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B nocne.o.HHe ro.O,bl B KB8HTOBOA T80pHH nonSI 6ypH08 p83BHTH8 nonyim:n PSlll 

HanpaaneHHA', CBSl38HHbIA C 8H8JJHTH'tJ:8CKHMH CBOACTB8MU: KB8HTOBbl;X 8MilnHTY .n. 3To 

OTHOCHTCSI K8K K HanpaaneHHSIM, H3Y"tJ:810li.UfM (pyH.U8M8HT8J1bHbie aonpOObl KB8HTOBOA' 

Teopuu nonH - Teopu:sr .O,HCnepcHOHHhlX C00TllOW8HHA, OJ.lHH8pHbte H .LlBO:AHbI8 Cll8KTP8JJI:

HbI8 npe.o.cTaBneHHSI H T.n., TBK H K HanpaaneHHSIM, H3Y"tJ:8lOIUHM KOHKpeTHbl8 (pu: 3ll;"tJ:e

CKHe SIBJ18HHSI - CTpyKTypa q:JopM-Cf)aKTOpoa, nepH(pepHA.Hhl8 B38HM0,ll8fl:CTBHSI H T.n. 

YcT8HOBn9HH8 aHanHTHqecKHX cao-'icTB KB8HjDOBblX aMnnu:Ty.ll Tpe6yeT 3H8HHSI oco6bIX 

TO'IeK, T.e. TBKHX TO"tJ:8K 1 a KOTOpbIX nu:60 caMa aMnnHTY.n.a, nn6o ee npouaao,a.Hbie 

o6paLU8lOTCSI B 6eCKOH8'tJ:HOCTb, 

B .llHccepT8UHH OC06bie TOtJKH KB8HTOBblX 8MllJ1HTYA HCCne.n.yIDTCSI B paMKax 

TeopHH aoaMyllleauA. vfcnonb3yeTCSI MeTO.ll naH.o.ay I l /. Cornacao aToMy MeTOAY 

M8CTOllOJ10>K8HH9 oco6eHHOCTH npOH3BOnbHO:A .n.u:arpaMMbl Teopuu B03MYLU8HHA' ~npe,ue-

11Sl8TCSI ypaBH8HHSIMH! 

(A.I) 

(A.2) 

r)le qi' 1111, a I - 4 HMnynbC, Mace a H qlaAHM8HOBCKHA napaMeTp i -oa BHpTyBJJbHOA 

I.J:8CTHUbI, ~ ypaBH9HHSIX (A.I) cyMMHp0B8HH8 npOH3B0.LlHTCSI no BC8M H838BHCHMbIM 

KOHTypaM llHBrpaMMbI, 3TH yp8BH8~HSI SIBnSIIOTCSI ycJJOBHSIMH.np11ae.neHH51 3H8M8H8Te

ng cpa8HM8HOBCKOro HHTerpana K ~naBHhlM OCSIM OTHOCHT8JlbHO H838BHCHMbIX 4-x HM

IIYJlbCOB BHPTYBJlbHhlX '18CTHU, YcnOBHe ( A.2) yK&3bIB88T HS TO, I.J:TO B MeCTe oco6ea

HOCTH ace BHPTY8JlbHhle 'I8CTHllbI H8XO.ll,SITCSI Ha 3HepreTH'tJ:8CKHX nOBepxHOCTSIX. 

HapHLlY c ypaaHSHHHMH (A.I) " (A.2) HSLlO y<mThIBSTb :aaKOHbI coxpatteHHH 

4-x HMilYJJbCOB B KB>KJlOit H3 B8pWHH JlHarpaMMbI: 

(A.3) 

- cyMMBpHblfl: 4-x HMnynbC BH8WHIIX qacTHU, Il0ll.X0Jl51LUHX K aepWHHe 'k' 

(ecnH aepWHH8 BHyTp8HHHH, TO pk =O). KpoMe Toro, Ha napaMeTpbI a..., Hanome-

Hbl TpHBH8JlbHbie ycnoBHSJ HOpMHpOBKH! 

(A.4) 
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rJ1e.-eyMMU:pOB8HHe npOH3B0lJ.RTCSI no BCeM nHHHSIM .nu:arpaMMbJ, COOTBeTCTBYlOlllHM 

BHpTyanbHbIM "18CTHU8M. 

CornacHo na tt.nay, xapaKTep oco6eHHOCTH .aaHHoA .oearpaMMbl onpe.a.enS1eTcS1 

o6lllu:M Konu:"leCTBoM aepwHH nuarpaMMbI • v H 061UHM KOJ1H"l0CTBOM BHyTp0HHHX 

JlHHHfl: • Eena sseeTH napaMeTp K =3/2(Y + 1) -2v • , TO xapaKTep oeo6eHHOeTH 

cne.nyrolllHM o6paaoM CBSl38H C K 

ecnu: K ecTb HOJlb HJlH uenoe nonO>KHT0JlbHOe 'IHCJlO, TO oco6eHHOCTb 

HM00T BH.ll.: (p2/p2 •1 t rn (p2/p2 •1) · 
0 0 I 

npu ecex npoqux 3HB"leHHSIX K 

K 

(p• /p•-1 J 
0 ' 

