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TaBpuueckuii HallMOHAJIBHBIN YHHUBEepcuTeT uMeHu B.M. BepHanckoro

O MIOCTPOEHUU MHOXXECTBA UHBAPUAHTHBIX IPEOBPA3OBAHUI
JJISA BATIAHHOM ®YHKIIMY MHOTUX MIEPEMEHHBIX

Bukopucmanns nowsamo ineapianm, ineapianmuicme y mii 4y iHwitl mepmiHono2ii npucymuii y oaea-
MbOX HAYKax. 3 NOHAMMAM ITHEAPIAHMHOCMI NO8 SI3aHI 03HAKU 020, WO ICHYIOMb NeGHI 3a2albHi NOKAZHUKU
KOHKDEMHUX Kame2opiaibHux 8iOHOCUH (a0 3Haueusy), ki nogunui oymu. Ilonamms ineapianma eiobusae
3a2a1bHI 81ACMUBOCTI KACIB QOCTIOHNCYBAHUX 00 €EKMIB.

Ak bayumo, meopisi (ma memoou) GU3HaA4eHHs IHBAPIanmia 8i0icpaoms YHOAMEHMATIbHY PONb y Mamema-
MUYHUX, NPUPOOHUYUX MA MEXHIYHUX HAYKaX. Bona gopmye aneopummu eusHauenus a1acmugocmell, Xapax-
MepUCmMuK ma napamempis 00CiioNHCy8aHux 06 €xmie, AKi 3a1UUAIOMbC He3MIHHUMU NPU PI3HUX Nepemeo-
PEHHAX YUX 00 €KMi8, 3068HIUHIX BNIUBAX.

Y cyuacniu nimepamypi spocmae inmepec 0o npobremu nooy0osu ma anaiizy mooeietl, Wo GKIOYAMb
HeNiHIUHI 0emepMiHO8aHI 1l CMOXACTMUYHI KOMROHeHmMU npoyecis. IcHye 08a 0CHOGHUX NiOX00uU 6 pi3HUX 00acC-
MAX 00CHIOHCEHb, NOB8 SA3AHUX [3 BUNAOKOBUMU 30YpeHHAMU 8 OUHAMIYHUX cucmemax. [lepuuil nioxio eukonye
aHaniz BUNAOKOBUX OUHAMIYHUX CUCTEM, 30ILICHIOIOYU NpSAMe CIMOXACMUYHE Y3a2albHeHH OCHOGHUX NOHAMD,
WO BUHUKAIOMb ) MEeOPii OUHAMIYHUX CUCEM, MAKUX K 8UNAOKO8I ampaKxmopu ma eunaokosi iHeapianmmi
MHO208UOU. JIpyeuti nioxio, skomy mu 6ydemo cridygamu y yili Cmammi, Haaexcums 00 no6y0o8u Kiacy mooe-
Jell, 01 AKUX ICHYE MONCIUBICMb 30ePedCeH s Ne8HO20 YHKYIOHATbHO20 MHO208UOY.

Ineapianmmui MHO208UOU 8ANCIUBE 07151 MeOPii OUHAMIYHUX CUCMEM, OCKLIbKU NO0BeIHKA 0Y0b-aKoi OuHa-
MIUHOI cucmemu 8iOHOCUMbCS 00 6A30801 2e0MEeMPUYHOI CIMPYKMYPU HPOCIOPY CMAHIB, 30KpeMd, 00 Op2aHi-
3ayii IH8APIAHMHUX CIMIUKUX | HeCMIUKUX NIONPOCMOpIs.

B meopii ynpasninns na ocnogi idei ineapianmnocmi udiiaemovcsa Kidac Mooenel, 1acmueocmi, HoKa3-
HUKU SIKUX He 3MIHIOIOMbCA NPU NeBHUX 3MIHAX Y cucmemi, cxemi 36 ’s13Ky enemenmis. Teopisa 0o36onse Ham
BUBHAYUMU OONYCMUMI 30YDEHHs pealbHOi cucmemu, K He 8NAU8AI0Mb HA i OCHOBHI NoKa3HuKu. Ak modens
MAKUX NOKA3HUKI8 MOdice Oymu HAOIp 0eaKux MamemamuyHux QyHKyitl.

