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OBIWI XAPAKTEPHCTID<A PAEOTH 

HacTomitaJI ;IUICCepTaIU:'!Ji IlOCBlll!leHa O.nHOMY B3 Hanp8BJiemtlt l'ICCJI8.IJ;O
Bamta'. H8JIJl!He!moc smJteHd B MQT8pl'I8Jll>BBX Cl'ICTeMax: Teop:vm napSMeTpB
qecitOro B03.IJ;8ICTBl'Ill 8JI8XTJ)OMarmJTHOl'O BSJIY118Hlm 60Jlldllol MOlllHOCTB Ha 
lCPHCT8Jtlmll8CKll8 CBCT8Nli • 

KaK B3B8CTH0 1 DOJm1!8HB8 MOlllHHX,BCTO~B SJI81tTJ)OM8I'HHTHOI'O'B3-
JlY'l8Hl!!ll B JmI)OltOM BHT8PBM8 qacTOT OT 6Jm:lmero YJil,TP$OJI8TOBOI'O 
JtO BJllU!MOro 11! JmqJPaxpacHoro ;IU1anasoHoB, oco6eHHo nOJmJieime JiasepoB 
C nepeCTPaBBaeMOI qacTOTOI, o6yCJlOBJII.lIO sa noCJie,DJIHe .ItB8 .IJ;8CSTBJI8Tl'Ill . 
6ypHoe pa3Bl!!TJl8 lt8lt T80P8TB118C:ta!X, T8lt B 8RCD8pHM8HTaJILRYX BCCJI8.IJ;O
Bamrlt 60Jll,IJ!oro xpyra HeJimielmtx mesd B p83HHX cpexax, ttoropue 
npe.ncTaBJUil)T 00601 npo,mnemie O'fltJlllIXa MaTepHam,ma: czc,e11 Ha BOs
.nelcTBBe aJiettTpoManmTBHX BOJIHOBHX nOJiel 6o.m,mol "JmTeHcBBHocTB. B ' 
STU HeJIBHelma:. B TOM "ll!CJI8 IIapaM8TpH'leCKHX, JIBJI8Hl!SDC H8XO,!ViT o-rpa
Z8HB8 HOBHe CBOICTBa, lIPlllcyDIBe HepaBHoBecmac · cocTommm, pacCMaTPJ!Bae
MHX CHCTeM. B ~ XJ)BCT8JlJIB1lecIOIX TBep,ma Te.n aTo - cBOitcTBa,o6yc
JioBJiemme ,Cl'lMM8TPB8:I 30HHOI CfPYlt'fYPH HOCllTeJieil B ciioHOHOB, B3amto
.nelCTBZ8M Mez.itY BOCBTeJ[fOOJ z woroqxCJiemoom ROJL1IeRTJ1Bmo.m BOs6yz
.ltemtmm - ltB83~cnxnum B•ciicTe11e. 

Cita3mmoe .ll;OCTQTOlWO y6e;IUIT8Jll,HO 060CHOmraae'l' 8ltff8.ll,BOC'l'D 
DOCTSBJI8BHOI npo6.teMii, ltOTOpM, RJ)OM8 CaMOCTOJITeJlLBOI'O TeopeTJlfCl8CltO
ro BHTepeca C 'l'Oq}tl'I speHJIU! pasBBTU M8TO.ll;OB BCCJI8,lt0Bamtl! H8Jlllll!elma: 
,mneHd, 38RJill1laeTCH 81118 B BOSMOlmOC'l'B npm,eHeHU napaMeTPneclOIX, 

nponeccoB B attcnepl'DleH'l'aJII,HOM ns~emm MHOM @18JlfCl8ClO!X CBC>ICTB 
Iq)BCTMJlOB. B B8P8BHOB8Cma: COCTOmntlDC, a TaDe B.nepcneX'fJIB8 npuo
zeHd B TB8P.ItOT8Jil,BOI 8Jl81tTJ)OHJm8. B'llOJil,Sy IIOCJl8,ltH~I'O yrBe~emm 
oco6eBHo.roBOpBT noporo:aHI xapaRTep J1SyqaeMOro JIBJiemm. 

ll8JII, paqom - nocTpoZTD noCJie,noBaTeJlLHYJl Teopllll) napm,eTPnecm 
B3amt0lt8ICTBd, pacnpoCTPSB8HJIJ! II B036JZ,nelf1Ut BOJIH Pa3HHX TJIIIOB B · 
XJ)BCT8JJJl:K'lecm CBCT8M8X, Blrf'.O,ltml!JtXCJ! no.It B08.ll;81CTBJ:8)f cmmtt nOJiel 
8Jl8ltTJ)OMlll'HJl'l'HOro B3.llyq8BJUI, OCHOBaHHytl, r.l18.BBHM 06pa3011, saXBSHTo
BOM no]tXO.ne·c Bc~soB8HlleM lt:B8B'l'OBIIX DB8;'JAec~ypaBHeHBI • 
DOSBOJUIDlzyl) OXB8TB5 IDpo:Kd Iq>yr BOnp0COB, Cl!Jl38HBHX xatt C BH8lDHB-

, • ' , ' i• ~ 

Ml[ YCJtO:BJIIDIB, B !tOTOJ)BX B8XO,ltlffCB paCCMaTPJm8.8MaSl CBCT8Ma, Tait J: 

C BDlmB8M,BHYTP8mntX (!sKTopoB, odyCJtOB.18HmlX ooo6eBHOCTJDOI pemero-q
BO:I J: 9Jl81tTJ)OBHOI somtol 8Bepremecxol OTP,Y:!ti'yp. 

lianHU HOH3Ba paCIOTH 0Dpe,1{8D8'1'Wt IIPU,1t8 BC8I'O '1'8., 'l'l'O B 
,JOICCepT~ :enepse, Ba O~HOB8 8,ItlIBOI'O KBaJITOBOI'O IIO.ltXO,l{a JtaHO ODJICa-
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HHe O6C1eit xapum,1 pacJipOcTJ)aHemm, Jntcnepcim, napaueTJ):ll'lecmro 
B3amtO,IteitCTlllim J[ B036yz,D;emm CO6CTB8HHHX BOJ.IB pasma: TmIOB R8.K B 
:iu:eam.ma: 6eCROH81iHHX O.ItHOP0ltHHX H3O'1'poIIHHX 8Jl0RTJ>OH-<IIC>HOHHHX Cl'!CT0-
"ax, T8K II npll Y1{8T8 J)JJJUl ScMJeRTOB, npJicytlt!IX peam.mtM Iq)HCTSJLlnI'IO
ClODI CJ'!CT0MB.M: aipfleRTOB 8lD!l3O'1'poIIllll Iq)llC'i'aJJ'Jilfq0CXO:lt peme'l'IO!, sipflex
'l.'OB Henapa6o.mr,mocn SaROHa .znrcnepc:im: BHeprim HOCKTMel, ROH8'lltOCTJ'! 
mxpmra sow JipOBo.ztm10cTB, pesoHaBCHHX uaxsommx nepexo.noB c nepecT- . 
pobol :mepraTnec1t0ro CII8KTJ)a HOCHT8JI8!, II T.,It. 

IIpoB0.It8HHO8 B ,tnlCC8PTartD paCCMOTJ)0Hl!8 B paMKaX nJJJ)O,JtmIEIMJ[

qecxoro no.zoco.Ita Henapacso.,mqecxoro nceB.ItOPeJUl:Tli!BllCTCitOro uexammw 
napaue'l'p:IA8CKOI'O B3aDO,It8ICTlllilX J'!·B036YJr,Jtemm IIOB8PJ[HOO'.l'HHX B O6$8:U
ma BOJIH B IIOJIYOrpaH]A8HHHX CllCTCMSX.npe,ItC'f8.B.JlJ!:0'f 00601 nepBOe KC
ttepmmamtee 11cOJie.ztoBSHlle BOnpoca, Bltlm"Ul.Dllee·no.nyq:eHHHo paaee pesyn
TaTs xax ttaeTHHe 0.Q'1Ulll. 

IIpeltJIOJt0HHOI HOBO! CX0MOI pacc»o'l'peHWI BH8C0H T8IOl8.BU8Jt B 
Rllli0TK'l0CKYJ).T8OPBll pacnpoC!paHemm l'! napSM8TJ)Htt8CKOI'O DOS6JlfJ{emm 
8.KYCTJ'!118CKHX ll- CB.II38HBHX BKCHTOH~HOHHHX BOJlH B IIli83OIq)lICT8.U8X 
npH HSJm11D 8Jl8R'1'poHHSX IIOTOKOB. 

B KBSHTOBOM IIO.UO.zte BIAHCJI0HH XOppeJL!IIOJowme ~Ymtl.tlH ROJ'.A8K
Tlll3HliX ~Tyanrd B IIO.!Uij)llTOHHO! O6.naCTH CII8K'l'p8 ltlIJI 8Jl8RTpoH-<IIC>
lIOHHOI Cl!ICT8MH, B38JDf9.It8ICTl!yD!{81 C CJIJll,lfHM II018M J!SJ[J118HU, IIpH. no
MOl!lll . · KO'l'O:pHX BII8PBH8 Il0Jlytt8HH ~IUYJIH ltlIJi ce11emd H8)'npJI'Oro pac
cemnm H9itTJ)OHOB Ha JIJiaSMOH~Hommx H IIO.!Uij)J!'l'OBHHX MO.It&X CHCT811H, 
O6HapyuBaD1tKe·BH0Ma1I,Hoe BOspacTmme no uepe npx6Jnlxemm R o6Jmc
TJI napBl!le,p:,rqecKOit HeycroltnmocTH yxasa"lffli1X HO.It • 

. Ha OCHOB8 M0TO.Ita H.H.EoI'OJIJl6o:aa B H.H.BoI'OJ.IJ)6o:sa (wi:. ) l!CltlllD
tteHM · 6osomrax oneparopoB BnepBHe JICOJie.ztoBSHa npo6.nexa noCJie.1toBa
'l'8Jll,Horo yqeTa 9.l[8RTpoH~HOHHOro B3am.f0.It8IC'1'BBSI B CHCTeMaX, 53g.;. 
LiO,It8ICTByJlill!Jt C CWI!,Hml nOJrell H3Jl1'18HKII ,, B · CMSH C npodJ!eYOit :BHXO,Ita 
sa. P8Mltll npz6JDDtemm ~ if)as • 

. Ha:,,mSJI H · npaKTH'18ClWI. IteBHOCn pacsoTH .. 3aRJill'IU18TCJI B CJ[8,?J;JDl!8JI: 
I. IIpoB8,It8HH08 B .znrccepTan;m! HCOJI8,ltOB8Bl!'.8 napart8'l'pZ'l9Citltt npo

n;eccoB B 8Jl8R'l'pOH~HOBimX CHCTelfax O6.na,ItaeT Ha:y,mol ~8HHOCTI,l) K8lt 

Blt1IB,It B nOC'l'po8BH8 C8110CTO.f1T8JILHOro pas,nana · TeOPD H9JIHH81ma RB-

JI8Bd B uairepHMl,HllX cpe.Iiax, Il03BOJlmll8l'O BWIDHT:r. psl,lt HOBUX oco6eH
HOCTel KOJIJI8KTHBHOI'O IIOB8lt8Hll!I Onp8lt8JI8HHOI'O Macca CHCYEIJI no.it na
J)a!f9,PJR8CDM B03lt8ICTBll81f 9JI8K'1'poMarmmiOI'O 1!3,1Jl18Blm 6o.nmol :tm

'i'8HCHBHOCT:I. 

2. PHJt IIOJ1Y'18HHHX B pacsoTe ypa:eHeBd o6Jm.ItaeTdonmol 06~ocn11 
H MOJ!t8T 6HT:E. XCnOJU,3OBaH: npll lilCCJl8ltOB8mDI MHOI'JIX 9JI8K'l'po.ltl!H8MJA9-
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cm OBOICTB 0JI8K'1'poH~HOHHHX CHCTeM, B38.HMO,IteflcTByIUUHX C CWII,!JHM 
8JleKTpoM8I'Hl!ITHHM HSJIY'i8Hl!8M. 8TO B oco6eHHOCTH OTHOCHTCJi K o6o6meH
HHM rumeHttectmM ypaBHeHMM ltlIJI KBaa:ll'laCTHn, nOJiytteHHHM B ~yxsomtoit 
MO,IteJIH npH O,ItHOBP8M8HHOM B03lt8itCTBml ~yx. noJieit H Hamr<mH pesoHaHC
HHX M8lt3OHJruX nepeXOltOB C nepec,polxoit 3HepreTH'l8CROit CTJlYKTYPH HO
CHTeJieit, H o6o6memnm KHH8TH'l8Cltm1 ypamtemmM ltlIJI CHCT8M npH noCJie
,ItOBaTeJILHOM y,l:8T8 8JI8RTpoH~HOHHOI'O B38.HMO,JteitCTBllJI. 

