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H RAepH~X CHCTeM 

8 ~eK4HRX H3nomeHa TeopHR RAePH~X ~HCTeM, nocTpoeHH~X Ha OCHOBe nOTeH-
4aanoe OAH06030HHOro o6MeHa. noAP06HO paccMaTpaeaeTCR ponb penRTHBHCTCKHX 
3~eKTOB B AH~3MHKe AApa. 

Pa6oTa e~nonHeHa e na6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

Savushkin L.N., Fomenko V.N. 
Introduction to Meson Theory of Nuclear Interactions 
and Nuclear Systems 

P4-83-369 

These lectures are devoted to description of nuclear systems on the ba
sis of meson theory. 

Mesonic nucleon-nucleon potentials are obtained in Chapter 1, they are 
given both in coordinate and impulse spaces. Different approximations in 
deriving one boson exchange potentials {OBEP) are described. The behaviour• 
of mesonic potentials at small distances, the role of form-factors, two-pion 
exchange, relativistic effects, etc. are discussed. The parameters of the 
OBE - potentials utilized by different groups are presented in Chapter 1 as 
well. 

In Chapter 2· the authors consider the problem of saturation of nuclear 
forces, the necessary and sufficient saturation conditions are formulated. 
Results of the usage of mesonic potentials in the framework of Bethe-Gold
stone theory of the nuclear matter are presented, consideration of the role 
of nucleon resonances and three particle forces being of special interest. 

The investigation has been performed at the laboratory of Theoretical 
Physics, JINR. •. 

IlepesoA O.C.Baaorpa,\osofi. 

BBEllEHHE 

lliIIH'l'Jta OIWCaTI, BSam«>,ttelC'l'BHe Mez,tzy HYK1.IOH8.MH H CBOICTBa H,ttep 
B pSMKaX 8,ttHBOI'O IlO,ItXO.tta Ha Clase MeSOBHOI'O 06Meaa upe,ttCT8BJllieT CTa
PYD, HO lll)BBJI8Ita.TeJII,Hyll H.tteD • .HHTepec K 91'0:lit IIP06JI8Me B DOCJie,ttH.He 
I'O,ttHBOSpo,tti!JlCSI B CBJI3H C uocTpoemreM MO,tteJie:lt HYK1IOB-HYKJIOHHOl'O Bsa
}1)1),ttelCTBBJI,. y,mTHBaDll2X 06MeB MeSOHaMH H pe30B8HCSMH C .Pa3JlH1lBliMB 
IIPOCTl)aBC'l'B8lWO-:Bpe11eBHmm TpaHCqx:>l)MSIU!OBBHMlif CBOICTBa.Ml!e 8roT HHTe
pec J3JIOJIB8 DOBHTEIH, Helo HCUOJ11,50:Baml8 11esommx UOT8HIUUUIOB.CTaBHT 
TeopHD CTPYKTY.PH JJ.IU)a Ha HOBYll CTYUem,, ycTpawm qJeHOM8HOJIOrHD Ha 

8TSU8 :BH6opa M8<1HYKJIOBHOI'O :B38.l!M:),tt8ICT~, OTTecwm ee B 06.nacTI, 

OUHCaHM 9JI8M8HTapBHX 'llaCTJ!IIt H HX B3aKMO,ttelcT~. TeM CaMWi TeopHH 

CT})YK'l'YPH B,IU>a B 9JI8MeHTapwa "'iaCTJ!IIt C'l'aHO:BJ"iTCS T8CHO cBSSammr.m, 
TSK 11'1'0 ;a xaa.ztOI HS HHX II03BO UOJJY11H'l'l, HOBHe pesyJII,Ta'l'H, HCDOJII,Sya 

5all0BOMCpHOCTB, YC'l'8HOBJl8HBH8 B coupe,tt8JII,HOI 06.naCTH. 

fu CYlll8CTBY, uepBHe UOUHTKI! UOC'l'poeBHa J4830HHOI T80pmil H,tt8pm[X 

C.lrIJI 6wm upe.ttIJPHHa'l'H mIOBCKHM qiasmroM lhtaBol B 1935 r. ,Kor.tta Ba OIIIi

Te Be Ha6Jm,ttMOCI, 8ll!8 WI O,ttHOl'O MeSOHa. IloCJie OTKPHTHJI Jr -MeSOBa 

ero .ttOJil'OO BP8MH CtmT8JIHO'l'B8TC'l'BeBHHY sa BC8 M8lll!YKJIOHH08 :B38.IM)
,Ite:litCTBHC. 0,ttHaRO c I96I r. "iB'CJIO Ha6Jm,ttaeMHX MeSOHOB C'l'aJlO 6HCTJ)O 

pac'l'H. Hs usyqeHBa HX BSamlO)tCICTBHJI C BYKJIOHSMH CTaJ.la oqelm,Il;Ba cy

~OC'l'BSHBWI _poJII, MHOI'HX .HS Ha6JDJ,ttalMYX uesoHOB (:B uep~ oqepe,ttI,, 

BeRTOpma. p - 11 <-J - MeSOHO») » qx>pWJI)O:eamm ...LVH - cJrIJI. 

fuc.ne.ttBee ,It8CJIT.11Jl8'1'H8 pa3Blffl!JI IIIISOBHOI'O UO,ItXO,tta. B OIIHCalUJB 

a.ttePHl,lX cucTeu IIPO'l'eRaJio oco61HBO .BBTeHcmmo. 

lli.ny11eHH 3Ha11111TeJII,HH8 pesyJII,Ta'l'H D 06.nac'l'JII 11850BBOI Teop.llH 

H,ttepma CWI, maemca '1'8D8 oupe,tt8JI8BB1il8 ycue:IH B OUBCSHD H.tt8.PHOI 

Ma.TOPD H ROB811BHX H,ttep C Y118'1'0M M8SOBHHX CTeueael C:B06o.ttH, L::,. 
(1236) - pesoBaBca, Tl)eXll8.CTB11HHX cu B T • .tt. 

B BaC'l'OJDIIIX .II8JatJIJ3X U1'0p,I C'l'Ull'l' c:eoel It8Jll,J) 113.IIODTI, H8XO'l'O

PH8 .JtOC'l'lll'BYTHe Jt BaCTOJDll81fY :Bp8M8BH pesyJU,Ta'l'H UO -OUHC8BHI) H,tt8pm[X 

CHCT8M Ha OCHOB8 11830BHOI 'l'eopu. 

Hsyqemre BaCTOJD118' upo6JI8MH ,ip.mmo OCBOBHBaTI,C.fI Ha 
IIOBO~ H o6sopax I - 13/. 
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rJIABA I. llOTEHUHAJlli N N - 133AfDIOJl&lCT.BIDI B M&30HHOtl 
TmPHH 

B OTJm1UI8 OT 8Jl8K'fl)O~Im, B H,Il;8pHO:lt lpl!Smte CY1118CTBY8T He- . 

Cl!OJII,XO T.HIIOB KllaHTOJI H,Il;8pHOI'O IIOJIJI, OTJmt18DIIHXCJI KBaHTOBHWI 'IIHCJia.

MH H 11accaMH. Iloaronq IV ;V ~ noTe~8Jl IIJl8.ItCTa:&J.IJI8T co6ol cynepnosB- · 

~.RO.MIJOH8HT :pasma Ill)OC'l'paHCTll8BBO-Bpe11emmx CBOICTJI B pa3BOI'O pa

,ItByCa ,It8ICTlma:. B pac11eTax B;YRJlOB-HYMOBBOI'O IIOT8HD;lil8Jla oCSJiaCTD ,Ite!

CTBBH IIOT8~aJia :pas6JiJBaeToa: Ba TPR 'la.OTB: BB8111HBJI 06JiaOTD / '? 2,14 

qieJ?MI!; npo11eJij'TOtmaa: oCSJiaou o, 71 qiepm <. r < 2,14 q>eI>J411 .11 

llB;Y'l'p8BHHH o6JiaCTD /" < o, 71 cpel)JOI. ST.II Tp.11 oCSJiaCTB BH,11;8.IIJD)'l'Ca: 

11esoB8Mlif H pesoHSHomm, mropue ,ItallT peaJI:f>BHI :&ltlUUt B ;JI Al- uoTeBI41-

SJI . (BS np~a H80IIP8,It8Jl8BBOCT81 CJl8,ItY8'f, 111'0 pa.ztBYC ,ItelOT:&HJI HJt8P

ma: CWI Onp8,IteJIH8~Jl XOIIIITOBO:&el!OI MHBO:I lilOJlHH COOT:&8TC'fB;YIJlt8I'O 

JtBaBTa). . 

B BaCTOmJ188 llJ)ElWI 11:>DO O'l!HTaTD YO'f8BOBJ18BBHM, 111'0 . :BB8111BDD K 

Ill)OMelliY'l'O'tJBYll 06.IIacTB JV A/ - IIOT8BllK8Jla JI MeSOBBOI Teop1111 0Dpe,1t8Jl&-

1>T O,ItBO- JI JtliYXIIBOHHH8 o6MeHK, a. 'l'aD8 O,ItB0118SOBBH8 o6MeBH W -. 
.P -. p -.s» -. c - MesoBSMH .11 seKOropum .u;pyl'JDIH (CM. . 

H.Ue) • qi'() xacae'l'CJI Jils;yTp8HHel 06Jiac'1'J1, TO IIP• 118DYJU.[OBHHX p&cCTOJl

mr.sx, uem,umx 0, 71 q>8PJ411, npe,ItcTauelUUI O,ItB0118SOBHOI'O jCSll8H8. B8nplle»
JI8MH, JI llSalDI0,1t8ICTBH8 ODJ!OHJilaeTca: q>8HOM8BOJlOl'lA8CRr. . 

B 11esoBHol -reopu.H cY111ecT:aym ,1tBa uo.JtXO.ita AJia oDHcaBHJI ##-BSu
M0,1telc'l'llW!: 

a) 'f80l)8'l'BKO-II0Jl8BOI IIO,ltXO,lt, B KOTOpoM HB'fepe~YJIIIH8 Hae qlaSRtl:9Cltll:8 

B8Jl.H1IHHH ~!OJI BQ.IIOQP.8,ItCT:&8BBO -qepes Ma.OCH ll KOBCTaH'm CBa:S.H 

M8SOBOB o6Meaa 13 •4,I&-467; · 

CS) IIO.JtXO.It, CBa:SamDidt C 1Ip.HM8B8BB:811 ,IVIC!Iepc.lKIHHHX COOTHOlllead, oc

BOB8.HHHI ~ ar.or.!~ll8IDIB aHaJIH'l'H"IBOC'l'JI .II YBJ!!TapBOC'f.H 8MIIJI.H'fY,D;W 
Ill)0~8CCOB /!, •4 '• 
OCSa IIO,ltXO,Ita Clil'paJlH B&Ks;yll pon B IIOBHM8B.HH DpJq)O,ltH B;Y'MOH-B;Ylt1IOBBO

ro BS81Dor),It8:ICTB.Ha:. Mu o6cy,ItHM TOJil,ltO Depmdl IIO,ltXO,lt (C'l'aBa: CllOel oc

HOBBOI ~II pacCr.l>Tp8BH8 npHJlOllemd 118SOBBOI 'f80pHJ! AlIJI OII.IICaHBa: 

HJt8PBOI Ma.TepHB H KOB81DIHX H.D;ep, npo<S.neY;V Al Al - BSaB110,1te:llc'l'll.HJi MH 

x) CJre,uyeT 0'1'M8'f.llTD, 0,ItBaI«), 111'0 Ba CSoJiee MJmpoCJ!DII.H'q8CEOII ypoBBe :& • 
x:sapm:&0:I 110,1t8JI.II 111,1 C'1'8J.lltH:&a8MCJI c oCSpamol CB'l'YaitH81: '1'80PJIS ~
me BCero ~lcT:&YeT Ha Ma.llHX paccTOSIB.HSIX JI nYJUDaeTCJI IJPll llOspacTa
BBH r- /II/• 0,JtHaltO, IIO-B.H,ltlDIJll;V, ~BOBH8 K>,It8JDI B;yltl10B-HYitllOH
BOl'O IIOT8~aJia JI (S.roqa11BJHA I'O,ltH Be CSyl13'f .Jl()C'l'aTO"IBO IUW)mnDllit 1fllJ! 
1t0mq4/eC1]38BBOI'O II'11DD48H.IIIJ A'N -II0'1'8BitllaJia \cu. '1'811 Be MeB88 pa.60-
Q O ). . 
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6y,tteM pacCMa'1'l)Wla'fD ID48BHO II 9!014 aCII8It'l'e; llM81lTOa: npexpaowe MOHO

rpaqlllll Iii oCSsopu; cneWiaJll>BO J.JOC~emme Mesomroit Teo~ Al Al - Bsa
ma,,tteil:c~. cM., B8llPDep/I,2,3,4,5,6,7,8,9~IO,II-J.3~ B Ha'lBJie . 

arol rJUUJH MH paCCMOTpm( -reopeTHBO-IIOJl8B08 ODHCalllle HYitlIOB-B;YKJIOBHHX 

CHJl B.F.OO.P.ttml8TBOIIIIP8.ItCTSllJiemm, a saTeM o6cy,J:tl!M aey npo<S.ne:.ay B HM
DYJIDCBOM npe,ItC'1'8llJI8HIDI. 

§ I. IloT~aJIH O,ItB06oSOBBOI'O o6M8Ha B KOOp,ItmlaTHOM 

npe,ItCT8llJI8lllm 

PaOC!,ll'l'p.HM CHCT8MY l!JJYX HYRJlOHOB, BSaHW,IteitOTBYIOllll'IX C IV'.830HHRM 

·noJieM. IbRa He 6Yl1.8M l{()mtp8THSHpoBaTD, IIOJI8 RaKOl'O .HMemro M8SOHa M1i 

'6y,tteM pa.ccMaTl).Iraa'fD ( 81'0 11:>Jre'f 6HTD OR8JllillB08 ~ BeRTOpHoe .l!IJil'I nceB~

CKBJIJij)H08 IIOJie) • 
IlycTD cocrosnme paocMaTP![B88M)il: CBCTeMH onuoHBaeTca: BOJIHOBOit 

. ql3'HmtJi181 . . 

LJl (i;) s1 j F;) s~; Q) t), (I.I) 

- -> 
r,1te i, H r;_ - KOOp,ttmla'l'H DepBOro H BTOporo HYKIIOHOB; 

s, ll S ~ - .1DC CllmiOBH8 .II liJSOTOIICID!HOBHe nepeMeHHHe; 

Q - II8l)8M8BHasl DOM M830HOB. , 

3aimmeM ypaBH8Hl!8 llpe,Itmll'8pa. A1IJ1 BOJIHOBOit ql3'HI<IUlli (I.!]: 

[ ~ (ffJs1)-r- H£) (if sz)+ lfint(SJ1)+J-/4nt (~J sJr 
_+ H,,,,J /;I(r,,5,; if, Sz; Q, ~= 

-Ji_ ~ ljf({i - .) . 0 --L, - I. '/.. . - at.. t., :S1., ~,, J.a., Q) t ) 
(I.2) 

rp;e 

H;.(r: J: .)==- CX. • 5 .. + J3. Mc 2 
OIJ l .} ..) L l I .l I l 

(I.3) 

5 



I 
,l 
t.! 
l 
; I , , 

' ! • 

!, 

! ' 

I 

·1: 
'' 

OII8pa'l'OpY J{.H:paRa ~ II8l)ll01'0 H ll'l'Opol'O B;YMOHOB (Jll)H i,. = I H 2 
coo 'l'BeTcneBHo) ; fl;_n.t (r[, J l) - oue~a'l'Op B3alllilO.ttelcTBHJI L -ro 

ByRJ.IOHa C MeSOBHHM II0.11811. ~ f/Ln:I: (Ff~ Ji) SBBHCHT OT roro, C 

M8SOH&m RaltOI'O TlIIIa pacCMaTpRBaeTOJI BSam.tO.rtelCTmI8 • Ilp:e: BSam.tO.rte:l!:

CT.BWJ H;YRJIOHOB co CR.aJlSl!)JmMH MeSOHmm ouepamp B3alllilO.It810'1'.BllH HMeeT 
BB.It: 

11;:/rr,s,)=-liii9s;i Q(I?), (I.4) 

IijllI BSalDl>,It8ICTl3Iill! C .BeltTOl)Hl,llm M8SOHSMII ouepaTOp BSW!YO,It8itC'l'BRJI sa-

IlltC1:ma.8TOJI B qlOJU8 3 H;: (i{, s J= -lfii'/yv[L 0<;,., {),/ff )+d),,rr;j 
K~ I (I.5) 

+ 11;zfv s;)) ~v{if j;. 
r.zte m - uacca MeSOHar; M;. ,;. Ma.Cea BYMOHa. 

Oueparop BSalDil).rtelCTmts: B;YMO~ C lIC8JW)Cita.1lapHW4 MeSOHHHM IIO~ 
JleJ/1 BM88T CJI8,uyDll88 lJl)e,ltCT8BJl8HlJ8 ::X: 

li:t (F;,sc)=-/l;Jrjp if; fs;L O(rf) (I.6) 

I',ll8 /) (f{) - 8MIIJDl'l'Y,lta CICaJIHP,BOl'O HJlll IIC8~C~HO~ IIOJIH B 

TO"llte BSXOQ!HWI i -ro ByRJIOHa; 4'.t (?;) a Q0 (ff; -

x)Bsam10.neiloTBHe &yEJioHa c~nce,mc~ M8SOHHID4 uoJieu paccua-rpll-
Bae-rc.a: Taae B lm,lt8 -(1/'171.)./3iJ'"s-o/.!,i>l"-Q{r:-), · 
B Hae'l'O~ee BpeMJI He JICHO, RaKaJI .H3 8TllX 11.Bn qlOJ)ll BS8!DIJ,It8IC'l'BM 
pewmsyeTca Ba caM>II .tteJie, O.ltlWIO BBpUeue ll. 6J HSIIJio 6oJree D
pome IIpHMeHeHlile, cu., O.lIHSllD, pa6o'l'Y 

Fleischer J., Tjon J.A. Phys.Rev.D, 1980, v.21,p.87. 
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'.rJ)R upoc'.rJ)aHCTB8HHH8 R BJ)8M8HHSJI KOMIIOH8llTH BGKTOpHOI'O nOJIJI; 

°fv=z~ [1;,,r,,]; 0,v(F)=~ Ov-d1 Or-. 
~HcTaHTH fl xapa.RTepl!ISY))T .mreuceHOcTD llSam.D.tteicTBM,·B CJJY

qae B8RTOJlH0l'O IIOJia: (I. 5) ,ltJIJl xapaxTepl!ICTBIGI B3am!O,ll;8!C'l'BHJI H806xO-

wnm · e!!le o.JtHa msc-rauTa f v • 
OmeTDI, 'tlTO nap.fl',llY C IIJll!B8,It8HBIOOI BHlil8 llOSIIOmlH R p;pyrze Blf.1tH 

onepa'fOpa B3SJDIO.It8itCTl!HJI B;Y:UOBOB C Me80BBJ:DOI IIOJllD4l!, EO qlO!»t!YJlH 

(I.4) - (I.6) l,Ilm't WUI6oJiee npocme <IoPJS :asa:e:110-'teitCTBHJI. Ouepa'fOp 

H mes B (I.2) on:e:cHBSC't c:eo6o,v;H08 wesomroe IIOJie. UaTPBitH ~. 
/' , l's , ~ - TP,"l.ltillOIOlllll:18 Ma'f'P~ peMTDl'ICTCKOI Teopl!IR. 

HcIIO.l!DSYS YSTO.It qlYEBitllOHaJlOB ~m. m.imo noxasaTD, 'tlTO 88.tta'IY 

0 BSSB!40.It8ICTJ3Hlil 1IJi1X eyMOHOB -qepes MeSOHH08. IIOJI8, OIIJl8,It8.JUieJIIYJ) 

ypamtelmJDIH (I.2) - (I.6), :a r. O,JtQ06oSOBH0l'O npH6JlDeBWi MOJIHO 

CB9CTH (CM.. sanpmtep, pa6o'fY 
3 ) lt CJie.It,Ymteit Sa,tta'tle: 

[fl,(r;, -s,)+ ~ (r,,, sJ+ V}c/;,(i;,s,; ';,sz; ~= 
(I.7) 

.'. . f- d rA 1. ~ . ~ . t) 
=lll ot Yo ( 0) St) 'z, Sz, /, 

r,.ne Po ( r, , J J ; ~ , J z ; t' ) - BOJIBOBSS qiymwm ClilC

TeYH p;syx ByMOHOB; v~ - IIOTemtHaJl O;D1I06oSOBB01'> odMeHa (OBEP) • 
• . , ,, F.cJ'JI BSaJDIO.Itelc'l'BHe 11e:s;zy syuoBaJm o~ecTBJiaeTCJI -qepes no

cpe.ncTBO CE8JIJ'll.)HHX M8SOBOB, '1'0 (ell. pa6o'l'Y' "'): 

~~ . Vs(r)J,Jz (I.8) 

J1na Belt'l'OJ)BHX IISSOHOB llM8811 

Yy:!J =Vv(r){<{-~-1). (I.9) 

7 



11 
1 
.l ,, 
(.; 

,, 

liaxoHeq, W1Jl JIC8:8,UPCl't8Jllil)HSX M830BOB 

'4,,,, =-Vt,..);, 1 ls; 1 /:1. Os;,. . (I.IO) 

lbTeBqHBJm CI.a) - (I.IO) BHIIHCBBH 'J1l1JI ClJ.IY1W!, m:>r.Ita o6MeB MeW- uy:ic
J10HSM111 OCYlll8CTllJIR:e'l'cs.t HSOCRBJI.aPBl:,IMB', '1'.e. HM8DIIHM0' tzyJlellOI HBO'l'OJI

CIIllH, 14830Ralmo 

lbTeBqHaJIH B38.IIIMO,tt8:itC'l'BWI, B03mmaDlt0'8 0'1' o6Meaa H30B8Im>l)BHMH 

14830HaMH, JIDl8DT .BB,It: 

V oD vso/ ;;- --J 5z-= tr--)J1J2(½.7::2 i (I~II) 

V £) yv-i- r_~ _,,. ,, f,.- _,.) 
vi:-= {r-)lo<.,o<,z-f;(l:,·7:2., i (I.12) 

vp: =-Vp(t-J J1 ls,1}2. rs,,.(l,. 7) (I.I3) 

-vol) 
Baam.t:>,nelcTJme B ypam1emm (I. 7) co.tte.PDT cyw,y :B3am,,J.ttel-

c'1'.B.IU1 JIO BCeJl Ytm'l'Hl3a811YM IJpH OIIl!CaHHH :B3am«>,1t8IC'l':BJIS M830HSM. 

0'1'M8'1'mf, '11'1'0 JlllH JIOJIY1!emnt DOTeBqHaJIOB o.nso6osoBHOro o6Meaa 

(OBEP) DpOBO.ItHTCH JlJlOqeJ!Yl)a o6pes8Bl!JI B BBOMTCH q>e>paqiaRTOpH F 
-z -( K ) (r.ne k - HHIJY.lll,C 11esoaa o6M8aa) :eyuoaa DO omomemm K 

M830~ JIOJlaM, aB8JlOI'Z11HH8. 8JI8lt'fl)OWll'mlTBHJ,& q>OPJ4Pe.KTOpaM B;yltlIOBa • 

CimCJI B:Be,Jt8B11Jt 8'1'01 lieJllAHHH 8altJil)q8,8i'CJl B '1'011, 'll'l'06H CJtEl,lla'l'l, DOJJY
'll&DltTdcs.t HS .ll880BHOI '1'80:pD D0'1'8HqH8JI m:>He'IIHlDI JipB JfYJI8BHX paccros:

wmx Meq' JIYltlIOB8YHo Tell CSIGD4 odxO.IUl'l'CJl Tpy,ll;BOC'fll, CBJ!38BBH8. C 

pa.cxo~c'l'.mm D0'1'8Hlll!aJia II B;yJle. BDe,1teHHe P ( K z ) ooo'l'De'l'CTBY

e'l' "pasMaSimamm" TO'IIG'ilmX :eyuoao:n no m:,se,mol o6Jiac'1'H DpOc~asc1'118 

JI '1'81( CaMIDl SliJLII8'1'CJi (118BOM8BOJIOI'JA8CDM CD0006oH y-qe'l'a R'OB81iEHX pa3-

M8l)Olil Bylt7lOBOB0 

MesoB-B;ylUlomme q>e>p$KTOpH BllO~ B 8Ha'm'l'e.m.BOI Mepe npo
HSEOJll,HO: 'l'ait, q>OpqlltTOp B lllJ,It8 [/\ 1/(K~+/t/<.fjfi(rl,1.e /\ - Da

paMe~ o6pea~l ,CJIOJll,SOJWics.t B patjo'l'ax/3,:f'l/ 'J1l1JI YJIIlYIOIO pacce~ 

mm u B pa6oTe 
5 A1lH aeynpyroro ;-/ - paccesmwi. ~P!.1P81tTOP 

8 

B BZJt8 11 ~K~ +A~) , cooTBe'l'cTBYJJneM Tait sri~I ,nHIIOJll>BOI 

peryJIJlj)lf3~• HCJIO.lll,SOBaJlCJi, Balll,)HM8J?, B pa6o'l'e I • Ilpo6JI8Ma 

-q>e>JYPSXTOPOB o6cyJr,tta8'fCS: B pa6oTax 12 ,3 ,4 ,r71_ OTM&TBM, 

'q'l'O B npBcs.muteBBHX pe.lIJlTHBHC'l'CIG!X pactieTax (c TO'IIBOC'fl>ll }J.O 1/c ~) C 

HCJIOJI!>30B8Hli8M OBE--II0'1'8imH8JIOB (B lta'll8CTB8 M8ll8Ylt1IOBHHX B3am«>,JtettcT

Bd) l3B8,It8Hl!l8 q>e>M0XTOPOB npml0,IOI'1' lt yc'l'paHeBHlO cimryJllil)llOCTett 

( f/r- 3 ) T8H30PBHX H cmm-op6ftaJIJ,HHlC CWlo 
Bs:6op q>e>p4a1tTopa · B BB.It& F(K~)= /) f{";f·+ R".e) IlJ)HBO.ttH'l' 1t 

~ V( r) B er.a) - (I.I3) CJ1e,1JYDl!ero BB,Ita: 

V(r)=-y2fii 1/(11 '- m?}f exp(-mr)/r-

-{exp{--;1r)/r}{f + {/\'--m1,/41J I . (1.14) 

MJi yza 0'1'M8'118Jlll, 'IJTO BB8,1t8Hl!l8 MeSOBHOI'O q>e>p,l})aKT<>pa JJBJIS18'1'CS: 

q>eHOM&HOJlOrH'l!ecm>:lt JJp<>qe,ttYPOi. ~aa~qe,nypa peryJI.RPHSanmt IV ;1/ -
uoTeHIJ;Hana npewrozeaa B pa6o'fax . ' 7, B mropHX o6cyz,u,aJD'l'ca llOS

MOlmOCTJI no.ttc"leTa ,ttHarpaMM c MHoro11esoBHl:DOll o6M&B8Mlil B pmm.ax afmo
H8Jll,BOI'O npu6JIDemuI. Ilo-BH,ttl!IIOMY, &Ta DpOqe,ItYPa peryJmp0'San;IDJ 6oJlee 

ipHsl'I'lllla, ee mi pacc1i1>~ma B CJI8,11YDlleM naparpaqie.x> 

. Ilpo148JtYPE1 DOJJY"l8HWI 0BE--II0'1'8~ (I.a) - (I.13) B BOOp,ttHBai'

BOII npe,nci'aBJI8HBH BKIIIR8.8'1' ,ItBa IIpJ16JnmeBW1: .ecnOJI!>syeTcs: a.nza6aTH-
~z Mz -"18CBX:>8 ~dJIDeHH& 9, < < (r.ne i - O'l'BOCH'feJILHHlt HMIIYJIJ>C 

syKJIOBOB B Ba"l8Jll>HOM COCTOamnt) JI HI'BOPHPYJl'l'CS sqxpelt'l'H sanas~ 

(CK., B8IJpB118p, pa6oTB /4, 31/). 
lbClt0.IO>lrY B ,tr,aJU,B8lllleM BaC 6y,ey'f BB'1'8p8COBa'l'l, asepl'HH B Jia6opa-

'1'0!)HOI c.ec'1'8118 m:>0p,ttaBa'l', se npeBHJDaJQBA 450 MaB, ypamieue JlHpaxa 
(I. 7) ~ ,Jl;BYX B;yJtlIOBOB I JI 2 110380 pe~Ban K ypa.BH8BID> 'l'HIIa 

Bpel'r~lla..VJDJ, y-qHHB8111t811Y pe.1lJl'l'HmlCTCKH8 noupaBKH C TO'IJHOO'l'LD JlP 

( ll>ci ). 
X) . A/A/ 

¥..CJIOJil,8YJ>'1'CJi B 6oJle8 DpOC'l'H8 cnoco6H OIUIQ~ IY /JI - CHJI Ha 
0'118RL !:WiliX paCC'l'OmtHJDt: 'l'alt B ~Te /W BS{UD,l)lt8iCTBH8 llO BlJY'1'
pem1e2 06Jlac'l'B ( '1'01Ui88, JipB , ,-~ o, '5 irel)MH) OIUICHBa8'1'CJl 9 JIO
MOIIU>J) 2C'1'1!0IO O'l'TammBS.TeJI!>BOI'O ItOpa ( "0ecllX>B8'11HOI: CT&BK0'", • 
PR.WC :BO'l'Oporo .fDWI8'fCJi JIO,ltI'OHO"lBHM napaxe'l'l,)OM; HCJIOJII,SYJl'fCS: 
'1'au8 H8Jl01tSJILBH8 0'1'TSJmHBa'J.'8Jll,BHe ICOPH, B 8TOM c.xryqae coo6paxe-

H
BJIS KBS.PEX>BUX 11),neJiel 11:>ryT 6Hn JIOJl8SHH IIpJI onpe,neJiemm qx>!lMH 

8.lIOKa.lLHOC'l'll, EX>'l'Ol,)aS ,ttOJIDa 6H'fi> HCJIOJII,30]38.Ba Ha o-qem, MaJIHlt 
pacc'l'Ommsx IIPH (lieHOJ18BOJ10I'll'll8Cm:>M oDBcamm. 
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I 
1I 
pl 

I! j 

Mu B8 6yl].e'JI. OC'1'8H8~TLCJI Ba OTBX npeodpasOBaJDISX (omr Jil3JJO-
zeHH, B8lll>JOl8p, l3 padoire ) JI II})D8lJ.8.11 'l'OJI&IIX) OIIX)JNa1'8Jt&Bld pe-

SYJlL'faT. ~ JJPHCSJmzemm ( -1r}f .e < < i ) ypwmemre (I;. 7) DI>Ilml
MaeT BJl1{ ,.j/: -

[ /5jf'M-,. Ji ½"M _,_) "\(., {r;, J,; ,f, J_.j/f fr:1,)£3) 
mesons (I.IS) 

· -1- d !,r/..- ~. t) 
==ilz Jt 't1(t;.,J1.,·r;.,J2..,· -J1 

r.u;e BSa.BMOlJ.e!c'l'B.He ~t" M8W .ItBYMS JIYKJlOHBWf .11acco1 M BMeeT 
mm . 

½,t= i[ (r)+T{(r)(~ i)-1- T{sf)FS-1-

+};(i)~~+¼{r)Vz-t- Yv{;)(~~J 
(I.IS) 

~•__,.. __.,. ~ -::), 

rl].e r-= ',z = r;- ·1z -· l)aJtllYc-.Belt'l'Op, C08JtBHJDJl!ld BylQ!O~ ,e = §.2-= ·. 
= {JJ;-AJ/2 - OTBOCJ1'1'8JWIHI .lllmyJlL~BYltlIOBO.B;_f,-==rx;:, -
yrJIO:eoi MOM8B1' OTBOCl!mia.m:>I'O JtBDelWI; ,S = },z' f6;-,..g;) - OIIfll!lTOP 

IIOJlBOI'O cmma JIJJYX B:/KJ!OHOB;,5,2,=[(3/r9_(6--;.r)(eC·?7- (~• o;JJ
~OHBOpmdi oueparop; Bll'lJ. ~ K (r),1 ¼-(r), 1{

5 
(r-J,, . . · 

Vr('1, T{ (r} Vv (I-) OIIpa.IteJlJleTcs Dl>OCTpaHCT.BeHHO-J3ll8MeHHLOOJ c:eoit-

C'l'llaMH YeSOHOB odMeua. Ilp.Jme.n;eM l3BJUW-I B ~ IIX)lQ'IOHeB!cy (I.IS) · 
p8.8.llFIHl,IX Me30HOB. Cxa.7rspBHe MaBOm.t: . . 

~ (t;)~V5(r-J+ CL z <( vzV5
{r)7~ ./ 

¼(,)= D; v;_ (r-)= 0,)-

V 1,-:l= _ _f_Qz_j_ dV5 

Lsl'J _z r- dr.,) 

IO 

(I.I7) 

(I.IS) 

_ ~ (r) = Q 
2 V

5
(r); 

Y- lr)= a z _1_ !!:._ Vrr) vl' r dr-

BeK'f0pBH8 .118SOBH: 

~(,)=-V(r)-; az; <-7-'Vv(r),>; 

1{,{r)=-1 a~{/+{)\ v11,Vv(r );,~ 

V /,\= _ ~ ~ 2ff + !J:... f) _j_ cLV( r) . 
Lsl' / z { 1 

3 CJ r- d r- ,) 

v... (,'= _iQ fl{1+ _!_J2r-!:!_ (1- dVV(r:)). 
r I Z CJ . dr r d r- ) ) 

i (,)=ozVv( r); 

v_ /r-'= 2-_j_ dV(r-J 
vl'I Q r- cir- . 

llce~citaJIJIPBBe uesoBH: 

Y(rJ==-\{5 {r)= ~{t)= ¼(r)= 0:, 

II 

(I.19) 

(I.a:>) 

(I.2I) 

(I.22) 



... 

i.: 
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, T ( } 1 fl ~v P. y,_ ,- =--a (V (r-)>. 
6 /Z I ~ 

V_ (,)=-_i_az,2_J_!!_ f _1_ JVtJ) 
r 12 r dr- (r- dr- ) ~ 

.e 1it'2 2, < "> •. 
r,1te a = 1/M c ; / YKaSHBallT ua ro, 11ro .1teicTBHe onepa'fCl-

pa y7 2. He pacnpocTpaHaeTCJI Ha~. CTOJilltllle BHe 8'.l'llX CROCSo1t; · 

f B fl - ROHC'rall'1'H COOTBeTCTBeBHO TeHSOPHO:I H BeRTOpHOit CB&Sl! 

