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1. BBenenue

[Memsasmu  OCBOEGHMSA AUCHMIUIMHBL «MaTeMaTH4eCKUuM ammapar TEOpUHU
CUTHAJIOB U CUCTEM " SIBIISFOTCS:
1. IlonroroBka B 00JaCTHM 3HAHUS OCHOBHBIX CPEACTB pacdyera COBPEMEHHBIX
PAIUOTEXHUUECKUX CUCTEM U CO3JaHUsI PaIHOIIEKTPOHHOMN anmnapaTyphl.
2. ®opmupoBaHHE MPAKTHUYECKUX HABBIKOB pPa0OThl C HAYyYHBIMH METOJAMHU
pacyeTa u IPOECKTUPOBAHUS.
3. [loaroroBka B 001acTH PagUMOTEXHUKHU AJIA pa3HbIX cdep npodeccuoHaIbHON
NEATEBHOCTU CIIEMAIINCTA.
® TIPOECKTHO-KOHCTPYKTOPCKOM;
® TIPOU3BOACTBEHHO-TEXHOJIOTHYECKOM;
® HAy4YHO-UCCIEA0BATEIbCKOM;
® CEpPBUCHO-IKCILTyaTallMOHHOM.
HMucunmnrHa " MartemaTuyeckuil anmapar TEOpUM CHUTHAJIIOB M cuUcTeM
OTHOCHTCS K 00IIEHayYHOMY LIUKITYy TUCIUIUINH

B3anMocBs3b ¢ ApyrMMU AUCUUTIIIMHAMM:

Kypc '"Maremartnueckuii amnmapaT TEOpPUM CUTHAJIOB M CHCTEM
OCHOBBIBAETCSl HA 3HAHUU MPEIMETOB OakKalaBpPCKOro 00pa3oBaHMs, TaKHX, Kak
«Hcropus pagnoTexHukm», «Marematukay, «Duszukay, «lIpuknagHas maTremMaTuka B
PaAMOAIEKTPOHUKE» M MAarucTepcKkoro oOpa3zoBaHus, Takoro, kak «Mcrtopusi u
METOAOJIOTUSI HAYKM W TEXHHUKU (IIPUMEHUTENBHO K PAAUOTEXHUKE)», U Ap.,
JIOTUYECKU U COJAEPIKATEIbHO-METOANYECKU CBSI3aH C HUMHU.

"

[lomydyeHHble 3HAHUA MOTYT OBITh HCIIOJIB30BAHBI TMPH HM3YUYEHUU TaKUX
npeamMeroB,  kak  «Cratuctudeckas — Teopuss — cBsizw»,  «COBpEMEHHBIE
PaIMO3IIEKTPOHHBIE CUCTEMbI», MMOATOTOBKE MaruCTEPCKON THUCCepTalluu, a TAKXKE B
mpoliecce pa3padOTKH M MPOSKTUPOBAHUS PaUOANTIapaTyphI.

Koncnexr HGKHI/Iﬁ IIpHU3BaH 00JIEerYnThH CTyACHTaAM H3YYCHHUC TCOPCTHYCCKOI'O
Marcpuajia AMCHUIIIINHBI.



2. IlonsiTHe MHTErPAJILHOIO YPaBHeHUsA. OCHOBHbIC METOABI PELICHUA
HHTErPaAJIbHBIX YPABHECHUH.

WuTerpanbHoe ypaBHEHUE - ypaBHEHHUE, IJie HEM3BECTHas (PYHKIIUS BXOIUT
[I0J1 3HAK UHTETpaa.

Jluneiinvle unmezpanvnole ypasnenusn

YcnoBumcs, 4To
f (t) - usBecTHas QyHkIms.

@ (1) - HeusBecTHAs HcKOMAas QYHKIMS.

I/IHTGFpaJILHOG YPaBHCHHUC HA3bIBACTCA HHHGﬁHBIM, CCJIM HCHU3BCCTHasA (1)YHKIII/I}I,

BXOosi11as B HETO, JIMHEHHA.
Knaccuueckas 3anuch TMHEMHOTO HWHTCTPAJIBHOT'O YPAaBHCHH !

o(t) = A[K(t, S)p(S)dS + f (),

rae A - mapaMmerp, 3aarolluii CEMENCTBO pEeIIeHUi HHTErPalbHBIX YPaBHEHUIA;
k(t,S)- s1po uHTErpaNnbHOro ypaBHEHHS.
®ynknus T (1) cymecrsyer B npenenax a <t <b.
®ynkius K(t,S) cymecrsyer B mpenenax
ast<b
{a <S<b

Oo6uuit 6uo unmezpanvrnozo ypasuenus Ppeozonvma 1-20 pooa

b
[k(t,S)@(S)dS = f (t) - nurerpansHoe ypaBuenne dpearonsma 1-ro poxa.

b
@(t) = A[k(t,S)p(S)dS + f(t)- unrerpanshoe ypaBhenme ®pearonema 2-ro

pona.
a v b MOryT OBITh KOHCUYHBIMHU UJIH 0€CKOHEYHBIMH.

VYcioBus CyleCTBOBaHUS PEIIEHUN YPABHEHUI:



f(t) - nenpepbiBHA Ha WHTEpBae a, b.
b
H f (t)‘ dt <+ oo. k(t,S) - HenpepriBHA B HHTEpBaNax

aStgb_
a<S<b’

Ecnu spa yIOBIETBOPAIOT BBINIENIPUBEICHHBIM YCIOBUAM, TO SApa HA3bIBAIOTCS
¢penronsmoseiMu. Eciin f (t) = 0, 1o Takoe unTerpanbHoe ypaBHEHHE HA3BIBAETCS

OJTHOPOTHBIM:
0=0p(()+ /lj k(t,S)p(S)dS .
Humezpanvuoie ypasnenus Bonomeppa
1. 1-ro pona
_[k(t, S)p(S)dS = f(t).
2. 2-To pona

o(t) + ATK(t, S)p(S)dS = f(1).

Ecm f(t) =0, 1o ypaBHeHue HasbiBaeTCs OAHOPOAHBIM. IIpHM ONpPENETEHHBIX

OrpaHUYCHHSIX, YpaBHCHHsS BoybTeppa YIpOIIEHHO paccMaTpHUBAIOT ypaBHCHUSIMHU
Opearonsma. Eciim MmoaudunmupoBath sapa ciaeayroinmM 00pa3om

K(t,S), S <t
H(t’s):{o S>t}’

TO MBI IIPUJIEM K 3aIIMCU MHTETPAIBLHOTO YPABHEHHUS

o(t) = A[ H(t,S)p(S)dS + f (t).

3.Kuaccupurkauus MHTErpajbHbIX YpaBHeHU. JInHelHHbIe M HeJIMHEeHHbIe
HHTerpajibHble ypaBHeHHs. Y paBHenuss Ppearoasma u Boabteppa. Baxkubie
TUIbI HEeJIMHEHHBIX HHTEIPAJIbHbIX YpaBHeHuil. [Ipumepsl.

Buowl neauneiinvix unmezpanbHoviX ypasHeHuil

1. UnTerpanpHOE ypaBHEHUE Y pBICOHA



p(t) = }k[t, S,p(S)]ds.

Ecnu Hen3BecTHas QyHKUUS BXOAUT BHYTPb SApA, TO TAKUE YPABHEHUS HA3bIBAIOTCS
YPaBHEHUSAMU Y PBICOHA.

2. YpaBuenue ['amMmmepiureiina
o(t) = [k(t, S)F[S, »(S)]dS

rae K(t,S) - oObranHOE BpearonsMoBoe Sapo.

3. YpaBHenus JlsnyHoBa - JIuxTeHmTeiHa.
OHu BKITIOYAIOT B c€0s1 CYIIECTBEHHO HEMHEWHbIE (DYHKUIUU.

o(t) = £ (1) + A[K,(t.5)e(S)dS + uf [k, (t, S, 2)0(S)e(2)dSdz .

4. HenuHeliHble MHTErpaJIbHBIE ypaBHEHUS Bobreppa.

p(t) = jk[t, S,(S)]ds.

Ilpumeppwr.
1.g(x) = J_ [e” f(y)dy.

DTO UHTETpalIbHOE ypaBHEeHHEe Dpearosbma 1-ro poja.
eixy

k(x,y):ﬂ.

Pemenue ero numeer BUII.

1 =
(D(Y)—ﬁfwe g(x)dx.

0

= F[t, x(t)].

[IpounTerpupyem 00€ 4acTh 3TOr0 BhIpaXkKeHHs 110 t:
x(t) = x, + [ F[t, x(t)]dt ;

X(a) = X,.

3. OOmas 3agavya peuieHus JTUHEWHOro auddepeHInanbHOro ypaBHEHHUS N-TO
nopsiaKa.



d"x d"'x

e +a,(t) g +..+a ()x()=F(@t);
x(a) = ¢,;
x(a)=c,;

x"Y(@)=c,,.

PaccmoTtpum n=2:

d?x dx
+a(t)—+a (t)x(t)=F(t);
a0+ a,(0x() = F 1)
d?x
dx ¢
— = S)dS +C. ;
o {qo() ,

1
(n—1)
x(t)= [(t—S)p(S)dS + C,t +C,.

0
[loncraBum B ucxoaHoe aud pepeHnnansHoe ypaBHEHHUE:

o(t)+ i[al(t)+ a,(t)t-S)lp(S)ds = F(t)-C,a,(t)-C.ta,(t)-C,a,l(t).

