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OEWAH XAPAKTEPMCTl1KA PAEOTU 

AKTyaJIF,HOCTF, TeMu. K IJHCJieHHOMY pellleHll!O MHOronapaMeTpH'leCRHX 
38,1.latJ HB co6CTBeHHUe 3HatJeHUH npHB0,1.\HT HCCJI6,ll,OB8HHH Wll3HIJ6CKHX CHC
TBM B PBMRBX PH,1.\a MaTeMaTHIJ6CKHX MO}:teJie.11, OilHCUBaeMUX WYHRUHOHBJIF,HU
MH H, B OOI!lBM cnyqae, H6ID1HettuuMll YPBBH6HllHMH. 

B TeopeTHIJeCKOli qJll3HKe BalKHllM KJiaCCOM MHOronapaM8Tpll'l6CKliX 3Ma~ 
S!BJIJUOTCH cneRT pa JIF,HU6 38 ,llBIJH ,1.\JIH o6URHOB6HHUX J!HrMJepeunaaJIF,HUX 
onepaTOPOB BToporo IlOPfl,1.\Ka H HHTerpO]:tllqJqJepeHUHBJIF,HHX onepaTOpOB B 
npocTpBHCTBe ,1.le.i1CTBHT6JIF,HUX qiyHRUH.11, onpe,1.leJieHHUX Ha Been IJHCJIOBOtt 
OCH llJIH nonyocn. CBOHM IlOHBJIBHHeM OHH OCiHaaHH HCCJie,noBaHHHM COCTOH
HHil p83JilllJHUX KBaHTOBOM~XaHlllJ6CltllX HJIH,llHUX CllCTeM, OilHCHBaeMHX 
ypaBH6HH6M llipe,1.lHHrepa liJIH ,11,pyrHMU, Il0,1.\06HUMH euy yp8BH6HHHMH •. AHBJIH
THIJ6CROe HCCJie,1.\oBaHHe cneRTPOB TBRHX onepaTOpOB 3BIJ8CTYIO npe]:tCTaBmI
eT 60JIF,llly!O CJIO~HOCTF,. IloaTOMY paspa60TK8 sq,qieRTHBHhlX M6TO,ll,OB t;HCneH
Horo 8HaJIH38 )!BRe noKaJIH30BaHHHX qacTeil MHOronapaMeTplitJ6CRHX cneRT
poB YKB3aHHHX CHHryJIHPHUX 3a,7.\a1J Ha co6CTB6HHUe 3HB'IeHHH HBJIHeTCH BR
TYBJIF,HOil ,llJIH COBpeMeHHUX qJH3HqeCKHX HCCJie,1.\0B8HUll aa,1.latJett BUIJHCID1T6JIF,
HOil MaT6M8THltli. 

Pa6oTu, nono~eHHUe B OCHOBY ,ll,HCC6pTannH, BHilOJIHeHU B COOTB6TCT
BHH C npo6neMHO,-TeMaTHIJeCRID4 nnaHOM H8YtJHO-HCCJI6}:tOB8T6JIF,CKHX pa60T , 
Ol1Hl1. 

Uemi H aa,ziaqH uccne,z10BBHHil. 06'.bBKTOM HccneJ:tOBaHH.11 B ,11,aHHoil J:tHC
cepTBUlili HBlllt!OTCH CJI6,ll,Y!Oll!lle TpH THil8 CUHrynapHUX aa,1.l81J HB COCiCTBeH
HUe 3HatJeHHH, 06'.b6,ll,liHeHHUe IlOHHTH8M 11JmoronapaueTplllJ 8Cltlie 11. 

1. 3a,1.latJa J:tml cacTeMu N J:tHrMJepeHUHBJIF>HHx ypaBHeHHll 

[-k-+G1(.\,., ... ,)..N,'Zl~L{i('Z,)=O; l=j,N, (l) 

CBH38HHUX N B61Jl6CTB8HHUMH napaMeTpar.m "~, , , • , >.H • no 
itpabHeil 1,1epe ,11,nll HeKoTopux l o6nacTF> naMeHeHHH HesaBHCHM0.11 nepe
MeHHoil 'Z, HBJIHBTCH IJllCnOBOil OCF,!O (- 00 £ >t.:L 00) liJIH nony
OCF,IO CO ~ "Z, 4 00) • 

Tpe6yeT.CH HBilTH TBKHe aHatJeHHH napaueTpoB A:1.,"· ,A"', KOTO
puu co OTBeTCTBYIOT H6TpHBHaJIF,HUe Ol'paHlllJ6HIIU6 pe Ille HHH u,_ ('t.i) , . •., 

U.HCZNl cHcTeuu. 
TI. Sa,1.latJa J:tJIH cHCTeMu N ,1.\HW<l)epeHnaanF>Hux ypaBHeHH.11 c BU,1.le

neHHhlM n1-1He.i1Ho cneit;panF>HUM napaueTpoM A 

[ 
cl'- N 
d?." + Gl C>',-,···,Y,c,z.)-)..]~c-i) ... ~ll,<~.--•,v,c,-z)u_;c't>= o, c2> 
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KOSqJg)l!l.UleHTbl Ql , P,:i KOTopoli 3aBHCllT OT 1{ ,llei1CTBHTe1II,HblX 
napaMeTpOB Yi, ... , >',c • 061!8CTI,IO H3MeHeHl!fl He3aBHCIIMOli nepeMeHHOll 

'l llBJ!lleTCll l!IICJIOBaff OCI, (- 00 "'- 'Z,.C::, 00) lillll no11yocr, 
(O~'Z~oo). 

. ~o o o 
• Ilpll 3a,llaHHblX 3Hal!_eHHllX napaMeT poB Y = ( ~, .. • , ))K) He o6xo-

.lll!MO HB~TH 3Hal!eHHH A , KOTOpblM cooTBeTCTBYIOT HeTplrnttaJioHble orpa
Hlll!eHHhle pemeHl!ll Cl!CTeMbl, H 11cc11e.zto.tJaTI, 38Bl1CHMOCTI, co6CT,:leHHhlX 3H8-

l!eHnli H pe rneHnli OT napaMe'rpOB vj 7 ... , )IK B H6KOT9poli OKpecT
IIOCTH )7° • 

1,il. 88.zt8 l!8 .llllll IIHTe rpO.ztHiM]epeHI.(H8iII,HOrO yp8BHeHHll 
dz. . oo 

[d-i2 +V(>t)-A]uc-i)+ jKCtz,'t') U(-i')d~'=O; O"-'Z~oo, (3) 

0 

B KOTOPOM ll.llPO IIHTerpanr,Horo onepaTopa npe,llCT8BHMO B BH.zte 
. . N . 

K C-i~ 'Z) = Z: ~ C-i) f. (-z.'), (4) 
. l=i ' ' 

a ~ ("Z.) n ft(~') - mrneCTHble qiyH~HH. 
Heo6xo,ll11Mo Ha.llTH 3Hal!e'.1Hfl A , .ztJIH K~Top1,1x ypaBHeHue mrneT 

HeTpHBnam,HUe orprumlleHHble pernemm. 

