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A H H O T A I{ H 51 · 

ideT0,71; KaHOHJP-IeCKl1X npeo6pa30Bamrti ' rrpe,JJ)lOJimHHHil 

B cBoe npeMR H .H. Boro1uodonu1v1 ,1vrsr no cTpoe1nrn J.rn:Kpocrwn:vr.;.. 
qecKOff.TeOpHl1 CBepxTeKyQGCTll dose-CHCTOM ododmaercn 
Ha rIJeptm-cncTe1m. Ha 3Toti ocnone U3Jiaraercsr ueTo,n; MCCJie
.J(OBamrn npo6JieMu cBepxnpono,n1nwcTM. 

PacctJiifTana mrnpr11a ocnoBnoro cBepxrrpoBo.n:nmero coc
TORHHSI raMHJILTOHHaHa <l>peJIHxa, o;inocpepMI10HH1Ie M KOJIJieK
TlrnHLie :3JI81,WIITapnLie B036yJ:t,J{emu-r, COOTB8TCTBYIOil{1te 3TOMY 

cocTo.muno. TipM :3TOM Bm:rcneirn, tJTO OKOIP.IaTeJIJ.,Hbie cIJop}.1y 1m, 
noJiytiemrne ne,n;anHo Eap,nmrnu, KynepoM H TI!pmix!JepoM Jf.JIR 

OCHOBHOrO COCTORHM.fI H o,nuocpepl.lllfOIIHHX B030YE,TCeirnti B rrepBOM 

np:v16JII1Eemu1 IIBJIJU)TCJI npa.BHJI:hHLD,m •. 11H3Ift!eCKaSI rmpTIIHa 
SIBJieHvIR OKa3aJID.C.b 6oJiee 6JII13IWi1 K TOM' KOTopyro npe,n;cTaBJIHR . 

cede lllacppOT' f-'8.TJiep n EJiaTT. . 

ITpo1rnBeAeII ,n:aJihHennmtt aHaJIM3 BJinnm1sr KyJionoBcrwro 
B3ainrn,ueMcTBIUI ::nreKTPOHOB B Teopmo CBexnpo~0)U1M0CT11. 

Pacc1,1oxpena c11cTelm• cI)epirn:-tJacnui c tieTBepHbIH ·ra1mJI1>-
TOHMaHou B33.MM0)1ei1CTBI1R l1 ycTaHOBJieH KPI1Tep11i1. ee cnepx-
TeKylleCTl'I. 
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A New MethOd in the Theory of Superconductivity 

A b s t r a C t 

: '-:: ,;,The methodii.of canonical tr1,3,nsf orl'I]ations proposed by 

·· · N.N.· Bogoliubov ten years· ago for the development of a mic-

roscopic th'?ory of superflutdity f'or Bo·se-systems, ·1s genera-
• • , : ; '. ~ r • .- :..: ~ • • • • ~ • : • • . ' 

lized here to Fermi-systems. On th;s basia a method of in-
• vestigation of the problem of superco!fduo,~ivity is develop-

ed. ,J: 

The· energy ·of the superconducti~i grotind state· for the 
i • ', . : l·T.l ... 

Fr6hlich,hamiltontan_, one-fermion and_ collective elementary 

excitations corr·es'ponding to this state are obtained. At the 

same time it turns out_,_ that the final formulae for the 

ground state and one-fermion ex9itations reoentIJ: obtained 

by_ Bardeen, Cooper a.nd Se;brieffer .. are cp;r:r,e,ct in the first 
. . • . ............. ''1.i '• 

approximation. The· phys:tc·a1 picture seems·~•tiY be·:closer to 

that· proposed by Schafroth, Butler and:: Blatt. 

The effect of t~~-C6~iomb inie~acti~n between the elec-

trans on the superconductivity is analyzed in detail. 

A fermi-system with a fo_ur-line=vertex interaction ha

miltonian is considered snd a criterion for its superfluidi

ty is established. 
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§ I. BB e 'A e H He 

-:\: 

· : LI.!...~fil2E_QQQtQlif!!!!L.T.~QTI~L£l?.g,JmIJ!Q1l2ll!iMQ~H. ·B Tev:e·H11e · 

;zprHTeJu,noro :epeMemi,: :i1ecz,10Tfn ua Pn.tt ycrtexo1f qacTHoro xaprucTe
pa:~: .BCHRHe llOllbITICH rIOCTpb,eHHff W1R1)0C!tollli'tlecatoit .,TeopriH c:eepx-

-~.... . · ... · : . -. ~., _. (:. ~: -. -· .... ; ·> ;: .-~-. ·r··, :' .. 
npo:BO,ItHUOCTli He npr,rno;n;HJIH HH IC ICaKMM peayJII,TaTaM. 

. . t·; .. , :- .·f.;_ ('>.· .. :_· . '.:-f'• --.'; ,. 

> 

CyiqecTBeHHbIM BrJai( B paaBJ/iTMe Te~pHM · C5°WI c;zteJiaH :a I950 r. 

¢,pe~k:01,/I( ltOTOpLl£1 ne~ J3!iiCita3a~· _ li){~~~: _O TOM, qTO ffl3JI8HI1e 
• .'.t, ; . l • • ., • • • e ::_.~• :. , • •:~ f, • •• 

CBep:xnpOBO.ztIU.!OC~M .. onpe:zteJiaeTCfI rn?-BBHM· ~o6paaoM B3a:t~MO.zteitCTBM8M 

SJieRTPOHOB c g)OHOHaJ.U(: pemeTidf, · T ~e •. · TeM -CaMh!M B38.lIMO.zteiicT:aHeM, 

KOTbpoe B HOPMM:&HhIX yJI61rn:ax oe5ycJiaJ3JI.HBaeT ooR'lHoe conpoT1rnne

HHe MeTa.mra. · Ha .ocmo:ae · aTo!i :0:;n;eM, 1rnxo:zr,H us. coo6paxeHHit paaMep-
,· . ., ; ..• '\ ., . : . . ·, .- ~ -:r:· :; . . :,·~:.. . 

HOCTH, ~pen1ncy YAa~OCL npe~cxaaaTL necLMa EaRHBi H30TOflHqecRH~ 
. ~.. ; ~· 

· .. a!p@eKT, OTKpb!Tblki BCRgpe .. rtocJI~ 3!l.10rO 8ItellepH:M8HT8.1.µ>H:O. 

. IIocJie ; OTRPI:lTMH H30~0IIIrqecRoro a®)eriTa CTaJIO Ol!eBH;r(HblM, 

l!TO ._.aJieitTPOH-WOHoHaoe B88.HMo;iJ;ei1cT:nue ]{OJI:atHo HDHT1:tca ocnoBo~ 

;ztJIH nocTp()eHHH iutrtpocRon~qecitb~ '-·ir~opim o:eepxnpoBO.ztHMOCTM. O.zt-
• .·... i;' 

;• ....... 

H8RO, BBH.ztY HCRJIID~~TeJI~HOit MaTeMaTM'CleCKOW CJIOmiOCTH aa.ztaqH 
. ::,_1 ' . ·. .. . . . 

nepBOHata:aJI:&IIbie llOil.hlTI(H KOppewrHOl'O pememHI ee TepneJIH Hey;zta-

qy/I' 21. Cm~,1.tyeT OTM:eTMT!,. TeM ne MeHee, tITO 3TH nonhITICH Cb!I1pa

JIM :BruitHYIO poJn; D Hcc.n:e,1.to:saHini :sonpoca O npHM8HHMOCTH OC>WIHOA 

Teop1m BOaMyil\eHM~ B ~anHoi 3a~aqe. 

Ha.H6on:ee noyt1:VIT€lJI!,HOi1 B 8TOM O'l'llOfileH:VHI ffBHJiaCL 0,1:\HOMep

HaH Mo;u;e.rrn, 11ayT.!e1u:-a.a ~~peJnixo,/3 /'" 3~ecI> npo6JieMy y.zirurocL pas-

\ 

l 
' 

.,.,,; 

'1 
l 
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\ 
- l 
'---



.. ITOJIYtIH,TI>· C TTOMO[!t!,10 TeopHH B03MYnteHHit,, ,TaK,, I«LK ~3HOCTb 8HeprHn 
- •• . , • • • .• • . • •. . , ... '' ,. • 1 • ,.• . • :· 

H0pMaJU,H0ro. H CBepxnp0B0,I(Siutero C0CT0.RHHtl m~e~T. HeaHaJIHTHqecKyio 
.. ,, . . :... . . 

- 36.BY!CHMOCT:b OT KOHCT6.HTH CBHSH p THna exp(-}). Ka.K renep1> 

Ml:l 3Haeu B ''pesy.ri~Tare· ',I(eTaJII>Horo Hcc.ne,I(OBclHHR:, · HMeHHO "ara_ CH~ 

• ryanH~ cnyi1111a · dciioBHot/ rpy,ItHoctLJO ~( 1f·fpexMepHoM cJiyqae. - · 

koB~ Ba~HYIO -ql~3Hqe'c~~ H~8-IO B~eJIH maq,p6r; EaTJiep l! EJiciTT(4) 
. _:· . . . .. , ... : ~-- ·. ~-~.:>. ...... · ,·- ··.---~-"::::'·>•· -~~-'.--·· ••• -, __ .,. ·--~-- . 

OHH Bbl)(Bl-fHYJl:H H I10,I(p06H0 oCScy.:ttHiilt" nt>e,iT;cTaB~'lEHIHe O cymec:rneHirnit · 

_ pOJIH napHblX R:OppeJinnHi:t, B oco6eHHOCTi''.',Ite':ac,I(y . 3JI8KTp0Ha.Ml1, ' 

H6.XO,I(SilltlfMMCSI B6JIH3lt IIOBepXHOCTH fepMH.· 3TH KOppeJIHJ)OBaHH~e napa· 
• • • • ~ J ' • • .. ·: ' 

rrpe.ncraBJIHJIHCl> HM cymecTBeHHblMH B CBH3H C .RBReHHeM 6o3e~3llHWT8ff-
. . 

HOBc'xtofl ~-?H)teiicaiii·m ~aKHX cf6pa,30BaH11£f."· ITOHBJISHHe KOH,I(8HCaTi1.' . 
• • ' •~- •. ~ ·' 7: . 

OHH TpaKTOBaJIH Ka.K B03IIMKH0Be1u1e CBepxnp0B0,I(SHI(ero COCTOSIH~SI. 

K0H,I(eHcaTe, o6na,n;aeT HYJI8BhIM IlOJIHUM m.myJI!>COM. B K?Hnenr(HH 

lliaq>pora, f:>a.Tnepa H EJiaTTa ocHoBHID.t q>aKTopoM, 06ecneturna10nnn.1 

o6pa30Bamrn KOppeJIHpOBaHHblX nap, ,flBJIHeTCSi cppeJIHX0BCK0e npHTsnre-

. mm ,I(BYX 3JI8KTp0H0ij B OKpe~THOCTH noaepxHOCTlf tepim;. Ra.K Mbl -

YBM,ll;HM HHxe, npe,n;cTaBJI8HHR illaq>pora, ~TJiepa ~ EJiaTTa COBepmeHHO 

npaBHJIJ,Hhl. 

Bhlxo.n:oM 3a paMKH reoprnt nosMymemdt, 6blJIO ,n;ocrnrnyro B ca>.me 

He,n;aaHee npeM11 B pa6oTax Kynepa· H Eap.ItHHa, ky11~pa H illp~qxpepa (S). 
. . . ~-

. 3TH aBTopu paCCMOTpeJIH ynpODtSHIIYIO cxe14y, B KOTOpoti B3aHM0-
• • • - , 1 • • 

,I(etiCTBHe 3JISKT·P0H0B C (pOliPHaUH saMeHeno npHT~JICSHHeM M8l!C.I(Y 

(cn.crp.2a') 
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sne1cTpoHmm, ;zce1ioiny10mt1M n orrpecTH0CTli cwephI <DepMH, m B raimm>· 

TOH1TOHe OC!L'a13JI0HU ~OJII>KO tJJ.reIILI, OOO!llBeTCTByronµfe BaaMMO.l(eillCTBu!ID 

nap a.:ire1eTpoH0B c · npoTtmonoJI02tHb!Mlir :mmy.7racaMli1. q>HsHltethre aTo 
Q -, . :. . 

COO'l'}3CTCTByeT yqeTy TOJll>IW Tarone nap, ItOTOp!:le oopaayrotr dose-

3Wliill'l'ei-1HOJ1Cl-CUH ICOJJJ{eHCaT • 

.· -, J4yxo.1.u1: ms np,~µ~TamreHinl o ~OM1 tI~?,. ~~CTM~H c npo_T11nono-. . 
JIOi;q-il:001 llMIIyJn>Cru.m ,o6paaymT CBfi8aIH!bI0, rrapfl, yita3aHHbie aBTQPbI 

1,1~;~parott1. :aOJIHonyro fv;/imin1110 ocffQ~~9110. cocxoflf!MH ~- g~t'A¢ rrpo1irn:s~-

:zte1mtt Ha~Hh1X (~Ymttt11n, ~pitet»Ica~.' napaMe~pa~ B!r,1i ~~paMeTPH 
' ·' . . . . ,· .. , . 

oripe'AeM~~g~ ~ iiJ n~pna$ioli~oro rrpun!U'ma MHJ!H~ _sl{eprWtI. C:r.re'.'."' 
,! .' , '. : I ' ! · , . . . • , 1 ; • ~, , • _ •• •·. , • • •~-~•I , 

"/.!.Y0T sa~~~-~HT:&, trTO MeTO;l{ Bap;zti1lie., liynepa ~ ,~Pii@<}}ep~ OC!e~~fieT 
. . . 

oea OTBeTa n;eJIHM p~ BOnpooon, Ta.RIDC, Hanp1mep, Kalt 000CH0Ba-
-·. ~: 'i. >:: . . . :; . t 

1-me sarconHocTM McnoJI1>syeMot1 npon;e;zcrpu, 1tICCJie,1to:eaHk!e poJIH KyJI0-
, ,. ~ ... 

: : "' .I.~ • 

liOBCltoro l33a}IMO].tetiCTBUfl M T .II•, BDlil-(y qero 1i.mry-T BO8HlUCHYTI>' 

COWieUml :B OTIIOiil0lilUI yoe~eJll>IiOCT:H IIOJiytie~H~ -~ peSY3Il>Ta.TOB. 

... ",· 

. \': . ''."f ... 

.. •·, ... 

-;r;· .,, .• 

;3 ·_r1rr·:··•' ~ ' ~-~ . : 

. NC~-'. ,,,, __ ,., '~ 'r ' . .-.,:· 

.. :·: . .. _:. : ! ~r rr -:· . ,_;,._:r·:•.· 

.,1' ;. '( ~j.·:.:.' f) ;.i, ~: ~) ; : .. ~;d?.!~~ 0/ 

•• J • • • ~· .·' i-• _r,: ;., ~~- t:. -...: 

·:·I (SJ.!..\/ ;: ~ {'.,' J,:': 

l 
I 
! 

( a 

· I ........... 



'· . 3 .• 

O;l\HaitO, Icait Mbl Bl'I,ZU-!M Tenep:&, KOr71,a y71,anoc:o BTIOJUie R0ppeit'.1.'·"• 

HO peIIIHTJ, aa;zi;a-qy Q I33a:VIM07J,eMCTJ3Mll _ a,ne1tTpOHO_~ C q)OHOHlU.U·I, OH:OU~~ 

tiaTeJILHI,m qiopMyJILJ, no!Jyl!eHm,re Eap.71Jt1HOM, _ KynepoM 11 IIIp11<1J1I:epmi 
. . .. . . . . .. ' 

·, 

;zprn pa_ctieTa OCHOBHOro COCTOflHMfl l1 Ol.l;HO(PepJ,1fI_(?H~NX B036yr.i;D;elir'f.Wj\ 

B nepBOM np1:16JII11,'t8Hl1:Jll flBJiffK)TCH npaJ3MJII>HI:iIM1iL .. 

. C 7.{pyrow CTOPOHl,I _B MX cxeMe HeT Be'rlrn CUi:::I{'rpa' COC'l'IieT-· 

CT:Byrome.w R0JIJieit'.rL1BHh!M nos6yx-c.ztem,1nM _n ~QJ(f,mtT RYJIOHO:'.r~rmx cxrn rm 

._· _ ytrTeH na,zi;JieJEamHM o6paao.M ... 11omrocTI:.m pelll:wr:& npo6Jier.1y Ra:K n nep~

BOHa 'tiaJII>HOI1 IlOCTaIWBKe <vpeJH'IXa' TaR M C ;nono.mrnTeJIT.)HbIMl/1 ycJron;

HeHMfl:MH, o6ycJI0:B~eHHbn.m, HarrpuiMep, y~eT0M RYJiOHOBCKOrb ·Bsmrnm--, 

'A611CTBI1JI, yt'(alIOC:& C TIOMOll.ff>IO H0B0ro MeT0Aa, paspa6oTar-mo:r-o 

H.H.EorOJIIOC>OBbIM/6/. 

3TOT H0l3H1l Me TO;!\ 0CH0BhIBaeTCfl Ha rJiy6on:oti r:au (llH31'ltJ.CCitO.ti i 

Tait 11 MaTet1aTI1J:treCKOM . aHaJI0rtm C HBJieHYieM cnepxTeKy\:l:GCTvl 11 

flB1.Iff0TCfl npH.MhlM 0606m;em-rnM MeTO'Aa, pa3BMToro H .. H .. EorOJII060BJ.l!}/
7 / 

. eme B I94 7 rOlJ.Y ;nirn: IlOCTpOeHMH Mitrn:poCKOilMtieCIW11 Teopm1 CBepx-~ 

TeKy'C!eCTli .. 

B HacToameti pa6oTe Mhl .z{a;n;mi 0110TeimTM~ecrcoe 11sn0Jri:emrn 

ero . B npHJIOaZeinrn: D H3ytieHllLK) 0CH0BH0ro C0CT0flHMfl 1~ aJieMeH'J.'8.PHHX 

B036yjK;n;em1t1 Itait O,Il;HOqJepMV!OHHhIX, Tait I,! IWJIJI0ItTI1l3HbIX<. 

(; 

··. c KpaTRoro ~6aopa· OCHO:SHbIX npMHD;V.IlOB M1m:p0CR0ilHtiecn:oi1 •feorn•rn 

CBepxTeityqecTH 1.fose-CliICTeM • 

. Xopomo irnBeCTHo, ':ITO :see qacTHIJ.H ui.zteaJrI>Horo ticne-raaa np;.r 
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a6coJiroTsoi~ iyne \T:e1uiepaTyp.bl o6Jia';ztaroT tnrny.n:.ocwm, Toirn:o pa:nm

um ny.ftro,· il1tH, KaK ro:eopn:e,: H~XO~HTCfl B COCTOfiHlU'I: E:OHAeHcaTa,, 

0,1tHaKO ~ :s CJQftiae OTCyTCS:Bl!f! : B~H:l1Ui0)4€l~CT1.Uafl ~·a.xoti kolr;lle'uca~~ 
Q . • . . . ';:, i' ' . ' :, - ' ',, . . ·. .· . ""' 

He o6paaye? Cl3HSa:HHOro K()3IJieKTMBa H 110TOlq He 1:&0tteT 06Jia'AaT1:i 
' . ,,· .. 

CBOMCTJ30M c:aepxTeicyqecTHe 
';'"~•' 

J{e!i!CTBilT8JIJ>HO t n:yQTI, eir::r ~OQ6l~f~UIO. ltBI'Il!6il~e, TS.le TITO ::see 
• 

.. tiaCT.!1'.1\li rasa CTaeyT 00Jl8.,ll;a1':& CKOPOOT:&!O 

8Heprll!H ClICTe:mi 6y;l(eT ..• 'f 

' ' 

E -=- ¼1\/ tYtw~ 
ti>, 

I1;!'Iie N - tmcJio qacTH~, -~ -·Macca .. 

(~·- .,_ TQr.1ta n;~Hafi 

IIycT:& ,: O;rtHa us i1acTJ:ir( :ac;rre,l(cTBHe Ra1coro-J1H60 rrpo:uecoa. coy

. p;apeHHH c ilacTMn;ai1M npmieoM MJUI co 0Te:a:1wti oocy1.;a 11aMe1-rmra 
.. ' '·,,, ," '. . 11?. 

. c:j:loro cKopocf:& ftL. Ha. Me~myro Mi, • flcnrn, · trTO :s ~itEOY m:ry-qae 

IlOJIHaH 8HeprYIH '. ' - ' ' ' . . 11. 

E= \(N-~mit+ ¥1. 
y1ae11:&mMTCii. ITOSTOMY, 3Hep;reTHt!8CR!1 '.B.hctrO,mIO OT,!l;e.11:&HID{ tJaCTYiU~aJl 

• ~· • c. • ~ ,. ;<.~i~·- . . -1. , ,•. ·, ', • ' ' • '.. • • 

ra:aa-,,":rnmatJ;aTI> 1ia ROB,n;eHca.iran 11 ~aMe'AJIHT:&CH 14s~a· npon;ecco:a 

coy.ztape:emii, <BBH.n;y. ~ero_ ,1p3~eHHe .rasa .:a ~eJimt TaKJ?te ·· oyt1.eT 

nocTeneHRO sar,e~JIHT:&cn. 

. Truunf .. o6paaOM H.ZCeaJil,Hl:id( foae-ras He·. MOiieT · C~liT:& UO.zteJILIO 

.ztJIH liISyt!eHMH Ol30i1CT:Ba· C:BepxTer.ri1e6TH~ Co:aepmeHHO HHOe lIOJIO~einw 
~- ~ . ., . . 

B03Hxrn:aeT B CJiyt1ae H8H;D;8aJ!J:,HOl"'O tloae~raaa, Me:&r;zcy traCTTiID;a?t'0 ROTOn• 

· poro -1:meeT.cH. X,OTH ~, mcmr:& yro.zu10~ cJia6oe Bsain.m;n;eiio11B1ae"' B 

I 

' 

\ 
\ 
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5. 

rrpe~cTaBJieHM~ BTOpMqHoro KBaHTOBaHHff raMIUIDTOHHaH CJia6o-HeH

. l-(ea.,1::&Horo Eose~~rasa l1M88T Bli,11; 

H::fl\°f+. -(I.I) 

+ -Jv- L. ..J (Pr p{J lp. lr,. 0.1{ d.~~ 
d cp,+p,..~p~t,~) . 

rue p - mmy;r:&c qacTYI~hI; . 11 (p) - q>yp1>e-06pas aHeprim 

B8aMMO;n;eMcTnlin napH qacTHn, ROTop@H ,11;ru1ee 6yAeT oqHTaT1>cri 
+ . . 

nporrop~v10HaJI1>HnIM Ma..1I0My napaimTpy.; .. a,, 1 <llr - 6oaeBCitHe . 

onepaTopu 11op0Jii;n;emu1 m y1111qToX\~1uu1 iiacTmn; V - 061>eM 

CY1CT0MJ:J .. 

CymecTB8HHW q,a,CTOPOM., 06ecrretnrna10Il{MM BOSMOXiHOCTI> pememrn 

· sa,4al!M, HBJHieTCfl H8JII1tII1e ROH;z{eHca~a B CHCTeMe, T • e,. Ha."COlK,IJ;em,re · 

rro,1.,;a1mHIDnteM -qacTM MOJieRyJI Ha HitiameM 3Hepre!I.1M.l!6CKOM YPOBHe.. B 

cvmy Toro, U.TO KOH.Z{eucaT C0,1.{epj!tliT MBKPOCICOTIMqeci-m 6oJI:&moe 

qzcJio qacTHU J/6 , MO~Ho·npeHe6peqb HeKOMMYTHpyeiocTnro one-

, paTopo:a nopo:a.zceHurn: 11 y1n1T,rToF.eH!iIH tra~THU 1-13 BaRyyMa a.D 
1 

Q0 H , 

aaMeHUTI> rue OObI'Q'.HUMl'I t!MCJiaMMo Tor,n;a, B:B0,1.{ff HOBI:Ie 6oae-onepaTo-

MO~HO npeo6paao:BaTJ, (I.I) K EH.ztY 

(I .. 2) 
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6. 

I . 
r;a;e . J{ · - B!:ij)aateHRe, cwcToa~ee Ma rpopM TpeTI>ero H l!eT:aep:roro 

nopff.l!Ka no OTHOme~ It ~lIJIHTY)la,/ lr) ~r . . . ; . . . . 
CTaH;a;apTHaH Teopmr BOaMj11\em,Ji! He· n1?~1ite:run1.a R ramm1,ToHmaHy 

B STOti q>opye. JJ;eiOTBE'.TeJII>H09 MaTpH'.q:Hbie. a~eiieHTH, 'QQOTBeTCTBYFJ

m;vre BHPTY8.JII>HOMy' nopO:i.l(8Hmo :'q8,CT11U HS Ba1:eyyMa, conpo:som.n;atnTCfi 
_,•; 

. . . 

BHepreTntiecmum: aHa.MeHaTeJir,n.1!1 
•' .,. • 

~ . . 1r 
P-1 b 

-+··· + 1m_· .. ·· :·.· ;l.tll-

' 

TaR11Ie 8HaMeHaTeJIH;-' B6o<5me roBOPfi,: He orraCHI:I M np11 liHTerpM

po:i3aHHH no , ~1 ,.. .. P·~l5 . R pac;tOJJ:H:MOCTHM ne rrprIBO.ztHT) rcpm.m, o;u.Horo 

CJiyttafl, KOr;a;a lU!eeT '. MeCTO BMP~Ya.JI&Hoe nopo~eHHe ;zJ;BY'X qacTI!U C 

vn.myJII>Ca!ffi ± ~ • B BTOM CJiytrae :a B:&ICillln': npR6.1IYIJKe:am1x '!IOHJJJH!IDTC.fl 

SHepreTH~eORHe 8HaMeHaTeJIH Bli;zi;a: 
... < ~ ;_ -~-; ~ " ' ,• .. 

(!:)It.. ·. Jrn . 
.,",·,· :.· .,\. 

·-
Be~ymHe K pacxo;a;HMOCTflMe ~H8M~6CRH STO 03EaqaeT, qTo 'Aa~e npH 
CKOJII> yro~~~ MaJIOM ·t·, .. -.·:saam.m.zteiicT:aMe Me~y -q:ac~mna1m c npoTm-

. / ;:- .:· . ' ,. .-~;·.·, . "' ' . , 

:BOIIOJIOSHWtm HMnyJIJ;Ca.Mli! dy11,eT BeC:&M:a HHTeHCH.BHmr, eCJHi TOJi~RO 3TH 
. . •. ·; .': );._-.: ....... ~ ·• :~ 

m.myJI:.&CU OKaSI:maroTCH ;zJ;OCTaTOtfHO Ma.J])IMM .. 
-- :.i, :... . J ·.: .\· ~ 

B M6TO}J;e H~H .. BoroJiro6ona17 / ,n;amran TPY'AHOCT:& ycTpamieTCff 

rryTeM Bbl,7.'(eJieHHfl. MS ~8IDfJI&TO!UiaHa H. . KBa~paTMtiHoM traOTH •. (no OT-

HomeHllRJ It "g!!. 
1 
,f 11. . ) 11 l!l!aroHaJil!llaI!l!M ee c · Ilh~olll!,ro RaHoH11t1ecKoro 

npeoc5paao:Bamrn:: ·· ·· ·· 
. . . + 

git: LI.it.~~+ ~J~k ' (I,3) 
J ·~ 

B KOTOPOII r~J f Ir - l!OB!re foae-aWIJ!llTYJli; a 'tt11:/1.f,._ - 06H'IHOO 

·:J'. 
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., 
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l 
l 



0 

TCfi 

' 
B~meCTBeHH~e ~YHKUMll K , CBH3aHH:ht8 COOTHOmeHH~M 

t. L 
l(I( - V' IC. : 1 . (I.4) 

J{HarOHaJill8a.I.tmi nepenyTHBaeT onepaTOPbt pO!t;zteHHH H YHM'qT0iK8HHH 

qaCTHU H 08HaqaeT illaRTHqeCKH Bbt60p HOBOrO OCHOBHOro COCTOHHHH, 

It1cnpa1meHHoro: :aa 13sa:0:Mo.1teiicTBHe. OTueTMM, llTO y1casaHHafl npoue

mrpa aKBI-rnaneHTHa B Hnsme;i nopfi;ztKe no 'Y c11e;ztyromeuy npirnMJ. 

ITo;ztc5epeM . u.1( , ~ TaK, 'qT06bt · aHHY1IHPOB8T!, CYMMapHbli1 BIUia;z;; 

;n:marpru.m THna q>Hr •I, COOTBeTCT:BYIOntMX BHPTYaJII:,HOMY POllt;l(eH.~IQ M3 

BaKyyl!a napE! l!aCTHU C npoTMBOflOJIO:atHWl'i 

HMIIy11:r:,ca1m. IlOOK01II:,KY npm ;ztaHHOM Bbt60-

pe UK, curl( Ta1t11e npouecca 6031:r:,me y-g:11-

TI:iIBaT:r:, He C1Ie;ztyeT, TO OTna;z;;aeT TO 

npenHTCTBMe ;z(1IH npHMeHeHMH o6aqnoi 

TeopHH B08MYm8HHM, 0 KOTOPOM ME roBO

pmn1 :a h11Jl e • 

' •J 

B. ynOMHH~TOi padoTe ;z(JIH cneRTpa . SJieMeHTapmnc BOa6y~eHHii 

c11a60 .HeM;n:ean:r:,Horo :Soae~raaa 6wro noJiyqeFio c11e;n:yromee · nbil)aJKemrn: 
. ,·"-'. . 

. . · : . . 

(I.S) 

WIH npH6JIH1iteHHo , WIH MaJibIX H 6011:&m11x 
·.--: ·,, 

(I.6) 

-

' 



8. 

0cH0l3H0e cocToHHMe CO J3 nepBou npm:61nixeH1nr xapaKTepirnyeTc~ 

HYJie:B!!l!ll. tIBCJiii:Ml! a8.lloJiaeiiHH · ,f p ;fp • Ba ;('t~6) ·16el:t/iii'e1.1CH, qTQ 

,?µI$! ko:t1lll!BOCTH C0 MU .ZCOJI1.tHH rroTP,e.6.oBc;.T~,;, tIToCh! 
,! ... 

V (o~ "" 'Jtt,(iJi;t:~o · · · · ' ' · ·•· •· ·······re •.· · •(I 8 •· ·". ·' ·.· '.\.,./ . .-: · .. ~ . 
.. , 
'•' -· ~ . ~ . ' . . . ' . . . . . ~. ·-· .. . ·~ ::~ .. ~ ';" -~ ~· ' 

... :TaK .. ,RaK :a npoTtil3HOM cJiyqae E,(f). -o~aa~1QQ.;&:. ·6!fJ<:oJ.uJJlEUt(}Hflnt"'.° ·., ,· 

Y CJIOl3H8 (I* 8) BapaltaeT :ztOMHHHPOBaHMe ;;:CJiUI:: OTT8J.fitH.J3;1Jf)ifi:,;€I JI~:rKO . 
,, . . ,_,1 

no1caaan ,Tenep», .tITo·. paccMo:rpeHHaH 14o~en:r, 06J1J:1p;ae~: c:aoticTl3o.,tr 

. o:aepr.f{?iey:qec~it •. Jl)J.H . ST Oro saueTmt, .YTO. BB.M.ItY l"~pa:HC~fiIUiOHHOffi· ,r 
. . 

HHBapHaHTHOCTI-i HsyqaeMoi,i:, ;z{lUIRMIIItJeG~Oir '. CXJCT~.Mli,<1U.!l~(:)TCH: Jtol3.ap~1am 
·' . ~ ' . 

HOCT:& no OTHomemno K H3MeHeHHIO .IJ&tra,u1: o~q;q:~~a. MMTIYJI~Co,:e.·:H CRP-. .._. .. 

pocTeM. _. ,;. . . .. ,; 
. . 

Bos:&UeM HCJBYID CHCTeMy OTcqeTa 
~ ➔ ~,,·.-

p , ➔,, ~ - MU.. .· . , ... -- . -
11'. noc,pQHM. }lJifl Hee QOOTBeTCTByIOll{ee OOCTOfl~He C~ ··;·. ROTOpoe 

~-~; ;· __ ' .· .. : 

c5y~eu odosaatiaT:& Cu.. 0 HCHO, "<lTO B CTapo~ /'fiOKOff~eioR~1, CI1CTeMe 

oToqera cocToHmie,; .. Ctt 6y'AeT,. Ta:rtl1M CQQTOHHHeM11 B · K0Topou tiacTH-

·. ns :mieroT _cpe,itaroro cxopoeT:o tL ... HeTpy;w-ro .. saM~T.HTP;, ,To a:a~prHH 

aJie11.eJ:ITapHoro :so a6yg.2(eHMa-·. ;l(.r"I:fi -'J'ABH~ero cm 11 

. .. . ·, .. . P. ' . 
COCTOHIUIH C.L B 06HtI· 

: ._'.' •·Hott, ITOKOHll{ellc.fI, CHCTeMe OTCYeTa ,<fy71.eT 
··~Lt, •. 

E C,J.- ( ~tfk) - ' 

IIycTI> CKOPOCT:& LL MeH$me HeKOTOpdii KpMTMtI€fo.ICOff ! -ckopocTM: . ' 

\

....,, \ · .~r,·. . file!· - · : ;.-·::.:: ,-· T\ ,;- , .... 
CA,. < l!Rt<p ,.,.,.1· ~ '!·'• · i:;; l ., . './ · ·~·_· .. :. ' .. ' ,,. i /:; I IA. ' - . . .. .. . ; , . .. . -- \ '.' ' ' . 

(~> ltl\l :"·' , ·1
· .•. 

r ·. r -. 
(I.9) 

. . . . . 

, .• l(JIH T81tmt CK0P0CTeM aaeprrnr 8JI~Jde·aTapH~ BOS6yM,1teH1:I.ii II0JI0lfflTeJIJ>Hbl 
\{'" .. :_ \•,~ 

~-- 7 •a,;>.--~-a-... -•. --•'..,,, 
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.. ·~-. ·. 

Tio:lTOMY si:i.Me,n;JieH;trn oT,n;eJII:,Hb!X ttacT1u~ rr'yTen!'iiurta,n;eHHSI Hx M3 KOJI..; 
. .. . . . . " . : ,. . . . ' . ~ 

. JieKTtrna MJIM' .}IWO TOJle.· cm.me' nopol!C,n;emte BJieUeHTapHhIX BOsdy,ue-

··. Hii,rr- sueprei'u~.e~KM .·He . B.blfO.,I(HO. Cci6·T·O~H·ue. c'lL ... 8y,n;eT'' CJie,n;oBaTeJib-
• ' < • ; •· ' ~ • 

· ·1(0 ,· 1ieia.Cra:6MJI1>Hm.1 •TTPH .. I u I ,~ U.'Kp. · .. · • )i!bI' wiH~eu Te rte pi, CBirnau-

Hhtti KOJIJieKTI1B, 06na,n;a10m11:t1 cBon~TB·m~ cBepx'TeKytieCTH ~···'.' · ,,. .· . : : ... :: : ' . . . . . . . . . 

·.Hs-(I.9) MOZeM OITHTI, y6e,n;HTbCH, 'l!TO B cJiyqae MieanLnriro 
' ·. p~ . 

ra3a, Kor,n;a E (p) == 2,m 

I 
' 

.. 
YKailteM B. 3aKJIIO'lleHMe, ttTO MeTo,n; pa60TbI 

• 
rIOCJie,n;uee Bpe~JSI ,n;aJI:E,He11mee pa3BMTMe B p~doTaX ~~IOKii°epa l1 CaBa-

,n;a (B) ·, B KOTOp
0

bIX paCCMOTpeHa 6oJiee·_ peaJIHCTHttecKaSI MO,n;em:, 
' : ,. t':, 

',·, _, . 

IlOJiytmJI B 

TiepetI.rceM Tenep1, K M3JIOE:emuo TeOplUI CBepxrrpOBO;JJ;HMOqTH • 

. \· .· 

' j 
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§ 2. cnEPXIIPOffO.IlMMOCT~. B. i.mftEJil1 ~PEID1XAx) 

2 .I. TipllIHUMri KOMIIeHcau:m1 OIIaCHiiIX .n;Harpa~~>- 'Mn1' '6y,I(eM . r 
• MCX0,1U1TI> M3 U0)(8JIH, npe.n;JioriteHHOll ~pem1xo1,f, .· B KOTOp:on Ky)x'OHOBCKOe ., 

. B38.Hi,foje11cim1:e · SIBHID! o6pa30M .He BBOJ{UTCSI, 

xapaK1·ep113yerca. ra1.rnJI:oTOHVtE1.H0
1

Mxx) · 

i -. . ...-1 : : _. ~ ~· • , :.•, .,. .. C! . 

i .n;mmi.m'<Iifb'itair 'c11cTe:Ma 

. if;{ . . . + . . 
H F't =· L E (k') dks Ows + r::_a ·-.w ( 'l)f>q, _t; Cf,-~ Hint 

I<, 5 . · -" 
:,1' (2 .I) 

. I ,· . , 

H- f'= q L ( v.) (q,.))~ akSdk's g-i~ e,onp·. 
,n <J(l<,f<_;q,,s) ~v . . 

1-( ·'--: J< :; q, 

(2.2) 

, r)\e £ (k)- 3Heprirn 8JI0KTPOHa, W(C£.) - 3Heprirn qJOHOm1, i -

' 1 

I 
/f 
'I 

KOHcTaJ1.!a .. cBsr~n '.+ ,)( .. - -~tr,~~1 cl'llcTe•MhI, I<, I<', .'i' ~ BOJIHOBB~ neK- l' 
T0phI_:a_,_a· v1 _g, IS .. - onepaTopu-rropoJ:t,n:emrn n yH11i1To}n:Ernvrn ;I 

.,. ,·: ... , . I , 

aJieKTp0H0B .l'+. q>OHOHOB. co'oTBe·T'cTBeHHO' . . S --ICmmOBbIH 11H)~e}:~, 
. ~·.. ·, ?D::, 

IIpMHmtaIOII{Htf ABa 3Ha\lem•rn'. + ll ~., ],JIR KpaTIW'Ctti ycJIQBHMCJ-1 Ha3_lrna:r:& 

).l;aJI~e raMMJII,TOirnaH (2 .I) raMMJibTOHMaHOM <Iipe;mxa. YC'Ta:HOBH.:M 

Terrep1,, tITO CM:CTeMa C _-'t'aMI1iib1'0Ht1<1HOM (2. I) O_~Jia,naeT, CBOV.CTBOM ,I 
ii 

CBepxrrp0B0AMM0CTI1. !/ . t 
KaK ·XOpOlllO l13BeGTHO, 061:rCJHaR Teop1rn B03uymem1ti no crerreHRM 11 

. . • f, 
~ f ~ 

KOHCTaHTbI CBR3I1 Henpm.temn.m, TaK. KaK 3JieKTpOHHO-qJOHOHHOe B3am,w~f 
. I 

.n;ei1c_Tmrn, necMoTpn Ha cnoro 11aJIOCTh, oICa31rnaeTcR· nec1>Ma cyrrtecrBe1P 

x) II3Jio,:temrn a Toro rraparpa$a cJie.n;yeT pac5oTe 

xx) 3Aec:o npmrnTa c11creua e,nmnrn:, B KOTopotl 

/6/ 
• 

t·= I. 

.l 



) 

) 

rr 

.HMO I 
:TBeF: 

II. 

HHM BoJIH3M nonepxHocTM ~epMH. Eonee Toro, emePJU/\MXOM Ha np11Mepe 

O;z{HOMepHoro cnyqaa OTMeliaJIOCl>, l!TO 8Heprirn: Ht: HBJUteTCfl aH8JHi!rl't

qecROti WYHKI\M0M napaMeTpa CBfI::m H HMeeT ocooeHHOCTM B OKpecT

HOCTM HYJifl. 

' .... 1, 

HHe, HCXO;l(fl H8 cooopaxeHM~, aHaJIOrMqHmc M8JIO~eHHMM BO 'BBe;z:ceHHM 
. .. . 

· npm aHrunrne noJior.teHua B Teop1-rn cnepxTexy-qecTM. 

3aMeTHM t tITO MaTpifCIHHe aJieMeHTU, COOTBeTCTnyromMe EiipTyan:o-
f . I 

HOMY nopo~;l(emno ' tracTHUn M3 na:rtyyMa :acer;n:a conpo::ao:m;z:caroTCH sHep-

reTHtJecKMMH 3HaMeHaTeJiflMM 

B KOTopax E(K)-:. J E (k.)- E F J npe,l!;c1.rannHeT anepr:mo tiacT11U.hI, 

. aJieKTpona (E(!() > Ep) MJIH J.\I>JPKM (t(KJ ~ Ep.) , c:rano:amny10cn 
' 

MaJIOli y !IOBepXHOC'XII ~epMH" 

Tam,1e aHaMeHaTem,1 Boo6me He H:BJiffIOTCfi 0 orracHmfJiin M npYI irn:-

TerpaumH no m,myJI:&CaM K pacxo;n;HMOCTflM ue npMBO;D;gT KpoMe TOI10 
,, 

cJiytraH, I{or;na HMeeM .14eJio c BHpTyaJI:&HhIM npoueccou nopo1It,zi;em1:s: 0)1'"' 
' HOi1 rrapbI 6ea c»OH0H0B. Tor;zta B . CTl!JIY aaIC0H0B coxpaHeHHfl l!aCTI1Ubl 

STOll naphI, OYlf:'JT uIMeTJ, npoTMBOITOJIOJrCHO Harrpa1memrne m,myJI:&CbI ±. ~ ~ 

liI SHepreTifqecm1ti 3Ha:MeHaTeJIJ, '\ 2 f(!L) 3-1. QTaHO;VITCfI yme OII8CHI::1M 

np11 HHTerpallJ'IM. 3aueTMM ;n;anee, t!TO crrnHhl STOH rraphl Tarc:ilte 6y.1{YT;I ~, 
npoT1'1BOTIOJIOJJCHhl. t· 

CJie;z:cyeT IlO,1tt!0PKHYTl>, lITO B O6hIU.:HOM Teop:mt B08MymeHYIH, He-



•' ,i. '• 'h •:•, ~ •,,,: • 

I t 

I 

'i. 

'I , ' 

I2,. 

. ... ~t~!::.(,'{f( .. ;:•: ;:_~~\· '~::\"(:',;.:-_~ .. •:·t ~·~~f-~.t>\: .. ,,.:• ~.,: </~·-: 
nocpe.zi;cTBeHHO· npmteHeHHOH K HOpMaJII:,HOMY COCTom1;1¥J, T&Inie 

. ';!;;: : .·· .' · •. t•;·,,• 
ana-

MeHaTeJnI He rioflBJiflKiTdfl 11!3-aa saK6Ha coxpaHem-rn: i11rnJia pea1c&H1:rx 

SJieKTPOHOB .. Ho, ecJIM nepenyTaTJJ 8Jie:KTPOHJ:.! YI .zi;orp1m ItaHOHMtiec:maM 

rrpeo6pasoBamrnM, .To aaKOH c.oxpaHeHYIH yJKe 1-re --nMeeT MecTa 1 :r. sTM 
' ~ ' ' ' ,' ' ' 

snaMeHaih1 noaHM:ICaroT. 

ft ' ' ' ' 

Ooo6mafl npeo6pa3onam1e (I .. 3)., vrnnoJI:&aonamwe B Teopx,rn c:sepx-

Te1tyti~~:r0:, '"~~~.zi;eM :B pacm.mTpirnaeMOM ceMt.rac · c.1.tyqae HoB11e ([Jep~m-
•• ,,'" ' I ' ' N., " 

aMilJiliTY'Ab! w( .,. : 

IDIH 

+- ':••;•;, 
&{ f!.o = u~ a.", 1 .. · - 1fk a._t<r 

+ 
o{ l!-1 "= ~~ '1.K,- + rfi Q. f!it 

' '+' ·i Cl k t ~: U t<. e( i, + Vio< i1 
·) ' ' ' ', ~~ , I 

; ~ ::: !Ai o( ll1 - 'fit t< ~ -Kr 
""'."'::·. 

r.zce 'Av_:, 1'ft( ;._ BemecTB0HHhI8 q:v1cJia., CBJiS,aHHhie. COO,'l'HO~em!eM . 

111 . i 
~; : Vll,L_ _{" v-k; ': -/4, 

H CMMM0Tpl1tJHb!_e ITO ,OTHOilleHHIO K. npeo,6pa3o~am,no ~{i~,:'4:.it:;: 
.- . '•! .. •..'~' 

. ··~·;~:'~-~ 

(2 .. 3) 

(2.A). 

(2~.5) 

' ' ' ' ' ,'• ,. ' ,, .. ' .. ' . 

He Tpy,11;H6<rrpo:aep11TI>, 'CITO Tmwe npeo6paa0Bam1e 9~Jpam1e1• 
, • . . ·! • 

:ace rrepec:TaHOBOtrHbie ~CTBa c,pepMitI:_Orrepa~opoB ''u1 TIOTOMY HBJifleTci"' 

··ItaHon:i,rn:ecK}I1;r, ,BaZ:.ieTI-IM .eme, ·;qTo oHo ~:rie~cTaBJIHBT• 0_09,~me1rn:e 061,p:r-
. ~ ,-' . . '--~-'. . _. • . .. ..., ..... ' .. :":. ',, ,. ,: ·,l,_1·:··,, 

Horo npeddpaso:aam·rn, C JlOMOil.{~IO RO~rdporo: BBO,ZV-ITCfl\OhepaTdph! POjK.I{e-' 

HMH H YHHlJ'.TOiil:eHHff ·,zi;n1p61('.:BHYTPM nonepXHO~TM <l)epMM H oJI6I{TpOHOB . . . . . . ' . 

:ane aToii no:sepXHOCTvI.. ]le LicT.BMTeJILf!0 ,: . e ci.tvI noJioUTD : . ' 

IA.v..-::- 1 J 'V\t -= 0. .Zl;Jlfl E"CK>> EF 

r. I ICrut t~,nno ys~, aa::.i.i~ , ocnomra,.uc:ii: , ua pe,riO'J:<:l ::~(; i 
IO!taaM: ll!tX) C llOlWll{&IO 81rOI'O n:pao6paaoD:aJ.nut ,:o~o !I CSF.zy' !J!OOp!tr,l 
3ap,imm.,F..ynepa.,illpn(·()Opa rtpa,YtOTaBJfl?i; D O'oJiae m:moflr li upoapaqnoll rIH.~ta ~. 



-----------~----------------------i 

TO MU nonytimf-4 

<A ~a "==· '1l t<,-f.. 

J . . + 
<X-~ =---'lit ... 

; 

l~Jifi. 

1 ~ 14i := (Cl_ KJ

T 
g{k,; '= a:_ il .:t,, 

} . "-} i 

I3 .. 

ym1trTOi.teJnrn: BJI8KTPOHa C m,myJI:F,COM I{ JiI CilMHOM + I/2t a EHYTPH -
: '. 

onepaTOJ)OM yrnrq'J~OlICemrn ,ItbIPKii c HMUYJI:OCOM - K li'1 C!U!HOM - I/2. B _ 
. __ 

o6nieM cJiyqae, I\Orl(a (\lu,1 V'k) t (f51,"i) 
rrepnosm.11,teitl AhIPI:CH u B:rreitTpoHa .. 

'MR MMeeM J.(GJIO C cy-

qT06b! He BBO,ztl1TJ:, l(OllOJIHMTeJIJ:>HOro YCJ(OBUH IIOCTOiIHCTBa 'g!,ICJ!a . 

+ I ll1<s ~!ls :: Na, 
k,S 

I\Z{e NO - noJIHOe -q11cno sJie1cTpouo:a., BOCTIOJI~ayeMCfl M3TI6CTR1lll rrp~e-

MOM cTa!l.'MCT:rrqecKoH qw1arAitM :ti n:se,Zi;eM napaueTp A _ .. ~rpamll\vl!ii: pon:1:> 

Y..HMHtrec1to~o n0Tem.1;y1uma .. Tor;zi;a •BMecTo Ml=t. 6y;n;~M vrn:eTL ;n;eJio c 
. -~ . 

ra1.rnJII.iTOHI1aliOM 

-\s4!:: Hrt~1tN · 
lJJIH orrpe;n;e1remu1 \ :aocnoJI1:>ayeMcH ycJionneM 

N = >111 
Ilpeoeipa30:Ba:B tt I{ HOBblM q1epr~'fM-aMII.1IMTY'AaM, IIOJIJtIPIM,_, 

H -= u + He + 11 w 
H ,1vt ~- H1 + H2 + Hi 

r~e V - noaTOHHHaH. 

(2 .. 6) 

(2~7) 

.. 
i 

f· 

l 
I 
I. 
I 



I4. 

ti -= 1 I. ( ~c~;.~ ?\} fi,1 
-~• .• ·• r•:· . 

,_·';i. 

a Tamre 

. (f.I))t -t -+ + . +- . Hi "'- ~ ')Ei ii i 'I.I 1<lf 1< ii{ K• ,ii( i,r4 + U ._ 11' "-' I{ K'• d_11.r" 
ttt.' ~,I} ) . . . . ·; 

K'~t~-, -t U~1i el t(1d \t1o" -t u.K,,rK ~"~' o( lo\ t,_ 1- ~~r, 

Hi~ l ~ ( ~~i ~ 1'11 iti/tt l<•"'IC~ + l(~¼.1 ~1(411{!(,1 --~•"','\. . •' '. ·.... .·. ;'•; .:.,,., .. •. . 

{ ~ ... \t::'}) . !'1 .. ·. ,;.A: .. I\J" ·"\t- !1; •· .· .J t t ;,_ ' 
- 1f \<. T t m.. )t'1 ~ tq - · wv .. v k' ~.::. lt~ V<- to t r 1 + ~>-".,. 

··. 

~ = l 1 (~(If.:,; ru.~vll (l<'~ott ~. + ~r1« it.) 
k . 

.. 

. H,.. ':: l ()! (K)- :\) (\I~ -vi) ~ ~ o( l!o + ~ lli~k1)+ 

· .• ; 1,;,.,:. 

. 1-

,+ ! t.>(V .tie~ .,. ' 

~,;-. 

l3Be.1{eu -crncna sanoJIHemu1 :,1 

t - +· 

-~~F ::; 

' .t 

.,·. 

~.·.:-:·._i ~:' :~-... .. -.; . 

"V Ko -::. 4'<Xko 1 ''"V ~ -::: o{ ll1 o/. Jt1< +. 
HOBHX KBaaM tiaCTH~, nopOJIC.1{aeMhtX one,paTopa~ f i( • Tor;zta "BaxtyyMOM 

6ea B3a:fiMO;zteticTBHH", T. e. c~~TO.ffHMe~ C., .-~-, D R0Topo1,1 

Ha Ct= o·· --{ 

----~-----~-



TO Mht nonyqHM 

~~Ci -=-ct~-t,
+ 

,:1... iw :::.-(A_~ ... 
. . I 

" ~ll.1 :_ (!{_KJ-,, 

+ 
} ~k; '= Q.. ll;-t 

I3. 

.!{JI ff E(,tJ>~ 
.• & i- F 

JI,Jlf! E(uJ r < t:p 

TaK qTo, HanpMMep, «;c.c, BHe cwephl ~epMH 6y~eT onepaTopoM 

ymrqToJi\e!rnfi :a.ne:r:Tpona c MMTiyJI::&COM IC n CIU'IHOM + I/2, a EHYTPll -
. ti < , 

orrepaTopOM ymrtITOJICem:rH .Z:Cb!PKI1 C mmyJI:OCOM ..:. : I{ li CIUmpM - I/2,. B 

o6meM cJiyqae'-s Kor,z:ca . (1.t&t, ,1\) t ( t:;
1
1} . ~ 11.u m.meM .zteJio c cy

rre-pno 3Mr{lileM .ztHPKH ~ SJieICTPOI-Ia 9 

qT06ht He BBO,Z:CMTb_'AOllORH~Te~bHOro yc~oB~fi Il0CT0HHCTBa qMc.na 
. , 

' •• ¥. 

. + 
I tl k! ~l{S = N,,, 
~s 

r~e fy,J - Il0JIH0e 1!11:CJIO SJieKTP0H0B, BOCTIOJII:i3yeMCfl H3BeCTHHM npne-

MOM CTaTMCTfllieCROfl (pH317II-m M_ BBe.zteM napaMeTp A , MrpaIOil\Iit1 pOJI:& 

XMMHtrecKoro noTeHI.\HaJia. Torp;a BMecTo Mt=T. 6y,2t~M 1-rn:eTL :zt~Jio c 

raMHJil:>T0HHall0M 

\.4-=_Hrt~~N (2 .. 6) 

]J.Jif! onpe,ZJ;eJieHHH ~ BOCilOJII>ayeMCfi yCJIO:B.tieM 

N = N" (2.7) 

Ilpeo6pa30BaB 1i. K HOBbIM weptrn-aMn~~Ty~aM, Il0~Y'tJMM 

H. -= u + He + 1=t ~t 

H ,"'f -::· H1 -+ H.i + Hi 

r~e V - noaTOHHHaff. 



I(b. 

