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1. O. 3EJIEHCBKA

INOBYJOBA PO3B’sI3KY CUCTEMU CUHI'YJISIPHO 3BYPEHUX JTU®EPEHUIAJIBHUX PIBHSIHD
3 JUOEPEHIUAJIBHOIO TOYKOIO 3BOPOTY

B nawiit poOOTi pO3IIIHYTO CHCTEMY CHHIYIISIPHO 30ypeHUX IudepeHuialIbHUX PIBHSIHB 4-T0 MOPSAKY 3 MaJUM [apaMeTpOM NPH CTapIuii HoXixHid i
TOYKOIO 3BOpoTy. Touka 3BopoTy x =0 € KpalfHbOIO TOUKOIO BiJpi3Ky, mo po3rsaaeTsest [—/; 0] . Koedimientu 3ananoi MaTpuii € HECKIHICHHO IH-
(epenniiiopannMu GYHKIIIMH Ha 3alaHOMY Bipi3Ky. MeTra — moOyyBaTH piBHOMIpPHY aCHMITOTHKY PO3B’S3Ky UL CHCTEMH CHHTYJISIPHO 30ypeHHX
JuepeHniabHIX PIBHAHD 3 AU(EpeHIiaIbHOI0 TOYKOI0 3BOPOTY Ha Bifpisky [—/;0]. B maHomy BHIIagKy CHEKTp IpPaHHYHOTO OlepaTopa MiCTUTh
KpaTHI 1 TOTOXHO PiBHI HYJIO eIeMEHTH. PIBHOMIpHHII aCHMITOTHYHUH PO3B’SI30K MOOYZOBAHO METOIOM ICTOTHO OCOOJMBHX (YHKIH 3 BHKOpHC-
tanHaM Qynkuii Eiipi [0;/] Ta ix moxigHux. JlocmipKkeHHs MoKa3and, mo 1yt o0yI0BH PIBHOMIPHOTO aCHMITOTHYHOTO PO3B’A3KY 33124 3 TOYKAMHU
3BOPOTY amapat (GYHKLiH Ta MoaenbHuX piBHsAHb Eiipi € nocuts edexTuBHUM. Takoxk Gyino BCTaHOBIEHO, IO Ui BUAUTCHHS LuX (QyHKUii mopsy 3
HE3aJIeKHOIO 3MIHHOIO HEOOX1/THO BBECTU HOBY 3MiHHY ¢ Ha Bifpisky [0;/] . B pe3ymnbTaTi Oyno omep:kaHo po3MIUpeHy 3amady, M0 AacTh MOMKIIHBICTh
(opmanpHO TOOYMyBaTH PO3B’I30K Y BUIILLIL PAIIB 32 MaauM HapamMeTpoM. KoHCTpykmii po3B’s3KiB 0JjepaaHO IULIXOM IOCIIiIOBHOTO PO3B’SI3aHHS
CHCTEM iTepalifiHuX pIiBHAHB, SKI HA IIEBHOMY KpOI iTepaliif 103BOJSIOTh BU3HAYUTU BCi KOMIIOHEHTH LIyKaHHX BEKTOP-(PyHKIIN 3 TOYHICTIO 1O
JIBOX CKaTAPHUX MHOXKHHKIB, SKi YTBOPIOIOTh JOBiNbHMIT BekTOp. Perynspusyrody ¢yHkiiiio BuOpaHo Takum uuHOM, 1o Gynkuis Eipi B;(f) HeoO-

MEXKEHO 3pOCTae, Koiu ¢ — oo . [IpoBeaeHi HOCIiKeHHs MOKa3aju, IPY KOJHOMY CIIIBBiJHOLICHH] 3HAKIB KoedillieHTa MaTpHULi, OUIs SKOr0 3HAaXO-
JIUTHCS] TOYKA 3BOPOTY, HE MOXKHA 3aIMCATH IIAJKHH PO3B’SI30K y BHUIJIAII OJXHOTO aHATITHYHOTO BHpa3y. Po3B’s30K BUPOMKEHOIO BEKTOPHOTO PiB-
HSHHS Y 3aralbHOMY BHIIaJIKy Ma€ PO3pHB JAPYroro pojy B TOHYI 3BOPOTY, TOMY JUIs MOOYZOBH aCHMITOTUYHOTO PO3B’A3KY AAHOI 3a/adi B IBHOMY
BUIIA HOTO BUKOPHCTOBYBAaTH HE MOXHA. 3 ITi€I0 METOIO OYII0 3aCTOCOBAHO NMPUHOM 3 KIACHYHOI Teopii JIiHIHHNX [udepeHniabHIX PIBHIHb 1 01e-
PIKaHO PO3B’SI3KHU ISl BAPOKEHOT'O PiBHSHHS 2-T0 TIOPSIKY.

