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1. B B e ll e H H e 

llHcnepcHOH.IIble rrpannna cyMM B Teopnn CllilbHbiX aaaiiMOAellcTBnit sneM 

T8pHb!X 'ISCTII!l Bb!BOAHTCH Ha OCHOBC llliCIICpCIIOHilb!X COOTHOnieunli B 1Ip91lll0il 

JK9Hilll 0 llOCT8TO'IHO 6b!CTpOM y6b!B8Hllll 8MililiiTYil llpll 60ilbllillX suep~HSIX. · 
Ha cymecTnosaune llHCnepcHoun6tx npaann cyMM 6bmo yKaaano B nepBbl 

/1/ . . 
pa60T8X 110 AIICIICpCIIOIIHb!M COOTIIOUI9Hl!HM • C TeX IIOp B STOil o6naCTII 6~ 

llOCTIIrllyT 3H8'11IT91Ibllbli! ycnex B OCHOBIIOM 6narOA8pH AOK838TCilbCTBY AHCIIe] 

/2/ 
Hb!X COOTHOIIICHH!l B KB8HTOBOil TCOpllll . IIOI!H . , ll BIII!OTb AO H8CTOHruero Bpo 

HH npaBHna cyMM npoAOnJKaiOT ocTaBaTbCSI OAHIIM na uan6onee .sop,PeKTHBHb!X

lllHpoKo 1Ipi!M91H!eMbiX MeTOAOB HCCI!eAOB8HHH 06llii!X CBOilCTB tPOTOHAepHbiX pE 

UHli. 

llncnepCIIOHHb!C 1Ip8BHII8 cyMM, KOTOpb!C B OCHOBHOM paCCM8Tpl!B810TCH 

nee, 6binll IIOily'lellbl II HCIIOIIb30B8Hbl AilS! 8H8illl38 HH3KOSit"epreTH'IeCKOrO Sil 

.l. .,. 6 . /3/ 
TpOpOJKAeHHH II 't'OTOpOJKAeHHH .II.- Me30HOB B pa OTe • 

XoTH IIOCIIe AIYK838TeilbCTB8 AHCIIepCl!OHHb!X COOTHOllleHHfl B KB8HTOBOii 

l!OIIH llilH C8Mb!X p83illl'IHbiX npoueccOB II riiiiOTe3b! M8HAeilbCT8MOBCKOro llpE 

cTanneHHH rrpornno Mnoro neT, Ancnepcnonnbte npannna cyMM Ann. onncaimn 

MeuTapHbiX qacTHil ItO nocneAnero npeMenn <jlaKTH'!eCKH ne npnMennmicb. To. 
. . /4/ 

B 9TOM uanpaanennn nocnyJKnnii pa6oTbi ¢y61Inn, .Pypnana II PoaeTTll • B 
. /6/ 

pa60T8X 118 OCHOBe CIIHTeaa MeTOA8 anre6pb! TOKOB II AUCUepCIIOHHb!X CO( 

I!OllleHHil 6blil IIOI!y'leH pHA HHTepeCHb!X 1Ip8BIIII CyMMo 

H.H. Eoronro6on o6paTnn BHHMaune ·ua .To, 'ITO AilH nonyqenmt Ancnepc 

Hb!X rrpaBIIil cyMM ecTeCTBeHHO HCXOilllTb 113 llOK838Hllb!X B KB8HTOBOil Teopll 

IIOI!H Al!CilepCHOHHbiX COOTHOli!eHIIil C yqeTOM. CBOllCTB CIIMMeTpllll sneMeHTapl 

qaCTIIIl .II _peaonancoa. 
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.,.; 1. B B e n e n n e 

llncnepcnoHRhle npaenna cyMM B Teopnn cnn&HbiX eaanMoneilcTenfi sner.1en

Tapnblx 'lBCTHll BbiBOilHTCSI Ha OCHOBe lli!CUepCHOHHbiX COOTHOllleHI!il B npennono

JK6HI!H 0 llOCTBTO'lHO 6biCTpOM y6biBBRIIII aMnniiTYil npH 6onblliiiX SHeprHHX. 

Ha cymecTBOBBHHe nucnepcHOIIHblX npaBHn cyMM 6binO yKaaaao B nepBblX 

pa60T8X UO llHCnepCHOHHbiM COOTHOW6HHSIM/ ]/ • C TeX HOp B STOH o6naCTll 6bin 

nocTnrayT aHa'IIITenbHblli ycnex B ocaoBHOM 6naronapH noKaaaTenbcTny nucnepciioa-
. /2/ ' 

HbiX COOTI!Ollleiiiitl: B KBBIITODOi1 TeOpiiii HOUH . , H BllnOTb !10 IIBCTOHI!lero BpeMe-

IIH npaenna cyMM llpOnOnJKBIOT OCTBBBTbCSI OllHIIM H3 HaH6onee s<jJQeKTIIB!IbiX II 

lllllpoKo. npiiMenneMbiX MeTonoa nccnenoaaniin o6m1Ix cnoi1cTB ,PoTonnepHbiX peaK-

nntl:. 

llacnepCHOHIIbie npaBIIna CYMM 0 KOTOpble B OCIIOBHOM paCCMaTpiiBBIOTCH na

nee, 6binll nony'leRbi 11 ncnonbaoaaHbi nnSI aHaniiaa HllaKosHepreTII'IecKoro sneK
/3/ 

TpOpO}KIJ.eRIISI II ,PoTOpOJKileHI!Sl ]L- Me30IIOB B pa6oTe • 

XoTH nocne noKaaaTenbcTna aucnepcnoHHbiX .cooTHomeHui1 e KBaHToaoii Teopnii 

nonH nnH caMbiX paanii'IHhiX nponeccoa n rnnoTe3hi MaHnenbcTaMoBcKoro npea-

cTaeneHIIIl npo111no MHoro neT, nncnepcnonHbre npannna cyMM nnH. onucannu sne

MeHTapHbiX '!acTnn no nocnennero npeMeHn cpaKTII'leCim ne npHMeanmrch. Ton<iKoM 
. /4/ 

B aToM aanpanneann nocnyJKIInH pa6oTbi <Py6HHII, <Pypnaaa II PoaeTTn • B STHX 
. /~ 

pa6oTax Ha ocnone CliHTeaa MeTona anre6pbi TOKOB II lliiCnepcuoHHhiX cooT-

HOllleHHi1 6bm nony'leH pHA uuTepecnbiX npannn cyMM. 

H.H. Eoron106oe o6paTnn BHHMaane aa.To, 'ITO nnH nony'leHnH nncnepcnoa-

HblX npaBIIll CyMM ecTeCTBeHHO HCXO!II!Tb H3 !IOK8301lllhiX B KBaHTOBOil: TeOpi!H 

nonH lliiCUepCIIOHHbiX COOTHOWeHui! C y'leTOM CBOtl:CTB CIIMMeTpllll SneMeHTapHbiX 

'IBCTIIU II .Pe30HBHCOB. 

3 



/6,7/ 
BnepBbte TaKoli nonxon npnMeHliliCSI B pa6oTax nnSI ·nony'leHnSI cooTHO-

meanli MeJKlly J!:OHCTSHTSMH CBSI3H H MarHHTHb!MH MOM8HT8MH HyKliOHOB. 
/8-11/ 

B pa60TSX 6blllll fl0liY'I8Hbl COOTHOW8HHSI Me>Kny KOHCTSHTSMR CBSI3R 

ll MarHHTHb!Mll MOM8HTSMH 6apHOHOB B paMKSX s u (3) ciiJI,~MeTpHH1 a TSKJKe Bbl-
. . /12/ ' /13/ 

neneHbi nanecTHbte npannna cyMM Ka6H66o-PannKaTH n Annepa-Ba!ic6eprepa 

/141 
nono6HI.Ie cooTaomenHSI aaTeM paccMaTpnnanHcb B pa6oTe , rne onH nony'IHllll 

HS3BSHHe 'cBepXCXOASIWHXCSI AHCll8pCHOHHb!X llpSBHn cyMM' • 

' 
3aMeTHl>-i! 'ITO M8TOA anre6pb! TOKOB 6oraq:e UO B03MQ)KHOCTH IIony'leHHSI pe-

aynbTSTOBo Onaaxo aauo yqecTb, 'ITO anre6pa TOKOB ocnonaaa aa nocTynnpyeMb!X 

KOMMYT8llli011Hb!X COOTHOllleHHSIX TOKOB B pliBHb!e BpeMeHa. 

Y'IHTbiB8SI 1 'ITO 38/l.SI!He OAHODpeMeHHb!X KOMMyTaTOpOB TOKOB B KBSHTOBOJ!: 

Teopnn nonSI SIBnSieTcn neci.Ma ctuibHbiM npennono>KenneM, xoTopoe Mo>KeT 6btTb 

UpOBepeHO liHlllb UliSI MOUellbHb!X TOKOB1 IIpeACT8BliSieTCSI BeCbMS HHTepeCHb!M 

6onee nonpo6no npoanannaHponaTb nucnepcHoaabte npaBHna cyMM, KOTOpbte ncnonb

ayroT .liHIJib l!OKSllbHbie CBOi!CTB8 TOKOB H npeAIIOliO>KeHHe 0 liOBeneHHH 8MllliHTYU 

IIpH 60llbll!HX SHeprHSIXo 

Uenbro aacTOSI!llero o6aopa nBnSieTCSI o6cy>KAenne cnoco6oB nonyqeanSI nnc

nepcHoHHhiX IIp8BHll CyMM B TeOpHH CHllbHhiX B38HMOUefiCTBlilfi lil peaynbTSTOB, l10-

ny'IeHHhiX Ha OCHOBe STHX l1p8BHll. 

B § 2 STOH pa6oTbl B nenSIX I!OliHOThl H3liO>KeHHSI 1\.ll,I HSIIOMHHaeM 06 OIIpe

neneHHH TOKOB B KBSIITOBOH TeopHH I!OliSI H o6cy>KnaeM HX. l!OKSllbiibie CBOHCTBa. 

llanee Mbl paCCMSTpHBaeM l!OKSllbHbie BeKTOpllble ll SKCHSllbHO-BeKTOpHbie TOKH SA

pOHOB H HX H30TOIIU'IeCKYIO H yHHTapHyiO CTpyKTypy. 

B § 3 o6cy>KI:t810TCSI OCHOBIIbie CIIOC06b! IIOliY'IeHHSI H IIpli!MeHeHHSI UHCI!epcn

OHHhiX rrpannn cyMM. 

B §§ 4..:.8. AHCIIepCHOHHbie I!p8Bllll8 cyMM liCI!Ollb3YIOTCll nn~ HCClle~:tOBSHliiSI KOH

KpeTHhiX tPH3H'IeCKliiX I!pOUElCCOB 1 B npennoliO>KeHJiiH H30TOI!Jil'leCKOil JIHBapHaHTHOCTlil 

cim&HhiX naanMone!icTBHft. B qacTnocTn, nonyqenhi npannna cyMM Ka6n66o-PannKa

Tn n Annepa~Baftc6eprepa. 

B § 9 paccMaTpnBaiOTCll nncnepcnoHHhie npannna · cyMM nnSI MeaoHHhiX npo

nec':con. BbiBOI:t npaBnn CyMM OCHOB8H HS nncnepCHOHHblX COOTHOWeHHSIX IIO SHep

r:IMI· ~pn ¢nKcnponaanoM yrne paccegai!SI 90°. 

B §§. 10-12 paccMaTpnB~roTCll uncrrepcnoniihie npannna cyMM c rrpnnneq:eaneM 

SU(J}<:HMMeTpnn. B § 11 pacMaTpnnaeTCll nonpoc o aachlmeann npannn cyMM 

4 

6l!HJKSfiWHMH pe30HSHC8MH H B03MO>KHSll MOI:tlltPHKI 

yqeTOM BKl!SI:tOB Bh!COKHX SHeprnft B l:tHCIIepCHOHH 

§ 2. noK8llbHhl8 TOKH anpOHOE 

KaK nanecTao, ¢yanaMenTanbHhiMlil nenn'IHHI 

nSiroTCSI noKanbnhie TOKlil. B narpaaJKeBoM nonxon 

Bb!pa>KeHhi qepea rai1aea6eproncKne nonSI, qacTnn. 

. TpO)lHHSMHKe aneKTpOMarHHTHblfi TOK <flepMHOHOB 

. irx) = e ii"tf, 

rne ¥ -ra!i3ea6ep.roncKoe none ¢epMnoaa c 

xl 
LlnpaKa • 

B s -MaTpH'IHOll <flopMynnpOBKe KBSHTOB 

onpenenSIIOTCli BSpHaUHOIIHhiMH npOH3BOUHhiMII 

paTopaM rronell. HanpnMep, sneKTpoMaraliiTHhili T 
/15/ . 

paaoM : 

., . fj . sf~ 
J (x) = l SAnCx) 

rne A, {x) -orrepaTop srreKTpoMaranTaoro nom 

0CHOBHhl8 tPH3H'I8CKH8 B8llli'II!Hhl 1 TSKHe, Ki 

TYI:thi paanH'IHhiX nponeccon, MoryT 6hiTb Bhlpa)K 

BS8Mb!X KOHTp-'lneHOB qepe3 MaTpH'IIIhi8. 3ll8M81 

B nanbaeftweM AliSI aMnni!TYUhl pacceSIHHSI 

HHeM q:epea aanS31:tb!BSIOWHe KQMMyTaTopbl TQKI 

x/ B nan&aeliweM Mhi ncnonbayeM cnenyron 

'l"t"'+i"'i"=.J.#nm; 3•!-9"--9~ 
xx/

0 
. 

npeneneane aMnnnTynbl c noMOWbJO B~ 

Ho conepJKHT nponanon, CBSiaaHHhill c aeoripenen 

cnnrynSipHhiX ( Hmr o6o6iueaahiX) ¢ynK!lHli: 8 · 
3To npol!anenenl!e non>Kno 6biTb onpen~neao Tal 

penSITHBHCTcKyro nunapnaHTHOCTb n rrpH'IHHHoCTb 
TophiX naTerpnpoaanHe B ¢opMyne ( 2.3) pacnpo 

noCTb cneTonoro Konyca. 
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/6,7/ 
pa6oTax nnn·nonyqennn cooTno-

MoMeHTaMn syxnonoB. 

COOT~OWeHHH Me~ny KOHCT8HT8MH CBH3B 

paMKax S U ") cnMMeTpliH, a TaJt~e Bbl-
, /12/ /13/ 

-am106o-PannKaTn n Annepa-Balic6eprepa • 
1141 

B pa6oTe , rne onn nonyqnnn 

6oraqe no B03MO)KHOCTH nony'lennn ~~ 

anre6pa TOKOB OCHOB8H8 Ha nOCTynnpyeMbiX 

pAB~ble apeMesa. 

KOMMYTBTOpOB TOKOB B KB8BTOBOli 

npennono~esneM, KOTopoe Mo~eT 6LITb 

npencTaBnneTcn secbMa HHTepecHhlM 

cyMM, KOTOpLie ncnonb-

npennono~esne o nosenesn.n aMnnnTyn 

o6cy~esne cnoco6os nonyqesnn nnc

cnnbHhlX B38HMOnefiCTBHfi H peaynbTBTOB, no-

H3llO}!{eHHH MLI H8ITOMHHaeM 06 onpe-

06CylK~aeM HX. llOK8llbl!bie CBOfiCTBa, 

BeKTOpHLie H 8KCH8llhHO-BeKTOpHLie TOKH an-

CTpyKTypy, 

n npnMesesnn nncnepcn-

ncnonb3yroTcn nn~ nccnenosasnn KOH

naoTonn'lecKofi nssapnaHTHOCTH 

Ka6n66o-PannKa-

npasnna cyMM nnn MeaoBHLIX npo

cooTsowesnnx no ssep-

npasnna cyMM c npnBneqesneM 

o nachlmesnn npasnn cyMM 

6liH}!{8fiWifMH pe30H8HC8MH If B03MOJKfi8H MOnU!jlHKBitHH npaBHll CYMM 1 CBH38HH8H C 

yqeTOM BKllBnOB Bb!COKHX sneprnfi B ,nncnepCHOHHLie npaB!ma cyMM. 

§ 2, noKBllbHble TOKH anpOBOB H HX CBOfiCTB8 

KaK nasecTno, !jlysnaMeHTarr&HhlMH senn'lnHaMn KBBnToBoli Teopna nonn ns

nnroTCB 1IOK8llbHLie TOKH, B narpaf!lKeBOM nonxone .nOK8llbHLie TOKH MOI"YT 6LITb 

Bhlpa~eHbl ';lepea raliaen6eproscKne nonn, qacTnn •. HanpnMep, B ;KBanToBoii sneJc

. TpOnHHBMHKe aneKTpOM8I"HIITHLifi TOK !jlepMHOHOB HMeeT CllenyiDWIIfi BHn: 

rne ¥ 
x/ 

,llnpaKa • 

· J(x; = e 1l11

t/ J 
2.1) 

-rafiaes6epi"OBCKOe none ¢epMHOH8 CO CnHHOM 1/2 H /n -MaTpHI!LI 

B s -MaTpH'IHOfi !jlopMynnpOBKe KBBHTOBOfi TeopUII ITOllB liOK8llbHLie TOKII 

orrpenellliiDTCH B8p118DHOHHLIMH -DpOH3BOniiLIMII s -MaTp!!Hbl DO llOK8llbHbiM one-

paTopaM nonen. HanpnMep, sneKTpoMarnnTHLili TOK aanncLIBaeTcH cnenyromnM o6-

/15/ 
paaoM : 

• 11 , f s , Sf, 
..J rx; = t SA,tx> ( 2.2) 

rne A11 {X) -onepaTop sneKTpoMarnnTnoro nonst. 

OcnoBfiLJe ,PnanqecKne senn'IHIILI, Tmme, KaK sepwnHHLie ¢yHKitllll 11 aMnnu

Tyn&I p8311H'IHLIX nponeCCOB, MOI"YT 6b!Tb Bb!pa~eHbl C TO'IHOCTbiO no TaK 'H83bl-

BaeMLIX KOIITp~'llleJIOB qepe3 M8Tp!!'IIILie sneMeHTbl TOKOB II !IX npOH3Benesnli, 

B nanbsefiweM nnn aMnnaTynhl paccenHHH MLI 6yneM nonbaosaT&cn BLipame-
xx/ . 

HHeM qepe3 aana3nhlB8IOWHe KOMMyTaTOpb! TOKOB : 

x/ B nan&senweM MLI ncnon&ayeM cne.ttyiOmee npencTasnesrie nns , '/ 
11 

: 

xx/ 'i"¥"'+i"'i'"=~g""'; 3"!-9"•-9.U.:-J"~= f.; IS"= io~t;j:J.(/c. 
Onpenenenne BMDliHTynLI C noMOWbiO Bb!p8)KeHH!l (2,3) S!BnSieTCH yno6JILIM, 

HQ conepmnT nponaBon, cnnaann&IiJ: c seonpenenesaocTbiO nponaaenesnn nayx 
CHHI"YliS!pHLIX (Hllll. o6o6ineHHLIX) !jlyHKitHfi; (} -!jlyHKHHH H KOMMyTaTopa TOKOB. 
3To nponaaeneane non~no-6LITb onpen.,neso TBKHM o6paaoM, 'IT06hl o6ecne'IHTb 
peliSITHBHCTCKYIO HHBapUBHTIIOCTb H npH'IlfHHOCTb aMnliHTyllLI paCCeSIHIIH, npll KO
TOpblX HHTei"pi!pOB8HHe B !jlopMyne ( 2,3) pacnpOCTp8HHeTCSI liHWb HB BepXHIOIO ITO

liOCTb CBeTOBOI"O KOJiyca, 

5 
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Tcs, tJ = t fjxe'~&&,J (f~t/lcKJ,l r->}!p> ,. 
)" :.t ., . 

{2;3) 

. . 
rAe. j 1 (x) u ~ (X} -noxam.Hbie TOKH .a:aneTaromeA ll paccesr.a:.a:oA trac'l'lllt cooT-

BeTCTBe.HBO, /p) :0: (f'l -BeKTOpbi COCTO.!!Illdl:..'!BCTlllt MHWeBH Jl.O H I'!OCJie 

CTonKHOBe.HHi!:, a s = (f'+'l)~. :> t- ("p!..p):l. 

Jlna MHHMOif 'IBCTH aMITliHTYJl.bi ( 2,3) HMeeM: 

.J 

Im T (s, t) =./ flx e 'f~t'!f.t,_' {KJ ,_t r();}l f>) (2.4) 

. 
B KB8HTOBOH Teopnn rromt, HCI'!Onh3YH liOKBnbltbre CBO!IC'l'BB TOKOB }t,A {x)1 

MO~HO YCT8HOBHTb 8H8liHTB'!eCKHe CBOflCTBB 8MI'!liH'l'yll.M paCCesrHH:O: T(s,.t) no 
nepeMenaoi!: .s n nannca'l'h AncnepcnoHBbie cooTaome.Hli:H, CBst3biBaromue pearu.-

Hble II MHHMhle 'ffiCTH BMHliHTY!lbi 

+-

lle Trs,tJ = .L Pjim Tr.s~t) ~ , 
• 7l s' ,. .s -oo -~ 

(Z.S) 

3'l'H AHCnepCHOHHbie COOTHOWeH~l! ll8HHC8Hbl B npeAHOliO~eHnn, 'ITO 8MHnnTyJJ.a pac

cel!HHl! 11a 6ec,Kolle'!llocTn y6biBaeT. B npo'rHBBOM cnv'Iae a ):(ncnepcnoHilbiX c6oTHo

meHHl!X HBAO AenaTb Bbl'IHTBHHe, IlOA'IepKBBaeM, 'fTO KOnlltreCTBO Bbl'!HTBHHA B ):(HC

nepcUOHilbiX COOTHOWe.HHl!X onpeAelil!eTCl! AHH8MBKOA nponecca ll I'!OCTynnpyeTCR 
/2 15/ . 

He38BHCHMO 0 
, 

KaK y~e OTMe'!anocb .Bblme, Anll ycTaHosne.a:Hl! a.a:annTIItrecxnx caoACTB aMn

nnTyAhl paccel!HHl! (2,3) BB~O HMeTh liOKBlih.Hble TOKH, B 06bl'!HOfl ljlopMynnpOBKe 

KBanToBoA TeopnH nonl! Ka~oi!: aneMe.HTapnoa qac'l'nrre npnrrHChlBaeTcl! caoe noKBhh

!loe none n caoa noxan&nhli!: TOK, TaK 'ITO npn onncalll!H sepmHH u·rrponeccoa pac

cennnl! Mbl HMOOM Aeno nHWh C liOKBlih.HbiMH TOKBMH, 

6 

B nocneAnne roAbl mnpoxoe paaanTne J 

KBBpKOBOll MOAenH, HanpnMep, C'IHTSeTCl!, 'IT 

Tllltbl SIBnl!IOTCl! CBSI38HHblMH COCTOl!HHl!MH Kl 

KH 3peHHSI KBSHTOBOfl TeOpHH HOnSI TOnbKO ljJ 

H3 H3BeCTHbiX D HSCTOl!lllee apeMSI1. nHWh. nell 

caHhl noKanbHbie nonl! n TOKH, 

B Aaru.nefimeM _Mhl 6yAeM rronb30BBThc 

CBS131l rrpeAcTaBnSieTCl! nnTepe~Bbl.M o6cyAIITI 

EnaroAapSI aaKooy coxpnneonSI nenTOHI 

THe BO B38liMOAeHCTBHSIX C a.r:tp008MH TOnbKI 

aaanMo.nei!cTanl!x n {ee) 1 Cpfi) .a aJ 

Bnn.r:ty ManoCTH KOHCTSHT CBSI3H cna6oro,H 

KB8HTOBOH TeopBH ITOnl! MO~HO BBeCTH nOKB 

TOKH 8Ap0HOB0 KOTOpble OITHCbiB810T peaKUHK 

cna6oe aoemnee aoaMymenne. 

3nez:TpoMarnnTHbiii TOK npe.ncTaBnSieT 

a cna6blil TOK, cornacno V- A rnnoTeae < 

6HH8lllleH BeKTOpnoro H aKcnanbHOTO TOKOB, 

He HcKnroqeno, 'ITO B cna6biX aaanMoJ 

TBK~e CKSnllpHbiif, nceBAOCKSnl!pHblfl II TeH3 

HeflmeM Mhl · COCpe.r:tOTO'!IIM BHHMSHHe H8 Bel 

xax. 

fHITOTe3a H30TOfll!'!eCKOfl HHB8pH8HTH0' 

naAennTb · aneKTpoMaroHTHbiil n cna6bii! ToK: 

McxoAH na S U ~) -cHMMeTpHn cunbll 

KBapKOB 0 MO~BO ITblTSTbCl! 06'beAJ!BHTb. cna( 

Tbl BeKTOpHbiX H SKCHSnbHb!X TOKOB, 

TaKnM o6paaoM, nMel! noxanbHbie ae~ 

rrocne.noaaTenbHO Bhl'!RCnSITb na 6aae KBBBT 

cna6bie ljlopM«jlaxTophl anponoa n aMrrnnTyll 

nenTOHOB. 

Ba>KHhlM nncTpyMeoTOM -naane.qeonSI ll 

B38HMOAei!CTBIISIX l!BnSieTCl! COOTHOWeHne f, 

0 '!BCTH'!IIOM COXpaHeHIIII 8KCB3nbHOrO cna( 
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<t'!(,lcKJ~l r,fJp>, {2.3) 

aaneiaromell B pacce~nHOll qacTHn cooT

coCT011HRll- 'lBCTHn MHme1Ul AO B UOCJie 

- [p!..p).t. 

2.3) HMeeM: 

(2.4) 

. 
noK.allbllbie clioltcT:aa TOKO:B }~,,_ {x)1 

aMnnBTyAH paccegsaB T(s ,_t) no 

cooTnomenBSI, CBSI3hiBaromne peallb-

(Z.S) 

B npennono~ennn, 'ITO aMnnnTyna pac-

,J 

~0 KOnnqecTBO BbiqHTaJIIIll B AIIC

AIIHaMIIKOfi npouecca II UOCTYl'IIIpyeTCSI_ 

aHBl'IIITII'teCKIIX CBOllCTB BMU

l'IOKBl'IbHbie TOKII. B 05bi'tHOfi ~OpMynHpOBKe 

~Anbn3 qacTnne npunncbiBaeTcs caoe noxaab-· 

:aepmiin n·nponeccoa pac-

TOKaMn. 

B nocneAHIIe ronbi I!IHpoKoe paaBHTIIe nonyqiina Hnes cocTaBHbiX qacTnu. B 

KBapKOBOil MOnenH, HaUpHMep, C'lHTaeTCB, qTQ BCe CHl'IbHOB3aHMO.lleACTBYIOIIIHe 'lllC

THitbi BBl'IBroTCSI CBB3aHHbiMH COCTOSIHHRMH KBBpKOB li BHTHKBBpKOB. _TaK 'ITO c TOq

KH speHHR KBaHTOBOll TeopHH UOl'IB TOl'IbKO ~ynnaMeHT81IbHbiM '18CTHUBM - KBapKaM H, 

H3 H3BeCTHbiX D H~CTOBIIIee. apeMB1_ l'Iliiiib neUTOHaM li ~OTOHaM MOryT 5biTb npnnH

CaHhi l'IOKBl'IbHbie llOl'IB II TOKHo 

B nallbne!imeM .. Mbi 5yneM UOl'Ib30BBTbCSI nneefi COCTBBHbiX anpoHOB. B STOll 

CBSI3ll npe.llCTBBl'ISieTCB HHTepec::HbiM 05CyllHTb BOllpOC 0 l'IOK81IbHbiX TOK8X anpOHOB •. 

Enaronaps saxony coxpanenus nenToHnoro aapnna, nenTOHbi npHHHMlliOT yqac-

. THe BO B38IiMOneilCTBIISIX C anpOHBMH TOl'IbKO napaMH: (e )i) 
1 
(u))) a cna5biX 

e I" fl 
B3aHMOilefiCTBHSIX H (ee J, Cpji) -B sneKTpOMarHHT!IbiX B38HMOAellcTB!IRX. 

Banny ManocTn KOHCTanT casrsn cna5oro n sneKTpoMarnnTnoro aaanMoneficTansr a 

KBBHTOBOl! Teopi!H llOl'ISI M0:1KHO BBeCTH l'IOKBl'IbHbie cna5bie H sneKTpOMBTHHTHbie 

TOKH anpOHOD, KOTOpbie OllHCbiBaroT peaKUIIIO Clll'IbHOB381!MOilElllCTBYIOIIIIIX 'IBCTIIU HB 

cna5oe. anemaee aoaMymenne. 

3neJCTpoMarnnTHhifi TOK npencTaansreT co5oil coxpaHniOmniicsr BeKTOpHbii! TOK, 

a cna5b1l! TOK, cornacno v- A rnnoTese ¢ellnMaHa-renn-Mal!Ha, RBl'ISieTCR KOM-

5HH8!!1!ei! BeiCTOpHOTO H 8KCH81IbHOTO TOKOBo 

He ncKniO'teHo, 'ITO a cna5biX asanMoneilcTBHSIX anpoHoB npnnnMaioT y>tacTne 

T8K~e CKansrpHbifi, llCeBAOCK81ISip!!b!l! H TeHsOpHblfi l'IOK81IbHbie TOKII, OllH8KO B llBl'Ib

Hel!IIIeM Mbl COcpellOTO'lHM BHHMBHHe Ha BeKTOp!!biX H BKCIIlll'IbllbiX l'IOK81IbHbiX TO-

xax. 

fHUOTe3a H30TOllll'teCKOI! IIHB8pH8!1THOCTll Clll'IbHblX B38liMOilellcTBiiil ll03BOl'ISieT 

!18/lel'IHTb sneKTpOMBTHHTHbifi II Cl'Ill6bili TOKll H30TOllll'teCKOli CTpyKTypoli. 

HcxoAsr ns S U C3) -cHMMeTpllll CBl'IbHbiX aaanMonelicTBIIil unB H3 ~oAenn 

KB8pKOB1 MO~HO llbiTBTbCSI 05'beA'!HHTb cna6bie If Sl'IeKTpOM8THliTHbili TOKB B OKTe

Tbl BeKTOp!!biX II 8KCII81IbHbiX TOKOB. 

TaKnM o6paaoM, l!Mesr noxanbHbie aeKTopHble 11 aKcHan&Hbie TOKH, Mbi MO}KeM 

nocnenoaaTenbHO Bbi'll!CnSITb na 6ase KBaHTOBOl! TeopBn nonsr sneKTpoMarHHTHhie n 

Cl'I!I6b1e ~OpMtjlaKTOpbl anpOBOB II 8Mlll'IliTYAbl p831Ill'lHbiX npoUeCCOB C y'l8CTBeM 

nenTOHOB. 

Ba>KllbiM llHCTpyMeHTOM "H3Bl'Ie'teBHB ll3 STHX TOKOB llHtPOpMaUIIII 0 Clll'Ibllb!X 

B3811MOneiicTBIISIX SIBl'IReTCSI COOTHOIIIeHIIe fOl'Ibll6eprepa-TpellMaHa lll'IH TllllOTeaa 

o '18CTII'IHOM coxpaHeHnn aKcuanbHoro cna6oro TOKa. CooTHOIIIeHIIe fonbn6eprepa-
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. . 
TpeR~Aaaa CBH3biBaeT MaTpH"'BLii! aneMenT JlHBepre.III!HH axcnanhnoro Toxa c nep-

r 1101 
mnaoli ncnycxaJIHH 7(. -MeaoJia: 1 A-. 6 + 1l : 

.! . . ·~ r <. 6/ divA (D) fA)= L.:!::!. 
f'z.- 'lz 7;.~8.,.7i • 

rJle .f -KoJicTaaTa cna6oro pacnaJla aapsDKeBJibiX if" -Me3onon. ,. . . 

(2.5) 

CooTaomeaHH Tuna ( 2.5) HBn.IIIOTCH cneJlCTnHeM 6eaBbi'I~TaTenbBbiX JlHcnep-

cnoaHLrx cooTJiomennii no f.l. JlnH MaTpli'IBbiX aneMeJITOB tlt·r A~) H npenrrono-
.~ x/ 

}KeHI!H 0 JlOMHHHpOBBHIIH IIOIIIOCS J{ -Meaona • .Llpyrol! BbiBOJl COOTBOWeBH.II ( 2.5) 
. . /17/ 

ocaonaa aa· onepaTopaoli tjlopMynuponxe I'CAC - rB'lloTeabl , ycTanannnnaromel! 

nponopunoaanbaocTb orreparopa p1i -Meaoaaoro nonH n JlHBepreHium axcuanbaoro 

TOKS C KBSHTOBblMH 'IHCnSMH 7( -Me30HOB: . 

'.I' 
dr:v A {x) = c • m {x) Tn (2.5) 

TaKaH tflopMynnponKa npeJlrronaraeT, OJlRaxo, nanH'IHe noxanbaoro nonH 7i -Meaoaa. 

3aMeTIIM, 'ITO H3 JlUCUepCHOHHbiX COOTHOmeanfi Jln!l SMUliHTYJlbl THUa ( 2.3), B . 
KOTOpblX TOKH .f. 

