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YUCJIOBE PO3B’SI3YBAHHSA 3AJTAY TEOPII TOHKHX OBOJIOHOK,
MHNOJAT/INBUX 1O 3CYBIB TA CTUCHEHHA
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Jlvgiscokuii Hayionanvuuli ynieepcumem imeni leana Opanka
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TonkocTiHHI 00OJIOHKOBI KOHCTPYKLIi pi3HOMaHITHOI (GOpMH 1 CKiIagHOL
(hi3MKO-MeXaHIYHOT CTPYKTYpH, SIKi 3a3HAIOTh PI3HUX HAaBaHTaXXEHb (CHIOBHX Ta
TEIJIOBUX, SIK CTATMYHUX, TaK 1 JAWHAMIYHUX), IO HPU3BOJMTH JO BTpaTH iX
CTiHKOCTi, MalOTh IIMPOKE 3aCTOCYBaHHS B 0arathboX Tally3sfX CydacHOI TEXHIKH.
Po3pobka yHiBepcaJbHUX, TEOPETHYHO OOIPYHTOBAHMX METOJIB, anropHTMiB i
MporpamM PO3paxyHKy HampyXKeHo- z[ed)opMOBaHoro CTaHy TaKMX KOHCTPYKIIii, 110
BUMArae BUKOPHCTAHHS HeJHIHHOT Teopn 000JIOHOK, J103BOJISIE MPOTHO3YBATH 1
MOKPALLyBaTH 1X MIIHICHI Ta eKCIUTyaTaliiHi BIaCTHBOCTI.

3ampornoHOBaHO  METOAMKY  YHCJIOBOIO  JIOCHI/DKEHHS — Harpy)XKeHo-
nedopMoBaHOro cTaHy, 3HAXOKCHHS BJIACHHUX YacTOT BUIBHHX KOJIMBaHb Ta
MOYaTKOBOTO MICISIKPUTUYHOI'O CTAHY PO3IJISyBaHUX 000JIOHOK 3 BUKOPHUCTAHHIM
METOJIy CKIHYEHHUX €JICMEHTIB Ta Ha OCHOBI IIECTUMOJAIBLHOTO BapiaHTy Teopil
TOHKMX OOOJIOHOK, IOJATIMBHX JO 3CYBIB Ta CTUCHEHHA. Jlns 3py4HOCTI
3aCTOCYBaHHS dYHCIOBHX MeTomiB [1, 3, 5] yci cCHiBBiIHOIIEHHS TONAHO Y
MaTpUYHOMY BUTJISI.

3anMcaHo CHCTEMH pIBHAHb I PO3B’s3Ky 3amad cratmgHoro (1) Ta
JUHAMivHOTO (2) neopMyBaHHs:

K(q)g=R, (1)

Mq"(1)+K (q(1))a (1) = R(1), @)
JIe ¢ — BEKTOp HEBIIOMUX BY3JIOBUX ITEPEMIIIIEHb i TOBOPOTIB.

Jlist po3B’si3yBaHHs HeniHiNHOT cuctemu (1) 3actocoByeThes MeTo HeroToHa,
SIKWI TIPUBOJIMTS JI0 ITEpaIiiHOT IPOIeypH

Kr(q;)Aq+K(g;)q; —R=0. 3)

[Ipu 3HaXOKEHHI YACTOT JiHIWHUX KOJHBaHbL IONEPEIHHO HABAHTAXKEHOL
00O0JIOHKH TIPUXOAMMO JI0 y3araJlbHeHOT 3a/1a4l Ha BJIACHI 3HaYCHHS [2]

(K7 (0)+G(q0))d ="M, ()
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CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

Jile O —KOJIOBA YaCTOTa BUILHUX KOJIMBAHbD, é(t) = {cil (t)} — HeBiTOMi KoeQillieHTH,

SKi € QyHKIIIMH Yacy.
PiBHSHHS cTiIKOCTI po3riIsyBaHol Teopii 00010HOK 3anuimemo [6] y BUrisiai

K7 (0)g+21G(q0)q=0. (5)

HaiimMenmie BnacHe 3HauYeHHS PiBHAHHA (5) BH3HA4Ya€ KPUTHYHUN TapamMeTp

¥ o .
HAaBaHTAXKCHHS A , 3a SIKOTO OOOJIOHKA 3 MOYATKOBOTO CTIHKOTO CTaHy PiBHOBaru
HEPEXOANTh Y CYMDKHUM.
VY cniBBigHomenHsx (1) — (5) BBeneHo HacTymHi no3HadeHHs: K (q) -

MaTpuLs CiYHOi KOpCTKOCTi, Ky (q) — MaTpuIsl TaHTeHLiaJbHOI >KOPCTKOCTI,
G(qp) — reomerpudyHa MaTpHUs JKOPCTKOCTI 260 MaTpHus —MOYaTKOBHX
HarpyXeHb, R — BEKTOp 30BHIIIHHOIO BY3JOBOI'O HABaHTaXEHHs, M — MaTpuLs

Mac, ¢y — BEKTOp IIyKaHWX IepeMilleHb NiHiliHOI cTaTWuHOi 3azaui. Burmsn

MaTpHIIb HaBEJCHO y [4].

JlocnmimkeHo Ta pPO3B’SI3aHO HU3KY YHCIOBHX MPHKIAMIB BU3HAYCHHS
CTAaTHYHHX Ta IWHAMIYHHX XapaKTEPHUCTHK OOOJOHOK, 3HAXODKCHHS BIIACHHMX
YaCcTOT BUIBHUX KOJMBAHb T4 TIOYATKOBOTO MiCISIKPUTUYHOTO CTAaHY PO3TIISAyBAaHUX
000JIOHOK METOJOM CKiHYCHHHX €JIEMEHTIB. 3MIMCHEHO NOpPIBHAIBHUN aHali3
OTPUMAHUX YHCIOBUX PO3B’SA3KIB 3 PO3B’I3KaMH, HABSICHUMH B JIITEPATYPI.

1. Bame K., Buncon E. UncneHHbIe METO/IBI aHATIM3a U METOJ KOHEYHBIX 3JIEMEHTOB. — M.:
Crpoitnznat, 1982. — 447 c.

2. BaeinIl II., Illom I. A. Tlpo BinbHI KOJMBaHHS OOOJIOHOK, IOJATIMBHX HAa 3CYyB Ta
crucuenns // Tlpuki. npobiaemu mex. i mat. — 2012, — Bun. 10. — C. 177-184.

3. Puxapoc P. b. MeToq KOHEYHBIX 3JEMEHTOB B TEOPUH 00O0JIOUECK M IUIACTHH. — Pura:
3unatHe, 1988. — 284 c.

4. Llom I A. UucensHe po3B’sA3yBaHHS 3a/ad Teopii TOHKUX OOOJIOHOK, NOJATIMBUX Ha
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6. Bernakevych I. E., Vahin P. P., Shot I. Ya. A study of the stable equilibrium of thin shells
compliant to shear and compression // Journal of Mathematical Sciences. —2012. — 181,
Ne 4. —P. 497-505.

NUMERICAL SOLUTION OF THE PROBLEM OF THEORY OF THIN SHELLS
AMENABLE TO SHEARS AND COMPRESSION
The key equations of the theory of thin shells amenable to shear and compression (a six-
modal variant) have been noted in matrix form. Numerical schemes for finite element method
applying biquadratic isoparametric approximations for solving the problems of deformation,
stability and vibrations of shells amenable to shears and compression have been constructed.
There are a number of numerical examples.
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3amavi Mpo HANPYXKCHO-AC(POPMOBAHHA CTaH YOTUPUKYTHUX IUIACTUH
CKIaAHOT (OpMH 3a3BUYAM PO3TIANAIOTHCS 3 BUKOPUCTAHHAM IMiIXOIB, IO
nepeadavaloTh JAUCKPETH3AMiI0 007acTi 3 BHKOPHCTAHHSIM METONY CKIHYCHHX
€JIEMEHTIB, CKIHUCHUX Pi3HUIb Ta iH. J{J1s1 AesIKuX BUTIAIKiB TeOMETPii IUTacTHH OyITu
3alpoINOHOBAHI CXCMH 3 BHUKOPHCTAHHIM KOOPJMHATHHX NEPETBOPCHb, IO
BUKOPHCTOBYIOTh OCOOJIMBOCTI Ti€l uu iHIIOT BUXimHOT obmacti. I[Ipore OGuIbmIiCTh
ICHyIoOUMX poOIT pO3MIAAAIOTh IUIACTMHM B MeXaxX KJIACHMYHOI Teopii Ta
0OMEKYIOTHCS 130TPOITHUMHE METepialaMHu.

3anponoHOBaHWN aBTOpaMH MiIXiJ 0 PO3B’SI3aHHS 3aJa4 MPO HAMPYKEHO-
nedopMoBaHHMi CTaH YOTUPHUKYTHHX OPTOTPONHKX IUIACTHH CTaNoi TOBIIMHIL,
nedopmaris  SKUX BIOOYBa€ThCA MiJl €I PO3MOAUICHOIO IOBEPXHEBOTO
HaBaHTaXXCHHA ¢(X,y), Tependadac BHUKOPUCTAHHA BiTOOpakKeHHS CKJIAIHOT
BUXiZHOT o6nacti y (OpMi JIOBIIBHOIO OMYKJIOTO YOTHPUKYTHHKA B OAMHHYHY
KBaJIpaTHy o0JiacTh y HOBiil cuctemi koopauHat [1]. Jlms ommcaHHS TPYKHUAX
BJIACTUBOCTEH MaTepialy BUKOPUCTAHO YTOYHECHY Teopito Tumy THMOIICHKa, IO
CITUPAETHCS HA TIMOTE3y MPSAMOJIIHIHHOTO eJIEMEHTY.

3anucaHa BiHOCHO CTATHYHO-CKBIBAJICHTHHX HAMPYXKCHHSIM MOMCHTIB M,,
M,, M,, Ta mepepizyrounx 3ycunb O, O, BUXiTHA crcTeMa Tu(epeHIiHHUX PIBHIHD
PIBHOBAru Ma€ BUIJIST

%-Fa&-i-q =0, My My -0, =0, 6M_y+6Mxy
ox oy ox oy oy ox

ITicns nmeskuMX TEpeTBOPEHb Il PIBHSHHS pPa3oM i3 BHUpazaMu i OOpaHHX
IPaHMYHHAX YMOB CKJIAJalOTh IBOBHMIpHY KpalOBy 3ajady BiHOCHO HPOTHHY
w(X,y) Ta KyTiB PO3BOPOTY €JIEMEHTY CEpEeIMHHOI MOBEPXHI IUIACTUHU (X)),
wy(x,y). dns ii po3B’si3aHHS BUKOPHUCTAHO METOIH CIUTAH-KOJIOKAIIil Ta AUCKPETHOT
OpTOroHai3alii, OCKUIBKHM IIiCIISl IEPETBOPEHHSI KOOPAMHAT 00nacTb mMae (Gopmy
OJMHHYHOTO KBaapaTy.

3HMKEHHST PO3MIPHOCTI BUXIZHOI JBOBHUMIPHOI KpaiioBOi 3amadi MeToaoM
CIUTAH-KOJIOKaIii 3MiHCHEHHO 3 BUKOPHUCTAaHHSAM B-CIUIaifHIB TPETHOTO CTEIEHS,

_Qy:
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noOy/soBaHUX Ha pPIBHOMIpHIH citii By3niB. OTpuMaHa cHcTeMa 3BHYAHHUX
JudepeHuiHHIX PIBHSIHB BUCOKOTO HMOPSIKY PO3B’S3YETHCS METOAOM JHCKPETHOI
oproroHamizamii. ITapamerpu 060X MeTOMiB (KiIBKICTh TOYOK KOJIOKAIii, TOYOK
IHTErpyBaHHs) 00pPaHO JOCTAaTHIMH BEJIMKUMH JIJIS OTPUMAHHS CTIMKOTO PO3B’SI3KY.

3a J0IOMOr0I0 3aIpOIIOHOBAHOTO mz[xoz[y OyIo poss ’S3aHO psI 3anad I
wiacTu 'y ¢opmi napajiesiorpamy, Tpaneuidd, JeJIbTOIAIB Ta YOTUPUKYTHHKIB
3araJlbHOr0 BHJIY IPU PI3HUX TEOMETPUYHMX IapameTpax. JocimimkeHO BIUIUB
B3a€EMHOI OpieHTalii Bicell OopTOTpoOmii Ta KpaiB IUIACTUHHM NPH PI3HUX YMOBax
OTNIMpaHHS Ha XapakTep HamnpyXeHO-Ne(hOpPMOBAHOTO CTaHy ISl 130TPOIHHUX 1
opToTponHuX MarepianiB. [IpoBeneHo Takox aHanmi3 3MiH y pO3MOALTI OB
HanpyXeHb 1 MepeMillleHb B YMOBaX HEPiBHOMIPHOT'O HaBaHTAKCHHS.

Amnaii3 oOMexxeHb Ha JOPMY IUTACTHH MOKA3aB MOXJIMBICTb PO3TIIALY IUIACTUH
y dopmi menproiga 3 kytoM o Bix 1° (puc. 1a), a y ¢popMi piBHOOOKHX Tparerii —
npu criBBigHoweHHi ocHoB a/b Bix 1:1 (xkBagpar) no 1000:1 (maiike TPUKYTHHK).
IIpuknaam 3aranbHOTO BUTJISAY BIATIOBITHUX MOBEPXOHDb (PYHKINI MPOTUHY W(X,V)
npescTaBieHi Ha puc. 16,B.

IIOCTOBllecTL pCByHBTaTlB PO3paxyHKiB Oyio MiATBEPKEHO MOPIBHIHAM 3
JAaHUMHM IHIIUX aBTOPIB I IUIACTHH y (OpMI NPSIMOKYTHHKA, Hapajeiorpamy,
Tpareriii. Po36ixkHicTh B ycix Bumaakax He nepesumtysana 10 %.

10 r‘ 1,00
0,8 0,75 — 35
i 58
0,6
0,50 — 81
04 i 81
0.2 0.25 + — 58
. 35
0,0 0,00 T T T
0,0
_____ LoF : 0,0 0,5 1,0
1 (a) (6) (B)

Puc. 1. [Tnactura y ¢hopMi IeTbTOILy 3 KyTOM 0 MDK CTOPOHAMH (), BUTJIS TIOBEPXHI
MIPOTHHY YIS IeNbToiy 3 a = 15° (0) Ta mis Tparenii 3 a/b = 1000 (B)

1. Grigorenko A. Ya., Pankratiev S. A. and Yaremchenko S. N. Solution of stress-strain
problems for complex-shaped plates in a refined formulation // Int. Appl. Mech. —2017.
—53, Ne 3. - P. 326-333.

NUMERICAL ANALYSIS OF STATIC DEFORMATION PROBLEMS
OF QUADRANGULAR PLATES OF VARIOUS GEOMETRIES
Using a numerical-analytic approach and mapping the original region into a unit
square in the new coordinate system, the authors solved a number of problems related to
plates of complex shape at various load and geometric parameters. In addition, possible form
limitations were analyzed while the results were compared with those of other authors,
showing good agreement of the calculated values.
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V]IK 539.3

HANIPYKEHUI CTAH HEOJHOPIJTHUX ITOPOKHUCTHUX
IUJITH/IPIB B TPUBUMIPHIN IIOCTAHOBIII

Outexcanap I'puropenko, Cepriii Spemuenko

ITnemumym mexanixu im. C. I1. Tumowenka HAH Ykpainu
ayagrigorenko1991@gmail.com, yaremch@gmail.com

HoBi cydacHi TeXHOJIOTi1 Tal0Th 3MOTY CTBOPIOBATH HEOIHOPIMHI MaTepiaim,
MEXaHIYHI XapaKTePUCTHKH SIKMX 3MIHIOIOThCSl HellepepBHO. TakuMHu €, HanpuKIIai,
(dyHKITIOHATEHO-TpaNieHTHI MaTepianu [1]. B mpoMy MOBiIOMIJICHHI PO3TIITHEMO
Harpy>XeHUH CTaH HEOAHOPIIHUX LIJIIHAPIB B TPUBUMIPHiil HOCTAHOBLI 31 3MiHHUM
B3JIOBX panmianbHoi koopawHatu Mmoxyiem lOnra. 3amadi mpo ocecHMeTpHYHUI
HaIpy>XeHUH CTaH TaKMX LWJIIHAPIB po3B’si3aHo B [3].

3 3arambHUX PIBHAHb TPUBHMIPHOI Teopii MPYXKHOCTI B IMUIIHAPHUIHUX
KOOpJHMHATaX BUBEICHO PO3B’SI3yBalibHI AH(EpPEHLiaNIbHI PIBHSAHHA B YaCTHHHHUX
MOXITHUX 3 BpaxyBaHHSAM 3MIiHHOTO MOJIYJS TPYKHOCTi. TpHUBHUMIpHY KpaioBY
3aja4yy 3BEAEHO 10 OJAHOBHMIPHOi 3 BHKOPHCTaHHSM JIBOBUMIPHHX CIUIalHIB, a
OJIHOBUMIPHY PO3B’S3aHO METOJIOM IUCKPETHOI opToroHamizamii. Takuid mimxif
3aCTOCOBAaHO JUIsl pO3B’s3aHHS TPUBUMIPHUX 33Ja4 B JEKapTOBIH cCHCTEMI
KoopauHaT B [2].

Bkazany 3anmady po3B’s3aHO TakoX y BapialiifHiii NMOCTaHOBLI METOAOM
CKiHUYEHHUX eJIeMEHTiB. [Ipy 1IbOMy BUKOPUCTAHO €JIEMEHTH Y (HOopMi IPAMOKYTHUX
napa’eserimneiB 3 By3jlaMi B BeplIMHaX (BOCHMHUBY3JIOBI eneMeHTH). IIpoBeneHo
MOPIBHSHHS PE3YJIbTATIB OTPUMAaHUX PI3HUMHU METOaMHU.

1. Birman V., Byrd L. W. Modeling and Fnalysis of Functionally Graded Materials and
Structures. Appl. Mech. Rev. —2007. — 60 — P. 195-215.

2. Tpueopenxo A. A, bepzynes A. C., Apemuenxo C. H. Uncnennoe pemenne 3amad o0
n3rube NpsAMOYroibHBIX IiacTuH. //IIpukmamHas mexanuka. — 2013. — 49, Ne 1. —
C.101-112.

3. Tpuecopenxo A. . Apemuenxo C. H Pacuer HanpspkeHHO —IeOpMHPOBAHHOTO
COCTOSIHUSI HEOAHOPOIHBIX MOJBIX HWIMHAPOB // [Ipukiannas mexanuka. — 2016. — 52,
Ne 4. - C. 16-24.

STRESS STATE OF INHOMOGENEOUS HOLLOW CYLINDERS IN SPATIAL
FORMULATION
Three dimentional boundary elasticity problem for inhomogeneous hollow cylinder is
under concideration. The problem is reduced to one dimentional by using two dimensional
splines. The problem obtained is solved by discrete-orthogonalization method. This 3D
problem is solved also by FEM. The results obtained by two methods are compared.
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YK 517.958:539.3

YUCEJbHUN AHAJI3 TETEPOTEHHUX MOJIEJIEN 3AJTAY TEOPIT
IMPYXHOCTI

IBan [{usik, fApema CaByaa
Jlvsigcokutl HayionanvHuil yHigepcumem imeni leana @panka

ivan.dyyak@lnu.edu.ua

MaremaTruHa, pi3udHA Ta YKCETbHA TeTEPOTEHHICTh MPU MOACIIOBAHHI 337124
Teopii MPYKHOCTI I OaraTboX Cy4acHUX MPOOJIEM € €MUHIM 3ac000M OTPUMAHHS
peaNbHOT KapTHHH iX KapTHHH. BUKOpUCTaHHS PiBHSAHBb Pi3HOI PO3MIpPHOCTI s
OMKCY HATPYKEHO-1e(hOPMOBAHOTO CTaHY KOHCTPYKIIN IIMPOKO 3aCTOCOBYETHCH,
K cydacHHU 3acid mojemoBaHHs. [100ynoBa TeTEpOTCHHUX MATEMATHYHUX 1
YUCENIbHUX aMpOKCUMAIliH 1X TEOPETHYHOTO OOTPYHTYBaHHS Ta IMapayielibHi pea-
JI3a1i1 3aUIIAITHCS BIIKPUTOIO TPOOIEMOIO.

TyT 1eMOHCTPY€EMO, 110 TETEPOreHHE MOACTIOBAHHSA 3 3aCTOCYBAHHAM METO/IIB
CKIHYCHHUX 1 TPaHWYHUX CJICMCHTIB Ha OCHOBI METOJY JCKOMIIO3HUIi 00JAcTi
MOXYTb OYTH BHKOPUCTaHI /sl TOOYJOBU 3pYYHOTrO QJITOPUTMY IUISL JOCITIPKEHHSI
KOHCTPYKIIH, 10 CKIAJAIOTHCS 3 PI3HOBUMIPHHX elIeMeHTIB. [ 'eTeporeHHa Mojienb
CKIIQJIA€ThCS 3 CUCTEMM IHTETPalbHUX 1 AUQepeHIlialbHIX PIBHIHB, YMOB CIIPS-
JKCHHS Ta 3MIIIAHUX TPAaHUYHHUX YMOB JJIs SKHX OyayemMo cliaOkuit po3s’si3ok. Ha
OCHOBI BUKOPHCTaHHs Teopii oneparopis [Tyankape-CTekiioBa Ta METOY JEKOMIIO-
3MLIT 00J1aCTI OTPUMaHI TEOPETUYHI PE3YJILTATH 301KHOCTI 3alPOIIOHOBAHUX CXEM
[1]. Po3pobneni migxoam peaiizoBaHi y Cy4aCHOMY MpPOTPaMHOMY KOMILIEKCI.
Pe3ynbraTé MpOBEJCHUX YHUCIIOBHX CKCICPUMEHTIB JOCHIDKCHHS MOJCIBHHUX 1
JIETKUX IHXEHEPHUX TPOOJIEM MiATBEPKYIOTh IMEPCIIEKTUBHICTh 3alPOIIOHOBAHUX
MiAXOIIB.

1.  Dyyakl L, Savula Ya., Styahar A. Numerical investigation of plain strain state for a body
with thin cover using domain decomposition. Journal of Numerical & Applied
Mathematics. 2012. Ne 3 (109). P. 23-33.

NUMERICAL ANALYSIS OF HETEROGENEOUS MODELS
OF THE PROBLEMS OF ELASTICITY
Heterogeneous modeling using finite and boundary element methods based on the do-
main decomposition method can be used to construct an algorithm for investigation of the
structures with multi-dimensional elements. The heterogeneous mathematical model is for-
mulated as the coupled system of integral and differential equations in the weak formulation.
The results of the numerical experiments confirm the perspective of the proposed approaches.
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MATEMATHYHI OCHOBH JOCJII’)KEHHSI YMOB
CAMOOPTAHIBAIII TEPUTOPIAJIBHUX T'POMA |

Ilerpo Kyk

Hayxoso-eupobnuuuii yenmp 3 inghopmayitinux npobaem mepumopiii Incmumymy
npuxnaonux npoonem mexanixu i mamemamuxu im. A. C. Iliocmpueawa HAH Yxpainu

cipt@litech.net

CamoopraHni3zallis TepUTOPiaIbHUX TPOMaJ ToJsrae B GopMyBaHHI BHACHIIOK
JIOCBiYy TXHBOI HiSTIBHOCTI CTPYKTYp, SKI 3a0e3MmeuyroTh e()EeKTHBHY TMOBEIIHKY
rpoma. [Tpu mpuitHATTI pimeHs mpo Aii i BuOopi crmocoOiB il HAWO1IbIIE 3HAYSHHS
Mae CTPYKTypa HasBHHX B rpoMani crepeoTHmiB. Yepe3 ii po3BUTOK B mporieci
JUSUTBHOCTI TpOMajn BmGyBaemca W pO3BUTOK IHIIUX crpykryp. Crepeorun —
TBEP/UKCHHS, Ha OCHOBI SIKOTO OLTBLIICTE OCIO B rpOMazu gyepe3 SKHX MOXKE
BUKOHYBATHCS TICBHA [isl, IPUAMAIOTh PIICHHS MPO 0 Ta CHOCiO ii BUKOHAHHS.
PimeHHs TpPO KOHKPETHY [0 MOXC BHBOJMTHUCS 3 KIIBKOX CTCPEOTHUITHHX
TBEPXKCHb.

CTraH TpOMaau ONHUCYETHCS MHOXHHOIO IIUILOBUX TapaMmerpiB Z , sKi
y3araJlbHeHO BiZOOpaXkaloTh SAKICTh (YHKITIOHyBaHHS B 4 CcycminpbHHX cdepax, i
BHU3HAYAIOTHCS EKCIIEPTHUMH OI[IHKAMH Ta CAaMOOI[IHKaMHU TPOMaJIH, Ta POPMOBUMHU
napamerpamMu X , 0 3aJ]a10Th BC1 aKTyaJIbHI JIJIS TisTLHOCTI TPOMAaJIN BIACTUBOCTI
BCiX 0Ci0, [0 BXOAATH y CKJall TPOMAJH, Ta BCiX 00'€KTIB, O 3HAXOIATHCS HA I1
Teputopii. BIUIMB 30BHIIIHBOTO CEPEOBHINA 3aJAETHCS MHOXKHHOIO MapaMeTpiB
cepemouina U . [Iii rpomamn ¥ € 3miHamu QopMoBHX mapamerpiB. B koxeH
MOMEHT 4Yacy ¢ HasBHA MOTOYHA MHOXHHA MOXJIMBHUX Hid YY(?) — migMHOXUHA

00'eTHAHHS AEKAPTOBUX JOOYTKIB MHOXKHMH 3HAYECHD Pi3HUX ITiIMHOXHH MHOXUHH
dbopmoBHX mapameTpiB. Sk IiecnpsAMoBaHHWA 00'€KT, TpomMaaa Mae TEBHUI
uinboBuil gynkuionan O(Z), mo € o0'eAHAHUM KpUTEPiEM CIIBBITHOIICHHS 11
uineit. O6'eKTHBHO HAsIBHI 3aKOHHU [TIOTOYHOI 3MIHM CTaHy 331al0Th HOT0 3aJIe)KHICTh
BiJl 3MiH, 1110 OyJIH BiJl I0YaTKOBOIO # JI0 IIOTOYHOIO ¢ MOMEHTY Yacy.

[ToBeninka rpomMaan 3aAa€Thes 3aKOHOM BHOODY ii 1ii B MOMEHT £, SIK peakiii
Ha BIUIMB cepepoBumia U(¢) , Ha OCHOBI TIOTOYHOTO CTAaHY 1 IOCBiY:

y(t)= yy(l,X(Z),Z(t),U(l),{X(tt),Z(tt),U(tt)|lt < t})

KoskHe noBeniHKoBe npaBuiio GOPMYETHCSI, IK peKypCHBHA (YHKIIIS BiJl CTaHy
Ta A0CBimTy. MexaHi3M BIOCKOHAJICHHS TOBEIIHKA € MeXaHi3MoM (OpMyBaHHS
Takux QYHKIi. BrockoHaneHHs MOBEiHKA TEPUTOPiaIbHOI TPOMAIH € PO3BUTKOM
B TOMY HOro O3Ha4eHHi, IO PO3BUTOK — HEJIOKaJbHA agamnTaiis OOMEKeHOT
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iJIeCTIpPSIMOBAHOI CHCTEMH JI0 HEOOMEKEHOTO Cepe0BHUIIIA.

3arajoM MexXaHi3M BJOCKOHAJICHHSI MOBEAIHKM € MEXaHi3MOM BHBEACHHS
TEBHUX HOBMX TBEPPKEHb HA OCHOBI JOCBiLy Ta CTApUX MPaBHJI MOBEiHKH. Moro
OyTH BHpa)keHO 4Yepe3 3BHYAWHI IpaBWJIa BHBOMY, IO BUKOPHCTOBYIOTHCS B
Maremaruii, 30kpema, B QopmanbHiii apupmeruni. dopmanbpHa cucTeMa, IO
OTIMICYE CHCTEMY TIIOBEIIHKOBUX TMpaBWi 1 JocBim Oararma Bim QopmansHOT
apuPMETHKH, OCKIJTbKA BOHA BUKOPUCTOBYE YHUCIIOBI TTApaMETpPH, IO OMUCYIOTHCS
dbopmanmsHOIO apudpmMeTHKoo. Tomy 3a 1-to Teopemoro ['emenst mpo HEMOBHOTY
ICHYIOTH TBEpJKEHHS, C(HOPMYIIbOBaHI Ha MOBI JJOCBiTy Ta MOBEAIHKOBUX MPaBUII,
SKi He MOXe OyTH BHBEIEHO B iX (hopMaibHiil cuctemi. Taki TBEpA>KeHHS MOXKYTb
OyTH TBEPIUKEHHSIMH JIOKAJIBHOTO (PPAarMEHTy i€aIbHOI CHCTEMH TOBEIIHKH, TOMY
JUIsl IX JOCATHEHHs Mae OyTH LIBOBO II0JlaHa HOBa HEJOCBIJHA, a 30BHILIHS
iHpopmanig. OTxe, BIOCKOHAJICHHS ITOBEAIHKY LJIECTIPIMOBAHOI CUCTEMH JIMIIE Ha
OCHOBI EMIIIPHYHOTO JOCBiy HEMOXJIWBE. [IpUXWILHUKA CaMOPO3BUTKY,
BH3HAIOUM MOTO 3allepeyueHHs, 1110 BUXOIUTH 3 1-1 Teopemu ['eqesnst mpo HEMOBHOTY,
pa3oM 3 THM BBaYKaJIH ITI0 TEOPEMY HE3aCTOCOBHOIO IO PO3BHUTKY, OOTPYHTOBYIOUN
Ile THM, IO pealbHO PO3BUTOK icHYE [1]. [IpoTe BOHM 3amepedyBaiy TBEPIKSHHS
Hpo Te, IO ISl KOXKHOT MaTepialibHOT CUCTEMH € HaJCUCTEMa, SKa 37[aTHa LiJIbOBO
noxaBaTH iH(GOpMalLo, HEOOXiAHY IS PO3BUTKY. A SKIIO L€ TBEPPKCHHS
NPUIHATH, TO CyNepeyHicTh MK 1-f0  Teopemoro ['ezmenss mpo HENMOBHOTY i
00'€EKTUBHOIO HasIBHICTIO PO3BUTKY 3HHKAE.

OTxe, Asl PO3BUTKY CHCTEMH CTEpPEOTHINB IOBEIIHKH TEPUTOPiaIbHOL
rpoMaay HeoOXigHa 30BHINIHS iHpopMaIllis, ska O CIpSIMOBYBaa BIOCKOHAJICHHS
3aKOHY MOBEAIHKY. 3a1a4a BU3HAUCHHS I1i€1 YaCTKH ii iCTHHHOCTI, TOOTO TIPOTHO3Y
TOTO, PO3BUTOK, YH PO3BaJl CHCTEMH OyZie B TaHOMY iHPOpMAaIifHOMY CepeIOBHIII,
pPO3B'I3YETHCS HAa OCHOBI MaTeMaTHYHUX MOJENEH MeXaHi3My BIIOCKOHAJICHHS
HOBE/IHKY Ta Bepudikauii iHpopMaii corialbHUIMHM CHCTEMaMH TapaMEeTPH STKUX
BU3HAYAIOTHCSI COLIOJIOTIYHMM EKCHEPHUMEHTOM, 3 BHUKOPUCTAHHSAM TIeJeliBCHKOT
apuQMeTH3aLii NpaBuiI MOBEIHKH.

1. Tywxoe B. M. OcHoBbl 06e30ymakHoit nadopmatuku. — M.: Hayka, 1982 — 552 c.

MATHEMATICAL BASES OF INVESTIGATING THE CONDITIONS OF SELF-
OGRANIZATION TERRITORIAL SYSTEMS

The statement of the problem of self-organization of territorial communities, as the
development of a system of stereotyped statements, is being made. From the 1st Godel's
theorem on incompleteness, the inability of self-organization is impossible without the
objective presentation of external information. The solution of the problem of determination
for specific communities is the minimum share of true statements in external information, in
which development is possible.
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AJITOPUTMIYHA PEAJIIBALISI TOYHUX TPUTOYKOBUX
PIBHUIEBUX CXEM U1l HEJTTHIMHUX KPAMOBUX 3AJTAY HA
HIBIPAMIN

Mapra Kpyas, Anapiii Kynnnens, Mupociaas KyTnis

Kewyscokuii mexHono2iunull ynigepcumenmn,
Hayionanenuii ynieepcumem «/Ivgiecoka nonimexuixay,
Incmumym npuknaonux npobnrem mexanixu i mamemamuxu
im. A. C. Iiocmpueaua HAH Vipainu

krolmb@prz.edu.pl, andriy.kunynets@gmail.com, kutniv@yahoo.com

Po3pobieHo HOBY e(peKTUBHY aJITOPUTMIUHY peai3allitfo TOYHOI TPUTOIKOBOL
PI3HHIIEBOT CXeMH PO3B’SI3yBaHHS HEJNIHIMHUX KPAaWOBHX 3a7ad Ha MIiBIPSAMIN 1is
CUCTEMH 3BUYANHMX AU(DEpEHITIaIbHUX PIBHIHD

d’u(x
#—mzu(x) = —f(x,u), x €(0,00), u(0)=p,, xh_r)riou(x) =0,
w:R SR, fru):R >R, ek, (1)
ne m#0 — giiicua crana, R® — npocTip § -BUMipHHX BEKTOPIB.
Ha iHTEpBaIT [0, 0) BBEIEMO HEPIBHOMIpHY CITKY
(f)N :{Xj E[0,00),j:(),_N, X0 =0, h] :xj —Xj,I >0, l’ll +"'+hN :xN}. Ha

KPOKH CITKH HAKJIaJIeMO TaKi OOMEKEHHS:
qs= hmax / hmin <, 1/ hmax Sxy < 1/ hmin :
Jis po3p’sizyBanHs 3anadi (1) moOynoBaHO TPHUTOYKOBI PI3HHILIEBI CXEMHU
(TPC) panry 7 =2[(n+1)/2](n—ine, [] —IIiJTa YaCTHHA) BUTIISTY

(ay_(fﬁ)),, ; _d('x])yﬁﬁ) :_(I)(ﬁ)(xjﬂy(ﬁ))) ] :1929"'5N_15

B @
WY =, —aGey)y =Bay) —ud” ey, y ™),
e
vz, _%’ ui ) = uj+;lfuj ’ hj _ hj +2hj+1 ’
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mh; ~
Ay = 212, N, By =m SR
© sinh(mh;) sinh(mhy;)

m{cosh(mhj)—l cosh(mhjﬂ)—l} )
+ ,

d . = e—
(=5 sinh(mh;)  sinh(mh;,)

J

=1,2,....,N-],

_ ) . m(cosh(mh ; y (i X, U)—U;_
6 (xj, ) = | 2907 () = 20 (x4 SN 7 0)
h; ’ sinh(mh ;)

m(cosh(mh ;) Y7 X, u)—u;
o Tmleosh( JT1)2 G- ) /“), j=12,...,N-1,
sinh(mh ;)

u(zﬁ) (xpy,u)= Zéﬁ_l)N (xpy,u)+ mYz(ﬁ_l)N (xpy,u)— Zl(")N (xy,u)+

m(cosh(mhy, )Yl(ﬁ)N (e u)—uyn_q)
+
sinh(mhy;)

>

bymxaii YOV (xu), 20 (xu) e RS, j=2-a,3-0,.., N+l-a,0=1,2  —

YUCENIbHUN PO3B’ 130K 3a1a4d Komri

dvJ (xu) dZi(xu) 5 ; ~ ;
T - Z(x(xeu)s T_m Yq (x7u) _f(st(x (x’u)) )
Xiyqo2 <X<Xjpgo1s Yy (xj+(—1)°‘ ) = u(xj+(_l)a ),

; du

J = —
Z(l (xj+(_1)(1 9”) dx

e

OTpHMaHu# OyIb-IKHM OJHOKPOKOBUM METOIOM, a YZ("_I)N (x,u), Zén_l)N(x,u) -

YHCceJILHUN po3B’s130K 3ana4i Komri

dyyy dzy
L 2w, Dy = £ (5 ),
X
x>xy, lim Y (x,u)=0, lim ZY (x,u)=0. (3)
X—>0 X—>0

Jlns po3B’si3yBaHHs 3a1adi (3) BUKOPHUCTAHO MifcTaHOBKY X =1/t Ta 3maiimeHo ii
YUCENIbHUN PO3B’ 30K METOAOM psiiB Telnopa.
Hoseneno, mo TPC panry 7 (2) Mae IOPAIOK TOYHOCTI 7 .
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1. Kymmnie M. B., Kpyao M. Peanizamiss TOYHMX TPHUTOUYKOBHX PI3HHUIEBUX CXEM IS
HeJHIHUX KpaioBuX 3a1ay Ha miBOpsamiid / Ykp. mar. xypH. — 2016. — 68, Ne 12. —
C. 1641-1656.

ALGORITHMIC IMPLEMANTATION OF EXACT THREE-POINT DIFFERENCE
SCHEMES FOR NONLINEAR BOUNDARY-VALUE PROBLEMS ON THE SEMIAXIS

New algorithmic implemantation of exact three-point difference schemes via the three-
point difference schemes of high order of accuracy is proposed for the numerical solution of

boundary-value problems for systems of nonlinear ordinary differential equations on the
semiaxis.
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YK 621.532.3.004.17:681.142:622.691.24:536.12

MOBYJOBA BIOPTOIOHAJIBHUX MHOTOUYIEHIB TA iX
BUKOPUCTAHHSA JO MOJAEJIOBAHHS ITPOLIECIB
MACOHINEPEHOCY

SApocaas IPsiunio, Banentuna Codko, I'anuna I’ ssHuiio

Llenmp mamemamuunozo mooentogannsa IIHIIMM im. A. C. Iliocmpueava HAH Yxpainu

pjanylo@cmm.lviv

B paniii poOori mnoOynoBaHO KBa3iCHEKTpajbHI IOJIHOMM Ta IIOBHI
OioproronanpHi cuctemu. JlocmipkeHo ix BiaactuBocti. Ha 06a3i moOymoBaHHMX
OlopToroHanbHUX 0asuciB po3poOieHi METOIW Ta BIANOBIIHI AITOPUTMHU JUIs
BUPIIICHHS KpahoOBHX 3a/a4, SKUMH OIUCYIOThCA Oarato (hi3MYHHMX NPOIECIB,
3aKpeMa MacolepeHOCY BYIJICBOAHIB B TPyOONPOBOAAX Ta MOPHUCTHUX NMPHPOIHUX
cepenoBummax. JlocmimkeHo croci® po3B’s3yBaHHS 3ajad METOJOM PO3IIJICHHS
3MiHHUX B 0a3uci 010pTOTOHAIBHUX IMOJIHOMIB. 3HAWIEHO HAOMKEHO-aHATI THIHI
Ta HAaOJIMOKEeHI PO3B’SI3KH 3a/1a4 MacOIIEPEHOCY.

[IBunKWii PO3BUTOK OOYMCITIOBAIBHOI TEXHIKH JO3BOJISIE YCKJIAIHIOBATH
MaTeMaTH4dHi Mozeli (i3UIHUX MPOLECiB, IO 1a€ MOXKIHUBICTh OULTBIN aJeKBAaTHO
OIMCYBATH MPOLIECH, SIKI BUBYAIOThCSL. ToMy mpobiemMa po3poOieHHs yCKIaJHEHHX
aJICKBATHUX MAaTEMAaTUYHUX MoOJeJeH (i3MYHMX MPOIECiB, 30KpeMa, MOoJeei
(i3MYHKX MTPOLIECIB TPAHCIIOPTYBAHHS Ta 30€piraHHs ra3y € 0COOJIMBO aKTyaIbHOIO
B Ilel yac. YCKIagHEHHS Mojened BHMara€ NoOyIOBHM HOBHX a00O YTOYHECHHS
ICHYIOUMX METOJIIB BUPIIICHHS BIAOBITHHUX 33724 MAaTEMaTU4HOI (i3UKH.

Crnioci6 BupineHHs arpoOOBaHO SIK Ha MPHKJIaiax Po3KIaay BitoMux QyHKIIH,
TaK 1 Ha MOJEJILHUX 3ajauax, PillleHHs SKUX BiIOMI B aHAIITHIHOMY BUTsmi. Lle
3p00JIEHO 3 METOIO BUBUEHHS €()eKTUBHOCTI METOY Ta BIUIUBY HOTO ITapaMeTPiB Ha
TOYHICTh Ta aIEKBATHICTh NTYKAaHOT'O PillICHHSI.

Ha ememenTtax 06asucy i3 mMoau(ikoBaHHX TOJiHOMIB YeOHIIOBa MEpIIOro
POy 3ampONOHOBAHO OMEPATOp, HA OCHOBI SKOTO MOOYIOBaHI KBa3iOpTOrOHAbHI

. . R . . n+i .
Ta GlopToroHanbHi 6asucu. OTpuMaHi GIOPTOrOHANBHI MOJTIHOMH V} (x) TaKi,
IO 1X MOXIJHI IPYTOro MOPSIKY BUPAKAIOTHCS Yepe3 CyMy JIBOX IOMAHKIB, OJTHUM
- -1
. .. . n+i o . n .
i3 sIKMX € caMi i moniHoMu V; (x) 3 koedimieHTaMu (—7». ( 1)"+1j ,i=1L..,n
i+(—

BIJIMOBIHO, & NIPYruil NOJAHOK — II€ IMOXiJHA TEPIIOro MOPSIAKY MHOTOWICHA
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-1
Yeoumoa T'.;.-(x) 3 xoedimieatom 1" - |A" - i=1,.,n
n+l+i ( ) (1) i+(71)'“ i+(=1) +1 ’ et
BinoBigHO. Ile nae MOMXIIMBICTh PO3B’SI3yBaTH CHCTEMH PIBHSHB, SKi OTPHUMYEMO
NPy PO3B’I3YBaHHI 33aa4 MaTeMaTWIHOI (Pi3uKM HAOAraTo IMIBHIIIC Ta 3MCHIIYE

HAKOIIMYEHHS MAIlIMHHOL HOXI/I6KH. HpI/I 3HaX0ﬂ)KeHHi pO3B’5{3KiB HaBCACHUX 3aJa4,
. . . . n+i
caMe y BUIJL CyMM psify 1O 3Haiifenux Gioproronamsnux dymkuisx V'™ (x),

i=1,...,n gicTaHeMO iaroHaJbHY MATPHUINIO JUIS 3HAXO/KEHHS HEBITOMHX
Koe(illieHTIB psAdy, 3 sIKOI BiApasy * OTPUMYEMO HEBioMi BenuuwHH. OTpUMaHi

. . . n+i . n+i
GiopTOoroHaNbHi MoIiHOMH V; (x) BOJIOZIIOTH BIIACTUBOCTAMH: V; (—1) =0 1a

V" (1)=0, mo nae 3wory Binpasy x 3 KkpaloBHX yMOB 3HaiiTH HeBilomi jBa
xoediientn G, (1) Ta G, () (y Bunaaky HaGmmKeHo-aHANITHIHOT MOZeNTi) Ta
HEBIIOMI KOCDILIEHTH ¢,y > Gyi2,j> J =1, s (Y BUNALKY HAOIIKEHOT MOJEII)

JUTSI TITyKaHOTO po3B’s3Ky. [ToOymoBaHi KBa3iCTEKTpalibHI MOJIIHOMH € MTOXiTHUMHU
MIEPIIOTO TOPSAKY Bifl O10PTOrOHAIBPHUX MHOTOWIEHIB. L[ BIacTHBICTH € myxe
BXJIMBOIO, KOJM TOTPIOHO 3HAWTH MOXiAHY NEpIIOro TOPSAKY Bim (QyHKIil
NPE/ICTABICHOI y BUIIISAAI CYMH Psily 4epe3 OiOpTOrOHaNbHI MOJIHOMU YU 3HANTH
iHTerpan BiJ QyHKLIT MpeCTaBIeHOT Y BUTIISII CyMH psily Yepe3 KBasiCIeKTpasbHi
nominoMu. KoedimieHTHn npun 1bOMY 3alIMIIAIOTHCS HE3MIHHUMHM, a JIMIIe
3MIHIOIOTECS! PYHKILIT IPH HUX, Ki € BIJOMHMHU.

3HaiineHo Koe(ilieHTH HEB’S3KM U1 CHOpPMYJIbOBAaHMX 3a/ad. 3JHaMIeHI
pexypeHTHi QopMmynm Ui mpeicraBiieHHs roiiHoMiB  YeOumioBa yepes
OiopToronanpHi Ta KBasiopToroHanbHi ¢yHKIII. [Ipu 3acTtocyBaHHI 3HaiIeHUX
06iopTOroHAaTFHUX MHOTOWICHIB JI0 PO3’SI3yBaHHS MOCTABJICHUX 3a/1a4 TO3UTHBHUM

=2i-1+i An n
€ Te, 1O TmapaMeTpu: A -, 7»21._“7, Noiis T u7

PO3B’SI3KM MOXKYTh OyTH OOYHCIICHI 3 TOBUIFHOIO TOYHICTIO 1 3HAWICHI 3 aJITOPUTMY

, K1 BXOJSITh B OJIepKaHi

no0y0BA OIOPTOrOHANBHHUX (YHKIIN VZ';J:% (x), 172,:3 (x) Jis  noBUTHHOTO
HaTypaJIbHOTO 4YHClIa /1 MOXKHa ToOymyBaTH 0a3d JaHWX i3 3HAYCHHSAMH LUX
mapamMeTpiB 1 BHUKOPHCTOBYBAaTH iX il Yac OOYMCIICHHS PO3B’SI3KYy, IO TEK
C€KOHOMMUTB 4ac.
Mopesis Iponecy pyxy ra3y B TpyoonpoBoai. BpaxoByrouu piBHSIHHS CTaHY
B 130TEpPMIYHOMY BHIAJKy MaTeMaTHYHa MOJCIb PYXy ra3zy B TpyOOHpPOBOII €
cUCTEMa B3aEMOTIOB’ si3aHKUX NU(EPEHI[IAIbHIX PIBHAHb Y YACTHHHUX MOXITHUX
2 2
15 oflv oh Aipv~ O(pv o(pv) 1 8
—p+ocp— —|TPE -t S (pv) 0, (p )+—2—p=
oy oy| 2 oy 2D ot Oy c” Ot

0.
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DopmyaOBaHHA KpaioBoi 3aaayi. 3HANTH pO3B 30K CHCTEMH 32 HACTYITHUX
KpailOBHX YMOB

2
AzZRT [ pgq
X,0)=,[ps ———| Bs%s | x|
P( ) Po D[sj

q0 (1) =90n +(90 =402 7" s @1 (£) = a1 +(as — 1) 0"

1. Pyanylo Ya. Methods of finding distribution of pressure in the pipeline / Ya. Pjanylo,
V. Sobko // Mathematical modeling and computing, Vol. 3, No. 2, pp. 199-207 (2016)

2. Pyanylo Ya. The pressure distribution in water in the complex porous environments
investigat / Ya. Pjanylo, V. Sobko, O. Bratash // Mathematical modeling and computing,
Vol. 4, No. 2, pp. 187-196 (2017).

CONSTRUCTION AND USE OF BIORTHOGONAL POLYNOMIALS FOR MASS
TRANSFER PROCESSES MODELING

In this paper, the quasi-spectral polynomials are constructed as well as the complete
biorthogonal systems. Their properties are investigated. On the ground of the constructed
biorthogonal bases, methods and corresponding algorithms for solving boundary-value
problems describing many physical processes, in particular the mass transfer of
hydrocarbons in pipelines and in porous natural media, are developed. The method of solving
problems by means of separation of variables in the basis of biorthogonal polynomials is
investigated. Approximate analytical and approximate solutions of the problems of mass
transfer are obtained.
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VJIK 519.614 (35P30, 65L15)

YUCEJIBHE PO3B’SI3YBAHH JIBOTOYKOBHUX KPAMOBHUX 3AJIAY 3
HEJITHIMHUMMU CIIEKTPAJIBHUMHU TAPAMETPAMMU

IMeTpo CaBenko

Incmumym npuknaonux npobrem mexanixu i Mamemamuxu
im. A. C. Iiocmpueaua HAH Vipainu

spo@iapmm.lviv.ua

Posrisnaersest IBOTOUKOBA KpaiioBa 3a1a4a JUisl JiHIHHOTO Au(epeHiaib-
HOTO PIiBHSHHS 11 -TO TIOPSIIKY:

Lu(t) = i ot M@y =0, 0<r<1, (1)
k=0

LA = mzl [0, WP (0 +B, , Mu® W] =0, i=12,....m, 2)
k=0

ae A=(A,A)cA, A=A xA, —00nacTb y KOMIZIEKCHOMY HPOCTOPi c? ,
npuaomy A;, A, — oOMexeHi BinkpuTi ogHO3B's13HI omykii MHOXuHU B C.
IMokmamaethes, mo KoedimieHTH oy (¢,A), o (), BixM)eC (i=1,...m,
k=0,1,..,m—-1); o, (t,A)=1,a o (¢t,A) — gocuts r1ajaki GyHKIII Big ¢ Ha BiO-
pisky [0, 1] ms Beix A €A, i oy (4,A), o; (M), B (A) — ronomopdHi dyHkuii

Bix A Ha A ; rpannuni ymoBH (2) € NiHiiiHO HE3a/eKHUMHU NPU BCix A EA .
Heo6xinHo 3HalTH Taki 3HaueHHS A = (A{,A,) 3 A, IpH IKUX OJHOpPiHA

KpatioBa 3agada (1), (2) Mae HEHyIbOB1 pO3B’s3KH, TOOTO 3HAWTHU BIACHI 3HAYCHHS
miel 3amauqi.

Jnst muckpermsanii 3amadi (1), (2) 3acTOCOByEMO METOJ| CKiHYEHHUX
pizHuLb. B pe3ynbTari ofepKyeMO OIHODIJHY CHUCTEMY JIiHIHHUX anreOpaidyHux
PIBHSIHB 7 - TO NOPSIAKY Y BEKTOPHOMY 3aIIHCl IPEJACTABUMO y BUTIISAIL

A4,Mu" =0 (n=1+N), 3)

Koedimientr Matpuii af}(k) € rojgoMop(pHUMH (QYHKIISAMH Iapamerpa
A=(2,07).

Yueno AL =(7»?,7»g)eA Oyme BJIAaCHMM 3HAYCHHsM 3amadi (3), sSKIIo
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Touka A’ € KOpEHEM PiBHSIHHS
W, (A, k) =det(4,(1))=0. )

3HaXOJUKEHHS MHOXXMHM DO3B’SI3KIB PIiBHsHHA (4) OyaeMo po3risgaTd sk
3aJady Ha 3HAXOJUKCHHS HESBHO 3a/aHoi GyHKIii Ay =Ny (Aq) abo Ap =2 (R;).
Teopema npo HesBHO 3axani GpyHkuii [13] BU3HAYae yMOBU iCHYBaHHS PO3B’SI3KiB
piBHsHHS (4) 1 J03BOJISIE 3BECTH IO 3a7ady JO0 YHUCEIBHOTO PO3B’SI3yBaHHS
BignosinHoI 3ama4i Kol
d oY, (M, \y)/ON
2 _O¥u(u0)/0h Mo (M)=23 =arf (neN). (5)
dh\ 0¥, (M, hy)/ 0Ny
ITouatkoBi ymoBH B (5) 3HaXoAMMO, pO3B’A3YIOYH  JOTIOMIXKHY
OJIHOTIApaMETPUUYHY  HENiHIMHY  CIEKTpalbHy  3adady  Ha  IMPOMEHI
}\.2 =(X,7\.1 CA=A1XA2

Ly, (A)u(t) = i ay (60 uP @y =0, 0<r<1,
k=0 6)
m—1

Lo (=Y (a5 () u® )+ B4 (1) P O]=0,i=1,2,....m,
k=0

ne Gy (6,0) = oy (LA, 00 ), G g (M) =0k (A ady), Bk (M) =By (Ao 0ny) -

JloBesieHO TepeMu PO iCHYBaHHS 3B’ I3HMX KOMIIOHEHT crieKTpa 3anadi (1),
(2) Ta 301xHOCTI HAOJIVM>KEHUX PO3B’SA3KIB 3a/1a4i (3) 0 TOYHUX PO3B’SI3KiB BUXiTHOT
3aa4l.

3anpornoHoOBaHUi METOJ| MOIIMPEHO Ha JIBOTOYKOBI KpaioBi 3amadi s
CHUCTEeMHM 3BHYaHHUX AudepeHIialbHu3 pPIiBHAHb 3 HETIHIHHUM BXOJDKCHHIM
JIBOBUMIPHHX CIIEKTPATBHHX MTapaMeTpiB Y KoeilieHTH piBHIHD Ta KpailoBi yMOBH.
HaBeneno uncnoBi npukiIagyn po3B’I3yBaHHSI KOHKPETHUX KPalOBUX 3a/ad.

1. Casenxo Il. A, IlpoyaxJI. II. Meton HesBHOW (QYHKIMHM B pEIIEHUU JABYXMEPHOH
HEJIMHEeWHO# crekTpaibHOl Tpobiemsl / V3BecTHs BBICIIMX Y4eOHBIX 3aBEICHUIL.
Maremartuka. — 2007. — Ne 11 (546). — C. 41-44.

2. Baunukko I'. M. Ananu3 1ucKpeTH3alMoHHbIX MeTo10B. — TapTy: Taptyck. 'oc.yH-TeT.,
1976. - 161 c.

3. Petro Savenko. Computational Methods in the Theory of Synthesis of Radio and
Acoustic Radiating Systems // Applied Mathematics, Vol. 4 No. 3, 2013, pp. 523-549.
doi: 10.4236/am.2013.43078.

4.  Petpo O. Savenko, Lesya M. Klakovych (Pasnak), Myroslava D. Tkach. “Theory of
Nonlinear Synthesis of Radiating Systems” / LAP LAMBERT Academic Publishing,
2016.-357 p.
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THE NUMERICAL SOLUTIONS OF TWO-POINT BOUNDARY PROBLEMS WITH
NONLINEAR SPECTRAL PARAMETERS

The application of the implicit function method to solving two-point boundary-value
problems for the differential equation of m-th order and the systems of linear differential
equations with nonlinear occurrence of two-dimensional spectral parameters in equation
coefficients and boundary conditions are studied. The convergence of approximate solutions
of the discrete problems to the exact solutions of the original problem is substantiated.
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VJIK 519.6

KOPEKTHICTh HECTAI[IOHAPHOI BAPIAIIIIHOI 3ATAYI
TEPMOII’€30EJEKTPUKHU I'PIHA-JITHACESA

Bitadiii CteabMamyk

JIvgiscokuii Hayionanvuuli ynieepcumem imeni leana @panka

vitali.stelmashchuk@gmail.com

Kiacuuna MatemMaTHyHa MOJIEJIb TEPMOIIT €30€JIEKTPUKH Oyia chopMysiboBaHa
B mparx R.D. Mindlin i mocmimkena B poborax W. Nowacki. [Ipote, BoHa Mae otuH
CYTTEBHUH HEJOJIK — IIBUJIKICTh NOMIMPEHHS TEIlIa B MIPOSJIEKTPUYHOMY MaTepiaii
BBKAETHCS HECKIHUCHHOIO. 3PO3YyMijo, IO TakKe MPUITYIICHHS Hae B po3pi3 3
3akoHaMH (Di3MKH, TOMY PO3BHHYJIMCS Tak 3BaHi y3arajbHEHI MOJEN, 110 TOW 4K
IHIMMIA CcToci0 HeHTpami3yroTh el Henomik kimacndHoi mopmenmi. ['pin i JliHaceit
(Green & Lindsay) [3] 3anpomoHyBanmu CBOWO Monmudikaiiro Mopaemi
TEPMOTIPY)KHOCTI, sKa Tmepeadadac BBEACHHS ITOJNATKOBUX IapaMETPiB «dacy
penakcanii» 1 poOWMTH  TimepOONIYHUM  PIBHSHHS  TEIUIONPOBIAHOCTI.
Chandrasekharaiah [2] po3BHHYB IXHIO TE€OPit0 HA MOJEITH TEPMOII €30€NIEKTPUKHU. B
HAIIOMY JOCJI/DKEHHI MU 3aCTOCOBYEMO LI MiAXix Juis MOOYIOBU Ta aHAII3y
y3araJlbHeHOT KJIAaCHMYHOI HECTAIiOHApHOI 3a/adi TePMOIl €30€JICKTPUKH, sIKa
BuBuanacst B poOoti Illunkapenka [1]. 3BigTW # 3amo3W4eHO BXWTI HaMHU
MO3HAYCHHS Ta METOJMKA aHAJi3y BapiamiitHuX 3a1ad.

Hexait €2 - obOmexeHa 3B’si3Ha 00/1acTb TOYOKX = (X{,...,X;) € R 3

HenepepBHOIo 3a Jlimmuunem mexero 0 =TI. Toxi, srizuo 3 [1], B3aemoxnis pisuko-
MEXaHIYHUX TIOJNIB Yy TIPOEIEKTPUKY MOKe OYyTH OIMCaHa BEKTOPOM MPYKHUX

3MilIeHp U = {ui(x,t)},-dzl , CIIEKTPUYIHUM TIOTEHIaIoM p = p(X,?), Ta MIPUPOCTOM

temrieparypu 0 = 0(X,7) , SKi 32I0BOJIGHSIOTH PIBHSHHSA PYXY, TEIUIONPOBITHOCTI Ta

€JICKTPOTMHAMIKH
P(ui”_fi)—aji,j =0, 6]
Dix +Jpr =0, 2)
p(THS" —w)+q; ; =0. 3)

B mopeni I'pina-Jlinacess ocHOBHI (heHOMEHOJIOTIUHI CITIBBITHOIICHHS IS
MEXaHIYHOTO HANPYKEHHSA o;;, CNeKTpUyHOi iHaykuii Dj Tta entpomii S, sxi

BUKOPHUCTOBYIOTHCS B PiBHAHHSAX (1)-(3) MOIU(IKYIOTBCS 3 TOTIOMOTOIO TaK 3BaHUX
napaMeTpiB «yacy penakcarnii» fy Ta #;, ie t; = t; >0, TAKUM YUHOM:

Ojj = CijtmEkm (W) — Oy (O + 10"+ DijkmElem (u)- e E (p), 4)
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Dy =Y Em (P) + ey () + 1 (0 +4,67), 5)

pS =pe, Ty ' (0+160") + € OLpm ey (W) + 4 E 1 (p). (6)

BinmosinHa BapiamiiiHa 3aqada i i€l 3a1a9i Ma€e BUTIIS !

3aJaHO \VO = (UO,po,eo) S (I), VO S H, 610 S L2 (Q)

ta(l,r,n) e 2 0,T;®";

3HaiTh Y = {u(x,1), p(x,?),0(x,7)} € ? (0,T; @) Take, 1m0
m(u"(t),v)+a('(?),v)+c(u(),v)—e(p),v) -

—y(0() +4,0'(1), v) =< I(£), v >,

1P/ (0. 8) + e(Eu' (1)) + 2(p(1).€) + WO (1) + 10", &) =< r(1),& >, ()
s(0'(t) +190"(2),m) + k(0(2),m) + (M, p' (1)) +

+y(,u'(t)) =< u(t),n> Vre(0,T],

mu'(0)—vy,v)=0, c(u0)—uy,v)=0 Vvel,
x(p(0)—py,8)=0 VEeP,

S(G(O) +t09,(0) — (90 + toelo),n) =0 Vn e”/.

3a [0IOMOTIO0 AlpiOPHUX OLIHOK, OJEPKAHMX 3 PIBHAHHSA €HEPreTUYHOIO

OayaHCy, JOBEJIEHO KOPEKTHICTH Ii€l BapialiiHoi 3a1adi.

1.

Hlunxapernko I'. A. TIpOSKIHOHHO-CETOYHBIC AaIIPOKCHMALMK Ul  BapUALIOHHBIX
3aga4 mupodiektpuuectsa. I Jluckperwsamus M pa3pellMMOCTh HECTAalMOHAPHBIX
3anad // Juddepennmanpusie ypaBaenus. — 1994, — T.39, Ne.2. — C. 317-326.
Chandrasekharaiah D. S. A temperature-rate-dependent  theory of thermo-
piezoelectricity //J. Thermal Stresses. — 1984. — Vol. 7. — P. 293-306.

Green A. E., Lindsay K. A. Thermoelasticity. //J. Elasticity. — 1972. — Vol. 2, No.l. —
P.1-7.

WELL-POSEDNESS OF NON-STATIONARY GREEN-LINDSAY
THERMOPIEZOELECTRICITY VARIATIONAL PROBLEM

Non-stationary Green-Lindsay thermopiezoelectricity problem based on works of

Chandrasekharaiah [2] and Shynkarenko [1] has been considered. Green-Lindsay theory
provides the finite speed of thermal signals propagation by introduction of two “relaxation
time "-parameters, which are used for modification of constitutive equations for mechanical
stress, electric displacement and entropy. The corresponding variational problem has been
formulated and its well-posedness has been proved based on the energy balance law.
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VJIK 519.6

OBEPHEHA 3AMIHA Y METOI CKIHYHEHHUX EJIJEMEHTIB JJIA
3AJIAY AJIBEKIII-TA®Y31i-PEAKIIII 3 BETMKUMUW YACJIAMHA
INEKJIE

KOuist Typunn, SApema Casyna

JIvgiscokuii Hayionanvuuti ynieepcumem imeni leana @panka

yuliya.turchyn@]Inu.edu.ua

PosrisiHyTO MaTreMaTHdHy MOJENh PO3MOBCIOKEHHS JIKIB Y CTIHINI CYAHHH
[3]. Jliku sBASIOTE COOOK CYKYIHICTHP HAHOYACTHHOK, KOXKHA 3 SIKUX MICTHTh
IHKaICyJIboBaHi O010aKTHBHI pEYOBMHH. MOJeNb TpOIEeCy MOIUPEHHS JIiKiB
OMHKCYETHCSI KPAaWOBOI 3aJadcio aaBeKIi-mudysii-peakmii Ui CHCTEeMH IBOX
Judepentianbaux piBHAHb. HeoOXifHO 3HAWTH ¢|,Ccp, — HEBIIOMI KOHLEHTpawil

HAHOYACTHHOK 1 JIIKiB, BIJIIOBIHO, SIKi 33]JOBOJIbHSIOTH PIBHSHHSI

VO(VCI)_KIACI +010 = 0;
_ o (x)eQ (1
V‘(VCZ)—KzACZ +62C2 = le,
1 TpaHUYHI yMOBH
oc;
Biki = +hici =vi, (g, ;) el )

Ockinbky piBHsHHA (1), (2) € moB’s13aHUMHU MiX cOOOIO JIMIIE NPUCYTHICTIO
HEBiZIOMOi KOHIEHTpalil HAHOYACTUHOK 7j Yy IpaBili YaCTUHI APYroro piBHSIHHA

cuctemi (1), To KOKHE PiBHSHHSI TPOMIOHYEMO PO3B’s3yBaTH 10 uep3i [2]. OcKinbku
OIepaTop KOXKHOI'O OKPEMOTO PIBHSIHHS € CHUIBHUM, TO HaJalll 3alpONOHOBaHHUN
TIIXi pO3TIISIIATAMEMO TS OJHOTO PIBHSHHS aIBEKIii-nudy3ii-peakiii.

V 3B’s3Ky 3 crenudikoro peabHUX OI0XIMIYHUX BXiJHHUX MapamMeTpiB 3ajadi,
a caMe 3HaYHOIO TiepeBaroro koeiieHTiB aaBekii Haa koedimiearamMmu qudysii, y
XOJ1 YHMCIIOBHX EKCIICPUMEHTIB BHSIBJICHO, 110 3aCTOCYBaHHS METOJY CKIHUYCHHUX
€JIEMEHTIB 3 JIIHIHHUMU Ta KBAAPATUIHUMH Oa3UCHUMH (QYHKIIISIMHU IPU3BOIUTH IO
BTPaTH CTIHKOCTI OOYMCIIIOBANBHOTO Iporecy. Y poOoTi 3anpoNnOHOBAaHO HOBHI
MiXiT 10 po3B’sA3yBaHHS 3a7a4 aaBeKIlii-audy3ii-peakii 3 crenudikoro BeTUKUX
yucen [lekie, sxkuit 6a3yeThCsl Ha HACTYITHIM eKCIIOHEHIIANBHIH 3amiHi [ 1] mykaHoi
dynxkuii y popmymoBanni 3agadi (1), (2):

Nx +1x
2K

1 Ha 3BOPOTHIH 3aMiHI B XOJi 3aCTOCYBaHHSI METOJy CKIHYEHHHMX EJIEMEHTIB, LI0

c =uexp(
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MPU3BOAMTH JI0 BapialliiftHOTO PIBHSIHHS BUAY

Nx +V. 14 Vix, +V.
Kjvcvwexp[_ujdg_‘[_,vﬁwexp[_ 1% V% de+
o 2K o 2 2K

14 V. 12 V.
+Ikﬁwexp L dF+cIcwexp _Onthn dQ =
P 2K o 2K

o 2K T 2K

[MpoBeneHo  anami3a  pe3ysbTaTiB  3alpOIIOHOBAHOTO  METONY 3
BUKOPDHCTAHHSM  CTaHAAPTHUX JiHIMHUX OasucHuX  QyHkmiin. Ilokazano
e(eKTUBHICTh JTAHOTO METOAY JUISl 3a/1ad aABeKUii-au¢ys3il 3 BEIMKUM 4YUCIaMU
ITexmre. Pe3ynbTaTd TMPOJEMOHCTPOBAHO IS OJHOBHMIPHOI 3amadi aaBeKIlii-
mudysii-peakiii Ta 31MCHEHO TOPIBHAHHSA 3 TOYHMM pO3B’s3KOoM. Meron
3aCTOCOBAHO TaKOX IS 3HAXODKEHHS HAOIMKEHOTO PO3B’A3KY 3aJ1avi MOIIMPEHHS
JIKIB y CTIHI CY/ANHH.

1.  Kapmawos 3. M. AHanuTU4eCKUEe METOABI B TCOPUHU TEIUIOIPOBOAHOCTH TBEPIBIX TEIL.
— Mocksa: Beiciias mkona - 1985 — 480 c.

2. Typuun FO. I. ExcrioHeHIiaNbHA 3aMiHa y METOMI CKIHYEHHHX eJIEMCHTIB [UIS PiBHSHD
aziBexuii-nudysii. // dizuko-MaTeMaTHYHE MOJISIIOBAHHS Ta iHPOPMALIiiHI TEXHOIIOTII.
HayxkoBuii 30ipuuk - 2017 — Bunyck 24 — c. 111-117.

3. 8. Hossain, F. Hossainy, Y. Bazilevs. Mathematical modeling of coupled drug and drug-
encapsulated nanoparticle transport in pacient-specific coronary artery walls — Texas:
University of Texas - 2010 — 162 p.

INVERSE REPLACEMENT IN THE FINITE ELEMENT METHOD FOR THE PROBLEM OF
ADVECTION-DIFFUSION-REACTION WITH LARGE PECLET NUMBERS

The mathematical model of distribution of drugs in the vessel wall is considered. The
model is described by the initial boundary-value problem of advection-diffusion-reaction for
a system of two differential equations. Due to the specifics of the input parameters of the
problem, namely, a significant advantage of the coefficients of advection over diffusion
coefficients, numerical experiments revealed that the application of the classical finite
element method with linear and quadratic basis functions leads to loss of stability of
approximation. The paper proposes a new approach to solving advection-diffusion problems
with the specifics of large Peclet numbers, which is based on the replacement of the desired
Sfunction in the formulation of the problem and the inverse replacement during the application
of the finite element method. The analysis of the results of the proposed method is carried out
and the efficiency of this method for problems of advection-diffusion with large Peclet
numbers is shown. The method is also used to find an approximate solution to the problem of
drug distribution in the vessel wall.
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V]IK 539.3

HABJIH)KEHHﬁ__AJIFOPPITM PO3B'SI3YBAHHSI JESIKUX KJIACIB
3AJIAY TEOPII OBOJIOHOK METOAY {m, n}-AITIPOKCUMAIII

Poman Tyuancwkuii, Imurpo Hecniisik

Incmumym npuknaonux npobiem mexanixu i MamemMamuxy
im. A. C. ITiocmpueaua HAH Yxpainu,
Jlvsigcokutl deporcasHuil yHigepcumem 6HYmMpiuiHix cnpas

roman.tuch@gmail.com, dnespliak@gmail.com

Bbarato koHCTpyKUili cy4acHOi TEXHIKM MICTSATh TOHKI Oajiku # (abo) TOHKI
000IOHKH O00OepTaHHS, MO0 MAIOTh MPUPOAHI ab0 KOHCTPYKTHBHI aHI30TPOIHI
BJIACTUBOCTI.

s po3p’s3yBaHHSA 3afad NPO HANpyKEHO-Ie(OPMOBAHUI CTaH TOHKHX
000510HOK 0OepTaHHs Ha ocHOBI Teopii Kipxroga — JlsBa, Tuny Tumorenka oo,
JIAaBHO ¥ YCIIIIHO BUKOPHCTOBYIOTH MiAXiJ HAa OCHOBI METOAY OpPTOTOHAIBHOI
nporouku C. K. 'ogynoBa [2 — 5].

[TocmimoBHICT OOYHCIIEHh NPHU IOMY BUTISIAE Tak: 1) OTPUMYIOTH 3
BUXIZIHUX PIBHSIHb OOOJIOHOK OOEpTaHHA CHCTEMY AU(EpeHLIaJbHUX PiBHSIHD,
pO3B’s3aHUX BITHOCHO YACTHMHHHMX TOXIJHHX TIEPHIOTO TOPSAKY BiTHOCHO
KOOpJHMHATH 110 MEpHIiaHy, BUPaKalouu NP [bOMY BCi HeBimoMi QyHKLii, M0 B
HUX BXOJSTh, Yepe3 KOMIIOHEHTH BEKTOpPa PO3B’SI3KiB 1 YaCTUHHI TOXiHI BiJJHOCHO
KOOPJHMHATH IO KOJIy BiJ| HHX; 2) 3BOJATH II0 CUCTEMY JI0 HOPMaJbHOI CHCTEMHU
3BUYAHHUX TUQPEPEHIIATLHUX PIBHSIHB, SKY PO3B’SA3YIOTh 32 OTIOMOTOI0 METOY
oproroHansHoi nporoHku C. K. 'ogyHoBa.

VY3aranpHEHHS [FOTO AITOPUTMY Ha HOBI KJIACH 3ajad, M0 BHHUKAIOTH Y
pamkax Teopii 00OJIOHOK OOEpTaHHS METOILY {m,n} -ampokcumMariii (3amavi mpo
Harpy>xeHo-/1epopMoBaHUN cTaH 000JOHKHK 0OEpTaHHS Mif €0 MIBUAKO3MIHHOTO
32 MPOCTOPOBUMH KOOpAMHATAMH HAaBAHTAKEHHS) 1 HE3B'S3aHOT KBa3iCTATUYHOI
Teopii TEPMONpPYXHHX OGONOHOK METOAy {m,n} -anmpokcumMamii (3agadi aHamisy
TEIUIOBHUX HAIPYXKEHb B aBialliiHUX CTPYKTYpax, TAKUX K TOHKI OaJIKu, Jie Tieperan
TEeMIIepaTyp € OAHI€I0 3 TOJIOBHUX NPUYMH MOSBU MOJIB HAIPY>KEHb, 3IaTHUX

CIIPHYWUHUTH PYWHYBaHHS IHX CTPYKTYp) Hece OE3yMOBHHMU iHTepec, aje
HAIITOBXYETHCS HAa 3HAYHI TPYIHOII, 3yMOBJICHI CKIQIHICTIO CTPYKTYPH PiBHIHB
METOy {m,n} -arpokcuMarii 3a BemuKuX m 1 n. OcoOnMBO CKIagHY 3amady
MIPEICTaBJISIE peallizaiis MepIIoro eTamy, Ha SKOMYy HeOOXiTHO pO3B’I3aTH CUCTEMHU
JiHIHHKX anreOpaidHuX PIBHAHBb BUCOKOI po3MipHOCTI. BupimeHnHio Bka3zaHoi 3a1a4i
MPUCBSYCHO poOoTH [6, 7]. BumbIIicTh OTpUMMAaHHWX y HUX pPe3yibTaTiB MOXHA
BUKOPHCTATH B paMKax Teopii [1].
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VY wiit poboti B AKOCTI NPUKIALYy BUKOPHCTAHHS 3raJlaHoro aJIrOPUTMY

PO3TJISIHYTO HH3KY 33aJa4 PO3paxyHKY HAIMpyKeHO-1e(OpPMOBAHOTO CTaHy OalokK i
000JI0HOK O0epTaHHS 332 MEXaHIYHUX 1 TEMIEepaTypHUX BIUIMBiB. OTpHMaHi MpH
OOMY  PE3yJdbTaTH  JO3BOJSIOTH CYAUTH TPO  BUCOKY  €(EKTHUBHICTH
3aIPOTIOHOBAHOTO i IXOY.

1.

Bexya M. H. HexoTtopsle o0mye METOABI IOCTPOCHUS Pa3IMYHBIX BapHAHTOB TEOPHU
obomnouek. — Mocksa: Hayka, 1982. —288 c.

Tooynos C. K. O 4YHMCIEHHOM pELICHWH KPaeBbIX 3a4ad I CHCTEM JIMHEWHBIX
00bIKHOBEHHBIX qu((epeHranbHbIX ypaBHeHui / Yenexu mar. Hayk. — 1961. — 16,
Ne 3 (99). - C. 171-174.

Tpueoniox D. U., KynuxoeI'. M. MHorocnoiiHsle apMHpOBaHHBIC 000J0Yku: Pacuer
MHEBMAaTUYECKUX MKH. — MockBa: MammHoctpoenue, 1988. — 288 c.

Tpueonrox D. U., [lanawurun B. F. TlpoOneMbl HENWHEWHOTO Ie(OPMUPOBAHUS:
Merto NpoJODKEHHs pPEIICHUS 0 MapaMeTpy B HEIMHEHHBIX 3aJadax MEXaHUKH
TBepaoro nedopmupyemoro tena. — Mocksa: Hayka, 1988. — 232 c.

I'pucopenxo A. M., I'pueopenxo A. 4. 3agauu CTaTUKU M JUHAMHKH aHH30TPOITHBIX
HEOJHOPOJHBIX 000JIOYEK C MEPEMEHHBIMH NapaMeTpaMH U HX UYHCIEHHOE pelIeHHe
(0630p) // Ipuki. mexanuka. —2013. — 49, Ne 2. — C. 3-70.

Te came: Grigorenko Ya. M., Grigorenko A. Ya. Static and dynamic problems for
anisotropic inhomogeneous shells with variable parameters and their numerical solution
(review) // Int. Appl. Mech. —2013. — 49, No. 2. — P. 123-193.

Tyuancoxuii P. I. TloGymoBa MerofgoM {m, n}-ampokcumarii Ta NpHUBEIECHHS [0
CIIEIiaTEHOTO BUTJLLY PIBHSHB TEOPii TOHKUX aHI30TPOITHUX TEPMONPYKHIX 000JIOHOK
/| CydacHi mpobieMHu TepMOMeXaHiKH: 30IpHMK HAayKOBHX mpaib / 3a 3ar. pen.
P. M. Kywnipa [Enexkrponuuii pecypc] // IHCTUTYT NpHUKIagHUX MPOOIEM MEXaHIiKH i
maremaTukd im. S1. C. [Tinctpurasa HAH Vkpainn. — 2016. — Pexum nocrymy:
www.iapmm.lviv.ua/MPT2016. — C. 239-240.

Tyuancoxuti P. I. PIBHSHHSI TOHKHX aHI30TPOIIHHX IPYXHUX OOOJOHOK 0OepTaHHS

MeToay {m, n} -anpoxcumarii / Mat. meroau Ta ¢i3.-mex. moist. — 2015. — 58, Ne 3. —

C. 43-56.
Te came: Tuchapskyy R. I. Equations of thin anisotropic elastic shells of revolution in the

{m,n} -approximation method // Journal of Mathematical Sciences. — 2017. — 226,
No. 1. —P.52 —68.

APPROXIMATE ALGORITHM FOR SOLVING CERTAIN CLASSES OF PROBLEMS OF

THE SHELL THEORY OF THE {m, n} -APPROXIMATION METHOD

The algorithm for solving problems on the stress-deformed state of shells of revolution

on the basis of the S. K. Godunov method of orthogonal successive substitution is generalized

on the new classes of problems arising in the framework of the shell theory of the {m,n} -

approximation method.
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VJIK 517.9

YU CJOBUIN METO/I 3HAXO/[P)KEHHS MOJABIMHOT O THTETPAJIA 31
3MIHHUMMH BEPXHIMHU MEXAMH

Ouabra Yepnyxa, FOpiii binymak

Llenmp mamemamuunozo mooenioganus Incmumymy npukiaoHux npooiem mexauixu i
mamemamuxu im. A. C. Iliocmpueawa HAH Yxpainu,
Hayionanenuii ynieepcumem «JIvgiecoka nonimexuixa»

cher@cmm.lviv.ua, byixx@gmail.com

ITix yac po3B’si3aHHSA HAYKOBO-TEXHIYHMX 3aBJlaHb BUHUKAE HEOOXIAHICTH 00-
YHUCIICHHS MMOJIBIMHUX 1HTErpaiB 31 3SMiHHUMH BEPXHIMU MEXaMH i CKIIQJIHOIO Mij-
iHTerpanpHOo (yHKIiE0. Taki 3a7adi BUHUKAIOTh, HANPHUKIAJ, NP BU3HAYCHHI
KOHIIEHTpaIlii 3a0pyAHEeHHS, COPOOBAHOTO Ha CKEJICTi 3aCUIHHUX (QiIBTPIB BOAW 1
BCTaHOBJICHHS Yacy Horo epekTuBHOI poboTH [1]. B maniit poboTi po3pobieHo me-
TOJI BU3HAUCHHS TOJIBIHHUX 1HTETPAJIIB 31 3SMiHHIUMHE BEpXHIMHU MEKaMHU.

PosrisiHyTO BHITaIOK TIOBIHHOTO iHTETpaTy

&1(7) g2 (1)
= [ [ r@vndvar, (1)
0 0

B SIKOMY BEPXHi MEKi IHTETpYBaHHSI € He3aIC)KHUMH YaCOBUMH 3MiHHUMH, TOOTO T, T’
€[0;00), TpU BOMY MiAMOPSAKOBYIOTBCS HEOOXimHMM oOMexeHHsM. be3 Brparu
3araJbHOCTI MOXKEMO NpHitHATH, o g1(T) =T Ta g (1) =1".

OO6acTh iHTErpyBaHHs HigiHTerpansHoi GyHKIii (1) y mpoctopi Ott't” Mae
BUIJIS]] HAXUIICHOTO TPUKyTHHKA (puc. la). BpaxoByioum, 1o t - 1e 4ac, To0to
3MiHHA HEMIEPEPBHO 3MIHIOETHCS BiJIl HYJIS IO o0, 31 3MIHOIO T 00JacTh IHTErpyBaHHSA
B nipocTopi O1t't" 3aIMIIAETHCA TPUKYTHUKOM. [IpH [bOMY 3MiHA T NPHU3BOAUTS 10
3MiHH MaKCHUMAIBHUX 3Ha4YeHb T 1 T .

ﬂ‘j [RAR AR o il A

Puc. 1. O6sacts interpysanns B npoctopi OTt't" (a) Ta cXeMa UHCENBLHOTO
MOABIHHOTO IHTETpyBaHHsI 31 3MIHHUMU BepXxHiMu Mexxamu (b)
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Juit T=1; MaeMo maxt =maxt =T, a 1 T=T, - maxt =maxt =1, . i
o0nacTi € moAiOHUMH TPUKYTHUKAMH, SIKi 3HAXOJSTHCS B MapaebHUX TUIOIIUHAX,
TOOTO Mg omHakoBUM KyToM Haxuwiay O mo Ot't" (puc. 1a). Ilpum upomy
3MIHIOETBCS TUIOINA NMOBepXHi inTerpysanns. Jlna T=0 o6macts iHTErpyBaHHs €
toukoro (0,0,0).

3po6rMO TPOEKIIi TOBepXHi iHTerpyBaHus Ha wiommuuy Ot't” . Toni otpu-
MYEMO MHOHUHY obnacteil inrerpyBanHs B nmpoctopi Ot't"z . Ilpu upomy mioima
obnacti P, iHrerpysanHs € P, =cos(0)P or» A€ Py, - mora mpoekiii obacti
iHTeTpyBaHH:. B pe3ynbTaTi MU OTpUMa€EMO CIMEMCTBO MiAiHTETpAIbHUX (YHKITIH,
napaMeTPU30BaHUX 3MIHHOIO T . Ha mpoekiito o6nacTi iHTerpyBaHHS HAKJIaJa€MO
KBaJpaTHy ciTKy (puc. 1b). BpaxoByemo anuTHUBHY BIACTHBICTH iHTerpama. Y
pe3yiabTaTi po30MTTA 007acTi iHTErpyBaHHS MM OTPUMAalM KBajpaTHI sq, 1
TPUKYTHI #7,; €JIEMEHTH.

Ha ocHoBi kBanpaTyp y BHYTpilHii 00s1acTi iHTErpyBaHHS Ta TPHAHTYJISLIiH-
HOT'O PO30OMTTS B3JOBXK 3MIiHHOI Meki 1" =1 OTpUMaHO HACTyNmHY (HOpPMYIy YH-
CEJIFHOTO iHTerYBaHH}I JUTS TIOABIMHOTO 1HTETpauTy 31 3SMiHHUMH BEPXHIMHU MEKaMHU:

n
J‘[f(’t v, 1)dt"dt = Zw f(r,,rl,r)+z Z wf(rl,rl,r)
i=2 j=i—-1
Tyr w=1/n, n — KilbKiCTb TPHKYTHHX EJIEMEHTIB; Tj | =T) +W ; Tj,] =Tj +W.
3a3Ha4nuMO, 110 KiJIbKICTh TPUKYTHHUX €JIEMEHTIB Ha 1 MEHIIe HK KBaJpaTHUX
B Hal/IOBILIOMY PSAKY.
FOJIOBHI/H‘/'I YJIeH HOXUOKH OTPUMAaHUH y BI/IFJ‘IHL[i

J“[ e (T r)dr'dr"-l-— H S (", vddt", (2)

[ U Vs U Vi
Sqel il

abo R = O(Zw ). Tyt V, Squ1

OCKIJIBKY B OIIHIII BIJKUHYTI BUCOKI CTereHl w (OUIbIIe HiIX KBaJpar), TOMY
BigHOIEHHs 1yist MOXUOKHK (2) € aCUMITOTHYHUM, i BUKOHYeThes mpu W—>0 3
TOYHICTIO JIO WICHIB OLIBII BUCOKOT'O MOPSIKY MaJIOCTi IIOJ0 W .

i V[,I — 00’eMH KBaJIpaTHOTO 1 TPUKYTHOTO €JIEMEHTIB.
e

1. JKypb6a M. OcHOBBI IPOLIECCOB OOYNCTKH CTOYHBIX BOA GuiibTpupoBanueM // Temo- u
Macco0OMEH B KaWJUIIPHONIOPUCTHIX Tenax. — 1965. — Ne 1. — C. 60-73.
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NUMERICAL METHOD OF CALCULATION OF DOUBLE INTEGRAL WITH VARIABLE
UPPER BOUNDS
The method of numerical calculation of the double integral with variable upper bounds
is developed. The variable domain of integration is established. Uniform grid in the form of
triangular and square elements is overlaid the domain. The formula for the approximate
integration is obtained and the principal term of error is established.
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YK 621.391:519.21

AHAJIITHYHI HEPIOANYHO HECTAIIIOHAPHI BUITIA IKOBI
CUT'HAJIN Y BIBPOAIAT'HOCTHIII

Poman FO3edoBuu, IIaBao Kypanos, Irop SIBopchkuii

Disuxo-mexaniynuii incmumym im. I. B. Kapnenxa HAH Yxpainu,
Hayionanonuu ynieepcumem “Jlosiscora Ilonimexuixa”,
Tncmumym menexomynixayii TexHOI02IUHO-NPUPOOHUYO2O YHIGEPCUMEMY

roman.yuzefovych@gmail.com, pavlo.r.kurapov@lpnu.ua

Amnani3 BiOpalifHUX CUI'HaJiB METOAAMH CIIEKTPAIbHO-KOPEALiiHOI Teopil
MePioJUYHO HecTarlioHapHux BuUmankoBux mporneciB (ITHBII) maB MoxiIuBiCTH
3HAYHO MiJBUIIUTH ¢QEeKTHBHICTh BiOpomiarHoctuku [1, 2, 4, 5]. Ile 3ymoBieHO
THM, 1110 3 BAKOPUCTAHHSM IMOBIPHICHHX XapaKTEPUCTHK [IbOT'0 KJIACy BUIAIKOBUX
NPOLIECIB MOKHA ONHWCATH Ti HENiHIMHI e(peKTH, SKI BUHUKAIOTH IPH MOSBI
TMIOTIKO/KEHD €JIEMEHTIB 00epTOBHX MEXaHi3MiB.

