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1. BBEAEHHE 

HaaecrHo, 4TO c yaen~4eHHeM 3HeprHH soa6ym.QeHHB nnorHOCTb 
COCTORHHH 8TOMH~X A,Qep pe3KO yBe11H4HB8eTCR/1/, a HX CTPYKTypa 

3H84HTe!lbHO YCI10>KHAeTCR·/li!/., 3n1M 06DACHReTCA, l.4TO HCCile,QOBa

HHe pa3JH.14HbiX fl>l-131o14eCKHX xapaKrepHCTHK C110>KHbiX R,Qep npt.-~ npo

Me>KyT04HbiX H BbiCOKHX 3HeprHAX B036y>K,QeHHA /r.e. npH 3HeprHAX 

H84HH8R C HeCKOilbKHX ~13B H ,QO 3HepnH1 CBR3H HYKJ10H8 BN H He

CKOJlbKO BbiWe ee/ 06bi4HO npOBO,QHTCR B paMK8X CT8n1CTH4eCKHX 

no.QXO.QOB H11H ¢eHOMeHonorH4eCKH/8/. Kea3H48CTH4Ho-¢oHoHHaA Mo

.Qellb A.Qpa /K~~1/ 1 4/ noaeonRer npoeecn1 Hccne,QoeaHHe ceoHcra 
R,Qep npH HH3KOH 3HeprHH H 8 YK838HHOH 3HepreTH4eCKOH 06118CTH 

B036y>K,QeHHR B p8MK8X e,QHHOrO MHKPOCKOnH4eCKOrO nO,QXO,Qa. 

O,QHHM H3 Har.16o.nee lo1HTepecHb1X 1o1 aa>KHbiX ¢llo131o14ecKI'IX npo~eccoa, 

KOTOpbl~ YABeTCfl Onlo1C8Tb C nOMO~b~ KB83H48CTio14HO-¢lOHOHHO~ MO

Ae.nH flAPB, flB.nReTCfl ¢lparMeHT8~HR, T.e. paCnpeAe.neHHe CH.nbl 

npOCTbiX KOH¢ll'lrypa~H~ nO C.nO>KHbiM COCTOflHHRM RAP8 B WHpOKOM 

HHTepsa.ne 3HeprHio1 aoa6y>KAeHHR· 1 ~71. B noc.neAHee epeMfl 3TO RB

neHHe HHTeHCHBHO H3y4aeTCR 3KcnepYIMeHTB.nbHo /8,9/. Po.nb yKa

aaHHoro npo~ecca OK83b1B8eTCfl B8>KHO~ A.nfl nOHHM8HHR CBO~CTB 

rJ1y60KOCBfl38HHb1X Ablp04HbiX COCTOAHYI~. 

TeopeTH4eCKoe Hcc.neAOBaHHe $parMeHTa~HH a paMKax K¢1M YA06-

HO npOBOAHTb C HCnO.nb3088HHeM MeTOAB Clo1.nOBbiX ¢lYHK~H~/5,1Qfipelo1-

My~eCTB8 3Toro MeToAa xopowo H3BeCTHbl. npe>KAe acero OH Ha6as

~ReT OT He06XOAYIMOCTH peW8Tb C.nO>KHble ypaBHeHHA H n03BO.nReT He

nocpeACTBeHHO Bbi4HC.nRTb CH.nOBble ¢lYHK~HYI, ~nYICbiB8~~1o1e C He06Xo

AHMO~ M8TeM8TH4eCKO~ T04HOCTb~ C ycpeAHeHHeM B OnpeAe.neHHOM 

3HepreTH4eCKOM HHTepsa.ne Ha6.n~A8eMble ¢lH3YI4eCKHe Be.nH4HHbl, He 

H8XOAR CTpyKTYPbl KB>KAOrO B036Y>KAeHHOrO COCTORHHA no OTAeJ1bHQ

CTH. 6 MeTOAe CYI.nOBbiX ¢lYHK~H~ HMe~TCR COOTBeTCTBHe Me>KAY T04-

HOCTbiD HCnO.nb3yeMO~ ¢lH3H4eCKO~ TeOpHH H T04HOCTbiD, C KOTOPO~ 

Bbi4HC.nR~TCR ¢lH3H4eCKHe X8p8KTepY!CTio1KH, 8 T8K>Ke 6o.nbW8R YCT0~-

4HBOCTb K sapHa~YiflM napaMeTpos MOAe.nH. Oco6eHHO 3aMeTHb1 npe

HMy~ecTBa 3TOrO MeTOAB npH lo1CC.neAOB8Hio1H Ae¢lopMHpOB8HHbiX flAep, 

A.nR KOTOpbiX pa3MepHOCTb npOCTp8HCTB8 6a3HCHbiX ¢lyHK~H~ B pea

.nHCTYI4eCKHX pac4eT8X AOCTHraeT 4Pe3Bbl48t:1HO 6o.nbWO~ ae.nYI4HHb1. 

Heo6ocHosaHHoe orpaHH4eHHe 3Toro npocTpaHCTBa so MHor1o1x c.ny4a

RX MO>KeT npY!BeCTI-1 K HesepHbiM pe3yJ1bT8T8M H BbiBOABM. MeTOA CH

J109biX ¢lYHK~H~ noaao.nH.n nposecTYI A11R Ae¢opMHpoaaHHbiX RAeP a 

paMKax K¢1M Hcc.neAosaHYie rHraHTCKHX peaoHaHcos1 lll, cneKTPOCKOn\.1-
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4eCKHX ~aKTOPOB H CBR36HH~X C HHMH HeHTpOHHYX CHnOB~X ~YHK
U,Ha1/5/ 1 paAH6li,HOHH~X CHnOBbiX <lJYHKU,HH-·1 12~6blll6 npoeepeHa nmo
Te3a AKcenR-6PHHKa o cTpyKType r~~traHTCKHX peaoHaHcos, no
CTpoeHHblx H6 HH)f(6HWHX COCTORHI-1RX RAep·/ 13/,, 

