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HHTSHCHBHa.fl pa6oTa RaR 8RCll8PHM8HTaTOPOB, T8R H TSOpe

TJIBOB llPHBSJia B HaCTO.fllll68 BpeM.fl R TOMY, tJTO H3YtJ8HH6 B38m,10.neii

CTBHR llHOHOB C aTOMHHMH .fl;n;paMH BH;n;SJIHJIOCE, B CaMOCTO.flT8JIE,HIDI pas

;D;8Jl (fli3fil<H, ROTOpHit HaX:O,IUl:TC.fl Ha CTIIBS .fl;n;epaofi q:1rn1mu ll q,H3HRH 

8Jl8MSHTapHwc tJ8CTHII,. 0CHOBHU6 aa,natJH, B03HHRalOIJ{H6 nepe.n UCCJI6]J.O

BaT8JI.flMH, MOl!t.HO pas.nemrTE, Ha ,IJ;Ba RJiacca. K nepBOMY RJiaccy OTHO

C.flTC.fl npo6JI8MH, CB.fl3aHHli6 C llOHHMaHHSM cJ::yH;uaM8HT8JIE,HOro mmH

HYRJIOHHOro B3aHMO;D;8HCTBllJJ. K tJHCJIY 8THX npo6JISM npuHa,ll)16JltHT, B 

tJaCTHOCTH, BOnpoc O llOB8;D;8Hli!i pe30H8HCOB Illl:OH-HYRJIOHHOi! Cll:CT6Mli 

B ;i;n;epHOll cpe;n;e. Ko BTOPOMY RJiaccy MOlKHO OTHSCTH npo6JI6Mli H3ytJe

HHR ;i,nepaoii CTPYRTYPli C llOMOUU,IO m10a-1_1.nsp11oro E381-!MO;D;6HCTB!i.fl • 

CaMoii pesyJIE,TaTHBHO:ii .no CHX nap T80pueH, ROTOpa;i ll03BOJ1f!ST 

pemaTE, STOT Rpyr BOllpOCOB, no Rpailaeii Mspe np116JI1IJKSHHIIM o6pa30M, 

.f!BJ1f!6TC.R T80pllR MHoroRpaTHOro pacC8.flHM BaTCOHa ll 86 MHOrOtJf!C

JISHHliS MO;D;ll(fHRaUllll. C IlOMOUU,IO 8TOH TSOPHH MO)!tHO onucan B paM1rnx: 

o;n;aoro 1loprnmisMa RBR ynpyrne, TBR H aeynpyrne nnoa-;i,nepaue pe

aRumr. Oaa ll03BOJI.fl8T ITplf,ltaTE, ll8TKHll CMhICJJ llOH.f!Tlm onr~e

CROro IlOT6HUllaJia ll B H8ROTOPOM npu6JIHJK6HUfl IlOCTJX)HTE, STY B8lKHYIO 

,Il;JJ.fl OllUC8HU.R ynpyrofi peamum BSmrtJHHY • XOT.R B T60pmo MHor::mpaT

aoro pacce.RHIIB MOJKHO BB6CTll H6ROT0pli6 nonpaBRH Ha peJI.f!Tl!BliCTCRYIO 

RHHSMaTHRY CT8JlRHB8IOOtHJCC.fl tJ8CTUU, npo6JI8Mli B03HHR8IOT Bcer.na, 

ROr,IJ,8 aa;n;o OilUCaTI, CYill8CTBSHHO P9JI.flTIIBUCTCRH8 S(f,q:eRThl: pont;D;8Hli6 

HJlH norJIOlll6HU8 qacTHU. 

B llOCJI8;n;H86 BpeM.fl BllilCHHJIOCh, tJTO HM8HHO 06JiaCTE, M8JIWC 

:rneprltll,0~~150 M::iB,~JJ.fl KOTOpon Her COL!H8HHi1 B llpHU8HHMOCTH reopnn 

MHOrORpaTHOro pacce.f!HHR,' RBJI.fl6TC.fl nepcneRTfil!HOH ,Il;JJ.fl ll3BJI6tJ8illIB 

HS ,naaHWC no nnoH-.R;n;epHHM pem<Ull.lIM nmI:op.ialI,fln o .neTaJI.flx n.nepHoii 

06,,.;;Jl[ille!.!Hhl:% 1;rn:TI1t'Yl 
rm:::;mBx ritu11::)lot-::mml 

6t:J6Jl~OTEKA 



CTPYKTYPH· ,IT;m Bill!OJIH6H!IB T8KOii rrporpaMMll aeo6XO,n!IMO ycoBepmea- ,. 

CTBOB8TI, ~Op.l8JIB3M T60PIDI MHOrOKP8THOro pacceJJH!IB C U6JII,ID IlOJIY

'IHTI, aa,nel!IBHii mmapaT ,IT,lUl aaaJIH3a n.r,roa-JJ,nspahllC peaKI,urii. asytieH.He 

3TOro Kpyra BOIIpOCOB JlBM6TCJl OCHOBHOii: 3a,na-qeii, pemaeMOii B .IU1C

C6I)'l'8U!Hr. 

TaK K8I{ Tpy.nao OXB8T.HTI, B o,naoii pa60T6 BC6 Maoroo6pa3H6 

l!3B6CTHhllC Ill!OH-.H,n;spm,IJC peaKUHii, Mhl. orpaHl!'Il!JIBCI, ll3Y'I6Hl!6M ynpy

roro pacceJJHHJJ n 6JII13KHX K aeMy npoueccoB B pail:oae aaepruii: 

20-200 r.laB. Yrrpyros pacceJJHl!6 HrpaeT B H6KOTOPOM CMllCJI6 uearpaJII,

HYJO poJII, npn J,!3Y1J6Hl!l!, Ill!OH-JJ,nspmvc B38UMO,n;eii:CTBuii:. Bo-nepBhllC, 

3Ta peaKUHJJ aan60JI66 xopomo l!3Y'I6H8 3KCil6pUMeHT8JII,HO. BO-BTOphllC, 

BBl!,Ily OTHOCHT6Jll,HOM npOCTOTI:! peaKUHU ynpyroro pacc6JJHl1Jl OHa 

M01KBT CJ!Yl!"J'.!TI, .IV!Sl np0Bep1rn npaBHJII,HOCTH Ramero nommaaua OCHOBHillC 

M6X8Hl!3MOB mIOH-JJ,nepaoro B38UMO,n;eil:CTBlil! • B-TpGTMIX, npaBJIJII,-

HOCTI, 0Ill1C8H!IB ynpyroro pacce.HH!IB .HBMSTC.H H606XO,n!IMblM ycJIOBl!SM 

rrpm.!eHID.IOCTH M6TO,Ita l!CKa:iteHHllX BOJJH K l!3Y1J6HHD aeynpyrR.."< rrpo

UOCCOB. 

