Kaoprap maiiépraw muniui oacmypu, wybxacus,
WCAXOHOA2U UKMUCOOUEMU 84 CAHOAMU PUBONCIAHSAH
dagnamnap Kamopuea Kupu® OOPpUUMUSHUHE 3apYD
uapmu 6a Mycmaxkam nouodegopu 0yaub xuzmam
sunaou. Tavoup ocous 6yaca, y Oup Kyopamiu
I0KOMOMUE  AHAUR ~ UKMUCOOUll 84  MEXHOA02Us
WYAMMONAPUHY XAT MU, TOKCAK MANaKam Kaopaap
nauépaaul, AHeU UWYU YPUHIAPUHU Apamuul, Oup cy3
unan anumeanoda, 6apua KOPXOHANAPHU PUBONCIAHUUL 8d
napakKuém capu bownauea Kooupoup.

Kupum

N.A.Kapumos

V36ekucron Pecrny6nukacy MyCTAKWIIMKKA SPHUIITAHHAAH CYHT, «TabluM TYFPUCHIANTH
KOHYHHHU Ba «Kanpnap Taii€pnam MU 1acTypu»HU XaéTra TaJA0MK dTWIMIIN OWjIaH TabJIUM
TU3UMUHUA TAaKOMUJUTAIITUPUII, ()aH Ba TEXHUKAHH PUBOXJIAHTHPHUII YIyH KEHT MMKOHHUSTIIAP
spatunau. JKymmagan Xankapo Tajmabnapra kaBoO Oepa onaguran  paxo6arOapmorn
MyTaxacuciap Taiépiana Oonuranau. byrmaii Mmyraxacucnap tanépnamiia xap oup ¢paHHUHT V3
VpHu Oop OYnmmO, Xxaér MyaMMoJlapuHU Xal Kwimmjga ¢anmap Ba  (aHmap opacuiaru
OOFJNaHMIIUIap MYXMM axaMusatra sra. Xap Oup ¢an maremarukagaH ¢oiianaHranaaruHa
MYKaMMaJIJTUKKA SPUIIUIIA MyMKWAH 3KaHJIMTHHA 3THOOpPra oJicak, xap Oup Xa€T MacaqaCHHUHT
MaTeMaTHK MOJCIWHHU TY3UIl Ba Oy MOJETHUHT JUHAMUK XOCCAJIApPUHHM YPraHUIl MYyXUM
axamusatra sra. bynaan Ttamkapu xa€T XapakaTnaH MOOpaT JKaHJIWTHHU IbTHOOpra oJicak,
VpranmiaéTraH MacaJlaHMHT JUHAMHK XoccaylapuiaaH Oupu Oynran TypFyHIMK MacalacHU
YpraHuIll 3apyp SKAHJIWTUHU TYIIYHUII KHAHWH 3Mac.

TypryHnuk cy3u jmotuHYa «stable» cy3mman onumHraH OYnIMO, «MycTaxkaM YpHATHIITaH»,
«MyCTaxkaM TYpyBUW» J€TaH MabHOHHU aHIJIaTaaAud. TypFYHJIMK Haszapusacu OupuHuu Oynud
MEXaHWKaJaru KapaigaéTraH CHUCTeMa MYBO3aHATH XOJIATHMHHU YpraHumiaa naimo Oynran. 1644
vinn O. Topuueumm yMyMH X0Jiia OFUPIUK Kydd TabCHPU OCTHAA OVIraH »)uCMJap CHUCTEMAacH
MYBO3aHAT XOJATUHUHT TYPFYHJIMTH KpUTepucuHu spatau. 1788 ini sca XK Jlarpanx nuxtuépuii
KOHCEpBaTHB CHUCTeMaJlap MyBO3aHAT XOJIATH TYPFYHJIUTUHUHT €Tapiiy MapTIapyuHU aHUKIOBYU
TeopeMaHu ucbornaau. 19-acpuunr ypramapura kenu6 ¢daH Ba TexHUKaAa TypFyHJIUKHUHT
YMyMUH MacajacH lo3ara KellJu, S’bHH CHUCTEMaHUHTI (pakaT MyBO3aHAT XOJIaTH 3Mac, Oaiku
XapakaT XOJIATHHWHT TYpPFYHJIMTH Macajacu maimo Oymmam. 1868 iumu K.Maxkcsen, 1876-77
vnmnapu M. A.Bamuerpaackuii  Ba Oomka ojJumiap Y3 HILIapuaa IOKOpUIATWra YXImanr
MacaJaJpHH XaJl 3TUII YYyH XapakaT TYPFYHJIUTHHUHT KPUTEPUMCUHU aHHMKJIAIl KepaKJIUTHHU
KypcaTunian. 19-acpHUHT OXHWpura KeiauO XapakaT TYypFYHJIUTHHH YMYMHUH XOJa YpraHull
6ouutangu. 1877-1881 itmmnapuna 3.J1K.Paycc 06y coxana 6upunuu moHorpadusau €3au.1882
rnn sca H.EJKykoBckuil JOKTOPIMK AMCCEPTAUMsCUHM 11y MaB3yda €3au. by omumuapHUHT
OJITAaH HATWXalapyu XO3UPIHM KyHJa XaM Y3 axaMUITHHU HYKoTran smac. 1892 iunu
AM.JIsnyHoB «XapakaT TYpFYHJIUTHHUHT YMYMHUH Macajlajapyd XakuJa» MaB3ycuiaru
JOKTOPJIMK JAUCCEPTALMUICUHU E€KTa0, TypFYHIMK HA3apHsICH cCOXacHaa SHTU JaBp ouubd Oepaw.
bynpa yHuHT acocuii xusmaTiiapu Kyluaarunap Oyiau:

1. XapakaT TypFyHJIMTHHUHT KaTbull Tabpuu Oepuiiu.

2. bupuHuM SKUHIAMUII OYHNYa TYPFYHIMKHU TEKIIUPHIL
MacaJlaCUHH TYJa e4MMU OepHUIIIH.

3. XapakaT TypFyHJIUTMHU TEKIIMPUIITHU UKKH YCYIU OepuiIiu.

XapakaT TYpFYHJIMIHM Ha3apusicu (u3MKa, XUMHs, acTpaHOMus, OHolorus Ba OoOIIKa
coxajap/ia KeHI KYJUIaHUIITa 3ra 0Y110, TeXHUKA YUyH YTa MyXUM aXxaMHsTTa 3ra.



Cucrema xonaTMHM OWITUPYBUM ¥V3rapyBUWIapHH Yy; Jap Owman Oenrunaiimmus. by
y3rapyBuniap KOOpJAUHATajgap, TE3JIMKIAp, TOKIAp, KYWIAHUILIAD Ba XOKa3ojap €EKu Iy
MUKIOPJIAPHUHT (QYHKIMsIapu Oynumy MyMkuH. Papa3 KWIAMIKMK Y3rapyBUMIap COHU YEKIH
O0ynub, KapamaéTraH CHUCTEMaHUHI XapakaTH OWPHHYM TapTHOIM Xocuiajnapra HucOaTaH
eunnran quddepeHIran TeHriaManap cucreMacu ounan udoaanancuH

Vi =Y (Y0, Yoo Yodio i=1n (0.1)

Oy epma Y; ¢yHKOMsIap cHCTEMa EYUMHHHMHT MaBXYUIMK Ba STOHAIMK MIApTIAPUHU
KaHOaTJIaHTUpaau. TypFyHIUIM TEKIIMPWIMIIN Kepak OYyiraH XapakaTHU TOMUMAaraH xapakar
ne6 araiimu3. (1) cucremaHwHr Xap OWp Xycycwid eynmMura OMTTa XapakaT MOC KelaJu Ba
akcuH4a. lllyHuHr yuyH Toliumaran xapakatra (1) cucreManuHr

t=ty ma yi=fi(tp), i=1,2,..n (0.2)
OOILTAHFUY IIAPTHH KAHOATIaHTHPYBYH
yi=fi(t) i=1,2,..n (0.3

XyCycUi €4MMH MOC KeJCHH €0 ojamu3. y; y3rapyBumiapra MOIyiau OVilmda erapiu KUYHK
O6ynran oprrupMainap 6epu0, (2) OouutanFuy MapTIapHU Kyluaaruda y3rapTupamus
t=ty ma yi=fi(to)+ei ,1=1,2,..n (0.4)

(0.1) cucremanunr (0.4) OomaHFuy MapTIapUAard €4MMHUra MOC XapakaTJIapHU TOMHMraH
xapakar ne6 aitamus. (0.4) maru opTTUpManap 3ca TOWMIUIAp AeWWIand. AHUKIUK YYYH Yi
Yy3rapyBUMJIApHUHT TOWUTaH XapakaTra MOC KeJyBUM KuilmMaTinapuHu yi(t) OwiaH, TolinmaraH
Xapakarra MOC KeJyBUd Kuiimatiapuuu oca fi(t) Ounan 6enrunad

xi(t)=yi®-fi(®), i=12,..n (0.5)
allupMallapH Ty3amu3. byHnail aHukiaHran y3rapyBuwiap VYi Y3rapyBUWIAPHUHT OFUIIIAPH
€K1 BapualMsuIapy IeHuIaIu.
Arap 6apya ofMIIIIap HOJTa TEHT SbHU
xi(t)=0, i=1,2,..,n (0.6)

Oyica, ToWWran xapakaT TOoMMMaraH xapakarT OujaH ycTMa-ycT Tymiaaud. ByHUHT reoMeTpukx
MabHOCH INyKH, N-Ya4oBiu ¢azona y; y3rapyBuwiap M HyKTaHW aHUKIaigu. Toiuran
Xapakariiap ydyH M HyKTa KaHIalaup 4M3uK 4yn3agu. ToWMmaraH xapakartra sca Ky3fajliMmac
HYKTAa, KoopauHaTa Oomu Moc kemamu. Jlemak ToiiMran xapakaTJiapHH ToOWHMMarat
xapakaTiapjaaH orumu Xi(t) , i=1,2,. . .. Mukgopiap OunaH aHuKIaHaau. Arap Xi(t) MUKIOpIIAp
MoAynu Oyiinya eTapyid KMUUK OYIica, y XoJija YIapHUHT KBaapaTiapyu HUFUHIUCU

n
2 2 2 2
X 4%+ X =D X (0.7)
&

XaM eTapiau KU4YuK O0ynub, xeu Oynmarania OUTTa X; MUKIOPHUHT KaTTtanamwumu Owian (0.7)
XaM KarTajamaay Ba akcuHyva. [IlyHuHT yuyH ToMHMraH XxapakaTHH TOMMMaraH XapakataaH OFHIIl
ymyoBu cudaruaa (0.6) Hu onuin mymkuH. (0.7) sca M HyKTaaH KoopauHata Oomurada 0yiaran
Macoda kBagpaTiHu udonanaiau. Tolturan xapakaT Tabpuduaay, (0.4) sa (0.5) nan

=ty ma Xi=XpiV+ei (0.8)
HU XOCHJI KiJlaMu3. J[eMak OFMIIUTAPHUHT OONUTAaHFUY KHUHMATIapy TOWUIITaApHA Mo aanaiiau.

Tabpudg. Arap uxtuépuit €0 con yuayH myHaai 6>0 coH TonuI MyMKUH OYIcaky, yHa

D X5 <6 (0.9)
i=1



[IAPTHHU KAHOATIAHTUPYBUHM Oapua Xoj TORHUILIAp Ba UXTUEPUH 1>t map yayH

n
2
in <& (0.10)
i=1

mapT Oakapuiica, TOWMMaraH xapakaT TYpFYH, aKC X0J1/1a TypFyHMac Jeiuiaam.
Arap ToliumaraH xapakar TYpFyH OYyiauO, MXTHEpUN TONMIaH Xapakarjap €Tapiid KHYMK
TOMHIIAPIa TOMMMAarad XxapakaTra MHTWICA, SbHU

n

lim » x? =0 (0.11)

t—w i1
mapt Oakapuica, TOHMMaraH xapakaT aCUMITOTHK TYpFyH JAedunanu. Jlekun Oy mapTHUHT Y3U
ACUMIITOTUK TYPFYHJIMK Y4yH €Tapju dMac.

bab3an TypryHIMK UXTUEPHI ToMMIIIapa AMac OaNKy KaHAalIup mapTiapra ObliicyHyBYH
ToMUIILIapIa Oy MyMKUH. ByHiall TypFyHIMK IIapTiIu TYPFYHIMK Ae0 aTanaau.

Toliuran xapakar TeHraamManapuHu anukiiam yays (0.5) gan
yi(t)=fi(t)+xi(t), i=1,..n.
napuu anukiao, (0.1) ra onub 6opubd KYsIMHU3 Ba KyHHIaruiapHH XOCHI KAJIaMU3

%Jr%:%(fﬁxl,....,fn+xn,t), i=1n

By TeHrmamanapHUHT YHT TOMOHJIApWHH X; JJADHUHT Japaxkaiapu Oyitmua Teitmop kaTopura

énamus.
%+%:Yi(f1,....,fn,t)+ av X, + oot o X, + X/,
dt dt dx, ), dx, ),

n

Oy epma X, —X  o\WIulapHUHr OWMpIaH IOKOpPH OYiraH napaxkagapura OOFIMK XajIapu

WUAFUHIVCH.

bynnan, fi(t) ¢yakmusnap (0.1) HM KaHOATIAHTHPUIIUHUA dbTHOOpPra 0auO, KyHHUIAruHU
XOCHJI KAJTAMU3.

%:auxﬁaizxz+....+amxn+Xi*, i=Ln (0.12)

dy. R
Oy epma a; = S, 1, j=1n  (0.12) ToliraH xapakaT TEHIIAMAJIAPUHHHT VHT

] d
X.
10
TOMOHMOAIru XaAJIapuHH Xi Onian 6enrnna6, ABTOHOM 6S7J'IM8.I‘ aH TOWHraH Xapakar
TCHIIaMaJlapu YYYH

dx. J—
d—)i'zxi(xl,xz,....,xn,t) I=1n (0.13)
HH, aBTOHOM TOVHUTaH XapakKaT TCHIJIaMaJIapu Y4YH 3Ca
d : S —
d_)::lzxi(xlaxb'"'lxn) |:1,n (014)

HH XOCHJI KUJIaMM3.

Kynaitnuk yuyH Toliuran xapakar TeHIJ1aMaiapH coja KMo cucrema j1ed aTaiaiu.
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Hlynusr yays (0.13) aBToHoM 6ynmaran, (0.14) aBToHOM cucTemanap aeiunany..

(0.13) Ba (0.14) TeHrmamanapHu BEKTOP KYpUHUIIJA MOC paBUIla Kyluaaruya E3MIi
MYMKHH.

x=X(xt) (0.13), x=X(X) (0.14))

Toiiuran xapakaT TeHIJIaMaJapUHUHT HaTKajdapuaaH KYpUHaauky, Xi—pyHkuusuiap x=0 ga
HOJITa alJlaHax

Xi(0,5)=0, X(0)=0 (0.15)
Tolinran xapakar TeHIJIaMaJapUHUHT YHI TOMOHM M HyKTa TE€3JIUI'M POEKIHUIapUra TEHT.

20 acpuuHTr Yypramapura Kenub® kymiad muddepeHnnan TeHriamaiap Ha3zapuscu OuiaH
IOyFryJUIaHYBYX OJIUMJIAPHUHT 3"I)T60pI/IHI/I XOoCHuJla oJiayaa €rapjiu KUYMK MMapaMeTp KaTHalllraH
muddepeHnran TeHryaManap y3ura topra Oonuaav. byHaed KU3MKWMIIHM Maijgo Oynumvra
acocuit cabab myku, Oy maiTra kenquO® aBTOMATHUK PETYIHPOBAHUS, YM3HKCHU3 TEeOpaHHIILIAP
Ha3apusaCh, KBAHT MCXAHTHWKACHU, ra3 JUHaAMHUWKaChu KHHCTHKa Ba 6OHIK3 ury Kaou coxajap T€3
PUBOKIIAHMO,ymapaard skapa€Hiap XOCWJIa OJIUJa eTapid KHYMK TapaMmerp KITHAITaH
muddepeniiran TeHrIaManap EpraMuia MoASIIAITHPHIIIH.

bynnaii muddepenunan TeHraamanapHu YpraHUIIJard acocuil KMAWHYWIMK LIYHIAKH,
arap eTapiu KH4YMK, apaMEeTPUHUHT KUMMAaTHHU HOJITa TeHT e oJicak, TeHIJIaMaHUHT TapTUOH
nacaiin®, xocus OynraH TeHrama OepwiraH TEHIUIaMara KYyWWiraH KylpMya IIapTIapHUHT
OapuaciHM XaM KaHoaTiaHTtupaBepmaiinu. Illynunr yuyH OyHpmail Tungaru ToWMIUIAP
CUHTYJISIp-TOWHTaHieTaH MAbHOHU aHTJIaTaH.

IOxopu TapTHOaM XOoCcWia onauaa eTapiau KWYMK MapaMmeTp KaTHamraH AuddepeHuuan
TEeHrJamMajap Ha3apusICcH YHUYaJIuK Kekca 3mac. bupuaum O6ymmO, A.llpenaras 1904 iinnm
TUAPOIMHAMUKAa YerapaBuil KaTjamuiiap Ha3apUsICHUHHM PHUBOXIJIAHTUPHUO, CHHTYJSP-TONUTaH
MacajlaJlapHH ypraHuira 3 ypTHOOpHUHU KapaTau. CHHTYISp-TOMHraH Macajanap KeHnHYaTuK
MexaHuKa, (pu3uKa, TexHWKana mnango Oymmu. Macaman: 1920 iwwapaa b.Ban-mep Ilosb
TOMOHMJIAaH pPaJMOTEXHUKA MpUOOpIapuiard pelakiualuoH TeOpaHWIUIapHU YpraHUIl
HaTHXacuaa

d?x dx
— 24+ A-1+x3)—+x=0 (0.16
e ( )dt (0.16)

Ban-nep-Ilosnp TeHrmamacu xocui O0yinu. by epnia erapyin KH4uK rapameTp
f'(0O)M -R
4= QM-RC
JLC

bynu6, f(0)-MoHOTOH YCcyBYM CHIUTUK (DYHKIIHS, JTAMIAHUHT XapaKTePHUCTUKACUHU H(Dopanaiim,

0

L- manykruBnuk, C- curum, R- kapmmmk, R < % f'(0).

AmMo OyHJail MacanalapHM Xaj KWIHIIAA STOHAa MaTeMaTUK yCyll MaBxynd OyiMaid,
yIapHUHT Xap OupU anmoxuja anoxuja Kapa® uukuiap sau. bynmail Hazapus 1948 1952
numnapaa A.H. ToxoHOB TOMOHHIaH UIIIIA0 YUKUIIIH.

Xo3upru KyHra KeiauO, IOKOpPH TapTHOIM XOCWJIAa OJJUAA €Tapid KHYUK I[apamerp
KaTHAIllTaH TEHIJlamajapra Joup Kymiaad WIuiap KaTop OJMMIIAp TOMOHHIAH OakKapHIIraH.
Macanan, A.b. BacunseBa, B.®. byryszos, W.C.I'pancmeiin, JI.T.I'pynu, A.A.MapTbIHIOK,
HO.A.Mutpononckuoii, F0.A.Ps6oB, A.M. Camoiinenko, A.H.TuxonoB, B.HU.Doauyk,
H.I".YeraeB Ba GOIIKaTapHUHT UILIAPH.

Xap XU MCEXaHUK CUCTCMaIap OWHAMHK XOCCaJlapUHU S'/pl“aHI/II_HI[aI“I/I acocui



MacananapjgaH OWpu xapakaT TYPFYHIUTH Macamacuaup. by wacama muddepeHnuan
TEHIJIaMajap CUCTEMAacH €YMMHHUHT TYPFYHIIUTH Macaiacu OWaH yCTMa-yCT TyIIaiu. Xapakar
TYPFYHJIUTUHU YPraHUIIHUHT UKKUTa ycynu 1892 iinnu A.M.JIAnyHOB TOMOHUAAH SpaTUIIraH
O0ynnb, yHUHT MKKUHYM YCyiH, “JISMyHOBHHMHI TYfpu ycynu~ naed aTalyBud YCYNIH aMajui
Macajanap/a TYpFyHIMK MacalajlapuHu eyumaa 3pGeKTuBaup. AMMO aHUK CHCTEMaslap Y4yH
JIamyHOB (YHKUMSCHHM KypHII aITOPUTUMHHUHT MaBXyJl SMAacluld, aWHUKCa YEKCH3
cucremManapra Oy YCyJHM KYJUIAIIHM KUHMHIAIITUpagd. XOCWja OJIAUAa €Tapiau KUYHK
napaMeTp KaTHAIraH TEHIJlamanap cucremacura JISmyHOB ycyllapuHU KyJjiaml MyMKUH
smacaurura oupuruu 6ynmu6 H.I'.UeraeB »pTud0p O6epau.

AN Kmmmymes Ba H.H.KpacoBckuiinmapHuHr unuiapuia €Trapiavd KWYUK IapaMeTpHHU
HOJIra TEHT J1e0 OJraHjaa Xocui OyiiraH TeHrjiama TEeKHC aCUMITOTUK TYPFYHJIMIY Ba KaHAAWIup
éplaM4M CHCTeMa AacCHUMNTOTUK TYPFYHJIUIM acoCHJla XOCWja OJIIuAa eTapiad KUYUK
napaMeTpiiapHu cakjioBud auddepeHiran TeHriamanap CUCTEMAaCHHUHI TEKHC aCUMITOTHK
TypFyHauru ucbornanaau. Macana JlanyHoB ¢yHKIuscH ycynu €paaMuja edunand. by umga
ncboTianran teopema un3ukiau xonaraa b.C.Pasymuxun TooMHuIaH MCOOTIAaHTaH TE€OpEMaHU
ymymiamtapaad. Ammo Oy HIja erapid KWYUK [apaMeTp Y3rapUIIMHUHT  FOKOpU
YyerapaCUHMHT KylH 0axocH KypcaTHiIMaraH.

1962 itmmu B.M.MatpocoB C.A.Yamnmurun Ba T.BakeBckuii Tunumaru auddepeHiuan
TEHICU3JIMKJIAPHU KaHOATIAHTUPYBUM OMp Heuta JIanmyHOB (QyHKuusimapugaH ¢oilgagaHUIIHA
taknu¢ stau. by ycyn P.benbman TomMoHuaaH JISIyHOBHUHT BEKTOp (YHKIMSCH ycylu ned
Howiangu. lynu aitu® yTum kepakku, JISmyHOB BeKTOp (QYHKIUSCHM KOIMOHEHTalapura
JIsmyHoB ckamsip ¢yHKUMsCUra KyWuiarad TanaOnapAaH €HTWJIpOK Tanalnap KyWuiaran OYiauo,
Mypakkab cuctemanap yuyH JISmyHOB GYHKUMSICUHU KYpUIIHU €HTUIUTAIITHPAIIH.

JIsmynoB Bektop GyHkumscu Epmammuna JILT. T'pyiima cekuH Ba Te3 Xapakar
muddepeHnran TEeHraaManap KUCM CHUCTeMallapd TEKHUC ACHUMIITOTHK TYPFYHJIMIHWIa acocaH
XOCHJa OJAMJIA eTapiu KUYMK MapaMeTpHU cakjoB4YM IuddepeHnnan TeHraamanap cucreMacu
HOJI EYUMHUHHUHI TEKHC AaCHMIITOTHK TYPFYHJIUTH, TYyJa MabHOJArd TEKHUC aCUMIITOTHK
TYPFYHJIUTH XaKUJard TeopeMajapHU MCOOTIagu. YHUHT MIUIApUAA €Tapid KUYMK Mapamerp
MYMKHH MYMKHH OYJTaH Y3TrapuIlid OKOPH YeTapacMHWHT KyHu 0axocu KypcaTHITaH, MHUCOJI
cudpatuna Jlyppe IlocTHMKOB cucTeMacH THUNMIATH CHHTYJISIP-TOMHIaH CHCTEMalTapHUHT
a0COoJIOT TYPFYHJIUTH MacajacH Kapad YMKUITaH.

1979 imim A.A.MapThIHIOK TOMOHHMJAH JIArmyHOB Marpuna-QyHKIUSICH TYIIyHYACH
KUPUTUIAU. By TymlyHYaHW KUpUTWIMIOM, KapanaérraH auddepeHuuan TeHriaManap
cucTeMacuJaru 3pKMH KHCM CHCTEMalap opacuIaru y3apo OOFJaHMIUIAPHU alloxXujaa Kapad
YUKHUII UIMKOHUHM Oepaau. MabllyMKH, Xap KaHAail iupuk macmTabnu cucremanap Oup HeuTa
SPKHH KHCM CHCTEMAalap/aH TallKui Tonrad Oynanu. by cuctema yuyH JlanyHoB GyHKUMSICUHU
TY3UII Y4yH Xap OUp KUCM cucteMa yuyH JIsamyHOB (yHKIUSCHHH Ty3uO, Oy (yHKUMsIIApHU
MaTpULAHUHT OOl JMOTaHaJIUra OWIalTHUpaMu3, MaTPUL@HUHT OOl AMOraHaluia €rMaraH
3JIEMEHTIIApHU 3Ca KUCM CHUCTeMajlap opacujard OornaHuuuiapra kKapal® tannaiimus. CyHrpa
Xocws1 Oynaran marpuua-(GyHKUMSHU YHI Ba 4all TOMOHJAH Y3raHMmac BEeKTopra Kynaiutupuo
n3naHrad JlsanmyHoB ckanap ¢yHkuusicunu ty3zamu3. Kapanaérran cuctema MyBO3aHAaT XOJaTH
TYPFYHJUTHHUHT €TapjiM LIapTiiapy Maxcyc MaTpULAJAapHUHT MIIOpAJapUHU aHMKJIAIl OuiaH
XOCHJI KWJIMHAJIH.

VYly MarucTpiuk JUcepTaluUsACUHUHT Makcaau JIsamyHoB mMaTpuna—QyHKUUACH YCYIU
épaaMua CUHTYJISIp TOMUTaH cucTeMasiap TYPFYHJIUTHHU
TeKUIMpHUIIIaH nbopar Oynubd, kupuml, 3 Ta 606 Ba Qoiinananuwirad agaOuérnap pyiixatunan
nubopar.

