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OEIIWI XAPAKTEPHCTMKA. PAEOTbl 

AKTYaJibHOCTb T8MH onpe;n;eJIH8TCH B8~ll\8li poJib!O KBaHTOBOH XpOMO~
HaMHKH B C0Bp8M8HHOH (plI3HK8 M8M8HTapHHX 'IaCTHIJ;. KBaHTOBM XpOMO'AW!a
Mmta (KXJO - Hea6Me:sa K8.ID16poBOl!HaH .TeopIDI BsaIIMo;n;eitcTBYl(lllliX IJ;BBT

HHX KBapKOB H rJJJOOHOB - J!BJIH8TCH ~YH;n;8M8HTOM COBP8M8HHOit Teopn CMb
HHX B38HMO;D;8llCTBHll. KX,U o6JJa;n;aeT saMe'IaTeJlbHHM CBOliCTBOM - 8C1'1MIITO
TH'I8CKOH CB06onoil - sqxpeKTHBHaJI KOHCT8HTa CM3H B 3TOll T80p1'lli y6HBa-

8T C pocTOM nepe;n;a'!H HMIIYJJbCa Q , CTP8MHCb K HYJJJO B rrpe;n;eJie Q➔oo , 

'ITO onpaB,mmaeT HCITOJib30BaHHe B o6JJacTH 60JJblllliX rrepe;n;a'! m.nryJibCa 

("Ha MaJIHX paccTOffi!H.fIX") Teopmr B03MJll\8HHfi, HBJIHIOll\8llCH O;n;Hl'IM H3 oc
HOBHHX pac<IeTHHX M8TO;IJ;OB 193aHTOBOli TeOpHH TIOJIH. O;n;HaKO ycrrellllloe HC
IlOJlb30BaHH8 aCHMIITOT1'1'!8CKOi1 cBo6o~ ;n;JJH pac<IeTa aMTIJIHTyn H C8'!8Hlifi 
KOHKP8THHX (plI3H'I8CKHX rrpou;eccoB B03MOlKHO TOJibKO rrpn YCJJOB1'1H, 'ITO 
sqxpeKTH, o6yCJJoBJieHHH8 ;n;ll:HaM1'1KOfi Ha MaJIHX paccTOHH1'1.fIX, nrpaJOT ;D;OM1'1-
HHPYIOll!YJO poJib 1'l MoryT 6HTb OT;D;8JI8HH OT aqxpeKTOB, CBH3aHHHX C ;n;ll
HaM1'1KOli T80P1'lli B HenepTyp6aTHBHOfi o6JiacTH 60JibillHX pacCTOffiIHtt. Ilep--
BHe ycnexn KX,U 6WIH CBH3aHH C ee Tipli!.IIOlK8HIDIMl'l K pac'!eTy C8'!8Hlili nBYX 
rrpoueccoB - rJiy6oKOHeyrrpyroro pacceHHHH 1'l 8JI8KTpoH-Il03HTPOHHOfi aHH1'1-
I'1'1JI!ID;ID[ B a;n;poHH, ,Il;JIH KOTOpHX pas;n;eJI8HHe ( waKTOpH3aUIDI) BKJI8;D;OB Ma

JIHX H 60JiblIIlIX paccTOffi!Hfi ycTaHaBJIHBaJIOCb C ITOMO!l\b!O orrepaTOPHHX pa3-
JIOJK8Hlili. rro.uxon, OCHOBaHHHil Ha orrepaTOPHHX pa3JIOJK8H1'1HX, OKa3aJICH, 
O;n;HaKo, HeITp1'1M8HHMHM K 60Jibill1'1HCTBY npyrroc npoueccoB C 60Jibill0ll rrepena
<Iett liMIIYJibCa. ITOSTOMY nJIH ;D;aJJbHettmero pa3B1'1THH rrepTyp6aTHBHOR B8T,-
BH KX.U lKl'l3HeHHo BalltHoi1 cTaJia paspa6oTRa o6mero rro.uxona, e~Hoo6pasHo 
rrpnMeHHMOro K 8HaJIH3Y rrpou;eccoB C 6oJibillOH rrepe;n;a<Ieil HMIIYJibCa H Il03-
BOJIH!Oll\8I'O, 'Bo-rrepBHX, ycTaHaBJIHB8Tb, B03MOlKHO JI1'1 ,Il;}IH ;D;aHHOI'O rrpouec
ca pasneJieHHe BKJia,!tOB MaJIHX H 60Jibmroc pacCTOHHHfi, a BO-BTOPHX, o6ec
Il8'IHBalOll\8I'O aJII'Opl'ITM pac<IeTa B paMKaX T80P1'lli B03MJ!l\8H1'lli xapaKTepliCTHK 
rrpoueccoB, ,Il;JIH KOTOPHX T8KOe pasneJieHHe B03MOlKHO. 

AftTYaJibHOtt sa,na<Iett HBJIH8TCH Taiate rrp1'1M8H8HH8 KX,U K pac<IeTy ,IJ;lffia
MW!8CK1'1X a;n;pOHHHX xapaKT8pliCTHK (HaITp1'1M8p, wopM!JaKTopoB) B HerrepTyp-
6aTHBHOli o6JiaCT1'1 rrpc•{8lKYTO'IHHX li MaJIHX rrepe;n;a'I HMIIYJibCa. IlepBOH8'IaJib
HO STa sa;n;a'!a lta3aJiaCb 6e3Ha;D;8lKHOll. OnttaKO IlOCJle ITOJ!BJI8HIDI MeTona 
KX.U rrpaBwr cyMM, nosBOJIHBmero B xopomeM corJiacHH c sKcrrepHMeHTOM pac
C'IliTHB8Tb TaKHe H1'13KOSHepreTH'I8CIGie a;n;poHHHe xapaKTepHCTHKH RaK Mac
CH li JI811TOHlill8 nwpmw, CRTYattrul R3M8HWiaCb, R BCTaJI BOllpoc 
06 060611l8IDW M8TO~ KX,U -llpaBWI CyMM Ha 0JIYW 8,Iij)Ommx: (popM
~aKTOpoB RO paspa60TK8 COOTB8TCTBYIOll\IDC paO'lllTHHX M8TO;D;OB. 
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lleJibID imccepTawm JlllJIJieTca ~PMY.7IllpoBKa e,lUrnoro no.n;xo,na K 
waKTOpll38Il;lm BK/Ia,IJ;OB MaJillX H 6MbllIHX paCCTOffillili B KBaHTOBOH XpoMO
MHaMHKe, Hero IlOCJI8.IlY]llll88 IlpHM8H8HR8 K paspa6oTKe MeTO,IJ;OB pacqeTa 
MHaMHqecKHX a~HIIIDC xapaKTepHCTHK - ~PMpaKTOpoB - B o6JiaCTH acHM
nTOTHqecKH 6MbllIHX, yMepeHHllX H MaJillX nepe,naq m.myJIMa. 

HayqHaa HOBII3Ha. B MCCePTall;lm OTKpllTO HOBOe Hanp™eHHe B Te
opHH CWibHllX B3aIIMO~HCTBHH - pa3BIIT eMHllH KBaHTOBO-XpoMO,lUrnaMH
qecKHH no.n;xo,n K aHaJIH3Y ~HH!lX ~PMpaKTOPOB B nmpoKott o6JiaCTII ne
pe,naq liMilYJibCa. OHO 6asnpyeTCH Ha pa3BHTOM B MCcepTall;lm npHMeHH
TeJibHO K KBaHTOBOli XpoMO,lUrnaMIIKe MeTo,ne waKTOpH3all;lm BK/Ia,IJ;OB, CM-
3aHHllX C B3aIIMo.nettcTBIIeM qacTIIU Ha MaJlllX II 6MbllIHX paccTOJll!IDIX, IT03-
BOJIHBilleM C.YIIleCTBeHHO paCilllipliTb o6JiaCTb npIIMeHIIMOCTli nePTyp6aTHBHOli 
KX,ll, B qacTijOCTH pacnpocTpaHHTb ee Ha aKCKIIID3HBHlle llteCTKHe npoueccs. 

]J,JIH aHaJIH3a waKTOpli3all;lm BKIIa,noB B MCCepTall;lm pa3BliT HOB!lli Me
TO,IJ; pellleHHH CITeimWliqecKOH ~ KaJIH6poBOlffillX TeOplili npo6JieMll CYMMII
poBaHliH no rJirooHaM, yqacTBYIOl!lliM B 21!:eCTKOM Wlli MHrKOM no~poueccax, 
OCHOBaHHllH Ha Bil,Il;eJieHHH BK/Ia,IJ;OB, CM38HHllX C HeWli3liqecKliMII CTeneHH
MII cBo6o~, B P-aKcnoHeHTll B~a 
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3TOT MeTo,n OMHaKOBO' a®eKTHBeH H ~ a6MeBHX, li ~ Hea6eJieB!lX 
Teopntt. C ero ITOMO~blO BITepBlle y,naJIOCb noCJie,IJ;OBaTeJibHO ITOKa3aTb, qTo, 
KaK li OlKH,Il;aJIOCb, yqeT HeWli3liqecKHX rJIIDOHOB li B KX,ll CBOMTCH K rrpoc
TOMY "y,rµrHHeimro" rrpOII3B0,1UillX d .. _., ~t< -iai+t' B cocTaBH!lX orrepaTopax. 

Ba2KHllM MeMeHTOM pa3BliTOro B MCCepTall;lm no.n;xo,na JlllJIJieTCH CHC
TeMaTnqecKoe IICITMb30BaHHe MeTOMKH nepexo,na OT TeopeTHKO-ITMeBoro 
OilIICaHM B TepMIIHax MaTpII'IllllX MeMeHTOB JIOKaJlbH!lX onepaTopoB 
< .. I ('o'\'\'~) ... (0""1,.,)1 ... > K MOMWIIImPOBaHHOMY napToHHoMY ormcaHnro 

B TepMIIHax (M;yJibTII) naPTOHH!lX WYHKU!ili F' (:X:1, .. ,, :x:N) , MOMeHTll KOTO-
pl:lX no :t, , ••• , 'X.N nponopi:moHaJibHll BllllleyrroMflHYTllM MaTPIIlffillM 
MeMeHTaM. B MCcepTall;lm BnepBlle ,noKasaHo, qTo WYHKIJ;lm F<:(1 ., ... , :x:,.,) 
o6Jia,naroT Heo6XOMMllMII ~ rrapTOHHOtt HHTepnpeTall;lm cneKTpaJibHllMli 
CBOfiCTBaMII, 

C nOMOlJU,IO MeTo,na B~MeHIIH 3aBHCIIMOCTII OT HeWli3IIqecKHX CTerreHett 
CB06o~ B P-axcnoHeHTH ,ll;OKa3aHa waKTopnsaUHH BK/Ia,noB MaJlllX II 
6MblllliX paccTommtt ~ acIIMITTOTIIKH wopMpaKTopa rmoHa B KX,ll. BBe,neHo 
noHHTIIe rrapToHHott BOJIHoBott WYHKIJ;lm rmoHa II cwopM;yJIIIpoBaHa MOMWIIIW= 
poBaHHM KapTHHa HOBOro TIIIIa, npIIMeHll:MaH K ormcaHIIID acIIMITTOTIIKH 3KC
KIIID3IIBHllX xecTKIIX npoueccoB B KX,ll. 

HcCJie,noBaHa aBOJIIDUHH BMHoBott WHKIJ;lm rmoHa B rJiaBHOM Jiorapng)
MIIqecKoM rrpII6JIII2KeHlllI KX,ll. BrrepBlle Hail,neHll MYJibTlIIIJil!KaTHBHo-rrepe-
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HOpM11pyewa.1toMClHHamm-JIGKalibmnc-onepaTopoB II HBHllH BM acIIMITTOTH
qecKott BMHOBOtt WHKIJ;lm rmoHa. 