PosrisiHeMO BIACTHBOCTI TMEPIOAWYHO HECTAI[iIOHAPHOTO CHUTHATY Q(t) i

ananituynoro curnany §(¢)=&(¢)+i&(¢) Ta orunaouoi

2 2,2
n()=\[2()] +[&()]
MaTeMaTI/Iqu CHOHiBaHHH aHaJliTI/IIIHOFO CUrHainy
my (1) = EC(t) = mg () +im (1) =2 3 myet o
keN

€ BEeJINYMHOIO KOMIUIEKCHO3HAYHOIO, SIKa BU3HAYA€THCA B 00JIACTI JOAATHUX YaCTOT.
KoMruiekcHO3HaYHOIO B 3arajbHOMY BUITAJIKY € 1 HOTo KopersiiliHa (QyHKIisA

b (t,u) = b (t,u) + b& (t,u)+ i[b&% (t,u)— b%& (t,u)].
JlilicHa dvacTMHA CTaliOHAPHOTO HAOIMKEHHS AaHAIITUYHOTO CHIHAILY

JIOPIBHIOE TTOJIBOEHOMY HYJILOBOMY KopedsiiiitHoMmy kommonenty ITHBC, a ysBHa
YacTHHA — [TOJIBOEHOMY Horo neperBoperHio ['1nb0epra [3, 6]:

T
B ()= % g be (t,u)dt :2[3(()@) () +iB (u)} :

JlilicHa yacTMHa KOMIUIEKCHHX aMILTITYJ TapMOHIK BHM3HAYa€ThCS CYMOIO
KOPEIAIIHHNX KOMIIOHEHTIB CUTHAITY Ta fioro mepetBopeHHs ['ib0epra, a ysBHa —
cyMoIo0 ix repeTBopeHs ['inpbepra:
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BOw)=2 |:B,(f) )+ B (u)} + i[é,fv) )+ BE (u)} .

CepenHe 3HAYCHHS KBaJpaTy aMIUNTYAW OTHHAIOYOI JIOPIBHIOE CyMi
JICTIEPCii CUTHAITY Ta HOTOo nepeTBopeHHs [ impdepTa:

EA?(6) = bz (1,0)+ bz (1,0).
[i kopensaniiina QyHKIis 1715 raycOBUX CHTHAJIIB MA€ BUIJIAL:

b =E|[20+E0 [Eerw+Eerw]]-

_ 2 2 2 2
= 2[;;é (60) + B2 (1) + b (t) + b2, (t,u):l .

Koedimientn @yp’e miei pyHKIii BUpaxaroThes depe3 koedimientn Dyp’e
aBTO- Ta B3a€MOKOpEISILIHHNX (DyHKIII curHaiy Ta iforo nepersopenns ['inbpoepra,
OJIHaK OTpPHMaHiI BHpasw OyayTh HabaraTo CKIAQAHIIAMH [UIS aHalizy Ta
BiJIMTOBITHOT iHTEpIIPETaIlii, Hi’)K XapaKTEPUCTUKH MTOYATKOBOTO CUTHANY &() .

TakuMm YUHOM, TEpexiJ B 3aralbHOMY BHIIAIKy A0 MOZEI aHATITUYHOrO
CUTHANy 1 BH3HAUEHHS Ha WOTO OCHOBI OTHHAIOYOI JIO3BOJISIE MPOBECTH OB
JNETaJbHUN aHaNi3 MOIYJSIIMHUX NpOIECiB, MO0 B CBOK 4Yepry IMiIBHIIYE
e(heKTUBHICTh BUSIBJIICHHS Je(EKTiB Ha PaHHIX CTAiAX IX 3apOKEHHS.

1. Aeopceruii I. M. MareMaTuuHi Mozeni Ta aHaji3 CTOXaCTHYHUX KONWBaHb. — JIbBiB:
OMI HAHY, 2013. - 804 c.

2. Antoni J. Cyclostationary by examples // Mechanical systems and Signal Processing. —
2009. — Vol. 23. — P. 987-1036.

3. AntoniJ., Randall R. A Stochastic model for simulation and diagnostics of rolling
element bearing with localized faults. / Transactions of ASME. — 2003. — Vol. 125. —
P. 282-289.

4. Javorskyi I, Kravets I, Matsko I, Yuzefovych R. Periodically correlated random
processes: Application in early diagnostics of mechanical systems // Mechanical Systems
and Signal Processing. —2017. — Vol. 83. — P. 406-438.

5. Randall R. B., Antoni J. Rolling element bearing diagnostics — A tutorial // Mechanical
Systems and Signal processing. —2011. — Vol. 25. — P. 485-520.

6. Feldman M. Hilbert transform applications in mechanical vibration. — John Wiley, 2011.
—293 p.

ANALYTICAL PERIODICALLY CORRELATED RANDOM SIGNALS
IN VIBRATION DIAGNOSIS

Switch-over in the general case to the model of analytical signal and computation of the
envelope on its base allows more detail analysis of modulating processes that enhance
efficiency of defect detection on the early stages of initiation.
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BEHAVIOUR OF THIN-WALLED SHALLOW CONICAL SHELLS IN
CASE OF NON-UNIFORM STRESS-STRAIN STATE

Yaroslav Bessmertnyi
Prydniprovs ka State Academy of Civil Engineering and Architecture

yaroslavbessmertnyi@gmail.com

The aim of this work is to study (using ANSYS software) the influence of
periodically discrete border fixation of shallow conical shells under uniform external
pressure on deformation and buckling, as well as effects that are caused by non-
uniform stress-strain state (SSS). A great amount of cylindrical shells and some
series of conical shells with non-uniform have been already investigated in [1-3].

We performed three types of analysis: 1) linear bifurcation analysis to
determine the critical pressure value and corresponding eigen modes; 2) dynamic
analysis to determine first transversal eigen vibration modes of a shell without any
load; 3) geometrically nonlinear analysis to determine SSS of a shell, its limit
pressure value and corresponding buckling modes. All analyses were executed both
for shells with periodically discrete border fixation (mobile hinged edge sections
alternate with immobile hinged edge sections of the same length) and for shells with
continuous movable support or hinged support. The number of mobile and immobile
hinged sections () of the shell edge is varied from 0 to 14 in increments of 1.

As already mentioned, the numerical study was carried out within ANSYS
software (ANSYS Inc. Academic Research, Mechanical Analysis, Release 13.0
customer 298728). Thin-walled closed shallow cones had next parameters: shells
thickness 4 = Smm; base radius R = 2000 mm; height H = 140 mm. Angle between
conical shell generatrix and its base is o = 4°. Material of shells is steel X18H9H
(former Soviet Union steel specification) with following mechanical characteristics:
modulus of elasticity E=2x10% MPa, Poisson’s ratio v=0.3, yield stress
602 = 800 MPa, material density p = 7850 kg/m’ (the density is taken into account in
the analysis 2).

The results of the present research predict “static resonance” of shallow conical
shell subject to external pressure in the case of periodically non-uniform SSS using
two simple linear analyses. In particular, “static resonance” appears when periodicity
of SSS in the circumferential direction coincides with a half-sum of waves of the
first proper oscillation’s mode of an unloaded shell and waves of the first eigen mode
of linear buckling problem of a shell subject to external uniform pressure. In both
cases, these calculations must be carried out for continuous hinged support of shell

43



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

edges.

Note that few values of limit pressure are presented in the region of dangerous
limit pressures, and they are also dangerous for shells along with minimum
(resonance) value of minimal limit pressure. Therefore, we recommend moving out
this region as much as possible by increasing the periodicity of SSS away from
“resonance” periodicity i.e. by increasing a number of hinged supports.

Design of shells with small number of periodically discrete edge fixation
assumes a choice of analysis. It is necessary to focus on limit pressure obtained in
geometrically non-linear analysis for small angles o (for shallow shells). While for
large angles (for deep shells) a dangerous load is critical pressure obtained in linear
buckling analysis (bifurcation).

1. Krasovsky V.L. & Varyanychko M.A. 2004. Effect of a “Static resonance” in elastic thin-
walled cylinders. 21st Intern. Congress of Theoretical and Applied Mechanics; Abstracts
Book and CD-ROM Proceedings, 2004: 337. Warsaw: IPPT PAN.

2. Krasovsky V.L. & Kolesnikov M.V. 2013. “Static resonance” in cylindrical shells with
periodical non-uniform strain-stress state conditioned by load or initial imperfections. In
Review and Current Trends in Stability of Structures 3 (11): 289-312. Lodz: LTU.

3.  Karasev, A.G. 2016. Initial imperfection influence on the buckling load of closed elastic
isotropic shallow conical shells. Mathematics and Mathematics of Solids 21 (4): 444-
453.

BEHAVIOUR OF THIN-WALLED SHALLOW CONICALSHELLS IN CASE OF NON-
UNIFORM STRESS-STRAIN STATE
A numerical study (within ANSYS sofiware) deals with deformation and buckling of
series of elastic isotropic shallow closed conical shells subject to external pressure. Fixation
of shells edges is periodically discrete (mobile hinged edge sections alternate with immobile
hinged edge sections of the same length). While loading, the type of shells fixation causes
periodically non-uniform stress-strain state in the circumferential direction. Periodicity of
subcritical stress-strain state is equal to a number of fixed sections that varies in a wide range.
The phenomenon of “static resonance” was found for conical shells. The essence of the effect
is as follows. Minimum limit pressure of geometrically nonlinear analysis corresponds to the
periodicity of stress-strain state of a conical shell which coincides with a half-sum of the
periodicity of the first eigen vibration mode of an unloaded shell and the first eigen mode of
linear buckling problem of a continuously hinged supported shell subject to external pressure.
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OO0'ekTOM MOCITIPKEHHS € HECKIHYeHHI TiusicTi JaHmorosi apoou (I'JIJT)
BUTJISALY

b a; 0 aO,i
0+D—+D - +D , 0!
i=1 111 D ik 111 D A k+i
k=1 k=1
ae by, aj, i=0,1,...,j=0,1...,i+j=1 — mivicui ctami. [JIJ] Takoi cTpykTypu

TaK camo, SK i JBOBUMIipHI HemepepBHi apoou (JJHJ]) mos's3ani i3 3amauero
BIATIOBITHOCTI MiIX (POPMaEHUM IIOJBIfHUM CTETICHEBUM PSAZIOM 1 MOCIIJOBHICTIO
pauioHanbHUX HAOMMKEeHb QyHKILIT ABOX 3MIHHUX [6, 7, 9].

IcHytoTs pi3Hi crocoOu 1moOymoBM HaOmmkeHb (HMiAXITHHX — JpoOiB)
0araToBUMIpHHMX Yy3araJbHEHb HENEepepBHHUX IpoO0iB. 3BHUaiHE 71-€ HAOIMKCHHS
(3Bruaitauit n-i minxiganid api6d) TJIJT (1) o3Haunmo Tak:

a0 1 aO,i
Jo=bo, fn= bo+D—+D . D ,n=12,.. (2)
i=1 111 Dk+1k 111 Dkk+l
k=1 k=1

[Hmmi crioci6 nobynosu n-ro Hadmwkenns ['JI/] (1) 3anponoHoBaHo y po6oTi

[9]:

[”/2]‘1 " a; 0 " a,i
fo=by+ D +D [=)/2] +p [7)/2] ,n=12,..
i= 11+ D Aetif 1711+ D A fevi
k=1 ! k=1 1
A3)
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ne [a] — [ia YacTWHA NiAcHOrO ymcia q. HaOmmkenns (3) Ha3mBaTUMEMO
¢irypauM (hirypHUM miIXiZHUM JpoOOM)

Haii0inbi BUBYEHUMH € OaraTOBUMIpHI y3araJbHEHHS HEIIEPEPBHUX APOOIB 3
JIOIATHUMM eIeMEHTaMH. [X XapakTepHOI0 0COBIMBICTIO € BAACTUBICTS , BUIIKH" IS
3BHYAlHUX  HAOMDKEHb,  SKa  BHUPAXAEThCS ~ CHUCTEMOIO  HEpiBHOCTEH
ok < Joksa < f21-1 < Sfoy41> A€ k,l — noBinbHI HarypanpHi uucna. PirypHi
HaOJIM)KEHHST TaKOIO BJIACTUBICTIO HE BOJIOAIIOTH. BilacTMBOCTI MOHOTOHHOCTI Ta
00MEeXEeHOCTI MOCHiAOBHOCTEH (PIrypHUX Ta 3BHYaliHUX HaOIMKEHb MOXKYTh OyTH
3aCTOCOBaHi MpH AociimpkeHHi 30ikHOCTI [JIJl 3aranpHOro Ta ChHEIiabHOTO
BUTIIALY, a Takoxx JTHJI [3-5].

Ha nanwmii 9ac BCTaHOBJICHO JESIKi TOCTaTHI YMOBH [1, 2], 32 AKuX

foshs<.<h,<.<M|, fo<fh<.<fr,<.<M,

f02f2 Z...Zfzp Z...ZMz, befz Z...Zfzp Z...ZMz,
lim fy, = lim f3,.
p—>0 p—>x0
a TaKOX
f4m <f4m+4 <f4n+2 <f4n72, m=0,1,2,..., n=12,....

1. Awumonosa T. M., Bosna C. M. IIpo oaHy o3HaKy 30DKHOCTI TULIACTHX JIaHLIOTOBHX
Ipo0iB crewiagbHOTrO BUMISLY 3 AiiicHuME enemeHTamu // TIpukit. npodiemu MexaHiku
i MmaTematuku. — 2016. — Bun. 14 — C. 16-24.

2. Ammonosa T. M., Bosnua C. M. Jlesiki BIaCTHBOCTI HAOJM)KEHb TIUISICTOrO JIAHIIFOTOBOTO
Jpo0y cHemniaJbHOrO BUTILITY 3 HEAOJaTHUMH YaCTUHHUMU YHceNbHuKaMu // Byk. mar.
KypH. —2017. -5, Ne 1-2. - C. 6-15.

3. Awumonosa T. M., Cyce O. M. IIpo BIacTUBOCTI HESKUX IIOCIIJOBHOCTEH HaOJIKEHB
MapHOTO MOPSIIKY IBOBUMIPHHX HerepepBHUX ApoOiB // Hayk. BicHUK YXKropon. Hail.
yH-Ty. Cep. Matemaruka i inpopmaruka. — 2006. — Bun. 12-13. — C. 4-9.

4.  Aumonosa T. M., Cyco O. M. TIpo BnacTHBOCTI mocioBHOCTEH (irypHUX HAOIMKEHD
JBOBHMIPHHX HEIEPEPBHUX APOOIB CHELiaJbHOrO BUIIAY 3 JIHCHUMHU eneMeHTamu //
Mar. Bicauk HTIII. — 2007. — 4. — C. 5-16.

5. Awumonosa T. M., Cyce O. M. [lesiki pocraTHi yMOBH 30DKHOCTI IIOCIiJOBHOCTEH

(irypHuX HaOIIDKEHb MAPHOTO 1 HEMAPHOTO MOPSAKIB JUIS ABOBUMIPHUX HETICPEPBHUX

Ipo6iB 3 pilficaumu enementamu // Bicauk Ham. yH-Ty «JIpBiBCBhKa momitexHikay. Cep.

dizuko-maremaruyti Hayku. — 2009. — Ne 660. — C. 49-55.

boonap /. Y. Betpsiuecs uennslie apodu. — K.: Hayk. nymka, 1986. — 176 c.

7.  Kyumincoxa X. M. Jlsoumipni ~ memepepsHi ~ apo6u. —  JIeeiB,  IIIIMM
im. S.C. Iligcrpuraua HAH Vkpainu, 2010. — 218 c.

8. Cycv O.M. Ilpo ommu 3 aHaJoOriB MeTony (GYyHIAMEHTAIBHUX HEpIBHOCTEH IUIS
JBOBHMIPHHUX HemlepepBHUX IpoOiB // IIpuki. mpoGiieMu MeXaHIKM i MAaTeMaTHKU. —
2007. — Bun. 5. — C. 71-76.

o
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9. Siemaszko W. Branched continued fraction for double power series // J. Comp. and Appl.
Math. — 1980. — 6, Ne 2. — P. 121-125.

SOME PROPERTIES OF APPROXIMANTS FOR BRANCHED CONTINUED FRACTIONS
OF THE SPECIAL FORM WITH REAL ELEMENTS

The paper deals with branched continued fractions of the special form with two
branches which similarly as the two-dimensional continued fractions are connected with the
problem of the correspondence between a formal double power series and a sequence of the
rational approximants of a function of two variables. We consider some sufficient conditions
of monotonicity and boundedness for sequences of figured and ordinary approximants of even
order.
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VY 10moBiAl pO3rIISAAETHCS PO3BUTOK MOHATTS BIAMOBITHOCTI B Teopii Here-
PEPBHUX Ta TUDIACTHX JaHmoroBux apo06is (I'JI/1). BiamoBimHICTh JIEKUTH B OCHO-
Bi 0araTboX anropuTMiB MOOYZOBH PO3BHHEHb (YHKIIH OnHI€ET 3MiHHOI B Heme-
pPepBHI IpoOH, a TAKOK 3aCTOCOBYETHCS IS JTOCHTIKEHHS PIBHOMIPHOT 301’KHOCTI
OJIepIKaHUX PO3BUHEHB /10 ¢dynknid. Hait0inpmn 3arajgbHe 03HAYEHHS BIAIOBIIHO-CTI
MOCITiIOBHOCTI MepOMopchHx (byHKum o nesikoro GopmansHoro psay Jlopa-Ha
(®PJI) Ta mpuHumn BigmoBimHocTI HaBeneHi B MoHorpadii [1]. Lli pesynbratn
3aCTOCOBAHO /10 JIOCHTIPKCHHS PO3BUHEHb (DyHKIIN y HETlepepBHi ApoOH, A€ B KO-
CTi NOCJIZOBHOCTI MEpOMOP(HUX (YHKIIH PO3IISIHYTO MOCTIIOBHICTD IMiAXITHUX
Ipo0OiB po3BUHEHHS Y HeTIlepepBHUMN Api0 Aeskoi GpyHkiii, a @PJI — po3BUHEHHS TTi€T
¢ynkuii y ®PJI B mouarky koopaumHar. Ha ocHOBI BignoBimHOCTI OyIayroThCs
aJTOPUTMHU PO3BUHEHDb M (QYHKIIH Oarathox 3minamx y [JIJI, Hanpukian,
PO3BHMHEHHS NMOJBIMHUX CTENCHEBUX PsIiB y ABOBUMIpHI HeNepepBHi xpodu [2],
pO3BUHEHHS KpaTHUX creneHeBux psniB y ['JI/] [3]. BinmoBigHicTh Ta MpHHIAT
BIJITIOBIZTHOCTI y3arajibHEHO JIJIs TIOCIIJOBHOCTEH pallioHaTbHUX (PYHKIIIH 6ara-Thox
3MiHHUX 10 ¢opMadbHUX KpaTHHX cTeneHeBux psaniB [4]. 1li pesymbratn
3aCTOCOBAHO 10 AOCIIUKEHHS 301KHOCTI PO3BUHEHb TiEPreOMETPHYHNX (PYHKIIN
baratpox 3MiaaMX y ['JIJI.

1. Jones W. B., Thron W. J. Continued Fractions: Analytic Theory and Applications. —
Cambridge University Press, 1980. — 428 p.

2. Kyuwmincoxa X. H. JleoBumipHi HenepepsHi apo6u. — JIbBis: IHCTHTYT TIpHKIT. Tpo6iem
mexaHikd i Mmatemaruk im. 5. C. [lincrpuraua HAH Ykpainu, 2010. — 218 c.

3. bBoowuap J]. I. baratoBumipui C-npodu // Mat. meronu Ta ¢i3.-mex. nois. — 1996. — 39,
Ne 2. - C. 39-46.

4. Tocnxo H. I1. TlpuHuMO BiJMOBIAHOCTI Ta 30DKHICTH IMOCHIZOBHOCTEH aHATITHYHHX
¢bynkuii 6arateox 3minaux // Mar. Bicauk HTIL. — 2007. — 4. — C. 42-48.

ON CORRESPONDENCE IN THEORY OF CONTINUED AND BRANCHED CONTINUED
FRACTIONS

We consider the development and application of correspondence in the analytic theory
of continued fractions and their multidimensional generalizations.
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O06’ekTOM AOCHIKEHHS € TULIcTi naniorosi apoou (I'JIM) cremianpHOTO
BUTJISALY

0 k| 1
bo+DZ—b : (1)
k=1, =1 %i(k)

ne by,bygy €C, i(kyel, I={i(k)=iiy..iy iy <ig_y <..<ip,ip=N},N -
(hikcoBaHe HATYpaJIbHE YHCIIO.

Jst gaHOTO APOOY MOBEACHO, 10 KYTOBa 00J1aCcTh
G:{ze@:z¢0,|argz|<9,6<g}

€ MHOXMHOIO YMOBHOI 301)KHOCTI.

[lpu HaknmamaHHI AOAATKOBOI YMOBH, a caMe, IIO bi(k) eG, i(k)el, ne
G ={ze(C:z¢0,|argz|<6,6<%},

3 BUKOPHUCTaHHSM OIIIHOK IIBHAKOCTI 30DKHOCTI HENEpepBHUX JIpoOiB
Ban ®neka [1], BcranoBneHa ominka mBuakocti 30ikHOCTI [JIJ] (1) y BHmAaky,

ko N=2.

1.  Gragg W. B., Warner D. D. Two constructive results in continued fractions / SIAM J.
Numer. Anal. — 1983. — 20, Ne6. — P. 1187-1197.

ON TRUNCATION-ERROR BOUNDS FOR BRANCHED CONTINUED FRACTIONS
OF THE SPECIAL FORM

Truncation-error bounds for the continued fraction of special form whose elements lie
in angular domains are established.
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CUMETPUYHI HIOJITHOMH TA CUMETPUYHI AHAJIITUYHI _
®YHKIII HA ITIPOCTOPAX BUMIPHUX 3A JIEBET'OM ®YHKIIIN

Tapac Bacuaumun

Jleporcasnuii unyuii HA84ANLHUL 3AK1A0
«IIpuxapnamcokuil nayionanenuil ynieepcumem imeni Bacuns Cmeghanuxa»

taras.v.vasylyshyn@gmail.com

Hexaii Q — umipanit npoctip. IlosHaunmo Z¢ MHOXKHHY BCiX BUMIpHHX

Oiexuiit Q , gxi 30epiratoTe Mipy. Po3risaeMo noBineHUI OaHaxiB mpoctip X ()

BUMIpHUX (YHKIIH, 3a1aHUX HAa Q , KA Ma€ TaKy BIACTHBICTH: i3 TOTO, IO
¢yHKIIST x HaeXuTh npocropy X(€)) BUIUIMBaE, 0 (YHKLIS XxoG TaKOX

HaJIeXUTh TIpocTopy X () mys xoxkHoi Oieklii ¢ € E¢y . Oynkuiro f, 3a1aHy Ha
npoctopi X (), Ha3WBaIOTh CHMETPUYHOIO, AKIO f(xoo)= f(x) mma Bcix
xe X(Q) iBcix ceZq.

B naniii poOori BuBHalOThCs anreOpaiuHi Oaszucu anreOp HeENEepepBHUX

CHUMETPUYHHX HOIIHOMIB 1 CIIEKTPH aIre0p CUMETPUYHUX aHAITUYHNX QYHKIIN Ha
HACTYIHHX KOMIUIEKCHMX OaHaxoBux mpocropax: L,[0,1] (mpoctip cyrreBo

oOMexeHux BUMIpHUX 3a Jleberom KOMIUIEKCHO3Ha4HMX (yHKUiii Ha [0,1]),
L;[0,4+0) N L,[0,+00) (mpocTip CyTTEBO OOMEXKEHMX IHTEIPOBHMX BUMIPHUX 3a

Jleberom KoMIIeKCHO3HAUHMX (QyHKOIH Ha [0,+00)), a TakoX Ha TPOCTOpi
(L, [0,11)" (n -Tnit nexapTiB cTeninb GaHAXOBOrO MPOCTOPY L pl0.1] inTerpopHux
y ctenieHi p €[0,+00) BuMipHUX 3a JleOeroM KOMIUIEKCHO3HAYHUX (DYHKIIH Ha
[0,17).

SYMMETRIC POLYNOMIALS AND SYMMETRIC ANALYTIC FUNCTIONS ON THE
SPACES OF LEBESGUE MEASURABLE FUNCTIONS

We investigate algebraic bases of algebras of continuous symmetric polynomials and
spectra of algebras of symmetric analytic functions on the following complex Banach spaces:

L,[0,1], Ly[0,+90) N Loy [0, +0) and (Lp[O,l])n.
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Posrisnaersest HabmKeHHs nepioanyHuX QyHKUIH o/HiET 3MIHHOT i3 KitaciB

" .
LB,p y IIpOCTOpI Lq.

Kiacu L‘é’,p oyno BBemeHo O. I. Cremanuem (muB.,
Hanpukiaz, [1, ¢.25]). 3asnaunmo, mwo y sunaaxy (lk|) = |k|_r , >0, keZ\{0}
BOHH CIIIBIAJAt0Th 3 Kiacamu Beins-Hans Wﬁr » (nuB., Hanpukian, [1, ¢.25]).
Hexaii L, — IPOCTIp BUMIpHUX 2T-1iepiognyHux GyHKIIH f 31 CTAHAAPTHOO
HOPMOIO.
Uepe3 B mo3HAaYMMO MHOXKHHY JOJATHHUX 1 HE3POCTAFOUHX (HYHKITIH \y() , ISt

K0KHOT 3 siknx icnye crana C > O0raka, mo y(r)/y(2t)<C,1eN.

Hexait {f(k(1))}7; — xoedimientn ®dyp’e {f(k)}yey OGymkuii fel,
BITOPSIIKOBAaHI y MOPSIAKY HE3POCTAHHS X MOAYJIiB, TOOTO

| fRQ) ] f (k)2 ..

IMo3Hauumo ans f € Lq

G (f>x) = ff(k(l))e’”’)x
=1

1 pO3IIITHEMO BEJINYUHY

sup [/ ()= Gy (9], -
feF
Jlnst pyHKIiOHANBHOTO Kacy F L, moknaznemo

Gp(F)y=sup /() =Gy ()
feF

(1)

|q'

51



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

Benmuuny (1) HasuBaroTh Tpimi-anroputMoM (Bix anri. greedy algorithm). 3
ICTOpi€I0 TOCHIHPKEHHS MaHOi BEIWMYUHM JUIS JSSKAX BaXJIMBHX (YHKIIOHATEHUX
KJIaCiB MO’KHa O3HAHOMHUTHUCS B poOOTi [2].

MatoTh Miclie TaKi TBEPHKCHHSI:

Teopema 1. Hexati 1< p<q<2, yweB, BeR i kpin mozo, icnye €>0

11
———+¢
maxe, wo nocniooswicmo Y(E)t? 1 ,teN, ue spocmae. Todi cnpasednusa
nopsaokosa oyinka
11

G (LY ,)g = w(mm? 2.

Teopema 2. Hexaii 2< p<g<ow, ye B, BeR i kpiu mozo, icuye €>0
1
—+e
make, wo nocriooenicms Y()t2 ,teN, ue 3spocmae. Todi cnpasednusa
nops0K06a OYiHKa
11

Gu(Ly ), = y(m)m? 9.
BayBamennsi. [loxnasuu y meopemax 1, 2 (| k|)=|k|”", ompumaecmo

. . . 7 . .
8I0N06IOHI  pe3yromamu 0Nl GeNUYUH Gm(WpB)q, AKi  pauiuie OompumaHo

B. M. Temnsaxosum y pobomi [2].

1. Cmenaney A. . Knaccudpukaiys u npubmmkenue nepuonudecknx Gpynkuumid. — K.:
HaykoBa ngymka. — 1987. — 286 c.

2. Temlyakov V. N. Greedy approximation. — Cambridge: Cambridge University Press. —
2011.— 418 p.

GREEDY ALGORITHMS OF THE CLASSES LB » OF PERIODIC FUNCTIONS

IN THE SPACE Lq

We obtain the exact order estimates for approximations by greedy algorithms of the

classes L\é’p of periodic functios in the space Lq for some relations between parameters p

and q .
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JAESKI BJACTUBOCTI AJITEBP, TOPO/KEHUX ITOCJIILJOBHICTIO
ITOJIIHOMIB HA BAHAXOBOMY ITPOCTOPI

Cairaana I'aaymak

Jleporcasnuii unyuii HA84ANLHUL 3AK1A0
“IIpuxapnamcuokuti Hayionanvuuil ynieepcumem imeni Bacuns Cmeganuxa”

sv.halushchak@ukr.net

Hexait x — Ganaxis npocrtip. [lozuauumo P = {A,P,,..., B,,...} — NOCIi0B-
HicTh anreOpaidHO HE3aJNEKHHX MOJIHOMIB TakHX, WO WA KokHoro neN P, ¢
HENIEPEPBHUM 7 -OJHOPIAHMM HoniHOMOM Ha X . Hexait (X)) — e anre6pa ycix

HOJIHOMIB, sKi € anreOpaiunumu kKombGinanismu enementis Muokuun P. Koxen
eneMeHT anredbpu Fp (X) MoxKHA NOAATH Y BUTTIAL]

M
P=P0)+ Y > phiploph

n=1kj+2ky+.. +nk,=n

IMoznauumo Hp(X) 3amukanHs anredpu 7p(X) BIZHOCHO METPHKH,
HOPOPKEHOI CHCTEMOIO HOPM

71, =sup{lf G0 x e X, <},

Jie 7 mpo0irae MHOXXUHY BCIX JOJATHHUX PAI[iOHAILHUX YHCEI.
B naniii poboTi BUBUarOThCS AesKi BIacTuBocTi anredbp Fp(X) 1 Hp(X).

SOME PROPERTIES OF ALGEBRAS GENERATED BY THE SEQUENCE OF
POLYNOMIALS ON A BANACH SPACE
Let X be a Banach space. Let P ={R,P,,...,P,,...} be asequence of algebraically
independent polynomials such that P, is a continuous n -homogeneous polynomial on X .

Let Bp(X) be the algebra generated by elements of P . Let Hp(X) be the completion of
Bp (X) with respect to the metric, generated by the system of norms

171, =sup{/()|: x € X,

where r € Q" . We establish some properties of the algebras Bp (X) and Hp(X).

q<r),
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MHO’KHUHU CTIIKOCTI JO 35YPEHD I'ULISICTHX JIAHIIIOT OBUX
JIPOBIB 3 JOJIATHUMM EJJEMEHTAMU

Bosoaumup I'maayn, Onexcanapa Mansii
Hayionanonu ynieepcumem “Jlosiscorka nonimexuixa”

v_hladun@yahoo.com, lesly@ukr.net

O0’eKTOM JOCIIJKEHHS € HECKIHYEHH1 riuicTi j1aniorosi apoou (I'J1/1)
-1

0 Na'k
|+ DY (1)

k=1i,=1 Dick)
ne N eN —kinbkicts rinok posranyxeuss, i(k) =i, ...i, —MyasTaingekc. Hexaii
Iy =H0}, Iy ={i(k):ip =1,2,..,N, p=12,...k}, k=12,... Hexait {Q],
D+ Qi(k) cR? , i(k)yel,, k=0,1,2,..., — HOCIJOBHICTb MHOXHH €JIEMEHTIB

DI (1), 0610 (@t34), Diiy) € ik -

Teopema. Hexail gionocui noxubrxu enemenmie [JI] (1) 3a0060nbHsIOMb
YMO8U

o | < s By | < B i) Iy, k=012,
a‘i(Zk) <0, l(2k)€12k , 1(2k+l) >0, l(2k+1)€[2k+1 , k=0,1,2,.

oe 0<a<l, 0<B<l, a+P#0. Cykynwicme MHONCUH eNeMEHMIE
Qi(k) :(O,Hk]X[Vk,+OO), Hg >0, Vi >0, i(k)elk, k=0,1,2,..., €

NOCAIO0BHICMIO MHOMCUH cmitikocmi 0o 30ypenv TV (1), skwo 36icaembcsi psio

-1
Vi_1V
Z H[l + ;cvl ke ] . JIns 6ionoCHUX nOXUOOK NIOXIOHUX OPOOI6 CNPABONCYEMbCS
n=1k=1 Hic

OYiHKA

-1
()‘<—+0L 1+ |+ k=Y §=0,1,2
1 ZH i b bl

n=1k=1 Ny

THE SETS OF STABILITY TO PERTURBATIONS OF BRANCHED CONTINUED
FRACTIONS WITH POSITIVE ELEMENTS

We consider the problems of the stability to perturbations of branched continued
fractions with positive elements.
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CIIEKTP AJITEBPU BJIOYHO-CUMETPUYHUX AHAJIITHYHUX
®YHKIIA OBMEKEHOI'O TUITY HA ITIPOCTOPI ¢, ®/

Amnapiii 3aropoaniok, BikTopist KpaBuis

Jlepoicasnuil uwyuii HA8UATLHUL 3AKIA0
“IIpuxapnamcuvkuti Hayionanvuuil ynieepcumem imeni Bacuns Cmeganuxa”

andriyzag@yahoo.com, maksymivvika@gmail.com

Posrmsnemo npoctip ¢ @/, eneMeHTaMu AKOro OyayTh BEKTOPU

()

e x:(xl,xz,...,xn,...)efl, a y:(yl,yz,...,yn,...)efw. Hopmy Ha manomy
MPOCTOPIi BBEACMO SIK

o0
[0, =l + i, = Xobsl+supl]
i

Mosuaunmo depes P, ({1 (), Hp,((;®(,) - amebpy Gmodmo-

CUMETPUYHUX TIOJIIHOMIB Ta anre0py OJIOYHO-CUMETPUIHHUX aHATITHIYHUX QYHKITiH
00MEXEHOT0 TUILy Ha IpocTopi ¢ DL, .

V nomnosini Oyne mokasaHo, 1o anreOpaiunuii 6asuc anredpu P, (él @/ OO)
0

yrBoproiots nominomu HP4 (x,y)= le.py? , e p>1,g>0. Takox 4acTKOBO
i=1

Oyne omucano crexktp amrebpu Hp, ({1 ®(,), skumii Oyaemo MO3HAYaTH

Mbvs (gl @EOO) .

THE SPECTRA OF THE ALGEBRA OF BLOCK-SYMMETRIC ANALYTIC FUNCTIONS OF
BOUNDED TYPE ON /{ @/,

We describe algebraic bases of algebras of block-symmetric polynomials on the space
0, @1, and describe the spectra of the algebra of block-symmetric analytic functions of

bounded type on the space {1 DL .
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CAMETPUYHUI TEH30PHU JOBYTOK METPUUYHHUX ITPOCTOPIB
Amnnapiii 3aropoaniok, Mapiss MapuinkiB

Jleporcasnuii unyuii HA84ANLHUL 3AK1A0
“IIpuxapnamcuokuti nayionanvuuil ynieepcumem imeni Bacuns Cmeganuxa”

andriyzag@yahoo.com, mariadubey@gmail.com

Hexait X — Hemopo)kHili METpHYHHUI TPOCTIip, 3aPiKCYEMO Y HBOMY JEAKY
Touky O,. Taxuil MeTpuuHHIl IPOCTIp HA3UBAETbCA MPOCTOPOM 3 BiIMIUEHOIO

TOYKOI0. BinoOpaskeHHs f MiX METPUYHUMH IPOCTOpPaMH X Ta Y HA3UBA€THCS
JNIIALIEBUM, SKIIO iCHy€ Taka cTana ¢, WO JUIA JOBUIbHUX EIEMEHTIB x|, x, € X
crpaBeuiuBa HepiBHICTH Py (f(x)), f (%)) < cpy (x,Xxp) . JoBeneno, mo amus
JOBIIbHOIO METPUYHOrO MPOCTOPY X 3 BiJMIu€HOIO TOYKOIO O, icHye equHuii (3
TOYHICTIO JI0 130METPUYHOTO i30MopdizMy) OaHaxiB mpoctip B(X) Takuii, 1o
METPUYHUI NPOCTIp X BKJIAAAETHCS y OaHaxiB npoctip B(X) 1 KoXHe JiNIuiese
BimoOpakeHHs f:X — E Moxe OyTH TPOAOBXKEHE [0 JiHIHHOTO oreparopa
f :B(X) — E . Ilo3Haunmo 4epe3 X eJIeMEHTH JIHIHHOT 000IOHKH MPOCTOPY X .

[pocrip B(X) HazuBaeThCs BUILHUM OaHAXOBUM HPOCTOPOM.
[ToOyayeMo MHOXHHY

Qy =f{x—x |xx' e X,x%x}Ub, < B(X).
Posrnsgnemo miHiMHMN mpocTip ¥ GopMalIbHUX CyM z%i(x,-, yi), JOe

(x;, 1) €Qx xQy i mpoctip Tg =Dy, (x;,0,)+ > 1 ;(0,,y;). TosHawmmo
k J

depes 3 (hakTOp-IpOCTIp X/Zq, a yepe3 X©) KJlac €KBIBaJEHTHOCTI eleMeHTa

(x,y). TensopauM QOOYTKOM METPHYHHX IPOCTOPIB X Ta Y HA3WBATHMEMO

MHOKHHY X oY ={xoy|xeQy,yeQy}. Jls KOKHOTO eleMEHTa ® €2

BU3HAYMMO HOPMY

Jlof| = inf > "[n - , (1)

ne iHpiMym OepeTbCsi MO BCIX 300paXCHHSAX e€NeMEeHTa  y BHIVIAII

’

!
Up — U

Vi ~Vk

!’ ’ r ’
m=z7»k(uk—uk )(Vk—Vk),ﬂe Uy, Uy e X, Vi sV eY.
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Teopema 1. [Tonosnenns npocmopy % eionocno nopmu (1) izomempuuno
i3omopgne npoexmugHomy menszopromy 000ymky B(X) ®n B(Y).

IIpoexTBHA TeH30pHA HOpMa IIpocTopy B(X) ®n B(Y) iHOyKye MeTpHKy Ha
X oY ,TOMY X oY € MCTPHYHUM IPOCTOPOM 3 BIAMIYCHOIO TOUKOI0 O, <6, .

Hexaii Z — MeTpU4HUI NIPOCTIp, 3 BIAMI4E€HOIO TOUKOI0 0, . AHAIOIi4HO K

JUTSI BUTIAZIKY JBOX IIPOCTOPIB TEH30PHUM JOOYTKOM METPHIHOTO TIPOCcTOpy (X oY)
Ta METPUYHOTO MPOCTOPY Z HA3BEMO MHOXHHY KIIACIB €KBIBaJICHTHOCTI €JIEMECHTA

(xoy)oz, T0OTO
(XoY)oZ={(x0y)oz|xoyeQy.y,ze€Qy}.
AHanoriyHo Mo>xHa o0y tyBaTH MHOXHHY X o(Y o Z).
Teopema 2. [lpocmopu (XoY)oZ ma Xo(YoZ) € i30mempuuno

i3omoprumu.
AHAJNOTIYHO MOXHa BBECTH MOHSATTS TEH30PHOTO JOOYTKY n METPHUYHHX

npoctopis o" X . Tensopuuii 100yTOK METPUYHHX IIPOCTOPiB BBeAeHMH v [1].
BBezeMo NOHSTTSI CUMETPUYHOTO TEH30PHOTO A00YTKY

MY ={x10xy0...0X, | X],X5,...X ,€Qx},
1 .
€ X10Xp ©...0X, =; z Xg(1) © X5(2) O+ ° Xg(n) 1 S, — MHOXMHA BCEMOKIJIUBHX
‘cesS,
MEePECTaHOBOK. 3ayBaxuMo, o MNX "X . JoseneHo, mo
B X)=®] B(X) i B'(§X)=L("B(X))—mnpoctip BCiX  n -iHiiHKX
BifoOpaxenb Ha B(X).
1. y6ei M. B., 3acopooniok A. B.  Jlineapu3aiist  JNiNIIKLIEBO-MOJIHOMIaJbHIX  Ta

ninmuneBo-aHamitnuHux Qyskuiit / Kapnarceki Mmaremarnyni myomikamii. — 2011, —
3, Nel. — C.40-48.

SYMMETRIC TENSOR PRODUCT OF METRIC SPACES

We introduce and study analogues of tensor and symmetric tensor products of metric
spaces with fixed point. Some properties of tensor and symmetric tensor product are proved.
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CTPYKTYPA HENNEPEPBHUX ®YHKIII, IO 3BEPITAIOTH
OEHTPAJIBHY HU®PY V O5-30BPAKEHHI YUCEJI

Ipuna 3ampiii, Onena Heronenko

Jleporcasnuii ynisepcumem menexomMyHikayii

irinafraktal@gmail.com, negodenkoav@i.ua

Hexat 43 ={0,1,2} — andasir, L=A43xA43x43x... — HOpPOCTIp
nocnigoBHocTel eneMmeHTiB andasity, Oz ={q(.q;.92} — (ikcoBaHa MHOXHHa
JOJATHUX JIHCHUX 4HCell, IPHIOMY g +¢; +¢, =1.

Binomo [1], mo mis nosinbHOro x €[0,1] icHye mocmifoBHICTh (o) € L,
Takxa, 1110

0 k-1 0
x:BGI +Z BaquOL< EA(X3(1 Lo M
= i—1 J 172 n
J
ne Bo=0, By =qp, B =q0+q -

© k-1
Psn Bo‘l + Z [B“k anj] Ha3MBa€TbCsl (5 -MPEACTABICHHAM 4YHCIa x, a
k=2 j=1
&)

CKOPOYCHHI 3aImc x:Ao‘lo‘z"'“n-" — Horo (;-306paxennsam. Ilepiog y k-

300pakeHH] yncia (Ko BiH iCHY€) MO3HAYAIOTh y KPYTIUX TyKKax.
Posrisnatorbes HenepepBHi Ha Biapisky [0;1] GyHKUii ', BU3HAa4YEHI PiBHICTIO

Y=IO=OF, o =AY
Je uudpa y,, 05 -300paxkeHHs 4Mclla Y 33J0BOJIbHAE YMOBU:
Dy, =leo, =1;
2) sxmo uudpa y, BiOMIHHA Bix 1, To BOHA 3aJeXUTb Bif HepmuXx n LUP

O -300paXkeHHs apryMeHTa x , T001o: v, =7, (x) = ¢, (0 (x),...,a,(x)), neN.

Osznauenns ([1]). Zxwo y Q5 -306pascenni apeymenma X = Agfdz---(lnm iy
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-306pasicenni snavenns gynxyii y= f(x)=f (Agfo‘z o )= A%Y peed yugpa

1 3naxooumvca na mux camux micysax, moomo vy, =1< a, =1, mo xazamumemo,
wo @ynxyia f 30epicac yugpy 1 (6e3 npummodcenns) y O -300pasicenni uucen
giopizka [0;1].

[Mpukmnagom Takoi GpyHKUIi €:

_ (A —AS
I(X)’I(Aaa ...an...)7A[270L1][27(x2]...[27a I..
% G
Teopema. Koocna nenepepsna dynxyis (A 0ty ) AV1Y2"'Yk"" wo

36epieac yugpy 1 (be3 npummnosicenns) y (s -306pascenni yucen 6iopiska [0;1],

BU3HAYAEMBCA CUCMEMOIO

ay - 1(_)+bk npu xeAQ3

cy.cp’
f(x)= o
- X+d, nmpu xeAD,
C1C2...Ck
oe
k k k -1
v3 v ap=TTaa,. % = [lay, o =By + 2By Ty ).

ClCy-- ClCy-- =1 j=1 t=2 j=1

k
l:[qy k t—1 qu k -1
o =1 e =By + 2By, Tay )~ L B, + 2 Be, [ a0, )k eN.
qui =2 j=l qu =2 =l
i=1

Ipuuomy, sxkwo ¢ynkyis mae 00um a60 ()ea HEeCKIHUeHHI DIGHI (MHOJCUHA

fﬁl(yo) ={x: f(x)=yy} Hazusaemuvcs MHOICUHOW Pi6HA Y GYHKYIi [ ), mo ona

nei cnpasdocyemocs pisnicmo: f (A (l))— 5172 ¥, (=) P iLy; e {0,2}.

Kpim moeo, axwo qy #q,, mo gyuxyia f € cuneyrsapnoio Ha 6iopizkax, de

gona euznavacmoca f(x)=a; -1(x/a;)+by.

1. Ipayvosumuii M. B., 3ampiii I. B. HenepepsHi (yHxuii, siki 36epirators mudpy 1 O -

300paxxeHHs1 uncia // BykoBuHChKMI MateMaTHYHUH KypHan. — 2015. — 3, Ne 3-4. —
C. 142-159.
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STRUCTURE OF CONTINUOUS FUNCTIONS THAT SAVED THE CENTRAL DIGIT
IN Q3 -REPRESENTATION OF NUMBERS

It is proved that for qq # q, all continuous functions f are piecewise singular, that

is, they are distinct from constant continuous functions of bounded variation, the derivative
of which is almost zero (in the sense of Lebesgue measure) is zero. A method is proposed for

identifying an arbitrary continuous function f , which stores a digit 1 (without multiplication)

in (4 -representation.
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PO HABJIMKEHHA ®YHKIINA HEKBA3IAHAJITHYHUX KJIACIB
Y3ATAJIBHEHUMMU PAJAMUA TENJIOPA

KOpiii IBanoB

Hayionanenuii aepoxocmiunuil ynisepcumem im. M. €. JKyxoécvkoeo
“Xaprxiecvokuil agiayiunutl inmcumym”

iwanow@?3g.ua

Ha3ssemo kiac
H, () = { feC®[-L1]: ‘ 7 (x)‘ <C( f)p"Mn} . (1)

HEKBa3iaHANITUIHUM, SKIIO HOTO TPEICTABHUKA HEMOXKIUBO BIJHOBUTH 3a
3HAYEHHSAMH TOXiTHUX B HYJII.
B. O. PrayoB 3amnporioHyBaB BiZHOBIIOBaTH (YHKIII TakMX KJaciB 3a

3HAYCHHAMU HOXi,I[HI/IX Ha KiHI_leBI/IX MHOXHHaX X,

,» TOOTO 3HAlTU MHOXKHMHH X,

Taki, MO KOXHAa (YHKIlSA KIacy HP(M), p<pg, MOxe OyTu 300pa’keHOI0

y3araabHeHUM psajom Teinopa

o0
T@=2 2 /P00, (x)dx. (1)
n=lteX,
ne ¢,,(x) — Tak 3BaHi OasucHi GyHKUIl ysarampHeHoro psixy Teitnopa.

Pp s (X) e H(M), (pﬁf,)(x) =0 pa xeX,, teX,, k=0,1,., n=0,1,. 3a
BUHSTKOM BHIAAKY Kk =n 1 x=¢: (pﬁl"t) (1) =1. Taxi psau Oymo moGyaoBaHO ISt

n(n+l) n n(n+l)

knacie Hy=Hy|12 2 i Hy3=H, [Zj 3 2 (nms. [2], [3]).

basuchi pyHkmii y3aranmsHeHuX psaaiB Telaopa B CBOIO 4epry OyIyIOThCS HA
OCHOBI aToMapHoi (pyHKIIIi, O € po3B’sI3KOM AMQepeHITiaaTbHO-QYHKITIOHATEHOTO
piBasiaast. [l knacy H,, ue QyHKuis up(x)— po3B’s30K PiBHAHHS

V'(x)=2yQ2x+1)-2y(2x-1).

Mot knacy H 3 ue QyHKuist hi3(x) — po3B’s130K PIBHSIHHS
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V() =%(y(3x+2)—y(3x—2)).

DopMynu IS MBUIKOTO 0OYUCIIEHHS TUX QYHKITIH HaBeaeHi B poboTi [1]. ¥V
JIOTIOBITb TIPEJCTABICHO 3PY4HI UIT 00YUCIeHb (GOpMYyIH i1 0a3uCHUX (YHKITIH
y3aranbHeHux pspiB Teinopa. Cratri [2], [3] MicTars dopmynu mias OazucHUX
¢ynkuiif, ane ni GopMynmu He € ONTUMaJNbHUMH s oOumciieHb. TyT Mu

CTBEPIDKYEMO, 11O Ha Biapiskax [—1]ta [1,0] Gasuchi dynkuii ¢, ,(x) (1<0)
MOXHa 300pa3uTH JHIHHUMHU KOMOIHAIisIMU n 3cyBiB Qykuil v(x) =up(x) mis

knacy H, abo v(x) = h3(x) must xnacy H, 3, 10610

n
Zakv(x—(xk) i -1<x<¢,
k=1

(Pn,z(x) =\ .

Zbkv(x—Bk) mistt <x<0,
k=1

ne a; i by — pauionanshi uncna, o i B; — npocti Apo6w 3i 3HamennuKkamu 2"

s H, ta 3" s H, 5. Hanpuknaz, Gpopmymn mist ¢, o (x) , x<0, xkmacy H, s

BUTJIAOAIOTh TaK:

_l’l(l’l—l) 3 n 1 n—1 3 n—k-2 1
Pn0 (X) =3 2 (Zj h3 (x_ 1+ 3n+1 j_ z (Zj thS ()C— I+ 3n—k—1 ] ’

k=0

ae J, — pauionanbHi uncna. Qynkuii /3(x) € GaraTowieHaMu Maixe BCIOAU Ha

Binpisky [-11], Tomy i ¢, (x) MaiiKe BCIo/i GaraTouICHH.

1. Psauog B. O. Hexnaccuaeckue METOJBI TEOPHU NPHOMIDKEHUH B KPaeBBIX 3aJadax. —
K.: Hayk. nymxa, 1979. — 139 c.

2. Psauog B. O. ©unutHbIe peuieHns GpyHKIMOHAIBHO-AU(PGEpPEHINATBHBIX YPaBHEHHH 1
ux npumeHenus. // Ycmexu matemarmdeckux Hayk. — 1990. — 45, Bwm 1(271). —
C. 77-103.

3. Isanog FO. O. TlpencrapieHne HEKBa3HAHAIUTHYCCKHX (QYHKUMHA 0000MEHHBIMI
psnamu Teitnopa. // Joxin. AH YCCP. Cep.A. —1990. —Ne 7. - C. 11-14.

ABOUT THE APPROXIMATION OF THE FUNCTIONS OF NONQUASIANALYTICAL
CLASSES BY GENERALIZED TAYLOR SERIES

The report contains a convenient formula for computing basis functions for generalized
Taylor-Rvachev series, which is the expansion of functions of a nonquasianalytical class.
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PO OJWH KJIAC CAHTYJISIPHUX ®YHKIIIA
KAHTOPIBCBKOTI'O THITY

Ceitnana Knumuyk
Incmumym mamemamuxu HAH Yxpainu

svetaklymchuk@imath.kiev.ua

B pobGorax [1, 2] mocmimkyBaBcs Kiac HENEPEPBHUX CTPOTO 3POCTAIOUHX
cuHryiaspaux (Gynkuiit 3anexxuux Bin mapamerpa 0<a <1, sxi marore Tpilikose
300pakeHHsI. ABTOpH MOOYAYBalll T€OMETPUIHY KOHCTPYKIIIO TakuX (QYHKIIN i
MoKa3aja, [0 3aJIe)KHO BiJ 3HAYCHHA IMapameTrpa QYyHKIsS € abo Hime He
nudepeHIiioBHo0, ab0 HenudepeHIinoBHOIO Maibke CKpi3b (y pO3yMiHHI Miph
Jlebera), ab0 CUHTYIISIPHOTO.

VY po6oTi [3] BUBYANIHCH MPUKIAA HEMOHOTOHHUX HETIEPEPBHUX HA BiPi3Ky
[0;1] dyHKmiH, moxigHa SKUX Maixke cKpi3b (y po3yMiHHi Mipu Jlebera) nopiBHIOE
HyJIIO, BU3HAYEHUX B TEPMiHAX s -0ro Ta Horo ysarajbHeHHS — (O -300pa’keHHs
JIACHUX YHCET, TOCIIIKYBAIMCh BIACTUBOCTI 1X Tpadikis.

Mu nocimKyeMo Kilac HeTIepepBHUX (QYHKIIN f , O3HAYCHNX B TEPMiHAX Q:
-300pa)keHH, 110 € y3araabHeHHIM () -300pa)KeHHHS JiiICHOrO 4uCla, 03HAYEHHUX

Ha BiApizky [0;1] piBHICTIO
0 k—2 G*
S (%) =38, oy + kZZ Sa, ok [ 1 80,00/ | = Doy .
= Jj=1

ne | g;| — mecxinuenna croxactuuna noxarna matpus (i = 0,1,2;k € N ); By =0,
Bix =9ok» Box =qox +9ix: (ex) — 3anana nocninossicts uncen, ne 0<g; <1;

1+8k 1—28k
B =82k 81k =

Taka (QyHKIiS € KOPEeKTHO O3HAYEHOIO i HaOyBae 3Ha4eHb 3 Binpiska [0;1],
npuaomy f(0)=0, f(1)=1.

gok = s Box =0, d1x = &ok> d2x = 8ok + &1k - keN.

1 . . . .
HKHIO €k :5 , TO (byHKIIlﬂ f(x) € CTAJIO0 Ha HWINHAPUYIHOMY IHTECPBAJIl

v

01Cyen iy, CYMDKHOMY 3 MHOXKHHOIO C [V, 05 } . Cyma TOBKHH BCIX HMJTIHAPHYHHAX
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.

. . . * .

IHTEpBaITiB V% . > CYMDKHHX 3 MHOXHHOIO C [V,QJ JopisHioe 1, ¢; €V,
1€2++Cm

i=0,1..m-1, meN.

l,;[e ¢ eV,

Oynukuis f, Oyaydn cTanoro Ha KO)KHOMY 3 iHTepBalIiB VCQ; o

m—.
i=0,1,...m-1, meN, mac Ha koxHOMy 3 HUX noximay pisay 0. OTxe, €
CUHTYJISIPHOTO.

0

Ho3naunmo npupict W, dyHKi f Ha WATIHAP] Ac1c2 . depes (i, , 10010

ok
Jema. @ynkyis f Ha yuninopi A(% Habyeae HAUOLILUIO20 | HAUMEHUWO20
162

iy

3HAYeHHs Ha 11020 Kinyax. Ipuwomy, akwo W, >0, mo

maxf(x):f(AcQ;z,,.cm@)j’ minf(x):f(ACQ;Z”'cm(o))'

Axwo e 1, <0, mo

max ()= £ (a8 o)) mins )= r(a% o))

Teopema (Bnacrusocri rpadika Iy dpyHkuii).
2

Arwo € =const i Hgi #0, mo epagix @yuxyii f i wozo uacmuma
i=0

[p= {(x;y) ixe AIG; V= f(x)} ainno-exeiearenmui, NPUHOMY F’f =Q; (Ff ) ,
Oe

x'=gq; +B.
o =1, 7 llie{oL2}.
Yy :giy+8i

1. Okamoto H. A remark on continuous, nowhere differentiable functions // Proc. Japan
Acad. Ser. A Math. Sci. — 2005. — Vol. 81, No 3. — P. 47-50.

2. Okamoto H., Wunsh M. A geometric construction of continuous stricly increasing
singular functions // Proc. Japan Acad. Ser. A Math. Sci. — 2007. — Vol. 83, No 7. —
P. 114-118.
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3. Ilpayvosumuii M. B. Hine He MoHOTOHHI cuHTrYmsipHi ¢yHKuii / HaykoBuit gacommc
HITY imeni MLIT.[IparomanoBa. Cepist 1. @isuko-maremarnuni Hayku. — K.: HITY imeni
M.IL. [paromanosa. —2011. — Ne 12. — C. 24-36.

ON ONE CLASS OF NONMONOTONIC SINGULAR FUNCTIONS OF CANTOR’S TYPE

We study one class of continuous functions f defined on segment [0,1].We found criteria
of strict monotonicity, non monotonicity and nowhere monotonicity, non-differentiability and
singularity of the functions. We pay attention to properties of the level sets of the functions
and its graph.
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VJIK 517.98

IHNEPETBOPEHHS ®@YP’€-JTAIITACA TOJIIHOMIAJIBHUX
o-YJIbTPAPO3IOIALIIB

Bipa Jlo3nHcbKka

Incmumym npuknadnux npobrem mexanixu i mamemamuxu
im. A. C. Iiocmpueaua HAH Vipainu

vlozynska@yahoo.com

P03BUTKY HOBOTO MiAXOAY IO AOCHIIKEHHS JyalbHOI MapH, 10 CKIANAETHCA 3
POCTOPiB (PYHKIIH HECKIHYEHHOI KUTBKOCTI 3MIHHHX Ta BIIMOBIIHUX MPOCTOPIB
MOJIHOMIJIBHUX PO3MOJIUIIB Ta YJIBTPApO3I01iUIiB IPUCBSYeH] mpaui [2, 3, 4].

V poGoti posrisgaeMo MyibTHIUIIKaTHBHY anreOpy P(E,) HenepepBHHX
CKaJIPHMX IOJIHOMIB Ha npocTopi E;, o-ynsTpapo3noaitis [1] a Takox cuiibHO
cupsokeHy g0 Hel anarebpy P'(E;). Enementu npocropy P'(E,) HasuBaeMmo
HONIHOMIaNBHIMH ® -yJIbTpaposnofinamu. Anredpa P(E,;) € LiIbHO BKIAJICHA B
P'(E})). Hocmimkyemo BiacTHBOCTI omeparii aupepeHuioBaHHs Ha anreOpax
P(E)), P'(E]) 3a mOmoMorow ix TEH30PHOro mpeicTaBieHHs. IloOyayemo

MOJIIHOMiaJIbHE po3IMpeHHs nepeTBopeHHs Dyp’e-Jlammaca. OmucyeMo 3B’ 30K
MK  JUQEpeHIIIOBaHHAM  TOJIHOMIB 1  TOJIHOMIalbHUM  PO3IIUPEHHIM
nepetBopernst Dyp’e-Jlamraca y popmi orepaTropHOTro YHCIESHHS.

1. Braun R. W., Meise R., Taylor B. A. Ultradifferentiable functions and Fourier analysis //
Results in Mathematics. — 1990. — 17. — P. 206-237.

2. Lopushansky O. Polynomial ultradistributions:  differentiation and Laplace
transformation // Banach Center Publications IM PAN. — 2010. — 88. — P. 195-209.

3. Lopushansky O., Sharyn S. Polynomial ultradistributions on Rf // Topology. — 2009. —

48. - P. 80-90.
4. Sharyn S. V. Joint functional calculus in algebra of polynomial tempered distributions //
Methods of Functional Analysis and Topology. —2016. —22. — P. 62-73.
FOURIER-LAPLACE TRANSFORM OF POLYNOMIAL @ -ULTRADISTRIBUTIONS
The multiplicative algebra P(E()) of continuous scalar polynomials on the space E;,

of @ - ultradistributions as well as its strong dual P'(E(:J) are considered. The operation of

differentiation on these algebras is investigated. The polynomially extended Fourier-Laplace
transformation and its connections with the differentiation are studied.
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VJIK 517.98

OCHOBHI PE3YJIbTATH 11O AHPOKCI/IMé]_[Ii HEIIEPEPBHUX TA
PIBHOMIPHO HEINIEPEPBHHUX ®YHKIIN HA NIIMHOKNHAX
HECKIHHEHHOBHUMIPHHUX ITPOCTOPIB

Muxaiino Murpodanos

Incmumym npukaiaonux npobnem Mexauixu i Mamemamuxy
im. A. C. ITiocmpueaua HAH Vkpainu

mishmit@rambler.ru

3arnaHOBaHMI OIS CTOCYETbCS OCHOBHUX pE3yJbTaTiB  arnpoKCHMarii
HerepepBHUX QyHKIIH Ha GaHAXOBUX IPOCTOpax, npocropax Mdpere 31 311i4eHHOI0
CHCTEMOIO HOPM Ta HOPMOBAHUX NpocTopax. i BIAKPUTHUX MIAMHOXUH JIIHCHOTO
6anaxoBoro mpoctopy, 1. Kypusednom y mnpani [2] nuTaHHS anpokcumarii
HenepepBHUX (QYHKIIIT 32 TOTIOMOTOI0 aHANITHYHUX OYJIO pPO3B'I3aHE MPHU JCTKUX
JIOIATKOBUX YMOBaX, 30KpeMa BiJl MPOCTOPY BHUMAaraacs cernapabelbHICTh Ta
ICHyBaHHS  BIJOKpEMJIIOBaJbHOTO  modiHOMA. [li3Himie, mius  piBHOMIpHO
HenepepBHUX (yHkmiin M. bocio i Il.Taex y mpami [1] oTpumanu cuIbHINIHI
pe3yNIbTaT MpH MiJCHIIEH] JOJATKOBUX YMOB. Y Tipaili [3] aBTOpOM anmpoKCUMOBAHO
HelepepBHi Ta PIBHOMIPHO HerepepBHI (yHKLIT Ha BIIKPUTHX IiAMHOXKHHAX
cernapabenbHIX KOMIUIEKCHMX OaHaxoBMX IpOCTOpiB. Y mparti [4] aBTopy pasom 3
PaBcekuM O. B. Bhanocst naTi 4acTKOBY BIAIIOBiZb Ha NHMTAaHHS anpoKcHManii y
npocropax ®perie 31 3714YEHHOIO CHCTEMOIO HOPM.

1. Boiso M. C., Hajek P. Analytic Approximations of Uniformly Continuous Functions in
Real Banach Spaces // Journal of Mathematical Analysis and Applications. — 2001. —
Vol. 256, —P. 80-98.

2. Kurzwei J. On approximation in real Banach spaces // Studia Math. — 1954. — Vol.14, —
P. 214-231.

3.  Mumpoganos M. A. ANNpoKcUMaIysi HENPEphIBHBIX (YHKIMH Ha KOMIUIEKCHBIX
0aHaxoBBIX IpocTpaHcTBax // Matemarmdeckue 3amerkn — 2009. — 1.86, — Ned —
C. 557-570.

4. Mumpoghanoe M. A. Pascvkuii O. B. Anpoxkcumariis HerepepBHUX (QYHKIIH Ha
npoctopax ®peure / Mar. meroau ta ¢i3.-mex. momst — 2011. — 54, Ne3 — C. 33-40.

MAIN RESULTS ON APPROXIMATION OF CONTINUOUS AND UNIFORMLY
CONTINUOUS FUNCTIONS ON SUBSETS OF INFINITE DIMENSIONAL SPACES

We are going to talk about last results and open questions that arose during the research
of approximation of continuous and uniformly continuous functions on Banach spaces,
Fréchet spaces with countable system of norms and normed spaces.
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V]IK 539.3

JA®EPEHIIIOBAHHS B AJITEBPAX AHAJIITUYHAX ®YHKITIA
BAHAXOBOI'O TIPOCTOPY, NIOPOAKEHUX ITOCJIAOBHICTIO
HHOJITHOMIB

3opsina Hosocan, Bacnnp ®@ymreit

JIvgigcoKutl mop2ogenbHO-eKOHOMIYHULL YHIgepcumenmn,
Incmumym npuknaonux npobiem mexanixu i MamemMamuxy
im. A. C. IMiocmpueaua HAH Vipainu

zoryana.math@gmail.com, f.v.1214.for.friends@gmail.com

Hexaii X — xommiekcHui 6anaxis mpocrip i P=(A,bP,....FB,,...) — #esaka

WPy,
MOCTITOBHICTh 7 -OJHOPINHUX MOJIiHOMIBHA X . Po3risHeMo anreOpy aHaTiTHIHHX
¢byHnkuiii oomexeHoro tumy Hp(X) Ha mpocTopi X , fKa €HONOBHEHHSAM Yy

TOTIOJIOTIT PIBHOMIpHOi 301)KHOCTI Ha OOMEXEHUX MHOXHHAX ajireOpu IMOJIiIHOMIB,
HopopokeHoi mocuifoBHicTio P. Hp(X)e anredporo @pere i CKIazaeTbes 3

X QyHKIH 00MeXeHOTo THITY Ha X .

V nonosizi Oyae po3risHyTo onepaTopu AudepeHuitoBanHs anredpu Hp(X),
YMOBH HETIEPEPBHOCTI Ta YMOBH TIMEPIHUKIIYHOCTI IUX OTEPATOPiB, OMEpaTOpH
3CYBIB IOB’53aHi 3 BiJIMTOBIAHUMH TU(PEPCHIIIIOBAaHHAMH. 30KpeMa, MU ITOKaKeMO,
mo y 0aratboX BHWIIAJKax, SKIIO orepaTop Iu(epeHIlilOBaHHS BHU3HAYEHUH 1
HenepepBHUM Ha Bcill anredbpi Hp(X), To BiH rinepuuxiiunuii. Haragaemo, mo

TiNEepPUUKIIYHAM OlepaTopoM Ha mnpocropi @pemie Y Ha3MBAE€ThCS TaKUd
HeTIepepBHUH JTiHIHHUHN omepaTtop A4:Y — Y Ui SKOTO iCHY€ BEKTOp 3 Y , Takuii,

1o opOiTa FOTO BEKTOpA IiJ| TI€I0 ONepaTopa A € MIiJIbHOI0 B Y .

PesynpTatm Oyze MpOITIOCTPOBAaHO HAa KOHKPETHHX anreOpax, 30KpeMa Ha
NPUKJIAAl anreOpu IIIMX CUMETPUYHHUX (PyHKLIH OOMEXEHOro THITy Ha IPOCTOpi
a0COIIFOTHO 301KHUX MOCIITIOBHOCTEH.

DIFFERENTIATION IN ALGEBRASOF ANALYTIC FUNCTIONS OF A BANACH SPACE
WHICH ARE GENERATED BY SEQUENCES OF POLYNOMIALS

We consider operators of differentiation in algebras of analytic functions of bounded
type on a complex Banach space which are generated by some given sequences of
homogeneous polynomials. We establish some conditions of continuity and hypercyclicity of
such operators and related translations. In particular, we represent example of differentiation
in algebra of symmetric entire functionsof bounded type on absolutely convergent sequence
space.
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YAK 517.5

OIIHKH EHTPO]'[IFIH}JX YUCEJ KJIACIB TIEPIOJJUYHUX
OYHKHIU BATATbOX 3MIHHUX

Katepuna Ilo:xkapcbka
ITnemumym mamemamuxu HAH Yxpainu

kate.shvai(@gmail.com

OTpHMaHO TOPSAKOBI OI[IHKY BEJIMYUH £/ (Bﬁe,Lw) — EHTPOMINHUX YHCel

[1] xumaciB B?,e [2] nepioanunHux QyHKUIA OaraTbOX 3MIHHHX y PIBHOMIpHIN

MeTpuili. JIaHi Kiacu mpu neBHOMY BHOOPi Q , MaKOPAHTHOT (PYHKIIIT AJIsT MIiIIAHOTO
MOJIYJISI HETIEPEPBHOCTI, CITIBIAAAI0Th 3 BimoMumu kinacamu Hikonbcbkoro—becona

r
B,g-
HaBenemo onH i3 OTpUMaHUX HAaMH Pe3yJIbTaTiB y JBOBUMIPHOMY BHIIAJIKY.

d
Teopema. Hexaii d =2, 2<p<ow, 1£0<0, a Q(t)zw(szltj), oe

dynxyia o 3a0o0eonvnsc ymoeu Bapi-Cmeuxina (S*) 3 0esxum a.>1/2 i (Sl) [3].

Tooi Ona 6yov-axux namypanenux M i n makux, wo M =M(n)=<2"n,

BUKOHYEMbCSL CRIGBIOHOUICHHS

€ (Bf},e,Loo) = 03(2_" )(logM)H/e.

1.  Hollig K. Diameters of classes of smooth functions // Quantitative approximation. — New
York Acad. Press. — 1980. — P. 163-176.

2. Yongsheng S., Heping W. Representation and approximation of multivariate periodic
functions with bounded mixed moduli of smoothness / Tr. Mat. Inst. Steklova. — 1997. —
219. - P. 356-377.

3. bBapuH K., Cmeuxun C. b. Hamnyuymme npubmmxenus u audepeHuanbHbe
cBoifcTBa ABYX compsbkeHHbIX ¢GyHkumit / Tp. Mock. mar. o-Ba. — 1956. — 5. —
C. 483-522.

ESTIMATES OF ENTROPY NUMBERS FOR THE CLASSES OF PERIODIC
MULTIVARIATE FUNCTIONS
Order estimates are obtained for entropy numbers of the classes of periodic multivariate
functions in the uniform metric. These classes with a certain choice of the function Q, a
majorant function for the mixed moduli of smoothness, coincide with the Nikol'skii—Besov
classes.
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HABJWXEHHA THTEPTIOJANMIAHUMYA TPUTOHOMETPUYHUMMU
INOJIHOMAMMU B METPUKAX ITIPOCTOPIB L,

HA KJJACAX JU®EPEHIIMOBHUX MMEPIOJUYHUX ®YHKIIINA
Amnarodiii Cepaiok, Irop CokosieHko
ITnemumym mamemamuxu HAH Yxpainu

serdyuk@imath.kiev.ua, sokol@imath.kiev.ua

Hexait C i L,,1<p<o, — mpocropn 2m-mepioanunux ¢ymkuiii 3i

CTaHJApTHUMU HOpMaMU " . "C i " . "p .

ITo3sHauumo uepes WB r>1, Knacu 2m-nepiogudHux QyHKOid f, sKi
300paXKyIOTBCSl Y BUTJISIL 3TOPTKH
27'C 0 [3
fo =% T+ jZk cos(k(x—t)— j(p(t)dt
0 k=1

BaKil ay e R, B, eR, 0 L1, ||(p||1 <l1.
Sximo nocnigoBHocTi B = {B i}l € CTaliOHAPHUMH MOCIIJOBHOCTSIMH, TOOTO
Be =Bk e€N,BeR, toxacn Wy e sinommmu wracamu Beiina-Hans Wgy .
Npu reN i B=r, knacn Wg; e xnacamu W, - 2m-nepiomuanux GyHKuii,
1110 MaIOTh a0COJIIOTHO HENepepBHi MoxiaHi 10 (7 —1) -ro MopsAKY BKIIIOYHO 1 TaKi,

10 iX 7 -Ta IOXi/{HA HAJISKUTh OJMHUYHIN Kyl mpocTopy L; (To6TO “ f )

<1).

1
Hexait feC. Uepes 5,1_1( f;x) TO3HAYaTUMEMO TPUTOHOMETPHUIHHH

HOJIHOM TOpsAAKY n—1, Mo iHTepnommoe f(x) y pIBHOMIPHO PO3NOAIICHUX

2km .
By3J1ax xl((” D= 22 ke 7. 1o6To TaKwuii, mo

-
Surt(f3xV" Dy = rx" Dy, kez.

Posrnsaemo Benuyuny
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sﬂm@np—éﬁJVo—$4unL.
sewt

Mae Micrie HaCTyIIHE TBEPIPKECHHS.
Teopema 1. Hexaii 1< p<owo, r>1, By eR, neN. Todi mae wmicye
PIBHOMIDHA NO 6CIX napamempax oyiHKa

1
== r

1|12 7 2 1 — n
= | ~te m 1 G
Sn(Wﬁ,l)Lp w2t ||cost||p+0( ) n+e ( +r—l] (1)
n P

3asHauumo, 1o npu > n+1 ouinka (1) HaOyBae BUIIIALY

L
12

r
n

,
"wwﬁ+00)%+e;H

€,W5 ) =

B Ep s
x P
1y BUIIQJIKY, KOJH ¥ /1 —> c0 MPU n —> o , € ACHMITOTUYHOIO PIBHICTIO.

APPROXIMATION BY INTERPOLATION TRIGONOMETRIC POLYNOMALS IN
METRICS OF SPACE Lr ON CLASSES OF DIFFERENTIABLE PERIODIC FUNCTIONS

We conside the problem of finding the exact upper bounds of approximations by
interpolation trigonometric polynomials with uniform distribution of interpolation nodes in

metrics of the spaces L, on classes of differentiable 2T -periodic functions.
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ITPO PIBHICTb KAPJIEMAHA VIS MYJIbTUILJIIKATUBHO
HEPIOANYHOI MEPOMOP®HOI ®YHKIIII

Mapis Coxkin, Haranis Cokyjabcbka, AHAPi XpUCTisTHUH

Hayionanenuii ynieepcumem “Jlvsiscoka nonimexmixa”,
Hayionanvna axademis cyxonymmuux giticox imeni cemomana Ilempa Caeatioaunozo,
Jlvgiscokuii Hayionanvuuli ynieepcumem imeni leana @panka

sokil b_i@ukr.net, natalya.sokulska@gmail.com, khrystiyanyn@ukr.net

PiBnicTh Kapnemana [2] s mepoMoppHUX QYHKITIH € TOCTaTHRO BIJOMOIO B
Teopii po3moAily 3HaYeHb MepoMophHUX QYHKIIH 1 Mae HACTUIBKH Oarato
3aCTOCYBaHb, IO 1 MPUCBsYeH] 1M MoHOTpadii [1]. PisHOBUIM dopMyn TakoTO
THUITY JJIs PI3HOMaHITHUX 00JIacTel OTPUMYBAIHCS B PI3HUH Yac Pi3HUMH aBTOPaMHU.

Teopis MyJNbTUILTIKATUBHO TEPIOAUYHAX MepoMopdHUX  QYHKIIH y

Cc* = C\{0} 6ymna pospobinena O. Paysenbeprepom [4]. ). Banipon nassap Taki

(yHKIIT JIOKCOIAPOMHUMH, /K€ Y BHUIIAJKy HENIHCHOIO ¢ TOYKH, y SKHX Taka
¢GyHKIIS npuiiMae OfHE 1 T€ X 3HAYCHHS, JIE)KaTh Ha JIOTApU(DMIYHUX CHipasix.
O6pasu nux cnipaneld Ha cepi Pimana nepeTHHAIOTh KOXKEH MEpHIiaH il OJHUM
1 TUM K€ KyTOM 1 HA3UBAOThCS JIOKCOAPOMHUMHE KpuBUMH (Ao&ol — kpuBmii, dpopol
— nwisix). B log-nonsipHux xoopanHaTax 1ie npsiMi JiHii.

3BaXkaroul Ha MOJKJIMBICTh PI3HOMAHITHOTO 3aCTOCYBaHHS TaKWX 00’ €KTIB,
MOCTaJ0 TUTAHHSI BHWBYCHHS PI3HUX KIACiB MYJbTUIUTIKATUBHO TIEPiOTUIHUAX
BiI0Opa)keHb JOBUTLHUX OJTHOPITHUX MPOCTOPiB. 30KpeMa, OJHa 3 OCTaHHIX POOIT B
bOMY HANpPSMKY MPUCBSIYCHA BUBUYCHHIO BJIACTUBOCTEH MYJIbTUILTIKATHBHO
MEPIOJUIHNX MEpPOMOPPHUX (YHKIIIKH B TPOKOJICHOMY 3aMHUKaHHI BEPXHBOT
miBmomuHN [3]. B Hamiii poboTi MU moBoamMoO piBHICTH Thmy Kapnemana
(popmyny Kapnemana) st Takux pyHKIii.

Hexait H={z:Imz>0} i H =H\{0}. 3adikcyemo ¢:0<g<I.

[osHaunmo 4, = {z eH:qt< |2| < t}, ¢ > 0. 3ayBakxuMo, IO U A =H".
t>0
Osnauenns 1. Qyukyia [ Hasusaemvcs mepomoppHoo 6 H, SAKWO 60HA
MepOMOPDHA 6 3AMUKAHHI KONCHO20 NI6KINbYsA A, .
O3HauvenHs 2. Mepomopgna H Qyukyis  f  Hazusaemvcs Myibmu—

NAIKAMUEHO NepioouyHoI0 3 MyAbmuniikamopom q:0<gqg<1, sAKWo 01 6Cix

* Lo
ze H BUKOHYEMbCS PI6HICHb
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flaz)= 1 (2).
Kirac takux QyHkuiii nossaunmo yepes M, .
Hexait [ wMynmpTHIDIIKATHBHO IiepioanyHa Mepomopdra ¢yHKmist B H "
[Ipunycrumo, mo [ He Mae Hi HyJB, Hi IOJIOCIB Ha IR\{O} . Hexait zy e H *.

f (zo ) #0,00,1 log f(x) BU3HAUYEHMI CIIiBBIAHOIICHHIM

Q) (C)

log f(2) = 1ogf(zO)+j ¥ o

Je iHTerpan OepeTbecsi B3IOBK HUIAXY, IO 3’€IHYyE TOUKM zZo Ta z y H Y3
pazmiaTbHUMH PO3pi3aMU Bi HYJIB Ta MOMIOCIB QYHKIUT f.

CripaBe/iirBa HACTYIHA TeOpeMa.

Teopema 1. Hexaii feM,, f+#consti f(z)#0,00 na R\ {0} . Hexaii, kpim

_ io _ iB
moao, mouKku z, =r,e" " € a-mouxamu Qyuxyii f, aeC, ma w, =p,e —

nontocu f 6 A, :{zeﬁ:qt<|z|ﬁt}.Todi

r k k-1 k r k-1 k
q°t no. B q't Pn |
j Z T _tk+1 smkocndt—.[ z T _tk+1 sinkP,,dt , (1)

qr qt<n,<t\ 'n qr qt<p,<t\_ Pn

npu koxcHomy r >0,k € Z.

CmiBBigHomenHs (1) — me piBHicTs Kapiemana sl MyJIbTHIUTIKATHBHO
nepioguaHoi  MepoMop(dHOi (GYHKIT B TPOKOJICHOMY 3aMHKaHHI BEpXHBOI
MiBIUTOIAHH.

1. Ausenbepe JI. A. ®opmynsl Kapnemana B kommiekcHOM aHanuze. — HoBocubupck:
Hayxka, 1990. — 246 c.

2. Tonvobepe A. A., Ocmposckuii 4. B. Pactipenenenue 3Ha4eHUH MepOMOPQHEIX
¢ynxuuit. — M.: Hayka, 1970. — 592 c.

3. Khoroshchak V. S., Sokulska N. B. Multiplicatively periodic meromorphic functions in
the upper halfplane // Mat. Stud. — 2014. — 42, N 2. — P. 143-148.

4. Rausenberger O. Lehrbuch der Theorie der periodischen Funktionen einer Variabeln. —
Leipzig, Druck und Ferlag von B.G.Teubner, 1884. — 470 p.

ABOUT CARLEMAN EQUALITY OF MULTIPLICATIVELY PERIODIC MEROMORPHIC
FUNCTIONS

Carleman equality for multiplicatively periodic meromorphic functions in the punctured
closure of the upper half-plane is proved.
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PO BIJTHOCHY CTIMKICTH JIO 3BYPEHB JIBOBUMIPHUX
HENNEPEPBHUX APOBIB 3 KOMIIVIEKCHUMMU EJIEMEHTAMMA

Oabra Cycb, Tamapa AnTtonoBa, CBitsiana Bo3na

Incmumym npuknaonux npobnem mexanixu i MamemMamuxy
im. A. C. ITliocmpuzaua HAH Vipainu,
Hayionanonu ynieepcumem “Jlosiscorka nonimexuika”

olja_sus@ukr.net, tamara_antonova@ukr.net, svitlanavozna@gmail.com

Opnielo 3 (yHIaMEHTANbHUX BIACTUBOCTEH HENEpepBHHUX IpoOiB Ta iX
0araToBUMIpHHMX Yy3arajlbHEHb, 30KpEMa, JBOBUMIDHHMX HENEpepBHUX JpoOiB
(ITHT), € crilikicTh 10 30ypeHb IX €JIeMEHTIB. AHaNI3 MOXUOOK MiAXiTHUX APoOiB
JIH/I, mo BUHUKAIOTH MPH 30ypeHHi iX eIeMEeHTIB, T0Ka3aB, 110 BOHU 3aJIeKaTh HE
JIUIIe BiJ MOXWOOK €EeMEHTIB, aje i Big caMuX eleMeHTiB. ToMy BCTaHOBIJICHHS
MHOHH CTifikocTi 10 30ypens JIH]I € akryansHOTO 3a1a49€ro.

VY nmaHiii po0OTI AOCTIIHKEHO YMOBH BiIHOCHOI CTilikocTi Mo 30ypens JITH/I 3
KOMIUICKCHIUMH €JICMEHTaMH, [0 HAJekaTh N0 JEAKOI KyTOBOI MHOXHHHU MpPaBOl
MiBIUTOIAHH.

Posrnsnemo AH/I Burnsny

© A T |
—, D =D +D ,k=0,1,... . (1)
j0 ik + P =1 ke jie bk

Osnauenns 1. Cxinuenni J{H/[ 6uensioy

1, = ,n=12,..., )
" k=0 bk,k +(D§€”_2k 1)
oe
p P
ol =0, ol") = p ! +D L k=01, p=t2... (3

j=1 bk+j,k j=1 bk,k+j

HA3UBAIOMbCA N -MU QicyPHUMU HAOIUNCEHHAMU a0 n - MU ieypHUMU NIOXIOHUMU

opobamu JIH/I (1).
Osunauenns 2. /[H/] (1) nazusaemovcs npasunvruum JHJ muny Ban @aexa,
SAKUO 1020 eNIeMEHMU HALeHCANb MHOICUHL
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Gez{zz|argz|<6<g}. 4

Osuavenns 3. Muooicuna enemenmie G HA3UBAEMbCA MHONCUHOIO 6IOHOCHOT
gieypnoi cmitixocmi 0o 36ypens JTH]] (1), axwo icuye dilicha 000amua KOoHCmanma
C, sanexcna 6i0 G i mesanexcna 6i0 n, 014 AKOI GUKOHYEMbCA HEPiGHICMb

|8n|SCy, oe y:max[|[3[+j’i|,|[3[,,-+j|,|[3,-J»|,iz[O,nT_l},j=1,n—2i—1},

B,-,j, i,j=0,1,..., — sionocui noxubku enemenmie HHJ/[ (1), d, — eionocha

noxubka n -20 QicypHoeo nioxionoz2o opooy (2).
BuxopucToByI0YH METOINKY, OTHCcany y [ 1], oTpuMaHO HACTYITHHUH pe3yabTar.
Teopema. Hexatl enemenmu JIH/ (1) ma 36ypenoco oo uvoco [JH/] nanesxcamo
MHOdiCUHI (4), i 8ioHOCHI noxubku enemenmis /[TH/] (1) € pienomipno obmesicenumu:

Biv i B [Biias| <B[Bii|<B. 0<B<1 i=01.., j=12...