U-.: 1 I.:C e(\'-J-7\)'V"i; 
K: 

-.{ 

a TaKxe 

r(p)Cff>)tJ -t +.. "' + -t.-:, . . H1 -=- 4 '):1,_ --w . \ 1A ,._ 1ri, ««.qi( r<'t +, u "-Y 11.1 ~re,«_ 11.\-1>; 
tt, >L', S\ .. \ . ,,.. ' ;, .. , 

.. (K'-"IL "'1 ), "t-1.t~'Vi el 11.11i ii.'o. + !Al<,,rll. ~ll.11 ({ l{o\ ~ -1-. C..P.j', 
~ .· .. 

1\ ~ •z• i(~~lt~1A~\t1t1 ~1<oollC• + ~kuk,~1{11l{K,1 -
·.,· .K1\C\'\· . . ·.· ·. . ·.· . . 

. . ( ~.; it~11 ) -11' ,ti~'!(~~ el ~i - vi.:~"' t k.'• cl ii• ) e 
1 
i- (o lip- . 

. ·; .. :., . ~ .:-- : ::::i.~· . 

:. ·:~ , 

• .,; ;,, ' 'J .' ... ~ 1 

. Jr\ :::: l !_ ( iz(k)-~ )U,;V11. ( ~ utf Ki + eltil( I!.!) 
. . . )l' . .· . . . . . '·' .. ·- . 

_:;> 

1-l. -= l (l:(KJ-:\) (ll~ -v!:)(;lt 14Jl!. + }u1cl111)+ 
l'.. 

•·, ,,.•.· ... ·. 1-

+ ! 1:»(iJr,fttll 
. ' .... ,;:, :·1,,, .... 

I 

t.;:-., .• , 

J3Be.1{eM 'C!HCJia :aanoJine·mu1 · · · · ..... 

+ +· 

:' :·, 

~.:
·:: .... 

"\t' Ko -::: ~ fXko 1 ~ ~ ~ ·.ct ·fl, of k1 . +. 
HOBIDC KBaa:v1 l!8CTH~, nopOiK,'Z{aeMbIX onep.aTopam,( · fX • Tor,'l(a 11:Ba:rtyyMOM 

6ea B3aJin.w.zi;eiicT:rnm", T. e. COCTOflHM0¥ e.,. , Ji KOTOPOM 

HoCv = O. t ... _. 



7 
,.. 

I ·• .:' 

··~ 

. H •r;V;e•-, 1£(t),,. onpe.zte.11fieT,9~s:-JlP 
. -· v,,,,.. ,· ·. -~~.~~ 4!,, Q.cTa~aHc:& B ~Re'A~JI~x n~HHH-

; • ' -: -· • ~ .• l.. . :_,_;_ •• .-

3llaMe Ha TeJie npaBoii tracTH (2.9) 
• -:;~ .. l • : : 1 :. :,, ·.;:fi. t ~ -'.~ -~-· • '. / - : .(I ' 

. ,·,;_, : ,/. 

TorAa, noJiaran 

( 

aanHmeM ypaBH0HMe (2.9) B BM'Ae 

(2.II) 

. g~g.!,_A.!\W-!H§_:i:Qi!~J.!§.!!!!fi_~QM!!f!!!~s!~~!!.!. 'Y'pa_BH.~H!1~ ,< 2 0 I~),. OC>Jla

;qaeT' OtJeBH,7.(HO' TPHBHaJil>HbIM pemeHMeM -~ . 

,• / --~ - . . ;• 

, U:J < ·r,; . . :~ :·_ ··: .. · 
.. '·· '·_, .. 

l 061.emrnemu,1il iir,. . ·· 

::11:!~pnwx MCCJlCJ.1,0,;? . 

6"15JH10TF..' . L, 



\ j IS. 

~ .. ---~(:~it:.=)! :, . . ·,G . : . ' /:_:-::. ~~:- ·. ... ,. .-- .. . . ,. .· 
Hor? 11· oooeieHaoro;· nocne;zu:iee 06:rra;n;aeT 6oJieef fI'.HaIC-O~ aHeprmeii, · 
; ttell '.:HOpMa1:&Hbe :H :

1IIOTC>Mt1peaiuisye1:ca ~ B _,M,OM npOHBJifleTca xapait-

TepHoe oTnmqne (pepime~cKmx cHcTeM oT 6oaeBcKMx, r;n;e ecTn TOJinRo 

. O;l{BO OCHO:BHOe COCTOflHHe. B ;ztaJil>He:timeM :Mht __ ·noKaJlteM, \ ·:tITO oco6eH-

Hoe OOCTOHHHe 06JI~;z\~8.!!1 _CDq~9_TB~)J.f :c:sep:mpOBO~L'.lMOO;~· ll1 Il0T0MY 
t::, . . ; .... '. . ·.. : ·. :.: . '' ,. 

6y;n;eu naammT1> ero cBepxn:po:ao;nam1n.r.· ·· · ·- ✓• 
:: _r•· 

( 

06oaHa'<:laH 

i. . .. : ,, 
C(i': L ( '- . tA{~-~,, u ,~, ~ 

1

_~_;; ~--~}:l'.1 ~-~"~ k')+· _f(k)_+ llll;') ·.-~:-· .. IC) . . 

(2~13) 
·i. 

M npMBHM8Jl BO :BHMMaHHe (2~5), HaxO;ztHM ma ci}II) 

....... -'itif"f {r+ fi~!~l'l~ 1< ·. ,r; =. !{ 1 ~ g~+ i'ttJ (2~14) 

Cno10;zta: 

(it:". '.,', ,,. 
" ,,.. - .1. ':i~~;; "'ll"ll- 2 ·" l . 

;: 

l(i()·=, 11.(k). · . '.' 

~;. · fC~(k) + 'ftlkJ 

·, -•,;·. (2 IS) .... : . . . . 

; 

· Ilo.1tcTa:BJiflH: (2.IS) :s ( 2~!3) ,, :nonyqaeM ypaBae:fime' AJIH onpeµ;e:rreHmH 

,. ,, ' .. 

,••, e 

C.{l) : 

tlw.J: • .. -r t. w{k-"-'' · · _ _ · • -ccJ1:: :·. ; '/ ➔, 
Z(hf ff w(k--lt'J-\ t'<.itH- tl1t') • ie'-(lt'.)-t T(;,i Ilk 

(2.I6) 

. . 8a~eTHM, 'qTO . 8TO' YPa.BHeHHe PIMeeT· ; ciioeo·6pa.'an:yro'; o·co6eHHOCTJ:>: npli 

( .~ o peme~He _ C cTpeDToJ 1t HYJIBl 1ta1t _ /au)' £--A/to/':• , ; 
rµ;e /\ = ~t ')" O , :s1m,ey Toro, 'ITO in1Terpa:rr n n:paB'o~ -qacTH 

.. 

\ 

t 

{ 

tJ 

\ 



!9. 

(2.I6)' cTaHOBHTCffJiorapHQ?MHtrecRHM pacxo;z(HIIU1MCr£ B6JIH3H _noBepx-,; . .. ,.. ., . ,: . , ' . 

: HOCT:£1 l(\l) - :~ 0~ 8CJIH TIOJIOiltHT:& c_ ~-',o. B TaKO_if c~tYB.UMJt! 
' ' -___ - . ' . l. 

H~TPYf~O n~JiytIHT,~ aCJiIMilTOTHtI~CiiYIO (pOPA:t pemeHmI npM MaJi~ , : 

- ' . --.... , ~ ~,l'.;' .. ;:-tt ··: _ .,.,,' ,, \ -. ~ ': .•. -- , ' . ,· -_ :""" ·:(: J:) .X'::. 

l.(•l) = We ·•r:1.rw{l<.,~(H.tl , •ctt·· . •<SO,::,(Q.I7) 

- _ · - - _ 
2 

-, w{ ~i:t(1-tJl4 l1lk11 - _ 
'f.'. 

' ·; . .;:, 

-, - (2.18) 

r 
I 

, .. , :') ' '.!~- . • -_ -t1 

,. ~ 6 .. 1~ (~) fi{ ½). ~i!~:~~=~~{-*} ~l 
-., . ' - __ . ·, 

H r;z(e neJIJiitrMHa E (1<) onpe;z(eJIHeTcH Bblpa:iiteHMeM (2.IO). -Yl!MTblBafi 
. . ·-

;zi;onOJIHHTeJI:&Hoe YCJIOBHe'· ( 2.-):;) M IlOJiyt!8HH:bl8 BI,IP,aJKeHMfi ,, (.2 .:L4) H 
' • . d,· •••~ •• ~.•-- . .._ ' • • ~ ,•-., .rJ •• , . "-- ••.-::•·t, ., ·. -~ ::,."" 

(2.I7), MOJKHO sa.lireTHTnflq~6'>.:;- > ., ~~ i' .· - - ;,. ' 

1G,-::. l(F 

;], 
1
~{)i'tt'6npaBKJiI K BhlpameHHIO (2. IO)' npOHC~~JIJintvie. OT aaMEUUi!· BX0,1(R-

m11x/'j Hero (;(1 ~ -. Ha RX H6pMaJI1'Hiiie a.~_atteHHfi-:{t?•I~)_ ~~W.1r~~~pno-
HeHUHa_Ju,Ho _ MaJihl. IIoaTOMY B 1popMy-JI~ ~(2 .. T?).;,u<(Z.I_8) M]f MoEeM 6~a 

'·, .,, ' - . ' ' ' 

n0Tep11 TOttH001ri1. aaMeHMT:& E (U.) - Ha cooTB,eT(}TByromy19 (popMy_ ;z(Jifi · 
, . .., - " . ; .. \ ',.~~~--'~\~.-.}I'.~½' .. ~ ., 

HOpMaJI:&Horo COCTOflHMfl H MHTepnpeTMpo:aaTI,'''-qjaKTOp' 



-4-v-. 

,.~· .;.~: \ .'· 

· 1talt. OTHOCHTeJII>HytO IIJI0T~0C'l'I>, ~ ,1/i, tlH<;ma 8JI8KTP0HHS:X: yp0BHeH 

:B 6e6KOH8'tffl0 YSK0M CJIOe·:S6JIHSH.llOB8PXHOCTH.~pw. Tor;zta 
• • I ~ : • - . ,' , ' • • 

'\~~-· · -o·,= o..,,_ 4 . \ '• ,:: ., Ze 

. 

.. (2~20) 

., ' ~ , ... _:,~::--"; ~-.' .. ·:~. ·, . . . 

,~~~-Q!!HQm!Q~~§QQ!Qgyft~~!:Jlm!Q~~M!Q!ll!!:m~Bp~~.ll~H!ll• Ilepe«-

;zte:u: Tenep:& : It Bli41W1I6HHIO. saeprH~ 0CH0:SH0r0
1 

O~C~OflHPia· ~o · J3T0P0M 

npH~DeHPIH. Ha :scero Hc...t · Mbt ;zto1IJitHR -~ene~o · l-11 • · IloJiy

l!H:u: npH 8TOM ;ztJ!fl. codcT:seHHbro sua-qemrn: H · :S OCHO:SHOM COCTOHHHH . . 

. ·-,t . '. 

U --< Ct H1 H;' "1 '">= 
?r :1}:(i(1c}-l\)',-J-i ,~ c.iC1<-k1J ,l~..-J U1tYii.'ll1t•~l 

. . "\ :: . : -~:.: (k,"' >'it.f:1"Jt,a(k-k.')➔ £lk) + t(llJ 

: /':', .. IlO;ztcTa:sHB CJJ;zta HaJ.i;zteHHble iJIH U., V- . :shtpruB:eHHH, BHTiHCJIHeM 

paauocn A ·E . u:eQY ~HeprPiei!. H~IitmJII>HOro ~CT0HHHH li" aI:IeprHefl: 
. ~ : . .. . , .,. ' '' .. ; ;· . ' 

c:sepxnpo:so~miiero C0CT0HHHH. 

-~'\ 'li"y.., r .. ~ . , • , • 

- ·-'"·,'.ti :.jf peaYJD>Ta~e .noJiy-qaeu: 
..... f"t 

:t _.-· -' ·.",;';_' 

.. ¥-=~·~:fOil(fl{..: ½i 
. t-~ 

(2.2I) 

no·8;pouu :a aT0M l!CEf _npn6~~Jitemrn ~0PMYJIY: ,nJ1Jt,,aHeprm1 sneMeHTapaoro 

~~-~CSysJ,teHHH: ]3osI>Meu }J;JIH ·, ~'l:oro ;~s6~;g~~H~i,"cibcTo~HR~ . + - - ' ' ' ,J . ' -,· - ~~ - • . - • ' 

G ":. it Ka c." ' " -~· rtp~lleHHM R H0MY 0_6rmftiif}>~pa~9~ TeopH!O 

:B0311YJit8HJrd! ~ IloJiyt:tHM )tJHI · SHeprlirn . aJieMeHTclpH'oro' -BO:a·dyi;tteHHfl C 

·' . .p,.., 

~ .~\:,.· .• ' 

' l 

"' 

I 
\ 
I 

·1 

,J 



-----------c--------:----:::------------------..... 

2I • 

. ,. . , .. :;_-..; .. >F'/ ··::<-,,!~:~ ~!'.~:~! .. _ · · :~~-r · ·; _ ·~•<l~.7/i:/~- ·:r~·:.:·· 

f'V ' 

Tiep:BbIM 'qJ!eH' _p:pqnopw,:011aJ[§,H,~t,i'.'.' ·---~-(IC) ''". ': :.Hmta~11_MM OC06blMI1 :CBOM-

,. '. ·c-T:naMVL He,:;o6im,n;aeT.;,;;M o6parna~'.f9H. ;s: HYi~}H~t'..rio~<?P,XHoc:TH,:~ <D~_pMM. 
: . "'· ..... · -· '· ·:... 

BTopow me ttrreH Ha IlOBep)(HOCTM <DepMM paBeH 

Q: . .ti) II " to (K-t<.') . . ,' . . __ -v &.. 11\l'Y'K ~ W Ck-Af.') + ··t[K'J t..Gti,rl(I '": . C: _. •,, 

, >·- ~--;•~··:~: >"-::.- :• .. ·. /:·)~:·.:;t!f~!.-i : .. ·::·--::·. -... --... .··-A ·:-~· .. : 

.",.• ·-= ~-~iV'tC:.: .. ~l~l:;. c-(~J ';r;,);;.~e~ i~ .. ;:· .. ,, :- .. _ ... ,.,_, 
'rairnM o6paaor.i, Mhl IlOJiyirvIM, qTo 43JieMeHTapHbI8 B030yJK,n;emtfl ffBJiflIOTCff 

(2.22) 

•.f;·-~f>JJ.t·~' :>;.-.• •• • •':.=-:~::i;••::.:!:1~~ .. • •~· . .-.::z:•;:~:__;.••:•:••_''•:·: 7.,j ~ .. :r::1/.::r::;;{~;;~~?~ ,:'_-.,-1: l, .;,·•.,,::r}}fr::•<• ~ • ♦• ,·••r .. ·_<) 

.. -MbI. Il9A'1epmrnaeM 3,It0CI, qiepMM8BCirni1 THTI B036YJIC.ztemdi, IlOCKOJII>KY 
;;\>''.:~---~· .· .' °_:J,;_f.!t,.<.: ;·· ,.::,~!-~ff • .. :Z..J.,~q_r:.\•··:; -~ 1 (°:~~'f"T;:../ri . .-1-?~~:;~:,;:~r:~)£:: .~_,i-"'" :. ,: . _ · _,_·1 ··., 

B 0¥ICTeMe eCTI> B036yllt.1{0Htifl M 6oseBCK0ro .. TMila (CM.§ 4'). B CBfl3vI c 
· ;, · ·. · .:··_·. ·..-i. -- _;:;z:::~--~ ,..._ }~t-r __ !~--~,._~~..:-~-J' ~F~J1;···G.·;~llt:/ _:··~ -~~~~-'f::--~r .. 1t1:~:, .. f,,. ~.♦ ~,~::-:,r-:t.~:..- · . -·· ·::·., -

wopMyJiaMH (2.21), (2.22) aa11e~HM, l!To'nep:sble Katrec'TB{;3HH°iiie peayJil>-
·• < ;, ... ':'; ·. !... ' •. ~ ... i·:~" .. '.. . ; •' ...... ~ ... ·-;i---~(""':--~'" "'1\"•~ ·---······ .; •. ,. . . 

TaTbI npi,rna,n;JieJKaT @!.Vlxy13/~· ]J)i; ··;~·H~M~-p~~~ -~;~~~;;.·-~~ y~~auomm, 



22. 

ftQ p&8HOCS .aueprd HO~O M Cll8~:B01VDt81'0 CO~Qmud 

nponopl{HOHSm>lta exp (- j ) • _tn!o --~ SB~prenu~~u onenpe 

~ ooenpo1101J · &e:efca - ·110~· ex. p (- j ) · · .· o.rcn;,.ta tpema:oM 

<Sim Clle.TJ:SJI llU.Bd mmoJt o 11eamm11~HWCKO!i aaDHeDofl4!H pememil 
' . 

o?? · J' B :~nq~ecnoc:n ,cmm f = a. l{mlee ..iw ~~o nomamio• 

·: ~O COOO?:OmJHe -CO.iutem-»i~lltlTCH :~Olt013~ _(c~ 1 c· §:: 3)..; 0)tHmtO, 
; . ~:, :. - . :·\ ~:r, ··-.., i '-~: :/~ ·:·,\_.,..._~ ·, • , __ · .. : . ~ . 

odo6'11t8D8 .. lieeX. :8DX peiyJII,.~OB Ba Tp&P46~ CJIY118~ 8Ky Re 'T}1.8.-

JIOC]; Jlf)OllSOD·nq eatBffmmtnlX ~PYXSOC!eH. 

MnepecuO·~~ ~-~O:~~mu,ie H.ll.BoroJ1mt1ollm/6/ 
' . . ~ . ' , ' 

pesy.im~a!fu .. omm>ceeauo. pauoc,a S11epx-d uopuannoro m cepxnpo-. . . . . 

:BOJ{tmlero co~ommli coBJia:itam· c peayn~mou wopm Bapltiffl8.,· Kyne- . 

pa:11· m~~5l,_:ecn na~p11. w,.:, · B. V·mx ~eopu 1mtSpas 

CJie~ OCSpaaoiu>, . . . :. i'i , 

- i·· 
2w :: w ,, \,;°::', ¥;·~·:-J~:- .,o:i .. ,~::. _ . . ,; _ _ 1. . 

8allmm -~- uo :a non ~eopm1 oee!l!C& ll-mte 2 ~ e J' ~

~-oe DK SBeprua. neodxo1'BJ18a·~a:paspymeoa ~napit'. 

.,, ·- , :_\.~ ~paso11,· :B "~,i:.n~~pag)e. UJJ BCCJ18jt0B8JIH -O~~OEBOO 
· • '· · . ·, · ·.f · - • :.. · · !- r_~. '. _.' · · .•. ; ·. '. · . , _: . · • . . . _ · • ~ '.. •. 

u·:soac>yqemme c~omnm ra:mm:r,,rommna 1101:temt ~ H yC!raHo- -

:s~H Ult salfiiicmmcn neprd aae11enapma: · :aoadJ3'J(eHHM. 1leroo 

uit~s.. vo nocne]Vme _-yxo~enol)fiM XP,Mep~ : cmepnexyw~m, 

CWCPl(VDJ)ORHBOJIY BO :Bltf)Jlemm. B mre1,ty111teu naparpawa :UH no:amteit 
·· -\~·r~.: ,.:··;:: -;/{ ... i·.·.--:··.,· ··:··_.--·.-q .. .-~ ... ·.,t. · ... ·. ··, ,·.. _.· .. _ ~ .,.· .. .., 

l{,1[B tSoxee"ycojepmeHfflOllmmoa··~eopo. ue··aa···5!axoro· cm:e:apa. 
. . ~ _.- :' -~·· ._;, '· .. -•~ .. :_,~ . ·-,-.~: -~.:.-.,·. -~ .· ' . . . . . ·•.,·· --~ 

.. SJieueeapm BOa6~etm!,i CJI8.Q'8~ . CllOHC!f:BO CBftpxttpOllO]tRMOC!rlI 

( cmel)rie1Q11ee!J?B d)ep18181lclCO~ -CRC~IIH) • . 
i,i(J ,' 

...,- ..:c: ~)L.({l":.-;'.° ~:., 

L 
f 

I 
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~ 3. PEH0PMv1P0BAHHAff TE0P1m CBEPXTIPOBO}ll~MOCTVI 
V .• •. n MO]lEJH1 <DPEJIHXAx) -. · ·.. · . - -\c ·" 

B n:p~J.IBI.IqmeM: naparpaqJe 6~11:· 1rnJiq~e,Jh! .ocHpBfihie, n~n~t}~JlliI. 
. •· . . ·•"\ . . 

[OEOrO:, ~eTO.zig ··u. H. EoroJIIOOOBa. :a TeOpHl:l CD~pxnpoBo;n;tfMoc:i». HpM 
• • • • • • • • .·•_.. > •• • ·, ·- •• • • • • .J - ~,. '·.,;.. ·_ 

ITOM paccMaTpl1BaJiac:&.,. MO;D;CJI:O cI>peJIRXa l1. llCilOJII>30BM,I1CJJ, p~~JimKemuI 
•• , • ✓ • •• /'. :·- •••• • '·· -·. • ' 

[0 CTeIIeHflM R0HQT.aHTbr SJieitT.p0IUI0-@0H0HH0ro -- 133avrMO'A~.kl,QTBltiH. .... @aKTJII-
' . -~ ' • . . . ·- . ,_ • , . ,_,.. ;: ·. . ~. f,· . . --

te o mir 3TH. pa::!JIOiKeHJiHI IIIJUi IIO CTeneHHM 6~3P{l8Mepm)rP, .Ilq._P,qJte.~pa ; 
.. _ ---· ,'' ... ,. . . • . . ., . . · •. · -.. _l·s;·,;. , 1.;; ...• 

. •·· ·.( 

3aMeTMM, tITO B sa;h;atie :tnJteeTCfl em;e MaJiblti napa.MeTp-OTHOllleHil!e 

rnepr1,rn s:ay1to:eoro 1rnaHTa R sHeprirn $ep!'iu ttJ/ff.p ~ IIa.pai~~T"~··.-, p He 

rnJrn:eTcn nec:&Ma .MaJIMM M · np:vrHMMaeT · no on;eH1-te l1al1.Hca/II/ · aHa-q~mrn; 
. • • ·: ' .~ ,: ... -\.' - . !. ., • 

!eilt;l(Y O,I H·0,49, OTHorneHvlt7 ~~,, "'/'E.p ie~~.r~ii~~~:IIEH9_.·~~aJio .. ::Ta~ 
. ,.,, . • ·, , '. .,. • ·.'·:.!'· :{;:. 'V • ' . 

caR B raMMJ[&TOHl'Ia:S:e aJieKTpomte-qiOH?HHOrQ B3aI1M0,2tetic 1:rnm1 ROHCTaHTa 

~ BXO)lI~~ BJit6CTe -0.; MHOJitW.t·~et~ : :,Vw -Jr!_. TO.it Rais .... :~-~~:eCTBeHH?JJ .. 

~,l(VIHmneii aHeprirn: 6y71.eT -i;:F , To 1tasa,1oc.& 6H, ,.-ITO paaJior,-cem.zfI 
"· . - -.. · ,\· 

~OJI1ltHh1 np_~1i_cx~;l(1L.o no .. cTen~Iifl.1L ,i .. f··~'/Ep /. O;zx~a1w paq?e~T . cJiel.(lIDil~~r:o ! 
IpM6JII111teniu1 nomi3bll38.eT·; .. 'ITO ,peayJI:&Ta!~ "nep:Boro npµ.61nrnce1rn_fl OTHO CR- ' 

)6JI:!,HO .11s11eHHRJ~ Cll .Ha B6Jlll'Hrnli. l!Qpll)llta •. './; J , ff' ;ne, .•.. fl W /E_i,. : . . .. 

' 
l: 

i 

·in.-).'•.:' - ~ :.- • _.:.;·ii,; f_;j:;. -. ::.~ .. _-· .. !.? f~·:_··t.- < ,· .. :•·.·::~, ·:\~:f~·•';t< .. ;\ , ,., ·· .. -:· ; " : 
]XeJI(). a;n;eci:,).'.fl · TOM, qTQ ftpM Bl!pTya.Ji:61f6M · pas;n;e.neniIM naphr (pOH0110B '. 

~,> ·n~::•H._1.11.:tt)~ .. .- t{•:~/t:-' .. -: · .~); .:~t~:)J;•:/:f.;'.~·~(~>:. r-tJ<:..: /•,·:- .. ;~·._:·.).·-:·-. .-·:'·~.~:/'?,~ -. !~;'. .. :-. f\, -:·. :: . ; 

f~_:e .we~MM?,H~~,,::~H~pre.~Lir~~c;_u~. ,a1iar.foii~;~)i:s iip~nopUu6Haire'it .eu · ·, 
; , :,(Jd.'l:0J c,,., /,;:.~,:·\~u,:Wi.'-ft!l:.,':; \ f\J,r!. < :~,. · .. _.· · . .:, .. ; .. :· ::,i'.> .· ,~· •:\,. 

~:;:f i~l~,~l:~;t;,;:~rg,;.rr,;Jif ~~ia%J~roryf3inro~c·a\;,·-··r ·. ~ . 6.es .• =~~!pOBOJte;ZJ;aIOil{ero 
.. . ,.., 
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. wakTopa <P/s, • 

Ta.KHM o6paso»:, ~Ot!HOOT!,. rrpMC>JIHJlteHH~-,. -~oxeT . 6iiIT:& . CYII\eCTBeHHO 
Q ' . ,, ·.:·· ' 

. Il0Blilll8Ha, ecJim npoDeCTH peHOPMMpOBKY 8H~prM» IDOHOHOB HJIM, t!TO T( 

ze 08)408, IIPHMeHHT:& MeTO;ltHKY KOMneHcaiu111 ~ TeM, tlT06H . . 

CKOMil8HCHPOB8T!, BM8,1J; nponeccoB BHpTyaJI»Horo POllt,11;8HHH rrapbI illOHOJ 

1·or,11;a rrponeccbI :i3HpTyaJI:r,Hor6 po:ac,11;eHHH 6oJII:imoro t1HoJia WO HO HOB, rro-- . 
fiBJiflIDmHeOfi 'E BbICmmc npH6JIH~eHnmc,TaKJKe ue· 6y;n;yT yxy;ztmaT:& CXO,7J;H

.MOCTH,'IIocKOJI:&Ky B cooT:eeTcT:symm;i~e MaTpPit1Hbie ~JieMe,iITbI pwft.F. 
6y;1teT :BX0,1J;HT:&·:e ,7J;OCT8TO'tJHO BbtCOKOi1 CTeIIeHH;H OHfiTMe o;n;Horo MHOlKl 

Tena ""/ Er aaepreTHtJeoKHM aHa'.Meaa~eJieli · yJitei' :e:ef'-yHHtITOJKHT:& Boero 

MaJIOro MHO:acHTeJIH IIPH p • 

. . 2~!.!-lJl~!!!!fil!!!!!_fil!MII_~!!~!!!!!!Ji_g~~!!Ql!Mff.JlQ.m:lli.!. Ey,11;eM Mcxo;n;H~ 

H8 Blij)allteHHff ,·;n;Jlfi raMMJI:&TOHHaHa ( 2. 6) : ' ' '' .· ' , + ' '.· ,, + ' 
HF~-= Li·(i;(k)-'l) al($ 4'sct +l W(tt} «, e'I :f- H{~ 

. k-~ . . . . .·, ·. . 
. ' ,. . ;. ..; . . 

' . . . ,,.·;., · . 
" 

-·. .w -\:+ ' .. +. . . 

H 111t ..,., .A, .. ,c~, {~) o.ics ~"'' e~ ..... C4·"'. 
(t,~~~) . . . . ·" ·.· . 

(3.I: 

.. ,13 KOTOl)OM BM8CTO IIOOTOflHHOf-i ,_ :ime;n;e·Ha HeKOTOpaH BemecTB8HH8fI 

. ~YHltUHfi ~ Ctt) • J{Jrfl ynpomeHHH'. Bbllt718.°;:(0K C.i\eJiaeM 06bitIHOe -'AOilymem 

0 TOM; tITO ?HKUH~ .. l:(t<J, yJ(~) ,,..{qJ'.i!H:sapMaHTHbI' no OTHomeHRIO K \ 

oTpa:aceHHIO I( ➔ -Ii. . CBo:f:icT:sa p~:ztHaJI»Hoi-i cm.we~pm11_ npe:zcnoJiara~ 
~_) t 

He 6y,11;eu. 
; y -~-: 

.\j 



tCXO 

' -"';:.~.., 

~:-t .. . : ( .. ';:.!' •.t·;.; -··· . 
... · .. 

"\ ,') r 

s.\, 
,29~·'.\.r',' • 

B C00TBeTCTBMI1 C Ha:Meqemroit nw.rpaw.mtt C0BepmMM .KaH0llMtieCK0e 
"':J· ~- :· .,' , ~ .. ,.• ~:#: "',':'°' 'i" >::' :'.: ~-,-:•-: \)~ !"'T ,~; ':':...~ ~ . ~-:·~··: ., .... '/ . _._, .. '. .. ;·• \' ·r• 

· rrpeo6paaoBaHMEi. KifaHToBaHHhlX aMnJIHTY:zt IDepMH0H0B (2.4) 11 doaoH0B 

. (3.2) 

r.ite · IA."} ti'i, A~ ft, - BemecTBeHHble q:HcJia, CBfl38HHble C00TH0ille-

· HViHMM 

(3.3) 

. . : 1 ·, ·. ·- . :· ~ . + . : .. ,: :· 

' ·. . Ho == l~ (ICl ~ ~~~ ~-+ tt-~:r~ l;t ·l~f'), t,P•t <.; . 
B rtoTopof .. J(k:} ~ ·~(qJ .. npe:zt~T~~{IIOT. "nepeHopMMpo:a_aHHbie" aHeprHH 

wepMHO!lH~ \i~- 6hao~Hh1X:.~B~-~oyi:zte~M ;·\i•.a: o'cTaiu,ilii~~ /~~HU· OTHeCeM K 
" ' . ' ~,. . 

•· ••,,..,..,,/ • I • • ~ 

.:.r~MH~~~9.H~HPI¥. ~~aHMo.2teii~TBHfl.Iloi1yq11:M Ms. (3.I) 
• •·• "'! 1,I•!,~ w~••,, .;_,_.,J_.I: '.,f\ • . • • ,.::::•!; • : .. •· •:'.,t\~"!:,~jI,? 

. H. = Ho+ V + -H' + H11 ~ 
seHHI : r.zte · · 

DilYJ]t6' .. ·· 

Hil!O { v = c.n.ot,,\t-:l'I ,(l=lt)~i\)'lfl ~2.~itJ'j½ 
rtoJiar · . · ·. K · 'I · ' 

··, .,,. 

l 
I 

t 
I . f. 
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, .L . ;+. +. -+ 
. = L ~, (j) ( ic1ev-lt' +Wit'Vik «IQiaC ili -1- atkf o( K'o)( .P<I+ :\, J cp, + P-<t> + 

( k\ i,c} l ' . . . . ' . . . . . . ; . 
K'."'.k~f .1. . .. . . . _ . ,, . _, "· 

L '} C "l (~ / (1.titllt -'11'"-v-" )@(Kociic, + ~ ~ at1) (f1 + "~) ~.,. ,._,.) 
't:,K~lt','l ) . . . ..·.. . . . . 
.. ::G . . .. . l , . 

-t 1 ::: L {(E (t>- ':\) ( u}-vi )- 8C1cJ lf~ n «~ + ~11<1 Cl( r. l t 
"- .. ~ . ·, .. 

+,. L c~crJ..,~) u.t'Vi (1v.~ 1e1 + « 1r4o11ro > + ,;v · · 
t( ... 

. . . .? ... . + .· . ,· ·. +'i'tJ· 
+ ~ { "''~>0\,-t-" )-Ci c,,J ,,-, + t w ,,,',\~1'1 r ~, f-i+ ~ ~) . · 

.. •·,.;::,. :,:<.:« .. 

d·•· 

I~ :"\'.;J .. :_.... ~..... ..~ L 

. ·,:r(-; IlpHM8HHM· llpHHl,\Hil''l(OMII8HCal(~H >"OnaCHbIX
11
;ztHarpaMMIC,: qTo~~ 

c1td:f.ineiicmpo:BlT:& ::nponecc:nl BHPTYaJI:&no:r,o pof.ztemu1. Ha: l3a~yyM~ :n~pbl 
_, · ··!1 ii< + II 

@8PMHOHO:B QJ.jc.o·--~ k4 :. H napbl v080HO:B -~'I f.;:,;q. •= · .. OJIY~~M. 

:BO :BTOPOM nopH:z.tKe CJie;ztyromHe. ypa:aHeHH,fl :. :. , ! i 
I ( ••• ,_i • ' :,,,,,_~ •' • . . . * 

i (ec~,-") ~kv" - < c; c<aq ci IC'o H' 14-1 H' e.) == o ·<>:(3.4 r 

2.w c,>i1p,"" <ct(&-,~, Wi:LJ~U' c...)~o 
r,11;e Cv - BaKyyMHafl :eoJIHo:aaa g'?yH~l(H~ c HYJI~mnrn 'tlHCJiaMH sane; 

H8HHfl 

'·~· 
I 

', 
. ... ' , ' 

,_.' ·;.,' ., .... 
4 ... • :i ,,. . ' . ,. ~ '/· j 

' . · ..... 
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'•-:· 
.. ~. : . •· 

, \,~ onpe'AeJiemrn: peHOpMvtpOBamtiix 3Heprvtf,i . £ (t) J W (l!J HMeeM 

B npirnnTOM npM6JI:mF:e~11n 

. ·. (E~)-A)(\\}-•vi)- £CKJ-<C "-1rs1t1(1fo-'i~>i"k': ... ev>=o ' 
• 

. (3o5) 

r..,(q)(~+fi)- t(1) -<ct'" H1 Ctt-~(~Jr1
1-11;~ W~-=O .... 

. Ilo;utiepRHeM, tITO B fIOJIY':!6HHbIX ypaBHemu1x I3 BbipaJKeHMHX MaTpll't!-

'.#hlX' ~meueHTOB YtI1IThrnaroTCH TOJI!,K(?. CBH3H,ble .zi;vrarpaMMbl.: :8 ypaBHernrn 
. . . - . . + 
(3.5) HMllt;l~9, He ~aMem'vrocb 6H, ec.1.rn MhI nocTa:B1?:M o(~ 

1 
«~ 

D11ecT~ , d. k~ 1 ) 11,, , BB!IJIY Cl!MMeTpii11 no OTH 9 meH!l]!l . K n p6 od Pa a.oiia-: 
. , HMro_(~):::t (~l: ,~, .)?aorepoeM :t1enep:& ypa1rne1rne (3.l_~) v.t (3'.5). HoJiytI_IfM 

·{t{k)-·'..L.] j:(l(-Wl_!!!.-4!~:;~L · ~. :r _ t. rt. . ~ \· '. 

. 'J..V Kl W (1(-1!')4 'l (i!J+l'{11./ '--" "f i.1/) ( '4«, -~) - ;,. 1 U11ti;c= 
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+ 2. IAk\i"lt .LI '( ( K-k') (). 'K--,,/ ";/"!"--1!,'tl,J{jt.-11.') [ts LJ(-1<') + i(IC'fl. Uiiitli(, 
:c , v "-' . Cilk-K'J+ lCk"l1~~,ctc1e,J'. . . _ .· . 

. . -~~ 

.; (1)-= cJ{1J(A,t'4)--. 

- '4l('J)tl.(~)(~1+-p,t~ /. . . 11r ' lj -'~ i., . ,1 _·• 
, 2.v L. ,u1evf(r+b\1,rrc) \i!. ~- 1M -±.~--:-::-1 · 

.. , , . . .. · (t<.,,"1, i-K=,J .... · . f<l<);.~~~f.l(l®+l{,J+. t(} 

· .(3;9) 

2~:-~IlRQ!Y~J.!!!~!!!iffl~l¼fil!m_Q.QQ1!liQ!!!fil!li~. 8atbieMCff .. · ce11tra C 
w 

HeKOTOpb!M ynpomeHHeM 9THX COOTHOWeHHM. C O'AHOH CTOPOHbI, OHM 

H?nHmHe cno~Hbl, C 'APYrOM CTOPOHbI, - M 3TO caMOe rnaBHOe - OHH 

eme co;n;ep~aT qneHu,no cBoeM Mru:rocTM~ npeBbII.IIarom:vie npMHflTYIO cTeneHh 

npH6nH~eHHfl. 

Ma ;n;on~Hbl noaTpMy . orpamrtIHT:&CH B · HHX tJJ1eHaMH · .He Bh!llle nepBoro 
\.. ·. ·.,' •'. 

IlOPH'AI\a no OTHOfileHHIO K HallleMy ManoMy napaMeTpy f W/t::p• 

HatIHeM c yph'i,HeHHM (3.7) H (3'.9). Fernan MX, Hafii;n;eM(: ;-,, ... 
. . . . ~ ' 

. . , . l ·.,..!_ 
( 2. J · !.I.. V · 1- {W1<\i"i!'f ~rYocJ l 2. _ (3.IO) 
),+Mt.} ::1

1
--y L '{1J Q{a)+ £(1l)+fjl(IJ J .\ "•'.:. ·· , .. > 

J 
1 

,~ 1(111(4!°., lJ > . ,. - . 

. - . . • . • . . 1- . • . . • . ' •· . -1 ,I . . . • 3 

~( ,)= w(~) {,, - ~I~r,ett,t~+Uiv~) 7 IIJ.l(W~{f)~7ii~ 4 
':,_.: -(~~,l<'-1( ... 'IJ ..... -. . ' .:' : _;_ ' 

' . . --~~ - . . ~, _ _..,. . . :;' .. ' " . ,~·'. .... _..-,. : . 
.. , . . . . . . . . . . II 

><-1 ~ - V f('l) x -~ll.t1i~+~_!«JL :.1--r. 
. (IC,I~ l(L:~1)+ [(lll)+'l(r.t') 



.~ 
3;9)} 

IeHI, 

3oro 

MoryT OTJIHllaTJ>Cfi 'OT C:BOI".JC HCPMaJH::,HU2{ · 
: -~~;;(}ft' ·-.\ -..... '.t~: /;Lt. ·:·. .. . . . 

aHatiemtti o, I JII'Ifilb J3 OKpeCTHOCTU noBepXHOCTH · ~pMM :S 8Hf,H):!:elJ:U\!ec-

K0M CJIOe nmp~H~ ,,,< .w _·. ,I{por.m, T-~1~0: -~~-~o:·· ~-~~:' ~C)(JN titi~J~- I , 
, - . - ~ ~· •;. , ~ ,._, . .,, ' -·; .. - : ·' ' -

Il03TOMY, OCT8BJiflff B (3.10) JIHillI> ;f rJiaBHhle "CIJleH:u, HaM;v;eM .. · 

. . .· ... ··•'1 <;. 

(i,+r,t ~ { 1- ~~L ~-, e~~:~~F:~e;r~ ' 
,' . . (t<;,1<',~-i{=1J 

.· ., /4 

.w(~)~ w(~Ji{4-~~ Y!t.~.~(~J .. 1Y 
· . V L..J. E(~l- E'(t'J J 

{~ ff; t{4: =, ) 

Ilepeiil,1.{eM K ypaBHeHHIO (3. 6) H BBeAeit :a. paccM9Tpen11e. npe~op-

l 1111poB~~a;rm" WY'RKI\IUO lC<t): <;' c.: .. - -
!! 

.IO) . ·1 

,} . . . . ~i!\ . Pe_~_Opl\~POBK'a BO~MOEHa noi(a aHa({e1h1H napaMeTpa '?cIH!iUt J!,OC.Ta.;.(AC "·'S'-'.•. 

;(.{~, . T0tIH0 MaJII:I._ Bo BCflICOM CJiyqae OH.ti He :r.mryT npeBI-rtl1aT1> SH:a,qeHiM:I~ ,, ·.: 

Biill!Ie KOToporo, B qaCTHOCTH, CTaHOB~TCH MHMMOil ,Pt}Hqpr~n~J;1pBaEfia:fi., .. , 

~aCTOTa 8BYJta °&S ( "f} H peaopMl!pOBaHRB.fl<, le q J : , TaKO(l \;;a npe: ; ,, ", 1 s _ 

L 
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:zteJI:r:,aoe. aHaqemae :ztJIH rrapaMeTpa CBHSH 6hl1!o · noJiyqemi ,ztpyrHM Me:rc11;<.nir 

npH H0CJI8'A0B8HHH YCT0~'t!l1B0CTH pemeTKH no 0THomem1ro K ai!eitTpmmo

!p0H0HH0MY BaaHMo:zte11:cTB11IO: B pa6oTe C.B~TH6Jn'lKOBa 11 B· .. B.'fo:rnm:r1e:aa/12l 
0 

Il0JI0litHM 'AaJiee 

~ll, . t1 t"'!Ji u/f . 
ft ) ~c A ~ . 4: g_BC-le:,, wl~-~ I I ,.,.,. np,'ll.) 41.e\ ".:lK:..:; l()- ..J.- '\ --ZL.. ..,__,,__ -l~A-¥-1i1 -A 

~ 1V t ~lk-~1} + l (t{J+ 1t(6{1) " .. 

Ch•):. .L L .JC1<-l'} i>i(K-1e•J . . .· -uK,rw 
V \(' GS Ck.-K') 4--l (iQ + f Ci9 · . · 

\if-

Tor'Aa Ha 0CH0BaHHH (3.6) 6y:zteM HM8TI:, 

~~t{~+ ~~~+tc~l> ~~=t{1-~~j 
H 

c(1t) ~ ...L x rc!H{!P"<~ ~ 
1V k' C:(t<-k1+tl\CJ+to~ 

C(rt1) -I. ~,.-,car •~·t----.,. 

lj ~1.~f) 'Et-Jot(l!I} 

( ':'t ''._',t \; 
.- r}o',J .• t.:"',,{· 

{ ?r· •.n• '\ ,.,/ ,w.J,; .. ):; 

(:L,:£4) 

,· 

{'~· T~'), 
~J·~,1.,.. .•• ij 

PaccM0TPHM Tenep:r:, IlOCJI8'AHH~ qJieH B nepBO~ ~aCTM @OPMj11M 

( 3. 8) ll 88.lle:,l!f tITO OH Jlcer;zia uax ( 11p11 ,,,Maxou p oa 6y;zieT -·,![ 
IIOPIIJIKa we ~ ) . Kpoue Toro, Kor;zia £(JQ YJ3eJ11m1Ba!lC:i> ;ltOOTI!- I 
raeT BeJI11:q11:H nopa.z.tita . W , MH0XCiiITeJ11, Mk ,r~ npaKT:vrne en:~~, · i 

11:cqeaaeT. 

IloaTOMY, OOTaB8:5IC:& B . p:atrnax npHHHToro np116JI:L1'1teHirn:, M1~ Uif)Zit;}i! 
,··, 

aaMeHMT!:, 3HaMeHaTeJII:, B BTOM qneHe Ha 

. t w (l<.-t4) f tlWJ)2, 

\ 

\ 
H 
;~ 



I 

TaKHM o6pasoM, nony-q:11:y Ha OCHOEaH11k'! (3 .. I2), 

£(t) { i + .1.. I_ fi1<~t__z~~_?!q_-.::.. 
v if.' c.c:; c~-,t')+ <i.(K'i1!t - t t·t~,1 .; 

Jf;irn: HOPMaJI:SHOro COC~t'OnIH:ifl, !WI1;n:a 
_..,,. 

MMeeM 

7 ( •-) Ir' ( ) .. · .a ·. ~- ~?.(k~ytJ ~{lt-K1j t fJ,.. /fl\ ~- _.1_, kt . sk "= r.: ~{ -A,·· ..J__ L. ' .. ' . . ;~ "v'!,.l~I-Vf'1,_}<i'>i 

2v ~ w ti<-~=g> +, l::(\!)-EF 1 + 1 iZwi"::i~:1 
E,i (k) = ( 1.- ~, .. (kJ) i1hooJ 

3,l(eci 'mrjeKCOM tl, 06031:rat.IeHh! BeJIJZPUiHU ){JUI C0CT6surnn 
• 

CocTOflHifuo, cooTneTCTBYiomeuy HeTpl'IBMaJii,HoMy pememno ypa.:smHu:trr 

(·/r· s·): . c·,·on'· ◊··c· ~ .. a. B-1~-u TT.r.H?i~.-r.f'c ,t,- SaM' QTr·u l'Te-:10 "D o· oo·-c·v r,·.,·,~~~,g. ,·,~r ' 
·.,. e) j ,,1.J,. . J(J,W,;, JL r-.'-~~). -L-l • .- V _.r'l,,:s:., "'J.:J.: D. .~;}..,1.,. V,h.J ~.,;;,~tt'.S..,.h, 

Bhijmmea1u1 l {t<):_ (E (kJ ~E p) J l (r<) 6y;rr,yT EeJI!'ittmmtm uepnoro 

rropn;z{I-ta Ma:rrocT11. PaaaocTM J?e ""! t-t 0-<)-!.s-(~:.) 
1 

ll H (iq ~~., frli(J 
6y71.yT BeJIM'llIHaMH EhlClliero ITOpfl;zJ;Ita MaJIOCT1'I~ IlOSTOIJY trn (:~_,!6) _M0-

'1teM IlOJIY1lJl!T:O · · · '. 
·-~-----~~CIIJ,,,,,oo rrr---~----•-OllillifC-=•=')t-J,5-"~ 

·ls(k)~ l(½-~gf1}(¥J~t (1--l/s)"f!-{~) ~· 
. "·, _. r· , .. ~-: ·,:: . .. , ,... . .. ,. ,_· . . . ,. ._.,,, .. :. 

~ ......... -~~ 

~ ~rfk)~1!(k}4 el(f:) 
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,, 

32. 

HTaR, B paccMaTpHnaeMOM npH6JIH~eHHH 

Ei{k): fe;{i;)+ C'l(ir) 

8aMeTHM :zta.rree, '<ITO B @OpMyJiaX (3.I4) H ypaBH8HH~ (3.!5) Mb! MO~eM 

aaMem1T1, ~E('k) H l1;(t)l npm.10 na \ E(tc)- Ei:d • IiIMeeM 

TaKI-rM o6paaou: 

. IV 

C(!t) = l L:t(IC-ir} £:i:{1Hc1
) . ' C~k1) "'I 

2.(2n}& J lrl(k-K1)+ ll(~l-tf{(k~.11 (!1tk9+c(ki) 
~ . (3.I8) 

r.-zte I(tJ; E(ti- '=r 
Mb! npHmnm: s;ztec:r, K ypanHeH.HIO (2.16) npe;n;hl;ltymero naparpai_pa. OT1n1-

q:ae C0CTmi7T B TOM, l:lTO Teneph !IOJiylleHHOe ypaBuem.re B:bme;zteHO 6ea 

orpamrcu.tTeJII>Horo .74onymeHv.UI o pa:ztnaJI:&Ho~ CHMMeTpiut. 

OOHOBHOe 1Ee rrpem.rymecTBO o6yCJIOBJieHO TeM, tITO Mb! aa .ctreT 

npocToU. peno~~HpOBKH . i {q) .·. FI w( ,, ;n;o~HJIIIC:& __ cy~eCTB_~,Ji.~oro 

YJIYtrIIIeHHfl CTerrem1: TO'<IHOCTM' Talt KaK HCilOJI:&ao:aaJUi acMMIITOTH~eCKHe 
' ' ' 

' . . F 
npHC5JIMllterum He no cTeneHHM O , a no . cTeneHflM f wk, . 

· BeJrn:trHIIa 
, .. 

(: 
d>.t '1l. ( ~L 

0 11) = "· ,> --:) 6 ~tfE 
He ,ltOJIXHa C>b!TI, Tenep:r, Bec:otm MaJIO~. }:tocTaTO't!HO JIHtJIB, TlT06bI 

pememrn C,( k) ypaBne~:m1 (-3 .I8) 6b.TJI.O Ma.no; rro cprumemuo c it, 

(:Baima, TaK CKasaT:E., T0Jr:b!t0 8ItCil:0HeH[(M8.JrI,Hafl MaJIOCTL) • 



npi,r O'AROM HI ~fOM ate 8HatieHMM: )~ 4'V' E:q= 
npM OJIHme HIU'i 

Bos:&MeM Tenep:& paaHOCTI> (3.I9), ITO,l{CTaBJiffff B (3~20) HEtTP.ilf

~ Yrr.pomaa 

- ~2" l ,r~ , it) 
~ - :....t &fi- VJ ~~ C(1'j - ✓- Qf:(ls;) _; :_ C(Jt:) 

k'. U1'. k.. · 11te . 

mm: Ha 0CH0BaHJUI (3 .. I4) 
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34. · 

· N,(J1}-H,.b11=--~ r ~ ie'(lcJ+°t'N"' 
"":"" · V . 2(a..~~ j · 

x{&o(1t)[i-i~~}>~J"+ 8r=(t>[1-+~1 
(3,,2I) 

{:!) 

Ilepea,zteu K :ewracJiemuo paa:aocTm Et --E~ anepruut o6omr pa.ccuaTpM-

:eae1mx COCTOHHidi npm: O;ztHOY E TOM JKe 'l:!PJCJie BJieKTPOHOB ,~ :.::.:-JV IV ,i, 

8aMeT}U( 'AJ!H SToro' tITO .... 

H. (~) = \; (?\) - ~ N {'A) 

_ !.H{;l_ N. Ii" 
01\ ~- v\.1 

HMeeM, CJie;zto:eaTeJI»HO, 

. E:-1:~ =- f;s [~(111J .... Ek[l ... {N)J "" 

-= Hs (i\s (Nij.;. Ml\[i\i.(N)J f CA,y (ffl)~'Ji;.(/IVJ]Jv"" 

==- Hs DsM)-H., [its(lil>j+ H,. ti,CNJJ -1-lti [::i11(MJ + 
+ t "s (N)- Ah(li1] N = · 

= H,[llrMJ-l-1111 C~{J.,JJ 'f 't-tn.C~rl°N)J- U11 [~1101Jl...,.. 
. .. . 

- ~(N)- i\11\{ltl)j ( ~ f~.cl~1 . ··. · , · .. · = 
. o:;\ /) ::::')."- (N) 

< • 

' ',_;. -.~:· AJ~>··~ ._ 

-=. Us (:\s} - W., (~l+ ½ (lsuvJ-~w(rot· ~.·· · . 

HeTpy;ztHO 38.M8THT», qTo :BTOPO~ 'ttiieH B llOCJ!8'AH8M BNpaxeHHM 

l 

1,.1'. l, 
I 



35. 

oy~eT BToporo nopff].(Ka Ma.JIOCTM rro OTHOilleHMID K nepBOMY M IlOTOMY B 

np:0-urrToM rrp116Jimiem1::0: 
:r P-. .. ~~., ~. ·-:. -:·,- ·· · -r;· ·. ~·; .;_ r .. _t"f. [~}:--.; ·. ;;, -.. : 

E~ -1:: = 1-ts(As)-J-l"(~$) .. (3.22) 

Ta:1t11M o6paaoM, paCCM~\~¥;,tiaeM?f( P~p~,OC.T~: :-~H,eprHif qrrPe:z.teJifl8TCfl 

TOii JKe (l)OPMYJIOH (3.2I)~ tITO. ~,, Uif~) ~ ij~ (A) • -
1-. ?- ... ~ --~ • -~ :... "!' 

• ,-~--- 1--' ~--; ~fi'{tiC'i··· 

2~~~..Q~Q~Q!~-Q~~ll!Il-12QP.Q~!1MQ.£~~- YcTaHOBHM ce~~ac CBOMCTBO: 

C:S~pxnp0B0'AvlM0CTHo To!t K8K MH 3].(eCl> ,,.0T:SJieita,eMCH OT H3y~e~ijfi 
(· .. ., ,_: . . . ~.. \ .. . -- ~\ /'"'":. I __ -_. _:· -. -·. . 

:iteiicT:mrn MarHMTHoro non11~:;,;io·, ·cTporo" ro:sopff;·. ,1.1;eii:o"l.t s;4e-6i dy,1.1;e'T 

0:].tTH 06 ycTaH01me1rn.~1 0B011CT:Ba c:aepxTeKyU.eCTH aneKTPOHHOfii ;l\li;LtKOCTM 

B 1,m:z.teiiiF@pe.n:tiia. · · ... ·. · )·,::; -:·, '.:-;,r , '· .. · · :i-,f :-:r · 

Mfl 3TOro IlOKaJKeM, 't!TO cyuiecrr-:ayeT TaICOe COCTOSJH~e, C OTJIPI'l!HhIM 
-~ · .. '. --··-· ,._ -· ::· fJ -s;· ~ 

OT HYJIH cpe;z.tHMM cyru:MapHb!M MMnyn~61f siiertTpOHO"B., y:_ RO.Toporo :aHeprm 

3JieMeHT,apHNX BO_~~_yJ?t,n;eHMH Bee IJOJIOJ!iVi.TeJI:&Hb! .. TeM CaM:b!M Mb! ycTaHo-
.- ~. '..·• ~-;•·- · --~·f.r~ :~.,.~ 1\ilt~1~·, .·-~Jr ~t:.·••.-:• 

lHU.:1 BOSMOJRHOCT:& TOKO:Boro OOCTOflm-rn, ycToihnrnoro IIO .· OTHOilleHJtIIO 11: 
· . '.- -y· ~ ··.·' · i:·:. '· _:::., O·X .. · 

'4T06b! @OPM81Jl>HO He BhlX0,7.l;RTI> 1':$1ilkJ£a·eca'-·:.::oobTOHHHt:i -C HYJf6131::IM 

cyr,.n.mpHb!M HMIIYJII>COM: SJieitTpOHO.B ·gr ·cOJlepmeHHO He-:~1eHHT:b ,npe,n;~ynu,xe. 
·-·- . . .· .. ··. . - ·, "'.t. - ~ 

paccyJK,IJ;eHiiIH, oy,n;eT y;zto6Ho H3MOHMT1' Hatiano oTctieTa MMIIyJI1>co:a 
I;) 

8JieKTp·oHo:B, T .e,., .. :fipbl36CT:H Tpa¢HCJIJU1.HIO B 8TOJ.t.:Mt!ffiYJil>CHOM npOCTpaH;... 

