJIICTCR TO, 

*)3)l.eC:b H B ,Ii8Jl:bHCHllleU HCTIOJI:b3YCTCR CO!<Jai:~eHlle }( -~t.(6)<.) )(~ 1 

o003HaqaJDmee, qTo 1- npoderaeT 3HaqenHR OT '/.;. .n.o X.f 
c maroM A Y.. 
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qTO, KaK BH,JJ:HO !13 pl1CyHKOB 1 npl1 €, ~ 0,8-1,0 11 TSIJIC6Jih1~ OCKOJIOK" 

c pocToM al.1 Bee conee npl10JIHmeTCH K c'lJepHqecKolrl 'lJopue, a 

11 JI6riG!H OCKOJIOK 11 C CTaeTCH ,n:et}>Op:t.rnpOBaHHhlM. 

4. M.P'HHH ITOTEHI]1ATI 

Y,n:o0Hbli1 c Bbll. HCJil1TeJII>HOi1 TOtiKl1 3peHl1li cnocoo 3a,n:aHl1li pa,n:Ham,

HOil 3aBl1Cl1MOCTH ncTeHul1ana ,n:e~opM!1pOBaHHoro R,n:pa Ob!JI npe,n:noxeH 

B paOOTe/4/. 0H OTJil1qaeTCii OT l1HTerpaJII>HOrO Bb!paEeHl1ii 

EoncTepJil1 ll ,n:p./9, npocTOTO!.l 11 ,n:aeT 0Jil13Kl1e pe3yJII>TaTh1. 

Onpc.n:eJIHM B l oqKe c Ul1Jil1H.Jl:pl1qecKl1Ml1 KOOp,n:l1HaTa:t.rn ( rr' t ) 

¢yHKUHIO c:p ("'f, ~) 
«Pr--r, l.) =- [ ( t..«-t .Y:"-).._ -!t.61l..a. ('2-~~t.) + €-.R."J ''~- Ro [i +~oe...~ (lC>], 

r.n:e Ro ... y. A 11
"!i 

l1 Koop,n:VIHaTa X 
T8.Ml1 ( ,yo , "L : npeo0pa30BaHl16M (I). l{03qxpHUVJeHT paCTmteHl1ii C. 

v. c,n:BVIr ~ , ocecneqwrBaiOmMe npwr H3MeHeHl1H .n:e'lJopuauwrH nocTOHHCTBO 

od'heua 11 oTcyTCTB>e cuemeHHii ueHTpa TRxecTH, onpe,n:eneHhl B np11noxe-

Hl1l1. 

YpaBHeHVJe 

( 'J.) 

onpe.n:eJiflCT nOBepxtOCTb H,n:pa B Ul1Jil1H,.!{pl1qecKHX KOOp,n:l1HaTaX. Tor,n:a 

H.I\CpHhlH nOTCHUl1aJI MO~HO 3a,n:aTb CJie,n:yiOml1M 00pa30M/4( 

(5) 
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BeJHitJHHa y , KOTOpyKl MOJ!tHO HHTepnpeTHpoBaTb Ka.K npJIICiJIJII

lK8HHOe supaJKeHJ/Ie ,ll,JIR paccrommn or nosepxHOCTH ll,ll,pa, HMeer BJ/1,11, 

"!l" c..,,~) & cp 1~ v~\ = s. C6) 

= cp. [ c~'"'+r..:j-~~(~----r~t-1 if~t /re.(r~.,.~z!.,V,_la..J, 

r,11,e BBe,ll,eHu ooo3HatJeHHR 

tJ,., .... (~:t.+r._+~) [ (i'-.,..r~l---.t~c~a;.r~l+~--1 v-..-.. 
+ 'i.t.("ia.-t-yt--~) [ R.o ~ ol""-P,:_(..,c) /N( J , 

tv z.-= ('i .. +r .. -~) [ (i._+r)!.._.t~(~·--;-~)+~--J~
- i"~(rt..-r'it..-t~) [ R... z:'o(,_P.:(')C) //'lx], 

"'-

{'/X = ~i.t~i:) { [ (i.'a.+r'1S:.,_~ ('!, .__ rt.) -t-~'-]~ti. + 

+ ( z_L_fL--\) }1N,_. 

3,11,8Cb p ~ ('1.)- npOH3BO,II,Ha.R TIOJIHHOMa neJKaH,II,pa 10 apryMeHTy X 
HeHBHOe BUpalK8HHe ,IJ,Jlfl rpaHJ.1l.\hl il,ll,pa :~ 4) Bh!OpaHO TaKJIIM 00pa30M, 

tJTO npH 6 = 0 H, CJl8,1l,OBaTeJibHO, .$) = 0, TIOTeH \HaJI (5) nepeXO,II,HT 

B noreH~HaJI By,11,ca-CaKcoHa c¢epJIItJecKoro H,ll,pa. 

CnHn-opOHTaJibHOe B3aHMO,II,e11crsne Ob!JIO Bb!CipaHII nponop~HOHaJibHh!M 

rpa.l(l18HTy TIOT8HUHaJia (5) C napaMeTpOM ~o BMf ·CTO -r; , npH-

tJeM ty"-io 'To (cM.paoory Pocra/IO/) 

V - 1.1' [- ... ) -
">o - "? -\ r v " ' 

- HMTIYJibC l1 CTIHH HyKJIOHa. 

Bh!tJHCJieHHe KyJIOHOBCKoro noreH~HaJia onHcaHo E npHJIOJiteHHH. 

II 



BeJU'I'l!HHa y , KOTOpyJO MOJKHO HHTepnpeTHpOHaTb Ka.K rrpHClJIH

JKeHHOe B!IpalKeHHe ,I(JIR paCCTORHHR OT l10BepXHOCTH R;(pa, HMeeT BH.I( 

"!i" c,.., ~) ~ cp 1' v<f'\ = ( 
6

) 

== c:p. [ c;z.,.,+-r-'-f-~A.:.c~'---r'jt-!-151" /re..<r7v.,.~z.~,v~./a..J, 

r,l(e BBeA8HU OcJ03Ha~eHHR 

tJ..,.-- (~"'+i" ... +~) [ (i'-.,..-r'-t:-t~c~.~t;.-rt)~~---1 ~ll.t-
' + .z:.t.(i.a.+-.y-t--~) ( Ro ~ olll\.P,__(')() IN., J, 

rv c. -= ('i ... +r .. -~) c r--z. .. +r)!.. -ll~ r~·-~'-) +~ .... J iR. _ 

- -yst.(.yl--t-'it..+~) [ R.. z:'o(m..P~(')() /A'x], 
l't\. 

tv x = ~i,t;i:_i:.) { [ r~ ... +r'J~,_~c-z. ----r~) -r-3 ... )-J-i. + 

( -I.. -2. .1)1.~ + z. _, -~ J • 

I 
3.1(8C'b p h't ( )() - npOH3BO,I(HaR l10JIHHOMa neJKaH.I(pa 1!0 apryMeHTY X 

HeRBHOe B!lpalKeHHe .I(JIH rpam:Il\ll H.l(pa ( 4) Bh!CipLHO TaKHM OCipa30M, 

liTO rrpH 6 = 0 H, CJie,I(OBaTeJI'bHO, -& = 0, ITOTeHI\HaJI (5) rrepeXO,I(HT 

B ITOTeHUllaJI By.I(Ca-CaKCOHa c¢epHl!eCKOro HApa. 