'.1 
H j, HBIIHIOTC.II JlHBeprenuael! axcnanhnoro ToKa H 

HMeroT nee KBBHTOBLre •mcna rrcen,~:tocxampab!X Meaonon, acrronbaya cooTnoweaae 

ronLn6eprepa-TpeliMaaa, M~}KHO nony'IHTL nncrrepcnoaaLie cooTaoweana JlnH mion

nyKnonnoro pacceaaHHo B TSKOM UOllXOJl9 3TH JlHCIIepCHOHHble COOTHOWeBHH 6yJlyT, 

noo6me ronopH, rrpn6nu}Kenn~IMH. 

Mbl anecb He 6yneM KSCBTbCH 3THX C.J:iOX<HbiX BOIIpOCOB UOny'leBHH JlHCUep

CHOHHbiX cooTaoweaafi n B JlallbaelimeM 6yJleM paccMaTpHBaTb nucrrepcnoanble cooT-. 

aomeanH JlnH aMIIIIHTYJl pacceaana, tPOTOpo}K)lennn MeaonoB na 6apuoaax H llp. B 

TOM BHJle, KOTOpblfi Tpe6yeTCH 110K81lbHOli Teopuefi IIOIIH. 

§ 3. Llucrrepcnoaabie npannna cyMM 

OrpaHH'IeHH!I Ha UOBe)leane SMIIIIHTYJl npn 6onbWHX aaeprHHX U03BOnHIOT H3-

nneKBTb onpenenenayro HHtPOpMannro o JlHHaMnKe naanMonelicTBHli. 

XI MO}KHO llblTSTbCH o6o6wHTb COOTHOWeane fonbn6eprepa_-TpeliMaaa JlnH aK
cnanbHbiX ToKon, nMeromnx KBaaTOBLie 'IHCrra K -Meaoaon. Onaaxo TaKne cooT
aoweana nMeroT Meabwyro TO'IHOCTb 6naroJlapH 6onLwoli Macce /( -Meaonon. 

8 

npe)lnOnO}KHM, •tTO aeKOTOpaH aMUIIHTyJla J 
neTnopaeT cnenyromeMy orpaHH'Iennro: 

I frt;/ < 
const 
Ea. 

) zae 4.){. 

Torna JlllH aMnnnTyJl J{/1) :11 E·/(E} cnpan.enm 

6ea Bhl'IHTBHHli: 
+oo 

JreJ :::..Lj Imi'{G'Jet'E' 
7t e"'-li ' --.,._ 

E·.f{e)=j ( Imf'a'J·EdE' 
_J_ £~E ' 

oTxyna cnenyeT Jll!cnepcnonaoe npannno cyMM 

+co 

/Jtt~.lmf{e) = o. --
Orpaanqeane aa BbiCoKoaaepreTn'lecxoe noneneH 

noo6me ronopa, nononhHO cimLHbiM. 

OnuoKo B cnyqae, aanpnMep, _npoueccon c 

!OTCH SMIInHTYilbl, KOTOpble BXOilHT B UOnHyiO lllv 

6onLWHX aneprHHX KHI!eMSTH'I9CKIIMil qJSKTOpaMH 

Tnna ( 3.1) MO}KeT 6LITb BbiUonaeno npu paayMB 

TII'I9CK09 UOB91l9Hll9 llOniibiX SMIIIIIITYil• 

06bi'IHO TaKlle OMllnliTYilbl OTB9'10IOT 38 II< 

npoTHBope'!liH c o6mnMn peaynLTaTaMH o6 acn111 

.n nonHLIX ceqennli npoueccon MOlKIIO npennonoll 

TO'IHO 6b!CTpO y6biB8IOT, TSK _'ITO ltpaBHna CyMll! 

0TMeTHM, 'ITO Jli!CU9pC110HIIbl9 npaBII118 C;)l 

JlllSI nepeKpeCTHO-H9'19THb~X aM,nnn,TyJl f {I) e 

Ecnn Bbr6op a·MnnnTyJl~I cnenaH npanunLHC 

(3.4) HBnniOTCH TO'IHblMII H B npl!HUHll9 JlOCTYll 

npennono}KeRnli. 
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sneMeHT naaepren~nn axcnanhnoro Toxa c aep-
.· 110/ 
~ ... 6+7l : 

. . 7;.~8+7i ' 
(2.6) 

if" -MC30HOB, 

cnencTBHCM 6e3Bhl'IUTaTenhHhlX nncnep

MaTpli'IBhlX sneMeHTOB tit;, A ~' n npe.nnono-. x/ , • ., -"' 
-Me30H8 • .llpyroll BhlBO.[l COOTHOWCHIISI ( 2,6) 

. 1111 
aunnRT<A PCAC - rnnoTe3hl • ycTaHaBnnBaromell 

~Meaonnoro.nonn n nnaeprennnn axcnanhnoro 

(2.6) 

onnaKo, nannqne noKanhnoro nonn 1i -Meaona. 

cooTnomenall tmn aMnnaTyllhl Tima ( 2,3), B 

nnaeprennnell aKcnanhnoro TOKa n 

MC30HOB, IICUOnb3yH COOTHOIIIeHHe 

AIICUCpCl!OHHbiC COOTHOIIICHl!H .nna UHOH

STH .nncnepCHOHHbie COOTHOIIICHIIH 6y.nyT, 

c.riol!<HbiX Bonpocoa nonyq:enna nncnep

nmeM 6yneM paccMaTpnBaTh nncnepcnonnhle cooT

na 6apnonax n ~p. B 

Teopnea nong. 

npn 6onhiiil!X aaeprnax noaBonaroT na

o Al!HSMl!Ke B38HMOACHCTBl!l1. 

COOTROmeane fonbn5eprepa-Tpel1Mana lilili ax
'IHCna . /{ -MeaonoB. Onnaxo Taxne cooT-

5naronapn · 6onhiiiol1 Macce /( ~MeaonoB. 

npennono>KHM, 'ITO nexoTopaa aMnnnTy.na j (E) 
neTBopaeT cne.nyromeMy orpaHH'lennro: 

I !(E)/< 
CDilSt 

Ea. 
,J 2ae tt){. 

npn 601IbiiiHX aneprnnx ynon-

(3.1) 

Torna .nnn aMnnnTy.n JcJI) u E·J'(6J cnpaaennnBLI .nncnepcaoHIIbJe coOT11omenun 

6e3 Bbi'IHT8HBI1: 

+-

](e) =z.Lj ImJ'{G'JeiG' 
1t .e"-e ' -- (3.2) 

+-
E·.fcG) =j j Im :fa')· Ed&, 

-- £':..E . I 

(3.3) 

oTKyna en en yeT .nucnepcllonnoe. npaa11no cyMM 

+co 

f/t~&.lm/{1) = 0. 
(3,4) 

--
Orpann'lenne 11a BbiCOKoanepreTH'ICCKOe 11oae.neJme aMnniiTYAbi ( 3.1) aanHeTcn, 

B006we rODOp!!, llOBOlihHO CllliLHb!M, 

OnuaKo a cnyqae, nanpnMep, . nponeccoa c y•wcTI!eM cmmoDbiX qacTun uMe-

JOTC!l 8MllliHTYilbl, KOTOpb!C BXOil!!T D UOliHYIO aMllliiiTYilY npouecca C paCTYWilMil npn 
1 

50llbliHIX aneprllHX KHHCMSTH'ICCKI!Mil qJBKTOpaMH • .llnH TaKHX [lMllllllTYll orpaHH'ICHHC 

TIIH8 (3,1) MOlKCT 5b!Tb BblHOliHCHO Hpll paayMHb!X orpal!ll'ICHII!IX 118 Bb!COKO:;mepre-

TII'ICCKoe noaenenue nonHbiX aMnnnTy.n. 

05bi'IHO TaKHe aMnmiTYllbi oTaeqaroT aa nepenoc emma B peaKnnu, 11 6ea 

llpOTHBOpe'IH!I C 05WIIMII peaynbT8T8MII 06 8CiiMliTOTII'ICCKOM HOBCI!CHIIII ynpyrUX 

11 nonnLIX ceqennn nponeccoa Moi«no npennonollmTb, 'ITO TaKne a~mnnTyi!LI nocTa

TO'IHO 6blCTpO y5biB8IOT0 T8K 'ITO !1p8BIIn8 CyMM (3,4) Bblll0liiB1IOTCSI. 

0TMCTHM, 'ITO liiiCHCpCHOHHbiC npaBUna cyMM l!Bllll!OTC!l HCTp1IBM81IbHbiMII nUIIIb 

lln!l nepeKpeCTHO-HC'ICTHblX aMnniiTyll f {I) 0 

Ecnu Bbi5op aMnmiTy.n~• cnenan npaBIInbno, .nucnepcHOHULie npaBilllll cyMM 

(3,4) SIBlll!IOTC!l TO'!Hb!MII II B UpiiHUIIHC AOCTYHHLI npoBeJIKC 6ea liOliOliHiiTenbHbiX 

npennono>Kenun. 
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_.} 

I 

3naqnTenbno 6onbman annaMuqecxan nn.PopMannSI MOlK9T ObiT& BaBneq:eaa H3 

ancnepcHoHubiX npaaun cyMM 'ann Tex aMnnuTy!l, KOTOphle a o6nacTB .lm3Kli:X saep

rHli llOMHHn:pyroTCS! HeCKOllbKII:Mif· O!lfiO'ISCTH'IUbiMH H pe30H8HCHbiMR COC'l'Qilflli:S!Mll:• 

M&I 6y!leM npem:~onaraTb, 'ITo !lnSI Tex aMnnnTyLi, B&I6op xoTopb!x orracaa B rrocne

!lyromnx paa!lenax, nncnepcnoun&Ie npaauna cyMM aacblmaroTcSI BKJia!laMn 6na:lKalimax 

O!llloqacTnquj,IX II peaonaHCI!biX COCTOS!HRil ( H STO B nepayro O'lepe!lb OTHOCIITCS! lC 

TeM aMnnnTy!laM, a KoTop&Ix axnanhl 6nn'IKBlimux pe<IOnancoa KHHeMaTR'Iecx.u: ycn
ne!lbi). 

0TMeTnM, 'ITo axnan&I peaonancoa B ancnepcnoun&Ie rrpaanna ·cyMM Mbl 6:y

neM Y'IHT&IBaT& a TaK naa&maeMoM S -npn6nnJKeunn, npene6peraSI mapnaaMJt pe-
aoHancoa. 

Y'leT BKnaaoa BhiCoxnx sneprmi a nncnepcuonn&Ie npannna cyMM rroaaonSJeT 

B npannurre canaaTb napaMeTp&I, onpenennrontHe acnMnTOTII'Iecxoe noaenenne aMn

nlfTY!l npn 6on&mnx sHeprunx, c napnMeTpaMn, xapaKTeplfayromnMn' o6nacT& nnaxnx . 1181 
sueprni1. B pa6oTax sTn npannnn cyMM ncnon&ayroTcn !InS! anannaa. Bblcoxo-

suepreTnqecxoro paccennnn. 3aecb MH ne 6yneM aaTparnnaT& STOT HIITepecublit 
aonpoc. 

0TMCTIIM a anKnroqeune ponb Cl!MMeTpmi npn ucnonbaoaauuu aucnepcnouublx 

Upaann CYMM. B&IOOp CIIMMeTpnu 3llllll'III onpe!lenSieT KOnit'ICCTBO neaasHCIIMbiX 

napaMeTpoa, xapaxTepnay10nurx aepllllfli&I n KonnqecTao cana&mmomux nx ypaauenntt, 

OK83biB8H TBKIIM o6pa30M 3lllf5IHIIC !Ia II8Chl1Uenae lll!Cnepcuonl!blX ilpllBIIfl CYMM. 

!Incnepcnoun&Je npaauna cyMM a penmMe uacbmtelmn 6naxmiimnMn oituoqac

Tli'IIlhiMII n peaonnrrcl~hiMII cocToRnnsrMu noa~onRJoT a .npuunune, ncxodsr ua lfao

TonaqecKoJi unu ynnTapuoJi CHMMeTpan, rrony'laTb peayn&TaT&I Bhicmnx CIIMMeTpna, 

TBKllX, KllK $ lJ CJ) -c!IMMCTplisr, MO!!Cllb KBapKOB II !!p. 

PacCMOTperrne lliiCUepcuoun&IX npaaun CYMM Illl OCUOBe II30TOfllf'leCKoi1 II 

Sll Cl) -CHMMeTpnu naeTcn cooTneTcTneniio a §§ 4-9 11 §§ 10-13. 

§ 4. PaccenHnsr miollos ua 6apnouax 

B Ica<recTne nepnoro npnMepa paccMoTpiiM paccenune mroua ua 6apnone 

l!(f>+ Bcp)-» 7i(9'J r/3 (p'J. r11e 8 oairaqaeT N.s, I: Hnn A .. .,- ·-~-- -· 
. - /19/ CKOOKaX YK83DIIbi IIMIIynbCb! 'ISCTill!. AMnmrTyna 3TOI"O llponecca HMeeT Blf!l 

10 

T= iift>'JjA(s,tJ+i1·8 

c ~ . . 
rne S•V."'f),C•(p!.p). nepexonn B,.6pe 

xaaaTh, 'ITO !!liS! Toro, ~T06hl)o6ecne~E 

s~ 00 II ljllfKCIIpOB8f!JIOM· t 1 llMllll 

A . AMIIIIIITyna 8 COOTBeTc'J'ayeT r 
cymJioCTH ueyrrpyroMy rrponeccy •. nosTo 

pe3yiihT8T8MH TeOpiiii o6 8CIIMIITOTll~ec 

HIIH C II3BeCTIIb!Mll ll8flflbiMII 0 .IIOBe!leH 

Bb!COKHX SUepriiS!X, Mbi MOlKeM. Upe!lllOll 

pRe'J' YCllOBIIIO (3.1) II llllH uee IIM~eT 

3aMeTnM, 'ITO npannno cyMM ( 3.4 

ljlopMe MO>KeT HMeTb MeCTO II npn 6one 

SToT aonpoc o6cylKJlaeTcn a xoune Hac 

Kax 6hmo oTMeqeuo ~ § 3, npaan 

nnmb !lllH nepexpecTno-ue~eT!IhiX aMnm 

paano>KeHIIHM SMIIIIHTYllbl 13 IIO U30TI 

71N) 7i2 : 13 = J,e·B,t/t/ + ./ j 

li " • B- J:. ·S:·I( Botttt+li"J;.~ L... - ce -.; ,:("'! 

+ j(J{;i. 

. li 211 : B = Ste · Boa~ . 
3aecb i, e II j•> K -II30TOIIII'ICCKIIe IIJI~ 

nnuo onuo6apuoun&Iii qnen, nony'lnM Jim 

00 

j ~ .+ -/ 0 s Ih!./3,"1·-l ~18 1 _/ ~ : 

('m
8 

rl1f
71

).t. 

II 



HH~OpMBUHH M0~9T 6HTb H3BIT9'I9H8 H3 

aMITITHTyA, KOTOpHe B 06ITBCTH HH3XHX SHep

H peaoHBHCHbiMH COCTQ!JHH!JMli. 

TeX aMrrrrHTyA, Bb!60p KOTOpb!X OIIHCBH B IIOCII&

rrpaanna cyMM HBCHlllBIOTC!J BXITBABMH 6rrn~al!mnx 

(n STO B rrepay10 O'IepeAb OTHOCHTC!J X 

6nniKal!mnx peaoaancoa KnneMaTnqecKn yen-

,J 

a ancrrepcnoHHbte rrpaanna ·cyMM Mbl 6y-

-rrpn6mi~ennn, rrpene6peran mnpnnaMJf pe-

a ancncpcnonu~>te npaanna cyMM noanonneT 

onpenerrHIOII{IIe BCHMIITOTH'IeCKOe IIOBeAenne tlMIT

nap.~MeTpllMI!, xapnKTepnayJOmnMn' o6nacTb nna~~:nx 

CyMM IICIIOITb3YIOTCSI AITI! 8HlliTH38 BhlCOKO

Mbl ne 6yaeM a.aTparnBaTb 3TOT nnTepecub!ll 

CI!M!.-teTpm1 npn ucnonbaoaannn ancnepcnonnMx 

3llllll'lll OnpenemteT_ KOITII'!eCTBO UeaaBI!CHMblX 

plllllllbl II KOITH'IeCTBO CBS!3blBUIOIUHX IIX ypanneanl!, 

na nac~>~rueuue ancnepcllonnhtX npanun cyMM. 

D pexmMe HllCbtiUellllH 6rrlf)KlllilllliMH OAI!O'!aC

l!S!MII noa~omltoT· n -npnuiwne, ncxodn ua nao-

pun, nony'!aTb peaynbTllTht BhiCmnx CIIMMeTpntt, 

IIpllBHrr CYMM fill OCIIOBe 1130TOIIH'IeCKOl! H 

10-13. 

paccMoTpnM paccesmne nnona na 6apnone 
rue 8 

oaua'laeT ~S., J: nnu 1\ n a 

. /19/ • All.lrrrrnTyaa -aToro npouecca uMeeT BIIA 

T = ii t}>'J jA cs, t; + tr· 8 r.s. tj ttr,) (4.1) 

• t 
rae S•(/>~f),c•(p!..p). nepexong n _6p~iiToncKyJO cucTeMy KoopnnnaT, nerKo rro-

KaaaTb, 'ITO nng Taro,· 'IT06bt o6ecne'!HT& onpeaenennoe rroneaeHne T npu 

$-"Co H ~HKCHpOB8HHOM t 1 8MITITHTyl!8 8 l!OIT~HB y6biB8Tb 6biCTpee, '!eM 

A . AMrrnnTyna 8 cooTneTcTayeT pacce!JHHJO c nepenopoToM crrnna, T.e. n 

cymnocTn ueynpyroMy rrponeccy. noaToMy, ne ncTyrran n rrpoTnnopeqne c o6mnMn 

peayrrbTaTaMn Teopnn o6 acnMrrToTn'IeCKOM rronenennn aMnnnTyn yrrpyrnx npoueccon 

nnn c nanecTHbiMH ABHHbiMn o · rroneAennn no~noro · ceqennn 7i/V- paccennnn rrpn 

BbiCOKnx aueprnnx, Mbi Mo~eM npeanono~HTh, 'ITO aMnrrnTyna 13 
pneT ycnonn10 ( 3.1) n nnn nee nMeeT MecTo rrpannno cyMM ( 3.4). 

ynosneTno-

3aMeTnM, 'ITO rrpaBHrrO cyMM (3.4) B rrpn6nnmeHHOH (Hll3K03HepreTI!'!eCKOH) 

~opMe Mo~eT nMeTb MecTo n npn 6onee cna6oM orpann'leHnn na rroneAenne 

8ToT nonpoc o6cy)KlfaeTcn B KOHUe nacTonmero .paaaena. 

B. 

KaK 6btnO OTMe'!eao ~ § 3, rrpannno cyMM (8;'4) nnnneTcn neTpnnnanbHbiM 

nnwb ann rrepeKpecTno-aeqeTHbtX aMrrnnTyll Botltl 1 cooTBeTCTBYJOlllllX cneay10mnM 

paanomennnM aMrrrrHTYAhi 13 ITO II30TOITH'IeCKHM CTpyKTypaM 

llN,; 7i3 

li 1:, : 

· li.EA: 

B ~ J;~·BPtlt/ + ./ [r;_., rJ B c-J , 

B= ~·e·~·KBot~t~+j(J?·SKe+S~x~·e)Bo~d -1-

+ /(J!;S~te-JU<Sy·e}/3r-J., 

B = Xte · 8odd • 

( 4.2) 

(4.3) 

(4.4) 

3necb i, e II J·· K -H30TOIIII'!ecKne nnneKCbl mionoB n z -qacTH~. BbtlliiC~IBan 

nnno OAI!o6apnoi!Hbtll qnen, nony'IIIM Ann Ka~aoil peaKunn cneAyJOmee rrpanuno · cyMM: - -

.J.. ~ ·+ -,/ r" s Ih!_ 8p"" (s, o = o , 718 1 _/ ~ . 

( 4.5). 

(1116 rH/71).:.. 
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I'J:It! /llf -Macca 6apHOHa (,r:ms 71]: -pac.ceB~HB .HI!JKHHll IIpe.r::tel'X HHTerpl!pOBll.HHSI 

pane a (Mit. . + h11 ) J u ,9881 -~oacTaHTa cnsau 6apxoaa c nuoaoM (nns 1( A -
paccesHHH _JBB1l = 6q~A )_. KoacTa.HTbi cBsair aopMl!pOBa.Hbl o6bi'IHbiM o6paaoM 

(eM. npHJIO)KBHHe A). , 
AaanorH'IHOB COOTHome.HHe HM99T M9CTO K AIIB BMIIIIHTYAbl .8 Dtl t1 · ~pac-

C9SIHHSI. PaCCMOTpHM 3TH COOTHOW9HHSI B IIpH6JIH)K9HKI!1 KOrAa IIOll HHorerpanOM 

6yAeM y'IHTbiBllTb numb BKnan 6nu)l{allmero peaoaaaca, .cooTBeTCTByiOmero 

S C:: (m +..!1111)~ TaKoe npu6nu)l{eaue .r:imr aMnnuTy.tlbl 8 MO)l{eT -6b!Tb on

paB.lllliiR~M, ecnu 6JII!)Kalhnufi peaoaaac cooTBeTCTByeT f' -, a ae S -nonae. 

B CllMOM .Qene, 6naro.llapSI MHO)l{llTeJIIO. tlf B (4.1), BKJill.ll .S -BOIIHbl B STy 

llMIIlUITY.llY B o6naCTI! 6JIH)l{llfimero p~30HBHC8 CHIIbHO IIOAaBnea: aMIIJIHTy.llll S 

BOJIRbJ BXO.llHT n /3 - c MHO)l{HTeneM . E- m , rne ii - aaeprns 6apnoaa n 

ColloM., B TO Bp9Ml! KllK f' -nonaoBbiil BKnan conep>KHT MRO>KHTem. E + 11'1 • 

B o6nacTH 6JII!)Kafimero peaoaaaca 

E-m< 1117i 

/i-~om .2111 
I .{. t"s (4.6) 

Ecnu 6nH>KafiwHII: peaoaaac cooTBeTcTnyeT .S -Bonae, TO ero BKIIllA a uaTerpan 

( 4.5) 38B9.llOMO IIO.llllBII9H H BK!Ill.llbl .llpyrHX COCTOSIRHII MOryT 6biTb cpaBReHbl C 

peaORllHCHbiM BKIIll.llOM. EnH>KllliWHfi / S - BOnHOBOll peaORi!HC 1\ ( 1405) COOT-

B9TCTByeT 7{ i -p8CC9SIIIHIO C ayneBbiM H30CUHHOM. 3TO pllCCBSIHHe OIIHCb!BllSTCSI 

llMIIIIHTyJtOii a:Jtl ll lliiSI Hee paCCMaTpnnaeM;e 1IpH6IIH>KBHHe He llpHM9HHMOo 

.UnSI aMrrnnTyn f>o~ttl. 6nn>Kallmue peaoaaacbi B cooTaeTCTBYIOT P -nonae c 

liOJillbiM MOM9HTOM 3/2, KOTOpbi9 1 9CJIII HCII01Ib30B8Tb Sl3blK SU (i)-CHMMeTpHH
1 

BXO.llSIT BMecTe C 6apHOHaMH B 6apHOHHblll 56-nneT. Y'IHTblBllH 3TH p930HllHCbl 

B J' - !Ipll6JIH)K9HHH, Mbl nony'IaeM cneJtyiOWHe_ COOTHOWBHHSI Me>K.Qy KOHCTaH

TllMH CBH3H 6apHOHOB Q 
<::lUI 

H wupnaaMH pacna.QoB peaouaacoa: 

~ 

9sat _.,. 
47l 

tl •. ·M r ___!_ _ .3 {/+ .z~Jl r.~ 
6 8 'I L i: - , E .,. , -j · s '" ' 

t?N~ •j) ~.r~ .1 
.3 J 

.. I 
'lx :r •;.f ' 

12 

• 

~.r~ .. II 

(4.7) 

I 

rne E H 'I -aaeprHSI n nMnynbc 6apnoaa B c. 

t pe30H8HC8o 3TO COOTHOW9Hll9 38BHCHT OT 

>K9HHblll xapaKTep. 0/lHllKO !!IIH TeX t , KOTOpbl 

)l{aiimero peaouaaca -.2.fLO- c,~s8)' {;- .{ o ir /liiH 

pe30H8HCH09 np1!6JIH)l{9HH9 B IJ.HCIIBpCIIOHHbiX HHTE 

naMeHHBT IIpllBYIO 'lllCTb (4.7) nmr 7(/1/ pa~ceg 
npyrnx peaKnnii aTa aaBncnMocTb eme cna6ee~ r 
3H8'19HH9 t B llHCII9pCHOHHblX COOTHOWBHHHX Bl 

aee, IIOCKOJibKY !IpH t = 0 OTCyTCTBYBT H9Ha6n 
L 

H3B9CTHOB 3H8'I9HHB g 11>'1•/"l/ ./1(,, Mbl IIOIIY'Ill 
/41 

WO cornacyeTCH C 9KCII9pHMBHT81IbHbiM 3H8'19HHI 

peaKnnii Mbl MO>K9M Bbl'IHCIIHTb KOHCT8HTbl CBSI3 

wnpHHbi 
pacnanoB peaouaucoB. PeaynbTllTbi aTn: 

B llBYX nocnenuux 
KOIIOHKllX T861IHUbl lliiR cpaBI 

MeTpHU SU (~} H peaynbTllTbl CTllTH'IBCKOU Clll 

w /21/ 
peneneHHhiM o6paaoM • Pacxo>Kil9HHH noBom 

HM9Tb B BHilYo 'ITO aapyweHUH CllMMeTpHH s u. 
3Hll'IHTeJibHbiMH AIIH KOHCTllHT 9 8811 J .BB91l9H 

H03Hll'IHbiMo C npyrOh CTOpOHbl, Mbl paCCMOTp€ 

>Keane B nucnepcnoHHbiX npaBnnax cyMM. Hn>KE 

Hb!X KOHCTllHT peaynbTllTbl S t/ (I) -cHMM9TpHH 

nacyiOTCH llPY~ c npyroM • 

B aaKn~qeane aToro paanena paccMoTpH 

npn S _, e>0 ne ynoBneTBOpHeT ycnoBn~ ( 3.1). 

TH'IecKoro noaeneunSI IJ Mhi BMecTo (3.2) 

peKpeCTHO-H9'I9THOii aMUIIHTYilbi) 

4 -

f3~tJ .. .L r ImBr.s:~J~, /: J r·~ 7i"J "'.r - c$-, t1 
• · c"-s . 

<If.. 

{~-u)6(~J{;} .. i[ IJH ~:~f){.r! q")Js'., 
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BB~HA rrpe~en HHTerpHpoBBHRH 

6apHOH8 C ITHOHOM (~ns ~A-
Oflhl"'llbiM Oflp830M 

/ 

Jr ~ns 8MWIHTY~hl .8tull( ~pac-

MO~eT ·flhiTb orr-8 
p -, a ae S -Bonae. 

BKnB~ .S -BOnHbl B 3Ty 

cHn&ao rro~aBnen: aMrrnHTy~a S 

- aneprHH 5apnoaa B 

co~ep~T MHO~Ten& ·E ~ 111, 

(4.6) 

· S -Bonae,. To ero BKna~ B HHTerpan 

COCTOHHHii MOI'yT. flbiTb CpBBHeHbi C 

peaoaaac /1 (1405) cooT-

3To paccesmue omiCbiBBeTcSI 

HpHflnH~eHHe He rrpHMeHHMO, 

COOTBeTCTBYIDT p -Bonae C 

!13biK su (")-CHMMeTpllH
1 

Y'IHTbiBB!I 3TH peaoHallcbi 

COOTHOWeHHSI Memny KOHCTaH-

(4.7) 

tf,J"~ a 1
1 

.J 

I 

r~e E H 'f -aaeprmi H HMnyn&c 6apHOHa B c.n.M. npH s- M If M -Macca 

pe30H8HC8o oTO COOTHOWeHHe 38BHCHT OT t. , 'ITO yK83biB8eT H8 ero llpH6nH

~eHHblH xapaKTep. OnnaKo nns Tex t , KOTOpbie cooTBeTCTBYIOT _o6nacTn 6nu

JKaliwero peaoaaaca -.2.'1~0- CIS~),~.{() n nns KOTOpbiX TonbKO n cnpasenmmo 

peaoaancnoe npn6naJKeaue B nnc;nepcnoliHhiX naTerpanax, aasHcnMocT& OT t 
l!aMeH!IeT npasyro 'IBCT& ( 4. 7) llU!I 7f /II pacce!IHII!I ae 6onee qeM HI'! 9%. lln!! 

npyrux peaKnHii aT a aaBHCHMOCTh eme cna6ee. Tionaras B ( 4. 7) t: = 0 ( aTo 

3HB'IeHI!e t B lliiCITepCHOHHbiX COOTHOWeHH!IX Bcerna HeCKOnbKO rrpelliiO'ITHTen&

Hee, nocKon&Ky rrpH t = 0 oTcyTCTByeT aeaa6nrollaeMaH o6nacT&) H ncrron&ays · 
L 

uasecTaoe aaaqeane . 9 .v.v~ a/'f.' Mhi nonyqaeM WHJI" = 117 Mas, 'ITO xopo-
'41 /'2/J/ 

wo cornacyeTC!I c aKcrrepnMeHTan&HhiM aaaqeaneM 1'21J:t_2Mas • llm1 npyrnx 

peaKUHH Mbl MOJKeM Bbl'IIICnHTb KOHCTBHTbl CB!13ll oapHOHOB, 398!1 ll3 3KCnepHMeHTB 

WHpllHbl pacna}lOB pe30H8HCOB, Peay.n&TBTbl aTllX Bbi'IHCneHHii co6p8Hbl B Ta6nnne. 

_ B llBYX nocnellHHX KOUOHK8X T86niillbl llU!I CpBBHeHH!I IIpllBe.[leHbl pe3yn&T8Tbl CllM

MeTpHII Sll {b) n peayn&TBThi cTaTnqecKofi cnMMaTpHII St( [1), aapyweaaoli on-

It/ /21/ 
pelleneHHbiM o6paaoM • PacxoJKneHH!I llOBOnbHO aaaqnTen&Hhi. Tipn aToM HYlKHO 

nMeTb B Bnlly, 'ITO aapyrueaus cHMMeTpnH S tl,., (,j 221 
MoryT oKaaaTbC!I secbMa 

3H8'IIITenbHbiMH llU!I KOHCTBHT 9 BSll ) .BBelleHne JKe HapyrueHll!l He !!Bn!IeTC!I Oll

H03HB'IHbiM. C llpyroli CTOpOHhi, Mbl paCCMOTpenH nHUih llOBOUbHO rpy6oe npHOnH

JKeHIIe B llllcrrepcHoHHhiX npasunax cyMM. HnJKe Mhi yBHilHM, 'iTo lln!I aneKTpoMarHHT

HhiX KOHCTBHT peaynbTBTbl S t/ (I) -<:HMMeTpHH H paCCM8Tp11BaeMOI'O IIOilXOil8 COI'

nacyroTC!I llPY~ C llPYI'OM. 

B aaKnroqeaue aToro paallena paccMoTpiiM. cnyqali, Korlla aMrrniiTYllB lJ 
llpH S "# C>0 He YllOBneTBOp!!eT ycnOBIIIO ( 3, 1), linn IIpOH3BOUbHOI'O BbiCOK03Hepre-

TH'IeCKOI'O IIOBelleHHSI t? Mbl BMElCTO ( 3,2) H ( 3,3) MOlKeM H8IIHC8Tb (nnSI rre-

peKpeCTHO-He'IeTHOH 8MIIniiTYilbi) 

4. 

8 .1 r Imf; r.s:-t) , -" ) 
~,t) • 7iJ Js - (.r.., «) -r Ji (s, t J 

• ·· c'-s 
(4.8) 

.tt. 

{s-u)/!;(.s~t-J•./j I1H~Cs:f}{s!q")Js'r- (S...,w) 1- ~ (s,f-). (4.9) 

• f) s'-s 
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rne ( S ~ U ) oanaqaeT rrpenhiilymnli •men c aaMeneli S na t( H ~ ecTh 

aepxngn rpannna o6nacTH 6nn~alirnero·peaonanca.·Torna, neaaBHCHMO oT noaene

HHR £ ( S 1 -!- ) !IpH S ~ GOD Mbl MO~OM rrpenrronO~HTh1 'ITO B o6naCTH 6nH~ali-hL . 
rnero p030H8HCa S <( t4 !IpH COOTBOTCTBYIOlliHX cjJH3li'lOCKHX 3H8'lOHHRX t 
<!JynKnHH 1: f~ r) Manbl ,,J. , / 

/ f..z. {sd-J /~a~ S~;:t... (4.10) 

~<~ 

Torna, YMHO~ag (4,8) na S-U H Bhi'lHTaR H3 (4,9), Mbl BMOCTO (3.4) rronyqaeM 

rrpaBHno cyMM B rrpH6nn~ennoli (nnaKoanepreTnqecKoli) cjlopMe 

4. 

ft~.r JM 8 {s,f) ,. tJ • 
D. 

11Menno .aTa .¢opMa rrpa~Hna cyMM ¢aKTH'lOCKH H ucrronhaoaanach Bblrne. 

