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AKryam,uocrb 

B KBaHTOBOH Teopuu nona AM onucaHllH sneMeHTapHblX qacTHIJ; 
llHTeHCllBHO llCTIOJib3YIDTCH KBa3llITOTeuu;uaJibHble HHTerpam,H11e ypaBH8HllH 
B HMITYJII,CHOM rrpocrpaHCTBe. 0AHHM H3 AOCTOllHCTB BbJqucneHHH B llMrrym,c

HOM rrpocTpaHCTBe HBMeTCH TO, qro, BO-rrepBhlX, ITOTeHu;uan B3aHMOAellcT

BllH, KOTOpb!H Bb!palltaeTCH qepe3 aMTIRllTYAY pacceHHHH, sarrHCb!BaeTCH 

ll3HaqaJII,HQ B HMITYJibCHOM rrpeACTaBJI8HHH, a, BO-BTOpbDc, B TOM, qro B 

Bb!pa.F.eRUe AM @opM@aKTopoB u cTpyKTypHbDC WYHKu;utt qacTuu; BXOAHT 
BOJIHOBble @YHKIJ;llll UMeHHO B"HMITYJibCHOM npeACTaBJieHHH /B-IO/. C ITOMOmbID 

KB83HITOT0HIJ;ll8JlbHb!X HHTerpaJibHb!X ypaBH0HHH llCCJI8AYIDTCH KaK CKaMpHbl0, 

TBK ll CITvlHOBble qacTHIJ;bl, a TaKlKe CBH38HHble ll KBa3HCTau;uottapH1Ie ypOBHH 
CllCT0M T.!Ila e+ e-, e- e- , e + e+ /II/. 

illupoKoe npllM8H8Hlle KBa3llITOTeHUUaJibHOro ITOAXOAa B Wll3UKe 3JI8MeH
TapHb!X qacTuu; Tpe6yeT paspa6oTKll qucneHHbIX MeTOAOB pemeHHH KBasuno
Tettu;irnm,HbIX llHTerpaJII,Hb!X ypaBH0HilH, IlOCKOJlbKY TQqHbJe aHanttTuqeeKue 

• pemeHUH 3TllX ypaBH8HllH ll3BeeTHbl Rilillb AM H8KOTOPbDC npoeTefimux 

ITOTeHIJ;il8JIOBo 
KBa3UITOTeHu;ttaJibHble ypaBH0HilH B llMITYJibeHOM npeAeTaBJieHUll eBOAHT

CH K saAaqe Ha eo6eTBeHttble sttaqettuH AM HHTerpo-AnwwepeHuuam,HhlX 
onepaTOPOB, onpeAeJieHHbDC Ha ITOJiyoett. XapaKTepHOH oeo6eHHOeTbID qnc

ne H!IblX pacqe T OB rrpu. ITOMOmtt KBa3llITOTe Hu;ttaJII,HbJX llHTe rpa JII,HblX ypaBHe HHM 

HBMeTeH TO, qTo rpe6yeTeH e Bb!COKOH TQqHoeTbID onpeAeRUTb nepBb!e 
HeCKOJII,KO eo6eTBeHHbDC queen H eo6eTBeHHbDC WYHK!.J;ilH. Ilptt 3TOM HaKJISAbl

BaIDTeH eymecTBeHHble orpaHuqeHUH Ha BpeMH eqeTa H 06beM onepaTilBHOH 
naMHTH 3BM, B eBH3H e TeM, qTo OilileaHHYID Bblille 3aAaqy Ha co6eTBeHHble 
3HaqeHHH He06XOAilMO pemaTb MHOrOKpaTHO AM KalKAOH KOHKpeTHOtt 3JieMeH
TapHOM qacTUIJ;bl, qTo6bl IlOJiyqilTb C ITOMOmbID MHHHMHSaIJ;HH eOOTB8TeTBYIO

mHX WYHKIJ;HOHaJIOB TIOAXOAHmtte AJIH Aam.uettmux paeqeTOB 3HaqeHHH eB060A

Hb!X napaMeTpOB, BXOAHmHX B KBa3HITOT8HIJ;HallbHOe ypaBHeHH8. 
Bee 3TO onpeA8M8T aKTyam,HoeTb paspa60TKH H ueeJieAOBaHHH 

3KOHOMHqHblX qffeJieHHblX MeTOAOB pemeHHH KBaSHilOTeHuuam.HblX HHTerpallb

HblX ypaBHeHHH. 
Pa60Thl, nonolKeHHbl8 B OCHOBY AHecepTau;HH, Bb!IlOJIHeHbl B eOOTBeTeT-

• BHH C Ilpo6neMHO-TeMaTHqeeKHM TIJI8HOM HayqHo-ueCJI8AOBaTeJibeKHX pa6oT 

06beAHHeHHOrO HHeTHTyTa HASPHblX ueeneAOBaHHH B Jly6He. 