CrrHH-opCiHTaJI'hHOe B3aHMOAei1cTBHe Cib!JIO Bb!Cipmw nponopuHoHaJI'hHbiM 

rpa,l(lleHTy ITOTeHUHaJia (5) C napaMeTpOM ~o BM!·CTO 'fo , npH-

~eM l'l'"'-io "- '1;, (cM.paCiOTy POCTa/IO/) 

V - i.P::: [- .. ) -
~0- ~ ~ ~ v" ' 

- HMTIYJI'hC H CTIHH HyKJIOHa. 

II 
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T!p8,llJ10JIO::m.!, '-lTC T[l.KII8 napaMCTpb! cpe,n:nero nOJI!l, Ka!C rJiyOHHa 

noreHUHaJihHOtl RMLI \/0 t IUHpHHa pa3M!1TOCTJ.I KpaR nOT8llUJ.IaJJbHOtl 

HMII (L. t K0l':~T1HTa C[IJ.!H-Op0!1TaJibHOfO B3aJ.IMO,TI:Cli!CTBJ.IR K' 11 na-

pmrc:rpu r(., l1 "'("~ MaJJO M8HRIOTC!l C J.I3M8H8HI18M ,n:etjlOpMaUH!II, J.l 

'!TO fliJki ll~y'!8Hll\1 3iJ.!lllCJ.IMUCTH llOJil!Ofi ::JHeprml R,n:pa OT rpOpJJb! TIOJJepx

HOCT;! i!,l\pa :JTHM :13l.l8HCHIIC1.1 MO:'~HO I1p8HC0p8llb. Il Kali8CTIJ8 Haeiopa 

no.pa.Merpon, onpc.renmmnnx cpe.ILHCC noJie (cM.raGJJHUY 0, Gy.n:eu HcnoJib

JOBaTb napaMeTpU Pocra/IO/, noJiyl!el!Hb!C H3 aHaJII13a 3KCnepHMCHTaJJbHhlX 

,'J,[l.Jlll!JX 0 cnCKTpe O.Jl:l!O'I<1CTI1'~HHX ypOI3!!8li B il.!\pax BCJI\1311 
20fp~. \130-

TOnHIJCCKy!O JaBHC>'MOCTb rnyGHJW noreHnHaJJb:IOlil !lMhl \}
0 

BLIGepeM/U-

L3/ D llll,l\C 

V(p,n) . ( ) 
o = Vep 1.. :t. Ci.')o ( N- Z) I A . 

~.ICTO,TI, IJLl'lllCJ 8lllll1 O,'l,l!O'lilCT114H0f0 cneKTpa OTI!-!Cilll B paGOTilX/l 4-l 5 ~ 

'). 01101 Q'IElqL~;~QIJrA!3lf!_ 

l!a OCHOB8 !ll JJy'lOri!lO!O O)J:li0l!il;;Tl\4HO!O cneKrpa BL!l.JHCJ!HJJI1Ch npO

TOHllb!C a !tetlrpoHJ L!e oCoJIO'·lC'lHbiC nonpauK:A no nporpaMMe ,~nn ~:Jl~.1, co

craDJICHHOli CTpyTl HCKHI.l :1 ITay.'ll1. '1 Eill!8CTB8 HJIJIIOCTpal\l·!li Ha p11C. ') 

npe,n:CTi:lB.TWlla C1 '\ll•piA13 TOnurpaiplllJCCiOlX :mpr 8i:1BHCl1MOCTh Q(jOJJOl!ClJIIO:-: 

nonpaBKH .Jl:Jill llCi!' 'POHOB ll ;(:1:'1 Tl)JOTCHOb OT 'l~!C;li:l HyK.nOHOIJ H OT de, .. -

!ACTpa<IHOt\ ,l\CipOpMI,I\iiH, OnHCb!l1[l.CM0!1 !lilpi1M8TpOM o{.J..... :JHa'le!HIC napa-

MCTpa b lll3JI.18TCB ijJ!lKCHpOBaHHUU ll paBHbiM 0,95. 

00JiaC rb 0Tp;!JLaT8JlbHUX 8Hi:148HHil OCOJJOT.JCllllbiX nonpaBOK 1 COOTB8T·

CTBYIDL~VPC llOBb!ll!CH:IOtl CTi:1Cl1JibllOCTl1 n.npa, 3i:1ll!Tpl1XOBa!la. ,llJJB DOJJyT.Je-

HH.fl npe,n:crasneHH.I o BJHHIHVII1 napauerpa o{~ Ha ~OpMy R,n:pa Ha p11C.5 
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TOHKIDlH JIHHHSUlH HaHeCeHa CeTKa KpHBbiX, B)\OJib KO~ OpbiX OCheM ( T • e • 

'l!HCJIO HyKJIOHOB) O)(HOrO H3 6y.n;ymHX OCKOJIKOB OCTai~TCR TIOCTORHHbiM. 

fpaHHUa Mel[.n;y .1\BJMR OCKOJIKa.MH onpe.n;eJIRJiaCb no MJ[JH!MaJibHOH TIJIOII{a,l\VI 

ce'l!eHHR ~ilrypbl nJIOCKOCThD, nepneH.n;HKYJIRpHo~ ocvr CVIMM8Tpvrvr. Eonee 

no.n;p06HO BOll pOe 0 pa3)(eJieHHH R)(pa Ha OCKOJIKV! 06, :yx.n;aeTCR B pa3)\eJle 

6. 

<l?OpMa SI)(pa, npH KOTOpOlt Bbl'liHCJIRJIHCb OdCYJ!C)(iLeMble 060JIO'lle'l!Hble 

nonpaBKH, npHBe.n:eHa Ha pHc.4. BH)(HO, 'liTO .n:eipopM.lUHR e = 0,95 

COOTBeTCTByeT )(OBOJibHO XOpOmO Bbl)(eJIHBIDHMCR OCKOIKaH, COe)(VIHeHHbiM 

TOHKOlt rneltKOJt, TaK 'liTO B 060JIO'l!e'l!HO.tl nonpaBKe CJie a;yeT OZH)\aTb BJIHR

HHR O)(HO'llaCTH'liHOro CTieKTpa KaX)(OrO H3 OCKOJIKOB 3 OT)\eJibHOCTH. 

