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O PELLEHUAX OOHOPOOHOWU 3A0AYMU LUIBAPLIA
B BUOAE BEKTOP-NOJIMHOMOB BTOPOU CTENEHMU
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Paccmorpena oagnopoaHasi 3agaya IlBapua pus  BekTOp-QyHKUMIA,
aHajmuTnyeckux no Jyraucy. JlanHble (YHKUMH SBJISIOTCH PpPelleHUsIMU
OTHOPOAHOI HJITHNTHYECKOH cHCTeMbl B YAaCTHBIX NPOU3BOAHBIX MEPBOI0
NOpsAAKA, KOTOpPas 3aBHCHT OT MATPUIbI ¢ KOMILUIEKCHBIMH Ko3()puuImMeHTaMu.
IIpeanonaraercsi, 4YTO oONpeAeauTe]b KOMIUIEKCHOH YacTH 3TOH MaTpHIbI
oTinyeH ot HyJs. [loka3aHo, 4To peajbHast YacTh PYHKIUH, AHATIUTHYECKOH 1O
Hdyramcy, OyaeT pemieHHeM HeKOTOPOI 0OJHOPOAHOI cCHCTeMbl BTOPOI0 NMOPsiAKA B
YACTHBIX NPOU3BOJHBIX. 3Hasl pelleHHe 3a1a4u Jupuxie A8 JaHHOH CHCTeMBI,
MOXKHO MNOCTPOMTH pewmenue 3aaauu IlIBapua, cooTBeTcTBYIOLIEEe HMCXOTHOM
martpune. Hy:xxHoe pemenue 3agaum [lupuxie uieM B BHAE BeKTOP-NOJHHOMA
BTOPO# CTeNeHH ¢ JIMHEHO 3aBUCMMbIMH KomnoHeHTamu. Ilocie moacTaHoBKU
Takoii GyHKUHUHM B NMOJYy4YeHHYI0 CHCTEMY YPaBHEHHIl B YaCTHBIX MPOU3BOIHBIX
NMoJy4yaeM OJAHOPOIHYI0 BelleCTBEHHYIO ajiredpamvyecKylo cucreMmy. JTa cucreMa
HMeeT HeHyJIeBble pellleHUsI TOJIbKO B TOM ClIy4yae, KOTJa ee onpeaenTe]b paBeH
Hyato. IIpupaBHMBasi K HYJI0 COOTBEeTCTBYHWOINMI oOmnpeaeJuTe]b, MOJdy4YaeM
anredpaMyeckoe ypaBHeHHe ¢ [ByMs mnepeMeHHbIMH. [lanee poxa3biBaercs
OCHOBHAsl TeopeMa O TOM, 4YTO CYIIeCTBOBAHHME NPOU3BOJHHOIO HEHYJIEBOI0
BEeIIeCTBEHHOI'0 PpelleHNsl JAaHHOI0 Aaare0panvyecKoro ypaBHEHHs SIBJsieTCS
HEe00XOIMMBIM M J0CTATOYHBIM YCJIOBHMEM CYIIECTBOBAHMSI COOTBETCTBYIOLIEIrO
HCXO/IHOM MaTpuue pelleHusi ofHopoaHoi 3agaum IllBapma B BHIe BeKTOp-
MOJIMHOMA BTOPOii cTeneHu. B 3akioueHne cTaTbi NOCTPOEH MpUMep.

Knwouesvie cnosa: mampuya; J-ananumuueckas @QyHKYUs, 8eKmop-noauHOM,
Kéaopamuuuas gopma, AIUNC; cucmema aneedbpauieckux ypagHeHuil.

1. llocTanoBKa 3axa4uu
ITycTh Bce COOCTBEHHBIC YUCIIA 71X 11 -MATPHIIBI J HMMEIOT HEHYJIEBbIC KOMITJICKCHBIC YaCTH.
Omnpenenenne 1. [1-3] Anamumuueckou no [Hyeaucy (A. Douglis), umu J-anarumuueckou c

mampuyei J, HA308eM KOMNIEKCHYIO N -6eKmop-Qyukyuro ¢ =@(z)e€ c'(D), Komopas 6 obnacmu

DcR? y00871emeopsiem YpasHeHUIO
9 ;9
ay ox

Omnpeneaenue 2. bydem cogopums, umo @yuxkyus ¢(z) coomseemcmsyem mampuye J, eciu

(1)

svinonneno ypasuerue (1).
Kax mokazano B [1], cuctema ypaBHEHHI B YaCTHBIX MPOU3BOJIHBIX IEepBOro mopsiaka (1) seisercs
annunTryeckoi. PaccmoTrpuM ams cucteMsl (1) ciemyronryro ogHopoaHyto 3aaauy Lsapna [2, 3].

