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INNPEOTUCJIOBUE K TPETBEMY U3OAHHWIO

Kimra «TudpepeHuna buble yPaBUCHHAY, ABISIOWAINCH LICCTLIM
BBIMYCKOM COpUH «KVpC BLICTTON MATOMATHEH H MATCMATHMICCKOI (itsi-
KH». IPCTEPICTA OB M3MAIHAL TEPBOC NOABLTOCH b 1980 1., a BTOpOe
B 19585 r. BrL caedan mepesod Ha aHIUHCKHA A3BIK W3Ia1Te/NBCTEOM
«npuurep Depiar» B 1983 1

Cefiuac npownio vixe dojee JecaTu J1er CO BPeMEHH BEIXOIA B CBeT
BTOPOTO HATAHHA, H CTYIEHTH BY30B H YHEBCRCHTETOB, 4718 KOTOPBIX 9Ti
KHHLA AB/IASTCA OUHHM 13 OCHOBHbLX ¥4e0HHKUB, HCUBITBIBAKT TRY AHO-
CTH B AGCTYIE K KHHIe, HOCKOJIBKY KOJH'UCCTBO 3K3eMILIADOE KHEIM
B OMEVIHOTEKAX B CHGIY eCTECTBeHHbIX [PHYHH 2HAMHTEIbHO COKDATH-
J0Ch, [ToaToMy MLl IPHBCTCTBYCM HIIHIHATHBY [OBOTO TCPCH3TAIINS CC-
pun «Kype BRICINEH MATEMATHREN 0 MATEMATHUECKOH (PU3SHKHS.

Hacromnee wytamae ctepeoTuninoe, Henpasnens mnmn nekoTopLice
(Jﬂﬂ'—la'l'KH: H&, K('J'I'E')])HIP. H ['}a.Z%H(]Ff H]'}F‘._\IH Oﬁ}')ﬂ.'l‘l'l..'ll'l BHHMAHME ‘TI-T']‘&'I'Q,JIL’I:

3 HTO ADTOPDLI BLIPAKAIOT HM BCEM OITArOIAPHOCTD,

Koucuno, s Gyaywes, ecom Ie010 JolIor 10 Cwe oduoro Depeusta-
HHA. OPHACTCA BHOCTH PSII H3MCICIHHA, TAK KAK ¢0 BPOMCIH IOITOTOB-
KH BIOporo, mepepaborannoroe, u3laHua s reopur Ind pepenumnaibHBIX
YPaBHeHHH MOABLTICE HOBBIE (paxThl. O Opyroll CTOPOHBL, TEKCT B €ro
HACTOAWENM BUAE HAM LUPUATHO COXPAHUTD KAK LEGMATE O HALIEM Y4l-
Tene 0 coasTope Anopee Hukomaeene THXOHOBE, KOTOPOTG HEe CTAIO

B 1993 1
Mions 1998 1. A. B. Bacuanesn, A. I Cocreniros



NNPENHUCJ/IIOBHE KO BTOPOMY N3IAHHIO

Bropoc wsnauune kypea «Tuddopeuuna, 1 LELBIC ¥ pasucliias Ipeacra-
RJAACT COBOH CYINCCTRBONTO NMOpepaboTAlNBIT TOKCT TICRBOT0e W3 1ANHA.
He aenaa oconiaoro coIepania KYPed, MBI BHCCIH 3ITSTHTCALIBIC W3-
MEHeHUA B XaPAKTep ero H3JI0AeHNd.

B HOBOM W3IAHUH HATOMEHHE V3I0BHIX MOTOMKEHHID KVYPUA CTPOHTCA
Ha ocHOBe oDwHX nIeil Meroma JIudpepenunabHEIX HEpaBeHCTs, Da-
SHPYHLIEraes Ha TeopeMe TAllMeruaa. IT0T MeTOI HALTAIHG BRLIIeA-
e7 WACHHYH CTOPOHY JOKA3HIBASMBIX B KYPCE OCHUBHBIX TRODEM CYLIE-
CTBOBAHHA 0 SABHCHMOCTH OT HAPAMETOB [PEIIeHHA HAYA 1bHOR $a1a 1
KAK 114 OUHOIO YPABHEHHA, TAK U L'IA CHOTeMbl ypasaennit. Tlpu 31om
O MOOCHX CIVIEAX AHHTCADLIG CHHKAITCA TCXIHYCCKHC TPYINOCTH
TIPH JIOKASATENRCTHE COOTRETCTRYKINIKMX TEODEM, 3 CAMH JTOKAZATE IhCTHA
CTAIOBATC DOSCE ATTOPHTMAYITLIMH,

Ha wnetinoli ocnose merana audwheperiimaabHbix HepaseHcrs Mo-
CTROCII) TAKAC H3TORCHIC PACCMATPHEACMBLIX B KIIHIC BOOPOCOD HHC-
JCHHBIX M ACHMITTOTHMCCKHX MOTOIOB pewenns Iudbepeiunacibubix
ypapuciufl. B rnapy 0 MHCACHILIX MOTOONX DICCCHDLL, KPOME TOTO, 31
'IITEIBHBIE PEIAKUHOHHLIE HAMEHEHHA B UEJIAX Yily IIUEHHA W3 I0KEHIA
¢ METONH'IECKOH TOUKH 3PeHHA.

TToupeprea nepepalorke 1 reKeT ri. 4, HOCBAIEHHOH KPACBBIM 34,4i-
oM. JaHO DOKA3ATETBCTEO TEOPEMEL CYIIEC TBOBAHUA PLIISHUA HEOIHO-
PULHOR Kpaesoi sanaun. Bosaee noapobio pastupastes nodsrre 0boh-
weHHOH Gy arunn Upuba. BHeceHBl HOKOTOPBLE HIMEHEHHA 0 B XapakTep
M3IMKEHHA 43034 HA cOBCTBEHHBIE SHAYEHMS.

TloMUMO HTHX OCHOBHBIN H3MEHEHHII B TEKCT KHHTH BHECEHO 6OJb-
Moe KOMHILCTRO G068 MOKAIbHBX HIMEHeHHH N8 YIVIIIEHHS CTHIA
H3nokenuA. Hsyvenen u pa1 obosHaTieHmi,

ABTODLI BBIPAKAIT CROK) HCKPEHHIONW dnaronapaocts J1. O Kyapans-
NeRY, BHHMATEIRHO MRPOCMOTREBIIEMY DYEOTHCE HACTOAIET) WTAHNA,
a TAKMKC BCOM JIMITAM, UPHCJIABIIMM CBOH 3AMCYAIM 1O NOPBOMY H31a-
HHIG KHATH.

1985 . Asmopnt



INNPEIUCJIOBHUE K IIEPBOMY H3TAHHK)

[IperaaracMan KUUUa OpaICTaBae T coboi ouopemioil BEITYCK CePHI
«K¥ypc BRICTION MATCMATHEH W MATCMATHIOCKON (UMK NOM POMAKIIH-
cit A H. Tuxonosa, B. A. Hasuna, A. L Ceewinekona.,

B OCHOBY KHHI'M MOUIOMKEH KYPC JIEKIHHA, KOTOPBIA B Te'leHHe MHOTHX
JET THTARTCA Ha hirzuieckoM daky. 1eTete MockoBeKOro rocyIapeIBeH-
HOrQ vhupepcurera um. BM.B. JTomonocosa. Haiomenne orsevaer co-
BPEMEHHOMY COCTOAHHE TeOpHH THODepeHIHATEHEIX VPABHEHHH B TOH
MeEpe, Kak 10 rpedyvercs OvaylinM Ccuennaderam Lo DHsuke 1 upH-
KMATHON MATEMATHKS, B B TO Ke BPeMA NOCTATONHO 3, IeMEHTADHO.

Boibluoe BHUMAHHE ¥ISNASTCA B KHUI'E UPHDIIHAKEHEBIM METOLAM pe-
HICITHA U HCCTCTOBAIH e PCIITHATLILIX YPABUCIIHE — YHCICIILIM
M ACHMITTOTHYECK M, KOTODRIS B HACTOANIES BRPEM A JEKAT B GCHORe H3Y-
HOUHA MATCMATHICCKEX MoaeTel dimuyaceknx sraemuii,. TTuratesnn mo-
VAT n]‘]ﬂf[(‘f'l'a.H,JleHllF’. 0 I')a.."j,.llll MHEIX MeTOTAax MHCHEHHOO ])EIIIP.HII?I KAK
HAMAJILILIN, TAK M KPACDLIX 33184, O TAKHX (BYILIAMCITAILHBIX [IOIA-
THAX TCOPHH MHCIICUULIX MCT0OI0L, KAK CXOOUMOCTD PASHOCTUOH CXCMDL.
ANNPOKCHMALIHA M YOTORUNpocTs. B roape, nocpamennoii acuMoroTi-
SECKHM MeT0IaM, COISPKATCA, B 'IACTHOCTH, CBRISHHA U3 TaK HA3LIBae-
MOil TEOPHH CHHETY.IAPHEIX BOAMYIISHUE { METOX NOCPAHHSHBLX (DVHKIHE,
merog BBR. merou yepeanenna). koropas OypHO DAIBHBASTCA B LOCIIEIL-
HHE OeCdTHIeTHA B CBA3H ¢ HOTPeOHOCTAMU TAKHX PA3ILNOE (PUBHKI
H TEXHHKM, KAK TEODHA aBTOMATHYECKOIO PEIYIHPUBAHHA, PHAPOLHHA-
MHK#, KBAHTOBAA MEXAHHKA, KUHETHEA, TeOPH He IMHeliHbIX Ko 1ehannil
U .

Pyronucs kauru 6oima npocyvotpeda B.A pefentkopeind u JIT. Kyva-
PABLEBLIM, CASTABIIHMY PAI UEHHBIX 2aMedannil. HeoueHHM YO HOMOUIL
B MOATOTORKE PYEOOWCH K metatd okasaT B, H. Boakos. Been v anTo-
PEI BBIPDAKAOT CBOK HEKPPHHION OTaroIapHocTh.

1980 T. Aamaopni



TJABA 1
BBEJEHWUE

4 1. INouatue guchdgrepeHUHANBHOTO YPaBHeHUA

B HHC'I'OHIILEFI KHHIE I}aﬂ(“‘.l‘ﬂa'l'l)llﬂam'T‘Cﬂ ‘J]‘Htl)(l)ﬂpﬂHlll-TaJIBHBIF’. }-’I)H.HHQ-
HHA, T. ¢, COOTHOMCIIEA MOXK IV ICH3BCCTIOH (hyIRnnei, ¢e OpoH3IBoIIL -
MH H HOABHCHMBIMH TICPOMCHIIBIMHA. ¥ PARICHHA. COMCPMKAIIHG TPOWS-
RBOMHBLIC IO MIEOTHM Te3ARHCHMBIM MOPOMETIHLIM, HARLIRAIOTCH JPaGHCH -
HMU & NLCTHBLE RPOUISO0HbED. Y PABHEHNA, COIEPIKALLNE TIPOM3BOIHBIE
JIHIIL (10 QUIIOH M3 HC3ABHCHMLIY HCPCMCHIILIX, ILIBAIOTCS 00MEHOGEH -
HuMy dudideperyuacvnpmy ypaocherusmy, Havaenue cooficrs n sero-
J0E PelleHHA ODbIKHOBEHHEIX JH(bepeHIHAILHBIX YpaBHeHHI U cocTa-
RJIAET QCHOBHOE CONePAAHMe JIAHHOW KHWIW, SN TOCHETHAR riapa
NMOCHEANEHA HF!KO']‘O]'JBIM CIENANBHRBIM KHACTAM _‘_\-"['JH.HHF!HHﬁ H 4ACTHRIX
LPOH3BOUHEIX.

HeraBucEMyID  OOPCMENHYI0, MOPOHSDOINAA 00 KOTOPOH  DXOOHT
B OOBIKHOBCHHOE OUhhepeHIHATbHOS YRaBHeHe, OOBITHO ODOZHAMAKT
Ovesoi & (nan GyKBO £, II0CKOIhKY BO MHOUMX ColyHasX POJIB HE3ARK-
CHMOR uepemeHHol urpaet spemsa). Hewrspecrnyvio pyvrguun 0d0snaqa-
T yla).

OOLIEIOBCEIOC  ANGHPORCITIHATBIIGE  YPABIICITHC  MOKHO  3ATHCATL
B BUAS COOTHOUEHWA

dy Ay :

F(:rJ & )—u (1.1)
B vpapuenue (1.1) HOMHMO Hen3BeCTHOR (DVHKLHH, €€ UPOMIBOUHBIX
MO TEIABHCHMOMY TOPCMCTITIOMY B CAMOTO TOSARHCHMOTO TOPCMeNTIO-
TO X MOTYT BXOIHTER M ONOTHHTE ThHBIE TIePeMeHHbIe f1), . . ., t. B aTon
CVTIAC TORORAT, MTC HOWIBECTNAA (PY¥HKIAA 3ARHCHT OT ITOPONMCIITRIX

1y ... (i KAK 01 TapaMerpos.
Tlopauox cTapme HpoH3BoAIol, Bxoasme B vpasnenne {1.1), mas-
BACTCA ROPAMOM YPOGHEHUA, ¥ PABICIHC LHCPLOLO IOPALKA HMCCT BUII

d;
F(:r ?,dJ) =0 (1.2)
H CBA3BIBAET TPH LEPeMeHHbIe BeJIHYMHHBl — HEeW3IBeTTHYH) (I).VHKLI,HH'J,

CC IPOH3BOOIIVIO H [IC3ABHCHMYIO [ICDCMCIIITIVIO, HueTo 910 COOTIIOMCITHE
VIAOTO 3AMHCATEL T BDAIC

2L = ). (13)
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Vpasaedue (1.3) Ha3bIBaeTea YPABHEHNEM LEPBOLG LOPAIKA, paspe-
LIEHHbLIM OTHOCHTENBHO LPOKR3BOUHONH. Hsy yeHe Teopid 00bIKHOBEHHBIX
HuhdrepeHIUAIBHBIX YpaBHeHHl Mbl HatudeM ¢ ypaBdedu:a (1.3).

Hapany ¢ oudwbepennuainasmu vpapuesuamu (1.1)-(1.3) 114 oa-
HOH HeH3BeCTHOH (DVHKIHME B TEODHH ODRKHOBEHHBIX AN pepeHInATE-
HEIX YPPaBHeHHI PACCMATPHBAKTCA CHCTEMBI Vpasueuuil. CHeTeMA YRas-
HEHWH [EDBOTO HOPAIKA, PAIPETIEHHBIX OTHOCHTETLHD LPOWBOLIHBIX

hy, :
{ds’:" :ff(:r-.y].:"":y?l)a ?':]'"“'-n" (14)

A 3LIBACTCA 'HO'p.M(LJIbHUﬁ CUCTREMOTL BDU_I_T.}'[ BUETOPDINLIC d)}’]IKI.I,I-[H

y={y,--wads F=U ol

MOXOM 3aMACaTL cHeTeMy (1.4) » nexToprol dopwve

:}'—‘; = flr.y). (1.5)

<1erko BHIETH, "ITO YparHeHHe n-ro nopsaika (1.1), paapemersHoe oT-
IIOCHTCALIIG CTAPIICH LPOH3BoLIoit

4 d dn—1_
L=y 2 ), (1.6)

dr Tyt g

MOKeT ObITh CBEIEHO K HOPMAJIEHOR cuereme. Helte rsnre)lbHO, BEEUEM
OEC3HATEHEA

. qir—1
. dy diy Jdy dyn—1 . 4 =
¥ = {r) = = H:yg(;f)f RN WZTZ?M(-I)- (1.7)
d"y 1T
'].—'l::Il.‘,.'J'r].= BCNeTCTBHE ONeBHIHOIG: DABEHCTEN (Ii_” = ﬁ, ¥pabsHe-

HUu0 (1.6} MOXHO CcONOCTABHTE HOPMATRHYIO CHOTEMY

din
=12
dx el
o1 _ . (1.8)
“dr Yo
dyn

g = fleow, ooyl

B ypasnenuax (1.1) {1.3) vesasucumyo nepemedHy Oyiem Tooa-
raTh acHersuTennioi. Hemneotnnie gbymximm MoryT GLITL Kak aei-
CTRUTEIRHBIMH, TAK 1 KOMTTIEKCHBIME (DY HRIMAME JeACTRITENEHOI TTe-
POMOCTIIION.



12 Fa. 1. Baedenue

Ouepunno, ecow y() = Fle) + igle), r1e glz) n gle) — coor-
BETCTBEHHO USHCTBMTEILHAA H MHHUMAS dacru pyHRuMM yix), ypas-
eeHue (1.3) 9KBHBAGHTHO CHOTeMe OOBIKHOBEHHBIX JudihepeHumaib-
HELIX YPABHEHHA ATA J1efHCTBHTEIRHBIY (ryHKLHIT:

L =Refla.rf). T =Inflog.5).

Pevennenm cnetenur madhepeHnuanbibIX vpasHenwit (1.4) Hasnea-
(TCST BCAKEST COBOKYIINOCTL (hyvIRimi g () (£ = 1,..., 1), KOTOpLIC NpH
MO TAHOBKE B VDABHEHMSA 06]'13.]“3-}0'[' HX R TOXTECTHA. KHK MHABK I,
¥ KAK 3T0 DYIeT BUIHO W3 TOCTeNyINIAX Tpavepor (oM. § 2), econ
AuQpepeIIHATILHOC VPABIICHHE PAZPCITHMO, TO 0Ho 00Ja0a0T OGecuH-
CSIEHHBIM MHOKecTROM permennil. [Iporece vaxomxtena penmenuit HASE-
BACTCA WHIMEZPUPOSLHUEM JUPGHEPEHYUANbHOZ0 YPAGHEH U

OO6LIMHO PACCMATPHBAIOTCA CHCTEMEL {1.4) ¢ MPaABLIMY 4ACTAMU, 110
NPRCPLIBHBIMA D HCKOTOPOH 00MacTH [P H3IMCHCIHA MEH3BCCTILIX (hVIIE-
uuii 3. 0 He3aBUCHMOR mepemeHHOi &, OMEeBMIHO, 110 MpH 3T0M pe-
weHns (T} npeicTasanT cofol HenpepoBHG qudxbepeHuupyeMble
dyiruiy. OJHAKD B UPHIOKEHHAX HHOUAA UPHXOAHTCA HMETb 810
¢ YPLBHEHWAMA, NPABbIE TACTH KOTOPBIX UMEHT PA3DbIBbL {HALPHMED,
LPH CLUHCAHME YUAPHBLX HAUPY 30K, MIHOBEHHO IPHGIOKEHHBIX CHLH T, 1),
MOATOMY H CAMH ReIIeHHA Gy I¥T HMeTh Pa3pbIBbl OPOU3BOIHBIX. Tor1a
ECTECTBEHHO B KavecTBe pemeHda (1.4) paccMATpHBATE HeUpPepPbiBHBE
hyHEIHA ¥;(x) ¢ KYCOTHO HeNTPEPhIBHEIMYE TRoM3RomHRIMH, [Ipy noneta-
HOBKE B YPABHPHAA OHH IHGEPEHTHDYOTCA BCRYLY, 38 HCKTHOMEHHEM
TO'IEK BASPHBA (IH OTCYTCTBHA) OpoW3BoTHAX. Taxoe peineHie ecte-
CTBCIIIO HA3BATL 0000 HHUM PELLCHIOM.

Beaxoo pemmenme () (= 1., ) encreant (1.4) siosno wirropmipe-
THROBATL TCOMCTPHYCCKA KaK KPUDYIo B (1 + 1)-MepunonM opocTpaleTse
MCPCMCHHDBIX &, Y1, - . .« Yy KOTOPAS UASBIBACICH UHIMCEDGAHOU KPUGOTH.
IoanpocTpalle TRO DOPCeMCIHILIX ¥1. . . ..}y HABLIBACTCH Pa30GHMM 1Lpo-
CEPURCINGOA, A [IPOSKUHMA UHTEPAJBHOR KpuBoil Ha da3zoboe Ipoctpan-
CTBO — Ppasosoit mpackmopuei.

Vpaprenus {1.4} oupens s B kKamxuoid roake obiaacim D HexoTopoe
wallpasaenne, saflasaenos pexropon 7 = (L fi, ... fiu). Takas oboacs
HPOCTPRAICTBE € 3R IA0ILIM B KAKAOH TOUKE LALUPLBICHHCM LIABLIBECTCST
noses Honpeetenui. Harerpuposanue cucremnel ypasnednli (1.4} reoe-
TPHYCCKH HUTCPOPCTHPYUTCS KAk HAXOMKICHHC KPHBLIX, ¥ KOTOPLIX Na-
MPARNSHUE KACATENRHOI B KAXT0H TO9KE CORTIA AT ¢ HAMNAB [BHHEM T,
JWIAILIM B JTAINTON O TIATPARICTHE,

Kax orveuanock senne, mudbepenimaihine ypaBHeHue UMeeT, BO-
OBIMIC TOROPS, BECYHCTICHIIOe MIOKCCTs0 pewennii. [losToyvy. unTerpu-
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pva cueremy (1.4), aer nafinem GeCHHCISHHOE MHOKECTBO HHTELIPALL-
ULIX KPHBLIN, JCKALMY B 0BJIACTH OUPCICACHHA UPEBLIX YaCTCH cHeTe-
mel {1.4). YroGel nz peell CORORYTIHOCTH PEIMEHNA HELTENHITE OTIRh-
HVI HHTETPANTLHYIO KPHEYHY, IPEICTARTALIVID OGOl TAK HASLIBAEMOS
waemnoe pewernue CucreMil (1.4), Ha 0 384Tk A0UOTHATEIEHEE YCTT0-
pUA. 130 MHOIUX CHYHARAX TAKHME TOTONHUTENBHRIMU VCIORMANH ARJIA-
IOTCH TTAYATLIILIC ¥ I0BHA

yilwo) = 47, t=1.....m, (1.9

OLUPCACIHAIONHMEG TY TOIKY (1 4 1)-MCPIOro NpocIpalcTha NePeMCIIILIX
Byt Y 1EPES KOTOPYIO TPOXOIMT TAHHAA WHTEUPABHAA KPHBA
3a4aua HITCTPHPOBMIMA CHCTCMDLL {1.4) ¢ UAMANLHLIMA yCIIOBHAMH
(L9) nasupacTea wewesbnolt sadeved won sadovcti Kowi,
B upocTeiiueM ¢ayyac oUoro ypas-
HONHSA

7
W = fla,y) (1.10)
dbvarunA [, y) oupelenseT uoae Ha-
Tparienuil B TOR odnacrr [} maocko-
o (7, ), TIC SAMAIA TPaBad H9acTh
(1.10). D10 uome HANPABIEHHME B Ka- d Jxo, o)
HI0H Touke abnacry I salaerca mex- o/‘ g
Topon T(T, ) ¢ YrA0BLM Kosdhunm-
cntom fla,y) (tga = f{z.y)) (puc. 1).

Pemenue magansnofl zamadu ¢ sa- Puc. |
UAHHLIM [EVAIBHLIM VCIOBHCM y{dg) = Yy B 9TOM CIAVUAC 3AKIOMAC TS
B MOCTROCHHE B obnactu D unterpaannofi Kpunoit y = (%), seIxoIamed
U3 HaMaTILIOH ToYkH (2, Hp) 1 B KeokOol cpocH Todke (7, y) kacaomeh-
€5 BOKTOPA T ¢ ¥ I0BLIM Koabduuucurom flr, y).

[Ipupeoennas SLILe TCOMCTPRYCCKAS HIITCPIPCTALHA [ODCICIMI HII-
TOrPaNbUbIX KPUBLIX ICIACT HATWATALIM JOKAZALTEILCIBO CICIY 10We
TOOPEMET.

Teopena L1 {(teopera Hamnnmana o audhepelmaannimix mepa-
pencrrax ). Feaw opa x € [:J.'O, _\'] CYIBCTHYET DeMEHNE RAUANLEON 14~
AT

dy _ o W) —
= =flzy), ylro) =yo. (1.11)

ABTAFOMCCCS OAHORERTION GyHRmyaed x, 1t coan () — HeapepbIniag
it nenpepoisnio minpgepenunpyenast s [xo, X dynrwmes ragas, uro

g_;i < flz,z), welre, XL z{z0) <o, (1.12)
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Ted jaee? Medtio HelaBeHCT B0

i) < ylao), o € (wg. X] (1.13}

dokazatrelsncTso. o venopuw Teopeme HepaseHeTso {1.13) BEI-
NOJHASTCA B TOUKe ¥g. CHEOOBATEIRHO, B CHAY HEMPEPLIBHOCTH #{r)
H z{) OHO BHITONHASTCA TAKKS B HEKOTOPOH OKPECTHOCTH NPABee TOU-
KH Iy,

Mpeoaomum, wro xy € [.7:0, ,\’] ONUMARIIAA K By TOUKA, B KOTO-
poit nepasenetoo (L 13) mapymactes, oo z(z) = g{r ). Fromerpaac-
CKH 3T0 O3HAYACT, UTO KPHBLIC z(w) u y(&) OpH © = , OCPeCeKaloTesn

dz

n kacawrea. Ho torua aosoxne derrn T (1) = flar, gleg)). a0 upo-

tneopeqaaT (1.12). Teopema nokasana,
Crestaest cyvimec TReHHRBIE 104 JaThHeHIIEro saMevaHud K TOKA3AHHOH
TCOPEME O DU QEPCHITHAILILIX IICPABCHCTBAX.

BaMemanmm

1. Mot npeanonarany z(ig) < Yo, 10 TCOPOME OCTACTCH CHOPABCIITH-
RrOil, eci 2{xg) = yo- BaToM anyuae cyiecTROBAHHE HEKOTOPOI OKPECT-
HOCTH HPABCC TUYKH &n. B KOTopoil puimomieno gepaserictso (1.13), cae-
,J,I\"e'l' M3 LOI, T

dz

I,;I_,r{;t“.o} < Flag, 2(w0)) = Flwo, yo) = j_‘:'{m)

AannHelinie paccyaIeHId COREPITEHHD TAKHE He. KAK [11A CIyYad

2{zo) < Yo
2. BEcom oy Hinmsa z(i6) ¥i0B, e UBODAET HEDARBHC IBAN

dz s . . ST

dr > .f(-l:4): X e [‘EU:\-\ ]: 4(‘1’-’0) Z .

TO 3HAK HepareHCTRa B (1.13) Takke W3MeHHTC HA TPOTHRONOTOKHE.

3. Teopeyva ocTaeTea CNPaBenIHBOH H B TOM cJIy9ac, Korda z{x) Ky-

couro qudidepenuupyena a xg. X 1m nepasencrso {1.12) saiiosinseres
z

717 MPedeTbHBX 3HATCHAE MPOR3ROIHOR :f_;c B TOYKAX £¢ Da3Phika.

lpu pemedun psia sonpocor Beisagr ya00HO CBQAMTL 3314441 11K
AUpOpCIIIHATILILIX YPABHCIHE K ICKOTOPBIM HITCOPASILILIM ¥ PasIc-
HITFM,

Jesvua LU Hvers fr, ) nerpepninia 0o CODGKYIIOCTH 3PEYMOT-
TR B HF?KI:)'I'OJ M ”I’Jﬂ'f\-l(‘)}"] TLTRHITRE

D=A{lz—xg| <o, |y—w|<h).
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Torda BATAILHAT 3802714

f.
L= fle.y) wlro) = pos (1.14)
SEBHBAICITHA HHTOUDEALI0MY VDA IO
gy =wo+ [ FIE DL (1.15)
£y

Joxazarceneerno. [Iyvern ua cormente |7 — 2p| £ a C¥ILICCTBVCT
PELeHNE HAUANBHOH 3813 — (vHRUNA y(r), upmes gy — b € ylr) <
£ Yo+ (9TH HEPABCHCTBA O3HATAKIT, 9TO IPH X — 2y £ & HHTEIPATBHAR
KpUBan Haxoaures s oluacry D, vie fla,y) venpepmsaa). Toacrasns
p{x) b vpasucmue (1.14), nonyury Toxacerso. Hurerpapys 41o rosac-
CIBO OT 2y 00 2 € [Xg — ¢,2g + 2] U UCNOIb3VA HALLIBHOS VOI0BHE
plen) = o, noaywy (1.15). CaenoBare o, DEIIEHAE HAMANLHONE $a-
gaqau (1.14) yIoBAETBOPALT HATErPAIBHOMY vpaeHeHuw (1.15). C mopy-
roff CTOPOHBL, eCTH CYUIRCTEYET HETPePLIBHOS DEIICHIe HHTeIPATRHOTO
vpasnenua {1.15} dyaxiwma plx), vpuuem gy — b £ plx) < oy + b
TO B CHAY HCOPCPLIBIOCTH f{i,y) M CAeOyIomed OTCO0d HeNpepLIBIo-
ot vaxman f{€, y(€)) xax cioomnolt dynkuun £ unterpan b npasoii
aacru (1.13) apiserca veupepoieno aundrhepernupyemoil dryHkuned .
CreaoBarensio, 0 acsast 9acte (1.15), T e Qyvukuns y{x), nmeer ne-
UPEPBIBHY K IPOUSBOAHVED, IDUISM STa UpowssoAHaa pasHa fla, yle)),
a znauny, y(r) ecrs pelwenne ypasnedus (111}, Brmoonedue nauain-
HOCO ¥CJIOBHA OPOBCPACTC HCMOCPCICTBCII0,  [eMMa J0KA3aIIA,

Jayvovanunce Auanoraduan TROPEIMA 00 BKLMBAUCHTUOCTH HMCCT
MCCTO H O CHCTCMLL _}]II(lJ(iJCI)CIILI_[rIEU'Ib]ILIX }-’])El-DII('_‘.IIIrIﬁ._ T. ¢, 1A 3a040 1

(1.1), (1.9).

Jesma 1.1 ocraerca B cnne, koraa yvakoaa e, g} Apnaerca Ky-
COYIG TCMRCRLBICH (hyukunci nepemenmoi x. ITpe aToM unTerpansinoe
ypagHerne (1.13) uMeeT HeMpepRIBHOS DEIIPHHe H{r), ABTANIEECA Ky-
COUHO mpdrepeHEpyeMol (pyEENNe 2. D10 pemenne yI0RTETROPAET
vpapuenuio {114} ma yuacTEax nenpepuipioctd Gyokuus fz, ).

Boamoxknnl o ApyTHC cnocodbl 3a1aITMA TOMOTITHTOTLILIY YeToBHiH,
BELIE AKX OLPEULIEHAGE 1ACTHOE peenne cucremel (1.4). K ux -
CI¥ OTHOCATCA: TAK HA3BIBASMBIE KPHEBBIE 33.TAMH, B KOTOPLIY OOpele-
JEHHOE MACTHOS PEILEHKE BhLIENASTCH TReboBannes, wiobhl v 10818180
DAJMHCE AOIC THHTE TBHBIE VCUOBHA B HECKOJIBKHX DAY IHYHEIX TOYKAX
OO TACTH OMPCACTONHA PO, 3adadH A CoBCTRCIIILIC SNAYCTIHA, (0-
CTOANME B ONPEIETEHNN HEKOTOPHIX HADAMETHOB B YPABHEHUH, ITPH KO-
TOPBIX CYUIECTRYHIT YACTHBIA PENIPHEA, YAORTETRODAKATES MOCTARTEH-
ILIM OOMDGIIHTCILILIM TPCGOBAIIMAM, 330449H TOUCKR NCPHOIMYCCKUY
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peleHHl U pAd IPYIRY LOCTAHOBOK, O3BOSIAKILEX OUHOSHATHO BhLIE-
JHTE TPedyeMos JACTHOS PElIEHUE YDABHEHHA.

§ 2, ODU3MYCCKHC 3AMAYHA,
npuBondgupe K mudepeHIIHAaNBHEIM ¥ PABHEHHAM

B nacrosmem naparpade 6y, 0 NpUBEIEH DR THIMMHBLX 38,184 (-
3HKH H MCXAIMEH, H3YICIHC KOTOPLIX MCTOOOM MATCMaTHICCKHX MOIC-
TEH IPUBOOMT K MCCIIEIOBAHHE OHDEDEHINAIRHRIN YPARHEH R,

1. PagpoaktiRaniid pactai, Pusnueckni 2acoH, onnchimsanmmii
NPROTICCE PAIHCAKTHRIIOTO PACTIEIA, FKIAONACTCA B TOM, 4TO CKOPOCTH
PACTIATA OTPHTIATETRHA W TPRONOPIHOHATLBHA KOTHTECTRY HePACTARITE-
rOcA K JAHHOMY MOMCHTY BPEMOIH BenecTsa. Kosdwpumuent npomop-
MHOUATLHQCTH )\_. ABRJIAIGIMARCA XapakTopiol A Nannero BellecThRa
NOCTOSIIIION, [1C 3ABHCIIICH OT BPCMOCIIH, HOCHT HABBAIHC ROCHIOANHON
pacnada. MaTemMaTH eCK0e BRIpAXKeHHE 3aKOHA PATHOLK THBHODO PACTH-
i HMEeeT CAeLVIILIHE B

dm — _xn1), {1.1G})
dt ’
il 'fr.'.(!,) KOJAMHECTRY HEPACHABUIEIGCH K MOMERTY Bpemenn [ pemg-

CTBA. DO COOTHOWCURE UPCACTABICT COBOR dudpepeiuMalnioe vpas-
HEHIE MepBOro NOPAIKA, PAIPEIISHHOS OTHOCHTSNBEHO TPOHIBOIHON.

Henoepencteeniol nposepkoll merko y0eIuTeea, uTo pemenns {1.16)
HMEET BT

mit) = Ce ™, {1.17}
rac C H]JOI{.’jBOIILIIa-FI HOCTO}TIIH&}I, KOTOp{i}T MOMLOT 6L1Tb OHpCJ:[_(’.:I(’.—
Ha W3 JIOTMOINHTRTRIONO VETOBWA, HANPHMCD, H3 HATILIIOTG ¥CTORNAA
m.(tu) = M, 3QTAIOMCT0 KOTHYUCCTRO HCXOINOTS BOLICCTRA B II&TATL-

HEIT MOMEHT fj. YacTHOS pelleHle COOTBETCTRYHMIEH HAATIBHAOI 3010~
YM UMEET BHIL

mit) = mge~ Mol (1.18)
OHol 13 BaFKHRIX (PU3HHECKUN XAPAK TEPHCTHE HPOISCCa PE, TMOAK TH -
HOTO PACTIATIA ARTASTCA TEPHOT TIOIYPACTIANA — TPOMEKYTOK RpEMe-
un T, 33 KoTopHil KOTHTeCTRO PACTAIAKIIENOCA BEIECTEA YMeHbITaAaT-
e papoce. Ha [1.18) naiimem

Ll —
—- = My

) AT
7 .

OTKY A
T:%mz (1.19)



§ 2. ITpustepn, finsuiecrur 3adet 17

OrMeruy, uro ypasdedue {1.16) As1gerca MareMartieckol Mote-
JBK) HE TOJIBKG HPOLECCE PAUHOAKTHEBHOLIO PACIAILA, HO U MHOIMX ADY-
THX IPOLeCcCOB T8 TeHHA H1H PA3MHOKEHHA, XAPAKTEPHAVEMBIY TeM, YITO
CKOPOCTh JENERnA (PAIMHOKERNA) HPONODUHOHA ThHA KONMYErTRY He-
HICCTRA B TATNLH MOMCITT BROMOITH, TPHYCM KOSDgHIHCIT TRONOPTHo-
HANRHOCTH @0Th HERKOTOPAA HOCTOAHHAA, Xa['JaK'I'F‘!])I"I';]}"H')Hla.ﬂ pacema-
TPUBLACM LT Tpomece. Wak Mul yBCTHTHCD, THOMYION TOCTAIOBKOH 3004
A 3TOI0 KOACCA YPABUHCHMH ABMACTCA HAYANLIAA 320344 (3a:a4a Ko-
TH ).

2. IpHXeHWe CHCTEMBI MaTEPHAJBHBIX YacTHIL MaTeraTH-
HECKOH MOIE/ b UBMMKEHHA CUCTeMbl N M@lepHa IbHBIX MalCTHIL 77 ;.
i = 1,..., 0, upuHaTofl B TeopertieckKoll MeXaHnKe, ABTAKITCA Y]ab-
HEHHA UBHAKCHUA, CUEAYOIIHE M3 BTOPOIG 3aKoHA Herorosa:

tt'-?"_J;
I ldt

-3
m i~ R (t._r ) ii=1..... N (1.20)

=

340Ch T — MACCLL HACTHIL NOCTOSIIILIC BO BPEMCLIM, £; — Paiduyc-
BEKTOPBI HACTHIL, £ BEKTOR CHAbl, JIERCTHYHNEA HA (-1 “acTHIy
H 3apucAmmi, poobue rosopst, 0T BPeMCIH, KOODIMIAT i-#f 9acTHILL
BIAMMHOIO DACTOOMKEHNA MACTHIL CHOTEMABI 1 HX CKOPOCTER. Crerema
(1.20) npenctapaaer cobol cAcTeMY N BEKTOPHRIX YPABHEHUH BTOROTO
TopAnka. Ecod Macchl 9acTHI He MeHAITCA B TPOILCCe TBHASHHA, TO,

OD03HAYHE JCKEPTOBLI KOOPIHIIATLI PAIHYC-BOKTOPA T HOPOS &, 44, 5

il ; idiy; dz;
H BBECOA HOBLIC NCPCMEIILIC 1, = d—t*, Uiy = d";‘, . = d—t“ {KOMIO-

HCHTE BOETOPE CKOPOCTH - 9aCTHILL), MOKCM 3amueatn (1.20) B pune
HOPMA TLHOH CHeTesnl GV vDarHeHH! HEDBROIo NOPAIIKa:

dey dy; dz;

—L =, —=L =y —L — ;.

dt S dt EEETRl ﬂlf EZa (l 21)
diry dyi _ 1 dx _ 1 '

1 -1 r :
aF EF*'-” dr = '!II.j_RU! At dg i

CHowHOCTE HHTErPHPOBAHKA cucremnl (1.21) B eppyio ouepais onpe-
OCTSACTCT BHAOM MPABLIX HacTel, T. 0. PyVIKIHOITLIONE TABHCHMOCTLED
KOMIUOHCUT BCKTOPRA CHIILL OT LHCPCMCHHBIX &, &, Mo Ziy Yir. tip. Ui
Bo MIOHX COTVHASX MOIVIHTL SHAYMCIHH TACTIORD DOLICIIHMA CHCTCMDI
¢ 3aMaHHOH CTEMeHRI) TOTHOCTH ¥1AeTCA JHIEL THCIeHHBIMHE MeTo1a-
MH, HCOOIL3YA coppeMeninnie 9BM, Tunu4moi samadeii s cHeTeMol
(1.21} sibsercs HAMANBHAH 30248, SAKIOYAHNIAACH B OHPEIEIEHHH
TPECKTOPUH HacTHLL 110 3AUaLIILIM B Haqa IblLIH MOMCIY BpeMeun iy
TOTRKeHHAM H CKOPOCTAM BCeX ACTHL CHCTeMBbI

rito) =7, vi(to) = v} (1.22)
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NPH U3BeCTHELY IPABBIX HACTAX (321AHHBIX BHSLIHUX CHSIaX, UelcTByR-
LIUX HA CHOTEMY, M CHVIAX BRAMMOJZeRCTEUA MRy HacTiiaMu ). Jpyroi
THOHYIHOM 3aganefl 114 cuctemel (1.21) ARI1ASTCA KPAeBAd 3a0ATIA OIpPe-
JBTEHUA TPASKTOPNK, NPOXMIANSR Yepes S IaHHLIE HAYAThHYHY W KO-
TCUTIYIC TOUKH B (bA3onoM mpocTRpalicTee. K 9Toll amaqe Mo, B 4acTimo-
CTH, NPRXYVTHM IR DACYHETE TRASK TOPHI KOCMITYECKOT0 A1INIANATA, HA-
OpARTISACMOro ¢ 3eaotd a JIVIy I KnKyIo-nuto MTaeTy.

B psic oayimacs paccuMaTpHBAKTCA W JPYTHE MOCTAHOBEH 3A.718%H
ONPCILMCHHA MACTIOT0 POICEd cuetemnt (1.21).

BaxHbiM vuacthbiy cay'iaeM cucrembl {1.20) asaa-
eTcd YpPARHEHWe KOMeDAHHA (MIIHveckoro MAATHHEAS.
OOBIMHD  (HUsuNeckuM  MUAMHUSOM HASbIBAKT Adco-
JHTHG TBEDIOE TET0, KOTOPROE MBKeT BPAIIATLCA 0T
AeRCTBHEM CHGIbL TAHKECTH BUKDPYL HeIOIBUIKROH 1opi-
JOHTLIBHOH 0CH, He Npoxodawel vepes UeHTp TaXeCTH
¢ (puc. 2).

PaceMoTpuM COYenMe JAIOr0 TeIa MIOCKOCTDLIO,
HEPHeHAWKEY NARPHOIE OCH BRANEENA 1 NROXOATISR e-
[en nerT TmReeTH, TOYKyY DOPeCeyemnsT ocH BPane-
HEA € JaHHGH 1I0ockoc e oboznany (O Orvenuipo,

Puc. 2 NOJOKCHHE (DH3HICCKOrO MAATHHKA B JIOG0H MOMOHT

BROMOHH MOKNIO XAPAKTERHIORATL VITOM 2, KOTOPRLI
coCTaBasaeT mpamasg (GO ¢ BePTHEAILIGH 0CLIO 2, IpOXOIAMCH 1epes
Touky . 18 BRIBOIA VPABHEHHS JIRHIKEHHA BOCIOTL3VEMCH BTOPBIM
3ak0H0M HBOToHa B UPAMEHEHHE K BPAWATEIBHOMY UBHMKEHHID {yIuio-
BOS YOKOPEHUE [POIOPLUHGHANBHG FIIABHOMY MOMEHTY BHELIHUX CHI).
Toriza, upenedperasg CHIaMHE COUPOTHB/IIEHUA, IOV YHM

de .
I—r = —mgdsin, {1.23)
dt”
e ! MOMEHT MHEPIMH T4 OTHOCHIENRHO OCH BPpaleHnH, a d

paceToAHue o1 ToUKH () 1o oentpa Taxecta O

O6mee ypasnenne {1.23) xonebanuit GIAMYECKOT0 MARTHHKA ABIAST-
CsT TIETHICHTBIM,. B evaae Mamniy Konefanuit, OTRaTmIHBASICT TICDRLIN
YWIABHOM DAZTOKEHNA (PYHIKIMU ST050, HOLIY HHM

32
o ¥ 2

70 + wig =0, {1.24)

rae gepes w’ obosHaTeno oTHomenne mgd; I O4YeBHIHO, PA3IMEPHOCTE
[] = 1/e, 1TO B ONpARIBIRAST BBETSHHOE 0003HAYEHUS. 3aMETUM, TO
B coavuae ypasdedns (1.24) so3spamaniEas cuoa nponopnuoHaIbHA
CMCLICIHIO OT DOTOMKCHHA DABIOBCCHIL
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Kak 1erko yBeudTsed HeUOCPeUde TEeHHON IpoBepKoil, ypasHeHns
(1.24) nweer HEPHOIMYECKHE PENIEHHA YACTOUR W

wit) = Acoswt + B sinwt, (1.23)

The ;'-1 " B OPOAIBOILBHBIE TIOCTOAHHBIE, ONPEIETANITNHE AMILTHTY,TY
NEPHOANICCKHE KOJMCOaAIHA.
[Ipy y<1eTC CHI CONPOTHBIICIIN, TPONOPUHOIANLILIX YITIOBOH CKOPO-
crd, vpaeHerne (1.21) nepefizet s vpapHedue BuIa
i !
ag fiy 2
 +oa— +we=0 1.26
(ff.z a4t hd ( )
Al YVOETT NORKAZAHD HAXKS S Pl ). YPABHEHKA . CHIPE 20T AST
Kak Oy, 1er nokasan e ¢ 3). vpasnenne {1.26) oupengiae
S3ATYXAKIWMe Ko 1ebanns.

3. ¥paeneHnda nepedoca. [lyvere 1o rpybe n0CTroaHioro nonepe9-
HOCO CEYeHHA, OCb KOTOPOH COBMAIART ¢ OCBIO &, OBIKETCH NOTOK BO3IY-
X, CEOPOCTEL KOTOPOTO BIOAL 0CH TPYOLI B TOUKC T B MOMCHT BPOMCITHT
t ecTh 3ananHad dyuxiaa v(x, ). [IyeTh BO3TYX MEPEHOCHT HEKOTOPOE
BEIWCCTRG, AMNCHIYIO 1I0TIOCTE KOTOPOLIO I COMELINE TPyDLl ¢ KOOpIu-
maTol & b MoMenT Bpemeni ¢ obosnasuy wix, t). B nopoimecee nepenoca
BEIIECTBN OCHHIACTCA HA CTEHEAX TPYObl. ByaeM CUTATE, TG LIOT-
HUCTE PACHPEIEISHAA OCAKIAIOIIErOCH BEILECTBY, 34 148TCA BblPAzKeH -
em Flo, Dulr, t) (fle,t) — saaanuag Gyusnual, T.c. HpoIoPLHoUALD-
HA KOHUSHTPAIHH BEIIECTEA {HTO MOMKHO DACCMATPHBATE KAK JHHeliHO®
NRHOIHAEHNE K DOJER CUCKHOMY FAKOHY, CHDARE LIHBOS IPH 0CTATON-
HO MATRIX ). DT0 JHATUT, TTO KOJHILCTRO BEECTRA, KOTOPOS OCAHK-
Ja0Tes A YYACTKC CTCHKH TPYOLI MCAEKIY CCHCIHAMH T H F + Az 5a
TPOMGKYTOK BpeMertd [, £ + AZ], macTesa 3aK0roM

A T A
[ ] RETulEmydEdr
T |

st nosyuenna udhepeHIMAIRHOID YPARHEHHA OTHOCH IEIRHO 4
paceMoTpuM DATAHC BOIECTRA B 00JACTH MEKAY CEUeHHAME & U &+ Ax.
Ipoucce auddhy3um ¢ BVACM ¥YUTLIBATEL, YTO CCTCCTROHIG, COTTH CKG-
POCTE # JI0CTATOTHO BETHKA.

3a ppema At H3MOUCHNC KOJMHMCCTEA BOIUCCTBA B PACCMATDHBACMOR

00 TaCTH PARHO
r+ar

/ [{€. £ + A8 — u(€, #)] .
J
3T0 HIMEHEHHe 0Npedeidelcs, BO-NEPBLIX, PA3HOCTLI) NOTOKOB Belle-
CTHAD RTEKAINIEIO YeDE CEYEHNE I M DARHOIO
tAb
j' v, T)ulx, 7) dr
{
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H BBITEKAKMIErD eped celeHne & + Arn e BHOIO

(+A1

[ vle+Ar, rule + Az, 7)dn,

£
& BO-BTOPLLX, VOBLILIO KOMMYCCTBA BOIWCCTBA {33 CHOT OCAKACHMT By
CLEHKE), PAaBHOl

ehAr tRAL
- / j( Fle ryular. m) de dr.
g L

Takum oOpas0M, FAKOH COXPAHEHMH BEILECTBA, naer

o
[ w6t + Al —u(g, 8] dE =
: t+AL _
= j [t.!(& Tulx. v} — o€ + Ax, mulr + Ax, 'r)] dr—

{

FtAr A
— j / Flé el ydEdr. {1.27})

TMoabayvacs TCopenol 0 KOMCHIIOM NPHPAlCIHE 115 TOILIITCIPATLIILIX
BRIDAAEHUH B NRSIGIOMREHHMH HATHYMHA HEHPePhIBHhIX YACTHRIX TI[O-
HABOIHBIX ¥ PACCHATDHBASMbIX (DYHKUHE H BRIMHCIAA WHTETPATRL 110

TeOpeMe O CpeTHEM, MOTY TN

()], Awdrt = — (o, " Yufe, )] .. Awdt-
— FE T e 8T ARAL, (1.28)

L. f* ?** r***

rae e, w2t — HEKGTOPBIE TOMKM W3 OTPE3KoB [#, 2+ A,
[t + At] coorsercrrenno. des sarem pasencrso (1.28) va ArAd
M overpemaas Ar M A K UvUI0. B CHAY NCHPCRPLIBIOCTH BECX YUICHOB
COOTHOWEHHA {1.28) MOy UM OKOHIATETBHOS Y PABHEHHE

% + %(m;) + fu=0, (1.29)
HIH 5 5
0—? + (i, f)% + el thu =0, {1.30)
rae
clr.t) = d Sl t) + flx,t). (1.31)

Vpagrerue [1.30) Ap AeTCa YPARHBHIEM K YACTHRIX TIPOH3HOIHbBIX
NCPBOTG NOPAIKA. LM HeTO MOKHO DOCTABUTL, TANPHMCD, CICOYIOUYIO
sa1amy. IIveTh HIRCCTIIA KOHICTITPAIIWA BOINICCTRA TP T = 2g:

w(zg, t) = walt), (1.32)
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rig wg(f) — sildadnad gpyaruda. Tpefyverca ouperesnTes wle, £) a4
2 xg. Huke (B i 8) Mb1l yeHauM, yro veaosue (1.32) oanosHAUHBIM
ofpasoM OnpenesiAeT pelleHne ypasaenn: {1.30).

4. 3amavya O TpoCAYHBAHWH BOOLI CKBO2L Hecok. [IveTk mona
TPOCAYHRARTCA YPDE3 MecoK CRepxy BHU3. Hanpaswum och o sans, Me-
pes ur, 1) oBO3HAYEM II0THOCTE BOUR B necke (£ spesa). Cropocts
OBUACIHA BOILI ¥, OUCBHIIO, 3ADHCHT 0T ¢C¢ ILTOTIHOCTH, T. . ¢ = u(u).
cag t{i) ocrh 3a1a10a QYHKUMA, TPHY0CM ¥ BO3PACTACT BMECTC C th.

Paccaorpum Gananc soust 8 caoe [#,x+Ax]. 3a spemsa Ad namecnue

F—e
KOJUUECTRA ROUbI DARHO f (1€, F+ A — ul(£,8)] dE. Dro namenenne
OPOHCKOINT 34 CUET pa:—'&H()éTH BXOTAIIErD TOTOKA
i+t
vlale, 7)ule, 7Y dr

H BLIXOUAICTo 010K

P+AL
/ vle{r + Ar, 7)elr + Ax, ) dr.
¢
Taxwm obpaszon,
redo
[ [(&,t + Af) —u(g, 0] de =
’ AT
= J/ (e{ulz, T)ue, 1) — v{u(s + Az, 7))u{e + Az, )] dr.
¢

[Ipeunociarad Ha MUHMe HENPEPBLIBHBIX ‘IACTHBIX LPOM3BOLHBIX ¥ U
1 guchpepeHIIpyeMoCTE 1{1), TPHAMEHHM TeopeMy 0 KOHEMHOM OPHpa-
weHud 1 POPMY1Y CPELHEIO SHAMCHHSA (1A BBIMMC IEHUA HHTEIPAJIOB.
Monenus zarem na AwAL vorpenmum Az v Al K Bys0; noayuns ypas-

TCHHE
Gu 1 0ud(uiuyu) =,

dt - Ordu
HIH ,
9 4 puy Q2 = 0, (1.33)
rog
plic) = wlu) + ndr {1.34)

du
£CTh STANHAT (DVHKINA 1.
¥pagverde (1.33), rax we kak u {(1.30), ARNAETCH YPABHEHUAM B ACT-
ILIX NPGHIBOMIILIX TCPEOTO TOPAAKA. THIHTILIME 3aO84AME T HCTO
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ABSTAKYLICA KOK 300800 DVHKINA . £) 1pU PUECHPOBAHHOM SHASHHY
J£o= Iy

u(zo,t) = uo(t)
{T.C. 38018 I0THOCTL BOALI 118 TPAIHLC 105 HCCKA B BCC MOMCIITLI
EpeMeHH ), Tax H 2adaine (pyHKuud 4{r, t) 1718 QHKCHPOBAHHOTO MOMEH-
1a f = lip:

ule, ty) = urle)
{1.0. 320410 PACUPCUEICHHC LIOTIOCTH BOALL 1O PAIPe3Y CUO0A [CCKA
B OOROACTCHIEI] MOMCHT BROMCITH #).

Oraerum, aro ypasuenune (1.33), B KOTOpoM Muokuredars plu) upu
TPOHAROMHON 3aRHCHT OT HEMIBECTHOW (DYHKIIUW, CNOXKHeS YDARHEHNHA
{1.30], B KOTOPUL KHAK LPOM3BOLHBE HEM3BECTHON (DYHKUHY, TaK 1 caMa
HeH3BeCTHAA (DVHEUMA BXOOAT sHHeliHo. ¥pasuenie (1.33) Hocur Ha-
IBAHME wogdusuHeinozo ypeonerus. Hayuennw keaznimnelinnx yvpas-
HeHui Byvier noceameda . 8.

5. KoaebaHua yOpyToro cTepKHA. PAacoMOorpum 43184y o Ma-
JBIX MPROTOMLTLIX KOICDAITHAX VIPVToro cTepxidg. [Iyvers noneiedop-
MHPOBAHHONM COCTOAHUUA CTEpPXKeHkh HMeeT [ITHHY I OCh erc COBUAIAET
C OCBE) X W B LUPOLCCCe or¢ KOAcOaunid 101 JciicrsneM BUOWIME CHIL,
HANPABICNHLIX [0 OCH 1, TOOCPETHLIC COMCHHA CTORAHA CMCLIAIOTES
KAK 11e10e, He JehopyMHpyAck B cBoell T1ockocTd. Torma npottece xoote-
Oaliiii CTCPKILT MOKIID XaPaKTCPHICBEThH OOIOH CKATApuol ¢y ke
ulz, ] — CMEMEeHUEM B MOMEHT BPEMEHH f CedeHWd CTEPIKHA, HMep-
Wero B HenehopMupoBaHHOM COCTOAHNE KOORIMHATY #. Byaem paceva-
TPHBATL CTCPAKCIIL NCPCMOIIION ILTOTHOCTH P(2 ), HOTIHIAOIIHECT 3aK0-
Hy [yka: ynpyras cinta, JedopMupyioman OecKoHe THO MATRIH AMeMeHT
CTEPIKHA, FAKTOUeHANH MEKILY CedPHHAMH © W 2 + A, NpONOpIHG-
HAILITA OTIHOCHTEILIIONY VILTHHCTIHIG 2TOTO 31eMenTa. KosddmmmenT
I]])OITO]’)I[I’IOH&JIhHE')C']‘I-T (I‘»"IE'),'I\}"JII'\- }-’II[’)}-’I‘!'}C']‘I-T) TAKKE ﬁ}"jlem CMHTA TR 1T8=
PCMCIIIBIN BAOAL CTCPKEA M obosmaaum ero gepes kx). [Hoacuutacu
OTHOCHTONLHGE YLTHHCHUC £ BLUIOTCHHONO SreMenTa. Inmia sroro soae-
MEHTa B MOMEHT BpeMeny { paBHA

Al ={(z+Ax)+ulz+ At} —z—ule.t) = Az +ule+ Az, ) —ulz, 1),

OTKYdd OTHOCHTCIBRVE YA LTHEeHME

oA Ax ulr 4+ Art) —u{x,f)

£ A = Ry . (1.35)

Ilepexoaa o opoipaskenuu {1.35) k¥ opeacay opu Ar — 0, opeamomia-
radA hyHEIHD 1>, 1) HenpepbIsHo TH] e perIHpYeMoil B BOCTONhI0BAR-
TMHCH 3AKOH0M I'VKA, DOTYIHM, 9T0 CHIA VIPYTOTO HANMPAKEHAA B Ce-
YOIHH 7, JCHCTBVIOMLT O CTOROIDI TPABOi 4acTH 1a JeBYVID, PABIA
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Eleyu, (e 1), 3aMeTHM, 4T0 HOJIVHEHHOS BEIDAKEHIS LA CHIBL YIPYTIG-
10y Hall[)H}KEHHH C[IDaHe,lI‘.JIHHD JHHIE H C,.lll}-"-lae MA TkIX K(J.JIEGHHI{I'I? K-
IO MOKIIO TPHMCHATE 34K00 I'yKa K BeCKONCUIIo MusToMY SJCMCIITY
CTE K HAL
Trobibl HOAYHUTE ¥PABHEHHE KOJeDAHUE CTEPHHA, TPUMEHUM BTO-
poit saxon HploTolma K DLIOCTCHHOMY SJ0MCHTY. ByaeM ¢4uTaTh, 4To
BHQTIITHC CHILL, TRHIOKCNTLIC K CTCRXITK, RPACTRCICTCHBE] ¢ NIOTIIO-
crbto fx.t), Tak TTO HMIYJIBC CHIBL, JefCTBYIOWER Ha yaenedt Ax 3a
TPOMEXVTOK BpeMeHd Af, papeH
iAoy
ATl = / }{ Fle mydedr. (1.36)
t p
Kpome ToOro, ma IPANHUILIC COICHHA DRLICICHIOTO ATICMCIITA O0H-
CTBYHOT ONPEICTEHHBIE BRI (LB YIPYTOMO HATpsKeHud. Toraa ypas-
Henne Bropuro 3ax0Hd Hewyrona sannmercs s vue

L

7 pt&udet + A8 — p(E)ule, )] d =

A LpAL

= [ (k2 + Arhu, (2 + Az, 7) — k(2)u, (2, 7)] dr+
! (4L r+Ar
+ [ flevydedr. (1.37)
f &

F10 — HUHTErPO-IH]KpepeHLHA IbHOR YpaBHeHHe KoJlefaHull yupyroro

crepias. Lpeanonaraas nenpepeirnyiy mdkbepennnpyesocrs dyvhk-
UHH. CTOAMNX B KBAOPATHLIX CKODKAX TOM HITCTPATAMH BLIPAFKCIIHI
(L37), v "enpeprisHOcTE f(r, 1), HCMOME3YA TROPEMY O KOHESHBIX TRH-
pa.ll[eHH.ﬂ.‘( M BhIYMHCNAA I‘IH'I'P.I'}')?LJIHT 113 'I'EDI'IP.XIP. 0] (’.])F’.JI‘HQI\I: ITO.-'T(\,-"H-TI\-"I

pla” yup e t)| = Ax At =
= % (E(x)u, (z, £77))

the % Tt R T Y — neKOTOpLIc TOYMKH B3 0TPesKob [z, 2+ A,
[, £+ A?] cootseTeTReHHO. [loneaus va ArAt 1 nepexols k IpeIeTy Tpd
Ar — 0, At = 0, B CHLIY BRENERHOIG BBINE YCIORHA FNAIKOCTH (IYHE-
muit u{e,t), ple), &lz), fle. d) noayqum oxonuarenasno audpepennn-
ANLIOC YPABHCIHC MTROI0ILILY Komehanuil ¥IpyToro erepxi

playur (2, 8) = [k{e)u. (o, f}] + flue. 8). {1.38)
DT0 — VPABICIHC B YACTILIY IPOH3BOIILIX BTOPOTO NOPIIKA, SDBITAI0-
HIEBCH MATEMATHHECKDI MONSIRI KONeDAHWE B IPOCTPAHCTRE W HO Bpe-

MEHH HEMPRPBIBHOR yNpyTOR cpeawl. B etatnaeckow cayvuae {(u; = 0)
CTURXKOIL T0I J0HCTBHCM TOCTOANIOR DO BPOMCIH DICIIICH CHALL H ¢HI

ArAL+ f(27 ) Ax At

e
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VUPYIOLG BRAHUMOISHCTHUA IPHHHMAST HEKOTOPROS COCTOAHNE CTATH1S-
CROLO PABHOBECHA, KOTOPOS CGHHCBIBAETCA OOBIKHOBEHHRIM Liddrepen-
OHATEHEIM ¥PABHSHHEM

[ (b ()] Lt fle) =0 {1.39}

Tunuirol 3a7a%eit 1A ypasHerns (1.39) apndaeTca Kpaesas 3anmata,
KOTIA 38, aI0TCH CMCHICTTHS TPAIHYILIY TOHCK CTCPHKII

ul0) = wg.  w(f) =y, {1.40})
HTH HANPSKCHEA, TPHIOKCHHBIC K IPAIHTHBIM COTCHHAM
B0, (0) == fi, &) = fs {1.41})

B psac ¢nyyaen OPUXOMHTCS RACCMATPHBATL W APYTHC TIOCTATIORKH
KPABBBIX 3a71AM.

(bmee vpasHeIHe KOACHaini pacnpemetennod cucremo (1.38) nope-
XOIHT B OOBIKITORCHHON THGPOROTIHAILIIO: YRABICTHC U B TOX CITY-
MASX, KODJa PACCMATPHDAICTCS MCPHOMIICCEHC KOJTCOAIINA, MpPOHCX0-
JIANHE NOM JIeicTRAeM Neprotitieckoli sremuel cnin. yvers flx ) =
= f[:r:) coswt. Byaes nexarte pemenne (1.38) Take B puae wix, f) =
= 4{x) coswt. Torma s i(x) AMILTHTYIRT eI IHecK X KooTeda-
HHi, YCTAHOBHBIIUXC B CHCTCMC NOJ JCHCTBHCM NOCPHOOHYCCKON BHOTI-
Hel CHOBI,  TOAYTHM GOLIKNORCHIOC THGQOROITIHAILIION VPATHCHHE

[k{x)d, (x}] Lt wiple)i(z) = — f(z). {142}

Tunuiuoli kpaesoil 3adatiell oNpeIeTeHHA TACTHOTO PELIEHHA YPARHE-
HuA (1.42) ONATE ABIASTCA KPACBAA 381A44 ¢ TPAHHYHEIMH VCIIOBHAME
tuna (1.40), {1.41) w1 HGoee CIOMHOTO BHIA.

B page cayuaes MHTEDEC NPEOCTABIAST OOpPeIeTeHHE ACTOT COG-
CTROTTIITLIX. KOICDATTUEH CHOTOMB — 90eTOT TOX YCTHUNORHRIIHICT TICPHO-
AR X KE’.’LJ'II-‘.‘F).?-].HI’IHj Kvi‘.'l'l'!‘}])l'xl(3 BOSAMOZKHBL B CHOCTEME II[')H O'I'C}"I'C'I'HHH
BICHIIHY CH KaK PACORCICICINILIE, TAK H COCPCIOTOICIIILIN b CRAITIITT-
HBLX CCMCIHAX. DA 3AUAMA, CEOUHTCA K KDACBON 3Aa8aMe 1018 OJH0p0I-
noro ypaemenua {1.12):

[E(x)ug(x)}] + wrplzu(c) = 0. {1.43)
Tpefiyerca onpeneTuTb Te 3HATPHHA HapameTpa w?, IpH KOTOPLIX
vpaBHeHHe (1.43) HMEeT HETPHBHAIBLHOS PLIISHHE, YIOBJETBOPIHIIISE
BAIAHHBIM  OMHOPOMHEIM TDAHHTHLIM  YCIORMAM, HATNpHMeD, w(() =
= u{f) = (. Takas 33,1494 HOCWT HAIBAHUE EpUeaofi saduvi o robomeen-
BT FHALONUAT.
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6. ypaBHEHHe TellJIGNPOBOIHOCTH. {_),L[HHM K3 THITHYHEBEIY ¥]¥ab-
HEHHA MAaTeMaTuueckoi (bll'ﬂlll(ll ABJIASTCA YPdaHeH e TJ’LE?'?.'-J’I-O'H.pOBOdHO-
¢1iit, K BEIBOOY KOTODOCG M ceitiac nepefizem. Temwnosoe cocToAHue
Teuta [} MOMHO ONHCATL € DOMOLNIBK CKATAPHOR (hyvHrmmn w{Af. 1) —
TOMICRATYPH & Touke A Tema B MoMenT speMend & Toenmodminge-
CKHE XAPAK TEPHCTHKH TEIA, OHHCH RAKTCA (BYHKIH AN 110THOCTH pf M)
H TOMTOCMEOCTH !‘T(_-"l_'lr), KOTODLIC I MHPOKGM HIITCRRA T TOMIICRAOTY DI
MOACHO CHMTATE 1 3ABHCAIHMH OT 'I.'CIE'IIIOD&’J.‘}-’DIJI, A TAKKS TCLIL 10D O=
BoMIOCTLIO k(Af), arnaonciica koadyxbuHenToM TpoIoOPIHONATLIOCTH
MC}KI[}’ MAOTIIOCTLIO IMTOTOKA TCTIAIOTLI 'I(‘IJL"S 'B.HCI\'ICIITElI)I]}-’IU l'I_-"IUI.U.El_JK}-’
AS 1 IPAIHEHTON TEMIEDATYPLL B HALPABJISHIH HOPAMAIN K 100 1L 10-
HLATKE

Ag = —k(M)ILAS. (1.44)
T
I\"IBI CTHTaASM TOTOK TeMJI0TR HANRDARTEHHBIM OT 60.-‘[99 Hﬂ.l"pPTOﬁ CTO-
p(Jth II,JI(')III‘?I,VlI,KH K MBHE® HHI'I')e'I'(JH {I'[)a\;I‘I-TEH'T' 'T‘F‘.)‘ITIQD&'I'}’}'JhI B OoATOM
IIEll'Ip{-LD."ICIIIrIIrI (]TpIrILI.ElT(L."I(EII)_. qT0 UH'[.)C__EL[‘.:[.'F[CT SJIIaK <<MI-[H}-'(.'» G (‘b(}p}{}’—
ae {1.44).

l-‘]:'If()()l_-»l H()(:Tp(]HTb l\'I{-LT(‘.M}L’I‘H‘IU(:K}’IO MOTETL HRMOICITHS T(EMH(.‘I'JHT}"—
PBL B PACCMATPUBASMOM Te/e, COCTaBuM ypasHenue Bananca. [MTsmene-
HHE KOJTHYIECTE TEILTOTBI AC‘M B A JIerMeHTs ()61:»(—!}-1?], &1- 3 Hp(]}l(—!}K‘VT()I{
BR¥IMEHI U1 MOMEH LA f L0 MOMEH TS f + At

AQr= | AMYPM ) [u(M ¢ + A — u(M. )] dV {1.45)
AV

(J[IE‘H—‘!JI‘G.JIHQ'I'(’.H HNOTOKOM TEILTOTHI AQ_} 'LIP.])E"& ﬁ[‘}Kf‘)H“r"H-J IIOHQI')X HOCTH AE
PACCMATPHBACKMOTS 0DLOeMA:
FrA 5
AQy = f [ k(ﬂi’)a—;‘; do dr {1.46)
t AN

(NpoW3ROIHAA DEPETCH 110 HANPARIEHAI) BHEIHER HOPMALIW, 910 Olpe-
JCIACT 3K «ILTIOC» nepen auterpaney b {1.46)). B konmnsectson Ten-
J0Thl AQ}y, BbLIIAEMONH BHEUIHHMH HCTOTHHEAMH, PACTEIOTIEHALIME
B MPOCTPAHCTRE H BO BPEMEHW ¢ II0THOCTRI f( M, 1),

tHAF
Ay = f / FOAM, 7)1 dV dr. (1.47)
[AY
Hyeenm
AQy = AQs + AQs. (1—1—8)

TTpeoBPasORAR NOREPXHOCTHRIT HHTEUPAL B BRIDAKEHAN LA ARy 10
dropuyae OeTporpaackoro (IpH 9TOM ML DPCINOTAACM IC0DBX0INM VIO
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rialdroeth PpyHkunil (M) u al ML E)), DOAY UMM HETEUPRIIBHOE CONTHO-
weHHe DANSHCA TEIOTH B BIAe

f KAV A (Mo + AD — wfM D] dV =
AV
BEAT

[ [Lh\ (M) gradu(M.7)] AV dr+

[EAY

+ f ff(flf._?)d‘l-"dr {1.49}
ioav

BuaMCIHD BLIPAAKCINC B KBAIPATILX CKOOKaX B JacBoil 4actn (1.49) no
QOpPMYIE KOHEUHBIX LPHPALIEHHE, BEIMHCIAA HHTEIPAIBL 10 TeopeMe
0 CPEIHEM 3HAMEHHM M UEPEX0UA B OJUYUEHHOM BBIPDAXKEHHH K 1DEde-
Jy upr AV = (0 At — 0, nonyais gudxhbepeHunanbHOR YasHeHHs,
KOTOPOMY YUOBJIETBOPAST TEMUEDATY DA BHY UK Tena D

clMp (JI)OL" = div [k(2f) grad u{A1,8)] + (M. £). {1.50}

TTpu 31oM, Tak Ke Kak W 1M BRIROIS YPABHEHUS YIPYIHX koainebaHuil
{1.38), npeanosaracy, 9To mewssectias Gyusmaa #{7 1) u kosdbunu-
cirrel ypaeuenua {1.530) 0duaga10T A0CTATOMHOH 1VIAJKOCT 0.

Ypapuenuce (1.50) ABIA0TCA YPABICHHCM B SACTHLIX TPOHIBOOILX —
MbL LHOCIPOHIH MATEMATHECKYID MOUEIL W3MEHEHHA LeMUepDaryphl
H B IPOCTPAHCTBE, M BO BpeMeHH. CTALHOHADHOE DACHPEnsIeHHe TeM-
HERATYPBI [0 AeHCTBHEM He 3ABUCALIMX 01 BPEMEHH HCTOMHHKOB OllH-
ChIBASTCHA YPABHEHHEM

div[R(M) gradu(3}] + F(A) = 0. {1.51}

Dro, poollue roBOPA, TAKKC VPUBLUCUHC B HACTULIX UPOH3BOUILIX —
TEMNEDATYPA 3aBUCHT O HECKOJBKHX NPOCTPAHCTEEHHBIX KOO, IHHAT,
B gactinoM caydac. EOCOY CTALHOIAPIOC PACTIPCICTCIIG TCMICPAT Y-
PRI 3ARHCKT TOUBKG O GIHOE NPOCTPARCTREHHOA KOOI IMHATRL, HATIPU-
MO, B CAVYHAC PACTIDCACTCITH TCMTICRATYRET I CTOREIC ¢ TPOTIOLIToH
CHhRH) BN II!'}.H"’\’“II‘IM (Jﬁh[I(HOHeHH(JF! ,'II-T('I')(IJHI)EHI[I'la‘.'th(]F! b\;'I')ﬁ.l'!H(:‘EHI'I(:'.

[B(z)u. (2)], + flz) = 0. (1.52)

THIMUYILIMY 38424MaMH OUPCALICHMA YACTUHLIX PeWCHA yPaBicLus
{1.52) Tak xe, KaK 0 b cayaae ypasaenna (1.39), asaaoTes Kpacsoie
FAIAH ¢ B3AUAHHBIMH IDAHMHBIMH ¥ COBHAMH.



. TABA 2
OBIITAA TEOPHUA

4 1. DvieMeHTAPHbIE METONB] MHTEIPUPOBAHHA

Pemenue amdxhepeHuMaThHOTO yPABHEHH, KAK TPABITO, HE yIACT-
¢A BRHIPASATE B BHIE HIEMEHTAPHBIX (DYHKIHH W KBAPATYP OT HHX
H 170A DOAVHeHWA YacTHRIX PeeHHd NpuXonuTed npuberaTh ¥ pas-
JWYHBIM THCIEHHRIM METOMAM, H(MPEKTHRHOCTE KOTOPBIX HEHIMEPHMO
BO3POCAA ¢ MOARIEHTeM 1 paseuTHeM copemenubix 3BM. Ospake no
noasacina IBM crpemicune cuponrrerpuposars duddepenunaLios
YPABICHHC B KEAIPATYRAXS OODCACTATO OOHO W3 OCHOBHLIX HANPABIC-
HHA B HCC/ISUOBAHMN OOLIKHOBEHHBEIX AU BepeHunabHbIX VPABHERNE
U MPHBETO K NOABICHUK) MHOTGUHCIOHHEIX CIPABOMHUKOB (CM., HATIPH-
MEp. [18]} HEO PETNEHHE) ,'mf_b(i)e[)eﬂjma..llhthx Y PABHEHNIA. B nacrosmgn
naparpadpe MLl KpaTKo GCTalloBHMCS 1A HCKOTOPBIX IPOCTCHIINK 1 1aH-
HOs1ee PACHPOCIPAHEHHBIX H NP IOKEHHAX COYUAHAN, KO YVIASICH 110-
JYYUTL POIICHHC VPABICHHS TICPROTO TOPAIKS

2= fley) (21)

o
B KBaIpaTYpax. Bo Muortx caviaax nepemenneie 2 w oy 6 (2.1) pasmo-
UPaBHBL FT0 Jaer OCHOBAHKME HApAuy © ypasHenuem (2.1} paccmarpi-

BilTb H ¥]raBHEHHE

dr _ 1
Q= T (22)

A TAKXKE YpaBHeHHe MepBOro NopAIKa, 3AIHCAHHOS B BHIE
Silz,ylde + folr,y)dy = 0.

1. YPaBHEHHE C pasoeaaIUMHACHA IIepeMeHHBIMHA, Tax Ha3H-
BACTCHA VRABITCTIHC BITA

dy _ filx)
& = Fal) (2:3)
T
fHledde + faly)dy = 0. (2.4)

Ipennosioxun, ato ¥pasHenue (2.4) uMeeT petenus B HexoTopol ofi.1a-
crn B = {lr —rgl <y — ol = B} nuockocr (e y). Ovaxnnn fi(x)

1 fu{y) onpeacscinl 1 NCOPCPLIBILL COOTBOTCTBCIIO M & — 2] £ a
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U |y —wo| £ b Hoocrasue 91o pemedde B (2.4), HOJIVIHM TOKLSCTEO,
HHTEIPHPYA KOTOpOe, 6yIeM HMeTh

f,fl {(w)edr + ffg(:gr] dy = const . (2.3)

Heonpeaenennee narerpaam B (2.5) Hocar nassanue ssadpaiiyp, or-
K¥IA H BOZHUEK TePMHH «HHTEIDHPOBAHHE YPABHEHHA B KBAIDATVIALS.
Bripaskenne (2.5) MOMKHO LHepeINCATD B BUIE

be.y) = C. (2.6)

D10 oauauacr, 1o Gynkoda o, ) COXPANACT NOCTOMIIBLIE UAMCLIIA
4 POIMCIHAX YPABICIns (2.4) {pasauinniM pemeiniaM OTBCTAIOT Pas-
THYTLIC MOCTOAITHRIC).

TIpu Eazcnoy GUECHPOBAINTIOM 318 1emul { supaxkenue (2.6} onpeae-
JSIET HEKOTOPOS "1AaCTHOE Dellerne y = i) ypakHeHna (2.4) Kak Heds-
1v10 HYIKIHD TepeMenioro . Eean ke € pacCMATPHBATE KaK Mapa-
MeT], Te Beipakedue (2.6) oupeusnger cemelcrso pewennii y = ylr, C).
Boipamenne {2.0) HasblBASTCA wHMELPEAOM COOTBETCTBYOIETO Ane-
peHIHATLHOTO YpasHeHad. Eean soipaxkenue (2.6) i, B 6onee obieM
cayvae, Brpakenne suma Pz, v, C) = U, B kotopom ¢ paccMaTpuBaeT-
CA KaK TAPAMET], OMPEIRTAET BCS MHOKECTRO PEMTeHH COOTReTCTEVH-
mero _,'I"l'l(]',](l')er}eH]I‘Ha,.lthﬂl'(] }-"I'}a.HHF!H HA, 10 =70 thpa)KeH HE HAZKIBABTCA
00U ILM UNTREZPRL0M TANTIOT0 T OPCIIIILIONG YPABICIHA, A 10~
AYLCHNOe u3 e sepaxennc ¥ = ylo, C'), COACpMKAEe BCC PO
JAIIIOTO VPABHCIHSL. HARLIBACTCH ofuwittM peuwicnies Tannoro auddpe-
PEHLUHAIBHOIO ¥PABHEHUA.

Bupasxenne (2.5). ouesnano, ABIACTes OOUIHMM HITCIPATOM ¥PABIIC-
Hus (2.4).

Hrolnl BLIOCIUTL 9acTIoe pemenns ypasienus (2.4), onpenenaemoe
HAYA IBHBIM Y JOBHEM

ylEe) = Yo, (2.7

AOCTATOMHO B BRIPAEEeHHn 0Omero narerpaaa (2.5), sanucannmo s snne

[ hwdz+ [ fdy =,

i o

ONPCTETHTE NOCTOANTYIO (. TpefoBaliine yIODmC TRORCITH TAYATL -
My veroRHio aaeT () = (), 0TV Ia HCKOMOE TACTHOR PellieHie B HeTBHOM
JopMe ONPCICTACTCT HITCIPATIOM

[ nnde+ [ pwa=o (2.9

L Yo
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Jerko BUISTE, IO PpAld YpasHeHUA MoReT OBITh UPUBEIEH K YDaBHES-
HHUK) ¢ PASUSIAIIMMHCA tepesednbivu (2.4). Tak, ypasnenue

H@En(y)de + fo{a)g(yldy =0 (2.9)

nocae neaedun 13 g (y) f200) npusoimrea ko rpebvenomy suay. Hano
HMCTL B BHAY, YTO UPH 9T0M MOUVT OLITEL HOTCPIILL HACTILIC POLICHHIT,
OOPAAIIME B HY 1B UpOMsBensiue g1(y) fo ().

Mpumep 2.1. Mpocreiiuny ypasHEHUSM ¢ PR3 IENANMHMUCT 11EpPe-

MeRHBEIMHY ABNASTCA YPABHeHHES

W = fla). (2.10)

FEro obmuii urrerpas uMmeer it

1y - ff(:r)da.‘:(?. (2.11)

4 YACTHOE PEILSHHE, YIOBJISTROPARIIE: HATATBHOMY YCIOBHEY (2.7), —
N

3= / Fla) de + yo- (2.12)
i

B cavuae ypasuenus (2.10) ¢ moctosumol npasofi 9acTnio

ey oo
24—y 2.1
di ' ( )
TOMIVHHM ACTHOS PEHIEHHE, YIOBIESTBOPANINE: HAMATLHOMY ¥CIOBHH)

(2.7}, B BHTE
i = alx —xo) + yo- {2.14)

Mpumcep 2.2.
de ~

dy _ f(%) (2.13)

CueslaeM 1aMeHy HCKOMOI LlepeMedHol, nonokus - = y/r. Tak kak npu

i e
WTOM f = T2, ﬁ - ﬂ"g—; +Z: T ¥PaBIeHie {215) MePCXNOIHT B V] HRAMBITIHEC

wdr + |z — flz)]de =0 {2.16)

Buaa (2.9).
K suuy (2.9) npuBGaNTCT 1 yPABLCLIEe

W _ flar + by), (2.17)

pri
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rae 8 u b — nocrodHdbe. Beelnem HOBYI) HOKOMVE) HEPEMEHHYH 2 =
= aw + by. Toraa ;

iz iy

£ =g+ bE

dr dar

o ypasHeHHe (2.17) nepexoauT B ypaBHEeHHE

dr — o+ bf(z)]de =10 (2.18)

Paccmorpus 1enapn ypapuanue
M(r,ydde + N y)dy = 0, {2.19)

rae M (e, y) uw N{x, y) — onHOpOOHBIE (DYHKUHH MEPeMeHHbIX &, % OIHOH
crenenu. Oyuruua f(z, y) HaspBaeTea oduopodnoil dyrryueit nepesten-
HWT T, Y cmenenu k) CCITH UMCCT MCCTO COOTTIOUTCTIHE

Flre b)) = 5 (e ). (2.20)

i . .
FaMeTHM, 4TO f(%) ARISCTCS OINopoIIoi dyuknucti myresoll cTenen.
Zanucas vpasucnuce (2.19) o puae

dy _  M{e.y)

de —  Nic.y)' {2.21}

MBI BEUTHM, ITO TIPH CASTAREBIX MPETTmKeHHaX OTHOCHTeTRHO (hvHE-
upd Af(x,y) v N(z,y) npasaa dacts (2.21) saprageTes ommopoanod
GYUKUMCH 1y, 10BOH CTCLCHM U, CAICHOBATE ILHO, ¢ [OMOLLBKY 3AMOL
z = y/z, Tak ®e kak B npusMcpe 2.2, ypapremue (2.19) opusoauTes
K VPabuciun THoa (2.9).

2. Jlumneiinoe ypapilenMe NepPBOrce IMOPAIKA. ¥ PADICIIC 1a-
BLIBACTCA AUREERBM, CCIH OO JIHICHIIO OTIOCHTCILIIO ICHIRCCTIION
PYHETIHHE ¥ £& TPOH3BOMHLIY, [THHeWHOe ypaBHeHHe Mephoro TopsaIKA
HMeeT BHI

I .
Lt pla)yl) = o). (222)
Eemu f(e) = 0, To vpaBHeHHe HASBIBARTCA odnopothrsn. Kak merko

BHIETh, JHHEAHOS OJHODOIHOE YDABHEHNE
dy 9 o
HPUBOAHTCA K ¥PABHEHHKY ¢ DAGIC TAOWHMACA 1I2PEMEeHHBLINXN

%U + pla}de =0,
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()6LLLHﬁ HHTSUPA Kool Hieael Bil

Iny| + fp(.-r) dr = C, (2.24)

a 00LICe PeICITHe — ]

y = CP_"I pir) rf:r.', (22(-})
roe O # 0. Ouesnano, uro Hacraoe pewenue y(x) = 0 ypasnenna (2.23),
KOTOPOe MbL LOTEPASIM, paztenus (2.22) Ha y, couepxurca s hopuyse
(2.25) npn € = 0. Hozromy (2.25), rae C — renepes yike oboe sene-
CTBEHHOE 9HCII0, ABTASTCA OBWHM pelllenies ypasHeHu: (2.213).

13 (2.23), sanucrBag NeproodpasHyi }f-p(;r:) dx B BHAE oMpeeeHHO-
o -

IO UHTEMPadls f pla) dr, noaynm macTHoe pemenne vpasaennsa (2.23),
]
YAUBSIETBOPDARNEE HAYA. IbHOMY ¥YCULOBHRD y{-'liﬂ) = ifn B BOUES

- |r plrpde

Y = got O : (2.26)

3AaMOTHM, 1I0 10 CAMOMY C1ocoby nocrpocuns hopyyaa (2.26) .-
CTCA  JOKASATCILCTBOM CIHICTBCHHOCTH PEIICHHS AMATLHOR 3amaim
ndA yparrerdsa (2.23) B MPETIONMKEHHH, ITO 3TQ DelleHHe CVIle-
cIBveT. HeiCTBUTEABID, TOICTARAIS I060C PCUICTHE NAYaLIoH 3a-
JaMH B ypasHedde (2.23) U poBoUs OGS IEA0BATENBHO TPeODUs0 BAHMA
(2.24)-(2.26), MBI BCEIrAA UPHIEM K OJHOMY M TOMY K€ PEe3y.1bTATY —
dopuyae (2.26). U1o6n D0Ea30TL CYILCCTBOBAIRC PCILCTIHA JAIHOTH 3a-
JAMU, JIOCTATOMHO 1Y TEM HEHOCDEICTReHHON nposeprr yheunreea, 4o
JUTA HenpeprBHOE hyARumn pla) pyuxupa y(x), onpeietenraa gop-
MysI0it (2.26). vIoBIeTRoDAET BCeM YCIOBHAM HadambHOW 3a7ATH Tud
ypasrerna {2.23}. Oqepuano, nogobHBIE DACCYIKIEHHA MOEHO TDORS-
CTH U B CIVHAC TAYAIBIOR 3A0A4MH 08 VPABHCIHE ¢ Ba3Ie UIIOm M s
LEPEMELILME, PACCMOTPCILBLX B 1. 1 nacroawero naparpada.

Pemenue nunefinoro nconuopomioro ypasienns (2.22) nalfizes MeTo-
JoN BAPHAITHH MOCTOAHHON, KOTOPRRIT COCTOWT B TOM, "ITO MBI HCMOTh-
BYEM CHELHMANBHYK) 3AMEHY HEeMsBeCcTHOR (pyHEuHu

y(x) = Cx)e™ dol01dr (2.27)
roe (') — PpyHKINA, DodTeKamas oopedenednto. [loacTapnaa peme-
HHA TAKOTO BHIA B VDABHOHHE, MOV IHM

d-_C(_;— [pleide _ C'(:r)p(:z:]c_ Jop{ryde + p(I)C(.’L‘][’_ fole)de _ f{.ﬁ)

dx

OTKYaa i |
A0 Jopieyde
de = f(xe )
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Hurerpupya 510 paeeHCrso, Haliuem
C(x) = [_f{:r)e-" AR e O
H, OKOHATE, [hHO,

yla) = Cre JPE1de o Joinde [ fipel pedds gy, (2.28)

i mosyvIenmore BMPAXKOH CICVET, SITO 0DWee POTICITHS JHTCHTO-
ro NCOTHOPOOIOre ¥pasienus {2.22) npeacTanseresa b BHAC Gy ML 06-
wero pewenns {(2.25) JuHelfHoro ouaopoanore ypasnenns {2.23) u qacr-
HOTO PelleHHd HeOIHOPOIHOro ypasHeHus (2.22), B 1emM Jerko yHenaTh-
CH, IWONCTABUE BTOpOe Caaraenos Gopyyan (2.28) B neonnopoinoe v pas-
nenue (2,22,

Penmenne navannaoi sanaun yleg) = yo iin ypasnedus (2.22) naii-
JeM, OUPEIeIAa M3 HAYAIBHOIG VCUOBHA LHOCTOAHHYID (4 B (popmy-
ne (2.28). TIpu 3ToM B KavecTse NepeoobPA3HBIX hyHKIMIL, 3anHcAHERIX
B (2.28) B BUI& HEOMPEIETeHHBIX HHTEIPATOR, YIO0HO B3ATH ONPEeeTeH-

£

ILIC HIITCTPEILI J/ .Toraa Cy =yy u

i
s ks £
- fple)de - [plerds o« fopig)ae
yle) =yoo = o [ fge de,
E
TO ACTh, . ]
= ) pighag o= fpgde
y(e) = yoe 7 + fe s fOd (2.29)

Wy
Takuy oGpasoy, HCKOMOe DEIIeHHE ONReIeNAETCA Kak CYMMa pelle-
HIA GOHODOIHOCO YpaBaeHHA (2.23), yOOBAETBOPAIOIIETO 3404 HHOMY HA-
YAABMOMY VCIORHIO #{rg) = Yo, ¥ PCITCTIES TICOITORGTIOTO YPADIICHIA,
‘\",'I.OH..'IP.'I'H('JPHH'J[IIP.'I'O H}-".']EHOK‘T}-" Ha‘-la..."thOl\-T}-’ }-’(‘..-’IOHI’IK‘)A

Mpeactapaenne (2.29) DomyHeno b IPCINOIOKCIHE CYVILCCTEODAHNA
pormenis. Ono IoKazkmacT CIHICTROHIOCTT POIICTTHA HATATLIOH 3a,1a-
M T8 [ICOANOPOINoro ypasuenns (2.22),

CymecTRoRAHNE pellleHNA HATANBHON 3a71a7H 1014 vpasHenun (2.22)
upl HenpeprBHeIX (pyHrunax p{x) 1 flx) veraHapmBae1ca Henocpe-
CTBEHHO L0JCTAHOBROA (popMyIEL (2.29) B YPABHOHUE U HAMA IBHOS YOI
BlHE.

JaMmMeuanue. E,'II-IH(‘.TBPHHOCTB elIeHHA FTON 3AT4YTH MOMKHO VOTa-
HOBHTE, TONEIVACHE TAKKE CASIYOIIHMA DACCYIRTEHUAMH, XapaKTePpHBI-
MH BOODIIC LI TUICHIILIY 3adad. Hl}[E,I[H(),]'I()}KHM: HTO CYIICCTRYIOT OB
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PASJIHIHBIX PRIIEHHA HAYAILROR 39100 4 () U 12 (). PaceMorpuy ux
pasvocrs z{x) = ¢ (X)) — g2 (). Ouesnnno, dyaxuun =) apuseres pe-
[EHHEM HAYMAJNBHOR 330A4H A COOTRETCTRY KINET0 OIHODO, HOID VPAR-
HEHHA ¢ HY.TEBBIM HATATRHRIM YCITORHEM

d‘-,
= 4oplriz{ixy =0 z(xrg) = (0.
d&“+j()() 1 (‘[]J

OTciona 6 CHTY GUUHCTRCTINOCTH POIICTTHA MATAILHGN 3AXATH LA TH-

HEAHOIO OAHOPOIHOUG YPABHEHUA Caedyer, 110 z{x} = 0.

l_[ﬂ.-'T‘\"‘-IHI\‘I Ha)KH:_»"PO (-}I]‘HHK‘\,’ I')(](".'I'a. ])HIIIQHL‘IH Ha.'-la..'th(Jﬁ Sastadr A
nuneinoro ypasuenns. [Ivers B ypasuenun (2.22) dyvuxoun ple) v f{x)
Ha PACCMATPABACMOM TPOMMKYTEC HIMOTCHHA HOZARUCHMON nmopomorn-
HOU YMOBTETRORPAWT YCTOBHAM

()| < K. |f)] < M. (2.30)
Torua 444 pewendnd HauANBHo 3313 03 upeucrasedus {2.29} 1ua
& 2 irp CICIYCT OUCIES

ly{=)] < |L,n_,|r’h T—tod ;\I ((?K{“'_“’ - 1). (2.31)

B 3axmodeiiie 3Toro OVIKTA VKRN TOEOTOPLIC 9ACTO BOTPROMAI-
HHeCA B TPHIGKEHTIX VPABHEHHA, KOTOPLIe COOTESTCTEYIONIMA 10/1-
CTAHOBKAMI MOTYT ObITE CBEIEHBI K JTHHEHHOMY YPARHEHITH).

PaccuMorpuM Tak naisacMoc ypasuenuc bopuyisin

d‘*)' k7]

==+ plxjy = flah

o T ey = flahy
rig n £ 1, MHAaue ypaBHedne yKe JHeitHoe. Beeiiey HOBYVID HeMdpeCT-
Hyvio pyHrine 3 = ' 7" Toria yparHer e Hepeiilier B iTnHeliHoe ypak-

HEIHE 1 ds
L2 o)) = fla)s
oflmes pellleHis KOTOPOTO TasTed ropMy.Toi (2.29).
Liosiee cnomHoe yparnediie Pukkarn

Wt ployy() + gy () = F(2)
B 0fLeM ¢av'iae B KBaIpaTypax He uHTerpupyerca. (Jauako ono oli1a-
JEET CHE LY KLY BAACHBIN CHORCTBOM? 80, IH M3BECTHO KAKOe-, 11100 1ac1-
HO® DelIeHne y = yy {2} ypabHeHna PUKKATH, TO HAXOKUSHHE €10 0BWero
PEICHHA CBOOHTCS K PEIIeHHI) THHEHHOrO YPABHOHHA. AeliCTBHTENRHE,
BBCILA HOBYIO TOH3BCCTITVIO fb}'IIKIH‘H()
(&) = yla) — i lu),
TOOVHHM 104 Hee VpaBHeHHe BEI)H}'.H.HH

&+ [ple) + 29(e)p ()] 2(e) + ()2 (@) = 0,

UTO M IGKAIBIBAST BRICKAZAHHOS VI RE[HIEHNE,

3. Jlemma o oudwbepeHnuaneHBIX HepaBeHCTBAX. B masnnc-
e GYIeT HCOOILIOBAILG CITCIVIOICG ¥ TBODHK TCIHC.
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Jesvma 2.1 (nemma o nudshepennna iedelx Hepagencrsax). Ivers
chyHruua z{e) penpepbisra 4 nMeer npyox € [wo, X| KVCOLHO Heupe-
DBEIBHYIO IPOGH3BOOHYVED, VAOBTOTBOPANIIVI HEDABPHCTBY

EL.. \ DI
i, 2.32
d.! |/—| + ( }
e N = 0,0 =20 DOAOERTENRARE D0crosHane. (B rouxax pas-

PEIDY IpOH3BOTIOH HepapericeTsy (2.32) yA0BICTBOPAIOT 0 ARCICTLILIE
sriadernsa.) TOrga oot MecTo OHOHKA

z(x)| < sz}, € (g, Y], {2.33)

rae 8(r) — pemesie HANa bR 33430 299 JHHEfiHoro audcpepen -
ATRIOTE VPABICTIIS

ds
dx

=Ns+a, s{zg)=>b2|z(zy)| =1 {2.34)

JdokazaTeIbecTBO ATOH JeMMbl IPOBOOUTCA AHAIOTHIHG J0KA-
JATENRCTBY TeOpeMbl lanneirsaa. PacesMoTpuM hyarm s{&), ABIAK-
MycdA pelmeddenN HAYAThHOE 3a1aun

rac N> N, @>a. b>b asoctansuon N, @, gﬁ— MROH3BOLILE *TH-
Cla. 3aMerus, uto §(x) > 0, Tak xak j—;{:r:g) < g—;(l‘-g), TO B LICKOTOPOH
OKPCCTIIOCTH OPABCe TOTKH &y UMCCT MCCTO HepaBencTno z{z) < sl
Ilyete = = & > xp  HaHMeHBINee 3HATEHUE X, TPH KOTOPOM 3TO He-
PaBCICTBO IAp¥IACTes, I. ¢, z(#) = §{ip ). Ho toroa

di Tar W

o mpotasopeirT (2.32). (Beau zp — ToMka paspbiba IpOR3BOIHOH, TO

EBMECTO == d"‘ B HEDABSHCTEOQ BXOIHT MeBad MPpOH3IBOOHAA OT 2 B TO'IES 1) )

AI[}LT{()FH'IH() H3 HOPABCIICT B &(3’0) - T(TU) CACIYCT, 'ITO B OKPCCT-
HOCTH Ty HMCCT MOCTO HCPABCICTBO () > —§{x), M NCPBOC APV IICIIH?
FLOTU0 HEPABSHCTBA 1TPH L = T3 > Fp. T €. PABGHCTHO z(am] = #{@s),
. P dzony & _dw . .
NPEBOIAT K TOMY, "ITO E(U) < (ﬂ"g) A 0TCIOZA OOATL CHCOYCT
npoTHBopedHe © {2.32).
Taknw obpazOoM, CHPABELINBA OIIEHKA.

|z{a)

< &z = ho Nt —ea) + i:(t?‘ff-f_"“':’) -1}
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(1A s(#) 30e0h BBIIMCAHG ABHOE BHIDAXNKEHHe, HalleHHOe, HAalpHMep,
no dopuyae (2.29)). Tax kax N= N4z a=a+tes, b= btes (2, >0,
1 =1.2,3), 70, Mepexa1a B MOCTOINCM TICPABCHCTRe K Nperedy £; — (0,
THOJIY'IHM OLICIIKY

|3(T)| < be;\'[.‘r—a“o) + j’\i’(e;\f[;r—a“o) - 1) — ‘?(I‘)

roe s{r}  pemenue nadanannof sazaqw (2.34). Jemaa gokasaun.

Dyukuo s(:zr) 3AMULICM TAKKC B ¥I0010M 1,18 Manbucimero suie

sla) = bay (2) + asy(x), (2.33)

rme
syl = eNlemro) (2.36)
1 et — L SNGr—wn) _ oy
sal) = " (e. l). (2.37)

Javevanunce Ououry {231} UCrK0 UOMYHMTL M3 JOKAZAULOH
JHCMMEL.

§ 2. TeopeMbl CYUIECTBOBAHHA H €OUHCTBEHHOCTH pellIeHHS
Hﬂ'—ﬁl.ﬂhl—l(]ﬁ 3AJIAYH JLITd JTHOTO YPABHEeHWA TTepRoTo
MmopsankKa, paipellleiioro oTIIOCHTEJIBIIO HpDPICtBOJIIIDﬁ.
ANTOpHTM JoMaHbIX DHaepa

B upeupiayiies maparpade ¢ noMowmbi ApHbix dopyyi Oble do-
KaSAHO CYIIRCTBOBAHNE H eIMHCTBEHHOCTD PEIUEHHA HA'TABHON Sa0atiu
U SIMHEeRHOIO ypasHedns (2.22). Tlepeliigm renepb K paceMoTpeHdr)
COOTBETCTHY KLU TeopeM 1A Hava bHOHR 3anadu (Bauady IKowu)

ﬁ—? = fla.y). plro) = yo. (2.38)

NpH OOCTATOMHO ODIMINX ¥ CIOBHAX, HATKEHHBIX Ha pyHKLIHI f{x,y).
Ipy 210M JORA3ALEIBCTBO ONATE OVIST UPOBEISHO KOHCTPYKTHBHBIM
IVTEM — OUHOBPSMEHHO ¢ JOKASALEIBCTBOM TEOPSMBL CYIISCTBOBAHUA
pewennd taan (2.38) Dyaer 1aH A/ noprTM nocTpoeHua by Hruun (),
CKOMb ¥TOOHO TOUHO ANOPOKCHMHPVIOMe# pelneHre HeXooHOH samar.
Haea 51010 MeroIa npuHa L 1emuT Diaepy. Metod cOcTONT B TOM, 41O
HITTOTPATLIAST KPUBAs, SARTAIONIAACS POTICITHCM 3aa9i (2.38). nocmeto-
BaTENRHBIMH TTTATARMET lIDHﬁ,JIH}KeHH(J FAMEHALITCHA HF!K[T]'O'[)O[”II J10 MaHOi:I
JoManoi LIepa.
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Tvers pyuxuna fe,y) sanaa s oftacrn G orockoery (e, y). o-
CIPOMM B FTOR 00 1A0TH SAMKHY ThIA HPAMOY IO bHMK [} = { r—unl € a,
l¥ — yo| < b} ¢ HenTpOM B HAYATLIOH TOYKC (@y, Yo) H NOCTEBHM ¢BOCH
;TR OTIPeNIETeHHEe HHTOrPIRHON KPpUBoH (1), BRIXoAIeH 13 TaHHONH
HAYAThHONH TOYKY (Fy, o} M WAYINER B CTONOHY BOIPACTAIINHX 7 2> Xy,

Tlpeanoaomeus, uro B8 G dyuxmun (i, ) HEIPEPLIBIA H YIOBICTRO-
pAcT yonoswo Jluonmina no nepeMoniotr i

[Fla, i) = Flep2)| € Nloy = a2, {2.39)
T.1e _"‘\'r — MOCTOAHHAA, HE 3ABHCALNAA HI OT %, HA OT Jf. 33-]’\19'{'1’11\1, "TTO

13 MCNpepLBHecTH Gyvnknrd fr,y) B saMkiyToi obmacty D crenyer
ee OTPAHHYSHHOCTE B JTaHHON oftacTi:

[f(z. )l € M, (=z,y}e D. (210}

HexomMaa uHTerpallbHad KPUBIGT, 6CiIH OHA CYLIECTBYET, Lepeceder
JHBO BEPTHKAIBHY K NDAMYE ¥ = #g + a, B0 0OHY M3 FOPR3IOH T b=
HBIX OpPAMEIX § = #g + 0 WIH ¥ = yo — & — rpasiue obnacte D, B no-
CACTICM CTyYae abeIimeca TOYET TePOCeYeTIHST MOMDLIIC 2y 40 0 HCKOMAsT
WHTEIATRHAT K[YMBAA OHPEIETOHA HE HA RCEM (FIPEIKe 7y % & S Ty 4.
OmUAKS M3 DPOCTBLIX TCOMOTPHYCCKHAX COOOPAMKenHE 2¢10, ITO 10 TOYKH

ro+ .% OIY, ¢ ICPCCCYCT TOPHIONTATILION rpamnunl: cavaai b/Af € a
upeacIasien Ha puc. 3; cayvuaii b/M 2 e — na puc. 4, F — unrerpann-
HAA KpUBas, OpOXoIALlad epez ToUKy (#g.yo): 11 — npavsle ¢ Tan-
rescoy veiaa HakoHa, pakdbiy £ML Tlosrosy B pasereiines saecio
obitacru [7 Oviaes paccMarpuBaTe NpAMOYIONEHUK Dy = {|e — 29| £ H,
ly — yol = B}, rae H = min{a, b/A1T.

