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o 150-piuusa Ogecbkoro mnamionajpbHoro yuisepcurery imeni I. 1. MeunukoBa

VY cepemuni 19 cropiwua y Pocii maspina maranbpua morpeba CTBOPEHHST BHUINOTO HABYAJIBHOTO
zaksany Ha lliBnui kpainu. He 3Baxkarun Ha maHyBaHHSA (DeOTaTbHO-KPIIOCHUIIBKAX BIJIHOCHH,
AK1 TIEPENTKO/KAJIN PO3BUTKY BCHOTO HOBOTO 1 MPOTPECHBHOTO, KAITAJICTUYHI TMTPOAYKTUBHI CHJIN
BIIEBHEHO PO3BUBAJIMCS 1 NpOKJanaau cobi nuiaxu B yci cepu TocroiapCcbKoro, CyCIJbHOTO i
KyapTypHOro xkurtd. lliBgens, mBumme Bix 6ararbox merTpasibhux rybepuiit Pocii, BraryBasca
B KamTaJicTHIHUH PO3BUTOK. TyT MBUAKAMEI TEMIIAMU PO3BUBAJINCI TOBAPHO-TPOITOBI BiTHOCHHH,
yepes moptr AzoBo-HopHoMop s, ocobanso depes OnechbKuil OpT, HAJATOAKYBAJINCH TOPTIBEBHI
BifHOCHMHN 3 Jep:KkaBamu 3axogy. 2KuTTa BUMarajo BCe HOBUX 1 HOBUX CIEMiaJiCTiB JIJIst
CLTLCHKOTO TOCTIOAPCTBA 1 TPOMUCJIOBOCTL, OCBIUeHNX YPAJOBINIB Jd nep:kaBHoTo amapary. licts
yHiBepcuTeriB, mo icHyBaau Ha Toii wac y Pocii (Mockoscekuit, TlerepOypspkuit, Kazancekuii,
Heprreskuit, Kuisebkuit Ta XapKiBChKuit) — He MOTUTH TOBHICTIO 3abe3mequTn liBaeHs HeobxiarMuI

CIIeriajiCcTaMu.
Odecvrith nayionasvhut yrisepcumem iment 1.1 Meunuxosa
Ilpupogaum Oymo 3acHyBaTH BUIWi HaBuagbHuil 3akian B Ogeci — meHTpI MOJIOI0TO
HoBopocificbkoro kpato, IO IMBUIAKO PO3BUBABCH. Vpouncre Biakputta HoBopociticbkoro

yHiBepcutTery Binbysocs 13 rpasus 1865 poxy.

Ilepmmit mapwadpHWil pIiK B YHIBEPCHUTETI po3modaBcd 7 BepecHsa 1865 poky mHa TpHOX
dbakynbrerax - disuko-maremarnanomy ( y ckmaai 12 kadeap), icropuko-dinocodebkomy (11
kadeap) ta opmmuanomy (13 kadenp). Ilepmmm pektopom cras mpodecop maremartuk I.J1.
CokoJios.

BaBasky 3ycusLisM nepenosux Buenux - 1.I. Meunukosa, .M. Cedenosa, O.0. Kosasercrkoro,
JI.C. Hemkoschroro, M.®. Tamamis, O.A. Bepiro, M.JI. 3enirncororo, O.C. IMocumkosa, O.0O.
Kouybuncskoro, B.I. I'puroposuua ta inmux. HoBopocificbkknit yHIBEpCUTET IIIBUIKO TEPETBOPUBCH
B OJIMH 3 IEHTPIiB JeEMOKPATHIHOI KYJIBTYPH YKPaIHCHKOTO 1 POCIICBKOTO HAPOJIIB 1 CTaB BiJlirpaBaTh
BasKJIUBY POJIb ¥ PO3BATKY HAYKH.

ITogaTok mocrmimkeHHsM B raay3i MaremMaTwkyu y HopopociificbkoMy yHiBepcHTET1 Jaju yUHI i
HOC/IIOBHUKY BUAATHUX BiTumsasHux maremarukis M.B. Ocrporpasgcskoro i I1.JI. Yebumesa —
L. Cokosion, €.®. Cabinin, C.II. dpomenko Ta in. Boru Ta ix BuxOBaHI 3aKjgaju QyHIAMEHT
0JIeCbKOI MaTeMaTHUIHOI IITKOJIH.

OcobmuBo ciin BigsmaunTu Braag 1.B. Ciemmncekoro. Moro maykosi jmociimkenns Gymiu
TMPUCBSYEH] Teopil HemepepBHUX JApobiB, 3aco0y HaliMEHIMX KBaJpaTiB, MaTeMaTWUHIiNi JIOTIM i



HAnpuKiHI 19 cromitra Habyau dbyHmaMenTaabHoro xapakrepy. ¥ Kpakosi (kymu CremuHcbKuii
[.B. nepeixas y 1911 pori) 6yn0 HampyKOBAHO 2-TOMHMIT Kypc HOr0o yHIBEPCUTETCHKUX JIEKINH 3
Teopil MaTeMaTUYHUX JOBeJeHb. BiH BUXOBaB BUeHUX, cepel SKUX — BUKJaaa4di Hoeopociiicbkoro
yuisepcurery M.FO. Timuenko, B.O. Ilmvmmepman, ILK. Pyccpsm, €.JI. Bymumbxmii, sxi
MIPOJIOBXKIJIN JIOCJI/I2KEHHST B 00/1acTi Teopil iHTerpyBaHHs qudepeHIiaJbHIX PIBHSIHB, BapialliiiHOTO
YHCIIEHHS], MATEeMATHYHOI JOTIKM, IHTerpasbHUX PIBHSHL. 1M Ha/e’KaTh TAKOXK IIPAIi 3 ITHTAHD
aHaJi3y, Teopil ducesr Ta reoMeTpii.