B pa6oTax16,8/a OAHO~OHOHHOM npH6JlH)f(eHHH paccMaTpHsanacb 
~parMeHT6U,HR .OAHOKB63H46CTH4HbiX KOMOOHeHT BOilHOBOH ~YHKU,HH 
B He4eTHbiX Ae~OpMHpOB6HHbiX RAPBX. 6blllH BbiRCHeHbl OCHOBHble 
36KOHOMepHOCTH ~parMeHTaU,HH H npoaHallH3HpOB6Hbl ClleACTBHR 
BllHRHHR ee Ha HeKOTOpble $H3H4eCKHe BellH4HHbl. Ha11H4He 836HMO
AeHCTBHR KB63H46CTHU, C ~OHOH6MH A6eT BCe OCHOB6HHR nonaraTb, 
4TO ~parMeHT6U,HR npOCTbiX KOMOOHeHT BOilHOBOH $YHKU,HH RBJlReT-
CR X~paKTepHoH OC06eHHOCTb~ CllO*HbiX RAep, no3TOMY TeopeTH4e
c·Koe HCCJleAOBaHHe :nero npou,ecca AJ1R pa3JlH4HbiX KOMOOHeHT npeA
CT6BJlReT HeCOMHeHHbiH HHTepec H RBJlReTCR u,enb~ H6CTOR~eH pa-
60Tbl, PaccMoTpeHHe npoeeAeM no eoaMO)f(HOCTH a o6~eM BHAe, npH
MeHHMOM AJlR P63JlH4HbiX 00 CJlO)f(HOCTH KOMOOHeHT, Y4HTbiB6R KQM
OOHeHTbl BOJlHOBOH ~YHKU,HH, 6onee CJlO)f(Hble no CTPYKType, 4eM 
a·/6,8/, T.e •. MHoroclloHOHHble KOHcllHrypau,HI-1. AnR onpeAeneHHOCTH 
6yAeM paCCM6TPHB6Tb B OCHOBHOM 4eTH0-4eTHble Ae~OpMHpOB6HHble 
RApa. 0AH6KO MQ)f(HQ OOK636Tb 1 4TO HCOOJlb3086HHe OOAXOAR~HX 
0603Ha4eHHH npHBOAHT K 6H6110rH4HbiM COOTHOWeHHRM AllR He4eTHbiX 
RAep. PaccMoTpeHHe, KOHe4HO, cnpaseAnHso H AllR c~epH4eCKHX 
RAep, XOTR He06XOAHMO y4eCTb onpeAelleHHY~ cneu,H$HKY TaKHX 
CHCTeM, $parMeHT6U,HR OTAellbHbiX KOMOOHeHT c~epH4eCKHX RAeP 
H ¢H3H4eCKHe ClleACTBHR ee npORBJleHHR C HCnOilb30BBHHeM CJlQ)f(
HbiX BOilHOBbiX $YHKU,HH HCCileAOB611HCb B pa6oTaX /14,15/',, 

2. OCHOBH~E YPABHEHH~ KOM 

80JlHOBY~ $YHKU,H~ npOH3B01lbHOro B036Y)f(AeHHOrO COCTORHHR C 
npoeKU,HeH MOMeHTa Ha OCb CHMMeTpHH K H 4eTHOCTb~ 711 CllO>KHOCTb 
KOTOpOH orpaHH4HM y4eTOM TpeX¢QHOHHbiX KOH¢Hrypau,HH, AJlR 4eT
H0-4eTHOrO Ae¢opM14POB6HHOrO RAPB aanHWeM B BHAe 

'I'"'~(K") =I~ C~Q+ + ~ D0 (Q+ Q+ ) + ~ ET(Q+ Q': Q +) 1'1' , 
i g ' g G=(gti:2'' gl g2 0 T=(gt¥l gl g2 g3 T 0 

/1/ 

.. .Heq " 1 I -• + o( + + T + + + 1 '1'. (K )= --~ ~ <.;. apcr+ ~ D. av Q ) 0 + ~ E. (av Q Q )T'i'0 . 
' .j2 u p ' G=(vg) ' " g T=(v~tlloJ) ' " gl g2 

/2/ 
3AeCb W0 , B011HOB6R 1 ¢YHKU,HR OCHOBHOrO COCTORHHR 4eTH0-4eTHOrO 
OCTOB6, RBflReTCR ~OHOHHbiM BaKyyMoM; i - HOMep B036y)I{AeHHOrO 
cocTORH~R c AaHH~M 3Ha4eH~eM K" /4T06bl He aarpoMO)I{A6Tb ~OPMY
Ilbl, a AanbHeHweM, KaK npas~no, 6yAeM onycKaTb Han~caHHe 3To
ro ~HAeKca y K03¢~H4~eHTOB BOilHOBOH ~YHKU,~H/; Q~ - OnepaTOp 
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POM<AeHI-1fl (!JOHOHa g, ata - onepaTop pomAeHJ.1R KBB31-14aCTI-1U,bl 

va(a·= ± 1). Ko3$$1-1U,HeHTb1 cP ' c g ' D G ' ET onpeAeilfiiOT BKJlaA 

cooTseTcTBY10!4et1 KOMnOHeHTbl sonHoaot1 ci>YHKU.I-1111 11 I '-1I1111 121, 
HOPMHpoaaHHot1, HanpHMep, ADR 4eTH0-4eTHoro RAPa yc.nosHeM 

~(Cg)2 + ~ (DG)2 + ~(ET)2 = 1. 
g G T 

/3/ 

Sb16op o6oaHa4eHHH s 11 I-121 onpeAenr~eTCR TeM, 4T06bl aanHcaT b 

B Aa!lbHei1weM ypasHeHHR OAIIIHBKOBbiM\.1 no cJ>OpMe KBK AilR 4eTH0-

4eTHbiX, TBK \.1 AilR He4eTHbiX RAep. 

B paMKax onpeAe!leHHoro aapHaHTa Kci>M /4,5/ AilR 3Hepr1o1H soa-

6Y>KAeHHbiX cocTORHI-1i1 1o1 K03cJ>ci>1-1U.YieHTos sonHosoH ci>YHK41-11-1 I 1 I no

ny4aeTcR OAHOPO,QHaR Clo1CTeMa Jlii!HelliHbiX ypaBHeHI-'tt1 pa3MepHOCTH 

(g+ 0+ T)lt61 

/4/ 

3,qecb U G Yl U GT - MaTpii!!..IHble 3!1eMeHTbl, onpe,qe.nReMble B3Bio1MO-

Aet1CTBH~M KBB3\.1!..1BCTio1ll, C $OHOHBMH, w g - 3Hepn!H O,QHO$OHOHHblX,

a wo H w T - ,qayx- 1o1 Tpex¢loHOHHblX no.ntocos. 

~IlR CpaBHeHI-1R npHBeAeM COOTBeTCTBYIO~YIO CII!CTeMy ypasHeHio1t1 

,QJlfl He4eTHblX RAep /5/: 

(, - ~)CP - ~ r D G = 0, 
p G pG 

(p - ~)D0 - ~ r cP - :!: r ET = o . 
G G pG GT 

!51 

(p - ~) E T - :!: r DO = 0 • 
T G GT 

MaTpl-1'-lHble 3JleMeHTbl r G yt rOT onpe,Qe!lRIOTCR B3ai-1MOAeHcTBio1eM 

KBa31-1'-lBCTHU, C $0HOHat:H, f.p - 3Hepn11-1 KBB3H'-laCTH4HbiX nOiliOCOB, 

p G H p T - nOiliOCa KBB3H4BCTI-1U,B nlliOC OAHH H KBB3HI.laCTHU,a nJliOC 

,QBa $OHOHa. 04eBH,QHO, 4TO 141 H 151 OTJllo14BIOTCR JlHWb 0603HB'-le

HHRMH, nQ3TOMY B ,QaJlbHeHWeM see MaTeMaTI-1'-leCKHe npeo6pa30BBHHR 

6y,QeM npoBO,QI-1Tb AilR 141 H IlHWb KOHe4Hble peayJlbTBTbl npe,QCTBBII!M 

OT ,QeilbHO B o603Ha!..leHHRX, npHHRTbiX ,Qilfl l..leTHo-4eTHbiX lo1Illo1 He-

4eTHbiX fiAep. 
3aMeH1M, 4TO cHcTeMbl ypasHeH1<1H I 4!-151 MMeiOT cneu.~r~anbHbiH 