I II i 1/5
€0 _U_‘-IE W :1-'0:’1-(1. 0 :ruj’;ii b
0T AT AU ¥
7 i
Puc. 3 Puc. 1

TlepeiineM TemepL K DOCTPOCIIHIO JIOMAILIX Didmepa. Pazobnea oT-
perok [19, X], X = 2o + H, ma n wacToll TOMKAME T = 2q,71, E2.. ..
ey = XL O60nannmM &y — ;-1 = By it = max{k;}. Ha nepoom wa-
re «3aMoposinM» f(r,y) B To9ke (Zg,in), T.€. 3uMEeHHM OPABYH) 1ACThH
{2.38) anaqenwem flrg.yo). Toria noay4aM ¥PABHEHHE ¢ NOCTOAHHON
Hpasoil 4acTLIo .

2 = f(zo. o). (2.41)

o
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HHTEIPANBHOI KPHBOH KOTOROLO CIVKHT OTPe30K NpaMoii
Fle) = wo + fleo.yo)(e —wp), o € [wo,2q] {2.42)

B rotke @) 3T0 pellleHHs IPHHUMAET SHATeHEE i) =0+ f (2o, 40) (21 —20).
Ha proposd mare upimest 3a HORYH) HAMANRHYI0 TOMKY {r), yl] H OHAThH,
«3IMMOPOIUR® F{r, ) B ATOR TOTRC, TOCTRORM CTRIVIONIe:® TPAMOTHTICH-
HOE 3ReH0 W T. M.

[Toy1vuenuaAs TAKUM 1Y 1TEM JIOMALASR HASLIBACICH A0MUHeE Fiaepa.
Hetpynno muiIceTs, 1To ma oTpeske [2g, X] movanaa Binepa no sriiier
w3 upaMoyroiieiaka Dy, Jeficrsureibno, n3 (2.42) nooaviums, 1o npu
* € [, 1] PYHKINA F{2) YIOBIETROPACT HEPABEHCTRY

[F) —yol € Mz —20) S MH LD

T. . IEPBOe 3BEHO JTOMAHOE Be BbixoauT uz Dy, Mostomy | fx), )| <M.
Torus wa caeuymues ware & € [x), 2] umeen

[7(e) = ol < [7(x) =1l + 1 — ol =
= [flarv gz — ) + i — ol €
S Mle—2)+M{er —xp) = Mz —ay) < MH < b,

T.€. i BIOPOe 3BeHO JJOMAHOH Diidepa ge srxounr u3 Dy, IIposossxasn
AIIAIOCHYIIY, TTOAVHHEM, 9TO H BCI JOMANass SHiACpa [0 BLINODAT U3 1),

[Tk L 0CTATOMHO MEITKOM 11ALE PASHHEHAA BCTECTBEHHO CHETATH | 10-
MAaHYH Divena upHi I HKeH O KHTerpadabHOR Kpusoil. Takum ofpaso,
MBI IO TYHIAEM AJACORHTM NOCTPOSHEA TPHOTHKEHHODO DELIeHHA HA A Th-
HOH 3a0a% 1.

LA ofOCHOBAHHA OMACAHHOTS ATOPHTMA I0CTATOTHO JIOKASATE, 9T0
TOCHETOBATETLHOCTE JTOMAHKIX Diimepa. {3}[ wlx)} mpu b — 0 exoauTes
H mpefenbHan GVHKIHA y{x) ABMASTCA pelieHueM HadaThHOW a1
(2‘38} 91'0 (J,'lHOH}')P.I\-IF!HHO ABINACTCA W ,'I‘(]Ka.';ia'l'ﬂ.ﬂh(".'T‘H()l'I 'I'ﬂt')])ﬂl\-‘lhl ("._}-"-
UICCTBOBAIHI BOIICTIHT TAYAILHOH 3000,

Onpeseaenne. Henpepoisuna na orpeske |2, X| dyvukuna y{r)
di .

€ KYCOMIIO ICHPCPLIBIOH TPOH3BOMIIOH ﬁ rpadik KOTOPOH UCTHKOM

TESKUT B D, HASHIBAPTCA £-NpufAncenHBsm N0 HEGSINS DEMIENUEM H-

nwaannoft sadewi (2.38), coan [#(zy) — yo| € £ 4 IPH TOICTANOBKE GYIK-
uue Fla) B oypasucuno (2.38) 10caeuuee HpMIKMMACT BU

i o
2= )+ ), (2.43)

LIE HEBASKA (1) VIR IEIBOPAET HEPAREHCIBY
sup |} € = {2.44)

rE[ry.X]
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(MeBUIHO, TOMHOES PELISHTe HAa TV IBHOH 3a08MH, eC. I OHO CVLLSCTEY -
€T, MOXKHO CUMTATE E-NPUOIMIKEHHBIM 110 HEBATKE pelledtesM npu £ = 0.

IlveTn ana moboro £ 2> (0 CVIICCTBYIOT E-MPHOTMAKCTIILIE MO N0GT3-
Ke peieHua HadansHol 2a1aq {2.38) Torna nyeer MecTo cignyomas
TIOMMA.

Jouma 220 Lot ;400000 CKOUb VIOLHO M3A0r0 £ 2> 0 MOSKHO YKa-
ETL TaKoe g1 = (), 9T0 BeC £ -APHOIIDEKCHIDIC 060 TCBIIRC PDOICHES
saganin (2.38) orumuamrea mencay coboii na orpeske (a9, X ne Gouee,
Jer Ha £,

Jokasare.1bcrBo. BosbMem NBa IPOUSBONBHBIX £ -NPHOIMEKeH-
HbIX 110 HepAsKe pewenus sanadn (2.38): iy (&) u iy (&), Ouebnuno,
gTO

L) = Flafin (@) + e, (2.45)
%ﬂ(ﬂ(m] = flx g (r)) + e (), {2.46})
rac
[y (20) = Fezy{o)| €261, {2.47}
sup v (x) — ()| <26, (2.48)
rE[rg X

OBomadmy
Fenle) = gle) = z{x), {2.49)
walx) = v (z) = wlx). (2.50)

Duramrtan (2.45) us [2.46), monvauM
g_;. = fla g (e)y — Fla g (@)} + o). (2.51)

Tak kax 3 (¢) 1 Foy(&) He BHIXOIAT U3 NPAMOYIOIbHNKE Dy, roe
drvukuma e, y) yaosacrsopsaeT yenosro JTunnmua (2.39), ro us (2.51)
nos 1y ey TddyepeHiInA IBHOS HEPABEHCTBO
ds

da

% N|z| 4+ 2=, {2.52)

B cuy aemwns 2.1 nveom
|2(0)] < s(e), (2.53)
rac s(x) — PCICHHC MTEaYATLION samadn

E=Ns+2o alm) = |2(m)| (2.51)



§ 2, Teopespl CUECME0EaHEE I eFUHCMEEHHOCMI 39

Bocnonszosaeines AsHBIM bblpiskennen vHEuMd s} (2.35), nooty-

HHM N 2- v
£=ral =51 £ —ral 1
R G 1.

|z(x)| < |z(x0)e

Tak kax Hi ocHOBaHHH oueHKE [2.17) uMeer |z(xg)| £ 22, To 970 He-
PEBCICTEO DPHITHMACT BHI,

2@ = i (@) = Fooy ()] € 22 [N 00 4 LeNeme0) _ )] (2.55)
OTcmona
sup  |Fela) — i (2)] € 260 [(—aNH + L (N - 1)] — 25,00 (2.36)
LE T, X

e {1 >0 we zapucamad oT £ nocTodHHad. Bubupas ¢ < ¢/(20),
MDLI ¥ OOJIVIHAM ¥ TBCPKICIHC JCMMEL

[Tyers {3, (7))} — HeKOTOPAA DOCICTIOBATE ILHOCTL £, -TPHG. THKCH-
HBIX 110 HEBAZKES PEleHui, 1. e.

sup [, C)| En. |ﬁ{,,_](it‘0 yU| En (257)
rE[ra.X]
Onpeacacnue. Bean limy, ... £, = (), TO IOCICIOBATCILIIOCTL

{¥i(2)} HAROREM crodaweticon 1o HESAIRE.

Tak kuk B oucnke (2.56) noctosimmas {2 110 30DHCHT OT 2, TO 03 JI0M-
ML 2.2 COCIYeT, HT0 CXOAAIRACH L0 HCBASKE NOCICLOBATILUOCTL CX0-
JHTCA PABIOMepno na [xg, X].

HweoT MocTo CAGTVIONAA OCTIOBHAA TCONCMA.

Teapewma 2.1. Hyorw B HavaqanHoll 2a.1a%e

= =Jle.y) plrod = po.

chyurmma f(x,y) B ofinactn D HeOpepsiBHa B ¥IORIETRODACT ¥CTOBHK)
Sduininngg no nepenennoii g, Toria mocsenosaTet s onTs i, (), oxo-
AAUIAACA 110 HOBTIKE HA O0TPeske [T, X, CXOA0Tes PABHOMEPHO HA 3TOM
OTPCIKC K HyHKnEH §(x), ARISIOmeics pOIOTHeN TALTLION 33901

doxasarenwcrso. Hoctetoraremniocts {3, (2]} B cuny JTem-
Mbl 2.2 vior1eTsopaeT kpuTepud Komn paBHOMepHO| CXOMHMOCTH HA
OIPE3Ke [:J.'U, \] Tem cavbiv cvigcreyer yHKuna ¥(x). K KoTopoi no-
CICOOBATOALIOCTE ({1, (7)) ¢XomHTesa paBoMepo. B 3Ta hyuxms 6y-
OOT HCTIPCPLIBIGH, MOCKOILEY §f) »y(2) HenpepLIsHLL
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Monerasum &, -puGiIEKeHHOe pelIeHMe §i,, (&) b vpasHeHue (2.38)
HO3AMEHHM UONYHAKHIESCH HPH 3TOM TOMNECTEC SKBUBAEH THBIM HHTE-
TPATILILIM COOTIOMCIHCM (e, mesMyy 1.1)

g{u}(:f) = 'ﬁ[,,)(.’l-’u) + jr [f(g g[n)(é]) + ﬁ"n(é)] dE (258)

£

Tuk kax [v,] € (o) — yo| € 24, T0, mepexoas B (2.58) x npe-
AEGLY NP Sy, — 0, LY T M

ylr) = tm+ff y(E)) de. (2.9}

3 nocieanero romuecrsa cueayer, 110 upesgabias pyakuna y{x)
aucppepenunpyema. Judpepennupya, naxoous
d « g
&y _ = flr.y) {(2.60)
dr :
Kpowme Toro, y(xy) = yo. Takum obpasoM, npeneThias DyHKIHA no-
CIARMOBATENBEHOCTH {7, {#)} ABAAETCA TOUHEIM pelleHieM HaUATRHOH
sagadn (2.38). Teapena nokaszaHa.

£1.74 DOKA3ATEIBCTEA TEOPEMBl CYIIeCTBOBAHNA DeIIeHNA HalaA TbHOH
a1y (2.38) HaM Tenepk OCTASTCA IOKAZATh, YTO CYLRCTBYET CXUA-
LWAACS UG HCBAIKC HOCICI0BETCULIOCTE £ - W PHOIMEKCHEILIX 110 LCBI3KC
pemeHut 310l 3a1av. Cefiiac MBI MOKAXKEM, TG TOCTPOSHHBIE BEHIIE
TOMAHBIE HLTepa 00PASYIOT TAKYE IOCTIEI0BATEIbHOCTE.

Teopema 2.2, Eomr Boiiosiclnl yeaous reopeaist 2.1, 10 nocoe-
IOBATCALHOCTE JOMANBIX 2iE1epa xpr b — ) ¢XOIHTCE DADIOMOPHO T
otpeske [wg, X| K chyvExumn y(r), ApAAOMENCT peieRnes HalaThHOL
SATATH.

dorkasare1scerso. Tak KAK HAYAIBHBIE THAYSHHA JOMAHBIX Di-
nepa f ,, () 1o DOCTPoeHH CORDATAIOT C ffp, TO J0CTATO'THO YOEIHTECH
B TOM, ITO IpH b — () HeBASKH 4, [ £) PABHOMEDHO Ha [, X | cTpeMATCA
K HY.JH).

TloneTapTag HA TPOUIBOMBHOM THATE 2, £ & £ &)1 B VPABHPHHE
{2.38) nomanyio Diaepa ff, (1), 10A HerA3IKY 1, () Oy ITHM

wale) = L (o) = [l uw( )=
= fl2e. Fron — FleFrale)),  x € [y, 2eqa]. (2.61)

Mockomuky ¢ — 7, € A w 3},:?1](,?) = Fimlzs) + (2 — ) f(®e. G (26))s
T E [Ts, Tyr1]s TO HMOOT MCCTO OUCITKS

|G00) () = Foni ()] € AA. (2.62)
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B cuny pasHoveprofi Heupepblenocty pyukunm fla, ¢} orewia n e
AYET, MTO LM JDD0IG CKOML VIOAHO MAN0re £ > () Halineren rakoe
hg(2), uto opu b < higle)

SUp
2. X

g ()] < ey (2.63)

TTO W IOKAZBIBAET B CHTY TeopeMbl 2.1 paBHOMEPHYIO CXOIHMOCThL HA
OIpeske [rg, A] nocacuoBarcapuocTy woMaubx Jhacpa upn i — 0
E dyuxmaa y{x}, apmmometica pemenreyd navananinoll sagaim. Teope-
Ma JCKA3AHA.

3 NOKARAHHBIX TEOPENM CHeNYeT

Teopenma 2.3 (Teopeva cvinectrosabva). Ecmn dyuxnna flx, y)
s obiact Y penpepblsia 1 yAOBACTEODIET YCJAOBHIO JIRiuMua 1o te-
posennod y. 1o Ha oTpesrce [ag, X| CVIHCCTBYCT DCIICHHC HAYE.TLHOH
FATAH,

[Ipu cnemadHBIX MPeINOTMKEHNAY OTHOCHTRIBHG dbyaknun flx, i)
pewenne wadaisuoi sagzaun (2.38) cauncrecino. Hueer mecro

Teopenma 2.4 {reopesa emucrsennocrn). Hpu sruoanennn vieno-
Bt reopevsr 2.3 HavaabHad sazada (2.38) maeer Ha [xo, X| eanscTBeH-
I1GC POTITCITHL,

DTy TCOPCMY MOKIIO PACCMATPHELTE KAK CCACTBHC TeMMDE 2.2, Ecnn
HONVCTHM, 110 MMEHTCA OBa TOHBbIX pelleHHs 3aiadn Kowwu, 1o ux
HAMABHBIE 3HAYEHHA COBIAIARYT, 3 HX HEBH3KH ParHk Hye0. losrovy
o deMMe 2.2 3TH DEeHHA NOTHOC TR COBIATAKT Ha, oTpeske [ &g, X

Kpone phefeninoro RLme nomsaTia S-TpRGTHECIIION) Mo TeRAIKe [e-
HIEHHA TACTO HCTOMTE3YETed TOHATHE POIeHHsA, NPITLTIGKEHHON 0 OT-
WHORTHAWI. LA 0 HR OO Ompeigneinme.

Oupenenenne. Orpannaensan va [#o, X] dbypruua yla} nase-
BHOTCA Z-NpUbAUNCEHHBIAM 10 OMEAOHeHUR pewecnues sadanu Kowan
(2.38), ecu TouHoe pemenne y{x) sanatd Komn cymecTsyer u

sup |gix) — y(x)| < = (2.64)

relra. X]

H3 npeauiay s pace VIKICHHE BLITCKACT. TITO H3 CXOIHMOCTH H0CI0-
JNOBATENRHOCTH pemmeHuil, MpUOMITKeHHRIY TG HeRs3Ke, ClelyeT H WX
CXOOHMOCTD 10 OTK. [OHEHUH).

3aMeTunM, 9To 00PATIOC YTBOPKICLIMC LCBCPILO! CCAU OTEJIONCHNE
IpHEMH¥XEHHBIX pelleHHl OT TOUHOIO CTPeMATCS K HYIII, TO CAMH pe-
HIBHHA MOUY'T TIDH FTOM HMETh CKOJIE Y10/ IHO BOJIkIIHE HERAZKH, Doliee
TOrO, PEUIeHIA, MPHOTHAPHHBE 0 OTKIOHEHHRK), MOTYT OBIThH He JHd-
GOPCHLHPYCMLE U TAKC 110 TCTPCPLIDILL
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JaMeuanua

1. Mero, iovansx DR0epa He TOOBKD NO3BOJHET JOKA3ETL CYINe-
CTBOBAHHUE PEIICHHA PACCMOTPEHHOH HAYA TBHOH 333491, HO H JAeT HEeIo-
CROTETBOINBHT ATTOPUTM MOCTROCITI TPUE THACIIION0 DCIICIHT, (KO
YIOTHO BIAMIKO ANMPOKCHMHPVIONIETO TOTHOE. FTOT MeTOT Jerko pea-
amzosars ua DBM. Tloaromy on apaacrcs onnuM 13 3hhoKTuBHBIX MO
TOOOR STUCACHIIOTO DOMICIIGE TATAILILIX 3amad. [Ipu cro KonkpeTiof
PEATHRAINHE £CTeCTBEHHO BORHHEAKT BOMPOCH TOMHOCTH TOIYHEHHOTO
NpHOGIMIKEHNA 0 DAY CHEdHMIECKIX BRIMHCIHTEbHBIX ACIEKTOB 00-
e upofoeMbl YHCSICHIBIX MCTGA0L, 9TH BOUPOCLl Hoapobinee ByayT
paccMoTpernl B i G

2. Mbl noxasaTId CYIMeCTROBAHEE H @THHCTBEHHOCTE peinennda p{x)
HAYATRHON 33284 (2.38) nvins HA oTpeske [:;.'07 ,\_]. Mycre dyrrims
fle. y) HenpepLIBHA B VIOBICTBOPHCT veaosuio Jlunmmma {2.39} B uc-
xoauof ofimacti . Tak Kak opu ¥ = X UHTCTPANIBHA KPHBAA ¢ DLI-
maa w3 obacTH G, To, B3AB TOURY & = X, ¥ = y(.X) 33 HATAIBHYIO,
MOKHU, HUBTOPUE LIPUBEIEHHBIE BBILE PACCYAIEHHA, IPOIO. KT De-
wenue ta nossid orpesok [X, Xp]. Moxuo nokasarn, 900, npolosskas
ATOT NPOLECT, YAASTCA TOCTPOUTL HHTETRASTLHY 0 KPHBYK), CKOMTh VOG-
HO OUHIKQ TOXOAAINY KD K rpanune obaacru (7.

MBI pACCMOTPETH ATTOPUTM TOCTDOPHIA HHTRTPATERON KpuBol ylix)
B CTOPOIY BOBPACTAIONMY ¥ > 2y, OUCBHIHO, AIATOTHYILIC PACCY R I0-
HHA MOTYT OLITH NMPORCICHET ¥ LA TOCTROCITHA WHTETPaTLHoR KpHROIT
B CLOPOHY yDbiBawwux & < ry. [Ipin 910M coorBercrsyowni upouece
MOCTPOCIIHA UNTCTPANLIOH KPHBOH MOMIID OMATL TPOIOEKATL OO TOX
HOP, HOKA HHTerPaIbHAA KPHBAA He noJoiner Kk rpanuug obaactun G.

3. MoxkHO A0KASATE CYIIECTBOBAHHE POIIEHHA HATATRHON 3A71a%H
HopH oEOM TREBOBAHHE HenIpepeirHOCTH byvhrimn fr, i) (reopema
Iearo). Onnako oauol AenpephrrocTH QyHRman (e, ¥) HETOCTATOY-
110 435 CAMICTBCIIGCTH PeIMCITHA Tadaabiol saiaqu. Tak, nanpuvep,
Jagata

1 . P,
Z =y p0)=0, (2.65)
MOMHMO TRHBHAJLIIOT) PCLICHHT §f = [] HMCOT CIIC BCIHCTIHC
y =" /4. {2.66)

VIOGJCTBOPSIOIICE Y. ICBOMY HAMAILEOMY yCa0BuK. (Kak merxo si-
J0TE, IPABAA TACTE VPABKCIHaA (2.65) b okpeeTHOCTH ToukH {0, 0) HMeeT
HEOTPAHK'IEHHY ) TPOW3BOTHYIR M He YIOBTeTROpAET venosrio Jlnmmi-
ua.}

1. Eenw uepes rouxy (Eg, ¥) NPOXOAMT £ 1HHCTBEHHAR HRTEI DA hHAR
KPHBAA, ABTAIMAACA Demenner za1aun (2.38) 114 aanHoro aude-
PCIHLIHAILIIONO ¥ PABICIIHE, To TOUKa (Fy, o) IAILIBACTCT 00bKN0GeNNOT



§ 3. ¥paouchue euda Flr y.y =10 13

motekofi AaHHOG ypasienua. Touka (e y) ofnacru G, He Apssaowmaacs
OOLIKHOBCILIION, HABLIBACTCS ocodod movkold naiuoro audwpepennmalin-
HOUO ypaBHenuda. Yepes ocobyio TOdKy JHO0 He NpOXOANT HH OUHOH 1HH-
rerpad kOl Kpusoi, b0 LpoxosT N0 KPARHeR Mepe [IHe WHIelpah-
Hble KPHEBLIE (TIepes OCohYE TOUKY MOXKOST OPOXOIHTE H GeCKOHETHOS
YUCIIO HHTEOPAJIBHBIX KPHBBIX ).

Eciin B OKPECTHOCTH TOURH (g, #o) BBUIOJIHEHEL ¥CUOBHA TEOPEM Y-
LECTEOBAHIA M BMHCTBEHHOCTH, 10 TOMKA (Xn.4o) By1er 0OhKHOBEH-
HOH. LLpH 37100 CA8IYET HMETh B BHIY, 410 HAPY IHEHWE ChopM Yy I MPDOBAH-
IILIX GLIMC VEJOBHA TCOPeM CVUIICCTBOBAINA B CIOHHCTBCIIOCTH PUIICIs
MATATLIIOH 3A0AYH CAVIKHT JIHIL HeO0XO0MUMDLIM, 10 110 0638 TCILITG 10~
CTATOMHBIM VEIIOBHEM TOTO, YTO TAHHAA TOYKA ABIAeTCA 0codoi. [losTo-
MY JLIH QKOBYATENBHOID DEILIEHHA BOINPOCA, HE THETCH JIH JTAHHAA TOUKE
ocoBol, HeobN0INMO OOTMOTHHTETBHOS HOCTEI0BRAHHE,

3. B Hanate § 1 11, 2 YEARLIBAIOCE, ITO BO MHOTHX CIVHAAX CITeTy-
OT mapany ¢ vpasmenmes (2.1) paceMarpuparh vpasicnne (2.2). Econ
HPW AToM 5 rovKe (o, o) s (2.1) Hapy asres yenusrs reopemnl 2.3
B pesy.ibrare obpawenns fi,¢) B OecKoHevHOCTh, 10 1/ i, 4) B 910l
TOYKC 0OPalEcTes B IVIIL H G YPaBUeuds 2.2 Ve loBRA TCOPCMBL C¥-
LWECTBOBAHNA M eMAHCTBEHHOCTH BRIIOGIHEHBL. TakHM 0Dpasos, b 910M
Cayuae 104Ka (g, yo) ABIASTCH OBBUCHOBEHHON, HO HPOXONALIAR Y€
Hee HHTEIFAILHAA KPHBAA HMEET BEPTHEAIBHVIO KACATEIbHVID.

6. Ecnu dhyvukuna fr,y) asnagerca pazpoieHoil B 0oba1acTi (7, HMen»-
LE PASPBIBEL LEPBOIO DOUA HA UPAMBIX & = £ = const (A = 1,2,..., V),
TO JLAKE 1LpK yeaosan, wro [l y) yiosnereopsaer rpebosannay reope-
MBI 2.3 HA ¥UACTKAX CBOEH HenpepeIBHOCTH, B 06uacty & He Cylecrsy-
1 00LIMUOrO, TAK LELIBACMOLIO «KJIACCHUCCKOLIOS PCILCIIMS IEHE1LITOH
sagaqn (2.38). OaHako, KAK HETPYUHO BHAETE, B #TOM CJYUdE MOZKHO
PEAHBOBATE A IFOPRTM DG IOBAIENLHOLD IOCTPOSHKI NOMaHbIX Dii-
aepa {7, 0} Touku paspblba by Mbl KOKABA pas Ovies BE0OYATE
B MU0 TOYCK pasOUelns orpeska [wg, X | 1 B KQUCCTBC 3aMOPOKCILONT
HaMeHus (hyHrimn {2, ) HA IIAre, HAYMHAIONIEMTH B TOUKE DASPEIBA,
6paTh onpeneneHHOe, HANPHMED, NPABOS NpedenbHOe 3HAYIEHHE (hYHK-
muu f(z,y). [pr sToM npeneanias Gy uEmmg y(z) moeIeaoBaTeInIoc Tl
Fnl(x) opa i — U, OUEBHIHO, OKAKETCA HEMPEPHIBHOH ¢ KYCOUHO HE-
NPENBIBHOA TROMEBONBOE, MMEINEH DASPRIBBL HEDBOCO POJA B TOVEAX
2 = xp. [pu noncranoske Qyvurnud y(x) 5 Hexoadoe Hdxpepenin-
ATLIIOE VPABIICITAC [IOGA3KS, [T YYACTKAY TCTPCPHIBHOCTH f{r, §) pania
HY.0. D18 upesesbHadg hyakuua y{x) ariaaercs oDOBIEHHBIM PETTBHH-
oM HATAIRHOI 3amatu (2.38) Ha oTpeske [r), X |, TOHATHE O KOTOPOM
OoL1o mano o § Lo L.
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% 3. YpaBHeHue,
HEPASPELIEHHUE OTHOCUTEIBHO IIPOU3BOIHON

1. Teopema CyMECTBOBAHHA H €OHMHCTBEHHOCTH PEIIEHHSA.
Ilepeiinen Tenept X paceMOTREHHID THWDEPEHTIHATEHOTO YPARHEHNA
NCPBOrS NORIIKA ODIMINTO BHOA

Fla,g.9Y=10 {2.67)

H BBIACHHM JOCTATOYHEBIE YCIOBUA CYIIECTROBAHUA [JELH(:‘HI»‘I.Fi FTOTO YPaB-
HEHHA. (l)f}'HI{LLI-IH F' B 0GACTH CBOBTC onpeJeTeHHA 1a1aeT COOTHOINeHHE

r_ dy
MY TCR3BCCTION (hyTkimedt y, co npoussomnofi ' = 7 W nesannen-

MOR nepeMerdei @ ECim 510 COOTHOILBHME ¥ 1A81CH DAZPEIWTH OTHOCH-
TCIILIO UPOM3BOANGH 3, TO MOJYVHACM OUNC WM LCCKOALKO nndadhepen-
LHAIBHBIX YPABHEHHE HEDBOIO OPAUKA, PAIPEWEHABIY OTHOCHTEIBHO

NpOH3IBOIHOL
v =fulzy) (=12} {(2.68)

Myveth pyakman fulz. 7)) B OKPECTHOCTH TOWKW (Tg.yn) TIIOCKOCTH
{ix,y) YHOBACTEOPSIOT ¥CJOBHAM TCOPCM CY¥IICCTBOBAIINA W CAUNCTBCI-
HOUTH PEIISHHA HAYaeHoH sagaqan Kown s ypasHenusa nepsoro no-
PAIKA, PFA3PEISHHOTO OTHOCHTE 1IbHO HpouseouHol. Torna yepes touxy
{0 Yn) NPOXOLHT IO GUHOIT M TOALKO OJIHOH HHTEr DANBHOR KPHBOIT iy {8
KACKIOro U3 #THX vpasHenuit (A = 1,2, ... ). Bee 3TH UHTerpATILHEIS KPH-
BLIC ABLOTCA PCLICTIHAME Hexoauore JTudgdepeliniannioro vpasiciims
{2.67) (npu noeranorke B ypasuenue (2.67) gy arimm () obpamarr
CTO B TOEACCTRO). HATDARTCTHE BOKTORA KACATOTLHEON K HIITCOPASTLITOH
KDHBOI i (2) ypasHennd (2.68) B Touke (g, yu ) OTPLIETASTCA SHAYCHH-
eM (PVHKIWH fi (g, o). ECIH #TH 3HATEHNA PASTHTHERL, TO Tepes TOUKY
{irg, Yu) TPOXOMHT HECKOMHEG HHTATDAIRHBIX KPHBLIX YDapHeHH:a (2.67)
{CTONRKD, KAKORO drci0 yparreduil (2.68), 1o, yvueHHsIX npe paspeme-
nup ypapieina (2.67) OTHOCHTeILING TPORSBOINOH), 110 IIATPABICIIH
BOKTOPOB KACATOILUBLIX K THM KPHBLIM B TOUKC (Ep, o) DALIULLL
IToatony, TTOOLI BEITCIHTT OMPOALTICHIO DOMCHAC vpashonda (2.67),
HAI0 1IC TOJLKCG 384T HAaTAILILIC TAINLE — SHATCIHEG POIICIs i {x)

B TOUKE I, T. €.
¥lxe) = yo. (2.69)

10 H 3IAMCIHC IPORIBOMICH POICHHA B 5Tol Touxe ¥ {xg) = ). Oue-
BHINO, 3TO SIANMCIHE [1¢ MOKCT OLITL 3a0al0 IPOMIBONLIG: ¥ JOMKIO
OLITH KOPHCM VPaBHcins

Flag.yo.y') = 0. (2.70)
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Hrak, c¥uecrsoBaiue Pelledda ypasHedua (2.67) ¢BASaH0 ¢ HO3MOK-
HOCTBHY DAYPEUIHTE €00 OTHOCHTEILHO §' M CYIIBCTBOBAHMEM DEleHui
vpapreHull (2.68). Teym caMEIM JOCTATOMHEIS ¥CIOBUS PAIpPPIIHMOCTH
vpasHeHHd (2.67) OnpenendamIca U3BeCTHRIME H3 KYPCa, AHAJIHEA VOO
BUAMM CYIIECTBOBAHNA HEABHOA QIVHKIMH H €8 HeNPEPKIBHOCTH BMECTS
€ TIPOHIBOMITOHN.

HweeT MecTo casTIvinasa Teopema.

Teopenma 2.4 (CYMECTRORAHMA U AIUHCTRPHHOCTH). Eoan B Hexo-
TONOM 3AMKHYTOM THEXMERHON HPSMOVInneadke I ¢ nenrpos 8 1ovke
(0, po. ¥4 ) TIE Y,  AelcTRETETHAERI Kopers yparwennd Fra, yo, i')=
=(), BLUTOJIHCHD! Y CTOBILT:

a) Flr.y, ') nenpopsisia 10 COBOKVHNOCTH DTy MOHTOR BAMOCTI G Ya-

CTHLIMT TPOH3BOATILMIT %—F " 8_}:
Y Ay

e R
(]J ; J(‘I'U! Hus !;'D) ?é 0!
&y
TO B OKPeCTHOCTI TOUKH ¥ = X CVILeCTBVeT pellleHile i = (%) ypasHe-
Hita (2.67), vaopieTBOpAmIIes VEIOBIAM

y(zo} = vo, ¥'(zo) = wo. (2.71)
APIEeN 3TO POITCHHC CATNCTBONTG,

doxaszarenperso. B cuny venopuit a) 1 6) TeopeMnl B oKpecT-
HOCTH TOMEM (i£0, 0. 5] BBIIOUHEHBL ¥CoIOHHS CY LLECTBOBAHNH W €11 H-
CTECIITOCTH LCABIGH (_l.)}’llKLl_leIrl

¥ = flz., (2.72)
}',ZL( BT P.TBU'[)HI-(]LL[,(-‘.ﬁ }'{.‘J’I()B 1K}

) = flzo, ), (2.73)

Oputen HalioeTeda Takoll 3aMKHYTHIA DpaMOVIOIbHEK [y ¢ HeHTpoM
B TOYKC (xq, yn], B KOTOPOM cb}-’IIKuH}I f(:zr, 4} HCOPCPLIBHEY BMOCTC € MPO-
H3BOIHOU a, BEI'TACTACKMOM 10 MRABH.TTY ﬂ.Hd)(l’)(—‘,p(—!HH,Hp(JB'dHHH HEABHOW
(1)}-' HEILHH ap
of Tyley fle.y) -
m = T BE . e - (2.1’4)
¥ W(if‘y-f(-’??y))
Ho =31o o3nataer, 1o HAMANRHAA 33/18M3, -_._’,:(:r.-ﬂ) = o A ¥YPABHEHNHA
[‘2,?2} HMCCT, H OPHTOM COHIICTBOIIOE, PCOICIIHNG 13 OTPOSKC

r -z € H. (2.75)
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TAK KAK BbIIO/HEHDl BCS VEIOBHA TROPSM CYILECTBOBAHUA U &IHHCTHEH-
HoctH 2.3 u 2.4, Teopema 2.5 JoKasana.

Ecomi ubnrerpacibHble kpupeie ypapHednii {2.68), nepeceraroninecs
B TOUKE (g, o), HMERT OBLIVE KACATE IBHYKY B 9TOH TOUKe, HAIIPAB. 18-
HUE KOTOPOR OLPE1eNAe e SHATeH e ya, TO B 9I0H TOUYKe, OUeBHIHO,
Gviyr Hapyimersl CpoPM Y, IMPOBAHHBIE BRINE VCHOBUHA & 1THHCTHEHHOC T
POIICIHA Vpasiienia (2.67) oTnocHTeano .

IMpusep 2.3 PaccMOTpUM ypasienue
(¥ = (2 + )y + 22y = 0. (2.76)

Paspewad ero 0THOCHTEALHO NPOR3BONUCH ¥, MOSIYYAM JBA YPABHCHIAL
MCRROTO NOPAIKA, PATPCNICHTLIC OTHOCHTC LD MPOH3ROIION:

¥ =¥ {2.77)
y = 2z, (2.78)

HPABLIC HACTH KOTOPLIX YUOBICTBOPSIOT YEI0BUMAM TeopoM 2.3 n 2.4
CYIECTBORAHHA H & IHHCTREHHOCTH PEINEHUH HAMANLHOH 233020 B J1H0-
Goit Totke naockoetn (2, y). Obume pemenn: ypaeprenuit (2.77) 1 (2.78)
HMEHT BHI

y=Che' (2.79)

H
y=i + Ca, (2.80)

rac noctoaunse C) 1 Cy OOpemenanTes 13 Iadaibiblx yeaosui. Kak
JIOTKO BHACTL, “OPes M0OVIO TOUKY IOCKOCTH (&, ¥} MPOXOOAaT KAK HIl-
TOrPAILIAA KPUBAA coMeicTna (2.79), Tak W WHTETPANLIAA KPHBAS CO-
meficroa {2.80), npuaes b Toukax npamMo# ¥y = 2@ KPHBLIC 3THX CO-
MeliCTRE UMeT ofIYID KacaTenkuvio i (1n) = Zag, "TO MpecTaBIeHo
Ha pue. 5: I — xpumaa y = », 2 — kpupag y = 2° + 1, 3 — kpu-
pasg y = (2/e)e”, 4 — xpupas y = (2/e)e’, 5 — upavaa y = 2.
Baveras, 1ro s roure (0,0} uurerpaiibHad kpusad y = & Kacaerea
UpaMoi ¥ = 0, Assmonecn YacTILIM pelenien ypaseims (2.77), ko-
TOpoe MOxKeT btk noayueHo v doprayoin (2.79) apn O = 0. Dra ke
HITCTPAILIAS KPHDBasl ¥ = T° NCPCCCKaCTCs B TOYKe T = 2, ¥ = 4
¢ HHTerpaIbHOH KpHBol y = (2/e) e cemeitcTpa (2.79), mpudaeM B »TOM
TOUKe 008 KPHBRIE UMeT 00Uy Kacare hayio ' = 4. [Ipavas y = 2
MPRACTARTAST CODOW TEOMETPHYSCKOE MECTO TOYPK, B KOTOPRIX HADY-
IEHRT YCAORUS BIHRCTHEHHOCTH penterua vpasnenna (2.70). rak kax
&

B 9THX TOYKAX HE BBLUILIHEHS YCJOBHE O}, HOCKUIBKY a_F’|:,a=-_).;- =0
mit
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i 34 5
2 2
! i
3
4 pr
J
Puc. 5

2. HurerpupoBaline ypaBHenHsd, Hepa3pellelnoroe OTIOCH-
TeJBHO NPoH3BOIHOH, MyTeM BBeOeHHA NapaMeTpa. Jdoxkasannan
I OPCOBLIIYIICM OYIKTC TCOPCMa 2.5 rapairtupyer npu BLIDOTIICIIHH
ONPENeTeHHBIX VCIOBHH BO3MOMHOCTD CBEISHHA HCXOIHOTG VDABHEHHA
(2.67) x ypasuennw (2.08) n paspenmyoctes noce nero. ONHaKko npik-
THUHECKAS PEANALMA 3100 BOSMOEKHOCTH H NOCJASNYIOUEs HHTEIPHPO-
BEIIHC TOIYYCHIIOTO ¥PaBOenus (2.72) 4acTo BLI3LIBAIGT ITAYHTCALIILIC
rpyiHocTH. HOZ oMy B paAfe CAOvaaeR NPeICTARITAINTCA DOYee yioDHRIMK
OpyrHe crocobel HHTErPHPOBAHNS ypasHenns {2.67 ). Haunem co cavuaa,
KOTIA ypasienye (2.67) Jerko MO0 pasperimiTh, GTHOCHTEALIT CAMGH
HeHsBeC THOMH hyHRTIHN

yle) = flay'). (2.81)

ALt annEefinmero ¥1oino sneeTH 0D0ITANCITHe ' = P TePeTHCATE
(2.81) r BHNE

ylr) = fla.pla)). (2.82)

Ipennoarasd CYMeCTBOBAHKE DEIIEHHA ¥(#) HCNOAHOTO VDABHOHHH
(2.67), vt Moxenm npojauddepennuporars coornomenne (2.82) no ke-
JABMCHMOI mepeaeinoi k. Toraa mosayauM

_df Ofdp (2.83)

dy _ . oF
7 = plr) = 3 T ip dr”

dr

IMoayucnnoe cooTuomeme npeactasnger codoll middpepenmuanvuoe

dn
YPABHeHHE TIEPBOTO MOPAOKA, PAZPEIIEHHOS OTHOCHTETbHO ﬁ COomee
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peleHHe [283) RO HCY 30 HHCATE B BH T OGUHGIAPRAMe TP CE L) cemeli-

CTBA
plx)y = (=, C. (2.81)

Otcrona, venonksva (2.82), noayTHy cenelicTsO peneHuii HeXoTHOTO
yparuenna (2.67) B puae

y = flz,o(z.C)) (2.85)

H A PEINSHHA HAMAJBHOR #a1a40 OCTAaeTeA OIpele)lTs SHaMeHHE 110-
CrodHHOR C 13 HAMAIBHBIX YO IGRRAL

IHpuuvep 2.4, PaccMOIpuM vpabHeHue
(4 —ay + = 0. {2.86)
OUeRHITHD, ITO YPABHEHHE TErKO MEPPTHCATE B BHe (2.82):
y=ap— p*. (2.87)

oTKYIA p=p+ (7 — Qp)%._ T. ¢

(v — 222 =0, (2.88)
Ypaproemne (2.88) miceT ceMeitoTro pomanatt
pla) =C {2.89)
H, KpoMe TOrG, pelledns
pla) =w/2. {2.90)

Orcroma, yunTeBaa (2.87), DOIyHHM PENIEHNA HCXOOHOTO YPABHEHHA
(2.86) B BHIe .,
wla) = Cu = C- {2.91)

H
N o
y{z) = x° /4. {2.92)
JIeTKO MpOBCPUTEL, ITO Mepes TOUKY (g, Ho ). IPHHAIICKAMYIO GOIaCTH
CYLISCTEOBAHMA PEWEHAA ypasHedua (2.86), npoxoadar uge pas.iiHbe
HITCTPAILNLIC KpHBLIC (2.81). COOTBOTCTRYIOMME OBYM MIAYCIIMAM TO-

crosnnoi C {puc. G):

|x]-[_.JIFI BhIIEIEHWA E/IHHCTTHREHHOD PeInerdns HAMARHOHA BAMATA, TITHIXO-
AMOICTO Hepes TOYKY (-TU|:UU)-. JOTAHII) OLITL CIIe TFATALIG IITAMOITHC
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vl

= |

Puc. 6

¥lze) = ¥, ONPOICTATONIC TANPABTCIHE KACATONLIGH K HNTCIPAM-
HOH kPHRGE B 310l rouke. Herpy:iHo 1akxe YeMOTRaETh, 9T0 PEIIEHHE
(2.92) vpapienua (2.86) 06.1a0a0T TOM CRORCTBOM, 9TO KpuBaa y = x° /4
B KAZKI0H CBOCH 104K Kacaoresa Kakol-subo kpusoi (2.91). Dro osna-
YACT, MTO KPHBAS § = &° /4 IPCOCTABIACT CODOR TCOMCTPHTCCKOC MCCTO
TO'IEK, "Iepes KOTOPOE TPOXOIAT fMBa PellleHdd ypaRHena (2.86), unvek-
wHe ODMIVIO KacaTeiILIyIo B 9Tol Touxke. B Toykax kpusoii y = ;'13'2/4
Hapyinaercs volorne 0] reopevn 2.5:

or =2y — |y = 0. (2.94)
¥ p=ux? i1

Tem cambin PEIIEHHE § = I‘)/’-l OKa3bIBACICA B OUPEIe [@HHOM CMbIC/IE
ocolGBIM pemenuenM ypasaenna (2.86).

[Ipesx e f1eM OeReX0INTE K PACCMOTREHHIO ODIIeT 0 CIVIAA. OTMeTHM,
YTO HUCKO!IBKY B HCXUIAHOM YpasHeHdun {2.67) nepemesHbie & 1§ DABHO-
UPEBLLL, T3 HPOBCACIILIC BLILC PACCMOTPCLIMA COXPALEFIOT CHIAY H B TOM
COAVHAE, KOIIA NCXOMHOE ¥ PABHEHHME JIBNKQ PASPENINTE OTHOCH TN bHO He-
3aBUCHMOH nepevennofl . Hanpusep, 3TO HMCOT MCCTO B CIVIaC TaK
HaAhBACMOUD yparvenna Jlarpanmxa

zp(y') +yvrly’) = x ('), (2.93)

JHHeHHOTO OTHOCHTETEHO MepeMeHHBIN ¥ 1 . YacTHRIM CaviaeM Ypas-
HenuAa Jlarpanixa M ABIASTCA YPABHEHHE, PACCMOTIPEHHOE B IPHME-
pe 2.4,

[Tepeiijies TenepsE K WIIKEHIHD OOMPIT MATOIA HHTEIPUDORAHMA
VPABLCINA OCPBOro mopaokd (2.67), Iepazpeieiiord OTHOCHTEILI)
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NPOMIBOUHOH, yreM pueledua uapayerpa. Obosgauus ' = p, sanu-
wes ypasnenue {2.67} B suue

Flx,y.py=0. {2.96}

Ypaedenue (2.96) oupeleider HEKOTORYH HOBEPXHOUTE B TPEXMERHOM
UpoCTpatciee (k. ¢, ph. KaK B3BeCTHO, IVIEM BBEIEHHA ABYX [APAMET-
POE i, JAHHAA TOBePXHOCTE MOXKET OBITh 381aHA B TAPAMETPHIECKOM
BHIE

w=X{u, ), yg=Y{u¢). p=Plu). {2.97)
B mamom cayyae hyukimpn X,V u P oepmsainn cootnomenses (2.96)
M cooruowetneM dy = pdr. H3 10ComIero CooTHomweits 10, 1Y HHM

01 ~ch + - d} ~du = P(u, 't.-‘){%X e + d\ de'} (2.98)
Orciona CHeayer, 10 BEINYMLLL 1 U Y 1€ MOUYT DLITL HC3ABHCHMLIMH.
IMyers v = »{u). Toraa us (2.98) monviaay, IT0 CDAZL TapaMCTPOB U
u © upeucrasaaer cobBol 0bbikHoBERH0E JndphepeHIMAIBHOE YDABHEHHE
OTHOCHTENLHO (PYHKIUH 2!

de _ Pl ”}ﬂ\ '“ﬂr
du = oV {2.99}
' e = Pn. ?') ch
NPpHYCey 9T VPABIICIHC PHRIPCOICIIIIOE OTIIOCHTCIILIIO l'[l'}(]HTiDU,H,IIUﬁ.

OMOHCTBO PeWCIHHA vpasnenus (2. MOMCHO 3AUUCETDL B BRI
ComMelcTrBo pewe VPAaBHEC 2.99) Mo AlUCE ¢
v =l ). (2.100)

Toraa b cwny (2.97) moayvaus ceMeHeTB0 HITCIPRIDILIX KPHBLIX VPb-
nenust (2.67), sanncannos s napamerpracerali dopae:

= X{u, o, ), y="Y(u plu,C)), {2.101})

YTO W PEITACT 3ATATY UNTCIPHROBAITNA ypasneimst (2.67).
O‘TEHI'I,'I‘H()? T B0 ("..'l:\-"-TaP, KOrna AeXOIHOe }-'I')?LHHF!HMP JENKO Ppas-
PCIIHTDL OTHOCHTOILIE ICPeMennol i (nepesemioi o)

y = flr.p), {2.102)

B KAYECTRE NAPAMETOR 70, 1 B HADAMETPHYSCKOM npeacrasiednn (2.97)

CACOYCT BLIGHPATL OCTABIIHCCA OCPCMULILIC . p {HIH i, p):
oy = fle.p), p=p. {2.103})

d$ =00

Kak Jerka npogeprTh, IOAYUAKIIRECH DU 3T0M ypasHenne (2.99) juia
onpeIeneinsg GyuEIn pz) 6yIeT ¢oBIagaThL ¢ ypannciaes (2.83).
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3. Ocofule pelneHua ypaBHEHHS OepBOTO NOpPANKa, Hepas-
PENIEHHOTO OTHOCHTENBHO UPOU3BOIHOH. B paceMoTpeHHoM Belle
npunmepe 2.4 MBI IOMYTWTE 000boe pelieHne y = 2° /1 ypaBHeHH: NepBo-
rO NOPAIKA, HEPASPEILIEHHOTO OTHOCHTEIBHO MPOH3B0IHOH (2.86), obaa-
JAIIEee TeM CBOHCTROM, TTTO BO BCEX €T0 TOUKAX HAPDYIIOHA eTHHC TREH-
HOCTR PEMEHA Hada ThHON 3aaaun Kowm. PaceMoTpra Teneps B o0men
CIVHAS VOIOBHA CYIIECTROBAHNA OCODOTO PEITEHA.

Muekeerso Touek (1, ¥), B KOTOPLIX HAPYIIACTCS COHICTBOHIONTD -
LICIIHST Ypasieisd (2.67), 0va0M HasLIBATL 0Cofbiat MHONCECTIGOM 3TOTO
yvpagrtcenua. fcioo, 1To B TOKAaX 0COHOTO MIMKCCTRA TC RLITONNCHO 10
Kpaificit Mepe 0ano 13 yenoeni reopeMsl 2.3, Hame peero mapymacTes

voTosde O], T.e. O—FF
' dy

MINACCTE YO/ 0BA El-) H HAPYIICHHH ¥C/101M 6) B 3LHX TONMEAX O10-
BDOMOCIIIIO HMOCIOT MCCTO COOTHOIICHHEA

= ). Toraa pH BBLIMOIHEHHH B TOUKAX 0CODOTO

Flr,y.p) =0, ?.)—Ifj(;r,y,pj =1. {2.104)

Hekmmouus p a3 cootmomwennit {2.104), noSy4ey HCABIIOC YPABICIHE TAK
HAIBIBASMOT - CUekp b MUNGHIIHON Kpueei

®{r.y) = 0. (2.103)

B}"}'I,PI\-'I HARKIBATL 00O0hM petieHtieAM HHTeMRATRHYH)Y KPHBYHY BO BOSX

TOMKAX (i, 1f) KOTOPOH % =1{). Beon kakas-nn00 v3 Bersed p-, IMCK -
MHNALTIOA KpuBoii upe;f(‘:'rausmcr COBOH HUTCIPAILLYIO KPUBVIO YPas-
nenHa (2.67), To ol ABIACTCA ¢ro 0COOLIM PCIICHHeNM. 3AMCTHM, TITO
He ODA3ATELHO BCAKAA P-UHCEPHMUHAHTAAA KPHBAA IPEACTAB AT CO-
G0l ocoboe pewenne ypasnenssa (2.67), ol MOKCT H e ABTATLCA HI-
Terpadbpioi KpuBoil 31010 ypapnenrda. Tak, HAUPUMED, KAK JIBIKO LPOo-
BePHTE, B CJYV'IAe NPHMepa 2.3 p-OHCKPUMPHAHTHAS KpHBad § — 2T
ypasHeHus (2.76) He ABAACICA MHTEIPANBHOH KPHBUIT, 4 TeM caMbiM
H 0CoOBIM pelleHteM »Toro vpaededuda. Haflnennoe g npuMepe 2.4 ocoboe
pewenne y = a2 /4 ypapHenus (2.86) ABAAeTCA €10 p-IHCKPUMUHAHTHO
Kpusoil.

B Tex Caygasx, eooH MIOKCCTDRO poemeinnii ypasieist {2.67) Moot
OBITh BANUCAHO B B OMHONAPAMETPHUSCKOID CEeMelcIha,

Sir,y, C) =0, (2.106)

I KOTOPOM 3ITAYCITHA NOCTOSmrol O onpeacaaoT pasTiUibe HIITC-
MPANBHRE KPUHAKE, 0 cemeicrio yHrnnil (2.106) uveer orudamny o
¥ = y(T), TO, O4CRHOUO. 3T OrUGAIOIIAS T SIBITECTCH HITCTPASTLIIOH
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KpUBOoi vpasHednda (2.67) U yepes KKV K TOUKY orndaimel npoxoaur
HMHTEIPAIRHAA Kpuead cemeficrea (2.106), wvewad B 5108 rouke ob-
MY KACATENRHYE ¢ orubammneil. TeM caMpiM orHbaman ceMeficTBA
HITCrPAALNLIX. KpGLIX (2,106} npenetasnger coboit ocoboe permenme
ypapHeHnd (2.67). Kak wagecTHO, oruBAIINAA OMHONAPAMETPHYIECKOTO
coyveicTra (2.106) MoKeT BLITL TARICHA TV TEM HCKTIOUOHHST TAPAMOTPA
¢ U3 cooTIOWenn

B(r.y.C) =0, 9(ry.C)=0. (2.107)

Monyuennas npu arom xpusaa ¥ir,y} = 0 saseweaerca O-duekpu-
Munenmnoft wpuaot. Tax, nafiacimmoe o npusepe 2.4 ocoboe peme-
e y = 22/4 vpasncima (2.86) aAnsAcTca, Kax JICTKO OPoBepHTL, C-
AMCKPHMARUITHON KpuBoii cometicTna pemenmii (2.01).

B sakmoucnue savetaM, ato cnerema cootnomenuit (2.107) onpexe-

NAET He TOIBKO OTHOAIIYH cemelicTsa (2.106), HO W MHOKECTRO KpaT-
HRIX TOMEK FTOI0 CeMeACT BA, B KOTAPRIX MACTHRIE IOHA B IHBIE % “ gf
HIH He ¢YMECTBYIOT, WIH OTHOBpeMeHH obpamaoTea B Hy.Th. [lostomy
FOMOBHCM CYUICCTBOBAINA OrEGatomed comefieron (2.106), a TeM ¢aMbiM
H 0CODOr0 POLICHHA ¥PARLCINA (2‘6{?), ABIACTCA CY MCCTBOBAIME OIpas
ﬂ? u Ct;(fi; FUOBNETBOPAGILHK VCIL0-

ad\? (acp
(O,t') + dy

HHUNEHHBLIX YACTHBELY HPOIIIBOUHBIX
BIHHY

)2 £0. (2.108)

§ 4, TeopeMbl C¥1IeCTBOBAHUA U eIHHCTBEeHHOCTH pellleHHA
HOpMaﬂbHOﬁ CHCTEMILI

OCHOBHBIE HUEH MeTroda JMUMdHbIX Dijepa MoryT Obllb HCIOMbEO-
BaLILL 11 KOUCTPYETHBUOMG JOKSIATCALCTEG CYVITCCTROBHIIM PCLLCLIS
HE TOJIBKO B C/VHAE QIHOIG YPABHEHMHA, Pa3DeUIeHHOIT OTHOCH TN bHO
NPOHIBOIHOH, HO H B CJIYIa€ HOPMAJBHOH CHCTEMEL. 9TH BOTIIPOCH H CO-
CTARSIIOT OCTIOBIIOC COICHANTHC TTRCTOALICTO Taparpadd.

Hrak. paceMoTpHM HAYANBHYI 371AYY T4 HOPMATLHOH cHOTeMBI
¥PABUCUKMA 1OPROIG LOPSIKa

dvi _ oy
qE .f‘.'.{t*yl: e lm), (21(]9)
yi(fﬂ) = ";’?1 r = ]:2: cea P

Tvere dyaxuun f{t 4. . ... %) O0pedenens e obaactu D, npencta-
BaHmel coboil (v + 1)-meprbii napaienennng

D={lt-t|<a ly—u|<b. (1=12..m)}
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¢ uenrtpom B rouxe (#3470, ... 1), Hpesnonoxum, yro B obsiactn D
dvurunn fi{t ¥, oo gm ) NCUPCPLIBULL (M, CJACIOBATC/ILUG, OIPUIIMYe-
HBD) U YAOBJISTBODANYT VCJUOBHIG JTHIINUIE IO LePEeMEHHBIM ¥1, . - 2 Ym-
TO eCTE,

|‘ff(t’y1"">ym)| = M,

e

|f¢(tl§71 . -1._-1'?1) - .ff(t*ylz -~¢ym)| g ATZ |U-j - y}| (21]0)
i

nprien nocroandbe M ou N ne saBucar or i.

[TonTopaa paceyAICTIHA, TPOBSTCIILIC ' CIAVIAC QTIINOTO VPARMCITAT,
JIOTKD YCTAHOBHTL, 9TO HCKOMAS HITCTPAJILIAS KPHBAA (CCTH O C-
WCCTBYCT) 1e BRITIeT u3 obnacrn D na orposke [tg, T) wsMenciua e
sanucuMoll epesemiolt £, rne T = #y + H, a snancnne H onpetonacTos
KK

H zmiu{a.,%}. (2.111)

A nocrposnua novanoil Hiaepa na orpeske [tUJT] pasofiben sror
OTPe3OK Ha 1 dacTell TodraMM acqenus fy,ty.....t, = T v Tak xe,
KaK | B § 2, obosiaamem ¢ — 41 = hy, b = max; ;. Ha nepeom ware
«samopoauny dyurusn f{E 5, thm) B TouKe (f, 40, .. y0) 1, m-
TOTPUPYA MOIYTONHBIC YPABHEHHA ¢ TOCTOANNBIMU TPARLIMH TACTAMH,
naiacy suatens GyukuEf §;(8) na otpeske [fy, £

Fult) = o + filt. gl )t — to). (2.112)

Hatimemisie Gbyuknnn onpene;1sioT i (m 4+ 1)-MepioM NpocTpaticTie ne-
PEMCHELIX b, 31, .. ., iy 1A YIACTES [fg. £1] ICKOTOPLIE IpaMosneinneii
UIPE3OK, KOLTOPbIA ABAASICH 1EDBBIM $BEHOM JOMAHOH Diliepa.

Jnaniemasa Gy 77 () B ToUKe § = £ OPAMEN 38, TOBLIC TLATATLHRIC
JHASICHUA H, DODTOPAA BLIMCONHCAHHLI AITORHTM, DOIYHHM JTOMAIIVIG
Bitnepa ua oTpeskc [t. 7). IIpn noMOLM OLCIOK, ATATOr M IIBEX OLCTIKAM
B CAYYae IHOTO VPABHEHWS, TPOBETEHHBRIM B § 2, MOMCHO MOKASATH,
TTO TOCTPORHHASA M0 JAHHOMY ANMTOPUTMY J0MAHAA FiiIepa Ha O0Tpe3Ke
[to. T me puiinet w3 obaacta D.

Beeueym nonmsrue s-1upHbiMAKEHHOLID 110 HEBSSKE PEIIeHNA HANAIbLHOM
samad (2.109), aHACTOTHYTHOE COOTBETCTEY KIIEMY NOHATHI 17Td ¢V 1A
OINOCC ¥ PABIICIIHA.

OnpeteTenue. Henpeprisuas aa atpeske [t, T] sekTop-hvHKINA
(1) = (). Fa(®)) ¢ K¥eouno ICNPePLIBULIMH OPOH3BOOILIMH
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dy;
df .
APUOALHCCHHBM N0 HEGAIRE PEULCHUEM HATATILHOMN 3018710 {2.109), ecau

rpadhig kKoTopoit TIeIHKOM TeskuT B obiactn DY, HaswisaeTca z-

max [§;(to) — 5! < &,
I
u npH noactadoske GpyHIml §;(1) B yparHenna {2,109} nony iy

1 - - ) )
T= UG ) ). (2.113)
e HeRAIKH 44 (#) VIOBIETRODAKT HEPABEHCTRY

max sup || € <. (2.114)
i te(to.T]

HTohbl JOKASATE TEOPEMY CYTECTRORAHWA, TAK K KAK H B CIVIAS O1I-
HOTO VPaBHEHWA, JOKAKEM, UT0 NOCIeTOBATENRHOCTE TOMAHBIY Diepa
{7, (8)} opu i — ( 06pasyeT PABIOMCRIIO CXOTAMYIOCA 1A OTPRe3KC
[tn, T] DOCICIOBATCABIOCTD £, -MPHUETHACHIILIX [10 ICBABEC DOLICHHEH 1a-
HALUON BAJAMM, & UPCAC LA BOKTOP-DY UKLINA YTOH 10CHE10BATC, Ih-
HOCTH F(F) YAODJACTBOPACT BCOM VOIO0DHAM HCXonmod sagaam (2.100).
DO ALNASTCA 1Y TEM PACCYAIEHUN, AHAJGUHITHBIX UIPOBENEHHBIM B § 2.

HJeuwma 2.3 g mofors € > 0 MKHO VEAIATE Takoe £ > (), 910
BCE £ -pHOMHACCHHBIE HO HeBASKE DellleHild Ha'ia prod sagqats (2.109)
DASAATIOTCT MesRAY coO0l Ha otpeske [ty, T He Hosee, 1em HA £,

Joxkasare. rpcrbo. Bosemem apa £ -upub/IMMKEHHBIX 110G HEBA3SKE
pemeHna sagaqdu (2.109) 7 (#) u {2 (1), 310 AT, 1TO

‘%ﬂmf = filt, s - B + 0t {2.115)
%ﬂqz)f = filt, Ui Penm) + lt). (2.116)
e
max [gnatto) — giolt)]| € 221, {2.117}
max  sup |3‘(lJt{f) — '-ll.'l"[-z)i{t” 1.,<“ 25] . (21 18)
i tE[te.T) )
ITonaras
el — Fout) = 248, (2.119)

'II.'.I-‘[-_;JI;(TI) - 'll.'f-‘[j_]r'{:t) = Q:(T) (2120)
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U spianrag (2.115) ws (2,116}, noayuy

Lf —~ — -
= F(t B i) — FE T ) Falt). (2,121

Tax kax y(1,(f) 1 gy)(t) Ae mRxomaT w3 obmactu D) rie ¢yaxuua
Flt wia. .o ) vioraeTropser venoeuw Jlummmmna (2.110), 1o nveer
MECTD OLEHKA

Atk

SN 28] + 221 (2.122)

J=1

2
Brenev dyarimo p{l) = =2 () U PACCMOTPIM B8 NDOUEEOHY H)

i

dp 1 =y

dt ¢ ST

i—1

Torna, yauresas, wro |z € p. s cuay onenxn (2.122) noayams

dp
dt

< N p+ 2ime, (2.123)

: it
P
TO CCTD, ;

% < NP p + ey (2.124)

B cuny nemyel 2.1 @04 ¢ COPABEITHEA OLIEHKA

plE) < st

rac s(1) — pomenne T IanLHOH 3aIANH LT THICHIIOrO ¥PaBneis ¢ no-
CTOAUTLIMH KOMPBHITHOHTAMA

‘f,‘:" = Nuns 4+ Zmer, s{ta) = plta) (2.123)

Cowacao (2.117) HauaibHoe sHaueHne $(fp) YAOBIETBOPABT HEpH-
BeHCTRY 8(fg) = plta) = /Y. oo | 27{ta) € 2¢/me,. Hoatonmy 177 plt)
UKOHYATENBHO IWOJY 9HM

Nt —tg, 281 ¢ Auntii—¢
< 2ime Nt g ZEL (Nt ) o

< 2e [\/-m eNe'T o ﬁ(p\?" - 1]] =259, (2.126)
The NoCToAHHAA {2 He 3aRUCHT OT £ Otesu.THO, ollenka (2.126) cripaser-
Juba i 1aa |z(8)] (0= 1. .. ome). Boifupas £y = £/(282), mbl 1 nosy s
FIBEPAKIAEHUE JIEMA b,
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Oupeaenenue. [HocsenosarebHONTE €, -IPHOIMKSHHBIX 11O He-
rrake pemenuii i, (L) nasosen coodaugedicn no Hesuake, ecomn £, — 0.

H AOKABAHHOA JTCMBLI CICOYET, MTO BOAKAT NOCTICOOBATCILIIOCTLD
[T (H)}, cx0oaamasAca 0o HeBAZKE, JIDACTCA PABHOMCPHO CXomAmetics
1A oTpeske [f. 7.

HOCJle_I_T.‘\'H:JLLI,He TeopesMbl JOKAZBIBAKTCA LWOMHOCTBEY AHANOITIHO CO-
OTBCTCTRYIOMIIN TCOPCMAM b COIYHaCe COIIOr0 YVPaDBHCIIFA.

Teopewma 2.6. Ivers 8 mavansnoil saa70

% :.f'n'-(i'!.;)lli‘""‘?),'ﬂﬂ): ?JJ’(ID):L,?" ?'-:1'-‘""‘.]}‘?':

chyuruum fi(t ¥, ... . Ym) B 0DgaCT D HENPEDBIBHBL H YAOBJET BODANY
VOACBHIO THINNIUS 110 TCPOMCIITBIM Y1y . . .\ Um- 1OTA8 TOCACTIOBATCTL-
HOCTh (¥, (1)}, cxonaniadgca no Hepaske na otpesxe [fy, T, cxomrea
DaBHOMEDHO HA 3TOM OTpe3Ke K PYHEINT y(t), apTA0Mmelcs pete e
HAYAALHUR 3203 9H.

Teopewma 2.7, Boan BLHOOTICHL VCAGBHA TeOpeMser 2.6, To nocte-
JOBATEABHOCTE JOMAHBIX JiiTepa mpu b — () cXOIHTCA pasHOMEpHO HA
OTDOSKC [to, T] K hyurnun y(t}, ABIMOWCHCE DOLOHECM HAYALLION 32-
a3t I8

Otcwaa ciaeaver

Teopema 2.8 (cviectsosanna). Ecam ¢yvaxamsn Filt.y, ..., 00)
{i = 1,....m) B ofaactil D QeapepniBEnt ¥ VIOBICTBORINT YCIOBIIO
JTHTIIHIIA O NEPEeMEHHBIM ¥y, . . . U, TO Ha OTpeske [t T cvimecTayver
pellede HaHabHOT 34289,

Tak He, KAK W T CIOYHAC OAN0TO ¥ PApneIitia, AMeeT MeCTO

Teopowa 2.9 (cunernenrioctu). Hpu soiroanemmn voaenif Too-
penipt 2.8 nauaaenad sauaia (2.109) nueer pa [tg, T) euanncrsennoe pe-
HIeHHe,

Hrrak. Teopesbl CYNECTBORAHUT H &/ IHHCTREHHDCTH PEHEHITA HAMA h-
HOI 3818490 LA HOPMATLHOW CHCTEMET TOTHOCTBR) TOKa3aHbL [IPpH 3TOM
SUMCHALHA, COCTALIBIC B § 2 M0 OOBOIY TCOPCM CYIICCTBOBAMIMS I CIHII-
CTROTTIOCTH POTICITHA NMATaNLION 337180 A OIN0r0 YPaRICHid, oCTa-
HYICA CUPABELIHBLIMH W B CJIY1ae HOPMA. [bHON CHCIeMbl.

B 1. 1 €110 mokasaHo, 1TO ¥paBHEHUe n-ro nopanks (1.6) skeusa-
JEeHTHO HopnatbHoil cuorese {1.8). Oreria cnenyer, wro e npaBad

n—1
d u:n .

YacTh vpasienua (1.6) — dyvikmus f(t, . ﬁ ey dtT_fj — YIORIC-

TRODAET YCAOBUAM TeOPeMbl 2.8, TO DRIMEHHP HATATRHON SATAvH 1718

{1.6) cyecTdyeT B COHIC TR,



w
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Qcolo caelyer HOUNSPKRYTh, IO PACCMOTPEHEBIH Meron Jokasa-
TEJIBCTEA TEODEMBL CYIIECTBOBARKA ¢ IOMOIIBLE) JOMAHBIX DHepa npei-
CTABTAST COAOH TeoPeTHHeCK Y0 OCHOBY 3WPEK THEHELX ATOPRHTMOB HHC-
JICHIIOTO POLICTIHS Ta9ATbLION 38891 4715 TOCTATOUIO CIOEIILIX CHCTCM
AHDPEDEHIUATRHBIX ¥YPABHERNE, NPUBEIEHHBIX K HOPMAThHOMY BHIY.
B namnpefimem (B ri. 68) 6VINT PACCMOTPONLT B IPYTHE, G000 CORCp-
[MEHHBIE B PR THYeCKOM OTHOIMEHWH, ANFODATMEBL SMHCIEHHOTO Derrne-
U T BCPCITHANLILIY YPABICIAH (¥ BOMMYHBAOIIHE, IANPIMeD, BLI-
CIPOTY CXOMUMOCTH npubdmokennii). Cefidac OrpaIHYHMCT OPHMCPOM
YHCUCNEOIO POICHRA 3A081H 1A QOCTATOMIO CAOALHON ODMA LU0
CHCTOMD, KOTOROC OPAKTHIOCKH OCVICCTRHMO TOMLKG MPH AT Th30-
DAIMH COBpeMeInnx SBM.

PoTorpadHpoBaHHE
o0parHoii CTOPOHB JIyHEL

/'

y

18-X

HarparncHHe

[ABHAEHETEAS

Pue. 7

PaCCMOIpHM 3844y O JBMZKEHHH PAKeThl B MEKILIAHETHOM 1Ipo-
CIPAHCTHE, UCUHBITBIBAWER TAIGIeHUe O CTOPOHBL 3eMiH, . IvHbL,
Counnga. TAKaa 380448 BOSHURAST IIPH PACUETS IOJSTA PAKETH K JIvHe.
DTO OBHMEHHE ONHCEIBASTCA CHOTEMOH VPARHEHUN TBMMEHUA TeTHIPEX
o tuna (1.20), toe Fy (i = 1,2,3,4) — papnoacic Inyionas ¢H ILIo-
TOHOBCKOIO NPHIFKEHHA, NeHCTBYHIIIHX HA {-8 Tell) €O CTOPOHR ReeX
OCTATMBIBIX, TPHYCM CHITAME, ACHCTRYIONIHME 1A TeGCCNTLIe TEma Co CTo-
DOHBL PAKETH, MOKHO, pazyvearcd, npedebpedn. Takunm obpazom. nnv-
XOOHM K CHCTCMC 12 ypaBicnnii Toporo mopsiika BIH K H0PMaILIOH
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CHOTEME M3 24-X ypaBHeHdl ¢ UPaBbiMU TACTAMU, HMEIHMH CIOHYIO
AHANMTHYECKYE) CTPYRTYPY, DOPMYJIbL ILIA NPABBIX 4acTefl Mbl 31eCh
I¢ BLIMHCLIBACM. 8 OPHMCHCHHT AJTOPHTMA DIepa U OPYIOHX 4H-
CI/TBHHBIX 3\.'II‘L_}])I-1']‘MOB AOCTATOURHD UHMETR BOIMOZKHOCTh BRIYTHO [ATH II[}a.-
BLIC 9ACTH T PARTHYIILIY TR CTIHAX IRHKYIIHECT TOT: MPH 9TOR
KOHK[)P’['HBI i B AHANHTHYECTCXY (1)0[’)1{}-",“ JLIA II['Ja.HhIX LIHC'T'F'.FI HE M-
OT SHAMCHHI I8 MOTOOA HHTCTPHPOBAINST,

Ha npurencimoM s;1cch pHe. 7 W300PaKeTa Onia W3 TPOCKITHE Tpack-
TOPHH OBHAECHHA ABTOMATHICCKOH MCOKILITANCTION CTAILMHA, 3AIYIICI-
Hoit 8 CCCP 4 ortadpa 1939 r., ¢ NOMOMBH KOTOpoll Brnepehie OLLIA
cchoTorpadhupoBata 06pATHAA CTOPOHA ~IVHBL

§ 5. 3aBHCHMOCTE pelleHHH
OT HAYAVIbHBIX 3HAYCHHH H NAPAMETPOB

B peannimix zaganax, coasanmnix ¢ pemenaes andbepelnHaaInLInIx
YPABHEHHI, HAYAThHRIE FHATEHH 0OLITHG MIBECTHRI JTHITh € HEKOTO-
PEIM UPpUOIMIKEHMEM, TAK KAK OHH OlPEIe/ A ICA SKCHEPUMEH THJBHO
HUIH BEIMHCTARYTCA, A 910 Hel3DeX HO CBA3HHO ¢ HOABIEHUEM NOUPeLLHO-
creid. Kposve 1oro, B NPABBIE YACTH VPABHEHMIA MOIYT BXOUHTE KaKlie-
JHOO DAPAMCTPBI, XaPAKTCRHIVIONIHE (pHIMHCCE VIO TPHPOIY H3VIACMOR
CHOTEMB] (MACChL, 3apANBl, VITPYIHe XAPAK IePHOTHEN M 1.1}, H 3HAME-
TIHST MATILTY TAPAMCTROR TAKARC OMPOTICTTIOTe apufamxenro. B enmaim
COFTHM HOAHHILAST HO]I}')(]C 0 'I'(')I'\r-'lf Kak HIMSHASTCHA }'J@TTTEHI'IF‘. Ha.‘-Ta..‘IhHOﬁ
3EJANH IPU HCOOMLIINY W3MCHCIHAX [IAYAJTLHBIX 3TATCHHR H TapaMeT-
POR W 3ABHCHT JTH OHQ OT HTHX BOTHYHE HCNPORLIBHG. JTOT BOTPOC ML
M PACCMOTPHM B AMIHOM Haparpade. 3aMeTuM, 4To AIRUIOTHYHLBI BO-
NPOC MOXKHG TOCTABATD H A HCOTPAHUICHHIONO NPOMCOKYTE: (tg, o0),
EC/IH PRLIEHHE HA HEM OLPEIEIPHO. D101 BOUDOE COCTABIAST COULPHKa-
HHE T{K Ha3bIBHeMOH TeoplH veToi IMBOCTH, KOTOPOH NOCBALIPHA Cle-
LHAAbHAA LilaBa (1. 3).

Byiuem paccMarTPpIBaTh HAYAMBIYIO 304V 1T LOPMAE LR CHCTCM DL
AuhpepeHIANLHBIX ¥DABHEH I

{ ; -
D= Flytn). y=(n. . ymh F=( . Fn)  (2120)
. HAMAIRHBIAMH v‘_:"(_“'..'IOHHHMI-‘I

y(to) = w0, "o = (Mo- - Ymo)- (2.128)

33P0k ft = (fiy, .oy fls} — BEKTOD, OMUCHIBAKAIHA TAPAMETDERL {1, ..., s,
BXOIAMIHC B APUBYIG 990 Th CHCTCMDL.
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Hae nurepecyver Xapakrep BaBUCHMOCTH PEIISHUA 910 3alaid olr
10«2 Wm0 L, - - - fls- SAMETHM, UTO HUCASIOBAHHE TABHCUMOCTH Pe-
eHHA 0T HATAIBHBIX SHAYEHHI iy, ..., Ym0 MOMKHO CBECTH K 381416

00 M3YUIEHUH 3ABHCHMOCTH OT NAPAMETPOB B NPaBOH YaCTH CHOTEMEBL
B cavowm 1ene, caenaem B (2.127) zameny

Y=tz L=+ (2.129)

H 3OIIHIICHM YVPUADBIICITHC 1010 HOBLIX ICH3RCCTIILIX (l')}'IIKU.I/Iﬁ it

g_i = @l(z.7, 5. Yo. lo).

(2.130)
Pz, Tk o, to) = Flyo + 2,00 + 71

H])H t = IL-U HOBES TOPCMOHIA T = 0 1 HAYAILIILIC SHAUCIHA AT I
TOIEPL OKA3BIBAIOTCZ d)IIK(:I]pUDEL]IIIbI.\-II»I?

2(0) = ylto) — yo = 0. (2.131)

BHUAdCHAA iy ¥ fp BXOIAT B NPasbic 9acTh (2.130) Kak TapaMeTph a-
PAAY € OHAPAMETPAMM fi, ... fa. SHJAYA CBOLICH, TAKKHM ODPAZOM.
K HCCSTCHOBAIIMIO 3EBHCHMOCTH Z; O1 HEPAaMCeTpoB gig. tp. Haeor me-
CTO ¥ QOPATHAH PEAYKIAAL H3VUEHHE 3ABHCHMOTTH OT HAPAMETPA MON-
110 PacCMaTPHBATL KaK IICKOTOPBIE HacTHbH BHA 3aBHCHMOCTH POLIC-
HUil 01 HAUAURHEIX anaqennit. [} cavonm e, nockosbky napamerpm

Jileoooyjbs B (2.127) pUECHPOBANLL 0 MPHITHMAIGT, TATPHMCD, SITa9CIH

jeo (8 = 1,...,8), 10 k ypasrennaw {2.127] ¢ navaikHhME YCN0BUA-
9 = elpig

wmu (2.128) MOEIO T0DABHTL YPARICITHS BILIA % = [ ¢ NAYAILITLIMT

VOTOBHAMHE g (£n) = phg. TOroa monyHuM UBYIO CHCTCAMY

d o
d_g; = fly.t,p). d_}; =0, wyilta) = yio. 2xlfo) = prro- (2.132)

Tenmepr BOMPOC O 3ABHCHMOCTH Y; OT jig CBOIATCA K HOCTEIORAHHK 34RH-
CHMOCTH pemeduil 3a1aH (2.132) 0T HAMATTLHBIX SHATEHHR f110, .. . fhs0-
Himge Mpl HCCTIEOyeM 3EBHCHMOCTL DCOHICHHE OT DapaMOTpob, & 3a-
KJTHTCHAC O 3aBUCHMOCTH OT HATATLILIN 3IaMCIHE CI01a0M, HCXATH S
YCTAIIOBICHIION SKBHBATCIITIIONTH.
Pacoyorpin cHarftana ckanApHoe ypaRrHeHH e

3—*{ = [yt (2.133)

GOy CRAJISIDHDIM  ITARACTROM (8 H ('bHK(fI‘Il'}()D}LIIIIbIl\;I Ha' Tl ILIILIM 31 I0-
HHEM

yltu) = yo- (2.134)
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IMvers upasaa uacte fly, 1 p) oupeneneda b napa/lielendneng D =
= {|t —to] € a, |y —wel £ b |t — po] £ ¢}, neupepbsua 8 D 1o
COBOKVIIIOCTH MCPCMOIILIX H, KPOMC TOTO, YIOBICTROPACT B D) vCI0BHIO
Juummna no y:

|flmn.top) — Flye.t, 0] < Nl — 2], (2.135)

rac N oana ¥ Ta KC OCTOANNAA I BOCX j4 13 OTPOSKA (i — jo| < o

TIpy kamo0m PUKCAPOBALLIOM ¢ COLTACHO TCOPCME C¥LLOCTBOBANNS
a OTpeske [fo, b + H|, rac H = min{a,b/AM}, M = supp | f(u, 1 1),
OLIPEISIEHA HETEIDAIbHAA KPHBAA, ABIAWAACH PELIEHHEM HAUA/LL-
Hoit saanu (2.133), (2.134). Menasa jr, nosay uM B CHITY HE3ABHCHMOCTH
koHcTanT AL u N or g, 1o va [fn, th+H ] CUPEUSIEHD CeMeRCTBO HHTe-
IPANBHBIX KPHBBIX ¥ (%, 11).

Byaem necoegosars sasucumovrs y(f, p) or g Jokamen copasensin-
BOCTE CHSIVIOWEH Teopesbl.

Teopema 2.10. Hvers f(y,t. ) oopeseidesa 0 HegpepeiBHa B D
¥ viIoBtersopdger yvenopri Jummuana (2.133) no mepemennaoay y. Tor-
Aa pemesne y(t, ) sagagn (2.133), (2.134), onpegetensos Ha oTpesIke
[tn, to + H], menpepeiniro mo p apa ao6oM jb s OTPesKS it — py| < ¢

doxkasateaverno. Teopeva &vaeT Jokasama, Ceu yOCIHMC,
1To 1A awbora £ > 0 eyviectsver d(e) Takoe, 9To npu [Ap| < 4 cnpa-

BEIJIHBO HEPABEHUTRY
lg(t, pe + Ay —gylE, gl < {2.136)

<
I8 MOOBIX p H g+ Mgz oTpeska [ — po| £ ¢ BoenoabaveMes se-
moit 2.1 0 muhdrepeHIIHATRHEX HepaBeHeTBAX. Hneen

%y(w + Ap) = flyltp+ Ap), toe+ Apd. ylto e+ A = yo,
Lyt.p) = Flylt. ). t.0). ylto, 1) = vo-
B]:nI'IHTElH OOHG COOTHOIMEeHHE M3 IPYroro, ODOJAVIEM O7TA PpasHOCTH
Ay =yl + Ap) — ylt p)
%i\y = [Flyltp+ Ap).top + Ap) — Flyltan. 6 p + Ap)]+
+ [flyle g top + Apd — Flyladt )], Ayli=e, =00 (2.137)

B cuay wenpeprisHOcTH f(i, £, f1) MO COBOKYITHOCTH APTYKMEHTOR U B CILTY
Toro, 410 |ylE, p) — yo| < b opu |t — | € H, nna moboro =1 = 0
cymecrsyer §(g) rakoe, wro ecan [Ap| < dy, ro

|Flu(t ), 0+ Age) = Fly(t p)-tm)| <2
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PABHOMEPHO OTHOCHTeNBHO ¥ € [tg.ty + H]. Toabsyaces srus dhaxrom
U yesosdes Jlanmung, Gyiaem nMers

| Zay| < Ay + 1. (2.138)

Hosromy coraacno nemme 2.1 1 gopmyae (2.35) nonyunm

|Ay| < 3_Jr(€ﬁ'if—h)l _

- (2.139)

npH £; < dy(c), T.e. npH | — jrg| < d1(82(2)} = d(g).
Teopena noxasana.

Javeuanun.

1. Hs npouscca 10KQ3are/1bCTEA HETPYVIHG BUASTD, IO HEPABEHCTBO
(2.136) BLINIOJIHASTCA PABHOMEDHO OTHOCHTEABHO 1 1A |8 — o] < H.
T.e. (pvHKIHA y(t. f¢) HEOPEPBIBHA M0 j¢ PABHOMEPRHO OTHOCHTEThHO #;
APYTHMH CTOGAME, TPH JOCTATOYIIG MdI0M HIMCIICIIHE TapaMeTpa pas-
JIHHHE ,.'l,H:_v"X IIH'I'EI'[)aJThHhIX K[)H BhIX 6}",”,?']‘ I:)a.HHOh'TeI)HO MAJRIM HA BCOM
HOCTEIYEMON OTRCIKE [fg, 8y + H].

2. Moauayach moxazantol Teopeyof o reopeMoil amannza®), netpy-
HO IIO..'I}-"-TI-T'T‘I-) _}-"I'HPI')W(,'[(:‘.HI'IQ ] HeTII’)P.]']h[HHO('.'I'H y(?‘,\ﬂ) 110} COHOK}-’ITHOC'I'H
OOPCACINILIX £, ft TIPH |t - tu| < H, |p- _uU| % ¢. B caMmom gese, menpe-
DPBIBHOCTL §f 110 (£, DABHOMCPIAT OTUOCH TENLIG £, TOJALKD 110 J0KARala,
a II(.‘l‘[]‘JE‘pI_sIBII(](}Tb ¥ I F, PABHOMCPIAA OTHOCHTCABI J, CPASY CACIVOT
b

i
W3 TOTO, NTO | —F | = |f] € M.

3. Ecan g ABuASTCA BEKTOPHOH BesmuuHON, f{y.t.p) onpeasuena
W HeNMpephiRHA MO COBOKYITHOCTH NMepeMeHHRIX B

D={lt—to|l<a, ly—wol<b | —ppl<ecx}

") Teopena Hyvers opr o € A, 3 C B satwra donkmea yle. 3} o mvwers
wlov, 30 meapepuisia ppn aobost o €A pasnontepns ornocirressie 3 £ B g ae-
upepuiita npe aofon F & B papuovepuo oriochrcasno o & L1 Torsa yie, 3)
HCUPOPLBIA 10 COBOKYVHUROCTIE apryyacuros o 3 upn o € A, J € B,

dnrasarennerrn Paccvorpum pasnocrs Ay = yler+ Aev, T4+ A3) —gle, 7).
Hneex

Ay < lutn + An 8+ AT — a3+ AD| +

o, B4 AZ) — yin. 3.

Jaa modore £ > (0 noproc Gaaraesor cnpara Menhme £/2 npy Aol < & (&) 0 modom
B4+ A% € B, a mpropoe Mernme /2 npy |AF] < Su(F) womodom 0 € 4, B, THEHM
obipasu, |Ay| < ¢ opu || < § (), [AF| < d2(2).
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H yaowtersopdaer b D yenosuw Jlunmuug 1o ¢ ¢ 1ocToadHoi N He sa-
HUCHIEH O f2, TO JIOKAZAHHY K TEOPEMY MOKHO HPUMEHUTh, [1PA3Y Me-
Biad MOO it OTHY M3 KOMIOHEHT ji. HepapeneTso (2.136) o3HauaeT Henpe-
PRIBIOCTL 3 MO ATOH KOMITONCIITE, PARTIOMCPITYIO OTTIOCHTOLITD £ 0 Apy-
THX KOMIGHEHT /1, A TOT1A 3{t, £} CORTACHD 3aMeTAHNK 2 ABNASTCH He-
NPCPLIBHOA DY UKLMCH 1O COBOKYNNOCTH APUYMOLITOB £, [y, . ... t.

OCTaHOBNMCH TENEDE HA HOCHEI0BAHNI 3ABHCHMOCTH PENIEHAA 0L Na-
paserpa yo- [IVCTh 9T0T mapaMeTp MEeHSeTCA Ha 0Tpeske |yo — yo| < A.
Ivets f(y,t) onpeaenena u nenpeprisaa B D={|f—1y|<a, [y —yo| < b}
Torga na IEOMETIHRCKHAX Cr)r)ﬁl)a,mPHuifl CMERMIHO, MT0 CEMEleTBO HH-
TCTPAILILIX KPUBLIX ¥(#. yy) CYMCCTBYCT Ha oTpeske [tg,fy + H]|, roe
H=min{u, (h— AY/MY M = supp |f]- Creses ary sasauy yKasaHumin
BRILTE CIOCODOM K Y7Ke DAaccMOTPEHAON $SATaTe 0 SaBHCHMOCTH PeIieHMs
OT p (BBOOA z = y — Yo B T0Aarad ¥ = 1), Ilony<aus Toraa Kak cned-
crrve reopembnl 210, aro dyaxis g ), onpengiedras Ha [t[], th+ FT],
HCMPCPLIBIE [0 gy TpH To60M Yy 13 TPOMOIKYTEA |yo — yi| < A.

Toumno TAK e MOKIO PACCMOTPOTD 3ABHCHMOCTE p(‘I.H(‘]IHfI OT mapa-
mMeTpa. Iy, KOTOPRIT MeHzmeTeda HA OTpesKe |£g — L]| H TONYITHTS,
yTo y(t, tg), oupcacuCan na oTpeske [, 18 + H], rae E = min{« — 4,
% — d} HempepwIBHA N0ty TpH |fy — £5] < 4.

Ecmu ¢ apI1AeTeA BEKTOPHOR BETHYHHOR, TO CMIPABEITHER AHATOTHY-
TBIC POSVITLTATL, KOTOPBIC MOTYT OBIThH JTOKAIANBI, CCTH BOCTOTLAOBATh-
ca Tol ke sgexyolt 2.1 o nuddepedinaIbHBEIY HEPABSHCTRBAX W CO0APA-
FKCHHAME, HMCBIIHMM MOCTO LPH UOKAZAICG/ILCTEC TCOPCMBL CYLIOCT BO-
BAIHST L7151 CHCTCMLI YPaBICTIHi.

CHHTe3HpYA Bee CKaZAHHGE. MPHXOINM K CTeOVOIEMY VTBEDISHHI
s obuere cayuan (2.127), {2.128).

ITvers fp.yin HBASKPCH HADAMETDAMHA, MEHKHNMHCH B 001801
lto — 18] < 8, lyio — w5 < A, & BXOIAIME B CICTEMY BERTOR-HADAMETD {
MeHACTCA B 06aaCTH [p — 1) € ok IIveTs mpabbic 94cTd cHOTOMD
(2.12?) Henpepbmﬂhf A0 COROKYITHOCTH APIYMEHTOB B HapaLiederinene

= {|f <a, |y - ‘»"m| oo |l — J“I.f” S ‘5’!:} (2.140}
H VAOBJISTBOPAKYT B D YCAUBRK JIHIHUHIA HO Y1, - Y

Toiua y mc:um Bill (0 M10s ey Mm0e [l sn ey fhg), GUPENEHEHHEE HA
arpesxe [, + H]. rae

H :min{n -4 minh; — &) _ (5}, M =sup|fi,
I8

max M;

W ABIANNINCCA petenner sagam (2.127), (2.128), venpepsIiBHBI 10 C0-
BOKYHHOCTH apIVvMCLTOB HPI

|t_t3 £ H, |fl.)_r |J:U :[]| Ay, |-uk_.u%.|g'"3\
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Croli¢TBO HEPEPEIBHOCTH 110 1IADAMETPAM HMeeT CVLIecTBEHHOS $HA-
HEHHE LI HOSMOIKHOCTH MCUOIBS0BAHKH HAMANRHOH 3anaam {2.127),
(2.128) B KAYeCTBE MATEMATHYECKOHR MONETH MHOTHX €CTeCTBeHHO-HA-
FUIMLIX 3a01ad, defCTBHTONDLIG, KAK Ve OTMCHATOCH, [TA TPAKTHEC TH-
TANTBHBIE TAHHBIE H MARAMETDH], BXOIAIINE B NPABLIE TACTH ¥ PARHeHHT,
K&K [IPABHIO, BATAILI I TOUYNO, & JIHIML ¢ HCKOTOPDLIM TPHOSTHAKCIHEM.
(Inaxo B CHNY TEORCMbBL O HCNPCPLIBHOR 3ADHCHMOCTH OT TAPAMCTRODR
Ma;I0e H3MEeHEeHHe HalaThbHBIX TAHHBIX H TTPARRIX TACTEN YparHeHHd cH-
CTCMEL IPHBOIMT COUTBCTCTBCIID K MATDIM H3MCICIHSY PCLICIHS. D10
H OUPABIBIBAET HCLNOB30BAHHE N0V ICHHBIX DelleHuil sajan {2,127},
(2.128) 1518 MHTEPOPETALMA TOIG PERIBHOIO IPOUECCA, MATEMATHYECKOT
MOICDIO KOTOPOro CIIVEKHT Jallllad CHCTCMA,

[Tepeiines K HCCTEI0BAHHI) BOIMMKHOCTH JudihepeHUHPOBAHIA pe-
(IEHWA 10 NARAMETPAM W HAYA [hHhIM BHaYeH AN, Pacemorpim arer vo-
IPOC OMEATI-TAKH JLTA CKATARIIOTO YPABITCTHA W CKATADIIONG TAPAMCT-
pa g donmoaHnTe hHo K yOIoRHAM TeopeMb 2.10 notpedyvem, 9Tofin
Fly, ¢ e v obaacin D 0boianana neupepuiBisyMy 9ACTUbIME 1POH3ROI1-
upivm fu{y. £ ) w fuly.top).

Eciu 0o pemenne y(f, p) zagaqu (2.133). (2.131) ofinaaano npons-
BOMHOH 10 nARAME TPy {1, ro, noacrasns y( L ) 5 (2.133), (2.134) u qudp-
DEPEHUMPY A LHOGYYEHHBIE TORIECTBA 110 [, Mbl HMEIH Dbl

a Y 1.
%d:j = Fylult, 1), t, 1) 0—:: + fulylt ), b)) (2.141)

g%(m,m — 0. (2.142)

YOeaMMCH, 110 UPH HAJMKeHHBIX HAa fly,f. i) JOUOIHHTE I bHBIX
dy .
O;i ACHCTEHTCNLIIO CVIICCTREVCT H YIOBICTROPIACT VADICIIHIO
(2.141) w "awaThHOMY vonorui (2,142}, 0 9Toro paccMoTpaM Ha-

HALHY KD 331Ny

(:;; = fy (y(?‘,., 1) £, ,t.-.)z + .f,rr-(y(t' 1) ¢, r“'): (2.143)
2{tg, ey =0, {2.144)

YCTOBHAX

I nosof menssectnol dhyuxmun z(¢, ). Ypasuemne (2.143) mumeitno
OTHOCHTEIEHO 2 H €70 KO3 DULHEeHTEl ABTAKNTCA HEIPEREIBHBIMY (Y HK-
uaAMK ¢ upn |t — to| s H, rae genpeprsia y(f, 1), esromy pewenne
z{t, 1) nadanbiof sagady (2.143), (2.144) momer GuiTh BLITMCAIIO B SIB-
HOM BHIe 110 opuyie (2.29)  ABAAeTca HenpepulsHOR hyHKUued! # npu
|t —ta] < H.

Obo3ragum

A it e+ Ag) =yt p _ R
ﬁ _ ythi AJ“ ) et 1 A, (2.145)
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Yoeunmesa, wre s, qw(f, g, Ap) = 2(f, p). Orcrona cneayer, 1o
ol .
MPOHAROMHAR 0;‘ CVINECTRYET W PaBHA z(t. /), T. 6. MelCTBHTETRHO YI0-

piersopaer ypasuednr) (2.141} 1 navansnomy yeiosuwo {2.142).
Toneryace (2137, opu 0 £ 6, < 1. 0 £ &y £ 1 nmeem

dw _ Flult g+ Apdtop + Qg — Flyle, phitp + Ap)

dt AT +
Flylt ). top+ dp) — Flylt,p) 4 ge)
+ X =
T
= fyly(t, ) + 61 Ayt + Apdw
+.f.!f-(y(t'.“)ffaﬂ'"'_93&"")' (2'14{})
OuepuTHO,

?U|j:f0 =10. (214?)

CotTaBUM YPABHEHHE OTHOCHTETBEHO PHBHOCTH W — =, 3aMeTHM IPeIba-
PHTE/IBHO, Y10 B CHAIY HENPEPBIBHOCTH f, v f, 1 Heupepssaoctn y(f, o)
HMOCT MOCTO HPCICTALCHTHC

Folu(t, oy + Dyt + Ap) = F(wle, 10,8 1) + plE, e, Age),

e |p| < 2 npu |Ap| < d{21) pasioMepro orHocHrensho b H oroudo
TAK Ke

Fu(uCt ge) 6 00+ 2Ap) = fo(p(ta0), b, ) + q(E, o, Ap),

rac |g| < 7 mpu |Ap| < da(z7) pasnomepno otnocuTeanio o BeranTas
{2.143), (2.144) 13 {2.146), (2.147), H0YHUM TEIePb CISUVIIISS VB
HEHME OTHOCHTENBHO W — 2

D2y = f (gt bopd e — 2) 4 pln —2) 4 pz+q. (2.148)

TPH ATOM

(10 — z)|p=py = 0. (2.149)

TaK Kak MepesenHas 2 OrPAHHYeHA, TO [pz + | < £ mpr |Ap| < ds(e0).
Kponme toro, Tak kax |f,| € Q. 1o |f, +p| < @ + =1. Hostomy

< {(Q +e)|w — 2| + &2 (2.150)

Ay
w2

H LTS OTICTIKH # — 2 MOZKTIO OTATE BOCTONLIORATLEC JTCMBOH 21.B -
3VIIRTATE MOTVHITM

|w —z| < —QL_E] ((%[Q'E”H — 1) < £ {2.151)

npu |Ap| < d{z) mua seex t € [ty, ty + H], oo v Tpebopanocs.
Takun oOpanoM, JOKA3AIA CICIVIONIAT TCOPCM:L.
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Teopema 211 Hveus fly,f.pt) oupeteteta it HeRpepsiBHa L0 ¢uo-
BOKVIHOCTH apryyentos B obuacrin D = {|t —to] € o, |y — ol £ b
|t — po] € e} Bucere ¢ yacTnning nponanoamniMy f (gt ph u fo(u ).
Towia pemense y(t, p} vavaassofi zaaun (2.133), (2.134) npu was o
JU IS MIDOMEEY TR |f0— fo| € ¢ HMERT FDORSBOAHYIO 110 L, EOTODAA VI0R-
Jerpopget Vpapdennio (2.141) 1 sasaasromy vorosio (2.142), noayvaa-
ompty auchepenunposantion ypaptionns (2.133) v HAYAALHOIO VCIOBHS
(2.131) mo .

¥pasuenne (2.141) 4acro HAZIBIBAKT YPABHEHHEM B BAPHALMAX 110
HApaMerpy i L1 ypaeHedua (2.133).

Javevanue Koaddmnmenrn yparvenna s sapuannax (2.141) ap-
JAKTCA HEMPEPHIBHBIMYE N0 COBOKYIHOCTH APTYMEHTOB {, ¢4 B CHIY TPe-
DOBAHKI, HATOMREHHEIX HA [, ¥ samedadna 2 kK teopeme 2,10 IloaToumy,
npumenas ko sanaae (2.1471)., (2.142) reopemy 2,10, nonyruy yrsepcie-

i)
ITHC O HCNPCRLIBIOCTH 8_!; ot ou gt

COBEDUIEHHO AHATOUHYHEIM 00PA30M MOKET GBITE UCCIEI0BAH BOIPOC
O CYUIPCTEOBAHME NROHIEOIHGH 10 HAMATBHOMY 3HAYCHUR Ifg. B pesy.ib-

[0
TaTe NOHYYHM, 910 # YIORISTROPAST YPARHEHUKY B BAPUAINAX
0

40y _ Sy 5
oy fy (:U(t: o). t) BT (2.152)

nosyaennomy udphepemmporannes (2.133) no gy Croboapmii wnen

B 3TOM YPaBICIHH OTCYTCTDYCT, TaK KaK ¥y B Opasyvio 49acth {2.133)

ABHKIN OOPAzoy He Bxo, . HAvahHbIe 3HAMEHHT LA O—U Oyv/Ivr. Ha-
0

OPOTHR, OTTHYHEIMY OT HY/IA, 8 AMeado, nuddepentmpysa (2,134} no yy,
TTOTTY M
dy

b = 1. (2.153)

to
Moaoucer Beren vecenosan soupoc o audxbepednnposanun pemedus

a
IO HAYa IBHOMY sHaxeHuwo tg. [Ipomssonnan £y ¥OOBICTBOPACT VPAD-

ity
HEHHKD B BADHAIHAX

d Oy dy o 1=

L A t.tg) t) ==, 2154

dt dio f,i,r(y( .fl}), )dtg' ( & )
DOAVHEHHOMY OHeepeHnupopadneM vpasHeHuA (2.133) oo tg. Yro-
{R MOIYYATE HATAJBHBIE Y¥CI0BHA, SAMEHHM HCXOIHYEO 3amaqdy {2.133),
(2.134) HUTCrPATLITEN ¥ PABICITHCK

'
ylt.to) =wo + [ fly(r, to). T) dr.

to
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Hudpehepenuupya no iy, Gyues uMetb

dy
Or ylt.to) = — f{y(t. to), +r/ Fuly J,tu),r)ar“d
n
Orcwna, monarad = fy, TOMYTHM
f')y — DI A
% = —f(y(fu.tg),tu). (2.10‘))

1=fy
Bee crazawnoe coxpandeTt city W m4d obmero cayiag (2.127), (2.128)
NPH VCAOBHMH, 4TO B ofmact D (ca. (2.140)) f; 061a1810T nenpepLis-
HLIMH ACTHBIMH TROMIROMNLIME TO BCOM J1,. .., Iy 0 00 TOMY 03 Na-
PAMETPOR, 110 KOTOPOMY upoussoanrea audpepenunposanue. Tak, Ha-

NPHMCP, TPOH3BOMIILIC gyi VIOBMCTBOPSIOT CHCTCMC YPABICHIANR B BA-
pHaLI,LIFD{ Hi
d 3y afr ayf af-a' Ay ) 215
L 2 . =t = (. 156
0t Dy Z 2w B+ Bps” O (2.156)

t=ty

Boupoe 0 CyecBoBAHUY M HENPERBIBHOCTY LPUBUAHBIX BEICILAX
HOPSLIKOB HCCUCIYCTCT Al oruyio, Moo NoKasars, 410 CyWecBo-
EAHNE HEMPEPEIBHEIX YAaCTHEIX IPOH3BOIERIX 00 Nopanka b oT ¢hyvHKIHR
fi MO 1o Gme H1s- e fte OOSCTIEMHBAET CYIIECTBOBAHHE HEMPEPHIE-
TLIX HACTIX TROHIBOMIBIE K-TO TOPATKA T0 TARAMOTPEM F10, .« - Yo
{1, - - . 8 OT pemmennd samaqn (2.127), (2.128).

Jameganuce Hacor mecto

Teopema llvankape. Kean varnnn f; ARISK0TCT AHARTHNEC-
KNMH (hVHKIAMHE CBOMX APTYMeHTOR, TO W pelrerie sadadn [2.127),
{2.128) OEAMIBACTOT &ITATHTHYCCKH SARHCIIER 0T TaPAaMOTPOR.