CT:ae: '· •:'"· i, 



36. 

6y;zteT 06Jia,1taT1> HMilYJI:&coM pa1rnw · N15 · ~ 

C ;ztpyro£i oiropoHBI HeTPY'AHO saMeTHTl>; t.ITO BJIHflHHe TpaHcJI~~Hl1 

( 3. 23) Ha paocMaTpHBaeMbm rru.UOII,TOHHaH 11 CBO,n;HTCH JIIIJ'.lIIJ;, It aa-
Q . 

MeHe E(i<) Ha 

E(it-r)-=EOU- tr ~-W)+t . (3.24) I 

.I 

.l{oeiaBKa -(F~) rrplll!O]l~T K rroflBJ!eHl!IO B H ,10110JJIDITem,Horo 

t.IJieHa 

-~ c~ ·"OE")+ « 'C~ 1E\c+. + ) L.. ~ ii Q..J<S: ts-=-L ~ ~ J «1<oot1<., -« 1tt oltt 
~- 14$ ·,. \l- ~ KOTOpllij BKJIIOliHM B n • Ilpe;ztnOJIOlKHM, tJTO lU4IlYJil>C r · CTOJII> -

MaJI, t.ITO · 

(p- li;:W. J 
. . ,tc ' ) £{1<)"'1 Er:-

6y;ztyT _ Be:TI:11J.T1.H,HaMT11 ,vo.PH,?~Ka _ C(k) . Tor.21;a l3,:im.n;y MaJIOCTH ,n;orroJIHM- _ 

TeJII>Horo tJJieHa B¾ro BJIMflHHeM Ha 'Ute, ,-1(') ~ f'1 "· .. 
CJie,n;yeT npehe6pe11I, H e.n;MHCTBeHHhlM ero SqJWeKTOM 6y;zteT M8MeHeHHe 

8HeprHH ·sJieMeHTapHbDC ~oa6y,it:zteHHi: 
:::.it tit<, ➔ ic~± ci: ~1:f'·)·· 

r. »~ - . 
0608H8l!HM qepea . ~ .... BHepreTHtteci(yro nteJI:&, OT;zte:rtHIOII\YID SHeprHIO' 

OCHOBHOro He(;:oKOBOro COCTOHHHH OT SHeprHH B086y:Ht.1{8HHH. MHaqe 

roBopH, o6osHat.IHM qepes ~ HaHMeHI>mee -aHatJeHHe C{kJ Ha no

BepxaocTH. _ ~e pMH. 

--·l 
i 

i• 

! 
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37. 

, i>6 sneMeH:rapHble Bosoym.24eHHfl 

ocTauy'.t'cfI" noifoSa-1TeJI:&H1:1r,1k J(JirI TOKo:so:ro c'c>"cTO:Htil1'.ft, · ecJnr cpe.zi;nm1 . ~ .. 

·r. 
~ -. • ·, ,i_ "i' , 

.· liJU'I B. pa.1{HaJII,HO cnu-.1MeTpl1t!HOM CJryqae 

r.v.e 

. Biii'AHM,.; .. QJie;i:tOBaTeJI&HO' TITO. rrptf .I{OCTaTOtUlO MaJlbIX CitOPOCTHX 

T0IWBOe COCTOHHMe OCTaeTCf.[ ycToti'cnrBh1M ITO OTHOmeHHIO K MaJib!M ·Boa~ 

M"'Jme HMHM. 

' Paay.MeeTCH, ecJIH (jg b. = o, 8TO CBOHCTBO He HMeJIO 6n1 MeCTa, 

ll0CKOJr:&Ky Tor;zta sueprm1 SJieMeHTUPHbIX B086y~e1-mii 1.1O:r;JnI 6hr npHirn-

. MaT:& OTpirn;aTeJII:iHhle BHatreHvrn: .. Ilo,zp:.iepltHe?,t, .. i!TO llORa Mhl ,''1rn npHHM-
. . ·• • . . 4-,.,,. ~ .· . ~ ·, .~.. . • 

•.. MaeM ,130 BHHMaHHe .ztei1cTBtte MarHMTr-wro iroiu1, ~9Boe __ cocToHHtte· 
... ~ .. . .. -~~"?-~· ~ ... 

MiiI, ,'ZtOJii.iHhl ClU'ITaT:& ~eTaCTR-61:IJLbHh!M. Ero 3H~prnfl TOf).ta .. <;ma.sblBeTCfl 
' • . . ' ..•. ,. • ' •. :_- • • :. ' •. ; J ~ :, •. :._ ) .• \.!.":.., ~ · •. ! : '• . :. . , 

6on1,rueti s11epr1111 rroitoflmeroca cocTonmI~ Ha B,E!/P1f.;J'f.1HY, ,.. nP:,9nop~110Han1>-
. \. . ..,, ... . ,,·,····· ' 

HYIO tA ~ ti;opMaJI:OHO 3TO rrpHpan(eHl'.te SHe_pr:Ml?I Mb! MOJKeM :BW!liCJIHT:& t 
"'. t.,.: . 
·l~e.zi;H B (3. 24): CJie,1.(yroumfi 'i:!lt6H · '(f5:.J';; ~--.,i: 

IIo.zt:1:ep1rneAt eme aHaJiormo co cJiyqaeM 6ose-rasa. B sTOM CJiytiae 

BMeeTO (Qepr.ur-cq1e~.:1::: ]Joi HM:eeM B mrnmeM SHepreTUli8CROM COCTOflHHH 

KOH;zteHcaT. Ilp.M OTCyTCTBMH BaamMo,1.teiiCTlUIH' T. e. B CJiytiae li)(ean:o-
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HOro . 6oae:-raaa ", OBOttCTBa c:aep;x:TeKy-tiecTH He 6y)J,eT. 'OHO .. Il0.fll3.1l.fieTCfl 

TOJI:&RO. H3.~8a HaJUfqH.fI XOT.fI 6ht cJta66ro :aaa:M:MO.zteicTIHrn .• , Tor)J,a IIOHB ... . .. . . ·. :· 

JI.fieTCfl Taitm:e cymecTBeHHOe BaaHMO)J,eiioTBHe qaCTHl\ l3He ltQH)J,0HC$.Ta C 
Q . . ' 

npoTHBdndjzo:HCH.blMH HMTIJJI:&catm ± I( npR MaJihIX IC, tITO npe1u1TCTByeT 

B08MOiHOCreH llpHMeHe~Mfl 06WIHOM TeOpHH BOaMymeHHfl. 

B paccMaTpMBaeMOM 8)1,eC:& CJiyqae H,1(081!:&HOro· 8JieKTPOHHOro raaa 
• 

llOJIO:lIC8HHe COBepmeHHO aHaJIOrMtIHO: raa 6ea B8aMMO)J,e~cTBHfl CBOMCTBOM 

c:eepxnpo:so)J,HMOCT.H ( CBepxTeitytieCTH) He o6Jia)J,aeT H TOJI:&KO SJieI<TPOH- 1 

HO-ipOHOHHOe BaaHMO)J,elicTBHe, Be]tyntee B BaaHMO)J,eMcTBJiUO SJieKTPOHOB 

C HMilYJIIiOaMlil ±)( H CilHHaMH -:}: -Y.a ~ Be)J,eT R llOflB]l8HHIO CBOiiCTBa 

c:aepxnpono.ztPIMOCTH~ B He1toTopoM npH6JIHiieHHM aTo B3aHMo.zteiiiriTBHe 

MOltBO CBeCTH K 8KBHBaJieHTHOMy BSaHMO.zte~CTBHIO Me:HC)J,Y q~HOHaMH 

H TOr)J,a aHMOrHR c 6ose-ra80M B OTHOmeim.m CBO~CT:Ba CBepXTBKyqeoTM 

~exaeTcH eme 6oJiee noJiaott. 

l{o noolie.ztHero. :speMeHH CtrKTaJIOCI>, tITO CBO!iCTBo' c:aepx!!ieKyqecTH 
:B08MOmIO TOJI:&KO )!,JI~ CHOTeM ttaCTHl\~ IIO)J,tmHIIODUiXCfl CT8.T.HCTHite Bose• 

BBH.ztY C03)1,aBmeHO.fI CHTyatiHH 'c Teop11ei1 c:aepxnpOBO;ltl1MdCTli "a1'o··frono

,xe'mrn 'aik;n;aeTC.fI B nepecMOTpe. 

IloBHJ.tHMOMY, pe8JI:&Hhttt CJiytraii ,'lJ;JlfiH3ytieHHff CBO~~!BC~epxTeKy

tieOTH W8PMH-CHCTeM, HMeHHO OBepXT8K;yll8CTH, a He CBep:xnpOB0,1.tHMOCTH, ! 

npe.ztcTaBJIHeT TeopHa . H.ztepHoii Ma1e:p1rn:. 



L'Cff 
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CTH 

§ .4 ~ CIIEI{TP IiOJIJIEB:TVIBHIDC B03EYJK]!EHPI!ii CBEPXITPOBOJ~qillEI'O 
COCTOffHVIfl 

~!.!:._M~~QA.J1QJ!Q-!!!~~!!!!QtQJ!~Q2.!:!;!!!Q.:CQ..Ji~§.!ll'..Q.es!!.UJ.f!. . .£_J,!Q!'.!Mf11IsUH§.!t.~ 
. . ... -··· .. :.: .~ 

JL.Q!!.9.~~M~Q~l<:Y:J.{Q!!R~Q!S!!MJmfil!MQ~m!l~M.!. JJp en* rr~p-:;;Mli~~§.C<nJa1.t:pI&~'-

BaJ.m ·::)JieMeHTapHil!e BO36yJKlJ,eHI,ffi npocTe:liinrero -;;.MH;B;I1J:ft1:~yaJI:oHOron 'l'bfff;,:\ ..., 
~ ·}-::/·· ··~ '".!-· ... ·...... \\."¼-if,\ 

.nommemre c]_jepMI10HS:' C 3HeprMei1 [ O<r }mxf (pOHOHa. C :mepr11eH UH, 11()' ;; 

3aihreMcfi · Tenep:& :0:ccne;n;oBamrnM 601rne cJibJttHOi:l: BeTBH crre1tTpa, · coo~t~,,. 

BeTcByrorqeii ItOJIJie1tTI1BHIIM Eoaoyt1C,T(eHnHM (f>epM~OHOB. TmnrnmiP.i cnyrrsdl 

TaICoro po;l{a :aoa6;,r,x~emdi :a g)epMMOHHHX c1rnTe1.mx npe;l(cTaI!JraE>T. nJiaa

MeHHue KOJie6am•rn B IlJIOTHOM 3JieiiTPO:HHOM raae·. 
•!-.:· ~ .. ~_OJS/)t:·•·:J~;,; 1-·~,.,(,{~1:Gt:>:;:::~cL:'_~,;L<!.~: t~~-I_:·,,:~: · ..... :.• 

· , BnoJIHe. :koppeKTHU:.tt !tFBM0CTe C TeM ;£\0CTaToqrrodlp0CTOt1 ?,Hmn1a 

HX M0'1CHO rrpoi::rnBeCTM· c>noMOll\nlO M0'1!O'AMitPI, paspa6oTaHHOtL I'eJIJi-McnmOMi 

'Epro1tiie;oM 11 · CaBa;zta/131. TaR, ,zpur rroiiytremur. ocHo:suoro rrp:ti~.m1rn<:e1t111E 

. M0lKII0 orpaHHl:UIT:&Cfl CYMb!l~po:samreM T0JI!,It0 Tex ;ztvtarpaMJld'., . B IWTO!)Kl~ 

H0 paapymaeTCU aJieMeHTapmn,i ROMilJie,CC 11.aCTm~a-,I(I-JpKa '(·cM .. qJMI' .. 5 )i. 

--r-~• ,f-.:. •'• .. 
4 

.. n. ;. • j -~ • .Pr·; ~ .' ..: 

,, 1• ..... ,, 

:'·,:.•1'J.. . 

,:·.rur.::qj1famqec1toiii ~O~R1l apen:mr :aa:ICHOCTitiiiarpiiMM ··1n!eHHC? 2:rbr;b: ''. 
. TI1rra. o6ycJibBJieHa Ham,rcrn:eM' RYJIOHOBCIWI'O . np,r~f!;Ke:mrn: Me~,uy tJaci;ti!tt;ti 
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. 1'I ,1(hIPKOti. 

qTo6bl nonyq11T» ceKyJIHpHoe ypaBHeH11e ~na bnpe)(~rteHHfl sHepre

TMq~cKo~o cneKTpa E(q) rrJiaaMeHHbIX ibne~aHHH, cne,1(yeT npocyMMM

poBaTb ,1(HarpaMM~ TMil8 W~r.6. 

J.<~q . 

'f 

... k 

,,ii.: 

<.Pnr .. 6· 

J{nn cyMMHpoBaHHH Hx · Y'AOOHo' :aocnoJI~ a6:aa·T»Cfl ~eTo.ito_M npHC>JI:t-1-
,cut 

ilteHHOro BTOpHti:Horo KB8HTOB~ H llOCTPOHT» ynpomeHHblli rawm:&TOHMaH, 

.11:onycKaI0II{l-tit TOtlHYIO ,1(l1ar0Ha1nrnan;mo TaKMM · o6pa-aoM; qTo6bl -OH '.npH- _; 
-~ . . . 

BO}lMJI ·10JI»KO K ,1(Harpa~MaM paccMaTpHBaeMoro THrra, HO C TeM JICe > : · .. 

BitJia_)lO.M, KaK H y Tq;c1Horo raMMJI»TOHHaHa. ·IlpH, ·3THX YC3IOBHflX )(Haro-. '. . ·, ,\ ,.: .. . . · .. ,.... ._ - . . 

H8JIH3aruiei1 ynpomeHuoro raMHJil:>TOHHaHa MM, ecTeCTBeHHO llOJiyqMM •T,e · 
. . . . -~ 

~e peayJI1:>TaTN, qTo H nyTeM Henocpe,1(cTBeHHoro cyw.mpoBaHMH 'AHa-

rpaMM. 

Z{Jra nocTpoeHMH TaKoro ynpomeHHoro "mqrn::aaneHTHoro" raMHJI»

TOHMaHa · Heoc5xo,1(HMO o6ecneqHT» BmJ:OJI~~n~~ CJie,1(yIO~~l 1~e6oBaHHH:_ 
: 1. ',' ·'-, ' ,' I' ' 

Ha;z{O, qTOc5bl KOMIIJieKC g)~r.5 He paapUB8JIC,~, ~T9~bI_:B~fill~HHNe -qacTIII 
• ;)'

11~>t ',,': ,~ :-•;: . :,. !rJ' }t 

ynpomeHHoro ra:wtJ'I:&TOHHaHa MMe1IH TOT xe i•:a~a;l.{, ~TQ '11; Te BepmMHHble 

qacTH TOqHoro ra.:wml:>TOHH~Ha, ROTC':!)::!~ YT!M~I:":SeIDTCH ~' J)8CQM8TP:£1:Baeum: 

,1J;HarpaMMax H, HaKOHeu, q_T06bI :.=mepreTHqecKHe. 8HaMeHaTeJIH C>WUi o;n;H-
• • 1' ;•,·, . : • ,.-- . 'd•,._,:_:,, 1:·.::\{':_::c~.--ff'.·• -'. 

i 

r 

1 
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CTH 

HHbie 

Bae11m 
I 

0.I(H,-; 

4I. 

·•:·.:\•-:·, 

.,..,, J:!al\0.BhI. B . o60HX CJiyqaHX'~. . · 
. : : -~. •' ~-\ .. ' . . ' 

~ 
TiepBOMY ~OBHID y,zi;OBJieTBOPHM, OilHCaB IlOfiBJieHHe H y~~qTomeHHe 

., - . . ,. .... . . ~ ~ 

I 

·ROMilJieKca tia_cJitI_u;a-ihlpKa He rrp~HaBe;zc~HHeM. w~PMH~~~~JIHTY:it, .. 

QKt~ ~i{. 7 ~~ Cl l<tq . . . ; ,~·. '.• 

KaK B TOtIHOM CJiytiae ,. a 6oae".'"aMTIJIHTy.n;aMHx) . " 
+ 
~ 'I (t!) ., P~ (td 

c :zlBYMH MH;zteKca1m K 1 £\ • 

_____________ ,..._ ___________________ _ 

X) Sar.re TIii!' '!TO B ;zi11arpaMMai2 ;r • 6 BC;,' ltO llll.ll e K CH pa8JlllqHI,I: :'(-. 

K f k1 t, t< ii •-.• ;. • ffp~ IIC?,?IpS~-DaHH~ O'.ose-a¥U.nM!i:yJk1.nr •Y- '.'nae 
~ ~;! ·.:; ·:.., . . . , , , . . ,. : . tr: • . '· 

B '\i · 01,idiiYT' ndaDJIHT:&ca necKoJI:&Ko OJ:tHHait~BhlX ;RMMe~~OB., 
l .·.. , ... :. . . ·: .. ·. . ,: .· ·.: .. :'I," ' .· . . 

.. Hanp:miep, d<,·,K;~:\< : - , :HeCBO,Z(HilHEf. it 0,'Z!;HOMy. 0,ztHa,I}O,:,, i'aK:m~ .. { ,· 1 
'.,._·,.. .. •. •. , . i L f'\ftt :/(~_){ .- •r~ :~• ~1 ,'-_l, -~~ ,. ,' ~• .• f' 

JIHmfmie aJieMeHTb! .. 6Y"JJ.YT .n;a:saTI> Jil'Iill:b . decKOHe~HO M~blit u3KJI~~ 
" ,:,',, . ' . . . . ) . '•··.-; 

_ B. cJiyqan~ pactreTa a~e~.~Ht_ap~m:. :s~ a6y:a:~~;1J~ .. ti•) 110-0J<~Jt:J>ki iqp6-

.·, , , · ... ; ;!}114,Wllli '1ilHe1;p~1u1il: , no ; ~Ciii. ~~~c~ . I<~. ~',i.. ~,'.'!
0 

'" ~;. ~ ( ~~fl-
eM · JIJ4HeiiuY]) u;en9qKY.:J~q,mµre1tcon ~· :. : . · · ·~.:- · ·· · · 

-r - \, .·.·,·-:· •. : ... , .t>'· :3· · ': ).\, :~ .·· · · · .-.· ..... , ,. .. : __ i .. _ . .__ :::·i .•. '.
1

, :~ :;· ,, ~;. F5.. , ·•M ti;'. ·)~(t)O !;'! H 
·.: .. .. "' . . . . . . , ··. ~- ; ~ : ,· .:· . . . ·. . .. r> . 

,~;, .. ,.::'.::;c). i{ 1.Ilp1H:;pahqeTe'- '.8ciioBHOr'o :'cocTOHHHfi I1H0):,7.tR MQlt8T,·.1D08HHltlifl1.i, 
. . ·--~ . . ' . ''. . . 

HHTepecHaH ·cHTya1u,u1, Kor;n;a Heo6xb;n;.0.Mo npiim sanpeTHT:b 110:sTo-. 

pe1rne ; t~~;r:;Ha1to:a~ ~~1st3iexco~. :B )~THi 'oJiyqaaxlI4/ ·. · 
·. ;•;' '.·; •'. ' .. · + . . . n,. •. . '·. Y•.:· •: 

QJie;ztYeT CtIMTaT:& ~~~~~[Y~bI: t @.r~ He•:~oaeBC~~U.U!,; ~'.a:,xayJiHeBCKH-

Mli. liiHal:te ro:aopfl, Mb! ;{OJiltHH r;cpe;n;IuiCaTT:> ,I(J!fl HHX J3Ce ,nepe.-
' , , ...... •, - -·)T"/: {n ·!.',1; .. ~t•,.:;=:~' .· ·~. -~ .. 

,,q.~~ij8~9~J~e ., coo~H·ome~1HH ·Tmm Bbne,· B:poMe co~~~9meHHfi,. , 
.:' ..... ' •·· ... :~:1,.,):;'!:~:·:/;Q +f,-:.::,·~1.fb,·::,)-~:}i'>'•,,, •,· I • ,'.:, ••••• -· .... 

:··:~c:n!•:\·.• ........ t~· \'\ .1 J--,r·L" ,-•.,;:."r",r\.!:.t..j·,, 
. . ., ' . •., ·J.'. l\..,:; 11 •. 

, ~' :. : ~,9I~·~R:~ ._Q~@.I(Yf-Zir':1~9.118HH~f:r}!\~ia .. ~ f'_--+: ~ ~ -=- . r~. . { {, ~~ ?: ,,, ·. ::<:·,: 

.. ·:·, , .. <~ ;\ ~·:t, I'.(;,_\\~•~ ':-.· ~~: •.. 
. ! 1; ~.~ .. ,,;:, ... ,.1~,c•~~' ,, . ·.~ <: ;_•,::.··~: 

.( 't~ \ .... .-~. ~.\T\ ~:\'.:~i. fi' '\•:·-'~ :£_ 
'• \· . 
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' 
B paocMaTpMB_aeuwc 'AHarpaMMax HM8JO.TCfl BepmHHHoie 'tl8CTH Tima, 

- nao6pajKeHaoro aa <pHr7. 

~ > ,,. ,.,,.. 

,. 
y __ 
~ 

4)nr.7 

~ ..... , ... 
/, .... , 

B T0qHQM raMHJI:&T0HHaHe HM C00TBeTCTBYIDT tUieHU 
. + + + + 

. -P1 c",t1> a.i.:+ci ek a. k'--1 s,,..1 . _ 

* + + 
· Pq(k'.)WJ i"-'a.k'-1e\C.a.l(+'l > Q'l (t,lr/) '1K+q «~e-~, ak't£1 

IloaToMY raMHJI:&T0H11aa BaaHMO;zteticTBHa B ynpomeHHOtt Mo,teJIH Mb! ;ztoJIJKHi 

CO"<}T8BHTI> H8 T.JJI8HOB BH,zta 

. . + .,_. . * .. ·--_ .. 
P1(k,~) ~,ctt) f411.'J , Pqc1t.,ic.? ~'l'"-'>~,fkJ , a,<k,k1 P"<~lfq<1 

Ha1t0Heu, 't!T06H o6ecne't!HT:& npaBHJI:&HHe aaepreTHqec1t11e. aHaMeHaTeJIH, :: 

He06X0;ztHM0 B Ra'tleCTBe H.o-co6cTBeHHO.ti ·8HeprHH R0MD8KC0B 'tlaCTHUa7 

.ztblJ)~a B8HT:&-BliP8jK8HHe 

. . + . 'f, 1 C+(~iq)t E..(1:JJ @1(1<.) P,{11.) 

B R0~0p0M ft 1 £._ - 8Hepr~H tl8.CTHUH H 'AliPKH~ · 

Ta~~M :·~6paa6M~ MU nonyqaeM ynponteHautt noJIHui1 raMHJII>T0HMaH 

B BH.zte KBa;ztpaTH't!HoM wopw ma 6oae~onepaTopoB. CocTaBHD .ztJIH Hee 

oeKyJIHpHoe ypaBH8HHe, Il0JIY't!HM TeM caMNM ypaBHeHHe .Z{Jifl onpe,zteJieHlifi 

~meprHH f ( q) K0JIJI8KTHBHbJX B0a6y3!t,ztemlffii, B ,zt8HH0M 'cJiyqae, nJia3M8H· 

HHX KoJie6 aH1i.li ; n p11 @mcl'IpoBaHiioM ~ B eJil!lll'!Ha E ( 1 ) 6y7I.eT j 
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Tima, 

:l ;zt;OJDKH · 

H:aTeJIR, 
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nnaaMJ 
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j"); ·-: •.'.' 1:, ;'\4,~J~ .... ·-~,, ..• ,. f . , 

J130JIHpOl3afiHlliJ: KQ!)llGMfr~WOJ?Q -~ypa~m~H;uUI, COOTBeTCTByrom1t1M, TOR GRa38'i''.b ~ 

· 11 CBff3~~Ro~iyn · ;Gijij/)?t)~HID0:~1:,;i rrap~A: ~~OT11~~-~~!pKa •· Hen-~epbIDHblti cn~i~TP 
' '-• -- ·-: ·• ,. . . . 

a;ited:r/';!.;f, Cfft3·itTp, '061rnn)IX ;'~;lillQ~e,p1woH¥J~ BO_a.?y:ac;n;eHMM • .· 
' .. , ::,; , _' .. ,; ;) I ~- f /· 

Mu KpaTICO M3JIOJKHJii· cef:iqac xapaKTeptn.iie npiieMbI MeTo;n;a np!1~JIH""-'.[: 

meHHoro BTOpiiltrHOI'O ltBaHTOBaH B l1pL1:MeHeiuu1 K xopoIIIO:~-MBBeCTHOMY · (j?ff;f't&l 

CJIYlI?lQ llJI83MeHHlDC ROJie6am-tii ·llJIOTH·oro B~eRTpOH~oro raaa/IS/, Tatt 
._:·· . . . . .. . ,,, 

1ta1t ·HMeHHO sToT MeTo;n;· 6y;n;err no;rroy.eH :a ocrno:ay aamero nccJie~onaHHa 

KOJIJI8RTliBHblX ;eoa6y!t:n;eHMH c:aepxnp0B0.ztflmero COCTOflijklH, It ROTOPOMY . 

. ~: :~/t.f';:-·: ·. · . ... . 1~: . _ . lt· 
~.!.g.!.J~Qm!~!i!IDlli!?!L~Q26ms1!m!i..=tL.!:mlt~~.U.t ~12em1m .. , TipeJK,-t.e ~.Bcero~. 

aaueT11M, tITo B paccr.mTpirnaeMo~ MOJ.teJIH <l>peJnaa mMeeT.ca np1,1~m1cem1e 
.-., ,:·· ,: . . . .M <·' , .. , .. ➔ 

Mellt'AY aJieRTPOHaMl-1 C rrpoTl-iBOilOJIO~HhIMl'f cn1nn;1MI1' Li 1tl~YJI'l:>Ca1rn + K 
➔ ' 

,zpm I{ , Jiejltanunc B6JIR3III IIOBepXHOCTH Q)epMH. TaICoe, J.te· 1IpHTm1teHme 

' HMeeTCfl H y 'AhIPOit. fICHO, tITO aTO npMTfl:HteHHe 'AOJimIO MMeTI> MeCTO H 
. E • .. • ,.,.. ~· 

. B. TQM c;rryqae, ICor;zi;a cooTBeTbTByrom11e HMII~!iCbI tiaCT~-i{i: .rrapbI ·~ ·ToqHo 
_.. ➔ ~ 

K+q> -k npqTHBOIIC>JJ.:QJKHhI, a, CKaJil:eM, paBHhI 
-., · ·. · · ·,· :r~~\ , .... 

C ;n;ocTaTOtrHO 

MaJibIM 9 • r 

, xapa:n:Te-

p1rnyeMI,IM aMIIJIHTy.ztaMH. • : . 

. . > · ~ko l .,~,'f;fl. ) . ~1 ) o!¥-J 
.3aME3TI1M, ,tITO B08HHKH0BeH1'7e rraph! '',. + + 

c-1. K+t.t,o cf. f'.I\ 
He M3M8HfleT CilHH H H8MeH.aeT cyMMapHh!ia HMilYJII>C Ha :BeKT0p, ;q , e B 

. \, 

! CB.fiaJ1i. · c 3THM H6TPYJJ:HO . odHapyXtHT!) HaJililtJHEf SqlW8KTHBHOro npHTHJKeHMfl 
\ • ·:, .,... ', • . . • - • • • •.• • • 1 ' .-, ·'f_ • • .-; • ' 

Mext~;r.,clJepMHOHaMH (Ktq,o) , (I<,~)· npH ;llOCTaTOtIHO MailUX 1 . 
'~ . ·-

.- , ... ,t_~: ·~• .. · .: \ ' 
) 



44. 

. . , , _ _· .,,. :":•r(;,·,.";. ;_'~(Y;<(.'.:_:·• ••,:. : .,_~ • ,-~\~; ~ : ' · ; , 

0Tcro'Aa Mhl noJiyqaeM Ba~Hoe yKasanne 'Anij rtporpaMMe na~ie:iltamero 
npMMe~eHHfl M6TO;.ta npH6JimrteHH~ro 13!1'0!)~'4~0~9 k~~k~2~;1~;; i ccfo;...: 
BeTCTBHH C 8THM BB6'A8M :S KattElCTBe "Hepa'anhmor·o .;aJieJieHTa" ,ItHa-

. . 

rpaMM KOM1IJie1w, · xapa1tTep11sye1.n,1M npu Toqa6M ·pacc1mTpeHHH · npo1rnne-
. . . 

c, 
.zteHH.ffMH (QepMH-aMIUIHTY:zt: .. 

~ + . 
K+q ,o ex k14 , c{ I« cl lttq,o 

B namef.i rrpHC>JIH:ilteHHOti MO,IteJIH Mb! conocTaBHM·8TOMY KOMI1JI8KCY dose-

a1mJrnTY'AiiT · +, 
P'\ Ci), F1 c KJ 

C ;zr.Byt!ff HH,l(8KCaMH~ HaM CJie,ItyeT TerrepD llOJIYtJ:HTD raMWIDTOHHaH B88H-

r' . . . x) 
MO;l(eii:CTBHfl Me:YJtY pasJIHtJ:HbtMH ROMllJ'18KC_aMH B • .BH,l(e: 

r' + = - ~, ~r(KJfp(~')Jlp(t:.,K') -
1'<,k, ):1) . 
\ k4=~ 

4 . .+ . + . 
- i ~, Bi,( K,11.1J{ ~-rCtt) ahJ. + Br·.· ll<J ~ ... be~,,) . > 

(1<,~,f:>) . rr. . . r r r (4.I 
R 11(' ·. . · 

Tor;zta, · .ztoC>anm:s 01011:a co6cT:aeHny10 aaepr1110 nap; no1Iyqm.1 noJIHH4' ra-

Mm!DTOHMaH ynpomeHHOH MO;I.teJIH: 

r =- L , l(t<+p) +t<~>} t (kJ t-t (k.J-+ r'·. {4.2). D<,r, / . 1-r rr 
Kalt 11:SBeCTHO/IS/ t ~RaroHanJiaau,m Ta:ttoA ICBa;ztpaTHllHOA (DOPMbt CBO

'AHT.Cfl K pe_JIJeHMJO CHCTeM:H O'AHOPO'AHJ:O: JI:HHe~Hli'X YPaBHeHHii B C-tJ:HCJ'lax \ 

,l(. ) x~ = 

\ t (K+p)+ f(1<)-E}'fp(k) =-LA,,(t<,k')Sop(i'}+ 1 R-(~,k')'l (¥!) . 
. K' . . ~I -f ? ( 4. 3) 

\£c1< .. rHi(kl+E}"XrM=-I 14,(K,ic'Jo/,.(wH LA 0-'.ik.)~(k'J 
. tl .. K' 1 1 X)~:-~;;;;-;;-;;;;;;;-~TpaHJU{e. ii. 



tinerb 
)T-

3130-

ae-

ra- , 

30-

rnnax 

(4.3) 

;., 

C ycJIOBJt!eM HOP~:r-ApOBit!l! 

,: . ·. 4 { ts;(k)- 'X?(~) }~.1 
' ;.'·; ::·' ~~;\'}:'. . • . ' •.. · . j> i--~ :· . 

. · 8He'p11:m,: ItOJIJieH:Tlii:BllhfX B036yxt,uemd1 

. ~· .- ~ ·. •' 
j { 

,} 

cip0Ba1rnoro mmyn:sca ~ onpe~eJIB:e~•cfl 1:isoJn!po:naHHI:itM B:opm:n~ cooT«• 

neTcByio~ero (4- .. 3) ce1tyJiapuo;ro. .YJ?P.BHCHHH... HaM pcr,rae~cfl .. TOJI:&Ko . .fmit- . 
~.- ': ' ; .. i ~ -· ·: •• '. • • : •. ':'· • • ,._· ,, . ' • .. _, • 

Tli · H:BHhie BbIPruEOH11a ;ztJrH A 11r 8 0 3aMeT1iM 'A-,.1Ifl aToro i \tTO B 

yrrpomeaHoil Mo;zteJm . . . 
. . ::_: ·'+''/; -·-·~,.4'f~"' -H!;)} 5 

.A~<~,~') =<PrcKJ r1 
~~ci•J >., ·. 

: · ; ,· .. ~~i~-:~B;-; :c~:i~') ;;;.·:c. a-- br~)t't,- ii'. c-·-l~:~~ · r· ~ ~ :· ·---- .,·· ,.,, ;•. , . , . ; .. , , "t'j-r-~11- rt" ,.." . ~l"o . r,. 
B paccMaTp11:aaeM0Li :)Ke TOtrHO~ 1.io;n;e.1n11 c:J>peJII:IXa Tamrn 

. {'• · ... · ~.lf:·, \ i- . :t • . ·.'.· ::._ .-; ..• , • : ,, 

ocym;ecT:BJIHIDTCff TOJI:&RO .• qepe·s -66~eii" [)OHOHaMM. 



46. 

J.. 

1-l'"" L ~(q) ('.§J~)( u,._ vk, + u,,,.,-1<) (Jl114:)_t11 + olk, ""K'o )(~ + ~
4

) + 
( k,1'.)q ) - . . 

K!...l{~q . 

! +! ~(q>eJ~>lc~uk, -1fkt/i1)(&r.o!K10 +!<~~cx:◄n~~T ~) 
--.·.k,t<~q ; ... . - . . . 

. Ckt.K;qJ :' 

IlO'ACTaBHflfl 3TH BEIPameHHH B (4~5), HaM'AeM 
. ., . ' . ,., ' 

• 

fl ( ) t'J.l.( ) ~(1<-kr) J ·. ,, ,..,- } . 
- Jf\f K>tc..t = ~- ~-:K' - '-V l u~!tr""+,- t,K~,~+r x .. 

A' { Ul' 1.1,c - 'lrK U-•1 { 1-{Kt;)+ E{_i9 +W(k'-k) -t . f'. (J(<t-!J+ [{kj+ W(k'-1() }-t 
: , ·. . . , .. · ... ' . . . . ~ 

+ ~\~) iv { IL111+/' 1'°K1 + ~• ti' Ktyj{ I!~+!~ K t Uk tr;.ty} 't 

. \! 

+ r,r1 i;o,) i u kltp ~"" + lll<' ""~J{ ««~(k + ~ "h,1~ . (If,' J 
S.'V _ £(k'-+p? + t(K')+ f.(t<+flJ + E.(k) f ~(J1J -· 

c P.. (k 1 ~ ') = _ 12(1(\.K-/'). W (l4:fJ {Uk+,.vt<, + uk:,tl'H uk4 Vlt-j-Uit ff 1\1' 1 . _ 
'"'~ < -·· • · 2. V l (;(1) + E.(l<+p) t l:i(K'-~i') 

. . , ... 

-f ~K-i'tr) ;;, 0.;k'+e) _{ "•,:_rV., + ~•V'Hr1{ Uklf ,r!< +Ui 'If It',-,} , 
_ _ - · _,.V £(1<) t E(K'-p) + lZ (k-~+p) -

. 4 

+11(p) liw {Ut<+pV~;k~;l:•r/k;~k~~; + 1111•11k-p}. ·+ 
- ,, . . . 

·: -· + a~(rJ t:J(t:) .~uti.tr ,,t(-+ U1e. l6i+f'}{ u1<Le 1r(. + uj{, ~L~ 1 
q . 'LV t(~'-~]+ t(i)+ w(~) ('t,7-) 



· 'trTo .ztJIH. 11anmc ~ MORHo noJiom:0:T:&: ,,.. r: :·: 

. ~ {I")= i5? g,,.;_ ~1!'4M~1; , . [HJ 
Tar~?-~ .J.tOI!~~~~.~r~1m~~~~~~)f~\~l!1-1i~.1,~~-.i~~~~:\~~'?~~f1. ·:~{>~~~~ 7;fl]?&fr&Iff~·' . 

. '. . .: • ·( :-;.--·. :, .•.• ,;!, ,. r··· / :' ~· \ ~ ''\')" ,,,.,·., .. ~ .. • .-,..,~, ~ •.•.~7-~ -- ·- . , . . 
( ~ ,, \ 
\. . ·',.,..:I 

k,. ', -~ 
< 

/ 

: • / ·~ '.~ ·:: '<~~· --~- · ;· 't~,··1 .~'; .... i -:---·; \ ~ \ ~·· i 
IlpOliSBe.zteM RPOMe Toro. -npac-crJACTKY~ . 3Tli1X '4d:Pll.JJ1 ¥i OOBOt107,t1!~fOf{ 

rr 1! 'O'PI-; , .. :~r~·,r, , .. ,.:.,. :•0~·1 'Tf,;., .. t"\f() ···h-- --· .. i . ..,\ ~~- . /•: ,:· :). .... 

'l3 Hll OT ·tJJieHOB: Ta1io1i ·MaJioc'TM~:;;,.I{(}TOpal·· nc(cyniec:r:af\'\Ye;::~~oitxura. . ',,, 
. : • ( •,_.·: .:- : ;)·· ~ -~.-:ye.\(;-:.···•, _.,; .. ...,.. . ,;-.; ... i::••..- ... (' • . 

yqMTiimaTJ:,Cfl B npMHflT0M nprdc5JiliJ!teHll!11 .- . 8a:MeTIU!' .UJ)ilt](e ;!Jd&i-tti~'-' WJ;iJ :B:, , '': 

pacc~aTp~BaeMoM npon;ecce ito.mreRT1um~ 1 Jto.~a6a:r,t}.Iii-w --., ia.tc-.. n~o; :BM;{{HO 
\.; · . • ,-f 4

) ' • --~-: •• ~ .. :~.f!:../~:..... ~•.:~ .. )(.·_ ,__ .: -~ ·· .. t ;. ' 

xoTH 6b! 1ia ypaBHeHviti ( 4 .. 3), cyutif9i~~ea)n.r 1.u-un:o 60:n::&rul!e ,uepe;tta!!M 
( . . , . ·' . . ,, ' !':""'1i , · 

nMIIyJI:oco:s K-K • IloaToMy B BeJI1ttII1Ha.x TMrm ·j:(K:...lf/-p.l; ,, .. 

~ (K-:- K' - F) !IJiaJ3HOx) aaB(1?,fl_~~ OT lt"f.!ill'YJ!:&ne;1 -~ .. ~I :MOilte?l 

npeHe6pe-q:& .zi;o6aB0tIHW HMnyn:r,coM p· · -: ,;: 
l(aJiee, Ta:rt Itau: B TOM 8HepreTH'i~C1ct~M ·oJioe;{i ii;>$- 1toit{paro npa.:tt2}!

; tiecmr .aaBncHT. :nec:r,· sq>(peRT, anepr:mi: 'i(I<) MaJIIiI no cr1a1ntem.un c · .. t.1 i 
l • ' , · · · ' Q?.'~ 1 (!!D ,T rJ.:L,f.l~."F'.'.i.'~)AtJCT}J ~Q}T.)kQ}j_ ( ;·.:: " · · ·· ' 

, Mb! saMeHMM (Kalt~ RCTaTH CKa3aTI:> 11 H IIpH •1n.mo.zce o·CII0'.81£0:PQ j,P81'lfie.-
mm ;n:Rfi C ( k) ) l3eJIMl!~HLI {.',~ i~-; \ ·: 

£(k), 
lIP0CT0 Ha 



48. 

TaKHU o6pasoM llOJiy,IHK 
.... ,: ( ... 

'1 . : 

A,,,~, 1<') = :r <i12{Uic•+r Uk+,a - 1li'+r1'-+r}{l<k1 ti~ ... ~,4 r .· ) 
. . (4.8 

~r(I', 1(')::, - j (~k'' { l4-tp 'lr1v + ¼('If 11+1' }{ lltL,. Vt +ii«L, .. it,} . 

N(k ) 
( 

,.. . W -;l 
k k' - ~ I( ~•) · K ' . 

'J 
1 

)- '1 ( - ('$(KJI+ l1(x1Jl+'°(1<-l(I) 
·; . ::. ,, . . . 

Kax l3H)J;HO ~ l3Hl)W18Hff.8 : :i (k', 1<') 8,1.teo:& 6y~eT T8M JK8 caMHM I q~o H 13 

OOHOJ3HOM ypal3H8HH~JtJI_H O!JP8'A8~~HHH ~(k~ : 

. . -' .. - Ck')· . ·tM=I .. . _._ ·-, . k' 
(4.9) · ' 

IlOJIOUK ~fi \,bKPSD\8HHH 

, 1:i'_Ki14:· v~v" == b(tc, l('' _.

. llk,\r~ + 11,, u., =- fvl(~, ~/). 
' . 

Tor):ta (4~8) MOJKHO npe)J;CTaBHTl, 13 q>0p:u:e 
. ,:-.•:.,· 

Jlf'(K,k1)= J"(~kl) l.(K+p 1K1+j>) l.(IC;K') 

JI. (~,kl)=. ... J"(K,K') M'JC+b, ~•J M(~x'-;J 
f-'P - V \:r .. 

i.&~£-~~~8liruL~!lJifi~fiI:q Il22!U~li!l~-Il~R~OJI»HH8:p...2.2gll~~li!!l.!. j 

~ 
{ 

. . . . ~ . . · .. •. _; . . .. 

06paTHMOH Tenep:& K C8KYJIHPHl:m YPal3H8liHHU'(4.3) H l3B8)J;eM HOl3.bte 
d 

H8H8l38C_THii8 

'f;(K)~ .x,c~,: ~Ck>-
-·.·: .. ' . 

·:,-:;-i 

':~;•2 
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, . 
.. .. ,. ' "'i. ".· ,~ ~. . ·, ~) . 

;? ... ·' 

) . • , UoJiytUIM . . ... 

·· · { f'.(K+,1 ~~,~~~- r i(iq} e,,CKh 

: . ::.' ,.--~ .. : 
.. • f:· j"· 

; 

. . . -
.. i,; \ :-

·' .··. 

. · _ 1 1 J t;,fij ·{ L(K + r; Kr.tp) +i. (K::l'l K'--j!2 J..(~ 1t') + 
\j I . .:i, .. ---

1( . . • . . . .... 
. . ·: . . . ': /' 

' . + M.(!.+r, ll'} M { K, t'-r) ~ M (1<-p; ~•) M(l(, 'K'+f)} e,, (rl} ~:. 

={ e:.- 1l1t:tr' i 2.(k-ti}'.i!rCKJ -r . .. ·. . · .. ., r ... · ;-.·:-

·: .. ·>:v.L .. '·. £'.;r.'(K;~3J~~K+P1K~er-1-(K~,f~tcV.i(~,I<!); 
··. .,. \{, k!·.·:· ·::.~::·· · ·.1 _,._. . ·.. ~ . 

, .... 

+ M(k+P,_K')M(K,k'-p~ _ P-f(k-p; K') M(~r.•+p} rr~,(l,_t) 
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PaccMoTpHM cnep:aa cJiyqai1, ttor;n;a ~ ~ O. _ Tor;n;a ypa:suem1n (li~IO), 

( 4~II) CytlteOT:BeHHO ynpocTfiTOfl M MH 6y;n;eil 
1

MM8TB: 

- ------------
l. l\Yt)+- C..1{-tt} &c,{l!)~ t ll{!e,!!!)~o{X-')=E t.-(k) 

(4~!2) ' 

~=--:1:--- (I, f ~ C(JitJC(t~ 2 f b:J~{lt'J • ,, )( 
f ~ l1

£1<) + ~ Cit) 'ltlh-) + V 'i>"itYf1<)+(l£ajJ(Jlbr'4e'[rJ.{I}½ 
• 

· ~ :S (t,td) to(\d)-; E9"(tt.) 

(4.I3) , 

BH;D;HM Ha OCHOBaHMM 

~.(\!)~ 

E =-0 

(4.9), qTo CHCTeMa aTa HMeeT pemeHMe 

e C:l1t). _ . o(lt)z S \[" ___ > ~1::~ 

, ·y'tw, +eV~, 

TaKHM o6pa80M, npHXO;D;HM K :aaxtHOMY aaI:CJIIOtieHHIO-. 0 TOM, -TITO cneKTP · 1 

xoxJieKTHBHHX :aoa6µ;n;eHH~ Ha-cmHaeTCH c HYJIH~ I 

. IIepeit;n;eM Tenep:& K HCCJie;n;oBaHHIO KOJIJieKTHBHhlX noaeiy~4e'lli!il 
; ! 

npH f> ua.nmc, HO OTJIHqHHX OT HYJIH. 4T06H He YCJIO~HflTh Bhl'4H.Oneffiii, _, 

orpa~tmMCH a,11;ec:& ,CJiyt.Iaeu pa;ztHaJI:&Hoit -' cHMMeTpmr. 
'· . . . .~· . •·' . 

IIpezite :acero Hau Ba;zto 6y;n;eT pasJIODTI> 1toaq,wm1;:0e1rTrli r.;,:ollf{tile , 

:s HamH ypaBBe~Ha no · cTeneHHH · )t> ~ _ Tax · tta:K :a · cymecTmlrn!ol a:aepre-. ; 

Tlft1ecxoA od'JiacTH EftJ · :eec:&Ma C>JIHaKo K £,:: , Mono· r10.:rro1.1:rir~b . ! 

r;n;e .... 
-e 

·1 l k+r J -= s l, e > + 1 tac, 

S - a6COJilOTHaH ll81J:mqmHa · qKOpOCTH SJieKTPOHO~ Ha cqjepe ~Piffl, 
", ~ · .... , , 

- OpT :B8RTOpa )( · • Y;n;OC>Hee npil!HHT:O narrpaBJie:.rne 
~ ~, sa 
I" 

·J 



(4~!2) 

8KTP 

~ii 

oaemtt!t 

➔ 

OOI, OTCtieTa e. : 

H 1(K+p"> = speo + 1 (k) 
'. { 

3aMeTHM ;L(aJiee, tITO B BbJJ)a1KeHllmX, 3aKJII0traIOll{MX 1,1.+ C1(f J 
Mb\ MOJiteM npeHe6petII> YISMeHeirneM Cft> rio cpaBHeHFIIO c f t 

nocKoJrhKY C(,) a:aJI.fleTCH Me;n;JieHHo MeHmometioH WYHKUHei\. Haii.ztf::;M 

Tor;l(a 

·• iLL(lr.tp).::: U.(!J + Sj>f.o ~ -f • ., 

. '•. t("-+b) :. ic~, i She') 0 1.rn+ 
I . ' r ~ 'i>"f ~•· 

Y;tto6HO np11 STOM Bl38CT:H B KatieCTBe apryMeHTOB BMeCTO BeKT~pa -~:~ 

trnciro 1 !ti OPT l. .. TaKiiIM o6pa30M npr,,:.n;eu K aCHMilTOTr11.·qJ,WR:frIM 

rI)opuyJraM BM.n;a: 

~ (k1p, ~'4p) i· L (k-t-, t!'-J?? L {t i-d "- 4 11 ' - cc f ·. . .. 

. 
(l , ,.. ,I - -;- -+ ------ -t 
4 ,;'_,,. ;1.. r,~f¼ c.tJC-i't.+e'~JYL · 

-+ s re.o rt ('i, 1' > -+ SJ> e; r 2. c "f, l' >+ .... .. 



52. 

IlpMMeHHM Terrep:& K ce1tyJIHpm~lM ypaBH0H.liRM (l1-.,I0), (4.II) 

o6WIHYIO Teopino D08~Ji!teinil, C'l!MTa.a: r 11 C BeJ!litIHHaMFl nep:aoro 

nopH,1.{Ra MaJI0CTli. TI mror.dM. 
Q 

6(tt.J= BoC-1} + spec ~1(1Jt •. ,.. 

~(i): E~1(1l+ S?~~("f)+ ... •. 

. . . C 
&o(it.)= S . (4~I4) 

.1 • : . . l 
IIo.ztcTaBI•i:B 8Tli :aapaJKeHMfl :s (4.IO), (4.II) H 0T,IteJIIIB lD!eHiit pasJIHq-. 1 

HHX nopH.ztKOB,- MmiteM onpe~eJHITI> e.·(,), \¾(t) ,l.(T) 
qepes 8o(t)~. BocrroJI»so:sa:sm~c:r, noJiyqeaH~H :SfilPa~eHMHMH, paoKpOeM 

ypa:snenue (4.I0) c T0't!H0CTI>ro .240 :seJIMtzHH BToporo nopff.ztKa MaJIObTM. I: 
- . r 

T8.KI1l! o6pa30M ll0CTp01'H.f C00TH0men:w:e BM].ta 

,_ 1(t)8(t.> _ .. t :r :r(K,k.'»a(r')= F(E, 'r, k) 
V It' 

(4.15) , 
.• ,:-J 

r.ite F (E ,tpl &<) - RBa,2tpaT11qHaH filOpMa no oTnomeIDIIO IC. E 1 Sp; .• 
YMHODM (4.IS) Ha C(l(J [2.Vl(f()]-1 * rrpocy1.u.mpyeM Iio IC~ B cvmy 
ypaBHeHHfl ( 4~ 9), noJiyqtIM 

VI. F(t,sr, K) t&J11 =O 
" E.(kJ . 

0Tcro'Aa H orrpe.zte~HM 
,-. r, .:,b 
C. .= O!..::,,_ . 

r'Ae cl. ~ qHc~eHHhlM ROSW(QM~~eHT~ TaK, ec~H OT6poCMTb tDieHU~ 

HcqeaaroiqMe BMecTe c ~apaMeTpoM p · = _a" ~ , To 6y.zteM 
• W d w~ 

MMeTB: 

E ~1 (t) + Sp~~1(I} -m. 5a:..:~ et,(10 
' . 2.a?.(i) . 

«1. =- j_ 
3 



I) 
:oro 

(4.I4) 

aoKpbeM 

a110CTM. 

(4.IS) 

'/1.JI.Y 

· i 
I 
I 

i_popMe 

H 1103TOMY 

BaTL Jliii!Ib IIOita 

.. £ c {pl:·< zA 
r,l{e ~j, :.·' ::-, .. :s,e1nrn~ma m1epreTI1'<¾ecmoM Hi6JIJ.i1 (Toe.,, ;3Hff~rnn~1,? C 

l ::: 0). J{ei-icTBI.ZTeJII:iHo, n npoTHBHOM CJiytiae 

liepe1tpJ;£BaeTCH C WSPMUOHHhlM CfI6ltTpOM 

e,,,, - •• 

E (t} + t('f(-+p) 

n nepecTaeT 6EIT1' III80JIHPOBaHHI:.IM KOpHeM ceKyJHIF_HOJ:•O 7Y;p5~BH:t,mmr,.. 
· t:. . ·:-/ ... ~.: .. ·_ · :L'' --· .. ~ . .. · - ._, __ ... J 

I!o.zi;tTnep'AtiM aTo inr,.1yYtTM:snoe paccyJit.2\e1rne npm.111M pacrrntOJh J{.rHr 

ynpome1rn:rt 6y;a.eM y.zi;epJfCH.BaT:& TO.i!I>RO rna:am,ie 'IJieHL.t no~napfH,ff;1:PY f 
M )3~¥~Hl1:M ipymm;mro;:::· ~J\t.,.t<.' )_ ..JlOCTOflHHOM ., . :r . <B HeltO:t'OPO!l··· I:'HfflI,n1e•,., 

,: > • • .. :'1, ... ~ ~--~;- . . ,. ":-~- ~ ~·:<":/·''• 

. :rnqer;KOM .CJIOe ( E"F; ±' _wcr) . ' ll~ Hyjieii J3He 8TOr(j (}J!Ofl~. 

~;:1?-~q~ npi,16mnit~~MH MB ( 4 ~ II} .HaLi'AeM: 

. ,,,. . 



54. 

...... 

~ (
,,. . . E - 1:.(ktf)-7'/'i!.- ) 

• .. II·)· . ,'.,,..... . .. .,..,.,. ~ t: r .. - - . . ·• l!. • .. · : -~•,:· -= •. ~~ .. -- :'!. - ·, . <- ,· ,'.•·· 
EM + t(ir:+p_:tI(!l,-1!' '~p~11.) 2.. .. 

...~. (. 1 

,:.1 ... 

3TO BhlpruieeHI•ie IlO;ltCTa:Bv.tM n (4~I0) l-I orpaHH'tJ;l1MCff, Ty~_._OilflTl, TOJ[&KO 

OCHO:BHhlMk'l qJ.[eHaMJtI. Tor.zta noJiytmM 
f<> _, _ . ~l:tp) - t (l-t) '- . ·.··,:. 