BeRTOpHOI'O MeSOHa c HYitlIOHSMil (cu. (I. 5)) • OmeT.BM, 11TO OT,lt8m>lme 

CJiarae.r.me B BHpazemm (I. IS) He 8}lWJTOmt, :XOTJi 8TOT oneparop B 1teJ1>11 
8Iml'l'OB. ST0 CJIO.Jzy8T llrS roro, 11'1'0 ,wI.11 CltaJIJU?HHX MOSOHOB oneparop 

(I.IS) c y-qero.11 CI.17) - (I.20) M>Zl:IO C:OOCTH It CJ18.IIYDII~ lllf.JtY! 

V(r)- J Q t(p 2V(r)+ V(,)f J-
I z s - -.s 

-4a wzv (t-)>-..!_,/_!_ dV(r-) l? 
,e r- dr-- ~ 

BC8 It0MIIOH8HTH ItOToporo 8l)1,mTOBH. 

JlM .B8lt'f0pma 111880:EOB CI.IS) JI (I.2I) D88H 

-V'cr)-j a 2{f+: )<v 2V(rJ>-

-; Q
2[p 2 Vfr)+ v7~)po/-

12 

~fa 2(1+f) \ V
2 V '( r ),> S,- ~-

-1 ,-2,/f .- f). 2(d 2

Vv j dVV)s· 
__ Q (,+--· -----12 .· · f d r 2; i d r- 1z -

- 3 a.'(f + 1f fJ'_j_ dVv {ff 
z ·.O • 3. j J I d r- .. 

(I.23) 

Ome'l'BMi 11'1'0 noTemtHBJIIl CI.a) - (I.IO) :a cirairH1IecxoM DPOMJie 

( % -:-;:,- 0 . ) CBOJt!ITCJi K 0118~ DJ)OCTHM BSMM0.1telcTm'!JD4: 

5 vv ' Vs ==V Yr)~· Vv=-- (r); °¼ = D, (1.24) 

a· oi:Ieparop (I.IS) npe,1tCTaBJ18H B :aane CyMMH CTaTH'!8CitOli 1IaCTH 

(1.24), He saBHCJDitei oT cR0poCTll, H pe.rurrmracTcIGJX IIOilPaBOK (nopsv:uta 

· ; ll" ;/ c z ) , IIPH1I8M C'fPYK'fYpa oneparopa ( I.16) Tam:sa, -qro ,IJM Ra-3-

11,oro Tma'M880Ha DPH sa;rr,amna fl , f. ,. m H Jl BCO P8JIJITH

llCTCK.ll8 UODP8llltB (cnim-op6H'f8Jll>H!i8 H T8HSOJ)HH8 CBJW B TOM "iHCJle) 

olJ,H03Ha1DlO onpe11,8.lIHJ)'fCJl cTaTH'!ecltmi · IlPBlJ.eJIOM · cooTBeircTBYDllero OBE 
-OOT8~8.ll8. ii B8 . 'fl)86YJ)T 11,0IIOJIHHTeJU,HliX IIOp;I'OHOtJHHX IiapaMe'fl)OB IlPH 

IICilOJll,30B8BlDI 8'fOI'O oneparopa ;nJUI' OmtCaHWl HYMOH.:.uyRJioHHOI'O pacce

'snm.si R1llI »· ,moro118.CTH1Dl<>! sa,u,a-qe.-· 

B xa-qecne 11830HHO! mop,IOraam Q B (I.I) 6WIH paCCMOTp8HH 

IIC8B,Il,OCIUl.lIJiPH08, BeKTOpHOe JI clC8JIRl)HOe IIOJIJl, COOTJ38TCTBYDI!II8 0030HaM 

CO cmmo11 J ·, ~ 0 H r. B HacTOJl!ll88 :epeMH o6Hapyll8HH 'faltllte Me-

30HH c J:J>·Z (a1tCHaJil,HO-B81tTOpBHe, Teasop:ime), o.ItBSRO,mt Maccu· na-
. C'fOJII,RD :eemnm, 'q'fO o6MeB 'farun.m M830Ha.MK IlPBlJ.C'fa.BJUtBTCH HecymecT

B8HHW4 ;nJlJi HYMOH-HYRJIOHIWX BSam.t:),11,BitC'l'Bml HHSIGDC BHeprd.. IbaTOMj', 

Kalt Il!)aBWIO,' pacCMS.'fllHBSllTCH TaK Ha.Su:saer.me PV5 - r&:ilJ,eJIH Jll;V
noTemtaSJia, BJ.tlIIJ1IB.lllle B paccmTpeHHe nceB,IJ,Oclt8JlHI)HHe ( JP= D - ) , 
BBR'fO,PHHe ( J p = 1- ) H c~e ( J p = 0 -t- > Me30ml H pe30H8HCHo 

. B HaCTOJDllee :Bp81Ul'OTiqll,l'l'O 759/ -qenrp~aTb 1resoHOB l! pesoHaH

COB . C J.~ -/ • 0,11,lUlltO He :ace OHH 1™8D'l' 0~3Ha.1lll0 ycTaHOBJiemme 

ltllaH'l'OBH8 1UICJla~ OcHOBHOit' lia6op MOSOHOB II J)OSOHallCOB C J ~ 1 , Ha

. '1.litl;rr,aDIUDCi:-H 8RCil8:pm«eHTSJil,HO, npee,11.BH B Ta6Jlo I. 
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r 
B cxe.uy OBEP-M:>;zteJieA HS ocBOBHOl'O Ha6opa Blt1Ill'la8'.rCJi o6ueB craa

JUll)lmlm 11esoHaMH, $:' , i , p , W H ~soHaMH (BeIU>TOPH8 

aBTOPH ue pacc.Ma,:pimall'f o6M.8B ~esoBSJm, y,m-nmaa B1tJlSJt aroro m

soBa EOCBeBRO iiepes 8qq)8ltTHBBYI) ItoBC'.raHTY l() #. - CB$!3JI). 

· !If :.. MeSOHH OIJpeJteJlBJl'1' ;r,aJII,BO;ztelc'l'BJJ.11G'D 118.CTI> # JV -noTeuqHa- ! 
.na, eTa BDMIIOBeBTa ;VJV - l33aBll)Jt8:ftCnm:a: (OPEP) 011eBI, xopom .11sy- } 

118B8. .II Bl(JIJJ118JI8.CI, pauee B lt8.118CT.B8 0,11;BOI HS BOMIIOB8B'l' ~MeBOJIOrll- l 
11ec1tHX W,JteJiel JV tV - DoTe~a.na. l 

MBome QBEP-M'),It8JUI Blt.7IJ]tl81)T o6MeB c~ MeSOBaMJI, ROTOl)Hit t 
BllO.JtH'.rCJi W1Ji o6UCB8BWI lll).IITJDIBBWI l3 .N Al - DO'.resmJaJI8 Ba M~-
TOtJBHX paccrosnumx. 0.ItHaRO lllJ.ItOM aBropo/5,8,47,53,54,58,60-~;2Q:-23/ . 

6Wio ;umo 6oJiee ~.011ecme o67>liCBeBHe eroro lJPH'l'SlieBWI, cBasaBBoe c 
1
~ 

l3I<JDD118BJl8M ,ItByxII.IIOBBOI'O o6MeBa, TP8XWDl8SOHBltlt o6MeB B B8EOTOpHX 

MO)t8J.UIX. HMH'1'.liPY8TCJl Cita.1IJIPBl,IM-HSOB8KTOPHHM .P- M830BOMo 1• 

Ta6JtmtaI 

MesoBH H pesoHaBCH C J ~ 1 (I - HSOTOllCimH/
59

/ . 

-;---z o+ • o- r 

O· 2. (549MeB) 5~(980MeB) cJ(783 MeB) 

. 6 (!300 MaB) ¢ (IOaJ MaB) 

cf ( 980 MaB) · i 1: Jr (140 MeB) pC770 MaB) 

Do uepe ~Heblero :yMeHI,lll8BWI Meimylt)IOHHoro paccTOSHJl'.Jl Bitlill1m- I 
e'l'CH oT'l'aJmKBatme, cos.ItaJ3ae11:>e Belt'l'Opm,ll,l-HSOCR8.lIJ@HliM lJ .-MeSOBOM. l 
0asoBHit aHSJlJIS YDPYI'OI'O IV JV - paccesmm (B imcmoc'l'll, xo.It $ ~ 
B saBHOHIIJCTH oT aueprd c'.ra.mtHB8JIIIHXca: 11ac~) noitaSHBaeT,. 11roAl;V- ·· 

DOTeBqHaJI BO BHY'.rP8BB81 o6Jlac'l'H aBJIH8TCJI OTTaJlltllB8.TeJII,HHM. 
MH Y'/18 omeTJIJll!( mmie uexorop:rm.. oco6eBBOCTH oDHcaBWI JY Al - Bsa

lfK>;ztelc'fllltll BO :imy'.rpeHBel o6Jlao'l'H • .UUS HCCJI8)XOB8Bl!Jl Dapall8'.rpOB, OD

pe;zt8Jll31'1llHX BHYTP8BHD> o6JlacTI>, HS-Sa oTcyTcTBlm :tteB'.rp06eDOI'O 6apI>e-

pa (XO'l'OPHI axprumpyeT DOB8;1t8mf8 DOT8BIUI8,1la Ba J&9.1IBX paCC'1'0~f 
BaH6oJiee llO,ttXO,ltllllt81t SllJ1Jl8TCS: ClmI'Jl8THSJI . f ,5 0 - qe.sa. B pa6oT8 O/ 
WU! HC~f~ ,S - qasoBOI KPHBOI HCDOJII,Sy8TCS: MeTO.It qasoma: 
~ 6 6S , lJPH 8'1'014 DOJzy11a8'1'0SI Pmt DOJ18SJWX or.paHl!"lem!it Ba xa-

paRT8}1HH8 napaMe'fl)H OT'fainwBa'1'8JIDHOrO ROpa (:BHCOTY, pa.ItHYC) , ec.im 

l!SB8CTBO DOB8Jt8Hll8 DOTe~a.na B llp0M81',V'l'O'tJIIOI .H Jm81!1H8il: o6Jlactmt. 

,luISi OllHCalll'Ui DOB8;ztemm # # - noTe~a.na Ba 011em. Ma,lII,IX M8llt-

Hj'ltllOBimX paccTO.f.ll!HJ'JX ueo6xo;ztm&> pacCYJTPeHHe ;nammx npH 6oJiee mi- .. 

COltHX aseprWIX, mr.na p8JIJITBBHC'1'CKl!e ~ CTaBOBJITCJI 8lltf3 6oJiee /' 
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CY1118CTB8Bm!MII 169• 7o1. Heo6xo.niwo llO)t'l8JlKHYTI./IO/, ll'l'O TeopeT!rlJ8C

K08 H axcnepm&eHTaJWJOe uccJie;,xoBSBJle ,,Y N - BSSJ!IMO.ItelcTBWI DPH :m.
coitHX 8Heprl!JIX J{Jl'.SI BHHCH8BJIJICBO:ftCTB 3'1'01'0 l13EUDIO,It8i\C'.rilWI Ha~ 
paccToJDUJBX .u;o.DBo coIJpOAo~?cs Bsy11emrew coolcTB JIN -, N!V -
B ~r.ax ll38JIMJ.D;8i1C'1'13d I- 5 • OmeTDM TaitlB'.8, lJTO B pa6oT~28• . 
76, 1 o6cy~eTca P8JIJITDllC'1'cxoe IJpOzcxoz.ri;emre OTT8JllamaTeJiI.Horo RO

pa H UORa3lraa.8'1'CJl, "ITO o.itaomoHH!d 06MeH T8.Pe ,Ita8T BM8,D; B OTTSJI~ 

KD8HB'8 Ha M&JmX · MelKeyRJIOHBHX: paccTommm:. 

· Bee P V 5 - MO.u;e.m co.nepzaT TazcyJJ xoM6mranm> Cia3JISlPBWC H: »eK

ropma llOT8BIUlaJIOB, "ITO maee'l' M8CTO qac-r.111mas: KOMII8BCa.rtB'Jl CHJII,HWC 

lllll1TJiI'I!lla'l'8JlI,HOI'O, C03,Italla8K>I'O CKMJiPBl:iMR M830H&m, H O'l'TaJI1WBa

T8JlI,HOI'O, cos,ItaJ3aeMOro BeETOpHWm MesoHmm,· CTaT~eciWX 1l.lI8HOB (mtea 

TaROI'O THIIa MO,It8JIB' 6wia l3HCKa3aH8. BnepBUe Ipmro,, .. ,s/) , Trut 'tt'O pe

syJII,Tl!!)YD!IIII (npBTJiI'I!BaTeJII,HHI) CTaTl!"lecltd DOT8BIUlaJI OfflOCJIT8JlI,HO 

MaJI. :3'.ra ROM6BHa.rtB'Jl npHl!O,ItHT TaKllte K Jl88RO}.\y Y:B8Jll!118HID:> p0JllJ J)8JlJl'1'l!

BBCTCltHX ~K'l'OB ll' HYXJIOH-H;YMOHHOM l33rum>.u;e:ac~ .u;ue Dl)H lWSKWC 

8Hepr.asx (peJIHTmuICTCKHe nonpa»D UOJ)JJ,IUW. tr;f z , CBaSaHHlie C 

o6MellOM C:a:aJlllllHHMH H B8RTOPHHMH M830H8.MII, onpe.u;eJlBJlTCJI 011em, CBJlI,Hll-. 

WI C'l'aT.14118CKHMI! "la.CTm.m: COOTB8TCT:iJ'DIIBX OBFrnoTeBitHanOB H, B OT~e 

OT CTaTB"IElCKIX 11aCT8it;·EMellT 0,ItilH8XOBH8 SmutH), Taxoe npoJIBJlemte pe

JlJIT.ltB.IJCTCltHX 8q)q)8KTOB np.BWl'l'O' Xal)rut'l'ep1,isoBaTI, ltalt "MaKcm.l8Jll,llllfl pe-

M'l'HBHSM". • . 

O'fueTm.1; • "ITO B pa6oTaxfIS, 20-23/ DOCTp08H!il MO,Jt8JIB' OBEP B lCOOP
.IUmaTHOM npe,ItCTaBJiemm C pea.1.1'.HCTH'IeClUW Yll8'1'0M _J) - M830BBOI'O. o6-
M8Ba H CitaJlH!)HOI'O - Rl'SOCRaJlSJ)HOl'O 2:l[' - M8SOBHOI'O o6ueHa, npB 8TOM 

BK.718,D;H B UOTeBIUIM llOJlylJ8HH Ba· OCHOJae 8KCD8pml8H'.raJII,Hl,IX qiasoBHX C,ItBR-

l'OB <;,[Jt_ paccesmwr, aqqieK'l'H "MaXCHMa.lII,HOl'O J)8JIJl'1'BBH3Ma" '1'8U8 

lip.llCYJ]ll! B 8'1'IDl1 MO,lt8JIJIM. 

Cymec'1'liyll'1' PeJI.a:TBl3HCTCKH8 a@eX'l'H .D;PYI'OI Ka'1'8I'O.Plm, onpe,1teJJ'.Jie

MU8 '1'8pMZllOM"wmm.wll>HH.ii p8JIS!TmmSM!' 8'1'H peJIJl'.rH~CTCIGie 8qlp8X'l'H C:M-

3aHH C y11eTOM peJUl'l'RBHCTCKOl"' coomomeHHH M8ZJ:IY 8H8Jll'Heit H m.myJII,COM, 

YCJIOlU!Jl JiopemteBOit ROBapilSB'fHOCTH .I{ '1'.n. HaKOHext, peJUITmuICTCKHe 

DqqleltTH lUtlW"IU>T yqeT 38lla3.mmamt/'I (KOH81DIOCTH BP8M8WI pacllp0Cfll2B8-

im.. 1'!830Ha 06MeHa), KOTOp08, UO-Im.rtlM)JAY I B8CI,Ma CY1118C'1'B8HHO lJPH HC

JIOJ1I,30ll2WD! ST.ax DOT8HitHaJIOB ll cxeMe :xapTl)H-40Ka Dl)H pememm M!:IOI'0-

11ac'1'H11HO:ft 88,Ita'li i B "laC'l'HOCTJI, ll HaC'1'0Jillt88 Bp8MJI IJpe.D;IIOJiarae'l'CH, "ITO 

llMeBBO npeHe6pezelll!e sanas,ItHBaHHeM ll DOT8Hitl!aJI8 O,ItHOlllIM830BHOI'O o6-
M8Ha ll 4()Jl,f8 (I.13) IIpHBO.iuJT K KOJIJiaIICY H,ZJl)a npa Dl)01:l8,Jt8Hml'. peJIJl'.rH

:Bl!C'l'CRO! Dl)O~e.u;yp.u Callk>COr.n:acoBaEWH (CM. !!De)~ TeM He .M8Hee MHOrHe 

MO,Jt6JUJ 0~UOT8HitH~OB B ROOraTltoM IJpe.D;C'l'aBJI8Hlm1 npe~llteBHH8 It 

HaCTOJmte.t.(Y BpeMemi'16• 25• 37• 81 , sanas,IUlBalll!H He ytmTHBSJm, 6oJiee 
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Toro, cimTaJioc1>, 'ITO Y1IeT a<ppenoB sana.~.wraaBH~ :s xoop,IUIHaTBOH npe.n;

CT8llJiemm B III>mnume HellOsMOxeH. 0,IO:IaRO B pa6oTe7
43

lcsBJio noxasaao~ 

11TO Y116'1'- 8alla3~8JUU{ MJllHO Ocyilt6CT.BBTl> B B ltOOp,IUIHa'l'HOM npe.D;CTaBJie

HBB, a B pa6oTe 
46

,nocTpoeH OBE-noTeHIU!aJI B BOOP.IUIHaTHOM npe.n;cTailJie~ 

BBB C y11eTOM sanas,nHBallWi, Tell He MeHee BCIIOJII,8OBaHH8 .l!MIIY.lll,CHOI'O 

Il]?6~T8llJI8HWi :Jl,1ISl 8THX l{eJieit ·oCS.im.n;aeT HeBOTOpmm npeHMYJf].eC'nJ&IB7Zl/ 

(:s noCJie.n;Hel pa6oTe paccMOTi>es OBEP B .l!MIIYJU,CHOIII npe.n;cT8llJieHHH, yqa
'1'HB8JllllHi sanas,u;imamre) • K HaC'l'OBllteMY llP8MeHH IIOCTpo8H l)HJ:t OBE-noTeH

UBaJIOB B ffldIIYJll,CHOM H KOOlWlllaTHOM npe.ttCTaBJiemm; Pa3JIH1ml,16 MO.IteJIH 

OBE-noTeHIUiaJIOB xpoMe npe.n;cTaBJieH.Wi (zroop,IU1Hamoe HJIH m.myJU,CHoe), 

OTJm'iaDTCJl Ta!Ole MaCCSM.11 H llX)HCTaHTaMB CBJIBB HeKOTOPWC M83OHOB oCSMe

Ha, npoqe,Dypoil peryJIJij)H3~!I H Ka'leCTBOM :BOCDl)OH3B6.It8HHJl axcnepmteH

T8Jll,HHlC · .n;aHHHX no N i\l - paccesmm> H c:sottcTB H.n;epaol Ma.Tel)BB. 

IloTeHIUiaJIH O.n;HOCSoSOHHOI'O oCSMeHa CO.It6plE8.T HeCSoJil>IIIOe no CpaBHemm 

C lp8HOM6HOJIOrB1leCRRMH IIOT6HlnJ8J.18MlI 1ll'ICJIO IIO,ttI'OHO1UIHX napaMeTpoB 

(5 + IO), HM6Jll!HX 118TIW1t cpH3H116Crunl CMl,!CJI {IIO,ttI'OHOtIHHMK.IIapaMeTpaMH 

JlllJllIK)TCJI: napaMeTl)H oCSpesaHBJI, KOHCTaHTH CBJIBH CKaJilij)HHX, ..P -. 
l<} - l!J:. 9J - M83OHOB .II MaCCH CKa.JIJij)HWC M630HOB) 1 .H OllHCHBalD'l' 

(SoJU,myD COBOKYIIHOCTl> axcnepHMeHT8Jll,HHX . .n;amwx; CBO.ItKB. M63OHOB H na

paMeTpoB HeltO'l'Opux NO.I(eJiel OBEP B KOOP.Itl!J:HaTROM npe.I(CT8llJI8HBB, KO'l'O

pue MH/ffiM ~rOJII,30BaTl> B ,I(8Jll,H8:AllleM, npne.n;eHa B Ta6~e 2 (CMa 
P?6oTH' ' 'l • B 8TO:lt Ta.CS.11.Hqe JJpl!J:Be.n;eHH B Ita116CTB8 npoepa napa

M6Tl)H MO.iteJiel OBEP, paamrmx lpmtoM c COTPY,ItHBRaMl!J:; 60.nee co:speMeir

HHe. J.!f>f ~ arol rpynnu H me napaMeTl)H paccMOTpeHH, Halll).HMep, B pa6o

Tar 
2,:' • !Jo.I(l'OH011Hlle napaMeTl)H I RaR II:PaB.HJIO, Onp6.I(8JU!DTCJI .HS OIIB

C8Hl!J:Jl N ff - pacceJIHl!J:Jl B lllHpollXlM 'Ai!aIIasoae aaeprd (0 - 450 MaBJ .~ 
coolcn .r,;elTOHa ( aHepr.HH c~a, ItBa,IU>YIIOJil>Horo MOMeHTa H T • .r,;/14, 91 h 
!Ip.ii 8'l'OM Ita11eCTBO OIIBc8JJJ1Jsf27I He YCTYIIa8T Ka.116CTBY OIIl!J:CaHl!J:Jl, IIOJIY-

116HBOl(9' C O,n;HJ!IM BS JJY'Dlll05J6HOM6BOJIOl'liAeCKHX IIOTeHIU!8JIOB - IIOTeHitHa

JIOM Pew C Mlll'KHM xopoil / (npneM IIOCJie,JtRd He onpe,u;eJieH 1I,1ISi J :;:,3). 
S,u;ec1> MH ae CSy.n;e11 no.lij)OCSHo ocTaaaBJIHBaucJI Ha OIIl!J:CaHU cBOICTB N JV -
Cl!J:CT8111i lil m.n;e.nsa: O.I(BO003OHHOI'O oCSMeHa (noJIHHI oCSsop CM. B pa6oTe 

I 4/). OTMeTHM, 11'1'0 y.n;oCSm,w annapaTOM )],1IJl pemeHHJI arol sa,u;a11.ll mwieT

CJI ~~oTeHWJa.iu.HHI no,ItXo.u;, pasBHTHit A.A. lforyao:BHM H A.H. Tamce

J!H.I(se 8 • BOTOpul IIO8l!OJ!Si8T e.ltBHHY oCSpasoM paCCMO'fP8Tl> ,ItBYXHYMOB

Jcyll sa,1taqy DPB H.IISIWX H BHcorua aaeprHRX. OcoCSeHHocT1> aroro no.JtXO.na 

3aRJil'l'l8eTCJl B TOM, 11'1'0 ero ypamiemm SaIIBClmallTCJl B Bl!J:,IJ;e, ltOTOPHll 

IIOSBOJ!JleT BRJlD1i.11'1'I, peJIJl'l'BBHCTCKH8 lU!BeMaTlAeCDe aqxlle1t'l'l,I lil ~yXJfJK

JIOBHOe ypuaeHHe z JV IV - IIOTelllVISJll{, -r.e~ c caYOro HalWia 4JOPMYJm
polila"r1> 38,lta'lY C IIOJ!HHM yqeTOM P8JIJl'l'JIBBSMa. G.ne,u;yeT OTJ18Tl1Tl> T~ 

:aapBaH'r Iala3.IIIJOT8JIItl!&1ll,HOI Teopmr pacceJIHHJl, paslilimd B.r. lfaJnmeB-
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CKHM C CO'l'l).,~~~
3
/ (o6sop OCHOBBHX ~A KB83mIOTemtHa.71bHOl'O lIO,ltXO,Jta 

.ItaH B l)a60T8 ) • ILIIo)40'fBOpHOCT:& lJPm.leHeHRII KBa3mIOTemtHam,Hol'O 

DO,ItXO,Ita x npo6JieMe Me~XJIOHBBX CWI OTNe"iaeTCJI B.B. Fa6mt0BHM H Ilait 
Eea Il!poM :a pa6oTe 1851 (CM 'l'aDe pa6oocyl86/). Ilap'fOBH H Jb'/IJIJaf 62/ B 

pm.max TaROro no.n;xo,nal8I, 87 / ~ ;VIV - nore~, y,mTHBaJ>-
llld .ItBYXIJHommff o6Meu. B ;ooTe (c.M. ·;a.De pa6oocy 891} ypaBHeH11e 

Ka.D;umeBCKOl'O-MaTBee:ea.1
82• ✓ HCIIOJll,SyeTCJI B PaMltaX CXeMH O,ItB06o30B

BOl'O '°6Me~ ,lt/1fl: OIIHcarum: BYRJIOH-BYXJIOHHOl'O pacce.!llmJI (cM. Taiate pa-

6oTH' 
24

• 
39 

) • HHTepecBHe pesyJJJ,T'TH i/ pawrax ltBa8mIOTeHIV!aJl1,HOl'O 

IIO.ItXO,Ita IIOJIY"ieBH TaI<Ze B pa6oTax 90 • · 
B pa6oTe✓69/ ,lt/1fl: pemerum: PeJIJITHBHCTCiiOA Sa,Ita'ill lJ:iJYX T8Jl B qx>p

MYJlllPOBK8 .Ka,liwneBCKOl'O npRMeHeH Me'fO.It EeATMaHa, pasBHTHA l)aHee ,lt/1fl: 

pemeHHJI ypaBHeHHJI J!mmMaHa-lIIBm!repa, np.11 STOM IIOK838Ha BalQiaJI poJII, 

PeJIJITHBHCTCl'WX Sqxp3KTOB B ,ItByrmC)TH'mlDC CHCTewix ,Itaxe npH HH3IWX 

SHepr.HJIX (Ra.K np.11 pemeHHH sa,na-q pacce.!llmJI, Tax H Ha CBJISaHHOe cocro

mme). B!m:IOCTI:, peJlJI'fmmCTCRBX 8qql8R'fOB D STOM CJIY'qae MOiltHO IIOHJITI:, 

HS CJle,tzyDIIHX Ra"ieCTBemmx coo6pazemtl!:. Cwn,soe EOpoTRO,tteACnzyJ001ee 

OTTaJIIWBaHl!le, npHCYll!88 BCe.M peaJmCTH"iecmw HYlt1IOH-HyXJIOHHJ,JM IIO'l'e~

MaM, IlPHllO,ttHT K TOIJIY, "iTO BOJIHOBBJI ~ ]I)l9X BYRZIOHOB B ,,8 -
COCTOmutl! .ItOJDma 6RC'l'l)O HC"i83aT:r:. B OT'lamGraaillteB 06.:aacTB, "iTO 8KBB

B8.lleH'fHO B03HBKHOBemm B q\Y~ EOMIIOHeHT C 00.1lldllHMll mmyJll,CaMiJ 

OTHOCHT8Jll,HOro ,ItBU8HHJI "iaCTmt. 

B SaitJIIO'l8HH8 OTMeTHM q>OpMYJJ:BpOBit;V PeJIJITHBHC'lCKOit KBaHTOBO:l! sa- 1 

.tta1ll! lf:iJyX TM, am,TepHa'l'Hl3llYJ3 ~e~ EeTe-Co.mmTepa. 3Ta q>0PMYJIH

pon1ta 6a1.1a pasBHTa B pa6oTax:'
9 •39•921.; B pawrax STOI'O IIO;IOCO)la: Sa,Ita

"ia B3'1tllOH-lfYltllOHHOl'O paCC8.!llmJI lW:>lEST 61:l'l:r:. IIOC'laBJieHa (B CHCTeMe 

~eu'l'l)a Mace) aH8.llor.lfllHo HepeJI.1ITHBlfcTcmA q>OPMBJil,HoA TeopmI pacceJUWJI. 

3Ta qx>PIJIYJJ:BpOBlta OCHO:eaBa Ha BOSMOJ.liOC'lH BBe.tteHBJI PeJlfl'l'BBHCTCXOl'O 

aHaJiora oneparopa Mwepa. 

OCHOmmaR:CI:, Ha pesyJJJ,TaTax pa6omf'
9I/, IIIHpxoJU,/39/ .It0Ea38JI cy

ll!eC'l'DOBaHl!le 06o6111emwx oneparopon Mwepa IIPH ,ttonyil!emm, "iro noTeH

~an: Y)40BJl'.8'fBOPJie'l' onpe.tteJieHBHM HHTerpam,IWM YCJIOBMM ,H lIOJIY"iHJI BHe

MaCCOBOe 'l'l)eXMePH08 peJIS-ITHBHCTCI{08 ypaBHeHHe Tmta JlmmMaHa-IllBimrepa. 

B aroit qx)p.cy'Jmp0BK8 Ha BSaHMO,tt8:AC'l'l3H8 lJ:BYX '!aC'l'mt (xpoMe 'l'l)e6oBaHWi 

.ItOCTaTO"iHO 6HC'l'l)OI'O y6HBSHHJI IIPH Yl)eJIH'l8~ apryMeHTa) BHK8.KHX orpa

HH"iesmi He HaKJia,ttHBaeTC.S: (IIIHpxom,!(
39•40 

BH61)SJI JJO'l8~8JI Ha OCHOB8 

O.B.Fr-t&:>,tteJIH). PasJIHtIBHe aCII8KTH 'laliOI'O lIO,mtO,Ita 6Wffi?sJ3TH C.H. eo:. 
KOJIOBHM n o6cylll,JtaJIHCI:, m.1, B "iacTHOCTH, B pa6oTax'., • 9 • 

PeJIJIT.lraHCjCROe ~CBHBe lJ:BYXBYRZIOHHOil CHCTeMH .tteTaJlI:,HO paCCMOT

peHo B pa6oTax 
4• 5• 9 , IIOBTOM.Y w He 6y,tteM S.It6Cl, OC'laHaBJIHBa'l'I:,CJI Ha 

aTOi npo6JieMe no;a;po6Hee. 
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OTMaTm&, "iTO OBE-noTe~aJIH )40JIYCKaJ>T aenocpe,ttCTBemmff nepexo.tt 

B N N - KaHaJI (syR11oa-a1mmyR1IOH) , npH sroM CBJIB:r:. Me~ N IV ·-
.l'I N JV - noTe~a.nar.m onpe,tteJIJie'l'CJI (J - 'leTHocT:r:.D ( (f - "ieT

aocT:r:. T8X ltOMIIOHeHT IIO'le~a.na, xoropue CBJISSHH C o6MeHOM HeCKOJU,Im

WI r,resoHaMH, onpe,tt8Jm8'1'CH RaX npo:asne.tteWie G - "ieTHOcTe:ll OT,ttem,

HHX 14esoHOB). 0KaSHBa8TCJI, "i'l'O IIOTe~aJI. CBJISaHHHii C o6M8HOM B8K

TOPHHWI-H30Cxa.n:a;pm,IMH 11esoaa:.m np.l'I nepexo,11;e .B N N - ItaHaJI MeHJieT 

sHaK, a noTe~a.n, cBJISaHl!lli c o6MeHOM Cit8JIJIPHliMH-BSocit8JlJiPHHMli Me

soHaMH, coxpaHJieT SHaR, "iTO npHBO.ItHUt peSROM.Y Y138JIH'lemm JJOTe~

a.lll>HOil saepl'IDI BSaI!IW),tteiicTJ3Wi B N JV - c11cTeMe, IIOBTOMY CJie,eyeT 

OJm,Jta'l'I:,, "iTO CIIeK'l'l) CBJISaHBm # # - COCTOJIHmi ,ItOJillleH 6HT:r:. :r2Pa3.It0 

6ora"ie, "ieM cnex'l'l) B ;ti IV - czcTeMe. CIIe1tTl) cocTOJIBHi1 B N N - cnc

TeMa C MaJ.IeHI,lWM ,tteqieKTOM MaCCH o6cy1f,Ita.7ICJI B o6s~e~
95/. paC'l8TH 

(npoBO,ItKBlllliec.a: C noTe~aJiaMB' Epaiiesa H ~HJtmmca · G ) npm3emr K IIO

JIBJiewm B 3TOil: CHCTeMe OOJU,!001'0 tIBCJia peSOHaHCOB H CBJIBammx COCTOH

H.d C He_paBIWM BYJID Op6HT8JII:,HHM M:>M8HTOM, npBtreM pesOHaHCH xapaKTe

pHSYJDTCJI cpaBHHT8Jll,HO 6oJII:,lllJiOOI SHa"iezm.rna O'fHOWeHHJI ¼r / r 
( rN jj - Jlll1IPHHa pacna,tta cocrs~ no Y!IPYI'OMY KaHa.ny, f7 - amm

r~oHHaJI umpHHa). B pa6oTe 'ill 6Wia C.IteJiaHa IIOIIH'l'Ra (,lt/Ifl: pasJm11-

HHX BaPHaHTO:& OBEP) . IIOJIYlllIT:r:. B Ra"iec'fl3e c:aasammx N N - cocroJilll!i 

Te Mesomt, ROTOpue nepe,ItaJ)T BSaBO.tteilcTmIJI B N IV · - RBHaJie (MO,D;~ 

~prm-HHra). Bee 8TH nonpocu nom;>o6Ho o6cy:r,naD'l'ca » o6sop~
95, 98 • 

§ 2. lJoTemtHaJIH O.n;H06oSOHHOl'O 06MeHa B HMilYJU,CHOM 

npe,IJ;CTaBJl'.8HlfH H npH6JIDeH.l'IO ailr.oHaJia 

Ilo'1'8HIV!8JI BSwm:>.IteitCTBlm HYR,l!OHOB B mmy.nr,csoM IlP8,Il;CTaBJiemm B. 