HcCJie,noBaHll paMaimoHHlle rronpaBKH K aCIIMITTOTHKe ~PMwaKTopa 
rmoHa B KX,ll. BrrepBlle 6Wll'I B~IICJieHll o~oneTJieBaa Koa®ni:m:eHTHaa 
WYHKIWH ~ ~pMIJaKTopa rmoHa II ~yxrreTJieBoil BMa,n B ~ aBoJIIDIJ;lm 
,rµra BMHOBoil WYHKIJ;lm rmoHa. Paspa6oTaH HoBllH MeTo,n pacqeTa Mep 
3BOJIIDIJ;lm B KOBapliaHTH!lX KaJIH6poBKax, OCHOBaHHllli Ha pa3JIOllteHlill ITO 
MHoroqacTnqHllM WYHKimHM naPTOHHoro Tnna. 

C nOMOlJU,IO MeTo,na waKTOpH3all;lm BK/Ia,IJ;OBMaJlllX H 6MblllHX paccTOH
HHil, npIIMeHeHHoro K aHaJIH3Y TpexToqelffillX KOPPBJIHTOpoB, y,naJIOCb 
pacnpocTpaHHTb MeTo,n npaBWI cyMM KX.ll Ha HOB!lli Mace s~aq - ~pM
waKTOPll a,npoHOB. IloJiyqeHO H HCCJie.IJ;OBaHO npaBWIO CYMM ~ ~pMI)aKTO
pa IlIIOHa npn npoMelltyTolffillX nepe,naqax HMITYJibca. B~nHyTa rnnoTesa o 
cymecTBOBaHlilI JIOKaJlbHOH KBapK-a~OHHOil ~aJibHOCTH .IT,1.lH ~pMI)aKTOpoB 
a,npoHOB. Ha ee OCHOBe npoBe,neH pacqeT MeKTpoMarrIHTHllX ~pMI)aKTOPOB 
rmoHa, rrpoToHa n HettTpoHa. _ 

Pa3BIIT HOB!lli MeTO,IJ; pacqeTa ~pOHH!lX WOpMI)aKTopOB MeTO,IJ;OM KXJl
npaBWI CYMM B o6JiacTH MaJillX rrepe,naq HMITYJibCa, ll C ero IlOMOmbro B~C
JieH MeKTPOMarHHTHHH paMYC rmoHa. BBe,neHO HOBOe nOHHTlie BaKYYMH!lX 
WYHKi:mil pacnpe,neJieima n BrrepBHe rrokasaHo, qTo B MeTo,ne KX,ll-rrpaBHJI 
cyMM BMHOBM WYHKimH IlIIOHa Henocpe,ncTBeHHO cMsaHa c aTHMII WYHK
IJ;H!IMll. Ha ocHoBe MO.IJ;MbHllX BHpa.JKeHntt .IT,1.IH BaKyyMH!lX WYHKimil pacrrpe,ne
JieHM BrrepBHe Hail.IJ;eH BII,n BOJIHOBott WYHKIJ;lm rmoHa B paMKax KX,ll-npaBM 
CYMM, yqHTllBaJOIIIHX HeHyJieBYIO cpe~IOIO BHPTYaJlbHOCTb BaKyyMHHX KBapKOB. 

ITpaKTnqecxrur ueHHocTb, PesyJibTaTH nccJie,noBaHnil, Ha KoTopllX ocHo
BaHa MCCepTai:ma, yJKe H8Ill.1IB rrpnMeHeime B rrepTyp6aTHBHOil KiiaHTOBOil 
xpoMOMHaMime JKeCTKlIX 3KCK/II03liBHHX H HHK/II03HBH!lX npoueccoB, a TaK-
JKe rrpn pacqeTe a,npoHHHX WQpMIJaKTopoB MeTo,noM KX.ll-rrpaBHJI cyMM. Pas
BHTHe B MCCepTall;lm MeTO,IJ;H MoryT 6HTb·HCITMb30BaHH .IT,1.lH pacqeTa ~pM
waKTOpOB 'If'( :-P8CC81ilil!Ui, HHTeHCliBHO HCCJie~eMHX. B HacToamee Bpe
MH aKcrrepnMeHTaJibHo. BaJKHott s~aqett Ha 6y~~ee HBJIHeTca o6o6meHne 
pa3BHTOH B MCCePTall;lm MeTOMKH Ha CJiyqafi qeTHpexToqeqHHX KoppeJIHTO
poB c ueJibro nsyqeHHa rrpoueccoB yrrpyroro a,npoH-~OHHoro pacceHHM 
MeTO,IJ;OM KX.ll npaBM cyMM. 

HA 3AlllllTY B!l,l!J3il'Am'CH CJIE,wnmIB PESYJThTATl:l: 

I. Ilpe.IT,1.lollteH YHHBepcaJibEllli TeopeTHKO-ITMBBOH rro.n;xo,n K aHaJIH3Y 
rrpoueccOB C 6MblllOH nepe,naqett B KBaHTOBOtt XpoMOMHaMHKe, no3BMm:>
mHtt B Ka.JK,ll;OM KOHKpeTHOM CJiyqae ycTaHaBJIHBaTb HaJIHql{e (HJIH· OTCYTCT
BHe) waKTOpH3all;lm BKJI~OB MaJ!llX H 6MblllHX paCCTOHimfi,- CBOfiCTBa, Oil
pe,neJIJilOOlero, npHMeHHMa JIII rrepTyp6aTHBHaH KX.ll K BuqnCJieHIIID xapaKTe
pncTHK ncCJie~eMoro npouecca. 
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2. ~oKasaHa ~aKTOpHsar.um BKJia,n;oB MaJIHX H 6oJibllIHX paccTomrnil 
,l])IR acHMIITOTH.KH ~pMq)aKTOpa rrnoHa B KBaHTOBOll XpoMO,!Ol:HaMHKe. BBe,n;e
HO noHRTHe napToHHoil B~oBoil ~YHKmm n noKasaHa SKBHBaJieHTHOCTb 
TeopeTHKo-noJieBoro orm:caHHR acHMIITOTll.KH ~pMI)aKTOpa nHOHa B KX.ll-MO
,!Ol:~Hll;lrPOBaHHOll napTOHHOll KaPTHHe HOBOI'O THna. 

3. Paspa6OTaHl,l MeTO,I{H pacqeTa pa,!Ol:all;liOHHHX nonpaBOK K aCHMIITO
THKe ~pMI)aKTopa rm:oHa B KX,I{. llccJie,I(OBaHa 3BOJIJOIJ;liR BOJIHOBOli ~YHKlOill 
rm:oHa B O,I{HO- H ~yxneTJI8BOM npHMIDKeHHRX. 

4. C noMomnro no~o,n;a, OCHOBaHHOI'O Ha ~aKTOpHsamm BKJI~OB Ma
JIHX H 6OJibllll!X paccTORHHll, MeTO,I( KX.I{-npaBHJI cyMM o6o6meH Ha CJiyqail 
a~OHHHX ~pMfiaKTopoB. IIo.nyqeHa H HCCJie,n;oBaHa KX.I{-npaBHJia cyMM ,l])IR 
~OPMIJaKTopa rm:oHa npH npoMelltyTOqflHJC H MBJIHX nepe,n;aqax llMIIYJibca. BH.D;
BllHYTa rnnoTe3a O JIOKaJibHOli KBapK-a~OHHOli ~aJibHOCTll ,l])IR ~pMI)aKTO
poB ~OHOB ll Ha ee OCHOBe B~CJieHa ~pMI)aKTOpll rm:oHa,npOTOHa ll HeR
TpOHa. 

5. BBe,n;eHO noHRTHe BaeyyMHHX ~YHKIJ;lill pacnpe,n;eJieHM :ir paspa6o
TaH ~PMaJIH3M, nO3BOJUIIOillllll yqnTaBaTb B KX.I{ -npaBIIJiax cyMM ajxpeKTll, 
o6yCJioBJieHHae KOHeqflOH ,l])IIDIOR BaKYYMHHX qll!YKTyall;lrtt. 

Anpo6all;lrR ,!Ol:ccepTamm. OcHoBHlie pesyJibTaTa ,!Ol:ccepTamm ,n;oKJia,n:1,1-
BaJillCb Ha ceMHHapax Jia6opaTopllll TeopeTnqecKoil ~H3H.KH 06~e~eHHoro 
llHCTHTyTa MePHHX HCCJie,n;oBaHHit (~6Ha), llHCTllTyTa MePHHX HCCJie,n;oBa
HHit AH CCCP (MocKBa), llHCTllTyTa TeopeT:irqecKoit ll 3KCnepHMeHTaJibHOi 
~ll3H.KH (MocKBa), llHCTHTYTa ~H3ll.KH-BliCOKJiIX aHeprnl,l (IlpOTBliIHO), MelK
~HapO,I{HOI'O neHTpa TeopeTHqecKOll ~H3ll.KH (TpnecT, llTaJIHR, OKTR6pb 
I982r.), TeopeTnqecKOI'O OT,n;eJia XeJibCHHKCKOI'O yHHBepcnTeTa (CWHJIJIH.nIDI, 

!984 r.), Ha ceccnRX OT,n;eJieHM MepHoit ~H3liIKH AH CCCP I977-I986 rr., 
Ha KOH~peHIJ;liRX "IIpo6JieMJ,I KBaHTOBOli Teopllll nOJI.!I"(.AJrymTa,I979,I98I, 
!984 rr. ) ~KBapKH-8O" ( Cyxyw, I98Or. ) , "KBapKH-84, 86" ( T6HJincn, !984, 
I986rr.),IIpoMew ~nsnKH BllCOKHX aHeprn:ll: n Teop:im nOJI.!l" (IIPoTBllHO, 
I978-I98O, 1983-1986 __ rr.' ,,KOH~epeHIJ;liRX no Teopllll MeMeHTapHHX qaCTliIU 
(TamKeHT, 1979 r.,!985 r.), B:JecorosHoM coBemaHllliI no npo6JieM~-- Hec
KOJibKHX TeJI (JieHHHrp~. 1983 r.), IX EBponeitCKOli KOH~epeHmm "IIpo6-
JieMa Hec.KOJibKHX TeJI B ~liI3HKe" (T6HJIJiICll, !984 r.)' Ha l!lKOJiax MOJIO,I(HX 
y,I8HHX OHilll (~6Ha,1982 r); E~ll (Hop-AM6ep,Il,1979 r;); llcI!BS (IIpoT
BliHO, 1979 r), Ha M8Jlr,.lzyliapO,IlHWC: WKOJiaX no T8Op8TliI'l8CKO:ll: ~liI3liIK8 B 
IlpliIMOpcKo (HPE,1980 r.), 3aKonaHe (IIHP, 1983 r.), BapHe (HPE, 
!986 r.), WKOJie UEPH-Ollilll no ~H3llKe (Yp6HHo, llTaJIHR, !985 r.), Ha 
M8JK,I(j'Hapo,IlHOH KOH~epeHmm no ~ll3liIKe MeMeHTapHIDC qacTHU B BWllerpa-
,n;e (BHP ,I98I r.). -

IIy6JIHKap:ID'1. IIo pesyJibTaTaM ,!Ol:CCePTaUHH ony6JlllKOBaHa 31 pa6oTa. 
06~eM pa6OTJ,I, ~ccepTar.um COCTOHT H3 BBe,n;eHHR, IlRTliI rJiaB oc

HOBHoro TeKcTa, ITRTH npHJIOllt8Hllli H saKJIID'l8HHR. OHa co,n;epJKHT 354 CTpa-

4 

HliIU Mallll!HOirnCHOro TeKCTa, BKJIID'laromero 49 pHCYHKOB H 6H6JIHorpa~H
qecKHR crm:coK JlllTepaTyp1,1 H3 277 HasBaHliIH. 

CO,UEPJKAilllE PAEOTll 

Bo BBeneHllll ,naH KpaTKJiili oqepK pa3BHTHR KBaHTOBOli xpoMO,!Ol:HaMH.KH, 
o6OCHOBaHa aKTYaJibHOCTb liI BalKHOCTb npoBe.n;eHHOI'O B ,nnccePTaUHH nc
CJie,I(OBaHM, a TaKllte ,n;aHo KpaTKOe ll3JIOllteHliie co,n;epxaHHR pa6OTll. 