§ 6. Meron nocienopaTe/lbHLIX MPHOIHKeHTH
(meTon ITukapa)

Pacemarpupasa B § 2 nanaqaedyvio 3agauy Kown g8 ogHoro vpas-
HEHHA, Mbl TOKAZAMN CYIIECTEOBAHUE H €IHHCTBEHHOCTh PEIICHHA 3TOH
FALAMH METGIOM NOMAHBIK DHNEPA, upencrasiswmms oD OIHOBDE-
MEHHO B 3DPEKTHEHBIT ACIMOPUTM YHCIEHHOID PeleHnda. B nacroaimenm
NAPACPAdC ML BEPICMCS K OPOOIeMe CVIICCTROBAIMKS B CIHIICTROHII-
CTH PENISHUA HAYA hHOH SAAMH W JAIHM 08 JIOKAZATENLC TRO MeTo-
0N TOCTETORATE TLHBIX MPHOTKEHHH, OCHOBHBIE HIIEH KOTOPOTG BOC-
XOIAT K ueeaetopaiaM [Tukapa. He Apaaacnh ¢ 1006 &0 9K THBHLIM
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B IIOPUTMUMECKOM [LIAHE, KAK MeTo1 J0MAHb Dinepa, Merol 1o-

CASIOBATENbHLIX NPUBIKeHnE 06180881 BONRINGE OBLHOCTHHY 1 HAXO-

JUT WHPOKHE TPHMCICIHA IPH HCCTCTOBAIHH BOIPOCOD CYIICC TROBAIIH

H eTHHCTBEHHOCTH POMIaHi 30TAT U3 PASTHIHEIX PASTEIOR MATEMATH-

KH. nﬂﬁ'l'{'ll‘ﬂ‘\-’ ZHAKOMOTBO ¢ OCHOBHBIMH HIEAME 3TOI0 METOMNd HA NIH-

MOPC PACCMATPHDACMOLN B IAIIION Taparpadde JaIaYH WIecoodpasa.
Hrak, paccMOTPHM HAYAILITYIG 38.TaTY

d, o
o = fle.y), y{xa) = yo. {2.157)
e (1}}-’HK]L|-TH f{r.y} 3A4aHA | HP.IIpt—“!I)hIHHa, B ||IJ5||\10“_,'|'0..||F\HL1K€ D =
=]z — x| £ a, |y — yo| £ b}. Torna naitnerca nocroanaaz A Takaa,
QIO \ _

|flz)| < M, (z.y)eD. (2.158)
Kpoye toro, npeononoxun, ito f(r,y) voosretsopaer B D vonosio
Jununna oo y

[flry) — fleam)l € Nl —ya|, (ropnd € Do (o) € Do (2.159)

Mt mokamoM, TITO IpH BLIMOTCIHE YeToBul, namoxemmx ma f(x.y),
CYIIECTBYET OUHO U TOABKG 0aHO pewenne 3auaun (2.157). Hawe noka-
JATCILCTRO O¥ACT OCIOBLIBATLCA T CRemeun saJada (2.157) k sxkpuna-
JEHTHOMY MHTEIPAILHOMY Y DABHEHWK)

£
ylay =g+ [ FEplE)dg (2.160)
2o
U HPUMEHEHHH K HOCHEIHEMY METd1a NOCASIOBATE N bHEIX npudiunce-
HUBl. ¥Ka33aHHAA SKBHBATCHTHOOTE 3amaun (2.157) HHTErpadbHOMY
YPABHCTHIG DLUTA VOTATIORICNA BLIne, 5 § L (mesva 1.1).

[Tepeiiies Tenepbs K NOCTPOSH Y 1I0CJIE I0BATANBHBIX TIDHDIHAKEHWA.
B kavecTRe HYTEROTO TPHOTIGKEHWA BO3EMEM TPOH3ROMLHY K HETPEDBIB-
Iy10 18 oTpeske [2g, X dyukmao g, (2). rpadik xoTopol 1a [0, X
X = g+ H, ueovkos siekur 1 0daactd DLy onpeucsiuM 1oc10a0sa.-
TCNBHLIC OPUSTHACII (&) COOTHOMCHHCM

Yo) =0+ | F(E i ) . (2.161)

Kak u B § 2, suanenne I onpenen:aerca us voioeua I =min{a, b/A1 )
Jerko AoKa3a Tk, w0 TpH BEIHPAHHOM HAYATRHOM NRUE I HKEH T 1'Dadn-
KW DYIKINE 3 (7) 1 oTpeske [y, X] TAKKC IOTHECM J0EKAT B 0014
cTH D, deftcTrATATLHO,

vy(e) = w0+ [ FIE v (O)dE; (2.162)

Ea)
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TAK KaK padpUK 3oy () eskur B obuacty D, 10 g euny onenkn {2.158)
NOLIVHHN]

|y[] — yu| 1[ C - .I'U] MH S b. (2163)

Orciona cienyeT, wTo rpaduk gyukman y,)(x) Ha oTpeske [rg. X]
Het BEIXONOHT H3 obaacty I H!)B'l‘()pﬂﬁ NpoBEdCHABIE BHIIE [ACCY A1
HUA, METOAOM MATEMATHIECKOA HHAYKLME VCTAHOBHM CUPABELIHBOCTE
HBICKASAHHOID ¥ TBERIIEHHA LA 08010 nprblinxeH .

Jdevma 24, Ecanr menpepuisiiag B obaacti D chvuknma flr. y)
yaopaersopaor vedaosio (2.139), 10 nocrpocunaa no gopsyae (2.161)
HOCACTOBATCALIOCTE {1 ny (2) ) CXORITCT paBmoMepio Ha [To, X

Hoxkasare1scrso. Pacemorpum pasg

S(2) = g (@) + [ () =0 ] + [pe () = e ()] +..0 (2.164)
QueRHMI0, f-7 TACTHINAA CyMMa §,(2) pA1a CORMANAeT ¢ R-M LICION
HOCIeNOBATE 1BHOCTH {y{_,,](;{r]}A Ou,emd.\l wienbl paga. OuesnaHo,

[ty () — oy < |y () — wol + [y () — ol < 28
iy () — 9y () €/ 1F(E w0 () — FLEyiap(€))] de.
Toraa, v cuny voaopua (2.1590), HMEeT MecTo QIIeHKA
lgen (@) —yoy(e)] €N fl |51, (8) — 10y (6)| dE < 20N (w — wo). (2.165)
AHa/0rn4HY N

|?)‘(3](-’3"') - ?f{z}{33)| <N ] |?J’[2}(f) - ?Jtl](f)| df <

Lyl
< 2WN? / (6 — ro)dt = 25\7-’ﬂ
g
}"I(."TU,:LUR‘I HHI[\\_’KH_HH HUJ‘I‘YLIH,\'I AT H-T0O ST E ULI,UIIKV
Y
ey () — Yooy} € o=t @ = 20" (2.166)

(s — 1)
H~ onengu (2.166) coeayer, 9to na oTpeske [ng, X amacns dhyikimo-

HAJIBHOMO PAIA MAKOPHDRYIOTCA TITeHAMT CXOTANIErGCA THCTOROTO PATA

ii—1
|y(v:l.](‘1'.) - y{ﬂ_”l:.'l-'” % 20*'?\”7_]- [:iI_ l)I‘ (216?}

HTO U ABNASTCA NOCTATOUHBIN HPHIHAKOM PaBHOMEPHON ¢X0IMMOCTH
psaa (2.164). ewma noxasana.

ﬂ(]KELl’iElHIIElH JICAMA MO3BOGVIIICT TOKA3ATEL CIACOVIOIYIC TCODORMY.
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Teopema 212 (cyvwecrsosanua). Fetn dwaxuna fle,y) Hetpe-
peisia B D o yaosaersopaer yeaosno Juimnnnz (2.159), vo Ha orpeske
[£0, X] cyimecTBYeT peiieHre HAYAILHOH sadatr (2.157).

doxasatennetno. B eway aeMunr 1.1 J0CTATOUTIO TOKASATL CV-
MecTBORAHIE HA OIPEIKE [:1.'.[1, X] PRINERHA HHTRITAIRHOUG YPABHERNSA
(2.160). Cormaco JeMMe 2.4 DoCTICIOBATCALIOCTE {1, (2)}. D0CTpoeI-
nas no dopmyae (2.161), cxooures pasnosepuo ma [z, X Tak xax
BCO SLTCHE MOCACTORATCTLHOCTH {§,,{2)} Mo MOCTPOCHHIO ARTAKTCA
HEMPePLIGILIME (PYHKIHIMA, TO B Operennias Gyukong ylc) Henpe-
pulRtia Ha [zn, X]. Pannomepuas na (g, X] cX02MOCTL MOCTCIOBATCTH-
HOCTH {Y,)} ABISCTC TOCTATOMIILIM YCIOBHCM BOSMOKIIOCTH IPCOCIL-
oro nepexona oodopuyae (2.161). Tepoxona K opeJeny OpH #& — OC,
TOMYITHM, TG OPCICILITAA GYHKIHA TOCICTORATEBHOCTH { i, (2)}
plad = lim g () {2.168)
— s
VAOBIETBOPACT HHTECPATBHOMY yPABHEHHK {2.160}, »KBUBANCHTHOMY
nexomHoll zamdate (2.157). TeopeMa JTokaszana.

H(‘.p(‘.ﬁ,ﬂ(!&l E PACCMOTROIHIG BDOIPROCH COHICTECIINCTH DOITCTTHA.

Teopenma 213 (cmuncrsennoctu). Hurerpaishios  ypapicne
(2.1G0) nmeer He GO.I66 OUROIO HENPEPBIBHOTO HA (Lo, X ] pementis.

Hoxasarenscreo, Hpeoaomam, vro vpassenune (2.1607 ume-
or wa [#g, X] ABa PasaMqIbIX PpencHus i o) vy (&), 1 corTaBuM ux
DAIHOCTh

=) =y (e) — yafa). (2.169)
(F1eRtiTHO,
/ {HE (&) — FlewEN} d, xelr, X]. (2.170)
L

Byaem caauana paceMarpiears (2.170) #a otpesxe [rg. 7], 3Haxe-
HUE 2] BLIDEPEM B AA IbHEHINER.,
Bocnoiwssosasmnch yesoskeM JInnuma (2.159). noayvauy

|2(z}] € Nz —x0) sup |11(6) —32(8)] <

[ea,21]
<Nz —zp) sup [2(E)], = € [xg,m].
o] (2.171)
Orersia
sup |z(e)| < N{eyp — o) sup |z (2.172)

[ro.1] [ry.en]
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Bribepes reueps ) rak, 1Tode N —2p) < L Torua (2.172) Bo3MOMKHO
JIMWE LPH YCUOBHH, 1T

sup |z{z)| =0, Te. z{x)=0npux € [rg. 7],

[ra.ri]

u (2.170) MOXKHO 3AIHCATD B BHIE
W) = [ @) — fCme)lde, xeln. X (2173

HUBTOI)HH MPODCICHIILIC PACC YACTCITHA ICoOXOOMMOC YHCI0 paz, }'60.—
FASMOHA, VIO z(;r.') =1 Hpn 1 € [;{.‘n, X]._ YT W OKAShIBAST TEOpeMy.

C,.'J,Ev'lal:‘..\l HECKO/IBKO FaMeYaHui K AUKABAHHBIN TCOPEMAM.

JaMedanns

1. Mbl 10Ra38,01 TEODeMY CVUIECTHOBAHK, LOKAZAR, 110 1PH J1H0B0M
IVICBOM TPHOMGKCOIHE Y1), NpeIeTapsmiomes cobol enpepLIniyIo
Ha [Eg, ] dynrnmo, rpadux koTopoil He BrixoauT w3 obaacru £3, no-
CICMOBATCITBIOCTT {5y } CXOIRTCS K POUICITHIO HOXOIIoH 3a0akn. B ka-
YOCTRE HYICROTO TPHOTHAKCITH #ig, () B PIAC CIy9Aceh ¥i1o0mo GLiBacT
BLIOPATH TAYATLION 3HAYCTHC iy, TOTOEWD ) () = yo.

2. MeTtom mocnenopaTe IbHBIX MPUBTHHEHTH MOKeT DRITh HOTOMRS0-
BAIT HE TOILKO I3 IOKABATCALCTEA CYIICC TBOBMINA, O H A5 MOCTROC-
THA POMICHAA KOUKPeTILx 3ama1. [pu atom addpox THBIGETH oT0 TpHMe-
LCIHEST ONPCICASCTCN KAK KaaccoM Gyukuui fe. ), 00 KOTOpLIX pas-
paboTadn adybek THEHBIE ANMTOPHTMEL BRITTHCTEHAA Tpapoil 1actH dop-
myabl {2.161), Tax #4 BRIGOPONM HAMAIBHOIO UPUHOJIHKEHHS.

30 Mer paceMOTPes NPUMEHSHEe MeTOLA [0C 1eMOBATE  BHBIX [1]H-
GinKeHHA 1A QOKASATENbCTRA CYWECTRUBAHUA 1 €IHHCTBEHHUCTH De-
WeHHA HA'FGIBHOR 3a0au WA OOHONO CKATAPHOLG YPABHEHHA HEPBOLO
NOP#AIKA. AHALONHHHBIE PACCMOTPEHNS MOIYT BbITh HPOBEIEHBI 1 5 €Y=
Hae HaMaSILIOH 3aTa49H 11 HOPMAILIGH CHOTCMDL.

§ 7. [Ipuauun cxuMariumMx oTobpaskeHuH.
Teopema o HeNoOBMXKHOW Touke

PaceMOTpeHHBI B OPEILLOVIOEM TAPArpade METON MOCIeI0BATE Th-
LY MPOTIEKCTIHE OCTIOBLIBACTCA A ODINMCM MATCMATHICCKON TIMITIH-
NE, HIRECTHOM TILT HAZBAHIEM LINDUHILHI CARIITMARNITHX O'I'{'Jﬁ]]H)KﬂHH ﬁ)},
OCIIOBIILI® HICH KOTOROTO HVAVT U3 TORKCILL b IACTOSLICHM Taparpade.
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ByieM paceMarpuBaTh UPOMZBOJLHOS [IOJHOS METPHUSCKOS H]OCT-
pancreo M. Hpocrpadereo M Ha3RIHAe1CH MEIMPUYLCKUAL €CHH KA O
mape X, V7 aMIOMOITOB $TOMO NPOCTPAIICTEA TOCTARICHG B COOTBOTCTRAC
THeNO g (@, i), obaanaines CNeVIITHME CBOHOTRAMIT

1) ple.y) 2 0, npuaen p e, y) = 0 TOABKO IPH & = Y;

2) plz.y) = ply.2);

3) aia oboix .y, 2 € M UMCCT MOCTO HCPABCHCTBRO TPEY IOMBIHKA

ple,y) € ple, 2} +plzy).

ucao p (&, y) 0BLIMNO HASLIBACTCI PACCTOANMCM MOEIY HTOMCIITAMH &
W .

[TocIenoBATCALIIOCTL {ity } 3neMeITOR npocTpaeTsa A nasuiBact-
Cs1 hyIIaMenTansioii, conn A meboro £ > (0 evweceroyer N(z) Ta-
KOe, 110 upd 1 > N(2) u snobom p > 0 CUPABEILINMBO HEPABEHCTBO
P L Try) < 5. MOTPHYCCKOC TPOCTPAICTBO HAILIBACTCS HOARBAM,
SCHH HUAKAA (Y HIAMEHTANBHAA NOCEIUBATE, IbHOC T {2y, b 2.0eMenTon
FTOID IPOCTPAHCTEE CROUNTCA K HEeKOTOpOoMY 2ieMedHTy » € M, 1e.
cyiecToveT & € M Taxoc, 9To imyee g (2.2 ) = O {0GosmagacTes
F = liMmeng Fm ).

[[puMepoM TOMHOTO MEeTHHYECKODO NPOCTPAHCTBA ABMASTCA TPOCT-
PAHCTRO HEpePbIBHBIX Ha ceryente @ € [a,b] dyukmmii y{x), B KoToOpoM
paccroaume g {y. 2} Moy saeMmenramn yix) n z(x) 3agacrca B Buae

ply,2) = TUEIy(Jf) — #{)l- (2.174)

Brimonnenwne croiicts 1) w 2) ouesu;tHo. [IposepuM, ITo Bhino. HeHo 3).
Ao aoboro @ € [0 b nmees
lyte) — (o)l < lye) — wle} + lule) — =(e)] <
< osup |y{x) —ulx)] + sup |ulz) — z{x)|.
re[n.d] oE(n.h)
Ho Tk KaK, B CHIY HEIPePEIBHOCTH. SUP (4 4] [#(7) - 2(7)| mocTuraeTca
upH ekoTopom ¥ € [a. b, To
sup [p{x) — 2(x}| = [y(=") — {27
.KE[G.FJ
H TO9TOMY
sup |y — z(z]] £ sup Jyle) —w(z)] + sup |ule) — z(x)]|.
v E[a.b] £€[m.b] £E[a.h]

Hl’)HHIIHTI CRHMARKIIHY OTOﬁpFL}KPHHﬁ ABRTALTCH MOTMIHABIM MeTOTOM
HOCTETOBAHIA 1'[[)06.11 BN CYMEeCTRORAHWA W €IWHCTBEHHOCTH DEeNmeHud
d)}-’]IKI.[,H()IIi-L"IbIIbIX }_"pé],BI[(‘IIHﬁ B MOTPDHHICCKHX INRGCTRAIICTEOX.
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Ilvere B 1o IHOM MeTpHMeCKOM HpocTpaderee AL sanad oleparop A,
oD/ IAMAKILIMEA CHEIYIIMUMHE CBOACTBAMM:

a) oneparop A otobpamact opoctpanctso M B cebs, T. ¢. ICPCBOIHT
TOVKH NPOCTPAHCTBA M B TOMKY TOrO Ke HPOCTPAHCTHAL

Aw =y (o€ M), {2.175)

6} oneparop o cOMBKACT JCMONTBL TPOCTPpanCTsa M| T ¢ 171 T50-
Boit uaper &, 2 30eMen1os npocrpancrsa Al nmeer MecTo HepaBencrso

plde, dra) <ap e e, (2.176}
rie e < 1.
Hyeer mecto
Teopema 2.14 (npuBmHn cxuManmLux oTobpaxenuii}. Eean s mos-
HOM MOTPIICCKEGM apoctparietse Mo osagan omepatop A, YIoBaeTROp-
oM YeAoRAM 8) U D), 1O (VHKIHOAANEHOS vRABHEHNE
Az ==x (2.177)
B apocTpabcTee A infeeT eTITHCTBOHHOS DeITeHNe.

dorkasare lbcTBo. Boibepes LPOU2BOJILHBIA 3eMeHT &g = M
H IOCTPOHM MOCTEI0BATEILHOCTD {2y, 3

T, = Azy_y. (2.178)
Jogazes, 4T0 TAK HOCTPOCHHAA OOCICIOBATCILHOCTL iy, } ABIACTC
dyviiamenTansnol. delcTRATATLHO,
pPlengr.2n) = plAr,, Are ) S aplag, 2oo1) =
=ap(Aep_1.dze-2) € - L0 plorag). (2.179)

IMonnayacen 3Tol oUCHKoR 1 HICPABCIICTBOM TPCYTOLIHKA, MTOTY THM

Iy {ien 1, Tn)
% 1 {-'1".I+m-\-I nrit—1 ) +p ( Eptim—1 ok n+m—?) +---+p (-J:n.+l :-’-‘--‘ﬂ.) %
ca’p (2-‘132-'0}(0? P+ 1) =

1 :
ol — p( 1dn) € l p{r;.m) {2.180)
"TO MDH YOTOBHH O < 1lwu JOKABRIBAET ¥ TRE[XATIEHHE (O (l)'\_'H;Ia.T\-IQHTa.Hb—
HOCTH MOCACOOBATENLHOCTH {2, ). B ciny noamotor npoctpancrsa A4
OTCIONA CACTYOT CXOHMOCTE MOCAGIoRaTe 0T {2, ), T. 0. cvliecTRy -
er . € M raxkoil, 1o

r= lim =z, {(2.181})

P
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Pacemorpum reneps anesMedT ¥ = Ar U HOKSKeM, 4TO OH COBIALAET
¢ aueserToM &, deficTBurenasno,

~ I:-'L'a U) = f (:i-‘-. L1 ) +p (ﬁfn-i—l . U) (2182)

COE Fp41 — UPOU3BOJBHBLIE 3/€MEHT HOCJIEI0BATE, ILHOCTH {.rn_}. Oupe-
HHM IOCTSTHES CITATASMOe:

P (Fas1,y) = plAng, Az) S aplra, x). (2.183)

CHITY SIOKA3AHHON BhlNe CXO;IHMOCTH TTocHe, [0BaTe ThHocTH Jr, ) ima
B Y. i z Tk
a0boro £ > () MOKIO YEA3ATL Takoe N, 910 mua secx n > N
plin. £y < /2

Torna w3 (2.182) creayer, 1To

pleayd <z, (2.134)

OTKY,138 B CHIY NPOH3BOARHOCTH £ nenvaaem p{r,y) = 0, e & = p.
CACTOBATCALIIO, PCUICIHE Ypasicmus (2.177) ¢VIICCTBYCT.
dokazaTe bcTBO @OHHCTBEHHOCTH DelleHHA YpapHedud {2.177) opo-
peaeM 0T IpOoTHBHOTO. IIyCTh & B F — IDBa Pa3iIHYHBIX DeIIeHHA 3TOCC
YPABHEHHA:
Ar =2, Ar== {2.183)

Pacemorprm

ple, )= plAx, AT) € ap(r, F). (2.186)
Ho npu o < 1 nepasenceteo [2.186) posvoxno mams npi plz, ) = (3,
T. ¢ npu o = F. Hiax, TeopeMa OOKasals oIocTLIO,

JloRA3aHHAT TROPEMA HMEET HPOCTYH FEOMETPUUISCK VIO HHTeDIDeTa-
K. EcTH pacoMaTpiBaTh ATeMeHTR MeTDHIECKOTO MPOCTPAHCTRA. KAK
TOUKH HEKOTOPOrS MIOWKCCTRA, TO CHRIMADNIC: CBOACTBO O) 0meparo-
pa A4 ospanacT, ITO paccTOATHE 2 (i1, Yo) MeACTY obpasani ¥ = Axg.
#2 = JArs TOMCK 2] H Ty MOHLIIC DACCTOANRIA g (X, Ty) MOKIY HCXOD-
HBIMH TOMEAMHA 1 W 2z, TLO310My, KOLLA CIPOMM [OC/SU0BATE IbHOCTh
{z,,} oo dopyyae (2.178), paccTOAHIA MeKIY COCEIHIME TOHKAMI DY
BOBPACTAIIHH [TOMCPE 1 TCOTPAITTYCIIIO YMCHBIIZAIOTCT U B IPCICTC MO
O HAEM HEHO LHHIKH Y K TOMEY £ KOTOPAA OneparopoM A nepeso, wres
cama b ceba, Aw = .

]._[I_)HI\'IL‘.[I['I_\I TCOPCMY O MCTTOABHAKIION TOIKC O JOKAZaTC IRCTBA Y-
HIeCTBOBAHIA H CAMHCTBCHHOCTH pelleH A Ha4a 1bHOH 3a0a41

bt . -
o= fy). ylz) =yo, (2.187)
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KOTOPAA, KAK MEL VOTAHOBHIY B NPEUbLIYINEM Uaparpadre, sKEUBAIICHT-
HA HHTSIPDATBHOMY YPABHEHHKD

yle) =g+ [ &y (2.188)
PE\CCL‘IOT])H L OLCpaTop I.
Ay=yo+ [ 16 p(€)de (2.189)

B 1IGJIHOM METPHYLCKOM NPOCTPAHCTEE Af HeIpepbhIBHBIX HA OLpesKe
[£o. Y] dyuxuuil y(). TokaxoM. 4o 0neparop A vOoBIeTBOPACT VLo
rusm a) w 6). B oupersymes naparpade SeL10 NHOKAZAHO, 110 BCOIm
tpyuxuma f(r,y) menpepeisHa B npaMoyronasHuke D = {|r — x| € «,
l¥ — ¥o| = b} u yaosacroopser o D yestorio JTunmHia mo y, TO MPHMC-
HeHHe onepatopa A & HenpeprisHoil Ha [7g, X| dvasmmn y(z), rpadnk
KOTOPOH HE RRIXOAWT W3 P, 1aer TAaiore Henpephisayvio (aynmi 430,
rpadgik KoTopoil ne peixoant wi D, Tew camuiv oneparop 4 yoosae-
TEORICT VCA0BHIO 7). (JCTacTCI NPODCPHTEL CRUMAKLIIC CBOHCTDO OIe-
patapa 4. 18 9Toro paceMoTpuM

pClyn gy = swp | [ fEm@)de - | f(a,yzte))de‘g

refro. X1,y o

£

< sup [ |FEwE) - f& ()] dE. (2.190)
TE[enN] 4y
Bocnonesopapimck yomopaeM lunmana ama Gyaxnan f(x. ), tomy-
YITm

Ay, Ay) KN sup [ |nde) — w(O)d <

£ C[an.X] 0

< Nz — x| sup g —pix)

:CE[.I‘[].,‘(]

S NHp(y.we). (2191

Buibepem reneps H raxny, 4106b1 v10R/ETBODAIOCH YCI0HNE
NH=no<l. (2.192)
Toriia oneparop A Gyner cmuvamy 1 B ey reopemnl 2,14 Mer mo-
FEM YTReDIIATE CYMECTROBAHAE W &IHHCTREHHOCTE DOIISHUA HATATh-
no# nagngn {2.187) na otpeske [2g,.Y]. PacopocTpanicine pewcins ma
BOALINII OTRCROK OPOUIBOIHTCA DACCMOTROHITBIMI BLITIC MOTQIAME.

JaMmedonue IpHIIHT CREMAIOMMX OTOSpLKCIRT GBI DPHMCIICT
75 AOKQ3ATCILOTRA CYVIICCTRORATHA B CIHICTBCTITIOCTH POLICTIHST TTa-
wALHON 3anaun (2.187) 1718 oMHOTO CKASIAPHOTO YparHeAnda. C novo-
B UPHHLHIE CRHMAIOWNX OT00PAMKCIHA JICIKO JOKA3AThL AHAJIOIHY-
Y0 TCOPCMY B B CJIVIAC TOPMATILIOR CHCTCMDI.



F.TABA 3
JINHEWHLIE MUPOEPEHITUAJILHBIE YPABHEHUS

§ 1. ¥papHeHHe JBMKEHHSA MasgTHHKA
KakK IIpHMep JuHefHOTro ypaBHeHUA.
OcCHOBHbIE CBOHCTBA JIHHEHHOIO ypaBHEHUA
C MOCTOAHHEIME KoadubuliaeHTaMH

Junetinonm Juddepenniaibinim ypashenuest n-20 nopadka Ha3bIBA-
£ICA YPABHCHHS BHIA

aole)y'™ +a ()" ™ o a (= Sl {3.1)

BT0 YPABHEHNE O0MAIAST PAOOM 3AMEMATEeTBHEIX CBOHCTE, ofmmerdan-
[MIMX er0 HCISN0BARNE, 8 B pAde cayyaes i pemene. Haydenue srux
CBOHCTRE W COCTABIHE T CONEPALAHHE HACTOAINER 111ABbI.
B npr.mennsx NUHEHAHBIE YPAOBHEHHA SCTECTBEHHO 1D LY AR ICH,
CCNH NPCHeGPeYdD Yoiclamu Godee BLCOKOro Nopanka (eM. § 2 1. 1),
(3IBKOMUMCA € OCHOBHLIMH CBORCTBEMUH JHICHNONO YPABICIRA LA
UPUMEPE YPABREHRAE MAATHIKEA {(on. 1. 2 § 2 e 1)

y' ray +hy = f(8), a>0, k>0, {3.2)

KUTOPOC SIBISICTCH JIHICHILIM YPEBICIHCM BTOPOTO MOPSIAK: € MOCTO-
AHHBIMH KoshdhunueaTamn.

Paccyorpin cHaviama cmyuait f = 0. B aToM cyTae ypasHeHWe Hashl-
BaeTCA 0fHopodisis. DUAHHECKE 9TO OZHAYAST, ITO MAATHUK OBIKETCHA
CBODUIHO, Hid HEND He JefiCTBY 0T BHEWHUE {BBIHVACIAIINE ) CHIlbl,

¥ty +ky =0 (3.3)

Dynon HCKATE PONICHHE 9TOTO VPABHCHHA B BAIC ¥ = ¢, rie A ne-
KOTOPas HCHIBCCTIAS Japance noctommadn. [loactannasa pemcnne ue-
KOMOLO Bia b (3.3) M cokpawas na e, oy inm

A b ad+k=0. (3.4)

D10 ¥PABHPHUE HAZLIBACTCH TAPORTMEDUCTINIVECEHAM YPORHERMEM JH]D-
depenmmannioro vpasnems (3.3). Evy 1okno vIosneTsopats A 1s
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1oro, urobnl M ou1no pewenies (3.3). Pewaa vpaspenue (3.4), nony-
UM i
P —a V@ — 4k
1.2 ] -

Hecne;iyem pasHeie cioyaan.

a) a? — 4k > (. OUIMYCCKH BTO COOTRCTCTBYCT AOCTATOYIO CHILIOMY
Tpelrlo (coupornpacunn} cpaeas. O6a Kopus Ay 4 As B 3TOM Ciy4ac
JCHCTBUTCBHIBL, PASTHTHLL H OTPHOATSALHLI, H UM OTBCTAIOT IBA Po-
meHns y1y = M Uy, = et

PaceMOTpHM HATATIBHYHY 32TV

y(0) =3, ¥'(0) =4 (3.5)

Jna mobeix IEvx n pas THdxpepeHimpyeMuix hyvHEIRIE ¥ (), i ()
cnpaseaanBo ToRIeCTso () n € xoncranTor)

(Con () + Coma())™ = Cryl™ + Copi™. (3.6)

OCHOBLIBAACE HA 3TOM TOMIPCTRE, HETPYIHG YORMUTRCA, 9TG BRIDame-
HHE

y = Cryy + Cayay = Cre’ + Coet, (3.7)
rac ¢ o €3 — IPOM3BOILHEIC TOCTOANNLIC {THIICHIIAS KOMOHIIALIL Y(,)
H (2}, ABIACTCA PCMICHHCM Ypabiei: {3.3). STH NOCTOMIIILIC MOKIIO
OMIIOBIAMIIO OMPCACTATL U3 IAMANLILIX YCaooui (3.5). JTeAcTBHTeALIIO,
nofcTasmas (3.7) B (3.9), nveey

yﬂ =) 4+ Oy, ?J-? =CA 4+ Cols.

B cuny Ay # Ay onpeoenuTean stofl auncinoi aareOpandeckoil cu-
CTOML OTHOCH TG TR ("] H CTE OTITHYEON O ”(\-'..'IFL no..‘l}-"-[(‘llllﬂ(’ TAN KT
ODPaB0M POIICHIE HAMATBLHOE 38.1a4H

00
ALy — Wi ot
3 — e ¢

_ eyl =l
= )‘2—)\18 +

(15.8)

¢ OCUHLTHPYSL, NPHOSGKACTCS ¢ POCTOM § K IOTOMKCIHIG PABIIOBCCIHE
y =0

Tak kak mwboc nancpea 3adammoe pemende ypasncenas {3.3) voonace-
TROPHET HEKGTOPOMY HAYANLHONMY yeaosni (3.3), 4 10 3303HHOMY Ha-
YAJIBHOMY YCAOBUK {3.5) OUHOIHAUHO oupesensgerca pemenne (3.8), To
MOXKHO CKA3ATE, ITO B <hopMyIe {3.7) coIepHETC S MI0Goe DRIIeHHe V)B-
venud (3.3). C gpyroil cTOpoHBL, TpH JAKOOBIX SHATEHHAX MOCTOAHHBIX
hopyyna (3.7) nasT HekoTopoe peltenue vpasaenns (3.3). Taxun obpa-
a0, (hopmyaia (3.7) conepri see prinerna ypasrenva (3.3) u roanko
PCMICIHA $TOCO ypapleina. Dopuy Iy, obJaIalomy o TAKHM CBOHCTBOM,
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§ 1. ¥pooHexue deuHCENIA MORTIHLKG

—

MBI BYNEM HAZBIBALE offujus peeruest. Popuy.ia (3.7) npedomasanen
cobofi ofuee perwenue ypasterus (3.3).

0) a” — 4k < 0. PUSHYLCKH 5TO COOTBETCTBYET TOGCTATOTHO CIADOMY
TPEHHI [COMTPOTHREISHHI) cpedrl. B aToM cayiae h v Ay AenawTeA
KOMNNBRKCHO C(JII]‘]H}KQHHHI\’II'[: )\2 = )\; H

Yy = (J)le = (_’._Qr"@ ((_‘.05 ;t + i sin %f) y Y = y?l}

tie 3 = a4k — ol

[Moipsyace rwkaecrsom (3.6), Herpyano suiers, aro g = Reyyy.
yo = Imy;, Takme ABTAOTCA pelleHUAMH ypasHeHHsa (3.3). deilcTn-
TENBH,

(g +ig)’ +aly +iy) + ki +iy) =
= ( + o) + ky) + Yy + oyl + k) =0,

OTKYAA. TPHPABHHBAA HY.TI0 OTICILIO BCIICCTBCHIY K H MITHMYT) "ACTH.
noayunm rpedvemoe. Bospyem auHelHyI0 KOMOUHALNK 4 U 2
5 4 s 8

y = Crn + Coya = Cre *Y7 cos i+ Coe atiZ g ’7 (3.9)
Herpyano yBenareea. ato, kax u npesxae. O o O OOIO3ITATIIo onpe-
IRTANTCA YOIOBAAMHA (5.3) H, Takuy ofipazoM. (3.9} aeiaerca obuiM
pewenned ypasHenud {3.3). Baserus, 110 B pAcCMATPHBARMOM CLY 148
B KAMSCTES ODIIEro PEISHAT MOKHO Ho-UpekdemMy s3arh (3.7}, HO npu
FroM HOCToAREbe O, Cs BvayT KOMILIEKCHBIMH.

Pomenie samaun (3.5):

iy = yge_””j cOs %T + %(y[]] + %yﬁ)ﬁ“"“*’lﬁ sin gr (3.10}

onuceBagt KosebareibEbi nponece. KonebaHua 3aTyRain 10 3aK0Hy
oxp[—at/2]. C pocToM t 370 POMICIIHC TAKEKC CTPCMHTCA K TOJOXKCIHIO
parrorecus iy = {.

Econ o = 0 {CONpOTHRACIING OTCYTCTRYCT], TO MOIYHACH TCPHOIN-
HECKNE KONEBAHIA ¢ MACTOTON Wy = Vi,

¥ = yo coswyt + %y? sin wyt. (3.11)

B) o — 4k = (). B aToM cryuae onucarHel cnocob TAeT ToJBKO
OTHO pemenue iy = e, e A = —a /2. [leTpyano, 0IHAKO, Hemocpe-
CTBEHHO HIOBERHTh, 910 A 3T0OM Y rae PENeHAEM AHRTASTCA Take
#2) = te. Bepa munefinyio KOMBUIALMIG 9THX IBYX PCLICIHH, MOXK-
IO VIOBACTDOPUTL yeaosuaM (3.5). Ipaktudeckd Ay o Ay ¢ HLIBAIOT
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B TOUHOCTH PABHBL, HO TAKOE PEILSHUE (LIHCEIBAST MATEMATUISCKY af-
CTPAKLHY, COOTBETCIBY KUY K CIVHAKe OJAH3KHE A 1 Ag.

Paccmorpum 1eneps BhlHYACIEHHLIE KONEDAHARA 101 1elicTBrey 1e-
PHOIHYCCKOR BLIIVAEKIAOMeH CHALL OIH OMHCLIBAIOTCS VPABICHHCM
(3.2). e f = dcoswt {4, w = const). ConocraBnm 910My YDABHEHH)
CACMYIONICE YPARICTHE ¢ KOMIICKCTION nemnectuoil hy ke z:

"z k= Ae™T {(3.12)

TMoacTaraasa B 3TO ¥PABRHPHHE 2 = 4] —+ ifjs W MPHPABHUBAS OTIETh-
HO ,”,F!ﬁ(",'T‘Hl’I'I'P...‘Ihthﬂ H MHHAKMBE YTACTH, IIO..'I}-"-THNT? EREY] ‘EH}_'I ‘\",'IOH..'IQ'I'H{'J])HH'I'
vpapnenun (3.2, 5 xotopos f = clcoswt, a i vpasnermio (3.2),
nxoroporm f o= dsinwt. Takum obpazom, waa noayacims rpedyemo-
rO POLICHHI ¥PABHCHHA {3.2) Ik HaliTo pemoemie vpasnenus (3.12)
H B3A1b OO ACHCTBHIOMILIVIO HacTh.

Pemenne ypannenmwa (3.12) oCTeCTRONNO HCKATH B BHIAL

= ac™, (3.13)

I d¢  HCM3BCCTHAA sapaiee nocTtosnnasg. [omertasaas (3.13) B (3.12)
u cokpamad na %!, nalinem a = 4/{—w? +iow + k) u, cogronaTensno,

. y ) © g
gl = ‘Jﬁ coswt + :lm sinwt. (-514)

{3.14) nmpenctapaact cofoli wacTioe pemenae ypasienna (3.2}, b xo-
Topoy f = Acoswt, vvennes neproaHMECKIE XADAKTED ¢ MaCTOTON,
PABITON 9aCTOTC W BLITYATAIOLICHE CHALL DTO PCLICTIHE, O;IITAKO. TI¢ ¥/I0-
BaeTRopaAeT (3.3), dobasur K HeMy IHHEHHYI) KOMOWHAIIHK DeUeHs
OMHOPOIROTO YpakHerna (3.3) (114 onpenenennocth of — 4k < 0):

¥ =+ + Caae (3.15)

IMonesyace (3.6), y0emnaemca, 970 310 BLIDGKPHAS ABTASTCA DEITEHH-
eM TOTO e HeOTHOPOIHOTe ypakHeHnd (3.2), a MosThavach Npon3RoIoM
pribopa {1 1 Cs, MOKIO noaodpaTn UX TaK, 9TOOLI YIOBACTBOPHTD {3.5).
Heticronresnsno, ) 1 Oy HaXonATea U3 asrebpaniacckel CHCTEMET VPat-
nenufl, oTIHTameics o1 Tof, KoTopaa Soua npr noavacnan (3.10),
TOJILKG HEOMHOPOMHLIME "IneHamu. Peienne, viosnerropswomee (3.5),
HMCOT BHI

] —red f2

=90+ [ - cos S+

y1{0
—ntf? . .'3
+%hl F0) + S8 — 71 (O)]e ™ 2sin J1, (3.16)



§ 1. ¥paswenue dsuNCEHUR MOATNHUKA T

a (3.15), rakum obpaszoM, Ap1aerca OOIHM PeLISHHEM HeOLHOPOUHOID
vpasnedus (3.2), rue f = deoswt. M1 (3.15) Buano, yro offutee peuse-
HUE HeoUHOpoUho2o Yypaorenua npedemocaiem cofol cyMmMMmy aCmMHE20
DEEHUSA TNOZ0 HEP HEDTHODOTHORO YDAEHEHUHA U OTULER0 PEWERUS COOTR-
BEICIMEYHILE?D 00HONOIRORG PREHERUR,

C pocrom ¢ w dopyyvme (3.16) Bee MTEHBI, KPOME MePROTG, 3ATVXAKT
H OCTAIOTCH TOMBKO BLIYAKUCHILIC KOJICDANUA §f| .

OfPATHM DIHMAIHE [ DAKIOC ADTCITHC THK [A3LIBACMOE SBIC-
HHE pes3oHaxce. Pelnedune §y repaer CMbIC, €CJH B MCXOAHOH cucreme
HeT TpeHHdA {(a = {)) 1 1ACTOTA W BRIHYEIAKIIESH CHIEl PABHL TACTOTE

wy = \/E € KOTOPOH Koa00M1eTeA MAATHHE 003 BO3OCHCTBI BLITYK 1A10-
meit cuant (oM. (3.11)), Tak Kak B 3TAMCIATOTO MOARTACTC HY T,
“Lrobul HARTH 4ACTHOC PDOWCHEE 13 3TOM CiIy4aC, 1. . HACTLHOT PELICHHT
YPABICHHA .
¥+ ky = A coswgt. (3.17)
nepeliIeM CHOBA K KOMILTEKCHOH dropme
2 kz = Aefot, (3.18)

OBparuy BHHMAHUS HA TO, 4T KOPHH XAPAKTEDUCTHYECKOND VDABHEH N5
PABILI A1 » = +iwy. [ONLITACMCA HCKATL 2 B BHOC

z = atetel, {3.19)
Honetasnaa (3.19) 5 (3.18), onpeneany ¢ 0 DOAYYHM 2 = _-4.2_:.005“’““
L LL
Rez oa0T 4acToe pemenue ypaememss (3.17):
= Aﬁsin wot. (3.20)

Tak KAK UPAKTHUECKH UOJHOE OTCYTCTBHE TPEHUA M TOMHOE Pa-
GOHCTBOG ¢ OCVIICCTBSTAIOTCS, TG PCIICHHC TAKOTO THIE NPaKTHHCCKH
He peadmsyerca. Peammaverca (3.14), Ho ec.In 1acTOTa w BIHIKA K Wy,
a a MAI0, TO sHAMeHaTenb B (3.14) Maa v AMIIUTYIA pemendda BeTn-
ka. TakuM 00pn3oM, (hHIHYCCKH ABTCIHE POSOIECH COCTOUT B TOM, YTO
OPH @~ Wy U MAJOM €& UADIOLACTCST 3AMOTHOC ¥BCAUMCHHE AMILITHTY b
BBV OCIIB KoTebammii (3.14).

MaTeMaTHIECKH e CTYTIAeM pesoHAHCA HYTIEM HASKIBATE TAKOW C1y-
yail, Korua 8 (3.2) f{#) = S(tje™, rue S(#) — MHOrOWIEH, A 3 COBLEIA-
£1 ¢ KOPHEM XaparkTepHeTHIeCKOro YPasHedda. B pacesorperioM sbie
vpasHednn (3.18) i = duwy, 1. €. COBNANAST C OHAM 13 KOPHEel xapaxkre-
PHCTHYCCKOTO VPABIICIHS,

Hrak, Ha MpHMepe YPABHEHHA BTOROTO NMOPATKA BLIARIEH PAT XA-
PAKTEPHBIX CBOHCTR THHETHOTO YPaBHEHHA ¢ TTOCTOAHHBIMH Koapdmin-
CHTAME. (OKAILIBACT T, 9TH AKOMOMCPIGCTH HMCIOT 00mME XapaxTep.
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ChopMynipyeM HX 1A YPABHEHHA HOPAIKA f KAK eCTeCTBEHHOS 0600~
HEHUE 1010, ¥T0 HABIKIAIOCh [1/18 ¥ PABHEHHH BTOporo nopaaxa. Ho-
KA3ATEIBCTRA OYIVT JAHBI HIGKE B § 5

PacCMOTPHM CHAYATL OITOROIIGE VPABICITHE

aoy'"™ + g™V + o ta,y =0 (a; = const). {3.21)

Conocranny (3.21) cro XapakTepHCTHICCKOC yparionde {op. (3.4))
A + A" e, =0 (3.22)

D10 — aarebpanteCKue YPABHEHNE IODALKA 1, OHO HMEeT KODHH Ay =
=pp+igr (BE=1.... )
1. Kco Boe Ay, JI@ACTHUTENRHBL W PAZIMUHEL, TO. DOpA JIHHEAHY )

KOMOHHALIIK) .

y= ZCg-y[;c}, rac Yo = o, (3.23)
k=1
MOXKIIO MOJIVYHTL 0600 pemenne vpasienns (3.21), onpezenss €, ...
, O M3 HATANBHLIX YCOBIHE

glto) =4, 'ty =i " ity = (3.24)
{ep. (3.7), (3.5}, e, dopmyvaia (3.23) asnaered odinum peliennes ypas-
HEeHHMA (3.21),

2. Eenu meROTOPLIC Ag KOMILICKCHBIC, TO VIBepKIcnue 1 octacTes
E CHNe, HO onpeaendeMble w3 {3.24) KoneTanTsl ) GVIYT KOMITEKCHE-
MH H PRITTEHHE BYIET HPEACTABISHO B KOMILIEKCHOI (bopme. TTrobr no-
JYYHTL PCLISHHC B ICHCTBHTCALION (opre, B nadops PeLICHEE BMOCTO
napel pemenuit y = P g g = LN grpongiomux koMTIITCKCIO
COIPIKEHHbIM KOPHAM A = p £ ig (1aK KaK XapaxIepucTuieckos ypas-
HEHHE HMEeeT Jeil¢ TBHTeIbHbe KOADGDUIHEHTEI, TO BMECTe ¢ A = p + i
KOpHeM ByneT Takke A = p — ig). MOKHO R3ATh Napy MelCTBHTE ThHRIX
pewennit Rey = ™ cosgt u Iy = e singt {cp. {3.9)).

3. Ecoir A — kpartusil KOPCOUL XAPAKTCPHCTHHCCKOIO VPABIICLM
{14.22) KpaTHOCTH M1, TO MY OTBeaeT m pemennii e, feM . o~ leM
{ofobmenne cnyqaa v), tie wm = 2).

OPbeIHHAA BCe CIyYaH, MOKHG CPOPMYTAPOBATE CIETYKAIER NP
BH.J0.

IIverr xapakTepncTHTieckoe Ypasrenwe (3.22) imveeT r aelicTBHTETh-
HBLY KORHEH Xy KPATHOCTI ¥y, 8 09 SBATTCT KOMIIERCHU COi -
HCIHILIMIE 8 Ay = pp 4 dgp 1t Kpariocty my. Tordgs obimee pemenne
vpasterna (3.21) voxker GbITh 3ANHCAHO B BILIE

r(—.

3= Z Ry (f}r)“f + Z Pr()eftt cos it + Qi(H)eP!! smq;f) (3.25)
k=1



§ 20 Qe ceolicman JRaeHEHLA Bl

viae I (t), Pit), (r(8) — MRorowAaessr cretieds iy, — 1oy — 1wy =1
COUTBOTCTBOIIIG, ROSDPHUECIIT L KOTOPLIX NPOHIBOJLILL. 2H kosggiz-
HAEHTh! GUHOZHANHO OUDENEIHRTCH HANAARHAIME Yeaosisvn (3.2:1).

Touno rax me mokdo, 00otmEn Gak e, HOAYHBHABIE (118 ¥ DARHEe-
HHA BIOPOro HOPAIKA, ChHOpPMYIHPOBATE HPABHIO [IKCTPOSHHA HaCTHOTO
H OGWErD PEWEHHA HEOIHOPOLHOID YDABHEHN

(]"Oy'['”-} + a-ly("'_” +--tany = S(t)c;{r: (3.26)

rme S(f) — MHOTO'WISH CTelMeHH 5, » — NOCTOAHHAA, BOODITS TOBOPA,
KOMTLTTCKCTIAS,

Hyers o ypapremnia (3.26) & e coBHagacT I ¢ ORAHAM KOPHEM Aj
XAPAKTEPHCTHYECKOIO vpasiena (3.22) (1ax HasbiBaenbli HEpEsOHAH -
Heitf coayaait). Toraa 1acraoe pemenne vpapHesita (.20 moxdo zammg-
CATL B GIAC

y =T (¢)e>", (3.27)

rae T(t) MROTeIeN Toi e crenen. aro u S{t). Koaddpunnarnror
mmorowacna T(#) oopegenaiorea #3 aarcGpamqCekX YpABHCHEA, TOTy-
weHbabx Hoacrasosroli (3.27) B (3.26) n HPHPABHUBARHEM WIEHOB ¢ Od4-
HakoseiMH cTeneHay £ (cp. (3.12). (3.13) B 3TOM TpOCTeINeM CTy-
qae S{¢} ApmacTea KoneranToil A, T.¢. MIOroYmeIioN OyJICBoH CTemen,
a muurowied T'(#) rake asagerca koncragroi: T = a).

Feay ¢ copEagact ¢ KOPICM XapPaKTCPHCTHYCCKOTO VPRDIICHHT A,
HMEIOMHAN KPATHOCTE Tt (TAK HASBIBAeMbI DesOHSHCHBIE canvaali), 1o
yacrHoe pewerie (3.26) caenyver HOKarb b pHae

y = ()™ e, (5.28)

wie () MHOPONAEH TOf &e crenenn, wro n S(t). Kosddmunnesrn
T(t) mo-npexneMy onpegedimnTed nogetadosrodl (3.28) B yvpapHeHHe
(3.26) (cp. (3.19). one MOARIACTCA MIOEATEL £ B COOTBOTCTRHE ¢ KPaT-
HOCTRIO = 1 KOPHA fuy ).

Ecan s = o + {3 KOMAASKCHO, TO AefCTBATEARHAA (COOTRETC TBEHH,
aanvan) races pemrerns {3.28) gnosercs PemeHney VYPABHEHNA ¢ HPA-
Boli TacThi S(H)e cos 3t (coorsereTrenno S{t)e! sin 3.

Ofmee penienne negaHopogaoro vpasaenons (3.26) npecraniserca
T BHIC cVMMBL obiero pereng {3.25) oanopognoro vpasoenist (3.21)
1 gacToro pemenys (3.27) o (3.28) mecanopoanore ypasrrcmas (3.26)
(cp. (3.15)).

Bee atu yreepaIeRna B @ansuefmen Gyyr cTpore J0Kasans (oM.
Teopemst 3,11, 3.12, 3.14, 3.13).
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i 2. O6me cpolicTBa MUHeHHOr0 YpaBHeHMA 1-T0 NOPAIKA

Obpatusca x vpasrenno (3.1). Ecou s pacomarpusaesoil obaacti
HIMEHEHHA He3aBHCAMOTO HepeMPHHOTO ayl2) # (1, To, noneaus Ha ag{x)
1 oboHAYaA T0TVHeHHble KoadipHITHEHTE H TPARYIO YACThL BHOBER epes
()., an (), Fle), Ovaes myors

"™ e (2T 4y = fl). (3.29}

Onpeaenenne, Ypasgeque (3.20) HasppaeTca odnopodnng, ecan
Jir) =0, B OpOTHBHOM COVHAS  HEGGROPODIHNLM.

Tvern a;(x) (i = 1,..., 1) MCAPePLIBHLT A ITCKOTOPOM HITTepBaTC X
{X MOmET OLITL KAK KONCYHLIM HITCPBAIOM, TOK M OCCEOICHILIM, -
npEMep, [ —oc, oc}]. (Ofmas TcopeMa cYIICCTBOBAIIHA H CIANCTBCINOCTH
{cm. reopembr 2.8 1 2.9 § 4 rue 2) rapanTupyer, 10 HA HEKOTOPOM Cer-
r - zy| € H, npunamnexamed X, CYIECTBYET eIUHCTBEHHOR
pemenne g} yparnenns (3.29), v oBIErROPAIOINES HAMANEHONY YCI0-
BHIO

MEeHTe

ylea) = ul, ¥(ma) =00 ...y (wa) = 4. (3.30)
JLus vpasnenusa (3.29) wowHo nOKAZATE DOLEE CHITRHOR VIREKISHHE,

Teoopowa 3.1. Ecamaiz) (i = 1.....n), flz) neapopuinnnr ma X
TO PEHIEHNE HAUAAbHoH 3a4a i (3.29), (3.30) cywmecrsyer 1 841HCTBEHAO
Beray Ha X

TuK KaK Ha9ailbLlasl 3EIada LA YPABRCLIMST 13- [OPSLIKA SLITeTC
MIACTHBIM CIYIIAEM HAYMAMBHON 3a0aMH 01714 cHCTeMBI % YPARHeHH nmep-
BOTO mopdAnka (. § 4 ra 2), 1o TeopeMy 3.1 MOKHO OOJYUHTh KAK
MACTHBIT coaviall AHATOMHYTHOTO YTROPHASHAA 119 CHCTeMEl THHEIHBIX
¥PARHEeHUH, KOTODAA MMeeT B

H
iy L fep 6y
&—;* = § alhy + file), i=1,....n, {(3.31)
k=1
& COOTBCTCTRYIOMHE TATANLILIC VCIORHA —
= Y = e
wilroy =y, i=1....mn {1.32)
Teopema 3.2. Ecan ap(x), file) .k = 1,....n) Heupepristbl
va X, ro pewointe pagadn (3.31), (3.32) cvmocrsyer B AMHCTBORHO
Ha X.
A0CTATOMHO NOKA3ATE, YTO DRIIPHEE CYIIeCTBVET H eTHHCTReHHO HA

nboM oTpeske [xy, g + A] C X, Teopeva ¢ymMECTBOBAHHA W &JIWH-
CTBCIIIOCTH TARBAIITUPYOT POLICING 11 ICKOTOPGM OTPe3Ke [ry, o + H],



§ 2. Ofune ceoficman ypaeHeHi B3

KaK yike yKasblsa ook sbiie, Touky (o + H, yi(wg + H)) mosxao npy-
HAETh 38 HOBYK) HAYAIBHYHY Touky (CM. 3aveuaHne 2 k reopemam § 2
1. 2} H IOJIVIHTE PEMEHEe HA BOIBIIEM OTPesKe [;rg,_ €0 +H1], H > H.
u . 1. [Tyete [2g, wo+ 1), toe IT € A — MAakCHMATBHEIN T0.TVHHTEDBAT,
HA KOTOPOM CYIIOCTBYET BIMHCTEEHHOE Demenne saaq (3.31), (3.32).
BosLMeM TpoM3RoILIVE DocaeIoBaTeIpnoets H,, — H. Yéeomyies, uto
cviecTaveT lim,, .. 1 (w0 + I1,). Tlvers
N =max sup |e;p(x)]. y=max sup |f(e)].
i [eg.eup+ Al i [earo+A]
Torna ua smofoy oTpeake [#g, g + Hy,] cliparenmueo HepapeHCTRO

d'yi . It
e EE ML
=1

= T2 0 - P )
Bsews pla) = /3., 47(x) 1 HOBTOPAA B TOMHOUTH DACCYKICHUA,
IPOBEIEHHBIE IPH JOKA3ATEALCTEe deMMbl 2.3 § 4 . 2, noav M
. . NrtH r NoTH _
pla) < plxgle + 7 (e -1) =B,
W, COSIOBATENBHO, A9 MOOT0 & € [y, ry + H] cipasesinso

. NnlH i
lyi(x)| < plzo)e + \—n(f’

d TOrda (‘.Ilpauommno TARAC ucpam_‘um‘no
iy
dx

NnlH — J.)

<aNB+v=C.

Moaksyace sruv v yvanrsisas, o H, — H, LIy MH M
|yi($0 + Hn-&-m) - yi(IU + Hrl)l = C‘|H'n+m - Hn| <z

npu > N (g} noonoboy i Orrciona no kprrepuio Komu ngiaes seiso
O CXOOUMOCTH TOCACIOBATCALIIOCTH 3 (kg + Hy) K HeKOTOpOMY mpeae-
v ;. Bynem euHTaTh ATOT Npefes 3HANeHHeM if; B TOWKe g + 11, T. e.
NOMUM ;5 + FT) = ;. Takuy aDPAZOM, MHTEIPATEHAT KPHRAA DKA-
3LIBAETCH HeMPePBIBHO TPOTOTKeHAOH BILTOTE 10 Toaky 2o + i1, B cnay
cAMOH cucTenMBl YparHeHnit (3.31) Ted ke crOHCTROM 00.TATAIOT NPOH3-
BOIHRIE % Toraa B cavaae H = A Teopema mokasana,

Pacexatpun cavuail H < A, HeTpyTHo vHeTUThCA, YTO ATOT CTV-
yai e peasauayercda. JOACTBHTCALNG, NPHEAL Ty + PT, aifan + E] 38,
IOBVIO HAMAILIVIO TOUKY. MOKIQ NPOIOJDKHTL POMCIHC A VHIACTOK
[z0,x0 + H + 6], § > 0, 1T0 TPOTHBOPeHT onpedetenur H.

Hrax, H = A, 1.e. DPWeHNE CYILECTBYET I SAMHCTBEHHO HA OTPEIKe
[0, 20 + A], 9TO 1 TPLHLBAIOCD.

danpaefimee pacceyorTpedne cuetessl (3.31} otaokeam 10 § 6 0 Bep-
Hemes CHOBA K (3.29). ILna yparuennsd (3.29) cnipapenmusa CIemnyRITAA
TCOPEMA, HASLIBACMAT RPUNLHROM CYRCRROIUYLIL
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Teopenma 3.3 Hvers s yvpaprennn (3.29) upasad vacrs f SE-ZUTE
ercs auncEnofi kombanamped gyvasmdi fi{z), Te fle) = Z o o fil),
FACCy  HOCTOSIMIBIC MHCAA, i HYCTE i (€) ARATIOTCA POWCILRANY Y 2as-
rernisi .

(n} RYMEL Y Ny — "
Tk {ahy, + ot ug ey = file). {3.33}
Toraa nncfinag kombumtagust y;(x) ¢ TeMs xe koshuumonTam o, T ¢.
. i
chyrrnua H(-"-‘JZE;=1 g (), Asngeres pemennen vpasrenns {3.29).

SHAUEHHE ATOUG UPHHUMLA B TOM, ‘IT0 UPABYKY SACTh YPABHEHUA
{3.29) MOMKLO NPCACTABUTD KAK JHICAIYI0 KOMOHIALNIO BOJIee POCTLIX
BUEMEHTOR N CBECTH DELISHHE YDABHEHHA K PEIIEHHE) HECKOJbKUX 00-
nee npocreiy ypasnennii [3.33). C roukn spenns Qusnku ¥10 oznavaer,
HTO PESYIIBTAL CIOKHOLG BHEIUHELS BO3MeACTEIA Hi HEeKOTOPbIE ofbexT,
BhIPaZKAEMOro (hyHKUMER fli}, MOAKHO UIPEUCTABNTE KAK CYUEPHO3HLIHK
PE3YIRTATOR OIS ThHBIX 3TEMEH TAPHBIX BO3ISHC BRI,

doKazaTeneTBo TCOPCMLL 3.3 OCIOBAIG 1A TOACUCCTRE, CTIpa-
RELTHBON 104 & TPOM3IBOJIRHBIX 1 paz muddepermipyenbry Gy HKIHE
W, . g H GIEIVIOLIIeM HeMOCReIC TBEHHO 13 CBOHCTE mudyheeHmpo-
BAITHsI

k fre) k {n—1%
(Z c:v.,-u.;-{;r)) +aq (x)(z a';u.;(;r)) +- iy i Zu;ui(x

i=1 i=1 =1
li'l . .
= Z E [-uf”(:r.) + @y (.'r.)ugn_” () + - -+ a, (:r.)-ui(:r.‘]]. (3.34)
i=1
IMomaraa w;(z) = y;(x), rae y;(x) — pemenua ypasuenuit (3.33). momny-
yoM a0 yie) = Zf:l evygi{e)

li'.
B+ V) 4t (@) = 3 file) = Fl),

i—1
HTO K 'l‘pt‘ﬁOBé"LJlOCb,

SaMeuannc. JIeBYIO MACTL ypasHCHHA (3.29) MOKIO PACCMATPH-
BATL KaK ONCPATOR Ly, OOPCUCICIILIE [T MIIOKCCTRC 1 pats audopen-
nupvenrbrx dvaxmmll . Torna (3.34) oaHa"aeT. "TTO 3TOT OTEPATOD
THHeHHBI.

Oryverny pakueie “actHeie cayvaan reopemil 3.3, hopmymipya ux
KOK OTICALILIC YTDOPHKICIIHA.
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Teopenma 34, Jugefigaa ronMOHHALNA peliedtfi  0AdHOPOXHGLO
VPABHCHHA CCTh POIICHHC GAROPOAHONG YDEBHCIHA.

(D10 wACTHBIN Cyv1al upHHOMNA Cynepuoannn, Kovga f; = f = 0.

Javevanne Ha azske manelinol amrebpnl 570 MOKHO BRIPAZNTH
CTSAYIONNANM 0OPAROM: MHMKECTBO PeIIer it oJHOPOMTHOTO VPaBHeHH:
ABAACTCA JTHICHILIM TPOCTRAIICTBOM.

[Mvere Tenepn & = 2, fi = fo. @) = 1, a3 = —1 ¥, CACOOBATCALIIG,
J = 0. Taguym 0DpasoM, HMEET MECTO

Teopesma 3.3, PasnocTs Apvx pemenyii HeoIopoInore THECHITOro
VPABHEHNH VAUBAE TBOHET OHODO(HOMY VABHEHIK,

B TeEQpeie 3.3 X, MOTYT OBITL I KOMTLTSKCHRIMH.

Teopema 3.6. IIvers (). y2(2) VIOBIOTBOPAIT YDABHEHIM
(3.33) (i = 1,20, Torma z2(z) = n{z) + fya(z) ¥IOBACTROPACT vpan-
HEHHN)

2 g 4 an(a) = AL +ife (3.33)

Ofparro: nveTs z(x) = y (x)+iy:{2) vaosscernopzor ypantomo (3.35).
Toraa y1(x), ye(x) vaosrersopaior ypasieimsy (3.33).

[IpsiMas TeOpeMa ABMACTCS YACTILIN CIydacy TeopeMnt 3.3 (o = 1,
(v = i) S5 n0TvHeHHA DOPATHOID Y TRENKICHUA HATTO K TIeROH 4acTh
(3.35) TpUMeRNTL TOXECTRO (3.34), Monarad uy = ¥y, M = Y2, & = 1,
(by = i, DOC1C HOTO NPUPABIATE ACHCTBUTCULHYI) HaCTh OOJIYHCIIION:
BRIPAKCLMA BOTIHHULC fi, & MUHMYIO “ACTL BOIMUMLC fr COLTIACLO
TPARHIY CPABHSIHA KOMILTCKCTILIX TTHCQM.

Bee nepevtuciendsie cRoiCTBA XapaK eRHel UMEHHD JITH TuHeAHRIX
YPABHEHHI 0 CYTECTREHHO 0fTardaiT HX HCCIeNOBAHNE W peleHme,

& 3. OoHopoagHoe JHHelHoe ypaBRHeHHEe n-T0o MOpAIKA
OOPATHMCA K H3VUSHHMH)Y Y PDAKRHEHNH
d ey (el =0, (3.36)

KOHPPHIHOTITE KOTOpore a,(x) (3 = 1, ..., 1) DCOpepsInin Ta HirTep-
Ba1e X, Kak ObL10 MOKA3aHO B MTPEIBLIYIIEM TAPATPADE, DRUIEHIE Ha-
4AlTRHOI 3aaMd CYIECTRYET B BIHHCTHAHHO Ha X, uem OvIemM cyie-
CTBCUIIO TOILB0OBATLCA IIDKC,



fald] Fa. 30 Junefinne duddiepeniunitine yposnentn

Oupeaenenue. Bynem rosopurs, wro dypssyun wi(e). ... up(e)
AURETRO 208UCHMUW RE UHTepstae X, eCJH CYIIECTBYIT [OCTOAHHbE
Chaoo Oy HE BCE DABHBIE HYTHO, TAKHE, ‘U0 HMEST MECTD TOXRIECTHO

b
> Caley=0, reX. (3.37)
=1

B npotunmom cavaac (1o ccau (3.37) BLIDOGGISACTCA TOALKO TIPH
&y = --- =, = 0) Byaem rosopurs, 110 @ (&), ... up(L) sunedno
HEBEG UL MbL.

Myvern yi{x), ... yalz)  pomenna vpaswenws (3.36).

Onpeaenenue. Hazorewm 1eTepmubant

I)’:_ ('IrJ re y';:.(I)
Afr) = y}_(‘f’) - "J-f_(f’”') (3.38)
yﬁ“"' "y L gt ](;1:)

onpedeaumencs Bponowozo™).

Tcopenma 3.7, Ecan pemenisa yi(x), ..., y.(x) ypasueina {3.36)
JHefHe sapucuyet Ha X, 10 A(x) =0 ra X.

B camom 1e1e, coraacno (3.37) usmeen 3, | Chyi{x) = 0. [pomud-
(]’)Cp(f}luﬂp()ﬁ}lﬂ ATH TORTNCTERG T — 1 pa3, TOJIVIHM

SN Gy =0, .. Y Cy" My =0 (3.39)
i=1

i=1

IMpu Tobom ¢ € X 311 COOTHOWEHNA MOXHO PACCMATPUBATL KAK CH-
CTeMY JTHHSHHBIX GIHOPOIHBIX A, IreOpaiiiecK X y paBHeHHI OTHOCHTE Tb-
no ..., O, HMCHLYIO HCTPABHAILIION PCLICIEC 10 VC0BHIO JIHIICH-
HOH 3aBMCUMOCTH byrEIME gy CHenoBa el IbHG, ONPeIeTrellb CACTEn bl

Afz) =0 upu sucbost & € X, r.o. Ala) =0 una X

Bamedannce Hi poxasaredncIna TeopesMn BHANO, 4TO Ola COpa-
BELIMBA HE T LK JLTH pemedni ypasnenns (3.36), ro s nwobnix v —1
paa wuchrepenunpyeMslx QyHKURIA.

Teopema 3.8, Ecanr A(x) = 0 xoza Oor aza oguoro x € X, 10
pemenns y(x), ooy () ypasaerns (3.30) Lnneline sasncrisn na X

F1Hnoroa Gmpact yvaobuo obosmaaenne Aly (o). ya{e))
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doxazarenserso. Jelic rsUrenbHo, BOIBMEM TOUKY 2 = 2y, B KO-
ropoi Alig) = 0, 0 COCTABHM CHCTEMY JMHEAHBIX A 0eDPanueckux
ypasicuuil ornocuTeanno O, ..., O, ¢ onpenemateney Ay ):

f n
Z Cislieo) = 0,01, Z Cigt" " (wg) = 0. (3.40)

=1 i=1

Tar xkax Ay} = 0. TO 9Ta CHOTCMA HMCCT HOTPHBHAILIOC DOINCHHC
Cy,....Cy- Pacoyorpan sunciinyio komGunawao y(x) = 3 ) Ciyilx).
Coraacno Teopeme 3.1 y(z) apagcTea pemcnueM ypasuenas [3.36).
a (3.40) ospanaer, 110 370 PeleHre YIOBTIETBOPAET B TO'KE &n Hy. TeBbIM
HaTALIL venosnan ylxg) = 0,..., 3"~ (zg) = 0. Tak kax Tpunn-
anpnoe pewenne vpapsuenast (3.36) g{x) = 0 ya0BICTBORACT, O4CBH-
HO. TOM K¢ IRTILHBIM YCIODHAM, TO B CHIIY TCOPCMBL CTHHCTBOIIOCTH
ey =g(x) =0, r.e. 7 Coyi(x) = 0, vie 10 nocrpoennto e see Cf
PABHEIL HYJIK), &l 3T0 H G3HAAET JIMHEHH VIO 3nBHCHMOCTE ¥y (2], . . ., ¢, ().

13 HOKA8HEBIX TEOPEM HENOCPEACTBEHHO BEITEKAET CUEIV AT Alb-
TePHATHEA.

Teopenma 3.9. Onpergenurens Bpowcroro A} ando TOXIECTREH-
HO PABEH HVITO, H ATO O3HATAET, 4To pemenud y1{(2), ..., y.(2) Juweiins
ZABICHMDL, THOO He 0fpDAMacTCa § UV.TE HIT B GAROl TOYKe X, H 3T0
OHITACT, TT0 Y1 (2), . .. Y (7)) THICHIG HO3ABHCHMDL

CHTVELHIO MOKIIU BLIPAZHTL CiCAVIOMCH CXCMOR:

it
— (£) =05 g (x), ..., gell) TuHelRO 3ABRCHMBT
Alx)
'—r_;"'_\(J?) #0S y(x). ..., ge(r) MHICHEO HOSABHCHMLL
Jrirh

upu suobos & € X

Oupeaedenne. Pyradasmenmainnol curmesol pewenuti ypacne-
nu [(3.36) Ovien AASBIBATE J0O0BIE 1 JIAHERHO HE3ABHCAMBIX PeeHui
vpaeHerua (3.36).

Teopenma 3.10. JInme#iiioc ognopoInoe ypapreaae ayeet Gyiiza-
MEHTATRHVIQ CHOTEMY DEeHH.

,.1 OKAzZaTanNkBCTEO, ,[[(—'Eﬁ(!'l‘BH'I.'PJIbH(), Bir3bhMend lI])()lfl’.%BU..'leblH (T~
JTHUHBIE O HYJTH OUDETsTH e Th A ¢ yTemenaMn i Onpenenum pe-
WCHHA 1 {2}, ... Y (T) vpusncoua (3.36) cICOVIOIMAME [TAYALILIMA
VETOBUAMM:

(n—

#i(70) = 0pis. . Y o) = an. (3.41)
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Cocrasun onpesganrens Bponekoro Ax). Benny (3.41) Alxy) = AY £
# 0. A roruy s ity Teopennr 3.9 y1(e), L e () SHneino nesasucHmML.

Jameuannc Tak Kak cymecrpyer BOCKOLCUIO MIOIO OUPOICTR -
e, OTAUYHLIX OT HVTA, MTd KaXKJ0M YPARHCHTA CVINecTRYeT O0CKo-
HOHI0 MOOTG DY ILUAMCITAILALIX cHeTeM pemenuil. Kpoye Toro, auneli-

- . - - 4T — .
HOE HeBBIMHKIeHHOS NPeodPasoBAHUL §f; = E;— €y 11ePeBOINT OIHY
hYHLAAMEITANLIYI) CHOTCMY PCLICHHEA B IPYIVED.

JOKAEKCM TCHCPDL OCIOBIYIC TCOPCMY DalllIOro maparpacha.

Teopema 3.11. Ecamy (@), ... 4, (5 — QVHTAMCOIITAILIAST CHOTC-
Ma pewenni, 10 0606 pewesne y(x) vpasHenus (3.30) upedciaBuyMo
B BHIC

= Ciyilw), (3.42)

e Oy Oy HEKOTOPBIE NOCTOAHHBIE.

Jdokazate1scTso. Oyers ylzo) = ¥, ... 4" (20} = 2. Ompe-

Jeaum nocroaddeie C, ..., C, JuHelAOR cucremoii ypasHednii ¢ Jerep-
MHHAHTOM, paBHbv Alrg) # O

n
Z’ij.i(:ru) =4, . EC Jr” (zo) = 3" (3.13)

i=1

n uocrponm §{ix) = 30, Ciys{a). Cornacao reopese 3.4 g{e) Asuser-

cH pemennen ypaenedns (3.30), a (3.43) osnauger, wro 5o pemenne

VAOBACTBOPACT TEM 3KC HAYANLULIM VEIoBUENM, 4o 1 (). Torna B cu-

J¥Y SAMHCTBEHHOCTH (CP. d0Kasareascrso reopembl 3.8) glz) = ylx) =
Z?_l o U_, ) oo H -rpe()ma‘!m(:b

JaMedanms

1. Dopyyaa (3.42), e O, .., 0y — Hpoussoaniue noCTROSHRDE,
asanemnes i pemeries ypasnenna (3.30) 8 rom Ke cvvlcne, Kak
E § 1, T e (3.42) araserca chopmyioll, conepkalieil Bee PRIEHNA YPAE-
nenusa (3.36) u e copgpaameii nugero, kpose pemennii. B cavom e-
ne, uo reapemce 3.4 upr mobsix O, ... Oy (3.42) apaserca pencanem
ypantenis (3.36), a coracio TONLKE TITo NoKazamnol Teopeve o {3.42)
COmepRUTea moHoe peieine ypaepucius (3.36).

2. Ha aswike JwAefiaoi arebpel Teopennt 3.10 u 3.11 o4HAYAKT, 1TO
B MPOCTPAHCTRE PEIIeHH THHEHHOro OTHOPOIHOTO vpakHeHus (3.36)
HMCCTCS DABHC H3 1 AJICMCHTOD, T. ¢, 3T0 IPOCTPAICTEO 1-MepIIo.
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§ 4. Heonpoponuoe MuHelHoe ypaBHeHHe 1-T0 NOpIIKa

PacoMoTpiM Tereph ¥ PARHEHHE
g a2y g (e)y = i), (3.44)
rae a;(x) (i = 1,...,n) HENPEPBEIBHBL HA HHTEpBAIe X .

Teopenma 3.12. Eemry (). ... ye(®) DVIIAMOUTAILINT CHCTO-
Ma pemrenHg copoaioro ypasiemnst (3.30), 2 7(x)  tacThoe perrenuc
neonnopoanoro ypasieinss (3.44), 1o ofoc pemwerae y(a) TCGIHOpoI-
Horo yvpapaedus (3.44) upeacrasuMo B BlLie

I
yle) = glay + 3 Cigila), (3.43)
i=1
vie G, ..., O — HeKOTORbIe ROCTOAHHBIE,

Javeanns

1. TQOI)ET\'T?I,. (’.I'I])HHE;L.-—“-THH. ITpl-T .T[K}ﬁﬂh'T Hh]ﬁﬂpﬂ HACTHOTO ])HIIIQHHH
g(=).-

2. Teopesy 3.12 Moxno cPOPMYIHPOBATD H TAK: 00MEe Peldenie He-
OOIHOPOTHNZO YPREHEHUA ECTNDB CYMME LACHIHOZ0 DEILEHUA HeoFuopothoen
YPUEHEH IS 1 60w eLe PEEHUS OOHOPOTHOZ0 YIMEHEHUS,.

dokaszsarenecTro. Paccmorpuy pasuocre gle) — gla). Connac-
1O TEOPCeNME 3.5 9TA PasioeTh VIOBTCTBOPACT OMIOROINTOMY VABICTIHIG
(3.36), w, sHAMMT, o Teopee 3.11

ylx) — gle) = Z Ciyilx).
i=1

Orcwniia n mocnenyvet (3.45).

Taxuy obpaszon, 104 TOCTPOSHHA 0OEro peneHid HeOTHOPOIHOTO
VPABICIIHA YO MOMHMO (PYILIAMCHTANBIION CHCTCMDL PUIICIIHE 01
HOPOMHOIO VPEIBHOHUA SHATh XOTA Gbl OIHO MACTHOS PELISHUE HEOIHO-
poaHOTG vpasHenns. [lokames cefiuac, 4ro, 3HAA OGYHIAMEHTANBHYVIO
CHCTOMY POIICHHA, MO0 HAHTH KBAIPATVROH [ICKOTOPOC HACTIION Pe-
ueHue (1) HeonHOPOTHOTO YPABHEHHA.

3AMAIHMCS &R MOCTROUTH TACTHO PEIIeHre §{), V0B IETROPAK-
ICC TAYTLILIM VCITOBHIM

ylro) =0, ..., ¥ () = 0. (3.46)

C 3T0OH NNk BOCTIONBIVEMCH CHRLYRNITAM ABDUCTHYPCKAM PACCYALILE-
macM. Ilpenerasud f{7) NpuOMIDKCINO KAk cYMAMY OVHKIHE (9meMen-
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TAPHBIX BOsueleTenil), pasusix f{€) B npoMexyrke (£ — AL E) u ny-
I B OCTANBRBIX Toukax. Peimenune ¥, orseuarmes KaskIoMy TaKoMy
BUEMEHTAPHOMY BO3ASHCTBHKY H HMERHISE NPH & = Xg PABHBIE HY.IK
MPOMIBOMELIC 10 (72 — 1)-T0 MOPSAKA BETIOYHTEILIG, SRIISTCTCS TOX K-
CTREHHRIM HY.JIEM BILIOTE 10 £ — AL, HO

yTIE) = (e - ADAE =
= [5'7(€ - ADAE + arg™ V{E— ADAE+ -+ +aaylf — AODAL] =
= f(£ - AQAE,

1o, gt (&) papHO vxe He HyAW, a f(E)AL u, Takuy obpaszom, na-
nee pemenne rakke Byer He Hynem. B cuTy nprHnmna cyuepnosm-
TIHMH IOCTATOYNO MOCTROWTL PEIICTIAC QXIOPOIITNTD ¥PABICITAS (BeL BHO
(€ — AL, L) npapast 4aCTD PABILA VIO ), IPHIHMAIOIIC I TGYKE £ IVITeBOC
FMATCIHE BMCCTE © MPOWEBOINLIME 10 (72— 2)-T0 NORAIKA BKITOMHTCTLIT
H C IPOM3BOOHGH (1 — 1)-10 nopaAdKa, pasaoil enunuue (0003Ha 1M 310
pemenne K(x, £}, YRalDBas 3aBHCHMOCTDL OT MEHasILIol TOYKH, 0 Da-
SOBEM ero wMuyascHoli dymryeedl), a 3ares YMHOKNTL 210 Ha f{€)AL.
Flrrak. K(x, &) crponTcs KAX peiieHne OIHODOTHOIG ¥DABHEHKHS, yI0B.Te-
TROPAIIIEE VCJAOBHAM

K(EE) =0 o K966 =0, KU V(€6 =1, (347)
A pelieHHe. OTEETAONee 3;eMEHTAPHOMY ROFISHCTRHKY. AMEST R
K £} F AL, CyumMuPyYS T€1EDb 2 eMEHTADHBIE BOSULACTBIA HA OCHU-
BallldH TOT'C JKC NPHILNIIA CVICPUOSHIAR M LHCPCXOIA OT CYMMDLL K HIITC-
TPamy, Doy UM PelleHne §(.2), YIOBIeTBORAKLIee YOI0BHID {3.46):

£
i#lr) = / Ko, E)FLE) dE. {3.48)
.'I.'I[]

Dopyyna (3.48) oMy UeHA HA OCHOBAHHK IHPHCTHYILCKUX COOBpaKe-
HUM, HO HETPYIHO HEMOCDEUCTEEHHOT npoBepkoll yoeanThed, 910 {3.48)
COTT 9ACTHOC pemenne ypasteinns (3.44). B atoil nposepre o 8yvier co-
CTOATH IOKAZATATHCTRO CISAVIONIESH TEOPEMBI.

re—1]

Teopema 3.13. Brpawente (3.48), rxe dovannna K{x, &), Hasnl-
BAEMAS BMIYIhCHOE hyREIHEH, YAOBIETBOPAET QUHOPOIHOMY ¥DABHE
aarG (3.36) B ravaneHe yoaopuas (3.47), ABAACTCA HACTHBIM pelue-
HHCM Heoanopoanoro ypasnens (3.44), ¥AOnTICTBOPAIOHHN RV ICTHM
HAYATRHAIM Voaosnay (3.46).

HoxasareIbcrso. Haiiges na (3.48) §, ..., ") [Ipensapuren-
IO 3AMCTHM., 9T0O TaK Kdak £ ABRJACTCN MapadMCeTOM, MPRHITAL ICACAIIIIN
TOMY KE MIOXKCCTEY, YTO U &, 10 {3.47) paBLIoCUILIIO SalHey

Klz,z) =0, ..., K"z =0 Kz =1L (3.47)
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Audpcheperuupya {3.48), umeem

Fe) = | Kile. ) F(Q e+ Klaa)fe) = | Kile, ) F(E) d

gt = [ KTV f (€ d

P = [ KPS e+ KU e ) f (@) =

]K’” WL dE + fl).

BonyvoknoeTn ,:md)cbo.pcuunpommlm NOO 3MAKOM HITCIPATA CHCIYCT 3
TCOPEML] (¢ ICAPCPLIBIOE 2aBHCHMOCTH pomeiia cuereMnl anddepen-
MHATRHBIX YDARHEHHWIH OT & H HATATLHOTO 3HATIOHHA NepeMeHdoil x, T. e.
B AamiIoM cirydac of € (e, § 3 n 2). Togetapass g, 7, . .., 77 b (3.44),
HOJAVHHM

F 4 a(@)F "+t ang =

= [ [Knlr“}("{"g) +a (:!:)K:i.”_”(;f:, 5) T

R

-+ a.h,(.')‘.‘);’(:(.'?‘,‘_, 6)] f(ﬁ) dE + f(f) =
TaK Kak [-] uod mererpaioy o0pawaerca B HYIb B CHIY OupeIede-
st K(x, £). Tagus 0dpazom, () ACHCTBETCALIO SBASCTCA POIICITHCM
ypasHenua (344} n, Kpose Toro, GUeBaHo, yaosaeTsopaer (3.46).

Jaymevanuc. Buacinocty, INa ypaBneuns Hepsoro nopaika Gop-
myaa (3.48) copnagact ¢ dopuyaoi (2.20) npu vy = 0. B (2.29) um-
— [ piE) e
nyIbCHOH dhyHKUHE ABIASTCA MHOKUTETL € ¢ . KOTOphIi, co-
riacio {2.26}, yA0BACTBOPSICT OUIICPOAIOMY VPABICIHIO B 00palacTes
B eUMHMLY UpH @ = £,

Mpumep 3.1. TIpusedeM NPEMEP NOCTPOCHH UMIYILCUHOR (OyIK-
upn. PaccmorpuM vpapBHeHue, NPedcTaBialowee co00i HeOIHOPOIHOE
VPABICIHC THIY ypamwlmﬂ Biislcpa,

Py 4 Ty = fla), @ >0
DyHIAMEHTATIBHAS CHOCTEMA PEWEHHE COOTBEICTEYIOWEro OIHOPOIHOIO
YPABHEHHS MMEET BUIL 3 = /7 08 l“—*, e = Jrsin 11‘2“‘ {(MocHO HETIO-
CPEUCTBEHHOR NpoBepKol yﬁe,_LHTbLﬂ, YTO i1 H Y2 VAOBJIETBOPAIOT YPAE-
HEHHEY, HETPYIHO MOICTHTATE TAKAKE OMPeIeimTe s, Bpowekoro = A(x)
U yBeIUTLeA, 9To o1 pasen 1/2.)
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Dyvurumw K{x, £) Oyaem nekars s suie K, £) = Cryy + Coye. Veao-
ks A(E. &) = 0, KL (£,8) = 1 npusonsr K cucrese yPaBHeHHil oraocu-
Tennio C u Oy

(L€ cos Il£+Cg\/_Q111111§—[),
Cl%(cosh‘lTE—bi ln;) _2\/,_(b111]£+(30.‘: thCJ 1.

Onpesiesme C) u Cy, IPUXOUAM MOCIE HECIOKHBIE MPendDa0BAHAH
K CHeIVIOMeMY BRIpaKedmo L1d Kir, £):

K{a, &) = 24/2€ - sinfln /2 /€).

§ B, JIluncliHoe ypaBHCHHC 11-T0 MOPAIKA
€ IMOCTOAHHBIMH Ko3dhduimenraMn

JHAHHe JVHIAMPHTATIBHOH CHCTeMbl peleHufi ofecnedusaceT BO3-
MOKHOCTE HAHTH JH000¢ DELICHHE OUHOPOUHOTC YPABHEHHA, & ¢ IPHMe-
TICTIHeM KBATIPATYRHT — TAKAKC H DCHICTIHC TCONMTOROAITOT0 YRARICHTAL
CyuecTsoBAlNe (PYHIAMEHTAIRHOR cHOTeMbI pemedull ObLI0 J0KA3a-
1o (en. Teopemy 310}, canako Bonpoc ¢ o e THBIOM NOCTPOCHHHA
OCTAICT OTKPLITLIM,

Tvere 8 (3.36) «; = conist:
in) -1 |
g ey e,y =0, (3.49)

DroT KIace yPasUCUri 3EMOMATCTICH TeM, 916 1700 HEIO UAXOHKICLUKC
¢y rIaMenTANLIOH CHCTEMEI POIICHUH CBOUMTCH K 8 MCOPaIT-ICcK UM OIe-
PaTsaM, 8 WMCHTO, K PCOMCNTo AarchpaltieckKoro VRARNeaAa n-it ore-
LEHM.

Conoctasuy vpasaenno (3.49) Muorowien oTHOCHTOILIO A, 8361~
BAS- MBI CQPERTREPUCTIRENECETEM MRroz04Aer0M vpasrenus (3.19):

MM =N+ "+ ta,.
Jewma 3.1, CHpascaiaupo ToxKACCTBO
[f.)“f{J )] + f; [F')” J)] + ot ae™ fle) =

" i nptel b
= R fr) + MO0 () + P o M) W

lfl Tt

(3.50)
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,.1()1{&1'.-3 Arenepe LB, 3]'0 TOFIOCTBO HORASBIBASTCA HEIOCDEAT-
GOCHIBIM BLIYMCSTCHACA ¢ MCITOML30OBAaHACM (bUp}l}’JlbI J_[Cﬁﬁlll{ll.'—_i- AT
apddpepennupopadna uponssenenna. Hyeem

A g Ar

¢ f_(" f:

( AL f)_,,\x )\f"'f) A'”(Af—l—)\’f{)
R PRV
(A A f
T )

L= (Efeaap )= (e + g

dr

dnn ((?’\‘r~f)=(?)m (/\nf-l—...+N(n_l}m}[;_(k_l)] /\n_kf{k]-i-...-l-fh”):

PRALLIN R Aryie) gin)
=ct (/\”f—k()\”) it +%++%)

CKJIAILIBAA HOJYUCHHBIC PABCUCTEA, ¥YMUOAKNE WX UPCIBAPHTCTILIG 1A
COOTROTCTRYIOMES 4, MPHX0;THM K [3.50).

3axeaHua.
1. Econ f(2) = 2P, 1o {3.50) npununaseT Bum

=
(e + ay di —— (M) + s ae™a? =

* { A (A 4+ pAF (e +

!H.

-+ wiﬂff“(}\jw—k +o 4-1.1“’)(,\)}‘ (3.51)

B uactrocTH, npi p = {) HMeeM

"{ o L‘_l o Fa o p -
Lo ba o™ 4 g, = M), (3.52)

2. Tommectea (3.50)-(3.52) MOXKHO 3ATHCATE KOMIAKTHES, £CIH 000-
el
SHAGHTL depes [ onepatop widepennupoBann: ﬁ = Dy Ecanm
BOCHOTBI0BATECA UPABITIAMY CIOKEHHA H ¥MHOKEHHA oneparopos [13;
5, §1], To JieBy® TacTh yparHeHAs (3.49) nMoxHO 3ATIHCATE B BIE

(D" +a, D" ey = M(D)y.

Onepatop AM{D) wasmpaeTca onepamopnos smozovaerost. OH nMeeT
TV O CTPYKTYPY, YTO U XAPAKTOPHCTHYCCKHE Mitorowten A (X).
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Beeua M{D), momuo roxaectea (3.50)-(3.52) saumcarts b By

3. I_"n._ (n.) -
MDY fl) =M { AN f () + M (A f () -+ M}

7l
(3.53)
M(D)e)‘-“mv:e*iv{M(A)a:P 4o 2Tl '};_,(”_“”ﬂ.ﬂ“mﬂ—k Foe
M), | (3.54)
M(DyeM =M AN, (3.55)

OraerTny TAK/Ke CORIYIOLUEE CBORCTBY OLEPATOPHBIX MHOIOY IEHOB,
KOTOpOe MOHAI00HTCA B Tankeitmen. PacomvoTpiy Hapany ¢ M (D) ne-
KOTOPLIH apyroil onepatopiutid muorodaen (D). TToansyach IpaBHaoM
ColOKEHUH M ¥YMHOMKEHIH OHEDRTOPOE, HETPVIHO ¥OR, LK ThCH, Y10 Olepa-
TOPILIC MEOUGYICHL] ICPCMUOKAKOTCA O HPABHITY 0DLIYILIX MIIOLIOY.10-
HOH:

M{DIN(D) = N(DYM{D) = D" + {ay + b1)D" "7 -+ ab,.

Tlpupasnisan AF(A) uveno, nonaydum aareOpandecKoe VPasienue n-i
CTENEeHH OTHOCHTEIBRD /\ — TdK HA43bIBASMOS FAPARTIIEEPUCHIUYENROE
HPOGHENTLE

Moty 4a, =0 (3.56)

TTpeano oKL, YTO HT0 YPABHEHHE HMEeT KOPHE A, - . ., Ay KPATHOC TeH
My, ...,y (my + -+ my = 1),

Teopewma 3.14. 1. KopHio Ay XapaxTrepucriyeckord yaBHeH s
{4.36) KpartHOCTH My, OTBEYAIOT Pty IACTHBIX pemiedHit BHIA

Aex et el ghier {3.57}

&
2. Pewenaa (3.57), k= 1, .. .1, 00pasvioT (pyIHIaMCHTATRIIVE CITCTC-
My pewernii yvpasHenna (3.49).

doxkazatcaveTso. 1. Boenoansyemesn (3.51) uawm (3.54). Ecau Ap
FBJIAETCA KOPHEM XAPAKTEPHCTH'IECKOIO) YPABHEHUA KPATHOCTH Hig, TO

{em. [16; t. 7, § 3])
MM = M) = = AU =) = 0.
ITostomy npasag wacTk (3.51) obpamaerea B vyak 118 p = 0,1, ..

Ly — 1, a 9o osnavaer, aro Bt (p =0,1,. .., my, — 1) yvaosae-
TBORACT ¥pasiendlo (3.49), 4to u tpebyoeres.
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2. Ilpe o oKus NpoTHEHOS, e, 4To pewenua (3.57) (A= 1.....1)
JUHERHO SABACHMBL DT O3HAYAET, YT CUPABELIMBO TOKISCTBO

Ri{z)eM® + -+ Ryrye™r =0, (3.58)

tie vepes Bj{r) ofiriHadeHsl MEOTOMLTEHB] CTenend m; — 1, He Bee pap-
Hble HY.TH. JonyeTiM, 9To OTJHYUHBIM 0T HY.A daBngetcsa B (atoro
MOZKIO JOOHTLCS COOTBOTCTBYIOMEH myvaepanued A), a B R) crapumi
OTIILIT 0T HVIA FLTQH HMOOT CTement p) (pp € my — 1), T.c.

R]((I-’) = C'IO + CT]];I,'—“ e +C:'-|pl;,(.'p1‘

upuaem Chy, # 0.

Vunoxknst (3.58) ua ¢~

7. Hoavau
B, (__rjet/h—/\a]:r + ot R,-__l(:n)e(’“—“m'* + RI(J-’-) = 1. (3.59)

Iponuhdopenmpyey 370 TOEICCTRO M CTHHHIY ODO/IBITICS THOIO RAS,
HCKCIH CTCICHL By % gy — 1 muoroseiena By (). [ipeapapurennio 3ame-
TUM, TTO A4 Bhipaxendd A(x)e*”, rme o = const. 4(x)  MHOroOI7eH,
OPH OPOMSBOILIIOM & HMCCT MUCTO TURICCTIBO

%A(;B)EM = B{x)e"*,

dr
rue Bix) MUOIOYICL 10H e creneuiy, 4o n A(x), upuueM ero crap-
il KoadichHIUenT pasei cTapieMy Koadduuuenrry A(x), noMimoxen-
oMy ma ¢, PTo ToKICCIRO J0rKo NOayHHTL b0 13 (3.53), nomsaras
M{(D)=D* A=« f(a) = Alx), mubo npoeto uz dopuyan . Tetibimia.
Hrak, nudpbepernnpya (3.29), moaymmy

Q1 (x)e A o Q (whetm TR =
WA ) ]
Q{x)eM* 4+ 4 Q1 (r}eM 1 =0, (3.60)

e Gy (=), ..., 6h-1(») — MHOTOUNeHBL TOl Ke CTEMeHH. ITO 0 MHO-
vonens: By (e, oo R () upraes kosdibunment crapuero waena
R _ 1
() corn Crp (A — APl
[[ponesieiras ¢ (3.60) vy e ouepano, vro w ¢ (3.98). 1 npoiosokas
ATOT MPOCCE. TPHXOINM K TOXKICCTRY BHIA

Si(w)eM® =0 wan Sy{x) =0, (3.61)

nputien kospduinenT ctapmero Wnena Sy (x) eetsh Oy, (A — AHF -
(A — A}l B cuny (3.61) O TOBKCH DABIATLCA Y.TI0, & 3T
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HPOTHBOPEURT toMy, 410 Cry,y # 0, A1 =X # 0,..., Ay = Ay # 0. [Iporu-
HOPEMHE NPHBOIHT K BhIBLLY, W0 pemenns (3.37) JIMHEHHO HESABHCHMBIL,
T. . 0OpA3YIOT (PYHIAMEHTAIBHVI) CHCTEMY DEMIeHHA, 1 YTRePKOCHHS 2,
TAKHM OOPAZOM, TOKABAIID,

B cuny Teopemnt 3.14 obmee pemeinne ypapnenns (3.49) apnsercs
JuBeiHol KomOuaauneit pewenni (3.57) (k= 1,..., 0. Quuako v cay-
YA KOMILIEKGHBIX Ap TAKOE IPEICTAR EHHE HEe RCera. v100H0. Moo,
OOHAKC, BMeCTO (PYHIAMEHTAJIBHON cHCTeMBl pemeHuid [3.57) mosbso-
BATRCA Npyrofl pyHIAMeHTAIRHON cHoTemoll penrennfi, coctoamell ws
AEHCTBUTEIBHAX (DYHETINE.

Ilvere Ay = pp + igqp. Toran apyM KOMILTCKCIDIM PCLICHHSIM  BH-
a2l et et e (depes Aj 0DOBHAMCI KOPCIIL XaPaKTCPHCTHECCKOTO
VPABICIHA, KOMILTCKCIIO CONPSDECHILIA Ay Tagol KOpelL CvLeoTny-
OT B CHIAY ACHCTBHTEILIOCTH KoahhHITHOIITOR XapaK TOPUCTHYICCKOTO
YPABHEHHA) COOTBEICIRYIOL, B CH. Iy Teopenel 3.6, 4Ba neicTBHTe IBHEIX
PULICIIHS:

T A

Re(x o™y = 27 e cos gz, Im(z"e* ™) = 27ef* sing,z.

Takny obpazoM, BMECTO KOMILTEKCHBIX PEIIEHHE MOMKHO TOCTPOUTH
CIOGIBKO KO AeHcrsnredisiisx pewennil; oun 06pasyior apyvryi dyuaa-
MCHOTAILIVIO CHCTCMY PCLUCIA, Oy OviIM THICHHO CIADUCHMLIME B CH-
JIY TOCO, MITO MAaTPHLA OepeXOIs 0T TAPbl KOMILTEKCHO CONPSKEHHBIX

. . 1
pewenni K MX JCRCTBATCALIOH M MIHMOHR 4acTay MMOCT BHU (1 _i)
H UMOCT QTJIHHILIT OT YT OTPeIeTHTONL, PABTILHT — 24,

Depa muneliuvio KOMOWHATIHID TOTYISHERIX JelcTRETEIRHRIY DeTma-
Hui, UPHXOINM K upeacrasieiino (3.25), koropos reiept, 1akny obpa-
3OA, DOKAZAIIO.

PaceMoTpuM TCOEPL HCOIANOPROIMNOC ¥ RABIICC

" (n—1° .
0 Fary T e agy = o), (3.62)

B3uan GyHIAMEHTAIBHYIO CHCTeMY pemeHuit {3.57), MOXKHO HOCTpO-
WTh €00 vacTHoe peiredre no teopeme 313, [paruuecku 310, 0NHAKO,
TGy eT TOROTLHO TPOMOZIKHE RETKTANIOK, B CBASH ¢ 9€M TPEICTARTAST
HITCReC Kaace f{T), L KOTOPOro MOKID D0CTPORTL YaCTIKK POLICIIHG,
e obpanmascs ¥ gGopmy.te (3.48), a DoaL3VACH THCTO anrehpamTecKHME
ClLERALHAMH.

Teopema 3.15. ITvers f(a) = S{a)e™, nze A = const, S(z) —
MROFOEACH eTeneirt &, IveTn A e conmaaaacT mn ¢ ORI KORICM Ay,
XAPAKTEPICTHHECKONG YpasHenH:a (3.060) (Tak HazpiBaeMsilf Hepesonane-
worll cagratil. Torua cymecrsyer qacrioo poweine ypasncitng (3.62),
HAMCIOHICS BILT

glx) = P(x)e™™, (3.63)



i
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vie P{a) — syorowsed voil ke crenenn, wro # Se). Ecan A cosriaya-
€1 KOPHEM XAPAKTePHCTHYECKON0 VDABHEHI Ay kparuocm g (rak
HA3BIBACMBIR PE3OHAHCHER COVYal), TO CYIIeCTBYET YaCTHOS DelIeHe
ypapaennd (3.62), mvernmee BT

F{z) = T(x)a™r e, (3.64)
rie T(ix) — mborodgaiaen Tofi ae crenenn, yro g S(x).

Ha 0CoBaIiie 9Tof TCOPESMET 98CTNOC POTITCITHC HIICTCA I YERATTIIOM
Bue, re MHorodner P(z) wnu T(r) 3amichlRAeTeA ¢ HEHIBECTHRIMU
koaduputmeram. Tlogerariaa v vpasuenve (3.62), cokpamas wa e
U OPHPABIHBAT UKL ¢ OTUIAKOBLIMA CTCHOCIIIMHE 2, OO IV YHM CHOTOMY
HOOUIODOIILIX a1eDPareCKiX ¥Ppabicu i OTII0CHIELIO HOH3BOCTILIX
koaduprunenTon muorowtena Pz} wnun T'(z). D1a cuctema Hyoet pas-
peUIHMOR. MOCKOTLKY CYILEC TBODANNG POLIOHHA TAKOTO BHIA 00CCTIOTeIo
Teopenoii 3.15.

dokauzaTenpeTso TeopeMbl 3.15 OpHBCICM AN pe3olallClioro
cavaaga (J.64), Tax kak {3.63) noqyuaeres us (3.64) mpu oy, = 0. Ioa-
ctasud {3.64) m (3.62):

M(D)T (x)e™ ™ = ¢ 8(x) (3.65)

M ¥OeAMMCA, HTO OTCHUA MOMKHO OUPEAEIHTD [0C1EI0BATE 1bHO KO-
e bl MHorgunena 1'{), narmnan ¢ koaddunmenra npu crapiei
crenenn «. Beimenum B maorowaedax T(e) u S{a) crapmue 4aeHb:

S{z) = agr® + 51(x), Tizr)=bpx® + 1 (x).
Hueem rorna
M(D)byz® oo™ 4 (D)2 T (r)e™ = M agz® + NS\ ().