""A, nDCKOJ1bKY U ·=Uaa•=UTT.'=O " ~p•=r00 ~rTT:=0, "TO co

OTBeTCTByeT cneli~~IlbHOMy BblbOpy 6a31o1CHbiX COCTO.RHI-1!11, fi8I1fi!OIL\Io1XC.R 
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. 
C06CTBeHHbiMJ.1 COCTOfiHHRMH raMI1IlbTOHJ.1SHa, 8 KOTOpOM npeHe6pera

eTCfl B3aHMOAe~CTBHeM MemAY KOH$Hrypa4H.FIMH, pa3hH~a~~HMHCfl no 
cno~HOCTH /T.e. AI1R K¢M - npH6nHmeHHe HeaaaHMoAe~cTay~~Hx ¢o
HOHOB B 4eTH0-4eTH~X H HeB3SHMOAeHCTBY~~HX KBS3H4SCTH4 B He-
4eTHbiX f1Apax1 17/ I. npeABapJ..1TeilbHOe peweHJ.1e 3SAa4H Ha co6cT
aeHHble 3HS4eHHfl H C06CTBeHHble ¢YHK4HH Ailfl TSKOrO raMHilbTOHHa- • 
Ha /ocofieHHO AllR CenapafiellbHbiX CYIJl/ 06bi4HO He npeACTaBJl.FieT 

TPYAHOCTeH 11 MOmeT 6b1Tb CAeilSHO 4HCileHHO. KpoMe Taro, B /4/
/5/ UgT :::0 H rp T=<0. 3TO RBJlReTCR C!leACTBHeM AOBOilbHO Ofi~ero 
npeAnOJlO>KeHHfl 0 ABYX4SCTH4HOM xapaKTepe OCTST04HbiX CHil, B pe-

3YilbTaTe 4ero OTCYTCTByeT B3aHMOAeHCTBHe Me>KAY KOH¢HrypS4HR
MH, pa3!1H4a~~HMHCR nO cnomHOCTH 6onee 4eM Ha OAHH $OHOH /HDH 

. ABe KBa3H4aCTH~bl/. 

3. 3AnHCb O.QHOPO.QHO~ CHCTEMbl YPABHEHH~ I 4! 
.llllR nEPEMEHHbiX PA311H4HbiX nO.QnPOCTPAHCTB 

06paTHMCR K peweHH~ OAHOPOAHOi:i CYICTeMbl J1HHei1Hb1X ypaaHeHHi:i 
/4/, Hcnonb3YR HeKoTopble ee oco6eHHOCTH. HasecTHo, 4TO ycno
BHeM cy~eCTBOBaHHR HeTpHBHaflbHOrO peweHHR OAHOPOAHOi:i CYICTeMbl 
RBnReTCR paBeHCTBO Hyn~ ee onpeAeDHTenR, 
cny4ae HMeeT KJ1eT04Hbl~ /6n04Hbli1/ BHA 

f 
-Ugo o 

-1--
-UgG 

- - -
I "'o-~ I -UGT 

-1 - - -~- - --
I -UoT 1°T-~ 
I 

0 

KOTOpbl~ B ,QaHHOM 

~o !6! 

H COOTBeTCTByeT pa36HeHH~ nonHero npocTpaHCTBa ·a-g+~T~a no,Q
npocTpaHCTBa pa3MepHOCTH g ' a J.1 T. PaaMepHOCTb CHCTeMbl /4/ 
AnR ,Qe$opMHposaHHbiX RAep a peanHCTI-14eCKHX pac4eTax 4pe3Bb1-
4aHHo BeJ1HKa /104- 106/, H no3TOMY pa6oTa C COOTBeTCTBy~~HMI-1 
MaTplo1~aMI-1 aHAa /6/ npeACTasnReT 3Ha41-1TenbHble TPYAHOCTlo1. EcnH 
me Y.4eCTb CTPYKTypy /4/, TO MOmHO 06bi4HbiM HCKJ1~4eHHeM Hevt3BecT
Hb/X np1o1aecno1 3Ty CHCTeMy K CHCTeMe J1J.1Hei1Hb!X ypaaHeHHi:i AflR 00 
paaMepHOCTH a /a G-no,QnpocTpaHCTae/: 

U ,U UTG'n_G G' G' 
~ [(ru -~)8 , -~ gO gO - ~ -T ]D ~ ~ [(ru -~)8 , -K ,]D =0, 

0 , G GO g "'g -~ T "'T -~ o' G GO GO /7/ 
HJ1H K CHCTeMe pa3MepHOCTH t=g+T /a t-no,QnpocTpaHCTBe/: 

l\o u,,o t' 
~[(ru -~)8 , - ~ ----]C ~ ~ [(ru -~)8 , 

, t tt , t tt 
t 0 wo -71 t 

-K Jc'' o tt' = • !8! 

rAe BBeAeHbl 0603Ha4eHHR 



lg, T} ~ ltl ; IC g , E T l _ l C t l, 191 

0 tt~ - CII1MB011 KpoHeKepa. 

OnpeAe11111Te11H 3THX c~cTeM 

1101 

!'. ~I!'. , I ~ l(w -~)a , - K , 
t tt t tt tt 

I 11 I 

MO>t<Ho BbtpaaHTb 4epea onpeAem1Te11b /6/: 

0
1'. ~ 0 1'.· Il(w ,-~)~ ,I'.·Il(w0 -~), 1121 

t G 

OTKYAa BHAHO, 4TO paeeHCTBO HY11~ BCeX onpe,QeJ1HTeJ1e~ /12/ Aa

eT OAHO J.1 TO me CeKy11RPHOe ypaBH€HHe /6/. 
nplo1Be,QeM 611.16 H6KOTOpbl6 COOTHOW€HYI.R Me)I(,QY onpe,QeJ1HT611RMll1, 

o6pa30BSHHbiMio1 1-13 3116M6HTOB MSTPHL.tbl Cl-1CT€Mbl /4/ 8 0- Yl t -nOA

npOCTpaHCTBSX /7/-/8/, KOTOpble B P.AA€ CJlyl..laes OKS3biBSIOTCR no-

11€3Hb1Mio1 Ailfl pac4eToe. 

MHOrJ.1e COOTHOWeH111R, nony4eHHbl€ HHM<€, 046Hb KOMnSKTHO aanl-1-

CbiBSIOTCfl llepe3 onpeAe.nJ.H€111-1 OKaiiiMJ16HHbJX MSTPI-14, ABJlfiiOil.IHXCR 

4SCTHbiM CilY4S6M Kil€TO'-lHbiX. TaK, nyCTb Mbl HMeeM KBSAPSTHYIO 

MSTPHLIY 0 A Pa3M6PHOCH1 n: 

( 
•u a 12 0

1n) 1131 
~21 a 22 .2 

A~ ~ (a ij ) . n 
•n: 0n 1 •n2 .. 