EcnH ~e acnMrrToTnKa 8 orrpenenReTc51 rromocaMH Pen~e, Mbl Mo~eM aa

rrncaTh TO'tnoe rrpaanno cyMM, CBR3hiBaiOmee HHTerpan no anaKoanepreTnqecKoli · 

o6nacTn c rrapaMeTpaMn rroniOcoa Pen~e. PaccMoTpnM nnR rrpocTOThl nllrnh onnn 

BaKyyMHblli !IO!IIOC: 

olft) 
d c.s, t) """ CctJ s ) s ,.._ oo ( 4.12) 

rne ol{-t)~ olp(f} -f 11 ~(f) - TpaaKTOpiiR lloMepaH'tyKa, llpHMOHR51. Teope-

My Konm K paanocTH aMrrnliTYLlhl H ee rnaBnoro acnMrrToTH'lacKoro pen~neacKo

ro 'lneaa, rronyqaeM rrpaBHno cyMM ; /18/. 
A 

jt~s I, Bts.tJ -
(} 

ol.ft)+/ 

A • Im C ft J • 0 • 
o((t-)+1 .. 

(4.13) 

HeKoTopbia rrpHno~enHR rrpaanna cyMM Tnrra (4,13) Mhi paccMoTpnM B nanb

aei!rneM. llpH 3TOM Mbl 6yllaM rrpenrronaraTh, 'ITO BTOpoli 'l!IOH B ( 4.13) YllOB!IO".i'

BOpRaT orrpenenennhiM Tpe6oaann51M CHMMeTpnn. 

'14 

CymecTaenno, 'ITO aTo rrpaauno rroaaom1eT Bht 

PenJKe, .ucrronb3y51 aKcrrepuMeHTanhHhie nannhte rrp.u 

llb!O CBOiiCTBa CBMMOTpHll K03<P<jl!IIIHO!ITOB C (:{;-) , 

BOCbM8 !IO!I03HbiM IIpH ana!IH30 3KCIIOPHMOHT3!Ihllbl: 
l~l . 

rHRX. 3TH BOIIpOCbl BbiXOilRT, Oll118KO, 38 paMKH 

Ta6nnna· 

7C. - M030H-6apHOHIIbiO KOIICT311Tbl 

rs.,~ HacToSimaSI · 
SB (MaB 

pa6oTa 

ssr 7.3 i: /.1 .3.0:t o.:; 

L,E.. 1.1 i: 0,.9 ~- {) :r (): 9 

'i..A Lf2% s 1~,/::1:-t.~ 

§ 5. SneKTpopoJKpeune n <!JoTopoJKpenne 

PaccMoTpnM Terreph rrpoueccbl aneKTpopo~n~ 

poJKneuBR 1 W foB {f)-'1 7l (f )r81,.~ouoa ;a 6~pnc 
aTBX rrponeccoB HMeeT BHLl T = _, c T· rne ae~ "" ) 
ngpH38UHOIIHblil BOKTOp BHpTya!IhHOrO II !Ill. peanbR( 

.l, . /3/ 
8Mli!IBTYil8 BHpTyanbHOrO ~OTOpO~IlOHHR 

6 
r" - s- " , :=:('fp'IJ·rf)),,) =l"r,')¥ ~, u11 , .. , 

'1'1 vir~)- II!IOTHOCTh aneKTpOMarHHTHOrO TOK 
, 2 , 2. 

S=(f+f>.t=<t-1,) H 

rne 

Ton a 

1'1 
j IC.J., 3 = {f' :1 f 'I "' ~ /(.., = p p·IG - /' "p.K, 

0 If:= 
1\-~ . 

II , It hz ' Y.1<. t- r r-1<. i R..5 •t;-1 'lk. - ~ 

.e; " . = " /-1<.- a'lf /(. 2. <0 
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na t( H ;:t, ecTh 

peaonanca •. Tor~a, neaaancHMo oT none~e

npe~nono:1KnTh, 'ITO B o6nacTH 6nH:1Kal!

<jln3n'IeCKHX 3f!8'IeHHliX t, 

s~~t-. ( 4.10) 

.iii 
• Bbi'IHT8li 113 (4.9,, Mbl BMeCTO (3.4) nony'IaeM 

<jlopMe 

cjlaKTH'IeCKH II HCITO/lh30B8/l8Cb BbiWe. 

onpe~enHeTcSI nomocaMH Pe~:1Ke, Mbl M0:1KeM na

I3biBarowee HHTerpan no HH3KoanepreTnqecKol! · 

Pe~:1Ke. PaccMoTpnM ~nli npocTOTbl nnwb o~Ha 

) 
s ,.._ 00 

. I ( 4.12) 

- TpaeKTOpHSI lloMepanqyKa. llpnMeHSili Teope

ee rnannoro acnMnToTnqecKoro pe.Q:1KHeBCKo-

: /18/. 

-Imc (t) .. o (4.13) 

CYMM Tnna (4.13) Mbl paCCMOTpHM B !18/lb

Tb, 'ITO BTopoii 'I/len B ( 4.13) y~onne~·-

CymecTnenno, 'ITO aTo npannno noanonHeT Bhi'IIICrrHTb napaMeTphi -TpaeKTopml 

Pe~:1Ke, ncnonb3ySI aKcnepnMenTa/lbHbie naHHbie npn nnaKnx aneprnnx n onpenenen

Hbie CBOl!:CTBa CH~MeTpHII K03<1$HUIIeHTOB C {f) • lloaTOMY OliO MO:KeT_ OK03~l'fbCH 

nechMa noneanbiM npn a11annae aKcnetinMenTanbllbiX naHUbiX npn nucoKnx anep-

/18/. rnliXo 3TH BOllpOCbl BbiXOliSIT, Oli!18KO, 30 paMKH IIOCTOSIWero 063opa. 

Ta6nnna ..z 
7{. - Me30H-68p110HHble KOHCTOHTbl CBSI3H ( 9- f$8 ~) '- ~ J 

SB 
rs-;~ 
(Man HacTOHWaH Sll r•Jw CTaTII'IeCKaH 

pa60Tll napywennan 

ss· 7.3 i: /.1 .3. 0 ~ tJ.l o. sg o. +"' 
E. E. 1./ i: O.$ ~- () :t ().!I 9.~ t:J. -fS" 

'f_l\ Lt:L% !J 1~,/::J:.t.~ t-.o l.t.F 

§ 5. 3neKTpopo:1Kpenne n poTopoJKnenne nnoHoB na 6apnonax 

PacCMOTpHM Tenepb nponecCbl aneKTpopoJKneHII!I e r 8 7 e .,.. 13 ll tj>OTO-

pOlKlleHUH 1 w r 8 {f)., '"0 (f )~81. ~HOHOB na 6~pHOnax. AMnnuTyna 1(3)l():IOrO 113 

· , r '') r" c · aTnx nponeccon HMeeT nun =..; [, ) rne neKTop c;. 11 npencTaBn!leT co6oii no-

T" ecTb nnpH38UHOHHbiii neKTop nnpTyanbnoro unu peanhnoro ¢oTona. BeKTop 
d. . /3/ 

SMnnnTylla BUpTyS/lbHOrO ~OTOpO~eHHSI • 
6 I 

Ill/ "/•n ~-- G" 11 r-
l ==r\fP j cD)/f) =c. tlft'}Y ~l tift) ·r.{s,t,"Z), (5.1) . ' I ~I 

rne 
•n " j (r) - nrrOTHOCTb aneKTpOMOrHIITHOrO TOK8, /(.a f -f-'/- f> 

" 2 ~ 2 S=(f+'f),f=(f-/,) n 

-n:o.mynbc •1·o-

TORS 

, , , /, 

R.., = p fJ•IG -I {J·/(, 
II It It 

j ll-1,3 = rf':it"J r."- r '(f.r1 '.J·K; 

" h It ll
11 ~ Y-1<.1"- rlfr:k i R.s- .. ft-t'lk- 2- /( fi.-,o'J·IG. i 
~ 

Dlf 'I - If 2. /l,' = l<. t= /(. - (( /(. .. 

15. 
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h 
npH T8KOM Bh!DOpe R.;. HHB8PH8HTHhie 8MnnHTYJlhi Fe.' He IIM9IOT · KHHeM8-

TII'leCKIIX OC009HHOCT9il, npellUOil01KHM, 'ITO npn S ~ CO H <jJHKCHpOB8HHhlX t 
H k. L 8MnnHTYJl8 BHpTyanbHoro <jloTopo1KAeHHH T 11 

YJlOBileTBOpHeT ycnOBIIIO 

/ T "/ .( Ct111si·· .r .en~ J t?.. c'- -1 (5.3) 

3To ycnoBne 03H8'!8eT, 'ITO )lH<jJ<jlepennn8nhnoe ceqeune ane:s:Tpopo1KJlennH Bnepen 

B ll8DOp~TOpHOll CIICT9M9 npH BhlCOKIIX aaepriiHX He 38BIICIIT OT npOilOITbHOll no

nnpH38)liiii BHpTy8rrhnoro <jloToHa. 

nepeXOJlH B opellTOBCKYIO CIICTeMy KOOpJl1IH8T, ~01KHO ITOK838Tb, 'ITO yCITOBHe 

( 5,3) HBITHeTCH · neooXOiliiMhiM II JlOCTaTO'lllhiM )liTH Taro, 'ITO Db! JlHcnepCIIOHHhl9 

COOTHOUI9HHH no S )liTH BC9X 8MHilHTYJl ;:;,. Ohinii cnpaB9JlllHBhl 093 Bhl'IH-
. f ' 
T8HHil, npn· aTOM, HOCKOilbKy ,.f. b COilep:1KIIT JlB8 anepreTH'leCKIIX MH01KHT91lH, 

IIHB8pH81lTII8H 8MHITIITyJl8 ~' ( .S :f. 0 A: z ) (II TOilbKO 0118) npH .J- oD II <jJHK-- ~ 

CHpOB8HIIhiX i; II A;' z Be)leT C9DH K8K r;;s; H JlllH Hee cnp8BelliTHBO JlHCnep-

CHOHH09 Hp8BIIIlO CyMM (3.4), Y'IHThiB8H H30TOUH'l9CKyiO CTpyKTypy 8M!InHTYJlhl 

anpTy8nhHoro <jloTopo)KJleHIIH nnoH8 118 o8pnoae · 

J. {vJ {c) 
~N, r:::.. : F6 :: es ~~el + 'le ~tiel 1-.l [re_,r:3 J F c-.J ; 

f l : F = £ J": F (.-) I /: ' • ' ' / 
b eJ ;;x. ot~tl r.£<..~ dx.e 1-~k. ,.e)Fo"" + 

' ~) (&) 
+ j { J J,i!".~:e - .JjK J)e) F + i t=.;A:e r;,etet 

1 

(5.4) 

('v) 

{'3·0elc( ~ t!\: F, = 
H Bh!HIIChiB8H HBHO 0JlHOD8piiOHHhl9 'lll9Hhl llllH nepe:s:peCTHO-H9'!9THhiX 8MnllHTyA ' 

Feu/ tl nonyqaeM cnenyromue npaBIIrra cyMM: 

(.,_s) r 00 
{v, s) 

9sslT · Fp C.t'J.) + 1 J, el .s I~~t !;tiel ('s,t, .t") = o 
7i {IH;.A-t;) t 

(5.5) 

(v, s) 
3necb F "'- -naoae:s:Topnhiil H H30CK8rrHpHhiil naynneBcKne !jlopM<jJ8KTOphi 

. r- F r~ s; "' / " 
pnoHoB, aopMHpoBaHnbie ycnoaneM ' ,. ) _ u ,, S rne U 11 l'· ,o-r· .. ~ 1. rv Jr·s 
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-----

08-

ir 
-II30BeKTOpHbill ~II II30CK8ITllpHhlll 8HOM81lbllbie Ml 

o6oan8'leHIIH Te·. 1K9, 'ITO II B ( 4.5). AMrrnii~yna 
' " :S:8K -II .8MnnuTyJl8 Bodd § 4 IIMeeT 6rrii1K8llruJ 

phlll :s:uneMaTH'leCKII n()Jl8Bnen • .Ilnn nee peaoua 

npiiMeHIIMO, II :Mhl ne oyneM ee paccMaTpiiB8Tf, 

Y'IIITbiB8H . IIOJl HHTerp8nOM ( 5,6) llHUib Bl 

Bonae), ua np8BHn8 cyMM nnn :naocxannpnoll a 

HIIH 118 nyKnOH9 nonyqaeM COOTHOUI9111Ie · 

(p) {h) ' F,_ (K.l.) f- Ffl (J:.L) ... () 1 

KOTOpOe BM9CTe C COOTHOU19HIIHMII Jl~H C8KCC 

ueflTpOH8
0 

npeACK83LIB89MhiMII CIIMM9Tpneil 

{p) 
G !'- (~:.zJ 

~ (11) {K.2) 
fL 

=-1 
,2_ 

('n) 
G . '"z.J = c e 

npHBOJliiT K TOMYo 'ITO OTHOU19HII9 M91KilY Mal 

CKIIMII ljlopM<jl8KTOp8MII npoTOH8 OK83biBileTCH I 

G OJ (t.i) 
f' 

G ('p} {">J 
G 

.::3 I 

'ITO xoporuo corn8cyeTCH c a:s:crrep1IM9HTOM.· 

PaBeHcTB8 ( 5. 7) ·n ( 5.8), B3HThie npn 

qeHHHM JlllH HOilllhlX M8rHHTHhiX MOM9HTOB fi 

Je 
fl .:: ·.!.M p 

} f<= 
II 

e 
/It 

x/ .2 F.. (Y,~) p8BHO F {I)::; ,C, (ir) nnn 

FJE"L r::'(r-) nnn z f' (npn ~M F i 
foL + ljt ' " 

nnn A 
1 

rne nocnenunli <jlopMtP8KTOP uopMI 

Xz~a'l =-j~rrA>l'z Yhlin ¥;.. • Fm11 -t 
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aMnnHTYilhi Fe.' He HMBIOT · KHHeMa-

'ITO llpH S ~ 00 H <jlHKCilpOBBHHblX t 
~~ yaoaneTBopneT ycnoBHIO 

J 
t:L C'- -1 • (5,3) 

lla~~epeannanbnoe ceqenne sneKTpopo~eann anepea 

npoaonhaoll no
,.; 

CHCTBMY KOOpJlHHBT, MOmHO JlOKB3BTb 0 'ITO ycnoBHe 

H JlOCT~TO'IHbiM Jl1IH Toro, 'IT06bi _llHCnepCHOHHbie 

aMnnnTyll ~· 6binH cnpaaeanHBhl 6ea Bhl'IH-

,f "b coaepmnT JlBa anepreTH'IeCKHX MHomnTenn, 

.S :f. , k z) ,(H TOnhKO OHa) npn S'- cC H <jlnK-
Jt . 

KaK ;-~; n ann·aee cnpaaeannao ancnep-

CTpyKTypy BMll1IHTyahi 

na 6apnoae · 

{vJ F {s:) I r; ("-_) • 
•"J +~ ot1t1 ""..it..l"e.S] F ., 

"".i{Ja./~e 1-Jjk. ~/e)Fo~d + 
~) (&) (5,4) ~·c)F 1- /~.1~e ;:;,~et ; 

'Ineabi ann nepeKpecTao-ae'!eTHhiX aMnnnTya · 

.npoanna cyMM: 

111 
p {v, s) 

t . t1Je/ Cs,f-, A::J = (!) (5,5) 

II aaocKannpHhi!I naynneacKne ljlopM<jlaKTOphl 6a-
F {v, .r) . / / " 

1~t... {o) ~ .P "iS ' rae P., .1 fl s 

16 

x/ 
-H30BeKTOpHbiii; H H30CK8nllpHblil 8HOM81lbHbie MarliiiTHbie MOMBHTbl ; OCTBllbHble 

o6oaaaqeann Te me, ;To n B (4,5). AMnnnTy.na F11~<f· ljloTopo~eaim aa .E 
KBK n aMnnnTyaa Bodd § 4 nMeeT 6nnmallwnll peaonanc B S -aonae, KOTO-

pblll KnneMaTn'lecKn npaaBnen • .Unn nee peaonaacnoe npn6nnmeane aaaeaoMo ne 

npnMeHHMO, n ·Mhl ae 6yaeM ee paccMaTpnaaTb, 

Y'lnThiBaH non ll.HTerpanoM ( 5.6) nHmb BKnaa 6nnmallwero peaonanca (a P - ·· 

aonne), na npaanna cyMM ann ·naeicKannpnoii: .aMnnnTyahi anpTyanbaoro ¢oTopo~e

nnn aa ayKnoae nonyqaeM coo·Taoweane 

(p) {h) . F {K.l.) f- F (~L),., 0) ,. . ~ . 
(5,6) 

KOTOpOe BMBCTB C COOTHOWGHHHMH ll1IH CBKCOBCKHX ¢opM¢BKTOpOB npoTOHB H 

aeii:Tpoaa, npeacKaar,IBaeMbiMH cnMMeTpnell 

G c">(IC1) 
F 

=-1 
~ 

(n) 
G c..:z.) = 

I! 

Stt {6) w : 

o, (5.7) 

llpHBOaHT K TOMy, 'ITO OTHOWBHHB Me~y MBrliHTHbiM H aneKTpH'IeCKHM CaKCOB

CKHMH <jlopMijl8KTOp8MH llpOTOHB OK83biB8.eTCH liB 3BBHCHWHM OT /<.l. 

G {p}{~L) 
f' 

G ('p} {IC':) 
G 

=3, 
(5,8) 

., . 
• ~ ,~f 

'ITO xopowo cornacyeTCn c sKcnepnMeHTOM, 

PaaencTBa ( 5, 7) n ( 5.8), B3HTbie npn .k ~ () J npnaoanT K cnenyiOmnM ana- -'' 

qeHHHM ann llOilHbiX MarHHTHbiX MOMeHTOB npOTOHB H HGl!TpOHa: 

Je 
ft = .j_M p 

) ;<= , e 
ht 

(5.9) 

x/ .2 c: {Y, ~) paano F (p) + P. tit) nnn N · r C:. ~+...::. F. {~-) ann = 'It f' P . J rl' P. - .I F,/EfJ+ If, f'r) nnn2:_ (npn STOMF:~).:.F: u~> H F.{v).;_;;Crll) 
nnn A rae nocnenanll ljlopMijlaKTop aopMnpoaatf ycnoaneM 1'- · . P 

) 

-I' ' {rA) - hi II · o(...r~tt =-.!:F ~- Y r ~ · Fmn t- ~.c. 
.2 fl -~ 
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/23/ KOTOpbl8 COBliartaiOT C npertCXa38HIISIMH MOrtenH KBtlpKOB H cornacyroTCSl C 9XC-

nepHM8HTOM. 

OcTanhHbie npaBHna cyMM (5.5) Mbi paccMoTpHM npn 1<,2. __ 0 H y"'TeM nort_ 

HHTerpanoM nniiib axnart 6nH::>Kal!IIIero peaonaltca B J" -npn6nn::>Keltnn, npH'IeM B 

COOTB8TCTBllH C 9KCU8pllM8HTanbHblMH rtaHHb!Ml! flO ljJoTO- H aneKTpopO::>Kr18HlliO Ha 

uyxnouax, a TaK::>Ke a cornacHH c nHcnepcnouuol! Teopnel! 9THX nponeccoB npn ana-
' /24/ ' . . 

KHX aueprHHX , npeue6peJKeM aMnnnTyrtaMH anexTpH'Iecxoro n nportonhaoro KBan-

pynonbHbiX nepexonoa no cpaBaeaHro c aMnnnTynol! MarnnTno-nHnonhaoro nepexoAa. 
.,;; 

Mbi nonyqaeM 

/ 

.9ss1l· flr, s If {r,s) j( /}f l..l /Jf 2.. 3tj -= 1 faa J. It- • 1'.1 r rn (i-1- -;- _¥__ ) 
~ .t 8 81 8 8 M ;111. huo/ 

t.¥,v =tJ ' f::z"' i'zE = f?.z11- f. 

( 5.10) 

cnenyromnM o6paaoM CBH3anbr c IIInpn-8 9TOM COOTHOIII8HHH KOHCTaHTb! 9 fi~/17( 
naMH pacnaAOB peaonaHCOB ( 8 ::: ~ :S I ,l:) 

-r~B.Ii = 
..! 

c1e~l ---· 
c.ir 

fJ {Att-G) /;*A :::t 

fl1 ) ..:; 117/ 

1. 
J 1:~7/ --· 

J '1 (A-tfli) 
< 5.II) 

l.!llf IYJ 

rne E H '1 -aneprnH n. nMnynhc 6apHona B cncTeMe noxoH peaouauca. Koa-

cTaliTbi ft, (V.f) liBnliiOTCli M8I'HHTIIb!Mif MOM8HTaM!f 1130B8KTOpHOI'O ll ll30-
0~8 - It 

cxanllpnoro nepexonoa B-+ Bf-1'. CBSJ3b xoncTanT jl1i~B n !J B;cl7{ c 

a¢¢eKTHBHbiMH narpaa::>KnaaaMn aaanMo.nel!cTBHli npnBe.neua B IliJnno}!(eann A. Hop

MnpoBxa MaranTaoro MOMeHTa nepexo.na o6cy::>KnaeTcSJ B Ilpn.lio>xeunH B. 

CoOTHOIII8Ull8 . ( 5.10) 1 KaK H ( 4.6), 38BI!CllT OT t I OltHBKO 9T8 3aBHCHMOCTb 

eiiJe cna6ee, 'ISM B (4.6). Ilpn '6 = 0, ncnonb3yll (5.11) n (4.6), nonyqaeM 

fl{p~ Nl') == t,.tS' ·1fi f'p. , 

~ .~ , fl {~-'?:S Y) = '/. P!) · r.t fl (E), ( 5.12) 

~ , 
f' cz...,xyJ= i. -rs- • tfi ft (x) , 

~ C~~M")= 1.!7· f.i ;-t C£~Ar) 

18 

IJepB08 ll3 9TllX COOTHOIIIElUH!l: XOpOIIIO • 

HHS!Mll ( 83), ( 84) 1 nonyqei!Hb!Mll H3 a 
/25/ 

po::>Kr~ennro B pa6oTax (eM. IlpnnoJR 

IOTCli C npertCKa3a!IHS!Mll Monenn KBapK 

n Z- . .naeT ennnnuy BMSCTO nepBo~c 
nnll - H 2.- rtaeT nynh B npaBbiX 

CooTHOIII8HliSI Tnna ( 5.10) cnpaBE 

CpaBIIHM npaBnno cyMM rtnSI aMn. 
141 

qeJIIIbiMll B pa6oTax c noMOII!hiO an 

paneunn axcnanhnoro Toxa. B naiiiHX ( 

TOpO::>Kr18Hllli liM88T Blfll 

/ 

91</AI1i. lt;s 
00 (r,s) 

r .1 f'.t s .I tw ;= ("s 12 
7i J" 

{MI-H
11

) ~ .S - , 

rrte F =.2-M {1111)_ ~-~). IJpn 9TO 

AHCnepCHOIIHbl8 COOTHOIII81IIfll cnpaB8llll 

t bt t . - c 
npn "' "' =- fl-171 = 0 aMnnnTynhl 1, 

"'TO B'nepByiO aMnnnTYAY ):18IOT BKnan 

BTopyro - ueT. Bxnanbi- aMnnnTyll nom 

TOMy, ecnn npeJie6peqb npoAOnhHhiMn 

npaBnno cyMM ( 5.5) coBnaAaeT c ( 5. 

qne oT (5.13) noaBonHeT nonyqaTh CJ 

ce nnona, n AaeT B03MO::>KHOCTh oueaF 

.2. . rn7i = 9· Ha ( 5.10) Bnnuo, 'ITO aTE 

TO:IKHO Mana AnSI ljJoTopo::>KASHifli nnouo 

ljJoTopO::>Kr!8HifSI KBOHOB, nOCKOnhKY { ~ 
AnSI aToro cnyqag c ljlnanqecxol! Mace 

/25/ 
KO 

Ecnn B COOTHOIII8Hiflf ( 5.10) llfll 

t =- lllJi = 0 J TO Mbi noJiyqn~ coo~ 
6

. /4/ pa OTbl nHIIIb T8M, 'ITO ee aBTOpb! 
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/23/' 
KBapKOB n cornacyroTcn c axe-

paceMoTpnM npn k 2 = 0 n Y'ITeM non. 

J"" ·-npn6nnJKetnm, npn'leM B 

no ~oTo- n anexTpopoJKnennro na 

Teopnea aTnx nponeccoB npn nna-

n npononhnoro KBan

c aMnnnTynofl MarnnTno-nnnonhnoro nepexona, 
~ 

{r, s) · f(i /1f 1 :.t. ml 3t 7 · 
ft.~' 111[( 1--;- -1. --1' 

8 B M 11 IH!o/ (5,10) 

o6pa3oM CBnaannx c IUHpn-

t. 
Jc~71 
1-27! 

J 'I (~r~) 
IYJ 

( 5,li) 

6apnona B encTeMe noxon peaonanca. Kon

naoaexTopnoro u nao-

KoncTaHT j11i~e n !Jolreq- e 

~nei!cTBHH npnaenena B npnnoJKennn A. Hop

o6cyJKnaeTea B npntio>K9IiHif B. 

, 3aBliCHT OT t ~ OJliiaKo STa aaaneiiMOCTb 

nenonnaya (5.II) II (4.6), nonyqaeM 

( 5. 12) 

l 

I 

nepBOe ll3 STHX COOTHO!U9UHH XOpO!UO eornaeyeTCH C SKenepnMeHTanbHb!MH 3Iia'le

HHHMB ( B3), ( B4), rronyqennbiMn na anannaa sKcrrepnMenTallbHbiX naHHbiX no ~oTo-
/25/ . . .. 

poJKnenniO B pa6oTax {eM, npnno>Kenne B), Bee eooTnoweimSJ (5.12) cornaey-

IOTCSJ e rrpenexaaannnMn Monenn KBapxoa, KoTopaSI nnSJ acex 'laCTmt, KpoMe ::: 

n Z- naeT ennnnuy BMeeTo nepao~o MHO>KHTenSJ B npaBbiX qacTSJX ( 5,12), a 

nnSJ _ H 2:- naeT Hynh B rrpaBb!X H Jl9Bb!X '!aeTSJX, 

CooTHOIUennn Tnna (5,10) errpaaennnBbi n nnn <jlopM~aKTopoB npn /<. 2..-~el\ 
CpaannM npaa:uno cyMM nna aMrrmiTyllbi F 6 ( 5,5) c peayn&TaTaMn, rrony

/4/ 
'!9HHb!Mll B paooTaX C UOMO!Ub!O anreOpbl TOKOB H THIIOT93bl 0 '!aCTH'IHOM COX

/4/ panennn axcnan&noro TOKa. B nawnx o6oana'!eHHSJX peaynhTaT pa6oT nnn .Po-

TopoJKneHHSJ nMeeT ann 

/ 

9 ,Vtl/1/ 'l'v,s 
00 (Ytl) 

r 7i.i f'.t s .I M ;: ("s, t = k '/.;.. ,;-=- o) 
,J~ ~~ 
cM-f-11111 )!1.. s- mt. ·' 

(5,13) 

rne F =~ ~-5_ r~) · npn STOM rrpenrronaraeTCH, 'ITO nnn aMrrnHTYll F {vtt) 

nnerrepenonnnxe eooTHOIUennn crrpaaennnBbi 6ea Bbi'IHTaani!:. Mo>KHO rroxaaaT&, 'ITO 

rrpn f-=-k-t=-fl-fi =0 aMrrnnTyJlbi f6 11 F;{s-M l) OTnn'!aroTCH nlllllb TeM, 

'ITO B · nepnyro aMnnnTyny naroT BKnan npononbHO· rronSipnaoBaHHbie . .PoTOHbi, a BO 

BTopyro - neT. Bxnannx· aMnnnTyn nonepe'!HbiX <jJoTonon l:tnll nnx coarranaK>T, nos-
. . L 
TOMy, ecnn npene6pe'!b npo.~:~on&HbiMH aMnnnTy.l:laMn, To rrp11 t =- k. 2.. ::. IZfu -= e1 

npaanno cyMM (5.5) conna.~:~aeT e (5,13), Onnaxo npaBIIno cyMM {5,5) B oTnii

'!IIe OT {5,13) U03BOnneT IIOnyqaTb CJl9.[{eTBHH, COOTBeTeTBYIDIUHe ~H3H'I9CKOfl MaC

ce UHOHa, II .[{aeT B03MO>KHOCTb OUeHHTb OlllllDKy, B03HIIKaiDWYIO 113-aa 1Ipll6nn>KeHIIlJ 

.rn: = 0, Ha ( 5,10) BH.[{HO, 'ITO STa OlUUOKa UOpH.I:IKa { :::7JJ 2.. k 2%, T,e, HH'I

TO>KHO Mana .[{JlH ~OTOpOJKneHHH ITHOHOB, 0nHaKO OHa eTaHOBHTCH aaMeTHOi! t:tnll 
· rmL)l . 

$OTOpOJKtl9Hllll KUOHOB, llOCKOJlbKy /j;"" ./ . = 25%, lbrcrrepCIIOHHble rrpaBIIna CyMM 

.[{Jlll STOTO cnyqag C ~li3II'!eCKOi! Maecoi! KaOHa paCeMOTpeHhl B paooTe nncapen
/25/ 

KO 

Ecnn B co~Tnowennn ( 5.10) .t~nSJ ~oTopoJKneHnSJ n~ nyxnone rrono>KHTb 

t ::. /l(li .:. 0 ) TO Mbl rrony'!HM. COOTHOW9IIlle, KOTOpOe OTnnqaeTCSJ OT pe:lynbTaTa 
. /4/ 

pa6oThl nniUb TeM, 'ITO ee aBTOpbi y'IHTbiBaroT ne· TOnbKO MarniiTrro- .~:~nnonbHhlfl 
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nepexon n pesoaaacaoe (33) cocToSI.ane, ao n ae6om.myro npnMecb sneKTpn'lecKoro 
~ /MI · 

KsanpynonSI , KoTOpaSI B npn6nn~eann nso6apaoli Monenu ae npo'rnBope'lnT 

aKcnepnMeaTy. Oa11 y'IHTbiBaroT TaK~e ~.Knan cnenyromero pesoaaaca fllt,g ( 1518) 
.. /24/ 

11, J!CJ!OJib3YSI KOHCTSHTbl CBR311 pe30H8HCOB, COOTBeTCTBY!OlllHe H306apaol!: MOA.9JIH , 

a TSK~e npennono~eane 0 TOM, 'ITO H30CKSJIS!pR8R 11 1130B9KTOpH8Sl KOHCT8HThl CaR-

s11 tY,ftVY paBRhl npyr npyry, nony'laJOT 

I 
..; flv = e33 f- Ct.s 

(5.14) 
/ 

P s == Cts 
rne Lj.,3 = 1,99 SloMo 11 C/3 = 0,088 RoMo 9CTb BKJI8lthl nepnoro 11 BTOpOrO peso-

aaacon. B aToM npa6n11*ea11H yqeT nToporo peaoaaaca ynyqmaeT cornacae c aKc

nepaMeaToM. OnaaKo ·nnonae soaMo~ao, 'ITO n3o6apaan Moneru; 3aBbrmaeT BKnan 

. /27/ . . . 
KBanpynOJibROii EIMIIJIIITYltbl • Ecn11 npeae6pe'lb 9THM BKJI8ltOM, T.e. BOCIIOJib30-

' . t t 
naThCSI cooTaomeaneM ( 5.10) nnsr ayKnoaa np11 = 111q = 0 11 ero aKcnepnMea-

TanblibiM 3HS'I9H119M (B,3) ltJIS! fltv~) TO Mbl noJiy'I11M c~J ~ 1,78 RoMoo 06n 

3Ra'leR11R nnSI C33 MoryT naTb npencTasneane o nen11'11!He B03Mo~aoii om116K11, 

CBSI3SHHOii C H90ltH03H8'1HOCTblO SH8JIH38 9KCll9p11M9HTSJibllblX ltSRHbiX J!O ljlOTOp0~

lt9HI!IO B o6naCTH nepnoro p930HSHCSo npn aTOM BltJISlt BTOpOrO p930H8HC8 OKS-

3b!BS9TCSI 6JI113K11M K B9JII!'I11H9 STOll OmH6KHo 

§ 6. KoMnToa:oncKoe pacceSIH'I!e a:a 6apnoa:ax 

Bbrme Mbl nony'II!JII! COOTHOlll9HI!R (6.12) Me~y MarHI!T!JbiMI! MOM9HT8MH 6a

pi!O!JOB n pe3oa:aa:con, ncnonb3YR nncrrepcnoa:a:hle rrpannna cyMM nnsr nnyx nponec

con - sneKTpopo~eana n pacceSia:nsr nnoaos. OnaaKo cooTH~meansr Me~y MaranT

HbiMH MOM9HT8Mif MO~IIO IIOJiy'I'IITb JI9IIOCp9ltCTB9!JHO ll3 ltlfCIIepCHOIIHblX rrpaBHJI 

cyMM ltJISI KOMJ!TOIIOBCKOrO paCC9HIIHR, 6ea HCllOJib30BSHHSI pe3yJibTSTOB ltJISI npy

rHX IIpOU9CCOBo npn ~TOM MO~IIO 6bin0 6bi BOCDOJib30BSTbCH T9M ~e M9TOltOM, 

KOTOpblll Mbl npHM9HSIJIH ltJISl paCC9SIHHSI 'II ljlOTOp0~9HHSlo 0ltHSKO ltJISI KOMJ!TOHOB

CKOrO pacceBHHSI HM99TCSI H npyraB B03MO~HOCTb, OCHOBSHHSSI HS HCJ!OJlb30BaHHH 

x/BMeCTO narpaa~Haaa (A.3) oan paccMaTpHBaroT nnmb ero nepnoe cnara-

eMoe. 