3. PesynTaTH HCCJI8,ItOB8HRli pacJipOC'l'paH8HmI, .znrcnepcmi, B38.HMO
,It0itCTBWI H B036ylr,Itemm BOJIH CBR,It8TeJILCTBYDT O SHaqHTeJILHOit ttyBCTBH
T8Jll,HOCTH 8JI8KTpoHHOit H pemeTO'IHOit CTJlYKTYP Iq)HCTaJIJIOB K napSM8TJ)H'l8-
CROMY BOS,IteitCTBlm 9JI8K'1'poM8I'Hl!ITHOI'O HSJIY'i8HmI 6onmoit MOlIIHOCTH H, 
CJI0ltOBaTeJII,HO, CTm.fYJllJPYDT npHM8H0Hll8 napaM8'l'pH'l8CltIDC nponeccoB B 
8KCII8PRM0HT8Jll,HOM HCCJI8,ItOBamm pli.!(a ~H'l8CKKX: CBOitCTB peBJIT,HHX CHC
T8M B H8paBHOB8CHllX YOJIOBRRX. B CB!raH C 8TRM B8ll!HO8 3Hattemre KM88T 
BII8PBH8 Clt8JIB.HHHI B .mi:ccepTan;HR BHBO.lt O BO3M0'1tHOCTH HCIIOJII,3OB8HHSJ 
JtBJI8Hml napaM8!pH'l8CROI'O pesoHaa:ca B Ra'l8CTB8 8®,eKTHBHOI'O.M8TO,Ita 
pememm npo6JI8Mli MaJIOI XO:lm8H'l'pan;HR B HeitTpoHHOit CII8KTJ)OCKOIIHH H8-
paBHOB8CHllX KB83:ll'laCT~ B KpHCT8JIJiax. 

4. TeopeTHttecKlle pesynTaTl:l • ttllCJiemme one:mm ltlIJI mmpeMeH
TOB ycHJiemm BOJIH B pli.!(8 BemeCTB noKB3HB8DT noporomdt xapaxTep .a:B

JieHHSt, a T8Kll8 ltOCTmmMOCTl> BeJIHTmH noporoBllX nOJrel npH noMOIIIH COB
. peMe~ JI838poB, q:To IIO9BOJIJl8T I'OBOpllTF, 0 nepcneKTBB8 npHJIOJteHd 

HCCJI8,Ity8MOI'O nap8M8TJ)H'l8CKOI'O JtBJiemm B 'l'Bep,ltOTeJII,HOI 0JI8K'1'poHHR8. 

Allpo@!]JW ;pa.60TH. 0CHOBHH8 pesynTaTH ltRCC8pTan;HR .ItOJIOll0HH 
1 H o6c~eHH: 

- Ha Me:ar,ttyHapo,ItHol IIIROJI8 no HOBebRM ,ltOCTHllt8Hllll:M CT8THCTJ!Ti8CKOit 
Mexamnm (EpamoB, PyMmnm, I979 r.); 

- Ha IY M8J1!.ItYHapo,ItHol KOH~pemnm: no 11OBepn1ocn · 'l'BBP.ItWC TeJI 
x m EBponelcxoa KOH<liepemnm no gmsmte noBepXHocTH (Kamm, ~rumim:. 

I980 ·r.); 
- Hall Me:ar,ttyHapo,ItHOM CllMI1O3llyM0 no HS6pammM npo6JI8M8M CTSTllC

Tlltt8CROI M8Xamnat (lty6Ha, CCCP, I98I r.); 
- Ha CeMlm:apax Jia6opaTOpl1!l!I TeopeTH'18CKOit ~mm liHCTKTyTa ~H

KH npH H~oHBJIT,HOM neHTpe no Hay,mHM ncCJie.ItoBmmm.f CPB (XBHoit,CPB, 
I975-I978 r.r.); 

- Ha ceMJmape Oir.ite.na ireopmr JJ,Iij)a H .fl.Itep:imx peaimm! HHCTH'fYTa 

TeopeTH'l0CKOit ~mm AH YCCP (KHeB, I978 r.); 
- Ha ceMlntapax OT.itMa ireopmr wtaaMemmx JtBJieHd ~HSJNecxoro 

mIC~a AH CCCP EM. II.H.Jie6e.IteBa (MoCitBa, I977-I978 IT.); 
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- Ha ceMlll!ape UeHTpa TeopeTINecROtt ipH3mm npn Bucmett Texmr<Ie
cROtt l!lltOJie B IIapmKe {1980 r.); 

- Ha CeMmiapax no TSOPHH ROH,D;SHC:IIpOBaHHOro COCTO.lllmll ]a6opaTo
PHH TeopeTHtISCRO:ll <pH3HRH 06~e.romeHHOI'O HHCTHTYTa smepHl:lX HCCJie.IJ;OBa
Irnii (lly6Ha, I979-I98I r.r.). 

OCHoBHHe pesy.m,TaTH ,IU{CCepT~H ony6JnmoBaHH B I7 pa6oTax 
(CM. CilHCOR B RO~e HaCTOJllll0I'O 8.BTOpe~paTa). 

.IU!ccepTagmI COCTOHT H3 BBe.IJ;eHWI (BRJIIO'tffi!Ill8I'O CBO~ OCHOBHl:lX 
BlmO.IJ;OB) ll'. CeMH rJia.B, CO.IJ;ep,im:T 270 CTPamm; MBmmIOilll'.CHOI'O T8RCTa, 
BRJIIO"IM 5 pll'.CymtOB H cnHCOK n,IT:IJPY8MOff JmTepaTYJ)H Ha 283 HlmM8HOBa
Irnii. 

COJl,EPlll'.Affil P ABO'IH 

BBe80Hll'.8 nOCBJllll8HO KpaTROMY HCTOP:lf<i8CROMY o6sopy HCCJie.IJ;OBaHHil 
no TeOpHH H8JIIlH8fflmx SIBJI8Hll'.ff B Cpe.IJ;ax, no~eprnyTHX B03.IJ;0flCTBm:l 
3JI8KTPQMarHll'.THOrO HaJiyqeHWI. B '!JaCTHOCTH, .IJ;8l!a 06111M RapTll'.Ha C:a<rnH 
ipH3K'I8CKll'.X ,IU{CIUIIIJIHH, TeCHO CM3ammx: C npo6JieMoff napaM8TPH'IJ8CROI'O 
B03.IJ;effCTBRII aJieKTPOMarHHTHOI'O ll'.3.7!Y'IJ8Hl'UI 6om,mott MOIIIHOCTH Ha KpHCT8JIJlli, 
a HMeHHo: H8JIHH8ttlioff onTHKH, ipHsHKH I!Jia3Mll H ~R3mm_TB8p.IJ;oro TeJia. 
IlpH:Be.IJ;eHH MOTHBll HCCJI8.ll;OBmmii H o6111Fl,fl nocTaHOBRa npo6JieMH, o60CHOBa
Ha CTPYRTYPa ~ccepTaD;lm H np:ime.IJ;eHH OCHOBHHe,06061118.llJIIHe pesy.m,Ta-
Tll ~CC8pTatl;lm, cqiopqJIHpOBaHll nOJIOJKeHWI, KOTOplle BllHOClITClI Ha 3antliTY• 

B rJiaBe r/I,S/ Ha OCHOBe raMruI&TOHll'.aHa B npe.IJ;CTaBJiemm BTOpll'I
HOI'O RBaHTOBrumJI, SIBHO 3aBHCJllll0I'O OT BpeMeHH, B npH6Jimttemm CJiyqaff
Hl:lX /pa3 (IIC~) BllB8.IJ;8Ha CHCTeMa OCHOBHl:lX ypaBHeHll'.ff KBaHTOBOI'O (JopMa
JmSMa .u.,m OilHCrumll .IU{HaMH'IJ8CKll'.X CBOilCTB 3JI8RTPOH-(JoHOHHHX CHCT8M, 
Haxo.u.mnmccH no.IJ; B03.IJ;elCTBH8M 3JI8RTPOMarmITHOI'O H3Jly'IJ8Hl'III 60Jll,IIIO! 
MOIIIHOCTH. Ha OCHOBe 3Tll'.X ypaBHeHll'.ff IlOJIY'I8HO JIHHeapHaOBaHHOe Rm!8Tll'.
'IJ8CR08 YP8.BH8HH8 .u.,m onpe.IJ;eJI8HWI B03MY1118HWI pai;Hli pacnpe.IJ;eJiemm 
8JI8KTPOHOB npoBO~OCTH ltpH B3EmMO.IJ;effCTBHH noCJie.Iml'IX C onTH1Jecxm.m: 
(p'.)HOHaMH, KOTopoe BM0CT8 C nOJIHo:lt Cll'.CTeMoff ypaBHeHd MBXCBeJIJia 
COCTaBJIR:8'1' CaMOCOrJiaCOBaHHyD CHCTeMY, noaBOJ1.IIJlizylO lICCJie.IJ;oBaTI, npo
~eCCll pacnpOCTPaH0HIDI, .IU{Cnepc:im ll'. napaM8TPH'IJ8CROro B036YJ[,I(e:mm 
BOJIH paa.mrntol Tiplipo,llJ:l B !tpHCTaJJJiax, o6Jia,nammx Pa.3.11l't'!JHll CBOffCT
BBMH 8JI8RTPQHHOff 30HHOI C~PYR'l'YPll H pemeTO'IJHOff C:ID.W8TPHH (§I). 

lf.Jm :imeam.HHX 6eCROH8'1JHHX o~opo~ HaOTPOIIHHX 8JI8KTPQH-q0-
HOHHHX CHC'1'8M B ltpOCTeflmeM c.,rytme lll'HOpHpoBamm (JoHOHHOff no.IJ;CHC
T8Mll (§2) noJiyqeHH ~cnepczomme ypaBHemm .u.,m co6crnemmx BOJIH 
B ltpll'.CY'!'CTBIDI BH8lllH8I'O nOJIH 8JI8RTPQMaI'HKTHOI'O ll8J!yq8HIDI B ,ItByX npe
.IJ;8Jil,HIDC-reoMeTpruIX, KOr.IJ;a BH8l!IH88 noJie nOJmpHSOBaHO napaJJJieJII,HO 
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HanpaBJieHmo k pacnpoCTPBHeHrur BHYTPeHHett BOJIHH ll 1t0r.IJ;a OHO nOJIJl
pnaoBaHO nepneH.IJ;mtyJIJipHO 8TOMY Hanpa.BJieHmo. Ha OCHOBe 8THX ypaBHe
Hll'.ff npoBe.IJ;eH BHaJIHa noBe.IJ;emm npo.IJ;OJil,Hl:lX I?JiaSMeHHl:lX H nonepe'IJHHX · 
8JI8KTPQMarHll'.THHX BOJIH B aJieK'l'p0HHOi1 CHCTeMe. J];JIJI reoM8TPHH k 1 E0 

( E o - B8KTOP _aMMHTY".ll;ll aJieKTp:lf<ieCKoro noJIH BHelIIHe:ll BOJIHH) BWOJIHeH 
no.IJ;po6Hllff aH8JllIB .IU{CnepcllOHHoro yp8.BH8HRII B ~yxMO.IJ;OBOM npll6Jmllt8HHH, 
Ha:ll.IJ;eHH aHaJIHTH'IJ0CKH8 BI:lp8llt8HRII .u.,m mIKpeMeHTOB pacna,n;uo:ll napaMeT
pli'IJ8CROtt HeycTotttnmOCTH ,lT,llll KJiaCCK'I8C~:ll .n,mmHOBOJIHOBOtt H KBaHTOBWC 
o6JiacTett sua1JeHd BOJIHoBoro BeKTopa k -. IIOJiyqeHa (fopMyJia .wm nopo
roBoro noJIH HaRa'IJKH npli B036Y!!,I(eHHH napll Ha ,IT,)Ill'.HHOBOJIHOBOtt IlJia3M8H
HOi1 H 3JI8RTPOM8I'Hll'.TH01!: MO.IJ; H BWOJIH8HH 'IJHCJieHHHe o:ueHKH BeJilf<mHH . 
8TOl'O noJIH B y~OBHJIX peaJII>HOro I!Jia3M8HHOro 8KCnepHMeHTa. H3B8CTHH8 
pesy.m,TaTll aHaJill'.3a napaMeTpli'IJ8CKOrO B036yJR.IJ;emm BOJIH B 8JI0KTPOHHOtt 

IYJia3M0 BHOBI> noJiyqeHH KaK tJaCTHH8 CJiyqaH. 
IlpH yqeTe 8JI0KTpoH-q,oHOHHOI'O B3a.HMO.IJ;8ttCTBRII B paMKax ITC~ (§3), 

'IJTO COOTB8TCTBY8T BBe;n;emm qiylra:uim ~8JI0KTPKII0CKO! npoHH:uaeMOCTlI 
pemeTKH ( B ,IT,1IlIHHOBOJIHOBOi1 mr~axpacHoft o6JiaCTH cneKTPa) B B:ime 

f(w) = e. + (t.o-eoo)w: w:- wz. 