KurouoBi cioBa: cunrymsipHo 30ypeHi audepeHuianbHi piBHSHHS, Maluil HapameTp, pPIBHOMIpHa acHMITOTHKA, HPOCTIp Oe3pe30HaHCHUX
po3B’si3kiB, Gpynknii Efpi, Touka 3BopoTy.

HU. A. 3BEIEHCKAA
MNOCTPOEHUE PENIEHUS CUCTEMbBI CUHTYJISIPHO BO3MYIIEHHBIX
JTA®PEPEHIIMAJIBHBIX YPABHEHUH C JJU®PEPEHIIUAJIBHON TOYKOM IOBOPOTA

B nanHO#1 paboTe paccMOTpeHa CHCTEMa CHHTYJISIPHO BO3MYIICHHBIX IU((EepeHINANIbHBIX YPABHEHHI 4-T0 MOPsJIKa C MAJIbIM I1apaMeTPpOM HpH CTap-
1Ieil NpoM3BOJHON M TOYKOM nmoBopota. Touka noBopora x =0 sBiseTcs KpaiiHeil Toukol paccmarpuaemoro otpeska [—/; 0] . Koaddurments 3a-
JTAHHOW MAaTPHUIIBI ABIAIOTCS OeCKOHEUHO Mu(GepeHIINpOBaHHBIMU (YHKIMIMHI HA 33JaHHOM OTpe3Ke. Llenb — HOCTpOUTh paBHOMEPHYIO aCHMITOTH-
Ky peIIeHHs CHCTEMbI CHHIYJISIPHO BO3MYIIEHHBIX I (hepeHIanbHbIX ypaBHeHUH ¢ quddepeHnanbHoi ToUKol moBopora Ha otpeske [—/;0]. B
JTAHHOM CIIydae CIIEKTp IPeJeIbHOr0 OlepaTopa COAEPIKUT KPaTHBIE U TOXKIECTBEHHO PaBHBIE HYIIO DJIEMEHTHl. PaBHOMEPHOE acCHMIITOTHYECKOE pe-
IIICHHE TIOCTPOCHO METOJOM CYIIECTBEHHO 0COObIX GDYHKUMIA ¢ ucnonp3oBanueM ¢yHkuuit Diipu [0; /] u ux npou3BoHbIX. ViccnenoBanus mokasanm,
YTO JUIs HOCTPOEHUS PABHOMEPHOT'O aCHMMIITOTHYECKOrO PEIICHHS 33/1a4d ¢ TOYKaMH 00opoTa anmnapar QyHKIMIT 1 MOZIEIbHBIX ypaBHEeHUH Dipu 1oc-
Tato4HO d{dexruBen. Tarke ObUIO yCTAHOBIECHO, YTO UL BBIACTICHUS 3THX (yHKIMI HapsIy ¢ HE3aBUCUMOW MepeMEeHHOH He0OXOJHMO BBECTU HO-
BYIO IiepeMeHHyIo ¢ Ha otpe3ke [0;/] . B pe3symbrare Oyner moiydyeHa paclIMpeHHas 3a1ada, 4To IO03BOJIHUT (OPMaIbHO TOCTPOHUTH PELICHNE B BUJIE
PSLIOB IO MaJoMy napameTpy. KOHCTpyKIMy perieHuid NoJIyYeHb! IyTeM M0CIe0BaTeIbHOI0 PEICHUS CHCTEM HTEePallHOHHBIX YPAaBHEHUH, KOTOPbIE
Ha ONpEJICICHHOM IlIare TepaLyii MO3BOJISAIOT ONPE/EIUTh BCE KOMIOHEHTBI HCKOMBIX BEKTOPHBIX (DYHKIHH C TOUHOCTBIO JI0 ABYX CKAJIAPHBIX MHO-
JKUTeNei, KoTopsle 00pa3yroT MPOM3BONBHEINA BEKTOp. Perynsapusupyromas ¢yHknus BeibOpaHa TakuM 00pa3oM, uTo GyHKIus Diipu B;(¢) HeorpaHu-
YEeHHO BO3pacTaeT, korga ¢ — oo . [IpoBeeHHbIe HCCIeI0BaHNUS TOKA3alId, YTO HU IPH KAaKOM COOTHOLICHUH 3HAKOB KOd(h(UIUEHTa MAaTPUIIBI, BO3TIE
KOTOPOr0 HaXOJAUTCs TOUKA MOBOPOTA, HEJIb3sl 3alUcaTh IVIaJIKOe PEelIeHHE B BHJE OJHOIO aHAJIUTHYECKOIO BhIpaXkeHMs. PelieHue BBIPOXKIEHHOIO
BEKTOPHOTO ypaBHEHHUS B OOIIEM CIIydae MMeeT Pa3pblB BTOPOIO poja B TOUKE MOBOPOTA, IIOITOMY IS IOCTPOCHHS aCHMITOTHYECKOTO PEIICHUS
JTAHHOM 3aJ1a4yl B SIBHOM BHUJIE €T'0 MCIIOJIb30BaTh HeNb3sl. C 9TOU LeNblo ObUT IPUMEHEH PHEM 110 KIIACCHYECKOI TEOPHH JIMHEHHBIX T hepeHIHaIb-
HBIX ypaBHEHMI U MOJTy4eHBI PEIIEHUs] ISl BEIPOXKJIEHHOTO YPaBHEHHUS 2-T'0 NOPSKa.