2 

(6) 

r.ne p
2 

- eexu:a BH0WHHA: HHB8pH8HT, 

JJHarPaMMB HMeeT cnoco6HocTb. 

po - 3H8"10HHe 9Toro ijHB8pH8HTa, npu KOTOpOM 

Ben11'll1Ha p2 onpet1en11eTe11 en 0>1<aoll e11eTeMoll ypasaeanA (A). naanay noKa
o 

3an, 'ITO 06w11ll aaanas eaeTeMhl ypaeaeHHll (A) yno6HO npOBOJlHTb, Henonb3)'11 rpa-

<pH'leeKHe npet1eTaeneHH8 ypaeaeaHA (A.2) H (A.3). TaKoe rpaq,11qeeKoe npelleTaene-

HHe ypaeHeHHll ( A.2) H ( A.3) nn11 .ll.8HHOA JlHarpaMMbl 6blno H83B8HO nae.nay • cxe-

MOA" 1 COOTB0TCTBYI01U0A ll.8HHOA .llHSrpaMMe. 

.llHcCepT8UHSI COCTOHT Ha "Bse.aeHHSI' t Tpex rnaB H "'3aKnl0'18HHSI"'. 

Bo "Bae.neHHH" o6ocHOBbIB80TCSI HHTepec K uayqeHHIO OC06bIX·.TOqeK KB8HTO-

BbIX 8MilnHTYll, H3naraIOTC51 OCHOBbl MeTo.aa nau.nay
111 

H cl:>opMynupyJOTCSI eonpocbl, 

paccMOTpeHHbI0 B .ae:ccepT8UHH. B "3aKnroqeHHH"' np5:1eo.nHTCSI OCHOBHhI8 p83ynbT8TbJ. 

nonyqeHuble a .auccepTSUHH. 

8 .O.HccepTallHH • p8CCM0Tp0Hhl cne.ayromue aonpOCbl! 

I. O6wae yenOBHII pa3pew~MOeTH eHeTeMbl ypaBH9HHll (A). 

2. Cneuu¢HqeCKHe cnyqaH, B03HHKarowue npu pewettKH cHc-reMhI ypasHeHHR (A). 

3. OrpaauqeHHSI Ha xapaKTep oco6eHHOCTeA npoH3BOflbHblX KB8HTOBhIX 8MnnHTY.C. 

B Teopuu· B03MylUeHH.A. 

4. 6nH>Kallwae oeo6eHHOeTH 6apHOHHblX q,opM-q,aKTopoe. 

5. Haxo>K,a.eHHe oco6eHHOCTeA: cno>KHbIX .aearpaMM. 

6. EnR>KaAwne oco6eHHOCTH 8MllnHTY .Qbl 1111 -pacceSIHHR. 
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7. AaanHTHqeeKHA MeTOll peweHllll eaeTeMbl ypasHeHHll (A). 

8. Onpet1eneaae THna oeo6blx KPllBblX t1n11 aMnnHT)'llbl paeeellHHII npa 6onbw11x 

attepr1u1x. 

9. CTeneHb p0CT8 MBTpHqHbIX aneMeHTOB B Teopu:H B03MyWeHHft: npu 6OJlbWHX 

aHeprHHX. 

B nepeoA rnase paeeMaTpasa10Te11 o6wae yenoea11 paspeWHMOeTH eHeTeMbl ypae

aenall (A), l-1wyTe8 TaKae pewena11, 1:tn8 K0TOpbix see a
1 

!, 0 .• Onpenen11eMa11 TaKH

MH peweHHSIMH ocoGeHHOCTb H83b1B80TCSI ,, co6CTBeHHOil oco6eHHOCTbl0 11 .aHarpaMMbI. 

B eny,1ae, KOrlla peweHae eaeTeMu ypaeneaHA (A) eonep>KHT KaKoe-n116y1lb a
1 

c 01 

ocoGeHHOCTb OTHOCHTCSI He K .£l8HHOA .nu:arpB.MMe,.,.a K pe.a.ynHpyeMO:B .aHarpaMMe, 

nony11aeMOA H3 .0,8HHOA CTSlrHBaHrieM .ao Hyneaoa .anHHbl ~HHHH 'i' ·• 

YcTaHoaneuo 1 qro: 

(I), B oeo6oA TO'IKe npoaseonbHOA t1aarpaMMbl eaeTeMa ypaeneaaA (A) eeert1a 

llOnyeKaeT eyweeTeoeaHH<; (N-1) DpOH3BOnbHblX senH'IHH, rne N - 'lHeno He3aeH

eHMblX BH8WHHX HHBapH6HTOB npoueeea ( HHeapaaHTbl npe1:tnonara10TeH neAeTBHT9nbHbl

MH )x) • Ho B K6'18eTBe 3THX npOH3BOllbHblX eenH'lHH, soo6we roeop11, MOryT' q:>Hrypa

poeaTb KaK HHBapH6HTbl nponedea, TaK H cj:,aAHMaHoseKHe napaMeTpbl a • 

CTp)'KTypa eHeTBMbl ypasneaHll (A) TaKoea, 'ITO aeaseeeTHble eenH'lllHbl-napa-

M8Tpbl a· , BH8WHH8 H BHYTP8HHHe HaaapuaHThI BXO.C.~T B 3TH ypaaeeuHH eep8BHO-

npaeao • .On11. onpeneneHHR napaMeTpoe. a MOryT 6b1Tb aenonb30BBHbl TonbKo ypaeae

HHH (A,I) H (A,4), a t1n11 onpeneneHHH. aneapaaHTOB - see ypasneaa11, KpOMe (A.4). 