TOr,Qa MSTP~U.a BHAa 

(
-:1-: ':,1 ." 2_ ·_·.:. ·~) ( b 1141 

y2 I ~ -
• (alj) Yj 

Yn 
pa3M6pHOCTH 0+1 Has~eaeTCR OKaHMJleHHOH, a COOTB6TCTBY~~H~ 

onpeAell~t~Tenb In+ 1Bj - OKaHMneHHbiM onpeAen~t~TeneM. B 48CTHOCTH, 

anre6paH4ecKoe AOnonHe-HHe n Aij aneMeHTa aii M8TPHU.bl /13/ 

MO~HO 3anHC8Tb K8K OKaHMileHHbiH onpeAeJ1HTeJ1b 
I 

0 
I 

n A ij 
I -Sii"' o 1 -sii .. 

,- - - 1151 
I 

oJ·J·' (a·'·') I 1 J ojj' I nA 
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4. PEI:IEHHE OAHOPOAHOn CHCTEMbl 
B PA3JlH4HbiX nOAnPOCTPAHCTBAX nEPEMEHHbiX 
H CBR3b MEY.\AY HHMH 

PeweHJ.1e OAHOPOAHOH cHcTeMbl ypaaHeHHH o6b14HO 1o1~eTcR OTHo
CHTenbHO K8Koro-nH60 OAHOrO Helo13BeCTHOrO, B ASHHOM cny4ae 3TO 
MOmeT 6b1Tb npOH3BOnbHb1H HeHynesoH K03$¢1-141-1eHT BOI1HOBOH ¢YHK4HH 
/1/ I cg' 0° HJUt E T I .OnpeAeilHM, HcinpHMep, ace nepeMeHHble /4/' 
HOPMHPYR HX Ha C ~ 0603H841o1M 

/16/ 

1-1 BbiAenHM a npocTpaHcTae {t I OAHO npolo13BOilbHoe cocToRHHe t, 
"l o6oaHa4HB ocTaJlbHble 4epea r /T.e. !tl~ !t,rl /. TorAa noJly-
4HM, pewaR /8/ H HCnOJlb3YR /15/, 

0 
I 

-5 
c' ,A, 1 I rt' 

~ - - - -t 
t .A tt /',. attn I (8, t't"') r 

I 

H /nocne HeKOTOPbiX npeo6pa30B8HHH, y4HTbi88R /4// 

T 

1 
/',. 

0 
I - - - -

ut'o 
~G _:- 7J_ 

/17/ 

/18/ 

nyTeM HeCilOmHbiX npeo6pa30B8Hio1H MOmHO nOK838Tb, 4TO ceKyilRPHOe 
ypaaHeHHe, onpeAe!lR~ee C06CTBeHHble 3H84eHHR Clo1CTeMbl /8/, J.1Me
eT BJ.1A 

F ~w-~-:£0 D 0 
t t 

0
tGt 

/19/ 

npoH3BOAH8R OT /19/ HenocpeACTBeHHO onpeAenReT HOpM~POB04H~H 
K03(J>¢)~~~eHT ct BOnHOBOH <fJyHK~~~ 111/5,10/: 

/20/ 

TeM caMbiM /17/-/20/ onpeAeJlR~T a noAnpocTpaHCTae t ace K03~
<fJH~HeHT~ Ill, T.e. co6cTeeHHY~ $yHK~~~ c~cTeM~ 141. Te me ca
Mble een~4~Hb1 e noAnpocTpqHCTBe G l~a 17 I I ~Me~T B"HA: 
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I C' 
~ t 

0 

no= _1_ 
t (,) l\ 

G 

atr 1-
Uro' 

I 
w, -~ 

- - - - - -
UtGn (l\ o'a") 

0 -800' 
- - - -

uta" 1 (l\o'o") 

l\ 
- ~) .2:_ 

( ,) l\ 
0 

- · /21 I 

/22/ 

/23/ 

(,) 
QnpeAemnecr, G~ OTJ1141..4aeTCR OT Q6. /10/ TeM, 4TO y era 

3fleMeHTOB r K oo" 17 I OTCYTCTBYIOT cnaraeM~Me, cooTBeTCTBYJ0\1\vte 

¢wtKCHpoeaHHOMY 1o<1HAeKcy t. MomHo noKaaaTb, 4TO 

I 
/24/ 

I 

UtG~' 1 (6,0'0") 

PewaR OAHOPOAHYIO CVICTeMy /4/ OTHOCHTeJlbHO D 0 H BBOAR Co

OTBeTCTBeHHO 0603Ha4eHVIR: 

IGI ~ IG,JI; nJ ;n° = n~ ; c•;n° = c~ /25/ 

nony4aeM see Heo6XOAHMble ee.m14HHbl e t- 1o1 G-noAnpocTpaHCTBax: 

c' 
0 

nJ =-1-
o (J) l\ 

t 

0 0 La ... 
I tt 

r - -
u,"a~t.,y,l 

I 

=-1-- -

'- ut'J_ 
oJO 

I WJ -71 
-------= 

I 
Uco 

1 
(l\ t't" l 

F=w-~-l 
0 0 

t t l\ 
U C = (w - ~) --

tO 0 0 (J)l\ 
t 

/26/ 
' Ua 't ,_ ----
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5. li>PArMEHTAl.lHR PA3nH4HbiX KOMnOHEHT BOnHOBbiX li>YHKl.lH~ 

8 MHOrO!I>OHOHHOM nPH6nH~EHHH 

/371 

Hcnonb3YA /19/, /20/, /23/, /28/, /29/, HecnomHo nony4"Tb 

C~nOBY~ ¢YHK~~~ AilR KBaApaTa npoH3BOilbHOf0 K03¢¢H~HeHTa eon

HOBm1 ¢YHK~II1J.1 I 1 I' ycpeAHRR /5,10/ c ¢YHK~Hellt nopeH~a 

/38/ 

rAe~ - napaMeTp ycpeAHeH~t~R: 
(r) 

<!> (~) = l: p(~->L )(Cg (~. ))2 ~.!... Im(r Ll(z)) ~ !._!rn(oM•l__ ''39/ 

c i 'I ' " t ll(z) " \r"'g-z)Gll(z)[' 

G 2 1 . ( J ll(z) ) 1 ( (~)tl(z) ) 4 I 
11> (~)= l p(~-~ )(D (~.)) ~ -Im -- ~ -Im ---- I 0 

D i ' ' " oll(z) " ("'a-•\6.C•l' 

T 2 1 ( r ll(z) ) 1 ( (~ tl(z) ) 
<!> (~) = l: p(~-~.l(E (~. )) ~- Im ---- ~ - Im .------ ,/41/ 

E i ' ' " 1 6.(z) " (<UT-z)0 6.(z) 