KiioueBble ¢10Ba: CHHTYIIPHO BO3MYIICHHBIE () (hepeHIHalbHble yPaBHEHUS, MBI TapaMeTp, paBHOMEPHAst aCHMITOTHKA, IIPOCTPAHCTBO
0e3pe30HaHCHBIX PeIleHHH, PYHKIMI DipH, TOUKa IIOBOPOTA.

1. 0. ZELENSKA
CONSTRUCTION OF THE SOLUTION OF THE SYSTEM OF SINGULARLY PERTURBATED
DIFFERENTIAL EQUATIONS WITH A DIFFERENTIAL TURNING POINT

In this work, a system of singularly perturbed differential equations of the 4th order with a small parameter at the highest derivative and a turning point
is considered. The turning point x =0 is located in the end of the segment [—/;0] under consideration. The coefficients of a given matrix are infinitely
differentiable functions on a given interval. The goal is to construct a uniform solution asymptotics for a system of singularly perturbed differential eq-
uations with a differential turning point on the segment [—/;0]. In this case, the spectrum of the limit operator contains multiple and identically zero
elements. The uniform asymptotic solution is constructed by the method of essential-singular functions using the Airy functions [0;/] and their deriva-

tives. Studies have shown that the Apparatus of Airy functions and model equations is quite effective for constructing a uniform asymptotic solution of
problems with turning points. It was also established that in order to select these functions along with the independent variable it is necessary to intro-
duce a new variable ¢ of the segment [0;/] . As a result, an extended problem will be obtained, which will make it possible to formally find the solu-

tion in the form of series with a small parameter. The constructions of the solutions are obtained by sequentially solving the systems of iterative equa-
tions, which at a certain step of the iterations make it possible to determine all the components of the sought-after vector functions with an accuracy of

two scalar factors that form an arbitrary vector. The regularizing function B,(f) is chosen in such a way that the function increases indefinitely when
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t — oo . The conducted studies showed that for any ratio of the signs of the matrix coefficient near which the inflection point is located, it is not possi-
ble to write down a smooth solution in the form of a single analytical expression. The solution of a degenerate vector equation in the general case has a
discontinuity of the second kind at the inflection point, so it cannot be used explicitly to construct the asymptotic solution of this problem. For this
purpose, a technique from the classical theory of linear differential equations was applied and solutions for a degenerate equation of the 2nd order were
obtained.

Key words: singularly perturbed differential equations, small parameter, uniform asymptotics, space of resonance-free solutions, Airy func-
tions, turning point.