AnanH3 ypasaeilaA (A.I) H (A.4) npHBOJlHT K BblBOllY o TOM, 'ITO aeo6xollHMblM ye

noaaeM Toro. ltT06bl: B oco6oa TOqKe .o.ns .anarpaMMbl C 'n' BH8lllHHMH aepWHH8MH 

eee napaMeTpbl a 6blnH 6bl onpet1eneHbl, gengeTC11 yenoeae: 

i'.(n)-t-1-(t-v+ 1)u(n)50
1 (I) 

rne 

M8. 

t - 'IHeno BH)'TpeHHHX llHHHll e llHarpaMMe, v - o6wee 'IHeno sepWRH e llHarpar.<-

X) 
1iRcno H838BHCHMbIX BH0WHHX HHBapuaHTOB 'N' O,llHO3H8qHo CBH38HO C 

'IHCnOM BHewHux aepWHH y .aaarpaMMbl 'n' H pa3MepHOCTblO- npocTpBHCTBa BH8WHHX 

4-x B8KTOPOB u(n) : 
N(n) •nu(nJ- q{n)[u(n)+__!_L 

2 J 

rne u(n) B eeoIO 0'18peJlb 3aeHeHT OT n u(n) • n ·1 llpll 2~p $;5 H u(n>5)=4, 
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BenHt{HHa &·(n) .naeT qucno napaMeTpoa a I He onpe.n,ensteMbIX H3 CHCT0Mbl 

ypaeueHHll (A). npH 6.(n)>O H3 CHCTeMbl ypaaHeHHll (A) He onpe.nenRIOTCR neKo-

TOpble H3 a • KOTOpbie B ~Hny 9TOro, B ;a_cTHOCTH, Mor)"T 6hITb nono>KeH,bl paBHbIMH 

Hymo. npfl 3TOM ocooeHHOCTb, JlaBaeMaH peweHHeM CHCTeMbl ypaaHeHHll (A), y,ice 

He 6y.aeT co6CTB8HHOA oco6eHHOCTblO .0.8HH0A: .naarpaMMhI, a 6y.neT oco6eHHOCTblO 

COOTB0TCTBYIOlllHX pe.o.yuHp0B8HHhIX .llHarpaMM. 

.OnH JlHarpaMM C llBYMH BHeWHHMH aepwHHaMH H3 ycnoBHH ( 1) cne.llye.;.,' 'ITO 

co6cTB0HHbI0 oco6eHHOCTH B03HHK8IOT T01lbKO B. TOM cny1ute, KOI'.0.8 y .llH8I'p8MMbl HeT 

BHyTpeHHHX seplllue . .LJ.ng .naarpaMM c n ~: 3 MoryT cymecTaoaaTb co6cTaeHHbI8 oco-

6eaaocTH H npH H8nHqHH 'aayTpeHHHX aepllIHH, ecnH COOTHOW8HH8 M8>K.a,y qlf~noM nu

HHll H aepWHH B JlHarpaMMe' TaKOBO, 'ITO ycnoaHe ( 1) BblnOnHSIBTCH. 

YcnOBH,e (1), onpe.llenHeMoe 0O1llHM
0 

'IHCnOM aepWHH H BHyTpeHHHX nHHHll JlHar -

p8MMhI, HOCHT rno6anbHbIA xapaKTep H HS Y'IHTbIB80T B03MO~HOCTH cymecTB0B8HHSI 

cnenHa<pe'leCKHX peweHHll CHCTe,.;bl ypaaH0HHll (A). 3TH cneuH<pH'leCKHe peweHHH Boa-

HHKaIOT Tor.Ila, Kor.Ila ypaamaem, (A.I) TaKOBhI, 'ITO 'IHcno 6.1 (n) napaMeTpos a 

nepeonpe.lleneHo ypaaHeHHHMH (A.I), a 'IH?no ~(n) napaMeTpoa a oKaahlaaeTCH 

He onpe.llenHMblM H3 3THX ypaaHeHHll, npH'leM i\(n) '-6. i(n) = 6. (n) • JlnH onpe.llene-

HHH BO3MO>KHOCTH cyweCTBOBaHHH cneuH<pH'leCKHX peweHHl! CHCTeMbl ypaaHeHHl! (A) 

Y KOHKpeTHb!X JlHarpaMM Y.llOOHO f!Onb3oaaTbCH cxeMaMH.-

(3). CxeMbl HBnHIOTCH rpa<pH'leCKHM OTOopa>i<eHH0M ypaaHeHHll (A.2) H (A.3). 

CxeMa 6ea nHHHA, COOTB0TCTBYIOIUHX HHB8pH8HT8M npouecca, HBnHeTCSI ·wap~HpHoA 

peweTKOJI' B npocTpaHCTBe a(nJ.rnooanbHOe 'IHcno CTeneRell KOTOpoll onpe.llenHeTCH 

no cpopMyne: 
S(n) =-f +(f-11+1) a(n) + N(n). 