.. .. 
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/28/ 
HH3K09H9preTB'19CKOH TeopeMbl • C DO 

nHcnepcuoaahre npanHna cyMM nna nepeKJ 

6oJiblliBX aaeprHBX. t.{To6bi Bbllt9JIHTb TSKI 

K'IIH9MSTHKY KOMllTOHOBCKOrO pacceBRHSI l 

.McnOJib3YB ooo3liS'19li'IIB 

Prf1 f<,-1(.' 
P=-) tf=- ) K.= .1.. :z. ) 

K. "'""'; T) 

p~ P- p.J<.. K. IV M_ c mn~e p 
' - I . K.2- ) 

aMllJIHTYltY KOMUTO!IOBCKOrO pacceBHHSI ~ 

{ - {&%. T =- t L L(i. !. ) ZIC,t) ~ "(£.P'jl 
I» 'J) ra /I'J _o,z. .. 

+ Q{ {eN)t£N) ( ~- Y.JC ~) +feP~ 

- {r~:~'){eN) + (E/,v){eP 1
)) Y S' Y.l<. 

HanapnaHTHbi9 aMnnnTyltbi J:· 3aBHCB' 

' TOUH'19CKYIO CTpyKTypy, KOTOpyro Mhl M 

TOJ!If'19CKH9 onepaTOphl B aTOM.CJiy'lae 

aelimeM Mbi nonoJKHM 6/ t. = O. EcnH 

ae np.11 6onbmHx aaeprnSix cTpeMnTcB 1 

/7i,,,rf .{ C.nsf. y ; /T.t.,v, ~ /£ Cej,s 
!OllllfX aMUJiliTYlt TOJibKO r, nepeKpe 

nepexoltR B opeliTOBCKYIO Cl!CT9MY KOC 

r, C00TB9TCTByeT paCC9SIHHIO C ne: 

nonoJKI!Th, 'ITO npu V ~ oo n t{ ;: 

I r,·;~ U>.n::. -t-e ~ ) 
npu aToM nucirepcuouuoe cooTaomeau 

H Mhl HM99M co 

7: (o) := ~j I,.. T6 dv 
' 1i v 0 
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ao a ae6on»myro npuMec& snexTpH'Iecxoro 
/24/ . 

uao6apaon Monenn ae npoTuaopequT 

~xnan crrenyromer~ peaoaaaca JVtg ( 1518) 
. .. . /24/ 

cooTaeTcTayromae uao6apaoA Monenu , 

H30CK8ITHpH8R H H3QaeKTOpH8R KOHCTSHThl CBR-

nonyqaroT 

(5.14) .-I 

a.M. ecTh aKnanw nepaoro u aTOporo peao

aToporo peaoaaaca ynyqmaeT cornacae c sxc

'ITO uao6apaan Monellli aaBbimaeT aKnan 

rtpeae6pe'Ih STHM BKnanoM, T,e. aocnonhao

HyKnoaa npa t-= 111J= 0 a ero sxcnepuMea

flu~) TO Mbl llOITY'IHM c~J = 1,78 H,M,, 06a 

•aanaaa sKcnepHMeHTarr&lihlX naHHbiX no ljloTopolK

llpa 3TOM nxnan BToporo peaoaaaca oxa-

(5,12) MeJKAy MarHHTHbiMH MOMeHT8MH oa

AHcnepcHOHHhle npaanna cyMM nna nayx nponec

nnoaoa, OnHaKo cooTH~mennn M9JKAY MarauT-

aerrocpencTaenao ua nacrrepcaoanwx rrpaann 

6ea ucnonh3oaaanu peaynhTaToa nnn APY

Dbi aocrron&aoaaThcn TaM JKe MeTOnoM, 

H ljloTopoJKAeHHH, 0nH8KO AITH KOMHTOHOB

g B03MOlKHOCTh1 OCHOB8HH8H Ha HCITOITh30a8HHH 

oan paccMaTpaaaroT nnmh ero nepaoe cnara-

.;• 

/28/ 
HH3KOSHepreTH'IeCKOft TeopeMbl , C ITOMOllihiD STOll TeopeMbl MOlKHO rrony'IHTh 

nacrrepcaoBHble rrpaanna cyMM nnu nepeKpecTHo-qeTHbiX aMrrnnTyA, yoblaaromux rrpn 

6on&mnx ~lHeprnux. l.JToobi awneniiTh TaKne aMrrnaTynhl, paccMoTpiiM, KaK oobi'IHO, 

KHHeMaTIIKY KOMITTOHoacKoro pacceHBHH Ha 6apnoaax t ()t.) f-/3 Ci)-'> ~ {Je.') r IS ftV· 
. Hcnonhayu o6oaaaqeanu 

p = !.!:.!' .t. } 

. v I J 
/J ,.,-;:. K - K. .,_x, q=-;:-) -T-' i>:: f!K 

/iJ' 

P 
/ p.f<. = P--. K. ) 

/(.2-

m LmiiK.(.p/v n 
IV = c- h A~:. Lf'e . 

aMrrnHTYAY KOMrrToaoacKoro pacceuanu MOlKHO aarrncaTh B anne { -t z. T=- l L L(i. ~. J 21{;>') !? "0-P'J(cf9{T,-r..e 7;_) -r 
m v r-tf /IJ -az. 

(6.1) 

1-,.,~{eN){W) {~- y.~ ~J+IreP?{cH)-(£~){~P) )yeT,;-
"' (C.' / (6,2) 

- {re~'){eH) + (E'v){u~JJ) )' s-Y:l<. Till {f)· 
.2. 

HaaapnaHTHb!O aMrrnHTYllbl 7;.• aaanCHT OT ')) H t( H HMeiDT rrpOCTyiD H30-

TOllH'IeCKYID CTpyKTypy, KOTopyiO Mhl MOlKeM He abiiiHCbia8Th0 ITOCKOITbKY ace H30-

TOITH'IeCKHe orrepaTOpb! B STOM cnyqae uanHIDTCH · rrepeKpeCTHO-'IeTBblMIIo B AS~h-
£ ~ 

aeftmeM Mbi rronolKHM 6( = 0, Ecnn rronaoe ceqeane paccesmnu tjloTOHa aa 6apno,.. 
He rrpn OOITbWHX SHeprHHX CTpeMHTCH K KOBCT8HTe, TO Hpll )f-. CO H ~~ = 0 

/Tt,,,r/.{ unsf.y J. IT.t,v,~l ~ ~lfsf. lloCKOITbKY na. Han6onee ObiCTpO YDbiaa

romnx SMHITI!Tyll TOITbKO r, rrepeKpeCTHO-'IeTHa, Mbl H oyneM ee paCCM8TpnaaTb, 

llepexonu a 6peflToacxyro cncTeMy xoopnnaaT, nerxo y6ennTbCH, 'ITO aMrrnnTy)la 

r, COOTBeTCTByeT paCCOHHHID C nepeaopOTOM CniiH8 0 HOSTOMy Mbl MOJKeM npen-

llOITOlKI!Tb0 'ITO rrpl! V ~ 00 H ({ ~ 0 

I r,·;~ eo~~:.·-e.e ~ ) ~ c-1'. ( 6,3) 

llpn 3TOM nncrrepCI!OHHOO COOTHOWeHHe )liTH Tc {11} crrpaaennnao 6ea aLI'li!Taanfl, 

H Mhl I!MeeM c-o 

=!: J I,.. r,~.., 
7i D V 

(6.4) 

" {o) 
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. I. 

• j--
• I 

H < • . 1281 
3 ., Bl!axoaaepreTaqecxoa TeopeMbi cne.nyeT, 'ITO 

'.t. 
~ {o) = ~ {it. -:t:} (6.5) . 

r_ne f< .. a ~ - rronHhlll MBrHHTHblli MOMeHT H 38pSIA 'IBCTHitbi (KOTOpbie SIBJISIIOT

CH onepa;opaMn s.naororraqecxoM rrpocTpaacTae). Ha cymecTaosaaae .nncrrepcnoa

aoro rrpaanna cyMM (6.4-5) ·Ami ayxnoaoa Brrepable yxaaana JJarrn.nyc H t{lKoy-
. /29/ . /30/ . 

ryatt-'I)Kao , a aaTeM repacnMoB o6o6mnn 3To rronolKeane aa cny'Iali npona-
• /311 

,E:OnbHblX CIIHHOB (eM, TSKlKe pa60Tbi ), 3aMeTHM
0 

'ITO STO npaBHnO CyMM no-

nyqaeTCH c noMornbiO MeTonoa npenhillymnx paanenos, npnMeaeaabiX x aMnnnTyJ:te 
.~ T /..) /32/ 

- /6(."./ • 
Jl 

Hcnonb3yn ( 6 - 5) nnH pacceHHHH aa K8'¥IOM na 6apnoaos, nMeeM 

N': 
. /1. t. / 12. 2.) T" (oJ = -!! r-fl_ r u.l - ~ c3 .. p , lj> , 

-r 2. IL / L z) 
16{o)·:aj.l o t-f.l:_ -f- (fl_ o-f'.- '.J 

H S E !! J 

E: 

/ It lt. , • / 12. I L Z: ~ {o)= l/'cf o~-flr-J~~ 7-) €-~e:~c_f!_o~--fl-)
z l: 

.. $ ' 1( I ')t 
.t:J P eJ .f ~+ - f'. - J .2. z: z:. . 

11 .' J6 (o) = l.f<_... • 

(6.6) 

(6. 7) 

(6,8) 

(6.9) 
Y'IHThiBall non HHTerpanoM ( 6.4) TOnhxo MaranTao-nnnonbHbill nepexon B 6nn:JKalt

mee peaoaaacaoe cocToHane, nony'IaeM 

tV: 

-. .:.. . 

Z: 

E {G +-~~t) t. ~ 
J;fo}= /1 f' {IY-->10') .t.lk . 

r, fo)= E ~"""'~ fi-rr;f';.-~ _.) r 1-r:-J u{t....f. -=-) 1
1 " .b. 11 {i L.::.4,r. 2.. r· s--r-!} 

T( [.). ~[er',.y(i~fofz't.ir}r-f'{c'=.£rj 1 

{;, • .t.~ l.. ~ ,]· I, J:. ::t: ... 2 + {z+ .... ~"r-J-f'(z;:=.,rrJ;I~Ke;, + I:J eJ v-, CAt-torJ_j .1 
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( 6.10) 

( 6.11) 

. ( 6.12) 

J\ : 7& {o) = ~ (Att•.s) 

3nech !z ( J\ ( 1405)) oaaaqaeT aennq: 

aoaaac ;1 (1405) n nna xoTopon orpa 

eTCH aeaaKOBHb!Mo 

Ifa COOTHOIDeHHil ( 6,6-9) H ( 6,10-

- D 0 f /2. t':l. 
f n J 

f {N~ tVI')., I. If~~ ; 

f r~ ......... ::r) = I· Pt-·II !<- / r~J 

fl{r.~ Z¥') =tt I. P!f·U f! [/;) 
KOTOpbie cornaCyiOTCH C pesynbT8T8MH 

cyMM llnJI cpOTOpOlK/leHHSI H pacceHHHi. 

MOlKHO 06l>SICHHTb TeM, 'ITO. B IIHTerpal 

3aMeTHM, 'ITO COOTHOliieHIIll ( 6.6-
. k ~ 

HbiX pacna/lOB IV , -:= n X It B 

COB nepeXO/lliT B COOTHOliieHHll KB8pKOl 

..i..lL_GQOTHOTHGH~ 

IToKa>KeM Tenepb, KaK, ncnonha:y 

nony'IHTb COOTHOII19HHe Ka6n66o-Pa/llll 

llY paccenann Bnepen anpTyanbHoro n; 

~ (. -/rx S ·~ 
T==-c~:.ie. J'xe <"}! JtJ 

SA~· 

·e 
rile .1;s {x) -BeKTOpHblH TOK 

j) -H30TOllH'IeCKIIe HH/l9KCbi 0 

mm cpoTolla. 

AK. 
f 
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'ITO 

(6,5) . 

~ • qaCTHnLI (XOTOpbie SIBnHIOT

), Ha cymecTBOBanHe nHcnepcHoH

yxaaanH naimnyc H 1btay-

3TO nonomenHe na cnyqaft npoaa-

3aMeTHM 0 'ITO 3TO npaBHnO CyMM no-

paanenoB, npaMenennLix x aMnmiTyne 

K8llg:IOM H3 6apHOHOB, HMeeM 

'J, 

12. 1L 
{f!_-r-~-)-

X C 
I f.. ... flz;-). ) 

'Cj f' J/·_ :rr j' 
xrj+. 

(6.6) 

(6. 7) 

(6.8) 

(6,9) 

nepexon B 6na*aft-

( 6.10) 

( 6,11) 

'(6.12) 

..J 

J1: 7G {o) = ~ (Att•s) 
(6.13) 

3necb !i. ( 1\ ( 1406)) oanaqaeT senaqnny, B xoTopyro MoJKeT nasaTb sxnan pe

aonanc J1 (1406) n nnn·xoTopofi orpaunqenne 6nnJKaftrnnMn peaonancaMn Hsnn

eTcn neaaKOHHIJM, · 

Ha cooTnornenHif ( 6,6-9) H ( 6.10-13) nonyqaeM cnenyromHe peaynbTaTbi: 

f l2. r.L - • 0 
f n J 

u ., 1. .t.IT u 
I (K...,t¥1')"' ·''T'i> ) 

f (:=_'«_,:::'I) "" /. tJ ~ -li !<- ;' {3:.) ) 
( 6,14) 

?{r.~ zr-J,. 1. P!f·U f 1 (!:) 1 

KOTOpbie cornacyroTCSI c peaynbTaTaMu (6,6) (6,12), nonyqeHHbiMB ua npasun 

cyMM nnH !j>oTopoJKnenun u pacceHnnH. He6onbrnoe pacxo)xnenne nnH /< [#,! ll'rJ 
MO:li{HO OO'bl'ICHHTb Tel>!, 'ITO. B HHTerpane (6,4) He yqTeH BKnan $ -BOnHbl, 

3aMeTUM, 'ITO COOTIIOWeHHH (6,6-13) )lnSI MarHHTHbiX MOMeHTOB pannannoH-

A/(r _Jt <;'It' 
HbiX pacnallOB tr : .: H .:::. s npenene pasnhiX Mace 6apnonos 11 peaonan-

COB nepeXOJll'IT B COOTHOllieHHSI KBapKOBOll Monenn. 

.! ... L .. J;;Q.Q.l:!!Q.JlliLHlf~ . .fu! §n66o-P ag !!!ill.!L 

TloKaJKeM Tenepb, xax, ncnonbayn nncnepcnoHnble npasnna cyMM, MOlliiiO 
. /12/ 

nony'IBTb cooTaowenne Ka6n66o-PannxaTII • .UnH aToro paccMoTpnM aMnnnTy-

ny paccenanH snepen BHpTyanbaoro naoneKTopaoro lj>oToHa aa ayKnoae: 

. ·e 
~. (. _,,x :Sj (x) 

T::-c,c~ J'Ke <:"tl f1 It> ) 
s A.t::~{D) 

(7.1) 

rne 
··e .1;s (x) -seKTOpHbiH TOK 

-H30TOllH'IeCKIIe IIHlleKCbi, 

,-''-

A K-< {"') - none naoneKTopaoro !j>oTona, o( II 

f' -nMnynbc ayxnona, C. -neKTop nonHpnaa-;; 
nnn lj>oTona, 
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· MaoTonn'leCKSSI · CTPYKTYPS T nMeeT ann: 

T ~ T C+) ..if. . ]"T C-) = ()<>tfl T ..2, ~I t; .I 

(:r) 
1 
f ('~) , .t. {J~) l (7.2) 

T = SL T + (~r) T . J , 
T {:r) 

r11e coOTBeTCTByGT paccenanro B cocroRann c nonab!M naocnnnoM .I . AMn-

.J nHTYIIY T MOJKHO npeJtcTsBHTb B BHJte 

T- (H, +r./;Jre,Jif.t}tm -r jcfr) E·:/1-!s ) (7.3) 

(f-) {+) 
rna lie. -HHBapnaHTHble cjJynKUHH ~4:'" r.z.. AMn1IHTYA~ ~~ H hj nepeKpec't

ao-He'leTBbi, OCTS1lbRb19 SMII1lHTyJlhl nepe!tp9CTH0-'19THbl, 113 ycnoBHSI )'llHTSpHOCTH 

cneJtyeT, 'ITO (eM, TipB1lOJK9HHe f) 

· {I) fL {z) L 11. .. - - e:r (7.4) 
:.t . ntt. ~ TrLJ 
. .:. (.Z) .. .(z) {z) "• ~ 

r11e f,., ~~- -na6opaTopahii! BMHy1lbc cjJoToaa, o-"7"',_" • (}'"- o 1<. (T . · 
~ Y""- f.. , . u r .:.1 T(J.) 

ecTb ycpeAH9BHb19 HO H01IS!pH38UHSIM UOnBble C9'19BHSI paCC9SIHHSI H30BeKTOpHb!X 

nonepe'IHbiX ( Ilp0Jl01lbHhiX) cjJoTOHOB C MSCCO:l!. 'll,. aa H)'K1l0He B COCTOSIHBB C . 
nonHhiM nsocrrnaoM I . 

llM TOro, 'IT06bl H01!y'IHTb COOTHOmeHH9 Ka6n66o;_PaJtHKSTH (Jt1ISI cjJopMcjJax

TOpoB) 1 AOCTSTO'IHO npeJtH0110)KHTb1 'ITO npn y_. oe> 

I (-) ~) I 
~ c)l, rJ.J- H,~.. {,, o) ( 

C..hsi 

y<t... 
a> I. 

) (7;5) 

3TO yC110BH9 SIB1ISI9TCSI o6o6meRB9M ycnOBHSI (S,J) H H03B01lSI9T HSIIHCSTb C119JlYIO• 
/11/ 

mae npaBH110 CYMM : 

00 ;: {;-.) jd)) I/Jt L II;_ r;., r 9 
C) . 

. ~) .'\7 
- 1-!.t. {>', t) 2 = () . (7.6) 

3To a acT& cooTaomenne Ka6n66o-PanBKaTTn JtnSI cjJopMcjJaKTOpOB RyKnosa, Bb!

IIHChiBSSI B HeM SIBHO OJlHOHyKnOHHblli '1119H H y'!HTb!BSH (7.2)' H (7.4), fi01lY,'189M 
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"I 

;\ 
\ 

\.1 

~tf[ G(.,9):_ //IG v{fLJl.t.2_ zt· o f 111 t.L \ t . 'J J 

f- T 1 J')) . -~ !QD.t. t 
1.~ - • () (t f_;I·"/)- · 

4il 111 t7 Tr.t. v /~ ... 
~ I~ . 

..z ' 
r11e )1

0 
• l1f Ml r j {lift- f '9 . U· a;, 

. gann sel!.Tpan&aoro aaoaeKTopaoro cjJoT• 

nMeeT nsocnnn I . ¢>opMcjJsKTOpbl onf 

v v v v 
G • F,-z 6.. G = 

0 Vt+l[t ) .f. 

0 
fir 

rne F; aft -nnpaKOBCKH:l!. H nayl 

.sap!IA B eAHBHIISX e H MSrRHTHblil 

(7~7) no fL n nonaran r'-= o. 
6o n Pann~taTD: 

L L J 
('l. )p- ('!.o )Ire: (flp-/(J• 

j ·,2/H 

rne (Z,'-) 2 ('......,. 01° '/Z...o ·Cpa 
. "?G.~ . 

. ' v 7 /33/ 
TOM 6bi1IO nponenaa.o a a6oTe , 

0./.3~ 
-= 

114:1. 
1i 

(),fli ((),(),3.!.. 
-+ --m'- PfL . 

1 1f 

v 

r11e B · cKo6KaX aanncaHhl aitnaJlhi B . ~-. 

S -aonnhi, pesonaaca N (123 

qea aKnan oT o6nacTn 'V > BOO M: 

corRacyeTcSI c sKcnepnMeHTOM· Col . . ft. 
noM orpanaqnT&CSI aKnaJtOM /1 ( 

2~ 



T HMeeT B.Hn: 

(~~) T ("/1~ (7.2) 

pacces:r.BHIO B cocTO!I.BliH c non.Bb!M HaocnnnoM I , AMn-

B BH,Qe 
_,.I 

-1- jcfr) £·1 ~ ) c1.s> 
. .l. (-) {~) 

')1~ :~ ~ 1 • AMIIlUITYIJ.~ 14t H Aj nepexpec't-

a.nnHTVHbl nepexpecT.ao-'leT.Bbl, Ha ycnoBnSI y.anTap.aocTn 

(7.4) 

(.Z) . .{z) {z) ~ 
HMnym.c cPOTO.Ba, cr-T~& • (J- 0 1<. (T · 

T ~1 T(J.} .pH3SUHSIM IIOII.Bble Ce'leHHSI pacceSI.BHSI li30BeXTOpHbiX 
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Maccoa '!.t... .aa .ayxno~e B cocros:rmur c 

tA11st -y«e.. 

Ka6u66o-PaAHKaTH (nns:r cjJopMcPax
'1?__. CC> 

t:~>l. 
) 

(7;5) 

, ycnOBHSI ( 3,J) ll H03BOII!IeT .IISIIHCSTio cnettyro• 

. 8 •. '\, 
~· (>',d!J = (). (7.6) 

ttns:r cjJopMcjJaxTopoB .ayxnona. Bb!

'lnea H Y'IHTb!Bas:r (7.2) 11 (7,4), nony:'laeM 

I 
'I 

iJ 

'If[ G{1 t.Jj:_ /.lf& vr,LJl} + l/. 0 "flllt.flf . '} 

+ !_ !1.t"f · I 4~ mo · %" r;;,~I·-tJ-.trr (~~~I,~) = :! ) 
~ /~ T~~ 

(7. 7) 

z ; ) 
rAe Y

0 
• 111 /J{l r.Z..l {lift- ?I} &t·, o;.~L. {~;p -t .I ecTb nonaoe ce'!eaue pacce-

. SIHH!I HellTpSIIbHOrO H30BeKTOpHoro cPOTOHS Ha HpOTOHe, xorna KOHe'IHOe COCTO!I.BHe 

HMeeT Haocnna I . <l>opMcjJaxTopbl onpeAene.Bbi ycnoBliHMn 

v 
G = . f . 

v v 0 rfL 

vu-1 t. 
) 

e =- _t!.. 
1.11 t. .) 

{7.8) 

rAe f; H F.z. -nHpaKOBCKHll H naynneBCKHll cjJopMcPSKTOpbi, HOpMHpOBaHH&Ie Ha 

.aapHA B ettHHHUSX e H MarHHTHblll MOMeHT B !!.llepHblX MarHEiTOHSX. .lJ.ncjJcjlepeHUHpySI . 

(7;7) no '/ t. H nonaran '/ t.. = 0, nony'laeM H3BecTnoe cooTnowenn~ Ka6n6-

6o 11 PannxaTn: 

.(. z. ) p- ('!.o )If (flp -!I;~+ I ('t1J)r9(J _ 0: L t. ~ . coti f2. JJ/, 
a: - 7 J y '< T T I (7.9) 

j .!.111 -2TP{v, • 

rne (Z 2.,) ~ b -- 0 =& • CpaBHeHHe STOrO COOTHOWeHH!I C SKCHepHMeH-
. '?6:~z. . 

. , ~ '11 l /33/ 
TOM 6b!IIO nponenauo B a6oTe , rne npuaeneHbi cnenyrowHe pesynbTaThi: 

0./.3.2., 
111.:. = 

1i 

tl./1 f (()• 0.3.!. /). tJ$"'6 
--+ -- -+ /t1 ,_ 11(. L h~ t. . 

1 11 ,-,~ 

P. ()J..f.v 
-2.- f .... 
Mf' , 

( 7.10) 

rne B CK06KaX 38HHCS.IIbl BKl!Sllbl B AHCnepCHOHHblll HHTerpan COOTBeTCTBeHHO OT 
. ~ . J: 

S -Bonubl, peaonaaca N ( 1236), peaonanca I( ( 1520) J H TO'IKBMH o6oana-

'leH BKnaA oT o5nacTH. ')) > BOO MsB. Mbl BHliHM, 'ITo sTo cooTnomeane xopowo 

cor.llacyeTcSI c sxcnepnMeHTOM, Cornacue onnaxo oTcyTCTByeT, ecnn noA unTerpa

noM orpanu<iHTbCSI BxnaAoM N •c 1236). 
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3aMeTuM, qTQ, npe~nonaran· y6waanue ~pyrux aMnnnTy~ nnu paanocTeA an~a 
(7,6), C IIOMOU!biO ljlopMyn flpHilOlK9HHl'l f nerKO HBDHCBTh HOBhle IIpBBRna cyMM- JlljH 

pacceHHRSI BRpTyBilbHbiX R30BaKTOpS:biX ljloTOHOB. STOT lKe CIIOC06 MOlKHO IIpBMaHHTb 

n lUm peanhnoro KOMIITOn-a;f>ljlexTa, qTo, narrpBMep, ~ pacceHIInn na rrnonax lta-

eT paaencTBo 

oO 

{ = _!_ • r J~ f rJ'(r1o)- rr{nt;) 7 1 
-4~ {o' L, :J 

(7.11) 

( ()* ( r1) - ecT~ nonnoe Ca'l:aHHe paccaSIHHH r Ha 7/ ) , ecnn BXOJlHU!Hli B 

Hero HHTerpan CXOJlHTCSI, 

§ 8, CooTnomenue Annepa-Balic6eprepa 

B&Ime 6binO IIOK838H00 KBK liB- OCIIOBe JliiCIIepCHOHHbiX COOTIIOmenntt IIpH OIIpe

,neneHHOM rrpaltiiOilOJKaHHH 06 y:6&IBBHBH BMIInHTylt HB 6eCKOHa'I:HOCTH MoryT 6b!Tb 

IIOny'JaHbl p831lH'IHbie COOTHOill9HHli, OIIpeneJiliiOrrtHe MarHHTHbie MOMeHTbl II KOIICTaH

Tbl CBl!3H 6ap11onoa. HeKoTOp":'e ll3 3THX coornomenHli 6&mn rronyqen&I panee c 

IIOMOU!biO anre6p TOKOB, 

HaH6onbmna ycrrex anre6p&I TOKOB CBHaan c B&IBOAOM cooTnomenHsi Annepa

Balic6eprepa, orrpe.nenSiromero rre~eltopMnpoaxy aKcHanhnoli xonc:TanTw ,;8 -pac
/12/ 

nana neATpona 

t.. 00 

f = .9: r .f.,-r K.tlcu r o:.7i_ (&cJ)- ~~~-(CAl} 7' , "I".L co!L. 1t .J 
!'- ' 

(8, J) 

HnJKe Mbl XOTHM IIOKB38Tb, KaK COOTHomenne ( 8, J) MOJKeT 6b!Tb BbiBeneno Ha 6aae 
' . /10/ 

06bi'IHhlX ltHCIIepCHOHHbiX _COOTHOilleHHJi , Mbl '!}yrreM HCIIOilb30BBTb. TBKJKe IIpHIIllHII 

BltltHTHBHOCTH Jlllli BMIIIlHTyJlhl pacCel!HHli Ha Hyneaolt yron B61lH3H IIOpora B MO-

lt911H KBBpKOB, 

PaccMoTpHM aenHqHny 
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-~ 
'I. 
( 
! 

I ; 
I 

~~ 
I' 

iJ 

. f lfX . r, (s, t, ft.)= olxe &(x.,) (11 fi 
3necb ~(~= olt'v A.z. (x) - ~Haepreii!lHli 
TOB&Ie '!Hcna 7[ -Meaonoa, / f 1 ) , <( f .z./ . . . ' 
KOHe'IHOrO.HYKilOHOB C HMIIyllbCBMH 

noKBilbHOCTb TOKOB ~ol {X) II03BO. 

nepHCOHHb19 COOTHOill9HHH IIO rrepeMeHHOJi t. 

3HB'IeHHliX nepeMeHHOli '! 2 , 

Bennqnna ?:fa nMeeT cTpyKTypy 

HHSI ( CM, § 4) H B cnyqae, COOTBeTCTByiOill 

/-"' ... ) . .. 
CHCTeMe (. f. ,. f. ..,. 0 MOlKeT 6b!Tb rrpeJlCT 

I L 

~ ;: (+} {+J) .1: ( 
~ :: .2111 "~fJ ( A -1- cu & j + 114( A 

{:r) 
r~e ¢yaKnnn A n 

{:t) /3 nMeiOT cneny: 

{.:1:) 
== .::t A (e.>.J, 

{.:%) 
A c- CcJ) 

' 

8 r.x) c- .:v J '"' + IJ C:t:f-.4); 
c-J 

.f CCUJ rLJ CBH38HHJ Onpe~ennM ¢ynKIIHIO 

'JaCTbiO ~;$ ,' 

C..) 
&<-'fe-w, fz..) = A (-J-r cu 15 ~J. 

l13 CBOilCTB CHMMeTpHH (8,4) cne~yeT, 'IT 

nepeMeHHOil 4) KOHa'!HaH rrpH "'"',. 0 , [I 
r-.? ' 

ljlyHKIIHH :f Ce.:>, f ') cnpaae~nuaw nncne 

{-) -1- co (-) ' (-:-) 

f {"&J,, ~J~/ r .z,.,f tlw '= f (eJ-f 
J ;.,_!. e.J fD(e. 

-cO 

{-) . 
rne f r~ rz.J eCTb BKilBII O~HOHYK 

~~&_ I 
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,npyrnx aMnnHTYA nnn paaaocTefi BHAa 

r nerxo aanncaTb HOBbie npannna cyMM. Ann 

cjloTOaon. STOT 2Ke cnoco6 M02KHO npuMean.Tb 

ganpnMep, .nnn pacceHHHH Ha nuoaax .na-

cr(nt;Jj ~ 
(7.11) _.;; 

p8CCeHHHH r Ha 7/ ) , 8CilH BXOAHntHll: B 

ocHoBe .nncnepcnoHHbiX. cooT!Iomeauli npu onpe

aMnnnTyA Ha 6ecxoJieqaocTn: MoryT 6biTb 

onpe.nellHIOntHe MarliBTHb!a MOM8HTbi H KOIICT8H-

9THX COO'fll:Omean:ll: 6binH nony'IeHbi pa!Iee c 

CBH3all:. C BbiBOAOM COOTHOWeHHsi A.nnepa

.OpMn:ponxv BKCHBilbHOll: KOHcTBHTbi .;(] -pac-

(&<.~) - u;; (cu?} • (8.1) 

M02K8T 6b!Tb Bb!B8A8HO !Ia 6aae 

• Mhl ·.6YAeM ncnonb3oBaT& TBK2Ke npuHnn:n 

aa Hyneaoli yron n6nuan: nopora B Mo-

~. 

I 
( 

i 

! 

~I 
,L"' 

f lfX ,fc 
~ {s,t1 ft.}= t/xe. tl(xo}(1 /L~{x)1 .~{ojlf1 ) (8.2) 

3AeCb ~(~= o/t'v A~ {x) - AHBepremtn:sr axcnan&aoro Toxa, .BMeromero xnaa

T~Bbie 'Incna 7{ -Meaoaon, J ft), <'f.z./ -nexTopa cocTosranll: aaqanhaoro 11: 

KOH8'IHOrO HYKilOHOB C BMITYilbCBMB 

noxanhHOCTb TOKOB l}ol {X) IT03BOilR8T AOK838Th AllH B81lB'IHHbi (8,2) AHC

nepBCOHHb18 COOTHOW8HBSI ITO nepeMeHHOli ~ = 'l•0rll.) npn oTpmtaTenhBbiX 

aaa'!eansrx nepeMeaaoll: '/ 2 • .2./lf 
BenH'IBHa 7:ja n:MeeT cTpyxTypy aMnnnTyAbl nnoa-ayxnoaaoro paccesr-

ansr (eM. § 4) n B cny'Iae, coOTBeTCTByromeM paccesranro nnepe.n B na6opaTppaoll: 

/__,. -. ) . . CHCTaMe (. f'. ,. f. a D M02K8T 6b!Tb npe,ncTaBneaa B cpopMe 
I l. 

~ ;: (+) (r)) , ;;. (-J n (-)) [i 
~::.2m jjo(fJ (A i- &<) e J T '-~( ~ .f-4) C> ;l ~ '(iJ; (8.a) 

{:r) {:!:) 
r.ne cpyaxnn:n: A n /J nMeroT cneAyromne cnoll:cTBa CHMMeTpnB': 

{:r) . (.:J:) 
A c:- c.J) = :t A {t:a,J 

' ' (8.4) 

13 (.X)(- ecJ) == 

OrrpeAennM cpyaxnnro 

'IBCThiO ~t$ .' 