Ha nepBOM aTans u3y-qea1IB ynpyroro n.r,roa-.H.n;epaoro pacce.HHIIB 

np11M6H.HJI8CI, MO,Il;6JII, KucCJI.HHrepa, napaMBTPll KOTOpoii onps,n;SMJIHCI, 

no,n;romrnH TBOpeTI!'IBCKHX KPHBhllC no.n ::rncnepHMBHT8Jll,Hll6 ,n;8HHll6 • C 

IlOJJBJIBHUBM HOBWC, 60JI66 TO'IHblX, 3KCilBPUMBHT8JII,HWC ,nl:IHHblX no yn

pyroMy pacce.HHl!ID IlHOHOB .H,IJJ)aMH 3ae, 
4

He, 
12c H 

16
0 CT8JIO aeo6-

XO,n!IMO IlOCTPOl!TI, 60JI66 CTporyro MlIRPOCKOill!qecKyro RapTnHy 3TOM 

psaKUHH. 11Menao B cJiytiae JIBrKHX .H,nep, KOr,Ita H,ItepayD CTpyKTYPY 

MOJKHO omicaTI> CpaBHIIT6Jll,HO npOCTHM o6pa30M, U6JI6C006pa3HO no

IlllT8TI,C.H IlOCTpoi!TI, 0IlTU'I6CKYID MO,nem, C liCilOJII,30B8Hll6M MHHl!MaJII,

aoro 'IHCJia ,n;onOJIHl!T6JII,HWC MO,Il;BJII,HWC npe.I(IIOJIO)K6HHM,T8K, 'IT06ll 

oaa ae co,n;epJKaJia cBo6o,naux napaMeTpOB. 3Ta 3a,na1Ia, pemaeMaJJ B 

,IU1CC6PT8Ul!U 1 JJBM6TC.H 0'16HI, 8KTyaJii,aofi B CB.831! C T6M 1 'ITO B 
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6om,mux Jia6opaTopruix - OHHM, CERN, SIN, TRIVMF n ,IJJ). - BB0-

,11,fITC.H B CTpoii HOBllB ycTaHOBKn I! 38IlJ18H.HpOB8Hll RPYilHllB nporpaMMll 

nsMepeattn xapaKrepttcTI!K pasJIWIHllX peaKuttn nuoaoa c JJerKID4H H,llpa

MH - n B nepByn oqepe,ItI, peaKunu ynpyroro pacceaaua. 

OcaOBHOR sa,n;atJeit MHKpoCKOillltJBCRI!! no.nxo,n;OB, OCHOB8HHllX aa 

TBOpIDI MHOroRpaTaoro pacce.HH!IB, .HBM6TCJJ onucaane xapaRTSPUCTI!R 

IIHOH-.H,Il;BPHllX peaRmtii B T6µ.IUH8X 3Jl6M6HT8paoro Ill!OH-ayRJIOHHOro 

B3aHMO,neftCTBH.H, IlpH IlOCTPOBHlfll ycOB6p!ll6HCTBOB8HHOM 0IlTl!'I6CROii 

Mo,neJIH B ,IU1CC6PT8UHI! y,neMJIOCI, 6om,moe BHHM8HJ16 RUH6M8TH'I6CRUM 

8Cll6RTaM 3TOll npo6JI6Mll 11 Y'IBTY IlOJIHOfi CllHH-H30Clll!HDBDll CTPYRTy

pll 7TN-aMITJIBTY,D;ll, ROTOpaR CHJII>HO BJIH.HBT aa cetieaH.H peaRuuii: nno

HOB, oco6eaao c JISrRUMH JJ,IJJ)aMn. 

C ytIBTOM CHTyauun, 003,nl:IBIDSHCR B paccMaTpl1B86MOii 06JI8CTl1 

M630HHOfi q:1131IRI! B 1972-1974 r.r.' Mll Il0CT8BHJIB ce6e UBJII, ocyme

CTBHTI, CJ16,IJyKXl{j'ID nporpaMMy l!CCJI6.nDB8Hl1ii: 

I. B J)all!Rax TeopmI MHoroRpaTHOro pacce.HHlIB IlOCTPOUTI, IlHOH

R,nepmru OllTHtJ6CRl1ii IlDT6HUH8JI, ROTOpl:!ft 6ll Y'IHTllB8Jl BHYTP6HH66 

,Ill3Hllt6Hl!6 HYRJIOHOB I! OT,n;atJy .H,IJJ)a. 

2. 0606Illl!Tb C[,0µ.18Jll!3M 0IlTU'I6CROfi MO,Il;BJll! aa CJIY'I8J.1: pacceR

mm IIHOH8 R.nPDM, ·o6Jia,n;axx[!HM aeayJieBHM 3H8'36Hl!6M cnnaa H H30ClllfH8. 

3. OueanTI> poJII, 3~6RTOB, ROTO!)He ae Ytil1TllB8IDTCR npn no

CTPOBHHI! OllTl!tJBCROtt MO,n;eJIH. CpaBH.HTI, npe,ncRasaaH.H 0IlTH'l6CROJ.1: 

MO,n;eJIH n MO,Il;BJIH TJiay6epa. 