3asnauumo, wjo nowyK iH8apPiaHMHUX NEPemeopPens Y3200HCYEMbCA 3 NPOOLEMOIO ABIMOMOPQPIZMY.

Y yiti cmammi mu 00800uUMO, W0, 3acMOCOYIOUU 3ANPONOHOBAHUL HAMU al2OpUMM, 071 OYOb-aK0i Ouge-
PeHYitlosanol hyHKYIL, Mu ModceMo noOyoysamu Habip nepemeopens, i AKUX Ysi PYHKYis Oyoe iHeapianmonm.
AK npuxaad 3acmocy8ants OmpuUMaHux pe3yivmamie Mu po3ensaHyiu NpuKia0 6U3HA4eHHs KAacy pieHaHb Imo
3 NYAccoHiBCLKUMU 30YPEeHHAMU, 0I5 BUOPAHUX OeMEPMIHOBAHUX NEPUUUX THMe2PATis.

3asnauumo we pas, wo eumoza 3abesneuentss cmabitbHOCMi NeGHUX CUCEMHUX NOKA3HUKIE € OOHUM 13
3a60anb ynpaeninua. Daxm icHyeanHs nepuiux inmezpanie Oas pPieHAHb 1Mo MOJCHA pO32AsL0amU K OCHOBY
07151 8UOOPY YNPAGIiHb OUHAMIYHOIO CUCMEMOI0, Wo 0036018€ 3 iMogipHicmio 1 niompumysamu HeoOXiOHi
napamempu npu CUTbHUX 30yPEHHSX.

3aznauumo, wo Mu BUKOPUCTNIOBYEMO GUSHAYEHHS NEPULO20 THME2PANa CUCTNEMU CTNOXACUYHUX OughepeH-
yianvuux pisuanv Imo (dyoxo B.O., 1978) i cnupaemocs na oocniodcenns, euxonani namu y 2003 poyi.

Kanrouoei cnosa: insapianm, ineapianmuicme, nepwi inmezpanu, piguanus Imo, anzopumam.

ITocTanoBka nmpodaemsl. Vcnons3oBaHuEe MOHS-
TUHA WHBAPUAHTA, HUHBAPUAHTHOCTU B TOH WIM MHOU
TEPMHUHOJIOTHH TPHUCYTCTBYIOT BO MHOTHX Haykax. C
npe/icTaBIeHIEM 00 UHBAPHAHTHOCTH, CBS3aHbI TIPU-
3HAaKH, KOTOPBIMH JOJDKHBI 00JIafaTh HEKHe o0Iue
MOKAa3aTeJIM TOTO WM HHOTO KaTeropruaabHOIO OTHO-
HIeHUs (WIK 3HA4YCHUS): B IOHATHH WHBAPHAHTA OTO-
OpakaroTcst 00IMe CBOHCTBA KJIACCOB UCCIIENyEMBIX
00BEKTOB.

ITpumepamMu MHBapUaHTOB MOTYT CIYXHTb pas-
JMYHBIC 3aKOHbI COXPaHEHUs B (pU3MKE, XUMHUU H
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IpyruxX Haykax, (yHIaMeHTanbHble (QU3HYECKUE
KOHCTaHTBHI.

BrisiBinenne obmacteil yCTOWYMBOCTH CUCTEMBI 110
OTHOIICHUIO K OTKJIOHCHMSAM: YCJIOBHS INIOOANbHOM
1 JTOKAJIbHOW MHBAPUAHTHOCTH — SIBISIETCA W TPEa-
BapUTEIbHBIM JTAIlOM IIPU TNEPEXOAE K H3YYEHUIO
JUHAMHUKH 000K cucteMbl. Takas wuHGpOpMaIus
MO3BOJISIET ONTHMM3UPOBATH YIIPABICHUS: HE TPEa-
MIPUHAMATh HUKAKUX JOMOJHHUTEIBHBIX EHCTBHIA,
ITI0Ka CUCTEMa HAXOIUTHLCS OONACTH TaKOM YCTOWUM-
BOCTH.
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B Teopuu ynpaBnenusi, Ha OCHOBE NMPEACTABICHUS
00 MHBapHAaHTHOCTH, BBIICISIOTCS KJIacC MOJEICH,
CBOCTBA, MTOKA3aTeIN KOTOPHIX HE M3MEHSIOTCS TpH
ONPECICHHBIX U3MEHEHUSIX CUCTEMBI, CXEMbI COETU-
HEHUS DJIEMCHTOB.