Ilycmbv  Komeunas obaacme DcR? oepanuyena xoumypom I. Tpebyemcsa natimu J-
ananumu4eckyio ¢ useecmuou mampuyeu J 6 odracmu D eexmop-@yuxyuo @(z)€ C(B), ons
KOMOPOUi 8bINONIHEHO SPAHUYHOE YCI08UE

Reg(z) |-=0. 2)

OueBUIHBIMU pELIEHUAMH 332U (2) SABISIOTCA MOCTOsAHHBIE (GyHKIMH ¢(z)=ic, rme ce R”.

Ecmu n=1, TO YacTHBIM ciy4aeM J-aHanmUTW4YeCKUX QYHKUUA mpu J =i OyAyT CKaJsipHBIC

rojoMopdHbie Gpynkuuu [4]. Jns Hux 3amaua (2), Kak U3BECTHO [4], UMEET TOJILKO MOCTOSHHOE (MK
TpuBHAIbHOE) pemieHne @(z)=ic, tme c€ R. Ho mpm n>2 curyanus KapauHAIBHO MEHSETCS —

3amaya (2) MOXKET UMETh PELICHUs B BUJE BEKTOP-NIOJIMHOMOB. IIpuBenem nmpumep.
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Ipumep 1. ITycTs

i 4 —4i(x* + %)
J= ) e@= | 3
1 3i X +3y" —1-2xyi

Matpuna J B (3) UMeeT KpaTHOe COOCTBEHHOE 4HMCIO A=1i. 31ech BEKTOP-IIOJHMHOM BTOPOii
crenieHn @(z) Oyner (QyHKIUEH, J-aHATUTHYECKOW ¢ JaHHON Matpuied J, 4YTO TpoBepseTcs
. . 2 2

HerocpeAcTBeHHO nojcranoBkoi B (1). IIpu stom Red(z) |[r=0 Ha smmunce x” +3y° =1.

B nynkTe 3 npuBeaeH oOmIuii METO/| MOCTPOCHUS aHAIIOTUYHBIX TPHUMEPOB.
3ameuanue 1. CioxHOCTh 3amauu (2) COCTOMT MUMEHHO B KoHeyHocmu obmactu D. Ecmu D
HEOTPaHWYCHA, TO MOCTPOSHHE HETPUBUAIBHBIX PEIICHUH 3amaun (2) He NPEICTaBIsSeT KaKUX-JIMOO

TpyaHocteit. Hanpumep, nycte n=1, J =i, f(z)= 2 -1=x"- y2 —1+2xyi. Torga Re f(z)|=0 Ha

runepoone I': x? —y2 =1.

2. IIpeoGpa3zoBanne ypaBHeHnus (1) K cucTeme BTOpPOro nopsiAka
BrimosnHuM HEKOTOphIe IPpeABapUTENbHBIE TPE00Pa3oBaHus. 3aHIIEM 7 -BEKTOP-QYHKUUIO ¢(z) B

Buge @(z)=u(x,y)+iv(x,y), rtme u(x,y),v(x,y) — BECIIECTBCHHbIC # -BEKTOP-QYHKIMH. Tarxke
BBEJIEM CIIE/IYIOIINE 0003HAUCHHS:
J=A+Bi, A,BeR™, detB#0. 4)
[MoxcraBum matpuiy (4) B ypaBHenue (1), mocie 4ero mpupaBHIEM K HYJIO JIECHCTBUTEIbHBIC H
MHHMBIC YaCTH B TIOJTYYHBIIEMCS BhIpakeHuH. MimeeM:

B u v v v ou “
ay ox ox dy ox ox

Bripazum w3 ypaBHeHuii (5) yacTHble TpOM3BOAHBIE (GYHKIMU V =V(X,y) uepe3 4YacTHbHIE
MpOu3BOAHbIE PyHKIMK U =u(X,)):