0FbE .,. .. ff!·i'-..'11 !AHCTL1T~T 
P!JE:) bl' vccnE~ BAi 111H 

5Vi5nVIOTEl<.4 



Uem, pa60T1:1 
Uem,ID ;n;11ccepTaIU10HHOM pa60Tl:l HBM8TCH paapa6oTKa, TeopeTl1lI8CKOe 

11cc;ne;n;oBaH11e 11 npaKTl1lI8C!to8 npl1M8H6Hl18 3KOHOMl!lll!b!X l!l1CR6HH11X M8TO,i'lOB 
pemeHl!H KBaa11noTeHu11am,Hb!X l!HTerpaJIIiHblX ypaBH8Hl1fi, l!TO BKRIDtiaeT: 

- Bl:l60p }l;l!CKP8Tl138IU!l1 l!CXO}l;HOrO KBa311ITOT6HUl!afilHOro ypaBH8Hl1H, 
- TeOp8Tl1lI8CK08 11cc;ne;n;oBaH11e WYIIKU110H8JlI,HblX CBOtiCTB r11nepc11Hry-

MPHblX 11HTerpaJIIiHblX onepaTOPOB, a TaKJKe norpemHOCTl1 annpOKCl1-
MaIU!I! M8TO}l;OM ra;nepK11Ha }];8HHl:lX onepaTopoB; 

- 11cc;ne;n;oB8Hl18 38Bl!Cl1MOCTl1 norpemHOCTl1 np116RHlK8HHh!X pemeH11tt OT 
mara ;n;11cKpeT11aarui11 Ii 11 nnpaMeTpa rt. , orrpe;n;emi:IDil\6ro 11HTepBa;n 
}l;l!CKp8Tl138Ul!l!l 

- pa3p860TKa 11 l!CCR8}];0B8Hl16 npaKTl1lI8CKOH 3WW6KTl1BHOCTl1 Ha 3BM 
M8TO}l;OB I! a;nropl!TMOB YTOlIH6Hl1H np116RHlK6HHblX pemeHl1M H8 OCHOB6 
8KCTpanomi:rui11 Tl!na P11qap;n;c0Ha no mary fl 11 napaMeTpy 'Z ; 

- coa;n;aHHe MO;n;ym.HOl'O KOMIIR8KCa nporpaMM ;n;mi: pemeHl!H KB831!no
T6HIU!aJIIiHblX l!HTerpaJIIiHblX ypaBH6H11il; 

- npl!M8H8Hl!8 paapa6oTaHHOro KOMnneKca nporpaMM ;n;mi: lil!CR8HHblX 
pactieTOB crreKTpa Mace II m11p11H ;nenTOHHblX pacna,i'lOB B036y~eHHl:lX 
COCTOHHl!H ;n;mi: H6KOTOPblX a;neMeHTapHl:lX qaqTl!U. 

Ha:rrnaa HOBl!3Ha. 
Hcc;ne,40BaH11 WYHKUl!OHafilHl:le CBOllCTBa K;nacca r11nopc11Hrymi:pHb!X 

l!HTOrpO-]];l!WW8P8HIU!aRI>HblX orrepaTOpOB, onpe,48R6HHblX Ha no;nyOCI!, KOTO
pl:le COOTB8TCTBYIDT 3aIIHp8IDil\6MY I! KyROHOBCKOMY nOTGHIU!a;ny B COOTB6TCT
BYIDil\6M KBaBl!nOTGHIU!aJIIiHOM ypaBH6Hl1H. Ilo;nyqeHhl aCl!MnTOTl!lIOCKl!O OUOHKI! 
norpemHOCTI! np116JI11lKOHHl:lX pemeHl!il Ha OCHOB8 MeTo;n;a By6HOBa-ra;nepKHHa' 
B Ba,i'latie Ha co6CTB8HHl:l8 3HatieHHH ,i'lM yKa3aHHOro KRacca ypaBH8Hl!M 
B c;nyqae ;noKaJII,HblX 6aa11cHb!X WYHKIU!M 11 B c;nyqae 6aa11cHblX WYHKUl!tt, 
orrpe;n;e;neHHblX Ha BCett OCH. Ilpl! Bl:lBO}l;8 oueHOK norpemHOCTI! anrrpOKCl!Ma
IU!I! M8TO}l;OM ra;nepKl!Ha H3YtJ:8Hl:l CBOMCTBa C06CTB6HHblX WYHKU11H ypaBH6Hl!H 
C ITOT6HIU!aROM aaIIHpaIDil\6ro Tl!na B npocTpaHCTBax Co6o;neBa HJ' C ;n;po6-
Hl:lM H80TPHUaT8JII,Hb!M l!H,i'l8KCOM a ~ 0 • 

B ;n;11ccepTau1111 ycTaHOBR8H11 ;n;ocTaTOlIHl:l8 YCROBl!H nORHOM Henpepl:lB-, 
HOCTI! B npocTpaHCTBe l 2 l!HTerpo-;n;11tpqiepeHUl!aJibHblX onepaTOpOB Ha 
no;nyocn • .lLoKaaaHa TeopeMa 06 ac11MnTOTHtI8CKOM npe;n;cTaBR6Hl!I! pemeH11l'i 
np116RHlltOHHOl'i cneKTpaJIIiHOtt 3a;n;aq11, HBMIDil\Oi!CH CYlJt6Hl!8M l!CXO}l;HOM Ha 
OTpeaoK [ 0; 7. J , no napaMeTpy 'l. ,i'lM K;nacca Bnomi:e Henpepl:lBHb!X 
onepaTopoB. YKaaaH K;nacc onepaTopoB, ;n;mi: KOTopblX np11MeH11Ma no;nyqeH
Haa TeopeMa. 