O.ItHOOOBOHHOM npH6JUIECHHB M:>ZST 61:ln IIOJIY'leH KaK Cyi.o&a aMIIJlll'l'Y,It .lt}la

rpaz,u ~l:mlaHa (cM. pllc. I), OIIJilCKRAJlll!HX npo~ecc o6MeHa CitAJIJIPHm.1, 

B8KTOpl!l,IM Jil lIC8B,Tl;OCltaJIBPIU,IM 1118SOH8Mil Melr,llY .ItBYMJI syitJIOHaMH 

<J/J;f/lV/J1;i2i>=L%(Zj~ f)J 
o( . . 

(2.I) 

. - -/ . . 
r,ne 9, Jil CJ,, - OTHOCHT8Jll,mdt l!MIJY.lll,C BYMOHOB ,Il;O H IIOCJl8 BSaHMO-

,ttelc'lBWI. AMIIJmocy,tta ,wIJI Mesoua o( mmeT BR.It: 

VO( (.;1; ;t; 1 ~ J11 J~ f) = 
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-

- (- ~/) ,-,(Z) (- _., n _ ;:---;;:-,) ,7(1} /,-?) 
=ll;t; -iJ'o<. u.Az -i;¼. UJ/-,{Cj Jlo<. U;i,tCJ,J/ 

r)I.e ll (if) ~ cmmop lb!pa.xa, OllHCHBaillllH! CB06o.u;mil HyK!IOB C m,myJII,

COM cf , r:x. - BeifflHBBY:lk oneparop HyMOB-Me30HBOI'O B3aRIM),ItelCTBHJI, 

~ - MesoHHlllt nponaramp. 

PHc. t. ,llaarpma,m O,ItH06o30BBOI'O o6MeHa. 

Cn.1.tolllHHe· JIHHJm O'l'Be'!ISD'l' HyKJIOHY, nyHK'l'.HpHHe - Me30Hy • 

,illIJi CRMJJPHHX Me30HOB BeJW1DIHLI r;__ H I&. HMellT BM,Zt: 

- p i -r; = / 4:J[ ;/s j .s == ~-.z-1-77------;
5 

2-_,} 
(2.2 a) 

,illIJi nceMOCKaJllll)HHX Me30HOB 

r; ~V4J( f/P L ifs ; I P - 2 
p - Ll 2 - lllp 

(2.2 6) 

,ll,In,BeKTOPHHX M830BOB 

(,= M:;vfr ; 1; =-JiJr /; {f-r q,) r- , 

20 

fl ttv , R, =- /J 2 ~IT/: (2.2 B) 

r)I.e r::v OTHOCH'l'CSI K B8KTOPBOlt '!laC'l'.H B3W!MO)I.eltc'l'BHSI, a r:.T - K 
z · ( , ¼z (--+/ -)z '1'8H30pHOI '!laC'l'.H (CM. 4JOPMYJIY (I.5)), 4 = Cjo -:-jo -=._ CJ, - 'J J 

Jio' - NeTJ)nec!Gtlt 'l'eHsop ( f/00 = I_, f,1= :fzz - $5- -1}. 

1)1.06BO OnHCHBa'l'l, CIIHBOB08 COC'l'O.Rlm8 HyKJIOBOB KB8BTOBm.t 'q,HCJlOM 

cJml)8.lll>BOC'l'H. B aTOM CJIY'!lae ~aKOBC!Gtlt cmmop npHo6peTae'l' BM.It - , 

~ E.-+-M)½,h 1 uJi(i;=f 111 · z;i 'l< ) /A>, (2.3) 

E9,+M 
r)I.e .:l_ - C06CTB8BH08 COCTOSIBH8 onepa'l'opa CllBpaJILHOC'l'.H. lb)I.CTaB-

JWI B!lpBZeBHSI (2. 2) .H (2. 3) B (2. I), MJlmO llOJJY'qH'l'l, ~ OBE-noTeB-- -/ 
Iti!BJIOB JmHYe llliJ)azeB.HSI -qepes OT~CHT8Jll,Hli' ~Jll,CH 'J, H 'J- RI 

CIIBpaJU,HOCTH .A. f , _;i .Z _, . .A. 1 , .A ,t • 

0,IUlal(X) ~ MHOrHX Dp.HJIOZElHHI 6oJiee y)I.o6Ho nepeih'.H K Dp8)1.C'l'aIIJI8-

wm yrJIOBWX MJM8Hi'OB. 3TO MOXHO )1.eJiaTL, HCXO.Itli .HS COOTHOmeB.HJi 

<-A;J;cj 1V/A1Az cf>= 
/ · J I J-) :1, <2.4> 

=i:rFL,{2J+!)~~,l 0<;/:A;/V(<J: r;Jfa,Jz> 
7~ J ' ~ 

r)I.e,;1'=A1 -.A.,, ,.2'=):-A;, V - yroJI paccemmJI (yroJI Mez.zc, 
-, ~ - ;J /~9-\ 

:aeKTOpium lJ.,_ .e 9. ) , d .;i;,.,(V 1 - MaTp~ BpaJlleBHJI, 

<.A.;Ji.{/V-:Y9~9:)/A,:il.,2_>- OBE-iloTeHitllaJI B J - npe,nc'l'aBJI8BHH. 

Hcno.mi.sya CBOiiC'l'BO opToroHaJILHocT.H d - c_pyHKlUlit, He'l'py)I.Ho sa

IIHca,:,1, cooTsomemre, o6paTnoe (2.4): 
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i' 
l '! 

l 

' I :, 

<vt: J.; /V<9 ~ 'l )/Jl,~>-= 
Sf" . 

-.2 :r fi;-11 v c1 J-d.,:,(?J )<J.; J.: "if 1vA, 1~ f > 12
'
5
' 

0 . 

Ilo.1tcra:s.zum B aro coomomeHRe Jmmie impazemr.a: MII 
<A/ .A.{ </1V/.ii_f;/_~ if> '; 'noCJie .ltOBOJU,Ho r.P01&:>S.ztIWX lllll(Jia.ztox 

MOJmO UOJJY1ll!TI, Blipa.Eelllle Ma UOT8~8JlOB B J - IIpe,ltCTa.BJie:wm. &r.H 
mtpaxemr.a: .ztal)TCII :a pa6oTe / 4/. 

0.ztHaXO OBE-uore~BJIH, nOJ.Iy11emme YRaSli1llmlM nyreM, ne .YJryT 

6H'l'I, Henocpe,1tcTB8HHO IIp.lD48HeHS R sa.na11e pacceJllilfI{ HYRJIOHOB B X pac
'l8TaM MHoroayMommx CBCT8M HS-sa HaJIH1iWI paCXO,ltBWC'l'e:A, UOJlj''l8BlWX 

MIi OBE-no'l'e~BJIOB BlipaJKelllli B ll.P8.lt8JI8 6o.1ll>llleX OTHOCH'1'8JII,BBX .m&lyJU,-~. -., . 

COB /J , 9, • ~HSR'l8Cli0:A II.PBTmHOit yxasamna: pacxo.wiwcTe.tt IlllJrJI8'1'CII 

II.P8'AIIOJIOX8H.He_o TO'l8'lHOCTH HYKnOHa, Iij)lmJ?'l'Oe IlpH llWIHCJiemm OBE-uo
T8Hql!aJIOB. BxoMDtee B qJO.PMYJlY (2.I) HYRJIOH-M8SOHH08 l138.iWO.Jt8.iC'l'lUI8 

• U0.1lj"la8'1'CII II.PH Y'l8T8 JlKlllI, IIpOC'l'ebe:a B8.PDWHHOi ,IUl&rpa.MMH ~i!:HMaHa 
(CJa. irac. 2 a). Y11e'l' .IUfarpa.MM 6oJiee Bucoxoro noJ)JJ'ARa (cM. irac. 2 6) 

n~BO,IUIT X UOJIBJiewm :a BePllHIUJO:I 'laCT.II 'AOUOJIWl'l'8Jil,HOI'O MROZHTeJI.a: , 

~ ('if, "ff 1 , ltO'l'Opmt ,ltOCTa'l'O'lHO 6HCT})O C'l'peAUITOII X Hy'Jlll II.PH l)OCT8 

OTHOC.IJT8JU,HSX .IIIIIJyJU,COlil HYMOHOB H, TaRHM o6pasoM, ltOMII8HOlilpye'l' pac-

XO,IUflfOCTI, OBE-uore~ua II.PH CX>JU,ma l!MIJyJU,cax. 1C co.E&Jiewm, BlCJIDtie

HHe B OBE-aMwmTY,ey B8.PJ!lllJUIHX .ltHlll'.P&MII BHomero UO,IUOU(a JD!Jla'.8'l'CJI CJIOZ-
HOI 38,Ita'lel:, pemeHHol 'l'OJII,XO IIpH6JmZ8HHO (011. wme) • j , 

I I 
I I 
I I 

P.Ho. 2. Bepmmmie 13'.aC'l'H .IUfaI',PaMM ~IHMaHa 
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~ UOCJl8,ItH8I'O Jil.P8M8WI M8SOH-HYMOHJIH8 qJOpr.$KTO.Pli OIIpe,IteJI&IIHCI, 

tIHO'l'O 4leHOM8HOJIOl'JA8CKII • 

Il,p.11 paocw'l'pemm OBE-noTemtHa.tIOB B m.uJyJU,CHOM IIp8,ltCTaBJI8HWI HC

UOJII,30:&amlCI, ,ItBa OCHOllm!X muta qiopr.$KTopoB: 

IIOHOUOJ1I,HH8 

2. 

n I--, -l f Jl°' rodi, (/,;= JJ! 
.II )tHIIOJll>HH8 

~ 

L' /,-1-1 --;) Ac< 
~ (i, i;=I] 2._Ll·.e. 

c< 

mo(2_7n 
11 z J 

01} 2-. - )½. o{,V mO( 
I\ 

_z ,2_ I 

o(,V- Ll 

(2.6 a) · 

(2.6 6) 

r.tte 11 o( • l1ot, V - CBOCX>.ItHli8 napaMe'l'pH, OIIp8,ll;8Jlil8Mli8 HS OIIHTa: 

npottecoo:a .Hcnyciwms: M880HOB HYitJIOHaMH, pacceBH.IIII HYMOHOB Ha HYXJIO

Hax, aJielt'l'pOll!aI'HHTHHX npottecoo:e c y11acTHeM ayKJioao:a H T.n • .IJaze ec

JIH qioJMl!rutTOPH ,ttOCTai'O'lHO xopomo OIIp8,ll;8JI8Hli Ha OIIHTe ( 'ITO cel'lao 

MO&o c:msan T0.11!,RO O ~ - MeSOHaX) , '1'0 B'l'OI'O :ece :paBHO H8,ItOCTa

TO'lHO MII UOJIHOI'O OIIp8,ll;8Jl8HHJI OBE-BSaHMO,ItelCTBHJI, Tax RaR .ItJUl B'l'Oro 

qiopr.$KTOPli H806XO,ItliMO SHaTD BH8 BHeprernecxol UOB8pxHOCTH (B CJlY-
'lae MHOroayMommx OHCTeM). • 

B HMIJY.1ll,CHOM IIp8,ItCTallJiemm B OBE-Mo.1t8JIBX C 4leHOM8HOJIOr1Aecmu,m 

qJO!)MpaKTOpru.m -MII ORaJIII.PHla: H UC8ll,ll;OCKB.1Ul.PHla: M830HOB HCUOJU,SYJ)TCII 

06lilIHO WHOUOJILHli8 (2.6 a), MII Bexropma: M880HOB - )tHIIOJU,HHe (2.6 6) 
qio~TopH. C Y13:eToM qiopr.$KTopo:e llli!)alleHHe AlIII OBE-noTemt0aJ.1a 

niraoCSpeTieT Blf.lt 

<.A: A; f/fi/A,Az f>-!; F/(if: VVa; ('[: f) 
IlBe,IJ;elllle qiopMqiaKTOPOB ,IJ;eJiaeT, BOOCSme I'OEO.PII, H8BOSMOZHOI SaimCI, 

mmoro Bup8llt8llltSl Mil OBE-noTe~aJ.Ia B IIp8,ltCTaBJI8Hlm OUH.PaJU,HOC-

'l'H H yrJioliOro M:>Meara <.il;.il;JV19; q,)/1,A£l• O,u;aaito AlII! cpo.Pf,4-
(pa.R'l'O.POB BH,na (2.6 a) H (20 6 6) BTO BOSMJD0/3 ✓• 

Paccw'l'peHHlie Biillle , qiopr.$KTopu BBe,ll;8HH B reopm> OBEP 4leH0MeHO

Jior.E'lecru1 H ,ll;OllOJll,HO IIpOJ.!SBOJll,HO. B UOCJle.u;Bee B.P8Wi Hapsmy C HHMH 

Hammr npm&eHeHBe q>OpMpa.KTOpH,. BHTeKalll!He HS Y'l8'1'a MHOIUM830HHOI'O 
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06MeHa Me"'T1"!1 BYK.1.IOBSMH~B .;DO :qa,mui:ec.a: B pe3yJU,'l'a'l'e, CY.MMHpOBaim.ll:.. on-
......, · 3/ ~ /34/ 

pe,IteJieHHOro K.1.laCCa ,ItlI B • S'l'H qiopr.$.KTOPH, .BHtll!CJIReMHe 

B IJiiB6.1mEeHBB aiiRoHaJia, B3Becrnoro B3 KBaHTOBOASJieKTpO,nHHaMHrul, 

nosBOJIJUIT noJIY'WT:& BMDJIB'l'Y113 npoJ:lecca, B :ROTOpoM Heme BSa,m.r:>,ttettcT

BBe, :ROTOpoe Mil 6y,IteM YCJIOBHO Ha3liBa'l'I, "lieCTKRM", CODpoB0~8TCJI 06-

MeHOM np0B3BOJll,H!lM llOJ!HTi8C'l'BOM "MRI'KHX" Me30BOB (B C06CT!18HHO KBaH

'l'OB08JI8KTpO,ll,lmaMl!l:leCKOtt 38JW,'i8 pacpMa'l'p.lll3a8'l'CJI, :ROB8'iBO, TOJII,KO o6-

M8H qx)'l'OHaMH) • . 

BBe.zteHHe aiRoHaJIMWX qiopMl)aRiropoB B Teopm:, Jmep:awc CBJI CJie;zy

e'l', no-BB,ItW,l)l,ij', C'iH'l'a'l'I, CYIIIBCTB8HHHM pa.3BBTB8M Teop.1m, 'l'alt R8.K 8'1'0 

3Ha'!H'f8JII,HO YJIY11ll1HJIO pe3yJU,'l'a'l'li pac'tleTOB MBJIO-B MHoroHyKJIOHHHX CHC

TeM, B npH 8TOM B 3Ha'tlHT8JII,HOtt Mepe YC'l'paHWIO IIPOH3BOJI B Blidope OBE-

DOTe~aJIOB. / 

Paccm'l'p.HM CYTI> np116JII1EeH1!1JI ai:ROHaJia, npH 8TOM 6y,It8M B OCHOBHOM 

CJI8,ItOBaTI, pa6oTarl99 'SB/, Jf3JIOJK8HH8 6y,It8T 3Ha'iHT8JII,HO. IIPOlll8, . 

eCJIB BCDOJII,30Ba'l'I, m,myJII,CHOe npe.ztCT8.BJ.18HH8-0BE-noTe~aJIOB. IlyC'l'I, 

.ItBa HyMOHa c 4-mmyJII,CaMH PQ · H P1 · B3aHMO,ttettcTByDT nocpe,tt-

CTBOM HeKOero "zecTmro" B3BKMO,IteitcTBHJI M /2. ~ EO'l'Opoa noRa Be 6y- · 

.It8M mmcpeTH3IfPOBaTI>,H,xpoMe roro,06MewmallTc.11 H8RDTOPHM :ROJ!HTiecTBOM 

Me30H<>B. CaK> "zecT:ROe" B3SHW,It8ACTBHe TOlie, KOH811HO, ·cBII3aHO C 06-
MeHOM 6o3e-'iaC'l'.HnaMH; O,ItHaRO Mil paCCMa'rpH~eMero DOita.llHCTO cpeHO

MeHOJIOrH'i8ClW. 

Ha PBC. 3 npne,IteBa ,ItHarpa.MMa. \tleitHMaHa, OD.l'ICHBBDllaJI TEUtOA npo

~ecc. BommcTaa JIHHliJI cooTBe'l'c~:eyei- "JteC'l'XOMY" B3al!MO.Ite.itcTBHll, DYHK
'l'.l'lpHHe JI.l'IIillH - MeSOHaM. Kax BH,ItHO B3 ,It.l!arpaMMEi, Me30Hli y'iaCTBYDT B 

npo~eccax TPeX BB,ItOB: o6MeBe 4-m,myJII,COM Mell',ey HyRJIOHawf (p.l'lc;· 4 a) 

(JI8CTB.l'l'iBW:I ,ItllarpaMMa), C06C'l'B8HH0-8HBPr8T.IA8ClOlX npo~eccax (M830H 

H3JIY'tlae'l'CJI H norJIOllla8TC.II O,ItHHM B TeM lE8 HyKJIOHOM ,Ito B nocJie "Eec'l'

KOl'O" B3am.10,Iteic'l'BHJI, CMo pac. 4 6) II B8J)IIIHHHHX.IIpO~ecqax(rutTH B3-

JIY'i8HHJI B norJIOlll8HBJI Me30Ha O,Itlll!M .1'1 '1'8M Jte HyltllOHOM Pa3,It8JieHH 

"X8C'l'KID.,,B3am.r:>.zteicTBB8M, CM •. PBC. 4 B). . 

XoTa MesoHH, "conpo:BO:s,IlaDIIHe" "xecT:ROe" B3a.ID.l).zt~AcTBBe, 1«>ry'l', 

B006111e ro:eopa, HM8TI, IIPOB3li0Jll,Wl8 CDBHH H B30CIIIDIH, MU 6y,IteM BHa'ia

Jie C'!H'l'aTI, me CRaJlSil)JDD,Url, Hei\TP8JII,l[liMH Me30HSMH, Ta.It Ralt·~ BllX 

npo111e Ma'l'8MaTB'i8CKH8 BlilC1Ia,JU(H. lbCJie DOJIY'i8HBJI pesyJII,TaTOB ~ CRa

JIJij)BHX MeSOHOB 6yll3T DOJICH8Hli '1'8 11),It.l'I~~, RO'l'OpHe H806xO.IUIM!l 

,ItJI./J B8R'l'OpBHX M880HOB. B pacCMa.'1'pIIBa8W:>M HaMB aAltoHaJII,HOM np.1!6JIBJte

wm·nceB,ItOCRaJlilI)Hlie M830Hli Be ,Ital)'l' BKJISJW.o H:3JIOll8HHHi llllZ8 qx)p.m.11Z3M 

DPlfM8HI!IM JIIllll.b R H8i!TPSJII,WD4 M830HaM H H8 W>ZST 6H'l'I, 06o6111eH HaCJIY

'tlaii sap.axeHHHX M830HOB, 'i'l'O JIBJIJl8'1'CJI, DO-BH,Itm,l)l,ij', CYlll8CTll8HHHM He

'AOC'l'a'l':ROM. Tax Kalt CitaJlJij)HHe M830HH BBO,D,II'l'CJI B TeOp.lDl OBE-rio'l'e~a-
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pQr 

P&' 
PIie. 3. Ilp.Hyep .ItHa.I'J?aMMH ~:llHMaHa, y,mTHBaeMOii B npz6Jmzerum 

91:ROHaJia. CnJlOIIIHH8 Jllm.l!.l'f OTHOCJl'l'CJI K HyKJIOHaM, DYHK

'1'.l'lpHH8 - K MRI'KHM 14830HaM, BOJIHHCTM JIBlUI.11 06o3Ha'iaeT 

"JteCTROe" B3am«l,IteitcTJme. 

----r 

' .,, ----~ 
, __ 

a) 6) B) 

PIie. 4 • .llec'l'HB'llffaa, co6cTBeHHO-aHepreTB'tlecKaJI H 

BepmlmHSJI ,Itl!arpaMMH. 

JIOB qx:>pYaJII,HO ~ acJxiieKTBBHoro y'lle'l'a 2.Yl - o6MeHa, TO BHBO.It ~ 
ruoc: aiROHaJII,Horo ipopMl)aR-ropa. cJiell3e'l' C'i.l'fTaT1, TOJII,RO np11emM, ynpoma

DIU™ B3JIO zemre. 

He 6y,It8M BHa1UIJle y'iH'l'Hl38.'1'1, CDBH HyRJIOHa. PaCCMO'l'pHM O'l',It8JII,HO 

TPB ynoM1D1Yrue·BB.Ita MesoHHHX nponeccoB. 06paT.eMc.11 cnep»a K KJiaccy 

,It.l!arpaMM o6MeHa (cM. pHC. 4 a). \tleitHMBHOBCKa.11 8MIL1IB'l'Y.Ita aTOro npo-
necca paBHa ' 

. !l ( rz+ 1 . d If h n.+ I 

f ~zlJ• -;[/ K '-m ::,c d*;.,. M (K,. )!i(i-L),,) x 
l l:. I{¥="} l i= f 1/ 
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,11, 

·1 

1 1 1 
x 0q-k,)~M-$.ic · (pQ-k,-1~MJ.,c: · · 'rfq_-Kf-·•--K,.,_J!:Miic x 

1 X j - -
'D +K -,.. k' )z.Mz ·•r \j-Q, ll+f ·••• +-,'r,.f - -f-li..., (ja.!+l(n+1)~;1/~lc X 

X I f 
(p&+-K/} z_ /11 ~-+ ic • • / . / / )Z ,e • X 

(ft,+_l(t-,...·•· -rKe~'/ -M +LC. 

x I I 
(ps,-K11:,- ... - K!+1):11izc. · ··(p8,-k;+J"=-M-;. i c ~ 

r.n;e Pa. B /J& -Ha1laJU,HHe 4-m,myJII,cB eyitJioHoB, ,PQ., 11 /Jo' -n 
4-.li!MIJYJII,CH II0CJ1e B3am:>.n;ei<.'l'Jm.JI ( 'J. = PQ. - pQ., = /J.B, - P8 ) 
n - 1DICJIO M830HOB, Y'laC'l'BYJ[ll!HX B DpOn;ecce, ( ,..._ f ):-1DICJIO 14830-

HOB, B3JIY1la8MHX HYitJIOHHOI: JUIHHBI: /Ja_ (.n;o ".llteC'l'I«>I'O" B3am&>.D;81:CTBHH! 

( f. - I )-1DICJI0 MeSOHOB, norJIOill8BMHX J.ll'IHilel p 8 (.n;o ".irecTxoro" 

:asa.HM0.1telcTBHa), CJie.n;o:eaTem.so, JIHHBel pa, Bs.n:y-qaeTca ( n - r + I ) 
MBSOH, a JIIIHHBI P. 8' IIOrJIOD!a8TCJI ( n- e + f ) MeSOH. 

K; ( i = f~ rz + I; i. + r) - 4 mmy .m.cu norJlOmaeMHX MesoHO:e, DPB1leM 
Ki odpasYJlT '1'0'1' .ire Hadop 11.11ceJ1, 11ro B Ki , k,., = 1<; - mmyJII,c, 

nepe,ItaBaeMHI Iij)B "ll8C'l'I«>M" B3WDl),ll8ICTBIDJ, j - l!DHCTaH'l'a B3aml0,ll8I.;. 

cTBHJI MefoHo:e c eyitJioHSMB, /Tl - MS.Cea MeSOHOB, N - ey.KJ10HHaa Mac- · 

ca, M { I( r) - aMII.imTY.n;a "JteC'l'I«lI'O" :esamao.n;elcT»RJJI. 

CorJiaCHO OCHOBHOMY npe,IOIOJIOllewm np.HdJIDelma ai!:I«>H8J.la, l!MIJYJILCH 

:ecex M830HOB, Itl)OMB Y1laCTBYDIU!X B "38C'l'ROM" BSaHMO.n;elc-rmm, C1llIT81lT

CSi MaJlliMH IIO cpamiemm C lDIIJYJil,COM HYitJIOHOB. Tept,mH ".irec'l'IOJe" B3M

)&),Il;8IC'l'BH8 Iij)B,IOIOJiaraeT, 11TO nepe,1T,aliHHI B H8M HMlJYJII,C r.tJlle'l' (HO He 

odSi3a'1'8JI1,HO ,Il;OJIJEeH) 6H'l'l> do.m.mm&. Tor.n;a "f!1Si ~MOHHHX npoiaraTOpoB 

Ha aHepreT.il1lecxol no:eepxBocTB ( pQ.Z = f& ~fa'== p/: = M ) m.ieeM 

f rv 1 
(p-?i KJ:M~ ic L(k/--2/JKJ+ ic J 

l 

npeHedperaa: /( k; 
~K, 11TO B /(;_ k; 

• • l z 
DPH '- :f / • Be.lm1lmm Ki m.rem TOT ze no-

• O.n;HaI«l Om! OCTaB.JieBH B Iij)OIIaraTOpe, TaK Kalt 
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aro, He yCJIOJiHJJJI ,ItaJILHeimlfe BllltlI8,ItIW, 8llTOMaTH118CIW o6eCII8'llmaeT 

aeodXO,ItlM)8 )t.1lJi CXO.n;HMOCTB BJmJIHTY.D; Odl)eSaHBe TIO aHeprH.I!. 

HCIIOJI1,3Yfi TOlr,D;8C'rBO 

I 1 J f I 1 
-· ••••• ::::: -- • • •• · -J !2.7) 
Qi QL·+Q,- Q.+Q•+-•+Qi•t Q_J Qj p f I ~-t lf t.t., ... d d 

r.1te ( if J iz, . ... . J i,1 ) ecT1, nepecT~OBita ( -1., 2 ~ ..... ., j ) .l!I ~ odo~ 
3Ha1laeT CYN,MY IIO BCBBOS?.Dll!HHM nepeCTaHOlBitaM, IIOJIY'IIHM ,ItJ.IJl CYMMH aMII

JlBTYJJ. DO l3C8l!OS?.Dll!lWM IIepec'l'aHOBitaM l!MIJYJll,COB BHY'l'PH Kall'JtOI BS 118TH

pex, l'J>YIIII { K1J' .... J~1 ), (Kr-+tJ .... _,Kn+1 ), (K,'J .. ••-J K/_1 ), 

U<e+tJ• .. •·J l(la+t 12:~ . . I 
- z n d 1 1,_ nf-" { d~J4 ,D K,~m~U M{1-,{r'K)x 

ll#~ ~~r 

I 
nz, ! (r--m1-I)/ mz ! (11.+f-r-- m~) J (2.8) 

/"'-;! 

fl 
i=i 

ll+I 

z 2 I ·c n , 0 .I 
}(i - fl~. I(;_+ L i=r-+/ l(i +,<,Pa.' lf1 -f- l 1...., 

I 
X 

rz+-1 n I 
•'f vlJ!. I) I •.,c 
z= +I'';_ -,<,fa'Ki +L.._ 

t-1 I 

l!- K(~2/Vf(+i~ J 

I . I 
r,Ite m,-11IICJIO mmyJI1,COB HS rpymu,1 ( K 1 ,- •••• ,, '<t--1), pal3lWX BM-

IlYJil,CaM, :exo.wmuw B ~rmy ( k,r~···J Kr-1 ), H mz~ 11.IICJlO BM

IlYJil,COB Ba rpyWJH (Ke+t,······,, l<n.+i >. paBHHX HMlJYJil,caM Hs rpymm 
( K,-,+1, ••••• J Kn+/ ). 8'ro osaa11a.eT, 11ro JimlHB /Jq, H pg 
CBJISa.HH ml M830lilWMH J.lliHW1MH, a JIRRl!.I! ,Pa' B p 6" - !Tlz Me

SOHHHMI! JlBHWlMII. 

waxrop 1/[m,J(r--m1-t)! mzf {n+/-r--m,<.)!j 
YtmTima.eT, 11TO ,ItHarpaMMH, OTJIIf'la.DllHeCJI nepeCTaHOBROH MBSOBIWX JIHllltli, 

.ItOJIEHH y,mTimaTLCJI O,Il;l!ll pas. 
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BBe,neM qJYHKtUD> 

rft,f ~ x)= ;;K'- m'+ iC) ( K f ~;: ~:;(K'+2j>'k +iC) 

H O6o3Ha'IWM · 

v; = V(pQJP6J;x); ½ _ V(pQ,-?6') x); 

~ ~ u(-pQ'Jf6) :x)j u; = V(-f;_~~~/>6' ).x) 
'Ibr,na cyMMa 8MIL7llU'Y'A (2.8) IJpmmMaeT BH'A 

iy .·. I t . zJn 
(2:f(j 4 

ITl1 l{r--m,-1/ rTZz/ {n+f-r-m2.)f ·~ 
xj 'I M'~ ) iqx.!Jm'[f~-m,-11Jn-r-177z+l[/1TJJ~·

9
) 

d .::r {:x. e i z ,5 . " 

r,ne i . . . .. . '. . /'z 

M (:x.)= I f d_4 . -LCJ,:X. M /. )' 
~~)f .,' Cjt e lf/ 

- 8.MIIJIHTY'Aa .,·.llteCTKOI'O" B3aBMJ,nettCTBHJI B KOop,zumaTHOM ape,nCTB.BJieHHH. 

fl~CJie 9¥~B~~19· 9) DO m f • ·m z H . / 

( L L L) ll0'Y'80M 

,.,,., I m = I m = I 
. •· I.. .2 n . n·r ·. p . • .. 

~ ri q 2.J :' 4 Mn ;) LCJX/rr V)r'-1 f ( rr. 
~f._ (i'Ji:)* ,jd x (.x;e ~ v1 + z . (r---t)/ [{-t-lf 

f- ri,72- 7n 09xM1x> r/<1:x. (U+ Tl)~-, (u; + T/4l2

+~-:r- ·· 

~ L(z:Jr)V )L (:-1)/ {n+f-r-)! <
2

-
10> 
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~[~:t:11d9xM1"x)eigx 
( v, + Th+ l/4-1-T/4) n 

n. I 

,Ip Cl'IX nop H8JlllHO ape.n;DOJia.I'aJ.IOCl>, tiTO "llt8CTROe" B3a.IDBJ,ne:iiCTBH8 

OT.7llf'lllO OT B3aHMO'A8:iiCTBHJI, o6yCJIOBJI8HHOI'O o6MeHOM M/ll'IGIWI M83OHaMH. 

HMeHHO IIO3TO.MY ,nHarpaMMH C pa3!WMRI / (T.e. C pa3HllM 'WCJ!OM M83OH-

HHX JIHHd, BHXO~ HS HYRJlOHHO:ii JllllilUI Pa. l1.0 "JKeCTROI'O" B3amir:l

,ne!cTBHJd ctlHTaJ.1Hc1, oTJ.URHHMH mr oT mra. FcJW caMO "EecTROe" 

B3am,IO'A8!CTBH8 ll03WIBa8T OT o6M8Ha TeMH ll8 CaMLIMI! M83OHaMH, TO CYM

MY 'Alfarpat,f,1. (2.10) CJie,11YeT p~~Tl, Ha. ( n+ I ). B cooTBeTcTmm c 

3TRM noCJie CYMW!pOBBHHJI IIO n (fa) DOJJY1ia8M .ItBa pesyJll>TaTa 

j d 4x. M1'{x) e i.;q,x e i_j(:x.); 
(2.II a) 

fcl'x. M"cx) . I 18 iJ'.(x)_ 1) . 
L.J{x) l 1 

; 
(2.II 6) 

r.ne 

Q 

X(x)= cz~y[f/, (x)+ [}/x)+(J.{a:)+ T!Jxj, (2.12 a) 

H (2.II a) cnpane,nmmo ,W1H 11ll8C'1'1t0I'O" B3a.IDBJ'A8i1CTBHJI, HM8Dll8I'O Ill)H

PD.IIY, OTJIHtiHYJ) OT o6MeHa H8ATJl8.7ll,HHMH CK8Jill:l)lWMH M83OHaMH (c roil llt8 

Maccoa); (2. II 6) ape,n;noJiaraeT, tiTO "xecTKOe" Bsam.io,ne:iicTBHe ro~ecT

BeHHo C "MIU'KHM11 B3aHllol)'A9i\CTBHeM. CJie,11Y8'1' llO.It'i8PKHYTl>, tiTO B llOCJie,n

H8M CJIYtiae CHTYa.IU!Ji Bee llt8 He C'l'OJll> O,Il;HO3Ha'llia. B CaMOM ,neJie, 8CJIH 

nepe'ABl[HI:lli HMIJY.7ll,C sa Cti8'1' "JteCTROI'O" B3aBMO'A8ilCTBH.fl ,ne!CTBHTeJll>HO 

B8JmR (HaDOMHHM, tiTO aro, ll0061118 I'OBOJ).11, Heod.iisaT8Jll>HO), · TO B cwry 

OCHOBHOI'O c,n8J1811Horo ape,D;DOJIOlltBHH.fl O MaJIOA BeJmtmHe HMIJY.7ll,COB M83O

HOB, 'A8DllHX llOnpaBICH R "zeCTROMY" B3am&l'A8ACTBHD, YtlHTHBaeMUe B PaM
RaX aroro IJpH6JmzeHH.fl',nHarp8MMH 6y'JIYT BCe-TaIGI pa3JIH1IH!l Iip.11 H3M8li8-

HIDI "MecTa BCTaBICH" .llteCTROI'O B3ama:>,nei\CTBW!, tiTO ape.n;noJiaraeT HCllOJI!,-

3OBaHHe pesyJI.bTaTa (2.II a), a He (2.II 6). Ilp.11 MBJIHX lite m.myJI.bcax 
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11.lK8CTKoro" M830Ha CJI8,Izy"8T IlOJll,30BaT:&CSI q/OPMYJIOil: (2.II6). 
CoBepmeHHo aruuror.lf'IHO paCCMl'l'p8wmM tmCTO o6MemmM ,!U!arpaMMaM 

(pnc. 4 a) MJlK8T 6HT:& BWmCJieH BKJia.It OT ,!U!arpBMM 0611tero mr.u.a (p.e:c. 