O0o03HaYUM

jdtjdt...jf(t)dt = j(t—s)”‘lf(s)ds ;

k(t,S)=—[a,(t)+a,(t)t-9S)];
f(t)= F(t)-C.,a,(t)-Cta,(t)-C,a,(t);

NurerpanbHoe ypaBHeHne Bonbrepa 2-ro poaa

o(0)= [K(t.S)p(S)+ 1)

Bo mHorux ciydasx siapo K(t,S)=K(t-S) (mpomopiimoHaabHO pa3HOCTH apryMEHTOB),
TOT/Ia ypaBHEeHUe BobTepa Ha3bIBaeTCS HHTETPATIBHBIM YPABHCHHEM THIIA CBEPTKH.
NurerpanbHoe ypaBHeHne AOens:

o(S)

f(x)= X—3S

Ecnu HewsBecTHass (QyHKIHMS BXOAUT M TMOJ 3HAK IPOM3BOJHOM W TIOJ 3HAK
HMHTETpalia, TO TAKOE ypaBHEHHUE Ha3bIBaeTCs UHTETpo-auddepentnansHoe (MIAY).

ds.

Oy X



4. Teopusi @pearosbma Uil pellieHHs] HHTErPaJIbHbIX YPABHEHUH 0011ero BUaA.
Pe3osibBeHTa, €e MOCTPOEHHE U MCII0JIb30BaHue. UHTerpajibHbIe YPABHEHU C
BBIPOK/ICHHBIM SIIPOM.

Memoowvt @peodzorbma

B Hauane Bexka @penronsMm Haubosee IOJHO HCCIENOBal  HMHTErpo-
muddepeHranbHble ypaBHEHUS.

(1) = A]k(t,S)o(S)+ 1),

Penienrie 3TOro ypaBHEHUsI pacCMaTpUBAETCS KaK aHAJOr PEIICHUS CUCTEMBI N
JUHENHBIX alreOpanyecKux ypaBHEHHM ¢ N HeU3BEeCTHBIMU. B pesynbrare penieHue
MOJTy4aeTcsi MPUOJIM3UTENbHBIM, 3aBUCAIIUM OT N. Yem Ooisbmie N, TeM OoJbIie
npuOIMKEHHE.

Pemienrie cOCTOUT M3 HECKOJIBKHUX ATAIOB:
1. WnTerpan 3aMeHs€TCS KOHEYHONW CYMMOI.

b—a
2. Bechb oTpesok [a,b] pa3duBaeTcst Ha N paBHBIX YyacTed 0 = ——.
n

3. BHyTpu Ka)I0ro HHTEpBaja j BEIOHMpaeTcsi HeKoTopas Touka Sj. [Toaydaem Habop
Gynkumii o(Sj)=¢j;. Uiem He HenpepbIBHYIO QYHKIUIO, a HA0OP JUCKPETOB Sj.

p(t)= 23K(t,S, )p 5+ F(0);

¢(Sj): ﬁik(si’sj)(pjg—i_ f(Sj)'

O003HaYUM

f(S,

)= 1, k(Si’SJ):k" !

1

¢ = ﬁ5i kij(”j + fil
j=1

J

re N — YUCJI0 JTUHEUHBIX are0pandecKnux ypaBHEHUH.

?; _ﬂ’é‘zlkingj =
i-

i=1+n,



1- Ak, —Adk, - —AK,

—k,  1-Adk, - —Ak,
D,(4)=

Ak, —Adk, - 1- Ak

D(ﬂ.);ﬁ 0: cucrema wumeer pemieHue npu JHOObIX fi W HMMeercs pereHue
UHTETPATBHOTO ypaBHEHHS MpH JTE00BIX f(t).

Pe3onveenma @peozonvma

[Tyctb Mbl mosyuniu ¢S;). [loacTaBnsieM B KCXOHOE YpaBHCHHE:
p(t)= 23 k(t, S, Jo(S, )5 + £(t).
=
Wnn uaaye MOXHO CUUTATb, YTO MBI ITOJYUYHIIN PCIICHHUC YPABHCHHA B CICAYIOIICM
0000IIIEHHOM BU/IE:
t,S,,S,...S_,4

plt)= £ 1)+ 2 QS0 oS0 d)
D,(2)

rac Q - PE3yJIbTaT BBIYUCICHUA PCIICHUA OAHUM U3 MCTOIOB.

Hpnnoa: Q,S,...S,, 4)— [D(t,S,2)f(S)dS .

[Tpu nenpepsiBaOM siape K(t,S) u cBo6ogHOM witene f(t):
D,(4) —> D(4).
Pe3onbpBenTa
D(t,S, 4)
D(2)
KoneuHoe pelieHre HHTETPaIbHOTO YPaBHEHHUS 3aMMCHIBACTCS B OYCHDb KOMIIAKTHOM
dopme:

R(t,S,1) =

olt)= f(t)+ AJR(t, S, 4)f(S)dS.

Pe3onbpBeHTa HE 3aBHCHT OT CBOOOJHOTO WICHA, & OMPEIEISETCS TOJBKO SIPOM.
Pe3onbBeHTa HCITONIB3YETCS B CUTYAIHSIX, KOTJ]a UCCIISYETCSl OTKIUK OJHOTO U TOTO
e 00beKTa Ha MHOTO pa3inuHbixX Bo3aeicTuid (f(S)).

R - D(t,s, A1)
D(A)



1-A0K | - A0K K,+¢ K, K.,
—AK, ... —AK, K, K,+¢& ... K,
D,(4) = = (=48)’ =
_ﬂ’dKnl l_ﬂ"éKnn Knl an Knn+g
= (—16)"F (&),
rne F(&)- omnpenenurens Matpuiel - cTeneHHas (YHKIHMA € MaKCUMAIbHO

BO3MOXHOM crernenbo N. Clie1o0BaTesbHO €€ MOXKHO pasjiokuThb B psij Teiinopa:
F'(0 F" 0 , F™(0
F(e)=F(0)+ () ()g + .+ ()g”,
! 2! n!
dF (8)

F(0) =

,apu & = 0.

[Tpu nuddepenrpoBaHny oNpeaeaUTeNs OH MPEBPALIAETCS B CYMMY
orpejienuTeNe, HO MOPSI0K €r0 YMEHBIIAETCS Ha SANHHUILY.

K,+¢ K K 1 K

12 1n 12 13




Kalal +é& KalaZ a2am

( ) KaZal KaZszZ e a2am
an=1 | —— - - - - - — — — — — — — — — — —
amal KalaZ et amam +é&

zK 5= ZK(SS)&—)]K(S S)ds,

rae K(t,S)- cnen saapa.

®pearonpM Mokaszai, 4To Ipu N —> oo

Kalal KalaZ a2am
i.“i KaZal KaZKaZ e KaZam 5m N Cm _
al=1l gn=l [ —— —-—-—_-—_- - - - — — — — — — —
amal ala?2 e amam
Kalal Kala2 e a2am
50 a2al KaZKaZ et a2am
=[] da,..da_,
aa | — - -—"-—"—""""""""""">=-—7="-=
amal ala? et amam

rne D(A) = ZQC A" - onpenenurens Opearonsma.

IToBTOpSISI aHAIOTUYHBIE PACCYKIACHUS MBI ITIOJyYUM BBIPAXKEHHUS

im

D(LS, 1) = X (-1)" 8. (1,5);
KtS)  Kta) ... K(ta)
B (6,S)=[.[ |<®)  Klawa) o Kl
K@) K K(a,a,)




C. =B, (tt)dt;

B, = K(t,S),
rae D(t, S, 1) - munop onpenenurens Opearonbma.
D(t,S, 4
R(t,S, 1) = ﬁ - PEe30JIbBEHTAa HE 3aBUCUT OT CBOOOIHOrO 4ieHa, a

OIPEIEIISIETCS SIAPOM YPaBHEHUS.
Bce paccmatpuBanoch ans tex ciaydaes, korma D(A) # 0. Te 3nasenus A aus

kotopeix D(A) # 0 HnaswBarorcst perynspubiMu. Te 3Hauenus A I KOTOPBIX

D(A) = O HasbIBaIoTC XapaKTEHETHIECKIMI.
o(t) = ATK(t, S)p(S)dS + f (t).
Mpemmonosm, o f(1)=0.
o) = f (1) + A[R(t,S, 2) (S)dS |

PaccMoTpuM /1Ba Cirydas:
1. A -perymspuoe —> D(A1) #0 — ¢(t) =0.
2. A - xapakrepuctuyeckoe —> D(1) =0 — ¢(t) # 0.

Ilpumep.

NmeeTcs aApo UHTETPATIbHOTO YPaBHEHUS
K(t,S)=¢e"".

[TocTpouTh €ro pe30JbBEHTY.

0<t<1,0<S<1,a=0,b=1.

C=? B=?
C,=1 B,(t,S)=¢";
Cl = ,[ Bo(al’al)dal :1’
1 taS ete—al 1 . -S -al
B,(t,S)=[| .  |da =e'fe”| | _|da =0;
oje e e e 0 e e

Cz = Bl(al’al)dal = O’

B,,C, =0;
K>1;
Ocransubie B, ,C, =0.



D(1)=1-4;
D(t,S, 1) =¢e"";
et—S

R(t,S,4) =——;
( ) 2

o(t) = f(t) + é]e £(S)dS |

rae A =1 - exuHCTBEeHHOE COOCTBEHHOE YUCIIO.

o(t) = iet-%o(S)ds |

rae K_(t,S) =e"’ - enuncreennas cobcrennas QpyHKIysL.

Humezpanvnoie ypasnenus ¢ 6blp0oxcOeHHbIM A0POM

Ecnam sapo MHTErpanbHOTO YpaBHEHUS BBIPOKAEHO, TO PEUIEHUE €T0 ropa3io
pouie.

k(t,S)zjzn::laj(t)bj(S).

Ecau SAAPO TAaKOro Buaa, TO OHO BBIPOKACHO.