Pacnuies neproe ciaraesoe Clera., Mo h3vAack pophvaoit {3.54) 0 yiu-

TeiBast, Te AT{A) = M'(A) = = M A = 0, a AN £ 0.
Moayrmnu
M N s+ mg) (s 1)
boe)"{ { }(‘sm:!m) {s )iii'-f—
MUFD OO0 ) s 4

. L i
el i« +...}+M(D)x. T ()N =

=cMagr® + M5 (2). (3.66)

3AMOTHM, ITO B {-} DepBOE (JIATASMOS HMEeeT CTENeHb 8, 4 NPOTHe —
Hoace mHsKy1o. TIPHPABIMBAS CTAPIIHC 4ICHLI M COKPAIIas 11a e as

Ov,eM HMETh
{(s+wmp)---(s+1)
g,

bg,"l-';r[m'*’](,\) = ap.
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Orcroda oupedendrea by vepes ay B ewny AMURE(X) 2 0. Tocste aroro
{3.66) MOKHO 3A1HCATE B BUIE

M(DYe™ 1) = M8 (), {3.67)

e S, (i) MACIOUIEH CTenenK He Beine § — 1, noiyueHnnii B pesvirrare
NepeHeceHHA BOPABO BCEX 'LIeHOB BeIpawenua hye |-} (kxpome mepso-
10}, KOTOPBIE TEMEPE H3BECTHEL

Cooruomenus {3.67) npencTapaseT coboll ypasdHeHHe, ARATOTHIHOE
{3.65), no crenemu muorodaenos Ty () u Sy (@) ma communy mmke T(z)
u S{x). Hs (3.67) anaornuHo UpeubLIyImemMy Olpeie IMTCA Crapmui
kosdpdsuupenr muorowiena T1{x) = apx®~! + Ty(w), e oupcicagrea
vae ABA crapmnx unend aaorosnena 1'{x). Hpotosmas nponece, onpe-
JCSMM HOETCUOBETCILIG Bee waennt Tix).

MeTod OTBICKAHHA HACTHOTO PEIIeHHA, OCHOBAHHLIT HA TOKa3aHHOIM
Teopeye, DyIeM HAZBIRATE Memodos reonpedeacuns vosduyuenmos.

Hrak, mnda yparHeHHS ¢ MOCTOAHHBIMHA KodimmenTany hyamaven-
TAMLIAS CHCTCMA PCIICIIHE, & B CIVHAC PaBeil 9aCTH BHOA ¢ S(1) Tax-
FKE M HACTHOR POLUCHHE HOGUUOPOIIOLG YPABICHNA MOUYT BLITE HOCTOC-
1Bl B 9cheKTHBHON HOpMC IV TeM ATrCHpantceKuy onepanuii. B zaxo-
IBHME YKAMEM OJMH CLUENMAJABHBIA KIACC ¥PABHEHHNA C NepeMEeHHbIMU
KoapbHnnenTaM i, 170 KOTOPOTo By IAaMCITANLIVIO CHCTCMY PCIICTIHHA
TAKALE MOAHO HGCTPOM T ahiEK THEHO. 310 TAK HAZLIBASMOES ¥ PDABHEHHE
DHnepa

;rnauy{n} + 2n 1a1y[n by - +a,y =0, a; =const. (3.68)

Hemoepenerpennoil BLIKIaOKOH neTpyamo yOOIHTLOCS, 9TO SAMCIIOH
HE3ARHCHMOTO TlepeMeHHOro & = ¢> vpakHenue (3.68) ceonuTes x vpas-
HEHUI C UOCTOAHHBIME KO hauperram, 410 1 pewast soupoc 00 -
PEKTHBHOM HOCTPOSHUH (YHIAMEHTANBHON CHCTEMb! peIleHni,

1A OTBICKAHMA YACTHOIO PEIEHNA HeOIHOPUIHOIO YPaBHeHns Jii-
nepa B CiviAe, ecIH MpABad TAcTh HMeeT I & S(In:x), IpHMeHHM
METOM, HEOTIDE T IeHHBIK KOheHITnenTonR.

§ 6, Cucrembl yMHeAHbIX ypaBHendid, Obwan reopusa

OBpaTHMCa K H3VHCIHI CHCTCMBI JHncinnix  audwpopermmuaininix
Y] ABHEHHH

I

yi =Y ow(@y + filz), i=1...n (3.69)

k=1
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Cuerema (3.69) Hasoisaerea odnopoduodt, ecan fi{x) = 0 nna seex
f=1,....0, B npoTURHOM Coivuae  meadnopodnod. Byaew npeinooa-
raTh iy (1) 1 fi{4) HeOPEPLIBHBEIMA HA HHTepBaIe X . Kak ObLIO DOKA324-
HO BHIUIE {€M. § 2), IPH ATHX YCIOBHAY Ha X CYUIeCTRYET &MHACTREHHOS
pomenue cuereMs! (3.69), yI0BICTBOPAIONICE HALILIOMY YCTOBHIN)

ywilre) =y, i=1,....n {(3.70)

A cHeTeMbl YPRBHEHRE CUPABEILINBBL TEOPEMBL, AHAIOIHYHBIS TEM,
KOTOPRIe DbLIH JIOKAIAHBI LA OUHOID YPABHEHHA H-10 HOPHIKA.

1. Marpr4nas samick. [ me1ax MAKCHMANTRHOTC VIIPOUIeHN hop-
MBI H3IEEHHA Ham OyIeT yIolHO DOTb30RATROA NMATPHYHOH 3anHehi,
Hanomuma ocnopibie GhakTnl MATPHYNIOND HCHHCTCHH, KOTOPLIC HOHa-
JOOATCT IIA 3TOCO.

1° MaTpumeil pasMepnocTs v x i (HIH (1 X -MaTpiueH) nassba-
cred TabiHua YHCeeT d BUAA

Q. thhz ... m
iy fn2 ... Unm
HieNA 2y HASBIBAKTC JACMEHTIMIE METREULbL.

B HacToamey naparpade MBI OYIeM HCIOIB30BATE KBAIDATHEIE MAT-
PHUET (MHAYE (1 XN )-MATPHITRL) K TAK HATRIBASMBIE CTO DR (Hau (11 )-
MATDHITL)

a1 €3]
: HIIH IPOCTO :

15901 y-
E‘\"JI‘PM Uﬁ(-}fﬁHa‘-la.'l'h I'\-‘Ia'l'pl"lll‘hl ﬂ.j h._\ T My A WX AJeMEHTRI COOrTBe -
CIBONNO a5, by, ¢ 1 T 0.

2° MaTpuunt @ n b CHMTAIOTCA pacubtii, CCIH a;; = by Marpu-
Ha @ CIHTACTCH pasueid wypme, coil @ = () ama seex 2 = 1,...,m,
3=1.....m.

3% Haa (7t X 70 )=MATDHIAMH GUPEALJIEHB] GHEPALIMN CAONCERUS H 1A
HONCEHUS Hi AUCAD,
Cysmmoft Mompuy a 0 b Ia3LIBaCTCA MATpHUa ¢ {00031adacTes ¢ =
= a + b) Takaa, To o = ag; + by
Hpouzeedentest MAMPULLE € 1O YUCA0 (0 HAZBIRARTCH MATPHNA, ¢ [060-
BIAUACTER ¢ = ) TOKI, UTO € = €hitjj.
4° Ecawn a sipaactes {n X m)-Marpuucit. a b apmnaerca (mox p)-
MATPUIRR. To npoulaedeHuesm Mampuly a B b HAZBIBASTCA MATPHILL ¢
pasmeprocri i X p (obosHanaeres ¢ = al) rakan, 4o
kS
0 = Zﬂ-."fbfj._ i=1l,....n, 3=1,...,p
i=1
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YMHOKEHHS MATPULL OB/ 1ANART COUSTATEIBHBIM W PACIPBELS TN T e IEHEIM
CHOMCTEAMN.

L5 KBaapaTIbiy MATPHI OJHIAKOROH PasMOpIOCTH ONPCIciICo H
NpoH3BeTeHwe ab 1 npoMzsenedne be, HO KOMMYTATHBHBIM CROHCTBOM
YMHOKEHHE M TP, BOODINE Tosopa we obuaaiaer, r.e. ab # ba.

5% Matpuueit, shpomuoft K 7 X $-MATPHIC &, IA3LIBACTCS MATPU-

na ¢ (obosnavacrea ¢ = ¢~ ') Takad, w0 an”' = ala = E. e
1.0

E = ( ) TAK HAJZLIRACKAR CCTHIIMIAA MaTpHIa. Vo KOTO-
0.1

])()H “IEMEHT B, HAXOIAIHSCA Hi LiIABHOH JMarodHali, pPaBHBL €dHHHALE,
Ble OCTa TbHBIE AJ1EMEHTEl DaBHBL HYGIH. DuleMEeHTH OGIJE‘I]‘HOﬁ MarpH-

LBl MOTYT OBEITE HAafiNgHbl, HATPHMeD, MO GOpMynaM ¢ = é_—l jio LOE
A =Deta, ad; = (—1)3“_-'11&,-_ — aAreOpadtIecKoe JOI0 T HEHHE K D18~
menTy dj, A — musop (i — 1)-ro nopaska, 1oy Samnics 13 onpe-

JCSTHTCTS 6 BLIYCPKHUBAIIHCK F-T CTPOKH B £-TO CTONBI: 7,71 = 1,....n.

By nen paceMaTpUBATL TAKAS MATPHIIBL, ¥ KOTOPBIX AM8MeHTH AB.T-
0TeA (hyHEUAANY 7. JL78 TAKWX MATPHUIL TOMEMO BHITEVKAZAHHEIX Ome-
PALEE ONPCOGTCNDL TAKEC ONCPAITHE AIGLTHA  THOGOPOIHHPOBAIIHC
H HHTCCPUDOBALNG.

6° Hpouscodnot a'{x) om mampuyn a(x) ¢ »I0MCITaME a;(L) Da-
SBIBACTCA MATDHIA ¢ aMemeHTaMmu a},. [Ipasuma nuddepenunposanua
CYMMDI | TPOHIBCACIAA COXPAISTIOTCS 1 118 MATPHIL, TOALKO npi Jud-
PEPEHUIUPOBAHMY IPOUSBEIASHUA MATPHIL HEOOXOUHMMO COXPAHATL 0PA-

JOK COMHOKHTene:
(ab)' = a'h+ ab'.
.fl'
70 / a{x)dz onpereIAeTCA KAk MATPHIIA € 3IeMeHTAMU

)
f () dr.

ESH

2. ObwiMe cBOHCTBA CHCTEMBl JHHeHHBIX ypaBHennH. Obpa-
TuMea ¥ caereme (3.69). Obozuauuy wepes ¢, f u " crosbusl
\ g
#1 fi EA
i = . v f— . s B = . .
Hn fn ':"-)'2
a wepes A(x) obo3HAYHM (N X B)-MATPHILY © 2TeMeHTaMHU &, ()
an(x) ... ap,(x)
31(.'?.'):
(1”1(11’3) cee Ay [I‘]
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Torpa cucremy (3.69) MOKHO 3UIMCATE B BUAE OJHOMO YPABHEHKMA
f A1 ¢ .
y' = Alx)y + flz) (3.71)
TOMYMHO TAK )K91 KAK F HAYA. ThHRIE }-’C.ITOHI’[H
. —_ 3.72
ylao) =y (3.72)

[T IB3¥ACH TRABILIONM VYMHEOKEHU 1%, IPABHIOM (JIOIKEHNA 3° 0 Opa-
BITIOM PABCHCTGA MATPHL 2°, meTpyane yOemurnesa 5 To. 41o (3.71)
w {3.72) re me cavne, wro u (3.69) v (3.70}.

B cuay cpoBiors yMuomenua ¥ IdQQOpeLLEPOBAHHA MaTpil, 104
JuhpepenuupyeMex croabnos nmeer mecro roaecrso (cp. (3.34)).
I KOTOPOM (r; — TOCTOANILIC 4HCIE,

3 3 3
(Z n';'u.{.,-])J — {(Z {.u'u(,-__,) = Z a;{ugé-} — Aduahs (3.73)

=1 i=l i=1

BbIPAZK AIONIESS CEOLCTBO JIMHERAHOC T oneparopa. ' — Ay = L-[y] HA MHO-
#eeTne audbepennpy eMLix CTONGHos.
3aech 1B JannAefinen LA HY MeRae Croabnoe Hvaem ynorpet-
AATE HHAPKC, 3AKTIOYEHHBIA B KPYLIbE CKOOKU, OCTABNAA WHIEK: Ge3
CKODOK 11A 0B03HATEHHA 2NeMeHTOR (KOMITOHeHT).
HemocpeaeTpemniy ¢aIcaeIBUeM 9TOM0 TOKICCTB SIBJSICTCS MPHI-
THT CYMOPIO3HITHH.

Teopema 3.16. Hycre B ypasreann (3.71) flu) asaaercs anneri-
Holi KoMOnnanel f)(z}, T e

|i|'
Ha) =D aifipla),

i=l|

rae « — MOCTOAHHBIE SHCTY, H IVCTD Yiy) (4) ARIACTCA POIIeHITeM YPas-
HOHHA
' ; , .

e = Ay + fuy
Toraa aHHefiHAA KOMOHHALHA Y (2} © TeMH Xe KoadrpHIHEHTAME oy,

}\»
T etoabenn YTl = 2 (), ARTICTCS PONICIIICN YDARIICHHA
(3.71).

HwvetoT Takxe MecTO TeOpeMbl, AHATOTHYIHRE Teopesan 3.4 3.6,

3. O,H,IIDPD,]IIIOG YpaBiielHne. PI-L(:(:M()TPI‘IM Homee ACTeLTLIIO OOIT0-

POJHOE VDABHEHHE
y' = Alx)y. (3.74)
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H}"(i’l‘b HMESTEA 1 CToN0UonE

¥im
Yy =
Yiiwn
CoctapuM u3 3tux croaiuos Marpaay W(z):
yondr) o gn ()
Wix) = . .. . . (3.75)
il (‘17} e y(n]n(:ﬂ)
Conocrasuy ypasaennn (3.74), UpaBasA 4 J1eBAd 9acTH KOTOPOLs ¢Lob-
LbL, ALBSIOUHYLIOE ¥ FABIICTIHE
W' = AW, (3.76)
Mparad W MeBas acTH KOTOpoTo MATPHITLT PasMOpIocTH (1R X 1)
H B KOTOPOM HEM3BECTHON Arnserca marpuna W ir).

Teopema 317 vers gy, ... 4,y €CTe 1 Peleriti VpabHeRIA
{3.74). Torza (n % n)-Macpina Wr), ofpasosaddaa 43 HEX [0 Gopay-
Je (3.70), asuserca pemennes maripuaeore vpasaenna (3.70).

Oopazio: ccom W{z) apaierca pemensres ypaprcnam (3.76), 1o xax-
Antil croaten marpais W) asnaerca peenwen ypasaenna (3.74).

Jdokaszateancrno. doctaTouno pacnucartt (3.76) u (3.74) nosae-
smentio. deflersutansio, (3.76) osmaraeT

I
W= any, (3.77)
k=1
HIH n
:UEJ'},; = Zﬂ-iky(.f]k: (B-TS)
k=1
a (3.74) osnagact .,
Y = Zﬂ-ékyk- (3.79}
k=1

IMoarosmy econ g ABAMAKTC PELICHHAMU {3.74). ro raxioe Yy yho-
paersopsaer (3.79), o, cupasennnso (3.78) wau, 4ro 1o ke, (3.77),
a sHaquT, H (3.76), H HaobopoT, ecaH copaepel1HBO (3.76), T0 1 {3.78),
4 3TC B COMOCTABMEHHH ¢ (3.79) osHAgaeT, ut0 ;) (f = 1.....n) asna-
ETCH pelleHneM vpasHenns (3.74).

OTMeTHM I CHMOOY IOIHe ('l)ilKTLI, OPOBCDSICMBIC CTOCL KC TPOCTO.
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Teopema 3.18. Ecan Wiw) — pewenne ypasueuna (3.76), 1o sbi-
paxcenne W B apnserca pemienues ypaspenna (3.74), ecom 13 Hpe-
HBROIRHEIH TOCTOAMESIE ¢TOM0OH, H pelrennes vpasrenirs (3.76), ecan
B — nporinoanias nocTosnnag (0ox m-MATPHITR,

OnpeneTenue. DyieM roBopHTh, ITQ CTOMONR W), ..., tip) -
Heting  FaeuciMs A0 wHmepsate X, BCAM CYIIBCTBYHT HOCTOAHHbBIE
Chyoo €y 10 BeC PABIILLC HVIIIO, TEKHC, YT0 HMCCT MCCTO TUKICCTBO

p
Y Cauynle) =0. xe X (3.80)
i=l

Ec.iu e (3.80) Beimonsaeresa tonbko upu ) = -- - = ¢ =0, 1o HyleM

POBODHTD, HTO Hy )y« - by SUHElRO HESLEUCM DL

Paceviotpun n mpedrepeRIpyeMpix CTOTOIOB ¢, ... Y(n). SATH-

uIeM 1718 HAX papercTso (3.80):

It
S Coyn () = 0. (3.81)
=1

e

Boeaes B paceyorTpene nocroannplit cronben O = | 1| [ooesyacs
€

ITHM CTOMOION ¥ MaTpHiel Wix), cocTasneHHol 13 g, MO TparnIy

(3.75). moncHo (3.81) 3amdcAThH B BUTE

We =0, (3.82)

Tak kax coracio . 2% npasu. Marpudnore yeqdenenus C cupracres
DPABHBIM HY.TI0, ecni Bee (O (i = 1, ..., n) paBHEL HYIK, TO ONPeneTeHHe
JHHERHOH 3ABHCHMODCTH M HESAHUCHMOCTH Y1y, - - - ; i) MOKHO chopmy-
JUPOBATH CAEAVEIIAM 00PAB0M.

Onpeacicance. ByieM ropopHTE, uTO CTOIOWE Y1), . . ., Yin) AU-
He{MO 3L6UCUAMD B URMEPSGe X, BCTH CVIIECTRYET MOCTOANHEIRL CTOT-
Oew O # 0 Takoil, 410 TURACTBEHHD Ha X ameer mecto (3.82).

B uporuBuoy cayusae, e ccad (3.82) copaseuiMno TOILKO 1pd
C' =0, ByIeM TOBOPHTE, "ITO (1), ..., Yin) ABHETIHO HEIRSUCUMDE

Onpenetenane. Hasorent A(z) = DetW(r} onpedesumencs
Bpowekeeo 205 Yay,y - Yy

Teneph MOKIO CPOPMY IHPOBETL H NOKASATL TCOPCMLL. ALAMOI UYL
TeopeManM 3.7-3.9 U3 Teopud ypapHedufi n-ro nopanka. Bee ati gokasza-
TENBCTHEA FANTHCLIRAHYICH BRChMA KOMIAKTHO, 2CTH NOJRIOBATRCA BHE-
JEHHON MATPHYHOR 3amrchi, KOTOPAA 0YeHb VIOOHA W TpedyeT M
HCKOTOROT( TABLIK:.
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Teopema 3.19. Ecan pemesns yiyy, ... Y, YpasHesnsa (3.74) -
wefige sapdenyel Ha X, ro A{2) =0 na X

dokazatelncTso. Huaeen W =0, ¢F £ () D1a samuch ABadAeT-
CA KpaTKHM 0003HaeHHeM Tora (hakTa, TG MpH Ka:IA0M 7 BeTHTHHDI
..., Ol VIOBACTROPAIOT CHCTCME JHICHILIX afIreOpad4ccknX vpab-
HeHHH ¢ onpeaeaaTensM Afx), H TAK KaK PEUISHHE HETPHBHABHOE, TO
Alx) =0 opu awbon « € X, T.e. Afz) =0

Teapewa 3.20. Ecar Alxr) = 0 xora 660 amg oanoro v € X, 10
DPOIICTNS Y11y, - - -, Yo ¥PaRUCTHA (3.74) aunctino sapuenni ma X

AOKEasaTe ILETEO. FAIHILCN KPATKO JOKAIATOILOTDO 3TOH T00-
POMIA, VEC TG IABAA JOTOTIHTCALILY PATLACTICIAA, Kak B IPeId-
avmeii. Bosemew wy € X, w nyers Alry) = 0. Cocrarny ypapHeHne
W (g )C' = 0 ornocwreiwno C. B enny Alirg) = 0 cymecrsyer pemenne
C 2 TTonomum y(x) = W(xC. Cornacro reopene 3.18 aro peme-
BHe vpakHeHnA (3.7d), npaven ylrg) = Wieg)(" = 0, a torna, s cwy
TeopeMbl eAHCTReHHOCTH, {x) = (0 1, Taxum obpasom, W {2)C = 0, wto
O3MUMACT THICHIIYIO SABHCHMOCTD 31y, - - ; Yin) -

Teopowa 3.21 (anwtepuatura). Onpercanreas Bponckoro anéo
TOAICCTBCIHO PABCH HVII0, H 910 GIIATACT, MTO PCITCHTLA Y1), -« - Yin}
JHOCHI0 3ABHCIMDB, THIO0 He 00PAIACTC B HV.IL 0L B 0JH0H Totke X,
H 9TO OZIATACT, TT0 PCICHET Y1y, . . - Yin) HIHCHIO [ICIABHCHMEL

Onpeacacnue. Pyndesenmaenvnod cucmesmei pewienuti ypasne-
wua (3.74) GyICM IABLIBATL vt JTAICHIG IC38BHCHMDIX POIICIHE Y. . ..

Yy Ypaprenmst (3.74), 4 COOTBCTCTBYIOMYIO HM 00 chopayne (3.75)
marpuy W {r} 6vaes nasweats dyugamentaipioil Marpuanei.

Ha ocnopanuu teopemnr 3.20 MOKIIO IaTL ApYyroc (9KDHBAJICITIION)
LpEIEIeHHe DYHAAMEHTAILHOR MaTPHILBL.

Oupesenenue. Pewenue Wiz) ypasuenns (3.76), aiud xoroporo
Ar) OTHHYHO OT HYAA BCIOAY HA X, HAYBIBACTCA Pyrdasertnidasnod
Mompsged.

Teopema 3.22. Jlunelinaa onnopoinas CHOTEMA YPARBHEHNT uneeT
chYHASMEHTATRHYIO MATPHILY.

B cuny teopennbl 3.21 MOCTATOMHO BIATH MPON3BOTHLHVIO MATPUIY
@1 = const ¢ OTTHYHBIM OT HYA OMPeTeTHTeTeM U 3a1aTh ama W na-
YAILINe veaosHe W (ag) = a.
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Teopema 3.23. Ecu W (a) — $yaraMenmaibiag Marpila, 10 Jx-
foe pemedtie y(x) ypasreHus [3.74) npedcraBuMo B Brge

yle) = Wz, (3.83)
rie ReKOTOPBIT TOCTOAHHENT CTo. 661,

dokazsarenscreo. Hyers yleg) = 4. Oupeuenum € ypapHeHy-
emt W (zp)C = ¥, koTopoe paspemmno B enay Alrg) # 0. Ioctponm
plr) = W(r)C. Tak xax #lrg) = Wir)C = 3, 10 » cuny reopesn
eMHHCTBeHHOCTH () = y(x) = W (x)C, wro v TpedoBAI0CkE,

3asvevanuce. Ha asuke numeiinoid anrefpor teopemot 3.22 u 3.23
OMATAIOT, ITO TPOCTPAICTBO peinetuil ypasuctus (3. 71} n-yepuo,

[Tocrpouy peenue ypasdenua (3.74), vUOB/IETBOPAOLIEE YCIIOBHAM
(3.72). puipasup ¢ nosempie W {x) semmymny C gepes g, Hucen

ylao) = Wao)C = 3.
otkya O = W= a3 u, caenosatensHo,
ylz) = W) (z)y.

Marpuuy Xfz.xp) = Wie)W = y), asumowyioca dyukuuel anyx ne-
DEMEHHEIX ¥ H Fp, HAz0BeM {(op. § 4) ustnpavenodi sampuiedi, HTH M-
mpuwyarmos. B cnay teopessr 318 X(x, 279) Kak (pyHKIUA & yIOBIST-
BopaeT vpanvenuto (1.76). Kpowme Toro, owenniano, wto

Kizg,zo) = E.
Taxum 0bpasoM, CUPABCIIMBA
Teopenma 3.24. Pemenne sagaun (3.74), (3.72) nmeer srg
arf ot — K o e bagD :
yla) = Klw,zo)y”. (3.84)
e marpaud K{(E, 2q) VAOBAETBOPAET LO APrYMEHTY I MATPHIHOMY
¥pasuesns [3.76} v yeaosnro K{ry,z0) = E.
4, HeonHopooHoe ypaBpHeHue. [PACCMOTPHM Teneps HEOIHOPOIHOE
ypasHenne (3.71).

Teopema 3.25. Ecan VWix) DYIAAMOUTAALIAT MATDHUA, 2
F(r) — "acTiee peMCHEC HeOZNOPOIioro ypasienssa (3.71), 1o amGoc
pemenne y(x) vpasrerus (3.71) npeTcTaBHMO B BHIE

y(x) = W) + (), {3.85)

rac C H(PKUTUpI:Iﬁ' TOCTOINHLIT CTOI60H.
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,H, OEAZAT2 TBCTHO TOHG TAROES e, KAK B /1Y ' ag YpabBHEHRA H-T0
HOPAIKA, 1 MblL €10 OIYVCKAeM.

TlocTpous 1acTHoe peteHue F{(2), VIOBIETBOPSIONES HYIEBLIM HA-
YAJBHBIM YCTOBMAM (g} = (1. ByaeM HCKATE €00 B BHIE

Fley = W{x)C(x),

rae C{x) HeH3BeCTHRIN cToNDeIl. 310 haKTHIeCKH MPOCTO 3AMeHA
nepesennix. Hogerasaat y(z) o (3.71), momyaas

WO+ WO = AWC + £,

Tuak kax 1 vaosrersopaet (3.76), o W — AW = 0 u, ccaobatencio,
W = f. Orciona C' = W' f. A 1ak xak #lag) = WiaedClxe) =0,
10 Clag) = 0 U, CICIODATCILIIO.

Cta)= [ WHOSE)de.

S

Takuy abpano,

glal= [ W@ OO = | Kx.05(©) de

iz
H CITPaREsITuBa

Tecopema 3.26. Qacrnoe pemenne §(x) ypaouenisr (3.71). vaone-
TBOPMOWNE yveaoso Flrg} = 0, mmoor sua

£
glo) = [ Kz, OF (€€, (3.86)
o
e Kf{;x;, £} — HMIVABCHAA MATRHUY, HAH MATDHHAHY, — PerieHHe Ma-

TPHYIHODG VhaBHeRHA (3.76), vaostersopaomes votosio K(E,£) = E.

JaMevdanus.

1. Hstomenupiil METOT MOCTPOSHIA MACTHOTO PETMIEHHA CHOTEMBI TH-
HeHHBIX ¥PABHEeHUH (DAKTHYECKN ABIASTCA BADWAHTOM METOId BAPHA-
THH TOCTOAHHRIX, KOTOPHH N0:A 0HOTO YPARHEHHA HCMOIRIORAICA
B . 2 {c. 31 33).

2. B cuny nmpummana cymepnosinHu penienne p(x) samasa {3.71),
{3.72) mmeeT pun

yle) = Kl el + [ KGe,€)f(€) de (3.87)
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§ 7. CucTeMbl MHHeHHBIX udphpepeHIUATLHLIY YpaBHeHHH
¢ HoCTOAHHBIME Koaddbuunenramm

[Tyeth B (3.74) A — DOCTOAHHASA MATPHIA,
y' = Ay, A =const. (3.88)

B aroM ¢ivdae nocTpoeHne PpyHIAMEHTAIBHOH CHCTEMBI PEIeHHH I
GYHIAMEHTATRHON MATPUITBL CBOAWTCA K ANMTeOPARTIPCKIM ONMePATIHAM.
Byaem weKaTh 9acTHOe pemmenue cnetenmbl (3.88) B puae ae’?, rie
A HeH3BeCTHRIH napaMeTp, o HeH3BeCTHRI NOCTOAHHBIN cTo10err.
MoneTapnsas »To pupaxenre o (3.88), moavaum dae* = Aact?. Or-
CIONE MOUACH BLIBOA, 170 (& O0JKHO DLlTh POIICIHCM AJrCOpantecK ol
CHOTCMLL YPABHCIH
(4 — AR =0 (3.89)
s Toro yTobnn ¢ OLLTO HOTPHBHAILILIM PUHICITHCM, IIVIKIIO DOTPCOO-
B&Th, WI0DN
Det{d — AE)=10. (3.90)
D10 ¥y PARHEHHE SRIASTCT ANTEDPAUYECKIM YPABHEHHEM CTEHEHU 1 W HA-
ILIBACTCA TAPAKICPUCMULECKUM YPAGHEHIEM Ypaniomasa (3.88),

[Tyete Ay, ..., A, MPOCTHIE KOPHA XAPAKTEPHCTHICKOTD YPARHe-
i {3.90). KeorJomy A; 0TBOUACT gy # O (COBCTBOHILIA BEKTOP MATPH-
1wl A), KoTopuifl naxoonrces i3 (3.890), rae monoxero A = A;. B kagectne
KOMTIOHOIT ;) MO0 BIATE, HANPHMep, a;rebpaltiIcckue nonomenns
K ool w ctpok onpeneaaTenda Det( A — A E).

Teopena 3.27. Hvete A, ..., AL TPOCTRIE KODHH XADAKTe[H-
crideckoro ypapnoemnst (3.90) o Ayverh op — pemeine (HeTPHBHI-
#oe) vpagdersa (A — A Eya = 0. Toraa eroadnes rrmf"\""” (i=1,....1)
OOPAIVIOT PVHIAMCHTATLEHYHY CHCTEMY pemennii ypasraesnsa (3.88).

HdoKa3aTeALCTBO TMPOBOGIUTCA IO CXCME, KOTOPAA BLIIA HCMOTL-
sopana B § 3. [IpoIONOKUM, ITO POMCHAA ;¢ TUHEHTIO 3ABNCHMBL:

i

Ciovie™ =0, €1 #£0. 3.91
{e]

i=1
OTcinna uveen
—dn ki A=A . —
[ (l‘([]t‘[’\1 e+ Oy (rf_,,_”e( ! ey Clhatkny = 0.

duhdeperunpysa #To PAREHCTEBO, TPUXOIHM K COOTHOIICHHEY THIA
(3.91}, conepexanmesy vixe p— 1 coaraevnix. TTORTOPAS ONepanimo, npH-
XOOHM B KOIIC KONIOD K paseneTny Ciagy = 0. Tak kax xoTa 6Ll omia
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13 KOMUIOHEHT ck(qy OTHA OT HYSIA, 1O HoAyUaesd arera ) = 0, uro
nporusopeqdr (3.91).

Obparumea k& obwemy cayvaary. [yers XapakTepUCTHYECKOE YPAB-
nerme (3.90) EMCeT KOPIH Ay, . ... A; KpatnocTted my, ... ,my; (mg + - -
.-+ m; = n). H3 npeanaymero oo, 4o a-{,-]c'\*"'._ rac ag; — cob-
CTBOIIILI BCKTOP, OTBOYAIOMUHA A;, OVICT pemeneM vpasiema (3.88).
ICancioMy A B PACCMATPHBASMOM CHYHAL MOKET OTBEMATH HECKONLKO
rODCTREHABIX REKTOPOR, HO, BOODIIS TOBOPA, HX YHCIO Py < inj. TAKHW
obpaszoy, pemenuii B n-(i,e*f'"’ MOAKET ObITH MEHRING 11 W OHU, CIT8I0-
BATCALIO, HEe 00pazyioT hyIIaMCHTATLHON CHCTOMBl PCLICTIH.

LA 1000 rodnl BLIACHUTE, OTKY LA BIATL €1CIOCTAICIINAD POLICHHA,
nOTPCeOYIOTCST ICEOTOPLIC MOCTPOCIIEL, K KOTOPLIM ¥ nopefiacd. Ilvern
¥ peoaenne yparienud (3.88). Torna kOMIONeNTEI i 3TOrO POTIETHA
VAOBIACTROPAINT CUCTCMC VPABICTIHIT

anyL + -+ o — Dy =0, i=1,....n (3.92)

e D — onepatop JuddepeHnuporania (oM. saMeTanne 2 K IeM-
we 3.1). Onpegenurens Det(d — ED)Y = AT (D) npetetapnaeT cobold He-
KOTOPDLIH onepatopiinit Miorodien #-# crencis. Eeas pveero D nometa-
BHTE A, IO HOJYYHTCA JICBAA 4ACTL XAPAKTCPHCTHUCCKOIO YPARICLIMA
{3.90) um xapakTepueTHICCKHil Muorosen cuetesmet {3.88). Tax kak
YMHOMEHHE ONERATOPHBIX MHOTOMTEHOR MOACHO MTPOM3BOIHTH N0 TRABH-
Y ¥MIIGECHHA OOLIMIEBIX MIIOTOMACIIOR, TO. vMIoKan (3.92) ma aaret-
panteckde oo Henud A (D) oupenennress Det{ 4 — ED) (yuuoxe-
HUE [IOHHMASTCA KAK YMHOKEHHE OIEDATODOB) U CYMMUPYA 1O §, 10J1Y-
qaeM
.-U(D);{;J- =0, y=1,...,n,

A AT0 AU ePCIIEATLIOS ¥PARICIHC NOPIIKA 7 OTHOCHTCILIIO ¥;,
XAPAKTCPUCTHHLCKHIT MHOIO'ICH KOTOPOIO COBLIAIACT ¢ XAPAK IEPUCT H-
UCCKHM  MIIOTOLACHOM ¢HCeTeMDI (3.88), Tarum obpasomM, COpancIiausa
CIenyInaa

Teopema 3.28. Kamiad KOMHOHCHTA Y peweHna y ciorensr {3.88)
VAOBJTCTBONACT VRABHCHHIO N-I'G [IOPAIKA, XapaKTepHcTirieckiil MEo-
FOWIEH KOTOROTO DABEH XAPAKTEPHCTHTCCKOMY MHOMOLISHY CHCTEMbI
{3.88).

Pacemorpun kopeun Ay Kpariocri my. Hinpexe & 6vaes b munkec.1e-
AVIOUHY PACCYKICIHAY ONYCKATDL, TAK KAK OYOCM UMOTDL J010 TOJILKO
€ OTHUKN KOPHeM. FTOMY KOPHIO A OTBETAST pemenie i cHoTevb {3.88),
J-A KOMIGICITA KOTOPOTo ¥, B cuay Teopesot 3.28 mveer pua (. Teo-
pemy 3.14)

¥ = (CU + C-_:J'J? + o+ C,”J'J.‘m_l)ﬂ)w,
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e C},J = (:Ulll‘;t; H, TAOKHM ()6])?1”;0}1,
Cr+ Copze + o+ Cpppe™™!
y= e (3.93)

B aToM RRIDAMEHTH, ORAKO, MOCKOTLKY KOMIOHEHTRL if; HE He3aBUCH-
MBI, & CBA3AHBI cHeTeMOd (3.92), nocToanHee O, He AGAAMMEA HEIG-
GUCTLMBLML.

QrazpIBaeTes, 6 anparcetitts (3.93) “UeA0 He3asUCUMBLT KOUCMAHT
C'yj pusro xpemsocma m wopha A, Obocionanuen 3Toro paxTa MLl 3aii-
MEMOCH HMEKC, A TOKA BLIACIHM. “ITG 9T0 TAeT T DOCTPOCHEA Dy HIa-
MENTAMLICH CHCTCMLI pCICITHA ypasuenus (3.88).

Ofo3maguM  CROGOMITLIC MOCTOINRIC 9epes O, ..., Oy Togerasnu
(3.93) B (3.88). corpaTHM Ha €™ W TPUDARHAEM HTEHB ¢ (JIMHAKORH-
MH CTENEHARMH . Tnl‘,'la. TIO.JI“}"‘-IH'I'CH ..'IHHP.HHHH a,.JI['F'.ﬁI')aH UYECKAA CHCTeMa,
X 1 OMHOPOIHBIX YPABHEHH ¢ m X n Heus3pecTHRIME (f;, KOTODGIR
MOBKIIO BLIPASUTL JTUICHao 9epes coobodnsie moctoanune O, ... Oy,
TMocae atoro {3.93) MOKIO 3AMHCATL B BHIC

U= [Clpl (‘IJ + -+ Cmpm(i'}]e/\m-. (394)

Lg pala) CToNGIBL, KOMIOHEHTEl KOTORBIX HBMAKTCH BIOJIHE Olpe-
JEIEHHBIME MHOUDYAEHAME OTHOCH TEIBHD E CLelIeHn He shhe i1 — 1,

M3 (3.94) coegyver, w0 KUPHK XAPAKTEPHUTHIECKOID ¥ PABHERRA X
KPETHOCTH T O TBEYMAKNT T PRINEHKHE BH,13 ;u.,—_(;f:)f:’\"” (i =1.....m). Taxoe
HOCTPOSHHE MOMHG IDOISIATE W1 KOKA010 A KparHooTd g, B pe-
BVILTATC N0AYHHM ey + -+ + 7y = 1 pecniii.

Hige ByoeT DOKQ3AII0, MTO ROAPECHIBE ORUCRIOBLAM CROL060M 1 pe-
wienud oOpasyom PUHIaMENIIUAbHYIO CUCTREMY PCHCHUT YPaoHERLS
(3.88).

[TpakTHUCCKH ONA HAXOKICHHS QYHTAMCITAILION CHCTCML] POIIC-
HHE POKOMCHAYCTICA 1515 KAXKIOND A HAIMCATL Bhipamkeuue (3.93). 1a-
TeM MOICTARHTL B (3.88) 0 03 Moy ennolil YKasanibi BLIIC CIGCoDoM
ANreOpansecKoi CHCTEMEL BLIPATHTE BEC TOCTOSIIILIC TTERe? CBODOIHBIC
NOCTOANNLIC. T, YTO HCAO ¢BODOOILIX NOCTOSIIILIX 3APALCC H3BCCTHO
i PABHO KPATHOCTH M1 KOPHA A, LIOMOIAeT pelerH 31ol ainebpaunte-
CKOW CHCTEMBI, TAK Kak 3TO O3HATaeT, "ITO 3apaHee HIBECTeH ee DAHT.

Mpusmep 3.2.

vy =d —we, v =3ty —Us, Y=+ (3.95)
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XAparTepueTHIeCKOe YPABHEHLE, GTBEYAKILIES HTOH CHeTeMe, HMeeT KO-
poln Ay = 2 kparuoctd #y = r = 3. Coracuo U3neRCIIomMy BLIIIe
HPABHAY 1THILEM BRIDAKECHUES

1 oo + g+ ag;{:g
w | = bo+bie e |2 {3.90)
W3 oo+ e+ ear”

- I i) - . Ry
IMoactapaaaero B {3.99), COKpAIIAL T4 ¥ W MPUPABITHBAL ©LACTIA ¢ OIH-
HAKOBRIMIT CTeMNeHAME F, IIO..‘I}-"[HM C.FTE,'I,}"K‘)I]LHE 9 V\'paHHEHHi:I JLA Oll}')e-
ABEITEHHSA 9-'I'L1 Kﬁﬁd)d)l'llI‘HPH'I'(JH:

@ =2u0— g, 2ua=2a,— b, 0="2¢r2— 1,
3?1:3(1-”—{)”—1’?0, 2!}3::301 —b| =], []::gﬂz—bz — e, (39?)
1= fap — ). 2(‘_3: i1 =, = Iy =,

JaPAITCe HIBCCTTIO, Y9TO PAnT 5Tel CHOTeMDL papeit 6 o ¢pobOImIx
HEITSRECTHRI X 3.

BAMHCTADATL OMPCIICTHTEAT STOH CHCTOMT, DACTIONOKAD TOHABOCTILIC
B MOPATKE thy, by, ey, ¢, 1. 01, 22, b, 09 TETKO BILIETH, 9TO MPABBIA BepX-
HEE onpefendaTent 6-ro NopAIKa OTTHIeH OT HY.A H DAReH, OMeBUTHO,
NPROH3BCICIHIO JHACOIAILILIY SJICMOITOD, T.¢. 8, TaK KK CIpaBa OoT
riasnofl anaronann oyt CHeuoBarciplg, B KANCCIBO CBODOLILIX
HOHABCCTIILIN MOXKITO B3ATL g, by, n.

Tleppas rpynna ypasuemmii (3.97) ¥iKe Da0T BLIPAAKCIHS 17T i), by, €1
qOPEY (g, B, Cp, & TOICTARIAA HX BO BTORYIO THyTINyY vpannermit {3.97)
MOGTY I

H

iy = %{un —bot+en), o= —ly+en. 2= %(un —bg + ).

TpeTsa rpyana ypasaeHud {3.97) obpamaeTes ABTOMATHYECKH B TOKIE-
CTHO.

ToneTapaasa nonyyessbe BHpaxeHad B {3.96) 1 npHBOIA €ro K BUaY
{3.94], 6y.1eM vMerh

¥ 1+2x+ %;ﬁ —_ = %;ﬁ
w | = |eo Je+ ¥k 1—x—- 2?2 |+
va r + %:;-'2 - %rx@
1
+eu —r4+ 22 || e (3.98)
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Jueck ap, by, ¢p — UPOMIBOIBHEES HOCTOAHHBIE (MOMCHG UX ODO3HAUTE
Cyy, Coy Chykak b (3.94)), wexropr pi{r), pe(e). pala) yesarpusar-
ca B npasoil uacty (3.98). Takum 00paA20M, TOMYIEHO PEOIEHHS CHCTEMBI
(3.95) B BUIC THICHIOH KOMOMITATHY TRCEX STHICRNO TICIARTCHMLIY -
wennii pfrie? (i =1,2.3).

Yrobu obocuoBarh YEQSAUUBLIA IPHeM, IVELO PakTHHCCKR 0D0CIo-
BATH IB& MOMEHTA: BO-IIERBBIX, TO, YITO B BhIpaXKeHHH {3.93) 1ucto Hesa-
BHCHMBIX KOHCTAHT (g j PABHO KPATHOCTH 172 KOPHA A, H, BO-BTODRIX, TO,
ITO PelIPHAA BHIA pg..,-(:i:)e)‘*"” (f=1,...,mg; k=1,....1) gelicTutes-
HO ODPasYIT (DYHAAMEH TATIRHYE) CHOTEMY PelleHni ypasuaenns (J.88).
LT A Toro moTpedveTes H00C TOYIOC TPOICTARTCHHC 0 CTRYETYPC Pe-
WEeHAH, OTReYAINIHY KAXKIGMY KOPHID XAPAKTEDHCTHTECKOTO YPARHE-
HUA, Yex Ta, Koropoe jaerca Gopyyaci (3.93). Tlepaiinew k nounyuenumn
TAKOTO MPCICTABICHHS. By ICM HIIAMC BCCTH Y MCPALHIO KOPUCH Xapak-
TOPHCTHYCCKODNO YPABICHHA IH, YTO TO KC CAMOC, XAPAKTCPHCTII-
CKIX "IHCET MATPHITH A, a myeHao By IeM HYMEPOBATE COOCTREHHBIR REK-
Topbl. Tes caMBIM KaI0e SHAYCHHE A HY MEPYETCA CTIBKO Pas, CKOUIb-
KO JIMICHLIO NC38 BUCHMDLY CODCTBCIILIN BOK TOpon eMy ornedact, Haipu-

Mep, eciIH A OTBEVAINT cOOCTBEHHBIE BOKTOREL 11y, 0 (12): -« - (1)
a A CODCTRERFRIE BEKTODR (a1, (un)y - o1 (i, MO TL, 1O Oy-
JIEM TOROPHTH, MTO HMEHOTCA XADAKTEPUCTHYSCKHE THCTA Ay, Ao, .o oL Ap, -
Apytlee-eadpdpy H T.O. (OPH 3TOM A =---=Ap, Ap 1= =Ap 4pu)-

Taxuy ofpasoM, HMCHOTCA Ap, ..., Ay, KLKIOMY H3 KOTOPBIX OTBOTACT
COBCTREHHBIT BEKTOD.

dabHelimre noCTPOSHEA GCHOBAHBL HA, COEAVIOWER ArebpaH YeCcKoi
TCOPeME,

Teopema 3.29 {cu. [15]}). Cymectsyer n Juefne HO3aBHCIIMDIX
nmocToamery BeRTepes (croafmos) (= 1,...,8; 4 = 1,...,qz), ¥3o-
DACTBOPAGILIY COOTHOMCTHAM

Af?{.t-u = AREiR):

A€oy = Aoy ey, A=T,00008 @i+ gs = (3.99)
-4‘('.:#}:%.] = )U\' F"[|f.:r‘r;,} + e[ﬂ'q;,_l 11

TIPHHCN CVMMA gy, OTRCYAIOMAX OINHAKOBLIM Ay, pabi m, oae m —

KPATHOCTE KOPHA A, XapakTepHeTIrieckore vpasreria (3.90).

B (3.99} uepes e, 06030a16H cOBCTBEHHBLL BEKTOR, OTBeAMME Ay,
BeXTOpBI €i2), . ... 6(ky, 1 HABIBATCA NPUCOCTIHEHRBLMIL BEKINOPRLMIL,
NOPOACIEHHRIMH CODCTBEHHBIM BeKTOROM err1y- Takuy 0DPABOM., KAaR, 10-
MY Ap OTREYAIOT ¢ JUHEWHO HE3ABHCHMBIX BEKTODOB, CPEIH KOTO-

PLIX OJHI1 COOC TROTITLIE BCKTOD H OCTAIILIILIC IDHCGCTIHIICHILIC, o DCCM
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Als- oo Ay OTBSYAKYT ¥ JIMHEAHG He3aBUCHMBIX BeKTOpob. HanomuuM,
YTO A JLH PASHRIN A MOUYT BblTh QHHMHAKOBBIMH.

Pacemotpun Ag. EMY 3aDcI0MO OTBCYACT PCUICIIMC Y = e[kl]e"‘“",
OKAILIBACTCS, CMY OTBCYACT CIIE ¢ — 1 (M BCero, TAKAM 00pazoM, q;)
pemenHil, KAK yYTeepxIAeTCA Ceslyiomell Teopesoil.

Tcopema 3.30. Kamaouy Ay 0TBeTacT ¢ POIICHHE BHIA

Yik1) = Crrry OXP Ap,

Yoy = (egra) + 2egpn ) explige),

gd =1

ﬁ%n) exp{Ap2). {3.100)

y(-ﬁ‘j] = (P{ﬁj} + i]’?(:',:k‘j_]_] +

pie—1
Yty — (f-'{kr;;.} + L g —1) + - me{kl]) EXp(/\kJ.')‘

dorkasaretncrso. Dro HEIPYIHO JOKAIATE HENOCDE ICTREHHOR
NPOREPEOH, noaksyace (3.99), Helictruteanno,

il
(4"]. — ED){I’_’“‘J) + .'If{,‘“.‘lj;_” + - + ﬁ(’.[k”} CXP()\L..',E.') =

=(A=MEN- - }EXIJU«kJ-']—{E(:c,;—n+ - +%€{m)} exp(Apr) =

pd—1
=ex])[)u,-;t.‘){(_~1 —AeE)ep + -+ ﬁ(% - A;,._E)t:”‘:”}—

o4
— {‘J[k.j—lj + -+ ﬁc{klj} exp(Agz) =

. o2
=L‘X])£)\;‘.I){E[k:j_13 +---+ h(’;‘k”}—

"
- {L’.r_k,_;r'—'lj + -t me{m} exp{Aie) = O

Werak, komaomy Ay (K = 1,. .., 8) vrBeyacr g pewcnuil sia (3.100),
H, TAKHM 05pA30M, BCETO UMEPTCA ¢ + - - + §, = 1 pemeHnil:

UJUSTRRTRE TP ERRRL T RITNERRRE TN S (3.101)

Teopewna 3.31. Pemenna (3.101) 06pasvior hyHAANMEHTAALHVIO CH-
CTEMY DELUeH].

Howkaszaretscrso. leAcrBrreibHo,

Y 0) = ey - Bikgo (B = €rgyy. =105,
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A COLIACHO Teopeme 3.28 croibubl €y, ... ey (B = 1,...,5) B KO-
JUHECTBE ¢ + - 4 gy = B ABIAKTCA JIMHEHHO HETABMCHMBIMH M, Cile-
sosarensno. Del W0} £ 0. B cnay reopemer 3.19 orcona cagver, uro
poemrerda (3.101) auiefino me3aBHCHMLL, T. ¢, 06pa2vIOT OVITEMOITATL-
HYH) CHCTEMY DeleHuii.

Bepreues Tenepb K npexmxdell HyMepalldl KopHell xapakTepHoTHIe-
CROTO YPABHEHHIS, KOLIA HYMEDYIOTCA PA3IHYHBIEC IO BEITHYHHE A Kaxk-
JOMY A MOEKET OTBETAThH HeCKOTRKO Tpyhm pemenail suma (3.101) mo
THCMY OTRETAIIINY 3TOMY A CODCTEEHHBIX BEKTOPOR, HO 0BIISe THCNO
POMICITHE B 9TUX TRYTIIAX PABIO KRPATTIOCTH 1 Kopita A, Takun ofipasos.
AEACTRITRIBHA. JTHHEBRASA KOMDHHATMA POIIEHIE, OTBRMAKIIIHE JIAHHO-
MY A, HMeeT BT (3.93), mIe TOSARMCHMLIX KOHCTATT OYI0T 7. TAK KAK
queno peuteHad THIA (3.101), OTBEYARIIAX 3TOMY A, ecTh . Sawe-
TUM, TITO, KaX BEIHO 13 (3.1007), (3.101), cTapmad cTeleHb MHOTOUITEHOR
B (3.93), BoodIIC TOBOPST, MONLIIE, 90M 47t — L.

[TpH NPAETHYCCKOM BLIYHCICHHE (DY HIAMCITAILIOR CHCTCMLI POITe-
ol MoK noInonaThea (3.100), npensapuTeTnno nalina wmee cof-
CTBCHIBIC H IPHCOCTHHCHHLIC BEKTOREL, HO TROIIEG TOCTVIATL, KAK YKa-
3AHO Bbille, noacrasiAad (3.93) B ucxoanoe ypasdedue (3.88) u Boiuenns
m ¢BOBOOHBIX HEM3BECTHRIX Oy,

& 8, TlocTpoeHue pelleHHA JTHHEHHOTO ypaBHEHHA
B BHe CTelleHHOTO pAJA

SHICHIIOE YPABHOINC ¢ DOCTOANNBIME KoahDHUMCITAME TPEICTa-
BAAET COOOR HEKOTOPBI KJAACC VPABHEHME. M)A KOTOPRIX PYHOAMEH-
TAIbHAS CHCTOMHE PCIICIHE MOKOCT DBLITL BLIDHCAHA 3(peKTHBHLIM 00-
PaBOM.

Kax xe crpowrcs GhyHIAMERTANBHAS CUCTEMA PEeHrii B 001wen cory-
a6 VpaBHeHHs ¢ nepemeHHpiMu kKoapdunmentamu? Uenws nacToamero
naparpada — JATL IPCICTABICHHC O CHocoDe ToCTpoctns QVIITAMeT-
TABHOU CHETEMbB! DEIIEHHA, MCHOIRIYENIEM TEOPHK) CTENEHHBIX 10K
H OPHMCIHMOM, KOUZa KOs(DQOUIMCITLL YPUBLUCUMS ABISIOTCT a11a.IH-
THYECKUMH (DYHEUMAME. T. 8. UPEICTABHMBL B BHIE CTEIEHHBIX PANOL.
H1ea verona takopa. PelmeHne wmercs B npocTeilliieM CrIyiae B BILIE
pAfa Z:;o ape®, SATeM BTOT PAN NOICTABIACTCS B YPABHEHHE, B KO-
TOPOM KOMDHITHEH T 3aNHCRIBAIOTCS TAKXKES B BHIR CTENEHHLIX DAMOR,
TOCIC 9000 RO JICBAA HaCTh 3ATTHCLIBACTCA B RWIC CTOMCTIHGND DA,
TTPUPABHHRAR B NOJIVMEHHOM CTENEHHOM paae Ko3dxhbynperh npn kam-
JOH CTCOCHH T NY.I0, IOTIVIAM ¥VRABICIHe 1A ONPCoeTCIHIT Gy,
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OrraterusM, wro, CIPoOa pelleHde b BUIS CTEISHHGMO L4, MBL BO MHO-
IUN CAIYYASLK HOJUYIAEM TAK HAZBIBAGMBIE CHeyuaabHibie GyRRuY, Upo-
KO HCOIOMIB3VEMEIS KAK B TeOPeTHYECKHX, TAK H B IPHKIATHEIX BOIPOCAX
{Hanpumep, pyvHKIHK Beccentsa, THIepreoMeTpHYeC KHe (DYHKIMHE 1 ap.).

He zamapason onLI0 HLIORWTL MOTOI B 0DIICM BHIC ST AR~
EICA UPEIMETOM CHBIIMAIBHOID PAIeT1a reopun sndaheperinalibrpix
VPABICIHH, TAE TA3LIDACMOR AMIATHTHYCCKOR TeOPHH TG CDCITHATL-
HBLx ypasucnnii [27; raLb], TpOueMOLCTPHPYCM 10 UA IIPUMEHE OANO1Q
YPARICIHA, ITOPOIKO BCTRCTIAKIICTOCA T TTPH.IOMK CITHIX.

PaccMOTpHM YPABICIIHE

¥ +ay =0, {3.102)

HAZRIBAEMOE YPABHeHWeNM DApn. QHO BOTPEYASTCH B PA3AMMHbIX IPH-
JIOFERCHHAX, ITAIIPAMCD, B EBalITOBOH MOXJNHKe 29To HpUl’.’T(_‘.ﬁU_IL‘L‘ ¥pap-
HEHHE BTOPCIO HOPAIKA ¢ TIepevMeHHbiM Ko3dbpuunentom. OIHAKS OHO
TIC MOGLTACTEA ROIHICTIATG = TCMCITTAPHTLIMT MOTOUTAMH.

Byuem nexars pemenne ypavnenna (3.102) B Bujg tax HASRIBASMOIO

chopyanbiioro paga
e

y = Za.;;;ck. (3.103)
k=0

Bapadee HHUETO HE M3BECTHO O CXOIHMOCTH 3TOTO PAIA, M MOHITOMY BCe
OMEPAITHH, KOTOPhIe ME celitac GvaeM NPpoNelIRBATE © ATHM DATOM, O¥-
A¥T HOCWTE (POPMATBHBIH XaPAKTeD; Ha »TH OMePaniy Halo CMOTPeTh
KAK HA AJTOPHTM anpeneTedu:d KoadydpinenTos pana . Koraa xe xao-
aprupenTL 6¥Ay T ONpeneTIennl, mepeiiacM K 3Tany 000C¢HoBAILHE TOrG,
4T0 pan {3.103) b caMom TQTC CXOTHTCS H OMPEICTASMAT WM BYTKIHA

y(x) peffcrBurebHO ABAASICA Pewmeduen ypasnennd {3.102}).
Hrak, audpepenuupyev dpopuansino pag (3.103) u nogcrapaseu

B (3.102). Mosyinm

e 2.}
Z aph(k — Da*2 4 Z apef Tl = 0. {3.104)
=0

="

IIpupasiuBacM Teneph KO3(WpUIMCHTLI TPH OOUHAKOBBIX CTENOHAX &.
Hneon

) as-2-1=0; oTcIona g =0,
.-r:]J g3 24+ ap=1; OTCHLA 0{3:—:;—".'2,
(3.105)
.'L'k_"}] tig-k-(k—1)4+ar_3=0; orcwna ap=— M2
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Hys (3.105) BuiaHo, 1o
1} koadhnunernl KA (g, BRIPAKAKIITA HEDES dp:

I3, = —;g T {_1)@ f
3 3(]’{3(}'—1} Ay— 3@'(3(}_1)32 0
HUPHYEM CAMO fg OCTARTCA HEOIDEIS IEHHBIM,
2} KoahHHIMCITLL BHAA Ay,41 BLIPAKAIOTC HCPU3 G
i = (1" a
bl T Ry 1y 3430 L
HPUEER] CAMO () OOTARTCH HEQNDE IBIBHHBIN, 1, HAKOHEI,
3) Koo OHLRCIITLL BHAR ¢4 2 BLIPAKAIOTCS HCPOD 2
{(=1)7
g .3 = ay =10,
2T By +2) Bg+ 1y 540
TaK EAK e = (.
[loaomun ay = 1, @y = 0. Hoavyauy pan
- S (-1)?
) = 1 — p. 471
x —Za;ra. =1 Z : A 3.106
i () . 3y + lgq.(g,q_l)..,g.g ( )
= =

Ioaaras, manpotun, ay = (4, 2, = 1, noay4ey pazg

wr o} — _ IR 175 o [_l)q aedg+1 v g
i) = Zﬂ”""f“‘!' =&+ Z} BTl 3 1. 7 . (3.107)
#= t=

Teopema 3.32. Pauer (3.106) u (3.107) exousrea, n onpeieasesse
e hyviruan y) (2) B ye(ic) 06pavior GYRAAMCHTAALIVIO CHETEMY Pe-
mrensdt ypasnemis (3.102).

HJoxasatenweTro. delicTBUTENTRHO, CXOMUNMOCTE panos (3.106)
i (3.107} aneMeHTaApHO ¥CTAHABIHBAETCA 1418 JM0000 &, HAUPUMED, 14
upusznaky Tastambepa [16], u, raxuy obpaszom, 3 (2) 1 ya{) onpeiese-
Hhl HCHLY HA (—0o0, o). Tak KAk CrenenHol ps)l Ha HHTeDBA/IR CXOIN-
MOCTH MOMIO TOYICHIO TPOU3BOSILIIOE YHCTO PA3 THdHPOPCHIIHPOBATE,
TO, IPOIETHEBEAA 3T0 THDEPSHTTHPORBAHIE, TONCTABTAL B TERVID TACTE
(3.102) {cm. (3.104)) 1 cKAAnBIBAL 3aTeM 00a PAAA, TOTYIAM B CHIY
CAMOTO OOPEICTICIHT KOShDhHUUHCIITOD ) PAL, COCTOAMUR 03 IVICBLIX
1aon. ToM CAMBIM VPABICHHC 0ODAINACTCA B TOXICCTEO.

AHICHIVIO He3AaBHCHMOCTE ¢ () u o () MOMKIO OOKA3ATL OT MPO-
TusHOTO. [Tyeth Chipy () + Coye(2) = 0, npuvien G + C5 £ 0. Tomoxmm
= 0. Tovaa y(0) = 0, 1 (0) = 1, vaenosarensno, O = 0. Haeen
rorna Chya (e} = 0. no roraa g2 (c) = 0, 4Io IPOTHBOPCYMT. HALPHMC),
romy, 4o ya{0) = 1. Taxum 0Hpasom, reopeva n0Kxasana.



TJTABA 4
KPAEBLIE 3AJAYHN

§ 1. Iloc1aHOBKA KpaeBblX 33134
A ux (u3HHECKoe couepXanne

B upcnpiivinux riasax aayvyende andxpoepelunasislinX vpasieii
GbLIO B OCHOBHOSL HOCBAIEHO DEINEHUK) HAMANBHOH 34,1841, B KQTO-
poil B Ka'lecTBe QOO IHHTE IbHEBIX VCIOBHA 3aaKed HANA TBHBLE YO0
BHA, GUPCUCJETIONIMG SUAYCUN NCH3BCCTHOH (PYIKIHE B 0C HPOM3BEO0-
HBIX HPH (BUKCHPOBEHHOM SHAMEHAW HE3ABMCHA0HA nepevennoi. Ohana-
K0, Kak ¥Ka3plBanoch b 1. 1, HadabHble YCJIOBHA He ABIATCA eOHH-
CTBEHHO BO3MOAHOH (hopyoil J0NOIHHTE IBHBIX YCIOBHI, BRI TAOMNX
OUPEISNEHHOE MACTHOE Detnenue. 30 MHOrIxN Cay4asx B KasIecree 0=
MONHTETRILE YOTOBHH  SATATOTCT TPAIHYILIC YCTORAA, OTPeICTAR-
THE SHAMSHHA HEU3BECTHOR (PYHKIHA B #e MPOH3BOIHEIK [HIH HEKOTO-
])hIX th])a)KF!HH i or HI"IX:I IT]')I'I HECKOLTREKHX ('I'JHK(’.H])E')HHHHI—;IX FHAMPHUAY
HCIADHCHMOTO OCRCMCIIGTO. JAIady ONpeIeICIds 4acTIOTO PCLUCTIHT
AndrpepeIIHANILHOTG YPABICHISA, VAOBICTBOPSIOUICTO 3AIAHHLIM [Pa-
HHYNBIM VCIORHAM, DYIOM HasbiBaTh Xpaonsol sanaweil. Heconoranue
ODIMUX CBOHCTE ¥ MOTOIOB PCLICHESA KPACBLIX 3AIAT H COCTABICT COIEP-
AU HACTOAMCH [TABLL, TPH 3TOM OCIOBIOC BIHMAIHE SVACT yICACI0
HAYVIEHHIO KPASKBIX 38,147 [L1A JTHHENHLIX THPepPeHIHATRHEIX YpARHE-
HHI BTOROro NOpaIKa.

K kpacnniv samarmam nma auddbopelmuaILIREX YVPARNCITAN CBOTATCA
MIOTHe MATCMATHICCKHC U (PUIMTICCKHE 3AMUTE. THK, PACCMOTRCIIIA
B . 1 331348 OUpeusiieHs COCTOAHUA CTATH'IECKOID PDABHOBECHS 3a-
KPEeryIeHHOTO B FPAHHTTHRIY CETMeHHAX YIPYTOro CTeR:KHA ¢ KO-
eHTOM yIpyroctn k{x) moo meiicTenes BHemHell cuiol f{z) csoouTea
K KPaeBoi 3ala4e

;—{[A(J)%] — _f(z), wi0) =0, u(f)=0. (4.1)

A.Ha..'TOI‘I"I'-IHO AAA af\'TTI..'II‘I'I'}"rT]‘hI 'H.(,']’?) }’C'I'H.HOHHH[[H’IXCH T'apI\'TOHH‘-IP.CKL‘I.\'
KOs1e0aHmi 9ACTOTH w TONYTHM KPASRVIO 34108V

é—i[k(xjg—'ﬂ +wp(@iul(z) = —flz), w0) =0, u)=0. (4.2
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i ¥y

Jueck p() — LWIOTHOCTE CTepekHA. B coyiae 2a0aHNA BeSIMUMHEL CMe-
HIEHUA IPAHHYHBLX COMeHHA MAKM 3403HHA JefCTEYVIOWUX HA IPaHHHBIE
COYCIHS BICLWIITHY CHIT OOIIOPOAIILIC TPAIIHYIIBIY VCJIORBHA CIICOVCT 3AMO-
HHTh HA HEOHOPROIHBIE ¥CIOBUA BHA

w(0} =g winw L(n)ﬂ'“( = —F(0). (4.3)

K xpacpoil 2am1¢ 108 CHCTEMB THGGOPOITTHAILILIY  VRABICTIHT
BIOPOro HOPALKS

m.‘;‘;z = F(r T, ‘f;) {4.4)

CHOUUTCA 31848 ONPAICICHMA TPACK TOPHN MATCPHAILIGHR TOYKH Mac-
CHl 11, BEIXOOANEH B HaAMBHBIA MOMeHT fj H3 3aJaHHOH TOMKH 7y
(r(tg) = ro) W Honasawweil B MomedT ¢ B Touky Py (P{H ) = ry).

B ganeHefimiem 6vIyT paccMaIpUBATLCA KPAeBEIS 3aTa9d HAa OTpes-
ke [0.{] ocn & 1A naupeitre audypepenBa IhHBIN ¥PABHERNT HTODOIO
TOPAEN B ’ .

wt gy + Ay = i), (4.5)
rue glx), A{e), fi{x) — venpepoisape dGyuxwnn na [0,1]. Beenem ¢yuk-
IHIO

-

Joutg) e
pla) = e (4.6)
H 3aMOTHM, TO
J ﬂ’y
e r) + plalg( r)(h a5 [ W ) . (1.7

Yunoxaa {4.5) na p(;r} {vucsmano, ple) # 0 ua [0.7]), noayvuny

L] = £ [p %] - et = £, (48)

roc glxy = —plx)hle), flz) = pleyfH{z), a qepes Lly] mon obosnauain
AucdhrepenunniibHpi oneparop B nesoil dact (4.8). 3 upopenersbx
PACCMOTREHHA CAeuyer, 110 683 OUPAHMMEHHA OOUHOCTH PACCMOT PEHHE
KpPaeBHIX 3a7aY 704 ofmero JHHeliHore TudypepeHinaIbHOrG YpasHe-
HUA BTOPOCO nopaaka (4.5) soxeT ObITh CBEIPHG K H3YYEHHK KPALBBIX
sanad A0 ypasnenms (4.8},

Kpaesre sanaun s vpasnenna (L8). kak Nparnio, paccuarpusa-
I0TCA ¢ THICHILIMH CPATHHIILIME VCTIOBHAME BHIAY)

ey’ (0) + Fry(0) = o,

19
oy (1) + Boy () = i, 49

1B (4.9) IpeanonaraoTea GIuocTOPONEHe TPOHEBOIIILIC,
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rae g, (0= 1, 2), up, 1y — 3800HEBIE YHCTA, HEKGTOPBIE W3 HUX MOLYT
DBITE PABHBL HYJLKY, IIPHYEM (rf—l—,ﬁf 200 =1,2). Bcomma; =0{1 = 1.2},
T0 COOTBETCTEYIDLISE TPAHMTHOE VOIOBHE O6BIUHO HASBIBASTCA YOJIOBHAM
nepsoze pode; ecan 3 =0 (i = 1,2) YCJIOBUEM S8TROPORO PO, ecin
¥ W3 OMIOBPEMCITIT OTIAYIILE 0T TV — VCTORACM MPEMbE20 PO,

Kpaekbie 3a/1a410. B KOTOPBIX ITRABAA 4ACTh YPABHEHMA HE PDABHA HY-
JI0, HVOCM TASLIBATL HEGtUopodsmit KPachLIME 3aaadaMi. PaceMorpe-
HUIO FTHX 33124 NOCBFACH § 2 HACTOMILCH [IABLL.

Kpacnnie 321871 I0A QIMOROIHOTO YPARTICHNEA ¢ OTHOPOTHENH Tpa-
HI'IHBIMH VO IOBHAMME O¥1EM HASEIBATL edHopodisamy KPAeBbIMHY 38,14~
TaMH.

OMeBHIIO, 9TO OINOPOITAA KPAChasl saJada, MalPHMeD, 3adada

L) =0. 0<a<i, y0)=0, y{i)=0, (4.10)

BCENNA HMEeeTT TOXJIACTHREHHO I')a.HH(-JF! H}.’._’”‘O? TAK HAZRIBASMOES 'r.‘rﬂ.p?,r.ﬁ'.'.r.rr,..ft?,-
noe pewenne y{xr) = 0. Moxer okasatoes, 94to gpyrux pewennf sagada
e HMCET. DTO O3MATACT, T, pemasn na otpeske 0 £ # £ 1 nanannuyvio
sagady s ypasnenna Liy] = 0 ¢ navaapinoive vessosasass y(0) = 0,
y' (0} = | (B cHAY TeOpeMBI CYIIECTROBAHNA PeleHHs HatiabHoll 3418
yn — Teopesa 3.1 — Takoe preienHe CYmecTBYeT U OpH ¥y # 0 1e pasio
TOMGIECTREHHO HY.(H)), MBI PR BCEBO3MOMKHBIX qHAMEHKAX 3 7 0 nony-
yum (pYHEUMIO (. 4 ), OBAIAMYED Tey coficTBOM, wro Yyl iy ) # 0.
AHATOMHIHOS DOI0KEHES GVIeT I IpH 3AJAHHE COOTBETCTEYIOMIX HA-
44 1bHBIX YCIOBHH HA MPABOM KOHLE OTPE3Ka H MOCTPOSHRH HHTETPAJIh-
HBIX KPUBLIX cpasa Harteso. Hanpusmep, zaiana

yizi=0, 0<z<l, y(0)=y(l) =0

HMEET TOJBKO TPHBHAIBHOE peinerue y(x) = (.

BEcim e npi HeKOTOPROM 3HIEHUM §7] # () HOCTPOSHHOE YK:3AHHBIA
cocobomM pewenne y(r, 7)) HAYageHOR sauaun upn & = | yu0BIe1BO-
PAET BTOPOMY [RAHIHHONMY ye10BHIO y{{. 7)) = 0, TO 9TO 03HAMALT, 1TO
JAHHAA OODHOPOIHAA KPAeBad 3adada IOMHMO TPHBHAABHOIO HMeeT el
H He PaBHOP TOXTECTERHHO HY. I peilienne. Takoe pelleHne oIHOPOM-
HOI Kpaesoil sanaun 0v1eM HAZKBATE Hempusuginrts. Orrveram, wro
B CHIY SHICHIOCTH 3aTa4H B »TOM Caydac U cpyukuma Cy(z, 4, ) nope
oM sraven nocroanaei C £ 0 Apaaerea neTpHBIA ILILIM Pee-
nHes gannoil ognoponnoil sazann. Hanpusep, zagasaa

Wty =0 0O<z<a, y0)=ylx)=0,

KAK JIEFKO UPOBEDH T, HOMUMO TPUBHANRROIO pemnedus y(x) = 0 nmeer
M HCTPUBIGLILNOC pemenne y(z) = Csin.
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[TpuBelsHEBIE Pace VIRASHUA CHPABELIHBEL H B ¢1yHae Hosee ofumx
rpaHuaHbx yeaoruil (4.9).

BasKHEIM CIv4aeM OIHOPOJIHBIX KPASBHIX 33JAY ABIAKTCA TAK Ha-
ILIBAEMBIE J0daul R COBCMBEHNME FHANEHUA, COCTOAIINE B ONMPaTeIe-
HHM SHANEHHT napaMerpor, sxoaamux j udxhepednuansaos ¥PARHe-
HHE, MPH KOTOPBIX CYLICCTBYIOT HOTPHBHAILILIC PCLICIIH OOIIOPDOINION
Kpaceoi 3aTa 1.

Tununnoit 3a71a7el Ha COOCTREHHRIE SHAMEHHA (1714 JIHHEWHOr) mud-
HePEHLHMATBHOTO ¥PABHEHHS ETORONG MOPAIKA ABIASTCS 3IATA ONe-
JEIEHAA SHAMEHNE HAPAMETDA A, HPH KOTORBIX CYNECTEYHYT HETRHER-
anwupe na [0,7] pemenus sanaqu

Llyl + Aplxy(x) = 0,
g (0) + Fiy(0) = 0, ey (1) + Boy(l) = 0,

rue Liy]  ror e ndibepenunansaudt oneparop, 1o s (4.8}, plx)
samanas Gyuxkupst, aenpepesias ua [0,1], a w3 (= 1,2) — sagan-
HbIE MOCTOAHHBIE, TACTH KOTOPLIX MOXKET BRITH PARHA HY.JTH.

K saiade Ha codcrsenssie snadedna (4,11} conarca, B S9dacTHOCTH,
BAUEHH OHMPCHCJACHHA CODCTBCIILIX KOMCHUIME METCPUAILLILIX CHCTCM
¢ PACMPEISTIeHHBIMH XAPAKTEPHCTHEAMH — T[ONepeTiHble KooehaHn:A
CIPYHBL, NPUIKIBHBIE KOASDAHNA YIIPYIOUO CTERKHA, IRYKORRIE KOi1e-
GAnisT B TRY0AX, STCKTPHYCCKHe KOIeDaa b nponeaax | .01, TIvertn,
HANPHMED, B 3A7ae 0 TAPMOAMTECKUY KoTeOaHPAY YIPYTOro cTepAkH:A
(4.2) upapag 41acTL PABLA UYL, T.C. BUCLIIAA CHAA OTCYTCTBYCT, & w
ABIACTCS MapaMeTpon. TpefveTea BhISCIHTDL., BOIMOKIILL JTH TAPMOIIN-
TecKHe KomehaHua HeKOTopol MACTOTh w B OTCYTCTBHE BHEITHeH CHLMIbI
(raxne koneDaRnA RASRIBAKY ICH cofcmeennouitt koiedarind), 1. e. Cy-
LICCTRYIOT JIM TAKKE BUAYCHHA &, UPH KOTOPLIX MMCIOTCS NETPUBHAL-
HEle peleddd onnopoudol (fe) = () sanauun (4.2).

Bnavenud napaverpa A, npu koropeix 2agana (1.11) umeer verpurn-
ATBHEIC PEIIEHAS, HASHBAKTCH co0CMEeHHbMY IHAYEHUAML, 3 COOTRRT-
CTRYTOMIHEG UM TICTPURWALILIC PONICITHA — co0CRernHMMI HyHRIUAMY
KPAEROIH 33,1441 HA COOCTHEHHLI® 3HAMPHUA.

(4.11)

BaMOYAIE

1. He orpannunsa s 0GIWHGCTH, HEQAHOPOIHYE KPAeBy ) 3a0a4y MOXK-
HO PAcCMATPUBATL C OLHOPO/IHBIMH PPAHHHHBIMK YCAOBUAMA. el rsn-
TeJIbHO, B CJIVIAe HEOIHOPOOHBIX TPAHHYHEIX YCIOBHA peleHne 3a0a9u
MOKITO HCKATL B BHIEC

yla) =Y () + z(x}, (4.12)

e hyvHKIHA Y (r) YAORTETBOPAST THINL 3ATAHHEIM TPAHHYHEIM YCTO-
BUAM, & B OCTAILIOM IPOHIBONLIN. (YeBHIN0, TAKVIO YVIIKUHE BCCTOi
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MOKHO nocTpontb. Hanpusep, B ¢iayyuae UPaHUHHBIY YCIOBHE 1IEPBOLO
poda ¥(0) = wg. y(I) = w6 kaveerne pyukuud 3 (e} MOEKLO BLOPUTE
JHHERHY D Y HEIHIO

Yie) = “01— LA m%. (4.13)

I

Tovia s dyakirKr =(r] NONMY UMM HEOIHOPOAHYH KPASHYID 4anaqy
€ HeCKOJIBKOC WiMeHeHHoH mparoll MACTRIO, HO OTHOPOIHRIMH PAHHUY-
ILIMA VO IOBAAMA.

2. B ofmew COYU2E SN YPABHEHHA H=10 10RANKS DRHXITCH adc-
L‘l\-I'd'I‘]JHBa’I‘b Kp‘d,(_‘ljbl(‘. SaldaHH O L'pa[l[d'—lllb[)-[lfl VCIOBHAaMN 60_-'10(_‘ OGI.I.LCI'U
B4

P (y(0), - T 0), w(h), - yTHD) =0, {4.14)

rac # — NOPSIOOK yvpasnenus, a [%{-) — samanmnoie GbvIKIEE 0T 31a-
HEeHHH PeIeHdA B €r0 NPOH3BOIHBIX B TPAHHYHBIX TOUYKax. Hampumep,
yemoruAM THMA. (4. 14} vIOBIETRODAST 3478498 ONPETIEIEHHA TapHOTHTe-
CKMX DCITCTIHE, B KOTOROH AOMOTITHTCTBIBIC YEIOBHA HMCIOT BT

y(0) =y@). 'O =g'(. ... " 0) =N {4.15)

OTMETUM BAKILIC O7A IATLHCHIICTO CBOHCTBS POIICIHA Y PABHCIIN
{4.8). ITveres yie) 0 z(x) yA0BACTBORSIOL VPABHCHHMIM

Ll = £ [p) %] - ato = 52 (4.16)

) &
Lzl = £ [ﬂ i)d“] gle)z = yle). (4.17)

¥muoxan (4.16} na z{x), (4.17) pa y(xr) U BB IITAA NOIEHHO, HOY THM

2(@) & [0 5| =y L [p ] = Fe)ate) - glady@). (418)

Tak xak

Elrol:g - :EN=

d bd [}) d bd rlrr: dr dr dr

To {4.18) MoKeT GBITEL 3AMTHCAHD B BIIE

Lo —y)] = F@e) - glodpe). (419)
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FTo COOTHOWSHUS HOCUT HassaHue moscdecinen Jazporusea. Ero vHTe-
rpansaan PopMa Haspisaerca dopuyactd Dpune

i

/(zf__[y] —yL[z])de = {P(-‘“J (ﬁg_{: - ?;g—;)} |

0 0

t
= [{fe)a(z) — glz)y(x)) dz. (4.20)

0

3 dopyvnr (4.19) cnenyer, wto ecmu 1 () w y2{r) — nBa mudelino
MO3ABHCHMLIX POMCITH onpopoanoro vpasuennsa [ f(x) = g(x) = )

Ly = 4L [;0(-'!-')%] —qlz)y =0, (4.21)

TO OIIH Y IOBJICTRODAIOT COOTIIOIICITHIO

Al g2 ‘fﬁ] -
p(-’!-)[u. == —p—| =
OTIEY d1a CTACIYVCT, 9TO OOPCICIHTCIL BIJUII(_‘.KUFU BTHX I_)L‘H.IL‘III-Iﬁ HMOCT
BHL C
Ay, ) = et {4.22)

JaMevyaHus.

1. [MotKONBKY PElISHHA OIHOPOUHOIO YPEBHEHHA ULIPEIRIIEHBL ¢ TOY-
HOCTBHY [0 LPOM3BOIBHOLG MHOKUTENA, kKodetanty s (1.22) MoxHO
OUPEUSIHTE, JHUE BEIODAB MHOMKHTE M ¥ DEWEHni, 1. e Uposens Tak
HAZBIBASMYO MOPMUPOSKY peineHudl.

2. 3 cootHomenus (4.22) cieoyer, 4T0 €0IH U3BECTHO KaKoe-THOO
pewenye g (@) OIIopOIIero Ypasueuua, To sUoboe JMIeHI0 1e38 BHCH-
MOE © HUM pemenne g} 31010 ¥PasHEeH U YI0BIETHOPHET JMHHEAHOMY
TuchpepeIIHESILIOMY VRABICIHIO OCPEOTNO TOPAIKS

oy 1y :
(07— Fula) = 5. (4.23)

Ecom yr (@) # 0 ma [0,1]. To, notenn (4.23) na 41 (x), nomyyans

“E"”(i'?“ (;r-))  pl)yi(e) (+.24)

ITO MO3BOSIACT 3AMHCATE ODMICE POIICHHC {r’l.?i}) B DHOC

wla) = o () + Cuy FLE', 4.25
yle) = Ciyi () m(f)uf OO (4.23)
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t 2. HeoouopooHaa Kpaegasa 3a0ada

Pac.c:mu'[pu M KPaeBYH) 3aldatly

Lly] = f(a). 196
ary (0) + Fiyp(0) = 0, ey’ (B + oyl = 0 (4.26)

Ilvere hyvakumna plx) > 0 n0J0KMTEIbHA, 0 HENPERBIBHO dnddepen-
pupyema na [0, 1], a geficrputeaunie dyuxunn ¢(z) u f{x) menpepuBiL
ua [(0,7]. Pemenney kpacsofl sazar (1.26) 6vacM Ha3bIBATS TCTPePEIB-
1o guchdopenuupyenyo na [0,1] dyvuknmo y(r) ¢ menpepuBioil sTopoi
npoussomnoi na {(0,1), voosaeTsopmonyo na (0,1} ypaBuendw u rpa-
HUMIBIM YCa0BUaM (4.26). B navacie naimnx pacemorpeuunii Oyuey npeu-
NOGIALATE, YT0 COOTRETCTBYIOWAA OMHODOIIAA KPACBASA 144243 HMOET
TOABKO TPHRHATLILG ROUICTAA. Py rHMi CTOBAMH, MBI TIPCNMOTIATASN,
470 A = {) HC ABMACTCA COOCTRONHLIM SHATCHHCN COOTBOTCTRVIONCH 3a-
Jamw (4,11},

OryeTuM epasy, 9To & euy aaneiinoeti samadn (4.26) w3 sroro npen-
MOSTORCTTHA CTOAVOT, 4TO €6au peinerie denHotll 3edayi cyiecmayein,
o 0RO CCUHCTIEEHIGO.

Hama Oonexaifiuas ngib 3aKM0493eTCH B I0KABATENbCTBE C¥ILECTBO-
BaHUA peredHus 3a4auu (26) npy CHRNAHHBIX DPEIOIOKEHNAX O KO-
adbchuinerrax U npasoil wacrn ypasnenud. Llpy 210y poxasarenserso
CYNIECTBORAHNA DELLEHUA ByIET O/ IHOBPEMEHHO COMSPAKATHR H AJINOPI LM
fro KOHCTPYKTUBHOLO MOCTHOSHH.

Harmuew ¢ vasogammx coobpaskenii. [Ipeanonoxum, 1To cymecTeyeT
pemeHKe 3agaqu {1.26) npu coenuaneroM cnocofe 3aIaHHA OIpaBoi va-
CTH ¥PABICIHA, 4 HMCIIO, npe (gviknau f(c), OTAHII0H 0T 1y Juun
B £-OEPCCTIOCTH NCKOTOPoH drukcuponanmoft Touku & = £ € (0, {):

0, R
flry=<¢ fox), &—-cs<a<E+e, {4.27)
Q, zzl+e,
npeucy dynkoua fo{x) = 0n
Et=
/ f(r)dr =1. {4.28)
el

Pomenue stoft samaan Gvoen ofiosmadaTs hyuknucet y.(z, £).
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Hurerpupya vpashedue (4.26) ¢ rax sauaddoll dynrouedl flx) no
orpesky [£ — e, &+ £], uonyunm

E+e

plé+eapd+ag)-pl —elyll{ -2 = [ alehy(r,€)dr =

£+

= / fe(a)de = 1. (4.29)
g7

Paccaorpum reneps upetedibHelll npouece upk £ — 0, upenuosarad,
wro (4.29) cupareinro npn aoboM £ 1, CHEN0BATENLHO,

£t
IEH)E;/_ Fela)de =1 (4.30)

Gynem mpeanoarats. ST MpeieThHasd pyHKMS
limn y. (. §) = G(x, &) (4.31)
a—pl)

CYIIECTBYET 1 Heupepoisia Ha [0, {]. Torua, coBepluas upeuesbipii nepe-
xom npi & — 0 5 (4.2%), momvyuM, 9To IpOH3BOINasg %G(x,f] B TOYKC
£ = £ HODKHE HMETh PA3PhIB ILPROIY POLEA. HPHYEN PASHOCTE LIPABO-
[O U JeBOIG IPEISIBHOLO sHadeHul 9 1oll uponssodHoll B 1ouke » = £
OUPEUSNALTCA BhIPAKEHHEM

Rileron - Laia, =L 1.32
ar G (7:¢) r=E4D ar i) r=£—0 plE) (52

[ToneonA HTOr OPOBEICHHBIM PACCMOTPEHUAM, MBI MOXKeM YTBep-
#aark, w10 ecin pyuxuua Gl €} cyuecrsyer, TO OHY NOAYHHACTCA
COABUYHOWHAM Y CI0BUAM:

1) G, &) kax dbyHRUMA UEPEMEHHON & Yy HOBJIETBOPAET OUHODOIHOMY
vpapHeHHID (426} npr 0 < r < Eu £ <k < [

2) Gr,£) ynorNeTROpAST IPAHUYHEIM yonosuaM {4.26);

3) Gl &) mempepoirna ma [0,], & o0 DOPBUST NPOHIBOIIAS HMOCT
BTOUKE 7= & PA3PhiB NLPROID LA ¢ HENHYMUHOH CRAMKA ITRENENRHERIX

IAYCIH, papiioi
£+

d I 1 '
LG, E) = ——. (4.327)
dx '
PR U(3)
DVIENHIO, VIORIOTRORIIONYIO venosuay LY, 2), 37, mzones diymn-
yaedi Cpuna gpeesofi aadayvn (4.26). Cymecrrennoe sHaveHne hyHKNHN
I'puna 3aETH0OYACTEA, B 9ACTIOCTH. B TOM, 4TO NEPed Hee MONCem oum
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SPUHCEND peerite kpaesol sadaunt (1.26) ¢ nponssonsrol npasoll va-
creiy f{r).

AeHeTRHTENLIO, TVCTEL CYIICCTRYIOT peieiie samadd (4.26) u dvik-
s Cpuna G(x, £). Hpuvewas dopuy.ay Dpuaa (4.20) k aTus hvHE-
Ay Ha otpeskax [0, — 2] w [§ + &), tne dyakmmn y(x) w Gl £)
NOMRCPLIBIG THGhOPOHIIUPY ML H OfIRIAIOT BTOPLIME (ICTPCPBIBILI-
MU PCHIBOAHBIMU, HOJLY M

" ooy B dG o dy o dG f
(o -ung) ) +{p(cwof- yu.)dm)}ﬁs
£+ {
= ] Glx. &) f(x)dz+ / Gir. E)f(x) dx. (1.33)
¢ itz

Tuk kax u y(x) v G{2,£} YIORICTBOPAIOT ONUOPOMNLIM TRAITHHILIN
yvenosuam (4.26). To modctaorkl mpu = 0w x = | ofpamatoTtes
B nyie. lepexoua p {4.33) x upcacay upy & — 0, B cuoay oupeac/cLns
chyurumn Ipuia moayamy

i
)= ] Gla, ) f(x) da, (4.34)
j

UTO H A0KA3BIBAET BLICKAZAHHOS ¥TREPEK ISHUE,

Hokazes reuepn, 410 dhynryus 'puno spuesol sndowy (4.26) cyuge-
meyent 0 TRV aITOPHTM €8 TocTpoeHR:A. TTocTpous (hbyaKImK (1),
ARJTAIVIOCA pellieHieM OIHOPOIHOTO vpasHedusa (4.26), vios1eTso-
PAIOIWIAM SICBOMY KPACLOMY YCJIOBHIO

OHCBHANG, B CHIIY CIGTANHBIX MPOINOIMKETIH 0 KoadbrimenTax yvpas-
OIS (PVIKIHA 4 () Beerda MOKeT OLITL DOCTPOCIIA KAK PCIICIHC 11a-
TAJBHOH 3a0H 01d ypaeHeHdda (1.26) ¢ HATACTBHBIME VO TOBAAMM

yi{0) = —Clay. 4 (0y = O3, {4.36)

riae O — HPOHIBOJIBLET NOCTOANHEA. B CiIy4dae Cacalioro npeiio-
JOHEHHA O CYIISCTHOBAHWUW MIHLULL TPHBHAJBHBIX PEIICHHA OAHOPGIHON
KPAeBoil 34Ja4H NOCTPOSHHAA TAKHM obpaszoeM GyHEUuA 4 (@) #2e yoo-
BAICTROPACT MPABCGNY CRATTAYITOMY YCTTGRHIG

vy (1) + Py (1) # 0. {4.37)

AnaTornansiv 06pasoM MoeTporM (PYUKIUIO 3 {2 ), ABTAIOILYIOC POLe-
HHCM OIHOROTHOTO VPARICIIHA, VIORICTROPATONIHM MRABOMY TRAITHTHO-
MY ¥CJOBU)
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JIerko BHASTL, 110 HOCTPOSHEBIE VEASAHHBIM 06pason pyHrumu (o)
H 2 {r) THHEE{HO HesasHCHMEL JeficT BHTeNBHO, TPeOI0. TATAA THHEHY O
3ABUCHMOCTR YHKIME 3 (X)) » yalx), HanpUuep,
yi{e) = Cya(a), (4.39)
OOMVIHM, 9TO ¢ () VIOBIETBOPSAET NPABOMY TPAHHYHOMY YCTOBHUHY,
1o mpotusopedrT (4.37). Htak, Mol DOCTPORIH IBa TUICHIIG [03ABH-
CHMBIX DCLICIEA OINOPOINOr: vpasienns (4.26), KaxIoe U3 KoTopLIx
VIORICTROPACT TOILKO OAHOMY M3 JBVX OMHOPOIITLIY TPATHTILIY vo-
JOBHL.
Byuem nexans hyakuur G, &) B Buie
1 . oy
Gle.£) = { C"l,";"l(x)-. D<o <E, (4.40)
Coyalr), € gL
Aeno, vyro npu 3roM dyveakuna (4.40) VIOBASTBODAET OAHOPOIHOMY
vpastenu (4.26) mpa @ # £ M OOUIOPOMILIM TPAIHYILIM ¥UTOBHIM,
s Toro 9Toinl VAORTOTROPHTEL VCTOBUAM NCMPCPLIBIOCTH DY KN
G{x,.&) n cranka ee nponseonEol (4.32), ocTaetcsa HARTH NOCTOAHHbBIE
C'y 1 O 13 COOTHONTCHH
Copa(€) = Cuan(€) = 0, Copal€) — Cuyp (€ = 1/p(). (4.41)
OnpeJenuTean 3Toil AHmeHnoi anrefpanueckKol CHCTOMLI, MPeICTAB-
Jgaomui cobolt onpeacauTenan Bpoickoro TMieiing [MeiabuCcHMLIX [e-
wenait g (@) 1 e (X}, OTANYCH OT DVIA H B LTy (4.22)
Alyr.ye) = CGfp(x),
TMle NOCTeARHAA (' QUpeneTAeTCA HOPMUPOBKON pellternit i () W 12 (x).
Oremaa coeayver, wro cnerema (4.41) paspenisa, e MHCTBeEHHbIM 0Dpa-
som. Tloacrasue nodayHeHdpe snavenns C) u € s (4.40), nouy4ny okoH-
YATENBHOS BHIPAKEeHHe (DYHKIMA I puHA KpaeBod sagaqdu (4.26):
Gl £) = L{ wpOnl),  Ugegd
T Oy, g<a <l

TMie MOCTOARHAS

C = plEH A (&), 12(€))- (4.43)

[TpoBCUCIIILIC PACCYHLCIINET AL ITIOTCA JOKABATCILCTBOM CVILCCTRO-

BaIlHs H COHICTBCINIOCTH v IKIud Ipuma kpacsol 3amadu (4.26) o coav-

AR, KOTIA COOTRETCTEYIONIAA OMHOMUIHAA 3AJAYA UMeeT TOIRKO TH-
BUAIRHOR DellleHHe.

(4.42)

Javewanua 1. Hs apnoro smpamenna ¢yakuun Tpuna (4.42)
CTEIYET, 9T0 OHA ARAASTCA CUMMempusnor diynrtnefl CBORX APy MeH-
TOB:

Glr, &) = Glg,x). (4.44)

2. Kax coeayver 13 HABOASAWM X COoDPAKeHti, IPeliecTBOBABILHY 110-
cTpoeHnK} (PyHEKUHA I'DHHA, OHA HMEST OpoCTol (hbH3udecknil cMpICT,
OPCACTARTAA CODOH POITCTTHe KPACBOH 3AINYH B CIVHac COCPOIOTOCH-
10l NATPVIKH.
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IIpusep 4.1, B gauecTBe upocrefiluero HpuMeps paccMOTPUM 110-
cTpoedue gy iRy Ipuna kpassoii 4ana4u

" - g r
=), 0w ad, piYy=0, y{)=0
Jlerko npoBepUT b HELHOCPEACTBEHHO, 10 COOTBETCTRY IIIAA O:IHOPOI -
LA 3AUEYE MMOCT TOALEO TPHEHAILIOC pemeide. B kadeorse dynkiumi
1) m oy (), YAORNETBOPAIOLINX COOTBETCIBEHHO JIBBOMY W HPABOMY
TPEHEYHOMY YCI0BHI, BEIDEpeM gy () = & 1 ye(2) = 1. Cornacuo (4.40)
ey hyvrkuuo 'puna paccyarpuBaemoi saiam 8 Bug
I .
(;[;I‘.’._ H = g
:“2: £ 5O é {.

Yaopncrsopaa ycaosuio nenpepuipuccrn pynkunn Gl &) npn & = &
H YCJORHIO T8 BOTHYHITY CKATKA OC NPOH3BOOIOH B 3TOR TOYKC, HOSTYTIHM

CE = Cy —C = 1. Orewna O = =1, (Cy = —£, M OKOHTATETLHO
prrpazKenic vk I'puna paceMaTpapacmoll 3a1a498 TPHITHMECT BHI
, d, 0 <E,

Gle &) =
{0 {gagl

Orserum, wro B CHITY (—'L'l) TOCTOSHHAS (1)}-’HKILHH T'puua anpeangansa-
CT GOPMY CTATHHCCKOTO PABIOBCCHS 101 ICHCTDHCM BICLIICH Npogosin-
HOi COCPOMOTOICHNIONH CHILT QINOPOINOTO VIPYTOTE CTODIKILA, JCRLIT Ko-
ICL KOTOPOro ECCTKO JAKPCILIC, a npasuil ceobozen. Pyukuws [pu-
Ha G{r.£) BRIpaKaeT BeJHHAY CMENEHUA CeTleHNd 7, eCTH B TOKe &
IPHIOHKEHA COCPELUTONEHHAA CHA, CRUMAKLIAA CrepKenb. Kak Buano
W3 BBIPAKEHMA WA G2, €) UPH JAHHBIX YCIOBHAX CMEgHUE cereHui
CLEpIKHA, DACIOJIOKEHHBIX JIEHEE TOMKH NPILIOKEHHA Cuin (2 < £},
OVACT UCPABIOMCPULIN W TeM HOMLIIMM, YOM SULEKC JAIIIOC COYCILNG
K TOUKe £ NPHI0XKEHHA CHJIALL, A BCA 1ACTh CTR[WKHH, HANOIAMAACA Npa-
BE¢ TOYKH NPDHIOAEHAA CHIBL MEPEMECTHTCA KAK HR0e.

H(Ep(lﬁﬂ(!M TOMOPL K BONPOCY 3 CYVIOCCTDOBRAOIHA p(lLL[(![IHﬁ HXOIII0H
kpacsolt 3aaqm. HMeeT MecTo crienyiomasn

Teopema 4.1, Ectr 0dHOpOAHAS Kpaesad sadaza (4.20) naeer
TUABKG TRHBHAILIIOC DUMICIHC, TO POIICIIIC HCGAHOPOMIOH Epacsolf sa-
Aaunr cvigecTRyer Jad 000 wenpepsisnoii pa [0 1] dhvacapn flx) o

t
yla) = [ Gz E}f(&)de. (4.45)
0+

dokazate 1ncTRo. A0 JOKASATENLCTRE TEODEMBI  IOCTATOYHO
HCNOCPCICTRCHIION TPOBEPKOH yOCIUTLe S, 9TO MY HKIHS (), 3aIAlHA
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dropmyaoil (4.45), yaoBIeTBOPALT BCeM VOSIOBUAM OLPEUSIISHEA Pelle-
HUA KPAeBOI 3anauu {1.26).
deBCTBATENLIG, SATHIIey opMyay (4.45) & pume

w {
2) = [ Gilz, (&) dE+ [ Gulw, E)F(E)dE
O T

rne Gy (e, &) = %:"}1(‘9?)’2(3')! G2, £) = %:'12(5)?;‘1 (£) ABMAOTCA HETpe-
PBIBHEIMH ¢DYHELMAMYE & H £ BMECTE ¢ OPOHSBOAHBIMU IO BIOPOLD 110-
DHIKA, NPHYEN YCAOKHE HenpephisHocty G, &) B Touke & = § MOKHO
SAMHCATE B BHOC G {£.£) = Gaff, ) uan

Ghile,x) = Gale, x),
4 YOI0BHE CKATIK: OpoH3BoaHoi (1.32) — B Bume
flgr.("l"a x) — Gi’r (w.a) = 1/plx).

IoAL3vACH HTHME COOTHOMCIHAMI MeRay () 1 (72, DOTIYIHM B Pe3y.Inb-
TaTe AuGepeHTIHPORAHH HHTETPAOR N0 W3BeCTHRIM Mpakntam [17]:

Y lw)=Gy e, 2 vt}+] G, EVF(EVdE— G (i, o) flad)+
i i f
T [ Gl € J(E) dE= [ Gl M) dE+ [ Gy, lir, €)(E) e
E 0 "
?f;’(jr):Gi.'r.'{J::'.r)f(j'.)+ / lrr Ey g)f ‘E) dé_

Gh lr a)fle +f("3’m(r EVF(E)de=
f(

el O F fE+/Cilw£VEﬁ£

Creroan

x i
Liyla)=py" +1'y' —qu=/[ LIG\|H§} d§+ [ L[G2]F(8) di+ fla)=1F (=),
{ i
Ly U HORAIBIBAGT Y TBE[E ICHHE Te(] M EL.

[[epeiiiiey Teleph K PACCMOTPEHUI CiTY 43R, KOUIA OIHOPOHAS KPae-
Bas 3amada (4.26) maeeT HETPUBHATRHOE DelreHle, J0a YIPOMeHHs no-
CTSMVIATINY BRIKTAIOK GVIeM DACCMATPHEATE KPDASRYID 33a%Y ¢ Tpa-
HHHELIMK YO IOBMAMH LICPLBOLID POLA:

Liy] = f(z). w0 =0, g =0 (4.46)
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IIo venosuni evinecreyer hyHKUMA 2p(2), SBIAKIAACT PEILSHHEM (0=
CIHETCTEYIONET GAHOPOLHON Kpaesol 3a0891
Llzo(z}] =0, 20(0) =0, 2o} = 0. {4.47)
DVHKIMI g (0) MOXKHO PACCMATPHBATD KAK CoGCTBeHAVID (DYHKIHG 3a-
Jaun HA cobersannne sanenus (411}, 118 a4 = aa = (0, COOTRETCTBY -
Myt CcOBCTREHHOMY 3HateHun A = (). OUeBHIHO, 9TO OMHOPOAHAL KPae-
pas 3adada (4.47) He uMeeT OpYIHX POIICHHE, JTEICHIIO 03ABHCHMBIX
¢ wolx). OVIKIHIG 2o (7)) HORPMHPYEM TAK, YITO
i
[ eg(@yde =1, {4.48)
0
Oryerum cpasy, 910 eco pewenue y{e) kpaceoi 3auaun (4.46) cywe-
CTBYCET, TO UPABAA 4ACTL VPABHCHHI, (l)},-nhu,uﬂ flx), nowskia Herrn op-
toronaasia ua [0,7] dyukmun eoie). deficrpureanino, npemenas gop-
myay puna (1.20) k pvHRLHAM y(:r:) u 2pl ). moavTInM
!
f(w(li) [y] — ylx}L[spo]) de = f wola) flua) de =

n

{ 1.
= {p()(: omu () = ple)eh@)) =0, (449)
OTKYIA M CJCOVET 1AMC Y TOOPHKICIHC,
ApyTHME CTOBAMN, CTPABCLIHRA CICAVTONAA

Jevuma 4.1. HeobxoauMply YOIOBHENM DA3IPEIIHMOCTH KpacBoi 3a-
Aann (4.46) apagercs YoToRite OPTOTOHAIBHOCTH MPABGH TACTH YPAB-
Henyst (4.46) HETDIBNANBROMY DEMPRIEY COOTRETCTRY NPT O1R0D0HOH
Kpacpoii sagaym (4.47).

B uanereiiney Gyiaem cunTars, 410 HEOOXOANMOE YOJIOBHE DaiPeIl-
MOCTH Kpacsodt sagaan (4.46) semonneno. ITokasken, 9TO B 3TOM Cayyae
PCHICITHG KPACEOH 3aJa49H CYIICCTBYCT M MOEKCT OLITL MOCTPOCIIO ¢ HO-
MOIIBI COOTRETC TRYIOUINM 0bpasoM onpetencHuoll dhyaxuun Ipuaa. 3a-
I'\-"I(:"['l'll'l1 TT0 BCGTH (l)}'HKIlI’Iﬂ y(fﬁ.’} ARNACTCH }')e”leHHPM K])aeﬁﬂ{i R e
{4.46), To mobaa dpyvuxnua gz} suaa

yla) = ylu) + Coolr), {4.50}
e C' UponsBOCILIAA HOCTOMNHAS, ABMTCTCA POILEICM TOH ¢ 3310
I, OOCKOALKY By IKIMT g (2) — Pemreiue cooTBeTCTBYIONICH Oa1opon-
Hoil 3agarn. [loaToMy 1Tofsl ONpensIiTh eIHHCTBEHHOS DEIICHHE KPpag-
HOH 380841, @I0 HALO HOIMHHATE QOHO IHWLIENRHOMY venosni. B kaue-
CTBE TAKOROID LIOCTABHM VCJIOBHE OPTOIOHAIBHOCTH MCKOMOIO PEIIEHNA
cobeTpemieit pyIEIHA polx):

i
[ ylrygolr)de = 0. {4.51)
0
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Mokasxke, 1ro sanaua (4.46), (4.51) MoKer HMeTh TOBKO 01HO poLle-
Hie. QUeBHIHO, 410 B CHAY GIMHEAHOCTH 33040 DJIA 5TOrO Q0CTET04-
HO MOKABATE, YTO COOTEETCTBYIOMIAN ONHOPOIHAS 32I1AYA HMeeT TOIbKO
TPHBHATBHOE PEIICHHE.