IlpOBO}l;OHl:l Bl:llll!CRl!Tem.Hl:l6 3KCnepl!M8HTl:l no 11cc;ne,40BaH11ID aaBHCI!-
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I.IOCTi! norpomHOCTH np116;nnllteHHb!X pemeH11i1 OT mara /l, 11 napa1.1eTpa 'l. }lJUI 

H8KOTOpblX aa;n;aq, l!M8IDil\l!X TOlIH08 pomeHl!O. 
Ilpe;n;;nollteH I.IHOrOCOTOlIHl:lM a;nropl!TM }];JUI lil1CROHHOrO pemeHl1H K;nacca 

cneKTpaJII,Hl:lX aa,llall Ha no;nyoc11, cotieTaIDil\l!R 3KCTpanoJUIUl!ID no mary fl 
11 napaueTpy 'Z. npl! YTOlIH8Hl!I! np116RHllt8HHblX pemeHl!i.1. 

Ilpe;n;;nollteHl:l I! 11cc;ne,40BaHl:l C IIOM_Dll\bID lil!CR8HHOro :mcnepl!M8HTa 
paaRHtIHl:l8 a;nropl!TMl:l yTOlIH8Hl1H np116RHllt6HHb!X pemeHHil Ha OCHOB8 3KCTpa
nOMIU!I! no napaMeTpy '1. B aaBl1Cl1l.lOCTI! OT Tpe60B8Hl!R Ha TOlIHOCTI, 
pememm aa,llatJ:11 11 pecypcl:l SBM, a TaKllte OT 061,eMa anp11opHott 1rnwop1.1au1111 
0 CBORCTBaX pemeHl1H. IlpOB8}];6Hl:l npaKTl!lIOCKl18 OU8HKI! BpeMeHI! Cll8T8 
aa;n;aq, 06'.beMa 8aHHMae1.1ott onepaTHBHOM naMHTI! B 3aBl!Cl!MOCTl1 OT Tpe6o

BaHl1ll HQ TOlIHOCTI, pemeHl!fl aa;n;aq11. 
Paapa6oTaH MO;n;ym.Hl:lll KOMnReKC nporpaMM ;n;mi: q11c;neHHOro pemeHHH 

qaCTl1lIHOfi npo6;neMl:l Ha coc5CTB6HHl:l8 3Hall8Hl1fl ;n;mi: paCC!.IOTpOHIIOrO KRacca 
l!HT8rpo-;n;11wwepeHUl!aJIIiHblX onepaTOpOB 1 orrpe;n;e;neHHh!X Ha nonyocl!. 

IlpaKTl!lI8CKaH U8HHOCTI> 
A;nropl!TMl:l I! nporpaMMl:l, pa3Bl!Tbl8 B ;n;11ccopTau1111, rrpl!M8HHRHCI, ;n;na 

q11cneHHb!X pactieTOB xapaKT6pl!CTIIJK pa;n;a _aneM6HT8pHlilX qacTl!Uo 
IlpOB6;lt8Hl:l q11cneHHbl6 pactIOTl:l crreKTpa Macc I! m11pl!H nenTOHHb!X 

pacna;n;OB B036yJK,ll8HHhIX COCTOHHl!ll BOKTOpHb!X M830HOB, TaKHX,Kait ;//!p 
H y -M830Hl:l. CpaBHOHl!6 peaym.TOTOB lil1CR6HHblX pactieTOB C ,llaHHl:lMI! 
Wl1311lI8CKOro 3KCnepHM8HTa I! C pactieTaMl1 t 11cnonI>BY.:()Il\l!l.ll1. ;n;pyr11e 
MOTO,i'll/12 ,I3 ~ II03BOM8T C,i'lOnaTI> Bl:lBO;n; 06 acWie1tTl1BHOCTI! paapa6oTaHHl:lX 

a;nrop11TMOB rrpn pemeID111 ;n;aHHoro Kpyra aa,llatI. 

ArrpoC'lamw; pa6oTl:l 
0CHOBHbl8 peaynI>TaTl:l pa60Tl:l ;n;oKJia;n;LIBaJil!CL Ha C81.111Hapax no Bb!lil1C-

nl1T8JII,HOi111 np11Kna;n;ttofi 1.1aTeuaT11Ke JIBTA Ollil.H, Ha XII Bcecoroattott 
lliKORO no Bl:llll!CRHT8JII,HOi1uaTeMaTl1K8111.1aTeMaTl1l!6CKOtl Wl1311K8 (0,4ecca, 
I986r.), Ha BcecoID3HOM .c11unoa11yue 11COBPOl.l8HHl:l8 rrpo6JIOl.lbl MaTOMaTl1l!8C
KOil w11a11K11" (T611;nnc11, I987r.), Ha MOJ1tBY30BCKoi1 KOHWOPOHU1111 "Bwrnc
MTOJII,HaH Wl131!Ka I! MaTOl.laT11lI8CK08 Mo;n;e;nnpoBaHl!8 11 {Bo;nrorpa;n;, I988r.) 
Ha)( Me~yHapo;n;HOM KOHWOP8HUl111 no I.IOTO,i'ly rpaHHlIHl:lX aneMOHTOB 
(AHrMa,CayTreMrrToH, I988r.), Ha KOHWOPOHUHHX no Bl:llIHCnHTem,Hoil 
~11311K8 ~aKyJII,TOTa ~11311KO-MaTOMaTl!lI8CKl!X HayK YHl1B8pCl1T8Ta ,Iq>YJ!t61:l 

Hapo;n;oB (MocKBa, 1987, I988rr.). 