( Wt - tJacToTa nonepe'IJHHX onTK'I0CKHX (JoHOHOB 683 ,IJ;HcnepcHH; 

(I) 

&oo H E.o - BllCOROtJaCTOTHSJI H CTaTK'I8CKM .IJ;H3JI0KTPH"tJ8CKH8 nOCTOHH-

Hll8 pemeTKH COOTB8TCTB8HHO), nOJiy-qeHa 6eCROH8'1JHM CHCTeMa 38Il;8l1JIRJ)
lllll'.XCH ypaBHeHRi!: ,lT,llll onpe.IJ;eJI8HRII 8MIIJIHT3:lt rapMOHHR noTeHrcHMOB CaMo-, 
corJiaCOBaHHOro aJI8KTPQMarHHTHOI'O nOJIH, KOTOPM npH OTCYTCTBHli IIOJIH 
HaRatJKH npHBO~T K KapTHH8 npo.IJ;OJil,Hl:lX I!Jial3MOH-(p'.)HOHHl:lX H nonepe'IJ-
HHX nOJmPH~OHHl:lX B8TB8ft BOJIH B 8JI8KTp0H-(p'.)HOHHOft CHCT8M8 C YtJ8TOM 
aifqeKTa sanas.inmamm B eyJioHOBCROM BSa.HMo.IJ;eftCTBD.'.IlpoBe.IJ;eH 8liamI3 
nap8M8TPH"!J0CROl'O B3aHMO.IJ;8ICTBM BOJIH B ~yxMO.IJ;OBOM npH6JID8HHH .u.,m 
CJiyqaeB k II E 

O 
H k J. E o ( §4) • IIOJiyqeHH ~cnepcnoHHHe ypaBHeHrur ._ 

.u.,m B38.HMO.IJ;e:llcTByJJ!tHX ltpO.IJ;OJil,Hl:lX H nonepe'IJHHX MO.IJ; H COOTB8TCTBYDJtH8 
B!!Pmt].Hml · .u.,m ll'.HKp8M.2.HTO~ nap8M8TPH"!J8CROff H8YCTOi!tJHBOCTH B CJIY'!Ja8 
k II E

0 
-:- B_ CJiyqae K .L E. noKasaHO, tJTO B03.IJ;ettcTBm> BHenmero 

nOJIJI no~epraDTCH TOJII>RO B3a.HMO.IJ;eftCTBymt,l8 ]JJJYr C ~J;;.9M npo.IJ;OJII>Hlle 
H nonepetJHHe BOJIHH, nOJmpHSOBaHHHe B IIJIOCROCTH ( k, Eo) ; · nQJIY
'IJ8HH ~cnepczoimoe ypaBHeHHe K mmpeMeHT napBMeTPHtJec1t0ro B0361]t.ne
HWI .u.,m BTBX BOJIH B ,nmnmoBOJIHOBott o6JiacTH cneKTPa. 

Bm!OJIHemwe 'tJHCJieHHHe onemm B8Jlll'IJHHll noporoBOro IIOJIH .u.,m paa
ma CJIY1Ja8B,B036Y!!,1(8HRII BOJIH B TJ!Im'mOM o<1paan;e Iq)l'lCTMJia aHTHMOHlI-
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.na :im.mm ( InSI, ) IlOK83llllax>T, 'IT9 mme!oJiee B08C!y,ItEMl:lMR ll, CJie,noBa
TSJII,HO, peaJII,HHMH ]J,1IJl 3RCnepHM8HT8JII,HOI'O Hae!JIIO,nemm JmJilD'.lTCSI npo
,ItOJII,HHe Wia8MOH-qX>HOHHHe BOJIHH B reoMeTP:im: k II Eo (aHa'ieHHe noporo
Boro IlOJIJI B 3TOM CJiyqae E oth :::: 7x ro3 B. CM-I). 

IlpoaI!MH8llJ)OB8HO YCJIOBlle npHMeHemm ;ItlIIIOJII,HOI'O nplle!Jmlltemm npll 
paCCMOTP8Him B08.1tettCTBIDI IlOJiett 3JI8RTpOMa.I'HllTHOI'O ll8JIY'i8HIDI Ha 3JI8RT-

.pomme ll 3JI8RTpoH-qx,Homme CllCTeMH. IlOK838HO, no B CJiyqae B036y;it
.nemm napH ll3 npO,ItOJII,HOff H nonepe'IIHOff BOJIH (pacnpocTp8.H.RJlllHlCCJI 1 RaR 
Ilp8BR7IO' B IlpOTHBOilOJIOJKHHX HanpaBJiemmx) ' C!Jiaro,napg 8.HOMaJII,HOff ,ItHC
nepc:im:, BH8C8HHOI ~HOHHOtt no.ztCHCTeMOtl, Bcer.na cymeCTBYJ)T MO,Itll C 
BOJIHOBllM BeRTOpoM, y,I(OBJI8TBOpml!IHM YCJIOBJID ,ItllnOJII,HOI'O npHC!Jil'lllteHlm 
Ilpll (pllRCllJ)OBaHHOI .n,nme BOJIHH Hruta'iKll. 

- TJia.Ba Il IlOCBm!leHa paCCMOTP8Hlm Ha OCHOBe Blllle,nemmx ypaBHemrlt 
pJI.Ita npHMepoB npoJIBJiemm B nponeccax pacnpoCTPaHemm, BSMMo.neffcT
BIDI lI nap8M8TPH'l:8CROI'O B08C!y'1t,I1;8Hlm BOJIH CBOffCTB pemeTO'IHOI cper:im: 
H sJieRTpomtoff soHHol CTpyRTYPH, np:ircymmc pe8JILHHM RpHCTaJIJiaM' 2- 5 • 

HcCJie,ItOBaHO BJIIDIHRe 8HH30Tponllll RpHCT8JIJIR'I8CKOff pemeTKl'f Ha 
pacnpoCTPBHeHRe ll napaM8TPH'l:8CK08 B036y,imeHHe BOJIH B O.ItHOOCHHiC KpRC
TaJIJiax, ]J,1IJl ROTOPllX T8H30p .ztH3JI8RTPR'I8CROtt npommaeMOCTR RpHCT8JL7llI
'I8CROI pemeTRR M0:1lt8T C!HTl> BHp8lK8H B Bl'l,D;e 

( 

fJ.(W) 0 ) 
ftj<IA>}: . t1CIA>) . , (2.a) 

0 fu(W) 

C~u(W) = loo.1.u + CE0.1,re .. .1,11)WT1,11 
• 2 a W•u,11- W 

(2.6) 

( mmexcs 1 , 11 noRa8ImB.!lT HanpaBJieHrui:, nepneH.IO'l'.RYJIJIPHHe H napaJI
JieJII,HHe ocn c11MMeTP:im: c , cooTBeTCTBemi:o, a mmexcu T , L no
Rasimam noJIJipHSanm> nonepe'IHHX n npo,nOJII,HllX BOJIH). Paca.i:oTpelW 
CJiy'iaH na.nemm aJieRTpoMarmi:THoff BOJIHH Hruta'lltn napMJieJII,HO R nepneH
.inmyJIJipHo ocz cHMMeTPRH Iq>RCTMJia c (§§ 5,6). B RM.ItOM CJiy'Iae ;rr,im 

HanpaBJieHRtl pacnpocTPanemm k II c :w k 1 c noJiyqeHH cncTeMH ypaB
aeHHtl ;rr,im onpe,neJiemm 8MllJiltTy,I( ra})MOHHR noTeimRMOB caMocorJiacoBaH
Horo nOJIJI, Ha OCHOB8 1tOTOpllX nOJiyqeHH ,ItHcnepCHOHHHe ypa.BHemm, RC
CJI8,ItOB8HH BOSMODHEi CJIY'illll B3al'[M(),It8ftCTBM lt ycl'J'Jiemm BOJIH R onpe.ne
JI8HH. COOTB8TCTByD!ll'I8 mmpeMeHTH. IlOR838HO, 'IT()_ C!Jiaro.naim cyil!8CTBO
BB.Hlm aHOMMJ,HHX MO.It KOJiee!BHd nponeccH napaMeTpJAeCKOI'O BOSC!yime
mm B0JIH B 8.Hl!SOTpoIIHHX Rpll'.CT8JIJI8X xapB.RT8Pi!3JJ)TCSI (!C>.lil,llllllM MHOrooe!
Pa8H8M THUOB B3aHMo,nettCTBj']OOUDC BOJIH no CpaBHeHmo C H30TponHHMH 
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CllCTeM&m 11, c.ne.noBaT8Jll,HO, (!OJil,lllllM KOJmqecTBOM 1110.n, KOTOpHe MOrYT 

C!HTl> ycwreHH C pa8HHMll llHK})8M8HT8MH B ,ltaHHOII! Hanpa.BJI8HIDI pacnpocT

pa.Hemm. 
Bmio.m8HH 'l:llc.newme onemm noporoooro nOJm ;rr,im Boae!yx.nemm npo-

,1t0JII,HHX n.na3lrlOH-qJOHOHHHX MO.It B reo111eTPmt k II Eo , pacnpoCTPaHJD'.l!IHX
ca B HanpaJ3JleHRBX k 1 c 11 k II c B oe!pasJ.le 1tp11coraJIJia Cd S co 
CTpYKTypott BYJlntrTa. Cpa.BH8Hll8 C onemtmm .ll,1IJI ~yrwc c.nyqaeB B086YXJ4e
HWI BOJIH B Cd S noK88imaeT, qoro aaaBa.HHHe Mo.m,i: Ha.E:C!OJiee 'IJYBCTBZ
Te.Jll,W . It napm.11eTpll'I8CKOMY B086yx.neHm>, qoro corJiacyeTCJI c BHBO.,nalra 

06111eit TeOpllll.' 
Hcc.ne.noBaHH sqxpeKTH Henapa60Jlll1mOCTH 8mt0Ha ,Itllcnepcllll 8H8Prllll 

8JI8KTpoHOB np:a pacnpoCTp8H8HID!, ,ItllCIIepcmi: ll nap8MeTpll'I8CKOM B08C!yllt
.1tewm BOJIH B lIOJIYIIPOBO,ItHlIKaX C ysRO:tt 3anpe111eHHott 30HOit, oe!JIBJUll!lJtHX 
nceB,ItopeJmTllBllCTCKOi 38BllCm.!OCTl>D 8H8PI'IDI HOCllTeJiett OT KBa8m!MlIY.lll,
ca THUa {KeiiHOBCKB.ll MO.Ite.in.) (§§ 7,8) 

'&p> = [(mc•2f- (pc•)1f
11

• (3) 

3.Ileci. c• = ( E9/ .tm)111 , r.ite E CJ - lllllJlmia 3anpemeHHoit 30HH; 
m H P -. aqxpeKTllBHWI uacca H K8HOlill'l:8CKRl1 m,myJn,C 3J18KTpoHa. 