[Ipennonaraercs, 4Tto (YHKIUU JHMHEHMHO HE3aBUCUMBI Mexay coboi. B stom
cilly4ae HHTerpajibHoe YypaBHeHue Ppearonbma 2-ro pojla MOXKHO BBIPA3UTh

CIeAYIOIMHUM 00pa3oMm:
n b

plt)= 4] 3 a,(0h,(S)p(S)dS +F(t)= 23 a, (1) b, (S)p(S)+ (1) =

a Jj=1 =1 a

= 2>.Ca,(t)+ f(t),

-1
b
rne C, = ij(S)(o(S)dS .

OTa 3anuch rOBOPUT O TOM, YTO PEILIEHHE UHTETPAIbHOIO YPABHEHUS CBOJUTCS
K OIIpeieIeHNI0 KOHCTaHThI C;j.
YMHOXHUM Ha bj 1 iponHTErpupyem 1o t:

j’gp(t)bi (t)dt = i f (t)b, (t)dt + ﬂznzcj.}aj(t)bi (t)dt

g g

i fi Kij

C



C,=f +AXCk,
j=1

C,=f,+A>Ck,
C_f+/12Cku, = ALK,

C,=f,+i3XCk,

n
=1

OTa 3anmmch ClipaBCjinBa IJId BCCX MHACKCOB.

C,-AYCk, =f;i=1+n;

j=1

1-k, -2k, - —=Jk,
-k, 1-2k, - =k,

D(1) = .
—ik, =k, - 12k

Eciu D=0, To Haxoaum penieHue 0ObIYHBIMU CIIOCO0aMHU.
Bbruncnus ko3¢ pULMEHTHI, OJICTaBIsIEM B ypaBHEHHE.

Ilpumep.
olt) = 1+/1I( S )o(S )ds
k(t.S)=t-S; a,(t)=t; a,(t)=1 b,(S ) 1 b,(S)=-S;

o(0)- 1+w(p< Jis + i( Sho(s)as

1

C, - igo(S)dS; C, - {(—S)qp(S)dS

p(t)=1+ ACt+ AC,.

YMHOXKUM 00€ 9acT MIepBOTO YPaBHCHUS Ha D1 1 IpouHTErpHpyeM 1o t:

[o(t)dt = [dt + AC, [tdt + A [ dt

o

J(-Dol)a

Il
O —y

(—t)dt + ﬂ.cj(—tz)dt + iCJ(—t)dt



c(1-4) 0,

3
C i+(l+ijcz :—E
3 2 2

1

N\

)
D(4)= =1+,
)
— 1+i 12
3 2

DTO MHTErpaJibHOE YpaBHEHHE BCErJa MMEET pelieHue, Tak kak D=0 Bcerma npu
JIEUCTBUTEIBHBIX A.

12 6+ A
C, = . C,=- T
12+ 2 12+ 2
6(2—-2it— 1)

t)=
o) 12+ 2°

Pe3onbBeHTa Takux ypaBHeHI/Iﬁ BCEeraa JIpO6HO-paIII/IOHaJ'IBHaSI q)yHKIII/ISI.

Hcnonvzoeanue 6viposrcoeHHbIX a0ep 014 NPUOIUIUMETbHO20 PeUleHUs
UHMEZPAaiIbHbIX YPAGHEHUIL

[TycTh MeeM HEKOTOpOEe MHTErpajbHOE ypaBHEHHE, y KoToporo sapo K(t,S) -
BBIPOKJICHHOE.

olt) = /lik(t,S)(p(S)dS + 1)

Ha wHTEepBasie MHTErPUPOBAHUS HE BBIPOXKICHHOE SIIPO 3aMEHSIOT BBIPOXKICHHBIM
npuOm3uTenbHbIM. [Ipr 3TOM pelieHHe TOJIy4aeTcs JOCTaTOYHO ONHM3KUM K
HUCTUHHOMY petieHuto. Uem Onmxke nmpuOImKeHne, TeM TOYHEe PEIICHHE.

Hcnonp3yrorest paznuyHble annpokcumanuu. [Ipomie Bcero 3aMeHsATb CyMMOUM WIIH
TPUTOHOMETPUICCKUMU (DYHKIIUSIMH.

Ilpumep.

1

p(t) = [tl—e® )p(S)dS +e' —t.

0
Tounoe perieHne go(t) =1.
t°s* t*S’
k (t,S)=—-t*S —— ———;
(t:9) e
p(t)=e' —t—0,5t> —0,17t° — 0,04t".



Ha unTepBane [0;1] oTkIoHEHHE OT TOYHOTO pelieHus cocTasisaeT Beero 0,8%.

6. IIpuHIMN cKATHIX 0TOOPAKEeHUI U MeTO/AbI pellleHUsI HHTerPaAJIbHbIX
YPAaBHEHUI, OCHOBAaHHbIE¢ HA HeM. JIMHelHbIe onepaTopbl, OCHOBHLIE
onpeaeJieHUs U UX NPWIOKEHHUA K PELICHUI0 HHTEIPAJIbHBIX NPHJI0KESHUMH.
HNHTerpajibuble ypaBHEHUsI, MMeEOIIHE C1a0YI0 0COOCHHOCTb.

Ilpunyun nocnedosamenvHblX RPUOTUNCEHUTL ((CHCAMBIX OMOOPAICEHUTL)

Crpoutcs nocienoBaTenbHOCTh QyHKIMM. [lepBast GyHKIMS — TPOU3BOJIbHAS.
A TOTOM W3 Hee CTPOUTCS ceayromas GyHKIUS, U T.]I.

Heo0x01uMo BBITTOTHEHHE CIIEYIONIMX YCIOBHIA
1) Yto6sI B kBaapate a<t,S<b sapo K(t,S) 6110 HEMPEPHIBHO U OrPaHUYCHO.

2) ‘k(t, S )‘ BCEr/la He OECKOHEYHO;

M, = ()
1

M,(b-a)

Ecnu Bce 3TH ycioBUSL BBIMOJIHEHBI, TO PSJ TMOCIEIOBATEIbHBIX MPUOIMKEHUIMI
CTPOMUTCS M0 CIEAYIOIIEMY IIPABUILY:

0. (t)= ;tzk(t, S)p (S)dS + (1)

A<

Ipumep.
C nmoMoIIbI0 paCCMOTPEHHOIO METO/IA PEIIUTh HHTETPAJIbHOE YPABHEHUE

o(t) = gt + %jthp(S)dS :

Snapo K(t,S) =tS - pynxuus nenpeproisHasi.
max ., |[K(t,S)|=1=M,

t,5€0,1
[IpoBepsieM MPUMEHUMOCTh METO/1a
1 L
- 1>—=.
M. (b - a) 2

[epsyto dynkimio Bozbmem @ (1) =0.



5 t e 5
)=—t+—|Se (S)dS =—t;
o, (1) : 2{ ®,(S) »

5, ti_.5 5 1
t)=—t+—-|S-8dS =—-t(1l+-);
?.0) 6 2! 6 6( 6)

5 1 1 1 1
)=—tQ+—+—+...+ =t(1-
@, (1) 6( Py 6”‘1) ( 5

pt)=Ilimp_ =t.

n—oo

);

VY naunbiil BBIOOP NPUOIMIKEHNUS MOXKET COKPATUTh BPEMSs TPUOINKEHUSI.

Ilpumenenue memooa npudIUIHCEHHBIX PeUteHUll 0151 PeUleHUs UHMeZPalbHbIX
ypaeunenuii Bonomeppa 2-20 pooa

@) = A[K(t,S)p(S)dS + f(t) - nurerpansroe ypasuenue Bonbreppa.

DTH ypaBHEHHS MOKHO paccMaTpuBaTh Kak YACTHBIM Cilydail ypaBHEHHI
®pearonsma, ecmn K(1,S)=0 npu S >t. Ormumume cocrour B TOM, 4YTO

cpaBHeHue ¢ A He HYXHO (A - mo6oe)

Ilpumep.
Haiitu Hen3BeCTHYIO QYHKIIUIO (O '

p(t) =t [ (t—S)p(S)dS

Pewenue.
Honoxum ¢, =0. Torma ¢, () =t.

t t3
p.)=t-[(t-9)sds =t——
£ ts t7. ot
t)=t——+ ———+ .. +(-D"—
2=t e D) 2n—1)!

p(t)=lime =sint.

Ipumenenue memooa npubOIUNHCEHHBIX PeULeHUIl 011 PeuleHUs HEKOMOoPbIX
61008 HEJIUHEUHBIX UHMEZPAIbHBIX YPAGHEH U

o) = ATK[t, S, 0(S)]dS + f (t).



V¢10BMs IPUMEHUMOCTH METOJIA:
1. f(t) momkua ObiTe HempepbiBHOU (ynkimeit, K(t,S,@(S)) momxna 6bITh

HEIPEePbIBHON (PYyHKIMEN IO BCEM TPEM apryMEeHTaM.
2. SInpo NOMKHO YIOBIETBOPATH YCIOBUAM Jlummuna:

K(t,S,Z2,)-K(t,S,Z)|<Lz,-Z],
rae L - nocrosnnas Jlunmmuia.
1
A<—t
L(b—a)
L 06b1yHO OepyT MUHHUMAIILHO BO3MOKHOM.