4. Ha npUMepe .H,n;pa 3ae, BOJIHOB8.H q:yHRUHJl ROTOporo ,Il;OBOJII,

HO xopomo H8B6CTH8, H3Ytil!Tb BJI!IBHl!6 ,n;eTaJiefi R.n;epaoii CTPYRTYPH 

(B OCH.OBHOM BJIH.HHH6 npHMecefi S~ I! D -COCTO.HHHH) Ha X8p8KT6-

pi!CTIIRH ynpyroro pacceRmm. 

5. BillIOJIHJiTI, CI1CT6M8TITTBCR06 cpaBH6HH6 pesyJII>T8TDB, IlOJIY

'36HHllX B paMK8X YCDB6p!ll6HCTBOB8HHOfi OilT11'16CROfi MO,Il;BJIH,C 3RCil6pH

M6HTaJII,HllMH ,ItaHHUMll B oelJJaCTll JierKnx a,11ep • 
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6. Hsy~HTI, BOnpoc llHBapllaHTHOCTll 0IlTll~6CROH MO,n;eJill 0THO

CllT6RbHO npeo6pa30Bamw IaRMe.fJ. 

PeaJill3aU[1Jl 3TOH nporpaMMH .II3Jl0lK6Ha B C6M.II rnaBax .wiccep

Tar:cmr (BRJlIO~a.fJ BB6,I:\6Hll6 .II 3al{RI0~6H.II6) .II B 0,1.UIOM np.1IJI01K6H.1Ill. 

B nepBOH rnaBe - BBG,I:\6HllH - 06cy1K,naIOTC.fJ H6ROTOpue oco6eH

HOCTl1 IlllOH-.fJ,I:\6pAllX peammn. B He:!1 C!fOIJAYJillPOB8Hll OCHOBHH6 sa,na

~ll, pe!llae111ue B .wiccepTaurrn. 

BTopa.R rnana, HOTOP8.fJ llM66T xapaRT6P o6sopa, IlOCB.fJU{6H8 

irop.18m!3MY T60PllIT Mt!OrORpaTHOro pacce.fJHU.f!. B Cllt8TOM Bl1,I:\6 IlOR838-

HO, 1{81{ MOJKHO Ha OCHOB6 3TOH T60p!1U nony~llTL o6mee Bllp8»t6H.II6 

]T,IUl 0IlT1~6CROrO IlOT6HWiaJia, ]T,IUl C6~6HU.f! Heynpyroro pacce.fJHIDI B 

npH6Jl:1llt6l-lUl1 HCR8)it6HHillC BORR, a T8R»t6 BHB6CTH q:op.iamrnM BHCOR0-

3H6preT!1~6CROH M0,l.l;6Jlli rnay6spa • Oelcyllt,ll;allTCSI q;H3ll~6CR06 3Ha~6Hll6 

llCilOJl!,30BaHHillC np116JIUJK6Hl!H l1 o6nacn llX IlPilM6HllMOCTH. B ROH[(6 

rnanu RpaTRO !13Jl0)K6Ha CT8H.l\8PTH8.fJ T60pU.R ,r -M630aTOMOB. 

B Tp6TL6H rJI8B6 IlOCTp06H 0IlTll'16Crurit IlOT6HWf8Jl JJ)'.E .fJ,n;ep C 

HYJI6BI1M CilllHOM :1 H30CilllHOM. 11cxo;rr,fl !13 T60p.1IU MHOroRpaTHOro pac-

06.fJHU.f!, Mb! Il0Rb30E~,JIHCI, l'!MilY filCHllM np116J1Ullt6Hll6M II npH6Jll1lK6HH6M 

ROrepeHTHOro pacce.fJHH.fl • B11pa1K6HJ16 ]T,IUl IlOT6HWiaJia co,neplltl1T Ill10H

HYRJIDHHYJO aMilJIHTY.TIY, l{OTOpa.fJ 3RcnepHM6HTafilHO H3E6CTHa E CI!CT6-

M6 [(6HTpa Mace IlHOHa H HYRJIOHa. Ho TaR R8R 0IlT11~6Cl{HH Il0T6H[(H8Jl 

U Ill!OH-.fl.I\6PH8.fJ aMilJIHTY,IJ.8 Ebt'llICJl.fJIOTC.fl B CHCTOMe [(6HTpa Mace 

IlHOH-.fJ,I:\pO, TO HS06XO,IU1MO Tpaacq:oµAHPDEaTI, 7r N-aMilJ111TY ;rzy B 3TY 

CHCT6MY. B .n;rrncepTa[(Jrn BHB6,I:\6HH q:oµ:.yJU,1 ]J)Ul TaRoro npeo6pasoEa

Hfl.fJ C 110IlOfil30EaHU6!.I RaK H6p0Jl.fJTUBl1CTCROi1:, T8R II peJl.fJTHBIICTCKOH 

mmeMaTJJ:RII. EOJII,ll106 EHUManue y,neJl.fJJIOCI, q;1rnu~ecm1 o60CHOBaHHOMy 

0606n1eHHIO 3TUX (fOIJ.IY JI B cny~ae. KOr,na IlUOH 11 HYRJIOH HaXO;rr,f!TC.fJ 

BH6 3Hepr6Tl1~6CRDH IlOB6PXHOCTII. Y~6T Tpancq;op,,aurrn IlHOH-HYRJIOH-
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noi1: 8MilJ111TY;rr,H Ha CaMOM. ,II;SJIG 03Ha~aeT, ~TO MU OTKa3!1B86MCJ! OT 

CT8TU~6CROrO npu6Jil1JK6HU.f!. !Tpn ,ltOilY!llSHlrn Jlllelh!X 3Haqemil1 !!MITYJibCa 

BHyTpeHHero ,ltBUll:eHna HyKJIOHOB (Has1rnaeMOro TaY.ll:6 ,ltBUX6HU6M <l>ep1.rn) 