II~eHH ,ItllCIIepCHOHHH8 -yp8.BHeHWI ll onpe.tteJieHH C,ItBHI'll 'IaCTOT BCex 
JIKH81mix 8JI8KTpoCTaTH~8CKlDC H 8J18KTpoM8I'lillTlWX MO.It 8J18KTpoH-qX>HOH
HOil CllCTSMH, oe!yCJIOBJl8Hlili8 Henapae!OJIH'llIOCTl>D. IlOKa88HO, no 6J!al'O
.napg B08wmHOB8Hml .nonOJIHHTeJil,HOI'O nceB,ItOpElJIJITHBllCTCKOro M8X8Hll3Ma 
B036YJit.IteHWI B nponecc ycWJ:eHllJI BOBJl8KallTCJI MO.Itll, CTae!WU.HH8 npll 
paCCMOTP8HHH B napae!OJWqeCKOM npHC!JmZeHllll. IlpoBe.tteH 8Hamt3 ,ItllCIIep
CHOHlWX yprumem ]J,1IJl napau8TPlf'l8CKll B8am.l0,1teftCTBYJ(IIUDC BOJIH, IIOJIY
'l:8HH COOTB8TCTBYJ:IIU!8 K03~8HTH ycwreHIDI nap BOJIH 8JI8RTpoH-qx)HOH
HOI CllCT81'W B reoMeTp:wDC k II Eo ll k .l Eo , B KOTOPHX JICHO BHpa
xeH BKJla,Jl; Henapae!OJm'llIOCTll aHeprllll HOCllT8.ll8tt. 

tuic.nemme ouemm noporoBoro nOJIJI .ll,1IJI Boae!yx.IJ;eHIDI wraswoH~
HOHHHX ll IIJia::JMOH-IIOJIJipllTOHHHX MO.It lIORaSimailT, no aqxpeKT Henapado
Jlli'llIOCTH,·oe!yCJIOBJllmM ,ltOIIOJIHllTeJibmrll M8XBliH3M napWo18TPR'i8CKOI'O 
B036yx.IJ;einm' IlpW30,ItllT It 8&!8 THOMY CHmtelilD!l B8JllI'mH noporoBHX IIOJiett. 

IlOJiyqeHH Truat8 8HBJlllT:lf<leCKlle ~PMYJIH ]J,1IJl llHK})8M8HTOB H8YCTOtt
"tll!BOCTH pa3.llll'llililX BOJIH :II BHUOJIH8H!,l 'Il!CJI8HHH8 oneHIW BeJm'lllli nopo
I'OBIDC nOJieit ]J,1IJl 3JI8KTpoHHOi1 IJJla::JMU KeillIOBCKOI'O nOJiynpoBO,ItllllRa 6es 
ytieTa B8alIMO,It8itCTBKlI C qx>HOH&m, KOTopue COBIIa.n;aJDT C pesyJibTaTmm 
razu>O.Inmawt'i8CKOI'O paCCli!OTPSHIDI npll npeHee!pelt8Hllll 'iJI8Hru.m, CBJl3aH
Hmm C T8II.ltOBID4 .nBDemteM 'l:aCTHn. YcwreHne BOJIH B paccMOTpeHHHX 
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CJIY'iWIX o6yCJIOBJI8HO llCltlilO'lJIITeJII,HO Henapa60Jm'i8CKlDI nce:s,nopeJllITl!BKCT
cruw Jll8X8lill3lv!OM BOS6YJi(JtelllISI. 3TO - npmi-ep O,mlOKOMlIOH8HTHOi CHCT8Mll, 
B KOropott corJiacHo oomett :reopllll napaueTpll'ieCKOI'O pesoHaHca B IJ.l[a3Me 
CO6CTBeHHHe BOJIHl:l He Mory:r 6HTD BO36YJi(JteHH npn napa60Jlll'l8CKOM sa
KOH8 ,JU[Cllepcl!ll aHepr:im -qaCT.llll. 

McCJie.ItoBaHO npoHBJieHne B napaMe:rp:irci:ecKme nponeccax aqxpeKTa He
napMOJm'lHOCTll 3aKOHa ,JU[Cllepc:im aHepro HOCllTSJiei B llOJiynpOBO,mlll
Kax co CBepxpemeTKOi (CP) (§§ 9,IO). IIoc:rpoeH rm.mm,:roHHaH llOJiynpO
BO,mlllKa C O,mIOM9p!iOI CP 093 y-qeTa qJOHOHHOit llO.ltCHCTeMl,l, B np:e:cy:rcT
mm 8Jl9KTPOJllarIWTHOI'O llOJIJI HaKa'iKll. Bime.nemt Yl)aBH8HWi ,JtBHllt9HWI 11.11.Sl 

llOJIJI'BO3M'Ylll9Hlli ll llpoB9.lt9H aHaJlll3 8TlIX Yl)a.BHeHd Ha BOJIHOBH8 Heyc
TOit'lJIIBoCTRB BHCOKO'iaCTOTHOM 1')llll!HOBOJIHOBOM npe,Il8Jl9 11.11.Sl CJiy-qaBB, 
KOr,Ila ll0Jl8 HaKa'llm llOJIJipll3OBaHO nepneHJtlll(yJIJipHO BJm napSJIJIMDHO OCH 
CP. Onpe,JteJI9H C,JtBllr llJla3M8HHOit 'iaCTOTH, BH3Bamndi npllCJTCTBHeM CP. 
B KaJKJ.tOtt H3 Ha3B8HHHX reoue:rpd llpoaHaJlll3llpoBaHa B03MOJKHOCTD ycWie
HWI BOJIH, nOJiy-qeHH aHW.WTli'I9CKH9 qiopMyJIH 11.11.Sl COOTB8TCTB~ mnq>e
JIISHTOB :e: noporoBHX nOJieil BO36YJi!JteHHR:. BlinOJIHeHH 'iHCJieHHHe oneHKH 
BeJmlmH noporoBHX nOJiel 11.11.Sl HaH60Jiee tJYBCTBHTeJlDHHX K B036µJtemm 
MO.Il B o6pasue BHpOJK.IteHHoro xp:e:c:raJIJia n- InS.b co CP. 

06cµJteHa BO3MOJltHOCTD OCYlll8CTBJI8HWI HOBOro M8XaHH3Ma napaue:rpH
'i8CKOI'O BO36YJl!Jt8Wlli BOJIH llO.Il B03.Il8ilCTBH8M BHemH91'0 llOCTO.fIHHOI'O o.mio
po,mioro 8JI9KTPll'i8CKOI'O llOJIJI B llOJiynpOBO,mll!K8X npn CO'ieTamm 3qxp9K
TOB KOH8'll!OCTH WHJ)HHH 3OHH llpoBO,JUIMOCTH ll HenapMQJllI'lHOCTH 3aKOHa 
,JUICnepc:im :meprHH 8JI8KTpoHOB Ha npm.iepe ReitHOBCKOi MO.IleJm 30HHOI 
CTPYKTYPH (§ II). Onpe.neJieHH yCJIOBWI, CBJISHBalOllllle HanpsD!t8HHOCTD 
BH8111H81'0 llOJIJI H napaue:rpH CHCTeMH, npll Blill0JIH8HHH KOTOPHX BO3140lltHO 
ycwieHHe BOJIH. IlpHB8,Il8Ha q:opuyJia 11.11.Sl mnq>eM8HTa D036-yXJt8HHJi np0.Il0JID

HHX llJia3MOHOB, pacnpoC:rpaHSD,llllIXCJI B HanpaBJieHHH BHemHero llOCTOJiHHOI'O 
8JI8KTpli'I8CKOI'O llOJIJI. 

B I'Jia.B8 ill llCCJI8.Jtf8TCJI ·.lUlyx3OHH8Jl
0 

MO,IleJII» lCpHCTWIJia npn HaJlll'nW 
P83OHaHCHOI'O M8JK3OHHOl'O B3~,IleiCTB:wI O nepeoTpoiKOi 3HepreTll'i8-
CKOi OTPYKTY.IlH HOCHTeJiei/G-9 • 

I!OCTpo8H MO,IlElJll,HHI rmmm.TOlillSH llOJiynpOBOJtiil[l(S., pacCMaTl)l!Ba8MO
ro B ,ltBYJC3OHHOll MO.IleJIH H H8XO.ltlDll8rOCJI llO.Il O,mlOBpeMeHHHM B03.Il8iOTBH-
8M CHJIDHOI napaue:rpH'i8CKH pe30H8liCHOil 8JI8K:rp0MarHHTHOI BOJlHH H )l;py
rott CHJIDHOI 3.lI8KTpoMaI?Hl!THOi BOJIHH, BH3HB811110i p83OHaHOHH8 M8Z3OH
HH8 nepexo.JtH C nepeo:rpoiKOI SHepreTll'i8CKOl'O CII8K:rpa HOOHT8JI8i ( § I2). 
BlinOJIHeHH YHHTapHO8 npeo6pa3OBalill8,llCKJDO'UllCIIl88 38.BHCHJIOCTD OT Bpeue
HH OCHOBHOI (He CO,Il8pzall!ei 'q,JI8Hll B3aHJIIO,IleicTBHJJ) lUlCT:e: llOJiy-q8HHOI'O 
r&ra.lll,TOHH8Ha, H ICSHOHlifll'.8CK08 ,JUl8I'OHaJllI3YDl{88 npeo6pasoBaHH8 EoI'OJID-
6oBa, B pesyJIDTaTe KOTOPHX IIOJiy-qeH rauwn.'l'OmmH OHCT8MH KB83li'IQC'l'Hn 
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C HOBWJ cneKTpoM KBa3li8Hepnm, CJly:atall!8ll OCHOBOll 11.11.Sl llCCJie,IlOBaHWl 

KOJIJI8K'l'HBHHX CBOHCTB CllCTeMH B npncy:rCTBllll ,IUlYJC ll0JI8ll 3JI8KTpoMaI'HHT

HOI'O llSJiy-qemm. 
BBe,IleHH o6oOmeHHHe KB8HTOBH9 ~YHKUllll pacnpe,IleJI9HIDI KBa3ll'i8CTHn 

ll IIOJiy-qeHH wm: Hmc oOO6ll!eHHHe KllH9Tll'i9CKHe ypaBHeHWI (§ 13). Onpe.ne
JI9HO COOTomme HaClii!l8HlfSI CllCTeMH, B KOTOPOM 'illCJia 38IIOJIH9HWI KBa3ll
'iaCTllU, paBHH HYJllli BWICH9HH peaJII,Hll9 pacnpe,IleJieHIDi 3Jl9KTPOHOB ll 
'AHPQK B aoroM cocTOJllilW. C ncIIOJID3OBaHHeM a,ruta6a:rn-qecKOtt rlllloTesu 
pemeHH CllCT81411 o6o6memmx KHH8Tll'i9CKHX ypaBHeHnil, llOJiy-qeHH SIBHHe 
Blij)8.llt9HIDi, onpe,IleJI.IIDIU19 npoc:rpaHCTB8HHO-BpeMeHHHe cpyp:r,e-KOMIIOH9HTH 

BO3LIYll!9HHHX 'iaCTeil lpyHKUlill pacnpe,IleJI8HIDI KBa3ll'i8CTlln, IIO3BOJilmlUI9 
ncc.ne,IlOBaTD 8JI9KTPO,JUIH8Mll'l9CKH9 OBOilCTBa B 06me111 ll BOJIHOBHe ,ItllCII8P
CllOHHH9 CBOilCTBa B -qaCTHOCTll CllCT8M worIIOC B3aID40.Il9itCTBy:KXllllX 'ia0'l'l!U 
pasHHX copToB·O BO3M0.1WliM B3lll!MIIHM npe11pameHHeM, B npllCfTCTBmI Cll.JID

HHX IIOJieil ll3Jiy-qeHWI. 
I!OJiy-qeHHHe Blij)alltBHWI 11.11.Sl o6o6ll!eHHHX KBaHTOBWC ~YHR.Ullll pacnpe

.IleJIBHIDi npllMeHeHH K 38,Ila'ie O IIOB8,Il9Hllll npo,IlOJIDHHX IIOTSHitllSJll>HHX 
BOJIH B .lUlyx3OHHOM llOJiynpOBO,mlllK9 1 HBXO.ltlDIISMCJI B COCTOSllimI H8Clii!l8-
IDtll IIO.Il O,mlOBpeM9HHW4 B03~eiloTBll8M ,JtByx p83OHaHCHHX 3JI8KTPOMarHHT
HHX IIOJI8it H3Jly-q8HWI (§ I4). IIOJiy-qeHO Blij)allt9Hll9 11.11.Sl ,Itll3JI8KTPll'i8CKOit 
<pyHKitmI, nepeHOpJIIHJ)OBaHHOil sa O'i9T B03,Il9itCTBWI llelt30HHO-p830HaHCHO
ro 8JI9KTpoMarHHTHOl'O nOJIJI, onpe,Il8JI8HH ee acllJIIIITOTK'l8CKH9 q:oplW B BH
COKO'iaCTOTHOII ll Hll3KO'iaCTOTHOII npe.Il9JI8X, KO'l'OpHe ,IlaIDT B pesynTaTe 
pemeHHR: ,JU[Cll9PCHOHHOl'O ypaBHeHIDl 'iaCTOTH co6CTB8HHHX JIIO.Il llJia3MOHHO;.. 
l'O Tlllla ll Tlllla npo,IlOJIDHOrO OllTli'I8CKOro qJOHOHa. IloJiy-qeHO ,ItHOnepcnoH
HOe ypa.BH8Hll9 11.11.Sl 3THX MO.Il B npllCYTCTBllll BHemHmc nOJieit npli BHllOJIH9Hmt 
onpe,IleJI9HHOl'O yCJIOB:wl pe3OHaHCa, CBSl3W3allll9I'O pacciaa:rp:imaewe 'iaCTO