K(t,S,Z, - K(t,S,Z,)

L. =min
‘Zz - Zl‘
Ilpumep.
PemnTh nHTErpanibHOE YpaBHEHUE BUIA
1+ tS
o(t) == [ ———+1
331+ @ (S)
Y ciioBH€e BBITOIHAETCS:
1
A<
L(b—a)

11 tS
t)=1 o(t)==|—dS +1=1, ¢,(t)=1 ¢.(t)=1.
9,(t)=1 o,(t) 311“1 o,(t)=1 o,(t)

Ecmu simpo K(t,S,z) uMeer orpaHu4eHHYIO TPOM3BOAHYIO 1O Z, TO L MOXHO BBIOpATh
U3 YCIOBHS:

%
dz

a<t,S<b
Pewienue cucmemut UHmezpaibHblX ypaenenuﬁ

BBecTr MOXHO 10 aHAJIOTHH C alreOpanyecKUMH YPaBHEHHUSIMHU.
X
ny +tg—=1
y .

[In(x +y)=3

beiBator cimyuam, korma TpeOyeTcss HAWTH HECKOJBKO HEW3BECTHBIX (DYHKITHH,
KOTOpBIE:

1) OmnpenensroTcs HHTETPATbHBIME COOTHOIICHUSMHU.

2) Eme u onpeesicHHBIM 00pa30oM CBSI3aHBI MEXTy COOOM.

3anuch, OMUCHIBAIONIASA UX, HA3BIBAETCA CUCTEMOU MHTETPAJIbHBIX YPAaBHECHUM:



n

0. (t)= 22k, (t,S)p,(S)dS + f,(t)

=1

0,(t) =22 k,,(t,S)p,(S)dS + f,(t)

9, (t)=23 Kk, (t,S)p (S)dS + f,(t)

N\

O6br4n0 paccMarpusaercs M=N. B stom ciyuae sdexTuBEH Clieyromuii METOL:
Ot nabopa f (t)... f (t), a<t <D, mepexomsrx F(t), a<t < a+ N(b — a).

Ot Habopa @, ...@, nepexomir K @.

kc(t’s): kij[t_(i _1)(b_a)18 _(J _1)(b_a)]1

{a+(i—1)(b—a)st<a+i(b—a)
a+(j-1)b-a)<t<a+ jlb-a)

npu

o(t) = p [t - (i -1)(b-a)]

a+(i-1l)(b—-a)<t<a+i(b—a)

Mo:KHO 3alucaTh OJJHUM YPaBHCHHEM BCIO CUCTEMY:
a+N(b-a)

O(t)=21 [k(t,S)D(S)dS + F(t).

Ha UHTCPBAJIC

Hcnonv3zosanue nuneiuHvix onepamopos

Omepatop — 3T0 000€ JEUCTBHE, MPeoOpasyroliee 3IEMEHTBl OJHOTO
MHO>KECTBA B 3JIEMEHTHI Apyroro MHoxectsa E, — E..

Omnepatop Ha3bIBaCTCS JIMHCHHBIM, €CJIH BBITOJHSIOTCS 2 YCIOBHUS:
1) A(x+y)=Ax)+ Ay).
2) A(ax)=aA(X);, a — const.

b
y(t) = j k(t, S )X(S )dS - HHTETpaJIbHbIA orepaTop Ppearonbpma Haf X.

COBOKYIMHOCTh ~ JIMHEWHBIX OINEpPaTOpoB OOpa3yeT JHMHEHHOE MPOCTPAHCTBO
onepatopoB. OnepaTop, IEePEeBOIAIINI FIEMEHTHI MHOXeCTBa B caMoro cebs (E—E)
Ha3bIBACTCSl €AMHUYHBIM omeparopoM u obOo3Haudaercs |. IX— X. Ecnu oOpatHbiii
OMepaTop CYIIECTBYET, TO NPUMEHEHHE €ro K HCXOAHOMY OIEepaTopy HdOJIKHO
naBaTh eAMHUYHBIN oneparop: ATA=I. |+A — Bcerma uMeeT 0OpaTHLII OIeparop.



S=(1+A)";
S(I+A)=1;
S=(1+A) =1 -A+ A A+ A" - A+

PaccMmotpum uHTErpanbHoe ypaBHeHue dpearonsma 2-ro poja:
b
o(t)= A[k(t,S)p(S)dS + f(t)

b
Ap =] k(t, S )p(S)dS - 0603nauenue oneparm.

B onepatopHoii GopMe HCXOHOE HHTErPaIbHOE YpaBHEHHE:
U=AAp+ f.
ITepeHocst A BIEBO U BBIHOCS (33 CKOOKH:
(1 -AA)p = f.
ITpu onpesieNIeHHBIX YCIOBUAX PellleHHE HHTErPaabHOrO yPABHEHHS UMEET BHI:
o=(1-1A)"f.
Hcnons3ys cBOHCTBO:
=1+ + PA*f +...+ A"A" f - psn Heitmana.
1) psaa MOMKEH OBITH CXOAIIUMCS.
2) HEOOXOIMMO BBITIOJTHEHHE HepaBeHCTBa

/1<[max ktS)kb a

t,Sea+b

)y
Ek( S)K(S,7)f (¢)dsd =

D — T

A%:A(Af):}ktsijs r dr}dS
}Ukts SrdS}f - i (6,8 ()as
k(t

rae K, (t,7) = S)k(S, 7)dS - moBTopHOE AAPO (MTEPHPOBAHHOE AAPO).

D C—y T

(t,
-J Ik SIK. r)dS}f(r)dr_jK (t.5)(S)ds
K,(6,) = [K(t, S)K, (S, 7)dr

K (t,5) = [K(tS)K, (S, 7)dr;



A = [K (t,5)F(S)dS;
o(t) = f () + A[ K,(t,5)F(S)dS + [ K, (t,S) F (S)dS +

+ VK (t,S)f(S)dS +...= f(t) + lf[Kl(t, S)+ AK (t,S) + 'K (t,S) +...]x
x f(s)dS;
p(t)=f({t)+A[R(t,S,4) f(S)dS - naxoxuenne ¢(t) depes pesonbBeHTy.

Pe3onbBenTa onpeacsaCTCs CJICAYOUIUM O6p330M:

R(t,S, 4) = K. (t, ) + AK_(t, ) + 22K _(t,S) + ...
R(t,S, 1) = K(t,5) + A[ K (t, 7)R(z, S, A)d7;

R(t,S,2) = K(t,S) + A[K(z,S)R(t, 7, A)dz.
I[J'IH PE30JIbBCHTHI CITPABCIJIMBO CIICAYIOIICC BBIPAKCHHUC!
R(t,S,4) - R(t,S,4,) = (4, — 4,)[R(t, 7, 2,)R(z,S, A)d7;

R(t,S,0) = K(t,S):

” = .E[R(t,r,ﬂ,)R(r,S,ﬂ)df,

Bce mnonydyeHHble pe3ynbTaTbl B 3TOM METOAE NIPUMEHUMBI ISl ypaBHEHUH
BousbTeppa.

Ilpumepwi.
1. Peminth UHTETpAJIbHOE YPABHEHUE

p(t) = /’thSgo(S)dS + f(t);
K({,S)=tS,a=0, b=1;
max |K (t,S)|=1 mpu 0<t,S <1.
Haiinem nmociienoBateibHOCT MHTETPUPOBAHHBIX STIEP
K,(t,S) =tS;
1 1 t
K,(t,S) = [K(t,7)K(z,S)dr = [trrd7 = gs;

Kg(t,S)zg'

2 )



tS
K (t,S)= ;
n( ) 3n—1

R(t,S,i)=ts+itS +A—+...+ﬂ” tS+...+=£;
3 3’ 3" 3-1

DTO CrpaBEITUBO TIPH W < 3.

Takum 00pa3zoM, o0l11Iee pelIeHre UCXOIHOTO YPABHEHUSI UMEET BUJL:

o(t) = f(t)+j 3tsl £(S)dS ;

2. Pemnth MHTETpAIbHOE YPABHEHUE

p(t) =e' + [ p(S)dS

A=1;
Kl(t’s) :et751
K,(t,8) =Je"e*dr =e"*(t-S);
_ At-S (t_S)2 .
Ks(t’S) =€ 2' y
K (t,5)=e1=5)
(n=21)!
R(t, S,l) =e +...+e"° @ + 4= eZ(t—S);
n!

p(t)=¢e"+[e*>e’dS =e" - pemeHne HHTErPATLHOTO YPABHCHHS.
0

Humezpanvhole ypasnenus ¢ a0pom, umeowum ciadyr ocobeHHocmy

H(t,S)
(t—S)

O<a<l;

jjﬁ ds = f(t).

K(t,S) =

OOuuit BUJI ypaBHEHUSA:

o(t) = f(t)+I )) (S)ds



1
aStSb,S<t,0{ZE

Jliist peltenus UCIOIb3YIOT CIEAYIOIIUE TIPOLELYPHI:
1. BbIUMCIsAIOT UHTETPUPOBAHHBIE sI/Ipa
K,(t,S); K,(tS);
CH(t,7)H(7,S)
K,(t,S)=] - - =
s(t—7)(t-9)
K,(t,S)=({t-S)"™F,(t,S);
K,(t,S)=@t-S)""FU(t,5S).
Pano wnm mo3nHO MBI J0oHAEeM A0 Takod urepanuu (N), Tle HEMHTErpUpYEMBbIH
KOMITIOHCHT CTAaHCT MHTCIPUPYCMbIM
2. I/ICXOI[HOG YpPaBHCHHUC MMpUBOJAUM K HHTCTPAJIBHOMY YPaBHCHUIO C
UHTETPUPOBAHHBIMU SIIpaMH, IyTEM CBEpPThIBaHHUS 0Oeux yacTed ¢ QyHKIueH

JK (L, S).