Ily6;nnKaIUnt 
0cHOBH08 C0,48plltaID16 ;n;11ccepTaIU!l1 ony6nHKOBaHO B COi.ii! netiaTHl:lX 

pa6oTax. 
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CTpyKTypa III o6~eM pa60Tbl 

.1{111ccepTarurn 1/13JIOllteHa Ha 102 CTp8Hllll.\8X MOIDI/IHOJII/ICHOro T6KCTa Ill_,. 

COCTOI/IT 113 BB6;ll6Hllff, Tpex rJian, 38KJI!Ol!6HHff Ill ClIIIICKa 

107 H8111M6HOB8Hllli1, ;ll6BlITI/I Ta6JIIIIU H O;llHOro PIIICYHKa. 

COA6PJK8Hlll8 A111CC8pTOIU'JH 

Jll/lTepaTypu 111a 

Bo BB6;ll8HHIII lIPIIIBO;llHTCff KP8TKHH o6aop M8TO;llOB arrrrpOKCHM8l.\lllH 

1rnTarpo-;ziwjlqiapam-1111am,H11x ypanHBHHl1., MeTo;zion peweHHH aJire6pauqe1.rnoi1 

aa;ziaqu Ha co6CTB6HHhl6 3H81!6Hlllll, a TOKJKe J.!6TO;llOB YTOl!H6Hl/llI rrp1116JI111JK6H

HhlX pemett111l1., OCHOB8HHhlX Ha 3KCTp8IIOJllIUIIIIII TIIIIIa Puqap;zicoHa. 

IlepnaJI rJiaBa lIOCBlll!l6H8 T80p6Tllll!6CKOMy HCCn:e;zionaHH!O arrrrpOKCI/IM8-

UHIII M6TO;llOM ran:epKIIIHa B aa;ziaqe Ha C06CTB6HHl18 3H81!6HHlI ;llJllI IIIHT6r

p8JII,HJ1X ypanneHul1., co;ziepJKam111x rurrepc1rnryJlllpH11i1 HHTerpam,HUi1 one pa Top 

Hfl non:yocu. 

B §1 cqiopMyJIHpoBaHa aa;ziaqa Ha co6CTB6HH11e 3H01!6HIIIH nu;zia 

Alf/-=/"-t·, (1) 

r;zie YJ -H61113B6CTH8ll llYHKI.\llllI, a ji- -H61113B6CTHbli1 ClI6KTp8JII,Hb[/,l rrapa

M6Tp. 

3a;ziaqa (1) pacc1JaTp111naeTCH B rum,6epTOBOY rrpocTpaHCTBe l 2, oo 

aHTHCIIIMMeTpHl!HhlX ipyHKUHi1 1113 l 2(- o0, oo) c ycn:on111eu HOPMHPOBKIII co6cT-· 

B6HHblX \PYHKI.\Hll 

00 

f'f' 2 (xJdx=i. 
-N 

OrrepaTop A n ypanHeH11111 (1) HMeeT BH:zl 

A= V + 13 3 R +.J. L, 

r;zte ~ 111 /3 - rron:0JK111Te1I:LH11e rrocTOHHHue, R - r111rrepc111HryJIHpHhlti 

orrepaTop n111;11a 

'7 w 

( R 1./1) ( p) = 7T -j dd: J &-1 Ip- k I (// { K) d I(~ - 00 <. p <.. w ; (2) 
p - DQ 

a onepaTopu L III V orrpe;zie1IHIOTCH 113 cn:e;ztyIODUIX cooTHoweH111i1: 

"° 
(L1p}(p) = iT-.1._£4,fp-K/(/"()()dK, ·- oa<p<oo; (3) 

(V1P)(p)-= ?J(p) f//{p) I - 00 < p <ex,. (4) 

4 
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"· 

HerrpepblBHOlI \PYHKI.\IIIH V(p} o6n:a;ziaeT CBOHCTB8MIII: 

l) V (p) ~ 0 ;ztJllI n::oooro p € (-oo, oo), 
2) V(p) ._ oo rrp111 p➔ ± oo. 

B §2 rrpona;zteH qiyp:r,a-aHaJllll3 orrepaTopa A .i Blll;zta 

(A 1 2.){p) = p 2 2(pj +f3 3 (Rr)(p); l(pJ€l21 rx,;pe(- 00
, 00).(5) 

Ilon:yqeHbl BblpallteHI/IH ;ztJllI co6CTB6HlillX q111cen: .I. m Ill co6CTB6HHblX \PYHKI.\llllrl 

lm (p) , m = !,c;,a , orrepaTopfl Ai . 
B §3 IIICC1I8;zt0B8Hbl CBOiiCTBa co6CTB8HHblX \PYHKI.\llllrl 2 m {p) orrepaTopa 

A 1 rrp111 ;ztelrlcTBIIIH orrepaTopon ;ztHqiqiepaHI.\IIIPOBaHHH III rrepnoo6pasnott. 