KoHe'l!Ho, 3TO BJIHRHHe 3aTymeBbiBaeTCR KaK B3lHMo.n:eRcTBHeM oc-

KOJIKOB 'llepe3 meltKy, TaK H HX .n;e¢opMaUHeR. TeM He MeHee Ha 

pHC.5 OT'lleTJIHBO BH)(Ha rJiydOKaR )(OJIVIHa B 060JI01.JeqHOlt nonpaBKe )(J!R 

npOTOHOB Mel[.n;y JIHHHRMH, COOTBeTCTBYDII{HMH 50 H 6J npOTOHaM B TRXe

JIOM OCKOJIKe. noJIHHa cne.n:yeT JIHHHRY llOCTORHHOro 4HCJia HYKJIOHOB, 

'liTO CBH)(eTeJILCTByeT 0 TOM, 'liTO HYeHHO TRXeJibiH CCKOJIOK OTBeTCTBeHeH 

3a ee 06pa30BaHHe. 

MeHee OT'lleTJIHBO BblpaxeHa, HO )(OBOJibHO 3ru4€THa )(OJIHHa Mel[)(y 

20 H JO npOTOHaMH B JierKOM OCKOJIKe. fJiydOKV!M MVHHMyM )(OCTHraeTCR 

npH nepece'lleHHH 3THX )(01IHH, T.e. B npOTOHHO!t Cl'CTeMe C a = 78 

npH )(e~OpMaUHH o/L = 0,175, KOTOpOlt COOTBeTCTiyeT pa36HeHHe Ha 

)(Ba "YarH'lleCKHX" OCK01IKa C 'l!HC1IOM npOTOHOB 24 • 54. fiO)('llepKHeM 

eme pa3, 'liTO BBO)(HYOe MaTeYaTH'l!eCKOe pa36HeHHe Ha .n;Ba OCK01IKa He 

RB1IReTCR ~H3H'lleCKHM )(e1IeHHeM R)(pa, Ha KOTOpOe J:pOMe OdCJ][)(aeMOll 

3)\eCL 06o1IO'l!e'l!HOlt nonpaBKH B1IHReT eme MHOrO ¢aJ:TOpOB, B TOM 'l!HC1Ie 

Kalle1IbHaR 3HeprHR, OT1IH'l!He napa.MeTpOB .n:eqlOpMal.lliH, npR KOTOpbiX npo-

IJ 



.: 

' :. 
Ill 

ll!cxo,n;uT pa3pb!B rnet!rm, OT paccMaTpli!BaeMh!x 3,n;ec:c, lll np. lll np. 

)lOJIHHa ,ll;Jl.fl T.fl K€JIOrO OCKOJ!Ka BhlpaJKe!la 6oJiee .fiCHO, tJ€M ,ll;OJ!lll!la 

,ll;Jl.f! JierKoro OCKOJIJn. fiO-Bl1,ll;lllMOMy, 3TO CB.fl3aHO C T€M, tJTO, ItaK 

Blll,ll;HO l/!3 puc. 4, qJO [JMa JierKoro OCKOJ!Ka 60JI:Clll€ OTJ!HtJaeTCil OT CqJe

pbl n ero O,lJ;IIOtJacTwmoe noJie 6oJI:crne lllCKaJKaeTCil naJill!tJHeM rnet!Ku, 

TOr,n:a KaK T.f!lK8Jll:Jti ::JCIWJIOK l1M€8T 60Jiee 060C06JieHHYIO H 6Jil13ItyiO K 

ccpepuqecKot! cpopuy. KpoMe Taro, lll3BecTno, tJTO tJeM 6oJI:crne tJli!CJIO 

HyKJIOHOB, T€M rJiy6Ke l13B8CT!lbl€ Marl148CKlll8 npOBaJibl B Ccp8pl148CKlllX 

.f!,ltpax. 

AnaJior>ltJHO, B o6oJiotJetJHOtf nonpaBKe .llJI.fl HellTpOHOB Bu,n;na "un

TepcpepeHUHR" )tOJIHH T.fiJKeJIOrO (M8lK.ltY 50 lll 60, 80 H 90 l1 60Jiee 120 

nenTpOHaMlll) v. JierRoro (B panone 30 lll ueJK,n;y 50 ll! 60 Hel1TpOHaMH) 

OCKOJIKOBo TaKHM OCpa30M, 060JIOtJ8tJHa.fl nonpaBKa urpaeT B~HYIO pOJI:C 

He TOJI:CKO nplll onpen;eJieHli!H paBHOB€CH0!1 ,n;ecpOpMaUlllH, CY!ll€CTBOBallllllll 

11 TI0JIOJK€HH>l BTOpOI 0 MHHlllMyMa B TIOT€HUllaJI:CHOl1 :meprli!H il,ltpa, HO H 

B6Jili!3H TOtJKH pa3,n;EJI8Hl1il n.n;pa, r.n;e OHa nJiaBHO nepexo.n;HT B nanoJKe

HHe 060JIOtJ8tJI!blX ncnpaBOK )tJI.fl KalK,ll;OrO l13 OCKOJIKOB B OT,ll;€JI:CHOCTU. 

]{pOM8 TOrO, 6Jili!30C Tb OTM€tJ8HllblX "MaroB" B OCKOJIKaX K l/!3B8CTHhiM 

ccpepU48CKl1M MarHtJECKlllM tJlllCJiaM 28, 50, 82,126 CBl1,1J;€T8JI:CCTByeT 0 TOM, 

tJTO Bb16paHH08 ,n;ByrapaMeTpl148CKOe CeMetfCTBO cpHryp ,ll;OBOJI:CHO y,n;atJHO 

" annpoKCli!MupyeT ¢op!1 y n.n;pa. B non napaMeTpl13aUlllll! MOJKHO ll!3ytJaTD ue-

npephlBHhll1 nepexo,n; OT OCHOBHOrO COCTO.f1Hl1.fl a,n;pa )tO TOtJKlll pa3pb!Ba Ha 

,n;Ba OCKOJIKa. 
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rrapaMCTpOB~~ 1 ~ = 1,2,... ITpOHCXOAHT reOMeTpH~CCKOe pa3AC-

JICHHe a.n;pa Ha .1\BL OCKOJI.Ka. ITpH rJ. = 0, 1'n.. = 1,2, •• •, rJ._c€; • 
l'r\. 

l H.l\HO, ~TO, .Ka.K ::JTO XOpOUIO H3BCCTHO, B MO.l\CJIH 

lii:H.l\KO~ RaiTJIH <flopua .1\CJ!RutCfOCR liApa CHMMCTpH~Ha OTHOCHTCJ!bHO ITJIO-

CKOCTH, rreprreH,l(HJ:yJIRpHOtl OCR CHMMCTpHH 

UCHTp TmrCCTH fl.l\Jla. 