{ 1(11.)-+ L (1<.-+t) + ~lCK-p) - ( E - , .:,,' '2. i .J } & (1:J:::. 
2. !(11.J + ~i>; Ui•P) 1' 

~ 1- L ertwJ 
V w..' 

(: '·,. 

' ,,,·;:.:~ '"' .., ii: ::_-,; :',:·-

CoOTBeTCTByio~ee C0KYJIHPHOe YPa.BH6HMe 6y'AeT 
.... , ·-· ·- ... \.. . . ~-· . "'(}/-

-' .: .: ... \: .. 

-, -= - 11 ----- + ___ , __ . :. ... .I\. .4 J ~ { i A ,·•·1·. ·, ., 
1V ~- t(td+ t(k+r)-E · :t(t.J'+tc~,, ... c 

c 'APyroirt ·cTopoHH/1 oc®BHoe ypaBHeH11e .2t.rtarc·'if paccMa1ipirnaeMoM· 
. ~ .. • .. 

npM6Jili!t0Hl1~ lU1IeeT·;::Bv1;z.t:·:.' .. 
,: 

ct = fv- c. L '[<11.> -.. -, ,: 

r .... .;,e,: .. •::,i.·--.1.:~:. r:_·.-

lloaTOMY Ha~{ ce·~ynFi'paoe.-:ypa~He~~e ~6:~e~- '6f1T~ Itp~,ztCT~~;e~t/:s :·:•::,·· 
(popue :.-' ,•~: .; i < it:.:i ·• , .. " .. .: .. -: . ,· .. , . -. , . ·• .. ,:,.: ·.·. 

~ :1 ~~: ~~·:· , (£~:=··- -,~-- :•: ..... ~ .. ··;L:> · -~~-:~~'. ~1 ~:·},_ .. ·. •·-:- ... ·. ... , t ·1 t{tf+· ·"ii- ~ E ,, .... l(kJ+ ~ .k ~- ,..___ =· ·o . ,, . ·.,_ (4'\.:I7' 
.,.,.,r;-. ~,-,,t) ,: ., .. . .~( -J>)+E. ?(-,.. .. .. . 

' ; : ... t.i:;.. ~-J .:,> .•.• ~ •• :.,... I,, ' •. .:. • ;-., • .• ~,.~t,;,! ~· '., 

IIp:vi ipmtcnpoBaHHOM ~ sTo . yprumeHPie tuie'eT·':>aenpepmrnwr-·cneitTp 

E =- 1(1')+ !(t+ r> + 0(-{,) 
r1-te 

O(t)➔ o., l/ ➔ oO 



HenpeprmHm1 ClleKTP HatJ:l?:HaeTCff OT 8Ha'tlelUU! 
'➔ .. ·. . . . . ~; ; 

H xapaKTepH?YeTcr(iip}f ,ztaRHOU '• p . :settTOPHEtM lUI,1(6.!i(!(J:M ~ ·ti> kt!Wt 

'\r . BH~H9,. OH. CO~OTBe~CTByeT, rrpOCTO :aoaCiy,-j,temim' nyx ,tiaH;ltliD}fl.t.YaJtMiht.it:\11 

r:&KO · 

rp 

tpepMIWll013 • :::,· 
}· · .. ,; ·: ; ~ ·: i 

" . . - . "': .:r.• . <'·/.. ~ - ,·, ~ 

.• µncKpeTH~ crre1t~p,: cooTBeTcTBYIDntHii 1toJIJieKT~n:,rm~f~l§O~uiY?v~e..,,,; 

· HHffM, -~_oa;tol!CeH 1rnm_r, npH T!UtHX SHatzeHHHX r · ,· npra ioT6ti& )TI)~---. 

HeHHe. ( 4.:~?). muee~ HSOJIHpOl38.HHint rtopel!J, , 
. . . t: .(..!}./i . . . 

,.: !~.- ~· ,'.'; .• .',··~·.: .· ·: ·-. -~ .··.. . ·. ' -<; ~ 

Y~o6ao HairncaT~ ( 4 .•I?) l3 MHTerpaJir,aoff g)op»:e a. m.,.c~eJi-+I . ~ . :,: ·• .;.,.,. . :· , . '· . 

~ Q..l: ~~oz ....... mo aua -- .L . · i ··. · . ~. t~ J J ,. {' 4 ' . 

~t. 0 ) , 1f ¼ei + ftt-t 5itf:i-ci- ~ ..- ftW+"((i~ - '' 
mrn 

ffpH St<< c· UH, ecTeCTBeHHO, _nonyinu, ~a E sna11em1te (4 ... !6)."' Ho 

H :SIIJIOTI, itO :.E::;:::. ,2c OTltomeHHe .. f 6y;zteT ll8J!Ml:!MHO}! n:01)~.tt~a '~;/:~~NJ!.U!~ 

Ypa»uemie }IJ!ll onpe.11eJiell1tii · ► ! 6;rne~ 

+ ( :t, , ) f ~:(:1i f )~ 0 .. 

. srQII\Q){ -:r:, ye 

rl{e . r -l!il!CJieHH.mi ltOSq>qJlirlzyl8HT ~-



56. 

Ilon:r,ayac:o CJiyqaeM, 8aMeTH~, trTO ST:t-l ypaii~HliULMhI ~or1u1 CibI 

IlOJiy-41'1!~;& l'.i .~.e~ yrrpomeHHH CTPYKTYPh! q>YHKD;HH ](fl.,t') • Hx rrpm1e-
··.--~t.!'~. · -•· .. J•~--;.:~l)j;~_.; ;;t ' .: _ . ·. · ' ._ . · · _ · 

HHMOCTI, o6ycJI0BJieHa JIHfilI, M8.JIOCT:&ID napaMeTpa f . 
En~rO'AaPH TOMY,·~TO ROJIJieRTMBHhle ROJie6aHmfl oymeoTBYIDT JIHfill> 

. •' _{, . . 

'AJ!H HMilYJIJ:,C_OB f'. , MeHI>illHX P™AA , TOT wa1tT t tlTO ~(p) He . 

Jt1CtJeaaeT· npvr IIOJIHOM OTCyTCT13t1Iil SJieKTPOHHO-@~HHOro ~38.HMO;z.ceti

OTBHH' He flBJifleTOff napa.zt0KCijJI:&HbIU. Z{eH0:r:BHTeJIJ.>H0' B TaKOM cnytme 

(popMyJia (4.I6) 13006me He 6y,n;eT V!M8Tl> oC5JiaCTH IIPMMeHUMOCTti, IlOCKOJl:&., 

KY Ii = o. 

M~ -:p~ccuaTpHBaJIH 'AO. OHX nop ROJIJieKTI1iHiie ]?O·S6y~;zteHl•iH TOJI!>!tO 

;z{JIH CBepxnpoBO'AHmero COCTOflHHfl. ilpoaHaJIHaHpyeM Tenep:o, RaKyro 

.POJIJ, OHM HrparoT ;z{J!fl HOPMaJI:&Horo COCTOHHHH. Boa:oMeM :ztJiff npoCTOTli 

cnyqatt p = o. Tor:zta H3 ypaBHeHHfi (4.I2), (4~I3) nonyqHM! 

2. \l(ec.>l9(r.)- J_ L 'J'{it,i') &(K'}: E ~'"' 
V tt.! . . '( 4.I8) 

, : 
t. }l(tt) l~{k:) - .L L .!L. 7('t,tc!) &(_w.'/ e ·1; 0(~) 

V IL' lli'I ,d· . . •• '.· { 4.I9)' I 
PaccM~TPHM pa'AHaJil>HO-CliMMeTpHtIHHe pememra H nepefi'Aell B 

(4.I8)'~ :<4';1:9·) lt:.HHTerpaJi:&HOii cpopMe~ IloJiytIHM 
4"10 

2. (ll ·&ti} - ~ t'(lt'} O(i'JDlt' = E&{t>. 
- I:!!:, 

+c0 
I ~~ s tl'' -.. ) I. ' . . .. 1fll '11\._'ll) .- ~ ,P(i.;',JJ~l' Cl~-: E'6(l) 

. -~ fTICf l r. . , \ . 

I 
! 

l 

(4~20) 

~ 

(4-Q,2I) ., 
! 

l 



y;.1ae 

OC!COJI1• 

7li:>!t0 

:>TU 

-.I9) 

. 2I) 

' 
;rnrmbI - . Bee~ :mt:r.m;z.\ npawrli1tieCR1'1 o6yc:n:oJ3JieH m:HTep!la.ncr:,1 \ll 7" C5' 

~ 

r r~t.- ( o_ (,;;; 7 tJf1,:"f;,l~'.?;;·' 
.. ..,.., il(/ -· J \ .. -~ (t. \ii).\, I~•( 

-~ 

C; {l) , C1.{l) 

Cie;n;oBaTeJI1>~0,. 

.···.•· . 



-

i:·s··· :) d> 

MTaK, SHeprvrn: ICOJIJieKTHBHI,IX BOS6yJt;n;em1i1 OKasbIBaeTCff. 'IIMOTO 

MHHMOM, qTo H yttaSbIBaeT Ha HeycToi1qHBOCT:& HOpMaJI:&HOrO COCTOflHHfi~ 

MMeHHO 8TH KOJIJietcTRBHHe ios6Yilt;n;eHHH o6ycnaBJIHBaroT HeyuToMqmnocTLt 

Tor;n;a Katt IDePM110HHhie H WOHOHH:ble B086yJit;n;eirnn HO!)MaJI:&Horo COCTOflJUlfl 

o6na;n;aroT nono;imT~niuw.th aHeprHflM~. 

i~~.!...E~mfil!gM~~~!i&~~H1:iqLine~H~li~~~-rr2u~~~~H~.l!Q2QIJK....H~ll~&. 

~o CHX ndp Mhl paccMaTpHBaJIH TOJI:&KO T8RHe pemeHHfl ceRyJiflPHL~~ 

ypaBHeHHM (4~IO), (4.II), ROTopue MO~Ho npe;n;cTaBHT:& B IDDpMe pn-

;n;oB ( 4.I4). ToqHee roBOPH, MLt orpaHHqHBaJIHCl> TOJ[&RO 

CHMOCTHMH t)t (ll-) H . ir(k.J ·, npH KOTOpblX 

u, (1'1 = e or•, 1iZ1, (t,~,) 

<rvr C1£J.,., '7(1F 11 Iii, ft., fi ;) 
YRa8aHH:bie pemeHHH COOTB6TCTBYJ0T npo;n;oJI:&H:bIM BOJIHaM. 

TaKVIMM aa:i.rn:-

r4. ?L.1-\ ..,.,_' .f 

O;n;HaRo, llOMH-

MO npo;n;oJI:&HblX BOJIH y ceRyJIHPHhIX ypaBHeHtr~ MMeeTcff eme ~eJibiiii r-wacc · ,l 

. pemeHHH ;n;pyroro THna, COO.TB8TCTBYIOII\HX nonepeqH:bIM BOJIHaM. JipyrMID.i 

CJIO:BaMH' .D;JUI STHX ypaBHemdi: . 

er t~)::. 9( lfl t li.11 (~- 1 >' tt!" 1. 1 
lfl 'I _ lpt.Jt1.. 

'Dir<~l = 'tt,,,, ,~,, (i. L J't£.: 1-J 
. 1;11/ (pl "" · 

r;zte MH;zteKc tL- yttasbll3aeT Ha 1rn1m6HeHTY BeRTOpHoro npo11aBe,nemu:I 

( 
I ')f.'') 'f ~ t.. .. :.),F 

l 

no HanpanJieHHIO \\, • 

Pa;n;H npOCTOT:bI pacCMOTpHM CJiy,:.Iati r = 0. B BTOM CJiyTI.ae , 
l 

;n;ocTaTOqHo paccMOTpeT:& ypaBHeHI,Ul (4.I2) m (4 .. I3). O;n;HaICOr Terre:p:b 



ITO OCH 
. ➔ 

:38RT0pa K 

&~ (r..} ~ So (tV:0 ~ 

~c(~):: ~o (ti!)·~~ 

ypaBnemm. 

2 I(\L} et,(~)"-' L 1. :T(~t('} So(K'} :;, t: ~t,(td 
. V k' . 

]ta;ree y~o6HO oy:rr.eT orpamrq11•J;I,Cfl paCCMOTpe!UH~f.:£ CJIJtlilE' ROI' 

'. t'+t-t 

j (~J "') oocpenoTO"CieHO J3UJiH8.f'I nonepXBOCT.W ,r1epIDI It! 0!'0 MOYiHO 
. ' . 

38MBHHTb H8KOTOpoi KOHCTBHTOi BHY'I'PM CJIOH 

( 1+.26),' (4,.27) 

~~(u.J 11: l,(~) 

Jier:tw paspemaroTCfli ec.1nI 

HOBH8 HeHBB86THHe: 



60. 

r.zte cyr.n.n1ponamrn ne:n.eTcn no oc5JiacTitI EF ±. ~ B6JII'18l1! c(J?epu <DepM14. 

YpaBHeH:t1e ,n;JIH orrpe'AeJiem1n E npHmumeT BL-i'A: 

~ l ~ , 1.""i-C"-l 
~ v 1- 'i{\tt.}-S:1--1 

. . 
- C(\IJE -

- ~ 1. ~~i"(iq-ttl 
,I~1: ... v f.(~('flt14-t:t) 

I 

~ L ~!;~:~~•E11 .. i:z.. :i&ifui-e'>-1. { z.~7q~,-~ !! 0 

~ L J(ulE 
v t(~ (~iif;.i-a:i) -iL~¼~~~-e"J {L~k,~-<•4.zsi 

IIpmrn:ae;zr.eM Terrep:o ac1111-1nT0Tvr-crecKoe pasJIOJitemie 1~eTepMMHaHTa ( 1+. 28) 

npw Ma:n:1:c{ C'.'.I orpam,rq1rnaHcr:, npti STOM n:mn:& HeHctieaaromvrMill npFI C➔ O 

tIJieHmm,. <DaKTJl!'l!eCKI1 TaitOe pa3JIOJ!t0HI1e 6y:n.eT npOMCXO.T(l-iT:O no MaJIOMY 

napaMeTpy C/t,l 1'IJil'I C/w • 0ItOHtiaTeJI:&HO (4.28) npl1HlU.meT BM.zt: 

. ~( p ~'=.'J.: -L+ £"-)Ii=-a.,ch k t 1 )- ~""} )( 
'l 

1
"' c.. \.t, • 1-E'Z. )1 gl-e'il- . 

j( J O ~ ~ - ,_f '1-f.:t. G/1..c)ta ;:_ } = 0 
I• t ~ ~,~~ (4.29) 

3i:tec::o 
~ ~ ~ ,..,, :f V ,::: fl ·~) . • .,_ ~ 

o-= -- ..'!:f... Sl..=l~'-1~-\.w,w 1 E- 22, 
~ 2.tt~ E4{et.F) J -

J11cc1re:n.onaHMc Kop:aeii ypa:auem1n ( ~l. 29) He npe~cTa:BJifieT 6on:&mor 

Tpy~a. PesyJI~TaT SToro MCCJie'AOBUHmfl c~e;lI.yfil~MMo YpaBHeHHe (4.28) 

acmMnTOTu!i!eCKI1 npJ4 Man~ C./ .JL :~rneeT e;n;mHCTEeHIIbill: KopeH!>, ecJrn: 
~ 

TOJI:&lto p,f 
',,,. ~ 

Jie~HT B npe~enax 
'•· 



1 
4.,28) 

.28) 

JI.OM.Y; 
I 

~ .. 29) 

paBHO 

- 1 t.. ...., < e. 1. 

anatreinm: 2C, KOI:}.ta OH CJilii:B&STCfi C HenpepRBHW Cl16RTpOM,. IlpK 

6mrnI-:11-x It u.y;mo 

PaCCMOTpeHHU~,Ha?m xopeHJ:i B08HHEaeT OT rrepBoro MliO~HT6J[fl B (4c29)~ 

BTopo!1 1i£HOUT6J.C& M03lteT :WM8Tl> KOpeHJ:i TOJ'I&EO J3 BeC:EiMa Y8KOPl 06JraCTM 

IiatteHeh·1u1 sHatiemd:1 p 
1 

.....-. mm ~,-1 
ItoTopaH acrt1MIITOTu!'q8CRli npM · r;· C ➔ 0 CTHrimaeTCfl l3 TO;RYo 

; I . pa0CM0TpeHli!e 8TOI'O KOPHH · He npe;n;cTcrarureT li!HTepaca. 
; 

11,morol 
~8) ! t BaueTHM e1ne, TITO ecirn: f lHiXO;l{MT sa npe;z.teJIH .< 4 'It 30), ITO.ffB,T.(fl-

eTCff .lllICTO·MHHMblli ROP6Hh Y ceEy~RpHoro ypa::sHeHHff, CBM'AeTeJrbCmByro 
m 

I 
I . I 

I 



6
, ... , ,, _,. 

mutt O HeycTofiqMBddTM OCHOBHOro COCTOHH¥.J! B STOM CJiyqae. 

HaM OCTaeTCH Tenep:& c.zi;eJiaT:r, aaMe-cramui OTHOCI1TeJ1LHO '110ro, 
. i 

KaR 6y.zi;eT ce6H BeoTn HaM.zi;eHHb!M KOpeH» npM p , OTJIWtIHhIX OT 

HYJifI. He npOv!3BOJJ;ff lH:IKJia,n;mc Henocpe.zi;CTBeHHO t I-13 pacCMOTpe1urn Ce Ry-
}~ Q . 

JIHPHhrx ypaBHeH1111 ( 4. IO), (.4 .. II) MOjl!HO. aaRJIIOTJJ1T», 't!TO npu MaJIIiIX p 
E lr) = ~ pt.+ cl ..,.,..u1. I . r F 

r.zi;e u.F - CKOPOCT!> Ha noBepXHOCTM <J>epMM 11 o( - tII1CJieHHh1M MHOJrtvr-
• 

T6JIJ,. 

B aarono-qemrn IIOHCHMM g):t18vit.Iecm1M CMJ;ICJI Hati.zi;eHHbIX nonepeGHhlX 

pellieHMi1. Bosr,MeM qim:sircrecKyro_ ,:Bem.rtnrny 

mrrat-V(itJ = + 2. [ i t(~J. -~) x ~,1 _ 
L j 0~ Q'lj 1 ( 4.)I) 

npe,zi;cTaBJimomyro coooti BMxp:r, noJHI c1topocTeii V(i) .. B rrpe,zi;cTaEJie~ 

HMM BTOPMtIHoro RBaHTOBaHMff (4.3I) rrpe,zi;cTaBJIHeTCH B BH,n;e: l! 
:! 

1 

. 
➔ • . • + ' -+ t (\c-i/~t.) ' 

1n-r.,tv (~) - V 1,-"\ o.K,+ °-1<1,+ + a..",- a_~Je . [1t. x k'J 

!Iepexo.zi;rr OT orrepaTopoB a., 0.. R onepaTopaM 0() o( . rrncpeACTBOM 

u, ,u-- - npeo6paaoBamur, noJiytu1M 

h'l~ v(~J = 
• . - + + · i.(t-k1• 't) 

:: _!_v L fvl (J<~t<) ( ol rl1 clk1 -olt'.o ol ~.ro) e . [ k ){ ~'] + ~-w . 
(4.32), 

~ , (. ,,· ( + +- , ) ~(K-!t!.1) +-v LL k,l J ol &<1 ol.K~o -· 6/..k o(.,., e · [>: )( k'J 
~ 0 hi . 

~~ . ' 

IIocTapaeMCff npe.zi;cTaBMTL 3TOT onepaTop C llOMOmLro ROJIReKTMBHb!X 

'\ 

'• ~-

..._ 



ro, 
OT 

. .+ 
603e.,;a1rrmHTY'A @<\ (~) , -~~ (~) ~ ]Ie111~0 :a11;zce:r:r, 1 qTo sTo . 

'AOCTHraeTcH nyT_eM conooTa:aJiem-rn: onepaTopy,.(4 .. 32} c.11:e.n;yromero 

rI ceKy- · 

3.JibIX f 

Tenep:& HaM ocTaeTCH npeo6paso:saT1:, 0~1epaTop. ( 4$33) K n:oBEIM: 6ose-

rnmrnr-:- aMIIJIMTy~aM, ;n;maroHaJilil3IllPY'.tO~trn: KBal-(paTif4RYID (!JOPMY (1+0 2)" EyneM 

HUihIX 

(4.3I) 
:TaBJieAA 

k'] 

OM 

·Mwv(~)= 

=fv i {r { 'f L(t+v.J (\(k; fl+ Vk;,..1)C1o<11} e ''i\ 

:- . 
-+ iv I l r { I..~(k+'J, t<> (t ltt_; r")- &"'1 Ctt;r>) c~1<ft ,,-.i .. 

. ,,.,, lt . ·t 

.± Hanomurn:, '4TO HOBb!e 6ose-aMIDIHTY.Zf&I l , 1 c:a.asauu co cr:rapHMvr 

npeo6pasoBaHHflMH: 

- ·+ 
fi( l<) =<~ hr'f, (K; I')+ 1,.. ,l'.4 l ~:,14}} 

PaccMoTpeHH.hle paHee rrpo;n;oJIJ:>HHe :BOJIHI.i co:rJiaouo 

il1aro:r B ny.111> CYMM.bI n q)Ml,ypr-na: CI-C06Itax n ( 4., .34) ~· Co::sceM He T8.E 

OOCTOllT .zteJIO c rronepet!ll:W.Ui BOJIHatU'l. B:SMJ.tY ( l~~ 25),, B!lpa~e!mH B 

(4.32) wnryp1rnx CK06Rax Y'H,0 ()QJI!)file He paBHU IIYJIIO B 3!1:0M CJiyt!ae. TairnM 

o6paao:u, MOitHO yTBepiR]J;aTn, tITO n:onepe't!H:ote KOJIJieKTliBHNe :aoa(5yjJt'Ae;... 

mv1 ~pe~cTa:rm:H10~1 00601 BHxpe:sI>Ie o6pa aonamrn:. no :ace~ BitI'AmuocTli! 

ux OBOHCT:Ba 0K8iXYTCH :so _imoroM SKBMBaJI6HTHh!Mlr! TeM, K0T0pHe irny-

n 
l 
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64~ 

't!aJI!rIC:O ;ll;JIH TaK HaahrnaeMl:IX pOTOHOB B CBfi3H C nocTpoer:mer.r MHr:po"~ 

c1wm11;1J~cttoti Teop1rn cnepxTen:yqecTM. Tau, o;n;narto, He yc•ra::-rn:r.mem::i' 
fl> 

cym,ecTEO:Bamrn cnen;HaJr:&Ho:ti neT:su cne1tTpa, xapaitTepuayror½r,.t:r 

B030Y!t.l\8Inrn .. 



§ 59 Y'4ET KYJIOHOBCICoro B8AMMOJJJ!;~CTBtUI MEJ.ilY 8JIEKTPOHAM1'1 

aa1IM0,!{011CTDE:e aJieKTPOHOB C qJOHOHatnir. KyJIOHO:BCitoe 

e B:B0;l{fmoc:& HBHID! o6pasoM B raw1JI1>T0HUaH. 

ITp~QTYfIHM Tenep:& K o6o6memuo Ham0:x paccy:l!t,zteHHti J.P!H t;;ny,~a;.1. 

onee peaJI}IUTLf46CKOill MO,zt;eJIH C raMIUI:&TOHHaHOM lni;n;a 

B 1tat1eCTJ3e MaJioro napaMeTpa :soa:&MeM, xart H :a § 3, :ue~imiumy 

oprmRa w / E p , ii ll noJiytiae~rnx ao:i!tMIITOTilrtJ:ecrn11:x ~l)op1c:y.n:ax orpa•"' 

HtIHMCfl rnaBHmm !IJieHaMH~ ,Itonyll{eHHe o ManocTM · Uc He fLBJtneToa 
. . . 

eo6xo'AVIMmr ,zprR Ramero MeTo.ita Htf noToMy np:0: cyui1ruponai:n.1rt _;rnr;,a.rpt1i'!1Jt 
, . ~ . 

1l )~OJIJHI:! 6y,zteM (QopMalCbHO yqllTI,,"1'.BaTI, .zi;m:arpaMtm :acex TIOP:fU.{Rf)J3 HO 

THOilleHVIID K He e 

KpoMe Toro' '1T06B: MaitCuU,iaJ!:&HO ynpoCT:HT'.b pe 8:fJiliT8!f H }:i;hff!¼CJh}•,,.· 

Hit, oyl1,eM npe;nnoJ1araT1>, tITO U J W- npaitTH~6CKR 0:t',10/ftt,5.!0l.?JCH OT 

_ B0UX HOpMaJIJ>HblX 3Hat.reliv!H JU!illli B BeCl>MS yari"Oll SRepre:i'.1-1.~teCTWM: 

11oe OKOJIO nonepXHOCTH ~epim. OCHO!HiBaHC:& Ha TaKOM ,I(O!IJ'1.nemm:,. 
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66. 

MbI MOJiteM· YAepiiCHBaTJJ B Haurnx c.pOpMyJia:X: JlliillI, rJiaBHbie tUreHbI no OT

HO1!I0HMIO It 3qJWeKTHBHOM TOJintirne 8TOro CJIOff. 3aMeTLfM7 'CITO, P.:aK c5WIO 

I!OltaaaHO B § _21. sTa B6JIH'CU1Ha ~Mee~ t'~KCilOHeHn;MaJI:&Hb!M1
' IIOP~AO~t 

MaJIOCTi> --U, fJ. f , eCJIH He yqwrbIBaT:& KYJIOHOBCKOro B3aMMOA6MCTB1'.ifl 

MeI!tAY aJieKTPOHa:MM. 

IloCKOJinKY KYJIOHOBCKOe B8aMMOA6MCTBHe MOZeT TOJI:&KO yMeH:&illaTL 

8qJ(l)6KTMBHYIO BeJintnrny f , OAeJiaHHOe i:rpeArroiroJJCeHvie TIPeAcTaBJIHeTCfl -

:aec:o:Ma pasyMHI:IM • I{ TOMY 1Ke, I!OJIYtitrn B flEHOi,•f'q;opMe IIPHOJII1Jlt0HHOe 

ypaBHemrn ,ZPifI onpe.i{eJieHI1H v.., ,r , Mb! CM~xteM p_o~t { a.ck~ . 

npoaHaJr:wa11ponaT:r, Bonpoc 06 sq;gjeitTHBHow 1II:0:p11He Toro :aHepreT11-qec1toro 

CJIOfl, B ROTOpOM -u, ,r aaMeTHO OTJIL1'C!aIOTCR OT CBOHX HOpr.mJI:&HhIX 

8HaqeHnil, a TeM caMbIM M Bonpoc O CTeneHM ToqHOCTH C'AeJiaHHOro 

npH6JIM:tK6HMfl • 

ME 6yAeM 3'A6C:& npHM0HflTI, paccyR.1{6HHH § 3 H npoBe,zi;eM KOMileH

ca~mo IiaK 'AByxq)epMMOHHO~, Ta~ M ;zJ;ByX<5080HHO~ ~~ 

2..:..f.:.._l9.:JIQ!!fil!_!fQMIT.fil!9.~Y!:H1_!1_Il~l2~tlQ]M~l2Q!HIB.:.. Co:aj~nrn,11 _ Kauo HM-, 
' ~ 

qec1toe npeo6pa~oBaHHe Ma§ 3.I 
+ 

- Q. i,, + ::: 't!1e. ()!tc.o + 'Vi. cl k,,t 

+ 
0.-1<,- : 1J.~ tJ. it'\ - '\("~ «Ko 

t, =-~~,+·hl, '.(5.4). 
... .. ,· . 

rne UJC, 'fit> ?l1, f1_ 
HM.fIMK 1.t~ + ~ = 1 

1 

-- B~nteCTBeHHhle qnqJia, _C~fl3aHHble COOTHOI.!Ie,-' 7tf ~ = 1 , f ; ;;THb!S OTHOC~;eJI~~o 

K M q 'A• 

. ·- - . . . \ . 

B rrpeo6pa30BaHHOM rm.U'lJIJ,TOHMaHe BbI,zi;enMM -qacT:& 
·-:~.:' 

--~·-::. ~ 



56. 

[l.(Oii 

[CTB11.fl 

HI>lliaT:r, 

BJIHeTCfl 

HHOe 

U+Ho = -;_··.. + ' +. . - + ... 
= V ~r I. E. (k) (et~~~+ eli'f o!ki) + L w(tJ) ~, ~-1 

-~ . I( ' 

B !tOTopo:M V npe;l.(cTa:anReT aHeprxno ocHoJrnoro cocToarnrn: .r t(¥-.] J t.,:; ({,ti= 

•· rrepeRop1u1po:aaHHEie sHepr1u1 qieptmoHHbDC R 6oaoninrx Boa6Jr;;i:;t:{e:m11L, 

0CT6.JlbHMe tmeHEI OTHeceM R raMWI~TOHHaHy naam~oiemcTBMR~ 

_MS (5~I) IlOJIYlUU.t 

H.= V +Ho+ Hw_ 
tJ I f ll 

l~

VI'tleCitoro r)\e 

Ill~: V + H + H + Ii~_+ H, 

&HbDC 

ro 

t i "" . t. ii \J -= .t,o)"Jlt·: 21:_ (E(tJ-~),rk -t LJ ~t,> J4, - v 
lt' 1 

l-{ I= ilc E(!t)-A) ( tl~ -v:)- El)()}( !t ~ ~ llto + ~ I<! ol t<l) + 
nmeH-

l( .. · ..• ,·i·+·· 
. + 2. I (E(!<)-~)1.ta: ~ ( J. r.o ol ~ + alkl al~) 

jf.. . . . . ' 

canoHH-

11. + + + . 
·. }l = ~{ flJ (q){>;+f~)- l:; c,,}ft, ~1 +}. W{\)A,y, ( r,~;t· r·"'i(3i\) 

. , '¼ . . . t .. ' '+ ,, . . . . . .,? 

llpk ~ ~ i(,n(~) { (l1;tr,)( ~,i-f½)" -''.-Y 

( ::!ti-\J { ' ""~ . ' l + t· . ~ ·:·, "·, - · )( l1Lk"'tt1-+"M~Vtv dko«w-. +:-~t~1~W(;J+ 

{5.4) , 
-~ + 

f l u~ 'Uw -~ 1f'it,) ( c/. Ito O{y.f O · + o/. tl1 4X ici ) _ 

11 r'Ae. H, rrpe.l'{cTa:am1eT ~hij)aJICemrn (5'~·3), --~P~,~opaaonarhrne 1r. H.013.hthr 

<>,~e,""". . wepMHOHHb!M aMIIJII-ITY.ztaM. IlpMCTYIUUK Tenep:b It_ nonytreHJ!ID 0(.nlCBlihtX 

:acex 'AI1arpaw THna, M306pa,xeHHUX Ha q)Mr .. 8. KpYJICROM Ha :➔TOM pwe" 
" 

o6osHa-garoTca mm:&Ho cBHaaHHMe rpacpa, KOTopEte ucJII,3n. pas6M1r1.~ m1 

... ·· 



VV ♦ 

.z(:Be 't!aCTl'I, coe.z(HH0HHhI0 TOJI&RO ;n;ByMH cJ.)epM~OHHbIMI1 . llIJH1 TOJ[&RO 

.z(BYMfl 6O3OHHbIMH JIHHHHMH. 

f/) 

Ilony't!HM 

~ t!f'l. • ( 

+ 
o!r, 

" 

~Hr.8 

1 (F{rt)-~ )"'«>tvk + 

+< C: o(k\ oli0 H, Cv) + L < c,/" fi,,.1 ofl{o ~na(o)Cv) = 0 
, ltn>1) (6sa 

r;n;e :aoo6m;e 

· Rr,a (E )= (-1)lh-l H,ttt (1-lo- Ef1Htn,t ..-.' • {Ho-ET1 l·h1't 

{5.6) 

Cy , 1ta1t :acer.z(a o6oaHa't!aeT "l3aKYYMHOe cocTOHHJ,Ien, B KOTopoM 

. . ~I -1 . "'t _J t 
Bee tJ~CJIB. aanoJIHeHHH O.. l(o Q.J(o ) clkt Ott(( ) ~, ~, paBHhl HYJIIO. 

3HaK "cl~ i, y1taaiiIBaeT, 't!TO a;n;ec:r, ytrHTbIBaIOTCH nl·iill:& 'VleHhl, , COOTBeT-

CTByldm;He Bhlllle ynOMHHYTbIM CHJI:&HO CBH3HbIM . .Z'(MarpaMMaM. . , 

Ilp:0:pa:aHHeM .Z'(aJiee uymo CYMMY BKJia.Z'(oB :aoex .Z'(HarpaMM Ttma p_11c. 9. · 

1- ' 

~ 
l-, 
~Hr.9 

~i 
Kpy~ROM OilHT:& o6oaHatrHM ;n;HarpaMMbI, KOTOpbie HeJI:&3fl paa6HT:& Ha 

~ 
~ 

.z(Be -qaCTH, coe;n;MHeHHbie TOJI:&IW ;n;Bylifl 6080HHhIMH vIJIH TOJI:&RO .Z'(BYMH i 
I 
I 
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seT-

puc.9 

:a 

69 • 

• 
• · ill0PMMOHHliIM:LI JIHHIUUlli • 

~OJiytrHM 

1 ~ ( q) ~"tf 'l ;;''}/ C: ~-ii ~1 R,.. (~H., >c1: o 
. ···-1 . : _'.' • 

Terrep:o Ha1~ i~a.ito 6y.,n;eT cocTa:aHTI> ente ypa.BHeHHfi ,n;JI.a: .onpe,zceire-
. · ' . . - , .· . ': 

mm U i f. (K) .H W ( 't} ., OHH HM8lOT Bli).t . . 

u = i·l_(t;:(l')- l}V-,..'k i-I W(iJ fl~ -t 2. < ~-\f_ ~llt(o)Q,>cn~ 
'• ~ 1 · (tl\:;>\) f .. ,_ 3 

. ( E{k)-~)( ui-rl('-J- 'f:(!.) + < c} t< ¥0 ~, ~ ko Cv / cl9'3 ,- '. 

· + 1: <_C: «Ko ~ll1 a C~u ~ka ev f c1,,, 0 
(tn>l) . . . . .u 

· ·:.~ (~) (~ + 
1
u~) - w·(,) + ., l 

.,.... -lE- o (- + > -0 + 2., < Cv ~'l ll~ W ( q)) @q Cv d31 -
. . . (m,-i> . - -

- YpaBH8HHff (5.9) m (5.I0) npe.ztcTaBJIHIOO! co6ott He t!TO HHoe, lta.R 
-

YC3I0:SUf'{ aHHYJIHpOBaHHH Cym! l3KJI8J.tO:B OT codcTB8HH01 8H~pre-TH'tl8Cltll1X 

~Karpaw.1, HsoCipaaeHHax Ba qrir •. I,O 11 II. 

' -... •, -•M 
: • ft ...... ' 

T .e •• YCJIO:BHH OTCYTCTlUi-H pa,n;HaD;HOHHblX nonpa:BOK K nepeHOPMMPOBaHHhIM . 

aneprHHM l(k) r.,r w(q) • 



70. 

• 
~-IT~~~~Q~-li-~s~Qfffil~~-Q~-'ID2~~ff~~Q~~~!il!Q~li~• Y;n;o6Ho 

Tenep:r, ttnepeLITM K 6oJiee KOMnaKTHOM ttaa:sncrrnief.i OT :speMeHM 11 qiopMe · 
. ' 

san:HCH, HCITOJII>3Yfl g)opuyJrn:poBKY, no;n;d6Hyro TOH, KOTOpaa 06:org:Ho 

npHMeHfleTCH B KOBapMaHTHO~ RBaHTOBOtt Teop~M IlOJiff (M Ha B03MO~

HOCTI, npm.!eHeHHfl KOTOpo.ti B. KBaHTOBOi-i CTaT11CTHKe He;n;aBHO '6I:,J],[O 

yKaaaHO TOJI;ll;CTOHOM/IG/. 3a~eTMM ;n;JIH SToro, t!T~ CYMMa . 

R(E) = 2.' Rm(~)= H£~t + Hir.t E~Ho 11i~t + ··· 
tnil . · (5.II) 

C ITOMOmI>IO S - MaTpmDJ;I 0 

S - S _:'"" = 'T1 ( e -'J! •11tb':).tt-) (5.12) 

MOXteT 6bITI, npe;n;cTaBJieHa B KOVJ1aR1?HOi1 ~opMe. B caMOM iceJie, nycT:& 

C ~ - co6cTBeHHoe cocTOHHMe, onepaTopa Ho c co6cTBeHHhIM aHa

tteHHeM E, T.e. 

Ho Ce = E CE 

... Tor;n;a c noMom:r,10 :oooir~_omeHMH 

RC E = R (E) CE' 
MOXtHo :e:secTM onepaTop R , HMeromvi:t-\,:evi:;zi; 

. R = H i..t S - .'1' ( U,nt ( oJ e-• J.. 1-1, ... lr:Jck ) 
(5.13) 

B (bopMyJiax (5._I2) M {5.I3) J.liht (t:) - r_a1nm:&TOHI1IaH lr(il,.f, 

B npe;n;cTaBJieHMM naaHMO;n;eMCTBHH. 

H 
· ( - (Hor ii-lot: 

«ht 't) = e · Hi.,t e 
llfcno.n:r,ayH :s:ee;n;eHHbIH onepaTop·· R ypa:sHem1H {5.6~), (5.7), 

(5.8), (5.9) M (5.IO), sanMmeM :s BH;n;e 



70. 

Y.11;06HO 

qiopMe 

)3M0i1t

Jw;[O 

(5 .II) 

(5.12 

< f-i f i R >a--= o 

u~<R.>" 

7I. 

(5.14) 

(5.15) 

(5.16) 

(5.I7) 

(5.18) 

r'Ae MH HcnoJI&soBaJIH ,.(5oJiee xpaTKoe o6oaHatieHHe . ,zcJIH HMeromerocn 
' nycTI> a~eb:o ycpe~m3HHff. .. . . . ., · . 

aHa-

(5.7), 

H1r:a:e Oita1KeTOf! TclKrite y,zco6Hb1M HCITOJI:b80138Tl, ITOHfITHe BapHa~iIOH-

' Hoti rrpo11aBO.ZJ;Hof:i OT R no orrepaTopaM noJieii. MiiI BBe.ZJ;eM xtx · 

o6wrmm o6pasm.f). 0r0BOPliM a,zceo:& 0C·0C>0 JiliIIIJ:> CBOMCTBa np0I18B0,l(

Hf1X no ~~-o~epaTopaM~ IlpOli8BO'AHhie . 8/ SQ. - H .· 0/ J~ ' 6y~eM 

llcer;zta 0tIHTaTii rrpa:amm: np0HSB0,l(HhIMH. HanpH'Mep~ ' 
• Ge n, 

- -=-1'.L~n A1 (t, a+.-z). -, I. o., (t:} . ; f!,"'.f)fJ ' . " 

r,1{e Jt1 - Kosqiq>Hl\HeHT rJiaBHoi1 qacTH np11pamea:vu1 

, IC ( it+ 'l) = t-J Jt1 (ti o.+11J t~1 (tJ Jf 
----------· ...... -----------------~-· .. ~· ·. ..::. 

x) Ilo)'.{66Ho T0MY KaK ST0 o,zceJiaHO, HanpMM~P, B § 4?·. I: ~OHO;paqi1.u1(I7 /, 

. 
'' 



72. 

'I + i1 t... . . IIpo11sBo.n;Hn1e · St.t ·:v1 · orf... 6y:zteM no onpe;zi;eJiemuo ctn1TaT1> JieBbIMI1 · 

IIpOl13J3O;L(HbIMH: 
Q 

&c ~+ . + . . ·) . ~c· > = ~m B1(t)ot-t-:f}; Sc (c{-t-!)=2. &~1(tJ B,(c,ol+tJ~ 
,So(~ t "f.;,-o I , • _ 

HaIIOMHHM 0!1\0, 'tlTO "g_jepMH-IIpOH3BO,ztHaff CJieBa" COBIIa,ztaeT C Up0113-
• 

BO;L(HOM cnpa.Ba, Itor.n;a <.PYHRnMOHaJI C ffBJUieTCH "IIOJII1HOMOM" HetreTH011 

CTeIIeHH OT wepMH-onepaTopoB H OTJIHtiaeTCH OT Hee 3HaROM, Kor.n;a 

C-"IIOJIHHOM11 tieTHOii CTerreHH. YpaBHeHMfl (5.I4), (5.15), (5.I7) 11 

(5.I8) rrpe.n;oTaBHM Tenep1, B n11.n;e 

& + .· + 

~ 
1.R . < s:lK, lt) ir'a.o(t'J~ [ c£1e,, d.1<1 (tJ]+ [ c( Ko 1 c.l ,.,(t'>l/tf:l:t' = 0 

~ (&~;:& ~~t'~ [f'.'l>f-,(t)]_ [p,,"p,(fJ]_ df<tt': O . 
~· ,. ' . 

{.(. fR ~ +· · ... 
) i ~"" ('I;) .tel l<o (t1l [ c/ 1<0 I c/1;.(H JJ IJi k~(t') 1 ti1to]i.f J:t' ~ <J C . . . ~ 

) ( &~::t~ 113,c
1
,)£t;J,t:ftt~,(t')J"'{1 d¾JJf=o 

+ + 
8;ztec:r:, cl.(~), rJ. (-l:), ~(t}, ~ (i-) -.onepaTopht B npe.n;cTaBJiemrn 

B3a1'IMO;zteiicTBHff. 

J 



72. 

JI8B 

'0118-

eTH0~ 

r;zi;a 

7) 11 

:JieH 

73. ./ 

(5.19) 

(5.20) 

(5 .. 2I) 

(5.22) 

(5.23) 

3au:eTHM, 'qTO npH ycpe.ztHeHMH B q>OP?w1YJiax (5~20)-(5.23) m: HH!le :a 

COOTBeTOTBHH C paHee CKaaaHHJ::lM y~HTiiIBamTCR JIHm~ OHJIDHO CBHBHNe 
• • . I 

7-tHarpaW!N. BBH;zty 3TO.ro ©opyYJIO;l (5.20)...;(5.23)· ?!0i!IB0 fieCitO1I:.&KO 
· · · 4 · . I 

n1>eo6paao::aaTD, ::aI:mMcaB fIBHO peayn:.oTaT :al:&Hpo::aaHHa oJiarae!WX H {o} 

11 'K"{o) Ba raMlt11DTOHHaHa H,...t (o) ~ IIoJiy,iaeM sTmM nyTeM 

, 1 ( E ( t,-A) U ,/tf t + 

~ &tft ' i. £ (kJ(t +t1) 
+ <- · -1 e · J:tJ:1.:' = o 

& ~ {{1 l-l:} b ~ko l-t'J C . , 

I 

l 

,·i i ,, 
1.:, I 



(E(\<)-'i\ )(u;- ,r;) ~ I {kJ -

- C ( f-R1 
" i ~(i)(H') I . 

J &l'"Mli<k.(t'J/,, e. dtdl: =-0 

l'il 

oo(q)",fq + · 
, ,-J ,. 

+ i < ;1R + ) i"'~'l1(HfJ d.1:dJ:1= o 
6 ~-,(t) ~ f,("f!) C 

~ ( <i) (A;+ p;) - w ( 1J ~ _ 

74. 

(5.25) 

(5.26) 

_ ) ( :
2R.' ) e. iW(q)(t-f:') JJ:.Jl' = O 

~ p1(!)Cp1(t1J e 
(5.27) . 

3'AeCI> 
0 

' R' = 'f((ll (cl+ u ,\ -LJ Hi11.1:(t:)JJ::) 
C V/ . Ht~fo)J ~ oo 

(5.28) 

":"~ . 

~.!.1~_@£QHtI§.?~lle!H!!!_illill2Ms..lls~!!§!!E!fi_!fQM!!fil!mllUlk!_2~§!£!:QQ!!!!~ 

~!.m~~M~• 3a~MeMCH Terrep:o npeo6paaoBSHH~M ypaBHeHHH KOMIIeHca~Hll 

(5.24). IlpeE'Ae Boero llP?M3Be'AeM B HeM nepeXO'A OT o<-npe'ACTaB-

11eHHff R 0., -npe'ACTaBJieHmo. B .KatiecT:se nepBoro mara ;u,;ra aToro 

Bdcnon:osyeMca Bii1Te1taro~MMM Ha_ (5.4) IDOPMYJiaMM 

f . = Uk __!_._ - 'U: _f __ 
&ctko(t> oa:.",+lt> " iD.:..kr(tJ 

s 
=+ . ,oe"'cu 

u ' 5- .. 
k + .. 

i a_ti:,-l¼J 

. . t . 
+ 'V"1. - i¾,+(t) 

~ 

! 

J 



(5.25} 

(5.26) 

(5.27) 

}aD;Hl1 

>ro 

Bne4emrne B 3T11X qiopMyJia:x orrepaTopH ttK, ± (t) 
yne He HiJSIOT npoCTOM ·np'~:r.feB:HQili·· 3aBli'ICHMOCT:Vl TMila 

- • :, : Ii •• __ .,,, .. • ,•r .. ;.,:.:, \.:.\L., -.. . / 
n rrpel\eJI:onoM cnyqae ,'. 

uk : es-JK} r :_ ~ ..... eF~~} · 
. ~. )'~.' ',. 

8Ta 3aBvICI1MOCT:& MOY.ieT 6bIT:& n11paJn:e
0

1ia B in1;n;e 

75. 

' . ,1 

+ 
11 O..r(,± (-tJ 

( 5. I9) • 0,ztH~:rno 

(5.29) 
- ~ .... 

- orrepaTopnI pbxt;n;em,rn JlI yHH'tlTOxteHliH 

11~b!POK 11 B cqiepe <J>epMI-I. 3.:n;ec:o g)aI\T1'Il{6CRJlI BBe,ZJ;eHO eme O;l.l;HO ROBOe 

rrpe~cTaBJieHMe aJie:KTpOHHI:iIX orrepaTopo:a, OTJIMl!arom;eecR :·oT 11cxo;n;Horo 

(L -npe~cTaBJieHHff nepe:r.uieHOBam·IeM onepaTopoB Ylildt!TOR8Hl'IH l1'. 

pOEA0HJ/lfl BHYTPJt! c{J;ephI <J?ep1rn: 

(5.,30) 

Kalt BH;z{HO, ~TO npe;n;cTaBJieHli'.i:e, ItoTOpoe Mb!. 6y7.1;eM YIHOI';D;a · lIME}HOBaTI:i 

~. ~-Til)0'ACTaBJieHI1eM, COOTJ3t1T CTEyeT r.k : ~i'Ipe;n;-cTa:BJr8!ffl110 C npeAeJI:&-

HHMH Tp1:rnnaJI:&H:&u.m aHatie:m1am1 Bemrq1,m UI,( 1 1Ti ( 5 ¢> 20).. IlonytraeM 

3S:t1M nyTeM li.3 (5 .. 24) 

it 



- r' 

76 • 

2.. ( E(l<)-~)Ua/lrr. + 

···" · r i.[(&<)(t+t'){ · f·R' · -_ \._ ,_.\>· ,: ,2.izt ,- .- · ~l::: 
. +ull ,r~J d.tcU: .e.. · .. · · {& o &~ , lt1~1e ·E& · _;_(t) [(i_ . _ cf]{ l a,'1+ t ;t , _ *, -_ &.:, 

· ~ l{(tc)(t·H!) ""- S1 l?' _ . . _ - _ ,r,'- · i. R _ _, 3I) t I ~ 
,::. ~.u:.u:' e { µI< \ &ii:~+(t? 0 lk,J!~ + I< <oa k,+G-J&~,_lf,l" 

BocnoJI:&ayeMcH Tenep:& .ztOIIYJ!\eHHeM o TOM, ttTo mmp1ma aHepreTm-

qecKo~ IIOJIOCbI, B KOTOpoi ~k H "tfk aaMeTHO OTJIHqaroTCfl OT CBOHX 

"HopMaJI:&Hm" 8Ha'tlen0;tt (5. 29)' flBJifl8TCH Be.C::&Ma MaJIOH BeJIMl!lH-10~ 1·I 

B COOTBeTCTBiUi c STMM OCTaBHM B ypaBHem1:ra (5.3I) JUIIDL rJia:BHhie 

't!JI8Hbl. 

TaK, J3 JieBo£1: qacTH (5~3I) J3 Kos<1>cJ?11n;:0:eHTe npH npoJtiane,1.1;em,rn 

U--1 , CTpeMHnteMCf! it HYJIIO IIPH y,ztaJieHHPI OT II0BepxH0CTirl ~epMH, 

aaMeHHM u. H ,r MX 3HaqemHIMH ( 5. 29). 9TO CBeJJ;eTCff It TOMY' 

'tlTO MaTpHl!Hble SJieMe~Tbl BT_0phIX BapHaqI~OHHhIX IIP0H8B0lJ;Hb1X 6Y"JJ.YT 

6paTl>Cff_,He ;o COCTOHHHIO Cv , -~- II; COCTOffHlUi);! l1 ~wepMH-Cg'?epe, 
' ' . .. ··: __ ·,. • .. · 

C00tBeTCTBYJPm;eti "BaityyMHOMY COCT.OffHlUO H6B8aMM0'Aei1CTBYJOIUjIX. 

8JI0RTJ)OHOB". 

·no~o6Haa .saMeHa Cv Ha - C, B npaB0tt 1acTM (5o3I) o6pa-
. . ,;,_...,., . 

THJia 6bt ee B HYJil>. IIoaTOMY, · npeiK;n;e tieM' .zteJiaT:& COOTBeTCTBYIOID;HM 

npe.zteJI:&HbtH nepexo.zt, ttoscJ?<l>HUHeHTbI npH ut. H v.,_ cne;n;yeT cner1ta 

rrpeo6paso:saTl>' 't!T06bl BbI;D;eJIHT::& COOTBeTCTBYIOll\liie MaJibI6 B8JIHtivIHH 
·.,__ . - 'iY-'-

IlOJ)f.lJJ;Ita U"! • Bq_31>.~eM, HaIIpHMep, 1t034Jmi-IUH8HT IIpYI U1, .H rrpe'A-· 

crxaBHM .ero- J3 BH~~:ic} 
1 

• · , ·· 

xJ-3;~~-;~;;;;~;;;;;-;;;;~;;;;;~-;;~eCTHOe B :1t:aaHT0B011. TG.Opirn 

noJIH rto;n; Haa:aaHVIeM "ooo6meHHoi1: TeopeMh! Bmca" (cu.II?/,§ 31+.2) 

:.~ 



~ CBO 

-roij Yi 

r, 

TT 

>6pa-

rer1ta 

[hl 

(5.32) 

,- -., 
a. k',+ c~) a_lt',~ ( d = < T (1. i\+ (ti a.. K't (rJ)(, 

-xpoHoJior1rqecRoe. cnapJirnarrne, RoTopoe B a.., - npe'AcTaBJiSH11?-l paBHO 

HYJilO. 0AHairn' .. B c{ -rrpeACTaBJI0H11li, B COOTBeTCTBlil1 C ( 5. 4) OHO 

V.MeeT Bll,7.J; 

T.e. imeeT "rrepBhiw nopB;l{OR MaJiocT:vi no tur "· TiepexOAff Ten_ep:o 
--._ . . ; ... . : .. ~.:.111 

JC rrpe~eJiy cl~ fJ.: B nepBOM MHoimTeJie rro'A MHTerpaJioM · (5. 32YJ:f,:' 
P. 0, aauetraH, l!TO II0,71; 3HaROM treTBepTofi Bap1-mIJ;MOHHO.v1 IIpO!rI3BO'AHOi1 f'-

MOJ!tHO aaMeHIIT:& Ii? Jt , HaX0,71;11M . 

Ilpm.1e~ Terrep:& eme BO BHliIMairne' !ITO OTRJIOHemuI 

iix npe;neJII>HbIX sHatieHi;rvi ( 5. 29) rrpa1tT1rqecR.t1 Hc,rnsaroT BHe 1-srwro 

., 
r 
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CJIOfl 0R0JI0 IlOBepxHOCTM <I>epMH. B pe 3:fJI:&TaTe ypa:sHemrn (5. 3I) 
: ~ 

MOJ!teM npe,l{CTaB111,I, B. frn;n;e 
,' ., 

fl),.:~ (x) u.l\ ,r"-= (u~ ~ '\f:) L utt,vK, G(tt, it,j , . . 

\C (5.34) 

r;n;e 

~ (k)-: E(t<)- A-

1 . ..: , lt(tt.}(¼-+0 .· i R .. ·•. . •... I O . . . 
' ..... . • .. . : . l. . I . . ~.,,·R' . J . 