3), BKJillqaJl!ll.lfX co6cTBeHHO-aHepreT~ecIWe (pnc. 4 6) n Bepnmmme 

(pnc. 4 B) npoueccH. 

HTOI'OBWl: pesyJI:&TaT 38llHCHBa8'1'CSI B BR,Ite 

T jcL. 4 M!,_r...·) ;_gx i{Y(x)+ljl+ ~). 
=. X lX e e ' ) (2.I3 a) 

T =fdf-x M }~)e ;_g~ 1 f/-ff{x)-1-lf+ c;J) · 
l{,Xp;)+!/+2] . -1(2.I3 6) 

r.tte 
Q, -

¥ = z'~i)' [if(pa.,pa,o)+ll(p,,p,, D)+ 

-1-lf(pQ/)Pa') o) + U(ps,,fs', D)j 
,ttaeT nonpruncy- ,Iµ1JI co6cTBeHHo-aaepreT~ecKKX npoueccon, 

2 

S? = (;2~)~ {r!(pa,~f<,, o)+ IJ{p,,-p,, oy 
- AllH neplllHlllWX npoueccoB. 

(2.I2 6) 

(2.I2 B) 

0TJ48TZM, q'l'() co6CTB8HHO-aHepreT~eCKaSl H neplllHHHa.H DOIIpaBKH He 

3aB.lfCJr.l' OT KOOp,ttmmT B OTJI.lftm8 OT o6MeHHoit nonpa:sIW. :3TO CBSISaHO C 

TeM, 11ro nepe,Ita:BaeMHI n aTKX npoueccax mmyJI:&c pimea HYJm, TSK KaR 

~ M830HBWI JWHHSI Ha"Uma8'l'CSI .If l!OIAaeTCSI Ha O,ItHOit .If TO! &e HYK

JIOHBOil JIHlllm. 

F.cJin Ctm'l'aT:&, KaK aTO ~CTO ,It8Jl8.8'l'CSI, qro 11li8CTROe" B3am«J,tteil

CTB.lf8 SIBJISI8TCJ! KOp0TKO,tte:11cTBYJIIUIM, TO afiKOH8JI:&lW8 aMllJ.WTY.ItH npllH.IWa-

JJT BB.It · Ii i Cf 
T = M (9,) e ; (2.14 a) 

30 

T=M"<i\, (ei</'~1), (2.I4 6) 

i- /;y1 { TJ{p",p,,0; Y{p,,, -p,,, D )r rf (-pa~ p,, D )r 

+ V(-Pa') -P8'; D)+ i {rJ{pa,Pa, D}-1-TJ{p8,p8,o)~2.I5) 

+ rl(;1a,, Pa,, D)+ r1{p,,, p,s oj_j+ TJ{p", -Pas D)r Tl(i¼,-~; ~ 

Taxm1 06pa30111, B npn6Jlmtewm KOpoTKO,tteiiCTBBSI nonpaBxa OT 06Me

Ha HeiiTpaJI:&HHM CKaJIBI)HHM M830HOM CBO,IU!TCSI K YMHOJl8Hml aMlIJll!'fY,ItH 
11

llt8CTKOI'0 11 B3aHMO,tteilCTBWI Ha B8Jl.lftmHY, 3allHCRJeyil OT '.HMIIYJI:&COB HYK

JIOHOB. 

JWr np.wrozeimit B o6JiaCT.lf ~S.l!K.lf Ji.lt8PHllX B3a.0MO,tt8i!:C'l'mtli 3Hatm

TeJI:&HO 60JI:&rmr.it HH'l'epec npe,ttC'l'alilJIJDlT He nonpaBIW BHCllll'IX IIOPH,IU«)B OT 

06MeHa CKaJUiplWMH ueitTpaJII,Hl,lMH M8SOBaMH, l!OTOpHe 6HJI.lf Ilpe,1])18TOM Ha

mero paccMO'l'J)eHHH, a aHa.nor.lf4HHe nonpa:BIW OT o6wma BeKTOpHHMH Me

aoHmm. :3ro o6~CHSI8TCJ! TeM, '<iTO pea.n:&HHe CKaJIBp~e M830H1i, CYllt8C'l'

BO:eamJe KOTopm: ycTaHoBJieHo Ha oIIUTe ( S'- , ,S - B c - 111esoHH) , 

B.lf,!U!MD, He Hrpal)T Ill)BHIUID.lfaJU,HOii poJIB B gop.r,mponamm H,Itepma: CHJI. 

Jlmn:& .ItODOJIH.lf'1'8JI:&HO BBO.ttm,me B '1'80p.lfil ~KT.lfBHHe 6" - M830HH BSJIHO 

YtmTHBa'l':& npB BlitmCJI8HHH OBFr-noT8HUIII8JIOB, HO BT.If M830HH JlllJllDJ'l'CSI 

TOJU,KO apaaueM ,103yxM830HHOro, B qacTHOCTB, .2~ - M830HHOI'O 06Me

Ha. B To ze Bpewi o6MeH MS!I'IWMH T - MeaoHSMH ,naeT HYJieBOit BKJI~ 

Ha' aHepreT.l!'i8CKO! DOB8pxHOCTB. 

R cqacT:&il, yqeT )U!arpa,.t,( ~iiHMa.Ha (pn:c.3) ~ B8KTOpHHX M830HOB 

MOJteT 6H'l':& npoBe,tteH TalWM ze nyTeM, KaK B ~ CRSJl'Jil.PIWX; yqeT cmma 

HYKJIOHa,Ta.De He npe,ttC'l'a.BJISi8T TPY.ItHOCTeit. 

,!LeiicTB.l!TeJU,Ho, aMIIJI.lfTY.tta npouecca, .11so6pazeHHoro Ha. pBc. 4 a, 
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B npe,IIIIOJIOltelillll, 'ITO nyHKT.IJ.PHH8 JIBHllll OTHOCSI'l'CSI K BeKTO:plWM Me30HaM 
II c y11eroM cnIJHa HYK)IOHa, pamm 

a. 2, n in+/ d4 n+I lQ - - ~ , (. v 4 7 UQ. u 13 ff7 I( _z_ IT/. z+ i. E. S( 9 ~ L A)x 
lZJi} J i:f(.f:r) '- • L= I 

)(l/11 (pa-l(1)r+M rt.;,(pa..-K,-K:z.)f + M 
. I ) 2 Z · t )Z Z . 

(JJQ-1(1 -M + i{_ '•PQ.-1(1-/(Z -M +i C 

X O fr-t (po. -K1 - Kz - ... - Kr--1) r + /11 
{A - I( - I( ·- I/ · \ 2; M z.,... l. r 

Q 1 :l ••• - I\,..._ f) - L, 

X 

x ;}" (p& +K:)r+ flf y 
(If/ (p8 + !,/)~ fv(;i c I/ /i 

(pd+ r:/-1- 1,;) r + M 
/ /) f, I .V /) Z Af 2 · _r .. - •' • 
lr6 +,1 +"2..;-r -1-l-L, 

xX" (ps-1-K/+ ..... +K;_,)f-t- M 1 ~(2.16) 

Uf'l;_f (P +k,/-t- ~1 )z AfZ . d Kr-M (l\,,.)x 
& ,,, ..... --r,,e-1 -/" +LC 

(pQ,-t-Kn+t-1- .... .'+Kr-+t)f + 11,/ J.,.fir-+f 
-'I __:__-=... _ _..:_...c_ ____ ___:_'---=--------- / 

( n +K + +1< ) 2 /1".'z . · •,•·· · rQ, . n+r . . . . . ''r-+1 - +- Lt 

(f!_a. 1 + Kn+Jf-t- /11 
/ ).i z , (pQ, --t- l<:n+t - /11 + l C 

d/l/'117+1x 

X 
(pr,,-lf~+I- ..... -It; ;+J )" + /'/ 

(pg,-1'~+1-..... -K/+1)~/'/2+ i.c 
y . 
0 fl~+/ .... 

(Ps 1 -K:+Jr+M y 
' ••• · . 1 .Z 2 . {I t I LLQ, LI__ f:, 1 

{fg,-K/7+-I )-fl +le f 17rf 
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Ta.It ze, Kalt .H :a CJJY1la8 C_It8J.U!P'BHX 11118SOHOB, JJpe;ttl]OJIODM, tITO HM

nyJ.U,CH BeRTOpmtx MeSOHOB MaJIH, .H JJpeueopeireM :B SB81l8BaT8Jtilx BTO}io:I!: 
C'l'8D8Bl,JJ mmynca M8SOHOB DO cpauemm C ( j> K ) • Co:xpamm, O,Itlla
RO, It:BaAPaTH M8SOHBHX mmyJ.U,COB 1I,1ISI o6ecnetieBW! CXOrom>CT.H HBTerpa
JlOB. B tIJl(CJIHTeJl!Dt,·B TOM .E8 JJpll6.ll:BzeBHB, JJpeueopeireM tIJI8HaMH, CO,ttep
Z8llll'llm m.myJ.U,CH M830HOBe Tor,tta, IlJ)8,ItIIOJI&raH, tITO 8.MIIJIJITy,Ita BHtIHC.11.SI

eTCJJ Ba 8H8J)l'8T.IA8CROA DOB8pn10CT.H, JJpm[O,ItllM K CJie,IJyJJne?,\Y BHJ)azeWW: 

l~-. jn fln+t di 
l - - fl K LI.a. llB i. 

(~.Jr)lf · i.=/{:/=r) ki ~- m~+ i c 

· n+t 

f>{9-E_ k)x 
l=- I ' 

. , pa.a+ M ._. .. xfr--~-1 ,Pa.a :1M . 
xa! K/'-2paK,+-i.c IJ Z:.K/-2.E.Palf, +ll 

i=I i==I 

X 

Psf-1-M 
x Of: k,/z+2pak/+i.. t 

p 8 [ + M " 3/. ) <2.17) 
.. • Y'f, e-1 ~ e 1 d. /(r- M ( Kr- x 

Ut e-1 ~ R. o ~b 1 
• ~ L_ k;_ -,(,L_; gKi +-Le 

i=t i=f 

X n+l":' ::! rfr.! .... f4 +M rf'n•~ 
,J;;, k/'+Z~

1

Pa.J( +-il • Kn+f +2fa,Kn-t-f it 

p13~0 + N 
X l'l+I ~ l'l+f ~ _L K/'-2L p

6
, K/ r i C f f-t-t •. • • • 

1.==-f+t i==e-t-t 

P&;O + M 
K I z - Z D v 1 . Ott LI, Q / LL 6 / 

n+1 r&'''n+/+Lc / n+-t . 
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B 016.JIY TOI'O, 11TO HYMOBH IIO lll)e,lUIOJJOzemm H8XO,ltll'fCJi Ba auepre

TBtl8CKOit IIOB8p:XBOC'l'B, ~ CWIHOIX>» cnpaBeAl[DO ypaBHeHBe J!BI>ruta 

(Pf- M)u=-D. 
HcnonsySI I!Or.NYTaI.tHomme coomomelll!Jl ~ 11.a~ JlHpaxa 

IIOJJY'laeM 

{ff+M)f; u = 2/3;,u. 

r• 

Ily-reu HCIIOJU,3O:aaHWl 8T01'0 COO'fHOmeWlR: MOllllO npeo6,Pa3O:&a'l'J, BYpa

zeHHe (2.17) ~ aMJlJIH'l'Y.nH It BH.JtY 

(i z 1Jn+1 cl"K· 
L~ .n .. K-2,-m~+ iC ("zJr) If _j l= ((:/=!") L 

n-t-1 

S-(9-E_ ki)?< 
L=: -( 

2p/1 
x-z . 
K, -2/a.K,+LC 

2 p!"r--f 
•••.• r--t , ,-_J X 

L'<i,L-2.Lfa 1(1_+ if. 
i=I i=1 

2 Pa.fl~ 
X 1 k/ z-+- 2p8 K: + i c. 

2Ps ' e 1 ,{!N ~ EK;' - ~ t1- D h;. . r ua. Ua M ( Kr) Ua, u,,J,1((2.18) 

.-1 ?-r& ,+L~ • r 
t=I 

Zp fr+, 
a' X 

,2 p/in+t 
a.' 

X ll+I n+f 

~r-+.f K/-+2{;
1
PQ,K[ + il kn:1+ 2fa. Kn+f+ i{.. 

x 2p~~{'-'e+1 2P&~(:~+f n+I 'n+I · · · · · ----'-'-.;.;..;,...:,._ __ 

. L k; ~ 2 Lp
6

, K/ + L·c k ~;,- ife. ,K:+1 + i 6 
£:=e+f i.=f+/ 
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\. ::0-~-·=cc==-··--~ 

CoBepneHHo Tax ze, rum aro 6:wro C.JteJISHo mane ~ cxa.ngp1mx Me

soHOB, ,naimoe Bupazelll!8 MO:Ee'r 6H'l'L II,POCYw.mJ)OBaHO IIO BC8M ,JtRarpaM
.MSM J3H.na (p:ac. 4a), e,JtRHC'l'B8BB08 O'l'Jmtme COC'l'OH'r B IIOSIBJlemm HM

nyJII,COB HYMOHOB » 11HCJIHT8JUDC. AliaJior~ MOl'Y'l' 6H'fJ, IIOJJY118Hli BKJI~ 

OT cyMMH,POBamtSI IIO Macey ,JtRaI'J?anM (p:ac. 46) :a (pRC. 4B). OICOH11a-

TeJII,m4 pesy.nr,'l'a'l' 3aJJBm8TCSl B BH,Jt8 

I ~ _ _ ti urx · i[J{xJ+¥+-2} 
i.- jd x U.Q. u,, M (x) e ua., Us, e . . <2.1sa) 

· A I 
fc 11f. - - M ✓, i.g,x T= q .::cUa.Us tx)e ua.,Ue,'.r."'1/. ~--------;7 

LL'.}:lx)1-ip + PJ 
)(. 

x I(! ;{j(x)~ljJ ~ §J__ 1. (2.196) 

:0M88T J.[R M8CTO COOTHOW8HR8 (2.I9a) R7m (2.196), Sam!CR'f OT Toro, SIBJIJl-

8TCJI JIii "38C'flt08" B38l!MO,Jt8ICTBH8 o6MeHOM B8K'l'O,PHWIIH M83OH8MH (coo'f

HOmeHHe ( 2. 196)) .l!Lllll MesoHaMH ,npyroro ll.Iia (cooTHomeHHe (2. l9a)). B 
qx>pYYJISX (2.19) 

2., ~ ~ 
J{(X)= ~) {{f(fa,fB,x)+ [f(paJ-pr,,, ~)+-

(2Jr 

· + V(-Pa.,,Ps) x)+ fJ(-pQ,)-pe,,) xJ] 
I 

~ L -~ ~ 
1fJ = (Z<Ji')'f f {J{pQ,fo., 0)-r ll{fs,fs, D}+_ 

+ if{pa1,Pa.', D}-t-lf{p&',f/3~ of} (2•
20

) 

~ lj~ ~ ..._, ,)7 I 

:(= (2.Jr)" [fl{pa.,-Pa.~ D) + lf{ps) -Ps'J 0}J, 

M
f,, / j 4 -itJXMg 
(x)= (2.Ji)? d 9, e (i), 

35 
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ff (p,p: x)=4ff jt \ K'!,. m 2+ iE)~Kqf'K+ ic.){1< '-,. zp'x-t-ic) . 

B Dp8,ItIIOJIOxemm KOl)O'l'RO.It8itCTmlSI MJI "zecTKOI'O" ll3aHMO,Ite!c'l'mi:sr 
a.MIIJIRTY ,Ita JJpBHHMaeT BB.It 

Ii . ~ r = M (fJ) e L I 
(2.2Ia}. 

r = Mo/i). L (e i<P fl 
L (/J /, (2.2I6} 

r.tte 

(j =cit;• {iJ( p", p,, 0) + tf (P<,., -P•:._ 0 )-1- f}(-p" ,, p,, O )+ 
+ U(-pa,,-p1,,, D)+ 

+ J [rJ(pQ,Pa,D}+ff{ps,f&J o)+ff{pa,,fQ,, o)+ (2.22) 

+ fJ(p,,,p,,, oJ}- fJ(;,"-, -f ",, o) + ff (p 8 , -J>s ,, D)}. 
Tax lie, ItaK B MJI CWlJI.RPHI:DC MeSOHOB, BRJia,n 0'1' 06Merut B8K'l'OpHll

MB M830HaMH CBO,ltH'l'CSI K .ItOMHO~HBI) "zecTKO!" aMWlHTY.ItH Ha qiymanm O'l' 

BM!IY~~r HYRJIOHOB. ~RIU!JI lj ( p, f; 0). MOlEeT 6eTI, DpBBe,IteHa K 
B.IJ.It.Y 

00 

,-.I 

i[/(p,f;o)=V('z)= z -ZMZ J dz:' 
ZJr Z, _ Z 

X 

i-Mz, (2.23) 

36 

x I f11f ;:'- lf.MZ+mzj r.4e i!=(,P+p'}_z 
✓ r.'(r.'-f;.M2} m 2 ) 

llacro 11cnonLsyeTcSI 6onee npocroe B!lpalEeHBe ,IVlJl cjJyHKUHH V(z) , 
llOJJY,~eec11 9KCllOHeHqBam.HllM o6pesrumeM HH'l'erpaJia (2.23) (CM. pa6o
TY 7IOO/): 

00 

VfzJ=-r(w2+iJ}/\ 
4M 2 

I 
-✓ z'(i! I_ 'fM.t._} ) (2.24) 

r,Ite r - napaMe'l'p, 3aBBCSil!lBil,OT 06pesaDI1ell cj}yHKUHB. 
IlapaMeTp l', MOJte'l' 6eTI, onpe.tteneH BS eneKTp0MaI'HBTHoro qopM

ipaKTopa HYKJIOHa1/IOI/, np.H1i8M nonyqaeTCSI 3Ha'leHBe B HHTepBaJie 

I,25 + I,50. ~ 
Hs (2.23) c.n:e,nyeT,'lTO Ha 8H8pr8Tli'l8CKOil llOB8pXHOCTH 'IJI8HH B p, 

B03HBK8DIUl'8 OT co6CTB8HHO-SH8preTH'l8CKHX ,ItBarpaMM, RBJimDTCH ROH
CTaHTaMB 

fJ(p)p) oJ =const 

H, cne,nOBaTenLHO, BX BJIBHHHe CBO.ll;BTCH K YMHOllteHmD 11JlteCTKOil" aMllJllITY
.ItH Ha llOCTOHHHSil MHOlKBTenL, 'lTO aBTOMaTB'l8CKB YtmTllBaeTCH B ROHCTaH
Te B3alfMO.ll;8HCTBBSI MeSOHOB C HYKJIOHaMH {j . lIOSTOMY perynHPH3~11 
aMllJW'l'Y.ItH B03HHKaeT TO~LKO OT 'IJI8HOB, COO'l'BeTCTBYJWU!X neCTHB'lllOli 
(pnc. 4a) n Bepmmmoii (pnc. 4B) .n;BarpaMMBM. 

ifupMYJlll (2.2Ia) .e (2.2I6) ,IVlJl aMIIJlllTY,JJ; pacceHHHH HYKJIOHa Ha 
HYKJIOHe o6HtIHO no;ItBepraD'l'CSI ,naJU,Hettmea MO,ItBqJH~H. 

Heo6xo,ItBM6CTL ee B03HBKae'l' HS Toro. 'lTO nony'laJD!ItMCSI B STBX 
qx:JPMY~BX ru.m~TY.na T ecTL cyw.ia He romKO HenpHBO.n;BMHX, TO TaKllte 
H DpHBO,nHMl:DC ,D;RarpaMM • .Ue11CTBHT8filHO, npHBO,JJ;HMlle .ItBaI'.PaMM!l, H306pa
lEeHHlle Ha pHC. 5·, BXO,lUIT B KJlaCC neCTlllI'llWX .n;Barpa.MM, Bltlll)'lemwx B 
aMIIJWTY.nY. l1MeSI B BB.ItY HCllOnLSOBallife nonyqemw:x: aMIIJllfTY,JJ; B peJIHTH
BHC'l'CKHX ypaBHeHWIX THlla JlmmMaHa-lllBHHrepa, cne,nyeT CtIHTaTL HeKOp
peKTIWM BKJIJJ'ieHBe B HHX 'In8HOB OT DpHBO,ItHMUX .n;BarpaMM. C ,IU>Yroii CTO
poHU, npocroe HCKJIIJ'leHHe npHBO.n;BMHX .n;BarpaMM He npe,nCTaBnHeTCJI B03-
MOnwM, 'l'aK KaK '1'8XID!Ka CYMMHPOBaHWI ,D;RarpaMM B npz6nnlK8HBH silROHa
JUi CYlll8CTBeHHO on.epaeTCR Ha qx:JPMYJI:Y (2.7), npHBO.IUllllYll K qiaKTOpH3~H 
MHoroMepHoro HHTerpaJia;_ a sTa qooona KaK pas H npe,nnonaraeT noJlllllil 
nepe6op.pasJIHtmWt BapnaHTOB BCT8JlOK "Wll'IGf.X" MeSOHHllX JWHB11, 'lTO aB
TOMB.TH'l:eCKB Be,ne'l' K no~emm Dp.B:BO,JJ;HMHX ,ItBaI'paMM BH,na, H306pazeH
Horo Ha pnc. 5. 
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PHc. 5. llpHMep nplfBO.ItHlll)it .ltlfarpaam ee:lmMaHa. 
A7za YC'1'JlaH8HHII Y.ItaSB.HHOI'O DpOT.ill!Ope"illJI nocTynaDT CJI8.IJYlll!BM 06-

pasoM: cpe,na JI8CTHJl1IHWC ,naarp8.NII paCCMaTJ)Da8TCJI 'l'OJIJ,XO no,tt!Ulacc He;. 

npDO,ltBMHX nepexpecnrux ,naarpaYM, BS06puemna: Ha pllCo 6. Tame cy

.ll!eHH8 MHO.ll!eCTM pacCMa'fl)DaeMLIX ;itHarpaMM WlT8Ma'rlftl8C.EH OSHa'tlaeT, l!TO 

B qx,puyJie (2.8) m,=m;_=D • B 8TOM CJIY'la8 Texmma cyMMHpOBaHHJI 

ocTaeTCs npeimel. A prior-l HeJIJ,SH cxasau., l!TO Tax.oil no.ItXO.It JDiJIJleT

cg 6oJiee TOtJHHM, l!eM CYAfofflPOllaHR8 no noJIHOMY RJiaCCY JieCTHl!lmHX ,ItHa
rpaMN BR,Ita(pzc.4a),TaJt Italt XOTSI B nOCJI8,Itll8M CJlYlla8 B CYJIMY BltJil)1JaJ)T

CSI H8RO'l'OpHe np.ImO,ItHMHe ,ItHS.I'pmnMH, saTO YllR'mllaJlTCJI B Bce,HenpBBO.ltlf

Mll:8. 0,ItHaRO orpaHRlleWle nepexpecir~arpaMMaMH .ItaeT 6oJiee npocrol 

pesynTa'l'. JteiiCTBB'l'eJll>HO. BeJUNmla ' '/J • BXO,IUllllaSl D SMIIJmTYAY ' . ,,. 
(2.21), SBllRCRT, corJiaC1!_0 (2.22) B (2.23), 0'1' rpex POJISI'l'BllllCTCICHX RH-

BSJ)Ba.HTOB:t=(f>ct-Pci') , U= {,Pa.-p6,)2. B S=(pa+f6).:l ..____ 
JiCKJll)"'iOHRe .E8 npm.!!DC JiecTrurnmx ;itHarpaMM YCTJ)aHSieT 8aml'CBM:>CT1, </J 
OT S • 

/ 

P.ac. 6. llpoep nepexpecTH0:11: Jiec'tBlNHo:lt ;itHarpaMIGI. 

B H,Itepma: npHJio.ll!e:ais:x HS lW/X lla!)lfaBTO:a (2.2Ia) B (2.216) aa
ItOHaJII,Hla: (.P()pMpaltTOJ)OB HCnOJil,SYJ)T Ba!)lfaHT (2. 2Ia), COO'l'lleTCTlJYJ]IUII 

"zeCTROI,\Y" BSaw«>,It8ICTDllD BBOit np.apo,ItH, H8.ll!eJIH o6ueH B81tTO!)HliOOJ 118-

SOHaMH. ST0 111)20 06oCJIOBaT1> 6o.1ll,IIHlf pasHOo6pasHeM MeSOHOll, qx,p1111-

p~ "zecTRYJ>" aYIIJmTYAY, Tax l!TO "6o.m.mmcTJ10" ,Itlla.rpSMN eelmla.Ha 
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6y,IteT CO,It8pJmTI, B "JEeC'l'RO:lt" BC'1'aBlte mme Mesomme JUmrul, "'ieM Te, RO

'l'OJ)lie npl!CY'l'CTBYJ)T B PIW!aJU70HHOii llac'l'H ,ItHarpa:.n,m:. 
~Me ,It,1IJl SlwlIIJllITY.Itll, B KOTOl)OM H8XO,ItSI'l' orpaxeime C,It8JlaHHB8 

Blilll8 SaM8llanH.fI O coelcTBeHHo-sHepreTRtieCmtX H nplil30,ItBMNX ,ItllarpaMMSX, 

a '1'aiat8 0 npe,ItIIOJIOllteHHOil: H8TOlf,1{8CTB6HHOC'l'B "JltCCTROI'O" B8a.m.l),It8itCTBBJi 

C oelMeHOM B8K'l'Op!WMB Mesowu.m, HM68T BB.It 

= 21{[j(t)-J(fTl;J}+[f(u)-Jf49;-m:)J}M lz1,-) 
1/ = e o<. ( 9 . c2. 2s> 

r,IJ;e 

2 . 2 (1 2 

t={ft.-fh), u-(f.,-p,), j(t) rtiJ V(t). 

9o - aelcoJmfflWI ]j!ElJllNl!HQ. m.myJII,Ca 'HYRJIOHa B CBCT8M8 '.q8HTPS MB.CC, 

mot. - Ma.CO2 "lmCTROI'O" M8SOHa. MHOlm'1'8JII, \ 7 
_ £i [J-( m«"-J-,. j{-lf Cj;-m;)J 

e 
:e aMllJIHTy,ti;e oelecnetUIBaeT pa11eHc'l'llO e,IJ;lifflHlle noJIHoro efiRoHMI,liOI'O qx>pM

qiaxTOpa B MeSOHHOM noJIJ)Ce Ha 8HepreTH"'ieCROI noBOpxHOC'l'll. 

)irui ll'.3YlJOHW! MHOI'OlJYMOHlWX CBC'1'8M lWJXHYMOmmit noTeH:q,IaJI He-

06XO,ll;HMO 3HaT1> ltBlt Ha enepreTlill8CKOli IlOB8pxlIOCTli, TaK li BH8 ea. qTo6u 

no.n:y,mn nOT8mtllaJI BO BC8li RHT8p8CyxJll8li Hao 06.lia.CTH, oelwmo 1Ip8,IJ;lIOJia

ram, 'i'!'O OH RM88T BR,1l; ~2.25) TaI0K8 li BH8 8HepreTR~8CKOli IlOB8l)XHOCTli. 

0TMe'l'H14, l!TO ,IJ;o ewe nop paccMa'l'!)lmaJmCI> .mmn:, HeilrpaJII,HHe Meso-

1m. A7za sapmmmmx Me30HOB He y,ztaeTc.a: npoBeCTB CYMMRPO:aa.Hll/I ,ItHarpauM 

TalWM Jte IJYT8M, lt8lt ,It,1IJl B30CKaJ1JJl)lllDl:o 
IloJIHSJI aMIWtTY.Ita N N - paccemm.a: noJIY1IB.eTCJ1 oywmpoBaruieM (2.25) 

no M8SOHaM, ip:)pMHJ>YIIIIHM "JteCTicyll" BCTaBKY, 

~BE(f: if)= L f(tu~g~\l. (cj; lf)> (2.26) 

o( 
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c I - \ :u{fr<t)-}'.(mJ)}-,-/x-(u:)-j{-4%-m:)J} 
,~ l ~ u, C}o;=- e <2.2?> 

- 8boHM1>BllA \P()l)MpaltTOp, \( (1: q,) - "lEecTxast' aMIIJIHTy,Ita :B o.n:
H06oSOHHOM IlJlZ6.7mlEeHlm, T.e. Hepery.llllpOBaHHHf!: OBF-noT8HIOISJI M880Ha 

o(_ • 
K RaIGIM c.ne.n;CTBHBM IlJlHBO,ItHT BB8,11;8Hll8 all«>HSJWIHX \POP~TOpOB 

IlJlH pac-qeTe HYMOH-HYMOHHOro paccemm.J! z .n::ayxByKJIOHBllX C.IIC'reM (pac-
1l6'1'H MHOroHYRJIOHHHX CHCT8M 6yl1:fT paCClll)'l'p8HH B rJI. II ), . mllllO 
yu.n;eT1>, o6paT.BBllIHC1, K pesym.TaTaM, llOJJY1l8lDWM B pa6oTe 1331. B Ta6-
JIHit8 3 IlJlZBe.n:eHH napaM8Tl)H ,ItJlJI ,ItByx OBEl-noT8HI0IaJlOB B mmym.CHO' , 
IlJl8.Il:CTB.B1Iemm: EMI o6osHa'tlaeT OBEl-noTeHIOiaJI, BBe.n:eHmrA B pa6oTe 311, 
B RO'fOpoM .IICllOJll,SyDTCJi W8HOM8HOJIOrlflleCKH8 qJOp$KTOJ;>H BZ,Ita (2. 6}. 
HM2 - OBEl-noTeJmHM c aaitoHaJII,HHM qioJ;>Ml>a,KTOPOM {2.27) WIH TOI'O xe 
Ha6opa Me30HOB. 

MesoHHHe napaMe~J33a6o-n/33lcHM2) .0' 

pa6ow3 {HMI) · 

Ta6.nmul 3 

IM2 
. : . • HMI 

MesoHH 
J} fr;{,_ ' 9/ j~ mcx. /\0<. !Iv mo< 

'C/c:1. Jex 
Si' 14,2 138 I4,l 138 2500 
2 2 548,5 2,2 548,5 2500 
6' 5,6596 520 5,9 500 2000 
0 0,8175 960 8,7 960 2500 

l 0,5 6,2 7II l,4 4,5 763 1400 2500 
IO 782,8 25 782,8 1300 2500 

¢ 0 I020 33,6 I020 1300 2500 

0 = I,25 

llpne.n:eHHHe napaMe'l'pH 6HJm BH6prum .11s HB.Wiyimiero corJiaC.l!Ji c 
axcnepm1eHTOM qias N ,,Y - pacce.lDIU H napaMe'l'pOB .n:mtroHa. IlapaMeTp r B 8boHSJII,HOM qJOJMlia,RTOpe paccMaTpJIBSJICH Ralt CB06o,ItHHA; IlJl.11 
aTOM ,ItJlJI Hero llOJIY'DfJIOC1, SHa'tleH.118 l,25, cor.7I8.CYJIIl88CH c 8ltCll8PlDl8B
TaJll,HHM 3Ha1l8Hll8M 8JI8RTpOMamBTBOro qio~Topa HYMOBa. 
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CpaBH8H.118 M8SOHHHX napaM8'l'pOB ,ItJlJI o6omc :eapHauTOB DOKa3HBa8T, 
'tlTO :BJIWmH8 Ha H.IIX B.11,Ita HCllOJll,SOJilaHHOro qop~pa SHa'tlHT8JU,HO. C:i
Jll6CTB6HHO, 1lTO napaueTpH, llOJJy1l8HHH8 ,ItJlJI llOT8ImHaJia HM2, HaXO,ltJiTCJi B 
cymecTBeBBo .ny,mreu cor.llaCu co SHa'tleRHJDm, .11sBJie'tleHHmm .11s m,yrmc, 
H68SBJIC.IIIWX BCT01!HIIROB. JtelCTBIIT8Jl1>BO, ROBCTaBTH CBaS.11 ,ItJlJI _P. - M8-
SOHa f.P B f.P , DOJJY1l8HHH,

1
~~ no JC N -paccemum · B 

8JI8RTp0Mal'BJi!THHX 40lM!i&XT<>P<>B • ,ItOBOJWlO 6JI.HSRH K SHa'tleBHmt!, no
JJy1l8HHHM ,ItJlJI HM2,:.noT8HIOiaJia, .II SaM8TBO paCXO,IUi'l'CJi C ROHCTaHTaMH CBR:
SJI HMI-noTeHIOiaJia. JTa;rxee, xoucirauira CBSSB Cu - /."esoHOB ~ x 
sHaqemm, no.JJy'tleBBOMY BS 0 U(3) - J1D.1te.m ( gw = 9 fJ.f . ), B 

CX8M8 11(2, qell B CX8M8 llfI. · 
I'JiaBH08 OTJI.111D!8 8IROB8Jl1,BOI'O qiopYf!altTOpa (2.27) OT ipeBOM8HOJIO

rlA8CltHX qioJllollmtropoB (2.6) COC'fORT B TOil, qTQ OB IlJlBllO;a;HT x o6pesa
HBD UOT8HIOiaJia TOJI&IOJ npH CpamuIT8Jll,BO 6oJU.llll!X 8Ba1l8BBHX nmyJII,ca, 
IlJlH1l8M saTyxamte UOT8HIOI~ npoBCXOJtHT Ba ,Il;OliOJl1>HO MaJIOM OT1)88Re·B 
BIIJJY.11,l,CBOM DpoCTpallCTll8o <l!r8,ItCTB.118M 8TOI'O .IDIJIJ!8TCJi SHa'tlBT8Jll>HO M8B1>
IIIU IlJllDl8C1> ,J) - COC'f08BllJI li .n:elroHe B BapBaBT8 C llt2-UOT8HIOI&JIOM 
sa C'tl8T OOJI1,1118n> UO,ItaBJI8B.IIJI qiopAtpaXTOpoM l!OMIIOB8HT B ~ - COCTO.IDWI, 
HM8DIIBX 60JWIIOI mmy.iu,c. TeM He ll8B88, KB&,lijlyUOJII,HHI MOM8HT )t8ITOHa, 
Bltlla,It II ll'.O'fOPHI ,It8DT rJiaBHHM o6pasoll ROMIIOH8HTH, COOTJil8TCTBYJ)lltH8 
60JI1,110yY paCCTOJDilm Meq HYltlIOH&MH, lDl88T ,Itaae 60JII,DiyD B8JIH1U!HY, 
qeM II c.uyT.Jae Illl-noTeHqiiaJla, .11 xopomo cor.na~eTCH c yT011HeBHHM s1tc
nepn1eHTWHHM suaqeJUteM. .n:aBBHM B pa6oTe /l 3/. 