B nepBOli rJiaBe H3JiaraeTCR MeTO.I( liICCJie,n;oBaHM acliIMIITOTliIK ~e:lm-
MaHOBCKJiIX ,!Ol:arpaMM B aJI1>cJ!a-npe,IlCTaBJI8HliiliI, KOTopHtt RBJIReTCR liICXO,I{-
HIDII rryHKTOM pa3BllBaeMoro B ,!Ol:GcepTamm no~o,n;a K aHaJill3Y ~aKTOPH-
3amm: BKJI~OB MaJIHX H 60JibllIHX paCCTORHliIH B KBaHTOBOtt xpoMO,!Ol:liaMHKe. 
O6cyllt,I{aeTCR cnell;lr~HK8 Tpex OGHOBHHX peUMOB liIHTerpnpoBaHHR no aJib~
napaMeTpaM (pelltliIMa MaJIHX paccTORHliili (PMP), rm:HqeBoro liI HH~aKpaCHO-
ro (RP)), o6ecneqnBaIDmliIX cTeneHHae O ( Q- 2

N) BKJia,Illi B acliIMIITO-
TIIKY liICCJie~eMott aMIIJiliITY.Illi T' ( Q2, {>2) , saBliICRmeit OT 60JibllIHX (,v Q~ 
ll MaJIHX \ "-' \>2-) liIMITYJibCHHX mrnapnaHTOB. IIOJiyti:eHli BepXHliie oneHKliI ,l])IR 

BKJI~OB, o6yCJioBJieHHWC: peJKJiIM8MliI MaJIHX paCCTORHllli 

T l?MP) ( Q,) 
V 

~ Qti-It~ 

ll HH~paKpaCHID/1 
l~i') - 'i:'t· 

(I) 

1"' (QJ f Q c\· 
S · (2) 

r.I{e t t H: i) - 'l'BHCT ( T. e. pasMepHOCTb B e,!Ol:HHnax Macau 
MHHyc crm:H) t - ~ ( ~ -¼ ) BHemHeit JIHHllll M - no,n;rpa~a V ( llP. -
no,n;rp~a $ ) . HaJinqne B KaJm6poBoqHHX TeopnRX nOJieit A14 c 
HJJieBIDII TBRCTOM cTaBliIT, TaKllM o6pasoM, s~aqy cyMMl!poBaHHR no rJIID
OHaM, yqacTBY!CllllIM B xecTKOM ll MSll'KOM no,n;nponeccax. 

BToprut rJiaBa nocBRmeHa nocTpoeHliIID aJII'OpliITMa ~aKTOpnsamm B.K1Ia
,I(OB, CM3aHHWC: co B3aHMO,n;ettcTBHeM Ha MaJIHX paccTomumx. B_ Ka'leCT-
Be KOHKpeTHoro nponecca BH6paHo r.ny6oKoHeynpyroe pacceRHHe c neJinID 
npoWlJillcTpllpoBaTb B3aHMOCM3b MeXJJJ HamnM no~o,n;oM H 60Jiee paHHHMH 
- MeTO.I(OM onepaTopHWC pa3JIOXeHJiiit liI napTOHHOit MO,I(eJibID. ll3JIOXeHH8 
CTpoliITCR T8KHM o6pa8OM, 'ITO cHaqaJia(B § 2-6) HCCJie~eTCR ynpomeH
HaR MO.I(8Jll, co ~KMRPHHMH rJIJOOHaMJiI, Ha ee npliIMepe H3JI8raIDTCR H8R60JI88 
npll:Hn;mmaJii.HHe, acneRTH Ramero no~o,n;a K ~KTOpRaaURR BKJia.n;oB Ma

J.IHX R 60JI1,IIIRX paccTORHHii. Cnell;li~Ka ~aKTOpR38URR B RX.It o6cyllt,I{aeT-
CR B § 7. Bo BBO,I{HOM § I KpaTKO o6cyllt,I{aroTCR TeopBTRKO-nOJieBHe 
no~o,I(l,l K ncCJie.n;oBaHRID ~PMPBKTOpoB r.ny6oKoHeynpyroro paccemum. 
B § 2 ,n;aeTCR 8H8JllI3 CTPYKTYPH Be~ B 8CRMIITOTHite Q, 2 ➔ oo 
Blt1.l~OB ,l])IR MO.I(eJIR co CKMRPHHMliI rJIJOOHaMH. lIOK83aHO, qTo noCJie,n;o
B8TeJI1,HHil y'leT BKJia,n;oB Bcex no,n;r~B, ,I(8IDmJiIX Be~- B.lt1I~,c He-
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o6XO,ItllMOCTb!O Tpe6yeT BBe~eHIDI rrpou;e~pli paa6HeHIDI BKl!a~oB MaJilDC 

( <-1/f-') H 60JIHIIllX (>-f/p) paCCTOJIHitii. 3Ta np~~e~pa,B CBOIO oi:repe~. 
o6ecrre'llIBaeT liHWP8KpacHyID peryJIHpHaamuo .Rear~ .n;7IH BKl!~a MaJilDC 
paccTOHHliH H yJibTP8WHOJieT0By10 .Re 3 uy - MH BKl!~a 60JlblllIDC paccTo-
HHHil. fl 

ITpou;e~pa W8KTOPH38InlH BKII~OB MaJilDC H 60JlblllIDC paccTOJIHHH 
OITliCaHa B § 3. IlOJI83HOil ,n;7lH ~aJ!bHefunero rrpHMeHeHHH K KaJIH6poBO'IHliM 
T80pliHM HBRH8TCH BB8~8HH8H B 8TOM naparpawe 38IlliCb BKII8~0B B ROOp

~liH8THOM rrpe~CT8M8HHH, cymecTB8HHO yrrpomruomeM Hc·CJie~OBaHHe HX 
W8KTOPH38JmOHHliX CBOHCTB. IDiwoPMalmH O ~aMHKe 60JlblllIDC pacCTOJIHIIil 

aRKyM,YJIHpyeTCH B MaTpHtrHlDC wreMeHTax B~a <PIRei~: !lf(t)tpc1_): IP) , r~e 
\ P> - COCTOJIHH8 C HMITYJIMOM {? , tp ( ~ \ - HeROTOpoe rrOJie B 

TO'IRe ~ ; Rea~Y - Bli'IHT8TMbH8H rrpo~~pa,· 06ecrretrHBaKII18H 
ROHetrHOCTb MaTpH'IH!DC wreMeHTOB <Pl tf 0'11~ ... dv..; 4'lt>> JIOR8J!bHlDC orrepa

TOPOB tf 'd I'-• ... ~I'"' If;;: 0\ I'\, B03HHRaKll1lIX ITPH paaJIOlK8HHH HCXO,IJ;Horo 
o6~eRTa B p.JU Teil:J!opa. B~eJieHHe II3 JIORaJ!bH!DC orrepaTopoB 6ecCJie~o
Boii ROMITOH8HTli ~aeT B ROHetrHOM HTore W8KTOpH30BaHHOe rrpe~cTaMeHHe 

MH aMIIJIHTY~ 

Tl ' d°'-= L L 2.n \ rl'••··Pl'j 9,1<.,_ __ 9,t<•c(l (Cl n)A q( 2) 
w, I e-., n -p, <I h fl , (3) 

Ci•4J,'t' n Q 

r~e \ ·\ o6oaHai:raeT 6ecCJI.e~oBy10 i:racTb TeHaopa, c: - xoaq_)-
WHJmeHTHM WYHKinIH, orrpe~eJIHeMaH ~aMHROil MaJIIDC paccTOHHHil, a 

A~ - pe~impoBaHHliii MaTPHtrHliii wreMeHT cooTB8TCTBYKl!lero JIOKaJ!b~ 
• ,,..<i 

Horo orrepaTopa ~\¥\ 

o. r ' 4. < ?I o\',-·· h.1 \ P>-=- 2 "l Pt<~· .. l?t-iN 1 AN . c4) 
CBII3b pasBHBaeMoro B ~ccepTaimH ~pMaJIHsMa c orrepaTop~ 

pa3JIOJK8HHHMH o6cylK,ll;aeTCH B § 4. Ilo~qepRHyTO,'ITO Ham rro.n;xo~ ITPHM8HHM 
H838BHCHMO OT TOro, HM88T JIH acHMITTOTHRa HCCJie~eMOH aMIIJIHTY~li He
rrocpe~CTB8HHYIO CBII3b C B8~ITIHMH CHHryJIHpHOCTHMH rrpoHaBe~eHIDI HeRO
TOpliX TOROB HJilI HeT. 3,necb JKe ~aH aHaJIH3 ~aRTOPH38InlH B TepMHHax HM
rryJibCHOro rrpe~cTaMeHHH. IloxasaHo, B i:racTHOCTH, 'ITO R08~Hll;li8HTHM 

WYHRJmH en (Q1/t<Z. i I ,n;7lH orrepaTopoB Be~ero TBHCTa COOTB8TCTBY8T 
peryJIHpHsoBaHHoil aMITJil:ITy~e "rrapToHHoro" rro~pou;ecca MH 6ea

MaccoBlDC 'I8CTHD; ( \'Tl;-::.o) Ha M8CCOBOit IlOB8pxHOCTlI (r/-=o). 
CBllsi rrOJiytreHHoro rrpe~cTaMeHIDI MH T ( w, Q2 ) c rrapToHHoii 

M0~8J!bID o6cylK,ll;aeTcH B § 5. IloxaaaHO, 'ITO rrapTOHHaH RapTHH8-8CT8CT
B8HHO CJie~eT H3 TeopeTHRO-ITOJI8BOro 8HaJIH3a, eCJIH OTOlK,ll;8CTBHTb pe
~impoBaHHlie MaTpHtrHHe wreMeHTH JIORaJ!bHIDC orrepaTopoB A~(~ 2 ) c 
MOMeHTaMH WYHRD;liii pacrrpe~MeHIDI rrapToHOB f q C :r, p2.) • B aToM JKe 
rraparpawe ( H IlpHJIOlK8HHH 3) ~aH ITpoCTOli Bl:lBO~ ~pMaJIH3M8 S -
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CReilJm:Hra, IT03BOJ!JIIOill8ro TO'IHO Y'llITliB8Tb HM8Kl!lY!OCH B W8RTOpe 

{ f'I'~··· ?14., 1 aaBHCHMOCTb OT KB~paTa BHellIHero HMIIYJIMa p' ( B 
~aHHOM CJiytrae - MaCCli a~oHa P2~ rn~ ). YqeT TaKOli 3aBHCHMOCTH 

coBepmeHHO Heo6xo~M B pil,IC8 CJiytraeB, B i:racTHOCTH, rrpH aHaJIH38 ~pM

waKTOpa IlliOH8 IlpH MaJlllX QZ B rJiaBe Y. 
B § 6, HM8IOlll8M o6aopHlili xapaKTep, H3JlaraIOTCH OCHOBHlie CBe~eHHH 

06 8BOJIIDJmH rrapTOHHllX pacrrpe~8Jl8HHH C H3M8H8HH8M f 2 
H .n;aeTCH 

rrpocTM lpli3H'I8CR8H HHTeprrpeTaJmH ypaBHeHHil 8BOJIIOJmH. 
B § 7 o6cylK,ll;aeTCH CIT8ll;liWHK8 waKTOpH3aimH BKl!a~oB B KBaHTOBOli 

xpOMO~HaMHRe. OcHOBHOli rrpo6JieMOli 3)];8Cb HMH8TCH Heo6XO,Il;liMOCTb 
cyMMHpoBaHHH no HM810lllHM HyJieBoil TBH.CT rJIIOOHaM, yi:racTBYIDITIHM B JK8CT

KOM rro~pou;ecce. IIo~pou;ecc, TairnM o6pasoM, rrponcxo~T He" B rryc
TOTe" , a K8R 6H B ITOJI8 8THX rJIIOOHOB. l{BapKOBli.8 rrporraraTOp!,l ':f'(:r,d,A-) 
BO BHemHeM rJIIOOHHOM nOJie A rrpe.n;cTaBJIBJOTCH B BH.n;e 

~r (':)'.,~~~A):: E(:l'.,~; A) l scc:x-~)-+ R(-x,"j;~))~ (5) 

" r.ne E l :r, 'A·, A J - .P - yrro p,JUotreHHM aKcrroHeHTa 
A . . 