... 2. ~ cihtl; e . { ( Ob. II+ (t'} 60. ~ .(i.~" + \ & q_,,, -HIS~"_.( t? J 5 • 351 
I I i 

= ~ ( &a.K;t~7 ;:_:.-(v!) rl ~:c~, SOt~.-~~ x 

~i(i1(¼"'"t.') -iE(f«!Jft'-~I 

Q(ll, K')-: 
"e rAtJ..t'J.zJt' tl(.4 f<>~F , 

( 5 .3t,\ 

~< s'e . ·.. .•. . J 
.. c,t:+CtJ s!_k~- £i•J50.,,,+l'"JS0...,,-£r1 / 

· i' (t? Jt,.t'I 
· if £•Xt-tt'J- ' . . .Al: JJ:'Jr: k' "'r~ I(• rF ,t e 

HanOI,IBHM, l!TO l3 COOTBeTCTBl'IH co· CMbICJIOM npe,zi;eJII,Horo rrepexo. 

el.-, o.. WYHRUitl0HaJI 12 , ::sxo;l(HillJ,di B ypaBHeHHH (5.35) JtI (5.36) 

sa::sHCHT OT raWIJI:&TOH~aHa H"'~, noJiylieHHoro za woPMYJI (5.8) -

nyTeM SaMeHbl Ute. l:t. 11;_ FIX npe,;n;en:&HblMJlI 3HaqeHitifiMH ( 5. 29). TaK, 

HanpHMep, 
.: . ... 



[) 

( 5.3 

rrepexo 

5.36) 

.. 8) 

79. 

. ( 
__ .. _ 

,. 

·. CBH3aHHbIX. Me~:E.4y codoti. COOTHOllieHMeM .,, Y;n;o6no nos-

T0MY. IIPOM3B0CTM B HeM sa:MeHy nepeMeHHbIX i1I npeoopHHOJlaTn ero _It 

ypaBHemno, B ROTOpoe HBHO BXO;n;MT o;n;na Hevrn:BeGTHaJJ. 1Je]rnqHHa. 

ITonb*MM ;zi;nfl aToro 

: c (1e.} = 1: a,_. -v-i, Q c \!, v.') 
·~ 

Pa3pelllaff TerrepL (5 .. 29) 0 1rHOCMT8JIJ:.HO 'U J;1 . tr ., HHXOJ{HM ' 

a T31tJ:lte 

(5.37) 

(5.38) 

(5.39) 

(5.40) 



80 .. 

Katt YK83bma.noc1,, ueJI:&ro HacTOHIIIero naparpa(J?a HBJmeTC.H n:ocJie-

. .l(OBaTeJil:,H:bIM yqeT :SJIMHHI1H KYJI0H0BCIWro :saa!l!MO;n;etiCTBlUI. HaM CJie.11;yeT 

Il0ST0Mf HaytUITl:, Tenep::i; CTPYRTYPY Eb!paiemdi 1 (1<) · III Q (k; K'} 

;ll;JIH paccMaTpvrnaeMoro· CJIJ'iafl. O;n:HaRo, Mb! HeCito°Jil:,It0 0TJI0J!UlM STO 

MCCJie;n;onamrn 11 ycTaHO:BMM cet111ac CBfl31.i Mejlt.l(Y SHeprHeH OCHOBirnro 

C0CT0HHHfl H pemeHMeM ypaBHeHHH (5.40). 

~.:..~.:..-E~fil?.!!!!-2Ql!Q~!!Qr.Q-9.QQ!Qf.U!!1fl_'!!_2!!~:m:.mLQZ!!!QID~]2!:filQ!!!!Qr.Q 

11,Q~~~~~!H,!g. B C00TBeTCTBIU! c (5.16) 3HeprHR 0CH0BH0ro COCTOffHlUi, 

BupajltaeTCH wopMynoM 

U = < R4>c 

Ma 6y.zteM ceiiqac npeo6pa30BhIBaTn STO l3b!pa~eHHe MeTOAOM, 

aHaJiorHqHbIM TOMy, R0TOphl.i1: HCITOJil:,30BaJICfl B § 5.4. npM Il0JiyqeHMM 

WOPMYJIU (5.36). filcno~::i;syH ooo6mevHYID TeopeMy BHKa, MO~eM HaITHCaTi 

<R~ -=1 l(E(r.)--A)ut-
c ~ . 

~ , . i1 R1 \_ + -2 dt-d.t < + - . /,,. a I<S(t> a .c, (-t='') -t 
~i bO..y,s(t) sa...,..slf) C 

1 

+ 1_ ~dr.(tl < . fil R_ \, X 
~11.1 & t~,-1-H·> E 4-k; (i') oak~+ ("-) S <{.,_,,-(r.1Jfe. 

(5.41) 

r \,, 
f ~ r- "I . 

)< a.:,+ (·H a_t,- (ttJ °""',f (-c:J a_14~_(,tJ kJ.:c.' 

BWIHCblBaff HBHhle BhlpaxeHHfl AJifi BXO'AffmHx B_(5.4I) xpOHOHOrHqecRHX' 

cnapitIBamdt 



rrocJie-. 

cJielI,ye 

(!!, r.') 

3TO 

noro 

;!!!QtQ 

ronmrn 

:m,r:11 

.:mrna:n 

( 5 .4-I) 

K.vIX· 

SI .. 

IIepeti,n:eM R rrpe.zteJiy ( 5 .. 29) B MaTpMl!Hb!X SJieMeHTax EapviaI:(:UOHHb!X 

(5.,42) 

ITp:n t!. M '\f , OTJ!Ut!HbIX OT MX HOptmJI:&HblX 8Hal!emii1:sTa cpopMyJia 

npeACTaBnfleT 0060~ SHeprMro OCHOBHOro CBepxrrpoBOJI.Hmero COCTOflHMff 

1f _s .. IlpM U\1(-:= e(a-(k} ,, 1,fA'.-:::- 8f (1<) BhlpaJKeHMe ( 5 .42) OIUi-

ChmaeT aHeprmo ocHOBIIOro HOPMaJII>Horo cocTOHHHff l.f" • Bepff paaHocTL. 

a:r.11x Bii1paY.£emdi, HMeeu 



·i 
ii. 
·1 

:1 

lfs- lrn -=· 2 I. (E(t)--:~.,c~r::- 8FbdJ-
~ 

' 
~ 

s2.R- '\ 
_ "'11'ir2..:.Q (~~ (-;: ""·-( ,Sfi. (i'J ~ 

LA'1'{ f 3a._?:(~ f,,, t:-<,i> 

• ,.,.:1, ) 1".,f, -t-f' , 
...,. t £,JJ~ !4..: - .._ I r .'- ,,./ lJ ... t-

t> ;~'I'. C -•. • ·, .. 
!{_.$ I jl 

• "'.f)-c_ 

12rl ' 
/, '2 {\ , l(. --- ~ J + L t.!11;:- \l1q(tJ1 J Sii.k.?(·0 $ a t~LP.) e I;:> 

,,,.. ~ .. r:il-h . , 
-1.t(.~J(t:'-"'jl <itdt -· e 

~s -t.'>!: 

- L ut(ir~ u~ 'L1,:' 
Y,~' 

. ,,.,, . ,,- ·-tf 

)
. -<{[itJH:-t!i- 'l(Ktn 1..-1., df.d:I:' d.r Ji! )l(. 
0 . ~ . 

. . -~R ' 
X I --- -......... ·-- ··-- -~ I 
. "\ S ti(,+ (t) if a..u,- (i') J ll,~;+ (t) J q_t't~-{t') lo 

8aMeT½M Terrep~, qTo B COOTBeTCTBBH c (5~38) 

~u:- flt: (i<J -=- {u!- fJ~(~JJ-:: 

~,~(k) fi-~ .. ~ -
- -2- l \f 1<,;j: rr;j J 

:t . JCi:,~«-•'"~ -~ t t3r.=0'!. f 41 +- ·--r~ ··~+~-~Y~J ~ 
-· ~ i \.\( /'t ~.£(1 3 ' 2 ,. {ail"-., 

\ ' .. 

.. 

()'°\ 
,,,()~~ 

"'" "' \~•~-

M 'tITO cym,rn[po:rm1rne no R !·! I( :B ( 5 .. 43) qiaRT1'il!0CK0'. np0!-30;i'.l;Jr1TCff TIO 

Y3ROMY ftCJIOIO paSU!::ITOCTMn O}WJIO I!OJ3epXHOCT!1 ~ep1rn: ... B 8TOM CJIOe 

3HeJ)rHM .• ·~tc~•) n 
,..,, 
f: (1f) "!'"'1"JT;::;y,r,,-.o •.,(aJI•,n.rr,, TJr n:o~Touy npuo·•-1T'1'1.7'P"l..fH(Q '--\I:.\ .n .. ,, -·J,_ . .,,.,,~ .t v.fJ. , .. ~ "' .t..ll.1,~.v.;. ¼.L. 4..... lii.. , . )IJ, J .. tL"'if.\-'\.vl.,J.t 

"' ~ _,... l.J.. "''I . ) Y"·O'- 2 '·"Ii.£.(~' c..:1 
· . ~r.""" \tia, I 

C) ff(i)-J.J .... -~ ·<--- e .i.J,,.J..1.! -· {}Mt;'r'~» 
A \ ,, ,, L "-t- , ~ (\ /J.. cu. a.,c -- .;:_.. Ji& i"; - ... ~ bo..u,.l'U ~a1,:;SLiJ ~ 

H .. j' 

a Tamie 

j 



(5 

),11;11TCff Il 

!?OM CJioa 

nrnce:mro 

i'£(1t1tt-t'l -i. 1<11.rJ lr---c11 

X € - d±JJ.'JxJtf = Q(w,w.')) 

Co6npan pesy1n,TaTbI, iJ)opMyJiy (5o40) npe;n;oTaBHM B :BM~e 

lfs--: 1Ji, ""L &, (lcJJ (KJ { 1 _ :- f --=-}· _ 
~ ~,;;;~? J2(~;. 

-1-!Sf (i<)J(k) { 1 + ~ i . = \- L u ,.1.l"k u., v;., Q (Ii', fi,/' JJ 
cY")·+JZCkJJ u,klf 

83. -

IIpeodpaByfl nocJie;n;Hee CJiaraeMoe npaBOH 'tiaCT!t! C IrOMOm:t,JO . !J?OPMYJI 

( 5. 37) 11 ( 5" 3 9) IIOJIY'IaeM OitoH'tlaTeJI:&HO 

)(. [/Ji( 1 (A- J(kJ ··)'t . ( , '$'(kJ 1 , }) ~ k] ..I. 4( ' . ·. + fJf (k} H ~ . 
,c(tt:J+ flat{: . _ 1 c2c~J+ Jt~, .. 

-Ilepe.ti;n;eM K aHaJI11ay sHepreT1rtrec1t0ro cue1eTpa EO') o;zdro-

~epMllIOIIHhlX :aoa6ym;n;eHMii1 ;n;Jin cBepxnpoBo;n;Hutero cocTOHHiiifl. Ben1-rg:11Ha 
..... 

"rrepeHopMmpoBaHHOfii aHepr:tnI" E onpe;n;eJrn.eTca ypaBHeHMieM (5. 25); 

ROTopoe MMeeT BM;n; 



84. , 

1 

Co:aepmaa aliec:& B nocne;n;HeM tIJieHe rrpeo6paso:aamrn T1ma rrpeo6paso~-
..,, 

:aam,rn OT ( 5. 24) K ( 5 .. 34), TIOJiytraeM 

E (k)::: u! Ei(oc) + 1t; E2 (1cfl + u ~V'1c c3 (k) · · < 5 ~
1th

) 

r;n;e . . ~lR' .. . . . ~ t(lt}(f-t'} . f 

1: 
. S( --- . . ) e -1,1 .. 1/1,, - ,..,,., <1:lA. <:V; -• C ' r· \ 

f 1(tt)-=:- (k)-7\_- , ~+ . lJ..) 'r'a_ (t'l '1 . \...Jo
1

+::~ 1. 
OGlt<+ ll'. d ~,+ ' . , 

I 

~ 
ff/-·fl.' i'l (t-t.'J ru .. 

E,.(tc):-t(kJ+~+ <----:\ e axl.l.' (' A (t') s a.. 11Jf,q . 
@ u,.. -11.-l 

-"• 7J 

E3(i) =h itilf,t ( e i tCt)(t~t:.')-i.? (1.t'Plt-t'l&.tJ.t'd.t<k' I( cs,,1.1-G) 
w J . 

i~~ -
{

/ ' ..f-t \~ 'fa · .. + , / 0 
1 

~~•~(tJ s~~•-("t')dG.14+H·} ~(A-kr(t} 
, ] -¥ / i f?. \ : '1 . (59!t?) 

~ ,'1"0:~,: (t1
) iq_~~ (tJ Sdk~+ (-ci S lk:- (r;J lo J 

3aMeTHM, tITO Bb1paEeHI1e f1,.ftc} · BXO;ZJ;I1T E (5.44) C IW8\f1r])t1-

Uli0HTOM Uk '\l'K , 1t0~oph1i1 He flBJIHeTcff MaJih™ rro cp~BHeHHIO c 
. . . . . 

e;z(l1HHUei1 JIHilll, 13·MaJioi1 okpeCTHOCTJtI TIOBepXHOCTH,<IiepMI1 .. TioaTOMY, B 
I 

npe;z(eJie MaJibIX £(k} 
1 

:?(k') n COOTBeTCTBI1Yl c (5.,36) 

11: (5~37) v1:MeeM 

11k?rk f 3(Ai:) :;:- ;?kklf"- 2. Q(k,rt'J u,,/U'k' =: 
k 

. .• C.'l.(k} 
"= 2- C (k') Uk~ '2 -:-•. ) E>s. ,:;:::-

: ~ C1(At) + 3 2
(k) 

l' 

' 



B 

) 

8r.:; _,. 

PaccMOTPIUi Tenepn :n1amrnmrn (5 .. 44) B MaJIOM_ ORpeCTHCICTH 

ClliTeJII:,HO rrepecTaHOBR:il OIT?!HOl3 B npe,7.(eJie W:1..nor·o 

(5.45) 11 ( 5.46) J3blTeEaeT 1 tJ:TO 

it (kl -=- 'i::i,_ {~ == J(u:) 

3aMe'lI8.fl eme; tITO cormlCHO ( 5. 34) Ha ca.MOM TIOBepXHOC~:11 (\1In£?:,; 

1rnr.zta 11,:l -_ i,r __ -~-:= 1
1

,t_

1
- /, 

M..,. "'· -- " :ee.rnrrrmHa ~ t..f±-1 l oupam;aeTGF L 
. ·- jit. • ~ ·-.,:; -

TaKI1M o6pasoM, 3Heprirn: :soa6yJIC,2T,GHHhDC COCTCRHMM OTAeJieHH OT 

::rnepr:0::vr 0CH0imoro COCTOmHUI InGJI:FiIO 

. u ~ '~ 
l30 BHHMam1e, t.rTO B COOTBE.lTCTBuU1 C npo.Bel.{eHHOM :rw1meHCaI~:VI6}l (_f?(Yi-ICm·•· 

HbIX ,n.narpaMM ,THIIa @1n-:i ~ 9, <11YH~~vIO.HaJI fl. 3&BMCMT OT qJ . Jilnl!I> - ~~ 
qepes MaJioiii napaMeTp g,_'t *· ., Bmr,21;y s:roro E JieBbIX qacTHX ypa:BH':,'" 

Cl r;;,.F • . 
HHM (5.35) 11 (5 .. 36) M0JF.U0 npo:aeGTM pa3JI~l1:eHM:e no CTeIIeHffM 'ff°z_ 

I1 orpaHlitIHT:OCfl . .ztBYMH cTafillMMM 1IJ.IeHm,m, ·T.e .. 'C!JieHaMM HyJie:Bor6" I1! 

rrepBoro rropH,l{Ka no 

onepaTop R 
Q.'11,.._ .. Y.zro6no pa3JIO~1!TL ITO CTerreH.H.M 
tr 

R = Rt!. +1~pkf•-r 
I 

qJieH R<:. C00TBe'l'CTByeT R npi 'if : o, T ;✓e • 'J/..~1e. C MCKZ 1\•·w 

'1!0HHLIM cnaraeM.b!M 1-lptt • Hcuo :ea1rn.:e' 't!TO B CHJry ycJIOBMH CBfl3!:0C.Tiii 

orrepaTopa :R_ B R-(.. He -OYJJ.eT 'Aa:BaT:r, Brr...na.zta l-! ~l c, .. YiHbIMM c;;:_1•-



86. 

•.. 

0 ·· ::aai.rn 

ft : T ('·' r• -lJ fi(r:)Jx) e. •'l~,or e oo (5.48) 

r,n;e ,..,. ~ ( 
Lt -:;: I r ~:- lJ ·+ !J 
rl V • ~ • . t' f.iie_ (5.49) 

1iJieH Rrr, M,O~teT 6b!Tl, npe;7.\CTaBJieH B BYilI.e 

n n' nit Kph -= t{ +- K 
(5.50) ; 

r;n;e ~ . 0 

R' e: -i T ( Hp~ (o) !Jr H,~ (t'j ,r1.J_}c-r:JJ:c) 
~ ' . 0 

6 o r ~ 
nt\ I ~re f f < J H(l:)4) . 

• Vi, ::= ,() i.lc (o~ .J Hr~ (c I )k' j Hi,r, ti:•) ck" ~ - ' -.. . 
t'\~Ul~ ,~~-A t)lb -cc t ~ ,3;,fe\' 

H ~ H+ H' 

Q . I R' PoJir:, B , cToHmero B BhrpajKGHvrnx ,1.1;11a_ R 11: · ·. cBo;zi;liTCa 1t :rtoM-

n¢Hcan1ut pa;n:nanHOHHhTX nonpal30K B e,n;I-IHCTB0HHYIO BHyTpeHHIOIO q>OHOHHYID ( : 
: . 

JIVIHHIO~ B CJ/IJIY ycJIO:Bml peHOpM:!npOBKYI SHepr:wrn q)OHOHa (5.I0) 8TH 

Hie 
nonpa'.BK¼'l paBHb! Hymo, BCJiel-{CTBHe -q:ero ( B 8Tl'IX Bbipa,iteHHffX 

M0:rtH0 onycTHT:&. ~ fltMM o6paaoM 

0 0 n' . fTI {h ( . ... ~s H ll'l.ff) i [f 

t{ -::::- l. J . f-l,' fo:,) J"' J.t,. u .fi ) ,...... _,. l,.iJ' ,t.t..& ) \l 'tih'- ·, 0 n,• t l~ .(-.:1 
-......., • I ,1 · 'l<,~·-' , .__ 

-oi:r 

(5 .. 51) 
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87. 

(5 .. 52) 

-r,l(e H onpe,zi;eJI.FieTcff woptcyJioii' (5.49). 

MoxHo rrpoBt~CTM eme o,zurn aTarr ynpom,emui BMpa:iitern;Itfi. ( 5. 5,p) r,;1 ( 5 .. 54) ,. 

"JJ,Jr,r ll0flCH6Hl1.fI 11.zi;eM STHX ynpo11ie1:n1ti _Heo6xo.~I1MO o(5paTI1T:&Cff K BUpa-

B U6JIOM, noJiyqeHH.blM IT.,Y'l'fH,I ffBHOrc EhI!!O.mH:nnrn 

IrnTerpa;nid1: TIO BpeMeHHb!M nepeMeHHWK B npaBHX ttaC:TffX <~OpM~fJib! c;,. 36) ,, 

.lr.,'lfl orrncamrn noJiytieHHhDC TaitHM o6paaoM nHe aa:r.rncHirU.1X OT npeMe:m,1° 

BoipaJleHHM Y;ll06HO o6paTHT:bCH K rpaqiH"CJ6CitOMY orrnoamuo .. JJ,:rrn: 8TO.¾ 
t 

neJm MiiI nnn6er1-1e.M I< ;n;:0:arpa1.nmM Trma ryreHro~~lfol 9/ /. IlpR;.-. aTo:M naM 

I. 
I 

i 
I 
I 
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0011 

-< v Il !:I 1E utJ c-/~"' y.n;o6HO npoc:,re;n;MT:& m..~ ClHIS:& C 06:&~HHMH nsa:BJ!1CJ!IDJ!M;1 01: }:ipe-

;sHarpam,aira Tl'Ina UCil0JII:i8yerl.IDC li :enaHT0:SOM0 Teopm1 TIOJl'.fl -i~eHir'' 

~uarpcum ~HHMaHa • Bry Cl3f13}, ]J;Jifl HarJIRJJ;HOCTU Mb! llPOwJ!.TilC!C~rp:wipyeM 
- . 

·crrepBa Ha npocTe~mirL npHMepax. 

PacCMOTpnM ;r(Jiff. ST01'i IJ,eJnt HI-!81\U!e trJieHiiI paSJIOi.t't6HH.fi Dtij)aEtf,H:UH! 
I 

( 5 ~ 36) ::s PEA no cTeneHnM ItyJioHo:ecicoro :esavrMo;u.e:fticT:amn., ri,fl a~oii 
( ...... 

~eJIM RccJieAyeM 111.ipa~eHHe ( 5. 53) 'AJrn R • YiuiTornaH, v.To :a 
;~ u.,,~, (5 --) .,J,._,.,, •. .:.V.,1.;1:li. 

11.,,/ 
TIOTpe6yeTCff tleTBepTcIB napaaIJ;Il!OHHaH rrporaaBOJ{H&Ui OT ,c , . 

npoBeAer.1 E (5 .. 53) He11.:0Topbie onepan;1n1 cnap11BaHtIH Tai:, ·qro6u 11 

• 1taxr;nou tIJieui paano1.temin Hecnapemrar.m ocTaBaJIHcr. no ii;:aa m1e:pa:ropR 

pm~1-\e1mfl fl H rro .ri;:aa ouepaTopa yHRtrTO);temrn: 0,.,. ~ Ho,nyv.aeM 

3THM nyTeM 
<} 

r r;/1'" • • 1. ,, " @""' ,.., ...., 1 R ::: -- ~: d &2 Cf }_~z~~::.1teil.~ \ rl:9 e l 'tt w ~ f J )! 
,;. ~ ,/..,.if"". V -~ ._ ' c:i 

{+ + , -=- /, f Htt~f 
){ l a. r\i o J a.~( o) o.r~ (e; a {!5' { e) - ~~::) -l <Jtu ,..t!,/4 /4) } diS7 x 

. :, r ;1 ,__. · -c4Ji 

~-----...... ·--·~- -1· . ' ,, ____ .,.,-r:, . 

m . • r, r~ ~ fl'\ r; . , . . - t,1,1 . {,}{., [( 
..... + I ""'r·+ . '), 

){ ! ltrs (4) llr;; (iJ) aH~\~' dtirJ~) ~•~t-{t,(eJa~Jtf}a14~'-01 ak~!$~ fo·}!).-f· 
• r••, .. .., ,.:,a,,,~•-~~- . .~ , F Jll'~~l1Mti,-a~ • r~-..1'•••· . ..-:r--...."'~ .... -~:r.l!)~i~\11!!-"1¾-Qi~~1 I 

+ m\ f ~ (. ( 1 n t '\ ;t fa) .n. .• , A' (Afl t ~€}r'}n ,, f ?;ll l't · llt+;)). t · ( , .... r..i o,, ~.,,, r,.. ,,01 u D""~ci L/lrs,,..J G! u 1••-~ u/ u..tt , .,.,,,i,,,ti,;_ 1,,,q Mtf{:;s ~'li;.'".lJ ,., 
~ ~ ., ' 0 .... t;;...t:t ' ·,,,,._ ",' "'lo : :t<'.•~·~1 f. ~-~ >~z. ..... ' ·,,s t:~ 

r----·-~-. . r'"'·'"'"'"""'"<;'""'l'"""'""""...,.,._ . i . -, -
. , ~ . + 

t I ~ ~ , '" .,, : f • • , f ~, !1t f . ,.~t f"- ~• .... ~ .·· , 
.(...... -·.- --- . ,1 

-r rp' a. r 3 ( &) '¼i ( (l} (,l 11:,- le; a f'-rf, l.l} Q lr1 ~ ( &1
) Clf\Si,_ ( 0~ a/i:lit,,t.&1hillf I!, (!J'# T" 

~ .,..~1 '1 e 
"'~ 11<1 ~- .. ,.+ ' .... ~ 

l; . I/ ' \ 
~' •) 

'-, 
"'5" r.-~, ! ....... ~ t 
\ '1J ✓✓.1 
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CyMM8. l3 (5.55) pacrrPobTPa.irHeTCH Ha BCe 'noaMOJKHhie 

"J. 
,- ,. r • F . : .. : I • , , '.1 ; .. :,.'.- '. ,· ~'. '., • 

r + , 
(ikJ (t) Q iio- (t') : ; 0.. ~\,-· (t') l4 kj.(t) -=, \' 

- ~h::~;. ;_,: $(T_;t:; f 1'.(tcJ) .: :~ ·: .... :l ,, . 

. . '.,'/, t .. . . 
,rr" 

HOI3CRlie ,Z{1'IarpaMMH, H306pmr.eHHhle Ha Plly. I2., 

I 
; 
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B npou.ecce :BbfqMQ,JieHMfl 4:-oi-i BapHaUMIOHH9il _np0H3l30,}.(H0W MMIIYJI:&CaM 

I'[ Clll!Hai! J!Hemimx 31HHHii )lHafpaw co~o~;;3llllOTCH 11!.!lJYJ!I,Chl ;t k,=U~I 

M CI!I!IHbt _± \, COOTBeTCT:BYIDIItlite : apryMeHTaM B ( 5 .. 36), t a. npeM:eTIHW 

nepeMeHHbIM 01 Q l &1
1 ... COTIOCTaBJifilOTCff ~ f.'- 11::

1 
,:1 ,.,,-.. ':,, 

PaCCMOTpliM Tenep!:i npou;e;n;ypy BW!KOJie~Mfi.YIH~er.pa.no:a IIO BpeMe~

Hii!M nepeMeHHb!M, B. pesyJI:r,TaTe KOTopo~ ;n;nH Q (f:(-.;1t1J nonyqaroTcfI 

BHpa~eRMH, co;n;ep~amMe npoMsBe;n;eRMH anepreTMqecKI!IX sHaMeHaTeJieM ... 
• . ! 

Bnaro;n;apfl TOMY, -crTO BCe 3a:B¾CHMOCTR OT::,BpeMeHHIDC nepeMe:Hr-1:b!X 

MM8lOT npocTOiiI BRCI!OH6HU.M'!aJIJ:>Hb!H xapaKTep, MHTerpaJibl no 3TYJ:M nepe-. .. 

MeHHliM CBO;D;fiTCff R WOpMyJiaM TY!Il8 

I
tn-i, 'f "':/. . .. (i~, ~ 

t a .. "~ I/ e 
L ~ d.Xh-=. --~ . ~ 

r;n;e z~ - JIMHe1riHafi wopMa 1rn;n;a 

,:; Ck',>+ 'E (l('iJ + l (tc.;J + .... 
MJIM. 

..,. . ~, N( 
, . f (~) + f. ~t} + l kJ)4-,.,, 

B peayJIJ:>TaTe nocne;n;o:BaTeJil>IlOro J3h!'ql1CJieHHH TaK:ltIX Jt!HTerpa.s""IOB ME 

nonytra,eM ;n;na Q_ CYMMY -qJieHOB C aHepreTMl!eCKVIMYI 3HaMeIIaTeJiflMl'£ 

~~ . .. 
ITpOM3:B~;n;fi, l3 -craOTHOCT~, COOTBeTCT:BYIOntMe BbI\U1CJI0HHfl . .zwtfl 

·paccMaTpnnaeMwc tUieno:a (5.55), nony-qaeM 'AJIH. Q (Je,.tJ) ... 
BRJia'AEI BM;zta ,. 



ii 

9I. 

-t ~'(q]w(q)(~t)',J'-1. ]=(e,-k,-t',f)-t I(p, k, ~,,,> l( 

· 2V,,_ 7-.1 (tJ-f ~ (q > + 'f <p>+ l< y'J 

l( L;;c1~ t tc.,+ tel<', ~ uk1➔ zc,,t. rcr1+ ic,,,, } -1-

+ l 't(it}w{'l'):),,+ M>'J_ r (-t, r,t.-•<>+ I (i:,r,t, "'} )( 

.1'=t(r-p} 2\J .. < . . w(1)+ ((kJ+ E{t,) 

)( f I <4 "'' ~ £ct1 +tct'J - L tn,,1.. ?("'> + ic,; ~c{tJ ~---: 
. ,, ·. .. ...., ' 

(5.56) 

•• ,! • , # ., 

CJtaraeMhIM sToro B:orpame,HHff cooTBeTCTBYIOT ~MarpaMMiiI~ Hao6pa-
.. 

leHHbie Ha ([?Mr. I3. ;' I 
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J( & 8} 1 .......• i ui..~_,._ ~;, I). " I o' 4lt: . - , . 

• e 

0 
. . 

. ·I';) 

f(, ,. 1°778 
~ 

ct) 

< I ~ r-..,.. e' 
&·. 

~) :>k) 

" e' .... t IC 1-81 
·-

.. 'I?Hr ~ I3. 

9TH ;ztmarpaMMH npe~cTaBJIH~T co6o~ no cymecTBY 'AMarpaMMM Tlilna 

'AHarpaMM ryreHroJI:ona. Zf.JIH Toro, trToC>a' conocTaBHT:& i:IM aHepreTH-
• • • • 1 

' . - . . ·,. .,: 

Tl8CKH8 :'aH_aMeHaTeJI_H CJiara.~MbIX. :vra npallOH -traCTH ( 5 ~ 66)' i''AOCTaTO't!HO 

npoBeCTH trepea HHX BepTHitaJI:&Hhie cetreHHH H 0JI0'1tHT:& sneprm-1:; C00T

BeTCBYIOntHe JIHHHHM, nepeceKaewu STHWl'CetreHliIHMH. TaK, HanpHMep, 

'AHarpaMMa @Hr. I36 MOZeT 6h!T:& paccetreHa 'ABYMff BepTHK8JIHMliI (CM. 

@Hr.!4), It8X'Aafi H8-ItOTOpbtX COOTBeTCTByeT O'AHOMY H8 8H8MeHaTeJI~H. 

• ' 
t:ltl 1-- .. rl · l ==> _., ;,:: .... 

'• 

<l>ui. IL/-

'I 
! 



93. 

'lTpH 3TOM 1-(BMJKemrn no ;nnarpaMMe cnpaBa HaJieBO COOTBeTCTByeT BO3-

pacTaHMro BpeMeHM, B CBff3M C tieM Ha ;n11arpaMMax WMr.I3 cy~eCTBeHeH 

BpeMeHHOR rropfI)J;OR BepnnrnHhIX apryMeHTOB. TaR, ;n11arpaMl,ia (-i,) TaR 
'-IIU!H.Y 

Jii:e' Rait H 1-(l'iarpaMMa ("t) COOTBeTCTBye'l' npe;nnocJie;nHeMy ~·· 

cyMMbr (5.55) M OTJI1F,!a8TCfl OT .z,;vrarpaMMhI ('t) JIJtillIJ, BpeMeHHh!M no

Pffl-(ROM CJI01-(OBaHI1ff ~llH [6 ?-6' ~ASl ('"O) l4 6 1> & ,~ (t_J] 

JIM:HMM i. K HBJIHI0TCH BHemmu.m JIHHI'1HMI1 ;zi;11arpaMM, l!TO COOTBeTCTByeT 

WMr48, a JIMHHfl Kf flBJifleTCH BHyTpeHHeM JIMHMeM 1-(JtiarpaMM B COOT

B8TCTBI1H C xpoHOJIOrI-ItI6CKI1M xapmtTepoM cnapMBaHI1H ( 5. 33) .. 

0TJUfCJMe BB0,Zi;0Hl!h1X ;n11arpaMM OT OObltIHh!X l-(ItiarpaMM ryreHrOJI:&I:(a 

3aRJIIOtiaeTCfl B TOM, 1-ITO sneprI-1H 1-(hlPOR BXO;z(MT B pesyJI!,Tlipy1m~I1e 

3HaMeHaTeJIM co 3HaKOM TIJIIDC, qTQ o6ycJIOBJI6HQ npOB8'A8HHOM nepeHop-
A., 

MMpOBROti 3Hepr:m1 t. • 

Ou;emiM Terrep:o OTHOCMTeJIIiHbie BRJia.n;hl pa3JIMtJHhIX tmeHOB B cyMMe 

( 5. 56) • IIpH:MeM ;il;JIH 8TOro · BO BHHMamrn, t:ITO, MaRCfIMaJI:&HaH 3HeprMH 

~OHOHa ffBJiffeTCff MaJIOM BeJilitJHHOM no OTHOilleHMID K 8Hepr~M ~ep1rn. 

C .n;pyroiri CTOpOHbI, B COOTBeTCTBI1:0 c cs. 34) cymecTBeHHa o6JiaCT:& 

HMITYJI:bCOB 1<, K' ' JieJ!CamMx B. TOHKOM"cnoe paaMhITOCTM" OKOJIO no-

BepXHOCTM <DepMvl. B 3TOH OOJiaCTM Tamr.e fi:BJIIDBTCH MaJihlMH SHepriirn 

3JI8RTpOHOB 1°(K) li • TaRHM o6paaoM, B (5.56) 

flBJifl8TCH MaJIOH cyMMa 

a 'C!JieHhl, CO.z{ep:mantHe STY cy1rny B 3HaMeHaTeJie' 6om,IDMMvI" 



------------- -----------·------·- ... 

94. 

'.J 

IIocTaBHM Tenep:o aa,itatry. OT,iteJieHMH 6oJr&mFIX · tmeHOB :a B!ij)a~e-
• ,ii: "'\ • ' 

HHHX (5.53) K (5~54).· TaKHM tIJieHaM ;n;oJimHN cooTDeTCTBOEaTI> 'AHa-

rpaMMbI, ItOTOpbte JvlO:lltHO paa6MTI> :aepT.t-IItaJILIO, nepec·e:a:aromef.ii TOJI::&KO 

_mpH JIHHHH fl) ti(1t-1t.'J ; E(k)H £(\0) , Toe~ ;n;MarpaMMbl THna, H80-
. w_ 

dpa~eBHOro Ha wnr.I5. 

., 

<blir.IS 

KpyrH Ha qjHr~I5 COOTBeTCTByroT "ooo6nteHIUlM BepmmHaM", BK.7II0-

llaIOntHM KYJIOHOB~ICHe nonpaBitH :acex nop.a:;n;ItoB. Ilpn STOM Bee BepmMHhI 

H8 r1 IlO BpeMeHM ;D;OJilltHbt ObITI> paCITOJIOJiteHl,I ll08JE6 BC8X BepmMH ~. f; • 

ypaBnemrn 
, .. MTaK, B paccuaTpHB~eMOM npH63IH~eHHH H;n;po Q(k1 t1 

(5.34) MoxeT 6HTI> npe;n;cTaBJieHo B :em;n;e cyMMN ;n;Byx cJiaraeM:ru.. 

Q (t,k') = Qc.(t,i1)-+ Q ~J,. ( K1 r!) r _ 

·rrep:Boe c1IaraeMoe · Q c. cooT:eeTCTByeT trHcTo KyJioH'oBcrco~y Bsa:0:Mo

,11;eiicTEHIO /w-Jibt (5~36)~ (5.48)/~ a'r3IaBHaff qacTI> BTOporo MMeeT BH;n; 

Q k (i,rJ)-= ~l(q)~(~J (:\,+ r~,1 A. 
r . w(q) ➔ i(K) + sJt') V 

(5.57) 

BeJIHl!HHa A cooTBeTcT:eyeT npoHaBe;n;eIDiro wa1tTopo:a, onHcEBaront~x 

o6o6meHHble BepruHH!iI r1 H r1 q,Mr :Is~ B npe.ziene OTCy-TCTBHR KY3IO~ 

i 



95. 

HOBCiioro B3al1MO;n;eiiicTBl1fl OHa pa:sHa e;n:1-rnmue.. B oomeM ·cmy't!ae ; 'A 
MOEBT 6HT~ npe;n;cTaBJieHO B Bli;ZJ;e 

(5.58) 

BeJH1t!1Uia P f.f COOTBBTCTByeT Bepll!IlIHe ·r, . CO ··JiteMvl RYJIOHOBCKYIMJ.1 . 

. norrpamtmirn: 

·--~ 

~-1(a): ff (Hll(eJ s.:J 

H'l li:J.., if.J' 1 ti.P4,;s frJ t1.rs,tiJ 
B npe,ne.ne BhIKJIIO't!0HllJJI KYJIOHOBCKoro B3amMo;n;e:tiCTBJ/Ifl p 11.MeeT 

1 
Pt." 'fivi~O ~ · El~ V w q +~1r)+ -,/ _ 

<Pymm;MM M 11 N npe;n;cTaBJIHIOT cooo.ti Bep~:t1Hhl n~ ;ZJ;Jiff onepaT0P0B 

R.1 · vI le, ~ooTBeTCTBeHiro ~ 0m1 MMeIOT BH;z( 
0 

M~ == i k<tt' < .;a~-,{o) · · ' , 
- -~ il%t;1.{t7J FtSl±tt'~lt'J/4 

' 

.. ... 

(5.60) 



96 .. 

B npe.;n;e1Ie llbIKJIIO'tleHH.fl KyJioHo:scKoro l38a:HMo;n;ei1cTBHfi M 11 .A/ 
npHHHMaIDT 8Ha~eHHH' 

I\S -- 1 ' N 0 '""-+ - - += . - riv J . ·-

·• 

CTpyKTypa l3bll)axtemu1 I\. Bec:&Ma npoapaqHa, o;4Ha:tto, npH1mM :Bbl.BP~ 

©OPMYJI (5.57)-(5.6I) ffl3JiffeeTcff·HeCROJII,KO rpoM03,ItRHM .. IIoaTOMY MH 

Ha6pocaeM HHge JIBm:& cxeMy aToro ~bI:Bo;n;a. 

HatIHeM paccym:;n;eHHe c ~op~JII,I (5.31), B KOTOPOH C07-tepJ!tl'ITCn 

tt7I8H 

i {(11)(-1.-+t') o· 1t · _): 
F(1<) = u~ ( r/J:Wf., <-~t .. ij,; 6 ·tc_(t,1.e J i;+ 1 

ROTopaii npH k> ~F Mo11teT 61;1T1, rrpe,11;cTaBJieH B BH;n;e 

F(tt.}-=- < ll (t ol'. 
1e,+- -fl,- " /c. 

8anHmeM ycno:ane CBfl3HOCTR paccMaTpHBaeMax 3;D;8CD ;n;HarpaMM ~ HBHOM 

BH;n;e C IlOMO~J:,10 MaTpHUbI t · _ O · c4. . . · .· . . . 

+ . T * . ,1 Ht&i(;-(t"} k) + . · 
S -::. (S..1) -= m ( n . • . s S -;:.A .. et. ..,.. I ~ ' b! (I( j ·1 

r;n;e HH.1te1tc o( y-RaaomaeT npe.ztcTa:a;nemrn aJieKTPOHHorx orrepaTopoB .. 

~ueeM . + 
F t> = < a.~ a._1e,- R' s~ > 

8anHcI:maa R'S..1 B BR;n;e "' + . + 
' f + . I{~-=- R _Sa!. Sc1 Set + 

rrpoiiiaBe;n;eM paanoReHHe nony't!eHHoro npoMaBe.zteHMfl orrepaTopoB. f{ S~ 
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97. 

MrI ,± K, ±. t' it o;n;HH qionoH :t {k-"') .. /TeM caMHM _Mb! orpa1Iv.rti:H

:aaer.1ca tIJieHm,rn B (~r/~. ' COJJ;epJ¥:aJ1rcnrn MaJ:r:b!H ;H·mieHaTeJII:i £'i + l +l' / ... 

Ha g):vrr .. 9, H orrpe.:n;eJrn:11 irn nero xoar~q,11:u;HeHThI A YI; J!.c .. PacRpbrnan 

nap1mu;11orrnyro rrpoms:aoJ.J;Hyro .0: orpam,rqJ,rnaHc:o rJiaBHlJlrn t1J1eHa:M11 no it. , l 
I 

(5.62) 

(5 .. 63) 



98 .. 
... 

(>+,~r-S'=(/4- ~f(q) ?{f)-f 
~ . 

(5.64) 

PaccMoTpHM ;l(aJiee ypaB:aemi1e ( 5. 27), onpe;l(emiromee rrepeHopMvI-

poBaHHyro aHepr:mo ~- • IlpOBO].(fl B HeM 8HaJIOl'HT.!HM0 npeo6pa8o-• 

BaHHfl, HMeeM 

w c q > c~~ + }4)-~ l1J- cs c,J 1:tltt> (~,~t ye 'l) = o {51)65) 

r~ o 

.~v G f.f 1!} . . . -_1ltdiik 
y (1) = ii! &1i-JJt lw q) - 2 <'r( !fc_Cel t.s (t) 0.¥3(t} ~t') llt/l'le ' ));-t 

(!''~:~..f'=1) .., . O . ( 5 e 66) 

,.,..,, }'{:- . . ' + . -tJ Uc.it'Jk-+iv ~dt( e'"'' + e•~rt-J 2 <r ~tig ~c., a,"'w 11e1i~e- >/4 
PaspemaH (5 .. 65) 0TH0CPITe~:&H0 W c y':!eTOM (5,.64 ), II0JiytiaeM 

· i'.o (qJ .,, ~ - 11. ('11 (Y_~~, + t:(q ~ . 
·~ ~- J..~i(<lj) lif(qj W(<j) 

(5.67) 

2.&.!._Q~~~-Q_MQlUi.!~liQ!L2ID15!!!fili• IloKaxeM Tenepr,, 1ITO_ illOPMH 

'i(q) 
1 
y ('!) , ~ cJie,10BaTeJJI,Ho, li.._:8eJ11mrng .. (~+-f"lf , W(q} 

a TamKe :sxo;z(Hll\M B ( 5. 57) nenMtmJ.ti A MoryT 6bITI> npH<5JIJtJF:eHHO 

:SbIJ)aa:eHbt tiepea pemeH11:e HeRo:ropoi1 :acnoimraTeJI:&Hoti aa'Aa'tlli. 



99. 

PacCMOTPHM ,I{Jifl 3TOro MOiteJt:&Hyro CFICT~MY, OTI!ilC:bIBaeMJIO · 

raMHJI1,TOHI1cLHOM .. 

• 

(5.68) 

(5 .. 69) 

(5.70). 

r,I{e He - raMHJII>TOHMaH KYJIOH.OBCKoro BaaMMO,neikTB111fl B (J?opMe 

(5.3), a '0 - MaJihtli napaMeTp .. 8Hepr1rn: 0CH0BH0I10 C0CT0Hmrn Taiwtt 

MO,I{eJII.>HOM OMCTeMbl . 0 

·· . . . . - i S Hi~(tjcl.t')'" 
U-=-< g>o ~< T (H,~CoJ e ~ Vo 

· M0EeT 6bIT:& paaJioJ:eHa B pH.I{ no cTeneHffM o 
(5.7I) 

, 0 

. r -. f" + --,J~(-cJJx- 0 -V Jca-I. <'.I'( ~f<4t,hJ ~(QI o.~.,€+J «Bdlfl e -:C.: ));, cs. n) : 
!</,sf4( 

Cp813Hl1Bafl M0jit,I{y co6oi1 g°?OPMYJiht (5.63), (5.66),. (5~ 72), Bl1,I{HM, 

qTo B npe;n;eJie Ma.JI~ w ( 'f) ' MMeeT MeCTO paBeHCTBO 

l 
1 ' 

j 
I 
I, 



roo .. 

BCJI8;l(CTBllte ,qero g)OpAcy.711:i! (5~64} M (5o67) npt-to6peTaIOT BM.It 

Q )2. 1 C'i,+ ,., ,::: rre •""'5'" 

_. _ . -· ~-1 +t,"<ru u1 
(5~?3) 

t>l~) ~ f1 +'.iii(~Jb ~ w(~J : 
• (5. 74) 

. Ilepeii;l{eM Tenep1> _ K noci.r,poemun l3 paiucax paccMaTpr,rnaeMo1'1 i.m;n;eJu! · 

Ben11-q1-1:a, cooT:aeTcT:syroru.Hx . M. N H P- Ma (5. 58) .. 

PaCCMOTPHU ;n;.n:a 3TOro MaTpH~Hlie aJieMeHTli 
. +' ' 

V:t_ = ~ Ct:t.1<"1. ~ et 1: 1c~:t>0 (5.,75) 

- 0 "+ ' 
W1: = < a. ± ~± !~ lt-i i' 1: '1 -, » V (5 .. 76)_ 

cooT:aeTcT:ayrom11:e .zr~xarpaMMe 9 mao6paJKeHHoti na wmr .. I6 .. 

~-

<PHr~I6 
• 

BeJIHtmHH V ·. ;7 W MoryT ObITI>. paaJiome_Hh! B pn,n; no cTeneHfli\i 

napaMeTpa F • 

V ' " . ' ..... , ' 
± -: 3 V ±"'t.... · . W1 --~ JWJt. + ; ... -

Kosc])qmn;meHTbI y-t ~ J/l HMeIOT lH1,1:J; 



IOI .. 

. V~ = < Q±k,± { H1(oJ + 'lt (oJ} s_:. ri.:1:1<~:t>o -
0 

-t( Q±t<,± ~ He.Co, T({fl1(e)-f »4 (f)j s:.,) !±,s~>o d-& =: 
_oi, -

:::. 1 ( M± +JI±) 
,,-, 

Wi =-i. J< Q.±1<,± 'F ({H1(ll}-dL1(&)} $!) 

IIo;zi;cTaBJiff.H 3TI1 BbipalKeHilfH B ( 5. 58) ll ( 5 .. 57), IlOJiyqaeM 

/ 1- , i.. , 1 A.11 
Q k. (1< \cJ) = ~ (1) eu(q) (6+ M,)_ . 1f V,- W, 

r ' w(i-~J+ i:(k'J+ iCkJ 1t 
~ r;:,1 

B1me;zi;eHHoe a;zi;ec:o Bupamemire rv r 

w: -:: ( f(k}+ !(k1}} W~ 
(5~77) 

cf,aKTHtrec1t11 OT MaJioro napaMeTpa 'r(19 + f(k') He 3aBI1CI1T. 

_c ytieTOM (l)OPMYJibI (5. 73) JtI (5. 74) .QrK-{K,)c!} MOJKeT ObIT:& T8KJl'te 

npe;zi;cTaBJieHO B BH;n;e 

(5.78) 





103. 

. ' 

§ 6. K-A't!ECTBEHHOE: ormcAHHE 3<!1<1)EI{1'0J3 I{YJIOHOBCKOro. 
B3Au1MOJJ.EVIC~rBHH 

t!V .-' 

2:.!.:.J.ill~Q!£!~§.tl!!QfL.Q.tfo~8~:'!~!!!!§_J2@.IlQJ2Y!illQ!!fl!!H~-~--J'.! __ J:_,!; 
B § 5. 8 Mh! cBeJI11 11onpoc orrpe;neneH1HL Be1n1tn,IH .>.+)A.> w , Q rJL 
K pememuo Mo;n;en:ono~ sa.n;a-crn, raMvIJILTOHHaH 1t0Topoti ( 5. 68) r:o;nep

. lKHT JUiillI, "1rnHeTliltieCitYIO aueprmo", DHepr:mo · IiYJIOHOBCROro B3am.m

,2{8HCTB11H :=meitTpOHOB !II HelWTOpbIH. 't!JieH, COOTBe~CTByrom1111 '.a3a:t1Md,

,1(0MCTBM10 C RJiaCCvI'IeOfCI-U.ii rtOJieM.; · 

8ai1MeMCff TerrepL 110:r1ytie1meM OL(eHOK JJ:JIH 3TMX Be:rrn·nrn· i+ft./Z , .. , 
B np116JII1lK8HMI1. 11 CI1JII:iHO 

1

Cjj{;8.TOl10u 3JI6Ir.TpOHHOI10 rasa, KOr'Aa · ItyJIO

HOBCit3fl sneprirn MOJKeT paccMaTp1rna.TJ:,CH 1taK. m:1Jiafl no cpatmenmo c , 

Ka.It xopomo l13BeCTHO, B aaAatiax C ICYJIOHOBCICHM B3aHM0.2(eti-

CT,BI1eM HeJU,3fl, Boo6me ronopa, rroJ1:r,aona1·1-.,0.rr npm.ihIMLi pa::momemrnMl'I 

no. CTene.H~M ~tBa;n;paTa sapfl,IJ;a, 'I' .. e .. ITO CTerreHHM KYJIOIIOBCROro 133al1MO-
.. ' . ' ... ': ~ ~ . . . .· ·. . ' . 
,ZJ;e:tiCTB:tiff, Tart KaIC npm STOM IlOf'LBJJ.HIOTC.f.{ pacxo.ztt1M0CTI1 l3. o6JiaCT1'f 

MaJibIX m,myJI:&COB :W J3O3H:VmacT IlOJIO:J:ttCHit!e, HctITOMYlH8IO!il6e "~mJ>pa1tpac..: 

HYI0 KaTaC2'.'P0fJ.w" B IrnaHTODOM Teop1111 IIOJHI., 

. ;-rt/ <'., 
ITocJie padoT I'eJIJI-Mamm 11 Ep~rnepa r. CaBa;i~a J..p npo:a,e,ZJ;ypa 

McnpaBJieHMH wopMyJI, -r-t KOTOphIM npirno,zi;11T I10ll.06Hue pasJ10:1ceH:vrn, 

cTaJia conepruemw flCHqti. Ttrn:, .z(Jrn yJiy;,nrreHVifl ocHOBHoro upi16JIHJKerum 

a11amero rropH;n;1ca no fi.l· r-reo6xo.4m,m npocy1,mr.-1pom1T:& rpa(pu ns ROM-



I04. · 

IlJieKCOB qacTHu;a-l];blpKa, 0 ICOTOPbIX ro:aopHJIOCJ:> B § L}. 9TMM nprreMOM 

· Mii ceHtiac 11I BOCilOJII>SyeMCH, npHqeM, KaK PI B § 4, 'AJifl y;zi;o6CTBa 

· np11I;na;nMM eMY Q>OPMY MeTo;n;a npHOJIHllteHHOl10 :STOPHtIHOro KBp.HTOBamu:1. 

Ci> 

BBe;zi;eM npem:'Ae 'J3Cero, mepM.11:-ai.mJIHTY;D;bI ;nJiff "<!aCTMD; M ;zJ;blPOK C 
. • , , . A ! ; 

IlOMOIItJ:>IO Hamero K8HOHHtzeCKOro npeo6paaoBaHillJ{ 
' + 

Gt K
1
+ = l(KtXl(O + 1f'tc. o(ft.1 · 

'4,- ~ ¼-€ll1s1 - ~·;1iko 

C TPHBUalII>HbIM:t-i' 3_HatleHHffMH u.~ lf'~ 

.'.--ut<. ~ .. 8&(1<) j ~ = eJ: (t(, 

(6.I) 

· ( 6.2) 

Tipe;n;cTa.J3_neHMe { 6. I) co:sna;n;aeT c BBe;n;eHHb!JA :smne ( 5. 30) o!. -npe;n;
CTaEJieHMeM, B KOTOPOM cliaitTiiitteCK11I YI noJiytteHbl. ~ce pesyJI:OTaThI. 

PaCQMOTpYIM (J?yp:&e-KOMTIOHeHTbl IlpO.CTpaHCTBeHHOM TIJIOTHOCTH 

.. ,;~· ,, .. : . SJieKTpOHOB 

f c ~ > = L 111<1-q,,a.1<,s 
il{j~ 

(~t-o) 

. Ilpeoc5pa~y~M HX It· aMTIJ.tMTy.Z(aM c( itI OCTaBHM B no:rry11eHH0M BblpaJKe-
.' .- . 

• HMJil Ji:vrm:r, tqreHI,I, · KOTOpble He o6pamaIOTCfl B HYJII> IIOCJie Toro, KaK 
' • •' J • I 

· OFI~ !"(Q;zJ;e~9T:I?YIOT TOJI:&Ito . cneBa I-!JIH TOJII>KO cnpaBa ua BOJIROBYIO 
, __ ._,., " 

·Q.)YH,m::i;_~IO /;¼~ · j C,r, "na1tyy1.rnoro COCTOHFrnfl" 
.:..> .. ·:;: .... "·' -

I:·::.· *-t 
~G'v=.6 ; «vG, = 0 

Tor'Aa IlOJIYtII1:M npH6JIH~enHO 

\1=01 tf. 

.• . t + . . 
f(qlc= l{ M (t:, I<+.~) bl k-tq,o «t;,t + Ml I:, It~) IX l<,i o! !(4r,o} 

,l 

J 



M (K1q J = u" ,,,q+. . u9 ,r1t 
' ' ~ . 

B COOTBeTCTBlUi c npaBMJiaJ,m MeTo;o;a np:0:61nrnceauoro BTOPi1tIHO!<O 

KBaHTOB8HHfl saMemUl 3].leC:& npOHSB~~eHHff clJepmr.:.:aMIIJil'IITY,14 Ha. 60:ae-. . / . .· 

aMnJIHTY'AI:l . ~ -~ / . +. 
; k-t&J1t> _G{ K,-1 ➔ ff (t<) 

ol. t.,1 o(K-<t,o ➔ -~~(k) 

IIoJiyl!HM 

~ K~+ . ·. . : 

e (£t)-=- 2 M{i,tJ ~i (k) + 1 M(K.,K""4) ~Q («} 
K t ·~ 

IIo;o;cTaBHM STO 1nipameHMe ,B 3HeprHIO KyJIOHOBCKOro 1,aaMMO'A.e}h:tT1nm 

He,= 'trr.!1. 2 ef ,, flta> 
a.v ~o {f.\{'-

3TO ,1laCT 
' . 

H _ fati' , ..L J ru/ } · + + ' 
c. - y L lttl!l l llV\lK,Ktq M(t',«'~) f 4(kt) ~'l(M.)-t 

( l<,r,c1,t\_?O) ~ .. . 