Baromwuit BrJiag y po3BuToK ojiecbkol MaremarudHoi mkoju BHecsu B.®. Karan i C.O.
[MTaryHoBechbkmil, dki 3aiimasucs OBrpyHTYBaHHAM Ta 100Y/JI0BOI0 MaTeMaruyHoi Hayku. llepimi
HayKoBI mociimkennss Karama mos’a3ami 3 reomerpieio JlobaueBchbkoro.  3HAYHHM BKJIAIOM
B Hayky Oymaa #oro waricrepcbka jucepraiis «OCHOBU TeoMmeTpily, B «akiii Oya0 HAIAHO
CUCTeMATUYHe BUKJIAIeHHS HeeBKIIOBOI reOMeTpil Ha OCHOBI aKCiOM 3 aHAJI30M IX HECYIEPETHOCTI
Ta He3asexHocTi. Bmeprre B icTopii BiTum3HguHmx VvHiBepcuTeTiB Bin y 1921-22 pp. mpounTas
Kypc Jekiiiit 3 Teopii Bigmocuocti. B Mocksi B.®. Karan, ne Bin npamosas 3 1929 p., 3acuyBas
IITAPOKOBIIOMY TeH30PHY AudepeHIliaabHO-TeOMETPUIHY ITKOJTY.

ITomiTauit Brine Ha Maremarnyani pocsipkennst 3iticaus C.O. IlaryroBcbKuUit, 0/uH i3 mepmx
TIPEJICTABHUKIB KOHCTPYKTHBHUX HANPaBJIeHb y Cy4acHili MaremMarwuii. Buenuii akcioMaTrwndHo
OOT'PYHTYBAB TEOpPil0 TJIOIIMH,a TAaKOXK MOHATTS 00’€éMy MHODOTDAHHUKA 03 3a/yueHHs Teopil
mexi. [Tupoko Bigomwmii opurinaasauit Kypc laryaoscskoro C.0. «Begenne B aHasi3», 0OCHOBH
SIKOT'0 3aCTOCOBYIOTbCs y cydacHiit maremaruiti. ¥ 1917 poni [laryHoBCchKMiT onybIiKyBaB poboTy
«Arebpa Kak yueHne 0 CPaBHEHUSIX 110 (DyHKITMOHAIEHBIM MOIYIAMY, /€ BUKJIAB HOBE TTOOYIyBaHHS
reopii [anya. Ilomy masme:kaTh Takox mpaimi B obsacTi Teopil dmces, MareMaTHIHOTO aHATI3Y,
reoMeTpii.

Ha mowarky 20 ct. maremaruawe Bigmisienag HOBOPOCIHCHKOTO yHIBEPCUTETY 3aKIHIMIN BigoMi
paasaebki maremarukn J1.O. Kpuxanosebkuit, M.M. Bacuases, O.C. Typuaninos, ['.J1. Muxuepuy,
3.10. Kewmaiiric, ["M. @ixrenrosbi] Ta id. POBBUTKY BITUM3HSAHOT MATEMATHKY CIIPUSLIA, T ATHHICTD
MaTeMaTUIHOrO BijginerHss HoBOpOCIHCHKOI COIIKA JTOCTIIHUKIB. HNoro sacimanms BiJIBiTyBaB
Bigomwmit maremaruk i Mmexamik O.M. Jlanywnos.. Ilo zamporennio yaisepcurery y 1918 porri
BiH NpoYWTaB MUKJI JIEKIH 1po (opMmy pyxy HEOECHUX Tij, Jie BUKJIAJAJUCH DPE3YIbTATH HOTO
DaraTOpigHUX JTOCIIiKEHbD.

Maremaruku Hosopocificbkoro yHiBepcurery upuiiMasu akTUBHY ydacTb y pobori 3'i3iiB
pocificbkux gociainunkie.  EramamMm agg mux Oy 7 3'13m, akwmit Bimbysca B Ogeci y 1883
pori. Ilinroroskoto 3afimaBcs dizuko-maremarnyanuit pakyabrer. Y pobori MareMarudHOl CEKIii
mpuiimMaan y4uactk Bimomi pociiickki Buermi H.€. 2Kykoscwkuit i C.B. KoaseBchka, a Takox
npodecopu Hosopociiicekoro yuisepcurery H.O. Ymor i B.B. IlpeobpaxkencbKuii.

3 1920 mo 1933 pokm ma 6a3i Hosopocifickkoro ymiBepcurery icuyBaB lmcturyr mHApOmHOT
oceitr (IHO). lleii mepio XapakTepu3yeThCsd HAIPYKEHOI 0OCTAHOBKOIO GOpPOTHOU 1 MOMOJIAHHS
TpyauomniB. He sBaykaroum Ha rocTpi mpotupiuds, aki nanysaau B crinax IHO y pokm po3pyxum
i DOsIOMy, KHUTTA i MOOYT MOCTYHOBO IOJINITYBAINCH, YAOCKOHAJIOBABCI HABYAIBLHUHN ITPOIIEC.
[ToMiTHUX yeIixiB OYIO JOCATHYTO KOJEKTHBOM HAyKOBO-JOCTinHOI Kadeapu mHa wom 3 I.O.
Timuenrom. Cexnisvm xadenpu 3asigysamm C.O. ITarynoscskuit, 11.0. Timuenko, T.K. Cycios.
Haykosi pospo6ku odososann O.C. Typuaninos (Bapiarmiiine unciennst), M.C. Bacinbes (Mexanika,
BekTopre uncaenns), K.H. Illepbuna (merogmka wmaremaruku), J1.0. Kpumxanoscekmii i H.T.
HeboTapbos (anrebpa), 3 IM'sM sIKOTO TOB’s13aHO (DOPMYBAaHHS PAJSTHCBKOI ajrebpaidHol MIKOJIH
1 MoYaToK i1 CBITOBOTO BU3HAHHS.