HaMu 61,m nony~eH/I, 21 0IlTl~6CKuii IlOTSHWiaJI 

<itlVCE">'£> = { '{;(x.) + B<EJ5''-"> + C(E) .. 

x[-v-(~(it)V) + ':f ~A,, (V~~(1tJ)]Jrct)I 
(I) 

ROTOP!lli OT)IU~aeTC.fJ OT H3B6CTHOro IlOT6HU:UaJia l{uccmrnrepa H81III~H-

6M ~)leHa ,nponopnr10nafilHOrO 11l/M, U Y~STOM aq:qeRTOB, CE.f!38HHllX 

C OT,na~eii .fJ,IIJ)8 • tiepes m n: f1 0603H8~6HH npUB6,Il,6HHan Macca 

mrnH-.f!,U6pHOM Cl!CT6MH U Macca HYRJIOHa COOTESTCTDGHHO. Jla11ee, 

Ve ( 11,) - Ry11oaoncR11n n0Teauua11, A - ~ucno HYK)IOHOE B E.l1Jl6. 

8 ( E) n: C( E) - Roacrcin:urrnHTH, Bht'lncneHHHe c no1v1oru1,10 aRcnepn

MSHTaJILHHX 3Ha~eHuii Ill10H-HYRJIOHHHX C,I:\EHrOB qas, n: 5'(,,_) - R,n;ep

Ha.fJ IlJIOTHOCTL. ,llJI.fJ .f!,IIJ)8 4He U .f!.II;6P f -o60JIOql{n MH IlOJlb30BaJlllCI, 

BHpaJK6Hll6M 

~(11.) = Lt 
A 

,f 
(1Ta.~)3/.z [ 1 + (A-4) 6::]exp(-1t¼_:t), 

r,n;e napaMeTp Q/ onpe,neneH n:s aHcnepnMeHTaJILHHX ,na11aux no 

3)16l{TpOH-J!,U6pHOMY pacce.fJHUIO. 

(2) 

BITT!ICJ16HHH6 E ,IU1006pTawrn 3Ha%1UUI .n;r1q:ctepemu1aJILHUX ce~e

HUH ynpyroro pacce.RHII.fJ nnonon aa .R,npax 
4

He, 12c u 160 cpannuBa

JlllCL C ,UOCTYilHllMU 3RCil6p1Ud6HT8JII,HllMll ,IJ.8HHHMU E 06JiaCTU 3Heprnft 

25-200 l,laB. lls puc. I a 2 BH.nHD, ~To y~eT BHYTPSHHero .nEIIh'tSHll.fJ 

HYRJIOHOB U OT,na~n: .R,npa Il03EOJl.fJ6T cymeCTE6HHO YRY~lllllTI, corJiacue 

M6JK;Izy T60p0TH~6CRilMU l! 3RCil6pllM6HTallH!1MH ;n:aHHHMll E 06JiaCTil 

60RblllllX yrJIOB pacce.f!HU.f!. 8TO YTB6PJK.U6HU6 E6PHO ]J)Ul u:enoro .wia-
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P1rn. I. Ynpyroe paccemme ""Ii-"" MesoHa .fl.DJ?OM 
12c. 0 _ 

...,.. ____ - HCilOJI:030Bal! CTaH.n;apTHllil IlOT0HUlI8JI KHccmmrepa, 

:; 
~ n·-c 11.SMeV 

* 10 

10 

21) " 

- HCilOJI:030BaH IlOT8HU11aJI (I) C Y'>0TOM nonpaBOR 

Ha ,Il;BtllKSHHC HYI(JIOHOB ll OT,IJ,8"Y .fl,Il;pa, 
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10 30 so 70 90 110 t30 150 
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P11e. 2. Ynpyroe pacce.fIHHe ,r-- M630Ha R.DJ?OM 

4
He. 

- • - . - - lICI!Ofil30BaH Il0T0HIJ,118JI ( I) C Y'>6TOM nonpaBRII 

Ha OT.D:a"Y .fI,IIJ)a. IlpeHe6peraJIOC:O ,IJ;Bl1Jlt6HJ16M HYR

JIOHOB. 

CMHCJI OCTaJI:OHHX RPllBLIX TOT E:6, '>TO H Ha pnc • I• 

6 

nasoHa paccMaTpHBaeMwc ::JHeprIIB Il .II)I.fI BC6X H3ylla6MHX B ,IJ;HCcepTa

r:urn R.n;ep. 

B TP6T:Oeft·rJiaB6 o6cylK,Il,8IOTC.fI H60.n;H03HallHOCTH B onpe.n;eJISHllH 

ifop.m OI!TH'lSCROro I!OTSHUliaJia, ROTOplle Bl13BaH!1 IlpDll3BOJIOM B B!16D

pe npo.n;oJIJKSHJI.fI 3JI6M0HT8PHOll IlHOH-HYRJIOHHOM MaTpIIULI paccemum Bile 

3H6preTilll6CROll IlOBBpx.HOCTil. PoJib 3TillC H60.n;H03H8'1HOCT6ll 6HJia HaMH 

npo.n;eMOHCTPllPOBaHa B CJIY'lae ynpyroro pacce.fIHH.fl IlHOHOB .fI,IIJ)OM 

4He/3/. 