Beryn. Bararo siBui peasbHOro JKUTTS B PI3HUX Tally3sX HayKH MOJIEIIOIOTHCS 32 JOIIOMOT'OI0 CUCTEM CUHYIAD-
HO 30ypenux oupepenyianvrux pigusans (CC3/]P). Bunukae 1iei TUI PiBHSIHD B TAKHX HAYKOBHUX raiy3sX sk ¢izuka, 0i-
OHAyKH, eKoJIoTig Tomro. [Tpu MoemoBaHHi ipoecy, M IOBUHHI JiATH BIAIIOBIAHO 0 TOBEAIHKA TOYOK Y BU3HAYECHO-
My iHTEpBai, HE3AICKHO BiJ TOro, 0OMEKEHHI BiH UM Hi. SIK HACTINOK, cuneyiapHa 3a0aya, 3aBISIKA CBOIM 0COOIHBOC-
TSM, CTAHOBHUTDH BEITUKUI HOCIITHULIBKAN MOJITOH IS MaTeMaTHKIB [ 1]. Acumnmomuyna meopis cuneyiapHo 30ypeHux
OougpepenyianbHux pieHAHb BKIIOYAE Meopilo 3a0ay 3 moykamu 360pomy K MAPO3IIT JOCHikeHHs. Bkpail BaximBo
JIOCIHI/KYBaTH 1i (PEHOMEHH ISl PO3yMIHHS ACHMIITOTHYHOT MMOBEIHKK PO3B’SI3KIB TAKOT0 THUITY TU(EpEeHIaIbHAX PiB-
HsiHb. BUBYEHHS 0cOOIMBOCTEN MOBEIIHKK aHANITHYHUX (YHKIIH € €JUHUM CIOCOOOM 1X 3pO3YyMITH, @ PO3TAllyBaHHs
Ta MOBe/AiHKa (YHKIIH B OKOJII TOYOK 3BOPOTY MAalOTh 3HAYHWI BILIMB Ha PO3B’SI3KU 3BUUYAHUX TU(EpeHIiaJbHUX piB-
HsHb. Kpim Toro, 6arato ¢i3n4HuX Ta IHKEHEPHUX NMPOOJIeM BKIOYAIOThH 3a/ladi TOUOK 3BOPOTY y iX MareMaTHUYHOMY
(hopmyittoBaHHi, 1110 OYJI0 OCHOBHOIO MOTHBAIII€I0 OLIBIIOCTI MIOHEPCHKHUX JOCTIIDKEHb [2 — 5, 6, 7]. Uepe3 pi3HOMaHIT-
HICTh 3aCTOCYBaHb HAJ3BHYAIlHO Ba)XJIMBO BHBYMTH BUITQJOK 3MiHH 3HaKa (TaKOX BiJOMHI SK TOYKa 3BOPOTY) VIS JH-
(hepeHUiaNBEHUX PIBHSAHB 3 TOYKAMHU 3BOPOTY.

AHaJi3 ocTaHHIX Hocaimkenb. OCTaHHI JOCHTIHKEHHS BKa3yIOTh Ha T, 10 TEOPis 3a/a4 3 TOYKAMH 3BOPOTY € HE
JIO KIHIIS TOCHipKeHO10. JlocTaTHRO CKIIaHOIO € 1mo0y/10Ba 3arajbHOi Teopii, OCKIJIBKH KOXEH TUI PIBHSHb 3 TOUKAMHU
3BOPOTY BHUMarae riiOOKOro JOCIHIIKEHHS 1 BIACHUX IHCTPYMEHTIB JOCIHIPKEHHS /It TOOYI0BH PiBHOMIPHOT aCHMIITO-
TUKH po3B’si3Ky [8]. ToMy akTyaJIbHOIO € 3a7a4a JOCIHIPKEHHS TaKOTO THITy MaTEeMaTHYHUX MOZEeNel 3 pI3HUMH THIIAMH
TOYOK 3BOPOTY 1 0COOIMBOCTSIMHA KOHCTPYIOBaHHS aCUMITTOTHKH.

IMocranoBka 3agayi. Maemo cucremy:

eY (x,&)—A(x, €)Y (x, &)=0. (1)
Tyt
0 &£ 0 0
Awe)=m()rea- o o o @)
—c(x) —b(x) —xd(x) 0
— Binoma matpuus, a y(x, £) = colon(y, (x, €)), (v, (x. £)), (3 (x, €)). (v4 (x. €)) — myxana sexkmop-pynxyis.
Cucremy piBHsiHb (1) OynemMo qOCHIiIKyBaTH 32 YMOBH, 110:
a(x)<o0. 3)
B nanomy Bumaaky po3B’si30K BUPOKEHOI'O PIBHSHHS HE € TIIaJAKUM B OKOJI1 TOYKH 3BOpoTy x=0:
—xd(x)a)”(x)+b(x)a)'(x)+c(x)a)(x):0. @)

ToMy y SBHOMY BHIIISAII WOTO PO3B’S30K HE MOXKHA BHUKOPUCTATH ISl MOOYIOBH PIBHOMIPHOI aCHMITTOTHKU
PO3B’SI3Ky JOCIIIDKYBaHOTO piBHSHHSA. J[0 TOTO K, MPU BUKOHAHHI YMOBHU d(x) <0 mpu xe [—l; 0] , TOUKa 3BOPOTY
x=0 e HecTabUIbHOO. B 11IbOMY BHnaIKy Oy/€eMO BUKOPUCTOBYBATH iHITY Motudikauito ¢yuxyit Eupi [2].