10 6epesna 1933 poky suitnura, [Tocranosa Pagmaprocny YPCP mpo BimHOB/IEHHS JepKaBHUX
yHiBepcuTeTiB Ha YKpalHi, IO CTaJO MiJICTABOIO s BiApoJiKeHHs yHiBepcurery B Ogeci.
[Tepen ywiBepcuTerom, skuii Oyso mepeiimernoBarno B OJechKuil, CTaBUIACH 33293 TOTYBATH
BUK/Ia/Ia4iB 1 aCUCTEHTIB /sl BUIUX 1 CEpeHIX CIeliaJbHUX HaBUYaAJIbHUX 3aKJa B I cepeTHBOL
IIKOJIM, HAYKOBUX IIPAIIBHUKIB, cremiaicTie pizaoro npodiaw. CTpoxk HaBYaHHsI B yHiBepCcATETI
BCTaHOB/IOBaBCH 1m'aTh pokiB.  llonmepsax y cruagi Ojecbkoro yHiBepcutery Oy/0 YOTHPH
dakyabTeTH - MaTeMaTwJHuWil, (izuuHmnii, xiMmiaauit i Giogorivnumit, a moTiM 6yB OpraHizoBaHWIt



COTIATbHO-€KOHOMIYHUHN (DAKY/IBTET 3 ICTOPUYHUM BIJILICHHAM.

V akTuBizarii HayKOBO-IOCTIAHUIIEKOI pobOTH y BUIIii KO 3HaYHYy PoJib 3irpasa [locranosa
Pagnaprocny CPCP Big 13.01.1934 poky mpo HDPUCBOEHHS BUYEHUX CTEIEHIB i BBEJEHHS HOBOI
mrratHoOl cucremu. 1o 1940 poky B OjiecbKOMy yHIBEPCHTETI CTYIIEHB JOKTOPA HayK OyJ/1a IPUCBOEHA,
14 uennwm, kamauIaTa HAYK — 67 monmykyBadgam. Haykosi kaapu roTyBaInCh TOJIOBHAM YHHOM depe3
acCTipaHTypy.

Immynbcom mag pozBuTky MarTemMaTuku B (OIeCBKOMY YHIBEPCUTETY IMOCIYKUJIA, JisSIIBHICTE
yars H.[. Yeboraprosa, unena-kopecmougenta AH YPCP M.I. Kpeiina. [Ipeacrasisiors
inTepec #oro mocsimkenus B obaacti aarebpu, teopii pyHKIiH, PYHKIIOHAJIHLHOTO aHATII3Y, TEOPIl
qudepeHIiaIbHUX Ta IHTErpaJibHUX piBHSHB. 3 modarky 30-x pokie M.I. Kpeitn pazom 3 O.P.
lanTMaxepoM BUBYAB BJIACTUBOCTI OCHUJISIIMHIX MATPUALL. YCIIIMIHUMU OyJiv TAKOXK IOC/IZKEHHS,
dKi BIHOCATHCA 0 AEdKWX CheriaabHux KjaciB ¢dymkmiit, mo mposeaun M.I. Kpeiin pasom 3
B.4d. Jlesimmm. M.[\Kpeiia nociifkyBaB TUTaHHS PO HaifiKpale HabuKeHHs (DyHKIHH 3a
JIOTIOMOT'0I0 TPUTOHOMeTpUYHUX MHOrouseHiB (1937p.) 1 dyukuiit kinmeporo erymento (1938), B
obaacTi (pyHKIIOHATBHOTO aHAJI3y BiH pa3oM 31 CBOIMU yUYHSMU [MOOYIYBaB TEOPil0 KOHYCIB. VY
nepeaBoerni poku M.I. Kpeiia crBopus ommy 3 neprmmnx 8 CPCP mkomy dbyHKITIOHAIBHODO aHATIZY
(i1 mpencrasanku - M.O. Haitmapk, B.JI. mynbsar, M.O. Pyrman, O.I1. Apremenko Ta iH.)

YuiBepcuteT XWB y puTMi MupHOI mpari. Auste posmouanacs sBitima. Cepem CTyIEHTIB-
maremaTukis 3 OJLY, axi y yepsri 1941 poky oTpumajud JAMAOMH PO OCBITY, OYB 1 MaitbyTHIi
wirer-kopecnorgesT AH YPCP Tepoit ComiamicTuanol mpar, gaypear Jlemincbkoi i JdepxapHol
npewmiit CPCP, zacrymauk losioBroro koucTpykTOopa KB «HOx)#BITy M.O. T'epaciora.

3 Bepecus 1941 mo xBitenb 1944 Ogecekuit yHiBepemTeT TiepebyBaB B eBakyarlil (CrodaTky y
m.Maiikon, a norim — Bajipam-Ani — paitonnomy nearpi Mapiiicbkoi obsracti Typrmencokoi PCP).

Ilicns BusBosenns Ojecw Bif TUMYACOBOI OKYyTAlil, YHIBEPCUTET y TOBHOMY CKJIafl BiIHOBWB
cBoto pobory 1 kobrHs 1944 poxy. V 1944-45 napuyalbHOMY POIl HA IIECTH YHIBEPCUTETCHKUX
dakynbrerax napyasuch 1043 crysentsm i 60 acnipanris.  Buknaganna 3pailicHioBaan 166
BUKJIa/1a4iB, 06’ennanux y 51 kadenpy. Cepen nux — 24 npodecopu, 59 no1eHTiB 1 KAaHIUIATIB HAYK,
83 Bukmamaua. Ilpodecopchko-BUKIAMANBREAN CKJIAT 33 PIBHEM CBOEl MATOTOBKHW i KBasidikariil
YCIIIHO 3a0e31e4yBaB HaBYAIbHO-BUXOBHUI MPOTEC 1 HAYKOBO-IOC/LTHUITBKY POOOTY.

B 1945 pori yuiBepcuTeT 3akinumiau 273 crynenTu, B Tomy gucai 104 dimosoris, 66 icTopukis,
41 reorpadis, 31 ximikis, 22 6ionori i 9 disukis Ta MaTeMaTHKIB.

Y 1945 porii, B pik Hamoi Ilepemoru, Oecbkuit yuiBepcuTeT cBATKYBaB cBo€ 80-piuds, B 3B’A3Ky
3 ynM oMy Oy/0 TMPUCBOEHO iM’st BeauKoro ueHoro l.I.Meunuxosa, JroguHn MupHOI mpodecil,
JIIOAWHU-TBOPIA. /19 KOJeKTHBA BUKJIAJAMIB i CTYIEHTIB I1€fi aKT CTAB CUMBOJIOM IIEPEXOIY BiI
BOEHHUX OYPb 10 MHPHOTO YKUTTS.