+ IJ C.:efAJJ 
(-) 

.f (&UJ r'l CBR38HHYIO C nepexpeCTHO-aHTHCBMMeTpB'IHOli 

?) 
cu .f.cw1 fz.) == 

A r-J.;- c.v IS ~J. {8.5) 

("";) 
lis cnoll:cTB cnMMeTpnn {8.4) cnenyeT, 'ITO / ('eJ, fz;} ecTh 'I8THBR· cpyaxunsr 

nepeMeaaoit 4) xoHe'!Hast npn "'-' •0. Mbl 6yneM rrpe.nnonaraTh, 'ITO nnsr 

:f 
('-.) 

cpyHKUBH C..., 
1 
f ":) cnpaB8AilBBbl ABCrrepCHOH~bi8 COOTHOW8HHSI 6e3 Bbi'IBTBHBll: 

(-) +co (-) (-) . oc
1 

(f-) 

f ("eJ,f 1)= / j .I"' f tlw '= f (eJ,fL) f .f l'e..> 'I.e.( olw' 
w.!.. 4J fDt'e J-A>'' ... z.. .1 ( 8.6) 

-~ ~ ~~ 

('-) . 
rne f, ~&. (""' 

1 
f z) ecTh nxna.n onaonyxnonaoro cocTosrnBsr. 
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Orrpenemm MaTpH'IHhle aneMeHThi T~OB ~ {~ Me~y O.rtlloayxnoHIIbiMH 

COCTOliHHliMH 

(fl./~ {o) / f, ) = .t111~ · :f!J tfl} 2<ifz);;;. 0. lf t'/i) " 
{8. 7) 

rne ;;T(o) :=: 1, 

BhliiHW9M IIOIIIOCIIhifi 'Ill911, Bhl.Q9ll911Hhlli B .QHCII9pCHOIIIIOM COOTHOW&HHl'l { 8.6): 

{-) 

-! , 1..-fLt ~ 
p1t7e [~,fz.} =-~ . "' '1 :0 frY 

r""- -tllfl.cUf.. 
{8.8) 

c -IIOMOWhiO COOTIIOWe!IHli ronh.rt6eprepa;..TpeitMaHa {2~5) H OIITH'l9CKOA TeOpeMbl 

Mbi MO:IK9M CBli38Th Mlll'IMYIO. 'ISCTh SMIIllHTY.rthi I' {-1--t:.U / f.zJ Bh!We IIOpora 

U,.) ~ fl C IIOllllhlMH C9'I911HliMH pacceSI!Il'lSI if -M930HOB Ha IIpOTO!Ie 

. 
('-') ~'l./' l. A: l. i 

IAt f c~, f') =- ( -!2) -L f t&uJ - t7;_, rr..J) " 
. f'z--rz. ..2"' 'f '~'I 

{8.9) 

tt ... f&<J 1:. ,P,: 
I'.Qe ~ - KOHCTSIITa Crra6oro pacrra.Qa 3SpSI:IK9111IhiX IIHOliOBo 0TM9THM, 'ITO 

'lj>yliKllHSI f> (-] zJ .QOll:IK!Ia paCCMSTpl'lBSThCSI KSK BIISIIHTH'IeCKaSI lj>yHKllHSI .QByX J(&.Jtf / 

KoMrrneKcHhiX rrepeMeHHhiX e.<J· H f Z.. Ha R3hlKe T A/ - pacceSIHIISI f ~ ecTh 

Macca aaneTaromero Meaoiia, a cv - ero a11eprng B na6opaTopaoll: cxcTeMe. 

3TH .QBe rrep&M911Hbl9 CBSI3SIIbl COOTIIOW9HH9M 

z ~ "7£ (i l) 2. 1 .: ~ - f ; /-jJ C£.} 1 

{ 8.10) 

r.rte (J 9CTb CKOpOCTh H8II9TSIOwero IIHOIIa. 

B narrhllell:weM Mhi 6y.rteM paccMaTpHBaTh nucrrepcuoiiaoe cooTaomeiiHe .rtnSI 

IJ>yHKllHH :f ("-;)(&<' 1 rzJ. IIpH IJ>HKCHpOBSIIIIOM a!IS'I911HH f1 , HCIIOllh3yg lj>opMyllhl 

{8.8) n {8.9), aarrnweM ero B anpe: 

(-) .l. ·JI.Z.f' l~";' I f J f 2 -- ~ -f,.,z.2 tfV -~o _r_T_•"~ ./ .e t/4J . rr:. -o-; {8.11) 
cr,t)- J'A '12.- -4-Mz;yz. ~,_,I);;'I"-4J'..:)'2r.~. ~, 1'f, 

rne y:. _I__ -nopeaneacxult lj>axTop. 

: Vt-!3'~-
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l 
,r 

ri r 
r 
l 
~. 
~ 

1"'\ 
' .! 

rf! 
.J~ 
t\ li 
).,J"· ·,, 

llep&XOllH B lll'lC!t&pcHO.IIHOM COOTHOI 

CI:OpOCTB: ( rl;. 0 I .j"" ) ·
1

. ltOIIY'IIIM 

f ~) 2.. . . !,· z.t"l.rlw~ 
{o1 1) =- JA + _]i _) ·- cJ... 

1f. r "'~ . ~ 
. . . .(-) . 

LlnSI Bhi'IHClleHHSI B9IIII'IHH~ !'ro; !) Mbl B 

MOll9llH KBSpKOB H 6ylleM C'lliTBTh, 'ITO a 

CllBT'BQTCH Ha BI!:IIB.QOB OTllerrhHh!X KBapKO 

.3 . 
(-) Y' (-) 

['C.L~}~ (D,l)=:.L [c-"'~J,·I;· (6 , 

/=1 

Bbi'lJI:CllSIH KBap!!:OBble BMIIIIHTYllhl B 6opao 

(-) . t.' 

f. {o, 1) = r; A) KBapK. t 

¢>nxcapyH V-A aapaaaT cna5oro. : 

Mhl 6y.rteM rrpennonaraTh, 'ITO axca'anhHaSI 

peaopMapyeTC.II 

(9A~ 

3TO SI!:BBBali&HTHO rrp&lliiOliO:IK9HHIO 0 

B3BHMOllefiCTBBH CBSI3811HbiX KBapKOB ~ MR 

B STOM cny'lae cneAyeT OJKUAaTh, 'ITO xa. 

pora orrpeAenneTCn 5opHOBCKBM 'lrreaoM. 

B peayrrhTaTe rrony'laeM uaaecTIIoe ' 

:L 00 . 

1 q.t. rsy K..fw'f . 
= d. + - - cl- (w) 

A "t w 2- 7it 
·. ~ . 

TaxaM o5paaoM Mhl nolraaal!B, 'ITO J 

meaun 6ea Bhi'lHTaaalt lll!R aerrH'lHHhl, can~ 

TOKOB1 II03BOl!SI9T IIOlly'lBTh IIp~BBl!O CYMM 

max npellllOl!OJKOHBSIX: 

29· ·. 



aneMeHTbi TOKOB ~(>f) Me~y O.IUIOHYKJIOHHhlMH 

.tllf ~. 2J ffi) 2<[A) ~ 0. t( t/i) J {8.7) 

qneH, Bbi.QeneHHbilt B llHC!l&pCHOHHOM COOTHOW&HHH { 8.6): 

. 2. 
1. f, t.'l t. :0 if;) 

~ . -. ____;;....______;:._:; 

f -?- -f 111 l. C() t.. 

_.I 

{8.8) 

fOilhA6eprepa-TpeliMrura {2;5) H OllTH'I&CKOlt TeOpeMhl 
0 {-) 

MHHMyiO 'I8CTb 8Mlli!HTyllhi I' -C&.U I '/'9 BbiWe llOpora 

pacceHHHH 4 -MB30HOB Ha llpOTOHB 

{8.9) 

14} ~ f' z. 

Cna6oro paC!lftlla 38pHlKBHHbiX lll!OHOB, 0TMeTHM, 'ITO 

llOillKHa p8CCM8TpHB8TbCH K8K 8H81lRTH'IeCK8H ~YHK~HH ~ByX 

UJ H fz.. Ha .H3biKe 7A/' - paccenaag f ~ ecTb 

.eaoaa, a &,.;) - era aaeprng B na6opaTOpHolt CHCTeMe. 

CBH38Hb! COOTHOWBHH&M 

z.' :: 
{i-;J t) ~z' 

( 8. IO) 

HaneTaromero naoaa. 

6yneM paccMaTpHBaTb:nncnepcnoaaoe cooTaomeaae nng 

npa ~nxcnpoBaJiaoM aJiaqeann j3 , ncnonhayg ~opMynhr 
B sn,ne: 

il l.. ,- I 
...!.-.:' 1-. ..!:___! ./ ..t: tl ~ r_ """Of ( 8. II ) 

Z.f' GO f 
2ir z. ~z.:.. 1 'J7i~'.:)'2'r ~, ~J 
i!IBBCKH!! ~8KTOp, 
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t 
•/ 

') 
~-~ 
PI 

r' .',..~. 

t'.'· l I ,,~~ 

'r' 

ITepexotui B nncnepcxoanoM cooTaomeaau (B. I 1) · z: npet~eny aynenhlx Macc~o~: If 

CltOpOCT~ ( ri.;, 0 I .y"' t) >. llOilf'Il!M 

E-J f {o,!) 
2.. 00 

::- JA z.+ 1/;"JI<.t~wfo-:. {w)- rr; {cu)J.· 
~ r a;'l. L v~ • r, 7 · 

. (8.12) 

. .(-) 

Llml: Bbi'IHCJIBIIHH BBnl!~HHbi t/"o /) Mbi BOC~Oilb3YBMCH II8BOAHWI!Mll C006plJJKBHJUIMH 
. . ,.,~ ~~ 

MOllBilH ltB8pKOB H 6yneM C'Il!T8Tb, 'ITO 8MilllHTyna f~z;,] f ;,, /) 8llllHTHB!IO 

Cll8I'8e.TCH Ra BKJI8AOB OTllBJibHbiX KB8pKOB, COCTSBJIHIOWHX IIYKilOH! 

(:-) d {-} . 
[Cet.~Jfr,,,; =-_Zl'"'~J,-1, r,,t) · { 8.13) 

/-=I 

Bbi'll!Cnag z:sapz:osble aMnnHTYAbi B 6opaosciioM npn6nnJKeHnn, nony'IHM 

(-) ( !) 
f.. (o1 1) :::: } A xsapx. ( ( 8.14) 

<PHz:cnpya V-A aapnaaT cna6oro. saanMoneltcTana nna cao6onahrx xsapxas, 

Mbi 6y,~t&M llp&A~Oil8I'8Tb, 'ITO BltCHBilb!ISH KOHCT8HT8 CBSI3ClHHhiX KBBpKOB He ne-

peaopMnpyeTcH 
• 

{ -9/)xaapx = { o {8.15) 

3TO SKBHB8JIBHTHO llp&AilOilOlK&IIHIO 0 ll0ll8Bil&HHH BHpTyClllbHbiX S~~eKTOB. BO 

B38HMO,~tel!cTBHB' CBH38HHbiX KB8pKOB C MHrlt!IMH 6&3M8CCOBhlMH. llCeBAO~OTOHBMH, 

B STOM Clly'Iae cnenyeT OlKHABTb, 'ITO KBapltOBaH BMllllHTylta /.; (;-_) B6nnaH 'no-· 
( 

pora Ollpen&llHBTCH fiOpHOBCKHM 'IIleHOM, 

B peaynhTaTe nony'IaeM nasecTaoe cooTaomeane Annepa-Bafic6eprepa: 

L oo 

1 ..t; ~;l K..fw'l = q +- - (/_ (w) 
dA it W2- 7i/ ·. rv . 

-cr;, ,7 7if r~~ 0 

TaxnM Ofip830M Mhl llOK838nl!, 'ITO p<lCCMOTpeane AHCnepCHOHHh!X COOTHO

W&HHli 6ea Bhl'IHTBHHfi llllH BenH'IIIHhl, CBSI38HHOlt C ARBepi'BH!llHIMH ClKCH81lbHb!X 

ToxoB, uosoonneT nony'IHTb npasnno cyMM Annepa ... Ba!tc6eprepa { 8.1) npn cnenyro-

max npennonoJKeHDBx: 

29° 0
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! ; 

I; 

1) cnpane.!mnn npnaunn a.n.nnTnnaocTn .nnH aMnnnTyAbl pacceHHHS! 6eaMacconhiX 

nceBAOCKB.US!pHb!X ~B.CTHU HB. nopore B MOnenn KBB.pKoB; 

2) anpTyanbHhie s#eKThi no.nanneHbi npn pacceHHHH 6e3MaccoBhiX ncea.nocKa

napab!X ~acTnu a6nnan nopora aa cnaaaaaoM KnapKe; 

3) aKcnanbaaa KoacTaHTa cna6LIX naanMoneficTBnfi caaaaHHb!X KBapKoa.ae ne-

peaopMnpyeTca. 

flpe.nnonomeHHS! 2 n 3 Tecao CBS!38Hbl Memny co6ofi n cornacyroTCH c o6-

mnMn coo6pameanaMn cocTaaaofi Monenn aneMeHTapabiX ~acTnu. Cornacao aToll 
'..J 

Mo.nenn ljlyanaMeHTanbHhie ~acTHUhi-KnapKll ae HMeroT co6cTneaaoa cTpyKTyphi, n 

HX B3B.HMOnefiCTBHe onpeuenS!eT CTpyKTypy COCTB.BHb!X ~B.CTHU. 

no-an.nnMoMy, cnpaaennnaocTb npe.nnonomeanfi 2 u 3 o6~acaHeTcH 6onbmofi 

MB.CCOfi KBapKB., B TO BpeMS! KBK OTHOCHTerrbHblfi BKnan BllpTyanbHb!X aljlljleKTOB B 

aKcnanbliyro KOHCTyHTy ayKnoaa onpeuenaeTca aenn~naofi nop~nKa _!:: ::::::- {) .ts-
1 

.nna KnapKa MIY 

r<--
Mr 

111 -:> co . ~o npn 

Mo)I{HO yKaaaTb aa .nononHnTenbayro B03Momnoc'!'b nponepKH c.nenaHHhiX Bhime 

npe.nnonomeanfi, 

HcnonbayH COOTHomeane fon&.n6eprepa-TpefiMaHa, Momao CBS!3B.Tb 

I r: !t) c COOTBeTCTByromeli B.MnnnTynofi 

neaofi aaeprnn. 
1

(-) 
/1N-pacceannH !D) 

7/;v 

C~HTB.SI1 ~TO npn6numeHHO BblllOUHS!eTCS! paBeHCTBO 

{-) (-) -J (o) ~ .{_ (p.) 
li/o/ llr' I 

ljlyHKUHID 

npn ay-

( c TO~HoCTbro .no qneaoa nopl!AKa ·fA-"- 0,16) n onnpallcb aa yKaaaHHble Bbime npe.n
M 

nonomeang, Mbl MomeM CBHaaT& KOHCTaHTy cna6oro pacna.na aapSimeaabiX nnoaoa 

/, c 

I 

£.! 
1 

r.ne t/113 

S - BOUHOBb!MH nnHHBMH . 71 N- paccesmnn 

= ft {!.;. 3) {q_l- t?.;)) 
3jlt ,., (8.16) 

- AITHHbl $ - BOUHOBOrO ~A(- pacceHHHS! B COCTOHHHHX C nao-

30 

Ton-cnnao·M I z 1/2 H .. 3/2 coOTneTcTneaao. He 

a_f- ~ ~ 0,26 :!:. 0,01, ITOU}"tl!M f.; = (0,85 :!:, ( 

C 3ltCrrepHMeHTOM. 0TM9THM B 38Knroqeane, 'ITO p~ 

ausr ( 8. I) e.nnanue, MomeT 6LITb o6~sicaeao TB.KJKe 

Tyna .!' (~~~) onpe,nenHeTCH 06M9HOM .f -M9301 

ayH COOTHOID&HHe forr..n6eprepa-TpeAMaaa; nonyquh 

.f 
C-) .!. ~~~ 

(011} = J;. .. cl_pilr 
h/1. 

f 
'ITO He3HB.~l!TenbHO OTUHqaeTCS! OT enHHHubl, 

§ 9, .ancnepcnoanLie miannna cyM: 

B 3aKnroqeane Mbl XOTHM paCCMOTp&Tb AHCIT&I 

nponeccoa c yqacTueM o.nanx nnm& Meaoaoa. 0TMe' 

anna cyMM .nnH pacceaana Meaoaoa aa Meaoaax ae 

nocpe.ncTaeaa&IM o6o6meaueM .nncnepcnoaab!X ·. npaEin 

aoro pacceaana no TOfi npnqnae, qTo BMllnliTYALI a1 

Hb!e CBOfiCTBB. nepeKp9CTHOil CHMM9TpllH, 

flpn ljlopMynnponaann .nncnepcuoanhiX. npaann c 

paCC9HHHS! Mbl 6yneM Bbi6HpB.Tb Te B.MllUHTYAb!, KOT 

rHfi AOMl!HHpyroTCS! BeKTOpHbiMH Me30H8MH, T,e, Te, 

ljlnnllooofi aMnnnTy.ne Meaoa-6apnoaaor~ pacceaana, 

ALI f -aonaoablx peaoaaacoa. 

r.ne 

PaccMoTpHM nnH npnMepa aMnnnTy.ny· aaal{rnnH: 

~ . . c-
T~ {s-, ~sQ J:: A J""il -t-/f'C.<~J A 

Sa Lf {M.,ZrfL):i: +(tJd,. f.~ t) 

t- t( = Lt;y ~J & . 

'1, P -HMnyn&Cbl IIB.pb! izliOHOB H · /(./(,' -napb! 

Q - yron paccenana B CIICTeMe neaTpa naei 
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):tiTS! aMIIITHTYJ:lbl pacceSIHHll oeaMSCCOBb!X 

B MOJ:tenn KBapKOBi 

oeaMaCCOBb!X liCeB,I:lOClW-

Ha CBli38HHOM KBapKe; 

BGaHMOJ:tefiCTBHfi CBli38HHhlX KBapKOB.He lie-

cal!aaahl Me~y cooon n cornacyroTCll c o6-

MoJ:tena sneMeaTapHbiX 'ISCTHll. Cornacao sTofi 
~ 

_..,Tllllbi-KBSpKR He RMeroT· COOCTBeHHOii CTpyKTypbi, H 

rrpeJ:trrono~eanfi 2 H 3 oo~HCHlleTcH 6on&mofi 

OTHOCHTenbHbifi BKnaJ:t BHpTyanbHhlX scpcpeKTOB B 

orrpeJ:tenlleTCll, aenn'lnaofi rrop~J:tKa .!:!: :::::::- (). 1.!) 
1 

111/Y 

, rrpn 11f ~ co 

B03MO~HOCT.b IIpOBepKH CJ:tenaHHbiX llh!me 

fon&noeprepa-TpefiMaaa, MO~HO CBll3aTb cpyHKUHID 

npn ay-aMnnnTyJ:tofi ,c-J 
llN-paccel!HHll-;- !D) 

7/.v 

BhlnonalleTcll paBeHCTBO 

-~ ,..._ 0,16) n onnpal!Cb aa yKaaaaf!hle Bbrme rrpe.Q• 
»1 

KOHCTaaTy cna6oro pacnana aapl!meaahlx nnoaoa 

71/tl- pacceHHHll 

( 8.16) 

~~- paccel!HHH B COCTOl!HHl!X C HGO-

30/ 

. /M/ Ton-cnnaoM ~ - I/2 n.3/2 coOTaeTcTaeaao. HcrronhayH 3Ha'leane 

a..,_ ~ = 0,26 :!:. 0,01, liOny'IHM :f.; = (0,86 :!:. O,l6)jt- B xopomeM cornacl!:n 

C SKCnepnMeHTOM. 0TMeTHM B 38KITID'Ieane, "'TO paaeaCTBO neaofi 'ISCTH COOTHOme-

HHH ( 8.1) e.QHHHUe, MO)KeT Ob!Th OO~HCH9HO 
T8K)K9 B MO.Qenn, B KOTOpofi· SM!InH-

.J' 
c-; . 

TyJ:ta (o,t) onpe.QenHeTCH o6MeaoM ..f 
3YH cooTaomeane fon».~:t6eprepa-TpefiMaaa, 

. t /36/ 
-Meaoaa a -xaaane. Menon&-

. 6-) 2. 
.f (0,1) = I; . 

.2.. ·c!J.'Ir -, 
117~ 

f 

nony'IHM a aToM cny'lae 

( 8.17:) 

"'TO H93Ha'IHTenbH0,0TnH'IaeTC51 OT e.QHHHilhlo 

§ 9. Dncnepcnoaahre mlaanna cyMM nnSI Meaoaoa 

B aaKnro'leane Mhl xoTii:M paccMoTpeT& J:tncrrepcnoaabre rrpaanna cyMM nnH 

npoiteccoa c y'lacTneM onanx nnm& Meaoaoa, 0TMeTnM, 'ITO J:tncnepcnoaabre rrpa

Bn~a cyMM J:tnH pacceHHHll Meaoaoa aa Meaoaax ae MoryT ohlTb nony'leabr ae

rrocpencTaeaBbiM o6o6meaneM J:tncrrepcnoaahlx npaEinn cyMM ·J:tnH Meaoa-6apnoa

noro pacceRBHR no Tofi rrpn'lnae, 'ITO aMrrnnTyJ:thi aTH.it nponeccoa. nMeroT pa,3nH"'

IIhre CBOlfcTBa IIepeKpeCTHOfi CHMMGTpHHo 

Tipn cjJopMynnpoaaann ancnepcnoiiHbiX rrpaann cyMM anH Meaoll-Me3onlloro 

paCC9SlHHH Mbl oyJ:teM BhlOHpSTb Te aMnnHTYJ:tbi, KOTOpbie B OonaCTH IIB3KBX Sllep

rnA J:IOMHHHpyroTCH BeKTOpHbiMH Me30II8MH, T.e. Te, B KOTOphlX, KSK H B CliHII

cpnnliOBOA aMnnnTy.Qe Meaoa-6apnoaaoro pacceSIRH!I, KHf!eMaTH'IecKH ycnneabi BKna-

f' -BoniiOBhlX peaoaancoa. !I hi 

rJ:te 

- /36/ PaccMoTpnM J:tnH npnMepa aMnnnTy.Qy allal{rnnllnnH 71 t-1i ~ K +-K. 

(1-) . (-) T~ {s-) (;()s@):: A da[l -1-/f'~~] A , 

S"' ~ {~/t-fL):i: 7(Mi_ f.~ 9 

t- t( =' Ltl'f ~J & 

(9.1) 

f. p -nMnyn&Chl naphl iinoaoa n /(./;:,' -naphl a cncTeMe nenTpa naepnnn, 

~ - yron pacceRang a cacTeMe neiiTpa naepunn. 
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AMnnn:-ryAa A~) {s,t:~stJ), xo-ropast a o6nacTH rursKHx aaeprn:a AOMHHHpyeTcH aex

TopRbiMH M930HBMH1 SIBIIS!ElTCSI R91J9THOli cjlyRKit.II9Ji Ilap9M9HHOfi CD.$ (l H MO:lK9T 

6hlTb npeACTaaneaa B cjlopMe 

6-) 6-} 
A {s, ~ & ) = .?tpq ~f) J' {s, C»J lJ) ' (9.2) 

' (;..) 
rAe cjlyJI1!;nn:a J {~ 

1 
I»J l)) 

A
G-). 

IIHTYAB .{!$ 
1 

aJ,J f)) • {-) 
Mhl· 6yAeM npeAnonaran., 'ITO All!! aMIInHT)'Abl A (s, CPA tJ) 

HM99T Te :lK9 BHallHT.IIlJ9CKH9 CBOliCTBa, lJTO R BMII-

cnpaBeAnn:-

Bbi JlRcnepcn:oashle cooTnomenn:H 6es BhllJRTarura no nepeMesnoa S · np11 cjl!lx-. nv · 
CHpOBBBBOM 3Bll1J9BHH Cl2j ~ o BBHAY HBIIHlJH!I KHR9MaTH1J9CKOrO cjlaKTOpa 

Lfl>Q~f) B onpeJtenelllm aMIInHT)'Jlhl / ~) fJl oaa y6biBaeT npn: 6onbmnx aaep-
f 1 c..s, cas :.- . 

rH!IX R cjlRKCRpOBBBHOM 3IIa1JeRRH UJ4[} OhlCTpee, 1J9M HCXOABB!I BMMIITyAa 

,4 (-) ($
1 
~I)) I II All!! H!le CIIpaBeJlllHBO JlHCIIepCli:OHBOe npaBIIIIQ CyMM 

+ &10 c-) 
Jc!.s J;u / {$, ~ IJ) = 0. 

(9,3) 

-co 

npeAIIOIIO:lKIIM Aanee, 'ITO ARCIIepCHOIIBOe npaBRIIO CYMM (9,3) B KpOCC-cHM

MeTpRlJHOfi TOlJKe ~ & • (} HBChlmaeTCSI OIIH:lKBfiillHMR BeKTOpltbiMH p~30HaHCaMH! 

. * _/) -MesoaoM B KaHane aaaRrHIIHilRH. B: K -MeaoaoM B xananax pacceBan:a. 

OnpeJlenn:M Mesoa-MeaoJIBbie BepmRRhl c;neAyromHMH BbipaJKeJIRBMH 

m Jlilr = g 11111 r"- 'lz.;, · z' ~ "$$ y #;,.1iJt .t/ (9.4) 

m1~GZ=JJ'u. C~;-~V, ci~,e).e_", (9.5) 

rnx.t:"Tt = c9,:.Jt~t-7i Ct-'1)" {£~ !11.) ir-< +~.c. (9.6) 

*' 
rae f , f /(, -M030HOB0 a 

-% 1<.11 
liD{ , K, fo~.. " -BOll-

BOBble cjlyaKnnn 

-HMIIYilbChl 7i , 

7i, X ) j ) ,t:. *' -M030HOB COOTBeTCTB9HHO ( tX - H30T0lln·-

'!:eCKHli H }z -penHTHBHCTCKHfi BOKTOpHbiO HHAOKChl), · ) 
(- -

HcnonhsyB onpeaenean:a ( 9.4-6) npeacTaBHM aMnnRTYAY ./ {s, 0 ) B cnenyro-

meM mrne: 
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' 

C-) 

lcs, fJ) = 9prq 91u 1-$ ~ i(.2s-Z t 
mt.- s ~:-~a de . t. 
J . /)'J"~-

rAe ~-.2.mt.+1..m1.. ' ll = ml- mf} L ~ . 

u npaBn:no cyMM ( 9.3) Tpe6yeT 

.t. t: .lLil} . 
9.!11" itu. = .J.JL-KI:.'l/ ct- 111~ ; Q-

·. A:...,. 
B npeaene BblpoJKAean:s Mace 1{ - n: K..- Me. 

( 9,8) COBIIBABeT C IIpeACKll3BHReM S t/ (~) -cR 

f#.trr ·9.fA:~ == ..t.J;' a · 

HciiOilb3YB SKCIIepn:MeHTBilbRbie 3HB1JeHRB KOHCTB 

.t 

'i J' 7i = .!l • .2. 
.Lei 

. 
J 

.2 

~·~,"" 
~l/ 

. C IIOMOntbiO ypaBHeHRSI ( 9,8) OHpe)lellRM 

9fd == f.J 

9f7111 
) 

1.1 

lJTO 3R81JHTellbHO OTIIRlJaeTCSI OT npeACKa3aHHSI 

! .fn'E = (). S' 

tffJ'7Jl1 
§ JQ, npaBHIIB CyMM l!n!J BepmHH CHilbHblX 

H J' l/ {,!3}-c~ 

no CHX nop name H3YlJ9HHe AHCIIepCHOBHhlX 

H30TOUH1JeCKOfi' CHMMeTpHB CRilbBbiX B3BHMOAefiCT 

ll!leTC!I ncnOilb30BBHHe nn:cnepCRORH~X npaBHII cy 
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RH3KHX aaeprni!: AOMHHHpyeTCH BGK

IjlyHKilHGi!: nepeMGHHOi!: Co.5 (J H MOJKGT 

' .· 6-} 

C#B f [s, ~e), (9.2) 

aaanHTH'l9CKH9 CBOi!:CTBa, 'ITO H aMrr-

C-J 
qTO Ann aMIInHTYAbl A {'s, ~ f)) .J 

crrpaBeAnn-

6ea BbiqaTaRHi!: no rrepeMG!Uioi!: $. np11 ljlnK-

1• BBHAY aann'lnn KHHGMaTnqecxoro ljlaKTopa 

/ ~/ 1:4$ &) oaa y6biBBeT npn 6on&mHX aaep-

COJ lJ 61\lCTpee, qeM liCXOAHaS! aMMIITy.Qa 

nncnepcnoaaoe npaBnno cyMM 

(9.3) 

npaBnno cyMM (9.3) B xpocc-cnM-

6nnJKai!:mnMn BeKTOpHbiMH p~aoaaacaMn: 

* . n . ~ -MeaoaoM B naaanax paccenansr. 

<;IT9.QyiOII:!HMH BbipaJKeHHHMH 

h 
~ "$$ Y l&.lijt fr , (9.4) 

i~,e,Je_") (9.5) 

.,;_ >!!' 
.e ~ ~II} 1"..c + ~.c. (9.6) 

1:. · -MeaonoB, a -Bon-

;/!

Hi:( 'K.)f~;z.) K.~ 
1(- -MeaoHOB COOTBeTCTBeHJrO ( « - JI30T0ll:II-

BeKTOpHbie JIH.QeKCbi). (-) _ 

9.4-6) npencTaBnM aMnrriiTYAY ./ Cs, o) B cneAyro-

32/ 

C-) 

! cs,()).; 
&l. 

9.Plfll9.t~ 1-J~ j(.2.s-z -re ""E~ 
PJI. $ ~J!:/1 IG l ;, 
J- ac 1»"~.--e g::.~-s 

(9.7) 

. .t. 

rAe ~-.2fl1:1-.2.D!: J LJ::: ml- 111f J 

n rrpaBnrro cyMM (9.3) 'i-pe6ye-r 

~ l L 
9 tJ • = ~tJ ;:1_ .lA'"la-f. 6 1 Q_,. (9.8) 
"J''lfll ciJU. cfL~/:.1/ l' ~ j o'.l:. J:.li 
. ~L¥ 

B npe.Qerre BbipOJK.neHHH MaCC 1{ - H K.- Me30HOB (..d ._. 0) , COOTHOmeane 

( 9.8) COBilB.QaeT C npeltCIU13aHHeM S t( {S) -cHMMeTpHH 

9_,,, 9_,~:z =~~:"a . (9.9) 

Hcnon&ayn aKcrrepnMeaTarr&Hbie aaaqeann KoacTaaT 

.t 

'i J' "If = ./l. ,2. 
-fl 

. 
~ 

.2 

~·A::t"' 
.Ltlf 

c noMOIIlbiO ypaBaeansr ( 9.8) onpenennM 

9fd- f.J --
9fn 

) 

l. !{ ( 9.10) 

( 9.11) 

'ITO aaaqHTerrbHO OTnHqaeTCH OT npeJtCKaaaHHH S t{ (J) - CHMMeTpHH 

J.f"E = 
Jf»» 

0. s . ( 9.12) 

§ 10. fipaBnna cyMM nnn Bepmna CHIIbHbiX a aneKTpoMarll;HTRbiX nporreccoa 

H .$' l( {3)-cHMMeTpHH 

.Llo CHX rrop name HayqeaHe .QHCITepCIIOHHbiX npaann CYMM OCHOBbiBanOCb HB 

H30TOfiHqeCKOH CHMMeTpHH CIIIIbHbiX BaaHMOJtei!:CTBHi!:. UenbiO aroro naparpaljla SIB

nneTCH HCilOnbaOBBHIIe .QHCnepCIIOHHbiX rrpaBIIrr CyMM .QITH nonyqeHHli COOTHOWeHIIi!: 
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Me:lKJly KOHCTBHTBMH CBSJ3H H MarHHTHbiMH MOM9HT8MH 6apHOHOB B paMKBX S t{ (~

CHMMeTpHH. 