Kupum kucMujga TYpFYHJIMK Tapuxd, TYpFYHJIUK TYyIIyHYacH  TOWWMIaH XapakaT
TEHIJIaMajapy Ba JUCCEPTALUSHUHT KUCKauya Ma3MyHHU 0aéH KUJIMHTaH.



[-600 é&pmamum xapakrepra sra Oynu0, yHAa OUHAMHUK CHUCTeMajap TYPFYHJIUTHHU
TeKmmpHiaa d3pdexruB Oynran JIAMyHOBHHMHT TYFpU YCYIM Xakuja cy3 roputwiaad. by 600
uKkuTa maparpadoan umbopar Oynub, OupuHum mnaparpadaa JIAMYHOBHUHT TYFpU YCYIH,
UKKMHYM maparpadaa sca JIAnyHOBHMHr MaTtpuna—QyHKUUSACH YCYIHd MOXHATH EpUTHO
Oepwiran. Xap Ooup naparpadaa MUCOIIAP KEITHPHITAH.

I1-6001a cTpykTypanu TOWMIIAA CUHTYISAp TOMMraH MUPHUK MacluTabiu CUCTEMajapHU
TYPFYHJIUTHHU MaTpula-QyHKIHS acocuaa JISIMyHOBHMHT TYFpH yCyiaH €paMuia TEKITUPUII
Macanacu ypranwiaau. by epaa acocuit ros “re3” Ba “CekuH” KUCM CUCTEMaJlapMHM MaTpulia-
(GYHKUMSHUHT TUOTAHAJIMAATH 3JEMEHTJIapura MOC Kenumuaup. Marpuna-(yHKIUSHAHT
aroraHanna OyiMaraH sJEMEHTIapu KHCM CHUCTEMalap opacuiard OOFJIaHUIIHM aHTJIATaIH.
w—0 na marpuna-QyHKIHS KOMIIOHEHTAJIAPUTa MOC KEIyBYM MAaxCyC CTPYKTKpajdd CHCTeMa
xocun  Oymamm.  Mupuk  MacluTabnM  CHHTYNAp-TOMMraH — cHCTeMa  TYPFYHJINTH
(TYpFyHMACIUTH)HUHT €Tapid IIapTiapyd aHUK HIIOpald MaxcyCc MaTpHulla KYpUHMIIUIA
TacBupiaHagu. by 600 yura maparpadman mbopar 0ynu0, OupuHuM maparpadaa CHUHTYISP-
TOMUIraH WHUPUK MaclmTaOau cUCTeMa JeKOMIO3UIMS KuiuHaau. WkkuHuM mnaparapadaa,
CUHTYJISIp-TOMHUTaH CHCTEMAHWHUT TYPFYHJMK IIapTiapu KeITUpUO YMKapuiaau. YUUHYU
naparpgaa 3ca CHUHTYJISP-TOMUIaH MUPUK MaclTaOlM CUTEMAHUHI TYpPFYHMAclUK IIapTiiaph
TONMJITaH.

I11-606 ukkuta nmaparpadaan nbopar 6ynuod, OuprHuM naparpad yMyMuil TeopeMaiapHu
YU3UKJIM TOMMraH cucTemanapra TtaiOurura OarunuiaHradH. MkkuHum mnaparpdaa HKKUHYH
000maru HaTwkanmapHu Jlypbe THUNHWAArd CUHTYIAP-TOMHraH HUPUK MacmITablu cucTeMa
CTPYKTYpaJId TYPFYHIUTUHU TEKIIUpPUIITa TaAOuKu Kypuo unkunaau. [laparpag cyuruaa Jlypoe
TUMAJArd yuyrta KUCM  ¥3apo OOFIIMK CHHTYJISp-TOMUTaH cucTeManapra axparwiran 12 4w
TapTUOJIM CUCTEMaHU COHJIM MHUCOJI Tap3u/ia Kypubd YuKaMmu3.



1-600
JIMHAMHK cHCTeMaJIap TYPFYHJIUTHHUHT eTAPJIM MIAPTJIAPHHU XOCHJI KHJIUII yCyJUIapH.

JIluHaMUK cuCTeMalap TYPFYHIUTMHUHI €TApJM IIAPTIAPUHUA XOCHUJ KHJIMII XaETHUHT
MyXUM MacajajapuiaH Oupuaup. AMMO aiipuM cucTemanap y4yH Oy Macaia Mypakkad
Macananap Typkymura kupaau. LllyHuHT yayH Oy MacanaHu Xaja KWW, sSsbHU TypryHINKHA
TEeKIIUpHINIa OWp KaHYa ycyiuiap wWiiad YukWirad. Xap Oup MaciaHu TYPFYHJIUTHHH
TEKLIMpHUILIa OUpop ycyll Kyial, Oomika oup ycyin aca HOKyJal Oyiauiyu MyMKuH. bus nuHamuk
cUCTeMajlap TYPFYHJMTMHUHI €TapiM HIapTIapuHU XOCWJI KWJIUII Y4yH YMYMHMHMpOK Oyirax
JIAmyHOBHUHT TYFpH yCyau Ba JIanmyHOB MaTpuia—)yHKIUSACH YCYJIMHU Kapad YUKaMu3.

§ 1. JIAMyHOBHUHI TYFpPH yCYJIH.

JIATyHOBHUHT TYFPH YCYJIUHU YPraHUIIHA
n
dxt<M, M>0, M =const (L.1)
i=1

coxaZla aHUKJIaHI'aH
V(X)=V(X1,X2,..,Xn)

XaKMKUKA GYHKUMSHM KapamijiaH Oomwtaimu3. by ¢ynkuus (1.1) coxaga Oup Kuiimatiw,
y3iykcu3 Ba x=0 a Hosra ailliaHaau, sS’bHU

V(0)=0 (1.2
Arap V ¢ynkmus (1.1) coxana Honmman Oomka (axaT Oup XWi MIIOpaTH KHHUMaTIapHU
KaOyn KuJjica, y XoJila y y3rapMac mmopaid (Moc paBuiiaa mycOar €ku MaH(wuii) gewwiany.
Arap ¥y3rapmac umopanu ¢yHkiusa (pakat x=0 maruHa HoJira aiadca, y xonaa 0y QyHKIus
aHUK UIIopaiu (MOC paBHIIa MycOaT aHUKJIAHTaH €KW MaH(GUN aHWKJIAHTaH) JACHUIATu. XaM

MycOar xam MaH(ul KuiMaTIapHU KaOya KWiIaJuraH (QyHKIUsIap 3ca Y3rapyBud HIIOPAIH
byHKUIMSIIAp ASHIITaIN.

XapakaT TypFYHJIUTUHU aHUKJIANl y4yH WIOUIaTWIAAWraH, OyHAal KUPUTUITaH
byukuusuiap JIanyHoB GyHKUMATIApU JeHHUITAIN.

Arap kapana€rran xakukui ¢yHkius V(x,t) omkop xonarna t BakTra OOFIMK Oyica, y
xonma (1.1) coxa ypHura

0, > x* <M, M =const, t,=const,t; >0, M >0 (1.3)
i=1

coxa Kapanuo0, (1.2) mapr
V(0,t)=0 (1.4)
mapT OWJIaH aIMaIITHPUITAIIH.

Arap (1.3) coxana aHuknaHras, y3iaykcus Ba (1.4) mapTHU KaHOATJIAHTUPYBUH V(X,t)
GyHKIUS eTapiu KarTa to Ba eTapyiu Kuuyuk M>0 yuyH HoJijaH Oolka (akat Oup Xuil HIIopav
KuiiMatiap KaOyn Kuica, 0y GYHKIUSHU Y3rapMac HIIOpaau 1eHMus.

Owmkop monga t Bakrra OofnmuK OyiaraH V(X,t) ¢yHKIuS ydyH t Bakrra OOFIIMK
O6ynMaraH w(X) MycOaT aHMKJIaHTaH (QYHKIMSA MaBxys OYnu0, eTapiu KarTta to Ba eTapiyd KHIUK
M yuyH (1.3) coxana

V(x,t)>w(X) (1.5)
mapT Oaxkapuica, 0y QyHKIUs MycOaT aHUKJIaHTaH
-V(x,t)>w(x) (1.6)
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mapT Oakapuiica, MaH(HI aHUKTaHTaH ACHNITIa IH.

By aiitwirannapnan kypunaauku, x=0  HyKTaga MycOar aHHMKJIAHTaH (QYHKIUS
MUHUMYMra, MaH(QWil aHUKIaHTaH (YHKIUS MakKCUMyMra sra Oymamam. YsrapMac HUIIOpajIH
GbyHKIUMsIIap 3ca SKCTpeMyMmra ra ObluMaiau.

Mucon 1.1.

V=X:%+X,> (YHKUMS X; Ba  Xp  Y3rapyBUMIAPHHHT MXTHEPHHA HONmaH (apKiId
KuiiMatiapuaa mycoat 0ynmo, dgakat Xi3=Xp,=0 maruHa HoJra ailaHagu. byHIaH KbIpUHAIUKH,
Oy QyHKIMS MycOaT aHUKJIaHTaH.

Ox1X2V ¢azona Oy ¢yHkuusHUHT rpaduru 0xiX; TEKUCIMKHUHT OUp TOMOHHAA ETHO, Oy
Tekucaukka pakar 0 HyKTamarmHa ypuHaIm.

Mucon 1.2.

V:X12-2X1X2+X22:(X1-X2)2 MaH(GUH KHWMaTIapHU KaOynm KHJIMalaw, aMMO KOOpIMHATa
OomIMAaH TalKapu Xi=Xp TYFpU 4YM3UKIa XaM Houra ainaHagu. lllyHunr yuyn Oy QyHKuwms
MycOaT, IeKUH MycOaT aHUKJIaHTaH Mac.

by xonatna V:(Xl-Xg)2 byakuussHUHT 0x1X2V dazomaru rpaduru 0x1Xz TEKUCTUKHUHT
Oup ToMOHMIa €Tanu, aMMO Oy TEKHCIHMKKa (pakaT xoopauwHaTa OOIIMaa 3Mac, OalKu X=Xy
TYFpU YM3HUK OYiinda ypuHaIy.

OHIM UIIopacy aHUKIaHrad V QyHKuusHU MakiopeH Katopura éiamus.

WNmopacu anuknanrad ¢yaknus tabpuduman V(0)=V(0,1)=0 6ymubd, «koopauHaTa
oV

O6omuaa Oy QyHKIMS dKCTpeMyMmra 3ra OViraHu y4dyH (a—J =0 i=12,...,n 6ymmb
X
0

élmma
lzn: Zn:ck,xkx + o @7

KypuHuuga 6ynaau, Oy epnaa

oV
B = (8xk8xi jo 9

(1.7) nan xpIpuHAAMKW , V HMIIOpAcH aHUKJIAHTaH (QYHKUUSHH X1,X2,..,Xn Y3rapyBUMJIAPHUHT
napaxanapu Oyiinua Karopra éinimacuaa OMpUHYN Japakaiu XaJiap KaTHAIIManIu.

®dapa3 KWK

EZ chixkxi’ Cix =Gy 1.9)
213 ‘T

KkBaapaTukK gopMma dakaT X;=Xo=..=X,=0 naruHa Hoira aiinaHub, mMycOar KuiMariapHu Kalyl
KuiacuH. Y xonaa (1.7) naH KelpuHaIuKku, V GYHKUUSA Xi JJADHUHT €Tapiy KHYMK KuiiMatiapuaa
IOKOpM TapTHOAM Xajjapra OOfIMK OyiMaraH Xxosigja MycOar KuiMmariapHu KaOyn Kuiuo,
X1=Xp=..=Xp=0 naruHa Hoara ainmanamu. Iynunr yuyn (1.9) xBagpatuk ¢opma mycOaT
aHMKJIaHTaH 6yica V QyHKuMsA XxaM MycOaT aHUKIaHTaH Oyi1aau.

Arap (1.3) maptnapaa |V (X,t)| HUHT KUUMaTH KaHJaiaup 4ekiu MycOaT COHJIaH OpTUO

KkerMmaca, V(X,t) (QyHKIMS I0OKOpHUJaH YyerapajaHran aeiunnanu. UXTuépuil BakIra omkop XoJjijga
O6ornuk OynMaran V(X) ¢(yHKuMsmap y3nykcu3 Oyiranu ydyH M HUHT eTapid KHYHMK
KUMMaTiaapuia y OKOpUAaH derapajlaHraiup.



V uerapananrad (yHKIUS Y€KCU3 KHYMK IOKOPH JIMMUTTA Y1 Kyiaau Aeidunaay, arapia
uxtuépuit €> 0 yayH

t>t, Y X <o (1.10)
k=1

[IapTJIapHU KaHOATIAHTHPYBYH >0 Tormmamno
V<e (L11)

Oyica, Kymon KuiuO alWTraHia 4YeKCH3 KHYMK FOKOPH JIMMUTHHHT MabHOCH INyKH V(X,t)
GbyHKIUS MOIYIMHU UXTUEPUH t>lg ma Oapya X; JapHUHT MOIYJUIApUHU KaMaUTHPHUII XUCOOUTa
Keparmya KHYMK KWIMO OJIMII MYMKHH, t BakIra OIIKOp Xosjga Oofynuk Oynmaran V(X)
(GyHKIMsUIap YeKCHU3 KUYMK I0OKOPH JINMUTIA 3ra Oyaau.

Mucon yuyH Kyiiuaaru GyHKIUSUIApHU KapaiMus3:
1) sinf[(x ... AxAt]
2) (Xt Ax)sin’t
3) (X% .. +Xn2)-2C0StX1Xo

By ¢yHkmusutapauHT 1) Ba 2) Mapu derapajaHraH Ba MycOar amMMo ymapaaH ¢akar 2
YHCH YEKCHU3 IOKOPHU JIMMUTIa Myn Kysaau. by nkkana QyHKIUS XaM aHUK UIIOpalid dMac, YyHKU
ylap t HUHT 4eKCH3 KbIll KHHMaTiapuia Hoira ainananu, 3) ¢yHKIMs 3ca MycOaT aHUKJIaHTaH,
aMMO y 4YerapajaHMaraH, IIyHUHI Y9yH YEKCH3 KHUMK FOKOPH JIMMHUTIA 3ra HMac.

Huxost V(x) Ba V(x,t) pyakuusutapaan

dx; dx .
d—t'zxi(xl,xz,....,xn) 6 d—t':xi(xl,xz,....,xn,t) 1=12..n
CucreManap €paamMuia OJMHTaH XOCWJIaJIap MOC paBHIIIA
V(x):&xl+...+ﬂxn 2.12)
X, oX,
Vo) =Ny 4+ My M (1.13)
oX, X, ot

kypunumuaa 6ynaam. (1.9) kBaapatuk GopMaHUHT KOADUIIUCHTIAPUAAH TY3UITaH

Cy Cpyp -y
Cyy CppeeeaCop

C= ,Co =C, (1.14)
CyCopeenCopy

KBaJApaTUK MaTpHULaHAU KapaﬁMHS Ba YHUHI oo11 JUuoraHaii MUHOPJApUHHA Ty3PI6 YHUKaMU3.

Cll C12

A, =y, AZZL . } ...... VA, =1 (1.15)
21 “~22

Arap cxi 1,k=1,2,..,n ¥3rapmac connap O¥yica, uM3MKIN anreOpama ucOoTiaHraH CHIIbBECTp
KPUTEPUICU YPUHIIN.

CunbBecTp KpuTepuicu. XakuKuil KoepUUIUEHTIN KBaJpaTHK (opMa MycOaT aHUKIAHTaH
OVIUIIM y4yH YHMHT KOS(HUIMEHTIApUIAH TY3WITaH KBAJAPaTUK , CUMMETPUK MaTPULQHHHT
6apua 0o JUOTaHaNu MUHOpPIApU A1,Az.., Ay JTapHUHT MycOaT OYIHIIN , SHHU
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A1>0,A5>0,...An>0 (116)
OynHIIY 3apyp Ba €TApPIIUIUD.

Arap V dyakuus mandwuii anukanras 0yica, -V QyHkius MmycOar aHUKIaHraH Oyinanu Ba
(1.16) maptiap

A1<0,A5>0,...Ap-1<0, Ay>0 (1.17)
KYPUHUILIWHU OJIA]IH.

Arap cyi=Cki(x,t) kypunummuaa 6yinca, (1.16) Ba (1.17) maptiap Moc paBuiiia
A =C;26,>0, ..., A =[(|>6,>0 (1.18)
Al S é‘l < 0, ..... y AZk*l S _52k*1 < 0, Azk Z 52'( > 0 (1.19)

KYpUHMIIHK o1agu. By epna o,,0,,...,0, -MycOar conmnap.

Mucon: 1.3. V(X)= 1+sin°x3-COS(X1-X2) (GYHKUMSHM Kapailink. VHH X; Ba Xp JAPHHHT
napaxanapu 0yiinua Kkaropra €ino

Y =%(3x12—2x1x2 +X5) +...

3 -1 .
L oynu6, Oy

HU XOCHJI KHJIIaMH3. A/ q)YHKHI/IH KBaapaT KHUCMHUHHHI' MaTpHLIaCH |:

MaTpULAHUHT Oom sauoraHamu muHopu A, =3>0, A, = { ]-_J =2>0 CunBectp

Kputepuiicura acocan V (QyHKOUsS HoOJ HyKTa arpoduga mycOaT aHUKJIAaHTaH aMMO Tya
TEKUCIIHKIa MycOaT aHMKJIaHTaH 3Mac, 0anku ¢gakat MycOaT GyHKIUIIUP, YYHKH Y X1=X=0 1an
oomka X;=Xo=nm (1,2,..,n) ma xam y HOJIra aijaHaIu.

Mucon 1.4. V(x,t)= t(x:>+x2%)-2c0stx; X,

" t —cost
byHKUMSHN Kapainuk. by QyHkmus kodddunMeHTIapuaaH Ty3WIraH MaTpula

—cost t
OYu0, YHUHT OO JUOTaHa MUHOPJIAPH

Ai=t, Ay=t>-cos’t

Arap to=1 nmecaxk, y xonna 6apua t>1 yuyn A, 21>0, A, > 1-c0s’1~0,71>0 6yu6 |
CUIIbBECTPHUHT yMyMJIAIIraH KpUTepHiicuaard maptiap, sehau (1.18) maprioap Gaskapuiaiu.
ILIyHUHT ydyH KapanaéTran (pyHKIMsS MycOaT aHUK/JIaHIaH.

Teopema 1.1 (JIsamyHOBHUHI XapakaT TYPFYyHJMIH XaKHIard TeopeMacu) Arap TOHHraH
xapakar quddepeHnran TeHrIaMacu yayH aHuK uiopanu V QyHKIUsS TOMUII MyMKUAH OYiuo.
By (yHKuMs#aH Iy TeHrnamanap épaamuja onuHra xocuna Vo yskuus Vo dyHkimsra
KapaMma-Kaply HIIopanu OynraH y3rapmac MIIopanu €Ku ailHaH Hojira TeHr Oyica, y Xojjaa
ToMMMaraH xapakar TypFyH Oymaau.

n
. “ 2
Hcoom. Wxtuépuil erapnu Ku4yuk myc6atr €> 0 COHHU TaHIial, in =¢  chepanu
i=1
scaiimu3. Keliun my € cepanuHr numnaa €ryBud V=C CUPTHU Kypamu3. byHu noum Kuiuin
MYMKHH, YyHKH V (yHKIMS y37TyKCHU3 Ba KOOpJHMHATa OOIIMIA HOJIra TEHT. DHAU O HU IIyHIal

11



n
% X.2 = 5 o .
TaHJIaWMU3KH, YHJA i chepa V=C cupTtHu uWuuga Tyjganuruya €rud, y Ouian
i=1
yMyMHid HyKTara sra ObiMacuH O cdepa muuaa xapakar Oonuraran M HyKTa Xed KadoH €
cdepara etud GopMacIUruHM KypcaTamu3. YMyMUWIMKHM Oy3macaaH V ¢GyHKUUSHE MycOaT
aHMKJIaHTaH 1e0 XHUCOOIAIMU3 MyMKHH.

t
Teopema maprura kypa V<0 .V xomma \ _Vo = J.V dt TEHIJIMKKA acOCaH
to

\% _Vo <0 éxu V< Vo ra sra Oynamu3. by TeHrcusnuknan KypuHaguku , t=ty

na M mykra V=V(=C; cuptna (arap V =0 O¥ynca) éku Oy cupTHHHT nauaa (arap V <0 oyiica)
éraam.

Teopema 1.2. (JIIOyHOBHMHI aCHUMNTOTHK TYPFYHJIMK XaKuJaru Teopemacu) Arap
TOMHUraH xapakar nuddepeHiuan TeHriiaMacu yuyH aHuK uiopanu V QyHKIus TONUII MyMKUH

0ym0, Oy GyHKIMAIAH NIy TEHTIIaManap épramuia ofmHrad xocwna Vo GyHknus, V QyHKIusTa
KapaMa-Kapiid HWImopayii OYiraH, aHWK wWmopand (QyHKusgaH wubopar Oyica, y Xojaa
TOMMMAaraH xapakaT aCUMIITOTHK TypFyH OVyiau.

Hcobom. TeopemaHuHr miapmiapu Oaxapwirasia TYPFYHIMK Xakujaarud JIdamyHoB
TEOPEMACHHUHT XaM Xamma Iaptiapu Oaxapunanu. IIyHUHT y4uyH XapakariaHa€TraH HYyKTa
V=C; cupTaaH TalKapura Yukud KkerMaiau. AMMO aCUMOTOTHK TYPFYHJIMK Xakuaaru JIsmyHoB

TeopeMacHIary mapTt KyWwIHpOK s’bHU V' Xocwila aifHaH HoJITa TEHT OyMaid, hakaT KoopiHaTa
OoomunaruHa Hoara ainmanamu. [lyHuHT yayH M Hykra Xapakar OonutaHumu OujaHOK V=C;
CHUPTHHHT HYUTa KUPATIH.

YMmymuiinukau O6y3macaan V GyHKIMSHE MycOaT aHWUKJIAHTaH J1e0 XucoOmam MyMKHH.

' . . dv
TeopemaHWHT mIapThra Kelpa YHUHT Xocwiacu V MaHuii aHWKIaHTaH Oymamu. V = Ot <0

TeHrcH3MMKAaH V (QYHKIUSHA MycOariuruya KoJuO, MOHOTOH KaMaWWIW KeIuO YHUKaIM.
bynunr mabsHOCH mykn V ¢yHKIua c>0 nmumuTra sra. bomikaua aiitranma M HyKTa Tamiky
TOMOHJaH V=C; JUMHUTUK cUpTra uHTWIaau. c;=0. SIpbHM V=C, cuUpT KoopauHaTa OoIIura
alJTaHUIIIMHYU KYpcaTamus.

®apa3 kunaitmuk c#0 y xonna 1 Ba V=C; cupTiiap OuyiaH yerapaiaHrat €mnuk coxazaa
TeopeMa maptura kypa V wmanduii 0ynagu, e(e>0) OMiaH YHMHT Iy COXaJard aHHK FOKOPHU

qYerapaCruHu 6CJIFI/IJ18.C8.K, \Y Q)aKaT KOOpAuHaTa 6OIHI/I,Z[aFI/IHa HOJra aujaaHraHu Y4yH e=0

to
Oymagu. AHHK IOKOpH derapacuuu Tabpudra xypa V < —€ V-V, = Ith alHUATIAH
to

12



£ .
toitnanancax, Y = Vo + J.th oym6, V <—€ odan V <V, + J.edt XOoCHUJI Oy Iaiu.

to to

bynnan V<Vy-e(t-tp). By TeHrcu3nukIaH KbIpUHAIMKK, BaKT YTUIIN (OPTHIIK) OmiaH V
¢bynkuus manduii 6ynaau, OyHHHT OYIUIIN MYMKHH 3Mac, YyHKA TEOPEMaHUHT IIapTUTa Kypa
V ¢yHknus—mycOar aHWKIaHTaH. by kapama-kapmmk c;#0 neraH ¢apasHu WHKOP STajiH,
apHU Cp=0 6y1n0, xapakaTnaHaéTraH HyKTa KOOpIMHATa OOIINTa aCHMITOTHK HHTWIAIU. by sca
TeopeMaHu UCOOTIANIH.

Mucon 1.5. Toliuran xapakar T€HIJIaMacu Kyluaara KypuHuniaa 0yacuH.

3

1 .,
X ==X XX =X _EX1X2

Xp = =3y + Xy X, — Xl2 _%X1X22
JIsmyHoB (hyHKUIMSICH
V=2 2%+ )

KypuHuiga Oynub, y MycOaT aHuMKiIaHraH uyHKH CHIbBECTp KpUTEpHIICH MIapTiapu
O6axxapunagu. by GyHKIUSHUHT KapanaérraH cucreMa €pJamMHuaard XOCHJIACMHHM XHcoO0Ial,
KyHUJarMiHU XOCHJI KHJIAMH3.

V = -3 +2X'X, — 2X5

1

-3
X% Ba X2 JapHU y3rapyBud ae0 , Oy QYHKIUSHUHT MaTPHUIIACUHU Ty3aMU3 L 2} bynnan

A1=-3<0 A= L =5>0 Jlemax, Vv GYHKUMSSHUHT MaH(pUH aHUKJIAHTaH OYJIUIUINTUHU Oapua

maptiapu Oakapuiaau, SbHU JIAMYHOBHHHI aCUMOTOTHUK TYPFYHJIMK XaKHJard TeopeMacura
acocaH X;=Xp=0 ToliMaraH xapakat aCHMIITOTUK TYpFyH OYynaju.