'(2) 

BenHqHHa S(n) eCTb ot5mee 'IHCJlO JtHBSpHSHTOB, He onpe.aensieMblX ypaBH0HHSJ

MH (A.2) H (A.3). TaK "'? 'KaK H aenH'lHHa 6.(n). aenH'IHHa s (n) 3aBHCHT TOnbKO 

OT ot5mel"o 'IHCna llHHHA H aepWHH. B .ouarpaMMe H He YliHTbIBaeT B03M0)KH0CTb aoa

HHKHOBeHHH cneUH<pH'leCKHX peW(!HHl! CHCTeMbl ypaBHeHHl! {A). TaK, HanpHMep, HeKo

TOpoe 'IHCno s1 (n) HHBSpHaHTOB M0)K8T 6bITb nepeonpe.n.eneeo cuc,:eMoA ypaBH0HHil:" 

(A.2) H (A.3) H B TO ,ice apeMH HeKOTOpoe 'll!cno: S/nJ HHBapHaHTOB OKa3blBaeTCH 

uenpeo.llonHMhlM H3 ypaaHeHHll (A,2) H (A.3) TaK, 'ITO S/nJ-S/nJ =S(n). 

t 1,,, 

1 ,x, 
,, 

I 
I 
i 
{ 

.I 
;\ 

I ti 
i 
\ 

:.:-1.'/'. ,, 
f 
f 
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803MO>KHOCTb BO3HHKHOBeHHH cneuH<pH'leCKHX peweHHll CHCTBMbl ypaaHeHHll (A) 

onpe.a.enSieTCH nOKBnbHbIMH CBOACTB8~H .nuarpaMMbl. noKBnbHble CBO:ACTBa .a.uarpaMMbl 

llpOSJBnSJIOTC.SJ B TOilOJJOraqeCKOA: CTPYKType CX0MbI. BoaMO.m.HhI .a.aa cnyqaSI B03HHKHQ

lieHHH cnem,<pH'leCKHX peweHHll CHCT0Mbl ypaaHeHHll (A): (a) He ace a MoryT Ob!Tb 

onpe.o.eneHbl -: STO IlpHBO.C.BT. K ueo6xo.nHMOCTH pe.nyKIUIH .nuarp8MMbI; (a) H8KOTo

poe KOnH'leCTBO a nepeonpe.lleneuo ypaaHeHHHMH (A,1) H (A.4) ·- 3To.npuaOJlHT K 

H80~XO.llHMOCTH H8TSl>K0HHSI CX0Mbl• 

(4) • .01_1arpaMMY HeOoXO.llHMO pe.llyuHpOB6Tb B TOM cny<iae, ecnH He ace a 

MOryT OblTb onpe.lleneHbl H3 CHCTeMbl ypaBHeHHl! (A). Ha CXeMe 3TO npOHBnHeTCH 

KBK cymecTaoaauae ueKoTopoA ">KeCTKoA: qacTH cxeM1>1, Tpe6yrome:A nu6o o.nuoauaq

uoa CBH3H TOnbKO M0>K.O.y M8CC8MH BHpTyaJJbHblX qaCTHU (•aHyTpeHHHSI nepeonpe.a.e

neHHOCTb CX0MbI'), nu6o - TOnbKO M0>K.0.Y M8CC8MH BHpTySllbJlblX qaCTHU H O.OHHM 

H3 BH8WHHX HHB8pH8HTOB ( 'BH8WHBSI nepeonpe.neneHHOCTb CX8Mbl') • 8 T0PMHH8X 

llHBrpaMM STO 8KBHB8n8HTHO TOMY, 'ITO Hy}K.ll810lll8SICSI B pe.nyKUBH J:lH8rpaMM8 coana

JlaeT C JlHarpaMMOl!, y KOTOpoa B O.llHOll H3 aepWHH (aHyTpeHHell - npH BHyTpeHHell 

nepeonpe.a.eneHHOCTH CX0Mbl~ BHewuea. - npH BH8WH8A:) CTOHT He KOHCT8HTa, a <pyuK

UHH, HM8IOIU8SI oco6eHHOCTb npu T0X >Ke· 3H8'10HHSIX. HHB8pH8HT.OB, npu KOTOPbIX HM00T 

oco6eHHOCTb .a.uarpaMM8 s.uenoM. B cnyqae ueo6xo.a.HMOCTH pe.a.yKUHH, M0CTOil0110-

)K0HH0 oco6eeuocTu nccne.nyeMoA: .a.·aarpaMMb.1: coana.aaeT c MecTonono>KeuneM oco-

oeHHOCTH pe.llyuupyeMoA JlRarpaMMbl, 
HaTsnKeHae cxeMbl soaHHKaeT Tor.a.a, Kor.ns 6 (n) <01 

H qacTb ypsBH0HHA 

(A.I) JlOn>KHa Oh!Tb HCnOnb3OBaHe JlnH onpe.lleneHHH HHBapeaHTOB. 3TO npHBOJlHT K 