3AeCb AilR onpeAeneHHOCTIII RBHO yKa3aHO, ~TO K03¢$H~IIIeHTbl Cg , 

oG "' ET eonHoeo~ ¢YHK~Irllrl /1 I Bbi'-114CI1R~TCR AJ'Ifl co6cTBeHHb1X 

3Hal.leHH~ TJi -cHCTeMbl, Ill OTMei.JeHa ¢yHK~140HailbHaR 3aBHCiriMOCTb 

c"noeblx ii>YHK~"" oT 3Hepr"" ~ "n" z~ ~+ i 6./2. ·!l>opMynbl /39/-

1411 no3BOilR~T paCCI.JHTaTb B MHOrO¢OHOHHOM np~rt5nlll~eHIIIH ¢par

MeHTa~~~~~ OAHO-, AByX- Ill TpeX$0HOHHbiX KOMnOHeHT BOilHOBO~ ¢YHK

~H~ /11 11111~ OAHOKBa3H4aCTII1'-1HbiX KOMnoHeHT, a TaK~e KOMnOHeHT 

KBa3~'-laCTIII~a nn~c OAIIIH ¢OHOH, KBa3H4aCTIII~a nn~C ABa ¢0HOHa 

BOilHOBO~ ¢YHK~IIIIII /2/. 
Ha 4~r~cna nepe4~r~cneHHbiX senH4HH AO HaCTOR~ero epeMeHH AilR 

Ae¢opM~t~poeaHHbiX RAep noAP05Ho HCCileAOBaHa n~r~wb ¢parMeHTa~HR 

OAHOKBa31114aCTJ.14HbiX KOMnOHeHT B OAHO$OHOHHOM np~t~6IlH~eHHH/5,6/ 

H MeHee nOAP05HO - ¢parMeHTa~Hfl OAHO¢OHOHHbiX COCTORHIII~ B 4eT

H0-4eTHbiX RApax e ABYx¢oHoHHOM npH5J114~eH~t~w" 181. ¢parMeHTaL.t~t~R 

5onee cnomHbiX KoMnoHeHT 111 ~r~cnoi1b30eaH~e AilR pac4eToB 6onee 
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CJ10}f(HbiX B011H0BblX ¢YHKLJ.III~ /no MHOrO¢OHOHHOCTIII Y'-I!IITbiBaeMbiX KOH

¢~t~rypau.~t~~/, HeCOMHeHHO, ~Bil~eTC~ IIIHTepeCHO~, np~t~HU.IIInltlaJlbHO 

88}f(HO~, XOT~ Ill TeXH!III.IeCKI-1 TPYAHO~ 3aAa~.te~. Ha PIIIC. 1 Ill 2 npeA

CTaBJleHbl HeKOTOpble pe3Y11bTaTbl T8KOrO pOAa IIICC11eAOBaH~t~i:1--:- Ha 

PI-1C. 1 npYIBeAeHbl pe3Y11bTaTbl pac~.teTa ¢parMeHTaUI-H1 OAHOKBa31114aC

TIII4HbiX KoMnoHeHT (CP )2 eonHoBbiX ¢YHKU.~t~~ /2/ e 235 u. An~ OAHOH 

1113 KOMnOHeHT p= 620t /KeaHTQBble 4J.1C11a p AaHbl B 0603Hal.leHI-1.RX 

H~t~nbcCoHa/ c u.enb~ cpaBHeHYI~ pacc~.tHTaHa 111 nPHBeAeHa Ha p~t~cyH

Ke ¢parMeHTaU.J.1~ B OAHO¢OHOHHOM npH611HmeHIIIIII, T.e. C 6onee npoc

TOi:1 BOJlHOBO~ ¢YHKLJ.Hei:1, OT11YII.Ia~~ei:1C.R OT /2/ OTCYTCTBI-1eM KOMno

HeHT KBa314~.tacTHUa nn~c ABa ¢oHoHa /see ET ::0 I. HeCMOTD.R Ha 

MeTOAJ.14eCKI-1i:1 xapaKTep pac~.teTa /e AaHHOM C11Y4ae OAHOI.IaCTI-1'-IHbl~ 

6aa~t~c noTeHU.Hana ByAca-CaKCOHa Ail~ ~Aep o6nacTYI aKTHHIIIAOB1111 

6bm o~.teHb orpaH~t~4eH no 4HCily Y'-111\TbiBaeMbiX ypoeHe~ cpeAHero no

Il.R/, MQ}I(HQ OTMeTYITb, 4TO yl.leT 6011ee CilQ}KHbiX KOH¢HrypaU,Ir!~ npH

BOAiriT K yCIII11eHJ.1~ ¢parMeHTaUJ.1J.1. Ell\e B 66IlbWe~ CTeneHJ.1 3TOT Bbi

BOA cnpaBeAilYIB Ail.R ¢parMeHT8LJ.J.1YI KOMnOHeHT KBa3HI.IaCTJ.1U,a nn~c 

i)>OHOH (DVg )2 /2/, 4TO B~AHO ~3 p~C. 2. 

B HeKoTopblx cny~.ta.Rx MO}f(eT npeACTaBHTb HHTepec cHnoea.R ¢yHK

LI,YI.R CYMMbl KBaApaTOB KOMnoHeHT KBa3HI.IaCTHUa nniOC ¢OHOH BOilHOBOJ71 

¢YHKU,YIJ.1 /2/, KOTOpa.R n038011YIT J.1CCileAOBaTb ¢parMeHTaUHIO BXOAHbiX 

COCTO.RHI-1i:1, o6pa3YIO~YIXC1'1 B He~.teTHbiX Ae¢lOPMYIPOB8HHbiX ~Apax: 

.!._lm..!_ 
" ,ll 

1 
:l:-
gpvg-z 

:E r,.l':& 
g p - z 

vg 

- .!. 

0 

8 " vv 

(lltt. (z)) /42/ 

Pac.2. ~parMeHTa~H cocToHHHH KBa3H~acTH~a nnroc ~oHoH, pac

~CiHTaHHaH B ogaoWoHOHHOM /nyHKTHP H ToqKH/ H ABYXWoHOHHOM 

/cnnomHaH KpHBaH H mTpHX-nYHKTHp/ npH6n~eHHHX. Ha OCH 

a6c~cc yKa3aHb1 nomoca Pa • 

II 



6. <I>PArt1EHTAI.(H~ ,llBYXKBA3H4ACTH4HbiX KOMnOHEHT 
PacCMOTpHM HeMHoro no,Qpo6Hee sonpoc o ¢parMeHTa~HH ABYx

KBa3H4aCTH4H~x KOMnOH€HT BOJlHOBO~ $YHK~HH 4€TH0-4€THOrO RAPS, 
aanHCaHHOJ1 8 0AH0¢lOHOHHOM npH6J1VHK€Hl-1H /4,17/: 