JISITyHOBHMHT aCHMITOTHK TYPFYHJIMK XakKujaru teopemacuaa V ¢QyHKous Ba yHUHT V

XOCHJIacHra J>KyJaa rKopu tamabmap kyiwnaau. H.H.KpacoBckuit V  Xxocmiara Kydwira
TajxabHu OUp 03 KyUCU3IAHTUPUII MYMKUH SKAHJIUTUHU KbIpCATaIu.

ax
dt

XOCWJIa aHUK HIIOpalu sMac, Oanku y3rapmac umopanu OyncuH. K opkamu (1.1) coxamaru

V(x) bynxuunsagan =X (X1 X2...,Xn) 1=12,...,N cucrema épraMuia OJMHTaH Vv (X)

KoopauHata OommaaH Oomka V =0 Oymaguran HyKranap KbIIXWJUIMTHHU Oenrminaiimms. K-
KYIXWIIHK CUPT, YU3UK EKU YIAPHUHT KOMOMHAIMSICHIaH HOOpaT OYIMIIN MyMKHH.

Teopema 1.3.(KpacoBckuii Teopemacn):
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Arap d—)iizxi(&xg---,xn) i=12,...,N toiiuran xapaxarHur uQdepeHIKAl

teHrinamacu yayH (1.1) coxama mycOGar anumkinanran V ¢QyHKuus Mapxyn Oynu0, yHUHT
XOCHJIACH Iy cOXaja KyWUJard UKKHU MapTHU KaHOATJIAaHTHPCA,

1. K nmanm tamkapuna V <0

2. Kpna Vv =0, K-nykranap xkynxumumru 0yiuo,

O<t<co ma cucTeMaHWHr OYTYH TpPACKTOPHSICHHH Y3Wjaa cakjamaiaud. Y Xolja ToWuMmaraH
XapakaT aCUMIITOTUK TYpFyH OViaau.

Mucon 1.6. Toluran xapakaT TeHIJIaMacu KyHuJaaru KypuHHIga OYJICHH.

X1 ==X +3X5,  Xy=—XX, — X5

Hlynnait MmycOaT aHMKJIaHTaH
1
V= E(Xf + %)

GYHKIUSHY OlaMHM3KA Oy (QYHKUMSIaH IOKOpHAArd cucreMa €pJamMuaa OJUHTaH XOCHJIacu
KyhHugaruda 0ymaam

V = _(Xl - )(22)2

V xocuna maH(uil aHUKJIaHTaH 3Mac, 0aaKku MaH(GUA X0JIOC, IIYHHHT Y4yH yHra JISITyHOBHHHT
ACUMIITOTUK TYPFYHJIMK XaKUJard TeOpeMacuHu Kyinad Oymmaiian. KpacoBckuii TeopemMacuHu

Kyyam yayH 3ca K kemmxuyukan Vo XOCHIIaHHM HOJITA TEHIIIa0 aHWKIIaiMM3:

V =—(x - x2)? =0 éxu F=x-x=0

by Ox1X; Tekucnukaa napadonanu udomaananam. F—kynxummk OyTyH TpaeKTOpHUsIapHHU Y3uaa
CakKJIaMacIUTrHHU KypcaTamu3.

ByHuHr yuyn
. oF . OF
X —+X%X—=#0

0%

o 2
9KaHJIM'MHU KypCaTaMu3. K Ja X1=X 2 3KaHJIWUTUaaH

. oF . oOF
X —+ X, — = (=X +3X3) + (=X, X, — X3 )(—2X,) = 2X; +4X; 6y udboma x;=0 nan
0%, 0X,

Oomrka HyKTajgapaa Hoira aianMaiinu. LlyHuHr yuyn

F=X1-X2*=0 TynnamM OyTyH TpaeKTopusiapHu ¥y3uaa caknamaiinn. J[lemak, KpacoBckuit
TEOPEMACHHUHT XaMMa IapTiapu Oakapuiiaiu.

1. V dynkius mycOaT aHUKJIaHTaH.

2. V dynkmus vHonra K na tenr 6ynu0, K nan tamkapumaa maHgwuid.
3. K xymxunnuk OyTyH TpaeKTOpHsUIapHH Y3uaa cakiaau, S-HHA

KapajaéTraH xapakaT aCHMITOTHK TYpFyH OYnaiu.
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JIsmyHnoB Ba KpacoBckuii Teopemanapd aCUMNOTOTHK TYPFYHJIMKHUHI KHYUK OOIITaHFHY
ToMMIIapaaru etrapiu mapmiapuaun udonanaiau. E.A.bapbGamun Ba H.H.Kpacosckuiinap
TOMOHHJIAH SIpAaTHJTaH KyWHJard TeopeMa aCUMITOTUK TYPFYHIMKHUHT UXTUEPHUNA OOIUTaHFUY
TOMUIUIApAATrH €TapJIM IAPTIIAPHU aHUKJIAWIN.

Teopema 1.4.(bap6ammn-KpacoBckuii Teopemacu): Arap ToWuran xapakaT
maddepeHnnan TeHrIaMacu yayH

ImV(x) = (%)

[IAPTHH KAaHOATJIAHTHUPYBYM MycOaT aHMKJIaHTaH V(X) GyHKIusS MaBxyn OynuO, yHman Oy
TeHINIaMajap €pJamMuja OJIMHIaH Xocujacu Oapua X JlapAa KyWuJaru HKKUTa LIapTiapHU
KaHOATJIaHTUpCa, y Xohaa Xx=0 Toiiumaran xapakaT Tyja MabHO/1a TYpFyH OYyiaau.

1. K man Tamkapuma V <0

2. K na V =0
by epna K-cucremann 0<t< oo garu OyTyH TpaeKTOPHSICHHU

¥3uma cakjgaMadguraH KYnXWwUIuK. (*) mapT xed Oynamaranmga OWTTa Xk KOOpJIWHATa
YEKCU3JIMKKA MHTHJIMIINHA KbIPCATaIH.

Mucon 1.7. Toliuran xapakat T€HIJIaMacu Kyluaru KypuHuiia 6yiacuH
2X N
1+ x%)?
2X 2y
- et 2)2
T+x)° (@+x9)

2y

y:

+Y® (YHKUMAHH OJICAK, YHHHT OEpHIITaH XapakKaT TEHIJaMacH

MycOaT aHWKIaHraH V = 5
X

€pnamMusia XucoOIaHTaH XOCHIacH

2 2
V=g~ VIR ! 2y4
T+x9)"  @+x9)
0yu0, O6apya (x,y) TEKUCIUKIAa MaH(H aHUKJIaHTaH.

JIsamyHoB Teopemacura acoca x=0,y=0 TolinmaraH xapakaT KHYMK OOLUIAHFUY TOMMIILIapaa
aCUMIITOTUK TYpFyH OYynmagu. Ammo Oynaa bapOammu-KpacoBckuii TeopemacuHu Kyiiabd
Oynmaiinu, uyHku (*) mapt Oaxapunmaiiau. Xa=u=uTaH, X—»00 Ba y=COnst Oynranma V

2 .
(GyHKLUS YEeKCU3IMKKA 3Mac, 6aiku 1+a” ra MHTUIAAU, SbHU FOKOPUAAr MUCOJ TYja MabHOJAA
TYypFyH 0yia oamaiiau.

Mucon 1.8. Duau TolUran xapakaT TeHIVIaMacu Kyiiujaruia Oyiaran cucTeMaHu Kapaiiuk.

X=—X+Yy
' 3
y=-X-y

by cuctema yuyn V = %(X2 +Y?) dysxuusnu oncak, 6y GyHKIMs MycOaT aHUKIAHTaH OYIuo,

yuuar  xocumacn V =—x* —y* =—(x* +y*) <0 wmau¢uii amuknanran. Bymgas Tamkapu

15



lImV =c Oynranu yuyn BapOamuu-KpacoBckuii Teopemacura acocan cucreMaHwHr x=Y=0

X—00

€4MMHU TYJIa MABHOJAA TYPFYH.

§ 2 JIAMYHOBHMHT MATPHUA-(PYHKIHUICH YCYIH

JIsnynoBman  kevimH  omumiap  (H.I.Uerae, W.I'Mankun, H.H.Kpacosckuii,
B.M.Marpocos, A.A.MaptbeiHiOK Ba OollKajiap) TOMOHHJAAH JISIyHOBHUHI TYFpH yCyld
PUBOXKJIAHTUPUIAM Ba TakoMwuiamtupuwigy. Kymiagan, B.M.MatpocoB ToMoHuzan 1962
iinnn JISITyHOBHUHT BEKTOp (YHKIMSCH YCYnH spatuirad 0ynu0, A.A.MapTbIHIOK TOMOHHIAH
1979 ¥iunm JIssmyHOBHUHT MaTpula-(pyHKIHUACH YCYIH SIPATHIIH.

Mabnymku, JIsnyHOB (GyHKUMSICMHM KYpUII aJrOPUTMH MaBXyJ 3Mac, 0y XoJ Mypakkal
cucremanap yuyyH JISmyHOB (QYHKUMACHHM TaHJamIHM KuhuHinamtupaau. Coana cucremanap
yuyH OyHnall KuHMHYWIMK ObuiMaiinu. FOkopuna alTuiaraH xap MKKajla YCYJIHUHI MaKcaau
Mypakkab cucTemanap ydyH TaHjaHaaurad JISIyHOBHMHI cCKajsp (QYHKUMACHHU KYpHILHU
KHCMaH OyJica XxaMm ajiorpuTmiiamiiad noopar. bynaa kapanaérran mypakkad cuctema Oup HeuTa
co/ia KUCM cCUTecMallapra JIeKOMIIO3UIMS KWJIMHAAW, CYHTpa Xap OMp KHCM CHCTEMa Y4yH
JIMMyHOBHUHT cKalslp (yHKUusAcH Ty3wiuO, ynap €prampja yMyMHUH CcUCTeMa Y4YyH
JIsmyHOBHUHT cKaygp GYHKUMSICH Ty3wiaau. JIAMyHOBHMHT MaTpulla—(pyHKIUSACH YyCylu
JISMyHOBHUHT BEKTOP—(pYHKIMSICH YCYJHra KaparaHaa yMyMUHpOK Oynranu yuyH JlsmyHoB
MaTpula-QyHKIUSACH YCYJINHU KbIPHO YMKaMU3.

By ycynHuHT MOXusTH Kyiuaarnda: ABBasl Kapana€TraH cucTteMa JIEKOMIIO3UIUs KUIMHHO,
YHUHT 3PKJIH KACM CHCTeMaliapy Ba Oy 9pKHH KHCM CHCTeMallapHH ¥3apo 6o\oBun (yHImsiap
aXHUpaTUIIaIH, STbHU KapaaéTraH cucremMa

x = f.(x)+ f." (X) i=12,.5 (1.20)

6y epaa X' =(X1,X2,..,%s), X; € R", x€R",n +n,+...4+n, =n xypuHHIIra KeNTHPUIAIN Ba

oo .
0y CHCTEeMaHHHT OeR™, 1=1..,,5 xomarimapu yayn N, < R" —oumk Gornanran
arpoduap xamaa x=0 mykranuar N, < N, x N, x...x N, Oofnanran atpodu maBxyn Oyncun
11ed oJraMus.

x = f.(x), i=12,.5 (1.21)

TEHIJIaMasIap SPKUH KUCM CUCTeManaphu, f; (x) dykuusiap sca Oy SpKHH KUCM CHCTEMalap

opacugaru Oornanunuiapuu udonanaan. Cyurpa (1.20) Ba (1.21) cucremanap 6unan O6upra
Kylugara Matpuiia-QyHKIHUSIHA KapanMus.

_V11(X1) Vio (X1, Xp) Vig(Xp, Xg)eoonn. Vis (X1, %) |
Var (X, Xp) Vap(Xp) Vag(Xa,X3).onVos (Xp, X,)

_Vsl(xs ' Xl) Vsz (Xs ' XZ) VsS (Xs ' XS) """ v SS (Xs)_

U(x) = (1.22)

Oy epna v;(x;,x;)=v,(x,x;) 0ym0, v,(x;) dynkumsaap (1.21) spkuH KMCM cHCTeMaapra
Kapa® Tammamamm. V;(x,,x;) QyHkmmamap oca, f;(x) ¢yskmmanapra kapa® ImyHjaif

TaHnaHaauky, yHAa U(X) Martpuna-QyHKIps MycOaT —aHMKIAHTAHIUK — [IapTIapuHH
KaHOATIaHTUPAJH.

Onmm U(X) marpuna-oynkuus Ba 717 = (7,,7,,...,7,) y3rapmac BekTop €épaamuja Kyinaaru
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CKaJISIp PYHKIUSHU Ty3aMHU3.
V(x)=n"UX)n (1.23)

by ckamap yHkius wmycOar aHukianran Oymumu  yayn U(X) wmarpuna-QyHKous
AJIEMEHTIAPUHU KyHHIaTH MAPTIApHA KAHOATIIAHTUPAIUTaH KWIHO TaHIaiMu3.

a) vii(xi)ZaﬁHxiHZ, V(t,x)eJ,xN. ,i=12..5
=[0,+<0]
(*)
b)  vy(x;, J) aIxllx Yt x.x) € Jox N x N,
i, j=12,..,5 i#]

By maptnap 6axapuiranga V(X) ckansp GyHKIMS yu9yH KyWHIArd TeHTCU3IUK YPUHITH OYIau.

V(X)>u"H"AHu (1.24)

), H =diag(n,1,5...,1,), A= [ f_l

(1.24) Tenrcusnukman KelpuHAIUKH,V(X) OGYHKIMS MycOaT aHUKJIAHTaH OYIUIIN y9yH A
y3rapmac MaTpuila MycOar aHukigaHraH Oymumm ertapnu. Ilynman cyur U(X) marpwuia-
dynxumsarmar Vi (X, X;) dnementnapuaan (1.20) cuctema €pamuaa Xocunanap onuo, ylapHHU

peeeo||X

N

Oy epra U = (Hx1 ,

IOKOpHIaH Oaxonaimus. Papas KuIaimK ynap Kyiuaarnda 6axoianran OYJICHH.

a) (Dyvi) (%) < oy x| +Zp1.1||x||ux | V0 %) € Nyo xN o, i, je[Ls]

J;zl
b) (D'v;)" (%) < py[x, ”2 +Zp2,i,j||xi ||HX]H’ VX €Ny, T€[Ls],
=
ji

¢)  (Dvy)" (%) < py x| +Zp3.,||x||ux [+ sl Y %;) €Ny x N, i, j e L8], i < ]

J==|

d) (Dx u) f (X)<p5|||x ” +Zp4lj||x ”HX H—i_pESJHX H VX ENIXO’ ,JE[].S] |<J

I;tj

&) (D vy)" ()< prlx[” +Zp5.1||x||ux [+ poilpls 06, %,) € Nyg XN, iy e8] i < |

j;tl

f) (Dx u) f (X)<p9|||x|| +Zp6lj||x|mx H+p10JHX H VX ENIXO’ ,JE[].S] |<J

I#J

(1,24) cxamap ¢yukuusaan  (1,20) cuctema &Epaamuna  IOKOpPHAArd TEHTCU3IUKIApHU
KaHOATJIAHTUPYBYM XOCHJIA YIYH KyHUIAard TEHTCU3IIUK XOCUT OYau.

V(x) <u'Gu (1.25)
Oy epna
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G= [gi,j ]is,jzl’ i =9i;

9; =In! (o +p2,i)+2§ 10 (Ps; + Paj + Psi + Lo+ Pri TPsj + Poi + Pro )]
j=1
i<j

1
0jj ZEUiZ(Pl,i,j +0053) F 10 (P s + Paij + Psii t Psi i)

(1.25) tenrcusnuknan keipuHaguk, V(X) xocwiaa mManbuil aHWKIaHTaH Oynumu yayH G-
y3rapmac MaTpullaHd MaH(UN aHUKJIaHTaH OYJIMILIY eTapiu.

IOxopuaarunapra acociianu® Kyduara T€OpeMaHu KEITUPAMU3.

Teopema 1.5. Arap (1.20) cucrema y4yH D3JeMeHTIapu (*) MApTIapHU
kaHoaTnaHTupyBur U(X) MaTpuiia—(pyHKIUsS MaBxKya OYIu0, KyWuaary mapriap oaxapuica

1. A-matpuria MmycOaT aHUKJTaHTaH.
2. G- maTpuna spuM MaHHii aHUKITaHTaH.

VY xonnma (1.20) cucremanunr X=0 eqyrMu (TOWUMAaraH xapakar) TYPFyH Oyiaiu.

Hcbom: n' =(1,,1,,...,1,) Bektop épmamuma (1,22) matpunma—byskmusaman (1,24)

TEHI'CU3JIMKHU KaHoaTiauTupyBuu (1,23) ckanap ¢ynkuusHu ty3zamus. by ckamsp dyHKus
xocunacu yuyH (1,25) Gaxomamuu xocun Kwiamu3. (1,24) TeHTCH3IUKIAH Ba A MaTpUIIAHUHT
MycOaT anuknaHrannurugad (1,23) ¢byHKuMsSHUHT MycOaT aHMKJIAHTAHJIWTH XOCWUJ Oynaau,
(1,25) 6axonampaan Ba G MaTpULIAHUHT ApUM MaH(UN aHMKIaHraHauruaad sca (1,24) ckansap
¢dbyakuusaan (1,20) cucrema €pramMmuna OMMHTAH XOCHIa MaH(WN aHWKJIAaHTaH €KW alfHaH HOJra
TeHr Oynaau. By mapTtiap sca cucrema MyBO3aHAT XOJAaTHHUHT TYPFYH OYJIUIIHN YIyH €TapIiu.

Teopema 1.6. Arap (1.20) cucrema y4yH DdJIE€MEHTIApPH (*) maptaapHU
kanoariaantupyBun U(X) MaTpuna — QyHKIUS MaBKya 0Yin0, Kyituaaru maptiap oakapuica
3. A-matpuria MycOaT aHUKJIaHTaH.
4, G- maTpuiia MmaHuil aHUKJIaHTaH.

VY xonmga (1.20) cuctemanunr X=0 e4rmu (TOMMMaraH xapakar) aCHMOTOTHK TypFyH OYau.

Hcbom: 1" =1,,1,,...,n;) Bekrop épmamuma (1,22) marpuna—dynxnusaman (1,24)

TEHI'CH3JIMKHKM KaHoaTiaaHTUpyBun (1,23) ckaisap GyHKIMSHH Ty3aMu3. by ckaisap QyHKIus
xocwnacu yuyH (1,25) 6axomaman xocun Kunamus. (1,24) TeHrcu3nuKaaH Ba A MaTpUIIaHUHT
MycOaT anukiaanraniaurugad (1,23) GyHKUMSHUHT MycOaT aHUKIAHTAHJIWTUA XOcWia OYyiaiu,
(1,25) Gaxomampan Ba G MarpumlanuHr MaH(uil aHukKTaHrawaurugad sca (1,24) ckamsp
¢byuknusaaan (1,20) cucrema €pramuga OIWMHTaH Xocwia MaHGuU aHuKIaHTaH Oynanu. by
IIapTJiap 3ca CUCTeMa MyBO3aHAT XOJIATUHUHT ACHMITOTHK TYPFYH OYJIMIIHM YUyH €TapIIH.

Mucon 1.9.

NxxuHumn TapTI/I6JII/I HKKUTa KHUCM CHUCTCMAJIapJilaH TYy3WJII'aH TS'/pTI/IH‘lI/I TapTI/I6J'II/I
CUCTCMAaHHU KapaﬁMHS.

d, (-1 05) (05 1
9% _ X, + X,
dt \-05 -2 -1 05
-2 - 01 -1 .
%: X2+ Xll Xi ERZ, |:1,2
dt 05 -3 1 01

Bepuinran cucrema yuyH slieMeHTIapu Kyluaarnda 0yiaran Matpuua-QyHKIUSHE Ty3aMU3.
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Vi (%) = xdeiag{Z,Z}xi, =12, v, = (X, %) = V(X %) = Xdeiag{Oil’O’l}Xz
By ¢ynkius yayH Kyiiugarunap ypuHimm 0ymaam.
V(%) > 2||xi||2 VX e Ny, =12 Vip(x,%,) 201 [|)x,]  V(x,%)e N, xN

iXg ? 2Xo

Arap n' = (L,1) 6¥nca, y Xon1a A MaTPHIAHWHT KYPHHUIIH

2 -0
A=
(—0,1 2}

Kabu 0ynu0, y MmycOar aHukianran 6ymaau. G Marpuia JeMeHTIapu 3ca
O, =2, 0,=-359, ¢,,=0214

KbIpuHUIMAA 0ynamu. G MaTpuIlaHUHT OYHIIEK dIIEMEHTIapuaaH KyWuaarura sra 0yiamus.

G|~ 2 0,214
0,214 -359
G marpuna MaH(pU aHUKJIAHTaHIATHIaH CHCTEMAaHUHT X=0 MyBO3aHaT X0JIaTH aCUMIITOTHK

TYpFyH Oynaau.

Mucon 1.10. Kyitnnaru WMpyK MacIiTaOIu CHCTEMaH! KapaiMu3

dx

a:A1x+A2y+A32
%: B x+B,y+B,z
dz

H:C1X+C2y+C32

Oy epaa
xeR™, yeR™, zeR™, n+n,+n,=n, A, A, A,B,,B,,B;,C,,C,,C; —¥3rapmac
MaTpunanap. by cucremara Moc S)pKHH KUCM CHCTeMaiap Kyhuaarunda Oyiaam

dx

— = AX
dt A

d

ar =B
E:C32
dt

Onementnapu Kyhunaru kypunumna 6ymran U(z,y,z) =[v; ()], i, ] =123
N —————

V() =X P, Vo (X) = Y PYy Vig(X) =27 Pz, Vo (X Y) =V, () = X' Py,

Vig(X,2) =V (X,2) = X PogZ, Vip(1,2) =V (1,2) = Y P

Oy epaa P;, i =1,2,3—mycbar aHUK/IaHTaH CAMMETPUK Matpuia, P,, P, P,y —¥3rapmac

(%)

MaTpunaiap.

(*) dyHKUMSITap YyUyH KyWuAaruiap YpuHiIu Oyiam.
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vy, (X) > ﬂ,m(Pll)HxH2 ,VxeN,, N,={xeN,  x=0}

Vo (Y) Z/Im(l:)zz)HyH2 , VY €Ny, Ny ={ye Ny’yio}l
Vis(2) 2 4, Pz V2 €Ny, Ny ={zeN,,z#0},

1
Vip (%, ¥) 2 =A% (P PR)X|Y] . ¥(x,y) € Nyo XNy,

1

Via (%, 2) 2 =45 (PaPa)|Xlz] , W(x,2) € Nyo x N,
1

Vys(Y,2) 2 _ZE/I (stng)HYHHZH V(Y. 2) e Nyo XN,
6y epma 4, (P;)—P,

. MaTPHIAaHUHT MUHUMAJ X0C¢ KuitmaTty, i=1,2,3.

1 1 1
A% (PoP3), A% (PaP3), A% (PssPy) — Py, P, Py Matpunanaprumr nopmanapu. U(X, Y, 2)
Matpuna-ysknus Ba 77 € R®, 17, >0, i =1,2,3 y3rapmac BekTopaan poiinananud Kyiumaru
cKaJsip QYHKUUSHU Ty3aMH3.