Kak BumM, Teopusi 1 METO/IBI OTIpeIeIeHNsT HHBA-
PHUAHTOB MTPAIOT QYHIAMEHTAIBHYIO POJIb B MaTeMa-
THYECKNX, TEXHUYECKHX W ECTECTBEHHBIX HayKax.
OHa GopMHpYET aNTOPUTMBI ONPENEICHUS CBOWCTB,
XapaKTEPUCTUK W MApaMETPOB HCCICAYEMBIX 00b-
€KTOB, KOTOpPBIE OCTAIOTCSA HEM3MEHHBIMHU TIPH paz-
JUYHBIX TPpeoOpa30oBaHUAX STUX 00BEKTOB, BHEIITHUX
BO3MIEHCTBUAX. OTMETHM, YTO HHTEPEC K UCCIIEI0Ba-
HUIO 3TOW MPOOJIEMBI, TPAMEHUTENBHO K BOMIPOCaM
TEOpPUH AaBTOMATHUYECKOTO YMPAaBICHUS, YCHIMICS
nociie padot [lunanosa I'.B. (1948 r.) [1]. Cocros-
HUE TEOPHH, CBSI3aHHOM C TIpencTaBieHueM 00 abco-
JIFOTHOW MHBapuaHTHOCTH [1{uanoBa, MOKHO HalTH,
Hampumep, B [2].

N3n0:xxeHne 0CHOBHOTO MaTepuaJjia UcCcJIeI0Ba-
HusA. IHBapuaHT npeoOpa3oBaHUs g - 3TO CBOMCTBO,
BEJIMUYMHA, HE W3MEHSIOLIUECS MIPH IIPpeoOpa3oBaHUU
g. llonaTne WHBapHWaHTa IMO3BOJIAET KIACCHUPUIH-
pOBaTh MHOXECTBO, 0OBEKTOB, HA OCHOBE CBOMCTBa
WHBAapUAHTHOCTH WX OIPEHCIMIONINX ITOKa3aTeseH,
M0 OTHONICHHWIO K 3a/JIaHHOMYy TpeoOpa30BaHUI0
g WM Klaccy mpeoOpazoBaHuil G, pasienseTr Mo
3TOMY IPU3HAKY JHOObIE HE SKBUBAJIIEHTHBIE OOBEKTHI
U3 paccMaTpUBaeMON COBOKYITHOCTH.

BaxxHbpIM TNpUMEHEHHWEM TEOPUH WHBAPUAHTOB,
SIBJIIETCSI M YCTAHOBJIEHUE Kjacca BO3ACHCTBUI Ha
MOJIECTTUPYEMYIO CUCTEMY, HE BIUSIOLIUX HA €€ KU3-
HEHHO Ba)KHBIE TTOKa3aTeNn. B kauecTBe Takux moka-
3areseil MOXKeT CITYKUTh HaOOp HEKOTOPHIX (DYHKIIHH.

[lyctb g(a) oToOpaskeHUE 3JICMEHTOB MHOXKECTBA
A BO MHOXECTBO B: g(a) € B. Ecnu QyHkius f, cka-
TISIpHAS WITH BEKTOpHAS, OTIpe/ie]ieHa Ha MHOXKeCcTBe A
Y BBITIOJHSIETCS TOXKAECTBO:

fla) = f(g(a)), (1)
TO g Ha3bIBAIOT MHBAPUAHTHBIM IpeoOpa3oBa-
HUEM U PYHKIUH f.
K npsiMoii 3aj1aue Mbl OTHECEM PELICHHE BOIpOca
O CTpO€HHE Kiacca g(a), COINIACOBAHHOIO C YCIIO-
BueM (1). Kak yxe orMeuanock, ¢ TOUKH 3peHHS TEO-
pUM yIpaBiCHHS, 3Ta 3ajjadya CBs3aHa C PELICHUEM
BOTIPOCA O JIOMYCTUMBIX IPEOOPa30BaHUAK, HE H3ME-
HSIOIINX OTPENEISIFOIINN TTOKa3aTeb f.