B pe3ym,TaTe ;ztOK838H8 CJI8;ztY!Ol!l8H 

JleMMa 3.5. 
.I{Jlll n:I06hlx tp , (j 6 D(A) ( A - onepaTop H3 (1)) crrpane;ztRnnu 

YTB6pJ!(;zt8 Hllll: 

1) (A11p,tf)=(lf,AJtf,); 
2) ( A 1 CJ,, t/1) ~ CJ (I/',//'), Ci> 0 He 3an111Cl/lT OT '// , 

3) cymecTByeT nrron:He aerrpephIBHUH one pa Top 'Ti E. ( L, 2, (XI ·- L 2,""') , 

o6paTHhli1 A i , r;zio orrepaTop A 1 orrpe;zte Re H B (5). 
.1{oKa3aHa T8KJK8 CJI6;ztYIOlll8H 

TeopeMa 3.I 
.1{1IH mo6oro qf/lcn:a f3 > 0 aall;zteTCH Tarrne J. o.,,. .Jo (fi) , qTo ;ztJIH ncex 

cl.. < cl., o orrepaTop A ua (1) HM88T nrion:He HerrpephIBHUii o6paTHhli1 • 

B §4 paCCM8TPHB86TCH anrrpOKCl/lM8l.\lllH M8TO;ztOM ranepKIIIHa aa;ztaq111 

H8 co6CTB8HHl18 3Haqeu111a BH;zta 

'I' =J-l Tl/-'} 
( lj/,lj,')-1 = 0 

r;zto T: A-1. , A o;rnpaTop 1113 (1) • 
.1{1IH rrpoeKTopa Pn Blll;zta 

n, 

( Pn Ii' }(x) .,, f' /2i ('PI ,Z i (X) , 
l= i. 

(6) 

(7) 

r;zte f/ i (X) - KycoqHO-Jll/lH8HHb18 6a3111CHb16 \PYHKI.\11111, Ill C06CTB8HHblX qiyHK

I.\llll orrepaTopa A ,i rronyqeHa OI.\BHKa 

II p tn>r. rn 112 f ( C1, 1,z + C1: r''f f m /(l. n,1/z { ptnJ = I- Pn). 
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1-!ccno;nomrnhl c:aoi-iCTBa rrpoeKTopoB Pn BH,lla (7) 1 Jt8HCTBYIOIIIHX Ha 

co6cT:aemme (JJyHKL(HH 2m (p) orrepaTopa Ai , B rrpocTpaHCTBax Co6onirna 

H .r Ha nceH OCl1 C ;npo611m! 110 OTPHUaTO ill,Hh!M HH,?{OKCOJ.I J' 3 0 H ]tOKaaa

Ha cne;nyJ0111aH 

Te oprrna 4. I 
.l{JIH nJ06oro J' e ( o; .f./ 4) crrpa30.l.lJIJ1Ea oue HKa 

ii pin, Til/1..,
2 

~ c~ f,r + c"L "l-r, 
,"" 

r.l.le !IOCl'OHHHblO C1, 11 l"L HO 3/lBl1CHT OT " 11 ~ rrp11 1J1HKCl!pOBaHHOM J'. 
IloJiyt1em1 O[Lemm np116nm1teHHhlX pe□oH.11i-i <f' k,n 11 ),' "',n rrp116JI.11JEeH-

110;1 3a.l.laqn 

If-=µ Pn T~ , 

I) // l/-'k,11 - i./',d/ ~ ( J. -,. ti<, n) ( a.1 (1/'K) /j t- Qz{(j,K} ~ -z) J 

E "', 11 - 0 npn · n ..., ov , 

2) lj-<K,h -,,u1c./ 5. (i+ lk,n) (/1 (tf-1<Jfi
2 + /z.{(!'K)"t--~}, 

l", ►1 - 0 rrpn n - OJ. 

3;necr, If K. - I<. -ii coGCTB0.HHW! <IJYHKL(l'lll' a )A k - I< -e co6CTB8HH08 

qncno 3a;naq11 (6). 
B §5 l'ICCJIO,l\OBaHa arrnpoKCl1M8UHfl ypanHOHl1fl (I) JlOTO]tOM rwepK11Ha 

IIPH IIOUOli\H HOnOKRJII,HfJX 6a3llCH!lX 'VYHi(UHi-i em (p). IlOJiytlOHU 01(0HKl1 

norpell!HOCTl1 rrpn6mrnceHHhlX pe111eHl1ll. 

B §6 flPl'lllO,l\OH!,I pe3yTJ,T3Tbl M0.1.\0JII,Hb[X pactIOTOB, l1JIJI'OCTPHPYIOIIIHX 

IIOJlytlOHHhle B rrpe,llb!AJIIU!X rraparpawax aCJ1MIIT01'l1tIOCKHO Ol.(OHKl1 rrorpOIIIHOC

Tll anrrpoKCl1M8l(l111. 

BTopaH rJiaBa ,l\l1CC:OpTal.(l!H IIOCilHIIISHa TOOp6Tl1tI8CKOMY !!CC.ii0,l\03amrn 

ycJIOBl1~1, npn l(OTJPHX po111eHJ16 Cil8KTp8JII,HOi-i aa,naq11 ,l\Jlfl l1HTerpo-,n11tf)qie

pe11u11amHoro onepaTopa Ha n'.lnyocl1 MOJKOT., 6b!TI> npe,ncTannoHo B nn~e 

CTene1111oro pa,na no napaMOTpy I'/. - i. 