YV mepril mOBOCHHI POKM MaTeMaTHYHE BiimijaeHHS (PIBUKO-MATEMATUIHOTO (DAKYIBTETY
CKJIaJIa0Csd 3 JIBOX Kadenp — MaTeMaTHYHOrO aHajdily Ta reomerpii i anrebpu. Ha kadenpi
MaTEeMaTUIHOLO aHa i3y 3 YCIIXOM JIOC/HIKYBaJIUCH 3a/1a491, OB’ da3aHi 3 npobjaeMamu HAOINKEHHS
dynkuiit (mpod. E.O. Cropoxenko, npod. B.I. Konsana, npod. Apx.O. Kopenoscokuii ta in.) i
mpobieMamu iHTerpasbaux oreparopis (mpod. I.C. JliTeiauyk, mpod. H.JI. BacuneBcbkwuii, 1011
O.T1. Heuaes, mou. 3.M. Jlucenko Ta in.) Ha xadenpi reomerpii i anrebpu nenTpansbue micie y
HAYKOBHX JIOCTIIZKEHHAX 3alfiMaJii MUTAHHS OCHOB TeOMeTpil.

YV 1960 pori micaa posmoxminy dakyabrery Ha izuyuHuil 1 MEXaHIKO-MaTeMATUIHUN, TEKAHOM
MexaHiko-maremarudHoro dakyiabrery craB mpodecop M., laBpusios. Koso iioro nHaykoBux
inTepeciB BKJIIOYAE: OOI'PYyHTYBAHHS HOBOIO METO/Y y Teopil 3Buualinux jmdepenniajibHux PiBHIHb,
OCHOBAHOTO Ha, Teopil MOMEHTIB, a TaKOK TOBHUI MeTON JOCHIIKeHHS TpobeMn CTiffkocTi
po3B’a3kiB cucrem laminbrona-Ilyarkape mpu magux 3minax mapamerpy. 3 1988 poky xadenpy
audepeHIiaabHuX PIBHIHB 04oJitoe npodecop B.M.€pryxos. Buennmu kadenpu H0CTiIKYOTHCS
ACUMIITOTHYHI BJIACTUBOCTI DO3B’S3KIB JEIKUX KJIACIB HEeJHIHHUX gudepeHIiajpHux 1 iHTErpo-
mudeperia bHUX PIBHAHL HOBUMY AHAJITUKO-TEOMETPUIHUME | AHATITHIHUMHU METOIAMU.

Hocaikenas B 061acTi 069UCTIOBAIBLHOI MATEMATUKH, 1110 PO3MOYaJUCh HA dakyabreri y 1957
pomi momenTamu C.M. Kipo ta M.H. Illsertom, mpussenu mo0 creopenns y 1961 pori xadeapun



00UYHNCTIOBAIBLHOT MAaTeMATHKW, #Ky 3apa3 odojawoe B.B. Peyr.  OcHoBHMitT HampsaM HAYKOBUX
mociiKenb Kadpenpu 3 MOMEHTY 11 CTBOpeHHd OYB OB’ d3aHuil 3 HADIUKEHNMHI METOZAME PO3B’ A3KY
qudepeHiaIbHUX PiBHAHD — K 3BUYAHUX, TaK 1 B YaCTWMHHUX MOXigHMX. 3 cepenunu 70-x
POKIB CTBOpHJIACS TPYyIMa 3 BUBYEHHS CHUCTEMHOTO MPOTPDAMYBAHHHA, dKa 3aliMaIacs CTBOPEHHIAM
pOTPaMHOTO 3abe3nevueHHs JJisi HOBOI OOYMC/IIOBAJIBLHOI TexHiku, 110 po3pobisiiack B [HcTuTyT
kibepaernku AH YPCP (monentn J1.0. Ocrpoyxos, T.I. Tlerpymmna, B.C. Makoron, B.M.
['pebronkin Ta immi).

Kadenpa anrebpu i Teopii aucen Oysia crBopena y 1963 pori micist posmpiny kadeapu aarebpu i
reomerpii. Ii ouomms M.H. IllBers, 3aciayra SKOro moJidrac y IpoHarai/i HOBUX HAYKOBHUX ifeil. Y
1978 pomi xadeapy ogosus I1./1. Bapbaners, cremanict B obnacTi anamiTuasoi Teopil wicen. Homy
HaJIEXKATH Pe3yJIbTATH PO PO3IOIL 3HAYEHb MY/IBILIIKATUBHUX (DYHKITH y KOPOTKUAX 1HTEPBAIAX i
y apudMeTHIHUX TIPOTPecidx.

3 MomeHTy cTBOpeHHs Kadeapu reomerpil i Tomosorii 11 kepisaukom g0 1989 poxy bys M.C.
CuntoKOB, dKMii TiC/s 3aKiHYEHHS acHipaHTYpU Ta 3aXHUCTY JUCEpTallil Ha 3100yTTsi BUEHOT'O
CTYIEHIO KaH/ugaTa (QizuKo-MareMaTuyHuX HayK B MOCKOBCHKOMY JiepzKaBHOMY YHiBepCHTeTi y
1955 poi, 6ye Hanpassiennii Ha pobory B Ojiechbkuil nepkapauil yaiBepcurer. Came 3 TODO vacy
MTPABOMIPHO TOBOPHUTH MPO MOYATOK HA Kadeapl cuCTeMarwdHOl HAYKOBOI POOOTH, STKY OIOIIOBAB
M.C. CuniokoB, IOsIBy CBOTO KOJIa HAyKOBUX IHTEPECIB Ta TeMaTWKW, & B MOMAJIBIIOMY - i IIpPO
dbopMyBaHHd BIACHOI HAYKOBOI IIKOJIN.