BV_B_lAau B_lau BV_(B AB_IA) B_18u ©)
ox ox dy’ Iy ay
C y4€eToM yCIIOBHUS 3aMKHYTOCTH
20v_dav o
dy ox dx dy
W3 ypaBHEHUH (6) BHITEKAET CIIEAYIOIIEE paBeHCTBo
9| 1400 _p19U |\ 9| p, 4p A) _ap 2l (8)
ay ox dy E)x dy

[pumenum B (8) omeparopsl nuddepeHINPOBaHUs, OCIEe Yero 00e YacTH paBeHCTBA YMHOXKUM
clieBa Ha MaTpuly B. B pesynprare moiyduM CIeayIOIIyi0 OZHOPOIHYIO 71X 71 -CUCTEMYy ypaBHEHHH B
YaCTHBIX IPOU3BOJHBIX BTOPOTO nop;uu(a'

2 2
(B* + BAB™ lA)——B (4B +B_1A) o"u 8_2_ 0. )
ox? 0xdy dy
OtHOCHUTENBEHO cucTeMbl (9) ToKakeM MPUBEIICHHYIO HIKE TEOPEMY.
Teopema 1. Cnpaseonugwl credyrowujue 08a ymeepicOeHus.
1) Ecmu ¢(z) =u(x,y)+iv(x,y) — pemienue omHopoaHoit 3amayn [lIBapua (2), cooTBeTCTBYIOIIEE

matpuiie J = A+ Bi, detB#0, To QyHkius u(x,y) OyneT penieHneM OIHOPOAHOM 3aaaun Jupuxiie
u(x,y) =0 (10)
U1t cucteMsl (9);
2) ecnu cymectByer pemenue 3amaun (10) g cucremsl (9) B BUAE BEKTOP-TIOJIMHOMA
u=u(x,y), TO MOKHO OJHO3HAaYHO BOCCTAaHOBUTHh (DYHKIHIO @ =u+iVv Kak pemeHHe 3amaun (2),
cooTBeTcTBYMOIIEE MaTpulle J = A + Bi.
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Joxa3zaTeabcTBo. [lepBoe yTBEpKIeHUE BBHITEKAET M3 alTOPUTMa MOCTpoeHHUs cucteMbl (9). st
JTOKa3aTeNbCTBA MMyHKTA 2) 3aMeTUM, 4To ecian QyHKIus u(x,y) — pemenue (9), To OHa eCTh pelIeHHe

ov d
cuctembl (8). Ilpm stomM c yuerom (8) mist yHKIHA a—v,a—v Buna (6) BBITIOJIHEHBI YCIOBHS
X oy

3amkHyTOCTH (7). IloaToOMy BekTOp-QyHKIHIO V= V(X,)) NpHU 3aJaHHON (YHKIMH U =u(X,y) MOXHO

MOKOOPJIMHATHO EJMHCTBEHHBIM 00pa3oM (C TOYHOCTBHIO JIO BEKTOP-IIOCTOSIHHOW) BOCCTAHOBHTH W3
ypaBHeHui#t (6).
Tak xak ms moiry4eHHON QyHKIIH v(X,y) IO MMOCTPOSHUIO BBHITOJIHEHA TTapa paBeHCTB (6), TO I

napel ¢yHKuuii u(x,y), Vv(x,y) BBIIOJHEHH paBHOCWIbHBIE MM paBeHcTBa (5). CnemoBarenbHO,
GyHKIMST @¢=u+iV COOTBETCTBYeT HcXomHoW Matputle J = A+ Bi. Ilpu 3TOM MO MOCTPOEHUIO
BBINIOJTHEHO rpaHnyHoe yciosue (2). Teopema 1 nokasaHa.

3. O0mmii MeTOX MOCTPOEHHS PellieHui 3a7a4un (2) B BUJie BEKTOP-MOJHHOMOB BTOPOi cTeNeHn

Onwmpasicc Ha TeopeMy 1, TMOIydYuM HEOOXOAMMOE M JOCTATOYHOE YCJOBHE CYIIECTBOBAHHS
peleHuii oHopoiHoM 3aaaun [lIBapiia B Buie BEKTOP-IIOJIMHOMOB BTOPOMl CTENEHHU.

3ameuanue 2. byagem Has3bpIBaTh 3JUIMIICOM HE TOJBKO KPHBYIO I Ha IJIOCKOCTH, HO TaKXke H
obmacte K, orpanmueHHyl0 KpuBod [, — B 3aBHCHMOCTH OT KOHTEKCTa. Takas JOTOBOPEHHOCTH
YIPOCTHT U3JI0KEHHE.