K o0eum gactsim YpPaBHCHUA IPUMCHACM HHTGFpaHLHLIﬁ OoricpaTop BUa

A[K(t,S)()dS

(t—S)™F,(tS);

zi K (t, S)p(S)dS = zi K (t,S)F(S)dS + u K (t, S)[E K (S, 2)p(r)d 7] x
«dS =zi K (t,S)f (S)dS + u K. (t,$)p(S)dS .
2K (ES)p(S)dS = p() - T(0);
o(t) = u K, (t, S)¢(S)dS + f, (1)
f (1) = f(t)+/1iK(t,S)f(S)dS;
o(t) = /1] K. (t, S)¢(S)dS + f. (1)

f(t) = f,(t)+ ;tj K (t,S)f,(S)dS .

bynem mpomomxarh 40 T€X MOp, MOKa HE AJOUAEM A0 TOTO N, KOTOPOE HAIIA Ha 1-M
JTAaIle.

o(t) = X[ K (t,5)p(S)dS + f (1),



Ypaenelme muna ceepmkKu

DTO TaKW€ HMHTErPAIbHBIE YPABHEHUS, SAPO KOTOPBIX 3aBUCHUT OT Pa3HOCTH
aprymeHToB. OHU UMEIOT CICAYIOIINN BU:

o(t) = /Izk(t ~$)p(S)dS + f(t)

JIist pemieHus ypaBHEHHWI THITA CBEPTKH HCIIOJIB3yeTcs TpeoOpasoBanue dypbe B
cienyrieit popme:

F(0) = [ 10t
f(t)= ﬁ_{OF(a))ej”tda).

Brengem monsitue cBepTka pyHkiuii. OHa npeacTaBiseT u3 ceds cleayroliee:

w(t)= [ f(O)F,(z-t)dt= f,* f,

*- 0003HaYEHUE CBEPTKHU;
Wurerpanbhbiii oneparop @ypre Oynem o6o3Havyats F(*).

F(w)=F[f(t)]=Ff.
[Ipeo6pazoBanue dypbe OT cBepTKH (YHKUMNA PaBHO MPOM3BEIECHUIO OTAEIIBHBIX
npeoOpazoBanuii dypbe OT KoM (PyHKITUU:

F[f, = f,]=~2zF[f] F[f,]

Ilpumep.

o(t)= A[K(t—S)p(S)ds + f(t)

Fle]=®; F[f]=F; Flk]=K.
Toraa mocne npeobpazoBanust Oypre:

D(w)= A~N27K (0)D(w0)+ F ()

OTcro1a MOKHO HAUTHA q)(a)):

O0o03HaYUM

__ Flo)
q)(w)_l—A\/ZK(w)'

B3siB oOpaTHOe peoOpazoBaHue (Dypbe MBI TIOJIy4aeM Halry pyHKIHUIO:

dow.

F(o)e™
ol)= I1 IN27K ()



[TycTs R(t, /1) - 3T0 0OpaTHOE mpeobpaszoBanue Dypbe OT CleAyIommel GYHKITUH:
Klw)
1—14 7K (@)

K@) i
RitA)= I1 i27K(@) do

Torna pernenne MOXHO HAUTH 11O (bopMyJIe.

p(t)= f(t)+ A [k(t-S,2)F(S)dS.

Ilpumenenue memooa ceepmiu 014 peuienus
uHmezpanvHuiX ypasnenuil 1-2o pooa

breiBarot YpaBHCHHUA TUIIA CBCPTKU U I-ro poaa, TO €CTb HCU3BCCTHAA q)yHKIII/ISI
CCTb TOJIBKO IT1OJ] 3HAKOM HMHTCTpaJia. 321601; TAKXKXC IPUMCHHUM 3TOT METON .

[K(t-S)p(s)dS = (t).

[Ipeobpazoras, moxydum:

Otkyna ( )
1 2F oot
U_anK() Ao

[IpeobpazoBanue Jlammaca MOXXKHO TakXe MPUMEHATHh Kak U Dypbe, HO HYKHO
BCEI/Ia NP PEIICHUU MPOBEPATH 00JIaCTh OMpEeICTICHUS.
Ilpumep.

(p(t)=t+isin(t —$)p(S)ds.

L{*} - Tak Oynem o6o3HauaTh npeodpazoBanue Jlamaca.

N3BecTHO:
Lit}= = Lisint}= - (p)
p’ p’ + 1
B3sB nipeo6pazoBanue Jlamnaca ot (p( ), MOJIYYHM:
1 1
p p 1 p P
Pemenue:
olt)=t+—



Pewenue cucmemut UHmelzpaibHoblx ypaenenuﬁ

[Tycte nmeem cuctemy N HMHTErpaibHBIX YPaBHEHUN CIEAYIOLIEr0 BUA!

p(t)= ,()+ 23 Tk, (t—S)p,(S)dS; i=1+n,

i=lo
[IprmeHnM KO BCEM ypaBHEHMSIM 3TOM CUCTEMBI mpeoOpazoBanue Jlammaca:

@,(p)=F.(p)+ A2 k,(p),(p).

PemuB 3Ty cucreMy anrebpanyeckux ypaBHEHUH B Buje Habopa n300paxeHUil u
HaWJs OT HUX OPUTHHAJbI, Mbl HAlJIEM PELICHUE:

®,(p)= o,(t)
Ilpumep.

pl(t)= zg(p(s)q)a ~5)ds + £ (1)

D10 HenMHeitHoe ypaBHeHue Tuna cBepTku. [Ipumenum npeodpazoBanue Jlamnaca
00€HM YacTsIM 3TOTO YpaBHEHUSI:

®(p)=10*(p)+F(p).

210 KBaJIpaTHOC YPABHCHHUC, CTO PCIICHHUC:

o(p)= 1t 12—/14/1F(p)

= (o(t).

Pewenue unmezpo-oughhepenyuanvnplx ypasHenuii muna céepmiu

[TycTh maHo cremytomiee HHTETrpo-auddhepeHInAIPHOS YPaBHEHUE:

%Hi L(P(t)+...+an¢(t)+ ijkm(t_s)[%gs)}ds = f(t).

dt”" Codt™? 0
HaGop HayanbHbIX yCIOBUI:
¢(0) = (00’ (0,(0) = (0(’), e (D(n_l)(O) = (Dén_l).
Hcnonb3yercs ciemyroiee CBONCTBO nmpeodpazoBanus Jlamnaca:
d k(p - - ' - " —
oo = PO(p)= P, — e p Tl - g
[TprMeHnM 3TO K HAIIEMY YPaBHCHHIO:
t
[k, (t=S)p"(S)ds =k, (p)p"®(p)- p"'¢, ... 0" "]
0

Teneps oOliiee ypaBHEHHUE MPEBPAIIACTCS B CIACAYIOMINI BU/I;

CD(p)-[p” +a,p"t+...+a, +n§km(p)p”‘} = F(p)



Otcrona n300pakeHrne NCKOMOM (QyHKIUU:

®(p)= F(p)

p"+ap'+...+a + ikm(p)p

Ilpeobpazoeanue Mennuna

ITycTb ecth Hekas Gpynkuus f (t) U JUISl HEE CIIPABEIIMBO CIEAYIOUIEE:
|F (£t dt < +co.
0

Jlnist Takoit pyHKIMM ecTh peoOpazoBanre MesuinHa:

F(s):}’ F (Ot dt

1 o+ joo
-s
flt)=5 - JF(S)ds
272] ol
[IpeobpazoBanne MemnHa ycTaHABIMBAET OJTHO3HAYHYIO B3aUMOCBSI3h MEXKIY 2-Ms
¢ynkusamu. MaTerpan Oepercst Ha KOMIUIEKCHOM MIIOCKOCTH BBEPX U BHU3.

. t>0.

Ilpumep.
Iamma-pynkmus. C  momomibio  npeoOpa3oBaHus MemmHa raMMa-QyHKIUS
BBOJMTCS CIIETYIOIIUM 00pa3oMm:

I'(S)= Te“ts‘ldt;

C+Joo
L1

e = r'(S)t°dS; ¢ >0.
27z]c,oo

BaHU JUIMHA BO MHOTOM I10X Ha I BaHU raca:
[IpeoOpaszoBanue Me a BO MHOTOM I1I0X0K€e Ha I1peoopaszoBanue Jlamnaca:
@ ( p ) Ilpeobpazoe anue Jlannaca > ¢ (t )

Up=5
@( p) < Tlpeobpazos anue Menuna f (t)
Ecth cnenyronasi B3anMOCBSI3b:




Ilpumenenue npeoopazosanus Mennuna 011 peuwienus
UHMEZPATbHBIX YPAGHEHUIL

ﬁum{jm} F(S)®(S):

F(S)=M{f(t)};
@ =M ip(t)}.

OTO CBOMCTBO HUCIIOJIB3YCTCA I pCUICHUA UHTCTPAJIbHOTO YPABHCHHA BU/IA:
p(x)=f(x)+] K( t j(ﬂ(t)— (*)

[IpeoOpa3zoBanne MesuiiHa HCIONB3YETCS IS PEIICHHWS ypaBHEHHH THma (*).
YcnoBue MPUMEHUMOCTH ITHX (DYHKIIUKA COCTOHUT B TOM, YTOOBI OHM JIOIYCKAJIA OT
ce0s npeobpasosanre Memmna. O603HaunM npeodpazosanre Memmna ot T (X)

yepes M {f (X)} =F(S), a npeobpasosanne Memmna or K(z) -
M{K(z)}=K(S). ®ynxmn F(S) u K(S) nomknsr umers obimyio 061acTh

AHATUTHYHOCTH. IIpuMeHHM mpeoOpaszoBanme MeumiHa K OOCHMM  YacTsIM
ypaBHEHHS (*).

D(S)=F(S)+K(S)®D(S);

_ F(©)
mw_fiﬁgé@m.