XapakTepuCTHYHUM PIBHSIHHSM, 110 BiaroBigae cucteMi (1), € piBHSIHHS:

20 0 0
0 -2 0 0
[4(x.0) -2 E]=| | . IR Y (22— xa(x)). (5)

KopeHsiMH 1100 PiBHSHHS €:
Ay =0, Xy==%xa(x). (6)

PeryJisipuzanisi cHcTeMH CHHTYJISIDHO 30ypeHUX piBHAHD. /1151 TOOYI0BU piGHOMIPHOL ACUMPMOMUKU PO36 "A3KY
(PAP) cuctemu (1) 3actocyemo MeToJ, 3anpornonoBanuii a1 cucreM C3/IP 3 qudepeniianbHO0 TOYKO 3BOPOTY B PO-
00Ti [6]. 3 MeTOrO BHAIIEHHS BCIX icmommto ocobnueux gynxyit (I0P), mo BUHUKAIOTH B po3B’s3Ky cucremy (1) 3a pa-

XyHOK 0c00/1BOi TOUKH & =0, BBEIEMO peryisipusytody 3minay =& © - ¢(x)=@(x, £), fe nokasHuk p i perymspu-

3yroua (QyHKIIA ¢(x) [UIAraloTh BU3HAYeHHIO. Po3mMpenHs OyneMo MPOBOJUTH TaKMM YMHOM, 1100 BHKOHYBalach
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TOTOXKHICTB:

y(x’ L g) 1=d(x,8) = y(x’ g) :
Jis BU3HAYEHHS «PO3MHPEHOD» QYHKIIT OJIEPKIMO «PO3LIHPEHE» BEKTOPHE PIBHAHHS:
ovx,t, &€ oy(x,t, €
(xte) Fxt, ¢)

]:Ej;(x,t, 6‘)581_p¢'(x) o 2 _A(xs g)j}(xatag):()- (7)
X
ACHMITOTHKY pO3B’SI3Ky PO3LUINPEHOTO piBHAHHS (7) 6yz[yeMo y BUTJISII:
(x,t,¢) ZDk X, 1,E) . (8)
Tyt
Dy (x.1, ) = oy (x, &)U, (¢) + &7 By (. £)U; (1) ©)
G (x, g)zcolomn( 1(x,€), 5(x,€), O5(x,€), G4(x, 8)), i=12, (10)

ne xommouentn O (x, &)= {al-s (x,€), By (x, g)}, s =1;_4 BeKTOPiB 0, (x, &) € aHANITHYHUME (YHKIIAMH BiTHOCHO
Mainoro napamerpa £>0 1 HeckiHYeHHO udepeHIiHOBaHUMHU 332 3MIHHOIO xe[—l; 0], SKi HeoOXiTHO BH3HAYHUTH,
U, (t), i =1,2 — gynxyii Eiipi — Jlanzepa [2, 9]
Crno4yaTky BHBYMMO {0 PO3IMIMPEHOTO omneparopa Zg Ha BEeKTOp-QyHKIi0 D) (x, t, 5) 1 MICTABUMO PE3yJbTaT
i€l gii B ogHOpinHe posmmpeHe piBHAHHSA (7). OTpuMaeMo piBHICTS:
L (e (x.£)U; (1) + & By (x, U, (¢)) = &Py (x,8) ' (x)U, ' (¢) +
+ & By (6, 6) 8 (x)p(x) U (1) = A(x, ) ey (x. ) U, (1) -
—&" A(x, &) By (x,€)U ' (t) +ea'y (x)U; (£) + €7 B (x)U; (¢) =0.
[IpupiBasiemo koedimientn 6inst 10D U, i( ), i=1,2 Ta iX moximHuX. MaeMo HacTynHI BEKTOpHI piBHSIHHS
(i=1,2):
U'(t):677¢ (x) ey (x, €) 87[A0 )+ed | By (x.8)=—&"7 By (x,6); (11)
U (£):e"77228(x) 4" (x) By (x. ) = [ 4o (x) + £ 4, |y (x, 8) = —ear'y (x. €). (12)
Haranaemo, 110 Mu xouemo, mob «;; (x, 5), B (x, g) , k=1,2 — Oynu aHATITHYHUMH BEKTOP-PYHKITISIMH BiTHOC-
HO MaJioro nmapamerpa ¢>0. Tomy Oyaemo BuMaraty, o6 oTpuMaHi anredpaiuni cucTeMu piBHAHB (13) Oynu peryisp-