Jdemma 4.2 Quuropoanan sataua (4.47), (4.51) maeer TOARKO ThH-
BHATLHOU DOITCHTHC,

HoxasarenscTro. o YeTORHIO BCE PELHIFHHA OIHODOIAON 33,74-
an (4.47) npencrasumiel B misie yo(x) = Ciea(r). ¥enorve (4.51) j1aer

[ {
[ wole)eo(w)de = C [ @y de =0,
o 0

OTKEN 1 C - U IR E QOKD3AI.

[Tepefinest K DOCTpOCIIMIO TAK HasLIBacMoB ofiofwennod dynryun
Ipuna sadoos (1.46), (4.51). Tak xak cyMecTBYET HETPHBHALHOS pe-
wenue oauopoanoi Kpacsoll sanadu (4,47}, To 27158 DOCTPOCIIHEST HVAKTOH
Ham PyHrin Dprag 0rpanaarsca roNsKG PENIEHAAMHE (IHOPOIHOIG
vpasueuusa neansa. Hosromy onpeacins obobuwenuvio dyvuknmoe Tpu-
HA G2, &) KAK peinenne caenyiomei 3anaim:

1. &(z.£) ¥OOBICTEOPACT HCOMIOPOMIOMY VDABICIHIO

LG, 6)] = —0()pole) (4.52)

npu 0 << r<Enf et
2. G{2,£) ¥MOBACTROPACT TCM K¢ TPATTYTILIM VCIOBAIM, 4TO W HO-
KOMOe I')QIIIP.HHG
G0, &) =aGiLg =0 {4.53)
3. G, &) nenpepnisua wa [0,1].
4. Tlepra:A npouskRoIHAA (%G(;z:,ﬁ) HMeeT Pa3phiB MEPROTO pONTA TPH
r = &, MPHUYeM BeTHTHHA CKATKA PABHA
1 o 1
i " -
=G, = —. 4.34
Fowo| = (434

5. G, &) oproronaassa Ha [0, {] cobctBernol (pyHRUAN wof&):
:
f Gla, Eyople) de = 0. {4.33)
g

[Mokaxkem cpasy, 4o ecau permeHue nexonHoi kpaesol 3anaun (1.46).
(4.51) u obobmeman dpyunma [puna ¢¥meeTsYIOT, TO PCIICIIHe 30004910
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{4.46), (4.51) Baiprokaetea Yepes 0606LeHHY K dby HEUKK Tpuba 1o dop-
My.J1e, anacornanoi {4.34). Teficrsrresasho, Ipuyenan hopyyay [ puaa
K pyHrmaM y(x) 1 Gr, £) Ha [0, — &) u [+ £,] 1 nepexonsa K openeTy
npi € — U, AHAMOIHYHO OPEObIYIIeMY MOy IUM

r=£+0

()9 [{C 7. F(x) + y(#)po(€)pol(n) ) dr.

r—£—

1Te B ony yetosuit (4.94) n (4.51) oxonaTenhEe 18T
L
= /G(a;{)f(:r} . {4.57)
0

Mupl yEasKeM AJITOPHTM ABHODO MOCTPOSHUA ONPEISTeHHOE YCIOBHA-
My 1-3 0B0o0weHHol dryvaky [puna. Tem caybiM Oyvaer [IPOBEAEHO
H KOHCTPYETHBHOS JTOKABZATE IBCTHG €8 CVILCCTBOBAHNA,

Bufepen kakoe-1ufo gacrhoe pewenune wii) HEOIHOPOIHOIO YPas-

HEHHA
Llw(x)] = —wol&)inlx) (4.58)

Ha (0, 1) {HampuMep, PRITERP HAYATRHON 3a1aun A ypapaenna {4.58)
€ HAMATHHRIMH venosiani wil)] = a. w'(0) = 3).

Hapany ¢ dhvuknmeit op(ie) paccMoTpiy AHACAIIO TC3ABHCHMOC C HAM
pemene @) (x) omopoamore ypaenenada (1.47):

Llgi(z)] = 0, {1.59)
upuHes ByI1eM CMUTArh, 410 21 (&) HOPMHPOBAHO 13K, 410
Alg(x), vole)) = 1/ ple). {4.60}

OTMeTHM cpasy, ¥4To B CHIY TuHelivoli HesasucuyMoeT dhyHEUHH 2o (1)
¥ ) (@) pYHRIMA @) () HE MOKET YIOBIETEODATH TEM e OIHOPOIHBIM
TPAHHYHBIM YOIORHAM, 9TO H gy (#):

21(0) #0, ;) #0. {4.61}

Bribpannoe wacraoe pewenne wlax), BooDIIE roBOPA, TAKKE He yIOB16-
TBOPAST OLHOPOLHBIM FPAHHIHBIM veoBran (453}, Ouaako MOKHO Tak
BRIGDATE JHHEfHBEe KOMOUHAUMK (pyHRUMB W) ¥ ) (#) Ha oTpeskax
[0,€] u [£.1], arobsl yaosneTeopuTe veaoeuaM (4.53). Ho opn stom
HE OCTASTCA OOCTATOYHBRIX CcTenenell ¢Boboobl 108 Toro, 9TOOBL ¥IO-
BACTROPHTL OCTAIONIHMCST VCIOBHAM 33, DTO MHKITO G TATh, 1000~
BHB JITHHEAHOD HEeSZAHKWNCIMOS I.‘J[ [’JF‘.HTF!HI'IF‘. OJI,H(]D{'L'I‘HOI'O ‘\-'])HHHF'.HHH

(hYUKIHIO Wy, KOTOPAA, VAOBLICTEOPAS GIIOPOINLIM VOToBHAn (4.53),
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He Mowel ux nenoprdre. HosroMy obobmendys dhyaking Dpuaa Oy-
JEM CTPOMTE B BUNE

Crgn(x) + Capola), 0
Capr () + Coypol2), §

I

f‘ (1.62)

G, &) =w{e)+ {

x"/\ /A
x?\ //\

T

noabupasa noctoamnie £, Oy, Oy, €y TaK, MTODL ¥YIODICTBOPHTL BCOM
yeaonaaM. Yeaosus (4.53) aaor

W)+ Clg (0) =0, w(l) + Capy (D) = 0 (4.63)

B cuny (4.61) orciona ouposaaane onpengaarea nocroandme ) v .
Yoenanust nenpepsIsiocta qynkimk Gle, £) 0 cKadka ce npounoIinon
npu = £ NPUBOIAT K YPABHEHUAM
(Co — Cr)er(§) +(Ch — Cy)po(8) = 0,
AT
i)

1l
(Ca = C1 )G (E) + (Ct — Ca)2h () = 1/ne). (4.64)

B CILTY (l()(]) FTH CHOTEMa QJHOZHAYTHO PaspelldMa OTHOCHTE TBHO

C'g — 01 K C‘.; — Cq
Cy = C1 = —polf), Cr—Ca =8 (4.65)

Bnagcmua Oy n O] Opimw yxke nmadinenon as (4.63). Tlokakes, o onu
vaonaeTsopaoT (4.65). Ipusomma dopryay DCpuna k hymkmmam wiz)
W o)

1

/ (0 (@} L[w] = wlx} L]} de =

0

= {2} (pol)o’ () — (@)l |, = — [ wol@)pol§lwola) di;

i

MO Y HTHAM

—p(lw Oy (1) + (01w (0kpy(0) = —pol£). (4.66)
Ho s ey (4.60)
Pl (D) = /e (D), p(@g)(0) = 1/41(0). (4.67)

u na ocnopammu (4.63) dopmyaa (4.66}) mepexoauT B BLIp@KeENHE
Cy — O] = —20(8), connanatonice ¢ (4.65). Hrax, C), u €, onpenenons
oanoznasme. Beipasuy Cy sepes C; us (1.65), moomyauy

Cy = Cy + 01 (6), (1.68)
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u nepenues (4.62) B suae

C-rl reg ] ('I). 0

G(r,§) = w(z} + Capolr) + { \
Copr () +21(§ol), £
(4 69}
3acchy ocracTesa HCM3BCCTHL JMme Koagduunent Oy, [Moucrasaa
{1.69) b yeaosue (1.53), DOTVIHM DI ONpeIeTenna Koadxhummcnra Cy

BEIDAAEHIE

!

f?u "f?"—ci——{fW( Jeulr )”T"f'clf\rgl wolr) dat+

n
{

I
+Cs [ )o@ ds +pu(6) [ ne.r} (4.70)
g 3

Koasdppumuent ¢, eeIpamaeTca uepes O3 oo dopuyaae (1.68). Hrak,
obobmennaga pyiuxmua [puia nocTpocna.

TIpoBeaeHHble PACCYICUEHAA NOIBMIAKT CROPMYIHPUBATL COIELY K-
HLYHY TEOREM Y.

Teopema 4.2, HeobxoanMmens 0 ZOCTATOSHBIM VOTOBHUM QIO Y-
HO paspeninyocty kpaesofi sagaqn (146). (4.51) anasercs yveosue
{4.49) oproronaisiocti npapofi acty flz) vpapsicins (4.46) coersen-
HOEH dhy iy wo(x). ITps 3T0M PELIEHIe BRDAKACTCA B BHIE

f
b= [ Gl f&) de. (4.71)
1

dokaszatcaveTso. HeobxoauMoeTh yOI0BEA OPTOTOIANLIIOCTH
('—1.49) M ENAHCTEEHHOC U PEILIEHHA KpaeH()I& 3a, Ld | OhLu JOKASZAHbL
pauce (s, nemaot 4.1 1 4.2); noxkasarennerso roro, 4ro dynkuus
y(), onpenesiedHadn opryiaoi (4.71), upu BrenouHedun yeotosns {4.49)
ABIASTCA PeIIeHHeM Kpaesoil 3aJati, MokeT BBEITL NPOBEISHO TYTEM
HEMIOCPEICTBEHHOH IPOBEPKH.

JameuaHust.

1. dna vopoluleHdA BHIKIAIOK PACCMATDUBANACE KPAEBAA 331a%A
¢ TPAIHYHBIMH VCITORHSIMHE OUPBOTG POO8. ANGSTOTHYILIC PacCMOTPe-
HUS 1 HOCTPOeHHE 0D0DMeHHOR Gy HRIMKH UpHHA M0y T SBITh NPOREISHRI
H B eovdan ofTx TRUTHYILIX VOTORHH.

2. Mol npenneTaracs, 9To OIIOROIITST KPACBAad 331098 WMCCT JTHIIT,
CULHD AMHEHO Hezasucavoe pemedne @q (). CoorrercTsy iminme paccmo-
TRCIHA MOTYT OLITL OPOBCICHLI M B TOM CiIV e, KOTIA 300ada HMCCT OBA
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JMUHSHHO HO3aBUCHMBLX PelleHna @1 (), @2 () (4ueno AuHeilo Hesasn-
CHMBLX PELIEHRE, ONeBUUHO, He D0Jlee IBY X, TAK KAK HOPAUOK VPABHEHN A
paped 1eyM). [Ipu atoM coboTBeHHOMY 3HAUEHH A = () Kpaesoil z3amatiu
Ha coBCTBeHHBE 2HAYeHNA (4.11) 0TBeYAIOT OB THHEHHO He3aBHCHMELE
COBCTBOIMILIC (RYTIKIHK & (1), 00 (7).

JLNA PAApeINMoOCTH HeOIHOPMIHOR KPAaskRoit 38,1440 B 3TOM {UI1VIAR
JOTEKILL BLITOMIATLS A YOIOBH OPTOCOIATLIGCTH IPABOH HACTH VAD-
HenUA 06eHM codCTReLBIM (hyuRuMss:

/
f flxdpix)de =0, i=1,2 (4.72)
0

LT TOTO UTOOL HMOTE MOCTO CIHHCTROITHOCTL, DOTCHUS KPACROH 11a-
JAYH HAIO NOTYHHETE AHATOTHITHLIM YCIORHAM OPTOTOHATRHOCTH BCAM
coBeTBOINILIM (PYHKUHAM, & 06obmennyie (hyHEuHD [pHiia CTPORTL KAk
PEUICHUC HCOOIOPOINONG YPABHCHHA, D IPABOH IACTH KOTODOTO BLIGH-
paercd JIHHeHHas KOMBMHAUNA COOCTBEHHBIX (DYHELMIT.

Mpunmep 4.2, PacceyMOTPHM KPACRYIO 34044V
gy =flx), U< <a, y0)=0, ylx)=0.

Kax serko mumeTh, cOOTBETCTBVIONAA OTHOPOTHAA Kpaesas 3zamata
WMERT HETPHBHANBHOES peleHue o) = +/ 2/msine {(xoadapuument
V 2/ 7 BrIbpan n3 veuorns aopurposkk (14311, Tloesromy pemenne pe-
OALOPOIIOH KPACBOR a0ad CYIWCCTBYCT MHILL TOLIA, KOUJa Pasas
wacrh flE) v0BAETRODAET YCHOBUE OPTOrOHA LHOCTY (1.49);

Fis

[ fx)sinzdr =0,

i

H I.18 TOr0, 4T00bI 3T0 PRIIEHHE TPEICTABATL Mo hopayyne (4.57), HymHa
obobmenuan pyukuma I'puaa.
[Tepeiinen x ee nocTpoennr, Halizem wactaoe pemenne wiz) ypas-
HEHHA . 5 _
Wi tw=—=sinfsing.

T

Bruaem uckarb 0o b suue w = Az cosx. Henoepeus tBeHH0i 104¢ TAHOB-
EOH B YPABICHHC HARICM JHAMCIIHG NOCTORHIOH 4 = %sin& U IIOJIY IMM
wir) = L(siné)xcosw
ke T ! -

B karecTRe 4acTHOTO pellieHHA OIHOPOIHOND YDABHSHHA, HE VI10BJe-
TROPDFOINLID 3R IAHHBIM TPAHUYHAIM  VCAOBHAM, BRIDEpeM (ByHKIHID
piz) = cosr.
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Cornacto (4.62) obobwenny o $hyurunk Cpuba pacemarpusaemoil sa-
JAUH CHELVET HCKATh B BHLIE

Cyeosae + Cysin, 0< e«
Glr, &) = Z(sing)rcose + i .. DR

Cacosa + Cysin, 13- S
Tpcbosanue yUORICTEOPCHHA Ppailndiby yoaosuam G{0,8) = 0,

G(7,£) = (] DAI0T ¥pABICHHA 1715 ONPCICTICHEA OOCTOANILIX O u Cy:
Oy =0, —siné—C, =10, orkvua 1 =0, Cy=—siné&.
Yeaorua venpeprirnoctu gyekinm G{r ) npn o = £ v ckauxa ee

OpoH3BOIHoi B 9TOH TOYKe ¢ yIOTOM HABIeHHLIX suadcnuit ) u O
MPHBQTAT K YPABICNHAM 178 nocToanunix C; v Cy:

Casiné +sinfeosf — Cysiné =0,

sin € + (Cyros€ — Cyconf =1,
oreyiaa Cy = Cy 4 003 € v smpaxenne juta G, £) npMHAMART BRI
Gz, &) = %(sin £)rcosr+
'f'C;;SiIlJT‘f'{U,‘ . Vszsd,
—sin{cosr +cossing, ELxLm.

HU(‘.’J‘()?IIIII}"IO C/‘;} iafiacm M3 VOLODHA OPTOoroHu ILITOCTH [l)_\_,’llKL[HH

Gl &) & dpynxaun on{x) = \r%siu:c:

/' G{r.fysinxdr = 0.
i

Brivuciiana CO(J'I'HH']‘C'T'H}'K}III‘HF‘{ HHTEIPAL R, I'IE').'l‘\"'-I HM

Cy = —I;E cosé — %sin&,

UTO AET OKOHTATETHHGE Bhipaxkede 0000menHoll pyakmy CpyHa pac-
CMATPHBASMOIT 340041 B Bule
Gla, &) = (rsincose + £ cos £sinr)—
cos&sin, 0= r <L
Lrg

—%sinfsinm—{ . N
CosTsIm g, Eg g

¢ noMomsn walizcnnoro peipaxkenusa obobmennoil dyvukunn [puna
u mpencrapnend (4.57) Nerko momyiTHTE pellieHie HeoIHOPOMHON Kpag-
BOIT 34441 B TOM GMY'IHE, KOLUa LIPABAA 4acTh f (&) yvpaBHEHNSA yio-
BJICTEOPAST YCI0BUI ODTOIOHANBHOCTH

/r fle)o ) de = 0.
0
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3anaany PpyHEUMK f(2) KOHEPeTHO, & MMEHHO, n040KuM flr) = cosa
M Oylles HCKATH PelIeHNe KPABBOR 3a0au1

gty =cosy, O<ue <, y(0)=0, ylz) =0,

OPTOTOIANBIOE CODCTBOIIIOH (_IJ}'IIK].[I-II-[ SII 2, COOTBUTCTBYIOIICH OaI10-
PHUTHOR KPABROR 321448

T

f y(x)sinr dr = 0.

n

Moar3vack TEARKO ITO MOSIVIEHHBIM BRIpaXkeHney o0obUeHHON QOyHE-
uun 'puaa v opesctasiennes (.57}, T0CTe HECTOXKHEIX BEINUCTSHEH
3 1IEMEHTAPHBIX HHTEIPAJIOB HAlleM

ylz) = % sinx — %sin T
Jerko UpoBEPHTE, 9TO HARIEHHOP DemmeHns YIORTETRODAST ¥ CIORHK)
(JETI'(‘)I'OHﬁ..']hHOC'['l’I E“'.('Jﬁ(’.']‘HeHHOﬁ (‘I')"\-"HKII‘H 4] Siﬂ gL

Otmetis, 90 B cHAY ypabHeua (1.2] nocTpoeHuaa obobimeHHAA
dyvuruua Ipoia onpeaeaeT aMICIHTYOY VOTAIOBHDIUNXCA TAPMOIH-
YECKMX KOuCDalnl 3aKpeiICHIore 1A KONUAX OAOPOLHOID ¥UPYIOrD
CTOPKIA IPH BHOWNCM BO3TCHCTDHE CHCHIHATILIOTG BHON. A HMCOHHO,
NACTOTA BHEIHEeH CH bl — Pe30HAHCHASA, T.€. COBUAJAET © ACTOoTOMH
cODCTREHHRIX KOTeDaRuil CTepIKHA, TIPH KOTopoll aMILmaTY1a. coboThe -
HLIX KoacGanmi cTepxua onacLpacTea hyusmei golc). Oamako npo-
CTPAHCTBEHHOS PACHDEINSIEHUE AMILTHTY, bl BHELIHER CHhL TAKOBO, YT
AMILIIMTV A BLUIIVEICLLLIY KOACSalui, U0 HAPACTAT BO BPCMCHUY, 0CTa-
£1CA OUPAHMYEHHOM. D10 JOCTHIASTEA BRITOJIHEHHEM VCJIOBHA Oproro-
HANBHOCTU: H IPpaBAA 1aCTb YPABHSHUA, A Takxke 06001eHHAA PYHK WA
I'puHA, 1 CAMO DEWEHNHE HeOIHOPOIHOH KPaeBOof 3aUaUn OPTOIOHA TbHb
cobeTBeHHON hyHRIIN 2y {x ).

B nanuoMm npiusepe cbobmennan hyokmaa Ipuda Gz, £) uMeeT -
SUUCCKHH CMBICT AMIMIHTYOBL ¥ VCTAHOBHBIIUXCH KoaebaHull saxpe-
ILIEHHOID HA KOHUAX YNPYIGUD CTEKHEA NP TIEDUGIMMECKON BHEIIHEM
BOFTCHCTRHT ¢ POIOMANCHOR JACTOTOH, KOTOPOC NPCACTARIICT Coboit
CYMMY COCPEIOTOURHHGT CHARL NDHIOKeHHOA B rouke £, 0 CHiThl, Dac-
OPOACACIIOH [0 BCECMY CTODMRKHIO ¢ IOTHOCTDI $inF M QMILTATYOOH
2sing.

JaneTHM, HAKGHEeN, YT0 MBI DACCMATPHBATH HISATHIHPOBAHHBI .1y -
Taf TOUITOTO BLITGTICTHST VETORAT OPTOTOTRILIOCTH aMILTHTYThI BIICII-
HEr0 BOZASACTRIA amMILInTy e coderrerinx kooehaniil. B peaiibHbix
FAMAYAX STH CTPOTHC VOIOBHA, KAK OPABAIG, 10 BLIDOJISIIOTCA. YTO
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MOXKST LPHBECTH K OUeHb DOMIBILIKM AMILIMTVIAM VOTAHOBHUBIOMXCA KO-
NeBAHUT NP YACTOTe HHENHEIO BO31eRCTBAH, GUIHEKOR K PEIOHAHCHOR,
HIH K HECYIIECTBOBAHHE PEICHHA PACCMATPHEASMOH 3amauu ob yvera-
HOBHRIIHYCA Koaebanuax. [Ipu 3ToM cmenyer uMeTh B RUAY, YTO B CIY-
vae BOThINAX H,I\-ill,.llli'l"}-','l PaccMarpasaeMan SIMHEAHAA MATEMATHYRCKAR
MOJCNL, J0CTATONHO AICKBATIIC OMUCLIBAIOMIAST MATLIC KECICBAIIN, YK
HC OPHMCHAMEA M IOJETL OLITE 30MCHCHA O0I0C CHKI0H Hemnreinoi
MO TSR,

% 3. 3agaun na cobCTBeHIIBIE 3IIAYCITH

B & 1 Sria moctaniaciy samada na coDCTBOHNBIC BHAMCHHA, SAK TI0-
YAKLIAACA B OUPSASISHAN TeX sHaUYeHHH HapamMeTpa A, IIPH KOTOPbIX Hil
[0,{] c¥ULecrBYHYT HETDHBHANLHbIE DEIEHHA OUHOPOLHOIO ¥PABHEHUA

Lly) + Molx)y(z) = 0, (4.73)
YIOBJICTBOPAICIIHC OOIIOPOOIILIM TPRAlIMTIILIM Y CTOBHANM
£ y’(O) + J‘}|y(0} =0, (‘k‘-_)"u;[lr-} + ,3_){}(” = 0. (—1?—1}

Byngm cumrares, wro divakoua pr) > 0 venpepnisna va [0.4], a 5 or-
HOMEHHH KODhUITHERTOR, BXOAAMAX B IAdxbepeHIMATRHE  onepa-
TOR L, BLImonmnenn: e ke Tpebosanmsa, 9to 1 5 § 2. [pe 3ToM Gy TIKIna
Ipuna kpacnofl zanaam {4.26) cVIICCTBYCT W ARMACTCS CHMMOTPHYTOH
hyHELKEHA CBOUX apryMEHTOB.

Baga4ay na cOBCTBCINLIC JAMAYCIIH, T. ¢, 3849V OTLICKAITHA ICTPHRH-
AJIbHBIX PEINEHHE OHOPOIHM O ypasHedud {1.73). v 10808 TB0DAI0IKK
OUHOPOAHBIM IDEHIYHBIM yCa0BHAM (4.74), 9acT0 HaskBanT sadaved
Hmnypsme—Jluysuassd, a CaMyl HCTPHBUAJLIDIC PCILCIEA — codorBel-
HBIMH (hDYHKITHAMH HTOH 380254,

Cobcreennne dynxipn sanaam lrvpua Jlnysnonsa oboanar pa-
AOM 3AMETATETBHBIX CBOHCTR, KOTODERIE MTHPOKO HONOIR3YIOTCA HE TOTh-
KO TIPH PRIIEHWH KPAeRBIX 321a% 114 OOLIKHOReHHRX THdwheperina mh-
HLIX ¥PABLOUKE, 10 H UPH POWOHEE KPRACLLIX 38,1a% JL01A YDRABICLHE
B IACTIILIX NPOHIBOINLIX. 8 TAKKC IJIS PCLICIIMS MIIOTHX OPYTHX MATO-
MaTHeckux npodses. BoaeuueTBO 2THY ¢BOHCTE MOKHO NPOLLE BCe-
FO IOKASETE UYTEM CBEneHan kpaceoi sanaqsu (4.73), (4.74) x nave-
FPANILIIOMY ¥VPABICHHG DPCAroILME Bropors poda & CHMMOTPUYILIN
Adpos. (JOHAKO H3VUeHUe HHTeTPATBHBIX YPABHEHHH BHIXOIUT 34 M[ke-
JBThl METEPHAIA HACTOAIRA KHurn (cm., Haupumep, [12. 28]). Naozro-
MY MBI TPHBEIEN 3ECH YACTHYHO 663 TOKAZATETHCTRE OCHOBHBIE CBOT-
CTBaA CODCTBOIILIX 311adelidt B cofeToennnix by uknuil Kpaenoit 3i1a4un
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(4.73}, (4.74). B xonue naparpadpa Gyaer JaHo cBeNEHHEe PAcCMTPUBIS-
MO KpasBOi 330341 K HHTEIDANBEOMY ¥PaBHeHU) Ppearosibma sTopo-
ro poda.

Hmeor mecTo cHenyionmie CeoRCTra CODCTBEHHRIX 3HAMEHHH W Cob-
CTROTINLIY (pyIRIMA Kpacsol 3aaaan (4.73), (4.74):

L. Cymgeemoyem Oecrkoncumoe cwemnor smuonceemao (A, cobemoen-
AL SHENCHWE U COOMBEICMEywas usm becronesras nocredosamean-
noems {y,{r)} cofemaernmr $yuwyun. Bee cofiomeennsie anareiua
MOHCHO FUHPMEDPOSUIND 6 Nopadie so3pacatus W abCoArmROl seau-
MU B

| A < [Ae] £ (4.73)

2. Kawcdomy cobemsennomy 3HOUERIEH COOMBEMOIMBYEN ¢ fMHO-
e 00 ROCTHOSHROZ0 MHOMCEMEAS ThoavRe odna colcmecHnos o yrn-
yua. B 3TOM ¢MLICTIC TODOPAT, 4TO paie COOCTBCUILIX 3HOUCHHE pasen
EIHHIIIE.

doxazatenrserro, JeficTBUTENRHO, TIPSINOAGKHM, TTO OTHOMY
cOBCTBCIIIONMY SHAMCHHIO OTBCYAIOT ABC JTHICHHO IC3ABHCHMLIC C00-
CTBCHNBIC (hyDKUHA 1 (7) B gy (2) {Boaee ADYX 16 MOXKCT BLITh, TAK KaK
HNOPALOK \-’paBHF‘HH?{ paged usyu}. 13 (4.74) coenyer aqg(0)+ 5 15(0) =
=0 (i = 1,2). Oreoma Aly {0, 1(0)) = 0 u, caegoeatensso, ¥ (2),
y2{:r) JIMHEAHD 3ABHCHMBL.

3aseuvanune. D ciovuae 50188 COMKHLIX KPASKRIX VCIOHKUE paHr
CcODCTREHHOTO 3HAYEHUA MOKET DBITH paBeH OBYM (HO He Gomee JBVX,
TAK KAK MOPHAIOK YPABHeHHA pakeH MBYM ). CobeTReHHbIe 3HATEHHA PaH-
ra 2 OVI¥T HMEeTh MECTO, B YaCTHOCTH, TIPH TEPHOIHIECKHX TPAHNIHRIX
veosuax. D katecTse npuvepa paACCMOTRHEM KPASRYIO 3A7IAUY

Y+ Ay =0, y(0) = g(2m), y'(0] = y'(27). {4.76)

Kax nerko BHIETE, COOCTREHANE SHAMCHAA An = 1~ ATOH FAIAH HMEHT
paIlr, l'}{-l,DIII_rIﬁ ABY M. KEB.}K:[_(]M}" )\” COOTBUTCTDYIOT G JIAMCHIIO C3AEH-
CHMBIC CODCTBCHHBIC (I)}"IIKLI,I»IH

Wy (E) = sinne, g (x) = cosne

3. B caywae epunuvruer yeaosudl y(0) = (1) = 0 u npu cwnosHeHuu
yeaocus q(z) = ( eee cofficmecnnste snauenig wpaccolt soadow (1.73).
(4.74) noaowcumesvrse A, > 0.

A JOKa3ATCALCT D YMIIOKHM ¥Pabieiue s cobeTpemmnoil gy k-
gy, ()

l [p(a") ]dJ:] — gl () + App(iyn(z) =0 (4.77)
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HA BVHRLMK 3, () 0 UpOUHTErpUpYes pe:a}-'.'lbfm-r ue [0, 1], ooy

f f
f zh:[ W) dy”]‘,r,,[r)rh — [f](;r}yi[:ﬁ] dr 4+ Ay, {J(J")J”( N = 0.
’ ’ ’ {4.78)

H})E{_JG]JH::!}"H ll(:'-pBbll:i HHTEePA) HHTeMPpHPOBARNEM 1O HaCTAM., B CHULY
IpalliiiLIy “y’(_‘..'IUBIfl‘Fi OEOIIYATCITLIO ITOCTY YA

! 3 !
An fp(:r?)yi(;lr) dr = fp(l,)[dl’;"] dr + fq(;r)y;‘:(;cr) dhr, {4.79)
0 0 ]

YTO M IOKABLIBACT VIBCINKIOCHHC,
4. Cobemaennme dymniger y, (2] obpesypom na [0.1] opmosonaasuyo
¢ secorm pla) cucmemy {yn(x)}:
;
f o (el e)ple)de =0, n#m. (4.80)
0
AefiersurenbHo, TAK KAK KK IOMY CODBCTBEHHOMY ZHAUSHHH) OTHE-
HAeT TOMBKO OXHA COOCTBEHHASA (DYHKLHS, TO OCTARTCH PACCMOTPETH
CovUa, Koria coBCTBCINILIC OVIKIHE Y, (2) 0 ¥, () COOTBOTCTRYIOT
PASTHIHBIN CODCTBEHHBIM AHATOHWAM A, # A,,.
Bammem 1 3rax coderpeinx pyukunii ypasuenns

L[yn] + /“\nf}(-ﬂyn =0, L[!)‘m] + /\mp{-ﬂ)ym =10 {4.81}

H. LPHMEHHE LIJU[JM‘\'JI‘\-’ ].—‘})Irll'l-'d, 1T0G Y MM

{
/ {?}-rL(J:)L'[ny] Um( )L[?)’n]} tr =
u

!
= {An — Awm) f tin (T by () pla) de =

1]

= [pla) (g0 ()50, (2) — pn By, ()] |n' (4.82)
TTony4eHnOe BRIDAKEHHE, OUEBHIHO, OOPALIACTCA B HVJIb, TAK Kak obe
CODCTRENHBIR (DYHEINM I, (1) H 4, () VIOBTETBODAIOT OTHODOIHBIM T~
HIYHRIM yenosnam (4.74). Tax kax A, # An, TO OTCH1A M CHBIYET HAINE
YIBOPIICITHE,

5 Teopewa pazaoxnmocry B A Crekiosa. Ecan chvnxnusa f{x)
Apaxasl HelpepsisHo udubepenunpyenra a [0,1] ¥ yaosieTsopger o1-
HOPGAHBIN Tpadiraany veqaosnan (1.74), vo ona pasaaraerca s abco-
JIOTHO T pasHoarepro oxoaaupica va [0,1] paz mo cobeTsenabn (hvak-
nEAn () zanamr (4.73), (4.74):

0
flr) = z fan{i). {4.83}

=1
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Hdokazare 1serso reopesbl CTekIIoBR MBlL 3U8Ch HPUBOUMTE He Oy-
JeM. YKAKeM TOJBKO, TO CBOHCTBO OPTOrOHANBHOCTH CODCTBEHHBIX
GyHEUME NO3ROIAST I6TKO ONPeISNUTE KoadubHLHEHTH pasIiokeHH:
Fn B bopuyae (4.83). TeftcTBHTEIBHO, VMHOKAA 008 4aCTH (GOPMY IR
(1.83) Ha y,, (2)p(x) v urTerpupyva peayantar no [, {] (noiennoe uH-
TEFPUPORAHIE PAIA BOIMOAHO B CHAY €00 DABHOMEDHOR CXOHMOCTIY,
ma ocnosanue [4.80) noayymnm

i

/ Flehym{a)ple) do
f-m - ; i (131)
[ yimle)e) de
0

Bripamenne, cTOAMSE B 3HAMPHATE IR, HAZHIBAOTCH REECIHIMOM HODADE
coficmeenned Hynryun 1 OD03HATATCA

!
= N, = [y (@)ela) de. (4.83)
U

Tax kak cobcTReHHBI® PYHKIWH OMPSTeTeHbl ¢ TOTHOMTRIO IO MHO-
KHTETA, TO RO MHOTHX ¢IVYAAX HX HOPDMHPYIOT Tak, 4T0Ob1 Ny = 1
B atoM enyiae cuctena {y, (%)} ABTASTCA OPTOHOPMHPORAHHOMN.

B 3aKI040HHC KPATKO OCTANOBHMC 1A CBCICHHH PACCMATPHBACMOH
kpacroil zamann (4.73), (4.74) k ynTerpaaniosy yvpantenun Opearoms-
M@ BTOPOTO POIA £ CHMMCTPHUNLIM gapoM. COrJacoo ¢oeraniniy BL-
1ite MpennonmkeduAn hyaxima Ipuaa Gz, £) sananu (4.26) cymecTry-
€1 0 ABJUACICA CHMMeTpUdHOH dryaruneldl ¢BoMX aprymeHTOB. 3anicas
vpasHenye (4.73) B Bune

Lly) = —Apl)ylic), (4.86)

HA OCHOBAHMI DEIVILTATOR HPEIbLAY IS o naparpada oy v
f
y(r) = =) [ Gl Ep(Qy(E) de. (4.37)
o

CoornoweHue (4.87) HASBIBASTCA GOHOPOTHDLM WHITLEZDEABHBLAL Yhit6-
Heruesm Ppedzoavama armopozo poda. 2 npuBeeHHBIX paceyxaeHunll cie-
IveT, 1To T06H0e HeTPHBHAILHOS PellleHHs Kpaesoll 3a1amm {4.73), (1.74)
VAOBIETBOPAECT H HHTEIPATBHOMY ypasHenuw (4.87). C apyroi ctopo-
HLL, GO (7)) SIBTSICTOA POIneMes ypanmenus (4.87), 1o w3 Teopeyn 4.1

menyer, wro gl ArnAercs pemenuer kpaesofl zanawn (1.26), e

f( v) = —Ap(riy(x), T ¢. y(r) apnactea pemenaes saaagu (4.73), (4.74).
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Tem CAMBIM HME2T MECTG YKRBHBALTEHTHOCTE UCXOUHOR Kpasboll 3ala-
g HIrypsa—JInveuia v aarerpanesoro ypaededusa (4.87). Te sna-
UPHHA NAPAMeTpA A, MPH KOTOPHIX CYVUIPCTBYIOT HETPUBHABHEIE Pelle-
HisA vpasHeHnsa (4.87). HA3BIBAKTCA COOCTBEHHBIMH 3HAMOHHAMH, 4 CO-
OTBETCTBVIONINE MM PelleHHs — CoODCTREHHBIMA (BYHEIHAME YpaRHe-
Hia (4.87). H3 yeTAHORMEHHOR IKBHBAMEHTHOCTH CIENYET, UTO KpaeRas
antana (4.73), (4.7d) w wHTerpanhHoe vpasHeHue (4.87) UMEIOT OTHH
M TC KO COOCTBOIINILIC 3HAMCHAA U CODCTRONNLIC (hy MM,

Tak kax dyvukunsa Cpuna Gle. £) apnaercs cuaaerpuanod dgyux-
UHCH CBORX ApryMenTos, aapo — G, £) p(€) HUITerpaIBloro vPaBieins
{4.87), poodme ropopd, HecHMMCTPHHIG, (JAIIAKO STO YPABICIHE JICTKO
CRECTH K WHTEMPAIRHOMY VDPABHEHWK) ¢ CHMMETRH'HRIM AnpoM. leli-
CTBUTOILHO, yMHoEus (4.87) ua /plx) u obosuauus v(x) = / pla)ylz),
MOJVIHM HHTETPAILEOC YPABTICHHC

f
v{r) = A / Kizr. Suv(&)dE {1.88)
0
€ CHMMeTDHYHBIM ATPOR

Kix. £) = =G, &)/ pla) v/ plé). {1.89)

Quepnauo. Kpacsast 3adada (4.73), (4.74) 1 Hirerpadinioe yvpasieLme
{4.88) nyewr obipe cOBCTBEHHBIE SHAUEHHA Ay, & COOTHETCTBYIONINE
STHM CODCTRCHILIM JIAICHHAM COBCTBOMILIC MYIKIUT ¥, (2) KpacBoi
aaszadn (4.73), (4.74) u coboreennne by v, (1) HETEIDAIBHOIO
VPABIenaa (4.88) enasallbl COOTICIICTCM

) = va()/ /(0. (4.90)

Ten caMBIn H3BCCTILIC HE TCOPHH BHTCIPAIDLILIX YpaBnennit epoiterna
CODCTBEHHBLIX SHAMEHNE 1 CODCTBEHHBIX BYHKIME HHTEI DA, IbHOIY ¥ [Dab-
e Ppeiarodbys Froporo poIa ¢ CHMMOTPHYLILIM SAROM JAKT BO3-
MOMHOCTh GIUEJIATE 3AKJHYMEHUE ¢ CBOACTHAX CODCTHEHHBLX 3HAYSHM
H cobcrpennnix gyvnkuui Kpacsoi sagadu Hltypya—JTuveamr.



F.JIABA 5
TEQOPHUS YCTONUYUBOCTH

& 1. lNocTaHoBKa 3aTaYH

Paccyorpum cncreny ypasnennfi

ey -
5 = Flty), (5.1)
i.
B KOTOPOI HEUSBECTHON ABNASTCA N-MepHAA BeKTOD-DYHKIHA i ¢ KOM-
TOHSHTAMHE Jf), - . -, ¥y SAJATHM HAHATBHOE VO TORHE
y(0) = . (5.2)

Hs § 5 01 2 U3BeCTHO, TO NPH ONPeI&TeHHEIX €CTeCTBEHHBIN VOT0-
BUAX TIaJKOCTH HA Mpabblie 4acTh (h.1) pewenne y = y(t, yo) samaqu
(3.1}, (5.2) ARAAeTcA HempepblBHON hvHEIMEN F, 30 B TOKe (F, i), Te
t — MPOU3BOALIIOE JIHCTTHE W3 TICKOTOPOTo Konednore cerverra [0 7.
Teamerpuaeckn 310 O3naqaer (pue. & Ha KOTOPOM NPEACTABIEH Ciy a3l
OANOMCPHOTO ¥). 9T0 mLaa Joboro £ > ()
CVILCCTBYOCT CTOAL Madoe |Ayg|, 4To - vt
Torpannias Kpunag y o= y{t o + Apo)
SYI0T JCKATD B NOI0CC WHPHIOH 22 0KO- 9
J¢ uHTETpaTRHOl kpusolt ¥y = y(f, o),
cend £ € [0.T]. Taknw obpasom, Ma- y(t o + Aye)
JAA HOUPELIHOCTL B HANA IBHBIX YCJIOBY-
AX HEe OKAZBIBAST CYIECTBCHHOTO BIIHA-

HHS [IA XapaKTep OpoLecea, CCaH Opo- 0
HECC PACCMATPHBACTCH Hi HEXOTOPDON KO- IPue. 8
nevuey orpeske [0, 7] vpesens £,

(),LlllilKU HepeiRs 'I‘}J(_‘.G}’(_‘.TCF[ HCCNCAGEATEL pOolted 11d KdaK VoS
DOIBINAX IIPOMEALY TRANX HIMEHEHHH BPEMEHU, U0 MATEMATHUECKH Hhbl-
PAKASTCA B TOM, 9T0 pelledie 3a1avu (5.1), (5.2) cnenveT paccMaTpi-
BaTh OpH 0 € 1 < 0. Byaes 3apaHee TpeInoIaraTh, YTO PENCHHE 38,.14-
uu (5.1}, (3.2) cvuiecTRYeT Ha ATOM GecKoHeTHOM MpoMekyTre. Bosmnn-
K&CT BOTPOC, OCTATCTCS T0 Kpunad ¢ = ¥(t o + Ayg) B E-T0M0ce 0K010
KpuroB y = yltyo) ana seex £ > 0, ecoan roneka [Ayy| nocrarouno
MiLi10 HTH ¢ pocTOM ¢ KPUBLIC pasciiyTes?
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Hpunepbl LIOEASBEIBONYL, 'L MikEel DEslIH30BATECT WO 1407 | ,.1]']“_»"1‘01-1

. . URTR, : dy .
cavaait. Pacemorpuy npocrefinuil npusep. ¥pasaedune gr = 4~ 1
obanaet pemondem y{f, o) = 1/a, WATAIRHOC 3MAYCHHC KOTOPOTO

yo = 1/a. Ilvers Teueps Ha'1AJBHOE 3HAYIEHKME PABHO Hy + Ayn. Orbe-
HATOMICE ATUMY HAYATLIIOMY 3MEHCITHIO POINCITHC JACTC hopay1oi

ylt.yn + Ayn) = (yn + Ay — é)e“‘ + 1= Agge + L

Orcoma suano, 9to ceau a < 0, to |Ay| = ‘y(f, v + Ayl — %‘ =

= |Ayple®™ < ¢ nua Beex t 2 0, econt Tourko [Ayy| < <. Ecan e a >0,
TO IPH I0CTATOTHO GONBUINX f $HATeHHe |Ay| CTAHOBHTCA CKOJIb YTOIHO
BosThinum, KAK Ok MATO HE Bhino [Agygl.

HuTerpansnan kpuBasA, 00MaIAOMAT TEM CBOHCTEOM, MTO BCe IOCTA~
TOUNG GIHIKHe K 1eit Tpe ¢ = () HITerPANLITBIC KPABLIC OCTATOTC (13-
KHMH K Hell 1 104 peex £ 2> (), HA3hIRARTCA yomnafivngoli HrineapatbHotl
EPUGOT, a COOTBOLCIBYIOMOCC ¢ DOLICLIHG POTROTEUEM PEUICHUCM.
B npoTHBHOM CAOyIa¢ TOBOPST, SITO POLICHHC meverTofivuno. B pacewo-
TPEHHOM NpHMepe pellieHie ¥ = 1/a npi a < ) ARIAETCA YOTONTHBINM
peleHieM, a4 upu @ > 0 — neycrofinusnM pewednes. Penenna, pac-
cMarTpuBacmple na [0 o), Heom e, Takuy 00pasoM, Ua ABH NCHepece-
KAMMIHXCA KIacca: YeTOHHIABLIe H Hey cTOHHBbLIe.

Honsrue yoroiiausocry pemenna Grno sreneno A M. ilanyroprim.
Hnm ke SBLIH 3AT0KEHD! OCHOBBRI METOIOE HECIRTOBAHMA HA YCTOHIH-
pocTh. Hoenw A M. Tlanyvioba coxpanuan ¢poe smadeide o ¢HX nop
H NHPOKQ HCTOMLIVIOTCA B CORPOMENTBIN WCCICMGBANHAX BOMPOCOB
¥OLOHTHBOCTH.

Jdamus Tenepn cTPoroc ONpeIeICHNHe DOIFATHA YeToH9unocTr. Boeaes
obosuanenue ||y|| = i + -+ i, ae y; (8 = 1,....n) — opauHaTel

BeKTOp-(hy IKLIH Y.

Onpeaenenue?®). Pemenne y = (¢, yo) 2a1aun (3.1), (5.2} Hazw-
BACTeA yemoduucbm o JTanyHoay, oo g 1obore £ > ) cyimee TRy eT
8(e) Takoe, ito wpH ||Ap|| < &) nna seex ¢ > 0 enparelTHRG Hepa-

BCHCTEBO
lar(t go + Ao} — ylt 00} < 2. (5.3)

Cpeay yeTofiMHBHX peleHHE MOZKET BCTPETHTRCA Pelledds, ob1a-
JAKNEE TEM CHROACTBOM, 410 BCE DJM3IKNE K HEMY B HAYA/ IhHbIA MOMEHT
PEMISHHA HE TOTBKO HE YIAJANTCA C TEHEHAEM BPeMEeHH, HO DeCKOHEHO
npubTrEaeTes K nemy. Hostomy ssomures eme oano

ng DTN OIIPEOESNCHIH H B OAbHPRIIIEM [€b HOET o }'('Tllﬁ‘[l’IBU(fTH OTHHTETE-
O INLMAMLIEIX O4ITHLIX. ANATOTHING MOMIO OLLTG DL BRCCTH TOHATHC _\"L"TE']ﬁ']HI]{)('T}‘I
OTOOCHTONLIN IMADAMOTROR, BXGIAILEY O ORARVI) TACTL YPARIICIIIA,
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Qupeaenenne. Dewenue y = y(f, yy) 3ai1aun (5.1}, (5.2) HasnBA-
SICA QUUMNTNONUYecky yomodiuanas. eciid 1) ono yeroAuueo u 2) cy-
LCCTBYOT TAKOC JOCTATOYIO MsIon 8y > (O, 9o npH ||Ay|| < d

Jinn (gt yo + Ago) — ylt o)) =0. (5.4)

HeeaenoraHue HA VCTORYHBOCTE PEIIEHNSA Y{T, )} MOAKHO CBECTH K HC-
CISIOBAHTID HA VOTOWHHROCTh TPHBHATRHOTO, T. €. TOXIeCTBOHHO PAR-
HOTO TVITIG, POLICHTAST TCKOTOPOH APYTOH CHOTOMBL, eBT3anmof ¢ (3.1).
AelicTBUTENRHO, MepelifieM OT HeH3BecTHOTO § K HOBOMY HEWIBeCTHO-
MY & mo hopMyvie x = ¥ — y(f.40). Toroa cuetenma (5.1) OpUMOT DU

It — f(z,2), (5.5)

e f(t.x) = Ft,z +ylt. ) — ﬂ,rJ(f yo). Pemrenmio ¥, yg) D npek-
HUX [epeMeHHBIX oTeedast pewende @ = (0 cueremsl (3.0} OBosaainm
20 = y{0. o+ Apo) — (0. yo) = Ayo. w(liro) = y(tyo +Ayo) — y{l. yo).
Torma 5 OCPCMONNDLIX £, & OTPCICMCHHA YCTOHYHBOCTH H ACHMITOTHYC-
CKOA yOTORMMBOCTH BRIV IAAAT COBMVIONIAM 0OPAI0M,

Onpeacacnue. Tpusnannuoe pewenne cHeTeMol (5.9) Ia3LIBACT-
ca yomoliuenat no Jaayrosy, ccan aia noboro £ > 0 cvwecrsyer
dz) > 0 Takoe, 110 mpu |jze|| < 8{z) anx Beex £ > 0 copaseoampo

HEPAREHCTED
et 20)l] < = (5.6)

Onpeaeienne Tpusuanbroe pelwenne cicTemu {5.5) HasHBACT-
CA GCILATE LTINS R ‘Uf.frlf}'“q{'“ﬁbl-.a\{.} BCCTE 1) (YHO) V\'le‘)” THHO 2) l-\:}"”[P-
eTBYCT dg > 0 Takoe, 910 0py ||ag|| < dg

litm #{t, o) = 0. (5.7)
t—r

3avenanue. Huorna p samucu 2(2, 2g) ONYCKAIOT 3aBHCHMOCTD OT
g B oOMIy T # (), & g MOEKIO Torod 3anucaTs Kak ®(0), u Toraa yerod-
THBOCTL (F3HATMACT, IT(

l(A)]| < e (5.8)

187!

1#0)]| < 3(2). (5.9)

a4 ACHMIOTOTHYICCKAS VOTOHIUBOCTE  9T0, CBOPX TOTG,
lim x{t) = 0. {5.10)
f— oo

cenn ||z(] < dg.
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B nansueiies Mbl HvOeM SHAKOMHIBCA € METOUAMU HCC1E10BAHUA
HA YOLORHYNBOUTE HMEHHO TPUBHAJBHGID PDELIeHHA.

VeTolMHEOCTL TPHEHAMLHOTO PeUIeHHd IONYCKAET YIOOHVIO renMe-
TPHYECKYE: HHTEPIPETAIIAK) HE TOJBKO B {1+ 1}-MePHOM MPOCTPAHCTERE
MCPCMOITITLIY, £, 2, 110 ¥ B R-MePNoM hasopoyM NPOCTPATCTRE TEPEMeTT-
HeIX E (HoRATrHe PazoBoro MPOCTPARCTRA DhINO bBeeseHo s 1. 1), Ha-
CIANOC M300PAMCIINE 3000L MOKIN O0TL 3,0 cnvaas = 2 (puc. 9).
Tpusnansioe powenne © Gazcsom NpocTpancrie HI00paKacrea 1o4-
KO nana1oM koopnunat. HepanoneTno (5.8) B ABYMOPHOM CITy-
MAC OIMATACT, SITO hasoBag TPacKTOPHS
upd ¢ > 0 Jemur B KPYLre pasgdyca £
C UCHIPOM B Ha4aIC¢ KOOPOHIIAT, & IIe-
paReHCTRO (5.9) TTO Ha'laJbHAA TO'T-
Ka TPACKTODHIH JIOKUT B KPYIC PAgHy-
ca o{g), e TPABKTOPHH, HAMHHAKILIAA=
C B d-OKPCCTIOCTH HAYas1a KOUPIHUIET,
HE BhIAIET B3 Z-0KPECTHOCTH HAYANA KO-
ORIHNAT IpH BCeX £ > () B CIvdac acHs-
NTOTHICKOT YOTOTHBOCTH TPARKTOPIA
npu & — o Decroveyno npubanKaeTca
Puc. 9 K HAYAY KOOPITHHAT.

Jamceaannc. Buoecro roro, wrobs rosopurs of yerolunsocTy tpu-
BHAJILIOTO PCIICIIHA, TACTO TOROPAT 00 verofunpocTa Toukn (0,....0)
pa30BeTO MPOCTPAHCTRA.

Pacc_:mr)'[pu B CHCTEMY ABYX JHHEHRHBIX OUHOPOGUAHBIX }-"paBHHHHl:'l < I1o-
CTOAHHEIMHA K()!r)(l)(l) HIHeHTAMA

dr _ 1. -
pi Ar, {5.11}
;e A nocroarHas (2 x 2-uarpuna;
A= (011 13
91 29

Cucrema {5.11) umeer rpuenanbioe pewenne @ = 0. Byuem nccieno-
Balb el Ha veroiiuneoers. Tlockousky pewenne cucrenmsl (5.11), yio-
BIISTBOPAIOWEE 1IPOM3BO TBHBIM HAYAVIBHBIM YOMOBHAL, BBIIIMCHIBASTCA
ABHO, T0 VOTOMMHEOCTE HIH HeyCTOHYHBOCTL TPHBHANLBHOIO PELUSHHA
MOKHO VCTAHOBHTE HENMOCPencTBeHHO. B ofmeM cnydae 510 CIenaTh
He;Thas. (NIHAKO Pesy TRTATHI, KOTophle MA moavimns 11 (5.11), non-
CKH-}K},"I' HATIDARITEHTE UCONEI0BAHN A Dﬁlllﬂl'(l f’.,.ll}"‘-lﬁﬂ.

Tlomyyauy cnadgiuia ICKOTORLIC BCHOMOTATOILILIC HCRABCH TR,
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CollacHo u3aoKeHHOMY B § 6 1 7 1. 3 pewwenne w(#, g} cHCTEMBL
(5.11}, NPUHUNMADIES HEMAILHOS SHAUEHKE £, IDELICTABUMO B BWIIE
x(t, 2p) = K(t, Ohry, (5.12)

roe K(#,0) = W{t)IF~L{0); W (f) — dyHaaMeHTAIbHAA MATPHITA, TMe-
HIAA B KA4eCrse CTONOU0B N84 JUHERHO HESABHCHMBIX DELIEHHUA:

(} ¥y .
:l’i[jj = i l“)\'r,_ :l’.'[-_J) = 2h {"Azr, (5]3)
(k{12 ¥rap

Jncek A, Ar XApAKTCPUCTHICCKHC YHCIA MATPHITL A (Kopim xapak-
TOPHCTHYCCKOTO ¥ PARICIIHA ), & O jy; — TCKOTOPDLIC THCA, ¢TI0 Ay # As.
W MHOTO'LIEHRBT IO £ CTETIeHH He BRI neprolt, ectn A = As.

Mycre A; = p; + ig;. Torua |eX'| = ePf u nua saementos K;; Ma-
rpuusl At 0) cOpaBenTuBa CICOY IO OLCHK:
|JK;J| < (C-Tl + Cgf)e‘m', (51—1)

roc p = max{p;.p2}; C1.C2  ICKOTOPLIC MOCTOAMILE, npadeM Cy = ()
B cuyiaae Ay £ hy. Hepasonerro (5.14) MO0 3anucath (VIHTHIRAL,
4TO OpH J0G0M 7 > 0 UMeeT MecTO HepapeHoTRo fe~ T %6‘_1 = ()
TAKKEe B Caenyiomedt dropie:

|]\,J| < (Cl + Cgt]t'.’_q'"(é'.’(r'_kh"“' g (pl + CQC;;)(.’“'_P"”;

TO CCTD,

- w1t -

|J’(.;‘_J'| < Cletrrlt (5.13)

[Touvaum emg oo Benomorare, innoe Hepasencrro. [yvers y=A( e,
rae g, — croabun, Alt) — xpagparnas marpuua. vers sieMenrs

A(#) nonuuaAI0TCA HepaseHCTBY oy, ()] < a(t). Toroa

llyll < 2a(®)]|2]. (5.16)

x|

eHCTRHTCALII0, OIS ABYMOPIHOTO CIVIAT HMCOM 4 = d1181 + a1k H,
CIEO0BATETbHO,

2 3 9 33 .
Yy = apty Hajars + 2ane2010 S
3 3o 3 2 o B s
% a1 e] + arars + el - Jee|(e] + 23 € 2a7 (] + 235).
VUHTLIBAS AIIOTHHIIIYIO OUCHKY IS Yo, TOAYHHM 4 +y3 <4a” (xf +a3),
ITO paBHOCHILIG {5.16).
[Ipumensas nepapencreo (5.16]) k (3.12) u Hepa 8 kauecree a{t) upa-

py1o 4acTh {5.14) wau (5.15), nonyaus (kosdypumuent 2 MoEHO BRAIO-
are b O v O

lle(t, 200) || < (€1 + Catyel g (
llx(t. x| < Ce'* TV |zgl. (5.18)

N
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OBpaTuMea Teleph HEIOCPSUC TECHEO K UCC 12 A0BAHUK TPUBHAIBHOLO
pewenna cucremi (5.11). PaceMoTpus pasHbe Ciydan.

1. Oyers py = Re A < 0, pp = Reds < 0. Torma p = max{p,. pa} < 0
W, COIBNCRATEITRHO, NPH NOCTATOMHO MANoM % uMeem p 4 % < (. Tora
a1 moboro £ > 0 nomyvaest 13 (3.18) ||z(f.m)|| € Cllre|l < &, ceom
[lEal] < =/C = d(e} n. raknm abpPason, TPHRHAIRHOE DEIIEHHE CHCTEe-
mot (5.11) verofiguso. Hn (5.18) puano taksxe, 9to #2(t.zy) — 0 opu
¢ > o W, TAKHM 06DAIOM, PCWCINE ACHMITOTHHCCKH ¥CIOM MMEO.

2. [IyveTh Cpemd Aadeini gy, pa AMECTCA XOTH OB OO0 TOTOKHTE -
HOE, HALpUMED, pi. B 31oM clyiae, KAk HeTpyaHO BUUETE, TPHBUAIBHOE
pemenye cuereMsl (5.11) veToWTHREIM He ApTAeTCA. JdonyCTHM mpo-
THBIIOC, T.C. 4TO 0ia qgobore £ > (0 cyvmecteyet 4{F) Takoe. 4To npH
[l#a]| < &(c) cnpasenmmro ||x|] < . Jansneiinme paccyxIeHNA Oy IyT
HECKOUBKO DA IHYATECA B 3aBUCHMUCTH OT TOQ, ABIAKTCA A; deiicTBH-
Te/IbHBIMH MM KOMILIEKCHO COUpAKeHHbiMr. [Ipa ueficrsnrebHmx A;
JOCTATOYHO PACCMOTPETh pemedne ¢ = Cuyyy. [py 20CTaroqio Maiom
|C|, oueBnuno, ||zg]l < &8(2). no nepasencrso ||x|| < & ne moxer OnTb
BBITOTHEHO NPH Beex ¢ > (), Tak kax ¢! — oo npu + — oc. Benn xe
Aj KOMIUIEKCHBIE, TO B| = Pr = P, Al = P + i U PACCMOTPHM PEIIeHHe
x = C'Rexyy. [pu nectatoso mantom |C, mo-npexueny, ||xg]| < §(<).
B(Jf%hl\lﬂl\-"l Or'l‘Hv\' I3 KOMUIOHEHT 314000 IIIP.I]]EHH?[:\ 0'1‘,.I|L1KIH}-'H) ar rox;ie-

CTBCIIOTO 1y, Hampumep, @p = CF(Fle?, toe 3, (F) HCKOTORAS
BHOGIC OUPCACICILAA JuHCinan komdunauns cosgt v singt. Oqepnu-
HO, 7] HC ARJIACTC OCPAIHTCHIBIM OPH § — 0C,  HOATOMY 1CPADCICTBO
|l€]| < £ raxse ne momer GrITh BRIIOJIHEHHBIM 1D BCex § > (.

3. OcTanocs paceyoTpers cavdail, koroa p; = 0, pp < 0 wan xoraa
o= je = (0. HU(.:JIBJI,H&(—.! F3HAMALST. MO /\J 2] Az BN HMETT MHUMBLE,
JHGO paBlILIe 1vIHo W Kparunie. B cavyae pp = 0, pe < 0 Wi yueTO M-
mbix A g gopmyne (317) p =0, Cs = 0, rax wro |le{i.en)|| € |l
H PCIICHHE YCTOHYHBO 110 TOM KO OPUYULAM, 4T0 W B 1. 1 AcuMirory-
MecKoll VOTOUMHBOCTH 31eCh, OOHAKO, VKe He BYIeT, TAK KaK, OUeBHI-
HO, HAROYTCA PelieHnA, He CTPeMANMecs K Hyao npi ¢ — oo, B coy-
uae pyp = 0, pp < 0 TAKUM pemediey Hy1eT, HATPHMeD, PellieHHe BHIA

w = Ciryyy, T8 KOTOPOTD NPH J0CTATOUHO MAanon |C| seawanna ||xy]]
KaK ¥TOMHO Manma, onHako ||#|| = coust 4 0 npu £ — 20, Ipu guero
MHHMEIX A, 0UeBHNHO, ¥ = C' Rerqy A0 nput — o,

e ke Ay = Ay = 0, 10 eM! = e?f = 1 a ay;,; — Tuselinse

pyEKIMD £, ¥ DoaTOMY HepapeHCTBO ||{f, 20)|| < £ He MOXKET BEINOM-
HATBCA I8 Beex T 2> 0, 33 HCKTHMeHHEM TOTO CIVHUanA, KOTIA BCE &y,
BRI TAITCA B MHOMG'IeHE! Hy.1esolt cremend. o atoT cnvuall pea-
JHAYETCH Mk UK gy = 0, 1 pRleHde roria vMeer BUL X = X,
Ta = Ty U, OUCBHIIO, ADTACTCA YVOTORYKDLIM, HO IIC ACHMIOTOTHYCCKH.
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3asevadde. Herpyuno Buaers, wro poseleHdblll ana s B sHa-
HUTENEHOE Mepe OCTaeTed CHPABE L TMBRIM 1 LA I-MEPHOIO GV YHas.
Tak, coxparawrea onenka (5.13) jua Ky v wepasencreo (5.16). B xo-
TOPOM HAMPHHTCA TOIRKG TO, 9TO BMecTO KoahuiunerTa 2 moasutes
HEOKOTOPAS BCJIHYUI, 3aBHCAIAS OT B, OCTAIICTCA CIPABCAIHBLIM IEpa-
BeneTeo (3.18). HOTpyamo DHICTh TAKKE, TG PACCY K ICTHA, TPULCICH-
HEule B 0. 1 o 2, hak THTIECKH He3 H3MeHeHHI TEREeHOCATCA HA 1-MepHRI
Cavuai,

[ToaBonsa HTorn. MOKIQ CACHATD BLIBOL, 4T0 MPHGUGALHOE Detie-
HUE OHROPOIHOT CUCTICMD AURCTRHE YPECHERUT YOIROTHUs0 © NPUmos
nesnmomusecky, ecan Bed; < 0 dan ecex {, u weyomodmues, ecau
Re X, > 0 woma 6w das odnozo 1.

ITpo HATHYHH XaPAKTePUCTHYECKHE SHOeT ¢ DABHON HY. TH TeicTRH-
TONLHOH YaCTLIO CHTYAUMA ABAACTCA Bosce craoknoi. Jomoamurens-
bl ANaIH3 TOKAHIBACT, ITO CCTH XapaK TOPHOTHICCKHS THCTA, ¢ pan-
HEIMH HY.TH J1eHCTEUTENEHBIMEA MACTAMH He ABTAKTCA KPATHBIMHE. TO
UpH YUIOBHH, YTO 1Ipovue A yuopdersopsior rpebosanni Re d < 0.
OVAeT HMeTh MeCTO YCTORUMBOUTE, HO HE ACHMIITOTHYeCKaA. Eciu we
CPCOH A C IVACBBIMH JCHCTBUTCALIBIMA YACTSIMU HMCIOTCH KPATILIC.
TO YCTOWTTHROCTH, BOGONIE TOROPA, He BYIET, JaXkKe eCTTH 1A MPOYHX A
WMEET MeCcTO HepAReHeTBO Re d < (.

£ 2. HeccnmemopaHre HAa yCTOHYHBOCTE
Mo NepBoMY NPUGTHACHUIO

ObpaTtumcsa k cueteme obiniero ruaa (5.5) U paccMOTPHM Tak ITashl-
BaeMBIT ABTOHOMHEI cyTail, kxotma f He 3aBHCHT ABHO OT f. Janumen
CHCTEMY B KOOPUMBATHOR (opue:

B = fienen), i= 1 (5.19)

Tax kax nousTue YCroHdMUBOCTH IPHEHACILHOCO POLICHUA CRAZANO
€ MAJIOH OKPECTHOCTEI) HA'1A/1a KOOPanHaT B ¢hazoBo npocrpancise, 1o
CCTCCTBCINO OEUTATL. 9TC MOBCOCHHC pemenua cactemnl (5.19) Ovaer
OUPSUENATHCA IVIHBHBIMH YISHAMH PALKEHMA [ 10 # B QKPSCTHOCTH
# = 0. Tak gax f;(0,...,0) = 0 {mockoabky & = () ABAASTCA pellle-
Huem cHerenbl {3.191), 1o 1IaBHRIMT YiieHaMi By v T NHHERRRIe @eHb
DAFNTHHEeHHA f na ey WM, KAK WX HHAME HASBIBARYT, “LHNEHBL HEDHBOTD
TPUOTHA CHISL.

[To dopuyoae Teitnopa, yviutesasa, 1to f (0., .., 0} = 0, uscem

il

ff(.?.‘l._.. ..,;T,'n) = ZO”‘:JI‘;\- +R{.‘}s (52())

k=1
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e

iy = g-;f? (U C ..0)

= Z da .fr, 9.1|,A.Hi9;rn);rja.’;. (521}

‘s ().L;
.J.J—l !

Ecam s (5.20) ordpocurys Bisy;, 1o syecto (5.19) noyuus suieiny o
CHCTCMY BHIA

It
dr; o -
s E gy {5.22)
k=1

KOTOPYIO O¥ICM IASLIBATL CHCTCMOH DOPRoro npulmnKelns I Cu-
credsl (5.19). Ilopenerne cucteMb! (5.22) B OTHOLWEHHH ¥CTOHIHBOCTH
H M HEYCTORMHMBOCTA THHHHARHOIO DEIEHHA QUPEISIHSTCA CBORCTBA-
MM KOPHCH A XapaklopUCeTHYCCKOIO VPEBICHMA, Kak DLLlo BLIACIe-
HO B KOHIE Opelbiavilero naparpadpa. MowxHo okuaate, OTO TE XKe
TpeboraduA Ha A OfeCeuAT HE TONRKO YOTORMHBOCTE WINW HEYCTOl-
YHBOCTE TPHBHANBHOTG PEIIPHAA CHCTeMB (5.22), HO W TPHRHANBHO-
ro pemensa Hexonnol cueremot (5.19). Kax Gvmer sumio mpke. »to
MRCATONOHCHAC OMPABILIBACTCA. OMITAKO TROKIL ToM (POPMYTHROBATE
COOTBeTCIBYIOUIYE) TEOPEMY, IOKAKeM JIeMMYy, COUeDKALLYK) HeKoro-
PBIE BCIOMOCATENbHBIE HEpPHBEHCTBA, KOTOPBIE DOTPeOYRITCA NpPH JO-
KAZATE b TBE TEOPEAh. B aackneiimen, kak 510 HEDES LKLY L 8810,
BCE BUTPEUAKIMINECA UOJOKHUTE IBHBIE NOCTOAHHBIE, BEIHYUHBL KOTO-
PLIX H¢ HOPAIOT CYVIICCTBOIILIX POTTcH, Gvacs obo31adats oqinoi 1 Tol
e ovesoil  (Tak, B HepareHCTBe (3.17) MOKHO DBHLIO OBl HAITICATH
[|#(t, x0)]| € (C 4+ CHeP ||| w11

Jevwma 3.1, HMoor AceTo CaCIyIone VIR ICHI:
12, HyveTe § ABIACTCE BEKTOPOM ¢ KOMITOHEHTAME

i
it = Z (I-.,‘j\-(f:l.?.';':.,
=1
rae |ag(t)] < a(t). Toraa
llyll < Calt)||z].
°, OyveTe y ABAARTCA BEKTOPOM € KOMITOHEHTAMH
H
W= Z (il Xy
Jt=1

rac

agi| < alt). Toraa
Iyl < Cattel
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3%, s so6off Hapel BEKTOPOE ¥ H i CHPABEUIHBO HOPABEHCTEO
[l + yll < Cl] + [ll])-

4%, fAag moboro peKTOPa f CHPaBeaTHBG HCPATCIie TBO

£

t
y de <C [ lyllde.
¥ ¥l

5°. Jaa marpunanta K (t, &) auueitnofi cucreser (5.22) copapeaTiteo
HEDABECHCTRO

- - N Al E—
K53 (1, )] = |Kiy (F = £,0)] < CelprIlm8), (5.23)
e p = max;— .. .»{Re Aidy Y — HOMOKHICBHAA HOCTOARHAA.
,410 KddadaTe!llbO'TBO. 1 lB!—‘])}K,.lt-'Hm—‘ GlelU AURAZAHO AJA UBY-

Mepnoro eovdas (oM. (5.16)). dna upouisoiInioro d. Kax OLU0 VIR
OTMEUYEHD B NPELLLIVINEM HAPaArpade, JNOKATATENLCTEO IPOROINTCH 110-
JOOHLIM O 0BpasoM,
27, NTBeDHSIEHMA NOKAETRASTCA TIDH NOMONLH AHANOUHYHBIX COODDA-
KOMAH, TOATOMY JOKATATONLC THO GTVCKACM,
3%, Haveen
(e+y)i=a;+y = [(z+y)]? = +y) + 20 €
< kel + gl + 20l - gl = Al + gl = Nl +wl® <
2 .
Salllzll+ ¥ = le+yll < CUll+1gl) (€= Va).

47, Maeem

(_/tydf) = f;;-,- dg = Kﬁqd&) ] <
0 P
I3 2 ;
< (f ||:u||d£> = ‘ <C [llwllde (€= V).
o] i

Javevadnue YKA3AHHBIE HEPABEHCTBA JIEIKO BBIBECTH M3 T€0DEM
JuHeitHol aarebpor.

5%, Jdoa K{t,€) cupasesiueo vepasedcrso (5.15):

|Ki;(2,0)] < Cetrtt (5.24)
{esr. zavcdanne b kouue § 1), ¥ocanves, aro K(f, {) = Kt — £, 0). deti-
CrBATEIbHO, A, £) VI0BASTBOPAST Y]PaBHEHHK) WK(E,E = AK(t,£),

roc A MOTPHLL C 3TICMOIITAME (). H HA9AWILIIOMY YOTTOBHIG K:|{—§ =
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= K(£,€) = F. 3aMeHaa HesaBHCAMOS LIepeMeHHos £ Ha £ — £ W VIHThL-
Bad, wro A = const, nonyaum, 1o K{(E — £,0) yaoRISTBODALT TOMY Ke
YPARHEHHK} H HAYMATLHOMY VENMoBHIO K|i_g=o = K(0,0} = E. Iloatomy
B CHJIY TEOPEeMbl e0HHC TReHHOCTH

K(t.8) = K(t — £.0).

Orcroma 1 us {5.24) nocaenyer (5.23).

ChopMynupyed Temeps TeopeMmy, o0eCIedHBAlIyE BOSMOMKHOCTE
CYIUThE 06 YOTOHYMHROCTH HIH HeYCTOHUMBOCTH TPHBHATLHOTO |eTie-
THST CHCTOMBT (5,19} 10 XAPAOKTCPHCTHICCKHM YHCTAM MATPHILLT IOPBOTO
MPHOTHIREHHA.

Teopema 5.1. Hyorw v sexoropoli oxpecrrocry rourn ry = 0. ..
ety = 0 chvrmun filxy, ... 2n) (0= L,...,0) 0COPOPLIBILT BMOCTE
I ”I‘J()H."}H!"),-'IH!)IMH S0 H'I’{)}’JI{)F‘O ”l’]])ﬂ,’ﬂ\'a BALAHIHEITE B HI. TOP}'{R, 20010
BCe XAPAKTOPHOTHUYECKIIR "HOA2 X MaTPHILL € 37eMEHTAME 0 =
= Wj(O, e ) waopacrsopmor yveaosmo Bed; < 0, vo rpupuactenon

pemerie creTesint (5.19) veTofiieo o IpIToM ACHVETOTHYCCKIL,

doxkazateaveTso. [Homayvacs npenctapaciuen (5.20) 178 npa-
mLIX mactell (5.19) v pacemarpunad (5.19) kak cucremy (3.71), B xo-
Topoit f = Risy, nepeiinesm oT audsbepenmmansioro vpapucnns (3.19)
¢ NAYMAILILIM vCIonueM 2(() = &y K 3EBUBAICHTIOMY HITCTPAILIOMY
yparHeHno (oM. (3.87))

;
w =Kt 0)eg + [ K(t, E) Rz (§) dE. {5.25}

0
Pacemorpum Hexoropvid oxpecrnocrs {6 roukn r = 0 dasororo

npocTpallcTba. [yeTL DA OOpeIciacHnocTH § 3u3a0Tea PARCICTBOM
[lz|] £ K. rae K — vexkoTopad noctoaasad. CoraacHo gexse 5.1 B oda-
"

et Q 114 By enpasenmusa oneska || o || < C2|%, w or (5.23) Moxkuo
NEPEATH K HEPDARSHCTRY

2
llz|| < Ce ||ay| —I—Cfr_’. at &) |)® e, {5.26)
0

e —a = p+ v Tak kax B pacouvarpusasmom coavuae p < 0, 1o npu
JOCTETOUIIG MUSIOM % HMeeM o > (.
Paccmorpiy reneph BCNOMOIATE IbHYHY CRATAPHYHD 3aJ18MY

L= —az+ 02, 2(0) = 20 > Cllzoll. (5.27)
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Fro YpPapHeHHe A e MeHTap O HHTelpapyarea (K‘r].K YPABHeHHE ¢ [ruiie-
JIAKMITMMMECA NepeMeHiBEIMHE M KaE YabBHeH e BEIJH}'JIJIH)._ H peleH e

HxeeT BUO @z

Oz + (o — Crghett’

D10 PeWCHHe, KAK HOTPYANO BHACTL, ODMANACT CUCIYIOWUMH CBONCT-
BAME!

1) = > 0upu t 2 0, ecan zp A0CTATOTHO Man0: 2 < afC

R
2} pns noboro € > G umees 2 < m——————
! Cerp+ o —Czg

Mo, & <0 &, C7IH 2 < £,

Nzt = 0nprt = .

Hamumew teneps 10 2(t) vHTerpansHoe ypasHedie no Tviy (5.25)%

= Zgp H, CICIOBALC -

¢
2= 4 O / e oli=8, 2 g (5.28)
0

A cpasdny ||@]] 1oz ¥Oeaumea, 210 upy ¢ 2 0 CiupapeiIiB0 HEPaBeHUTBO

||| < =. {5.29)
B camoy Jene, npu t = U HepapencTee (5.29) cnpapenanpo, TAK Kak.
nonarad B (5.26) ¢ = 0 moovan || ro|| < zo. peanonosnm, €10 npu He-
EOTODOM 3HAYEHHH ¢ = £ HEDABLHCTRO (5.23) mepectasT BHMOMTHATHCA
w umeet mecto ||x(ty)]| = z(f1). Ha crolictsa 2} dyuaxmmm z{¢) cnexy-

L, 9TO UPH QOCTATOMHO MaJoM zp nyeom ||z]] € A aaa ¢ 2 0. [pe
0t < ¢ copasenanso (3.29), u mostoMy ||7|| < A (T.e. z € ). Ta-
kum obpaszom. npu 0 < £ € 4 cupaseaiuso nepasencrso (5.26). 1 npu
f =¥ HMeeum

t .
Atr) = g™ +C [ e 022dE = ety <
0

1 ) -
< e 4 [ e
O

. 4 L
iy 2||2dE < zpe™ M 4 f e =8 2y

0

CpapruBad KpaliHHe "IeHBI 9TOH UEIOUKH HEPABEHCTE, HOIYHM Hp0-
rusopedre 8 suage 1 < 1, 910 0 Q0KaseBagT cupapennbocts (5.29) aua
=0

A reneph, BOCHOMAB30BABIIMCE HEPABEHCTROM (3.20), HeTpyIHO wvike
OOJVHHTL YTEERKIeHHe TeopeMbl. B caMoM Jeile, IyeTE 321AHO MK60e
2 > 0. Boarvew o] < /(2C7) = 4, a zp wnibepen rak, wrofe Bri-
TOMHATNCT TepaseneTno O8 < zy < 208 = ¢, Torna BT BLIMOTICNO
rpeforanue zy > Cllrgl] B (3.27), v 8 cnany (3.29) u cuoficrra 2) dvnk-
IHH £ BYOCM HMOTL ||:n|| <z < zp < Z OpH ||;r;_.|| < 4, T.¢. TPHBHILILIIOE
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petende cueremst (5.19) veroiiuueo. To ke vepasencreo (5.29) sMecte
co choHcrroM 3% dhyHrnuu 2(1) obecieuUBaST ACHMIITOTHUBCKY D VCTOT-
YHBOCTE TPHBUATEHOTO DEIIEHAA CHCTEME | 5.19).

JaMoemanmmsL

1. Haumn goxaszana reopema 00 acHMUTOTHUECKOH yCorof'lMBOCTH.
HMCCT MOCTO THEIKC CACAVIOHICT YTHCPAKICIIHC O HCYCTORYHBOCTH: CeTi
Re X, » 0 xorag Gbl 423 GHHOLO 1, 10 TPHBRAMLHOE DENIGHHE CHUTEMb]
{5.19) reverodtnso.

2. ¥rpepEacHua 00 acHMOTOTHYCCKOH yeTORYHBOCTH B O HeYCTOH Y-
BOCTH OCTAIOTCA CHPABEIIMBRIMH M IIA CAVHASN, KOTIA [ SABUCHT ARHO
OT #, CCTH TOILKO CTIPABCATHEO NRpeneTamenue fi{r, 8) = Y0, aude +
+ R, e ay = const, a ||[R|| < Cl2]|'=*, & > 0 — Twboe.

3. Ecoiu cpein A BOTREYMAKITCA TAKKHe, 1A KOTapeix Re A = 0, 10 Ja-
K€ eCITH TPHBHATLHOS DENEHAS CHCTEMBL TIERBOTO NPHOIHAeHa (3.22)
¥OTOHYHDO, TPHBHAILIIOE POLICHHC CHOTCMBE {(3.19) b sapucnMocts o1 I
MOMKOT OBLITEH KAK VOTOHTHRRIM, Tak W Heyetofmunniv. B otom crnvaae,

KOTOPLIH GOLIMIHO [I3LIBACTCA KPutius ek, SIasd TOILKO XapaKTCpH-
CTHIECKHE THCTA MATPHLEL I€PBOTD NPHOTIEKEOHH, HeNMb34, BOOOILE To-
HOPH, CHEIATE BRIBOL 0D YCTORUHBOCTA UPU HEVCTORMHBOCTH TDUBWA. b-
HOUO peleHys cueremsl (5.22). B KpHisHerkux v uaax Me ol HeC 180+
Balli 4 YCTOHIHEOUTL N0 TOPROMY TPHOIEKCIHIO TCRACT CHIV H IVE-
HO HCMOTB30BATE CBOHCTRA MOCIENYIONINY LISHOR B pasT0RKeHnn (5.20)
HIH IPYCHE MeTOMR,

§ 3. Meron, dpyukuuii JIanynosa

MeTog neeneopanis 1o yCTORUHBOCTL, H3MOMKCIILI B IPCOLITY IICH
naparpadae, IpH BCCH ©T0 CCTCCTBOMIGCTH ¢ BCCTIR Ja6T OTBOT 113 T0-
CcTak;IeHHRIT BOMPOL.

A M. MTauyHoBbim OBLT NPeLI0AKeH Takke H apyiol merou. B srom
MOTOLE  SAULIIOR  CHOTCME  VPABUCIUKE  COUOCTABIACTICN  NCKOTOPA
PYHEIMH OT ARUYMEHTOR 2, ..., 7y, HASRIBAEMAs dyrruuel danynoed,
H [0 €€ CBOACTBAM MOJKHO JeJaTh BRIBOI 00 vOTOHRYIHBOCTH PELIEHHA.

TIpORATIOCTPURVCEM IICTO MOTOIA TTA TROCTCHIIICM TPHMeDe:

el el -

—_ = —u e = f1, = = —2ry = fa. 5.30
7 1 = fi, 2= f2 {3.30}
ITo npegpioyimeMy MBI SHAEM, TG TPHBHANBHGR pelleHHe »Toil cHeTe-
Mhl veroliuneg, tak xak A = —1 < 0, Ay = =2 < (. QuHaro w1o-

BEr yOEMHTRCT B YCTONTHROCTY TPUBHATRHOTO DETTEHHA, MOZKHO DACCY-
A 3 T
HIATL U no-gpyromy. Pacomorpuy hyukumo Vix . za) = 227 + 23, D10
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(PYHEUMA NOCTORUTSIBHA BCOLY, KPOMe ToUKH xy = (3, w9 = 0, rie ona
OOPAECTES B IV 1L, B OpocTpaneTse epeMenisix 2, Ly, Vo vpasieinie
V= 2u +i3 onpesesaer napabo 1o ¢ BePUIMHGHE B Ha4a 18 KOODUUHAT.
JIHHIH YPOBHA 9T0H TOBEPNHOCTH HA [IOCKOCTH (), 22 ) IPSICTABTAIOT
coboll saaunenl. 3amaguM npoussoInLio Mastoe &, [oeTpouM na mioe-
KOCTH (@1, 22} KPyr w, paanyca . Boseyesd ooHy B3 JUHHA YDOBHS —
FURNC, HETHKOM NEKAINNE BHYTPH Kpyia w,. [locrporm apyrofi kpyr
Wi, TCTHEON Jeskanmit niyrpe amnunea (pre. 100, Tyvern magannias
Touka APy, Tay) TOEUT BIYVTPH £y
PaceyoTpuM  (hYHKIMK OBYX MePeMeHHBIX
Wiey, k) = (grad V', f). Jlerko BnoeTs, 41O
eCNH  BMECTO 'y, ¥y TOACTABUTL pellenie
Iy (8), 2 () cueremMul (5.30), To DOMVYCIIIAA Ta-
KuM 00paz0oM GpVHKUHA oT § OvIOeT OpencTa-
i’
ii
V(a1 (), w2 (1)) BOOTE TPACKTOPWY PEUIEHAA CH-
crever (830} Fenn ara apoussojiHaa pion
Mob0H TPACKTOPHY, HadHnaomelics & wy, He-

pAAIL CoDOH MOMHVIO MPOUH3BOMIVIO ot

TOJOAATCIBLIIE, TO 3TO Gjmcr OFHAMATL, ITO Ta- Puc. 10

Kas TPACKIOPHS HO CMOKCT LOKHLYIL We, TAK

KaK Wnato Mexay = 0 swanctiey £ = §. TpH KOTOPOM OHa MONAa,Ta-
€1 HA UPAHNNY We, HARNETCA 3HAYEHWe £ = . i koroporo ﬂ >
nockonbky ¥V {E (1), x2(t1)) > Vizig. zen). To, 1o ve onna, Tpaemo—
PHA. IEHHITAIOMASICA b idf. 11¢ DOKHIACT IIH OpH oanon ¢ > U Xpvr w.,
USHEMAET YCTOMMUBOCTD TPHBHAIBHOIY EIIEHHA.

(il‘t BIOJE TPASKTOPHH. LLnsd 3To-
IO HANO FHATE CAMY TPAEKTODHKI. XOTH B JIAHHOM HDHMEPE 310 MOKHO
CACIATL, [0 MCOTOL J0SEKCN OLITL pacCHUTall LA CHCTeMY ODIICTo B-
U, 1A KOTOPOH 1 (1), 02 (1) HENB3A BRIIMCATE SBHO M TEM CAMBIM 1TPO-
BEPHTE HyVIKHOE HepareHorso. losromy mel Byiem rpebovars, wrobs
dbyvuruna Wiz, 2} 6bl1a HEMOIOXKETEIEHOM KAK (DYHKOMA OBVX He-
3ABHCHMBIX INEPEMEHHRIX 1, 0 OO KpAiiHel Mepe B HEKOTOPOI oKpecT-
HocTr {0, 0). D10 yCI0HHE MONCHO NPOBEPHTL HENOCPENCTBERAD 11D N[3a-
BbIM MACTAM CHCTEMEBI, He 3HAA pelleHnd. B nanlew opuMepe HMeHHO
Tak w 6yI0T, mockoanky Wiey, ) = —2(r —am + i + 23] €0
BCIOTIY Ha TUTOCKOCTH (0, s}, & TeM CanbIM BIOIE MO0 TPacKkTOpWN,
H YOTOHYHROCTL TPHBHAIRHOTO PETEHHA TaPAHTHPORAHL.

Oyvneuna Ve, 7s), VHACTBYIONIAS B 3THX PACCVAICIHIY, W 0T
chyHrnma JTanvHoRa 178 p(u (‘MdTpHBdP\I(]l"U TpPITMepa. ()Hd mleeT BUT
KBAIPATHYIHON (hopMbI 227 423, XOTA B IPUHITHTIE BMeCTO 227 +25 MOKHO
OLLI10 OLL D3ATL B IPYTIVIO QYVIKIUD. THIL GBI 01 OLLTA TOMOK T L

['IT‘(’I,K._ MBI IOTRHBL TROREPATH THAK
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Hoit oway, kpose toukl (0,0}, rie oHa obpalasTed B HY. b, 8 Bblpa-
wenune (grad V, £1 = Wz, r2) 6p10 nenonoscurensusin. 1o uepkren
CIIC PA3. 9TO B IPHEBCICHILIY PHCCYERICIHAX BAKIILI KAaK HOSTOMHTOTE-
HOCTR (pYHEOWH V7, Tak U HemoIoKHTeThHOCTE qhyvekinn W, spaisHie
KOTOPROH B0 B TRARK TOPHH NIPEACTABIgeT COO0H N0IRY R NROIROIHY 0
oT V' 1o { BIOAL TPACKTOPRHH.

ObpaTiMca Teneph K (POPMYITHPORKC W I0KA3ATOILCTEY TCKOTOPHIX
oblHX TE0PEM, B OCHOBY KOTOPBIX HOJOKEHA F1a uied. Byiaeu ucciie-
JOBATH TPHBHAMBHOS PRIISHHE CHCTEMBI {5.5):

dr -
&L — fit, >). (5.31)
df
Bee aannueiiinme nocrpoeHud ByIeM BeCTH B HEROTODOH -0KpecrHocTH
AT TA KOORIHITAT B HatoRoM MROCTRAnCTRe. TIveTn s onpeseaem-

ctr {) 3amaeTca HepakeHcTBoM ||2]| £ K, re K wekoTopad mocTosAH-
nas.

IhIBALTCA RoagRcUmestno onpedeaennod s Q, ecom Vi) = 08 1, npu-
yen V{z) = 0 sume npu z = 0.

Onpenenenne. Ovaknnsn Vo, . ... ) (o, kopoqe, 1x)) na-

JTemma 3.2 Hvers Vi) HOUNEKHTCHBIN (MIDCACHCIHIAA H HC-
opepeipitag 8 1 hyvaxnmna. Toraa

a) 14 Beex ¥, VAORJETEOPAIONNX HepasercTry 2| 2 e > 0, cyine-
crpyer £ 2> 0 rakoe, 910 Vi) 2 24

6) obparito, u2 pepapencrsa Vi) 2 2o > 0 cHoaver CYmecTBOBRILIG
z) >0 rakoro, o x| = 2.

dokasareavceroo. a) HOvers ||z|| 2 21, b 1o ®e spoms |2 < K.
Ha vmoxectse ¢) € ||2]] € K dyvnxmma V(r) kax menpepninnad gpvik-
LM IOCTUTACT CROCTO MHHHMAILIOTT IIAUCIIHSL, KOTOPOC 0003BIEHM £5.
Orepunio. 2y # 0, Tax kak Vo= 0 Toapko opu & = 0. Taxus o6paso,

Vi) 2 e > 0. (5.32)

&} Paceymaaenm ot npotusroro, [yvets Vi) = 20 > 0, A nepaBercTno
||#|| = &1 He BEIMOIACTCA HE MPH KAKOM £, ITO AHATHT, TITO CYTECTBYET

1 Y]
NOCICONBATCILIINCTDL T —F On P 3TOM ¥ ( x ) 2 Eu

HOCTH V() CpaBemTHRO MPOICIRION COOTITONICIIHG:

B cuny menpepnis-
i V(%) =10} =0. (5.33)
[E T V]

. L
Ho 1o npotunopeunt cootnomenuio limy, L. V@) 2 g2 > 0, cacovio-

LLim
wWeMy |3 1oro, 1o V0 E ) 2 2a. [ToayueHHOe NPOTHBORE ' IHE Q0KAZBIBAST
VIRCPMEICITHC,
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Teopema 5.2 (ob veroiiunsocry). Hyers B ) cviecrsyer getpe-
PLIBHAT BAMOCTC ¢ YACTILIME NPOHIBOANLIM IICPBOIO HOPIUEY HOJI0EIL-
TEVILHO ONpedeIeH A (byHEnua Vie) rakad, 4210 hyuroiea

Wir.t) = (grad V. f(¢.x))
NAOBACTROPACT HEPDABEHCTRY
Wiz, ) <0 aaz t>0, 2L {5.34)
Torga rpueiaibHoe pemerie cucreses (531} yorofiyipo.

dogkazarenporpo. 3aizauuM uocboc £ > 0. Jesva 5.2 obociieun-
BAET (MOTKHM £) = &) CVIIeCTROBANHE £a2(c) TaKoro, wTo nna ||¢|| = 2
uMeen V) = 29, Hanmee, B cuny wenpe-
peierOCTH ¥ (&) (mpr o = 0} cyiuecTByeT
8 (£2) = 8} racoe. wro npu ||z]] < § uneenm
Vix) £ 20/2.

Bospmes nmagannuyio Toary x((}) = @y
B d-chepe wy $ABOBOTO MPOCTPARCTRA Tepe-
mMerbhix ¢ {pue. 11T HARAIHG AL0eTpU Y-
T CHTYALMIG Tl OBYMCPIOM CIydac), T.c.
nverw [{0}]] < 4. Torma Vi{e(0)) < z2/2.
Hyxno J20KA38TL. UT0 TPACKTOPRA OCTALICT- Puc. 11
o1 Ana neex § 2> 0w e-cdope w: {om. (5.8)).

[MpeamoTmxuM TpoTHBIIOE, T.¢. 9TO TPACKTOPUS [OPH HCKOTOPOM
t =t moxunet w, (ocTapagzen B §2). Torma V{w(t))) = 25, Haeen, Takum
abpason,

Vi(et) = V(@) 20— F =F >0 (5.33)

Ho ¢ apyroi craponm,

V(eltr)) = V@) = 0 57|

- ] 17 G -
. =f (;jldx.” . (”)t._t“ =

= (grad V, f(F. (@ )))f = Wz L )0 €0 (5.36)

a0 < 27 < f, Tak Kak (3.34) BLINOHAETCI RCOIY B 2, a TeM Honee
BaosE Tpaektopun. Hepasenctea (5.35) u (5.36) coCTap 50T TPOTHBO-
PEUME, JOKASBIBAICILES TeODEY.

Teopenma 5.3 (06 acnvntoTudeckol yetoluwsoctn). Ivers aomer-
HHTEALHO K VOIOBHAM Teopesb! 5.2 1141 = 0, » € Q apinoTHACTCA Ho-
paseerso Wir t) € W(r), rzo W(z)  moI0XHTCILIO ONPORCTCITELS
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B pvurnng. Torna spuspassHoe pemense cueress! (3.31) acuairro-
THYSCKH VETORYHBO.

JdoKazaTe TbeTRO. YoTOMTHBOCTE TPHRHATTLHOTO PEIIeHHA Ta-
JVET W3 TPReNLLIYINEH Teopenbl. YOenuMea. 1o

Jlim e(2) = 0. {(5.37)

Henoabzya eepiseHEe ONA DOSTHOH DPORIBOIHOH 0T V7 BOOUTE TRASK-

TOPHH. 1O M % = W(x(t).t) € =W (x(#) €0, re. V{x{t)) ¢ pac-
TOM £ BMOHOTOHHY Héhf}:i}_)&(_:'l‘ae'l‘. Hoaromy cymecrsyer lim o (et =
= 2 (). Jorames, vro o = 0. Mpeanososus, wro o > 0, Tax kak
VIEr(D)) 2 o (Vo crpemurca & npeneny cHepxy), TO, UONAIAH B IYVHK-
e B) nemyvol 5.2 g2 = o, noayvuum ||2(t)|] = £, a roraa no rof xe
semve (. a)) umees Wiz()) = 3 > 0. re. —W(e(d)) < -3 < 0.
Iostoney V(e (#)) — Ve(0)) = %h:m‘. £ =W (w(#* ) < -3¢
Orcwaa uoayauM, 410 Vie(t)) — —o¢ upn £ — 2. Ho ¢ apyroii
CTOPOHBL, TAK KAK B ¢y yorofunsoorn () € ), 1o Vie(t)) = 0.
Iporusopeyne npuBoIRLLT K BRBOLY, 210 a = 0,
Hruk.
lie V() =0. {5.38)
T

Jdoramen, wro orcraa caever {5.37).

Hooyerust npotuonoe. Torma eymectsyer £ > (0 1 Tagaz nocac-
AOBATGALLOCTE &y — o0, wre ||&(ty)|] 2 2. Ho rorma no acume 5.2
Vix(t,)) 2 22, wro npotupopeaut {(5.38). IIpoTunopeiue AOKA3LIBACT
{5.37], & BMECTE ¢ TEM M BCHY TEOPEMY.

Tpusep 5.1. B pacesorpennoi suie cuerese [5.30) wyeer Mecto
HE TOBKO VOTOWSMHBOCTh. HO W ACHNITTOTHUMECKAR VOTOHRMHBOC TR, TAK
KAk —H (i, 2] HE saBUCHT OT 1 ARJASTCA HOJOMKUTENBHO OIPEIE-
neHHol dyurmel. OOHAKO HA HTOM ODUMEPe Helb3d YHRTUTBCA B BAGK-
HOCTH TeopeM 5.2 u 5.3, MOUKOSBKY 33160k NPHMEHHMBL COOODAKeHUA
MPROALLTYICTO Taparpada 1 ACAMITOTHYCCRAS YOTORYHBOCTL CACIYOT
3 OTPHUATENBHOCTH A] 1 Ay,

Tlpupeaey mpuMep CHCTEMLI, KOroa Teopema 5.1 0 mepBom mpudoiu-
KOHWW TICTRPHMETTHMA, & GYTENHA JIanyiora naet oTRoT:

dr T du:
d_t] = 2z, — risin? ¢, d—f = —3r; — =}
Bosenmem V(z) = 37 + 22}, Torma M(x.t) = —6uysin®t — 2§ € 0.

CMeI0BATETBHO, IO Teopexe 5.2 TPUBHAIREHOR pellede yortoiituso. Teo-
peMa 3.1 3Mech OTBeTa He [1AeT, TAK KAK XAPDAKTEDUCTUYECKHe YHeTa
MATPHLLI MEPBOr) TRHOTHACIHA ABAAIOTCT YHOTO MIEMLIME.
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MoxHO HCHONIB3OBATE AHANOUHUIHBE HUSH 113 JOKASATSNbC TR He-
YCTORYHBOCTH TPHBHAJBHOIG pewedus cucredel (5.31). Takoro poua
TeopeMEl BIepbBbie HbLMH Tpemaomkerbl 11 [ Yeraesoinv. Mol npusenem
3J6Ch NPOCTEHIINE BADHAHT TEOPEMEL O HEVCTOHIHBOCTH.

Teopena 5.4 (o weverofinueoctn). Ivers 8 Q cyvmectsver nerpe-
DRIBHAA BMECTE ¢ JACTHRIMI NPOHIBOTHBIMH TIEPBONO TODAAKA (DYHKINA
Vix) rakas, 7ror

a)  Ar000H d-OEPCCTHOCTH Ws HAYAT1s KOOPIRIAT CVIDCCTOYCT TOY-
ka «, B Kotopo# Vix) > 0 {4, caegopaTeanio, oba1acTh, B KOTOPOH
i) »a, taea >0 QCKOIOPOC HHCAD),

0) 2z moboro a > 0 cvimeeroyer 3 > () Takoe, UTG I3 VCTOBHA
T E W, (W, — HEKOTOPAA £-0KPECTHOCTE HAYA 1A Kooparrat), V(e = «
cacaver nepaseirerso Wiz, #) = (gradV, f{t.2)) = 3, copascgansoc
ot peex t =2 0.

Toraa TpaBIAIEHOS peeHre cHeTeMhl (5.31) HeyeToHTHBG.

AoKasareibCrBy TeopeMbl Npeonlem npurep. Paccsorpusd cuere-
MY B dey, drs
W =&y,

Bosemen Via) = wyoe. Ouesnane, B Aw0H0H Wy ¢YIMECTBYET TOIKA {16-
XEalllad, HAPUMeDP, B MepBoM KeagapadTe), rme V' = rpey > 0. Iyvers
HATATRHAS TOTKA TAKOBa, 9T0 Y] = e > 0. Ha pue, 12 samtpuxo-
BAHA. TACTH W KPYTA Lo, BhIIRIAEMAS MH-
nepSonoli x ey = o, B KoTOpoi V2 .
Guepnmino, B owd CIpaBeTTHBG HOPATCT-

cTBO 22 + 22 2 20, T, ||2]| 2 V20, Torna V,%
'

o b

B ¢HAY JeMMLL 5.2 cyweceTsyer ¥ > 0 Ta- /

Koe, UTo X3 + #% 2 ~ H, cienoBaTenkHO, -
Wik, t) 2 oy = 3. Hs Teopemnr 5.4 mok- Vq// *
HO TCM CAMBIN GICATE BLIBOM O HOYCTOH- 4&

TUBOCTH TPHBHANLIIONO pemenns. Teope- 2

Ma 2.1 (oM. saMeTaHHE) B STOM CAVIae

I pa,GOTa()T, TAK KaK BCC SICMOIITLI Ma-
TRILBL HEPBOLD Il[)HG\.‘Il’I‘A{EHHH [PABHb] HY- Puic. 12
IO

Hoxazavrenberwo reopevu 5.4 nposensm or nporuknore. 1lpei-
DOJOAEHM, YTO TPHBHAILIOC peincine yeroiumuso, Toraa ona Jmwbo-
o = > 0 cymecreyer d{e) rakoe, aro ||t} < 2 som t 2 0, econ
[[=(0}| < #{). Tax xak no VOIOBHIO &) TCOPOMBL 5.4 B wi Naiimeres
TOMKA Fy rakad, w10 Virg) > a, Boskmen ee 3a navanniym: 2{0) = ry.
¥ocanwesn, 4o opu peex ¢ 2 ) copaseaauso uepasciceroo V{x(t)) > a.
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AeficrBurenbio, IVeTE UPU HeKoTOpOM = #) > { HMeer MecTo
Vw1 )) = . Toraza, ¢ 0aHOH CTOPOHB,

AV = V(a(ty) - V() < 0,

A CAPYIreH CTrOpOHKL

AV=nLe| = WaE).).
=

Tuk Kax Mo OpeaAnOIOXCNHe 06 veToRdanocTn 2(#) € w. npu ¢ = 0,
0 m{(#*) € w.. Kpose toro, V{z(t*}) = a. A Torma B cray veaopwa 0)
TeopeMb! 5.4 maeen Wir(t™),1%) 2 3w, coenoparensin, AV = 3t > 0.
IIpoTuROpedHe MPHBOINT K 3aKTHOUYPHAK, 910 V() > o nua ¢ > 0.
Hnmeenm Tora

Via(t)) — V(e(0)) = W {a(t™), £}t = 8t

Orciooa cncoyer. aro Vix()) — 20 mpu ¢ — 50, 100, ¢ Opyroi cTo-
poubl. V{z(t)) momxHo GRITH OFPAHUTIEH) B CHLTY TOTO, "ITO 2{t) € w..
TIpoTHBOPEYHE 2ABCPITACT JUKA3ATCALCTBO TCOPCMD,

Jameaanna

1. Heuocrarok waiioscuusx B HACTOAIWeM Haparpad Merouos sa-
EJHMASTCH B TOM. IO HE CYIECTBYST JOCTAIOMHO ODINSI KOHCTPY K-
THBIOrG cnocoba nocrpocnua dyvusmnii Viz). Tes ne uenee paa paja
BECHMA BRXKHRIX KIaCCoB andsbeperimaibinix cueren rakoe nocrpoe-
TG BOSMOEE,

2. (.),'LH“M H3 KJaccoR J],I"Id)(])epﬂHILI-'Ia-.'Ihth,\' CI-T('.'['P..\I, ALTA KO'I'OI‘)h]X
BOMOKIG MTPOLIGKHTE KOMCTPYKTHRIBLI CTOCOD TOCTPOCTII By KT
1-"-{3.')? ARTAETCA ..'II'IHPﬁHa.H CHCTEMA O ITOCTOAHHAR MK KOH(I)(])H[I‘L‘IHH'I'a.M .
Teopevy 5.1 06 yeTORYMBOCTH NG ICPBOMY TPHOTHKCITHIO MOMKIIO JOKA-
3aTh, HCH0G L3y byuxumo sy nosa 4aa aupcinol CHeTemMBbL ¢ 10CTo-
ANNLIMUE KOAMDPUIHCHTAME, KAK 9T0 ICTACTCA, HATPHMCR, b YUICOHHKC
JI. C. Montpsarana [4).