TOMY ~ 'ITO 'IHCllO CTeneueA: cao60.a.b1 CX0Mbl yM0HbW80TCSI HS B0J]H\IHHY fl. (n) • Ha 

cxeMe ueo6xo.oHMOCTb B HSTSJ)K8HHH B npocTeA:wux cnyqaHx npOSJBnSieTCSI B TOM, liTO 

aenH'IHHa s (n). onpe.llenHeMaH Bblpa>KeHHeM (2), OKa3blBaeTCH YJlOBn0TBOpH!OWell 

aepaaeeCTBy S(n) > N (n) - l 

B Jl0CT8'.1'0"1HO cno~aoa .ouarpSMMe M0}K0T B03HHKHYTb K8K eeo6xo.o.HMOCTb 

B pe.a.yKUHB, TSK H Heo6xo.nHMOCTb B H8TSI}K8HHH CX0Mbl. 

MeTO.llbl, H3nO>KeHHble B /IYHKTax (2)- (4), IlO3BOnHIOT JlnH nroooll JlHarpaMMbl 

onpe.nenaTb HMeeT na OHS co6cTaeHHble oco6eeaocTH npa.ycnoauu, 'ITO <pslaMaeOa-

CKH0 .napsMeTpbl a oTnaqabl OT uynsr. 

(5). Ha OCHOBaHHH cpopMyn (6) nau.llay, onpe.llenHIOWHX xapaKTep OCOOblX 

KpHBblX i:taarpaMM TeopBH B03MYIU0HHA, H yc~OBHSI ( 1) nony'l0Hbl orpSHH"'l0HHH Ha 
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B03MO>KHblA xapaKTep co6CTBeHHblX oco6eHHOCTell npOH3BOnbHblX KBEIHTOBblX aMnnHT)",llo 

noKB3'1H00 'ITO Jlnll JlHllrpllMM C JlB)"Mll BH8WHIIMH BepWHHIIMII K(2) ,2'½, Jlnll ,!lHII-

rpllMM C Tp0Mll BH8WHHMH'aepWHHBMH K (3) l:, 0 0 Jlnll ,!l&arpaMM C '18TblpbMR 

i BHeWHHMH aepWHHEIMH K (4) ~-- ½ H Jlnll ,ll&BrpaMM c llllTblO 11 6onbWHM KOJIH-

'10CTBOM BHeWHHX B8pWHH K(n,2'5),2''-l • TaKHM o6pa30M, B TeopHII B03M)"lll8HHA HR 

Jlns xaKax cxonb-yrollHO cno>KHblX npoueccoa aMnnHT)"Jlbl He MoryT HMeTb 6onee 

CHnbH)"IO col5CTB8_HH)"IO oco6eHHOCTb, 'IBM npOCTOA non10e:, 

Bo aropoA rnaae paCCMEITPHB'18TCll npllM8H8Hll8 o6mero M0T0Jl8• H8XO>K,ll0HHR 

OC060~HOCT0A B T00PHH B03M)"Ul0HHA K KOHKP8THblM 38,!lll'IEIMo 

(1 ). Ha npeMepe npocTeAlllHX ,!lHarpaMM THllEI •neTenb• ,ll0MOHCTPHP)"8TCll, 'ITO 

npa peweHHH KOHKP8THblX" 3'1Jl'1'1 00,ll'IBC 0'10Hb )"Jl06HblM SIBnlleTCll npllM8H0HH8 HC

J!')"CCTBeHHblX npH0MOB ,llnll peweHRll CHCT8Mbl ypaBH8HRA (A). Jln11 ,llHarpllMM THUii 

•neTenb• )",llaeTCll )"CT8HOBHTb pexypp8HTHb18 COOTHOW8HHll, C llOMOlllblO KOTOpblX nerKO 

non)"'IHTb peweHH8 ,llnll •neTnH• C V +:l BH8WHHMH aepWHHBMH, ecne H3B8CTHO pewe-

HB8 .ans neTnH C V BH8WHHMB aepwHH8MH. 

(2). Ha npHMepax ,!lHarpaMM aMnnHT)",llbl paCC8llHHll ROK'13'1HO, '!TO CX8Mbl )"JlOO

HO HCDOnb30B8Tb He TOnbKO ,llnR BblRaneHRR cneue¢HKH CHCT8Mbl ypaaHeHiiA (A), HO· ! • 

H JlJlll nony'leHHll llBHOro BH,!l8 oco6blX KPHBblX ,llHBrpaMMo CxeMbl. ne>KaT B npocTpaH-. 

CTB8 BH0WHHX 4-x aeKTOpOB, nocxonbK)" ocolSeHHOCTH C00TB8TCTB)"IOT He¢H311'10CKHM 

3H8'10HHHM HHB8pH8HTOB, TO &TO MO>K8T npeB8CTR K TOM)", 'ITO npocTpaHCTBO BHew-

HHX 4-x B0KTOpOB B M0CT8 ocolSeHHOCTH ,llll8rp~MMbl 113 UC8B,ll08BKnH,!lOBOro npea-

piimaeTCg B SBKnH,llOBOo B TOM cny'!ae, Kor.Ila cxeMa ne>KRT B SBKnH,llOBOM npOCTpaH

CTae, JlnR onpe,lleneHHll MeCTononO>K8HHR oco!Soa KPHBOA ,llOCTEITO'IHO UOCTPOHTb cxe

M)" B M8CWTaCSe. B ,TOM cny'!ae, KOr,lla CX8Ma ne>KeT' B nc_0BJl08BKnll.llOBOM npocTpBH

CTB8 0KB cny>KIIT ll)"T0BO,llHOI HHTblO ,llnll .TPHrOHOM8TpH'10CKOro M8TO,lla peweHHR 

CRCT8MLI )"pBBH8HHA (A). 