B Ta~e 4 IlJlBBe.n:eHH pesyJII,Ta'l'H pac'tle'l'OB c INl B Hll2-noreHll.lla
Jilil4R xaprut'lepHCT.IIK .n:elTOBa H COOTB8TCT:ayJ)Jlllil8 axcnepoeBTaJII,BH8 B8JlH-
1lHHH. 

Ta6~4 
~ITo~e~e H sqxf)eKTH~e:aa.n:aycH, IlJl8,ItCKa88BBH8 B 
pa6oTe 33 (1112) B B pa6oTe 3 7 (llMl) • .II a1tcneplDl8B -
T8J.tl,BH8 .u,auHH8 

: SxcnepHMeHT HM2 IUl 

E (MsB) 2,22462 :!: 0,00006 2,2246 2,224 

Q (qiepMH2) 0,2875 ± 0,0020 0,2864 0,284 

e, ( % ) 5 ± 2 4,32 5,75 

as (ipeplOJ) -23,715 :!: 0,015 - ~.71 - 23,69 

rs (1P8PMII) 2,73 ± 0,03 2,68 2,68 

ar (iflepam) 5,423 :t0,005 5,45 5,50 

r't- (\P8PMH) l,748 :!: 0,014 l,79 l,86 

41 



1
-,:,_! 
:,1! 

i1w 

I:,::, 
i 

I: 
11'1, 
:\ 

: ! 

i 

1L 

i 

E:,$~~·. 

B Ta.6.mnle npBBe.zteHH: · aHepl'Wl: CBHSH E , XBa.ztpyIIOJll,BH! M)M8HT Q , 
:eepoJ1'1'BOC'l'I, .,8 - COC'l'Omlllll ~ , CBHI'JleTBU H 'l'pHIIJieTHBJI ,WWBH 

pacc8Jllllia Qs H Qt;- , &qql8KTDHH8 pa,JUfyCH fs H 't; • 
Kalt CJie,Izye'l' HS IJloOO.llH (2. 26), OBE-noTemtHSJl l3 IJp.1!6.llDeHm! al- -

ROHSJia -qepes BeJI.1!1DmY go 38llllC.l!T JDIHO OT 8Heprmr BSam.r:>,ttelcT:eyJ>,,. 

lltBX IIYRJlOHOll. 

HcCJie,ttO:SaHWI, . npo:se.nemme B pa6oTe / 33/, IIORaSHllaDT, "i'l'O aTa 

Sa:B.l!CHMOCTii urpaeT IIPHHitHIIHaJil,IIYD P0JlI, -:a oII.l!camm ~ ,,Y JV - pac

ceJmHJI. Xopomee COrJiaClle, IIOJJY1i8BB08 MR~ paccemms .I! ,ttelTOBBHX 

-.ztaHimX c II0'1'8HIUl8JIOM (2.26), He WZST 6HTI, ,ttOC'l'lll'HY'l'O, 8CJill npeHe6-

pe-q1, Sa:sHCDDC'l'Iill II0'1'8HitHaJia O'l' io , IIOJIODll B IJloPMYJie (2.27) 9,o 
paBHHM H8I<O'l'OP0MY cpe,ttHeJIY s11a-qemm. 

Chr.11acze pacc1i.l!Tammx·qias pacceJIHHS: c a1tCIIepHMeHTOM JJY'Dle MR 
HM2-II0'1'8HlU[aJia, 118M MH HMI-noT8HitH8Jla. By,tteM C"ill'l'a'l':E, ltPH'1'8pl!8M co-

rJiaCHJI B8J!ll1mlY 

_ -. ~ ~ tA _ 5°/xp 
- \. ~xp L.- 11. 

l l 

)(.:l y 
t/2. 

r.tte ££. - BH1il!CJl8HHafl qasa paCC8JIHHII MR O!Ip8,tt8JI8BBO:I II&~aJII,-- r- exp 
HOI :BOJlHH ll 8Hepru HYitOOHOll, oi - COODS'l'C'l'BYJlllt88 8ltCIIepmaeH-. r~ . 
'1'8JlI,HOe 3Ha1ielllle, ll O i - 8ltCII8pJIJM8H'l'8JII,HaJI IIOrpeBIHOCTI,. HB,ttexc l 

npo6erae'l' IIO BCeM pacCMJ'l'p8HHHM II&~aJI1,HS14 DOJIHaM ( J ~ f/. ) H 7 
SHa"iewtffM aHe~.l!.I! o'l' 25 .no 425 MaB· B Jia6opaTOJ)Hol cHc'l'eMe • .lwl noreH

IVJaJIS. HM! _}(. z = 3, IO, a MR Il0'1'8HlU[8Jla HM2 _,X z = 2, 77 • 
ChrJiaCH8 C 8ltCII8p.l!MeH'l'OM ,ttaHlW.X IIO .tteit'l'osy !Ip.l!M8l)HO 0,ttHHaI<OBO MH 

HMI- ll HM2-II0'1'8HIUl8Jl0ll. 

Ta.ltllM o6pasoM, l3Be,tteHHe 8ilroHa.lll,HHX qX>J;llqlalt'l'Opoll l3M8C'f0 qJeHOMe

HOJIOrlR8CRBX ,ttllIIOJil,IIHX qoJ;Mlmt'ropoB IJl)HBO,ttlil'l' It ,ttOBO.lll,HO CYJJl8C'1':B8HHO

MY JIICIJl)8llll8mm CHY~ B M830HHO:I '1'80PD IIYXJIOH-HYXJIOHBOro B3aHMO

,tt8:IC'l'llWI: JIY1illl5e corJIB.CH8 C 8ltCIIepl!M8H'fOII TeIIepI, ,ttOCTHI'ae'l'CJl !Ipll 

6oJiee pasYJ,!HHX: 3Ha1i8HWJX ROHC'1'aH'l' CBll3.H MeSOHOB . 9 z • C .u;pyrol C'l'O- ' 

poHH, BHBO.tt 8MIIJI.l!T;y,ttH (2.26) He .HlWl8'1'CJI C'l'pOrHM .ttY8 B p8MRSX !IpH-

6JmlE8HllJI 8:II<OHSJla .I! CO,It8l)D'1' ,ttOBOJI!,HO IIHOro ,ttOIIOJIHll'1'8JII,HHX IJl)e,ttIIOJIO

zeHHI, B "iaC'l'HOC'l'.l:t, B 'l'OM, 11'1'0 RaCae'l'CJI .l:tCR1ID'll8HIIJI IIP.HBO.ttHMHX ,ttlila

rpaMM, yxo,na C 8Hepre'l'.IA8CRO:R IIOBepDIOC'l'll, y-qeTa sapszemmx M830HOB. 

Ilo8'1'0M;y 8:II<OH8JII,HH8 q0.Pf,lpalt'1'0.IlH CJI8,Dy8'1', IIO-BHJtH)l)yY, paCCMS.'l'pJIIB8.'l'I, 

Ralt qJeHOM8HOJIOr.1AeCIGI8, Bl!,It ltOTOl)UX ,ttOBOJU,HO y,natmo IIO,ItClt83BBT80PH-

el. 
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rJIABA n. IlPWIEHEBHE lIOTEHllHAJI()B ME30Im0ll TIDPIDI B PACTIETAX 
CB0.0:CTB R;UEPHOll MATEPHH 

§ 3. C:eolCTBO HaCli!Il8HWI R,ltepma: CBJI 

0,ItHZM .0'3 OCHOBmtX CBOil:CTB .B,ttepma: CBC'l'eM, ,ttaBHO 38M8'1l8HHHM .0' 

Ha,It8lEHO YCTSHOBJieHHHM, S!BJIJI8'1'CJI HaCli!IleHHe, IIpoJIBJISmll88CJI B IIOCTOSIH

C'l'B8 B8JlH'mHH BHeprJII.I! CBJISJII, O'l'HeceHHoii K O.ttHOil 11ac'1'.im;e. IlpoJIBJieH.l:teM 

HaCHlll8H.M: CtlllTaeTCJI 'l'aKEe IIOCTOBHC'l'BO DJIOTHOCTll .B,ttepmrx .CllCT8M, O,Il;

Ha.KO B ,ItaHHOM naparpaqie NH 6y,tteM paCCMa'l'p.lllla'l'l> CBOil:C'l'BO HaCHlllelWJI 

'l'OJil,KO B sHepreT.IA8CKOM acne1tTe. 

:3KCIIep.l!M8H'l'aJl'.I,HO CBO:IC'l'BO HaClilll8HWI o6Hapy.zeHO y peaJI:E,HHX .B,ttep, 

cJie.ztoBaTeJil,HO, MH Macco:am: 'llllCeJI BIIJIOU .no A ~ 250. Jlo:sOJU,HO ec.,. 

T8C'l'BeHHO IIpe,ttlIOJIODl'l'I,, "ITO Ha6Jm,tta81408 HaCli!Il81W8 MOlEHO pacCMB.'l'IJ.0Ba'l'l, 

Ka.It ac.l:tMIITOTJll1iecKOe CliOICTBO IIPR A - oo , T.e. Ctlll'l'a'l'1>, "i'l'O Hace-

111eHHe OC'l'a8TCJI Ilp.1:t CKOJil, yro,ttHo 60Jil>llmX MaCCOBla: 'llllCJiax. Kalt IJllaB.l!'JIO, 

JIIM8HHO .Tait .If IIOC'fYII8Jl'1', XO'l'JI, B IJllmnim:I8, He CJI8,Dy8T .e:cK.7ID'la'l'I, BOS

MOmlOC'1'll JIOKaJU,Horo no A xapaKTepa HaCli!IleHWI, :e arou CJJY1Ul8 Tpe-

6oll8.H.lfe HEl.lllA.lm HaCli!Il8Hll.fl: y JI,ttepHol r.aaTepH.1! ( A ~ 00 ) TepsreT qias.l!'

-qecrotl CMl:ICJI. Bee-Trot.I! 06111eIJl)murl'OI S!BJIJI8TCJI 'l'O'l!Ka speHWI, Ilp8JlIIOJia

raDIIB,JI ac.l!'MIITOTJll'q8CIW:I xapalt'l'ep Hacli!IleH.1!'.11. B IIOJI:E,sy Hee ro:eopHT TO 

o6CTO.f1'1'8Jll,'C'l':BO, 'll'l'O II0'1'8~8JIH, He .ttaDIU!8 KOHetlHOI 8Heprn.1:t CB/13.0' MH 

JI,ttepHol Na'1'8l)JII.I!, !IpJIIBO,Il;li'l', Kalt IIpaB.l!JIO, K CJI.0111KOM 60Jil,IIIOi\ 8Hepr.im 

cBJIS.I! H MH TmEeJ.WX, Ho KOHetUWX JI.ttep. B ,Il;B.Jll,HebeM BSJio.zemm w 6y

,IJ;eM HCXO.ltlf'l'l, HM8HHO JIIS aCJIIMII'l'OT.ffll8CROro npe,D;C'l'aBJI8H.l!JI O H8.Clilll8H.IW. 

IlpaltTJ111i80RaJI IIOJil,Sa 0'1' 'l'aKOro IIp8,Il;llOJIOlE8H.l:tJI 3aRJID'la8'1'CJI B TOM, "i'l'O 

HCCJie.tto»a'l'Ii ac.e:MIITOTlRecltlll c.nytlaA A - oo MB.TeMaT.lflleCK.0 cy111ec'l'-

:eeHHo npo111e, 11811 KOH81DIH8 JI,ttepHHe C.UC'l'8Ml:I. 

C:eoil:CTBO HaClilll8HJIIJI MODO paccM.a'l'p.l!Ba'l'l, ltait O.ltl!H HS ItPH'l'8PH8B, 

KOTOPID4 ,ttOJI3HO Y.ttOBJI8'l'DOpJITI, N N - B3am40,tt8itCTBll8 • C 8'1'01 '1'0100! 

3p8Hll.fI MW ll 6y,tteM ero pacCMa'l'pHBaTI, B 8'1'01 rJia:se. 

:Ewi:cHeHHe c11ss11 ueimy napaMe'l'!)&MH N IV - :asa.BMo.zte:ll:cTB.l!JI H c:eoa

cTBOM aaclillle8'f Hal~Jc1, e111e Ha prumel CTa,J:U!l! pasu'l'HJI JI,ttepHOI qiasH-

IW l¥a6o'l'ax 04.- • B ,ttaJU,Be:RmeM, BIIJIOTI> .ttO co:epewemwx pa6oT 

I IO I 27, pasB.l!TBe DJJIO :a ocao:&BOM B HanpalLIIeB.0.1! 0606111eHHs u.na BYK

JIOH-BYXJIOBHHX CHJI, llCCJie,IzyeMHX C '1'011IW spelll!JI HaCWI18HllJI. B npHlle,tteH

ma: pa6oTax _ 'lX?PMYmspymcs Heo6xo.ttJOWe yc.noBJIIJI, mropHM .ztOJIJmO Y.ttOB

JieTliOPJI'l'l> N N - »sam.to.ztelcTBHe npm!JI'l'oro B pa6oTe BD,Ita, 11ro6H OHO 

IJpllO,ttlilJlO R HaCli!Il8Hml. KoHiq>eTHO 8'1'a [{8JI!, ,ItOC'l'HraJiaCI, IIY'l'eM y,ttoBJieT

:eopeHHJI yc.no:e.l!I, .ztOCTaTO'IJHHX MH aapymemt.fI HaCli!Il8HWI, IlJ)lf 8'1'0H ltC

IlOJI:E,SOBMCJI :11apHa.IUIOHHHI IIpllll[{Wl P.l!'Tqa, .IJ:amt.l!I oqemcy o:ae:pxy MH 
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aHeprmr CHC'l'eMH. lzycu E(A) - aHepr.llJI cBcTeim, £(A) - oQeH

xa, DOJIY'i8HHaJJ no Mero.ily Pli:~. Tor.zta M!I as:epr.rm CBSis.11 - £(A) 
CHC'l'8Mll .HMeeM 

-E(A)~-E(A). (3.I) 

F.cJm · :&upazeHBe - £(A) lIJll! A ~ 00 pac~T 6HcTpee, 1:1eM 

const•A (const >0) , TO HacliJileHBe oTcyTcT:eyeT. Ulre,Ito:ea'l'eJll,Ho, 

H806XO,lt.ll:MHMH YCJIOBMBMH HaCHl!i8H.IIJI JlliJllmTCJI YCJIOB.IIJI, Ilp.11.JSQ!Qll&X Be,uy-

uutl! :&0spacTm:mia:li DpH A~ 0o 1JJieH B o~eHxe PH~ =-£(A) ecT.r, 
const•A. 

Hall6oJiee llOJIHHe pesy,TaI, O'l'HOCH'l'eJll,HO Heo6xo.Jt0Ml,IX YCJIOlll Ha

Clillll8~ ¥~'l8HH :B pa6o'l'e II , 8TH pesy.111,TaTH DO,Iijl06Ho HSJIOlfeHH :B 

pa6oTe 
1 

• N N - BSam«>,Ite:licT:BHe :& BTBX pa6oTax HMeeT mm 

V=l/+c}+W, (3.2) 

r,lle 

,r, 1: -- - T: , s or ., 7 
[! = f-p /!,Jr) LS+ lJ,,(r) S,~ +f-P °" (r)J (3.3a) 

CO,llepUT JIORa.lll,HHe cmm-op6HTaJU,HHe, 'l'8HSOPHH8 B ~8HTPaJU,HHe CBJIH, · 

Pmax 

P=L P0PL Pe0Yr), -zJ"{t--rj(ZR-t-1/}(~-,=jr-.f-·) (3.36) 

01: e=o 

- JIOKBJU,HHe CWlH, )le!cT:ByllJU{e TOJI.T,KO .ztJlJI D~PIUJaJII,Hla: BOJIH C e- e · ~ -D, 1,Z, .... ma,x 

w = L P0 PTW6"'£(1: ,) (3.3B) 

oz: 
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HMO~ DOT8Jml!8Jl. p ~ H pr :& 4X>PMYJI8X (3.3a,6,B) - onepa

'l'OPH Ilp08K'l'.llpOBaHWI Ha COC'l'OJlllHJI C .ItaHHI,IM CDHHOM H ;a;amn& BSOClIHHOM. 

0'1'HOCB'1'8JILHO pa,nRaJILHOI SaBBCRWC'l'H D0'1'8m:u,laJ.Ia (3.2) Ilp8,llllOJia

rae'l'CJI, 1:3:TO OH ,l{OC'l'a'l'OllHO 6HCTpO CTp8MH'l'CJI K lfYJill IIpJI 6oJILIIIBX MeX

JlYlUIOHma: paccTOJIHBmc ll xoHe1:1eH IIpJ1 Bcex r > 0 • B TO'IKe r = D 
CHHI'YJlJIPBOC'l'.T, He ,l{OJUma 6H'l'I> 0'18HI, CBJII,HOI, 'l'aK, 'l'l'06H l1,7lJI H8KOTOporo 

t :> 0 6wm Il'OH8'1BH llupaJEeH.IIJI , 

,J-t:[/(r); ,.. 3 -trf>{r); ri-~ ,,l-tW(r, r-) 

JJ.n:JI :&saHm.ll81C'l'llJI (3.2) B CJIY'lae mmoJIBeH.IIJI y:Kasamwx :amue yc

Jio:BHI Ha OCHOBe M8'l'O.ita Pli:nta C BCDOJILSOilallll8M B Ka'l8C'l'B8 Dp06ma: 

BOJlllOJmX qJYHICilHit ,ll8'1'8pMHH8H'l'OB, DOCTp08BHHX HS O,l{HO'laC'l'.iAHHX BOJIHOBHX 

qiy~, DOJJY'laeTcJI CJI8.DYlllllaJI Bepx:BJIJI oQeHxa aueprH.a cxc'1'8Mli ns A 
JlYKl[()HOB , 

£(A)s,DEA ¾+([c + Er)A p_+ l £Ls A~ 
(3.4) 

+£A ¼+E. A 
r W ./ 

r)le Ek£ BOSHBitae'l' OT mmeTJAecKOro 1JJieua, OC'l'aJII>HHe KOHC'l'aHTH 

HM8J>'l' BH,ll8RCH, COBD8,IUIDIIH8 C BH,ll8RC&MH COO'l'B8TC'l'BYJElHX KOMIJOH8H'l' llO 

:BSa.HK>,ttelcTBlm. J3emroma ,l l3 ( 3. 4) lik>Z8T 6H'l'I, ll!i6p&Ha paBHOI -

-I,O,I, TaR 'ITO sHaK BM~a B aHepI'lm o'l' cmm-op6naJILma: c.aJI lik>Z8T 

6HTI, npORSBOJI.T,HHM (B SallC.IDl)C'l'B OT .acnonsyema np.11 Ilpll!M8Hewm 

~a Pli:TQa Ilp06HOI lilOJlllO:BO! qJYHKlUW). 

Hs (3.4) cpasy J!t8 CJI8,Ity8T, 'ITO HaJIH'lHe JIOR8JI1,Hl{X cmra-op6HTaJIL

HHX C.HJI uapymaeT YCJIOlUie HaCHlll8Rl!JI. B BX OTCYTCTB:1!8 Rpl'l'l'B'l8CW!MI! l1,7lJI 

H&Clml8HllJI JIBJUD>TCJI Jlllllll, 'VI8HH, COO'l'B8'1'C'l'BYJ)lllll8 ~8HTpaJII,HHM 1'i T8H30p

HHM CHJISM, OC'l'aJll,HHB Il'OMIIOH8H'l'H B (3.4) DO,tta:sJIJil)'l'CJI l3M8,Il;OM OT KHH8-

TB'l8CROff 8Heprn.a. Heo6xo,Itm,WM YCJIOBH8M HaCHlll8HllJI SD3Jlll8TCJI, '1'8.KRM 06-
pasoM,. ueoTPlfIUl'l'8JILHOC'l'I> Il'OHC'faH'l' Ee H Er . B TepMHHBX DoTes:

IUIMOB 8TO YCJIOlll18 ,lll)Z8'1' 6HTI, saJUICaHO B mme: 

~ .53 ....... .3 

V.. + ~ ~o, 
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~ .53 '>J 13 
3 [fc ~ [le ~ DJ 

5 u~3 _,_ -rJ5, + 5 [!_3 + o-__, ~ 0 C c T T .J 

(3.5) 

5 f} 33
_,_ fj 3

:. UIS+ u {f_,_2 fl 3-2_ il 1 0 
•. C C C C T T~ > 

9 f; 33.,_ j fj3~ 3 fl 13+ V"_ 11 > O, 
C C C C 

r.n:e 

~ or -}J.t{~ ftr') l('f;~ -~j d 3 ,-d3 r ~ 

~ '=/fa(i1f(~j{lr1:{!?-Ff}(5rz:-l)d3r-d3
~; 

(3.6) 

n i! - DJ)08RW!JI Ha OCl> lCBaH'l'OllSHWI B8KTOpa (r- -;:-')/Ir- ri ) 
.P(1' - WlOTHOCTl> pacnpe.n;eJieHU HYRIIOHOB, I<OTOpas: lll3eT :rm6BpaTl>C.S: 

110-l)a3BOMY • IloCJie.n;Hllll ~QT8Jll,BO BH6.0paTI, TaxHM ·o6pasoM, 'll'06H 110 

:aos11>&ocTB 110JJY1i11Tl> MeBl>IJIYll :&eJDl'DIHY ROHCTSBT E c H £ r , :e 
8'1'0iCJJYliEL8 B806XO,ltBYJ,le YCJIO:aHJi CTaBO:iH'l'CJI 6oJiee Cl!Jll,HliDlll.,ciB pa6oTe 

lII I!pBllO.IUITCJI YCJIO:aHJi (3.5), mm11camme B JIBBOI qx:ip.ue AJIJI pasma 

TmIOB pacDp8,ll;8Jl8HU WlOTHOCTB. 

lIJITl> H806xO.ztmmX yCJioBd BacliJll8HBJI (3.5) COOTB8TCT:&yll'l' IIJITB 

Dp8,ntlOJI03eHHHM B DJ)06HOI BOJIHOllOI qJYBJatlmCIUm-BSOCimBOmat: I<Ol$Jry

PaitWIM: cmmu B BSOCIDIHH AJIJI BCex HYRJIOHOB BHC'l'J)OeHH; CIIHHH lWC'l'J)Oe

HH, a BSOCIIHHH BSali!MHO I<OMII8HC.HpyllTCJI; BSOC11lilBH BHCl'p08BH, a cmum 

BSa.HMBO It0Mll8HC.Hpyll'l'CJI; Y 110JIOBmm HYKJIOHOB cmms B BSOCII.HHH BHC'l'J)O

eBH, Y m,yrol 110JIO.BHHH OHB BHC'l'J)08HH B DJ)O'l'HB0110JIOXEOM HaDpaBJI8HBB; 
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CBC'1'8Ma pac11a,ttae'l'CJI Ha qeTUpe qacTB, B ruuQJ;OI BS EOTOPHX cmmu B 

BSOC11BHH BHC'l'J)OeHH, np~eM B ruuQJ;O! qacTB HanpaBJieHBe BHCTp08HHOCTll 

CilBHOB, HJlll BSOCIIBHOB, HJlll '1'8X B m,yrmc:,O'l'J!Bqa8TCJI OT COOTB8'1'CTBYJO

lll8I'O HanpaBJieHBJI B .n;pyrmc qacTmc. 

lm'l'epeCHo, qro 110JIBJ.18HB8 BO BS~;o;e:IC'l'BHB srumcsmiero OT CKO

poCTB 'Ul8Ha BH;o;a 

? 2 V(r-) + V (r-) f !l, (3.7a) 

.I! 

V(,){L~Sj 2 
(3.76) 

-~ 
;o;aJio 6u B (3. 4) lJJ.IeH £ A 3 

, DpINeM E > 0 , eCJIB "pa,nBam,HHe 

Il0'1'8ImHBJW" V ( r-) DOJlOlltl!T8Jll,HO 0Dp8,D;8Jl8HH. C m,yroii CTOpoHH, no-

JlOlmT8Jll,HalI oDpe,IleJieHHocu V (r) JIBJIJieTca Heo6xo,ItHMHM yCJIOBHeM 

TOI'O, qTQ raM.HJU,'J.'OIDiaH co BSWSMO,Ite:licTBBJIM.H (3.7a) B (3.76) o6Jla,tta8T 

,Ila.1te DpB IIX>H8lll!OM, HO ,D;OCTaro-rmo 6om,moM A , OrpamIT,IBHHHM CHBSY 

c11eRTpoM, T ~ e. HMeeT \PHSINec:rutli cr.mCJI. CJle,IloBaTem,Ho, HBJmlme B # N 
- BsaBMO;u;elc'l'BHB 'Ul8HOB BH;o;a (3.7a) B (3.76) o6ecne1l.HBaeT HaClilllBHBe, 

.naJEe Dp.H ua_pymeium YCJIOBHI (3.5), T.e. 8TB YCJIOBBH nepeCTall'l' 6HTb 

Heo6xo,IUD,WMB AJIJI aacliJlleHBJI. 

fuae-rmo, H8Jllf'm8 B 110T8JmHSJ18 'l'Bep~ol OT'l'aJ.IRBBa'l'8Jll,HOit cep~e

BBHH KOH8lll!OI'O P8Jtl!YC8. T8.Rll8 06ec11e~Ba8T HaC1llll8HB8 H83aBBCHMO OT 

BHilOJIH8HBJI YCJIOBHI (3.5). CJle,eyeT, O;u;Ha.RO, BM8Tl> B :en,ey, 'ITO Hacimte

HBe CHOBa SallBC.H O'l' 8'1'RX YCJIOBHI, Kalt TOJll,EO CMH BB,Ila (3. 7a) B 

(3. 76) 110,1J;Bepr81l'l'ca o6pesamm 110 mmym,cy B, TaIWM o6pasoM, SaMeHJI

ll'l'CJI Ha H8JlORaJil>mdi 110'1'8Hlv,taJI, B xaqecTB8 anDpoRC.HMBIUUI EOTOl)OI'O. OHB 

06~0 paCCMa.'l'pBBall'l'CJI •. .Aaa.norBlmO, S8M8Ha 'l'B8p.lt()it OTTaJIRDa'l'eJil,HOI 

cep~eB.lilBH Ha 110T8Imli8Jl KOH811HOI (XO'l'JI 6H B oqeB:E, 6oJW110I) B8JLINHHH 

,It8JlaeT CBOIC'l'BO HaClilll8ImJI SallHCHM!iM O'l' YCJIOBJ!it (3.5). 3TO 03Haqae'l', 

qT() COO'l'HOmeHBJI (3. 5) 110 CYIIl8CTDY JIBJlJDlTCJI H806XO,D;IWl,1Ilm YCJlOBBSMII 

HaC1llll8HBJI ;u;ue Dp.H HaJDflmH CM ll,Il;a (3.7a,6) B 'l'll8P.1t0ro ItOpa. 

Baze:o O'l'MeTHTl>, 'l'l'O 110Mm.ll YCJIOBJ!it HaCHIIl8HBJI ;V;V - :asa.nm-· 

.D:8IC'l'BH8 .lt()JmHO Y.ltOBll8TllOPJITI> YCJIOBHJIM, 06ecne1DmaDIU!M o~eH

HOC'l'l> CHBSY C118RTJ)a co6C'l'B8HBHX sHaqemtl!: rru.mm,TommHa AJIJI CBC'l'BMH 

A :eyKJIOHOB (aroT ooripoc pacc.a«>'l'peH :a. pa6oTe /IIO/). 3-ro 'fl)e6o:ea

Ime 110 cy111ecny xacaeTCJI JilllllI, lJJ.I8HOD # ;]/ - CM, 38.BBCmitllX 0'1' CEO

PQCTH, B CBO,ltil'l'CJI K DOJIODT8Jll,ROI 0Dp8,D;8Jl8HHOCTH I<OOp,ltl!Ha'l'JWX qacTel 
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,1{J1JI cwr, co,Itepza!IIHX HMIJyJU,c B cTeneB.l!I, He Mem.mel, tieM ,D;Ba. MHone 

noTeHitH8.?!H, B tiaCTHOCTH, IIIBPO:KO Hcno.m,sye.MHe noTeBWJaJI XBMB,ItS:-Jtzoa

CTOHa H lieJU,Crotll noTemtHa.n, Be Y.ItOBJI8TBOpJD>T 8TOMy '!lll86OBaB.l!II). :&a:o

,ItOM HS 8TOI 'l'pY,ItHOCTH MOZEIT 61:lTl> o6pesaB.l!le 1iJieHOB, 3QlWCJJDtmt O'l' CRO

pOCTH, no m.myJU,cy. 

Mol!Bo DOKa3aTI> /II2/, 't!TO .0'3 YCJIOBmi. Ha.CHllleB.l!IJI (3. 5), 3aIIHCaH;,_ 

HUX ,1{J1JI H8KOTO:(BX pacnpe,IteJIBHmi. IIJlOTHOCT.0' B npo6aoa BOJIHOBOI !NllRqHB, 

CJie,ItYeT, 'qTQ llOT8m:tHaJI, KOTOpHit puea BYJm .BBY'!lllB H8KOTopo:li C~PJ:l. 

Y.ItOBJI8TBOpaeT YCJIOB.HHM HaCHllleHHJI 'l'OJU,KO, eCJIH OH llB8 cqiepH BCll,lly OT- . 

TBJUWBaT8JU,HJ:lii • .U06aBJieB.l!le M1ll'Kl!X O'fT8.1lKHJ3aT8Jll,HJ:lX Irol)OB B B.H,It8 He

JIOKa.111,lWX llOTemtHaJIOB He MeHJieT DOJIOZBB.l!IJI ,It8.1l. ;J[' - Me3OHHaJi KO»

DOHeHTa OPEP ll noTemtHa.ne TaKJEe Hapymae'l' YCJIOBRJI HacJ:lliteHHJI, O.ItHaKO' 

OH.I! BOCCT8H8BJIIU3am'CJI, eCJIH BllO,ItHTCJI o6pesaH.He DOT8mtH8Jla np.H 6on-
111HX OTHOCB'l'eJ.U,HHX m.myJII,cax. 

Hcxo.wr HS np.HBe,IteHHHX coo6paJtemtlt, MOllHO 38RJill1IHTI>, 't!TO DOTeH

~aJI, Y.ItOBJieTBOl)JDlll.ltii H006XO,Itm4HM YCJIOBRRM HaCHlll8H.0'JI, ,ItOJillteH CO,It81)

ll:a.Tl> ll8HT!)8JII,HYJ) .lf TeHSOPHYJl KOMIIOHeHTH, Y.ItOBJieTllOJ)Jml!He YCJIOBR.ID4 

(3.5). a cmm-op6.l!TaJU,HHe _CWIH H .HHHe CHJll:l, 38BHCJlllUJe OT CKOpoCTH, 

.ItOJIJmH no,ItBepraTLCJI o6pesamm no .HMDy.m,cy, T.e. 6HTL c.IteJiaHH HeJio-

ltaJILHHMH • . , 

,Il,m O!leHroI "xatieCTBa" /VN - BSam&l.ItelcTBd .B omomemm c:ool- · 

CTBa HaCHlll8B.l!IJI lilaJEHyll l)OJII, CJie,ItYeT OTB8C'l'.lf ,It0CT8TO'UIHM yCJIOBWJM Ha

Cl:llll8B.l!IJle IlepBJ:lil: peiiJU,TaT ll 8TOM HanpaBJielilm 61:lJl llOJJY't!8H B 1936 r. 
B.lfl'HepoM B pa6oTe 13/. Pesy.m,TaT Bll:rnepa SHa't!HTeJII,HO 06O61110H 6Jla- . 
l'O.ItaPJI T8~8TRKO-rpynno::aol,\j' llO)OCO,ItY B pa6oTe lfaJro~po. Cm&:>HOBa H 

CypKOB8 / 4/ • B 8TOit pa6oTe HapJJ,ItY C pasBRTRBM llO,ItXO,Ita B.Hmepa npR

MeHeH TaIOEe MBTO.It PyJIJIJI~muepa, pasim'l'Hlt npa RCCJie,ItoBamm ,ri6JieMH 

ycroiNHBOCT.0' B CT8T.IIICTH't!8CKOI lpl'l3.IIIR8 .III H3JIOEeHHJ:lii B mmre . 15/. 
06a MeTO,Ita .rtaJ)T B3a.HMHO ,ItOllOJlHJlllll.08 ,ItOCT8TO'qHJ:le YCJIOBHJI: TeopeTRKO

I'JlYilllOBOit MBTO,It B .ny-qmeft CTeneH.III .BH.R:BJIJieT l)OJU, o6uemwx C.IIIJI, llO,ItXO,It 

PyJIJIJI~mnepa - l)OJll, OTTMK.I/Ill8H.IIIJI. 