OnavM i3 HaAOpsSIMIB HAYKOBUX JOCTIKeHL Kadenapu € reogesmuni, F - mramapai ta P
- reonme3wuHi BimobparkeHHsi adiHHO3B'I3HNX, PIMAHOBUX Ta KEJIEpOBUX WPOCTOPiB.  Takum
BifoOpaskeHHAM TpHUCBsUeHi Oararouncenbi gocsijgxkernras M.C. CuHiokoBa, HOTO yYHIB Ta
punyckuaukis kadeapun — C.I. ®emmmenko, C.L. Jleiika, W.J. Mikemra, L.M. Kyp6arosoi,
O.M. Cunrokosoi, H.B. fd6monrcekoi, B.€. Bepezorcekoro, LI. TMamnpu, K.M. 3ybpumina.
JocmizKyBaauck BJIACTUBOCTI MEOJIE3MIHIX BLI0OpaKeHb PIMAHOBHUX MIPOCTOPIB HA CHMETPUYHI Ta
exkBiadinui TpocTOopu, OY/I0 BBEIEHO MOHATTA MOJTYCUMETPUIHOTO PIMAHOBOTO MPOCTOPY, BUBYAIUCH
Tak 3BaHi HOopwmasbhi mpocropu. M.C. CuniookoB orpumaB HOBY (OpPMY OCHOBHUX DIiBHSHbB
Teopil reomesnvHUX BimobparkeHb piMaHoBHX MPOcTOopiB. Ile mo3BoaMIO TEpeiTH A0 JOCTIAKEHHS
3araJibHUX 3aKOHOMIpHOCTENl HazBaHUX BijjobpaxkeHb. TakuMm duHOM OYJM OTPUMAaHI PE3Y/IbTATH,
MO AO03BOJLIOTH JIJId KOXKHOI'O PIMAHOBOI'O IIPOCTOPY Y HPHUHIUINL BCTAHOBUTU, UM JOIYCKAE
BiH HeTpWBIaJbHE TEOJAe3WIHE BiJOOPAKEHHS, a AKINO JOMYCKAE, TO 3HANTH BCI TPOCTOpPH, HAKi
CKJAJATh MOT0 TEOe3NIHAN KJTaC.

BasinyBanus kKadeaporo reomerpii i momosorii OHY y 1988-2010 pp 3aiiicHIOBAB JTOKTOP
dizuko-mMaremMaTudHUX Hayk, 1podecop Cearocnas ['puroposuu Jleliko — ydenb mnpodecopa
M.C. CuntokoBa. Bin po3po6uB TPUHIUIIOBO HOBWIT HAMPAM Yy JUQEpeHIlia bHiil reoMmeTpil
y3araJibHeHO-re0/Ie3nIHUX  BitoOparkeHb MHOrOBUiB. Hum po3risHyTi NOBOPOTHO-Ie0e3U9HI Ta
CIIH-T€0/Ie3UYHI Bijl0OparkeHHdA, $Ki IPYHTYIOThCH Ha BapiamifiHoMy y3arajbHEHHI Ie0/Ie3MYHUX
KPDUBUX Ta TEONE3WIHUX BiAOOpaykeHb Ha 6a3l QYHKIIOHATIB MOBOPOTY KpHUBHX Yy (ICEBIO)
PiMaHOBHUX TPOCTOPAX.

Hanpukinni 50-x pokie mwunysioro crojitrs M.C. CuniokoB pa3oM 3 JI€KiJbKOMa <jIeHAMHU
kadpeipu, acuipaHTaMyu Ta CTYJAEHTAMHU HPUCTYIUB 10 CUCTEMATUIHOIO JOC/III?KEHHST HECKIHYEHHO
Maanx gedopMariiit moBePXOHbL 3 3aCTOCYBAHHSM CyJaCHUX METOMIB TEH30PHOTO aHai3y, Teopil
y3arajbHeHnx anamituaaux ¢ysknin LH. Bekya ta rpammunux 3agau.  Hocaimxenns M.JL
laBpuibuenka mpucBaueHi gedpopmartigm, 0 30epirailoTh eIeMeHT IOBXKWHW HA TOBEPXHI Ta
HECKIHYEHHO MaJIMM Treoge3ndruM gecdopmariaMm. CroemiaabHi HECKIHYEHHO MaJji gedopmaril
MOBepPXOHE gocsimkyBaanck F.JI. O6oznoo ta JILA. Tapmamosor. JI.JI. Beskoposaiina Bupuae
MUTAaHHS HECKIHYEeHHO Masux jgedopMmariil, dki 36epiraloTh €JeMEeHT ILIONI MOBEpXHi (apeasbHi
nedopmartii).

HociiizkerHs HECKIHYEHHO MaJInX apeabHuX jiedopMalliil TOBepXOHb MPOIOBKYETHCA YIHAMUI
JI.JI. Besxoporaitnoi — H.B. Bammamosoto ta T.FO. ITlogoycoBoro, gKi yCmimuo 3axucTuim
KaHJIUJATChKI JIUCEPTAITii.

Bararouncensui pesynpratn M.C. CuHIOKOBa JIOKATBHOTO 1 TVIOOAABHOTO XapakTepy, sKi



OTpuUMaHi y Teopil reofe3nvHnx BifoOpakeHb PIMAHOBHUX MPOCTOPIB, MOCHIMIM MOYKJIUBICTH 1X
zacTocyBaHHa y bizuii Ta MexaHimi. AKTyaJpbHUM CTaJI0 BUBYEHHST HAOJUKEHWX TEOe3NTHUX
Binobpaxkenb. B kinmi 1980 pokis M.C. CuniokoB mnocraBup mpobiemMy iX CHCTEMATUYHUX
IOCTiIKeHb 1 po3pobkw  inBapianTHO! Teopil HAOAMMKEHWX METOMIB y PIMaHOBi#t reomerpii.
HocizxenusayMu y 1iboMy HarpsiMi 3alimaerbes jgorieHt C.M. [lokack, skuit 3 1 Bepecust 2010 poky
ogo;imB Kadeapy reomerpii i Tomosiorii.

Y mepiom 1967-2013 pp. B acmipanTypi kadejpu HABYAIUCHL Ta 3aXUCTIWIA KaHIUIATCHKI
nmuceprarii 24 rpomaasgH gk YKpaiau, Tak i 3apy0ixkiKsd.