Kak n3BecTHO, MPOU3BOIIBHBIN aMIC ' ¢ HEHTPOM B Touke (X;,),) MOXKHO 3a1aTh CIEAYIOIIUM
ypaBHEHUEM:

a(x—xy)> +2c(x=x)(y = yo) +b(y—yy)* =1=0,  ab—c*>0. (11)

[lycte ¢ =u+iv — pemeHue 3agauu (2) B BUIE BEKTOP-NOJIMHOMA BTOPOU CTETIEHH B KOHEUHOU
obnactu D. B sToM cimydae koHTYyp I' MoxkeT ObITh TONbKO »uuncoM. O6o3HauuMm u = (py,...,p,).
Torna kaxnpoe u3 ypaBHeHui p;(x,y)=0,...,p,(x,y)=0 Oyner ypaBHEHHEM IaHHOIO OJUIUIICA.
3amanue amaunca B Bume (11) kak MHOXKECTBa TOYEK HA IIOCKOCTH — €IWHCTBEHHO C TOYHOCTBIO [0
mHoxutens. [losromy dynkuuu p,(x,y), k=1,...,n GyAyT ¢ TOYHOCTHIO JO MHOKHUTEJIS COBINAAATh C
neBoii wacThio (11) mpu ogHMX U TeX ke mapaMmerpax da,c,b.

Jnst ynpoleHus JalbHERIINX BIYUCICHUH celaeM 3aMeHy MEpeMEHHBIX X = X'+t X,, ¥ =)'+t ).
Torma mociae odrIeMEHTapHBIX npeoOpazoBanuii ¢ yderom (1) momyunmm, 4uro (QyHKOMA
o(x",y)=u(x,y)+iv(x’,y) 6ynmer J-amanmtuueckoi c Toit e marpuneit J. Ho B sToM ciydae
komnonentsl p,(x,)"), k=1,...,n Bekrop-Qpynkumn u=u(x’,)’) B cuay (11) ¢ TOUHOCTBIO 1O
MHOYHTEIS IPUMYT BHA P, (X, ) = ax’® +2ex’y’ +by’* —1.

Taxum o6pazom, BekTop-pyHKIHIO u(X,y)=Re@(z), HE ymamsas OOIIHOCTH, MOKHO HCKaTh B
CIIeYFOIIEM BUJIE:

4 - (ax* + 2cxy + by2 -1)
UL =] e , ab—c*>0. (12)
t, - (ax* +2cxy +by* —1)

B (12) uncna a,c,b, a Takxke Bektop ¢ = (f,...,¢,) — BelleCTBeHHbIe napamerpsl. Ciyuaii ¢ =0, To
ectb u =0, He paccMaTpUBaeM KakK BbIPOXKIECHHBIH.

s vaxoxnenus ¢yHkipu u(x,y) moacrasuMm (12) B (9). B pesyibrare moyiyduM ClIeayOIyIO
OJTHOPOJIHYIO 71X 71 -CUCTEMY JHHEWHBIX alreOpandecKux YpPaBHEHHH OTHOCUTEIHHO BEIECTBEHHBIX
HepeMeHHbIX t=(f,...,1,) ¢ mapameTrpamu a,c,b:

[a-(B*+BAB'4)—c-B-(AB' + B A)+b-E]-(t)" =0, (13)
rae uepe3 £ o0o3HaueHa eAMHUYHAS 71X 1 -MaTpUla.

BecTHuk KOYpIlY. Cepusa «Matematuka. MexaHuka. ®Pusmka» 43
2019, Tom 11, Ne 3, C. 41-46



MaTtemaTtuka

[Tapametpol (a,c,b) mna (13) HaxomuM W3 Ciemyromero yciaoBus. Kak m3BecTHO, OZHOPOIHAS
cucrema (13) uMeeT HeTpUBHAIBHOE PEUICHHE TOTJa U TOJIBKO TOT/a, Korjaa ee onpeaenutens A(a,c,b)
paBeH HYJII0, TO €CTh

A(a,c,b)=det[a- (B> +BAB'A)—c-B-(AB™' + B'4)+b-E]=0. (14)