3. Taa  audphepeHUHANBEBIN  VPABHEHHI, ODUCBIBAKIIHY HEKO-
TOPBIE MEXAHUUYECKHE CHCTEMBL, POJb (PDYHEUMK IALYHOBA MIpasT 1o-
TenuMAadLiaa  sucprds Vel CaMa cuereMa MMeer  nua ol =
= —prad V. [1o/100KeHME DABHOBECUA B CHCTEME DIPEISIHEICH VCIOBH-
oM ograd ¥o= 0 {¢ MaTeMaTHYCeCKOH TOYKH 3PCIHA TOMOMKCIHE PARIIO-
RECHH U0 PENEHNE THITA 7 = F = CcOonst, cOOTBETCTBYRNIINM II]He-
OORATOBANTHCM TCRCMOITHBIX TOYEY 1 BCCTHA MOKIO CIETATE TTATATOM
KOOI),'I‘HHH'I')? T2 TIIOARHAE DABHOBECHA ARTASTCA C'l'alll'IOHa.pH{'Jﬁ 1=
KOH 1715 DOTCHIHAILN0E SHCPrHd. BeIH ¢ TAHOIAPDITAA TOIKA ABITTCTC
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TOUKOR MEHEMYMA OTEHUMA 1L HOE DHOPIUH, TO OO EHUE PABHOBECHA
yerofunso. JeficTBHIENbHO, B 910M CIUYHAe B ORPECTHOCTH HAMAA KO-
opaHnar ¥ {r) ABTACTCS TOT0KHTEIBI0 OIpeae o py s, a co-
oreerereyomas hyukuua Wir. ). pasnas {grad vV, f} = —(grad V)%,
OYEBHIHO, TAKAKE YIOBIETBODAST YCIOBHAM TeOpeMel 5.2,

§ 4. Mccaremopatre TpaeKTOPHA B OKPECTHOCTH TOYKH MOKOS

B [')ﬂ_.'l‘e HOITI)O(‘OH BOS3HHKAST |10'1‘I'396H00'|'h: HOBAMATO HCCOBIORAHMA
Ttouku (0, ..., 0} $aszoporo npoCTpAlCTBA Ha YyCTOHYHBOCTL, BLIACHHTL
TAKEE PACTIONMKSHHE TPASKTOPIH B OKPECTHOCTH 3TOW TOMKH.

He crasa ueoso paccMmarpusars 101 sonpoc so peell ofwuocry,
orpandiaMea cayiaacd o= 2 {(dasonaa mnockoers) 1 mmnclnoi cu-

CTEMOH ¥paBHEHHH ¢ NOCTOANHBIME koaddpmmentanu (5.11):

; ; . dz
% =dx, A= (am ﬂ._ﬂ) .
Dra cacTema 00TIATACT TPUBHAALILIM pemennenM @) = 0wy = 0. € xu-
HOMATHICCKON TOKH 3POHAA 3T0 €CThL COCTOATHE TOKOA, TOITOMY OTR-
qawad oMy pewenn 1ouxa {0, 0) dasosoil 11110CK0CIH Ha3EIBASICH
OUROT NOKOM,
Janernm, 410 dasory ) rpaexropukd cucresn {5.39) moxno pactma-
TPHEATL KAK HITCIPASILLVIO KPUBYIO ¥aBlICIH

(5.30)

ey anre] Fapas
ff:{:-_: agpid] +aaada

B rouke (0,0} mpapaa wactn ypasuenus (5.40) paspunbma. Te. na-
PVIIEHO YO/I0BHE TEODeMBI CYIECTROBAHWA H MUHCTBEHHOCTH. Totka
(0,0) AaBafAeTCA COMIACHO TEPMUAOGIOIHEA L. 2 ocoboi roukoii. [Tosromy
ALPHOPH epes Touky (0,0) MOKeT He UPOXoaUTh HE OOHOE HHTelpalb-
HOH kpuBol vpasdenus (53.40), a rake Momer npoxo Tk Boee o RO
H J83KC BCCKOICYII0 MIIOTG HIITCTPANLILIX EPUBLIX.

Kar By 18 noKasao, PACHOGIOKEHHE TPASKTORUA B OKDECTHOTTH TOM-
ki (0,0) onpereaeted, KAK W CBOACTRO ee ¥CTORYUROCTH WM HEYCTOH-
THBOCTH, XAPAKTEPHCTIHECKHME THCTAME MATPHITLL A.

PaccyMOTpHmM pasUbIe CVEIan.

a) [IyeTe XapakTCpHCTHICCKHE SHCTA A U Ay BOHCTBUTCILIIL, pav-
JUTHB! W O;THOTO 3HAKA. [[ONmKUM MU onpeneTeHHOCTH, "ITO As < Ay < (.
B aToM cavaac pomemae cHeTeMb (5.39) myeeT pax (oM. § 7 oo 3)

= Clﬁ’(llﬁklf + Cgﬂ'iglﬂ}”f, (5.-1].)
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O .
roc ﬂ'(” = (0{”1 IICKOTODLIC NOCTOAIIILIC (:T()‘]_IGU,LI COOCTRMI-
{1)¢

IILIC BCKTOPBL MATPHILL .4, OTBOsAOmMe COBCTBCHILIM JIAMCIHAM A;
{i = 1,2}, Towka (0,0) ARNAeTCA COTNACHD TeopeMe 5.1 ACHMIOTOTHYIECKH
vetoitynpoil, v & — 0 opu ¢ — 20, HeeaeoyeM xapagTep npudTinKeiins
Gostee 101poido. Hueem

dia C-’|)\|t1'“]2c‘.’\“' +Cg)t2t’l'{2]3t':A2£
iy O A ey 1]1[,_/\1?3 + C—g)&gt‘rw]lc’\ﬁ ‘

TCIONE IO, 4TO 0 T F#0, T
Orcrona prio, 9ro ceim C

. dry IS
liin == = .
oo g WA

1. e, BCe UHTa A IBHBIE THASK TOPHH, KDOMe OIHOHA, OTBe AR Cl =1,
iy

] "
[&3 1yl 1
{obosnauum ee J). Bamerus, 910 upasaa [ cama Apserca oaHod us
'1'])21(—‘:1{'1‘0[][«11/1; A HMeHHO, TOH, KoTopad orseiaer Cg = 1. TpaeK'm—

pus, orsedawaa ¢ = 0, rakxe apIferca UpAMOil M HMeeTr yDas-
o
(212

Bx014T B {(), 0} ¢ obuelt kacaTenbHoll, ypasHeHRe KOTOPOH 2y =

HEHHE Fg = xr) {obosnamum ee [, lpavwme T v {] ne connana-

¥ o
0T, MOCKOTRK \( 113 CHAY JHHEHON HE3aRHCHMOCTH BEKTODOB (k; HUMEeM
TPy — an e F 0. Pacnonoxenne npavex £ w 1T v nponux
TPACKTOPUH CXCMATHUCCKH TpCacTasTeno ma puc. 13. Crpenkayu ofo-
SIATCIG [EAMPARICIHG BOZPACTAHNA £,

32“ ‘121\
I
I

e,
o N
i | IS

1 II
Puc. 13 Puc. 14

Lemu Ay > Ay > ), To XapakTep pacOoTOXReHHA TPaeKTOPHI 10.01-
HOCTBES COXPDAHACTCA [MOKHO VOTPEMHTh ¢ K —2C H NPOBECTH DPACCY-
ATEHUA, AHAIOTHYHEBIE MPORETIPHHEIM BEBIIE 114 F — oc). Betw etpen-
KaMH MO-MPEKACMY VKASHIBATE HATPABTEHUE BO3PACTAHKA £, TO HANpa-
BSICHHI CTPETOE TCICPL H3MCHATCT A ODPOTHROIOCIOKIILIC IO CABH-
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Huw ¢ puc. 13, Toura {0,0) 5 avou cayaae veyeroiiuusa®). Touxa no-
KOA, OTBEMAIWAS CAYVYAK UefCTBHTEIBHBIX XAPAKTEDHUTHYSCKHY HH-
cell AL Ag, HE PABHBIX JPYI JIPYTY, HO UMEKIIMX OJIMHAKORBIH 3HAK, Ha-
ILIBACTCA YoM, V34 AGAACINCA GCUMRINOMUNCCRY YOMOoTNuGHM NPy
A< 0, Ae <0 1 veyermotiunenst npu Ay > 0, A > 0.

6] Tlyers Xapax repuoriecKie e a A 1 As NeficTBIrTelIbHbL, Pas-
JHYIBL H PA3ULIX 31maKon: Ay = 0, Ay < (L Togka moxog B 9ToM cIvdae
veverobywra. [pencrasgnenne (5.41) coxpangertesa. 3 (5.41) pumao, uto
aepes (0,0} npoxoasT Be TPABKTOPUN UHA ua Hux {0bodHabsnm ee T)

[ATERTY
O TrBEYaer (,-\'J = n H HMEeeT \,"IJaHHP.H'He M T — I ! ,'i.’]_, A HI]\"['&F{ {E')E"—)OFSHH-
2 \ 2 o 3
Y22
Ty ee 1) otreTaeT O = 0 1 UMeeT VPABHEHHWE s = o 7. Ho na

FIOM CXOUCTBO ¢ y10M Koudacrea. Baous rpackropuun 17 & — 0 upu
t = oc. o pzoas TpackTopuu I ¢ — () npu £ = —oC M CTPOIKH. VK-
SBIBAIOLLHE HALPABJIEHHE BO3PACTAHHA b, Hanpasiene o1 rouxuy (0,0].
Herpynuo suners, 1to npavas I asaserca acumMoroToi mpu b — oc 114
Beex rpaskTopuil, kposve IT, tak kak ling_, o i—f = z:i:f Ipasvaa 71
WUPAET AHA WOIHYHY K POOR pr § = —oc., Pacuo, iomenne TPASK TORHE
CXOMATHYCCKH HPCLCTABNCIO Ha pue. 14,

Touxa NOKOI, OTBCHAIOIIE T COLYHALG NCHCTBHTCILILIX XAPAK TCPHCTH-
UECKHX HHOE L IIPOTHHOILO IOMKHOIO 3HAKA, Hazkinagres cedeom. Cedao
AGAACICA Heyemotwucod moukot nowos.

Tpackropun I u 7, DpoxoIsamue 4epes CCONIe, HAILIBAKTCA CeNapa-
TP UM,

6) TI¥cTL XapakKTepHCTHICCKHS YHeda MATPHLIL A — KOMILICKCHDIC,
B cuny aelicranrenhiocty A 0B S¥IYT KOMILIEKCHO CONPAMEHHRIMU,
T.¢. A1 = A} = A COOTBCTCTBYIOMING KOMIOOICHTED COOCTBCIIILIX BUK-
TOPOB ;) O¥AYT TAKKE KOMILIEKCHO CONMPAMKEHHBIMH, 3 TaK KAK MBI
PACCHMATPHREASM JIeHCTRUTETLHEIE PEIIGHAA, TO H NPONIROTLHRIE MOCTO-
AHHBIE TOTEHB ORTh KOMILTERCHO CONpAKeHARME. Takuy obpason,
. 3 - “y - 1 vF ;
#p = Cae™ + Crate? ) a2y = Cape™ + Craded. {5.42)
[Moncrasaad cioua A = p+ig, MUFKHO 1PeODPAZ0BATD ¥TH BblPAZKEHNA
K HH/LY

= P (Qacosgt — 23singt), xy = P (2vcosgt — Wsingt), (5.43)

FITHOTAA TOROPAT, 9T0 TOYKA FCTORYHRL NpH ¢ — —oo. Onpenenenye yeToRYHRBO-
CTH OpPH § — —OC MIBKHO JATE COBEPIISHHU AHATUTHYHY ONMPEISIeHIR YCTOHYHBOCTH
opu ¢ r 00, KOTOpOe OLLno ooeo B § 1 9ol cnasel. B CPOpMyaInpoBATL TeOpeMLL,
ATATOTHYILIC Teopesas § 2 n 3.
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vie a = Re(Ca), 4 = Im{Cay ), v = Re{Cay), 4 = Im(Cay). Orewaa
HIeeM

o= 4+ a5 = e P [(2acos gt — 23 singt)? + (27 cos gt — 28 sin gt)’].
Ecnu p = O (XapakTCPHCTHICCKHC MHCTA — STHCTO MHHMBIC), TO 2,
¥ p ABTATCA TePHOIHIECKIMEA (PYRKIHAME ¢ mepiona 27 /¢. ITo 3Ha-
qr, 910 Kaacuonmy € Ha (basoboll LMOCKOCTH O1BEYAET HEKUTOPAA
BUMELYTHS KPHBAT, DTH KPUELIE U HOPCCCKAIOTC, 1Ak KK BCIOMY,
kpome roukn (0,0}, oz (5.40) cupareinea TEOPEMA & IHHCTHEHHOCTH
{puc. 15).

ao
|
———
- g
xr1
Puc. 15 Puc. 16

Bousce aeradisnoe HCCCUOBAINC IIOKA3LIBACT, 110 3AaMELIYLILIC KPpH-
BLIC, O KOTODLIX HICT PCTIL, SABMTAIOTCS SJIJTHIICEMH. B camom OCJTC, OTIPC-
A THTETh

2o —23

B OPOTHBHOM CI¥IA€ CYLIeCTBOBANO Obl pelleHie BUIA &1 — ary (o —
semecrrennoe). Tak kak o) 1 1 Bripaxarca no Gopuynam (5.42), 1o

W3 PABEHCTRA | = o'y B CHV JIHHEHOH HesaracuMocT e n e b ce-

e 251
VOT COOTHOWCHRE ¢ = daey. CoOCTBeILIA BCKTOP o ) Marpuunl A,
$;

COOTBETCTBY IO CONCTREHHOMY THAYEHHNK} A. HAXOOHTC S U3 VPABHEHHA
{11 — Aoy +ajza,s = 0, KOTOPOe MK v = ace 180T (a;; — Aje = —ays,
UTO ROIMGKHO JTHIL TPH BEINECTEOHERIX A,

Hrak. cuereay (3.43) MOMKNO PA3POWNTh OTHOCHTOLIIO COS gt 1 Sin ¢t
H, IPUPABIHBAS CYMMY HX KBAIPATOR CIHIIHIE, MOy HYHTL

2 2
(!Illl.'?’,'l + !Ill-_z.'i'.‘g) + (bi_’.lrl + 5221’-2) = 1.
Ecom ke p £ 0, 10 npu U3MeHeHun £ HA BEINHUHMAY 1IEDHO/NA. BEITHYH-

Ha ) Y3He HP BO3BPANASTCA K MDPKHEMY SHAYPHHIO, 8 YMeHbITASTCA HIH
VBUMHYHBACTCA B COOTBOTCTBHE ¢ p < () mau p > (.
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Ha pasoboil ILI0CKOCTH UOYHAKYICT VKE He 3aMKHYTBIe, & CLHpA-
JeBHILIe Kpusble, Be po< 0010 p — 0 upn ¢ = o0, cudpais Cxo-
aures v oroury (0,0), kOTOpas ABAHETCH ACHAUITIOTHUSCKN YOTOH Y RO
(prc. 16). Beau xe p > (), TO aHAJOTHIHAA KAPTHHA HMEET MecTO IpU
t — —0¢, a ¢ BOIPACTAITHCM ¢ CTTHPASIL PACXOIHTeS W3 ToukH (0,0).

Touka 1I0KOA, OTBEYAKIAA KOMILISKCHO COIPAKEHHEBIM XAPAKTEDU-
CTHYIECKHN YIHCIAM ¢ OTIHYHOI 0T Hy. 1A JelicTBHTEIBHOM HaCTBHD B,
naspBactes gorycom. Hpu p < 0 donye acumnmomunecku yomolinue,
a npu p > () Heyomotinue,

Touxa noko:A, OTREUAONIAH YHTTO MHUMBIM XAPAKTEDHCTHUSCKHM
UUCIAM, HAsblBaeTrcH yewmposm. Henwmp saanemes yomofivueod, wo
He geuMmmomaeck yemaotivueofi movwnoti noxos (ox. § 1), Mer ne 6y-
JeM OCTAHABMMBATBCA HA CIYVYAE KPATHBIX XAPAKTEPHCTHMBCKHUY YHCE
(cm., vanpumep, [4, 3]), & racke HA COIVHAR, KOIIA NMEETCS XAPAK IeDU-
CTHTISCKOE THCI0, PABHOS HYIIH.

Jaseuadus.

1. Touka {0,0) fnlma naspana Boine TOTKGH DoKoA IIA TancHnod
cuctemot {5.39). Januu ofimee onpeneaciine TOUKH NOKOST, 03 KOTOPO-
ro Gyaer ACHO. 110 TOUKA LO0KOA He 00A3are/bHO ABAASICH HAMUAJIOM
KOOPAMHAT, 4 [T HeMHHeHOH CHCTeMBI TOEK TOKOH MOKEeT DHITE He-
¢EONBKO, PaceMoTpuM neannciinyio apronoMinyio cucteny {5.19}) npu
= 2. IMyvers o; = & (3 = 1.2) vIoBaerBopaOr CHCTIEME YPABHEHRI
Jilay a2y = 00 Toraa, ouesuino, 18 xe o; = I; yAOBAETBOPAKT nuds-
dreperuuansaoi cuerenms (3.19), IOCKO/IBKY £; HE 3aBUCAT O E. 310 Pe-
LIEHUE OGLHUCBIBAET COCTOAHHE NOKOA 0 HA (DAM0BOH LI0CKOCTH naofpaE-
Kaeres ToUKO, Toukn Dasoroil 1I0CKOCTH, OUBEYAKINHE DEINEHHAM
BUIA ¥; = F; = CONSL, HASBIBAKITCA Monkasty nokod. CooTBeTCTEYIOMEIT
BAMCLIOHR HCPEMCLLLIX KASKIVIO TOUKY [HOKOGS MOXKLIO ICPCBCCTH B 11ada-
A0 xooprunan Torna, ecoan f; upencrasuma v sune (5.20). 10 cuerema
nepeoro nputmnxenns (5.22) cosnamaet ¢ (5.39).

Cowacno reopeme 5.1 6 cavdyae Re A # 0 verofiunBoeTs win ey eroi-
ausocTh Toukn (0,0) cucresmsr (5.19) obecueunsas s réeMu Ke CAMBI-
MH TPefoOBAHMAMH HA A, KOTOPBIE 0OECTISTTHEAKT VOTOHIHEOCTE HITH He-
FCTOHIMBOCTL Todkd ({3, 0) 00 cHeTeMel nepnoro npubmokenns [5.22).
Toe MIeHET sy HE BIUTKT HA YCTORUMBOCTE MM HEYCTORUHBOCTE TOY-
ki (0,0}, "ITo KacaeTcA pacnooKeHHs TPASKTOPHE, TO TOYHOS HCC.Ie-
nmosanne [4; § 30] noKaskEBART, UTO NPH HATHYHH V3714, COILTA HIH (ho-
Evea v cueTeMit (5.22) (no neex stax envaasx Re A # 0) kagcornomii
XAPAKTPD DACMIOTOKEHIA TPACKTOPHE CHeTeMHB (5.19) B 10CTATOYHO Ma-
J0f oxpecraocTr roukn (0,0} Byaer rem e camniM. Foom ke B rouke
(0,00 cuctesa (3.22) UMCCT DCHTP, TO G063 TOTOJIHTCILIOTO HCCTCI0-
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BAHUA LIeHOB Jio); 0 xaparTepe paclo/UeKeHta TPaeK ToPpMi cueTemel
{5.19) HUYelo CRasalh Hebss,

2. Hecoenopanue pacloosKeHdd TPaekToOPUi B OKPECTHOUTH TOYeK
MOKOA OA6T HEKOTOPY I HEHOPMALHID OTHOCHTEbHG DACTIOTOXKeHHA ha-
I0BBIX TPACKTOPHH Ha BCel MIOCKOCTH, HO, KOHEHHG, TOJIHOTO PEIUeHH S
atoli cnoxHoOl raohasHoll 3amaATH He gaeT.

Ina wavdeHnsa KapTHHE Ha (A30BOH MIOCKO-

CTH, WIW, KaK WHOTIA TOROPAT, (2A3OBOIO MOpTpe-

T CHCTCMBL (5.19), BiGKIO MCCAGIOBATL G TOML-

KO roqxd 10x0oia. Hopeoxo serpeyanrea saMknyroie

TPACKTOPHH (3aMENYTAd TPACKTOPH: O3HATACT TIe-

PHOIHTICCKOC ABHAKCHHC), 0DJATAIOMHG TCM CBOH-

CTBOM, TTO B OKPOCTHOCTH TAKWUX TpacKTopui 1T

APYTHX 3AMKIYTEIX TPacKTOpPHIL, & BCC TPAcKTORHH

KaK Obl «HAMATHIBAIOTCAS HA 9TV eTHHCTREHHVI) 34-

Puc. 17 MKIIYTYIO TPUCKTOPHIO, KOTOPEA MOJIYYHIA [asBa-

HHE TPDE, L, IBHOG LIMENA, MUTH, Ha()f)(lp(n'._ COMATBIBA-

wreas ¢ gee. [pensiibHeIe HTHKBL, TAKHM 00PA30M MOUY T OBITE ¥CTORU-

EBIMH H HoVCTOHYHERIMU (Ha pHe. 17 H300pasked YeTORHBLIH IpeTsTh-

HEll K1), HecaenopaHue opelefbHBIX UHKIOR BAMKHO TAKIKE ¢ TOYKH

BPeHHA CYIIRCTROBAHHA VOTONITHBLIX TEPHOTHTECKHY DEWIMOB B (DI3H-
YPCKHX CHOTEMAX,

Hanpunep, cuctenma

‘%1 =—1 (1,!:1:? +xi— a) — Ta, ‘)‘:;r-’ = —:rg(q,!x? + x3 —a) + 23
{5.44)
uMeer Touky nokea £y = {0, re = 0 1 npejenapinii npkn ;I?]z + :!.-'% = a’.
I ¢yvimecToonalng TAKOro UHEMA JCTKG yOCIMTLCA, Depeifids K mossap-
HEIM KOQIMHATAM 0| = pcosl, s = psin @, B koTOpRIN cneTena {J.444)
MPHITHMACT BHIT

%: ~pp-a), L=1

3. C NOBLIMICHACH PAa3MCDIIOCTH 1? (l:)itB()Bii}I Ka]pTHIIA CYVUOCCTBCIID
:_\"C..‘IO}KHHQ'I'CH, BUOFHHKAKYT HORKIC ABJICHAA, J1L11A l'I'.‘}}-"TE'-Hl’Iﬂ KOTODERIX DA
BHTED MIIOTOYTCTCIINLIC MOTOLLET.

1-'1(‘.(‘..‘|9,‘[0|—;&HL1F! (I)HFSDBOI‘O II!'}])'I'])E'T‘H CHOTEMEI ,'I_I*T(’I’)(IJF’.])EHI[I'la‘.'thhl}(
}-’pilBIICIIHﬁ FABJIACTC A (),.ELII()ﬁ H3 30004 THK HABLIBOCMOR KadecTDeIoH
reopun audBOPeHINA ILILIX yPpasucnni {CM., naupumep, [8, 24]).



.TABA 6

YUCJEHHBIE METOALI PEUIEHU A
OBBIKHOBEHHBIX IN®®EPEHIINAJIBHBIX
YPABHEHUNI

[IpH IPAKTHYCCKOM PETICITHH BRTIAY 09 OBLIKIIOBCTNLIY andwdbepen-
NHA ThHRIX (\-'])HHHPHHTH, KAK TIDAKKNG, HE ¥V I4ABTCA TIOUVHIHTR IIeHHES
B KBAJIPATYDAX, BHIDWKEHHOS Yepa: 3 TeMeHTAPHbIe HITH CNellHAThHRIe
GVIKIHE (OOPCICICININE HCKIIGYCIHEG COCTABIAIOT THICHHLIC YDaDIe-
HUA, PACCMOTPEIIILIC B Tl 3). B T0 e BpeMA HITCHCHBIIOC TPHMCIICITHE
AHDGePCHIHAILHLIX YPABICHHA B KAYCCTEE MATCMATHUCCKHX MOACICH
MHPOKOTO EPYTa. CTCCTROMHO-ITAVIALIX 34147 TPpeOvoeT pazpaboTr Me-
TOIOB HX HCCTCOOBANMA, MOBBOMIOMNK ODOMIYYATL ¢ JOCTATOYNOH To4-
HOCTLIO MUC I0BLIC XAPAKTOPHCTHRH paceMalrpusacMoi 3auaun. Haubo-
Jce 3dxpOKTHRIEIMUE 3MOCT, OKARLIBAIOTCA FTHCTCNTRIC MOTOAR. DBoaro-
Japs O¥PIOMY PAILHTHIO HICKTPOUNGH BLIMHCIHTCALION TOXIHKI YH-
CJEHHBI® METOAbl HAXOIAT LWHPOKOS NPUMEHeHHe B paijiMMHbIX 00.1a-
CTAX MATEMATHKH H €e OPHIKeHHIX, B UACTHOCTH, H OpH PelleHdd
OOLIKIUBCIILIX AUQMpPePCHIHATILILIX YPABIenHl. 3a MOCICOIee BpeMs
HOABHNGCE JOCTATOMHQ Gl_}thIIIUe Ky LHMIECTS0 _\-"ieﬁH hlXx II(_)(:(_](JH i1, HOCHA=-
UeHHBIX 370l upotsieae [21, 23], B nacroawei 1iase Gyuvr nsioKeHbl
JHUL NPOCTeRINE BONPOCH], OTHOCAWMNECA K YUCCICHABIM METOLAM Pe-
WeHHA OBRICHOBEHHBIX nPepeRIMAILHRIX v DARHEHKIL,

§ 1. PasHocTHBIe MeToabl pellleHHA HavaJdbHOH 3amady

1. PasHocrHaa cxeMma. IloHATHe cXomumocTH. HanBonee pac-
TpOCTRAHEHHBIMH 3(1)(17€KTHRHBH\-TH TTHCTEHHBIMHA METOMaNMW pernmednd
MIOTHY MATCMATHHCCKHXY Saddad II, B 9acTIIOCTH, [Ta9AILIILN T Kpac-
BBIX Z2adaMN f)A ,.'J,Ifl(l)d)‘:‘-pt‘.HLl,HaJIbelX }-’pa-BHi:‘.HIflI.;l ABJIARYICA TdadK HdA3bI-
BAGMEIS PaaHociisie Merodhn, B OCHOBE KOTOPBLY JISKNT PACCMOTPeHLe
KOHCUIO-PEIOCTION 380890 BMCCTO HEXOUIOH Lo peinna s L1o6 2u-
ganun. [HMocsaenan npescrapiaser coboi 38,044y OTHOCHTENBHO DO IBITOLIT,
HO KOHEUHOTO THCIa HeHSBeCTHLIX, AR TARIIHYCA SHAYUSHHAME hyHEITHHT
JTUCKPCTIIONS APTYMCHTA, OOPOICACHIod B TOUKAX PasBHeIHT OTPOIKa
HHTEIPUPORAHEA. Henu anauenns ol HyHENNK DIH3KH K 3SHAUSHH-
AM TOUHOTO PEIIeHAA HCXOTHON 321470 B COOTRETCTBYIONIHY TOTKAX, TO
£ MOFKHO PACCMATPHRATE KaK NPHOTHKEHHOP DETTeHTe HOXOMHOE 33,14
. KoHeUHO-PAZHOCTHAR 33,1304, COOTRETCTHY AT NOXO IHOR suchde-
PONIHAILION 39090, MA3LIDACTCT paiieocmucd cremodl. MakeHMATL-



166 Fa. fi. Yuosenne Mmemodu peutenus OSTY

HO® PACCTOAHUE MEMUY TOUKAME Pa3OUeHHA OTPE3KA HHTEUPHPOBAHUA
SHIHEITH NAPAMETPOM PAFHOCTHON CXEMBL NOFTOMY HCXONHOE 1uchie-
PEHIHATILHOH 3A0A4€ COTOCTABIASTCA CEMEHCTRO PAsHOCTHBIX CXEM, 3i-
BHOSTIIIHY OT HTOTO MAPAMCTPA. B TCOPHN pasHocTIRIX CXCM DCIICTIHET
JucdprepeHTIHAMLALIY YPABHEHAN OCHOBHREIM ARTACTCA BOTNOC O CXOTH-
MOCTH CCMOHCTRA TPUOMGKCIIILIX POLICHIHA E TOYHOMY PCLICTHIO HCXOI-
Hof THGGCEPONIMIBION 3AIAMH IPH CTPCMICHHE TADAMCTPR Pasiuc-
HHA K HY;TH). J7eCh DYIET VTOMHEHO MOHATHE CXOMHMOCTH TPHOTHKEH-
1OTO PCMICIHNS K TOYHOMY.

Clleaver NOIMEPKHYTh, MTO PASHOCTHAA CXEMA [IPSACTABIAST CO-
OO CAMOCTOATeIbHBIA MATeMaTH eCKHA 00bekT Hecneaopadnia. Teopuu
Pa3IOCTIILIX CXCM TOCDALICTIA OOMHPIEa vHCOIAd B CICHHAMLHAST JTHTC-
patypa (ex., Hanpaep, [26]). Mbl ocTaHOBHMCA T HA TPOCTEREY
ODNHX TIOHATHAX,

LA Tero YTOREN NATSBIIIG NPOTLIIGCTPHPOBATE 2TH TOUATHA, BeC
pACCMOTPeHHA BY1eM NPOBROTHTE HA TPUMEPe TUCTISHHOTO pellleHud Ha-
4aLUOH 330840 008 06BKENoBCuore andypepeiunaisuoero yPaBIcns
NCPBOTO NOPSLAKA, KOTOPVIO BAMHIICM B BHIC

L~ fey) =0, wlaw) = o (6.1)

Kag v#ke OTMCUIANGCL, T OCIOBC OPHMCHCHHS Pa3HOCTILIX CXCM
K mudrpeperiabHoll 3anatne TeKUT TeCTROeHHe TPHOTIBKEHHOTO [M-
WEeHHA, OUPEAEVICHHOIO JIMILL B KOHEYHOM HMHCIE TOMEK & OLPe3Ka
[£o.X] unrerpuposanusa nexonnod tuddepenunansaoi saaadn. Mno-
HeCTBO ToYeK wy = {#;} (i = (L, 1,. .., n), Ha KOTOPOM HIUeTCs M-
HEOHHOE DEINEHHE, HABHIBAETCA cemuof. (O I/1IBNhbHLIS TOUKH 3TOI0 MHOMKE-
eTRA — yaam cemmi. OBoswaunm by =2, —x; ((=0,1,...,n— 1) pacctod-
HHE Me Ty coceTHIMI vanasun, BeTuqnuy b = max; h; Gynev HAIBIBATH
marom cerkr, Cerka momer Gurrh Hepaguoveproil (A; # const) v pas-
nosepioi (; = ik = const), OUCBUANO, B NOCACINEM CAVINE BCTHYHIA
MIATA COTKH 1 OTPC3EC [Tg, X | pasua i = |X — xg|/n. B nansoeiimoew,
eC.TH He OTOROPEHO 0codo, OV,1eM PACCMATPHBATEL PABHOMEDHEIR CETEH.

TvHKLKA IMCKPETHOTD  apryMeHTa  u{r;), OUPEeJeIeHHas  JHLb
B ¥31AX COTKY, UASLIBACTC cemowrod fhynnyuedi. FUauciins corodof
(PYHKLHH % Ha wp Oyvoen obosHavate #; (¢ = 0,1,...,n). Jaa onpe-
JIETEHNA CeroMHO (PYHKIMK %, ARJIAIINERCA NPUONHAKEHHLIM DeINeHU-
eM HEXOAHOR nrdrbepernmanbroil sagadn (6.1), nosnrHa ORTE 3aJAHA
PARHOCTHAA CXSMA  CHOTeMa VpaBHeHHH, CRAIBIBAIIIINY MY coboli
BUAMCNNA COTOMION BYNKUHH ty, 3AUANILIX AOUOJIHATGIBLLIX ¥CA0BUH
M TIPABOH TACTH ¥PADBICIHA B ¥Y3JIaX &) COTKH W,

Tlvere audrpeperuuabuaa 30048 HMEST BUI

Ly = o(r). (6.2)
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Bupck cuvBoJaoM L GvieM 0003HAMRTL HEe TOIBKO 3UIAHHE VY PABHEHUA,
HO M HAJAHUE JOHOJIHHTEAbHBIX, HALIPHMED, HAYAMBHBIX WM KDASBhIX
YOTOBMI, 3ANHCAHHOE B OIpeIeneHHOM mop:anke. Yepes (2 obozHage-
HbI KAK TIPABAA YACTh YPABHSHWA, TAK M IPABLIE YACTH 10N THUTE e
LY VCTORHH, SAMHCAIITLIC B COOTBOTCTRYICIICM TopsIke. Tak, samada
(6.1) modcer HBITh 3ANUCAHA B BHE

po By e 0 . 53)
- ylxn) Clw) T '

{:‘-OO'I'HQ'I'C'I'HI\"K]l[l}-'H:‘ PASHOUTHY HY 3a)1aMy 6)"}1@.\1 FAINMChIBATE B BHIE
‘r"k“k = Fhs (6‘4)

roe epes L oDosiaygacTes BaJanHe pasiocTIION0 YPABICHIHI H OTBCYa-
KHIMX MY JONONHUTE IRHBIX YO IUBHE, 4 “epes oy aroduoe danmnie
BAUAYMH, T. €. 3HANCHUA CeTOMHOMA (OYHKINN fi — UPABOA YACTH PASHOCT-
HOTO ¥PABHEHHSA, — B COBOKYITHOCTH ¢ IPAREIMH YACTAMH J0M0THHTE b~
HBIX YU IOBHH.

Janaua onpeneIeHus CeTOTHRIX (PYHKMIAN ) TOMTKHA OLITE TOCTAR-
JIEHA TaK, OB N CrpeMiIeHd  manra .Ih. CETHKH K H}-’..’TH‘} CeTOMHRIE
GVIKIFE CXOTMLTHCL D OIPCICICIIIOM CMBICTC K TOUIIOMY RCIICIIHIG He-
xouuoil sauaun (6.3).

Ana onpeacticHusa CXOORMOCTH CCMOHCTRA COTOMHBIX PYHEUUH X po-
WIEHHI} HCXONMHOM 3378 B npocTpadHeTee {uy )} ceToHux ¢yHxmmi
HCODXOINMO 38 IATh PACCTOMINC MCKIY OTACIDLILIMG (DYIKIHAMHE KAK
HOPMY HX PA3HOCTH. TloHa e HOPMBL B HBOCTPAHCTRE CETUMHBIX (JYHE-
UHH MOMKIIO BBCCTH HG-PAsIoay. Talle Beelrs HeHOJIL3YETCs TAK LHABDLIBA-
EMAH PUBHOMEDHLA WK YeGRULESOREA BOpME, ONPENEIHENAH BhIDAAe-

HHEM
[[on]] = max|w], i=0,1,...,n (6.5)
L

B pane ciayvaaer npumendaercs opeduensadparnunas (awaslepmosad)

HOTLALTE
=1

. 1,2
N
lonlle, = (3 wtobi) " (6.6)
i=ll
Thne p; AAMTAHHBIE BECOBERIS KOf’)(l"ld]HlH-‘IF!HTBI. B HEKOTOPBIX CIOYVIAAX

TPUMOIIAIOTCS H OPYTHE HOPMLL, HATTPHMC), SHCPICTHICCKHC,

Oupeaelenne. Byies IOBOPUTb, 'ITO CEMEUCIBO  CETMONHUL
diynryuit {1y} crodumen £ mornuomy pewenwio () HCXOIHON 3hmatu,
£CJIH

lim ||up — [g]e]] = 0. (6.7)
fr—0
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rie uepes [y, o6osHanens! sHadeHna pyHruan g} Ba cetke wy, . Ecin,
KPOMe TOI'0, CYLIECTBYeT TAR0e fig, uro upe it € Ay

l[wn — [ylal] < CR*. (6.8)

rae O W A — HeKOTOpRE MOCTOAHHLIE, HE 4ABMCAUIME 0T A, TO OvIen
TOBOPHTE, YTO MMECH: MEcmo crodumocmn nopadkes k 8 coomaemem-
GYHULET HOPME.

2. PazHocTHaa cxcma DMncpa. PacemorpuM npocteimyn aud-
depennnaibay K 3a1ay {6.1) nom (6.3). 3aMeHEE BbIPAKEHHE 15 1PO-
H3BOOHOH B TOUKe ¥, NPUOTIDKEHHEIM OTHOIIGHHEM

Hndl — Un Hn+l —Un
= & — &, = R,
Tptl — Tn A ( n+1 n )

conocTasay (6.3} CACOyIOUY o PASHOCTHYIO 3ATAHY:

Bkl Z B0 e i) { 0 }

Lpup = ke " = _fh. (69)

Ug

B manmon cayvyae 3madeinns CeTOMIOH GYIEIHE BRMHCTAIOTCA 090D
npocTo. Hueewm nociiengparensng

o = Yo,
w1 = wo + b f(En, wo},

Takoro THMA cXeMBl ¢ MOCIEIORATETBHEIM BRIYHCTRHHEN iy, ¥, ... Ha-
BLIBAOTCH SGHOMLU CLEMAMU.

Hotpynne B onHcaiiionM a;ITOPHTME 3aMOTHTL CNOICTRO ¢ MOCTHOCTTH-
oM omanod Dinepa b e 2. Pasnrua 3akmoTacTea o ToM, 1TO TCICPD
B PACCMOTPEHHE BESIHFIAITCA JTUUIE BEPIIMHBLL HTOH JOMAHOH, $ mar
ABIAETCA NOCTOAHHBIM. Pasnocrnan cxema (6.9) Haseiacrca pusnocn-
Hofi cresafi HHisepa ¢ nocmodunsd oM 104 saain (6.3).

Hdokaszannada B 1. 2 reopesa 2.2 1307 BO3MOKHOCTE VIBEKIATE CXO0-
JIHMOCTB CeMellcTEa CeTOMHBIX (bYHKLHI, D0CTPOSHHEIN 10 cXeMe Jite-
Pi, K PEIIEHHK UCXOTHON 3amadn (6.3), TaK KAK B CHIIY BTOH TEOPEMB,
OMEBHIIHO, BHITIOTHASTCA yoloshe (6.7) B HopMe (6.3).

3ameuvanne. Cxonnmocth cerodadnx  (ByRENNT,  OIPeIeTaesbix
npocTelmei pasnocTiol cxeMoi HIepa, K TOHHOMY POIICHHK) BRI
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COSNCTBHEM PESVIBTATOR 1. 2. D10 CHTIAHG ¢ TEM, YTO B CAMOM 0K~
SATEILCTRE CYIECTROBAHMSA Peledn 44134 (6.1} B 1. 2 nenoaesosa-
JHCL TOMAINLIC DHICpa, TOIVYACMDIC U3 COTOMNOH PYIKIHH COCTHIIC-
HHEM TOYER, OTBOUAIINMY HA UPAdQIMKE 3HANSHUAM CETOMHON (DVHRINMIL,
TPAMOTHHEHHBIMA OTPesKaMi. B Homee CI0HBIY COVYAAX DATHOCTHRIX
cXeM HVIEHO YOeTUThed B CVIIECTROBAHHN PelleHHd cOOTRETCTRY AN
PABNOCTHONH 324K, NPEAKIC YOM BLIACHATL BOIPOC CXOIMMOCTH.

OUeHHM Teneps NOPAI0K CXOOMMOCTH IpH b — () DoCIenoBaTe 1IBHG-
CTH COTOYILIX (PVIKIHE, NOCTPOCIIILIX N0 PAZHOCTIION cXeMe FHacpa,
HONBSYHCH HIH Th-TAKH DE3YNbTALAMA H METOLAMA 1. 2. B 1. 2 GbJ.J]U
UORE3A0, Y10 KoK pewenne audipepeunnnannuoi (6.3}, Tak v pewcnuc
pasHocTHOR (6.9) 32147 onpenesieHel Ha cerMenTe [#g, X| H He BBIXOIAT
ws obuacrn £, rae sagana pynkumua fe, y). Oyvers flo, y) Henpeppibaa
o 00aacTH [ N0 COBOKYOIGUTH APTYMCHTIOB B YIODICTRORSICT ¥ CIIOBHIO
lll1]|]1]|1|la 110 Kazk JL0n ¥ W3 HEPEMEHHEIX, T, €. IIV\'(_"I'h HMEHYT MeCTd QUEHKH
({(x.y) € D, A w N ne sanucar ot z,y):

|Fla | < Mo [flany) — floa.y)] € Nz — s,
|flaean) — fla )| < N — el

B uasibHeResM, HCCOIe0ya UPYIHE DASHOCTHBIE CXEMBL IS 340444
(6.3), MBI BYIeM npednoseaams, ITO pelleHHe PDATHOCTHOH 3ATA%H HE BEI-
NOUHT 1y 1),

Htak, oMM PasioeTh: MOEKIY CoTounaf ynRmmei, oTsedaoinei
TOMHOMY pemeddio 3asaau (6.1), 1 cerounnit hvaknpe, n1ocpoer Hoi
IO PASIOCTHOH cxene Dinepa. JAs 3TOro J0CTATONHO OLHCTHTL PASHOCTL
MOATY TOMHBIM potnenmen y{z) zamama (6.1) w nomanoi Ditmepa Fim (),
KOTOPAA YUOBISTBOPAET YPDABHEHUN 1 HA'1AJBHOMY ¥CIIOBUIO

(6.10)

(i, _
0 — fla (@) =0, 2 < <, Gumlee) =yo. (6.11)

Cocrasum pasdocte z(@) MeKiay TOUHBIM pewednes y(o) nexonnoil
sanadn (6.1) 1 HoMalo §F,, ()

2la} = yle) — diny () (6.12)
B cuny [G.'I:l‘ {6.11} u (6.12) noayanm
= fla.gle))) — flas, g (e)),  zlao) = 0. (6.13)
Ouerny npasyio 1acte (6.13), noabpsyace yeaoeuasu (6.10). Tak kak

P 5(@)) — FOraron (e0) = P, u(e)) — Flen (o) +
+f(3?nyfﬂ?)) f(:r? J(m( ))"'f(re J(ﬂ](r)) rfvﬂ{?!}(m'!'))ﬁ
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TO CORACHO 0bosHatenun (6.12) npu », €0 € 24

|flz, ylx)) — Flza Gt} <
< Nlw — ] + Nlzlw)| + N|genle) — o le)] (6.14)

QuenuM nocacauee ciaaracpoe o popmyae (6.14). Corvaciro (6.11)

3?{??.](‘17} - '!7(:?-‘1 (‘13” = | —.".{T;'| |f(dfi:g{n}(iﬂé)}|-

oTEyAa i euny (6.10) w veaonna |z — 2] €k noayyum

|[Fim{x) = Fpmy (w4)| < BAL {6.15)

IMoactasasa (6.15) B (6.14), mOAYIHM I TPOM3BOIHOEH ?::_.z OKOIMA-
TESTRHY ) OIEHKY

dz
dr

< N|z()| + BN (1 + AL) (6.16)

Ha J0boM yaacTre pasbuenna i; € & < oy Cormacno nemve o -
(pepPeHIHATEHBEIY HEPABSHETBAX OTCHLIA CIEAYeT
Nlr—a -

|z{a)| < B{14+ A (eNET™) 1y ay <@ < XL {6.17}
= 370 (hopMy 6l BHIANG, YTO PasHocTh MCIK/TY TOTIM DOIICTIHeM ¥ .70~
MANIOH Dnepa CTPEMETCA K VIO KAk B (0CTAALILIe ey B {6.17)
purcupoBanet), Tew cameid BeImonHAETCA (6.8} npu k = 1. D10 nmozso-
JHEL GIEJATE BRIBOM, IO PASHOCTHAA CReMa DHIEPE HAMEET CXOINMOCTh
HCPBOLG HOPILIKA.

4

=Y

R )

Pue. 18
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3avevanue IojyueHHEE PesvibTaTbl CUPABELIHEL U B ¢/IVUAE
HEPABHOMEDHOR cern hy £ consl, i = max; f;.

Ha prc. 18,6 MPHUECIOHLT HATCTPATLNAT KPHBAA, MPOICTABTAIILAT
PEWSHHE HA'TAIBHOH 34080 A JIMHeHHOrD YPAaBHEHHA

3
d_; =ay, Y(ry) =p, o= const,

H JOMAHBE 3iiTepa, NOIYHPHHBIE TAd PASTHYHBIX 3HacdeHdafi mwara h.
PACKX0®,IEHNE HOCHT FRCIDHEHIIMA RHELH XADAKTER. YTO COOTRETCTRYET
ouenke (6.17); npu A — 0 cro semayHEL T8 KOICIIoM 0Tpeske [rg, .Y |
PARHOMEPHO CTPEMITCA K Hy T, ONHAKO TP JI0CTATOMHO KPYTTHOM 114-
re i DpUOSHAKCIIOE PCLICHHE, TOCTPOCHHOS OO MCTOIY JHICpa, Mo-
KOT CYUIOCTRCIIND OTIH'IATLCSE OT To'oro. B uactooctu, opu v < ()
u ha < —2 npusenenman na puc. 18,6 novanad Jfinepa HHTCTO 0Smero
HE MMEET € TO'IHbIM [ELUISHHEN.

Cerounmaa gyukuna wy, u pemenre andupepelnHainLIore YpaBIie-
HHA ¥ VIOBJIETBODAKYT VPABHeHHAM pasHoil upupoust. Iostosmy B of-
HIEM CJAVUAS HE VIASTCH IORIOPHTH PACCMOTPEHMA, HPHBQLIHIWE LI
npocTeimel cxembl Disepa K ouenxe (6.17). B 4acTHOCTH, OMA COTOU-
ol QVIIKITN 2, SRISTIOMCHCS PONICITACM  TOCTATOYI CIOKTON pa-
HOCTHOH CXeMbl, TRYIHO MPETIMKHTE TaK0il AMTOPUTM WHTePNO AT,
GrODL 10 1Y UEHHAT KPHEAA AR JIAIACE HIITCrPAABIoR Kpuisoil audido-
PCHIHAILIOO YPABICIH, B ONPCICTICHIOM CMLICIIC BIM3KOTO K HCXOd-
HOMY, H MOIKHO OBLTO Obl BOCHOAB3OBATEC A MeTOA0M JlddrepeHInATL-
HbLX HEDABEHUTH LA OLUEHKW DAFHOUTH MEALLY PEINEHHEM HOXUIHOIO
H 1IOCLY HEHHOUO AH(xpepeHurabHbIX Y IaBHeH W,

B 0buiem cavdac 4 OIMCHKH CXOIMMOCTH OPHXOTUTCA MONbL30BATE-
CA APYTHMH MY TAMH, BBOIA TOHATHA GRIEPOKCUMENYUL H Jemoltuusocimu
PASHOCTHOH CXEMHBI.

3. [lopanok annpoKcHMAIIHH PA3HOCTHOH cXeMbl. 11 paceyo-
TROIMA NOHATHA MOPATKS, ANMPOKCHMATIHH PAZITOCTIION CXOMbI MTOTPOGY-
€1CA BBECTH HOPMY 4 — UPABOA "acTi pasnocraol cxembl (6.4). Kak
VIKC OTMOTQI0CEh BLIIIC, (3, MPCICTABIACT c0DOH MpaByio 4acTh VPab-
HEHHA — COTOMHYH (PYHKUMKY f) B COBOKYIHOCTH ¢ QOIOJIHHTE IbHbL-
MH YCAGBUHMH 118 HCKOMOR corounoil divagnmn gy, Oun vory T Brirk
H HAYATBHBIMH, H KPACBBIME. 3AHY MEPYEM HX B ONPEIeTeHHOM NOPSIKE.

COOTBETCTRYIONHS TPABLIC YACTH MTVCTL BYAYT 01, ... . G,
Q6osramum ||upllo = max; |g;| w eReges Hopvy ||@p||1. monaraa
llealls = masc{||fal], llurllo}- (6.18)

[[ycrk pasnoctHas cxema {(6.4) QIHOIHAMHO PABPEITHVA NP HCEX
h < hy. Ecnn avavenns [y]y, pemerns y(o) vexoaaoi andxpepennn-
ANBLION 33IA4H 14 CCTKC Wy YIOBICTBOPMOT PAIIOCTION cxeme (6.4),
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T, HAl petieHde pasHocTHON exeMbl ), HOIVHHM SHALSHHE TOUHOLO
PELIEHHA B ¥31aX CETRH [¥]n = #p.

C TakdM DOIOKCIIHOM ML BCTpodacMed Kpaitie ponko. Kak mpaphIo,
NPH OOACTAHOBKE 3HAMEHHE [y]n B pAsHOCTHYIO cxeMy (6.4} Mb He no-
T¥HARM TOEMECTRA, 4 (6.4) YIOBIeTROPAPTCA ¢ HEKOTODOH HEBAZKOH

Lh.[y]h. =y + {SL:"’)JJ' (ﬁlg)

Benuunna nesaskn J-;h. PASTHOCTHOR CXEMbl HA PENEHHN HEXGIHOW 34-
JAUIH HOABSIASTCA XAPAKTePUCTHROR AllLpOKCHMALRA PASHOCTHOMN CXaMbl
HOXOHOM 381354 H.

JamMeuanua

1. (:)'I'ME'I'I-T[\-‘[ NDITHIHMITHAIITRHOE OTGTHYHE BREJICHHOID HOHATHA HeBA3-
KH AMMPOKCHMAIINA DASTOCTIICH cXeMol andbepemimaaniol sataam oT
HCITOMThAOBAHAOID B § 2 1. 2 nonsrna HEBAZKH ITIHT T ICTAHOBKE HPH-
GAMECIIIOT) PCLICHAA B BHIC JoManol SHitepa s nexonnoc gudxpopen-
THATLIIOC VRABICHEC. ITO OTIHIHE CBASATIO ¢ TOM, FITO JTOMAITAA T0-
Pa ABNALTCA HENPEPBIBHON M Kycouno anddepenuupyenoii dpyHrumei,
KOTORYH! MOXKHO NONCTABHTE B JIEBVHY 'TACTE HCXOIHOTO JudyhepeHuu-
AJIBHOI) YPABHEHNA, B T BPEMA KAK PEINEHHE DASHOCTHOH CXEMbL 8CTh
(PYUKLMA JHCKPCTLIONG APIYMCITa, OLUPCUCICIIAT JIHIL 1B ¥31aX COTKH.
Felenne HCXQHDA 32,1201 OHPEIEIEHG BCKL LY HA OUPE3KEe HHTEIDUPO-
BaHHA, H €T0 SHAYEHHA [y]p B ¥37IaX CETKH MOXKHO NOACTABUTH B Pas-
HOCTHYID cxexy (6.4) M, HeToTh3ya WHGOPMATWK 0 LTATKOCTH TGTHO-
110 DF!IIIPHHH 11(’.)(0,T]‘H0I.ﬁ Aa 1AM, ONERNThH HF‘...‘II’I'-Il’IH_‘_\-" HEeRASKHA ])HFSHOC'I‘HOH
CXOMBI Il TOMIIOM POLICITHH.

2. OyuUKUMA AHCKPCTHOrO APryMOILa [ylp 0UCBHINO ABNACTCA PolCc-
nuen pasnocTaoil cxemot (6.4) ¢ BHAOHIMCICHIOH, HAH, K&K TOBODAT,
BOIMYIIICHITOR panoll 1acTLio.

Tlepefinem renepe K oupeie [eHHK HORATHA HOPAIKA AUIPOKCHMALIEN
PaHOCTHON cXeMbl Hi pemedud JHdebepeHuManbioil 30000,

Onpeaenedre. Byoed rOBOPHTE, UTO PASHOCTHAS CXEMi HMEET
k-il nopadok annpoxcuMenty HE PEUICHUN Uexodnol edamy, Ceau oy-
HECTRYET TAKOS fig, 910 npu 5 Ay

- k v
||Lh [")’]h - l1"-’h||.1 < Ch H ((JZU)
e O u k HEKOTOPBIE HOCTOAHHBIE, HE SABHCANME O Fr

Onpenenss NOpAIOK ANMPOKCHMALMHE CXeMbl DHnepa {6.9), npeamo-
narag, wro dyvakmua f(2,y) B vpasuenun (6.1) UMesT MepRLEe Hempe-
DPRIBHBIE T4 THHIE TPOHIBOITHBIE O 0DOUM APTY MEHTAM B TDAMOYTOTLHA-
K¢ D, B 3ToM ¢aydae ToUnoe pemeinue 3{ ) exo ol 3aqadH, OUCsamieg,
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HileeD BTOPYRY HellDepbIEHY H: [HOW3BOIHY K. D0 OEBOSAST SAMCATE
TrerdSIOHeH e

gl + 1) = ylas) + hy' (2 )+h2 e+ 0h), 0<O<T.  (6.21)

B cuny (6.21) npu nofcTaHoBKe TOHOTO pemedn: y(r) aagann (6.1)
B JICBYIO 4ACTL vpasucnuda (6.9} momydum

y' )—|— 2J g+ 00 — Flry(e)) = %y”(:r:; + 80 (6.22)

(neproe u rperee craraembie B esol vact (6.22) rsanyHo yHuwarowa-
0TCA, TOCKOIRKY (%) ABRTASTCA TOWHRIM pererHeM ypasHeHna (6.1)).
T(’-l\l COMBIM IICBABKA B YPABICIIHA HMCCT HCIJBLIFI IOPAOCK. PC]J.I(’-IIHC
pasuceTnofl 3amagu (6.9) yIOBICTBOPACT TOMY C AMAILIIOMY VCI0-
BHEY, 1TO W pewene 3agaiu (6.3). Orcoga cocuver, 1o cxema Dhacpa
ANNPOKCHMHPYCT 383000y (6.3) ¢ mepBhiM Nopagkon.

3ayveganuc. [epbuil NOpsSIoK ADNPOKCHMALMH CXCMBL Dilmepa
CHASZAH COTEM, SNTO B 3 TOM METONE HERBAR HPOKIBLIHAA y'(r.;) ANNPOKCH-
MHUPYCTCT PABHOCTILIM OTHOWCICNM (¢4 — yf}/le.. JOrKO BUCTL, YTO.
Belbrpas ipyrue nprd.KeHHbE DOPMYIBL JIH NEPROE HPOHIROIHOHA,
MOAHO NOBRICHTD MOPRAIOK ANNPOKCHMALIHH.

,H,Pﬁ(‘.'T‘R['ITE.TII-;HO: BAMEHHM  TTepBYHY MROHEBONHYH CHMMETRDHYIHEIM
PAFHCTHRIM OTHMITEHHEM B COCETHHY TOTKAX

(yit1 —yim1) /20 (6.23)

Ipennoaarad BenpepBsInaOCTE TRHCTLHX TPOHIBOILIETX PELICTIHT (4T0 Oy-
JIETT MATE TR MECTT TII')H F.OO'I'HQ'I'(’.'I'H‘\"I{‘]H[HX ‘\'C.TTOHI'I?[X FAGNKOCTH (‘I’J}"HKII‘H 5]
Fla,v) B npasoi vactn ypasuernms (6.1)), 6}_11,0}1 HMOTT

gl + 2y =ylz) + hy'(2) + h y'(x G y'"'{x, + 6,k
y( ylxs) + hy'( ) 3 € 1h). (6.24)
gl — by = yle;) — hy' (o) + 2 y”fl ) - 6 Sy"{x; + ah).

AnnpoxkcuMapyeM samay (6.3) pasimoctnol exevod {3, — snatcmuc
CeroTHON PYHKUMHM B HEPBOM ¥3/1€ 0K OCTABHM HEOLPEIE IeHHBIM, HO
STO 3HATEHHE HeoDXOAMMO 300ATh, ITOHE NOCISI0BAT e TBHO OO THTE
U2, Wy . . )

U4 Q—h Ui | . f_,- U
Lhuh = i) = Ho (62‘-})
[ 41

OB 1A PACCYAJIEHITA, AHAIOUTYHBIE HDEABYTIHM, TV HHM, 910 Pas-
HOCTION vpasienue (6.25) annpoKCHMAPYCT HeX0anoe ypasiueinuo (6.1)
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CO BTOPBIM HOPANKOM. HTofe oUpeie/iuTs HOPALOK AUUPOKCHMALLLH
FOUOKHHA B HEPHBOM V31€, OHATh BOCHOIREYEMCH PATIOKEHHEM TOUHO-
10 pemedns no popmyate Teloopa

ylro + hy — 1 = plag) + by (ro) + By G + B0) — g1 =

<@
R i
vo + hf(ze.m) + Sy {xe + 80 -y
{6.26)

I3 (6.26) cnoTveT, ITO eCIH BLIOPATE

w1 =yo+ hf{xn. w). {6.27)
TO H BTOROR HATAIRHOE YeaoBHe B {§.23) anmpoKCHMHPYETCA CO BTODBIM
|1OI)H/"[K0)'TA nepBOQ HaY A TkHOS (\,'C.-'TOHI'[P. BEITOUITHASTCA 1TOMNHOL Olrm;La
CIBAYET, SITO MPH BRIMOTHERHA JIOMOOHATETRHOTO yeTosua (6.27) pas-
nocTnaA cxeMa {6.25) AMMPOKCHMEPYCT HCXONYE 3A049Y ¢O BTODLIM
MOPSIKGM,

LeTec TReHHO MPANTOI0KATE, ITO T TOTO, TTODRI palllenusa w), Dpas-
HOCTHOPN CXeMbl BRLIO BIHAKS K DEINBHUI HCXOUIHOA 330AM, HERATKA
d:op DOTKIA OLITL J0CTATOYHO MATOH. BolHMKA0T BONpOC, ABIACTCH
JH MATOCTL HMCBSISKH &gy OOCTATOMION I TOTO, YTOOLI 0BCCIeSIHTL
OIM30CTE iy, K PeMeHdn) HCXOOHOE 3aTA9H, HHBIMH CTOBAME, ODECTe-
HHHBASTCH 1M CXOMMOCTE RAZHOUTHOR CXEMBIL, €000 AMEET Mey all-
HpoKcuMauna? OxaiblBaercd, OUHOR AlIIPOKCHMALHL, BOOOIWe 10RO,
HEOOCTATOMHO, YTOOR PA3HOCTHAA (XeMa DABAJA NPHOIIKEHHOE penre-
nHe THGGePCITHATLIION 33,1090, [ToMEMO AMnNPOKCHMATIHE TVIKIL CLIC
KAKHE-TO JIONOTHHTEThHBIE CROHCTRA pasHocTHOR cxembl. Takuym csofi-
CLBOM ABJACTC 1K HASLIBACMATA FOmolteiaocms PUsHOCMROd Creit.

4. YeToMYHMBOCTL Pa3sHOCTHOU cxembl. [lepeiinen k onpeacacnuo
YOTORYMHEBOH pazHocTHoH cxenmbl. Pacesmotpum pazaoctavio oxemy {6.1)
H ('.(]U'I'He']‘('.'l'H.\_.-'I{)IIL.\_-"K) TEK HH.:jtha.eJ\-il\,"K_) HUI:H\']I\"III‘EHHI}'K) Zia,'La‘il\'

Lh.'ih =gy + 599he '[\628)
rac digy HABLRACTCI GOAMYLEHIEM BXOMILIX JAannux. B naapneimes
ByIeM paCCMATPHBATE TOT CJIVUIALL, KOTOA BO3MYIIEHHAA 2amaida (6.28)
CUHOSHAMHO PASPEHIAMA IPU L OCTATUMHD MANOM BOSMYULEHHH, 1. €. Y-
mecTBy o1 rakne do 1 fig, wro upn ||[doe]ll < do 1 b < N sanana (6.28)
HMEET DEIIeHH:, H IPHTOM ETHHCTBERHOE. [JOTPeIHOC THEG DEIeHA CXe-
BT (6.4} MO-IPCEATEMY TASOBCM BLIPAKCITHE diry, = 7, — 1wy, Bemnyguna
S2p, KAK W oy, OIIEHHBASTCA B HOPME

o2l = wmax{||dfall. [|derllo}. {6.29)
rae |4 fr|| — HOpMa BOSMVUIEHMA TPABOH YACTH YDABHEHRA, A ||dug|lo —
NOPMA BOIMVIICTHS JTOMOTIHTCTLIBIN VeTonuid. Janmy onpenes1enme
YOTOHYHBOH Pa3OCTION CNCMEL



§ 1. Pewewnue nattoanHod sndatn 175

Qupegenenne CxeMa (6.4) HASBIBARTCA Yomobnuaod no Hataans-
HULM YOADSUANM U NPASOTi waerml ypasrerud (W pOCTO yornoinieod).
SCHH CYHIECTBYST Takasd NOCTOAHHAS by, TTo OpH A < hg D0 HOPAED
NOCPEITHGCTH PEINIEHHA BRIMOIHACTCA HEPABSHOTBO

[|dupll < €

dizp 1 (6.30)

Toe TOoCTOAHHAS (0 He 3ABHCHT OT f

dammoe onpedeIcise, 04CBHANO, O3IAYACT [ICHPCPBIBIYIO 38BHCH-
MOCTH PENIEHHT PAZHOCTHON cxewmbl {(6.4) OT BXOIHBIN JIAHHBIX 33,13-
“H HAYMATRHBIX ¥YCIOBHI U HPABOA YACTH YPABHEHUA! MAIOE W3IME-
TICITHE BXOIILIY JTAITTLIX MRPHBGIHT K MATOMY HIMCICTIHID DOIICTIHAL

Javeyanue. B eavaae auneiinors onepatopa Ly, BECICHIIOE ONPe-
JESICHNE YOTORMHBOCTH PA3HOCTHON cxeMpbl (6.1} sxpuBanen rio rpebosa-
U0, YTOGLT exeMa (6.28) HLLTA OIOUTAYTIO DI3POITTMA TPH JTOCTATOYIT0
MATOM ROAMYIIEHHA 3y, v 1P b < g BRIIOJNHANOCH YCIORHE

llenll < €

enllis (6.31)
g HEKOTOPAA HE 3ARUCANAST OT f I0CTOAHRARA [14].

[Mepeiiies reneph K N0Ka3arennC TRy YeroiunBocTy cxemer ineps
(6.9) b cayuac obmeit sagaun (6.1). lvers dhyukuua f(r, y) uenpeposua
B 0bacty D on yaopnersopact yoiopuo Jlnnmuua no nopeMenitoi g,
T. €. HMCIOT MCCTO OLCIEKH

|[Flzgll < M, [flz,pn) — flzap)l € Ny -yl (z.y) € D. (6.32)

BoamymeHuas pasHocTHAd cxeMa, COOTBRETCTBYIONAA cxeme (6.9),
HMCOT BUI

Ty — i s 6;‘
’,— — } f@ — ' . KL
Loy iin { " { o + %0 } : (6.33)

roe f; = flr,, ), 8 f; — BO3IMYLIEHHE OPABO HACTH DAZHOCTHOLO YRAB-
HEHMA, Sp — BUBMYINEHHE HAYAIBHOIO YCIoBKA. JiA HOrpeisocty pe-
UTeHUA Gup = g = ity GIEBHIHO, M0MY MM

Wt T fam) + S () = 6 Sw=a. (631)

()‘TMCTI«IM_. HT CODTRCIIG DDCICITIILIM DLIINC OITRCICTCTIH AN

[8fil < 1187l Ndsenllo = leol- (6.33)
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Hs (6.34) s eusty onenok (6.32) 1 (6.35) noayiauM
|Buimr | < |dus] + 2N Sui] + Al frll =
= (14 AN duy| + B8 fa]| <
AL+ AN S| + BRI+ ANY + 1HIE Al
{6.36})

Mpumenss 5TOT TPONECE MOCTCIOBATLILILIX OUCHOK, nocne (i + 1)-ro
mara Hafigen

|Sttip1] € (14 ANY T [z0] + 1] (1 +INY 1}||c5f;r|| 4
<14+ BN |8 |0 + 51+ AN Il {6.37)
OTEVIA 11DV YU
lowall < 1+ BNV (15unllo + N0 Lll)- (6.38)
Tak kag X — rp = 7k, 10 B CHJlY HEPABEHUTBA
{J_ + hf\r){.’(—.a'g);"h -<.., E,.-'\'[.\’—;rgj
OKOHYATE ThHO 1TpK 0bom L Dyies nvers
lanl] < XX (|[5us o + 115 ) I, (639)

YTO W A0KAZEIBAET VCTOHTHBOCTE pasHOCTHOH cxeMbl (6.9).

5. TeopeMa ¢ CXOOUMOCTH. BUCICLLILIC BLIG HOIATHA LOPAIKA
ANNPOKCHMAILMK 1 VOTORYHBOCTI PASHOCTHON CXEMEL HOZBOIHKY T [10KA-
3ETE CASUVIOUYK TEOPReMY, HIPAKLIYE (DyHIAMEHTAIBHYE) DOJLL LPH
HCCISIOBAHUA CXOIUMOCTH PA3HOCTHBIX CXEeM.

Teopema 6.1. Kenn paznocraas cxeva (6.4) verofivosa n annpox-
caMapyeT sazavy (6.2) ¢ mopsakoy k, To penrenist wy, npe b — 0 oxo-
Asres & pemeninn y{r) ndbepenimans B0l 33,@M1, TPHYeA HOPSIOK
CXOTEMOCTH TAKRC DABCH k. T. 0. HMCCT MOCTO OUCTIKA

llun — [w]all < CRY, {6.40}
rae noctosinasg O e 3apuciy or i,

dokxazate1bcTBo. (MB03HAUHM DPA3HOCTD 3HAMEHHH €ETOMHBIX
(pyuxuBb vy 1 [y]y 1epes 2y

2=y, — [Y]n (6.41)
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B cuny onpelesienud nopaika AllPpOKCUMALYE
Lplyln = ¢n + dpn. (6.42)

U 1018 HerHakn digp umeer mecto onenka. ||dex| < 1 AY. Tak xak [y,
ABTACTCA PEIISHHeM BO3IMYIIEHHON pasHocTHOH cxembl (6.42), 10 B cn-

Jy YCTOHYIMBOCTH PasHOCTHOH cxempl (6.4) n onenaxu (6.30}, exoaAmeii
B ONPEIETEHNE yCTORYITBOCTH, NOOYYHM

zull < Clldpully € CCLRE (6.43)

COXpAHHE T4 MPOM3BETeHId TocToARRRN () obosHavenue (C, moTy-
qum cootnomenne (6.40). Teopesa aokazania.

Brime HRLTO TOKA3AHG. 'ITO CXeMA HIepa YCTOHTHEBA M ATNROKCH-
mupyet zamaidy (6.1) ¢ nepsoiv nopagkom. Hs moxasanuoil Teopesib
CICOVCT. 9T0 COMCHCTBO PCmCIHE ty,, TOJYYCHILIX M0 cXeMe Diacpa,
upu b — 0 cxouren k rounoMy pemennto ganaun (6.1) rakxe ¢ nep-
BBIM HOPAIKOM. DToT (hakT ObLT VOTAHOBIEH B 11 2 ¢ HOMOIUBKY NPAMbIX
OUCIOK.

3amernn, dyro B ouenkax (6.30) n {6.40) ne gaBncamaa o1 A uocro-
AnHaH ( WMOKeT MMETh JOCTATOMHO DOABIIOE 3Haqenne. Tak, B coayuag
exeMbl DHIeps nocrosiaa O UMeer Hopszaok ¢ yopn o > 0
UOCTATOMHO BETHKA.

Pacesorpum B kanecree IpuMepa, HOKA3bIBAOWETD BIUKHOCTb 1OHA-
TU VCTOHHHBOCTH L CXOUHMOCTH PABIOCTILIX CXeM, taaady (6.1) g
COSNYIOWErO JHHERHOIO OLHOPOLHOM ¥YPABHEHHA ¢ LOCTOAHHBIM KO-
hHILLEHTOM:

ﬁ—g +ay =0, ylre) = uyo. (6.44)

ConocTaBaM 2TokH 3d.daqs CTCAVIOIIYIO Da3HOCTIIVIO CRCMY !

godl —Haol | gladl T Hn il 0
Lo 20 k = .
Aty = g =q o - (643
™ To

Hetpyono yiecantoes, kak 3710 Opio cocnano soioe 1.5 cxes (6.9)
w (6.23), uro pasnocraan cxena (.45} Annpokcamupyer pemenne ne-
XOUHOH 3alaud ¢ HRPBBINM HOPAIKOM,

A TCOCPD MOCTPOHM TOYHOC PCIICIIHC pasiocTiol sanadu (6.45). [e-
pennmen ypashenue vz (6.43) B Buae

Uyl — 3+ aMu, + 20, =0, (6.46)
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Hafines 4actnoe pelieHde s5roro pasHOCTHOTO vpasHesua B dopue
Uy = AL rae A — HOKA HEHBECTHAA OCTOAHHAR [3T0 N8ITHEM 110 AHAJO-
TUA ¢ OTLICKAITHCM 9aCTIIONS POLICHHA THIICHIIOrD OOECPOIIoro Judgge-
PEHIMAIBHOCO YPABHEHHA ¢ NOCTOAHHBIMH koabhruuenamu B Gopme
e*) . Humeenr Torma AT — (3+al)A® + 2377 =0 wam

MoB+ahd+2=0. {(6.47)

Honynendoe ¥PABHEHHS HABHIBABITH XADAKISPUCIMISCKUM (ONTE Ke
[0 AHATOTHE ¢ TeopHell qudypepeHIHa IbHEIX VPABHOHHE) 1A PAIHOCT-
HOro yparrenus (6.48). Haxois vz (6.47)

34l — 1 460k okl
Al - 2 1
Ao = 3+ ah+ 1+ bak + afh3
b — 2 L)

(6.48)

OOSTYTIEM JIBA TACTHBIX PCIICHAA Ypapienus (6.16) b suac u,, = A,
Up(zy = AY. TIONBITABMCA YUOBJIETBOPHTD YCJAOBHAM B HYJIEBOM H B LI€D-
BOM V370, T. C. YCIOBHAM g = Y, 4] = 4y, B3AD JHICHDYIO KoMOHDA-
LMK ATHX PENEHKE [HBAAONLY OCH TAKAE PEINEHHEN B CHAY JHHETHOC ]
YPABHEHMA )

w, = O A + CBAL. {(6.19}
Hmeewm O + Co =y, CrAL + Cods = yp. O1C00a,
. _ yolhe = 1) a _ yolA = 1)
¢y = ey vt = B {6.50}

Wrax,. dopmyaa (6.49), e C) u Co onpenenensn hopsyaamu {6.50),
JAeT PEIIeHHe PasHoCTHOH szamadd (6.45). Herpyano yOemuThes, 4TO
OHO ARTASTCA MHHOTBOHHBIM, TAK KaK, MPEINOTaArad, uTo UMeHTCH TRA
pemenns sasaqr (6.43), NoAYUNM, YTO UX PASHOCTH B CHAY JIMHEHRHO-
CTH ARISCTCS POMICTHCK OTATL-TAkH 3a1aun (6.43), rme yo = 0. OTcwo-
A TOCTEMOBATETBHO TOIVHIM, FITO BCe 3HAMEHUA ceToTHol hyHKIT,
OTBCHAILICH PasiOCTH NPCINOTIATACMLIX PA3IHYILIX POMCHHH, PABILI
Y10,

Hecoieayem nocrpoerdoe pelnenue sazann (6.45) upun b — 0. [Toub-
3VIChL H3BCCTHEIMH MOTOIAME AIEN3a, HCTPYIHO TOSIVYHHTL, 4TO NPH
AOCTATOMHO Mastkix BF)

A =1—ah+O00%), X =2+ 2h+ O,

(1 + OhY) yolorh + OR?))

“ =S Tom 1+ O(h)

C-_; =

1 nMBOIOM L’)(.ﬁ.'i") OBOUIAMACTCA DOAMIMIIA, MOTYAL KOTODOR Moensuie (A% rae
€ — He ADRCAINAA OT f IOC TOSINIAGS.
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I o= 0 n oo > 0 umeen O = yo. a [AY] < 1, 4 nosromy
Al =0 )\””_“’]’ orpartadeno opa b — 0. B o xe spemst AL > 27,
"

|CsAS| > |"“| ah2" = |§”|c1-;:.2<-’frl—x<'}f i (6.51)

HTobk MOMYIHTE NOCPEeICTBOM PAZHOCTHO! cXeMbl pemeHne B (YHK-
CHPOBAHHOA TouKe x orpeaka [ry, X, HYIKHO CI8/aTh TAKOE YHCNO 1
LIATOE, UTOOR T, < ¢ < i, A 1714 TaKOTo 1 BemIHEA h21Fe —raifh -
2 A2Ur—malih e yipi A = 0, rak kak 2 QUMKCHPOBAHO; e, npu BHk-
CHPOBAHHOM 3HAEHHH 2 € [#g, Y| BTOpoe craraemoe B dopuy.iae {(6.49)
HEOTPAHHYEHHO BOIPACTALT MO AGCOIKTHOR BeanyuHe. TeM caMpin Ce-
TOMHAA (PYHKIIHA, OTREUAKIATL DASHOCTHOH cxexe (6.45), He MOKeT Cxo-
JHTHEA K pemennio uchdepennnantioi sanavr (6.3) B evnicne (6.7).

Hrax, cxema (6.45) ofecnPunpaeT NePBBIf MOPSIOK ATTPOKCHMAITHA,
HO He CXOMUTCA K pemedio Tudibepennnaneroil sanaqn. Jlerko BH-
LT, IO IL0T POSYALTAL CBA3AIL € QICYTCTBHOM YCTOHMHBOCTH Uali-
HOM pasoeTHol ¢xXeMbl YTobb b 9TOM YOCIHTLCA, JOCTATOMIIO PACCMO-
TPETh BO3MYIIEHAYH) 33,1471V, B KOTOPOI BO3MYUAKTCI TOMLKG HAMATh-
HLIC TAIILIC:

4 iyl — -1 -3 y—1 — o + ¥l 0

_ 2h ' h i '
Lyt = ity =< in+e
i1 o+ &

Torua 1d HOUPemiHOCTH PEIEHRA fey = @y — g H0IYHHM QopMYy.LY
(6.49). b KoTOpO# Yy cacayer 3amenntn ua e, M3 oucukn (6.41) cacayer.
o npn 0bom bhkcuposabtom £ > (0 seanauna [ChAS| weorpann-
HEHHO PAcTeT MpH i — 0, 910  J0KA3BIBAST HEYCTOHYHBOCTE JAHHON
PATHOCTHON CXEMET.

6, Meron Pynre—Kyrra, Kak mer yvike ormedany, cxeya Dinepa
WMeeT TUNTh TepRLI TOPATOK CXOTAMOGCTH, H A NGTYTeRHA BhICO-
KO0 TOMN0CTH 10 70 CXROMC UPHXCUHTCA BOCTH BBIMMCICHHA © OMOLL
MOJKHM LIATGM, 'ITG OPHBGAHT K BIAMHTCALHOMY POCTY DPCMCIH CHC-
Ta. [loaToMy ecTeCcTReHHD HCKATR CXeMbL, 00Ja1aM00THe Bos1ee REICOKHKH
NUPAIKAMH CXOIMMOCTH. (aNny 073 KIaccoB TUKEX CXCM SIBASTIOTCN CXe-
Mbl Pyare-Kyrra. B ochose 9roro Merola JIEkar CAe1yIomue cooipa-
wenuA. Pacesorpum roskuectso y (@) = flo, y(e)). Cornacno popuyie
Jlarpaizka 0 KOINCYIILIX DPHPALICIIHX [1& OTPOIKE [#;, 7341] CVILICCTBYCT
Takas TOUKA £*, 94T

y(rie) — y(e) = (o — )y (7)) = RF(@ y(x7). (6.52

*

(Haxo 3HaYeHHP #* HAM Hem3perTHO. B cxese DEIepa NOMOKEHO
T = 3y, 4TO M JACT BCCTO STHIIL TORDLIH TOPIIoK To4ioeTa. OCnosims
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niaed Merois Pyare—Kyrra sariiouasrea Bo BBEICHHU B PAZHOCTHVIO
CXEMY DA IONOJHHTEIERBIX HAPDAKMETPOR, YTOUHHINHX 1PHGIHAKeH-
HOP OIPEIeIeHue sHAMeHHA &

Bynen no-npemseMy  DACCMATPHBATE HAYATBHVIO samady  (6.1)

funu {6.3)) p
y={ @t T { ) } (6.53)
ylro) Yo
Netorud rIANKOCTH (ByHKIMA fir, i) 6vIvT chopMYTHPORAHBI HHXKE.
Conocrapuy sasaque (6.1) pasnocriyio cxeMy
Wi — Uy - -
Ly={ " Th— - wmEittpE) L O] g hy
iy Yo -
e

Ky = fleu),
Ko = f(a; + arhu + a hK)),

—
&
Wy
SR

—

I&rlr = f( X —+ k| h [r + | hI\;_ |)
APy P ey R HEKOTORBIE NAPAMETPLL BhIDDPOM KOTODLIX
MOAKHO 00CCTIEYHTE TReDYEeME NOPAICK ANMPOKCHMALNA CxeMbl {6.54)
A POTTCIn 3aaade (6.53)

B vactroM envuae mpu { = 1, p = 1 cxema (6.54d) mepexonut B cxemy
Dinepa (6.9, umcouyw nepenil nopauox AnnpoxcumMannd. Ilokaxen,
110 upu | = 2 MOKHO Tak BRIOPATL HAPAMETDPBL fh, P2 U €, "ITO CXe-
ma (6.54) Gyaoer uMeTL BTOpol nopsiaok annpokcenyanud. yers drvik-
uuA fe,y) useer 8 D Henpepbisable Y4 THBIE UPORSBOAHBLIE 10 BLOPOLO
HOPALKA. N0 0OOMAM APIVMEHTAM, Y0 JOCTETOMHO LI CYNSCIBOBAHNA
HENPEPHBHOH TpeTheil Npom3eoIHoH 0T peiennA. Toroa peierne #a1a-
yi (6.53) somer ObITE OpeacTaBiedo no dopuyte Teinopa

-
2 1
weien) = wler) + 0y (o) + By (o) + 2oy (). {6.56)
IMoacTaeada 370 BRIpAKEHHS B cxeMy (6.041), nomyinm

M — (m K, +paKa) =
=o' (e) + By () + OU) = p1 fiy(e)) -

- pgf(;-?.,- o hylw) + oghfx,uied)). (6.57)
BocnonbiosaRiTHCE Pa3TOMeHHCM
Flag+ anlyla) + anhfle; yle))) =

= flanyle)) + n:lh.%(:;-'.,-_,y(m.,-))+
kG () S o)) + O() (6.58)
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H OMeBHIAHBIM COOYTHOWEHIEM

Yy = %[w;,y(;c,—_)] + %(;ni,y(;i:,-))y’(u:.,-) =

= Stenyton) + fe e Ghizue)). (6.59)

nepenuimes {6.57) B Bune

(1) — gl . .
3)’,‘3+1)h ylrg) _ ('p]-ﬁl +pzk2) —
=y'(@) — (g +po) fla ylan))+
+ hy"(2)(1/2 = aupa) + O(R7). (6.60)

(OTC101a CTCOVCT, TT0 IPH
ptp=1 oap2=1/2 {(6.61)

cxeaa (6.54) npu [ = 2 uMeeT nTopoll nopsaaok annpokcunMamad, [Tpu
FIOM ¥ MOFKeT Deirh BRIOpaHD npowaroseHo. Haubooiee mvpoko npu-
MeHATeA oxembl (6.54) ¢ e = 1w ap = 1/2. Bamerny, ITo TyTeM
BLIBOPA () MOBLICHTE MOPAIOK ANMPOKCAMAIHE cxesnt (6.54) opu 1 = 2
HEIRSA.

[Mpu oy = 1 w3 (6.61) nonvausM py = o = 1/2, v cxenma (6.34) mpu-
HHMART HWL

BT L[ fles ) + fla + hywg+ hfeiu))] =0, (6.62)

FeomeTpryeckad WHTEPNPETATHA 2TOH opMy.asl acHa w3 puc. 19
CHava1a mo MeTo1y Dilnepa Haxonuy Touky Fip1 = 1 + hf{z;, 1), 3a-
TOM TTAXOTHM CPCATCE SIANCITe Yina -
HAKTOHA KACATETBHON K HHTErpaTb- ©
HBIM KPHBBIM Ha Tare h: tgoa =
= %(Tri + Figq) M N0 Hemy yTOM-
HASM ZHAUEHHE t;_ ). AHATOTHYHEBR
PACCYAEICHUA JCTKO TPOBCCTH H 715
cavuas o = 1/2. No;i00Hke exembl
OOBIMHO HOCAT HASBAHHE &TIPETHE-
TOP-KOPPEKTODS.

Mbl paceMOTpPEIH cXeMbl €O BTOPRIM TOPATKOM  AMTPOKCHMAITI,
AHATOTUYHBIE PACCAMOTPEHUA MOTYT OBITE MPOBEIEHB B TLTA CXeM Oo-
Jee BRICoROro nmopsaKa, (8> 2). TIpn 370M NDHX0INTCS HANATATR HA,
dyvukuue f{r. ¥} oce fomee poicokne Tpebosan riaakocta. Hanforee

|

(I TN

i

£y it a
Puc. 19
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WHPOKUS IPAKTHYSCKUE IPUMEHEHHA HAXONAT CXSMBL HETBSPTOLO 110~
pRaKa. B GoablHHcTBe HUOAMOTER CTARIAPTHBIX UPporpaMy g8 3BM
HCTIOGL IV CTCS CIGIVIONIAS CROMAL

Wil = W l¢g- : G - :
L = { S R 2 2 K0 L0
0

rae

Ky = flaiou), Ky=f (:r-; + %,u; + %K-_:)..
(6.64)

Ky =f(oi+h o+ L0, Ki= flon+ b+ hEy).

JIerKO NPOREDUTH, 4TO 3T CXEMA MMEST YSTREPTHIA 1OPAJOK AINIDOK-
CHMAITHH,

B cuay teopemil 6.1 104 onpeIe eHda MOPsSIKS CXOTHMOCTH CXOM
Pyuare-KyTTa J0CTATOMHO JOKASATE HX YOTORYHROCTE, DTO TOKA3aTETh-
CTRO MOMHO MPOBECTH B MTOMHOR AHASIOTHE ¢ JOKAZATETBCTROM VOTOH-
YHBOCTH CXOMBLL Ditaepa. TelcTBHTOILI0, BCE CXeMUl THIIA [6.54) HMe1oT

o SR Gla ) 0
Luys = { h et } = { }._ {6.65}

i Ho
e gpyvagnda Gl y) npeacrasider coboil IHHeRHYK KOMOMHALK)
byuxuni Flr,y) o1 UPOMEKYTOYHBIX sHadeHnd apryvmenta. [losroMy
OLCHER 1715 pyvIKOHA G2, ¥} H 0¢ NPOM3IBOIILIX JICTKO BLIPAZHTL HC-
pes CcooTReTCTRY KIKe oueHkH ryaxnnn o, y) 1 e upoOnIBOIHRIX, Ue-
TLILIYOMLIC TIH TOKA3ATUTLOTRE }’(fT()ﬁqI’]B()(TTH MOTOHTA Bﬁ.,‘lt‘pét, OTKY-
A 0 aneIveT CIeTaHHOS YTReNKITeHHe.
B YACTIOCTH, HMCOCT MOCTO CIICIVIOIIAA

Tcopema 6.2, Ivers dviukuus flr y) avecr 8 D noupopoisiisio
TACTIEBIC IPOIBOEILIC TeTBepToro noparks. Torgs exeaa Pvire-KyTra
{6.63) cxoLmICA ¢ YETBEDTLIM HOPALKOM TOUYHOCTH, 1. €.

s — [¥]all < CRY. (6.66)

Oryerum B 3aKi01eHre, 110 cxemel Pyare-Kyrra a0uyckanr e
HHCIEHHA H ¢ TepeMeddbiM maroM. Haunaaa ¢ aoboro HHIeKes 4, MOE-
HO YMEHBIIHTE HJH ¥BETHYMATE HOCL IV KLLKE 1AL CETKR,

Jameuanue B atom naparpade BELTH paceMOTPEHEl YHCIIEHHLIR
METOOBL PEUIEHHA HAYATBHOH 3aJaun (6.1} 2mA OOHOTO CKATAPHOTO
YPABHEHHA MepBOTO MOPAAKA. [es cyec TReHARX HaMeHeHH ! pasofpan-
HBIE METOAL MEePeHOCATCA Ha CayHali HAYMATBHOW 3ATa9W W JLIA HOD-
MAJILIION ¢HCTCMDLI YPABICIH 0epBoro nopaoka [26].
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4 2. Kpaepnle 3anauu

B aTom naparpade GYIVT pacCcMOTPEHbl THOC TS THCOTAHERIE Me-
TOUBL PRNIEHESA KPARBRIX 38,1849 A obkikHosendbix jindxbeperimais-
HLIX ypapieidil. IlocTaloBki 5TUX 38044 1 0DIHe CBOC TR UX PeIICni
OBLTH I3VICNE B T, 4

1. MeTton cTpenbbbl. (JCHOBHAA HOed HTOTO METOIA 3AKITETACT-
CH B CBELIEHUK DELIBHNA HCXONHOE KPACBON 3214490 K MHOUOKPATHOMY
PEWEHHK BCIOMOIATENbHbBIX 38144 Koy 101 3a aHHOro dpeperinn-
ANBHOIO YPABHEHHA. TIPOMILIOCTPHRYEM 3TY HASK HA HPHMepe Kpagso
3004 Ha oTpeske [(),[] L0A vpasHeHHs BTODOTO OOPATKA

£ r(en ). o5
L(,?,r([l), %(U)) =0, (6.68)
2 (w, ) =0, (6.69)

tne f, o1, 400 — 3anaRnbe (DYHKIHH CROUX apryMeHToR. IIyeTh dhy KT
£.421, 0y ARIAIOTCA AOCTATOYIG TIAJKHMA U DLITOTICHL] VCTIOBHA, TP
KOTOPLIX pewenne kpacsoll sagayqn (6.67) (6.69) cvwecrsyer u cani-
CTIBCIIIO, A TAKKC CVIICCTBYIOT CHHICTBCNILIC PCLIICIIMIT HAYMAALIION 3a-
AT 104 vpaeHeHua (6.67) npy npo3IRoSIBHBIX HATMATEHEIN YOTORHMAY,
SAUAHHBIX LPH & = U i & = {. Brilepes HeKOTOpble HA4d/IbHBIE Y10

suga §(0) = (U = §1. VAORNCTBORSIOWNC JCBOMY FPALHYIIONY
VCIIOBHIO (6.68). .f)ro MOMKIO, TATPHMCD, COCTATL, 3AJABIHCL SHAYCIIH-
OM Jp H paspomad nonyionioe Ypasiuenue

( 70). ‘“”(0)) —0 (6.70)
OTHOCHTE.TEHO ﬁ(()) = . B i1y coeTaHHOTG NpedIoIKeHdd 3a1ata
OUPCICICHH: petnenu: ylz) ypantcenna (6.67), YN0BIOTBOPAIONETO BLI-
OpaHHBIM HA'IAABHBIM ¥CJAOBUAM, PAIPELLHMA SAUMHCTBEHHBINM 0Bpazoa.
Ecoau Ool moayyeniasg npa aTos GyIKURA §{xr)} yIOBICTEOPATA H Mpa-
BUMY FPAHHMHOMY YEHUBHHY

2 (7, Fw) =0 (6.71)

TO HCXOOIEST KPpacoad 3aI1a94a OLlTa 66 pemcia, Omake o ofmeM cayv-
AR TONMYHeHHAR PYHKIWA F(*) He VIOBIPTRODAST MPABOMY TPAHHTHO-
My venosuio (6.71). To cnocoby caoero nocTpoeHnd chy KA 7(x) 3aBH-
CHT OT 3IHCHHA §fy KaK OT mapasetpas §(r) = F(x, §o), IpUYeM B CHIy
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OBUUY CROHCTE Ppellerna HAMANBHOH A 081, U3V IEHHEIX B 11, 2, 9Ta 3a-
BUHCHMOCTE HellpepblsHaA. Menaa sHalenns §p 1 uosTopaa onucaHBbIH
BLILIG sSINOPHTM, HOJIVHHM  OAUOOAPDEMETPHHCCKOC CCMCRCTBO Flu, o)
PCLICHHE HEHaILILIY 38084 10 ypasuelnua (6.67), viIosiersopaiomus
JEBOMY I'DAHMYHOMY YeJoBRK (6.68). F41a4a 3K MMOUASTEA B TOM, 1TO-
OBl 113 37010 CeMeACTBEA BELIEIHTE (PYHKUMI ¢{2}, VIOBISTBODAKITY K
M HPAROMY IPAHUYHOMY YCH0BHID (6.69). Droro MOmHO H0CTH L pATiauY-
Hbivu coocobavu. Hanpumep, momuo seBupars HAVIAMY SHANMSHUA g
S0 TEX IO, HOKA 1PN HEROTOPEIX G IMEKH X 3HAYEHNAX g 1. fg.; HE 10~
JYUATCH PASHBIE 00 3HAKY nesbie yacru (G.69). Dro Byaer o3Haarh, 1o
HCEOMOE $HAMEHHE Jg «B3HT0 B BLJIKYS B MOKHO BECTH KHDUCTPENIKY »,
Y¥TOUHAA MCKOMOE SHAUEHHE . B cuiy yRa3aHHOH BhilE HENDePRIBHOM
SHBHCHMOCTH PEIIEHUH HAMAIBHBIX 38444 1 HAYAILHBIX UAHHBIX (-
KOMOE 3HAYSHHE ) JIEHNT MEKIY Fo.—1 ¥ Foi. DTOL CHoCOD pellens
Kpacsoil sagaun (6.67)-(6.69) 1 nocut nassanne smemoda empeanbo,

Ecom pewenne sanain Kown §{x, §y) naxoanrea B xsaaparypax, to
coorHowenne (6.71) upeacrasinaer cobol Hekoropoe, Boobue roBOPSA,
TPAHCIIEHISHTHOE VpaBHeHHS

wly) = 2 (?}(L o), %(Lﬁn)) =0 (6.72)

CTHOCHTETLHO HCKOMODD 3HAYIEHHA 'j,_l'(.. Tem cavbiM Baaata CBOTHTCA
K 3A7ATe HAXOKIEHWA KOpHA ypaBHenud (6.72). Pemue 370 yparHeRne
(AT THYOCKY HUTH YHCSICNIO), MBI TOTY9HM HAYALILe venosust y{0},
iy

ar (0], KOTOPRIM ¥, 1I0BISTROPAST PRITEHIE HCXOIHON KPABROHA 3a0a40.

B ofwen cmyuae dyvukuay F{xg, §p) IC MMEIOT ABIOTO ATATHTHICCK (-
TO BLIPAKCIHA B MOTYT OLITEL TARICTIN UL S9HCTONI T KOG I0T0
KOHKPATHOTO 3HaveHns napaMetpa fu. Torma mMoKHO ROCTOTHh30RAThH-
¢f THCTEHHBIME MPTOMAMH PEITEHHA VDARHPHUA (6.72) — pasimIHbMET
Mo Hrrannamu veroia Heorona, merona napabon v e o, Hanpumep,
MOZKHO 10 OTTHCAHEOMY BRINIE ANTODHTMY 1A 3HAYeH i napaverpa i,
PARHRIX o, —1 ¥ fJo.;, TOCTPOUTh OVHRIME {2, fo.i—1 ) W 7(x, Fo.;). Tora
HOROE SHATEHHE NAPAMETPA. iy, ;4 1, COTTACHO METOMY CeKVIIHY, HAXOTHT-
CI1 M3 COOTIIOMICITHS

{#o. — Foa— )2l 1) (6.73)

oo+ = Vo — wi0.1) — lFo.t1)

OTMeTHM, MTO @CTH HAMATHHOS SHAYTEHHE §f; BhIDpAHO RO KOPHA
yparrerna (6.72), To wTepanHoHHbI nporece (6.73) BRICTPO cXOMHTCA.
IIpopeneiinic paccMOTPOIA COPABCLTHBLL D ODLICM (SI¥Y0e HeTHIICH-
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ol kpaesoll sauauy. B oovaae unelinofl kpaesoll sanaiun

Ll = L]pyE] - et = fla), (6.74)
ayy' (0) + 31y(0) =0, (6.75)
ey (1 + Soy(D = 0, (6.76)

MOZKIIO PCIIONKATL MOTHGUKALHIO MOTOIA CTPeaLbul, DO3BOMAIOLIVIO
TOJYTHTE PelleHHe UCXOOHOH KPaeBoil 3a0ati, CBeyd €@ K PeLleHHK)
CPUBHETETHHO HEOOIbIIOMO HHETA HATAIBHBIX 3aJAM.

[Tocrpony dyakmnm ¥y (#). npeacrasianmyo coboll pewenne sa1a-
1M LT HEGUHOPOUHOTO YpasHeHHA (6.74) ¢ HAYANBHBIMH VCIOBHAMH

p =an y () =-4. (6.77)

Ouesnano, 1 ety (6.77) dvurunag g () vIOBACTBOPACT JACBOMY LIpa-
HEHOMY yoI0BH0 (6.75). Onpenenum GvHKIMO jp{2) Kak pelleHne 3a-
JaMH A QOIHOPOIHOTO ypapHeHaA (6.74) ¢ TeMH K HAIAJBHBEIME YO0
BUAMH

yol0) =y, yp(0) = —34. {6.78)
B ity MuHEAHOCTH 388K A OUHOPOIHBIX vC0BAA dyHruna Cyolx)
TAKKE NPENCTABTAeT CofGoil pelleHds ONHODOIHOTO YpapHeHud (6.71),
YAUBIETBODANLIEE JEBOMY I'PaHuHOMY yenosu (6.753). [Mosromy pe-
[EeHHe HCXOAHOH KPaesoll 5014 MGEKHO HCKALD B BUIE

y(x) = yi(x) + Cyolz), (6.79)

onperenan nocTogHHYH (13 TPeBOBAHMA YIOBISTBOPEHHA (hyHKIHEH
(6.79) npaROMY TPAHHHOMY VO TOBHIO {6.76):

oy (1) + Ban (1) + Claagy(1) + Bayo(D] = 0. (6.80)

FAMCTHM, 9TO B CHIY CICTAITOTO TRCINOSOEKCTIHT O CTHITCTRCETOCTH
peleHA HeXOMHOW KpaeBol 3A1aH BRIDAMKEHNe B KBATPATHBIX CEOO-
kax B {6.80} 3aBeOONO OTAMYIEO OT HYIA; TOM CaMUIM DocToanman O ui
BTOTE COOTIOUIRITHA QMPAIACTACTC OIHOHAYHG. TakuM ofpasoM, T pac-
CMATPHBAEMOM CIYV'IAE PRIIEHME KPAGBOH 38Ja'1H CBOANTCH K PEUSHHID
BCETO ABVX HAMAIBHBIX 3A0AH, 1TO MOMXKET ObITh OCYIIEC TBICHO PACCMO-
TpeHBBIMHE B § 1 HACTOAWEH 1VIABBL MHCASHHBIMH METOIAMH.

Javenanua. 1l PemleHde kpaepelx 3a1a% 1714 VPABHEHHI H cHCTaM
$oJee BEICOKOIO NMOPSIKA, UM BTOPOLO, TAKKE MOMKET ORITB OPOBEIe-
HO MeTOIOM CTPenhObl. OCHOBHEBIE HITEH MOTONA MPH ATOM CYITECTREHHD
He MPHAKTCH, OMHAKO BMECTO OJHOMO vpasvenns (6.72) Mur B ofimen
CIVUAC TOSIYYEM CHCTCMY P TPAICHCIICHTILIX Ypasuennil T, (6.72)
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OTHOCHTENBHO NAPAMETPOB i1 Y2, -+« Yoo DI P — "TACILO JIEBBIX IPAHRY-
HLIYX VCNOBHHA, Do IPUBOANT K 3UAYWTCULAGH TCXUMYCCKOR TPy INOcTH
HPH OPAKTHYECKOA PEATHIALIUNA PEIEHHA CUCTEN BRICOKOID NOPHIKA Mé-
TOOOM cTpeasthl. Hok T0tMeHEe COrTABNAKT MHUOIb STHHeHEIS CHCTeMEL,
7151 KOTOPLIX 331348 CBOOHTCS K POIICITHIO CHOTCM STHIICHIILIX ANrehpa-
HYeCKHX YPABHCHHH.

2. B meTone cTpenntinl pelieHie HCXoIHOE Kpaesoil sadadi cBOIHTCA
K PCLICIIHIY PAIA BUIOMOTETCILILIX TAYATLILIX 2a0a4d. H3 noayyaeiminix
BLIte {§ 1) OOeIOK 3aBHCHMOCTH OUTHOKH TUCTCHIION POMICIIHS [TAYATL-
HOI 23134 01 OmWHOOK 3313aHMA HAYATIBHBIX JAHHBIX H BBIYHCIEHHA
NDABBIX HACTEH YPARHEHUE CHEIVET, 1O 3T8 GINHDKA MOWET 3KCHOHEH-
THATRHO HADACTATE ¢ VBETHTEHHeM JIAHHE oTpeska [(L 1], Ha KoTopoM
PCIISCTCS KPUCBAd 3aIada. DTO OPUBOIHT K HCODXOMIHMOCTH HJIH 31a-
YHTEIBHOR MO imbuxanun veTona crpeibbnl [(TAK HA3RIBAEMBIE MeTON
JudphepeHnMaTRHON OPTOTOHAIRHOR TROroHKH) [9], WIH IpHMeHennd
A5 POTICITHA KPACRLIY 2AAAY OPSMBIX KOHOYHO-DAIOCTILIY MOTOIOB,
HAMHEHWH) KOTOPBRIX ¥ O¥IET MOCBALLSH CTEIVIONHT TVHKT.