V(X’ Y, Z) = 77TU (X1 Y, 2)77
By ckansap dyakums yayH Kyiugaru 6axoJamn YpuHiIu Oyaaam.
V(X,Y,z)>u"H PHu
6y epma u' = (|x|.|yl.|z]), H" =H =diag(r,,7,,75)

1 1
In(Py) =A% (PeP2) =A% (PiPis)

1 1
P= _ﬁ“l%/l (P12P1T2) /Im(Pzz) _ﬂ“l%/l (P23P2T3)
1

1
_/Il%/l (P13P1T3) _ﬂﬁ (P23P2T3) Zm(P33)

OHju Oepwiiran cucrteMa €paamua (*) GyHKIUsIapIaH OJIMHTaH XOCHIaJapHu 6axoiiad
YHKAMM3!

vll =X P11X+ X' PllX = (A1X+ A2y+ ASZ)T P11X+ X' P11(A1X+ Azy+ ASZ) =x' F)11A1T I:)11)("'
+ yTAzT P11X+ ZTAsPnX"' X' P11A1X+ X' P11A2y+ X' I:)11'6‘32 =x' (P11A1 + ALT Pn)x+ 2x" P11A2y+

1 1
+2XT Py Az < Ay (PUA + ATPLX + 243 RyAy (P AT XV + 228 PuA (P AT X1

Vy, = yT P,y + yT P,y =(Bx+B,y+ B3Z)T P,y + yT P, (B Xx+B,y+B;z) = BlTXT P,y +
+B, Y P,y +B; 2" P,y + Y PyB X+ Y P,B,y + Y P,,Biz =y (P,,B, + B[ Py,)y +

1

2

+2x"P,By+27' PpoBsy <4, (Py,B, + B, P22)||Y||2 +22% (P,,B,(Py,B,)" )||x||||y|| +

1
+222 (P,B,(P,, BS)T )”Z””y”
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Vg =2 P,z +2" P2 =(Cx+C,y+C,2)" P,z +2" P, (C,x+C,y+C,2) =C, X" P, +
+C Yy 'Pz+C 2" Pz +2"P,Cx+2'P,,C,y+2'P,C,z=2" (C; P, +C,P)z +

1
+2XTC, P,z +227C, Py < 4, (CI Py + CoPy)|Z|* + 242 (PyuCi (PCy) X2 +
1
+222 (PsC4 (PCy) )| Z|l|]
Vy, = X' PLy+ X' Poy=(AX+Ay+ AsZ)T PLy+ X' P, (B x+B,y+B,z) = XTAlTF)lzy+
+ yTAzT Poy+ z' AST PLy+ x' PLB X+ x' PLB,y+ X' P,Bsz = X' %(P12Bl + (P1281)T)X+
1
+ yT E(AQT P> +(A2T P12)T)y+ X' (A1T P, +P,B,)y+ yT PszAeZ +x' P,B,z =

%XT (P,B; + BlT Psz)X"‘%yT (AzT P+ PszAz)y+ X' (AlT P, +P,B,)y+ y' PszAsz +x' P,Byz <
1 1 =

< Eﬁ“m(PﬂBl + BlT Psz )||X||2 +§/1m (AzT Po+ P1T2A2)||y||2 + A% ((A1T P, + Plsz)(AlT P+ PlZBZ)T )||x||||y|| +
1 1

+ A% (P2 AP A) DIVIIZ] + A% (P2Bs (P, B3) )X 7]

Vls =X |:)13Z"'XT |:)13Z = (A1X+ A2y+ ASZ)T P132+XT |313(C1X+C2y+C32) = XTAlTP132+

+ yT AzT Psz+ z' A; Psz+ X' PsCi X+ X' PGy + X' PsCyz= % X' (P,C, + (P1301)T)X +
1 1
+ E z' (AQT Ps+ (AzT P13)T )Z+ X' (AQT Ps+PsCs)z+ yT AQT Paz+ X' PLC,y = E X' (PsC, + P1T3C1T)X +

1
+ E z' (AQT Ps+ A2P13T)Z +x' (AzT Ps+PsCs)z+ yT AzT Psz+ X! PsC,y <4, (PC, + |::'1T3C1T )”X”T +

1 1
+ 2 (AT Ry + AP 2 4+ 22 (AT P + PuCa) (AT Pra + RaCa) Xz + 23 (AT R (AT P) |l +

1
+ A% (PsC, (PC) IXII]
Voy =V Pz + Yy P2 =(BX+B,y+B,z) Pz +y Py (CXx+C,y+C,2) =B X" Pz +
+ B; yT PZSZ + B:;r ZT PZSZ + yT P23C1X + yT P23C2y + yT P23CSZ = yT (BZ P23 + P23C3)Z +
+X B/ Pyz+2"B]P,,z+y P.,Cx+y P, C,y<A P,B] ||z||2 + A P23CZ||y||2 +

1 1 1
+ A% (B, Pas + PouCo)|Yll2] + 4% BY Pys|[X]l[2] + 2% PouCi|[ XY
by 6axonammnapaan doitnananud

V(X, Y, Z) = 77TU (X1 Y, 2)77

XOCHUJIaHU FOKOpUJaH OaxojalMu3
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Vg Vi Vig |7
V= (771 My M) Vor Voo Vo3 |71, |=
Var Vi, Vg \75
T
= (771\711 + 1V +15Vay V1, 105V +175V3p  1Vig + 175V + 13035 ) 17, | =
UK
= 7712\711 + 117V + 175Vay + 10V, + 7722\722 +10,113V35 + 11775V + 17,773V 5 + U§V33 =
= 11Ny + 715V + 715 Vag + T1 N, + T71Vas + 1175V0s = 777 (X (P A + A Py )X+ 2XT Py Ay +
+2X" Py AZ) + 115 (Y (PyoBy + B{ Ppy) Y +2XT Py, B,y +22" P, Byy) +775 (2 (Cg Py + C4Py) 2 +

1 1
+ 2XTC1P332 + 22TC2 PsY) +mn, (E X' (P,B, + BlT Plz)x + E yT (AQT P+ PszAz)y +
1
X' (AiT P, +P,B,)y+ yT I:)1T2A32 + X P,B;z) +mn, (E X' (PsC, + Pl-gclT )X+

+ % 2" (AP, + AP )Z+X (AP, +P.C)z+Yy AP,z +X PyC,Y) +17,7,(y" (B,Pys + PsCo)z +
+X"B/ Pz +2'B; P,z + Yy P,,Cx+Yy P.C,y) <

<nf (A (P A + AT PN + 2’1%/1 PaAy (PuAy) X[ + 21% P A (PuA) T X2 +

12 Uiy (PoBy + BT PV + 2, (PooBy (P8 ) Y] + 222 (PoBy (B Ml +

73 (A (C§ Py + C3P )2 + 21% (PssCy (PssCy) |X]l12] + ZE%M (PsC3(PCo) |2y +

(2, (P, + BRI + 24, (AT R, + PRADIY® + 24 (AT, + P, )AT R, + B Dy +
2 (PLA LAY I+ 22 (RB (PB) YlzD + 1 2 (P, + PIC ]

2 (AP + ARSI + 25 (AL Py + PuC)(AL Py + PuCo) xllz] + 22 (AT P (AT Po) Yyl +

+ /I%A (PisC, (PaCo) XY + 7775 (A PasBS 2] + 20 PosColy]” + ﬂ“%l (B,Pys + PysCs)| 2] +

45,80 Pl + 5,PaC NS -

= 0 G (Puy + AT P+ 105 A (B + BT P + 1, iy (P, + PEC DX +

1
+ (Uzzﬂ'm (P,,B, + BlT Py,) +mmn, (E A (AzT P+ Psz A))+ 4, P23C2)"y”2 + (773?/1m (C; Py +C3Py3) +

1 1
+ A (A Py + AP ) + 1510520 PoBY 2 + (2 228 PuA, (PuA,)T + 13 2% (Po,By (P,B))T) +

1 1

1
MM, A% (Al Py + Pu,B ) (A Py + PuBy) ") + 11,113 4% (PsCo (PsCl) ™) + 17,1542 PasCy )||x||||y|| +
1 1 1
+ (7712 225 P11'6‘3(|:’11A3)T + 77§ 223 (P33C1(P33C1)T +mn, A (P,B; (P, BS)T +
1 1

1
+ 17125 ((AzT Ps+ P1303)(A2T Pa+ P13C3)T + 17,715 4%, BlT st)"X""Z” + (7722 22% (P,,B5 (P, Bs)T

1 1 1 1
+ 7732 22% (P5C, (P33C3)T )+, AR (P1T2 A, (P& AS)T )+ A% AzT P13(A2T I:)13)T + 17,175 (A% (B, Py + P,yCy ))||y||||z||
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Kyilrgarnda Oearuian KHpuTaMus:
1
P11 = 7712 (A (P, A + AlT Pu) + 11, (E An(P,B, + BlT Psz) + 1,175 (A, (P5C, + PszClT )

1
P = 7722ﬂ’m (P,,B, + BlT P,,) + 1.7, (E An (AzT Po+ P1T2 A))) + 4, Py;C,
P33 = 7732/1m (CsT Pys +C3Py) + 4, (AzT Ps+ A, F)la'T )+ 11,134, Pag BsT

1 1
P2 = P = 7712113 PllAZ(PllAQ)T + 7722/116 (PzzBl(PzzBl)T)+

1 1

1 ! 1
+ 5771772113 ((AlT P.+ Py BZ)(AlT P.+ Py Bz)T )+ s A (PG, (P13C2)T )+ 5772773/% P,:C,

1

1 1
Pz = P31 = 7712 225 PllAS(PllAS)T + 77:3 244 (P33C1(P33C1)T + 117,44 (P, B; (P, Bs)T +
1 1
+ 71345 ((AzT Ps+ P13C3)(A2T Ps+ P13C3)T + 17,1345 BlT Py

1 1 1
1 1 1 1
Paz = Pz = 77??/% (P,,B; (P, Bs)T + 773?/116 (P33C3(P33C3)T )+ 5771772113 (Psz As,(Psz As)T )+

1 L 1
+ E/ﬁtv%/l AQT Pls(AzT PlB)T + 17,7154 (B, Py5 + Py,Cy)

VY xonga xocuna GyHKIUS YUyH KyHUIard TEHTCU3JINK YPUHIINA OY1aau
y 2 2 2
V< pulX” + paalVI™ + paallz]” + P XYl + psal Xzl + P2l ¥l
By TenrcusnukHu Kyinnarnia E3UIMMMU3 MyMKIH
V <u'Su
oy epma S =|p; ], 1i=1.2.3, p; = p;
S maTpuia MmaHUii aHUKJTAHTaH OYJIUIITN YIyH

a) p1<0
P P2

P P2

C) |S| = P11P22P33 + 21202313 — p123,022 - ,0223,011 - P122:O33 <0

b) = P11P2 _p122 >0 (%)

HIAPTIAPHUHT OKAPHIIUIIN eTapiu. byHaan xynoca KWinO IIyHH aWTUIIMMU3 MyMKHHKH, arap
P matpuma MycOaT aHukigaHraH Oyica, (**) mapriap Oaxapwiranma S marpuia MaHbuit
aHuKJIaHrad 6ynuo0, Teopema 1.2 HuHT Oapua mapTiapu Oaxapuiaaau, SbHU OEpUITaH cucTeMa
MYBO3aHaT XOJaTH aCUMIITOTUK TYpFyH OYIau.

Mucon 1.11. Kyiinnaru Jlypbe cucteMacuHM Kapaliuk
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d

X *
a = A X+ ALY+ A132+q1f1(0'1) =f,

d *
d_)t/ = A X+ Ay + Apz+, f,(o,) =1,
dz .
a = Ay X+ Ay + AgsZ +0, f3(0'3) = f3
Oy epaa
f.(o;)

o, =CiX+CLYy+Chz, e[0,k],i=123, o, € (~o0,+0).

®dapa3 Kuwiaiauk Oy CUCTEMa YUYH XaM FOKOpHUIa KapaJiraH MUCOJIaru Kabu MaTpuiia—QpyHKIUs
Ty3uiraH 0ynu0, y epaaru 6axomnanuiap ypuniu O0VicuH. by pyHKusnapaan Oepuirad cucrema
€pamMuIa OJIMHTaH TYJIa XOCHJIa KyWHIaru TEHTCH3JIMKHA KaHOATIIaHTHPAIH:

V(x,y,z) <u'Su
Oy epma S = |_O'ij J, 1j=1,2,3, o =0, oy, 1 =123 nap moc paBumiza Kyiujaaru
MaTpHIaTapHUHT MaKCUMAaJ XOC KHIMaTIapu.
AP+ PaAL + P Ak el) + (aiki eh) " Pt + 2,0, {P Apy + Py (0,55 650 3+ 21777 {Pg Ay +
Pa(A:K5 1)}
12{AsPo + Po Py + Prp(0K;C2) + (0K;C2,) " Pood+ 21 {AL P, +(Giki C1,) " Pt + 21,m5{PosAs, +
Po3 (03K C3,)}
715 {AgsPsa + PayAgy + Pig (Q5K3C33) + (05K3C33) " Pag + 2177, { APy + (A1KI €)™ P} + 27,775 { AgoPys +
(0.K3C23)" Pos}
, Oy, 1 # ], 1, ] =12,3 map Moc paBumiia Kyiunara MaTpHIlaJapHUHT HOPMaTapHy.
7712{P11A12 + P gk, ) + 7722{{P22 Ay + Py (d,k;C) 3+ 771772{A1TlP12 +PoA, + (Q1k1*011)T Py, +
+ P (0K 50} + 11773 {PiaAgy + Pra (UaK5Ca5) + 17,75{Pos Agy + Po (05K Ca1)}
1P A + P (0K ) 175{PasAgy + Pag (Gsk3 €30} + 717, {P Agy + Py (0,K5C54) 1+
+ 1 715{PisAgs + APy + Pig(03K;C55) + (0Ky €11 )Pt + 77,775 A Py + (0,K55,) " Pog}
7722{P22 Ay + Py (qzkzcgs)} + 773?{P33A32 + Py (q3k50§1)} + 771772{A1T3 o + (qlkl*clTs)T P}
+ 17 {AL P + (AK€ )P+ 17,775{ A% Pog + Pos Ay +(0,K;5C5,) " Pog + Pog (5K C55)}
Oy epna
. :{aiqf P;x>0, (éku o0/ Py >0, éku 0,0/ P,z>0) oa k

konean xomnapoa 0

by 6axonamap Kylipaaruda xyjioca KUJIUIINMU3 UIMKOHUHM Oepanu: Arap P maTtpuna
MycOar aHUK/IaHTaH 6yi1u0, S MaTpuia MaH(uil aHuKIaHrad Oyinca, y xonna Jlypse tunuaaru
crcTeMa MyBO3aHAT XOJIATH aCUMITOTHUK TYPFYH Oyaau.

Mucon 1.12. Mucon 1.11 garu MaTpunaJlapHUHT KYPUHUIIM KyWuaaruda 6yicuH
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-3 0) (=50} , (10}, (50) , (010)  _(-20)
_(o —3} A“_(o —5} A“_(o 1]’ Aﬂ_(o 5} 22_(0 0,1]’ 23_[0 —2)’
(-1 0), (23 0) (0 1) (ony  (-01) 0

S S P R RS RN
( o,1j ( 001J (—0,1]_ (0,1)_ (0,01} (0,1}
v V12 — y Ci3 = Gy = v Cpp = v Cp3 = )
01 0 0 01
031:(_ 0’1} Csy :( 0 J; 033:( OJ. k=1 i=123.
-01 -0,01 -01

U(X,Y,2) matpuna—hyHKIUSHAHT 3JIEMEHTIAPHHH

Vi (X) =x"diag[LIx; vy, (y) =y diag[Llly; vs,(z)=z"diag[L1]z

Vi, (%, y) = x"diag[0,1,0,1]y; Vv,5(X,z) = x" diag[0,1;,01]z; Vv,,(Yy,z) = y'diag[0,1;0,1]z.
KYpUHHUIIJA TAHJIACAK, YJIap Y9yH

GO Y VAR €% B 1Y AN ey B v

vey) 2 08yl V(2 202l vap(y.2) = —0dle]

Oaxomnap ypunim 0Yiuo,

1 -01 -01
P=/-011 -01
-01-01 1

MaTpuLa MycOaT aHUKJIaHTaH Oy Iiai.
Arap 17 =(111) 6¥nca y xonma tannab omunran V; (); 1, j € [1,3] snementmapra kypa S

MaTpHulla Kyiuaara KniMaTiapHu KaOym Kuinaau

~52 016 0,2
k=0 oa 016 —034 015
02 016 -0,

-5202 018 0,03
ki =k =1 oa |018 —-0,3402 0,012
003 0,012 -0,202

Hkkana xonga xam S marpuiia Manduil anukianrad 6ynaau. bynnan sca reopema 1.2 ra acocan
Kapaja€TraH CUCTeMaHUHT X=y=z=0 MyBO3aHaT XOJIaTH aCUMIITOTHK TYpFyH Oyaau.
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Il — 000

ArperupJiami ¢popMacu Ba CHHTYJISIP-TOHHUIaH CUCTEeMAHUHI CTPYKTYPaIn
TYPFYHJUTHHUHT IIAPTJIAPH.

CuHrynsp-toiiuran  Mupuk MacmTaOiau cuUcTeManap XOCWJIABMM TOMMraH XapakaT
TEHTJIamMajlapy CUCTeMAacH KypuHHIIUAa L, , W, >0, KWIuK mapamerpiap OWiIaH XxapakTepiaaHal.
By nmapamerpiapHUHI MaBXKyJUIMTH CHCTEMa arperupoBaH MaTpULAcH yiaapra OOFIUKIMTUHU
anrnataad. by sca Oepwiran mapTiapHM KAaHOATIAHTUPYBYM |, MapaMeTp KUMMaTUHU
Oaxoramaa KAHMHYIAIAKIIAD TYFIUPAIH.

Mupuk Macmrabiny CHCTEMAaHM TYPFYHJIMTHHM TEKIIMPHIJA arperar MaTpHIaHH
TapTUOM Ba XOCCACHHM OepuiraH cucreMa TapTHOWIAaH Ba XOCCANApHJaH KHYMK KWIHO TaHJall
UMKOHUHU OepyBun ycyn 3¢ddextuB xucobnmanaau. bomika MyxuMm skuxaTtu |, HapaMaeTp
KMMMAaTHHU IOKOpY YerapacuHu OaxonamijaH kenud yukaau. by macananu eunmija JIsmyHOBHU
TYna QYHKUMACUHU KypHII Ba KUYUK [TapaMeTpHU OOFIMKMACIUTU MyaMMOJapy KeJno YuKaiu.
Kuuuk napamerpHu OOFJIMKMACIMIU KUCM CHCTEMa yYyH BaKT IIKaJaCHMHM TaHJAlra OOFIMK
Ooymaau.

By 6001a cTpykTypanu ToHuUIIAa CUHTYISIp TOMUTaH HUPUK MaciiTabiu cUCTEeMalapHU
TYPFYHJIMTUHU MaTpuia-QyHKuus acocuja JISMyHOBHUHT TYFpU YCYJIM €pramMujia TEKIIWPHIL
Macanacu ypranwiaad. by epaa acocuil fos “re3” Ba “CEKMH’ KUCM CHCTEMalapuHU MaTpula-
GYHKIUSHUHT IMOTaHANUAArd 3JIEMEHTIapura Moc KeIumuaup. Marpuna-QyHKUUSHUHT
auoraHanjga OyiMaraH sJIeMeHT/Iapu KUCM cUcTeMallap opacujard OOFJIaHUIIHM aHTJaTaau. L,
—0 nga marpuna-¢GyHKIUS KOMIOHEHTAJlapura MOC KEeIyBUHM MaxCyc CTPYKTKpadH CHCTeMa
xocu 6ynamu. Mupnk MaciraGinu CHHIYISp-TOMMIaH CHCTEMA TYPFYHIUIH (TYpFYHMACIHIH)
HUHT €Tapiiv IApTJIapU aHUK MIIOPAIM MaxCyC MaTpUlla KypUHHUIINIA TACBUPIIAHAIN.

§ |I. Cunryasip-Toifuran iMpUK MacmITa0/ 14 cMCTeMa E3UTHIIN BAa 1eKOMIO3U LM SICH.
CuHTYnIAp-TOMUTaH HUPUK MAcIITabIN CUCTEMAaHUHT TOWUTaH XapaKaT TeHraMacu
Kyhugard (S ) kypuHuiuaa 6epuiaran 6yiacuH

% =ft XY PLS), =12,

(2.1)
dy; _, N
i ot =0i(t,X,Y,M,Pg+i,Sqvi),  =1,2,....1
Byepma XeR, ni+nyt...+ng=n, yieR, mi+...+m=m, g+r=S; fi n;
Ba Q- Pj,V1€[1,S] roiinm ymuamura Moc KeJIyBUM Y3JIyKCH3 BekTop (GyHKIms Ba Si, Vie[l,S]
CTPYKTYpaJIM MATpHIIA JAard KaOW aHUKIAHAIM. |,-UXTUEPUN KHUYUK KUHMATHU KaOya KHIyBUU
w.€[0,1].Vie[1,r]; M=dwag{u1,u2,. .., L} mTapameTp.
M Tynnamuu Kyiugarnya Oenruiaimmus
M={ M:0<M<I}, I=cdiag{l,1,...,1}eR™
y xonaa um={M:0<p,<pim,V €[1,r]}, 6ynamu
Oy epaa [y m- | HUHT IOKOPH KHHMAaTH.
Arap KM4YMK apaMmeTpiiap y3apo OorjaHraH O6yimaca y xosijaa (S") cucrema tj GoraukMac
BaKT IIKaJIaCH MaBXyJl OyJiau
= m2 @22
Y7,
By xonia rpaaupoBaH BaH IIKaiacu OuUp Xui Oyiaamu. tj BaKT MIKAJACH Tj KUHMaT OpKaJld

OoFHK OYynaau
%:ri, =1,2,....,r, (2.3)
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AQHUKJIAHTaH 4yerapajiapja y3rapaau
e[z, 7, 1,i=1.2,...1, (2.4)
Oy epma 0< ;< ritoo, Vie[lr].
(2.1.3),(2.1.4) xomnapaaH Kyiujaaru rpajupyBaH BakT LIKajjacura sra 0yiamus

wf =12, (2.5)
H
OyHza KypUHAIUKU 7, =7, = 71 =1 Oynmaam.
V3apo Gormuk 6ymran (S*) kypusmmarn cucreManuur (Sj) KYpHHHMIIMAArd | 4
CUHTYJISIp-TOMUTaH KUCM CUCTEMAaCUHUHI KYPUHUIIMN Kylnaaruya Oyiaau:

%:fi(t, X, Y, Pi, Si)

(2.6)
dy; _
) dt
(S'i) KypUHHUIIIATH 1 YK CHHTYJISIP-TOWUTaH KHCM CUCTeMa KyWuaaruca €3uaaan

dx. .
—+ =fi(t, X, y', Pi, Si),
ot (t, X,y )

Hl gl(t ] Xa ya M1 Pq+1,Sq+1)

(2.7)
dy,
_ dt -
6y epra X=(0,0, ...,0,x", 0,0, ..., 0)eR" n=ny+ny+...+ng, _
XeR™:y=(0,0, ....0,y", 0, ...,00'eR™ m=mg+my, _.m;, yieR™ .
g=r 6ynran xoJyga OM3 Kyluaaru TeHrjaMaHu KapalrmMu3 MyMKUH

dx P
—L=fi (t, X, ¥, P}, Si),
at (t, X, Y, Py, Sj)

“l gl(t’ Xil yl 1 M) Pq+1a Sq+1)a

o (2.8)
. Ozgi(t’ XI! yI’ 0, I:>q+1, Sq+1)
( S*) cucremanuHr (S jp ) KHCM CUCTEMACHHU 1- aifHUTaH OOFJIMKMAcC TEHrJ1aMa Jied araiiMu3 Ba

2= gi(a, b', ¥" ,0, Pge1, Sge1) (29)

TeHIJIAMAHH i-4erapaiaHrad KaTiaMHH OOFImKMac ke cucremact (( S*) cucremanusr (St )
YH T€3 KUCM CHUCTEMAaCH) JACHIITa IN. (2.9) cucremana o.eR,
b'=(0,...,0,b";,0,...,0)" a.eR", b aeR".
Arap (2.1) TeHriaamanap cuctemMacuia XxaMMa i, Jiap HOJI TYIUIaMHHU Udoanaca, y Xoyaa
oy
dx .
d_tI:fi (t’ X’ y; P|| Sl)l |:l,2’:1q1
(2.10)
0=gi(t, X, ¥ ,0, Pg+1, Sqv1) , i=1,2,....1,
TeHrnama (S*) cucreManuHr (S o) ¥3apo O0FIUK Oy3UITyBUaH KUCM CUCTEMAcH JIeHuIa iy,
dy. .
d_{':ri 0t b,y .0, Py, Squr) . L2 (2.101)
1
TeHrmama aca (S') CHCTeMaHHHT ¥3apo OOFIUK (St) Te3 KHCM cHCTeMacH 1e6 aTanajim.
dapa3 xkunaiimuk 0=gi(t, X, ¥ ,0, Pg+1, Sg+1), V(t, X, Y) eRXNyXNy , mapt xap 6up (P,S)
P X@s xyQrauk yayn paxar Ba dakat y=0 na ypunmu 6yiacun, 6ynaan tamkapu 0=gi(t, X', y' ,0,
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Pg+1, Sg+1), V(t, X, Y) eRXNyXNy mapt xap oup (P,S) € Px %, s KyQTIuK yuyH (akaT Ba paxar
y'=0 na ypuniu GYIICHH.
Bbynnan kenu6 ynkamuku (2.8) Ba (2.10) cucremanap Moc apBuIIa

9% _t . %0, P, S, (2.12)

O;X' =f (% 0, P, ), i=1.2,...q (2.13)

cucreMasnap OuiIaH SKBUBAJICHT OYiaau.

§ 2. CuHryJsip-TOMNIaH CUCTEMAHUHNUT TYPFYHJIUK IIAPTH BAa arperupJiaml

bup karop yTkaszuiaraH Taxiawiiap HaTH)Kacula MMpPUK MaclITaOiau CUHTYJISp-TOMUTaH
cucTeMa JEKOMOo3uIuscH ¢GopMacu Typiauda Oynumu MyMKuH. By aca arperupiantHuHr
Typauda popMacH Ba ylIapHU TYPFYHJIMK KPUTEPUCH MAaBXKYIUTHHH KypcaTajan. AMMa HUPUK
MacITabii CUCTEMaHUHT Oy CHH(PH Y9yH KyHugaruda COBOJI TYFHJIAIU: y3apo OOFJIUK TYpJH t,
BAKT IIKANACH MaBXyIMH ? Yprammm kepak OyIraH Macaga OOFTMKMAC KHCM CHCTEMasap Ba
Ooup Karop Oy3uiran OOFJIMKMac KMUCM cUCTeManap TYPFYHJIMTHHU YPraHuIl HaTHXKacua XOCUII
OYIraH CHCTEMa HON CYAMH TYPFYHJIMTH IIapTiapura kypa (S') CHCTEMaHHHT arpermp
(hopmMacuHU XOCHUJT KHJIUIIL.

2.1. HoTtekuc nmapakajiaHraH BakT IIKaJTacH. g=r MyHocabaTHu Oakapuiamu aebd dapas
KumakmMus. (S') #upnk Macirrabmu crucrema (2.6) KYpHHHIIIArH CHHTY/sp-Toiinran (S',) K3apo
OOFIIMK KUCM cucTeManapra axpaiau. by xonna (2.1) cuctema Kyituaaru KypuHuniaa 6ynaau

%:fi (t, X', 0, P, Si)+f*i+f**i, =1,2,...q,
(2.14)
dy, _ i\ S

ula— gi(a, b,y |, Pgs1, Sq+1)+0 i+0i , i=1,2,...,q
6y epra
fi=fi(t X, y Pi, Si)- i (t, X, 0, Py, Si),
g*=gi(t, X, ¥, M, Pg+1,Sq11)- Gi(cx, b, y" 10, Pgs1, Squ),
fi *—f.(t X, ¥, Pi, Si)- fi (t, X, y', Pi, Si),
gi =0it, X, Y, M, Pg1,S¢:1)- it X, y', M, Pgs1,Sq+1)
f, Ba g (byHKL[I/I;map 6unas (S, ) ¥3apo GOFIMK CHHTYIIAP KHCM CHCTEMAaHHHT U M TCHIJIaMacH
6wian (S) cHCTeMa opacHiard OOFIAHMIUHK, fj Ba g dyukumsiap 6uwiaH sca (S)
cucteMaaaru 0omka OOFIaHUILIAPHU OCNTUITaiMK3.

[52-65] nmiparu HaTmKamapra Kypa Kyduaard gapasiapHu KeJITHPaMK3.