£:p:,,r,A) ~ ?ey.?(,3C~"-:r.", \/t \,(:co\tl~~-x1)'4 (6) 

C • 
$ ( :t ~ ~) - KBapKOBlili rrporraraTO p B OTCYTCTBH8 IIOJIH, a ipyHKinlH 

R ( :t, ~·,I:{) oxaaHBaeTCH aaBHCHUleil oT rJ1100HHoro ITOJIH TOJlbRO i:repes 
TeHaop ~ ,.., H ero xoBapIIaHTHHe rrponsBo.n;Hue. IIocKOJil>KY IIOJIB' Gt-v 
l'IM88T H8HyJieBOH TBHCT, rrpl'I HCCJ18,ItOBaHHH Be,eymett acHMITTOTl'IKH BKIIa)l;OM 

R ( :x, 'a~ Er) MOlKHO rrpeHe6pe%. HHllMH CJioBaMH, rrpe.n;cTaMeHHe { 5) rros

BOJIHeT paa.n;eJIHTl> BK/Ia~ qJH3HtrecKHX ( ~) H H8WH3HtrecKHX (A) rJIIOOH
HILX cTerreHeil CB06o~. AHaJIOrH'IH08 rrpe.n;cTaMeHHe IIOJIY'I8HO H .n;7IH rJIJO
OHHOro rrporraraTopa. IIoxasaHo TaKJKe, trTo o6~e.n;HHeHHe P-axcnoHBHT 
MR Bcex BHYTP8HHHX JIHHHil JKeCTKOro rro~pou;ecca, C yi:reTOM lDC KOMMY
TaJmOHH!DC CBOliCTB, ITpHBO,l(HT R ITOHM8HHID KaJIH6poBOtrHO-HHBapHaHTH!DC 

orrepaTopoB. KoHe'IH08 waKTOPH30BaHH08 rrpe.n;cTaMeHHe ,n;7lH T(<v, Q~) 
B KXJI HM88T TOT llt8 BH)l; (3), 'ITO H B MO)l;Ml'I CO CR8.1UIPHl1MH rJIIOOHru.m'.. 

TpeTM rJiaBa ~ccepTaJmH ITOCBHUl8Ha HCCJ18)l;OBaHH!O acHMIITOTHKH 

WoPMp8KTopa IlliOHa B KXJI C ITOMOillblO M8TO)l;8 waKTOpH3aimH BKII~OB MaJI!DC 
H 60JlbmHX paccTOHHHli. KmleMaTHKa B .n;aHHOM CJIYqae xapaRT8pH3Y8TCH Ha

Jll'l'IH8M .nBYX cymecTBeHHo pasJIHtrHILX (I< {\-p2.)2.\=-G2➔ oo) HMIIYJIMOB 
P~ , p2 (npHXO.nmtlHXCH Ha ITHOH, COOTB8TCTB8HHO, B Ha'IaJ!bHOM H 

ROH8'IHOM COCTOHHIDIX) , KBa~aTli KOTOPILX MaJili ( P1i:::. f.'t= m;) • KaK 
CJI8)l;CTBH8, ~Hru.m'.Ra 60JI:bl!IHX paccTOHHliil MOllt8T 6HTb accomrapoBaHa KaK C 
HaqaJibHW4, TaR H KOH8'IHliM COCTOJIH1!8M, H H806XO,ItllMO )];0Ra3aTb waRTO
pH38muo BKl!a)];a 60JlbmHX paCCTOJIHHtt B )];Ba MHOlltHTMH ½ (p1) , 'E( \>2.). 
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3To Re RBJIJieTCJI TPHBHa:III,H0H sa,na'Ieft, IIOCKOJII>K,Y, B IIPHHmme, B03MOJKeH 
06MeH Mlll'Rn:MH rJIIOOHaMH MelK,ll;j' Ha'IaJ.ll>HllM H KOHe'!HllM COCTOJIHn:eM, pas
PYW8!0!IlHH (paKTOPHSaumo Ha MHOJKHTeJIB 4'Cp,) , P(r:,.) • 0,IJ;IlaKo 
rrpoBe.n;eHHoe B rJiaBe m n:cCJie.n;oBaHn:e rroRasimaeT, '!To XOTR rro.n;o6Hue 
Mlll'Rlle BRJia,nu B Be,zzyI!lyro acn:MIITOTHKY .n:eitCTBHTeJil>HO rrpn:cyTCTBYJOT B 
OT,ll;eJII>HHX ~arpaMMax, IIOCJie cyMMn:poBaHn:R ITO BCeM ~arpaMMaM .ll:aHHoro 
IIOPR.n;Ka OHH COKpaI!laJOTCR. ifflsn:'!eCRH 3TOT pesyJII>TaT BeCI>Ma ecTeCTBeH 
- 6ecuaeTHOe (UBeTOHeHTPaJ.II>Hoe) COCTOJIHn:e, RaKOBllM RBJIReTCR IIBOH, 
He MOJKeT cos.n;aBaTI> BOKpyr ce6R TaKoe xe IIOJie, KaK n: uaeTHOH RBapK. 

BBO.n;Hllli § I Ha'!HHaeTCR C o6cyx.n;eHHR .n:BYX ~HaMn:'IeCRHX MexaHn:3-
MOB, o6ecrre'!HB8IOUUJX CTerreHHoe aCn:MIITOTH'!eCKOe IIOBe.n;eHHe 4JOPMpaKTOPOB 
cocTaBHwc TJ:acT~, - xecTxoe nepepaccemme H MSX8HH3M ~eHHMaHa.3aTSM 
.n:aH KpaTRn:fi o6sop TeopeTHKO-IIOJieBux rro.n;xo.n;oB K rrpo6JieMe HCCJie.n;oBa
HM 4JOPM(p8KTOPOB COCTaBHHX CliCTeM. IlORa3aHO, 'ITO HaJ.IH'!lle ~aKTOpHsa
IJ;lrn ,wm BcrroMoraTeJII>Hoft aMIIJin:Ty.n;u T ( p~ ) P2.) , ormcimaJOlllefi rrpouecc 
Tn:rra 9qt' ➔ 99 . 03HatJ:aeT' 'ITO aHaJ.IOrH'IHM ~aKTOpHsamm HMeeT 
MeCTO li ,wm qiop~aKTopoB CM3aHH!lX <\'\ - COCTORHHH. 

B § 2 IIpoBe.n;eH 8HaJIH3 B6.ll:Yil1liX BKl.la.n;oB B aCHMIITOTHKY aMIIJIHTy.n;u 
T ( p,, p2 ) • Oco6oe BHn:MaHn:e y.n;eJieHo rrp:0: sToM crremi:~TJ:ecKn:M .n;n:R 

~paj}aKTOpH!lX sa,naq BKl.18,ll;aM, CBR3aHHllM C MHrKn:Mn: rJIJOOHaMH. YCTaHOB
JieRO, '!To BCJI neo6xo.n;TIMM HH~pMamm o BRJia.n;e Mlll'KHX rJIJOOROB co.n;ep-
l!tHTCJI B P-axcnonenTax Er.<:x,oo) , Ep._ (-x,CJo) 

00 ;, 

t. (-:r,oo)-; Pe.)(p ( \~ i dS pl" A't' (,x .. Sf))~ r o (7) 

RBJIRIOil1liXCR orrepaTopaMH KaJ.1n:6pOBO'!HHX qpeo6pasoBaH11:it K aKCll'.aJ.ll>HHM 
KaJ.IH6poBKaM rt A I< = o, p/' Ai-= o. 

B § 3 IIOJIY'!eHO ~aKTOPli30BaHHoe npe.n;cTaBJieHHe ,IJ;]IR aCHMIITOTHKH 
~pMI,aKTopa rmoHa B KX.n 

F'fl' l Qi)= J l'~ d"1_ d'1t 1 
d

4
'7_

1 < P'I Re2~~ 0~ (~', 11') \o') .. 

·{ ~e'a~~ C.o1,f>(~ 1l.
1

,i,11.
1
)'\,<o\Beg~: 0 513 (~,tt)IP) {1+0(1/Q.2)}:8)_ 

r.n;e OS'd-. - KaJ.1H6poBo'!Ho-HHBap:0:anTHHe 6.1:!JlORaJll,HHe onepaTopu. 

Os.1. l~, 11)-= l{i(~)Y,'tc1. E(~11;A)~(ti_)~ 
(9) 

a ~ l ~~1,', ~1, i') - aMIIJIHTy.n;a xecTKoro rro.n;rrpou;ecca q<lt'➔ 9q 
CymecTBOBaHHe rrpe.n;cTaBJieHll'.R (8) o6yCJioBJieHo coKpameHHeM llHWpaxpacHo
'IYBCIBHTeJII>HHX BKl.la,noB B P -sxcnoneHTax E P ( s, co) ,wm KBapKa _H 

t; ('l, 00) ,IJ;]IR aHTHKBapKa HJIB, liHHMH CJIOB8Mli, 6eCIJ;B8THOCTI,JO C\q -
-CliCTeMH. 

B § 4 TIOK83aHO, 'ITO npe.n;cTaBJieH11:e (8) 3KBHBaJ.IeHTHO MO~(pliUllpO
BaHHOtt rrapTOHHOtt KapTHHe 
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CKe:i!JIHRra, II03BOJIJilO!lleI'O TO'!HO Y'lll:TimaTI> HMelOOI..YIOCR B ~aKTope 
{ pl'•··· ?1:4., 1 saBHCliMOCTI, OT KBa.n:paTa BHeWHero HMIIYJII>Ca p 2. ( B 

.n;aHROM CJiy'!ae - Maccu a.n:poHa P2::: m~ ). Y'!eT TaKOH saBHCHMOCTH 
COBepweHHo Heo6xo~M B PR.n;e CJiytJ:aeB, B 'IaCTHOCTH, IIpli aHaJin:3e ~pM
~aKTO pa rmona np11: MaJ.IHX Q z. B rnaBe Y. 

B § 6, 11'.M6IOll1eM o6sopHmi xapaKTep, n:SJiaraIOTCR OCHOBHHe CBe.n;eHM 
06 sBOJIJOIJ;lrn naPTOHHHX pacnpe.n;eJieHn:ft c 11:sMeHeHn:eM ~i n: .n:aeTCR 
TIPOCTM ~311:'IeCKM n:HTepnpeTami:R ypaBHeHll'.tt 3BOJIJOUlll. 