B §I noJiytISH npl13HaK noJIHOLi 110rrpep~IBHOCTU B L z 11HTOrpafilHOro 

onepaTopa, onpe,nenenHoro 11a nonyocn. 

B §2 T80pATl1'!8CKl1 l1CCJIO,l\OBaHa 3RBJ1Cll!!OC'!'I, norpemHOC'!'H no116nn

~OHHhlX pemeHn" cneKTpafilHO" aa;naqn ,l\JIH KJiacca l1HTA~PO-.lll1cb\fl6p8Hl.(l1am,-
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HUX: onepaTopon 11a rronyocn OT napaMeTpn '7. • l1ony•rn1m ycnoBirn, np11 

,rnTopux: norpem11ocT1> rrp116JIJ1~eHHbIX pemenni.t 1.1mrnT 6b!Tb npo.l(cTaRJieHa 

B Bl1.lltJ cTene11Horo pn;na no rrapaMe1•py •1. - 1 011.11a 

N * p . * 0 '°' ( it) - Kmu n / n ( -Nm,,) l-i - "t l- -: ,.,'l L CK C '2. -f .>G 'l. , / ,._) {. 't fl = 0 7. · 
k• J. 

3 ·--:,_11--(-,;,II- l*J .. ) ,.\ .u-J. ;nocr, :::- - .,. , 11 - T01moo peurnune 3ilNJqv. tb , r;rn ~ ,r· , 

2~ - Toq11oc pemeHne n1n16JIJ1:rn1moti afi;na1rn 

P'l. A P-i ~ :. A If'} 
( p-'l ~ p'l if ) - J. = 0 ' 

a rrpoewrop Pi onpe.l.luJieH· cnc;ny·:im.1rn 06p1:,ou 

p ( t) = {fF(t)) t s;.· "l; 
7.(// 0 t.>,z· , ' 

1pft) £: L2 [ o; oo) , a Koatt{lm1110HTu _cl( (2 If) He saimcaT oT 7, 

YCTHIIOBJIOHbl YCJIOB!IIH np11:AfJHIIMOCTl1 TUOpHlbl ,ll][il y1,aaa1111oro 1rnacca 

Kurn11rro·ro111~1rnn1,R~ ypa 111:;m-111. 

B §3 rrpn:ae;neHbl p03JJII>T3Tl1 lliil'll1C1H'ITOJII,HO:X 3i{Cil0pl!MOHTOB no 

l1CC;J87(0B8lllli0 38Bl!ClllJOCTll rrorpHilllJOCTl1 Ilpl10Jil1n.OHl!hlX pomeHnti MD,l\OJ[!,HOli 

38,l(31ll1 OT 111ara P, l1 nnpamlTpa -~ • Ha OCHOBO :i·mx p03Yi1I>T3'.:'0B rrpe,n

JIOiK8Hbl rrpaKTll'!OCKl18 MSTO,l\hl yToq!leHl1H Ilpl16TTl1ll(O:IHl,[X pemeirnt1. rrocpe;ncT-

BOM ::mcTpano;mu1rn peme1rnti n::i m1p>1MeTpy ·7. , KDTopaa o:.::ideHao 

3·,Pl_[)OKTlrnP.a B CJlytl8HX ,Z(DCTaToqHo M8,llJIOHHOI'O, CTO ilOHHDro y6b!B8Hl!H 

pemeHl'lil rrpn t ➔ 0-' • Ilpe;nno;iceH lrnorocc:•oqm.111 anropnT:.i peu;P.Hl1H aa;naq 

Tl'IIlU (I), BKm1'!HIO:Jil1\i :a ce6H 3Jll'OJll1TMbl .YTOqHSHl1fl Hpt16JIJ1JK8HHhlX peme1rnil 

m•v. no:.iomn o,nnonpei1011Hot1. m:cTpanoJIHum-1 no napa1.rnTpa:1 I', 11 7. - i • 

Ilpone,l(BHLI 112CJIOT;OBaHl'lfl npai,T11qocKoi1 3jJi;;Oi{Tl1BHOCTl1 ;n:syxrrapaMOTpl1'!8C

KOli 3KCTparrOJifll\l111. Pe3JJII,TQTbl 3T!IIX l1CCJIO,l\OB8Hl1H. ,l\1l!OT B03MOJ::HOCTI, 

C,l(OJI8TI, BUB0.11, 'ITO rr;rn l1CITOJII,:rn1,amrn ABYXTI8Jl8lAOTp11qecKOW 3Y.CTpanona

u:rn .zwa mrnyqemrn aa;nmrno1i Toq11ocT11 TpeGyeTcn,KaK rrpan11:io, 11a O.lll1H

;nna i10f,fl;:(Ka MBHI,80 C1!UTIIOrO BPOl,Elllll, a D PH~C cnyqaeB Ho nopH)(OI{ 

:J(lHI,lll:; onepaTl1:lli0;1 Iltl!JHTH, '!OM np11 pocqeTOX m:: 0,l(HO~ COTI;A 603 

l!CIIOJII,cl OB8 lll1R Jlllj'X:13 r,m1e Tp!FifWKO..i a,:cTpaITOJIHl.(1111. 