®apas 2.1 _ _

1) x=0 Ba y;=0 napra moc NixcR", NjycR™ ouuk coxa,
2) oik, Vik € (KR)-Xana cundura kupysun @ic:Nix—>R+, vik:Niy—>R+, i€[1,q], k=1,2,

(I)yHKI_[I/IH
3) i, i, G0y X grigejr Qariar] 1,j=1,2,...,0; y3rapmaciap
T, X U,(@txyM
4) U(t,x,y,M)={ ] Uy (t.x) Xy )} (2.15)
Up,(tX,y,M)  U,(t,y,M)

Marpuna — GYHKIHs MaBKyl
Oy epna
U (6X)=[vi (t,)],  viEVvi( L, Xi),
Vii=Vvii=vij( t, X, x,) 1,j=1,2,...,q ;. )
U22(t Y, M) = Vgui eit,.), Vgsi q+=Hi Va+i g+ (L Vi)
Vari g™ Vari g TMiKy Vo g (6 Vi V), 1j=1,2,....q
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Usa(t, X, y, M)=[ b Vigsi(t, Xi, I, 1,j=1,2,..,d, 29=s;
JJIEMEHTIIAp YYyH KyHuaaru 6oxomap YpUHIH:

a) Qo¢i1(xi )(le(xj )S v; () < aij (Piz(xi )(sz(xj )'
V(t, Xi ¥j) € RXNixxNjx,1,j=1,2,...,q, j>I;
0) X g+ig+i, l//il(yi )‘//jl (yj )S Vasigr j(t")gaqﬂmi XWia(yi) Pia(yi), V(LY Yi) €RX Niy XNjy
(i) e[L.q] B
B) Qi g Pin (0 )l//jl(yj )< Vig+i (t, %, Yi ) <tigei X @, (X%; )‘//jz (yJ' ), V(L Xi, ¥i) eRxNixxNjy
1L,j=1,2,...,0.
(2.15) matpuua- dyHkius Ba neR.° touMuii Bektopiap Epaamuia
v(t, X, y, M)=n"U(t, X, y, M)n (2.16)
(GYHKIMSHY XOCHIT KUjIaMu3 Ba JIMHU IOKOPH YHT XOCHJIAaCMHU KYPHO YMKaMuU3
D*v(t, x, y,M)=n"D*U(t, X, y,M)n,
(2.17)
DU, X, y, M)=[D*Vi(t,...)], 1r.k=1,2,....S
(2.16) pyHKIMS yuyH KyHUIArd TaCAMK YPUHIIH.
Jlemma 2.1. (2.16) dyukius yayu dapas 2.1 garu maptiaap Oaxapuirania Kyiuiara
WKKJ TOMOHJIamMa 0axoJjiamni YpuHiIu O0yiaam
Uz A(M)U1v(t,x,y,M)<U, ' B(M)Uy,
V(t, X, ¥, M)eRXNxx NyxM,
Oy epaa
NxSN1xX Noxx ... xNgx, Nyc&NiyX Noyx ...XNgy,
UkT:((plk(Xl)a .- -’(qu(XCI)!\Plk(yl): .- 'a\qu(yQ))! k=1,2
AM)=H"A;(M)H, B(M)=H'A;(M)H,
H=diag{n11n2,...,ns}, S=2q,

Ay A, (M) Au Ar (M)

M) = S AM)=| A ,
AN LAL(M) AZZ(MJ (M) L\u(M) Azz(M)}
Aun=lail, o =ai, An=[aql, ai=aj,

An(M)=[j @il A (M)=[pjigl,

An(M)=[ui* & grigril, X qriqHi= X g,

R22(|\/|) :[ﬂ;gfqﬂ,qﬂ], (_Zq+i,q+j =glq+j,q+i,

yos i=j, ..
*= o ~1.2....q.
H {ﬂiﬂj i # J, T

Ncbort: dapa3 2.1 naru Gapua maptiap O6axapuiacut. Y xonaa (2.16) pynkuusa yuyH Kylugaru
TEHTCU3JIUKIIAp KETMa KETIIUTH YPUHIU OYiaan

q 9. 4q q
V(L X, Y M)= D il x)+2 D0 Vit i %)+ D Nan iivasign(tyi)+
i=1 i=1 j=2 i-1
>
q o] q o] q 2 2
+2 No+Ma+bily Varig +2 ) D, MiMgsi 1 Vigr (6 X Y)2 D, 0¥ diign™+
i=1  j=2 =1 j=a i=1
j>i
q o] q 2 2
+2)° > nmioun(X)ej(4)+ N qrill | Q& grig+i'P i (Yi)+
i=1 =2 i=1
j>i
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q q
2D > NgriNgsiltiby & grigs Pia (i) Winly))+
i=1  j=1
>
q q
23 Mgk Zigeein(X) Pinlyi)=
i=1  j=1
=(@11(X), . Pa1(Xa) W11(Y1)- ... War(¥)) "diag{ma.....naq},
Ar o A(M) |
X X dia M2 X X1),...,0q1(Xq), =
{ ATM) AL (M) g{ninz. .- NegX(@11(X), . ., Pq(Xe), W11(Y1),- - -, War (Vo))
=U, A(M)U,
IOxopuman Gaxomnarn xaM mryHai ncOOTIaHA TN,

dapa3s 2.2.
1) ¢i,yieK(KR)-curdra terunmm ¢i: Nix—>R+, vi:Njj—R+ i=12,.. 0, dyHKIHA
2) ®dapa3 2.1 garu mapmIapHA KaHOATIAHTHPYBYH Vij,Vig+j, VatigHs 1bJ=1,2,-..,q, QYHKIHS,
STHHU
a) vij(t, Xi ,Xi) dynkmust (R x Nixo X Njxo) 1a éxm (R x R™ x R") na ysnyxcus;
6) Vig+j (t, Xi ,Xi) dynxmms (R x Nixo X Njxo) na éxu (R x R™ X R")na ysnykcus;
B) Va+i q+i(t, Yi Yj) dyrkmus (R x Nigo X Njyo) 1a éxu (R x R™ x R™)na yanykceus;
3) Pai(P.S), ppis(P,S), a=1,2,...,13, B=1,2,....8, i,j=1,2,...,q xaKkuKuii COH MaBKy/ Ba
a) 7 D wirt (D vi))" i (t, X, 0, Py, S)< pui(P,S) ¢%i(x),
V(t, Xi, P, S)E R x NionE((ps , i:1,2,...,q;
0) 77§+i/ui D, Vgsi ,q+i+ﬂ2q+i(D+yi Vg+i ,q+i)T gi(a, b, y" 0, Pgs1, Sqe1)<
<pai(P,S)WA(Y), V(L Y, M, P, S)e RxNigXx MxPxos, i=14.
B) 77i2 ( D;i Vii)Tf*i+n2q+i(D+yi Vi ,q+i)Tgi*+2 Mg+ {,Ui Dt+vi,q+j + K (D):rivi,quj )" x
X fl (ty Xiv yiv Piv SI)+(D+yIVI,q+J)TgI (t’ Xi! yi! Mi) Pq+i! Sq+|) }S
<pai(P,S)*1i pai(P,S))¢’i(X)+( psi(P,S)+ wi pei(P,S))wi*(¥)+2( pri(P.S)+ wi psi(P.S))X
X@i(Xi) wi(yi), o
V@Xhth,RS)ERXNMmNmXPX@&FﬂQrW%
q

q q
) D, 7DV Y M (D i Vasi ) G+ 2ningsifpi(D xvige) i+
i=1

i=1 i=1

q g
+(D*yiVigH) Gi nmi{Ds Vi+H(D i vip) " fi (t, X, y, Py, Si)+
i1 =2

q
+(D Vi) it X y.PLS)H2 D Ma+Ma+i€ 2444 D; Vigai gy THI(D yiVig) 0 (8, X, Y,

q
i=1 j=2

M,Ppg+i,Sqri) +1i(D'yiVarig) X Gi (t X, Y, M, Pgui, Sqn)}+2 NiNg{D Vigri+ +

(D Vigs) " fi (6XY,Pi,S)+(D"yiVig) "Gi(tX,Y, M, Pgui, Sqei) < o
<> {(psi(P,S)+1i p1oi(P,S))p%(X)+ (p11i(P,S)+pi pr2ilP.S))+pi D )

i-1 j=2

p13i(P.S)Wiily) }+ 2 {( prij(P.S)+1i p2ij(P.S))@%i(Xi) pi(X)+

q g
i=1 j=2

30



+(p3,ij(P,S)+1i pa,ij(P,S)+ piny ps,ii(P,S))wilys) \Vj(yj)}+22q: i (ps.ij(P,S)+

-1 j=2

i p7i(P,S)+ wiky psiij(P,S)) @ixi) wilys),
v (t,X,Y,M,P,S) € R X Nyo XNyoXMx P x 9,
IapTIapHU KAaHOATIAHTHPAIH.
6y €paa Nixo:{XiZ XieNiX , Xi;tO} s Niyo:{in yiENiy, yi()} , i=1,2,...,q; 2q=s.
MaBXKY/I.

Jlemma 2.2. (2.17) udona yuyn ¢apas 2.2 garu mapriap OaxkapuiraHaa KyWuiaard
Oaxoutam YpuHIU OY1au

D*V(t,x,y,M)<u'G(M,P,S)u, V(t, X, y, M, P, S) € R x Nyo xNyoxMx|3><19s
Oy epaa

U'=(p1(xa),.. 0q(Xq), W1(Y1), - -, Wq(Ya)),
G(M,P,S)=[cij(M,P,S)], cij=0;ji,1,j=1,2,...,s,

Gii(M1P1S):pli(P1S)+p3i(P1S)+p9i(P’S)+Hi(p4i(P!S)+p10i(PaS)) 5 i=1 529 -

0q+i,q+i('\/|,P,S)=pzi(P,S)+psi(P,S)+pni(P,S)+ui(pei(P,S)+plzi(P,S)+(i W) pusiP.S)), =1.2,....q;

i=2

Giyq+i(|\/|,P,S)=p7i(P,S)+uipgi(P,S),i=1,2,...,q;
Giyj(M,P,S)=p1ij(P,S)+uip2ij(P,S) ,=1,2,...,q; 72,3,....q, j>i
O+ q+(M,P,S)=psij(P,S) +1ip4ij(P,S) +1i wi psi(P,S),  i=1.2,...,q; j=2.3,...,q, j>i
Giq+j(M,P,S)=psij(P,S) +1ip7ij(P,S)+pi pj peiy(P,S),  1,j=1.2,....q, i#).

Hc6oT: dapasz 2.2 narm xamma mapTtiap 6axapuiacut. Y xonaa (2.2.4) ydyH Kylnaarura
ara Oymamu3

q
D+V(t! X 1, M) Z {77| t ||+(Dx ||) f' (t X 0, Pi, l)+77q+|/u|D Vit

i=1
+72,: (D5 Varige) ' Gi(aub'y',0,Pg+i,Sqn)+ 777 (D Vi) ' i+ 772 (D Vaigei) 9
+2 17,7741 (14, D]" Viged) "9t XY\ M' PasiSqui) +77 (D Vi) i + 772, (D Varige) O

a 9
/UL (ﬂi(D;Vi,qH)Tfi "'(Dy+i Vi,q+i)T Qi )}"'22 z {ﬂinj(Dt+Vij+

i=1 =2
+H(Dy Vi) i (6%, Y, Piy S)+(D; Vi) Fi (6 %, Yy Piy SO+ 77,077, (44 D Vit
tH (Dy+j Vq+i,q+j)T gi (t, X, Y, M, Pasi, Sqei)* 4 (Dy+j Vq+i,q+j)T gi (t, X, Y, M, Pgsi, Sq+i))}

q q
+2 > i1, 1 ;D) Vigeitui( Dy Vi) it XY, P Si)+
i1 j=
q

+ (Dy Vige) 9t XY, M,Pgsi,Sqri)< D {pui(P,S)+pai(P,S)*+psi(P,S)+ +wi(pai(P,S)*+p1ai(P,S))}+

i=1

Zq: {p2i(P,S)+psi(P,S)+p11i(P.S)+1i(pei(P,S) +p12i(P.S)) }+

+(i k) paai(P.S))} wiilyi)+ Zq: {p7i(P,S)+pipsi(P,S) yoi(xi)wi(yi) +

J i=1

qu: i {p1ii(P,S)+1ip2ii(P,S)} @i(Xi) ¢j(x)) + 2 Zq: i {psii(P,S)+uip4ij(P,S)+

i=1 j=2 i=1 j=1

+
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i {peij(P,S)+1ip7ij(P, S)+Hipipsii(P,S)Ix

q
i=1 j=1

+uippsij(P,S) hwi(y)wi(y)) +2

X @i(xi) wi(yy) = u'G(M,PS)u.

Teopema 2.1 (2.14) toiiuran xapakar TeHrinamacu ¢apas 2.1,2.2 garu xaMmma mapTiapHHu
Ba KyWHJaru mapTiapHi KaHOATIaHTUPCUH:

a) A(M)- marpuna uxtuépuii 4 €]0, z,[ Ba g, >0, i=1,2,...,q; napaa mycbar aHUKIaHTaH
OyicHH.
6) u €l0, u,[ v x, —>0, i=1,2,...,q, napaa wynmai G(M) -Mauuii aHNKIaHTaH MaTpHLA
MaBXya OyicuHku temMMma 2.2 na anukinanran G(M, P, S) marpuna yayn

G(M, P, S)< G(M), V(M,P,S)e MxP x Y,
6axo ypurmu 6yacun. Y xomaa (S) cucremanmur (X',y')=0 myBosamar xomatu u; €]0, 7z [
Ba 4, >0, Px9,,6yepna g =min{l, i, [i,,}. 1a TEKHC aCHMITOTHK TYPFyH GY1a1H.

Arap my mapca NiXNiy=R"™ i, yik@iyvicKR-cunpura ternnum ¢ynximus na
Ypumnu 6ynca, y xonma (2.14) cucremanmmar (X',y')=0 MyBo3aHAT XoJaTH HXTHEpHIL
u; €10, . [Ba 1, >0 ,Px9, n1a TY1a TEKUC ACHMIITOTHK TKPFKH GYIIa .

Hcoot: dapa3 2.1., nemme 2,1 Ba Teopema 2.1 HMHI a) mapTiapu Oakapuirasjaa
v(t,x,y,M) oynkuus uxtuépuit g €]0,1,[ Ba g, >0, NixxNiy ma mycbar aHuKIaHraH
oymamn. Dapas 2.2, memme 2,2 Ba Teopema 2.1 muHr 6) maprmapuman D V(tX,y,M)-udoma
uxtuépnii 11, €]0, fi,[ Ba 1, >0, xap 6upu yuyn (P,S)e Px 9 napna mauduii aHnKIaHraH
Oynaam.

By maptiap sca (2.14) cucremanuHr MyBo3aHar xosatuHu uxtuépuii g €]0, [ Ba
u, >0, M x P x Y napaa TeKHC aCHMOTOTHK TYPFYH OYJIMIIM y4yH eTapiu Oynaau.

Kypcatma 2.1. A(M) marpunanuar mycoar anukiaaHramimk Ba G(M) maTpuiiaHuHT
MaH(UI aHUKIAaHTAaHJIMK IIApTHIAH MOC PaBUILAA [/ HUHT M ={M :0 <y, <p, i=12,..,q}
MyMKHH Oyiiran rokopu derapacuparu  z; = Min{l, gz, 11, }.- Kyiin G6axocu Oyirad i uil,
KuiMaTiap aHUKJIaHAIH.

Mucon 2.1. Kyiimpgarn 4 4m TapTHOJM WKKHUTAa KACM CHCTEMajlapra axparaH 8 4u
TapTHONIM CcTaloHap OYiIMaraH YM3UKCU3 CUCTEMaHU Kapaisink

% = (L+sin?1)(-x} +01y7) +0,2S, (t)y; cos’ t,i = j=12,
(2.18)
Hi % =(L+sin® t)(-y] +0Lu;x7) +0,2S,,;, (V)45 cos” t,i, j=1,2,i # |,
6y epna xi=(Xi1,Xi2) €R?, Yi=(YiYi2) €R?, M=diag{u1 1},
M ={M:0< 1, <1,i=1,2}, S;i(t)€[0,1], i=1,2,3,4, j=1,2
Ba
|10 su@® 0
o1 o s

(2.18) cuctema yuyH (2.15) marpuna- GpyHKIHS dJEMEHTIAPUHA KyHHIard KypUHHIIIA
TaHJIalMHU3

} , 1=1,2,3,4

Vii(Xi):Xiz; Vori2+i(Yi)= L4 yiz; Vij= V2+i2+j= Vi 2+j=0;
Via+i(Xi,Yi)=0,1 14 XirYi, ij=12, 1#).
n'=(1,1,1,1) 6yacun, y xoma
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,«M)Z{Al Amowq,

A, Ap(M)
MaTpuiia, 0y epaa

A11=diag(1,l), Agg(M):diag(ul,uz), Alz(M):diag(-O,].Ml‘ -0,1“2)
nxtuépuit ni€0,1] Ba 1, — 0,i=1,2 na mycOaT aHUKIAHTaH OYIau.

G(M ) MaTpPHUIIAHKHT JJIEMEHTIAPH
ci (M) =-2+0,26 ; i=1,2;
O 242+ (M) = -1,8+0,06;, i=1,2;
0120 (M)=0,i=12; 03 (M) =0,,;,,;(M)=0,01pi
oioej (M) =0,2(1+w), i,j=1,2; i.
KYpuHHUIIIa OYnaau.
byunan G(M) marpuna uxtuépuii pi€]0,1] Bay, — 0, i=1,2. na maudwuii aHuKIaHraH

6ymamn. Moc pasnuia teopema 2.1 ra acocan (2.18) cucremanunr (x',y') =0€R® myBosanar
xonmatu Mx $ 4 na Tyna MabHOa TEKUC aCHMIITOTHK TYPFYH OYynmaam.
By epna x= (x1',X2') =0eR®, y=(y:",y.') eR",
1000 1010
3 4={S: S=diag(S1,52,S3,54), <Si< ,1=1,2,3,4
i 951,525 {0100}'{0101} }

2.2. Texnuc nmapaxaiaHraH BaKT IIKantacu. TeKuc mapakallaHTaH BAaKT IIKajlacHd XOJHIa
(2.1) cucTemMaHUHT KYpUHUIIM KyHuaaruda 0ynaau

X. *
%:fi (t, X, 0, P;j, Si)+f i 1=1,2,...q,
(2.19)
dy; x
W1 R=rigi(a, b, ¥,0, Pg+1, Sqr1)+tiQi, i=1,2,...r
1
6y epma fi=fi (t, X, y, Pi, Si)- fi (t, X, 0, Pj, Sy),
gi =gi(ty Xy X!M! Pq+l, Sq+l)'9i(a, b’ y 101 Pq+1, §q+1),
Ba t,€[7,,7;], O< 7,< 7itoo, 7,=7,=11=1.
(2.19) cucremanwu yprauui yayH Oap Heduta dapasaapHu KEITHPAMHS3.
®apa3s 2.3.
1) xi=0, y;=0 xomatnap yuyH moc paBuiga Nixc RM, Njy< R™ ounk coxa
2) ¢ik, ik eK(KR)-cundra rapaymm @i: Nix—R+,  wik:Ny—R:+ , =1,2,...,q;
=1,2,...r; qtr=s, k=1,2; dyskims
3) DnemeHTiaapu
a) &, Pir(X)Ppr<Vip(t,XiXp) <, ip Giz(Xi) Pp2(Xp),
V(t,Xi,Xp) € R X NixXNpx ,1,p=1,2,...,q , i<p;
0) g jqrt VitV Wi (Y1) <Vaeari(tYi YD @as g wi(Y)we(n) » V(LYW € R X
Niy XNy (<D <[1,1]; )
B) X o, ©in(Xi) Wi(Y)) <Vig+i(tXiYi) S@iarj @ia(%i) wia(yi), V(t.Xiyj) € R X Nix
XNjy,i=1,2,...,q, =1,2,...,1; qtr=s.
MIapTIAPHU KAHOATIAHTUPYBYU
Uy, (t, %) U5, (X, y)

UG%JM)={
TTLaUL % y) U, (%)

Oy epaa U (t.X)=[Vip(t.XiXp], Vip= Vpis Lp=1,2,...,q;
UZZ(tyx):[Vq+j,q+I:Vq+I,q+jn J!I:1125‘ NP

} . (2.20)
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Uz2(t,x,y)=[ v,-,qﬂ-(t,xi_,yi)], =1,2,. g, =12,...1,

MaTpuna-QpyHKIus Ba o

ip? = q+j.q+l

q+r=s y3rapMaciiap MaBxy.

dip, A Ag+j.g+ Qi,q+j yAig+j |,p:1,2,...,q; j,l=1,2,...r;

(2.20) marpuna-gynkius Ba noumuit ne RY BexTop
V(t!X!yvul):nTU(t!X!y!Hl)n (221)
EpaaMuu QYHKIUS KypHILTa UMKOHHHN Oepajiu.
(2.21) pyHkuMSHUHT FOKOPHU YHT J{MHM XOCHIaCHHH Kapaimus3
D'v (t1Xay1H1): nTD+U(t!X’y’H1)n (222)
Oy epna
. D*U,,(t, x DU, (X,
D U(LX,y,Hl)é{ ) 1T1( ) Hy ; 12 Y)} ,
wD UL XY)  wDUy,(tY)
D U11=[D*Vip(t,..)], D U1=[D*vij(t,..)],
D'Ux,=[D*Vj(t,..)], i,p=1,2,...,q; j,I=1,2,...,1r; g+r=S
JlemmMma 2.3. dapa3 2.3 ngar mapmiap 6axapunrania (2.21) yHKIUsS UKKH TOMOHIIaMa
0axoJanHu KaHOATJIaHTHPAIH:
Uz A(u)Us<V(EX,Y, a)<Uz ' B(ua)ua, V(EX,Y, t1)e R X Ny XNyxM,
Oy epaa
UlT:((Pn(Txl),- - Pq(Xa), Wzlyn),...z2(yr).
A(u)=H As(u)H, B(ua)=H Az(u1)H, H=diag{ns.....ns}

Ar Ay, A, ;ulﬂm
Ai(u1)= ) Ao(e)= - — )
() {UlAsz H Azj o) l:,ul A AZJ

All:[gip] ’ Qingpi’ K11:[5"3]’ C_lip = U pi

A=l @yijan s Xgrjgn = Cgugejr A2z =[darjen], Agrian =aguig-j,
A12[ Qi,q+j
JlemMma 2.3 HuHT McO60TH Jemma 2.1 ra yxmam 0ynaam.

Jlemma 2.4. Arap nemma 2.3 maru Aji Ba Agp- MaTpuiiaiap Mycoat aHuKIaHTaH Oyiica, y
xomma (2.21) byrkims uxruépuii pie],pi [ Ba p—0, a
Oy epaa

* - ﬂ/ y ﬂ/ y * T * T *
nL =min {1, m(Aﬂ)*mEf‘ZZ) }'Au = H1 A11H1 Azz = H2 A22H2' A, =H;A,H,,
A (ALA,)

Hi=diag{n1,m2,....,nq}, Hi=diag{ng+1,ng+2,....,Ms}-
MycOaT aHMKJIaHTaH OYJa Iu.

Jlemma 2.4 HUHT UCOOTHU TYFPULIAH TYFPU TEKIIUPUIIT OPKAIHU aHUKIAHAIH.
®apas 2.4.

1) x=0, Y;=0 xonat yayn Moc paBuiga NixC R™ Njy< R™ OYHK coXa
2) ¢i, yj eK(KR)-cundra ternnumm @ik Nix—>R+, yj:Niy—>R+,i=1,2,...,q; j=1,2,...1;

byHKIHSA
3) ¢apa3 2.3 nmaru mapTiaapHu

a) Vip(t,Xi,Xp) €C ma (RxNixoXNpxo) , (Rx R™ x R™) :
6) Va+jgri(t,Yiy1) €C ma (RxNjyoXNiyo), (RxR™ xR™)
B) Vig+j(t,Xi,y))€C ma (RxNixoXNjyo) ,(RxR™ x R™)
KaHOATJIAHTUPYBYH Vip=Vpi, Vg+j,q+I=Va+l,g+js VigH, LP=1,2,...,1, J,I=1,2,...,r pyHKUIMSA
4) KyWnaard mapTiapHu KaHOATJIaHTHPYBYH

2) 77D, vy + 177 (Dy Vi)™ fi (8, %, 0, Py, Si)< pli(P,S)<Pi2(Xi)+i P1ip(P,S) 9i(Xi) Pp(Xp),

p=1

] ,lez[C_Xi,qﬂ 1, ,p=1,2,...,q; j,I=1,2,...,r; q+r=S.
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V(t,xi,P,S)e R XNixo XP x g, =1,2,...,q;
0) 77§+j H1 Dy Varjgeit 77§+j Ti( D;j Vq+j,q+j)ng(0hb,y,o,pq+j’5q+i)ﬁplvq+j(PvS) ‘//,-2 (y;)+

+Z PLasia (P S)WI(Y) wilyD), V(LY 1,P,S)e R XNjyo XMX P x 9; , j=1.,2,...,1;
q g
B) Z T (DX Vi) _"Z%HTJ(DyJ aiari) gj +22277i77p{Dt+Vip +
i i=1 p=2

(D7) P8I (DY) Ty (6. Py 54233 mianonl D) Vit

=1 1=2

’L'J( D+_ Vq+j,q+|)ng(t,X,y,M,pq+j,5q+j)+’l7|( (DJr Vq+j,q+|)T

gi(t,x,y,M, Pg+, Sq+|)}+2 ZZ?]I nqﬂ{,u Dt Vigej T 4ul(Dx Iq+j) fi (t, X,y,Pi,Si)+ +‘Cj( D;,— Vi,q+j)TX

i=1l j=1

X gj(t,X,Y,M,Pg+,Sq+j) }< Z (p2i(P,S)+ 1psi(P.S)) ¢ (xi)+ Zr: p2,q+(P,S)+

i=1 j=1

 ipsiP SN 42 DY (an(P.S) + papsin(P.S)) i) 0s(ke)+
i=1 p=2

233 (p2arian(PS) + pagia POV Y S (Prien(P.S)+

j=1 1=2 =1 j=l
I>i
+ p2ig+i(P:S)) @) Wil V(L i, Yis M, P, S) € R X Nixo XNjyoXMx P x &
Pai(P.S), Pai(P.S), Pa.g+i(P.S), Pagtia1(P.S), Piig+i(P.S),
0=1,2,3; B=1,2; 1,p=1,2,...,q; ,I=1,2,...,r; q+r=S XaKuKui COHJIAp MaBXKY/I.
Jlemma 2.5. (2.22) udomaa yuyn dapa3s 2.4 HUHT XaMMa IapTiaapy Oakapuirania
Kyhugaru 6axosiam YpuHiIu 0ynaan
D*V(t,x,y,11)<u'C u+pu’ G u
Y(ty; 1,P.S)e R XNoxNyoxMx Px 8, Vrelz;,z;],
Oy epaa
U"=(@1(X0),- - Pg(Xa) Wi Yn... Wr(Yr)),
C=[ci], ci=cj, G [G.,] oij =0, ,je[1,9]
Cii = Py (P, S) + 0, (P, S) , cii = P4 (P,S),1=1,2,....q,
cip =p1ip (P, S) +p2ip (P, S), ip =paip (P, S) i,pe[L,q], p>i
Cariari=prasi (P, S) +p2q+ (P, S) , O ariari =pag+ (P, S) ,i=1,2,...1,
Z'q+j,q+| =P1,q+,g+l (E,g) +P2,g+,g+ (E,g) ,gq+j,q=| =P3,g+j,g+ (E,g) J =12, 1, 71
Cigi=pria (P, S), o igri=p2igi (P, S), i=1,2,...,q, j=1,2,...1, q+r=s.