YcTBHOBneHo, 'ITO CX8MLI ,llHBrpaMM C TpeMR 11H8WHHMH aepWHH8MH nemaT 

B 9BKnHJl0BOM Up0CTP8HCTBe, ecnH B ,llH8rpaMM8 8CTb XOTR CSL! O,llHB aeplllHHa, K 

KOTOpoft 00,!lXO.llllT TOnbKO TpH nHHHH, 

(3). noKa3aeo, '!TO HBPR.ll)" co CX8M8MH ,llnR Tononorn'leCKH cnoJKHblX JlH8rpaMM 

)"Jl06Ho HCUOnb30B8Tb Jl8T8PMBHIIHTHblA cnocoCS peW8HHR CHCT8Ml,J YPIIBH8HIIA (A). np11 

. ~ 
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3TOM o6bl'-IHO peweHH0 nonyqaeTCSI B napaMeTpH'-leCKOM BHne. B KB'-leCTBe napaMeTpOB 

y no6HO Bbl6Hp8Tb senH'-IHHbl a • 

( 4). Hal1Jl0Hbl 6nH>KBllWH0 oco6eHHOCTH ¢opM-¢aKTOpOB 6apHOHOB ( N, /\,·-s.. =' ) • 
CoOTBeTCTBYIOIUHe 6nu)KaA:WHM oco6eHHOCTSIM nuarpaMMbl HM0IOT cxeMbl. ne.>Kawue B 

3BKnHnOBOM npocTp8HCTBe, '-ITO fl03BOnSieT '-IHCTO rpac}lw'-leCKH H8XOilHTb oco6eHHOCTH • 

Yno6HO CX0Mbl 3THX nuarpaMM •co6up8Tb .. H3 ·Ha6opa CT8Hil8PTHhlX TpeyrOJJbHHKOB. 

(5). OnpeneneHbI 6nu)Ka8wHe oco6eHHOCTH aMnnHTyllbI 11rr -pacces1HuSI. HaA-

..aeHhI qeThtpe .onarpa_MMhI, KOTopue uMeJOT oco6b1e KpHBbie c acuMnToTSMH 16,l-x 16µ
2
• 

Oco6hI0 KpHBbI0 3THX J].HarpaMMbJ nony'-leHbJ B HBHOM au.oe. 
~ 

B TpeTbeA: rnase cucTeMa ypaatteHuA: lA) pewaeTcsr' ananuTut.tecKU: u uccneayer 

CH F THil oco6hIX KPHBblX H ,;rnaeneHHe M8TpH'-1HbIX sneMeHTOB paccesIHHSI npH 6onbWHX 

saepruSix. 

(I). npellnomeH auanHTH'leCKHII MeTOll peweHHSI cncTeMbl ypaBHeHHll (A). Cu

cTeMy ypaBieuull (A.I) u (A.3) JlnH npo113BOJibHOll .llHBrpaMMbl c v - aepwiHa_Mn 

MO>KHO acer.Ila caecTH K cHcTeMe ypaaHeHHll, HMe10mux ¢opM)" (A.I) u (A.3), JlnH 

.ouarpaMMbI C V - l 
xl 

roM, a aenHt.tHHbt 

aepWHH8MH1 y KOT~poA ace aepWHHbl coe.naaeHbl ,apyr C .apy-

H p:v•I) ,.,.,, ___ 1_ 

lk JV•I) 

cne.nyrowHM o6pa30M CBSl38Hbl C ae-

t ,J.V) 
nu'-IHHBMH p 111 

u P~
11> ucxoguoA: .nuarpaMMhI: 

• (V•I) (V) 

wf3,. - f3,. + 
~; tC 
~ 

(V• I) fv 

,JV·I)_ JV) 13'1') (V) 
t , - IT + IV Pv I ._.--- ·-

(V:-1) f'fv 

(3) 

npeo6p830B8HHSl (3), OCH0B8HHb10 HB )"pBBH0HHHX ( A, I) .H (A.3), H0 CBH38HHblX 

C ycnoBHSIMH noHsneHHSI oco6eHHOCTeA, noaaonHeT nerxo npusecTH 3H8MeHaTenb 

x) nuHHH B J].H8rp8MM0, coe.anHSIIOlUHe aepwHHhI 'i' H 'k' , xapaKT0pH3YlOT

CSI HH.U0KC8MH 'ik' • 
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¢aAHM8HOBCKoro HHTerpana, COOTB0TCTBYIOIUero mo6oa .a.uarp8MM8 TeOpHH B03Mflll0HHA,' 

lt rnaBHbIM OCHM 0THOCHT0JibHO H038BHCHMbIX qeTblpex-uMnynbCOB BHpTyanbHbIX l.J8CTHll. 