TH: 

Wt t Wz ,. fl 0 + fl1 . (4} 

3,Il8CD .Q O , Jl f - 'i8CTOTH lleJtSOHHO-p83OHaHCHOI'O IIOJIJI H llOJIJI f[apa
Me:rp:r.rc.eOKOit HaRa'iKll COOTB9TCTB8HHOi W-1 , W2 - 'i8CTOTH ycZJllilB8.8MWC 
MO.Il 3JI8KTpoH-'AHPQ'lHO-qJOHOHHOI CHCT9W. , 

Onp8,Il9JI8H mnq>eMeHT ycHJieHWI Jta,HHOil napH.BOJIH, llOKaatraamnrft 
S!BHyJ) 3aBHCm.fOCTD OT Hanpm!t8HHOCTH :e: . 'iaCTOTH napaueTJ)lrI'l8CKOit liBXll'i

IGI ll OT 'iaCTO'l'H Jllex3OHHO-p83OHaHCHOl'O IIOJIJI. IloKa3aHaB03MOJCHOCTD 
BapDllpoB8Him 'iaCTOTH HaKa'iKH B H0KOTOpoll mI'l'8pBSJie 3Ha'ieHHI, 3aBJ,ICJI-
11t0M OT B03Momm:x:: 3Ha'ieHHii 'iaCTOTH M8JK3OHHO-p93OHaHOHOro llOJIJI,' ,Itonyc-
THMl:lX sOHHoit CTPYKTYPOI xpncTSJ1Jia. · · 

BlinOJIHeHH 'llllCJieHHHe oneHKH noporoBHX sHa'ieHHI nOJIJI napaue:rp:e:-
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'i8CKOil HaKa'lltll ,17,1l£t ycwremm paCCMOTI)8lllWX IlpO.no.n:I,HHlC MO.It B TmIHTmOM 

oop~~e apceii.ma ramm ( <ia As ) ,17,1l£t HeKOToporo cor.nacoBBHHoro HHTep-
.Ba.IIa 'iaCTOT .I(Byx llOJieit. , 

IlOJIY118HO 8HaJmTH'i8CK08 Blij)Wlt8HH8 ;J1,11H. onepaTopa (!IIIYKTYmntH 
3JI8KTI)ll'l8CKOI'O TOKa 'iepe3 0606111emme KB8HTOBH8 ~yHKUHH pacnpe.ne.ne
HWl KB8.3H'i8CT1Iq B IlpHCYTCTBlm .I(Byx pe30H8HCHHX nOJiei! 3JI0KTpolllaI'HKT
HOI'O H3JIY'i8H:wl, Heo6xo,Itl!MOe ;J1,11H. pememm sa.ztatm o napaMeTpll'ieCKOM 
B036YJ!t,JteH:im H8llOT8HI.Oia,1I&HHX BOJIH B .I(Byx30HHliX llOJ!yIIpOBO.ItHHKSX. Ilo
Ka38HH Tpe6ylW!HeCSI IIplI 3TOM ll3MeH8HWI B OCHOBHHX ypaBHemmx ll 06!llM 
cxeMa _peruemm ( ~ 15). 

B l'JiaB8 IY, l'ICCJI8,Ity10TCSI napaM8Tpll'leCKll8 B3rutMO.IteitCTB:wl H B03-
6yx,IteHHe llOB8PXHOCTHHX H o6'I>eMHHX BOJIH B llOJiyol'paHH'iemmx llOJ!yIIpO

B0,1tllmtaX C Y3KOit 38llp011l8HHOi!: 30HOil, OimCHB88MWC BJ~ Rei!:HOB
CKOI MO.It8Jlll, Ha OCHOBe l'H,UJ)O,ItllH8.MH'l8CKOI'O llO.IOCO.Ita: 0-12 • IlOCJI8.Il
mtlt B ,It8HHOM CJlY1i8.8 OKa3HBaeTCJI .ItOCTaTO'iHO Ilpll8MJI8MUM, oco6eHHO B . 
06JiaCTH .u,JillliHliX BOJIH ll Ilpll npeHe6p8Jlt8H:im X80Tll'i8CKHM T8IIJIOBHM .I(BH
ll8HHeM 'iaCT~, B TO BP8Mll KaK HaJill'ilie l'p8Hltq B IlpllCYTCTBIDl CWil,HO
I'O nOJm Jiaaepa npH Henapa60JIH'iecxoM 3aKOHe ,ItHcnepcHH aHep:rm,: HOCH
TeJiei!: ,IteJiaeT IlpHM8H0Hll8 KB8HTOBOI'O. !pOpMamI3Ma .ItOBOJil,HO 3aTpy.mmT8Jll,
HHM. 

Ha OCHOB8 ypaBHemtlt l'H,UJ)O.ItllHBMiOOI XOJIO.ItHOit IlJl8.3MH H CHCTeMH 

ypaBHemtltMaKCBeJlJia mme.zteHH CHCT8141:l JIHHeapH30B8HHHX ypaBHemtlt, 
OimCHBaDIU!8 BOJIHOBH8 B03MYlll8HWI, pacnpoCTI)aHroOl!lH8CSI B,ItOJil, IIJIOCKOi!: 
llOB8pXHOCTH paa.zte.na .I(Byx KeitHOBCKHX llOJiynpOBO.ItHHKOB Ilpli IIpoB3BOJII,
HOM ll8,ll8HHB Ha Hee CWil,HOI'O IIOJIJl 3JI8KTpoMal'HllTHOI'O H3JIY'i8HIDI (§ I6). 

Hcxo.n.a: H8 IIOJIY'i8HlWX ypaBHeHHi!:·npoBe,IteHO HCCJI8,ItOB8HH8 napaueT
pl:t'i8CKll B3aHMO,IteitCTBymuDC IIOBepXHOCTHHX BOJIH Ilpl:t HO~HOM na.zteH:im 
ll¥JI H_aKa'WI B .ItByx "TPB.mmHOHHHX" reoMeTI)WIX: k II E0 (§ I7) H 

k .L Eo ( § I8). BwiCH8HO .ItOIIOJIHHT8Jll,HOe l'paHH'ilioe YCJIOBHe, BliPW!t81'r-
111ee xapmtTepHoe JIBJI8H:i:te B031llOOIOBemm 061,ewott IIpo.ItOJil,HOit IlJl83MeHHoit 
BOJIHH, pacnpoCTI)awmll81CSI B,ItOJil, IIOB8pxHOCTll paa.zte.na, B3mDIO,It8ilCTBl:t8 
KOTO:pol C IlpO,llOJil,HOit KOMIIOH8HTOI H8IIOT8Hllll8Jll,HOI'O IlOJIJlIIOB8PXHOCT
HOI BOJIHH B reoueT:po k' II Eo o6yc:JioBJmBaeT .ztOIIOJIHHTeJILHOe aaxy- : 
X8Hl:t8 IIOB8PXHOCTHHX napaMeTpl:t'i8CKHX BOJIH. AliaJIH3HpOBaHH ,llHCIIepCHOH
Bl,[8 ypaBHewui: B 0Ilp8,It8JI8HH mncpeMeHTH YCWI8HliUi IIOB8pxHOCTHHX llOJI.RJ)H
TOHOB B'<XiOTB8TCTB,YJWU1X llOT8Hitl{Wll,llHX BOJIH (noBepXHOCTHHX'llJI83MOHOB). 

PaCCMOTpaHH H8KOTOPH8 CJIY'iaH nap8M8Tl)l:t'i8CROI'O ycWiemm OO'l,8~ 
H1,1X IIJlaaMOHOB :i:t 'I' E -IIOJI.RJ)HTOHOB, · pacnpocTI)arumitHXCSI B.ItO.lll> · noBepx..;. 
I:IOCTB Pa3.IteJia B "sanepTHX"' BHYTPH .wm.n;oit cpe,Itli, He Z3Y'i8HHHX paHee 
( § 19) • IlOJXY'i8HH mntp8ll8HTH YCl'rtll:8HIUI IlOT8Hitl{Wll,HllJC~ H8llOT8~. 
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HHlC H cwemaHHHX ( IIOT8Hitl{Wll,HOil l:t H8llOT8HIUIWJl,HOtt, COCTaBJlllllllllX IIa
py} BOJIH. 

B XO.It8 BH8JIH3a ll0Ka38HO P8Illallll88 3Ha'ieH:e:e Henapa60JIH'ieCltOI'O • 
"KellioBCKOI'O" M8X8HH3Ma ,;J1,11H. B036yz,n;emm KaK IIOB8pxHOCTHHX, TaK :e: 
o6~eMHHX BOJIH B noJiynpoBO.ItlillltBX c ysxol sanpe~eHHott soHott npz .ztocTa
TO'iHO CJia.6011 3JI8ItTl)OH--qx:>HOHHOM B3a:e:MO.D;elcTBHH B CHCT8Me, IIpH'ieM ' 

BCJie,ItCTBHe 344'8KTa B38mlO.lt8itCTBW.(IIOB8PXHOCTHOit l:t 00'l,8MHOI BOJIH ;J1,11H. 

B086yz,)l8H:wi llOB8PXHOOTHHX IIOJI.RJ)llTOHOB (HJIH npo.ztonHHX noBepXHOCTHHX 
IIJia3M8HHHX BOJIH IllJ.H n;eeHe0p8Jlt8Hlm 344'8KTOM 3aIIa3,ItHBamIJI Icy'JIOHOBCKOI'O. 
Baamro.ztelcTB:wi) k J. Eo - reoMeTpWI oita3imaexca BHI'O.ItHee IIO cpaBHe
mm c · k II E0 - l'eOM8Tl)Hett. 

B l'JiaBe Y no npztmHe, BHaJIOI'R'iHOI npHBe.zteHHol B cBSisH c zcnoJI1,
sye:MHM B l'JI8Be 1Y MeTO.ItOM • IlpHM0H8H RJiaCCH'i8CKmt Kl11H8TH'i8CW llO.It
xo.n B CO'i8TaH:im C MaKpOCKOIIH'i8CKHMR ·ypaBHeHWIMH .ItBmiteHHJI B IlpHOJIH
xerum·xoHTmryyMa ;J1,11H. qx>HOHHOff ll 3ItCHTOHHOI IIO.ItCHCT8M ;J1,11H. HCCJI8.ItOBa
H:wi HeKOTOPHX CJIY'iaeB pacnpocTI)aHeHWI H Bos6y-.neHHJI rutY,CTH'ieF 
BOJIH B llI,830KpRCTaJIJI8X np:e: H8Jllltm:e: 0JI0ItTpoHHHX IIOTOKOB713 •14 • . 

Ilpe~Olt0Ht:l HOBWI CX0Ma pememm 38,ltQ'iH O BJIWIHHH 3JI8KTl)OHHlDC 
llOTOKOB Ha nap&18Tl)H'i8CK08 B030yll',It8HHe rutyCTH'i8CKHX H CBJI38HH!iX 
(aKyCTH'i8CKHX R ;Iij)JrHX THIIOB) BOJIH,B llI,830KpHCTBJIJiax, ll03BOJimll!WI 
Y'iHTHBaTl> BBXp8Bll8 IIOJIJl, B03HHKamu,:8 IlpH pacnpOCTI)aHemm 3BYKOBOit 
BOJIHH B CRCTeMe, ,BC8 BH,Itli 0JI8KTPOH--qx:>HOHHOI'O B3amto.ztelcTB:tm (B3WDl!O
.It8itCTBWI 'iepea CaMOCOI'JiaCOBBHHOe SJI0KTpoMal'HHTH08 noJie, '181)83 M8X8HH3-
UH ,Iteqx>pMal-V40HHOI'O llOTe~a.na, llI,8303JI8KTpH'i8CK01! l:t 3Jl8KTI)OCTP~OH
HOit CBJI3el) l:t HaJIH'iH8 ;Iij)eitqa 'iaCTH BOCllT8J18I (o6yCJIOBJieHHoil ~TKOM 
llOB8pXHOCTH ~pMH, o6eCII8'iHB8illIUIM BX OOJJ:l>lllYl) IIO.ItBHEHOCTl>) ,( § 20) • , 

no npe~OJlteHHoit cxe111e, Ha OCHOBe KHH8TH'i8CKOI'O ypaBHeHliUI ;J1,11H. 