Cepen aux Hase Ilerep i Bawo Hlanmop (Vroprmna), Cami Anp Xyccin, Moxcen 1luxa, Mimrens
Xamnan (Cipis), Paam JTxxaver Kagem (Ipax), Miker Mozed ( Yexis), Ecenos K.P. (Kupruscram).

Y 1964 poui Gyna opramizoana kadeapa MeToAiB MaremaTudHol (bizukm (3asimysaa kadenpu
npocecop FO.M. Yepcokmit). OcHOBHMIT HayKoBHil HAmpaM Kadeapn — po3pobKa Teopii KpaloBmx
3a71a4 anasiTnaEnx GyHKIH Ta 11 3acTocyBanHa 10 3ama4 Maremarnanol diznkn. FO.M. Yepchkmit
BIIEPIIE JOCJILINB PIBHSHHS IIABHOTO Tepexory (TOAIBINAE PO3BUTOK DIBHSHHST THILY. 3TOPTKH) Ta
BK43aB OCHOBHI X 3aCTOCYBaHHS.

B 1972 poui kacdenpy ouosus npodecop M.4. Ilonos, yaens M.I. Kpeitna. Hum 6yna creopena
HAYKOBa IIIKOJIA, 1[0 BUBYAJIA 3339l MexaHikm 1edopMOBaHOTO TBEPAOrO Tija Ta MiMani 3aaaqi
maremarudnol dizuku. Ilin kepiBauirreom [.91. Ilomosa 6yim po3pobsieni HOBI Habsukeni 1 TouHi
METO/IM PO3B 3Ky MIIAHUX 33/1a9, 30KPEMa KOHTAKTHUX 3334 Teopii npyxkHocTi. B 3B'93Ky 3
TuM, 1110 3 1972 poky Kadepa po3noyasia miAroToBKY CIelia icTiB 3 IPUKIaIHOI MaTeMaTuKu, Oysiu
po3pobJieHi HOBI crerianbHi Kypcu, aKi moB’st3ani 3 3acrocyBanis EOM: TexHo10TisT TpOrpaMyBaHHsT
1 TPOEKTYBAHHS MPOTPAMHIAX KOMILJIEKCIB, OMEPATliiiHi CUCTEeMHT, TTAKETH MPUKJIATHUX TTPOTPaM TOIIIO.

Po3pobkor acuMnTOTHYHIX METO/IIB B 33/]a1UaX ONTUMAIbLHOTO KEPYBAaHHS Ta TX 3aCTOCYBAHHIM
IO TOCJIi XKEeHHS JUHAMIKY i ONTUMAIBHUX PEXKUMIB POOOTH CYAOBUX KOMILIEKCIB 3aiiMaIach TPyIa
BueHux mix kepiBauirreoMm mpodecopa B.O. [lrornikosa. Ha 6a3i miel rpynu y 1974 poky 6yra
opramizoBana kadeapa OITUMAILHOTO KepyBaHHd 1 exoHoMmiunol Kibepuermkw. Jlocsimxenns
npoBOIWIMCE Y TicHOMy KoHTaxTi 13 mkojgamu JI.C.IlorTpsrira, F0.0. Mirpomnoascekoro, O.M.
Cawmoiisienka, a Takox JI.O. Tuxonosa i A.B. Bacuibesol.

Y 1977poni Gyna crBopena kadenpa BUmIOl MaTemaTuky (3aBimyBad kKadeapu mpodecop
O.B.Kocrin), cniBpobiTHuKE SKOT 3alfiMaInCa aHAJITUIHUMU METOJAMU JIOC/I/IZKEHHsT 3BUYaiiHuX
JudepenIiaIbHUX PIBHAHD 1 PiBHsAHb MaTeMaTudHOl (Di3UKH.

Opecoknit HamonaabEmii yuiBepcuTer iMeni 1.I. MeunumkoBa ChOTOAHI € OZHEM i3 (hIarMaHiB
ocBiTH i Haykm Ha TiBAHI YKpainm — 1e 4 HaBYabHO-HAyKOBI imcturyTu, 11 daxyabreris, 3
HaBYAJTBHO- HAYKOBI 1eHTPH, Koaemk, 99 kadenp, 3200 BukiagadiB Ta HAYKOBUX CIIBPOOITHUKIB
140 goxropiB wHayk, mpodecopiB Ta moman 800 kamammaTiB HAyK, IOMEHTIB, D akameMmikis,
wreHiB-kopecnouaeaTieE HAH Vkpainn i ramysesux axajemiit. B ymiBepcureri mpamioors 27
BCECBITHBOBimOMUX HaykoBux Imikijg. Ilinroroska daxismis 3xaificaioerhea 3a 30 HampsaMKaMu Ta
32 crmemiamprocTamu. B OHY wmpamorors 10 coemiaizoBanux paj, B SKOX 3aXUCT JACEPTAINH
3MificHIOEThCd 33 31 cCrHemaabHOCTIMHA. VuiBepcuTeT CHIBOPAIIOE 3 YUCACHHUMU JHIEAMU,
riMHa3isgMu 1 1rKojaMu. B acmipantypi 3a 101 cremniajibHOCTsSIME HaBuYaeThCs moHa 350 ocib. Y
2014 pori 6ysi0 3axuIeHo H8 KAHIUIATCHKUX Ta 8 JTOKTOPCHKUX AMCEPTAILifi.



H.C. Cunrokos

B cBsa3u ¢ 90-netuemM co qHS POXKJICHUS

(1925-1992)

4 wioa 2015 roa UCIIOTHIETCd TeBIHOCTO JIET CO JHI POXKIEHNT W3BECTHOTO YIEHOT0-Te0OMETPA,
JIOKTOPa (pUBNKO-MATEMATHIECKUX HAYK, Tpodeccopa OIeCCKOT0 TOCYIapCTBEHHOTO YHUBEPCUTETA
nvenn M.V, Meunukosa Hukonas Crenanosnua CUHIOKOBA.