Pe3yJibTaTbl l>bi~HCJICHHA ITOJIHO~ 3HCprHH \':1/ ITO <f>OpMyJie (8) 

.1\JIR pR.n;a JI,nep ITpt·.n;CTaBJICH!l Ha pl'IC. 7 H 8. tiTOClbl ITpOBCCTH HX OClCy:m:

,l(CHHe B <fJH3H~CCKLX TCpMMHax, HeOClXO.l\HMO CBR3aTb HCITOJ!b3YCM!lC rra

paMCTp!l C H3B8CT!ib1WI xapaKTepHCTHKaMH R.n;pa. 

IT pH .n;ocTaTO' :Ho ClOJibUIHX 3Ha~eHHRX oL ( o(.:::::. o, 6-0, 7) B .!1.1\pe 

ITORBJIRCTC.!! me AKa T • e. l~HJIHH,npH~ CC Kafl KOOp)(HHaTa .....,... TO~KH Ha 

ITOBCpXHOCTH .Ka.K ClYHI:UHR ~ .1\0CTJ.traeT WHHMyMa rrpH HCKOTOpOM 

~ = T_ ~ • To:·.n;a B03HHKaCT B03MOJKHOCTb BBC.l\CHHR HOBOii xapaK

TepHCTHKH <f>OpMil, CBil3aHHOA C reOMCTpH~CCKHM pa3ClHCHHCM R,npa ITJIOC

KOCTbD ~ = ~~ Ha ,l(Ba OCKOJ!Ka. Bbi~HCJIRR, KaK ,l(Jlfl UCJIOfO a,npa, 

OCl'beM l'l UCHTp TRJ:CCTH OCKOJIKOB, BBC,l(CM paCCTORHHe Mex,ny l\CHTp&lH 

TS!XCCTH OCKOJIKOB [) H OTHOUICHHC OCl'beMOB OCKOJIKOB flnt• 3aBHCH

MOCTb D H ftnt.. OT rrapaMeTpOB cL ~~ ~ rrpe,ncTaBJieHa Ha pRe. 

6 • BH,nHO, ~TO ! : pOCTOM ~ H~MCHRCTCR B OCHOBHOM paCCTOilHHC 

Mex,ny ueHTpaMM r.rxecTH OCKOJIKOB D rrpH donee HJIH ueHee rro--

CTORHHOM OTHOUICHIIH MaCe OCKOJIKOB ~· AHaJIOrH~HO, OT 0(.1., 3aBH-

CHT B OCHOBHOM ~. ECJIH Clbl BCJIH'Il'IH!l D H ~UO:!HO ClllJIO 

Orrpe,n:eJIHTb BO BC,lti OClJiaCTH H3MCHCHHSI ITapaueTpOB ()(. H ol-4..., HX 

(T.e. D H ~_) MOJJ:HO 6HJIO 6u rrpHH.!!Tb B Ka~ecTBe y,noClHLIX c <f>H-

3H~ecKOA TO~KH 3)CHHR HC3aBHCHMilX rrepeUeHH!lX. 
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C pOCTOM .n;e<lJOpMai\111111 o(_ 1 KaK Bll1,ll;HO 1113 p111C. 2,J 11 '+ 1 .H.1J:p0 

CTaHOBII1TC.fl BCe donee B~T.f!HYT~M, 'ITO npHBO,ll;II1T K yBCRII1'1CHII1~ KBa.ll:-

pynORLHOrO MOMeHTa .fl.n;pa Q • 3aBII1CHMOCTL Q_ OT ( "'' ofi.) 1 

B~'III1CRCHHa.fl no <}JOpMynal.f ( n -iS) 1 .n;aHa Ha p111c.) • C YBCRWICI!VLeM 

~ np111 <}JII1KC111pOBaHHOI.i cJ._ yBeRII1'1111BaeTCJ1 3.CII1MMCTp111i1 i1.n;pa, 

<lJOpMa KOTOpOrO CTaHOBHTC.fl dRII1JKC K c<}Jep111'18CKOI1, 111 KBa,npynORLHUll MO-

D OrKROH8HII1111 R111HII1ll 

nOCTO.f!HHOrO ypOBH.fl Q Bnpaso. B TOM J;(8 nanpaBJICHII1111 .n;eACTBYCT 

3aMena ne3aBII1CHI.lO~ nepeMeHHOA G na o( . 

ITepel1.n;eM TenepL K 00CYJK,ll;CHII1D OCHOBHNX pe3y~LTaTOB .n;aHHOH 

paCoTu, npe.n;cTasnennux na p111c. 7 111 8. ITp111 MaJILix ~ec{>OpMaUII1HX 

cpOpMa .fl,ll;pa cnaCo 3aBII1CII1T OT of.!, ( CMo pli!C • J). TI lH!I!H nOCTO.f!HHOrO 

ypOBH.fl nOilHOl1 nOT8HU111aJILHOH :mepr111111 D OCHODI!OM ;Jie.n;yiOT Jlii1Hlil.f!M 

nOCTOi1HHOrO ypOBH.fl KBa.n;pynORLHOfO MOMenTa Q. , T.e. np111 MaRLIX 

of_ nonHa.fl :mepr11111 3aBHCII1T B OCHOBHOM OT KBa.n; lJnOJILH:JfO MOMeHTa 

R.n;pa. 

CnaCue OTCTynneHHi1 OT 3TOA 3aBII1CHMOCT!I! 1 C~L0111JIL!IOCTL li!JIH ne

CTaCHJibHOCTL OCHOBHOrO COCTO.f!HII1.fl OTHOCII1TeJILHO a<:li!MMeTpH'IHOl1 .n;e

<}JOpMaUHH 3,neCL He 06Cylii,IJ,UIOTC.fl 1 TaK KaK XOpOUlO H:ID8CTH0 1 'ITO B 

T.fllltenblx R.n;pax, ocoCenno B pal1oHe Th.. - (.,{_ , dc•Jir.UJyKl ponr. 111rpaeT 

reKCa.n;eKanOUHa.fl .n;e<!JopMaUVJR .fl,ll;pa/16/ 1 ytieT lWTO]>OH cyU{CCTBeHHO 

MCH.fleT (,no 2 M3B) rny0111Hy MII1HHMyMa noTeHUII1aJibHOI 3Hepr111H 1 COOT

BeTCTByDmero OCHOBHOMy COCTO.f!HII1D. 