3JI8KTpoHOB Ilpl:t Y'i8T0 38BHCHMOCTl:t sHeprHH IIOCJI8.ItHHX OT ,It8ql()~ 
pemeTKi!, ypaBHewm ynpyr:e:x KOJie6mml pemeTKH :e: Yl)aBHeHmt MaKcBeJIJia 
BHB8,It8HH, Yl)8BH8HWI,. Oilp8.lteJlJmllll8 KOMIIOH8HTH CaMOCOI'JI8COB8HHOI'O. 
3JI8KTI)H'i8CKOI'O llOJIJl B CHCT8Me. IlOJIY1i8H BB.It JCOJ,(IIJI8KCHOI'O T0H30pa MO.ztY
Jiel ynpyroCTl:t, OIIp8.It0Jillllllel'O nepeHOPMl:tpOBaHHli0 ynpJI'l:te KOHCTBHTH l:t 
K03~8HT 3aTy.taH:tm 3Byx8 B·IlpHCYTCTBHH H8llOJIHOI'O )ij>elqa 0Jl8KTpo
HOB IlpOB,9,IUD,IOcTl:t R C r.reTOM 3JI8ItTI)OH--qx:>HOHHOI'O B38JDIO.D;ei1cTB:tm. IIoxa-
38Ha B03MOZHOCTl> yvem.meHWI IIOI'JIOlll8HWI 3Byx8 K nepexo,Ita K ycKJieHm> 
IlpH Oilp8.lt8JI8HHOit CKOpoCTl:t 3JI8ItTpoHHOI'O llOTOKa., 

Ilo.nyqeHHHe ql()J?MYJIH ;J1,11H. lCOMIIJieitCHOI'O. T8H30pa MO,ItyJiel ynpyrocT:e: , 
:e:cnon30BBHli .IlpH pemeHHB 3,a,Ita'iH 06 yc:e:.ireHHH 8.KYCTH'ieCKHX BOJIH B 

ICplICT~.no.zt.B~3.Itei!crn:i:teM ClW,HOI'O nOJIJ1 aJieKTpoMarmtTHoro H3JIY11e
HHS IlpH H8JIH'ilUt ;Iij>e:ltiIJa 'iaCTH 3JI8KTpoHOB IlpOBO,ItmlOCTH H C Y'i8TOM 
sJieKTpoH--qx:>HOHHoro B38lDIO.zteffcTB:tm 'iepes .n;e1p0puaitHoHHHil noTeHIUIM, 

'' 

II 



m,esoaq$)KTa H 3qxpeKTa 3JI0KTJ)OCTJ)HIU41IH ( § 21). HallteHO B!lpal!t0HlI8 
,Jl;.7ISI np0,It0Jll,H0ll ~aJI8KTpI11qecKOil npoH~eMOCTH KpHCTaJIJia npli HaJlli'llllr 
.D;Peilqia, onpe.n;eJieHH ~cnepclill H saTyxaHRe npo.ztO.lll,HOil axyCTJllq8CKOii 
BOJilW, pacnpocTpaHIU!llleiicsr ~OJll, Ill,0303JI0KTpR'!eCKOtt OCH, HallteHO BH
pallteHlie .It,nH KOMnJieKcHoit ~CTOTH aTott BOJIHU B reoMeTpHH, k II E0 , no
Ka3UBaI!lllee aq$3KT noHBeHlill B~ noporoaoro IIOJlli Bo36YJK,Uemm 
npli Y138JI14qeliliJ4 CKOpoCTH H OTHOCHT8Jll,HOI'O ~CJia ,DJ)eit~ 8Jl8KTPOHOB 
wm, no TO Jte CaMOe, 3qxp:!KT IIOHD0Hlill nopora .D;P8:ii/p'.>BO:li HeyCTOii~
BOCTH npH yaeJIHqeHHH HHT8HCHBHOCTli BOJIHH HaKa'lltlll. 

PacCMOTpeH M0X8HH3M B036YJJi,1(8HHSI aKYCTHqecltliX BOJIH B Ill,030KpHC
TaJIJiax npH B3aHMO.ztettCTBHH aKYCTHqecltliX MO.It C 3KCHTOHHI,IMH, B03MOllCHHil 
npH 60Jiee Bl:lCOKHX ~CTOTax HaKB.qKH. Ha OCHOB8 qi8HOM0HOJIOrHqecKOro 
ypaaHeHlill ~HlK0Hlill ,Jl;.7ISI MaKpOCKOUHqecKOro BeKTOpa Il0JmpH3a.Inili, ypaa
Hemm ynpyroro ~ID!t8Hlill pemeTKH, ypaBH8HRfl Henpepl:lBHOCTH H CHCTeW 
ypaBHeHHtt MaKCBeJJJia ( § 22) • IlpoBe,IteH aml.llH3 ~cnepCHOHHllX ypaBHeHH:li 
,Jl;.7ISI aKCHTOH-/p'.>HoHHol cHCTew, onpe.zteJieHH cneKTPH BOJIH H HHKpeMeHTH 
ycWieHllll 3KCHTOHHOil H aKYCTR'!eCKOi1 MO.It IIO,It B03,ItelcTBHeM CWlI>HOil 
3JI0KTpOMaI'HliTHO:li BOJIHH. Il0Ka38HO, qTo B npmmTOM IIO~O.zte ,DJ)ett~ 
3JI0KTp0HOB BJIBJieT Ha IIOBe.zteHHe aKyCTHqecKOil MOJni qepe3 nepeHopMHpO
B8HHllii KOMIJJieKCH!:rll: T0H30P MO~Jieil ynpyroCTH, a.It,ItHTHBHO YJ110HI,lllM no
por ee napru,ieTJ)H'IeCKoro Boa6YXJteHllll. 

r.naaa YI nocBllJlleHa npo6JieMe HeitTpOHHoil cneKTpOCKOnHH napmaeTpH
qecRH' HepaaHoBeCHHX KBa3R'!aCTHU B KpHCTaJIJiax H HeKOTOPllM CBSl3amwM 
c Heit acneKTBM TeopHn KOJJJI8KTHBHUX qJJIYRTYauml B MeKTpOH-/p'.>Hommx 
CHCT8MaJSf B3aHMO,It8HCTBYJ]ltitX C Own.HUM IIOJl8M M8RTpOMaI'HHTHOI'O ml~ 
Jiyqem 5,16/. 

Ha ocHoiie no~o,JUilllero KBSHTOBOro /p'.>PMBJIH3Ma B~CJieHH KOppeJIH
UHOHHlie WHKUHH qJJiyxTyanH:li WIOTHOCTH 3JI8KTp0HOB Ill qllIYRTYauml /p'.>HO
HOB B IIOJIJipKTOHHOH o6JiaCTH cneKTpa ,Jl;.7ISI CHCT8Mli C SIBHO 38BHCJ'IIIUD,4 OT 
BP8M0HH (qepe3 tineHH B3aHMO.zteilcTBlill C CWlI>HllM IIOJieM 3Jl8KTJ)OM8I'HIIIT
HOI'O Ha.nyqemm) rwra,n,TOHHaHOM. Il01ta38HO, no CII8KTpaJll,HOe pacnpe.zte
Jl8HHe qJJIYRTYauml HMee-r MaKCm.fYMH npu ~cToTax napaMeTpriecKH·aaamro
.zteilcTBYJlllll MO.It, Y'AOBJI8TBOPJlDl!HX yCJIOBHIO pe30H8Hca, llP:l:NeM J'POB8Hr> 
KOml8KTHBHHX qJJIYRTYaUH:li 8HOMaJil,HO BoapacTaeT npH npI116Jim1temm K no
pory napaueTpnqecKo:li HeycTolqnaocTH yxaaaHHHX uoi. 

C HCIIOJll,30B8HH8M IIOJiyqewrax /p'.>HOHHllX KOPPeJIJiitiIOHHJ:a ~. 
BH~CJieHH ceqeH:wi: Heynpyroro paccesmlill H0HTJ)OHOB Ha IIOJmpHTOHHllX 
MO.ztax 3Jl8KTpoH-/p'.>HOHHOH CKCTeW, y.ItOBJI8TBOPJlDl!HX YCJIOBmo napaMeT
p:KqeCKOI'O pe30H8HCa, KOTOpl:le o6Hapymm81lT CKJll,H08 B03paCTaHK8 no" 
Mepe npI116Jll:lllteHlill HHT8HCHBHOCTH IIOJlli JI838PHOil HaKB.qxJII K nopory B03-
6YQeHKlt pacCMaTpHBaeMIDC MO.n;. 3Tlllf IIOK838HO, qTo SIBJI8HH8 napaMeTpn-
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qecKOI'O pe30HaHCa MOZ8T 6HT!, HCIIOJll,30B8HO B :&aqecTB8 3q$3KTHBHOro' 
MeTO,Ita pemeHIDI npo6Jiew Manoi! KO~eHTp~ B HeilTpOHHOfi CII8KTpOCKO
IIHIII KBa3:IIpaBHOB8CHHX'H H8paBHOB8CHHX KBasnqaCTKU B TBep.n;ux Te.nax. 

PacCMoTpeHo Heynpyroe paccesmze HeitTpOHOB Ha cBSiaamna: llJia3-

MOH-/p'.>HOHHHX MO,Itax B 8HTm40Hll,Jt8 Hlf,lU1ll B yCJIOBHJIX napaMeTpJllqeCKOI'O 
pesoHSHca. IlwmCJieHH ceqemm xorepeHTHoro paccesmwI ~ Hei1TpOHOB 
Ha BU6pammx BHCoKOqacTOTHOI IIJU13MOHOIIO,It06HOH H HH3KOqaQTOTHOi1 on
TJllq8CKill-/p'.>HOHOIIO.D:06HOR uo.n;ax B o6paa~e n-InSb npH BWIOJIH8HHH ~CTOT
Horo YCJIOBW! napaM8Tp:Kq8CROI'O pe30HaHCa, KOTOplle Olta38JlHC!, 3aBHCSIIIIH
MH OT llliTeHCHBHOOTlI IIOJlli Haxaqxz,xax 

rr - r1-(~tr~ 
Eotb 

(5) 

( Eoth - HanpmiteHHooTi,_ noporoaoro IIOJUI B036pi.ltemm). llliOJieH!WIIH 
o~eHRaMlt IIOKa3aHO, qro, Yl38JIHlIHBSjl HHT8HCHBHOOT!, IIOJlli .nasepa ,Ito Be
JIHqHH, 6JIH3ltliX K nopory napaMeTpHqeOKOro aos6pi.lteHM onpe.zte.neHHHX 
MO.It 0060TB8HHHX KOJI808Hd B Iq)HCTWI.Ite, MOE!O .n;o6HThCSI j'B8Jlllq8HIDI 
ceqeHH! pacoesmlilll Hei1TpOHOB Ha 8THX ~o.ztax Ha HeCICOJil,KO IIOpsmKOB IIO 
OpaBHeHHll O EX 3HaqeH:w:nm npH OTOJTCTBHH BH8111Hero IIOM. 