Axujo  icHyromb nocioosHocmi {u}}, {u%}, {W}, {=12,..., O0ooammux

uucen makux, o
“;c+1£Reb+klReb+k+ll’ u}c+1SReb+k,Reb+k+1,, k=0,1,..., i=1,2,...,
Wi SReby g Rebyjipirs Mg SRebyig Rebipyy, k=01, i=12,..,

Mog—1 SReby 5ok o Rebyp g pp1, Mop SRebyy o1 Rebypop, k=12,...,

Oe [;lj i,j=0,1,..., —eremenmu 30ypenoeco /[H/I, a maxoosc 30ixcHumu € paou
o [
ZH 3 § Erarpewes ZH ; (5)
20 j- 1uj+cos9 iy 1uj+cos9 i 1uj+cos(9

mo O0ns 6IOHOCHOI noxubku n-20 @icypHoeo nioxionozo Oopoby HHI (1)
CRPABOACYEMBCS OYIHKA

! ” B
5, < S+S(S"+8"))——,
4] cose( +S(s ))1—[3
oe S, S8, S" — cymu paois (5) ionosiono.

1.  Aumonosa T. M., Cyco O. M. TIpo abcomoTHy CTiliKicTb 10 30ypeHb ABOBHMIpHHX
HEMepepBHUX IpOOiB 3 KOMIUICKCHHMMH eneMenTamu // Hekmacwuni 3ama4i Teopii
nudepeHIiagbHIX PiBHIHB: 30ipHUK HAYKOBHUX Mpallb, npucBsueHnii 80-pivuto borgana
Vocumosmua ITrammuka / mix 3ar. pex. Kymmripa P. M., TTemixa B. O. — JIsis: INITIIMM
im. A.C. Iligcrpuraua HAH Vkpaiuu, 2017. — C. 8-21.
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ON RELATIVE STABILITY TO PERTURBATIONS FOR TWO-DIMENSIONAL
CONTINUED FRACTIONS WITH COMPLEX ELEMENTS

Some sufficient conditions of relative figured stability to perturbations for regular two-
dimensional continued fraction of Van Vleck type are established. Estimate of relative errors
for figured approximants is obtained.
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VJIK 517.98

JIESKI PE3YJIbTATH PO OCIAJIALIIT 111 PIBHSAAHD
HTYPMA-JIIYBIJJIA 3 EHEPT'O3AJIEKHUMH ITIOTEHIIAJIAMUA

Haranis Tepauyu

Incmumym npuknaduux npobnem MexaHiku ma Mamemamuxu
im. A. C. Iiocmpueaua HAH Vipainu

nataliya.pronska@gmail.com

VY nomoBiai OyayTh 0OrOBOPEHI OCIMIIAIINHI BIACTUBOCTI BIACHUX (DYHKITIH
3amau [Irypma-JliyBiiuis 3 eHEpro3alic’)KHUMHU MOTCHIAIaMK, [0 3aJaHi
PIBHSHHIMH

n 2
"+ 2hpy+qy =17y, (1)
(TyT p — nilicHo3nauna QyHkuisa 3 L,(0,1), ¢ =r', ae r — nilicHo3HauHa QyHKIIA 3
L,(0,1), Tobro g — pilicHo3HauHMil po3nonin 3 npocropy CoboseBa WZ_I(O,I) , 1

A — cIEeKTpaibHHUI MapameTp) Ta JESKUMH KpaloBMMHM yMoBaMu. A came, MU
po3risgaeMo KpaiioBi ymosu Jlipixiie

y(0)=y1H)=0

Ta KpaioBi yMOBH 3MIIIAHOTO THITY
1
yo=ym=o.

ne y[l] = y'—ry — KxBazi-noxigHa QyHKIii ).

VY nonosizai HaBeaeMo (GOPMYJIH AJIsl BU3HAUCHHS KUIBKOCTI BHYTPIIIHIX HYJIIB
BJIACHUX (PYHKIIIH PO3IIIAAYBAHUX CHCKTPAIBHUX 3a1a4. J]0CiIuMO YMOBH, 38 SKHX
TBEp/DKEHHS, aHaJoridHe 10 KiacuyHoi Teopemu llltypma mpo ocmmmsiii,
BUKOHYEThCS T piBHAHB [lITypMma-JliyBimis 3 eHepro3aiexXHUMH MMOTEHITAIaMH,
Ta PO3TIITHEMO BUIAA0K, KOJM Taki yMOBU He BUKOHaHi. CyTTEBUM iHCTPYMEHTOM
y nociipkenti € Kyt [Iprodepa, BiAMMOBITHO BBEACHU AJIs1 pO3TIISAAYBAHUX PiBHSIHb.

SOME RESULTS ON OSCILLATIONS FOR ENERGY-DEPENDENT
STURM-LIOUVILLE EQUATIONS

Oscillations properties of eigenfunctions of spectral problems for energy-dependent
Sturm-Liouville equations will be discussed. Formula determining the number of interior
zeros of these eigenfunctions will be given. We will also obtain the condition which guarantees
that the statement analogous to that of classical Sturm oscillation theorem holds true for
energy-dependent Sturm-Liouville problems. The main tool in this research is a Priifer angle,
properly defined for considered equations.
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TEOPEMM ITPO CEPEJHE JIJIS1 PO3B’A3KIB JITHIMHNUX
EJHIITUYIHHUX PIBHSIHD 31 CTAJIMMHU KOE®IINIEHTAMU

Oasra TpopumeHko

Jloneyvkuii Hayionanvruil yHisepcumem imeni Bacuna Cmyca

odtrofimenko@gmail.com

Posrmsanarorbes rnaaxi yHkuii f(z) , BU3HauYeHi B kpy3i By : {z eC :|z| < R}

(R>0), sxi ma 3amannx uucen meN:={1,2, ...} ta seNy=NU{0}, s<m,
33JI0BOJIBHAIOTH CITiBBI{HOIIECHHS BUIIISTY

m-1 p2p+2 or—s3” 1 S ed
Z G20t f(Z)—EC_IZLVf(C)(C—Z) ean, (1)

aere(0,R), zeBp_,, z=x+iy, {=&+in (x,y,&,meR).
Teopema. Hexaii 0<r<R, feC”(By), i nexaii npu koxcromy z € By_,.
sukoHyemucs pienicmyo (1), a f(z)=0 onaecix z€ B,.. Todi =0 6 zeBp.

Skmo m=1 i s=0, to piBmicte (1) wnalysae BULISLLY

f(z)= % ” f(&)dEdn, 1 ToAl TBEPAKEHHS TEOPEMH € YACTUHHUM BHIIAJJKOM
T e—zl<r

pesynbraty B. B. BomukoBa, mo y3arajbHIOE Ha BHITAJOK PO3B'SI3KiB OJHOPITHHX

PIBHSIHb 3TOPTKH 3 paiiaJbHUM PO3IMOIIIIOM i3 KOMITAKTHUM HOCIEM KJIaCHUYHUI

pesyasrar ®@. Mona npo cdeprani cepesmi.

1. Volchkov V. V. Integral Geometry and Convolution Equations. — Kluwer Academic
Publishers, 2003. — 454 p.

2. Hon @.TInockue BoNHbI U chepUUECKHE CPEAHNE B IPUMEHEHHH K TU((epeHIInaTbHbIM
YPaBHEHUSIM C YaCTHBIMH Ipou3BoaHbIMU — M.: I, 1958. — 160 c.

3. Trofymenko O. D. Convolution equations and mean-value theorems for solutions of
linear elliptic equations with constant coefficients in the complex plane // Journal of
Mathematical Sciences. —2018. —229, Ne 1. —P. 96-107.

MEAN VALUE THEOREMS FOR SOLUTIONS OF LINEAR ELLIPTIC EQUATIONS WITH
CONSTANT COEFFICIENTS

We characterize solutions of homogeneous linear partial differential equations with
constant coefficients in the complex plane whose left hand side is represented in the form of
the product of some non-negative integer powers of the formal Cauchy derivatives.
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VJIK 517.9

MATPHUII AKOBI I CUHTYJISIPHI 3BYPEHHSA CAMOCIIPSI)KEHHUX
OIIEPATOPIB

I'anna Tyraii
Hayionanenuii asiayitinuii ynieepcumem
ttugay@ukr.net

Hexaii 4>1 HamiBoOOMEXEHHH CaMOCHPSHKCHHH omepaTop 3 OONACTIO
BusHaueHHs D(A4) B cemapabenbHOMY rinmsbeproBomy mpoctopi  H,

Hyc H c H_; — 4acTHHa /4 -LIKal4 riibOEPTOBUX IPOCTOPIB.
OnepaTop A# A HA3MBAETHCS YHCTO CHHTYISPHO 30YpeHHM BimHOCHO A,

AKIIO MHOXHHA D = {(p e D(A)N D(,:I)|A(p = /](p} ¢ minsHo0 B H. Oneparop

A# A HasMBaeThCs CIAOKO CHHTYISPHO 30ypeHnM panry n (A e P (A)), saxmo
(  \! -1 12 ;.

ran| (A - z) —(A-z) |cD(4"7), i pi3HHLS PE30ILBEHT € ONIEPATOPOM PAHTY

n . Y OpoMy BUIAIKy 30ypEeHHH OmepaTop 3aluCyeThCs Y BHTIIAAL y3arajlbHEHOI
cymu A= AT, ne T:Hy — H_; — oneparop panry n, npudomy ran7 () H = {0}.
Hexaii E )i eR, j=1,2,...,— JNOBiIbHA IMOCTIJOBHICTh IIHCHUX YHCEN Ta

V ; € H\D(A4)— noBinbHa OPTOHOPMOBAHA B H IOCIIJIOBHICTb BEKTOPIB TaKHUX,

cl . . o
o span{w )z 1} ND(A)={0}. Jins KOXHOro CKiH4EHHOTO n iCHY€ €lMHHI

CUHTYJISIpHO 30ypeHwii oniepaTtop A

,,» AKUH po3B’si3ye 3a/1auy Ha BJACHI 3HAYECHHs

A”\yj :Ej\uj, j=12,...,n.
Onepartopu 4, OyRylOTbCS iIHTyKTHBHO 3 BUKOPUCTAHHSIM HA KOKHOMY KpPOL
30ypeHHs paHry 1:
A, =4, 1 Fa,(o,)o, A4 =4,
ae
®, = Ay =E )V,
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1 1 _detJ,_
T e, : Y
Yin»®p a ety

9
by ——
by

<~, ) — JIyalbHUH cKalapHUi 100yToK Mk [ Ta H_;, A j — 3aMHKaHHs OTlepaTopa

Aj :Hl - Hfla bn = <\VnsAn—2\Vn>_En7 ap-1 = |<Wn7An—2\Vn—1>|>

b q
a b a 0
J - a, by e
] L] L]
[ ] [ ] an*l
0 a,.1 b,
TakuM 4MHOM OTPUMYEMO IMOCIIZOBHICTH MaTpullb SIK00i, sika 30iraeTbes y
b a
aq b a 0
CEeHC1 CIITbHOI rpad-rpaHuIli 10 MaTpumi J = a, by e
[ ] [ ] L]
0 e o

Mu MOKeMO, BUXOSYN 3 HEOOMEKEHOT0 CaMOCHPSDKEHOTo oneparopa 4 > 1
y rinmsbeproBoMmy mpocropi H, Ta Mmarpuui Sko6i J, 3amaHOi B JesKoMy

OpPTOHOPMOBaHOMY 0a3muci {(pl-,j = 1,2,...} mignpocropy N < Hy, N[ D(A4) = {0}
BiTHOBUTH HEEIWHUM YHHOM IOCTIIOBHOCTI E j€ R, vy jEH; \D(A),j=12,...
TaKi, IO MPH TOCTIIOBHOMY PO3B’si3aHHI 3a HUMH OOEpPHEHOI 3a1avi Ha BIACHI
3HAYCHH: B KIaci onepatopis 4, € Pl (A) BUHUKAE MOCIILOBHICTb acOLiHOBaHUX

maTpuup SIko6i J, paHry n , mis sikoi J € CHIBHOIO rpad-rpaHuLero.

1. Hyoxin M. €., Kowmanenxo B. J]. IIpo TOYKOBHI CIIEKTP CaMOCIIPSHKEHHX OIEPaTOpiB,
10 BUHHUKA€E IPH CHHTYJISPHUX 30ypeHHSX CKIHYEHHOTO paHry // YKp. Mar. XypH. —
2003. 55, Ne 9. — C. 1269-1276.

2.  Koshmanenko V. A variant of the inverse negative eigenvalues problem in singular
perturbation theory//Methods of Funct. Anal. and Top. —2002. — 8, Ne 1. — P. 49-69.

80



TEOPIS ®VHKIIIN I ®YHKI[IOHAJIBHUI AHAJII3

3. Kowmanenxo B. /]., Tyeaii I'. B. Matpuui 5Iko0i, acoriiioBaHi 3 00epHEHOIO 33/1aUero Ha
BJIACHI 3HAYCHHsI B TEOPii CHHIYJSIPHUX 30ypeHb CaMOCIPsDKEHUX orepaTtopis // Ykp.
Mart. )KypH. — 2006. — Ne 58 — C. 1651-1662.

THE JACOBI MATRICES AND SINGULAR PERTURBATIONS SELF-ADJOINT
OPERATORS
The connection between the inverse eigenvalue problem and the Jacobi matrices is

established in the framework of the theory of singular perturbations of unbounded self-adjoint
operators.
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VJIK 517.98
AJITEBPU AHAJITUYHHAX ®YHKIN HA BAHAXOBUX ITPOCTOPAX

Ipuna Yepnera

Incmumym npuknaduux npobiem Mexaniku i Mamemamuxu
im. A.C. ITiocmpueaua HAH Yxpainu

icherneha@ukr.net

JlocmimkeHHss CHekTpiB anreOp aHamiTHYHUX (QyHKIOIH Ha OaHAXOBUX
MPOCTOpax PO3MOYATIOCh HAMPUKIHII MBAIIATOr0 CTOMITTA. OQHIEIO 3 MEpImnx y
bOMY HAaIPSIMKY Oyia pobota [1], 1e aBTOpH ITOCIIIKYBaIl BIACTUBOCTI aareopu
AQHATITUYHUX QYHKLIH HAa OAMHUYHINA KyJIi CIIPSDKEHOTO MPOCTOPY, sIKa MOPOKEHA
* -c;la0Ko HenepepBHUMHU JIiHIMHUME (yHKUioHanamu. Y poborax [2, 3] aBTopn
BUBYAJIM ajreOpy KOMIUIEKCHO3HAUYHHUX LUINMX (QYHKIIH Ha OaHAXOBOMY HPOCTODI,
SIK1 € 0OMEXKCHI Ha 00MEKESHUX MHOXKHHAX, 11 CIIEKTP, @ TAKOXK PIBHOMIPHY aireopy
00MEXEeHUX aHATITUYHUX (YHKIIH Ha OAMHUYHIA KyJli GaHaxoBOro mpocropy. Y
po6oTi [4] ommcaHo cHeKTp i€l anreOpu y BUTIAAI IPSIMOi CyMHU MOCIiTOBHOCTI
0aHaxOBUX TPOCTOPIB, TMOMOBHEHiH B Tomosnorii 'enmbdanma. ¥ poborax [5, 6]
BHUBYABCS CIIEKTP aNreOpu CHMETPHYHUX aHATI THIHUX QYHKIIH 0OMEXESHOTO THITY.

Y J0mMoBiZi MU TIPOTOBKYEMO BUBUYEHHS areOp CUMETPUIHHX aHATITHIHUX
(dbyHKIIIH HA TPOCTOPi aOCOMOTHO 301KHUX MOCITI IOBHOCTEH.

1. CarneT. K., Cole B., Gamelin T. W. A uniform algebra of analytic functions on a Banach
space // Trans. Amer. Math. Soc. — 1989. — 314, Ne 2. — P. 639-659.

2. Aron R. M., Cole B. J.,, Gamelin T. W. Spectra of algebras of analytic functions on a
Banach space // J. Reine angew. Math. — 1991. — 415. — P. 51-93.

3. Aron R. M., Cole B. J., Gamelin T. W. Weak-star continuous analytic funtions // Can. J.
Math. — 1995. — 47, Ne 4. — P. 673-683.

4.  Zagorodnyuk A. Spectra of algebras of entire functions on Banach spaces // Proc. Amer.
Math. Soc. —2006. — 134, Ne 9. — P. 2559-2569.

5. Chernega I, Galindo P., Zagorodnyuk A. Some algebras of symmetric analytic functions
and their spectra // Proc. Edinburgh Math. Soc. —2012. — 55, Ne 01. — P. 125-142.

6. Chernega I, Galindo P., Zagorodnyuk A. The convolution operation on the spectra of
algebras of symmetric analytic functions // J. Math. Anal. Appl. —2012. —395. —P. 569—
5717.

ALGEBRAS OF SYMMETRIC ANALYTIC FUNCTIONS ON BANACH SPACES

Some algebras of symmetric analytic function on Banach spaces and their spectra are
considered.
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UDC 517.51,517.982, 515.12
SW-REGULAR TOPOLOGICAL SPACES
Taras Banakh, Bogdan Bokalo

Ivan Franko National University

t.0.banakh@gmail.com, b.m.bokalo@gmail.com

Recall that function f from a topological space X into a topological space Y is
scatteredly continuous [1] (resp., weakly discontinuous [6] if for each non-empty
subspace A of X the set C(f'|4) of continuity points of the restriction f'|4 is not empty
(and has non-empty interior in 4).

Weakly discontinuous functions were introduced in [ 1] and appear naturally in
analysis [3, 4, 5] under the names semi-continuous functions, Baire one star
functions, stably Baire-1 functions [3], ets.

Obviously, each weakly discontinuous function is scatteredly continuous. Also
it is known that each scatteredly continuous function into a regular topological space
is weakly discontinuous [1, 2].

We call a topological space Y sw-regular if each scatteredly continuous
function from an arbitrary topological space X into the space Y is weakly
discontinuous. In the talk we shall discuss the properties of sw-regular space and the
place of the sw-regularity among other known regularity properties of topological
spaces. The sw-regularity is preserved by finite products, but we do not know if it is
preserved by Tychonoff products.

1. Arkhangelskii A.V., Bokalo B.M. Tangency of topologies and tangential properties of
topological spaces// Tr. Mosk. Mat. Obs. — 1992. — 54. — P. 160-185 (in Russian);
(English transl.: Trans. Moscow Math. Soc. 54 (1993) 139-163.)

2.  Banakh T., Bokalo B. On scatteredly continuous maps between topological spaces //
Topology and Appl. —2010. — 157. — P. 108-122.

3. Banakh T., Kutsak S., Maslyuchenko V., Maslyuchenko O. Direct and inverse problems
of the Baire classifications of integrals dependent on a parameter // Ukrain. Mat. Zh. —
2004. — 56, No. 11. — P. 14431457 (in Ukrainian).

4.  Chaatit F., Rosenthal H. On differences of semi-continuous functions // Quaest. Math.
2000. — 23, No. 3. — P. 295-311.

5. Haydon R., Odell E., Rosenthal H. On certain classes of Baire-1 functions with
applications to Banach space theory, in: Functional Analysis, Austin, TX 1987/1989, in:
Lecture Notes in Math., vol. 1470, Springer, Berlin, 1991, P. 1-35.

6. Vinokurov V.A. Strong regularizability of discontinuous functions // Dokl. Akad. Nauk
SSSR. — 1985. 281, No. 2. — P. 265-269 (in Russian).
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ON THE GENERALIZED ATOMIC WAVELETS
Iryna Brysina, Victor Makarichev
N. Ye. Zhukovsky National Aerospace University “Kharkiv Aviation Institute

yna.brysina@gmail.com, victor.makarichev@gmail.com

Atomic wavelets, which are nonstationary infinitely differentiable wavelets

with a compact support, were introduced in [1, 2]. These functions were constructed
using atomic functions

n

1 o0 Sin ﬁ
_ itx s t
Fupen ()= | €| —220 ) 1

(25)"
—®© 2(2s)"

where F,(¢) is the Fourier transform of the function mup,(x) that is a solution with
a compact [—1,1] of the functional differential equation

() =2 (y(2sx+ 25— 2k +1) — p(25x — 2k +1))..
k=1

In this paper we consider a problem of construction of wavelets using
generalized Fup-functions [3]

Consider the function f(x)eL,(R) such that suppf(x)=[-L1],

f(=x)=f(x), f(x)=0 forany x e[-1,1] and jjo f(x)dx =1. We shall say that
f(x) is a mother function.

Let

0

vk(x)=i j ¢V (dr, k=0,1,2,
—0

where

k
sin 27

Vi () =

o e (y)

N >0 and F(¢) is the Fourier transform of the mother function f(x) . The function
v (x) is a generalized Fup-function [3].
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By L, denote the space of functions

2= Y cj-vk(x—zi:f],

Jel(g)

where I(g) is a subset of integers. It can be easily shown that L, > L, ; for any £.
Further, we define the inner product of two functions as the integral
o0
(&)= [ g(x)-h(x)dx.
—00
Denote by ¥}, the orthogonal complement to L in the space L;_;. It follows
that Ly =W ®..@W, @ L, .
Theorem 1. For any natural k there exists the function wy (x) such that

k+1 .
1) the system of functions {Wk (x 2 5 J ]} constitutes a basis of the space
JEZ

Wk S
2) suj 62t |,
pp Wi (x) =| 0,25~ |

3) jjo wy (X)dx =0 .

We say that wy (x) is a generalized atomic wavelet and the space W), is a space
of generalized atomic wavelets.

It was proved in [4] that the space L, has good approximation properties.
Hence, the system of functions

2k+1j 2n+1j
{Wk (x A B I R
JEL k=1,...,n

also has good approximation properties.

1. Makarichev V. A. On the nonstationary system of infinitely differentiable wavelets with
a compact support // Visnyk of V. N. Karazin Kharkiv National University, Ser.
“Mathematics, Applied Mathematics and Mechanics”. — 2011. — 967. — P. 63-80.

2. Brysinal V., Makarichev V. A. Atomic wavelets // Radioelectronic and computer
systems. — 2012. — 53, no. 1. — P. 37-45.

3. Brysina l. V., Makarichev V. A. On the asymptotics of the generalized Fup-functions //
Adv. Pure Appl. Math. — 2014. — 5, no. 3. — P. 131-138.

4. Brysina I V., Makarichev V. A. Approximation properties of the generalized Fup-
functions // Visnyk of V. N. Karazin Kharkiv National University, Ser. “Mathematics,
Applied Mathematics and Mechanics”. —2016. — 84. — P. 61-92.
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UDC 519.1
DRAWING GRAPHS ON FEW LINES AND FEW PLANES

Steven Chaplick, Krzysztof Fleszar, Fabian Lipp,
Alexander Ravsky, Oleg Verbitsky, Alexander Wolff

Julius-Maximilians-Universitdt, Wiirzburg, Germany,
Universidad de Chile,
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics
NAS of Ukraine

first.last@uni-wuerzburg.de, kfleszar@dim.uchile.cl
alexander.ravsky@uni-wuerzburg.de, verbitsk@informatik.hu-berlin.de

We shall consider only finite graphs, which are simple, that is have no multiple
edges and loops. The general frame of our talk is to formalize mathematically
intuitive notions of visual complexity of a graph drawing, which we understand as a
number of geometrical primitives needed to represent a graph, for instance, slopes,
segments or arcs, straight lines or circles, and (in space) planes and spheres. It has
an immediate application for a user-friendly representation of a graph data. Given a
formalization, we investigate ideas generated by it, for instance, we are trying to find
algorithms to draw a graph with a small visual complexity, to investigate a
complexity of related algorithmic problems, to determine bounds for the worst cases
at least for special graph classes. In some cases we are able to determine exact values
or to obtain asymptotically tight bounds. In the present talk we consider only
straight-line edges and crossing-free drawings. It is well known that each graph
admits such a drawing in space. Also a planar graph admits such a drawing in a
plane, by Wagner-Fary-Stein theorem. Our talk is devoted to the investigation of the
problem of drawing graphs in a plane and space such that their edges (or only their
vertices) can be covered by a few lines or planes. This problem has many relations
to other challenging graph-drawing problems such as small-area or small-volume
drawings, layered or track drawings. While some facts about our problem are
implicit in previous work, this is the first treatment of the problem in its full
generality. Also we relate our parameters to standard combinatorial characteristics
of graphs (such as the chromatic number, treewidth, or arboricity) and to parameters
that have been studied in graph drawing (such as the track number or the number of
segments appearing in a drawing).

1. Chaplick S., Fleszar K., Lipp F., Ravsky A., Verbitsky O., Wolff A. Drawing Graphs on
Few Lines and Few Planes // http://arxiv.org/abs/1607.01196

2. Chaplick S., Fleszar K., Lipp F., Ravsky A., Verbitsky O., Wolff'A. The Complexity of
Drawing Graphs on Few Lines and Few Planes // http://arxiv.org/abs/1607.06444
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UDC 539.3
ON REGULAR M-WEAKLY COMPACT OPERATORS
Omer GOK
Yildiz Technical University, Turkey
gok@yildiz.edu.tr

Let £ and F be Banach lattices. A linear operator 7' from E into F is said to
be order bounded if it maps order bounded subsets in E into order bounded sets in
F. T is called positive operator if Tx >0 whenever x>0. A linear operator 7'
from E into F is called a regular operator if it is a linear span of the positive
operators. We denote by L" (E, F) the set of all regular operators from £ into F.

L(E,F ) denotes the space of all bounded linear operators from E into F. By
I’ (£.F) we denote the space of all order bounded operators from £ into F'. It is
well-known that L (E,F) < b (E,F)c L(E.F).By E" we denote the topological

dual of E. Topological dual and order dual of a Banach lattice coincide. A Banach
lattice E is called KB-space if every increasing norm bounded sequence in E is
norm convergent. A subset 4 of a Banach lattice E is called b-order bounded in E
if it is order bounded in the second order dual E" of E. A Banach lattice E is said
to have b-property if every subset A of E is order bounded whenever A is order
bounded in E"”. A linear operator 7' from E into F is called M-weakly compact if
lim||7x]| = 0 for every norm bounded disjoint sequence (x, ) in E. Wy (EF)
n

denotes the linear span of the positive M-weakly compact operators from F into F
. In this study, we show that L" (£, F') has b-property if and only if F has b-property.

Wy (E.F) is a KB-space if and only if F'is a KB-space.

1. Aliprantis C. D., Burkinshaw O. Positive Operators. — New York: Academic Press, 1985.
Alpay §., Altin B., Tonyali C. On property (b) of vector lattices // Positivity. — 2003. —
Ne7.—P. 135-139.

3. Alpay S., Altin B., Tonyali C. A note on Riesz spaces with property —b / Czechoslovak
Math.J. —2006. — 56(131). — P. 765-772.

4. Bayram E., Wickstead A. W. Banach lattsices of L-weakly and M-weakly compact
operators // Arch.Math. —2017. — 108. — P. 293-299.

5. Meyer-Nieberg P. Banach Lattices. — Berlin: Universitext, Springer, 1991.
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UDC 517.5
TRACE FORMULAE FOR SCHRODINGER OPERATORS

Rostyslav Hryniv, Yaroslav Mykytyuk

Pidstryhach Institute for Applied Problems of Mechanics and Mathematics,
Ukrainian Catholic University,
Lviv Ivan Franko National University

rhryniv@ucu.edu.ua, yamykytyuk@yahoo.com

For a real-valued function ¢qeL;(R), denote by T, the self-adjoint
Schrodinger operator in the Hilbert space L, (IR) given by the differential expression

tq (0 =—f"*+qf
on the maximal domain. The spectrum of T, consists of the absolutely

continuous part coinciding with the positive half-line R, and the discrete part
consisting of at most countably many negative eigenvalues. We denote these

eigenvalues by —k% , 1<j<N, with N =0 when the discrete spectrum is empty and
N=o when it is countable. Moreover, for real non-zero k the equation
te(f) = k2 f possesses the right and left Jost solutions, and this allows one to

introduce the right and left scattering coefficients 7, .
When q is of the Schwarz class, then the operator 7, g enjoys the famous

Faddeev—Zakharov trace formulae [1]. The first two of these formulae can be written
in the following form:

Z“ = j log(1-| r(k) )" dk = [ g(x)dk, )
R
2/1 itz jkzl"g(l (k) *) ' dk = '[q (x)dx, )
R

with r =1_ and N <oo. One of the results proved by Gesztesy and Holden in [2] is
that formula (1) holds for all real-valued potentials ¢ from the set

U€>O L, (R,(1+| x |)®dx), while (2) is valid for all real-valued g from the Sobolev
space le (R).
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The aim of this talk is to extend the above trace formulae to a largest possible

class of potentials. In particular, we shall show that formula (1) remains true for all
real-valued ¢ in the space L;(R), while (2) holds for all real-valued ¢ in the space

Li(R)NLy(R).

1.

Zakharov V. E., Faddeev L. D. The Korteweg-de Vries equation is a fully integrable
Hamiltonian system // Funkcional. Anal. i Prilozen. — 1971. — 5, no. 4. — P. 18-27. (in
Russian)

Gesztesy F., Holden H. Trace formulas and conservation laws for nonlinear evolution
equations// Rev. Math. Phys. — 1994. — 6, no. 1. — P. 51-95.
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JUO®EPEHIIAJIBHI PIBHAHHSA I MATEMATUYHA ®I3UKA

VJIK 517.36

®OPMVJIA JINYBUWLIA-OCTPOIPAZICKOI'O JUISI HEKOTOPBIX
KJIACCOB JU®PEPEHIIUAJIBHBIX YPABHEHHUHU C TIPOU3BOJHOU
XYKYXAPBI

HBan Aramachk

Yepracckuil Hayuonanvuill ynusepcumem umenu boeoana Xmenvnuykozo
atamas_v(@ukr.net

Iycts convR? — MeTpHYECKOE NPOCTPAHCTBO HEMYCTBIX BBITYKIBIX

KOMITAKTOB MMPOCTpaHCTBa RZ . PaCCMOTpI/IM YpaBHCHUEC
Dy X(1) = A(1)X(2), X(0) = Xy € convR?. (1)

3pecs DyX(f) — omneparop mnpousBomHoit Xykyxapel [1], X(?)e convR? ,
AeC(R;I( Rz)) , I( Rz) — OanaxoBa ainreOpa JHMHCHHBIX OTrPAaHHMYCHHBIX
oneparopoB. S[X]=S[X,X] — mIoLaab BRITYKJIOT0 KOMIakTa X .

Teopema 1. Ilycmo A(t)=A, npu nexomopom meN A™ =1, X(t)—
pewenue 3a0a4u Kowwu (1) ¢ nauanonvim ycnosuem X(0)=X, . Toeoa ona neuemnuix

m, m=3 cnpaseonusa gopmyna

[m/2] 2t0052 4

1
S[X(t)]: M2 Y e mo|S[Xol+
q=1
2ngq
m-1 [m/2] 2tcos———
%z (m-p)e*+2'% [(m-p)cosz"m T215in 224 sinzﬂ}e m|x
m- p=1 q=1 m m m

xS[X.APX,].

Ipu vemnvix m, m =4 cnpaseonusa gpopmyna
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1| 2 o (m=2)/2 2tcoszﬂ
SX(H)]=—|e "+ +2 > e m IS[Xo I+
m g=1

+ 25 (om0 )

m- p=1
(m-2)/2 ) 2 2 2tcos 4
2 3 {(m—p)cos P4 4 15in =4 sinﬂ}e m|S[Xy,APX,].
g=1 m m m

Teopema 2. [Ipeononosicum, umo A(t):etB U BLINOIHAEMCS. HEPABEHCMEO

tr’B-4detB<0. Jlus nnowadu pewenus X(t) Ouddepenyuarvnozo ypashenus ¢
npouszsoonou Xykyxapwt (1) cnpaseonuea gpopmyna

S[X(t)]:é ? & ¥S[Xg,A(5)X o Jdse 0 +
0

. 0
+3 tn® %je'o‘s cosonsS[X(,A(s)X1ds,
n=1 0

20e (x=ltrB, (D=l\/4detB—trzB:=2—n, xn(t)=£(e°”—1), npu n=0 u
2 2 0 o

20

Xy =55
ntT 2,22

st monyuenust anasora (opmysst JInyBuiisi-OcTporpaackoro UCIoJib3yem
METOJT BEKTOpHBIX (pyHKINH JIstryHOBa [2].

(eat (cos(ncot)Jr@sin(ncot)j - lj, npu n#0.
a

1. Mampocos B. M. Meton BeKTOpHBIX GyHKuuil JIAmyHOBa: aHANU3 IHMHAMHYECKHX
CBOMCTB HEeMUHEHHBIX cucteM. M.: ®m3matiur. 2001. — 372 c.

2. Jlakxwmuxawmam B., Jluna C., Mapmuiniox A. A. YCTOWYUBOCTh JBHXEHHS: METOJ
cpaBHeHus. — K.: HaykoBa nymka. — 1991. — 243 c.

FORMULA OF LIOUVILLE-OSTROGRADSKY FOR SOME CLASSES DIFFERENTIAL
EQUATIONS WITH HUKUHARA DERIVATIVE

The generalization of the classical Liouville-Ostrogradsky formula for this class of
equations, under certain additional restrictions is considered.
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YK 517.956

KPAMOBA 3A/IAYA 3 YMOBAMH TUITY I:IEfIMAHA JJIs1 PIBHSIHD 13
YACTUHHUMMU NNOXITHUMMA 3 IOCTIMHUMH KOE®IINIEHTAMHU

SIpocaaB bapaneuskuii, Ilerpo Kanenwok

Hayionanenuii ynieepcumem «JIvgiecoka nonimexuixa»

baryarom@ukr.net, pkalenyuk@gmail.com

OcHoBH Teopii KpailoBUX 3a/1a4 AJsl PIBHSHB 13 YACTUHHUMH TOXITHUMH OYyJI0
3aKJIaJIeHO B Ipalsix 0araTb0X MaTeMaTHKIB y APYTii OJOBUHI MUHYJIOTO CTOJITTSL.

JUis Bunanky piBHSHB 31 CTanuMH KoegillieHTaMH BpaxyBaHHS CHMETpil
KpalloBUX yMOB Ta 00JacTi, A€ BHUBYAIOTHCS 3ajadi, JO3BOJISIE YTOUYHHTH Ta
MOKPALIXUTH BIACTHBOCTI PO3B’S3KIB IOCITI/KYBaHUX 3a/1au.

Hexait Gz{x=(x1,...,xm)eRm: 0<x;<X;<oo, j=1,...,m},
v E{k:(kl,...,km)eZm:kj >0, j:l,...,m}, |k|sk1+...+km, D; — omepatop

JTU(epeHIIIFOBaHHS 3a 3MIiHHOIO X, D = D12 5 ...D,is’" ,

2
W (G)={ye L, (G): D'y e Ly(G), <5, g =( @k -t
i EHﬁmz-

BuBuaeTnhes HECaMOCIIPSAKCHA KpaﬁOBa 3aJga4da

1(-p?)y= ¥ (-1fla,p*y= 1, (1)
‘S‘Sn
1, y=D3"? N oD =0, =Leum, p=loun, ()

JT
_n2p-1 2p-1 —
TR IR NS 3 SO T I N
r=0g=0 XA
j=L.,.m, p=1,..,n
. _ q _
lpunymenns A :b,, , ; =(-1) byrrpjs 4=01.m,, m,<2n-1,

r=0,1, j=1,...m, p=1,..,n
Mpunymenus P, tmy, < 2p-1, p=1,...,n
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HpnnymeHHﬁ}’3:|kk|ZC1|k|2n>0, A=Y LG >0, keZf.

|s|<n
[Mpunymenns Py :L(—Dz) — CWIBHO KapJIeMaHIBChKHH BHUpa3, TOOTO
‘L(—pz)‘ZC2|p|b >0,beR, C, >0.
Hexait L — omeparop 3amaui (1) — (3), Ly EL(—Dz)y, yeD(L),
D(L)={y e W™ (G):ly ;7 =0, 5=1,...20, j=1,..,m|.

Teopema 1. Hexaii o0na 6yob-saxux ag € R, bq,r’p’j eR, |[3|Sn,

q=0,1...m,, r=01, p=1,..,n, j=1,..,m, cnpasoocyemocs npunywennsi B
.Tooi onepamop L mae énacmi 3navenns A, ke Zg’ , Ma NOBHY | MIHIMANbHY 6
npocmopi L, (G) cucmemy 61ACHUX (DYHKYILL.

Teopema 2. Hexaii cnpagocyiomucs npunywenns B — . Tooi onepamop L
Mae cucmemy enacnux yuyit, axa € 6asucom Picca npocmopy Ly (G).

Teopema 3. Hexaui suxonyromuscs npunyujenns meopemu 2. Tooi 0ns 6y0b saxol
Qyuryii f € L, (G) icHye eOunutl po3s’sizox 3aoaui (1) — (3).

Teopema 4. Hexaii suxonyiomocs npunywennsa B, Py, Py .Tooi icnye make

uucno s €N, wo ons 6yov-sxoi pynxyii | e W’ (G) sadaua (1) — (3) mae edunuii
D038 SI30K.

1. Kanenwox I1. U., bapaneyxuii A. E., Humpeouy 3. H. O600IEHHBIH METO pa3/ie/eHuUs
nepeMeHHbIX. — Kues: HaykoBa nymka, 1993. — 230 c.

2. bBapaneyvruu A. O. HenokanbHa KpaifoBa 3agada sl PpIBHSAHb 3 MOCTIHHUMH
koediuientamu // BicH. nepx. yniBepcurery ” JIbBiBchka mositextika ” [TM. — 1997. —
320.-C. 13-15.

3. Baranetskij Ya. O., Basha A. A. Nonlocal multipoint problem for differential-operator
equations of order 2n // J. Math. Sci. — 2016. — V. 217. No. 2. — P. 176-186. DOI
10.1007/s10958-016-2965-0.

A BOUNDARY VALUE PROBLEM WITH NEUMAN CONDITIONS FOR THE PARTIAL
DIFFERENTIAL EQUATIONS WITH CONSTANT COEFFICIENTS

Spectral properties and conditions for the existence of a solution of the boundary value
problem for a partial differential equation with constant coefficients of even order are studied.
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YK 517.927.6

HEJIOKAJIBHA KPAMOBA 3AJIAYA 3 KPATHUM CIIEKTPOM J1JIS
3BUYAMHOI'O JJUPEPEHIIAJIBHOI' O PIBHSHHS ITIAPHOT'O
HOPSJIKY 3 OIIEPATOPOM IHBOJIFOIII

SApocnas Bapanennknii, [lerpo Coxan
Hayionanvnuii ynieepcumem «/Ivgiecoka nonimexuixay

baryarom@ukr.net, sokhanp@gmail.com

ITpu moOymoBi po3B’sA3KiB OaraTh0X HECTAI[lOHAPHUX 3a1ad MeTonoM Dyp’e
abo oro aHajoraMu BaXKJIMBOIO € BIACTUBICTh OA3UCHOCTI CHCTEMH KOPCHEBHX
(yHKITIH BiIMOBITHUX CIIEKTPaIbHUX (32 MPOCTOPOBUMH 3MiHHUMH) 3a]1a4.

VY BUMaaKy OJHIET IPOCTOPOBOI 3MIHHO1, KOJIM KPaliOBl YMOBH PETYJISpHI, ane
HE TIOCHUJICHO peryn;lpm 3a BlpKrod)OM y mparti [1] 6y70 BCTaHOBJICHO, IIIO CUCTEMA
KOPEHEBUX MiAMPOCTOPIB, SKi BiIIOBINAIOTh KPAaTHHUM a00 OJHM3bKUM BIACHUM

3HAUCHHAM KpaiioBoi 3azmaui, yrBoproe Oasuc Picca B mpoctopi L, (0,1), i3
mignpocTopiB. CaMOCTIpsHKEHUMH BHIAJIKaMH TaKHX YMOB € TIEpiOAWYHI Ta
aHTHUIIEPIOANYHI KpalloBi yMOBHM, SKUM BiJIIIOBIal0Th CaMOCIPSDKEHI B L, (0,1)

OTIepaTOpH 13 ABOKPATHUMH BIACHUMH 3HAYCHHSIMHU, 110 HE PiBHI HYJIIO.

Y TOBiIOMIJICHHI TPOMOHYIOTHCS PE3YyIbTaTH JOCTIKEHb CIHEKTPATbHUX
BJIACTUBOCTCH HECAMOCHPSIKCHHX 30ypeHb pIBHAHHA Ta KpalOBHX YMOB
CaMOCHPsDKEHO] 3a7adi, AKi IpH 3 = 1 CHiBIIAAAl0Th 3 YMOBAaMH aHTHIIEPiOANIHOCTI

[2,3].
Hexait

2n (Ql)z{yeLz (0.1):3" e c[o.1], y*") e 1, (0.1), m:O,l,...,Zn—l},

I:1,(0,1) > L,y (0,1) — oneparop iusomouii, /y(x)=y(1-x).
BuBuaeThcs 6araToTOUKOBA 3a/1aua

L1y za W)= s () ve0), W)

r k/'
]Jy:y(zn J)(0)+( 1)] y(zn J)(l)+ZE)Z%)bj,qsy ( S)zo’

s=0g=
j=1..n, (2)
b= YD)+ (-1 Y (1) =0, j=1,m, 3)
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0<xg<x<..<x. <1, q:O,l,...,kj, kj <2n, j=12,.,n.

Hexaii L — omeparop 3amaui (1)-(3), Lys= (—l)ny(zn)(x) ,
yeD(L)cw3"(0,1), D(L)={yeW" (0,1):1y=0,j=1,...2n}, L, - wac-
TKOBHI BHIIAJI0K omnieparopa L , Koiu bq,s’ ;j=0,a,=0.

HNpunymenns B :n=2p-1.

lpunymennst Py :b, ;= (-1) bytir—s,j>» Xs=1=Xg » $=0L.,7,
q= 0,1,...,mj ,r=0,1, j=1,.,n.

Hpunywennst Py k; <2n—j, j=1,..n .

Teopema 1. Vci, me pisni mynio, 61acHi 3HAYEHHS CAMOCHPANCEHO2O
onepamopa Ly € 0goxpamuumu.

Teopema 2. Hexai o Oyov-akux a,eR, b, ceR, x;€[0,1),
q= 0,1,...,kj, kj <2n, s=0,1L,.,r, j, p=1,.,n, 6UKOHYIOMbCA NPUNYUEHHS
R, P,. Tooi enacnui 3nauenns onepamopie Ly, L cniénadarome ma cucmema
Kopenesux Qyukyiti onepamopa L € nosHoro i minimansHoio 6 npocmopi L, (0,1) .

Teopema 3. Hexail cnpagdacyromvcs npunywenns B —P;. Tooi cucmema

Kopenesux @ynxyiti onepamopa L € 6azucom Picca npocmopy L, (0,1) .

1.  Llkxamuxog A. A. O 6a3uUCHOCTH COOCTBEHHBIX (YHKIHU OOBIKHOBEHHOTO IH(QepeH-
UAIBHOTO oneparopa // Ycmexu MaT. Hayk. — 1979. —34. Ne 5. — C. 235-236.

2.  Kanenwx I1. U., bapaneyxuii A. E., Humpebuy 3. H. O600IEHHBIA METO pa3/ie/eHus
nepemenHbIX. — Kues: Haykosa nymka, 1993. —230 c.

3. Bapaneyvruu A. O., Kaneniox I1. I. KpaiioBi 3aga4i 3 peryJsipHHUMH, ajie HE CHIBHO
perymsipaumu 3a Bipkrodom ymoBaMu [uist oneparopa JBOKpPaTHOTO AU(epeHLi0BaHHS
// Mat. metoau Ta ¢i3. - mex. nosst. 2016. —59. Ne 4. — C. 7-25.

NONLOCAL BOUNDARY VALUE PROBLEM WITH MULTIPLE SPECTRA FOR
ORDINARY DIFFERENTIAL EQUATIONS OF EVEN ORDER WITH THE INVOUTION
OPERATOR

We investigate the spectral properties of nonmselfadjoint operators generated by
perturbations of boundary conditions by multipoint and perturbations of the differential
equation by a differential expression containing the involution operator.

The eigenvalues and root functions are defined. It is established that the system of root
functions contains an infinite number of associated functions, as well as the conditions under
which this system is a Riesz basis.
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VJIK 524.35

YHUCJOBE MOJEJIOBAHHS MMOJAPU3AINIMHNUX KAPT 3AJIMIIIKIB
HAJHOBHX 31P

Bacuab bemneii, Oger Ilerpyk

Incmumym npuknaonux npobnem mexanixu i MamemMamuxy
im. A. C. Iiocmpueaua HAH Vipainu

beshley.vasyl@gmail.com

Saymmkn HagHoBHX 3ip (3H) BBaXarOThCS OCHOBHUMH JDKEpENaMH, IO
HPUCKOPIOIOTH ['alakTHUHI KOCMIYHI MPOMEHi (€IeMEeHTapHI YaCTHHKH) JI0 CHeprii
~10'5 eB. BoHu € acTpoi3MuHMMH TPUCKOPIOBAYaMH, fKi 3JIaTHi TeHEpyBaTH
SHeprifo ChmiBpo3MipHY YM W BHILYy 3a MakCUMaJbHY €HEprilo, OTpUMaHy Yy
Bennkomy anpoHHOMY Koutaiizepi. 3aBIsIKM PO3BUTKY CIIOCTEPEKYBaHUX METO/IIB B
acTpoHoMii IIi 00’€KTM Ha CBHOTOAHIIIHIA JEHb CIOCTEPIraloThCs y BCHOMY
€JICKTPOMArHiTHOMY Jiania3oHi eHeprii BiJ paio — 10 BUCOKOCHEPTeTHYHOT0 I'amMa-
BHIIPOMiHIOBaHHS. J[aHi, 0 MiCTATh iHPOPMAITitO PO MPUCKOPESHHS eJIEMEHTAPHUX
YacTOK, MOKHA OTPHMATH HE JIAIIEC 31 CHEKTPiB BHIPOMIHIOBAHHS, aje H KapT
MoBepxHEBOT sickpaBocTi 3H.

OKpiM TIPOCTOPOBO PO3MIJICHUX KapT MOBEPXHEBOI SICKPABOCTI, BaXKIIMBUM
JDKEpEJIOM CIIOCTepeXyBaHoi iHpopmMarliii € Takox kaptu moispusanii 3H. Taxki
KapTH OTPUMaHi ISl 3HAYHOT KiJbKOCTi Bimomux 3H.

Y pob6oTi po3poliIeHO TEOPETUUHY MOAENb s MOOYAOBH KapT MOJIspu3aLii
3H 3 ypaxyBanusMm edekry Dapanes (oOepraHHS IUIOIIMHU MOJIsipU3alii) Ta
BUIIaJIKOBOTO MarHitHoro mois. Po3poOieHo psia mporpamMHHMX 3aco0iB  Juis
MOJICTIOBaHHsT po3nojuniB napamerpiB Ctokca B 3H, ski eBOJIOLIOHYIOTH B
OJTHOPIZTHOMY Ta HEOJHOPIIHOMY CEepelOBHINAX Ta MarHiTHUX noisax. [TokazaHo
BB edexry Dapazes Ta BHIAIKOBOIO MArHITHOIO IIOJNS HA IIOBEPXHEBUI
PO3IOII XapaKTEPUCTUK ITOJSIPU30BAHOTO CHHXPOTPOHHOT'O BUIIPOMiHIOBaHHS.

NUMERICAL SIMULATIONS OF POLARIZATION MAPS OF SUPERNOVA REMNANTS

The theoretical model for simulation of radio polarization maps is developed. Maps of
Stokes parameters are simulated for different models of supernova remnants in uniform and
nonuniform media.

96



JUOEPEHIIIAJIBHI PIBHAHHSA I MATEMATUYHA ®I3UKA

YIK 517.957

rPYHOIIn EKBIBAJIEHTHOCTI KJIACIB HEJITHIMHUX
EBOJIIOINIMHUX PIBHAHDb APYI'OT'O ITOPAAKY

Ouiena BaneeBa
Incmumym mamemamuxu HAH Yxpainu

vaneeva@imath kiev.ua

JlomycTuMIM TepeTBOPEHHM Y Kiaci nud)epeHIlialbHUX PIBHSIHb HA3UBAIOTh
BIIOPSAKOBAaHY TPIWKy, IO CKJIAJA€ThCs 3 JABOX DIBHSAHB 3aJaHOTO KiIacy Ta
HEBUPOJKEHOTO TOYKOBOTO MTEPETBOPEHHS, 10 TIEPEBOIUTH MEPIIIC 3 IUX PIBHAHB Y
Ipyre. MHOXUHA JOMYCTUMHX MEPETBOPEHb MA€ CTPYKTYpPY IPYMOifa BiIHOCHO
OiHapHO1 omepallii KOMIO3MIIII TIEPETBOPEHbh Ta HA3WBAETHCS TPYIOiTOM
ekBiBasieHTHOCTI. Kitac nudepeHniiaabHuX piBHAHB, TPYIOIN €KBIBAJIEHTHOCTI SIKOTO
MOPOKEHO BiJIMTOBIAHOIO TPYIOI0 €KBiBAJICHTHOCTI, HA3MBAIOTh HOPMAaITi30BaHUM.
Taxi KJ1acu € HaWOUIBII 3pyYHUMH IS TOCIiKeHHS [1].

JlomycTuMi mepeTBOPEHHS O3BOJIIIOTh CYTTEBO CIPOCTUTH KiachQikalliiHi
3aja4yl TPyHoOBOro aHaji3y AuQepeHIiaNbHUX PIBHSIHb, 30KpeMa, Kiacudikamii
PI3HHX THUIIB CHUMETpPid, TOMIYKY JIOKaJbHUX 3aKOHIB 30epeeHHS 1 TOYHHX
PO3B’SI3KiB, @ TAKOXK OCIIKEHHS iHTErpoBHOCTI [3]. OTKe, BaXKIIMBOIO 3a1a4CH0 €
MIOIIYK TPYIOIMiB €KBIBaJCHTHOCTI UIS KJIACIB DPIBHSAHB, IO € IIKABUMH IS
3aCTOCYBaHb, Ta JOCHIPKCHHS X HAa HOPMAalli30BaHICTh  (IMB., HAMPHUKIAJ,
poboTy [4], Ae BUYEPITHO ONMHMCAHO TPYIOij €KBIBAJICHTHOCTI HEHOPMAaIIi30BaHOTO
kiacy piBHsiHb KopreBera—ne ®piza).

VY 1iit poboTi po3rasHyTO 3arambHuil Kiac (1+1)-BUMIpHHUX €BONIOIIHHUX
PIBHSIHB IPYTOTO MOPSIKY

u, = H(t,x,u,u,,u,),
ae H, #0, Hopmani3oBaHicTh sAkoro joBejeHo y [2]. IToOynoBaHO JIaHIIOKOK
pey

BKJIQJICHUX HOPMaJIi30BaHUX MiIKJIACIB IOTO KJIACy Ta 3HAWCHO BiAMOBIIHI TPYITH
€KBiBaJICHTHOCTI. Tak, HOpMaTi30BaHAMH € KJIaCH KBa3iJIiHIHHUX PiBHSAHb BUTIISALY:

u, = G(t, x,u,u Yy, + F(t,x,u,u,),

u, = Gt x,u)u,, +F(t,x,u,u,),

(1)

n
u, = G(t, x,u)u,, + Z Fk (t,x,u)uxk ,n>1,
k=0
u, = (G(t,x,u)u, ), +K(t,x,u)u, +P(t,x,u).
JloBinbHi enementd G, F, K, P € TaakuMu (QyHKLISIMH CBOiX apryMEHTIB,

G#0 B ycix Bunmagkax. 3ayBaxumo, mo migknac kmacy (1) 3 K=0 me ¢
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HOpMaJli30BaHHM.
OCKIJIBKM TP MOJICNIOBAHHI pEallbHUX MPOIECIB YaCTO BHHUKAIOTh
€BOJIIOLIIMHI PIBHAHHA 31 3MIHHMM KoediumieHTOM Oins u;, HOLLIPHO TaKOX

PO3IIIAHYTH Kj1aC

S, x)u, =(G(t,x,u)u,), + K(t,x,u)u, + P(t,x,u), SG#0. 2

)C))C

Lleit kiac € HOpMai30BaHUM, B TOM 4ac sk Horo miaknac 3 K =0 — mi.
I'pynoin exBiBameHTHOCTI Kiacy (2) MOPOHKEHUH TPYIOI0 €KBiBAIEHTHOCTI
OO KJIACy, MEPETBOPCHHS 3 SKOT MAIOTh BUIJIST
5 ) N . - X2z
t=T@k), x=X(tx), u=Ut,x)u+V(tx), S=2Z(x,S), G :TEG’
t

g2l g [ X HUs g UstttVe o Xi g _G&(Zj
X U u "X ,\S),’

X X

2
U V
Z +%Gu_(Uxu+Vx)(K+Gx)+(Ulu+Vt)S+

U
+[ Ux(Uxu+Vx)_Uxxu_Vxij:|'

Tyr T,X,U,V Ta Z — noBinbHI riagki (QyHKIII CBOIX apryMeHTIB,
I; X U #0,aTakox ZZg # 0.

OTpuMani pe3ynbTaTd B TOJAIBIIOMY OylIe 3aCTOCOBAaHO, 30Kpema, IS
JOCIIJDKEHHST KJlacy HEJIHIHHMX pIBHSAHb peakii—audysii 3 koedilieHTamu, 1o
3aJIeXkaTh BiJI MPOCTOPOBOT 3MiHHOT

S uy = (g(x)A@)uy )y +h(x)B(u), fg4, #0.

1. Popovych R. O., Bihlo A. Symmetry preserving parameterization schemes // J. Math.
Phys. —2012. —53, Ne 7. - 073102, 36 p.

2. Popovych R. O., Samoilenko A. M. Local conservation laws of second-order evolution
equations // J. Phys. A —2008. — 41, Ne 36.— 362002, 11 p.

3. Vaneeva O. O., Popovych R. O., Sophocleous C. Equivalence transformations in the
study of integrability // Phys. Scr. —2014. — 89, Ne 3. — 038003, 9 p.

4.  Vaneeva O., Posta S. Equivalence groupoid of a class of variable coefficient Korteweg—
de Vries equations // J. Math. Phys. —2017. — 58, Ne 10. — 101504, 12 p.

EQUIVALENCE GROUPOIDS OF CLASSES OF NONLINEAR SECOND-ORDER
EVOLUTION EQUATIONS
We study transformational properties of the general class of (1+1)-dimensional second-
order evolution equations. The chain of nested normalized subclasses of this class is
constructed. The equivalence groupoids of the respective normalized subclasses are found,
for certain subclasses that are not normalized the equivalence groups are derived.
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OCOBJIMBOCTI I'AJIYKEHHSI PO3B’SI3KIB CUCTEMHA PEAKIIII-
JU®Y3I1 3 EKCIOHEHIIIMHUMMU HEJIIHIMHOCTSAMHA

3opsina Bacionuk

Incmumym npuknaonux npobnem mexanixu i mamemamuxu
im. A. C. Iiocmpueaua HAH Vipainu

z-vasjunyk@ukr.net

JUist mocniJUKEHHS XapakTepy Tally>KeHHS pO3B’SI3KIB CHUCTEMH DIBHSIHBb
peakuii-nudys3ii, sKka B 3araJlbHOMY BUIIaJIKy ONUCYETHCS IBOMA PIBHSIHHSIMH BUY:

v0 20 = 2A0-g(0.n, ). (1)
ot
M _ 2pn-0(0.n, 4 2
TT]E_ n_Q( >T» )a ()
Ae tg Ty 1/, L — XapakrepHi 4ac 1 IOBKMHM 3MiHH 3MIHHHX 0in, 4-

OidypKamiiftHAiA TapaMeTp, BAKOPUCTAHO METOJT MAJIOTO TTapaMeTpa.

[IpocTtimuii BapiaHT IOCHIHPKEHHS XapaKTepy Tally>KeHHS HEOTHOPITHUX
PO3B’S3KiB B CHMETPHUYHIN IJIa3Mi HU3bKO1 I'YyCTHHU OYB poBeacHui y [2]. B po6oTi
[1] 3mificHEHO MOCHIKCHHS TUIY TTY>KCHHS PO3B’S3KIB [UIS HEJIHIHHUX PiBHSHB
peakuii-nudy3ii 3araibHOro BUTIILY.

B naniii poboTi Ha NpeAMET TaTy>KEHHS PO3B’SI3KIB JOCIHIIKEHO CHCTEMY
piBHsIHB peakuii-nudys3ii (1)-(2) 3 ekcrioHeHUiIHHUMH HENTIHIHHOCTIMH:

q(O,n, ) =n—chd,  O(O,n,4) =nM—exp(6)+4). 3)

VYMoBa, 3a sikoi BinOyBaeThest Oidypkarist TrropiHra i wiei cucremn i sika
3aJjae KpUBY HEHTPaAILHOT CTIMKOCTI, TA€ThCSI HEPIBHICTIO:

2
sh(6) > &j (2n—e9 +A)+2%(nee —(on-é + A‘)sh(e))m. (&)

Bimomo, mo creHapiii mepexoay depe3 Touky Oidypkamii OyBae M’sIKUM i
JKOPCTKHM. 3a M’SKOTO CIIEHAPiI0 BTPATH CTIHKOCTI KOJMBHUH MEPIOTUTHHNA PEKUM
BCTAHOBJIOETbCS ~ MOCTYNMOBO. Take rajayXeHHs pO3B’SI3KiB  HA3UBAIOTh
3aKpUTHYHUM. Y BHUIAJAKY KOPCTKOI BTPATH CTIHKOCTI CHCTEMa MEPEXOJHTh Ha
HOBUI PeXHM CTpUOKOM, TOOTO peaizyeTbesl JOKPUTHYHE TalyKEHHS PO3B’SI3KY.

BBiBumm BigxuwienHs 6=0-0,, f=n-mn,, n=4-4. 3a yMOBH

0, M, <1 i posxmamatoun ¢ysaxmii g(0,n,4), O(0,n,4) B psan 3a creneHAMHA
JTAHOTO BIIXWJICHHS JI0 TPETHOTO TOPSAAKY MaJOCTi:
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i+j=3 o 5
qOM, A= Y q;0'7 +q u+qm0+q 07, (5)
i,j=0
i+j=3 o .
0O, A) = D, 000 +0,4n+0410+0 1, (6)
i,j=0
ne g, Qij BIJINOBiHI KOCQIIIEHTH pPO3BHHCHHS, OTPUMAHO HAOIMKECHUN

po3B’si3ok cuctemu (1)-(2) 3 HeniniiiHOCTsIMM (3) Ta OOYJOBAaHO KPHUBY pO3ILITY
THITy T'ally’>K€HHS PO3B’s3KiB (1uB. puc. 1).

4 g

8 L s - 4
Kpusa Relmpankhol
cmidkocmi

6 L 4

4l Kpusa po3adiny muny |

2anyXeHHA PO36 93Ky
2t /
D 1

0 0.05 0.1 0.15 0.2 2

Puc. 1
OTpuMaHa KpuWBa B JIESKiH TOYIll TIEPETHHAETHCS 3 KPUBOIO HEHTpaIbHOL
crifikocTi. Skmio 3HaveHHs OidyprariiiHoro nmapamerpa A 3HAXOAUTHCS HIDKIE Bif
i€l TOYKH, TO TaTyXKeHHS po3B’s3Ky B Toulli Oidypkarii Oyae mokputuanuM. B
IHIIOMY BUNaAKy OidypKallis 3aKpUTHYHA.

1. Tagiiiuyx B. B., Jayxo 5. H., Bacionux 3. I. MeTo Maoro mapameTpa B HeNiHifHHX
cHCTeMax peakmii-nudysil: yMOBH 3acTOCyBaHHS, INOOYZOBa pO3B’S3KIB, aHAII3
6idypxarmiii. / Mart. meronn 1 ¢i3.-mex. moist. — JI., 2014. — 1.57, Ne2 - C. 51.

2. Taguiuyk B. B., Kepuep b. C., Ocunos B. B. KBazurapMoHHYeCKHE CTallMOHAPHBIE
CTPYKTYPBl B Pa3orpeTod >JIEKTPHUCCKUM II0JEM 3JIEKTPOHHO-IBIPOYHON IIIa3me. //
Ousnueckue sBIEHHS B INPHOOpax OSJIEKTPOHHOM M JIa3epHOH TeXHHKH. — M.:
N3n. MOTH, 1981. — C. 65-69.

3. Sattinger D. Topics in stability and bifurcation theory. — Berlin. Springer Verlag. — 1973.
- 136 p.

FEATURES OF BRANCHING OF SOLUTION FOR THE REACTION-DIFFUSION SYSTEM
WITH EXPONENTIAL NONLINEARITIES

A small parameter method is used to study the nature of nonuniform solution branching
for the reaction-diffusion system with exponential nonlinearities. The curve for such
branching solution is built.
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®YHJIAMEHTAJIbHUI PO3B’ 130K 3AJIAYI KOIII JIJI5
YJIbBTPAITAPABOJITYHOTI'O PIBHAHHSA TUITY KOJIMOI'OPOBA 3
BUPO/I)KEHHSAM HA ITOYATKOBIH I'NIEPILIOIIAHI

Oubra Bo3nsk, Irop Menuacbknii

Tepnoninvcokuil HayionanbHUL eKOHOMIYHUU YHIgepcumen,
Incmumym npuknaonux npobnem mexanixu i MamemMamuxy
im. A. C. ITiocmpueaua HAH Yxpainu,
Hayionanenuii ynieepcumem «JIvgiecoka nonimexuixa»

voznyak.o.g@gmail.com, i.p.medynsky@gmail.com

Hexait n, m 1 np — 3amani HaTypalbHi yucia Taki, mo m 2ny =1,
n +n, =n. IlpocropoBa 3mMiHHA x € R" CKIA#aeTbCs 3 ABOX IPYN 3MIHHHX:

OCHOBHOI Tpymn x; € R™ 1 rpynm 3MIHHMX BHPOJIKeHHS x, € R"™, e
x; = (le,...,xjnj yeR"Y, je{l,2}, Tak mo x:=(X;,x,). o i P € HEMEPEPBHUMH

Ha [0,7] ¢yHkuismu i takumu, mo o(0)B(0)=0 i mis Oymp-sxux te(0,7]:
a(t)>0, PB(#)>0, mnpuuomy GyHKIII [ — MOHOTOHHO HECMAIHA.
My = (0,T]xR", Tr—3avukanns I1y .

JlonoBinp mNpHUCBsYEHA BUKJIAAY OCTAHHIX pe3yibTaTiB 3 MOOYZOBH Ta
JociikeHHs GyHaaMentansHoro po3s’s3ky 3axaui Komri (OP3K) mnst ynsrpana-

pabomiuHoro piBHAHHS Tuy KosiMoropoBa Ta BHPOIPKEHHSM Ha IIOYaTKOBIH
rinepIuIonyHi, TOOTO PiBHSIHHS BUTIISILY

o) n
o(1)0u(t,x)—BA(D_ x jOn, * D a; (t.2)0y 0y, +
Jj=1 Jil=1

+§: a; (t,x)&xl/ Ju(t,x)—ag(t,x)u(t,x)=0, (t,x)elly, (1)
J=1 '

e koediwieHT aj;, a;, {j,I} <{lm} 1 ap € KOMIICKCHO3HAYHIMH (QYHKLIsAMH

Jl>
3ajaHnuMu Ha [17, gKi 3a70BONBHSIOTH BiANOBIIHI yMOBH 3 Tiparti [3]. 3a nux ymoB
qutst piBasHHA (1) B [3] nobynosano knacuyanii @P3K 1 BcTaHOBIEHO TOYHI OL[IHKK
noxigaux ®P3K 3a npoctopoBuMHU 3MiHHUMHU. BCTaHOBIIEH] TYT OIIHKY MPHUPOCTIB
noxigaux @P3K 3a mpocTopoBUMHU 3MiHHUMH JTOTIOBHIOIOTh PE3YJIbTATH 3 Tpaili [3]
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1 y3arajpHIOIOTH pE3YJNbTaTH, SKI oJAepkaHi y mpami [6] g piBHIHB
ynbTpanapaboniuaoro Tuimy KoiMoropoBa 0e3 BHpOJIKEHHS Ha TOYATKOBIH
TINEPIUIONINHI.

JIst piBHSHB, KOe(ili€HTH AKX HE 3aJIeKaTh BiJl 3MIHHUX BUPODKCHHS 1 Ta-
KHX, III0 He MalOTh BUPOJKCHHSI HA TTOYATKOBIH TIMEPIUIONINHI MOAIOHI pe3yIbTaTH
oTpuMaHi B [1], a Iy piBHSAHB 3 BUPOHKEHHSAM Ha TIOYATKOBIH TilTepIUIONIHHI B [2].
Lli pesynbratm oTpuMaHi 3a Jonomoror MomudikoBanoro merony Jlesi, sikuid
3anpornoHoBaHo B [4] i po3BHHYTO B mpausx [5—6] mis piBHSHB yJbTparapa-
6ouiunoro Tuny Koamoroposa 6e3 BUpOJDKEHHS Ha MOYATKOBIN MIEPILIOMINHI.

OTpuMaHi pe3ysibTaTd JIOMOBHIOIOTH BIINOBIMHI pe3ynbratd 3 [7] s
yabTpanapadosiuHuX piBHAHb THIY KosMOroposa 3 BUPOIKEHHSIM Ha MOYAaTKOBIH
TiNepIUTONIHHI.

1. Isacuwen C. []., Meouncoxuii I. [1.  Kimacuunuit  (yHIAMEHTAIBHUH  pO3B’S30K
BHPOJDKEHOTO PiBHSAHHS KosMoroposa, KoedimieHTH SKOTO HE 3aJie)aTh BiJ 3MiHHHUX
BUpopKeHHs // Bykos. mar. xypH. —2014. — 2, Ne 2-3. — C. 94-106.

2. Bosuax O.TI., Isacuwen C. [[., Meouncokuii I. I1. TIpo ¢yHmameHTaIbHUI PO3B’ 30K
3amaui Komri nmst ymerpamapaGomigaoro piBHsHHs Koimoroposa 3 BHPODKSHHSIM Ha
MOYaTKOBI# rinepruiomuHi / Bykos. maT. )xypH. — 2015. — 3, Ne 3-4. — C. 43-51.

3. Bosusax O. I, Isacuwen C. [., Meouncokuii I. I1. TIpo ¢dyHIaMeHTambHUE pO3B’SI30K
3amaui Komi nuist ynerpanapa6omnigaoro piBHsSHHS THITY KoMoroposa 3 iBoMa rpymnamu
MPOCTOPOBUX 3MiHHUX Ta BUPO/DKCHHSIM Ha IOYAaTKOBIiH rinepiuioniuHi // Bicuuk Harr.
yH-Ty “JIpBiBchbka momitexHika”. Cepis: @i3.-mar. Hayku. — Ne 871. — JIbBiB:
Bupasuaunrao JIsBiBcekoi momitexuiku, 2017, — C.46-64.

4. Isacuwen C., Meouncokuii I. Tlpo kinacuunuii (yHIaMeHTaIbHUII PO3B’SI30K 3ajadi
Komri mmst yaprpanapabosiunux piBHsHbp THmy Kosmoroposa // CydacHi mpobiemu
MEXaHIKH Ta MaTeMaTukd. — JIbBiB: IH-TyT IpHKI. mMpo6iieM MEeXaHIKH 1 MaTeMaTHKH
im. 5. C. Iigcrpuraya HAH Vkpainy, 2013. - T. 1. — C. 36-38.

5. Isacuwen C. /I, Meouncokuii I. I1. Knacuuni dynaamenTansHi po3s’s3ku 3anayi Kori
ULl yabTpanapabosiiyHux piBHsIHb THITy KonMoroposa 3 1BoMa rpynamu IpoCTOPOBHX
3MinHuX // J{udepeniianbhi piBHAHHS 1 CyMiDKHI mUTaHHS aHamizy: 36. mpanp IH-Ty
marematnkn HAH VYkpainu / Bign. pea. B. A. Muxaiinens. — 2016. — 13, Ne 1. —
C. 108-155.

6. lsacuwen C. /I, Meouncoxuii I. I1. TIpo kiacu4Hi (yHAaMEHTaNbHI PO3B’SA3KM 3a4adi
Komri ms ynprpanapabomniuaux piBHsHb THIy Kojmoroposa 3 1Boma rpymnaMu mpo-
CTOpoBHX 3MiHHKX // Mat. Metoau Ta ¢i3.-mex. moms. — 2016. — 59, Ne 2. — C. 28-42.

7. Eidelman S. D., Ivasyshen S. D., Kochubei A. N. Analytic methods in the theory of
differential and pseudo-differential equations of parabolic type // Operator Theory: Adv.
and Appl. —2004. — 152. — 390 p.

FUNDAMENTIAL SOLUTION OF THE CAUCHY PROBLEM FORULTRAPARABOLIC
EQUATION OF KOLMOGORY TYPE WITHDEGENERATION ON THE INITIAL
HYPERPLANE

For an ultraparabolic equation of Kolmogorov type with two groups of spatial variables
and with degenerations on the initial hyperplane the estimates of increments with respect to
spatial variables for the fundamental solution of the Cauchy problem and its derivatives are
established.
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MOTOYKOBA OIIHKA PO3B’SI3KIB KBA3SLITHIHHUX PIBHSIHb
YETBEPTOI'O ITOPAAKY 3 HNIICUJIEHOIO EJIIITUYHICTIO B
TEPMIHAX ITOTEHIIAJIA BOJIb®A

Muxaiino BoliToBuu

Incmumym npuknaonoi mamemamuxu i mexanixu HAH Yxpainu

voitovichmv76@gmail.com

PosrisimaeTscst KBa3imiHIWHE PIBHAHHS YETBEPTOTO MOPSIKY 3 YACTHHHUMH
MOXITHUMH Y JUBEPTCHTHOMY BHTJISII

> DUD* Ay (x,Vou) = f(x), x€Q, (1)
lo=1,2

ne Q — obMexeHa BifkpuTa MHOkMHA B R”, n>3, fe ! (@), a=(04,...,0,)
— N-BUMIPHUH MyJBTHIHIEKC 3 ILIJMMHM HEBiJl’€MHMMM KOMIOHEHTaMU O;,

D* =3/ ax™ . ox%n i Vyu={D%:|a|=1,2} .

IMpunyckaemo, mo xoedinientn A, pisusanus (1) € ynkuismu Kapareonopi,

laf=oy +--+a,,

0 3aJ0BOJIGHSIOTH YMOBY TIJICHJICHOI ENINTUYHOCTI Ta BIANOBIIHY YMOBY
3pocTtanns [4]. Y MoaenbHOMY BUIIAJAKY Lie O3HAuae, Mo s Maibke Beix x€Q i
Oynb-sikoro & ={E, € R:|a|=1,2} BUKOHYIOTbCS HEPIBHOCTI:

D A (8, Z i D 18 [T+ D18, I, 2)
lo=1,2 la=1 latf=2
S 1458 [T S a4, e PP <o 03 g 1+ Y18, 1PY L (3)
|a=1 loj=2 lo=1 loj=2

ae ¢, >0,1<p<n/2,2p<qg<n.

O3navenHs 1. Vzaeanvumenum pose’sizkom pisusnus (1) 3a ymos (2)—(3)
nazusacmocs Qyuxyia u 3 npocmopy Cobonesa WZI:Z Q) =Wh(Q)nW>P (Q)
maxa, wo Z JQAa(x,Vzu)Davdx = Ivadx, Vve Cy(Q).

la=1,2
OCHOBHHUM pe3yJIbTaTOM IIi€l TOTIOBI/Ii € HACTYITHA TeOpeMa.

. 1 . s .
Teopema 2. Hexail u e Wz,g (Q) — yzacanvuenuii poss’szok pigusanns (1) 3a
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ymoe (2)—(3), xo€Q — mouxa Jlebeca @ynxyii u i Q> B(xy,2p) — xkyaa 3
yenmpom 6 mouyi x, paodiyca 2p. Hexaii q—1<y<n(q—1)/(n—q+1). Tooi 3

oesikoro cmanow ¢ =c(n, p,q,c1,¢p,Y) > 0 eukonyemocs nepignicmo:

1y
lu(xg) I< c(p_" IB(xO p)| u(x) |’ dx) +CVVI{; (x0;2p)+cp(q_2p)/(q_p), 4)

}1/@—1) dr

— — nomenyian Bonvgha [5]
B

2p _
e W20 =[G

npasoi wacmunu f piensnns (1).
HepiBnicts (4) € ananoroMm Bimomoi ominkm Kinmenaiinena-Manu [1] s
PO3B’sI3KiB piBHSHHA 3 g-namnacianom: A u = f . Taki OuiHKM wiKaBi THM, LIO

JIO3BOJIAIOTh BUBYATH BIIACTUBOCTI PO3B’A3KIB KBa3iNmiHIMHUX piBHAHE [2],
aHaM3yIOYM TOBENIHKY BiANOBIMHUX MOTeHMmiaNiB Bombda, sxi cami mo cobi €
JIIEBUM IHCTPYMEHTOM Yy BHWBYEHHI TOHKHUX BJIACTHBOCTEH (YHKIIIKA 3 TPOCTOPIB
CobomneBa i, 3arajioM, y Teopii HeNHIHHOTO oTeH iany [3, 5].

JIst piBHSHB BHITUX TOPSKIB, 30KpeMa 4ETBEPTOTO, 3 YMOBOIO IiJICHICHOL
eninTuaHOCTI Ha Koedinientn pesynprar Teopemu 2 € HOBUM. MOro BCTAaHOBIEHO
3a JI0IOMOTOI0 BianoBigHol Moxudikanii merony Kinnenalinena-Manwu [1].

Ilpeocmasnena 0onosiov micmums pe3yivmamu OOCHIONCEHb, NPOBEOCHUX
npu epanmosii niompumyi J{epaicagnoco oHoy QyHOamenmanbHux 00CioNHCeHb
Yxpainu 3a xonxypcrnum npoexmom Ne 0116U007160, Ne 0117U006053. Asmop
BUCTI06II0€ 80AUHICNG YaeH-Kopecnondenmy HAH Ykpainu 1. 1. Ckpunnixy 3a Husky
KOPUCHUX ROPAO i 3ay8adiceHb.

1.  Kilpeldinen T., Maly J. The Wiener test and potential estimates for quasilinear elliptic
equations // Acta Math. — 1994. — 172, Ne 1. —P. 137-161.

2. Kovalevsky A. A., Skrypnik I. 1., Shishkov A. E. Singular solutions of nonlinear elliptic
and parabolic equations. — Berlin/Boston: Walter de Gruyter GmbH, 2016. — 435 p.

3. Mases B. I., Xasun B. II. Henuneitnast teopusi norenimana / YMH. — 1972, — 27,
Ne 6 (168). — C. 67-138.

4.  Ckpvinnux 4. B. O KBa3sWIMHEHHBIX JUIUNTUYECKUX YPaBHCHUAX BBICIIErO MOPSAAKA C
HeTIpephIBHBIMH 0000meHHbIME pemmenusiMu // [uddepenn. ypasnenus. — 1978. — 14,
Ne 6. —C. 1104-1118.

5. Hedberg L. 1., Wolff Th. H. Thin sets in nonlinear potential theory // Ann. Inst. Fourier
(Grenoble). — 1983. —33, Ne 4. —P. 161-187.

POINTWISE ESTIMATE OF SOLUTIONS TO QUASILINEAR FOURTH-ORDER
EQUATIONS WITH STRENGTHENED ELLIPTICITY VIA THE WOLFF POTENTIAL

Using an analog of the Kilpeldinen-Maly technique, we obtain a pointwise estimate of
solutions to fourth-order quasilinear equations with strengthened ellipticity via the Wolff
potential of the right-hand side of the equations. Some examples and applications of the
obtained result are given.
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VJIK 517.9

THTET'POBHI CYIIEPKOH®OPMHI AHAJIOTH PELYKIIIHA
PIBHSIHHS AJIOHCO-ITABATA TA PIBHSHDb THUITY JIIYBLJLJIS

Oxcana I'entom, SIpema Ilpukapnarcbkuii

Incmumym npuknaonux npobnrem mexanixu i mamemamuxu
im. A. C. ITiocmpuzaua HAH Vipainu,
Incmumym mamemamuxu HAH Yxpainu

ohen@ukr.net, yarpry@gmail.com

VY crarri [1] OyB pO3BUHEHMI 3arajbHHWH IMiIXiJ 0 KOHCTPYIOBaHHS iHTe-
rpoBHUX 3a Jlakcom-Cato (JI-C) cucteM “HeOGecHOTO” THIYy Ha OCHOBI KJIACUYHOT
teopii Amrepa-Kocranra-Catimza (AKC) #f R -omepaTopHUX CTPYKTYp, acoIliifioBa-

HUX 3 HeTenbpHoo anredporo JIi BexTopaux nomis Ha Topi T” Ta anre6poro Jli romo-

MOpP(HIX BiTHOCHO “CHEKTPAIBHOTO” mapamerpa A € Si c C BeKTOpHUX TIOJIB Ha

T" xC . ABTOpamu J0NOBiAl s BUNagKy # =1 Gyio 3anpONOHOBAaHE y3arajib-
HeHHs miei Jli-anrebpaigHoi cxemu, MMOB's3aHO] 3 TeTeNbHOo anredporo JIi ¢ cymep-

KOH(GOPMHNX BEKTOPHHUX MOJIB Ha CyepTopi TV = 8! % Afv Jae A= Ay A -
anrebpa I'paccmana Han nosem C. 'V nonosiai po36urrs anrebpu JIi § y npsamy

cymy nBoX miganreop JIi B okoslaX 0COOJIMBUX TOYOK i1 €JIEMEHTIB BUKOPUCTAHO ISt
KOHCTpYIOoBaHHsI iHTerpoBHuX 3a JI-C cymepaHainoriB peaykuii ‘HebecHoro”
piBusiHHs Asnonco-111abaTa (A-1I).

[etenbhy anreGpy Jli g yTBOPIOIOTH BEKTOpHI 1OMs BUIIILY d = ad/0x +
<Da,D>[2, ne aeC*(T'"WxCiAg), a=a(x9%1), (x.9)eT™, Dy =
0/09; +9;0/09;, 97 =0, i=LN, 8:=(9,....9y)", D:=(Dy.....Dg )",
KOMYTATOP SKHX JIi€ 33 MpaBwioM [d,b]:=c8/dx+< De,D >/2, ne ¢ = adb/ox -
béa/ox+< Da,Db>/2, G,beg. Ha ii myamsuomy mpocropi g = Al(T!V)
BiTHOCHO 3TOPTKH (f,d)s =T€S) cC NSJ‘THN la ddeS, [ e g*, [ = ldx,seZl,
rpajieHT KokHoro ¢yHkuionana Kasummpa he I( g*) CIPaBIDKY€E PIBHSIHHS

~(-)N < DI,DVA(1) >/2+ (4= N)(VA(D)), [2+ 1 V() =0, V:=V .

Jis enemenriB anrebpu JIi ¢ 3 momocamy JTOBUIBHOTO TOPSAKY y HyJi B
mexax  AKC-teopii 3a  JOMOMOro0  aCHMIITOTHYHOTO  PO3BUHEHHS
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Vh(l)zzjez thkj reHepytodoro ¢yHnkuionana Kasumupa he[(g*) npu
|[A>0 Ta R-mepopmoBanoi nayxku Jli-Ilyaccona moOynoBaHo iepapXito

. . ~%
TaMUIbTOHOBHUX IIOTOKIB HaA g !

difdt, = VP (1)=0"PVi(), peZ,. (1)

h(P) (1)

[73E2)

Jie HWKHIM 1HIeKc “-” mo3Hauyae MoJIiHOMIialbHYy 4YacTHHY psny Jlopana 3a mapa-
-1 . .
merpom A €C\ {O} . [ToxazaHo, 1110 yMOBa KOMYTYBaHHsI JIBOX Pi3HUX MOTOKIB 3
iepapxii (1) exBiBaneHTHa 300paxeHHI0 JI-C 11 IHTETPOBHUX CyNEpaHaJIoriB “He-
6ecHux” piBHsAHb. [HTerpoBHNI 3a JI-C cynepananor apyroi penykuii “HebecHoro”
piBusinnst A-Ill BUHHMKA€E 3 yMOBU KOMYTYBaHHs OTOKIB d/dt; Ta —d/dt, , sxuo
— — — — 0 2 1IN .

hy==w,, hy=w,, y=n,t=—t),n1e weC" (R xT! ;Ag) .

3 MeTor0 oTpuMaHHs iHTerpoBHOTO 3a JI-C cymepaHamory mepmoi peayKItii
piBasiHHS A-11I posrasnarorscs enemeHTn anreopu Jli g, ki MaloTh e OAWH I10-
moc y T. —1, 1 Oynyerbes iHIIa iepapXist raMiJIbTOHOBHX MOTOKIB:

di/dv, = ady) (1)1 VD) =wIVh(), qeZ,,

ne Vh D= ZjeZ+ V]’_lj uj — aCUMIITOTUYHE PO3BHHEHHs (QyHKLiOHANY /A € I( g*)

npu |1 |—> 0, p=2A+1.Cynepananor nepmroi peaykuii piBasHES A-1Ll 3HaX011IMO

3 YMOBH KOMYTYBaHHs NOTOKIB d/dt; ta d/dt|, sxmo hg =wy, hy = w; »

h=h=0,y=t,t=1,1 weC*(R*xT":A().
3a nonomoroio anredpu Jli ronromopuux BigHocHo napamerpa A € C cymep-
. IN
xoH(popMHEX BekTOpHHX moniB Ha T Ta nupeomopdroro meperBopeHHs
HE3QJIC)KHUX 3MIHHHX OTpHMaHO iHTerpoBHi 3a JI-C cynepaHanoru piBHSHb THITY

JliyBins.

1.  Hentosh O. E. et al. Lie-algebraic structure of Lax-Sato integrable heavenly equations
and the Lagrange-d'Alembert principle // J. Geom. Phys. — 2017. — 120. — C. 208-227.

INTEGRABLE SUPERCONFORMAL ANALOGS FOR REDUCTIONS OF THE ALONSO-
SHABAT EQUATION AND FOR LIOUVILLE TYPE EQUATIONS
The loop Lie algebra of the superconformal vector fields on an 1| N -dimensional su-

pertorus is used for constructing the Lax-Sato integrable superanalogs of some Alonso-
Shabat heavenly equation reductions. The Lax-Sato integrable superanalogs of the Liouville
type equations are found by means of the Lie algebra of the holomorphic in a “spectral”

parameter superconformal vector fields on an 1| N -dimensional complex supertorus.
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YK 517.956.223

MPOIIEC MMOMUWPEHHS MOYATKOBUX KBAHTOBUX KOPEJIAIIN B
I'PAHUII CAMOY3I'OAKEHOI'O ITOJIA

Bikrop I'epacumenko, BikTopis Kpeuko
Incmumym mamemamuxu HAH Yxpainu

gerasym@imath.kiev.ua, vi.kredko@gmail.com

VY nomnoBizxi po3rasaacTses mMpodiieMa CTPOroro ONUCY €BOJIOLIT KOpeJsIii
MOYaTKOBUX CTaHIB KBaHTOBMX CHCTeM 0ararb0X 4YacTWHHOK B TpaHUI
CaMOY3TOJKEHOT'O T10JIsI.