1 I g + + ~--.I. If! .-.lua a .. 2V2 w' w a v-a vu 
- ¢ g•:!: aa • a 1'1' ./43/ vv a va v--o 0 

fg .. u .. 1 r;v' llw" 1/Jg.~-1-yg~~- H ¢g.~-==Y.g ______ /44/ vv . ~ p ( , - (t) vv - '2Y p f .. + (() v g 1111 g v g w g 
onpe,Q€J1R~T BKJlS,Q ,QBYXKBS3VI4SCTH4HO~ KOMnOH€HTbl B HOpMHpOBKy 
/43/ :S [(,[,g ,) -(¢.g .) 2 ]•:!: (dg,)2~1. CHnOBYIO <I>YHK~HIO KBaApaTa aw (vv') :<;;· w. (vv)vv 
nm1Ty,Qbl (dW1,.) 2 MO>KHO 3anJ..1CSTb 8 Blo1A€ 

3,Q€Cb Z=UHiil/2,a OCTSJlbHbl€ o603HS'-l€Hlt1R nOHRTHbll-13/4,171.¢lpar
M€HTSU,HR ABYXI<BS3H4SCT1114HbiX KOMnOHeHT /45/ n03BOJlA€T onpe,Qe
JlHTb CneKTpOCKOnH4€CKltl€ \l)SKTOPbl peaf<U,HH nepe,QS41.1 HyKJlOHa, 
H€HTpOHHble Of!10Bbl€ ctJyHKU,HH H ,Qpyrl-1e XapaKT€Pl-1CH1KY1 AJlR ~€THQ
~eTHbiX HAep. 3TH aonpocbl aacnymHaaJOT cneLt!llallbHOro, 6onee noA
po6Horo paccMoTpeHVJfl, ~To 6yAeT CAellaHo a APyro~ pa6oTe. OcTa
HoaVJMCfl 3A€Cb Ha HHTepeCHO~ a03MOH<HOCTH CpaBH!IITb npVJ6Jlr.-1)f(€HVJ€ 
xaoTVJ~ecKVJX cpaa (RPA) c np1.16m1meHVJeM TaMMa-,llaHKosa /TJJ.I All.R 
fiA€PH~X COCTO.RHI-1~ a WVJPOKOH o6naCTH 3Heprr.-1~ B036YH<A€HVIR. Ha
BeCTHO, ~TO A11fl HY13KOJ1€H<ai.I.\HX COCTOfiHI-1~ ~eTHO-~€THbiX A€¢lOPMVJ
poBaHHbiX fiA€P npVJ6J1VJ>K€HHe T.Q He fiBJ1fi€TCR AOCTaTO~HO TOl!HbiM/7,19( 
4HCJ1€HH~M KPI-1T€Pl-1€M 3TOro MOrYT CllYH<HTb AOBOJlbHO 6o.nbWVJe ee-
I11.141.1Hbl aMnnHTYA ¢ g ~ lcpaeHHM~e c t/Jg ~ I aonHoa~x ¢yHK4VJ~ HH>Ka~WHX Bt.16pa4VJO~~biX COCTORHHH/20~ p~C~HTaHHble a npH6J1HH<e
HHH RPA Ia npH6nvnt<eHr.-1H TIJ. ¢. g ~ """ 0 I. fJ.nR BbiCOKone>t<aiJ.4HX co
CTOfiHHH OTHOWeHVI€ 'tg,./if!g~ =1w,.-w )/(f ,. +(I) ) CTaHOBHTCfl Mano~ eenH~VtHoH, T. ~- ~v~ ... o. Bbtl!~ttc.n~e c~iJoayJ ¢1YHK4HIO (¢ g,. ) 2 vv . vv B 3aBHCHMOCTH OT 3HeprHH B036YH<A€HVJR: 

S,~.(w) ~ :S p(w-w, )(¢~;) 2 ~ 
'f' i I VV 

~rr__~>;~~'!.:!._ lm K~~~!."l~~-~~~~~!_1~.!.~J.~- +Lim 1 
1461 

" (, vv' t-z'f!F(z) " 'vv•+ z 
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MO)f{HO onpeAem1Tb, C KaKO~ TO'-IHOCTbiO pe3yJ1bTaTbl paC'-IeTOB B flpH-

6J1H)f{eHHftX TA 1-1 RPA cosnaAaiOT s npoHssOnbHOM 3HepreTH4eCKOM 

HHTepsane. TaKOe HCCJ1eAOBaHHe HMeeT npaKTH4eCKH~ YIHTepec, no

CKOJ1bKY 4HcneHHble pac4eTbl s npH6J1H)f{eHHYI T.O. rexHH'-IeCKH npow.e. 

7. $PArMEHTAUH~ $H3H4ECKHX BEDH4HH 

cf>parMeHTal\1-iR OTAeJ1bHbiX KOMnOHeHT B0J1HOBO~ ¢YHKL\YIYI /1/ t /2/ 

"n" /43/, AaeaeMa" /39/-/41/" /45/-/46/, npeACTaen"eT 3Ha4•

TeJ1bHbl~ 1-iHTep.ec AI1R noHHMaHYIA crpyKTypbt RAP8 npH npoMe)f{YT04HbiX 

\II BbiCOK\IIX 3Hepri-1AX B036y)f{AeH\IIA, 0AH8KO He!lb3A He npi43H8Tb Me

TOA\114eCKOrO xapaKTepa T8KYIX 14CCJ1eAOB8H\II~. KpynH~M AOCTOYIHCT

BOM MeTOAa CYIJ10Bb1X ¢YHKL\III~, AenaiO~YIM era Ba*HbiM YIHCTPyMeHTOM 

$H3H'-IeCKYIX YICCJ1eAOB8HHH, ABJ1ReTCft B03MO*HOCTb paCCM8Tp1-188Tb 

HenocpeACTBeHHO ¢parMeHT8U,HIO pa3J1Y14Hb1X $H3H4eCKYIX BeJ1H'-IYIH \IIJ1\.1 

xapaKrepHcTHK cno*HbiX RAep, 143BneKaeMbiX \.13 3Kcnep1-1MeHra. 

TaK, a pa6orax15,21/ a OAHO¢oHoHHOM npH6JlH)f{eHHH paccMaTpH

sanacb ¢parMeHT84YIR cneKTpOCKOnH4eCKHX $8KTOPOB 8 He4eTHbiX 

Ae¢opMHPOB8HHbiX RAPaX, KOTOpyiO MO)f{HO nony'-IHTb Yl3 Ce4eHH~ npRMbiX 

peaKU,i-1~ nepeA84YI HYKJ10H8, VI 6biJ1YI Bbi4HCJ1eHbl He~TpOHHble CYIJ10Bble 

¢YHK4HI4 AJlA AAeP peAKoseMenbHOH H rpaHcypaHoso~ o6nacreH. Pe

aynbTaTbl pac4eToa Hennoxo onHCbiB810T 3KCnepHMeHranbHble A8HHble. 

npHBeAeM 6onee 06~ee BbiP8)f{eHHe AilA CHJ10SOi:1 ¢YHKU,YIYI cneKTpOCKO

n144eCKOro ¢aKropa He4eTHoro Ae¢opMHposaHHoro RApa, cnpaseAnH

soe H a ABYX$OHOHHOM npH6J1H)f{eHHH /a o6oaHa4eHHRx 161 /: 

pK pK 
s, (~)" 'S p(~-~. )[ 'S a,

1 
u 

tl i 1 p t p 

'S (a~~ ~.2:_ 
_P_cP_ -_z-

aP.Ku r , 
'S_JL.£__p_,_2_ 

p {p - z 

0 I -~KU 
___ 

1 
__ I_P _ 

aPK u I' 
I - 'S ~-p_po -· 

- L P c~ ---z 

nerKO nOHRTb, YTO AJ1A CYIJlOBbiX ¢YHKL\YI~ npOY13BOJ1bHbiX $H3H4e

CKYIX BeJ1\.14YIH /B TOM '-IYICJle Ce4eHHi:1 p83J1YIYHbiX npOU,eCCOB/ MO)f{HO 

H8n14C8Tb Bblpa)f{eHHft 8H8J10rH4HOrO BHA8. 