2. KoHeUHO-pazHOCTHRIE MeToObl. KAk Mbl vike orveuand, cy'rb
ITHX METOIOB CBOIHTCA K 3aMeHe HCXOIHOH zamatmu 1714 Judrhepenun-
ALIONO VPABICIINA CHCTCMON aIrcOPaudICCKEX VPABICIIHE 1715 3I1a4C-
HUE CETOUHON (DYHKIIME, ANPOKCHMUPYIONER HA CETKE DEINeHUe WC-
XOIHOH 2anaTd. PacoMoTpuM OCHOBHEBIE HTSH ATOTO MeTOTA HA TPH-
MePC TROCTORIICH TTeHTIoN KPpacnoil 300Iadi L YPABICTIHS BTOROTO
NOPAIKA

y" —qlely = fla), (6.81)
y(0) =yl =0. (6.82)

Jerko wuiere, wro nupu g(x) > 0 kpasnax 3anaqa (6.81), (G.82) umeer
AIIHC TEEHHOE PRIICHHE. TO ¥ TBeDK ISHHe ABIATCH CIeACTBHeM 0bIe-
ro CHOHCTBA TAJAYH Ha CODCTRCINLIC BIAYCIINA, PACCMOTPANION o o, 4,
ICak BeL10 nokazano, npu g(x} > 0 see COBCTBERHRIR 3HANEHNA A, COOT-
BRTCTRYIONAH 320 HA coOCTBOHHBIE BHAMEHHA CTPOTO TMOTOKHTETh-
ok Ay > 0, TTockoanky A = 0 110 aRTACTST CODOTBOINTLIM ATAYCITHCM
ATOR 3aJa9n, Kpaesasd 3aaa4a (6.81)-{6.82) paspemiMa e IHHCTREHHBIM
obpazoM.,

Ennncrnennoctn pemrerms sactagn (6.81), (6.82) MOXKIO 0KA3ATL
H HEeTOCDAICTREHHO, OMHPAACh HA TAK HAIBIBAGMBIH NP Mawi-
My, [IpennoIomuy, ITo e¥TecTRYeT HeTPHBHATLHOE PEIIEHNe OTHO-
pomioi Kpaesod saaun (6.81). (6.82)  dyvukung yy(z). D1a dyukomuo
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HellPepbIBHA Ha 3aMEHVTOM oTpeske [0, 1], cneuosaraibio, 10 H3BeCTHO-
MY CBOHCTBY HEUPepblBHBIX (PYHKUKA HPHHHMAST B HEKOTOPOH TO4YKe &g
BTOTO OTPEIKA CBOC MAKCHMAMLIIOC 3Madeiine A

yol) £ A = ynlxn). €[04, {6.83)

npuaem Mz 0, nockoasky yol(0) = pell) = 0. Touxa xy moxer Goirn
aufo rpanmrmod, nubo ey rpenne Touxod [0,{]. yetn 2y — rpanm-
was toxa. Ho torna M = 0, nockoarky yo(0) = y(t) = 0. Jonyetun
TCHCPE, 9TO &y — BIYTPOINEA TOYKA; TOLOA B 3TO TOUKC HMCCTCS MaK-
cumym vy (rgd £ 0. Ho ws camoro ypasnedus (em. (6.81) npu f{x) = 0)
Coelyer

0 2 ) {wa) = g{wo)yolra) = glxo) M = 0. (6.84)
A 9TO MOKET BRNOMHATheA mumb apw M = (. Hrak, A = 0. Aua-
JOTHYHBIM OOPASOM TeTKO MOKA3ATH, 9T0 B MUHUMAIBHOE 7 SHATeHHe
dyvukunn yo{r) ua samruytom otpeske [0, 7] pasno nymo: m = 0. Otcwo-
aa caeayer, wro yo(e) = 0. & € [0,1], 410 n Q0KA3LIBACT VIBCPKACUNE
COHICTBCINIGCTH PCIenna Kpacsoil sagqam (6.81), (6.42),

[Tepeiines K MOCTPOSHHWID PAIHOCTHON CXEMBI, ATTNPOKCHMHAPYIONEH
samaqy (6.81), {6.82). Boeaey ma orpesse [0, 7] coTKy wy, H paceMoTpHM
CETOMHYIO VHKLMIO §y,;, OUPEILIGHHYI0 B y31aX ceTKH. Bropvio 1po-
w3BOAHYHY (0} ANNPOKCHMADYEM PASHOCTHRIM OTHOINEHHEN

(yig1 — 28 + w1} /B (6.83)

U CONOCTARUM HCXIHOR KPAaerOi 38/189€ KOHEYHO-DASHOCTHY K CXEMY

Yirriel — 20t Yrriea ,
B2 — Gin)iHin Fimi
Lutiny = Yino = 0 . (6.86)
¥imn 0

e gy = (@), finn = Flai)

Cxewma (6.86), oreBHIHO, NPRICTARIAET COGOH cHeTeMY B 4+ 1 mHHER-
HOCO aICCOPANTMCCKOTO VPABIICHHI OTIHOCHTCILIO SHAMCIHE CoTOYIION
dbynknrn B 0+ 1 yagax cotku. Ipu weesmenopanun 2Tol CXOMBT M
UOJKHBL BBIFICHHTL BOLIPOCHL, CBA3AHHbLIE C €8 DASPElHUMOCILK, ¥CToH-
THBOCTBHY M CXOOHMOCTB) ceMeleTBa ceTouHblx hyHKuui npa i — 0
K PEILISHUH) HEXCLHOH 320490, 0 VESIATE ANLOPUIMbBL HOCTPOSHUA Ce-
TOUYNULIX Py UKUMEA.

Haunew ¢ BRIACHEHKMH BONPOCOR paszpeunnocrd oxems (6.86). Llo-
CKOJBKY 3T4 CXeMa NpenrTaBIaeT cobolt CHeTeMy JTHHeHHBIX YDPABHe-
HAll, TO ;174 CYIECTROBAHWA W eUHCTEEHHOCTH PAITSHHA Hen THOPOT-
HOW CHCTEMBL IOCTATOTHO YCTAHOBHTE OTCYTCTRHE HETPHRHATBEHEIX Pe-
wenuif ¥ cooTseTeTEYIOWCH oqnopoInofi cuereMsl. [penmomoxny, 410
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GUHOPOAHAS CHCTeMa HMEST HETPUBHAILHOE [EILeHHe goag = 0,...,
Ui 7 Oy wine = 0. HambBoosiee nr srux o+ 1 gneen obosuaqum
vepes A

Yoy & M = dingee (6.87)

Tax xak Yo = Yirye = 0, 10 M = 0. byaem roueps paccymiars Kak
H OpH I0KAZITCILCTEE OTCVICTBHA HOTPHBHAILION0 PCIKHHA ¥ OIH0-
pomioro ypasnenus (6.81), IIvern A JOCTHTACTCS B OMHOM M3 CPAIIMT-
HBIX va1or. Torma Af = 0. Ecnu ke M mocTHTAETCA BO BHYTPEHHEM V3T
i = k., TO B CHITY QTHOPOIHOTO YpaBHEHHA (6.86) HMeeT MecTo PARGHCTEO

(2+ g )i = (2 + P a0 M = gouier + Y- < 2M. {6.88)

Ecau A > 0, 10 0TC048 DOUYUHM HPOTHBOPOUHE. HOCKOILKY, B CHILV
venosug ¢{a) > 0. umeenm (24 h.zq[ ) M > 23 TloaroMy W B TOM Cay-
uae M = (). Hrax, Af = 0. AHANOrM'IHBIM OBPAR0M JeTKO NOKA3ATE, FITO
MHIHMATILIOEC 72 3TAYCIAC W3 1+ 1 HHCCH, Ym0 ¥ing1s - - - Yooy TAKKC
parHo Hy i 1 = 0. CAenoBATEN hHO, BCE FHAMEHNS Yin10e Y(hil: - - - Bilim
PABHKI HY.TIO, 9TO (HAYALT OTCY TCTRUE HOTPHBHATRHBIX POMEHi ¥ on-
HODOMHOH CHCTEMBL THHEHHRX aaredpanveckux vpasuenuit (6.86). Hrak
paznocmuas creamt (6.80) odunanavuno paspewsisme das awbofi npoeof
wacinu fip, npu aw0doa n.

Tlepeiinen Temeps K H3VHEHWK) ATMPOKCHMHPYOIINY CBOHCTRE CXAMbI
{6.86). IIyern pyuknun g{x) u f{2) UMCIOT BTORLIC IICTPCPLIBILIC IPOHY-
pounbe na orpesse [0, (). Toraa us (6.81) ciacuyer, 4T0 Pemuenus KPacroi
sazann (6.81), (6.82) ofimanact na otposke [0, 1] nenpepnisisiyvm i orpa-
NHMHCHILIMHE DPOH3IBOANLIMHE IO FICTBCPTOrS DOpaIks. Pasmaras Todnoe
peledne Kpaesoil saza no dopsivie Teiiiopa v 1oaCTaB/ag 310 pas-
JIORCHHE T JIEBYH) SACTh YPapicius (6.86):

) 3 3, 1
,,:—-_;{?!(fi'sj + () + By )+ ey + B Y G 00—

2 i ) .
—2y(a) + (e — by () + By ) = 2oy )+ Y e -0 | -
— qleyy(ri),  (6.89)

el <8 <1, 0< 8 <1 uonyaun

L‘“[-'L's)—q(-'lfs)',t}(éh:}-#% [ (s )+ (e — ol = F ),
(6.90)
OTKYAA CIENYET, FITO NOPANOK ATTPpOKCHMAITMH cxenMbl (6.86) paren 2.
Pacomorpum soampoc ofy yoroiuneocTy pasnocTHoi cxevil {6.86) no
OTHOMCHRIG K DO YIICIHAM FPALHYNLIX YCIOBHA H TPABOil 94acTH yDib-
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uennn. Bosm VINEHHRA 3AU0a1A Usesl BHI

Yrovipt — 28 nyi el

3 —4dmyilini Fenyito fia
L= he = 2o
LH ) y(hjﬂ :
-.J{h)n. R
{6.91)

(BO3NAYED TOTPCILIIOCTD PEILIEHHA
Minye = By — Yinyi (6.92)
v srunTad [6.91) ns (6.86), nonyaaM B clLTY STHHEHOCTH

(2 + -"?.-2|‘_'{[;l,].r-](5y”,},' = 5y[;r]-,'+'| + 5;?;“;]-;—1 - hjdf[h}-h

_ : (6.93)
O%in = Eo. OYmin = a0

Bribepesm to snauenne i = k(i = 1, ... n— 1}, upn koropom aGconrHas
BOSIHUHHA LHOUPEWHOCTH Hanbo 1L mas:
18 yirel 2 85l i=1,....,n-1 (6.94)
IT3 yvpashenua (6.93) umeem
(24 22 [890e] € 189enie| + [0ump—i | + 2518 fimel. (6.95)

Hepaperncrso (6.95) ronsko  yonnmurea, econ 3avenurs Sy |
u

-1 | Ha Makcnmaannoe snavenne Sy, a |8 fil HA MAK-
cumMadibHoe sHaderne |8 fiy,]. Toraa (6.93) paer

D2 Guelyina] < BEN8Foll- (6.96)
OTcioma nosyauy

|0ynye] < ||<5f(h)||flﬁ{i}]lfi(4f), kF=1...n-1
a TaK KaK [0y pye| € max{|zo). lex]|} (B = 0,n), 10 okonuareavno

16 Frasll .
ming, 1 9(x)’ ol [eal ¢ < Clld]

1937 a3 || < ma-x{ 1- (6.97)

4TO W IOKS3BIBACT YCTORIABOCTh ¢XeMbl {6.86) Mo rpaHu<HBM YO TORHARM
M ONPEHOR “a0TH ¥YPABHeHHA.

VOTANORICINILIC CHOHCTRA AMMPOKCHMAIHH 0 YCTOHIHBOCTH CXPMBI
(6.86) nozponAwT Ha OCHOBAHIE Teapembl 6.1 YTRep®KAATh CTIPABENTH-
BOCTL CACAVIOMCH TCOPCMLL



190 Fa. fi. Yuosenne Mmemodu peutenus OSTY

Teopenma 6.3. Ecmd drvaxaun g() > 00 fa) isaskib Hetpepbts-
Ho andehepeniapyess: na orpesxe (0,1, o ceneficrBo yy) pementis
pasHocrnoft exeswt {6.86) cxoumres npy I — 0 K 1odiosMy pemCHRIO
aaqaun (6.81), (6.82), npuues HOPHAOK CXOUKMOCTH pased 2,

OcTaHOBUMCA T€UEPE HA Bolpocax peadusanun cxembl (6.86). B or-
JHYHE OT PACCMOTPEHHBIX BhILLE DAIHOCTHBIX CXEM DENEHHA HAYMAIBHO
sastadn (exeMul Dincpa, Pynre-Kyrra), gannas cXeMa e 4act aB1oro
AJLOPITMA NOCHEI0BATE IBHOTO BBIYHCASHNA SHAYSHHT CeTOMHOA (pyHK-
LML B V3IAX CETKH, & npencrasiser coboil cucremy JuHelnbix a.eh-
pPAHYECKHX VPABHEHHH, B KOTORYI BXOOAT HEH3IEPCTHEIS 3HA'IEHHHA Ce-
TOUNOH (BYTIKITHEA BO BECY VITaX CoTKH. [TosToMy 3,18 4HCTONION) Peme-
HuA 2anaqn (6.86) MOKHO BOCHOVIBIORATECH ODINIMMIL METOIAMH Pene-
HHA THHeMHEIX aIrebpamieckux cuoeteM. (JIHAKO B CIy'ae OOCTATOTHO
BOSBIIOTO TOPAIKA % 9TH METOOB OKASBIBAKTCH BEChMa TPYIOeMKH-
MH. ECTRCTBEHHO ROCIOSTRI0ORATHCH CNEIHAIRHBIMH CBORCTRAMH MATDH-
LT MOIYHennoi aarebpandcckol cuereynl. B mamion cayyae MaTtprna
CHCTEMBTPRXIMAIOHAIBHAS  UTHINE HA FIAKHOH JHATOHAT W IBYX T10-
DOYHBIY THATOHATAX 5JIeMeHTH MATPHIBT OTIHYHRT OT HYTA. DT0 038R0~
JACT NPCOACAHTL 25 Pememna CHeTeMol (6.86) necnva aduhextrBnni
CHCLHMANBHBIT MCTOA, K M3 10KCUHID KOTOPOIO ML H HCPeHAEM.

3. Merom anreSpanyecKol NIpPoronKH pellenna JHIrediisIxX asm-
redpalHdeckHX CHCTEM ¢ TpexauarcoHanbHol Matpuiieil. Paccemor-
PHM 3TOT MeTON JMAA CHenyvned CHCTeMb], ARMTAIeACA HEeKOTODhIM
obobmennen cxemol (6.86):

;'_'I_.,'y;_l - C.jyj + Bg'y.j+1 = —F,'. i=1,... .R— 1._. (f]QS)
W =am + 3 Yo = Y1106 (6.99)

Tlvere koadduunentr, Bxogamme B ypassenaa (6.98) u rpaHuidbe
cooTHowenns (6.99), vAuBIeTBOPAIOT YEIOBHAM

A B G0 Ciz 448, Dfa<l: 0 y< 1. (6.100)

OseRnAHO, B pACCMOTPEHHOM BRI cavdae oxevbl (6.86) veaorna {6.100)
BLinoaneHnl, Tag #e, Kak 1 B caygac cxemol (6.86), neTpyano mokasartn,
UTO OPH BLIDOATerH yenosnit (6.100) 3a7ama paspenmaMa, 0 TpHTOM
CHMHC TBOHHBIM ODPASOM.

Dynen weraTh Takie KosppHIHETTE &y, 3;, STOBLT T BCOX 3I1aT10-
neil pomexca = 1,2, ..., 7 MMOI0 MOCTO COOTHOMCIIHEC

Yool = Y5 =+ fﬁi (hl(]l)



§ 2. Kpoeane Jodnin 141

Monerasum uexkomsil e pewenns (6.101) s vpassende (6.93%); noory-
qUM

(_'-1,'_(1',' - Cih + Byt + {_-'l,'_,(i;_ + F)=0. (6.102)

Buipizkas y; qepes ¢4 00 gopuMyiae (6.101), nepenuen (6.102) o pime
[(Aia; — Cieig + By + [ — C) i1 + 4,3+ Fi] = 0. (6.103)

s Toro utofnn (6.103) yIOBICTBOPAIOCL TOKICCTRCHIO Tpa i = 1,
2.....n — 1, 10CTaTOMHO NOTPEOORATL, MTODLT KAXKTAA W3 KBAIPATILIX
CKODOK 08pamaIacn 8 uyan opr ¢ = 1,2,. .., r—1. 310 Tpedosaimie Jact
PEKYPPEHTHBIE COOTHOLIEHHA 1A 1I0CRI0BATE/LHOID (HIPEULIEHNA 110
FAOAHHBIM FHAMEHIAM ¢ = ) W 3 = ) «IporoH0MHBIXY Koaddinnen-
TOB kil W i1 (QNUPAMAA NPOIOHEA» )

B; A+ F

L E T fa LT G (6.104)

Jlerko mokasarh, ITO MPH BHIMOIHEHHA yenorni {6,100} sHaMeHaTenw
5 dopmyaax {6.104} ornu4nu or nyaa u, Homee toro, £ a; < 1
debicrsarentsny, nepennuey sropoe yeaosne (6.100) B pung

Ci=A,+B,+D;, D; =0 {6.103)
Torma nepoyio dopyyvay (6.104) MOKIO 3ANHCATL B BHIC

oy = B;
1= B+ 4;(1 =)+ D7

(6.106)

Taxk kax 0 < a7 < 1, 4;.8; > 0 u D; 2 0, orcwoga coeayer, 4ro
U 1A BCCX (¢, BLIYHCTACMLIY 1o dopnyyae (6.106), pLmoanaerea veo-
pue 0 € a; < 1. Mrak, sce saamenarenn v dopmyae (6.104) crporo
HOILIIG VSIS, UTO TO3BOTACT HARTH BEC TPOTOIOHILIC KosdupumnenTo.
Brrawenwe o, w3, w3 (6.101), momyauw

tn—1 = Cnyiy + . {6.107)
(! apyToit CTOPONDL, B CHAY CpaAIEHIore yeaosua (6.99)
in = Tia—1 + 8 = v(anyn + H3) + 4, (6.108)

OTKVIa

Hu = (A.f.ii,n. + fs)/(l - ’}"ﬂn)- (61“9)
Bremmne e nokasand, 110 0 £ o, < 1. IloatoMy B ey yvosoenda {(6.100)
(0 £ v < 1) 3HAMPHATEIE W $TOTO BLIDMKEHHS OTINYEH OT HyJA. LeM
CAMEIN ¥, onpeieseno. Tenepr no dopaye (6.101) smokeM mocaemosa-
TEMRHO BRYHCTATE BCE HEH3BECTHRE §j; | {(# = n,n—1,..., 1) (ofiparmnuan
NPOzONKEL).
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JaMeuauna

1. B cuay yoraHOB/IEHHOIO COOTHOWEHMA 0 € v; < 1 HU UpH IpAMOi,
HH IpH ofpaTHOH OIporodxe He OPOHCXOINT HAKOILIEHHA IOCPeIllHocTel
BEIYHCIEHTA .

2. Mrl paceMoTpend cxemy MeTona NPOTOHKH, B KOTOpoH cHava1a
OTPETETAKTCA TPOTOHOUHBIP KO3 HITHSHTR OPH TEDEHOCe TeBOCO CPa-
HHUTHOTO VCTORMA, A 3ATeM BOCCTAHABITHBASTCA PEeHne na qhrapmMy-
ae {6.101). Quepunno, AIAIOTHYILIM 00PAZOM MOMECT OLITL PacCMOTRO-
1A CXOMA, B KOTOROH 1pOronoaiuse KOsDQMUUUeH Tl OLPCICASIOTCH 11[H0-
TOHKOH CHOPABA IAICDO TIRABOTO TRTHIION) VO IODHS, & DOIICHHC BOC-
CTAIABIHUBACTCS IPOTOHMKOH CACBA IATIPABRO,



F.JJABA 7

ACUMITITOTHUKA PEUIEHHA .
JUPPEPEHITHNAJIGHBIX YPABHEHHWH
IO MAJIOMY ITAPAMETPY

HeobxommMocTL passuTis TPHOIUAKCHILIX MOTOIOB POMICHAS Juch-
GOPCILHATBHLIX YPADBICHAH OTMeMaTach poime. o, 6 GoL1a nocBsme-
H# TAK HASHIBAEMEIM 'THCISHHBIM MEeTOIaM peileHnd JnddrepeHnnan-
HBIX ¥PdBHEHUI, KOTODBIE JaK)T BOSMUAKHOCTD UL/IA JAHHOUO YPABHEHNA
€ KOHKPCTHLIME QOO TCALULIME YCOOBUAMY LTIOY YU TL C [POHBLO L
HOU CTENEHBK) TOMHOCUH TallMuy 3HAYESHNH PEINIEHHA B ¥313X CETKH.
B nacrommeil raase Svaer wrH pesh O APYIOM KJACCE NP InAeH-
HBIX METOIOB, O TAK HA3IBIBACMBIX ACHMIOTOTHYECKHX METOOAK, KOTODRIEe
CTABAT CROCH (I0TLIO MOIYHCTHE BOPMYIIL, OTTHCBIBAIOUICH KadeeTnen-
IIO¢ DOBCOCHHC POLICHHS 1A HCKOTODOM HIITCDDAIC H3MOICIHEA [I3ABH-
CHMGTG TIOPeMCHIOTO. To mocTs Taxol GopMyIbl MMOCT CoTCCTRONION
orpanirienne (nogpobese o 31oM M. HuKe). JaMETHM CPA3Y K, 110
HHCUEHHBIE i ACHMITOTHYECKHE METOUBL HE HCKJUAKIT, & B3AHMHO 0=
LGSO JIPYE IPyra.

4 1. PeryApHLIC BO3MYIIICHUSA

1. IonsarHe acCHMOTOTHYECKOTO OpencTasiaeHnda. B § 4 o1, 2 no-
JPOGHO HOCTRI0RATCA BOMPOC 0 3ABHCHMOCTH Pelledi:a Ha'laabaol 3a-
JLEHT O BXORIATIINY B ‘\"]]HHHP.HHQ IIH.[')B.I\."IP.'['}')OHA H HACTOATIEM ITa.}')al'I')afl)e
MBI OOJEUM g = 0, 110 BCOLIa MO0 JOOHNTLCA 3aMOnoil ne3aBucu-
MOTO MCPCMEHIIOTD, W OTPAITHTHMCA CKATAPILIM CIVIAeM (y, ¢ CKa-
JAPLL), YITO OC TPHIIHIMAILIIO, & O61ACTCA JIHLL B ICTAX KPATKOCTH
waamkerud. HTak, paceMoTpuyM HartIbHY IO 320250y

%’ = fly.ta, O =y" (7.1)
Ipn aToM GyaeM CIMTATH, UTO f H3MEHASTCA B HOKOTOPOH QKPeCTHOCTH
AHAMEHHA ’” = 0, O TORKE MOGRHG ,'[06111'[’\'(’.?] COO'T‘HF‘.'I'CTH}_-"H’)HLHl\-"l thﬁ(}-
POM LAMANS, OTCHOTA 110 OCH [4.

B rn. 2 {Teopeya 2.10) fuino gokasaino, [MTo OpH COOTBOTCTRY IO
VOTOBHAX Hi DPaBYK TacThb (7.1) pewenne y(#, 1) sagasn (7.1} cy-
IECTBYET U ABNASTCH HEUPEPBIBHOR (OvHEIMEeR { 1 0 Ha NMHDKEC T HE
re 0,1, lul <

Hdoxasannas TeopeMa 3axToUasT B cefe (IIeOyILYE BOIMOKHOCTD
TOCTPOCTIHST TPHGTIKCIHOTO POMerEI 3a1a4u {7.1). PaceyoTpun saa-
¥, KOTOPAA NOIvaacTea us (7.1), ceqau b onell chopMannLIo momoEHTL
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=10
W= Flgr.0), y(0) =" (7.2)

Baaaqa {7.2), poodule TOBOPA, IPOILE HCXOOHOH 3ama494 (7.1), 0 ee peme-
HIE, KOTOROe 0BosHauum F(I), HCCHENOBATR HPOINE, A BOSMOKHO JIAKE
viaacTes Ao Tanne noctponth., 2 teopeyr 2,10 cnemyer, 9To na ne-
KO']‘OI'.’IO}I CErMEeH s [0« T]

ylhop) = F(8) + e(f, pn), 7.3

rae &(t, i) — 0 npa p — 00 Tagkuw obpazom. F8) cayvmur ana gt @)
NpHOTHASHHBIM BbIPAXKEHHEM, a (i, 4} ecTh NOCPEIIHOCTL BTOTO TPH-
BTERKEHHA.

Topayaa (7.3) ABaACTCAa NpOCTEANy BAPHAHTIOM TAK HAZBIBAEMOI
aeuannomisecotl dopatyant (N aouMnemueckoze  apedomasse-
wug) pemenus gyt (@) 0o MasIoMy NapaMeTpy . ACHMITOTHYCCKHMEH
hopyMyNaMH 10 MANONMY TAPAMETRY MBI DYAEM HASRIBATR Takue (ap-
MY, B KOTOPBIX TCKOTOPLIC STCTIR, TARBACMLIC QCTRATRYHBLMUY Hae-
HAMT, BRITHCRIBAIOTCA HE TOTHO, A YKASBIBATOTCA JTHID UX CROHCTRA TIPH
j¢— (), HATpHMED, TOPAIOK CTPEMIEHHA K HVITH TIpH f& — (.

B dopuyme (7.3) cnaraenvoe £(1, (1) ABIAGTCA OCTATOUHBIM 1IEHOM.
Teopeya 2,11 Da0T BO3MOKIOCTL YKASATL NOPAI0K CTpeyacus e(E, i)
K uvar). B camom uooie, ¢ymecrsoBaume npoMsBounoi no g JacT Bos-
MOMKIIOCTD IATHCATD

y(t. i) = (1) + [f plp, 06 <1, (7.4)

W YCTAHOBUTE TeM CaMbIM, W10 c(F, 1) = ). 3uech 1 B naisHedien
nomoGIOTO PoSa PUBCIICTBO OMIAYaCT, 4te |=(t, #)| £ (', tae ¢ — me-
KOTOREA HOCTOAHHAA, HE SABMCHILAA 01 p HPH MOCTETOMHO MEJBIX {1

Hem menswe g, ren aynne glE) npudmosaer y(l, g). Onpake s pe-
WILLLIX 3ANAYSX Y ABTACTCA Madol, 1o ue GecKonedno Manoi sesu-
YuHOR. Hloaromy acumirroriueckas POPMYIA NPOMEHOIBHYHY CTENeHp
TOYHOCTH OOSCTIETHTE HE MOMET H 3T0 ABIASTCA 66 NPHHIHIHATLEHDIM
HenooTaTKOM. l'exd He MeHee ACHMOTOTHYECKHe bOPMYIBI ONeHb yH06-
HBI B TEX CTVHAAX, KOTIA TpebveTed oMy TuTh KAVCTReHHY 1D KAPTUHY
POMICTIHA.

JaMedanune CKazaHHOC OTHOCHTCA K 3 I1AYAM, B KOTOPEIX MAJIBI
napaMeTn jt ARITACTCA eCTeCTECHHBIM (])I-I.'%H‘I(-".(‘.I-{Iflh-i MAJRIM MTAPAMETHOM.
C.‘-L\'IIL(‘.(‘.TB}'I()T, UTITAKG, 3AJTEHT WIOTG [HOTa, AT MeD, 34Ta9H, BOSITH-
KAHILHE T17TH [‘JﬁOCHOHaH HH BhIMHCITHTE ThHBIX dAJTHIIHTMOB, KOHA, HCK}’C-
CTRCINIO BEOOUTOS ICKHH MasInLii MAPOMOTP, CKOGKCM DCTHYHIIN [I0Ca,
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FHAYEHHaM KOTOPOro MOMEKHO pacllopaEalbea NP3 BOIEHG. B raxoro
1138 3o 1aM4X obecleynBae rea HNPOH3BOIBHAA CTelleHs TONMHOOTH.

PesyieTaThl L. 2 NO3ROTAOT MOTYIHTE 104 yi(f, 1) AcHMTITOTH e
CRYH) (POPMYIY ¢ OCTATOMHBIM IEHOM B0.7€ BRICOKOID TOPSIKA M T10-
cori, geM O(u)*), ecam fy, f, 1) YIOBIETEODAET YCMOBHAM, 0OecTedn-
BAIOMIMM CYIICCTROBATHC 1+ 1 HOMPOPLIBIBIX TPOU3BOINLIX N0 . Chop-
MYJHPBYCM %TOT BLIBOT M3 § O 7. 2 B BHIC OTOCTILION TCODCMBL

Teopena 7.1. IIvere B HexoTopoli ofiTacTy D nepeserserx y, t, i
vara fly. 1, p) ofdauaer RelPeDbBRBINN H PABHOMEDHO OITJEHHYEH-
HBIMIT ACTHBIME UPOHIBGAHBIMHE 10§ H (4 20 HORAAE2 1+ 1 BEI-
revcibto. Tovaa cywecrsyer cersent [0,T)], Ha KOTOPOM A DELIeHIA
y{t, 1) saaaun (7.1) CHPABELIIBO ACHMIITOTHISCKOS BPENCTAR. IeHIe

(Hf)—y{t}ﬂf (fU) “+%%{fﬁ)+fn|l(tﬂ-)e (7.5)

0 S (Foge) = O niprge = 0,0 < 8 <1, npuvent g4 (8 ) = O,

3ayMoeganum

1. Benndunnt (f 0) onpedeiarIca N3 YPABHEHHHA B BAPHALNAX,

a”
a JJ
BRITHCAHHLIX B § 5 151, 2. [Ipencrapnenie (7.3) MOMKHO TOTVIHATE H HHAMYE.

-

HU,.U,C'[&‘[-BI'U\"I B (I.l) BbIEKEHANE 0018 F B BHOE (IJ{_J]JM:‘:L.'leUI‘U PAada

¥ = wolth+ an(f) + ... (7.6)

Pacrnanmisas nocae noacranobkn seauanay (ot +. .. 4L ) raxsxe
GOPMATLID B CTCICHIOH DA, MOTY IHM
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% Jﬂ yu, 8. 0)y + r)f (0. £.0), 0 (0) =0, (7.7
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Petltaa noc1e10eaTe IeHO 911 $A 141, OlPele s LIeHbl pada (7.6). 3a-

aaua (7.7 a0m yo(0) cosnanaer ¢ saaaveit {7.2), n, crana e, 8 cuay
_ . - . i

cupncrseiniocty yolt) = #{#). 3anaqa (7.7") — ¢ sagaqeit 11a 8_f:(t' 0)

fea. (2.141)), u, cTano BuTL, ¥ (1) = g—:’:(t?ﬂ) H T.1.

2. Ecan fly, ¢, p4) 06ma000T B D ICTPePLIBILIMA H PABHOMCRIIO OTPi-
HUMCHLIBIME UPOU3BOAIBLIMA 00b0ro uopaika, to 8 (7.3) n asnacrca
BOAMIMNOH mpoussonniol. Jas y{E, g} TeM casuy onpencncn pan Ma-

Iy

Fu’
Ept (, f0) MERELY MACTHUHON CyMMOH 3100 pana v pemenuen y(f, p)
ecTh {71}, Takol pAI HASBIBAPTCA ACUMRINGINUYECKUM PRdoM HITH
GCHMTEOTIEHECK M PAIAOHCERTUEM TTO MATOMY TAPAMET]Y fe 1714 (1, 14).
Nojrepraen, 910 2,4 (4 1) = Q{p ) upn Quxcaporannon nw = 0.
Ecnu me ;¢ QukcHporano, a 1 — og, TO £, ([}, ) MOKET TpeneTa
HE UMETE, T.€. MOCTROSHHLIH TAKHM 0OPA3ONM PAN CXOMANNMeA, BOOO-
We roBOPs, 1 ABACTCH.

3. BMCCTO TCPMBIOB «aCHMOTOTHICCKAS (DOPMYIAY . KACHMITOTHIC-
CKOE MPeICTARIEHHSS, €ACHMITOTHIISCKDe PATTEKeHNes VIIOTpeGnaeT-
CA KPATKOES HASBAHHE <ACHMITOTHKAY .

4. Teopust, paspuraa b § 5 101, 2, 0 GICAVIONAA H3 LCC TeopeMa 7.1
JAKT MATEMATHIECKOE ODOCHOBAHME €O0LIMHOM s IHAHKH 1 TeXHIKN
OMEPALHE OTOPACHIBAHHA MATBIX 4JIEHOB B YPABHEHHU. 'DTH MAJBIE 1T~
TILT YACTO TASLIBUOTCS 803MYIeHUAMU B onain ¢ aTum ypasienue (7.2)
HAARIBAGTCA HESOLUEHHMA JPOsHeHueM, 3 vpardedue (7.1)  aosay-
ULORABLM YpAsrerues. TeOPH, HMCIOMAA ONLIO 000CHOBAINE ACHMIITO-
THKH [0 MAIOMY TARAMOTPY (1, TTACTO HABLIBACTCA Meopueti 6ozMyie-
KL

K IOpeHa ¢ oM SiaeHoM 1R, () = pt {(£.0) rakoli, 1o pazHOCThL

Teopema 7.1 cupasel'Mpa IPH YCHOBHAN HOCTATOUHOR LNAJIKOCTH
{HH, KAK FOBOPAT, PErVIAPHOCTH ) NPaBoi vactu (7.1) no y u . Bosmy-
MCIIHA, TOTTHILAINMHCCA TPeHOBAIIMAM TCOPeMLI 7.1, Ha3LIipaloTea peay-
AAPHOLALY GOAMYUEHUAMIY, ITHM PAALACHASTCA HASBAHNE HACTOALLOTO
naparpaga.

Mpusep 7.1. Hoayran cnpasenausyio Ha [0, T] acunmToTH IeCK VIO
opuyny ¢ vetatouneiv wnenoy (M p®) maa pemenns y(f. 1) sanaam
Y 2
= = o)y + () + pe{B)y~, (0} = 0.
D10 ypaBHeHHe PHKKaTH, pemleHHe KOTOPOrG HpeKTHBHO DOJIVIHTH
He yoaeres. Dynxuma aee o (L) 1o (1) Crpos e KBAIPATYPAMN, & HMEeH-

10,
% =a({tiyo + 5],  wel0) =0,
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CAE Q0BT IBHO,

t

! (1) dt )
w(t = fb["r}t”{a fr: % =ay + By, w(0) =10,
0
", CTeNOBATENRHO,
t 5 f“ alt] dt . N
wlt) = [ e(Tlyalrier dri oyt p) = yolt) + pan (&) + O(w).

0

2. CywecTBoBane PelleHua BO3SMYIUEHHOA 3auadn, Pesyoib-
TATLL, HOJAVHCHILIC B & 5 . 2, obuaaaor Toil vcobeulocTnio, 4io
CHPAHEILIHBOCTE ACHMITOTHHMECKOLID UPEICTABIEHIA TADAHTHPYETCH HA
Hexoropoy cermente [0, 7], oupeneasemon CBORCTBAMH UPaBOi MacTn
(7.1), 0IHOEPEMEHHO ¢ CYVILECTBOBAHIEM I €IHHCTBEHHOCTBEY KAK HEBO3-
MYTIEHHOTO, TAK M BOIMYILEHHOIO YDABHEHMI,

Moxo ¢TARHTL BOTIROC HOAHC, JOTVETHM, 9TO POTITCTIHC HETO3MY-
MeHAON 3anaTH (7.2) cymecTBYeT, eMHHCTBEHED H OPWHALIOKAT HEKO-
Topo#t obaacta G mpocTpancrea nepemenmoix (. f) mpu ¢ £ £ £ T
Benuwminy T B gannoM CAOviae MOKHO, HAIPHMOD, VCTAUIOBHTL HCHOO-
CPEACTBEHHG 13 ABHOIG Biaa (). Byier s npa 4oc1are 1HO Madibx
pemense sagadu (7.1) Tapke cymecTBoBats ta peeM [0, T 1 noaymisTn-
ca poprayae (7.3)7 Orrer na a1or BONPOC A€ CO8ny KA

Teopenma 7.2, Hvers s oftacri G =0 <, |yl <0 ) € i}
hyvarmma fy. t, 1) HEIDEPBIBAA 00 COROKYTTHOCTI ADTYMEHTOR H VO
BIeTBOpACT Vveaosmn JInmmina

[l t, i) — flyaato )] € Ny — e,

rie N — ofHA H TA Ke MOCTOAHHAA TT4 BCEX 0 13 oTpeska |p| < i1
Myere pemenne §(t) sacawn (7.2) cyiecrsyer v ganncraenno Ha [0, T)
#opamantexat D = {0 €t € T, |y < b} Torz: opu kakIosm 200Ta-
TOHNO MaOM j pomcrre y(f, ) sagawr (7.1) TAKKC CYHICCTBYOT IT OTHI-
crpemio oa (0. T # nprragacgnT D, apHtIes #AeeT MOCTO paBioMep-
HEIIT OTHOCHTEABHO T ApefedbHbll Hepexod

lim w(t, p) = (t). (7.8)

jr—0) ’
dorkazarenncrnro, Nepeiinem 5 (7.1) k HOBOIF HEw3ReCTHOR dyHEK-
i A = y — i)}, KOTOpas ABIASTCA PElIeHASM HATATBHON samadn

(ep. (2.137)); momy g

%:[f(§+A:t.;1)—f(y_.t,;1)] + [F(7. 60 - FE 1.0, A0)=0. (T.9)
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P'r].(.‘(‘l\fi()'l‘].)lrlkl CHEAY KLV obnaeTe HnepeMMeHHBLY ;"_\., f:

D=10<¢t<T, |Al <}, tae C=b-3, 3 =supl|g).
[0.7]
Mpu |A] < & ameent |y| < (gl + 18] < 8+ C =b, e upu [A] < C
aprymentel f(y, 4, 1) ocrawrren B obaacrn G. Torna B cuiy yenopBus
JIunmumna )
|J{7+ At = f(g. 6| € VA
A B CHIY HempephiBHOCTH [y} sakmionaen, wto f{ite)— f(7.6,0)—
— 0 npu ¢ — 0 pABHOMEPHO OTHOCHTCILID £, T. €. CVINCCTBYCT HCKOTOPRAS
hyurumn w{g), 3aBUCAWAA TOUDLKO OT 4 U CIDOMAWAACA K LYU0 LU
p— (). Takas. gTo

| At ) — F.5,0)]) < wlp).

BocnomsyoMesa TOmeph TOMH Ko CoOODAKOHHAMYE, TO W TpH 10-
KABATCALCTRC TeopeMnl 3.2, Teopema CYMECTRBOBAINS H CAHICTRCHIIO-
CTH OfECTISTTHRART CYMECTROBAHAE W eHHCTREHHOCTE A(f, 1) H BRITION-
HeHue Hepasencrsa [A] < O na nekoropom orpeske [0, H]. Hpunn-
mMaA H,A(H, j1) 30 HOBYID HAHMANDHY) TOUKY, MOMKHO IPOUD. IEKH T -
wenne Ha Goabwni orpesok [00H] (Hy > HY n o Iyers [0, 6)
(H < T MAKCHMAJIBHBIT MOJIVHATEPBAT, HA KOTODOM CVIIECTRY-
AT PIHHCTRPHHOE pemenne A(f, i) 2anaam (7.9), npunaiiexames D,
a II, = IT — mponsgoIpHas DOCTET0RATE ThHOCTE. JOKAMKeA, 1TO ¢y-
mecTRYeT iy, o S(H,, 1),

Tak xax mna sgwboro i ua [0, H,,]) nveew | At )| < C, o

L < VAl + ),
a Tor1a, cormaco Jemva 2.1,

A < N 1) = ), (7.10)
rac wy (f) 0BIamaeT TeMH XKe CaoifeTnaMH, 9To H wig). CaeaosaTesio,

‘% £ Nuwy (5t} +wip).

Ha ocnopaliiy 31010 NCPaBeLCTEE JOKAZLIBACTCA CVILCCTBOLALLHE M-
aesta iy, o AT, 1) TOMHO Tak ke, KAK OPH J0KA3IATETLCTRE TeoDe-
Ml 3.2. Tlockoabky [A{H,. 0] £ o1{p) < C. 10 1 liny, e A Hy 1) €
L w(p) < O Jaawueltimme paccyskIeHHs MOIHOCTHE) CORNATAIT ¢ Te-
MH, KOTOPBIe OBLTH TPOBETEHB! TPU TOKA3ATETRC TRE TeOPEMbl 3.2, 1 pH-
BOIOAT K DLIBoAy, 9To H = T n A(#,jt) CYICCTBYOT M CHHICTBCHIIO Ha
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orpeske [0, T]. Hs wepasencrsa {7.10} ¢Jeuyver paBHOMEPHOR CTpen. 18-
Hue AL, @) k vy npi g — 0, roe. cneayer (7.8). Teopesa nokasana.

JAMEOYAHNA,

1. Teopema NOKAZAHA LA CKAJAADHOIO COYMAS, HO AHA TONHYHOE
VIBOPKACIHC CTIPABCIIHEG H 1710 CIydas, KOTIa Y DOKTOD.

2. Teopoma 7.2 0CTaeTCA CNPABOILTARON, OCTH HMOCT MOCTO BO3IMY-
HICITHC 1I¢ TOJILKO B YPABHCHHM, [10 H B IASANLILIX VCIOBHAX, T. C. CCIIH
(7.1) HyeeT BHT

{.
Eﬁ=fWJm% ylwn (i), 1) = y° + walp).

§ 2. CHHrYJAPHLIC BO3MYIICHHA

B npuaoKenuax mepeaIKo DCTPCHAIoTC CAYIan, KOTOE MANLIH Tapa-
METE £ XM B ¥ PABHEHHE TAKMM ODPABOR, 10 TEOPHA IPEIBLILY LB
naparpada nenpuMennMa. PaccMoTpuy B KAUCCTBe NpocTefiners npu-
Méepa DBHXKEHHe MAATHHKA (oM. I 1, § 2):

wy' + ay + ky = F(E). (7.11)

cae { = g ABNACICA MAJILIM napamerposd. B coyuae, pasobpauuoy s upe-
JALLAYIICH Naparpadhe. B eI oIy ICHR TPHOITAAKCIIIOT BLIPAMKCIN
JLTA PENeHtA MOKHO BBLTO B YPABHEHHY (DOPMANTRHO TONOXKHTE i = ()
H B3ATh PEIEHHE WIYYEHHOIO TAKHM 00PA30M ¥UPOILEHHOIO YPAaBHe-
Hua. MoskHO JIH NOCTYLIHTE TaK Ke b caydae (7.11)7

dpmxenne MagTHuka B (7.11) onpeusiaerca 3a0aH1eM HAYAIBHOIO
uosoKenUa M ckopoctd y(0) = yi, ¥ (0) = ¢Y. Monarvag v (7.11) ¢ = 0,
MbL NOAY UMM ypagHenue foaee wuanozo (1eproro] nopsika, Peied e
KOTOPOID ONpeneIseTcs ToApko saganneM y(0}. Tem caMbiM sapaHes
ACHO, "ITO, TOCTYIAA TAK, Mbl He MOXKEM yHiecTh Boe (pakToOpel, onpeie-
mawonme pemenne (7.11), 1 no Kpaddel yMepe B OKPECTHOCTH HAYATRHOM
TOUKH OPABHALIGH MOMCTH 10 OOy 9HM.

Taxum 00pas0M, BLIBOULL UPLIBLAYIICID HAPArPAdA B JANHOM CU1y-
TAC HCCTPABCLIHEL H. CTATO OLITE, YCIORHA TCOPCM OPCILGLIVIIETO Ma-
parpadba vapymersl. YTobHul MOHATH, KAKHE YCIOBHA HAPVINEHR, 3ATTH-
mey (7.11) B dopme (7.1} (yvpabimcmne vage OyICT BOKTOPILIM, 110, KAK
OTMENANOCH BbILE, 310 HE IPHHUNIHAIBHO):

—ozx = ky + Flt
z{ — _I—Igf() = fl(z-. y?t?.u')‘-

¥ =z= Flzytop).
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Orewona BUIHO, 4T0 f) He ABNASTCA HelpepblBHOW (BhyHELUMe je 1py
¢ =0, I.e HEe BBIIOJIHEHO OCHOBHOE TPeDOBAHUE TEOPHH LPELBLIYIEero
naparpadg:a — TpefoepaHHe HeNPepPEIBHGCTH NpabBblx MacTeil. JpyrHmy
CADBAMU, MOMHO CKAZATH, HTO B JIAHHOM CHYHAE NPABAA HACTh 34BNLHT
OT § HEPE2YAAPHBIM, WITH cuHzgaaprvia, 0bBpatod. [Testody Bosavyme-
HITS THIA jiy’l, 70 e KO Ta MAThili TADAMET]) BXOAAT KAK MHOKKWTEITh 1TPHH
CTAPIICH TPOUIBOAIOH, DOMIVIHIH B IHTCPATY DO TIIDAIIHC CUH2YAAPULE
BOIMYUEHUL.

TIpocTeiinme DIpUMCePEL TOKAILIBAKT, FITO CHIIFY TAPIO BOIMYIICHILIC
CHCTeMbl OB/IALAIT PAIOM CBOHCTB, KOPeHHbIM O0pA30M OT/IMAKLINX
HX OT PETVIAPHO BOIMYVITEHHBIX CHCTEM, HOC,TEMOBAHARIY B § 1.

PaccMoTpHM YPABICIIHE

py = ay + b a=consl, b= consi, {7.12)

npu magaTsnoM yetosma y(0, ;) = 3°. Ero Tounoe pemenie uvmeer sng
it ) = (y” + g)e?‘”““ - f—i (7.13)

TMonaraa o ypasoenua (7.12) g = 0, moavars {IpUMeIsTsT o80311a9e-
vea § 1) § = —6/a. Anannzupya (7.13), MOKHO BHAgTh, 910 BUIM300TH
Y K § HMCCT MOCTO JTHIL TRH BLITGTHCIHE TCKOTODRDIY  CReuUa uHbT
YCAORWIT, 0 KOTOPHIX HE DRLI0 pevr B § 1. A dMeHHO. 8CaH paccvarpu-
BATL POLICIIHC THYATILIOH 33da49H pOpaso oT £ = (0, To ¥y —+ §, ccau
a <0, ap — +0{(wmuwa >0 ap— —0). BEcw xe g — 0 mpous-
BOSILIILIM 06pasonM, TO 11 npe ¢ < 0, 111 opu ¢ > 0 PpOmenie y npencsia
HE WMEET W ABMASTCHA HeQrpaHu'eHHBIM. Kpove Toro, ecsiM naxe BH-
NOANCHDLL Veaosug ¢ < O, g — +0 {uau @ > 0, p — —0), opeaeaninii
HEREXOIL i =3 F UMEeeT MecTo - b ¢rporo DOJBIIMX HY U9, TAaK KaK 1K
t =0 y(0, ) = 4", a y°, boobwe rosopa, ne pasuo —b/a.

Bee 9rn (pak bl 1OBOPAT © TOM, UT0 B CHHIVIIAPHG BO3MYLIEHHBIX
CHOTeMaX IPeHeOPeralh MadablME YWICHAME MOAKHO JHIb IPH BBIIOIHE-
HHH OCODBRIX YCI0BHH H BhIACHEHHE 2THX VCI0BHH TpebyeT coeiatbHOMH
TEOPHH, K KOTOPOH MBI H nepeiimen.

1. ¥parHeHUe ¢ MaJIkiM TlapaMeTpoM NMpH crapiield mpows-
poanoi. Teopema o npenennHoM nepexoac. [AceMOTPHM CHETCMY
AHpepenTIHATLILIX YPABHCTIHH BUTA

dz _ oo . dy _ 4 oy
piy = Flzy ), 7= flzth (7.14})

rie i > () asasercs masaeiy napaserpon. Llocrarns nava by 0 3anay

20 =24 oyt =" (7.15)
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Havaipuaa sagana nng vpapieHua (7.11), 0MeBHAHO, COLSPRRUTCA 3180
KAK YaCTHBIA CiyJaii.

1° [papuie gacty (7.14) ByIes NPpeONeIaraTh HCTPCPLIBHILIMA BMECTE
€ MACTHRIMH NPOHIBOAHRIMK 10 = W B HEeKOTOPGH obiacti

H={{y.) e D={0<t<T. |yl <b}, [2|<d}

[Mosaraa o {7.14) dopuasiuie g = (0, DOMVIEM ICBOIMYIICHIIVIO CH-
CLOMY YPAasUeuni, HiH, Kak ¢0 HA3LIBAIRT B TCOPHH CHHIY IAPHBLK BOS3-
MYIICTIH, emporcdeHtiio cCucmemyy, TaK KaK o0 MOPAA0K HIKE, TOM To-
pasok cucremsr (7.14):

0=Flzp1), 2=fpn. (7.16)

Hrobu onpenenTs peleHne 3TOH CHCTEMBL, HANO, OPEKIe BCEr0, Pavs-
PeIINTE OTHOCHTEThHO 2 Tephoe w3 ypasHennfi (7.16), xoTopoe aw1a-
arca Koreunbiy (He JudbepeHnnaTrHbIM ). DT0 yPABHEHHE HenuHeliHOR
H DO3TOMY MOXKCT HMCTDL HCCKOLKO pemenuit. Mol 6yaey npeonoaaraTs,
GO BCC pocima (Kopuun) 2 = o{y. ) 91010 ypaBuCima JCACIBHIC L
u myoauponanst s D. Hano soifipate oqun wy kopnelt = = p(y, #) u moa-
CLABHLDL CUO BO Bropoo ypasuenne (7.16). Boupoc sakinouacica B o,
Kakol u3 gopueil caeoyeT BLbpaTn, 4Tobur oScenetnTL SAU30CTL KOll-
CTPYHPYEMOTO HAaMU pellleHus cicTevhl (7.16) k pentennto =(f, i), y{t. j¢)
samaqu {7.14}, (7.15). [Ipasuno suibopa kopus 2(y. t) Ovoer L(]JopMY:m—
posaro nuske {em. 3% 57). Tlocae nonerarorsn 2 = @iy, £} Bo sropos
ypasrenne (7.16) nonyaurcea uuddepeHunaibHoe YRABHEHNE OTHOCH-
TENBHO  H 1,14 OIHOIHATHOIO ONPemeleHuA § DOTRpefyeTca 3aIaTs Ha-
YATBHOE YC.T0BHE. ECTeCTBEHHO NPennoIomUuTh, 4T0O U3 IBYX HAYAIBHBIX
VOTOBWH (7.15) CAICnyoT 0CTABHTL TTHIL Oa0: veronue ma y. Hraxk, v
NPUNO/NM K 3a/1aMe
9 = [og,0.0.0), §(0) = 4", (7.17)

vhe 2ly, 8 oamnn w koprei yvpasnenus Fa, y. f) =0

2% Byuaewm npemnoaarars, 4ro hyvaxuua oy, 1) HENPepBIBHA BMECTE
¢ ILPOUSBOIHOE N0 . koA (g, 1) € D

Onpeacacnuce. Kopent = (g, t) BYICM Ta3LIDATL yemotyusnu
¢ obaaciu DD, ecan npu (y,1) € [) BHIIOJUHASTCA HEPABRHCTBO

S (ply )y t) < 0. (7.18)

Javeganue, Cp. ¢ pebopanner o < ) B PACCMOTPEHHOM BRIIE
IPHMEPC.
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4% Byuen npemutosiarars, wro B (7.17) @y, £) asngerea verolitiusbeiv
KOPHEM.

4% Bvoes OpednofIaraTh, ITo peimenis y(#) saganu (7.17) onpeIeieHo
Ha cermente 0 € ¢ < 7w nmpunazaesut D ={0< ¢ < T, |yl < b}

TIpesxae yeM MPpONMSBONHTE JJaTbHeH e HOCTEIORAHNE 3ATATH, PAac-
CMOTPAM OTUH YACTHRIA CIyHIAil, & HMeHHO):

,(.-.:% =#(z). 20,y =" {7.19)

"ITOT cayHal. BO-MCPBLIX, HOTEPCCCH CBOCH TCOMOTPHYCCEOH NATIAI-
HUCTBI). 4 BO-BTOPBIX, COOTBEICTEYKINIME PEY ILTATH] HPUIOUATCA P
PACCMOTPEHEE ODLWero ¢1yaad (7.14).

Ilvere = = @ apiaerca yerofuusey KOpHeM ypasaenna Flz) = 0.
B nannos caviuae o Asigercda RoHeTadTol, a D — 1nobelM HHTep-
BAJOM BEWECTBeHHOR ocH. ¥ooobue verofunsooty {(7.18) ameer pug
ar

dz
D1 g2, - oo, OPATEM () H Py — ABA OAIMKANIIHX K 2 KOPHA GOOTBET-

CTBEHHO CHHAY H CBepxy (puc. 20, Ha KoTopoM NOPeICTARTEHA N0OI0CA
0t T, cne T — mofoe NOTMKHTETE-
Hoe THe o). [TpocTenun sa monen Hanpa-

) < 0. [yeTn kpove p vpasuende F{z) = 0 uMeeT clie Kopus

pacnuit ypapucnua {7.19}. Ilpm aocta-
TOMNG MANOM {# BOKTOPL, KACATONBILIC
K HITCTPAILILIM KPHBLIM, PACTIOMIOKCIILI
TOYTH MAPATLTETEHO OCH 2 (34 HCKTHTe-
IECHM Ma0H OKPCCTIIOCTH KOpICit yvpas-
nenns F{z] = 0]. «4+» 1 «—» HA pucyHke
VKAIBIBAIOT SHAK hyHrumn Fiz}. 3ase-

THM, YTO, TOCKOILKY %{p) # 0, koponn
\1.:‘ ABNASTCA TII’)O(“’.'I'hIX[ H TII')H Z = lJ‘: TII')O-

_ HCXOOMT CMeItn suaka pynruun F(z),
Puc. 20 Myvecie ) < M« 2. Pacemorpum
MIIGHKCCTEG TOMCK |2 — | € £, TOC £ IPOH3IBOILIIG M0 (£-OKPCCTHOCTD
KOPHA ). Xapakrep 1018 HAUPABJISHHA CPasy JAeT BOIMOKHOCTD 3a-
KIKFIHTE, YITO HHTeTPAsTbHAA KPUBAA, HATHHAKIMLAACA B Torke ((), z29)
{Ha PUCVHKE URUBEICHB] ABa BaphanTa: 20 < o u 20 > @), Gyaer pesko
naru seepx (upu 2V < ) wian, vaobopor, sHua (upu 2% > ) u, Mo-
CTHLHYB E-OKPECTHOCTH &, IAJIee U3 HEE VIKE HE BhIUeT, eCUl TOALKO {
JOCTATOMIIO MAsI0. 9T0 U OJMIAYACT, YTO POIICHHC z{F, ¢) 3amadu {7.19)
npe = 0 BUIMEKD K PEINEHHED (0 BHIPOXIEBHHOIG ypasHenna F{z) = 0,
CCTH I CHATATE MeKOTOpoil okpeetnoct # = 0 (oM. npayep).
Ha aroro FEOMETHHHECKOID PDACCMOTNERNA ACHO TAKHEe, HACKOIHKO
BAGKIIO, HTOOLI IA9ANLIIOE 3MAHCIHC z° TROKATO B 0BI0CTH ) < @ < 0y,



§ 2. (TUHAYAADHBE BOTMYUIEHUA 2003

HA3BIBASMOH 062a0THE0 6atstis (I OBA0CTIEN DPUHAHCERER) KO-
ua . Ecim, nanpusep. 2V <o u F < 0 upn z < 21, TO HITCIPAILIS
KpPHBAfA YRLET BHU3 OT i) H TeM CAMBIM HE MOIKET HPHOJMIHILCA K 2.
aecn =¥ < o) 1 F > (), To KpHEAA TPUOIHIHTCA K 01, T. €. ONATL-TAKH,
I K 5.

PesviibTar, NOJYYEHHBI HAMH M3 IeOMETPHYBCKMX CO00DaXKeHui,
MOKHO CPOPMYTHPOBATL B BHOE CISOVIOUS TeopeMEl.

Teopema 7.3, Ecau g — verofiansoift xopenn vpasirenas F{z)=0,
a HaiadpHOe sHaienne 2V JexnT B ero obJactll BANAHIA, 1O Dellenie
z{t, 1} saaaun (7.19) cywecrpver na cerstenve [0, T] i 447 HEro umeer

MeCTO NRDEAL.ThHOE COOTHOINCHNS

lim z(t. ;)= opum 0 <t T, (7.20)

p—0

HoxaszarTenperpo. [IpHBeacy  ATATHTHYCCKOC JOKAJATCILCTRO
vrsepaaenuda (7.20). [Ivers 4is oupetedetocty 20 < . Pacemorpum

npencig seero obnacre 2¥ <2 € v —2. 0 €1 € g, g 2 > 0 nponIBL. b HY
Maste. B oaroil obiactn pacesorpuM zatady (7.19), Ocpa 2 5 Kadcoerse
HE3ARHCHMOTO MEPeMeHHOT 0! % = ;.-.ﬁ, t{z") = 0. Eeam 4 noctaToddo

- 0 . =

MUSI0, TO, KAK CJICOVCT 13 TCOpeMol 7.2, na cermente [29, ¢ — 2] cyme-
CIBYET EUHHCTBEHHO® pemernne $(z) 2o 33444 0 OHO CKOJb ¥IOLHO
D013K0 K Beprukdn £ = 0 (B CabICIg PACCTIOAHNA 8,104k 0cH £). JKpo-
M TOLG, OO HNOAOKHTCIDLIO B CHAY HOAGKWTeannoety Fiz), Takum
OfPAsOM, MHTErPAJBHAA KPHBAR, HAUMHAKWAACA b Touke (0, z“)1 BXO-
JUT B S-0KPECTHOCTE = = @ npn { = {5, tae g = wip) < 2.

HerpyaHo yOeauTbea, 4To, Holap B S-OKPeCTHOCTD £ = @, HHTel [ 1b-
Hafl KPHBAA W3 Hee Yae He bBbliuer, noka fy < & < 7. daa sroro Boc-
UOABSYEMCA DACCYHIEHHAMKI, NONOGHBIMU TEM, KOTOPHIE HPOBULIHINGE

B Teopun verolumsocrn (1. 3). Beedem dvhkumo Viz) = (z - 2)%.
TTpeatos o UM, 410 MIITCIPAILUAS KPpuBas upd ¢ = ¢ > {p BLIXOIHT 13
Z-OKPECTHOCTH TPANOI z = 2. Tornua nmees % 2z 0. Ho, ¢ apyroi
L PR
CTOPOHHL, !
Jv . _ aFetp
P 2[z(ty. 1) = 7] — g <0

B cuay ceoficTsa () 2 0 npn & $ p, oBeenedenoro yeIosHeM yeTol-

. aF ;. e : L
TTHB(CTH E(‘O) < (. IIpoTHEORCMHC OPUBOAHT K BLIBOIY, MTO HITC-
TPAMBHAS KPHBAA OCTAHETCA B £-OKPECTHOCTH ~ = 5. Tak Kax oHa no-
TATAST B STV QKPECTHOCTRE NPH & = §) < £, TO B CHAY MPOH3BIRHOM

MiLIOCTH £ 9TO QAKTHYCCKH O3IaYACT CIPABCLIABOCTL (7.20)).



201 Fa. 7. Actunmomuro peuterud] 1o sMea0uly neprsempy

Yrsepsiende (7.20) MOKHO SAIMCATE TakKe B cleiviowed viobHol
I JanabHeitmero chopae.

Bresiem vesasncumoe nepemennoe 7 = £/, Tora sanava (7.19) npu-
MET M

42 = P(z),  2(0) = 2O {7.21)

T
Yroepxacnuue (7.20) oumgacr, gro lim, . 2(7) = @, WM, HIA4C,
27151 STI0B0T0 £ CYILCCTBYRT Tol(E) TAKOC, 9TO OPH 7 2 7y CHPABCIIHBO
HEDABEHCTRO

zZ(7) — | < . {7.22}

SaMeganma

1. Kak BMOHO M3 NPOBEIEHHBIX PACCY AGIEHII, HPEIEIBHBIE HEDEXO
{7.20) He SRNAETCH PABHOMEPHBIN OTHOCHTE RO [ € (0,F], wro xopomo
HLGCTpHpyerea puc. 20,

2. TepMHH «¥CTONTHBEI KOPEHE» HE ARNASTCA CIydalineiM. Hetpyn-
HO IPOCTETATE CBA3L NPOMETAHHBIX MTOCTROSHH ¢ TeopHel yeToRIWR0-
cti (oM. oA 3). JefeTBHTeALITo, & = 0 ABTACTCA TOYHLIM POIICHHCM
ypannenns (7.21), npuaem, B onoy d) f2) < 0, 510 peinerne ackuumnrorn-
HeCKH veToiitupo no Jlanyiony. LIT(;(]]_»I VOCOHTLOS B 9TOM, JOCTATOMHO
COETATH 3AMEHY [IEPEMEHHBIX @ = 2— H BOCIOSIB30OBATBCA TeopeMoi 3.1
v reopesoi 5.3, maun B kauecrse Gyvusnpn Tanveora Vo= 7. To,

YO MHTEIPAILHAN KPuead = = 2{7) OCTagIca B Z-OKPecTHOCTH 1s-
MOt z = p, 0DecnevyeHo YOTORYHBOCTRE) DEWEHHS 2 = ¢ VPABHEHHA
dz _ o,

dr (2).

Bepuesesn k obwemy coyamo (7.14), (7.15). Ipu pacesorpeinin s1oro
CIYHS HOCH TCOPHH YCTOHYHBOCTH OYIVT COMCTATLC ¢ HICAME TCOPHH
PETVIIAPHEIY BOIMVITEHHH.

Conocrasuy aagane (7.14), (7.13) zanaay

L8 = Plag,y,0), zo0) = . (7.23)
DTa 3a0A7A ARIACTCA HCCTRMOBAHHON vike sanavtei Tima (7.19). B cu-
a1y 3° suanecune zg = (", 0) ABIACTCA ¥CLOHYUBLIM KOPHUCM YDABHCLIM
F(Ho,y”,ﬂj =10.
°. ByacM OpCeInoaraTh, YT0 Na4aiILIoe SHaenHe 2 NpHIAIIe:KNT

ofistacTi panauna kopis (g, 0) ypasuenna Fizg, 4%, ) = 0.

Teopewa 7.4 (reopema Tuxowora). Ipir semmomvenws yemorwii
1% 5% pemenne 2 (8, i), w(f, @) saqawe (7.14), (7.15) oviecrsver va [0,7)
H OHMEeT MecTo Hpedes b bl epexol

1111[1J ylt, @) = g(t) mpy 0t 5T, (7.24)
"—r
lin}) (=gt y=2(t) mpm 0<t T, (7.25)
=

rac g(t) POUICHEC BRIPOASOTIOR sagagn (7.17).
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dorazarenberso pasobbes HA HECKOIBKO 9TALOB.
1) PaceMorpum cHaYaa okpectHocTs Toukd = 0. Coenaen B {7.14)
3aMPHY IepeMeHHEIX T = 1/p. Iosyrium

dy
r

(7.26)
=uflz,psmi)s ¥z =y
Hﬂ- _TIIOGOM KOICYIION H].)OML‘}K}JTKC H3MOCHICIIHAA T 3T:\_-’ L"I-ICTL‘.,\I)’ MOZEIIO

PACCMATPHRATL KAK POTVIAPIIG BOIMYIICIIYID, TPUTOM COOTROTCTBYTO-
A HEBORMYTEHHAA CHOTCM HMOCT DHIT

dz
T_U = F{zo. 40,0}, zolr_o = 2",
' (7.27)
dlﬁ — . | - 1}
- ynlr=n = y".
Orcwona y(r) = 4", a
iz -
D = Flag, 1" 0),  zolrop = 2% (7.28)

T

Bra Falata PABHOCHMBbHA sagade (7.23) M oAasercd sadatueid rana
(7.21). Tosromy coraacno reopeme 7.3 (ca. {7.22)) noay4nm, 4To a8
moboro £ > () cymecTByeT Ty(2), IPH KOTOPOM CIPABEITTHEG HEPABEH-
CTHO
|za(0) = l(y",0)] < /3. (7.29)
Cpasaum 3a,aum {7.26) u (7.27). T2 1° coenyer BRI, THEHUE YCI0RMIT
TCOPOMLI 7.2 0 POTYAAPIIGM BOBMYUIICHHHE I8 T € T, [a¢ T KaK YTOOuo
BOMTHKO B PHECHpORANO. Pomemic neroamymaenaoil sadanu (7.27) onpe-
JETOHO OPH BCCX 7 U, B 4acTHoCTH, na [0, ). Tlostomy coraacuo Teope-
Me 7.2 (rMocTe ¢ 3aMeTamiey 1) noayvany, 1o 114 mioboro € > 0 opu
JOCTATOMIIO MATWX g 1a ) € 7 < 7p (Haw 11a 0 € ¢ € ) CYILecTeyeT
pemenne 3a1a71 (7.26) (T, TTO TO Ke caMoe, penteHde (1, 4}, y(t. 1)
sagadn {7.14), {7V.15)) 1 COpapeoIMnDl DCPasCHC TR

|20t 1) — 20(T) < 2/3, |yt p) — "] < /3. (7.30)

TTpHHMMAA BO BHUMAHNE HEUDPEPBIBHOCTD (i, 1), MOMKHO, 0DECIIEHB 10-
CTATOUHY I MATOCTD [y{t, 1t} — 1%, obecnetnTh TakKe HepaABEHCTEO

lplult, ). 8) — 2y, 0)| < £/3 mpu 0 <t < 1p. (7.31)
Hs (7.200-(7.31) noayunwm, 210 npu ¢ = rop = folp)

|z (8, p) — 2y, 1), )| < = (7.32)
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2} OGosnavus Alt, ) = 2k 1) — oy, 1), t). Covrnowenue {7.32)
roBOpUT O ToM, w0 Al ) Kak yroado Mano npa £ = fg(p). Hepasen-
¢TBO (7.32) OyIeT 0CTABATLCA BEIMOJIHEHHBIM B HEKOTOPOH OKPECTHOCTH
CAPABRA 0T TOIKA fy. Bemwanna 9 Tol OKpecTIoCTH 3aparice TIeH3BCCTIIA.
Momer cnyTuTheA, ITO HepaBeHCTRO (7.32) BRIMOTHEHD 118 BeeX £ 22 by
BLSIOT 20 £ = T, a MOAKCT OKAZATLCA, 410 uaiioresa 3yagcine £ < T,
npu KoTopoM (7.32) mepe#iIeT B paBeicTBo. ¥OCIMMCH, 1T0 B ICPBOM
coyiae npe Beex £ € [fy, 7], a BO BTOpOM npu Beex t € [fg.14] Benn-
suHa %t 1¢) Kak yroano Donskd € (8. Jaa aroro gepentimem sropoe
vpasueuue (7.14) b suae

Iy -
F= e ) + Ay 1) Ylitono = ¥° + 008, (7.33)
K CDABHMHB #TY 3aldnty sauaae i ( .l ‘r) COMACHO GV ISHHOMY B e~

JbLIYIEN NYHKLE Besyunbl folze), [§(a)] KaK yronso Maie npu iocras
TOHMHO MATOM (U BeJIHIHHA |A(L, 1t} KAk YTOTHO MaJa OpPH O0CTATOYHD
mMatom ot € [ty T wam ¢ € [y, 1], Sanaga (7.33) anagerea peryaapno
ROBMYTIEHHON sanadelt o oTHOMeHKD K 3a1a%e (7.17) (oM. Teopeny 7.2
pMecte ¢ sayedannem 2} Hosromy upu ¢ € [tg._ T] WK & [tg, t|] dryuk-
s it (0} CYUICCTBYCT, NPUIALIACKHT D u, KpOl\IC TOrO. I a1doro
£1 > ) cnpaBel HEO HepaBeHCTBO |y (#, 1) — F(#)| < 5 mpu ¢ € [#. T nan
e [:‘,g._ £|], SCNK TONIBKD H OCTATOWHO _\-ld..llu.

3} Y6eaumea reneprb, 4T0 HepageHCTBO (7.32) BLUIOJIHEHO 1718 BCEX
t € [to, T], 0. M3 ODYX BOIMOKIOCTCH, YKASWIHLIX B 2), PeaJH3yCTs
TOJBKO OIHA, A TPEANOTOKeHTe 0 CYISCTRORBAHUN ToYKK §) £ T, 174
koTopoil Al g = £ tprROIMT K NPOTHREOPeMM.

Nyero opu ¢, € T mocturactea papcncrso |Aft, p)] = 2. Boeaew
E DACCMOTRCHIC (hYHKIHKD

Vizoy ) = [z — oy 1))

B o1y opoaInostoKenns 0 TOYKe £ HMeeM % =1{. Ho
1=t

, Fleyt) 9 O

Tak xak Fz, 4. 8)|t=¢, # 0, 10 302K {-} IPH DOCTATOMIO MANLIX [t OIPC-
JesAercd 3HaKoM F(z,y.1), a. CIen0BaTeNbH:, IPH MATRX A TTABHBIH
YoIeH pasioaedus o 2 — ek

L (oly. 1), 1)z — iy, 1))
H 3HAK BCETO BEIPDAAKEHHA {f;t OLUPEIEIALTCA SHAKOM ,—(Y{y Fly, £

Tak Kax CONTACHO HPRIRLIYIENY TVHETY y(E, g) npuHaekur 1) o
coraacuo 3° u (7.18)
i

S Gely(hn p) b)) gty ). 1) <0
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H, COSM0BATEIBHO, (ﬂ Srli=c, < 0.

[Tporveopeune n})MHO Wt K BRBOLY, 4T0 [A(t )| <enpmdy Lt T
H, CaeaosaTennno, [yt p) — (¢ < sy npuéy £t < T. Stmrl_.maﬂ 0bHa,
3TH NepanericTha, a Takxke To, TTo |y(f,u) — | < #/3 npu 0 < ¢ £ 4y
(ear (7.30)) w |§(8) — y"| < g1 mpu 0 < £ € £y, DOTYIMM VIBCPHEICIHC
TeOpeME 7.1,

JavMoeyauuns

1. M3 j1oka3are ncrsa BUIHO, 910 npengisHaii nepexon (7.24) apoa-
eTeA pasHoMepHBIM Ha [0, T, a npeteasHeril nepexon (7.25), cnpase1u-
Brlif Ha (0, 1], papHOMepHBIM He ABIAeTCA. B Oer(:THnr'TI-I t=20 I-m-leeTCH
00.TACTE, B KOTOPOH 2-KOMTIOHeHTA pellleHnd sa1ann (7.14), (7.15) ok
HO OTIHYASTCS OT -KOMIIOHEHTB! PDEIIeHUA BRIPOKICHHOM 2412491, T. .
ot p(F(t), £}, Dra obaacTs, X0powo saMeTHAS HA pHe. 20 ana cayuas
cuerenbl (7.21), HABBIRABTCA ROZPOHUYHLLM CADEM.

3AMOTHM TRKKC (3TO ODATEL BHING H3 CAMOTO JOKAIRTCILCTBA), 4T
na orpeske [t(p), T] (rem Goaee ua uofom orpeske [fo, 7], 1ae 4 kak
VOO0 Mas1o, 110 (purkcHpobano mpu g — 1) 0da Npeacaninbix nepexona
(7.24) w (7.25) HOCAT PABHOMERHBII XapaKTep.

2. M3 moxasaTe bpCTBA TEOPEMBI BHIHO, YTIO OTPHUATENTLHOCTE g—{‘
HY# HA (PAK THYECKH JIHITE HA Bhl POXCIEHHON DEHIEHILK, T. €, ,'u.;(:'ra'ruuufb._
410G BBULIOJIIAJOCL ¥CHOBHC ‘3{‘( (g(e), e wit, f) < 0.

3. Teopeva 7.4 I)aCﬂpOCTI)a.H};PTCH Ha eekToPRHBIE cmyiai. [ekoro-
phTE AT HH TE T hH RIS ’I'I')_‘}-’JI‘H!')C'TI*T BOSHWEAKYT 1I}')I1 oM C OIII')P.{']‘E.-'TEHI'I-
CM OOHATHA 00TACTH Dauanua. UTo KacaeTesa YonoBHs YeTOHYUBOCTH,
TO 00 MOZKCT Goire ChOPMYIMPOBAND KAK CcrecTBelNGe Tpebopanuc,

ITOORI XAPAKTEPHC THHECKHE THCIE AT) MATPHIED g—{‘(g‘:(ﬁ L), 7. t) yao-
BaeTBOps,n Hepasencrey Red < 0. Hueercy v Gonee obimas popmy.m-
poBKa veaopus veroiivupoctn, gannasn A. H. Tuxononom [11].

2. ACMMOTOTHYECKOe pasjimKeHHe DPelleHMA 3amadu (7.14),
(7.18). Haocrosanun reopevnl 7.4 MOMHO HANNCATh CHENYHHIEE ACHM-
UTOTHYPCKOS TREICTARIEHAS JUNA pellerna sagaqn (7.14), (7.15):

plb ) =gl +alh ), =(hop) = 20 + 2200 1),
(2(2) = o(F(1). 1)).

IIpu aToM acTaToudei wWied £4(F, 1) B BhIpaKeHUN 114 2(t. jt) He ARIA-
£TCA PABHOMEPHO MATI0H BenMHYIiHOl. ECTecTBeHHO TpennoaokiTh, YT
ecnH K 2(t) mobasuTh pazHocTh 2p{1) — (g 0), To nonvantea dopyyna
z{t 40} = 2+ zo(7) — 2™ 0) + 2408 1), vae 234, 1) = 0 wa [0, 7). Yoe-
JUMC'ST, HTO 9T0 n(\m ToUTCILIO Tak. Bomuunie e (f, p) = z(¢, py —2(#) —
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-zl + ¢lp®, 0). Pasofbem orpezor [(,T] ua aea yaactra [0, fo(p)]
u [to(ge). T] vie #o(pe) = Topt — BEJMYMHA, BBENCHHAR UDPH MOKABALEb-
CrBe Teopesbl 7.4, Tp A0CTATOMHO BeAMKO 1 BURCHDOBARG npn g — 0.
Ha [0, to{gt)] OpencTabus &3 b BHAC

salt ) = [200 ) — zo(7)] = [2(8) — (" 0)].

acen |z(t, p) — =7} <e/2 npu p—0 (10 TO e Ccamoe, gto (7.30}), a

() — 9y, 0)] = |2() - 2(0)] < /2,

Tak Kak fo(p) — O npu g — 0. Cregesatenwro, Ha [0, ()] vaean
les| < £ papueMepio otunocureInno ¢ opa g — 0. Ha [#5{x), 7] npencta-
BHM £3 B BH!I®

2a{t, 1) = [2(t. 1) = 2(#)] = [20(7) = 205", 0)).

Baces |2t 1) — Z(8)| < 2/2 {em. saMedanue 1 x Teopeme 7.4 0 pasio-
MEPHOCTH NPENSNEHOTO nepexona (7.25) na [to{p), T H rouno rax we
lzolT) — (3% 0)] < £/2. MOCKOALKY 9TO TO EKC HCPABCTICTRO, 110 71
wacrTHoro cayaaa (7.23), e u na [fo(p). T] umeent |23] < ¢ parromepro
oTHocHTenbHG £ api j1 — (. Takus obpasov, 3(2, 1) = Onpu g — 0
ra [0,7].

BameTun, 4T pastocTl 2p(T) — (y® 0} 0CymecTBASCT Tonpanky na
«noTeploy natansioro yvenonua (0, u) = =%, xoTopomy ne MoxeT yho-
BACTBOPUTE £(E). Bupamkenue 2(£) 4 zo{7) — 2(¢", 0) yme dyaet ynonae-
TBOPATH HAAJUBHOMY yCIoBHO upn ¢ = 0.

Huzke Bvaer uokasano, 1w 21(¢ 1) = Ou). 2a{t. 1) = O{g) (reope-
Ma 7.3). Bosee Toro. npy 30cTAToMHON DIaOKOCTH Npasbix dacTed {7.11)
MOZKHG LOCTPOHLE ACHMIITOTH IECKOR IPDEICTABISHUE U)A PEIUeHUS 3a-
Jam {7.14), (7.15) ¢ octatounmm wienon O(p T, wo » omnwiwe o7
perysspuoro cavdas (e teopeay 7.1) 910 npeactapacnme Hyact, mo-
MMALD CLEIEHHBIX 10 {0 (WM PeEiARpHBIE) 4AeHos CONERIKATH HEROT(O-
pute PyUKLHY {THK HE3BIBACMBIY TROZPERURNE HACH), SABHCAILUC OT
HE CIENERHULAM OFPAIOM; HOIDAHNYHBIE ‘LGIeHbL HMEHYT SAMETHVIO Bell-
YHHY B OKpecTHOCTH § = (), a 1amee ¢ pocTtoM ¢ GbleTpo vHLeanT. Beenen-
Has BLIIE PA3HOCTE 2p{7) — (", 0) nMpemcTapnaeT coboll morpaHHYHEBIR
WIBH B acHMINTOTHYecKoi Hopyyie ¢ ooraroHhM yitenos ().

Tlocme 51Uy mpenBApHTeTRHRIX 3aMetadull mepeil1eM Henor pecTEeH-
10 K OMHCAITHIO OOTICTO (GTTOPHTMA TOCTPOCTTHST ACHMITOTHRKR DCIICTIHS
CHHIVAAPHO BO3MYINERHOE 3aaaqan (7.14), (7.15).

TIpescrarim z 4 y B BUIE CymMbl ABYY (DOPMASIRHBIX DEIOR [(3160h
H B OANLICHIOCM 01 2 OVICM DOMUMATL Z H § D COBOKYIIIGCTH, T.C.
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€0JH BEUTHCBIBATC T HeE GO0 COOTHGIIEHHES WL 2, 1O 3P0 SHAUMT, 'L
eyl MeCTd 48B4 B TONHOCTH TAKHXY e COOTHOWeHA J0IA 2 | ,'t,-’)

a =T, ) + Melr, ), 7.34)

e

Eb ) = Fel®) + (8 + .. (7.35)
— THK Ha3bIBAEMbIA peeyasproed pad (cp. (7.6)), T e. DAL IO CTeleHAM 1
¢ KOMPPUUMEHTAMY, 3aBHCTWAMHE OT £, &

M7, p1) = Mpa{7) + pellyz{v) +. .. (7.36)

TAK HAZHIBAEMBIH nozpastssd pad, TpeIcTARTAIOMEE coboll TAKKe
PAM O CTEMEHAM j¢, HO ¢ KOAMDUIHAHTAMH, 34BHCAIUMY OT 7. "LneHn
ATOTO PAML HASBIBAKITCA ROZPAHIEYHBEMY LAFHLMA.

[Moactapum (7.34) 5 (7.14), YMHOKHE 078 CHMMCTPHH BIOPOC VPAD-
HEIHEC HA f _

uds 4 f—'i' z=F(z+ Iz g + Iy, £),
d__; ) (7.37)
P+ rh_Hu = puf(Z+ Oz, G+ y. t).

Boeaes pesmunnnt F o ITF, nomaras

F =F(z(t, ). glt. p), t).
NE =F{z{rp, p1) + Wa(r, o), §lrpe, oy + Ty (7o), 740 —
— F(2(rp, p), y(ﬂ-‘» #):TH)
(amanoruube penmruanl § u f ssenem nna f). Toraa (7.37) samu-
HICTCH B BHAC

. f F T
w2+ e = F4+1F, p5 + Ly = p(f+ 1), (7.38)

Paznoxuw temept Fou IIEF dopvannio mo crenenas g (Kosdduinm-
CITLL 3THX PAsAOKCIi 6yoyT 38BHCCTL 0T ¢ M 7 COOTBCTICTBCINID):
F=Fo4+puF +...,IF = UyF + pII,F + ..., nocre wero 6 {7.38)
NPUPABILICM KOXPQHIHCITL 0P OOUIIEKOBLIX CTCMCHSX f. TPHICM OT-
JMEThHG  3ARBHCANME OT § W OTIThHO  3ARNCAIINE OT T:

F5io = F, Fn = Fu (7.:39)
LMo = F, Ly =T, ,f. (7.40)

Tel\i CAMRIM MBI |[0..'|}-"-T|4.-'T|4 I}"I‘)&HHF.’HI-TH SN OITI)P?II‘F!.J]PHI-TH HLIEHOR ['JH,:%..'IO-
xenutt (7.33) u (7.36).
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Brinswmew @y ypaenedus Goolee nertansio 1512 k= 0. Hueen
= =l di I -
0= Fy = F(z, 00.t), % = F{Zp, 00, 1). {7.41)

DTA CHCTOMA COBMATACT. KAK B CMOTODAT0 OEHIATL, ¢ BLIPOXICTION
cucresoll (7.16). Huees racke (VUrThiBag epROS w3 ypasHenni (7.41))

(}—{_HO‘. =1 F = F(fn(OJ + Ho:,ﬁ}n(ﬂ} + Hoy,U) - F(fn(U),j}n(U),U:] =
= F(20(0) + oz, §o(0) + Moy, 0),

L1y = 0. (7.42)
Hauunag ¢ & = 1, ypaenednda (7.39) a (7.40) 6vOyT THHEHHBEIMA OTHOCH-
TILHO T4, i 1 gz, Iy OOparum BHUMAHKE Hd 10, 410 cHeTeMa {7.39)
HE COAE DA LPORSBOIHOBE U 2, & TOIBEKO NOAZBOHY K 01§y, 4 CreTre-
ma (7.40) umeer 1y 0Co0CIIOCTL, YTO BLOPOC VPABICINEG B 1ICH oTuens-
SICH, TAK KAK 210 UPABAA YACTH CONSRHEAT YIEHB TOLKO HPE1bLIY AN
HOME[POE.

Aaa Tore TOOBL I3 OOIVIEHHBIX vpasHenwuit [7.139), (7.40) ompe-
JCAHTL 4Iennl pasacaemdii (7.35), (7.36), ko jagaTh HA9ATLILIC
yehosua, Laa aroro nojpcrasny (V.34 8 (7.15):

J_’(](U) + JHJ_’]_(()) + -+ H.[):J.‘(U) + ;‘1]-.[1:)?([]) + = :L'[] (743)

H OPUPABHAEM KOXPhHIHEHTH! OPH OIHHAKOBBEIX CTEICHAX ¢ B 00eHX
YaCTAX ATUX paseicTn. [Ipupapimsainie Ko puunenTos opu myaepoi
CLEHEHH ff AT

Z(0) + Moz(0) = 2%, (0} + Tay(0) = 3. (744)

Pa.f’.(’.l\"ln'[']’)bl}l RTORE N3 FTHX DEBBHTH. F.I'FE.';! KHI(I'IX-,JIHU.FJ{'J MO ITHH TR h=
ILIX COODPOGKCIEA M3 1ero 0L onpeneaurs go(0) u yy(0). Qana-
KO Ha TOTPAHMMHBIC 4ACTILL, KOTOPLIC TPHABANLI UTPATE POJIL NONPABOK
R OKpecTIocTH & = 0, a pH £ > 0 CTPCMHTBCA K HYI0 BMOCTO © 1,
CIACOVCT METMENTL JONOIIHTCALIO: veaosue Il — O opu 7 — 0. O1-
CHOUA UPHXOINM K Bbisouy, 110 [oy(0) = 0, rax kax unaie (cm. (7.42))
Myy(r) = Hyy(0) = const A4 0. A toraa uz (7.11)

Fo(0) = ¢". (7.45)

IIpu 5 ToM yeT0BUE penraey cHeTeMy (7417 n nonyuaesr, 9to Z,(t), ju(t)
CORIANANT © pemnennes Z{1), Ff). KOTOPoe viKe ROTPRUANNCK B TEODE-
me 7.4, Ha (741 nonvanm 2,(0) = o(F(0), 0) = (3" (1), a Toraa nepooc
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w3 pasencrs (7.44) naer nanansHoe veaosue 117 g 2. Hirak, Havadisuste
yeo0Bus 1018 cucremil (7.42) umewsr sup

Myy () =0, Hpz(0) = =¥ = 5,(0) = 2% — (" 0). (7.46)

Hosromy Hoy(r) = 0, a Hpz{r) aeagerca pewennes clenyomweil Ha-
HANBHOE 381841

d‘_ ]-_-[[]" = F{;‘(yﬂ, 0) + Hl)'zr 29’0: 0)-

. 0 (7.47)
H(]:((]) =3 = L,.’/‘(y ,U)

Cpapmupas sagaay (7.47) ¢ sapauci (7.28), nerpyano veTanoBuTL.
uto Mz = 20(7) =z 0). 086 uT0il pazHOCTH y3Ke M4 pe'lb BhIIIE Tepe]
Ha' 1J10M OnHcaina 00wero anropursa. Hoiy iennoe Belne HepapeHcrBo
(7.20) osnavaet, 4ro [pz{r) = 0 npu 7 — oc.

Hrak, ayoesme wnenn paznoxeduil (7.35), (7.36) nonnocrsio onpe-
L 1eHbL

[Ipupasuusas B (7.43) kosdwprunenTe OpH nepsoit cTenenu j, HyaeM
HMETh

{0} 4+ T {0} = 0, §100) + Iy (0 = 0. (7.48)
Kpowe toro, nvixio pocnonniopatbes venosueM [y — 0 opu 7 — oc.
H: sroporo yvpasuenua (7.40) (upu & = 1) umeen

-
0
OTKYda B CHILY YOJLOBUA Ha II, Y UPH T — 20 CAIgUyer

a

CXOOUMOCTE MOABHBIIETOCA 3160 HHTEIPATA DYIST ODOKAIAHA HIGKE
(3. (T.54)) v BooDIng Bee Bhikad KRN BEAY TG LOKA Bopyaabie. C yue-
rom (7.49) mua Ty noayqum

e
i) = — f Mo f dds. (7.50)
T
3 sroporo pasenctea (7.418) Teneps cieaver
L )
F1(0) = [ I, f ds. (7.51)
0

Do M GyICT HAYAILILIM YCJOBHEN 1 cactemot (7.3%) mpm bk =
oTkya oupenenarea ) (t), £1(1). [ocne storo w3 mroporo pasencTna

(7.48) nosvinm
le [} —I1 (U} (T:l2)
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Dro yesoede nossonger Hajirn [1 2 ws nepeoro ypasuenana (7.40) npy
: = 1, nockoanky Iy vike oupeacacno.

Cosepmienno ana,ornany onpengasrres Iy, g, Ze, s (B = 2,
3,000 ws cnereMel [T.39), (7.40) ¢ HOMOWBE UONOIHATEIBHBIX Y 10BN

I,z — 0 npe & — oo,

0= [ Wifdr, Ma(0) = -2(0) (7.53)
0

Toem CaMLIM OTHCAIIHC MOCTPOCITE DAdA (73—1) FAKOIIICIIO.
B TEOPHH (",MHI'}-'.-'TF[['JHI-)I.\' H(J.’%I\-i}-'TT[PHHFI SJOKAZBIRAETCA, M0 LA ]_[;\-,']".’
HMeeT MecTo OIeHEA

M| < Ce™> M0 E=0,1,..., {7.54)

rac O >0, 2 >0 HCEOTOPLIC MGCTOMIIILIE, DT OUEHK O3HATACT
HKCTOHOHTHAIRIOC CTpeMacHAC I e K 0vamo mpn 1 = oo, 9T0 KC Hepa-
BCHCTBO 000CICUHBACT CXOIHMOCTD HITCIPATIoB & (7.53).

Ocuoploe ¥rBepAICHHC, OTUOCAIGOCH K TOJALKS MT0 IPOGBOACHELIM
MOCTPOCHAAM, 3AKTIONACTCA B TOM, ITe pAa (7.34) ARNACTCA AacCHMITO-
THYCCKHM PaaoM 11a pemenss w(d, 4] sagaqw (7.14), (7.13), & mmen-
10, B TCOPHH CHITYTIAPILIX BOSMYIICIHE JOKa3LIBACTCA, FITO PaslocTD
wexkmy x(f, ) W op-it TacTHRHON cyMmMoill pana (7.34) waeeT mopAIok
()u!_-n+l)_

Takopo obobwenre 1eopembl 7.1 HA CHHIYVIAPHO BO3MYLUIEHHYK CH-
crevy. Hotpobree ¢ #THM MOKHO 03HAKOMHTRCA B KAWre [11].

Tpupeies NOKASHTENRCTEG ACHMINTOTHYECKOTD TIPSINCTABINSHUA 115
pemennsa sagatw (7.14), (7.15) ¢ octaToddsn wreHoM (), A HMeH-
10, JorameM, 4t z(E, =5+ oz +O(p), y(E p)=Fult)+0(x). do-
KAHATE TRCTHRO 1|}')(3.,'I_('.'['aH.'feHl'lﬂ C OCTETOYMHRBIM “LIIEHIM C}(“H-l—l ) CUNER Hes
THNTB B 9HCTO TEXHHHECKOM OTHOIIEHEH.

Hanus hopMy THPORKY COOTBETCTRYIONEN TEODEME,

=

Teopema 7.5, Hyvers BbilitHERR YCAUBRA

1° Flz,y.t) v flz, 4. 1) HelIpepbiBHBL 10 COBUKVHHOCTH a1V MEHTUB
B rexoropoli olaacrn H.

2° Ha cersicure [0, T ompeacieno perrerie §o (), Zy(t) sagagy (7.41),
(7.45), 1 970 pewieHde NHpHHA L eEHT H .

3= F. (fn(t),g}n(tJ. t] CVINeCTBYET, HeNpepBIRHA H OTPHIATEIbHA APH
@(y”.0).

42, 29 mprmragacsnT of 1acTi oasnna 20, 00,
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DI 0 £t T, |A| < g, 8] < 2 (¢ — Hervropoe, MOxKeT Gblthb, duo-
CTATOUHO MAJNOE, HO (DHECHPDOBAHHOE, HE 3ABRCHINGE O 1 YHCA0) (DyHK-
i F(Zg + Oz 4+ A e + 48.8), fl2g +Mys + A, gy + 5,1) HenpepsIBRE
BMOOTE ¢ APOHIBOANLIMI 0 RTOPOTD TOPIIKA BETIOYHTOTLIIO 00 N 1 3.

Torta va 0 € t € T cApaRRIANBE PABHOMEPHLI® OTHOCHTEILHO |
QLRI

=1

(T
ot
e

Z(i'- “) - ZU(” - ]lﬁz(t/ﬂj = C)(.U): (
gt ) — Golt) = Olp). {

,.:LOK A3ATCALCTRO TCOPOMEBI OCIIOBAIIO 1A [ICCKOMLEKHX JICMMAX.

-1
[ 4
Loy
e

Jdemuma 7.1, Hveer aecto HepaBeHoTBO
|H[]Z| < C-.E'._z{';”, (T«-?)
rac C' > 0, » > ) — HCKOTOPDIC OOCTOAIITDIC,

doxazarenpertoo. Mo yxe pugean swme, aro gz — 0 opu
T — o¢. Cefiuac 1pedyerca JINIb yIOMHNTE XAPAKTED $TOI0 CIPeMIeHHA
K nyae. O0paTuM BouMamue na 1o, 910 (7.57} — »71o {(7.5d) npn o = =,
k= 0. 3 (7.47) umeen {Banomuus, uro (3%, 0) = Zp(0), 4° = 7, (0))

Mz = FL{%(0) + 6112, 56(0), 0) Tz,

OTKVIA )
. | 20 {0 +6T0 2 . §af0).0) o7
IMyz = [:U — 2y, U)]GE' .
Brdepent 7y tag, utobn [Iyz ama 1 2 1 OBLTO AGCTATOMHO MATTBIM,
M d)l’”{(‘”l-)}-"el\l I T n[]/: ML HO 6h|'|'h KA RIM HF‘.(’.'I'(‘).?Th":(—)f '-|'|'06h]
KaK chacneTeHe 50 Sni1o punoaneno nepasercteo F.{Zy(0) + 61z,
Fol(0},0) < —s¢ < 0. Hueem toran

| 5
[ F. dr | F.dr
Mozl = [ - o(a% 0)fed e <
i
< |30 _ ':9(?;"(]‘0) f_’.b’ = E—Z[T—Tu] < (/‘[’._XT..

Tl
f Foodr
rak kak |20 — ir:(:yn, 0)'{-‘,') e O
Moncraram B (7.14}, {(T.15) BMECTO TOUROIO PRITEHUA IARHBIE YL IEHBI
ACHMITOTHEH, T. ¢. puipoxeins £y + gz, §o. HoacTanobka paet

ﬂ,% + %Huz - F(gu{f) +Huz,§u(ﬂ,f) - Rl,

i {7.28)
—5 = Fze(f) + oz, §u(#). 1) — Ro,

e — R, —H;  COOTBETCTBYIONIHE HEBIKH.



211 Fa. 7. Actunmomuro peuterud] 1o sMea0uly neprsempy

Jdesmua 7.2, Cnpaseaissbl OHeHKY

Ryt = Op),  Ra(t,p) = Ofe=*m),

Jorkazarescrso. Quenka aaa Ay 104yHa0ICs Cpasy M2 JeM-
MeL 7.1, Tag kKag ceo yueetn (7211}, o By = f.(2y + 0z, Fo. )1z,

tofel TOAVITHTE OMeHKY M4 &), J0CTATOWHO YOeMUThCA, *ITO
Ry = Fi{Zy+Tpz. . t) — %l’lgz = Q). Henoawava (7.47). npeicrapsum
R B BUIE

Ry = F(Zo(t) + Moz, 5o(2),8) = F(Z(0) + Moz, o (0),0) =

= &(pz.t) — B(Ipz,0) = ¢ /l' B, (o2, 011 4.

Ho
‘I’({HnZ,GfT) =
= FL{2Zp(0) + Moz, §o(82), 04) 25 (08) + F, (10 (0F) + Fi (-} =
= F..(Zo(8t) + 8102, Go(81). 68) 7,006 1o 2.

3accn vareno, 910 {2y, 7o, 1) = (L 1, cneaobatennio,
F.(Zo.go.1)2, + F, ()G, + Fr () = 0.

Oreroua,

|R1| < t|F.2] 2| Toz| < Cte™ " < Cy,
rak kak sup (e = e~ e Bneck wocrosnuan Ce”' /i wrosn
obozaqera 9epes O YCI0BHMe B JANMLICHIICM Bee 110 3ABHCAIAC 0T 4
HOCTOAHHBIE 0003HAMALL Q;IHOE 1 Tl ke Oykpoil C, 33 nCK HOUEHIEN
OTACTILIBIX CIVIACE, KaK 3TO VIKe IGTLTI0Ch B § 2 11 5.

dokasateancrno Teopesi 7.0, Iomoxmuym A = 2 — 5 — [z,
& =y — fg- Brrmaraa (7.58) wa (7.14), noavuny

=LF(Zp+ oz + Ao+ 0,8) = Flzpg + oz, o, 1) + Iy,

W di‘
s (7.59)
5 = flio+ oz + Ago + 8,8) — fZo + Moz, g0, 1) + Re.
O eRHTHO,
Al ) =0, M0, ) =0, {7.60}
Cucremy vpapdennii (7.59) MOKHO HEDENUCATE B BUIE
33 i}? _(I||.’3+(I]2(S+R|, % :ﬂ-2|ﬂ+ﬂggd+R3, (7()1)
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roe
1
an (A b p) = f Fo(Zy +Iloz + 84 50 + 8. 1) d6,
0

|
a6, F 1) = [ Fylzy + oz, 50 + 6.8) db,
0

2] W fise FIMEHT aHa'TOI'H‘-IH\'fﬂ ("I'])\'K'I'\'F}\r' [)HHPH("I'HO ITRaBhIX Ya-
crefi (7.59) 1 (7.61) JCTKO MPORCPHTEL TOTIOCPEACTRCING, CCTH SAMe-
s L‘I | h IO IO, HHT®] pa‘.'lﬂ\l B HhII)a.}KPHHH AR b CTORT BEJHMAAS
_\ rfé‘ (H[] + Mgz +0A gy +46,1) 1 UPHMCIHTL BIANOIHYLILIC CO00paKeLIN
K OCTAJILILIM KO3GQUUIHCIITAM 2.

U3 neproro ypartenusa (7.61) suipasay A qopes 8 (Ov.Iem B massiei-
weym viuoTpedisrs obosnatedne A(#), 4(f). ouvexas 3aBUCHMOCTD O i)
Alt) = [ "’T(ulgd(fj + Iy ) de. (7.62)

i

PR .

TMoneTaBHM pPe3yILTAT BO BTOPOE YPABHEHHE:

o ;‘ ey off
[
i‘; = apd + az) f E—(ﬂ-mﬁ(f) + 1) A€ + Ry.

0'1‘(,'10,;1.11. 1Y HHM

Y Ry de + f of s de f bi(al;-d(?}) v Ry)d.

Meuas nopaTox HHTETPHPOBAHKS BO BTOPOM CITATASMOM, MPHBEIOM 2TO
YPARHEHHE K CASIYVIOUIeMY BHILY:

'
a4t} = f}C(t, 780 dn + 1R, (7.63)
0
coe K(#, iy, 1) = miag(f,0, ).

£
Fadt wd o1t
glt.m, ) = fﬂ.)lt‘“ %d&, (7.64)

K

j (!2"[{! t
R= f{JE Radé + [ Riqdi. (7.63)
0
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Coreayer 3aMeriTh, 110 B ypasdedud [7.63) sennunne K(t, 4, 1) 0o
CAMOM 18,18 3aBncar o1 A 1§, NOCKOAbKY g 3asucHt o1 A w4, HO
BXOISIINC B @, DOJTUUHERL A H 0 ML PACCMATPHBACM K4K HIBCCTIILIC
hyHENHN 1.