Ipumep.
[IycTh MMeeM UHTETpaJIbHOE YPAaBHEHUE BUIA:

p(X)=e" + %Te_‘w(t)g . a>0;
I'(S)
a

M{e=}= Te“”xs‘ldx = a‘STe‘Zzs‘ldz = =F@) ., (6>0);
Z=ax;
1 ] 1
M{Ee }:—F(S)zK(S) , S>0;

w$_£QZ—F6W6)
(04

B F(S) v
@@y.r 3 1eq)(t).

astl_Zr(S)J




/. CummeTpuuHblie onepatopbl. Teopema I'mib6epra-IlImuara. Pemenue
ONepPaTOPHBIX ypaBHeHUil. IHTerpajibHbIe ypaBHEHHUS ¢ CUM-METPHYHBIM
siapoM. MHTErpaib-ple ypaBHeHH s, IPUBOAALIHECH K CHMMETPHYHbIM.

Cummempuunbte unmeczpajibrovle ypaeHeHusl

CI/IMMCTpI/I‘IHBIMI/I HA3bIBAKOTCA I/IHTGFpaHBHBIC ypaBHeHI/ISI BHAA:
K(t,S)=K(S,1);
K(t,S) =t°S”.
Ecmn AAPO KOMIIJICKCHO - 3HAYHOC, TO

K(t,S) = K'(S,1):;
p(t) = A[K(t,S)p(S) + F (1)

Ap = [K(t,S)@(S) - nuneitubiii onepatop nox GpyHKuuei @ .

Eciu 661 f(t) =0, T0 cOoOTBETCTBYIOIIEE HHTErPANbHOE YPABHEHHE CTAIO OBl
OJHOPOIHBIM. [Ipy 3TOM MOXHO 3amucath cieayromee: @ = AA@ . BeisscHUIH, Y4TO
TaKO€ OJIHOPOJIHOE YpaBHEHUE UMEET OIPAaHUYCHHOE YUCIIO PEIIeHU. DTH pelieHus
NPECTaBISAIOT Cco00M HAa0Op HEKOTOPBhIX (QYHKIIHIA {g&c } OHu Ha3bIBAIOTCS

coOcTBeHHbIMU GYHKIUSAMUA. OHU OJHO3HAYHO COOTBETCTBYIOT COOCTBEHHBIM
YHCIIaM.
Ecnu mMb1 paccMaTpuBaeM CUMMETPUYHBIC SIIpa, TO CIPABEITIUBBI CIEIYIOIINE
CBOMCTBA:
1. JIroGoe snpo mMeeT XOTs Obl OJTHO HEHYJIEBOE COOCTBEHHOE uuncio. IIpudem Bce
COOCTBEHHBIEC YHCIIA JCHCTBUTEIbHBI.
2. Y KaXIOro COOCTBEHHOTO YHCIa MOXET OBITh IO HECKOJIBKO COOCTBEHHBIX
byHKIUH.
3. CoOcTBeHHbIE (DYHKIMHM U3 Pa3IMYHBIX HAOOPOB BCETJa OPTOTOHAIBHBI MEXIY
coboii. X0oTs BHYTpH HaOOpa, OHU HEOOSI3aTEILHO OPTOTOHAJILHEI.
B kaxmom Habope KONMMYECTBO (YHKIIMH MOMXHO OICHUTh W3 CIEIYIOIIETO
HEpaBEHCTBA!

n, < 2 [|K (t, ) dtds .

Ha mepBom »3Tame HaxomsTcsi COOCTBEHHBIE YHCIIa W COOCTBEHHBIC (DYHKIIHH
ypaBHeHust @ = AA@ .

Ha BTOpom sTamne noGuBaroTcs, 94TOOBl M BHYTPH HA0OPOB (PYHKIIMM MEXTY COOOM
TOKE CTaJIl OPTOTOHATBHBIMH.

®ynxuun A(t), B(t) massBaroTcs OpTOroHaIbHBIMH, €CIH



[ A)B(®)dt = 0.

@OyHKIMY MOABEPTaIOT NMpoleaype opToronanusanuu. [Ipouenypa coctour B
HECKOJIBKO 3TaIoB.

1. Betbupaem mepByto ¢dykumio, pasayio W, = ¢@_(t). Ha ocHoBaHuu ee
dbopMupyeM clieIyronryro

G LA O
JJw! (©adt
2.0, = 0,(0) — 0,0 .V, O
v, (t)

a)Z (t) P

NIACL |

[Tomydaem BTOpyto pyHKIIMIO U3 HOBOTO Habopa.

3. v, = 0, (1) — 0,0 0,0, ()t — o, [ 0,0t

o)=Y o

NIACL

V= @i (t) - o, (t)J. , (t)¢|k (t)dt B a)zja)zgpikdt B a)k—lja)k—l¢ik—ldt ;

ot)=—20 0,

b
2
NILAOL
U T.J. TIOKa HE JONAEM JI0 TIOCIIeIHeH PYHKIIMN U3 3TOr0 Habopa.

b
[owo ,dt =0 - ycnosue oproronansHoCTH.
a

b

2
j'a)i dt =1 - ycnoBue opTOHOPMHPOBAHHOCTH.
a

st ynoOcTBa cenaeM CIeayroIe 3aMEeHBI:

Tua A #0:
_1

Ilonenum Bce Ha A, 0003HAUMM L/ px



BBoaum
o(t)=-1 (t)

Hame unterpaibHoe ypaBHEHUE NEPENUILIETCS B CIEAYIOIIEM BUJIE:

ik(t’ S)p(S)dS — up(t)=glt)

Wnu B onepatopHoit hopme:

Ap — up = Q.
Hame wcxomHoe ypaBHEHHWE TIPpUBENIM K CTaHmapTHOW (opme 3ammcu s
OIEpaTOPHOTO JIMHCHWHOTO ypaBHEHHs. lMMeeTcs BO3MOXXHOCTh INPUMEHHUTH BCE
BBIBOIbI TCOPHH JIMHCHHBIX OTIEPATOPOB.

MO>KHO CUHMTATh, YTO CIIEKTP OIEPATOPA COCTOUT U3 fi, M, ... i . BO3MOXKHEI
JIBE CUTYallUH:

Cumyayus Nel: Hamm xonkperaele A # A ,A,,...He paBHBl HH OJHOMY H3
COOCTBEHHBIX YHCEN, TO ©CTb L # M, M,.... . Teopus JIHHEHHBIX ONepaTopoB

cpa3y JaeT PeIICHHEe UHTETPAIbHOTO YPaBHEHUsI B BUJIE Clieytoleid (popMyIb:

o)== 1)- L),
IR H

e g, = [o(thy, ()t

@ (t)- coberBennas dymkimus spa K.

Cumyayuss Ne2: A coBmagaeT ¢ OIHOM M3 COOCTBEHHBIX 4YUCEN [ = I, .

[Togpa3ymeBaercsi, 4TO CBOOOJMHBIA WICH HE SBISCTCS OJHOM M3 COOCTBEHHBIX
GyHKIMHA s71pa, TOTOMY YTO B MMPOTHBHOM CJIy4ae €ro MOXKHO ObUTIO OBl BKJITIOUHTH B
SJIPO U YPaBHEHHE CTAJIO ObI OJTHOPOIHBIM.

Ecnu y cobcTBeHHOTO 4mciia oHa cOOCTBEHHAs] (DYHKIIMSI, TO PEIICHUE JTaeTCs
CJIETYIOIINM YpaBHEHUEM:

1 g 1
olt)=— 5 (1) g(1)+Co, (1)
Mty — 1 H

To ects dopmyna HECKONBKO MOAUGUIIMPOBANACH. 31€Ch HE MTPUCYTCTBYET Ta
coOcTBeHHas (DYHKIUSI, KOTOpas COOTBETCTBYET HalieMy coOCcTBeHHOMY uuciy. C-
MIPOU3BOJIbHAS KOHCTAHTa, KOTOPYIO HYKHO ONPENEIATh U3 APYTUX YCIOBUIA.

Korma y coOGCTBEeHHOr0 umciIa HECKOJIBKO COOCTBEHHBIX (YHKIIUH, TO B 3TOM
ciyyJae:

1) Hy>xHO TIpOAENaTh MpOLEAYPY OpTOTaHATH3AMH (P, —> @, ).

2) hopMyiia OyAET CIIeIyIOIIast:



pt)=2 3% ()= g(t)+ Cany(t) + Co0, )+ + Ca0, (1),
Mo — H

rac COl - COV COOTBCTCTBYIOT A, , TO €CTh UX IOSABIAETCS HECKOIBKO U Ka)KI[BII\/'I C

k 2
OIPEJICIIEHHOW KOHCTAHTOM.

HOI[CTaBI/IB 0003HAYCHHS U3 MMPCXKHCTO YPaBHCHUA [JIA PCHICHHUA YpPaBHCHHUS C
CUMMCTPUYHBIMU SApaMi UMCCM:

A#A:
f
o(t) = Azj 7 _‘/1 o, (t)- f(t);
f, =] f (Mo, ()
A=A

f
. j
o(t)=1% ¢, ()= T(t)+Co,(t)+ Coo0,(t) +.. + C 0, (1)
i A, — A
@duznyeckuid cmbicia. CoOCTBEHHBIE YHCIIa - 3TO AHAJIOr PE3OHAHCHBIX YacTOT
CUCTEMBI, a aHAJIOT A - TeKy4as 4acToTa. AMIUIMTY/Ia Pe3yIbTHPYIOIIETO KoaeOaHus
OTHMCBIBAETCS BTOPOI (hOpPMYJION.