06MCH6HH6 HSROTOPWC pacXOJK,n:6Hllli MSJ!t;Jzy 3RCil6 pvIMeH TaJI:OHllMH 

,naHHHMH H T60peTilll6CRHMII 3Hall6Hll.fIMll ,Il;ll[g;Sp6HIJ,1!8JI:OHWC C6'161UDJ: yn

pyroro paCCS.fIHH.fI, ROTOplle HaH60Jiee 3aM6THl1 B 06JiaCTll MaJiwc yrJIDB 

n :e paiione :rneprIIB E ~ IOO MaB, Tpe6yeT 6oJiee T!llBTeJI:onoro anaJIH

sa J)H,IJ;a ifaRTOPOB, pclJib EOTOplllC na cerO.n;H.flillHllii .n;en:o H6,IJ;OCTaTD'lHO 

.Rena. !fa npo:ee.n;eHHoro B ,Il;IICCSPTaUIIH paccMOTpeHII.fI Bl1T6R86T, llTO 

6oJibman llaCT:0 paCXOJ!t,IJ;S!urli' na6mo,IJ,86MlllC B 06JiaCTH M8JIWC y rJIOB' 

CB.R3ana C npene6pel!t6Hll6M IlpOMe:a:y:rolJHilMU B030y:K,11;8HllSIJ,!lf Sl,l{pn B 

npouecce ynpyroro pacceaHHH, 

B ROHUS rJiaBH npOBO~HTCH aHaJill3 H6,IJ,8BHHX 3RCnepllM6HTaJI:OHHX 

,IJ,8HHWC .II)I.fI ynpyroro -.r - 12c n ,r - 4
He pacceRHII.fI Ha yrJIH,6JIH3RHe 

R 3H8'16HHIO ,J = I8QO, HaMH 6HJIO IlOEa3aHO, llTO ,Il;llq.ifepeHUliaJibHll6 

C6'16Hll.fI B STOH 06JiaCTH yrJIOB 0'16H:O llYBCTBllT6JI:OHl1 R ROHI<p0THOH 

q:OIJ,16 npeo6paso:earurn IlHOH-HYRJIOHHOM BMilJIHTY,!01 B C!1CT6MY uenTpa 

Mace IlllOH-.R,$/4 , 5/. 0nTil'l8CRllii IlOTSHIJ,liaJI (I) ,IJ,86T 60JI66 xopo

mee on11caH1Ie 3TO!l llaCTH ,IJ;H{fifepenIJ,liaJibHWC C6'16Hml, '10M H6ROTOPH6 

,IU)Yrlle B8pHaHTl1 OilTll'lSCROft MO,IJ;SJIH, IlCilOJI:030B8HHH6 B nayllHOll JIH

T6paType. 

MeTO,IJ; y'IJeTa BHYTPElHHero ,Il;Bl1J!t6Hll.fI HYRJIOHOB, paspa60Tannuil 

B .n;n:ccep:raUlin, IlPifBO,Il;IIT R pa3YMHDMY 0IlllC8RlllO 3I{Cil6PllM6HTaJibHWC 

,IJ,8HHWC Il O,IJ;HOBpeMSHHO SIBJI.RSTC.R ,Il;OCTaTO'lHO npOCTHM, IlOSTOMY OH 

7 



np11M6!:!Jl6TCB B HaCTDJ:111166 Bp0MJJ He TOJII,RO npu Il0CTPD6HUU 0IlTU'I6-

CROrD IlOT6HU1mJia, a T8RRt6 B CBJJ3!I C U3Y'I6HH6M Heynpyrmc Ill1DH- ,,_ 

n.n;epnruc npoueccoB. 

B 'I6TB6pTOii rJiaBe HaMH 6HJI8 IlOCTpOeHa 0IlTH'I6CRaJJ MO,ll;6JII,, 

npe,IJJ1asHatJenHan ~ onucamm ynpyroro pacce.HHU.fl nuoHOB .H,n;poM, 

D6Jia,n;aKJil{l!M IlpDU3BOJII,HUM 3Ha'I6HH6M CillIH8 l! lI3Dcmma • llcXO,Il,H !13 

06Il{I[X npe,rmoJIOllt6Hilli, H3JIOIK611HHX B npe,IW,Izyil{!-lX rJiaBaX, Mil llOJJY'IlIJIB 

OilTII'I6CRl1li IlOT6HIJ;f!8JI, ROTOpmi .flBM6TC.fl M8Tp11uefi B npocTpaHCTB6 

cmrna ( J ) l1 l130CillIH8 ( T ) .fl~a l1 I130CIIHH8 ( t ) llHOH8 • B 

3TDii rJiaBe no,n;po6Ho usytJaJioc1, ynpyroe paccenmrn mrnHDB n~oM 41e. 

Il 3TOM CJiyt1ae 0Ill'11ll6CKJfj,j IlOT6Hl.{11aJI HMeeT CJie,n;yill!IYil Cl'PYRTypy: 

otlVCEJr> = [ lfcCrd + 'le,(ll)+2t-=f11.rc/C,>+ 

+ l < J.t; [ VJ(,._) + 2. (t- T) 'sT (}[.)]} 'f ( Z)J 

(3) 

r.n;e tJepes f o6osHatJeH onepaTop nnon-n.n;epHoro op6!:!Ta;:r1:Horo MD

MeHTa. BHpa1KeH1m Vo ( 1t.), V, { 1r.), ~ ( A) H V:J rl,d nocTpoenll c 

HCIIOJII,30B8Hl16M n.n;epIIHX IIJIOTHOCT6ll H ::mcnepru,16HT8JII,HHX 3HatJ6HHH 

lll1DH-llYHJIOHHW:: C)J.Bl!rOB [J83 • TTOT6HUHaJIH (I) l1 (3) H6 co.n;eplKaT CB0-

60,ll,HHX napaMeTpOB. 

Har.m 6hUIO Il0R838HJ6/, 'ITO ua OCHOB6 0IlTH'I6CROH MO,ll;6JIB 

MOJKHO D6'hHCHHTl> R8'!6CTB6HHll6 pa3JIB'IHB B IlOB6,ll;6Hl1lI .n;aq:cfepeHUH8JII,

HHX C6'!0Hl1ii ynpyroro pacceJJHHB .r"t .II ,r: M630HOB .fl~OM 3He. B 

pesyJII>TaTe c01,parnenni1, npOl'iCXO,Il,Hil{IIX M6lK.llY pa3HllMlI 'IJI6H8MH IlOT6H

Ul!8Jl8 (3), xapaRTep C6'I6Hllll ,r--3He peaRUHlI B 06JiaCTH yrJIOB 

_.J--;:::. 90° B 3Ha'IHT6JII,HOH CT6ll6Hll onpe,n;6JIJJ6TC.fl ClllIH-op611TaJII,HOH 