TTpHM0HHH nocne.o.oeaTenbHO K BHyTp0HHHM aepwHH8M .llHBrpaMMbI npeo6paaoea

HHSI (3) H Y'IHTb!BSSI ypaaHeHHSI (A.2) MO>KHO CBeCTH 3SllS'IY O HSXO>KlleHHH ocooeH-

. HOCTeA npOH3B0.1IbHOA .ll,HarpBMMbl K 38.08'1~ 0 .O.HarpBMMe TOJibKO 'C BH011IHHMH aep

WHH8MH, KOTOpb18 ace, aoo6me roeopsr. C08.llHH0Hbl BHPTYB.JibHbIMH JlHHHHMH .a.pyr C 

llPYI'OM x), a COOTBeTCTBYIOlllHe 8THM nHHHSIM BHpTyanbHb!e 'ISCTHUbI HMeIOT acpcj,cK

THBHbie M8CCbl, CJIO)KHbJM o6paaoM 38BHCSIIUHe OT HHB8pH8HTOB npouecca. 

(2). l?accMoTpeaa .a.uarpaMMa "'pacnel.fBTBHHbIA KQHaepT* (npocTeAwaH .o.uarpaM

Ma C t{8TblpbMH BH8WHHMH aepWHHBMH, y K0T0poa H8T BHYTP8HHHX aepwua, 8 ace 

xx) 
BH811IHH8 aepwHHbI coe.a.HH8Hbl JIHHHSIMH .npyr C .n.pyroM B SCHMUTOTH'leCKOM cnyqae 

Q
2

e(p_ +pf .. tlQ • IT011yqeao1 'ITO .n.nsr Toro, 'IT06bI npu 3TOM oco61,1e Kp11a1,1e HMe-1 • ' 

nH 8HOM8nbHbIA: THn, Heo6xo.a.nMo BbIIlOnHeHHe ycnoaua 

• "1.+<"1l "1J<m2,+ m2, <. M,("l,a<-11\,,) + M! (,,;u+mu) __ _ 
m18 + m14 +m,,8 + m,, 

• A • . 2 
"'./ (mu +m,s )(m" + m2,J <. f•(mlf+m .. J+ M, (m,. +;Ill••' 

mu +m" + mu + m2, 

(4) 

3.a.ecb Macca mik COOTBeTCTayeT BHpTySJibHOA t{8CTnue, coe.a.HHSIIO.llteA B8pWHHbI •j• 

H 'k' Macca M; - acjJq:leKTHBHSSI Mace a BH8WHHX '18.CTHU, no.ax6.a.SIIUHX K aepwH-

He 'i' • 

EcnH BbIIlOJIHSIIOTCSI .O.BB. HepaaeHCTBa, o6p8THble (3), TO pacneqaTB.HHbIA: KOHBepT 

HMeer OC06ble KPHBbie HOpMB.JibHoro THna. EcnH 0.0.HO HS HepaaeHCTB. (3) BbIIlOJIHSier

CSI, a .a.pyroe HapywaercSI, TO B.CHMilTOTll'leCKH pacneqaTSHHbIA KOHBepT He HM8eT 

oco6eHHOCTeA. 

(3). llnsi pacne'laTaHHoro KOHBepTa nony'leHo, 'ITO npa • 
Q .. OO npu HeKOTOpblx 

COOTHOW0HHSIX Me>K.a,y MSCCB.MH BHpTyanbHbIX tJB.CTHU MQ)K8T B03HHK8Tb B.CHMUTOTS 

x) llns HeKOTOpbIX Knaccos HCXOllHblX llHSI'pSMM a nony•rnHHb!X nyTeM npeo5pa-

30B8HHA (3) JlHB.rpaMMSX TOJlbKO C BH8WHHMH B8plllHH8MH; H8KOTOpbie H3 3THX aep

WHH Moryr OKB.38.TbCSI He CBSl38.HHbIMH .a.pyr C .a.pyroM BHpTyB.JibHSIMH JIHHHSIMH. 

xx) K STOA .O..Harpa.MMe C acjJ(peKTHBHbIMH MB.CCB.MH BHpTyB.nbHbIX '18CTHit CBOllHTCSI 

aa.a,aqa O HB.XO>K.0.8HHH oco6eHHOCTeA: n1060A: .n11arpaMMbl 8MIIJIHTy .llbI pacceSIHHSI. 

11 

2 

w2 > w:""' ( zr.,18 + mu + m23 + ~i - 3To nepBbIA: H3BeCTHhlA npHMep, Kor.na B.CHMilTOTa 

He coana.naeT C KB8Dp8TOM cyMMbJ MB.CC BHpTyanbHbIX 1.{8CTHU. 