88,ll8l!Y MOiKHO BKlllOl!HTI, B irnacc 11 MHOronapaMeTpHl!eCKHX11 nyTeM BBe
,lleHnll HeH3BeCTHblX napaMeTpOB 

00 

C, • f i.: (,z) u C't) d?- , i.= i,N. (5) 
0 

Ilpe,llnonaraeTCH, l!TO aa.ziaqu (I)-(lli) HMeIOT peweHHll. ilCKOMhle cneKT
paJII>Hhle napaMeTpbl MOryT OAHOBpeMeHHO npHH8.zt1leiK8TI, .llHCKp6THblM 11 Henpe
PblBHblM cneKTp8M pa3JIH¼HblX onepaTopoB B nccne.ziyeMblX CHCTeMax ypaBHe-
111!1!. ]31,1.zieneHue Tpe6yeMblX peweHHil ocyll!eCTBllHeTcH Ha octtoBe anpuopHoil 

HH!pOpMauuu O _CTPYKTypax Cll6KTPOB nayqaeMblX _onepaTopoB, CYll\6CTBOBaHHH 
1!0K81lll3~UHH H CBO.HCTB8X 3THX pewemtli. YKa3aHHaH l!HlpOpM8Ullfl MOli£eT 6hJTI, 
Il01!yl!6H8 KaK nyTeM ._.zteT8/IbHOro 8H8Jil!3a CBOliCTB uayqaeMoro qJH31!l!eCKOro 
npouecca, TaK ll C IlOMOlJlblO paCCMOTpeHHll ynpo~eHHblX ypa:eHeHuli, Il0.ll,ll8IO-
U(HXCH aH81lllTlll!eCKHM Hllli K 8l!6CTB6HHblM HCC1!6.llOBaHHflM. ., , , , .' 

Llenr, H8CTOffll\6ll .ziuccepT8UHH 38K11IO'!aeTCll B pas pa90TK6. H8 eJ,lllHOti 
OCHOBe sqiqieKTHllHblX Bbll!HC1!HT81!I,HblX CX6M pe W8Hllll . cqio PMYllHPOBaHHblX. 
cneKTpa110Hhlx aa.ziaq (I)-(lli), YllliThlBaIOU\HX · ux. cneuu41HKY. B Ka'leCTBe 

TrutOit OCHOBli Bb16paH HerrpepllBmill 8.HBJIOr M9'l'O.D;a HI,moHa (HA!,lli)II(. 
Ilpn paapa60TK6 KOHKPSTHblX Bbll!HC1!HT61!I,HblX CX6M B p8MKax y~_aaaH

HOro: e.ziHHoro IlO.llXO,lla B .llllCCepTauun Ohl/IH peweHbl C1!8.ztYIOllllle'aa.ziaqu. 
' . '• ' .. 
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I. AnnpOKCHM8UHll yCJIOBHiipery~SipHOCTl1C06CTB6H~hIX WYHKUllli Cl!Hry

llflpHhIX onepaTopOB I! HX orpaHHl!6HHOCTI! npu ,~if-oo 0,llHOPO.llHblMH rpa
Hl!l!HhlMH yCllOBHf!Mll 

[ l/Xa,'Zi)i + ~,J'~,.-i,~u,c-z~l;.o, 
Ha KOHel!HhlX HHTepBanax '2u:!z >z,:!z "Z,&·. • d 
TOP napaMeTpOB, B KOMilOl!eHTbl KOToporo BXO.ztHT 

ueupa~T~. 

j= ::f.,2 ,· (6) 

\ -
3.zieco Ai - BeK-

H H6H3B6CTHbl6 cneKTpanr,-

YcnOBHfl (6) Il03B01lf!IOT e.ztHH006pa3HO annpOKCHMHpOBaTb rp8Hlll!Hbl6 
ycnOBHfl ,llllfl co6CTB6HHhlX qiyHKUl!ti .llllCKpeTHOro n'HenpephIBHOro cneKT
po:e/2/. CqiopMynnpoBaHa KpaeBaH aa.ziaqa, annpoKCHMl!PYIOll\8fl aa.ziaqy ue

npepblBHoru cneKTpa .llllfl yp8Bl!6Hllfl (3) H .ll810ll\af1 B03MOiK!IOCTI, IlOCTPOHTI, 

YCTOiil!llBhl.ll anropHTM Bbll!HC1!6Hllfl BOlll!OBhIX qiyHKUHli. 
2. E,llHH006paaH8fl IlOCT8HOBKa perynHpllblX Kp86BhlX 38.ll8'1 !18 COOCT

B6l!Hhl6 auaqenHH, npu6nniKaIOll\HX HCXO,lll!hl6 MHOronapaMeTpl1l!8CKH6 38.ztal!H 

(I~lli), B BH.zte uenuueliuoro. ypaBuenuH 

<€(2) = 0 (7) 

OT!IOCHT81!I,HO 3J.19M9HTa 2 - { ~ i il} ' r.zie ~ - B6KTOP HCKOMhlX 
napaMeT poB, a il - Be KT Op co6cTBeHnhlx ipyHKu11lii • .llJIH noc TpoeHHfl qiyHK

uun lf HCilO/Ib3YIOTCfl 11ccne.ziyeMh!e ypaBHeHHfl, O.zll!OPO.llllbl6 rpal!Hl!Hhl6 
YCJIOBHfl (6) lrl .ll0IlOnHHT61lbHhl6 ycnOBllfl l!OpMHpoBirn COOCTB6HHblX WYHKUHi1. 

TaKHM o6pa30M, onepaTop <e. HM66T MHOrOKOMil0!16HTHYIO CTPYKTYPY• 
3. IlocTpoeuue l!I>IOTO!IOBCKHX HTepau11lii ll llX MO.llllqJHK8UHli Ha OC!IOB6 

SBOllIOUHOHHoro ypaBHeHHH HenpephlBHoro attanora MeTo.zta HoIOTOHa/I/ 

tt'(2(t))1.t~a>=-<e(~(i)), 

Z(0)::20 

01,,-£~00, 

11· M6TO.ll8 8ttnepa' .zt)Ifl npH<51!HiK6HHOro peweHHfl 38.ztal!H (7)-(8) 

CA>~• {-llC♦i = -i,c~'t'K i ', J<a O,f- ; '-to•O, iL =Tf31, 

--~ <e' (ai() ~ = - <e C2,c) , 

i!K..s • 2K-r'('K t'ic • 
' 

(8) 

(9) 

ua.ceTKe 

(IO) 

• (II) 

06naCTI, CXO.ztHMOCTH J{I,IOTOHOBCKHX HTepauuti-MOlKHO pacwttpHTb nyTeM Bbl60-

pa wara 'LI< HHTe~"pupo:s~~Hi3 ,4/. MHOrOKOMilOHeHTHafl CTpyKTypa one-
paTopa <e. noaBonaeT nocxpouxr, Mo.ztmpuKaUl!H HTepauun (IO)-(II), 06-
na.ztaIOll\He ycTOlilllBOC~I,IO npll pernel!HH KOHKpeT!lhlX _aa.ziaq TeopeTHl!6CKOtt 
!I)ll3HKH_. IlpH nocTpoeHHH H8l!81!I,HblX npu61!HiK6Hllll (9) B 3THX aa.ziaqax 
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s~eKTllBHO ucnonoSOBanaco llMeIOmaHCH anpuopH8H llHqJC)pM8UllH 06 llCKOMblX 

perneHUHX. 
4. qucneHH8H peanll38UHH pa3p800T8HHllX HTep8UllOHHblX cxeM. ~HC

KpeTH8fl,annpoKCllM8UHH uccneAyeMblX 38A8q BblllOnHeHa C IlOMomoIO pa3HOCT

HOro MeTOA8. ~nH CHHrynapHbIX onepaTopoB 3TOT MeTOA ycTp8HHeT Heo6xo
AHMOCTb uccneAOB8HHH 8CHMilTOTHKH co6CTBeHHblX WYHKUHH B OKpeCTHOCTHX 
CHHry1mpHbIX ToqeK nyTeM IlOCT poeHHH pa3HOCTHblX cxeM; He :UCIIOJIJ,3YJ(IllliX 
sttaqeHHH KoswwuuueHTOB onepaTopoB B cuHrynapHh!X ToqKax. 