P,S x Y - mynnaii noituMuii MaTpunaku

Pui<Poai (5,5) 'Paip<Paip (51§) » PagHSPagH (E1§) » Poug+,qHSPo,g+ g+ (5,§) ;
ppig+i<ppig+ (P, S); 0=1,2,3; B=1,2; ip=1,2,...,q; j,I=1,2,...,r; qtrts.

mapTJapHu KaHOATIaHTUPAIH.
Jlemma 2.5 HuHT UcOOTH TeMMa 2.2 ra yXiam Keaud YMKaIu.

Jlemma 2.6. Arap nemma 2.5 na C- MaTpulla MaH(QUIl aHMKJIaHTaH Ba XM(G )>0 mapt
Gaxapunca, y xomma (2.22) ¢dopmyna Gyitmua amukiaaran D V(tX,y,u1) udona uxtuépmii
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2 (C) |
2 (G)

€0, 1" [ Ba p1—0, 6y epna g, =min {1, — na MaH}Uil aHUKIaHTaH OYIaau.

Jlemma 2.6 HUHT ucboTH
D*V(t,X,Y,11)< U'C U+pat" G ug(m( G )+puim(G ) ul>
TEHTCU3IIMKHHA TaXJIWJI KHJIUII OPKAIN KeIHO YUKAIH.
K¥ypcarma. Arap nemma 2.6 na XM(G )<0 mrapt Gaxkapuica, y xonaa (2.22) udoaa
uxtuépuii n1€]0,1] Ba pn1—0 na MaHdwuii aHUKIaHTaH OYIau.
Teopema 2.2. (2.19) Toiiuran xapakar TeHriamacu dapas 2.3, 2.4 xamma apTiapiHu Ba
a) A11 u Agp- MaTpumanap MycOaT aHUKJTaHTaH

0) C - marpunia MmaH}puil aHUKJIAaHTaH

B) mel0, iy [ w=pa it 7 ey, w1l ie[lr] 6y epra i, =min{ sy , 41y }.

MAPTIAPHA KAHOATIAHTHPCHH, Y X0JI/1a (2.19) cucremannnr (X',y')"=0 myBo3anar xonatu
M x P x Y 1a TeKHC aCUMNTOTHK TYPFyH Oynaan.

Arap  Teopemammar  xamma  mapmiapum  NipxNy=R" " Ba  oj,y;e KR-cund
(byHKummapHna 6a>1<ap1/mca y Xojijaa (2 19) cucremanmur (x'y')'=0 MyBO3aHAaT XOJATH
M ><P><195, M ={M:0<p< f1,,wi=p1 7, 7, e[r,,r.] i=1,2,...,r} ma Tyma MabHOJA TEKUC
ACUMITOTHUK TYypFyH OYynaju.

Hcoor: dapa3 2.3, nemma 2.3 Ba Teopema 2.2. garu a), B) maptiap OaxapuirasHia
V(t,X,Y, 1) GyHKIHS M , NsxXNy 1a MycOar aHukianrasn 6ymnaiam.

®apa3 2.4, nemma 2.5 Ba Teopema 2.2 ngaru 0), B) IIAPTIAPHUHT Oa)KapUJIUIINJAH
D*v(t,X,y,111)- ndoma M x P x Y na MaH(U aHUKJIaHTaH OYIamu.

By mapr, [22] narumek, (2.19) cucremanmHr (X',y')'=0 MyBO3aHAT XOIATHHH

M x P x Y 1a TeKUC aCUMITOTK TypFyH OYJIMIIHN ydyH eTapiu O0yiaau.

Macana 2.2. Kyiugarun 2um TapTuOIM ¥y3apo OOFIMK MKKHTA KHCM CHCTEMallapAaH
TaIIKWI TONTaH 44i TapTUOIN CTaIOHap OYaMaraH CUCTEMaH! KapaMu3

dx. 1 1-sin2t
Bk I - X; +0,02S,y; +0,03S,,y. ¢,
dt 1+coszt{ 2 o4 ) }
(2.23)
dy 1 4— M sin 2t
T - i O’liS-HX S+| J
dt 1—}—0052'[{ 2 y|+ /J( q+i,1 + q+i,2 )

,j=1,2; i
Ooyepma tX,yieR, M={M: O<ui<l, i=1,2}, M=diad{p,u2}, gz%, 72 =1,

‘EE[%, 1] ) Sij:Sij(t)E[O,l] ) i,j:1,2.

(2.20) maTpura-hyHKIHS JIEMEHTIApUHA KylHaarnda TaHIaiMu3:
vii(t,x)=(1+cos’t)x%,  i=1,2,
V2+i 2+|(t y|) (1+C032t)y2| , i=1 2,
Vi p(t X i,X P) V2+J 2+|(t y11y|) 0 1j!p!|:1!2!
Vi 2+j(t,Xi,y;)=0 ,1(1+cos?t)x; yj, 1,j=1,2
n=(1,1,1,1) 6yncun, y xonma A;1=Azxp=diad{1,1}- marpuiia MycOat aHUKIaHTaH Ba

-02 -0,2
A(ul):{ A ”lﬂﬁyepna An{ }
wmhA, A, -0,2 -0,2

matpuna uxtuépuit 1 €]01] Ba 1, =0, g =min{1;2,5}=1 na Manduit anukIaHTaH 6YNaM.
(2.20) maTpuna-pyHKIHS deMEHTIapuHE OyHIall TaHJall HaTHKacuaa Kyiuuaruinapra
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ara Oynmamus:
p1i=-1, 1=1,2; p13=-4; p1s=-1; p=0, j=1,2,3,4,
p31(S)=0,01(S31+S42); p32(S)=0,01(S32+S42);
p33(8):0,002811+0,003522; p34(S):0,003812'*'0,002821;
p212(S)=0; p312(S)=0,01(S31+S32+S41+S42);
p234(S)=0; p334(S)=0,002(S11+S21)+0,003(S12+S22);
p113(S):0,2+0,04811; p213(S):0,05+0,2831;
p114(S)=0,1+0,06S;, ; p214(S)=0,05+0,1S4; ;
p123(S)=0,2+0,06S22; p223(S)=0,05+0,1S3;;
p124(S)=0,1+0,04S21; p224(S)=0,05+0,1S4;.
Y xonma C,G MaTpHIajgap Kyiuaarnda JIeMeHTIapra ara Oymaam:
C11=C22=Cas= -1, C33=-4, C1,=0, C3,=0;
€13=0,02, €14=0,16, C23=,23, C2,=0,14;
0 11=0,02, 5 2=0,02; o 33=0,005; & 4,=0,005,
0 12=0,04, 5 3,=0,01, & 13=0,25, ¢ 14=0,15,
g 23:0,15; g 24:0,15.
DOnemeHTnapHu OyHJall TaHIall HaTHXKacKuia c -MaTpuila MaH(QU aHUKJIaHTaH Oyinanu
Ba 1, =min{1,21...}=1 udona ypunmm 6ynam.
Jlemak, Teopema 2.2 HUHT XaMMa mapTiapu 6axapunamm, g, =min{L,2,1..}=1 6ynam,

IIYHUHT y9yH (2.23) cucTeMaHuHT MyBo3aHaT xouatn M x 9 nma Tyma MabHOMIA TEKHUC

ACUMITOTHUK TYypFyH OYynaju.

§3. CUHryJ sIp-TOMHMIraH HUPUK MACIITAOIM CUTEMAHUHT TYPFYHMACIUTH

3.1. Horexkuc rpamgycaum BakT mkaigacu. Papa3 kwiamu3 (2.1) cuHTyIsp-ToHuraH
HUpUKMacIITabau cCucTeMaHuHT KypuHUIH (2.14) xypuaummaa 6YacuH.

dapa3 2.5. papa3 2.2 naru TEHTIICU3JIMK, TCHICU3JIUK WIIIOPACHHU Kapama KapIIuCHUra
IMaIITUPTraHUMU3a KPUHIN OYIiau.

Jlemma 2.7. (2.17) udoaa yuyn dapas 2.5 miaptiapu Oakapuiarasia Kyduaarura sra
Oynamus:

D*v(t,x,y,M) >u'G(M,P<S)u,
Y (t,X,Y,M,P,S) e RXNyoXNyoXMx P x 9

Oy epna uT, G(M,P,S) nemma 2.2 naru kabu aHUKJIaHATH

HcboTu memma 2.24u ncOoTIaranuMu3 KaOu ucOOTIIaHaIH.

Teopema 2.3. (2.14) Ttoiimran xapakar TeHriamacuHu ¢apaz 2.1, 2.5HMHr Xxamma
IapTIapyuHu Ba

a) AM), B(M)- marpunanap uxtuépuii L e]O,ZziS[ Ba Ww—0, i=1,2,...,q, ma mycbar
AHUKJIAHTaH, B
6) G(M,P,S)>G(M), V(M,P,S)e P x Y mapriapHu KaHOATIaHTUPCHH

Y xomma (2.14) cucremanunr (X',y')'=0 MyBo3aHaT X0maTH MXTHEPHH L, e]O,lt_zi[ Ba
ni—0 , P x Y, , Oy epna ;zi =min{l, ,ui*,,zm}. Jla TypFyHMac Oyiaju.

Hcoor: 2.1 nyakutnarunex V(t,X,y,M) ckaisip GQyHKIMSHA Ty3aMu3.
®apa3 2.1, nemme 2.1 Ba Teopema 2.3 HUHT a) mapTiapu Oaxkapuiarasaa v(t,x,y,M) ¢yHkuus
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Gapua s €]0, s, [, ni—0,i=1,2,...,q na myc6ar anukranamu. dapas 2.5, nemme 2.7 Ba Teopema
2.3 uunr 6) maptaapu 6axapunranaa Dv(t,x,y,M) udona 6apua x; €]0, 1, [, wi—0,i=1,2,...,q
na mycOar aHukiaHaau. Mabsinymku Oy mapt (2.14) cucreMaHWHT MyBO3aHAT XOJAaTHHU Oapya
4, €]0, ;ll[ Ba ui—0, Mx P x @ J1a TYPFyH 5MacIHIHIa eTapiy Oynaau.

Kypcarma 2.3. AM), BIM) Ba G(M) wmarpunamapauar mycOar aHHUKIaHTAHJIHK
IapTUJaH  MOC  paBHIIIA ;_zil,;ziz, Ba ;is KUiiMaTiap aHWKJIaHaaM, Oy epiaa
‘l_li = min{l,,t_lil,/_liz,/_lm}- W HHHT OYJWINA MyMKHH OYJIraH IOKOpHM uerapacujard Kyiu

kuitmatiaapu, M ={M :0< g, < p;,i=12,...,0} ypunnmu.

3.2. Tekuc mapaxkanaHraH BakT Imkanach. (2.1) cucrema (2.19) kypunummga 6epuiran
OyncuH.

®apa3z 2.6. ¢apa3 2.4 naru TEHICU3IUMKHUHT HUIIOpAJapUHU Kapama KapIlMcHu OusaH
aIMaIITHPTraHUMU3/1a TEHTCU3IIUK YPUHIIH OVIICHH.

Jlemma 2.8. (2.22) udonma yuyH dapa3 2.6 HHUHI XaMMma I[apTiapud OakapuiraHia
KyHujarura sra oyiamus

D*v(t,x,y,p1)2u" C u+pau’ G u, V(t,x,y,11,P,S) eRXNyoxNyoxMx P x ¢, V7, €[z, 7i]
Oy epaa uT, C , G- nap nemMma 2.5 garu kabu aHUKJIaHAIA.

Ncbot nemma 2.2 ucbotra yxmam Keaud YuKau.

Jlemma 2.9. Arap nemma 2.8marm  MaTpuiia C- MycOaT aHWKJIaHTaH Ba xm(é )<0
ypurmm 6ynca, y xomma DYV(tXy,u1) udoma OGapua pie]0, pi [ Ba u—0
. =min{1,—-4_(C)- 2. (G)}. napna mycGar aHuKIaHTaH GYIa.

HUc6otu D*V(t,X,y, ul)ZUTE u+u1uT6 u>(4,, (6) +ua A, (6)) ||u||2 TEHICU3IMKHH TaXJIHJI
KWJTAII OPKAJIN aHUKJIaHaIH.

Kypcarma 2.4. Arap nemma 2.9 na A, (6) >0 udonma kpurM O6yIca, y Xoiaa

D*v(t,X,y, 1) udoma 6apua p1€]0,1] Ba py—0 napaa MycOaT aHUKIAHTaH OYman.
Teopema 2.4. (2.19) Toiiuran xapakart TeHr1amMmacH ¢apas 2.3 Ba ¢apas 2.6 napaaru
[IapTJIAPHU KaHOATIAHTHPYBYH Ba

a) A11,A2, Rn, A2z Ba C - marpuriayiap MycOaT aHUKJIaHTaH
6) €10, [, 1y = g7 7 e[y il i eLr],

fy = min{ 15"y (An) - Ay (Azz) - Aok (Arz Avz )},

A =H] AuH,, An=HIA,H,, Aw=H,A:H,,

mapTiapHu KaHOATIaHTHpaAuraH OyicuH, y xonna (2.14) cucteMaHuHr x",y") =0 MyBO3aHaT
XO0JIaTH TypFyHMac Oyau.
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111-600
§ 1. Ymymnuii TeopeMajiapHi YU3UKJIM TOHMIaH CHCTEMAJIapra Taa0uKu.
3.1. HoTekuc napakanaHrad BaKT IIKaJIacH.
Uu3KKIM CUHTYJIIp-TOMUIaH CUCTEMaHU KpauMus

. o]
X i=AiXi+ Z (S; Auxr+ SﬁAﬁ y), i=1,2,...,q,
1=1
3.1)

. q
iy =Bivit > (miSy,, Buxit S2,, By, i=1.2,...q,
1=1

6y epna A, Bi, Ay, A;,B,,B; - noumuii marpumanap, S;,S? ,S;H ,,SqHI -TOTaHal
Marpuraiap,
sL sy, .. SL, 0 st St |
S S5 T I 82 |
Sqir Sgro o Squix I S o S$+.q
2 S22 o Swws O Sewns o St

i=1,2,...,q, S=diag{s1,Sy,...,8q}. KypuHHIIMaa 0yiacuH. CTPYKTypaiu TYIuiam
95 ={5:0<S} <J,8;=52,,=0,S7 =S_,;; =J,i,1=12,...,0; j=12,...29,k =12},
KYpUHMILIKA aHUKJIaHaaH, Oy epaa J-moc Yimuamaaru OUpiuK MaTpuia.
(3.1) cucTemaHuHT MOC OOFJIMKMAac CHHTYIISIP-TOHMTaH KUCM CHCTEMallapuia X Ba y
ypHura X' Ba y' JapHU aIMaIITHPAMU3.
X i:AiXi:yi, Vizl,Z,. -,
3.2)
wiyi=BiyituiBixi, Vi=l1,2,...,q.
(3.1) cucrema yuyn
Vi (X YD) =V, Yi)= Xi P s 1j=1,2,...,0;
(3.3)
vi,qﬂ-(xi,yj): XiT Pi,qﬂ-yj , 1,j=1,2,...,9, 2¢=S ,
Vari gi(YinYi)= Variari(Yi¥)= Y1 Parige¥i » 157=1.2,...,0,
SNIEMEHTJIApaH TAIIKKUJI TONT'aH MaTpula MyHKIHUSIHA Kypamus. By epaa Pii, Pgsig+i- cuMMeTpuk
MycOaT aHUKJIaHTaH MaTpUIaap.
(3.3) pysKIMs yayH Kyiiugara 6axoJanuiap YPUHIA OKIa IH.

8) Ay (P )X |* <viixa)y<am(Pi) [ ;] *, ¥xi€Nio, i€ [1,0(];
6) Am (Pgrig+) | v: ||2S Varigr(Vi)< Am (Parigei) v ||2' vyieNiyo, Vie[l],
1 1
B) — % (B P [x; | <viCao)< 2z (PRF) xilllx; ], ¥(xix) eNisoxNiso,
Vij=1.2,....q, i#;

R -l (Pt iPaiar IV ”Hy H Vgrign(YnYi)< )“ (GRPRTARNY 17 ”Hy H
v(yi,yi)e NiyoXNiyo, Vi,j=1,2,...,q, i#];

I[) 'ﬂ“ ( i,g+] |q+]) ”X ”Hy H <VI q+J(thJ)< ﬂ“ ( i,0+] |q+1) ”X ”Hy H
V(XiYj) € NixoXNjyo, 1,j=1,2,...,q 0y epaa Am(Pii) Ba Am(Pg+iq+)-MuHEMaN X0C KuitmMaT, Am(Pii) Ba

kM(PqH,qH)-Moc pasumiga Pij Ba Pg+, q+. MaTpUIIATTAPHUHT MaKCUMaJl X0C KuiMariap,
1

ﬂ%/l (PI]PIJT)7 ﬂ’ ( q-+i,q+] q+|q+J) ﬂ“ ( i,q+j |q+]) MocpaBmuz[aPu, Pq+|q+] P|q+l
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MaTpULAJIAPHUHT HOpMaJapu.
(3.3) anementiap 6wminan Oepuirad (2.16) Gpyakius yayH (3.4) GoxoJanuiap YpuHiu
Oynranga Kyduaara TEHTCU3JIMKKA 3ra OyiaMus3
u' A(M)u<V(x,y,M)<u"B(M)u.
by epna A(M) Ba B(M) marpunanap jemma 2.1 narujaex aHuKIaHau.

T A e e VA e M

1
& i=hm(Pi), gq+iq+j: Am(Pgsig+i), Q':-%( Pr),

gq+i’q+j M( q+i,g+]j q+|q+J) |q+J M( i,0+] |q+1)

ai=dm(Pid), @ grigei =Am(Parigr), @i= i ,

A grigei =% qrighi, Zige = T ige Vije[1,0].

n'=(1,1,...,1)eR.>, 6yncun, y xonza (3.3) snementiap Gunan Gepruiras (2.16) xocmmanm
(GyHKIMS KyWn1ard KypuHUIIra sra 0ymnaau
DV(x,y,M)=z"C(S)z+2'G(M,S)z, ¥(x,y)eR™R", (3.5)
Oy epra z=(Xy , Xy 1 Xq Y1+ Yz o Yg )
C(S)=[Cy(9)], i,j=1.2,...,S; GIM,S)=[cj(M,S)], i,j=1.2,...,S; S=2q.

C(S) marpuria 3JIeMHTIapH

Ci(9)=piit AT P, +:Zl(p.r (S1A)+ SA P+ 301 (S1A) + (SIA) P12,

q
Cq+i,q+j(5)=Pq+i,q+iBi+BiTPq+i,q+i+ Z( q+i, g+l (Sq+l i B|I) + (Sq+| i B|1|) q+,q+i ) +
1=1

q
+Z( g-+i,g+1 (Sq+I|BI|)+(Sq+IIBI1|) q+i q+|)! = 12 -q;

I=i
i-1 j-1
Ci(8)=Cii(8)=PuArt ATPy + D (BT (S5 A)) + (SiAy) " Py) + 2 (P (S Ay) + (S AT Py +
1=1 I1=i
q
+ Z(Pll (Sﬁ Alj ) + (SI1|AI| )T P;:- )’ iaj:laz" -5{; j>i;
=]
Cq+i,a+i(S)= Cai, q+l(5)_0 Lj=12,....q, P

Ci q+J(S) Pl q+JBJ+ Z I:)hT (Slj AI]) + z F)I| (SIJ AIJ ) + Z i,q+l (Sq+l j B|J ) 17.] 1 2 -4

KYpUHHUIIAA 6y.]'IaI[I/I G(M S) MaTpuIia 3JIeMEHTIapH
Gil(M,S)=pic; (S), i=1,2,...,q;

o (S) = Z( st (SqaiBi) *(SquiBi) TRL.) . F1.2,. g5
Gq+i,q+i(M,S)—ui Oguigni (8),171,2,..,q;

Trnan(©73 (SIA) P Pl (STAD). 712,
Gij(M,S):Gji('\_/I,S):HjO';(S), i,j=1,2,...,q, j>i;

U;(S):Zq: (qu+l(sq+|,Bu) (Sq+|, j)TPi,q+|), >i=1,2,....q;

1=1

Og+i,q+(M,S)= Gg+jq+i(M,S)=pi J;imj (S)+y; O':ri’q” (S), i,j=1,2,...,q, j>i;
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q+| q+j (S) Pq+|q+JBJ+Z q+l,q+i q+| jB|j) +Z Pq+| q+|(sq+l jBlj) ’I’J =1 2”q J>|

q+| q+j (S) BT Pq+| q+J+ Z (Sq+L g+j Blll) Pq+| a+j + z (Sq+L g+j Blll) q+J g+l +

I=j

+Z ((Sll AI ) TP| q+J+ I:)ITqu] (SI? A|1| ) )9 j>i:1923' --q,
Gig(M,S)=1j o7 o, ; (S) +hibj o g, ; (S),  1j=1.2,....q;

q
Trq. (8)= A Pigit Z (SiA) Pigr 1j=1,2,...,;

Oi W+ (S) Z q+l, q+| Q+| i B|J ) + Z q-+i,q+ (Sé+l,j BIj ) iojzlaza- {5

KYpHUHHILIA 6yJ1a211/I.
(3.5) udomanunr roxkopu derapacu aeb oenrmnanran DVu(x,y,M) Hu Kyitrngarnya
6axoyaiimMu3

DVu(x,y,M)<u'G(M)u,  (3.6)
6y epza uT(||xl||,||x2||,...,quH,||yl||,||y2||,...,quH), G(M)=[cij +oj(M)], i,j=1,2,....S, S=2q.

G(M) marpuna SIIEMeHTIIapH
Z’ iizxM(Cii(S*))1 C g+i, q+|—7\fM(Cq+| q+|(S )) ;2;- <45

C'J ﬂ’l%/I (CU(S )CU (S )) CJ'J 5_] 1 2 -, j>i’

Cq+lq+J Cq+Jq+i—0 13=1,2,...,q, 71
1

C i:q"'j: //LE/I (Ci,q+j(S*) ci-l:q+j (S*))a i>j:1 525 o :q’
oi (M)=pitm(oi (7)),  =1.2,...q;
& qriqri(M)= Hikna (05,104 (8)), F1.2,...,0;

1
o i(M)= o i(M)=; 24, (05 (S )y (S7)). >i=1.2,...q;
1 1

o q+j,q+i(M):Hi /II%/I ((O-;+i,q+j (S*)O-;Jri,qﬂ (S*)) +}’lj //{’I%/I ((O-:::i,qﬂ (S*)Gt:ri,qﬂ (S*)) )
Lj=12,..9; j>i;
_ 1 . 1 .
o ig+(M)= 43 (o-i,q+j (S )Gi,q+j (S)) + pip A% (O-i,q+j (S )O-i,q+j (S), ij=1.2,...q.
by epna S'e Y -IIyHIal TOMMHUIA MaTPUIIAKKH KyHHUIaruiap YpuHiIu 0yianm

Cij(S)SCij(S*), O'i,; ()< O';; (S*) ,1,j=1,2,....S,

G::nj (S)S O-:Hj (S*)’ O-;-:i,qﬂ (S)S O-;:i,qﬂ (S*), I’Je[llq]

Teopema 3.1. Mupuk macmra6mu (3.1) YM3HKIM CHHTYIAP-TOMUIaH CHCTEMAHM LIYHIAH
TAHJIAMIMKKY, ¥ YuyH (3.4) OaxoyamuiapHu KaHOATIAHTUPYBUM (3.3) 3JeMeHTIap/iaH Ty3WIraH
(2.15) marpuna-yHKIHIHE KypHil MyMKHH 0YicuH, (3.5) udona yuyH aca (3.6) 6axonam Ba

a) A(M)-marpuna 6apua g €]0, i, [ Ba ui—0, i=1,2,...,q ma MycOar aHuKIaHTaH
0) E(M ) -marpuia 6apua pie] 0, ﬁ i2[ Ba wi—0, i=1,2,...,q na maHduil aHUKTAHTaH MapTiIap
OakapuJICHH.

Y xomaa (3.1) cucremanunr (X',y') =0 MyBo3aHat xomaru pie] 0, uil Ba

wi—0, 9s, gi=min{l, i1, [i2}na TVaa MabHOIA CTPYKTYPAIH TEKUC ACMMITTOTUK TYPFYH
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oymamu.

by epna ﬁ i1 Ba ﬁ i2 Moc paBuia A(M) MaTpUIIaHUHT MycOaT aHUKJIAHTaHJINK Ba
MaH(UH aHUKJIAHTAHJIHK MAPTIapUIaH aHUKIaHA U,

By Teopema teopema 2.1 xabu ncOoTIaHa M.