HO 36ypGHI/IMI/I Bi,HHOCHO MaJIoro mapameTpa & > 0. Hl YMOBH 6yHyTI> BI/IKOHaHi, SIKIIIO ITIOKAa3HUKH CTEIEeHIB MaJIOro Ia-

pameTpa B JiBHX yacTuHax piBHsHB (11) i (12) OyayTh oHAKOBI, TOOTO TOBMHHO MPOWTH CKOPOYEHHS MAJIOTO MapameT-
py 3a mMH creneHsMH. [1icst NEBHUX NepeTBOPEHb OTPHMAEMO:

2 1

P=3, 757 (13)

3 BpaxyBanHsM (13) BexTopHi piBasHH (11) 1 (12) 3anumemo y BUTIIsi ( U= g3 )
U, '(£):4"(x) ey (x, €)= Ay (x) By (x, &) = =4 By (%, ) + 12 A By (x, ) 5 (14)
U, (t):4(x)¢ (x) By (x, ) = Ay (x)aty (x, ) = iy "(x, )+ 1 Aoy (x, €) . (15)

[pu moxazumkax (13) BekropHi piBagHHS (14), (15) MOXHA 3amucaTy y BUIIAAI HACTYITHOI CHCTEMH anredpaiaHux
piBusinb (i=1,2):

/13[,3:2 (x, &)= (x, 5)}
)= [ B (v, 6) =B (x.6)];
a3 (%, €)= B (v, 8) =1 B (x. )5
)
(

—~

1 (x,8)+b(x) By (x, &) +a(x) B (x, €)= 1Bl (x, €);
x, &)= [an(x. 8)-aj (x, ) ;
€)= s [0‘;3 (x,&)—ay (x, 5)];

)~ (x,8) =~ ey (x, 2);

$(x)@'(x) By (x, €)+c(x) ey (x, €)+b(x) s (x, ) + a(x) s (x, €) =~y (x, &),

TOOTO JaHa crcTeMa PIBHIHD BXKE € PEryISIPHO 30YPEHOI0 CHCTEMOTO.

(16)

Q4
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IMoGynoBa opmanbHUX po3B’SA3KiB 0HOPIHOT po3IMpeHoi cucTeMu. Buiie Oyio mokasaHo, 10 pO3IIMPEHUH
omeparop L, perymspHui 3a MaluM HapameTpoM. ToMy acHMIITOTUKY PO3B’SI3Ky po3mmpeHoi cuctemu (16) Oyxemo

OyayBaT y BUTIISI PAMIB:

+00 10
ay (x,8) =D ' ay, (x), Byp(x. &)= 1 By (x), i=12, k=1L4. (17)
r=0 r=0

Jns Bu3HaueHHs KOe(ili€HTIB IIUX PsIIiB OTPUMAEMO HACTYITHI PEKYPEHTHI CHCTEMH PiBHSHb:

<D(x)Zkr(x):0, r=0,1,2 d)(x)Zk,(x):FZk(r_S)(x), r=3. (18)

Tyr Z;, (x)= CO]Om”(O‘m (%), @i, (%), @3, (%), iy (x)s B (%), By (%) Biay (%), Biay (x)) »a