TeopHH pa3HOCTHblX cxeM B 38A8qax H8 co6CTB8HHble 3HaqeHHH paspa-

60T8Ha A.H.THXOHOBblM, A.A.CaMapcKHM H HX yqeHHK8MH. 
5. AHanua TO'lliOCTH BblqHCnHTenoHblX cxeM H OU8HK8 TO'lliOCTH nony

qeHHblX C HX IlOMOmoID qucneHHblX perneHHH PHA8 38Aaq TeopeTHqeCKOli lPll3H

KH. OrnH6K8 q1,1cneHHoro perneHHH CKlI8.riblB8eTCH 1,13 OIIIHOKH annpoKCHM8UltH 

8CHMilTOTHqecKHX ycnoBHll Kp88Bb1MH yc~OBHHMH (6), OUIHOKH AHCKpeTHOro 
IlP8ACT8BlI8HHH H norpe11IHOCTH npH6lIH~8HHOro H8XO~AeHHH CeToqHblX perneHHll 

C IlOMOmoIO KOHe'llioro qr1cna Hb!OTOHOBCKHX HTepaur1tt. KaK npaBHlIO, nepB8H 
1,13 3THX KOMilOHeHT MO~eT 6b1Tb HccneAOB8H8 TOnbKO qr1cn6HHO. llccneAOB8-
HH6 BTOpon KOMilOH8HTbl OilHpaeTCH H8 o6eyID T80pHID pa3HOCTHOH 38'A8'1ll'l 
lITypua-JIHyBUlinH/5/ H M8TOA11 yToqHeHHH pa3HOCTH11X perneHHtt/6/. AH8lIH3 

TP8Tb6ll KOMilOH8HTbl OCHOB8H H8 06/en TeOpHH CXOAHI.IOCTH M6TOA8 HoIDTO-
Ha/7/ 1,1 ero HenpepbIBHoro aHanora I/. _ · 

C IlOMO~bID pa3paOOT8HHUX Bblq!,1CJIHT6libHblX CX6M B ,lOl:CCepT~ perueH 

Pfl'A MHoronapaMeTpHlleCKHX 38A8q BHA8 (!)-(ill), OTHOCH~HXCH K paSJIHqHblM 
o6naqTHM TeopeTHqeCKOli ~31IKH! KB8HTOB0li M8X8HHKe, TeOpHH KOH'A6HCHpO
B8HIIUX cpe'A, H6lIIIH6liHblM non.eBblM MOAeJIHM H Te OpHH MP8• CymeCTB6HHO, 
qTO BCe BbJqHClIHT6libHbl6 cxeuu paap800T8Hbl HO OCHOBe 6'AHHOro Il0'AXOA8. 

HAYqHAH HOBll8HA ll ITPAKTHqECKAH UEHHOCTb 

BnepBb16 H8 OCHOBe HenpepbIBHOro 8H81Iora M6TOA8 HoIDTOH8 H MeTOA8 
ceTOK pa3p800T8Hbl H pe8lIH30B8Hbl anropHTMbl q1,1cneHHOro perneHHH CHHrynap
HblX MHoronapaMeTpHqecKHX 38A8q H8 co6CTB8HHbl6 3H8qeHHH AlIH AHiMiepeH
UH8libHblX H HHTerpOAHqxpepeHUH8libHblX ypaBH6HHtt, B03HHK8IO~X B paaJIHllHblX 

p83A6lI8X TeopeTHll6CKOti WH3HKH. P8CCMOTP6Hbl BOilpOCbl CXOAHI.IOCTH nony
qeHHblX CX6M H ToqHOCTH qr1cneHHblX peayJioT8TOB B 38BHCHMOCTH OT napa

M6TPOB annpoKCHM8UHH CHHryJIHPHblX KP86BUX 38'A8q. B P8MK8X o6~ero IlOA
XO'A8 paapa6oTaH HOButt qr1cneHHblH MeTOA pe11IeHHH 38'A8'1ll'l Ha co6cTBeHHbl6 

3HSqeHHH 'AlIH HHTerpOAHWWepeHUH8libHblX·YP8BHeHHll C BblpOlli,Zl6HHbIM H'APOM 
HHTerpalibHoro onepaTopa, KOTOPblH CBOAHT perneHHe HCXOAHOH 38'A81lH K pe
Ul6HHID rp8HHllHblX 38'A81l 'AlIH H60'AHOpOAHblX 'AHWW6peHUH81IbHblX yp8BH6HHH. B 
cnyqae HenpepbIBHoro cneKTpa ABHbl npOCTble KpaeBble yCJIOBHH 'AlIH BOlIHO-
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BOU qiyHKUHH, Il03BOJIHIDmue CBeCTH HCC118AyeMyIO 38A81lY K Kp8eBOH ll no

CTpOHTb ycTouqHBble anropHTMbl ee perneHHH. 
B pe3JlibT8Te BblllOlIH6HHblX HCCJieAOB8HHH C08A8Hbl anropHTMbl H npo

rpaMMbl, ycneWHO HCilOlib80B8HHble AlIH peweHHH PM8 38'A8q TeopeTHqecKOH 
WH3HKH. C ux noMo~oID nonyqeHbl wr13uqecKHe peaynoT8Tbl, npeACT8BJIH10mue 

C8MOCTOHTenoHblll HHTepec. 

BnepBble CqJC)pMylIHpOB8H8 ll HCClI6AOB8H8 KB8HTOBOM6X8HHqecK8H 38A8-
qa OD aiJl<I)eKT6 lliTapKa K8K AByxnapaMeTpnqeCK8H cneKTP8libH8H 38'Aaqa. no

K888H8 awweKTHBHOCTb paapa60T8HHOrO M8TOA8, He 38BHCH~ero OT 3H8qe

Hlili napaueTpOB aaAaqn. 
IlpoBeAeHO qr1cneHHOe HCCJI6'AOB8Hl16 ypaBHeHHH llipeAHHrepa C uenoID 

oueHKH TOllHOCTH Teopnn B03MymeHHli AlIH IlOTeHUH8lI~ B BHAe CYMMbl rapMO
HHqeCKOll qacTH H ueHT~8flbHOrO 6apoepa rayccOBCKoro Tnna. Bblq11cneHbl 
HH3WHe ypOBHH 3Heprnu, KOTOpble cpaBHHB8IDTCH C peaynoT8T8MH Teopnu 
B03My~eHHH H npHOJIIDK8HHeM cauocornacOB8HHOro WOHOHHOrO nonH, qTo He

OOXOAHMO AlIH oueHKH oonaCTH llX npHMeHHMOCTH. 
qucneHHO HCCJI8AOB8H W830Dblli nepeXOA B MO~enH CBH88HHblX aHrapMO

HHqeCKHX OCUHlilIHTOpOB. BblqucneHbl 3HeprHH OAHoqaCTllqHblX B036y~~eHllH, 
ooycnonneHHblX KB8HTOBblM TYHHenHpOB8HHeM qacTHUbl B ABYX~HMHOM IIOTeH

UH8Jie 'AlIH ABYXYPOBHeBoro npHOlIH~eHHH. 
YCT8HOBJieH8 nonepeqH8H HeycTouqHBQCTb COlIHTOHHOro perneHHH ypaB

HeHllH_llipeAHHrepa C HeJIHHeHHOCTblO 'l'/Y/'l. OTHOCHTeJibHO B03My~eHHH 
cneur1anoHOro BHA8 B WHpOKOll OOlI8CTH H8MeHeHllH napaMeTpOB 38Aaqu. 