B3am.l),It8itCTll.0'8, ,1{J1JI KO'l'Opol'O llOJJ;y'leHH ,ItOCT8'1'0'1Hl:le ,1{J1JI HaCHIIIBHHJI 

YCJIOBHJI, l!MeeT BB.It 

V =L PT[ P
0

lfc
5T{r-J+l/T(r)$,z}> 

ST · ~ 

(3.8) 

T.e. ll A/ A/ - »Sam.ll.Ite:ltcuie BKJilOtiaJDTCJI JllIIIIL cTaTB11ecK.11Ie 'llJI~HH. 

KoHetIHo, pacCM:>'!llleB.l!le CTaTJII'qeCKOI'O npe.zte.na JIBJIJI8TCJI onpe,It8Jl8HHHM O~ 

pamJlieB.l!leM. A:sropH pa6o'l'H /II4/ llOKa3HBSDT, 't!TO no.ny-qeHHHe .IIIMH_ pe-
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3yJII,T8TH SDIJlJiDTCJI ,ItOCTaTOtJHO .HHqx>l)MaTHBlWMH, eCJIH PBJIJITHB.lfCTCIWe 

e~KTH B ;. He .HrpallT np.BHll}DI.lllaJILHOI poJm. B BTOM -.c.ny-qae HaCl:lllle

JWe, CKOpel Bcero, .ItOJilEHO 06ecne1JHBa.Ti.CJI OCHOmmM.III, T.e. CT8TB118CKH-

NH, xoMIIoHeBTSMB N JV - cu.n. · 

IlpJI . no.ny-qemm ,IPCTa'fOlJHHX YCJIO:Bd aacHllieimJI B pa6oTe /II4/ HC

DOJII,SyeTCJI C006paxemre, 3aMll1l8Dl!eeCJI· ll TOM~ 't!TO eCJIB DOT8mtH8J.1 ~ 
JIJI8TCJI lf8Csmanq194 'l'OJll,Il'O npa YtI8T8 llOTemtHa.m,HOil: 8H8PI'lm B raMBJI:r,TO

JWaBe, TO ST.III C.1/IJIH OCT8JOTCJI H8Cl:llllaDllHM.I/I a ,1{J1JI llOJIHOl'O raMHJII,TOW!aHa, 

TaR lf7:. 'K.HHemecmtli 'UteH JlHIIIL YMBHLmaeT 8Heprmo CBJISH. B pa6oTe 

/II He y-immsaeTCJI np~ Heonpe~eJieHHOCTH I'etiseH<Sepra (T.e. pac

CM>'!lll8lIH8 CTpo.HTCJI He Ha KBaHTOBOti, ·a Ha KJI8CCH'ieCil'01rl OCHOBe) H; B · 

c.ny-qae 
0

M8TO,Ita P,JIJIJI➔mnepa, np_mmmi IJayJI.H TrooEe He Dp.lfH.HMaeTCJI BO 
BHID68HHe. KaK TO, TaK B ,u,pyroe ,ItOJiyCTBMJ, TaK Rim-y-qeT 8THX a<l.q)eKTOR 

yMeHLIIIB.eT _8H8prml CBJISH~ 

OmeTHM, 't!TO Hecm'!lllJI Ha HaJmtI.He pa,Ita np.1I6JmJ10H.III:li, npi ROTOPHX 

BHBO,ItllTCJI ,ItOCTaTOtIHHe YCJIOB.IIIJI. llOCJI8,ItHlle B HeKOropwc CJJY-cro.RX, T.e. 

,1{J1JI HeKOTOJ)B:x' IroHiq)eTHHX 4X>IM NJ\/ ...; 'B3ru!M),Ite:liCTBH:li,- COBDM8l)T C 

Heo6xo,ItHMW,m YCJIOBR.RMH HaCHlllemIJI, pacCMO'!lll8IDWMII BHme, T.e. RllJIJIDT

CJI Iq).IITep.HeM HaCH1118HHH. 

Ha-aa ,Itooo.m,ao rpoM:>a,ItKOro B.II,I(a JJ;OCTaTO'lliHX YCJIOB.Hii aacl:llllerum" 

MH He 6y,IteM me s.ztecL- npHBo.ItHTL, oHH .rtaJ>TCJI B pa6oTe /ll4/ • 

§ 4~ HcnOJlL30BaH.He OBE-noTe~aJIOB B qx>pMa.7I.113Me 

Bpru<11epa-FeTa-IbJI,ItCTOyHa 

Hapa,ey C 38,It8'1!8M.III O paccemnnr CB06o,nHHX HYKJIOHOB, JJ;eilTOHe H 

TpHTOHe, pac'leTH CBOilCTB 6eCROHe'lHo1rl Ji,ItepHoil MaTepIDI ,Itall)T 3Ha'IHT8JIL

BYD (.H .ItODOJIHHTeJU,ayD K .ItByXHyKJIOHHOil 38,Ita'l!e) HHqx>pMa.IUIID o MelKHYK- · 

JIOHHHX CHJiaX, TaK KaK MOJIHO CKa3aTi., 't!TO CYllleCT.BYeT TOOp.HJI Ji,ItepHOH . 

MaTepHB, B KOTOpol, lllCXOM HS BSam.n.zteAcTBHJI CB06o,ItHHX HYKJIOHOB, .MJllv

HO np.11r6JI.11IlE8HHO BHtJHCJIRTL llJIOTHOCTL H 8Hepr.im CBJISH Ha BYKJIOH Ji,ItepHOA 

MaTepu, .ItODYCKaJI npz 8TOM CpaBimTeJILHO He6oJI.blllRe norpemHOCTH, no.zt-, 

.ztaDl!HeCJI O!leHKe. 'IaKaJI CJ)8BB.l!IT8Jll,HO 6.naronpHJITHaJI C.HTY~ B TeopHH 

Ji,IteJ)HOi\ MaT8Plll.0' B03HlllKJia noCJie TOl'O, KaK 6wra YCTallOBJieHa CXO.Itl™OCTL 

pasJI3xeHllll 1i>ru<11epa-IbJI,ItCTOYH8 J]Q - 'UICJJY He38Bl'IC.HMHX .1tHIX)tJHHX COCTOJI

liltir, y,mCTBYJ!lllllX B npo~ecc/IIG/_ Haa-qe rOBOPJI, OKa3aJIOCl>, 'l!TO IIpH 

OIIp8,It8Jl8H.IIIH CBOiiCTB JUJ;8pHott MaTep:im ,ItOCTaTO't!HO Orpalill'IJi!TLCJI pac-

X) lb.It H83aB.0'Cm.tl:lMll ,ItllpO'lJWMll COCTOmmm.m 6y,It8M IlOIDJMaTL Ta.ruI8 COCTO
JIB.l!IJI, HIIJiyJII,C KOTOPHX. IIOEeT np0.0'3BOJlLHO . BHO.BpaTLCJI BBY'!lll.0' cwepH 
~PMlll 683 HapymeB.l!IJI 38Il'OHa COxpaH8B.l!IJI .HMDyJU,Ca B lleJIOM ,1{J1JI np0!leC
ca. 
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.1, 

I, 
! 

:; I 

CMOTJl&HR8M JllmII, ,ltliarpaw ne:pBOro noJ)H.ItKS' no aqxpe1tmBHOMY 

B38.liMO,It8H:CTBmD MSllt,ey HYXJIOHBMR, .ItO'1'O1)08 · BH'lllCJIJ!8TCR 13 T80-

po:. 3To CJie,eyeT ll3 Toro,tJTo n:poneccu <50Jiee BHCoKOro no:pH.$a 

CO,lte:pza.T,lle MeHee 'l'pex H83alll!Cma.tX ,ItRl)Ollllla: COC'l'Ommi B, CJie~Ba- . 

'l'eJll,HO, ,naJ)'l' C})aBWU'&Jll,HO ileeloJwool BRJia.It (Dl)Oneccu BTOJ)Ol'O nop.R;ItKa . . 

no aqxJleitTB.BHO,q, Baruwo.zteitc'l'~ oTcy'l'CT.BYJ)T B Teopmf' EpaitHepa-IbJr.tt.:.. · 
croyua). · · · · · 

OTMeTHM,, 'ITO Iq)B'1'8}).d -CXO;ItmlOC.TH no 'lBCJJY H888.Bl!CBMYX ,ltlijX)'IJHRX 
cocro.RHJ!I co.BIIa.ztaeT c IqlBTe})KeM cxo.itllll)CTH no c!l'eneHB. wiomocTB · 

H,It8})HOit Ma'1'8})HHo . .IJ.elCT.BBTeJlldlO, fl, He3aBHC214liX ,ItRl)Olt M)~T o<5paso- ! 

BHBaTI>CSI B pesyJII,TaTe Bsruwo.zteicTmlJI · He 11eHee 11eM /J._ 11acT.Bn, 1:1To · . . , ,, . . . 

l303WJIBO n:pl'I c6.im~HHH ~CTl!Il; O.D,HOB})8MeHHO ~ ~C'l'a'l'OtJHOMaJ.!01'0 :pac-

C'l'OJmHI!. Mepol aroro paCC'l'OJmHI! CJJYDT He Pa.ItHYC ,1te:1!:C'l'.B.lfs: H,lte_pmtx 

CHJI, a, cmpee, PaJtHYC OTTaJIKli!BIU'8.lll,HOl'O fa CJJY'lae. OBE-noTeHqHaJioB -

Mlll'ROl'O) RO})a, Tait Rait .IW8HHO 6om.moe XO})O.B08 B3alDl),1teiiCTBHB Be,lt&TB 

ocHOBHOM It CWll,HRM l«l})})eJIJllUIOHHmof sqq>eitTaM B. smepHo:11: MaTepm!. · no l3e

})OSITHOCTI, MR: fl. tJaC'l'mt Oita3aTI,CJI B o6JiacTii, })a3M8})H R01'0})01 no-
. . ~ . . . 

·PR,ItRa pa,wca xopa, D})OnO})ItHOHaJll,Ha J1 , r.1te JJ - n.n:oTHOCTI> 

H,Ite!)Hoi MaTepD. 

06cy,ItHM mtpaT.qe n:plo!})O)IY a@eitTmmoro B3am.ll.Jte:l!:c'rl3l'IJl. mHtJecmtli 
CMHCJl ero BBe",IteHl'ISI B Teopm:> 3axJlll'la8TCa: B Y'IJ&Te Tait Ha3HBaeMHX 

"JiecTlllfCml,CC" .ltli~aMM, oTB&'laDIIBX ·nponeccy pacceJllllJB'. na})H tJacTmi; m=
me rpaHmi;H we:pyeX , B3amd0.1teitcTBYD112X 'le:pe3 HCXO,Itll'.HH .JtBYXBYit71omndt 

noTemmWI. Ha })l'IC. 7 II})HB&,lteHa Jl&CTJm'IIHafI .ltliarpaMMa, ItO'l'O})aa: H>XST 

a:BJIHTI>Ca: COCTB.BBOi "iaCTI,JO l)a3Jlll1DIHX ,ltliarpSMM. IbCJl8~Ba'1'8JII,HOCTH 

.lt.lfal'paMM "JJ)3yx TmIOB, CO,ltellzaill.lfe B cede JiecTHHtJHHe ,ItHarpaMMH, II})HBe

.1teHH Ha })BC. 8. l'I 9 • .llHarpaMM!l, JlllJlSDIUJeCSI CylM)i!; noCJle,ltOBaT8Jll,H()CTe:lt 

.lt.lfa:rpaMM, H3O6pazemmx Ha p.11c. 8 .If 9, COO'l'BeTCTBeHHO npHBe,IteHH Ba 

pl'Ic. IO. ST.II "JJ)3e ,ItHarpawm JmJIJm'l'CJI 8,Itl!HCTB8EHIDW ,ItHarpaMMaMH nepBO

ro llOPMit8, no 9qxp8RTm3HOyY B3Wll«>,1t8ICTBHD. HeTpy.D,HO BH,!l;&TI,, 'qro OHR 

npe.ztC'1'aBJIJmT co6ol He 'li'O .IIH08, Itait xapTpR-<_p()ItOBCKR8 II:pJIMY]D 11 o6M8H

HYIO .ltliarpaM?,m, B RD!O!)HX B Ra'l8CTBe B3am«>.ItelcTBHs: 6epeTCSI 8qql8It'1'BB

HOe HYMOH-HYMOHHOe B3aHMJ,lte:icTBRe. 

x) Ilo.zt paccea:HHeM B H,ItepHoi! MaTepmr 6y.1teM noHIIMaTI> Jm6oe B3MeHeIDJe 
COCTO.RHWI 'laCTMn, Jll)ll BOTO})OM H8 llpORCXO.lt.lfT C"JJ)3.lfra ~ Jll)H y,ItaJie
mm 11acTmi; Ha 6ecmHetJHoe paccTOa:HHe TIJ!Yr OT lIJ!Yra. H3-sa sanpeTa 
lJayJIH C.ltBHI' qia3 :&_J)e3j'JII,'1'aTe aitTa B3am&),Ite:llc'l'BHs: HeB03111)X8H B 
H,Ite:pHOtt Ma.T8pm! /II6/ • 
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P.llc. 7 • JleCTHl'I"iHSSI ,ItHal'paMMa 

3ammleM aue:prm:i JJ.ItepHoit MaT8})lm B Bl'I,It8 

E=-E /<m/T/m>+ 
m<.kF · , 

-+-- j "J;;/mn/Cf-!mn>-<mn/q/nm>j 
(4.I) 

r.1te fT7. H fl - COCTOJlll.lfs: lJYMOHa (ero m.myJibC, llp08Kitlilll Clllffla Iii 

l'I30cnHHa) , cyWi!l)OBaH.lla: orpaHIReHH JllllllI, COC'l'OJ!HJ!.aMH BHYT})ll llOBepxHO-

CTR WEl:PMliI, mmyJII,c ~p,m k F CBll3aH c WIO'l'HOCTI>J> JJ.ItepHo:ll · MaTe:p.im 

.P coomomeHHeM p=:ZK;/4:1{2 _ • • q B. (4.I) o6o3HatJaeT 

8qq>8It'l'l'Il3HOe HYMOH-lJYit7lOHH08 B3alm).Jt8!CTB.lle, MaT:pHlmH& SJ18M8H'l'H OT 

Hero y~BJI8'1'BO:pm:)T y:paBHeHHIO EeTe-IbJmcTOyna: 

<cf'/c;.(Pj/c{> = < cf'/V/cj> -

-j Q(,r,P}<<jM?<Kl</CP)/92 
_ E(P+k)+E{P-K)-W(rj,P) 

(4.2) 

J3/(. 

3.ztecz, V - ncxo'AIWll MelKllYit11OHHWl noTJ3l!llIIM; f - omocnTCJII,HHI 

llMIJYJli>C B3~,!(el~BYJlllilX HYXJIOIIOB; p =; {ir; + ~)- EX cpe.D;lmit 

m.myJibc; £ (P±:k) - ane:prWI o6omc HYK1lOHOB paccMaT:pHBaeWtt na})H 

C m.myJibC~ BH8 $PH ~:pz,m: 
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·1'1 
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2:.~-· - . -

~ 

) 
Km 

£(km = 2/'1 (4. 3) 

Q{K,f!l - onepaTOp Ilaymr,. OH !)a.Bea I, eCJm o6a m.mynca K+-~ 
a K -P JieJEa'l' BHe C(.P8PH crepm, a o - B III>MmmoM ~ae;W(iP)-
- Trut HasHBaeMaJI HalIBJII,HWI anepmJI. · 

.l41IJi ~eccoB, Hso6paitemwx Ha J)ltc._ 8 a 9 

w<i,JfJ=E{P+f J+l{f-i)~ (4.4) 

r~ f (p-;_ 7j,)- xar'l'pR-qX>ROBCKHe 8Heprm1 HYKJIOHO.B Hue rp~ 'reJ)MH: 

£~) ~ . . 
ll(m = £M + · : · · · • · 

+ L_ {<mn/q{P}/mfl>- <rnnjC(iYJjnm>} 
n<kF · · . · · 

(4.5) 

Ka.It BH.ztHO ~ ( 4.2)' ajxlleK'l'.HBHOe B3aHM:>.n;e:iiCTBH8 38.BBCRT OT cpe.zt

Hero HMIJY.lll,Ca P nal)H HYRJIOHOB a, CJie,ItOBaTeJll,HO, He JiBJIJi8TCJi ra.im

.lI88BO-RHBapRaH'l'HHM, RaKOBllM JiBJIJi8TCJi B aepeJIJITBBRCTCKOM npe,I1;8JI8 

( fc - 0 } ncxo,ItHoe BSaHM>)'.J;elcTBHe HYIUIOHoB. 3TO o6McHJieTcJI 

HaJI.lf1UJ8M cpe,D;H, ltOTOPM BlmeJIJi8T CHCTeMy I llOKO.flllzyllCJi OTHOCRT8Jll,HO 

cpe,I!;li, B HOTOpoii cymapHHii m,myJII,c Bcex tmcT.im cpe,D;H paBeH HYJJD• 

3aBaCllMOCT1, OT CYMMaPHOI'O HMIIYJil>Ca 'laCT.Rn IIpRBO,IUfT K TO?,\Y' 'ITO aqr
~eKTRBHOe B3aHMO.n;ettcTBRe .3aBHCRT TaKEe OT yrJia Mellf,ey' OTHOCHT8Jll,HHM 

RMUyJU,COM H BeKTO!)OM JY' ·• 3ro osHatiaeT HapymeHHe HSO'l'l)OllHO~TH B 

lll)OC'l'pa.HCTBe OTHOCHT8JU,H01;U HMllYJU,Ca, 'l'l'O npHBOAllT K Hecoxpaaerum 

OTHOCHT8Jll,HOI'O yrJIOBOI'O MOM8HTa napH HYIUIOHOB, B3~,Il;8HCTBYJJIIU'IX 

a®eKTHBHHMH cHJiaMR. 0,ItHaHO 3aBRCHM>CT1, q OT .P ,I!;OBOJThHO CJla-

6aJI, ll08'l'OMY Yll0MflllYT08 HapymeIIB8 Cl!MM8'l'l)HH H83Ha'llfT8JII>HO ,H RM 

o6HtIHo npeHe6peraDT (cM. HR2E8). 

3a.MeTRM, 'l'l'O COOTHomeHHJI (4.2), (4.4), (4.5) o6pasyIOT CRCT8MY 

CBJi3aHHHX ypaBHeHRH - o,ItHo'lacTH'lHHe aHeprHH E (i?:n) saBHCH'l', cor-

.liacHo (4.5), OT a®eKTRBHoro Bsam.x>:zte:iic:TBRJI q. , .ROTOpoe, B coo10 

o'lepe,D;I,, saBHcaT OT o,ItHotiaCT.II'llWX aHeprmt tiepes HatiaJII,HyIO :meprmo 
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0-- ---- ---0 

PHc. 8. ~tIHHe Heo6Memme .ItHarpat,t.!H: 

Cll.lIOmHM JlllHHSl 06osHa11aeT 'laCT.imH, eCJIH CTpeJI

IGI mmpaBJleHH BBepx, a ,I!;lipKR, ecm c'l'l)eJIKH 

HaIIpaBJI8HH Blm3; nyHKTH!)HWI .lIRHWl - B38.HMO,D;eii

CTBR8 mcpe,I!;CTBOM HCXO,Il;Hl,IX ,I!;BYJCHYIUIOHHHX CHJI. 

~ 
. / 

JI.ByX,I!;lipOtIHHe o6Memme ,D;HarpaMMH: - - -
o6osHatieHRJI Te xe, 'ITO Ha pzc. a. 

( 4. 4) • Gne.n;OBB.T8Jll,HO, , ,Il;.7IJi H8XOZ,Il;81mJi ~KTRBHOI'O B3aRMO,Il;8:iiCTBWI 

.n;o-UHa pemaTI,CJi sa.n;a'la Ha C8M:ICOrJiaCOBB.HR8. OmeTHM, 11TO.B .n;a.HHOM 

CJIY11B8 H8T He06XO.n;HWCTR B HaXOZ,Il;8HHH O,ItHO'laCTH1IHHX BO.lIHOmtx ~' 

TaK Kalt .113 C.IDN8TpBR 3a,D;a'lll ('l'paH~OHHaJi mmapRaHTHOCTl>) HMH MO

ryT 6HT1> TOJil,KO IIJIOCKR8 BO.mm. TeM H8 MeHee,s~'la Ha cm&>corJiaCOBa

HRe BOSHRIUia H3-3a TOI'O, 'ITO B Ka'l8CTB8 B3amlJ,I1;81!:CTBRJi paccMa'l'pRBa-
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Pzc. IO. Ilp.RMM H O6MeHHaJI .IUfail)aw.m D8.PBOI'O DO~ 

no Bqq)8KTHBHO.MY B3EWMOAettcTB.lm: 

BOJIH.l!!CTBJI JlHHHJl - B3aIIMOAettcTmre 't.18];183 8qJ
qJ8K'l'lfBHH8 HYKJIOH-HYIUIOHHlle CHJll:l, KO'l'Oplie 
BltllJ)'lffiDT H COOTB8TCTBY:mure JI8CfflBtIHlie · 
npo~ec 01,1. • 

8TCSI He (pllKCMpOBaHHOe M8JKHyIUIOHHO8 IJYCTOTHO8 B3aHM08;ttl!CTBHe, a aqi
!P8KTHBH08, KOTOpoe CaMO 3a.BHCHT OT COCTOaID!Jl _HY.KJIOHo:e. 

YJ)aBHeHHe EeTe-IbJI,ItCTOYHa O61:ltllIO pemaeTCJI DpH6Jililt8HHO c HCDOJII,-

3O:BaHHeM CJie,cymunc ~yx ynpo~ npe~oJiol!eH.l!!tt: 

I) OII8.PaT.g.P,..IlayJIH Q 0<, P) ycpe~eTCJl DO YrJIY M811,1Jy B8KTOpa-- p . .. MH K H : · · ·'· ·• .. 

·!ii 

O(~P)~ 1 jQ{iE, P)st'nJd), 
0 

-
rAe ,) - YI'OJI Mez.n;y if H p . Y'tIHTliBBJI, '!TO B HHTell)aJI .nam 
BMa'A. TOJII,KO yrJlll J · , · MSi KOTOl)HX 

. /cosv/< (Pz+k2.~ «;)/2, K{! 

IIOJIY'!aeM 

Q(;;Pj= 
D) 
1, 

~tk~-K:)/2Kp 

ecJIH 

ecJIH 

Pfl z .2. 
+K ~ kp 

K-P-?,kp 

B ):Q)YrHX CJIY'IBJIX, 
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(4.6) 

DplflieM MH llJ)lmJtl1H BO BHJil¥8HH8, 1lTO. cpe.\:twtlt mmy.m,c p ~ I( F' B CHJIY 

coxpaHelWI mlIJY.1ll,C8 Ila.PH HYK.71OHOB B O.u;HO.PO.ItBOI H,ItepHOI MaT8pi!B; 

2) xap-rpB-qx:>ROBCJme 8Hep:r.aH JJpmmMallTCJl B ~e 

2 

Er,J /K )= Km + A 
l• m 2N* } (4.7} 

rAe Mi .a A - IIO.ltI'OHO'tIHHe napaMeTPU, JJp.H'!eM Mi ~eT poJIL * 
~KTBBHoi Macca. M11 

H A · BH6~csi: H3 YCJIOBHSI caM:>cor.na,coBaHBSI: 

no Ha'tlaJll,HOMY np.a6JllmeH!@ JtM M H A mt1JHCJIJieTca q. · , aaT8!11 

no {4.5) BH'tlBCJIJD>TCJl E ( Km ) ( Km < KF ) H HaxO.Dm'CJl HOBlie 

3Ha'18l!WI .M:'/t H A , Ha.lfJIY:<mmM o6paaoM ,annpoKC.l!MlfPYIJIIHe £ (~) ; . 
TaRl!e BT8pa!Vm DOBTO.PJmTCJl JI.a CXO,ltHMJCTH npoijecca. . 

06anp.H6Jmlt8HH.R: JJpHBO,Il;a'l' JlHlll1, K H83Ha'i.l!!T8Jll,HHM nocye~oCTJlM JJpH 

BlRHCJI8HHH SHeprHH H,It8pHOii ~Tep.llH: B OTHomeHH.I!! nepBOI'O JJpH6JIHJteHHSI 

Ha aro y~~aeTca B pa6oTe 
47, :eropoe DpH6JmlE81We o<lcyllf,Il;aeTcJI B 

CTaTLe JlI?/ . ' . 

Ypa:eHeHHe EeTe-lbJI'ACTOYHa {4.2) II.PR C'A8JiaHHl:lX JJp.llI6JIH8HH.R:X pe-

maeTCJI B DP8'AC'l'aBJI8HHH IIQPIUJaJII,Hl:lJC llOJIH. B 8'1'0M Dpe'ACTaBJieHH.I!! IWJmJO 

aanHcaTL Ma'fl)llUH. B3aH}.l)'ABiCTBW! V 
1
. III ~KTHBHoro B3aHMOAeiicTBHJI 

(f D ~e (cM., HaIJpl!Mep, pa6o'fY IIS,): 

<"cf//G(P)lcf> = 
.Q ~ .e-e'rt°' Ip , ,\'U.7'1/:"',)l..fJM+1,"') 

=.:ll'L L \:ree,l1,1,iJJe1,·lC/JJe1s lf/; 
o<N'M · .. 

(4.8) 

-1-rr/~ 2 <i Y/f/,}>=-X 
Q ~ 

~. f-f'll°'-/ ,\ 1.f:TMf"j l.f:lM+1.I\) 
x L_ L Yee'li:i;Jes ti Je's li J (4.9) 
o(ff'M . 

r~e ex 06o3Hatza.8T Ha6op KBali'i'OBHX '!HCeJI: J • 5 , T - yrJIO

BO:ll mMeHT, cmmoBH:11: M'.>MeHT H HSOTOIIH'l8CK.l!i! CDIIIH napu HYMOHOB B 

MHHO:ll na~aJJ::r,HO:ll BOJIHe; y:rl'f (f ). - ~p.l!'!ecKHe cmmopu: · 

~:M(~) =~ < esme ms/JM;;; Yeme(§J/Sm.5~ 
(4.IO) 
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fu,nCTaBJIIDl Bl:lpallteHHJI {4.8) lI (4. 9) B ypaBHeHHe, (4.2), noJzytraeM 

cJie)Jy!Xllee .1mTerpa.1lbHOe yprumeWie :JJ,lIJI MaTP~ a@leKTmmoro Bsamn.neil

CTB.HSI B npe.ncw.BJ.Iemm napIUJaJ.II,HliX BOJIH: 

c;e; {P, CJ~ C/)= v;;{9~ CJ)-
(4.II) 

. _ g_ Ej~ v,; (9,;,¥){ k,P Jc;';.,, (P. I(, ,z J 
Ji', t" · a i}){M "t: ~M - l{~>P) 

k 2dK, , 

' r.ne Y'lT6HO, tJTO COrJiaCHO ( 4. 4) .e npn np.H6JIDeH.HH ( 4. 7) HatJaJII,HaJI .:_. 

aHepr.HJI W ( g, · P ) He salllfCHT OT yma MeJt,Izy BeKTOpaMII 'i{ H P . 
PaCCl.CTJ)m.l pesyJI1>TaTH tJHCJieWW:X pactieTOB Ha OCHOBe ypa.BHeH.HJI 

(4.II~rn HCnOJII,3OBaHHH B H6M 0~nOT6HlUJaJIOB, npHBe,neww:x B pa6o

T/II • B aTOit pa6oTe ypaBHeHHe (4.II) e111e HeCKOJII,RO ynpo111eHO sa-

. MeHoil B HeM cpe,v.nero .HMnyJII,Ca P , KOTOpmi MOJ!t8T HSM6HJITI,CJI B .lm

TepBaJie [ D, K F J HeKOTOPHM cpe'AJWM sHatieHHeM Pa rr • 3ro He CHJII,

Ho HCKallra6T pemeHHe ypaBHeH.HJI, TaK KllK OTHOCHTeJII,HHil: HMllYJII,C If 

napH ffYKJIOHOB B cpe,IJ;HeM sHatJHTeJII,HO npeBOCXO,IUIT :rpa.Im'lHHil: HMIJYJII,C 

/( F , a CJI6,n0BaT6Jll,HO, H P • IloCJie,IJ;Hee CBSI3aHO C TBM, tJTO KO

po'i'K0)46ilCTBYllll!llit .OTTaJIItHBaTeJil>HHil: KOp npHBO,IUIT K B1,16paCW!aHim nap 

HYKJIOHOB Bl,ICOKO Ha,I( cqiepoit<PepMH (cpe,IJ;Hee 3Ha'leHHe OTHOCHTeJil,HOro 

HMIJYJII,Ca "'-' I/(pa.neyc KOpa), ,tJTO COOTB8TCTBY8T aueprHH ~ 300 MaB, 
KOTOpaJI SHatJHT8JII,HO 60JII,W8. 8Heprnn <PepMH ~ 50 MaB). 

C ytJeTOM c.neJiaHHOro 3aMe'laHHJI Y!laBHeHHe (4.II) pemaeTCJI MBTO

,noM O6pa111eID11I MaTPHWf, ROTOl)lifi 3alt1I!DtJa6TCJI B SaMeHe HHTerpaJia CYM-

MOii no R'OH8tJHOMY tJHCJIY SHatJeHHit HMIJYJII,Ca /( , tJTO npeBpa111aeT HH-

T6rpaJII,HO8 ypaBHeHHe B CHCTBMY JIHHe.liHHx aJireelpaHtJeCKHX yp1kneHHii 

OTHOCHT8Jil>HO qe;, (P, CJ', Cj,) , r.ne CJ.' BXO,IU!T BO MHOllt6CTBO 

SHatJeHH:1:1 .HMIIyJII,Ca, no KOTOPHM IlpOBO,IUfTCJI cyM?,mpc>BaHHe. 

lliT6HIUiaJI, HCnOJII,3OBaHHI:tli B YPaBH6HHH Ee-re-IbJI.ncTOyHa·, B HM

nyJII,CHOM npe,14CTaBJI8HHH m.ieeT CJI8,tzyl)lllll'il BH,14: 

V<f, cj) = I/ 'YEP ¼JP, f) V,&9 ') (4.12) 
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r,ne ¼i "fY , cf ) - llOTeHIUiaJI O,IJ;HO6oS01moro oelMeHa; ~TOpH 

( M/ Ep )Y¼.. nonpaB:m Ha "MHHHMaJII,HHil: peJIJIT.HllHSM". 06cy.IUIM 

c.MliCJI arott~onpaBKI!, Cly,neM npn S'l'OM CJie,noBaT1> pa6oTe /II
9/_ AMnJIH--..... _,,. ........ , 

'i'Y'Aa pacceJIH.HJI R. ( /K ~ /k ) CB06o,IJ;!WX PeJIJIT.HllHCTClWX HYKJIOHOB 

no~eTCJI ypaBHemm 81 , 7 · 

R {z -;') = Ya8E(i?, -;rJ ~ 
_ 2/v/~_ ( ¼aE(i<,9) R(i~R) 

~Jl):3 }(9,z-K,2.+ it) ( M!l+ 92) '1/z 
c/_.3 Ll . 

(4.!3) 

Hape.IDITHBHCTCKOe lite ypaBHeHHe JlmmMaHa-Illrumrepa :JJ,lIJI aMIIJllf'i'Y.I(li 

pacceJIH.HJI HMeeT Bl'l'A 

R(i{,°RJ= ¼BE(~if'l-

- 2.M J v..EWj). R (~Jt) 
(2g[)5 9 2_ 1<'2. + i{, 

d39. 
(4.14) 

R - -✓ AMn.lm:TY.na ( f( , K ) , DOJJYtJalOII!aJICJ!' HS YPaBH8H.HJI ( 4. !4), 

He y,noBJieTBO!)JIBT pe.1.Ul'l'HBHCTCKOMY YCJIOBHD YHHTapHOCTH, tJTO OSHatiaeT 

HapymeHHe O6111ero pemrrmmcTcKOro cooTHomeHHJI Me~ 8MIIJIH'l'y,no! pac

ceJIHWI Bnepe.n H noJillllM cetieHHeM pacceJIHWI. 0.ItHaRO, eCJIH B YPaBHBHHH 

(4.14) llll8C'l'O Voa1: HCDOJII,SOBaTI, DOTeHIUiaJI (4.12) n CtJHTaTI> PeJIJI

TmlHCTCROtt aMIIJIHTY'AOtt BBJWlUfflY 

R{filf)=I~ RtfJf)~ ) 

~ R. ~ -TO YJ)aBHeHHe (4.13) :JJ,1IJI ( f , Cf ) Cly.neT Y'AOBJieTBOpeHO n pe-

JIJIT.IIBRCTCRaJ! YHHTapHOC'i'I, BOCCTaHOBJIBHa. CJie,noBaT6JII,HO, M)litHO CtJH

TaTI>, 1:J:'1'0 eCJIH HCnOJII,SOBa.TI, HepeJIJITHBHCTCROe ypaBHeHHe, '1'0 B HeM 

HYlltHO ClpaTI, He CaM OBE-noTeHIUiaJI, a DOTeHIUiaJI BH.na (4.12). 3ro TOJII,

KO tI'l'O 6WIO llJ)O'A8I«>HC'i'IJ.HpoBaHO :JJ,lIJI YJ)aBH6HHJI JhmnMaBa-Illrumrepa, ODH

C!mallll!Bro ,ttBe CBOOO,lJ;Hlle tJaCT.lfWl. 3TOT BHBO'A 8KCTJ)aDOJlllJ)Y8TCJI H Ha 
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Y!)aBHeIDie EeTe-IbJI,D;cTOyHa (4.2), KOTOpoe omrcHBaeT napy 'iacT~ B 
H.Zt8.PHOil: cpe,ne. " 

0TMeTHM, tJTO Haps,cy C -Yfi8TOM J)8JIJi'l'lllBR3Ma sa C'ieT B3MeHeHHJI no

T8:HnHaJia, corJ.1acHo cooTHOmemm (4.12), cymecTByeT H m>Yrofi cnoco6, 

ROTOpl:tlt Sa.KJlll<meTCJI B saMeHe HeJ)eJIJIT.DHCTCKOro oneparopa mmeTKtiec

xoii 8Hepr.im: (4.3) B 3HaM8Ha'1'8Jie Y!)aBHeHHJI (4.2)·ero Jl8JIJiTlllBHC'l'CROii 
qx>!)M)ii 

£(rm)= ( f'12. + K,;) Yz_ M. 