KaK nsnecTHO, rpyrrrra S t!{.3),wnpoKo ncrronbsyeMaSJ B Teopnn aneMeHTap-

HbiX 'IBCTHU, SJBHSJ9TCSJ CHHbHO HapyweHHOfi CRMM9TpnelJ:. B CBSJ3R C aTRM B03HRKa-

eT BBJKHaSJ sanaqa Bbl'IRCH9HRSJ I10f!p8BOK nng nepWHH II 8Ml1HRTyn pasnH'IHblX rrpo

U9CCOB npn Hapywemm S t/ {.3} -cnMMeTpna eneneHaeM pasaocTell: Mace qacTan, 

rrpHHa~eJKBIUBX onHoMy H TOMY JK9 yHHTapHOMy MYHbTHITneTy. 

npn HCI10Hb30B8HHH nncrrepCHOHHbiX rrpaBBH CyMM nng peweHHli aTOll sana'IR 

Mbl 6yneM orpaHH'IHBaTbCH yqeTOM B I1pOM9J'!(yTO'IHbiX COCTOSJHHSJX nRWb 6nnJKall:WHX 

onHO'IBCTH'IIIbiX ll pe30H8HCHblX COCTOSJI!HH 1 KOTOpbl9 1 KBK Mbl OJKHnaeM, HaCbiiUaiOT 

rrpannna cyMM. 

ll1m rronyqeHRSJ onaosnaqaoro oTeeTa Mbi nonJKHhi 6biTb ynepeHbi, 'ITO rrpn6-

HRJK9l!HH
1 

KOTOpble Mbl HCI10Hb3Y9M 1 He BHOCSJT norronHHT9HbllbiX HapyweHRfi yHHTap

HOfi CHMM9TpHH
1 

ne CBH3allHblX C pacmerrneHH9M Mace. noaTOMy rrpenBapHTenbHO 

neo6xonnMo cljJopMynnpoeaTb TaKne rrpaenna cyMM, KOTOpbie norrycKaroT S C( {.3)

CHMM9TpR'IH09 peweHne
1

n nHWb 38T9M BBOnHTb B ypaBH9HHSJ rreficTBHT9HbHbl9 MaC-

Chi 'IBCTHU. 

llnSJ rronyqeHHH nncrrepCHOIIIIbiX rrpaBHn CyMM nnn KOHCTaHT CBSJ3H OKT9T8 

6apHOHOB B paMK8X S t( (3) -cnMMeTpllll paCCMOTpi!M B9HII'IIIHY/Q/ 

(_ JfX . 

T-rz {s,t)= J4xe fJ{xD)(8~f''l/~ {K))} roj;tf,;) ( 10.1) 

c<,l <: 1,1., ·-, r 

rne :lie(, (IC} == cl,v A..< (1:)_ nneepreHUIISJ aKcaanb~ox:-o ToKa, a /!,f 1) Jj!.f) 

B9KTopa COCTOSJHI!fi KOH9qiiOrO 1!.118'1aHbllOrO OKT9TOB 6apHOHOB CO Clli!HOM 1/2. 

CrrnaonaH cTpyKTypa nenaqnnhl (10.1) coerranaeT co crrnaonofi cTpyKTyport 

aMrrnnTyrrhl Mesoa-6apnonaoro pacceSJUIISJ: 

T<ffi (sJ:)= iiq,,;(Aq;z {.r,f:}-f Y.f t<ft (s,t-;_}u ftJ 

PaccMoTpHM yHnTapayro cTpyKTYPY crrna-<Pnnaoeoil aMrrnnTynhi 

3 . 
( J. )" (:t) {.:1:) 
~ 'Pp 8~ {$, t) == C- Ic· /3(_ (s, 6-) 

7."0;:1: 
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( 10.2) 

13 (.s, f) : 
el.{l 

( 10.3) 

npH'19M 
.3' . 

I_ I {+) . I (T-) . r . = i- ..Jb l . ' o r ,. .. , 
3necb ~ .n G -ynTapnHe ljJymtnna OK1 

a ~ jP2. -yHBTapnb!e ljJyBKUHH OKT9TOB na 
/J 

B9TCTB9HH0o 

/3 (==) 
' . 

lllyHitUHH aMeiOT cnenyromJ 

(~) . 
B (s,f) • + 

(%) 
8 {«,f:}. 

(::) . 
~MrrnHTynhl /3 ( (S,-t) onpenenaroTCH o6_Me 

TO'IHbiMH COCTOSJHHSJMR C errHHH'IHblM 6apHOH 

yHHTapHhlM rrpenCTaBn9HHHM 
, -II 

9 x e = f -~> 8 o~- .e + 10 r- ;o -------
HeTpynno l10Ka3aTb, 'ITO BCHK09 COCTOSJIIHe; 

. (:/:) 
Tpex ·aMrrnnTyll /3!, t., J naeT exnan eo ace 

rneTaoe·ynnTapaoe npencTaeneHBe MoJKeT n 

nHTyny f3 f:t:) . 
D 

EcTecTeeaao noaToMy npennonoJKHTb, 

paroT onnaaxoeyro ponb e nncnepcnonahlx cc 

nnTyn. Bb!coxoanepreTn'lecKoe noeenenae 'I 

OTHI!'IaTbCH OT rroeenenHH rrepBbiX Tp9X aME 

COOTB9TCTByiOIUHMH yHHT8piiOMy cnarneTy, ~ 
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6apHOHOB B paMKSX S t( (~-

.HCITOlib3yeMaB B TSOpHH 9li8M8HTap

CHMM8TpH8l!. B CBB3H C 9THM B03HHKa-

aMITliHTYA paanH'IHbiX rrpo

pa3HOCTel! Mace '18CTHU 1 

npaaun cyMM nnn pellleHHB sTol! aana'lliJ 

B rrpoMS:l!{YTO'IHbiX COCTOBHHBX liHlllb OnH'I<alllliHX 

LToSianl!, ·KOTOpbre, KaK Mbi o'lmnaeM, aacbrmaroT 

oTaeTa Mbi nomKHbi ObiTh yaepeHbi, 'ITO npu6-

' ne BHOCSIT AOITOliHHTSlibHb!X HapyllleHI!ll yHHTap

l>acmerrneHHSM Mace. IIoSToMy npenaapnTenbHo 

npaaana cyMM, KOTOpbre nonycKaroT S C( {.3)

BBOAHTb B ypaBHSHHSI ASHCTBHTSlibHble Mac-

rrpaBHli CyMM AliSI KO!ICTaHT CBSI3H OKTSTa 

/Q/ 
paCCMOTpHM BSliH'IIIHY 

1~ (K)1 ~ roj; d't ~) 1 (10.1) 

aKCHalibHOx:"O TOKa, a /!,r') _,j!,f) 

'!alibHOrO OKTSTOB 6api!OHOB CO CITHHOM 1/2. 

COBnanaeT CO CITHHOBOH CTpyKTyport 

r t<# rs,t-;j u vJ 
cnna-<jlnuaoaol! aMrrnHTYAhi 

{.7:) 

l. {.s, i) 

( 10,2) 

/3 {s, f) : 
e/,.(1 

( 10,3) 

rne 

{r) - -
I, = Sp ( t' ~ .!} 6') :t .f'p ( ~ .J; ~ c) ) 

~) - . /-
~ ::: Sp {~ ~ :/fffi) :1: .I'f ( ~~ .&.71) 

{.r) - . ,- . IJ = Sp (t'J'zG'.P,) :t:J'; l~:!f~?z.)) • (10.4) 

I {:t:~ .sf (~~T.fi {Gft).:t: ..rl (~~)·St (~ Jl), 
D 

npH'IeM 

.3' {+) . (r) . -
L .I, . = Io . -1- .Jf (~~)·Sf> {.Pz ~) ,.,., ( 10,5) 

3necb ~ . .1! ~ -YHRTapRbiS «jlyRKDI!II OKTSTOB Ha'!allbRb!X II KORS'!HhlX 6apHOHOB1 

a .:!; J 7z. -yHBTapHble «jlyRKII:HII OKT8TOB Ra'!anbRhlX B KOH8'1Hb!X M830HOB COOT-

B8TCTB8HRO, 

'cflyHKDHH !J ~:!:.) 
' 

HM810T CliSAY!OlliBe CBOi1CTBa CBMMSTpHB: 

(~) (.%) 
B. ('s,f) • + 8 («d:) · ( 10.6) 

(:I:) 
-!'MrrliHTYAhl 13 c" ($,-6) orrpeASJUIIOTCSI OO,M8HOM B ,S - .1! tf - KSRanax rrpoMe.lK'y-

TO'!RbiMH COCTOSIRHBM.I! C S.l{BRB'IHhlM 6apBORHbiM 'll!CliOM1 KOTOpb!e COOTB8TCTBYIOT 

yHBTap!lbiM rrpeACTSBliSRHl!M 

8 
, ~ 

x 4' = f -~o 8 -~- 3 + 10 r /O f- .L 7 . -------
HeTpyAHO ITOKaaaTb, 'ITO BCSIKOe COCTOSIHBe; ·KOTOpoe naeT BKnan B OA!iy B3 rrepBbiX 

• h {:t:) . ' 0 ' : 
Tpex 8MITllliTYA D I, t.,J A88T BK:nan BO BCS OCTallbRbla 8MITlliiTYJlhl, JlHaKO CHII"-

rneTHOe·yHHTapRoe rrp8JlCT8Bll8HBe MQ~eT Jl8Tb BKlia)l TOllbKO B 'ISTBepTyiO 8Mrr

liBTYJlY (3 ,~~) . 

EcTecTaeHuo noSToMy npe.~tnono~HTh, 'ITO BbrcoxosaepreTH'!ecxB:·e axnaAbl ar

paroT OJlHRaxoayro ponh B JlBcnepcaouuhlx cooTnomeunsx JlliH nepahlX T~X aMn

liBTyJl •. BhlcoxosuepreTH'!eCKoe noae)leaae '!eTaeproA aMnnBTyJlhl Mo~eT.aaMeTHO 

OTllii'ISTbCll OT ITOB8)l8HIIll nepBhlX Tp8X aMITllBTyJl; SCllll OOMSR COCTOSIHBHMH, 

COOTBSTCTBYIOI!liiMH yHI!TapHOMy CIIRrllSTy, l!BllBSTCSI 3Ra'!HTellbHbiM, 
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llpe.QUOUOlKHM, 'ITO .QUS! aMUUHTY.tl 8 C:f:) . H S • /!, {:/:) cnpaBe.[lUHBbl 
> 1,1,.) . ftlt3 

.QHCnepCHOHHbJe COOTHOW8HHH 6e3 Bbi'IHT8HHH (3.23) • Y'IHTbiB8H CBOHCTBa CHMMeT-

pHH ( 10.6), Mbl nony'IHM TpH H838BHCHMblX npaBHU8 cyMM 

+- oO (+) 
jc~s IM 8,. ('s, i} = o .1 

t:. = f, 1.,] (10.7) 

-oo 

.Uanee Mbi 6yneM npennonaraTb, 'ITO nucnepcHOHHbie npaBuna cyMM ( 10.7) npu 

ayn~Bb!X nepenaHHbiX HMnynbC8X ( r 2 = t = 0) H8Cb!W810TCH BKna.QaMH OKT9T8 

H neKynneTa 6apUOHOB CO CUHHaMII 1/2 H 3/2 COOTB9TCTB9HHO. 

06o6maH COOTHOW8HH8 ronb.Q6eprepa- TpeliMaHa .[lUH BC9X KOMUOH8HT OKT9T8 

8KCU8UbHbiX TOKOB, 38UHW9M M8TpH<!Hbl~ sneMeHTbl TOKOB .9 ( X ) M9lK.tlY COCTOll-

t "' 
HIIHMH OKT8T8 II neKynneTa 6apHOHOB npH f = 0 B cnenyromeM BH.[l8! 

(t,p' I:!},_ {o) It, f > ~ J, ii (f~l'"ttl/) f (t ~ "£) F ~ d (t-;!''e)., J 
(t,f'l~ (o) /!0 1 !) = ~ U(f)~ ft)f ~J *(~'A'\/), 

r z.= rt(_1 .Jl- = o · 

B <\>opMynax ( 10.8) ucnonbaoaaHbi cnenyromue o6oaHa'leHIIH! 

!j')."'t''i = 
' . • t:; l7 

~/> ((]""~) + s, (if: ).""j } 

- t2CC - <2
1 

{' 

(t '). ~cl) == { (C)~ (A-<J t' qltt'c~"c 

( 10.8) 

( 10.9) 

rne ;::' «:_ / ~(;C. - ym!TapHbl8 tPYHKUHH OKT9T8 H .QeKynneTa. Kos<\><\>HUH8HT r r> 
"'ell . . r 

n ¢op!1.1ynax ( 10.8) ecTh ym!Tapaoe o6o6weaue KOHcTaHTbi cna6oro pacnana aapH-

JKeHHbiX ncennocKanHpHbiX MeaoaoB. KoacTaHTbi CBH3H MeaoaoB c 6apuoaaMH 

~ t{ H g*B <\>opMynaX ( 10.8) HOpM11pOD8Hbl cnenyiOWHM o6pa30M! 

g7/l/l.l == f +- ol ) 

q* 
flq,VI/* = 0 . 

( 10.10) 

TaKIIM o6pa30M, nncnepcnoHHbie npaBnna cyMM ( 10.7) npn yqeTe numb OK

TeTa II .QeKynneTa 6apl!OHOB B UpOM82l<yTO'IHblX COCTOliHHHX .[l810T cne.QyiOW118 TpH 

COOTHO!IH?Hilll M8)l<AY KOHCT8HT8Mil CBII311 Me30HOB C 6apHOH8MH! 
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rne 

(t~ f- f) L= I C tJ 2.. /(_ . .!1 d-jf .. 
. . 

(t~- r J ~ · 4 9 2.. /(_ 

.!l·* 

.t(cl!. rL}== ;b 9}· /(_ , 

0 2. ,. /, t. t.) ( . 
IL = /J1 - ff12. t._.M "'/It U- h1; 

JH 11 M -MaCChi qacTIIU 113 oKTeTa u l 

06mee peweane cHcTeMbl ypaBHeHHli 

c/:::3-f ) 
d2.= t:l~ ~ 

. d-!f 

MoJKHO npoBepHTh, 'ITO peweaue ( 10.15) l 

WHpHH8MH 113008p, npHH81J.ll8JK8WHX 'neKynn 

CBH311, KOT0pb19 Ob!UH nonyqeHbi paaee B 

puu. l1cnonhayH onpeAeneaue ( 10.10), BH~ 

npeACT8BUli9T COOOH COOTHOW9HH9 M9lKAY 

noHHOH KOHCT8HTOH CBH3H, KOTOpoe ripeKp, 

YKaJKeM AnH cpaBaeHHll pe3ynhT8T 

cl= l f 
.!I. 

1.. 
cl z. = 9~. /J1 

KOTOpbii!: cneAy9T H3 npeATIOUOJK8HHll nceE 

Hb!M TOKOM 56-nneTa 6apHOHOB, ,npeo6pa::: 

·. /38/ 
rpynnhi S L( {6) • 0TM9THM, 'ITO B ni 

H IJ,eKynneTa BTopoe ua·cooTaoweHHil (10 

TOI'IJ.8 KaK OTHOW8llH9 ";[ = 3 OCT89TCH 
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qTO Jlll!l aMnnHTYJl 8 C:t:) · 11 S. /!, U) cnpaseJJniiBhl 
-f,Z,.J . ftZ1 3 

.. THOIUeHH!l 6e3 Bhl'IIITBHIIl! (3,23) • Y'IIIThiBB!l CBOliCTBa CIIMMeT-

TpH ae3aBHCIIMhiX npas11na cyMM 

0 .I 
c.',. f, ~, J ( 10.7) 

'ITO JliiCnepCIIOHHhle llp8BIIll8 CYMM ( 10,7) llpll 

( r 2 
= t = 0) H8Chllll810TC!l BKll8ll8MH OKTeTa 

CllHH8MII 1/2 II 3/2 COOTBaTCTBaHHO, .J 

•uomeuHe fonbJJ6eprepa- Tpel!Maaa An!l scex KoMnoaeHT oKTeTa 

3 anHmeM MaTpH'IHhie aneMeHThl TOKOB .S ( X ) Ma)!{AY COCTO!l-

1. "' 6apHOHOB llpll f = 0 B cnenyromeM BRAe: 

= .r, ii rr/iart;f: (/;, ".f J" u (cJ!"'R JJ , 
( 10.8) 

) =. ~ "ir,J«. ftJ f ~J * (t':i <\c(_) 

v~! .F "'"o 

ncnonbaoaaHhi cnenyromHe o6oaaa'!eHH!l: 

.rp rlr<~J + s1 (ic x) 
1 ('I 

c (c-) a.~(~-<) t' ql«'c"c 

( 10.9) 

~YHKUHH OKTeTa H neKynneTa. Koa¢¢HUHeHT ~p 

YHHTapaoe o6o6meane KOHcTaHThi cna6oro. pacnana aap!l

PHhlx Meaoaos. KoHcTaHThi CB!l3H Meaoaoa c 6apHoHaMH 

(10.8) HOpMHpOBaHhl cneAyiOIJIHM o6pa30M: 

. * 
fll[vu* == J ( 10.10) 

• nncnepcnoauhie npasuna cyMM ( 10. 7) npn y'IeTe nHlllb OK

puouoa B UpoMe)KYTO'IHhlX COCTO!lHH!lX !!BlOT cneAyiOIJIIIe TpH 

KOiicTanTa~m CB!l3U Me30HOB C 6apHOH8MH: 
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rne 

/tl f- f) 1..== I 6' 11 2._ /?._ 
( " . .!J d-lf . 

/. )z.. 4 2. 0 ( t~- r = 3 9*' · "-

.2_ ( cl~ f t) == ;6' 9:-· /(_ } 

2. I /,1. ) )t.. i = m- ;Hz l.M ~/Itt (u- Jl1 

(10.11) 

( 10.12) 

( 10.13) 

(10.14) 

/If 11 M -MaCChi 'IBCTIIU :113 OKTeTa 11 neKynneTa 6apiiOHOB cooTseTcTseaao. 

06mee peiiieHIIe CHCTeMhl ypaBHeHHli ( 10,11-13) HMeeT BH)l: 

cl=3f ) 

t 
c/2..::: j"'. £_ (10.15) 

Ma)!{HQ nposepHTb, 'ITO peiiieHI!e ( 10.J5) naeT Te )!{a C8Mhie COOTHOillaHII!l Ma)KJlY 

lllllpi!H8MII H306ap, llpi!H8)llle)K81JIIIX neKynn~Ty II Me30H-:-6apiiOHHhlMII KOHCT8HT8MII 

CB!l31!, KOTOphie 6binll nony'I~Hhl paaee B !l 4 H8 OCHOBe :1130TOllii'IaCKOl! CIIMMeT

pHI!, 11cnonb3Y!l onpenenen11e ( 10.10), BI!AIIM, .nanpiiMep, 'ITO ypaa.Heane (10.ll) 

npencTasn!leT co6ol! cooTaomeane MeJKJty mnp11aol! ( 3.3) -pe3oaaaca n Me3ou-uyK

nonaol! KOHCTBHTOl! CB!l311, KOTOpoe npeKp8CHO cornacyeTC!l C 9KCllepHMaHTOM, 

YKa)!{eM Jlll!l cpaaneHII!l pe3ynbT8T Stt r•) ~CIIMMe~pim: 

cl= 1 f 
..2 

d'= a~/112. 
d~ } 

( 10.16) 

KOTOphll! cnenyeT 113 npennona)!{eHII!l ncesnoseKTopaol! ~B!l311 Me3oaos c ·aKCIIanb

HhiM TOKOM 56-nneTa 6api!OHOB, .npeo6pa3yiOillli:MC!l no perynapaoMy npencTasneamo 
·. /38/ 

rpynnhl J t( (6) • 0TMaTIIM, 'ITO B npenene Bh!pO)KJlaHI!!l M8CC 6apHOHOB 'OKTeTa 

11 neKynneTa BTopoe 113 cooTaomeHI!l! (10.15) cosnanaeT c 

Torna K8K OTH~Illelll!e ";! = 3 OGTaeTC!l aei!3MeHHhiM, 
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St( (1)- pe3ynbT8TOM, 



,..., 

CpaBHHBaa ljlop'Mynhl · ( 10.15) n ( 10.16), MOJKHO noKaaaTb, 'ITO Ancnepcnoa-

CyMM Jl810T All!l ll!HpHBbl (3,3) H3068pbl 3H8'l9BH9 0 KOTOpoe npnMepiiO 

paa 6onbllle aaa'leHH!l, npeAcKa3biBaeMciro .5{( <1'}, n nyqllle cornacy-
Bbte npaanna 

B.2S~ I c /b . 
eTCH C SKCnepnMeBT81lbHblMo 

Hcnonbaya pellleane ( 10.15), Mbi MoJKeM cAenaTb aeKOTOpbie HOBbie npell

cKaaaana Jlllll KOHCT8HT CBH3H Me30HOB C 6apHOH8MH B Jl0llOJlHeBH9 K TeM, KOTO

pble 6btnH nonyqeHbl B § 4 H8 OCHOBe H30TOllH'leCKOil: CHMMeTpHH. 

CqnTaa, aanpnMep, 'ITO oTHOlllenne ( 9 .t:,VA ) .J. AaJKe B npncyTCTBHH pac
/JK.V c· 

menneHH!l M8CC ae3H8'lHT9nbHO OTnH'l89TCH OT 3H8'l9HH!l, npellCK83b!BaeMorO B 
/39/. 

paMK8X TO'lHOil: S t( (.3) -ci!MMeTpHH , nony'IHM 

{ ~ )}_= 3. 
9K.IV2 

(10.17) 

3To aaaqenne npeKpacao cornacyeTc!l c TeM, KOTopoe 6blnO nonyqeao npn aaannae 

HH3KOSBepreTH'leCKOrO 
_/40,41/. 

k.p -pacceHBHH C llOMOlllb!O JlHCllepCHOHHbiX COOTHOllle-

HHH 

{ 
~) L,.___ 3 . .2_ 

9~:/./ r. 

HaS U ( 6)-cuMMeTpi!H nonyqaeM 
( 10.19) 

( ~)~ .Z!f. 
f/K.tvZ 

nepefiJleM Tenepb K paCCMOTpeiiHIO JlllCll9pCHOHIIbiX IIp8BHn cyMM, onpeJlen!l-

romnx MarHHTHbie MOMeHTbi 6apuoH0!3 co cnnaoM_ I /2 B paMKax S {/ (.3) -cnM

MeTpnn. 

PaccMoTpHM Bennqnay 

JfX d; n 17 
~(3 {s,i) = S Jue &rxo) (rt,f'~ 2.t. (x); ~ (o)_; / f,/) 

II 

rAe ~ ('K)"" c/,'v A..{ (K) > ~ (x) -oKTeT BeKTopHbiX ToKoB, 

( 10.20) 

C II - nonHpH38UHOHBblil: BeKTOp. 

·Benn•maa d.y1 ~~ &) nMeeT cnnnoayro_ cTpyKTYPY aMnnnTyllbi BHpTyanbaoro 

ljloTopolKileHH!l MeaoiiOB na 6apnonax, KoTopaH onpeAenHeTcH paanoJKenneM (5.1) 

no neaaBHCIIMblM penHTUBHCTCKHM HHB8pii8HT8M. 
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B nanbaelimeM Mbl 6yAeM pacct. 
. II. 

COOTBeTCTByeT CTpyKType· ~b ( 
YunTapaaH cTpyKTypa aMnnnTyll 

If)~~ ..,..c6J- -~ L·c:e;~ r.:~:) 
:J, JL .:T r/lt - L. l .:r. {s. 

'V~ • { . ' 

(.= 0 ;:t . (;i} 
rile yanTapHbie uaaapnaBTbi_l. onp 

. ' 
f. (:i:) nMeroT cnellyromne caoll:cTBa 

' -+ {::!:) ~ 
::rr.· (s,t) = :i: j'. {~ 

. { 

KaK n B cnyqae pacce!lBHH cpelln a 

nonyqaeT BKil81l OT 06MeHa B S - I! 

COOTB9TCTBY101llHMH CHHrneTHOMY yHI! 

HbiM qncnoM. 

npellllOilOJKI!M Tenepi,, 'ITO lln!l 

cnpaBelllli!Bbl AHCnepCHOHHbie COOTHOI 

Y'IHTbiB8!l CBOfiCTBa CHMMeTpl!l 

cyMM: 

-1- <10 &-) . Jets .lilt f (s, f)= 0 
-00· ' 

EylleM npellnonaraTb B llanbaelillleM 

cnyqae nyneBhiX nepellaBBbiX , nMnym 

KynneTOM 6apHOBOB CO CllHB8MH 1/~ 

Bb!nnllleM MaTpi!'IHbie sneMeHT 

MH OKTeTa I! lleKynneTa 6apHOHOB ll 

(t,p'f p fo} I~~~>== iitt'Jf'fj 

-1- 1£./ ( i', 
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bl "( 10.15) H ( 10,16), MOJKHO IIOKa3aTb, '!TO llHCIIepCHOH

JlTHI umpHHI>I (3.3) nao6ap1>I aaaqeane, KOTopoe rrpnMepao 

rrpeJlcKa3biBaeMciro ..f{/ a), n ny'!llle. cornacy-

H9KOTOpbl9 HOBbie 1Ip9Jl

M930HOB C 6apiiOHaMH B llOIIOIIH9HUe K TeM, KOTO-

4 aa OCHOBe H30TOIIU'!9CKOH CHMMeTpHH. 

'!TO OTHOIII9HH9 ( 9 J:lo/A) .t,. JlaJKe B rrpucyTCTBUH pac-
g_K..V c .J 

OTIIII'!89TCSI OT 3H8'!9HUSI, !Ip91lCK83b!BSeMOI'O B 
/39/. 

-ciiMMeTpHU , IIOIIY'!IIM 

(10.17) 

cornacyeTcsr c TeM, KoTopoe ObinO rronyqeao rrpu aaannae 

-pacceSIHIISI C IIOMOIIIbiO lliiCIIepCIIOHHbiX COOTHOIIIe-

3 . .2.. 

( 10.19) 

llUcrrepcnoaHbiX rrpaBnn cyMM, orrpellensr-

6apuoaop CO CIIUHOM_ ) /2 B pSMKaX S {/ (.3) -CIIM-

lfX t!c II .)7 
c9(xoJ(e,;'~~{xJ;~ (o]/f,/) (10.20) 

" ~ (x) -OK.TeT BeKTOpHblX TOKOB, 

UMeeT CIIIIHOBYIO CTpyKTypy aMIIJIIITyllbl BllpTyanbHOI'O 

6apnouax, KOTopasr orrpellenSieTcSI paanoJKeaneM (5.1) 

liM IIHBapl!aHTSM, 
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B JlSIIblleHIIIeM Mbl 6ylleM paccMaTpiiBSTb SMIIIIIITYilY 

COOTBeTCTByeT CTpyKType · /?_. ~ · (. {S":'f2) . 
YHIITapaasr CTpyKTypa SMII!Il!Tyllhl .j (~) HMeeT BUll 

ol.{J 
<>( ! {6) .5 {%:}" (.:1:) 

1; :!;_ :ft{;1. =. L I; ~ (sd) 1 

Y;,.fljr.r, f7) KOTOpasr. 

( 10.21) 

t= 0:1:1: 6i} . 
I' lie yHHTSpHbie UHBapUaHTbii, OIIpeJlenellbl BblpaJKellUSIMU ( 10.22), <l>yHKUUU 

f, {::f) UM9IOT CJie!lyiOIIIUe C~OHCTBa CHMMeTpuu: 

' 
{::) -l'*{.x) . ~- (.s,t) = :i: ;r {"v, t) 

Kax H B cny'!ae paccesransr cpellu aMnnuTyll (.:l:} :. ) =~'· (.s, f-/ I 

( 10.23) 

TO!IbKO '#_ C:t=; 
() 

IIOIIY'!SeT BKIISil OT OOMeHa B S - U l( - KaHanax IIpOMeJKyTO'!IIblMU COCTOSIHUSIMU; 

COOTBeTCTBYIOIIIUMU CUHI'neTHOMy YHUTapHOMy rrpellCTaBneHUIO C ellHHU'!HbiM 6apUOH-

Hb!M '!UCJIOM, 

llpell!IOIIOJKUM Terrepb, '!TO !IIISI SM111IUTyll 
if. (::i} 

1tZ.d 
u S·~(d) 

:1,2.,3 
crrpaBellJIUBbl JliiCIIepcUOHHbl9 COOTHOIIIeHUSI 6ea Bbl'!UTaHIIH, 

Y•IHTbiBSSI CBOHCTBa CUMM9TpUU ( 10,23), 1101IY'!UM TpU HeaaBUCIIMbiX IIpaBUJia 

CYMM: 

+DIO t;:!.) • Jets J111 i_ (s, f) = 0 
-CO· J 

l-=- '1,.1, J ( 10.24) ' 
EylleM rrpellrronaraTb B llanbaefillleM, '!To llUcrrepcuoHHbie rrpaBuna cyMM ( 10~24) B 

cnyqae Hyne~blX rrepellSHHblX U~rrynbCOB 'f'Z.; f_ = 0 H8Cb!Ul8IOTCSI OKTeTOM U lle

KyrrneTOM 6apUOHOB CO CIIUHSMU 1/2 U 3/2 COOTBeTCTBeHHO, 

BbliiiiiiieM MaTpU'!Hbie SneMeHTbl OKTeTa BeKTOpHbiX TOKOB MeJKilY COCTOSIHIISI

MU OKTeTa u lleKynneTa 6apuoHoB rrpn k.t. = 0 B cne.ciyromeM BUlle: 

(t,p'{ ~(o}!R,f) = jj(/');;fi)/t') + i0"'11/0f~~/ (t'~6)p -1-c f: .,f/)1 f-j: ( 10.25) 

-1-l£/ ( 6'~(1 c 1, J} Ll (/) } 
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i. 

It -
1
./.. II ( I •) lfl S" m oil'- -

<~f'/ ~ro)/f(),,> = ur11zl+ ;_; J Y ttr1J (of-f),., G (i'A;.r cl), 

"2..= (f>!..f)z_.= 0 1 ((- . 
MarnnTHbil!: MoMeliT nepexon:a tV..., Af.r)"BbipalKa-

MarHRTHbie MoMeHTbi ayxnoHOB n 
/ 

roTCll qepe3 KOHCT8HThl ~ F1 b 
~ · G ~ cnen:yromnM o6paaoM: 

F.. ~s} = ! {I';, , f f!- ) = J (ti. , - .!. f<) 
N 2 f> Jt .2. IF J /) I 

u {v) _ _f ( /_ ) ,. J. r / +: " I ;V -
2 
~ ~ 2. tf;: . ~ ) ) ( 10,26) 

~.to == ~ G* 
IV~#"/ .8 B nTore nncnepcnoHHbie npaBnna cyMM (1.Q24) n:aroT cnen:yromne Tpn cooTnomeann; 

- ' CBll3biB8IDIIllle MarHHTHbie MQMeHTbl 6ap1IOHOB ll KOHCT8HTbl CBH3ll Me30HOB C 6a-

pnoaaMn: 

r.1 f)~ / / /6 *~lr , 
t.."f c~rr_)=-J·cr·fl 

~ F .!J . 

/.1 )/ / I 4 ~ k / («-f L/; -;;'Jz :fg·G .;?, ) 

I) /.1 / ') t6 ..- GtE- , 
..<.r_ (,ft:; - f·f'r # :§" 'd. . ;t J 

R./• .!!.. {iurM)J.., 

( 10.27) 

(10,28) 

( 10.29) 

411 . 
P1 

1 

~ -MaCchi qaCTIIU ll3 OKTeTa ll n:eKynneTa 6apnoHOB COOTBeTCTBeHHO, 

mee pemenne .cncTeMbi ypaBneanl!: ( 10.27-29) nMeeT cnen:yromnli ann:~ 

rn:e 

!''·3f!' 
{) F 

J'f'-_· I 9 -t" ,- f( ' l#f• - • o-• /?., 
D . . • 

( 10.30) 
; 

06-

HeTpyn:ao UOK838Tb
1 

qTO pel!leHIIe ( 10,30) naeT Te lKe COOTHOlleHHll MelKn:y Mar

HIITHbiMll MOMeHT8MII 6ap1IOHOB ll MarHHTHbiMll MOMeHTaMH nepexon:a j(}-, 8~Y~ 
KOTOpbie 6wn ll nonyqeHbl paaee B § 5 H8 OCHOBe ll30TOUHqeCKOJ!: CllMMeTpHII, Ha 

nepBoro cooTH!>meann ( 10.30) cnen:ye.T, aanpnMep, qTo naocKannpHbil!: MaranTHbiit 

40 

MOMenT . ayxnoaoB paBaH aynro. · Hcnonhayn ( 10. 

q;O ypaBHeHne ( 10~27)· <;:BH3biB8eT ll30Be~TOpHv 

nnon- HYKnOHHOJ!: KOHCTilHTOH CBH3ll1 wnpnHol!: n: 

nepexon:a 

KaK 6wno UOK838HO B § 5, 3TO COOTHOWe 

nepnMeHTOM, 

Pemeane (10.30) aenb3n aenocpen:cTBeHH 

Stf {I) -cnMMeTpnn, TaK KaK oao oTHOCHTcn K 

HIITHbiM MOMeHT8M 6apllOHOB. 

06cyn:nM BKpaTue nonyqennvie Bbnne pea) 

KBapKOB. 