ITpH .n;ecpopuaUH.f!X oL ~ 0,4-0,5 cpopMU H.n;pa 1 atmHaeT cymecTBeHHO 

3aBHC8Tb OT of.t. (CM.p111C.J 111 4), 111 RHHHH ypOBH.fl \IJ repmoT BC.fi-

KOC CXO.lJ:CTBO C R111HII1.f!MU ypOBH.fl Q_ 
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li3 pwcyHKOB BW~HO, QTO ce~HOBafl TQqKa nepexo~a H3 OCHOBHOro 

COCTOHHHH BO BTOpOti MHHHMYM ~ pacnOROEeHa y BC8X H~ep npH 

CHMMeTp!t!t!HOH ~eqopM8UHH ( cf_j_ = 0). BTopoti MHHHMyM B TIOT8HUH8Jlb

HOH :meprHH ycTOHt!HB 0THOCHT8RbHO o/._1.. , TaK t!TO ~0 ~ecpopMaUHH 
~ , COOTB8TCTByKmei1: TIOROE8HHID BTOpOrO MHHHMyUa, BKRDQ8HHe 

aci-nmerpHtiHOLl ~ecpop:Malf.HH d..i.. He ~aeT HHtiero Hoaoro. BucoTa 

BTOpurO MHHHMyMa Ha~ OCHOBHHM COCTOHHHeM 3~eCb He 06C~~a8TCH, 

T.K. rny6Hna OCHOBHOrO COCTORHMfl Bl:ltiHCReHa HeTOt!HO (CMoBHme). 

ITOCRe DTOporo :MHHHMJMa B ~ ~ORHHa, Be~ymaH KO BTOpoa 

ce~ROBOLl TO"l!Ke, pe3RO OTXOAHT OT OCH ol~ ~ 0 H CCAROBaH TOQKa 

oKa3h!DaeTc.fl pacrrono:cemroi1: rrpr1 3HalJ!t!TeJibHOi1 acwMueTpHtiHOH Ae¢opMaUI-Ul 

Yt!eT aCHMMeTp!t!t!HOH ~ecpOpMaUHH 3Hati!t!T8RbHO TIOHKlaeT BTOpyD 

ceAnonyro TOt~Ky, ~enan ee n ps~e TpaHcypaHOBhlx H~ep HKle nepBon, 

B COrJiaC!t!H C 3KCTI8plilU:8HTaJibHHMH AaHHhiM!t!o 06CYJK,l\8H!t!e OTHOCHT8JlbHOH 

Bb!COThl ~Byx ceAJIOBLix ToqeK npOBO~HTCH B pa6oTe EbepHXOJihMa H CTpy

THHCKoro/I?/, r~e H:MeDTC.fl AaR:&HeiiruHe CCI:lJIKH Ha 3KCnepHM8HTaRbHhl8 

paclOTH. B pe3yRbTaTe BhltiHcneHHti c yt~eTOM d-:i. noporH AeJieHHll 

ny'lUie cornacyroTc.fl c 3KcnepvmeHTaRbHHMH 3HatleHHHMJII. 

3a BTOpOA C8,1\JIJBOA TOt!KOi1: 

rrpH cpHKCHpOBaHHOM ~ 

TIOJIOX8HH8 yCROBHOrO M!t!HHMyMa 

CMemaeTCH C pOCTOM o( B CTOpOHJ 

yMeHbrneHHR acHMMeTpMM. BciaeT aonpoc o cpaaHeHHH nonyqaromHxca a 

pactieTaX 3HatleH!t!ilX a CHMMeipHt!I!OH A8<f!OpMaUH!t! C aCJ.U.WeTpHeR B Macco

BOM pacrrpe,n:eJieHHH ocKOJIKOB. ITpH 3TOM B03H!t!KaeT pHA Ipy,n:HOCTeii, 

CBH3aHHI:TX C TeM, 'lTC TOt!HHLl OTBeT MOJKHO ITORJt!HTb TORbKO npH perue

HIIIH ,l\HHaMJII'l8CJWH 3a,IatiV. • He 3Ha.fl Mepl:l a,n;Ha6aTHqHOCTH H HHepu~toH

HOCTH KOJIHE'I,T!t!BHOrO ,n:BHJ!t8HIIl.fl TipH CITYCKe C CeAJIOBOti TO"l!EH ITO Ha-

rrpaBJICH!t!hl ~ TO"l!K8 pl3pb!Da~OXHO TOHbKO rrpe~TIOJiaraTb, 4TO CITYCK 

npH HH3K03HepreTM4eCKOM ,n:eneHMH rrpOXO~HT B6JIH3H ~Ha ~ORHHH ~ • 

re 



B npo~ecce cnycma, KaK noma3aHo B pacqeTax no MOA~nH XHAKOR man

AH CTpyTHHCKHM, nRm;HKO H ITonOBHyi8/, npH HSKOTOpl~ KpHTHqecKOH 

~e~OpMaUHH H eme ~OCTaTOqHo TOACTOR me~Ke, RApO craHOBHTCR aaco

ADTHO HeyCTO~qHBHW OTHOCHT8AbHO pa3pHBa Ha ~Ba OCtOAKa. Ha pHC.4 

H306paxeHH ~OpMH RAep, no OTHOIDSHHD TOAmHHH me~KH K paCCTORHHD 

M8X~Y U8HTpaMH TRX8CTH OCKOAKOB 6AH3KH8 K KpHTHqe~KHM. Pa3~eneHHe 

RApa Ha OCKOAKH npH AOCTaTOqHO TOACTO~ menKe H BR1RHHe HeonpeAe

neHHOCTH B nOROXSHHH M8CTa pa3pHBa Ha 3apRAOBH8 H MaCCOBH8 pac

npeAeneHHR OCKOAKOB OOCy.EAaDTCR B T8CHOR CBR3H C 3KCnepHM8HTaRb

HHMH ~aHHHMH no AeneHHD B036yxAeHHHX RASP B pa60T3 KapaMRHa, 

OraHecRHa H ITycTHRbHHKa/181. TaK KaK,cornacHo pHc.7 H 8,3HaqeHHe 

aCHMM8TpHH 3aBHCHT OT ~ , TO H80np8A8A8HHOCTb AS~OpMaUHH, 

npH KOTOpon npOHCXOAHT pa3pHB, BHOCHT HeOnpeAeneH~OCTb B OTHOme

HHe MaCC OCKORKOB. 