OTMeTuM, 9YTO TOWUCK WHBAPUAHTHBIX IIPEOO-
pazoBaHUl comiracyercss ¢ MpodiaeMoi aBToMopd-
HOCTH: TIOMCK JIPOOHO-TTMHEHHBIX MpeoOpa3oBaHU
B 00JIaCTH aHATMTUYHOCTH (QYHKIIUH KOMIUIEKCHOTO
MIEPEMEHHOTO, KOTOpble HE M3MEHSIOT ee (DyHKIIH-
OHaNILHBIN BUJ. B obnactu moctpoeHus aBToMopd-

HBIX NIpeo0pa3oBaHui, B TOM YUCIE U JUIS (QYHKIUHA
MHOTHX KOMIIJIEKCHBIX II€PEMEHHBIX, CYIIECTBYET
0ombIIOe YHCIIO PaboT, U OICHUTHh WX 3HAYUMOCTD,
He paboTas MOCTOSHHO B ATOW 00JacTH, CiokHo. Ho
ITOCKOJIBKY B TEOPHH aBTOMATUYECKUX YTPaBICHUN
WCTIONB3YHTCA TpeodpazoBanus Jlammaca, To 3TO
y’Ke yKa3bIBaeT Ha BaKHOCThH BBIAEJICHHOTO HalpaB-
nenus [3].

B nmanno#t paboTe, MBI TPOAOIKUM HAIIIH HCCIIe-
JOBaHUs, HaYaThIe B padote [4], 1 ToKakeM, 9TO s
moboi auddepeHpyeMoit QyHKIIUN, Ha OCHOBE
MPEATIOKEHHOTO0 B [4] anroputma, MOXKHO MOCTPO-
UTh MHOXECTBO MpeoOpa3oBaHMid, IJIsl KOTOPBIX 3Ta
¢dyHKIHs Oy/IeT MHBAPHAHTOM, HO HE 00513aTeIbHO 110
BCEM IIEPEMEHHBIM, OT KOTOPBHIX OHA 3aBHCHT. [Ipu-
BeJIeM W KOHKPETHBIC 33/Jauu-TIPUMEPHI, TOKa3bIBA0-
LIMe, YTO HaXOXKACHUE TaKuX MpeoOpa3oBaHUil SBILS-
eTcs HEOOXOMMBIM.

Anzopumm nocmpoenusn. OTOXICCTBUM MHOXKE-
cTBa A U MHOXKECTBO B ¢ TOUKaM B (n + m)- MEPHOM
€BKJIMIOBOM IPOCTPAHCTBE M PACCMOTPHUM IPOU3-
BOJIBHYIO PyHKUMIO u(y;x),THe x € R",y € R” . [loka-
JKEM, KaK Ha OCHOBE u(y;x) OIPEHECIUTH KIacC BEK-
TOPHBIX QPYHKIHH g(y;X;y), TAKUX, YTO

u(y;x) = u(y; g(y;x;1)) , VA €[0,A),Vy e D<= R", (2)

TpeboBanue (2) 3KBUBAJICHTHO PABCHCTBAM:
oug(rix; ) _
oA
ou(y;8(y;x;4)) _ ¥
oA 2

08, (y;x; ) ou(y; g(y;x;4)) _
oA og;(y;x; 1)
OTO yCIIOBHE OPTOTOHAIBHOCTH BEKTOPOB!
og(y; X, 1)
22BN g v ou(y;

o M5 8)
OHO NPHUBOAMT K CIEIYIOIIENH CUCTEME, B BEKTOP-

HOM (opMe, ypaBHEHHI:

BOXL) _ pyiei) <

da
e e, e

j=1

n

ou(y;g(y;x;1))  ou(y;g(y; x; 1)) ou(y;g(y; x; 1))
« det ag, 08, g, s )
(3 x;2) [ (v x5 2) fia(y3x;2))
(i x;2) S (r3x;2) S (i x;2)

II€ e,— €IUHUYHBIC, B3aUMHO OPTOTIOHAJILHBIE
BEKTOPbI, a f(y;x;4), f ;(¥;x;A) — NPOU3BOJIBHBIC
(hyHKIMH, HE HAPYIIAIONINE YCIOBHS CYIICCTBOBAHMS
¥ €WHCTBEHHOCTH PEIICHUS CUCTEMbI ypaBHEHUH (3)

II€ e,— €IUMHUYHBIC, B3aUMHO OPTOTOHAJIbHBIE
BEKTOpBI, a f(y;x;4), f, (¥;x;4) — TMPOU3BOJILHBIC
(yHKIMH, HE HAPYIIAIOIIUE YCIIOBUS CYIIECTBOBA-
HUS ¥ €IMHCTBEHHOCTH PEIICHUS CHCTEMBI YpaBHE-
Huti (3) V GUKCHPOBAHHBIX 3HAUYCHUHN X, ) .

Pemenne (3) Bcerma OymeM HMCKaTh MpH Hadallb-
HOM YCJIOBHH:
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8ix;2) |,0=x, 4
Ipumep. Ilycte x e R*. B aTOM cnyuyae cucrema

ypaBHeHui (3), mprodperaeT BUA:
BV _ iy ) S8 X; 1))

oA 7 g,
8, x;4) F(yixi) ou(g(y; x; 1))
oA 7 g,

Bribepem, nanpumep, u(y, x) = (x,x) . Torna:

lrixt) (?lxm) =2/(rx;)8,(y;x;4)
%}x;l) =2/ (108 (¥, 4)

Wnu B MaTpuuHO# hopme:
og(y; x; A)
— . .)’ B . .2’
o Sy x;2)Bg(y; x; 2), )
g x;0) = x

0 1
B-=
o)
Pemenne nmeer (5) Bun:
A

8(;x,2) = exp(2[ f(y; x;60)d60 B)x.
0

YuuTthiBas, 4To:

10
B =- --F
o i)E

TIPFXOITIM K cnez[yiomemy MPE/ICTABICHHIO PEIIICHH (5):

g x, ) = —sm(zj F(y;x;0)d0)Bx + cos(zj F(y; x;0)d0) Ex

Takum 06pa30M

&(y;x,2) = x sin(2j S(¥;x;0)d0) + x, COS(ZT f(y:x;6)d0),

I'ne:

&%, 2) = =X, SinQ[ (5 x;0)d0) + x, cos2[ f(y; x;0)d0).
0 0

Hampumep, Mo’xxeM OTOXIECTBUTHh X, =1, X, = X,
WM IIOJIOXKHUTb y =1, a X € R

Ilocmpoenue MmuOdCECHIBA  CHIOXACMUYECKUX
ypasHeHuil, 001a0auwux HAGOpomM nepevix uHme-
2panoe. Ecnu st OTKpbITON TUHAMUYECKON CUCTEMBI
W3BECTEH MHBAPUAHT, TO MO OTHOLICHHUIO K CHCTEME
BBICTYIAET KaK CUCTeMHBIH 3akoH. [Ipeanonoxum, 4ro
CHUCTEMY MOKHO CMOJEIHPOBATH MIPH TOMOIIU CTOXa-
CTHUYECKUX ypaBHEHU. B 3TOM ciryuae 3a1a4a cOCTOUT
B OMpENeNICHIH KJIACC YPaBHEHMH, COINIACOBAHHBIX C
YCJIOBUEM CYILIECTBOBAHUS ATOTO NHBAPHUAHTA.