TpCT!JH rJIUBa ,l\llCCOpTaIJ,lnl IlOCBllillCHa rpl1311'!6CK!IIM Ilpl1JIOlF.Ol!IIHM. 

I1pi1B0,l(Bi-'Hhl0 !l rJiane l l1 rJiaBe II pe3JJII,TIJTbl l1CCJI8,l\OB8HHi1 KBa31-lilOT8H

l(,mJII>HHX Ui!TOrp'.lJII>HbIY. ypaBII3Hl1i1 rrpm!OH0Hf.I llpH pa3pa60TK8 rrporpaMM 
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.ltllil IJMCJIOHHOro pomeHMH 387-l8'1 OilMC8HMll HOKOTOpblX 3J!Oll8HTapHblX '<I8CT.1'11.l. 

B §I np.l'IBOl-lOHO 0Il.l'IC8H.l'IO MOl-lYJII,HOro KOMilJIOKCa IlPMKJI8.l{HblX 

nporpaMM, rrp87-lH83HalJOHHOro 1-lllil pemOHlfll paCCMOTPOHHOro KJiacca KBa3.l'I

IlOTOHl.lM8JII,HbJX ypaBH01111H M CMCTOM TaKMX ypaBHOHlfH. 

OcHona paspa6oTaHHoro ROMIIJieRca nporpru.iM - no.IUiporpaw.m, 

xoTopaH rrpemrnaHatJeHa 7-lM pemeHMH anre6paH11ecxoit 11acTH1JHOil rrpo6neMJ,z 

C06CTB0HHhIX 3H8'10H.l'lit M0TOl-lOM HTOP.l'lfOBaHHll Il07-lilpOcTpaHCTBa M HBID18TCH 

MOl-lHWMKal.lHeil rrporpaMMU RITZ IT I 41. KounneKc BitnIOIJaeT TaKJKe uo-
1-lYJIF, nporpaJAM 7-lJIH 3KOHOMHIJHOro YMHOlK0HMll TOilJ!.l'll.l0BblX HJIH raHK8:rI0B~ 

!.laTpHl.l Ha B0KTOp, MCnom,syIOl!Ulit anropMTM 6blCTporo npeo6pa30B8HHH 

~ypr,e. B KOMITJIOKC BXOl-lHT MO)tym,, WOPMMpyIOmHit H006XOl-lMMb10 1-lM pacqe

TOB M8TP.l'll.lbl .l{HCKp6TM80B8HHblX npM IlOMOl!Ul M0TO)ta ranepKMHa KB83HITOT0H

l.l.l'l81!},HblX HHT01'pam,m,1x ypaBHOHMit. IIepe'IHCJIOHHll8 Bh!Ill0 MOl-lYml nporpaMJJ 

opraHH30BaHbl B MHOroceTO'IHYIO npO~l-lYPY, KOTOpaH pemaeT qaCT.l'lqHyIO 

anre6paH'<!OCKYIO npo6JieMy co6CTB0HHh!X 3H8'<!0HHl1 MOTO.l{OM MT0PMPOBaHMH 

no.nrrpocTpaHCTBa, ITPH'<I0M 11a"<Ia1IF,H08 npH6JIHlK0HH0 Ha KalK.l{Oll C0TK8, 

IIa'l.l'IH8H co BTOpol1, Bl:l6npaeTCH rrpH TIOMOl!Ul Cil81.lMa]l},Hb!X anropHTMOB 

HHT0pTIOIDll.lMl1 pemeHMH Ha npe.itll.IIYl!UlX ceTKax. HaKOH01.l, B KOMil1!0KC BXO

.l{HT MO)tym, nporpaMM, npe7-lH83H8'10HHblX .ltllil yToqHeillfH npH63IlllK0HHblX pe

lllOHHli H<l OCHOB0 3KCTpanOIDll.lHH THna PMqap.ncoHa no mary /, ll napaMeTpy 

'Z. - i • 

B §2 npMBO.l{OHbl peaym,TaTbl '<IMCJIOHHblX paCIJOTOB CITOKTpa Mace H 

illl1PHH Jl0IlTOHJ!UX pacna.itOB B036yJK)t0HHblX COCTOHHHM 1/tf - H y - Me

SOHOB. IlpM'l0M CB060.l{Hh!O rrapa,rnTphl, Tamm, KaK c,( , /3 !18 ypaBH0HIIH • 

(I) H H0KOT0pble l-lPYrMe, Bhl6HpaJIHCF, C ITOMOmF,IO MHH.l'IMM381.lM.l'I WYHKW,OHana 

( rrporpaMMa MINUIT HS 6M6JTMOTe1m rrporpaMM l I B C £ R ,11), .itJTH 

Bbl'<IHCJI0HHH KOToporo Tpe6yeTCll O.l{HOKpaTHOe pemeHMe paCCMOTP0HHOil. 

CITOKTpam,Hoit aa7-la1JH. IlpM 3TOM Tpe6oBaJIOCF,, IJT06h! ypaBH0HMO (I) 

OITHCblBaJTo nepBhl8 H0CKQJII,KO COCTOHHMl111aCT.1'11.lhl C TOIJHOCTF,IO, cornaco

BaHHOH C TOIJHOCTJ,IO )taHHhlX WM3.l'IIJ0CKOrO 3Kcrrep.l'IMOHTa. IlpOB8.l{OHO cpaB

H0HM0 peayJTr,T8TOB '<IHCJ!0HHblX pac"<I8TOB OCTaJTF,HblX B036YE,1(0HHblX COCTOH

H.1'1!1 C ){8HHblMM WM8HIJ0CKOro 3KCnepHMOHTa. 