B (14) dyskmus A(a,c,b) — TOTUHOM CTETICHH 7 OT TpeX HepeMeHHbIX. [lycts (a,c,b) — Takoe
pemenwne (14), ato ab—c*>0. B stom ciaydae KBampatudHbie Gopmel B (12) OyIyT MONOKHUTEIEHO
(WK OTpHIIATENBHO) ONpPEISICHHBIMUA U HeocoObiMU. [103TOMY BCe KOMITOHEHTHI (12) OyayT 3amaBath

OJIMH U TOT K€ 3JUIUIIC.
IToncraBum HeHyneBoe pemienue t=t, anreOpandeckoil cucrtemsl (13) ¢ 3Tumm nmapamerpamu B

(12). Tem cambiM Oyner HaiineHo pemeHue U, =Uu,(x,y) 3agaun Hupuxine (10) mis cuctemsl
muddepeHunanbHbIX ypaBHeHuit (9) B ammnce I: ax® + 2cxy + by2 =1.

Hanee B cuimy Teopemsl 1 mo ¢pyHKIIMA U(x, y) MOXXHO BOCCTAHOBHTH BOCCTAHOBHTH (PYHKITHIO @(Zz)
Kak pemenue 3anauun (2) B samunce . C yuerom popmyn (6) ¢(z) OyaeT BEKTOP-MOITUHOMOM BTOPOU
crenenn. CrenaeM 3aMeHy MEPEMEHHBIX x =X —X,, ¥ =) —y,. Toraa B cuny (1) nmoxyuum peuenue
@¢(x’,y") samaum (2), cooTBeTCTByIOmIEE TOi ke Marpuue .J. IIpm 3TOM JaHHOE penieHue OyaeT
onpezeneno B »umnce I' (11) ¢ mpousBonbHBIM Hamepes 3aJaHHBIM LEHTPOM (X,,),). B wurore
JIOKa3aHo CJEYIoIIee YTBEPKICHHUE.

Jemma 1. [lycms gvinonneno pasencmeo (14) npu ab—c*>0. Tozda cywjecmeyem peuleHue
#(z) 3aoauu (2), coomsemcmeyiouee mampuye J = A+ Bi, detB#0. Ilpu smom xoumyp I" —
aaaunc, a @(z) ecmv 6eKMOP-HOAUHOM BMOPOU CTNENEHU.

[IpeoOpaszyem ypaHenue (14). 3ameTnm, 4TO €eciiu ab—c*>0, 10 a#0. ITosToMy MOXHO, HE
yMaisisi obuHocTH, monoxuts B (14) a=1. Torma HepaBeHCTBO ab—c® >0 IepemuIIeTcs B BUIE
b> ¢, 4TO PABHOCHIIEHO YCIIOBHSIM

a=1, c=c, b:CZ+82, e#0. (15)

3ameuanue 3. Tak, ecn ¢ #0, To B (15) nomycruma tak ke curyarus ¢ = 0.

C yuerom (15) paBenctBo (14) nepenuiieM B CISAYIONIEM PAaBHOCHIBHOM BHJIE!

det[B* + BAB'A—c-B-(AB™' + B ' A)+(c* +¢%)-E]=0, ¢#0. (16)
PaBenctBo (16) MOXXHO paccMaTpuBaTh Kak anreOpandeckoe YpaBHEHHE M- CTeleHH
OTHOCHUTEJIbHO BEIICCTBEHHOW IIEPEMEHHOM ¢, TIZl€ & — BElleCTBeHHbIM mnapamerp. I[lpu sTom

CYIIECTBeHHBIM siBisieTcs ycinoBue ¢ #0. OtHocutensHO (opmynsl (16) mokakeMm ciemyrolee
OCHOBHOE yTBEPIKICHHE.
Teopema 2. Cywecmegosanue (npousgoibHo20) eeuwjecmeenno2o pewenus (c,e), 20e €#0

anecebpauveckozo  ypaeuenuss (16)  sensemcs  HeoOX0OUMbIM U OOCMAMOYHBIM  YCIOBUEM

cywecmeoeanus coomsememsyiouje2o oannoti mampuye J = A+ Bie C™", detB#0 pewenus ¢(z)
00HOpoOHoU 3a0auu [llsapya (2) 6 6ude 6eKkmMop-noOIUHOMA MOPOL CINENEHU.
JoxkazarenseTBo. Jlocrarounocts. Ilycte (cy,g,), Tme &, #0 — BELIECTBEHHOE pELICHUE

ypaBHenus (16). Jnst sToro pemenus ¢ yuyerom (15) BeimonneHo ycnoBue nemmbl 1. [ToaTomy cormacHo
YTBEP)KICHUIO 3TOMH JIEMMBI CYIIECTBYET UCKOMOE pelieHue @(z) 3amauu (2).