-t M(1<,M~) M{it',K4") ~,(K)~q(k~ + M(k,tH q_) M{t', k'+q) ;'i(KJ pq(~l}-t 
+·· . 

-+ M(1e,l(-q) M(ti', ~'-i > ~4 (x.'J@ .. q(JO} ,.";_ . 
AHanorHl!HbIM nyTe.M B TOM.- JKe np116JIMxtem·rn: .ZPiff n~eHa :asainm;o;eilcT131Miti 

, . . . ~. . t} • : • I. : .. • . •!,• _;_ .,; \ . <.. • . . .; •• '- . 

c RJiaccnqecKJ-fii' rro.neM ' .g._; · ·:e '( 5 ~ 70) noJiyt.rHM · 

Iv i { M (~,kt~} ; ,(k) : M(~,k-p )ip(~)i+ ~~" ,-, } fWH M("JK~ }') P,t~;, 
KaK 6wro IIORa3aHO B § lf, ,"ttJl!I IlOJiy'tleH~~' rrpa:rH!Jil:i~hIX 3Hepr_e~I-ltr0CK!&X 

8HaMeHaTe·Jiei1 HaM Ha,2(0 Terrep1:; B KaqecT:ee COClCTB0HHon SHepriim. 

B3flTI, BbipaJJteH:vte 

'2_ (l(JC) -+ £ (f<t'l1) i1CK) ~'I (k/ 
k/~ . 



I06* 

MTaR, llOJIHhlli raMMn$TOH~aH paccMaTpMBaeMott aa;n;a't!ll B MO~eJIVL 

MeTo;n;a npvr6JIHliieHHOro BTOPH't!Horo mfaHTOBamrn: RMe·eT Bvllt 
(,) . .. . ... 

f-l =-! {_10t_}+'.rcic+q,J.1
1

cf(, ~icli; + : ·· , · .. ·•;;Y'li 

~1 . . . . 

_:;1 

.. ~ . 

+ ~~J,'ljr{ M(~,1+4) M(t~k:1@,[K] 'i-1.M + 
.~ .. ; "I 

-+ M( ¥1Kt'l) Mlk\~!.ql ~1 C1<J~~ M -+ 2t-t (K ik+q I MN, a'-tqJf 1 {l<J ~1{u• J~ t 

r . + - . •. ·; .. ·,·., +wt {M(k,Hp)( fr (Kl+ ~p(~Jh MC~,kt.lQ..,,M+Ji,(Mi)~ . . . 
. . . . . . . ·. 'i,; . . . .: . .. . · ( 6 .. 3 ) 

ltaR BilI;zJ;HO, STOT raMHJI;BTOH:£18H npe;n;cTaB]!fl~T~!J ,CYMMQM !{Ba;n,p£·.-
; .• '. • '. •,. . • , - . . ••• :• ~ : . ,:. 1 •• • ' : •. : :, ' • 

THqHoi1 q)OPMhl IlI8 6ose-aMnJIHTy;n; H JIJlIHei1Hoii qJOPMhl, nporropu110HaJI:r:i-
. . :;,, ~-o a••· 

HO H , . -'J·j'. 

qTOC>bt ytteCT:& BJIHfIHHe $TOM filOPMhl Ha CMeme1rne ssepreTJtrG:eCiwro. 

YPOBHH OCHOBHOro COCTOfIHr/Iff :vr Bhl't!MCJIHTB. TeM caA1bIM :SeJII1l{MHY"..~ • ;, . , 

MOl!tHO BOCilOJIJ:,30BaTT:>Cfl H3BeCTHbIM aJieMeHTapHblM npvieMo1[ ~pS'.HCJifIILlrn 

C5ose-aMnJIHTy;n;. \, 

ConepmHM npeo6paaonaHHe 
. . 

. . •'. . . * + * '.i;, 

Pk(K)'➔, f1(k)-t ~(k) J ~1(1<)➔ @q (~).+ Ct(O. ·q;~; P :! . 
r;zi;e C .. ii c-M-· - cyT:o C--~Hc;a,. onp~;n;eJifleMbie H3 YCJIOB~fl HCtie3HO-

B~HHff JIHHefi1uoit_ cpop~b! ,: 

PacRpbll3aH 

~ -:.:o ' ~ l-l. ~ 0 
b~t ·. ./ :_':• -ijq· 

3TH YCJIOBHH, HMeeM 

q'.:!-±p 
t< 

;; .. 

("j T-. ~:i !-=. 1:, 

'°.\>: ·., . 

.. ,,,·, ·.,, 

_J 



IO?. 

• · {i (klt lCl:-t<tHC.. (l()t ~~,_.2.M (K,nq J Xl'\H }v M(k,«t1J = o 
. . . 

. {too+ !{11+qJJf.q_(x}+ ~t£.2M(lil-<i)X(q)+.fu i"l(k,11-iJ=a 
,-- . . .. ':-

r~~ 

x ( 111 = 1;. { M(k~ It'+q 1 ~ (14')+ M(rt'J t•-11 c-4. (k,,3 t . . . 

Onpe.zteJIHM Ms _aTJilX ypaBHem-111 :seJI:trcnrny X ( 4.) 

IloJiy-qaeM 

(6.4) 

F(!\) -::.LI j ~l(K,k;j) - M2 (l<,t-& -;-"1 . 
V ~- '. e. zy. > -t t(ti+ctJ -t · £(1<) + tC"--11 ~- · 

3~:MeTI1M Tenep:&, 'qTQ B tHi3llleM IlpH6JIPii!teHH0: IlO r 8HepreTI1t.IeCirn~ 

i .. 

. "'-'· ·' '• ,.; . ... ;'·,:·· 

Ilo.24cTa:eJimr c10.24a 3Hattemrn ( 6.4 }, noJiyttaeM-' · ·· 



I08. 

::-1,,_};.•r· .. --. - ... :;_ .. ~----_· ·:,:··-->;,{\f- ... ~-~-£i~: .. \r\·.~~.: 

. BXOAffll~ee. CI0,11;~ Bhlp.amem,rn f(~~ MOiK0T OblTl>. rtpeo6pa80~a~o··•k 11'1-171;y 

'Cf" )-~ .. -.2..·~,--Ml(1c:1u~J-- _ 1.f:,i~*. 8G-(kl8t(tr,1J ··n~--"'·<: rt:..t\ --~ - ~~,.-~ .. . .... ···· ,,.,r 
fl) V \C- 'tlte)+i(\t~ V lf-'-tz.,\. ElK)-E{~) . 

,... 
3,11;ec:& E(tl- aHepr:m1 3JieMeHTapHoro Bos6ylli:.1{em1H 3JieKTpouo:a, 

H0HOpMHpOBaHHarr Ha }IO:Bep:X:HOCTJ, <DepMI{, :Tait l!'rO 

i"(k') ~ \ E(ttJ~ EF) 
Yla cpaBHemu1 g)OPMYJI (5 .. ?I) 11 ( 6. 5) nOJrytraeM 

, ;~ .... :, / ·.· . •· . 

wr ;-t F(r> 
1+ ~i. F(n) 

l~J~ r 

IIo,11;cTaBJIHH (6 .. 6) B (5.74) Iii (5.79), H8X0,7JH:M 
~--

"'•,w ( it~-=- w£'l>{ 1:-,,. 1'M F W _ 1~ 
. ,.._, . 1 ~ ~ '#::I. \ 1 

'·, w \dlflr n. it, 
·,\ 

- - . _J_ 

ti c,r .. F~~- a (tn_}1 ~ i,.l'l.> !(1~ - ~:l ~4 

o . -_,_ 4 - . l ,. , 'tt.re_, ~ 1 
'l +- } 

(.6 C;.'\ 
.. .,. J 

(6 .. 6'\ i 

;~ ~;-

re:. r, \ 0 ... ,I 

,) 

( 6,.8') ,. 

f •. ·~ ...•. , ·. ,.. · 1·1,- .1: -:·- · '1 l • · 

·CpaBHl:rnaa IlOJiytteHHb!e {J)OPMYJihI (6. 7) 11: (6.8) c COOTBe'J;CTBJnti-~ 

nt:m.rn qJOPMYJiaMllI . § 3~ 2 BH,Il;MM, t!TO np:r;ir MaJibIX lf RYJIOHOBCI{[l!e C11JibI 

rrpa.1fa¼'t;c1;e.cK11'. yn:trn:~oxaroT "peaopMHpOBKY" •. I· { f.'.·, 

: ~ _:,., _r 

2~.:.-Q~Q.:l:!J!~!!!1Lill12!Q.!!!_:ae~!'!!jfil!_~~-!1-~\.!. 06 pa T MMC r-r . 

Tenep:& It :seJIMttVIHaM ~c. (@~P~Y~hI 5.36)' (5.48)) ~I v;- ; ~l-
onpe,11;eJiffIOJIUiM corJiacHo (5.78) J1,11;po , :'~tl o 8Aec:o _Moxm9 (1~1,0 6H-.:: 

TamKe npoBeCTH IIpHc5JII1JK8HHbii1 aHaJIH3 3TL'IX B03Il1t!IJIH C IJ,6JII,IO BWICHemm .. 

_'........I 



,...---
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.. . . 

:0x CBoi1cTB B 66JracTM nmJJpaicpacHofI 1cyJroi-Ioncu:oM :miTacTpoqni, TaM 

r.zte RYJIOHOBCKOe B38Il!Mbie11cTBMe He HBJIH:ejt:TCfl MaJIHM. O;n;Ha1t0·~ 

IlOCKOJil:iKY Il0,2{06HbIH aHaJII13 no cyIJ~eCTBY ripeTeH.z{yeT JIMillI> Ha_ Ka

treCTBeHHhle pesyJI:&TaTbI, Q O,ItHOM. CTOpOHhis 1'1, IlOCiiOJI:OKY CTporoe 

paccMOTpeHMe ffBJifl0TCff 3HattHTeJI:bHO 6oJiee 'CJIOiKHWC), •' c ,1.1;pyrot-i .. 

CTOpOHbI, Mb! ue 6y.zteM aaHHMaTl:iCfl 8.z{eCn Il0,2{06HbIMM paccy~,2{eH:£1flMJiI. 

Mb! orpamiqHMCfl tJlICTO KaqeoT:aeHHbIM 06cy2It,2{eHMeM CDOMCTB BeJUfl!:£1H 

~-- m QP~ .. 

3aMeTJiIM .z{Jifl 3Toro, l!TO OCHOBHOH peayJILTaT npe.ztN;n;y~ero 
~) 

§ · 6 .I COCT011T B TOM, qTo KYJIOHOBCKlie nonpaBitH cy1n.u1pyroTCrI 110 

reoMeTpMtieCROli nporpecmrn: B @OPMYJIY: TM11a ( 6. 6).. 8TO CBOHCTBO 

He flBJIHeTCR cJiytiatiHbIM cJie.ZJ;CTBJ.,leM 'Hcnon:1:,30:Barrnoti Mo;zteJiH npiloJnr

j[eHnoro BTOpYJ:qHoro KBaHTOBamrn, a ripe.z{cTa:anffeT co6oi1 rrponBJie

HMe oorn;eiit CTPYRTYPbI KYJIOHOBCitero. B3aHMO;z(eiicTJ3li1fl • ]IpyrHM npmrn

JI6HHeM 3TOM CTPYKTYPH flBJIHeTCff, KaK H8BeCTHO, _Cl30MCTBO BKP~HH

J)OBRH. CyM:W:IPYfl, MO'1tHO YTBepJK,2{aT1>, qTo ytrnT BCex KYJIOHOBCinIX 
- . 

nonpaBOK K ,1(8HHO~ BepmHHe ;z(HarpaMM~, B KOTopoi npoMCXO'AHT 

pacceflHHe aJieKTPOHOB C nepe~aqett HMITYJI:f>Ca q , 11PHBO;z(HT K IlOffB

. J'iemno MHOXHTeJifl TM11a 

(6.9) 

r.zte 'P(qJ > o. 

-----------------------------------x) CooTBeTCTByrorn;ne BbrtrnCJieH1rn: npOBO,1tflTCff B HaCTQf(ll\ee npeMfl. 



IIO .. 

Ka1t paa Ta1toM wa1c1.rop ,co.zi;ep1ttMT g)opMyna ( 6 .. 6) • .)f cHo TaI:CJite, 

qTo BBe.zi;eml!e MH0'1CHTeJiff ( 6. 9) B OC>J.if(JHYID ItYJIOHOBCRYIO Bepm1,my 

·l'J>•··. 
(f{te,'L. 

, Vlcot.. 

npmBe,n;eT K 3q:K1)8RTY _3KpaHHPOBKM 
,·. . . 

4net. 
V '.:Lit~ t \ ~ 

Vlql'-~ \+ ~lrr~ ~Li) · -t,1,., + '-nret cp(qJ 
(6oI0) 

ti 
·' 

-C ;ztpyroM CTOPOHJ:l BBe;u;eR!tie q>aKTopa ( 6. 9) n Bepnnrny He KYJI0H0BCK0I'0 

THna (HanpMMept ~oHoHnyro) np1-u3ojJ;uT K act.q,eKTY o6peaaHYifl 11p11I MaJihlX. 

ltl\l'"_: ,,.-·1ta1t aTo HMeeT MecTo :B q)opMynax (6.7), (6.,.8). 
,:! ,., - ,:;· lfiifJ< K.(JW,(/,i 

06paTHMCH ~en~p:r,_ I~ y~~it:,~ ~L 1 Al pli ft BeJIIflIH~a Q{. B 

HMame_:M (no e'- ) . Tip:i!0JI1!!:?6I-Urn: CB0;I(lrlTCfl R lUWTO ItYJI0H0BClt0M :aep-
•·• . . . . . . 

mm:He. Cne.zi;o:eaTeJI:&HO, B pesyJII,TB.TO s11:pa1mp0BKM Il0JIH0e BbipallteHitie 
. . . . .. : . . ~-; 

. Qc.. 

Q. ~~ 

<5ylI,eT KgHe't!Hhl14 IIPH q-=- o. ICoaq>cpvII.J;NrnHT npM rJiaB~o~.:,tracTH 
,, • . . - : ·- . :·.::.. ;.1,..~ . 

B .H:t-rnmeM npYJ:6Jili'.liteHH!'1 C00TI3CTCT:ayeT O61:NHbIM \DOHOHHhIM nepm11- ' 
, .. ,. " . 

HaM. IIOJIHhie Bli!pa:rr:e:s:rJIH ;LPiff nero npvt 1-=- 0 :-Jl:OJ!jitHhI OOP.8.J.D;aTJ:>Cfl B 

Hyn:r, • 

.. 

2.!..2.!.._Q~li\El~-£1}.Q~Q!;!!s_.QQl!Q]llQ.JZQ"~Ills!~!! §.lifil!_liQM!!@.!!Q.~!!!i!i .. rr PH c Ty

IlliM B aaKJiroqe1UJ.6 rt P'1CCJJOTJ}e:JU'ff) ypr1:rHeJUUI,.J;9Mnencau1rn: B cpopMe 

(5.40) 

C 0<)-=- ..L.., _( ,l,tte Q {K,i 1} 
l}l_,,1,t 'I'.:, f "- ,._ . , 
,.;\,_,,uj a 

C.(1''} 
--,_ ... ,. 111.u ~~ 

....... -,. .. ·•~--
lj '.) (; 

ftOt'l ➔ c..t,~~ 
• 

--:·-:'' ~ ....... 



III. 

rrpJ/ItieM · orpaHHtIHMCfl ;zprn npocTOTbI CJiytraeM pa;n;MaJIJ,HOiii aCHMMeTpm1 .. 

B 8TOM CJiyqae ero MOJKHO npMBeCTJ/I It 0;D;H0MepH0MY ypaBHemuo, B8HB 

! B Kal!eCTBe H?BOti, HeaaBMCitlMOld nepeMeHHOH 

(6.II) 

0. c1, 11 J = ~ J G c ,i,) '"'1; ) ~ :e 
JJ,Jin aHaJiv1sa cBoiiicTB peme1-uu1 ypaBuemrn ( 6. II) B6JivI3H nonepxn_ocTn 

iepMH ynpOCTHM ero, saMeHJ/IB no;zi; KOpHeM 13 SHaMeHaTeJie BeJrnll:vrny 

c'{11) Ha . b'-= c'{ o) . • TaKoe ynpomemire ac11MII_TOTLitI6CK~-, ·, ' 

BTIOJIHe aaK0HH0, II0CK0JIIiity IIPIII Ol!eHI:, M8JibJX C (y) MbI BCer,I(a 

MOiKCM IlOJIOiK:£1IT:& 

llo1ryt111M TaKMM rryTeM "1rnas:mrnHetiHoe" ypanHeHMe 

Kmt MbI ycTaH0BL'IJil1 :a § 5. 6, H;zi;po Q. pa36YIB86TCH Ha 't!MCTO 

RYJIOHOBCKYIO ttaCTJ, Qt l1 qacTI> Q r,i, , cymecTBeHHO. o6ycJIOB-



II2. 

JieHHyIO, B3aHM0;n;ei1.CTBl16M 3JI0ltTpOI:IOB C ill0H0UaMV! 
;. . : t. '_ .,.,·1,- ·. 

. ., "• ., ••.,.,, .. ·: L'i 1•::(t 

Q~ ·Qc + Q p~ :;·;-:-! ',,. 
-~ ! i . / ,. :-

B COOTBeTCTBHH c })accyi;n;eHJt!HMH § 6.2•'• -e~ .. MoAtt-~··'Wp;i6~&ateHHO 
npe.z_tcTaB:t1Tl> B BH;zte @y:mt~MFI Tl-ma ( 6:. IO), COOTBeT9 1r1~y10mefi,, ·a~paH11..; 

poBaHH0MY KynoH0ECK0MY. naa11Mo;n;e}.tcTBJAIO. Cornacuo (s·: 78) ~~H Q~ 

3IDW8KTHBeH JIHm:r, B O1tpecTHOCTH nonepxnocTH wepMH npH Ill~ w . 
PaccMOTPHM BO BCilOMoraTeJII>Hb!X ~eJIHX HHTerpaJII>HOe ypaBHeH:we 

0 a;n;poM, nponop~ROHaJil>HbIM 6} C 

t-l(1) - ½ rQ.(1,'i'Jh(J') ~fr> ·d1'=UTJ r . J 1111.+ Ai. . · 
(6 .. I4) 

/ 

H BBe;n;eM OOOTBeTCTByromyro peaOJII>BeHTY 
-··1,·· • ,,, 

. u(1J = f C-tJ - \JC-" (r, 1'') /(1'' 1d1Q (6.I5) 

BBH."l{Y oco6eHH0CTM H;n;pa ypanHemur (6.I4) np11 A-J> 0 peaon:&

BeHTa ~A TaK~e oy;n;eT HM0TD oco6eHHOCTH THna 

G-Af~,l'')= t-:a (1,11
') * 1(TJ -

'T'~A'L 

r;n;~ l{l} HBJU-IeTCfl pemeHvreM ypaBHeHHH 

. 
Jtu j 11 

cvO 

~('~)- t( Q,(T,r')11C-r'J _i';{J'J = ... d1' =- QC 6,o)h(o) 
. J fl 11 .,.~ b . 

...... ( 6. I 6) 

(6 .. I?) 

SaMeTHM TenepD, 'tlT0 paccMoTpeHHoe ypaBHeHMe (6~I2) npurno.ziMTCfl 

R BH'AY -;{~.I4), · ecmii nono,irnTI> ,, ·· 

-,-,:-· _........i;,I 



rA("J) =·C('tJ 
,·,: 

i•· -!'-' 

IloaTOMY, Ha 0CH0B8HI1JII (6015) 11 (6.I6) tiIMeeM. 

OKpecTHOCTH IlOB0PXHOCTH ~epMH, KOr'Aa 

K HYJIID. IloSTOMY IIIHTerpaJIJ.,Hbl~ ~H~H 

. . 

II3~ 

flBJIHeeTCfl M8JiblM H 'AOJIJKeH 6blTJ., OT6pomeH. Pa:aHblM Ci6pa30M :ae.1.m-

h(J'l. H 
' .· . ;\• 

Ha noBepXHOC~H ~epMH 

t[f11Hbl i.(JJ CJie'AYeT 38MeH:HTJ., MX · ~MM!& anatze:m.1unm 

h (OJ III =i ( 0 / • Mu npm:XO;J.tliiM l10oTOMY JC 

CJie'AyromeMy ypaBHeHHID 

Jf.Jrfl HCCJI8'AOB8HHH ypaBHeHHfl (6.I8) MOJKHO 6wro 6& MCUO~bSO

B8TJ., 8CHMilTOTHqecRHH MeTO'A Il13 § 2o 0'AH8KO, D «e~fl.X npoa~OfM 



II4. 

l18JIOilt0HHfl Mb! n:~n-n.1remUA 3;zteCI> e11 O OOJiee rpy6hIH B8pl!aHT/~ 1·~1iem1,B 
' • •• - ~> 

WYHICU!l!IO Qf:h c ~, 1 '> TIOCTO_mrnoit JJ0,JIHG]i1HO~ ~~' co, or ~\HYTPI!l He_:-~ _ 

ltOTopoi1 30HhI I, f '- ~ I'1 ,ayne~i' ~ue 3TO~~ a6H'.bi.-· Ilo~yti~~ STM~.- ,: . 

nyTeM (c ytieTOM Toro, tITo, w/1.l >.>~ ) 

fl(··,;) ~ ._ ... !> 

IlpM 

r;z:(e 

,..J 
w 

Lr { 1_ ~(~) ~1E.•1_ ~(,;'>-::. , , 
2. ) , ,.,•._ •···A .l '{1n.:+ e;,1.. ~ .. rl . - ' . ·'· . . -w .. 

11.i< iZ 

o-= Glb, .(", 11 ) h(oJ . ~ 
l i h ,_ •· '.. · · -

'17I3 (6.I9) BblTeitaeT, 'tlTO 

ccr>= A ; npH - tZ < l" ;.t, 

-~· --~• ... '••··--~-- 11 
~-

npM''t!eM cooTnomemie ;zvrn ·'·ortpe~eJiemrn: .'1··A -I-rM.eeT BH,73;, : ;· ... 

-~ ....... 

1 = r ( 1 - 'ft o) &.. ~ ) &,. . i~ 

. :~:: : .:: 

: : r, '.i. 

.. 
CpaBHvIEafi ( 6. 20) c. COOTBer@'l'~.YJqntWM; lr?a:f?ij0HJ4~~ i;lf3·· §' 2 

. -. .. ~- ' • c:,·_: ,,_,. \._ . ·, , . -1 D 2.tA/1 .... = . f '.,.?,A.'i\, A' IC ,:_;),U' 

{6 .. I9) 

,. 

·:·:.: ; . f'_: 

(6.40) 

.. ,. \ ; /: ." :" "·' .. . . ?· "'".''' ,,. i '-: < ; 

B:t1,1J;t1:M, -q~o HaJII!'rt-rne RYJIOHOBcRoro ll3al7Iii6':n;eticTB'Hfl··~npvf'.Bo;n}11(·k<HaMe- _ 
.. .• • J ·:···. "\~: :,· ;, ·,>:i-''} .,._· ..... -~ 

HeHHIO stQwe1tT:t1BHOM BOJIVJ:tII-UU,I e . . . " ~: ::- h •, ,, .--, 
•V. ;'. 

o ➔ r I -t -- r" ,,,,·i p,,,,,. :u_--;;!! } r l;,,,1 \ "'' (h .. i ~G i~-~\' --:-/:). 

: :,:-, 
~ 

npi,1qeM BeJrntiwHa:\i(o} onpe~etry:eTcn ypa1,rneHVLeM ( 6.I7). 
-· . :- :',. ' ' <· ' . ·.: ' ·_· ; ) ,, . : \\; : : . .. . :, ' { ~- ', \ J.:,; ,; ' 

]J)rn: H8XO_JKJJ;einf'n 11l)OCT_o~t 1 '·rp;{6o;' OpVleH~HPOBO'tIHOW OD;~HKU 3Hatre-

.·:,:-,:;_,; __ 



HHe !(oJ aa14eHJIIM B ( 6.I7) <J?YHitl\JIIIO_ - o, (J, 1') n(1') 
H8HHO£i IlOCTOflHHOii 

'lrre'- -- 1 

f, = t<l h > 

BHYTPH o6JiaCTH 

H HyJieM BHe ee •. 

-

II5. 

ycpe;n;-

Tor;n;a (6.17) pemaeTCH TPHBHaJil,HO i-t ;n;aeT (npH ·E.: >> ~ ) 

t(o)::. Pc ~ / 
l-t re-~f F . 

IlO'ACTa:BJI~fi 8TO BbII)a~eHHe :a (6.20), noxyqaeM 

(6.2!) 

. . .~ ... ~ ... 
• • • ~, i ••.• 

. KaK. :BH;ZJ;HO ~ KYJIOHOBCKOe . B88HM();ZJ;eHci:aHe 8!p!p8KTHB.tt~. -~e~m~~~ 

napaMeTp e H TeM C8Mb!M npOTHBO;n;effCTBY8T ll0flBJI8HHID CBepxnpo-

I ' 
! 

. ' 
! 
I 



: :,,, 

II6. 

130,ltPIMOCTH. Cl3epxnpoidl{R,e~· t, cdc~:dih~Ef ii1eYib~e1,1'XeyuleoTJf013a'l'll' ·~np(m") 5 

CKOJI» yr'O,ltHO MaJIOM f' 
_JIOC» ycJIOl3Me 

• Heo6xo;n;HMO .l(JIH. 3T_qro' qTo(5bl' .jjNIJ'.OJtflfl··· .. 

Pc 
~, )1,,·-~;;i~~; c,., ,,( \L ~

1
,,.

1 
~--, :-~·:· '., 

···t• . ' 
.,(:,. 

',~t:~~i:\ ·, ,,~:,";~•- ·i 

p> ·. •·:• ~,; , .. 'c ' + e (}[ ;, f;i:f: ·-, -~·~ 
~:·~~"'.', ::f6:.122.)'" 

3aM8THM, l!TO l3 

I . C. \'4'\; ,;;tr . . ·:• . l • '~1t.7.: .... ~ --.. -: ''"i ·••; .... : 

TeOpHH E;piHHa-Kynepa-illpH~ep~/5/ BMeCTO. 
. ,, t: _,·;· ..... 

ypaBH8HHH'(6~2I) ~ YCJIOl3Hfl (6.22) IlOJiyqaroTCff COOTHOmeHMfl BH,l(a 
(_. /-·, --::< :f1 'iJ(f11) Tr:Jrir:. ';~ _:::r~}U'.:.FirrHI'!? :•::'_;',:"' 

l: (f-fc)~ f 
,.., \' . 

,...1t,,\1e 

P > p :::, . . ..... ··- \ ,;, ; -~, 
C ... , .. \ :'. 

KaK l3H,l(HO, l3 Hamel TeOpYIH npoT111~i>iei-tcT:syromaa·:soaRHKHOBe-
.. 

HHIO c:aepxnpoB0.ztMM0CTR poJis~yJioHOBCKOro BaaHMo:n;eLfoTBHH. snatt:J[...;: ,· :-:.:'.: 

TeJI»HO ocJia6JieHa Ha-aa noHBJieHRH "6oJI:&moro JiorapHqnia n . At ( EFjr:,) .. 
..~: .... ... t - . 

3aMeTHM eme, qTo B cnyqae, 1tor:n;a -
;.. f' 

L') • 

i 
1· 

I Oc ~ D '> _ ..-~.:-.,. · ,, ·· ---\ \- '*Pc-~~ ... •~: f.,_ 11' 1 
.•. , , i :~ I . 

H.ztp0 6} :: Qt+ Q,t. MOJiteT 61,IT:& Bea~~- 0TplU~aTeJI»H0, a cBepx-
npo:ao;ztflll;\~e cocT0HHHe cymecT:ayeT •. _ ' _, ',._ 

·. • . . .,o} . . .::)/',, -::..·. • .. ·•:,'-· ;.\_· __ . t~-i°9 ; .. · 

TaKPIM o6paaoM, OTPHUaTeJI:&H0CT:& 'Q :0: __ :·ca14'a·;nO cede; HM 0 qeM 

He c:an:n;eTeJI:&CTByeT :aonpeKR 0CHOBHWJ! nono~eHMffM Te0pHH Eap~HHa

Kynepa-illpR~epa. 

~anoxeHHHe Ral!eCTB8HHHe coo6pa~eHHH, paayMeeTCH, M0~H0 

6nµto '~tGiYTot1iiHii::H1h·oiio:srmaHC» Ha>ypa:s~eHiriX'T6~I7) H, (6.f8). .. 
• I 1-. • ~'[" ~- . :' :.~. ;i· ~··I?,.., r j 

-rt' • ., t· ( ... . ~: .. -~(rI~r 
! 
l 
i 

,1 ...... 



II?. 

0,21;Ha1to, 3,21;80:& :. CJie,ztyeT HM0T:E, B BH.21:Y, · '(!TO IlOJIHOC~l>IO y6e,2J;HTeJI:&HIDC 

. ItOJil1'(!8CTBeHHIDC peayJI:&TaTOBx) MOlICHO o:m:H;naT:E>.JIHIDI, IlPH·flBHOM yqeTe 

KPHCTaJIJIHqecKoH CTPYKTYPhl MeTanna. 

-------~~------------------~---
x) B HaCTOHntee Bp,eMH npoHaB0,21;HTCR cooTBeTCTBYIOntee nccne,21;9BaHv1e·. 

. ! 

I 
I 

' 

l 
I 
i 
I 



II8. 

,:i_ (' .. 

.·,:· " § 7. tl!E~t~;qmciii~b{ CQ ;tCJIAEblM B3A1tHiOJm;WCTBit1EM . ·:i.?:J r: 

.. Q"· , .. ,._ ·.,_,, '·· -<~ .:·':t;; .. ·. i{}'C,.•. ·,i:. ,:O:('.G:J.',fit~:::,:_,.f :;';_1d,1.h,_,,,r ,,.,,·. 

L.!.I~~Ql2M:Yl!ID2QlHill_'.£.~Q2ll!'!_a!al2l\li!li::Elilfili~~ili~'iifil~Qs • · B npe•;lf;h!JJY.r- ;. :\ ·

ll\HX rraparpag>ax MH · .:see :speMH paccMa•.rp1rnan:w aneRTpo~~wor&noe. l33~M-

-·· ~ ~-D .. -~i 

MO;n;eficTBMe C Il0M0ll\I:>ID raMI/lJII,TOHI/laHa wpeJII/IXa. TeM He MeHee, OCHOB

Hhle peayn:r,TaThI oopa6oTiciil ·raMMJinTOH11a1m <Ppenv1xa MoryT 6bIT:& nony- · 

qeHhI np~ ·onepMpOBaHI/111 C HeKOTOphIM M0~0JlnHhIM·raMI/1JI~TOHM8HOM, B 
. . 

KOTOpO!A <f}OHOHbI ItICRJIIOt!6Hh(. 

TaK, Eap;n;mH, Kynep,_ Illp11tl_)(pepl5/ B corJiacn11 c 60Jree paHHHIM:0: 

pesyn:r,TaTaMH Bapl-(:t-rna n Ilawnca/IB/ cpaay ncxo,11;HT :v1s raMvrn:r, 1roHMaHa, 
. . . . , . 

B KOTOPOM B3~MM0,11;0MCTBHe 3JI8RTpOHOB C [_pOHOHaMJ,'1 aaMeHeHO npfl.MhIM 

8JI6ItTpdH-SJI0ItTpOHHhIM B3aMMO;n;ei1CTB1'IeM .. B Hammx o6oaHatieHI/1flX I/IX 
\ .. ' 

vlCX0;zJ;Hb1l1 raMMJI:&TOHMaH 11MeeT BM;zi; 

ti= '2. ,l;(tc) i KS ~flt + H' 
.. ( K S) , :· . 

r;n;e 

. . . (..A ,. , . + 
H'-::. - ..L;,,.... ' . ~'t k,->G)~ {~-t<t) + ,I Q £l (7 .I) 
w 2\J cf"¾l f._ . , ,...,,.{!l::~~)-(E{l't}-Elt.;'lt"~,;_ t<z,£i£\:,i1 !rv,s, 

. • l - (· '"I t \tt., ~-tn K,. . 
. . . \{ -¼K~ -:\IFJ1_ 1'f) . . ·. : . . . . . 

~ L ~,~ • 

Bap;n;viH, Kynep 11 Illpn(J1{pep np-omano;zi;HT ~aJ11>He~mee ynpoineHvie 

ST Oro raMMJII>TOm'IaHa <> ·B 1tat1e DTJ:q OCHOBHO~. armpOliC1U.4aU1'Hl om,1 

onyc1cat0T B (7.I) nee qnerm, :ne;n;yuu11e R paspylilen11ro,naphl qacT1u.1, 

C npoTMBOilOJIOEilO HanpaEJiem-mmi. Ymrr~:i:c.!>?_aM!1 · ;t_ K ·11 npoT!iiBOIIOJIOjK-

HhIMitI 6h~HaMVI 
... 

± I/2. IToJI.yJ.1.smtMhCH npL1 STOM ynpom,eHHhlll raumn,To-

HMaH 11M00T B11;7J; 

~__J 



II9. 

. 1 I ~ .. C)~(k'-~)w"(k'--Ic) ..... . . · . -f 

H~.-= -: Yk.;., V(i:LJ() - (Et~i-Bft',)" ~~~- ~ r; a.~; .. aii,t c 7. 2) 

·o6pa6oTKa raMHir:&TOHviaHa (7 .2) c IlOMOIIfE>IO 'Bap1tiaD;HOHHOro npHHD;Iilna 

11 COCTaBJirieT o·cuoBIIOe. CO'A8P)KaHMe yKaaa'HHOM pa60ThI. 

. 
;· ' 

8aROHHOCT:& Bbl'.6opa HCXO'AHOro raMlIJI:&TOHI1aHa (7. I) TaR JKe, R8.It 

H npaBMJI:&HOCTl:> OCHOBHOH anrrpon:c:m.mn;1u1 (7.,2) B pa6oTe Eap,zt~ua·, 

Iiynepa m IIIpHqjqJepal 5/ He .11cc.1Ie,2toBaHa ,Z(OCTaToqHo noJin~ ~: B .. Hae To.a--

nteM naparpacJ)e Mbl IlOKa:HteM, qTo 'AO TeX nop, IlORa npHXO;ltHTCR HMeTI, 

'A8JIO C aHeprHel OCHOBHoro COCTOflHHff HJIH qjepMH8BCKOI BeT~B~ cneRT

pa 8JieMeH~apHMX _Boa6yJK'Aemd1, no,11;06Horo · THna · ri:se){eHH@ ra1tMdti">ToH11a...; 
. ' . ' :· ' ' " .: ~~ '. : ,. . ' : . . :. ~ . . , . , ' 

Ha 4lpeJII1Xa H Mo.tieJI:&HOMY raMMJiiTOHHaHy TMna (7.2) 'A8HCTBL1i'eJII>HO 
,'•,; '" ·, 

HMeeT MeCTO. CorJiacno HaIUMM pacqeTaM, 0,2tHa1t0, M0,1J;eJI:&Hbltf raMHJI:&-

TOHMaH CJie,ityeT BbI6paT~ H0CKOJI:OKO HH8'tl0, a HM0HHO 

]LeJIO o6CTOHT CJIOJlmee, KOr,11;a paccMaTpMBaeTCfl oco6afl . 6080HHaR 
. 

B8TBI,. cneitTpa aJieMeHTapHbIX B036yxc,n;eHMi1 raMHJII>TOHHaHa ~pem1xa, 

CB.Haa:s:~aH C KOJIJieKTHI}3H·EIMM acJ)(.'pe:RTaMli aJieKTPOH-q>OHOHHOro. B3aHMO~ 

,iteticTBHH. l!Jrn Hee ;}'R88a!IH9~ CBe,iteHHe C>OJII,Ille He ocymec~B~HeTCH. 

ToqHee roBOPH, Mbl BC~.,' em~ MOJKeM B 3TOM Cj!Y'!ae IlOJI:&SOBaTI,C~ ·.· 

raMHJII>TOHliaHOM TJma (7.I), HO y,rce ne B npaBe IIPHMeHHTl'> K. aTOMY 

raMHJII,TOHMaHy aniipbKCHMarrmo Eap,n;J,rna, Kyrrepa H llipMqjq)epa, Be.itYntYIO 

K raMHJIJ:,TOHHaHaM<Tm:mi' (7 .2) HJIH (7 .3). 



120. 

CaM no ce6e g)aKT' t!TO (l)OHOHHbie orrepaTOpb! M0'11:H0 I1CRJUOt!l1T:& 

M3 raMHJI:&TOHI1aHa <I>pem1xa 9 HI1C:fCOJII?,11:0 ._He · y;n;UBTl!TeJieH. B caM0M ;n;eJie, 
: . f·~ . < t; ::· .. :. , . "', ~· ·.. ·--·~ 

,· ' c, _n9MO.ll1:&IO,.xoporno 11!:fBeCTI~q~ -,~~-!t;Bt:lH,TOilO~;· Teop1111- IIOJI~ ;np·~ne;n;yphI 
(: ; ·: l . ... ·. •--i~,;:i" ':*· 'i>: •• •• •• 

' . ~eHHM~Ha ~Mb!_ '.!3Cer,"l(a M0JH:$M· npoBeCT*)Iw~m:J;HO~aJI:OHYIO. ~~a~p?,~YPY:IIO ::: : ',.. . .. : . . . : . . . . .... :.;_ .. : . . - . / ·. . .• .. ' , . . .· ,, '. ~- •./:. ; ') : : . ~ ,; / 

:BllpTyaJI:&HbIM qJOHOHaM;:~-JJ~M~!~ ~.:-,IIeiW'i:?.POM ,treTBep~ot.cJ;9rM~. -~9, : . .- _ 
• . : ~ •• \ .. !,./ •• · .... ) • •. ;.,:•.].: ·: ...... , .. .... • • --~·----.:. ,_., ·: .. • ' • . • . • _, •.. • ' ., " .... • • 

@epMH-:--aMnJIMTy;n;aM SJieKTPOHHhIX COCTOHHHii. TaKaff treTBepTafl (popMa, 

~,,~·'o,!l;HaKo, 6yl!,eT He.n-0It'aJIB1tot1, Ta:re --Itaw 6y~eT'''.:co';itepritaT:& ·enteDimTerp11-
• 

po:aaHHe no BpeMeu;vr( :-:cJ'tiisMqedtt1ftaT&'•OsHatta:~'i' ./~f!To .:nony1iL1i3lll!rocH 

treTBepTyIO cl>OpMy· 8:BT'OMci.TvittecKiil· :SXO,Il;HT ··s~eKT)1 sar'ra'8:zt1mamu1 

· ·. '~~m-eKT,POH~qJOHOHHoro B saJtIMO;D;e1lcT13Hff: ~'. f.:~tJ·~y ! . 

Z.l .fl. I., •·· ~ , r ..... . ·.•· 

ratrnJII>TOH!iiaH C. npHMbIM SJieKTpOH-aJie,~.~P..O~HFlM B3a:t1MO,"l(elicTBHeM 
:t1--r;-,.: · · · · ·. =:-,\~ .... : .. ,:-;c-· H 

THil8. (7 • I) HBJIHe~CH JIHUII> npH6JII,!JiteHHeM It,.,JiasaHHOti treTB~p¥<)fit 
. : ,t_- . :.:.. , . ·~ ·, :!Ii t)_;:;, •. . 

@opMe c atl)(j?e1tTaMM aanas;L(hIBaHvIH, Kor;n;a nocne,11;HHM~ npeHe·operaroT. 
• ::-:.,, .. .-·r,:::.··· .. _- ·.·- .•. .· . - . . .:. . :'' . ·- .· . . . . 

C TOtrKVI speHMH sHepreTHtrec1t1ix coorr,H_o~~Hi~i1. ~-?>,~9:e . npeH~_~_P\\~~1H11e 

OSHaqaeT, t!TO noJI:&sonaH11e JIOKaJibHhlM raMHJI:&TOHHaHOM noaBOiHTeJII>H01 

KOr;l(a petII> 11fteT O pacqeTe '·aHep:reTH"C!~CUtllX BO~y1K;n;eHMt1/' 8Hepr:£1!Li 
. ., ~ •., \. _':'Ii~ ... ,,, ... _.~-~,_ . , •• • -•~.,,. .. ,, . ,. ,. -~'I"',.._,,,.;...,.._.,< ~~-• • •• I·., .. ~,,;. -~; •, ,: . 

KOTOPhIX. MaJfii~ n(}.:'Upa:sHeH-1110 co cpe,iiHe~ 8H~l1eM nepe;n;aromero 

BsaMMO;l(eilcTmrn are HT a~ 
. · ... ~ i :~ t Lt.·'._', ;: ~) ::/lJ!;if()It?) 

. , · ·_ I~~eHHci T.aK oocToHT 1'}teno. npit -pacq~-tr-~Y(§~g,~j;'I-it'I J_ocnoBHor'o ,: ::'Hi 

-·.c:a~pxnpoBO;ztffmero · COCTOHHMH.: · 3,I(ecir·:ita:k ,i'aff:cl1 ·;otilio' :·BblflCHeHO B: : 

npe;n;hl;n;ymMM- naparpaqiax; pa8HOCT'.o SHeprtit,i,ifi0!}1'Ia}f:bH?rO, ·v1 CBepxnp·o

·l30.1(HllJero CO,CTOHIU111 Ma.na no , cpaBHe!fLHO ·:ctr~ Cl}~~IieM ·a~ep-rii~if'rJ?OROHax: 
________ ..;..;.;. ___ ....;. __ .:.. ______ ~_:..;. ..... _______ ~ - . \ .... j i~:~.- .. :- 1 • __ ;_(.;·r,;.'_.:·:~.:_~.,.:1r:·f . 

x)' M1i1, B n~a,Be PP.J?I. sToM _roBopvITI>. o cp~Jm:~it,9J1El.p]}11IMr4lQH.O.fta,nno~ToMy . "; ~ ,. . . . . . . . . . 

t!TO, Ka:K STO fl CHO 113 ;n;eTaJJLHOrO t~fft5 paco.~911:D.e.-HJ~fl,_ i 

raMI1JII>TOHMaHa (tlpeJIHXa, p. '.·)tJ)(QQI-C~ax 8Jl6ICI.1pOH-(l?OHOHHOro BSal-'IM0-

,1'(0MCTBMfl HEJIHIOTCfl Ol!,MHaROBO BmltHhIMI1 (QOHOHbI BCeX tIS.CTOT. 

. ' _____.... 
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I2I. 

· .. ;·. 

IlpM pactreTe g)epMI,IeBCIWii Bf;TBI1 8JI~J.ii0B;TapHbIX B036yxc;neHHM . '. 

' 
Ta~JKe. MORHO ripe He ope tr& aqxlJeKTaMM sarra3;ZJ;bII3aH11Jh )lei1:CTBl1TeJI:&HO, _ 

B rrpe;nw:i;ym11x naparpa(pax MbI ycTaHOBHJil'I, _ tITO BJUIHHMe B3al1MlJ;ZJ;eti

CTB11.fI Ha STY BeTBI> orpai:rntreHO cpaBHHTeJII>HO MaJihIMH 3HeprHflMl1, 

MHOro M0Hl>IDHMH" cpe;nnen sneprHH (l)OHOHB. IlpM 6oJiee BhlCOKl1X 3Hep

rk'IHX qiepMHeBCimfl BeTBI, nepexo;nvIT B O()bltIHbie (J_)epultl-B036yJK;neH0Ji 

_11;neaJI:r,noro ra3a .. Ta1tt1M o6paaoM, 'AJIH pactieTa BJili!flHMH Bsa11uo;nei1-

cTBHa Ha ©epuHeBCKYID BeTBJ:, crreKTpa MOEHO IIOJiaraTJ:>, tITO (l)OHOHbl. 

06Jia;naroT 6eCKOHetIHO- 60JII,lllltIMvt 8Hepr11HM:H' CJie;ZJ;OBaTeJII>HO' npeHe-

6peraT:& swwe1tTaM11I ·. sarra 3;ZJ;hmam-rn. : 

9g')weRTbl sarra3,'Z(hU3aHHR Tamrce He OKB3II.BBIOT HHKBKOrb BJIMHHMH · 

Ha OC06yro 6080HH.YIO- BeTBI, ra:t.U-1JII>TOHHBH8 @penHXa, TBK KBK Bee 
.. 

8TH 6030HHble B036yE;ZJ;0Hk'IH I1M8IOT B0CI>Ma MBJible aneprHJtI,'MHOro 

MeH:&me cpe;ZJ;HJtlX ~OHOHHbIX 8Hepruti •. 

VITaK, ;zpI.fI pactieTa 8Hepr11n1 OCHOBHoro COCTOfIHMfl (pepMMeBCKOH 

M oco6oti 6oseBc1toiii BeT:aeti crreKTpa aJieMeuTapHhIX :aos6y1.t;ne1mM . . . 
Mb! MOJKeM 3BMeHL1Tl> raMHJII,TOHMa:FIOM ~peJIHXa. raMHJII,TOHMaHOM THna 

(? .!). C rrpffMbIM, 3JieKTpOH-SJie!tTpOHH~M Baav1r.ro;n;ei1CTBMeM. Ilo;nqepKHeM 

eme paa, tITO 3,Zl;eC;& Mb! rOI30!)MM 06 061[\e.M qiopMe JIOK8JII,HOro tIGTBepHO- ! 
I 

ro B38liMO;n;eiiCTB1'i~, a He 0~ ynpomeHHOM cpopMe (7 .2) M.1"1L1I (7 .0) ;t!To 
1 

. 1tac_aeTCff :3TOH llOCJI0;ZJ;Hei1 -yrrpomeHHOM qJOPMhl, TO ona, Boo6me He .: . 

Co;nep:ntHT B ceoe acMeKTOB KOJIJieKTMBHoro BsaHMo;n;eiicTBHff 11 ne HMeeT

HnKaKon· oco6oti 6ose:acKOM :aeTBJtI aJieMeHTapamc Boa6y:nt;n;eHH~. 

I 
i 
I 

I 



'I2"} .• ' t:,,,. 

2~f.!.2I!f!!!fil!fil!§_l{;QM!lli!!Q5!Y!H!. ieJiaH yttMThrnaT:E> Ttu~lil:e BTC> 
' •. 

ItOJIJieKTHBHQe B3alIMO;zte!ICTBHe,. C caMoro Ha-qaJia 6y]ieu. pacQ~ta.Tp11:B8\r!:, 
' ' . ' '. --- . ' ,. 

raMHJI:&TOHl;~Hx) 

. . 'f .- . . . I 
H.-= '1. (E (ki -Ii} o..~~ au + H 

K,S 
"" 

J !~} .· 

' l,'. I +. + .· 
_H -::: ~ 2V L .· L "J ~ k,'!kt j k,,ki.J t1.K:,~ ... a~i1. O..~t,ri a.~e}it 

.... , · (S, 1Si) (~ 1\1:i>\_>l<~ ) 
;:,, ~+l¼.-kj +t¼') ,, ·,. ·-. 

, . k1 * )I.{ .• r . 
· r;zce, KaK H B npe;ztot;n;ymHx rraparpaqiax, :s r~MvIJfoTOHli'Iarr 1rne,2ten . 

fr) Ji\. 
\, 3 ~·• 1 

napaMeTp ?;. , Hrparom,Mii poJI:o nr1i1rqec1toro ,n0Tem:u,1a:1ra,i GqMTfH! 

noTeHI.J,HaJI Baa1-1"im;n;ei1CTDMH "/1.Dyx qaci11:u· HH:aapimH1:HB.M no .OTl%0Tih1Hl!rO 

It nepecTaHo:stte o6emx qacT:m:i:, a Tamie. MHl3?PI1aHTHH~ OTHN;I!'.reJu,rm 

npoCTpaH~_~BeHHoIX OTpaltemdi, noJiyllMM~ tITO :r (tf, l{,l; k, l l',~) 
HBJifleTCH -;z(eMCTl3HT0JI:&HOH (J?yHKIJ;Me~ lil, KPOM~ Toro; '.t!TO 

. _,_ 

- j (i/1',.J> ki7 lt,)-= J{k,/k'L_; -~',kl} 
:-;~-

~::_,. :c .. ~ t-;:~1 

. .?°(\<.:>kt '> Ki, l<~J :=. J (~l<t',-li ;-~ ,-k2J , .. 
• • ••.:' • ~ • • ', ~ ;• I ' , ' 

. . , 

t· ·."J{kt;'k~; k, ,kt.)-=· T(k~;'k: i k1
1
~} 

. -~ ;_:~ •?~ . 

CoBepmR~.-,Tenep:i:,, 1tait YI pa.J{I>Il!.e, ·'. B cJiyqae rawm:&Tom1JiHa · tl>peJmxa, . .. ,-.. 
. . ·": ' . ~ ,. ... ~ ·, . . . '• ' . . 

nepexo;zt K HOBblM mepMH-aMIUIHTy;rtaM. C. nmwm:&ro Tono lltE} cauoi:10 
. ·.. '. ~ '~..: : :'· -- ·: ' :".;: -:- . '. . ::-. . ' . . ' 

ttaHOHHllecitoro npeo6paao:sam1m ~ B HacTorni\eM naparpame Y'AOthio 

6y;z(eT, O;z(Ha1to, aam-icaTI> ero :a MHoti qiopMe: 
• I ·.. ' + 

t:t tSJt.,S ~ .Ut; ol.<,-S .+ 2. s V'll bl k:,i' 

.· ;'\. .. 'L •. 
lA11 + ~ll :::? ·1 it«-, 'lfk. · · J(ewcT1:n1TeJ.t:&IHif 

(? 5\ 
.. , if.¢:;> ,{, 

x)_ 8aMeTHM, KcTaTH, ~To paccMoTpeHlile sToro rainmbToirnaire npal.{

cTa:BJifleT caMOCTOflTeJII>HhlU YIHTepec, CitameM, .?9Ifl ?0OJ)&'Wl H,rtepm)11 

-MaTepMlil. 

........ 



123. 

(.I{J.cfl cpaBH0HHW C_WOPMY~aMH npe;ZJ;bI'AYmHX nap~rpawo~ yKa~eM, qTo 
. . 

i 1<,-t== ~k.o J ol 1e,+\.:: oC_)(-f · ) •. IIpeoopaaoBaHHbIM raMHJI:&TOH118H 

6y;n;eT HMeTJ, BVI;n; 

J{-= U+Ho+H'+l-t" 

H.'-=-t L. I_ · 'J(2ftkt 12.S~Jc1;;2s,ks',2sik£)x 
lSoS-i}(·1t11k:,"'_',xf ) 

· "1+li=k.1tll/ 
. . . k.i:W 

i'{'lik[lf'i',--si +2~/lfj<J;~kl)s1.1{ u-.;oll(,,-Si+ fri 'tfk.,~1<t,Si1~ 

-~ + 
'I. {'Uk_' CX tfr•s, + 2s, 'lf f.{ cl 'r-/ ,.S, )~ 'tA ~ oJ kn-S1 't 2.S'1 'l/"~ c/. ~,s, 1 

IIpt1MeH0:M Ten_ep:& It STOMY raMl1JI:&TOHt•mHy npvmgim ROMileHcan;m.,: 

"onac1tii1x" ;n;11arpaMM, qTo6bI sanpeTHT:& nopo~;n;emrn 11a BaRyyMa 
.• '. -+ . ·+ . . . . . ' 

napbI <J)epMitIOHOB · J.. ",-½ ci ", ½• Ilprf aTOM noJiyql1M cJie;n;yrom~e 

ypaBHemrn ;n;JIH U" 
1 
~- : -~ 

2 ( E~k)-t'l) u.,_'lf" -·<~*cl K,\ ol",'"'.-t H 'c.,) =o 

r;n;e C ~ - B8RYYMHaH BOJIHOBaff Q}YHRD;Hff c HyJieBbIMYI qv1cJia1m 
~ - . . 

sanoJIHeHH~ o(.11,t,txJt,S • B ypaBH0HHJiI (~ .• 5) HVI'llero He 

(7.5) 



I24. 

l'I3MeHHTCH, ; e'cJ.iJtI 11OM0HffTI> 1iecTar..1i1 CIUIHOBHe :-YIH)J;eK.o~r + 11 -. 1,; TaK 

KaK l1CXO;D;Hhl:W raMvIJI:&TOirnaH Ym:aapl'IaHTeH 110 . OTHomemuo . If 8TOI,1Y .... 

rrpeo6paaoBamuo. 
1<> 

PacrtporoaH ( 7. 5 ), . IIOJIYtIVIM 

2 \ (J<.1 t.\ll 'lf11. -: i_ 2. J ( 1t1 -k i I<~ -k 1 ) ul<''l/'~r ( u{ .. ii' ~tj 
V oil> . , , , _. . ... 

·;.{ (7 .6) 

r;n;e 

1 M ,,,_ E ~1<>-~.- ~ 1
1
J(k', Jr. j ll-, ,.,) ('IA~•- irJ) 

. . . . 

(7 •. f) 

- .-r- .,i ~ 

B:ae;n;eM HoByro HemaBeCTHYID WYHKqHro 

C (ll1 "'+ i "J {lt ,-1q 11.I,-!( '} li.,'V., .. . .. 