'IBCTI,IO OilTH'I6CKOI'O IlOTSHUHBJia. B CJiy'Iae 7T+ - 3He peaRUH!! 3Ta 

-qacTI, IlOTOHUHaJia 11rpaeT ue60JII,WYIO pOJII,. IlD3TOMy 0IlTH"l6CR8Jl MO)l;6}1I, 

npe.n;cRash!BaeT, B corJIBCHH C 3RCilep!1M6HTOM, 60Jiee IlJI8BHl1H xapaKTep 
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cetJeHni1 --rr- - 3He peaRUHfi no cpaBH6HHIO c ce'leHH.flMn ynpyroro pac

ce.HHHB ,. ... - M630Ha .fl~OM 3He, ROTOPH6 06Jia.rr,aIOT xoporno Dhl,ll;SJieH

HHM BTOPHM MaRCHMYMOM. POJII, cmm-op6nTaJII,HOro II H30B6RTOPHDro 

'IJI6HOB 0IlTl!tJ6CROrO IlOT6HUHaJia, TaK )1(6 KaR l1 nonpaBRii Ha ,IJ.BJllK6H!16 

HYRJIOHOB, npo,n;eMOHCTpnpoBana Ha pnc. 3. 

Ilo~06H06 cpaBH6HH6 .P63YJII,TaTOD OilTH"l6CKOii MO,TI:6JIH C 3RCII6-

p!!M6HT8JII,Hh1Ml1 ,n;aHHl1Ml1, llDJIY'I6HHHMH H6,IJ,8BHO B .JI8I Ol'.i!rn, 6I1JIO Bhl

llOJIH6HO H8Ml1 B pa60Te/7/. EhUIO llORa3aHD, 'ITO OllTH"l6CRaJJ MD,ll;6JII, 

xoporno Olll!Ch!BaeT MlJCf6peHUH8JII>HHe cetJeHl!.fl ynpyroro pacce.f!HH.fl nn

DHOB .fl.IIJ)OM 3He B o6JiaCTH yrJIDB J-i 70° B U6JIDM ;rr,Hana30!!6 H3YtJ36-

MHX :rneprnii( 68-207 MaB) ,OHa T8RlK6 xoporno npe,ncKa3IIBaeT Il0JIO/it6Hll6 

MllllnMyMa B ~epeHU[!a}II,HHX C6"l61!1UlX. B o6JiaCTH yrJIDB ,J-~ 70° 

npoJJBJIJl!OTCJl H6ROTOPH6 pacXOlK,ll;6HHB MBlK.llY T60peTH"l6CRl!MH H 3RC!l6-

p11M6HT8JII,HHMH ,IJ,81!1!blMH, ROTOPH6 HCtJe3aIOT C pOCTOM 3H6prm1. :iMe.fl 

D Bll.llY pesyJ11>TaTll, llOJIYtJ6HHll6 D npe.n;H,eymeii rJiaBe, M0/1tl!O YTB6P'At

.n;aTI>, 'ITO tJ6M JI6rtJ8 .fl~O, T6M 6oJiee cepl>63HHMH CTaHOB.fJTCJl pac

XDJK,ll;6HHB 3TOro Tl1ll8. 

BTopoii Kpyr BOilpOCOB, rrsy-qaeMl1ii B "l6TBBPTDH rJiaBe, CB.fl3aH 

c BJIHBHHeM .n;eTaJieH .H.n;ePHoii CTPYRTYPH Ha BSJI.litJJIHY cetJeH11fi 

.r± - 3He peaRr:urn. Ilpn llOCTpOeHHH Jl)J,6Pfll1X llJIOTHOCT6ll Mbl llOJII,30-

BaJIUCI, noJIHOBofi tIYHKUl!efi .H,rr;pa 
3

He B Bn.n;e 

_ 7?. <SJ f (S
1
} + P,_ CD) 

<j'-m.1""'T - $ 'f?>i.1'>11.T + $' 'fm;,'nl,T J> 'fmlmT I (4) 

r.n;e "fs, ?5• 11 °'PD - 3TO 8MllJIHTY.lW S-, S'- l1 J) - COCTD.flHHH. 

Tip06RIJ;f!H niepHoro Clll!Ha l1 H30CllHHa o6osHatJ6HH COOTB6TCTB6l!HO 

. R8R trn.;, .II m T • Pa,ll,H8JII,Hbl8 tJ8CTH BOJlHOBOii g:ym,r:urn BH"l}!CJIR

JIHCI, B p8MR8X MO,ll;6Jll1 J!;KeRCOHa-3JIJIHOT8 l1 g:eHOMOHOJIOr.ll'IeCKOll MO

.n;emt, napaMSTpll ROTOpofi Mil onpe.n;eJl.HJll! C IlOMOl!f&ID .n;aHHHX no pac

C6.flHl1IO SJl6KTPOHDB Jl~OM 3He. 
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P[,!c. 3. Ynpyroe paccemrne "Tr - n: 1T - MesoHoB R,llJlOM ~tte • ..... 

' L. r\\ 

~ 
~ 

- HCilOJI!,30B8Ha CR8JIRp--l130CR8JIRpHaR 1'.!aCT!, IlOT~~

unaJia (3), B ROTOpoii npeue6peraJioc1, nonpaBRoii 

Ha ,lUlH~6Hl16 HYRJIOHOB1 

- ·-, - _-HCilOJII,30B8Ha CH8JIRp--M30CRaJIRpHaR '!8CT!, IlOTSH

urraJia (3), B HOTOpoii Y'll1TIIB8JI8CI, nonpaBHa Ha 

)Ull!/K8HH6 HYRJIOHOB, 

---- - l!CTIOJII,30B8H IlOJIHlIB IlOT6HUl18JI (3) • 

154MoV 

'97McV 

~~ . \ 
1)1 ! •·- 'He 

1lOI 

-~_,!i ,, I - ' 
I ,,. ' ' 

\/ '\--:~-, 
', ....... 