Taxol ytJeT pe,'1'w3Ma 6HJI IJJ)8,I{,710lli8H .1Jz H Ta6~II8/. 

B pa6oTe IIS BJIHJlHHe IlOIIJ)aBlW Ha MmlHMaJII,HHil peJIJn'lllBHSM, cor

JiaCHO (4.12). BWiCH&IIOCI, C IlO!«lllll>ll tJHCJiemm:x: J)aC'ieTOB, IJJ)BtJeM ORa.Sa

JIOCI>, 1!TO 8HeprlI.fl CBJI3H npi:f oT6paCHBaHml 8TOi IIOIJJ)aBIW H3MeWI8TCH Ha 

0,5 MaB, T.e. He 01!eHI> 3Ha1!HTeJII,Ho. Ilp~ CTOJIJ, CJia6oro BJmmm.R: 
MmllfMaJII,HOI'O peJIJITHBHSMa, O~aKO, l'JDlli8'1' 06'l>JiCWITl>CJ! He .MaJIOil m r
ll!8CTB8HHOCTLD, a TeM, 'iTO napaMe~ BCDOJil>30BaBHOI'O.B pa~Te II9 
DOT8:HnHaJia c IlOIJJ)BBROi Ha 8TOT peJIR:TBBHSM H 6es Hee DO,nl'OH&IIHCI, He

SBBHC.HMO HS .narumx .wrs N Iv' - c.11cTeM, .11, CJie,ItOBB.TeJI:r,Ho, B o~oM c;ry-

11ae DODJ)aBKa Ha ~ PeJIJn'lllBRSM , Y11HTHBaJiaCJ, a@)eltTJIIBHO B BH-
6ope napa.MeTpoB noTeHQRaJia. 

B DOJil>SY BaltHOCTH ·peJIR:TBBHCTCKHX DOIJJ)aBOlt ll, B 1laCTHOC'l'lf, non- , 

PaBOlt Ha MRHHMaJII,HHil peJUI'l'HBHSM, MOllilIO npi:fBeCTH CJie,cyDllee Ita1!8CTBOH

Hoe coo6pazeHHe: HyKJioH-HYKJiomme xoppe~. o6yCJioBJiemme ROpoM, 

DJ)HBO,IUIT R COCTOBllllRM C OTHOCH'l'eJUdWM RMIJyJil>COM, OTBetJaJlll!HM,8Hep!'lm 

300 MaB, IJJ)H ROTOp' ~;mneIDie P8JIJn'lllBHCTCIWX aqxl)e:KTOB BDOJIHe ecTe-
CTBeHHO (CM. TaroKe l ~ · 

KaJio,Itllepo H JieBH /l 1/ npmio,mrr CJie,uy~ apryMeHT. I'OBOp.a:nudi B 

IlOJil>SY y11eTa peJIR:THBH3Ma IJJ)H HCIIOJil>SOBaH.lm: pe~rCIGtX: YpaBHeumi 

B HCXO,mIOii, a He P8.DYnHPOBaHHoil qx>pMe. B pa6oTe 2 IJJ)OBe,lteHO BH-

11HCJieHHe 8Heprim CBJ13H H,Ite!)HOi MaTepIUI B HepeJIJITlf.BHCTCKOM O,mIO<mc

T.111!HOM npl:f6JIRlli8HHH .wrs OBE-noTeHQRa.zra B KOOp,JtllHaT,OM ~e,ItCTal3JleHHH, 

napaMe1'l)H KOTOporo no,n6Hl)SJIHc:r, MwIJiepoM .11 IillmoM 122 Tax, -qT06u 
IlOJIY'iH'l'I> IlJlaBlI.1ll,Hoe sHa'iemre aHeprmr CBJ13H .JtBall,ltli MaI'lf1!ecKBX H,Itep. 

Mwurep n lpnH TO.Ee pa6oT8Jll! B O~O'liacTlJ1mOM IJJ)H6JIUeHlflJ, HO IJJ)llMeWI

JIH peJia:'l'mlllCTCKOe Y!)aBHeHHe .nai,axa. SHeprrur CBJ13H, IlOJzy'lieHHaa: KaJio,n

llt8po H JieBH, Olta3Mac:r, O'lieH:r, 6om,moff (-38, 9 MaB Ha HyRJIOH). BpJot Jm 

8TO pasJIH'IHe B 8Hepl'HJDC CBJISH WJllHO IJJ)BilHCaT:r, KOHe'C!HOCTll .rr,nep HJIR 11<' 
S(@eltTaM OOMeHa, ROTOJ)He He 6wm Y'iTeHH MwmepoM B Ii>RHoM. CROpee 

Bcero, pas~ BOSWIRJia Hs-sa He.nocTaTOtmo noJIHoro Y'ieTa peJiaTmmcT-
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CKOI'O xapaxTepa ,nBHllieEIIH HylUIOHOB B pac11eTax KaJio,Itllepo lt .Hemi. 
0,JtHaXO o6oCHOBSHHOC'l'I, 8TOI'O BHBO,Il;a CWll,HQ CHDa8'1'CH 'l'eM, 'ITO B 

o6oHX CJij"mJlX BH11RCJI8WI.a: IJJ)OBO,Il;llJIRCI, B O,mlO'iaC'l'lttJHOM IJJ)lt6Jmlltemm. 

§ 5. PactJeTH coottc'l'B · H.Zt8.PHOtt MaTepmJ. Y11eT Hyit7IOHHoro 

pesoHaHca /j, (1236) H TP8X<mCTH'tiHHX c.11JI 

PesynTaTH pac11e'l'a 8HeprHH CBJISH H,!tepHott MaT8PHH Ha HyKJIOH no 

BS~OX8HHOI BLlllle cxeMe .wrs OBE-noT8:HnHaJIOB HMI H BM2 B.ID4IIYJil>CHOM 

IlJl8,Il;CTaBJiemm, paccwT:pe~aVJI• l, npl:fBe.neHH B Ta~e 5. 8TH ,ItaH-

HHe 38.IDIC'l'BOBaHH HS pa6om ~ B Il0'1'8mtl!8Jle HM! lJCilOJil>SYJ)'l'CH· qieHO-

M8HOJIOrlf1!ecRl!e lllHODOJil>HHe H ',Itl'IIIOJil>HH8 qx>p,$KTOPH (2.6), B noTeH

~aJie BM2 - 8boH8Jll>lllli qio~TOP ( 2. 27). Hs .'l'a~ 5 BH~O, "iTO 

BRJIS,ltl,t o6omc D0'1'8HQllaJIOB B 8H8Pl'Hll CB.a:Slt ,WlJI paa1Ill"DmX napnJl!aJU,HHX 

BOJIH IJJ)EM8pHO O,ltllHaROBH sa HCKJilltz8HH8M BOJIHH .3 S 1 · , ,WIH KOTOpoit 

IIOT8mtl!8Jl BM2 ;rr,T CYII!8C'l'B8HHO 6oJil>mee ~H'l'miteWie. AHaJins, IJJ)OBe,Il;eH-

mnt B pa6oTe , Il0lta38JI, 1!TO J)83JIR1!HWI BeJmtmHa SHeprHH CBHSH 

H,It8,PHOtt Ma'f8PRH, BH'lllCJieHHa.a: C pas:HHMH peaJIHC'l'lf1!8C:ttm.m OBE-noTemt11a

JiaMH B ID4DYJil>CHOM npoCTJ)aHC'l'Be, CYll!8C'l'BeHHO ROppe.nnpyeT C BeJIH'lllllOii 

npm48CR ~ - COCTO.a:HWI B ,D;eHTOHe, IJJ)BtJeM 'li8M MeHI>me noCJie~. 'l'eM 

6oJil>me 8Heprn.a: CBRSH. 3Ta SaltOHOMepHOCTl> IJJ)O.a:BJI.a:8TCH H B Ta~e 5. 

l{e:ltCTBHT8Jil>HO, IJJ)BM8CI, dlJ - cocromm.a: "zyBCTBH'l'eJII,Ha K BH6opy. Blt,Il;a 

qiopMpa.KTOpa lt 3aM8'1'HO MeHI>me ,W!JI S:lilroHaJil,llOI'O qiop.$1.K'l'Opa (CM. 

rJiaBY l). 

Hacli!lleHHe ~ noTemt11aJia HMI :itocTlJl'aeTc.a: B TOtIKe (-II,8 MaB; 
l,48 qier~·nc1

), ~ Il0'1'8HQllaJia HM2 TO'ilta HaCH1118Hlf8 (-23, 5 MaB; l, 77 

qiepr.m- ). ~Hl)lf1!8CR1!8 SHa'lieHB.fl 8TRX B8JllNHII - 15,7 MaB II 1,4 g)BP
Mn-1. 8MlmpH11eciroe SHa'lieHHe IlJIOTHOC'l'H,H,ItepHoi Ma'l'epu 6epeTCH paBHHM 

SHa'liemm n.noTHOCTlt HyRJIOHOB B ~8HTP8 'fmiteJIHX H,Itep. SHepnm CB.a:SH Ha 

HyKJIOH H3BJI8Rae'l'C.a: HS qx>pJ,\YJIH Brumsexepa ee 8ltCTJl8IlOJim:CH8ll IJJ)H 

A= 2N = Zl _.,,. 00 . H IJJ)H npeHe6pellt8mm B Heil R;YJIOHOBCKRM B38.lm).;. 

,lt8!CTBll8M npoTOHOBo 

BaJmo OTM8Tl'J'1'l>, 'liTO cpaBHeHHe BHtmCJiemmx BeJWlmH C 8MIIHplf1!8C

RHMH HYZHO IJJ)OBO,Il;ll'fl> C Yfi8TOM a([xlieRTOB, He Yli'f8HHl:lX B OBE-noTe:HnHa

Jiax HMI H BM2. Ha cero~ .neHI> npe,1tCTaBJIHeTc.a: HaH6oJiee BaJEHHM 

Yli8C'l'l> .n:aa aqxl)eK'l'a: BRJI8,lt OT Hylt1IOHHOI HS06aJ)H I:). (1236) H MHOI'0-

11ac'l'HtIHH8 (B Il8PBYD otJepe,D;I,, TP8X1la.CTIAHH8) ClLlIH. Ilo;o;poOH88 8TH aq>
ql8lt'l'H 6y,uy'1' paCCMOTJ)8HH mDte, cefftJac JIHJllI, OTMe'fltM~ 1iTO ~i~r lt 
aHepr.im: CBJI3lt OT /). - pesoHaBCa, BH'lllCJI8HHa.a: B pa6oTi , IJJ)H-

BO,Il;RT K 'l'O'llte HaCHII!~ .wrs BMI (-8,4 MaB; l,24 qiepJIIH- ) H ~ B&2 

(-I4 MaB; l,36 4)8pMH- ). PesyJil>TaT, IlOJIY1!emmit c aiKOHa1Il>Hl:DI BM2rno

TeHQRa1IOM, CJie,Dye'l', :Bil,Il;WIO, C1!HTa'1'l> JtOCTa'l'O'tJRO xopomma:, YtmTHBa.13'., 
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Th.~5 
3He_w,:H' CBJI3ll' oWIS! M8PHOii Ma'1'8PM (B MsB) ,wrg EM1/3l .a 
HM2' 33 :!:f HeCROJII,KRX SHa'l!eHHi HMI1Y.m.ca ~PMH K F . 
(B qiepMH- ) 

kF 
EM2 EMl 

0,6 l,l l,5 l,8 0,6 l,l l,5 I,8 

,,So -2,77 -II,23 -20,41 -25,93 -2,68 -I0,84 -20,48 -28,02 
3po -0,23 - 2,09 - 4,97 - 7,02 -0,22 - l,96 - 4,55 - 6,32 
1p -0,21 l,95 5,63 I0,53 0,21 l, 90 5,51 I0,33 f 

3£?, 0,45 4,72 14,49 27,72 0,44 4,81 15,14 29,47 

"51 -4,89 -15,66 -25,88 -3I,45 -4,45 -12,81 -IB,03 -I7,89 
SJ)1 0,03 0,57 l,94 3,54 0,03 0,58 2,II 4,I6 
1£)2 -0,05 -0,97 - 3,75 - 8,08 -0,05 - 0,97 - 3,66 - 7,63 
3 .t).t -0,09 -.I,68 .;.. 6,22 -I2,70 -0,09 - I,68 - 6,I7 -12,48 

~2 -O,I9 - 3,06 -I0,92 -21,82 -0,2I - 3,II -I0,75 -21,IO 
JF. 
' ~ 

-0,0I - 0,19 - 0,94 - 2,I6 -0,0l - 0,19 - 0,92 - 2,05 
':7=3 0,03 0,97 4,08 8,02 -0,03 0,92 3,92 8,42 
J=I/ -0,0I - 0,47 - 2,65 - 6,75 -0,0I - 0,47 - 2,69 - 6,89 

5 ~J~fZ 0,00 0,13 0,75 I,85 0,00 0,12 0,72 l,79 
llOJill.llO'l'.· -7,52 -27,0I -48,85 -63,65 -7,0I -23,70 -39,84 -48,22 
IKim.aH. 4,48 I5,05 27,99 40,31 4,48. 15,05 27,99 40,3I 
[3H.CB • -3,04 -II,96 -20,86 -23,34 -2,53 - 8,65 -II,85 - 7,91 

'11'1'0 BllOJill8 pasyMHo OJIW,I(a'l'L He,I(OC'l'aJOO!lie 2 MsB B SHeprim CBJISH 0'1' 
BKJIB,I(a '1'p8X'!a.CTll'IHl:llC CWI. 

PaccmTpHM ytJeT B~ ~· - pesommca B SJ.IJ;epHoe BSaBMO.zteicT-

BHe. 3roT oonpoc HH'reJ.1§HB~ HCCJII~B~C.fl B noCJie,I(HHe ro.IlLI. OTMeTm.1, 
B tJaCTHOC'l'H, pa6om 11 ,I •124• ' 261• Ha pHc. II Hso6paJEeHH ,IUJa-
rpam.m ytIHTHBaeM!iX B HSJiaI'aeMOtt mme cxeMe npoueccoB c ytiacTHeM 

A - pesoHaHca (1236 MsB). BlrecTe c ,IUiarpBMMJii, .ztaHHoii Ha pzc.12, 
8TH ,IU!arpaMMH OXBa'l'W3aJl'1' BC8 H8npHBO,IUJMll8 npoueccll ,ItByXM8SOHHOI'O o6-
M8Ha Mellr,JJy .ltBYMJl :eyRJIOHaMH npa yqeTe 'l'OJII,RO O)tHOI'O HYRJIOHHOI'O peso
HaHCa L\ • Ha6op ooswl!HHX MesoHOB orpaHRtJeH fJi" H JJ B cwiy 
H30'1'0llHtJ8CRO:ll: HHBapHaH'l'HOC'l'H CHJILHOIU Baru!MO,I(eiiCTBHH (HSOTOllCllHH 

A. .;.. peSOHaHCa PaB8H 3/2). OrpaHRtJeHHe J1HilII, O,ItHHM pesOHaHCOM MO-

l!t8'1' 6HTL o6oCHOBaHO HaR~Jiee CHJILHHM BOs6y;i,n;eHH8M l!M,r.o ~ (1236)-
pesoHaHCa B npoueccaxpacce.llHRll M8SOHOB Ha HYRJIOHBX 6,7/. TaKHM 06-

. pasoM, BKJm'l!8HH8 B SJ,IJ;epHoe BSB.HM>,I(8:ll:CTBH8 BRJIB.na 0'1' npoueccoB pHc.II 
OSHatiae'l' tiaC'l'.lf'IIlmit Y'l!8T ~Jr -fl.830HHOI'O 06MeHa. C .ru>YI'O:ll: C'l'OpoHH, 
qiHitTHBHHe S - MesoHH BBOMTCH B Teopim OBFr-noTeHUHaJIOB Rait pas 
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,wIS! 8qiqi8K'l'HBHOI'O ytie'l'a .2:lt - M830HHOro o6MeHa. 0TCIO.na CJie.n;ye'l', tJTO 
tiaC'l'L 6' -B3aHMO,I(8HC'l'BHH '1'8ll8PL SIBHO Y'lH'l'HBaeTCH. 0,ItHaRO OCTaeTCR 
eme He yqTeHHaJI ero tiacTL, OTB8'118DllaJI npoueccaM p1m. I2. PactieTH 
llOKasW3ax>T, 'l!TO OT l/3 ,I(O I/2 6' - B3aID.10,I(eiicTBH8 Y1IH'l'Hlla8TCJI ,IUJa

rpaMMaMR piic. II. 
N t1 N N .1 N 

I I I 
I I I I 

l!t; 
I I~ '71'._p i(_p I 1f I _, 

N I I N N I I 

>o I ) I ~ 

Pnc. II. IlpJIMUe ~arpru,1Mll ,ItByxMesoHHoro o6MeHa • 

.Il,rrJi llOJIYtI8HHH B3am&>,I(8,JiC~ C ytieTOM ,I(ByxM830IDIHX npoueccoB 
nocTYnHM CJie,IJYKlmHM o6pasor/ .L24 • 3anmneM ypaBHeHHe ,wrg R - MaTPIDUl 

RP ='l13 + ,vi'( p ) R0 

0( o( L_, }" \-E - H o( ) r u O o 
(5.I) 

r,11.e o( , J , l, o6osHatJaDT KaHaJIH, npHtieM HOMepa I, 2, 3 COOTB8TCT
BYJOT KaHaJiaM ;V # , ;V ,1 H 4 4 , V: -BSaRr.rl,neiicTBHe 
M8llr,1Jy KaHaJiaMH 0( H j':> , Ho - I'aMHJII,TOHHaH, OilHCllBaDIU!i1 coo-
6o.n;H08 ,ItBHlKeHHe HYRJIOHOB H HYRJ!OHHl:DC pesoHaHCOB (KHH8THtJ8CKafl 3Hep
I'IDI WIIOC aneprHR oos6ylK,I(eHHa ..1 - pesoHaHca), P o6osHal!aeT 
rJiaBHoe sHatieHHe, E - aHeprHR BO ruco.nuoM H BHXO.nHOM KaHa.nax. 

IlporpaMMa llOJIHOI'O yqeTa npouecCOB pHC. II H 12 1Ip83Bll'IaHHO 
CJIOJDla H He BllIIOJill8Ha ,I(O Hacromuero BpeMeHH. IJoJIOlK.8HHe CHJIJ,HO ynpo
maeTCH, eCJIH npene6pe% nepeKP0CTHOfi ,I(ByxMe3oHHoii .IUJarpaMM:>fi pMc. I2a 
H B3aHMO,I(8HCTBli8M M8lir,1Jy KaHaJiaMH 2 R 3 H BHYTPR IDIX, IlOJIOlltlffi 
V 2. = V.: 3 = V: z= V, 5 = O. 3ro osHa'!aeT, tJ'l'O paccMa'fPHBaIOTCR 'l'OJIJ,KO 

3 Z Jl 3 A/ · A/ 
nepexo.I(ll JV,.Y~{NN)' , NIV~ 1rll H N1r~ .1.l\ H He ytJH-
THBaDTca nepruma ~ A R npoueccu N~ ~ ,1N. Ha H3llKB .ztHarpaMMH 
~e.fiHMa.Ha aro J3HPaxaeTca B npene6pexeHHH .ztHarpaMMaMH pac. 12-z ytieTe 
TQJIJ,KO ,I(l,farpaMM pHc. II. 0TM8THM, 1!'1'0 BRJ!a.zt B BepnnnrnyJO tiaCTL .1 ~ 
DOMHID 9i° H .P - M830HOB ,I(ax>T Ta.Klle W - M830Hll. Bltna.zt Bepnnm
HOi!: tiaCTH ,.1 ~ DJIOXO li3B8CT8H, O,I(HaRO, BO BCHROM c.rrytJae,oH npHBO
,I(HT K OTTaJIKHBaHlm H, TaIWM o6pasoM, MJJ!t8T 6HTI, y1IT8H aqiqieKTHBHO 

SH8pr8Tll1I8CIWM o6p8SaHll8M Bepmmm NA • 
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Puc. I2. IlepeKJ)eCTmte ~arpaMMH ,ItByXMe80HHOI'O 06MeHa. 

B YKB.8aHHOM Dp.1!16.7WlteHHH, Ra.R JierKO DpOBep.l!ITL, n ypaBHeHH.a: (5.I) 
BHTeRaeT cJie.Izyllllee cooTHomeHHe M.a: npoe:KqHH R - MaTP.llllli B RaHaJI NN 

' I Vn L p 
R, = Y'e11 + l!Jj ~[ - Ho )

1. R, 
1 1) 

r,n;e 

V -V' + y_1{ P _)2V2 ,,,f P J3V3 
o/j- t 2 (£-Ha }z t -t- YJ' \ £ - Ho }, I 

3 

(5.2) 

HI'.(laeT poJIL a~RTHBHoro B3aI!MO.zte.llcTmIJI B RaHaJie N N , KOTOpoe 

YtJ.l!ITHBaeT (B YRa8aHHO.M ~ll6JIRJJteH1nr) DpoQeCCH po~eHRa: BB:PTYa.111,lWX 
4 - pesommcon. V/ - B81:jl!M:>.ztei!:cTB.l!le B N N - RaHaJie, r.e. 

o6HTmoe O~BsaBMO,n;e!cTB.l!le, VR. .e: V, 1 - noTeHQ.e:aJIH nepexo,n;a 
BO BTOpoil .II 'l'p8T.e::li ItaHaJIH. 3 

CoornomeHHe (5.2) cnpane,nmmo M.a: .n:eyxRaHaJILHIDC cncTeM (o'l'MSTRM, 
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tJTO )J)IH. ,n;eilTOHa nepexo,n; B RaHaJI N ll sanpemeH no nsoroncimey). 

B c.n:yqae B8a.HM:>.zteilcTB.l!I.S: ,D;Byx HYKJIOHOB, DOI'.()YlK6HIWX B HyKIIOHHYlD cpe,zzy, 

qJOPMYJia )J)IH. 8q:q>6KTHBHOI'O B8a.lIM),D;eilCTB.l!IH npno6peTaeT B.11,It 

V.' ,,1 , 11( PQ )~--2. 1( p }:s_ -3 
,ff=y,+v•~f{-H.) ~V, +V, li-H. 3 V,, <s.si 

r.zte Q - onepaTop IIpo8KT.llpoBaIDIH HyKJIOHHIDC COCTOJUmtt Ha rRJIL6epTO

BO DpOCTl)aHCTBO BNllle I'.Pa.HHUH ~pM.11. lla.nli'IMe Q nplmO,ll;.IIT R CMLHOii 

8aBHCHMOCT.II ½ff. OT DJIOTHOCTM. 3a6era.a: BDepe.zt, OTM6THM, tl'l'O 

BTOpoil H 'lp6T.0:il tJJIBHH B qJOp?,\YJiaX (5.2) li (5.3) llpHBOMT K ,ll;ODOJIHH

T8JILHOMY npHTHllteHmO, paBHOMY npllMe~o DOJIOBHHe 6" - B8alfMO,I(8HCTBHJI. 

C yBe.mrqeHHeM DJIOTHOCT.0: oDepaTOp {,/ Bee B 6oJILmeft CT8II8Hli o6pesaeT 

BTOpott tJJI8H H YM8Hl>maeT TeM CaMUM np.0:TID!t8HH8. B TY lite CTOpoHy .zteilcT

BY8T H .JUJYI'Oil qirutrop - HatlaJILHaH anepr.0:.a: £ napH HyKJIOHOB CTaHO

BHTCJi M8HLm8 np.e: YB8JI.0:tl8HHH anepHoit DJIOTHOCTH. · 

Tax RaK BCJI8,I(CTB.1!18 npoQe,zzypu DO,I(I'OHK.l!I DO.zt 8KCDep.l!IM8HTaJILHH8 qia-
81:l pacce.a:HHH cyMMapHoe DplITmiteHHe CB060,IJ;HHX HyKJIOHOB OCTaeTCJi npH

MepHO O,IJ;HllM lI TeM lite RaK B Do.rtxo.zte C yqeTOM ll - pesoHaHCa, TaK H 

6e8 ero yqeTa (OHO IIepepaCnpe'A8JISi8TCJi JllllIII, M8ll!,Jzy O - B3aHt.'10,ll;8HCT~ 

BHBM H /j. - pe80HaHCHHM tJJieHOM) , TO yMeHLmeHMe np.l!IT.S:JKBH.0:H DpOHB

Jlf!eTCH KaK HeKOTOpoe OTTaJIK.l!IBaTeJILHOe B8allMO,D;ettcTB.l!le, B08HH~ee B 

HYRJIOHHOil cpe'Ae. 9To - BaJmOe CBOttCTBO anepHOI'O B8a.l!IMO.zteicTB.l!IH C 

y11eTOM BKJ!a.zta OT ~ - pesoHaHCa, OTJilltlaJJlll88 ero OT o6wnmx OBE-

llOTBHQ.l!laJIOB. . 
. IJo TeHQ.l!laJIH Depexo.ztOB Mell!,Jzy KaHaJ.laMH I, 2 H I, 3 woryT 6HTL DOJJY-

tJeHH l!CXOM .0:8 Jia!'paHJ!WaHa B38J!MO,I(8i!CTB.l!IH HYKJIOHHOI'O DOM lI DOM 

4 ' - pe80H8ltca H g;- - .l!IJill _p - M880HHOI'O IIOJieil. .lllm 9f - Me-

80HOB JiarpaH.1\llaH B8a.l!IMO'A8iiCTBHH .1!1Me8T BM,!( 

\j) . r;;:;:::r . - - s q; 
o6 NN!lr = yf/,:/[ ;Jg;- L <f 'L if 'f , 

* 
;/',,,Sr = 14-i' !:;. r r y;f' J f1 p _,. 3 c. , 

(5_.4) 

h:l 
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1. 

.. ~ 

r~e 'fl I lj)I' , fJ>" - COOTB8'1'CTll8HHO aMILllHTY~ llYK1.1~HHOro noJIJI, 

noJIJI ~ - pesowmca, Sf" - Meso:aaoro noJIJI; 7:: H T - onepa-

TOPH Hsocn.ma; !/:lt .11 1: -ItO!JjT~TH Clla3H. 

PactieTH, npoBe~eHl:!He B pa60Te' 
2 , pesyJI&TaTH ItOTOPHX npmie~e

HH lmlte, co~epza.T ~ BapHaHTa: C lllt1m1l8WieM B8Pllll!HH . N Ll_,P . .e: 6es 
ee BRJIJOtieHWI. Ta.K RaR &Mad Af,yi npoT.Bl30noJ101teH no SHaRJ' BKJia.I1Y OT 

Al..19£ , TO BO BTOpoM BapHaHTe ,l1,1IJi N.1:l" BBO.ItHTca o6pesaDIIHit .ItH

noJ11,HJ:di qx:>p$RTOP BJ;Wi 

/\

Q. 2. 
-mgr 

J\ .2 _ L1 Z ' ( 5. 5) 

r~e /\ - Macca o6pesaHHa, A Q - RBa,Iij)aT nepe~ro HM!lY;Ji~• 
STOT qx:>p$RTop. ,l1,1IJi noTeHIUiaJia nepexo,tta 6Wl BBe~eH B pa6oTe I 7_ 
HcnoJ1I,soBaHBe silroH8Jll,HOro qx:>p$RTopa B nepexo.u.:eoM noTemurane He

npHeMJiem HS-Sa '1'01'0 ,. 1ITO ero Pa.JUIYC 3Ha1IH'l'8J1I,HO KO:potie . Pa.JUIYCa p
- M830HHOro o6MeHa, .Ta.It 1ITO C HHM H8BOSMJllHO noJzytmTI, ~OCTaT01IHOl'O 

o6pesaHRR:. 
112 

B pa6oTe 4/ npHBOMTca pe..;31.1µ,Tam no.ztr0mw t1-3 pacceJIHHSI NN 
,l1,1IJi aqipeKTHBHoro :esa.e:m'AeiiCTBHH Yeff . ( 5. 2) , Y, 6panoc1, B BH-

'Ae HMI- H HM2-nOT8HIUiaJ.IOB, o6cyz,IJJIBIIWXC.fI Bllllle. B Ka1l8C'l'B8 no.ztr0H01l

HHX napaMeT:poB HCllOJI&SOBaJIHCI, ItOHCTaH'l'H CBSISH M830HOB, Macca ~KTHB

HOl'O O - M8SOHa, MaCCH o6peaaHHH M830HOB (B CJIY1Iae HCnOJII,30BaHWI 

HMI-noTemuraJia ,l1,1IJi Y, I ) , napaMeTP r 8AROH8JU,HOl'O qJO!)MqlaKTOpa 

(,l1,1I.li HM2-n~TeHIUiaJia) H Macca o6pesrumJI A B qx:>pMpaKTope (5.5) ,l1,1IJi 

Bepmmm NA<Jr. 
B OTHOW8HHH M830HHHX napaMeT:poB H3M8H8HH.fI RaCaDTC.fI rJlaBHl:,IM 06-

pasoM fr - MeSOHa. OHH CBOMTCSI It YM8Hl,W8HHD B:!t.lla,Ita OT O - M830-

Ha, 1l'l'O eCT8CTB8HHO o6~SICH.fI8TC.fI no.fIBJleHHeM 'AOnOJIHHT8JII,HOl'O npHTJ:Olte

HHSI OT 2flr - o6MeHa tiepes .1 - peSOHaHC B KaHaJie co CilHHOM J =O. 
II:poHCXO,ItHT TaIOEe H86oJ1I,D108 YM8HI,W8HH8 Blt!la,!Ul OT }! - M8SOHOBi 1ITO 

o6MCH.fI8TC.fI .HaJIBtJHeM B3aHM>'A8ftCTBHJI OT o6MeHa 21."° B KaHaJie J = I. 
• Hs pactieTOB 'A8JlaeTCH BHBO'A o TOM, tiro napaMeTP o6pesaHHSI NA 'Ji: -

B8pmHHH J1 ~ 5 "17i , a SHa1l8HH8 J\ > I raB npHBO,ItHT K JIBHOii nepe-

0~8HK8 Bltl.la,!Ul .1 - pesoHaHca. 

CorJiacze BH1IHCJ1emmx c noTeHIUiaJIBMB EMI + ~ H_ HM2 + A qias ·• 

pacce.fIHHH B o6~eM notiTH TaitOe xe, Kalt H . .IWI OBE-noT~aJia:s 6es y11e

Ta d - peSOHaHca. HeCKOJII,KO JIY1llll8 OllHCW38JlTC.fI lpa3H C ll30CIDlliOM 

I = o. Sro CBH3aHO c TeM, tiTO ,l1,1IJi I = 0 BMQ'A ~aeT TOJII,KO Ll ~
- KaHaJI, BO B3alMl'A8il:CTBH8 C KOTOl)HM 'AB8Z,llll BXO,ItHT o6pesaDlllfil: qaKTOp 
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( 5. 5). IloaTOMY .IWI 6oJ1I,J1WX l aro BSa.RMO'Aeil:cTBHe SIBJIR:eTCH CJ1a6HM, 

'l'aK 1ITO npoHCXO,ItH'l' YM8lll,1118HH8 lpa3 paccesmrur, 1ITO B ~8JIOM YJIYlll!la8T 

corJiacHe C OllHTOM. C 'APYl'Oii CTO:poHH, no roil: lite npH1IHHe IijlO.l:JCXO,ItHT 

yxy,Il;lllemte corJ1aCHH ,l1,1IJi BOJIHH 3 ~~ • Moimo HQ'Ae.fI'fi,ca, tiTO aro pac

xo~eHHe. y,ItaCTC.fI YCTpaHHT,~8'A8Jllt8M 8AltOH8Jll,HOl'O qx:>pM!})a.KTopa ,l1,1IJi 

Sf - MesoHHOro o6MeHa • 

0TMeTHM, tiTO ·JIBHH:lt ytieT »epnmm N A_,P . npHBO'AHT K sHa1IHT8J1I,Ho 

MeHI,mett tiyBCTBHT8JII,HOCTH B38.HMJ~eiicTBHSI K o6pesamm B8!)11llflW /Y4.W-. 
Ilpz aroM Bep1111ma NL:l.P_ 'Aelll:cTByeT ppHMepno TaK JKe, KaK noTemura.n, 

TOJII,RO c Bepllllmoi!: Nll:ll" npH J;,,.'\, = 0,36 B napaMeT:poM o6pesa

H.l:IJI 800 MsB • .Krut noKaSH:Bal)T pactieTH. STO - H8~0CTaTO'IH08 o6pesrume' 

HaHJIY1lW88 corJiacHe ~~u MeCTO np.H A ~ 650 MsB. 