Tor;n;a ypaBHeHme (7 ~6) MOiltHO rrpeoopaaoBaT:& B ypanH~Hme ,1.(JIH .C(tc) 

cc~>~ LL -:1 (k -~ ~ ·k, -1t1J·,:cclt') 
. V IL' 

1 
., '. J 2 i(k') 

I 

r;n;e .. :~ 

:'€J1t) ~- @(t(J:tJ\k) :-.··, 

KpoMe Toro, rroJIYtIHM 

u~ :•;,tJ 1; ·w_ 1'· . Vi,.-= .LJ 1- _JQL 1 
• 2. J f(b) 1 . k l 1 £(\!) J 

.·. ·_ .. f(k) 
L\1-.'lf1a-= -2.t(~) 

(7.8) 

:;:·-. .-

· .(7.9) 

r: :'·::. .:-->~ ~ ~ 

YpaBHeHue ( 7. 8) Bc:er;n;a HMeeT . Tpt1Eij_am,Hoe pellleHFie [{k.J = O H 

COOTJ30TCTB0HHO 

,-

----



l:(~1<. I' 
t(lt) >~, 

I25., 

.3T0 pemeu111e Oill1CbmaeT H0pMaJIJ,H0e, He CBepxTeKyqee COCTOn:mrn· ~ 

11oMliMO 3Toro TPHBttaJII,HOro pememrn ypaBIIeHMe (7 .8) MOY.WT J;!MeTJ, 

eme ;n;pyroe, He Tp11B:t1aJI:&Hoe . pernem1e, Be;n;yrn;ee K c:sepxTe1t;s111e1;cy

cocToHHMIO. 

]IJU1 npoCTOTbI orpaH~trMMCff paccMOTpemrnM CJiyttaH C<l)ep1-111ec1ttl 

01/IMMeTpLrtIHh!X pernemdi ypaBHeH:t-HI ( 7. 8) .,' Tor;n;a, rrepeXO.z{fl B HOM OT 

cyMMbl K MHTerpaJiy' IIOJIY't!IIIM 
cO 

C(k)= )l<(k1k') C(k'H''iU' 
o i C.Ytt'> ~ ·t(1t1J 

t1 +I 
\ 

k' ( 1<, "•J --cir-\ :r (k,_: • ; 1 ',• 1 I .It-1 ~ i :r(1~1 , lk'I , 1111 ~,.,,._ 2~·i11.i1t-)&r c ?. ro) 
~ -, . 

I{aK 6LIJIO CKasaHo Bh!fil.~, ypaBHeHJ.1:e (7 .9) np:11 HeKOTOP:bIX l({k,,,-/] 

l1MeeT HeTpHB8Jll,HOe pemeH111e. ieJiaff Han111caTJ, YCJIOBHe, KOTOPOMY 

;n;oJimH0 y;n;oBJieTB0PHTl, J.< (k,k 1) ' qTOOhl TaKoe pemeHMe cyn{ec~~o-

BaJI0, IT0CTyTIHM CJie;n;ymmMM o6paaoM. 

Il03BOJI11IM fl;n;py ~{~ 1 k') ITJiaBHO M0HHT:&Cfl OT ,TaKOH qiopm.,r, npm 

IWT0pow HeTpllBMaJILH0e pememl!e ypaBHemuI (7. 9) 0TCyTCTByeT, ~ 



126. 

;n;o TaKOM, npli :rtoTopo'L{ OHO MMeeT:cfl. Bmiµ;y uenpephmHoif:~~aBHCHMOCTM 

' 
HeTpHBHaJil>Horo pemeHMH OT woPMhI a;n;pa · f< (\t,1<.') , npm 1fh!llleyitqsa~HOM 

Jll8MeHeHI.Ut WbPMbI ~:- J<(tt 1\l1) . , _HeTp:~rnJllaJil>HOe pemeHMe ;ZJ;OJDKHO m1aB

· HO OTB0TBJIHTl>Cfl OT TpHB:£ilaJil>HOrO HyJieBoro.pemeHHH. IlOSTOMY _HaM 

;n;ocTaTOl!HO orpaHH'tilnT:&Cfl pacqMoTpeIUieM BMeCTO ypa.BHeHHff ( 7. 9) 
·• ·.• 

cJie;n;yromero ypaBHeHHff ;· 

· C (RJ'.:·~ cl~ ~) ~ ( ~ k ) \{ t. (fll,:) ..... 
E'(kf:) , F F li'(l{p) (7.II) 

; ;• 

OQ . 

f j_ [ K(\ _.,.,, k1t. C(~.') Jt '-hF 1 tn2 ll'-krl<Lk' _; 
- { 64L' ·.- ':.. _ _ 11 (1£')l . 

'·l: 

npa:aaff qaCT:f, · ROToporo ac:m.mTOT1'1tieCIU1 npiiI MaJiblX C COBnai;n;.ae'.T C 

npaBOli qaCTl>ID ypaBHeHMff (7.9). 
r' S .,:·i 

BB~;n;eM T~nep:& HOBYIO H0H3B8CTHYIO- --~YHIW;mo 

1£\l.1-=- _- ec'l-1 - . 
t . C.(kp)fm C(~) 

06paTHGe COOTHOllleHHe xIMeeT BH.ZJ; .-. ~'()4,-J 

. .. . I 
C(v.>-=- f (1tJ E' (kpJ e - .fcir> . · + (Y.p) : 

oy;n;eT. OJIHSRO It HYJIIO, . ecma _.f.{t,:) C.Tpe.MHTOft•It HYJIIO, PemeH·He C(t,.} 

OCTaBaHC:& IlOJIOl!tHTeJI:f,HOM. '•' )''· :,• . .' 

· YpaBH6HHe ;ZJ;Jifl f(lt) MMeeT BH;ZJ;: -
oo·, .. :: (Ji: 

l) (!t) = 2( (k, l!p} ~ j fl, [~Ot,)t.l} ;.f.(JJ) ;:ri E' {t¼:) :~'-.JLF J.f.t,, 2)!!LJ!r:Jdtf?;I2) 
· t' . . o dlt. . · ~ f1(kt)} . 

. ', ,I - . ' ' ' '. ~· a,:r 



,...-
r 

I2?. 

'CJie;zi;yeT OTMeTHTI>, l!TO ypa:saemre (7.I2) flBJiff6TCff 3IMH0MHhtM HH-
/. ; .. ''':.,. 

· -TerpaJII>HhILf ypaBH6~v.teM. . 

IlpH HeKoTopotr ~op?ie· H.i(pa 1<(k,k1) pemeHlie ./-(><} -- ypa:sHe-

HHH (7 .!2) 6y;zi;er.r Ta1iNXM; .ttTo / {)(,:} ;> o. lipir, sToM HeJIHHeflHoe: 

PIHTefpaJII>Hoe ypa:sneHie"(? ~9) dy11.e1l HMeT:&···aeTP»BR8.JI1»Hoe pemeuue. 

IlpH ;zi;pyroil q10pMe .n;zi;pa ·J< (>t,t') pemeHHe .j.. (k} ·. 6y,11;eT TaKHM, 

~TO t ( ~) < o, m: ypaBHemfe ( 7. 9) He OYA6T HMeTI> HeTpHBBaJII>HO:ro. 

pememrn. TamiM oc5paaoM ycJioBHe Toro, '!TO HMeeTcH HenpaBWII>HOe'.. . 

perueHHe, 6y;zi;eT 

r;l\e :sTopoiii' a1:ryMeHT oaHal!aeT jtB1x c»YHK~H0Han1»ny10 aaB11CMMocrr1, 

. f (Jc} _OT qJO!)MbI fi;n;pa l<{k 1 \< 1) · • 

3aMeTHM, KCT8TM~ · tiTO KfmTei,~tl_ c:aepxnpono;zi;iiMOC1H C Y:tI,fJTOM 
. . . , l . ·, . ; . ' ,! 

KYJ.IOHO:SCitorO B3811MO;LtetiCTBiUl; IlOJiyr.reHHiilH B § 6.3, JieJ:iltO llOJiy-

r.raeTCff TaKite HS ycJioBlUl ( 7 ~I3) ~ , 

06cy;n;MM Ka"4~cT:aeHHo,· _ lta~aa cIJopMa BsaMMo;zi;ekcT:i3~h f<(k 1 k1) 

6Jia:ronpHHTCTByeT ~_OfIBJieHl'iid. ·~e~pl1:Bl183Il>Hbro penfe'.Ern~ Y'.Pru1HeHHfl - - ·. 

(7.9). 
. . ' '; '. ,~ . '. '.;· ' .. 

''· ~ . 

Ilpej!t~e Bcero, Itor;n;a _l< ( !<F, 'J..p.]_ llOJ!O>ltJ/ITeJIEHO, (t!TO 
: .. ··... . . . .. ' . . . -i:', . ' 

COOTBeTCTByeT rip11THJKemuo 3JieitTPOHOB B6JIM8H noBepxHOCTM <Depu11) M 

;ziocmo•rno !!?JI;: f ( ~ ) TOllttl (jY;ll~T .MaJio II nopnhKa I< (ltih; ~} , 
a, CJiei(OBaTeJI'.&H~, B_Topo.e cJiaraer.we n ( 7. I2) 9 PIHTe11 paJI:&HhtM 

tIJieHOM 6y;n;eT 6oJiee EUCOKOro IlOPff'AKa MaJIOC'l' t!eM nepnoe cJiarae:... 
'-' o~ c:r& ~..u. · u · 

Moe. C11cTeMa 6y~eT odna,p;aT · BepxTeKyqecT:r;r). 



I28. 

···>iN \1·.~ ·. ·1:"':~ ·. :~'"-.· . -: : - · . ,. .. _.. , .-·, .. 
J(pyro.11 cJiytiai1, K·or.iJ;a· HeTpI1B:t1aJI:0Hoe'' pememrn cymecTByeT, 

npe;L(CT8BJIHeT B3aHMO;n;eiicTBHe, JIOKaJUI30J3aHHOe Ha ·•cwePe <Pep1rn. ·,i-: 

B aTOM ·OJ;Iytra~\rlepe;L( ,~TQPbIM OJ,IaraeMhIM .IL~PBB011. qacTH (7 .I2) 
• • •. • ~ ••- • • ~ '- l . •: ·• ' \ • , \ • ; .: •: . •:_ • • • , < •• • • ' .• • • ':. .' • 

oy;L(eT::,O'rQHTI, , MaJU,Iiii- napaMeTp ::- OTl}Olll6Hitfe ;L(JIHHhl JIOKaJivI3aiurn _ 
. . .. . ·. l .:::;:,-- :·· , t •. ~-.. ·-. '· _ .. •·• ; ' • ,_-

B aavr1vm ;n;e i1 cT~Hf,{ K pa;n;Hycy ccJ)~Pkl ,W.epMH •. Cl'I_cTeMa onHTl:> 01taa1,maeTc.fl 
' • •• • •• ,\ -~ '· .• • ' •••• • ·.: J : t· . ': "'; ;-~- -·_, ··,.:, 

CBepJCTeKy.tre~,7; 3aMeTHM:_, emet.: '.t!TO lit8'3r8-'f'_8'fi, T,~KY:<JeC~I>IO MOfYT o6mi.'... . 
.•• , ; • ·; .' :_'" -- ~<i' :.:>:>··,.l. .::~);"};> ~:.:._.·•~·-,.·.·_ ... 

;L(aTl:> cpepMI1~c1491eMhl.,,.c _ o;rpl'IuaT~JII>HhI_M H.7l:P:?,¥•;'-!•~(~1.k'l (tITo, cooT:seT-

CTByeT: npeMMymecTl3e;HHq mmaM Q~Tamrn:BaH~g). Heo6XO;L(vIMO TOJI:oIW, 
. . . . . . ..... : - •' . . . ' ~ .. 

trTOObl ,7l;J!ff Taiwro H;L(pa cymecTB.OBaJUI o6JiaCTH B K~~pocTpaHCTBe, 

. ,_r,ne H;npo 6ucTpo MeHHeTCfl. Tor;na B 8TllX 06JiaCTHX npo11aB0,7l;Hafl, 
. . . . ~ 

BXO;L(HmaH :a MHTerpaJI:&Hoe cJiaraeMoe· B rrpaBoiii t1:acT:v1 (7. I2), 6y;n;eT 

BeJIHKa, H''.flOJH?JiCHTeJ'IliHO'e· :_13,Topo_e HHTerpaJII>HOe CJiaraeMoe MOJR(3.T 

nepecmrnTI> OTPHUaTeJI:&Hoe nepBoe ,. cJiaraeMoe. 

H"" -• 

OcTSBJIH.ri B -ciJ!bpone paocM0TpeH11e ·, 'l'am:1x HeperyJIHPHbIX l3:3allIMo

;n;eiiic·Tmdf; CJie;l(yeT··: CRa3aTI>;:.tITO C:BOMCTBOM CBepxTeKytieCTM, KUK t',-·-.

npaBIDIO, 06Jia;L(aIDT wepMH-CHCT8Mhl C lql~U rrpe06Jia;L(aHH8M CHJI 

npHTffJR8.~M?• B pa6oTax H.H.EoroJIIOOOBa no MlrnpOCKOilI1treCICOM Teop:v.rn 

cBepxT:~:Ky~e~T~ · ~o-~~~~;Ic;e~/7 I 6wio no1taaaHo, ·qTo ;n;JIH noHBJieHMH 
· .. ··. -l~,;,;;~~f:!-~i ·;~ ::;_-:~-.:·, .:,;,; .-- ··:·:· )F!:, __ .. ', .. · ·. . , .· ~-~- .· ·.· .· •,'ii .. - ·:···. 

CBepXT_eKYtieCTH B TaKHX C:£1ICT0M8X HeOOX0,7l;MMa KaK p'a3·c·oopaTH8.fl .. -• . 

CHTya!UfH, a HMeHHO, npeo6Jia;L(a1rne CMJI OTT8JIR1'I:Bamrn. 
.. ;: .; .··: ·ll .... -, 

'raKH¥.. oc5pa~OM-~ KP~~epm'I CBepxTeRytieCTvI (5o~e~ -11 ~epMH-CI1CTeM 
... :.: :.:.· ... :.~· ·-/: · .. _: : •.~·: ·, .-.:.r·: . . . .- : ·.·~. ·.. c~ ' •. • •• • .r· .. ··: ... 

HCICJIIDtr?.IP~ ;L(pyr ;L(pyra. YKaaaHHOe o6cTofiT"eJII>CTBO ):iaXOAHTCff B ' ·. · 

xopomeM. ~OOT;;;CT;II~ . C TeM, ll:TO ~amia {j)epMll-~IICTeMii., K~K •• 1-1 el ' 
~e C:BepxTeKytia. ;n:ei1CTBHTeirl:>HO' :BPff;L(-JI:£1 MOJieICyJiff PHble Cli!JibI B , Ue :;" 
c;me~TBeHHO OTJIHtraIOTCfl OT MOJieKyJIHPHhci:·: CHJI B . lie~,.-. IlocJie;nm1ti 

· •. II'!. ~ 

.:.• 

_----"'II 



I29. 

BepHeMcfl k ypanneH1110 (7 .II). Ilp1t16JmJKeHHbIM pemem1eM ero 

np11 MaJibIX C dy;n;eT 

kt }((JtF, ~} 
(Zri) i E t (It;,) 

(7.I4) 

'\ I, 8Tk'I (popMyn11 TeM nyqme onMcbIBaIOT pemem-rn HeJIMHetiHoro MH'rerpaJII>-
,· 
'1 Horo ypanHeHI'lfl ( 7. !I), 'l!eM ()JIHJKe Mbl Haxo;n;HMCff R . TOtIRe OTBeTBJie-. 

I 
I' 

" ' 
(, Hs Henocpe;n;cT:eeHHoro paccMoTpeHHH qiopMyJI ( 7. I4), ( 7. I5) 

Bll;z:J;llM, 'l!TO ;z:J;JIH aCUMilTOTitiltv'I c:aepxnpoBO;z:J;flll\8ro pememrn: OT :eceli 

{J)OPMbl . j (k., k1. j ..,,., 1"-i ) cymecTBeHHa cpaBimTeJI:E>HO He6OJI:E>lllafl 

qacTI>· 'J' (~,- k j k 1J -)(') • TaKHM oc5paaoM, MbI TIOJiytJitiJIH 6bl B 

TO'l!HOCTH Te xte C8Mbie q)OPMYJibI, eCJIH 6hr :s ypaBHeHHJII (7 .8) cpaay 

TIOJIOJKvlJIH 6bI 

(7 .I6). 

:nm1, tITO a6cOJIIOTHOe 8KBt1BaJieHTHO, ·HCXO;n;MJIH 6bI He 11:3 raMI•!JI:&TOHHaHa. 

· ( 7. 4), a l'I3 ynpOll\eHHOro . raMWII>TOH1tlaHa: .. 



'f'; 

·r .-

T 7.:f' . 
.J,. :;>,,J .. 

. . , .L'' ·.,:·i·.i.:;., .. ,·._.• .. :' .. .,. + " . '..-::: ~{'.;',:'., ,.,.' 
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l?oJiee Toro, ypaBHem1e (7.8), (7.16) rroJrH0GT1IO rJq:nna;u,aei;.;;-.e onoir-
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TeM caMb!M onpaB;n;braaeTcH cBe;n;emrn raMv:rJ:r:o!r6fi~~H,;t.1Dpe1i'Nrxa K ynpo-. . .. 

ll\8HHOMY MO.Z{eJII>HOMY raMI1JII,TOHllaHy (7 .. J7), (? .. I8f :s OTHOillemrvr 

WYHK1(I1~ t (It} Jii. Cl3ff88HHLIX C Heti BeJHf"tn,rn. 
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rrpooTo. 01:1a npeoc5pasyeTCH K Bl1AY 

L. { ~( k]-1::(kp) - ~ik>l 
k. 

r.v;e .f (~) JJ;aeTCff qiopMy.11011 ( 7. I6). ]IJIH . paaHOCTH · aHepr:v.H 1-ropMll,ltir'."' 

Horo I1 CBepxnpoBO}J;ffll.(ero COCTO.fIHHiiI noJiyl!MM BblpaJKemu1 

E: - E:' ~ 1. 1 ~ (u - l:(tt> ~ f(kp>l · · ·.:: " .. . . . . . ' 

KOTopoe Il0.1IH0CT1>IO C0J3fia7-taeT C aHanorHt!HhIM BhlPaJKemrnM .I(JIH ra1-ntJth~· 
• .. . " 1 

.· 
1.lOHitI_aHa ~peJII1Xa, npitIBe,zi;eHHblM :B. § 3. 3. 

HaM ocTaeTcH eme paccl!YITaTI:> sHeprmo sJ.reMeHTapHoro Bos6;yJKJl,e~ .. ~", 

Hvifl qiepMMeBCROH BeTBli cnewrpa. 9TO MOJKHO. c;zteJiaTI> c IlOMOl!;niO 

. q)O PMYJibl : 

ft. (l<I: (E(k}-i) (u,:--iroc'') + < l c(",\ 1-t•~~,4;: <'v) (7 
• 
20

) • 

l3 ROTopo:f,t npH BbltivICJieHitili :sartyyMHOro ope.ztHero Ha,7.1;0 ItIM0T:O 13 mi;v;y :r - . + ,. 
tITO I.X. lc1!. HeJI:&8fl. CIIap1rnaTI> C o( k i. • 3aA>ieTvIM ;ztaJiee ,· tITO eCJIH 

1-. Ji, 

6h1 MhI saMe-~JIH B wopMyJie (7. 20) cnMHono~ MH~e1tc + ~Ia --l· ·, \::~ 
TO~ KOH6tIHO, IlOJIYtI11JIH 61,1 TOT xte CaMbIM pesyJILTaT BCJie~CTB¼e : ·.v 

J/IHBapYiaHTHOCTH raMIIIJLbTOHitiaHa ( 7. 4) OTHOCHTeJII>FIO ST Oro npeo6paao~, 

Bamrn:. Pac1(pbma H {jJo PMYJIY ( 7. 2 0) , HaLii;n;e M 

Ee (\t)=1(k){14-!'--1f~) +¼ -;.r(",-t; ~~~_k')U~11'~ vt~'1ft!: 

tITO C HCTIOJI:&3Ol38HI10M (7.9) MO:li\HO npeo6paao:aaTJ:> R BH'AY 

Ee (k)-=: £ (k) (7 .. 2I) 

Tam1M o6pa30M, BBe.iteHHafl .HaM11 B0Jll1'C:II1ma 'f' ("-) flBJifleTCfl mi l!OM 

IIIHblM, KaK 3HeprneLi 8JI0MeHTapHoro nos6yJK;n;eHiffl. O·.• 

... 
I 
\ 

,i 
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]JIH CJiytJafl raMI1JII,T0H:WaHa (7. I?) Q}OPMYJIY (7., 2I) MOJR:HO 3am1· 

caT:b B BM;n;e . ·r· 

Es ciJ=i'f ( i:-"(1<l f+C2'(~': \-~ : '\. t . "? \ ~ 

K0'.1!,9 pb!il n Ol!H ocTI>IO 'ammo r,rne H c OOT 1id/J~~llio ,1prn faMwi:r, T !);i:ll a na 

<DpeJII1Xa B § 3.3. '.I{o, CitlX II0p ,MbI '11C-CJI8){0BaJ!1f raMMJII>':r{:'.l?Il!l'aH (? ~Li) 

Il0M0IUhIO rrpMHU,1ma ROMTieHcau:vi:w ttorracm..;rxfl ;n;11arpaMM .. I1p11 8TOM MU 
• : • '-, / .'4~ •'- \ .. . 

orpaHl1tJ:trnamrn:& rrepBb!M ''rroprr'~KOM Teop1rn B03MYI1\eHvl½ 1'1 I1CITOJU:i30BaJ: 

yitaaiHHhii1 npvrfrrr,11n B q)Ol)Me ( 7 ~ 5} •. M0:ntllO . rro1tJ
1~·a.-T:o' 0,~HaIW'. tfi'O 

' •• " : • '• '. "') :. ~ '. - • • 1 

y~eT BHCill:WX nopH;n;KOB TeopHll B03MymeHHM B 0CH0BH0e ·ypannenHe 

;n;nfl C (lt} _ \ 1:urqero n1n1Humu11an:r,no Fi.QB.Oro He :a1rnc:wr. 8:1•0 6bIJIO 
. :. : ·. ~ . . . . . ' ., · ..... ,-·.• .... . \. .· 

rro;n;pOOHO rrpo;n;eMO?CTPL-lpOBaHO B ,paCiOTy, B.B.Tom.m:crff~a l1 G .. B.Tm)Jfj 

. KOBa/I9/. 

. :zteMCTBI,'!TeJfbHO ," '..B9. BTOpOt.t·,n9pn;n;Re, rrp~H,IJ,liil Itor.meHCaifWlil '· 
' . ; " ~~o_J,4~' ' ' : .. ·: •' 

"onaCHhIX ~· np11HJJMaeT <lJOpMy: '·. ·. .. '. . * .·. : . ' ,,,·,, .... · . 
. , J (~~!<~)\) Ui. 'lr• .~. {G, o( k ,1;:f olki-1 ( I{ 

1
- Ii' H:1 

lt
1 ).£:i >~/ ( 7 

3HatIOK irKqMrr-. n yRas1maeT Ha TO, q' TO TIOMl1MO yqerra" ;n;Marpa1n.m 

· ·uepBoro n~pH;n;~a, 11ao6paate~n:o;o Ha qmr .. I6, · Heo6xo;n;Tl1M~ ;3.aooTiiITL 
_, . ., . . .,. . . . I.. ., .. • . . k 

toJI:&Ito . o ;n;m:arpaMMe .. ::aToporo _nop,5.1;n;1~~,.;,l'.l?o6paiK~HH□~ Ha c1}11:r. I7 .. 
. -~~ . 

h·5 ·< 
¥/~ A

.,. 
. 

.'. :: ;_·: 
'.' 

<I>11r. I6 · · ·©1t1r .17 ' 
:.';. "', ... 

~. ;, : 

· 8TH ;n;11arpaMMH onYicoIBa,:rpT nopoJK;n;em•rn :vrs Ba1tyyMa , :q~'J:,bipex 
,;• • ' : • '. • ' ~-- •· • • • •;· • • • • ~\.. • '-, ·, ,'' "-. 1 • ' , • ' , 

qacTt1IJ. 11 rrocne;n;yromee rrpe~pamem1e Tpe_x t1acTvm, B o;n;Hy. .llvmrpaMi 



BT0]0~~ . 
ITiopH,ZJ;H:a, 11aoopaJKeHHhIX Ha qxHr. 18, cneu1m-1u:iac; iw1menct-1po:oafJ.~:r., He~ 

Heo6xo;ziMMOCTI1, TaK RaK :a CMJIY ycTaHOBJlEH:H{OI:O rtp~uu111a KOMr!eH

car:u,n,1 OHH 6yfJ,yT aBTQMaTMtl6CKI1 CK0MITeHm1po11an& C i:tMarpaMMfH.ni 
. . 

TpeTI>ero fropfl,ztka, 11so6pateHHbIM11 · H'.a TO ti JKe w~,_rype"' 

<I>11r .. I 8 

PaoB:p1maff Y'.P~BHeHVIJI (7 ~23) ltI orp~1tw-11u3a11,r6 iiiu1 rrpoci'OTM cJry .... 

qae:a J!OKaJIM80Ba1HI0rO l1 IIOCTOHI-IHOrO· B6JJI:,:St! no:aep:xn:oo~~ <Peps.U! 

H,ZJ;pa :r ( t,, t<i, ) "1' ~ "-1. J 6y;n.eM I1MeT:& 

-= { u~ -v.:-J t ·1. 1 ul\ '1ft -t- a-r-1 ~~~~t.,l~~~~ l 
. ' 1 " ~ ' t V ~,ll1)fl l1l~i➔lt(~JIJil'(~Jl-t iT&fiJi J , . 

kt - t'f+~~lill l!t. . ··• 
··'. .,. 

OT01o;zia _Henocpe,I(CTBeHHO Bl1,ZJ;HO, 't!TO norrpa.:t;H)'tfH:W) ~.i!eUM C ~t. 

q1aKTMtiec1rn HBJUuoTc.H eme 6oJiee MaJibIMir, raK mm: oo.nepita!r 11p0Yrn:ae•-
.•.··!; .. - . 

.zi;e1im:r IJ.!'tr c O,Zl;HMM vr TeM JB:e VIH)J;eRcou.. rrocw:t~11m:f1 iite J'(ai1~ mrnuo

Hem.:i;11aJII>Ho MaJiblii BKJia;zi 11 ~ ICa:K Mmrrn:o BH;n;e:r~ 1i -ae iteruuo~ acnnmTo .... 
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THKM, HaMAeHHOM paHee$ .. ·~)r,\; 

Q •.;.;)"-: .·. 

Z~2±-~Ql!l!~li!!1I!!!£!LllQ~Q:l~Zl§.likUl!.._~l!!1fl1!!1§: .. Jfl~Q!!Q!!Qg-QfQ 
. " '.1. , - ,: . > , ' ,• • - .,· • 

;i:rn~H:!MQJ.!§liQ'.f!H:!fi~ ITepe:wneM Terrep:& K paccMg_i:rpem,no )t"~~JI~-RTHBHott _ 

neTBllI ratmJII:iTOHlitaHa (? .. ,~). 11poBO~fl paccyiK;ne1nrn:' aHaJIOrM"tIHbIG 

rrp11Be,I(eHHhIM B § 4. 2 7.l;JIR 1WJIJ18R'.N1J3HOii BeT:BllI raMllIJ!:OTOHWaHa ~J)e

Jili'IXa, Mbl npl'IX0AHM "K He06X0AHM0CTH ;n;:viar0Hamrnarun1 Itna.n;paTM'<!HOi1 

qiOpMhl! 

'! ~>,. 

r= I. { r Ck-trJ-~ £(t1l-trc~, fr<&cJ+ r' tt,r 
• t •,?""''•:,;~;: 

~ ..... :',;i, ... 4,..._ ·-
(7 .. 24) 

rAe 

" I + r = 1, fr(k> ·f,<:,;,-·Aifk,k') -+ 
tt," ,r- .. . .-. . . . . . I '\ '. • '41k . . . ., .• . '· . 

1 . ~ . . ,\ ' ·. . . . . -+ ·.. : -f .. . , .... · .· .i' . ' . -. . 

+ T ~. ~r (l<} \!fl~• J Br (k,k' Jt ·Fb hil<'lf rM.13r (,M <?. 25 l 
: ') 1 J' . . .. •·... J I)' . ., .:-;:- .· "- ., . . 

. ••J'-f . . t.,?flf · ·-. i, .. ·,•· · 
.-·'t11. ······ •·-P;.t . ... . . 

B cBoro otiepe~r,:ttoswwvrn;rlleHT~r' .Ap(tt1Ji') 11 Bp(>r,k'}' ,, cBHaanu 

C MaTpl1tIHbIMM 8JieM0HTai.rnr MCX0,7.J;HOro ratUIIJil:iTOH1'laHa nocpe,n;cT::aOM 

COOT!!Qlll~~t \;, I ~.''.; \ .· ; . .. . I + . . + • ' . • 
. :, . Ah.(~1,k) ..,,.,3(: Ch,A( ~- ol ic+bO_';H., of_ t:'+110 civ..t, Ci!/ 

1 . ~ , n 1:: · r, ,, · .,.. .- *' ·-,: ·,:· ""' ,; .. 
&r (~ .. "' )-::: <"" r1.~;1 ot~t-i,,• o1-,,,1 °'t+;,o 1-1

1 
c., > 

(7o26) 

;2J;Jlfl KOTOPhIX TaK JKe' 1cait B § l1-e, 2 MOJKHO UOJIYt!I1TJ:> HBHhie BbipaJKemn:I. 

,,. . 

B CJIYtiae· dlep;:111~:Pa,ia c~·o·, (~Jia:C5bIM rrnuITH:?.eHHeM Mhl 11M08M TIO c,,J-
,e.., ;I,., a • .. f 

mecTn:f TY 1~e· ·citTiau;l'f~6:·· -q;;· v1•': ~- § · 4., ITotrT11 iocJIOBHO rroB:ropm1 

npiri::!30.I(eHHbie, ·,raM. pnccyStti~eHJrifl·; .... •, ..• ,c::,.;.,r v"".c:,f'"l'' (. ,-~ B cwmecmB0J3aHrn1 , __ .. -,tJtii ~"J 1...1v,i..;.,!'.·1 . .,.,.J~' .•,; .) .:.u_ .1 l' Jh •. V . 
' 

I 
I 
L.... 



KOJIJieKTIJIBHhtX Boa6ym;n;eH111i1 paaHblX WIIInoB 1ta1t npo,2\oJtI>HbJX, ira1t n 

nonepeqmnc. 
: .' ·, 

·-··· .. 

B, · nacr.rom1\eM ·pas,ZJ;eJie MhI saJiiMeMCH .o6cyJt:zte~ije:tvi :i33,nrnHirn -~y- · 
I 

JIOHO:BCKOrO ·naam.fo.ZJ;eiiicTBIUI M0JK;n;y ~JieICTpOH8Mll qll8 lCOJIJieitTMJ3HbJe . ,.- . " -. . . . ' ' ,-' ., 

Bos6Y*.ZJ:eirv1Fl:, .11ccJie;n;d:aaamie :a §§· 4._3,. 4.4 ;n;JIH raMHJil>,Toii~aHa 
; ... 

r[>penlt:ktU Ilpll. STOM, 11teJia~ IlOJryqJ1T:O'.·XbTff 6bl rpy~oe rrp.e,ZJ;c;~:rmeHHe 

00 HMe10metiCfl 8,2{0C:O CtiTY!3.~I111I, -Mµl 6rpa1rnq~~Cfl p~CCMOTpeHHeM 

ra1h1.11:o To Hmana : . -- , . .. , , 
( ,7 • 't , \·"·' ·-, .i. i ,· 

(7 .27) : 

rt'~ fi J._ _ 1. {- r_ (Kt,~, +11 t1•.'-ir;1)Ji kl Ji. ai,,, ._ d_.,, .1: a~ , 
_ vufil t,,11t;ti',1cl : _ , , , _. , ., 'f"lJ ..,, 1 ... , 1 

. . . { ~+~=k.14tei!) . : . ~; . . :, '< ,)! J.-t .• . 
. ,tc.-tk! . ' ' . ' ' . ,, 

Ba(:rn:Mo.ztei1cTBIIIe 'j (~ kl) rtpe;z(cT_~BJIH~T npHMoe rrpMTHmt:lHt1e Mem;n;y 

a~ekTpbHa.Ml-t /' B08Hl1I<llle·e VIS-:•,\ 3Jie~TpbtlHQ:(]OHOHHOror:Bsamio,ZJ;etiCTBI1fl 
:' : _; . '• ., \ '' ·... ' . 

v1 codpe)(OTOt.feltnoe BOJtl'I3l1 IlOB'epXffOCTM c.DepMM. BsaMM0.1(eiicTBl1:8 

V (iliJ-~ l) ~ onMd1>mae~ Ryno110Bb1toe 'oTTaJI~MfBanl'Iei ~ a~rettT:Po~,OB. 
-~\J > •'i,t{' ~·· ·, . ,,... t . ;'; .1 ': '._ ,,. • ..,_.. · , , 

. ' .BJ>1qvfciu1:n\ijaTpMt!Hbie '·a.neMeHThr' (7'~26)Jiira 1'a1hm_t&TOHt1aiia (1.27) ,-
,,l~ 

;: ~{-!(It,"-+)>)+ Y(lj>I) > M(l'~k'+~) >.'l(l,ktf)_ '. C 

.. 1• ~\ r:\t;•; / ,: ..: ~•, •~ •·· ·.,'_ ... ." : ••:. •. l, -·'.•·; '. _• ,• ~:i.:.:~ _!, 

Bt(kik.') = {-{- :rCk',k'-;) + v (1~,,} M(k, 1r+r > M (k', ki.,,f ~,,. 

. ' 
' I 

! 
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·.··, ;•·1;i11Gt?·;· :NJ:•:)_'; 

3TH Bb!palKeHHff eine ,zi;ocTaTOtIHO CJIOiltHhI. M1i1 MOJiteM, o.zi;Ha1w, pacCMOT-

peT:& cJiytI~}i _ M8JihlX -.. p .• IlpH STOM B. tIJieHax, co;n;epi~mwx' Y(lpl) , 
MO~i!c?eiio 'ToJi'.o:ko iJi oCTa.BriTI:r{' ~ctit; Kalt np1r MaJihIX J,· '; 'KYJlOHOBCIWe 

· ~(\t,I). . HMeeT CHJI~HYIO ocoo._~HHOC'T'~. ,Haq6o.~?~·~ '.'K:0-C,TaJI))~h}X-'·,tN[eJraX 

v(f-i:~•1) . '. 11oxrn'o 06'I>6,11;1'1HHTh\c 'qlOHOHHhIM B3aIU.il0,1];8HCTJ3111811, TaK . 
. :;;KaB:>i:a' paccWlTI)HBae·MhlX. ROJIJieiirf!.Ws'FibIX B030ylK;n;eHliHX c~mecTBeHHbI 

JIHII1it6on:&llIMe riepe.i(a111t·l-i1in:yft:&co:Bc· ,-·~--~'-'· .:·• ·vq; rtpoM~,.,,Toro, 

1ta1t · IJOKastmaroT paccyJK;n;emu1 B § 6. 3 B no.ztoC>HbIX B11pailten1-rnx;-:. r;n;e 

KYJIOHOBc1ioe OTTaJIRHBaHHe B_xo;n;HT cyM1;3:p~o. 9_ }J?OH9HHbI~, npMTmKe-
-. . ' : \., .fj ' .'•.' '. ~' :·.·:'. ; '._ ~-:. ;_· 

, -~ ,HHeM, OHO O6aaaTeJI:&H01 aaaitpaHHPOBaHo. ,, , 
•. i .~·l l• , / 

TaurirM o6paao··M· · · ·· _.; • , ·. ··· · . ; · 
: '. \ ,1,1,J!l ' I ~ :. ~ti ,.. I / ; •• ·-:_;t·-~-~ . ~- \f . : .. '...- \ ~ . : .. ,.J,. : ) 

r ·c. :-:-··: . : . :: ;. ... , ,.l .... s-)! ... ·- . : ~: .... . ·. \ !-~ , --':,.'J ~ "-~ <- -.: • ·_ • , .. -":- • !' .. . ~: ~ :; -

.· A~( IC, '1<1) =- 1'(~2 L(1c,1c~:Llk-fti,k~,,); ,,M {1,; lft)') M(k~ 1:/tp} 

·.,' .; .. ·,r:-~··:;.~ .': :ii .. ::. /':• .: . ·•. -<.· . .· 1·, __ ;:x:if(,cr1c'-;) . 
" ' , ' ' ' BJ, [_lrc,)(l) _. ~{k, ~? M (ic!, Mp) M (k I Jl'.a.~) + 1-' N {Ji,k-lj, ),c," ,( 7 • 28) 

... : .-:.:,-·_\'.),;,:;j'f::t· . • ;·!'.,!,,:'CJ Y.::)(:,,•C· . . ·.:•-:.)F{'. ·:·I;_~:>.'•·: :1··,.·_,. 

.'Ce1tyJI}!P!J.b!e/,ypaB:ReH~at:.,9op~BeT:CT:B,J';I9tq~e . (J_.,?~J!::-.nJ;mMf(~l~-~~: -~ \, 
' . ·. ..• 
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(7.31) 

. IlpH MaJibIX. ~ MOlitHO OCTaBHTl:> B ypa1i~e#TtU/I (. 731) ~OJI:&RO 

CHJI:&HyIO aa:Bl1CVIMO.CTJJ OT p qepe 8 \I(~) ' , CTomnee nepe,1t cyMMa?.rn: • 

Tor;n;a IIOJIYt.ll-iM · .. 

(7 .32) .. 

f/la (7.32) Herrocpe;n;cTB8HHO flCHO, '<lTO rrp1t1 ► = 0 ero COC>CTBeHHOe 

8Ha'<leH1tle. ltxo;ztltiT B TIOJIOlit1tlTeJI:&Hyro 6eCROHe'4HOCT!> •. 

~ C50J!l,illl!X p Mb! B npaBe 88.M6Hl!Tl, B ypaBH8HIIB (7 .3I) 

lu.t.,1'~ VIX HOpMaJI:&HhIMH 8HatieHHHMH: 

(7.33) 

f ROTOPhIH llOJIHOCTl:>IO COOTBeTCTByeT IIJiaaMeHHOMY ceRyJIHPHOMY ypaBHeHHIO 

;~ CaBa;n;alI3/. Mb! ,11;0JIJKHhI, TaRHM oopaaoM, aaIOIIOt.lJtlT:&, tITO ypaBH8HHB 

(7 .3I) omrnhl:BaeT OOhitIHble TIJia8M8HHble KOJie6aH:t-!fl c CJtlJII>HO .zte(popM1tl

po:saHHO~ rrpVI MaJihIX 1tlMllYJII>cax ~ 41 qacTOTO~. 3Ta BeOJJMa 1tlHTepecHafi 



I40. 

,Z\FiCIT8PClrn ,.JIJia3M6HHOil -qaCT()TbI rrpM MaJiblX .t;,.f' .. m~a~i;,if?,~TCfl xapaw.rep

. HHM CB011c¾B.QM, C~epXIIpQBO,'C:.l:UlRO:B v1 MOJJC.eT,:·Jl~;CJI~Jrm;{' OCHOB.Oti ;IJ,JIH 
,. : ; !' ., •. , •.'-i ·-..;-t~ .. i ---.:i-.;.. ··:"" \ • .;;-;;/ : .; ' 

·. 1 

3KCITepMMeHTaJI:&Horo orrpeAeJie:m,rn BXO~H!J.\e}i :B TeODMIO BeJiv!c!IUibI C • 
:' ·:-•;. ·,· . . . . fl) . . . . . . - . . 

B imROM OOOTBeTCTBMii Ha.XO;ZJ;HTCB yKaaamrnH I1JW.a.Me1rna.rr B0'l'BI, R 

npo,zi;OJILHbIM .. IiOJIJieitTHBHbITli, ::qysoyJK;nemrnM- H$,7.{0CTa!l100.:H_O fl PHO., Mo:rmT 

• N;LOifflfi-jllT!>C-~,,~.-q1Q ,q;aitTIIItrecmr 3TO 6,Zl;:t,UICTBQHHafl :BfiT~I> · CIT6ItTpa ,}'.I_· HI1Ka-, 

KI1X oco6ux np0,21;0JILI:tbIX IWJIJieRTVlBHbTX :noa6y1c;~em1H He cyn~eC'J.1BY8T ~ 

EcT:& OCHOB8H.0JI, 0,4Har-rn t (;t[);1~8TI:i, "-fi'.O TaK~Ie_ BQ30YAt~em,rn: COCTaB-

. ( Scll~~T 9aMOCTOflT8JILHyID BG'.l'Jfr, cneRTpa, 1 no cyn\eCTBY' TY caMyro rrpo-

l.l;OJinF!YlD B6'r13:&, ROTQpafl _ObJ,Jia Mayq:eua E § 1+e3., ;Irpyr•m,m CJIOBaMH, 

(;!BJII1:fllit·1e(~ iitfJIOHOB'C;rcortj; B Ba}JMO 7-le,WCTBl1H: j:3K~;e: Ii "HR; lIPO;D;OJII,Hliie !<OJI-

JieR:T!iIBHb!e. }3036y:m,n;eHI.1H J,iOJKeT .· Oica aa'l'J.iCH 1!BJIO. acJx}eI{TMBHbI_M. B caMOM 

;rr,eJie, paCCMOTPiiIM CJiyr.mit, _r-wr;rr,a :J(~11,1J MOJKHO aaMeHHTl:> KOHCTaH-
.... -:.• ; ; l l ,· :-~ ~--. r f • ~. .. ;: ·_;i ~ · :} ~) ?-'. ;> i j i . 

TOM BHYTPM HeKoTopo.i1 06JracTr1 B621i13JJI c~{1epu wepMM. B 3TOM cJiytme 
•,·r '.;·; •• f.j_ ". :· .. '. ~.> 

ceKyJIHPHHe ypaB}IeIH1fl TI03MOJitHO, paspe:irnTI,, TaI< KaR. Bee ,ff;rr,pa B 

MHTerpaJILHbµ( tIJieHax •JJmt:1'0p:VI3Y?JJ.'CH • JipH 3T.OM.~OITffT:& · y;n;ooHO :sepHyTI>CH ... . ., - . . . . 

K HatraJI:&HoIM (l)YHI:W,I/IBM ¢J 1 i. . ., BBe,7~➔/" BMeCTO HMX CJif?;D;YIOllfVIe 

ROM6tman;irn: 

, : (~ '1 r:• ·1 
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~ =- 1 L { r-,(x,l:-tn<fii<t>-+ M~~).-J>)X~c~L 

r;n;e cyMMMPo.BamH;:} ·Be;n;eTcfl __ n9 :K; a. ~~plix ·np11_ 9YM¥e':.:98H?-~.a~1I_,t1Tq 

np11 cyM1mponam,rn cJie;n;yeT orpamr<n'IT!:iCff o6JiacT:oro JI01taJII1aau;MH .; , ·.> 

B3al1M0,1{eMCTBlifl . '!(t, K!) ·. ,.; CeKyJIHPHble ypaBHeHMH ( 7. 29) ~-· :(7 .30) : .. : 

npeBpamaIOTQH :a: IlflT:O JIHHeijHblX;: 0.1{H0p0;z(HhlX ypaBHem-iiii · 0TH0CliT8JII:,H0:, ". 

ITHTIJI HeHaBeCTHblX ){ U ~ r, ',';:·; l1 S • CocTaBJIHR ;n;eTepMI1H8HT 
. )o>lJ·\. 

STOW CMCTetm,. Mbl- ITOJIYtIUM ypaBH8Hl1e ;ZJ;Jlfl onp.e,"Z(eJieH11ff E .- 8.:n;ec:o Mb! 

He CTaHeM DbIIlMCbIBaTI, 'BTOT .zteTepMMHaHT, a yKaJICeM TOJI:oKO,: t!TO aCMM

IlTOTMtieCKH-· npM ·. C ➔ 0 8TO'J;' ;n;eTepMliHaHT pacna;n;aeTCfl _ Ha npOl13Be;n;e-

I-U1e ;n;Byx COMHOJitHTeJieii, O;ZJ;MH 113 °KOTOpbIX Be;n;eT K ;ypaBHemno., (7 .tr)·, 
'a}t ;n;pyroti -· He CO,:n;epJICHT B0BCe KYJIOHOBCICOro B3aHMO;ZJ;eMCTBMfl. li B 

1 . • . . 1 ' ~ : ·.,: . . • . • J.. l';"• ~ • ~ t 

~OtIHOC.TH COOTBeTCTBye·~ aa;n;atie C onymeHHliM KYJIOHOB9KJtlM . :S38.~Mo;n;ef1- . 

CTBJtieM, T.e~ aa;n;atte, pacm,
1

d;pe~~o-ti :a §. 4. TaR»M o6paaoM·: ·M~ ITP!tf-· ·• .. 

. · xo;n;HM K aaRJirotzeHHIO~ qTo no 1tpa1'1Hei1 Mepe ac~MriTOTMqec1tvr npM C ~ 0 

npo;n;oJI:&Hble p:~-m~~M~ ~eRy~H!)Hb~/·yp~BHeH~H, (7 .29i;·.' (7._30f -~oc~aBJiflIOT . 
. . . . ::; ~ ._ 

;n;Be BeTBMI: 0,"Z(Ha' ~\:·8TO Oc5hl~Hble \iiia3M0HHhle KOJI.e6aHMfl C CMJI:OHO ;z(eqJ0p-
• •· . , r 

. : MHp~BaHHOH n~aaMeHHOH qacTOTOti npH M8Jlb!X ),. H ;n;pyrafl - 8T0 rrpo-

l(OJIT,iible ItoJIJieRTHBHhle B03OYJIC;ZJ;~H~ff, HaytieHHble B § 4. 3. Ilo;n;~_ep~HeM 
·.' :' ~ •. ''. 

· ell{e pas npe;n;Bap:0:TeJI:oHocT:& yKasaHHoro peayJI:r,TaTa. 
· ::._.:- .-;;.~:/ ·:·~c-. .-- ... 1

• - .. ··: .. i.--~-:·' ·-.-~'.:.-~ 
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•• • ,,! __ 

.. -
. ',: \ 
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§.!.!.!._1'.Q!2MQlHH!~M!itHL.!1~£~flli!J2QJ.!!1li~~liii£_£;§§.:£nH!QQ~Q.Zm.ill~EQ -·_ = 
1 . 

QQ.Q~Qff!H'.!fl. J.rcr bM::-( rrop rJLI orpamri-qvrna:mrnI> PO-CCMOTp0HI18M·, J.pCJfOBHO:PO 

. COCTOfIHMIT. n 8JI8M8lI1rapHhIX B036yJK.I(8HWLi. He rrpe;n;cTa:BJIHeT' OCOOHX 

aaTpy;n;He·m1i,i noJrytrnT:&. ·repMo,zi;:1t1Ha1i1mtreCKMe q)OPMYJibI •. 8a.Me 1rMM ITPGl!r..1J,C 
. . 

Bcero' lJTO K0.1])10ItTvIBHbie· B036y:li;z(emrn, . 0 ItO;roptIX MbI.1 I'OBOJ}t1JIM' He 

HBJI.mOTCH B ;n;aH}IOM CJI~jtrae 'CYlll.0CTB0HiibI.MI1e J3Jiaro;n;apff--M8.JIOCT}1,J,m,lt".'· 

. ·'CMMaJIJ:>H'O B03MOiI\HOro 11vmyJI:0Ca lCOJIJ1eICT11BH1IX B036yJit;n;eimH. MMLLk!O!,HW. 

_ . ·npeHeopei:.1:0 .n:pvr pac't!eTe T.epMo;n;11naMVItiecrrnx qiyi-II-Cu;11ti (rtpv1 0Tc;y111.c"J?lHH1 

TORa M MarHHTHoro ITOJIR-). ' .. : .. · ':.:_/!$_ .:c·· .. 

. ·. ';if·(.~£;::~ ' 
B CaMOM 'A8Jie, 3Q)QJ6KTM~HHM .MMIIYJILCHbIJi .0_6'.:&eM .f£6PMI10HHblX :00:3 .. ~ 

•• •:. t •.t • ; . •; I •:~ • • .: ;_ • ,). ',:} :: ~j: •:./, :_. .° ,'"') 

6ylli;n;emrti B;rtec:& 6yieT nponopn;vionaJien .BeJili!'l'.!vrne 
. :~·: ,, :.•~1.~·.. ··· .. 

:. .. \.., 
kp CA 

:•f..1 1-: .. ;_:~. • .··· · ·.~\1_::~f,_:;·_;:t·~·:rLS~.: :.{ \\•.;:·· •• .. •·· 
r;n;e, C - .. ~IWPOCTJ:> ?~Yita. Ea nonepxHOCTI1 {J)ep1rn, a COOTB0TC1'J3JIOlilHii 
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nopH;n;Iia Mar~??.?-~_i h\.?.. .:1-1_·:~- : .. ,,~::··'':"' ~:..- ,:· :1m-)rn·:!::1m ;_:,;:'..::.·t.;. ·; __ ! ....... .. 
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IToaTOMY ,1{Jifl IlOJiytiemrn TepM0,2f!1HaMt11{0CKHX 4JOPMYJI· MOJ!tHO ItICXOJ.J,H'X'h rm 

_ . , .... --·:,·· :~~.:-~~-.----· ~:~:\:+y:t· : . .:·r, .~.::r·~ ... :,·;: :~.'. , .. ,. _~:;.:;r·;:_ .·._._ · .;!ric:·/'.~_' :s. ;:~~:~~:.;_1,·: .:.~j~- .. - .. 

raMHJIETOHHBHa, B KOTOpOM OCTaBnenu·ToJI~KO napH@e 'B38HMO~eUCTDHH 

M itd;opi;iri;: K8.R .MbI B1Illle BltI.I(eJrn, rrpaBHJI:&HO rrepe;l(aeT OCHO:BHOe- COC'l'()fl...:. 

HHe M snei~eiirrapHbie B036ym;n;erm.R. o;zi;Ho@epMvIOHHOro T1'III8. 11a°ROJ/i 1:•m.m:rn .... ¥ 

TOH1'1aH 'mu;e: MM86T. en1e· TY Jiro6or:BTlI;YI0 ·oco6eHHOCT:.&' tr'.11'6 )°.\OIIJCRae'.f 

TOl!~H1f paC•IeT. ~Bo6o;zi;H011 SHCPI'.IiI:itI ~ :Taiolti. pac-cre1/: ObIJI . npo:wsne,;1;cm l.l 

paooTe H .. H.Eoro.TIIDOOEa, 7J..P,.c<;'68pC'Ba ItI jJ.A .. 1/f.[FWEH11IWBa/20/. Vi'3 

~ 



STOrO pactieTa ] 0 TOM IlpMOJII1~eHMI1, ROr'Aa J 3aMeHfl0TCH ITOCTOflHHOW 

13C)JUI8I1 ITOBepXHOCTl1 wepMH,. JierRO' IlOJiy'l!aIOTCfI (]OPMYJib1 Eap'A11Ha, Ity-
.-. . ·, 

nepa Iii llipHqiqiepa, · KOTOpble ST11 aBTOpbI TIOJJ;yqv1Jrn: B9:pI-iall.~0HHb!M rrpl'IH-... .,, :·. 

Hec1t0JIT:>RO CJIOJ!tHee d6CT()MT ~erro C \EionpocOM O rtoJiytiemrr.1 ypaB-
. . 

Heni1:i( aJieKTPO'Al1HaMtnrn:. 3~ec:r, Ha;no y·,rt1Th!BaTL ;' -tITO c11cTeMaT:t1t1ecRoe 

'AB:m1teHli'l~ aJieR;poHon nceria · cBflaaHo c Marm1THbIM noneM JA ,.. RpoMe 

· Tard, 't!TO cBepxnpo:so;nmurn . ooJia~aroT cIIeu.11(tJJAt1ec1tvn.m MarHYITHhIMM 

CBOtiC,TBaM11, · npYIMepoM ROTopmc MQj!teT CJIYJliMT:& Sq)qleRT MeiiccHepa • 

. . . 

Ecm11 orpamrnl1TI,Cfl CJiy't!aeM CJI86bIX XDIOI~~:lt MarH~THb!X 

rroJieti, TO ecTecTBe1:rn:o 11fitaT:r:,. CBfl3I, MelK~Y TOI!OM ·w BeRTopmiIM._·.mf~_- \ 

Tem:i;11aJIOM B JllilHeiiiHdii qiopMe,. ,;_<" . 
•l; 
;('~ . 

llia:aecTHiiI 'A:Sa Tuma maiHX' cooTHomeH11:ii1, 1t0Topmi J5wr11 noJiytteIIbI ·' · 
.·.1. 

. . ~· - . 

113 r:penoMeHoJiorv1tiec1rnx coo6:pa:llteH11it - ypaBHeHWfl JioH~OHa 1-1_ ypa:sHe-

mrn: II11~p7.ea. _ YpaBH0Hl1ff .. JioH~OH~ JIOR8JI:&Hhl; j (',<) B. ~llX rtponopu.~o-

ri(v'\ . HaJieH V\ "I 

HillflX Il:£mnap~a 

.HlieM. 