I3 1i€10 METOI0 BCTAHOBJICHO aCUMITOTHUYHY TOBEIIHKY HETIEpTypOATHBHOTO
po3B’si3ky 3anaqi Komi quist iepapxii kBanToBuX piBHAHb BBI'KI 11t mocotinoBHOCTI
MapTriHaJbHUX OIEpaToOpiB TYCTHHU MIJIs TIOYATKOBUX CTaHIB, SKi OMUCYIOTHCS
OJTHOYACTUHKOBUM OIEPAaTOpPOM TYCTHHH Ta KOPEISALIHHUMH OIepaToOpamH.
IToOynoBani TpaHWYHI MApPTHHAIBINI ONEPaTOPH TYCTUHW OIHMCYIOThCSA 3a
JIOTIOMOT0I0 KIHETUYHOTO pIBHSHHS 3 II0YaTKOBHMH KOpEIILISIMH, a came,
HEMapKOBCHKOTO KBAHTOBOT'O KIHETHYHOTO PiBHSIHHS Bracosa.

JloBeIcHHST OTPUMAHUX PE3yIbTATIB IPYHTYETHCS HA BINMOBIIHUX IPAHUYHUX
dbopMmymnax s KyMYJSHTIB aCHMOTOTHYHO 30ypeHHUX TpyIl oOIepaTopiB Ta
BUKOPUCTAHHI SBHOTO BUIJIINY JUIA TBIPHUX OICPATOPIB PO3KIALy B psf
MapTiHaJbHUX orepaTopiB ryctunu [1], [2].

1. Gerasimenko V. I, Krechko V. V. On non-perturbative solution of quantum BBGKY
hierarchy // Proc. Inst. Math. NASU —2016. — 13, No.2. — P. 7-26.

2. Gerasimenko V.I. The evolution of correlation operators of large particle quantum
systems // Methods Funct. Anal. Topology — 2017. — 23, No.2, — P. 123-132.

PROCESS OF PROPAGATION OF INITIAL QUANTUM CORRELATIONS IN MEAN FIELD
LIMIT

The talk deals with the problem of a rigorous description of the evolution of correlations
of initial states of quantum many-particle systems in a mean field limit.

For this purpose we establish asymptotic behavior of a non-perturbative solution of the
Cauchy problem of the quantum BBGKY hierarchy for a sequence of marginal density
operators in case of initial states specified by a one-particle density operator and correlation
operators. The constructed limit marginal density operators are determined by the kinetic
equation with initial correlations, namely in terms of the non-Markovian quantum Vlasov
kinetic equation.

The proof of obtained results is based on the suitable limit formulas for the cumulants
of asymptotically perturbed semigroups of operators and on using of an explicit structure of
generating operators of the series expansions of marginal density operators
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VJIK 518.968

CYMICHICTB TA IOBYJ1OBA HABJINKEHUX PO3B’A3KIB
IHTETPO-®@YHKIIIOHAJIBHUX PIBHAHB 3 OBMEKEHHAMMN

Kartepuna I'ecesieBa

Kam aneyw-Ilodinscokuil nayionanshuii ynieepcumem imeni leana Oczienka

geseleval702@gmail.com

[HTerpo-hyHKIIOHANBHI PIBHSHHSA MalOTh IIUPOKE 3aCTOCYBAaHHA B PI3HUX
o0JiacTsIX HayKH Ta MPUPOA03HABCTBA. B psal BUNAAKIB PO PO3B’A3KU LIUX PIBHSIHB
OyBae Bimoma nonarkoBa iHpopmaris. ToMy BaKJIMBUM € HE TUIBKM IHTaHHS
PO3B’SI3Ky TaKOTO PIBHSHHS, a W BCTAHOBJICHHS YMOB CYMICHOCTI BiJIOBiTHOI
3agayi. BcCTaHOBIEHHIO YMOB CYMICHOCTI 3ajad TakKOro THIy CTOCOBHO
OTICpaTOPHUX PiBHSHB Ta PO3POOI METOMIB MOOYIOBH iX PO3B’SI3KIB MPUCBIUEHO
HU3KY HAyKOBHX Ipailb, 30kpema [1-3].

Posrisuemo B mpoctopi L, [a,b] IHTErpo-(QyHKIIOHAJIbHE PIBHSIHHS

b b

y(x) = f(x)+IK(x,t)y(Z)dt+IH(x,t)y(h(t))dt, Xe [a,b], €))

a a

3 YMOBOIO Ta 0OMEKEHHIMHU

b
y(x) =y, x g[a.b], [O;(0)p(x)dx =y, i=1m, @)

a
ae f(x),y(x)—3anani BixnosizHo Ha [a,b]Ta 3a ioro mexamu ¢pynkuii, a y(x)
— mykana Qyskuis. JliHiiiHO He3anexHa cuctema (QyHKIiN {(Di(x)} Ta 4YHUCIOBa
MHO>KHHa {yi},i = I,_m— Bigomi. [lo piBHsHHS (1) 3BOOMTHCS KpaiioBa 3amava Iyt
I epeHIaTbHOTO PIBHAHHS 3 BIAXUICHHIM apTyYMEHTY i3 3aIli3HCHHSM, Y BUITAIKY

cTayoro 3amisHeHHs A, h(x)=x—A.
3amauy (1)-(2) Oymemo BBakaTH CyMiCHOIO, SIKIIO iCHY€E Taka (GyHKIsA y(x),

sKa € po3B’A3KoM piBHAHHSA (1), 3a10BONIBHSIE YMOBY Ta 0OMekeHHS (2).
Ines BapianTy iTepauiitnoro merony crocoBHo 3anadi (1)-(2) nonsarae B Tomy,
IO TOCTIJOBHI HAOMMKEHHS JIO IIYKAHOTO PO3B’S3KYy 3HAXOJMMO Ha IiJCTaBi

bopmyn

zi (x)=f(x) +sz (x;2) vy (2)dt +_?H(x;t)yk_1 (h(0))dt, x €[a;b], (3)

a a
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Vi1 (¥) = w(x), x & [a;b], “4)
b b
Ji(x)=z (x)+IK(x;t)uk (¢)dt+ jH(x;t)uk (h(n))dt, x €[a;b], (5)
u(x) = ikljéi(x),xe[a,b],uk(x)zo,xé[a,b], (6)
=
b
[0 Gy ¥y =y, i = L, g (x) = F () = g (). ©)

a

. N T
Jlisi BU3HAYCHHST HEBIIOMHX IapaMerpiB A j»J =1,m, otpumaemo cucremy

JHIHHKUX aNreOpUYHUX PIBHSIHB

ok kT
Zaljkl :b ,i=1,m,
Jj=1

e a; 3HAXOIATh NICBHUM YNHOM 4Yepe3 BenudnHn K (x,t) , H (x,t) , h(t),a

b
b,-k = I@i(x)zk (X)dx—vy;,i=1m.
a
MoskHa TpUHATH 1O BHUCHOBKY, mo Metox (3)—~(7) Oyme 301KHHM, SKIIO

MaTpuls A = (ay-) - HeBHpOKeHa, 3ana4a (1)—(2) cymicna i p(M) <1, npuaomy

. . . 5 * .
nocHinoBHiCTh {y; (x)} 36iraTMMeThCs A0 €AMHOrO Po3B 3Ky y' (x) samaui (1)-
(2), a mocinoBHICTH {uk (x)} 30iraTUMETHCS 10 HyJIs.

1. Jlyuka A. FO. Metoan po3B’s3yBaHHS pIBHAHb 3 OOMEXEHHSIMH 1 IpOEKIiHHO-
iteparuBanii Meron lO. JI. Cokonosa // Ykp. maT. xypH. — 1996. — 48, Ne 11. —
C. 1501-1509.

2. Jlyuka A. FO. VHTerpanbHble ypaBHEHHS W MeTonbl WX pemreHust // KubGepHernka u
cucteM. aHanus. — 1996. — Ne3. — C. 82-96.

3. Jlyuka A. 1O., Kyuepyx T. A. Itepaniiinnii Meron mnoOynoBH poO3B’SI3KIB JIHIHHNX
piBHSIHB 3 0OMexeHHsAME // YKp. MaT. )KypH. — 2002. — 54, Ne 4. — C. 472-482.

COMPATIBILITY AND CONSTRUCTION OF APPROPRIATE DISPLAYS OF INTEGRO-
FUNCTIONAL EQUATIONS WITH RESTRICTIONS

The conditions of compatibility of integro-functional equations with constraints are
investigated. One variant of the iterative method of solving the equation is considered.
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VJIK 517.938

3HAKO3MIHHI ®YHKIII JIATTYHOBA JIJ1S1 PO3IIUPEHD
JUHAMIYHUX CUCTEM HA MHOI'OBUJAX

IBan I'pox

TepHoninvcokuii HayioHansHull nedazoiunuil ynisepcumem im. B. [namioka

igrod@ukr.net

OpHUM 13 BaXXJIMBUX NMUTaHb B sIKICHIM Teopii nudepeHuialbHUX PIBHAHb €
3HAXOJUKEHHSI YMOB 30€peXEHH IHBapiaHTHUX MHOTOBHIIB IpH 30ypeHHsx [1]. Ll
3aJjaya TICHO 3B’s3aHa 3 BIIACTUBOCTSIMU NIEBHOTO BUY CHCTEM JIIHEAPU30BaHUX 32
YacTHHOIO 3MiHHMX. Taki cucreMu audepeHuianbHUX PIBHSHb B TEHEPIIHIA 4ac
NPUIHATO Ha3WUBATH JIIHIHHUM PO3MIMPEHHSM JUHAMIYHOI cucTeMH. SIKIIO Impasi
YaCTHHU TaKMX CHCTEM € MEPioIMYHIMU 3aJEeKHUMHU Bijl 0araTbox 3MiHHHX, TO iX
MPUHHATO HA3WBATH JHIMHUMH PO3MIMPEHHSAMHU JIWHAMIYHOI CHCTEMH Ha TOPi.
BaxnBuM 3aBIaHHAM JUIA TAKMX CUCTEM € BUBUCHHS MUTaHHS iCHyBaHHS (QyHKIii
Ipina, y Bumamky OararoumipHoro Ttopy ¢ynkuii Ipina-Camoiinenxa [1].
Bussnserscs [2], icHyBanHs $yHKUii [piHa € TICHO 3B’ 3aHUM 3 TEOpicro QYHKIIIH
JlsmynoBa. Taki QYyHKIIT PO3TISAAIOTHCS y BUTIIAII KBaApaTHUIHUX (HOpPM, sIKi HE
TUIBKM MOXYTh 3MIHIOBAaTH 3HaK, a il BAPOPKYBaTHCh Yy EBHUX Toukax. [Ipu npomy
iX moxizHa B Ccuily JIIHIHHOTO PO3LIMPEHHs € 3HaKOBM3HaueHOIo. Yacto miHilHE
posumpenHs Mae eauny Gpyukiito [pina, a pyuxuiii Jismyrosa 3aBxau icHye 6e3mmid.
3B’130K MiX MATPUIAMU MPOEKTYBAHHA B CTPYKTYpi Gynkuii Ipina i pyHkuismu
JlamyHoBa 1 pgoTemep He Ciab0 JOCHIDKEHWH. 3amporoHOBaHA JOMOBIIb
NPUCBSYECHA LIbOMY MUTaHHIO.

Posrisiremo cucreMy nudepeHIliaTbHUX PiBHSIHD

dx Q_
7 (x) dt—A(x)% M

pe xeR™, yeR", f(x)= (f1 () seees frn (x)) — BeKTOp-(YHKILisl, BA3HAYCHA IIPU

BCix xeR™, nokamsHO 3amoBOsbHAE ymoBi Jlimmuusg. Kpim Toro, Gymemo
NPUIYCKAaTH, IO  BEKTOP-(QYHKIis f (x) 3aI0OBOJIGHAE  HEPIBHOCTI

||f(x)|| <o x|+ oy mpuBeix x € R™ 3 neAKuME HeBiX' EMHIMH CTATHMH 01, 0L .

Ipocrip Takux QyHKOid f (x) KopoTKo Oynemo mnossadaru uepes Cp,, (Rm)

. . dx
IpuBeaeHi MPUIYIEHHS JO3BOJIAIOTH CTBEPIKYBATH, IO 3a1a4a Ko m =f (x),
t
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X|,_o = Xo Ma€e €IMHUH PO3B’ 30K X = x(t;xo) 15 KOAKHOTO (DiKCOBAHOTO X € R™
i neit poss’s30k BusHauenui npu Beix f €R. Marpus A(x) B cucreMi (1) €
KBaJIPaTHOIO 7 X 11 -BUMIPHOIO, E€JIEMEHTaMHU SIKOT € AiHCHI CKaJsipHi (yHKLIi,
BHU3HAYEHi, HerlepepBHi i o6Mexeni Ha R™ .

. . t
By;[eMo HajaJll BUKOPUCTOBYBATU HACTYIIH1 IMO3HAYCHHA: Q‘C ()C) —

.. e dy
(dyHaaMeHTalbHA MATPHI PO3B’SI3KIB JIHIMHHOI cHUCTEMU o = A(x(t;x)) y
t

HOpMOBaHa B Touui £=71: Qf (x)‘ =1,, C'(Rm;f) — mignpocTip mpocTopy

t=1
cO (RM) TaKkux QpyHKiii F(x), mo cyneprosuiis F (x(t;x)) AK QyHKIA 3MiHHOT

t €  HemepepBHO  AW(EPEHIIHOBHOW,  MPUYOMY 3@  O3HAYCHHSIM
d
—rF(x(6:x))
dt

O3navenHs. Hexail icnye n x n -eumipna mampuys ~ C (x) ec? (Rm) maxka,

L CZF(x) ec? (Rm)

wo 011 Qynxyii euensioy
Qg (x)C( (r;x)), <0,

Go (v.x) = Qg(x)[c x(f?x))‘ln}r> 0,

)

GUKOHymbCﬂ OUiHKa
|Go (v.)]| < K exp{~y[d} 3)

3 Odeaxumu oodamuimu cmarumu K,y . Todi ¢ynxyio (2) nputinamo uazueamu

dyuryicro Ipina 3a0aui npo obmedxiceni ineapianmui Mno20euou cucmemu (1).
Teopema 1. Hexaii cucmema (1) mae eduny gynxyito Ipina (2) 3 oyinkoro (3),

mooi KodcHa cumempuyra mampuys S (x) € C'(Rm; f ) , 013 AKOI GUKOHYEMbCS

ymoea <[S(x)+ S(x)A(x)+ AT (x)S(x)J y,y> > ||y||2 Oyde  3a00601bHAMU

HepieHicmb:
() [1, =20 (x)]¥) 2By
de Bzé, HA+ATH = sup A(x)+AT(x)“.
Z”A-‘:-AT”O 0 yeRr™
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Mitropolsky Yu. A., Samoilenko A. M., Kulik V. L. Dichotomies and Stability in
Nonautonomous Linear Systems // Taylor& Francis Inc, London, 2003. — 367 c.

Tpool M., KymxB.JI. Tlpo 3B's3zok ¢ynkuii Ipima i Jlsnyxosa B JiHiiiHmx
PO3IIMPEHHSIX JUHAMIYHUX cHcTeM // YKp.MaT. KypH., — 2014. — 66, Ne4. — C. 551-557.

THE USE SIGN-VARIABLES FUNCTIONS OF LIAPUNOV FOR EXPANSIONS OF
DYNAMIC SYSTEMS ON MANIFOLDS

Using the method of sign-variables o f Liapunov functions, the questions of regularity

of linear extensions of dynamical systems on manifolds have been studied.
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YIAK 517.95

BU3HAYEHHSA HEBIIOMUX ITAPAMETPIB Y HAPABOJITYHOMY
PIBHSIHHI 3 TOBIVIbHUM CJIABKUM BUPO/ I’ KEHHAM

Hagpis I'y3uk
Hayionanena axademis cyxonymuux giticok im. cemomana Ilempa Cazatidaunozo

hryntsiv@ukr.net

Y mpsivokyTHHKY Q7 ={(X,t):0<x<h,0<7<T} posrmsgaerscs obepHeHa

3a/la4ya OJHOYACHOTO BHW3HAYCHHSA JBOX 3&JICKHUX BiJ Yacy KoedillieHTIB
a=a(t),a(t)>0,t[0,T],b=>b(t) ynapabosigHOMY piBHIHHI

y(Ou, = a(t)u,, +b)u, +c(x,Hu+ f(x,1) (1
3 [I0YaTKOBOIO YMOBOIO

u(x,0)=o(x), x [0, 4]
KpaillOBUMH yMOBaMH

u(0,2) = py (1), u(h,t) = uy (1), 1 0,71,

Ta YMOBaMH IICPCBU3HAYCHHA

h
a(u, (0,¢) = ps(¢), £ €[0,T1], [u(x,0)dx = g (0), €[0, 71
0
Bimomo, mo W =wy(f) — Taka MOHOTOHHO 3pocTaroda (QYHKIA, M0

y(t)>0,t(0,7], y(0)=0. JocmimKyeTbCs BHIAIOK CIAOKOTO BHUPOKCHHS,

KOJIU [im J‘t\v*l(r)dr =0.

t—>+0 0

3a pmomomororw Teopemu Illaymepa mnpo HEpyXoMy TOYKY —I[JIKOM
HETNIEPEePBHOTO ONepaTopa BCTAHOBIEHO YMOBH iCHYyBaHHS po3B’s3Ky 3amadi (1)-(5).
JloBeIcHHST €TMHOCTI PO3B’SI3KY 3BOAMUTHCS IO JOCIIKCHHS IHTETPOBAHOCTI sACP
CHUCTEMH OJHOPITHUX IHTETPATLHUX PIBHAHL BonbTeppa nqpyroro pomy.

DETERMINATION OF THE UNKNOWN PARAMETERS IN THE PARABOLIC EQUATION
WITH WEAK POWER DEGENERATION
We establish conditions of existence and uniqueness of the solution to the inverse
problem for simultinuous determination of two coefficients in the degenerate parabolic
equation. The degeneration of the equation is caused by the function at the derivative with
respect to time, which vanishes at the initial moment of time. The case of weak degeneration
is investigated.
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VJIK 534.1

JAHAMIKA IIPYKHHUX OB’€EKTIB 3 PYXOMUM IHEPIIMHUM
HABAHTAKEHHSIM — MEXAHIYHI, MATEMATHUYHI MOJIEJII, iX
OCOBJIUBOCTI TA METOIU JOCIIIKEHHSA

AHnarouiii leMm’siHeHKO
JHinponempoecoKutl 0epiicasHuli azpapHo-eKOHOMIUHULL YHIGepCUumem

anatdem@ukr.net

IMam’siti mpodecopa IN'opomiko O. O.

3 vacy BHUHHMKHEHHS MNpOOJIeMH Jii PyXOMOTO HAaBaHTaXKCHHS HA TMPYKHI
KOHCTPYKLIT 1 CIIOPYH, IPUBOJIOM JI0 Yoro OyIo pyiHyBaHHsS HYecTepchbKOro MOCTy
B AHrmii y tpaBHi 1847 poky, munyno 170 pokis. 3a nei mepioJ po3risiHyTO i
JIOCHIJIKEHO 0ararto 3aja4 3 ypaxyBaHHSIM BIUIMBY PYXOMUX HABAaHTAXXCHb PI3HUX 32
MIPUPOJIOIO 1 XapaKTEPOM JIii Ha cami Pi3HOMaHITHI KOHCTPYKIIil, CHCTEMH i CIOPYIH.
V muaamigaomy XX-XXI cTopiudi cyTTeBe 30iIbIICHHST Mac i MBUAKOCTEH PyXY
CTaBUThH HOBI 3aja4i, TOTpedye iX BUPINICHHS, BUKIWKAIOUYHA B CBOIO Yepry IOSBY
HOBHUX INIXOIiB y MEXaHIYHOMY Ta MaTeMaTHYHOMY MOJEJIOBaHHI, HOBHX 1
YAOCKOHAJICHHS CTapyuX METOIIB iX JOCHIKEHHS, SIKi TO3BOJISIIOTH OiJIBII TIOBHO
BUSIBUTH YyCi KIJBKICHI Ta SIKiCHI OCOOJIMBOCTI KIHEMAaTHYHHX Ta JUHAMIYHHX
XapaKTepUCTUK pyXy Takux cucreM. lllopa3 Oumpmmii inTepec no wiei npobiemu
OCTaHHIM YacoM OOYMOBJIGHHH TIIOSIBOIO 1 3aCTOCYBaHHSM iH(pOpMaLiHHIX
TEXHOJIOTiM, $Ki JO3BOJIAIOTH OUTBII [MOBHO Ta JETANBHO JOCIHIKYBAaTH
MaTeMaTH4YHI MOJIEJI Ta aHajli3yBaTu OTpUMaHi pe3ysbTaTtd. CyTTEBO 3MIHMIOCH 1
TpaiMUiiiHe YSBIEHHS IPO MEXaHIYHI CHCTEMH 3 PYXOMHUM IHEpUiHHUM
HaBaHTXEHHSIM. [IpoCTUMHU MPUKIAJaMU TAKUX CHCTEM € MOCTH 3 PYyXOMHM
MMOTOKOM TPAHCHOPTY, TPyOONPOBOAN, CTEP)KHIi, TUIACTUHKH, OOOJIOHKH ]l JTi€I0
PYXOMOro TOTOKY piAuHH 4u Tra3zy. J[o 1pOro Kiacy 3ajady B paMKax HEBHHX
aHaJIOTIH MOKHA BIZHECTH 00’€KTH 3MIHHOI 3a 4acOM JOBXXHHH Ta 00’€KTH, SIKi
PYXaloThCs y MO3JI0BXKHBOMY HAIPSIMKY, TaKi IK HUTKH, JPOTH, TPO(iIbHI CTepKHI
y IPOKaTHOMY BUPOOHHIITBI, CMyTOBi Ta JIAHITIOT'OBI MTHJIH, TIACKH MTACOBUX TIepeaad,
KaHATH WIAXTHHUX MmigiiiManbHux MamwH [2,3]. B 3amexHocTi Big cmocoOy
cxeMaTH3amlii 1HEpUiHHMX BJIACTUBOCTEH MPYXKHOI KOHCTPYKLII 1 pPyXOMOro
HaBaHTAXXCHHS ICHYIOTh YOTHPH NPHHIMIIOBO DPi3HI BapiaHTH NOCTAHOBKH 3alaui
IO BIUIMB PYXOMOTO HAaBAaHTa)KEHHS HA NPYXKHI KOHCTpYKUII Ta cropyxau [4, 8].
Haii6inpin cxnmagHUM 3 TOYKHM 30pYy JOCIHI/DKEHHS € YEeTBEpTHH BapiaHt, nae
BPaxOBYIOTbCS SIK CHJIM iHEpIii caMoi KOHCTPYKLii Tak i CHIM iHepLil pyXoMoro
HaBaHTaXeHHA. JIOCHIDKEHHS SKICHUX Ta KiTBKICHUX XapaKTePUCTHK PYXY TaKHUX
00’€KTIB 3BOJUTHCS 10 aHAJI3Y MaTeMaTUIHOI MOZEITi
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3 BIATIOBITHUMH KPaHOBUMH Ta MIOYATKOBUMH YMOBAMH, JI€ TIPH CTaJIiil MBUIKOCTI
9287

_dot+a 82w_2q1v azw_qlvz *w
g ot goax g &’

OCHOBHUMH OCOONHMBOCTAMH MAaTEMATHYHHX MOZENEeH TakWx 3amad, IO-
nepile, € HasiBHICTh y AU(PEPEHLIAILHUX PIBHAHHAX y TOMY YW IHIIOMY BHIJISII
iHepIiHOTO omepaTopa ¢(X,?), KW BU3HAYA€ CHJIOBY Ji0 Ha MPYXHUH 00’€KT
PYXOMOT0 MacoBOI'O HaBaHTa)XKEHHs. XapaKTepHUM € TOH (akT, 1o cuiioBa mis
3JIEXKUTh, K BiJl iIHTCHCUBHOCTH ¢;(X) 1 IBUIKOCTI pyXy v TOTOKY HaBaHTaKEHHS,
TaK i Bix nedopmarii npyxHoro 06’ekra w(x,y,t), IpuIOMy, 4iTKO BHHO 3aJISKHICTh
CHJIOBOI [Iil BiI MPpUCKOPEHHS AehopMartii wy(x,y,t), MIBUIKOCTI KyTOBOi Aedopmarrii
Wi(X,),t) Ta 3MIHH KPUBHHH NIPY>KHOI JIiHIT 00’ €KTa Wie(X,),2). TOOTO B Takoro poxy
CHCTEeMaxX CHJIOBAa Jisf HE € 3a3[aJieTifp BU3HAYCHOIO, a OOYMOBJIECHA ITOTOYHUM
Jne(opMOBaHMM CTAaHOM CHCTEMH 1 € CllijiKyroua 3a HuM. Lle € npyroro ocoGnuBicTio
3a/1a4 TUHAMIKA TPY)KHHX CHCTEM Y TIONi CHJI iHEpIlii pyXOMHX HaBaHTa)KEHb.
TpeThOr0 CYTTEBOKO OCOOJHBICTIO € HASBHICTh B MAaTCMATHYHIA MOJETI y Tid 49U
iHImi#  ¢opMi HemapHOi 3a dYacoM 3MIMIaHOI MOXigHOI, sKa OOyMOBIEHa
npuckopeHHsM Kopiosica pyXxoMOro MacoBOro HABaHTaKEHHS 1 HE J03BOJISIE
PO3AUTUTH POCTOPOBY X 1 4ACOBY t 3MiHHI 3a KJIaCHYHOIO cxeMoro Dyp’e B mikcHIH
obnacti mwykanux ¢QyHKuUii. Jlo Burisiy iHepuiliHoro omneparopa (2) 3BOJMTHCA 1
aepoJMHaMiYHa [l Ha NPYXHUH 00’€KT PyXOMOro MOTOKY DIJMHH YH Ta3sy,
MPUYOMY IIBUAKOCTI PIAMHA y TPyOOTIPOBOIAX JITATBHUX anapaTiB JocATaloTh 50-
80 m/c, raziB 200-250 m/c, a BiAMOBM JITAIBHUX amnapaTiB 10 MPUYMHI BTPATH
CTIMKOCTI i pyliHYBaHHS TpYOOIIPOBOIIB CKIa1a0Th 10 60% Bix 3aranbHOI KiMBKOCTI
BizMoB [5]. 3amaui QuHAMIKM TOPYKHHX TUT 3a il PYXOMOTO iHEpIIHHOTrO
HaBaHTaXXCHHS, SKi MalOTh Iy HU3KY crenu(idHuX OCOOIUBOCTEH Ta CYTTEBY
3HAQUYUMICTh JUISl TPAaKTUKH, CKIAJAI0Th CaMOCTIHHMH HAmpsMOK y OyniBenbHil
Mexanimi MTIAT. ¥V 3B’SI3Ky 3 HEMOXJIHMBICTIO TPSIMOTO 3aCTOCYBAaHHS METOIY
®dyp’e, 10 nUX 3a7a4 y 3arajlbHOMY BHNAJAKY 3p0o0JieHi cripobu Horo moaudikarii
Ta y3arajapbHeHHs [9]. CaMe B pO3BHTOK IIbOT0 HaNpsIMKY rpodecop ['opomko O. O.
3aro4YaTKyBaB METOJl JABOXBHJILOBOI'O IO/IaHHS KOJMBAHb NPYXHUX CHCTEM 32 Aii
PYXOMOTO iHEpIIIHHOTO HaBaHTAXECHHS, (P i3MUHA IHTEPIPETAILiS SKOTO BIiepie Oya
HaBezieHa O. O. I'opowko [1]. IIpu 3acTocyBaHHI 10 JOCTIJDKEHHS TaKHX CHCTEM
METOAY JBOXBWIJIBOBOTO ITOIaHHS KOJNHMBaHb, SKUH O3BOJSE y NEAKHX BUIAIKAX
OTPUMATH TOYHI pO3B’s3KU [2-4], 3arajpHUEl pO3B’SI30K HdepeHLiaTbHOro
piBHsHHA pyxy (1) oTpumyeMo y  BHIJISIAI  CyMH  JBOX  PSAAIB

q(x,1)= )

n
w(x,t)=>"a,0, (x)cos(w,+B,)+D a,y, (x)sin(w,+B,), — omm 3 sxux
i=l1

ABJIsI€ cOO0I0 KIIACHUYHY YaCTHHY PO3B’sI3KY, a IPYIHid Ty YaCTHHY, sIKa 00yMOBIICHa
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HAsBHICTIO 3MIIIaHOT HETIAPHOT 32 YaCOM TOXIiTHOI, a caMe, IHEPIIHHICTIO PyXOMOTO
HABAHTAXXCHHS 1 HE BUSIBIIETHCS IIPU TPAIUIIHHOMY 3aCTOCYBaHHI MPSIMUX METOMIB
MatemMaTHdHOi1 (izuku. PopMu Tepmoi TPynu Ha3BaHi BJIACHUMHU (OpMaMH, a
dbopMu apyroi rpynu — CynpoBiTHUMH (OpMaMH KOJHBAaHb MPYXKHOI CHUCTEMHU.
CynpoBigHi KOJUBaHHS 00YMOBJICHI 1 HETPUBiaNbHI JIUIIE 32 HASBHOCTI PyXOMOTO
IHEPIIHHOTO HaBaHTAXKCHHS a00 1HIIINX YUHHUKIB CUCTEMHU [2-3]. 3ro0M pO3BUTOK
TaKHUX METO/IIB 3 MPAKTHYHOI IIOIIIHH MIEPEHIIIOB Y YUCTO (Hi3MKO-MaTEMAaTHIHY Ta
HaOyB y3arajbHeHb y mnparpsx mkonu Kanentoka I1. I. [6-7], siki 3Haxondats i, 0e3
CYMHIBY, 3HAHAYTh CBOE€ TOAabIIe 3acTocyBaHHA. ChOTOAHI OiNBII TIOBHOMY Ta
JETaJbHOMY JOCHI/DKCHHIO IIBOTO KJACy 3aJad IWHAMIKA MPYXKHUX CHCTEM
METOJIOM JBOXBUJIHOBOTO TIOJAHHS CIPHSIIOTH CydacHi iH(pOpMAaIiiiHi TeXHOIOT11,
yoro He OyJo paHiiie, He kKaxy4u Bxke mpo yacu G. W. Housner, . T'. [TaroBKO Ta
iHmMX. B momoBimi HaBeoeHO pe3yiabTaTH JOCIHiIKEHb METOJIOM TBOXBHIHLOBOTO
MOJAHHSA PyXy JACAKAX 3a7ad JHHAMIKA TNPYXKHHX CUCTEM 3a Jii pPyXOMOTro
IHEPIIITHOTO HaBAaHTAKCHHSI.

1. Topowxo O. A. CoOCTBEHHbIE M CONPOBOXKIAIOUIME KOJICOaHHI B CHCTEMax C
HOJIBIKHBIMH MHEPLMOHHBIMY Harpy3kamu // Tp. V MexayHap. KoH(}. 110 HENUHEHHBIM
koaebanusm. 1970, 1.3, ¢.215-220
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yHiBepcuteTy «JIpBiBcbKa momitextikay, 2002.- 292c.
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DYNAMICS OF ELASTIC OBJECTS UNDER MOVABLE LOADING - MECHANCAL,
MATHEMATICAL MODELS, FEATURES AND METHOD FOR RESEARCH
This paper describes some features of the mathematical models for the elastic elements
with movable load. In these systems two forms of own oscillations — the own component and
the accompanying one, displaced in phase to the right angle correspond to every frequency
of the system. The accompanying component is caused by the mobile inertia load and they are
not trivial only when this factor exists.
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Birauiii /Ipons

IHemumym npukiaoHux npooiem MexaHiKu i Mamemamuxu
im. A C. ITiocmpueaua HAH Yxpainu

vdron@ukr.net
Hexait b, nj, ny, n; —HaTypanbHi uucna, 1<n3 <ny, <m, n:=n +n, +ny;
n. .
x=(x],%),X3) € R", x;= (le, ey xjnj) eR’, je { 1,2, 3} ; T— 3amane no-
JaTHE  YHCIIO; ky = (kyps oo ki) —  m-BUMIpHMH  MyJBTHiHJEKC,

ki =k + oty o 0 =080

Xt T X

PosrnsmatoTecs iHTETpan THITY

t
u(t,x) = [dr [ M(t, 518 f(n8)dE,  (1.x) e (0,T1xR", (1)

0 R
e KOMIUIGKCHO3HauHa (QVyHKIiT M  Mae BIACTUBOCTI TOXIAHMX  Bif
bynmamenTansHOro poss’s3ky 3anaui Komi G st piBHsHHES

) U]
k
Oy _lejale- _Zx2j8x3j - D a (0 |ult,x) = f(t,%),
J=1 - =l |k <20

(t,x) € (0,T]xR" . (2)
V piBusiHHi (2) qudepeHtiansauii Bupas 0; — Z %, (l)@i‘ — napaboiyHuil 3a
lly|<2b 1
L. T. TletpoBcbkuM, a KoeillieRTn @ — HenepepsHi Ha [0,7] dynKuii.

PiBHsHHS (2) HANEXKHUTH A0 KIACy YJIbTpanapabOoIidyHuX PiBHIHB ITOBIIHBHOTO
nopsaky 2b Ta ysaraneHioe Binome piBHAHHS A. M. KonmoropoBa nudysii 3
inepuiero. ¥V [1] BcranoBieHo cTpyKTypy i Biactusocti dyukuii G Ta ii moxiguux.

[Mpunyckaemo, mo GyHkuis M Mae BUTISI

M%) =-0" NV QwxtE), 0<t<i<T, {xEcR",
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nev e (0,1]U{l1+1/(26)} U{2b+1/(2b)}, N :=(m +(2b+1)ny +(4b+1)ny)/ (2b)

Ta icHyrots ctam y € (0,1],C>0 i ¢>0 raxi, mo
| Q(t, x;7,8) < Cexp{-cp(t —1,x,8)} ,
| Q(t: X, T, (ta) - Q(ta X ’; T, ‘:) |S

< C(d(x;x")" (expi-cp(t —1,x,8)} + exp{-cp(t — 1, x',£)}) ,

0<t<t<T,{xx,EcR".

n o) 3
1- 1-2 1-3
Tyrp(t,x,8) =t q2|xlj_‘:1j 7 +1 q2|x2j+tx1j_‘:2j 1 +1 q2|x3j+
= j=l j=1

3
2 : o v @2b(-1)+1
+0vy (% 1 2y =835 7, q:=2b/(2b=1), d(x;x) =Y |x; —x'; [TPUTDHD
j=1
OTtpumaHi BJIacTUBOCTI iHTerpana (1) onucyroThes HaNSXKHICTIO QYHKINT u 10
TeNbAEPOBUX MPOCTOPIB, SIKi MEBHAM YHHOM HEOOMEKEHO 3pOCTAIOTh IPH | X |[—> 0.

V' JI0CHiPKEHHAX BHKOPUCTaHO MeToauky 3 [2]. Ix pesyapratu MmoskHa
BUKOPHUCTATH [IJISI BCTAHOBJICHHS KOPEKTHOI PO3B’s3HOCTI 3amadi Komri st
piBHSIHHA (2).

1. Eidelman S. D., Ivasyshen S. D., Kochubei A. N. Analytic methods in the theory of
differential and pseudo-differential equations of parabolic type. — Basel-Boston-Berlin:
Birkhatiser Verlag. —2004. — 390 p.

2. Ivasyshen S. D., Medynsky I. P. Properties of integrals which have the type of derivatives
of volume potentials for parabolic systems with degeneration on the initial hyperplane //
Mar. Cryaii. — 2000. — 13, Nel. — C. 33-46.

PROPERTIES OF INTEGRALS OF THE TYPE OF DERIVATIVES OF VOLUME
POTENTIAL FOR ULTRAPARABOLIC KOLMOGOROV EQUATION OF ARBITRARY
ORDER

The work is devoted to study of properties of integrals, which have the type of derivatives
of volume potential generated by fundamental solution of the Cauchy problem for an
ultraparabolic equation of arbitrary order. The equation is generalized Kolmogorov equation
for diffusion with inertia.

The properties are described by that the integral belongs to Holder spaces, which are
in a certain way unlimited increased as| x |—> . The results might be applied to establish

the well-posedness of the Cauchy problem.
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Posrsinaersed 3amaya Korri

o(N)x'(1) = at + byx(1) + byx(g (1)) + @(t, x(2), X(g (1)), x'(1), X' (h(1))),

x(0)=0,
ge x:(0,7) >R - meBimoma dyukuis, a,b,b, — cram, o:(0,1)—> (0,40) —
HEenepepBHO JuQepeHIiiioBHa G yHKIIIS, lim a(f)=0, lim a'(z)=0,
x—>+0 x—>+0

2:(0,71) > (0,4), 4:(0,7) > (0,+) —HenepepBHi QyHkuii, g(f) <t, h(t) <t
npu t €(0,7), ¢:D —> R —nenepepsHa ¢pynknisa, D c(0,7)xRxRxRxR.
[MocnioBHO PO3IIISAAOTHCS BUITAIKH:

T
2) d—<+oo

)fa(,) ’ /()

OTpuMaHO [OCTaTHIi YMOBH, TpPW BHKOHAaHHI sKuX 3amaua Komri, 1m0
JOCIIIKYETBCS, MA€ HEIMOPOKHIO MHOXHHY HEMEPEPBHO TU(PECPEHIIHOBHIX
po3s'skiB x:(0,p) > R (p — mocTaTHRO Majie), KOKEH 3 IKUX Ma€ BIACTHBICTE:

t—>+0 y TIepIIOMY BHUIAJIKY,

abo x(1)=0 (I o ) t—>+0 y IPYrOMY BHUIIAIKY.

ITpu I[OCHi,Z[)KCHHl BHKOPUCTAHO METOAM (YHKI[IOHAILHOTO aHami3y i sIKiCHOT
Teopii qudepeHIiaTbHUX PiBHAHb.

ON SOLUTIONS OF A SOME SINGULAR INITIAL VALUE PROBLEM

Some singular initial value problem is under consideration. Nonempty set of solutions
was found.
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HonoBigp mpucBsdeHa 3amadi Komri ayis oqHOTO yibTpanapaboiIigHOro
PIBHSIHHSI, SIK€ MICTUTb BHPOJKCHHS Ha IOYATKOBIH rinepruiomuHi, a KoediieHTH
B TPYIIi MOJIOAIINX YJICHIB HEOOMEKEHO 3pOCTAIOTh Ha HECKIHYEHHOCTI.

PiBHsHHS, SIKE PO3TIIAAAETHCS, MAE BUIIIS

n, ny m
()0, =B (X 310y, 4+ D 3205, u+ D, a0, Oy ut
j=1 Jj=1 J.s=l1

n
+bZaxll_ (xlju))—au =0, te(0,T], xeR",
Jj=1

(M

ae my<ny<m; n=m+ny+ny; x=(x,X,x3), X = (xll,...,xlnl)e]R"’,
le{l,2,3}; o i B —HenepepBHi Ha [0,7] QyHKOii, mg axkux o) >0, B(#) >0

mpu ¢ >0, a(0)B(0)=0, GyHKuis B MOHOTOHHO HECTAIHA; A js» b 1 a — niiicHi

cTan, IPHYOMY d j = d;, {/,s} < {l,....,n}, i BAKOHYETbCSl yMOBa apabOoIIiuHOCTI

|
. . 2
356>0 Vo= (Gll,...,clnl)eRnl : Z ;61013 28| 0y [
J.s=1

Jist piBusiHES (1) 3HalAeHO sBHY hopMyity Uit GyHAaMEHTAIBHOTO PO3B’SI3KY
3agayi Komni, 3a J0mOMOTror0 sSKOi BCTAHOBJIEHO HOro pi3HI BIIACTHBOCTI Ta
JOCIIIIKEHO PO3B's3HICTh 3a1a4i Kol y BUnmaaKy ci1abKoro BUpOIKEHHS.

ON THE CAUCHY PROBLEM FOR AN ULTRAPARABOLIC EQUATION WITH
INCREASING COEFFICIENTS AND DEGENERATIONS ON THE INITIAL HYPERPLANE
A fundamental solution of the Cauchy problem for same ultraparabolic equation with
increasing at the infinity coefficients and with degenerations on the initial hyperplane is
investigated.
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YMOBH PO3B’SI3HOCTI HEJIOKAJIBHOI 3AJTAYIT JIJISI
JTUOEPEHIIAJIBHO-OITEPATOPHOI'O PIBHSAAHHSI 31 CJIABKOIO
HEJIIHIMHICTIO B YTOYHEHIM LHIKAJII ITIPOCTOPIB COBO.JIEBA

OYHKUIN JIACHUX 3MIHHUX

Bosogumup Lnbkis, Hatagis Ctpan
Hayionanenuii ynieepcumem «JIvgiecoka nonimexuixa»

ilkivv(@i.ua, n.strap(@i.ua

PosrnsgHyTO 3amady 3 HEJNIOKUIBHHMHM YMOBaMH Ui Iu(epeHIiaIbHO-
OIEPaTOPHOTrO PIBHSAHHS 31 CTAIMMM Koe(illieHTaMM Ta HEJiHIHHOIO (cnabko
HEJIIHIHHOIO0) PaBOI0 YaCTHHOIO

D@ A A du(t) =ef (u) (1)

‘ﬁ‘Sn

udtmu‘ —dtmu‘ =0, m=0,1,...,n-1, 2)
t=0 t=T

e §=(sp,5), s=(s1,...,sp)er, |§|:s0+sl+...+s a;€C, a,0=1,

p b
neC\{0}, d, =d/dt; A X—>X,i=1.,p , — JIHIH{HI OTIlepaTopH, M0 MAIOTh
CITJTBHE CHEKTpalibHE 300pakeHHs, TOOTO iCHy€ IMOBHAa OPTOHOPMOBAHA CHCTEMa
eneMeHTiB x;, € X , k € N, TaknX, 0 BUKOHYIOTBCS PIBHOCTI

Al-xk =Og X » i= 1,...,p, keN .

JUIsL IEeSKUX KOMIUIEKCHUX YHCel O, ; X — cenapa0elbHUi rins0epTiB IpocCTip.

Po3B’s3HicTs naHOI 3amadi JOCH/DKEHO B YTOYHEHIM WIKajdi MHpPOCTOPIB
CoboneBa (yHKLIN OiCHMX 3MIHHHMX, a caMe y LIKajl I'JIbOepTOBUX MPOCTOPIB

Xd,r,(p,\V(Q)s d,reR, o,yeM, Qc (NXZ) > (l)yHKI.[lﬁ
le(t, Q) = Z um’kxket(m)t ,
(k,m)eQ

e t(m)=-Inp/T+i2nm/T, Inp — TonOBHEe 3HAueHHs Jorapudma, 3i
CKaJISIPHUM JI00yKOM, 1110 IHAYKYE HOPMY

d r
., ., n (eloalP ) (1) Jow Omu

s

M — MHOXWHA TTOBUTHPHO 3MIHHUX Ha HECKiHUEHHOCTI (QyHKIIIH [3].
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VY mkani {X d.r (p\u(Q)} 4yucinoBi mapamerpu (d,r) BHU3HAYaIOTh
o d,reR, o, yeM

OCHOBHY (CTETICHEBY) TTIa/IKICTh, a QYHKITIOHATBHI mapameTpu (¢,y) — JOMOMDKHY

MIAAKICTB GYHKUIHA 3 mpocTopy Xy . o (€2) . Inmumu cioBamu, napametpu (Q,\)

YTOYHIOIOTH OCHOBHY I'MaJKICTh (d,7) .

Po3B's130k 3anaui (1), (2) 3HaligeHO y BUIIIAAL TPAHUL TTOCIITOBHOCTI IIQIKHAX
(anaymiTnyHKX) (YHKUOIH 31 CKIHYEHHO-BUMIPHHMX (3pOCTar0d0i PO3MIpHOCTI)

M APOCTOPIB NPOCTOPIB X 1 ¢ s (Q) . loBemeHHs po3B'A3HOCTI 3a1a4i i HOOymOBa

MOCJITOBHOCTI MPOBEIeHO 3a cxeMor Hemra-Mo3sepa [1, 2, 3].

Haii0inpin BaXJIMBUM MOMEHTOM Yy Il CXeMi € OTPHUMAaHHS OILIHOK HOPM
JHIHHKMX ONepaTopiB, 0 BUHUKAIOTH NTPHU 00epTaHHI JIiHEapU30BaHUX OIIEPATOPiB
y KOXHIH iTepallii airoputMy, i OCHOBHA TPYJHICTh, KA 3 IIUM TOB'sI3aHa — I iX
JliarOHaJIbHI €JIEMEHTH, SKi MOXYTh OYTH SIK 3aBTOJTHO MAJTMMHU.

Orxe, po3B'sBHiCTH 3amaui (1), (2) 3amexurh Big TPOOIEMH MaluX
3HAMEHHHKIB, I MOJOJAHHS KO BUKOPUCTAHO MeTpudHUH miaxin [3, 4]. Came
TOMY PO3B’SI3KHM 3aJa4i BiJNOBITHOI MIAAKOCTI MOOYIOBAaHO HA MHOXHHI THX
napaMeTpiB 3ajadi, JuIl SKHX BIIACHI 3HAUCHHS JIIHAGPU30BAaHHX OIEPATOPiB
BIZIOKPEMIICHI BiJT HYJIS 1 SKIIO HAOIMKAOTHCS JI0 HHOTO, TO HE HA/TO IIBHUIKO.

1. Berti M., Bolle P. Cantor families of periodic solutions for completely resonant nonlinear
wave equations / Duke Math. J. — 2006. — 134, Ne 2.— C. 359-419.

2. Berti M., Bolle P. Sobolev Periodic Solutions of Nonlinear Wave Equations in Higher
Spatial Dimensions // Arch. Rational Mech. Anal. — 2010. — 195, Ne 2. — C. 609-642.

3. II'kiv V.S, Strap N. I Solvability of a nonlocal boundary-value problem for the operator-
differential equation with weak nonlinearity in a refined scale of Sobolev spaces //
Journal of Mathematical Sciences. — October 2016. — 218, Ne 1. —P. 1-15.

4. Imawnux B. H., Inoxie B. C., Kuimw 1. A., Ioniuyx B. M. Henokanbhi kpaiioi 3anaui
IUIsl piBHSIHB 13 yactuHHUMHE Toxignumu. — K.: Hayk. nymka, 2002. — 416 c.

SOLVABILITY CONDITIONS OF A NONLOCAL PROBLEM FOR THE OPERATOR-
DIFFERENTIAL EQUATION WITH WEAK NONLINEARITY IN A REFINED SCALE OF
SOBOLEY SPACES OF FUNCTIONS OF REAL VARIABLES

The nonlocal boundary-value problem for the operator-differential equation with
weakly nonlinear right-hand side is investigated in the Hilbert Hormander spaces that are
forming a refined Sobolev scale of spaces of functions of several real variables. The proof of
the theorems is carried out within the Nash—Moser iterative scheme. In this work, the crucial
point is the construction of estimates of the norms of inverse linearized operators in each
iteration. The estimation is related to the problem of small denominators, which is solved
within a metric approach on the set of parameters of the problem.
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YMOBHA KOPEKHOI PO3B’I3HOCTI
TPATOYKOBOI 3AJAYI U151 PIBHSIHHS 3 YACTUHHUMHA
MHNOXILIHUMHU Y IIVIOCKIN OBJIACTI

etpo Kanenwk, Ipuna Boasincbka, Bosonumup LiabkiB, 3inoiii Hurpeouu

Hayionanenuii ynieepcumem «JIvgiecoka nonimexuixa»

pkalenyuk@gmail.com, i.volyanska@i.ua, ilkivv(@i.ua, znytrebych@gmail.com

JocnimkeHo 3aa4qy 3 TPUTOYKOBUMH YMOBAMHU 32 YaCOBOIO 3MIHHOIO ¢ JUIst
0e3TumHOro  MUQEpPeHIiaJbHOTO0 PIBHAHHS TPETHOTO TOPSIKY 31  CTaTuMH
koedinientamn y asoBuMmipHomy maninapi D =[0,7]xQ, ne T>0, Q -

onHoBuMIpHHUi Top R /2717 :

1 . 2 . 3 .
Lu=0du+ > azja;afu + D @ 030u+ Y ag0u =0,
Jj=0 J=0 J=0

u(0,x)=0(x), u(t,x)=0y(x), u(T,x)=¢3(x), (0<t<T),

_ 9
ne 9,=0f/ot, 0,=0/ox, a=(ay,a,,d03,020-41,%00-d01,d0)€C,

QO =01(x), @3 =@y(x), @3 = @3(x) —3anani, u =u(t,x) — MyKaHa QyHKIs.
Jlana po6oTa TOTIOBHIOE MOCIiHKEHHS poOOTH [2], Y AKii ONIMCAHMIA BHITAJIOK,
KOJI TPUTOYKOBI YMOBH (DIKCYIOTh CTaH IPOLIECY Yepe3 OJHAKOBI HYaCOBI TPOMIMKKH.
OcoOnuBICTIO JaHOT POOOTH € BCTAHOBJICHHS YMOB OJHO3HAYHOI POB’S3HOCTI
TPUTOYKOBOI 3aj]adi 3 HEPIBHOBIIIAJICHUMH YaCOBUMH BY3JIAMH Y IPOCTOPax
nepioguaHuX QYHKIIIH 3 Koediriearamu Dyp’e eKCIIOHEHITIHHOTO POCTY, a caMme:

EI(Q), me o, geR, — rimsbepriB mpocrip mepiognmdnux QyHKIiii
j 2 72q 2k 2 7 2
v =y(x)= z \uke’kx 3 HOPMOIO ||\V||Eq(Q) = Z ke a|\|1k| , k=AN1+k";
keZ “ keZ
Eg’q (D), ne B: [O,T] — R, — 6anaxiB npoctip QyHKIIH © =u(t,x) Takux,
o  TOXiTHi aﬁu(t;), sIKi  BW3HAYEHI (OPMYJIOI0 aiu(t,x) = z u,l{ (t)ei/“ ,
keZ
1=0,1,2,3, wist koxHoro ¢ €[0,7] HalexuTh 10 IPOCTOPIB Eg(_t; (Q) BigmosizHo
1 HemepepBHi 3a 3MIHHOIO { y IMX mIpoctopax. Keampar mopmu ¢yHKmii u y

pocTopi Eé’q (D) obumciroeTscs 3a Gpopmyioro

123



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

2
ok,

ECL @)

3
2 —
lelzz ) _E)fgfaf)ﬁ -

ITpu mocnimkeHHi 3anaui BpaxoBYBaIUCs JIBa TPaHUYHI 3HaYeHHS (HA +oo )

XapaKTePUCTHYHOTO MHOTOYJICHA BUXITHOTO PIBHSHHS Ta 3HAK NIACHUX YaCTHH iX
KOpEHiB. XapaKTepHUM JUIs 3al1adi € 0JHA MPOCTOPOBA 3MiHHA Ta BIJICYTHICTH MPHU
BOMY MPOOJIEMU MaIMX 3HAMEHHHUKIB, K 1y 3a1a4i 3 podotu [2], mo Bimpi3Hse ix
BiJl yMOBHO KOPEKTHHUX 3a/1a4 3 OaraThbmMa MpOCTOPOBUMH 3MiHHUMU [ 1, 3-7].

Omxe, cepen 6araTOTOYKOBHX 3alad BHUAUIEHO 1 JOCHTIIKEHO TPUTOYKOBI
KOPEKTHO TOCTaBJIeHi 32 AxamMapom 3aaadi.

1. Bacumuwuun Il B, Kuocl C, Imawnux b, M. BaratoroukoBa 3amaua s
rinep6oiuHUX PiBHAHB 31 3MIHHUMH Koediuientamu // YKp. mar. xypH. — 1996. — 48,
Ne 11.—C. 1468-1476.

2. Boasancexka l. I, Inekie B. C. YM0BM pO3B’SI3HOCTI TPUTOYKOBOI 3amaui  ajs
Ju(epeHIiaIbHOTO PIBHAHHS 3 YaCTHHHUMHE HOXIAHUMH y JBOBHMIpPHOMY IWTIHAPI //
36ipauk mpamp [HcTHTyTY Matematmkun HAH Vikpaimum. — 2015. — T. 12, Ne 2. —
C.74-100.

3. Kanenwox I1. I, Humpebuu 3. M. VY3arambHeHa CXeMa BIJIOKPEMJICHHS 3MIiHHHX.
HudepeniianpHo-cuMBoabHui MeTo. — JIbBiB: Bun-so HY “JIbBiBchKa mosiTexHika”,
2002. — 292 c.

4.  Mmawnux 5. M,  CumoeaJl. Il.  BaraToToukoBa  3ada’a i GE3TUITHHX
nudepeHiiagbHiX piBHAHD 3i ctanumu koeditientamu // Jonosini HAH VYkpainu. —
1996. — Ne 3. — C. 10-14.

5.  Imawnux B. B, Cumomiox M. M. Baratotoukosa 3aJaya Ui HEi30TPOITHUX
T epeHIiaTbHIX PIBHSHD i3 YaCTHHHUMH ITOX1THAMH 31 cTamuMHu Koedinientamu // YKp.
mar. KypH.—2003.—-55,Ne2.— C.241-254.

6. ITmawmnux B. H., Tumkie I. P. BaratoTouKkoBa 3ajaya s NapabONiuHOTO PiBHAHHS 3i
3MIiHHUMH KoedillieHTaMH B HWITHAPUYHIK 005acTi // Mar. Mmetoau ta ¢i3.-Mex. most. —
2011.—54,Ne 1. - C. 15-26.

7. Symotyuk M. M., Tymkiv I. R. Problem with two-point conditions for parabolic equation of
second order on time // Carpathian Matchematical Publication. — 2014. — V.6, No 2. —
P.351-359.

CONDITIONS OF CORRECT SOLVABILITY OF THREE-POINT PROBLEM FOR
PARTIAL DIFFERENTIAL EQUATION IN THE PLANE DOMAIN

The problem with three-point conditions for homogeneous partial differentional
equations in a plane domain is investigated. Correctness after Hadamard of the problem is
shown, which distinguishes it from the conditionally correct problem with many spatial
variables. We have proved the uniqueness theorem and have established the existence
conditions for the solution of the problem in the spaces of periodic functions with exponential
growth of Fourier coefficients.
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JAHAMIYHA CTIMKICTh MATEMATHUYHOI'O MASITHUKA ITPU JIIi
IMITYJIbCHUX TA TAPAMETPUYHUX 35YPEHb

Bouogumup Kogichnuenko

Yepracvruil HayionanvHull yHieepcumem imeri boeoana Xmenvnuyvkozo

v.m.kolisnychenko@gmail.com

JlocmimKeHHsT CTIHKOCTI NEAKMX MEXaHIYHUX CHUCTeM TIPU3BOJIUTH [0
HEOOXiTHOCTI BpaxyBaHHS 3ali3HEHHS 1 MapaMeTpuYHUX 30ypeHb, a TaKOX
pi3HOMaHITHMX 30ypeHb NapaMmeTpiB camMoi CHCTeMH. SIKIIO Hpu LBOMY Ha
MEXaHIYHy CHCTEMY IiIOTh IMITyJIbCHI 30ypeHHS y (ikcOBaHI MOMEHTH dacy, TO
MaTeMaTHYHOI0 MOJEIUTI0O PYXYy TaKoi CHCTEMH € Tu(epeHIiaabHi PiBHIHHS 3
IMITYJILCHOIO JII€I0 Ta 3alli3HEHHSIM.

YMoBH CTIHKOCTI JU(epeHiaJbHuX PIBHSIHHS 3 IMITYJIbCHOIO Ji€r0 1
3alli3HCHHSM 31 CTalMMHU KoedilieHTaMu focmiokeni y [1, 2].

B naniii po60oTi po3rasanaeThes 3aaua CTiHKOCTI AudepeHianbHuX PiBHAHD 3
IMIyJIECHOIO  Ji€0 1 3ami3HEHHAM 31 3MIHHUMH KOCQILI€HTAMH, 30KpeMa
PO3IIIANAETbCA CTIMKICTh MaTeMaTHYHOTO MasTHHKA IpU Ail IMITyJbCHHX Ta
nmapaMeTpUIHUX 30ypEeHb.

PiBHSIHHS pyXy MaTeMaTHYHOTO MasTHHKa MalOTh BUTJIS]

b+ 2 0+ £ sin g =) b0)

Ad(t) = o, t= k9,

FSin (i =0). 1% kO,

Ab(t) = ﬁlsin o(2), £ = k.

. *
O‘IGBI/IHHO, 10 AaHa CUCTEMa Ma€ JIBa MOJIOKCHHS PIBHOBAI'l HUXKHE (I)l =0

* o -
Ta BCPXHE (I)z = 7. Po3rmgHeMo nuTaHHS npo CTIMKICTb HUXXHLBOTO MOJIOKCHHSA

piBHOBaru. Jlineapu3oBaHy cHCTEMy PIBHSHB 30ypEHOrO PyXy B OKOII HIKHBOIO
TNOJIOKEHHS. PIBHOBArM MOXHA NPEJACTaBMTH y (opMi JIHIHHOI mepioandHOl
CUCTEMU TU(PEPCHINIATBHIX PIBHSIHB 3 IMITJILCHOIO Ji€I0

dx(1)
dt

= Ax(t)+b(1)Bx(t—0), T # k6,

Ax(t) = pCx(1), T = kO,

e x € R2 , Matpui 4, B iC Maroth BUIIsn

0 1 00 00
A= _|,B= ,C= .
-1 2p 01 1 0

Mo>kHa 00UHCINTH
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AT _ it (an(l') a1z(T)j

a (1) apn())’

sin(Qt)
Q

>

ne app(t) =cos(€2t) +%Sin(Q’t), a5 (1) =—ap;(1) =

_2 —
ay, () = cos(QQ) —%sin(Qt), Q=14/l-p (tyr npumyckaerbcs, mo u € (0,1) ).

pay(0)—apy(8)  ayy(0)+ pay; (0) )

K(t) =b(t)e T Be™ = b(1) ap (—1)ay (1) ap (—1)ay (1)
ax (~1)ay (1) ay (~1)axn(v))

®=(I+50) A0 _ 1 [_ a;,(6) a5 (0) ]

Jlerko nmokasaTu, 1o

- 1/2 o )
|K @)= [po) 1+ _gint@n | o=t “;_4,
Q

-2
s=2 cosz(Qé)ﬁLlJrM
02

sin (QO) ——usm (QG)p +
?

+| cos (QG)+ sin (QG)+ o sm(QG) cos(QO)
Q

JlocTaTHi YMOBHU aCUMITOTHYHOI CTIHKOCTI HIDKHBOTO TTOJIOKEHHST PIBHOBArd
MaTeMaTHYHOI'0 MasiTHUKA MAtOTh BUIJISI

= 172
—2
s+vs? —4 o 4u .
2

exp ”b(r)‘ 1+§sm4(9r) dr—@ <l1.
0

1. Heanos U.JI., Cnvinvko B. M. Kputepuil ycTOMYMBOCTH aBTOHOMHBIX JIMHEHHBIX
CHCTEM C 3ala3JbIBAaHUEM M IIEPHOJWYECKHM HMITyJIbCHBIM BO3IeHCTBHEM //
[Mpuknannas mexanuka. — 49, 6. — 2013. — C. 120-131.

2. Cnvineko B. M. O6 yCTOMYMBOCTH IBIDKCHHS JIMHCHHBIX HMITYJIBCHBIX CHCTEM C
3anazzpiBanueM // [lpuknannas mexanuka. — 2005. — 41, 6. — C.130-139.

DYNAMIC STABILITY OF A MATHEMATICAL PENDULUM UNDER THE ACTION OF
IMPULSE AND PARAMETRIC PERTURBATIONS.

Dynamic stability of a mathematical pendulum under the action of impulse and
parametric perturbations is considered. Sufficient conditions for the asymptotic stability of
the lower equilibrium position of the pendulum are established.
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EJIIITUYHI KPAHOBI 3AIAYI B HAINIBOEMEXEHHUX KYCKOBO-
OJHOPITHUX MWITHAPUYHO-KPYI'OBUX OBJIACTAX

IBan Koner, Tersina [Tununiok
Kam’aneyw-Ilooinscokuii nayionanvhuil ynisepcumem imeni Ieana Ozienka

konet51@ukr.net, t-myh@ji.ua

PO3FJ’[${Ha€TLCﬂ 3aJa4da HOGyﬂOBI/I 00MEXKEHOr0 Ha MHOKHHI

n+l n+l
Dy =1(rb.2)|rely =J1; = ®R;1:R));0 €[0;2m);2 € (0;+00)
J=1 J=1

27-nepioqUUHOrO OO KyTOBOI 3MIiHHOI ¢ KIACMYHOTO PO3B’A3KY JiHiMHMX

mudepeHiaibHUX PIBHSAHB 3 YaCTHHHUMH IOXIJIHUMHU ENNTUYHOTO THIY 2-TO
nopsiaky [2]
2 2
0 10 ay 0 0
afj(—2+—— +i21_2 +aZZj—2 uj—xi- i ==f(r,2);
o= ror) o 0z

relj;j=1,n+1;

3 KpalilOBUMH yMOBaMH

0
(-g—f— hjuj

yMOBaMH cripsikeHHS [ 1]

k O ak k O ok
[(ajla"'ﬁjljuk_(ajza"‘ﬁjzj”kﬂ}

Ta BIAMOBIAHUMHU KpalOBHUMH yMOBaMH HAa MEXI HOPOMIKKY [, ,;r . (&
k k . . o k pk k nk .
arj, a¢j, azj, X], h, OLjS y B]S — JCdAK1 CTalll; n]k = (lszlj - al]BZJ e 0,

Qi "Cok > 09 f(}",(l),Z) = {ﬁ(r’¢’z)7f2(rs¢az)9'"!fn+1(r’¢sz)};
g(r,d)= {gl(r, 9), g, (7, ¢),...,gn+1(¢,z)} — 3aJ1aHi 0OMeXKeHi HenepepBHi QYHKITIT;

S

=g;j(r.o); —~ =0, s=0,L, j=Ln+l1,
0 oz°

z=
Z=+00

r=R;

u(r,d),z)={ul(r,d),z),uz(r,¢,z),...,u,1+1(r,¢,z)} — IOyKaHa JBi4l HENepepBHO
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nmudepeHIifoBHa ¢ yHKITIS.
PosrsiHyTO Taki 4 KaHOHIYHI BUTIQAKU:
1) Ry=0; R, =+ (mBopocrip),
2) Ry>0; R, =-+oo (mBOpOCTIip 3 OPOKHUHOIO),
3) Ry=0; R,,; =R <+ (HaniBoOMeKeHUH CyLUIbHUI LUITIHAD),
4) Ry>0; R, =R <+oo (HaniBOOMEKEHUH OPOKHUCTUH LIMITTHAP).

IaTerpasibHi  300paKeHHS €IMHMX TOYHUX  aHANITHYHUX  PO3B’s3KiB
JOCIIDKYBAaHUX KpaloOBUX 3aJ[ad OJIEPKaHO METOJOM KIIACHYHHMX IHTerpajbHUX
neperBoperb ®yp’e Ta riOpUIHUX iHTErpalbHUX mepeTBopeHb (Dyp’e-beccens,
Bebepa, 'ankens 1-ro ponay, ['ankens 2-ro poay) y o€ THAHHI 3 METOJIOM TOJIOBHHX
pO3B’s3KiB (MaTpULb BIUIMBY Ta MaTpulb Ipina). [1oOymoBaHi po3B’sI3KH HOCATH
AJTOPUTMITHHUMA XapakTep, HeIIePePBHO 3aJieKaTh BiJl MapaMeTpiB i JaHUX 3amadi i
MOXYTb OyTH BHKOPHCTaHi SIK B TEOPETHMYHUX MOCIIJDKEHHSX, TaK i B MPaKTHII
IH)KCHEPHUX PO3PaxyHKIB CTalllOHApDHMX TPOLECIB Yy KYCKOBO-OJHOPIJIHUX
CepelOBUINAX, SIKI ONUCYIOTHCS LMITIHAPHYHOIO CUCTEMOIO KOOPANHAT.

1. Kowem IM., IMununox T.M. TlapaboniuHi kpaiioBi 3amadi B KyCKOBO-OJHOPITHHX

WITIHAPUYIHO-KPYroBux cepepoBuiiax. — Kam’suenp-Iloainecpkuit: Aberka-CBiT,
2017.-80c.
2.  Cawmotinenko B.I'., Konem IM. PiBusanusa wmaremarndnoi ¢isuku. — Kuis: BIII]

«KuiBcekuii yHiBepcuteT», 2014. — 283 c.

ELLIPTIC BOUNDARY VALUE PROBLEMS IN SEMIBOUNDED PIECEWISE-
HOMOGENEOUS CYLINDRICAL-CIRCULAR DOMAINS

Integral representations of unique exact analytic solutions of elliptic boundary value
problems in semibounded piecewise-homogeneous cylindrical-circular domains  are
obtained.
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YK 517.9
POBACHA CTIMKICTD JIHIHHAX MEPIOJUYHUX CUCTEM
Craniciaas KpaBuyk

Yepracvkuil HayionanvHuil yHieepcumem im. b. Xuenvnuysvrozo

gkp@ukr.net

BaxnmBoro 3aaueto Teopii CTIHKOCTI pyXy € MHUTaHHS 30€peXeHHsI CTIKOCTI
pO3B’s3KiB Tpu Ail Manux 30ypeHb. 3araibHUl METOX JOCIHIIKCHHS BIUIHBY
30ypeHb Ha CTIMKICTh PO3B’s3KiB JAWQEpeHIliadbHUX PIBHSAHB, MOOYIOBAaHHA Ha
3aCTOCYBaHHI Apyroro Meroay JlsmyHoBa. Y BHManKy, KoM Bimoma (GyHKITS
JIsmyHoBa jjisi He30ypeHOi CUCTEMH , 3aCTOCOBYIOYM TEOPEMH MPSIMOTO METO.Y
JIsmyHOBa MOHa OTPUMATH OILIHKH MJIUX 30ypeHb, MPH SKUX CTiHKICTh CHCTEMHU
30epiraerbes. [l miHIAHUX cucTeM AUQEPeHLIMHUX pPIBHAHL I 3aJada Mae
JIOCTaTHLO TIPOCTHH PO3B’SI30K HA OCHOBI METOJy iHTETpalbHUX HepiBHOCTEH [1, 2]
IPY YMOBI, 1110 BiJJOMi OLIIHKK (pyHIaMEHTaIbHOI MaTpHILIi.

Hexaii R" — 6anaxosuii npoctip, a L(R") — GanaxoBa anredpa 00MeXeHUX

NiHifHUX onepaTopiB. BU3HAUMMO PEKYPCHBHO HACTYIHI JieBi enementn B L(R™)

(3],
{B,AO} _ B, {B,A’“} :[{B,A’},AJ, IeN, ad'(y)=(-1) {y, xl}

ne [4,B]= AB - BA — koMyTartop ABoX eneMeHTiB A, B € L(R").
PosrisiHemo niHilHY cucteMy AUQepeHIiHNX piBHIHbB

d);(;) = (A(6)+84(1)) x(0). )

ne xe R", A:R— L(R") — kyckoBo-HenepepsHe 0 -mepioguune BinobpaxenHs,

84:R — L(R") — KycKoBO-HeIlepepBHE HENEPiOAUYHE BiJ0OpaKeHHS,

A(0), By =F(0),

A(t)=jA(s)ds, AO:%

0
ne F(t) poss’ss3ok 3anaui Komi
dF (1)
dt

= ad o F (1) + F (1) (1) + ¥ (1), F(0)=0,
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()= z ,m),{ ). A (1))

BimnocHo Matpwuri 30ypeHsb dA(f) 3poOUMO HACTYITHI MPUITYIICHHS: ICHYIOTh
MO3UTHBHI cTami

ja

n = te[n(gnalﬁl)(ﬂ ||6A(t)" ’ Bn - tel:néna;z):—l 9:|

BBC,HGMO IIO3HAYCHHA:

(n+1)9

w= [ |

o, +(14]F ()], (s))ds .

xexp((”;]:)e( adA(s) H+ 20, +||‘P(s)||+r|n (s))ds}

AcUMIITOTHYHA CTIHKICTB JiHIHHOI cuctemMu 31 30ypeHHsiM (1) ekBiBaieHTHa
ACUMITOTHYHIN CTIMKOCTI JIiHIHHIK cucTeMi audepeHLiaIbHUX pPIBHAHD 3
IMITYJILCHOIO JIi€I0

adF(S) ‘

dt no

Ay(t) = (BO +6Fn)y(t), t= (n+l)9,
ne yeR",amm ynkuii 8F, crpaBeunBa OLiHKa ||6 F, || <%y -

dy (1) [AO+(H}1)95A ds}y(t), te(nb, (n+1)6), 2)

Teopema 1. Hexaii onst mampuyi A, suxonyemvcst ymosa max Red <0 i

XEG(AO)
icnye 0odamua cmana 0>0 maxa, wo Ona 6yov axux neN euxonyomvcs
HepigHoCcmi

*m(0)
2|7

ln(l—A(R, P)+

Bu <

[Pl (2 Boll+20) ) 7(@)-28, 171,
o (P) r (P) |

0e P —po36’s30x mampuunozo piensanns Jlsanynoea AOT P+ PAy =—-0 . Tooi ninitina

cucmema oughepenyianvrux piensans (1) acumnmomuuno cmitxa.
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1. Hemuoosuu b. I1. Jlexiuy 1o MaTeMaTH4ecKoil Teopuu ycroiumsoctH. — M.: Hayka,
1967. -472 c.

2. Kpasuyk C. B., Cavinoro B. M. PobacTHas yCTOHYMBOCTD JIMHEHHBIX IEPUOANIECKUAX
cucTeM // ABTOMaTtHKa U TeleMexaHika (B IpyIi).

3. Maenyc B., Kappac A., Conumap /{. KomOunatopHas teopus rpynn. — M.: Hayka, 1974.
—456c¢.

ROBUST STABILITY OF LINEAR PERIODIC SYSTEMS

New conditions of robust stability of linear periodic systems of differential equations
were obtained.
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3AJJAYA 3 HEJIOKAJIBHUMHU YMOBAMM JJIA PIBHAHD I3
YACTUHHUMHU NOXITHUMU HAJI ITIOJIEM P-AIJUYHUX YU CEJL

Anton Ky3b, Muxaiino CumMoTIOK

Incmumym npukiaoHux npoodiem MexaHixu i Mamemamuxu
im. A C. ITiocmpueaua HAH Yxpainu

kuz.anton87@gmail.com, quaternion@ukr.net

Posriagnaerses Taka 3agada:

n n—1 ey aj
+ a 7.An7] (—J— M(f,X):O, teZ 5 .XEQ 5 (1)
or" ,go 7 \ax o i !
o/ e x oo ol g .
S 2, Y @, e @)
ot =0 gq=! ot 1=t

q
y skiit Q p Y/ p — MHOXHHH, BIJIMOBIZAHO, P -aJWYHUX Ta HUTUX P -aJUUYHUX YUCE,
Iie P — Aesike MPOCTe YUCIIO; aj,uj,qu € Qp, I eZp, j=1...,n, g=1,...,m;
|a1|p +~-+|an|p =0, ne |~|p — p-ajndHa HOpMA, [; #1,, j#q. Onepatop

A(0/ox) y piBnsiami (1) BU3HAYCHUH PIBHICTIO

2
A(ij:—a—+2xi, AQ[Q}A A“[ij, geN;
Ox o2 ox ox Ox

?; (x),j=1,...,n, —3agaHi JOCTATHLO TIAJIKI P -aAUNIHO3HAYHI QYHKIIiI.

IaTepec o IOCHi/PKEHHS TakUX 3a7ad YNPOJOBX OCTAHHIX JECATHIIITH
3YMOBJICHUH aKTHBHUM PO3BUTKOM P -aAM4HOI MaTeMaTn4Hoi (i3uKy, y sKii nificHi
MPOCTOPOBO-YACOBI 3MiHHI 3aMIiHIOKOTBCA p-amuanumu  [1,3]. Ileéi po3min
MateMaTHdHOi ¢i3uku BUHUK y 1984 p., komu B. C. Branimipos Ta 1. B. Bonosiu
3aMpoIOHyBald BUKOPUCTATH P -alUYHI YHCla JJIsl OMUCY MPOCTOPY Ha MaHx

Bigcranax nopaaky 1033 cm. Ines B. C. Bnagimiposa ta 1. B. Bososiua nonsrae y
TOMY, [0 HAa IUIAHKIBCHKHX BIJICTAHSIX CTPYKTypa IPOCTOPY-4acy IOBHHHA
OTIMICYBAaTUCS HEapXiMEJIOBHM TIOJEeM p-aaudHuX ducen. OIHUM i3 BaKIUBUX

HaIpsSMKIiB P -aJInYHOI MaTeMaTHYHOI (DI3UKH € JOCIIDKEHHS P -aIMYHUX MOJeIen

KBaHTOBOI MEXaHIKH, TEOpii TpaBiTallii, 110, B CBOK YEPry, CTUMYJIOE BHBUCHHSI
BIIACTMBOCTEH PO3B'SA3KIB PIBHAHL i3 YACTHHHUMH TOXITHUMH 3 P -aInIHUMH
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3MIHHUMH 3a JIONIOMOTOI0 p-aauyHoro aunamizy ®yp'e. 3ayBaxumo, M0
PO3B’sI3HICTH TakKKX 3a7a4 (0COOIMBO HENOKAJIBHUX) HaJl MOJeM JiHCcHUX (K 1 p-

aJIMIHUX ) YUCEJT 9acTo MOB’sA3aHa 3 MPOOIEeMOI0 MaJIX 3HAMEHHHUKIB [2].
3anpoBagumMo npoctopu GyHKIIH Hax moaem Q p [3], B Axux JIOCHIIKYBATH-

2 2
MeMo poss'ssricTs 3amadi (1), (2). MosHaummo: H (x) = (~1)F * (d/dx)k e,

2
keZ,, —noninomu Epmita; L, (Q poW(x)dx), w(x) = e ¥, — mpocrip ycix pszis

f(x)= Zf:okak (x), amsg  sAKMX klgrso|fk|p J K12k |, =0 i3 mHopmowO
Hf;lq((@p,w(x)dx)“zksuzp |fk|p ‘k!zk‘p ; A(ZP;LZ(Qp,w(x)dx)) — TPOCTIp
€Ly

yCixX psAniB BUMIIALY u(t,x) = Z?:ouk (t)H (x), ne u; (t) — aHamiTUYHI QYHKIIT HA

L, , JUTS SKUX lim max|uk (t)| / ‘k!Zk ‘ =0 i3 HOPMOIO
k—owotelZ » p p

wA(Z Lo (Q , w(x)dx) “: sup max | (¢) ”k!Zk‘ .

H ( P2 P ) keZ+ teZp| k |p p

Y po0OTi BCTAaHOBIIEHO YMOBH iCHYBaHHsI €IMHOTO PO3B'sA3Ky 3amadi (1), (2) B
npocTopi A(Z 20 (Q p,w(x)dx)) , KW HENepepBHO 3alieKUTh BiJ (yHKLIN

®; eLz(Qp,w(x)dx),j: L...,n

1. Baaoumupos B. C., Bonosuu U. B., 3enenos E. . p-anuueckuil aHaiu3 U MaTeMarTu-

yeckast ¢pusuka. — M.: dmmatiut, 1994, — 352 c.

2. Imawnux 5. H. Inoxie B. C., Kuimo I A., Honiugyx B. M. HenokanbHi Kpaifosi 3amadi
UL piBHAHG 13 wacTHHHEMH noxigauMu. — K.: HaykoBa gymka, 2002, — 416 c.

3. Xpennuros A. FO. Marematuueckrue MeTo/ bl HeapxumenoBoit ¢pusuku / YMH. — 1990.
—45,Ne 4. - C. 79-110.

NONLOCAL PROBLEM FOR PARTIAL DIFFERENTIAL EQUATIONS OVER P-ADIC
FIELD
We have investigated correctness of the problem with nonlocal multipoint conditions
for linear partial differential equations over p-adic number field. Criterion of uniqueness and
sufficient conditions for existence of the solution in corresponding nonarchimedian functional
spaces is established.
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HEJIOKAJIBHA JIBOTOYKOBA 3AJAYA JJIs1 PIBHSIHD 13
YACTUHHUMHU NNOXITHUMM 31 SMIHHUMMU KOE®IHNIEHTAMHU

AntoH Ky3b, Muxaiijio CuMOTIOK

Incmumym npuknaonux npobnem mexanixu i MamemMamuxy
im. A. C. Iiocmpueaua HAH Vipainu

kuz.anton87@gmail.com, quaternion(@ukr.net

B o6macti D= {(t,x) :1€(0,T),xe R} PO3IIISIIAETHCS TaKa 3a/1a4a;

2
L(Q,ij[u]:za—quazA(i,xju:0, (t,x)eD, (1)
ot Ox ot ox
Jj-1 Jj-1
Uj[u];:w _ M =¢;(x), j=12, xeR, (2
ot/ ot/ /
=0 t=T

y sxiii a,pe C\{0}, ¢;(x) € L,(R),j =1,2, oneparop A(8/dx,x) y pisnsnni (1)

BU3HAYEHUH PIBHICTIO

2
0 0
A(— =——+ X2
ox ax
3agaul 3 ymoBamu BUIVIAAY (2) Ais PIBHSAHB 13 YaCTHHHUMHU IOXITHUMH
Ha3zarajl € HeKOPETHUMH, a 1X PO3B'A3HICTH YacTO IMOB'I3aHa 3 MPOOJIEMOI0 MaJIUX
3HaMeHHHUKIB [1]. MeToto 11i€i poOOTH € BCTAHOBUTH YMOBH KOpeKTHOCTI 3amadi (1),
2).

3aHp0BaLlI/IMO TaKi MO3HAYCHHS:

2 2
H, (x) = (-D)F e~ (d/dx)k e, keZ,, —noninomu Epmira;

Wy (x) = e_xz/sz (x)/\/ kn, ke Z., — OyHKOi, WO € BIACHUME
¢yHKIiIAMH  omepatopa A (8/ ox, x) , IO BIAMOBINAIOTH BIACHUM 3HAYCHHIM
Ay =2k +1 Ta yrBOPIOIOTH IIOBHY OPTOrOHaNIBHY cUcTeMy QyHKLIH B Ly (R);

HS,,a>0, —  mpoctip GbyHKIIH feL,(R) Takux, 110

[ =2, o fivi(¥), me fi :IRf(x)wk(x)dx,Ta Zk:O'fk|2 (I+2) <o i
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2
HOPMOIO ||f;HSa||2 :Zf:0|fk|2 (1+2y) OL;

Cm([O,T ],HS(X) — npocrip ¢yHKUiH V(¢,Xx), BU3HaYeHUX B obmacti D ,

TaKuX, IO Ui KOKHOTO ¢ €[0,7] yci moxinmHi 6jv/8t] eHS,, j=0,1...,m, i€

HENepepBHUMHU 3a ¢ y HopMi HS, . HopMy B IbOMy IIPOCTOpI BU3HAYAEMO TaK:
Lom _\m J J.

v C" ([0.7), 1S, )| = X g0v/or' s s,

Po3B's30k 3amadi (1), (2) 300paxyerses psgoM u(t,x) = Zf:() u (O (x), y
SKOMy KOXHa 3 QyHKUiA uy(f) € poss'sskom 3anaui, L(d/dt,h;)[u]=0,
Ulul= 040 ae @ = [, 0; (v (dx, j=1,2.

Hexait &;,&,;, — KOpeHi piBHIHHA L(ﬁ,}»k )[u] =0, keZ,.

Teopema. fxuwo |p| #1, ona xoocnoeo kelZ, 6uUKOHYEMbCA YMOSA

Re&yp #Reyp #0 i @1, ¢y € HS, 5, mo ichye €ounuii poss’asox u saoaui (1),

(2) y npocmopi c? ([O,T],HSOL), npuvoOMy,

hisc? 01115, = o 1)
j=1

oe C>0 — deaxa cmana, wo e 3anrexcums 6io k .

1. Imawnux B. H. Invxie B. C., Kmims I. 4., Ioniugyx B. M. HenoxanbHi kpaiiosi 3aadi
JUIst piBHSHB 13 yactuHHEMHE Toxignumu. — K.: HaykoBa gymka, 2002, — 416 c.

NONLOCAL TWOPOINT PROBLEM FOR PARTIAL DIFFERENTIAL EQUATIONS WITH
VARIABLE COEFFICIENTS
We have investigated correctness of the problem with nonlocal two point conditions for
linear partial differential equations with variable coefficients. Criterion of uniqueness and
sufficient conditions for existence of the solution in corresponding functional spaces is
established. The solution is built in the form of Hermite polynomials series.
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TPUBUMIPHE MOJIEJTIOBAHHA EBOJIIONII CUJIbHAX YIAPHAX
XBWJIb Y HEOJHOPITHOMY CEPEJOBHIII

Tapac Ky3bo, Ouer Iletpyk

Incmumym npuknaonux npobnem mexanixu i MamemMamuxy
im. A. C. Iiocmpueaua HAH Vipainu

kuzyo.taras@gmail.com

EBomromiss  ymapHUX XBWJIb Yy MDK30PSHOMY CEPEIOBHINI  OIMUCYETHCS
PIBHSHHSIMH MarHiTHO{ TiIpOAMHAMIKH, PO3B'SI30K SKHUX Yy 3arajlbHOMY BHIQJIKy He
MOXHA OTPUMATH aHaTiTHYHO. OCHOBHHUM JDKEPEJIOM YIAPHUX XBHWIIb Y acTPO(i3HLI
€ CraJlaXx¥ Ha/THOBUX 31p, B pe3yJIbTaTi YOro BUHUKAIOTh NPOTSDKHI AN(Y3HI 00'€KTH,
SKI TOIIMPIOIOThCS Yy MDK30PSHHH HPOCTIp — 3alMIIKKH HAJHOBHX. Y Ipoleci
NOIIMPEHHST 3aJUIIKY B HAaBKOJO30PSIHOMY CEpENOBHINI, CTPYKTypa Tedwii 3a
¢poHTOM ynapHOi XBHIII 3a3Ha€ CyTTeBOI nepedynosu. Taka nepedynoBa Bene 10
TIepexo,1y Ha HOBY €BOJIOIIHY CTaIiIO 1, BiMTOBITHO, 3MiHH JOMIHYIOUHX (Hi3UIHAX
mporeciB. My TOCHTIKYEMO OCOOIMBOCTI €BOJTIONIT 3aTUIIKIB HATHOBUX Ha PI3HUX
ii eTamax NIIAXOM TPUBHMIPHOTO MATrHITO-TiIPOJUHAMIYHOTO MOJEITIOBAaHHS Ha
PI3HHX 9acOBUX Ta MPOCTOPOBHUX MaciTabax. HasBHICTh HEOMHOPITHOCTI TYCTHHH
JTO3BOJISIE TOCITITUTH B3aEMOJIIIO YIAPHOT XBHJIi 3 CEPEIOBHIIEM, B SIKOMY ITPUCYTHIH
JOAATHIN TpaieHT rycTHHH. Taka cHTyalliss BUHHKAE, KOJM Ha IUIAXY TOIIUPEHHS
3aJIMIIKY 3HaXOAUTHCS TycTa MOJIEKYJISIPHA XMapa.