PerneHbl 88A8qa 00 8libW8-qaCTllqHblX COCTOHHHHX B nerKllX HAp8X H 

38Aaqa HyKnOH-HYKJIOHHOro pacceHHHH. 

Anpo68UHH pa60Tbl. Pa60Tbl, nono~eHHble B OCHOBY AHCCepT8UHll, AO
Kn8AUB8nHCb Ha HayqHbJX ceMHHapax Jia6opaTOPHH BbJqHCnHTenoHOli TeXHHKH 
H 8BTOM8TH38UHH H JiadopaTOpHll TeopeTHqecKOH qi;l3HKH 06~eAHHeHHOro HH

CTHTYT8 H'Af PHblX 1rncneAOB8HHH. 

IlYDlIHK8Ul1H, OCHOBHble peaylibT8Tbl AHCCepT8UHH ony6nllKOB8Hbl B 9 ne

qaTHblX pa60T8X (?IlMCOK npHnaraeTCH). 

Od~eu padoTbl. ~HccepT8UHH COCTOHT 113 BBBA8HHH, Tpex rnaB, 38KnID
qeHHH H CO'Aep~HT 125 CTpaHHU, BKnIDqaa 6 pHCYHKOB, 26 T80lIHU H CIIHCOK 
ltllT:HpyeMofi nuTepaTypbl, H8CqHTUBBID~liH 97 H8HMeHOB8HHH. 

5 



KPATKOE CO.l(EPIAHME ~MCCEPTAW1M 

Bo BB8,ll8HHH ,ll8HO Kp8TK08 OilHC8HH8 Il0CT8HOBOK paCCM8TpHB88Ml,IX 
MHOronapaueTpHqeCKHX 38,llaq (I)-(lli) Ha co6CTB8HHbl6 3HaqeHHH H OTMeqe
H8 uenecoo6paaHOCTI> paapa6oTKH e,llHHoro MeTo,lla HX qHcneHHoro peweHHH. 
CO,ll8plKHTCH T8KlK6 o6aop H8H6onee pacnpocTp8H6HHl,IX M6TO,ll0B npH6nHJK8H

Horo peweHHH IlO,ll06HblX MHoronapaMeTpHqecKHX 38,l(aq, 06cy11t,ll6HH8 KOTOpbIX 
IlO,llTB6plK,ll86T 3TY uenecoo6p83HOCTI,. IlpHB8,ll8HO OilHC8HHe CTpyKTyp1,1 ,llHC

cepT8UHH. 
rnaBa l IlOCBH~6H8 paapa60TK6 Bl,lqHCnHTenoHl,IX cxeu peweHHH CHCT6-

Ml,I (l) C rpaHHqHl,IMH ycnOBHHMH (6). Ilpe,llnonaraeTCH rnarotOCTI, K03ilJilJH
UH8HTOB, BXO,llH~HX B onepaTopN,H cy~eCTBOB8HH8 H30nHpOB8HHOro npocTO
ro peweHHH Zif: { j:! , ii*}, ,llRH KOTOporo H3B8CTHO H6KOTOpoe 

· npH6nm1teHHe 2o= {Xo, ~} . 0,llHOPO.zlHYIO aa,llaqy (I), (6) ,lloonpe-
,ll8RHM ycnoBHHMH HOpMHPOBKH co6CTB6HHNX ilJyH."!!UHit, HanpHMep, B BH,lle ,. 

f U.~(-z.)d-z. - i = 0, , 
QI t 

qTO Il03BORH8T CWQpMynHpOBOTI, p8CCM8TpHB88MYIO 38,llaqy K8K H8nHH8HH08 

WYHKUHOH8nbH06,YP8BH8HH8 (7). IlpeMOnaraeTCH~ qTo ,llRH paCCM8TpHB88-
MOrO ypaBH6HHH (7) Bl,IIlORH8H!,1 YCllOBHH CXO,llHMOCTH peweHHH :ii!(,{;) aa
,llaqH (8)-(9) K ero peUI6HHIO '2.. 131. 

B § l - § 2 p8CCMOTP8H!,1 HI,IOTOHOBCK8H HT6P8UHOHH8H CX8M8 peweHHH 

ypaBHeHHH (7) H MO.zlHWHUHPOBBHHaa cxeua. EcnH npH l= tK , TO ecu 
H8 ware C HOMepoM K HTepaUHOIIHOro npouecca, H3B8CT!lbl npH6nHlK8HHH 

>.~ = C~iK , .. •, ),.HK) K B6KTOPY COOCTB6HHl,IX 3HaqeHHit H UK= { u,Kc-i), 
••• , u.,.,I( ('Z.)) K B8KTOPY 'co6CTB8HHblX il>YHKUHit, .TO ,llRH H8XOlK,ll8-

HHH nonpaBOK K 3THM npH6RHlK8HHHM He06XO,llHMO: 
a) peIIIHTh rpaHHqH!,18 38,ll8qH 

[i~-rGi(XK,-z)Jt{(,K('Z)=~t,K(~), l=:1,~, (12) 

[ .f-i..<>=,K,-z)i; +~id (XK,-t)}~t,K('Z) I= Si:-~,J<(-z)J (!3) 
l 'l-... ~. 4 "t.•., 

C H3B8CTHNMH K08WilJHUH8HT8MH ~4 ~ 

pi,t K('t) - -~ Gi.iK,'Z) u.,K('Z-) , l= i,N 
J "a.Xt . , 

Siao,K(-z) = -[f,,ci,c,~)1 +3LJ(XK ,'l-)] tt,,ct~) , 

si.at,K("t) = - !~t[-fl~K,"t) fr, +~,{X,<,'"Z-)]u,KC.'t); 
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38A8B8H 3HaqeHHH ilJ83hl O B OKpeCTHOCTH pe30H8Hcal2/, nonyqa-

6M aaBHCHMOCTb E = E CB') , KOTopaH cornacHo qiopMyne BHrHepa/8/ npH
CinHJKaeTCH no M6TO,lly !!8}!M6HbWHX KB8,llp8TOB R Kp,moii 

E = ~ ~(o-8"o)-t-E0 • 

IlpH 8TOM napaMe Tpbl Eo , S-o , r Ciy,lleM cqnTBTb llCKOMl,IMll napaMeTpa

Mll pe 30H8HC8 • 
PaccMOTpeHHhlH M6TO,ll peweHllH aa~aqH 00 awqieKTe hlTapKa HBnH8TCH 

Cionee OOll!llM no cpaBH6HlllO C .1.\PY rHMll Hcnon1,ay10111l1MHCH B 3TOU aa,llaqe Bhl

qncnll!T8 llbHhlMH CX6M8Mll. llonyqeHHhl8 q,1CJ!8Hllhl6 pe 3Y1II>T8Tbl xopowo corna
cylOTCH C 11!3B6CTHhlMH, 0,1.\HBKO .CXO,llli!MOCTI, rrpe,111IO;J(8HHOH CX6Mhl He 38Bll

Cli!T OT napaMeTpOB 38].\aqn. 
rnaBa IJ IlOCBH~6H8 qncneHHOMY a11an11ay Tpex CHHrynHpHblX cneRTpa.Jll,

HHX 38,ll8q Tlma (fl) 1 ,llBe ll3 KOTOpblX B03Hli!KnH B Teo pun KOH,ll6HCllpO
B8HHblX cpe,ll, ll O,llH8 - npll 11!3yqeHHll ycroilqUBOCTll C01IllTOHHblX peweHlll-l 