,t•- 1He 

<, 

,~i /~ .... - ... ,, ' ' 
\,/ \ ........ 

20 40 60 llO IXl 120 ~~ 160 8l e,., 

20 40 60-BiJ m 120 74l)-'-150.1.-
9

c"' 

...... 
Puc. 4. Ynpyroe pacceRHrre ,r't H "Tr--MesoHOB R.llJlOM 3He. Ilo

HasaHo BmrnHrre npITMeceii S'- n: D -cocTORHJrli. l1cnofil

s0Bau11 CJI6,IzyJOOtl18 ROMClliH8IllU! 3H8'!8HHH aMilJil!Ty ,n; nprrMe

ceii: 

• • • • • ·• - PS, =0, -n -o· 
rl> - ' 

----- - "'Ps1 :/0,02. 1 PJ> =0; 
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-·-·-·-:P,=o P.»=0,3. s • 

----~1=0, 11=-0,3. 

HaMn: c5wro Il01{838HO/S/, '!TO C6'!6HH.R -ir - -3He peaHUI;JH ()OJI68 

'!YBCTBl1T6JII,Hll I( H8JI!t!'ll1!0 B BOJIHOBOii qJHHUllH npnMeceii s~ l1 D

COCTO.RHl1ii, tJeM ceqemrn ynpyroro .r+ -3He pacce.RHH.R. !-ls puc. 4 

BH.D;HO, '!TO npMM6CI, D -COCTO.RHH.R YM6Hl,III86T .D;llg:q;epemr,uaJII,HhJS 

C6'!6HH..R I TOr,n;a 1{81{ H8Jlll'!H6 $ • -ROM~OH6HThl npHBO~HT I{ me YB6Jm

'l6HHIO, /.,Ill IIOR838Jil1 .n;aJiee, '!TO Heonpe,n;eJieHHOCT!, BO BH6SH6pr6T!Fl6-

CROM noBe,n;eHuu -rr N -MBTPHUhl pacceRHHR BmrneT Ha BSJrnqrmy ,n;mN'e

peHUHaJII,HWC C6'!6HID1 IlpUMepHO B T6X JKS npe,n;enax, '!TO l! H8J!l1'll16 

npMMeceii S~ H ]) - COCTO.RHIDJ: B BOJIHOBOR g:yHRUHl1 fl,llJl8. \18 BHa

mrna, npoBS.D;SHHOro B .D;llCC"6pT8Ul!H, BHT6R86T, '!TO H3M6116Hl!6 c:I:oµAbl 

pa,IJ,llBJII,HOii 38Bl1CHMOCTl1 R;D;SpHHJC TIJIOTHOCTSM B ;D;OBOJII,HO IIIHpORrlX 

npe,n;enax cJiac5o BJIH.ReT na BSJII!'lnny ceqennfi 7f:!: -3He peami:m1. (Ilpn 

Bap1,11pOB8Hl1H pa,D;[,!8JII,HOil: 38BHCUMOCTH HSOClXO.D;HMO, HOHS'!HO, coxpa

HHTb IlOCTOSIHHOe 3HaqeHrre p~11yca ~pa.) rro 3THM npIB-1!1HaM H6B03-

MOJKHO B H8CTO.RUl68 Bp0MR l13BJI6% 113 ,ll;BHHWC no ynpyroMy 7f:!: -
3

He 

pacceRHHIO ROJill'l6CTB6HHyro HH(fOµAaurrro O .ll,6T8JIRX R,n;epuoi,i BOJIHOBOii 

q;yHHUllH (no RpaiiHeii Mepe l!CTIOJII,3YR 0IlTl1'!6CI(YIO MO.D;SJib) • 

B paMRax npe;n;JiarneMOii MO.D;SJIJI Bhl'E1CJIRJI8C!, 38BllCHMOCTI, IlOJUJ

p,rnauun .R.llJl8 OT,n;atJH OT yrJia paccemurn, a TaRJKe ceqemrn pea11urru 

¾( "1f+, ,,-o )3iie. B ,D;[,!CC6pl'8Ullll TIOR838HO, 'ITO T8R8.R peaRUJIR C 

nepesap.R,n;1rnil:, ROTOpa.R ;n;o CHX nop He HCCJI6.D;OB8Ha 3RCnepID.16HT8JII,HO, 

.RBJI.RSTC.R nepcnSRTHBHOH ;n;JI.R II3Y'l6HIIR ,n;eTaJieii BOJIHOBOM ~YHRUl111 TPH

HYRJIOHa. 

B Il.RTOR rJI8B6 ()llJI IICilOJII,30B8H q;OµA8JitI3M MO,ll;6Jll1 rJiayc5epa 

;n;JI.R II3Y'l~H.lffi peaRUllii IlHOHOB C R;n;p8MJI 3He II 
4

He B Oc5JiaCTll 3Heprml: 

pe30H8HC8 LJ (1236). YtI!1TllB8.R IIOJIHYIO CilHH-!130Cill1HOBYJO CTPYHTypy 

IlHOH-HYRJIOHHOii M8TPIIUb! pacce.RHH..R, Mll IlOCTPOHJIJI aMnmi:Ty,n;y IlHOH

R;n;epHoro ynpyroro pacce.RnJIR. CpaBHeHrre pesyJI1>TaToB, noJiytJeHHHX 

HaMH B PaMRax rJiayc5epOBCROH H OilT!t!'!SCROii MO,n;eJieii, II03BOJIHJIO oue-
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Hll'rb pom, HSROTOpllX qaRTOPOB, ROTOpmin npeHe6peraJlOCb npn no

CTP06HR!1 onT11tiecRo:i! Mo;n;eJln. O.imH .11'.3 q:aRTopoB TaRoro po.na - iop

peMWUI, CBR3aHHaR C OT;D;8'!8li R,lij)a,- CRJll>HO YM8Hblli86T 3H8'!6Hll8 

,]J,llq'clepem:i11aJlbHHX ce-qemrii ynpyroro paccenHIDI B o6JlaCTll MaJlllX yr

JIOB ,Il)Lfl aHeprlli1 E:5120 MaB. 