Humezpansuoie ypagnenus, npusooauwjuecs K CUMMEmpuuHviM

HexoTtopsie HHTErpaibHBIE YPABHEHUSI MOXHO IIPUBECTH K CUMMETPUYHBIM U
Jlajiee BOCIOJIb30BaThCA MOJYYEHHBIMU PE3YIbTaTaMMU.

o(0)= 2JK(t,S)p(S)o(S)iS + 1 ()

rie K - ssapo aeicTBUTENEHOE CHMMETPUYHOE.
[Ipeanonaraercsi, 4to Ha [a,b] - p(S)> 0. Torma ymHoXxuM 00e dYacTd Ha

p(t) u BBemeM crenyromee 0Go3HaUCHHE:

W(t)= A[L(t, S)¥(S)dS +/pt)f (t).

OTO cTaHIapTHas 3alKCh MHTETPAIBHOTO YpPaBHEHHS C CHMMETPUYHBIM SIPOM,
HaXOIMTCS T(t), a MOTOM go(t).

[K(t,S)p(S)dS = f(t) - ypasnenue Bonbreppa.

JIOMOJTHUTENTBHOE YCIIOBHUE:



JUiss TOoro 4toObl pEIICHHE MOJYYUJIOCh HENPEPBIBHBIM, HEOOXOJUMO YTOOBI
f(a)=0. Jua pemenus Ttakoro ypasHeHus npoaupepeHiupyeM o0€ yacTu

ypaBHeHHU 1o t.

K00 +] 2 (K& S)p($)ds = 2 10,

[Ipeanonaraem, uto K (t,t) = 0.

O60o3HaUMM %K(t, S)=K (t,S) u g f(t)=f (t).

a)IKGS (S)ds = ()
K(t,1) K(t,1)
Mosxer okasatbes, uto K (t,t) =0, rorma mut HonyqaeM

(2K oS)s =S 1),

a

B sToM cnydae BHOBB 00€ "acTu nn@@epeﬂunpy}om;{ 1o t.
aKaw “
Kat)(o+j P(S)dS = f (t);
K, (t, t) #0.

Ypasnenue @peozonvma nepsozo pooa

Ek(t,S)(p(S)dS _ £ (1) M)

Jlaxxe Tipu XOpoIieMm siipe ypaBHeHne Ppenronbma MmepBoro poja MOXET HE UMETh
pemenus. [lycts sapo npencrapisieT co00i CTENEHHYIO (QYHKIHIO:

k(t,S)=a,(S)t" +a,(S)t"" +..+a_(S).

He tpyano nmokaszarts, uto

tmiao(S)go(S)dS +tm‘1ia1(8)(p(8)d8 . +iam(s)(p(s)d8 _

m m-1
=t"b, +t""'b, +...+Db_.
[Tostomy ecnm f(t) =sint , TO IpA KOHEYHOM YHWCJIE M JIeBas 4aCTh HUKOTJA HE

Oyxer paBHa Sint. [ToaToMy ypaBHeHHE HE IMEET PEIICHUSI.

JUIS CHMMETPHYHBIX sIIEp MOYKHO IOTBITAThCS MCKATh BBIXOJ B CIICAYIOIIEM
Bapuanre: Teopema [ mipbepra-llImunra. ITo Heit TpedyeTcs, utobw f(t) pasnaranace
10 COOCTBEHHBIM (DYHKIIUSM SI/Ipa, TO €CTh YTOOBI

ft)=Xap.(); @



a =

f(t)p, (t)dt.

D — T

B 3TOM Cciiydae 3TOT METO IPUMEHUM.
['uneGept m UIMUAT NpeasioKWIM HMCKAaTh pPEUIEHUWE B BHJIIE Pa3JIOKEHUS
COOCTBEHHBIX (DYHKLMH s1/1pa, HO C APYTUMHU KO3 (P (HULIMEHTAMHU.

o(t) = X, (t) ®)

Ecnu ypaBnenue (3) noactaBuTh B ypaBHeHue OpenrosibMa rnepporo pojaa (1),
CPaBHUTH C (2) © BCIIOMHUTH CBOMCTBA COOCTBEHHBIX (DYHKILIHMA, TO MOTYUUM:

— =a,, e A, - COOCTBCHHBIE YHCIIA.
i

Takum O6p3,30M OKOHYATCJIbHOC PCUICHUC!

(P(t) = ZI: Lo, (t)

Hcnonv3zoseanue memooa nociedo8amenbHulX NPUOIUNHCEHUIL 01 PeuleHU
HEKOMOPbIX UHMEZPAIbHBIX YPAGHEHUIL
@Dpeozonvma nepeo2o pooa

[lycts A_. - MHHUMalIbHOE IO aOCONIIOTHOH BENMYMHE COOCTBEHHOE UHCIIO.
Torma, ecmu 0 < W < 2‘2

, TO PCIICHUC MOXHO HCKAaTb B BHUIC HTepaHHOHHOﬁ

min
Hpouenypbl CJ'IG,HYIOHICFO BUAAa:

o(t)=limg, (t)

0,(t)=9,,(t)+ ﬂ{ f(t)- } k(t, S)(onl(S)dS}

To ecTh anropuT™M YIPOIICHHO MOYKHO ITOKa3aTh TaK:
1) k(1,5)— {/11.} —> A
2) BBIOOp @, (2) ua
3) urepanumu.

Memoo ¢ ucnonvzosanuem npouszeooauieil pynkuuu

[Ipenmonaraercs, 4To, BO-NEPBBIX, AP0 K - CHMMETpUYHO. BO-BTOpBIX, YTO
OHO TpPEACTABISIET COO0M Kakyro-muOO W3 TPOU3BOIAAIUX (QYHKIHH. DyHKIHS

G(’[, Z) Ha3bIBACTCS MPOU3BOJAIICH (YHKIIMEH 1T HEKOM CHCTEMBbI HCXOJTHOM

byHKIUY:
G(t,z) < {g9,(2),9.(2)....}.

B-TpeThux, eciiv ee MOKHO MPEICTaBUTH CICAYIOIIUM 00pa3oM:



G(t,z)=3.C g (2)t".

W, B-ueTBepTHIX, BCE (DYHKIMUU SABISAIOTCS OPTOrOHAIBHBIMU:

igi(Z)gj(z)dz =0, i=#j.

Penienue MOXHO HUCKaTh B BUAC:

o(t) = gangn(t)-

HOIICTaBI/IM B HANIIC BBIPAKCHUC

fK(t,S)o(S)s = [3C,0, ()

a n=0

= a

- ic;“@ a, | gn(S)gk(S)dS} - Y Ct"a,G,,

b
e G, = J'gs(S)dS :

Hano wmaiitu a_. [poxuddepenuupyem f (t) k pa3 u moncraBum t=0:

k
d fk(t) =C,a,G k!
d t=0
y(t)=b, +bt+b,t* +b,t® + ...
y'(t)=b, +2b,t +3bt* +.. |  =h;
(),
‘" CGk!

Iloncrasnsgem B

(D(t) =2 akgk(t)'

8. HedpenrosbmoBbl HHTErpajibHble ypaBHeHUsl. CUHTYJISIpHbIE HHTETPAJIbHbIE
ypaBHeHus M npeodpazoBanus I'miboepra. HesinHeliHble HHTErpaJbHbIE YPaB-
HeHMs. YpaBHenus 'ammepuureiitna. UHTerpaJjibHble ypaBHeHHUS €
napamerpom. Pa3BerBiieHre perieHU

Heghpeozonomoevt unmezpaivuvie ypasHenus

MBI Bceria paccCMaTpHUBAIIH SIpa:



mk(t,s)\zdtds < 400,

Ecnu 310 ycnoBue He BBINOJHSETCSA, TO Y siApa HE Ha0Op LENbIX 4YHCEN, a
HEeTpepBhIBHBIE 00JACTH U COBOKYITHOCTh HEMPEPHIBHBIX (DYHKITHIA.
Ilpumep.

o(t) = A Te*‘s(p(S)ds.

[IpoBepum siBiisieTcs 1 OHO (PPEATOIBMOBBIM.

[ JIK(tS)[ dtdS = | ﬁez"s'ds}dt = {j e 79ds + Tez(s”ds}dt -

—00 —00 —o0 |- —oo | —oo t

= Tdt-lzoo

YpaBHeHue He (HpearobMoOBOE.
o (t)=ce" +ce ™,

|=+v1-24,1>0.

¢, (w) = E+joo(p(x) cos wxdX .
T o

o(X) = E+jw(pl(a)) COS wXdX .
T o

w(X) = p(X) + @, (X) = \/; [, (t) + ¢ (t)] cos wxdt = \ETV/(t) cos xtdt

Hpn/lz\/z,
T

w(t) = A[ p(t) cos xtdt

[JIK [ dxdt = [ [cos® x + dxdt = oo,

Ipumenenue npeoopazosanusa I'unvoepma 01s pewtenun unmezpaibHovIX
YPA6HEHUU

Kaxnmas w3 nByx (QyHKIMIA MOXKET paccMaTpuBaThCsl KaK MHTETPAIbHOE
ypaBHEHUE T1iepBoro poja. Torma Bropas (yHKIUS OyIeT pEHIeHUEM 3TOTo



MHTErPajJbHOTO YpPaBHEHMs. ODTO HCIONB3YETCS JUIsl pElIeHUs 0oJiee CII0KHBIX
MHTETrpajJbHbIX YpaBHEHUH.

1
O6o3HaunM  yepes f(X) = H[(p(t)] V P. j (y) npeoOpa3oBaHue
ey —
['mnebepra Ham QyHKOHEH @. OTOT METOA MCHOJB3YETCS Uil  pElICHUs
WHTETPAIbHBIX YPaBHECHUH BUA:

o072 ay ~ £(x)

LY =X
C y4eToM BBEJICHHOTO 0003HAUYCHHS MOKHO 3aIUCaTh
p(x)— AH[p]= f(x). *)

[Ipumenum emie pa3 k 00eMM yacTsM ypaBHeHHUs npeoOpaszoBanue ['mnpdepra.