PesynpraTh MopeiioBaHHS JalOTh 3MOTY MPOCITIAKYBaTH 3aJIEXKHICTb
JUHAMIKH yIapHOI XBIJII BiJi Opi€HTAIil MAarHITHOTO MOJS 1 rpaji€HTa T'YCTHHU.
OTpHrMaHO €BOJIIOLIIO ITAPAMETPIB Teuil 3a PPOHTOM yAapHOT XBUIII Ta OCOOIMBOCTI
ix mepeOyJ0BHU MpH 3MiHi €TaIliB €BOJIIOLLII.

THREE-DIMENSIONAL SILULATIONS OF STRONG BLAST WAVE EVOLUTION
IN THE NON-UNIFORM MEDIUM

We simulate a large span of supernova remnant evolution from early free expansion
stage up to the well-developed radiative stage into a medium with increasing density gradient.
The simulations show the dynamics of the forward shock and post-shock flow properties while
interacting with the non-uniform interstellar medium.
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ITPO ITAPABOJITYHI 3A IINJIOBUM CUCTEMM 13 SMIHHUMHA
KOE®INIEHTAMHA

Baagucaas JIiToBUeHKO
Yepuigeyvkuii nayionanvhuil ynieepcumem imeni FOpia ®edvrosuya

v.litovchenko@chnu.edu.ua

VY [4] T. €. lwioB chopmyaoBaB HOBE O3HAYEHHS MapabOIdyHOCTI CHCTEM
PIBHSIHB i3 YaCTHHHWMH ITOXiTHUMH, SIKE y3arajbHIOE TOHATTS MapabOIidHOCTI 3a
I'. I. IlerpoBcrkum [2] i Beae 0 icTOTHOTO po3mmpeHHs kinacy [leTpoBcbkoro cuc-
TEM BUTJISILY

Ouu(t;x) = P(t;i0, )u(t;x), (t;x) € g7y = (0;T]xR", (1)

Je i — ysIBHa OJUHHL, ¢ — HEBiToMa BeKTOp-(QyHKIis po3MipHOCTi m, a P(¢;i0,) —
MaTpudHui nudepeHmiansHui Bupa3 nopsaky p €N i3 3anexxHuMu Bif gacy ¢ Koe-
(dimieHTamMu.

V Bunazky, xonu koedinientu (1) craii, Todéro P(#;i0, ) = P(i0, ) , h-napabo-
nivHicTh 32 [IInnoBuM 03HAYYETHCS MOAIOHO 10 mapaboigHoCTi 3a [TeTpoBChKUM —
LIIXOM HAaKIaJaHHs YMOB Ha MIMCHI 4aCTHHM XapaKTepPUCTHYHHMX duceln A ()

MarpuuHoro cumeony P(c), o € C”, nudepenuiansnoro supasy cucremu (1):
37>038, >038, 20 VEeR": max;Rek; (&) <5 [g]" +8. (2)
Skmno x xoedirienTn cuctemu (1) 3anexats Bif t, TO BXKe, Ha BiqMiHY Bix ma-
paboignocTi 3a [leTpoBchbkuM, apadomivHicTs 3a [IInIoBUM i€l cUCTeMH 3 IMoKa-

3HUKOM NapaboiiyHOCTI /i 03Ha4ae BUKOHAHHS Ul MaTpHIaHTa GIT (), T<t, Big-
noBigHOI ABoicTol 3a Pyp’e cucremu, HaCTYMHOT OLiHKH [1]:

_ _h _ _ h
1048 < e+ 5| PPN gy e gy, (3)

3a3HaynMmo, 1o sl mapadomiyaux 3a [letpoBchkum cuctem (1) ymosa (3) —
XapaKTepHa BIACTHUBICTh, KA € MPSIMHUM HACIIIKOM i3 BiJIOBIIHOT YMOBH mapado-
nigaoCTi THIY (2). [l mapaboniuaux cucteM (1) i3 3anexxHUMH Bif t KoedirieHTa-
MU IIpU p # h MATBEpAUTH el GakT KIaCHYHUMHU 3ac00aMu Teopii mapadoaiyHux
CHCTEM, B3aralli Ka)ky4H, He BIA€ThCS, dYepe3 MapadoIiuHy HECTIHKICTh TAKHX CHC-
TeM 10 3MiHH CBOiX KoedimieHTiB [3]. ToMy BaxximBOIO € iHGOpMAIlisS Tpo 3armac
kiacy llwumoBa cucteM i3 KoedillieHTaMu, 3aJeKHAMHA BiJl t, 30KpeMa, Mpo MPHK-
JIaIM TAaKUX CHCTEM, SIKi He € mapadoniaHnMu 3a [TeTpoBchkuM.
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JlaHa 10TIOBib MPUCBSTYEHA TOCHIPKEHHIO [IUX MTUTAHb.
Posrisiremo cuctemy (1) i3

P(1;i0,) = {FRy(i0,) + R (£;i0,)}, “
ne Ry(io,) 1 B(#;i0,) — maTpuuHi audepeHLiaabHi BUpa3sy NopsikiB p i py Bia-

HOBiHO: p > p; , IPUUOMY BiJINIOBi/IHA cUCTEMA
ou(t;x) = Ry (i0, Ju(t;x), (6;x) € g7y,

€ napabosigHoro 3a [IlwroBuM i3 ctanumu kKoedillieHTaMHu, 3 MOKa3HUKOM Mapado-
TYHOCTI /4 , IpW IbOMY BEIMYHHH P, p; 1 A TiINOPSAIKOBaHI HACTYIHIH yMOBI:

0< py+(m=1)(p—-h)<h. (A)

[MpaBuibHE TaKe TBEPHKEHHS.
Teopema. Hexaii (1) — cucmema i3 supaszom P(t;i0,) euenady (4), ona axoi

suxoHyemwvcs ymosa (A). Tooi ons mampuyanma 9’T () 6ionosionoi dgoicmoi 3a
@yp e cucmemu na muodcuni .7y, 1 €[0;T), surxonyemocs oyinka (3).

Hacainox. Cucmenma (1) i3 supazom P(t;i0,) euenaody (4) ma ymosor (4) €

napaboniynoro 3a [llunosum cucmemoro i3 sminHuMu Koegiyicumamu.
3ayBaxeHHns. Koowcna napaboniuna sa Ilemposcokum cucmema (1) 3i cmanu-
MU Koegiyicumamu epynu cmapuiux 4ieHie € CUCMeMoro, Osl AKOi 8UKOHYIOMbCA
VYMOBU 3 NONEPEOHbOT meopeMil.
BucnoBok. Kiac Lllunosa napaboniunux cucmem 3i SMIHHUMU KoepiyicHmamu
00CMamubo WUPOKULl i He sudepnyemocs kiacom Ilemposcvrozo.

1. Tenvgpano U. M., lllunoe I'. E. HekoTopsle BOIPOCH TeopuH i} hepeHIIHAIBHEIX YpaB-
Hennit. — M.: ®m3marrus, 1958. — 274 c.

2. [Ilemposckuii M. I. O pobneme Komm 1yt cucteM ypaBHEHHH C YaCTHBIMH ITPOH3BOI-
HBIMHU B 00s1acTu HeaHanutndeckux ¢ynkiumi / broan. MI'Y. Marem. u mex. — 1938. —
1, Ne7.-C. 1-72.

3. V. Xoy-cuns. O0 onpeneneHny napaboINYHOCTH CUCTEMbl yPaBHEHUH B YaCTHBIX POU-
3BoaHBIX // Ycnexu Matem. Hayk. — 1960. — 15, Ne 6. — C. 157-161.

4. Iunos I'. E. O6 ycnoBuax KoppeKTHOCTH 3aaun Komm st cucteM nu¢depeHmans-
HBIX YPaBHEHHMI B YACTHBIX IPOU3BOIHBIX C HOCTOSHHEIMU Kodddurmentamu // Venexu
MaTeM. Hayk. — 1955. - 10, Ne 4. — C. 89-101.

ABOUT SHILOV TYPE PARABOLIC SYSTEMS WITH VARIABLE COEFFICIENTS

New class of linear parabolic systems with the first order by time partial derivatives
and time dependent coefficients is considered. It covers the Petrovsky class systems with lower
order time dependent coefficients. The main part of the differential expression of such systems
is parabolic by Shilov expression with constant coefficients. We have proved their parabolicity
by Shilov by using the structure of the system and conditions on the eigenvalues of symbol
matrix. We conclude that Shilov class of systems is sufficiently wide class of systems with time
dependent coefficients.
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OBEPHEHI 3AJIAYI JIJISI PIBHSTHHSI IPOBOBOI JU®Y3Ii 3
THTETPAJIBHOIO 3A YACOM JOJIATKOBOIO YMOBOIO

I'annna Jlomymancska, Anapiii Jonmymancebknii, Oasra M'syc

Jlvsigcokuil HayionanvHull yHigepcumem imeni leana @panka,
Tpuxapnamcokuii nayionanvruil ynigepcumem imeni Bacuns Cmeghanuxa,
Hayionanvnuii ynieepcumem «/Ivgiecoka nonimexuixay
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Hexait O =R"x(0,7], C*0):={veck): (%)S v(x,T)=0,s=0,k},

keZ,, S(R") — mpoctip WBHAKO CHAfAI0YMX HA GE3MEKHOCTI HECKIHYECHHO
andepeHuifoBHuUX QyHKUIH, S, (R™) (y>0) —npocrip tumy S(R") [1,c. 201]:
1
S,(R") = {ve S(R"):| D*v(x)|< Cue | v xe R, V o}
npu gesikux popataux cramux C, = Cy (v) i a=a(v), S(Q) (Sy (0) ) — npoctip
B s o)
dynxuiit ve €0 (0) taknx, mo (%j v(,t) € S(R") [(aj v(,) €S, (R")]

anst Beix ¢t €[0,T], s€Z, .

IMozHayaemo uepes L' mpocTip NiHIHMX HemepepBHHX (YHKI[IOHANIB
(posmopiniB) Ha E , a cumBoniom (f, ) —3HayeHHs posnoniny f € E' Ha ocHOBHi

¢ysKkmii ¢ e E,
S;. (@)= 1/ €SL(D): (/(0,0() e CI0,T] VoS, (D)},

DPy(r) = F(ll— 5 jé(t—r)_ﬁ V(tdt —

noximHa JxpbamsHa-Kamyto mnpobosoro mopsiaky [ €(0,1) (perymspusoBaHa

JIpoOoBa MoXiaHa).
ITpu B €(0,1] BuBUaeMo obGepHeHi 3anaui

DPu— A(x, Dyu = Fy(x)g(t), (x,1)€0,
u(x,0)= F(x), xeR",
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17

0

[ @C0,00)dt = (F,9) V$eS, 5(R")

0 2
BU3HAYCHHS NapyU y3araJlbHEHUX (QYHKIIIH

(Fo.u) €S53 (R")xS'sp C(Q) ,
2 27
e F, F' —3anani posnoninu tuny lIBapua, g — 3anana HenepepsBHa (QyHKIs,
abo mapu

(F,u) €S g(R")xS',) C(Q) ,
2 2

ae Fy, F —3agani posnoainu tumy llBapua, ¢y € (0,7], A(x,D) — enintuuHuit
IudepeHIialbHIi BUpa3 IPYroro MOPSAAKY 3 HECKiHUEHHO TU(EepeHIIHOBHUMHU
Koe(illieHTaMH.

3HaX0MMO YMOBH OJTHO3HAYHOI PO3B'SI3HOCTI C(HOPMYITHOBAHUX 3a1a4.

BcTaHOBIIOEMO TaK0XX OJHO3HAYHY PO3B'S3HICTH 1 KOPEKTHICTH OOCPHEHMX
3a/1a4 BiTHOBJICHHS BiJIIOBiTHO MOYATKOBUX JaHUX PO3B'A3Ky ab0 MpaBoi 4acTHHU
piBHsHHS audy3ii 3 poOOBOIO MOXIJHOIO 3a YacoM i3 MPOCTOPY HEPIOIMYHHX
y3araJlbHeHUX QYHKIIIH 1 po3B’sA3KiB 3a/1a4, HEMEPEPBHUX 32 YACOM 31 3HAUCHHSAMHU
y IIPOCTOpax NepioJUYHMX y3arajJbHeHUX (QyHKLUi [2, 3].

1. Tenvgpano U. M., lllunog I'. E. IIpocTpaHCTBa OCHOBHEIX M 0000IeHHBIX (yHKIHH. T.2.
— Mocksa: ['octexusnar, 1958.

2. Lopushanska H., Lopushansky A., Myaus O. Inverse problem in a space of periodic
spatial distributions for a time fractional diffusion equation // Electronic J. Diff. Equ. —
2016 (2016). —no 14. — p. 1-9. http://ejde.math.txstate.edu or http://ejde.math.unt.edu.

3. Lopushansky A., Lopushanska H., Myaus O. An inverse fractional source problem in a
space of periodic spatial distributions // Fractional differ. calc. — 2016. — V. 6, Ne 2. —
P. 267-274.- http://dx.doi.org/10.7153/fdc-06-17.

INVERSE PROBLEMS FOR FRACTIONAL DIFFUSION EQUATIONS WITH A TIME
INTEGRAL ADDITIONAL CONDITION

We study the inverse problem of determination of a solution's initial data for a time
fractional diffusion equation with a Schwarz type distribution in the right-hand side of the
equation, the inverse source problem with a Schwarz type distribution in the initial condition
using a time integral additional condition.

We have found conditions for a unique solvability of these problems and also the
correctness of such kind inverse problems in spaces of continuous functions with values in
periodic spatial distributions.
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PO OITUMAJIBHE KEPYBAHHA OTHOI'O BUY CTOXACTUYHHAX
CHUCTEM BHITAJKOBOI CTPYKTYPH

Tapac Jlykamis
Yepnuiseyvruii Hayionanvuuil ynieepcumem imeni IOpia @edvkosuya

t.lukashiv@chnu.edu.ua

PosrnsHeMoO CTOXAacTHYHY CHCTEMY BHIIAJKOBOI CTPYKTYpH, 3aJaHy
CTOXaCTUYHHUM An(epeHLialbHIM PiBHIHHAM

dx(t) = a(t,&(t), x(1),u(r))dt + b(t,&(1), x(1),u(1))dw(?) +
+ j (t,6(0), x(t),u,2)V(dz,dr) , t e R, \K , (1)
Rm
3 MapKOBCHKUMH IIEPEMUKAHHAMH
A)C(Z) t=t, = g(tk—,i(tk—),nk,x(tk—)) N tk ekK = {tn ﬂ}, n= 0,1,2,..., (2)
i MOYaTKOBUMH YMOBaMH
x(tg)=xo €R™, E(t))=yeY, m =heH. 3)
Tyr &(t) — MapkoBcbKui mpouec 31 3Ha4eHHAMH B Y = {},...,Vn},

{My» k = 0} — nanuror Mapkosa 3i snauennsmu B H ; x :[0,+0)xQ — R™;w(f) —
m -BUMIPHUI CTaHIapTHUII BiHepiB mnpouec; V(dz,dt)=v(dz,dt)—Ev(dz,dt) —
LIEHTPOBaHa ITyacCOHOBa Mipa; MPOLECH w, v, & 1 1 HE3aJIe)KHI B CYKYIHOCTI.
Tpaekropii mportiecy x(z), ¢ = 0, HaexaTh 70 ipocTopy Ckopoxona D , kepyBaHHs

u(t) =u(t,x(t)):[0;T]xR™ - R™ ¢ m-sumipnoro ¢ynkmicto 3 kmacy U
JIOMYCTUMUX KepyBaHb; KoediwieHTH a, b, ¢ i QyHKIis £ MarTh BIiAMOBIIHI
pPO3MIpPHOCTI,  BHUMIpPHI 3a CYKYNHICTIO 3MIiHHHX 1 3a (a30BO0 3MiHHOIO
3aJI0BOJIBHAIOTH YMOBY Jlimmuiis.

Jnst cucremu  (1)-(3) posp’sizana mpoOiieMa CHHTE3y ONTHMAILHOTO
KEepYBaHHSL.

ABOUT OPTIMAL CONTROL OF ONE TYPE OF STOCHASTIC SYSTEMS OF THE
RANDOM STRUCTURE

The problem of synthesis of optimal control for a system of random structure with
Markov switchings and Poisson perturbations is solved.

141



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

VJIK 517.9

3AJIAYA ITPO 3HAXO/I)KEHHSI MAMKE EPIOAUYHOTI' O
PO3B’A3KY IJIAA JN®EPEHHIAJIBHUX PIBHAHb TA CUCTEM
PIBHAHB ITAPABOJITYHOT O THUITY

Boaonumup Jlyuko, BikTopis Jlyuko
Yepuigeyvkuii nayionanvuuil ynieepcumem imeni FOpia ®edvrosuya

vmluchko@gmail.com, vsluchko@gmail.com

Osuauenns 1. Yucnosa muoscuna 2 = {&} Ha3u8acmuvCsl BIOHOCHO WLIbHOK

Ha OICHIN oci—0 < X <40, akuo icHye yucio | >0 make, wo Kodcen 8i0pizok
a<x<a+l oosxucunul micmumo xoua 6 0OuH eremenm Haulol MHOJCUHU, MOOMOo
npu 00BITLHOMY a MAEMO [a, a+ l] NE#0.

PosrisiHeMoO KOMIUIEKCHO3HAYHY (DYHKITIFO

F(x)=0(x)+iy(x)eC(-w0,+0).
Osnauvenns 2. Yuciot= Tr (s) HA3UBAECMbCSL Matidce nepiooom @yHKYil

f(x) 3 MOYHICMIO 00 € , AKWO 0151 O0BIILHO2O X € (—00,+00) Mae micye HepiGHICmb

|f(x+r)—f(x)|<8.

Osuauennst 3. Kovnnexcrnosnauna gynxyia f(x)e C(—o0,+00) nasusacmo-
¢ maiidice nepioduunoio 6 cenci Bopa, axuo ona dosinenozo € >0 icnye sionocro
WiNbHA MHOMCUHA Maldce nepiodie t QyHkyii f (x) 3 mounicmio 0o g, mobmo
icHye dodamue yucao | = l(a) maxe, w0 O00BLIbHUL GIOPI30K [a,a+l] micmume

NPUHAUMHI 0OHE YUCTO T, Ol AKO20 6UKOHYEMbCS HEPIGHICMb
|f(x+r)—f(x)|<s pu —o0 < X < 400

OcHoBu Teopii Maibke mepioandHMX (QYHKIIH OyiaM 3akialeHi JaTChbKUM
MatemaTukom I'. Bopowm [1].
PosrissnemMo HeoHOpiHE napadosiuHe piBHAHHS

8u(t,x) 2 %u (t,x)
= =a o +f(t,x), )

ne a —koucranta, (1,x) € (0,+00)xR, f(1,x) — maiixe nepioguuna GpyHKuis, 1s
AKOT |f(x+1:)—f(x)| <e.

Bynemo npumyckat, mo dynkuis f(z,x)e L(R), To6T0
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I|f(x)|dx<+oo.

Teopema 1. Hexaii ¢yuxyia f (t,x) 3a 3MIHHOIO X 3A0080IbHAE YMOBY

Tenvoepa, 3a 3MiHHOI0O | — eKCNOHEHYIANLHO 3POCMAE,

£ (tx)= 1 (1) < clx—g[* e, p>0,

mo maudice nepiooudHUll po3e 's30K pieHauHs (1) ichye i eOunui ma 3adaemucs
dopmynoio

0 +00
u(t,x) jdrjf 1,E)G t—r,x—&_,)da+jdrjf(r,a)G(t—r,x—E_.)da,

oe G(t,x)= I/(Za\/E)exp{—xz/Mzt}.

PosrisiHeMo HeOAHOPiAHY cHucTeMy IUQEpeHIiadlbHUX pPIBHAHL Iapa-
OomivHOTO THITY [2]

ou(t.) = > 4 (6)Dru(t,x)+ £ (t,%), @)

at Ikl<2b
me t<T, xeR", 4 (f) — MaTpuis 3 HENEPECPBHUMHU MailKe MEPiOIMIHIME
dynkuiamu, f(1,x)= colon( A(6x),. (t,x)) — Maibke TepioguuHa (yHKIs,

u(t,x) = colon(fl (t,x),...,fn (t,x)) .
Teopema 2. Hexaii cucmema (2) napaboniunoeo muny, matiice nepiooudna

Qyukyia [ (t,x) 3a 3MIHHOIO X 3a0080abHAE ymosy [envoepa, a 3a 3miHHOW0O t

EKCNOHEHYIAbHO 3pOCmac, moodi po36 30Kk cucmeMmu (2) icHye ma €OuHUL.

1. Jemuoosuu b. Il. Jlekuuu 1mo MaTeMaTH4ecKoil Teopuu ycrodunBoctd. — M.: Hayka,
1967.-472 c.
2. Duodenvman C. /[. Ilapabonmueckue cucteMsl. — M.: Hayka, 1964. — 444 c.

THE PROBLEM OF FINDING ALMOST PERIODIC SOLUTIONS FOR DIFFERENTIAL
EQUATIONS AND SYSTEMS OF EQUATIONS OF PARABOLIC TYPE

This paper is devoted to the finding a time variable almost periodic solution for
differential equations and systems of parabolic type with a constant matrix and free almost
periodic member.
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JOCJIJKEHHA OCECUMETPUYHOI 3ATAUT TUHAMIKH
B3AEMOIIOB’SI3AHUX ®A3 IPYHTOBOI'O CEPEJIOBUILIA

Oabra Mapuenko, Tersina Camoiisienko, Tersina biaroBeniencbka
Incmumym xibepnemuxu im. B. M. I'nywxoea HAH Yxpainu

march64@ukr.net, tsamoil(@ji.ua, tatyana_blag@ukr.net

[TpoGnema po3paxyHKy Ta nepedadeHHst AMHAMIYHOTO CTaHy HEOJHOPIAHOTO
3a CTPYKTYpolo OaraTo(asHOr0 I'PyHTOBOTO MacuBY NpH YIIUIBHEHHI cilaOKux
BOJIOHACHYEHHUX IPYHTIB HAaBKOJO BEPTHKAJIbHUX JpPEH, CBEPJIOBHH TOLIO €
aKTyaJIbHOIO B paMKaxX HOTIHOJICHOTO JOCIIKSHHS JUHAMIKH B3a€MOIIOB’I3aHUX
(a3 rpyHTOBOTO CepeIOBHIIA.

VY xoxHill 3 migobmacted €, €, obmacti Q=0Q,UQ, (QNQ, =y,
QNQ,y, =) posrmaamaeTbcss 3MilIaHA CHCTEMa pIBHAHb (QinmbTpamii Ta
JMUHAMIYHOT TeOopil MPY>KHOCTI JJIS 130TPOITHOTO TiJIa Y BUITAJIKY OCbOBOT CUMETPii:

_ Oh 0 Oh 0 Oh
U FE_E(”(" (ur,uz)gj—rg(ki (ur,uz)gj =0,

azu, O Ou u 0 (Ou, Ou
i = (A 42 ) —| r—== | — (A + 2 )L+ rp; —| —L+—= |+
Pi B ((l ﬂl)ar[ arj (z lul)r ﬂlaz(az arj

ot
+7‘i£[}’%j_k%]=ﬁ’i (}",Z,h,t) > (1)
/4

or ' oz
azuz 0 Ou O Ou O Ou Ou
i — A= r=L |+ (N 2w ) —| r—= |+ —| r—L+r—= |+
Pt op (’az[ ar] (% ﬂl)@z( azj “’ar[ P 6rj
Ou,. ~ .
+xia— = fri(r.zht), (r,z,0)eQ; 5 =Ql~><(0,T], rzrn>0,i=12,
» .

ne h(r,z,t) - n’esometpuannii namip, (u, (r,z.t),u, (7, z,t))T  Bexrop aMimmeHs:

[i; — BOJIOTOEMHICTb, p; — IJIBHICTh PEYOBUHH, 4; , u; — Koediuientn Jlame.
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YMOBU CTIpsDKEHHS HA TUTSTHIT KOHTaKTy Y :

ki(u,,uz)g—hcos(n,r)+ki(u,,uz)g—hcos(n,z):Rl(r,z)[h], i=12,
s z

[4,]=0.[0,]=0, [7]=0, {‘ts}ir =Ry (r,2)[us],
(r,z,t) €Y5 = yx(O,f] ,
J€ n — 30BHIMIHA HOpMaib 10 O Ha Y ; [X] — cTpubox (yHKuii, R (r,z) >0,

I= 1, 2 5 0,, Tg —HOpMajbHa Ta JOTUYHA CKJ'Ia,HOBi BCKTOpPA HAIIPYKCHb.

KpaiioBi yMOBH — HEOJHOPIAHI 3MillIaHi, TOYATKOBI YMOBH — HEOAHOPITHI.
V3araipHEHUM pO3B’sA3KOM [ ambOpKiHA MOYAaTKOBO-KpaioBOI 3amadi s
cuctemu (1), moGynoBanum i3 3actocyBanusM (opmynu [pina, € BeKTOp-QyHKILis

w(r,z,t):(h(r,z,t),u,(r,z,t),uz(r,z,t))TeZ, AKa JUIS JIOBUIBHOI BEKTOP-

¢byHKIii v(r,z) = (Vh (r,z),vr (r,z),vz (r,z))T €Zy (Z, Zy — 0IpoCcTOpU METOLY

lanpopkina [1]) 3a0BosbHsIE 3anMcanuM B ci1aOKiit GopMi OYaTKOBUM yMOBaM Ta
IHTETPATbHOMY CITiBBiTHOIIICHHIO

2 ~
n_{@_w V]+m(aa_‘/:,\;]+a(w,v):(F,v) vie(0.7] wv(rz)ez,,

o2’
2 2 2
m 6_;),‘} =Hp(r,z)r 0 L;r vr+a L;Z v, |dQ,
ot 7o) ot Ot
ow oh
m[E’VJ_H'INEVth’

Oh Ovy, Oh Ov, Ou,. Ov,
a(w,v):gr[k(ur,uz)(53+ga—zj+(l+2u)(a—;a—;+
+_urvr +%% +u %4_% ai.l_% +A u_ra&.l_v_r%

2 0z Oz oz Or oz Oor r or r or
+4 u—’aﬁ+v—’auz +A Ouy O, +%auz dQ
r 0z r oz or 0z Or Oz

+I rRy (r,z,t)[h][vh ]dy + IrRz (r,z)[us] [VS ]dy,
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(F,v)z”(fl (r,z,h,t)vr + /> (r,z,h,t)vz)dQ+ R

Q

+ J. r(p(r,z,t),v(r,z))dT
aQ\y

P=Pi > ﬁzﬁia AE/‘[ia M= fiEfi,ia fZEfZ’i Ha KOXHIH 3 Ql"fa l=1,2,

p(r,z,t) — BexkTOp-yHKIis KPAfiOBUX YMOB APYrOrO POLY.

[IpomonyeThcst HaOMMKEHUH PO3B’ 30K naHoi 3amadi Ko nmrykatn MeToaoM
CKIHUYEHHUX €JIEMEHTIB 3a oroMoroto cxemu Kpanka-Hikomncona [1].

1.  Mapuenxo O. A., Camoiinenxo T. A. ViccnemoBanue  HpUONMKEHOTO — PEIICHUS
KBa3WJIMHEHHON mapaboio-runepbonmdeckoii 3amaun // KubepHeTnka M CHCTEMHBIH
aHamu3. — 2012. — Ne5. — C. 142-154.

INVESTIGATION OF THE AXIALLY SYMETRIC PROBLEM FOR INTERRELATED
PHASES OF SOIL ENVIRONMENT DYNAMICS

Construction of the approximate solution of the initial boundary value problem for
mixed system of filtration equation and dynamic theory of elasticity equations for
inhomogeneous in structure soils in the case of axial symmetry is considered.
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MPO ®YHKUIIO I'PIHA NICEBJOAU®EPEHIIAJIBHOT'O PIBHSIHHS 3
JAPOBOBOIO NOXIJHOIO

Muxaiiao Matiituyk
Yepnuiseyvruii Hayionanvuuil ynieepcumem imeni IOpia @edvkosuya

perungm(@ukr.net

3amaui s pizHEX TnceBmoaudepeniianbaux piBHAHL (I[TIP) Ta piBHSIHB 3
(hpakTaTbHUMU MOXITHUMH OyJIU MPEIMETOM JOCIIIKEHb 0araTh0X BITYM3HIHUX 1
3apyODKHAX MaTEMaTHKIB.

1. 3agaya Kowi ans IIJAP 3 HerJiaikuM cMMBOJIOM

_ k
Dtau(t,x)zFGLx —ay (G)+ Z Ay (G)at—go F ol +f(t,x),

k0y+‘v‘<ay
(1)
limu(t,x)=¢(x), xeR". )
t—0
_ k .
F, F' — nepersopenns ®yp’e, a, (o), A,y — CUMBOIH, ¥ 21, ug ) — noxinHa

Jliysimms, o €(0,1), D — noxizma Kamyro.

3a 101oMOTroI0 BIIaCTHBOCTEH onepattiit 3ropTok nepersopers Pyp’e-Jlamnaca
3amadi (1), (2) cTaBUTHCS y BiINOBIIHICT IHTETPAIbHE PIBHAHHS

u(t,x)zj'dt." Z Gkov(t—r,x—é)u(t,é)d§+F(t,x), 3)

0 R"koy+<ay
e

ﬁ I eptpko dpje_p“tdrj eicnxn akov (G)e*a,{(c)‘tdci (4)
(27[) I Re p=a 0 R

Slkwo B interpani (4) pynxuii @, (0), ay(c) omopimui i Hanexars Kiacy

Gkov (t,x) =

n

N . , .
C( ) (R" / 0) 3 gesikuMm N, 10 1X neperBoperts Oyp’e OLIHIOETHCSA 3a JIeMOKO |

[1, c. 915], a inTerpan Jlamiaca 3a cxemoro noBeaeHHs Teopemu 1 [2, c. 102].
OT1xe, MaEMO, IO
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Gy (1) < (¢ +]x]) () oo so. (5)

k0v+\v\<(xy
2. 3a1aya Npo KOJUBAHHS CHJIU CTPYMY i HAPYrH
TenerpadHoMy piBHAHHIO BiANOBiZae PiBHSAHHA 3 APoGOBOIO moxinHow Dy

HOPAZKY O € (1, 2) 3 IJIAIKUM CHMBOJIOM
Df'u=Au+au) +agu+ f(t,x), (6)

lzo=01 (%), 7 lmo= 2 (%). @)

3anaui (6), (7) cTaBUTBCS Y BIANOBIAHICTD IHTErpajbHE PiBHIHHA (3) 3 SApoM

Glo(t,x)= IJ' pt a1p+a1 dpJ‘ -p* TdTJ. ixo—p* ‘G‘ dG (8)
i(27'c)n+ p 0 R"
SIKE JOIYCKA€ CKCIIOHCHIIaNbHY OLIHKY
Gio (# ) < Cr* o2, (R)exp|-[3l7}, &=, 9)
q=2(2—a)_1; ¥, (x):|x|7(n7 ) on>2, ¥, (x —|ln|x|+1| Y (x)=1.

Ouinku (5), (9) 3a6e3medyroTh iCHyBaHHS pe30JbBEHTH Y SApa IHTETPATBHOTO
piBHstHHSA (3) 1 po3B’s30k 3az1a4 (1), (2) i (6), (7) 3HaxoauThCs y sABHIH hopmi

u(t,x)zi [ z,.(z,x—a)go,-(a)dg+jdrj Zy(t-1,x—E) £ (1,8)d& (10)

=1 R" 0 R"
Ouinroersest Komnonenta Gyuxuii Ipina (Z),Z,,Z3) 1a poss’ssok (10) wis

dyuxuii (¢g,¢,,f) 3 HOpMOBaHOTO IIpocTOpPy JiHi.

1.  Kouybeii A. H. Tlapabommueckue 1nceBaoandQepeHnnanbable  ypaBHEHHs, THIEp-
CHHTYJISIpHBIE MHTETpassl 1 MapKoBckue npoueccs! // M3B. AH CCCP. Cep. Marem. —
1988. —52, Ne 5. — C. 909-933.

2. Mamiiiyyk M. 1. TIpo 3B’s130K MDK (QyHZaMEHTaIbHHMH DPO3B’s3KaMU MapaboTidHUX
PIBHSIHB 1 PiBHSHB 3 IPOOOBHMH MOXigHUMHY // ByKOBHHCBKHIT MaTeMaTHYHHUIT KypHAIL.
—2016. -4, Ne 3-4. - C. 101-114.

ABOUT THE GREEN FUNCTION OF PSEUDODIFFERENTIAL EQUATION WITH
FRACTIONAL DERIVATIVE

The Green's function of the Cauchy problem for pseudodifferential equations with
fractional derivative is researched.
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HEJIOKAJIBHA 3AJAYA JJIA PIBHAHHA 3 ITOXITHOIO
TEJIb®OHJIA-IEOHTBEBA

Mapisa Herpuu, Muxaiisio CUMOTIOK

Tpukapnamcoruii Hayionanshuil yisepcumem imeni Bacunsi Cmeganuxa,
Incmumym npuknaonux npobnem mexanixku i MamemMamuxy
im. A. C. ITiocmpueaua HAH Yxpainu

negrychmariya@gmail.com, quaternion@ukr.net

o0
Hexait f(¢) = Z fktk — 1ina ¢yHKIiS 3 HEHyJIbOBUMH KoediuieHTaMu f} ,
k=0
k=>0. ®ynkuii f(7) Binnosixae oneparop Dy, Ais SKOro Ha Hily QYHKLIO

o(t) = Zgokt BU3HAYAETHCA PIBHICTIO D1 o(1) = Z(pk Ji1 £ . Omepatop

k=0 k=1 /i k
Dy(;y HasHBAa€ThCS ONEPATOPOM  y3aralbHEHOTO nudepeHiiroBants  (IuB.,
Hanpukian, [1] Ta 3actocyBanus y [2, 3]). Hexait H — cenapabensHui TiTE0EPTiB
npocTip 3i 3niueHHO0 6a300 {e; }y_; Ta cKamsIpHUM JO0OYTKOM (-;-)z . OyHKIiA
u(t):C— H wumcnosoro aprymentry t€C 3i smauemnamm B nmpoctopi H
Ha3UBA€ETHCS LIIIO0, AKIO A KoxkHOro k € N dynxuis (u(f);e, )y € 1inoro.

PO3FH${H3€MO TaKy HCJIOKAJIbHY 3aJa4y:
D yu(t) = Au(t), tC, )
u(0)=pu(T) =y, Dypqyu(®)| _  —mDpyul)| _,. =@, (2)

ne peC, uz0, 0,9 €H, A:H—>H - rtakumit niniiiHuit omepatop, 10

Aey =her, keN, mpmaomy lim |A, |=oo. Jng 3amadi (1), (2) BcTaHOBNEHO
k—0

YMOBH ii po3B’s3HOCTI y KJlacax nimx 3a ¢ ¢yHkuid u(¢):C — H , sxmo mnpasi
YaCTUHU ¢, (P, HENOKaJIbHUX YMOB (2) HajleaTh JO IIEBHOTO MiANPOCTOPY,
HOPOJIKEHOT0 oniepatopoM A , mpocropy H .
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1. Tenvghono A. O., Jleonmves A. @. O6 ogHOM 0600IcHUH psina Dypwe // Marem. 6. —
1951.-29, Ne 3. — C. 477-500.

2. Topooeyvruii B. B., Mapmuniox O. B. 3amaua Kouri Ta IBOTOYKOBa 3aga4a /Uil €BO-
JFOLITHUX PIiBHSHB 3 OIepaTOpaMH y3arajibHeHoro audepeniitoBauns // Jomosingi HAH
VYkpainu. - 2013. = Ne 3. - C. 7-13.

3. Ipomos B. II. 3anaua Komu a7t ypaBHEHHI B CBEpTKaxX B IPOCTPAHCTBAX aHAJIMTHYEC-
KHX BEeKTOPHO3HAa4HUX (yHKIiH / MaTtem. 3amerku. — 2007. — 82, Ne 2. — C. 190-200.

A NONLOCAL PROBLEM FOR EQUATION WITH GELFOND-LEONTIEV
DIFFERENTIATION

Correctness conditions for a nonlocal two-point problem with Gelfond-Leontiev
differentiation are established. The metric theorems of small denominators estimations to the
problem are proved.
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INOTEHHIAJIBHA CUMETPIS TA HEJIOKAJIBHA PEYKIIA O_,-Z[HI€i
HEJITHIMHOI CUCTEMH PIBHSIHb KOHBEKIII-TA®Y3II

OJaexcangp OmensiH

Tonmascuvkuil nayionanvrui mexuiynuil ynisepcumem imeni FOpisa Konopamioka

aomelyan@ukr.net

PosrisiHeMo cucremMy HeniHIHUX PIBHSHb KOHBEKIiT-nudys3il
Uy =0,[FUU,+GU)], (1)

Je ¢ — wacoBa, x — mpocropoBa 3minHi, U=u®), F=(f"), G=(g%),

u' =u’(t,x), [ =f"WU), g =g"(U) —rnanxi Qynkuii, a,b=1,2.
1. HesrokaabHi neperBopeHHs cucremu (1).
HenokaibHi nepeTBOpeHHs €KBiBaJICHTHOCTI cucTeMu (1) MaloTh BUTIIAL:

— p— a __ a

t=t, x=x, u’=vg, 2)
_ _ 1 2 _ 2

t=X,, X=w, v =x, vV =w, 3)
_ _ Ll 2 _ 2

Xg =Xg, X=X, W=z, W =2z, 4

ae v =vi(t,x), w =w'(xy,x), z° =z"(x,,X) — «HOBI» 3aJIEXkKHI 3MiHHI.
2. Cucrema piBHIHb XeMOTaKCHCY Ta iI anredpa iHBapiaHTHOCTI.
Po3rsiHeMo cucteMy HeNiHIMHUX PIBHSAHD KOHBEKIIT-au(y3il BUTIS LY

A 0
Ml s 1 , ul +[0 J
_ . ,
) 2 2 |(? ) ey
u

ac Ma :ua(xo,xl), a=1,_2, 7\.1+}\.2 #0.

~
W
~

Teopema. MaxcumanvHow aneebpor iHeapianmuocmi cucmemu (5) npu
M +hy #0, u#0e nacmynna anzebpa oughepenyianoHux onepamopis:

A=(0,,05.Gy =10, +xQ, O = ~5;-u'0 |, D=20; +30,~30, - 0s.
=12, +x, +1 (2 -0y —tQ2>, de 0y =20 5. ©6)
u

3. CuMertpiiiHi BJacCTHBOCTI HeJIOKAIBHOr0 00pa3y cucremu (5).
IMonisBumm Ha cucremy (5) cymepnosuuieto neperBopens (2), (3), (4),
OTPUMYEMO HACTYITHY CUCTEMY, SIKY Ha3BeMO 00pa3oM cuctemi (5):
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7\‘1
0

m )2 S 0
) :51 ) ) - ZZ 2 . (7)
0 _ythy)z Moz | H(?)

O

Cumerpiss cuctemu (5) 3HauHO wHpIIa HiX cumerpis cuctemu (7). 3a

anredporo (6) orpumanu aesiki JIiiBChKi HECKBIBAJICHTHI aH3aIl cucTeMu (5):

1 ;*1'(”%”"2) 1 2 my2 2
u =e" 0 (), u” =€e"o" (®), ®=mt" +x,

L 1 1 1
u'=e (2 +1) 49" (w), u? = (> +1) 2¢* (o), ©=x(t> +1) 2,
ne k,k,,...,k, — noBinbHIi cTami.

4. HenoxanbHi aH3anu Ta peaykuis cucremu (7).

[onisiBun neperBopenusimMu (2), (3), (4) Ha BuUIlle HABEACH] aH3alM CUCTEMHU
(5), B pe3ynbTaTi OTpUMAIHK TaKi HEJIOKANbHI aH3auu cuctemu (7):

m 2m .2 m 2m 2
L efk—lxo(ﬁxo +1) ”XO*;TIXO(WXO )

z Vi), = v (o), ®)
0= mxg +1; 1= J.zldxl
1 X 2 1 x 2
=4 x& +1 ~e4x1 %5+ \Vl((x)), 77 =—1 e4xl 0 2(0)),
Yad+1 )

0=—F=; 1= zldxl.
xg+1

Henoxanehi anzamm (8), (9), penykyroTs cucteMy (7) BiIITOBITHO IO CUCTEM:

. .. 2. .
¢! —%md)l =0, Ay? +2k1(j)—1¢1)'m—n¢2 =0, sxmo 7 %0, pup> =0,
.. . 2. .
¢ —%mqﬂ =0, A7 +2x1(‘i—1¢1)'m + 2u029% = 0, sAxwo n=0;
. .. 2. .
B aroll =0, 2997+ 20 () o+ 20077 =0,
1

L g2 =@
v' (@) v' (o)

ne ¢' =

THE POTENTIAL SYMMETRY AND NON-LOCAL REDUCTION OF ONE NONLINEAR
SYSTEM OF CONVECTION- DIFFUSION EQUATIONS.

In this work the non-local ansatzes of system of convection-diffusion equations were
found with non-local transformations.
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ICHYBAHHA I'IMEPBOJITYHOI'O BATATOYACTOTHOTI'O
PO3B’A3KY PIBHAHDB PYXY TBEPJOI'O TIJIA Y
KBA3IIEPIOAUYHOMY 3A HACOM CHJIOBOMY IIOJII

Irop ITapacrok

Kuiscoruu nayionanvnuii ynieepcumem imeni Tapaca Llleguenxa

pio@univ.kiev.ua

PosrnsmaeTpes HaTypaidbHA JTarpaHKeBa CUCTEMA, sIKa OIMUCYE PyXH TBEPAOTO

Tijla B €BKJIIIOBOMY ITPOCTOPI E’ T JII€FO CYTIePIIO3HITiT MOTeHIIATbHUX TTOJTIB JIBOX
tumiB. [lone mepmoro TUIy Mae KBaJpaTHYHUN «TpaBiTAIlifHAN TOTEHITIam»

D, (x) =%X'BX, a Ipyre, «CICKTPUYHE» I0Je — KBasimepiogudyHe 3a JacoM ¢ i
nopomkere norenuianoM @, (7,x)=-F(tw)x. Tyr <— omepanis CKalipHOIO

IO0YyTKy B E3, B:E’ S E® — HEBHUPOJUKEHUM 3HAKOBHU3HAYEHUH oOIeparop,
F:T" > E3 - rnaaxe BiJOOpaskeHHSI k -BHMIpHOTO TOpa Th =R* /2nZ% | a
o e RF — BekTop 4acToT 3 palioHANTBEHO HE3aIeKHIMI KOMIIOHEHTaMH. IIpHpOIHO
BUHUKA€ THMTAaHHSA TIPO ICHYBaHHS B 3a3HAuYeHId CHUCTEMi BHUMYIICHUX
KBa3iMepiogMIHIX KOJUBAHD 3 BEKTOPOM YacTOT @ .

Hacammnepen nokasyemo, 1110 pyXx TiJia € CyIepIo3HLi€l0 NOCTYIaIbHOIO PYXY,
pu  SKOMY 3alleXHICTh r(¢) pamiyca-BeKTopa IIEHTpa IHEpIi Tina Bix dacy
OIUCYETHCSI PO3B'I3KOM IHTETPOBHOI cucteMu Burisiny i+ Br =«xF(to) (k -

JIOaTHUH TIapaMeTp), Ta 00epTaIbHOTO PyXy HABKOJO IEHTpa iHepiii. PiBHSHHS
00epTaIbHOIO PYyXY MAIOTh BUTJISLI JIATPAHIKEBOT CHCTEMHU

Vg =VV(gQ)+W(to,q) (1

Ha PIMAaHOBOMY MHOTOBHI (H1,<-,'>). Tyr Hj :={qu:|q|=1} — 3-BuMipHa
cdepa B kBarepHionHomy npocropi H (nBonmcue nakpurrs rpynmu SO(3) ); |q| -
MOJyJIb KBaTE€pHIOHA ( ; <,> — niBoinBapianTHa MeTpuka Ha H,, mopomxena

KIHETMYHOIO €HEpricio obepranbHOro pyxy; V — 3B’ssmicte JleBi — Uwmsitw,
acoliifoBaHa 3 JIBOIHBAPIaHTHOK METPHKOIO; cuiioBa (yHKIis V', mopomkeHa
noteHuiagoM @, ABHO BUPa)Ka€ThCsl IEBHUM YMHOM 4€pe3 onepaTop iHepuii / Ta
oneparop B, a cunosa ¢yHkuist W — uepes F Ta «ueHtp 3apsuiBy» y Tim Z.
[To3naunmo uvepe3 K MakcHMalbHY CEKLiHHYy KPUBHHY PIMaHOBOTO MHOTOBHIY

153



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

(Hl ,<-, >) . 3HaliieHo ABHUN BUPA3 i€l BEIMIUHY Y BUIJISIII palioHATBHOT PYHKITIT

TOJIOBHHX MOMEHTIB iHepuii TBepaoro Tina I,1,,15.

KBazinepioguuauii po3B’s30k cucremu (1) Ha3MBaTHMEMO TiNepOOJIIYHUM,
SIKIIO BIAMOBIIHA JIiHIIIHA CHCTEMa B BapiallisiX € EKCIOHCHIIATBHO JUXOTOMIYHOIO.
Crmparoynch Ha pe3ynbTatd poOiT [1,2], rimepOoNivHUA KBa3imepioandHUi
po3B's30k cucTemu (1) mrykaBcst B Tii 3B'SI3HINA KOMITOHEHTI MiapiBHEBOT MHOKHWHHU
cwnoBoi (ymknii V', sxka MicTmTh TOuKy p 1i IOKampHOro MiHiMymy. Bes

0OME)XEHHsI 3arajIbHOCTI MOXKHA BBaXaTH, 110 V' (p) = 0. ITo3nauumo uepes Ay (q)
Ta Ay (g) BiANOBiAHO HaliMeHIIe Ta HaiibinblIe BiacHi yncia recciana GyHkuii V

. Hexaii /(v) — miHiManbHe 3HaueHHs GYHKUII Aj (g) Ha Tii 3B’S3HiI KOMIIOHEHTI

MHOXHHHU PIBHS y! (v), sixa oOMexye obsacts D, , o MicTuts p. [lo3HaunBIIHN
yepe3 Vvx HaWMEHIIWH JoHaTHUH KopiHb piBHAHHA /(v) =0, 3HalinemMo yMOBHHI
EKCTPEMYM L:=max{Ay(q):V(q)=}. Haperri, TIOKJIAZIEMO
cx ={ce[0,v]:1(v) = (c—v)K Vv e[0,v]}. dopmymoBaHHA OCHOBHOT'O
pe3ybTaTy BUKOpUcToBYe ctainy C , sKy BAanocs SBHO 3alIUCATH y BUIJIAI IEBHOT
parionansHoi dynkuii napamerpis K,cx,1y,15,15,L .
Teopema. Sxkujo suxonycmocs HepigHicmy |z||F((p)| <C(K,cx,11,1,13), mo
cucmema (1) 6 obnacmi D, mae eounuii keaszinepioouunuil pose’azox. Ileil
D038 30K 2inepOoNiuHUll | MIHIMIZYE YCepeOHeHUll 1A2PAHICIAH

T

LigO)= lim o [ [1(6:4)+V (40)+W (10,4(0) ]
-T

6 npocmopi OupepenyitiogHUX K6a3inepioOuuHux QyHKyill i3 3HauenHaMu 6 D, .

1. [Iapaciox I. O. KBasinepioqu4ni eKkcTpemai HEaBTOHOMHHUX JIarpaH)KeBUX CHCTEM Ha
pimaHoBHX MHOTOBHIAX // YKp. MaT. )ypH. — 2014. — 66, Ne 10. — C. 1387-1406.

2. Parasyuk I. O. Hyperbolic quasiperiodic solutions of U-monotone systems on
Riemannian manifolds // arXiv:1703.04109 [math.DS]. — 2017. — 22 p.

EXISTENCE OF A HYPERBOLIC MULTYFREQUENCY SOLUTION FOR EQUATIONS
OF RIGID BODY MOTIONS IN A TIME-QUASIPERIODIC FORCE FIELD
We consider a natural Lagrangian system which governs the motion of rigid body under
the action of two potential force fields. The first one is a stationary field with quadratic
potential, and the potential of the second one is space-linear and quasiperiodically time-
dependent. We establish sufficient conditions under which such a system has a classical
hyperbolic quasiperiodic solution.
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AKICHE JOCIIIKEHHSA CUHI'YJIAPHOI'O ®YHKINIOHAJIBHO-
JUO®EPEHIIAJIBHOI'O PIBHAHHA

Ouibra Ioaimyk (Yaiiuyk)

Ooecvra Mapiincoka eimnasia Odecvkoi micvkoi padu Oodecvroi odonracmi npu IIJI1Y
im. K. JI. Yuuncoxozo

olgapolchai@gmail.com

Posrnspaersces 3agaga Komri

1'x" = f(t,x(t),x(g(1)), x'(1), x'(h(1))), (1)
x(0)=0, (2)
pe r>1, x:(0,1)>R - pilicha 3mimma, x:(0,1)> R, f:D->R,

A :(0,1) > (0,40), g:(0,t) > (0,40) i h:(0,t)—>(0,4) — HenepepsHi

bynxuii, D={(£ 11,32, 3.34):1 € (0.7).|y;| < &; (2).i €{1,2,3,4}} .

HasBemo ymogamu A CyKynHICTb HACTYITHUX YMOB:

1. g:(0,7) > (0,+), 4:(0,7) > (0,+0) — HemepepBHO AHDEPEHIIIHOBHI
dymxuii, npuaomy g(1) <1, h(r)<t npu 1€ (0,1);

2. iCHyIOTb HemnepepBHO nu(epeHuiioBHI (yHKUIT (p:(O,’C)—)R Ta

®:(0,7) > (0,+0), Taki, mo lim w(t)=0, lim o)™ =0, lim @()=0,
t—>+0 t—>+0 t—>+0

lim t¢'(¢)=0 i npu BOMY BUKOHYEThCS HEpiBHICTh

t—>+0

Q' ()~ f(t,0(1), 9(2) (p'(t),(p'(h(t)))‘ <o), t€(0,7);

3.0 | fxp you,v) — (X, ya.up,0)| <
< lz(t)|x1 —x2|+l3 (t)|yl —y2|+l4 (t)|u1 —u2|+15 (t)|vl —v2|, (t,x;,y;,u;,v;) € D,
ie{l,2}, ne l; :(0,7) > (0,+0) — nenepepsni ynkuii, je{1,2,3,4}.
Mosuaunmo uepes U (p,M,q) MHOKHHY HENEpepBHO XU(EPEHIiHOBHIX

GbyHKIIA U : (O; p] — R, m10 3210BOJBHSAIOTE HEPIBHOCTI

o(?)

tr—l

o(?)

u@) - <M==, [u'O)-¢'®)|<(q+ r)Mt—r

, te(0,p]; (3
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TYT p, g, M — mopaTHi ctam, P<T.
Hazemo ymosamu B cykynHiCTh YMOB:

- -1
1. lz(t):lz[r 1’ l3(t):l3(g(t))r (D(t)/())(g(l)), l4(t):l4tr,
Is(t) =15 (h(t))",t € (0,7), e [; — nomarwi crani, i €{2,3,4,5};
2. L+ +(y+s)(I+wy+7) <oy —7r+1;

3. lim t(o’(t)oofl(t) =g,y >r—1;
t—+0

4. lim 1g' (g () =gy, lim th'()h(t) = hy -
t—>+0 t—>+0
Teopema 1. Hexaii suxonyiomocs ymosu A, B. Tooi icuyioms cmani M ,q,p
maki, wo 3adauva Kowi (1), (2) mae xoua 6 ooun po3ss’sa3ox x:(O,p] >R, wo

nanesicums 0o muoxcunu U (p, M ,q).

1. 3epnos A. E. O pa3pellUMOCTH U  aCUMITOTHKE pPEIICHUH  HEKOTOPOTo
¢byHKIHOHATBHO- (D EPeHIIMATBEHOTO YPABHEHHS C CHHTYJSIPHOCTBIO // YKp. MaTeM.
xKypH. —2001. — T.53. — Ned4. — C.455-465.

2. Hemox I'. I1., llaprosckuii A. H. BeeneHue B Teopuro GyHKIIMOHATBHBIX YPaBHEHUMH. —
K.: Hayk. nymka, 1974. — 120 c.

A QUALITATIVE INVESTIGATION FOR SOME SINGULAR FUNCTIONAL
DIFFERENTIAL EQATION

Conditions for existence at least one solution to the Cauchy problem for a functional
differential equation is obtained.
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3AJJAYA CIIPAKEHHSA 3 BATATOTOYKOBUMMU
YMOBAMMU JJIAA MIIIAHOI'O PIBHAHHA BUCOKOT'O ITOPAIKY
B IWJITHAPUYHINA OBJIACTI

IBan CaBka, IBan Tumkin
IHemumym npukiaoHux npooiem MexaHiKu i Mamemamuxu
im. A. C. ITiocmpueaua HAH Yxpainu,

leano-Ppankisecvruii HayioHanbHull mexHiyHuil yHigepcumem nagpmu i 2asy

s-i@ukr.net, tymkiv_if@ukr.net

Hexait DP = (-T,T)xQ” — muninapudna o6nacts 3MiHHEAX (£, X],..., X, ),
ne T>0, QF — p-sumipuuit Top (R/2rZ)’, peN; DP =DP n{t<0},
D?P =DP n{t>0}.

B o6nacti DP jnst mimanoro piBHSHHS

n SO+‘S‘
Li(@/on,0loxyu= " > A a—”(“)s =0, (t,x)e D?,
50=0]s|<N oo ... .ox P
L (1)
m Sot|s
Ly(0/ot,0/oxu= 3 > By 07 D) o (1,5 eDP,

N , s
50=0ls|sM o’ 8xf‘ . 6x;f

PO3IIIAHEMO 3aJlavy 3 yMOBAMH CIIPSIKCHHS IIPU t=0 Ta JIOKaJbHUMK Oararto-
TOYKOBUMHU YMOBaAMU

lim & tu(t, x) _ lim 0" u(t,x)

Jim = Jim T re 0,0 = minfmm), Q)

u(tj,x)=¢j(x),je{1,...,1},erp,—T£tl <...<t;<0,1<1<6,
3)

ultyy ;)= j (), j €l sntm=0-1},xe QP 0<ty,) <...<tyy, o <T,

ne A o.Bs s €R, Ay 0) =By o) =1, n.me NN . TIpunyckaemo, 0 1718 KOXK-

Horo k € Zp\{O} kopeHi piBusHb L (A,ik) =0 i L,(u,ik) =0 € npoctumu. ITo3-
HauuMo ix uepe3 A;(k),...,A, (k) 1 puy(k),...,n; (k) BigmosigHo.

Juis 3amadi (1) — (3) moOynoBano (opMaybHUI PO3B’SI30K Y BHIVISAL PARY

157



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

®dyp’e, NOBENEHO TEOPEMHU ICHYBaHHS Ta EIMHOCTI PO3B’SA3KYy B MPOCTOpax
eKCIIOHEHITIHHOTO THITy. 30KpeMa, TMpH JOCHi/DKEHHI pO3B’A3HOCTI 3amadi
BUHHUKAIOTh MaJli 3HaMEeHHUKH [ 1-3], SIKi MatOTh BHTJIS]T

W, (k) Wu (k)
A(k)=det|E, (k) 0 |, keZP\{0},
0 E,(b

e
q<{l,....0}

w0 = e [ W = oG [

E; (k) = ”eXP(}‘j (k)tq)"j:i: fq}} ’

B, () = expli, (e 0

re{l,...m}

Bemmunan A, ke 7P \{0}, BXOIOATh 3HAMEHHUKaMHU Yy BHpa3u Il
Koe(illieHTIB PSIiB, SKUM 300paxyeThcs po3B’s30k 3amadi (1) — (3). Bouu MoxyTh
CTaBaTU SIK 3aBrOJHO MAJMMU Ui HECKIHUCHHOI KIIBKOCTI I[UIMX BEKTOPIB A 1
CHPHYHMHATH PO301XKHICTh BKa3aHUX PSJIB.

3a OMOMOro METPHUYHOIO MiJIXOy BCTAHOBJICHO TBEPIKCHHS MPO OIIHKU
3HU3Y MajiX 3HAMEHHUKIB, 3 SKHUX BUILIMBAIOTH YMOBU KOPEKTHOI PO3B’SI3HOCTI
3amadi (1) — (3) mns maibke Beix (ctocoBHO Mipu Jlebera) BEKTOpiB, CKIAJICHUX 3
BY3JIiB iHTEpronauii (f,...,4,,,_g) -

1. Imawnux B. K., Invxie B. C., Kmimw 1. A., Horiwyx B. M HenoxanbHi kpaiiosi 3aadi
JUtst piBHSIHB 3 yactuHHUMHE Toxigaumu. — K.: HaykoBa nymka, 2002. — 416 c.

2. IImawmnux B. H., Tumkis I. P. BaraTotoukoBa 3a1a4a [yis IapaGosigHoro piBHSAHHS 3i
3MIHHUMH Koe(illieHTaMH B IMITIHAPHYHII oOacti // Mart. Metoau Ta ¢i3.-MeX. Iojs. —
2011.—54,Ne 1. — C. 15-26.

3. Savka I, Symotyuk M. Metric estimates of small denominators for one nonlocal
conjugation problem // 10th International Skorobohatko Mathematical Conference
(August 25-28, 2015, Drohobych, Ukraine). — Lviv, 2015. — P. 140.

CONJUGATE PROBLEM FOR A HIGHT ORDER MIXED EQUATION WITH MULTIPOINT
CONDITIONS IN CYLINDRICAL DOMAIN

Existence and uniqueness conditions for a high order mixed equation with multipoint
boundary conditions in cylindrical domain are obtained. By using of metric approach, small
denominator estimates is established.
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HOBYJAOBA I'/IOBAJIBHOTI'O PO3B’A3KY JUOEPEHIIAJTBHOI'O
PIBHAHHA 3 YACTUHHUMHU NOXITHUMMU, IO MICTUTD
BIIXHWJIEHHA 3A YACOM

Jlinisn CepreeBa
Yepuigeyvkuii nayionanrvhuil ynieepcumem imeni FOpia ®edvrosuya
sergeevalms@gmail.com

BpaxyBaHHs BIIXWICHHS B KIACHYHHX 33JadyaX MaTeMaTH4YHOI (i3uku
MPUBOJIUTH JI0 PIBHSAHB 3 YACTUHHAMHU MOXITHUMH 13 BIIXUJICHHSIM TUIBKH 32 4aCOM.
Y GaraThoX BUIAIKaX JI0 IMX 33]a4 MOKE OYTH 3aCTOCOBAHO METOJI BiIOKPEMJIICHHS
3MIHHUX 13 JeSTKUMA MOIADIKaIiIMU.

OrnurcaHo ajaropuT™M MOOYIOBH TIIOOATLHOTO PO3B’SA3Ky Ta HaBEIEHO YMOBH
Horo iCHyBaHHS IS NIESKOTO HEOJHOPIMHOTO PIBHSHHSI HEUTPAIBHOTO THUILY 3
YACTHHHUMH TTOXITHUMH 13 BiIXHUICHHIM 32 9aCOM BHUTJISAY

Uy (xat) = p(t)ux_x(x,t-'r M) + r(t)ut(xat + p’)+ Q(xat): (xat) € Q: (1)
3 HYJIbOBUMH KpaﬁOBHMH YMOBaMHU
u(0,0)=u(l,t)=0, teR, (2)

ne O={(x,1):0<x<mteR},peR\{0}, npudomy oyukuii p Tta r -—
HemnepepBHi Ha R, a BIAXWICHHS [l — JOCTaTHHO Majie.

Byno Bcranosneno [ 1], mio s BignoBiHOT 0THOPiAHOT 3a1a4i BIAacHI QyHKIIT
1 BIIaCHI 3HAYECHHS MAIOTh Bi/ANIOBITHO BUTJISL

kmx ﬁ

X = sin ==, = (4 Y k=1,..,n,

3 neskuMm n>1.
IMpunyckaerbes, mo ¢GyHKUiS ¢(x,7) Moxe OyTH IpeACTaBleHA Yy BHIJISAL

CYMHM NepIInX n JNOAAHKIB psiny Pyp’e:
/
. . kmx 2 km
a0 = Y 05in'™, g, (0)=2 [ g 05in T2, k = 1,...m.
e / / /
0
I'mo6ansHM po3B’s130k u(x,?) 3amxadi (1), (2) 3HaiineHo y BUTIAAL

u(x,0)= Y X (0T (1), (x,0) €0, 3)

k=1
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ae Tj, () — po3B’s130K JIiHIHHOIO piBHAHHSA

T+ P (OT () =g, () =0,

13 koedimieHTaMu

;. (s)ds
PO =(@Opp 1+ + Kkp(f))e'[H“ o

t j. ﬁk(s)ds
G (1) = Gy r(OF (IO P (s pO) [ G,
+u

k=1,...n, t e R. Jlng 3Hax0oMxXKeHHA KoedilieHTIB p; Ta g; OyIo 3aCTOCOBAHO

METOJI IMOCTIJOBHNX HAOIIMKEHD.
OTpuMaHO YMOBH, IIPH BUKOHAHHI SKUX TAHUH MeTO A MoOYI0BHU TI00aTBHOTO
po3B’si3ky 3anadi (1), (2) € 3actocoBHMM. [1J1s1 IHOTO TOBEJECHO HACTYIHY TEOPEMY.
Teopema. Hexaiui ¢yuxyii p, r ma ¢ 3a008071bHAIOMb HAKIAOEHI GuUlye

YMOBU, NPUHOMY
| p@)[<B, [r(0)[<v, B,y =const, t € R,

1 MaKi, Wo GUKOHYIOMbCA HEPIGHOCMI
1
v+ ABluhe<1 y<=,

de n — yina wacmuna uucia l/n (l—ye)/(eﬁm\). Tooi icnye enobanvhuil

Ppo38’a30k 3adaui (1), (2) euenaody (3).
3anponoHoBaHuit METOI OYJI0O BUKOPUCTAHO HPH JOCITIHKEHHI JeSIKUX 1HIINUX
TUMiB piBHAHB [2], [3].

1. Camoiinenxo A. M., Cepececea JI. M. TloGynoBa riao0anbHUX pPO3B’S3KIB PIBHSHb 3
YACTHMHHUMH TMOXiJHUMH, SKi MICTATh BiAXWICHHs 1o 4yacy // HeniHiitHi KOMUBaHHS. —
2014. - 17, Ne4. — c. 489-502.

2. L. M. Sergeeva. About global solutions of partial differential equation with deviating
argument in the time variable, ROMAI J., v.11, no. 2(2015), pp. 109-118.

3. Cepeecsa JI. M. IIpo  roGanbHUIT ~ PO3B'SI30K  JESKOTO HEOIHOPITHOTO
I(EepeHIIATbHOTO PIBHSHHHS 3 YAaCTUHHUMH MOXITHUMH, IO MICTHTh BiIXHJICHHS 32
gacom/ JI. M. CepreeBa // BykoBuHCHKMII MaTemMaTHuHmil >KypHasl. — YepHiBmi:
UepniBenpkuit Hal. yH-T, 2017. - 5, Ne 1-2. — C. 123-129.

CONSTRUCTING THE GLOBAL SOLUTION OF PARTIAL DIFFERENTIAL EQUATION

WITH DEVIATING ARGUMENT IN THE TIME VARIABLE

We provide the algorithm of constructing the global solution for some nonhomogeneous
partial differential equation with deviating argument in the time variable. We justify this
algorithm and study existence conditions of this solution.
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BJIACTHUBOCTI PO3B’A3KY 3AJAUI ITPO KOJINBAHHA CTPYHH 3
BHUITAJKOBUMMHA TIOYATKOBUMHU YMOBAMMU

I'anna CanBka-Tuaumak, Muxaiijio Muxaciok

Ipsuuiscokuil ynigepcumem 6 Ilpswesi,
Vorceopoocoruii nayionanenuii ynieepcumem

aslyvka@ukr.net, mikhasyuk. m@gmail.com

PosrisiHeMo Taky KpaioBy 3amaudy Aisl PIBHSHHS KOJMBAHHS HEOJHOPITHOL
CTPYHH:

2(p(1) %) -g(x)u-p(x)Ze=0; ()
xe[O,l], te[O,T], T >0;

u(0,6)=u(l,t)=0, t€[0,T], )
u(x,0)=§(x), @=n(x), xe[0,/]. (3)

[MpumycTumMo, 1[I0 IOYaTKOBE IOJOKEHHS CTPYHH (E_,(x), xe[(),n])i

[I0YaTKOBa MIBUAKICTH (n(x), X € [0, n])e CYMICHO CTpOrO Sub(p (Q) BHUIIAJKOBI

HPOLIECH.
Po3B’s30k 3anaui (1) — (3) 300pakyerbes y Burisiai psgy [3]

ke B, .
xt)=> X, (x)| 4, cosyh,t+—==sin A, ¢ |, 4
)kZlk(){k Kt e k} “4)
u(0,6)=u(l,t)=0, t€[0,T];

Ak_ja (x)X, (x)p(x)dx, Bk_jn )X (x)p(x)dx, k=1,

ne Ay, k>1 — Bnachi sHauenns, a X; = X (x), xe[0,/], k=1 — Bianosizsi im

BracHi GyHkuii 3amaqi [typma-JliyBimis
2 p(x) 22| g () (1) + 2 (x) X (1) =0, we[ou1],
X(0)=x(/)=0.
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Psit (4), 3rinno 3 [2], € axox Sub,, (Q) BHNAIKOBHM HONEM.
Teopema 1. Hexaii {u(x,t), (x,t) eD}, D= [O I]X[O +00)— cenapabenvhe

8UNAOKOBe Noje 3 NPOCMOPY SSub(P (Q), Oe (p |x|p/p, npu|x| >1, p>1.

Hexaii 6uKOHYIOMbCS HACMYNHI YMOBU:
D [br, b ], k=0,1,... — cim’s maxux eiopiskis, wo 0<by <by,q <+o0,

k 20,1,... Dk Z[O,I]X[bk,bk+1], UDk =D
k

2) c ={C(t), te]R} — Odesxka HenepepéHa (YHKYIA, WO c(t) >0,
teR, ¢ = min c(r);
1€y by 1]
b, b, i
3) supL < oo, supln(é-"”z")q/ck < o0;
Kk k
4) llns 0esK020 S, maxkozo wo, sup e s<¥ oe

o c(1-6) 2
o \EBkB,\ \EAkB,\ 1 see(1-0) )7
< Z [EA, 4 |+ , 3bicacmocsa pso Z exp —=—| r<o.
ke 1o : k=0 %
L 1

1 L & -
Tooi ons L)>Sup¢1 Zq(ak)wm +0¢g, 1n(l bk+12 bk) LL’
kop T cr 0(1-96)

p ag
)4

0<0<1, suxonyemes nepisnicmo

P! sup \uizct))\w <Zexp{ ( ) } Zexp{ (vckz(aloe)j }

(x,t)eD

1. Kozachenko Yu. V., Slyvka-Tylyshchak A. I. On the increase rete of random fields from
space on unbounded domains// Statistics, optimization and information computing. —
June 2014. — Vol.2. — P. 79-92.

2. Slyvka-Tylyshchak A. I. Justification of the Fourier method for equations of homoge-
neous string vibration with random initial conditions // Annales Univ. Sci. Budapest.,
Sect. Comp. —2012.-38.—P. 211-231.

3. Ionoocusi I'. H. YpaBHeHUs MaTeMaTH4ecKoi Gpu3uku. — Mocksa: Beiciias mkona, 1964.

PROPERTIES OF SOLUTION FOR THE PROBLEM OF STRING VIBRATION WITH
RANDOM INITIAL CONDITIONS

Estimates for distribution of supremum for normalized hyperbolic equation solution
with random initial conditions are obtained.
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METO/ AIIPIOPHUX OIIIHOK B TEOPIi IHTEIPAJIbHUX
HEPIBHOCTEM

Biragiii Canabko, borman Tumomenko
Yepracvruil HayionanvHull yHieepcumem imeri boeoana Xmenvrnuyvxozo

vitstab@ukr.net, tbvposhta@gmail.com

[HTerpanbHi HepiBHOCTI € e(QEKTUBHMM METOIOM JOCHIDKCHHS B Teopil
IudepeHIianTbHuX Ta iHTerpo-audepeHiadbHuX piBHAHb. OCHOBHUM METOJIOM
JIOCTIPKeHHST B Teopil IHTerpajlbHUX HEPIBHOCTEH € METOJa TOpPIBHSAHHS, IO
Oasyerbcs Ha wiacnmaHux pesynbratax C. A. Yammurina [3] i T. Baxkeschkoro.
Teopema mpo mudepeHmianasHy HEepiBHICTh Ta ii GaraToBUMipHE y3aralbHEHHS €
MOTYKHUMH METOJaMH B Teopii iHTerpanpHuX HepiBHocTed [1]. loctaTHbO
3arajJbHUM METOJOM B  Teopil IHTETpaJbHUX  HEPIBHOCTEH €  METOoN
B. JlakmmikanTama [2].

B miif po0oTi 3ampornoHOBAHO HOBUM MIiAXiJ IO AOCHIIKEHHS HENiHIHHHX
OJTHOBHMIPHUX IHTCTPAIbHUX HEPIBHOCTEH Ta IX MAMCKPCTHUX aHAJIOTIB, IO
3aCTOCOBYEThCS Y BHIIAIKY, KOJHM BIAMOBIIHE PIBHSHHSA MOPIBHSHHS MEPIIOrO
MOPS/IKY HE IHTETPYETHCS B KBAAPATypax.

m
Hexaii maHo iHTerpaibHy HEpIBHICTH BUIISNYY: U(#)< “0"'2 I e (s)u' (s)ds ,
k=1 t

seu:R >R, eCR, ,R,), I(s)20, 1 20, ug>0.
VBeaeMOo HACTYIIHI HO3HAYCHHS:
1

% _ Rt i m
7 max i, 7= e |
k:l,m k=1
rk_r*
17

m _ t
@)=Y @) uy” +1-7)] g()dr
k=1

)
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Teopema 1. @yukyis u(t) 3a006016H5€ OYIHKY:

1

*
—-r

* { 1
u@)<|ud” +1=r") j f(v)dt

fo

. t
_ *
0N BCIX t >ty MAKUX, Wo: u(l) " (1-r )J. f(tydt>0.
)
AHanoriyHui pe3ynbTaT OJepPIKaHoO IS JUCKPETHOI HEPIBHOCTI:
n=1 [

uy, Suo + z thkurka

p=0k=1

Je {M”}Zozo CR+, {hpk};’l.o=0 CR+, 147 >0, 20 20, k=12,...,1

i pe3ynbpTaTt MOXYThH OyTH MIONTMPEH] HA IHTETrPabHI HEPIBHOCTI Ha YaCOBUX
IIKaJIax 3a JOMOMOTOI0 METOINKH, 3alpOIIOHOBAaHOI B poOoTi [4].

1. Apnonwo B. M. O6pixHOBeHHEIE quddepennuansueie ypasaenns. — MITHMO, 2012. —
344 c.

2. Mapmuintox A. A. YCTOMYMBOCT IBIXKEHHS: METOJ UHTEIpalbHBIX HepaBeHCTB. — K.:
Hayk.nymxa, 1989. —270c.

3. Yanneteun C. A. HoBblit MeTo PUOIMKEHHOTO HHTErpUpOBaHus AU depeHInatbHbIX
ypaBHeHuil. — Mocksa — Jleaunrpan: ['ocrexuznar, 1950.

4.  Martynyuk A. A., Slyn’ko V. I. On a nonlinear inequality on the time scale // Differential
Equations, 2008, Vol. 44, No. 10, pp. 1482—-1488

APPLICATIONS OF INTEGRAL INEQUALITIES IN THE COURSE OF THE THEORY OF
ORDINARY DIFFERENTIAL EQUATIONS

New approach to study of nonlinear integral inequalities and their discrete analogues
is proposed. The approach is used when corresponding first-order comparison equation is
not integrated in quadratures. In this case, a comparison equation is proposed to be reduced
to a pseudo-linear form. Further, using the differential inequality theorem, lower estimates of
solutions of the comparison equation are derived, which are referred to a priori estimates,
from which upper estimates of the comparison equation are obtained.
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CUMETPIMHI BTACTUBOCTI TA TOUYHI PO3B’SI3KH (2+1)-
BHUMIPHOI'O JIIHIMHOI'O PIBHSIHHS IIHOYTBOPEHHS
A3IMCBKOI'O OIIIOHY

CranicnaB Cnivak, Banepiii Crorniii, Inna Konace, Osnena I'opOyHoBa

Incmumym mamemamuxu HAH Yxpainu;
Hayionanenuii mexuiunui ynisepcumem Yxpainu
«Kuiscokuii nonimexniunuti incmumym im. leops Cikopcokozon

stas.math@gmail.com, stogniyvaleriy@gmail.com, innak@net.ua,

96alenagorbunova@gmail.com

Y po6ori [1] po3risgaeTbest piBHAHHS

2
VL2520V g gy, (1)
ot 2 os2 oS oA

SIKe OINUCYE I[IHOYTBOPEHHS a3iiCHKOrO OMIIOHY B HemepepBHOMY 4aci t e [0;7],

T — tepmin xii xoutpakry; V =V(1,S,4) — Qyuxuis BaprocTi omuiony; S —
BapTiCTh 0a30BOTO aKTUBY; A — ycepeaHEeHe 3HaYeHHS BCiX HasBHUX IiH 0a30BUX
aKTUBiB S 10 MOMEHTY 4aCy tT; ¥ i ¢ — CTali, IO ONUCYITh OE3PU3UKOBY
NPOLIEHTHY CTABKY 1 BOJIATHIIbHICTD aKIii BiIIOBIIHO.
PiBasHHES (1) 32 TOTIOMOTOIO 3aMiHH
V(t,S,4)= f(1,S, Du(t(t,S, 4),x(t,S, A), (1,5, 4)) , (2)

ne ¢oyaxmis f(t,S,4) 1 HOBi He3aleXHi 3MiHHI #,X, Y BH3HAYAIOTHCS BiIIOBITHO

2
dopmynamu f =S "e° (T'T)/z, t:cz/Z(T—‘r), x=S, y:02/2A , m:r/cz,

q= m? +m , 3BOUTHCA 10 PIBHSIHHSA

2
Qu_plu, o (3)
ot ox? oy
me u=u(t,x,y).

Jlaii 3acToCcyeMO TEOPETUKO-TPYIIOBI METOM JUTSI IHTETpyBaHH PiBHSHHSA (3).
Jobpe Bimomo, 1m0 sKIIO JHIHHE Au(epeHLialbHe PIBHSHHSA 3 YaCTUHHUMHU
MOXITHUMH Ma€ HemepepBHy TpyNmy CHMETpil, TO 1€ [a€ MOXKJIHBICTh
BUKOPHCTOBYBaTH IudepeHIiansHi oneparopu anredpu Jli 1iel rpymu  uist
CHUMETpiiiHOT penykKuii 3 HAcTyNHOI0 NOOYIOBOIO TOYHHX PO3B’A3KIB LBOTO
piBHsHHSA [2; 3].
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Teopema. Makcumanvua aneebpa JIi  ineapianmnocmi piensanus (3)
2eHepYEMbCSL MAKUMU OUDePeHYIATbHUMU ONePAMOPAMU:

Xl :81’ X2 :8_)/’ X3 :Mau, X4 =x6x+y6y

Xs = xyod, +%y26y +%xu8u , X, =B(t,x,)0,

B ocranrpomy omepaTtopi ¢yHKmis [(¢,x,)) € IOBUIBHHAM pPO3B’SI3KOM
piBHsHHS (3).

3ayeasicenns.  Jlanmi Mum  He BpaxoByBaTHUMEMO OIEpaTrop CHMETpil
X, =B, x,y)0,, sfxuil npuTaMaHHUH JiHIMHUM pIBHAHHAM 1 OOYMOBIIOE
TIPUHIIKIT CYTIEPITO3HUITii.

3a3HaunMo, MmO AudepeHLianbHl OoIepaTopu X, @=1, .., 5 cumerpii

CTaHOBJIATL Oa3uc II’ATHBUMIpHOI anrebpu Ls =X; @ X5 @ (X 2, X4, X 5), ae
(X2, X4, Xs5)=sl(2,R) .
JI1st ToOYIOBM TOYHUX PO3B’SI3KiB MPOBEICHO KIACU(iKAIiI0 OJHOBUMIPHHUX i

JBOBMMIpHHMX mifganredp anreOpu iHBapiaHTHOCTI Ls 3 TouHicTIO 10 nif

MepeTBOpeHh il Tpymu aBToMop(izmiB. BukopHCcTOBYIOUHM iHBapiaHTH, IO
BiJITIOBIZIAFOTh 3HAWJICHUM OJHOBUMIPHUM 1 TBOBUMIiPHHM nizlanre6paM 31HCHEHO
pez[yKLmo LBOrO PIBHSIHHS JIO ,Z[I/I(I)epeHI_IlaJILHI/IX pIBHSIHb 13 YaCTHHHUMHU
MOXITHUMH 3 JIBOMa HE3aJIC)KHUMH 3MIHHUMH Ta 3BUYAHHUX TU(PEpPCHIIATbHUX
PIBHSIHB BiJIIOBI/IHO.

Psn orpuMaHMX peIyKkOBaHHMX PIiBHSHB BIANOCS MPOIHTErPyBaTH, IO JAJIO
MOJKJTUBICTh OTPUMATH TOYHI pO3B’SA3KHM PiBHAHHSA (3), 8 BUKOPUCTOBYIOUHU 3aMiHy
(2), i1 piBEsHHSA (1).

1. Barucci E., Polidoro S., Vespri V. Some results on partial differential equations and
Asian options // Math. Models Methods Appl. Sci. —2001. — 11. P. 475-497.

2. Oscannuxog JI. B. I'pynmoBoit anamm3 nuddepeHnuansHex ypaBHeHuil. — M.: Hayka,
1978. 400 c.

3. Jlaeno B. I, Cniuax C. B., Cmoeniii B. I. CuMeTpiiiHHI aHANI3 PIBHSHB CBOJIOIIITHOTO
tuny. — Kuis: In-T matrematuxku HAH Ykpainu, 2002. — 360 c.

SYMMETRY PROPERTIES AND EXACT SOLUTIONS OF (2 + 1) -DIMENSIONAL LINEAR
EQUATION OF PRICING OF ASIAN OPTION

The maximum invariance algebra of the equation, which is equivalent to the pricing
equation of Asian options, is found. By using the operators of these algebra, some exact
solutions of the equation are constructed.
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PO OAHY 3AJAYY OIITUMAJIBHOT'O KEPYBAHHA
Oxcana Tapacenko
Hiswcuncoruil 0eporcasnuii ynieepcumem imeni Muxonu I'ocons
oxana.tarasenko@gmail.com

Posrisnaersest 3a1a4a ONTHMAIEHOTO KEPYBaHHS ITPOLIECOM, SIKMH OITUCYETHCS
JHIHHOIO CHHTYJISIPHO 30ypPEHOI0 CHCTEMOIO M (epeHIiaNbHIX PIBHSAHB!

"B, s)% = A(t,e)x+C(t,e)u,

ne x(t,e), u(t,e) — myKaHi n -BUMIPHUH BEKTOpP CTaHy Ta m -BUMIPHHH BEKTOD
KepyBaHH BiamoBinHo, A(t,€), B(t,€) — milicHi KBagpaTHI MATPHIIL 7 -TO TOPSIKY,
C(t,e) — (nxm)-varpuus 3 nilicamvu enementamu, e (0,69] — mamuid
napamerp: gy <<l; he N, te [O;T].

Po3B's13yeThcss TUTaHHS TPO 3HAXO/KEHHS ONTHMAIBHOI TpaekTopii Ta
BiJIMTOBITHOTO ONTHUMAJILHOTO KEpYBaHHS, i Ji€l0 SKOTO CHCTEMa MEPEXOIUTh 3

OJIHOTO CTaHy B iHIIHIA 32 (HiKCOBAHMIN MPOMIKOK YaCy, MiHIMI3YIOUH KBapaTHIHI I
(dbyHKITIOHAT

T
J =ﬁj(D(r,8)u,u)dt — min,

u

ne D(t,€) — cuMeTpudHa MaTPUIS m -TO TOPSIIKY.

[ToniOHa 3amada, sKa OMUCYETHCSA CHCTEMOIO NU(EPEHIIIAIbHUX PiBHSHL 3
MOBUIBHO 3MIHHMMH Koe(ilieHTaMu, po3risiaanack B [2], [3], ae nmependadanocs,
1110 KOPEHI BiANOBITHOTO XapaKTEPUCTUIHOTO PiBHSIHHS YSIBHI.

Hamu posrisigaroTbess OUIbIn 3arajibHi BUMAIKU. JIeTadbHO IOCIIIKYIOTHCS
Ppi3HI BUIIaJIKH, TIOB’sI3aHi 3 MIOBEIHKOIO CIIEKTPa I'PAaHUYHOI B’SI3KM MaTPHLIb.

3acTocyBaBIIM MPUHIMI MakcuMyMy [ToHTpsIriHa Ta METO 1 ACUMIITOTHYHOTO
IHTErpyBaHHs JIHIHHUX CHHTYJISIPHO 30ypeHUX cUCTeM JU(epeHIiaIbHUX PIBHIHbB
[1], [4], moOynoBaHO (hopMaybHUI PO3B’SI30K AAHOI 3a/1adi i 3HAalAEHO YMOBH, 3a
SKUX BiH Ma€ acCUMNTOTHYHHWHA XapaKTep, BUBEICHO BIAMOBIIHI aCHMITOTHYHI
OIlIHKH;  PO3POOJIEHO  aNTOPUTM  3HAXO/PKCHHS  KOE(DIIiEHTIB  ITyKaHWUX
ACHMITOTUYHUX PO3BUHEHb Y SIBHOMY BUTJISII.
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1.  Cawmotinenxo A. M., Llxino M. I., Axoseys B. I1. JliHiiiHi cuctemMu nudepeHIiaabHuX
piBHHB 3 BUpopKkeHHAMH. — K.: Bumia mik., 2000. — 294 c.

2. Hlxum H. 1., Jleiihypa B. H. K Bompocy 00 acHMITOTHYECKOM PpELICHUH 3aaadu
OITUMAJIBHOTO YHPABJICHUS CUCTEMaMH ¢ MEIUICHHO MEHSIOIUMUCS Ko3hduuueHTaMu
B Clly4ae KpaTHBIX KopHe# // Mexsen. peci. ¢0.: Berauci. u npuki. maremaruka— 1977.
—Bpm. 31. - C. 81-92.

3. Hlxune H. U., Jletihypa B. H. O6 acHMIOTOTHYECKOM PEIICHUH 334l ONTHMAILHOTO
YIpaBJICHHS IS CHCTEM C MeUICHHOMEHSIomMMIcs kodpduuentamu // JJokn. AH
YCCP. Cep. A. —1976. — Ne7. — C. 604-608.

4. Hlxune H U., Cmapyn U. H., Hrosey B. Il. AcuMNTOTHYECKOE HHTETPUPOBAHKE
JMHEHHBIX cucTeM I depeHInanbHbIX ypaBHeHUH ¢ BhIpoxkaeHusMu. — K.: Buma k.,
1991.-207 c.