B §3 npe.l{JTOJK0H anropMTM pemeHMll KB83HilOT0Hl.lMam,1rux MHTerpam,m,IX 

ypaBH8HHit B rrpocTpaHCTBe c BecoM Ha oTpeaKe [- .f. i 1. I • 
B BaKJIIOIJOHMM CWOPMYJ!HpOBaHbl OCHOBHbl0 peaym,TaTbl, ITOJTY'<I0HHh!O B 

)t.l'ICCBpTal.lMH • 

0CHOBHb16 peayJir,TaTbl 

I.Vlccne.itoBaHH WY~Kl.lHOHaJTF,HUB CBOHCTBa KBaaHnoTOHl.lMam,Hhlx rMrrep

CMHryIDipHIDC HHTerpam,Hh!X YPBBHOHHH, aCHMilTOTHKH co6CTB6HHblX IJMCBJI 

li co6CTB9HHllX WYHRUlili COOTB9TCTBYJOOlllX orrep~TopoB. 
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2 .VlCCJ!O.l{OB8Hl-l CBOi\CTBa HOKOTOPLiX r;poewropOil ,llllil C!1CTe!.m co6t.~•~

BOHH!lX qiym:uMti ypa:imem1H c rroTenuirnnoM aam1p,rnl'.\ero '.::'J.ma ua ,icea 

.l{OiiCTB,fTOJIF,HOll ocn B rrpocTpaHCTB0 Co6oncna C ;npo61rcm HOOTPHl.l8T01IF,H:U.1 

.l'IH.l{OKCOM. 

3.Hn OCHOBO CBOtiCTB aCHMITTOTl1K co6CTB,Jl!Hi>IX rpymrn,l1il >I co6CTB0;:

Hh!X qMCOJI nony"<IeHbl OU0HKJ.f rrorpelliHOCTV, annpOKCH!.!al.lml no MOTO;z\y ranep

KMHa B cny-qae KyCOIJH0-1IHH0HHh!X 6aairnHL!X :_~Jll.,L;llii ,ytJUTblB8fJ[(HX aCH~IrrTO

Tlrny pememrn Ha 6eCKOHOIJHOCTM, a Tmrne n cnytrne HCJIOKam,HnIX 6aal!CHHX 

<IJYHKI.\Mti. I1cc11e7-loBaH MOTO.lt rcmemrn 1macca nmepc,mrynttpHLix 1rn1·erpo

;nwJx_pepettu11a11r,Hh!X ypaBH0H.l'lll Ha BC0ll OCH, OCHOB8l!Hb!A nn CBC;z\OHHlf HX 

K ypaBH0Hl1lO Ha 0Tp03Ke [- J.; 11 B npOCTpaHCTBO C BClCOM. 

4.Ha ocHoBe rrony-qemmx TeopeTttti:ecKvix peaynr,TaTOB o rrpe7J.cran11e

mrn rrorpemHOCTH rrpH6JIHI!0HHr1X pelllOHMH ]l 3;,710 C'i'OIIGimoro PH.lla no rrapa

M0Tpy rz.-L , a TaKJte Ha OCHOB0 p03JJIF,T9TOJ3 BbltJ:HC1IHTEL/ThHOrO :mcrrcpn

MO HT a !1p0_11JJ03t0 Hbl a nropHTMbl JT OtJ:!!0 mrn rrpn6 JIM;'(() HHh!X pa I;J0l!J1il rrocpe;nc 1.r
BOM 3KCTparrOIDll.lHM THrra Pwrnpl.lCO!la TIO rrapaMeTpy 'l. C ;J•I0TOM :)!tcTpano-

llill\11.l'l no mary /, • · 

5.Paapa6oTaH Ko::.mneKc rrporpmm 1-lIDl peme1m.H KBaaurroroHl.ll'!aJIF,HbIX 

l'!HTerpaJIF,H!iX ypaBII0HHH Ha nonyocH ,'!{J!H PH.113 ITO TO Hl.lHa no:a. Mee J!O;.OllaHbl 

OCHOBHHO Bb!IJI1CJT.l'IT0)I},Jlli0 xapaKTepUCTV:KH paapatioTaHHblX anropMTMOB. 

' 6. Ilp11 fi0)50mJ.J paapa60T3HHOro KOMITJIOKCa ;1porpaMM rrpOBC;z\8Hbl IJHC-

110HHbl6 paC'l8Tl:l CITOKTpa Mace l:I il.l'IPIIH 1!0fTOHHUX pacrra,llOB B036JJK7-lOHHLIX 

COCTOHHHll .l{JI.H 'Ji,;,- 11 Y - M030HOB. II:inytieIIO xopomee cornac110 

peayJIF,TQTOB 11.l'ICJIOHHUX pacti:OTOB C l13E0CTII',!l.rn ;1\UHHIJMlf Q.l'l3!11J0CiCOro 

aKcrrep1:1MeHTa. 
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