Kuzneonucanno u xapakrepuctuke mnosydeHHbIX H.C. CHHIOKOBBIM HaydHBIX PE3YJIbTATOB
MOCBAIIEHO HEMAJIO TIPEAbIIYTnX mybaukanuii (cum., nanpumep, A.JT. Anexcanapos, A.M. Bacuines,
D.I" Ilozuax Hukorait Crenamosna CuniokoB (K 60-7eTuto co Jus pOKIeHNs),/ YCIexu Mar. Hayk,
1986. - 1. 41, Bemi.2. - ¢.215-216; C.I. Jleiiko, C. M. ITokacek, H.B. d6monckas. K 80-neruto
co mus poxkgenus mpodeccopa H.C. Cuniokosa / Tesu mon. VI Mixknap. koud. 3 reomerpii ta
romojiorii / 3a pex. B.I. [lickanrta.- Yepkacu, 2005 -¢.106-107; Hukonait Cremanosnu CHHIOKOB.
Butanorpaduraeckuit yrkazareas aureparypbl. Cepus "Yuennie Omeccer", BbIT. 36, COCTaBUTEb
N.9. Pukyn, Onecckasa rocymapcTeentast nayunas dbubianoreka um. M. lopvkoro, Omecca, 2006;
A.B. Awuunosa, C.I. Jletiko, C.M. Ilokacs, M.O. Paxyna, A.K. Peioaukos, U.X. Caburos u ap.
Hukonait Crenamopuu CumniokoB. B cBasu ¢ 85-jietmeM co aHst poxKaeHud. 1e3mchbl JOKJIAI0B
mexayHapoauoit koudepenmun "Teomerpus B Omecce - 2010", Omecca, 2010, ¢.9-13)

Ileperie paborbr H.C. CuntookoBa 6bLIM MOCBSIIEHB YACTHBIM BOIIPOCAM TEOPUHU T'E0IE3MIECKUX
0T0bpakeHnil PUMAHOBBIX TTPOCTPAHCTB.

Ilocne waxoxkaeHust HOBO# (POPMBI OCHOBHBIX ypPAaBHEHUI TEOPUN I'e€0IE3NYECKUX OTOOpaKeHU
pumanoBeix 1pocrpancts H.C. CunrokoB mepemies K HM3YyYEHUIO ODIMMX 3aKOHOMEPHOCTEN
BBIINIEyKA3aHHbIX OoToOpaxkenuii. [losydenuble WM OCHOBHBIE TEOPEMBI MO3BOJIMJIN JJis KaXKJIOTO
pUMaHOBa TTPOCTPAHCTBA, OTHECEHHOTO K TTPOU3BObHOM CHCTEME KOOPIUHAT, YCTAHOBUTH, JOMYCKAET
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OHO HETPUBHAJIBHOE Me0Ie3NIECKOE 0TOOPaKEeHNe WK HET, & €C/IN JOIMYyCKAET, TO, B IPUHIIAIE, HAATH
BCE TPOCTPAHCTBA, COCTABJSIONINE €r0 Teoe3WdecKnii Kaacc. [logBuaachk TakKe BO3MOXKHOCTH
pelaTh BHIIEYKA3aHHbIE BOIPOCH! IPUOIMKEHHO U JaKe YUCIEHHO, YTO, HECOMHEHHO, ITPEICTABIIIO
WHTEPeC ¢ MPUKJIATHON TOYKH 3PEHUSI.

EcrecrBennpiM 06001menneM MOHATHH TeOIE3WIECKON JIMHUH, TEOHE3MIECKOro OTOOparKeHMUst
npocrpasncrs adpdunuHoii cBasznocTu ABiastorcs BejeHnble H.C. CHHIOKOBBIM MHOHATHS [HOYTH
reoIe3NIeCKO JIMHUHU, IOYTH Te0Ae3WIeCKOro oTobparkenns adpOUHHOCBAZHBIX IPOCTPAHCTE. MM
ObLIU BBIJIE/JEHBI TPU TUIIA TAKUX OTOOpaKEHU, HANIEHbI XaPaKTEPU3YIOIMIMEe UX yPABHEHU.

OyHIaMeHTAIbHbIE TEOPEeTHYIECKHE pe3y/JAbTaThl II0 JOKAJbLHOW TEOPHUH T[eOJe3MIECKUX
oTobpazkeruit u ee obobmenusM, nonayuernrbie H.C. CuHIOKOBBIM U pa3sBUBAEMBIE €T0
YYEeHUKaMU, CO3AaJin TPEATIOCBIIKN OJId CUCTEMATUICCKUX I/ICC,HQ,Z[OBaHI/H‘/JI FJ'[O63JH)HBIX ACIIEKTOB
cooTBeTCcTBYOMUX TUOB quddeomopduzmon. s rakux nccnenopanuit H.C. CuHOKOB mpuBjek
MeToabl Xormda-Boxaepa-fmo.

Bens mnomsitme F-mianapHbIX KpuBBIX ¥ F-mIaHapHBIX 0TOOpazKeHW#H  adUHHOCBIZHBIX
npoctpancte, H.C. CurrokoB Hauag paspaborky Teopuu F-miaHapHbIx 0TOOpaKEHNUI, sIBISFOITAXCST
MIAPOKUM 0000IIeHneM Teoae3NIeCKNX, TOYTH TeOJe3WIECKUX, QHAJUTHICCKN I[LIAHAPHBIX WU
KBA3UTe€0e3MIECKUX OTOOPAXKEHMIA.

MHuorouucientble pe3yJbTaThbl JIOKAJBHOTO U IVIODAAbHOTO XapaKTepa, [OoJydYeHHbIE B
TEOPUM TEO[E3MICCKUX OTOOPAKEHUIT PUMAHOBBIX MPOCTPAHCTB ¥ €€ O0ODIIEHUIX, YBEIUYUNIN
BO3MOXKHOCTH MX HCIOJbL30BaHHS B TEOPETHUIECKONl (u3mKe M MeXaHnKe. AKTyaJbHOIl crasa
paspaborka mpeamoxkennbx H.C. CUHIOKOBBIM HHBAPHAHTHBIX OTHOCHTEILHO CHCTEMbBI KOODIMHAT
MpUOIMKEHHBIX METOI0B, HOBOTO TOAXO0/a K MOCTPOEHHIO TEOMETPUM KACATEIbHBIX PACCIOeHUi
apPUHHOCBABHBIX U PUMAHOBBIX ITPOCTPAHCTE.