Hemrnel-lHoro ypaBHeHllil llipe,1.\HHrepa. 
B § l paccMoTpetta cxeMa qncne11Horo a11anHaa STHX aa,llaq. 3a,lla

qa (Il) annpOKCllMll!pyeTCH rpaH!fqHoil 38,llaqel,l 118 KOHSqttO!«' llHTe pBane, KO

Topail ilJopMynHpye1cil KBR 

( 
[.:t, (ii) -A] u) 

<eCF) - cu.,u.) _ 1 = o, 09> 

r.1.1e :a E (H-,..H), U.EH, A E .R, 2 = t.>-('v),t.t.Cii>},a H - rnn1,6ep-
T0Bo rrpocTp8HCTBO. Ha OCHOB6 HAMH ll M8TO,ll8 8l-lnepa CTpOllTCll HTepaun

OHHllli HI,IOTOHOBC!Glli npouecc, 'lliCJISHHaJI peBJI11!88UHJI ROToporo IlOJIY'ffi.STCH 
rryTeM annpoRC~H (19) C IlOMO~blO M6TO,ll8 C8TOK. B 38,llaqe (Il) ero 
8WWBKTll!BHOCTb Il0Bbllll88TCH CinarO,ll8pH B03MO~HOCTH IlOCTp08HHil XOPOUIHX 

HatranoHUX ycno.snil ,llllll Hb!OTOHOBCKHX li!T8ll'3Ulli1. EcnH npn 38,ll81!HblX 3Ha

qeHll!HX napaMeTpoB 9° peweHne 3a.1.1aqH (Il) cy~eCTByeT n KoawwnuHeH
TN CllCT6Ml,I (2) HBnH~TCil ,llOCT8TOqHo rna,llKllMll WYHKUllHMH H838BHCll!MOl-l 

nepeMeHHOl-l H napaMeTpoB, peweHHe 3TOB 38}.\aqn cymecT.syeT Ill HBRH6TCH 
rna.ziKott WYHKUlleil napaMeTpoB B HeKoTopol-l 01<peCTHOCTH TOtrKll 5i 0 17 I. 
Il08TOMY B ~OKanoHOl-l OKP8CTHOCTH napaMeTpOB,- ,llRH KOTOpbIX peweHHH Y'H.6 
Bhlllli!CneHl,I,;· uenecoo6pa3HO HaqanoHble ycnOBHH llT8p8UllH H8XO,llHTb C no

MOmbIO H6KOTOpol-l HenpepUBHOl-l 3KCTparronilUllll H8il,1.\eHHblX peweHnl-l. 8TO MO
lK8T 3H8qllT6RbHO COKP8THTI, qll!ClIO llTepaunit ,llnH BblqncneHllH peweHllil. 

B PHA8 Wll3Hll8CKll!X 38,1.\8ll B03HllK88T He06XO,llHMOCTI, B peUieHllll ypaB-
• H8Hllll llipe,llllHrepa ,llRil IlOT6HUll8na C H6CKORbKHMll MllHll!MYM8Mll. PeweHHe 

aTHX aa,llatr B paMKax TeopnH Boauy~eHllil (TB) aaTpy,llHeHo BBll,lly nnoxol-l 
CXO,llllMOCTll pil,ll8 TB ,1.\nH CllRbHO aHr8,Il40HllqecKoro IlOT6HUlf8na. 
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B § 2 npoBe,lleHO qHCJieHHOe HCCJie,l\OB8HHe ypaBHeHHH illpe,l\HHrepa, 

KOTopoe Il03BOJIH8T OU8HHTb TOqHOCTb TB npH Bli6ope IlOTeHUH8Jl8 B BH,l\8 

cyMMli rapMOHHqeCKOH qaCTH ~ U8HTP8JibHOro 6apbepa rayccoBCKOro THna. 
BliqHCJieHli HH3WH8 YPOBHH 3HeprHH, KOTOplie Cp8BHHB8IDTCH C peayJibT8T8-

MH Trl H npH6JIHJK8HH8M C8MocornacoBaHHOro WOHOHHOro IlOJIH. Ha cpaBH8ri 
HHH C peayJibT8T8MH qHCJieHHoro 3KCil8pHMeHT8 BH,l\HO, qTo C8Mocornaco

B8HH8H TB ;r\88T ,l\OCT8TOqHo TOqHyID oue11Ky B cnyqae 60JJ.bWOH 3HeprHH 
HY,JJ.8BliX KOJie6aHHii, KOr,lla HHlKHHe ypoBHH E0 • E. 1 neJKaT Buwe HJJ.H 
B6JIH3H uel:lTP8JJ.bHOro dapbepa. ,llmi rny60KHX ypOBHeil npH6JIHlK8HHe a~eK
THBHOrO rapMOHHqecKoro IlOTeHUH8JJ.8 Hey,l\OBJI8TBOPHTeJibHO - B 3TOM cn.y
qae CJJ.e,llyeT IlOJlb30B8TbCH MO~eJJ.bID TYHH8JJ.Hpyro~en qBCTHUli. B ~ 3 qHc

_neHHO HCCJI8,l\OB8H8 MO,l\eJJ.b CTPYKTYPHOro W830BOro nepexo,lla, KOTOp8H 
npeACT8BJIHeT codon CHCTeMy CBH38HHliX 8Hr8pMOHHqecKHX OCUHJIJIHTOpOB C 
O,l\HoqaCTHqHliM ,103yx~SIMHHM aHrapMOHHqeCKHM' noTeHUHBJIOM, ,llJIH OilHC8HHH 

waaonoro nepexo,l\a non.yqeHa caMocorn.aconaHHaH CHCTeMa ypaBHBHHil ,l\JIH 
napaMeTpa IlOIJR,l\K8 p , l:l p8MK8X CHCTel.1!1 6liJI8 peweHa 38,l(8qa H8 co6-

CTB8HHli8 8HaqeHHH npH p83JJ.~HliX 3HaqeHHHX napaMeTpOB MO,l\8JJ.bHOrO ra

MHJibTOHH8H8 H BH8WHero napaMeTpa - TeMnepaTypu. BliqHCJJ.8Hli 3HeprHH 
O,l\HoqacTHqHliX B030YlK.l\8HHil, o6yCJIOBJieHHli8 KB8HTOBliM TYHH8JJ.HpOB8HH8M 
qaCTHUli B ,103yx~OM IIOTe~a.Jie }µ.II ,I03yxyi>OBH8BOrO m>H6Jum9HHH, 

B § 4 qHCJJ.8HHO ycT8HOBJI8H8 nonepeqH8H aeycTollqHBOCTb COJJ.HTOHHO

ro peweHHH H8JJ.HH8ilHoro YP8BH8HHH llipe,llHHrepa 

l ~ + 'l~:x + 6 ~~ -t- 1i /Vl'l.. = 0 (20) 

OTHOCHT8JJ.bHO B03MY~8HHll Cil8UH8JlbHOro BH,l\8. Hccne,l\OBBJIOCb JJ.HH88pH80-
B8HHOe no B03MY~8HHHM ypaBHeHH6 (20), AH8JJ.H8 yCTOHqHBOCTH CBO,l\HJJ.CH K 
HCCJJ.8,l\OB8HHII 88BHCHMOCTH cneKTp8JibHOrO napaMeTpa r OT KOMnOH8HT 
neKTopa c c1mrynapaon aa,llaqH Ha co6cTBeHHlie sHaqeaHH ,l\JJ.H cHcTeMu 

YPBBH8HHil 

@(l)u(,;ic)a[f;,,r + &cx,cJ]ucx)= r1 i1c~1 
C rpaHHqHliMH ycnoBHHMH 

.li?'t"l. u («:) = 0 
1~1 ... 00 

8,l\8Cb BB8,l\8Hli 

( -e;n1.1ilc?C) = o ). 
/:icj.... '% 

C118'AYID~He Oc503HaqeHHH: 

" (-i 0·) A ( O :1) -!:r . ) 5 l • O :1 , 'J = -~ o , c • ( c.J , E.; P , K_, 1'{_ E R , 
~ . . . . 