OlT.EHHl'T TEIePh BEHNHTAHBL f | R? III_).Hh.';iV\'F[Ch }}KP JMOKASAHHRIM B HA-
YAIC JAINIONO NYHKTA PABIGMCDILIM ¢ TPOMICIHeM K 1y 110 A u 4. Cna-
A2 ONenM 4. B cumy pasnoMepnoro cTpeMIeHya A o 4 K Hy.T0 npH
g = 0 nonyvanm a1 = F.(fg + oz, o 8) + ~(& g, vae (¢t u) = 0
mpu p¢ — 0. Hoaksyvack Termept coobDpakKeHHAMH, aHATOTH THBIMH MTPH-
MEHABIKMCA P ouedke [z B a0Kazdrenberse jieMabl 7.1, HeTPYyIHO
HULIVHHTh
jE' iyt
a

1
m
e

< Clem THEm, (7.66)

Heftersrreanno, cormacne 3° wmeem FL(Z0(8), §o(1), 1) < 0. Hostomy,
KAK H B TOKA3ATeThCTEE JeMMBl 7.1, B ey Manoet Ilyz mpi # 2 o,
IIC 7o DOCTATOMIIG BONHKS, O 4 — 0, U PABHOMCPIIOH MamocTH F(t, i)
npH ¢ — (0, uMmees ay; < — 2 < 0. danspefimes apaacT1ea TOBTOPCHHe
pACCYIKIeHHH meMubl 7.1,

Hrak. maecer vecto (7.66). Jasace, 09CBMIIIO, TCPBLIT 3KCNOMCIITE-
ACIBHBLL COMHOKUTEND B BBIPAKEHLH, CTOALLEM LIGI 3HAKOM HHTelpa.1a
B 4. OPPAHNYIEH 110 MOJYITK HE SABNCALLER 01 g KORCTARTOR O, 1 103 10My

foa— e
|q| < fﬁ?%

n

df < O {7.67}
Onennv teteps B. B cuy JevMMbl 7.2 neew
! :
\Rl< [ Ce™ >80 gde 4 [ Cpedy < Cp, (7.68)
0 0
apyramd caosaMi, It = O(p).
O6paTusica Tenept ¥ vparnero (7.63). Honnsyvacs onenkamu (7.67)

¥ (7.68), DOy UM HCPABCIICTBO

‘
8] < & [ |6l dn + Cp. {7.69)
9

du

Boenem « = f 8] dyy. Torna = |#] u (7.69) naer

du

&t

IMomnsysacs nemsol 2.1 o udepepennnaanLubiy HOpaRCICTRAY, TOTVITHM
OICHOIA

(7.70)

| < plett = 1) < pletT = 1) < Cp. (7.71)
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CrcaopaTtenono, s cuay (7.70) % < Oy o
|6 < Cpe. (7.72)

Moavsyace renepr (7.62), omeuxoit (7.72), uepasenctoos R < Cp
w onedxoli (7.66), momyany
f'e_inl'”'_gl v -
|A] < J/ 'TC,U(EE < (e (7.73)
0
Ghierkn (T.72) 1 (T.73) W COCTARISANT ¥ TBEPIKJIEHNE TEODEMBI T.3, KOTO-
pas, TAKHM OOPR30M, JOKASAITA,

3. HocTtpoeHHe ACHMITOTHKH (DYHIAMEHTAJBHON CHCTeMBI
pemteHHi ona auHeliHoro ypaBHeHHA BTOPOro NopAlKa ¢ Ma-
JIBIM OAapaMeTpoM IpH cTapiied mpousBogHo#. B paie samatt Teo-
P KOOeDAHMI, KBAHTOBON MEXAHMKA W . BCTPEMASTG] CHHIY L PHO
BOSMYVIICLILOC VPABIICHHC BIIA

12y + QHayy =0, (7.74)

I YAOBTCTROMSIIONe: Tpefonalmay npeanayiero nyinkta. K ortony
(?A?:l} III‘]IIHH,'[.'[P.)KI"I'I'? B ‘-THC'I'HOI’.'I'H: ‘\"E)HHHP.HI'IP. JMBUACHHA MAATHWUIKA,
(7.11) npu oTeyTCTIBHE TpenHa, T.¢. b caviaae a = 0, Jrobu yvpas-
wenne (7.11) enesoch k cuetese Tama (7.14), nna koTopoil BLINONe-
HO yenoBHe yorofinueocru {7.18), nemxamee B ocnone seeil reopun . 1.
IVHKIO, 4T0OLI ¢ OLLIO oTaHynLIM OT uyvas. Ecan me o = 0, 1o Teopua
.1 Henpumenayva, Kak n3pecrao, B 970m GIyase peinenne ypasHenmns
(7.11) HocuT KO1eDATENBHBIA XAPAKTEP {BCJALNCTBHE MAJNOCTH 4 Ko/1e0a-
HUA GYIYT HMeThb 0YeHE DOJTBIIYID HACTOTY ), T. 6. ABJISHHE KAUeCTECHHO
OIIHYMACTCH 0T PACCMOTPEHHOIO B . 1.

[MoapavaAcs THHEHHOCTHK yYpaBHeHHA (7.74), MBI He OymeM CBS3bI-
BATH MOCTPOSHHE ACHMITOTHEY ¢ 3RTAHHEM JIOTOMHUTETLHBIX YO T0BUTH,
KAaK 2110 ORLITO CHelann B IT['JQJI‘I':[,'[}-'III‘QM IT(\-'HK']‘FL 1718 PACCYMATTINRAMIACK
HAMAILHAT 330498, 4 OOCTABHM UEJLIO TOCTPOHTL ACHMOTOTUEY (vl
JAMCIITATRIION CHOTOMEBD DOIMICHHE, ITO TACT BOIMOAUTOCTE TMOIYTIATE
ACHMUTOIHKY PelIeHri, CUPeISIASMbIX CAMBIMY PA3HOODPA3HLIMI 10~
TOMHHTE TBHBIMA YOTTOBHAMH.

Gynem upennonarare, 4o Q) #£ 0 na cervenre ¢ < o < I apos-
ELCH TPHKUD] HepepblBHG audiheperuupyemol yHgumnei (uua onpe-
I8 IeHHOCTH OvieM cuTate (H{x) > 0).

[lepeiisies B vpasrernn (7.74) k HOBOW HensnecTHOR GyHKIMA o, 110
TIOKHT

Y =wu, TAC © = CXp [ﬁ / Qi) (f.'l.':| . (7.73)
£
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ZamMeruM, 9TC v b cnyvdac () = const IepexoguT o (r)cp[;—i {z— a}} H DLI-
PAMKEHHE i = i, 1NE 1 = CONSh, AR HETCH NPOCTY TOMHBIN DELLIEHAEM.
TTpousseas 6 (7.74) ¥KaBaIIYIO 3AMCIY, N0AYHMM VDEBLCLMC

pu' 4+ 2 Q + i)’ =0,

KOTOPOC 3A0HINCM B BHAC CHCTCMDL

prl = —282Q —iuw@', w =z {(7.76)
TMonoxun x1ecw popaannue g = O noayuns 220 = —wl)', o = z,
OTKY 14 ,
W= -1
. R

DBosbaem TacTHOE pellieHde 3TOTO YPaBHEHWA, HMEeKIee BHIT

alx) =

OrasplpaeTcs, eCnH (2] TOICTABHTE B (7.73) BMECTO , TO IOJIVIHT-
CA UPHOJMZKEHHOE (B ACHMUTOTHHECKOM CMBIGIE) [IPEACTABICHNE (115
HEKOTOROLG PRLeHWA VpasheHua {7.74), Koropoe Hazoeem i (z). Obo-
IHAYHM HEPes yal{d) PDEIeHHs, KOMILVIEKCHO COUPAMennoe g (o) g = yf .

Teapema 7.6, Hyvers ¢vaxuina Glx) > 0 0 TPEEIL HCTPCPLIBHY
Acpcheperitipyema va (o, B, Torna na o, 6] cvinecrayer chyHaanenra s
A CHOTeMa pemeinfl vpastcnaa (7.74) sraa

= {\/ﬁ + 2 {x. p)} (’.J{p[% j G(x) d;{:}?
1 i . i T o
{—m + 2af, H)} 'LJ{IJ[ Iz r:/ Qx) d‘c] ,

mpadey a1z, p) = Op), ealz, p) = Oly).

(7.78)

Y2

dorazateincrso. Homowmauw —2 =4, z — 2 = A, rne @ onpe-
aeaeno opyyaol (7.77), a £ =4 Jaga A w d nomyaum eucteay

HA = —2QA - QY — i, & = A, (7.79)
H ONpeae s 511 PYHKOMH HAYA TBHBIMH ¥CAOBHAMH
Sla)=0,  Ala)=0 (7.80)

{'I'F!M CAEMRIM AR (bal('l'H‘le{’.Kli 3A1IA8M HAY A ThHRIS }-’(’.,JI['JHHH AL T 2')‘
Panobnou JOEAIRTCALOTE) IR B0 9T,
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J.) ,H_()K}DK(—!M CHa'lad1a, Yo
d=0). A=0(u). (7.81)

Brioanenne covrnomennii (7.817 ozHauaer, 410 CYIBCIBYET DENIEHNE
cuerempl (7.76), umowowee s w = # + MNp), 2 = £+ Oy, n, cie-
IOBATEIBHO, CVIIECTBYET POIIeHHe Y VDaBHeHHA (7.74), npeictasunoe
nepBol hopMyaoi (7.78). UTo KacaeTea BTOPOTO PEIISHHA Y3, TO, TAK
K8K Y2 = ¥, TPOICTARICIHC LT 2 OTICALION TOKWATCILOTRA 10 TRC-
g . - - oy — ¥
over. IIpn stom su(w, 1) = 25 (i, 1}
s moxasarenserna (7.81) nepeiizem ot (7.79), (7.80) k »rpuBa-
JICHTION CHCTCME HITCTPAJLIILIX YPABIICIIHT
Q) — )| B ew
Afe) = e 7T er,
i
H 7.832
. (7.82)

iz) = | M),

OIKY. & [l()]_)(_‘ﬁ,}lt‘}[ K YpPaBlICcHMIG, CONCPAEAICMY T ILKEO A(J)

A(:r.}:f ‘Q (f_\(g dg) Sifad

4

T
_:_JI"
i

- j r)e

["IHT(—‘.FI‘JHP}’H My TACTAM BTOPOE CIIAFAeMOS DTOT0) BbI[RUKEHHA, TIOVTY -

A

T %f@d.::
(1) =< SQ{T [ dg) /
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Takum obpazoy, vpasHedue (7.83) n1pHHEMAaST BHL
£ T i
Al) = [ Bla, o dr [ A dE+ [ Ale. AT dr + ale mi,

PH ATOM |O‘(.‘?‘.‘”U-)| < 6.‘ |.3('IE\T'.‘ -”)| < 31 |ﬁ.-"'("r.‘ T ﬂ)| < ’?a rae &. 83 A'_
HEKOTOPRLIE, He 3aBUMCALIHEe O1 i NOCTOAHRBIS. .\’IQHHH B IEPDBOM Cllalas-
MOM MNOPILA0K HHTCTPHDPOBUIINI, TTOSTY SN

X

f A(g) de f Al rpydr = [ Bla, & pA(E) de,
t £

t
rac 3w, £, p) < 4, 0 — ne 3ABHCAMEAS 0T jt NOCTOAMIAA, TCM CaMbIM

yparHeHne (7.83) mpeodpasyeTcs K OKOH'ATe ThHOMY BHITY

Alx) = / Kz, 7. i) AT dr + aft. g, (7.84)

viae K =80, 7, )+, 70}, 1, cienosarensyo, |[K (e, 7, p|< K
{nocroannaa K He 3aBUCHT OT fi).
Tepeiinem o1 vpasendsa {7.84) k HepapencTey

€
|[Afw)| < fK|A('r)| dr + & (7.85)
i
Brenem nobyio dyHrimmng uw f [A(T) d7 {ananoruuaHne nocrpoe-
dw

HHA fbLINH IpOJIEIaHbl TP J0KAZATETbCTES TROPEMEBL :)) T(]Fﬂ,rl d =

| = |A| nus (7.85) cncaver

<K

u

dw -
‘ T + ept.

TMoassyace nemsoi 2.1 o udebepenimnadibanx HEPABEHETBAX, NO IV IHN
OTCHYIA

| < n‘u(.‘f(b_“} -1) < ajt ( Ktp—ar _ 1) < Cpe.

=12

< KCpu+ ape < Dy, wto nompety-

dx

Cregopatennino, [Ar)

PTCA. AHATOTHYHAA ONEHKA 10A () MOTVIASTES W3 BTOPOTO YPAaBHe-
nps (7.82). Takmy ofipaaoy, oenku (7.81) DoKa3aILL.

2} ¥OCUHMCA TOLHOPDL, TO PCLCHHA ¢ 1 2 = ¥} JIMHCHLIO 1He3aBucu-
MLI, JOKABAE, ITO ONPCICTHTCL Bponckoro Dy, ye) OTIRYICH OT 1YL

Hueen ..
44 ETReY

wr! + oz ute™ 4 oztet

_lnwy
D) =
(?fl.?}z) ‘yi yrj
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Yunreigaa, wro v = ;_}Q""' HOJVUHM Uaies

) - u* _
Pln) =007 104 ; —uwriQ4 20| =
7 7
_ig 1 u* _
oM+ ) —wt + Q)

= 20 + 0] = - 22 1 0,
O'[K}"_Jﬂ- ‘_"}I\'(:‘ ACHO, YTO 3Ta BeJITYIHHA OTJTIHYHA OT Hy.TA-
Taguy ofprIoM, 1 | Yo = Y] TCHCTBHTEALN0 00PAsVIOT GYTIIAMECT-
TARHYI0 CHOTEMY PRImernil, u reopema 7.6 noxasana.

3aMedaHUA

1. MoK HO J0KASATE, 470 aHAIOUHYHBI PE4Y IbTAT HMEET MECTO 1 115
ypapuenus py” — Q*(x)y = 0 ¢ Toll pasmaucii, 9to 5 (7.78) cacayer ¢
3AMPHHTE SIHHAIE,

2. Ilonvvendsle AcuMITOTHIECKHE GopMyTel (7.78) TepAnT cMBICT,
ccam ua (o, b nmewrca 1oukn, rae §(x) obpawaorca B ny. . Takue ro4-
KH [IA3LIBAIOTCI TOMKAMH HOBOPOTA. TCPMHEI IPOHCKOINT H3 KBATTOBOH
MCXalHKH, FAC [ICKOTOpLIe 3adadn 2 ypasucenusa Hpéouurepa o oa-
HOMEPHOM €/1VHAS NPUBOIATCA K ypabHeHuw Tuna (7.74). ITpn nannann
TOUEK HOBOPOTA ACHMITOTHES CTPORTCH BOL1ee CHmEHBIM 0BPa3oM 1 co-
OTRETCTHYKHNASA TEOPUA BRIXO,MT 34 PAMKY HACTOAUEI vuebika. Me-
TOM MOCTPOPHAA ACAMITOTURH perreHuil ypasHenuidt tuna (7.74) B Jn-
IUKC 9a0TO Ia3bipacTea BEK-MeToa0M Mo UMOIH YIOILIX PHUIHKOE
Benuensa, Bpuaamosia 1 Kpasepea, pazpafioTABIIMY COOTBOTCTDY IO
ANTOPHTH.

3. Meron HaMB UPOLEMOHCTPURPOBAH HA npnsepe (7.74). Coeavern
QUHAKD, 3aMETHTb, YT0 00T MEeTOI PACHPOCTRAHASTCA HA CHHIVJISAPHO
BOSMYIICUULIC CHCTeMBL Gostee ofero suia (oM., uanpumep, [20], mue
NpPHBSIEH NGIPOOHBIN AHANHS OCHOBHBIX Haell MeToma, ero ganbHeiines
PASBHTHE ¥ CBASE ¢ BOMPOCOM TAK HABHBAMON DOry AR Al CHHTY -
,HHDH('J HOI"SN"I:',-'III‘P.HHhIX ?ja._.'l‘a.'-l).

4. MeTomn, pre.Il.HeHHH. PaceMOTPHM YPaBICIIAC

Yo=Y (), p(0,1) =5 (7.86)
| § 5 NPCALIOYIICTO A3BCCTHO, ITO IPH ¥CJI0BHH ,:LUCT&TO‘IIIOﬁ TIMAaOKOCTH
npagoii TactH {7.86) BHa HekoTOpOM cervente [(L, 7] pemenus samacia
(7.80) NPELCTARKMO ACHMMIFTOTHIECKH MHOIOMUIEHOM 10 CTENEHAM i (18-
opena. 7.2). O/IHAK0 NDU PelleHul DAIA BOIPOCOR MATEMATUMECKOH thh-
3HKH NPUXOOHTCA HCCIeIOBaTh PEIICHHE Ha ITPOHBBOIBHO SONBIIOM TIHO-
MUZK VTR H3MOTICTTHST f. MATPRHMOD, T fr J./'U B stom COTYHAC OTTHCAI-
IILIC T éi 1 MOTOODI HTCODAMCITHMBLL
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Fror eayiall eCTeCTBEHHO OTHECTH K KSIaCCy HEPervVSIAPHO BO3MY-
merdex. OOpaTHM BHUMAHKE HA IO, WTO 3AMEHA IEPEMEHHLIX § = i
HPMBOHT K KOHEUHOMY TIPOMEKYTEY WIMEHeHHMS £, HO ¥YPARHEHHE Npn-
HUMAEST BHJ

4y _ <

g = Y&/
B aroi Gopme HEPeryAsPHOCTD BOSMYNIEHHH CIAHORKICA OCODEHHO X0-
POLLO 3aMeTHO.

I HacToAmeM OYyHETE MBI ONHIIEM ACHMOTOTHYECKHA METON I71A He-
PETVIAPHO BOSMYIIEHHBIX CHOTEM, TAK HARRIBASMBIH Memod yepednenis,
ocHoBhl KOTOROTO 3anaorenst Ho M. Kpruosny v HOH. Borosinfosnim
[19]. BToT MeTom, KAK GYICT BHONO HHAEC, 0cOBCIN0 yI06CH 119 ONHCA-
HHA NCTHOCHHIBIX KOMEHATCNBLILIX TPOLCCCOb.

CdopMynupyoM OPARKIIO MOCTPOCIIHA ACHMITOTHEH, KOTOPOC JACT
MeTon yopenHenus. Brenen ryuxmmum

T
Yin) = Jim % [ Y, (7.87)
’ ¥l

ABSTIONCCA CPeFHILMIE FHOMEHILAM Y TIHABOH YACTH TTO SBITO BXOMAIICMY
nepeMennovy £ [epeveddoe i mpy 9Toll omepaliny cuuTaeTesa huKcH-
POBALIBIM.

Jameaanne, 13 cayvae OIPAHUMEHHRIX  TIEPHOIMHMECKAN 10 1
(l)}-’HKI[I'Ii"'I ((‘ HepuoyIoN 2 s OI[['}F‘.JLE..‘TEHHOC'I'M)
2T

2
Heticrerreaono, T = 2kx + 7 (0 £

T
. 1 7 «-
lim = { Y 8ldt = lim
Torne 4 uj (n1) k= x 2hm(l
_ 1
B glll,r;; 2T

0
TIpeanosmeEM. YTo KpoMe Npeocinlnix cooTuomeni (7.87) cnpa-
BEILTHBBI TAKKE COOTHOUEHHA

_ "
) M T ) ~
dg — .fh—rsli‘, T UJ[ i (n. t)edt, (7.88)
T. ¢. CPCIAICE BIAYCIHC TPOUIBOINON ‘?j—ln PABIG TPOU3BOINOH 0T CpelI-

HCTO AMTAMCIHA Y.
TlocTapuM B COOTRETCTRIE YPARHEHNID (7.86) cleTIyiomes, TaAK HASKH-
Ba£MOe YUPEUHEHHOE YDABHERNE, KOTOPOE B UpUHUnne upome (7.86):
(f! 1] ;
= u¥0), a(0) =y (7.89)
CropapemIuBa CIeoy mm(m TCOPCMA.
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.—-;

Teopena . ATvers

1% B mexoropoi obaacry |y < b, 0 < & < o, yvaxuns Yy, t)
HEMPEPLIBHA I PABHOMEDHO OFPAHHYEHA BMECTe ¢ OPOHIBOIHOE TeproTo
MOPAIAKA 10 Y.

2° Hpr y| £ b cviecTsver cpeades sHaterue (7.8
sasirn (T.88), upuuan npeigenntnii nepexon 8 (7.8
MOCTO PABHOMCDIIO OTHOCHTCILH0 11 € [—h, b].

3% Powecona y un 33424 (7.806) 1 (7.89) Cyiecrsyvior B HpHHALIOHKAT

b0 mpr 0 < i< L/ rae L e 3aBHCAMaT OT jr AOCTORTHIAL

Toraa papriosicpiro orirocrreasso £ € [0, L/ p] mrcer smecto npeacsts-

HBIl 1epexo.l

. A TAKXe CHM-

)
) 1 (7.88) umeer

-
7
i

Lim (y — ) = 0. {7.90)
pi—
HJoxasarenncrro. Pa('.('n-m-rpn_u BEJIHYHHY
]l —
win, t) = /'[}"(7},1‘.) = ¥ {(m]dr, (7.91)
0
d TAKIRE € LIPOU3BOAdHYHY LHO 7}
du _ a1 4y -
G - ([ {0?3 (1) - 4& } . (7.92)

H OoKakes. 4T0 B 061acTh |9 €6, 0 € £ € L/p copasenass cooTHO-
[IeHUA

=gy} ?):»; = z(1). (7.93)

30ech M B MAsTbHeeM YeIoBMMeA depes S{ ) obosHaalb JH00Y Ky BeTH-
YHHY, OECKOHEYHO MAJIVE BMECTE ¢ it PABHOMERHO OTHOCHLEILHO Mpy-
THX OepeMeHHbIX, HAIPUMED # H §, OT KOTOPBIX 2TA B THYMHHA 3ABHCHT,
Hrnimn conopavu, (7.93) 03nHauaer pasHOMEPHOS OTHOCHTEIRHO 1} o |
CTPCMIICIIHG it B Jug—::j K IVJIIO.

Hokaxem neproe ws contromenni (7.93). Bropoe nokaswisaetca aua-
aoruqne. Flmees

(i, t) = pt f[} () — ()] dt = ptV (3, 8).
0

Oyere 0 €+ < 1/ /p. Toraa pt < /i, 1 V{5, 1) papHOMEPHO OTpa-
IIHYCIG OTHOCHICNLIO B € [—4, b B cUNTY PABHOMCDIIOCTH IPOICILINIO
nepexona (7.87), re. puly.t) = O /). Beomowe 1/ i<t € Lp, 1o
Ji< L,oa s ey (T.87) mna modoro & > (F eyuweersyveT po(d) Takoce.
a0 pe < pgld) seimonmeno Vgt < 8/ F, el |pm] < 4 s seex
|| < b. Hostomy pu(s, ) = 2(p) ana 0 €1 < L/, 9to u 1pebopanocs.
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BB(—?.LT.P.)-I relle)ds B e MoT e HEe (13}-"]-11{”,1{}()
Flts e} = nlE) + preln(t), 1) {7.94)
Dra Dy HKIMS VIORIETBONAST YPARHEHNH)
7 =pY (Gt} + R §{0.p) =

vae R = {n+ pu) — pY (3 4+ pu, t) = pY () + p “}‘; 1Y (i + pru, t).

b
S TTHTRIRAA, "TTO

- Juuvin+ G, Je- l"(m) -V
Y+ e 1) = Y (0, 8) + e f)U i, 1),

MOSTYHHM
R= uQ%};}_'(n — i u G’ ) = peln) = ofp).

Herpyviano yboaurpea. yto A = ¢ — §F = 0 upr g — 0 pasuoseplo
orHocurensno € [0, L/p]. B canos jece, sennunna A yaosiersoprer
YPABHEHH) _
43 — 9 (74 gA HA + R (7.95)
Fisd dy
Ipu srom 0 < & < 1, B = o{p), A(0, ¢} = 0. B enayv venonua 3°
reopemel |F 4+ 0| < bupn 0 << L/p. Hoyromy cyuecrayer He 3asu-
CAMIAA OT f¢ NOCTOAHHAA N TaAKAasdA, [ITQ |%('§+ aA, t)‘ < N, uus (7.95)
MO TV MM o

'J: Ly

1Al = /c ' Rdg| < o(m) LeN!

OTKYAQ H CACOYCT PABHOMCDIOC OTinocuTeanto t € [0, L/p] crpemaenne
A K wwio mpu g — O

Tlouesyace 3rus pesy braros, COO'J.‘HOLUPHIIE‘\I (7.94) n ouenkoii
{7.93), momyaum (7.90), 1 Teopema 7.7 TeM CaMEIM DOKA30HA.

JaMeusnmna
1. ¥reepxOeHHe TeopeMEl 7.7 OCTASTCA CIPABEOIHELIM LI CIIVHASA,
Korza B {7.86) BeaMYHHA ¥ ABAASTCA BeKTOp-byHEUNed. B venoBmsax

TCORCMBI BMCETO %_}U CUTECTRCIITILIM ()61'}{-]30}1 MOABIATC A MRPOH3IDOOIILIC

dt; -
(')yd B JIOKAZATE hCTHE BCTDETATCA HEDOUIBHINE TEXHHYSCKAES OCITOXKHE-
Ui

HHA TP OIPHKE A, KOTOPHIE MOMKHO TPPOTONETE, MOTRIYACH COORpasKe-
nosame § 4 o, 2.
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2. Teopema 7.7 BeL1a chopyyIUpOBAHA | QOKQIAHA UPH VIIPOLLAK-
LM NDENIOIOKEHHH, 11O HE TONLKO pelerne i, () Bojiee npocrol,
YOM HOXOOIAS, VOPCIUCHIOR CHCTOMLI SICKHT B (—b, b}, 10 1 pemenuce
y{t, 41} vexonHol cHCTeMBI TAKXKS JEKHT B [ —b, h). OT aTore nocnennero
'I'Dgﬁnﬂa.HHH MORHO Ii.‘iﬁaI'il'['T'I')(".F[j HANHHB JIONOU T HU TENRHOE '['I'JpﬁﬂﬁaHl-Te
ua it ) g € [-hb+a.b— 8 npu £ ¢t £ L/p. O1cionn mepapeierno
[r(E, 12)] << b MOKHO TOTVIHTE KAK CIGACTREC. B camoM 1670, TyeTn npu
Hexoropon T € L/p uveenm |y(T, )| = b, 1.e. upIeIPaiibHAA KPHBASA
BBEIXQIMT Ha Tpaduny obnacti. Bossvem T < T, noctaToHo Hnmakoe
K T wroler y{T™ 1) ornanoes or (7 p) ne Dodee vem Ha 6/4. Tlo-
CcrOIBKY |[y(f, 1) <bupn QL # < T roupu 0 € # £ T cupapelinsa
TeopeMa 7.7 W IpH QOCTATOYHO MaablX ¢ seciHanHa 3T i) oriMaaercs
or y(T* 1) ue 6ouce yem na d /4. A roraa (T u) oramdacres or y(7T, .
parHOre b non —b, ve Bouee uem Ha §/2, wro UPOTHROPEINT TOMY, MTO

ne[-b+4.b-15]

Mporusopeane HpUBouRT K Brmoay, 4ro [yt )| < bona 0 <t < L,
a TorJa, Kax v gokasano, (7.90) cnpasegauso na seem [0, L/ g].

Moskno 66110 OB He TPEINOIATATb TAKHKE M CYIIPCTBOBAHUA Pelle-
Hua y(F, ). 8 QOKA381D 1o CyLecTBoBaHne B OKpecTHoeT! (1) noaobHo
TOMY, KAK 970 BLLI0 CHLIAIG, HAPUMep, B TeopeMe 7.2,

3. Meu npupesn smeck OpoCTellIIVIO TeopeMy MeTOIa yopelHeHHA.
CyiecTByeT OOMHPHAA JHTEPATYDA, NOCBAIMISHHAS METOLY YCpedHe-
WA, B KOTOPOIl NPHBOLITeS TOKA3ATCILOTEA DA IHYNLIX BOI0e TOMKHX
H CAOKHBIX TEODEM U CTPOSTCA NPHOIMKEHUA, IAKIIHE OOVHY ACHM-
OTOTHYCCKYIO TOYIOCTE (MOIPOBICe ¢ 3THM KPYCoM BOAPOCOB MOKIO
O3HAKOMUTLCA, TANPUMeD, mo Kuuram [10, 13, 22]).

Mpumep 7.2, Pacesorpum vpasueuwe sai nep o
=l =P e =0, {7.96)

OIUCBIBAIOIICE JTAMTOBLIH TCMICPATOD 1 TPHOIC ¢ KOJCDATCILILIM KON-
TYPOM B AHOMHOE nem (enm., Hanpuvep, (23] B xaure naerea meisog
vpasuenng san aep [Hons). YTo kacaetes aCHMOTOTHRY, TO @BTOPLI HII-
TOPECYIOTCSA CAYIACM, KOLOA [t IIC MG, i, HAOROTHE, peaako. ogeoun
Ha 31017 O0UBLILOH LAPAMET, L0V KM ¥PABHEHUE, B KOTOPOM MAIbIA
MIIOAATC TR ¢TOHT npH &', Takoe ypaBHCHHe TOXKC OPUIIALTCANT K TH-
Y CHHUVIIHPHO BO3MYUIEHHBIX, HO OIUCKHIBAET KOOe0anns, He DinsKkue
K FAPMOHMUECKHM, K4K B cay4ae (7.96), a kose0aHua MHOTO THIA — TAK
MA3LIBACMBIC Peaakcayuonise kodcfonua, Monorpadua E. @, Mumenko
u H. X, Pososa noceainena acCuMITTOTHISCKOR TEODUN PRIAKCAIIHOHHBIX
KOneDaHnil mad cucted obuero Buaa, paszsutol o1 C. TlontparnabmM
H ABTOPHAME MONIOTDAGHE.
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Tlepenuines (7.96) s BuIe CHCTEME]
! ! P
#=u, w=pl - -

M 3AUaINM HavadbHbe veaosus {0, 4) = @, «(0, ) = 0.
Beeaey HOBBIE DEpPeMEHHBIE 31 H i, IONGKUB

o=y cos(t+ya), w=—yrsin{t+y).

BB nepesenunix ¥, ¥ 1HOJYHHA CHOTEMY

:_._:
I

; 2 3
o ,-,-,[% (1 - ?jTl) — %1 coa2(f + ) + %1 cosd{t + yg}},
3 2
Yy = i [% (1 - %1) sin2(t + ya) — %1 sind(f + '_{a';g):|

npn yeaosuax ¥ (0, p) = 2%, 1:(0,5) = 0, aBaammyocT cHeTeMoll Ti-
na {7.86).
Yepeanennaa cucresa (7.89) umeer Byl

2 _
7 =H”T'( N HT]) =00 m(0) =" mi0)=0

Orcoaa () = 0. YpasreHnue LA 1 OraendAerca. B¢t nocrpours
MIGCKOCTD £, 1)1, TO, KAk ¥ HAa puc. 20 (maHHbil cnyaail oTaH4gaeTcs
TOIBKC MACITAGOM IO OCH t), HETPYIHO MPOCIEOHTE, 4T0 ecan 2" = 0,
TO CYIISCTRYET PelleHne 1 (], TPpUuOTHRAIIeeca TPH F — o¢ K 7 = 2.
"DTH PEMeHnA MOKHO 3ATUCATE B BUIE KBaapaTyp. [Ipubmkernoe pe-
meHde YpARHEHAA (7.96), MOTy TAIINeeca No MeTOMY YePeTHeHHA, UMEeeT,
TAKHM ODDAROM, BILI

= [t ) +a(pe)] cosl(t + c(p)). (7.97)

Ypavucune L1 1 HMCCT 48B3 CTAuMOUAPULIE peweunsa: iy = 2.0 Hm
OTDCMAIOT POIICHAA vpasiensns {7.96) sunon @ = [£2+ 2{p)] cos{t +£(p6)).

Bamerua, 110 PARI0KSHHEM 10 NAPAMETPY [ B crenenuoil pay (7.6)
npeactasaesne (7.97) #e nosyHTed.
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YPABHEHHA B YACTHBIX ITPOIT3BOOHBIX
TIEPBOTO IIOPAOKA

VPaBIOIHA B YaCTILIX TPOH3BOAILIX MCPROTO TOPAIKA TRATHIIHONIO
PACCMATPHRBAIOTCA B KYPCC OORTKHOBONTLIX MH(XBOepemanbiLiX vpan-
HCHHA N0 TOH NPHMHIC, ITO DOCTROCIHC HX 00UICTO POIICIIMA MOMKCT
OBITh UPOBEIEHO METCAAMIE, PASBUTLIMI B TEOPKKM ODBIKHOBEHHbBIX JuD-
HUPCTILHAILHLIX VDaBICIIHE.

Adudsbepenuaibioe ypasHeHHe B 4ACTHBIX LPOH3BOAHBIX LEPBOTD
UOPALKS HMCCT BRI

. . fu G Y _
F(.z:],...,x.”._ o a;) —0, (8.1)

rie F'— HeKOTOPAS 3d1aHHa A (DYHKLMA CBUMX APIYMEHTOB, 4 HEHIBECT-
HOH vHEUMER ABIgeTCq #, SABUCAIAA OT APLIVMEHTOB &), ..., &y,

Mbl OCTAHOBUMCH HA JBYX 4ACTHRIX Covaanx (8131, Dra rak nasnisa-
CMOC AUHEHHOE YPREHERUC

It
. du :
E @iy, oa) 5 =0 (8.2)
; A
i—1
W NGAINAUHETHOE YPACHERILE

1]
Z {E'."("I'.l'. T .'ﬁn,u) g_:i = ('l'(:’t].'- et "'E'-Ihu)v (8'3)

i=1

TIEe £, (1 JATAIMILIC d)}’IIKTIHII CROHY APRTYMOTTOR.

£ 1. JIlupelnoe ypaBHeHHe

OOpATHMCR K HAVIEHHKID YpasHeHua (8.2):

du ' Hu
aliy,.. ., Tnloy— + ot agln, .. )me =0 8.4
1( 1- 1 ??)d‘_tl + + ey (i, ; N)Odin ( )
IIverk 2y, . ... %, W3MeHSIIOTCA B HEKOTOPOI odmact G W NyCTh B ATOH
ofqacer pyuxuau (2, .. .., ) {8 = 1,. ... 1) 00IaTI0T HCIpCePLIBHILI-

MH YACTHBIMH HPOAZBOLHBIME M HE 1_>6pama.r0-rc_-.x WIHOBPENMEHHD B HY b,
IO MOMHO BRIDAZHTE B B YOTOBMA

Lt

Z "1;7)(3-'1 peeet Ty ?é 0.

i=1
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Pewenyent ypasnenna (8.4) Gyaem Hasblsars JB0OYH (hVHELMKG, 0010~
SARILYED MACTHBLIAMH NPOW3BOIHBIMH 0 APIYMEHTAM I, . . ., Fy, KOTORAS
obpamact (8.4) b ToxIceTs0. [COMCTPHYCCKH POIICITHC MOKIIO HIITCP-
NPETHPORATE KAK MOBEPXHOCTH B MPOCTPAHCTRE @, . . ., ¥y, th. BYIeM Ra-
SBIBATH ATY NOREPXHOCTh UHIMEAPRALHOT TOGEDTHOCTILT0,

1. ApyMepHBIA cayuail. PaccMmorpum cuavasia ciayaai =2 u na
IO MOSCTIHM OCIIOBIILIC HICH l'IOCTpOCI[I»[H IJL‘.I.LICIIH}'[Z*)

Al 1) 2% 4 Ble.y)2 = 0. 8.3

(. yhg + B( .,uJay (8.3)

Bbl].]ii_?h'()lll-l(_‘ CACEY MOEKNO NITCHIPCTHROLATD Kak CKa LAPLIoC [IPOAS-

BeNeHHE BeKTOPHOTO moda {4, B} Ha gradu = {% g—:} H, TAKHM 00pa-

30M, {8.5) 0314480T, 910 UPOUIBOIIAT 0T ¢ U0 LALPABIACIHIO BCKTOPA
14, B8} pasna vy, Qbosuaduuy vepes [ kpuevio Ha 1Lockocn (1. y),
KOTOPAA OOMAJAeT TeM CBOHCTBOM, MTO KACATEIBHBIA BEKTOD K »TOMH
KpuBoit kommuHeaped {4, B}, Ee napavetpitieckos npeficTap eHue (na-
])af\'Te'l'p('JM ABASTCA f) MOYACH) I]O.-’T}"'—IH'I'h 3 CHOTEMRBI }-']'IHHHF!HII i

de _ qe. 9 _ e
i = Ale, ), = 3, y). (8.6)

Da30BbIc TPACKTOPHE CHCTCMBL (8.6) 18 IockoeT (2, ¥), KOTOPDLIC
ARIAWTCA HHTErPATLHBIMH KPUBLIMHA YPaRHeHAA

dy _ Blr,y) ( . de _ _4[.,;‘.‘,}))
dr = Az y) Wi YpaBHeHuR G = Bray) (8.7)

HABHIBAITCA TEPGRMEPHCHURNGMU YPEOHERUA 8 YACTRHE NPOtI6ndHber
{8.3). Bwecro naper yparHennii (8.7} 9a0T0 3AITMCHBAGTCA OJHO YDAK-
HPHHE B CHMMETPHYIHOR OTHOCHTENLHO i W Y hopme

dx ey

Al ) = Ble,y) (8.8)
B i1y verosui, maaokenmnx i ol 1 B (A7 + B? £ 0, dopos xekayo
TOUKY (G TPOXOMHT QINA H TOTLKO ONINA XapakTepHeTHKa (oM. T, 2, § 2,

3aMeuanue d.
Tlvere w = u{x,y) — noeepxuoctb ypaeHeHus (8.5). Byaew pacesa-
TRMHATE €8 HA/| XAPAKTEPUCTUROR, DM 3100 @ OyeT CHORHOR Py HK-
urch £ ow = wle(t), y(f)). Herpyano BHueth, 910 HOMIAsT HPOH3BOLITAS

oT # 00 § B cuayv (8.6) cosnaiaer ¢ esoll 1actoio (R.5):
du _ Dudr | Judy _ g0y 0u p ) 28
at = otdt Toya = Ayl + Blrylg, (8.9)

) IORAATEABCTRO, AOCBAWCHING MIOTGMCPHOMY Ay 0, OVICT COOCPRATECA
o 2.
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CuleiioparebHo, B CHAY ypapHeHua (8.5) “!“ 0. annmEara @ HHe-
TPANLHON MOREPXHOCTH COXPAHAET HATT XapaKTE‘])HCTHKOﬁ MOCTOMHHOR
SHUMEHHE, T. €. XAPAKTePHCTHKA ABMASTCA JUMHUEH YPOBHA HHTElPAIb-
Holl HOBEPXHOCTH.

Paccaorpim HEKOTOPY ) KDHBYH ¥, HE COBHAIAHILYH ¢ XADAKTEDH-
crukoll (puc. 21). Yepes kaxavio 1ouky A {zr,y) obmactu & npobe-
JEM xapakrepucTuky. Touxa ee nepeceuena ¢ KPUROH < (IHO3HAYHD
OTPICTACT BTY XAPAKTCPHCTURY, T. ¢ XAPAKTOPHCTHEHR OOPaIvioT -
HOMARAMETHYSCKDe cemeiicrra. B KAMeCTHRS 1TapaAMeTpRa MOXKHD B3ATTh,
HANPpHMeD, pacetoaine f mo Kpupoit ¥ o1
HEKOTOPOIT GUKCHPOBAIIIOR ToUKH (&y, Un).
Momomenue Tougd M ma KaE I xapakTe-
PHCTHEKE oupeaciseresa uapayerpoy . Kak
prano B3 (8.G),  MOMKHO 3a04TL ¢ TOTIO-
CTHI) 110 THROH3BONLHOTO CTATAEMOTO, TOSTO-
My O¥I0M CHHTATDL, 4TO TOYKY OCPCCCHCI
KA WOH XAPAKTEPHCTHER ¢ KPHBOR ¥ CO0T-
BETCTBYET 3HAMEHUK ¢ = fy.

Takum ofipazom, B obiacTi ¢ Kaokooit
rouke M, y) MOmMHO NOCTABMTL B COOTEETCTBAE NADY unceq (8, E):
f ONPCICTIACT XAPAKTORHCTHRY, TMROXOIAMYIO 9epes M, a b — smagenie
NapaMerpa Ha XxapaKrepucrake, orregaomge roure M. Tem camui abl
HMOCHM BIAMMIO OTHOSHATHOC COOTBOTCTREC (X, %) < (A, #) nan, anaan-
TUTCCKH,

Tue. 21

r=X(8,1), y=Y#.1,

f=0{(xy). t=Tlzy). (8.10)

B nepenmennbx (¢, 1) vpABHEHHES XaPAKTEPUCTHKH HMEET BHIL % =0
orkvaa # = €. Takuy oBpazonM, BAO b XAPAKIEPHCTHEN

O, =0C. (8.11)

llepemennne 8,4 v100HLI B 1OM OTHOUIEHHN, 210, NEPEHIA K 3THNM Nepe-
MCIILIM, MLI MOXKCM SICTKO IOJIVHHTL pemenHe vpapicenus (8.5). (06o-
FHATHM

u(i,y) = w{X(8,8),Y(6.1)) = v(6,1).

B cuny (8.9} ypapuedue (8.3) B uepemennbix v.f,t uMeer sy ‘(]) =0
([')F‘]]IEHI{P. COXPARAET CHROS SHAYSHHE BIGIL XapakrepueTkn). Tak xak

Gt = (b, 10 v ap.aerca dyvakupel 1o ko 8, r.e. v = F(8), a rem cambim
w(r, ) = F (O, y)), (%.12)

roc I NROURBOCILITNE (]')}’IIKU.H}'[ CROCEO ADRCYMCIITS.
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Mer pHXOAMM, TAKUM ODPa3OM, K BBIBOAV: o0uges PetueHis huate-
nitd (8.5} wsmeern sud (8.12), ade F RPOUFEOALHOR (PHHRUUR OP2YMEH-
ma G, y), ¢ (e, y) — aesar waemy (8.11).

C apyroit cTOROILL, CCMH TIAM KAKHM-TO 0BPRIoM VIATOCL TaiTH
hyHEIHID 2(r, i), 06IaTADNYIG TeM CROICTBOM, UTO OHA. TOXKIECTREH-
oo 00PAMIACTCS B OOCTOANNYIO BIOML KaKION MHTCIPANLIOH KpPHBOIT
ypapienua (8.8), T.¢. BOGTIL KKIOH XApaKTCPUCTHKH, TO B OCPeMCI-
HBIX (0,1) 2Ta (DyHKNHAA IO DKHA 3aBHCETH TOTRKO OT £, HO He OT f,
.0 (X (8,8), Y8, ) = §(@). [Mockoaeky B (8.12) F — nuponspoaniasn
PYHELMA, BBIPAKEHHE L1 001LeI0 BEIUIEHHA MOKHO HCATE He TOIBKO
B Buue {8.12}, HO » B Buae

ulx.y) = Flole, ) {8.13)

Hefierpureapno, Flp) = F(E(0)) = F(#), 1 Mbl UPHXOLHM OLSIb
K (8.12).

Mpuyvep &1 Hyers b (8.5) KOAQOUIMCTITL SIBASIOTCS TOCTOSIIH-

wi: 4 = Ay, B = By. U3 (8.7) waxomus y—vgr = const, rie 1y = By /4.

Toraa coraacne (8.13) obwee pewcnne umeer suy, u{r, ¥} = Fly — o).

uft,

t.y)
[ t=t 3

|
|
|
|
|
|
:
¥

Pue. 22

Dviknnsa Fy — vpd) Ma3LIBACTCST GOTVINCH DO CO CKOPOCTDLIO
H upodmiest Fy). Jlerko HOHATE CMBLCST 9T0L0 HASHAHHA, €C/ 14 2 HHTED-
NPETHROBALL KAK BPens, 3amenns & Ha . Hapucyen npodmiam sonnm
B MOMEHTH t; H f3 (puc. 22). [Ipw v > 0 n ¥y > &) BTOPOI npodus
CTIBHHYT BIPABG KAK CIHITOO TET0C TTa BeTrYrny Ay = (te — # vy, doi-
CTRHTETBHO, i + Ay — tofy = y — tpf|, T.€. B TOTKAX ¥ U ¥ + Ay monvbii
apryment F ogmn u 10T me, a Ay /AL = ¢, T. 0. CKOPOCTEL CIBUTA CCTh Uy,

Cornacno {8.12) wi {8.13) ofmee pewenme Ypasueuns B 4acrunbx
MPOHIBOMHLIX 3ABHCHT OT DROMIBOIBHON (PYHKLHE, T.e. COTSPKHT elle
BOTRINVIO CTENEHL NPOVABGIA, YEM B CHYUAE ODRIKHOBEHHOIO [LH]e-
DPHIHATLHOTO YPARHEHIA, AacCMOTHHM BOMDOC O TOM, KAKHM 00Da30M
13 MIKKeCTBR (8.12) MOMKIIO BLITOTHTE COHECTBCHIIOE POLICIINC.
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ITyere Ha KpuBGH 71, ypasHeHHe Kotopoll @ = x(s), ¥y = #{s) 1 Ko-
TUPAF HE COBILAIAELT O Xa.})aK'I'e[}l"l('.'l'l'll(()l"i HH Hil UOLHOUR HHTE LR TE 110010
AMTRUBHOR JJHABL, 3ALEHN JOIOJHATEIBHOE YUIOBHE

wlir )]s, = w(s), (8.14)

roe wis) — 3aIaHHas GHYHKLEA DepeMedHol 8. 9TO 300870 HASBIBASTCH
HAMABLHOH 32 1a0ei 1K 3aavef Komn 1 vpasnedis (R5).

Tax kax <) Be FrIAETCA XapaKrepucTnrodl, 0 (. y) suoan v me-
wacTes: @(r, gl = € = (=), y(s)), 7.0 auasgerea dynkmmeit 5. Tom
caMBIM & = {E), a w(s) = @[HE)]. Buaneune u B TOUKe £ HA KPHROH 7
ectrh w[QE)]. Eco reneps vepes rouky £ KpusoH 7y NPOBECTH Xapak-
TEPHCTHEY, TO e ypasHenne Dyuer users sua Ok, ¢} = £, a sHadeHns
PCLICIIHA B TOMKAX 9T0H XapakTepuerTHkd pasuo L[0Q{0(x, ¥))]. A Tak
KAK Mepes3 KKAYK TOMRY (7 IPOXOIMT XapaKTepueTHKa, 163 3t haop-
MY, A ABIHETCA BIPAAKEHHEM s Pemnedus B ook rouke obaacrn G

u(e, y) = W[, 4))]. {8.13)

C(J(JTBCTI'.’TB}"IUIH‘ctH FCOMCTRHHCCK A KAPTHITA TPCICTABRSCITA IT8 PIIC, 23,

= W[HE) = W[ (a, y))]

q)
& = Rlels). ys))

TN

5 82 o8

Puc. 24

Hetpymio # HenocpeIe TRCHNID NPOBEPHTE, 110 hopmysia (8.13) 1aer
HYKLHOC POUICHME: BO-LHEPBBLX, 310 CCTL PCLICHMC, TAK KAK COICPIKHTCA
B (8.12). a po-BTOpbIX, u{x, ¥)|-, = w[fH£]] = w(s), T. 0. ¥20BACTBOPACT-
A yvoeaonue (8, 14),
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JaMeuanua

1. Buecro ©(x, i) HO BCEX FTHX DACCVHCIEHUAX MOMKHO HCHOJIBIORATH
@i, y) (em. (8.13)).

2. Konewnio, caoayeT AMOTL B BUITY, YTo 10T nomyyaenns ((E) nyxmo,
STOBLT £ BIAOTH 4] 3ABHCENA 0T § MOHOTOHHO, KAK, HAMPHMED, HA VIACTKE
{#1,82) {puc. 24). Torza 2 = QUE) oupeacaons OLIO3HAMEG.

Ipuuep 8.2, Pacemorpum ypabHeHue us npumepa 8.1 1 B Kaue-

cTe (8.14) BOILMOM YCIOBRC

u(t, 0) = gelt). (8.16)
37eck ) eCTh TpAMad y = 0, mapaverpon § caysuaT £ B atowm coaviae

plty) =y —wot, pltaylly = —wt =& =00 =—{ v
(L, 1) ]

CHeToBaTOILIIG, HCKOMOC poierne #(t, y) = ,u(l{—“j) = ,u.(t - %)
Takuyv ofipazon, pemenne apigeTca Oerymeil BOMHON, Tpodhlab KOTo-
PO OHOSHAN RO onpeienserca 3aann0l dpynknmel g,

TIvers reneps 1 coBRaZAeT ¢ KAKOR-A1u60 xapakrepuerukol. 3aecs
MOTYT TIPCICTABHTLCS Pa3lLIe CAOVYAH,

ay ulx, y)|., = const = uy. Torna pemenue, o9eBHAHO, OMPEIRIACTCHA
HEOMHOZHAYHO, TAK KAK DeneHuenM ol 3a,a4u Hyaer nodas ks
ule,y) = F{{x,y), muwn 6w f(O(x, y)|-,) = wo. Haopumep, ymoxno
noay et f{O(x, 1)) = F(O(x,y)) — F{O(r, 1)+, ) + 1y (manormms, sto
F(&{z. |+, = const), tme F' yue npoussoIbHAA (DYHKIINA.

O} (it y)]~, # const. B 510M ciyHae DEICHAE 330490 HE CY IECTBYEL,
TAK K8K BCAKOC PCICHAC YPasicis (8.5} 0CToannge s10nL Xapakreph-
CTHKH H, {JIeA0BATEIbHG, INCTABTEHHOS HA | YOIGBHE YIAOBTETBODEHO
BhITh HE MOBKET,

2. Mucromepnwiii cayuai. Pacemorpum Tenepn o0mmd  coayyaf
{8.1) B npeqnoneKeHdax, ohOPMYIHPOBAHHBIY B HaTiste § 1.
Tocrasum B coorsercrene yparnenno (8.4) cucremy (cp. {8.6))

%:al(xl,...,:x”), r=1.....m, (8.17)
M cacTeMy s pasoBLIx TpackTopHil (cp. (8.8))
ﬂ—llz---zi‘,_f—ﬂ”. {8.18)

Humeepanonse kpuswse cucrness yposnenuti (8.18) nasusmomes ra-
PURTHEPUOTHURCMY YPOCHEHUA ¢ Wbl wpoussoonue (8.4). B cuav
YOMOBHH, HAJIOXKEHHBIX Ha KoadybHLUHeHT! &;, 1,14 cHeTeMbl (8.18) ume-
E1 MECTS TEDPEMA, CYNIECTRORAHUT 1 & (MHCTHEHHOCTI, U YEDET KANIY KD
TOUKY #=-MepHOH 00TacTH (G TPOXOMAT OIHA B TOIBKO O7THA XapAKTEpH-
CTHKA.
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Teopena 8.1, Biaodas xapaxrepitc THEE peinerite 1y, ..., 2, ) Ypas-
Hepna (8.4) coxpangerT HOCTOAHHOS SHAYeHIe.

dokasarenseTro. Jdeficrsurentsro (ep. (8.97),

ks i

din _ D Qu dti N7 O, :
ot - . a_j"; ot - - ax.J.[I'! _Os (819)

i=
T.¢. o = const.

H1es neetpocina obmero pemenua ypasnoennd (8.4) ArTA0TCA eoTe-
CTBCNNBIM OBO0MCIHCM TOrO, TG UMeGI0 MeeTo gna » = 2. Obaacts G
NOKPBIBASTCA XAPAKTEPUCTHKAMH, KOTOpHE OOpasyiol cemelcrBo. #a-
pucamee o1 # — 1 mapasetpor #1,. ... 7, 1. Kakaoli touke (21, ..., 7,)
oboactu G moxer ObITh LOCTABICHA B COOTBETCTBHE CHCTEMA 3HAUCHH
... B, t,mpuatom B, = Ol ..., x, ).t =T{xy, ..., 7). 3agzanuce
Br. . B BRGNS XAPAKTEPUCTAKY 13 CEMEHCTRa, 8l HALAMET],
OUPCUCITIONME TOMKY Ua Xaparrepueruke. Hmees wlay, ... 2,)
=w(B....,8,_1.1). Buepemennmx 8, ... 8,_.1 yparnenne (8.4) npn-
HHMACT BHA % = 0. Taxny obpazom, v = F(#,,....#,_1) u, cacoosa-
renbno {ep. (8.12)),

o, oo dy ) = FO (e, ), e O (g0 (8.20)

s obocroranua dpopmyer (8.20) Hay moTpebveTcd NTOHATHE TEpRO-
ro HHrerpada cucresbl vpasnenuil {8.18). Tlpu arom Ovaem upeano.a-
LATE, MTO a4, (1, ..., 70 B G Toraa (8.18) MOKHO SAIIMCATE B BHUS
HODMAIBHOR CHETEMEL

i i .
==t i=1,...,n—-1 %.21
iy, thn ' : ’ { )
a B KamecTRe A, ..., ¢, 1 MOXKID RIATL HANATLILIC 3uadcnda 2, ..

Lo 15 &n OvaeT urpats pont t. Comefierso pemenuil cucremor (8.21)
HMeeT BUT

e
o= Xy, w2 2%y, i=1 - L (8.22)

X BLIDAKACT 3AKON COOTBOTCTBIA MCKIY NAPOH TOYCK HITCTPRIILIIOH
Kpusoil: nasansuoi v rexvwei. Hx somuo nomMensts poaasn, 1 roraa
TIOMY ' THM

A= X e o), =100 — 1, (8.23)

rg X; e e cambie Gyarnne, 9o w K (8.22),) 1Ak KaK BRIPAKAKT
TOT HC 3AKOI COOTBOTC THHIL



231 Fa. 8. ¥pasuennua 6 «acmune npouiaoinms

Jameunnne To, yro cupasa s (8.22) v b (8.23) MBl uMeeM OIHH
u Te ke gyaxkuun, yI00HO UPOLeMOHCTPHPOBATE HA UDHMEDE JIHHEel-
HOH CHCTEMBI € HESARHCHMbIN HEPEMEHHbBIN ¥y H HEW3BECTHOH BEKTOp-
BVIKIHCH T ¢ KOMOOMICITAMH T, ..., T,_1. QopmMyiaa (8.22) HMeCT BHI
{em. (3.84))

o= Wir,) < W M = K, ")

o]

Paspemas oTnocnteIsne 20, noayiaacs (8.23), e,

a0 = W W T e e = K0 )

Dyukumu X;(eq, .-, 2] (2 5 (8.23) durenposano) Moxio HCHOILL-
IOBATE B kAvecrse 8 B nocrpoenur odwero pemedun (8.20). 3amernm
el 4o w3 BsauMHoil otparamoct Qopayn (8.22) n (8.23) cneaver,

D(‘\’lﬁ"'?;\rﬂ—]) ~
Dlry, o) 708 C

YTO

Oupeaenenue. Hepoviat unmeepason cueimess (8.18) nasbiBaet-
cA PyHERuMA @{x, ...y, ), OBpALIAOWAACA TORKIECTBEHHG B UOCTOAH-
VK, KODUA TOMKD E1, - .. i, HPODCTACT HINTCIPAJLIIVIO KPHAVIO CHCTC-
mbl {8.18)%).

Ouepuano, yoruns X(a@y,...,&,) B dopvviaax (8.23) apamior-
CA LUEPBBIME HHTEIPAlamy ciHiresbl (8.21), TaK KdaK 1pH HOACTAHOBKE
{8.22) B upasble yacra (8.23) oHM obpallakyTCa TOKAeCTBeHHO B Y. Oa-
HAKO HOPBLIMH UI'TCEPASIAMH MOUYT OLITL M JAPYUHe by UKUUE 1, 910 0C0o-
GeHHO ¥I0BHO HPU LPAKTUMECKOM DEUEHHH, HEPBRIE HHTEI PAbL HEPEI-
KO MOTYT OLITh TOAYYCHEL ATPHMCP, MCTOOOM HITCT PHPYCMLIX KOMOU-
HAUMEA (1A momygenna (8.23) HaOo pellaTe HAMANBHYI 38144y H 3TO
MeHee VIOGHO).

d—il.’| I
s T iy
iy + w2} = (e + 22). Orcoua xy + &2 = Ce™, 1 nepsoim

INpusep 8.3 = 7. Ckaagpipas 9TH ypabicHns,

nosyans -4
’ rhas
MHTEIPaI0NM Hvier

1 = {1+ z2)e ",

DBoiduTas vPaBICHHS, HOSIYHHM Fds(;rl —x3) = —{xr; — r), OTEyda
HAKACM APYVIOH HOPBBIE HIrarpadL:

wa = {1 — aaet,

1 Hnoroa MepBeIM HHTCIPAIOM MABEIDAIOT OO (PVIKLHK 2. o COOTHOMOUNG =
— COonsk.
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: T

[Tyere Haitiens i — 1 nepsblx uurerpaaos 2 (e, ..x,) (i =1,...
oot — 1Y cucrembl (8.18) n upu sroM

D{p1.. -1 ]

Doy, vn1) £0 B G, (8.24)
D(.’L‘J_._. s ".'TH—J.)

T. €. HICTCTPAJILL P15 . .« . . iy - Hesasucuot [16] ((8.23) npeicrapiier co-

O0ft npuMep CHCTCMB 72 — 1 HO3ABMCHMEIX MCPREIX HHTCTPAIOR).

Teopema 8.2, Boakove pewenie (.. .., 4} ypashenus (8.4)
HBAHETCH HeDBbiM HHTe DA oM cneresb (8.18), u, 00parHo, Besr il nep-
BBl HETerpad (e, ..., &) cHereMb (8. 18) Apiagercd pelleHes Vpas-
aenms (R.4).

JoxazatenseTso. [pauoe yvrocpaaenune Gak THHICCKH GhLTO 10-
KasaHo seine (om. reapemy &1, nenowry romagcrs (8.19), vie u = o).
A MORQIaTeIReTRA QODATIION) YTBCRAICTHI 3aMenuM 6 (8. 19) »

dg
HA ‘rj H BOSRMEX B KAaYeCTBE HCXOTIHORG TOAITSOTRO d—:’ = U i B Ka-
o '
UECTRE KOHEUHOIQ MOLY 4 ZLI f.!,:a'—; = (. Dro nocoenHes MoK HO
s

TUPAIITUPOBATL JHML 00 OCPCMCIIIOMY ¢, T. 0. BIOJDL XAPEKTCPUCTHEH.
A s roro, wrober e, .y } MOKHO DRLID CHRTATE PEINEHREN Y piAs-
HeHHA (8.4}, HyHKHO, 4roDEL 310 TOEKIECTBO DBUIO TOXKISCTBOM 110 HEpe-
MeHHBIM &, ... .%,. (JIHAKO IOCKOJRKY TI6pes KAKIVIO TOUKY (7 Npoxo-
JHT XADAKTEPUCTHKR, TO TOACIECTREHROE DARBHOTEG HYJIHO BIIOMIh KAXK-
IOl XAPAKTOPHOTHKW O3MA9ACT TOAEMCCTROINOE PABCTICTRO TY.II0 BCIOGLY

n (.

Teopoena 8.3, Begyoe pemente i = 1)
TPECTARUMG B BILTO

) ypapireimnt (8.4)

=V (e, ) e {EL T (8%.25)
e W, . .. Pa—1) — HEROTOPRAF duchepepeHurpyeMad (hyHKLLA CBOUX
APIVMEHTOB ©1, .. ,igu—1, 2 (e, . o) = 1....,n —1) — mepesia

narerpant cacresn (8.18), vionaersopdone voeaosui (8.24),

Joxanareneerno, Oyvukupa ¥, a TAKKC 2 (00 Toopeme 8.2).
ABMAKYICA PeIeinsmy (8.4), o,

Qe odY
(um +---4+ H,nm =1,

e 2]
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B raxaoil rouke obuacTd ¢79TH COOTHOWSHHA MOKHO PACCMATRH-
BAlb KAK CHCLTEMY JHHERAHBIN AMredpandecKuy YPasHeHuA OTHOCH e k-
HO ... ... o venosuw Z?’:l (:.';) Z£ 0, e, MMESTCH HETPHBHA ILHO
pemonne, COcToRaTenbIg, OTPCIGTHTCTL STOH CHCTOMBL PABCTI HV.TIO
reHy Ty B (G
D{."’-.‘:".'"‘rol'-" ' .'"1‘9?’!—1) =0
Dler, wn) =

Orciona no teopese ananusa [16; r. 15, teopeda 15.4) Moy ¢, 501, . ..
i1 UMCCTCA (hYHKIMHOTATLITAT 3ARHCHMOCTL 1 B CHIY VCTORNA

{8.24) 213 2ABUCUMOCTH MOKET DhITh TPRICTAR 1EHA B PAZPPITEHHOM 0=

HOCHTeThHO ¥ BHIe 3 = U(w), ..., 0,— 1), 9T0 W TpebyeTcd.

JaMedaHUA

1. Jokaszannag TeopeMa JaeT oDOCHOBAHHE NPHBETSHHOH BeIINE (hop-
My.Te (8.20).

2. Qopmyaa (8.23) npw nponssonbHol IudwpepeHimpyenoll ¥ odma-
JAeT TeM CBOHCTROM, 9TO B HER COTMTACHO TPOpeMe 8.3 COTePHHTCA JTH-
Boe pemnerne yvpabueHnsa (8.4). O npyroli CTOPOHBI, JIETKO NPOREPHTH
HOTIOCPCICTBOIIIO, 9TO NpH A0boi nuddopenmupyvesoi ¢ gy ukuua
ni (8.23) vaosacrsopact vpapsuceuuo {8.4); rem cament chopuyaa (8.25)
MPCICTABIIACT GHIICC PCLIETHeG YpaBicHung (8.1).

TlocrasuM ToUOPL LOUONIETCILIOC ¥CIOBHE, JAIOICE BOZMOALOCTE
13 MIOKCCTD:, (8.25) DLIICNUTL OIHO pemciuc. dns 3Toro NvEILO 34-
Jarte B obJactH G Muoroodpasue v — 1 H3Mepelnil B DA 3TOM MIOTo-
OBPA3HH 3ATATH 3HATIRHEE HCKOMOUO pellteAdd (B enynae n = 2 v 1.1
BUAARATACH KPHBASA Y1 ). [I¥CTh 9T0 Muoroodpasie (0803Ha4uM ero to-
FHE Y| ) BANACTCH HAPAMETPHHECKH (HEPES ILAPDANEIDB §1.. .., $,— ) B Bi-
ae ;= wylsn . asemt) (8= 1,0 1) 0 MCKOMOS DEIIeHIe HA HEM 3a-
JAETCA TAKKe Kak (YHELNA NAPAMETPUB $1, ..., 5,1

.u,|_|.1 :u,I(S].......,¢‘s‘”__|} (82())

{Ha'1aJbHAA 33843, KM 334818 Kown).
IlveTe maBecTHbl 7t — 1 HE3ABMCHMBIX LeDBBIX HHTEIpAUOR ;. ITMeem

@il = @ilwi{st,- - osnm1)s - wndse, o sam1)).
ObBo3UAMMM
S=wi{wilsiisa) s ownlsn, o u8a)). i=1m— L

Mpemonoaum,. wro sra cnerema o — 1 ypaenenuii ¢ 1 — 1 Hews-
BOCTILIME 5, ..., 8,_1 PAIPCIIHMA OTHOCHTCIALIO 81, ..., 8§51, TAK YTO
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§ 2. Ken3uauHefinHoe yposHeHe

s, =806, Em1) =1, 0= 1), Torna peliesnen HocTas; 1eHHOH
sanadd Dyuer

w(zy,..ze) =w[(elen o za) e (@ oz

R P (991 (753 WP 00 IR, T S .,,xr,,))]. (8.27)

JelicIBH TN bHT, 310 BRIPAKEHHe ABIASTCA PEILEHHEM YPAaBHeHuA {8.4).
1aK KAk couepxxurcd s dhopmy.te (8.253) (M. saMeuanne K reopeme 8.3).
Kpoye roro, yunrhlBas. 1o &il., = ;. L0 M

ul':q :'J-J[S-EI [gl-.- -‘15?1—]): “‘1“:7—](‘5]5- --15?1—])} = l'-'L;(é'."l-.\- -~15n—l)1

T. €. YIORIETBOPASTCA VCNoRHe (8.26).

HecaenopalneM BONPOCOB OINOSNAMION WIH ICOINOBHANHEON paspe-
MIHMOCTH 320341 (8.26) ML 5 OBLIICM BHIC 3alIMATLCA e GyvoceM. dms
7t = 2 310 DLL1O GUC/IA0 BLILS, &1L 1.

% 2. KpasuianneliHoe ypaBHEHUE

OOPaTHMCA K M3V ICHIK YpaBHeHHA (8.3):

i
Zat(:m: o ._J:,],n.)% =a(xy,. .., Ty, 1) (8.28)

i=1

Dynmen npeanotarats, 1To ; (8 = 1,...,1) 0 @ apnaoreda andepen-
MUPYEMBIMH DYHKITHAMH CBOHX APTYMEHTOR 21, ..., 5, % B HEKOTOPOH
ofitactn D (p 4+ L}-3epiioro mpocTpalieTha MePeMeITnLX T, ..., T, 3.
Pewennem ypasnenua (8.28) 6yvaem naspiBanh J00y0 (DyHKLHI o1
APIVMEHTOB X, ..., 0Ly, O0NAJAKNYE HACTHRIMHE HPOUIBIHBIMI 10
3THM apTYMeHTaM H oOpallanilyio ypasHerne (8.28) s toxnecteo. Kak
H B CIVHAe THHeHOTO YPABHEHHA, 5TO PEIISHHS MOMHO [eOMeTPHISCKH
HITCPIPCTHPOGATE KiK NOBCPXIOCTL B ONPOCTRAMICTEC X1, ..., Ty th

1. Obinee peieHse H HadYadbHafa 3aga4da. CONOCTABUM VDUBLIC-
HHUE {8.28) cneuyowee JIHHEeRHOE VpPpaBHeHne:

Iy
Z ity ... ,ar,?,-lr.]ad,—; + aldy, ... ,:Irn,u)% =0. (8.29)
=1
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Teopema 84 Iyvews © = Viey, ... x,,1%) — POIISHHE VDaBHE-
nus (8.29). [Tvers ypasseure Ve, ey u) = 0 onpegeisger g obuac-
o D mepemeHHEIX @1, ....¥, HEKOTOPVE) OH(HEDeHIHNYeMYE (yWHEK-
mar u=p(x),. ... y) H OVOTH 0; lu=r 720 B G. Toraa u=p{x,,.... )

ABTACTCA PRNICHIEN YPABHOHHA | 8.28).
doxkasatearcTro. [lo Teopeme 0 HEARHON (JpyHKIHH

o __ OV 3w
(‘3;r,,- 83',- thu

H TeM CAMBIM TeBAS 9acTh YparHeHna (8.28) pakHA

”fal /01

a 370 B ey (8.29) coTh alr). ..., En, ), T. 0. vpasuenue (8.28) vnowme-
TBOPICTC.

kL3
=1

Jokaszanuaa Teopena W pe3sv.bTaThl MReBELIVMEro naparpada npH-
BOIAT K CICOYICICMY ¢Toco0y IoCTpocuns pemennii ypasuciasa (8.28).
Hykno nanucars cucremy yPaBHEHHE, OUPSISIsiONIY K XAPAK TEPHCT -
KU AHUCHBOrO vpasteuus (3.29):

oy _ o di (8.30)

Hurerpaabasie KPHBLIC cHCTCMBI (8.30), T. €. XApaAK TCDHCTHKH SIHIICH-
HOU'O ypasuenns (8.29), Mel OvieM HAZBIBALL LApORMEPUCINURIMU KEd-
suanneiinozo ypaguenua (8.28). Ecnn ypasrenne (8.29) yoopmeTsopaet
YCUMOBHAM. HAJOKEHHBIM HA JIUHeiiHoe ypashesne B § 1, o > xapak-
TEPHCTHKH 3AO0THAKT 00.1aC¢Th D DepeMeHHBIX Fp,.. ., 3, 4, TAK 1T0
Meped KKOYH TOYKY [ IpOXOnMT OJHA I TUIBKO O0HY XaPAK1epy-
cruka. Jdanee, 1o dopayoe (8.25) crponm obllee peliedds ypasHeHua
{8.29) {T0MbKSO TENEPD HEBABHCHMBLY HHTEIPAIOB OVIET 7t 1M OHH GyuyT
hYHELHAME 21, ..., %, 4):

p=T(p {21, Toa ). a2 u)) {8.31)

Javem, noaaraa ¢ = 0, n0Jy 1M YDABHEHHE JLIA QUPEAENEHHA MHOKE-
CTRA pemenait ypanmenas (8.28):

Tl (eg, ), nlien, ._mn,u)) =1. (8.32)

3ameuanne. Kax 6euio nokazano, hoprmyoa (8.31) upu ao0craroy-
10 OBIIIX OPCITOIOMKCIHIY COOCPRRT B POMICIIHA Y RABICIHA (8.29).
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Mengno JH CKazaTes, 1o Gopyyin (8.32) colepsur Bee PelleHia Y]as-
Henua (8.28)7 [Ipoasajausupyes HOKAATENBCTBO rTeopembl 8.4 [Ipu
IpoBepKe TOX IecTsa (B.28) MBI HCNOTEZ0BATH TOKISCTEO (8.29), 1 HaM

IOCTATOIHO, YTOGB (8.29) BBLI0 TOKISCTBOM MO X, ..., &, (IPH 9TOM
w = (2. .., 2,)). OnHaxo mpy noctpoendd Ve, .., 1, %) Tpedver-
cA BOTRIMes, A UMEHHO, 9TOOR (R.29) HBLT0 TOEILCTROM TIO 1, . . . , iy, U,

Mostony AMPHOPH He HCKTHYEHA BOIMOKHOCTE, HTO MOTYT ObITh TAKHE
pewmeraa (8.28), 18 koTopuIx (8.29) vAOBACTROPACTCS HE TOMK ICCTREH-
HO L0 Ly, .oy ®p, 8, & TOILKO Ipd @ = @@y, .. ,x, ). Takue poucims,
BOGDIIC TGBOPS, HC comepxarea b dopMyoae (8.32), O HaabBaoTes
ERCYUAADHBLMU PCLICTIHME. MOmMII0 DOKABATL, MITO CICHHATLIIOC POIIC-
HUg Cayiali ICK.TIOMHTENREEIN, ¥ B JATRHERITEN DACCMOTPEHHH MBI
HX IPHIHMATE BO BIHMAIHC 11¢ OVICM.

B ornue 0T JHHeHOIO CTYTAd B KBASHIHHEHHOM CIVTIAe XapaK-
TCPHCTHEH JOEET 1IC B OPOCTPAIICTBE &y....,%,, & b OPOCTDUIICTBE
Thee ety U LD TOMY FEOMETPHYECKUA CABIC XAPAKTEPHCTAKY 318CH
nnoi. Joxames coenviomui GakT.

Teopena 8.5 DBeaxas warerpaibaas DosepxHocTs = f{@). ..., 1)
COCTONT H3 XaDAKTEPHCTHRE B TOM CMbICTE, 9T YEPEe3 KAV TOYKY
FTOH MOBEPXHOCTH OPOXOAHT HOKOTOPAA HETHEOM [ TeKANIAA HA Hell xa-
PAKTEDHCTHER,

HJoxaszatenweTro. PacomoTpuy cuctemy vpasaeHwit

di _ _ drn 233
tt]{I].-,,,,-'Jﬂ'n.-f(lj._m?.z.'”}) T a-'!(il'le---f-i-'rt,-_f(x]..,,..:l:”))' ( . )
W
de; _ N ' '
et = iy, flan, o)) (8.34)
OUPENenAKIYIC KPHURLE B TPOCTPARCTRE (... ., ¥,. Dosbrenm oy u3

mux: &; = &;(¢). B OpocTpaleTBe 21, . . ., &y, ¥ CH GVICT 0TBCYATL KPHBAA
o =wad), w= fle (). wa ().

KOTOPES 00 HOCTPOCLMIO JICKMT UA MITCIPAILIOH HOBCPXIOCTH ¢ =
= flay, ... ra). Hokaaew, wio 310 xapawrepucrukd. deicrsurenns-
0. TAK KaK HMeeT MecTo (8.33), T0O 278 A0KASATCILCTRE TOT0, 4T0 Ya10-

BIOTREORSIOTCS vpasuenns (8.30), DoCTATOMIG OPOBCPHTL, STO du — o

dt
Ho d I OF d " of
g _ vr Xy ur ., _
dt ey dt Z du; 4 =d

i=1 =1

5 ey (8.28), 40M U 3ABCPIIACTC JOKASATCILOTE.
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Tlvere uarerpanbHad HOBEPXHOCTE HAM HEMIBECTHS, HO H3BECTHB
XAPAKTEPUCTHKH TODUA, CIM Mbl CYMEEM &CKUCHTE® U3 XAPAKrepu-
CTHK [UIAOKYH NOBEPXHOCTD, TO OHA 6YIST HHTECPAIBHON OOBEPXHO-
CTEH), TAK KAK BEKTOD {ay,. .., @, d}, KACATEIBHBIA K XAPDAKTEPHCTHEE,
BYACT TAKEKC KACATCTLILIM K MOBCPXTIOCTH, & CTCIORATCNLIN, BYI16T 0p-
TOTOHATEHRIM K BEKTODY ad—q:f] ey 5??3”., —1}, HOPMAThHOMY K MTOBEX-
HOCTH, & YCJIOBHC OPTOTOIANLHOCTH KAK PA3 H O3HAYACT BLINOIHCIAC
ypantennsa (8.28).

DTH MCOMOTPHILCKHC COODPAGKCHES IPHBOAAT K CICIYIOIEMY HCTOM-
kosanui dopuyvar {8.32). Cucrema vpasnennil (8.30) daer n-napaser-
PHTIECKOE CeMelieTBO XapAKTePHCTHR,, KOTOPOe MOM(HO, HCOUTL3VA 1. Tep-

BLIX HIITUTPATOE, TPCICTABNTL B BUAC
wilacy, L u) =8, i=1,...,n. {8.35)

AT ceMelcTRO XAPAKTOPHCTHE SAnoTIseT 5o ofTacts [ Hama sa-
Jla4a BRUIENHTE W3 3TOI0 MAGKECTRA (7 — 1)-MEPHOP NOJMHDKECTHO,
KOTOPOe OVACT 00pa30BLIBATL HHTCTPAILIVEY MOBCPXIOCTL, A 9To-
TO AOCTATOMNO CBAZATL NAPAMCTPH 8). ..., 0, TATIOKHEE TPOT3BOTLITY
JOCTATOMIIO TNAJKYIO CBA3L BHOA

T(bh.....8,) = 0. (8.36)

TMogetasams cioaa (8.35), noayyry (8.32).

ra'l'[v‘l e T'PO)‘IQ'I'DH MECKITE CO(Jﬁpa}KEHHH JIAKYT ROSMOIKHOCTh ITI)er|L,.||('}'
FHUTD CACIYIONYIG TROICIYPY A PCIICIHT 3A0048H ¢ JOTOMITHTCIBILIM
YEUOBHEM {3338 [NOWK ), KOTOPAR CTaBKTCA CACLY MMM 0DPa3oM: 10
pea {r — 1}-mepuoc Muorcobpasuc I') B mpocTpancTse zy, ..., &, U IPO-
RECTH HHTETPATHHYK) HOBEPXHOCTh. JITO MHOM0OODAIEE MOKHO 3a74Th
MAPAMCTPHICCKH T BHIC

= WS, a8, E= 1 0000m,
{8.37)
= wlS, . 8 ).
Takuy 0bpaszom, 3a1a4a U0 CYWCCTRY TR KC, Y10 U 448 JAUUCHHOTro
VPABICIIHA.
Tenepr bl 40UGKHBL CBAAE {8.30} HANOKHTE HE UPOHSBOMLHEIM 06pA-
300, a Hexona n3 (8.37). Jdaa »roro nonetasum (8.37) B (8.35):

:aoé(wl(sl.a“‘ ‘.'SIT—].)‘.‘" ‘aw(sla“‘ 55?!—1)) =, +=1...,n,

H, HOKTIOUAS OTCIONA §1, . . . 5 8, , TOTYHUM HCKOMYVIO CB3b (8.36), B KO-
Topoil W Hyer vike, BonDINE FOROPS, BIOJHE GUPEIENEHHOH (yHKNImel,
a (8.32) Oymer ganaTh pememde 3agadn (8.37).
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He upoeoaa 8 ofileM BUAe aHANW3) TOLO, KaKUe 0CODEHHOUTH M-
IV UPEACTABUTBCA PH BBUIOMHEHUH OIHCAHHOR ITPOLEIVDBL 1POC/Ie-
IHM BTC HA TPeXMEpPHOM CMy'uae (O0I00DHD TOMY, Kak BBELTO COSIAHO
B § 1}, KOTOPOMY OTBEUAET VPABHEHHE

Alr,y, u)gt: + B(;cr,y,u)% =,y u). {8.38)

3auaans T (B TpexMeproM Cauy4ase 910 KpHeas):
r=X{s), y=Y(s), n=U(s). (8.39)
Bumucrisacn cucteny (8.30), mucomyio sua

dr _ 4y _ du

A Jij o

H HAXONHM JBA TePBLIX HHTerpana i (x,y,u) (2 = 1,2). [loncrapnaa
(8.39}, momyanM

Pl X(sh Y (s),U(s))=8;, i=1.2 (8.40)

Herawmada ws 9rux ABYX YPABHeHHHE &, Hafinen cBase
V(g ,6:) =0. (8.41)

Tem campiy ypasucuue HCKOMOHR LHOBCPXuOCTH Oyucr

Ul (g, ud, (e, y,w)) = 0. (8.42)

CeomMeTpHYecKHD cMBICT TPOUSIVPEl OUeHb OpOcToil: HS KAk ool
TOUKH 3aaHH0H kpusoil [ seinvexaer-
£ XAPAKTCPHCTHKA, H BCC TAKUC XAPUK-
TEPHOTHEN B COBOKYITHOCTH  ODDa3y
HOKOMYTO  HITCTPESIBIYIG  TOBCPXIOCTI
(puc. 25).

BuceTo mpenctasmenma (8.42) 0 vi-
TOrPAALIOH  UOBCPXIOCTH,  HMCIOWEIO
HOpPMY HCIOCPCOCTBONNON CRIZH MOEIDY
T3, 4, THOTIA ¥IODHO TMapamMeTpH IecKoe
IPCACTABIICIIHC, CCITH B KAYCCTDO MapaMe-
TPUB B3Rk § 4, Cramewm, & Iyvers, na-
upumep, ey, u) = (0. Toraa oamu w3
HEPBRIX UHTEIPAIOB PARSH #, JADYICH

Puc. 25

ipg(lf, . U) 1 ACKOMYIO INOBCRXIIOCTL MOMKIIO 3aIllHCATL O BHAOC

=z u=101{s), y=ylz s). (®.43)
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e :E;{:J.', Ji) Gllpeda 13 iea HEsABHO YPaBHEHHe M

w2,y U (s)) = 92X (5), Y (5), U (s)).

IO MOCTCAINCE VPABIICIHE JACT NPOCKIHIO a MIOCKOCTD (1, i) XapagTe-
PHCTHKH, TpOXOIAMEeH epes Touky § 3agaddoi kpusoit ', a u = L'(s)
A8 FHAYEHNE AlLIHKATHL i Hail 910 npoeKunei.

IIpyu BrinONHeRrE LpoUedypsl, UpHeodgweil k (8.42), Moxer npeu-
CTABUTHCA OCODBIA C/vyal, A UHMEHHO, JIeBhe 44CTH 0DOMX ypaBHeHuil
{8.40) soryr obparurecsa B KoncranTs 1 (8.40) npumer nun

f; = e; = const.. (8.44)

B stoa ey ac epann (8.41) Takse HyeeT MeCTo. 0 ComepaRHaT BOILIIVD
CIELEHE HPOM3B0. 1A, & UMerHO, ¥ somker Orrrb suofofl dyakumeli, Juun
Ob1 ¥(ey,cp) = 0. Hampusiep, MoEHO DOJ0KATE

Bth.0) = B, ta) — ey o)

e & yvke upouszoasuan GYUKLHA DBYX APryMCHTOR.

Pascnetoo (8.44) osnasact, aro '] ABRACTCA XapakTCPUCTHKOR, H,
TaknM 00PA30M, ‘Iepe3 XAPAKTePHCTHKY MOMHO NPOBecTH DeCKOHE'HO
MHOD(G HHTETPAJTBHBIX TOBEPXHOCTEH.

IIpusep 84, Pacewmorpus ypapseHue nepenoca {1307 w3 o, 1,
B KOTOPOM © — [IOCTOAHHALA,

e oD _
St t oty = ()
¢ yenoeiem (132, rme nosoman a9 = 0,

w0, ) = uglt).

B »rom cayyae (8.30) nMeet aun

dt _de _ _ _dw__
1 v elx,
OTcioma cpasy HAXOOUM OOHH U3 MEDBBIX HHTEPATIOR: 91 = ¥ — v

Hamee uveen

Ci,—‘; = —cfa, P = —cfpy + ot thu = b(t, w1 Ju,
OTKY4A ¢ = COnst et e by oA M3 nepsoobpasisix or b {na-

NOMIOHM, MTO ¢ = const). Taxum ofipazoM, apyvrofl mepenifl HoTerpan

Hmeel BT
Py = “{7—51[1..1-—?.4}
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Tpu 2 = 0 useen (8.40):
# = —uvt. Gy =up(t)e T
Orcwia vaxoiny cpAs3e (8.41):
# = 71-0(— 9?—_-1)*’-_{’1 (-%0.) :
u dopmvita (8.42) qacr
g HEETE — gy (t — —) ',_h‘( _'-l:""‘_”).
Mozxtio naiiTi TakaKe ABHoe Bhipakenne aud v,

= ?I-(](f _ __) by if, r—m‘:—hl(f:—'l—...r—l:i).

Mpumep B.5. Jluneiinoe ypasHeHHE MOKHO IPAKTOBAIL KAK KBa-
siwmaeiiHoe. Ipr atoM ¢ = () 0 39BEI0OMO OIHHM U3 HePBLIX HHTECP-
JIOB HBAHETCH 2. D0 COUUBETCTBYET yeTaHosnennomy s § 1 dakry, 4o
BAOML XAPAKTCPHCTHRM # = const {Teopesa 8.1).

Paccyvorpum ypasHenue

gt — 9 = (8.45)

H PELINM €70 «KBA3HIHHEHHEM? ¢I0c000M. COoOTBETCTBYKIIAA CHCTEMA
(8.30) naeT MRa UepBRIX HHTETpATA: &) = . w2 = 22 + ;2. Qopyyna
(8.32) aaer ¥{u,x* + %) =0, otkvaa v = ¥{x? + y?). Taknw obpasox,
pelneHtenm ypapHeHNA [8.40) ABTASTCA TROMIBOIRHAA TTATKAA TIORE)X-
HOCTE BPALLPHIA,

PacesoTpiun Teneps pazTutiHbIe JOTOTHATETBHBR VOITOBHA:

AT, nopamas aunus, @ = ¢,y = &, « = . Onacannoii npuenm Jaet
B, = s, 8y = 25% = #, = 207, u pewenes zanaqu ovoet 22 +¢° = 2ut —
KOHVC.

B. T’y — oxpyxuocTe: » = cost, ¥ = sin#, ©# = 1. Takuu obpa-
300, [ ABAARTCA XaPAKTeDUCTHKCH YPABHERNS (8 45]. paccmarpubsae-
MO0 KaK KBasW IHHeRHoe vpasHedde. B nannom cuyuae uMees #) = 1,
By = 1, 1 pemteHres Svier nosepxaocts suna dlu, #2 +y*)— @#(1,1) = 0.
TeoMeTpHYECKH ACHO, ITO TePes SATAHHYID OKPVEKHOCTE Teiic TEHTe TBEHO
MOZKHO NPOBECTH OCKOHEYHO MHOTO TOBEPXHOCTEHR BPAIIEHHA.

B. Pacevarpunas (8.45) Kax JTHICHIION ¥PABIICIHC, MOEKITO MPOICMOT-
CIPUPOBATE CHYYAR, onucaddbii B Konne 1.1 § 1, kos@ pemenne 3a,1a-
i Komw e evimecetoyet. [IveTn ) 3000l B bHIC T = cost, i = sint.
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a it~ = 1. JI06ad NOBEPXHOCTS BPALLRHHA UMEST 10OCTOAHHYHY ALIHKA-
TV HA BAIAHHOE CKPYRHOCTH Yy, M, TAKUM 00DA3OM, yCIoHne w|, = ¢
VAOBJICTBOPCIO OLITL 10 MOKCT.

2. TToHATHe 0 Pa3pPEIBHLIX PelIeHHAX. YIapHEIe BOJHEL. D na-
CTOSIHICM MYIKTC MLI PACCMOTPHM 040 XaPAKTCPIOe MU KBASITHICH-
HBEIX VPH{BHeHHH ABMeHHe, KOTOPOTO He HabIHOMIIOCH I8 JHHeHHOro
civdas. IpoteMOHCTBHD yeM 5T0 ABRJIEHHE Ha UPOCTeilue M 1IPHMepe KBi-
SHIHHERHOIO YPABHEHHA B IPEXMEPHOM IPDOCTPAHCTBE (B IlePeMeHHbIX
4o i), upa arom nosomsan O 2, w) = 0. Takoi cayuai vace 6ol onu-
caH B NpeIbLIVIIEM IYHKTE H Ha Hey ObLIA IPOIEMOHCTPHPOBAHA Dapa-
merprmeckan dopyva sannci (8.43) nosepxaccrn (842}, 13 arom cayuae
HMCCM IB3 NCPDBLIX HETCTPAIa & M 23(t, 2, 1), & CeMOHCTBO XupaKTepi-
cTHE (8.35) wveet pua = 81, @ult, »,u) = 0. [poekipy »THX xa-
PAKTEPHCTHE HA TUTOCKOCTE (£, 0}, BOODBIE FOROPA, MOTYT MePeCeKATHA
{B OTAHYHC OT KAPTHIL, H30HDAKCIIIGH Da puc. 21, oTnocameiica x au-
HCHEOMY ¥PABHCHHIO). D10 LIPHBOUAT K CICAYIOWEMY 1A HCPBEIHE B31/1a
NaPATOKCHILIIONMY PC3YALTATY.

: 7}
1
L
-
- () L
t !
Puc. 26 Puc. 27
Paccmorpum rakoli npuuep:
du 3 Ju
ey w2 =1
ot Ty
Buaagus gonosnmreanios venonue w{l, x) = we(e). B naunow eayuae
Kpuead 1 yrof = 0,0 =&, u = ug(s]. Hepprivm urrerpanavn dyayr

2 y N 8 .o L) . .
w H o — w . [[peIcTaBneHde 108 HOKOMOR HHTETPATLHOH TOREPXHOCTH
MOAKHO TIOTYIHTE, 0 R3VACH opyynoi (8.43). Ono usveet Bun

t=1t a=s+uj(s)t, u=ugl(s) {8.46)

Ypaerenue # = 5+ ui{$}f OTHCLIBRET NPOKITHID HA. MTOCKOCTH (, ) Toi
XAPAKTOPHCTHKH, KOTOPAA TPOXOIHT Tepes TOYKY 8 Kpusoi [, a wls)
CCTL BIAYCIHC U AT ATOH NPOCKIHCH.
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3a4a MM KOHEPETHO #ols) = 1 — 5. PACCMOTPUM XADAKTEPUCTHEY,
NPOXONALYID vepes rouky L'y, orsevawmyw 5 = 0. Ee npoeknna ecre
r=t (npﬂmaﬂ 1 II‘d pHc 26). Touke s = 1/‘2 OTBCYANT XapakTCPHCTHEA
¢ TPOEKITHeH | 2 + —r (mpaviaa 2) v Tonike s =1 XapaxkTepHoTHEA
c npoemu-leifl r=1 (npﬂhmﬁ 3). Hax npasoli I uveenm w = uyfs) = 1,
nad npayoi 2 uvees v = 1/2 u nax npavoi 3 nvees ¢ = 0. Ho npamuie
1. 2 1 3 mepecoRaloTeA, B IOAVIACTCA, ITO, HEOpHMep, b Todke o1 sma-
TeHHe ATLTHKATEL HCKOMON HHTETPA/IRHON TOREPXHOCTH TOMAHO OBHITH
OJHOBPEMEHHO PABHO H HYIIK 4 enuHne (1).

Hosn roro arolsl paabpacHiTs 10T KARYIMBCH DAPAN0Ke, HARIEM
pelleHte nocTab;ieHHON sagaun B oasHoM suiae. Hveesm uw = 1 — s,
r =g+ (1 — 8)%, OTKY18, MCKIOUAR 5, UV

1— JT— 41— 1)

W= - (8.47)

(paguran HepeTes Co 3HAKOM «—», ITOOL YIOBJCTBOPSIOCH VCIOBHE
w0, 2) =1—=a.)

s pripaxenuna (8,47} HELOCPEACIBEHHO BUAHO, 'IT0 PEIUSHUE OLIpe-
nedeno aepee raneptono: 44{1 — &) = 1 (puc. 27, kpusaa L), B Toukax
runepfoisl L nouKopeRnoe Bhlpaokede oBpallaerea B HYI1b, A Jallee
€ POCTOM ¢ CTAHOBHTCA OTPHUATENLHBINM. Taguy 00patoM. B TOMKAX I'i-
OepGoIILl POIICITHG OOPCCTACT CYIICCTROBATL, SAMOTHM, YTO OPH 3TOM
Ju
o

GUrVPHPVIOMSE b TeOpeye 8.4, mapymaeTos.

Caena 0T rHICPHOTLT TERCCOTICITAA TROCKITI Xapak TOPHCTHE e TRO-
HCXOOMT M IHKAKOH «neognosinauiocTu» o pemeiun net. [pasvas o = ¢
«HE TOXOIHT» 00 Npavoil z = 1, Tak Kak opaMas @ = F cHadars oDazain
HEPECEth LHLEPDOIIY, 3 HA HEDl DRINEHHE NEPECTAST CYINECTHOBA .

— oc. Herpyaouo npoeepute, uto Ha auHue L yemnosue %—I” # (.

3aveuwanune Lunepbona L asnsercs vecrom nepeceuenns Hecko-
HEYHO OMM3KHUX NPOKUHE. B OAHHOM CIvdae orubapmeil cemeicisa
* = 5+ (1 — 5)*f. Ee MoxH0 HATH, BOCTIO TE30BABIINCE S-THCK PHMH-
HARTHOIT KPHUBOH araro cemeiicrsa.

To, 110 peleHte CYIECTBY ST JNLIb B OUPAHAIEHHOH 00JIACTH. MOKHO
mafiII00aTh B 118 OOLIKIOBCINILIX. THOpOPCIIHAILILIX ¥PaBICni, 10
pasoBpadHbii cefvac Ciyial HHTePeceH TEeM, 'TTO OH HMeeT Heuocpsl-
CIBEHHYK) CBA3b ¢ PACCMOTREHHBIME (DHSHUECKHMH 38 1a9aMH.

O6paTaMes K 3agade o 4 4 2 . 1:

%t} +p(u)g 0” =0, ulz,0) = uplx). (1.33)

Tyuknua pie), KOTOPYH MOMKHO TOTVUHTE SKCTIEPHMEHTATRHO, HMeeT
XApaETep, opederanacinntdt na pue. 280 Takum ofipazoM, dusmygccku
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HETePecHBI Cayyuall KAeoTBEHHO He CHHIIKOM CHIBHO OLIHUARTCT O
HPHMEpa p = 47, KOTOPBIA TONBKO 410 6L MCCAea0Bad. Ecrecrsed-
HO OMKUIOATD, ITO B PACCMATPHBASMON DHIHUSCKON 3aJ21e PeIIeHHS TTe-
PECTAST CVIIECTBOBATE Hi HEKOTOPOH JHMHME L, mpw aToM obpaTturca
B OECKOHPTHONTh TPOHIBOIHAA 10 1, TO100H0 TOMY, Kak U B pazohipan-
HOM mpryepe, Ho Renb (hyiapeckn mpoiece uMeeT MecTo o 3a auaued L,
T.e. 1A Gonemux {. BosrukaeT Bonpoc, KaKuM e obpazoM MoayvanTh
OTBCUAIIINC JATHOMY (DH3HYCCKOMY TPOLCCCY PELICITHEG, CTIPABCITHROE
3a manweit L?

s paccMaTpPHBACMOH 3a00MM POLICHHC MOMKIIO 3AlHCATL § DBHAC,
anayoruHoM {8.46):

t=¢ & =s+pluals))t. u=upls) {8.48}

Junuo L MoK naiiTd Tak L, RdK H B INPHMCPC, HCHOMDLIYI 5-
AHNCKPHMHHAHTHY ) KPpHBYHY, T. €. HCEMNEYAA § W3 CHCTEMbI

r=8+plun(s)]l, 0=1+ plug(s)]ug(s)L.

Kpueyo L ynofHo npeicrabnth nAPAMETPHYIECKH [DUATh 4Epes §)

LA

— 1 v pleo(s)]

 pea(s)uh()” ree P lun{s)]ug(s)

TTpoeKUMKN XAPUKTEPHCTHE B AAHHOM CAYHaE, KAK 0 B LPHMEDE, Hpel-
CTABTAKYT cOO0H NIPAMBIE, HPpUIeM HPAMAA, BRIXOIAWAA 13 Touky $ =,
= 5, umeeT HAKIOH plugls)]. TIvers wup(s) yOuBaer uo s. Tax xax plu)
BO3PACTART [0t (CM. pHC. 28), TO HAKJIOH XAPAKTEPHOTHKH YOLIBAET
¢ POCTOM &, T. €. XAPAKTEPHCTHKH CXOIATCA» K JHHHA L, AHATOTHYHO
TOMY, KAK 5T0 N306DAKeHD HA PHC. 27 T4 TpHMepa ¢ p = 1°.

Ecnu rabaodare nponece opH pUKCHPOBAHHOM & = g, TO NPH IPH-

Ormrenun ¢ K &y (Todka ({n. xq) mexur na L) St: YBOAHYHBACTCA. T, C.

nabnoaactcs peskoe miMenenne waornocty. Habonosaa dusuuccroe
ABSICIHEG, MOXKIO B CAMOM ICIC OTMOTHTL B ONPCIESTCHELIE MOMCHT Bpe-
MEHH PE3K0S HAMEHEeHUe ILIOTHOCTH: 'Iepes TOUKY &) B MOMEHT ty npo-
XOIHT TAK HARBBIBAeMAA YHOPHEA g0AHA. JATEM OPOLEC: CHOBA HIST JO-
CLaT04HU LILABHO, HUKa He ODPAsYeTca HUBAA YAAPHAA BOJIHA, HO MOKET
CIVUIMTBCA TAKAKS, 10 HOBOH YUAPHOH BOJIHBL He BOZHUKHET.

Kak e olMCATE NPOUSCT 1IOCJIe IPOXOEIEHNA YUAPHOH BOJIHBLY Pe-
HIeHue, onpenetsaeMoe kak IudshepeHuupyeMaa «hyHKIHA, YIOBISTEO-
psomaa ypasuennw (8.38), J1ae1 BOIVMORHOC Th OTIHCATH NPOHETT 1O b-
KO JI0 BOMHKTORCITHA YAAPTOH BOMILL ECTOOTRONNO, HanpalllupacTea
MBICIh O DACHITHPERTE TIOHATHA pernerra ypasrenus (8.38). Mu Hyjew
HCKEATL PCOIICIHC B KTACCC BASPLIBILIY (DYIENNE, DOTIHIAI XapakTep
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" L
plu) 0y /
I / Apll
Ar W

~Y

T /s

Puc. 28 Fuc. 29

PAIPLIBA OLPCAGICHLILIM TRCBOBALINAM, COOTBETCTBYIOMHM PU3HICCKO
NPHPOUC QUACLIBACMOID ARJCHHA. TAKOS pelweide Mut Oy oM HasupaTs
OOOMUEILIEBLM.

He 332apafch eALIo DOCTPOUTL 0DODIIEIHON (PASPLIBHOC) POIICHYE
A ofmero eaveias (8.38), paceMOTPHM, KaK 00 CTPOATSHA JIM: Nallero
DHIHICCKOTO NpHMepa.

Coesa or xpusoil L {8 obiacrn 1) pewenne crponcsa MeTonomM, olu-
CHAHHBIM B I1. 1 Taxoe pemende Mbl OVIeM HA3LIBATE KAaCoueckina. La-
Jiee, HpUHUMaA L 38 HPOeKUHK HEKOTOPOH HUBOH HadalbHOA KpuBOil,
6.'_«',1,8_\1 CHOBA CTRG TR ELACCHIRCHEOS DELIEHHE METUIM 1. 1. Bl)llpt)(: Fd-
KAIOHACTCS B TOM, KAKOC BHAYCHHC @ CHCAVET B3TIL B10JIL KpUBolH L
S NOCTHOSHUH FTOr0 PDELLEHHUHA.

AL BEECHSHHA HTOTO BOMPOCA MBI HCTIOTh3VeM (hHSHYIeCKHE Coo[a-
AEeHHA — BCOE TOT K€ 2aKOH COXPAHEHHA KOJHIECTRA BeIeCTBA, KOTO-
pelit mpusen K TidupepennnacibroMy yparHeHo (1.3.3).

OGo3MaTus 90pes 1y IPCICTLHOC ITAYCTTHe @ aa THiren L (e moxmio
HA3RATH JTHHHET ['Ja..'%l')hTHa.)._\ K{‘J'I'ﬂ])ﬂﬂ ITO.-'T(\-"-lFEHO H3 KJACCHYeCKanro pP-
WeHHA, OMPETETEHHOTO HATATRHBIME JAHHBIMH, T. €. MHeIeThHOS 3HAYe-
nue w3uyTp obanctu I (oo pazpusa). Jaa nocTpoenns CIeIyomero
TAIKOTG VIACTEA HAM HYVIKHO HANTH NPenenhHOe 3HATEHHE iy HIHYT-
pu obmacty II (mocse pazpLia), KOTOPOC NpUMEM 38 TA94LHOC I8
TOCTROCIIHA DONICTTHA A CMOTVIOMAN TOCTe pasphiia 2Tanc.

VPasuemHe OAMANCH SAMKIICH ¢ $TOH HETILIG B CICTY OUICM BHIC (ysim-
TeiBas, 110 w(r, 1) = wy, wle, f+NE) = us, ulr—Ax, t) = wo; cM. puc. 29,
e W3nOpadied GECKOReTHO MANBI! TPAMOVTOTLHUK, TeBAA BEPXH:AN
BOPIIHITA KOTOPOTO JCKHT b 00macTH I Geckoneqno 6onko K mmmmn L,
a ocrassane s obnacrn [I):

— (2 — ) ) Ax = [0l by — v{uadua] AL

Mepexoas k npeteay Az — 0, Af = ) W yIUTBIRAA, ITO % cTpe-
i

MHTCA K IPOH3BOIHON d; o7 (BpYHKUMK, onucbiBaomed kpusywy L (a1y

MPOHSBOOIIYIO CCTOCTRCIIIO IIA3BATL CKOPOCTLIO ILBHAKCIIAA Da3RLIGa i‘.-’p) .
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LTV LA N

1!(.'1[:]-:.-.| — e Yy
] — 9 :

(8.49)

Uy =

JHAA 11 W 1, MOEHO O 3TOH hopMyIe onpeIeganTr 4y,

FHas iy, MOKHO CHOBA MOCTPOATE TIATKHA YHACTOR PELIeHHA JI) HO-
rOit kpuRolt Tina L. Takoit kpuBoll MoxeT, 0JHAKO, 1 He BOSHIKHYTh.
Mur viKC BHICSIH BLIIG, YTO BOSHEKHOBCIHC MCPBOTO PASPLIBA OLLIO
CHAIAIND ¢ TCM, TITO XAPAKTOPHCTHKN «CXOIHANCLs. BToporo pasphina
IC BOBIHKACT, CCH MOCTIC PA3PLIBA XAPAKTCPHCTHKH OKAKYTCS «pac-
XOAAWHMUCAS. AHANNTHIECKH BOSHHKHOBEHNE HJH OTCYICTRHE PAIPbL-
B BBIACHAESTCA TO'HO TAK Ke, KakK 9T0 Oeda10Ck BbiMe J,1A pelle-

Hus (B.48).
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