B § 7 o6cyx.n;aeTCR cnemi:~HKa ~KTOpHsami:n: BRJI8.nOB B RBaRTOBOH 
xpOMO~HaMHKe. OCHOBHOH rrpo6JieMOH s.n:ecI> RBJIReTCR Heo6XO~MOCTI> 
cyMMHpoBaHHR no HMe!Oll1liM RyJieBoit TBHCT rJIJOOHaM, ytJ:aCTBYIOll1liM B xecT
KOM no.n:npou;ecce. Ilo.n;npou;ecc, TaKHM o6pasoM, npo:0:cxo~T He II B nyc
TOTe" , a RaK 6H B TIOJie 3THX rJIIOOHOB. KBapKOBH.6 nponaraTOpH 'f 'c:r,d; /+) 
BO BHemHeM rJIJOOHHOM nOJie A npe.n;cTaBJIRIOTCR B BH.n;e 

'-f'C " l C: • ) cJ ('J:,1~A)= EC:x:,~; A) <5 ('.I-~)-+Rc-x,~;<;) ~ 
(5) 

" r.n:e E l :x:, ~ ·1 A) - .P - yno PR.n;OTJ:eHHM sKcnoneHTa 
A. 

e p::1'f> A) ~ Pell? ( ,3(~" -:r.t') \.\dt A\' (:C-+ t l~~x'l)J. (6) 

s C: ( ~- ~) - KBapKOBHH nporraraTop B oTcyTCTBn:e TIOJIR, a cpyHKUIDI 
R { :t, ~ 'i q ) oKasimaeTcR saBHC.flllleit OT rJIJOOHHoro TIOJIR TOJII>Ko qepes 

TeHsop ~ )'V ll ero KOBapHaHTHHe npon:SBO.ll:Hlie. TIOCKOJII>KY TIOJI8 fr I'" 
n:MeeT HeHyJieBott TBHCT, IIPli ~CCJie.n;oBSHHli Be,Izylllett acn:MIITOTHKH BRJia.n;oM 

R l :i\ 'cl', 9:) MOXHO npeHe6pe'II>. HHHMll CJioBaMH, npe.n;cTaBJieHHe ( 5) nos
BOJIReT pas.n;eJIHTI> BRJia.n;u ~sHtJecRHX ( ~ \ n: ne~11:sn:'!ecKHX (A) rJIJOOH
HHX cTerrenen cBo6o.n;u. AHaJ.Iorn'!Hoe npe.n;cTaBJieHn:e rrOJiy'IeHo H ,wm rJIJO
oHnoro nponaraTopa. IloRasano Ta!Cllte, 'ITO o6~e.n;HHeHn:e P-aKCTIOHSHT 
,IJ;]IR Bcex BHyTpeHHHX JIHHHil xecTKOro rro.n;npou;ecca' C y'IeTOM liX KOMMY
T8Izy!OHHHX CBOHCTB, TIPHBO,ItHT K IIORBJieHn:ro KaJ.IH6poBO'!HO-HHB8.PHaHTHHX 
orrepaTopoB. KoHeTIHoe ~aKTopHsoBaHHoe rrpe.n;cTaBJieHn:e .wm. 'T'(w,Q~) 
B KX.n HM68T TOT xe Bn:.n; (3), 'ITO li B MO,ll;eJili co CRaJIRpHHMll'. rJIJOOHaMH. 

TpeTM rJiaB8 ~ccepTarzy!H TIOCB.flllleHa liCCJie.n;oBaH11'.!0 acll'.MIITOTHRH 
~pMf>aKTopa IlliOHa B KXJl C TIOMOllll>D MeTo.n;a ~aKTOp11:38IJ;lrn BRJia,nOB MaJ.IHX 
li 60JII>illliX paccTORHHil. KmleMaTHKa B .n;aHHOM CJiy'Iae xapaKTepHsyeTCH Ha
JIH'lll:eM .nBYX cymeCTBeHHO pa3JIH'!HHX ( \ ( r.-p2)1\= G.2➔ 00) HMIIYJII>COB 

p~ , p~ (npHXO.IUIIIIHXCR na TIHOH, cooTBeTCTBeHHo, B Ha'!aJ.II>HOM H 
KOHe'IHOM COCTOJIHMX), KB8.n;p8Tli KOTOpliX MaJ.lli ( p/::. p;,•m,;) . KaK 
CJie.n;CTBHe, ~HaMHRa 60JII>IIIWC pacCTORHn:it MOEeT 6HTI, acco:inmpoBaHaRaR c 
H8'!aJil>HHM, TaK li KOH6'!HllM COCTOJIHHeM, H neo6XO.n;HMO ~OK83aTI> ~aKTO
pHsaumo BRJia.n;a 60Jil>illliX pacCTORHll'.H B .n;Ba MHOllUITeJIR <p <p.) , 'E( fi.). 
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3To He .fIBJIReTCJI TPllBllaJibH0li sa,naqeft, ITOCKOJibK.Y, B rrpllHil;lme, B03MOlKeH 
OOMeH MflI'RllMll rJIIOOHaMll MelK,IJ;y HaqarrbHI1M ll KOHe~l1M COCTomrn:eM, pas
PYlliaJOIIllIH <paKTOpll3al(mO Ha MHOlK.llTeJIB 4' ( ?•) , ,P (r:,.) • 0,rmaKO 
rrpoBe,n.eHHOe B r~aBe ill llCMe,n.oBaHlle ITORa3HBaeT, qTo XOTH rro,n.o6Hue 
MflI'Rlle BK.718.nll B Be;zy111yro aCllMITTQTllKY .n.ettcTBllTeJibHO rrpncyTCTBYIDT B 
oT,n.e~nHUX AUarpaMMax, rroMe cyMMHpoBaHHH no BceM AUarpaMMaM ,n.aHHoro 
ITOpll,IJ;Ka OHll COKP8.lllaIDTCJI. MrnnqecRH- aTOT pesy~bTaT BeCnMa ecTeCTB8H 
- oecuaeTHOe (uaeTOHeHTpaJibHOe) COCTOHHlle, RaKOBI1M .fIBJIReTCH IlllOH, 
He MOlKeT cos,n.aBaTb BOKpyr ce6H TaKoe .llte ITOJie, KaK ll uaeTHOli RBapK. 

BBO.Imllli § I HaqnHaeTcH C oocyJKAeHllJI ABYX AUHaMllqecRHX MexaHH3-
MOB t ooecrreqnBaIOIIUlX CT_erreHHoe aCHMITTOTllqecKoe ITOBe,n.eHne qiopMpaKTOpOB 
COCTaBHllX qaCTlll{, - JK9CTK09 nepepaccemrn:e H M9XaHH3M ~eitHMaHa.3aT9M 
,n.aH xpaTKHH oosop TeopeTHKO-rrOJieBUX ITO,lOCOAOB K rrpoMeMe.ncMe,n.oBa
HllH qiopM:paKTOpOB COCTaBHUX CllCTeM. IloKa3aHO, qTo Harrnqne qiaKTOPll3a
UHll ,n7IJI BcrroMoraTe~nHOil a~HTYAU T ( p , P2.) , OilllCHBaJO!Ileft rrpouecc 
Tllrra 9qt'➔ 'i9 , 03HaqaeT, qTo aHaJI~rnqHaJI qiaKTOPll3aUHH llMeeT 
MeCTO ll ,n;JIH qiop~aRTOPOB CBH3aHHliX 9q - COCTOHHllli. 

B § 2 rrpoBe~eH aH~3 Be,JzylllllX BK.7Ia,n.oB B aCllMITTOTllRY a~HTYAU 
T ( p~, Pz) . Ocoooe BHHMaHHe y,n.e~eHo rrpn aToM crreunqin'!ecRHM .n;JIH 

qiop~aRTOpHliX sa,n_aq BK.7Ia,n.aM, CBH3aHHl1M C MHrRllMll r~IDOH8Mll. YCT8HOB
~eHo, qTo BCJI 1;1eo6xo,n.TIM8H llHql()pMaUHH o BK.718,n.e MflI'RllX r~IDOHOB co,n.ep

.llt.HTCJI B P-axcnoHeHTax Er. (:x, oo) , E P2. (-x, oo) 
60 ,,. 

ti' (-:r,oo )-:o Pe."-p ( \d io dS r" A~ (:r;:-< sr)) ~ (?): 

HBJI1IIOilll'IXCH orrepaTopaMH RaJillOPOBO~liX rrpeoopasoB8HllH K 8RCllMbHl1M 

RarrnopoBRaM rt A \-i = o, p/' Ai-= o. 
B § 3 ITOJIYqeHO qiaRTOpll30BaHHoe rrpe,n.cT8MeHlle ,n;JIH 8CllMITTOTllRll 

4lOPM!J8RTopa IlllOH8 B KX,U 
\ 4 I I lJV -'JI- ! i 

F'lflQZ.) "'- jl'~ d"1_ d4 €1 
d 1. < p I Rest<z. o!.o(. (~,'1 )\O') ... 

· { ~ei~~ ~t_f> n,~•. i,11.1
) }<ol Reg~! 0 513 (~, ti) IP> {1-t0(1/Q.2)}~

8
) _ 

r,n.e Q',d.. - KaJillOpoBO~O-llHBapnaHTHlle 0WIOK8Jll,Hll9 orrepaTOpH. 

05,ll~.•1)-:: ~(~)Ys'tcl, E(~,r,A)~(ti_)~ 
(9) 

a ~ l~~1,',~1,1') - a~Ty,n.a JKeCTKoro rro.n.rrpouecca qqc(~..,, 9q 
CyllleCTBOBaHHe rrpe,n.cTaMeHllH (8) 00YMOM8HO CORP811l8HlleM HHqipaitpaCHO
<ryBCTBllTe~bHliX BK.7Ia,n.oB B p -aKCllOH9HTax E p ( s, ~) ,nlIJI RBapxa ll 

t::;' (1_, 00) ,n;J!H 8HTllRBapRa ~. llHUMll MOB8Mll, oecuaeTIIOCTbID ~q -
-CllCTeMU. 

B § 4 ITOR83aHo, 'ITO rrpe,n.cTaMeHlle (8) SRBllBaJieHTHO MO.n.Hqinunpo-
B8HHOtt rrapTOHHOH R8pTHHe 

8 

[ 

i.1-· 

-,· 

' 

! 
i: 
11 

\ ,I-' 
)j 

,\ I\ 

F'l'l'(d)~ )d:x J d~ lf..,,.<~,\/) lf('X,~2
) E.C-:x.p1):i:p,;~pz,~Pz;~

2)\ro) 
o o -t- O(~/G 4 ) 

,n7IJI acllMITTOTllKll 4lOPM!J8RTopa IlllOII8, B ROTOpOH IlllOH OITllCUBaeTCJI nap- , 
TOIIHOH BOJIIIOBOH qiyIIRUHeil ty(x, \'i, , xapaRT8Pll3YKllleil aMMIITy;zy Be
poHTHOCTll H8HTll IlllOH B COCTOHHllll, ROr~a RB8PRll HecyT ~OJill :X.. , 'X:: 
1-:J: ero rrpo,n.oRnHoro nMITy~nea. IlapaMeTp ~a HMeeT CMUM orpa-

Hll'!eIIllH Ha rrorrepe~uil: HMITY~nc RBapRoB: k1< \-'z • Ilepexo.n. OT Teope
THRO-rrOJieBoro OITllC8Hll1I B TepMHHax rrpe,n.cTaMeHllH (8) R rrapTOHHOMY 
,n.ocTnraeTCH OTOJKA8CTMeHlleM MOMeHTOB BOJIHOBOH <ftyHRUllll lf (:i:, t,\~) 

C pe;zyunpoBaHHUMll M8Tpll~llMll MeMeIIT8Mll ~ORarrbIIliX orrepaTopoB 
'\ 

I l ( N "'> ~ 
'\. ?c,( P~~ .. - Po1,.,, 5 j lf(:2: 1 ~z) ,:z: d:x. ..,,_ <olt'.p'c{s~,/D°'-1 .. ."D.1.vlflP~ 

0 
(II) 

r,n.e IP> - O.ImOilllOHHOe COCTOHHlle. 
B O(cl5 ) -rrpn6JIB2Ke!Illn MH a~HT;y.n.u E rrMy'!ena M8AflOII18H 

4lOPMY~8 ,n;JIH aCllMITTOTlIRll qiopMpaRTopa IlllOHa B TepMHHax BOJIIIOBOH qiyHR

Ullll lf 
~ 

Fir (Qz): Q'1T(\= <ils(PR) I 
~ Q.: I 

t (j'cx:z) clx \ 2. 
(I2) 

r.n.e "C,t-::. 4 /3 t K: = 3 - ~B9TOB!:l8 MHOUTeRll, a 1-'z.,_ ti~~ Q.2-

Bo~HOBUe iPYHRUllll '-{'{ x, \-1,2 ) orrpe,n.e~TCH ,n.llHaMllROH OO~bllJllX 
paccTomrn:n, IT08TOMY rrepT-yp68TllBIIM KlO{ rrpe,n.cRa3UB8eT ~llllib 38ROH llX 
ll3MeHeHllH C pOCTOM ~z . 3B~Ull1I BOJIHOBOff iPYHRUllll IlllOH8 B r~aB
HOM ~orapnqiMH'!eCROM rrpnMH.llteHllll llCMe;zyeTCH B § 5. IlMY'ISH JIB-
HUH Bll,n. MaTpllll;ll aHOMaJibHliX p83MepHOCTett ll OITllC8H rrpocTOH crrocoo 
ee .n.naroHaJIB38Ullll. Hatt,n;eHu orrepaTOpll,MY~bTll~RaTllBIIO-rrepeHOpMll