Q.(-x,c)s( (i+rz.)~(2:)-el ,r(:)-rJ..)',. d..• 6>+ tCplt.+K2), 
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W' 
" 

6) pelllliTb CHCTeMy anre6paHqeCKHX ypaBHeHHli OTHOCHTenbHO ftK 
H ~ L 
~ ftK f U,/-z) ½t,l<(>t)d't = i C1 + f u.:l't)d.'l/); 

Cli ' Q B) C nOMO~bID COOTHOWeHHli l 

-:l - - -:l rrl< C>..i.,Ktt.-)...t,.,_1=t<,c.K , 'CK (ui,K+1c~1-u,,KC't))=v;:l(c't), 
N 

iJ; IC ('l.) = - Ll, I< (.'t) + ~ AL,,,. 1f.o K (~) • • {c:11 · ~,... \.<-, ' 
r,l\e 

,CK - 38.z18HO 
H8HTH H0Bli8 npHOJIHlKeHHH. 0 CXO,l\HMOCTH npHOJIHJKem1n 21(= { >-K, ill() 
K peweamo 'i:. .. = { ~-; i:ilf} 88,l\8qH MOJKHO CY.l\HTb no yc5liB8HHID tteBH8KH 

II ct. Ci!I() II . . 
qHCJI8HHOe peweHHe 38,l(aq (12)-(13) B 011H8KOH OKpeCTHOCTH HCKOMO

ro BeKTOpa COOCTBeHHliX 3HaqeHHH ·>-* MOJKeT npe~CT8BHTb onpe,lleJieHHYID 
CJIOJKHOCTb, ocodeHHO H8 8BM C M8JIOH pa3pH,llHOCTbID M8WHHHOrO CJIOBa, no
CKOJibKY npH )\K_)... 3TH 38,ll8qH CT8HOBHTCH nnoxo o6yCJIOBJI0HHliMH. 

Hac5elK8Tb peweHHH T8KHX 38,l(aq MOJKHO 88 cqeT nepeXO,l\8 K MO.l\HWHUHPOB8H
HOll HTepauHOHHoll·cxeMe, paCCMOTpeHHOH B § 2, KOTOp8H nonyqaeTCH npH. 
,l\HCKpeTHOM npe,llCT8B1leHHH no napaMeTpy -I_ 8B~OHHott 88,l\8qH 

te1(i'C"i))e1(-l-)=-<e.(-a(•O), i!(O):s2:o, 
r,l\e ,; (ti(:')-{~:., il:,} H8qHH8H C HeKOTOporo ,f: -l,c• 

B § 3 HCCJie,llyeTCH CXO,l\HMOCTb M0TO,l\8 C0TOK B 88,l\8qe (7). ,llHCKpeT

HOe npe,llCT8BJI8HH8 HTep8UHOHHOH CX8Mli (a)-(B) nonyqaao C IlOMO~bID MeTo
,l\8 CeTOK, HenHHellaoe ypaBHeHHe (7) annpoKCHMHpyeTCH ,l\HCKpeTHliM ypaB-

H8HHeM 

<eh (eh)== 0 ( h - war ceTKH), 

r,l\e ,l\HqJW8PeHUH8JlbHli8 yp8BH0HHff 38M8HflIDTCH p83HOCTHlil.lH, 8 HHTerpaJili -
KBa,llpBTYPHhlMH wopMynaMH, B pawKax HAMH paccMoTpettu nonpocu cy~ecTBO
B8HHH ,l\HCKpeTHoro pellleHHH i!h H CXO.D;HMOCTH K peweHHID 2.•· npH . 

h-o . IloKaaaHo, ~o nopH,l\OK CXO.l\HMOCTH panea nOIJR.l\KY annpoKCHMa
UHH HCXO,zlHOro onepaTopa te ceToq11HM <.eh . B § 4 paccuoTpeHH :.rn
qHcJIHTen1,mrn cxeMli TOqHOCTH nopH,l\K8 0 Ch£) H O Ch") OTHOCHT81lb
HO wara h paBHOMepHOH ceTKH. B j 5 npoBe,lleHli qHCJieHH!le HCC1le,l\OB8-
HHH CXO,l\HMOCTH npe,l\JIO~eHHliX BliqHCJIHT8JlbHliX cxe1.1 H peayJibT8TOB B 88BH
CHMOCTH OT napaueTpOB annpoKCHM8UHH CHHryJIHpHOll Kpaenon 38'A8qH ,l\llH 
CHCT8M ypaBH0Hl1ll illpe,l\HHI:e pa C H8BeCTHliMH peweHHHMH, qHCJI0HHli8 3KCne
PHMeHTli BlillOJIHeHli ,l\llH 38~aq t CO,llep~a'uiHx npHMeHHE'Mlie B KB8HTOBOH Lie
X8HHKe MO,lleJibHlie nOT8HUH8Jlhl Mopae t KyJIOH8 H rapMOHHfrncKoro 

0

0CUHJI1IHTO
pal8/. qHcneHHHe Hccne,lloBaHHH no,l\TBepllt.l\8IDT BliBO.l\H § 3 • 

• 
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I 
ii J 6 paCCMOTpetta 38,llaqa 06 3(j_lq>eKTe WTapKa/8/, KOTOpaH CBOAllTCfl 

K pel!lettmo cucTeMbl ypaBHem1U lllpe,llnttrepa 

[ 
d..t. E fo -!-ma. F J 
~ + j; + T + 4\:t - ~\ Pn

1
m(\) =O , (I4 ) 

[ 
d'- E il :1-m2, F J 
dq_2,+ 2 + ~ + lftz_~ + "ii°tt }l'la,rrt(>z)= 0, (IS) 

CBH38HHb!X Hel13BecTHhlW1 napaMeTpaMH E . 11 p . L1cKOMble peil!emrn 
,l!O/llKll'I Y.llOBJieTBOpHTI, yC/IOBillHM 

ln m. Co)=- ,y" mCo) = o 
:l _}'- L 

(16) 

.11 npn ,, ~ ....-oo 

~rt:1.,n(~)-- ~7l(exp [-~ t~1R-+ ~fh.} (17) 

,-{" (n) -- J!... Si.'11.. (En~l£-+_§_n:1.;.,+8) J--n.,_m. L >'l,~/q ~ a L -(ii' L ' (18) 

Oco6eHHOCTI, CllCTeMhl {14)-(IS) COCT0.11T B TOM, qTo .llllfl ypaBHeHllfl (14) 
rpaH11qttbJe ycl!OJ3.11H (16)-(17) 011pe,llel!HIOT lll1CKpeTHblti Cil9KTP 3Haqem1ti 

:mepruu E , Tor,lla KaK ;lll!H ypaBHeH.11H (IS) ycnoBRH (16), (18) cooT
BeTCTBYIOT Henpeph!BHOMY cneKTPY· L1HTepec npe,llCT8Bl!H!OT TS 3HaqeH.11fl 
3Hepr!t!II E, KOTOpble H8XO,llflTCH B 00ll8CT.11 pe 30H8 HCHOH 383.11C.11MOCT.11 
C,llBJ,11'8 c1J83bl 8 OT :mepr11.11. 