B Toti JKe TOtJRe npocTpaHcTBa .. B 6oJiee _ b6ni1'ix _ypaBI{e-

1(x1 l1 'jf_(x} CBfl3bIB8IOTCH MHTerpaJII>HbIM C00TH0IIIe-

- HeTpy.z(HO :sH;n;eT:&·, l.(aJ!Ce He npol18BOl.(fl HHR8.KJ4X BbI't!l1CJiemrti, - l!TO B 
,. ' .• . • • .c, .- • 

Halllei1 Teop1,rn:, B JI}iHei1HOM rrp116ntirJ1CeHHM 6Jiaro;z{ap~ . HaJI1rcrYI10 rrpocTpaH~ _ 
' ,. . . . .. , . , . ~- " ., " ,; ,.. 

• w ., •• 

CTBe,HHO!i ROppeJIHU.HvI M0JK'AY 3JI6RTJfOHaMH ;n;OJil!(Hb1 IlOJiy°irnTJ;Cff ypaBH8HHH 
; . ' . ' . . . ' .. :· ~ 

. Tll!na: Ili,mnap7.ea. COOTB8T CTBYIOilW'Ie HHTerpaJI:&Hble H;ztpa· l.(OJI~~bl 611Tl:> . 
·-: ·.~·-:'t.:.;, ·-. • ,· •.. 

. •'"'"'.':~ ·t.. ·, 0 . - . 

paaMaaalfh! no npocTpaHc_T:sy. p JrnHel1HbIMH paaMep~~11, _· xapaRTep1rnyeMhIMI-I 
,; ' . ... . . . 

xapaRTeJ>l:;qit l.(JIHHOti ItOppeJiflD;LUtl 'tlaCTMD; C npOT:£1B(?IlOJIOJKHb!Mt1 cmufaM~ ·' 



!44. 

8.zteCI:> l1 J303~;I;~-~~: cymeaTDGHHclH TJ)Y;JJHOCT:6. l(eJIO B TOiJI,. tITO 

.ztJIH IfoJiy-qeiurn ypaBi10~:'i1ii s.neI{Tpo,zp-rnaMMij}i: ,~c.Jiel(yeT ytrecTI, naJI11.t111e ·.;, > 
IWJIJieitT11BHblX ltOJI~e.o,aHMM, 'ocooeHHO non$'pe41-IhlX. C .ztpyroi,i, CT;OpOIIb!~ ·:., .. 

III ~To . caMo~ rJia:aH·d~~ ~eo6xo;l(11Mo yqeCTJ> ~;.nwrne rpam1u, TaK Ka1( · .' ~ 
., ••• , • • ·•. 1. ' • ,.· •• •• ',, •• • '\ • ., .. 

npocTpanc'.TBeilHaH ItdppeJIHLtv.JH' -MGJE.I(Y '8JI0RTp0~8.MvI g C1?.81,)X~POBO~HJ,Ll8f,i .. 

co·cT:0'1fHliH' t;l(OCTlliraeT · pa3;,1:eppB 10-Li-~10-5 CM~, a MarHuTHoe no~~e. _
1 

. 

npOHMitaeT :s OBepxrrpOBQ;l(H;rtlli, Ha pac.O'.l.'OflHvie rropH.n;Im ro-5cM • 

. . 

ITOHCHMM CK838HIIOe OTHOCHTeJII,HO pasM~pb:s rrpocTp8HCTB8HHOM 

KoppeJifflJ;:vrn. :a.1ur 8TOro BbitI1'ICJI:t1M rraimyro I~op'pdJI.fIU110HHYIO WYHRI\ll!IO 

. P2. ( x, x' j ½ 1 -½} . · ;?J;Jlff 8JieitTPOHOB ,c_, npOTIIIBOilOJIO}KHhIMM 

CTIHHBMM npM HyJieBOM TeimepaType. 

IIOJII,Syf!CI, o6bI'CIHbIM onpe1.1;eJieHHeM Ropper~ffMvIOHHOti. ·wy1ikitlhf·vuteeM 
'· .·;.·. •·.· ·. + •.· + ... · .. . ·. 

P,.:··c):,x' j ½ 1:·fJ'-= < i'~()\)'1\-'~~ (xrJ "\'_-1£ (x') t t(i>>: .. · .... 
. . •... ~ - . .• i. !';.i. .:-~: .- :·: .. 

-,I, < , · ,., 1 A · \~,'if.) . , . L(tt,;q 
,,. j.. x ==- ..,..-· v..._l,{ 1- .fl ._, ... , , -i k )- .l;..:;;:·~ a . , n . , 

,._ ~:/ ',r.. ... > T-\" - , . L. t ·t .I(;. . 
• ' ~ • -t. 'lv "' . ,--;;:,_ . 

- BTOPMt!HO ItBaHTOBaHHbie BOJIHOBble clJYHitn;:rnr. Ycpe.ztHeHMe Be,Il;eTCff no 
J • • . ' • . +; _, -t; _, 

BaRyyMy;' · cooT:seTcTByrorrteMy tn,rnJiaM sanoJIHeiivrn Cl \t.o IXlf.o 1 ~14· ~\!.I 

Bb1pa11taff···onepa'ropr,r . a_\<;{ ,._-·_. iiepes .. •.o/_'M W. itt.1 '··•. · C TIOMO!!{l:>'IO ,: ·: · 

·, ttaHoHYrcrecrwro npeo6paao·BaHMH·,::-n:oJIYtJMM ; , .::, . ·· ·· 

.. ;, F. (x~~·-·. ~ ,-1. J =· v-~ (1:w-J ~ +·v--t. I 2. ~'V" .e_.;.l~~(~--:t) 11. -
''.;"i)· . -~ .• . ) 2. ~;,•/; ~- ·. I '. . I t<. '•'; .i·~ ;, . ·: •• 



.. 
,., .. ) .. 

MbI BHJJ;HM oTcm;n;a, t!TO B cJiytiae HOpMan:oHoro cocTo'f:rni,rn:, 1tor;n;a 

: {.(t .. }= o · (u~,.,.~~ol 1toppe1rnum.a: sJieKTPOHoB c npoT11nonoJioJKHbIMM 

. cnwHaMM OTCYTCTByeT. 

B cnepxnpOBO;n:HmeM C0CT0flHHH npoHSBe;n:eHMe. ~k'Vac... cymecTBeH-

. no OTJU1t!HO . OT Hym1 JIHill:O B o6JiaCTM 6. I(. B6JIM3H IlOBepxHOCTM . . 

~epMM, 'r;n;e Ale. onpe;n;eJifl8T9fl COOTHOill6HM6M 

lE(~+A~i-6i:I~ C.(\¼:) , . T.e. 

·All,_ ~c~i kf' "" to "LJ\4 
EF 

OTKy;n;a ;ip:rn: ;n;JIHHhI 1toppeJIH11;u1v1 AX 113 cooTHomemrn: neorrpe;n;eJieH-

HocTeti noJiy'tlmM cJie,zi;yromym oneH1ty 

8aMe·rMM, "CITO 1wppeJiaq110Hnaa <!JYHK[(J/I~ ;n:Jifl sJieKTpo1,t_oB c o;n;v1-

. HaKOBhlMH CITMHaMM 

• . fi. (x-x'·, ·1:- , tJ -= I. ··itrt v~ (~-. ~~_i.Ct..-KJ(x->;<'J) 
. , l<u kt. . . 

onpe;n;eJIHeTc'H, c OCHOBHOM, o6MeHHbIM ag)clleitTOM 11 · npaKTHtieCKM o;n;irna-:

KOBa JJ;Jlfl HOPMaJibHOro H CBepxnpoBo;n;.a:mero COCTOHHllfl • 

. prpaHMtIHMCfl CaMbIM rpyohlM BapmaHTOM H He6y;n;eM YlIHTbIBaT:&,H1'1 
. ' . ' .... 

ag)g)eJ:CTbl rpaHHUhl, HM 3tpg)0KTbl ItOJIJieKTMBHlilX KOJiec5aHHH. IlpH 8T9M 60- . 

Jiee nocne;n;OBaTeJII>HO 6blJIO 6bl HMeT:& ;n;eJIO c raMliIJI:&TOHI1:aHOM BM~?-



c ITOCTOfIHHbIMl'i Jt. v1 'Ji . TaKvIM o6pasoM Mb! rro.rryl!JtIJrn Dbl ypaBHeHllIH · 

T:VITia JioHJJ;OHa C HeJimietiHOti 3aBIJICMMOCThIO .7.{JIHHb! npom,mHOBeHHfI OT 

MarHJ/ITHOro TIOJifI. 

qTOOhI ycoBepuieHCTBOBaT:& TGOpmo 11 ITOJIY't!I1T:h RaI{yIO-JIHOO HIHirop

MaIJ,I1!0 o (Tw.mm;:vrnx Timmap.I(a, 1tp0Me tJJlCTO rtatiecTBeHIIof-r, Heo6xo;zt:vmo 

paoOT8TI> C TIOJIHLIM raM11JILTOHI1aHOM, YtIMTbIBaroIIrvrM B3aI1MO.I(ei:icT1rne nap 

He TOJILRO C npoTHBOilOJIOEHb!MM :m.myJII)CaMH :VI cm,rna.u:w, 11 o6B3aTeJILH0 

rrpHHWMaTL BO BHMMaHMe cymecTBOBBHDe rpaHMUhl. 

§~g~J.1§::!Q.£!~Q.!:!!1§.ff _!£§.£!limLf!lh'.!sH!!1ff_QJ1§J2~!!1! QeQ~ll!Y1Q£a:!1 • C I{a ,Ke M 

B 3ait/IIO'qemrn H0ClWJII:.RO CJI0}3 OTHOCHTeJI:OHO Q1131rt!8CKOtl rrp11po,zi;bI 

cnepxTeitytrero mm cnepxnpono;zi;rrmero. cocTOHHHH Cs • BnVI,zi;y Toro, 

't.ITO C.X"' npe,zi;cTaBJIRIDT aMrrJIHTy.zi;u .zvrn: cyrrepnos11:I.1;11v1 -cracTH~ M ;JI.brpoR 

( ±\t..) ±. ½ J , C(llepa c.DepMM BOO<Jme pacmvrpHeTCR o 'IloHBJIRIOTCH :xapaRTep-
• 

Hbie ItoppeJIR~l1M iAe):q:i;y 1IBCTM~8MI1 (± \(., ±. .\:-J M ,L\bIPitaI\rn (:t ){, + t} • 
' 

HarJIH'AHO MOJ:CHO npe,zi;cTaBI1TI:. cede ITOJIOY.-terrne CJie.I\YIOIUI1M oopasoM, -

m.meTCH rrpv1Tmren11e 1ca:K Mer.c;n;y tiacTMI.\aMn • ( +~, ± ¾'J , Ta:K 11 

Me:Ht~Y ,ztbipitaMM ( ± ", ± ½J . IIoaTOMY C TOtIKH apeHHR 8Heprrrn 

B38vIMOJJ;e½CTJ3I1ff BhirO.I(HO paa61rnaT:o ccI;epy ~epr!iH ,L\hIPIWMI1 ( ±k, +-k) 
C .zi;pyroH CTOpOHH, Ta:Koe pacnmrpeHHe HeBhirO,I(HO ;!(JUI. KVIHeTHtieCKOW 

· 8Hepr:t1V1. BqxJJeitTHBHbI¼ oaJJaHC 3T1iX 0601-1x QJ8KTOB 11 rrpiirnO,I(MT R . HaIII

mrnmeMy, 81-Ie·preTH'CleCIWMY COCTOffH!II!O. 

-% . ,' • :, 
~ ... 
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.. ,, '. : ... .-
~'~-- , ·. \,·., .' 

B IIOI)M8JiI)HOrE COCTOHHVI!tl, 8CJUI 133.RTI:,. 7-\0CTaT.O:q:l{q B1ICOIC08 IIpH6JUt:ilte---. . . . .,·,;·-·. :-

l!HC 7 Mbl BCOI'l1& I,iO:KeM 3aMeTMTI> HaJU,ft]],10 1wppeJrn:11,1rn MGiK7J.Y -qacTH1'aMJ1I 
'•, . ""' ' . ' 

.. 1f ~nm;yJI:Gcai,rn ~➔'l, -K :_; ,.,/ :HO np11 3T0M 3HEltreHi1(/1 
• 1 = 0 .BirtJ:eM 

iiC C5y,l(e'l' Bb!)1e;IIQH0. B, co6·;:6j:£iunI' ;}ee CS. 3;:te'cj; MMeeT MeCTC{. 

paspblB. B. CBH3H C 8THM IT0HRTH0, Hanp:vrnep, TaltOe 06CTOHtl'0JlJ,C.TBO, 

'.BHocH.T oecI-CoHetJuo ti1an;rtt BKJia;n;. B cJiytiae ,· _ 
; ·•\··· . : 

HOpMaJinHoro COC'110HHI1fl, HBJrn:eTCfI B80I>Ma cyme.c'.~het~Hb!M )J;JIH, .Cs 

JlenBarr, ·paayMeeTcH, qpeaMepno ynpomaTI:i rronoEeRMe H ronop~T1 o 

CBR38HHHX napax -cracTM[( .. ]eHCTBvITeJihHO, ecJIM 0THeCTltIC1 cep:oe:3Ho 

R '.l'aIWMY II1J8,l(CTaBJieHirIIO VI ITO'ACtJHTaTI:i SHeprHro C:.SfI311 .TiaP.~,.-. TO MI:J 

na1i71:eri, tITO . 3T0.·-6yJJ;eT -B~Jrn:_:q:n~a Toro ,w,e IlOpff;n;Ka, 'CITO M. 3HSprMff . . . . 

l33R1'IMO.Zl;8WCTBitrn nap ;u;pyr C ;u;pyroM" . ' ....... •, 

' 

Ifu caMOM ~ene Mhl MMeeM £BH38HHU¼ KOHRBKTMB Toro ~e TMrra 

EBK W ~nH 6038-CMCTeM. EcnM BOCITOnL30B8TbCH H8CKORbKO HeHCHO~, 

• 

HO OO.?Ial(aJ'JlL1etr Tenepn onpe;n;e.neHHOB n1rnasI4-HarJIH,?J,HOCTliYJn t i:repMMHO

JlOrltieH EB3HTOBOH Teop:VHI rIOJIH, MOiKHO roBOPvITI, 0 BI1pTymILHbDC napax 
,{;~ 

:Vi p8.CGM8TpMBHT:b KaK CBff3BHHhlM doae-KOH.Zl;BHCBT MS TBKHX. 

.- m1p•rv,., aJH,HUX rrap .. 

/i 
ii 
~ AuanorMH C 6038-CMCTeMaMM rro;u;qepKHBaeTCfl eme TeM o6CTOHTenL-

CTBOM, qTo ~poMe O.Zl;HO@epMHOHHNX Boa6ym,Z1;eHHi, COOTB8TCTByromHx 



. I 

I48. 

Bhma;zteHHID .03 KOJIJI0KT11Ba OT;zteJinHhlX qacTI-fD;, vIM0IDTCfi vI B030y:8i.ziemrn: 

Boero KOJIJieKTHBa B U0JIOM. 

HaJIH'C!Me KOppeJiflD;vUi MeiX.Zl:Y qacTMUaMl-i J3 11MilYJibCHOM npOCTpaRCTHe 

ecTeCTBeHHO rrpi1BO,!tIIIT K IIO.fIBJieHMID 11 KOppeJIHUMOHHOro O6Jia:H:a tr B 

061rt1HOM npocTpaHcTBe. 

Jiroc5on11THa CTPYKTypa sToro 11 06Jia1ta}' B cnyqae cBepxupoBOllRmero 

COCTOHHMH. 8JieKTPOH C onpe;l{eJieHHhIM- CITl1I-l()M 3;zte_C:h OKPYY.teH ihlpXaMVI 

. 6bICTpo 8Kpam1pyrom1:rM1'I ero sapfl;l{, Ha paCCTOHHMflX nop:a;n;Ita .ro-7 CM .. 

Ha ropas;l{o 6mree. ;ztaJieKliIX paccmoHH-MHX nopr1,7J;1ta ro-4, ro-5cM. 

l1M00TCfl CJia6oe ITP,~HI'le 3JieKTPOHOB C rrpoTHJ3OIlOJ!Or.CHbIMM CIIVl-~~MAA'\ 
HaM!II I13-3a HaJII1tivHI· IIPMTHJKeHHH. 

_:C._/r:BTOPH BHpaiKaIOT rJiyOOKYIO rrpVi3HaTeJI:&HOCTI> l(. H. 8y6apeBy, .· -

C.B . .-T·B6m11wBy M ID.-A.UepKOBHMIWBY aa l_\eHHbie oocyJIC.n;eHHH 11 11O1reaHu0 

CQB0';J,"b! • 



I49. 

B § 7 MB OTMeqan¼, qTo cncTeua na GepMu~qacTMU MOEeT o6na_, 
~ ,l\aTii CJ301'IC'.PBOM c:sepxTeICytWCT11 rrp½ H0KO'l'O pw;: YCJlOB:VIHX,, CJ30,Zl;fU~HXOH, 

rpy6o I10J:30im, rt ycJromrnM npeoo.11a7{9.H1IH cm1 npHTRr.:em-1n .. BBH.~Y 

3TOI10 8C'I'E;C'l'J38HHO pacc:rw·.rpeTn BOnpoc O CBepxTe:KytJ:eCT11 H7.iep1rnH 

tm•.repvr:v1,, 

TaKOli BOTipoc, O~HaKO, cym§DTBSHHO OCRO~HflBTCH T~~"o6CTOH-

'.1'8j[EiC'l'BOM, qTo H~epHHe B3BMMO~eMCT~~ij ffBJIHIDTCH c~nLHHM¼ M MX 
' ..,;.. . ' . ' 

H6JI:58H Tpa:RTOBaT:& C TIOMOur&ro Te9p1n1 1303MymeHvrti, TIPIIIBO,i',HlJJ,eH K 

PH,zi;aM, pacnOJIOJKGHHbIM, no CTOITGHm! I1HTeHCJ/iBEOCTM 133a:vmo.zi;ei1CTBliHI. 
' ' '• . 

- -Hc~H60.11ee ""'·nc)CJIG:~·OEa:reJILH1Ii1 no.zi;xo,7.( MOrmo QHJIO 6bl IIOJIY'CIHT:& rryTeM 

o6o6meHMH MGTO,I(~KH § ~' Tpe6yromeU BhlITOJIHSHHH cyMMMponaHMH ;n;rra

• .. _,rpa.Mvr & J3m17:cy crior.mocTvI c•rpororo npo:se.zi;er-nrn rre>,2\06Hoti rrporpaMUbI 

MbI. CtIYi'J.'aeu n;eJrecoo6pa3HbIM .zi;Jrn: L~eJiefi I1,0JIY1'.I8HHH ,npe,~nap:liITeJII>lI iIX 
. 0 • 

OD;GHOR pa.CCMOTpeTn HeirnTJJ:no ynpomerrnyro MC,2\8Ji:&, ,l\OfIYCirnIO~YIO rL'o"CI-

Hyro 1rnTerpau;wro., 

3 cooTBeTcTns10111eti .Te,opm-1 rr.zcepnoH Ma:repH:vr cirnTaeTcH, tITO 

. HYKJIOHLI :s l1J~ep1wfA MaTepr,rn. MOtrno. rrpv10JH1:K0HJJO CtJ]'1TaT:& CBOCJO,I(HHM11 • 
. · . . ··- -

BJII1HHH6 CHJI }338ViMO;n;eHcTBl1H B OCHOB,HOM CBO;lll1TCfl IC. sd,S1JeKTHBHOMY 

HSIJeHemrn saBMCJtIMOCTJ/1 8Heprm1 HYKJIOHa 0 1r 1,n.,myJI:&Ca. B H,zi;epuoti 
. ,. . 

;)--TT;;~;;;;;-ITp;;;;;;;;-I-~~;;;aHo Ha pa6oTe H. H~ BoromoooBa/ ZI/ 



150. 

MaTepim aneprirn HYRJIOHa yme ne pmma , a rrpe~cTaBJIHeTCH 

MHOM g)yHitl.l;rl!eiii E (r) ' ROTopyro 061,p:rno annpoKCM.ML1pyroT BI,1pm .. irnm11er,r 

Tvma 

B TaKO~ cxeMe OCHOBHOe COCTOHHMe H~epHoM MaTepMil rrpe~cTaBJIHeTCH 

BOJIHOBOM WYHRIJ,vleM C tt,.. ~ COOTB8TCTBYIOll(eti 06bl9:HOYl cq)epe ~epMH: 

Bee cocTOHHMH c E(p) <. EF 3anoJIHeH11, ocTaJI:bHHe - rrycThI. 

BBMAY aToro paCCMOTP:VIM MO,Il;eJI:1:>Hyro ;n;11HaMMtieCRYIO CvlCTeMy C 

raMvIJI:bTOmlaHOM: 

+.i.. ~ J( ,, ((.. ')-t- + . . 2v L"'. . ~ 19< cr1, tti, 2.. 1 0'1 · a. KOc <!.\t.Gi 4. t('df a '-' ~f 
,~~,.:. ,r, .. ) 

(I.I) 

0- - npeACTaBJIReT ~Mc~peTHHM ~H~eF.c, xapaRT~pI1:3YIO~MM 

01nm 11 H30Tomrqecrnriii crnrn HYICJIOHas £ F - napaMeTp, l-irpa10mH11 

poJI:& x:iumtJecrwro ITOT0HIJ,11:aJia;, B HOpMaJII,HOM COCTOffHvrn OH paEeH 

SHeprMH ~epM:vr, ;BBU;r{Y qer,o AJ!H Hero Ii! rrpMHHTO IlOAOOHOe 0OO3Ha-

qemrn, V · - 06:f>eM cvrcTeM11. 

HeTIOJIHo'Ta, "M0.2{0JII>HOCTI>" Tartoro raM.vIJ!:&TOHI1aHa o6ycJI0BJieHa 
• (,•>1; 

TeM, .tITO B HeMtYtn1TbIB8IOTCfl TOJII>KO B8a.~IMO,ZJ;eMCT:B1UI rr~p ,-q~cT.t1IJ,, C 

. npOTvIBOHOJIOJKHhIMitl MMIIYJII>CaMvI. 

HeTPYAHO 3m,!eT11TI,, tITO rrp.t1HHTbIH 3,ZJ;ec:r, raMliIJ!I,TOHMaH B3aMr~o,ZJ;eii-

CTBMff l-l' 
.;,; . 

He·' scp(peI<TeH B cocTOHHMH ~- • ]Xe.PicTBPITeJI:r,Ho, B!iltr!'1CJII1B 

. / 
j 

i 

< i 

I 



~ 

.I'~ "'l,~. . 

.' M /e~ ... 
aa~;rceM~ '4TO arr.a ·1H:1Jrw.urn:a ocTaeTcfl KoHe'tmofi, Kor;qa V --ri--i ~ , 

Tc>r.~a . RaK auepr~r.: . ,n;omrma ·. 6MTI> nporropumoHan1:iHo}t. V ·B npou;ecce 

Tmrnro rrpe.i:,e.n:&Irnro 11epex0Aax)., 

Momrn nos'l'OM:Y cttwr~T:o s -crTo :n pa cci.mTpvr:aaetmt rm.v;enir MhI 

HBHO ytrMTI::IBaeM '1'021:&H:O :B3cHiM0~ei1cTBirrn, 3W(!}8RTMBHHS JUUTII, B 00060M 

1 ECHO ~e OCTaJI:&:Hyro U peryJrnp:nyK) 11 

qaoTb B3aHMO~eiCTBHfl yqmThlBaeM qepea nocpe~CTBOM ee BnHHHHH HB 

aaepr1no HYF.JIOHa 

MOZHO Ha~TH ! Hamett 

. cxeMe acm.mToTw,rncH:Yi: T0't!H0 ,zp-ra rrporr.ecca rrpe;l(e,n:&1roro nepexo;.ta: 

m-rm,1 u;e;irecoo6oa3HO :BBeCTM EMeCTO IiMilYJI:&CHoro 1-rn,zt.eICca l( UH,48RC 

-~- ·napr,I (t)-K); 6} :VI-~- OIIHCh!BaIOT 0,4Hy H TY JrCe:napy; cyM-

Mvrponamrn no ~ rrom-n.meTc.ff RaR cyMMnpo:saHMe no paaiu1t1:HhIM napaMo 

f!pv;: 3TOM 0 1..teBM.IfHO 110Tpe6yeTCfl B:BeCTM eme :n;onOJIH~TeJI:&-Hh!M. 11:H;n;eite 

ll K onTIC:br.BaTI, RaR 
• 

RaF: ~HCRpeTBHM KM..µJrn; :£1H.7.\e1tc, coe;ztMHMTI, BMeoTe C \J M noJic1JitliTJ:> 

s-==(!{1"'~ f) .. B TtHCviX o6osHatiemrinx pacmmTpvr:saeuuii raMvIJIIiTOHI1aH · 

(I .. I) npe;n;cTaB:V!TCR :B CJ18:n;yron~eti Q?OpMe:. 
-~ . 

H-:: L· { sc,,-er:. ¼ Q.¥ ~1, + · 
'°l•'i. · ... · · · . . (I 2) . . . ". . ~ + * . .r . 

j_ "' _,, / f It"' ~ · I i) £':> ~ .e, +- 2v L, l '"th~. , ~,) ~t..~ ~, ~ . 61.,s. ~ ,~. ~ q~,' ~q';{ 
('b~,•·· $.-) . ·. .. . .. 

-------·-----------------------------:----
x) Mor.tHo noRasaTr- TaKj[e, 't!TO, ecJrn rrpaMeHJJT7' R (I .. I) Teopmo BOBMy-

niemrVi, MCX0,2i;F! M8 COCTOfIHHfl 4t , TO B pas.n:mKeHMl.iI ,zprn: 3Hepr:t1R 
nonpaBO't!Hbli1 trJieH Jnoooro rropH;n;Ra oKa~eTcH oec.KoH_etIHO 1mJIHM npu1 

v➔ oc 

7 



• 

I C') ,; 
..JC.o • 

~ ,, 
,, .. 
'I 

BocrroJIL3ym.wrr :sapnanToM rrp~etm. saMenn/20/, npe,~,TIOY.WHHhlM ,'TT,~ TI .. 3y(5a-. i 

penmvr' H ID .. A.]leprw:smrnoBbIM .. J3J3e):\eJJ; KaJ{1if.;-'l'O c~;Iiynm~r,m Jl'l ( Su SR. l 
M aariwmeM raMMJibTOHMaH (I.2) B BMAB: 

TaK Kalt H1 flBJIRGTCff KBa,T(PaTntIHOM c,DOpMo.ii 113 wepMM-OIIepaTopon, 

TO ee ;n;warOHBJIM3BUHH COBepmaeTCH sneMeHTapHo C TIOMOmbID JIMHeMHoro 

KBHOHMtiecKoro npeo6pasonaHMH: 

. + ' 
~as =}:) u( q, s,1 J ~-,s" + ,r ( 'l iS~ s'J &l,~t S (I. L}) 

1 s.• l 

Bxo,21;mn11e cro;n;a WYHli.~I,UI t(, 1f' _,2J;OJD[HbI y;n;oBJieTBOPHTb COOTHO!ll8H!IIRM 

opTOHOpMMpOBBHHOCTH . . _ * .. . . it~ • •• c· .. · .. 

. · J =- L •\U.(Cf; ,.~) 4(,/ ,snJ -}-1"'(,, s, s~r1r(1,s', !'$Jl= li, i 
.. , ~ . . . . . . 

(I.5) 
-~ ~ 1:. { U.{t},J,S11 f'i!b1rs')s~JtV-(_q,s,s(tJtt(q,s'1f')~ ~o 

~ . 

, l 



TS'"" - j,, 

'. . ,•· ·:•,·'. 

Orrpe.I{eJIMB U,,'\f Ms ceKyJrnpHbIX ypanuem1ti, dooTneTcTByto11u1x ciiopMe 

(Io 3), np.vIBe;z(eM ee K :irn;Zt'f-' ,: 

i-f'i~ r, i- i,: ~(~/ ~'isd')S 
. . . ·. . ' !i. . . .; ' ' ' . ' 

IIo.STOMy y raMI1JI:&;OHMam1 .,,~ ·ocH~13HO~' C;CTOflH~e .. ~ .... '.6yi'eT BaKyyM-

Hl,I_:M COCTOHHHeM ,IJ;JHI HOBbIX CD~P!\1MOHH1IX, ar.mJUITY.71;: 

d1'!) G ~o 
Ilo,IJ;6epeM Terrep:r, A! -@yH~I(I1M Jt Ta:ItvIM o6pa30M, 'C!TO, 

..i,f < G, a, ~i~~,~,~ o 

11 npMMeM BO BHMMakt1e . TOT 138.1'\HbIM ·waKT' l'.!i'O 

pa 8JH'It!Hh1M 63. , Bee E:OMMYTli1PYIDT M81K,IJ;y co6oid .. q •; 
•\'-.. 

,: ,:.,Tor,I(a . ~ ·. IlOM~!llI:i~ ;ac-~yiK;.emrn, 11PvI~~,IJ;eHHOrO. 'B/20/, HeTpyJ.{HO 

ITOKa3aTL; 'CITO :BRJia,IJ; B aBeprmo OCHOJ3HOro COCTOHHMH, npoviCXO,z(Hll\MH 

OT H1 , cTaHoBMTCH · npeHe6pe:rtMMO MaJIHM no cpaBHeHHIO · c BR.iIS:'AOM 

OT IJi;, + ¼-f~ n~M v4~ . Tpy6o, ·rOBOpff, STO IlOJIO:Rtemrn OOYCJIOBJI8HHO 

TeM o6cTOflT8JI:&CTBOM, t!TO ~ oc,TaeTCH ROHe"t!HhIM ~PM v➔~ , Tor;zi;a 

Kari SHepr:vrH nponopI(HOHa.ri:oHa Y \. 

l'ITait, COOTBeTCTBYIOill,MM no;u;6opoM @YHK~t1M ~y- l:WJitHO .n;o6MT~Cfl 

To1,o, trTo cpe,IJ;Hee JHa't!eHHe H =-< l H G,) . ·, .. ~c~MII~OT·~1:,zecKH TOl!HO 
~ .. ·•. -

npel(cTaBJI.fle1r _ aHepr:mo ocHOBHoro cocTOHHHfl 'AJIH pacm.mTp:t1Bae1.mro 

raimJIT:>TOHtra~~-·-.. H. ·· i. ·, · 



154. 

OTCIO,IJ;a BbITeI<:aeT, 'C!TO (J)aitTI1ll0CRO8 onpe;n;eJiemrn fA 1 'if MOJimO. 
. -

npmrnBeCTM c.rre~yromm.,. o6pasoM: rro.zi;cTaBJIHeM lJ)opMyJHI npeoopasoBamrn 

(I. 4) B nupai.mHHe H 11 uaxo;n;MM: 

- . * . . . 
H-=-2. (E(ttl-Ev:) ~ '\J ,q.s;1~') 1'(q,1t,s;'J + ,,~ . . ,, (I.6) 

+ iv I_, ! ( M' I S.,5,, s,' ,,: >{l; r,,s,,s) :('I, r, ,s>}ff 1.!( !\ii, :N{q,s:,sh 
(fi\,'l,··•.S ... , f( . . . . -=-~ ttv-J . 

• • • 
Tor:n;a l.4.,,,. Mbl ;ll;OJIJKHbI orrpe;n;eJr'!1TI> M3 YCJIOBvlfl MHIIMMyMa rpopMbI . 

t(l(, ,s-) rrpvr HaJilrtUrn ,7l;OTIOJIH11T8J[bHhIX yCJI?JHtJ.11 (I. 5). J(JUl Ta~tlilX 

u,,,- Bb!paJlteHvie t W ;n;aeT HCK0Mbe 3HalleHI1e. 8Heprm,1 

0CH0BHoro COCTOHHMH. 

COOTB8TCTBymmee _ypaBHemrn CTaUM0HapH0CTH 6y:n;eT. 
~ 

('i -=-
= [ t f. + L ( ).( 'f ,s ,s'J tc '\, s,S') +r l'i, s,s') .,, '<• ., s') f-;..(<J,SjS') ;{ '{,s,1~~;) 

: ,,~t• .. . : . ·. 
r;a,e_ ·,A, f- - atiJiepoBCKirn MHOEM~eJIH. JI er Ko aa.MeTHTI> ,_ · r-rTo sTo 

ypaBHeHHe ncer,71;a :n;orrycKaeT ~pMBM8JibH0e pem0Hv1e 

}A ~o_ 'i\: eF lee> ( tp- Eb1!} dts' 

ItaH B11zi;no, B cooTBeTcTBYIO~eM cocT0Hmn1 Crt} ::sa;11Mozi;eiricTm:rn 

HeaqxpeiiTMBHo, :vz BecI> Birna;z( B. ?Hepr:mo ero BHOCH'.I'CH T0JI:Oit0 nepBLIM 

'lJieHOM raMMJI:&TOHHaHa (I.I) .. 

✓,.(~ . 
~ . He c5y;n;eT 



I55. 
, 

61-~-~, Ml1HIU,1aJI:&H011 M Ror;zi;a, CJie;n;oBaTeJr:oHO, 00HOJ3HOe COCTOflHJtie ~---

dy;zi;eT xapaRTepM30BaTnC~ HeTpMBMaJI'.bHbIM pemem-IeM ypaBHeHrti (I .. 7), 
,. . . : ' 

06paT111mfi. x: l'I3B0CTH6ti npcnte;l{ype· :sapYiaUI10HHOrO ric~rncJieFrni .. IIocTp01iIM 
. - ' . 

., ~'Le H .. Bhrpa,ieH11e :aTopovr Ba:QMa~m1 t;J t.., ,ZVIfi Tp:vrnuai1IiHoro pelilem,rn: G • aa;n;eM 

- ' . ' . . ➔Jf .. J ' ' 

+E,··2 ;c,,,, lto!i,sf,s/) ~(1,Su~l1~ (~s/~_sj) 
_· .. le\i't'i•···s, .. ) · · · · ·---·-

· · 4JYHRtitirn · tJ1 ;· •- 2:sn:aaHu TOJl:&KO o;n;m'.IMliI ycJIOBvIHMM aHTMC¼MMeTp1m: 

Lji( q, st,$) -=- - \Ji lEi, s, Si') , rro~Y1faro11t11M11cn IIP1.~ :Bap1·mu1uJ 

ycJIOBM:W opTOHOpMv.ipoBaHHOCTM. BosBpaTMMCH Teneph rt cMcT·eirn 11u,zi;eR-
. . 

coB, rrp:vrHnToti np}1 Ham1caH11:t1 raMUJIJ;,TOHiriaHa (I .. I).. Tioirytn,rM 

~ * ~e: 2 lE (tc)-E:~f 4(k,t;<S') l~(~t,ff')+ 
K.1~t' . . 

• 

.. ~~ 2_ "J' ( K,i.tJ !Ji16-, <1 'f) ~( it, ii;,~) QJ(~i, 11;
1 ,!J;') 

l ~t':.··-ir •.• > 

YCJIOBI1e aHTHCHMMeTpMYI 6y;n;eT 

,_,,, ::i,l${:~, ~i, i1) ~~ ip: t,,, \G'ii;) 

,;- -
,-:4 KaK BM)J;HO, 3Halt bt. f. 

TOJIJJn:o Tor;n;a, 1wr,2(a ypa1mem1e 



+ V L J"(~,k' l ~, r,.,ai,'1') l/J(k',c-{,6z'}: E l.p(", 0-1, Oa) 
I 11'I I . 
~ > v1 ,6",_ . 

I C:~ . 
..JO. 

(I.9) 

vIMeeT co6cTBeHHoe pememrn c 0Tp:vrri;a111eJII,Hbm sHatremrnM E. B TaROM 

_ OJiy"<Iae aHeprMH Co{") He 6y;a,eT MHHmvraJIIiHOii Vl BO3IU1RaeT OCHOBHO0 

- cocTOHHMe r.o<sJ ;a,pyroro THrra, xapa1tTep113yromeecH HeTp11f11aJI:nH1iM 

pemeHvieM ypamrem1ti (I. 7). 1'IHTepeCHO OTM0TMT:O' lITO ypaBHeHHe 
. ' 

(I.9), Harr:vrcaHHOe B 't -rrpe.J{CTaBJieH!tLt1 (.:n;mr B3aHM0~0M.CTJ3MH, 

HB38Bl1CHmero OT CROPO?TH): 

t l E (k)- E" r I i\>(-i ,a; 10i.) -t 

+ 1. 4> (i I <'1,'i.> tr,_\~,> ip (r, a;',~~ J = £ l(J tr)~) Gi) 
0':,~1. . 

(I.IO) 

Bec:oua Hano1.111H;:i.eT ypaBHeHHe llipe.I{mrrepa ;a,:,rn aa;a,aqn 11.nyx TeJI, n 

C11CT8M8 u;eH"Tpa vrnepIJ;L1H. 0TJivFrne_ COCTO!IIT :B cnoeo6pa3HOii" r})opMe 

orrep_aTopa rr1nmeTrirqecR011 aneprvn1".. 8To OTJnr,rne ec'.rec'l'I3CHHO wctre- -

3aeT B cJiy11ae HyJieBOM IIJIOTHOCT11, IWr.2(8 1.::F = 0. 

. . 
IToJiytre1rnoe ypaBHe:mrn (I.IO) MOJF.HO rrpHMeJmTI> lJ.Jiff :v10cJie;n;ona- . 

H}ifi :aonpoca O CB0PXTEncy-qecTl1 fi;n;epHOI1 -MaTepvrn B RatieCTBe RPH'1'.0P1Ui 

HeycTOHl!MBOCTM nopMaJI:&Horo cocTOHHMH. 

JJ:m:i: aToti u;env1 y~o6Ho nocno1r:oaoBaT1>cH Bapr,rnD;:t,IOHHHM np:vrn~rmoM 

I1 H8XO;ZJ;I-1TL MJIHHMYM Bb!pa✓ImHll.ff 

'!l L JlE (v.)-1:pl · 1* ("J~Jr,Jl2- Ji+ 
~,~ . ' . (I.II) 

-+ L , f c1, (rt J 6j, <I;., a--..1, G'n ip "'c.;:- , ","-) W1t l o;i, ~> i:lil 
( ••• G":.,tS .... ) • • C •. 



I57 .. 

r.z,;e 

rrpH ,ll;OIIOJIHHTeJH,llOM YCJIOBJ;Ui 

1.. j i*(~>~,~~?.-1,.,~=t 
'1,.r,.. . 

EC.JU! COOTJ38TCTEY1011i:VIM rrc;rr,6opoM. n°pC>6HO~ cfl:Y,H!-tl\Mlt! . 1Ji <: · ,2l;e..HHOe Bbipa

J;temre MOjEHO c;n;e.n8.TI, OTp:t,H:~aTeJIJ:>_Hh1M1 TO OTcm;n;a oy;rr,eT CJie;rr,o:BaT:o, 

't!TO B ypaBHemnr (I.IO) E= < 0 IiI tJ:TO TeM caMbIM ,Ham H:pl'!Tepvrf1 

l3hlITOJIF.eH,. 

3;n;ec:b _ rroJiyl!aIDTCfl ,7I,OBOJIIiHO cJioi;mh!e Hem,rnetiHhie ypaBHeHMH, HO 

-'\,.. ypaBHeHMH ,zprn onpe;v;eJiemur :rcpMT1rqecK011 TeMrrepaTypbr cDasoBoro nepe-

. xo,zi;a B HOPMaJff>HOe COCTOfmne OIIHTI> 6yµyT JI1'1H611HbIMH" KaR IIOKasaJivI 

uI.(.KEacm-ucoB 11 B.B.ToJ1Ma'tle:al22/ STL-! JnrneMHbre, ypaBHeHMH oTJII1-

11aroTcH OT ypa:mi:eHHM (I.IO) TOJII:oI-CO TeM, t!TO · J3 HH~ E = 0 JA BHpai:e

HMe 

aaMemrnTCfI Ha 



Q ,f _ O~,b .g~ IA 0.,,. "'-a kW>-'< ~ IP..<"!~ !<Ji 

_ 3 ~M:t .){fA.o'U.t X ~U. 

? • • ., (j iiH rrayqanM B HaCTOHme½ pa·oTe JIMillh rrpocTpaHCTB8HHO ·o~Hapo~-

HHe, · ~a.l(ai:IM. · B :o;eJIOM pH,n;e CJiytiaeB, o;zn-rnRO, rrpeACT3:BJUIG'1: ~(fo,n:&mo{t 

HHTepec paCCMOTJ)CH:t1e rrpooTpaJICTB8HHO H00l~HOPO'AIIHX 8,J;~2.~:1~ Ta:rti 

,ll;J!fl ITOJlY't;l:GHHH rrpaBHJIHILIX ypam-re1rn:H 3neitTpO,l\MWJMHim 11 T&O:PHH 

CBepxrrpoBOl-{vlMOCT:VI MbI .lJ:OJIJlmH rrp11HHT:& BO BHYH1IaHHG J'JK:lEHT.f,J CJ3epx~~ 

npOBOlFIIIJ,ero Beru,eCTBa. Kpmvre Toro' 61mo Obl l38CLM8. E8}iUIO ]T.TIH 

,zi:aJI:&HeHmero pa3BI1:T11H •reopHI1 HBHblM o6pa30M Y'l!8CTJi BaJHrtIHe I{pYWTaJ1·~~ 

JITTqecKO~ pemeTKH hl8T8JIJia. 

Mu He ronopMM yJ1~e o Teop1m R,zi:pa, r.zi;e paccMo'.rponHe ncorpn:mr•= 
' 

qeHHOil n,zi:epnoil MaTepHH rrpe,zi:cTaBJIH8T B C'lrJi!•n·ocmT!f .iJ11fl!llT., .L"l'c!'.lTff"Ttt'! V .. , .J.. J.:.J. .. Kl. ....... \ Ac.,.,.,, .... .,. • .,., 

v1;1yi.qee yrrpomem10. IIIMefl B :BHlJ.Y 8T1'T BGCJ)Ma pam-rnpo,uHue G {_fiHaJi!YJGCIW}i. 

TOllIUl 3p0H1'IH sa71.aq:r,1, Mb! rrpe;n;naraeM 3,l{GC:b HOBHM npn6.:ll'DlC8HIIH.U-

Me~oh, ffBJifl!Ollff!WCfl ecTeC'l1:S8HI~606mern10M H3130CTHOro MeTo;.ia \201Cc/?!.~j 

PaccM0Tp11M ,41rna1n,rqec1cyro cMcTeMy qiepMu1.;;..i:mcT1ui c rarn,un,:romm-

HOM m,r71.a 

-+ 
H-: l i T(t, t )-;H> t,t' i °'? Qt -t 

r71.e /l - XIlIMM'C!ecRMti IlOT0HI.l;IiaJI, a a, 4 - c])epr,n,r....;aMITJH1T:{.Z{U, ., 

COBOKYITHOCTI> MH.I(8IWOB, xapaxTepi,rny!OIUilIX COCTOHHH0 0/lHOH qao~t•.mr,u., 

*) U ~J..o 11Mi,t1.At.. ~r-o 1,;o ~w.,e.o ~i,a, · o ~ ~ !I a.. 

pt\clO. r,1( k. If. b <;, 1o-< wi crf tt. [13J 



-- ~ .... 1 .,,.,..·-=-"~- - ~. 

I59 .. 

Co:P4am11M mrnetlHoe rrpeo6paaoBaH11e ·J)epMM·-aMIIJIHTy.zi;: 

(IT.2) 

caMb!M KOMMyTaUI10HHbDE c.:BOMCTB q_jepMVI-aMllJIMTy;n;, C-q)yHKUirn: fA J ')f"' 

/- .. .L;OJiliUIH YAOEJieTBopHT:h.- _ CJI0'AYID11\vIM ycJIOEHfiM opT0;¢Hop1rnpoBairnocTM: 
::. ',. . ·.. . . . . . . . . . s· . ,:'... . 

.1- l hf1 '= 1 { 11iv J,(:+ 'lf;v;J•~}"' lM1 . 

(II.3) 

no:a;c·ramrn (TI .. 2) B Bupam:emrn (IT.I) ·n -Hatt~eM cpe'AHee aHaqemrn }f 
f!D: BaI-CyyMHOMY CdCTO.ffHMm . ~ : 

;IT.JIH _HOBbIX <1iepMH-a1mJH'ITy;n;.. IToJiytrMM 

-R = 1 { rr (tit)- A 6 f,r tr1 c t,f 'J ➔ 

. * 
-4 t I :r c f1, i~) ¥-L ,t1 J q;. ci,, p.9.r tV (i1 

i ¥1 J .. 
(TI .. 4) 

-~f 

F1 ( f ll') = ~ 1(/"' \rf 'v 

<? (t, t)-::: !. -v~,~ u i\, 
t1 "r cp db .ll'-. 

0npe,7J;eJIMM U J 1f vI3 YCJIOBMfl MHHHMyMa ~ e ( 'lli;111) IlpM HaJUi'tIMM -

,llOIIOJIHHTeJILHhIX ycJIOBlild (TI. 3).. COOTB8TCTByromee ypaBH0HI1e CTa~uIO-



HapHOCTH oy,:z;eT 

I ( ic,v) = .f ( U11rJ -t l. 1) (f, f )T(llf1
} + r ( f J1

) ~ (f ,f.'>'~ 
· .. .. ,,ic -+f*(r.,:) ;r (i,f1)1 

r7~e /1.\r - 3WJIGpOBCI018 MH0Y.rnTeJIH; napviaUHH 'V\J /;1r H 

paccMaTpHnaroTCR 3~ec~ K8K H883BMCDMNe. 

MH npMXO;zJ;HM Terreph K @OpMynttpOBKe HOBOro 

'1 ... t::ri 
J...()lJrr 

ueTo;zi;a B sa;n;a~e MHorux Ten~ B aT6M MeTo;zi;e Llhl 6opeu TaKee u,r 

ClIHTaeM BOJlHO'BOB 1}ynm:.r,neI1 0CH0J3H0ro GOCTOH!HiH, a 

3HeprMeil OCHOBHOrO COCTOflHHHo 

Bonpoc 06 06ocnoBaHM½ MeToAa 

38.l(ffq],'J Il CJiy~ae, rwr.11.a B rar!iHJII,TOIUrnHe yirn'J1I:U:la:D'l1 CH TO.Jil>KO 

n'aam.m;n;eiic'.l'BI-lH nap -qacnrn, c rrpo'l'VIB0II0JI0I{HLIMH m;m,yJr1>cm.n:1 .. 

C ;zi;pyroi1 c'ropoHH, noKm:teM, tEPO cpeAH pome1111ii ;ypGJ.memm 

CTaI~HOHapHOCT:VI nccr;n;a co;n;ep1KHTCR pemeH:trle, TOLJ:HO C00'11BB1.:rC'l131;l:·:mce 

. M3B0CTHOMY MGTO;zJ;y ◊OKa/24/. 

BoaI>MeM, B caMOM .~eJie, op·roHopi.rnpoBamrylD B 06w-1rrotr ci.1HCJie 



1 

.:~ 

I6L. 

u pa3;n;eJI11M nc1q 90:BmtyrrHooTri VJ.Hl(eRcoB ~ ·v .:: aa ,2;1;e tiacTr1 . F 11 G- .. 

-
11 ct1)ep11 wep:r,m" :BO3LMeM EOH0'tffi0e MHO)K0CT:SO 

mrnen:co:s )/ i coc.Ton:u~ee .• H3 ././ 3JI6M0HTOB (I,';n,e J,/ ~ qliICJIO 

06be,4TIHHM B ~orro~HM~~n~HO~ ~HO~eCTEO 
I ' • • 

c;. e I10JIO:IHM 

{{A(f 't-' ==-0 V-fv = ft~ 11€ F ~ , 

(IL. 7) 

iU ~f v "& lf lv· ., ll'fv ~- 0 ·· 
J 

'V re G-. 

Tor~a oqeBH~HO Bee JCJIOBMH opToroHaJILHOCTil (TI.3) 6y;n,yT J3bfilOJUieHbI. 

, TO ¢ B 

HeH :vrniresaeT H OHa py;n;e:11 saB.vICGTii TOJfblW OT ·~ , a TeM caMHM 

'.l'OJILEO OT 

6y1rnoJtI uJ .. Orrne;n;eJIHM . t,trJ t ,,,,. ·. · . rr-
.l ( ... 'f;&,)··· j rrp11 l(OnoJim1TeJI:oH1rx ycJIO;BMHX . (IT .,_6). 

CooTne·r-cTByrou~ee ypaBHemrn 0Tar\110Haprrncn1 6y'JJ,eT 
,...,,. rv 

~~. {' J c c( u, )+~- ,,.di, t'J~c~ _.§t'.fl c t;=::.o·-.:::o-:, "-r-·-= t. t•• -J,,.., ... · L. "'lt'" · ~ w;r 1· (II .. S). 
. ' - . . f,Jf' . . ;, 

HeTpy.l{HO saMeT:WT:1, tITO Mbl ceti-q~c . cqiopMyJIVlpOBaJIM H§To YiHOe ll 

6 
._, r!\ n .. {"'11 rea:rc o brtIHbIH MeTo.z:i; '¾'Orta. n0JIH0Ba.H WYHR:rtmI c11cTeMbI a'(J cooTBeT-

c·rByeT TaROMY TIOJIOJKemno, Iter.z:i;a MH,l(MB1'1,Z{yaJII>HbI6 J-IaCTi!IJ.bI.. sam1MaIOT 

nee C0C'l'0f:UIM.H 1fbli ; OCT8JII:iHbie COCTOflHJifff '11t1 nycT~ .. 

C ,2Xpyroi-1 CTOIJOHH, 113 ypaBHeHMfl (II.5) BliAI1M, tITO OHM J3C0r.z{a 

MMGIOT pemeHHe THIIa (IT., 7), B H:0T0P0M t..f ft-J IT0,l(0OpaHbI no MeTo.r(y 

00KB KaR pemeHMfl ypaBH8HHfil (TI~B). HTaK, Ham MeTO.ZJ; MomeT pac

CM8Tp:vrnaT:bOH IWK ooo6m;emrn MeTo,z~a WOita 11, CJI6.z{OBaTeJILHO' ero 

npe;rr,eJihI npHMemn.mCTW BO BCfiROM CJiy"tiae :ae oy,TJ,yT 60Jie0 Y3RMMYI., 
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Paccy)xJJ:aH, I{aK B ijpr,moY.\emrn I 1t1 coc1·a:B1rrn Bb1pa✓.wnne JJ:Jrn 

1. -c . t 
BTOpoH BapHaitltIM 4 t l.l, trJ 7J;Jlfl nHOpMaJII,IIOro pememrn 11 (11 "7), 

uoie~ ITOJIYtIMT:& ycnOBMe era neycTo~qwnocTM. YcJIOBMe STO 0DPMY- · 

Jmpye·TcfI C nm.mm:oro 3a,D:alU'i Ha COOCTBemrne 3Hallemrn y COO'l'Il8TCTEym

me't,i C!1CT8Mbl JIJiIHeiiHiiIX ypamreHIIIM • 
0 

ITpa1tTH't!ec1m OHO MO?te'l.1 Ob!T:F.i HC110JI:&3onaHo, Harrp1nmp, ;~Jlfl 

IlOJiyt1:em1H KPitITepTt!fl cnepxrrpOB0,1l;:£1MOCT1'I B. MO.I(8JI1'1, :B ROTOpoi1 RBHbIM ·' 

oopaaoM ytrvITbmaeTcR 1tp11cTanm1l!ecrtarr pemeT1ta u.eTaJr.na. B 3a1w:otre..:. 
. . ' . 

mm 3aMeTI1M, '4:TO H3JIO,IteHHbfM MeTO'l.( MOHeT TIOJiy,r:vrT:O ,7J,aJILHei1lllee 

pa3l311THe M YTOlIH8HI1e C IIOMOllr&ro I1CCJI0JJ:OBaH:vrn: l\8TIQlfftI,! ypaBHeimi~ 

J.(JIH "<DYHRW'li1 pacnpe,l(eJieHvrn: 11
• 

cil.f,.- .. i,l dft~-.df{ ~ FS4't ltif,.~ ... fi;;/~·::f{J 
TaK, eanpeuep, ecJin B3HTL cTaUMOHapnNM cnyqaw M ocTaBttTE, 

B ypaBH8HlllflX nenotI~11 TOJILIW wymm,1rn Po+1, (-f.,,ti.) ) F1+0 (fl ,li) : 
~ I 

a. OCTaJil>HhIM:VI rrpene6pCi.!L' '1.'0 . Mbl 011HTI> ITOJiytrnM ypaBHGHHH :imrnero I 

MeTo,zi;a. . ' 

BaHB cJiyqai1, 1tor,zi;a F 042 , F2+0 HBHO 38BMCHT OT BpeMeHM: 

:t,I orpaHt1tIMB8fICL mrneiiiHbIM np116JI11DlteI-Hl8M no OTKJIOHemrnM 

Fst: 
FD+,., - 0+;1 F St 

, F,ba - :t4o 

TIOJiytfvIM ypaBHeH1rn ;;JU{ onpeJ{BJI0H!1H cne:rtTP8: ItoJ1Jl9I{Tv1BHbIX ICOJie6am1H. 

'-
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-.\ 

~- ' 
,·; 

t 
.. ' 
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