Mucon 3.1 (3.1) cucrema

01 0 -4 0 -3 0 30 -3 0
A= . A= , As= , A= , A=
0 01 0 -4 0 -3 0 3 0 -3
A1z=As=As=Ax=10"), AI=10"J, ij=1,2,3; (3.7)
-2 0
Bi= ; Byj=10"J, B;=0, ij=1,2,3;
0 -2
Sj=diag{S},S}} k=12; 1=1,2,3; j=1,2,3,45,6; 0<S} <1,
Si =Sa.i; =0, S; =S5, =1S; =1, i=123.

MaTpuIanap OuiaH aHUKJIaHTaH (=r=3 ydrara a)XpaTHiraH y3apo OOFJIHMK CHHIYIISIP-TOHHTaH
12 yu TapTHOIM KypUHUIITHAA OYIICHH.

(2.15) maTpura-pyHKIHS IeMEHTIAPUHH
Vii(Xi): X;r JXi, Vij(Xi,Xj): X;r 10-1\]Xj, V3+i,3+i(yi): y,T 2in, Vi'3+j(Xiyj):O, i,j:1,2,3, iij; Vi3+j= X;r 10-1
Jyi, i,j=1,2,3; J=diag{1,1,1} . (3.8)

KYpPUHUIIN/A TaHIANMU3.
Bynap y4uyHn kyiuaaru 6axosam YpUHIN SKaHIUTUHUA KYPUII KUHHUH SMac
Vii(Xi)ZHXi”Z, i=1,2,3;
Vi x)= 0,1 [x - x|, 1.j=1.2.3, ixj; (3.9)
Vasia+i(Y)22 |y ||2 , i=1,2,3;
Vis Oy 0,1, |-y || . i.j=1.2.3.
n'=(1,1,1,1,1,1) 6¥ncun, y xonga A(M) MaTpHLAHHHT KYPUHHILIN

- A,(M)
a A12 (M ) A22 (M )
kabu Oynamu. by epna
1 -01 -01 M Hy  Hs
Ai=1-01 1 -01|, A(M)=0,1| 1, u, u; |, Ao(M)=diag{2p1,2p12,2u3},
- 011 - 011 1 H Hy Hj

Ba Oapua pi€]0,1] Ba pi—0, i=1,2,3 napna mycOaT aHUKIaHTaH OYyay.

(2.15) maTpura-pyHKIMS dIeMEHTIapUHE OyH/Iall TaHIaml E(M) MarpuIia
AJIEMEHTJIApUHU KylHaaruya TaHjaa UIMKOHUHU Oepaiu.
E 11=-0,38; E 20=-7,38; 6 33=-5,96; 6 12= E 21=0,17; E 13= E 31=0,08; E 2326 32=0,19;
Caigri=-8, i=1,2,3; 63+i,3+j263+j,3+i20, 1,j=1,2,3, i#j;

o iM)=0 3+34(M)=0,6-10";,  i=1,2,3,
0 34i3(M)=0 34j2i(M)=0, 140,04, 1,j=1,2.3, ij;
oii(M)=0i(M)=0,610"w,  ij=123, izj;

Ci3+=0,8-10", 1j=1,2,3;

Gi3+(M)=0,18;+0, 1y, 1=1,3, J=1,2,3; Gz,3+j(M):0,9~1O'1pj+O,1p2pj, =1,2,3.

Ooynaek marpunia 6apua pi€]0,1] Ba ui—0, =1,2,3 napaa manduii aHuKIaHTaH OYIaan.
Teopema 3.1 ra acocan Oepuiran Macanaary cucreMa MyBo3asat xonatu M x 9,
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M={u; : 0<pi<l, i=1,2,3} na Tyma mabHOJA TEKUC ACUMIITOTUK TYPFyH Oynaau.
Kypcarma 3.1. By macanaga 60fIMKMac KHCM CUCTEMa

- {O 1 0 }
X1=
0 01
TypFyHMac Ba OOFJIMKMAC CHHTYJISP-TOMUTaH KUCM CHCTEMa
- {01 0} +{0,1 0}]1
0 01 0 01
- |-2 0 01 O
“”1{0 —2}”“{0 0,1}(1
Oapua p1€]0,1] ma TypryH Oyamaiu.

4.2. Tekuc napakaJaHTaH BaKT IIKAJIACH.
Texnc napaxananrax BaKT mkanacu xojaruaa (3.1) cucrema KypuHHAIIH

Xl—A|X|+Z S A|(1X(1+Z SIﬂA |ByB ...,q,

=1
(3.10)
ulyJ_TJBJyJ"'“lZ SqﬂaBJaXa"'TJZ Sqﬂ,g B]ﬂyﬁ’ jell,2]

kabu Oynamu. by epna A;,Bj,AixAig,Bj. Bjﬁ - TOUMUH MaTpuIaiap, st S|ﬁ ,Slqﬂ,a, Sim EQs

JUOTAaHAII MaTpULANIAp, s 2.2 MyHKUTAAruJIeK aHUKIAHAIH.
®apa3 KuIIamMu3 7; Ba Ti, F1,2,...,r map 6epmiras. (3.10) cucrema yayH
3IIeMEHTIapu
Vip(Xi,Xp): Vpi(xi!xp): X;r Pip Xp: iapzlaza' . Jq:
Variqri(YinY1)= Varigri(Yi Y)= Y Pasigridi, (3.11)
vi,qﬂ-(xiy,-): XiT Pi,q+j Vi i=1,2,...,q; j:1,2,...,1‘, qtr=s,
napaan uoopar 6yiran (2.20) Mmatpuiia-QyHKIHSHA KypamMu3.
By epna Pii, Pgsjg+- MycOar aHHKIaHraH CHMMETPUK MaTtpunanap, Pii , i#p , Pgsjg+ , j# | Pig+j-
JOUMMIA MaTpuLajiap.
(3.11) byukuus yayx
a)Am(Pii) ”Xi”zSVij(Xi)S Am(Pii) ”Xi”2 , VXieNixo, i€]1,q]

2 .
6)Am(Pgrig+) il vyieNyo, 712,01

2
\yj H Va+i,g+(Yi)< Am(Parig+)

1 1
B)-1 2 (P,P1) [ ||prH Vip(XiXp)< 4 & (PP ) [Xi[[[%, | . ¥ (xiXp) € NisoX N,

ip’ip Ip-Ip

Lp=1,2,....q, #Pp; (3.12)

r) ﬂ ( a+j.q+l q+J qH) Hy H ”yl " SV, q*'(yl'y')< ﬂ M ( q+j.q+l QH qﬂ) Hy H ”y' ”
V(yj,y|)6 Njpo N|yo,_],l—1,2,...,r, j¢|,

n -4 i.q+(Xi, Yi)< 2% (R Lq+] 'qﬂ)”X ” Hy H

v(xi,y,-)e NixoX Njy(), =1,2,...,q, j=1,2,....,r, qtr=s,
6oxomnanuap ypuniu 6ynaau. by epaa Am(-) ~MUHEUMAI XOC COH, Am(*)-MaKCUMAaI XOC COH,
1
A 2 - MaTpuIia HOpMacH.
(3.11) anementnap ounan Ty3mirat (2.21) gynkuus yayH (3.12) 6axonam KpuHIM
oynranga
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u" A(ug)u<U(x,y, na)< u'B(ua)u, YV (Xi,Yj, 1) € NixoX NjyoXM,
KkuéKama 6axomaw ypurmm 6ymamu. By epra u'=(|X,], ||X2||,...,HXq H, IVl Iy lelyel)s Alua)

Ba B(p) memma 2.3 naru xkabu

1
ai=Am(Pii); aip=api= -1 nzﬂ (PoPy) i#p=1,2,...,q;
7\‘m(P|I) 0!|p—0!p| ﬂ 2 (P Plg), iip:1,2,...,q;
1
a _ .a _a A2 o - L
—q+j,q+|—7\m(Pq+j,q+|), = q+j,q+1= — q+lgH— M ( q+j.q+1 " g++],0+ ) , _],1—1,2,...,1‘, Jil,
1
& grigrt= Am(Pasian)s @ qrign= @ grgi= 4§ (Poyjga q++Jq+I)9 J=L2,. =l

1

L\ =AM (P ori P )i g =%ig , ie[La], jelLr].
AIIEMEHTIIAp OPKATH aHUKJIAHA/IH.

Arap A1 u A’y -Marpumanap Myc6ar aHHKIaHTaH 0yica, y xoinaa V(X,y, 1) —
dymkims Gapua p1€]0, w1 Ba p—0 mapma MycOaT aHUKIAHTAH OY/IHIIMHY TEKIIAPHII KHIHH
amac, Oy epna u*l nmeMMa 2.4 mary xaOu aHUKJIaHa .

n'=(1,1,...,1)eR® 6yncun. (3.11) snementiap 6unan Geprnras (2.21) GyHKIHSHIHT
TynuK xocuwnacuaun DVy(X,Y,11) 6enrunad, Kyiuaarura sra 0yaamu3

DVw(x,y,p)<u’ Cu+u'Gu,  (3.13)
6y epma C=[Cij], Cij=Cji, ij=1.2.....s; C=[Tij], Tij=Cji, ij=1,2,...,s; MaTpumanap
6yJ1H6 yJIapHI/IHr BJ'ICMeHTJ'IapI/I

B Cimpu(® )+Pzi( ) = ps.( ) i=1,2,...,q;
Ip Pllp( )+p2lp( ) Ip P3Ip( ), =1,2,. -0 p>i;
qH.aH— qu+j( )+qu+j( ) 0q+jqij—p3,q+j( ), j=1_,2,...,r,

Ol Ol

G plqﬂq*'( )+92q*‘lq+|( ), 0q+1,q+I:P3,q+j,q+l(S)> LEL2,...r, Py
Cigi=P1ia(S), O igsi= p2|q+J(S) ie[1,q], je[L.r], q+r=S;

p1i(S)=2y (i (S)), prip(S )—ﬂa (ch(S)ch (S)),
p2i(S)=2y (C2(S)), paip(S)=4% (c2(S)cE ),
p3i(§): ﬁ’M (O-ii (g)) ’ p3ip(§): //{’%/I (o-ip (§)6|1;-) (§)) s i’pzlaza' . "qa p>19

1
p11q+j( TT’ S) = ZM (C(l4+j,q+j (T;’ S)) 1 PLatjg+l (Tijk! S) = ﬂ“zM (Ccl]+j,q+| (TT’ S) C(:;+j,q+l (TT’ S) )
1
P2,g+j (T}C’ S) = ﬁ’M (C§+j,q+j (T;! S))’ P2,g+j.q+1 (T;’ S) = //{’l%/I (c§+j,q+l (T}C’ S) C§+j,q+l (T;! S))!
1
P3.a+( S )= Ay (0a+ia+i(S)),  Pagriar (TT’ S)= 23 (og+ja+(S) 0;+j,q+| (S)),
p=L2, L, s

1 1
pij (7},S)= 22 (Cigvi (7], S) ¢l gr; (27,5)), p2ii( S )= 22 (Gigsi( S )oigsi(S)),
i=1,2,...,q, j=1,2,...,1, qtr=s;

C?i (S): I:)ii Aii + AIT I:)ii ’ Cﬁ(S):i(P; al al)+(sa| a|)TP0tl)+Z (Pl(x(sal a|)+
+ (Sal al)TPTOU) _
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r

Gi(S)=Y. (Pig+p(S5.4iBs) +(S5.,:B a) Pl icllal;
=

Cilp () :i(PuT )+(Sm a.)TPn)

c2(S)=P,A, + AP, +§)(PJi Ap)+(S5A) Pap)+ Z (Pia (S As) *

a=i+l

+(Sa| al)TPlXP)+ Z (Pla(sap )+(Sal al) P )

a=p+1
T . _ .,
cip(S)= Z (Pig+p(Sq.5.0B s )+ (St s 0By )'Pigsp), LP=12,...,q, p>i;
B=1
1 T
CQ+JQ+1(TJ’ ) Q+JQ+JTJB +T B; Pq+i,q+j'

q+J a+j (T] ’ S) Z( q+p4,q+] TJ( Sq+ﬂ) Bl )+TJ(Sq+,B j B )TPQ"'B q+J)+ ﬁz (Pq+j,q+[3'l7j( qu+ﬁ,j BI/;])-I-
=j

+TJ(Sq+ﬁJB| ) +Jq+ﬂ)
Oa+j,a+(S)= Z ((SZA;) ) Pagii* P i (SEA))), =12,

a=

q+J g=I (TI 75) Z q+j.0+] T'( Sq+ﬁ| ) C§+j,q+l (’Cj,S):Pq+j'q+|B|’C|+’l7j B]— Pq+j,q+|+

+Z ( Q+ﬁQ+JTI(SQ+ﬁ|B )+TJ(Sq+ﬁJBI ) PQ+Bq+|+ Z Pq+lq+BT|(Sq+/a’|B| )"'
p=j+1

K

"'TJ(SquB )TPq+Bq+I)+ Z Pas, q+BTI(Sq+ﬁ|B )+TJ(Sq+ﬁJB ) Pg+1,q+p);

f=0+1

q
cq+,-,q+.(S):Z ((SZ A Pagt Pl (SZA)), iEL2,...r, j;

a=.

Cig+j(TiS)= quﬂBJTJ"'ZPT (Saj 04)"'2 )"'Z g+ (Sq+ﬁjB| ) Tis

Gi q+J(S) A| i,0+] + Z(Sm a g+j Z q+p, q+| q+/3 j B ) + z g+i,g+p8 (SQ+ﬂ i=A )’

=1,2,...,q, ]—1,2,..., , qtr=s.
KYpUHHILIA OYIaam.

by epna Se Y - noumuii Marpuna 6ynuo,
Ci':, (s)< Ci':) (s), Vse Y5, i,p=1,2,...q, p2i, k=1,2,;
Cariqn (TS)S o gun (z‘?,g), Vse 9, I2=1,2,....r, k=1
cij(S)<aij (g), Vse 9, 1,j=1,2,...8, s=q+T;

Ciaei (1)< Cigei F109), Wse %5, ie[Lq], jelL A
T} KHUMMaT

KypI/IHI/II_HI/L[[a AHUKJIAHAIH.
Arap ¢ Marpuia MaH(uil aHUKJIaHTaH, sIbHA XM( ¢ )<0 Ba Am(G)>0 6ynca, y xomnma
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6apua p1€]0, 1, [ Ba p—>0, w4, =min {1,— iM ECG } na DVu(X,Y, 1) dyakius manduii

M

AHMKJIAHTaH OYIMLIMHY KypUi Kuiind smac. Arap Aw(c )<0 Ba Ay(G)<0 G¥ica y xonma u, =1

oymamu.
Teopema 3.2. (3.10) kypuHHIINAATH YU3UKIM HUPUK MacimiTaOiv TOWHMIAaH Xapakat
TEHIJIaMacu Kyluaaruda OyicuH, spHu y yuayH (3.12) 6axonanuapau KaHoamiantupysuu (3.11)

anemMeHTIapAaH Ty3wirad (2.20) matpuna-QyHKIUSHE KypHuil MyMKuH OyiacuH Ba DVu(X,Y, 1)
¢bynkuus yuyH (3.12) 6axonanuiap xamaa OyHIaH TalIKapu
a) A, u A),- MaTpuuanap MycOaT aHUK/JIaHraH
0) C- MaTpwuia MaH(huil aHUKIaHTaH OYIICHH
B) wel0, i [ pmpwr, =12, 7 elr,ni], =min{d, i, 1}
mapTiap 6akapuiICHH.
VY xonpa (3.10) cucTeMaHUHT MYBO3aHAT XOJIATH M x Y Ia TY1aa MabHOJA CTPYKTYPaJIH
TEKUC aCUMIITOTHK TYpFyH Oynamu, Oy epra M ={M: O<wi< fz;, pi=pa 7+, i=1,2,...,1}

by Teopema ncbotu Teopema 2.2 naH Kenud YMKaIH.
Mucoun 3.2. (3.10) cucrema

2 1 ]
’*{1 —2} A=A, =107
4 1
B,FL 4}’ Bj, =B}, =05-107J;

J=diag{1,1}, 7,=0,5, 72=1, po=w 7, .
napameTpiiap Owmiian OepriiraH UKKHU y3apo OOFJIMK CHHTYIISP-TOMUTaH KUCM CHCTeMallapra
QKUpaTHITaH 8 4u TapTHOIU OVIICHH.
Dnementiapu v (-) 6yaran (2.20) marpuma-GyHKIUSHA KyHHIarnva TaHIaiMus3:

Vii(X)= X{ IXi 5 Vosiowi(Yi)= i Jyi ;s i=1,2,
Via(X1,X2)= X 100X 5 Vaa(Y1,y2)=Y; 107y,
Vias(Xiy)= X7 101y;, i,j=1,2; J=diag{l,1}
Oynap y4yH KyHuaru
Vi) [x [°) 121,25 Via(xa,X2)2-0.1 %, | - [, |

Varian(W)2 Vi) 11,25 Vaslyny2)>-0.1] v - 2]

vizsoyz-0 Xl 1Yl ij=1.2.
OaxoanuIapHUHT OaKAPUIIUIIN aHUK. nT:(l,l,l,l) OyicuH, y Xonaa

A A
A(ry) = :
(14) |:ﬂ1 AiTz Ay, }

1 -01 -01 -01
Oy epma A11=Ax=| _ 01 1 | A=| _ 01 —01| Marpuua 6apua €] 0,1] Ba w—0 ma

MycOaT aHMKJIaHTaH Oyiaau.

(2.20) marpura-GyHKIUSIHA OYHICK TaHIa0 OJIUIL Cpa G MaTpULIAJIapHU KyHuaarunya
aHMKJIAIl UMKOHUHU Oepajiu:

cii=-1,996; i=1,2; ¢1,=0,6674; C 24ip+i= -2,996, i=1,2;
¢ 24=0,6474; ¢1j=0,2874; ¢ 5,=0,2888; j=1,2;
o ii:01 o 12:010021 i:112; o 2+i,2+i:O- 342010041 |:1|2;
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0 3=0,312438; ¢ 14=0,311178, i=1,2.
C Ba G marpunanapuu OyHJeK TaHIa0 OJUII HATWXKAcKa KyiHuaarura sra 0yiaMus.
am(C)=-1,018975;  Am(G )=0,8819733 u

- Ay (C .
4, =min, {l_ﬂ: Eé; }:mln{1;1,1553354}:1.

T T\T
Jlemax, Teopema 3.2 ra acocan mucoxn 3.2 na Gepriran cucremannar (X',y') '=0eR?
MyBoO3aHatT Xxonatu M -9, 51a Tekuc aCUMITOTUK TypFyH O¥1anu.

§ 2. CTpykTypa/u TOMUraH NUPUKMACIITAOIN CHHTYJISIP-TOMUIaH cHCTeMAa a0CcoJII0T
TYPFYHJIUTHHUHT TAXJIHJIH.

by maparppna uxkuHum OoOnaru HaTkanmapHu Jlype TUmMaaru CHHIYJISp-TOMUTaH
HUpUKMAcIITaONIM  cUCTeMa CTPYKTypald TYPFYHJIUTHMHM TEKIIMpUIIra TaAOuKu Kypuo
yukuiaau. [laparpad cynruaa Jlype tunuaaru yyra KUCM  y3apo OOFJIMK CHHIYJISP-TOMUTaH
cucTeMalnapra axpaTwirad 12 yu TapTuOIM CUCTEMaH! COHJIM MHUCOJ Tap3uJa Kypub YuKaMus.

2.1. Hortekuc napaxananrad BakT mkanacu. Kyihwupmaru Jlype Tunupgaru CHUHTYISIp-
TOMUTaH HUPUKMACIITAOIU CUCTEMAHU KapaiiMu3.

dx; d :
E =AX +Zsi(ll)Ail Yy +dyfu(oy), on= CLX"‘CiTz, Vi=12,...q,
=1

Hi Ci/t = Zﬂi S(gl:)i,l Bux, +B; Y, +0,f,(00,) + i3 fis(0i3), 01, = 14 CiTaXi +CiT4yi , (3.14)
=

g
Oi3 = Z(lui CITSSéi)i,IXI +C|T68¢§i)i,| Yi), i=12,...,q,
I=1
1
Oy epua 0'“71 fi (o) €el0k;]cR,,1=12,..,0, ]=123,
s g @ g©

il 1904011 g+l 1 Vg4, ~ AUMOTaHAI MaTpuiajiap.

_Sfll) Sg),..sg_)l I Si(i1:)1msi(;)

g <|Sot Swia-Sudi 1 Sqiga-Saig |
ngji,l Sfi)i}"'sfli)i,i—l 0 S;i)i,iﬂu-sfffi,q
_S‘(l?i,l Sfli)i,Z“'Sc(q?i,i—l o Sg?i,m...sg?i,q ]

S=diag{S,,S,,....S }.
Oepunran O6yiacuH. TYIIIaMHUHT CTPYKTYpaCUHH KyWH1arunda TaHJIaiMu3
¢, ={S:0< SE}‘) <I, S =S_.. =L Sgi)i,i = Sf]i)i,i =0, ,1=12,..2q, k=12,3},
Oy epna | Moc ymuammaru OUpPIUK MaTpuUILa.
(3.14) cucremara Moc KelyB4M OOFIIMKMAC CHUHTYIISIP-TOMHIaH KMCM CHCTEMallapJa X Ba
y J1apHU X' Ba'y' OWJIaH aJIMalITUPAMU3

dx. ~ ~ : - i
d_tl =AX +AY; +d,f,(0n), oy =CﬂX' +CiT2yl1 Vi=12,...q,
(3.15)

M %:ﬂi Bixi +B, Y, +0,,f,(05,), Vi=12..0, 2q9=s,

q+i,i

Oy epna
x'=(0",..0",%x 0",..0")" eR", x, eR",n, +n, +...4+n, =n,

y'=(0",..0",y] 0",..0") eR", y; eR™, m +..4+4m, =m.

bynnan (3.14) cuctema Kyiuaaru KypUHUITHHA OJa11
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dx. . e
it T, 1212,
dt i0 i i q

(3.16)
Wi g tg”, i=12
dt giO gi gi H s45e-+5{-
By epna f,,6a Q,, Bektop QyHKIUS OGOFIMKMAC KyHHIarn KHCM CHCTEMaaapra Moc
KeJlaau
dXi ~0 ~ Tyi
ot A X +0q i (o), on =cyX' (3.17)
Ba
dyi 0 0 T
Hi T B Vi +0i. fi(01), o1, =¢i,Y; (3.18)

f,+f ea g,+0;, BexTop hyHKIES (3.14) 6OFTMKMAC CHHTYIAP-TOHUTIaH KHCM CHCTEMara

MOC KeJa/iu.
(3.14) cucrema Ba (3.15), (3.17), (3.18) kucm cucremanap ounan o6upra (3.4) mapTiapHu
KaHoaTIaHTUPYBuH (3.3) aneMeHTIap opkaiu Ty3wiran (2.15) MaTpuia-QyHKIHUSHU KapaiMus.

Masbnymku, (2.16) dyskiums yayH
u" AM)u<V(x,y,M)<u'B(M)u. (3.19)
TEHTCU3JIMK YpUHIN OYianu.

by epma A(M), B(M) marpunianap Ba u Bektop (§4, I1 600) 4.1 myHKuUTIATH KabM
aHMKJIAaHATH.