_pyeMlle B o.rmorreT~eBOM rrpIIMmteHHH. IlpoaHMll3llpOBaHa acRMITTOTllRa 
lf {'.:C, \-12,) rrpll \\c?. ➔ CIO ll YCTaHOMeHo, qTo 8CllMITTOTll'IeCRM BOJI-

IIOB8H qJyHRUHH lf"s(:t, \'1.~ 00) HMeeT BRA 

lfQ~ ex.) ~ G f'lt :x:(1-:x.) ~ 
(I3) 

r,n.e 'tii "' I33 MaB - RoHcTaHTa pacrra,n.a tr➔ t,t v • prcro,n.a BHBe-
,n.eHo BaJKHOe Me,n.CTBlle, 'ITO :qiopMpaRTOP IlllOII8 rrpn QZ-➔ CO MOlKeT 
OUTb BllpB.llteH -qepea -fir ll oerylll-yJD KX,U ROHCT8HTY CBH3ll els 

F.o.s (Qz) I -:. 8'1rf! o(s(G1.) 
'Ir Q2➔ c,o c.=l· ( I4) 

3aTeM o6CYJir,lta8TCH nepeXO'A OT OIIllC8HllH 8B~Ullll BO~HOBOH qiyHRUllll 
IIllOH8 B TepMHHax MaTpllll;ll aHOMaJibHUX pasMepHOCTett R llHTerpo.n.nqiqiepeH
D;RaJibHOMY ypaBHeHHID aB~Ullll. rrpe,n;JIOEeHHOMY Epo,n.cRHM ll JierrruKeM. 
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Cq)opMyJmpoBaH MeTO,II; H8XOJK,I(eHHH smpa 3BOJIIOmm H8 MaTPHilll aHOMalinHIDC 
pasMepHocTeii n npnBe,neH pesyJinTaT ,Il,.7IJI o,IJ;HoneTJieBoro smpa Vex,~) 
B IOUl. J1cCJie,IJ;OBaH8 CTPYKTypa BK/I8,Il;OB, COOTB6TCTBYRIIUDC pe.lKHMY 
"~oiiHoro CJKaTHH" (T.e. CRTY~, Kor.na PMP-IIO'ArPaqJ COCTORT R8 
.IJ:BYX KOMIIOHeHT), paspyru0J001ero ~aKTOPR3au;mo B ~pMe (8), (IO) ,Il,.7IJI 

rrpocTIDC cKaJIHpmnc Mo,neJieii lf ~,.) , lf \1,, • IloKasaHo, 'ITO ,Il,.7IJI Be-
.IJ:Ylllero BMa,na B ~p~aKTOp rmoHa B KX.U pelmM ~OliHOI'O ClltaTM OT
cyTCTByeT. PaccMOTpeH!1 H6B6.IJ:Yl!lll6 ~pueBCKHe npoeKmm (rrceB,IJ;OCKa
JIHpHM P 11 TeHsopHM T ) aMIIJmTY,I1;11 no,IJ;IIpouecca 991.Jf. ➔ '( q 
R noKasaHO, 'ITO JIRHeiiH11e paCXO,Il;llMOCTH, B03HHK0JOOllle rrpn HHTerpnpoBa
HHll no ~ npo:0:aBe,neHHii 'tovr<1 ,';i )v;Tl'.l,z) R E fT \:r,'a,) V-rp( x, z-) , coKpa
maDTCR .npyr C ,npyroM, R n03TOl'zy HeT onacHOCTH paspyrueHHH ~aKTOpR
.samm BCJie,IJ;CTBRe npeBp~eHRH p, R T- BK/Ia,IJ;OB R3 HeBe.IJ:YlllllX (o(-1/Q4 )) 

B B6.IJ:Yl!lll6 { O(Vd)). 

fJiaBa '!eTBepTaH nocB~eHa RCCJI6,IJ;OB8HHD pa,nnall;0:0HHHIDC nonpa
BOK K acnMIITOTRKe ~p~aKTopa rm:oHa B KX,U. Heo6xo,Il;llMocTn pactieTa 
TaKRX nonpaBOK, KaK IIO,IJ;'!epKHyTo BO BBO,Il;HOM § I, o6yCJioBJieHa TeM, 
'ITO TOJinKO noCJie RX ytieTa npe,IJ;CKa3aHM IIePTyp6aTRBHOli KX,U np:0:06pe
TaJOT He06XO,Il;Rl'zyID Jlt6CTKOCTn, B 'IaCTHOCTR, B ~przyJie (I2) ecTeCTBeHHO 

,2 L . . 
B116par, napaMeTp11 ~ , ~~ nponop:rmoHaJinHl1MR nepe,natI~ RMIIYJin-
ca Q , HO BeJIR'!RHa KO~RIJ;0:6HTOB nponop:rmoHaJinHOCTR ( a, CJie-
,IJ;OBaTeJinHO, R npe,neJI11 rrpRMeHRMOCTR acRMIITOTR'I0CKOI'O KX,U-aHaJIR38) 
MoxeT 611n Haii.IJ:eHa nrun Ha· ocHoBe RH~pMamm 06 oc~;) -nonpaBKax, 

B § 2 c~przyJmpoBaH pe~IIT Bl1'IRCJieHM KO~IJ;0:eHTHOli.~YHKUID! 
B O,Il;HOIIeTJI6BOM npR6JIDeHHH c IIOMOmnD pasMepHott peryJIHpnsamm. Ilpn
Be,IJ;eH peayJinTaT O,IJ;HoneTJI~Boro pac'!eTa R RCCJie,IJ;OBaHa ero CTPYKTypa~ 
a TaKllte saBRCRMOCT:E, B6JIR'!RHl1 nonpaBKll K ~pMiJaKTopy OT BR,IJ;a BOJIHOBOH 
~YHKIJ;0:R rmoHa. AHaJIHs·nonpaBOK noKa3!1BaeT, 'ITO npn 3KcnepRM8HTaJinHO 
JJ;OCTRJKHMWC nepe,natiaX ( Q~.f 4 rsB2) noJiaraTnCH Ha peayJinTaT11 nep
Typ6aTRBHWC KX,U-paC'I8TOB H8Jin3H: npR ~~- I rsB~KO~IJ;0:eHT nepe.n 

0<s'2. -BKJIB,l{OM CJimlIKOM B0JIRK, R ero MOJltHO c,neJiaTn ,Il;OCTaTO'IHO Ma-

JIUM Jillllln B8HB J-t~ BH8 lI8pTYp6aTKBHOit oelJia.CT.lil. 

B § 3·pa8BRT HOBuit MeTo,n IIPflMOI'O (MRHYH pac'!eT M8TPRilll 8HO
MaJinHWC pasMepHocTett) B11'!RCJieHM. R,IJ;pa 3BOJIIOinm: Vex,~) B KOBa
pRaHTHWC KaJIR6poBKaX, ,naBnmtt B03MOllHOCTn B11'!RCJIRTn ~yxrreTJieBott 
BK/Ia,It B V (:x,u) B ipeffJIMaHOBCKOtt KaJm6poBKe. MeTO.It OCHOBaH Ha 

c3 - N 
pa8JIOllt8HHR KaJIR6poBO'IHO-RHB8pRaHTHOI'O COCT8BHOI'O onepaTopa lpl'rt.-11 ~ 
R (:I>-:.~- i~ A) no onepaTopaM BR.IJ:a qia,cr ... A'"•~- A'""\1,l"k,.) 
( r,ne 1f 1"1e) :'. o"'ll lf ) C noCJie,ItymtHM BB8,It6HB8M COOTB6TCTBYJOOUDC MHOI'O
'IaCTll'!HHlC KB83RIIapTOHHHX BOJIH?fHlC qiyHKIJ;0:tt lf1c('t0 ,~~, .. , rk) , IIOJIHOe 
.ItBYXII8TJI0BOe R,I!;po 3BOJIDinm: V ) ( :J:, 'a) · B 8TOM no.nxo.ne .naeTCH 
.C]MMOI CBepTOK BR,IJ;a 
' 
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F1r(Qz)~ )c:l.-x) d~ q,..,..c~,\/) !f!-x,~2 ) t:.C'.XP1):i:p1i~Pz,~Pz.;t-t2)\ro) 
o o +ocvc~") 

,Il,.7IJI aClIMIITOTRKR ~p~aKTOpa rmoHa, B KOTopoii IIHOH OIIRCJIBaeTCH nap- ' 
TOHHOtt BOJIHOBOii ~YHK:rmeii tf(x, \Ii l , xapaKT8PR3YKl!leii aMIIJIRTY.IJ:Y Be
POHTHOCTR HaiiTR rmoH B COCTOHHHR' Kor,na KBapKH HecyT .ItOJIR =c. ' ,:r::: 

i - :x: ero npo,noJinHoro RMIIYJinca. IlapaMe.Tp I-' a nMeeT CMHCJI orpa-
HR'!eHM Ha nonepetIHuit RMIIYJIM KBapKoB: kt< \-lz • Ilepexo.n OT Teope
TRKO-IIOJieBoro ormcaHHH B TepMRHax npe,ncTaBJieHM (8) K napTOHHOl'zy 
,ItOCTRraeTCH. OTOJK,I(eCTBJieHHeM MOM6HTOB BOJIHOBOii WYHKUHR 4' ( :i:, ~ ~) 

C pe,ny:rmpoBaHH11MR M8TPll'!H!1MR 3JI6M6HT8MR JIOKaJinHl1X onepaTopoB 
'\ 

( l( N -? ~ 
'\. ?o< Po/~ ... P"'.v 5 J <f(l: 1 ~z.} ,;r dx-=- <ol~~s1a.'D.;,, ... 'Do1Nl!>IP~ 

0 

r.ne IP> - O,Il;HOIIllOHHOe COCTOHHHe. 

(II) 

B O(ol5 ) -npR6JmxeHHR ,n;IIH aMIIJinTy,nu E nOJiy'IeHa CJI8.IJ:Y!OillaH 
~przyJia ,n;IIH aClIMIITOTHKR ~p~aKTOpa rmoHa B TepMRHax BOJIHOBOit ~YHK
UHR \f 

~ 

F (Qz); ~'l'l<\:.,,,s(~R) l scpcx,1-1Z)&x\2. 
11' N. Qi! 0 :x , 

c:: 
(I2) 

r,ne {~1 ·'::. 4 /3 ' K:. = 3 - ~B8TOBl18 MHOUTeJIR, a ~z~ ~~~ Q.z 
BOJIHOBHe ~YHKUHR l{'(Xt\-1

2
) onpe,neJI/Il!JTCR ,ItRHaMRKOtt 60JinllIRX 

paccTOHHHtt, II03TOIVJY nepTYp6aTHBHM KX,U npe,nCKa3!1B8eT JIRillb saKOH RX 

RsMeHeHM c pocToM ~z . 3BOJIIDUHH BOJIHoBott WYHKmm rmoHa B rJiaB
HoM JiorapR~MR'IeCKOM npnOJmJlteHlIR RCCJie,IJ;yeTCH B § 5. IIOJiy'IeH HE-

Huit BR.IJ: MaTPRilll aHOMaJinHIDC pasMepnocTett n ormcaH npocTott cnoco6 
ee ,ItRaroHaJIRsamm. Hait,neH11 onepaTop11,rzyJinTHIIJIRKaTHBHo-rrepeHopMR
pyeMHe B 0,Il;HOII8TJieBOM npH6JIIDKeHHH. IlpoaHaJIR3RpoBaHa 8ClIMIITOTRKa 

If (::C, 1-42-) npR \\2. ➔ CIC/ R YCTaHOBJieHo, 'ITO 8ClIMIITOTR'IecKM BOJI-
HOBM qiyHKUHH tpQ\ :r., \''~ oo) RMeeT BR,IJ; 

lfQS ('X:)-.:.. Gf1t a::({-:x), 

r,ne ,f 'tl -::. !33 MsB - KOHcTaHTa pacna,na 'Tr➔ ft" 
.neHo BaJltHOe CJie,ItCTBHe' 'ITO ~pr,$1KTOP IIROHa npn 

.611Tn B!1p8JlteH '!epes 1,r R 6erymyD KX.U KOHCT8HTY 

r:-°'s z I g'lr'l:2.o(s(Q') 
L (Q ) -::. ··-~-«--~ 
rr Qz➔ c.o Gz. 