r.naaa Yil JlllJIH8TCSI 38RJill'mT8Jll,HOtt. B Hett 06cy.iK,D;eH1,1 OOHOBHH8 
HanpaBJieHKlt ,ItWll,Heitmero pa3BHTHJ'l HCOJl8,ltOBBHm1 napm.r8TpJllq80ltliX SIBJie
HH:li B !CpHCTa.n.nax, B oco6eHHOCTH npo6JieMa IIOCJl8,ItOBaTeJll,HOI'O yqeTa . 
8Jl8KTP.QH-:4)0HOHHOro B3aliD40.n;ettOTBHJI B YCJIOBHJ!X napaMeTpHqecKOro peao
HaHcJI-7 I. Ha ocHoBe ueTO.zta H.H.EoroJIJ06oaa :e: H.H.EoI'OJIXl6oaa (wr.) 
RoRJmqeHlilll 6osommx onepaTopoa BHBe.n;eHo o6o6meHHoe ~eTnqecooe · 
ypaBH8HH8 ,Jl;.7ISI 3JI8RTpoH-/p'.)HOHHO:li CHOT81oW, B3aml0,It8ilOTBynil8it O CWII,
HJ,llrf IIOJI8M 3JI8KTp0MariillTHOro HllJIY'!8HHJI. 3TH ypaBHeHIDI BM8CT8 0 CROT8-
uott ypaBHeHd MaitCB8JlJia ~ /p'.>HOHHoro IIOJlli II03BOJISlllT IIOJlyqHTl, HOBHe 
~OII8pCCHOHHH8 ypaBH8HKll C Y'J8TOM BJIHJ1Hlilll 3q$3KTOB 8JleRTpoH-/p'.>HOHHHX 
OTOJIRHOBemdl H HOCJI8.ItOBaTl, IIOBe,IteHHe KaK BOJIHOBHX, Tait H anepno~
qeorua: B03U~emdl.B OHOT8M8. Ilo.nyqeHHHe ypaBH8Hlilll T~ MOrYT OJIY
Jtl!IT!, OOHOBOA ,Jl;.7ISI HCOJie,ItOBaHHJ'l npoueocoB HeJIHHettliott npoBO,ItHMOCTB H 
.DJ)YrHX ~8TJllq80KIIIX SIBJI8W B npHOJTCTBHH CWII,HWC IIOJI8il 3JI8KTpoM8l'
HHTHWC BOJIH. Ilolta3aHo, no B npn6.mmeHHH Me.n,ieHHHX oc~ aJieKT
poHoB BO BHemHeM IIOJI8 HHTerpan OTOJlRHOBeHHl llPHBO.n;HT B 0JiyqruIX 

B38lWO.It8i1CTBwi KaK O OIITRq8CKHMH, TaK HO aKyCTIA80Rmm /p'.>HoHmm R 
Blij)WK8Hmo ,Jl;.7ISI BpeMeHH p8JIBKO~ 8Jl8KTp0HOB, SaBHCSilll8I'O OT qacTOTll 
B HHT8HOHBHOCTIII lIOJlli HaRaqxH - pe3yJIUaTY, IIOJ!yq8HHOMY paHee C IIO
MOl!tI,JO .D;PYI'Ott npoue.n;ypu. IlpHBe.zteHo .mmeapill30BSHHoe yprumeHHe ~ 
BOSJ4Ylll8HKll ~pacnpe.n;e.neHKlt 3Jl8KTPOHOB B ~he-npe.n;CTaBJieHHH, 
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y;ztOOHoe ~ aH8JlliI3a )UICnepcHOHHWC CBOilCTB CHCT8MU B npHCYTCTBHH 
CWI&HO! ane&TpoMaI'lmTHOtt BOJIHH npH noCJieno:eaT8Jil,HOM Y'!8T8 9JI8RTPQH-

4()HOHHOr0 Baamione!cTBW!. 

OCHOBHHE PE3YJThTATH 

0CHOBHli8 pe3yJI1,TaTH ,ItHCCepTanIDI MOrYT OHTh &paTRO cqopr.ayJmpo:ea

Hli B B~e CJie~ nOJIOJlt8HHli ! 
I. Ha OCHOB8 MO,IteJII,HOro raMWll>TOHHSHa B npe,ItCTaBJiemm BTOp:r.r<mo

ro RBB.HTOBSHWI, RBHO 3aBHCJllll8ro OT BP8M8Hli, B npH6.mmemm CJiy,ia1hmx 
ql8.3 BHBeneua OCHOBHW! CHCTeMa ypaBH8Hml RBaHTOBOro q0pI,!aJIX3Ma ~ 
onHCa.HWi ,ltmi8!4li'l8CIUDC, B TOM 'IHCJI8 BOJlHOBWC CBO!CTB ane&TpoH-qx:>HOH
HHX ClilCTeM, HSXO,Itm!UDCCSI no.It Boane!CTBll8M ane&TpoMarHHTHoro H3Jiy,i8-
HWi OOJll,lllOI MOlllHOCTH. 3qxll8RTHl3HOCTh paaBlilTOro qopMBJm3Ma no&aaSHa 
npliI OllHCarunI Ka.PTHHH pacnpocTp8H8HWi, )UICnepCliIH, napaMeTpliI'l8CROro 
BaamronettCTBRli H B030yJK,1{8HRli co6CTB8HH!DC-BOJ1H &aK B ~eam.HHX ClilOTe
:uax, TaK liI nplil y,i8T8 aqxlJElRTOB, npllcyt!UIX peaJIJ,HJ;D,f RPliICTaJlJIBM. 

2. JJ.n,a: ~88Jil,HHX 0eCROH8'1lliblX O.InlOP0JtHI{l( .lit30TpOllHWC ane&TpoHHliX 
liI a~e&TpoH-qoHOHHliX CHCT8M npoB8,It8H BC8CTOpoHHmi aHaJiliI3 llOB8,It8HWi 
coOCTBeHHllX BOJIH, BWICHeHH B03MOlKHlie CJiy,ialiI napaMeTpH'lecROro Baam.io
ne!cTBmI liI ycWleHIDl B nnynionoBOM npHOJll!OlteHllll liI onpe,ItM8Hli COOT
B8TCTByJWIR8 mmpeMeHT!i HeycTOil'lHBOCTH. HeROTOplie ll3B8CTHH8 peayJil,Ta
Tli aH8JlliI3a napaMeTplil'l8CROro B036yJK,1{8HmI BOJIH B BJie&TpoHHott Ma3M8 

BHOBh n0Jly,i8Hll lt8K qaCTH!l8 ~an. 
3. Ha npm.4epe ~88Jil,HHX C!iICTeM npoaHaJm3lipoB8HO YCJIOBliie cnpa

BeJµUIBOCTliI ,IUllIOJILHOro npH6JimteHWI npH KCCJI8,ItOB8mm B03,It88CTBHR: no-
~eil 9JI8RTPOMarHHTHOrO K3ny,ieHIDI Ha aneKTpoHHHe H ane&TpoH-qx:>HOHHli8 
CHCTeW. Ilo&aaaHO,, 'lTO B CJiy,iae B030yJK,1{8HIDl napli li3 nponQJil,H08 H 
nonepe'<llloi! BOJIH, OnaronapJI HaJmtraIO BHO!l8Jil,HOii: JtRCnepcHH, BHeceHHol! 
qoHOHHOil noncHCT8MOil, BCer.zta CYIJl8CTByYOT MO,Il;H C BOJlHOBliM B8KTOPOM, 
ynonneTBOPmll!HM yCJIOBIDJ ,IUmOJILHOro np:m5JI!iillt8HIDl npll qiHRCHpoBaHHOtt ,wnme 

Bonlili HB.Ka'l&lil. 
4. Ha OCHOB8 paspa6oTaHHOr0 KBBHTOBoro qopMaJIB3!.ia npoBeneHo 

.It8T8Jil,HOe paCCMOTJ>8Hli8 pJUa npRMepoB npoRBJI8Hllli a<IqleKTOB aneKTPOH
Hoil 30HHOil CTpy&Typli H pemeTO'lHOfi cw.weTpHll KJ>HCTaJlJIOB B npoueccax 
pacnpoCTp8H8HM, B3a.m.!O,ItOilCTBIDI ll B030yJK,1{8HWi BOJIH, ll0Ra3W38Jlll88 
3Ha'l:HT8Jil,HYJ) 'l,YBCTB!iIT8Jil,HOCTh CBO!CTB pe8JI1,HWC CHCTeM R napaueTpH
'l8CROJ.IY nosneilCTBIDJ ane&TpoMarHHTHoro H3nyqeHIDI 60~01! MOlllHOCTH. 

JJ.n.a: CJiyqa.<r 8lllI30TPQIIHWC CliCTeMHa npHMepe O,ll;HOOCHHX &pHCTaJlJIOB 
no&aa8HO, 'lTo,6naronapJI CYIJl8CTBOBaHIDJ 8HOMaJll,HHX MO.It ROneOaaliil, npo
ueccu napaueTpHqecROro B036Yl!U4eHIDI BOJIH xapa&T8p!t3YJOTCJI Oom,mHM 
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woroo6pasHeM T.litllOB B3amro.zteilCTBYDl!IDC BOnH no cpaBH8HmJ C H30TPQll
HW.m: CHCT8M8Mll H, CJI8,ItOBaT8Jil,HO, OOJII,11WM KOJll!'l8CTBOM MO.It, ROTOplie 
MOrYT OL!Th yc:wreHH O paal!liMH mmpeMeHT&m: B .lta.HHOM HanpaBJieHHH :pac
IlpOCT:paHemtlI. 

3Mie&TL1 HenapaoOJmt1HoCT.lit sa&oka JtRcnepcmt aHeprmi ane&TpoHoB 
.litCCJI8,ItOB8Wl Ha npm,epe llOJIYIIPOBO.Inl.litROB C Y3ROii aanpemeHHoii: 30HOil, 
OllHCHBaeMWC B pru,max xei!HOBCROil MO.It~. H IlOJIYIIPOBO.Inl.litROB co CBepx
pemeTROil. IlpoBe,IteH aawma )UICnepCHOHliWC ypanuelllltt H onpe.ztMeHLI CnB.lit
rH tmCTOT, Bli3B8HHH8 aqxlJEl&TOM HenapaQOJIH'lHOCT.lit, IlpOBH8JlliI3HpoBaml 
B03MOltHLle CJiy'laII YCWl8HliUi BOJIH. B CJiy,iae Rei!HOBCRHX &pHCTaJlJIOB no&a-. 
aauo, 'lTO OnaronaI>JI BOamnmoBemw .ztOnOJIHHT0nDHoro ncennopeJIJITHBHCT
cROro MexmmsMa Boa6p:.n;euna B npon;ecc yo:wreHM BOMeRaIOTCJi MO.It!i, 
CTa6:wn.HHe npll paCCMOTpeHHH B napa60JIH'l8CROM np:e:OJnmeH.litH, npH'le.M 
y&a.3ammit M8X8HH3.M npHBOJUIT R 38M8THOMy CHmKeHmo B8Jlll'mli noporoBWC 
none! Boa6YJmeHM. · -

BoSMOJIHOCTh OCYJll8CTM8H.litJl HOBoro M8XaHH3.Ma napm,eTpH'leCROro 
noaOyJK,l{emm Bonu non Bos.tteil:cTBneu BHe111Hero nocTommoro O.In!OP0.Imoro 
Me&TpH'lecROro nOJill npH coqeTaHH.lit aqxlJEl&To:a ROHe'lHoCTH mlilJ)mm aoHH 
npOBO.mtMOCTH H Henapa60JllllmOCTH 3aROH8 ,It.litCllepc:im aHeprHH aneRTPQHOB 
llO&aaaHa Ha npmrepe RettliOBCROil: MO.lteJ!H 30HHOit CTpy&TYPLI llOJIYIIPOBO.It
H.litRa. Onpe,ItM8Hli YCJIOBWI. CBJi3liBBDJtll8 HanpJDl8HHOCTI> BHemHero llOJill 
.lit napm,eTpH CHCT81W, npn BHIIOJIH8HHH ROTOPHX B03MOJKHO YCM8HK8 BOJIH. 

, 5. IlpoBe.tteHO ,It8T8Jll,H08 HCCJI8,l{OB8HH8 CJ!yqaJi O.InlOBp8M8HHOro B03-
neiicTBHJI Ha 3JI8RTPQH-J1J,q)O'lHO-qx:>HOHHYJ) CHCTeMy llOJIJl napaMeTp~ecROI 
HB.Ka'l&H H Mellt30HHO-peaoHaHCHOro llon.ll Me&TpoMarHHTHHX BOJlH, npe.ztCTaB
JIJmllero 60JllJllo! HHTepec C TO'l&H 3p8HHJI H3y,i8HmI RaK OOlllHX JtHHSMHTJe
CRHX CBOitCTB, Tax H npoTeKaWill BOJllIOBBX npoueccoB IlpH Ha.mr<m:e: peao
HBHCHOro Mez30HHOro B3Bml0,Iteil:CTBHH C nepecTpoiROA 3HepreTH'l8CROro 
cne&Tpa 'la.CTHD;. 