B kadyecTBe mpuMepa NMpUMEHEHUS NPEIIOKEH-
HOTO allTOPUTMa, PACCMOTPUM CUCTEMY YpaBHEHHI
Hto ¢ IMIyaCCOHOBCKMMM BO3MYIICHUSAMU:

dx (1) = a, (5;x())dt + [ g,(6;x(0); 2)v(dr;dA),
x (1) = x(1:x(0))
e x(t) e R" — IMHAMUYECKU mpouecc, v(f; AL) —

OIHOpOo#HAass mo ¢ ciayvyaiHas Mepa Ilyaccona;
R(A) — npocTpaHCTBO napamerpa A . OTHOCUTENBHO

,:OZX(O), i=ln, t>0,
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ko3 GUIHMEHTOB a,(x;7), U g(t;X;4) B ypaBHEHHH
(6), mpenmonaraeM, 4To OHU OOJIAJAFOT IOCTATOYHOMN
CTETIEHBIO TNIAJIKOCTH 110 COBOKYITHOCTH TIEPEMEHHBIX
(x,7,A), ¥ IOIYMHEHbI OTPAHUYEHHAM, 0OecIeurBa-
IONIMX CYNIECTBOBAHUE U CMHCTBEHHOCTH PEIICHHSI
(6) [5, c. 247, 255].

[Ipenmonoxum, 4T0 B Ka4eCTBE OrPAaHUYCHUS /IS
BUJa CHCTeMBI (6), BRICTYNAIOT Hecly4aiHble, He3a-
BUCUMbIe (DYHKIMH 1 (X;7),x € R"— HenpepbIBHbIE
BMECTE CO CBOMMHU TMEPBBIMU MPOU3BOHBIMH 110 KOM-
IIOHEHTaM (x;) ¥ TaKue, 4TO Ha JII0OOH peann3anun
x(#; x(0)) pemrenus ypaBHeHU (6)

u (t; x(t;x(0)) = u (0;x(0)), I =1,m, m<n, (7)
T.€., 4, (x;t)ABIAIOTCA HECITy4alHBIM IIEPBBIM HHTE-
rpajom cucteMsl (6) [6; 7].

C yuerom (7), BOCTIONB30BABIINCH PACIIHPEHHON

¢dopmynoit Mto, mpuxonum k paBeHCTBy:

du,(t; x(1)) = [— u,(t; x(1)) + Z a, (t)

Jj=1 /

u,(t; x(¢))]dt +

+[ L (5 x(0) + g(157)) = (15 x(1)] v(dt; dy) = 0, V1 = 0.
DTO0 BO3MOIKHO, €CJIU:

u,(t x()) + z a(t x) u(t;x() =0, vi=1,m, (8)

I

u(t; x + g(t;x;7)) — u(t;x)] = 0,9y, €))
Paccmorpum pasenctsa (8). Kak nmokaszano B [6],
K02(GUIHEHTHI, 00eCIIeUNBAIOIIUE ITO PABEHCTBO,
MOXKHO HalTH 10 hopmyIie:
e e .. e,

41,0(t) 41,|(t) %,n(t)

e, +a(t) = A;'(t) det , (10)

4,0 q,,) 4,,(1)
rae e;,j=0,n — HAOOP OPTOrOHANBLHBIX EIMHUY-
HBIX BEKTOPOB, a(f) € R"— BEKTOp ¢ KOMIIOHCHTaMH
a;,(t) = a,(t;x), A7) T0 — anredpanyeckoe JTOTOITHEe-
HUE K ¢, ; OCHOBHOE TpeOOBaHUE K (PYHKIIUSM:
0
u,(t x), q,;(t) = e —u(t;x),

J

90(0) ==

(=Lmms<ny, g, (=g, (t;x), (i=m+Ln), j=Ln -
HE HapyIIEHUS YCJIOBHH CYyIIECTBOBAaHHUA M €IUH-
CTBEHHOCTH pemieHui (6).