8. BDH~HHE AHrAPMOHH4HOCTH HA I!JHPHHbl rHrAHTCKHX PE30HAHCOB 

0TMeTHM, 4TO $QpMa aanHCYI pa3J1H4Hb1X CHJlOBbiX ¢YHKU,HH B BHAe 

OKa~MJleHHbiX onpeAe11HTenei:1 RBJlReTCR AOBOJlbHO o6~ei:1 H YA06HoW 



AnR 4HCneHH~X paC4eTOB, noaBOflRR OAHOBpeMeHHO B HeKOTOP~X cny-48RX ner4e OC03H8Tb HX peaynbT8Tbl. npoH1111~CTPHpyeM 3TO H8 npHMepe pac4eTOB npHBe,QeHHbiX aepORTHOCTelir 311eKTPOM8rHVITHbiX nepeXO,QOB B 4eTH0-4eTHbiX Ae4>opMHPOB8HHbiX RAP8X C y4eTOM aHrapMOHI-14-HOCTH I 15,22/: 

3,qecb K ,= I. 
gg 0 

u u ' 
gO g 0 i L2 ~ B(E>.,O~w ) 

g g coa-z 

z=I'U+i~ 
2 

/48/ 

a.neKTPOMarHHTHOrO nepeXO,Qa, B~4HC11eHHa.A B O,QH04>oHOHHOM npH6nH>KeHHVI. Kaaa.nocb 6bl, Ha-aa CH11bHm1 ¢parMeHT84HH OT,QenbH~x o,qHo$oHOHH~x COCTORHHH/22/c.ne,qyeT O>KHA8Tb yBeJ1H4eHHR WHPHHW rHraHTCKHX pe30HaHCOB nocne y4eTa aHrapMOHH4HOCTH. 0AH8KO Henocpe,qCTBeHHbfe paC4eTbl/ 1B, 22/ npoTHBOpe48T TaKOMY npe,QCTaeneHHIO. B 4eM >Ke npH4HHa He3Ha4HTenbHOHO paa11H4HR Me>K,qy CHnoeoH ¢yHK-4HeH aepORTHOCTH $OTOB036y>K,QeHHR r~ttraHTCKHX pe30HaHCOB B ,qe¢opMHPOBaHHbiX R,Qpax, paCC41-1TaHHOi:1 B ABYX$OHOHHOM npH611H>KeHHH, VI 3TOH Be11H4HHOiir, nony4eHHOiir B OAH0$0HOHHOM npH611H*eHHH7 Ha BH,qa /48/ MO>KHO 3aK11~4J.1Tb, 4TO BJlHRHHe AB-YXc:l>oHOHHbiX KOH<J>I-1rypall,l-1!ir Ha Be111-141-1HY CI-1110BOi:1 ¢yHK4HI-1 6y,qeT Cy~ecTBeHH~M npH H811V14HI-1 Koppe-11R41-11-1 no.a6C011~THbiM Be111-14HH8M Me>K,qyLg 1-1 nOJ1Rplo13a4HOHHbiM onepaTOpOM ·-:Kgg (z). ·T .e. M8TPH4HbiMH aneMeHTaMH TJ80 , onpe,qenR~utHMI-1 B38HMO,qeHCTBHe ,qaHHOrO [f)OHOHa g C ABYX¢oHOHHbiMI-1 COCTOftHHRMH 0. 3To eH,qHo oco6eHHO RCHo, ecnH a /48/ npeHe6pe4b He,qHaroHanb-HbiMJ.1 aneMeHTaMH MaTPH4bl K ,, , ManbiMH no cpaaHeHHIO c K . ·Tor-gg gg . 

b(EA, 
2 1 . Lg 0 4 w)-:. -1m l: ------

" g co8 -z- K
88 

T.e. J.1MeeT BHA CYMMbl <J>yHK4HH nopeH48 C WHPHH8MH 

·u2 
gO ). rg (w) = (6 + 2lml{gg) = 6(1 + :!: 

o (wg-wl2 +(M2l 
/50/ 

OyTeM HecnomHbiX npeo6paaoaaHHH Mo>KHO nony4HTb npH6.nH*eHHY~ 04eHKY Be11H4HHbl r (co)/50/ AJ1ft 3KBH,QHCT8HTHOrO pacnpe,qeneHHR ABYX<I>OHOHHbiX non10~oa Ha 3HepreTH4eCKOM HHTepeane E npH noCTO.AHCTBe M8TPH4HbiX 311eMeHTOB 02 .'1!i.' U 2 
gO g 

2 r (w) "6 + 2"l:TJ /E.· g 0 Og . /51/ 
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2 b{E1,0-W) 

B{E1,o-w~ 
11).1:11 

z:U: 
G g 13 14 15 16 w,M38 

1L------L------~------~------~
~~ 

PHc.3. CHJioBaH 4lYHKJ..UIH b(El, 0 --~ow), pacc'4HTaHHaH B npH

~HHH RPA H AByx~oaoaaoM npHGn~eHHH c y'4eToM 

B3aKMOAeHCTBHH 29 /nyHKTHp/ H 16 /mTpHx-nyHKTHp/ OAHo

~OHOHHWX COCTOHHHH. BepTHKanbHhle OTpe3KH COOTBeTCTByiDT 

BenHtiHHaM B(El,O-+ Ct> ) H I.U~ AJUI COCTOHHHH g 
g g g 

~OHOHHOrO 6a3HCa. illKana no OCH OPAHHaT - B npOH3BOnb

HbiX eAHHH~ax. 

0TC10Aa CJleAyeT, '-ITO BeJl\.14\IIHbl !, U2
0 

MoryT CJ1ym!-1Tb xapaKTeplo1-

G g 

CTVIKO~ WHPHH~ $parMeHTaUHH CHJl~ L~ OAHO$OHOHH~X COCTORHHH 

no ABYX<l>OHOHHbiM. np~t~ HSJ1\o14H\II KOppellR'-'YIVI Me>KAY L 2 1o1 l, U~g CH-
g G 

JlOBaR ¢YHKUHR /48/-/49/ OTJ1\o14aJ1SCb 6bl OT ee 0AH0$0HOHHOrO npH-

6JlH)I{eHHR. 0AHSKO 3TH BeJ1\o14HHbl RBJlR~TCR MaTplo14HbiM\II 3JleMeHTaMH. 