~MeR B BRAY yKa3aHHHe oroBopKH, cpaBHHM 3KcnapHMeHTanbHHe 

AaHHHe/19-22/ no OTHOID8HHD MaCC HaH6onee B8pORTHHK OCKOAKOB C T80-

peTHqecKHMH sHaqeHHRMH napaMeTpa acxuueTpHH. Ha pHc.9 noKasaHo 

nonoxeHHe AHa ~ORHHH,Be~meP. OT BTOporo MHHHMJMa ~ C8AAOBOR TOqKe 

H, AaRee, K TOqKe pa3pHBa. BH~Ho, qTo COAROBaR TO~Ka pacnonoxeHa 

npH 60AbiDOR aCHMUeTpHqHOI AS~OpMaUHH, npeBOCXOARmen Ha6nDAaeMyD 

Ha 3KCnepHU8HTe. 

ilpH cnycKe BAORb ~Ha ~ORRHH 

yY8HbmaeTCR H B TOqxe pa3pHBa CTaHOBHTCR H8UHOrO ~8HbiD8 3KCnepH

M8HTaRbHOI. TaXHll o6pa3ou, B npo~ecce cnycma ft."- ueHReTCR np!4-

6nH3HTenbHO OT 0,5 AO 0,8, qTO HaXOAHTCS 1 BBHAY yKa3aHHYX Heonpe

A8A8HHOCTel, B YAOBneTBOpHTenbHOu cornacHH c aKcnepHUeHTaRbHO 
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HadnD~aeUHMH 3HaleHKHMH. B OTnH'IKe OT 3KCnepHUeHTanbHOil CHTya~HH 1 

~nH BCeX H~ep no.IyqaJOTCH dnK3KKe 3Hal!eHKH ~· I!IJH'IKHY nerKO 

llOHHTD K3 cpaBHe IKSI 3aBKCKUOCTK OT oL-i. OdOnO'Ie'IHI>IX nonpaBOK K 

Ka.nen:&uon sueprK:I. B paaoue ce~noBoR TO'IKK uacmTad KsueueuKSI odo

noqequoa nonpaBrot (cpaBHKMHR c npKBe~eHHHM npHuepou ua pKc.5 ~nSI 

d.._= 0,95) Kuee·: TOT xe nopH.l{OK, 'ITO K Ka.nen:&HaSI :meprKH (cu. 

pnc.6). B nonHon 3HeprHH npoHBnHercH yueH:&meHKe acKMUeTpKK npK 

nepexo.l{e K donee THxenuM SI~pau, B coOTBeTCTBKK c uadnD~aeuoR ua 

onure reHAeH~KeR BdnK3K TO'IKK paspuBa Ka.nen:&HaH 3HeprHSI donee 

xpyTo BOspacTaer c pocrou o(~ , no.l{aBnSISI saxnDqeuuyD B odono

qequo~ nonpaBxe HH~KBK.l{yan:&HOCTI> SIAep. 

B paaoue Pi: r.l{e odonoqequaH nonpaBKa. Ka.K ,l{nH npoTOHOB 1 TaK 

K ~nH HeRTpOHOB ;;OCTKraeT BdnK3K TOqKK pa3pllBa rnydOKOrO UKHHMy

Ma npK 3HaqKTen:&IOR aCHMMeTpHqHOR ,l{e¢opua~HH 1 KMeDTCH ~Be ce~no

Blle TO'IKK 1 paCllOJOXeHHUe BdnK3H TOqKH pa3pllBa, O,l{Ha- npK oqeH:& 

uanoA acKNUeTpKH, .l{pyraH - npK ,l{OBOn:&HO 3HaqKTen:&HOR. "CHYUeTpHq

HaH" ceAnOBaSI TO~Ka. pacnonoxeua HHXe "acHuueTpHqHoR"B cornacHK 

C 3KCnepKMeHTan:&lllMH ,l{aHHUMH no ,l{eneHKD H.l{ep BdnK3H 208pf/23/. 

liiHTepecuo orueTKH, 'ITO uadJID,l{aeUHlt ua onuTe uaneH:&KKil nKK B uac

coBON pacnpe~eneFKK npK AeneHKK 209 ~t npoTOHaMK c 3HeprneR 

36 M3B/24/ pacno~oxeu npn ~= 0,5, qro no acKMMeTpKH uaxOAKT

CSI BdnH3H Bepxue~ Ce,l{JIOBOR TOqKH ( ~:a. 0 1 48) • 

OcHOBHue pe~yJI:&TaTu, nonyqeuuue B ,l{aHHOu pa3Aene, Ka.qecTBeH

HO cornacyDTCSI C pe3yn:&TaTaMH rpynnu CTpyTHHCKOrO B JiiHCTHTyTe 

HKJI:&Ca Eopa B Koneurareue151, necuoTpSI ua ornKqHe B napaueTpK3a-
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UHH <f>OpMH nosepXHOCTH a~pa H HCnORL3yeMHX napaM~TpOB cpe~Hero no

na, t:ITO rOBOpHT 0 TOM, t:ITO OCHOBHy~ pORL B npou~cce ~eneHHSI Hrpa

DT He ~eTaJIH <f>OpMH noaepXHOCTH, a TaKHe xapaKTeJHCTHKH, KaK pac

CTOSIHHe Me~y UeHTpaKH TS!XeCTH OCKOJIKOB, TOJlillHla meAKH H OTHO

meHHe Od~eltOB dy~illHX OCKORKOB. 

TOT cpaKT, tJTO BTOpaa ce~noaaa TOtJKa pacnOJI,JJB:eHa npH aCHMMeT

pHt:rHO~ ~e¢opua.nnn a~pa, nonyt:reH TaKXe MennepoM :1 HnnLccoHo!i'25/. 

B Kat:recTae cpe~Hero nona 3THMH aBTopavn dh!JI ncnonL30Ban OecxoHet:r

H!l~ OCUHUSITO~'t noTeHUHan C Od!ltJH!lMH nonpaBKaliH, nponOpUHOHaJIL-
...,... ... 

H!lloU1 .,(,. - ~ , 3Hat:reHHe KOTOpllX npH TaKH:: dORLWHX ~e<flop-

Ma.UH.f!X neot:reBH,l(HO. 

7. AEPOPM!UHM BHClliErO ITOPBnKA 

}lO CHX nop d!lRH H3JIOEeH!l pe3yJILTaT!l HCCRe~(BaHHSI 3aBHCHMOCTH 

V/J OT ~BYX napaMeTpOB rJ_ H ol:t.. • !13 OCTaBill~ XCSI napaMeTpOB 

nanoonee aaxeH ~~ , KaK 3TO oTuet:ranoch a np(~h!,l(ymeM pa3~ene. 

0H BRHReT KaK Ha <f>OpMy .fl~pa B OCHOBHOM COCTOSIHIH , TaK H na ~e

¢QpMal:lH~ OCKORKOB nepe~ pa3neTOM. Ka.K nOKa3lJBam npe~BapHTeJILH!le 

pact:reTh!, yt:reT o(~ npHBO~HT K CTadHJILHOCTH OCfOBHOrO COCTOSIHHSI 

OTHOCHTeJILHO of..-t, , cnadO MeHS!eT KapTHHy B pall OHe BTOpOrO MH-

HHMyua. H nOHHJB:aeT BTOpOil dapLep ~RSI CHMMeTpV!I.IHOI 0 ~eJieHHSI ( o4_ :0), 

TaK I.ITO 3HepreTV!I.IeCKHil Bh!V!rpum OT BKJIJOt:reHHSI 0~4.. npV! o{'i :/&0 
HeCKOJILKO yMeHLmaeTCSI. 