SOME PROBLEM OF OPTIMAL CONTROL

The research is devoted to construction of asymptotic solution of singularly perturbed
optimal control problem

"B, g)% = A(t,e)x + C(t,e)u,

hI tsuu dt—)mm

which conversions the system from state x(0,€) = x1(€) to state x(T,€) = x,(€) over a
fixed time interval T. We are considered cases where matrix B(t,€) is non-singular at all
te [O;T ] ce (0,80], where it degenerates with convergence of small parameter to zero

and where it fully degenerates. We have investigated the case of the degeneration of matrix

D(1,0).
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PosrmsimaeTscst  ogHOMapameTpudHa CciM’sS  nudepeHIialbHUX — PiBHSHB
TETUIONPOBITHOCTI

ot(r,t ot(r,t
ch:ii 4.2 o 1)

ot rl or or
(mpu 1=0 — OararomapoBa IUIOCKa KOHCTpPyKLis; I=1 — OararomapoBuii

HOPOXXHUCTHH IMIIHApP; =2 — OararomapoBa IOPOXXHUCTA KyJis), 3 KpalloBUMHU
YMOBaMU TPETHOTO POIY

K%(roﬂ') =0 (t(’”oﬂ)—\l/o(f)),

ot @
_ka—(rn,r) =aqa, (t(rn,r)—\yn(t)),
r
Ta MOYaTKOBOIO YMOBOIO
t(r,O)z(p(r). 3)
Po3B’s30k 3amadi (1)-(3) mrykaTuMeMo y BUTIISIII CyMH IBOX yHKIH [1, 2]
t(r,r)zu(r,r)+v(r,‘c). 4)

Bynb-siky 3 GynKmiit u (r,t) an v(r,t) MOXKHA BUOPATH CIICIiaIbHAM YHHOM,
TOJI iHIIAa BXE€ BU3HAYATHMETHCS OTHO3HAYHO. Bm3HaumMo ¢QyHKLIO © (r, ‘C) SIK
Ppo3B’s130K (KBasicTalioHapHOT) KpaiHoBoi 3a1a4i 3 KpaHOBUMH YMOBaMH
1y !
—( xu') -0, (5)

!
r

=it (©6)

r

{aor()lu(roﬂ)_”[l](VO»T)=0L0V0]W0(T)’ L1 di{ i
ocnrnlu(rn,r)—i-u[l] (rn,r) = ocnrnl\yn('c),
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VY poborax [1, 2] BcTaHOBIEHO, IO HAa KOXHOMY 3 HPOMDKKIB [rl-,rl- +1)
PO3B’SA30K 3a7[aui Mae BHUIIIAI BEKTOP-PYHKIIT Ui (r)
Ui(r)=B;(r.1;)-B(r;.,19)- Ry, (7

Jie TIEpILIOI0 KOOPANHATOI BekTopa-pyHKuii € mykana GpyHKuis u (r, r) .
Ha ocHoBi 300paxkenns (4), 3 ypaxyBaHHsIM piBHAHB (5) Ta (1) mpuiimemo 10
HEO/IHOPITHOTO J(epeHianbHOrO PiBHIHHS HA QYyHKLIIO v (r, r) [1]

_ov(rt) 1 a8 4 0v(r)) . ou(r)
—_— e — }\,— — _—, 8
P T [V o ) P e ®)
3 KPaHOBMMH yMOBAMH Ta II0YaTKOBOKO YMOBOKO Jutst GyHKIii v(7,T)
l 1 .
(SN V(l"(),'f)—v[ ](}"0,1'):0, V[l]:dil"lxvr,, (9)
anrnlv(rn ,T)+ e (r,,7)=0,

v(r,O)zf(r)E(p(r)—u(r,O). (10)
Ha koxHOMY 3 HpOMIXKIB [rl-,rl- +1) po3B’si30ok Mimanoi 3amaui (8)-(10)

OTpPUMYEMO y BUTIIsII psiny [1, 2]

vi(r,1) = i S OkF —J‘e_m"(r_s)uk (s)ds |- Ry (r,04). (11)
k=1 0

1.  O.Y. Pazen and R. M. Tatsii. General boundary-value problems for the heat conduction
equation with piecewise-continuous coefficients // Journal of Engineering Physics and
Thermophysics. —2016. — Vol. 89, no. 2. — P. 357-368.

2. Tayiu P. M., Cmaciox M. @., Buaciu O. O., Ilazen O. FO. TlpsiMuii MeTOA JOCIIKEHHS
TEeMIIepaTypHOro MoJis B GararorapoBoMy TpyOOIpoBoIi 3a yMOB moxexi / Matepianu
craTTeit MiXkHapoaHOI HayKOBO-MpakTU4HOi KoH(pepeHuil «[HpopmamiitHi TexHoIorii
Ta KOMII'1oTepHe MofemoBanus». 2017. — C. 436-440.

DIRECT METHOD OF CALCULATION OF NON-STATIONARY TEMPERATURE FIELDS
IN MULTILAYER STRUCTURES OF MAIN GEOMETRIC FORMS
General scheme for researching of heat transfer process in multilayer constructions
with simultaneously three basic geometric forms is offered. In this connection, one-parameter
family of boundary problems is solved. The basis of implementation of this scheme is laid:
method of reduction, concept of quasi-derivatives, modern theory of systems of linear
differential equations, Fourier method and the modified method of eigenfunctions.

170



JUOEPEHIIIAJIBHI PIBHAHHSA I MATEMATUYHA ®I3UKA

YK 517.956.4

MATPHULIS IPIHA MOJEJILHOI 25 -IIAPABOJIIYHOI KPATOBO1
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Harania Typuuna

Hayionanenuii mexuiunui ynisepcumem Yxpainu
«Kuiscokuii nonimexniunuti incmumym im. leops Cikopcokozoy

nataturchina@gmail.com
Hexait n,N,b,...,b, — 3amaHi HaTypajJbHI 4uCIa; 2b = 2by,....2b,) 5 s —
n n—1
HaiiMenIe crinbue kparue wncen by,...b,; k=5 bik; i Ik]|==s> bik;,
J=l J=1

skwo k= (ky,....k,) 1 k':=(ky,....,k,_;)— BianmoeiaHo n -BuMipHHi i (n—1)-

BUMIpHUIA MyNbTHIHAEKCH; X = (X{,...,X,) € R” i
X' = (XX, ) €R" R? = {xeR" |x, >0},
M= {(t,x) e R"™Nt>0,xeR"}, II'={(t,x)eR"|t>0,x' eR"}.

B o6nacti IT" posrismaerses Taka kpaitoBa 3a1aya:

(INat - Z aka)li)u(tax) =f0(t7x)’ (t,x)eH+, (1)
s

k ’ ’ ’ .
Y bl du(t,x) | o= fi(6,X), (X eIl j € fl,..m}, (2)
2sko k=7,

u(t,x) o= frns1(x),x € Rﬁ, (3)
e u, fo i f,41 — MaTpuui-cToBIYHKH BucOTH N ; a; i b jkok — CTaIIl MaTpmui
Bignosiguo posmipy NxN i IxN; Iy — onmHudHa Matpuus mopsaky N ;
m=b,N; fi,...f,, — ckamapui dyHkuii; #,...,,, — HeBII’e€MHI LNl 4Yucia.

IIpunyckaerbes, mo cucrema (1) € 2b -mapa6omignoio y cenci C. JI. Elinensmana, a
KpaiioBi yMOBH (2) 3a/10BOJIBHSIIOTH YMOBY JIOTIOBHSUIBHOCTI [1].

JlomoBine mpucBsYeHa TOOYMOBI 1 BHBYCHHIO BJIACTUBOCTEH (CTPYKTYpH,
JMBEPTEHTHOrO 300paykeHHs, OLiHOK) MaTpuui Ipina 3amaui (1)—(3), To6TO Takoi
marpuui G :=(Gy,Gy,...,G,,,1), 10 O AOBUIBHUX IIaAKuX 1 (GiHITHUX (QYHKIIH
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Sj,7€4{0,1,....m+1}, po3s’si30k 3a1a4i 300paxyeThCsl y BUITISL

t
u(t,x) = [d [ Go(t—7,x,8) fy (v, E)dE +
0

n
R+

m t
+> fdr [ Git—t,x—E)f;(x.E)dE +

Jj=lo R
+ [ Gun (62,8 £ (©)dE, (Lx) eI 4
R

Sxmo Qyskmii [ .)€ {0,1,...,m+1}, He € QpiHITHUMH, ajle BOHU 33JI0OBOJILHS-

I0Th NPUPOJIHI YMOBH Y3TOJUKEHHS, TO po3B’si30k 3axaui (1)—(3) Bupakaerbcs
(dopmyolo, ska BiapisHseTbesa Bin dopmynu (4) Tum, mo B HiH Gy(f —1,x,8)

3aMIHEHO Ha GO (t,7,x,8),a G, 1(t,x,&) —Ha Gerl (t,x,8), ne
Go (8,7, %,8) = Gy (1 =, %, &) + Gy (1 = 1, %,€) + G§ (1, %, x, ),

G (1,2,8) = G (1,3,8) + G (1,%,8) + Gy (1, %,6).
Tyr Gy, Gy i G, € niHiiiHuMu KoMOiHALIAMU NOXiAHMX BiJ OeIbTa-
¢yHKii, sxi 3ocepemkeni B Toukax &, =0 i T=0. Marpuus G:= (éo,Gl,...,
G, Gm +]) Ha3MBAETBCS y3aralbHeHOH Marpuueto Ipina sanaqi (1)—(3).

3ayBaxumo, mo G =G, [AKIO B KpaiioBi yMoBH (2) He BXOIATH audepeH-
LIIOBaHHA 32 f, a TAKOXK AU(EPEHIIIOBAaHHS 3a X, IOPAAKiB, Oinbmiux 3a 2b, —1.

1.  Typuuna H. I, Isacuwen C. J]. IIpo MonenbHy KpalioBy 3ajady 3 BEKTOPHOIO Baroro //
BbyxoBuHChkuit Mat. KypH. —2017.—5, Ne3—4. — C. 163—-167.

GREEN'S MATRIX FOR MODEL 2_b. -PARABOLIC BOUNDARY VALUE PROBLEM
General model for boundary value problem of parabolic by Eidelman system with vector

order 2b is considered. Results on the structure of Green's matrix are given. Estimates and
divergent representations for these components is obtained.
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Posrisiremo audepennianbHi piBHAHHSA [1, 2] OPSAKY P BUTISAY

Osu(t;x) = {Po(t;iax)+Pl(t,x;i6x)}ur(t;x), 0<t<t<T,xeR", (1
i3 AndepeHLiaTIbHIMU BUpa3aMu
Rioy) = Y a, i1, R@xio)= Y @il
lal<p k<P
MPUYOMY PiBHSHHS

Oy (1;x) = Ry (6300, Ju (%), (%) € [l (r.1y = (G TIxR", —

napabomiune 3a ['. €. [llunoBum y cmys3i H[r;T]’ Te [O;T), 3 MOKa3HUKOM Iapa-

6omiuHocTi i, 0 < h < p, HEBi €MHUM POJIOM [, 3BEJIEHUM IOPSIKOM py,a HOps-
TIOK p| 33I0BOJBHSE YMOBY:

0< py <h—n(l-hp/ py).
JlonoBiapb NpHcBsSYEeHa MUTAHHIO PO3B’sI3HOCTI 3a1aui Kori:
* . * .
Oyvo(58) =={ By (i) + B (1,510, v, (%:E), @
v (5|, =000 00V € Sy p, - 3)

ne 0<t<t<T,EeR",y(2) Fg iﬁ* — BiANOBiAHI crpsbxeHi 3a Jlarpamxkem 13 £y 1
B nudepenuianbHi BUpasu.

Teopema. Hexau koegiyicumu pienanna (2) oOugepenyitiosni  3a
nPOCmMopoBoIo 3MIHHOIO & 00 NOPAOKY Ok 2 P 10 >N+ p| 6KIIOUHO, 0OMediceHi

komnaexcnosnauni ynxyii na muoscuni .y, npu yvomy a, (1) iaéak(r;é),
|l|£0c*, € HenepepsHUMU 3a 3MIHHOIO T pigHOMIpHO cmocosno E. Toodi npu
0<t<t<T i {x,&} cR" ona pisuanna (2) icuye ynoamenmansuuii po3e’s3ox
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* . . .o -~ . .
Z (1,&;t,x) 3a0aui Kowi, ougpepenyitiogruii 3a 3MiHHOI0 T 0OUH PA3, d 3d 3SMIHHOIO
& 00 NOpAOKY Ox BKNIOUHO, AKULL pA30M i3 C80iMU NOXIOHUMU eKCHOHEeHYIANbHO

cnaoac 6 OKOAi HeCKIHYeHHO BI00ANeHUX NPOCMOPOBUX MOYOK 3 NOPAOKOM
Po/Po—W, a 6 okoni moukuT=t, 3 nopaokom W/ py—p. CynKyis

(w8 = [ Z' (&t xp(dx, (nE) €T,
R

€ peaynapHum poss’askom 3adaui Kowi (2), (3), sxa oupepenyitiosna ooun pas 3a
T, a3a & — 00 NOPAOKY Olx BKIIOUHO, 0I5l NOXIOHUX AKOI GUKOHYIOMbCA OYIHKU:

Vre[0;¢) 3A>0 Vg e Z], |g| < o, dc, >0 VEeR" Vi e Z]
k 1-w/ po)lk
€02, 8)| < cq /P,
P03B’5130K 3a10BOJIbHSIE TOYATKOBY YMOBY (3) B pO3yMiHHI:

K
DVgez! | <as: oy (x g)%wq(p(g) (VK < R"):;

2)Vte(0;7]3e>034>0 vge Z], 9] < s, dc, >0 Vke Z

VEeR" Vie (t-8:1): ‘g"agv, (5:8)] < e Al [/ POK].

1. Jlimosuenxo B. A., VueypsnI. M. ®dynnameHtansHuii po3B’s3ok 3amadi Komri mis
OJHOTO Kiacy mapaboiiyHuX piBHAHB OOMexeHol riaakocti // MaremaTnune i
koM toTepHe MozemoBanHs. Cepist: ®@i3.-mar. Hayku: 30. Hayk. mpaip. Bum. 10. —
Inctutyt kibepHeruku iM. B. M. I'mymikoBa HAH VYkpainu, Kamsueus-Iloginbcpkuii
Hau. yH-T iM. I. Orienka, 2014. — C. 128-139.

2. Jlimosuenxo B. A., VueypsnI. M. 3amaga Komi mias omHoro xiacy mapaboiigHHX
PiBHSIHB i3 PEryJIAPHAMH OYATKOBMMHU Po3nojiiiamMu Tury S’ // ByKoBUHCEKuit MaTeMary-
urpi xypHaL — 2016 - T. 4, Ne 1-2.—C. 101-107.

CONJUGATE CAUCHY PROBLEM FOR ONE CLASS OF PARABOLIC EQUATIONS WITH
VARIABLE COEFFICIENTS

Conjugate Cauchy problem for one class of parabolic by Shilov equations with
coefficients of bounded smoothness and non-negative genius is considered. The question of
existence of fundamental solution for the Cauchy problem is investigated. Gelfand-Shilov

solvability of the problem with initial conditions from space S, is installed.
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sv_khoma@ukr.net
JlocmimkyeThesl Taka KpaiioBa 7-TiepionyHa 3aa4a;
un—azuxng(x,t), O<x<m, teR, (1)
u,)=u(r,0)=0,u(x,t+T)=u(x,t), 0<x<m, teR. 2)
Sk i B pobotax [1,2], po3rismarThCs OIepaTopu Sa1 Ta Sa2 [1, c.26,
dopmyiu (9.6), (9.8)], w10 qae 3MoOTy 0JIepKaTH HOBI pe3yibTat. [106y10BaHO HOBI
omeparopu S, Ta RS juIs JOCHiKEeHHs T-1epioMYHOro po3s’si3Ky piBHsHHS (1),

SIKWH 32/I0BOJIbHSIE YMOBH (2).

JIoBeIeHO, 110 3a JOMOMOTrOI0 orepartopa Ry BU3HaYeHa QYHKIis

i (6.) = (S,8) (6 0+ (S ) (v.0) = (R g ). )

. n_xrc t+& x T t+n-=§
ae (Sdg)(x,t)z o J.déj. g(é,r)dr+rjd§ I g(&,1)d 1, HE 000B’I3KOBO
[ Ty mee

npu oMy OyJie po3B’S3KOM JIIHIHHOrO HeoJHOpiAHOTO piBHIHHSA (1), MpH 1BOMY
BPaXOBYIOThCS BJIaCTUBOCTI oniepaTopa S, .

1. Mumpononvckuii FO. A., Xoma I Il, Ipomax M. M. AcuMITOTHYECKUE METOHIBL
UCCIeI0OBaHNsl KBAa3MBOJIHOBBIX ypaBHeHMI rumepbosimueckoro tuma. — K.: Hayxk.
IyMmka, 1991. - 232 c.

2. Mumpononvcokuii FO. O., Xoma-Moeunscorka C. I. YMOBH iCHyBaHHS pPO3B’sI3KiB
KpaioBoi IepioIuuHO1 3a1adi Ul HEOJHOP1IHOTO JIHIHHOTO TiepOoiTHOTO PiBHIHHS
npyroro nopsaky. I/ Ykp. mar. xypa. — 2005. — T. 57, Ne 7. — C. 912-921.

METHOD OF STUDY T-PERIODIC SOLUTIONS OF THE SECOND ORDER HYPERBOLIC
EQUATIONS

We investigate the existence of T-periodic solution to the boundary-value T-periodic
problem Uy —azuxx =g(xt), O<x<m, teR, u(0,)=u(n1)=0, teR,
u(x,t+T)=u(x,t), 0<x<m, t €R, on the basis of operators Sal anaVSa2 .
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CTABWIN3AINASA MOCTYHNATEJBHBIX IBUKEHUN BPAIIEHUEM
IKCHEHTPUKOBOI'O MAXOBHKA

AHaTtoanii XopoumyH

Hucmumym mexanuxu um. C. I1. Tumowenko HAH Ykpaunut

khoroshunanatoliy@gmail.com

CHyTHMKM C JBOMHBIM BpAIlEHHEM SBIISIOTCS OJHMM U3 OCHOBHBIX THIIOB
0eCIMIOTHBIX KOCMHUYECKHMX amnmnapaTtoB. [IpuOiIMKeHHO TakoW CIYTHHK MOKHO
NPE/ACTaBUTh B BUJAE IBYX TBEPIBIX TeJ, IIAT(GOPMBI U POTOPA, COEIUHEHHBIX
KecTKUM BasioM. [locie moctaBkM Ha OpOMTY, CIIyTHHMK ABHXKETCSI 0€3 B3aUMHOTO
BpallleHHs €ro 4acTel Ipyr OTHOCHTENIbHO APYra, Kak OJIHO TBEpAOE Telo. 3axayda
COCTOMT B TOM, YTOOBI OOECIEeYMTh HEBpallleHHEe IIaT(OpMbI, HarpuMmep, Ui
MIPOBEICHUS UCCIICTOBAHIN IIH (POTOCHEMKH B 3aJaHHOM HampasiieHHH. [[1g 3Toro
3JIEKTPOABHUTaTEIh, PACIIONIOKEHHBIN Ha MaTdopMme, BpallaeT IMOCPEACTBOM Bajla
pOTOp B HANpaBIICHHUH, COBIAMAIONIEM C HANpPaBICHHEM HAYabHOTO BPAILICHUS.
Takum 00pa3om, yrioBasi CKOPOCTh IIAT(GOPMBI CTPEMHUTCS K HYIIO, a MOMEHT
HMITyJIbCa POTOpa CTAHOBHUTCS PaBHBIM HadaJlbHOMY MOMEHTY CHCTEMEI. V3BecTHO,
OJIHAKO, YTO B XOJIE TaKOI'O MaHEBpa CIIyTHUK MOXXET “ONPOKMHYThCS” H3-3a
YBEJIMYCHUS] yIja HYTallMd WIM CKOPOCTh BpalleHUs poTOpa HAdHET
HEOTPaHMYEHHO BO3pacTaTh, YTO MpPUBENET K 3HAYUTEIBHOMY OTKIOHEHHUIO
JBIDKCHUSI KOCMHMYECKOrO ammapara oT jxenaemoro. Jlis mccienoBaHMs 3THX
HETaTUBHBIX PEXUMOB OBLIO NPEIOKEHO HCIOJIb30BaTh MEXaHUUECKYIO0 MOJEIb,
koropast mosyymna HazBaHue TORA (Translational Oscillator with Rotating
Actuator) UIMEIONIYI0 CXOJHYI0 MAaTeMaTHIECKYIO IIPHPOTY C MOAEIBIO CITyTHHUKA C
JIBOMHBIM BpaICHUEM.

TORA MoxeT ObITh OTHECEH K KJIACCy T.H. MAJIOTIPUBOIAHBIX MEXaHUIECKUX
cucteMm (anri. underactuated mechanical system), KOTOpbIE XapaKTEPU3YIOTCS TEM,
YTO KOJIMYECTBO BXO/IOB YIIPABIICHHS B HUX MEHBIIIE, YeM KOJMUECTBO ITEPEMEHHBIX,
ONKCHIBAIONINX TOBeneHHe cucTeMbl. CHCTEMBI TaKOro Kiacca IIHPOKO
UCIIOJIb3YIOTCS MPHU KOHCTPYMPOBAHUH Pa3IMYHBIX POOOTOB, a9POKOCMHUYECKUX U
MOPCKHX allaparoB, HOCKOJIbKY UMEIOT IPEUMYIIECTBO B MEHBIIIEM NOTPeOICHUN
9HEPTUH U MEHBIIEH CTOMMOCTH II0 CPaBHEHMIO C MEXaHWYECKUMHU CHCTEMaMH C
0O0JIBIINM KOJIMUECTBOM BXOJIOB YIIPaBJICHHS.

B pabote, ucnonb3ys texuuky Dynamic Surface Control (DSC), nonyuen
3aKOH  YNpaBJICHHWS BpAlEHUEM OSKCLEHTPUKOBOTO  MaxOBHKa, KOTODBIH
obecrieunBaeT TIIOOATPHYI0 ACHMITOTHYECKYIO YCTOHYHMBOCTD  IIOJOXKECHUS
paBHoBecusi TORA. Jloka3aTenbCTBO YCTOHYMBOCTH MPOBOAMTCS C TOMOIIBIO
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MeTona QyHKIuH JIAmyHOBa, YTO MO3BOMSET HE Pa3leisATh HCXOTHYIO CHCTEMY
muddepeHIMaTbHBIX YpaBHEHNWH, KOTOpas WMeEeT BHUJ OBICTPO-MEUICHHOH, Ha
“OBICTPYI0” W “MEIJICHHYIO” TOJCHCTEMBI. XOTS HaHHAs CHUCTEMa U JIONYCKaeT
NOJOOHOE pa3/eiCHUE, YCTAaHOBUTh YCTOMWYMBOCTH COCTOSIHHS PaBHOBECHS
“MeIJIEHHOM” TMOACHUCTEMBI [OCTATOUYHO TPYIHO, TAaK KaK OHa CYILECTBEHHO
HEIIMHCIHA, a e¢ TMHeapu3alus, B KOHTEKCTE HCKOMOU TI100alibHON YCTOHYHUBOCTH,
cMmbiciia He umeeT. Kpome Toro, ¢bynkuus JlsmyHOBa, NOCTpOCHHAS IUISL TIOJTHOM
cucteMbl UM (HEpPeHINAIBHBIX YpPaBHCHHI, IO3BOJIICT, WCXOAS U3 YCIOBUI
OTPHUIATEIIFHOW OMNPENENICHHOCTH €€ MPOM3BOJHOW 10 BpPEMEHH B CHIY
paccMaTpuBaeMoil  CHCTeMBI  Au(p(EepeHINaNbHBIX  ypaBHEHUH, TOJIYYHTh
OTpaHMYCHHUE Ha BEIMYMHY MTapaMeTPOB, KOTOPBIE BXOAT B yrpasiieHHe. OTMETHM
OTHOCHTEINIFHYIO IIPOCTOTY MOJIYYEHHOTO 3aKOHA YIIPABICHHS, YTO UIMEET BaXKHOCTh
UL €ro TPAKTHYECKOTO TPHMEHEHHA. IJTOT0 YHANOoCh JIOCTHYb, IOCKOJBKY
npuMeHenre TexHUKH DSC mo3BonseT u30ekaTh BO3pPACTaHUS —CIOKHOCTHU
3JIEMEHTOB CUCTEMBI TU(PPEePEHINATBHBIX YPABHCHUI U 3aKOHA YIIpaBlcHUs. Tarxke
B paboTe yKa3aHbl OLICHKH, KOTOPHIC MTO3BOJISIOT BBIOPATH ApaMETPhI YIIPABICHUS
U BPEMCHHBIC KOHCTaHTHI (PHJIBTPOB TaK, YTOOBI TMOJNyYCHHOE YIPABICHUC
PCATM30BBIBAIO TOCTABJICHHYIO 33Jady CTAOWIU3AIMK ITOJIOKCHHUS PAaBHOBECHS
TORA. Jloka3aHa poOacTHOCTh TAKOTO YIPABJICHHUS U MPEIJI0KEH CIIOCOO OLCHKU
o0acTé poOACTHOCTH B NMPOCTPAHCTBE MapaMETPOB MEXaHHIECKOH CHCTEMBI, UTO
MPECTaBIsIeT 3HAYNTEBHBIA HHTEPEC, TaK KaK pealbHbIe MEXaHHIECKIE CHCTEMBI
BCerJa 3aBUCAT OT HETOYHBIX MapaMeTpoB. [lomydeHHBIE  pe3yNbTaThHI
MPOMUTIOCTPUPOBAHBI HAa MIPUMEPE KOHKPETHONH MEXaHMIECKOW MOJIEITH.

1. Hall C. D. Resonance capture in axial gyrostats / Journal of the Astronautical Sciences.
—1995.-Vol. 43. —P. 127-138.

2. Liu Y, Yu H. 4 survey of underactuated mechanical systems // IET Control Theory Appl.
—2013.-vol.7, iss.7. — P. 921-935.

3. Swaroop D., Hedrick J. K., Yip P. P., Gerdes J. C. Dynamic surface control for a class
of nonlinear systems // IEEE Trans. of Automatic Control. — 2000. — vol. 45, Nell. —
P. 1893-1899.

4. Yee R. K. Spinup dynamics of a rotating system with limiting torque // Master’s Thesis,
UCLA, 1981.

ON STABILIZATION OF TRANSLATIONAL MOVEMENTS BY ROTATION OF THE
EXCENTRIC FLYWHEEL
Control law of the eccentric wheel rotation which globally asymptotically stabilizes the
equilibrium of TORA is proposed. It is shown that such control is robust. Estimation method
of robustness region in space of parameters of mechanical system is suggested. Obtained
results is illustrated on example of real system.
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ACUMIITOTHKA JIHIMHUX CUHT'YJISIPHO 3BYPEHUX CUCTEM
TPBOX JU®EPEHIHIAJIBHUX PIBHAHB 3 OCOBJIMBOIO TOYKOIO

Oaena YopHenbka, Onexcanapa llupun

Hioicuncorutl depoicasnuil yrieepcumem imeni Muxonu I'ocons

clenagolovch@rambler.ru, sasha.thyryn.5@gmail.com

B naniii po00Ti BUBYAETHCS MUTaHHS NPO MOOYJOBY aCUMITOTHKH PO3B’SI3KY
OJTHOPIAHOT CHCTEMH TPHOX JIIHIMHUX Au(epeHIiaIbHUX PIBHSIHb BUTIISLY

ax%=A(x,s)y, (1)

3 peryisipHoIo 0co0IMBOI Toukoto X =0; ne € — Manuii napamerp, 0 <e <gy; x —
He3aNexKHa 3MiHHa; y(X,€) — IIykaHa Bektop-GyHkuis, A(x,e) — KBajgpaTHa
MaTpHIIS TPETHOTO TOPSKY, KA 33J1A€ThCS TOABIHHEM PO3BHHEHHAM

o0 o0
k_s
A(x,e)~ D Y e x Ay )
s=0£k=0

CucteMu n JiHIHHUX AUdepeHIiadbHIX PiBHAHL BUTIAAY (1) BUBYAINCH y
po0ori [1], mpoTe po3risnaBcs BUMAI0K PO3BUHCHHS MATpHIi A (x, 8) cuctemu (1)
y pSII JIMIIE 32 CTETICHSIMHU mapamerpa €. Y po0oTi [2] oOrpyHTOBAaHO MUTAHHS PO
moOyIoBy acUMNTOTUKH cUCTeMH (1) n piBHAHB 3 PO3BHHEHHSM (2) IUIT OJHOTO
BUTAJIKY KPAaTHOTO CIIEKTpa FOJIOBHOTO OIIEpaTopa i€l CHCTEMH.

VY nmaHiif poOOTi BUBYAIOTHCS BUIAIKH SIK MIPOCTOTO, TaK i KPATHOTO CIEKTpa
TOJIOBHOTO OIIepaTopa CUCTEMH TPhOX IuepeHIiabHuX piBHAHL BUrsny (1). He
0OME)XYyIOUHM 3arajbHOCTi, JUIi KOXKHOIO 3 BHUNAJKIB Marpuusd Ay, 3a4a€TbCsi y
KaHOHIYHOMY  BHUTJIAAI.  30KpeMa, UId  BHUMNAQAKY  TPOCTOTO  CIIEKTpa
Ayo =diag (M, Ay, h3), A # Ay # A3, IOBEJICHO HACTYIIHY TEOPEMY.

Teopema. fkwo mampuys Ay Mae pisHi 61acHi 3HAYEHHS, MO cucmemda
pisnans (1) mae mpu yvacmunnux GopmarbHux po3e a3Kie eueisioy

X
yi(x,€) =u;(x,€)-exp s_ljt_lkl-(t,a)dt ,i=13, 3)
X0

de u; (x,€) — mpusumipni éexmopu, i =1,3, A;(x,&) — cxanapni gynxyii, i =1,3,

uwo 3a0aromvcs d)OpMLUleuMu PO36UHEHHAMU
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o0 o0 o0 o0
up(x,e)=Y > ekug D, (xe) = > Sefa, D i=13. (@)

5=0k=0 5s=04k=0
I[Ipu moBeneHHI nOaHOI TEOpPEMH pO3POOJIEHO aNTOPUTM  BH3HAYCHHS
koeQinieHTiB po3BuHEeHb (4). Bektopn (3) € acHMNTOTHYHUMH PO3B’SI3KaAMHU

cuctemu (1) 3a ymoBu Rel; <0, i=1,3.
Bunanok KpaTHOTO CIEKTPa BUBYAETHCS 3@ YMOB!
a) ToJI0BHA MaTpuls Ay, cucremu (1) Mae ojHe BIacHE 3HAUEHHS KPaTHOCTI

TpH, SIKOMY BiJIITOBIIA€ OJIMH €IICMCHTAPHUH UTBHUK TAKO1 %K CaMOi KPaTHOCTI;
0) ronosHa matpuud Ay, cucremu (1) Mae ojHe BilaCHE 3HAYEHHs KPaTHOCTI

TpH, SIKOMY BiAINOBIa€ JBa €JIEMEHTAPHUX IUIBHHUKH, 3 SKHX OJWH NPOCTUH, a
IHIIUH KPaTHOCTI JBA.

VY Takux BHIaJKax po3B’si30k cucteMmu (1) Oyayerscst y Burisiai Bektopa (3),
J€ PO3BUHEHHS Ui BEKTOP-QYHKLIH u; (x,g) Ta CKaIApHUX (YyHKIIH A (x,s) R
i =1,3, OJIQHO 3a IPOOOBMMH TIOKa3HUKAMHK MapaMeTpa Ta BiIHOMEHHS He3aIeKHOT
3MIHHOI Ta Imapamerpa.

Orxe, y naHiii po0OoOTi, 3a JOMOMOror po3podseHoi y [2] MeTomukw,

OOTPYHTOBAHO MOYJIMBOCTI MOOYIOBH aCHMIITOTHYHOTO PO3B’SI3KY CUCTEMH TPHOX
I epeHIiabHUX PIBHAHD y BUTJISII MOJABIMHUX CTETICHEBUX PSJIiB.

1. 3asusuon I'. B. CUHTYIApHO BO3MYyLIeHHAas cucteMa IuddepeHaabHbIX YpaBHEHUH C
panmonansHO# ocobennoctso / I'. B. 3aBusnon // JJuddepenimansaeie ypaBHEHHS. —
2007.—-T.43, Ne 7. — C.867-878.

2.  Yopuenvka O. B. AcHMITOTHYHUI aHa3 JIHIHHAX CHCTEM IH(epeHIiaJbHUX PIBHSIHb
3 mapaMeTpoM Ta peryisipHoi ocobnuBoro Toukoto / O.B. Yopuenska // Bicuuk
Yepkacekoro yHiBepcurery. Cepist «®Dizuko-matematuuti Hayku». — 2016. — Bum. 1. —
C. 90-99.

ASYMPTOTIC SOLUTIONS FOR SINGULARLY PERTURBED LINEAR SYSTEMS OF
THREE DIFFERENTIAL EQUATIONS WITH SINGULAR POINT

In this paper we study the question of constructing a general asymptotic solution of
linear systems of three differential equations with small parameter and regular singular point.
We study the cases: where the main matrix of the system has three different eigenvalues, where
the main matrix of the system has three equal eigenvalues. We investigate possibility of
constructing solutions of the system in the form of double series. In the case where the main
matrix of the system has simple eigenvalues, solutions can be constructed in the form of double
series with nonnegative powers of parameter and independent variable. In cases where the
main matrix of the system has three equal eigenvalues, solutions can be constructed in the
form of double series with fractional power parameter and ratio of independent variable and
parameter of variable.
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PE3YJIbTAT YCYBHOCTI JIs1 AHI3OTPOITHOI'O PIBHAHHS
MNOPUCTOI'O CEPEJOBHUIIA 3 ABCOPBIIIMHUM YJIEHOM

Mapis lllanb
Jloneyvkuii Hayionanvruil yHisepcumem imeni Bacuna Cmyca

shan_maria@ukr.net

Po3risiHyTO pO3B’SI3KHM KBa3UIIHIHHOTO MapaboIIiYHOrO PiBHSHHS, MOIEIbHUM
BUIAJIKOM SIKOTO € aHi30TPOIHE PiBHSHHS MMOPUCTOTO CEPEIOBHIIA 3 A0COPOLIHHUM
YJICHOM

n
u, —Z(|u it uxi) +u? =0,

i=1 X;

Jie 4aCcTUHA IOKa3HUKIB 7; >1 (BUpOJIKEHMH BUIIAJIOK), a iHIIA yacTuHa m; <1

(cunrynsipauii Bunazok). {1 po3B’s3KiB pIBHSHHS OTPHMaHa JIOCTaTHS yMOBa
YCYBHOCTI 130JIbOBaHOI OCOOJIMBOCTI, IO BHpaKa€Tbcs B YMOBI Ha ITOKAa3HUK

2 .
a6cop6u11 4, acame ¢ >m +—, @ TaKOX BCTAHOBJICHA OL[IHKA THIIY Kennepa-
n

Occepamana. [Ipu noBeCHHI 3aCTOCOBYBABCS METOJI IHTEIPaIbHUX 1 TOTOYKOBHX
OIIIHOK HEJIHIHHOTO MOTeHIIialy, PO3BUHYTHH B poboTax [1, 2].

1. Nicolosi F., Skrypnik I.V., Skrypnik I I Precise point-wise growth conditions for
removable isolated singularities / Commun. Partial Differ. Equ. — 2003. — 28. -
P. 677-696.

2. Nicolosi F., Skrypnik I. I, Skrypnik I. V. Removable isolated singularities for solutions
of quasilinear parabolic equations // Ukrain. Math. Bull. — 2009. — 6(2). — P. 208-234.

REMOVABILITY RESULT FOR THE ANISOTROPIC POROUS MEDIUM EQUATION
WITH ABSORPTION TERM

Sufficient condition of removability of isolated singularities and Keller-Osserman
estimates were obtained for the anisotropic porous medium equation with absorption term.
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YK 517.956.4

ITPO OJHY HEJIOKAJIBHY 3AJIAYY JUIsA EBOJIIOIIMHWX PIBHSAHD
3 TAPMOHIMHUM OCIIMJIITOPOM

Aabona IInpokoBcbKUX

Yepnuiseyvruii Hayionanvuuil ynieepcumem imeni IOpia @edvkosuya

a.shyrokovskykh@gmail.com

Y nmaHili poOOTi BCTAHOBIIOETHCS KOPEKTHA PO3B’SA3HICTh HEJIOKAIHHOL
6araToTOYKOBOT 33 YACOM 3aadi I eBOTIOLIHHOTO piBHsHHS Ou/0t +@(A)u =0,

ae A= —dz/olx2 +x, xeR - rapMOHIHHHUI OCHWIISITOP Y TPOCTOPi Sll//z2 (Sll//z2 -

npocTip Tuny S, AKuii CHiBNagae 3 MHOKMHOIO aHATITHYHUX BEKTOPIB OMEpaTopa
A) [1]. Po3p’s30k 3ajgayi aeTbCst y BUITLIAI 3rOPTKH (PyHIaMEHTAIbHOTO
PO3B’S3KY 3 TPAHUYHOIO (PYHKITIEO, IKa OTOTOXHIOEThCA 3 ii psgom Dyp’e-Epmirta

o0 ’
zCkhk, ae 7y =< f,h, >, 1 € eIeMEeHTOM IpOCTOpY (Sll//zz), TOIOJIOTTYHO
k=0

CIIPSKEHOTO 3 TIPOCTOPOM Sll//§ . Busnaunvo dyuxuito f(A4) Bix rapmowiitoro

ocummsitopa A , BBaxaroun, mo f :[0;+%0) —[0;+0) — HenepepeHa QyHKLis, siKa

MOHOTOHHO 3pocTae Ha [0;+00), lim f ()= +o0; npu upomy
A—>+o0

0

(£(4)0)(x)= Y £ (0 )ex (@) (x), @€ D(f(4)) < Ly (R),

k=0
ae D( f (A)) — 00nacTb BU3HAYEHHS, [ (k k) — BJIACHI 4Mcna omneparopa f (A) ,
A =2k+1, keZ,.
JI71s1 eBOMIONIHHOTO PiBHSAHHS

%+Afu=0, Ay =f(4), (t,x)e(0,T]xR=0Q, (1)

3a1aMO HEJIIOKaJIbHY 6aFaTOTO‘—IKOBy 3a 9aCOM YMOBY
m
uu(os)_zuku(tka):ga gE%(R), (2)
k=1

ne meN, {ppp.op,}c(00), {f,..t,}=(0,7] - dikcopani uncna,
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m
>y, 0<t <..<t, <T.
k=1
ITix po3s’sizkom 3anaui (1), (2) pozymiemMo QyHKIi0 u( ) eC! ((0 T], 11//22)

sIKa 3aJI0BOJIbHSIE YMOBY (2). Mae micIie HacTyIHe TBEepIPKESHHSI.
Teopema. 3adaua (1), (2) kopekmHO po38’sa3Ha, p036 30K daemuvcs

Gopmynor u(t,x) = G(t,x)*g(x) , (t x) e, de g= Z ck hk el, (R)

-1 N

0 m
x)=> exp(—tf(?uk ))(p -, exp(—tnf(kk ))] W (x), npu  yvomy

k=0 n=l1
{G(t,-),u(t’.)} //2 npu xoxcnomy te(0,T] (mym by, keZ, — dynxyii

Epmima ).

Omnepariiro «*» MOXHa PO3MIIANATH 1 Y BHIAAKY, KOIH g € ( ll//22 ) pu
IbOMY, BHACIIITOK BIIIOBIIHOT BJIACTUBOCTI BKa3aHO1 omepartii,

u(t,)=G(1,-)*ge //2 npu koxHomy ¢ € (0,7], dynkuis u(z,-) € poss’s3kom
piBusiHHS (1), ane ymoBy (2), e g € (Sll//z2 ) , U (t,~) 3aJJ0BOJIbHSIE B TOMY PO3YMIiHHI,

mo p lim u Z”k lim u( ) g, g e( 11//22) , 7Ie TPaHULli PO3IIIAAAIOTHCS B
t—>+0 >t

poCTOpi ( 1//22)

1. Topbauyk B. . T'panmdnsle 3amaun qu¢(epeHIaIbHO-0NepaTOPHEIX ypaBHEHUH /
B. U. I'opbauyx, M. JI. l'opbauyx // — K.: Hayk. nymka, 1984. — 283 c.

ABOUT ONE NONLOCAL PROBLEM FOR EVOLUTION EQUATIONS WITH HARMONIC
OSCILLATOR

Well posedness of nonlocal multipoint with respect to time problem for an evolution

equation with harmonic oscillator and functions of such operator in type S and S' spaces
was established.
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BAI'ATOTOYKOBA 3AJAYA KOLII JJIA TAPABOJITYHUX PIBHAHb
3 BUPOJKEHHAM

bornan Slman
Yepnuiseyvruii nayionanvuuil ynieepcumem imeni IOpia @edvkosuya

bohdanjaschan94@gmail.com

Hexait m,fy,4,....ty,ty4 — QikcoBani monmatHi umcna 0<fy <..<fy,,
ty <'r]<tN+1,'r]¢tk,ke{l,...,N}, Q - geska obmexesa obmacts B R"
N =
Oy = {(t. 0|t ltgsty ) x e QU {(t,x)|t=n,xe R"\Q}.

B o6nacti I1=[ty,¢y,;)xR" posrisiHyTo 3axa4y npo 3HAXOLKEHHs QyHKIIT
u(t,x) , siKa 3a10BONbHSIE IPU [ # 1 , (1,x) & Q) PIBHIHHS

0= 3 A0, 0+ A X0, +Ag(t.) [u(t.0) = (€0, (D

i, j=1 i=1
Ta 6araTOTOYKOBI YMOBH 3a 3MIHHOIO /
u(ty +0,x) =0 (x), ke{0,1,..,N}. (2)

CreneneBi ocobmuBocti koediuieHTiB piBHsAHHA (1) y Toumi OyayTsb
xapakTepusyBaTu  (GyHKIIi Sl(Bl(l),t) i SZ(BI(-Z),X)I sl(Bl(-l),t):|t—n\ﬁ§1) npu
=ity s =1 mu j-nEt @@ 0=p" @) a0 <1,
@ 0=1 mn p)=1, p()=inf|x—z|, B e(=em), vell.2,
BY =B} BY) . B= (BB z

ITo3Hauumo uepes /,qL, q(l)’q(Z)’Y(l)’y(z)’u(j})’ug_z) — piticHi wncna ¢ >0,
120,120, p 20, jeio,..n}, o).

Hexaii D — joBiibHa 3amkHeHa obmacte B R, Q(k) =ty .t 1) x D,
Q(k) ca® =[tr,t; ) ¥ R" . Hl(y;B;q;H) — MHOXHWHa (YHKIIHA i3 TPOCTOPY
Ly (IT) , sixi MaroTh HeTIePEePBHi TOXiIHI B Q(k) \Q(O) BUTIIALY 8§8;u , 2i+|r|<[]
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1 CKiHYEHHE 3HAYCHHST HOPMH

k k
| v:B30: 0] =sups X ”H;Y;B;q;Q()“_ +<U;Y;B;q;Q()> ,
k| 2i+r<[] 2i+r] l
J¢, HalIpUKJan,
1:7:B: ;O™ agap= sup [y (g + i+ |y,
Peé(k)

. n
xs5(q'? + 2y, x) | 0}05u(p) | T [ 1= 7B .05, (r; (2 =), )],
j=1
3amauy (1) — (2) mocmimkeHo 3a TaKKuX 00MEXEHb:
a) st posineHOro Bekropa &=(j,....¢,), V(£,x)eII\Q) BHKOHYETHCS

HEPIBHICTb
18P <Y (BB )sa( B x) o B x) s (1.x) i < g
i=1

Ie cj,c, — (ikcoBaHi I0maTHI cTammi, § (ul(l),t)s2 (ul(-z),x)Al- e H%(y,B,0,11),
1105y (1, x) 4y € H (1,B,0.11), 4y >-a, a>0,
st B, 051 B, 05y B, )5, (B, x)4; € H* (v,8,0,11),

1

H(V)
v™) = max max(1+B,(~v)),max(u(-V) —BEV)),L ,vell,2}.
i i 2

6) f e H*(v,B.1g:TD) » 0 € H*T*(7,4,0,11"),

2 A A ~ 2 ; 2
o € H' @ Bongs TN =1)), 7= (0.4, B=(0,p?).
BcTaHOBIEHO YMOBH iCHYBaHHS, €JIMHOCTI, a TAKOX OIHKHU IS MOXiTHUX
po3B’s3Ky 3amadi (1) — (2) y mpocropi H* (v;B;0;IT) .

MULTIPOINT CAUCHY PROBLEM FOR A PARABOLIC EQUATION WITH
DEGENERATION

For the second order parabolic equation with degenerations in coefficients multi point-
by-time Cauchy problem is considered. Conditions for the existence and uniqueness of the
solution in Hélder’s spaces with power weight are found.
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CONDITIONS OF ASYMPTOTIC STABILITY OF LINEAR IMPULSIVE
DIFFERENTIAL EQUATIONS

Vladyslav Bivziuk, Vitalij Slyn’ko
Bohdan Khmelnytsky National University of Cherkasy

vladfromhere@gmail.com, vitstab@ukr.net

Differential equations with impulse action have important applications in
control theory in models of chemical kinetics, electronics mechanics. An important
task in the study of the dynamics of such systems is the problem of stability of the
solutions. Despite the large number of works devoted to the problem of stability for
linear impulsive differential equations, this problem has not yet received its final
decision [1, 2].

Let X be a Banach space, and let L(X') be a Banach algebra of bounded linear

operators acting on X . Define recursively following lie elements in L(X) [3],
{B,4%) =B, {B 4"}~ [{B,A’},AJ, IeN,

where [4,B]= AB — BA is a commutator of two elements 4,8 € L(X).

Consider the following a linear impulsive differential equation in a Banach
space X ,

dx(r) _
T—Ax(t), tiTk, (1)
x(t+0)=Bx(1), t=1y,

where xeX, AeL(X), BeL(X), {t;}5—o is a sequence of moments of
impulsive action. Without loss of generality, we assume that Ty =7, = 0. We denote
X (t, X0 ) as the solution of the Cauchy problem for the differential equation (1) with
initial condition x(0+0,x)= X . As usual, we assume that x(7—0,xq )= x(t,x)
forall t=20. Wedenote T, =15 — T4, k=1,2,....

Suppose that there are positive constants €; and €, suchthat g <7 <g, for

all k=1,2,..., and the following condition of regularity impulsive action points
holds:
Theorem 1. There are positive constants © and Y such that
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sup | +T5 +...+T, —nB|=y. )
neN
Definition 1. Linear differential equation (1) is asymptotically stable, if for any
€>0 thereis §= 6(8) >0 such that from the inequality ||x0|| < it follows the
inequality ||x (¢,x0 ||< ¢ forall t >0 and lim "x t X "—
t—0
Theorem 2. Assume that the operator B is invertible, the condition of
regularity of moments of impulsive action (2) is performed and

” AGB” z TlmX

where m,, =|B I{B,Am}u, m=0,1,2,... .

Then the linear impulsive differential equation (1) is asymptotically stable.

1. Dvirnyi A. L, Slyn’ko V. 1. Application of Lyapunov’s direct method to the study of the
stability of solutions to systems of impulsive differential equations. Translation of Mat.
Zametki 96 (2014), no. 1, 22-35. Math. Notes 96 (2014), no. 1-2, 26-37.

2. Samoilenko A. M., Perestyuk N. A. Impulsive differential equations. With a preface by
Yu. A. Mitropol’skii and a supplement by S. I. Trofimchuk. Translated from the Russian
by Y. Chapovsky World Scientific Series on Nonlinear Science.Series A: Monographs
and Treatises, 14. World Scientific Publishing Co., Inc., River Edge, NJ, 1995.

3. Magnus W. On the exponential solution of differential equations for a linear operator.
Communications on Pure and Applied Mathematics, VOL. VII, 649-673 (1954).
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ON SYMMETRY REDUCTION OF SOME PARTIAL DIFFERENTIAL
EQUATIONS

Vasyl Fedorchuk
Pedagogical University of Cracow,
Pidstryhach Institute for Applied Problems of Mechanics and Mathematics
NAS of Ukraine

vasyl.fedorchuk@up.krakow.pl

Symmetry reduction is one of the most powerful tools to investigate PDEs with

non-trivial symmetry groups. In particular, for this purpose, we can use a classical
Lie method.

In my report, I plan to present a short review of the results concerning

symmetry reductions of some PDEs with non-trivial symmetry groups, which were
obtained using the classical Lie method.

1.

Fedorchuk V. Symmetry Reduction and Exact Solutions of the Euler-Lagrange-Born-
Infeld, Multidimensional Monge-Ampere and Eikonal Equations / Symmetry in non-
linear mathematical physics (Kiev, 1995). - 1. J. Nonlinear Math. Phys. — 1995. - 2, No.
3-4.—P. 329-333.

Fedorchuk V., Fedorchuk V. On Classification of Symmetry Reductions for the Eikonal
Equation // Symmetry. - 2016, 8(6), 51; doi:10.3390/sym8060051.

Fedorchuk V., Fedorchuk V. On classification of symmetry reductions for partial
differential equations // Collection of the works dedicated to 80th of anniversary of
B. J. Ptashnyk, 241-255, Pidstryhach Institute for Applied Problems of Mechanics and
Matematics of NAS of Ukraine, Lviv, 2017.

Grundland A. M., Hariton 4. Algebraic Aspects of the Supersymmetric Minimal Surfa-
ce Equation // Symmetry. - 2017, 9(12), 318; doi:10.3390/sym9120318.

Grundland A. M., Harnad J., Winternitz P. Symmetry reduction for nonlinear relati-
vistically invariant equations // J. Math. Phys. — 1984. - 25, No. 4. — P. 791-806.

Lie S. Zur allgemeinen Theorie der partiellen Differentialgleichungen beliebiger Ord-
nung. Leipz. Berichte, 1. 53. (Reprinted in Lie, S., Gesammelte Abhandlungen, 4, Paper
IX.), 1895.

Nikitin A. G., Kuriksha O. Invariant solutions for equations of axion electrodynamics //
Commun. Nonlinear Sci. Numer. Simul. —2012. - 17, No. 12. — P. 4585-4601.

Olver P. J. Applications of Lie Groups to Differential Equations, Springer-Verlag, New
York, 1986.

Ovsiannikov L. V. Group analysis of differential equations. (Russian). — M.: Nauka,
1978. - 399 pp. (English translation, Academic Press, New York, 1982.)
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UDC 512.813+517.957.6
ON SYMMETRY REDUCTION OF THE EIKONAL EQUATION

Volodymyr Fedorchuk

Pidstryhach Institute for Applied Problems of Mechanics and Mathematics
NAS of Ukraine

volfed@gmail.com

Let us consider the eikonal equation of the form as follows:

o) (o () (e |
aXO le 8x2 6X3 ’

where u =u(x) , xz(xo,xl,xz,x3)eM(l,3) .

In 1982 Fushchych and Shtelen proved that the maximally extensive local (in
sense of Lie) invariance group of this equation is the conformal group C(1,4) of the
(4 + 1) -dimensional Poincaré-Minkowski space with the metric

52 =xg —x12 —x22 —x32 —u2, X4 =u.
It is known that the group C(1,4) contains, as a subgroup, the Poincaré group
P(1,4).
In my report, I plan to present some results concerning of a symmetry reduction
of the eikonal equation, which were obtained using the nonconjugate subalgebras of
the Lie algebra of the group P(1,4) of dimensions one and two.

1.  Fedorchuk V. M., Fedorchuk V.1 On classification of the low-dimensional noncon-
jugate subalgebras of the Lie algebra of the Poincaré group P(1,4) // Proceedings of the
Institute of Mathematics of National Academy of Sciences of Ukraine. —2006. — 3, No. 2.
—P. 302-308.

2. Fedorchuk V., Fedorchuk V. On Classification of Symmetry Reductions for the Eiko-nal
Equation / Symmetry. — 2016, 8(6), 51; doi:10.3390/sym8060051.

3. Fedorchuk V., Fedorchuk V. On classification of symmetry reductions for partial
differential equations // Collection of the works dedicated to 80th of anniversary of
B. J. Ptashnyk, Pidstryhach Institute for Applied Problems of Mechanics and Matematics
of NAS of Ukraine, Lviv, 2017, P. 241-255.

4. Fushchich W. L., Shtelen W. M. The symmetry and some exact solutions of the relativi-
stic eikonal equation // Lett. Nuovo Cimento. — 1982. — 34, No. 16. — P. 498-502.
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UDC 517.95
PROBLEM WITH HOMOGENEOUS INTEGRAL CONDITIONS FOR
NONHOMOGENEQUS SYSTEM OF PARTIAL DIFFERENTIAL
EQUATIONS
Grzegorz Kuduk
Faculty of Mathematical of Nature Sciences University of Rzeszow

gkuduk@onet.cu

Let H(RxR,) be a class of certain function, K;, be a class of

quasipolynomials of the form

F60)=Y > Bt x)exp(ox +B). (1

j=li=1

where F, ;(,x) are given polynomials, M c C, o eM, a; #a,;for k#1.Each

quasipolynomial (1) defines a differential operator f [%,ai) on the class of
\J

certain function in the form

Ll o) P M P oy

Jj=li=1

2

=v=0

In the strip Q ={(¢,x) R*:te (0,7),x € R} we consider system of equations

’U; 3 20 0 B
S e (F Joen-nes, ®

J=1

with homogeneous integral conditions

T
jku(t,x)dt=o, k=0,1, 4)
0

where a;; [6%] bij (%) are differential expressions with analytical symbols.

There exists a unique solution of (3), (4) in the class of quasipolynomials X ,,

. The solution can be represented in the form
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0 0
Uz'(tsx) :f{—,—j{P(t,v,?»)exp[KX]} s (5)
O\ Ov =0
where P(t,v,\)is a solution of the problem
2 n
au 12] + (a ; (x)i+ b, (x)ju (1) = exp[vr], (6)
dt = dt
dUu
& =0, U, =0, %)
=0

This result continues the research of work [1, 2, 3].

Kalenyuk P. I. Nytrebych Z. M. Generalized Scheme of Separation of Variables.

Differential-Symbol Method. — Publishing House of Lviv Polytechnic National
University, 2002. — 292 p. (in Ukrainian).

Kalenyuk P. 1., Nytrebych Z. M., Kohut I. V., Kuduk G. Problem for nonhomogeneous
second order evolution equation with homogeneous integral conditions, Math. Methods
and Phys.- Mech. Polia. —2015. — Vol. 58, No 1. - P. 7-19.

Kalenyuk P. 1., Nytrebych Z. M., Kohutl. V., Kuduk G., Pukach P. Ya. Problem with
homogeneouse integral condition for nonhomogeneous evolution equation. Journal of
National Univeristy “Lvivska Politechnika”. Physical and Mathematical Sciences. -
2014. — No. 804. — P. 16-20.

3AJIAYA 3 OJHOPIJHUMH IHTEI PAJIbHUMHA YMOBAMM JJIS1 HEOHOPIIHOI

CUCTEMHU JUPEPEHIIAJIBHUX PIBHAHDb 13 YACTUHHUMMU NOXITHUMHU

3a 0onomoeoio OughepenyianbHo-cuMB0IbHO20 MeMOOYy NOOAHO PO38 530K 3a0ayi 3

inmezpanbHuMu  yMogamu OnA  cucmemu Ougepenyianbhux pieHAHb i3  UACMUHHUMU
noxionumu opy2o2o nopaoky. Lleii po3e’sa3oxk icuye i eOunuil 6 K1aci K8A3iMHO20YIEHIS.
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YK 517.91

APPLICATION OF THE GENERALIZED TAYLOR — BIRKHOFF SERIES
FOR SOLVING OF THE INITIAL VALUE PROBLEM FOR ORDINARY
DIFFERENTIAL EQUATIONS

Tetiana Rvachova, Yevheniia Tomilova

National Aerospace University «Kharkiv Aviation Institutey

rvachova@gmail.com

Classical Taylor series is widely used for solving of ordinary differential
equations and initial value problems for the non-stationary partial differential
equations [1]. However using classical Taylor series has some restrictions in
application, firstly since its radius of convergence may be insufficient.

In [2-6] so called generalized Taylor — Birkhoff series for the expanding of
infinitely differentiable functions of some Roumieu spaces was introduced:

(oo}

F(X): z Z F(n)(xn,k)q)n,k(x)a
n=0keN,
where functions ¢, , (x) are the basic functions of generalized Taylor — Birkhoff
series, which can be expressed as linear combinations of translates of atomic
function [7]

1% i Ssing2™*
up(x) = — e I I dt,
2n _J;O k=1 2k

which is a solution with a compact support of the functional-differential equation
y'(x)=2y2x+1)-2y(2x-1).
The points x,, , are defined as follows:

for n=0 xy; =k,

for n>0 x, ; = 2t

k k
So xi =k, xXpp :E’ X3 ke =Z and so on.

With the help of modified generalized Taylor — Birkhoff series method of
finding antiderivatives was proposed in [8]. Namely, instead of defining the values
ofa function F(x), represented by generalized Taylor — Birkhoff series, at the points

k#0, it is proposed to define the derivative of this function at the points
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k=1/2,k>0,k+1/2,k<0. As a result for the modified series N, ={0}. This

modification is made to avoid using values of F(x) at x#0and the necessity to
calculate the definite integrals.

In this paper we propose to use this modified series for solving of the initial
value problem for the ordinary differential equations of the first order

y(x) = F(x,y(x), ¥(xo) = o

and systems of ordinary differential equation. This method can also be used for
solving of the initial value problem for partial differential equations of parabolic type
by reducing it to the system of ODE using method of lines [1].

1.  Kpwirog B. U., booxog B. B., Monacmueipnuwuii I1. . Beraucnurensapie MeToabl. Tom 11
// M.: Hayka, 1977. —400 c.

2. Rvachev V. A. Compactly supported solutions of functional-differential equations and
their applications // Russian Math. Surveys. — 1990. — V. 45:1. — P. 87-120

3. Lemarie-Rieusset P. G. Fonctions d’echelle interpolantes, polynomes de Bernstein et
ondelettes non stationnaires / P.G. Lemarie-Rieusset // Revista Mat. Iberoamericana,
Vol. 13, No 1. - 1997. —P. 91-188

4.  Rvachova T. V. On a relation between the coefficients and the sum of the generalized
Taylor series / T. V. Rvachova // Matematicheskaya fizika, analiz, geometriya. — 2003. —
Vol. 10, No 2. — P. 262 — 268.

5. Rvachova T. V. On the rate of approximation of the infinitely differentiable functions by
the partial sums of the generalized Taylor series / T. V. Rvachova // Visnyk KhNU, ser.
«Matemayika, prykladna matematyka i mekhanika» — 2010. — No 931. — P. 93-98

6. Rvachova T. V. On the asymptotics of the basic functions of a generalized Taylor series
/l Visnyk KhNU, ser. «Matematyka, prykladna matematyka i mekhanika» — 2003. —
Ne602. — P. 94-104.

7.  Psaues B. A. Hexotopble puHuTHBIE QYHKIMK U WX IpuMeHeHus / MaremaTtnueckas
¢muka — K: Haykosa mymka — 1973. — Ne 13. — C. 139-149.

8. Rvachova T. V., Tomilova Ye. P. Finding Antiderivatives with the Help of the
Generalized Taylor Series // XA, “OTkpbIThle HHGOPMAIOHHBIE 1 KOMIBIOTEPHEIE
HMHTErpupoBaHHble TexHonorun” —2016. — Ne 73. — C. 52-58.

3ACTCYBAHHS Y3AT'AJIBHEHOI'O PSZTY TEWMJIOPA — BIPKTO®A J10 PO3B'SI3BAHHSA
3AJAYI KOLI AJ151 3BUMAUHUX TUPPEPEHIIAJIBHUX PIBHSAHb

YV pobomi szanpononosano 3acmocysanns MOOUDIKOBAHO2O Y3A2ANbHEHO20 PAJY
Teiinopa — bBipkeogha, nobydoeanozo na ocnosi amomapnoi @ynxyii  up(x), o

posg’szyeanns 3adaui Kowd 045 36udauiHux OupepenyianbHux pieHsAHb md Cucmem
OughepenyianbHux pieHsHb.
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VIK 512.64
Kb EHAOMOP®I3ZMIB BIMOHOMIAJIBHUX MATPHUIb
Biraniii bonnapenko, Pyciaana Ilimooauneus (JAunuc)

Incmumym mamemamuxu HAH Yxpainu,
Kuiscoruil nayionanonui. ynieepcumem imeni Tapaca Llleguenxa

vit-bond@imath.kiev.ua, ruslanadinis@ukr.net

Hexait ¢ #0 — He06OpOTHHMI €EMEHT KOMYTATHBHOTO Kinbusa K. Matpuio
M posmipy nxn Ham K Ha3mBaeMo GiMOHOMiaJbHOIO, SIKIIO BOHA IIEPECTABHO
noJi0Ha MaTpuii, fKa € JOOYyTKOM MOHOMIQNbHOI MATPHUI 3 OXMHUYHUMU
enementamu Ha micusx (2,1), (3,2), ..., (n,n—1),(1,n) i giaronassHoi MaTpui

3 TOJIOBHOIO MiarOHAIMO (€y,....e,t,...ly_t ), A¢ 1<k <n, e nOpiBHIOIOTH
OIMHUYHOMY CJICMCHTY KUIbLS i ¢; JNOPIBHIOIOTh CIIEMEHTY [ .

Taki mMatpuIli JOCTIIKYBAIMCS aBTOpaMd B 0aratboxX Mpamgx i, 30KpeMa
(pazom 3 M. 1O. bopromr i O. A. Tunumniakom), B [1, 2].

Mu npoIoBXy€eMO BUBYATH OiIMOHOMIaJIbHI MATPHII, a caMe OCIHIHKYEMO 1X
KLTbLst eHIOMOP(]i3MiB, TOOTO KiNIBLS, IO CKJIANAIOTECS 13 MaTpulb X TakHX, L0
MX = XM . [Ins OIMOHOMIaNbHHX MATPHIlb, [0 HAJEKATh NCAKAM KIacam,
OTPUMaHO MOBHHMH ONKMC Kulenb eHxoMopdi3MiB, iX TBiIpHI Ta BH3HAYAJIbHI
CHIBBIHOIICHHS.

1. Bondarenko V. M., Bortos M. Yu., Dinis R. F., Tylyshchak A. A. Reducibility and
irreducibility of monomial matrices over commutative rings // Algebra Discrete Math. —
2013. - vol. 16, no. 2. —P. 171-187.

2.  Bondarenko V. M., Bortos M. Yu., Dinis R. F., Tylyshchak A. A. Indecomposable and
irreducible 7 -monomial matrices over commutative rings / Algebra Discrete Math. —
2016. - vol. 22, no. 1. —P. 11-20.

ENDOMORPHISM RINGS OF BIMONOMIAL MATRICES

We compute the rings of endomorphisms of bimonomial matrices belonging to some
classes.
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YK 512.552.13
KIJIbISA BE3Y 3 YMOBAMM HA PAIUKAJI JXKEKOBCOHA

Aunppiii l'ataneBny, Anaroii IMuTpyk

Jlvsigcokutl nayionanvHuil yHigepcumem imeni leana @Ppanka

gatalevych@ukr.net, tolikd1488@gmail.com

Bei kinbus, ski posrisgaroThes € komyratuBHumu 3 1# 0. Posrismemo
npuknag M. XeHpikceHa R ={zp+ax+ayx+...|z5 €R,a; €Q}[1]. Bin Oys
nmoOymoBaHUN K TpUKIA[ KoMyTaTHBHOI oOmacti besy, ske € Kimbiem
eJIeMEeHTapHUX JiJIbHHKIB 1 HE € aIeKBaTHUM KijblleM. BiaMiTiMo, 1110 Horo pagukan
Joxekobcona J(R)={ajx+arx+...|a; €Q} € HeHymbOBUM NPOCTHM imeaioM,
KW HE € TOJIOBHUM ifeanoM. BuHMKae MUTaHHS PO CTPYKTYpy obnacteit besy, B
SKuX pamukan JxekoOcoHa € HeHyn,0BUM ToBHUM imeanom. Kiabmem besy
HA3MBAIOTh KiJbIIE, B SKOMY KOXKE€H CKIHYCHHO TOPOJKEHHH i/iean € TOJOBHUM.
Kinmeme R Ha3uBaioTh KijibleM cTadijibHOro panry 1, sKmo Uit TOBiTBHHX
a,be R, takux mo R , icHye Takuii eieMenT y € R, mo (a+by)R=R [2].

Teopema 1. Hexaii R — xomymamueua obnacme bBesy, 6 axiil paouxan
IDicexobcona J(R) € Hewymwosum eonosHum idearom. Tooi R e xinobyem

cmabinbhoeo paney 1.
Teopema 2. Hexaii R — xomymamuena odoracms be3y, i nexaii 0ns eremenma

ae€ R\{0} paoduxan ocexobcona ¢axmop kinoys J (% R) € HEeHYTboBUM

2ono6num ioeanom. ToOi enemenm a MicCmMumovces auwe 6 CKIHUEHHIU KilbKOCmi
MAKCUMATLHUX [0eais, AKI € 20N08HUMU.

1. Henriksen M. Some remarks about elementary divisor rings // Michigan Math. J. —
1955-1956. 3. — P. 159-163.

2.  3abascvkuii b. B. Pemykuis MaTpunbs Hax KutensMu be3y crabinbHOro paHry He
oinpmre 2 // YMXK. —2003. — 55, Ned. — C. 550-554.

BEZOUT RINGS WITH CONDITIONS ON JACOBSON RADICAL

1t was proved that the Bezout ring with nonzero principal Jacobson radical is a ring of
stable range one.
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YK 515.126

PO HENNEPEPBHICTH HAPI3HO HEIIEPEPBHOT'O I OJTHOCTAMHO
HOCTYHAJIBHOI'O IEPETBOPEHHA KOOPANHAT

SApocaas I'pymka
Incmumym mamemamuxu HAH Yxpainu

grushka@imath.kiev.ua

Hexait X i Y — tomomoriuni Bexropri mpocropy, a (Tj,<1) i (Tp,<;) —
JHIHHO YHOPSIKOBaHI MHOXKHHH.

Osznauenna 1. Bioobpascenns U:TjxX =T, xY 6ydemo nasusamu
00HOCMAHO-NOCMYNATILHUM  NEPEeMEOPEHHAM —KOOPOUHAM, AKWO  ICHYIOMb
Qynxyii @ :TyxX ->T,, F:T, >Y, g:X > Y, maxi, wo: a) 014 006i16H020
X € X ynryin D) (t)=D(t,x) (1 €Ty) e biexyiero mise Ty i Ty, 6) pynkyin g

€ oiekyieto mie X i Y, ) V(t,x)eTlxXeuKOHyembc;l pienicmy,

U(t,x) = (CD(t,x), F(d)(t,x))+g(x)) .
Hapani Gyaemo BBakaTH, WO JiHiMHO ynopsakoBani MHoxkunun T; 1 T, €

TOTIOJIOTIYHAMH TIPOCTOPAMHU  BITHOCHO MOPsOK080i mMoOnonoecii, TOPOIHKEHOT
BIJIHOIIEHHAMH HOPAAKY <; 1 <, BIJNOBIAHO (HAragaeMo, ILIO O3HAYEHHS

MOPSIKOBOI TOTOJIOTii MOXkHA 3HAWTH B [1, cTop. 314]). Takox OyaemMo BBakaTH,
mo MuoxuHM TyxX 1 T,xY € TONONOriYHMMH HPOCTOPAMHU BiAHOCHO

MUXOHOBCHLKOI TOTIONIOTil Ha JEKapTOBOMY JOOYTKY BiAMOBIMIHWUX TOTOJOTIYHHX
npocropiB. [usa poimeHOro BigoOpaxenHs U:TjxX — T, xY nokiazemo

u® (x):= U (1) :=U(t,x) . Bynemo rosopur, mo inobpaxenns U e napizno
HenepepeHUM 3a HPOCMOPO6OI0 i HACOE0I0 3MIHHOI0, SIKIIO 111 NOBUIbHUX ¢ € T 1
x € X Bino6paxenns U : X — T, xY i Ux) T = Ty xY e nenepepsrumy.

Teopema 1. Axwo T, € 36’a3num mononoziynum npocmopom (8iOHOCHO
nopsiokosoi mononoeii), a eioobpascenns U:TyxX — T, xY € oonocmaiino-

NOCMYNANbHUM — NEPEeMmBOPEHHAM — KOOpOUHAm,  HAPI3HO  HenepepeHuUM  3d
nPOCMOpPosoIo i uacosolo sminnol, mo eidobpadxcenns U ¢ nenepepsnum 3a
CYKYNHICMIO 3MIHHUX.
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1. Bupkeog I'. Teopus pemérok. — M.: Hayka, 1984. — 567 c.
I'pywxa A. I. OnHOCTAHO-TIOCTYMANBHUNA PYyX CHCTEM BIUIIKY B YHIBepCaJbHHX
KiHematukax // BykoBuHchkuii MaTemMariuuHuii xypHai. —2017. — 5, Ne 3-4. — C. 56-70.
3. Ipywxa A. I Kpurepiii ogHOCTaitHOT HOCTYNAIBHOCTI CHCTEM Bi/UTIKY B YHiBEpCAIbHUX
kiHemartukax — Preprint: ResearchGate — 15 ¢. — DOI: 10.13140/RG.2.2.11087.59041. —
https://www.researchgate.net/publication/322722045.

ON THE CONTINUITY OF A SEPARATELY CONTINUOUS AND SELF-CONSISTENTLY
TRANSLATIONAL COORDINATE TRANSFORM

Let X, Y be topological vector spaces and (TI,SI), (Tz,Sz) be linearly ordered
sets.
Definition 1. The mapptmg U:TyxX — T, xY is called by self-consistently

translational coordinate transform if and only if there exist functions @ : Ty x X =T,
F:T,>Y, g: X >Y, such, that the following conditions are fulfilled: a) for each
X € X the function P\ (t)=D(t,X) (t €Ty) is a bijection between Ty and T,, b) the

function g is a bijection between X and Y, ¢)for every pair (t,x)e Ty xX it is

performed the equality, U(Z, X) = (q) (t,x), F ((D (t, X)) +g (X)) .
Further we consider that the linearly ordered sets Ty and T, are topological spaces

relatively the order topology, generated by the order relations < and <, correspondingly
(definition of the order topology can be found in [1, p. 314]). Also we consider that the sets
Ty xX and Ty xY are topological spaces relatively the Tychonoff topology on Cartesian

product of the corresponding topological spaces. For any mapping U:Tj x X — T, XY we
denote U (x) = U(x) (Z) =U(t,x). We say that the mapping U is separately
continuous relatively space and time variables if and only if the mappings
U x > T, xY and U(X) 1Ty > Ty xY are continuous for every t €Ty and every

xelX.
Theorem 1. If T} is connected topological space (relatively the order topology), and
the mapping U:Tyx X — T, xY is separately continuous relatively space and time

variables self-consistently translational coordinate transform, then the mapping U is
continuous in the set of variables.
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V]IK 539.3

TPUKYTHI PO3B'SA3KN MATPUYHOI'O PIBHAHHSA AX +YB=C

Haraunis Jxanok, Bacuas IerpunukoBny

Incmumym npuknadnux npobrem mexanixu i mamemamuxu
im. A.C. Iliocmpueaua HAH Yxpainu

nataliya.dzhalyuk@gmail.com, vas_petrych@yahoo.com

Martpuii OJIOYHOI CTPYKTYpU BUHHKAIOTH 1 BUKOPHCTOBYIOTHCS Yy 0araTthox
3amavax [1, 3, 4].
Mu po3rsiaEMo MaTpUYHE JTiHIHHE PIBHSIHHS

AX+YB=C (1)

3 MarpuIsIMH  KoedillieHTaMHM 13 KOMYTaTMBHOI 00JacTi TOJIOBHUX iJealiB.
Po3B's13HiCTh ILOTO PIBHSHHS MOB'I3aHa i3 €KBIBAJICHTHICTIO OJIOYHUX MaTpPHILb

(3 (i)

Ha ocnogi Teopemu Pota [5] 1 11 y3aransHeHHs [2] MaTpudHe piBHSHHSA (1) po3B'sa3He
TOAI i TinbKu, Komu Matpuni M i N eksiBanenTHi. Baxkimporo € 3aaua OMucaHHs
po3B'A3kiB MarpuuHOro piBHSHHA (1) y KUIbISIX OnmoyHmX Martpuipb. Tak y [6]
PO3TISIAIOTHCS PO3B'A3KH OJOYHOTO BUTJLIY MATPHYHUX JTiHIHHUX PiBHSAHBb. Mu
OIKCY€EMO PO3B'A3KH TPUKYTHOTO BUTJISITY MATPUYHOTO PiBHAHHS (1) 3 TPUKYTHUMU
MaTpuIsIMH-KoediieHTamu 4, B, C.

Hexait y Mmatpuunomy piBHsHHI (1) Matpumi 4, B, C TPUKYTHOTO BUTIIALY,

TOOTO
a1 4 .- 4 by by ... by A1 ‘12 -+ Cip
A: O a22 Clzn ’B: 0 b22 bzn ’C: 0 022 C2n
0 0 ... ay 0 0 ... b, 0 0 ... cp

Hapmani wepe3 (a,b) Oymemo mo3HauaTH HAWOUTBIIMKA CHUTBHUHA JUTHHHK

eJIIEMEHTIB a 1 b .

Sxmo matpuyHe piBHAHHA (1) pO3B'SI3HE, TO BOHO MOXKE MaTH PO3B'SI3KH
TPUKYTHOTO Ta HE TPUKYTHOTO BUTIAAIB. MaTtpudHe piBHSHHS (1) MOXe i He MaTH
PO3B'S3KiB TPUKYTHOTO BUIJISIAY. MU BCTAHOBIIIOEMO YMOBH ICHYBaHHSI TPHKYTHHX
PO3B’A3KiB IIbOTO MATPUYHOTO PiBHSIHHS.
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Sxmo marpuuHe piBHSHHS (1) Mae TPUKYTHI PO3B'SI3KH, TO HAHOUTBIIHI
CHiNbHUM AiNbHUK (a;;,b;) JiaroHanbHUX €NEeMEHTIB a;; 1 b; Matpuue 4 i B €
JIIbHUKOM J1arOHAIbHUX €l1E€MEHTa C;; MaTpHI C ansaseix i=1,...,n.

Teopema. Hexail naiibinvuuti cninvhuii oinonux (a;;,b;;) enemenmie ay; i b

n
€ OinbHUKOM enemenma c;; 0aa 6cix i=1,...,n. Axwo | by, H a; |=1 ona ycix
Jj=i+l
i=1,...,n—1, mo mampuune pigusannsa (1) po3e'sisne i mac po38'a3xu mpuxymuoeo
8uUNA0Y.

Hacniook. lxwo susnaunuxu mampuysv-xoegiyicumie A i B mampuunoeo
pisnanns (1) € 63aemno npocmumu, mo mampuute pigHsnus (1) poss'asue i mae
MPUKymHi po3e'a3xu.

1. Bart H., Wagelmans A. P. M. An integer programming problem and rank decomposition
of block upper triangular matrices // Linear Algebra Appl. —2000. — 305. — P. 107-129.

2. Feinberg R. B. Equivalence of partitioned matrices // J. Res. Nat. Bul. Stand. — 1976. —
80B, No 1. — P. 89-97.

3. Martins F., Pereira E. Block matrices and stability theory // Tatra Mt. Math. Publ. —
2007.—-38.-P. 147-162.

4. Petrychkovych V., Dzhaliuk N. Factorizations in the rings of the block matrices //
Bulet. Acad. de Stinte Republ. Moldova. Matematica. — 2017. — 85, Ne 3. — P. 23-33.

5. Roth W. E. The equations AX—YB=C and AX-XB=C in matrices // Proc. Amer. Math.
Soc. — 1952. — No. 3. — P. 392-396.

6. Tian Y. Completing triangular block matrices with maximal and minimal ranks // Linear
Algebra Appl. —2000. — 321 —P. 327-345.

TRIANGULAR SOLUTIONS OF MATRIX EQUATION AX +YB=C

We consider a matrix linear equation AX +YB = C over commutative principal ideal

rings. Matrix coefficients of this equation are triangular matrices. We describe the solutions
in the triangular form of the mentioned matrix equation. In particular, we established the
conditions for the existence of the triangular solutions of this matrix equation.
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YK 512.55
PRINC KIJIbISA CTABIJIBHOI'O PAHT'Y OJIMH
Oxcana Kupak

Jlvsigcokutl HayionanvHuil ynigepcumem imeni leana @panka

oksanakuzyk0309@gmail.com

Bci kinbus, sxi posrisparoTees € komyratusaumu 3 1# 0. Tlapa enemenTis
a,b B oOmacti wuimicHocTi [T HA3UBAETHCSA IMEMIIOTEHTHOK TMAPOK, SKIIO
a(l—a)e bR ,abo b(1-b) <€ aR . Kimsiie R HazuBaethcst PRINC o6J1acTi0, SKII0
BCl iJjealM IOPOJPKEHI 1IEMIOTEHTHOIO IMapolo € rosoBHumH [1]. Bimomo, mio
HenexinmoBi o0iacti € PRINC kijmpIisiMu, TOAiI 1 TINBKH TOMi, KOJH BOHH €
oOnactsamu ronoBHUX ineaniB. Kinbmem Be3y Ha3uBaroTh Kijblie, B SKOMY KOXEH
CKIHYCHHOTIOPOJKCHUH inean € roaoBHUM. KoMyTaTMBHE Kiblie 0€3 NiJTbHUKIB
HYJs, B SIKOMY KOXXCH HEHYJBOBHH CKIHYCHHOIIOPOJDKCHHUH inean € 00OpOTHUM
HasuBaeThesi IlproepoBum. Skmo obnmacTh IimicHOCTI € obmactio besy, abo
(hakTopiaIbHUM KiJIbIIeM, a00 MPOSKTUBHO BiTbHUM, ToAl BoHa € PRINC obmacTro.
Kinmeie R Ha3uBaeThCsl KiJIblIleM CTA0LILHOTO paHry 1, sKmio s TOBiUTBHHX
a,be R, takux mo aR +bR = R, icHye Takuii exeMeHT y € R, mo(a+by)R=R .
Kinmbie R Ha3uBaeThCsl KUIbIEM CTAOLILHOIO pPaHry 2, sKIIO Ui JTOBUTBHHX

a,b,ce R Takux mo aR+bR+cR=R, icHylOTb Taki €lIeMEHTH x,y € R, LIO

(a+cx)R+(b+cy)R=R.

Teopema 1. IIprogpeposa PRINC obracms cmabinvHoco paney 1 € obracmio
besy.

Iuranns. Yn Oyne nprodepoBa PRINC obGnacte crabimbHOro panry 2
obnactio besy?

1. Peruginelli G., Salce L., Zanardo P. ldempotent pairs and PRINC domains, in
Multiplicative Ideal Theory and Factorization Theory. Commutative and
NonCommutative Perspectives. — New York: Springer, 2016. — P. 309-322.

PRINC RINGS OF STABLE RANGE ONE

1t is shown that a Prufer domain of stable range one is a Bezout domain.

199



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

YK 512.552.13
KOMYTATHUBHI OBJIACTI BE3Y, B SIKHX JTOBLIIbHUM .
HEHYJbOBUU ITPOCTHUU IJEAJI MICTUTBCS Y CKIHYEHHIN
MHOXXHWHI MAKCUMAJIBHUX IIEAJIIB

bornpan 3ab6aBcbkuii, Ojier Pomanis

Jlvsigcokutl nayionanvHuil yHigepcumem imeni leana @panka

zabavskii@gmail.com, oromaniv@franko.lviv.ua

XeHpiKCeH JI0BIB, 110 B aJeKBATHOMY KUIbIIl JJOBUILHUI HEHYJIbOBUH IPOCTHI
i7iea’ MICTHTBCS B €JUHOMY MakcuMaiibHOMY ifeani [3]. Jlapcen, Jlesic ta Illopec
[4] noctaBunu nuTaHHA, 4u Oyne KOMyTaTHBHA oOnacth besy, B sikiif NOBiIbHUIA
HEHYJbOBUH MPOCTHH ileal MICTUTBCS B €IMHOMY MAaKCUMaJbHOMY ineai,
aziekBaTHO0. B po6orti [1] HaBexeHO npukiian KoMyTaTUBHOI obnacti besy, sika He
€ aJICKBaTHOIO, TIPOTE € KUIbIIEM eJIeMEHTAPHUX AUTbHUKIB. ['aTaneBud i 3a0aBCchKmit
JIOBEJIH, 110 KOMYTaTUBHA 00acTh be3y, B kil JOBUTLHUH HEHYIBOBHM MPOCTUI
ieal MICTUTBCS B €IUHOMY MaKCHUMAJLHOMY imeaii, € KiIbIeM elleMEHTapHUX
TTBHUKIB [5].

ITix ximbIleM poO3yMITUMEMO KOMYTATHBHE acOIiaTHBHE KibIIE 3 BiJAMIHHOIO
Bin Hyns oxmHuIeo. Ilo3HaunmMo depe3 spec (I ) MHOKHHY BCiX IPOCTHX i/1ealliB

KitbLst R, siki MicTaATh imean [ , 4epe3 min spec([ ) — MHOXXUHY MIHIMaJIEHUX
NpocTHX ineaniB ineany / (TOOTO BIACHMX NMPOCTUX ifealiB i3 spec([ ) , 110 He

MICTATB IPOCTHX ineanis 3 spec (1) ).

Kinbue besy — nie kinblie, B SIKOMY JOBUIbHHI CKIHYEHHO ITOPOJPKEHUH iean €
ronoBHuM. Kinbile R Ha3WBaKOTh KiJbIIEM CICMCHTAPHUX MUIBHUKIB, SKIIO IS
JIOBLIBHOT MaTpulli A HaJ MM KiJIbLIEM iCHYIOTb Taki 000pOTHI Hax R MaTpuii
P, O signosimmux posmipis, mo PAQ = diag(d,,...,d,,0,...,0), ne d; e
HOBHUM JIIbHUKOM d; (i = 1,2,...,r—1).

EneMeHT @ KOMYTaTHBHOTO KiNbIli R Ha3BeMO aJCKBAaTHUM [2], SKIIO s
KOXKHOTO eleMeHTa b Kbl R iCHYIOTH Taki eneMeHtd 7, s 3 R, mo (1) a =rs ;
(2) rR+bR=R ;(3) s'R+bR # R s Takoro AOBIILHOTO JiNEHUKA ' eleMeHTa
s . Kigpile R Ha3MBaeThCS BCIOAW aACKBATHMM, SIKIIO JOBIIBHHI €JIEMEHT LIBOTO

KUIbLS € aJIEKBATHHM.
Kimbiie R Ha3WMBa€eThCs KUTBLEM CTAOUIBHOTO PaHTy 1, SKIIO IS JOBUTHHHUX

eNeMEHTIB @, b LBOTO KilbLs 3 yMOBH aR+bR = R Bummsae, mo (a+bt)R=R

IUISL IEAKOTO eJIeMeHTa | 3 R. HeHyJ’ILOBI/Iﬁ CJICMCHT 4 KOMYTAaTUBHOI'O KiJ'ILIIH R
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Ha3MBAETHCS IIEMEHTOM Maibke crabinbpHoro panry 1, skmio gakrop-kinsue R/ aR
€ KiIpLieM cTabinbHOro panry 1. KomyraTHBHE Kijiblie Ha3UBA€THCS KUIBLIEM Maike
CTablIbHOTO paHry 1, SIKIIO TOBUILHUI HEHYJIbOBHI €JIEMEHT KUIBLS € €JIEMEHTOM
Maiixe cTabipHOro paHry 1.