OT He3SBio1C\IIMbiX onepaTopoa, H, CJleAOBSTeJlbHO, 1-!e.flb3R O>KYIAaTb 

YIX KOppe.nR~YIYI. PHc.3 Ha 4aCTHOM npHMepe nOATBeP>KASeT, 4TO HaH-

15 



6onee K011JleKn1BH3HPOBaHHt.tM ¢oHoHaM /c 60ilbWVIMH L= I, ,qa101lti-1M 
OCH08HOH BKJlB,C\ 8 CVIJlOBY~ ¢YHK4VI~, COOT8eTCTBy~T, KaK npa8HJ10, 
Manble 8em·14HHbt I U2

0
, 4To npHBO,qV~T K cna6oH ¢parMeHTa~V~J1 3THX G g 

¢oHOHOB. H 8 peaynbTaTe ,qame 3Ha4HTe!lbHBR ¢parMeHTa~VIfl 60nbworo 
4VICJ1S CJ1S60 KOJ111eKTVIBVI3vtp08aHHbtX $OHOHOB He 8 COCTOflHV!Itl 3BMeT
HO V13MeHVITb 06~y~ KapTvtHy 3HepreTVI4eCKOrO pacnpe,qeJleHVIH rHrSHT
CKOrO peaoHaHca, nony4eHHY~ a o,qHo¢oHOHHOM npvt6nV~meHVIVI. TaKVIM 06pa30M, CTBH08HTCfl nOHHTHbtM BblBOA /lS,22/ 0 C!la60M BJlHRHVIJil 
BHrapMOHVI4HOCTVI Ha WvtpVIHY rHrSHTCKHX pe30HBHC08 B ,qe¢opMitlp0-
8aHHbiX .A,qpax. ¢VI3H4eCKJ.1 3TO H8JlReTC.A CJle,qCTBHeM V13BeCTHOrO 
¢aKTa, 4TO OCH08HOe·pacnpe,qeneHitle CVI!lbl pe30HSHCOB yme npOV130W
J10 Vl3-3a ,qe¢OPMB4VIVI R,qpa VI BHrapMOHVI4HOCTb MO~eT BHeCTH IlVIWb 
Mally~ nonpaBKy. anA C¢JepH4eCKVIX A,qep BHBJ10rH4HOrO BblBO,qa 0 C!la-
60M BilVIAHVIVI aHrapMOHV14HOCTH CAe!lBTb He!lb3A Vt3-3a MB!lOrO 4HCI1a 
O,qHO$OHOHHblX KOH¢vtrypau,IIIH VI CBA3BHHOt1 C 3THM 60J1bWOi1 sepOflTHOCTb~ ¢I1YKTYSU,vti1 BeJ1H4VIH u:G /KOTopa.R, B006~e roBOp.R, He 
VICKJ1104eHa VI AllR ,qe¢opMHPOBBHHbiX .R,qep/. 

9. 3AKni04EHHE 
TaKHM o6paaoM, K<PM noasonReT nposecTH ,QeTaJlbHbte Hccne,qosa

H"fA ¢pan-1eHTB41-11-1 npOH3BO!lbHbiX KOMnOHeHT BO!lHOBOi:1 ¢YHKU,VIH STOM-
HblX .R,qep B W"fPOKOM VIHTepsane 3HeprHVI B036ym,qeHVI.R. 0,qHBKO B 
paMKax npocTeHwHx orpaHVI4eHVIH Mo,qenH /npeHe6pemeH"fe BJ1J1.RHVIeM 
npl1HL.J,VIna nayJlVI, OT6paCbiBSHJ1e BbiCWVIX KOH$"1rypau,VIH/ npVIeMneMa.R 
T04HOCTb 06ecne4"1SaeTC.R JlHWb npVI pac4eTe ¢lparMeHTB~VIVI MBJlO
KBS3V14BCTVI4HblX KOMnOHeHT. K TOMY me B HSCTO.R~ee speMfl HaVI6o
Jlee AOCTOBepHble C8e,qeHio1.R MO~HO nOilY4VITb Vl3 3KCnepHMeHTOB /aHa
J1H3VIpy.R, HanpVIMep, ce4eHH.R peaKu,HH nepe,qa4H o,qHoro J1Ill-1 ,q8yx 
HYKilOHOB/ TOilbKO AJ1.R ¢parMeHTBU,VIVI MSJlOKBB3VI4aCTV14HblX KOMnO
HeHT. 3n1 ¢aKTOPbl onpe,qeJlRIOT ,QB!lbHeHwyto HanpaaJleHHOCTb HSH60-
Jlee aKTyBllbHbiX VICCne,qoBBHVIH 3TOt1 npo5!leMbl. 

CHcTeMan14ecKHe 4VIcneHHble pac4eTbl ¢parMeHTSJ..tHH npoCTbtX 
KOMnoHeHT BOllHOBbiX ¢YHK4VIH "1 $H3VI4eCKVIX xapaKTepHCTJ1K ,Qe¢op
M"fP08SHHbiX .RAeP C WVIPOKHM 0AH04aCTV14HbiM 6a3vtCOM VI CJlO)I{HbiMVI 
BOJlHOBb!MH ¢YHKJ..tHRMVI npe,qCTBB!lRIOT, Ha HaW B3rJl.A.Q, 3HB4HTe!lb
Hbli1 VIHTepec AllR nOH"fMaHHR CBOc:iCTB BbiCOKOB036y~,qeHHbiX COCTO.R
HH~ RAep. 0AHBKO OHH BCTpe4a~T nOKa Ha CBOeM nYTH TPYAHOCTH, 
CS.R3aHHble C He06XO,qHMOCTblO Bbi4J.1Cll.RTb onpeAeJ11.1TeilVI 60JlbWOi:1 pa3-
MepHOCTVI H orpaH~4eHHbiMH B03MO)I{HOCTRMH 38M. nepable pe3ynbTBTbl 
TSKVIX pac4eTOB H SCeS03MO>KHble nyTH npeo,qoneHH.R HeKOTOPbiX J.13 
3THX c.no>KHOcTei1 o6cy>K,qani1Cb a 112•13•17•221 . YKaaaHHble Hccne-
AoBaHH.R ¢parMeHTB41-11-1 6YAYT noneaHbt All.R pac4eTa HeihpoHHbtX cVI
nosblx ¢YHK4HH, npH paCCMOTpeHHH 3JleKTPOMarHVITHblX nepexo,qOB 
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Me~AY CnO~H~M~ COCTORH~RMH, npH aHanH3e pa3nH4H~X KaHanoB pac

naAa r~raHTCKHX pe3oHaHcoe H APYfHX RAepH~x peaK~H~. 

B aaKn~4eHHe 6naroAaP~ A.~.BAoBHHa, B.O.HecTepeHKo H B.r.co

noebesa aa none3Hble o6cy~AeHHR H ~eHHble aaMe4aHHR. 
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