Ilo,lij)06Ho pacCMOTpeH npon;ecc C.M8llIHB8lmli HOCHTMel C o6pa30B8Hl!8.M 
CHCT8W HOBJD: RBa3H'lacTHD;, BB8,It8lill o6o6memme RB8HTOBI:le qjyHlaUm 
pacnpenenemm ~ no~e.InJHX n BHBe.tteHH o6oOmeawe rumeTHliecRHe ypan
HeHmI, noSBOJll'Dll1.lit8 HC~e.ztoBaTh nOB8,It8HH8 ,ltm{m.mqecROii CHCTeW B 
IIp.litCYTCTBmi: nnyx BH8JIIHllX pe30H8HCHHX .none! C p83HU?,fB -qaCTOT&m. 

Ilo.nyqeHHWI CHCTeMa R.litH8TH'l8CRHX ypaBHeHHil IlplilM8HeHa ~ .zte
TaJll,HOI'O pacCJ.fOTp8HWi 38,lla'l.lit O napaueTpJ;IqeCROM Baam«>.ttei!:CTBmt .lit 
noaOy3,1temm noTeHUHB,JU,HJD: BOJIH .lit nocTPQemm cxew pemeHmI nrumoit 
38,Ita'l.lit ~ HenoTeHD;:e:aJII,HHX BOJIH B .ItB.VXSOHHWC &p.litCTaJIJiax, HaI:OJtllJIIHX
CJi B COCTosmmt HaCli!ll8HHH. Ilony,ieHH a.HaJIHTH'l8CRH8 Bl:lpaXeHHJI ~ .ItH-

3Jie&Tplil'l8CKOfi qiymw;lm CHCTeM!l, nepeHO!)MHpOBaHHOfi aa c,;reT B03,Itei!OTBl:UI 
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M8Jlt30HHO-p830H8HCHOI'O 3JI8KT!)OMarmITHOI'O nOJIS, a Tmate JUrI{ onepaTopa. 
4UIYKTYmnm 3JI8K'l'pH118CKOI'O TOKa, ll03BOJilm!O'I8 HCCJI8.ltOBaT:& BOJIHOBH8 
,ltHCnepc:e:owme H .IJJJYI'H8 3Jl8KT!)O,ltlm8MH'l8ClW8 CBOIC'l'Ba CHCT8MLI B np:e:
CJTCTBWI .ltBYlC CWII,HIDC pe30H8HCHIDC nOJieit 3Jl8KT1)0118I'HlITHl:Dt.BOJIH. 

6. AliaJm3 napruaei'pll'l8CKOI H8YCTOl'lKBOC'l'H BO BC8X paCCMOTpeH
ma CHCTeMax .ltOB8.lt8H .ltO 'lHCJI8HHWC OU8HOR BeJm'lllli nopOI'OBHX nOJiel 
yCWI8HWi, KOTOPHB llOKa3imaDT 3aKOHOM8pHOCT:& napaM8Tl)H1i8ClWX npouec
COB, 3aKJiiltJaDIIYilCSI B CT8ll8HH tzyBCTBH'l'eJIDHOC'l'H K B036Ylr,Itemm pasmrx: 
TmIOB BOJIH H I'80M8Tl)ml npouecca. Ta.K, HaBdOJiee Jl8I'KO B036~ 
Jll3Jl8DTCSI npo,ltOJIDHHe BOJIHH, pacnpoCTl)aHSIDJU{8CJl napaJrJI8.lll,HO 3JI8KTPH
'l8CKOMY BeKTOPY BOJIHH Hruta'llm ( K II Eo) . lianl)lDlteHHOCT:& noporoBoro 
llOJm JUrII 3THX BOJIH, KaK npaBWIO, JleltHT B mlT8PB8JI8 ro3 + ro4 B • CM-I. 
~o Jl8I'KO ,JtOC'l':mtm40 np:a llOMOIIIH COBpeMemmx' Jla38poB. MeHee tzyBCTBH
'1'8Jll,Hmra K' Bo36YJE,lleHHll .llllJUmTCSI cuemamme napu :e:s npo,1t0JIDHHX H no
nepe'llilll BOJIH B reoMeTpHB k ! Eo , a "'lHCTHe" napu :as nonepe~ 
3Jl8KTp0MarHBTHl:Dt BOJIH B 60JIDmmIC'l'B8 OJiytiaeB np8KTll'l8CKH CTaChtJll,HH. 

7. B paMKBX I'll;Iij)O,nmtaM!R8CKOI'O ll0,10(0,Jta npOB8.lt8HO HC'lepmma»
~ee HCCJI8,ltOB8HB8 Henapa6~eCKOI'O nceB.1tOP8JllITHBHCTCKOI'O 118XaHH3MS. 

nap8148i'pll'l8CKOI'O B3W!MO,Jt8iiC'l'Bmi H B036YJ!,lt8Hl!Jl llOB8PXHOCTB H o6'1>8MHHX 
BOJIH B nOJiyorpaHH1i8HHWC CHC'l'eMax. BWiCH8HO .ltOllOJIHHT8JIDH08 rpaHH'lH08 
YCJIOBHe, Dipmtam1ee xapSK'l'8pH08 Jmn8HH8 B03HHKHOB8Hlim od'I>EIM!lott 
IIJm3M8HHOtt BOJIHH, B3al!MO.JtelcTBH8 KOTopol O IIpo,JtOJlDHOI KOMllOH8HTOI 
nOJIJI noBepXHOCTHol BOJIHH B reoMeTpHH k II Eo odycJIOBJmBaeT .itonOJI
HBTeJIDHoe Sa'cyXaHB~ IIOB8pxHOC'l'HHX IIapaM8Tl)ll'l8ClWX BOJIH. IlOKa38.HO 
pemaJll!ee 3Ha'leHH8 "KeitHOBCKOro" M0X8HB3Ma JUrI1 BOS6Y3Jtemm K8K IIO
B8~0C'l'HliX, TaK :a od'I>ewi.x BOJIH B IIOJIYlIPOBO.JtHHKBX o ysK0:11 aanpe
~eHHol 30HOA npH ,JtOC'l'aTO'lHO CJiadOM 3Jl8RT!)OH--qX>HOHHOM B8amt0,Jt8ICTBHH, 
npH1i8M BCJI8.ltCTBH8 B8am&O,lt8IC'l'Bmi noBepxHOCTHlilC H 06'1>8MHHX BOJIH JUrII 
Bosdp.tteH:mi IIOBepXHOCTma nOJISpHTOHOB k ! Eo -reoMeTPM OKaSHBaeT
ca BHro.JtHee no cpaBHeHHll c k · 11 E~ - reoMeTl)Hel. 

8. IIpe.JtJiollteHa HOBWI cxeua pememm 38,lta'lH OBJIWiHHH 3Jl8ItTpoHHHX 
llOTOKOB Ha napaM8TpH118CK08 BOS6Ylr,IteHHe aKYCTll'l8CIWX H CBSi38HHHX 
3KCll'l'OH-qx)HOHHWC BOJIH B llD830ltpHCT8JIJlax, II03BOJISml!Wl y'!HTHBaT:& BHX
p8BH8 llOJIJI, B03Hmtal00lll8 npH paCnpoCTl)aH8HHH SByEOBOit BOJIHH B CHCT8-
M8, BC8 B~ 3Jl8KTl)OH--qX>HOHHOI'O B3rulMO.lt8itCTBWi H H8.lllI'llI8 )U)eliIJa 
'laCTll HOCHT8JI8it. IlOJIY'l0H HOBHI BH,tt KOMilJI8KCHOro T8HSopa MO,llYJl81 . . -
ynpyrOC'l'H, onpe,lteJIJDlll8I'O nepeHOPMlll)OBamm8 ynpyr:e:e KOHC'l'aHTH JI[ 

K03qxpmni0HT sa!l'y.xaH:mi aKYCTll'l8CIWX qx)HOHOB B yCJIOB:miX H8ll0JIHOI'O 
)U)BiiIJa 3JI8KT!)OHOB npoBO,ltHMOC'l'lr!. IloKaSaH 3qqi8KT IIOHmt8Hlim B8Jlll'lllllll 
II0p0I'OBOI'O IIOJIJl B036YJl!,lt8Hmi np:e: YB0Jlll'l8HHH CKOpoCTH B OTHOOH'l'eJIDHO-
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ro 'lHCJia )U)eiiq,yIOOU:OC 3JI8K'l'p0HOB Wili, 'l'l'O TO .l!te cauoe, 3qxlJeK'l' IIOHmlte
Hmi IIopora )ij)0llqx)BOli HeyCTOH'llIBOCTH np:e: Yl30Jlll'l8HHH llHT8HCHBHOOTH 
IIapaM8Tpll'leCKOii lia.Ka'lKH. 

9. B PaMKa.X KBaH'l'OBOro qx>pMaJill3Ma BWmCJieHH KOppe.runniowme 

4JYHKUIDI KOJIJieKTRBHWC 4UIYKTYruntli B IIOJIJipHTOHHott o6JlaoTH CII8Ki'pa JWI 
3Jl8KTp0H--qX>HOHHOI CHCT8W, B3ru!MO.lt8HC'l'ByIOOl8R C CWII,Hm! llOJI8M 3Jl8KT
p0M8.I'Wl:THOI'O H3JlY'leHIDI, c IIOMOlll!,10 KOTopux llOJiy,IeHH qx>pMyJIH JUrII cetJe
Hml: Heynpyroro paccemnm H0HTPOHOB Ha Wla3MOH-qx)HOHHHX ll llOJllij)HTOHHHX 
MO.ltax CHC'l'8Ml,I, 06HapymmaXXIUie aHOM8Jll,H08 BospaCTaHHe llO_Mepe npH6JlH
E8Hmi K o6JiaCTH IIap&f0Tl)ll'l0CKOI H8YCTOtt'llIBOCTH yita3aHHHX YO.lt. :3TOT 

I 

3qql8KT llPO.lt8MOHCTl)Bp()BaH traCJI8HHHLlli pac'leTmra C8'18Hd KOrepeHTHoro 
Heynpyroro paccemum HeiiTl)OHOB Ha BHdpaHHHX MO.ltax KpllCTa.nJia aHTHMO
HH,tta BH,JtWi. Taxm, odpasoM llOKaSaHa B03MOJtHOCTD l!CllOJID30BamUI JlllJI8-
mm nap&1ei'pll'18CKOI'O pe30HaHCa B Ka'l8CTB8 3qql8KTHBHOro M8TO.Jta peme
HWi npodJleW M'aJIOii KOHU0HTpan,m B Heii'l'poHHoii Cll8K'l'p0CKOmm: KBa3l!paB
HOB8CHHX B H8paBHOB8CH!ilC KBa3ll'laCTHU B ltpllCTa.nJiax. 

IO. HcCJie~OBaHa npo6Jieua llOCJI8,JtOBaTeJIDHOro y,I8Ta 3Jl8KTl)OH--qX>
HOHHOI'O B3am.!O,JteilcTBWI B CHCTeMax, B3rulMO.lt0ilCTBymo,cc C OWIDHI:D4 ll0Jl8M 
3Jl8KT!)OMBI'HHTHOro :ll:3JlY'l8Hl!Jl, B CBH3H C npo6JleMOft BHXO,Jta sa PaMIW 
np:e:6JlHlltemm CJIYtJaitlmx <Iias. Ha ocHoBe MeTo.Jta H.H.Eoro.mi:xfoBa H H.H.Eo
I'OJ!Jl6oBa (WI.) HCitilil'leH:mi 6osommx: oneparopoB BHBe.lteHo o6o6~eHHoe 
rumeTll'l8CKOe ypaBHeHHe ]WI 3JI8K'l'p0H--qX>HOHHOH CllCT8Mll B yxa3aHHHX 

H8pa.BHOB8CHHX YCJIOBWDC, ll03BOJISllllllee HCCJie,ltOBaT:& BOJIHOBHe CBOIC'l'Ba, 
npoueccu HBJmHeimoii npoBO.ltH)IOCT:ll: B )ij)yrHe lWH8Tll'l8ClW8 JlllJI8HWI B 
CHOT8M8 npH Y'IJ8'1'8 BJIIDIHRII aqxfieKTOB 3Jl8K'l'p0H--qX>HOHHHX CTOJIKHOB8Hd 
B np:e:cy.rCTBmf OWIDHHX IIOJieft 3Jl8KTp0MarHBTHHX BOJIH. 

0CHOBHH8 pesyJII,TaTH JUfCCepTawm OIIV6JmKOB8.lil,I B CJI0liml!HJC 
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J. Vo Hong Anh, Nguyen Nhu Dat. Parametric excitation in Kane's 
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4. Nguyen Nhu Dat., Nguyen Ngoc Thuan, Vo Hong Anh. Parametric 
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