11poB6;D;6HHblli B .imccepTan;rn aHamrn IlOR83aJl, '!TO 3liROH8Jll>H08 

np!IC>Jl!UK6Hll6 nenpl1M6Hl!MO ,Il)Lfl Bll'UICJl6HHR nOJlHllX C8'!6H.11'.li peamum 

,r -
4

He B paiione 3Heprni1 E£200 MaB. HHT6p6CHO OTMSTHTb, '!TO 

HSCMOTpil Ha 3TOT q:aRT, ,n.rr4-q;epemum.11bHl16 C6'!6HHR .,.:t_3fle H 

7f - 4
He peammii B 06.11acTn yr.110B paccennnR J-::5 90° H aHepr.11'.li 

E ::::; 100 !.iaB MOJKHO OIIIiC8Tb C IlOMOIJ.ll,10 nocTpOeHHOro HaMR YCOB6p!l6H

CTBOB8HHOro B8pnaHT8 rJlay6epoBCROii MO;D;6Jlll HS x_y)K6, '!6M B p8MR8~ 

OnTR'!SCROH MO;D;SJlll/9/ • 

B mecToii rJlaBe noRa38HO, '!TO ,Il)Lfl ;D;UJlbHeiimero pa3BHTilR q:op

M8Jlll3M8 OTITH'!6CROH MO;D;6JlH He06XO.JmMO BllflCHilTb BOnpoc 06 OTITR

M8Jll>HOM onpe.neneHill! 3HepreTli'!6CROlt 38BRCliMOCTR M8Tpnm; pacceRHIDJ 

nnoHa Ha CBOC>O;D;HOM HYRJlOHe, ROTOPM BBO;D;HTCR B Teopli!O B CBR3Il C 

npnM6H6llil6M HMny Jll,CHOro npu6Jllllit6HHfl • B Ra'!6CTB6 YCJlOBIDI I ROT0po6 

Il03B0Jlfl8T orpaHil'!UTb H60;D;H03H8'!HOCTb B Bl160pe 3TOii saBHCilMOCTR, 

B .imccepTamm 611JlO HCTI0Jlb30B8HO TpeC>OB8HR8 UHBapnaHTHOCTH OnTU

'!6CRDro nOT6HUli8Jl8 OTHOCHT8Jll>HO npeo6p830B8HHR raJlllJl6R. B pe-

3YJlbT8T6 Mll TIOJlY'l!VlR ,I(B8 BapuaHT8 raJlRJl68BCRR-RHB8pH8HTHOii onTR-,, 
'l6CROii MO;D;6JlR. Hcnom,syn B TP6Tbefi rnaBe .imccepTaUl1H paspa60T8H

Hhlli l.16TO,ll y'!STa BHyTpeHHero .nmmeHRR HYRJlOHOB, Mll Bll'lHCJlHmi co

OTB6TCTBYKXI1ll8 TIOT6HUl1aJlll C TO'lHOCTbIO ;IJ.O 'lJl6HOB nopil,n;R8 '»t/ M • 

TIOJlY'l86Ml16 - cymecTBSHHO H6JlOR8Jll>Hl16 - IlOT6HUJ1aJlI1 RBJlfllOTCR q:yHR

Uli6H 3Hepr1rn:, ROTOpM 38Bl1CHT OT yrJla M6)K;IJ;Y nMnym,caMH n0:0Ha B 

Ha'!8JlbHOM ll ROH6'1HOM COCTOflHilRX. Hs paccMOTp0HHfl, npOB6;D;6HHOro 

B .imccevramrn, Bl1T6Ra6T, 'ITO O,ll,illl U3 Il0CTp08HHllX B 3TOii rJlaBe 

12 

B8PH8HTOB onTU'l6CROH 1v10.nem1 flBJlfl6TCR nepcneRTUBHllM ,Il)Lfl H3Y'l61U!.fl 

xapaRT8PliCTUR ,r -M6308TOMOB. 

B C6JJ,I,MOii rJl8B8 - 38RJllO'l8HlIH - nprrne;n;eaa Rp8TRafl CBO,IUW 

OCIIOBHllX pesyJlbTaTOB, IlOJlY'l8HHllX B .imccepTaroin. Ilpu OTOM no;a.

'l8PRl1B86TCR, 'ITO Ba'KHYIO pom, np11 noHHM8HHI{ yrJlOBOii sam1cm:.ocTr! 

ce'!eHHii ynpyroro pacceRHHfl mmuon na ;rnrmrx: R;n;pax CHrpan y'leT 

aq:q:eRTOB, CBR38HHllX C BHYTPSHHHM ,Il,BJ1)K6HU6M HYRJlOHOB, O;D;HOBp0M6H

HO C y'lSTOM nOJlHOil: cmlH-ll30CnHHOBOH CTPYRTYPl::I nn:OH-HYRJlOl!!!Ofi 

aMnJll!TY ;n;H. 

PesyJll>T8Tll, nOJlY'l6HH116 B .imccepTaUHl1, ;uo1wa,mJB8Jll1Cb Ha 

CHMnoseyMe no Teoplll1 Jlel'.'laiimruc R;n;ep (Jlll6mrne, l!CCP, 1974), na 

J:i M6JK;IJ;YH8pO;D;HOli ROH(J;8p0HI(llll no M8JlOHYRJIOHHhlM CllCT6M8M (EBe6eR, 

Raaa;a.a, 1974), Ha Me)K;n;yHapO;D;HOll !(OH[I6peHmrn no q,ll3llR6 BhJCOR!IX 

aHeprnii ll CTPYRType SI;a.pa (CaHT8 -4'8' CIIIA, 1975) lI 118 y MeJK;n;yna

pO;D;HOii ROH(f6p0HI(llll no M8JlOHYRJlOHH11M CIICT8M8M (Hbro-,Il,enn, :·in.nan, 

1976) l! 6hJJlH ony6JlHHOBa1111 B paelOl'ax"1- 91. 
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