#'(x) 0 0 0 0 0 0 0
0 ¢'(x) 0 0 0 0 0 0
0 0 #'(x) 0 0 0 0 -1
d)(x) _ 0 0 0 @ (x) c(x') b x) —xa(x) 0 ’ (19)
0 0 0 0 ¢(x)¢'(x) 0 0 0
0 0 0 0 0 #(x)¢'(x) 0 0
0 0 0 -1 0 0 #(x)¢'(x) 0
c(x) b(x) -xa(x) 0 0 0 0 #(x)¢'(x)
|:ai'l(r—3) (x)- in(r-3) (X)J ’ [0‘;2(,»—3) (x)- Fi3(r-3) (x)}, ai,3(r—3) (%), ai,4(r—3) (x):
FZy (3 (x) = colomn
[ﬁi’z(r—a) (x)- ﬁil(r—S) (x)] ’ |:ﬁi’3(r—3) (x)- ﬁi2(r—3) (x)}, - ﬂi,3(r—3) (x). - ﬂi,4(r—3) (x)-
OO0YnCcIMMO BU3HAYHMK L€l cucTeMnA. Maemo:
det @ (x) =[$(x)¢' ()] [#(x)9 (x)+a(x) | [#(x)#7 (x) +a(x) ] =0.
Ha nanuit MoMeHT perynsipusyroda GyHKIis ¢(x) 1e He BU3Ha4YeHa. ToMy BH3HA4YMMO 11 SIK PO3B’ 30K 3a/1adi:
$(x)¢ (x)=—a(x)=xa(x), ¢(0)=0. (20)
2
x 3
Po3g’si3koM 3azaui (20) Oyze dyHkuis ¢(x) = [ %L |-a (x)dx] [10].
0
[Ipu Takomy BuOOpI peryssipu3yodoi QyHKIil ¢(x) BU3HAYHKK Matpuli (19) mopiBHIOE HYIIO, TOOTO
det d(x)=0.
Topni icHye HeTpUBiabHNIN PO3B’ 30K OJTHOPIAHOI CUCTEMH PiBHSIHD P (x)Z . (x) =0,npu r = ﬁ BUTTIAAY:
1
Z (x) = colomn (0, 0, mﬂmr (x), #(x)¢'(x) B3, (x), 0,0, Ba, (%), By (x)J , (21)
e S, (x) , i=12, k= 3;4 — 10 neBHOT0 Yacy JOBUIbHI, TOCUTh TJ1aJKi QYHKIIIT IPpUA X € [—l; 0] .

Jani po3B’spkemMo HeonHopiaHi cuctemu (18). CrovaTKy po3risiHeMO Ii cucTeMU, Kouu » = 3. BpaxyBaBiim oJnep-

KaHUi po3B’si30K oHOpiAHOT cuctemu (21), konmu 7 = 0, HeoaHOpiAHY cuctemy (18) 3anuieMo y BUTIISI IBOX CHCTEM

BUTIIALY:
¢'(x) a3 (x) = B (x) = Biro (x) = 0;
¢'(x)0‘iz3 (x)=ﬁ,~30 (x)—ﬂ;zo (X)Eﬁlso (x); )
¢'(x) 33 (%) = Bras (x) = =Bl (¥);
' (%) @3 (%) + a(x) Bz (x) = =Biag (%)
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#(x)9'(x) B (x

¢(x) ¢’(x)ﬂi23 (x

(x)¢'(x) B3 (x
(

Qi (x)_ai,IO (x) =0;

)

)= Qizo (%) =g (%) = @30 ( [¢ J Biao (x
) = gz (x) ==ty (x) = ([¢ } Brao (x )
)
(

(23)
o(x

¢(x)¢'(x)/3i43 X)+ a(x)am (x) (22m ( ) = —(¢(X)¢'(x)ﬂi3o )l .
3 mepIoro i Ipyroro piBHIHb CUCTEM 22) 1(23) Bu3HaUMMO HaCTynHi q)yHKui'l':

-2 -1
a;3=0, /’71'13( ) 0 ra 0623 [¢ J ﬁ130 123 [¢ ] [¢(x)] Biso (x)
Perynspuzyroua ¢yHkmis ¢(x) BU3HaUeHa sK po3B’s30k 3a7adi (20) [1]. ToMy BU3HAUYHHKH IUX CHCTEM OJHAKOBI

1 TOTO’KHO PiBHI HYJIFO, TOOTO

x)=[¢'(x)] ¢(x) +a(x)=

OTxe, B 3araJlbHOMY BHIJKy HE iCHYIOTh PO3B’S3KH HEOIHOPIAHUX CHCTeM aireOpaidHux piBHAHB (22) i (23).
ToMy HEOOXIAHO AOCTITUTH OUTBII ACTATBHO MPaBi YACTUHH IMX CUCTEM. 3rifqHO meopemi Kponexkepa — Kanenni, mis
TOrO, 00 ICHYBaB HETPUBIABLHUI pO3B’s30K cucteM (24) i (25), HEOOXIIHO 1 JOCTATHBO, 11100 PaHT'H PO3MIMPEHUX MaT-
PUIIb CITIBIIAIATH 3 BiIMOBITHUMH PaHTaMH MaTPHUIlh IUX CUCTEM. J{JIs BUKOHAHHS IUX YMOB CKOPHUCTA€MOCH JTOBLIBHIC-

10 QyHKIIH By ().
OCKITbKM MaEMO CHCTEMH JIBOX DIBHSIHb, TO yMOBH TeopeMu Kponekkepa — Kamemmi juisi icHyBaHHSI po3B’sI3KiB
[UX HEOTHOPITHUX CHCTEM JIBOX anreOpaidHuX PiBHSAHB €KBIBAJICHTHI BUKOHAHHIO YMOB!