Hacbil!leHne n:ncnepcnoHHviX npaBnn cyMM 

cax BKnan:aMn oKTeTa n n:eKynneTa MOlKeT oaa, 

onepaTopvi aKcnanbaoro n BeKToplioro TOKOB !l 

TapHbie naaeKCbi KBapKoB, cocTaBnnromnx . 6apn 

HanpnMep, onepaTop aaoManbaoro. Maran 

~ 

;;JiP.l.l = 

r.3 
'\ -? ~ 

/!,'! ~ {a-e.) i - a::~ 
'_, 

- .s .3 
-rn:e cr:Q =} (lJ. S"[eJ ~pen:cTaanneT co6on Bl 

• ,~' r! 
MeHT. ,,., j(;l 

llnn Toro, qTo6w naocKannpHbili ·aaoMam 

nelicTBnTenbHO 6vm paBeH aynro, aeo6xon:nMo 

eTCH ecTeCTBeHHhlM C TQqKn. apeHlm COCT8BHC 

HeolKnn:aaHbili peaynbTaT nonyqaeTcn n:m 

Bnn:no na n:ncnepcnoHHbiX npaBnn cyMM, yanTt 

nn:eaTnqaa yanTapaoli cTpyKType TOll: qacTn B• 

8l!OManbllbiMll MarHRTHbiMll M~MeHT8Mll 6apno 

KOB aKcnanbHbil!: TOK 6apnoaoB nMeeT cnen:yro 

~ {,J .. ~ ~·3 
A..t. = Jo f {a- /lo~.)i - j (). /l-< 

'"'' .3 3 

= 2 ro::'J, · L (.A"'~ rn:e 
__.., 
a-: 11-. 

,/•1 i .::/ 
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i} 

r~/-r~J) lfzYs-tt~) (Pt.fJ),., G+(t>~~ cl), 
#-lit J 

- ~ 
B MarHBTHblll MoMeHT rrepexona N'-:o AlrJ"BbipaJKa-

B ·G lt' cnenyromaM o6paaoM: 

tr·" ' /) ic;;-st-; l ... 
f {f/ r ftp ") J ( 10.26) 

• 
cyMM (1Q24) naiOT cnenyromBe TpB COOTHOUieHHSI; 

6apHOHOB B KOHCT8HTbl CBSI3H Me30HOB C 6a-

~'; = ;6 J~G~!?.., 
( 10.27) 

,. 4 a~Gtt " .!/(/. -~ 
( 10,28) 

I& ~ ~ 
yfi·G·/C'J ( 10.29) 

M)J., 
B neKyrrneTa 6apBOHOB COOTBeTCTBeHHO, 06-

( 10.27-29) nMeeT cnenyromBli aBn! 

( 10.30) 

( 10,30) naeT Te JKe COOTHOUieHBSI MeJKny Mar

M8I'HBTHblMB MOMeHT8MU rrepexona /0~ 8+-Y1 
B § 5 H8 OCHOBe B30TOIIB'IeCKOli CBMMeTpBH, Ha 

HaiipBMep, 'ITO B3DCK81ISipHblli MarHBTHblit 
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MOMeHT · HYKIIOHOB p8BdH Hynro,. J1crronbayg ( 10.26) B ( 10.10), MOJKHO IIOK83a:rb, 

'1;0 ypaBHeHBe ( 10~27)- CBSI3biB8eT B30BeKTOpHblit M8I'HBTHblli MOMeHT HYKIIOHQB C 

IIHDII- HYKIIDl!HOli KOHCTBUTOit CBSI3B, UIBpBUOli H306apbl B M8I'HBTllblM MOMeHTOM 

rrepexona 

KaK 6biiiO IIOK838UO B § 5, STO COOTHOUieHUe 1IpeKp8CHO COrnacyeTcg C SKC-

rrepiiMeHTOM. 

PeUieHBe (10.30) aerrb3SI aenocpencTBeHHo cpaBUBBaTb c peaynbTaTaMII 

J t( (f) -CBMMeTpBB, T8K K8K OHO OTHOCBTCSI K 8HOM81IbHbiM, 8 He K IIOIIHblM Mar

HBTHbiM MOMeUT8M 6apiiOUOB, 

06cynnM BKpaTue nony'leHHbie BbiUie peayrrbTaTbl c TO'IKB apeHI!SI Monenii 

KB8pKOB, 

HacbiiileHI!e nacnepcnoaabiX npaann cyMM npn ayneBbiX nepenaHHbiX BMnynb-

CBX BKrranaMB OKTeTa H neKynneTa MOJKeT 03H8'18Tb 0 'ITO ~CT8TI!'IeCKOM rrpenene 

orrepaTOpbl 8KCH81IbHOI'O H BeKTDpHoro TOKOB neilCTBYIDT IIBUib ·aa CIIBHOBbie. B YHB

TapHbl9 HHneKCbl KB8pKOB, COCT8BIISIIOUIHX 6apHOHbl, 

HanpBMep, onepaTOp 8HOM81IbHOI'O M8I'HHTHOI'O MOMeHTa 6yneT BMeTb BBn: 

--;. 

;;/(p.,u = 
. .3 --> 

!!. z {<Je..),· f ,._, 
- .J .3 

-cr.tt 
( 10.37) 

orne CJ.Q =} (iJJ.~/e)npencTaanHeT 
;~, c. ./. f! 

C06oit Bbl'ITeHHblit HOpM81IbHblli M8I'l!BTHblll MD-

MeHT, )c:/ 

.fing TOI'O, 'IT06bl B30CK81IHpHblll 8HOM81IbHblit M8I'HHTHbiH MOMeHT HYKIIOH8 

aeilcTBBTerrbHO 6bm paaeu aynro, aeo6xonnMo nnUib nonoJKBTb 

eTCH eCTeCTBeHHblM C TO'IKB apeHBH COCT8BHOfi MOtlerrn , 

Jl_ . =3, 'ITO SIBIISI-

1 
HeoJKnnaHUbiil peayrrbTaT nonyqaeTcSI nnH aKcBanbHoro TOKa 6apno.Hoa." KaK 

BBllHO H3 nncnepCBOHHblX 1Ip8BHII CYMM, yHHT8pH85I CTpyKTypa 8KCH81IbHOI'O TOK8 

BtleHTH'IH8 yHHT8pHOH CTpyKType TOll '18CTI! BeKTOpHoro TOK8 0 KOTOpag CBH38H8 C 

8HOM81IbHbiMH MarUBTHblMH MOMeHT8MB 6apnOHOB, TaKHM o6p83DM, B MOtleiiH KB8f

KOB 8KCH81IbHblit TOK 6apBOHOB BMeeT cnenyromBfi Bnn: 

--l> 

A = 
ct. go {t, {~/JJ.),· - j cr.11-< J ' ( 10.32) ' 

rae ~ 11-. 
.3 

= 2 (;:"~ . 
; =I 

3 
. X. (:;>.#(); 
• ./•1 
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MaTplPIHbie sneMeHTbl 8KCH8llbHOrO TOK8 ( 10.32) Me}I{Jly COCTOSIHHSIMH OKTeTa 

6apUOSOB UMeiOT xapaKTepsyiO CTpyKTypy ~ = 3 se38BHCHMO OT Toro, KaKyJO CIIM-

MeTpU!O HMeeT BOllSOB8Sl ¢yHKUHSI OKT9T8. 

Cosepmesso asanorn'Iso .MO}I(HO y6ennTbCH, 'ITO pasescTBo synro asoManbsoro 

H30CK8llSipSOrO MarHRTHOrO MOMeHT8 HyKllOH8 COXp8HSieTCSI npH nro6ofi.CHMMeTpHH 

BOllSOBOl! ¢ysKUHil HyKflOHa, ecnH TOllbKO fl = 3. 0TMeTHM B 38KlliO'IeHH.e, 'ITO r; . 
8KCH8flbH8Sl KOHCT8HT8 cna6oro B38HMOJlefiCTBHSI HYKflOSOB, COOTBeTCTBYIOlll8Sl one-

p8TOJ!¥' ( 10.32) t OK83biB8eTCSI paBHOfi 4/3 = 1.33, Torna K8K s (/ [t) naeT 

~A = 5/3 = 1.67
1381 

§ 11. Monn¢nKaUHSI ancnepcuossbiX npasnn cyMM 

KaK 6bmO noKaaaso B npeahillYllleM naparpa¢e, ancnepcnoHSbie npaBima cyMM 

( 10.7) ( 10.24) npH yqeTe B npOM9}1(yTO'IHbiX COCTOSISHIIX flHlllb BKnallOB OKTeTlj H 

aeKynneTH 6apHOHOB CO CllUHaMH 1/2 H 3/2 COOTBeTCTBeHHO llaiOT COBMeCTHO 6 

ypasseanl! ang onpeaenesnli qeTbipex senn'IHH 

J " -) -
f g* 

!<"' _D 

ft.' p 

fl./ 
-~ 
G-tt 

~ 

Pemeane 3THX ypassesnfi xopomo cornacyeTCII c sKcnepnMeHTOM. 

0AHaKO llO CHX nop 
Mbl paccMaTpUBanH nHlllb Te 8MllllHTYllhi, KOTOpbie COOT-

I {+) 
BeTCTBYIOT nepBbiM TpeM yHHTllpHbiM CTpyKTypaM /,1.,] • 

HeTpyaso noKa3HTb, 'ITO a·nSI aMnnHTyll, cooTBeTCTBYIOlllHX ysuTapsoii cTpyK

Type I C+}B KOTOpbie MoryT ;aTb BKnaa yanTapao-cnarneTHbie npoMeli<YTO'IHbie 
, 1 . 

COCTOSIHHSI C eaHSH'IHblM 6apHOHHbiM 'IliCllOM, llHCnepCHOHHbie npaBHna CyMM He 

H8Cbllll810TCII BKll8ll8MH OKTeTa II aeKynneTa. 

JleiiCTBHTenbHO, COOTBeTCTBY!OlllUe ypaBHeSHSI llllli npouecCOB pacceliSllli H ¢o-

TOp0}1(lleSHSI M€30SOB sa 6apHOS8X UMeiOT cnelly!OlllHfi BHJl: 

t:fL= 1 tj*J... ;._ ' 

rl·fl: = 1 g-rt. G~ !<.I 
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(11.1) 

( 11.2) 

YpasseanH ( 11.1-2) coBM":CTHO c ypasae1 

TpHBHHllbHOe pemeane. 3TO o6CTOSITellbCT 

IOllleM npocToM npnMepe. 

JlnH A { -pacceHHHII B npoMe}I{JTO' 

J1 -rnnepoa _npn orpaanqeann nHmb OK' 

sana cyMM nnH aToro npouecca paJOT .J1u 
MeTpH!O, cnenyeT, 'ITO Bee KOHCT8HTbl CB 

BoasnKaeT sonpoc: MO}I(HO .·1Ill c¢op11 

nnH scex qeTblpex aMnnnTy!l, HMeiOmae s 

YqeT yHHTapaoro CHHrneTa· CO.CUHH 

BHTb nono}l(esne. 0TMeTHM, onaaxo, 'ITO 

( 11. 1-2) HMeJOT 3H8KH, 38BHCSilllHe OT ll 

BKnaJl YHHTapsoro CHHrneTa CO CUHHOM 

ypossel! (11.1-2) H (10.16), (10.30). 

C TO'IK~ 3peSHSI MO!lenH KB8pKOB 6l 

KynneTy, JlOn}I(Hbl paCCM8TpUB8TbCII K8K I 

KB8pKOB ( s- ' f- • ... BOnHb!). Hanpii.M• 

II OTKpUUaTenbHOtt.'IeTHOCTblO C M8CCOl! I 

K8K CBSI38HHoe COCTOSIHHe CHCTeMbl TpeX 

Bee COCTOSIHHSI aTol! cepHH !lOn}I(Hbl 

cyMM aa paBBhiX npasax c 7narneToM K 

'IHSbi. 3TO UpHBOllllT K ll3MeHeHHIO !lllCUe 

OTBeTCTBYIOlllHX BCeM qeTbipeM yHHT8pHbi 

0TCYTCTBHe !l0CT8TO'IHO nonHblX . SKI 

pHOHSbiX pe3osaHC8X aaTpyJlHSieT aaanu3 

30H8HCOB OTpHUaTenbHOfi 'IeTHOCTH B JlUC 

¢nunOBbiX 8MllllHTYll KUHeMaTU'IeCKH UO)la 

u neKynneTa 6apuoaas. 

Hu}l(e Mbl XOTHM paccMOTpeTb B0311 

rul! B nucnepcHoHHble npaBima cyMM sa 

Pa3o6beM !lHcnepcHOHSbil! nsTerpar 

eT BKna!lbl 6nH}I(8fiiiiHX o!lSO'I8CTH<iSbiX H 

!lengeTCSI BKna!laMH Bb!COKHX saeprnfi. 

JlncnepcHoHsble npasnna cyMM !lnli 

!leT nMeTb TOr!la cne!lyiOmnl! sllll; 
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aKCllllUbHOrO TOKa ( 10.32) Me}!{,[ly COCTOS!Hl!S!MII OKTeTa 

CTpyKTypy ~ = 3 aeaaBHCHMO OT Taro, KllKYIO CHM-

Ln-rnqgo .MO}!{HO y6eAHTbCSI, 'ITO paaeacTBO aynro aaoManbHoro 

MOMeHTa ayxnoaa coxpaaSieTcSI npn nro6oit _ CHMMeTpHn 

ecnH TOUbKO f'l. = 3. 0TMeTHM B 3aKUIO'IeHHe, "'TO , . . . 

cna6oro B3aHMO,[leitCTBHSI HyKnOHOB, COOTBeTCTBYIOillaS! one-

paBHOit 4/3 = 1.33, TOr,[la KaK scr ti) ,,[laeT 
.J 

B npe.r:lbl.r:lymeM naparpatjle, nncnepcHOHHbie npaauna cyMM 

B npoMe}!{yTO'IHblX COCTOSIHI!SIX Ulllllb DKnanoB OKTeTl! II 

II 3/2 COOTBeTCTBeHHO naroT COBMeCTHO 6 

'IeTbipex neni!'IIIH 

ft,/ 
-~ 
G'ff 

~ 

XOpOlllO cornacyeTCSI C 9KCnepHMeHTOM. 

Mbl paCCMaTpi!BaUII Ulllllb Te llMITUHTYllbl, KOTOpb!e COOT-

I {+) 
YHHTllpHb!M CTpyKTypaM /,l.,] • 

llUS! llMUUHTy.r:l, COOTBeTCTBYIOillllX yHHTapHoii CTpyK-

MoryT naTh BKnan YHHTapao-cnarneTHbie npoMeR<YTO'IHbie 

nncnepcnoHHbie npaanna cyMM ae 

nnH nponeccoa pacceSIHHSI 11 <Po-

liMeroT cnenyromnit ann: 

(lt.l) 

G~l<.' 
( 11.2) 
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-.·; 

YpaBHeHHSI ( 11.1-2) COBMeCTHO C ypaBHeHHSIMH '( 10.16) .H ( 10.30) HMeiOT UHlllh 

TpuananhHoe pemeane. STo o6cTOSITerr&cTBO MO}!{HO nponeMoHcTpHpoBaTh na cneny

romeM npocToM npnMepe. 

Jlng If { -pacceSIHHSI B llpOMe}!{yTO'IHbiX COCTOSIHHSIX MO}!{eT llOSIBHThCS! TOUbKO 

J1 -runepon.rrpn orpaan-qeann nHmb OKTeToM n nexynneToM 6apnoaoa. Torn~ npa

Blina CyMM llUS! STOI'O nponecca ll8IOT iA-f ;z = 0, OTKyna, Y'IHThlBaSI $ t( {.5) -CHM

MeTpHIO, cnenyeT, "'TO BCe KOHCTSHTbi CBS!3H paBHbl H.ynro. 

Boaaus:aeT aonpoc: MO}!{IIO nn c¢opMynupoaaTh nncnepcnoHHhie npannna cyMM 

nnSI ncex -qeTblpex aMnnnTyn, BMeromue neTpnananhaoe pemeane. 

Y'leT yanTapnoro cnarneTa co.cnnHoM 3/2 n Bblllle MO}!{eT B npnnnnne ncnpa

BBTh DOUO}!{eHne. 0TMeTIIM0 OllHB.KO, "'TO BKU81lbl TaKBX COCTOS!Hl!it. B ypaBHeHl!SI 

( 1J. 1-2) liMeiOT 3HaKII, 38BIICS!illlle OT nelicTBl!TerrbHOI'O COOTHOilleHl!S! Mace, a 

BKnan ynnTapnoro cnnrneTa co cnnHoM 1/2 nnlllh yaenH'IIIBaeT paccornaconaane 

ypoaneit (11.1-2) 11 (10.16), (10.30). 

C TO'lKH 3peHHS! MOnenl! KBapKOB 6apHOHbl 0 He llpl!Hanne}!{llilll!e OKTeTy H ne

KynneTy, llOU}!{Hbl paCCMaTpHBaTbCS! KaK B036y}!{lleHHbie COCTOS!HHS! Cl!CTElMbi Tp_ex 

KB8pKOB ( s- . f- . ... BOilHbl). HanpBMep·, YHHTapHbill CIIHrneT co Clll!HOM 3/2 

l! OTKpl!naTenhHOA.'leTHOCThiO C MSCCOii ITOpS!IlKa 1,5 faa llOU}!{eH paCCMBTpl!BaTbCS! 

K8K CBSI3aHHoe COCTOS!HHe Cl!CTeMbl Tpex KBapKOB B )' -BOUHe. 

Bee COCTOS!HHS! STOll cepl!l! llOil}!{llbl Y'll!TbiB8TbCS! B lll!CrrepCHOHHblX npaBl!nax 

CyMM Ha pB.BHbiX npaBSX C CHHrneTOM K.aK nonpSBKl! OJ:u!HaKOBOI'O nopSIIl"Ka Benl!

'll!llbl. STo npBBOilHT K HaMeHeHl!IO lll!cnepcnonHbiX npaaun cyMM nnSI aM.imnTyn,_ co

OTBeTCTByronuu BCeM 'leTbipeM yHHTapHbiM CTpyKTypaM. 

OTcyTcTBHe nocTaTO'IHO nonHbiX .axcnepnMeHTanhHbiX AaHHbiX o BbiCml!x 6a

pHOHHbiX peaoaaacax aaTpynHSieT aaanna aTofi B03MO}!{HOCTH. Ona!3-KO BKnanbi pe

aoaaacon OTpnnaTenhHOit 'IeTaocTn B nncnepcl!OHHbie npaBHna cyMM nnSI cnna

¢nnnoBbiX aMITUHTYil KHHeMaTH'IeCKH llOilaBneHbl ITO ·cpaBHeHHIO C BKilll.r:lllMH OKTeTa 

H ,[leKynneTa 6apHOHOBo 

Hn}!{e Mbi XOTIIM paccMoTpeTh B03MO}!{HOe aeni!SIHI!e BKnanoB Bhicoxnx aaep

rHit B nBcnepcnonHbie npaauna cyMM aa npHMepe Meaoa-6apnoaaoro · pacceSIHHSI. 

Paao6beM nncnepcnoHHbil! IIHTerpan aa nae 'IacTn, onaa na KOTOpbiX y'IiiThma

eT BKnanbi 6nl!}!{al!ll!IIX OllHO'IaCTH'IHbiX n peaoaaacHbiX ccicToSI.HHl!, a npyraSI onpe

nenSieTcSI BKna~aMn BhlCOKBX aaeprnl!. 

llncnepcuoaHbie npanuna cyMM nnSI Meaon-6apuonnoro paccemmSI anepen lsy

AeT I!MeTh Tor.r:~a cnenyromnil ann: 
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Jc 

/jts[L B {s,o) 7 -r f{ {c) = 0 1 

c ~es'lf 
{ 11.3) 

rne /{ -onpenenneTCH nKnanaMn BhiCOKHX :meprm1, ·qTo MOJKHO cKa3aTb o6 yuu-
. {+) 

Tapnoll cTpyKType nemPmHhi I{ ? MLI 6yneM npennonaraTh, 'ITO aMrrnuTyna f> (s,c) 

npn BbiCqKHX aneprHHX OllpenensieTCSI 06MeHOM CHHrneTa ll OKTeTa pe.QJKHOIIOB llO-

,..J •• .L noxmTerrhHOil cnrnaTypbi B c; -Kanane. 

OnpcnennM nepllliiHhi, CBSI3biB8JOlllne cnurneT (t,c) u oKTeT {l.!)pe.r:tlKHOHOB 
1401 

c Me30HaMH 11 6apnonaMH (cM,,narrpiiMep, ) 

r = r;· s~~~[ccj) f~·~~~{tl}) f ~ ·,fo. ~ r~-~) .f. 

1- :J ·Jt {is {:!j f:!J) -f. fjf) • !(. ,; S; {:P,J>,.). 
{ 11.4) 

!1cnonb3YH ( 11.4), nnH senwmHhi H {D) rrony'IHM cnenyJOmee BbipmKeHIIe: 

If::: tZ-·ft{~~)·Ji("'Fz.)ft;F ;,¢ttJ{11~3) f 

-f- uc· Jf {jfif{~:P._]) 
rne 

a 

tf..=~t?·i'_ j · dC C 
t( = ~ ~·Y.. r d r / tl~ "' :JC $. . ~ / 

;c. npencTaBnHeT co6~il IIHTerpan oT penlKnencKoro <jlaKTopa 

:1(_ = 
_LJ= c<.-1 ""H-· tiS•S 

.s, 

{ 11.5) 

OrpaHwmsaHch, KaK n paHbllle, BKnanaMH oKTeTa 11 neK ynneTa 6apllom)n rrpu 

Bbl'mcnennn ~nTerpana B <jlopMyne ( 11.3) 11 ucnonh3YH { 1 1.5), nony'IHM B pe3ynh

TaTe 'IC!Tbrpe onnoponHhiX ypanneHIIH nrrH orrpeneneHIIH 6 nenii'IHH: 

(dff) ~=J' fj) !<.. f- {Cl-jt?,p 1-4;=-), 

{d-f)'; jgjR. -1- {tt-jt:?l>-C1p)) 

L(d~fz.J= ~t9:/(_ -1- (a.- j t1c), 
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{ 11.6) 

{ 11. 7) 

{ 1 i.B) 

j_ d L;_ .L 0 2.. I<_ f- {tt..- :f t( 
.3 it;'l( ..3 

Ypanaeaug ( 11.6-9) HMeJOT aeTpHB!Ianhaoe pE 

BHRX •. TaK, HBllpHMep, 113 ypaBHeHHH ( 11,8-9) 

MBTH'IeCKOro· cpBKTOpa If:.. ·cne.r:tyeT, ~TO BCSIK' 

paBeHCTBy 

J42..~.fL. 

HeTpy.nno noKa3BTb TBKl!<e, 'ITo npu. oTc 

c 6apuonaMu { 4'0 =. 0) ypanuennn (.lJ. 6-9) 

Ecn11 .no6aBHTh K ypanneHIIHM {11.6-9) 

u.. -= tfi.,c 

Mbi nony'IHM cne.r:tyJOmee pellleuue: 

" .f = 1; 4'= ~}!C. ; tj/)- .3 
tip - ;z J, 

KOTOpOe COOTBeTCTByeT pe3yllhT8Ty S {( (lj-ci 

CTBHT CBSI3H. J\aK 6binO OTMe'!eUo0 Bb!We, 9T01 

SKCilepHMeHTOM, .Q8B8SI 38HII)!(eHHOe 3H8'leHne 

KalKeTcSI nHTepecnhiM, 'ITO ncxonn 113 Stf (.3) 

nun· cyMM npn onpeneneHHhiX rrpe.nrronol!<eunnx 

B o6nacTn 6onhwnx sueprnii, Mhi MolKeM nony 

§ 12. AncnepcnoHilbie npannm 

Mbl paccMoTpenn Bbillle .nncnepcnoullbie 1 

cenuiiR n cjloTopoxmeung Me3ouoB ua 6apnouax 

COOTHOWeHIIII ITO SHepreTII'IeCKOfi nepeMeiiHO!l 

HMnynhce i . B TBKHX rrpannnax cyMM nepw 

ynpyrllM) K8H81l8M I! K8H81l8M l!HilHrHIIHUIIH, 01 

co6oil. 
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-r I{ (c) = 0 1 { 11.3) 

9Heprm1. lfTO MOlKHO CK838Tb 06 YHH
{+) 

Mw 6yneM npennonaraTb, 'ITO aMnnHTyna , ~ (.s, (J) 

o6MGHOM CHHrneTa H OKTGTB pGAlKHOHOB no-

-KaHane. 

BBIO!UHG CHHrneT (i, 11) H OKTGT 
1401 

,nanpnMep, ) 

,..; 

(£..8) PGAlKHOHOB 

(ie{ti!r) f ~ ·,fo. f r~-6') 1-

/Jo · J( o<f; {.P,J>:z.). 
{ 11.4) 

BbipmKeHne: 

tfp' frfril{11~3) f

{~17.!;) 

'>C.J·~; c1~.:.:Jt:J·~ J 

OT pGlllKHGBCKOrO ljJaKTOpa 

{ 11.5) 

BK/JBALIMH OKTeTa H llGK YnlleTa 6apHOIIOB llpll 

{ 11,3) If 11Cll0/lb3YH { 11.5), nony'IIIM B pe3ynb-

ll/JH onpenenennH 6 aen!I'IHH: 

'I 
-j"qJJ 1-t?p.), { 11.6) 

-jtlLJ- t:~;)) { 11. 7) 

(e<-Jt;~), { 1 i.S) 

44/ 

j d 1.."" .Lg:· !<.. f- (tL- j r<,) { 11.9) 

Ypaaueumr { 11,6-9) HMGJOT ueTpnananbuoe perueane miiUb npn onpeneneHHhiX ycno

nusrx. TaK, uanpHMep, H3 ypaBHGHHi! { 11.8-9) np11 y'leTe nonoxmTellbHocTn KIIHe

MaTH'!ecKoro. cpBKTOpa If._ CllenyeT, 'ITO BCSIKOG peiUeiJHe AO/l)I<I!O YAOBlleTBOpi!Tb Ue-

paBGHCTBy 

Jc/2..£/'L. { 11.10) 

HeTpynao noKa3aTb TaKlKe, '!To npH.oTcyTCTBHH ~ -CBII3H oKTeTa penlKHouon 

C 6apHOH8MH { 4'0 =. 0) ypBBHGHHII {.11• 6-9) HMGIOT TOllbKO TpHBIIB/lbHOe perueime. 

Ecn11 no6aBHTb K ypanaeHHIIM { 11. 6-9) onao nononHHTenbnoe npennonolKeRue 

u_ -= t:<.r 

Mbl nony'IHM cnenyJOmee perueane: 

t = 1 . 
;[- ,2. / 

«2.= J}l?.. i 
t{D _ J 

t:lp - ;£ J, 

{11.11) 

tj/> ~ cl :z. .I {11.12) 

KOTopoe COOTB8TCTByeT pe3yllbT8Ty .sq (lj-cHMMGTpl,lll Ami M830H-6ap!!Ol!Hb!X KOH

CTBHT CBII3H, J\aK 6bl/l0 OTMG'!GIIOo Bb!IUG, 9TOT pC3YllbT8T Xy)!{e CornacyeTCH C 

aKcnepuMenToM, nanag aannll<enRoe ana'!enHe runpllllhl { 3.3) Hao6aphi. OnRaKo uaM 

KalKeTcH HHTepecHhiM, 'ITO 11cxong H3 Stf (.3)-cuMMeTpHn 11 nncnepcnoHHhiX npa

nnn· cyMM npn onpenenenuhiX npennonol!<e.HHHX o6 ynHTapnofi CTpyKType BMillliiTYllhi 

B o6naCTH 60/lb!UHX aueprnii, Mbl MOlK8M llOilY'IHTb · peaynbTBTbl S {( {lj -CHMMGTp!IH, 

§ 12. llHcnepcnouawe npanHna CYMM nnH npouecca ammrumnm11 

Mbt paccMOTpenn BbiiUe nHcnepcnoHHbie npannna cyMM AilH npoueccon pac

cesrung n cjloTopolKAeHug Meaoaon ua 6apuoaax; onupagcb na o6bi'!Hbie nucllepcnonnble 

COOTHOIU8HIISI no auepreTH'IGCKOii nepeMe!IHOi! S 1 np11 cpiiKCIIpOBaHHOM nepeABHHOM 

HMnynhCe i . B TBKHX npaBJf/laX CyMM aep!UIIIlbt, OTHOCIIIUIIeCSI K UpHMbiM {KB83H

ynpyr11M) KBHanaM II K8H8/l8M /!HHUrllili!UIIH~ OK83blB810TCH He CBI!3/lHHblMII .MGlKAY. 

co6oii. 
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npencTaBnHeT naTepec paccMoTpeTb nncnepCHOHHble npaanna. cyMM, 6a3H-

pyiOUIHeCS! Ha AHCUepCIIOHHbiX COOTHOUieHHHX A/IS! aHHHrllnHUIIOHHOro KaHana no ne

peMeHHOil: t . 
HnlKe Mbl paccMoTpiiM nncnepcnonable npaBHna cyMM nnH npouecca aauHrn

nnnnn t' +? ~ J: + :!';_ 6apHOHBOrO H aHTH6apHOHHOrO OKTeTOB B napy OKTeTOB 

/43/ 
nceBAOCKa~S!pHbiX Me30UOB B paMKSX J'l/ {J)-CHMMeTpHH • 

3annmeM aMIIJliiTYAY SHHI!rHIIS!UIIII B <!JopMe 

vft [s, ~} = ii (fL.)[ A 1- Y. Q 8} t{ (f,) 
tr :s i (~ -?,.) ' 

( 12.1) 

rne fr•'l. - llMIIY/IbCbl Me30IIOB 1 

U U ) /7> - AllpSKOBCKlle CIIHIIOpbl AJ1H 6apHOHS ll aHTU6apnoHa CO CIIHIIOM 1/2 , 
!t J ""'<.ft) 

. !. 
t = (ft f-'/7-) s = ct; - f, J z. · 

YHIITapuaH CTpyKTypll II CBOi-iCTBil CHMMeTpllll CIIllii-tPIIliiiOBOil: SMII/IHTYAhl ~ {s,(-) 
OllpCllt?nfl!lbl <!JopMynaMH ( 10.3) ll ( 10.6) COOTDeTCTBei!HO. (-) 

Hnll<e Mbi 6yneM paccMaTpnnaTb l!Hlllb cnnn~cjlnnrroabre aMIIniiTYAbl /j.{.s'1 C) 
{ 

KOTOpbiG B o6nacTU HII3KHX 8Heprl!ii ·AOI\Il!Hllpy!OTCH HOHCTOM BeKTOpHb!X MG30HOB B 

SHHllrllmiUIIOIIHOM KllHSJle, (-} 

npennonaran, 'ITO Llllll HMIIJlflTYil 4 . 
,,. !, t., 3 

llbie COOTHOIUeHIIH BIILIS {3, .2.- l,) IIO rrepeMGHHOU 

crrpaseAnHBhi nncnepcuou

i; ) rrony'lnM npaauna cyMM 

-foo {-} 

jt~i IM ~ . (s, f) = 0 ; t = l,t, ') . 
( 12.2) 

-co { 

npll IICIIOl!b.30BSIII!II UI!ClltlpCl!OllllbiX llpSBII/1 cyMM ( 12,2) Mbl orpaHII'IIIMCH y'leTOM 

uoneTa a,eKTOpllbiX Me30HOB B Kanane auunrnnllUHII n OKTeTa 11 neKynneTa 6apuonoB 

B ynpyrnx Kananax. 

MaTpli'IHbiG aneMeHTbi rrepexonon (t-t _, Y, y_, J!r'lz. onpenenHIOTCH cne

UYJOIIIIIMII BbtpalKennHMn: 
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-/_F ll· ;:: .· . ) 

IJ?~~-i-t r = " ( ~ · ~ ~-;_;z.o7_:, {{: 

-c. /) It t.i ~ .Itt¥ )' f- (l 9 ' Y f j .!!_J.. fr. /(IH {.(, • 
I .2n, . 

dfly-_, .f,r/'7, = 9YP • ~~ tr,)~ Jf {~ 
Zje 9 VP = Yi. 9 f~ll 

F.P f:,P 
Orrpe.nenHSI aenii'IIIHbl I;:, D::: 9 f I r ~ II 

'111M cne.nyromue COOTHOIIIeHJIH! 

j,~· {g r,_ 9 ~ =r {,/rf) L.,. j 1: ·!<.", 

f,i c1r:.. :p j = re~.:..1J z_ 1 9;/-· R.:', 

3.necl> (rrpH S•.fMt.,i •p.2.-1J12...) 

R..11= 
6
; 2 {11fJ~tf:.Jp'-:.1Hj{n"+~~t~ 

r.ne f'- 1 /1.1 , 1'1 -MaCChi 'laCTHU Me30HHOrO 

uoro .neKynneTa, · 

HeBbiiiiiCaHHOe TpeTbe COOTHO!IIeHUe, COC 

BbiiiOIIHHeTCH TOlKJleCTBeuuo. KaK H B cnyqae 

UIICIIepCHOHHbie npaBnna cyMM JlJ1H aMIIJ1HTYJl!> 

Type L ('~) B KOTopyro naJOT B~nanhi cocTo~ 
. tJ ' 
CHHrneTy C eJIHHH'IHbiM 6apHOHHb!M 'IHCnOM. ~ 

MOlKHO rrony'IHTb COOTHOWeHH9 

gvp {38 C. 9 D) "" ("r{ )tl- 2. {~-, 

47 



paccMoTpeTb AncnepcnoaHbie npaanna. cyMM, 5aan~ 

cooTaomeansx AnH aaanrnnsnuoaaoro KaHana no ne-

cyMM nns nponecca anaurn

H BHTHOBpllOH!IOrO OKTeTOB B napy OKTeTOB 
/43/ J'l/ {J)-CHMMeTpHH • 

a ljlopMe 

( 12:1) 

C!IIfHOpbl Jl/ISI fiapllOHB II BHTIIOBpHOHa. CO CIIHIIOM 1/2 
1 

S== Cf,-f,)Z.. 

iiCTI38 CHMMGTpiU! C!IIlll-ljlnunoBOl! aMnnllTYllhl 

) H ( IQ,6) COOTDeTCTBGIIIIO, 

~{s,t) 

(-) 
TpnnaTb mHub crruH~<Pmmonbie aMrrnnTyllbl /j,(.r,f) 

{ 
llli I10Millll!pyroTcH HOIIGTOM B9KTOpllbiX MG30l!OB B 

(-} 
a~InnuTya ,1, 

cnpaaennHBhl nucnepcuoH

t ; nonyqnM npaanna cyMM 
· · I'= !,l, 3 

-<.) rro nepeMeHHoi! 