Teopema 1. Hexaii R — xomymamusna obnacme be3y i a — makui

Henynvosull enemenm R, wo minspec(aR) € CKiHYeHHOI0 i 008LIbHULL NPOCMULL

ioean spec(aR) Micmumbcsi 8 €OUHOMY makcumanvuomy ideani. Tooi gpaxmop-

Kinvye R/aR € npamoio cymoro Kineyb HOPMYBAHHS.

Teopema 2. Hexaii R — xomymamusna obaacmv be3y, 6 saxii Oosinvbruil
HEeHYIbOBULL NPOCMULL i0eal MICIumvCsa Y CKIHYeHHIll MHONCUHI MAKCUMATbHUX
i0eanig. ToOi 0151 008IILHO20 HEHYILOBO2O elemenma a obaacmi R, maxoeo, wo
MHOJICUHA minspec(aR) cKinuenna, gaxmop-xineye R/aR € npsamoro cymoio
HAaNiBIOKAIbHUX Ki1eYb.

Teopema 3. Hexaii R — xomymamusna obnracme be3y i a — makui

Henynvosull etemenm R, wo muooscuna minspec(aR) ckinuenna. Tooi gpakmop-

xkinoye R/ aR € ectoou adekeamuum mooi i auute mooi, Koau R € npsamoro cymoio
Kileyb HOPMYBAHHS.
Teopema 4. Hexaii R - xomymamusna obaacmv bezy i a — makuil

HeHynbosull enemenm R, wo MmHodMCUHA minspec(aR) CKIHYEHHA, NPUYOMY

O0BIIbHULL  HEHYIbOSULl Npocmuil idean spec (aR) Micmumbcsi Yy CKIiHUeHHIl
MHOHCUHT MaKcumanvHux ioeanis. Todi a € enemenmom matixce cmadbitbHO20 paHey
1.

Teopema 5. Hexati R — komymamugna obnacme be3zy, 6 sikiti 0151 008i16H020
HeHYb06020 enemenma a icHye 306pasicenns akR =Q,...0, , de Qy, ..., O, maxi
NONApHO KOMAKCUMAIIbHI [0eanu, wo paduxai KodcHoz2o ideany (; € npocmum
ioeanom 8¢ R . Todi R ¢ kinvyem maiidce cmabinbnoeo paney 1.

Teopema 6. Hexati R — xomymamusna obracms besy, 6 skiti 015 006i1bHO20
HEeHYIb0B8O2O enemenma a idean aR posknadaemvces ¢ do6ymox aR = Q;...Q,, de

ioeanu Q; (i = 1,...,n) — NONAPHO KOMAKCUMANBbHI | paouxan Koxcnozo ioeany Q; €

npocmum ideanom 8 R . Todi R ¢ xinbyem enremenmapnux OibHUKIS.

1.  BrewerJ. W., Conrad P. F., Montgomery P. R. Lattice-ordered groups and a conjecture
for adequate domains // Proc. Amer. Math. Soc. — 1974. —43 (1). — P. 31-35.

2. Helmer O. The elementary divisor for certain rings without chain conditions // Bull.
Amer. Math. Soc. — 1943. — 49(4). — P. 225-236.

3.  Henriksen M. Some remarks about elementary divisor rings // Michigan Math. J. —
1955/56.—3.—P. 159-163.
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4. Larsen M., Levis W., Shores T. Elementary divisor rings and finitely presented modules
// Trans. Amer. Math. Soc. — 1974. —187. — P. 231-248.

5. Zabavsky B., Gatalevych A. A commutative Bezout PM* domain is an elementary
divisor ring // Algebra and Discrete Mathematics. — 2015. — 19 (2). — P.2 95-301.

COMMUTATIVE BEZOUT DOMAINS IN WHICH ANY NONZERO PRIME IDEAL IS
CONTAINED IN A FINITE SET OF MAXIMAL IDEALS

We investigate commutative Bezout domains in which any nonzero prime ideal is
contained in a finite set of maximal ideals. In particular, we have described the class of such
rings, which are elementary divisor rings.
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YK 512.553.2/531/533
PO MAKCUMAJIBHI PAIUKAJIN B KATEI'OPIi NOJIITOHIB
I'ammna 3emicko
Jlvsigcokutl HayionanvHuil ynigepcumem imeni leana @panka

zelisko _halyna@yahoo.com

Hexait S — poBinenmit Momoing 3 Hynmem, Act—S — kareropis mpasux
YHITAPHUX [EHTPOBAHUX MOIIrOHIB HAL S'.

B xareropii Act—S BusHaueHO HamepepagWKan », SKIO KOXKHOMY
nonirony M € Act—S nocranero y BimnosigaicTe #oro mignomiron r(M) Tak,
mo i1 JOBUILHOTO S -romomopdizmy f*M—>N BUKOHYETHCS
f(r(M)) cr(N). 3pozymisno, mo » € MiAPYHKTOPOM TOTOXKHBOTO (YHKTOpA
kareropii Act—S .

Hanepenpanukan r HasuBaeTbest pagukanom, sikmo r(M /r(M))=0 mns
nosinerOoro M € Act—S . TlpaBuii moniron M Ha3MBa€TbCA I -PaAUKAIBLHHUM,
akmo r(M)=M i r-manmiBnpoctum, skmo (M) =0. Ilpaeuii mignoniron N
HA3UBAETHCS ¥ -3aMKHEHUM, sikmo r(M /N)=0.

Teopema. Hexaii r — paduxan 6 kamezopii Act—S . Tooi nacmynui ymosu
eKGI8aNeHmHI.

(1) padukan r € maxcumarbHuM;

(2) KodtcHUtl HenyIbosull in'ekmuenull 00 'exkm ¢ Act—S/r € komsipnum,

(3) paduxan r € nOBHUM i KONCHUL HEHYIbOBULL ¥ ~-HANIGNPOCMULL TH EKMUBHUTL
npasutl NON2oH € MOYHUM,

(4) paouxan v € noguum i r(S) € MAKCUMATLHUM 6 MHOJNCUHI BILACHUX T -

3AMKHEHUX aHYIAMOpHUX i0eanie 6 S .

1. Beachy J. Some aspects of noncommutative localization // Lecture Notes in Math. —
1976. —545. - P. 2-31.

2. Kilp M., Knauer U., Mikhalev A. Monoids, Acts and Categories. — Berlin:Walter de
Gruyter, 2000. — 529 p.

ON MAXIMAL TORSION RADIALS IN THE CATEGORY OF ACTS

The properties of maximal torsion radicals in the category of acts over monoid with
zero are studied.
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VJIK 512.643

ITPABHJIO KPAMEPA I KBATEPHIOHOBOT'O MATPHUYHOI'O
PIBHSIHHS CUJIBBECTPA

IBan Kupueii

Incmumym npuknadnux npobrem mexanixu i mamemamuxu
im. A. C. Iiocmpueaua HAH Vipainu

kyrchei@online.ua
PO3FH${H3€TLC${ HACTYIIHE y3araJbHCHE piBHHHHH CI/IJ'ILBGCTpa
AXA" +BYB' =C, (1)

MXm . . .
ne AeH™" BeH™P, CeH™", H - rino xBatepuionis. Buxomsun 3 [1],
3arajJbHUN PO3BS30K PiBHSHHSA (1) MOKHA TIOJATH SK

X=A"C(A")" —A"BM'C(A")" —A*SB'C(M" )" B (A")" -
ATSVL,B (A")" +L ,U+ZL,,
Y =M'CB")" +PB'C(M")" +L,, (V-PgVP,, )+ WL,

* .

me A, AT, P,=ATA, Q,=AA", L,=1-A%A, R, =1-AA", signo-
BiJTHO, €pPMITOBO-CIIPSDKEHA, y3araJlbHeHa oOepHeHa Marpuisi Mypa-IleHpoy3a Ta
IpoeKTopH iHayKoBaHi Marpunero A, M=R, B, S=BL,,,i V, U, Z, W -
JIOBUTbHI MAaTpHIli BIANOBIIHUX pO3MipHOCTeW. B pamkax Teopii cTOBMIIEBO-
PAOKOBUX BHU3HAYHUKIB [2, 3] oTpumyeThcs mpaBwio Kpamepa, — TodHE TIO-
KOMIIOHCHTHE BH3HAYHHUKOBE MPEICTABICHHS YaCTKOBOIO PO3B'sA3Ky piBHSHHSA (1),
npuymosimo V , U, Z, W — aynboBi marpuui.

1.  Wang Q. W. A system of matrix equations and a linear matrix equation over arbitrary
regular rings with identity // Linear Algebra Appl. —2004. —384. — P. 43-54.

2. Kyrchei I I. The theory of the column and row determinants in a quaternion linear
algebra. In: Albert R. Baswell (Ed.): Advances in Mathematics Research 15. — N.Y.:
Nova Sci. Publ., 2012. — P. 201-275.

3. Kyrchei I. I. Determinantal representations of solutions to systems of quaternion matrix
equations // Adv.Appl.Clifford Algebras.— 2018. — 28. doi:10.1007/s00006-018-0843-1.

CRAMER’S RULE FOR THE QUATERNION SYLVESTR MATRIX EQUATION

Within the framework of the theory of quaternion column-row determinants, we get
explicit determinantal representation formulas (analogs of Cramer’s rule) of the partial
solution to the quaternion generalized Sylvester matrix equation.
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V]IK 514.07

T'EOJIE3UYHI BIJIOBPAKEHHS MANKE EMHIITEMHOBUX
MMPOCTOPIB

Boaoaumup Kiocak

Ooecvka deporcasna akademia OyOieHuymea ma apximexmypu

kiosakv(@ukr.net

B3aeMHO OJHO3HAYHA BIAMOBIAHICTE MK TOYKAMH IICEBIOPIMaHOBHX
HpPOCTOPiB ¥, 3 METPUUYHUM TEH30POM g Ta V, 3 METPHYHHUM TEH30POM g_l-j

HA3MUBAETHCS TE€OJIE3MYHUM BiIOOPAKESHHSM, SIKITIO P Hill KOYKHA Te0Ie3MIHA JTiHis
¥, TepexoJuTh B Te0e3uuHy JiHito 7, . HeoOXinHOO 1 J0CTaTHBOIO YMOBOIO TOTO,

mo0d ¥, AOMyCKaB I'eOAe3UYHi BiNOOpaxkeHHH, € iCHyBaHHS B HbOMY PO3B’SI3KiB
cUCTEMHU

jj e =hig jj +h 88Nk j = Wgjs +aq R} —aqpRy; P,

(n=Dp; =21+ Do R +aop RS P =R )

BiJIHOCHO TEH30pa a;; , BEKTOpa A; Ta inBapiaHta . IlceBmopimaHiB npoctip 7, ,

ij s
Bi[[MiHHI/Iﬁ Biﬂ mpoCcTopy cTajnoi KpHMBHHU, HA3HWBAIOTh Maiixe eﬁHHITCﬁHOBHM,
SAKIIO B HbOMY BUKOHYIOTLCS YMOBU

EU = l/liuj,

def

R . .
ne Eij =R ji ~—&jj — TCH30p Eifinmreiina.
: n

Teopema. SIkio Maiike eHHIITEHHIB IPOCTIp ¥, CTaJOi CKALIPHOI KPUBUHU
JIO3BOJISIE HETPUBIaIbHI TE€OAC3WYHI BimOOpakeHHS, TO B HHOMY BHKOHYIOTHCS

YMOBH
M = Mgy +Lak~ +luku i W ZLK'.
T ) A O A (71 ) B
TakuM YHHOM, HAaMH 3HAWJEHO BHJ CHUCTEMH OCHOBHHX pIBHSHB JUIS
reojIe3MIHKX BioOpaKeHb Maibke eHHIITEHOBHUX IIPOCTOPIB.

GEODESIC MAPPINGS OF ALMOST EINSTEIN SPACE

The type of system of basic equations for geodesic mappings of almost Einstein space is
found.
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YK 512.554.31

BYOBA EJIEMEHTIB B AJITEBPI JII JU®EPEHIIIOBAHD 3
BEJIUKUM ABEJIEBUM ITEAJIOM

Irop Knnmenko, Ceitnana JIncenko, Anaroiii IlerpaBuyk

Kuiscoxuii Hayionanvnuii Yuisepcumem imeni Tapaca Illeguenxa

ihorKlim93 @gmail.com, svetlana.lysenko.1988@gmail.com, apetrav@gmail.com

Hexait K — noBinbHE Hose XapakTepUCTHKH HyJIb i A — 00JacTh HiTICHOCTI
Haa K . Haragaemo, mo K — mudepenunitopanusm K — anreOpu A Ha3uBa€eThCs
K — ninifiee BigoOpaxenmns D:A —>A 11d SKOTO BHKOHYETHCS IPABHIIO
Jleiibnina, T06T0 D(ab)=D(a)b+D(b)a, ne a,beA. Koxue Take
qudepeHniloBaHHS OJHO3HAYHO IPOJOBXKYETHCS A0 JAWGEPEHLIIOBAHHS OIS
gacTtok R =Frac(A). B amreopi Jli K — mudepenmiroBanp mons R BHAIIAMO

niganre6bpy W(A) =RDergA, ska wmicturs anrebpy Jli  DergA  Bcix
mudepennitoBanb  obmacti A, Jlns  amreopu  JIi L < W(A) mo3Haunmo
tkzrL = dimpRL —panr L nag R.

Bynosa mimanre6p i3 anre6pm JIi W(A) mnpencraBise 3Ha4HWN iHTEpec,
ockimeky y Bumanky K =R mons mificHux uucen audepeHIiFOBaHHS MOYKHA
pO3TIIAmaTH SK BEKTOPHI IONS HA IIMCHAX MHOTOBHJAX 1 BHBUEHHIO TaKHX
niganredp npucesiueHo Oararo pooit (aus. [1], [2], [3]). B po6oTi [4] Oyio BkazaHO
JIOCTaTHIO YMOBY BKJIaaeHOCTI miganreopu i3 W(A) B moBHy adinny anredpy Jli
ga, (K). Haramaemo, mo ne HamiBnpamuii 1o0yTok moBHOI niHiiiHOI anredpu JIi
gl, (K) ia6eneoi anrebpu JIi V,,dimygV = n , 3 npupoasoro gieto gl, (K) na V.

HacrynHe TBeppKeHHsl y3arajbHIOE pe3yiabTaTH poOoTu [4] mpo OynoBy
esleMeHTiB anreOpu Jli 3 abeneBUMH i1eaiaMy MaKCUMaJIbHOTO PaHTy.

Teopema 1. Hexaii L — nidaneebpa anceopu JIi W(A) paney n mao R, axa

micmums abenesuti ioean I panzy n nao Ri F— none xoncmanm ons aneebpu Lg
noni R. HAxwo Lmicmums enemenm D makuil, wo ninivinuti onepamop adD Ha
eexmopHnomy npocmopi F1 mae pane k , mo icnye 6asuc D,,...,D, eexmopnozo F
npocmopy Fl i enemenmu a,,...,a, € R maxi, o D;(a;)=98,,i=1,...,n,j=1,...k
AIpu ypomy D=1 (a,,...,a,)D, +...+f (a,,...a,)D,, oe degf, <1, i=1,...,n.

Lle TBepakeHHs Jo3BOJE JoBecTH BiuajeHicTh B ga,(K) Ourbm mmpoxux
kiaciB anreop Jli audepenuitoBanb 00J1acTi LITICHOCTI.
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Lie S. Theorie der Transformationsgruppen. — Leipzig:Teubner, 1893. — Bd. 3.

Makedonskyi Ie. O., Petravchuk A. P. On nilpotent and solvable Lie algebras of

derivations // Journal of Algebra. — 2014. — 401. — P. 245-257.

3. Gonzalez-Lopez A., Kamran N., Olver P. J. Lie algebras of vector fields in the real plane
/I Proc. London Math. Soc. — 1992. — 64, no. 2. — P. 339-368.

4.  Kmumenxo I. C., Jlucenxo C. B., Ilempasuyx A. II. Anredpu Jli nudepeHuioBaHb 3

abeneBUMH ifeanaMu MakcuManbHoro paury / Hayk. Bicauk Yxropon. yu-ty. — 2017,

—Bur. 2 (31). — C. 75-81.

N —

STRUCTURE OF ELEMENTS IN LIE ALGEBRAS OF DERIVATIONS WITH LARGE
ABELIAN IDEALS

Let K be a field of characteristic zero, A an integral domain over K and R its field
of fractions. Let L be a subalgebra of rankn over R of the Lie algebra W(A) = RDerg A

of derivations on the field A . If L has an abelian ideal I of the same rank n and for an
of the

vector space FI (where F is the field of constants of Lin R ) and elements a,,...,a, € R
such that D, (aj) =9

element D the linear operator adD is of rank k then there exists a basis D,,...,D,

ol = L,...,n, j =1,....k . This result allows us to embed wider classes

of Lie algebras of derivations into the general affine Lie algebra ga,(K ).
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YK 519.17

TPUKYTHI BKJIAZEHHA ITOBHUX I'PA®IB Y IBOBUMIPHI
IHOBEPXHI

Boaoaumup Kopxuk

Incmumym npukiaoHux npooiem MexaHiku i Mamemamuxu
im. A. C. ITiocmpueaua HAH Yxpainu

korzhikv; mail.com

INoBuuil rpadg K, Mae n BeplIMH, KOXKHA Iapa AKUX 3’€lHaHA peOpOM.

JIBokimiTHHHE BKIaACHHA Tpada y OpieHTOBHY (BiAN. HEOPIEHTOBHY) MOBEPXHIO
HA3UBAETHCS OPIEHTOBHUM (BiAI. HEOPIEHTOBHUM) TPUKYTHUM BKIIAJICHHSM, SKIIIO
yci TpaHi bOTO BKJIAAeHHS TpUKYTHI. OpieHTOBHE (BiJIl. HEOPIEHTOBHE) TPUKYTHE
BrIazeHHs rpada K, icuye mna n=0,3,4,7 (mod 12) (Bizn. n=0,1(mod 3)).
Heo0xinHicTs y moOy0Bi TPMKYTHUX BKJIAJICHb OBHUX rpadiB yrepuie BUHUKIA Y
XOJli TOBEJEHHS TeopeMH Tpo po3dapOyBaHHS KapT Ha TOBEPXHAX BiIMIHHHUX Bil
chepu (g1 Teopema sk rimoTe3a Oyma chopmynboBaHa y 1890 p. XiBymom, a
noBeneHa Piarenem Ta Slarcom y 1968 p.). g teopema Iuisi KOKHOI MOBEPXHi
BiIMIHHOT BiI cdepu Aae MaKkCHUMalbHEe XpOMATHYHE 4YHCIO Tpadis, M0
BKJIQ/IAIOTHCS Y IIO TTIOBEPXHIO.

Tpuxytne BkiaaenHs (TB) moBHoro rpada 3agacTbcss MHOKHHOIO TPaHEH
OO BKJIAJICHHS, TOOTO MHOXHMHOIO HEBIOPSJIKOBAaHUX TPIMOK BEPUIMH rpaHen
bOTO BKJIAAEHHA. 3a(ikCyeMO MHOXKMHY BepLIMH TOBHOro rpada. Skmo mu
Heperno3HayuMo BepIuuHy Jiesikoro TB nporo rpaga, To orpumane TB mporo rpada
MOX€ MaTH iHIIy MHOXHHY TpPaHEH, aje 1o CyTi 3aJMIIAEThCS THM ke camuM TB
uporo rpaga. /Isa TB noBHoOro rpada Ha3UBAIOTHCS i30MOp@HUMU, IKILIO MOYKHA TaK
MIEPETIO3HAYUTH BEPIINHU 1HOT0 Tpada y ogqHoMY 3 ux 1BoX TB, mo otpumane TB
Mae TaKy XK MHOXHWHY TpaHeH, mo i imme TB. Y xoxi moBeneHHS TeopeMH TpO
po3dapOyBaHHS KapT Ha MOBEPXHAX BIAMIHHUX Bia cepu Oyio modyaoBaHO OJTHE
TB BignoBimHUX MOBHUX rpadiB, i BAHUKIO HACTYITHE MPUPOJHE MATAHHSA: SIKIIO
BaXXKo ToOymyBaT oxHe TB moBHOro rpada, TO CKUIBKM B3aram iCHYE
Heizomopduux TB mnoBHoro rpaga? Bimoma BepxHS Mexa n”z/3 Ha YHUCIIO
Heizomopduux TB mnoBroro rpada K, € BEpXHBOIO MEXOI HA YMCIO PI3HHUX
JIBOKpPATHHUX TPiHiOK MOPSIKY 7 .

Jlo 2000 poky MakcUMaibHE YUCIIO BIJOMHX Y JiTeparypi Heisomopduux TB
AKOroch IoBHOro rpada (uirpadu e K5, K¢, K19 Ta K3 ) He IepeBHILYBaIO

tpbox. Kopxuk Ta ®Pocc (2001, 2002, 2004), Kopxxuk (2008, 2009) nodymysanu
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a2’ Hei30MOpQHUX opieHTOBHUX (Biaml. HeopieHToBHUX) TB rpada K, mns Beix
n=2M, n=0,3,4,7(mod 12) (Bigm. n=0,1(mod 3)), ne a,b,M - nmomatHi
koHcTaHTH. boninrToH, ['pennen, I'pirc ta [lipan (2000, 2004) mokazanu, Mo 11

2 2
JesKuX ciMell Takux 3Ha4eHb 7 , mo 7 = 1,3 (mod 6), € monaiimenme 2" /54-0(n")
Hei30MOp(HHUX Opi€HTOBHMX Ta HeopieHTOBHMX TB rpada K, komu n — oo .

2 2
I'pennen, I'pirc ta Knop (2008, 2009, 2010, 2012) no6yaysamun n®" ")
Hei30MOp(HUX Opi€HTOBHUX Ta HeopieHToBHMX TB rpada K, g pesxux
HECKIHYEHHX ciMel 3HayeHb n, n=1,9 (mod 12). ¥ 2013 poui I'pernen ta Kuop

anz—o(nz)

nobyayBaimu n Hei3oMopdHux HeopieHToBHUX TB rpada K, 1 nesaxux

NMHIHHUX KiaciB 3HaueHb n, n=19 (mod 12) (mnitinum xnacom 3HAYCHb n
Ha3MBAETHCSl HECKIHYCHHA MHOXHHA { @ + bt :t=1,2,..} 3Ha4eHb n, A a Ta b —
HATypasbHI KOHCTAHTH).

OcCTaHHIM KPOKOM Vy IIbOMY HANpPSMKY JOCIIJUKCHb € HACTYIHHUH PE3yJIbTaT
aBTOpa.

Teopema 1 ([1]) € maxa Ododammna xkoHcmamma a, WO 017 KON CHO2O
ie {0,1,3, 4,6,7,9,10} icnye maxuil ninidnui kiac snavens n, R=I (mod 12), wo

2 9
uucno  neisomopuux neopicnmosnux TB 2pagpa K, ¢ wonaimenue n™ —°"" )

KO 1 —> o0 .

Ils Teopema moBeleHa 3acTOCYBAaHHSM PEKYPCHBHHMX KOHCTPYKIIH, IO
JI03BOJISIIOTH «3aHyproBaTH» TB omHux noBHUX rpadis y TB iHmmMx noBHUX rpadis.
Ileii ocTaHHi# pe3yNIbTaT 3QIHINAE MaJI0 CYMHIBIB, IO JIJIs1 BCiX TOCTATHHO BEIMKHX
n, n=0,1(mod 3), uucno HeisomophHuUX HeopieHToBHuUX TB rpada K, €

2 2
monaiimerme 7% °")  komm n—> o0, ame JOBEIEHHS IHOTO TBEPKEHHS

BUMarae po3poOKu HOBUX MeToziB nooynoBu TB noBHux rpagis.

1. Korzhik V. P. Recursive constructions and nonisomorphic minimal nonorientable
embeddings of complete graphs // Discrete Mathematics. — 2015. — 338. — P. 2186 —
2196.

TRIANGULAR EMBEDDINGS OF COMPLETE GRAPHS IN TWO-DIMENSIONAL
SURFACES

Constructing triangular embeddings of complete graphs was the major step in proving
the Map Color Theorem. We consider the problem of constructing nonisomorphic triangular
embeddings of complete graphs, new results and some open problems.
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YK 512.548.7, 20N05, 20N15, 39B52; 08A05; 05A15, 05B07, 12K99
HOJAHHA ®YHKIIAHUAX PIBHSHb YEPE3 TPA®U
I'annna Kpaiiniuyk, ApceH AkonsiH
Joneywkuii nayionansnuil yrisepcumem imeni Bacuns Cmyca

kraynichuk@ukr.net, a.akopyan@donnu.edu.ua

Mu po3risiHeMO y3arajdbHEeHi KBaApaTH4HiI OiHapHI QYHKITIHHI PiBHAHHS HA
000poTHUX (KBa3irpymnoBux) QYHKILSAX, MPH EOMY HOCIH BBaKAETHCS JOBITHHOIO
MHOXXHHOI0, TOOTO ()yHKLiI{HE PIBHAHHS HE Ma€ Hi NPEIMETHUX Hi (QYHKIIHHUX
cramux. O1xe, Gyukyitnum pisHsnuam [7] € opmyna

(Vx)(Vxp)...(Vx, )T = T3)
J€ n — KUIbKICTh Pi3HUX HPEIMETHUX 3MIHHUX, 1[0 BXOAATh B 3amuc TepMiB 7] i
T,. Haragaemo, mo OinapHa ¢yHKUiE [ 0060pomHol0 HA3UBAETHCS, SAKIIO
Va,b € Q icHyIOTh €1uHI po3B's3ku piBHIHD f(X,a)=b, f(a,y)=>b , npu upomy
napa (Q; /) HazuBaeTbcs keaziepynoro [1]. @yHKUiNHE PIBHIHHSI HA3UBAETHCA:

— y3aeanvHeHuM, SIKIO Bei QYHKIIHHI 3MiHHI Y piBHSIHHI pi3Hi [4];

— Kéadpamuunum, SKIIO KOXKHA TPEeIMETHA 3MiHHA Ma€ TOYHO JIBi TIOSIBH [4];

— binapuuMm, SKIIO BCi QYHKIIHI 3MiHHI € GiHapHUMH omepartismu [1];

— Keaziepynosum, SKIIO TepeadadacTbes, MO KoXHAa (YHKIIHA 3MiHHA
HaOyBae 3HaueHb B MHOXKHMHI KBa3irpyloBHUX Olepaliii 1oBijabHOTO HOcis [7].

3rigHo 3 Kpcruuem [4], y3araneHeHi KBaapaTH4HI KBa3irpymnosi (yHKIiiHI
PIBHSHHS MOXHa IOJAaTH y BUMILAL MynsTurpagis. Myremuepag — ue Tpiiika
(V,E,I), ne V ta E — HemepexpecHi MHOKHMHH, €IEMEHTH SIKHX HA3HMBAOTHCS
BEpIIMHAMH Ta peOpaMu BiNOBIIHO, a | — 1ie iHnuaeHTHE BigHomeHHs [ C V x E
. PeOpo HazmBaeThcs nemiero, IKIO HOTO KiHIT 30iraloThCs B OHIA BEPIINHI, TOOTO
e={v,v}. Mynbrurpad, SKuii BiANOBIIAE y3araJbHEHOMY KBaJAPaTUYHOMY
(yHKIIHHOMY PiBHSHHIO w = v MAae€ 3aJ0BOJIHATH TaKMM yMOBaM 1) BepHIMHAMHU
rpada € QyHKUiKHHI 3MiHHI PIBHSAHHSA w = v; 2) peOpamu rpada € marepMu 3 w Ta
v, B TOMY 9HCHi i cami w 1 v, SIKi BBOKAIOTECSI OOHUM pedpoM, ToOTO, OyIb-sKa
TpeIMeTHa 3MiHHAa BBaXKAa€ThCs OOHUM pedpom; 3) sxmo A(p,q) € marepMoM w
abo v, To BepmmHa F iHOWICHTHA pedbpam p,q, F(p,q), iHmux pedep Hemae [4].
Taxuit mynsTurpad A. Kpanex naszusae rpagom Kpernua K(w=v) [4].

Teopema [6]. Vzacanvueni keadpamuuni K6aziepynosi yHKYIUHI PIGHAHHS €

napacmpoguo pieHocurbHUMU MOOi i MITbKU MOOi, KO iX epaghu i30MOpHi.
Binaphi kBa3irpymnosi GpyHKIiHHI piBHSHHI MOXKYTh OYTH 300pakeHi Y BUTJISA
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3-38’s130uX Tpadis. [ToOymoa 3-38’s3HuX rpadiB onucana B [3]. [ToBHuil mepenik
HeizomopdHuX rpadiB Kpctuua Bij MBOX Ta YOTHPHOX BEPIIMH JAHO B CTATTAX
A. Kpanexa [4-6]. Knacudikauis kBagpaTH4HuX (QYHKUIHHUX PIBHSHB BiJX JBOX,
YOTHPHOX Ta IIecTH (YHKUIMHMX 3MIHHMX 3 TOYHICTIO 10 mnapacTpodHOi
piBHOCWIBHOCTI ommcaHa y aucepranii P. Kopanp [2]. 30kpema kiacudikoBaHO
napactpoHO HEpPIBHOCWIbHI y3arajibHeHI (YHKIIHHI PpIBHSAHHS BiX IIECTH
¢yskuiianx 3Minapx (1.4, 1.5, 2.10, 2.13,2.17, 2.21-2.26, 2.28-2.33 nus. [2]).

BHKOpHCTOBYIOUYM METOJl MOJAHHS Yy3arajlbHECHHX KBAJPATUYHHUX OIHAPHHUX
KBa3irpynoBux (QYHKIIHHUX PIBHIHB Yepe3 3-3B’A3HUN MYJIbTHTpad MU HABOJIUMO
BUIUIA HE3OMOpPHUX rpadiB, MO BIANOBIIAIOTE KOXHOMY OTPUMAHOMY
P.KoBainb piBHSHHIO Bij] eCTH QPYHKIIHHUX 3MiHHUX.

Teopema. [llosnuii nepenix neizomopgnux epagie Kpcmuua 6i0 wecmu
6EPUIUH MAKUIL:

228 229 2.30 231 233

benoycoeg B. J]. OcHOBBI TeOpUM KBa3urpynn u aymn. — M.: Hayka, 1967. — 222 c.

Kosanv (FOpiii) P. @. Knacudikanis (QyHKIIHHEX pIBHIHE Manoi NOBXHHH Ha

KBa3irpymnoBux omnepanisx (auc.). — BITY im. M. Komro6uncskoro, 2005. — 133 c.

3. Bussemaker F. C.; Cobeljic S., Cvetkovic D. M. Computer investigations of cubic
graphs. — T.H.-Report 76-WSK-Ol — 1976.

4.  Krapez A., Zivkovic D. Parastrophically equivalent quasigroup equations. — L'institut
Mathematique, 2010. — tome 87(101) — P. 39-58.

5. Krapez A. Generalized quadratic quasigroup equations with three variables. —
Quasigroups and Related Systems, 2009. — Ne17 — P. 253-270.

6. Krapez A., Simic S., Tosic D. Parastrophically uncancellable quasigroup equations. —
Aequationes Mathematicae, 2010. — P. 20.

7. Sokhatsky Fedir M. Parastrophic symmetry in quasigroup theory // Bulletin of Donetsk

National University. Series A (Natural Sciences). —2016. — Nel-2. — P. 72-85.

N —

REPRESENTATION OF FUNCTIONAL EQUATIONS VIA GRAPHS

Full list of Krstic non-isomorphic graphs with six vertices is given.
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YK 512.548.7, 20N05, 20N15

PO 3BITHICTh HECKOPOTHHUX Y3AT AJIJbHEHUX ®YHKIIMHNAX
PIBHAHD

Tanuna Kpaiiniuyk, FOais Auapeesa

Jloneyvkuii Hayionanvruil yHisepcumem imeni Bacuna Cmyca

kraynichuk@ukr.net, jandreieva7(@gmail.com

Anrebpa (Q; f, ! f,"f) masmBaetbcsa binapnoio xeasizpynoio [2], AKIIO BOHa
337I0BOJIbHAE TAKUM TOTOKHOCTSIM:!

FAryn =x f(Feyi) =x fOs5"fay) =y "ffsy)=y. (1)

Posrisinemo  y3aranbHeHi KBaapaTH4Hi OiHapHI KBa3irpymnoBi (yHKUiiHI
piBusiHHL. T1in ¢pyrxyitinum pienauusm [1] Mu po3yMieMo YHiBepcalbHY (HOPMYITY
PIBHOCTI JIBOX TEPMIB v =, IO CKIAAAETHCSI 3 (QYHKIIHHHX Ta MPEIMETHHX
3MIHHHUX 1 HE MarOTh Hi MPEAMETHUX Hi QYHKIIHHUX CTAINX (3arajibHe O3HAYSHHS
B, [7]), pH 1IbOMY HOCi# BBa)XKA€ThHCS JTOBITLHOIO MHOHHOIO.

JIBa (yHKIIHUX pPIBHSHHA V=@ HA3UBAIOTECA NAPACMPOPHO-NEPEUHHO
pisnocunvhumu [5-7], AKIIO0 OJHE 3 IHIIOTO MOXHA OTPUMATH 3a CKIHUCHHY
KUTBKICTh TaKWX KpOKiB: 1) 3acTOCyBaHHS KBa3irpymoBHX ToTOXHOcTed (1); 2)
MepecTaHOBKA YaCTHUH PIBHSAHHSA; 3) NMEpeMeHyBaHHS MPEAMETHHX 3MiHHUX; 4)
nepeiMenyBaHHs G YHKIIIHHUX 3MIHHHX.

DyHKITITHE pIBHIHHAS HA3WBAECTHCS:

- y3aeanbHenum, SIKIIOo BCi PyHKIINHHI 3MiHHI y PIBHSHHI pi3Hi [4];

- K8AOpamMu4HUM, SIKIIO0 KOXKHA NPEAMETHA 3MiHHA Ma€ TOYHO /B NosiBH [3];

- 6piBHOBAdICEHUM, SKILIO KOXKHA TPEIMETHA 3MiHHA Ma€ MOSBY TOYHO OJUH pa3 B
JiBi# 1 paBiii yacTuHI piBHAHHA [3];

- binapuum, SIKIIO BCi PyHKUIHHI 3MiHHI € GiHApHUMHU orepariisiMu [2];

- K@aszizpynogum, SIKIO nepeadavaeThes, M0 KOXKHa (YHKIIHHA 3MiHHa HaOyBae
3HaYeHb B MHOXKHHI KBa3irpymoBHX OINEPAIlii JOBUIHHOTO HOCIS [5].

KBasirpynose ¢yHKIiliHEe piBHSHHS HA3WBAETHCA 36i0HuUM [7], SKIIO BOHO
€KBIBaJICHTHE CHCTEMi PiBHSAHB, KOJKHE 3 SIKHX Ma€ MEHINY KUIBKICTh MPEAMETHHUX
3minHuX. KBagpatnune (QyHKIiHHE pIBHIHHS HA3UBAETHCS HAPACMPOPHO 36I0HUM,
SKIIO BOHO TMapacTpopHO €KBIBAJICHTHE 3BITHOMY piBHSIHHIO. KBaapaTwuHe
KBa3irpymnoBe (QYyHKIIiifHE PIBHSHHS HA3UBAETHCS CKOPOMHUM, SIKIIO BOHO Mae
CaMOJIOCTATHIO MOCTIJOBHICTh TIACHIB (HOCTITOBHICTE MIACTIB  PIBHSHHS
Ha3MBAETHCSL CAMOOOCMAMHbBOIO, SIKIIO BOHA MICTUTH BCI IOSBU II MPEIMETHHX
3MIHHMX y piBHsHHI). KBaaparmuHe kBasirpynoBe (yHKIiiiHE piBHSHHSA
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Ha3UBAETHCS NAPACMPOPHO CKOPOMHUM, SKIIO BOHO MapacTpoHO eKBiBaJCHTHE
3BiTHOMY PiBHSHHIO.

Teopema [6]. [Josinvhe y3aeanvHene KeaopamuuHe CKOpoOmHe QYHKYiliHe
pisusanna 36ione. JlosinvHe y3azanvHene K8aOpamuuHe napacmpo@Ho cCKopomue
PDIBHAHHS napacmpogHo 36i0He.

B [4] moBenmeHo, IO cepell BCIX y3arajJbHCHUX KBAJAPATHIHHUX OiHAPHHUX
KBa3irpynoBux (yHKUIHHMX pIBHSHb BiJ ILIECTH NPEAMETHUX 3MiHHMX € 14
HECKOPOTHHX PiBHAHB. MU PO3TJISIHYJIM KOXKHE 3 IIUX 14-TH PiBHSHb Ta BCTHOBUIIH,
10 BCi BOHM 3BiHI. MU Ja€EMO TIPHKIIA]] 3BITHOCTI OJTHOTO i3 ITUX PiBHSHB.

Teopema 1. Vzacanvhene neckopomne keadpamuune OinapHe Keaziepynose
QyHryitine pigHanms 6i0 wecmu npeoMemuux 3MIHHUX 6UOY

R (B (B (R (Fs(i0).2),),v),w) = By (3. F (3 By (2. Fo (1w, o (v W) )

pisHocunsHe maxiii cucmenmi pighsb:

Fi(Fy(x.3).2) = 13 (x.p o (02)).

v (B (e 'z) =8 (xn ™ Fy(0.2).
8F (Fa(x.n'z) = afy (x. B Fy(1,2)),
oFy (Fs(x,)B7'2) = Fy (x.Fy (7,2)),

de ao,B,y,8,1,p 008inbHI NIOCMAHOBKYU OA3080i MHOMCUHU.

Jlema 1. Bci 14 y3acanvheni neckopomHti K6aopamuyHi OIHAPHI K8a3iepynosi
@DYHKYTIHT PIGHAHHS 610 WleCmu nPeOMemHUX 3MIHHUX 36i0HI.

Teopema 2. Bci yzacanvHeni kadpamuyHi OIHAPHI K8A3I2pYNOGi QYHKYIUHI
PDIBHAHHS 610 Wecmu nPeOMemHUX 3MIHHUX 36IOHL.

1. Aczél J. Lectures on functional equations and their applications. — New York, London:
Academic Press, 1966. — 509 p.

2. benoycog B. /]. OcHOBBI TeopuHu KBa3urpynm u aymn. — M.: Hayka, 1967. — 222 c.

3.  Krapez A. Stricly quadratic functional equations on quasigroups I // Publ. Inst. Math.
(Beograd), 1981. — tome 29 (43) — P. 125-138.

4. Krapez A., Simic S. K., Tosic D. V. Parastrophically uncancellable quasigroup equations
/I Aequationes Mathematicae. — 2010. — P. 261-280.

5. Coxayvkuii @. M. Knacudikaris GpyHKOiliHIX piBHAHB Ha kBasirpymnax //YMXK. — 2004.
—56, N9 — C. 1259-1266.

6. Coxayvkuti @. M. Acouiaté i po3kinagu OaraToMmicHuxX onepamiif. — JlokTopchbka
nucepTatis, Binnumsa-Kuis, 2006.

7. Sokhatsky Fedir M.. Parastrophic symmetry in quasigroup theory. — Bulletin of Donetsk
National University. Series A (Natural Sciences), 2016. — Nel1-2. — P. 72-85.
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ON REDUCIBILITY OF UNCANCELLABLE GENERALIZED FUNCTIONAL EQUATIONS
Reducibility of generalized quadratic binary quasigroup functional equations in six
individual variables is established. As an example, a system of equations in three individual
variables which is equivalent to one of 14 uncancellable functional equations in six variables
is given.
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V]IK 512.64

®AKTOPU3AINII CAMETPUUHAX MATPHUIIb HAJT KUTBIIAMUA
MMOJIIHOMIB I KBA3ITIOJIIHOMIB 3 IHBOJIIOLIETIO

Mapisa Kyuma
Hayionanenuii ynieepcumem “Jlvsiscoka nonimexuixka”

markuchma@ukr.net

Hexaii y xinbui moniHomiB C[x] 4Yu KBa3iNoJiHOMIB

P .
Clr. 1= /(0= Y @', 4, €C)
i=—1
BBE/ICHO JICSKY 13 pO3MISTHYTHX y mpausix [1, 2, 4] inBomonito V, sKy Ha Kijblie
MaTpHLb IEPEHECEMO TaK:

A = gy () [V = a3 ()Y |-

Marpunst  A(x)  HasuMBalOTh  CHUMETPUYHOIO,  SIKIIO A(x):A(x)v.

dakTopu3aIiero CMMETPUIHOT MaTpuIli A(Xx) Ha3UBAIOTH 1i 300pakKeHHS Y BUTISIL

A(x) = BC)B@)" . (1)
IMoznauumo uepes S, dopmy Cmita matpuui A(x)

S4 = P(x)A(x)Q(x) = diag (g (x), &3 (x),..., &, (x)). 2)
me P(x), O(x) — nesxi oboporHi manm C[x] um C[x, x_l] marpuli, g;(x) —
iHBapiaHTHI IOJIHOMH (KBa3ilOJIiHOMM), &; (x)|s,- qx), i= I,_n

Y pobGorax [1,2] 3HaiineHO HEOOXigHI 1 JOCTaTHI yMOBHM iCHYBaHHS
¢daxropuszauii (1), B sakii B(x) — yHiranpHa Matpuus 3 ¢opmoro Cwmira

D(x) = diag (¢; (x), b5 (x),..., §,,(x)), a C(x) —HeocobIMBa CUMETPUYHA MATPHULIS.

VY HactymHHX TeopeMax c(opMynbOBaHO HEOOXiAHI 1 JOCTaTHI yMOBH
icHyBaHHsI ¢akropuzamii (1), ki eKBiBaJICHTHI yMOBaM, sIKi OTPUMAaHO y poOoTax
(L, 2]

Teopema 1. Hexati ®(x) — d-mampuysa, degdet ®(x)=nr i ®(x) €
oinvruxom opmu Cumima S, mampuyi A(x) e M, (C[x]). Hna cumempuunoi
mampuyi A(x) icnye gaxkmopusayia (1), 6 skiti B(x)— ynimaibha noainomua
mampuys cmeneua v 3 gopmoio Cumima D(x), a C(x):C(x)V — Heocobnusa
NOATHOMHA Mampuyst, Mooi i MilbKu mooi, KOAu CUMEeMPUUHA MAMPUYs
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V(®)S,0(x)" Px)Y V(@)Y

oinumwcs oonouacHo 3niea na D(x) i cnpasa na (ID(x)v 3a 0esIKUX OONYCIMUMUX

3HAYeHb napamempie kl-js mampuyi V(@) [3], 0 axux suxonyemvcs ymosa

det M (@0,

V(®)P(x)||E, Ex,..., Ex"™!
oe mampuyi P(x), O(x) € GL, (C[x]) i3 cniggionowenns (2).
Teopema 2. Hexatt ®(x)— d-mampuys, degdet ®(x)=nr i Dkx) e

Oinvruxom opmu Cuima S 4 mampuyi A(x) € M, (C[x, x_l]). Jna cumempuunoi

mampuyi A(x) icnye paxmopuszayis (1), 6 saxiu B(x)— peeynipua keazinoniHomua

. \Y%
mampuyst cmenensi v 3 gopmoro Cmima @D(x), a C(x)=C(x)’ — Heocobausa
K8A3INONIHOMHA Mampuyst, mooi i MitbKu mooi, KOJIU CUMEMPUYHA MAMPUYSL

V(®)S,0(x) " P(x) V(@)Y 3)

dinumsca oonouacHo 3niea na D(x) i cnpasa na CI)(x)V 3a 0esAKUX OONYCMUMUX

3Hayenv napamempig k. mampuyi V(®) [3], ons saxux sukoHyemuvcs ymosa

ijs
et My @y peoper.... !, 5P * 0
oe mampuyi P(x), O(x) € GL, (C[x, xil]) i3 cnigsioHouteHHs (2).

Teopema 3. V gaxmopusayii (1) cumempuunoi mampuyi A(x) yuimanvrui
mHoxcuux B(x) eounuii 3 popmoro Cuima ®@(x) mooi i mineku mooi, koau popma

Cmima mampuyi A(x) piena 006ymky gpopm Cmima ii cnieMHONCHUKIG.

1. 3enicko B. P., Kyuma M. I ®axrtopu3anisi CHMETPHUYHHUX MATPHIb HAX KUIBISIMH
MHOTOWICHIB 3 iHBOTION€I0 // Mart. MeToau i ¢i3.-mex. mois. — 1997. —40. Ne4 — C. 91—
95.

2. 3enicko B. P., Kyuma M. I. CuMmeTpu4Hi MaTpuli Ta MaTpU4Hi PIBHAHHS Haa KilbLeM
KBa3iMHOTrowWIeHiB 3 iHBoouieto // Ilpuki. npobiemu mex. i mat. — 2013, — Bum. 11.
—C. 45-51.

3. Kasimipcewxui I1. C. Po3knan MaTpuuHUX MHOTOWIeHiB Ha MHOXHUKH. K.: Hayk. nymka,
1981.—224 c.

4. Jhobauesckuii B. /[. daxropu3amys CHMMETPHIECKHX MAaTPUII C YJIEMEHTaMHU U3 KOJIbIa
¢ naBoonueit // Cnbupckuit Mat. xxypH. — 1973. — 14, Ne 2 — C. 337-356.

FACTORIZATIONS OF SYMMETRIC MATRICES OVER RINGS OF POLYNOMIALSAND
QUASIPOLYNOMIALS WITH INVOLUTION

Necessary and sufficient conditions for the existence of factorization of symmetric
matrices over rings of polynomials and quasipolynomials with involution were obtained.
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VIIK 512.643.4

PO PO3B’A3HICTbh MATPUYHUX JIOPAHTOBHUX PIBHAHDb
HAJ KBAJJPATHYHUMU KUIbLSAMHU

Harania Jlagzopuiux

Incmumym npukiaoHux npooiem MexaHixku i Mamemamuxu
im. A.C. Iliocmpueaua HAH Yxpainu

natalja.ladzoryshyn@gmail.com

Marpuuni aiodaHTOBI piBHSIHHS, MaTpU4Hi PiBHAHHS TUIy CHiIbBECTpa HaZ
[OJISIMU, KIIBLSAMHU IOJIHOMIB, TOJOBHHX 1/€alliB TOI[0 BHHHUKAIOTH 1 3HAXOIAThH
3aCTOCYBaHHS B 0aratboX NPUKIaIHUX 3aaa4ax [1, 2, 3].

Mu po3risiaeMo MaTpuUHi JioGaHTOBI piIBHIHHS

AX+BY=C (1)
HaJ KBaJpaTHIHUMU KiTbIsIMU K = Z[\/E J Sk BimoMo, cepen KBaJpaTHIHHUX Ki-

JIeIb € €BKIIIIOBI KiJIbLIA, KUTBIA TOJOBHHX ii€alliB, a TAKOX KiIbLA, AKi HE € KiJlb-
IFIMHU TOJOBHUX imeaniB. ToMy po3B’si3yBaHHS PIBHSHB HAJl TAKUMHU KIIBISIMH €
CKJIaTHOIO 3a71a4cio.

V [4] HaBeieHO KpUTEPii ICHYBaHHS IIJIOYUCIIOBUX PO3B’SI3KIB Ta 1X €AMHOCTI
MaTpudHOTo piBHAHHA (1) Ham kBagpatnyHMM KimbmeM K = Z[\/E J . Po3B’s-
3yBaHHS TAKUX MATPUYHHUX PIBHSHb MU 3BOJMMO 0 PO3B’SI3yBaHHS MaTPUYHUX
Iio(haHTOBUX PIBHIHD HAJ KiJbIIEM IUIMX Yucen 7Z .

Teopema. Mampuune pienanns (1) nao keadpamuunum xiroyem K 3 mampu-
yamu A,B,C € M(n,K) suensnoy:

A=A+ 4ok, B=B,+By\k, C=C+Cyvk , axwo k=2,3(mod4) ;

1 1 1
A=5(A1+A2\/%), B=E(BI+BQ\/E), C=5(cl+c2\/%),ﬂwo k = 1(mod 4)
de A;,B;,C; e M (n,Z), i=12 mac poss’asox X,Y € M(n,K) mooi i minvku
mooi, Koau maxi mampuyi exeisaienmui Hao 7 :

A +Ak B+Byk 4 B G . |4+Ak B +Bjk 4 B 0

axwo k =2,3(mod4),
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Al + Azk Bl + sz 2Al 2B1 2C1
Al + A2 Bl + Bz 2A2 232 2C2
axkugo k =1(mod4).

A+ Ak B +Bk 24 2B 0
Al + A2 Bl +Bz 2A2 232 0 ’

Hacainok. Hexau K= Z[i] — Kinvye yinux eaycosux uucen i piguanna (1) 3
Koeghiyicumamu euensoy:
A=A +Ai; B=B +Byi; C=C+Csi,
oe 4;,B;,C; e M (n,Z), i=1,2 mac poss’ssku X,Y € M (n,K) 6 momy i minoxu
6 MOMY GUNAOKY, KOAU MAMPUYi
4 -4, B -B, (G
4 A4 B B G

4 -4y B -By, 0

exeieanenmui Hao 7 .

1. Kaczorek T. Polynomial and Rational Matrices. Applications in dynamical systems
theory. — London: Springer, 2007. — 503p.

2. Dzhaliuk N. S., Petrychkovych V. M. The structure of solutions of the matrix linear
unilateral polynomial equation with two variables // Carpatian Math. Publ. —2017. -9,
Ne 1,48-56, doi:10.15330/cmp.9.1.48-56.

3. Dzhaliuk N. S., Petrychkovych V. M. The matrix linear unilateral and bilateral equations
with two variables over commutative rings // ISRN Algebra. — 2012. Article ID205478,
14 pages, doi:10.5402/2012/205478.

4. Jlaozopuwun H. 5. 1linouncinoBi po3B’s3KM MaTpUYHHUX JHHIHHUX OJHOCTOPOHHIX i
PI3HOCTOPOHHIX PiBHAHb HAJ KBaJPATUUYHUMH KilbIsiMU // Mat. Metonu ta is.-mex.
nosst — 2015. — 58, Ne2. — C. 47 — 54. (Te came: Ladzoryshyn N.B. Integer solutions of
matrix linear unilateral and bilateral equations over quadratic rings // Journal of
Math.Sciences — 2017. —223, Ne 1, 50 — 59, doi:10.1007/s10958-017-3337-0).

THE SOLVABILITY OF DIOPHANTINE EQUATIONS OVER QUADRATIC RINGS
Necessary and sufficient conditions for the existence of solutions of the matrix
Diophantine equation AX +BY = C in cases where their coefficients are the matrices over

a quadratic ring Z |:\/E:| are established.
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YAK 512.552.1
PO KBA3IITEPBUHHI IUDPEPEHUIAJIBHI ITEAJIN HAIIIBKIJIELIb
IBanna MenbHuk
Jlvsigcokuti HayionanvHuil yHeepcumem imeni leana @panka
ivannamelnyk@yahoo.com

Jugepenyirosannsm vamiBkinplsg R [1] Ha3UBaKOTh aIMTHBHE BiOOPaKCHHS
8:R— R, mo 3anoBonbuse ymoBy &(ab)=38(a)b+ad(b) mis Beix a,beR.

HaniBkinee R pa3oMm 3 mu)epeHLilOBaHHAM O HA3MBAIOTH AU(EPEHIIATLHIM
CTOCOBHO O, a0o O -HamiBKinbleM. Imean [ HamiBKinplsg R Ha3UBAIOTH
oughepenyianbHum, SIKIIO S(a)el U1t KoxxHoro a €/ . Inean I B R Ha3UBaroTh

k-ioeanom, sxmo 3 a+bel ta ael wummsae, wo b e I . Ilepsunnum idearom
HamiBKiIbLs R HasuBaroThigean P # R, s sikoro3 ab e P sumnusae, mo da € P
abo b€ P. Bnacuuii igean [/ HamiBKiUIbLUg R HA3UBAIOTh MAKCUMAIbHUM, SKIIO
aust Oyap-sikoro takoro imeany J 8 R,mo I cJ, J=R.

Hexaii Ac R. JludepeHuialoM MHOXHHU A Ha3WBalOTh MHOXHHY

A#:{aeR a(") €A, VneNU{O} , Ie a(") — n-Ta TOXiJHA €JICMEHTa a .

JudepeHmianpHe HAMBKIIbIE R Ha3WBAIOTh dmsp-Haniekinvyem [2], SKIIO IS
KOKHOTO MEPBUHHOTO ineany P B R inean P, € nepBUHHUM.

HenopoxHio miaMHOKUHA S HAmiBKiIbLA R Ha3WMBAOTE m -cucmemoio R
AKIIO JUIS KOXKHUX a,b € § icHye Takuii r € R, mo arb € S . Audepenuiansuuii
inean / HamiBKUIbI R HA3WBAIOTh K6A3INEPEUHHUM, SKIIO BiH € MAKCUMAIILHUM
cepell MU(EpeHIianbHUX iAeaniB R, MO HE MEPETUHAIOTHCS 3 JEAKOK m -
cuctemoro R . KoxxHui MakcUMambHUHN nudepeHIlialbHAN i1ean HamiBKiabsa R €
KBa3iePBUHHUM.

TBepmkenns 1. Jxwo P nepeunnuil ioean oughepenyianbrnoeo Haniexinbys
R, mo ougpepenyianvruii idean Py € K6aszinepeunHuM.

TBepakenus 2. Axujo {Ql- }ie | —aHYI02 KEA3ZINEPEUHHUX i0eanie HanieKinbys
R, mo ﬂie[ O; ¢ keazinepsunnum ideanom 8 R, i icnye eOunuil HaumeHwuil

KeasinepsunHull ioean 6 R , axui micmums Uie ] O;.

Teopema 1. Kooicruti 1anyroe keazinepsunnux ideanie 6 R mae mouny eepxmio
i MOYHY HUIICHIO MedHCY.
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Teopema 2. Koowcnuil kéasinepsunnuil idea € NPUMAapHUM.
Teopema 3. Axwo I — Ougpepenyianvnuii ioean 6 R, a Q — makui

Keasinepeunnull idean 6 R, wo I < Q, mo Q micmumb K8asinepeuHHuil ioedr,

MIHIMATbHULL cepeld 6CIiX K8a3inepeunHux ioeanieé 8 R, wo micmamo 1 .
Teopema 4. Hxujo R — dmsp-nanisxinoye, mo KON*CHUU KeazinepeuHHuil k-
idean 6 R € nepsunnum.

1. Golan J. Semirings and their Applications. — Springer Netherlands, 1999 — 382 p.
2. Melnyk I. On the radical of a differential semiring ideal // Visnyk of the Lviv Univ. Series
Mech. Math. —2016. — 82. — P. 163173.

ON QUASI-PRIME DIFFERENTIAL IDEALS OF SEMIRINGS

Quasi-prime ideals of differential semirings are studied as maximal among differential
semiring ideals not meeting some m-system. It is established that any quasi-prime differential
ideal of a dmsp-semiring is prime.
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VK 512.553.2
KATEI'OPIA MYJIbTUIIJIIKATUBHUX ITIOJIII'OHIB
Poman Ouaiiinuk

Jlvsigcokutl HayionanvHuil ynigepcumem imeni leana @panka

forvard-or@ukr.net

Hexait S — KOMyTaTMBHUI MOHOI. PO3rIsgaeMo KaTreropiro IiBHUX IEHTPOBA-
HUX T4 yHiTapHUX S — TOJIroHiB Ta ix romomopdizmis [1,3].

PO3rnsacMo IOHATTS MyJIbTHILTIKATUBHOTO S — MOJIrOHIBA 1O aHANIOrii My-
JbTHILTIKATUBHOrO R— Moayns [2]. To6ro miuii S'— momiron A4 Ha3uBaeTbes
MYJBTATUTIKATABHUM, SIKIIO JUIS JOBIJIBHOTO JIBOTO MiAMONIrony B c A icHye
nesxuii inean [ < S takuii, mo /4= B.

Po3ria1a€MO KAaTEropito, Ka CKIaAAEThCS JIUIIE 3 MYJIbTUUIUIIKATUBHUX S —
MOJIITOHIB Ta iX romoMop(diszmiB. JlochimKyeMo B JaHiii Kareropii paaukamy Ta
ckpytu [1, 3].

1. Kilp M., Knauer U., Mikhalov A. V. Monoids, Acts and Categories — Berlin, 2000. —
529 p.

2. Smith P. F. Some remarks on multiplication module// Arch. Math. — 1988. — 50. —
P. 223-235.

3. Wiegandt R. Radicals and Torsion Theory for Acts // Semigroup Forum. — 2006. —
Vol. 72. - P. 312-328.

THE CATEGORY OF MULTIPLICATION ACTS

In the category of multiplication acts we research radicals and torsion theory.
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V]IK 539.3
30BPAJKEHHSI NIJICTAHOBOK KOPEHEBUMH JEPEBAMMU

Bira OJbieBcbKa

Hayionanenuii ynieepcumem «Kueeo-Mozunanceka akademisy

vaolshevska@gmail.com

Haragaemo, mo xopenesum Oepesom T, Ha3suUBaeTbCca Ipad) 3 BUALIECHONO
BEPILINHOIO, sIKa HA3WBA€ThCS KOPEHEM JiepeBa. BepiunHa nepeBa v Ha3UBA€THCS
8ePUIUHOIO | -20 pi6Hsl, SKIO NOBXKHMHA HAWKOPOTIIOrO HIIIXY MK KOPEHeM Vv i
BEpLIMHOI v jopiBHIOE [ [1]. Skmo nepeBo 7, CKiHYEGHHE Ta Ma€ m PIBHIB, TO
BEPIIMHU OCTaHHBOTO PIBHS MAIOTh CTEIIHb OAWH 1 Ha3WBAIOTHCS GUCAYUMU. N -
piBHEBE KODEHEBE JIEDEBO HA3UBAETHCA Oinapnum i nosnadaetbes 15, , sKiIo

CTEiHb KOpPEHS JiepeBa JOPIBHIOE JBOM 1 CTEMiHb KOXKHOI iHINOI BEpIIMHU HE
OCTaHHBOTO PiBHSI IOPIBHIOE TPHOM.
Jlnst Ko>KHOT MICTaHOBKU 7t Ipynu S, iCHye OiHapHE AEpeBO 3 MOMITKaMU,

IO OJTHO3HAYHO 300pakae MiJICTAHOBKY T .
Binapue kopeHeBe nepeso I zln OyzeMo Ha3uBaTH eleMeHmapHuM s 1epeBa
T5 , » AKIIO B HLOMY 30€piraioThcst MOMITKH 1epesa 15, Julle Ha i -My PiBHi.
Teopema. Hexaii depeso T, , s3adac niocmarnoexy t. Poskrademo iiozo na
ie [0; n-— 1] s

. i ;
enemenmaphi oepesa T, , KodicHe 3 AKUX 3a0a€ NIOCMAHOBKY 1},

6ionogiono. Tooi
tn—l *tn_z *...*tl *fo =t )

Oe a*b — 000ymok niocmanoeku a Ha NiOCManosxky b .

1. Grigorchuk R. I, Nekrashevich V. V., Sushchanskii V. I. Automata, Dynamical Systems,
and Groups // Steklov Institute of Mathematics. — 2000. — Vol. 231, — P. 128-203.

REPRESENTATIONS OF PERMUTATIONS BY ROOTED TREES

An algorithm of decomposition of the tree T2,n into elementary trees T 21’ n IS proposed.

Along with this, a permutation represented by a tree T2,n is equal to the product of

permutations represented by trees T 21 n-
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YK 512.546
I'PA®U-JEPEBA TA M-EKBIBAJIEHTHICTb
Ha3zap IIupu
VYxpaincoka axademia opykapcmea

pnazar@ukr.net

Haranaemo, 110 gepeBoM Ha3MBAE€THCS 3B SI3HUM Tpad), 0 HE MICTUTH LUKIIIB.

V wiif po6oTi miz 1epeBoM MU Oy1eMO PO3yMITH TONOJIOTIYHUH IPOCTIp, KU
€ MiIIPOCTOPOM IUIOIIMHU, KOXKHE Pedpo SKOTO € roMeMOpGHUM OJUHUIHOMY
Binpi3ky [ . ['pad skuii € M3 FOHKTHOIO CYMOIO JIEPEB HA3UBAETHCS JIICOM.

Tononoriuni npoctopu X Ta Y Ha3uBarOThC M -eKBiBaJCHTHUMH (TIO3H.
M
X ~Y), skmo ixHi BUIbHI TomosoriuHi rpynu F(X)Tta F(Y) € TomosoriuHo

i3oMopduaEMH [1].

Teopema 1. Hexaui X — zic, wo mae n Oepes, NPUHAUMHI OOHe 3 AKUX €
nempugianvrum. Tooi npocmip X € M -exeisanenmuum npocmopy 1 ® D,_; (mym

D, — cxinuennuii Ouckpemuuii RPOCmip noMydHCHocmi n ).

Hacainok 1. Hexaii X — nempusianvne Oepeso. Tooi npocmip X ¢ M -
exgieanrenmuum npocmopy I .
n
Teopema 2. Hexaii X — ninitino 36’a3nuil npocmip, ¥ = @Y, — nic, wo
i=l
cknadacmoca 3 Oepes Y1,Ys,...Y,, Y < X . Axwo npocmip X /{{,Y,,...Y,}€

cody s iy

HempugianbHum, mo 6in € M -exeisanenmuum npocmopy X .

Osnavenns. Hexai Yy < X;, Y, < X,. Ckaowcemo, wo napa (Xl,Yl) €
M -exsisanenmnoro napi (X 2,Y2) , SKWO ICHYE MONONOSIYHUL [30MOPQPIZM
i:F(X))—> F(X,) maxui, wo l(<Y1>) = <Y2>

Osznavenns. Hexaii {X gIS€E S} — cim’sas nionpocmopie MmMonono2iuHo2o
npocmopy X , {Ys :ses } — cim’a nionpocmopie mononoziunozo npocmopy Y .
Craorcemo, wo cim’s (X,{XS ise S}) € M -exsisanenmmnoio cim’i (Y,{YS 'S € S}),

akwo  icnye  mononociynui  izomopghizsm i F(X)—> F(Y) maxkui, wo

223



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

i((Xs>)=<Ys> ons 6cix SE€S.
Teopema 3. Hexau X , Y — ninitino 38 ’sa3mni npocmopu,
Xi—>X,—>.>X,—>X,
V->%—->.-Y ->Y

— gknadenus depes. ToOi HACMYNHI YMOBU € eKBIBANEHMHUMU.

Locim'sn (X, X1, X, X,

) € M—exsisanenmuoio cin’i (Y, 1,,Y,....Y,);

M
2.X~Y, | X[ =] | Xy /X =Y /0] Xs 1 X | =Y Y| XX | =Y 7Y,
Teopema 4. Hexaii X , Y — ainitino 36 ’s3ni npocmopu, X1,X5,...,X, —cim’a

ous tonkmuux depes ¢ X , 11,1,,....7,

", — CimM’s Ou3 tonkmnux oepeg 6 Y,

Px X > XX, Xy, X, b py Y 5 Y /{1,000,

— R -¢paxmopmi éioobpasicenns. Tooi nacmynHi ymMosu € exgigaieHMHUMU.

1. cim’sn (X,Xl,Xz,...,Xn) € M —exsisanenmnoro cim’i (Y,YI,YZ,...,Y,,);

2.cim’a (X/{XI,XZ,...,XH},pX(Xl),pX (X3)se Py (Xn)) € M —exeisanenm-
noto cin’i (Y /{¥.%,.. %, 1. py (1) py (%2 ) 2y (1)

n
Teopema 5. Hexaii (X, X, X,,...X,) — Oesxuii naip , K=(\X;, , Y -

i=1
Odepeso ¢ K . Axuo R -gpaxmopnuuil npocmip K /Y micmume konito 0OuHuuHo20
8iopizxa, mo cim’s (X,Xl,Xz,...,Xn) € M —exsiganenmmuoro cim’i

(XY, X\ 1Y, Xy /Y,..,. X, [Y);

1. TIypanl H., 3apiunuii M. M. Enementu Teopii Tomonorigaux rpym. — M.: HMK BO,
1991. - 76 c.

GRAPHS-TREES AND M-EQUIVALENCE

We consider the isomorphic classification of the Tychonoff spaces and their bundles
concerning with graphs-trees.
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YK 515.12

MHOI'OBUJI, MOJAEJIbOBAHI HAJI 3JITMEHHUMUA MTPAMUMHAU
I'PAHUIIAMUA ABCOJIOTHUX EKCTEH3O0PIB

Opucaasa IloauBoaa

Yxpaiucoka akademisn opyxapcmesa

shabor@ukr.net
Mu po3rasgaeMo Kiach HECKiHICHHOBHMIPHUX MHOTOBHIIIB, MOJEITHOBAHUX
HaJ 3JTYCHHUMH PSIMUAMH TPAHUIIIMHU JSSIKUX aOCOIIOTHUX €KCTEH30piB. BoHH €,
30KpeMa, y3arajJbHEHHSIMHU R” -mHorosunie ta Q” -muorosunis (aus.[1]).
[pukiagoM MOAEIBHOTO MPOCTOPY MOXKE CIY)KUTH MPsIMA TPAHUIIS
I" 512 5% 5

nel=[0,1]ity <ty<t3<.. .

Jleski  QyHKTOpiaIbHI KOHCTPYKINi B  TOIMOJIOTii 30epiraloTh  Kiach
HECKIHYEHHOBHMIPHUX MHOTOBHIIB. 30KpeMa, (D)YHKTOPH CKIHYEHHOTO CTEHEHs

36epiratoTh K1acu R* -mHorosuais Ta QO -MHOTOBHIIB NMPHM BUKOHAHHI JESKMX

o0
JOJATKOBUX YMOB (auB.[2]). Mu nociiikyemMo 30epeKeHHS (1 T) -MHOTOBM/IIB, JI€

o0 n
(I T) = @(Z T) KOHCTPYKLISIMH TiHEpPIPOCTOPY, IPOCTOPY HMOBIPHICHUX Mip,

TIIEPIPOCTOPY OMYKIMX MHOKHH Ta 1H. IPH HE3JTYCHHNX KapAHHAIaX.
KpiM ToOro, po3risgaeMo KOHCTPYKLIIO JIHIHHOTO NPOCTOpPY OIYKIHX
: : 0 2 iy . o .
MHOXHUH Bif npoctopiB R™ Ta (/7,b,, | (ocTanHil o3Hayae TinsbepTOBHIl MPOCTIp

y oOMekeHil ciaabkiit Tomoorii).

Sakai K. On R” - and O - manifolds// Topol. Appl. — 1984. — 18, N 1, —P. 69-79.

2. ®edopuyk B. B. KoBapnantHble (YHKTOPHI B KaTETOPUH KOMIIAKTOB, a0COJIOTHEIE
perpaktel U - MHoroobOpasus // Ycmexum mar. Hayk. — 1981. — 36, Bpm.3. —

C. 177-193.

MANIFOLDS MODELED ON THE DIRECT LIMITS OF ABSOLUTS EXTENSORS

We consider classes infinite dimensional manifolds modeled on countable direct limits
of some AE. As a model space we can regard the direct limit
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I" 5712 51% 5
0
where [ = [0,1] and 1] <1y <13 <.... We establish preservation of (IT) -manifolds,

0 n
with ([ 1-) = th([ T) , by some construction: hyperspace, space probability measures,
hyperspace of convex sets etc. with uncountable cardinals. And also consider the construction

of the linear space of convex sets from spaces R™ and Hilbert space in bounded weak
topology.
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V]IK 512.624

PO EJIEMEHTH BEJIMKOI'O NOPAJKY B POSIIMPEHHAX APTIHA-
IIPAEPA

Poman ITonosn4
Hayionanenuii ynieepcumem «JIvgiecoka nonimexuixa»

rombp07@gmail.com

Binomo, o MyJIbTHIUIIKATHBHA IPyNa CKIHYEHHOTO MOJIs € HMKiIiYHa. TBipHY
i€l TPpynmu HA3WBalOTh TNPUMITUBHUM €JeMEHTOM. EQekTuBHO mOO0yIyBaTH
MPUMITHBHUHA €JIEMEHT IS 331aHOTO CKIHYEHHOTO TIOJIsl B OOYMCITIOBAIBHIA Teopil
CKIHYEHHUX TOJTiB BakKKO. OCh 4OMY PO3TJISAa0Th MEHIIT 0OMEXyBaJIbHE TTUTAHHS:
3HAWTH €JIEMEHT BEJIMKOTO MYJIbTUIUTIKATUBHOTO TTOPSIKY [2, 4]. Y 1IbOMY BHITAIKY
HE BHUMAaraloTh OOYHCIMTH TOYHHI MOPSIOK EJIEMEHTa: IOCTaTHhO OTPHMATH
HIDKHIO MEXY JJIsl NOPSAKY. EjeMeHTH Benukoro Mopsaky MOTPiOHI Uit HU3KU
3aCTOCYBaHb, S5Ki, 30KpEMa, OXOILUIIOITH KPUNTOrpadiro, TEOPir0 KOMYBaHHS,
TCHEePaTOPH ICEBIOBUIAIKOBUX YHCEI Ta KOMOIHATOPHUKY.

Yepes F, mosHagyaTHMEMO CKiHUEHHE IT0JIe 3 ¢ EJIeMEHTIB, e ¢ — CTelliHb
JIESIKOTO MPOCTOrO Yucia p.

Y pobori [6] 3ampomoHOBaHO OymyBaTH  €IEMEHTH  BEJIMKOTO

MYJIBTHIDTIKATHBHOTO TOPSAKY B po3mmpeHHsax Aptina-Ilpaepa Fq » (g=p", p
HE JUIUTh 7 ), BUXOASYH 3 TAKOTO NOAAHHS

Fp = F[x]/ (xF =x—a).

3ayBaxeHo, IO MOJiHOM X —X—a € HepO3KIagHUM HaJ[ OYATKOBHM TIOJIEM F,
[1] 1 Tomy miiicHO 3a7a€e cCKiHUEHHE TI0JIe. Y pe3yabTaTi OTPUMAHO OIIHKY 3HHU3Y
e _
= n+nP! (1)
'z

JUISL TIOPSI/IKY €JIEMEHTIB.
M nponoHyeMo BUKOPUCTOBYBATH AJIS TOTO XK MOJIA NOJaHHS

qu =Fpnp =Fp[x]/(f(x)) >
ne f(x) — Hepo3KIQAHUH TONIHOM CTETeHs /P Haj moieM F - Taknii TTOJTIHOM
3aBknu icHye [1] 1 3amae Te )k CKiHUEeHHE ToJie (3 TOYHICTIO 10 i3oMopdizmy). ¥V
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mpoMy pasi ciuig Bukopuctatu miaxin ['ao-Konudutitti [4, 5] B Momudikarii
IToroBuua [7]. Toai oTpuMaeMo OIIHKY IJIsl TIOPSAKY €JIEMEHTIB MPUHANMHI

np+t—1)=L
! i=0d

ne d = [ZIng (np)—‘, t=|logy(np)|. Slkmo n>>p (a mepeBaxHO WiKABIATHCS
BJIaCHE TaKMM BHITaJIKOM), TO OIliHKa (2) kparma, Hik orinka (1).

Juist peanizanii migxony I'ao ciin 3HalTH HaliMeHIe HATYypallbHE YUCIO m Ta

noniHoM g(x) Hax F, crenens meHuworo Big 2log,(np) Taki, mo P —g(x)

numathest Ha  f'(x) . BimoMo, 1110 KoJi Take YMCIIO Ta MOJIIHOM iICHYIOTb, TO 1€ MOXKHA
3po6uTH 3a moNmiHOMianbHMIA yac. IX icHyBaHHs mpumyckae rinoTesa, BUCIOBJIEHA
Tao B npaui [4]. Tinoresy Oyso nepesipeno B [4] nus g =2 1a n<300. VY [3] 3
BUKOPUCTAHHSAM KOMI IOTEPHHUX OOYHCIICHB TIMOTe3y MiATBEPIHKEHO A g =2 Ta

300<n<400, ¢=3 ta n<300, ¢=5 ta n<100.

1. Lidl R., Niederreiter H. Finite Fields. — Cambridge: Cambridge University Press, 1997.
—755p.

2. Mullen G.L., Panario D. Handbook of Finite Fields. — Boca Raton: CRC Press, 2013. —
1068 p.

3. Dunets R., Popovych B., Popovych R. On construction of high order elements in general
finite fields. // Proc. 2017 IEEE 9th International Conference on Intelligent Data
Acquisition and Advanced Computing Systems: Technology and Applications
(Bucharest, Romania, 21-23 September 2017). — Curran Associates, USA, 2018. —
P. 379-382.

4.  Gao S. Elements of provable high orders in finite fields // Proc. Amer. Math. Soc. — 1999
—127,Ne 6. —P. 1615-1623.

5. Conflitti A. On elements of high order in finite fields. // Proc. Workshop on Cryptography
and computational number theory: (Singapore, 22-26 November 1999). — Birkhauser,
Basel, 2001. - P. 11-14.

6. Martinez F. E. B., Reis L. Elements of high order in Artin-Schreier extensions of finite

fields Fq // Finite Fields Appl. —2016 —41. — P. 24-33.

7. Popovych R. On elements of high order in general finite fields // Algebra and Discr.
Math. —2014. — 18, Ne 2. — P. 295-300.

ON ELEMENTS OF HIGH ORDER IN ARTIN-SCHREIER EXTENSIONS Fq P

We suggest constructing high order elements in Artin-Schreier extensions Fq p , based

on Gao-Conflitti method for general finite fields in Popovych modification. This gives better
lower bound on the order, than in the known Martinez-Reis approach.
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CKIHYEHHO ABTOMATHI PO3IINPEHHSA I'PYII BAYMCJIAT A-
COJIITEPA

Beponika IIpoxopuyk
Kuiscoxuii nayionanvnuti ynieepcumem imeni Tapaca Lllesuenxa

proveronikal45@gmail.com

BusHaunMo aBTomar Db (k):< Ty q ,p > HaJ OiHapHHMM andasiToM
0“1
X:{O 1} (puc. 1), ne S= {q,so,... S2k} — MHOXXMHA BHYTPIIIHIX CTaHIiB,

Z’; :SxX > S — dyHKIiS nepexomis, pb K SxX o> X— (GyHKIIST BUXOIIB,

k>0,{q0,q1} =S,be{0,1}.

do O\b sic 11 Siq1 10 seqpr 1|1 sppo :1j0 Sz 1[0 E
ai :1[b !

sp :0[1 s1:0/0 s1:0[1  sp_q :0|1 sk :0/0

Puc. 1. ABromar D;)o‘h (k), k> 0,{q0,q1} cS,be {0, 1}

[Mo3HauuMo uepes3 {G"c } i {GC
k>0

OJMHY aBTOMATHUX TIpyIl
o1 %‘11}k> poaHy py

0 . 1
MOPODKCHUX  aBTOMAaTaMHU quql k), k> 0,{q0,q1} cS i quql (k), k>0,

{g0.91} =S, mWo He 3MiHIOIOTE a60 3MIHIOITh CBOE 3HAYCHHS B CTaHi ¢

BiAIIOBIIHO.

Teopema 1 Kooicua epyna 3 {G”C

| oom
9091 ) k>0

a {GC } Micmumb 2pyny
909 ) k>0

baymcnaea-Conimepa BS(1,2k +1) [1].

1. Baumslag G., Solitar D. Some two generator one-relator non-Hopfian groups // Bull.
Amer. Math. Soc. —1962. — 689. — P. 199-201

FINITE AUTOMATON EXTENSION OF THE BAUMSLAG-SOLITAR GROUPS

(k).

We introduce a family of automaton groups, which generated by automata Dq @

Each group of such family contains the Baumslag-Solitar group.
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V]IK 512.6

JIOKAJIbHI MAHKE-KIJIBIISI HA CKIHUEHHUX HEABEJIEBUX P-
I'PYIIAX

Ipuna PaeBcbka, Mapuna PaeBcbka
Incmumym mamemamuxu HAH Yxpainu

raeirina@imath.kiev.ua, raemarina@imath.kiev.ua

B crarti [1] mocmimkyBaiucs JIOKaIbHI MaiKe-KUTbIS HA HEMETAIIMKIIITHIX
rpynax Mimtepa—MopeHno. Mu nokasaju, o JOBUIbHA CKiHYEHHa HeaOeseBa
HEMETaLUKIIIYHA 2-TIOpoJDKeHa p-rpyna ( p >2) 3 HUMKIIYHMM KOMYTAaHTOM Ta

CTYIICHEM HUJIBIIOTCHTHOCTI PIBHUM 2 € aIMTHBHOIO FPYIIOI0 ISTKOTO MaKe-KUTbIIS
3 OJMHHIICIO, 30KPEMa, JIOKAJbHOTO MaibKe-Kijibls. Biibin TOoro, mokasaHo, mio
MiArpymna HeoOOPOTHUX EJIEMEHTIB OCTaHHBOTO € 1HJIEKCY p B WOTO aTuTHBHIii

TpyIIi.
1. Paescvka I. IO., Pacécora M. FO., Cucax A. I1. JToxaibHi Maiixke-KiJIbI HA HEMETALUK-
nigHuX rpynax Mimrepa—Mopeno // Bicauk KHiBChKOr0 HaIliOHAJIEHOTO YHIBEPCHTETY

imeni Tapaca IlleBuenka. Cepis: dismko-matemarnuni Hayku. — 2012, — Ne3. —
C. 39-46.

LOCAL NEARRINGS ON FINITE NON-ABELIAN P-GROUPS
1t is proved that every non-abelian non-metacyclic 2-generated p-group (p > 2 ) with

cyclic commutator subgroup is the additive group of a local nearring.
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YK 512.55

PO CTABUIbHU PAHT KLJIEIIb MATPUILb HAJT
KOMYTATUBHUMMU KUIBIIAMHU I'OJIOBHUX IIEAJIIB

Amnnpiii Pomanis, Borogumup leapux

Incmumym npukiaoHux npooiem MexaHixku i Mamemamuxu
im. A. C. ITiocmpueawa HAH Yxpainu

romaniv_a@ukr.net, shchedrykv(@ukr.net

[ToHATTS CTaOUILHOTO paHry KiNbI, SIK IHCTPYMEHTY PO3B’S3aHHS JCSKHX
3amau i3 K-teopii, Oymno BeBeneHe X. baccom y 1964 p. [1]. CrabineHuM paHrom
KiTbIlsi R HA3UBA€ETHCS HAMMEHIIEC HATYPaJbHE YUCIO n Take, IO BHKOHYETHCS
yMOBa

(*), Ona secix ay,...,a,,a,,1 €R maxux, wo ayR+...+a,R+a, R=R

n»
icnyromo maki n, ... 1, € R, wo (a; +a,n)R+...+(a, +a,11,)R=R.

Skmo Takoro n He ICHY€E, TO KaXyTh, IO KiIbIle Ma€ HECKIHUCHHUUN
CTa0lIbHUI paHr.

JI. Bacepureiit [2], mociikyouu BIacTHBOCTI CTa0LIBHOTO PaHTry, 30KpeMa,
nokasas, mo 3 ymoBu (*), BumumMBae ymosa (*),,;, 11O y BUNAAKYy KiJelb

cTabinpHOTO paHry 1 abo 2 Kijblisg MaTpHLb HaJl HUIMH YCHAIKOBYIOTh CTaOUIbHUN
paHr KUTbIS HaJ SIKHMH BOHU PO3IJISIAIOTHCS. BiH Takox MO0BIB, IO 1€ MTOHATTS €
JBO-IIPaBO CUMETPUYHHM.

Merto, 1110 TPYHTYIOTBCS Ha MOHATTI CTa0UIBHOTO PaHTy BUSIBUJIMCH JIOCUTD
e(eKTUBHUMH 1 y Teopil Kiielnp, 30KpeMa, IpU pO3B’s3aHHI BiZIOMOI IpoOiieMu
KiTenb eJeMeHTapHUX AiIbHUKIB [3]. Tak noBemeHO, IO KUIBLS €JIeMEHTapHHX
JTBHUKIB, 30KpeMa, KiJIbIld TOJOBHHUX i1€alliB, MaloTh CTAOUIbHUI paHT HE OibIe
2 [4].

Uepe3 cCTabinbHMIA paHT EIIETAaHTHO BBOMATHCS Taki, Temep HIUPOKO
JOCTIKYBaHI KOMYTaTHBHI YUCTI KTBIA (clean ring), KiTbIIA 3 BIACTHBICTIO 3aMiHA
(exchange ring). bimpmr ramboKi AOCHIIHKEHHS LBOTO TOHATTSA CIOHYKAIH [0
BBEJICHHS 1IEMIIOTEHTHOTO CTAa0IIbHOTO PaHry, OAWHUYHOTO CTaOUTLHOTO PaHTy,
aKypaTHOT'O paHry.

Bynemo rosopury, mo kiierie R Mae mpaBuil cTadinbuuii panr 1,5, skio
BUKOHYETHCSI yMOBa

(*)s oma  koxwmux  a,ayeR ma O0z#azeR  makux, wo
aiR+a,R+azR =R icnye maxke r € R, wo (a; +a,r)R+a3R = R.

[IpuknamaMyr Takux KiJelb € KOMYTaTHBHI OO0JIacTi TOJIOBHHX iealliB,
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aJICKBATHI KiIBI, KUTBIIA MAaTPHIb APYTOTO TIOPSAKY HaJ 3TaJaHIUMHK KUTBLSAMH [5].
Teopema 1. Buxkonyromucs imniixayii

N = Phs = M.

Hactynna Teopema po3MIMPIOE KIIAC BIIOMHX KUICHh MPABOTO CTaOiIBHOTO
panry 1,5.

Teopema 2. Hexaii R — xomymamugne xinvye 2onoenux ioeanis. Toodi npaguil
cmabinonutl pane R ma M, (R) Odopisuioe 1.5.

Teopemu 1 Ta 2 moka3yioTh, IO CTAOIIBHUI paHr 1,5 ycrnajKoBye OCHOBHI
BIIACTHBOCTI cTabimpbHOTO paHry bacca. YV 3B’s3Ky 3 IIUM BHUHHMKAE 3a/1a4a, Ky MU
c(HOpMYITFOEMO y BHTJISIII TIMOTE3H.

linote3a. [louammsa cmabinenozo paney 1,5 € npago-nieo cumempuyHum.
Tobmo sxwo xitbye R mae npasuii cmabinonuil pane 1,5, mo éono mae i niguil
cmabinonutl pane 1,5: ona xooxcnux by,by € R ma 0# by € R makux, wo

Rb +Rby + Rb=R
icnye make p € R , wo

R(by +pby)+Rb; = R.

3ayBakuMo, IO KiJbIsi MATPHIb APYrOro MOPSAKY Hal KOMYTAaTHBHUMU
KUTBISIMH TOJIOBHHX 1/1eaJliB MAIOTh MMPABHUIA Ta JiBHUH cTaOLIBHUH paHr 1,5.

1. Bass H. K-theory and stable algebra // Publ. Math. — 1964. — 22. — P. 5-60.
Vaserstein L .N. The stable rank of rings and dimensionality of topological spaces //
Functional Anal. Appl. —-1971. —5.—P. 102-110.