. ABropH pa6oTH BHMT BHXO'A BS yxasaHHOl'O saTpy,Il,B8Hlf.fI B 6o-
Jl88 xoppeKTHOM noJ1eBOM onzcatum· nepexo.imoro noTeHitHaJia. IIo npe'ABQpH

T8JII,HHM 'AaHHHM, Y1l8T OilP8'A8Jl8HllllX 'Al{aI'paMM OTB81lalOlllliX npoQeCcaM 

CBHSH KaHaJIOB, YBe.7llNHT CHJIY o6pesaHHH NA J[ - BepmHHH sa ctieT 

#A_p. - Be!)llllflW B HYl!HOR CT8ll8HH (o6pesaHHe CTaHOBliTC.fI Ta.IWM 

xe, KaK npz A ~ 550 MaB) • · 

F.cJIH B O~JlaCTH HYlt7.IOH-HYK1.lOHHOI'O paccesnm.a BB8'AeHHe ~ -peso-

HaHCa He npHBO,ItHT K 3Ha1lliT8J1I,HOh\Y YJIY1IW8HHD OnHCaHHSI 8KCDepRMeHTaJII,

HHX 'AQHHHX (xOT.fI H STO npe'ACTa.BJl.fieT co6oii npor_pecc, HOO omIC8HliI8 

NN - BSaHMO'Aei!:CTBB.fI cTaHOBHTCH 6oJiee ROppeKTHHM B TeopeTHtiecmM 

nJiaHe), ro npH pactieTe MHOl'OHYlt/IOHHHX cBcTeM BBe'AeHHe Ll - peso

HaHca B8CI,MQ cymecTB8HHO YJIY1lma8T pesyJib'l'aTH pactieTOB. B BTO:li rJiaBe 

MU paccm>TpHM pactiem sr,nepHott MaTepHH c ytieTOM .L1 - pesoHaHca, B • 

CJ18,IJYlllleil: rJiaBe 6y,IJYT o6cy~eHH peay.lU,TaTH .IWI KOHetIHHX sr,nep. 

r.11aBHOe IijlO.fIBJ18HH8 L\ - pesoHaHCa npH pactieTe MHOl'OHYMOHHWC 

CHCT8M SaRJlll1IQ8TC.fI B DO.fIBJ18HHB OTTaJIKHBaHH.fI npn YB8JIH1l8HH.l:J DJlOTHOCTH 

sr,nepHoit" cpe,ltli. IlpH1IHHott B03HHRHOB8H.l:JJI OTT8JlroraaH.l:J.fI ,SIBJIR:eTCH. SaBHCH

MOC'l'b OT MOTHOCTH aipIJeKTBBHoro BSaHMO'Aei!:cTBJIH Veg. , oimcW3aeMoro 

qx>l)MYJIOtt (5.3). 8a.BHc.11mcTb OT MOTHOCTH Veg npoHCTeKaeT Kalt OT 

npHCY'l'CTBHJI oneparopa npoeKTB:poBalUI.fI Q Ha DO,ItI!poC'fPaHCTBO CB060'A

HHX (pacDOJlOllteHHHX Blilll8 rpaHHini ~pMH) HYK1.10HHHX COCTOSlllliff (nonpaBKa 

IlayJIH), i'aK H 0'1' SanHCHMOCTH Ha1laJII,HOA: 9HeprHH £ , KOTOPM ,l1,1IJi 

KaZ,ItOit napH :aylt7.IOHOB .nomma 6HTb onpe'A8Jl8Ha CBMOCOrJiaCOBaHHO ('Al{CD8p

C.HOHH8JI nonpaBKa) • PactieTH, peSYJU,TaTH IIOTOPWC npHB8'A8HH B /I24/, 
noRaSHBallT, tiTO o6e nonpaBKH cpa:Bmum no »eJIH1IHHe. 

01leBH,IJ,BO, 1ITO DOSIBJI8HH8 pac'fY]llero C YB8JIH1l8H.H8M llJIOTHOCTH OT'l'aJI

:iama.HWI JJpHBO.ItHT 1t c.zomry T01IKB HacHIIIBHHH ,l1,1IJi sr,nepaoit Ma.'rep.im B cro

po:ay MeHDIIIBX llJIO'l'HOCTe:lt H 9Heprd CM3H. 
B Ta~e 6 npHBe~eHH pesyJII,TQTH pactieTOB 9H8J)I'IDJ CBJiSH Ha :ayx

JlOH B paBHOB8CHOA llJlO'l'HOCT.H sr,nepHoit Ma'l'ep.im C noTe~aJiaMl,I HMI .H HM2 
c yti8TOM n 6es ytieTa A -pesoHaHca. 
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B Ta6JIHUe .ztal)'l'CH 'l'aitlE8 .HCII0JlI,S0:eamme B paC'l8'1'8X SHa'leH.HJJ napaMe'l'pa. 

o6pesaHWI A Bepmmm NA 9{ • 
Ta~ 6 

~epl'.l!JI C:BJ'i3.H Ha HyKJlOH (B MaB) .H pa:BH0B8CH08 SHa'leH.He / 24/ . 
mmym,ca wep1m k F (B cpePJ,m-I), pacc,mTamme B pa6oTe I 

.lhTeHI.U!aJI HMI HM2 :HMI+A BM2+.A BM2+d BM2+A 
l\=650 MaB .,\=450 MaB t\=550 MaB l\=650 MaB 

E/A II,8 23,5 6,3 I5,9 I0,5 8,2 

KF I,48 I,77 I,I5 I,56 I,37 I,26 

F.cJm ,It0IJYC'l'.H'l'I,, 'ITO MH0I'O'laC'l'll'IHH8 C.HJIH nplm8.JlYT It ,It0II0Jllll!T8JlI,

H0My np.HT.R:ZeHIDO BeJDftllIHOii HeCROJlI,RO MaB, TO CJI8,lly8T Sa.R.1IIPDffI,, 'ITO 

II0T8HIU!8Jl HM2 + A C ;\ = 550 MaB .ztaeT H8IL7I0XH8 peaym,Ta'l'H npB 

Cpa:BHemm C axenepm,teHTOM. B TO Jte BP8MH peaym,Ta'l'H ;D;IIlt II0T8HIUI8JI0B 

HMI, HM2 H ·HMI + A sHa'I.HTeJlliBo xyJte. 

'lpeX'laCTH'IHH8 CWIH Y'IHTllll8JIHCI> npB pactJeTax M8PH0ii ,.,'l'e~r B 

pa,Ite pa6oT (o6aop .It0C'l'.HI"Hy'l'HX R I978 r. pesyJ1I,TaTOB cM. B 
6• ) • 

IfaK IIpamJJIO, BH'I.HCJI8H.HH BK118,1Ul 'l'p8X'laCT.H'IHHX CWl npoBOJUIJ.[HCI, IJY'l'8M 

CB8pTHBa.Im1! aMIIJill'l'Y.ItH 9iN - paccemma C ROppeR'l'.Hl)OBaHBHM.H HyRJI0H

mn.m: tl1Y'~m.m. EcJm pactJem npooo,zurrca .n;na MHOro:eyRJioHHOii C.HcTeMH,. 

B tiacTHoc'l'B ,lJ,1ISI MBPH0ii Ma.Tep.im, ro Heo6xo.n;HMO aHrome 7r N - aMIJJm

'l'Y.ItH H BHe 3HepreTH'!8CROii II0B8J)XH0CTH. Ilpooo;zun.me ,lJ,1ISI 8'1'0I'O 8RCTpa- . 

II0JI.RitlJH npBBO,IUI'l' It pa8HRll!HMCH peayJ1I,Ta'l'aM. 3ro - 0,ltHa HS IIpHTmH 8Ha

'IH'l'eJlI,H0fi H80Ilp8,It8J18HH0C'l'H B ouemca.x BRJia,Ita 'l'p8X'laC'l'.H'IHHX CWl B 

3Heprmo CBH8H M8PH0i Ma.'l'ep.im • .IJ;pyroi llpH"llm0ii JllWI8'1'CH 6oJn,maa: 1JYB

C'l'BH!l'8Jll,HOCT!, peayJ1I,'l'a'l'OB R ROppe~OHBHM ajxpeRTSM, IIl)C)~H 

Ha MaJIHX paccro.ammx. IJo oueHRa.M, no.nyqeHHW4 B pa6oTax 28 H 
129/, 

BlU18,It TpeXtJaCTlltJBlilt CWl B 3Heprmo CBH8H a,ItepHol Ma.Tep.im 8Ha'I.HT8JlI,H0 

M8HI,I118 l MaB, T.e. IIpeHe6peJ!tlW) MaJI. B TO Jte ,e, aTa B8.7liftll1Ha no

Jiy'la8'1'CH ~I npBMepH0 3 MaB B pa6oTax /l30 a I3II (CM. 'l'aRJte w-
oo~~½. . 

B 0'l'Jlil1m8 OT ynm.umyroro ,~~ C HCIIOJll,S0BaHHeM aMIIJllfTy,ItH 

:ii N - pacceJIH.WI, B pa6o'l'e 3 Ll -pesoHaHc y'I.HmsaeTca smmw 

o6pasoM. CooTHomeH.He ,ItByX II0,ltX0,It0B HJIJIDC'l'pBJ)Y8'1'CH Ha pac. 13, H30-

6~eM TpenaC'l'lJ1mYI) .ItllaI'Jl~~ B nepB6M II0,ltX0,ll8 (p.HC~ 13a) HC

X0,ItH!D,m JIBJI.aJ)'l'Ca &mJm'l'Y.Ita X N - paccemma H . B8pl!IHH8. !l # N , BO 

B'l'OP0M II0,ltX0,Ite (p.Hc. 136) DWUJCJI8H.HJJ 0CH0BWlaJlTCH Ha nepexo,ItHHX II0-

T8HIUI8JIBX N N~ N11 .• CooTBeTCTBj'DlIIHe .tJac'l'n J:tl,la:rpaMM 0600.IteHH 

0BaJI!,HHM ROHTYIJC)M. TaKllM o6pasoM, BO B'l'OpoM II0,ltX0,Ite Ll -pesomwc 

'l'palt'l'Y8'1'CJI JIBH0. 
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Pzc. I3. .llaarpaMMl:l, ltJJJil)C'1'JillWDlU'l8 ,ItBa II0,ltX0,Ita B 

onncamm Tp8X'W.C'l'lr'IHNX n:poueccoB·c ytJacTneM 

.1 - p880HaHCa H :Jr - M830Ha. 

Ha pac. 14 zso6paxeHH ytmmaaer.me D pa6oTe 11321 TpenacTH'!HHe 

,ItllaJ:'PaMMbl, BM!RaIWlH8 0,Itml Ll - pesoHaHC. Hapsr,ny C nplm8,It8HHUMli 

,ItKaJ:'PaMMaMl! TpeTI>ero II0PH,ItRa IIO ,ltBYX'l!aCTWlli0My B3aHMO,Itefic-rmm DRJia.It 

.ztal)T H Tp8mCT.HtJHH8 J:tl,laJ:'PSlJMli 6oJI88 BUCOROI'O II0pa,ItRao O,ItHaKO aD'l'O

pH pa6o'l'H 132/ ocy~aDTCJI YtJ8'1'0M Jlllilll, ,ItllaI'!)aM'd Tp8'1'I>8I'O IIOJ)H.It-

Ra. CorJiaCH0 pa6ore 33 , eCJilf nepooe z nocJie,ItHee ,ItByXtiaCTIJtJHOe 

B88.HMO,It8ICTBH8 B TpeXtiaCTK'mOM n:pouecce JIBJI!I8'1'CH T8H80PHHM, TO J:tl,la-

1".Pru.!Mli 'l'p8TI>8ro ,w~ 'ASDT ,It()~ BRJia,It. 0nHpas:ICI> Ha 8'1'0'1' 

mmo.It, B pa6oTe ocyaHWmBaD'l'CJI paccMO'l'p8HH8M Jmllib T8H80pHOI'O 

B8aHMO,It8ilCTBIDI BO BX0.ItH0.fi H BHX0.ItH0ii tJaC'l'.flX ,ItllaI'!)aMM!lo 

JiJJiee ROppeKTHO 6WIO 6u HCII0Jll,30BaT1, qx)l)M8JIH3M EeTe~eeBa, II03DO-

~ YtJ8C'l'I, m~ 0'1' BC8X TpeXtJac'l'.t'l!lWX ,ItHarpaMM. 
AB'l'OpH pa6oTH 132 'fl!..JlYT 6oJiee npocTHM nyTeM, TaR RaK CtJHTaDT CB08H 

ueJI1,n IIOJIY'l!l!TI> .lmJlI1, ouemcy l3JllUllIWI TpexqacT.H'IHHX npoueccoD Ha c:oo:ii

cTBa a,Itepll0H Ma.T8p.HH. 
BxJra,n; B 'aHeprmo CB.133.lf .ff.It8PHOii "iv.aTep.HJI Ha HYRJI0H ~ .Itna.rpaMM!i, 

HS06palt8HH0ii Ha l)HC. 14a, ~eTCJI qx)IJ,4YJI0H 
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Pnc. 14. IlpocTSlillIHe .IJ:.Hal'pa.MMll, OllHCHBa.Illl!He TpeX'laCT.H'IHHe 

npo~eccu c Y'laCTHeM Ll - pe30HaHca 
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.AH8.1lorRtnme (5.6) qx>PM.YJIH JISI'KO 3amJCaT.b H W1.H. ~yx OCTaDl!llXCJI-

,lUial'paYM Ha p.Hc. 146 H 14B. ;; 
B Ra'l8CTB8 nepexo;o;HOro noTe~a v- BU6.upaeTCJI H81)8JIJITH

BHCTC!td npe.neJI aMIIJilfTY.u;!l o6MeHa Y{ a ..P - MesoHoM. B VI 
BRJill'laeTCJI TOJ.!I,RO T8H30l)H8JI ltOMIIOH8HTa H81)8JIJITHBHCTCROii 8MIIJIHTY,JJ;U 

9{ H . ./J - MeSOHHOro o6YeHa. 

Ilp.H BH'mCJI8HIDI YaTJ)B'ml,IX 8JI8M8HTOB B (5.6) .IIBYX'l~CTwmHe BOJI

HOBH8 ~ riw Y'l.HTHBaTI. ~yx'laCT.H'lliH8 6prumepoBCJGI8 KOppeJIJI

ItWfo B ~T8 lS2_ 8i'H 1t0p,neJISillWI YtzHTHBallTCJI ,11,0MHOllt8H.H8M UOT8~-
T V" ~ . 

8.JlOB V- H - Ha xoppe~omme fllYIDmli.H, pamme oTHomemm 

({. - MaTl)~ K ,ltBYX'lacT~~3ruIMO.IJ:eil:cTBm>. fuppe~omwe f!lYHK

ItH.H 6.wm UOJJY'l8HH B pa6oTe I IJYT8M pemerum: YPaBH8H.HJI EeTe-IbJI.n

CTOYHa. 

B Ta~e 7 np.HB8)1;8Ha B8JlH'lHHa B:ltJI8,ll;a Tl)SX'laCTH'lHHX ,ll;.HarpaMM 

B 1:meprm:> CBJISH H.It8l)HO:I MB.Tepe p;1.JI 'l8THil8X ~Ha'lemtl! UJIOTHOCT.H. Ilp.H 

Bce:x: paCCLl)Tpemw:x: WIOTHOCTJDC OT Tp8:X:'lRCT.H'lliHX C.HJI UOJJY'l8HO )l;OUOJI

H.H'1'8JII,li08 npHTHJteH.He. HcCJie,JJ,O:BaHHJ'I noKaSaJIB, qro pesyJil>TaTH BwmCJie

Wtl! cTa6l!J.II,HH omoc.HTeJ.II,HO' Bap.H~ mppeJI.RllHOHHHX q,ylIRIUfi1 .H o,ItHo

qacTlAHOI'O Cll8RT!)a. 

Ta6~7 
BKJia,Jt B aHepl'.Hll CBJIS.H ~epHoil: Ma.Tep.H.H OT Tl)eX11RCT.HlllWX 

npoiteccoB c YtJacTKeM Ll - pesoHSHca (B MaB Ha HYRJIOH) · 

1WI pasm.cc sHa'leHd rpammroro m.myJII,ca KI=" (B qiepMit-1} 

KF 1,0 

.11¼ -0,25 I I,2 1,4 1,7 

..0,65 -1,41 -3,92 

. PesyJII,TaTH, npe)l;C!'&l1Jl8HHH8 B Ta6.mnte 7. C xopomeil: 'l'O'lHOCTI,D 
• 36 

OU.HCHBaD'l'CJI saB.HcmaocnD K F • B TO lite BpeYJI BM.8,'IX B . aHepr.HD 

CBJl3.H H,It8l)HOI Ma.!'81).lllil OT t:,. - 1)830HaHCa B ,1tBYX'laCT.H'llWX llpOJ.t8CCa:x, 

paCC'l.HTamwl B pa6o!'8 /l24/ (CM. me}, Ylll'.8T 6HTI. npe,ll;CT8BJI8H SaB.H-
tS · 

Cm.tOCTl>ll -kF . • Kalt OTMe'l8JIOCI, Blalllle, yqeT ~yxqacT.H'lHHX ,ll;.Hmru.t,t C 

.6 - pesoHaHCOY np.HBO,IJ;.HT K CJlBllIKOM MaJillM 8Hepr.HSJM CBES.H / 41.. 
Ilo.eyq.HTI, O,ltHOBpe11emro . npa]!HJll,HH8 3Ha'l8HJJJI xaR 8Hepro CBSi3.H, TaK .H 

n.noTHOC'f.11 B0311llm0 ,11,06aBJ18HH81l m:lHTp'lJI8Ha, ,Itallll8I'O .fiPHTJtaelme .H 06-
,~ero CJm6ol 38.BHClDIJC'l'l,ll OT WIOTJIOCT.11. Ilo.DyqeHHHI B pa6oTe 

BlUUl,It o, Tl)8X'laC!'.HtDWX npoiteCCOB C yqaC'l'H811 O,lJ,BOI'O ,1 - pe-

30HaHCa SIBJIJI8TCJI B 8'fOM OTHomewm :BIIOJIHe Y.IJ:OBJ18!'BOl).HTeJII,HHM. K co-

lltaJleHJID, 01.teHXlil p;1.JI np0J.t8CCOB C Tpe.MII ~ - pesoHaHcaMH, ltOTOpHe 

lll)l'YT 6H'l'i. npoBe.neHH no aH8J!Ol'DI c pacqeTaMJII WlH. o;o;HOro ~ -peso-

HaHca, o6na:pyDJIH CHJII,HYJ) 38.BHCBMOC'fl, 0'1' WIOTHOCT.11 B:ltJI8,ll;8.. B aHeprm> 

c:wis.11, CBO,ll;ffllzyl) Ha He'l' y.ny,m:eH.He oT yqeTa o,JJ,Boro fl -pesoHaHca. 
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BB:x:o,tt HS BOSwraaJlllero aecooneTc'fl!BJ! c omrroM, BOSMOZHO, 6y,Ite'f Hai!:,Itea 

noc.ne roro, RaR 6yJIY'f ,tte'feJU,HO .ucc.ne,ItOBBBH 2. ~ - TpeztmCTB1D!He 

npo~eccH. 

Rax noxasruro, Blt7l8,It A - pesommca :a H,Itepuoe BSallH>,tteflcTmrn . 

Bec:LMB. :eaxea. lbJ.u,moft TeopeTJ!tlecmnt B axcnep.HM8HTB.1IDHHi1 HHTepec 

JJI)8,ItCTaBJIJl8'f BCCJI8,ItOBaHHe npo6J.IeM!i ~:wmammx COCTOmmft B peSOHaHCOB 

:a cBcTeMe NA • Cyntec~J'f aec~ TeopeTl!tl'c~ no.ItXO,ItOB ,1l;Jlli 

BCCJI8,It0Ba.HWI aroi CBC'feW' . 
35• 6• 7 ; B pa6o'fe 

136 
Ta.EOe BCc.ne,ItO~ 

BaHHe 6WIO ~OJJH8HO B paMK8X ypaBHeHBJI ~a,Itll;88Ba Ha OCHOB8 HOBO! 

pasBHTOi /l:t'l "IHCJI8HHO:li npo~e}IypH pemeHKJI ypaBHeHHi ~a,Itll;88Ba. 

3AKJIIJqEHHE 

BeCLMa BBJlamtt BOI!pOC B MHOI'O'IJB.C'fBTmO:li SE!Mli8 COC'fOB'f B i'OM, RaR 

BSam.ll,It8iCTJ3YDT M8SOHH C HY!t7l0Hmm B H,ItepHOA cpe,tte. 0TB8'f Ha 8TOT 

Bonpoc, ItaR MH Y'Jlll OTM81la.7m, CYllt8CTB8HHO SaBHCHT OT UJIOTHOCTB cpe,Itll, 

np.u 8i'OM np.u H8ROTO!)WC Iq)BTH118CKl!X WIOTHOCTJIX B cpe,tte O:Ka3HBallTCJI 

:aos.wllHBMB qiasoBHe nepexo,Itl,[. 

Oco6eHHHi1 HHTepec npe,ttcTaBJIJJ:eT nepecTpOima n.uoHHOro noM B ,ItO

cTaTOtmo WIOTHOii HY!t7lOHBOA cpe,tte - "nBOBHaiJ ROH,It8HCSitBJI" • TeoP.HJI 

"nHOBHOi ROH,It8HCaIVa:B" 6Wia npewro'Jl8Ha A.E. Ml!r,ItaJIOM B pa6oTe 7138/ 
(CM. 'faIOEe · pa6oTY 1139/ H MOH0~14o/, r.ite npHBe,IteH nOJIHH! CUB-. 

coK Jil:ITepaTYI>H). Ha.B6oJiee BSZHHM CJie.ItC'fBHeM aroro qiasoooro nepexo.ita 

HBJJJi8TCJI BOSWllHOCTL CYllt8CTBOBaHB.II CB8pxIIJIOTHHX H.Ii;ru O UOHCRe B 

BOSMOJEHOCTB CBH'fesa CB8pxllJIOTHHX .s:;It8,l) CM. pa6oTH / , 142/. 
JJpyra.11 BOSWJEHOCTL tpa.SOBOI'O nepexo.ita npH 6om,mx UJIOTH07Tf . 

~e,Itcxasaaa Jw B BltROM B Pa.MKaX Ta.K Ha8HBaeMOi1 6" - W.ItemI' l • 145, 
6,147 /, B 8TOM CJIY'r!ae .ItOfiYCT.m&> CYllt8C,;'BOBallll8 aHOMaJILHHX cocrommii 

H,Itep C aqxl)eKTHBHOii MaCCOii HY!t7lOHOB., 6Jll:lsROA BJlH paBHOA HyJIJ). 
B noc.ne,ItHee .tteCJIT.HJieTBe HMeJI Macro SHal!BTeJILHH! HHTepec K pe.m

THBHCTCROz.\Y ·on.e:caHHD H,ItepaoA Ma.Tep.ml B ROH8l!HHX H,Itep, pas:BBTH8 TaRO

ro 'no.ItXo.ita aepaspHBHO cBJisaao c ycnexmm u:7so~A TeoPJ!B, :a qacmoc

TB,MesoHHott Teo~ NN - BSam.1>,Ite:liCTBB.11 
148 • 

B pa6oTa.x /l49-I56/ 61:lJla. ,ItaHa peJIJITHBHCTCRWI Tl)aRTO,BKa CUBH-<>p-

6HT8JILHOI'O BSam&:>~8:liCTBH.11 B JJ.IU)8, BB8,It8HO O,ItHOl!aCTH11H08 p8Jl.lITHBHCT

CR08 ypa:aaeJme WI.II OUHCaHH.11 UOB8.It8HHII HYKJIOHOB, o6cy~CL ltBBeMa

THli8CRl/18 B .n;maMIA8CltH8 npHtIHHH paBHero Ill)O.IIBJ18HKJI P8Jl.lITBBHSMa B 

JJ.IU)e. 

~IUHIX>BaHH8 OCHOBHOI'O COC'l'OJmH.11 JJ.IU)a B ~&8Jlli'1'HBHCTCia)i . 

cawcorJiaCOBa.BHOi Teopmt 6HJIO BHIJOJIH8HO B pa6oTa.x -l60/ Ha OCHO-

:ae peJI.IIT.HBHOTCKl!X UOT8~8JIOB O,ItH06oSOHHOI'O o6Meaa, Jt8AC'1':syDitl:lX 

MeJrlIY CB06o,ll;EWMII HY!t7lOHaMH. B 8THX pa6o-rax npoBO,ItWIBCL pacqem UOJI-
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HHX 8H8pl'mi CBJlSH, cpe,ItH8KB8,IU)aT.lfll8CKl'IX p~COB H aaeprml OT,1(8Jl8HH.II 

WI.II 'AB8Jr,ll,H MaI'H118CKl'IX H,It8p, pesyJILTaTH pacl!OTOB xopomo corJiaCYDTC.II 

C 8KCII8plW8HTaJILHHMB saaqelm.fiMH. B 8TOM Srutnl)qa8TCJI 81118 O,ItHO HS npe

Hl,\Ylll8CTB peJIJITHBHCTCKOI'O • IIO,ltXO,I(a IIO cpa.BHewm C aepeJI.IITHBHCTCKHMH 

qieHoMeHoJiorHl!ecron.m pacl!8T8Mll, mrop!ie ,1l;Jlli no;zylleHWI Tex 'Jl8 BeJmtUm 

Tpe6YDT Blt1IJ)'l8HHII CBJI, SaBBC.IIlllIDC O'f IIJJ:OTHOCTH, .HJIH qi8HOM8HOJIOI'H"i8C-

lWX 'l'p8X'lacT~ CBJI · 
B pa6orax 61-I~/ 6HJia npeWIO'J18Ha peJI.IITHBHCTCKSJI Teope'.rHKO-

Il0Jl8Ba.lI W,IteJIL, Jr! 6WIH BOCill)OHSB8,1(8HH "awmpHli8CKH8" CBO:liCTBa 6ec

ROH8tmOli H,ItepHOA Ma'l'epu. ' 
· B ~ arol 111).I(eJIH B 1164• 1651 

B npH6JID8HHH ToMaca4ep,,m, a 

B /l~ 67 » paMRBX camcorJiacoBSHBOI'O M8TO'A8 XapTpH 6wm mmoJJHemi 

HCCJ18,It0~.II riCTB OCHOBHHX COC'l'OJIHHit KOHetmBX H,Itep, npll 8TOM 6WIO 

IIOKasaHO 168 , l!TO TaR08 qJYH.ItaM8HTSJILH08 CBOil:CTBO H,Itep KaK HaCHlll8-

Hll8 .IIBJI.II8TC.II p0JI.IITHBHCTCKHl4 IWH8Ma'1'Hli8CKHM aqxl)eK'fOMo 
lJoCJie 'l'OI'O KaK OCH013H08 cocromme peJIJITBmICTCROI'O H,Iij)a 6WIO 

CqJOpM!ipOBaHO 
1 

• H806Xo,I(HMO 6HJIO HCCJ18,ItOBaTL BOill)OC 06 yc'l'Oit'mBOCTH 

llOJJY'{8HHOI'O pemeHHJI BO BH8l!IBHX IIOJIHX; HaH6oJILl!ld HHTepec npe.I(CTaBJIR:

DT UOJJJi, C.IDIM8~H.II RO'i'Op!iX OTJIH'IJB.8TC.II OT CHWl18TJ)HH OCHOBHOI'O COCTOSI-

Hlf.8:0 B pa6oTe 69/ 6HJia paCC!ollTp8Ha npo6JI8Ma ycTOi"mBOCT.0' p8Jl!ITB-

BHCTCROI H,ItepHO:li MliT8pllll OTHOCHT8JILHO UHOHHOI ROH,It8HC~, npH 9TOM 

llOKasaHO, l!'l'O mtTepqiepe~ M8lS,IIY llC8B,ItOB8ltTOpHliM H nceB,ItOCK8JlS!l)BHM 

IIHOH-BY!t7l0HHHM BS8l!YO'A8ICTBHSll,lll r.l)'Jl8'f o6ecne,umaTL ycroit1mBOCTL 

H,It8pHOI MaT8pmI OTHOCB'1'8JILBO mIOHHOi ROH,It8HC~ B ,ItOBOJlLHO IIIHl)OKOM 

HHT8pBaJI8 llJIOTHOC'l'el. . . 

Ehle o.,ttHa npo6J.IeMa, KOTOPYD Ha.Ito 6WIO penmTL, - aro so/Ilia 11e
Ta 'ABYX'IJB.CfflW mppeJIJmltli. 3'.ra npo6JieMa HCCJI8,ItOBSJiaCL B I70, I/• 
B pa6o'1'8X I7 pacCMS'l'pHBa.8TCSI p8JlliTHBHCTC1Wit Bapl!aHT Teopm! H,Itep-

HOI MS.T8PD EeTe~aKHeP,a. 
· B pa6oTa.x J 'l74/ B paMit8X BSJIOlEeHHO:li l3Hlll8 peJI.II'l'HBBCTCROi 

TeopeTmm-noJieBOI M:>~8Jm HCCJ18,ItOBMCJI OIITH'18CKHi1 HYMOH-H,Itepmd!: no

T8~8Jl Ilpll HHSltll[X H Ill)OM8Jt,YTO'llliHlt anepl'WDC. B o6JiacTH M8Jr,1JY 170 
H 400 MaB pacC'UTamm:li IIOT8~aJI OKasUBaeTCSI oTTamamaTeJILHHM BHYTPB 
JJ.IU)a, HO OCTa8TC.II Ilpll'1'.!!I'BBaT8JlLHm4 Ha ero IIOB8llXROCTH; TaR08 llOB8,I(8-

HlI8 OIITIA8CROro ll0'1'eimH8Jla ecTL O,ltHO l'IS Ill)O.IIBJI~mtli peJJJiTHBKCTCIGDC 

RHJIOMa.THli8CltHX aqxl)eK'fOB. 
PeJJJiTBBZCTCR08 pacCMOTpeHH8 H806XO,Itl!l&) Ta1Ut8 Ilpll OIIHCaHml xa-

paK'l'epaHX .IIBJle~ B o6Jie,cTH cpe,ItHmC asepr.e::li, TaxHX, KaK pa~ 
( p , gr r ) /175-178/. . 

B H,ItepHOI qJBSHlt8 ,ltaBHO 61:lJl IIOCTaBJI8H BOill)OC O TOM, mrem JlH 

HYlt.llOHH B s.miax '1'aKB8 'JIil CBOICTBa, Kalt H CB06o)tllH8 HYMOHH. Bame MB 
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oTMeti:wm, 11ro aqqielt'l'.HBHBJI Maeca HYitlIOBa. B cpe.zte mze7 ~~? 3Ba.tz.H

'l'8Jll,HO Mem,me MaCCH CB06o,ItHOI'O HYitlIOHa, a B pa6o'l'ax l . OHJIO no

lta3aHO Truate, 11ro KBas.eynpyroe 8Jie1t'l'pOH-.f.Ul;e,PHoe paccemme c 6oJWim .... 

MR nepe.zta11aM1J m.myJu,ca M:>ZHo omwaT.r,, IJI)e,IJ;IIoJiarBJI, 'l'l'O HYMOHH!lii 

sa:pg.ztomtll pa,IOcyc B .f.Ul;eJJHOil cpe.zte YB8.Jllromae'l'csi IJI)BMepHo Ha 30%, . B 

'l'O BI>eMJI Ralt aHOMaJII,HJie MOM8H'l'H HYitlIOHOB B cpe~e Olta3HB8JO'l'CJI paBHH
MH 

K::::. o, 91, 
-J. 

Kn ::::: - 1,34. 

llixa pe'l.T, B OCHOBHOM l!IJia 00 orurcamm OCHOBHOI'O COC'l'Omm.lI aTOM
HOI'O H,IUJa. Tenepr, Ha noBec'l'ey .ztHJI noc'l'aBJI8H BOIJilOC 06 RccJie.ztOBaHHH 

ltOJIJI8lt'l'HBHWC B036y~emtll .f.Ul;8l> B P8Mlta.X peJIJIT.HBHC'l'CltOil Teo~. IleP
BHe pesyJI.T,TaTH B aroM H~erum y,m IlOJIY'leHli /180, 169, 181, 182/, 

lfsJIOlEemml!: IlO.ztXO.zt mIT8HC.lfBHO paspac5aTimaJICJI IlOCJI8,Il;lm8 ,It8CJIT.T, 

JieT • O'l'OT IlO,ItXO,ll; IJI)HBO.ItHT lt orurcamm .f.Ul;epHoi:t MaTeJ)MH H ltOHetIImX 

.f.Ul;8p, no Iqlaimel Mepe, He YCTYilaDI118ley CaMHM H30Iqp8HllliM gl8HOM8HOJIOI'H

'l8CKHM M:>.n;eJIJIM. (meH.lfBBJI nepcnelt'l'HBH, MOXHO cKaSaT.r,, 11ro .ztaJII,Heiimee 

Pa3BHTHe 8'l'OI'O IlO.ztXO,Ita Tpec5yeT YtJ:eTa .POJIH MHOI'OM830HHOI'O OOMeHa, 

aqxfleKTOB sanas.mmarum, MHoro11aCTH'lHWC mppeJl.littllli; .n;eTBJII,Jioe sHaIDie 

M830H-:HyltlIOHHWC qX>pMpa!t'l'OpoB .H Bitlia,Ita :HyMOHHUX H300ap TaKllte Ba.l!HO 

,ll;JI.II IlOC'l'p()eHHJI noCJie.n;oBaTeJI.T,Hott peJIJI'l'.lfBHCTCROil Teop.Im a'l'OMHOI'O suuia. 
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