JokaxxeM HEOOXOIMMOCTb: IMYCTh ¢ =Uu+iV — BEKTOP-TIOJIMHOM BTOPON CTENEHH, KOTOPBIA €CTh
pemenue 3anaun (2) B koreuynoti obnactu K c rpanuneid I. B aTom ciydgae o6macte K mpencraBisieT
co6oii ammunc. O603HauuM, Kak M Bble, u=(p;,...,p,). Toraa ypasuenus p, =0,...,p, =0 3azxaror
omuH u TOT xe aumnc I =0K. CnenosarensHo, ¢yHKumu pi(x,y), k=1,...,n coBmagaroT c
TOYHOCTBIO 710 MHOXKHTENA ¢ JeBoH dacThio (11). ITocne 3amMeHBI MEPEMEHHBIX X =X'+X,, V=Y'+ ),
BeKTOp-QyHKIM u(x',y') ¢ TOYHOCTBIO 0 0003HAUYeHHUs NepeMeHHbIX npumeT Bup (12). [lpu sTtom
@ = u+ivocTtaHeTcs J-aHaIMTUYECKOU ¢ TOH ke MaTpuleil J.
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Tak kak 1y ¢ =u+iV BBIOJHEHO paBeHCTBO (1), To m1s1 u=u(x',y'") B cuiry npeobpa3oBaHHA
nyHKTa 2 cnpaeemBo ypaBHeHue (9). [Toacranoska (12) B (9) maer anreOpaundeckyto cuctemy (13).
Bekrop t=(f,...,¢,) B (12) no ycinoBuio HeHyJeBOH, Tak Kak (QyHKuua u(x',y') He paBHA HYIIO
TOXAECTBEHHO. TO ecTh BEKTOp t SBisIeTCS HEHyJNeBbIM pemieHuem cuctemsbl (13). CrnemoBarenbHo,
BEITIOTHEHO paBeHCTBO (14) npu ab —¢* > 0. Takum o0pa3oM, ¢ y4eToM moacTaHoBKH (15) BBITIOTHEHO
u paBHocuiabHOE (14) paBencTBO (16) mpu HEKOTOPBIX (cj,&y), Tae &, #0, uTOo U TPeOOBAIOCH.
Teopema 2 nokasana.

4. Ilpumenenne popmy.inl (16) 1 nocrpoenns npumepa 1
B xavecTBe niumocTpanuy K TeopeMe 2 OCTPOUM JBa pelieHns 3anaqn (2) mias matpunsl J (3) u3
npumepa 1. Orm OyayT onpeaeseHbl B pa3HbIX dJuHmcax. Mmeem:

—i 4 0 4 -1 0
J= . A= , B= ,  detB=-320. (17)
1 3i 10 0 3

Brimumiem ypasaenue (16) ¢ yuetom KOHKpeTHbIX MaTpul A, B (17), He mIpUBOAS MPOMEKYTOUHBIE
BbIUHMCIeHUs. [Ipy 5ToM 11 yripoiieHus BEIYUCICHUH MONOKUM ¢ = 0:

- _ _ 1
det[B* + BAB'A—c-B-(AB™' + B'A) + (c* + &) E1| o= (—3+82)~(—§+g2j =0. (18)
Takum 00pazom, HMeeM CIeAyIONIyIo napy penreHnit ypasHenus (18):
1
c=0, b=c*+¢*=3; ¢=0, b=cz+e2=§. (19)

Kak mokaspiBatoT BeIuMCIeHUs, niepBor nape (c,b) B (19) mpu a =1 COOTBETCTBYyeT HEHYIIEBOE
pemenue (#,¢,) =(0,1) anredpamueckoii cucremsl (13). Mampuywr J (3) u (17) cosnaoarom.
ITosTOMY Ipu MOJYUYEHHBIX 3HAYEHUSAX IapaMeTpoB a,c,b,t,t, no ¢pyHkuuu u(x,y) (12) ¢ nomousro
QJITOPUTMa, OMTMCAHHOTO TPH JOKA3aTEeIbCTBE IYHKTA 2) TEOpEMbI 1, BOCCTaHABIMBACTCS penieHue @(z)
(3) 3amaum (2).