38A8qa (14)-(18) cloPMYllllpyeTCH KBK ,llByxnapaMeTp.11qecKaH cneKT-
pam,HaH 38,llaqa. Hpn 38A8HHblX 3HaqeHHflX M8rH.11THOro KB8HTOBOro 
q.11cna m, ttanpH,KeHHOCTH aneKTpnqecKoro nol!H F .11 qia3hl O 121 attep

rnH E .11 KOHCTattTa pa3,lleneHl1H J3 paccMaTp.11BaIOTCH KBK cneKTpanr,
Hhle napaMeTphl, KOTOphle ,llOJ!ll(Hbl 06ecneq.11TI, 8Cl1MilTOTl1qP.CKOe noBe,lleH.118 
peweHRH (17)-(18). C11ttrynHpH8H 38,llaqa (14)-(18) annpoKCIIMRpyeTCfl pe
rynttpHOll 38,llaqei'\ C KP88BblM11 YClIOBllflM.11 (6). Pewemie CqJOPMYllllPOB8HHOH 
,llByxnapaMeTp,1qecKoti 38,llaqn HS C06CTB8HHhle 3HaqeHllfl ,ll8eT B03MOlKHOCTI, 

npu 38.llBHHO.il tlJa3e O npuonuJKeHHO onpe,llel!RTI, pewemrn ji"'s-mC\), 
1.11!.,n ()l_) .11 co6cTBeHHble napaMeT phi E 11 fl . Ilp11 a TOM co6-

CTB8HHhle napaMeTphl E 11 j3 HBllfl!OTCH q>YHKl\11flMl1 !) , T.e. BMe
CTO 38Bl1Cl1MOCTl1 li = 8 (E) onpe,llel!He TCH o6p8TH8H (llyHKl\11fl E = e CG). 
AC11MilTOTllK8 pellieHRH ,llllCKpeTHOro cneKTpa 11 HenpephlBHOro cneKTpa paB
HOnpaBHO 11CilOllb3Y!OTCfl np11 IlOCT8HOBKe Kp88BblX YClIOBllti. B cnyqae pe-
30H8HCHO.H 38Bl1Cl1MOCTl1 Ei° OT E 6onee ycTottq11BO.H HBJifl8TCfl npo11e

.11ypa onpe.11enemrn oopaTttoii !J.lYHKl\11.11 E = E (8)12/. 

8 

• '.I 

{ 

'lf(-x:)= ~ ('l_+2.)(w+e.f')~2,(..Jw+E,f~x), 

- . ~T U.(x)= (MC-x),.N(x)J . 

q11cneHHhlH 8H8lll13 BhlilOl!HeH Ha OCHOBe paapa6oT8HHhlX HI,DTOHOBCKl1X 11Te

p01\110HHhlX cxeM 11 anropl1TMOB Il0.11CK0 Haq8)II,HblX np116l!l1lK8Hl1H .llllfl 11Tepa

l\11H. 
B ~ll0B_J)___II!_ paCCM0TpHB8eTCH 11HTerpO,lll1cpqiepeHU118l!I,H08 ypaBHeHHe 

A 

r,lle 1.,, 

" 

I,. A 

(l+K)U(>z.) =O ' ~ e- (o,t), 

- .1111MJepett1111anr,HhlH onepaTop BH.lla . 

" J! 'l= ~ +VCtz.)-A ' 

K - HHTerpanhHhlil onepaTop: 
. t 

K= f K(>i,\) (·) c4 t 
0 

KOTOphlil MOlK8T OhlTI, npa,llCT8Bl!6H B_ Bl1,Z{6 

(21) 

(22) 

(23) 

A A -Ki.T•:EC·,6KC'l.))al(c"t). (24) 
l<•i 

s.11ecr, al((.,.), 6,el'l.) E L,. co, R) HBmmTcH aaa11CHhlM11 

4>YHK1\11HMl1, ( • , ·) - COOTBeTCTBYDlll88 CK8l!HPH08 npOH3B8,ll8Hl18. 
~l!H npHOlllllKeHHOH Il0CT8HOBKl1 38,llaqn {Ill} HenpephlBHOro 11 ,llHCKpeT

HOrO Cil8KTpOB p8CCM0Tpl1B0eM06 ypaBH6HHe He06XO,ll11MO )(OilOHHHTI, rpaH11q

HhlUl1 YCJIOBl1HMl1 H yCJIOBl16M HOPMllpOBKH B 38B11Cl1UOCTl1 OT Toro, B KB.ltOil 
06ll8CTl1 cneKTpa pewaeTCH38,ztaqa. EClll1CT0Bl1TCfl 30,llaqa_)(l1CKp8THOrO 
Cil6KTpa, TO rp8Hl1lllihl8 yCl!OBHH 38,ll8IDTCH B BH,ll8 '(6), 8 yCHOBl16 HOpM11-

pOBKl1 t 

f t.CC-z.)d'Z. - i = .o. c2s) 
0 . 

B § 2 p8CCM0TPl1B8DTCH 3 Tl1Il8 rpaa11qHbll{ YCl!OBHH .llllfl co6CTB8HHhlX 

qiyaK1111n HenpephlBHoro cneKrpa: 
(A}. rpaHl1lllihl8 ,YClIOBHH )(l!H HenpephlBHoro Cil6KTpa K8K 30,ll8q!1 H8. 

co6cTBeHHHe aaaqea11n12/ ~ . 
(E).rpaHHlllihl8 ycnoBnH, npH KOTOphlX 38,llaqa HenpepHBHoro cneKTpa 

pacCM8Tp11B88TCH K0K rpam,iqaaH 30,llaqa C H6lll1H6tiHhlMH Kp06B!lM11 ycnoBHH-
MH/9/ • · ,• ' 
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(B). rpaHmrnoe ycnOBlle, npe,llilOJKeHHOe B ,ll8H!IOH paOOTe, llMeeT BH,ll 

U.('l-) I= C ' 
"l•( 

r,lle C - npOH3BOilbH8H KOHCT8HT8, onpe,llennroman HOp.!HpOBKY pemeHHH. 
STD Kp8eBoe ycnoBne HCil0Ilb3Y6TCH B ,ll811HOH rnaBe npn pemeHHH HHTerpo
,llHilJqlepeHUll8IlbHOro yp8BH6HHH B oonaCTH Henpepb!BHOrO cneKTpa. 

Ilpe,llCTBBne11ne aa,llaqn HenpephlBHoro cneKTpa B BH,lle KpaeBoi1 aa,lla
qn, B OTnnqne OT 38,ll8qJf Kornn, Tp8,llHUllOHHO npnMeHH6MOH B oonacTH He
npepblBHOro CilBKTpa, ooecneqnBaeT ,llOCTHJKeHne paBHOMepHOH OTHOCHT6Ilb
HOll TOqHOCTH BblqncneHHH BO Been 38,ll8HHOH oonaCTH onpe,lleneHHH pemeHHH. 

B § 3 npe,llnaraeTCH M6TO,ll pemeHllH ypaBH6HllH illpB,llllHrepa, CO,llepJKa
mero BhlPOJK.lleHHhlH onepaTop, B oonacTn Henpeph!BHoro cneKTpa. CyTb Me
TD.llB 38KnroqaeTCH B CBe,n;eHHH HCXO,llHOro ypaBH6HHH BH,lla 

A N 
~ u -+- z:. ( u, gl() al(,.. o 

K•:l 

K CHCTeMe H60,1lHOpO,llHblX .llH(Wlepe11unanbHhlX y p8BH6HHH 

" ~tt0 == 0 , 
A -
~ U" = -~ ( n = :i, N) 

C rpaHnqllblMH ycnoBHHMH 

r,lle 

.llnH 

llc,Co)s"o , 

U.,.(0)=O, 

"' U.= Ltc, +-~ d,.tt" 
""':l ' 

U.0 (.t) = Co , 

U."(_.t)=Cn, 

"' C =C0 -t-~ C""d.11.. 
lt•lf 

onpe,n;eneHHH cl.. Heooxo,n;nMo pemHTb cncTeMy anreopanqecKnx 

ypaBHeHHli 

r,lle 

. N 0 
~::...zon1Cd1<=t"11., n=:i,N, 

K•:l 

f11. = (uo,,11.) , 01'\K = (tt1e, Sn.). 