(I3) 
• □TcD,na BUBe
Qa -~ 00 MOJlteT 

CBH3R ols 

(I4) 
3aTeM 06CYJK,Ita8TCH nepexo~ OT ormcaHM 3BOJiromm BOJIHOBOtt WYHKmm 
IIROHa B TepMRHax MaTPRilll 8HOMaJinHHlC pasMepHOCTett K HHTerpo~peH
IJ;0:aJinHOl'zy ypaBH8HlIKJ 3BOJIIDUHR, npe,n;IIOJlt8HHOl'zy Epo,ItCKRM R JienaxeM. 
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CqlopMYJUIPOBaH MeTo,I(.HaJCOJK,I(eHHH H,npa 3BOJIJOI.llm H3 MaTPHilll aHOMaJibHl:DC 
pasMe pHocTeii H rrpHBe,neH pesyJlbTaT .IIJIJI OMorreTJleBoro ~a V C :r., ~) 
B RX.I{. llcCJle,noBaHa CTpy.KTypa BRJl8,I(OB, COOTBeTCTBYKIIUDC pelltHMj' . 
11,I(BOlllioro CJ!taTHH" (T.e. CH.Ty~. KOr.I{a PMP-IIO,IU'paip COCTOHT H3 
,I(BYX KOMIIOHeHT), paspymaJ001eI'O W8KTOPH38D;m0 B ~pMe (8), (IO) .IIJIJI 

rrpOCTHX _CKaJIHPHHX MO,I(eJleil 4'~4) , l.f\1,\ • IIOKa3aHO, tJ:TO ,Il;}IH Be-
,nymero BRJia,na B iJ)opM!)aKTOP rmoHa B KX.n pe.lltHM ,I(BOliHOI'O CJKaTHH OT
cyTCTByeT. PaCCMOTpeHH HeBeAfl!lHe WHPUeBCKHe IIpOeKI.llm (rrceB,I(OCKa
JIHpHruI p H TeH30PHM T ) aMIIJUITY~ rro,nrrpo.u;ecca <iqtlf• ➔ 'l«f 
H IIOK838HO, 'ITO JIHHeilHue pacxo~OCTH, B03HHKaJOOIHe rrpn HHTerpnpoBa
HHH rro ~ rrponsBe.neHHil '=rl'C:t,1 )Y;TIV) H E l'T t:r,4) VTp( x, r) , coKpa
mamc.fI ~yr C ,npyroM, H II03TOMY HeT orracHOCTH paspymeHHH ~KTOPH
_samm BCJle,I(CTBHe rrpeBp~eHHH p, H T- BRJia,I(OB H3 HeBeAflllHX (o('1/Q4)) 

B BeAfl!lHe ( O(VQ1
)). 

rJlaBa ti:eTBepTaH rroc~eHa ncCJ1e,noBaHHro p~a.1.1;0:oHHHWC rrorrpa
BOK K acHMIITOTHKe iJ)opM!)8KTOpa IIHOHa B KX,U. Heo6xo~OCTb pacti:eTa 
T8KHX rrorrpaBOK, KaK rro,nti:epKHyTO BO BBOMOM § I, 06yCJ10BJ1eHa TeM, 
'ITO TOJlbKO IIOCJle HX yti:eTa rrpe,nCKa38HHH rrepTyp6aTHBHOii RX.I{ rrpno6pe
TaIDT Heo6xo~MYID xecTKOCTb. B qacTHOCTH, B ~PMYJle (I2) ecTeCTBeHHO 

~2 ~ . BH6paTb rrapaMeTpH 1· , ~~ rrporrop.1.1;0:0HaJlbHllMH rrepe,nati:e HMIIYJlb-
ca Gz. , HO BeJIHtJ:HHa KO~H.1.1;0:eHTOB rrporrop.1.1;0:0HaJlbHOCTH ( a, CJ1e-
,I(OB8T8JlbHO, H rrpe,neJIU rrpnMeHHMOCTH acHMIITOTHtJ:eCKOI'O KX,U-aHaJIH3a) 
MOEeT 6HTD Ha~eHa Jlllillb Ha OCHOBe HHg)OpMaIJ;Im 06 0(<>1;) -nonpaBKax. 

B § 2 ciJ)opMYmrpoBaH pe.u;errT BUtJ:HCJ1e1IIDI Ko~.1.1;0:eHTHOH WYHKI.(lm 
B OMOITeTJleBOM rrpn6mrxeHHH c ITOMOmbro pasMepHoii peryJ1Hpnsamm. Ilpn- , 
Be,neH pesyJlbTaT OMOIT0TJleBoro ~ctJ:eTa H HCCJle,noBaHa ero CTPYKTypal 
a TaKllte saBHCHMOCT:& BeJIHtJ:RHH rrorrpaBKH K iJ)opMflaKTopy OT B~a BOJIHOBOli 
WYHKI.llm rmoHa. AH~s rrorrpaBoK rroKas~aeT, tJ:To rrpn aKcrrepnMeHTaJlbHO 
,I(OCTHEHMHX nepe,natJax ( Q2

~ 4 raB2) ITOJlaraTbC.fJ Ha pesyJ1bT8TH rrep
Typ6aTHBHl:DC RX.I{-paCtJ:8TOB H8Jlb3.fJ: rrpn ~~- I raB

2
KO~H.l.1;0:8HT rrepe.n 

ot/ -BKJla,ItOM CJIHillKOM B0JIHK, li ero MOJKHO C,I(0Jl8Tb ,I(OCT8TOtJ:HO Ma-
JIUM Jlliillb B3HB J-t.2, BH8 II8pTJp68THBHOil o6JiacTR. 

B § 3 pa3BHT HOBUH MSTO,I( IlpaMOI'O (MHHYH pacti:eT MaTplillll aHo
MaJlbHl:DC pasMepHocTel1) BUtJ:HCJleHHH. JJ,Itpa 3BOJIIDI.llm V(:c,~) B KoBa

·pnaHTHWC KaJIHC!poBKaX, ,naBillHii B03Mouocu BUtJ:HCJIHTb .nBYXITBTJleBol1 
BRJI~ B V <~. u.) B W9!1HMaHOBCKOl1 KaJ1H6poBK8. MeTO,I( OCHOBaH Ha 

cl - "' pa3J10Jlt8HHH KaJ1H6poBOtJ:HO-HHBapH8HTHOI'O COCTaBHOI'O orrepaTopa l{J ts-t~ ~ lj-, 
l:t ( '.I)-=. d- ia ft) no orrepaTOPBM B~a q;,.,~ ... A'"•~- A'"k)l¼' 1"••·' 

( r.ne 'f 1"k' :'. o'\ 'f ) C TIOCJle,I(JKl!tHM_ BB0,I(8HlteM COOTBeTCTBYIOOOIX MHOI'O

tJ:8CTl:ttJ:Hl:DC ICB83HIIapTOHHl:DC BOJIHOB!DC (WHK.1.1;0:it lf ,J r 0 , e1 , .. , rk ') . IIOJ!HOe 
(2) K 

.nBYXIT8TJI0BOe JJ,Itpo 3BOJIJOI.llm Y ( :X: 1 ',1-) B STOM ITO,ItlCO,I(e ,nae TOH 

~YMMOl1 CBepTOK B~a 
' 
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v(2)(-x,~)= Fo ri<~l \rlj-t-1) vjo{\i1{+1l~) (tii\t-1, (I5) 

r.ne f i -. H0KOTOpHe yHHBepCaJlbHHe H,npa, a. "Jo - JJ,Itpa, OIIlICHBaIO-
lllH0 CMSilll:tBaHHe WYHK.1.1;0:il: If~ , lf O rrpn rrepeHopMHpOBKe. .nn;r npo-
BepKH pe3yJlbT8TOB pactJ:eTOB OKa3HBaIDTCH ITOJl03HHMH ~PMYJIH, CBH3HBaJO-
mn:e JJ.ItP0 V C 1, ~) c JJ,ItpoM P (~) , ormcHBalCX!lHM aBOJirou;mo qiyHK-
.1.1;0:H pacrrpe,neJleHHH II8PTOHOB. 0KOHtJ:8TeJlbHUe BHpaJKeHn:.fJ ,IIJIJI c~.~ ' v ,2.1 ) 

Hail:,I(eHHHe B WeiiHMaHOBCKOH li CB8TOIIO,I(06Hoil: aKCII8JlbHOH KaJIII6poBKaX, 
COBilaJIII. 

B § 4 CHatfaJ!a HCCJle,I(yeTCJI CTPYKTypa .nBYXITeTJieBoro H,npa 3BOJIJO
mm II H3JlaraeTC.fJ M0TO,I( pemeHHH ypaBHeHHH 3BOJIIDI.llm ,Il;}IH BOJIHOBOH qiyHK
mm IlllOHa B .nBYXIT0TJl0BOM npn6mrxeHHH. 3aTeM ITOJlytJ:eHHoe pemeHn:e 3TO
ro YPaBHeHHH llCITOJlb3Y0TCH MJI BHtJ:RCJleHHH .nBYXITeTJISBl:DC rrorrpaBOK K 
3BOJIJOIJlm BOJIHOBOH WYHKIJlm ITHOHa H COOTB0TCTBY.IOll1ID{ rronpaBOK K acn:MII
TOTHKe iJ)opMf>aKTopa rmoHa. IloKasaHo, ti:To 0( .,it) -rronpaBKH K FlT (.Q~), 

06yCJ10BJ1eHHue 3BOJ1ro.1.1;0:eil: BOJIHOBHX @YHK.1.1;0:il:, oftasHBaroTcH cymecTBeHHo 
M0HiillIHMH O ( d.;) -lIOIIPSBOK' KOTopue' .naeT OMOITSTJleBaH K03qxpII.1.1;0:eHT
HM 4i"YHKUWI, II Il03TOMY OCHOBHHe BHBO,I(H H3 aHaJIII3a rrorrpaBOK, rrpo
Be,neHHOI'O B § 2, OCTaIDTCH B Cl:!Jle,- acHMITTOTIItJ:eCKHe WCPMYJIH rrepTyp-
6aTHBHOil: KX.n H8IIpllM8HHMH B 3Kcnepn:MeHTaJlbHO ,I(OCTHrHYTOH 06JlaCTH 

( Q2. ~ 4 raB2} · 

I'J1aBa IIHTaH nocB.lillleHa paspa6oTKe KXJ{-rro.nxo.na, noaBOJimomero 
paCCtJ:HTHBan ~HHHe iJ)opMf>aKTOPH B "HarrepTyp6aTn:BHOil:" o6JlacTn 
YMepeHHwc li MaJll:DC rrepe,naq IIMIIYJlbCa. B OCHOBY ITO,ItlCO,I(a IlOJIOXeH MeTO,I( 
KXJJ:-rrpaBl:IJI cyMM. ,U)rH ITpe,nITpliH.fJTOI'O B ,I(HCC0pTalJlm paCilllip0HHH cwepH 
ero IIPHM0HHMOCTH Ha ~HaMHtrecKHe ~apaKTepHCTIIKH (qiOpM!)aKTOPH) 

OK83aJIOCb Heo6xo~ o6o6mHTb CTaH,napTHHil: aHaJIH3 Ha CJTytraft TpexTo
tJ:etJ:HlDC WYHK.1.1;0::li fpnHa 'T" ( p/, p;, 't) . Cyu rro,ItXo,na aaRJiroti:aeTcH B 
TOM, 'ITO CH8tfaJla 8HaJIH3HpyeTCH ITOBe,neHn:e T(f/, p,1,q2·) B o6JlacTH, 
r.ne H0KOTopue (l:IJIH Bee) II3 HMITyJlbCHllX HHBapHaHTOB p/· , p/- , 't, 2. 