POJIL napruteTpa of1..., HeBeJIH.Ka., TaK Ka.K OH CHJILHO CKOppenH

pOBaH C • o(_ • 
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8. ~ A K fl D q E H H E 

H,n:po CHMMeTpH410 Ha rrepBOM 6ap:oepe !t! BO BTOpOM MHH11MyMe 

rronuoR rroreuu11an:ouof 3Heprvr11. AcHMMeTpHR cTaHOBHTCR cymecrneuuon 

B paHOHe BTOpOR ce,n:JOBOH T04KH, KOTOpaR T.O. COOTBeTCTByeT aCHM

MeTp114HOi1 tpOpMe R,n:pE • Y4eT o6oJI04e4Hh!X rrorrpanoK rrp!t!BO,n11T K TOMY, 

470 eme ,no T04K11 pa:pHBa yCHOBHbiH M11HHMJM B llOTeHUHaJibHOH 3HeprHH 

np11 cp~!KCHpOBaHHOM p£ CCTORHHI1 Me:z:,ny lleHTpaM11 TRllteCTltf dy,nymHX OCKOJI

KOB neJKI!T np11 OTJIH'H OH OT HJHR ac~nm:eTp114HOH ,n:ecpOpMal\l1M R,n:pa. 

C pOCTOM paCCTCRHHH Me:z:,ny UeHTpaMM TR~eCT11 6y,n:ym11x OCKOHKOB 

OTHOllieHHe Mace OCKOJKOB pe3KO HapacraeT Ha yqaCTKe OT BTOpOrO M11-

Hl1MyMa ,nu BTOpOU ce)JIOBOH T04Kl1, a 3a Hei1 nJiaBHO yueH:ornaercn, 

,nOCTHraR B paHOHe TC4Kl1 pa3pb!Ba R,npa llp116JIH311TeJI:&HO 3KCnepHMeH

TaH:&HbiX 8Ha4eHMA. 

Ocrll.Brneecn pa3Jl1411e Me:z:.ny reopeT114eCKHMH 11 3KcrrepMMeuran:&HH-

M11 BeHH4HHaMH M~~T ObiT:& CBR3aHO KaK C llp11HU1111HaJI:&HbiM11 BOrrpoca-

Ml1 - HeOOXO.lJ:llMOCT:DD pemeHHR ,nHHaMH4eCKOH 3a,naqu, TaK l1 TeXHH4e

CKMMH Tpy,n:HOCTHM11 - OTCJTCTBHeM BapHaUJt!H ,necpOpMal\llll dy.nymvrx OC-

KOJIKOE. 

ITaK, llOKa3aHo, 4TO R,npo B rrpouecce ,neneHMR HMeeT OTJIH4HYD 

OT HyJIR aCHMMeTp114HyD ~ecpOpMaUHD, 4TO HeCOMHeHHO BBXHO KaK llpH 

Ka4eCTBeHHOM llOHl1MaHl1H aCHMMeTp!t!H B YaCCOBOM pacrrpe,neneH1111 OCKOJI

KOB, TaK 11 C llp11HUH!111aJ!bHOH T04K11 3peHHR. 

ABTOp cep,ne4HO dJiaro,napeH B.M.CTpyTHHCKOMy 3a MHOr0411CJ!eH

Hble rrone3Hble ,n;McKyccmi. ABTOP rrp113HaTeJieH TaiOB:e 'IJieHau rpymm 

B.M.CTpyTHHCKOro n V,ucTHTyTe Han:oca Eopa B Korreurareue 3a rrpe.no-

CTaBJieHHe pe3yJibTaTCB MX pac4eTOB ,no OllJOHHKOBaHHR. • 
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!BTOp 6Haro~apeH B.r.CoHOBbeBy 3a TIOCTORHHOe BHHMaHHe H HH

Tepec K pa6ore, n.A.ApceHbeBy, rr.E.BopOTHHKOBy, A.B.~rHaTDKy, 

D.A.My3u"4Ke H E.~.rrycrunLHHKy 3a crw:u:ynHpyDmwe ~HcKyccHH. rrocro

RHHue KOHCJHbTaUHH C ~.H.C~IHHHUM CTIOC06CTBOBanH TIOBb!IDeHHD o6mero 

ypOBHR nporpruw, HCTI0HL3yeMbiX B BH\lHCHeHHHX. PactWT 06onoqe"4HHX 

nonpaBOK npOBO~HHCR TIO nporpruwa:u:, COCTaBneHHHM C:·pyTHHCKHM H 

ITayHH. ABTOpy npHRTHO OTMeTHTL HeoueHHMYD no:u:omL (lnepaTopoB no~ 

pyKOBO~CTBOJl n.c. ITepByiDOBOH B npoBe~eHHH pacqeTOii Ha E3CM-6. 
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IIPilll.OlKEfB1E 

BUQHCneHHe p1~a BenHQHH y~06HO,C TOQKH 3peHHR 3KOHOMHH Bpe

MeHH Ha :JBM 1 npOBO,~HTb rpynnOBUM MeTO~OM BUeCTe C BUQHCneHHeU 

o6~ewa ¢Hrypu H e3 ueHTpa TRXeCTH. 

llpe~CTaBHM lll~HHTerpanbHUe BUpaxeHHR, 3aBHCRmHe RBHO OT 

1'1 H z. , c n>uomu ypanHeHHll (3) H (2) Ka.K ¢YHKUHH X • 
~cnonLsya nup~eH1R 

'l'2 ,)2: c/R_) 
d'i -:- ( (;)- ... ~ ,i~ c/y._) 

r~e no.ryqeHO ~H¢¢epeHUHpOBaHHeU ypaBHeHHR (J) H 

(n, .i) 
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3) BeRH'IIHHH C) , nponop~HOHaRLHO~ KBa~pyTIORLHOyY YOYeHTy, 

~n 
;:_, -'5 ' -~ -.t. -"'~) -u -:- n " ) ·1"'" - ( t, "l - y ol l. = 

"Z.fl 
_., 1. . -r. 