Bropoit mape (c,b) B (19) npu a =1 cooTBeTcTBYeT HeHyJeBoe pemenue (f,¢,)=(1,0) cucremsr
(13). B nanHOM ciy4ae 1o aaropuTMy T€opeMbl | MOKHO MOCTPOUTH (QYHKITHIO

x? +%y2 —1+§xyi
$(2) = ; : (20)
2,2
—(x"+
;0T
®ynkuug (20) cooTBeTcTBYET TOM e Marpune J (3), To ects u Matpuue J (17). OHa sBisercs

1
peleHreM 3a1auu (2) B 3JUIMIICE x* + 3 y2 =1.

JIuteparypa

1. ConparoB, A.Il. ®yuknun, anammtudeckue mo dyrmaucy / A.IL. CommatoB. — M3a-Bo Horl'Y,
1995. -196 c.

2. Bacunbes, B.b. O 3apaue IlIBapua 1uist SIIMOTHYECKUX CUCTEM MEPBOIO MOPSIKA Ha MIOCKOCTH
/ B.b. Bacuibes, B.I'. Hukomnaes // luddepennmnansusie ypasaenus. — 2017. — T. 53, Ne 10. — C. 1351—
1361.

3. Nikolaev, V.G. A Criterion for the Existence of Nontrivial Solutions to the Homogeneous
Schwarz Problem / V.G. Nikolaev // Journal of Mathematical Sciences. — 2016. — Vol. 219, Iss. 2. —
pp. 220-225.

4. Ilpuanos, U.1. Beeaenue B Teopuro GyHKIMN KoMIuiekcHoro nepemensoro / .. [Ipusanos. —
M.: Beicmias mikoita, 1999. — 432 c.

IHocmynuna ¢ pedaxuyuto 4 urons 2019 2.

BecTHuk KOYpIlY. Cepusa «Matematuka. MexaHuka. ®Pusmka» 45
2019, Tom 11, Ne 3, C. 41-46



MaTtemaTtuka

Bulletin of the South Ural State University
Series “Mathematics. Mechanics. Physics”
2019, vol. 11, no. 3, pp. 41-46

DOI: 10.14529/mmph190305

ON THE SOLUTIONS OF THE SCHWARTZ HOMOGENEOUS PROBLEM
IN THE FORM OF VECTOR POLYNOMIALS OF THE SECOND DEGREE

V.G. Nikolaev
Yaroslav-the-Wise Novgorod State University, Novgorod, Russian Federation
E-mail: vg14@inbox.ru

A Schwartz homogeneous problem for vector functions being analytic as per Douglis in the final
domain on plane has been considered. The function data are the solutions to a homogeneous elliptic par-
tial-derivatives system of the first order, which depends on the matrix with complex coefficients. It is
assumed that the determinant of the complex part of this matrix is different from zero. In the beginning
of the article the solution to the problem under consideration is given for a bivariate case in the form of a
vector polynomial of the second degree. Further transformations are made to find the general method of
building such solutions. It is demonstrated that the real part of the function being analytic as per Douglis
will be a solution for a certain homogeneous partial-derivatives system of the second order. Meanwhile,
if we know the solution to the Dirichlet problem for this system, we can build the solution to the
Schwartz problem, corresponding to the initial matrix. We are searching for the required solution to the
Dirichlet problem in the form of a vector polynomial of the second degree with linearly-dependent com-
ponents. After this function's substitution into the obtained system of partial-derivatives equations, we
get a real homogeneous algebraic system. Such system will have nonzero solutions only in case its de-
terminant is equal to zero. By setting the relevant determinant to zero, we get a two-variable algebraic
equation. Further on, we prove a fundamental theorem that the existence of a real arbitrary nonzero solu-
tion to this algebraic equation is a necessary and sufficient condition of the existence the solution to the
Schwartz homogeneous problem in the form of a vector polynomial of the second degree, corresponding
to the initial matrix. In the end of the article we give an example of using the fundamental theorem to
build two solutions to the studied problem, which correspond to the set matrix.

Keywords: matrix; J-analytic function; vector polynomial; quadratic form, ellipse; system of alge-
braic equations.
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