Ecnm ke u, (x;t) = u,(x), TO 9YACIIO HE3aBUCHMBIX
u, (x) He MOXeT npeBbluars (n —1) . C ydeToM Toro,
410 KOYPPUIMEHTHI ¢, ,(7) =0, ypaBHEHHE I Olpe-
JIEJIEHUS] KOMIIOHEHT BEKTOPA a(f) 3aMEHAETCS TaKuM:

e e, e,
a(t) = gt x) det q, (@) 41,1(t) ‘L,n(t) ,
q, 10(’) q, 11(t) qn—;:;(t)
e q,,) = u,(x) (I=1,mm<n),

J
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q.,0 =g, ,(tx) (i=m+Ln-1),u j=Ln.Kak u B
(10), TpeboBanue K QYHKIMAM CBSI3BIBAEM C obecIe-
YEHUEM YCIIOBUH CYIIECTBOBAHUS M €IMHCTBEHHOCTH
pemmenwii (6).

Paccmorpum ycmosue (9). Kak cnemyer u3 ypas-
HeHus (3), A onpeneseHus BEKTopa g(f; x; 1) , He00-
XOJMMO PELIUTh CUCTEMY YPaBHEHHIA:

el eZ en
Sg(tx:2) SRy fia64) St 2)
EOEL = flexmadet] f,(60) fu(52) L) |, (11)
Jua(t2) ﬁkz,z(f;l) f;l—l,n(t;)')

T7e, KaK 1 IPEe e, OCHOBHOE TpeOoBaHME K (DYHKITHSM:

FxA), f, 62 = a0 (= Tmm<n),
og,
f,620) = f,tx0) ((=m+1,n-1) —

HE HapyIIEHUS YCJIOBHU CYyNISCTBOBAHUS W CIWH-

CTBEHHOCTH pelIeHn cucTeMbl ypaBHeHu# (10).
[Ipumep. Ilycth x € R?,
u(x;1) = (x, + x,)* + ¢’ + b; ¢,b— const = 0.
[MockonbKy TpUMep JEeMOHCTPAIMOHHBIA M CBS-
3aH ¢ MPUMEHEHNEM ypaBHEHUS (3) B IPEICTABICHIH
(11), 9TOOBI HE YCIOXKHSATH U3TIOKEHHE TOTIOTHUTEIb-
HBIMH BBIKJIAJIKAMH W OTPAaHUYCHUSMU, TOJOXKHUM B
(6) BekTOp a(?) = 0.

U3 (11) cnenyer, uTo:

ag(t; x; 1) _
di
e, e.
= f(t;x;2) det : 2
St a)de [2(gl(t;x;/1)+gz(t;x;/l)), 2(g1(t;X;/1)+gz(t;x;/1))J
NnJIn
BEED) 21 (551Dt x:2); gE5330) = x,

-1 -1
Pemenve nonaauM B BEKTOPHO-MaTpU4HOH dopme:
A

g(t;x;2) = exp2[ f(5;x;0)doD)x ,  (12)

e D:[1 1]

VuwuTeiBas, 4To:

I 131 1 00
2 _ =
b (—1 —1)[—1 —1) [0 OJ
ot (12) mepexoaum K NMpencTaBIeHUIO:

gt;x; 1) =(F + 2Dj f(t;x;0)d0)x
0

rae E — equHUYHAS MaTpHIIA.
[ToxoMIOHEHTHAS 3aMUCh PEIICHUs UMEET BU/I;

gtx;0) =x + 2j. f(t;x;0)do(x, + x,),

A
&(tx; 1) =x, - 2_'. St x,0)d0(x, + x,).
0

Ybenutcs B MpaBWILHOCTH HAWIEHHOTO perie-
HUS, MOXKHO IIyTeM 3aMeHbl x Ha g(f;x;1) B
u(x;t)=(x +x,)° +c’t* +b.