(4). YcrauoaneHbI MHHOpaHTbl H8 3::f1cjJeKTHBHf:,I8 MB.CCbI, B03HH-K810LUH0 npH cae

.neHHH npOK3B0JlbHO:A JlHB.rpaMMbl K JlhB.rpaMMe TOJibKO C BHelllHHMH BeplllHHB.MH. 1-ia 

oco6bIX KpHBhix pacnelJ:aTaHHOro KOHBepTa C IlOMOLUblO 3THX MHHOpaHT nonyqeu1,1 o6mHE 

ycnoai.t:SI B03HHKHOBeHHSI oco601x KPHBbIX 8HOM8JlbHOro Tuna .nm1 B.MilJIHTY.Ubl pacceSIHHSI 

B Teopue aoaMyWettH:A npH O.llHOM Ha uHaapHBHTOB, CTpeMSILUHXCSI K 6ecKoaeqaocTH. 

noK838HO, lJ:TO npu pacceSIHHH OJlHHB.KOBbIX 1.!SCTHU, HBJISllOLUHXCSI HBHnerqaAwHMH H3 

3neM0HT8pHblX 1.!8CTHU, HMeIOLUHX .0.8HHYIO KB8HTOBY10 xapaKT0pHCTHKY. (cnoco6HOCTb 

~RJlhHO B38HMoneACTB0B8Tb, CTpaHHOCTb, 6ape:OHHbIR: 38pS1Jl. If T.n. ), HH B K~KOM npu-

6ne:>KeHHH TeopHH B03MylUeHHA He B63HHKB.eT oco6eHHOCTe! B.HOMBnbHOro THna., ecnu 

nepenaHHbifl: HMnynbC CTpeMHTCSI K 6eC.KOH0lJ:HOCTH. 

( 5). PaaBHTbill MeTOll aHanHTH'leCKoro pewemrn ypasHeHHll (A.I) H ( A.3) noa

aonSieT nerKO Bb1.0.emt:Tb B 3HBM8H8Tene gJaAHMB.HOBCKOro HHTerpana, COOTB8TCTBYIOIUe

ro nro6oa nuarpaMMe TeOpHH B03MYIIl8HHR:, cjJyHKUH.10, 38BliCSIWYIO TO.llbKO OT ·aaBap11-

8HTOB npouecca. Mace BHPTYB.JibHblX 'IB.CTHU H (paA:HMB.HOBCKHX napaMeTpoa. AttaJIH3 

3TOA cjJyHKUHH IlOK83bIB8e~. '-ITO .llflSI BMilflHTy.llbl pacceSIHHSI npH ~OnbWHX aueprHRX 

Jl,llII pacceSIHHR CKanSipHblX qacTHU co CKBnHpttoR: CBSl3bl0 CXO.llSIWH0CSI MB.TpH'IHhie ane

?-.10HTbl He MoryT B03p8CT8Tb 6hICTpee, '10M 1/S ( s -Kaa.npaT nonttoA aueprHH B 

CHCTeMe U0HTpa 3HeprHH pacceuaaIOLUHXCR 1.{8CTHU). ,llnsr cnyqag pacceSIHHSI 'IB.CTHU 

co CilHHOM l /2 non·yqeHbl ycnoBHSI, orpaHH1.!HB8IOWH8 TOnonormo .nuarpaMM, KOTOpbre 

MoryT na.naTb npH 60JibWHX 3HeprHSIX M0JlJI0HHee, '10M 1/S • Heo6xonHMbIM ycno-
C C 

BH0M Toro, 'IT06bI nHarpaMMa pacceSIHH}l 1.!B.CTHU co CilHHOM 1 /2, HM8101U8SI >. BHyT-

peHHHX aepwua, na.nana. 6b1 Me.nneueee, qeM 1/S llpH 5 .. ,x, 1 SJBJISl0TCH B03MO>K.-

HOC Tb y noaneTBOpeHHSI paaeHCTBB. 

I'lle 

(>.) 

f3,. nonyqettb1 H3 

{3(>.) />-l -· J>.l l) 
12 34 23 U 

~o, (5) 

f3
1
k HCxo.nuo:A .nnarpaMMbI nocne.noaarenbHbIM npHMettettnE!M 

npeo6paaoaauHA (3) nnSI HCKnroqeaHSI acex A attyTpeHHHX aepwHH 1 a f3
1
k 38KJII01.!e-

HbI a npe.nenax l <o_f3,, !'.. ~ 

OcHOBHbie peaynbTB.Tbl, BKJilOlJ:8HHbl0 B ,llHCcepTBUHIO, ony6nHKOB8Hbl B pa60Tti-11 

12 31 . . 
Pa6oThI ' 6wnH npe.tJ.cTaeneHhI ua. IX Me:mnyuapo.nuy10 Kouct,epettuHro no ¢11-

. /4 5/ ' 
a11Ke BhICOKHX aueprHA ( K11ee, 1959 r.). Pa60ThI • 6hIJIH .nono:meubt ua X Me)K.ny-
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HBpOLlHOR KOH1J,epe11uHH no TH3HKe Bb!COKHX :aHeprHll ( PoqecTep, 1980 r.), KpoMe Toro, 
' /2 5/ ' ' 

pa50Tbl • .0.0KnB,nbJBBnHCb Ha KOHrfiepeHUHHX no TeOpHH .llHCnepcHOHHbIX COOTHowe-

HHA B. O1508L1HH8IIHOM HHCTHTyTe llLlepHSIX HCC/19LlOBBHHll B 1959 H 1980 l"OLlax. 
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