3. Gillman L., Henriksen M. Some remarks about elementary divisor rings // Trans. Amer.
Math. Soc. — 1956 — 82. — P. 362-365.

4. 3abascoxuii b. B. Penykuis Matpuip Han KutbIsiMu besy crabinbHOTOo paHry He
6inpmre 2 // Yxp. Mat. XKypa. — 2003. — 55, Ned. — C. 550-554.

5. Ieopux B. I1. Kinbi crabineHoro panry 1,5 // Ykp. Mat. xypH. —2015. — 67, — Ne 6. —
C. 849-860.

ON STABLE RANGE OF MATRIX RINGS OVER COMMUTATIVE
PRINCIPAL IDEAL RINGS

1t is shown that the stable range of commutative principal ideal rings and 2x 2 matrix
rings over them is equal to 1.5.
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V]IK 539.3

HAMIBI'PYIIA YACTKOBUX KOCKIHYEHHHUX I30METPII
HATYPAJIBHUX YUCEJI

Amnaroaqiii CaBuyk, Ouger I'ytik
Jlvsigcokutl nayionanvHuil yHigepcumem imeni leana @Ppanka

asavchukl@meta.ua

Bes meoOximHa TepmiHoiorist Moxke Oytw 3HaiimeHa B [1-3]. Hexait IN

M03HAYa€ HAMIBIPYILy BCIX KOCKIHYEHHHX 130METPiii MHOXXMHY HATYpaJbHUX YHCEIL.
Mu ommcyemo Binromenns Ipina Ha Hamisrpym /N, ii B’I3Ky Ta 10BOAMMO, IO

IN,, - npocra E-ynitapna F-inBepcHa HanmiBrpyna. Onucano HaiMeHITy TpYHOBY
KOHTPYEHITisI Pmg HA HamiBrpymi /N, Ta IoBeneHo, MmO (QaKTop-HamiBrpymna
IN / $mg 130MOp(HA aIUTHBHIN IPyIi ULIMX YHCEl Z(+). HaBeneno npukmnag

KoHrpyeHuii Ha HaniBrpyni /N , ska He € TpynoBoto. Takox HaBelEeHO J0CTaTHI

Ta HeoOXiHI yMOBH TOTO, 00 KOHTpyeHHis Ha /N, Oyia rpymnoBoro.

1. Tymix O., Casuyx A. Ilpo uanisrpyny ID,,// Bicuuk JIpBiB. yH-Ty. Cep. Mex-Mart. —

2017.-83.-C. 5-19.

2. Gutik O., Repovs D. Topological monoids of monotone, injective partial selfmaps of N
having coffinite domain and image // Stud. Sci. Math. Hungar. — 2011. — 48:3 —
P. 342-353.

3. Lawson M. Inverse Semigroups. The Theory of Partial Symmetries. — Singapore: World
Scientific, 1998.

THE SEMIGROUP OF CO-FINITE ISOMETRIES OF POSITIVE INTEGERS

We prove that IN_ , the semigroup of all partial co-finite isometries of positive
integers, is a simple E-unitary F-inverse semigroup. We describe the minimum group
congruence §,,, on IN_, and it prove that the quotient-semigroup INoo/SOmg is
isomorphic to the additive group of integers. An example of a non-group congruence on the

semigroup IN  is presented. Also we prove that a congruence on the semogroup IN  is

a group congruence if and only if its restriction onto a copy of the bicyclic semigroup in IN

is a group congruence.
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YIAK 512.552.13
PO MAMKE o -EBKJIJIOBI OBJIACTI
Amnapiii Caran
Jlvgiscokuii Hayionanvuull ynieepcumem imeni leana @panka

andrijsagan@gmail.com

B naniii poboTi mix R po3ymMiTHMEMO KOMYTaTHBHY 00J1acTh 3 BIIMiHHOIO Bij
HyJISL ONHULICIO.

Hexaii k — ¢ikcoBane HaTypanbHe 4ucio, a,b € R, npudomy b # 0. ko
ICHYIOTb TaKi €IeMEeHTH ¢;,%; €R, i=1,2,...,k , 0

a=bq +n, b=rg,+r, ... Kh_y=1_ 49+, (D)

ae 1, =0, To nocnigoBHicTs piBHOCTEH (1) HA3UBAIOTL CKIHYEHHUM NAHYIO20M
nooitbHOCMI ISl IAPH CIEMEHTIB a, b.

O6nmacte R Ha3uBaeThcsi Maike obOnacTio besy, sKIIO s HOBUIBHUX
HEHYJIEOBHX x,y € R icnye n €N, ne (x", ") € ronosnum ineanom [1]. Bei inuti
HeoOXi/THI O3HAYCHHS Ta MPHUKJIAId MOYKHA 3HAUTH B pobdoTax [1,2,3,4].

O3navenns 1. Obnracmv R Hasusamumemo maudice ®—e8K1i008010
obnacmio, AKuo OIS OOGIIbHUX HEHYIbOBUX eleMenmié x,y € R icuye maxe n€ N,

wo ona enemenmie x",y" icnye cxinuennuii nanyioz NoOinbHOCHI.
Teepaxenns 1. Maiiowce »—esxnioosa obracme € matigxce obracmio be3y.
TBepmkenHs 2. Hexaii R — maiisce o—esknioosa obracme i 1 nenynvosuii
npocmuti idean3 R . Tooi R/ 1 — matioce o—eexnioosa obnacme.
Teepakennss 3. Hexaii R — maitioce o—esxniooea obnacms i S CR

. .ol . .
Mynemunaixamusno 3amkuena muodxcuna. Tooi S R — maibice ©—esknioosa
obnacme.

Teepaxenns 4. Hexaii D — matioce ®—eeknidosa obnacme yinicnocmi, Q —

none uacmox. Tooi R = D + xQ[[x]] — matioce ®»—e8K1i006a 061aCHb.

1. Anderson D. D., Zafrullah M. Almost Bezout domains // J. Algebra. — 1991. — 142. —
P. 285-309.

2. Bougaut B. Anneaux Quasi-Eclideans // These de Docteur Troisieme Cycle, 1976.— 67 p.

3. Salce L., Zanardo P. Products of elementary and idempotent matrices over integral
domains // Linear Algebra Appl. —2014. —452. — P. 130-152.
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4.  Samuel P. About Euclidean Rings // J. Algebra — 1971. — 19. — P. 282-301.

ABOUT ALMOST ®-EUCLIDEAN DOMAINS

In the given paper the concept of almost -euclidean domain. It is show that
commutative almost ®-euclidean domain is almost Bezout domain. Proved that
R =D+ xQ[[x]] is almost o-euclidean domain, where D be an almost -euclidean

integral domain, Q its field of fractions and x an indeterminate.
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VJIK 512.4

ABOHNAPAMETPHYHI OCOBJIUBOCTI OJHOT'VIKOBUX
AJITEBPAIYHHUX KPUBHUX

Pycnan CkypatoBcbhbkuii

Miscpezionanvna Axademisn ynpasninHa nepcoHaniom

rqout@ukr.net

BcranoBineHo HEOOXigHI i AOCTaTHI YMOBHM TOTO, IO IIOCKA OCOOJIMBICTH
anreOpaiyHoi KpWBOi 3 OJHOIO TIIKOI0 Ma€ SK MaKCUMyM JBOIapaMeTPUIHI
cimericTBa imeaniB. Haragaemo, 1o miocka ocoOIMBICTh alreOpUIHOT KPUBOI Ha

mojeM k — 1e k-anmrebpa BUTIIIAY R=k[[x,yn/( f ) Bona 3BeThCs

OJTHOTLIKOBOIO, sKIIO R He Mae IUIbHMKIB Hyns. Kaxyts, mo R aomiHye
ocobmuBicTh R', sxmo R DR’

Teopema. Hexati R ¢ oonocinkogorw ocobaugicmio. Toodi nacmynui ymosu €
eKGIBANECHMHUMU:

1) R mae ax makcumym osonapamempuyni civelicmea ioeais.

2) Axwo chark #2, mo R Oominye 00HY 3 HACMYNHUX 0COOIUBOCMELL:

#
E, E32,W24,W2*,W30,N20,N24,N28;
2a) Axwo chark =2, mo R Oominye 00Hy 3 HACMYNHUX 0COOAUBOCTEN:

"
E3g, E3p, W18, W%, Ny, Nog .

1. Skuratovskii R. V. Ideals of one branch curve singularities of type W // UMJ — 2010. —
62, No. 4. — P. 530-536.

2. Drozd Y. A., Skuratovskii R. V. Cubic rings and their ideals // UMJ —2010. — 62, Ne 11—
P .464-470. (in Ukranian)

3. DrozdY., Skuratovskii R. One branch curve singularities with at most 2-parameter
families of ideal // Algebra and Discrete Math. — 2012. — 13, no. 2. — P. 209-219.

ONE BRANCH CURVE SINGULARITIES WITH AT MOST 2-PARAMETER FAMILIES OF
IDEALS

Sufficient and necessary conditions of possessing of one branch curve singularities at
most 2-parameter families of ideals were researched.
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YK 512.547.25

AESAKI HEPO3KJIAIHI MOAYJISIPHI 30BPAKEHHSA IJI/IKJIIIIHOi
p-TPYIIN HAJI TIOKAJIBHUM KIJIBHEM CKIHYEHHOI OB KUHU

Ounexcanap Tunumax

Kuiscoxuil nayionanvuuii ynieepcumem imeni Tapaca [lleguenka,
Vorceopoocoruii nayionanenuii ynieepcumem

alxtlk@gmail.com

J1o6pe BiIOMO, 1110 Y BUINA/IKY, KOJIM XapaKTePUCTHKA P OIS NUINTh IIOPAIOK

CKIHUEeHHOI Tpymu, rpyla Mae€ CKIHYCHHE YHCIO HEPO3KIATHHUX 300paxeHb (3
TOYHICTIO JIO €KBiBaJICHTHOCTI) TOJII 1 TUIBKU TOJI, KOJHU ii CHJIOBChKA P -TATpyma

mukiaivHa. [Ipobnema xiacugikamii BCiX HEpO3KIAAHUX 300pakeHb HaJ IOJEM
posrmsnaerscs B [1]. Hexait G = (a) — mUKJiyHa p-rpyna, K — KOMyTaTHBHE

JIOKaJIbHE KiJIbL[e XapaKTePUCTUKK P, pajukai sikoro K, { = 0, 7120 , [>1,
E — opunuuna Matpuus nopsaky n, 0<s; </ i g; —00OpOTHi el1eMEHTH KiJblis
K (i=1,...,n). HeckiHueHHy cepito HEpO3KIAAHUX MATPUYHUX K -300paKeHb
rpyn G noGynosano B [2]. Po3misinarotsest BigoOpakeHHs

0o .. 0 gt
51

riase+ 8 0 0 )
0 v 8n71t5)1—1 0

Ta 3’ SICOBYETBCA KOJIM BOHU € MATPUUHUMHU K -300pakennsamu rpynu G, kpurepiit
X HEpO3KJIAJHOCTI Ta CKBIBAJICHTHOCTI. TaK0X OOYHMCIIOETHCS YHCIO 300paKCHb
BUDIIALY (1) 3 TOUHICTIO IO BBEICHOTO BiHOIICHHSI €KBiBaJ€HTHOCTI.

1. Bownoapenxo B. M., [lpo3o FO. A. IlpencraBieH4ecKii TUII KOHSUHBIX rpymi // Momymu
U TpeICcTaBleHus: 3anucku Hayd. ceMurapoB JIOMU. — 1977. —71. — C. 24-41.

2. Iyousox II. M., Yyxpaii I. b. IIpo 4nciio HEPO3KIAAHUX MATPUYHUX 300pakeHb JAHOTO
CTEIEeHS CKIHYEHHOT p-TPpyNH Ha/l KOMyTaTUBHUMH JIOKaJIBHUMH KiJIBLAMH XapaKTepuc-

taku p° // Hayk. Bic. Vxropo. yr-Ty. Cep. mar. i ind. — 2000. — Bum. 5. — C. 33-40.

SOME INDECOMPOSABLE MODULAR REPRESENTATIONS OF CYCLIC p-GROUP
OVER LOCAL RINGS OF FINITE LENGTH

Some series of indecomposable modular representations of cyclic p-group over local
rings of finite length has been constructed. The number of representations of this series up to
given relation of equivalence has been calculated.
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YK 512.548
OPTOT'OHAJIBHI JOITOBHEHHSA BIHAPHUX ONEPAIIII
Ipuna ®pus

Jloneyvkuil Hayionanvruil yHisepcumem imeni Bacuna Cmyca

iryna.fryz@ukr.net

binapHa omnepaumis f, sKka BH3HAYeHa Ha MHOXUHI (), HA3UBAETHCA
J1i60060pOMHOI0, SIKIIO PIBHAHHS ['(X,D) = ¢ Mae eMUHUN PO3B’ 30K IJISI OYAb-STKUX
b,c € O 1 npasoobopomnoro, KMo piBHAHHA [ (a,y)=c Ma€ €IUHUHA PO3B’ 30K
g Oyap-skuX a,ce Q. Omepamis f  Ha3uWBaeTecss obopomHow  abo
K8a3iepynoeoio, SKIIO BOHA JIIBO 1 MPaBOOOOPOTHA OJHOYACHO.

Yepes © f Gymemo Mo3HAYATH G -MApacTpod onepamii [ , AKKM BU3HAYACTHCS
CHIBBIIHOIICHHAM

7 (NgsXa6) = X361 > [(x1,2) = x3,
Je c €83 :=1{g,s,l,r,sl,sr} 1 & € TOTOXKHBOIO NEPECTAHOBKOLO, § = (12), [:=(13),
r=(23).
Harapmaemo, mo aBi OiHapHi onepauii g i A, siKi BU3HauYeHi HA MHOXUHI Q ,

HA3UBAIOTHCS OPMO2OHANbHUMU, SIKIIO IS OyAb-sIKuX a,b € Q cucreMa

g(x,y)=a,

h(x,y)=b

Ma€ €TMHUIN PO3B’A30K.
[TincraHOBKA (0 MHOXXHMHH () HA3WBAETHCS HOBHOIO IS KBA3irpymu A , SIKIIO

BiOOpaXkeHHs1 @', IKe BU3HAYAETHCS PIBHICTIO

@'x = h(x,px),
TaKOX € MiJICTAHOBKOIO MHOKHHU Q) .
Opmozonanvuum 0onognenusm onepanii g Ha3WBae€ThCS Taka onepauis /1,
1o onepaii g i 4 € OPTOroHaJILHUMH.

IMpoGnema icHyBaHHS Ta 3HAXO/PKEHHS OPTOTOHAIBHHX JOMOBHEHb €
HAWOUTBII JOCTiIKEeHOI0 I OiHapHMX KBasirpym. JloBemeHo, IO KOXHA
KBa3irpymna Ma€e OpTOTOHAIILHE JIOTIOBHEHHSI, SIKE € He 000B’SI3KOBO KBa3irpyrmoBUM
[1]; xBasirpyma Mae OpTOroHaJbHE KBA3irpyrnoBe JOMOBHEHHS TOAI 1 TUTBKH TOI,
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KOJIM BOHA € IIIJIKOM JIOIyCTHMOIO [1]; omepariisi Ma€ opTOroHaJdbHE JOMOBHEHHS
TOMI 1 TUTBKH TOJi, KOJIM BOHA € MOBHOIO [2]. Jleski yTOUHEHHS X Pe3yJbTaTiB
npenacranieHo y [3].

Teopema 1. Ksasziepyna h e opmozonanbuum 00onoeHenusam xeasiepynu [

moodi i minbku mooi, konu eci npasi mpanciayii xeasizpynu ' f € nosuumu

niocmanoskamu 0t h .

Po3risiHeMO METOIM 3HAXOPKEHHSI OPTOrOHAJIBHUX JOMOBHEHb ONeparii, sKi
BHIUTUBAIOTH 13 Tipartti [2]. [I{o6 3HalTH TOTIOBHEHHS 3a MK METOIJaMH TIOCTATHBO,
o0 orneparist Oysa 000pOTHOIO Ha OJTHOMY MICITi.

Teopema 2. fkwo f| € nisoobopommuoro i [, € npasoobopomnow, mo

onepayii gy ig,, aKki nobyoosai 3a popmynamu

g1(x,») = fi(x,»),
g2(x7y):f2(fl(xay)7y)a

€ OPMO2OHATLHUMU.
Teopema 3. fkwo f| € npasoobopommuow i [, € 1i60060pomHoI0, MO

onepayii gy ig,, AKki nobyoosani 3a popmynamu

g1(x,y)= fi(x,y),
2 (x, )= fo(x, f1(x,)),

€ OPMO2OHANLHUMU.

Merto o0y 0By, SIKMH BU3HAYaeThCst popmynamu (1), Ha3MBaTUMEMO Ji6UM
PEKYPCUBHUM AN2OPUMMOM, & METOJ NMOOYIOBH, KM BU3Ha4YaeThes (HopMysaMu
(2), Ha3UBATHMEMO NPABUM PEKYPCUBHUM ANCOPUMMOM.

Hacainox 1. [llapa opmoconanvuux onepayiii € no6yo0o6HOKW 3a JiGUM
(npasum) pexypcusHuM arzopummom mooi i miibKu mooi, KOiu NPUHAUMHI 0OHA i3
0OpMO2OHANLHUX Onepayiil € 1i6o(npaso) 060poOMHOI0.

Ilpuxnao. Yci noBHi 6iHapHi OyIieBi orneparii € JiBo a00 MPaBOOOOPOTHUMH.
KoxHa i3 mux omepariiii Ma€ 4OTHPH OPTOTOHAIBbHI JOMOBHEHHS BiIIOBIIHO JIO
teopemu 1 i Teopemu 2. JIo TOTO K, KOXKHE i3 IIUX JAOMOBHEHb € TIOOYIOBHUM 3a
JiBUM a00 TIPABUM PEKYPCUBHHUM aJTOPUTMOM.

Teopema 4. /[6i 6nopaokoeani napu opmo2oHATbHUX onepayil, 00HA 3 AKUX €
noOYO0BHOIO 3a TIGUM PEKYPCUSHUM ANIROPUMMOM, A IHULA — 34 NPABUM PEKYDCUBHUM
an2oOpumMoMm, € s -napacmpo@HumMu mooi i MminbKu mooi, KoIu 6XIOHI napu
onepayitl € s -nApacmpopHUMU.

1.  Keedwell A. D., DenesJ. Latin Squares and their Applications, second edition. —
Amsterdam: North Holland, 2015. — 440 p.
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2. Belyavskaya G., Mullen G. L. Orthogonal hypercubes and n-ary operations //
Quasigroups Related Systems. —2005. — 13, Ne 1. — P. 73-86.

3. @pusl B. Tlpo nobynoBy n-apuux kBaszirpymn // Bicauk JouHY, Cep. A: IIpupoauunui
Hayku. —2015. — Ne 1-2. — C. 89-96.

ORTHOGONAL COMPLEMENTS FOR BINARY OPERATIONS

Every quasigroup is known to have an orthogonal complement. If the quasigroup is
admissible, then it has an orthogonal quasigroup complement. Here, the specified criterion is
given. The methods for orthogonal complementing of an operation are considered.
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V]IK 512.64

YTOYHEHA TPUKYTHA ®OPMA 3x3-MATPHUILb 3 OJHUM
XAPAKTEPUCTUYHHUM KOPEHEM Y KJIACI HAINIBCKAJIAAPHO
EKBIBAJIEHTHUX MATPHUIIb

Bornan lllaBapoBcbknii

IHemumym npukiaoHux npooiem MexaHiKu i Mamemamuxu
im. A C. ITiocmpueaua HAH Yxpainu

bshavarovskii@gmail.com

Bimomo [1], 1o moniHOMiadbHI MaTPHIL, SIKi IEPEBOAATHCS OJHA B OJTHY MHO-
JKSHHSIM 3J1iBa 1 CIIpaBa BiJIIOBIHO HA YHCJIOBY HEOCOOJIMBY 1 HOJIIHOMiaJIbHY 000-
POTHY MaTpHIli, HA3UBAIOTHCS HANIGCKANAPHO eKgisarenmuumu. Beranosnena B [1]
TpUKYTHA (hOpMa BiTHOCHO BKa3aHOI €KBIBAJICHTHOCTI BU3HAYATHCS HEOTHO3HATHO.
Tomy nuTaHHS KiIacudikailii MaTpHUIb CTOCOBHO TaKOi €KBIBAJIEHTHOCTI € BilIKpH-
taM. B [2] 3HaliieHi yMOBH HamiBCKaJsPHOI €KBIBAJICHTHOCTI 2X2-MaTpuip. Y
[IOMY TIOBiIOMJICHHI YTOYHEHA TPUKyTHa (opma IUIsl OMHOTO Kiacy 3X3-mMaTpuis i
BKa3aHi ii iHBapiaHTH 1110JJ0 HAIBCKAJSIPHO €KBiBAJEHTHUX HEPTBOPEHb.

Hexait F(x)e M (3, C[x]). Obmexnumcs BumagkoM, komu det F'(x) mae urre

OJIMH KOpiHb. be3 0OMEXEeHHsS 3arajdbHOCTI BBaKaTUMEMO HOTO HYJIBOBUM, a
HepIIUil iHBapiaHTHUH MHOXHUK Matpuii F(x) — oguHUYHUM. MOXHa JOBECTH,

110 Y KJIaci HamiBCKaJSIPHO €KBiBaJIeHTHUX MaTpuub {PF(x)Q(x)} icHye MaTpuus
BULIISITY

1 0 0
G =[gx) o,
2(x) g xR

ne deggy <k, deggy,deggs <ky, £(0)=g3(0)=0, g(x)=x"",gy(x)=0,
g5(0)=0.

Teepamenns. HCI (g,(x), g3(x), 1), (g5(x), g3(x), X2 € insapianmanu
G(X) y Knaci HaniBCKAIAPHO eKGIBANCHMHUX MAMPUYD.

Monoowum cmenenem moninoma f(x) € C[x], f(x)# 0, HazBeMo HalHMXK-
YU CTeNiHb MOHOMA (3 HEHYJHLOBUM KOe(iIlliEHTOM) IIbOT0 MOHOMa. [To3HaYeHHS:
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codeg f . MoHoMm crenieHs codeg f Ha3BEMO MOI0OWUM HIeHOM, & HOTO Koedili-
€HT — MON0OwuUM Koe@iyienmom moninoma f(x) . MoloAmmiA CTemiHp NOJIHOMA
f(x)=0 nozHayaTMMEMO CMBOJIOM +0 .

Josomutecst, mo G(x) B knaci {PF(x)Q(x)} Moxna BHOpaTtu 3 yMOBaMH

codeg gz # codeg gy, codeggs #codeggs, sxmo codeggs <codegg,. Sximo
codeggs 2codegg,, 10 B {PF(x)O(x)} icnye G(x) Taka, 1O
codeg g3 # 2codeg g; +codeg g, iB g(x) BimcyTHiii MOHOM cTeneHs 2codeg gj.
Kpim nporo, sxmo g (x), g,(x) # 0, To MOkeMO BBa)KaTH MOJIOJII KoedillieHTH B
g1(x), g5 (x) oauHMuHMMMU. SIKIO X OIMH i3 NOJIHOMIB g1(X), 85 (X) € TOTOXKHIi
HyJlb, TO BBOXAEMO MOJIOAMI KOe(illiEHTH HEHYJIBOBUX MiJdiaroHATLHAX
eneMentiB Matpuii G(x) omuHmyHmMu. Taky marpumto G(x) Ha3HBaTUMEMO
36edenoio. BkazaHo Meron moOymoBH i NOBUTbHOT F(x) 3BENCHOI MAaTpHIII.

Po3pobiieHo anroput™ moOyI0BYU MEPETBOPIOBATIBHUX MATPHUILb.
Teopema. V 3sedeniti mampuyi G(x) wnacmynui eemuvunu codeggy,

codegg,, codeggy, a makoxc  codeg(g(x)gy(x)—g3(x)), aKwo
codeg(g;(x)g5(x)—g3(x)) <ky —ky , € ineapianmmamu 6iOHOCHO HANIECKAIAPHO

eKBIBANIEHMHUX NePEmEOPEHb.
Hacainok. Tomooicra pignicms Hyne6i KOJCHO20 3 Ni00IA20HANbHUX e/leMeHmd
36€0eHOl Mampuyi € IH8APIAHMOM GIOHOCHO HANIGCKANIAPHOI eKGI8ANEeHMHOCHII.
OTrpumani pe3yJdbTaTH MOXKHA BHKOPHUCTaTH B 3amadi  Kiacudikamii
CKiHUEHHUX Ha0OpiB YHCIOBUX MATPHUIb 3 TOYHICTIO 1O MOAIOHOCTI Ta MpH
PO3B’sI3yBaHHI MATPUIHUX Pi3HOOIYHUX PIBHAHB HAJI KUIIIEM MOJIIHOMIB.

1. Kazimipcoxuii I1. C,  Ilempuuxoeuu B. M. TIpo eKBIBaJEHTHICTh MONIHOMIaTbHHX
Marpunp // TeopeTndHi Ta NPUKIaJHI TATAHHSA anreOpu 1 audepeHmialbHUX PiBHIHB.
Kuis: HaykoBa nymka, 1977. — C. 61-66.

2. Shavarovskii B. Z. Toeplitz Matrices in the Problem of Semiscalar Equivalence of
Second-Order Polynomial Matrices // International Journal of Analysis. — 2017. —Vol.
2017. — Article ID 6701078, 14 pages.

IMPROVED TRIANGULAR FORM OF THE 3-BY-3-MATRICES WITH ONE
CHARACTERISTIC ROOT IN THE CLASS OF SEMISCALARLY EQUIVALENT
MATRICES

In this report the semiscalar equivalence of polynomial matrices of three-order is
investigated. In particular, the systems of invariants of reduced matrices have been found.
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YK 512.547.2

PO MOJYJISIPHI MATPUYHI 3065PAKEHHSI 3HAKO3MIHHOI
I'PYIIN YETBEPTOI'O CTEIIEHSA

Irop llanouka
Jleporcasnuii uwyuii HA8YANLHUL 3AK1A0 « YHc20pOOCbKuUll HAYIOHATLHUL YHIgepcumem»

ihor.shapochka@uzhnu.edu.ua

Hamu BuBYatoThCs A€sKi MOAYJISIpHI 300pakeHb 3HAKO3MIHHOT IPYITH CTETICHS
4, 3 TOYHICTIO J10, TAK 3BaHO{, y3araJbHEHO1 €KBIBaJICHTHOCTI. TepMiH «y3arajibHeHa
€KBIBaJICHTHICTh 300pakeHb» OyB BBeAeHHid y poOoTi [1]. Haragaemo marpudsi
300paxenns [:G—>GL(n,F) i A:G—>GL(n,F) ckinuennoi rpymu G Hanx
JeskuM TosieM F  HaTypanbHOTO CTENEHs N Ha3UBAIOThCS  y3arajbHEHO
€KBIBAJICHTHHMH, SIKIO iCHYIOTH aBTOMOPdi3M @ rpynu G Ta o6opotHa Matpuist C

3 oBHOI JiiHiiHOT rpynu GL(n, F') Taki, mo

C'r(g)C = A(9(g))

IUIsL IOBiIbHOTO eiemMenTa g rpymu G .

Hexaii 4, — 3Hako3MmiHHa rpyma crtenens 4, a F, — mnone Tamya
XapakTepucTuky 2. B [2] onmucani 3 TOYHICTIO 10 €KBIBaJICHTHOCTI BCi HEPO3KIIATHI
MaTpuuHi 300paxkeHHsa rpynu A, Hapg noneM I, . BuxopucroByrouu poboty [2],
HaMH JIOBEAECHO HACTYIHY TEOPEMY

Teopema. Heposknaoui mampuuni  300pasicenna  1:4Ay - GL(n,IF,) i
A4y, — GL(n,I,) s3uaxosminnoi epynu Ay nao nonem I'anya F, € y3aeanvneno

exgigaieHmuumMy Mmool 1 MIIbKU Moo, KOAU B0HU € eCKGIBANEHMHUMU
300padNCeHHAMU.

1. IyousoxIl. M., Bawyx @.I., Jlpo6omenxo B. C. UepHUKOBCKHE p-TPyNIBl |
LIEJIOYNCIICHHBIE p-aJUdecKie IpeJICTaBICHUs KOHEUHBIX Ipynn // YKp. Mar. XypH. —
1992. — 44, Ne26. — C. 742-753.

2. Dlab V., Ringel C. M. On modular representations of A4, // Journal of Algebra. — 1989.
—123. - P. 506-522.

ON MODULAR MATRIX REPRESENTATIONS OF ALTERNATING GROUP OF
DEGREE FOUR

We study the so-called weak equivalence of modular matrix representations of
alternating group of degree four over a Galois field of characteristic 2.
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YK 512.554.31

MPO MAKCUMAJIbHI JIOKAJIbHO HUJIbIIOTEHTHI
MIJAJTEBPU JI W, (K)

Ouabra llleBunk

Kuiscoxuii nayionanvnuti ynieepcumem imeni Tapaca Lllesuenxa
Oshev4ik@gmail.com

Hexait K — 10BiIbHE 11071€ XapaKTepUCTHKY HYb i A = K [x1, Xy, X3 | — Kibie
muorouseHiB Hax K . Anrebpa JIi W3(K) = Derg A Bcix K -nudepeniiroBaHb
anmrebpu A  MIiCTUTh TPUKYTHY mijanredpy wuz(K), sKka ckiagaeTbcs 3
nubepeHtioBanb Burisiny D = fl(xz,x3)i+ fz(x3)i+ f3i, 3 eK.

ox; 0xy ox3

Anreopa JIi u3(K) nokajabHO HiNBIOTEHTHA, ajle HE HiNbIOTeHTHA (quB. [1]),
ii OynoBa i BkiajeHHs B W3(K) nNpeicTaBisioTh 3HAYHUM iHTEpec, OCKIIbKU
eneMeHTH 13 u3(K) BU3HAUalOTh aBTOMOPGI3MU  KUIbLE MHOIOYJIEHIB
K[x1,x),x3]. B poGori noseneno, mo u3(K) € MaKCHMAIbHOIO (33 BKJIIOYCHHSM)

JIOKaJIbHO HIJBIOTEHTHOIO Hifairedporo i3 W3 (K') (3ayBaskuMo, 1110 HUIBIIOTEHTHI i
JIOKJTbHO HUTBITOTeHTHI ayreOpu JIi nudepentiitoBanb BUBUaIKCs B podoTax [2-4]).
Takox moOymoBaHa Ie OJHA MaKCHUMallbHA JIOKAJIhHO HUIBIIOTEHTHA MiganreOpa
53(K) i3 W3(K), sfKa MICTUTh HE JIOKAJIbHO HIIBIOTEHTHI JUGEpEHIiIOBaHHS

anredbpu A 1 ToMy He € cupsbkeHoro 3 u3(K) . SIk HacHioK, BUKOPHCTOBYIOUH

MOTIEPEIHI Pe3yIbTaTH B ILOMY HAMPsAMi, JOBEJCHO, III0 KOXKHA MaKCUMalbHa (3a
BKJIIOUEHHSIM) JIOKAJIbHO HiJbIOTEeHTHA mifanredpa L panry 3 nag 4 3 dimg L >3

i3omopdHa abo u3(K) abo s3(K).

1. Bavula V. Lie algebras of triangular polymomial derivations and an isomorphism
criterion for their factor algebras // Izv. RAN. Ser.Mat. — 2013. — 77, is. 6. — P. 3-44.

2.  Makedonskyi Ie. O., Petravchuk A. P. On nilpotent and solvable Lie algebras of
derivations // Journal of Algebra. — 2014. — 401. — P. 245-257.

3. IHempasuyk A. II, Cucax K. 4. Tlpo nokanbHo HinbnorentHi amredpu JIi mudepeHiiroBaHb
KoMyTaTiBHHX Kiteup // Hayk. BicHuk Yskroponcbkoro yH-Ty. Cepin Marematuka i
iHdopmaruka. —2016.—29, Bun. 2. — C. 97-103.
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4.  Petravchuk A. P., Shevchyk O. M., Sysak K. Ya. On locally nilpotent Lie algebras of
derivations of integral domains //Appl. Problems of Mech. and Math. — 2017. — 15. —
P. 7-15.

ON MAXIMAL LOCALLY NILPOTENT SUBALGEBRAS OF THE LIE ALGEBRA W;(K)

Let K be a field of characteristic zero, A=K [xl ,x2,x3] the polynomial ring and

W3(K) = Derx A the Lie algebra of all derivations of the ring A . We prove that the

triangular subalgebra u3(K) of the Lie algebra is a maximal locally nilpotent subalgebra

in W3(K) . An another maximal locally nilpotent subalgebra s3(K) is pointed out and it is

proved that every maximal locally nilpotent subalgebra of rank 3 over A is isomorphic either

to u3(K) orto s3(K).
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UDC 512.64 +512.56

ON COEFFICIENTS OF TRANSITIVENESS OF POSETS CRITICAL
WITH RESPECT TO THE POSITIVITY OF THE QUADRATIC
TITS FORM

Vitaliy Bondarenko, Maryna Styopochkina

Institute of Mathematics of NAN of Ukraine,
Zhytomyr National University of Agriculture and Ecology

vit-bond@imath.kiev.ua, StMar@ukr.net

The quadratic Tits form, introduced by P. Gabriel for a finite quiver, is
naturally generalized to a finite poset 0 ¢S :

2 2
qs(Z)=ZO+ZZl' + Z Zl'Zj_ZozZl'.
ieS i<j,i,jeS ieS
In [1] it is introduced the notion of P-critical posets as posets critical with
respect to the positivity of the quadratic Tits form. So the P-critical posets are

analogs of the extended Dynkin diagrams. All such posets are classified in [1].
We study combinatorial properties of P-critical posets.

Let S be a finite poset and Sf = {(x,y) |x,yeS,x <y} CIf (x,y) € S<2 and

there is no z satisfying x <z <y, then one says that x and y are neighboring. We

s

put n, =n,(S):= and denote by n, =n,(S) the number of pairs of

neighboring elements. On the language of the Hasse diagram H(S) (that represents
S in the plane), n, is equal to the number of all its edges and n,, to the number of

all its paths, up to parallelity, going bottom-up (two path is called parallel if they
start and terminate at the same vertices). The ratio k, =k, (S) of the numbers

n,—n, and n, we call the coefficient of transitiveness of S. If n, =0 (then
n, =0), we assume k, =0.

An element of a poset T is called nodal, if it is comparable with all elements
of T. Obviously, each element of 7 is nodal iff 7 is a chain. It follows from the
results of [2] that any P-critical poset S is uniquely represented in the form

S§=8yuS; uS; where S;,Sy are chains (maybe empty), S; does not contain
nodal elements and Sy <S;<S; (X <Y means that x<y for any
xeX,yeY). Then S, =S5 USY is the set of all nodal elements of S'.
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We calculate the coefficients of transitiveness k, for each of the 75 critical

posets (see the list in [2]). All the coefficients are written up to the second decimal
place.
Theorem 1. The following holds for P-critical posets 1 — 75 :

k TN k[N &N K]~ K
0,00 | 16 | 0,61 | 31 | 0,00 46 | 063 | 61 | 042
0,50 | 17 [ 0,61 32 [033] 47 |060| 62 |0,53
0,55| 18 | 0,53 33 [029] 48 | 050 63 | 0,65
045| 19 [ 0,53 | 34 [000] 49 |057| 64 |0,59
0,67 20 [ 0,50 35 [033] 50 |050] 65 |0,42
0,61 | 21 [ 0,68 36 |058] 51 |045| 66 |036
0,57 | 22 0,64 37 |050] 52 |036] 67 |0,61
0,50 | 23 0,64 38 |038] 53 |040| 68 |0,56
0,50 | 24 | 064 39 |040| 54 |033] 69 | 046
0,73 | 25 | 064 ] 40 |040| 55 | 056 70 |0,38
0,69 26 |058] 41 |025| 56 |046| 71 | 0,30
0,69 27 |058] 42 |0,55| 57 |042] 72 | 0,53
0,70 | 28 | 0,50 43 | 068 58 |0,50| 73 | 043
0,65| 29 |047] 44 |063| 59 |036| 74 |0,38
0,671 30 [000] 45 |063] 60 | 046 75 | 0,00

e i
SRR =NEN-JE- SN I NV O S e

Theorem 2. Let S be a P-critical poset. Then the following conditions are
equivalent:
a) k,(S)=k,(T) for any P-critical poset T;

b) |S0| > |T0| for any P-critical poset T, and Sy or Sj is empty.
1. Bondarenko V. M., Styopochkina M. V. (Min, max)-equivalence of partially ordered sets

and the Tits quadratic form // Zb. Pr. Inst. Mat. NAN Ukr. Problems of Analysis and
Algebra. — 2005. — 2, No. 3. — P. 18-58 (in Russian).

PO KOE®ILNIEHTU TPAH3UTUBHOCTI Y. B. MHOKWH, KPUTUYHHUX BITHOCHO
JOJATHOCTI KBAJIPATUYHOI ®OPMMU TITCA

Mu 6800umo iHGapiaHm CKIHYEHHOT 4. 6. MHOJICUHU, HA3BAHUL KOoepiyieHmom
Mpan3umMueHOCmi, i 00UUCTIOEMO 11020 O 6CIX P-Kpumuunux u. 8. MHOJICUH.
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UDC 512.54
INTEGRAL GROUP RING OF THE SUZUKI SPORADIC SIMPLE
GROUP
Victor Bovdi

United Arab Emirates University; Al Ain, United Arab Emirates

vbovdi@math.klte.hu

Using the Luthar—Passi method, we investigate the classical Zassenhaus
conjecture for the normalized unit group of the integral group ring of the Suzuki
sporadic simple group Suz. As a consequence, for this group we confirm the
Kimmerle’s conjecture on prime graphs.

248



AJITEBPA, TEOMETPIA I TOITOJIOTTA

UDC 519.41/47

ON SHUNKOYV GROUPS WITH COMPLEMENTED NON-ABELIAN
SUBGROUPS

Nikolay Chernikov
Institute of mathematics of NAS of Ukraine

chern@imath.kiev.ua

The known Theorem of P. P. Baryshovets [1, 2] gives a description of the
locally finite non-abelian groups with complemented non-abelian subgroups.
Further, remind that the group G is called Shunkov, if for each its finite subgroup
K every subgroup of the factor group Ng(K)/K , generated by two conjugate
elements of prime order, is finite (V. D. Mazurov, 1998). The class of periodic
Shunkov groups is wide and includes, for instance, all binary and locally finite
groups, all 2 -groups. The following new proposition holds.

Theorem (N. S. Chernikov, 2018). Non-abelian periodic Shunkov groups
with complemented non-abelian subgroups are locally finite.

1. Baryshovets P. P. On infinite groups with complemented non-abelian subgroups // UMJ
—2013.—65, Ne 11. —P. 1443—1455 (in Russian).

2. Baryshovets P. P. Infinite groups with complemented non-abelian subgroups // Ukrain.
Mat. Zh. —2015. — 67, Ne 4. — P. 447-455 (in Russian).

PO I'PYIIA IIYHKOBA 3 TJOIIOBHIOBAHUMM HEABEJIEBUMH INIAT'PYIIAMM

Hageoeno nosy meopemy agmopa npo 10KanbHy CKiHYeHHICMb 0esaKux nepiooudHux
epyn lllynkosa.
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UDC 539.3
TWELVE-POINT SPHERE
Ilona Drzymala
Instytut Matematyki, Uniwersytet Pedagogiczny, Krakow, Poland
drzymala.ilona@gmail.com
In 1822 Karl Wilhelm Feuerbach proved that feet of altitudes and midpoints of
sides in a triangle lie on one circle. It was later proved that three other special points

also lie on this circle, which we now call nine-point circle. It has many nice
properties and generalizations.

Sa, Sp, Sc— feet of altitude

My, Mp, Mc— midpoints of sides

H — orthocenter

Py, Pp, Po, — midpoints of segments AH, BH,CH

For instance, consider a three-dimensional counterpart of a triangle, a
tetrahedron. It seems there must be a sphere that corresponds to
nine-point circle. Let us consider an orthogonal tetrahedron. It can be proved that the
centers of gravity of its faces, the orthocenters of each face and the points dividing
segments from orthocenter of the tetrahedron to vertices in the ratio 1:2 belong to
one sphere. We call it twelve-point sphere. One of the proofs is to use a homothetic
transformation.

1. Coxeter H. Wstep do geometrii dawnej i nowej, PWN, Warszawa 1967.
Kieza M. Okrag dziewigciu punktow i pewne dwa fakty// http:/www.deltami.edu.pl
(27.03.2018).

3. Slezak M., Tkacz M. Sfera dwunastu punktéw // Koktajl matematyczny, czyli...
uczniowie pisza matematyke. — Krakéw: Wydawnictwo Szkolne Omega, 1999.
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CO®EPA IBAHAJIATHU TOYOK.

B 1822 p. Kapn Binveenvsm @eiiepbax 0086i6, wjo 0CHO8U 8UCOmM Ma CepeOuHU CMOPIH
MPUKYMHUKQ Haxedxcams 00Homy xoay. IlizHiuwe 6yn0 0osedeno, wjo mpu iHwi cneyianibHi
MOYKU MAKOIC 1eACAMb HA MOMY JIC KO, siKe MU menep Ha3u8aemo KOJIOM 0e@'simu moyox.
Bono mae 6azamo yixasux enacmugocmeii i y3acanbHeny.

Hanpuxnao, posenanemo, mpugumipnuil ananoe mpukymuuxa, mempaeop. 30aemucs,
wo noguHHa Oymu Kyis, AKa 6ionosioac Kony oeg'smu mouox. Pozenanemo opmozonanvhuil
mempaedp. Mooice 6ymu 006e0eHo, wo yeHmpu mMacc ma OpmoyeHmpu paneu i mouxu, o
dinamb 6iOpi3Kie, AKi 3 €OHYIOMb Opmoyenmp mempaeopa 3 6epUIUHAMU Y CNIBBIOHOUIEHHT
1:2, nanexcamv 00 oowiei cgpepu. Mu nazecmo ii cgeporo deanaoysmu moyok. Oomne 3
006e0eHb Yb02o (haxmy BUKOPUCIOBYE 20MOMEMUYHY MPaHchopmayiio.
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UDC 539.3
GEOMETRY IN MUSIC?

Paulina Fras

34-143 Lanckorona, Lanckorona 623, Poland

paulinka77710@gmail.com

The paper tries to explore the common ground between mathematics and art,
more specifically music.

It has been repeatedly shown that mathematics is connected with the wide range
of phenomenon dealt by science and informatics. We can also use mathematic
methods to study nature and biology. But does mathematics, or more specifically
geometry, have anything to do with music? Is it possible to connect these seemingly
different branches in any consistent way? Is it possible to overcome the differences
between them resulting for example from using distinct languages and specific sets
of symbols and signs?

The main goal of this presentation will be to show various similarities between
these two areas. The core analysis will show several examples of how patterns found
in music can be studied and described with the use of strictly mathematical terms.
Among other interesting examples, the argument will milarities between these two
areas include a fascinating description of a musical piece by one of the Viennese
classics carried out in the language of geometry. What is more, a close look at the
pattern used by that piece of music will lead us to the conclusion that the composer
must have used those mathematical properties in a very conscious way.

1. Golgb Maciej. Dodekafonia. — Bydgoszcz: wyd. Pomorze, 1987.
2. Kordos Marek. Wyktady z historii matematyki — Warszawa: WSiP, 1994,
3. James Jeans. Science and Music. — Dover, 1968. — 155 p.

I'EOMETPIS B MY3UllI?

Y pobomi oocniodcyemuvca 3aeanvha medica Midc Mamemamukoio ma MUCmeymeom, a
came My3uUKoro.

Heoonopazoso dosedeno, wjo mamemamuxa nog's3ana 3 wWiupoKuUM CReKmpom A6UUY, WO
PO32N1A0aI0MbCs HAYKO ma  ingopmamuroo. Mu makoxc Moxicemo SUKOPUCTOBYBATU
MamemMamuyHni Memoou 6ueyenHs npupoou ma Oionoecii. Ane uu mae mamemamuxa, a
MouHiule 2eomempis, WoCb ChinbHe i3 My3ukoio? Yu ModxcHa Nocrioo8HO NOEOHaAmMU yi,
30asanocs 6, pizui hanpsamxu? Yu ModicHa no0oaamu po3oiscHOCMI MidIC HUMU 8 pe3yabmani,
HanpuKaao, BUKOPUCMAHHS PI3HUX MO8 MA CReYu@IuHUX HAOOPI6 CUMBONI6 Ma 3HAKIG?

Tonosna mema yiei npesemmayii — nokazamu nOOiGHOCMI Midc Yumu 080MaA
Hanpamkamu. 1 pynmoenuii ananiz nokasxce KilbkKa NPUKIAOi@ mMo2o, AK MONCHA

252



AJITEBPA, TEOMETPIA I TOITOJIOTTA

docnidoicyeamuy ma onucamu 8 My3uyi 3aKOHOMIDHOCMI 3 GUKOPUCMAHHAM YIMKUX
mamemamuynux mepminig. Ceped iHwUX YIKAGUX NPUKIAdie, AK apeymenm, 06yoe
3AXONTIOIOUULL ONUC MY3ULHO20 MBOPY 00H202 3 GIOEHCLKUX KAACUKI8, BUKOHAHAHUL HA MOSI
eeomempii. Binbwie moeo, ysadcHuil nepeeisio MoOei, 8UKOPUCIMOBYBAHOT YUM MY3UUHUM
meopom, npugede HAC 00 GUCHOGKY, WO KOMNO3UMOP NOBUHEH UYIIKOM C8iOOMO
BUKOPUCMOBYBAMU Yi MAMEMAMUYHI 61ACTNUBOCII.
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UDC 539.3
DESCARTES’ METHOD OF DIVIDING AN ANGLE
Marta Giza
Institute of Mathematics, Pedagogical University of Cracow, Poland

mrtgiza@gmail.com

In 1637 René Descartes trisected an angle using a compass, a ruler and a given
parabola y = x? . Descartes claimed that we can similarly divide an angle into five

equal parts.

During my presentation I will present Descartes’ method of angle trisection and
my results of finding formula (maybe an algorithm, beacause a formula is trivial) to
divide an angle into an odd number of parts.

1. Blaszczyk P., Mrowka K., Kartezjusz GEOMETRIA. — Krakéw: Universitas, 2016.
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UDC 539.3
CONFIGURATIONS OF LINES IN THE PROJECTIVE PLANE

Malgorzata Golab
Institute of Mathematic, Pedagogical University of Cracow, Krakow, Poland

malgoska.golab@gmail.com

We shall consider configurations of lines in the projective plane. We shall focus
on the maximum and minimum number of points determined as intersection points
by a given number of lines. The main theme will be the Erdds - de Bruijn theorem
in the dual version. It has been published in the article "On a combinatorial problem".
The problem presented by these mathematicians was uttered as a combinatorial
theorem about sets and points of their elements. Only as a remark, the authors
proposed to identify elements with points and sets with lines of the projection plane.
We shall show that this result and the duality in the projective geometry leads to the
dual version of the Erdds - de Bruijn theorem.

Next, we shall focus on configurations in the real projective plane. We shall
look for lower bounds on the number of points determined by n lines, not all in a
pencil and not a quasi-pencil. Finaly we shall present lower bounds on the number
of a points in arrangements satisfying some assumptions. This result is a sharpened
version of the dual of the classical theorem of Erdés and de Bruijn.

I think there is a sense to state your own results a bit more concretely.

1. de Bruijn N. G., Erdds P. On a combinatorial problem // Indagationes Mathematicae. —
1948. —10. — P. 421-423.

2. Kelly L. M., Mosser W. O. J. On the number of ordinary lines determined by n points //
Canad. J. Math. — 1958. - 10. — P. 210-219.

3.  KleeV., Wagon S. Old and new unsolved problems in Plane Geometry and number theory
// The Mathematical Association os America. — 1991. —P. 29-35.
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LINE ARRANGEMENTS, PSEUDOLINE ARRANGEMENTS AND
BOROCZKY CONFIGURATIONS FROM THE FEW POINTS OF VIEW

Jakub Kabat
Institute of Mathematics, Pedagogical University of Cracow, Poland

xxkabat@gmail.com

In the talk we will remind a family of examples of the line arrangements called
Boroczky configurations and present some pseudoline arrangements. The
connection of Béroczky configurations of lines and pseudoline arrangements will be
also presented.

1. Bokowski J., Pokora P. On the Sylvester-Gallai and the orchard problem for pseudoline
arrangements // Periodica Math. Hungarica.

2.  Furedi Z., Palasti I. Arrangements of lines with a large number of triangles // Proc.
Amer. Math. Soc. — 1984. -92, N 4. -P. 561-566.
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UDC 5124
MODULES WITH BOOLEAN LATTICES OF RADICAL FILTERS
Yuriy Maturin
Drohobych Ivan Franko State Pedagogical University

yuriy_maturin@hotmail.com

All rings are considered to be associative with 1#0. Let R be a ring and let
M be aleft R -module. Let Gen(M) be a class of all R -modules K for which

there exists an exact sequence

MY 5K 0

for some set A4 .

Let E be some non-empty collection of submodules of M . We consider the
following conditions:

(1) LEE&LSNSM = NE€E;

(2) LeE& feEnd(M)= (L) eE;

B) NeE,NeGen(M)&L<EN<M& (Vg e Hom(M,N): gfl(L) ekE)
=LeE.

A collection E satisfying conditions (1), (2), (3) is called a radical filter of M.

Theorem. For a semisimple module M with a finite number of homogeneous

components the poset of all its radical filters is a Boolean lattice if and only if M is
finitely generated.

MODULES WITH BOOLEAN LATTICES OF RADICAL FILTERS

Radical filters in modules are considered. Classes of modules with Boolean lattices of
radical filters are given.
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YK 512.715, 512.554.31
NILPOTENT MODULES OVER POLYNOMIAL RINGS

Anatoliy Petravchuk, Yevhenii Chapovskyi

Taras Shevchenko National University of Kyiv

apetrav(@gmail.com, safemacc@gmail.com

Let k be an algebraically closed field of characteristic zero, k[X ] the
polynomial ring in n variables. The vector space 7, =k[X] is a k[X]-module

with the action x;y =v| for veT, . Every finite dimensional submodule V of T,
is nilpotent, i.e. every f € k[.X ] acts nilpotently on V.

k[ X ] -modules are important because of numerous applications and have been

extensively studied (see [3,4]). However, in case of higher dimensions their structure
is quite complicated and their classification have been established to be a wild
problem (see [2]). Putting a natural condition on modules to have a one-dimensional
socle, i.e. to have the only minimal submodule of dimension one, the following result
was obtained.

Theorem 1. Every nilpotent ]k[X] -module V of finite dimension over k with
one-dimensional socle can be isomorphically embedded in the module T, .
The group of automorphisms of the module 7, and its finite dimensional

monomial (i.e. spanned by monomials) submodules was found. In one dimensional
case k[.X]-modules endomorphisms were studied in [1].

Theorem 2. The algebra End T, of k[X|-module T, is isomorphic to the

algebra of formal power series in n variables ]kl:[X ]J , hence Aut T, is isomorphic

to ]k[[XH

Theorem 3. For a finite dimensional monomial submodule M cT, of

*

m—1

dimension m the group Aut M is isomorphic to a product k" x H k* , where k*
i=l1

denotes the additive group of the field k .

1. Best P., Gualtieri M., Hayden P., Orbits of the centralizer of a linear operator // J. Lie
Theory. — 2012. — Vol.4. — P. 1039-1048.
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2. Gelfand I. M., Ponomarev V. 4. Remarks on the classification of a pair of commuting
linear transformations in a finite dimensional space // Funkc. Anal. Prilozhen. 3. — 1969.
—no.4. —P. 81-82.

3. Quillen D. Projective modules over polynomial rings // Invent. Math. —1976. — 36. —

P. 167-171.

4. Suslin A. Projective modules over polynomial rings are free, Translated in "Soviet

Mathematics". — 1976. — 17(4). — P. 1160-1164.

NILPOTENT MODULES OVER POLYNOMIAL RINGS
Let k be an algebraically closed field of characteristic zero, k[X ] the polynomial
ring in n variables. The vector space T, = ]k[X] is a ]k[X] -module with the action
XV = v)'cl_ for veT,. Every finite dimensional submodule V' of T, is nilpotent, i.e. every

fe k[X] acts nilpotently on V. We prove that every nilpotent k[X] -module V' of

finite dimension over K with one-dimensional socle can be isomorphically embedded in the
module T, . The group of automorphisms of the module T, and its finite dimensional

monomial submodules is found.
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UDK 512.643
ON THE SIMILARITY OF MATRICES 4B AND BA
Volodymyr Prokip

Pidstryhach Institute for Applied Problems of Mechanics and Mathematics NAS of Ukraine

v.prokip@gmail.com

Let F be a field and let F,, , denote the set of (mxn) matrices with entries
from F . In what follows that GL(n,F) is the group of nonsingular matrices in
F

nn» 1, 18 the identity (nxn) matrix and Om’n is the zero (mxn) matrix.

Let 4,B € Fy, , . Itis well known that the characteristic polynomials of matri-

ces AB and BA are the same (see [1, 2]). If one of the matrices (A4 or B) is
invertible, then 4B and BA are similar. If both 4 and B are singular then 4B
and BA are not always similar. For singular matrices (over the field of rationl

010 000 1 00
numbers) A=|0 0 0| and B=|1 0 O| we have AB=|0 0 0| and
1 00 0 01 0 00
000
BA=]0 1 O0].Itis obvious that matrices AB and BA are not similar.
1 00

In this report we investigate the following widely known question. Let
4,B € F,, ,, besingular matrices. When are matrices 4B and BA similar? We give
conditions under which 4B and BA are similar. It may be noted that the problem
of the similarity of matrices AB and BA has attracted the attention of many
mathematicians (see [2—5] and references therein).

Let 4,B € F,, ,, be singular matrices and rank 4 =r <m.For A€ F), , there
0

0"””*’ } (see [3]).

m—r,r m—r,m—r

7

exist matrices U,V € GL(m,F) such that UAV = {0

By By

Put ¥ 'BU! = { }, where B € F,, and By € F,_, ,_, . In view of

By By
the above we give the following description of similarity of matrices 4B and BA .

Proposition 1. Let 4,B € F, ,, be singular matrices and rank A =r <m. If:
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1) detB); #0, or

B B By 0,
2) rank By = rank ! 12 —rank | T , or
0 B21 Om—r,m—r

m—r,r m—r,m—r

3) Bj; =0,., and rank By, =rank By, or

Byy By . . .
4) is the symmetric matrix,
BZI Om—r,m—r
then matrices AB and BA are similar.
Below we describe the classes of pairs of singular matrices 4,B € £, ,, for
which matrices AB and BA are similar.
Proposition 2. Let A,B€F,, be singular matrices. If rtank AB=

rank BA =1, then AB and BA are similar.
Corollary 1. Let A,B€F, , be singular matrices and rank A=1. If

AB#0,,,, and BA+0
Proposition 3. Let A,BeF, be singular matrices and rank A=2. If

m,m
rank AB =rank BA , then AB and BA are similar.
In view of the above statements we obtain
Theorem. Let A,BeF,, , be singular matrices and rank A<2. If
rank AB =rank BA, then AB and BA are similar.
From the Theorem it follows
Corollary 2. Let A,B € F33. Matrices AB and BA are similar if and only if

rank AB =rank BA .

m.m» then matrices AB and BA are similar.

1. HornR. A., Johnson C. R. Matrix analysis: Second edition — Cambridge university press,

2013. — 643 p.

2. Flanders H. Elementary divisors of AB and BA // Proc. Amer. Math. Soc. — 1951. —
2.—-P.871-874.

3. Thompson R. C. On the matrices AB and BA // Linear Algebra Appl. — 1968. — 1. —
P.43-58.

4.  LippertR. A., Strang G. The Jordan forms of AB and BA // Electron. J. Linear Algebra.
—2009. - 18.—-P.281-288.

5. Garcia S. R., Sherman D., Weiss G. On the similarity of AB and BA for normal
matrices // Linear Algebra Appl. —2016. — 508. — P.14-21.

ABOUT SIMILARITYOF MATRICES AB AND BA

Let A and B be singular m x m matrices over a field. We give conditions under which
matrices AB and BA are similar.
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VK 512.536.7+512.568.2
ON FEEBLY COMPACT SEMITOPOLOGICAL SEMILATTICE exp, A
Oleksandra Sobol, Oleg Gutik

Ivan Franko National University of L'viv

0.yu.sobol@gmail.com

This research is a continuation of the papers [6-7]. We shall follow the
terminology of [1-5, 8-9]. By ®(») we denote an infinite countable discrete space.

For an arbitrary non-zero cardinal A and an arbitrary positive integer n we
consider a set exp, 7»={Ag7»:|A| Sn} endowed with the operation (), which

makes this set a semilattice.

We recall that a topological space X is said to be

o totally countably pracompact, if there exists a dense subset D of the space
X such that each sequence of points of the set D has a subsequence with the
compact closure (in X );

e sequentially pracompact, if there exists a dense subset D of the space X
such that each sequence of points of the set D has a convergent subsequence;

e feebly compact, if each locally finite open cover of X is finite;

e Y-compact, where Y is a given topological space, if for any continuous map

f:X —>Y aset f(X) iscompact.

Theorem. Let n be an arbitrary positive integer and A be an arbitrary infinite
cardinal. Then for any shift-continuous T, -topology © on exp, A the following
conditions are equivalent:

i) (expn A, 7:) is sequentially pracompact;

ii) (exp” 7»,1:) is totally countably pracompact;
iii) (expn X,T) is feebly compact;

iv) (expn X,T) is ®D(w) -compact.

Corollary. Let {(expnl_ A\ T ) el } be a family of non-empty feebly compact
T -semitopological semilattices. Then the Tychonoff  product

H{(expnl_ ki,ri),i € I} is feebly compact.
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1. Dorantes-Aldama A., Shakhmato D. Selective sequential seudocompactness // Topology
—2017 — Appl. 222. — P. 53-69.

2. Dow A., Porter J. R., Stephenson R. M., Woods R. G. Spaces whose pseudocompact
subspaces are closed subsets // Appl. Gen. Topol. —2004. — 5. —P. 243-264.

3. Engelking R. General Topology, 2nd ed. — Berlin: Heldermann, 1989.

4. Gierz G, Hofmann K. H., Keimel K., LawsonJ. D., Mislove M. W., Scott D. S.
Continuous Lattices and Domains. — Cambridge: Cambridge Univ. Press, 2003.

5. Gutik O, Ravsky A. On old and new classes of feebly compact spaces //
https://arxiv.org/abs/1804.07454.

6.  Gutik O., Sobol O. On feebly compact topologies on the semilattice exp,, A // Mat. Stud.
—2016.—46,N.1. - P. 29-43.

7. Gutik O., Sobol O. On feebly compact shift-continuous topologies on the semilattice
exp,, A // Visnyk Lviv Univ. Ser. Mech. Math. —2016. — 82. — P. 128-136.

8. Matveev M. A survey of star covering properties. — Topology Atlas preprint, April 15,
1998.

9.  Ruppert W. Compact Semitopological Semigroups: An Intrinsic Theory, Lect. Notes
Math. — Berlin: Springer, 1984.

ON FEEBLY COMPACT SEMITOPOLOGICAL SEMILATTICE €Xxp,, A

We study feebly compact shift-continuous topologies t on the semilattice
(exp” k,ﬂ). It is proved that for any shift-continuous T) -topology on 1 the following

conditions are equivalent: (i) T is sequentially pracompact; (ii) t is totally countably

pracompact; (iii) T is feebly compact; (iv) (exp s ‘E) is D(®) -compact.

263



CVYYACHI [TPOBJIEMU MEXAHIKN TA MATEMATUKN

UDC 512.5

ABOUT ISOMORPHISM OF TOPOLOGICAL LINEAR QASIGROUPS ON
REAL NUMBERS AND THEIR SUBQUASIGROUPS

Fedir Sokhatsky, Viktor Savchuk

Vasyl' Stus Donetsk National University,
Pidstrygach Institute for Applied Problems of Mechanics and Mathematics NAS of Ukraine

fmsokha@ukr.net, savchukvd@ukr.net

An algebra (Q; o,o,o) is called a quasigroup if it satisfies identities:
/ / r r
(xey)ey=x, (xey)ey=x, xo(xey)=y, xo(xey)=y.

A quasigroup (Q,o,o,o) is called: 1) topological in a space (Q;T) if the

! r
operations (o), (o), (o) are continuous; 2) linear, if there is a group (Q;+), its

automorphisms o, B and an element @ € Q such that xoy = oax+By+a.

Lemmas 12, 13 and Corollary 30 [3] imply an algorithm for describing the
linear topological quasigroups on an arbitrary topological space (Q;T), namely:

Step 1: Find the set G of all pairwise topologically non-isomorphic topological
groups on (Q;T).

Step 2: For each group (Q;+) from G find the set At(Q;+) of all pairs of
topological automorphisms of the group (Q;+), which are not conjugated
by topological automorphisms of (Q;+). Recall that pairs (o,) and
(p,y) of automorphisms of a group G are called conjugated, if there

exists an automorphism 0 of G such that o = e—1<pe, B= G_I\VG .
Step 3: For each pair (a,B) from At(Q;+) find the set Iq(Q;+;a,B) of all non
(a,B) -isoequal elements from Q.
Definition 1. [3] Elements a,b € Q are called (o,B) -isoequal, if quasigroups
(Q;0), where xoy:=ax+By+a, and (Q;*), where x*y:=oax+py+b, are
isomorphic.
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Lemma 1. [3] Elements a and b of the group (Q;+) are (o,B) -isoequal if
and only if there exist an automorphism © of the group (Q;+) and element ¢ € Q
such that

Bo=00, OBp=PpO, Ob=(a+Pf-v)(c)+a.

Let @ be the set of all quintuples (Q;+;a,B,a) such that (Q;+) belongs to
g, (Q;+;a,B) belongs to At(Q;+) and a belongs to Iq (Q;+;a,3).

Theorem 2. Each topological linear quasigroup on a space (Q;T) is
opologically  isomorphic to exactly one quasigroup (Q;o), where
xoy:=oax+By+a, for some (Q;+;a,B,a) from @ .

Theorem 3. In the topological space of real numbers with the usual topology,
each linear quasigroup is isomorphic to exactly one of the quasigroups (R;o),

(R;*), where
xeoy=ax+by, (1)
xky=cx+(-c)y+l, 2)
wherea, b, ¢ are non-zero real numbers and moreoverc #1.
Theorem 4. 4 subset H C R is a subquasigroup of (R;o) (see (1)) if and only
if H is a subgroup of (R;+) and aH =H, bH=H. A subset HCR is a
subquasigroup of (R;*) (see (2)) if and only if there exists a subgroup (G;+) of
(R;+) and a number d € R such thatH =G+d, dodeH and aG=G,
bG=G.
For example, a set H of integers is a subquasigroup of (R;o) (see (1)), where

a and b are integers, if and only if H = mZ, where m is a common multiple of a
and b.

1. Sokhatskii F. N. On isotopes of groups. I // Ukrainian mathematical journal. — 1995. —
47, No. 10. —P. 1387-1398.

2. Sokhatskii F. N. On isotopes of groups. II // Ukrainian mathematical journal. — 1995. —
47, No. 12. - P. 1692-1703.

3. Sokhatskii F. N. On isotopes of groups. III // Ukrainian mathematical journal. — 1996. —
48, No. 2. — P. 251-259.
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UDC 512.5
ABOUT LINEARITY OVER COMMUTATIVE GROUPS

Fedir Sokhatsky, Olena Tarkovska
Vasyl' Stus Donetsk National University

fmsokha@ukr.net, tark.olena@gmail.com

I r
An algebra (Q;o,0,0) is called a quasigroup if it satisfies identities:

/ / r r
(xop)ey=x, (xoy)ey=x, xo(xoy)=y, xo(xey)=y.

A groupoid (Q;e) is called an isofope of a groupoid (Q';*) iff there exists a
triple of bijections (8, v,y) calling an isofopism such that xey = y(S_lx wy! y) for
all x,y € 0. Anisotope of a group is called a group isotope.

Let (Q;e) be a group isotope and 0 be an arbitrary element of Q, then the right
part of the formula

Xey=ax+a+py (1

is called a 0-canonical decomposition [2], if (Q;+) is a group, 0 is its neutral element
and a0 =B0=0.
In this case: the element 0 is dening element; (Q;+) decomposition group; a

its free member; a its left or 2-coefficient; B its right or 1-coefficient; aB_l is its

middle or 3-coefficient. Briefly the canonical decomposition will be denoted by
(0,+,0,B,a). In [2] it is proved that an arbitrary element b from a group isotope

uniquely denes its b -canonical decomposition.

Definition. An isotope of an Abelian group with a canonical decomposition (1)
is called i-linear, if the i-coefficient is an automorphism of the decomposition
group, where i =1,2,3, i.e. right, left and middle linear respectively; linear, if it is
i-linear for all i =1,2,3.

An i -linearity of an isotope of an Abelian group means that i -coefficient is an
automorphism of the its decomposition group. For example, if an isotope is left
linear, then left coefficient (2-coefficient) is an automorphism of the decomposition
group.

Lemma 1. Any two from left, right and middle linearities of an Abelian group
isotope imply the third one.
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Theorem 2. Let i € {1,2,3} and o € S5. If an isotope of an Abelian group is i-

linear, then its c -parastrophe is ic -linear.
Corollary 3. Relationships among one-sided linearity of an isotope of an
Abelian group and its parastrophes are given in the following table:

Linearity 1 / r s sl sr
left left left middle right right middle
right right middle right left middle left
middle middle right left middle left right

A variety of quasigroups is called strictly i-linear if all quasigroups from this
variety are I -linear and at list one of them is not j -linear for some j #i.
Theorem 4. The identity (xy-u)v=(xv-u)y defines some variety of strictly
left linear quasigroups. 2. The identity x(y-uv)=u(y-xv) defines some variety of
r !
strictly right linear quasigroups. 3. The identity x(y-uv)=u(vx-y) defines some

variety of strictly middle linear quasigroups. These varieties are pairwise
parastrophic.

1. Sokhatskii F. N. On isotopes of groups. I // Ukrainian mathematical journal. — 1995. —
47, No. 10. — P. 1387-1398.

2. Sokhatskii F. N. On isotopes of groups. II / Ukrainian mathematical journal. — 1995. —
47, No. 12. - P. 1692—-1703.

3. Sokhatskii F. N. On isotopes of groups. III // Ukrainian mathematical journal. — 1996. —
48, No. 2. —P. 251-259.
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UDC 539.3
DE BRUIJN-ERDOS THEOREM

Zuzanna Tuleja

Institute of Mathematic, Pedagogical University of Cracow, Poland

amizade@op.pl

We will consider the de Bruijn—Erddés theorem, originally published by
Nicolaas de Bruijn and Paul Erdds in 1948 which lead us to genaral theorem about
lower bound of the number of lines in a configuration of n points. The
mathematicians were considering the minimal number of subsets which are
generated by all elements of the original set (at specific assumptions). The conditions
assume that the elements should be combined that each two are connected and no
pair is in two different subsets at the same time. Although the proof given by de
Bruijn and Erdds was combinatorial, they noticed that the analogous results are a
consequence of the Sylvester—Gallai theorem on the real projective plane. Based on
the theorem we will consider a lower bound on the number of lines determined by n
points in a projective plane. We focus mainly the projective space over the real
numbers. First we will consider de Bruijn-Erdos theorem, then various
configurations of lines and points which satisfying some assumptions. Finally we
will present the lower bound of the number of lines for configurations of points
different from near-pencil and collinear points.

1. de Bruijn N. G., Erdds P. On a combinatorial problem // Indagationes Mathematicae. —
1948. —10. - P. 421-423.

2. Kelly L. M., Mosser W. O. J. On the number of ordinary lines determined by n points //
Canad. J. Math. — 1958. - 10. — P. 210-219.

3. KleeV., Wagon S. Old and new unsolved problems in Plane Geometry and number theory
// The Mathematical Association os America. — 1991. — P. 29-35.
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UDC 512.62

TESTING OF NUMERICAL COMPUTATIONS BY THE USE OF
FUNCTIONAL EQUATIONS

Feodor Vainstein
Texas A&M University, Texarkana, Texas, USA

fvainstein@tamut.edu, feodor.vainstein@gmail.com

Computation of numerical functions [1] is a very common sort of computations
and therefore it is important to develop methods for testing these computations.

M. Blum [3,4] and F. Vainstein [2] proposed to use functional equations to test
the programs and hardware computing numerical functions.

The method proposed by M. Blum can be demonstrated by the following
example.

Suppose that we have to check the computation of the function f(x) = exp(x)

at the point x . We randomly select a point ¥, compute f(y) and f(x+y), and
then verify the computation using the formula f(x+y)= f(x)f(y). Random

selection of a point can be repeated several times thus increasing reliability of the
testing.

The method proposed by F. Vainstein is similar, but it does not include
randomly selected points. In his paper [2] he introduced definition of polynomially
checkable (PC) functions — the functions for which functional equations are
polynomials, and proved that the class of PC functions is large and includes many
commonly used functions.

In this paper I am going to introduce a new definition of PC functions such that
it will become possible to use randomly selected points. We also prove that under
certain conditions, the functional equation will “uniquely” define the function that
satisfies this equation.

It will be shown, that the class of polynomially checkable functions is very big
and includes most of commonly used functions. For an analytical function that is not
a polynomially checkable, a PC function can be found that will approximate this
function with any given accuracy.

Computation of a PC can be verified the by checking if the addition theorem is
satisfied similar to the example given above.

This method can be used not only for detection, but also for correction [4] of
errors caused by both software and/or hardware faults. This approach does not
depend on the form of representation or the specific features of the implementation
of a program or a device computing the given function and, being implemented in
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hardware, results in substantial reduction of the hardware overhead required for
multiple error detection and correction as compared to the check sum method or
other methods previously known [6].

1.

2.

270

Ward Cheney E., Kincaid David R. Numerical Mathematics and Computing. 7th edition.
— Brooks/Cole, 2015.

Vainstein F. S. Error Detection and Correction in Numerical Computations by Algebraic
Methods. Lecture Notes in Computer Science 539. — Springer-Verlag, 1991.

Blum M., Kannan S. Designing Programs that Check their Work. / 21st ACM
Symposium on Theory of Computing. — 1989. — P. 86-97.

Blum M., Luby M., Rubinfeld R. Self-Testing and Self-Correcting Programs with
applications to Numerical Problems // 22nd ACM Symposium on Theory of Computing.
—1990. - P. 73-83.

Vainstein F. S. Low Redundancy Polynomial Checks for Numerical Computations //
Applicable Algebra in Engineering, Communication and Computing. — 1996. — vol. 7,
No. 6. —P. 439-447.

Vainstein F. S. Self-Testing Design Procedure for Numerical Computations // VLSI
Design. — 1998. — vol. 5, No. 4. — P. 385-392.
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UDC 539.3
C-SYMMETRIC OPERATORS
Anna Wicher

Institute of mathematics, Pedagogical university, Krakow, Poland

anial23wch@gmail.com

In this talk, I shall present the issue of reflexivity and transitivity of
C-symmetric operators in a do you mean (in)finite-dimensonal final-dimension
Hilbert space. C-symmetric operators are needed to describe physical phenomena.
In the sense of mathematical description appeared in the work of S. R. Garcia and
M. Putinar "Complex symmetric operators and applications", Trans. Amer. Math.
Soc. 358 (2006). I shalldiscuss my own examples of C-symmetric operators and
consider? their k-transitivity and reflexivity properties. The aim of my talk is a an

application of C-symmetric operators in for a canonical involution in C”.

1. Azoff E. 4. On finite rank operators and preannihilators / American Mathematical
Society.

2. Klis-Garlicka K., Ptak M. C-symmetric operators and reflexivity // Operators and
Matrices. —2015. -9, No. 1. — P. 225-232.
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DIAGONAL REDUCTION OF MATRICES OVER COMMUTATIVE
SEMIHEREDITARY BEZOUT RINGS

Bogdan Zabavsky, Andrii Gatalevych
Ivan Franko National University of Lviv

zabavskii@gmail.com, gatalevych@ukr.net

All rings considered will be commutative and have identity. Recently there has
been some interest in the polynomial ring R [x] , where R isavon Newman regular
ring. Such a ring is a Bezout ring [1], semihereditary ring [1], and so Hermite ring
[2]. Thus, it is natural to ask whether or not R is an elementary divisor ring. This
question is answered affirmative in [3]. It is an open problem whether or not every
Bezout domain is an elementary divisor ring and more generally: whether or not
every semihereditary Bezout ring is an elementary divisor ring. In a recent paper by
Shores [3], we obtain a complete characterization of semihereditary elementary
divisor ring through its homomorphic images.

By a Bezout ring we mean a ring in which all finitely generated ideals are
principal. Following Kaplansky [4], we say that if every matrix over R is equivalent

to a diagonal matrix (d;; ) with the property that every d; isa divisor of d;_ .,
then R is an elementary divisor ring. A ring R is said to have stable range 1 if
for all a,beR such that aR+bR =R, there exists element y e R such that
(a+by)R=R. Aring R is said to have stable range 2 if for all a,b,c € R such
that aR+bR+cR=R, there exists elements x,yeR such that
(a+cx)R+(b+cy)R=R. A von Neumann regular ring is a ring R such that for

every a € R there exists an x € Rsuch that axa=a. A ring Ris said to be

semiregular if %( R) is regular and idempotents lift modulo J(R), where J(R)

denotes the Jacobson radical of R [5]. Let R be a Bezout ring. An element a € R
is called an adequate element if for every b € R there exist such r, s e R that
a=rs, rR+bR=R, and for each non-unit divisor s’ of element s, we have
s'R+bR # R . If every non-zero element of R is adequate, the ring R is called an
adequate ring. A ring R is called a Gelfand ring if whenever a+b =1 there are
r,s € R such that (1+ar)(1+bs)=0 [6]. An element « of a ring R is said to be a
Gelfand element if for any elements b, c € R such that aR + bR+ cR = R there exist

272



AJITEBPA, TEOMETPIA I TOITOJIOTTA

such elements r,s € R that a=rs, "R+bR=Rand sR+cR=R. Aring R is
said to be a ring of Gelfand range 1 if for any elements a,b€ R such that
aR +bR =R there exists such element y e R that a+by is a Gelfand element of
R . By aregular element we mean an element that is not a zero divisor.

Theorem 1. Let R be a Bezout ring of stable range 2. A regular element
a € Ris a Gelfand element iff %R is a Gelfand ring.

Theorem 2. Let R be a Bezout ring of stable range 2. A regular element
a € R is a Gelfand element iff % R is a Gelfand ring.

Theorem 3. Let R be a Bezout ring of stable range 2 and of Gelfand range
1. Then R is an elementary divisor ring.

Theorem 4. Let R be a semihereditary Bezoutring and any regular element
of R is Gelfand. Then R is an elementary divisor ring.

Theorem 5. Let R a Bezout domain. Then the following statements are
equivalent:

1) R is an elementary divisor ring.

2) R is aring of Gelfand range 1.

1. McCarthy P. J. The ring of polynomials over a von Neumann regular ring // Proc. Amer.
Math. Soc. -1973. — 39. —P. 253-254.

2. Larsen M., Lewis W., Shores T., Elementary divisor rings and finitelypresented modules
// Trans. Amer. Mat. Soc. — 1974. — 187. — P. 231-248.

3. Shores T. Modules over semihereditary Bezout rings // Proc. Amer. Math. Soc. — 1974.

—46.—P.211-213.
4. Kaplansky I. Elementary divisor rings and modules // Trans. Amer. Math. Soc. — 1949.
—66.—P. 464-491.

5. Nicholson W. K. Lifting idempotents and exchange rings // Trans.Amer.Math.Soc. —
1977. —229. - P. 269-278.

6. McGovern W. Neat rings // J. of Pure and Appl. Algebra. — 2006. — 205, No. 2. —
P. 243-266.

DIAGONAL REDUCTION OF MATRICES OVER COMMUTATIVE SEMIHEREDITARY
BEZOUT RINGS

1t is proven that every commutative semihereditary Bezout ring in which any regular
element is Gelfand, is an elementary divisor ring.
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UDC 539.3
ON SOME PROPERTIES OF CIRCULANT MATRICES
Anna Zborowska

Institute of Mathematic, Pedagogical University of Cracow, Poland

zborowska.annal995@wp.pl

We discuss some interesting properties of circulant matrices, which are a
special kind of Toeplitz matrix where each row vector is rotated by one element to
the right with respect to the preceding row vector. In particular, we compute the
eigenvalues and eigenvectors of any circulant matrices using intuitive solution. From
the circulant diagonalization theorem we obtain that all circulant matrices have the
same set of eigenvectors.

1. Gray R. M. Toeplitz and circulant matrices: A review. — USA: Now Pub.
Grenander U., Szego G. Toeplitz Forms and Their Applications. — Berkeley and Los
Angeles: University of California Press, 1958.

3. Geller D., Kra I, Popescu S., SImanca S. On circulant matrices. — preprint, 2002.

4. Horn R. A. Johnson, C. R. Matrix Analysis. — England: Cambridge University Press,
1985.
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VIK 539.3

OJIUH MIAXIA 10 3HAXO’KEHHSA KIJIBKOCTI BJJACHUX
3HAYEHDB JBOTAPAMETPUYHUX CHEKTPAJIBHUX 3AJJAY

Bbornan IloaneBcbkuii, Oxcana Spoumko

Incmumym npuknaonux npobiem Mexanixu i mamemamuxu
im. A. C. ITiocmpueaua HAH Yxpainu,
Jlvsigcokutl HayionanvHuil ynigepcumem imeni leana Ppanka

bpodlev@gmail.com, oks.yaroshko @ gmail.com

BaraTomapameTprudHi CHEKTpaibHI 3aJavi BHHUKAIOTH y OaraTthox cdepax
aHai3y Ta B MareMaTuuHiil ¢i3uii i MaloTh pi3HOMaHITHI (QopMmyiroBaHHSI. B
abCcTpakTHIH TMOCTaHOBLI OaraTomapaMeTpH4Hi 3ajadi 3 ONEPAaTOPHO 3HAYHOIO

dynkuieto T(A):R™ - L(H) (L(H) - MHOXHMHA JIHIHHHX ONeEpaTOPIiB, IO
IIIOTH y TiIh0epTOBOMY MpocTOpi H ) 3aMHUCYIOTHCS y BHTIISINI CHCTEMH PiBHSHD

T(A‘)”E(Ak_i%iniJ”k=0’ (1)

i=1
neh;€ R, A, B;e L(H) k,i=1,...m.

AnrebpaiuyHa ABONapaMeTpUYHA 3a/ada Ha BIIACHI 3HAYCHHS SIK YaCTKOBHM
BUIIAJIOK CHIEKTpaJIbHOI 3a/1a4i (1) 3amucyeThest y BUTIISII CUCTEMH JIBOX OJJHODIM-
HUX JIIHIHHUX PIBHSHB

Ty (M) = (A + B + A, C)x =0,

T, (A, h) =(Ay + By +A,Cy)y =0, 2
ae A;, B;, C; — xBagpaTHi MaTpuni n-ro nopsiky. bynemo BusHauaTH BilacHi
HabopH (y HamoMy BHMaaKy — BiacHi mapu (A;, A,)) Taki, mo cucrema (2) mae

HeTpuBiaybHI po3B’s3KH X #0 1 y #0.

O4eBUAHO, IO BIIACHI MAPH € PO3B’I3KaMU CUCTEMH JIBOX HENIHIMHUX anre0-
paidHHUX PiBHSIHD

fl(}\,l,}\,z) =det (Al "r}\,lBl +}\«2C1) =0 5
fz(}hl,}\,z) Edet(Az +7L132 +}\«2C2) =0. (3)
PosrisiHeMo ¢GyHKITITO
2 2
Fy (MoA2) = (fi (MA2). fo (MAg)): Dy R — R
JBidi HenepepBHO audepeHLiiioBny B obaacTi D, . Ilo3HauuMo rpaHuiio obnacti

D, ax T, auepe3 0, — HYIL0BHH BEKTOP. [IpHAITyCTUMO, 1110 PO3B’A3KU PIBHIHHS
2 2
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Fy (A1) =0, )
He nexkaTh Ha I, 1 € mpocTuMH, TOOTO sIK0OiaH BU3HAUHMKA F, , HAa IIUX PO3B'A3Kax
HE JIOPIBHIOE HYJIO, TOAL TOMOJNOriuHMEU cTymiHp F, mia 0, BiZHOCHO 06nacTi

D, Bu3HA4a€TbhCs CHIBBIJHOLICHHAM deg[Fz, D2,02] = Zkl,kz sgnJp, (A2s),

ne J F, — BU3HAYHHK MaTputi SIko0i, a sgn — BifoMa 3HaKOBa (HYHKIITISL.

Bu3nadueHHS TOMONOTIYHOTO CTemeHs (PaKTWYHO BKa3ye Ha Te, IO HOTO
3HAYEHHS JOPIBHIOE YHCITY TPOCTHX PO3B'SI3KiB PiBHAHHSA (4), U AKUX SKOOiaH €
MO3UTUBHUM, MIHYC YHCJIO MTPOCTUX PO3B'SA3KIB, IS SKUX SKOOIaH € HETATUBHUM.
O4eBHIHO, SKIO BCI BOHU JAIOTh OJHAKOBHI 3HAK AKOOiaHA, TO 3arajibHE YHCIIO
m TpPOCTHX KOpeHiB F, Moxe OyTu oTpumaHe 3a 3HaueHHAM deg[F>,D,,0,]. 3

IIi€10 METOI0 PO3MITHEMO HACTYNHE po3upeHHs GyHKuii F, i obmacti D,:
F=(fi, 2. /3):Ds cRP5R, e f3=MA3JE, 1 D3 e npsmum 100yTKOM
obnacti D, 3 HOBIIBHUM IHTEPBAJIOM AIHCHOI OCi k3 , 1K MICTUTh TOYKY k3 =0.
Tozi, 3arabHe 9MCIO PO3B’A3KiB piBHAHHA (2) HopiBHioe m = deg| F3, D3,05].

Tomonoriyauii  CTymeHb  MOXe OyTH  TIPEIACTABICHHH  IHTErpajoM
Kponekkepa:

3
> Adhy A d

>

1
deg[F3,D3,03] :—J‘
Q 3/2

: F(fl2 (Moo Ag) 4ot £ (7~1,7~2’7h3))

Je A; BU3HAYa€ThCs TAKMM JETEPMiHAHTOM

R OF;  OF, OF;|
Ny Ay My g

a 23 Mo3Hayae NOBEPXHIO chepy OAMHIYHOrO pajiycy B R .

A =)D R =123,

Jnst 00YHCIIEHHS TOYHHX MMOX1HUX JIeTepMiHAHTA MaTpHII
BUKOPHUCTOBYETHCS alITOPUTM, 3alPOIIOHOBAaHUN ¥ [1].

1. Ioonescvruii 5. M. JIBOCTOPOHHI METOQM PO3B'S3yBaHHS HENMIHIHHUX CHEKTPalbHHX
3anad / b. M. Iloanescokuit. — Kuis: HaykoBa nymka, 2014. — 175 c.

ONE APPROACH TO FIND THE NUMBER OF EIGENVALUES OF A
TWO-PARAMETER SPECTRAL PROBLEM

One approach to calculation of number of eigenvalues of a two-parameter eigenvalue
problem in a certain given domain is presented. It uses the notion of a topological degree of
a function.
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