Jlemma 3.1. Arap (3.14) cucrema yuyH (3.3) anementinapaan ty3uwiras (2.15) marpuia-
¢bynkus Kypwiral 0yica, y xonna (3.3) JJau xocunanu GyHKIUACH YIyH KyHuaara 6axoap
VpuHm Oymanu:

a) n; (D:i Vi) o <py; Hxi

2

, Vx; eN_, Vie[lq]

2

H Vyl ENiy > VIE[loq]

6) nfm (D; Vq+i,q+i)Tgi0 <Py ‘Yi
B) Tliz (D:i Vii )Tfiz + nfm (Dc+1+di+i,q+i )" g? +2n; Mg+ {u,; (D; Viq+i ) (fip + fi*) +

2
Vil +2(py +

+ * 2
+ (Dyi Viqsi )T(gio +g) <Py TPy )Hxi H +2(ps; T 1P )

+ 14 Pgi)

X;

Vilhb V(X y,M)eN_ ><Niy xM, i=12,...,q;

sk

q q q
F)Zﬂf (D:i Vi) + Znéﬂ (D; Vq+i,q+i)Tgi + 2Zninq+i {; (D; Vi,q+i)Tfi
i =) =)

q q

"‘(D; Vi,q+i)T 0 }"‘zzllzzlﬂi nj{(D):Vij)T(in +f +f; )"‘(D;Vij)T(fjo + fj +
i=1 j=
i

a9
+ f; )}+ZZ77q+i77q+j{ﬂi (D; Vq+i,q+j)T Qi+ +9i )+ 4 (D; Vq+i,q+j)T (9o +

i=1 j=2

4 g
+0; +0; )} 22 Zm Mo+ X{/uj(D:iVi,qﬂ)T(in +f +f, )+(D;jvi,q+j)T (Gip+9; +
i1 1
(j=i)
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+0; )< Zq:{(pgi (S) + 4 Pro (S))Hxi Hz * Pui (S)HYi Hz + qu: Zq:{(plij (S) + 4 Py (S))Hxi HHXJ H +
=) 12

4 g
+ (pSij () + 4 Piij (s)+ H; Psij (s))Hyi HHy] ”}"' ZZZ (p6ij () + 4 Prij () + 4 H; Psij (S))Hxi HHyJ H1
i1 =
vV (%,Yi,M,S)eN_ ><Niy xM x g,
Oy epma p,,0=1,2,3,4,56, ie€[l,ql, pg(s), B=9,1011, 1€[l,q] — marpunanunr xoc
KUiMaTiapu
T]iz [psA; + AiTpii + piik?lqil (ci )+ (k;(hl (ci) )’ )Tpii I;
77§+i[pq+i,q+i B, +B' Pgsigei T pq+i,q+iki*2qi2(cii2)T + (k;;Qiz(Ciiz)T )" Pouigeils
* i * i 1 *
77i2[pii kG (Ciy)" + (ki (Ci) ™)™ pyl; Eninqn (pi,q+i B, +Bj piT,q+i + pi,q+iki2qi2CiT3 +
+ (k:2Qi2CiT3,)T pi-I:qui);
n§+i[pq+i,q+ikr2qi2ci1;1 + (ki*ZinCi-El)T pq+i,q+i];

1 * i * i )
il (Pigi A + ngqn + pi,q+iki1qil(ci2)T + (k0 (C)T)" Pigii);

2
. N i g * * * i
n2Pika i (i)™ + (kg (ci)™)T pii]+z77i77j{(kjlqj1(cjl)T )' P;i + p-J!-ikjlqjl(le)T};
i=2
J>i

77i77q+i[pi,q+ik;qiSCiTSS(§i)i,i + (ki*sqi3CiTSS(§i)i,i)T pIq+i];

77iﬂq+i[pi1,-q+iki1qil(ciiz)T +(kSQi1(Cii2)T )! Pigsi T p;+i,q+ikiZQi3Cinssc§i)i,i + (Ki30isCs) " Pyuigeil
P15 Psi ,pkij(s), k=12,.8 1,j=12,...,q— maTpuua HopMacu

P (A + kizqil(ciiZ)T )+ 107704 B i (B + Ki20:2Cia )

77qz+i (BI + (ki*zqizciTs)T ) Pasigei T 7+ (A+ (kizqil(ciil)-r )T) Pi g+i

. -1 . ) . .
17 Pk (Ch)" + 7 (P A + Al P;) + 277|77]{p|Ti Kt (ch)" + (kg (ch)™)' P;}+
=)
& * iyT * i\T\T \ * i\T
+Z{77i77| Pukdi(ch) +mm; (k. (cy) ) pu}"'z{??i’?l PuK i (Ch) +
=1 I=]
+ 1751 (K (e p,T|};

q
MiMg+i Pig+i (Sé?i,j B; + kisquCJTSSc(Ji)i,j )+ Izl:ﬂiﬂq+| Pi g (Séi)l B, + klsqISCjTSSc(ﬁ)l,j);
I

Pl ki (65T + 77770, (K (6)T)T P o

i—1
77q+i77q+j pq+i,q+j (Bj + kaquc}—4) + 77i77q+i pIq+i (Siﬁl) Aij ) + an+l77q+i p(11—+l,q+i (kISqISC}—GS(gi)I,j ) +
1=1

q
IZUq+i77q+| Paigel (k|3q|3C-J!—GSC(|i)I,j );
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q
77q+i’7q+]( +(k|2q|2 |4) )pq+| g+]j "‘Z’?ﬂ?. pI|S(1)AIj +|Zﬂi77l pils(l)Alj

q
+ Zﬂiﬂq+l pIq+I (ki Gy (Cljz)T) + Zﬂq+i77q+| Pgqi g (kISqISCJTGS(gi)I,j )
1=1 1=1
e Py (S'('l) A+ ki, (Ch)") + Mg+ (ki (c)™)T Pigei T Mg+ Pigsj (B; + kaqucl;) +

Z’?W. Pi (S v A + K110l (C|z) )+ 277 Py (S(l) A+ K110l (C|j2)T)+

=i+l

+ annqﬂ P g (kr3Q|3C|TsS$)|,i);
1=1
q .
niﬂ‘p:ﬂ,qﬂ' (S((]IJE_] IB_]l + kJ3qJ3C_]SS£[i)J 1) + nianrjA;Fpi,quj + anqﬂ' (kllqll (Cfl )T )Tpl,q+j;

i—1

T ()] ()] (2)
an+lnq+ipq+l(sq+lB +k13q13015 q+lJ)+znq+lnq+lpq+1q+l(sq+lJB +kl3q13c Sq+1j)+
=1

* TN\T
MNg+iNg+j [(Ki,4:,Ci3) Pg+igrj T Pariqs (kiz(hz i3 i3)]; 6y epna i #],
ki 6a k: 1.1. 6yaumaaru kabu annkIananm, ¢ € R™ — c. .BEKTOPHUHT K Ta KOTIOHSHTH.
ij ii Y ij ij p

Jlemma 3.1 HuHT HcOoTH JteMMa 4.1 ra yXImmanr amara O puiIaIu.
JlemMma 3.2. memMma 3.1 HEHT XaMMa TapmIapu Oaxapuicud. Y xoinaa (3.3) aneMeHTaap

ounan Oepriran (2.16) QyHKIMSHUHT TYJIa XOCHIACH YIyH KyHHarura sra 0yaamu3
DV(x,y,M) <u"G(M
(x,y,M) Su"G(M)u 5.20)
V(x,y,M,S) e N, xN, xMxq,,

Oy epaa

t=(x
G(M) Matpuua >eMeHTIapH Kyiiigarnda 6yia
Ci =Py +P3; +p91(5*)§ ¢ =C; =p1ij(S*)9 1#

weiqsi = P2 T3 + P (87);

e = Ceign =P ), 1]

iqri =P7i5 Cigaj p6u(s ), 1#]=12,..q;

Gij(M) =1 (Pgi +P10i (s)); Gq+i,q+i(M) = HiPs;>

G;(M)=5G;(M) =p,p(s), i#j;

Cariqi M) = P (8) +pyps(87), 1%

G qui (M) = 1Py

0i,q+j (M) = Hi Prij (s)+ Hi K Pij (s), i#j=12..q;

S" e, Ooumuii mampuya

Pa(8) < p(S); Prij (S) < Prij (S7), k=9101112,

r=212,..9 1,j]=12..0, i#].
Jlemma 3.2 HuHT ucOoTH JemMma 4.2 ra yxmam ucooTiIaHaIu.

GM) =[¢; +3,(M)], i,j=12,...5, s=2q.

l

(]

l

o

l

o

Teopema 3.3. (3.14) xypunummmgaru Jlypee THNUAArH CHHTYJISP-TOMHMIaH WUPUK
MacIITabiIu cHcTeMa IIyHAail OYIICHH, TbHU, Y yuyH (3.4) mapTiapHu KaHoaTIaHTUpyBuH (3.3)
aneMeHTNIap OmnaH Ty3wiraH (2.16) marpuna-yHnkuus Kypuiarad Ba (2.16) dyakuusauar Juan
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TyJa XOCHJIACH YYYH
a) A(M) -marpuna 6apua u, €]0,i1,[ Ba p, >0, 1=12,...,q;1a MycOaT aHUKJIaHTaH
6) G(M) -marpuua 6apua u, €]0,u;,[ Ba p, -0, 1=12,...,q; 1a MaH(Uii aHUKITAHTaH
maptiap ypurmm 6yica, y xonna (3.1) cucrema (x'y')" =0 mysosxaunar xonaru . €]0,i; [ Ba
w, =0, ¢,, I, =min{l,u,,u,,} Ja TeKHC ACHMITOTUK TyPFyH GYIau.

Arap N, =R"™, N, =R™, 6yxca, y xonna (3.1) cucrema (x'y')" =0 myBosanar
xonatu . €]0,ii; [Ba u, — 0, @, 1a T¥1a MabHO/Ia ACUMIITOTUK TyPFYH OYIa/Iu.

by epna 1, Ba W, Moc paBumia A(M) MaTpuIlaHUHT MycOaT aHWKJIAHTAHIUTH Ba

G(M) MaTpPUIIAHUHT MaH(UI aHUKJTAHTAHIIUTH apTIapuIaH aHUKJIaHAH.
By Teopema ncbotu teopema 2.1 naru kabu 6ynanu.

2.2. TekHuC JapakajJaHraH BakT IIKajgacH. TeKUC napakajlaHraH BaKT HIKAJIACH XOJIMJA
(3.14) cucremaHuHT KYPUHUIIM Kyiuaaruda Oyiau:

ddit = A X + Zs(l)AIQYU, + qllfll(cll)
AT AT
Gi1=Ci1+Ci2 y, VIzlaziiqi

AT AT

d
yl ZS& BisXs +7.BiY; + 7,0, fi,(03,) + 7013 fis (033), 01, = Cis X +Cia ¥;5(4.2.8)

q AT
Oi3 = Z . Cps SéJr)l
=1
Oy epaa
1 ! ;q ’ J =
H g2 g® . .
Si’»Si”, Si” 6a S, cTpyKTypanu MaTpunanap xamaa @, Tymiam ury 606uunr 2.1 6yammu

opKanu &3mnagu, T, €[1,,7;]; I, Ba T, COHJIApU OEpPUIITaH.

(3.21) xypunummaa Oepwirad Jlypbe THUOUAArd HWHPHUK MACIITAOIM CHCTEMAaHUHT
ACHMIITOTHK TYPFYHIIMTHHM TaxJmid Kuuml yayH (3.12) 6axonmapuu KaHoatnantupysun (3.11)

anemeHTiaap Owiaan Tyswirad (2.20) marpuma-GydHkuusHd Kypamus. (2.21) ¢yHknms ydyH
KyHuJaru MKk €Kjiama Oaxostam YpuHiIM Oyiamu:

u' A(u)u <V (x, Y, 14) <u’B(uu, V(X;, Yi ) € Nix0 x Njy0 xu, vt €lz;, 7] (3.22)
Oy epma u,A(n), B(w) 11 606 4.2 6ynumaa KypcaTiiranaek aHuKIaHaIu.
®apas kumamus 7' = (LL...10) e R}, s=q+r. 6Yncun.
Jlemma 3.3. Arap (3.21) cucrema yuyn (3.11) snementnap Owman Ty3wiran (2.20)

MaTpuna-QpyHKIUSHU Kypuiran 6yica, y xonga (3.21) cucrema &pnamuia onuHran (QyHKIUS
xocuacu (2.21)

DV(X,Y,4) SUTCU+4u"G'U, V(X Y, 14,8) € N, xN, xuxp,, (3.23)
TCHI'CU3JIMKHU KaHOATJIaHTUPA/IU. By cpaa

l‘))

* * * * . .
¢ =[c;l ¢y =c;,L1=12,...58

* * * * .o
G =[o;], 05=0;, Lj=L2,..5

C: =My (Ci)s ¢ =P +AiTpii +piiqilk?1 (Cil)T +(qi1k?1 (Cil)T)Tpii +
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+2Z(plpqpl pl (C I)T + (qplk; (CEI)T)Tp;l]; )9 1 = 152:---9(1;

p>1
C’ =y (C °5), C " 3) = ‘B.+1.BT
ariari = MM (Cariqni(T155))s Coiiqui(T555) = Parjqui TiBy + 7B Paujqui +
A A A
* * T * * CNTANT * * ) 3)
+pq+j,q+jrjqj2kj2(cl4) +(quj2kj2(CJ4) ) pq+j,q+j+pq+j,q+jrjqj3kj3(clé) Sq+J]) Pgsigi T

r A
* * (3) Tg-3)
pq+j,q+j+Z{pq+j,q+lqu13kl3(Cj6) Sq+1j+(71q13 13(CJ6) Sq+1j) pq+_]q+1
12

1>j
(rjqﬁk; (016) Squ)l) pq+J q+1 +pq+] q+lT q_]3k_|3 (C16) ng)l} J = 1,2,...,1',
C% =My (C'TC' ), G, = Pud; ks, (Cil)T +(qp1k:l (Cpl) )Tppp + A‘Tpip +ppA, +

+Zpﬁpqﬁlk (Cm) + Z(qum(cm) )" Pgp Z(qm 1[3(0131) ) pi]3’ Lp=12,..4,p>1;

=i+l B=p+1
ﬁip
*

12, T *— x
Cq+j,q+1 =)\’M (Cq+j,q+l (Tjs)a cq+q+1 (Tjas))
Ay
k. _ * * T (3) (3) *
Casjg (’st) = pq+j,q+jtjqj3kj3(cl6) Sq+]l +(qul3k13 (CJé) Sq+1j) Pysjqrt T PqrjqnTiBi +
A
* ST * * T * * TNT
+T,BiPyriqu + Py, q+lth12k12(cl4) + (qujzka(cj“) ) Pgijgn t

J r A
z T Z * * TQ-(3) \T

+ pq+0t q+1Taqu3 o3 (CJ6) Sq+aJ + (Taqoﬂkoﬁ (Cjé) Sq-(i—oz,j) pq+<x,q+l +
a=1

o=j+1
azl

1 A

* * Tg-03) (3) \T S .
qu+j,q+at(xq(x3k(x3(cl6) Sq+aj+ Z(Taq(ﬁ (13(CJ6) Sqﬂx,j) pq+j,q+0.’ J)l_laza“'ara 1>J
a=1

a=1+1
%]

*

N
_Aal\2,.T *— *— PN —(1) * T
Cigej =Mm (Cigii(T)): Cigyi(T;8)), €y (T;8) =4Sy Ay + Pk (ci2)” +

q AJ AJ
Z{pipS;j(I)Ajp + pipqplkpl (CPZ)T + pipS;j(l)Apj + p;l;)qplkpl(cpz )T}+pi,q+jTij +
-

p>i

A r A
* * T * * 3 .
+pi,q+jrjqj2kj2 (CJ4)T + Zpi,qﬂxtaq(ﬁk(ﬁ (Cjﬁ) Sq(ﬂzp 1= 1923"'9r7 q+r =S5,
a=1
=Ayu(0;(8)), 0;(8) = pi,q+iqi2ki2 (ci3) + q;kiy(ciz) ) Pig+i + Z{pi,q+jCIj3kj3(Ci5) Sq+_| +
=1

(qj3k;3(cj5)T Sq_ii)|)T pi,q+j}1 I :1'21""q; cy:Jrj,quj = 7\‘M(Gqﬂ‘,qﬂ‘(g))a

q A
Ogtia+ii (5)= Z{(Sﬁ(l)Aﬁ)Tpim +piS£(I)Aij + (qi1ki1(ci2)T)Tpi,q+j +
o1

/\j
+pi1:q+jqi]kil(ciz)T}> .] = 1725---5r;

6} =Xy (01(8), 0, (8)), 6,y (3) =P, quydpokin(€3)" + (ki (Ci3) )P, i +

+ Z{pi,qﬂ'qﬁk; (CPS)TS;Ej,)p + (qj'sk; (CiS)TS;g,)i )Tpp,q+j}7 Lp=12,..,q, p>1i;
=1
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q
* A2,/ T — = = _ —-(1) T T -1 T
Og+jqr = }‘M (Gq+j,q+l (S)’ c5q+j,q+l (S)), Gq+j,q+l (S) - Z{(Sij Aij) pi,q+l + pi,q+j(sij Ail) +

i=1

AN /\1
+ (qilk; (Ciz)Tpi,qH + pIqujqilkil (CiZ)T}’ J>1 = 1,2,...,1‘, 1> .]’

N, T = _
Gia‘]*j = }\'M (Gi,q+j(s)5 Gi,q+j(s))>
A
3)= (S D T * TQ-(2)\T
Giaqﬂ'(s) - (Sq+l,iBl,i) Pgrjqr T (qj3kj3 (cis) Sq+j,)i) Pgsjg+i T

q A
—(1) TT —(1) T . 0
Z{(Sq+1,iB1,i) Pgrige T (Sq+1,iBli) Pgijgn + A1k (CiS)T ng-l,)i)qu+j,q+l +
P
K ~ TQ-(2))T * k*A TN\T AT * k*A TAT
+(q3ky5(cis) q+1,i) Pgijgun T O @k, (c3) ) Pgijgnn T O Ak, (c3) ) pq+j,q+1}+

q Al
+ AP+ D @ik (€6)) Doy 1=12,00, j=12,.1, q+r=s;
p=1

. |1 npu =1
c = .
0 mpu l#i;
By epna k;,i# j Ba k;; 6o6HuHr 1.1 Gaumumaruiex anukianamm, t; 11 606 4.2 Ganmnaruiex
aHWKJIaHA]TH, CE K Ta BEKTOP KOMIIOHEHTANIAPH. C;,S € @, - IOUMHUMHE MaTpuna 030,

Cyitjqel (r?,s) <Chiiqn (rjf§), Vseo,, Jl1=12,..1

ci,q+j (T}"S) < Ci,q+j(r>;§)9 Vs e (p59 J € [1,(31], J = [19 I'],

c;(8)<0c;(8), Vseq,, 1,j=12,..,s=q+r.

KYpuHUIIHIA OYIaau.

Hatm:ka 3.1. Arap nemma 3.3 1a C -Maudwuii aHUKITaHTaH, SHHA Ay (c) <0 6ymu6 ,

OyHJIaH TaIIKapu
a) u, €]0,p[ Ba p—>0, p; = rnin{l,—kM(c*)/kM(G)},z[a A (G) <0
06) u, €l0,l] Bap, >0 ma A, (G)=0

oyncay xonga DV(X,y,1,) yHkuus mandwuii aHnkiIanran O0ymamm.

Teopema 3.4. (3.21) xypunumuaa 6epunrad Jlyppe THIHIATH CHHTYISAP-TONUIaH HHPUK
MacITadu TeHIJIaMa Kyhuaaruda oepuirad 0yiacuH, y yuyH (3.12) 60X0HH KaHOATIAHTUPYBUH
(3.11) nmement Omnan Oepwiran Marpuna-QyHKius Kypwiaran Ba (3.21) cucrema opkaiu
onunrad (2.21) xocuna yuyus (3.23) 6axapuiica Ba

* *
a) A,, Ba A,, - MaTpunanap MycOar aHUKJIaHT'aH

6) C - marpuna MaH(Hil aHUKIAHTaH.

~ -1 . _ . « N o
B) W, 0,0, p=1; 1, 1=L2,....r, tel1,,7,], b, =min{l,p,,u,}. 6yacun.
Y xonma (3.21) cucrema (x',y' )" =0 myBo3aHar xonatu [IX (Q, Ja TEKUC ACHMITOTUK TYPFyH
6ynamm, 6y epra L= {M:0<p, <fi,}, W, =1,'1,, i=12,..r.
Arap TeopemaHuHT xamma maptiapu Ny xN, =R™" na 6axapunca, y xonna (3.21)
cucremannar (x',y' )" =0 MyBo3aHaT XolaTh X, 1a TYIa MabHOJA TEKUC aCHMIITOTHK

TYpFyH Oynanu.
HcboT: Oy Teopema Tacauru Teopema 2.2 naH Kenud YuKau.
Kypcarma 3.2. Teopema 3.4 HUHT TacaUFu

f, =min{lu,,p}ecm Ay, (G) <0

Ja XaM TS'/FpI/IJ'II/IFI/I‘-Ia KoJiaau.
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Mucon 3.3. Jlypee Tunuaaru (3.14) cucrema yura O0FIMKMAC CUHTYISP-TOMUTaH KUCM

cucremMazapra axpairad 12 yu Taptulim cucrema Kylniara BeKTop Ba MaTpuiaiapiaHd
TY3WJITaH OYIJICHH:

A—O1 , A=l A=yl L I I L RO
i ot =Y, Y= 2000 qi = 0.1 , Ui = 0o I 27
Cfl {} sz—{ } i=j, k,=2,
. 1 0 10 1
B, = =107 ’], B—yJ 1¢J,q12=1,qi3=1,ci3= 0 ,Ci4=0,

} R

(2.15) maTpuna-pyHKIHS IEMEHTIAPUHH

03 01 20 ..
Vii (Xi)_ |:01 03j| 3+j3+](y :u) Iu y |:0 2:|yja I, J 21,2,3;

001 O
Vi (X, X,) =X, {O OOJ i, p=123 p>i

001 O . .
V3+j,3+|(yj,yj,|\/|)=ui/,tjy,{ }y,; i1=123 ,1>j;

0 001

;10,01 0

Iq+J(XI'yJ ,U) zuj i 0 0,0l
KYpUHHUIIUJA TaHJIaiMU3.

Bbynpek ty3unran GyHKIus yayH

x|’ i=123;

=1,2,3;

A 3+J(yj,u y=2uly[

ip(Xi?Xp)z ip(Xiexp)2

ol LP=1,23,p>1;

Viiisa (Yjayl M) = Vi (Yja}’pM) 2 _OaOIHjM ‘Yj‘ 1=123, 1>}
Vi,3+j(Xi7yp”'j) > _anh’l’j”Xi| ‘yJ s s
Oaxoanuiap 6axapuiIaan.
A, M
A ( ) |: . 12( ):|
AL(M) A, (M)
Oy epna
02 -0,01 -0,01 -0,0Ip, -0,01y, —-0,01p,
A, =-0,01 0.2 -0,01 |, A,,(M)=|-0,0Ip, -0,01p, —0,01p; |,
-0,01 -0,01 0,2 -0,0lp, -0,01p, —-0,01p,
2p, —0,01p,p, —0,01p, 15
Ay, (M) =|-0,0Ipp,  2p, —0,01p,py ),

=0,01ppy —0,01u,u, 2,
marpuna u; €]01] 6a u; — 0, j=1,2,3. na mycOar aHUKIaHTaH.
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(2.15) maTpuna-pyHKIMs 37IEMEHTIapHHN OyHICK TaHJall HaTHXacuaa Kyiuaarura sra

oymamms:

.
<
|

~0,153833688 mpu k|, =2,
—0,15278641
0,00171 mpn k, =2,
0
32360679 mpn ki, =1,
0
046264281 mpu k=2, k
038015581 mpu k=0, k
0,45199337
0,37
0,02407149
0,02279776
0,02408377
0,02280625
0,02497321
0
0,00828427
0

mpu k;, =0

b

mpu kj, =0,

Psi mpu k;, =0,

P7i
npu
K =k, =
k=2, k
ki; =2, k
ki, =0, k
K, =k, =
k;, =2,

£

k,, =0,
k;, =2,
k; =0,

pu

npu
npu

npu

Psi
npu

npu

npu
Po;

|
-

P (S*) =

pH
npu
pH
4,8626044 107
3,2360679 10~
4107 Kk,
0 ki,

. 0,020000022 mpu k;, =
P1ij (s)= {

0
. 10° mpm
P3,ij (s)= {0
0,05121
0,0499996
0,051161

ki
mpu Kk,

npu

npu

k?l =2,
npu kj, =0,

. mpu k., =0,
P 4ij (s)= ’

k?l =2, k:‘

.
i2 =0,
*

i2 =1,

mpu k;, =

mpu k;, = ki

~8917237 mpu ki, =1,

P2 —{_12

2,3090171075 pu kfz =1,
Pai = 10°5
1,4828427 10~ npu k; =2,
Pei = 5
10
;2 =1,

*
i2 =1,

mpu k;, =0,
mpu k;, =0,

mpu k;, =0,

> =0
0

s

i2 =1

0
0,0149 mpu k;1:2,

Por = {0
Pio,i (S*) :{

=2, ki =1,
=2, ki3 =0,
=0, k;

i3 =1,
= k; =0
2,

0, P2 (S*) :{

npu k, =0,
4107 mpu ki =1,

0 mpu ki, =0,

310° mpu ki, =1,
1,510 npu k;; =0,

= 1’
k*

i3 =1,

mpu ki, =0, k;; =0,
npu k?z = ?3 =0,

0,049949
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0,064213 mpu k; =k;, =k, =1
0,0614868 mpu k;, =0, k;, =k}, =1,
0,050653 mpu ki, =2, kj, =0, kj, =1
.. 006158  mpu kj =2,k =1, k=0
syl )= 0050612 mpu k|, =k, =0, ki, =1,
0,0611818 mpu ki =0, k;, =1, ki, =0,
0,050414  mpmu k; =2, k; = k; =0,
0,050015 mpu k; =k;, =kj, =0,
0,064213 mpu k; =k;, =kj; =0,
0,0614868 mpu k;, =2, k, =k, =0,
0,050653 mpu ki =k;; =0, k}, =1
. 0,06158 npu k; = kfz =0, k; =1,
P8 ) =1 0.050612 mpu k) =2, k,, =1, k; =0,
0,0611818 mpu kj =2, kj, =0, kj, =1,
0,050414 wpn k;, =0, k,=1k;=1,
0,050015 mpu k; =2 k;, =1 kj, =1,
0,021251 mpu kj =2,k;, =1,
. 10020212 mpu ki =0, kj, =1,
Pas(®) = 0023521 mpn k|, =2, k, =0,
0,023454 mpu k; =k, =0,
0,0018061 mpu ki, =k, =1,
.. 10001798 mpu ki, =0, kj; =1,
Pas(®) = 0001124  mpu k|, =1, k=0,
0,0011 mpu ki, =k;; =0,

n=(1,1,1,1,1,1,) 6yicun, y xoiaaa G(M) MaTpuila JIEMEHTIapH KyHHaara tap3aa
AHUKJIaHAIU:
¢ =-0,1261032, 1i=1,2,3; ¢;=¢;=002, i=j, i,j=12,3
Cyisy = —3,676308, 1=1,2,3; C, = EMM =10"°, i=#j, i,j=123;
Ciy = 04626428, 1=1,2,3; Ciqij =0,04999, i), 1,j=1,2,3
G, =6,309017 10’5ui, 1=1,2,3; G; =G; :310’5ui, 1#j, 1,j=12,3;
Gy,ia = 0,0148284,, 1=1,2,3; 83+i’3+j = 83%3“ =0,051161p; +0,064213
i#j, 1,j=12,3
5i’q+i =0,02408377 1;, 1=1,2,3; 5i'qﬂ- = 0,023521 44 +0,0018061 p; 4, = J,1,]=123;
Dementiapun OyHaek anukmamnmm, G(M) marprua pelol] sa p—0,j=123. na
MaH(UH aHUKITaHATH.

Teopema 4.2 ra acocan macanmagaru cuctemannar (x'y')' =0eR'" myBosanar xonartu

[Oa k] x ﬁlx (Pé Ja (6y cpaa K= diag{zalalazalalazalal} ; 12\1 = {M ‘M= diag{:ul' Ha, 1u3}!
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u; €]01], vj=1,2,3}.) abcomot TypryH 6Ymnaju.
Kypcarma 3.3. By MacamaHuHr CTpyKTypajJu TYPFYHJIUTH KYpuO uukuiarad OYmuo,
cucrema (x',y')" €eR'> MyBo3aHaT XomATUHMHT u; €10,0,447], j=12,3. ma crpykrypanu

a0CONIOT TYpPFYHJIUTH KypcaTuirad. JISmyHOB marpuna-QyHKIUSICHHH KYJIall MOC PaBHUIIIA
napaMmeTpiiap KaOdys KW MyMKHAH OYJTaH KHMaTiap COXaCUHU KEHTauTHPaIH.
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