R., ). 3 1 IL- -n.t{.!l Jl) JL- t 'L \ lt. _, ---=- th R X '31'.)1-.~J'\.. ..<.X-f -t-5~ p~-R('t.'J..-1) ... ::<,_\ /:::> J 

l,·;, cJ... ti,.,• -( 

1 ") - 2. ' ) dR.. J ( ) } . \I< .. l. R. (fi '1- -( ·-:l_'f_(l-Y..l .:/'1.. 3-f ) ( n.8) 

4) KyROHOBCKOI'O no ~eH~Hana . ) _ 
• '2.,., - i .• L- _ c1 "'(, '2. ] ce ( y) 'l

1 
) ~ 71 ))· ~ 1/1 ( ((_) 1:,) 1 ... ;1 ~" c. . cit_ = 

~ 1\ ,J 
1. 
( -i - - 'if_ r;>,y \ ( .,'(\iS ~y ) dfL J fr ) 

-='T.t?~_~J"'M (c,)G)L{1~.._ ~)~/',. 1-+- f-&r:_-r,j-o~ d~ ,ln.-5 

r~e 

~{-:- y-Z("L ') +- y' ·-o~')- i Q {a) C) 

:J -= (z . - ~) 'Y, -~-=--) -'--) -----

o. (,-, ~) =- .J (r'~--r) -t ~('2 '- ~)~ 
~:; ('f) C'll ~ ~ fr - -y)i. +- ("2'- "l)"'-

' J 
9" = 3 r z: - 1) e 1 ( l 1v.- R.;J,} ) , 

-y ::: --r / c ') ?. 7 ( -:2: - i"" ) /C:.. ' ( r7 (C) 
H npe~nonaraeTcll, 'II TO ~ 14 :Y BHpaxeHu qepea 'A 14 R (,...) 
no ¢opuynaM (2); OCTaRLHlie BeR14'11HHY B HHTerpane (IT9) H CTIOC06 HX 
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BlillHCJI8HHfl llO,!tpOClHO OllHCaHJi B paeloTe CTpyTHHCK•>rO, llflllleH

KO H IlonoBa /B/; 

5) KYJIOHOBCKott 3HeprHH (a e,~tHHHUB.X KYJIOHOBCKolt 3HeprHH 

paBHOB8JIHKOlt c¢ep!i) ~n ~ 

B _ -:. _, R-s ( ( t. , o1 r , 
c. - ~ ~0 0 ) cp--\ ,. - ~ ~ ~~ ) de.= 

LA 

= ~';- 9:' f[~cj ch tp'> h<l A? { iU R'\-Y1x'=(•l 
J -'t't.. 

-~X(/~)(L)5 d~J[p+R~~x~1.)+-~J f-: (II.ll) 

r.rce 

(II. 13) 

'"2.~=0, (II.I4) 
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C) -=- e- ~ ( Q .:t .-; - \ 
~ -i"..., n., v /11;. (II.I5) 

~· KpHBOnHHe~Hafl cHcTeua opToroaanLHHX (R, X )-xoopAH

HaT. llHHHH 1\ = C"CIV: t npeACTaBnflllT C060A OBanH ·laCCHHH, nHHHH 

y. = cc h...') i Ha'IHH l.llTC.R B neB OK (npH X<: 0 ) HnH npaBOK 

(npH )<. > o ) <f>oKycax H yxo,n.aT aa oa • • 
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PHc.5. OOOJIO'l!ei.!Hafi nonpaBKa .D:JIH HeATpouon (<:nena) 1r1 npoTOHOB 

( cnpaBa). 3aBHCHMOCTb OT ")(HllOJlbHOA" ,necpOplla.UHH d_ :L H I.IHCJia 

HyKJIOHOB llpe,ncTaBJieHa B BH,ne TOllOrpacpH4eCKOH Kapnbl. J!HHHH ypOBHfi 

oOoJIOI.Iei.IHOR nonpaBKH ( TOJICTHe KpHBHe) npoae.neHH ': HHTepBaJIOM B 

I M3B. OOJiaCTH, r.ne oOoJiol.lei.!HaH nonpaBKa OTpHuaTeJI&Ha, 3amTpHxoaa-

HH. TOHKHMH JIHHHHMH HaHeCeHH KpHBHe, B.D:OJib KOTOp~X llOCTOHHHO I.IHCJIO 

HyKJIOHOB B JierKOU (JIHHHH, H,ny~He BnpaBO-BBepx) ~ THXeJIOM (JIHHHH, 

H,nymHe BJieBO BBepx) OCKOJIKaX. 4HCJia1 KpaTHble 10, B BepxHeU H (TOJib

KO y HeRTpOHOB) HKEHeM rOpH30HTaJibHHX pR,nax 03HalJaDT I.IHCJIO HYK

JIOHOB B OCK011KaX. 4HCJia B llpaBHX BepTHKaJibliHX pf,nax 03Ha4aiOT llOJI

HOe I.IHCJIO HJKJIOHOB. 
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~· 3aBHCHYO ~Tb OT napal(eTpOB CZ H d_ :i , ){aHHaH B <flOp

Me ronorpa¢HqecKHx ~LpT, cne){yD~Hx BenHqHH. Bsepxy - sHeprHH H){-

pa 236 Tt (B M3B) 1 YO){eRH XH){KO~ KallRH, onpe){eneHHaSI ypaBHe-

HHeY ( (i ) o _.:_) B cepl!,l\HHe CJieBa - OTHOWeHHe Oel'l>eYOB JierKOrO K TH-

xenouy OCKOJIKY. B ce]le.l\llHe cnpaBa - paccTOHHife ue:m:,l\y ~eHTpaYH 

THXeCTH OCKOJIKOB. B JaqecTBe e,l\HHH~U H3YepeHHH BUClpaH pa){Hyc paB

HOBeJIHKOM ctflephl R" • BHH3y - senHqHHa, nponop~HOHam.Han KBa){

pynOJibHOMy UOMeHTy HJpa ~ (onpe){eJieHHe ,l\aHO B npHJIOEeHHH). 

UH¢Phl npH JIHHHJIX ypOEHJI ysenHqeHhl B IO pa3. 
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PHc.8. To xe, ttTO Ha pHc.7,.1VIR 236u.- BBepxy, 240pu.- B ce-

pe,nHHe, 252c,f - BHH3y • 
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03.---~----.---~----.-------~ 

dt p!J208 
02 

0.1 

0.4 05 

PI1C.9. IlOJIOlltCHI1:e J(Ha ,!(01!11H 1 BC)(Jll1HX OT BTOpotl CC,l(JIOBOtl TOt!-

KH K pa3pb1BY 11: KO BTOpOMy lli1HHMJMY. )J.RR ; 'OBpB 11MeeTCB 

.n;ae .n;oni1:Hb1 1 donee BbiCOKO pacrronoxeuuaB OTMetJeua llYHKTHpOM. 

IlpH ~~= 0,9 .naua mKana OTHOmeHHB uacc nerKoro K TBxenouy oc

K01!Ky. TOt!KaMH OTMet!CHbl 3KCI1Cp11MCHTa1!bHHC OTHOIDC1llf! Mace JICrKOrO 

K T.RXeJIOil}' OCKOJIKY B HaVIdOJiee BCpO.RTHOM ,neneHHll 1.l(Cp Th 232, 

tt2J5, Pu2J9 VIc{ 252, CBepxy- BHVI3, COOTBCTCTBClH0/!9-221. 
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