; t "'t,rt:J • ( 12,2) 

liblX npannn CYMM ( 12,2) Mbl orpaUI!qi{MCSI Y'JeTOM 

all!fllrUnS!Uifll H OKTeTa H AGKynneTa fiapnO!IOB 

t"t-~ Y) v~ :F;-rl;_ onpenenHroTcH cne-
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11A -/_F ll Q r . ~~~) 6 r l 
urc~~-l-,r= "(~·Yr/!!...t..o .(, tt.· S; Y;[(?j_; .;-

.LJ, . ( 12.3) 

·-c. b It Q p .lt/11 ) f" /,. . - ) ' r u 9t' 'Y f ;_;:,1- cr. k.IH ~ • .J /> l r; 1 ~ c!J " 

117y-_, Jff.fz. = 9J'P • ~~ tz,)~ Jf {v; [J: .fJ.J) ( 12.4) 

2-§e 9vP = fi 9fn 
F./) 4 /=,/) 

OnpenensSI aennqHHbl I !=,D::: !I I r .:;, H 
f 2. 

liCIIOnh3YSI ljlopMyllhl ( 12,3-4), nony-

quM cnenyromue cooTnomeau<~: 

:~~· {g Fr # Pj =- (~rf) L + f 1: ·!?.", ( 12.5) 

p,; {1 F_ 1/) j = re~.:..l'; z_ 1 ~./-· J?.·'~ ( 12.6) 

3necb (npu S • .Jmt'11 ca p.2.- PI z_) 

£
1
= f~!J. {i1f.3111:.3p~1Hi-f,q":;.11t~f<j/(ll-~tt)!_?Jj; 

rne f' , 11'1 , M -MaCChi qacTuu MeaoH!Ioro OKTeTa,· 5apuoauoro OKTeTa H 5apuoa

noro neKynneTa. 
(--) 

Heahmncanaoe TpeTbe cooTuomenue, cooTaeTCTByromue CTPYKType I.3 
1 

BbliiOnHSI9TCH TOlli.Q9CTBel!HO. KaK H B cnyqae paCC9SIHHSI, Mhl He paCCMBTpHBS.eM 

lllfCnepCHOHilhl9 npaBH/18 CyMM AnSI SM!InHTYA"I' COOTB9TCTByromel1 YHHTapuoll CTpyK

Type L C..;.) B KoTopyro naiOT BKnallbl cocTOHHHSI, cooTneTCTByromue yHHTapnoMy 
- 0 ' . -

cuarneTy c enunuqnhiM 5apuonllb1M qucnoM. KoMI'iunupySI cooTuomenuSI ( 12.5),( 12.6), 

MOJKHO nonyqHTb COOTIIOW9HH9 

gvp{Jgf..pD) = (~.;-f)ti-!!.{<>1--/)Z., ( 12. 7) 
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KOTopoe He conepl!illT KHHeMaTII'IeCKoro .PaKTopa /L 11 
n ne saancnT OT neiicTBn-

TenbHOrO COOTHOWCHH!I Mace. 

B rrpenene BbipO)KJlCHH!I Mace oKTeTa n neKyrrneTa 6apnonoa, .ncrronbSYH OTHo

wenne "4' = 3, HS COOTHOWCHHfi ( 12.5), ( 12.6) nony'laeM 

JJ) - s: {Jr - ft · ( 12.8) 

YpaB,!i~HHC ( 12.5) npencTaBnHeT co6oii COOTHOWCHHC MClKJlY KOHCTaHTaMI! CBHSH 

HCCTpaHHbiX 'laCTHU, KOTOpoe MO)KHO npencTaBHTb B BHilC 

i 
g.f111{ • 9.f #I./ (i f 

67i 

2.. J.. 

x..) = .!( INI.'t) .f ~ (911'".vr ~ fi., f 
. J. .&tJi J cJ -t.l/' J I 

rne a:..= 
i 

~.fJI./N 

!)n~ 

( 12.9) 

Anann3 aKcnepnMeHTanhHbiX naHHbiX no nnon-HyKnOHHOMY ·paccesmnro H aneKTpoMar-
' /44/ . 

HHTlibiM ~~OpMrpaKTOpBM nyKnOHOB'·ll03BOn!leT OllpenenHTb 

. i 

fl.tu · ff/ 1111 = (. o :t tJ. 2 / 
~1{ 

X= .J.t .r tJ./ ( 12.10) 

OTMeTHM, 'ITO B rronrocnoil Monenn ancKTpoMarnnTHLIX <jlopM<jlaKTopoB nyKnonoB c 

llpOMCli<YTO'IllLIMII BCKTOpHblMH Mtl30HaMII 

/ . 
~ = ~ - ~ == J. 10 . 

p ~ 2 

0onc

2

TaBmiH B ypaBHCHHC ( 12.9) 3H~~CHHSI ( !;V1: ;r, h :i:. tJ. 5'" 

{_ 9 lVII "") = {JJ. 'f:t tJ. z) le-vz u ncnonL3YH ( 12.11) , rrony'lnM 

~li . 
. . 1 . 

9 .f7i7 • J.f/>'11 
;1 

bi'i 
1. :t. :1: o. { ' 

'ITO HaXOil!ITCH B XOpOi!!CM cornaCilll C 3KCll8pHMCHTOM. 
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( 12.11) 

H. 

(12.12) 

B 3aKnroqeane non~epKneM, 'ITO nncne 

nHUHOHHhlX llpOUCCCOB llOSBOnHIOT llOny'IHTb_ 

SOHHbiC H MCSOH~apHOHH.hle KOHCTBHTbl CBH: 

ABTOpbi rny6oxo 6naronapnhi_ H.H. Eo1 

CHH H XpHTH'ICCKHC 3~MC'IltHH!!, ·a TaXlKC n.: 
C.E. fepa~nMoBy, P.H. <ll~ycToay1 H.r.· As1 

HS nac (A. T ~)'6naro~apen A. nanc~ n M. E 

nPHnO)Kl 

HopMnpoaxa KO 

KonCTaHTbi eagan J88 1. 6apnona 8 
MaRa · COOTBeTCTBYIOT. cnenyiOIIlHM narpaHllill 

# AI'~- • p:S , .. , __ • 

Z: 

~~~ 

-r. 
gU111/J' ~¥'~ ·' 
#zrri~;c~~yr~ f/~ 
11 - r dZAl·i~Y "~ 1- ~.c. 

S~eXTHBHbie narpanl!<HaHhi BSaHMOACfiCTBH 

B38HMOAeiiCTBHst t ,jt tr BMeiOT BHA: 

t*'!J1l : le*s;: · It/'sl ·l !I!" ·~ "(P, 

I -II :;; a.t'c. / ) " KJV,· • "<t. ;( 1 ct· ~ · IF II( c. 

I3~ ,· .. x~·X i I.,r1,· -=/~=c' 

5if!J 1: 

I .. . . Jl. -. 
£ "''- ::._) :rt J 

If I~·s 6r1j."r )~lYr'J 
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ljJaKTopa /(,I/ H He 38BHCHT OT nelfCTBH-

oKTeTa n neKyrrneTa 6apnoaon, ncrronbayH OTHo

( 12.5), ( 12.6) rronyqaeM 

( 12.8) 

C060lf COOTHOIUeane Me)KJ;Iy KOHCT8HT8M~· CBI!3H 

npencTaBHTb B anne 

2.. 1. 

= .1 (IN~~ 1-.!: r~~n ~ /(, ~ 
J: ~ c.J -t.lr / 

( 12.9) 

lll!Hl!b!X ITO ITHOH-IIYKITOHHOMy ·pacceSIHHIO H sneKTpOMar-
. ~4/ . 

•"~ .. ~- ·nooaonSieT onpenennTb 

.:t0.2 .... ;c :;: .J. 2 :t tJ./ (12.10) 

~10llenu 3ITCKTpOM8rHHTHblX ljJopM!jll!KTOpOB HYKITOHOB C 

M<i30H8Mll 

( 12.11) 

2 
.. · (i•vN)_Ir £:t:.~ 3" 2,9) 3H8'1CIIIII! ~lf ~/- 1 ' 

II IICITOITh3yg ( i 2,11) , ITOITy'IHM 

II 

1. .<. :1: tJ, ( ) 
(12.12) 

nacnn c SKcnepnMeHToM. 

48 

B 38KITIO'IeiDie rronqepKnEiM, 'ITO nncrrepcnoaabre rrp8nnna cyMM nng aaanrn- . 

ITI!UIIOHHblX rrpoueCCOB IT03BOITIIIOT ttOny'IHTb .COOTROilleRIIH, CBH3b!BBIOmne Me30H-Me.,.. 

30BHbJe ll Me30R-68pHOHHb19 KOHCT8HTbi CBll3H, 

AnTopbr rny6oKo 6naron8pHhl. H.H. Eoron106ony 38 cTnMynnpyromne lliiCKyc·

CHII H KPIITH'IeCKHe 3~M9'18BIIll, a T8K>Ke n.H. EnoXIIHUeny, A.A. noryaony, 

C.E. fepacnMony, P.H. <l>aycTony, H.r. Aaaaypsm 38 noneaabre o6cy>KlleBHH. Onna 

na B8C (A.T,J6n8ronapea A_- ll8llcy n M. Eery 38 pllll KPHTH'IecKnx a8Me'laaHlf. 

nPHnmKEHHE A 

HopMHpOBK8 KOHCT8HT CBI!3H 

KoHCT8HTbi CBH3H .9881 6apHOH8 8 C ITHOHOM H8 1!3hiKe llll8rp8MM 4Jelfa

M8H8 COOTB9TCTBYIOT. CITallyiOmHM narp8H>KH8B8M B3811MOllellcTBHH: 

-r.. 
8:sll',~·: fj$$111/J' ~ ~ ~ . J 

Z : #zz·ri ~14~?;, yr'fi f/1' ) 

ZA # z A 1 • i l Y r¥ /Z) 1- ~. c. 
- "' T,t.. 

• 3#eKTHBHble lr8rp8H>KH8Hbl B38HMOllal!CTBHll 8 4 it 
B38HMOllEiliCTBHH t. tr UMeiOT BHll: . . - ~ 

t &1i : !8*&l. Is{t8l · ¥!I!'~·'? rfJ,· " ~. c • 

I -II :;; 4.t't:. ) ~ 
Kp,· • "4. 4 (C(• ~ • ff~c. 

I:s~,· .. iz;·X i 4},· ... /~A:,·?.fb~ " 

I ~.. . . )[ -. 
. 4 A.L_ a} ::r:,·- J 

( A.1) 

n M8rHnTno-nnnonbaoro . . 

(A.2) 

{;~~1: /fit/'8 (jy';~".;-~~jy~",/!f};;," f ~.~ • (A.3) 
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I . 'i': rf.3 ll c~. y ;( ~~ c{. i ) 4 /' . 
N iY .... -. r-* -'a.. c .16' r::-o/c. " 

.!.. N'iV 

I ... co - Cv)- 3"Y" 
zs = fl .. · iX 1- fl .. · x z- :A.. ; 

.=s 3 ~ 

I ~'S.. ""{f-.. {s~ $"f 1-~ (v~ z' Gf3 Y t;~. 
zz zi: / '/ 

Jz~= 
.J 

{v) Jl. 
~~ • .:t'_, 

3necb onepaTopbi noneii aanncaHbi B !jlopMe nponaneneann KoopnnnaTnon n naoTonn'ie-

cKoii '!acTell, aanpnMep, f..Xtll.-Ut Z.~t.) n ~ .1 {Jf Xa.~c liBnllroTcn /.-- ~4'1:. ·-"- ) 

rronliM& 1\1 11 . IV*; ..(4'~-nonaoCTbiO cnMMeTpH'iHblli nByMepHhiii Tenaop 3-ro . 

paara, G a8 - nonnocTbiO anTnCHMMeTpH'IHbill Tenaop, onycKaiOmHA nnneKChi 

( .t. 
lt=f>; ;t =-11: 

~ ... . . 

Ill ~+f Ill.. I Jff- y /Lt. I A/ 61 .x1.!._2- N-. (A.4) 
;( .2 N ;( :: ·~ N ) "' =-,;:::: ,., , -} rr ,J .- ; • 
Aaanorii'IHO · X n .X - cnnaopHbie il:aoTorintiecKne lflyaKnnn .= J E; 'f.~ !f t -BeK-

TopHbie naoTona'!ecKne. !jlynKnnn X 11 ~iff. ITpn aToM Koac.TaJtTbl f tl''alt 
CBli3BHhl c mnpnnaMH pacnanoB peaoaancon lflopMynaMH (6.11). HaocKanllpHble a 

H30BeKTOpHble MarHHTIIbie MOMeHTbl cnenyromHM 06pa30M CBl!38Hbl C MBriiHTHblMH 

MoMeHTa~•H pacnanon: 

(V) 
~ {N!, Pt-r) == ~'.v"W ; 

~~~.- "r _(s} . {v) f- {~ _. == +-¥' )= fl:_,. .:t. .P_ .. _ j . ~ = ..::...: 
fC c:ij- 5:~- )= L.t ($) :1: lL (v) . 

'-t rl' I z"2: r i:~ / 
L1 lf, ) (V} 
r'" (z:. _.., d r-r = Jt~~ · 

tV (A.5) 

I' (l:'t, ~~)= li~ : 

3aMeTHM 1 'ITO narpaH)!{H8H (A,3) MO)!{HO 38llHC8Tb B BH)le: 

I3' i - 11t ·If e .t:. Yj:Io•oM f'~~t~te~ l/?}j '? .4 1-~.c. (A.6) 

60 

flarp8H)!{H8Hbl (A.2) H (A.3) il03BPnHIOT Bbl'iH 

aMnnnTyllhi c noMomhro npocTeifn:mx nHarpaMM ¢eli£ 

lKYTO'iHOM COCTOliHHH .. ITpH 9TOM ·peaonaacy COOTBe1 

Hllll (6ea y'ieTa H30TOUH'ieCKHX HBJleKCOB) . 

m "~~~ n -/ rf t-II ·t· · *'" If# Jt , ; ;:. "'it .r =. ·- - - ~ t- ..LQ' I' t-- ( r P- 4 
('Ji) 1 f !.. /1'- o J J M 

ITPHflO~EHHE 

MaraHTHblii MOMenT pacm 

Bonaonan lflyaKnnn 'iaCTHnbi co cnHHOM 3/2. yj 

( 
. ..., ) If 
·;";? - f1 '.!l = 0 ) 

Jt 
y !/., =0 .• 

B nMnynbcaoM npencTanneanH· 

'1 I r t:~f 11 -~'f'X 
!l {x):: ('Jq):.~;_. Jf:;;" u t;J e J 

f..(i.) ., 
U..lf{t) = {t'-rH) 2 _f?H tp } 

rne nByMepabie cnnaopbi ynonneTaopl!roT ycnonnnM 

rr"= 
·~~ 

f>·'(/ . - / 

-· -· '· q-. f., (tr;) {IV 
p, {fo rU) fc 

Cnnaopbl aopMnpoBaHbl Ta;K, 'iTO 

- . '-!: . 
[(_," tr" = .1 ; r ·I(.~ =- :t · 

51 



- 4~C . t:/ 
ta..t {c 2)6' t:-..tc. ./ 

1: /l, (v ( i t"3X i 
.:s ' 

~- {v~ z' GfJ ') i;-_P,. 
zi: / ;; 

,.,J 

nncaabi B tjJopMe nponaBe.Qell:nn KoopmmaTaon n naoTonn'l:e-

c.(l Z."-) n ~X {if ,i4~c. l!BmiiOTcll 
/.-- ttt'c. . -~- ) 

-nonHOCTb!O CHMMeTpll'lHblli .!IByMepHblli TeH30p 3-ro 

8HTHCHMMeTpH'IHblli T9H3op, OilyCK810I!IHii HB.QeKCbl. 

. , 

Jff- ILL 1 ~P y1.!.2. /11;((- (A.4) 
;V );( ::-N>" := • 

6 lt • • 
ifaoTonnqecKne tjJyaKnnn .= JE; Jt~ !f' -BeK-

n .z*, J1pn 9TOM KOHC.T8HTbl f ll'Qlr 
peaoaaacoB tjJopMynaMn ( 5.11). HaocKanllpHble n 

MOM9HTbl cneayJOI!IHM 00p830M CBl!38Hbl C MBI'HHTHblMH 

. 
" 

"') (A.5) 

jl r~t~~r)= li~ : 

(A .3) · MOJKBo aanncaTb 

'fJif e k. 
.!1:' ? A 1- ~.c. 
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a anne: 

(A.6) 

flarpA!t:>KHaHbl (A.2) H (A.3) U03BPnll!OT Bbl'IHCnSITb pe30H8HCHble BKnanbl B 

aMnnnTyltbi c noMOmb!O npocTelimnx .QHarpaMM 4>el1a:Maaa c peaoaaacoM B npoMe

JKyTO'IHOM COCTOSIHHH .. J1pH 9TOM pe30B8HCy COO_TBeTCTByeT tjJyaKitHSI pacnpoCTpaHe

HHSI (oea y'leTa H30TOUH'IeCKliX HHlteKCOB) -. 

:P1>f~ _j_ .!!_!3. i. - ~ ~".Lr}~..!. ;;.;! r-1"') fi: li"J. <A.7) r,y, t !..11'- o J JM r..o /JHZ. J 

ITPHflO:>I\EHME B 

MarHHTBbiii MOMeBT pacnana peaoaaaca 

/45/ 
BonaoBall tjJynKitHSI 'l:aCTIUlbi co cnnaoM 3/2. ynoaneTBopneT ypaBHeHHllM 

(
. _, ) If 
il}- M '!l-= o , 

Jt r!l .. =o. 

B HMnynbcHOM npe.QcTaaneann · 

Jt I r t:l} 11 -J"f'X 
!} {xJ::: (<;:qJ'~>Iz. • J,c- u t;J e , 

1.2.~o 

U. ~(,) ~ {f',H/' (.;_) 'f • ' 
-t•rH 

rne nByMepHbie cnnaopbi y~:~oaneTBOpSIIOT ycnoBHllM 

f'o::z 
--';>~ 

f>·'{/ -., -;. f'., r;;, J Civ 
P" {ro rM) f" 

Cnnaopbi aopMl!poBaHbi Tal(, 'lTO 

!£, "tr, = .1 .I 
r·-~: If. f. : :t . 
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(B.l) 

(B.2) 

(B.3) 

(B.4) 

(]3.5) 



I 

YcnOBIIS! (B.4) IICKlll0'18IOT COCTOS!HIIS! CO Clli!HOM 1/2. B CIICT9Me IlOKOS! 'ISCTIInbl 

0 HI! liMe lOT Bllll 

f' ",.. t:J ,j -~ r;r. p = 0 • (B.6) 

~ . 
B TOll )!{e CIICTeMe Clli!HOpbi 'f' cnenyiO!lliiM oopa30M CBS!38Hbl C <flyHKni!S!MII, Onii-

CbiBS!OllliiMII COCTOS!HIIS! C onpe,neneHHbiMH IlpOeK!liiS!MH Clli!H8 

:,~,,: jfJ/z_ )I. q>'o'tf:!.;- 'lr../ ~ rfr/{1 tP~). 
II (_ _tf'IL) li ( ~ J . j ( ~ ~ 

'fi r- ~ 

(B. 7) 

PaccMoTpHM Terrepb narpaa)!{Haa (A.6). nepeil:neM B aeM K IIMrrynbcHoMy npencTaB

neuuro II 38IIIIW9M ero B CIICTeMe IIOKOS! p930H8HC80 Y'IIITblB8Sl (B.6) H. (B. 7) II C'lll-

/{-') ' 
TaSI, 'ITO MarHHTHoe none aanpaBneao no ocn i! . Mbl nony'laeM 

5t-llf){i ;;_ fe 8~ 1-s arr . 
-Ir/'s ( .i/11 ; • ( f'lz. • tt'rz. +frz. · f'4) · ~ ' ( B.i3) 

.,.. 
rne E -saepriiSI 6api!OH8 B pacnane /j ~ 8 r, B CI!CTeMe IlOKOS! pe3oaaaca. 

Aaanorn'laoe Bbipa)!{eaue AliH 6ap11oaon nMeeT BHn: 

/ 

;-<-· 
Bll 

/: f(j 4 f IJ ' 
l ft~. . f ft.- - f. flz. • f_ 'lz ) • fir. 

(B.9) 

no aaanornn c 6apnoaaMn n3 cpaaaeanSI (B.8) n (B.9) onpe.nenSieM MaranTHbiil: 

MOMeHT rrepexo.ua 

f! (13~ bt-~) = I e.,.e (B.10) 

0Tcrona c y'leToM H30Toiin'leCKoil: cTpyKTypbl Is~ (A.3) Mhi nony'laeM cooTao

weHHSI (A.5). npll onpe,neneHHII MarHHTHOrO MOMenTa (B.10) Mbl 113 COOOpaJKeanll 

y.uo6c~Ba ae BBenH: B aero MHO)!{HTenb ( £- r"' ) fi · 6nn3KHll K ennanne. · 
.2./lt ',/ 
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nPHnO)K 

SKcnepHMeHTa; 

C noMO!llbiO BbipaJKemiil: ( A.2) ,., (A.: 

OWIIOKOll 1-2%) BKIISA MSrHHTHO-AIIIIOllb 

neanSI aeil:TpanbHhiX nnoaoB aa npoToaa~ 

o = I.e !! / /l1. OJ l.i. 
K. fl- I ' 

11 {:f-) u ,. . 
f r'"" r r;., ... ~<') 

~· f - ~71 Y. 

rne k., E, r,, s~.) - IIMIIYllbC II snepi 

c.u.M., f - Wllpi!Ha pe30H8HC8 !(If. 

():a ..! 
.3 

K. (ez. t- 111) !' ~CN'4 " 
Mr 

C ,npyroll. CTOp6Hbi, H3 9KCIIepllM9HT8 II 

H8HC8 IlO'ITH IlOllHOCTblO COOTB9TCTByeT 

(c OWIIOKOli MeHbWe 5%) B (B.2) MO~l 
ce'leHHe cJ = ·0,25 + 0,01 lvi6a 12f/ Hc1 - . 

9KCilepiiM9HT8llbll09 3H8'19III!e. f = 120 

3HS'Ielll!9 MarllHTHOrO MOM9HT8 nepeXOJ 

f< c~~ ,v.,.r Jh:eJ. == rr.26":t 

B pa6oTe/2SjHcnonb30BaH.O 3Ha'!enne 

f-(u~ Prr) .. = (t.Lr t: 
~l'l:.lt. 
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co cnnnoM 112. B cncTaMe noxoa 'lBCTHilhl 

(B.6) 

-.,,nvtomKM o6pa30M CBR38Bhl C ljlyBKitHHMH, OnH

CllHBa 

r~!fltp~). 
. (tf-ft.; 

..; 

(B.7) 

llepeft~eM B BeM K HMllYJibCBOMy npa~CTaB

Y'lHTbl:S8R (B.6) H. {B. 7) n C'lH

FBneao no ocn i! • 'Mhl nony'laaM 

6 a7r 
-~ )·~ ) -~ 

{B.B) 

.It 

/.J ~ /J r ~ B CHCTeMe llOKOH pa30BEIBCa. 

HMeeT BH~: 

-~ (B.9) 

H (B.9) onpenenHeM M8I"BHTBbiH 

{B.lO) 

Ii~ (A.3) Mbi nony'laeM cooTao

MoMenTa (B.lO) Mbi na coo6paJKeanll 

(
&- ~' ~) ~ . 6nnaxnll x ennanue • 
.2~ './ 

llPHnO)KEHHE · B 

SxcnepnMeHTanbaoe ana'lenne 

C IIOMOWb!O Bb!paJKeH-HH (A.2), (A.3) (A.5) H (A.6) Mbl M02KeM HaRTH (c 
' ) 

omn6x.oll 1-2%) :sxna~ MarHHTHo-nnrronhnoro rrepexona B nonnoe ceqenHe <jloTopO:lK-

neHHli nellTpanbHbiX rrnoao:s Ha npoToaax :s6mmn peaonanca 

1/ 0) .J.. M (:/-) ~ - J; , ] ~ 
o .... J!.-c K.-/ fl1

1
.f j, _~'~_fr= Pr;,_,nJ9#~., i~t-,t,){Ez.·n·2J • 

k• f b71 U 11'1;_.1- /M r 

( B.1) 

rne k., E1 {r, Gz..) - nMrrynbc n aneprnH Ha'lanbnoro (KoHe'lnoro) nyKnona B 

c.u.M., r - mnpnna peaonanca lt(Jf. 0Tcrona nonyqaeM, 'ITO B peaonance 

(),. ~ 
3 

K. (ez. r 111) !' .2.c N'4 ,vy) . 
Mr 

(B.2) 

C llPYI"OH CTOpOHbl, H3 3KCIIepHMeHT8 H3BeCTHO, 'ITO 3TOT npouecc B6JIH3H pe3o

H8HC8 IIO'lTH IIOJIHOCTbiO COOTBeTCTByeT M8I"HIITHO-lll!l!OnbHOMy nepexony. noaTOMY 

(c onm6Koll MeHbWe 5%) B ( B.2) MOJKno npliMO no~cTaBl!Tb aKcnepHMenTanbnoe 

ce'lenne cJ = 0,25 :!:. 0,01 M6n llfl Hcnonbayn ~nH mnpnHbi pacna~a 
3KcrrepnMeHT81IbHOe 3Ha'lelll!e r = 120:!:,.1,5 Mas, nony'laeM 3KCIIepHMCIIT8nbHOe 

anaqenne MarnnTnoro MOMeJITa nepexo~a ..V 4 IV -1-~ : 

fC {N'~ /V't-Y) "" (1.25":t tJ. oz.) 2 1i ~ . 
il;eJr :/ .3 p 

( B.3) 

B pa6oTe /25/ ncnonbaonaao 3Jiaqenl!e ceqenl!SI ~ = 0,26:!:,.0,006 M6n, 'ITO naeT 

~(u~ Pt-r) == (r.L.? :1: P.P2.) .t..fi ft.. . 
~~ ~ 3 ~ 

(B.4) 
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c.. 

llPHnO)KEHHE r 
Ycnoane yanTapaocTH nng anpTyanbHoro KOMllTOH~a¢peKTa 

BMecTe c aMnnnTyaoii T (7.1) paccMoTpHM aMnnHTYllY 

f *" r. . ...:..,;x .$ • .t: . r ) 71(' 
T ~- t.~e~:.j«xe- <pi /,, tDJ /f) =L T(,-::,); cr.t> 

~ 4-e;3 {;f)· 

rrle :i H S I - HB'IBnbHblii H KOHe'!Hblii H30Clll!H HyKnOHB. lfa ycnOBHB yHHTap

HOCTH cneayeT, 'ITO /15"/ 

.e. r !;z (x} 

5 A;:#< (c) 

'S).,."(•J = ~?xJ,.i_,"r.j. 
.$" Aef {x) 

<r.2) 

OTKYll8 

T- r 1~ / (4J4Zs (f,-,-r)(f! !:;· t•JI">&I i·£ 11 ) · <r.s> 
h '.1. '1s 

llepexong 3lleCb K KOMllOHeHTaM, COOTBeTCTBYIOIUHM onpeneneHHOMY llOnHOMY 1130-

CniiHy I , nonyqaeM 

) ./. I 
Trz_ r' rzJ == 1i 111?'": cr (e, u-J (r.4) 

I 
rae "- -na6opaTopHbifi HMnynbc ¢oToHa n Cf' ('i,,. J - nonnoe ceqenl!c> pacceg-

HIIH naoaeKTopaoro tjloToHa c KBaapaToM Macchi, 12. n nongpnaauneii £._ Ha 

HyKnOHe .C npoeKUHeii CIIHHa' c1'" B COCTOBHHII C llOnHbiM 1130CllHHOM :Z • llaa llO-

nepe'!HbiX n oann npoaonbHbiii aeKTop nongpnaaunn tPoToHa B03bMeM B anae 

€• tl =- c • E ~ £. = f · I I 1 

_, -t ~Jr --t 

c.J~J .. {o; ~); E.·r::o; z.·£ ~-~. 
(L5) t -t 'C .I 

c ( '2 f C, • z J . _, '/ . ..., 
c. ::: -·r e J e ~ t: 'Vf 

54 

,. 

H nepennweM paBeHCTBO (r.4) C Y'IElTOM C'I 

Me KOOpllHHBT: . 

I,. H/":r~ i{o[~.tx 4:J)I;,. ~ (z].~ · 

T II (.r)L ~:, 7. T II {.x) "- fl • . 
..1-114 1 r - .J.,. n z. - 7 G. <r rz.. 

I .. I .z. • 
llocKOnbKY ({'{£.)'"- ;r£ rae J - M< 

:J"(£. t.) C'\.o ~~ //•1/a. 3aMe'!aH, •'ITO tjloT~HY CC 

COOTBeTc/ayeT'teKTOp llOnHpH38UHH £ : -
. of 

(z} (.x) 
.I111 H., = o . rr: . .. _· 

1 IG. i ~. 

.,.. II CzJ r.z. { r.rJ . ·CI. 
.J./If .t. =--· (!"'"_ -tJ. ""'f T . G. 

. ~ 

I/74 f( (z 2 .1 /J { · (.r.) • · (.x; 
3 1 7~ o; - a; 

rne <17 - eCTb ycpeaneanoe no nonHpn. 

H lJf., Oi\ - ecTb ceqenne. npouecca, B 

Tnnapannenea) cnnny nyKnona. 
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IIPHRO/KEHHE r 

(7,1) paCCMOTpHM 8MilnHTyny 

•.( 

1 /_ SJ._ . ..<_fD J If ) 
~ lf.e;J (¥J· 

= rrr..t.•ts J 71t L 1 l.s~s' 'J cr.1 > 

H KOHe'IHblli H30CilHH HyKnona. J1a ycnoBI~R YHHTap-

.·f ·e . '"j = 'l.~ {xJ,{ r~; , 

U:-1"1 ){f/ tl r~~; !">Cit/ i·;; It) · 
h v~ ~ 

(f.2) 

cr.s) 

HTaM, COOTBeTCTBYIOIIl!IM OllpeneneHHOMy rronHOMy II30-

I 
r~.: cr (e, u-) (f.4). 

I 
•HMrrynbc ¢oTona H ()' (C, r} - rronnoe ceqemw pacceg-

c KnanpaToM Maccbi, 12. n rronSipHaaunefi 1:. Ha 

/J"" . B COCTOSIHHII C llOnHb!M II30CilHHOM .I • llaa llO

BeKTOp rronSipHaauHH ¢oTona B03bMeM B·BHne 

>a f; 
'.,... • ' -7./r ~ 

. ? :: {) ; .{z' • £t ~ 

_, 
c:~ 

:: '?"_, ,,;- ·r 
Vf'l. 
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-1 • 
.I (r.5) 

H nepellHlUeM paBCHCTBO (f.4) C y'leTOM CTpyKTypbl ( 7,3) B na6opaTOpHOH CHCTe-,. 

Me KOOpnHHaT: 

Cz) /.-r. ~ ·v· ..,.. II.{:,;) . {..r:) 
I111 H1 fh5i..~ x~] . ..~..lk 3 = ~ · rr (£~ .r) J (f.6) 

z I{ (.r) 1- { ~ "''l. r '' {z) _ 
"" 1 ---...t..,nz. -r:. 

{.r) ' 
~.a- (z~, ,-)·. 

fiOCKOnbKY a-{L);,_ l.t'•£/ :Z. rne j• - MaTpH'IHbiH sneM'eHT TOKa, TO . 

:J'(£ I!) c-. ~;z. //•l/0. 3aMe'l89, 'ITO tPOTOHY CO Cll~HOM, aarrpaaneHHblM IIO ; J 

COOTBeTc/ayeT'lleKTOp IIOn9pH38UHH z: -e,t-,fr. H3 (f,6) rrony'laeM 
' ' of -r;r . ,, 

I~>t H,~)= 'i • fl: (I) 
G. i i 

I"' 11/')~ -"' ;'- { o:/Z: o; M) , 
' .(.. 

(f.7) 

L '-( c.rz .! /} ( {:r;) 
"" n 3 - 1 7'- df. - tr. (.r)) 

A 1 

rne or -CCTb ycperrHeHHOe ITO llOil9pH3BUH9M CC'IeHHe. (}'"" {£ ~ cr) 
H tJf., "it - ecTb ce'leHHe rrpouecca, n KOTopoM CITHH ¢oToHa· rrapanneneH (an

THrrapannenen) crrHny nyKnona. 
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