Hlp]-Azp=H[f] H{H[p]}=-p.

Bripazum H[gp] U TIOJICTaBUM B (*):
@ — AaH[f |+ X xlp = T(x)

Beipazum ¢!
(0(1+ lzﬂz): f(x)+AH[f ],
f(x)+AzH[f]
o(X) = g 1+ A*n% # 0.

[IpeoGpazoBanue I'unpbepTa MOKHO MPUMEHSTh U B 00JI€€ CIOKHBIX CIIy4asX,
KOT'Z1a SJIpO BHUIA

k(x,y) =

+ ko (x, );
y—x

P =2 [k(x,Yho(y)dy = 1 (x).

WNuorna npeobpazoBanue [ unpbepra paccMaTpUBAIOT B CIEAYIONIEM BUJIE:

¥(x)= 5 v-p foltetg| 1 J

\(p(x)=—2iv p. JT( )ctg( : )dt

T

Henuneiinvle unmezpanivHule ypagHeHus

Henuueilinble WHTErpaibHble ypaBHEHUsS Topas3no cloxkHee. Panee, Mbl
paccMaTpUBAIM PEIIEHUE UHTErPATIBHOTO YPABHEHUS BU/IA:

olt) = ﬂ,ik[t,s,(p(s)]ds + 1)



1
]
L(b—a)
TO €r0 MOKHO PEIINTh C TIOMOILBIO METO/1a OCIEA0BATENBHOTO IPUOIINKEHMSL.
PaccmoTrpuMm unTerpansHoe ypasHenue ['amepiureisa:

olt) = /lik(t,S)LP[S,(p(S)]dS + 1),

IIPO KOTOPBIE TOBOPHUJIM, YTO €CJIU BBIIOJIHIAETCS yCJIOBHE JInmmunmna: ‘/1‘ <

rae k(t, S )- AIPO.
JIOJDKHO BBITIOITHATHCS CIEAYIOIIEE YCIOBUE:

ﬁP(X’y)dl

min ~

Pemrenne 3TOro MHTErpagbHOIO YPABHEHUS MOKHO UCKaTh METOAOM
[OCJIEI0BATENILHOTO MPUOIMKEHNS. @, BbIOMpaeTCs MPOU3BOIBHO U CTPOUTCS PSIL

PUOTMKEHUI
b

@, (x)= A[k(x,S)¥[S,0,(S)]dS + f(x);

a
b

@,(X)=A[k(x,S)¥[S,e,(S)ldS + f (x);

a
b

0,(x)=A[k(x,S)¥[S,p,(S)ldS + f(x)

0. (x)=A[k(x,S)¥[S, 0, ,(S)ldS + f(x);

a

¢, (x)=limg, ()

Nn—oo

Ipumenenue 8viposricoennvix aoep 0aa peutenusn ypasnenui I amepumeiina

ECHI/I HI[pO BprO)KI[eHHoe, TO €CTb €0 MO>XKXHO Hpe,Z[CTaBHTL B BHU/IC:
m
k(t’ S): Zl: Q, (t)bi (S)'
i=

TO PEIICHHE 3a4aCTyIO MPOIIIE.

o(1)= 23 2,0)]b, (5[5, 0(S)ls + 1)
plt)= A3 a(C, + (1) *)

re C, = }bi (S)¥[S, p(S)]ds.



TToyicTaBUM Hale BeIpakeHHUe (*) B HCXOHOE HHTETPaTbHOE YPAaBHEHHE:
b m
[b,(S)w(S,3¢a,(8)+ f(S)dS =c,, j=1+m.

3nech (hyHKUMU U3BECTHBI, CIEAOBATEILHO UHTErpajl MOXHO HaWTu. Ecnu pemienue

CUCTEMBbl, BHOBb IIOJYYEHHBIX HEJIMHEHHBIX anreOpanvyeckux ypaBHEHHM
A .

CYILIECTBYET, TO 3TO 3HAYUT, YTO CYIIECTBYeT HabOp K03(P(UIMEHTOB {C1 : Cﬁ},

TaKMX, YTO UX TOJICTAHOBKAa B COOTBETCTBYIOIEEC YpaBHEHUE IpEBpalllaeT €ro B

BepHoe TokaectBo @(t) = c'a (t)+ f(t). Moxer momyuutses, uTO TaKMX
i=1

HabOpOB {C1 : C:} OyZleT HECKOMBKO.

Ilpumepui.
1. [TycTh MMeeM HMHTETpaIbHOE YpaBHEHUE BHUIA

o(t) = ljtzscoz(t)dt,

rie  K(t,S) =t’S - BBIPOXKJICHHOE SIIPO, COCTOSIIIICE W3 OJHOTO 4YJICHA.
CrnenoBarenbHo, KOdQPUIIMEHT ¢ OyAET OJIUH.

c= ngpz(S)dS (*)

o(t) = Act?;
L c’A
c=[c’AS*(S)dS = —;
0 6
HetpynHo BUIIETh, UTO PEIICHHH Y 3TOTO aareOpandeckoro ypaBHEHUS J1Ba:
c,=0
6 .
2 =
[ToaTOMYy M y MHTErpajabHOIO YPABHEHUS J1BA PELICHUS:
o, (t)=0

@, (t) = '

C

i [ 2)
2. o(t) = {a(t)a(S)go(S)sm(a(S)de .

a(t) > 0 ma unrepsane 0 +1.

[IponenaB  aHajgoOrW4yHble MPEOOpPAa30BAHUSI  MOKHO  MOJYYUTh  ypaBHEHUS
OTHOCHUTEJIBHO C.



1=[a*(S)sincdS ;

1
1=sincfa’(S)dS.
0
MokeT oka3aThCs:

2) [a*(S)dS <1.

6) [a*(S)dS >1.

Torna,

: 1
sinc=———;

[a*(s)ds

: 1
arcsin c = —— + 22n
[a*(S)ds

: 1
T —arcsin .—— 4+ 220
jaz(S)dS

3. o(t) =1+ 2] 9*(S)dS .

c=[p*(S)dS;

p(t)=1+ Ac.
HOI[CTaBI/IM B HCXOOHOC, ITOJIYYHUM
Ac’+(2A-1)c+1=0.

B oTHOmIEHNYU ¢, MBI IMEEM CIICAYIOIIECE:

c - 1-22+1-44
20 '
[Toxacrasum ero B (*), momydum
(t) = 1+V1-44
?, Y 1
1-1-42
Q,(t)=—F"7".

24




Jna  ypaBHeHus I'amMmepluTeiiHa C HEBBIPOXKIACHHBIM SAIPOM, MOXKHO
nos00paTh BBIPOKIECHHOE SAPO, KOTOPOE HAa HMHTEpBAJ€ WHTETPUPOBAHMS OYyIET
JOCTaTOYHO TOYHO alIIPOKCUMHUPOBATH HEBBIPOXKICHHOE. B 3TOM ciiydae pemeHue
MHTETPAJIBHOIO YPAaBHEHHUs C BBIPOKICHHBIM SAPOM MOJKHO paccMaTpuBaTh Kak
NPUOIMKEHHOE PEIIEHNE HHTETPAIbHOTO YPABHEHUSI C HEBBIPOKJIECHHBIM SIAPOM.

3akiaoueHue.

Maructparypa, kak ¢opma oOpa3oBaHus, Cleayromas 3a OakalaBpUaTOM,
CIY’)KUT ISl JaldbHEWIero oOy4eHHs Ha OCHOBE 3HAaHWH, IOJYYEHHBIX MPH
oOydyenun OakanaBpoB. [lo pomy wu3 Oynaymieit paGoTel 0co00 aKTyaJdbHBIMU
SBIISIIOTCS 3HAHMS COBPEMEHHOTO MAaTEeMaTHUYECKOTO ammapara, Ha KOTOPOM
OCHOBaHBI pacueThl MPH CO3JaHIH HOBOM anmaparypsl U aHau3e ) PEKTHBHOCTH €€
paboThl. DTO Takke HEOOXOAUMO Ui TOHMMAHHMS TPHUHIMIIOB pabOThI
o0OpyOBaHMsI, €ro OCOOCHHOCTEW, a TakkKe TEKYIIMX W TMPUHIUIHAIBEHO
JTOCTHYKHMBIX BO3MOKHOCTEH.

B cBsi3um c OSTUM mpHOOpeTaeT MPHHIUIHAIBHYIO BaXKHOCTh HAyJHOU
MIOJITOTOBKH MAarucTPOB, MOJy4eHHE UMHU (DYHIaMEHTAIBHBIX 3HAHUN 110 Pa3InIHBIM
HaNpaBJICHUSIM HayKH, KOTOpPbIC B JalbHEHIIEM TMOMOTYT BHEAPATh M OCBAMBATH
Haun0oJiee COBpEMEHHBIE BUbI 000PY10BaHUS.

MaructpaHt B npouecce 00y4eHHs! JOHKEH OCBOUTh METObl UCIIOIb30BAHUS
COOTBETCTBYIOIIEH CIPABOYHOM JUTEpaTypbl U JAPYrUX HCTOUYHUKOB TEXHUYECKOMN
UHpOpMAIMK, BKJIIOYas OJEKTPOHHbIE HCTOYHMKHM, a TakXke IPUHIUIIOB
MaTeMaTUYECKOTO arlfapara TEOPUH CUTHAJIOB U CUCTEM.

[Ipy wu3ydyeHMH MaTepuajoB JIUCLUIUIMHBI Hapsily C TEOPETUYECKUMHU
3HAHUSMU CTYAEHTHI IPUOOPETYT COOTBETCTBYIOLIUE MPAKTUUECKIE HABBIKU.
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