B § 4 H3IlOJK6H MeTO,ll pemeHllH 38,llaqn Ha COOCTB6HHble 3HaqeHHH ,llnH 

HHTerpo.llnwwepeHunanbHhlX ypaBttettnll 

u N 
U. ('l.) +VC-i.) UC't.)-AUC-i) +~c, ~('i) =-0, 

e 
Ci - f fi (>t) l.t{"l.) d.?.- = 0 

0 

i=4 c. 

C rpa11nqHblMH ycnOBHHMH (6) H ycnoBHeM HOpMHpOBKH (25), KOTOp8H WOP-
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MynnpyeTCH KBR HenHHeilttoe ypaBHeHHe (7) OTHOCHT6IlbHO aneMeHT8 

r : {4'. 1 C, U \ , C = (Cs, ... > c,,.) . HbIDTOHOBCK8H HTepaunoH-
HaH npoue,llyp8 CBO,llHT pemenne 3Toro ypaBHBHHH K nocne,1lOB8TenbHOCTH 

HTepaunn, Ha K8JK,llOH H3 KOTOpblX HeOOXO,llHMO pelliHTb N+2 rpaHHqHbJX 
aa,llaqn ,llilH nnHeHHblX 11eo,llHopoAHblX ,1iH!lJWepeHUI1BllbHhlX ypaBHeHnil BToporo 
nopH,llK8 H CllCTeMy N+1 anreopanqeCKHX ypaBH6HHll. 

B § 5 paCCM8TpHBaroTCH ycnoBHH npHMBHUMOCTH p83BHTblX MeTO,IiOB K 

pemetturo ypaBHBHHH (21)-(24). 
B § 6 paapaooTBHHble Bhlme MeTO.lU>! npunararoTCH K peweHnro PJJYX aa

,1laq Teopnn H,llpa. llcnonbayeTCH ceToqnaH annpoKCHM8UHH yp8BH6HllH TOq-

HOCTH O (h2), h - mar ceTKH. 
I. HaXO,llHTCH 8llb!p8-qacTnqHbJ8 COCTOHHHH B nerKHX n,n;pax, B qacT

HOCTH, B 20 Ne . B paccM.aTpnBaeMoi1 MO,llenn WYHKUnoHan C;, nMeeT 
BH,ll e r11. 

ci•f-v;c'l.1[<1.-i"-vc"t1]u.c-i1cL~ . 
0 

IlpoBe,IieHhl qncneHHble pacqeTbl P,Jyx BpamaT6IlbHblX nonoc pe30H8HCHblX 

anbwa-Kn8CTBPHblX COCTOHHHH H,llp8 20N~ . PeaynbT8Tbl pacqeTOB npuBe
,1l6Hbl B BH,lle T80IlHU .llilH 3Heprnn B036~elUUI,OHl1 HaJCOMTCR B xopoweM 
cornacnn C 3KCnepHMBHT8IlbHblMH ,ll8HHblMH. 

2. IlpoBe,eHbl pacqeThl BOilHOBblX IPYHKUHH n waa pacceHHHH B IlOTeH
unane PH.ll8/IO, PeaynbT8Tbl pacqeTOB npnBe,lleHbl B BH,lle T80nHU .llllH waa 
pacceHHHH, Hccne,lloBaHa cxo,llHMOCTb peaynbTBTOB no qncny h waroB 
C8TKll. 

9CHOBH~E PE3Y~bTAT~, IlO;iJ'qEHH~E B AllCCEPTAUHH 

I. BnepBb16 Henpepb!BHblH aHanor M6TO,ll8 HbIDTOHa npnMeHeH K no

CTpOeHHro HTepaUHOHHblX CXBM peweHHH CHHrynnpHb!X MHOronapaMeTpnqeCKHX 
38,llaq 118 COOOTB6HHbl8 3HaqeHHH ,llilH ,llHilJqlepeHUH8llbHblX H HHTerpO,llHWWB
peHUH8IlbHhlX ypaBHeHHH, B03HHKaromnx·B paannqHhlx paa,llenax TeopeTnqe

CKoll wnanKH, 
2. Paapa60T8Hbl q1mne1111ble cxeMhl pemeHHH rpaHnqHbJX aa,llaq ,llnH 

cncTeM 'AHWwepeHunanbHhlX ypaBHettnll, CBnaaHHhlX cneKTpanbHhlMH napaMeT
paMH. llccne,llOB8Hbl BOilpOCbl CXOAHMOCTH nonyqeHHblX cxeM H TOqHOCTH 
qncneHHblX peaynbT8TOB B 38BHCllMOCTH OT napaMeTpOB annpoKCHM8UHH 
CHHrynHpHb!X Kp88Bb!X 38,llaq. 

3. Ha OCHOBe HTepauHOHHblX HbIDTOHOBCKHX cxeu IlpB,1lilOJK6Hbl 3~8K
THBHhle anropHTMhl H nporpaMMhl .llHH qncne1111oro a11annaa napaMeTpnqecKoll 
38BHCHMOCTH co6CTB6HHblX peweHHli CHHrynHpHOH 38,llaqn illTYPM8-~HyBnnnH. 

4. Ilpe,llnOJK6H qncneHHblH M6TO,ll peweHHH CHHrynHpHOH rpa11aq11oll aa
,n;aqn 118 COOCTB6HHl1e a11aqeHHH ,l!Illl H!lTerpO,llH(l)W6P6HUH8llbHOrO ypaBHeHHH, 
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llHTerpanoHUil onepBTOp B KOTOpOM MO~HO npn6Jill3llTo K BHpOJK,ll;Slilil,lM.,Il;,m HS
npepUBHoro Cil8KTp8 ,llBHU npOCTblB Kp88Bbl8 ycJIOBllH ~ BOJIHOBOH·WYHKUllll, 
Il03BOJIHIDmtte CB8CTll nccne,llyeMyID 38,llaqy K KpBeBoli 38,llBqe U noCTpOHTo 
ycToilqnBue .• anropttTMbl. 

s .. C n.OMOmoro p83pa6oTBHHhlX B mwcepTBUHH anropllTMOB peweH pH,ll 
38,ll,Bq TeopeTHqeCKOH Wll3HKU. BunonHeH 8HBJIH8 TQqHOCTll qncneHHblX pe-
3YJioTBTOB,'ROTOpble npe,n,CTBBJIHIDT,CBMOCTOHTeJioHblH wnanqecKHH HHTepec. 
PeweHne p83H006pa3HUX 38,llBq, B03HllKWHX B Wll3llqeCKllX HCCJI8,llOBBHllHX, 
C noMomoro anropttTMOB, pa3pa60TBHHblX HB 8,ll,llHOH MBT8M8Tlitl8CKOH OCHOBe, 
cny~llT Il0,llTB8Pif(,ll,8HlleM IlpBKTHqeCKOH IlOJI83HOCTll ll 8{j_JW8KTllBHOCTll npn
B8,ll,8HHblX BblqllCJillT8JloHblX cxeM. 
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