BeiBoabl. Takum 00pa3om, TiepBOHAYaIIbHAS
uaes O MOCTPOSHHH KOHTHHyyMa NpeoOpa3oBaHUii
JUIS TIPOM3BOJIBHOW (yHKIMH, OblTa OTOOpakeHa
B pabore [4]. OCHOBHBIM CTUMYJIOM ITOMCKa TaKHX
peoOpazoBaHMii, cTajga HEOOXOIUMOCTh HCCe-
JOBaHHUA BONPOCa O BO3MOKHOCTH CYIIECTBOBA-
HUU JICTCPMUHHPOBAHHBIX MEPBBIX UHTETPAJIOB IS
CTOXaCTUYCCKUX CHUCTEM IIpU HAJIWUYUU HE TOJIBKO
BHHEPOBCKHX, HO U CKaYKOOOPa3HBIX BO3MYIIEHHIA,
nccnenoBanne nuddysum B cpene ¢ pe3Ko HM3MEHs-
IOIUMHECS TTapameTpamu. IpeanoxeHHbIi anroputm
MOCTpOeHUsI, AJsl 1000 3amaHHON (yHKUMH, Tpe-
00pa30BaHUH, OCTABJISIONINX HEU3MEHHBIN BHJ[ STON
GyHKIMH, clienan peajbHBIM Mepexoa K TMOoCTpoe-
HUIO MPOTPaMMHBIX YIIPaBIEHUN Ha TWHAMHYECKHX
MHOTO00pa3usX, Ui CUCTEM C IyaCCOHOBCKHMHU W
BHHEPOBCKHMH BO3MYIICHUSMU (CM., Harpumep, [11]
U CChUIKM B Heill). B nmanHol pabote, mcciemyercs
Oonee oOmmuMi Bompoc, Korma Juist (YHKIUU, Xapak-
TEpU3YIONIEN COCTOIHUE CUCTEMbI, MTHBAPUAHTHOCTh
JOITyCKaeTcsl, HO HE 0 BCEM MEPEMEHHBIM, BXOMS-
[IUX B 3Ty (QYHKITHIO.
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Doobko V.A. ON CONSTRUCTION OF A SET OF INVARIANT TRANSFORMATIONS
FOR THE FUNCTION OF MANY VARIABLES

The use of the concepts of invariant, invariance in one or another terminology is present in many sciences.
Associated with the concept of invariance are signs that there are certain general indicators of a specific cat-
egorical relationship (or values) that should be. The concept of an invariant displays the general properties of
classes of studied objects. As we see, the theory (and methods) for determining invariants play a fundamental
role in the mathematical, technical and natural sciences. It forms the algorithms for determining the proper-
ties, characteristics and parameters of the objects under study, which remain unchanged under various trans-
formations of these objects, external influences.

In modern literature, there is growing interest in the problem of constructing and analyzing models that
include non-linear deterministic and stochastic components of processes. There are two main approaches in
various fields of research related to random perturbations in dynamical systems. The first approach considers
the analysis of random dynamical systems, defining a direct stochastic generalization of the basic concepts
that arise in the theory of dynamical systems, such as random attractors and random invariant manifolds. The
second approach, in which we will follow this article, relates to the construction of a class of models for which
allow existence the preservation of a given functional, variety.

Invariant manifolds are important for the theory of dynamical systems, since the behavior of any dynamical
system refers to the basic geometric structure of the state space, in particular, to the organization of invariant
stable and unstable subspaces.

In control theory, on the basis of the idea of invariance, the class of models, properties, indicators of which
do not change with certain changes in the system, the connection scheme of elements, are distinguished.

The theory allows us to identify the permissible perturbations of the real system that do not affect its basic
indicators. As a model of such indicators there may be a set of some mathematical functions.

Note that the search for invariant transformations is consistent with the automorphism problem.

In this paper, we prove that by applying the algorithm proposed by us, for any differentiable function,
we can construct a set of transformations for which this function will be an invariant. As an example of the
application of the results obtained, we considered an example of finding a class of Ito equations with Poisson
perturbations with selected, deterministic first integrals.

We note once again that the requirement of ensuring the stability of certain system indicators is one of the
management tasks. The fact of the existence of the first integrals for the Ito equations can be considered as a
basis for choosing controls for a dynamic system, which allows, with probability 1, to maintain the required
parameters for strong perturbations.

Note that we use the definition of the first integral for the system of Ito stochastic differential equations
(Doobko V.A., 1978), and based on the research that we have in 2003.

Key words: invariant, invariance, first integrals, Ito equation, algorithm.
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