BSJIHKll H OTpn:.u;aTeJlbHH, a 38T0M HH~pMaµ1rn O ITOBe,neHHH B 3TOH (He
Wli3IItJ:ecxott) o6JlacTn IICITOJlb3YeTcH Al!H HaxolK,ll;eHH.fl napaMeTpoB, xapaKTe
pn:sy.lOll1ID{ rroBe.neHHe T B WH3Hti:ecKoft 06J1acTII , r,ne r,.2·~ p,.2 ~ m\<>dr • 
IloBe.neHHe T( p,2, p,2-,q/) B Heqin:3IItJ:ecxoil: 06JlaCTII HaJCO,I(HTCH C no
MOmbro Teop:im B03MJmeHHil: Ha ocHoBe waKTopnsamm BRJia,noB MaJIHX n 60J1n
mmc paccTOHHHH. 3.necb MH BHOBn rrpn6eraeM IC o6meil: MSTO,I(HKe, li3JIOXeH
HOli B rrepBmc .nBYX rJ1aBax. 

Bo-. BBOMOM § I IIOKa3aHa H0COCTOJIT8JlbHOCTb IIOITHTOK OITHCaHHH 
'POPMf>aKTopa nIIoHa F'lT CG2 "1 npn · G2. ~ 4 raB2 c rroMombro acHMITTo
THtJ:ecKHX KXJJ:-~PMYJI ,IIJIJI .nnarpaMMH OMOrJIIDOHHOI'O 06MeHa H ITOCTBBJle
Ha 3~aqa pactreTa ,,I(OMHHHpyro~ero B 3TOH o6JlacTH HerrepTyp6aTIIBHOro 
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BRJia,n:a, COOTBeTCTBYIO!llero TpeyroJibHOft ,rmarpaMMe, T.e. MexaHH3MY ~eful
MaHa. 

B § 2, HMeJOOleM B 3Ha'IllTeJibHOft Mepe o6sopHllfi xapaKTep, H3JIOlKeHll 
OCHOBHlle IIOJIOJKelilIB MeTo,n:a KX.D:-rrpaBM cyMM. 06cylK,I(eHll TeXHmta HCCJie
,n:oBaHIDI ~YXTO"'le'IllliX KoppeJI.f!TOPOB, KBapK-a,n:poHHaJI .IIYMbHOCTb H KO
He"'IH03HepreTH"'!eCKHe rrpaBMa cyMM (,nJIJI KoppeJI.f!TOpa aKCHMbHllX TOKOB , 
a TaKllte ,nJIJI TO"'IHO pemaeMoft sa,n:a'Ill O MYMepHOM KBaHTOBOMeXaHHqecKOM 
OCIJ;HJIJI.fITOpe), 8H~3 ~poHHOro crreKTpa C IIOMOmbIO 6opeJieBCKHX rrpaBM 
cyMM. 

B § 3paspa6oTaHMeTo,n: aHaJIH3a TpexToqel!HllX KOppeJIHTOpOB. Ha 
OCHOBB MOftHOro ,rmcrrepCHOHHOrD COOTHOllieHHR ,nJLlI 7'(p1-z.. h~ aL) BBe,n:eHO 

- z 1. tr,_ I I 
rroHHTHe ,nBoftHoro 6opeJieBcKoro o6pasa ,p(C,,\, k:-, Q) • 06cylK.I(eHa 
crre~q>HKa paMHqHllX KIIHeMaTHqecKHX CHTya~it: P12 ~ rt-,,. q Z. (rrpoMe-
lKYTO"'!HHe rrepe,n:a'Ill), I ,2.1 << ( y: I, Ir~ l (MaJiue rrepe,n:a'Ill), 
· l'\,1 I '>"> Ip/I, lr~I (CloJibmHe rrepe,n:al!H). Ilo,n:po6Ho HCCJie,n:oBaHa CTPYK
Typa rrep-ryp6aTHBHoro BRJI~a HHsmero rrop~Ka: Haii,n:eHH ero MOihloft 60-

pMeBcKHil 06 pas H COOTBeTCTBYRl!lM crreKTPMbHM IIJIOTHOCTb' 'IIOJlyqeHll 
pa3JIOlK8HHH B 06JiaCTH MaJIHX H 60JiblliHX Q2 , H ,n:aHa IDITeprrpeTa~ 
3THX pa3JIOJKeHHft B TepMHHax ipaKTOPH3a~ BRJia,n:oB MaJillX H 60Jlb-

mHX paccTommit. 
B § 4 Blll!HCJieHO TIOBe,n:eHHe ipopMqlaKTOpa IIHOHa IIPH rrpoMelKyTO"'!HllX 

rrepe,n:aqax HMIIYJibCa KaK Ha OCHOBe rnrroTe3ll O JIOKMbHOft KBapK-a~OHHOH 
.IIYMbHOCTH, TaK H c IIOMOmbIO 6opeJieBCKHX rrpaBM cyMM. Ha rrpHMepe MY
Mephoro OCIJ;HJIJI.fITOpa IIOKa3aHO, _qTo JIOKMbHM .IIYMbHOCTb 3KBHBBReHTHa 
HCIIOJlb30BaHHIO MO,n:MbHOit BOJIHOBOft iI>YHK~ tt,(k.J"" El(l<~/z,.,<w),HMelOOleit 
TY lite mHPHHY, "'ITO H HCTIDIHM BOJIHOBaJI q>yHK~ 1f(\i:J.) ~ €)(p(-kf(2miJ). 
IIpoaHBRH3HPOBaHa CM3b MellUIY JIOKMbHOit KBapK-~POHHOit .IIYMbHOCTbIO 
,nJLlI ipopMpaKTOPOB ~poHOB H Bll60poM Mo,n:eJibHOit ipopMH MRPKOH ~OHHOit 
BOJIHoBoit <PYHK~. IloKasaHo, qTo pesyJibTaT pacqeTa F 1T C.G2

) Ha oc
HOBe rnrroiesu O JIOKMbHOit KBapK-~OHHOtt .IIYMbHOCTH xopomo corJia
cyeTCH C rrpe,n:cKa3aHHRMH 6opeJieBCKHX rrpaBM cyMM, a TaIOlte H C 3KCIIe
pHMeHTMbHllMH .ll:aHHllMH. 

B § 5 JIOKMbHM KB8pK-~pOHHM .IIYMbHOCTb HCIIOJib3yeTCH ,nJIJI 

pacqeTa IIOBe,n:eHHR HYMOHHllX 'if>opMi>aKTOpOB rrpH rrepe,n:aqax HMIIYJibCa 
I - 30 raB2. PesyJibTaTll pacqeTOB HaxO~TCH B y,n:oBJieTBOPHTMbHOM 
(a ,nJLlI MarHHTHOro iI>oPMi>8RTOpa rrpoTOHa, B CJiyqae KOTOporo HMBIOTCH 
HaH60Jlee TO"lHlle ~aHHlle, - H B xopomeM) corJiaCHH C 3RCIIepHMeHTMbHll
MH ~aHHHMH. 

B § 6 MeTO~ KX.D:-rrpaBWI cyMM rrpHMeHeH R pacqeTy if>opMI>aKTOpa IIH
OH8 rrpH MaJillX Qz. • B KIIHBMaTHKe Q2 «::< lpll, lr.l.\ Tpe6yeTCH ~OIIOJIHH
TeJibHaJI ipaKTOPH38~ BK718~0B MaJIHX H 60JlbmHX paCCTORHHil. IlpH 3TOM 
IIORBJIRIDTCH ~OIIOJIHHTeJibHHe l!JI8Hll, HMelOOlHe CTPYRTYPY MYXToqe"lHoro 
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KoppeJI.f!Topa. IlOJlyqeHHoe H3 KX.D:-rrpaBM cyMM 3HaqeHHe MeKTpoMarHHT
Horo p~yca IIHoHa 

<CII I. ) A,z_ I 
'tr kxn nc. = Q ,66 ± 0,03 q>M (!6) 

xopomo cor;racyeTcH c_aKcrrepHMeHTMbHHMH ~aHHHMH • 

B § 7 HcCJie,nymcH KX){.rrpaBMa cyMM ,nJIJI MOMeHTOB BOJIHOBoii ipyHR
~ IIHOHa 'f'l\' l:c.) • IloRa3aHo, qTo Ta.KHe rrpaBHJia cyMM BeCbMa qyBCTBH
TeJibHll K ipopMe Koop,rmHaTHOii saBHCHMOCTH "HeJioKaJibHllX KOH,n:eHcaToB" 

00 . 2 " 5 ~ v/4 ,.:i; .Mei·): ~qco) E (o,1;A)q(1)'): <'tq,'> dve. ':t'(v), 
(!7) 

0 .. " 
<q(o)~l-4 E(O,i!;A)q_m) (r.n:e ~ - P-3RCIIOH8HTa (6), a ~.z<o )~ 

HT.II.~ a HMeHHO: B 6opeJieBCKHX KX.D: rrpaBwrax CYMM BOJIHOBaH iI>YHR~ 
ll'-n-(:x.) Herrocpe,n:cTBeHHo BHpaJKaeTCH qepes BaeyyMHue \lJYHR~H pac-

rrpe~eJieHIDI q, c~ M2
} ( M2 

- 6opeJieBcKIIfi rrapaMeTp). ;n,m pacrrpe,n:eJie-
- 2 HHii M (i!

2
) , HM8I01!1HX WHPHHY, ,n:HRTyeM,YIO CTaH,n:apTHllM 3HaqeHHeM A 

~ 0,4 raB
2 

OTHOllieHHH ?..'2..: -<q1)2 9,>/<.q<i), Haii,n:eHll y,n:oBJieTBOPHRIJlHe MO.JmqJH
~poBaHHHM (yqeTOM HeJIOKMbHOCTH) rrpaBHJiaM CYMM MO,n:eJibHlle BOJIHOBlle 
iI>YHK~H 'f~~\:r.\~ !sf'!Jti/rr, <f~(x)::: Gf1T,:e:xf.l\+(g/q)(1-5~:x)} , .n:o
BOJibHO 6JIH3.KHe R 8CHMIITOTH"'l8CROft BOJIHOBOH \PYHR~ lf':\:x) ~ 6f" l'.:i'. 

B 3aRJIIOqemm ,n:aHa CBO,n:Ka OCHOBHllX pesyJibTaTOB .rmccepTa~. yRa-
3aHll yxe HMeIOl!1H8CJI npiiJioJKeHHH 3THX pesyJibTaTOB, HaMeqeHll sa,n:aqH 

,ll;7.IH 6Y.DYmHX HCCJIB~OBaHHit. · 

B IlpMolKeHHH I .n:rum OCHOBHlle orrpe,n:eJieHrur, HCIIOJlb3yewe IIPH aHa
JIH3e ipeftHMaHOBCRHX .rmarpaMM B aJibqia-npe,n:cTaBJieHHH. 

B IlpMoJKeHHH 2 BHBe,n:eHa oueHRa ,nJIJI BKJia,n:a IDlq>aKpacHoro pe.lKHMa. 

B IlpMolKeHHH 3 ~aH rrpocTofi BHBO,n: iI>oPMaJIH3Ma ~ - CRe:ibrID1ra H 
rrepeMeHHoii HaxTMaHHa. 

B IlpMoJKemm 4 C IIOMOmbIO TeXHHKH aJibipa-rrpe~cTaBJieHHH .ll:ORa3aHo, 
qTo iI>YHR~ ~(:r~, ... )-x.v), Fcx,.. 1 .. ,-x,v), o6o6meHHue MoMeHTU ROTopux 
paBHH pe,ny~poBaHHHM MaTpH"lHHM MeMeHTBM <'ol O IP> , <Pf O IP> 
JIOKaJibHllX orrepaTopoB O B~a (o"1'-f11 ) •.. l'a"'"%). , o6JI~am crreKT
PMbHHMH CBOHCTBaMH, Heo6xo,IJ;HMIDvm ,nJIJI HX rrapTOHHoft IDITepnpeTa~. 

B IlpMoJKeHHH 5 cipopM,YJIHpoBaH rrpocTofi H aipipeRTHBHllfi MeTo,n: pac
qeTa CIIeRTPMbHllX IIJIOTHOCTeii ,nJIJI o6o6meHHo-TpeyroJibHllX .rmarpaMM. 
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