#'(x) _ #'(x) _ 1 _ -1 _ B0 (x) : (24)
a(x) " (97 () SOEE) I () () o (1))

P(x)__alx) () _ o Ba()
= - = - =¢ = - (25)

-1 g(x)#(x)  (x)e'(x) ) [ﬂmo (X)J

¢'(x)
3 (24) 1 (25) mpu PpikcoBaHOMy i =1, 2 OTpUMAEMO HACTYIIHI PO3B’SI3KH OTU(EepEHIIaTbHAX PiBHIHb:
Bixo
Bro () === —; (26)
e ()

0 ;
Biso (x) = Brao \/¢ (x) > (27)
ne B (i=3,4) — nosinbHi crani.
Ortxe, Ha JaHOMY €Talli PO3B’A3Ky CUCTEMH, KOXKHA 3 BEKTOP-QYHKUIN Z (x) , k =1,2 Bu3HauYeHa BiAMOBIIHO O

JIBOX JOBLTBHHX CTATHX MHOXKHUKIB fB9,, k =3, 4 .
Ipu TakoMy Bu3HaueHHI BeKTOp-QyHKLiH Z, (x) , k=1,2 icHYIOTb pO3B’sI3KH HEOJHOPITHUX CHCTEM alredpaiy-

HUX piBHsHB (24) Ta (25) BUTISALY:

Bizo () Braz (x)=Bizo (*) [ Brao (%) ,_ Va2 (x _ Brao (%)
i Dol e [ A s - el

e ﬂi(])cr , k=3,4,i=1,2 10 NEBHOr0 Yacy JOBUIbHI, TOCTaTHHO MIIAJKI (GYHKIIT IpU X € [0, / ] .

Z;5 = colomn| 0,

’ ﬁk33’ ﬂk43 >

[Iponorxyroun naini po3B’s3yBaTH iTepauiiiHi cucremu anreOpaidHux piBHAHB (24) i (25) npu r =3, memoodom
MamemamuyHoi iHOyKYii MOYKHA TIOKA3aTH, IO I[i CHCTEMH PiBHSHb ACHMIITOTHYHO KOPEKTHI B TAKOMY CEeHCI. SIKIIo BH-
MaraTy iCHyBaHHS PO3B’sI3KiB cucTeM piBHAHB (24) 1 (25) npu r =0; g , To KokHa 3 TMX cucTeM npu » =0; g —1 1 dik-

coBaHOMy k =1;2 BH3Ha4aeTbCS 3 TOYHICTIO 7O JBOX JIOBUTBHUX CKATAPHHX MHOKHUKIB B3, (x) i A5, (x), axi yTBO-

: . 0_ 0 0 50 O
PIOIOTH JOBUIbHUM BEKTOp f;. = colomn ( Bitrs Bizrs Bizrs Biar ) .
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IepcnekTHBH MOAAJNBIINX JOCTIIKEeHb. ABTOPH BBAXKAIOTh NMEPCHCKTHBHUMU ITONANBINI JOCTIKEHHS 1 CTaB-
JSATh CO01 3a METy y3aranbHuUTH oTpuMani pesdynbrat Ha CC3/IP 3 mudepeHiiaabHOI TOYKOK 3BOPOTY Ha CHCTEMHU
BUILUX TTOPSAKIB.

BucHoBkn. TakuM dYrHOM, PO3B’S3YIOUM TOCTYIIOBO CHCTeMH piBHAHB (24) i (25), orpumaemo QopmanbHi
PO3B’S3KH PO3IIUPEHOTO BEKTOPHOTO PiBHSAHHS (7) BUTILALY:

De(xt,e)= & [ay (x)U, (1) + £ By (v ) U/ (1) ] i=1:2, (28)

Ie
a, (x)= colomn(aklr (%), @pay (%), g3, (%), sy (x)) 1a f3, (x)= colomn (ﬁklr (%), Bray (%), Bisr (%), Bra, (x))
BiJTOMi BEeKTOP-(PYHKIII.
IIpoBeeMo 3BYKEHHS B OTPHMAHHX (QOPMANBHIX PO3B’si3Kkax (28) mpu 7 = & 22 -¢(x) . Toxni orpumaemo aBa ¢pop-

MaJbHI PO3B’SI3KU JAOCIIIKYBAHOTO BEKTOPHOTO PiBHSHHA (1) BUTIIAAY:

Du(x670(0) )= 2 e (U (¢ 9(0) 61 (. )3 )

t=572/3¢(x):| s k = 15 2 . (29)
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