Hayunbie waTepeckt H.C. CuHiokoBa pPaCTpPOCIPAHSINCE W HA JAPYrHe HAMPaABICHUS
HCCJICIOBAHNN B OOJACTH T€OMETPHI. C xomma 1950-x romoB OH, BMECT€ C HECKOJIBKIMHI
YJICHAMHN Ka(l)e;[pbl, ACTIUPDAHTaAMU U CTYACHTAMHU, 3dHUMAJICA CUCTEMATUYCCKHUM HCCIEeA0OBaAHUEM
HECKOHEYHO MAaJIbIX apeaJbHbIX JdedopMallnii ITOBEPXHOCTEN € MCIOJIL30BAHHEM COBPEMEHHBIX
METO/IOB TEH30PHOTO aHAJW3a, TEOPUU ODOOIMIEHHBIX AHAANTHICCKNX (PYHKIWI 1 KPAEBBIX 3a1a4.

Ilon pykosomcrBom H.C. Cunroxosa B Ojecce ciioxuiach OpPUrMHAJbHAS HAyYHAL IIMKOJIA,
paspabarbsiBaioias Teopur guddeomMopdusMoB 00600meHHBIX pocTparcTB.  OnHa mojaydusia
NIpU3HAHNE B Halleil crpane m 3a pybexkoMm. B Hacrosinee BpeMs IpeACTABATEIN ITOH IMTKOJIBI
JKUBYT U pabOTAOT He TOJLKO B YKDAWHE, HO U B JIPYIUX yrojakax 3emuoro mapa. (Cu., Hanpumep,
mouorpadmuio J.Mikes, A.VanzZurova, I.Hinterleitner Geodesic Mappings and Some Generaliza-
tions, Olomouc, 2009.)

Huxkonait® Cremanosuwa ocraBua go6peiii  ciaen B OmecCKOM  YHHUBEPCHTETE HE  TOJBKO
pe3yAbTATAMHI CBOUX HAYYHBIX MCCIEIOBAHNN, HO W CO3MaHneM KadeIphbl TeOMETPUH M TOIOJIOTHH,
cBOEll yUeOHO-TIeATOTHIECKON AeATe/TbHOCTBIO, CBOWUMHK B3TJIAJAMYM HA 339U TPEIOTaABAHUS,
00ydeHUs W BOCIHUTAHUS MOJIOAOTO0 1oKojeHust. Cjes 3TOT COXpaHUTCA HAJOJI0, CKOPEe BCETO -
HaBCEr1a.

Corpyaauku Kadeapo

TEOMETPHUU U TOTTOJOTAN

O16€CKOT0 HAIMOHAJIBHOTO YHUBEPCATETA
nvern U.J. MeunnkoBa
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HaykomeTpusa Kak OOWH U3 MHCTPYMeHTOB EBpomHTerpaium Y KpanHbI

B. B. Eropos
(OHATIT, Onecca, Ykpanna)

E-mail address: yegorov-victor@mail.ru

Buay menpepnIBHO yBEIMUNBAOMIETOCH KOJIMIECTBA YIEHBIX U CPEP NX HAYTHBIX UIBICKAHUN BCE
HoJtee aKTyaIbHOM TPOOJIEMO CTAHOBATCA TOMCK CPEICTB CPABHEHHUST «YCIEITHOCTHY YIEHBIX MEXKIY
coboit. Cam daxT BxoxKAeHusa yaeroro B Aurymiickoe KoposieBckoe Hayaroe 00IecTBO, HATIPUMED,
WK TIOJIYY€HUE TPECTHKHON, BceMupHO u3BecTHO HobejieBcKoil mpeMun Uau NPECTUKHERTTNX
Mexpynapogubix npevuii (Abenesckas n @unmoBckas B MaremMarnke wan mpevuss ThIOpUHTA B
uadopmarnke u llpuTikepoBckas B apXUTEKType) OObEKTHBHO KAK MEDBI YCIIEITHOCTH yUEHOTO
cramu Maao3dOEeKTUBHBIMIA 13-33 aOCOMIOTHOCTH W UPE3BBITANHO MAJOTO KOJWIECTBA TEX, KTO
VAOCTOEH YeCTH WX IoJydenud. JIas Tex, KOMy 10 IOJydeHHs TAKHX HArpaj U OPEMHU erre
JdaJICKO, a a3apTa <IIOMepATbCA CHu/IaMKu» BMeECTe€ C TEM HE MCHBIIEC, CyH_IeCTByIOT Pa3JInIHbIE
HayKoMeTpuueckue mokazarenn. lleqh HAyKOMETPUUIECKUX WCCACTOBAHUN - HaTh OO0HLEKTHUBHYIO
KapTUHY Pa3BUTHA HAYYHOTO HANPABJEHHUS, OIECHUTbL €ro aKTYaJIbHOCThb, IOTEHIIHAIbLHBIE
BOBMOXKHOCTH, 3aKOHBI CbOpMI/IpOB&HI/IH I/IHCbOpMaLU/IOHHbIX ITIOTOKOB M PaCIPOCTPAaHCHUA Hay‘{HbIX
uneit. Peammsannsa 9To#H 1meaw BKAOYAET B ceOd psal KOHKPETHBIX 33Jad, COBOKYIIHOE peIlcHHe
KOTOPBLIX JOJXKHO JaTh OTBET Ha OOJIBIIMHCTBO [OCTABAEHHBIX BOIPOCOB. Cepbe3Hblil BKJIAI
B CO3JAaHWH METOIOJOTHH W WHCTpyMeHTapuda Haykomerpwd pHec HO. lapdman, xkoropslii B
1955 romy BBICKazas wumer0 06 WHIEKCHPOBAHWUY CCBHIIOK Ha MPEICTABIEHHBIE B MPHUCTATEHHOM
6ubauorpacun nybaukanuu. (OCHOBOIOJATAMOMAS UJles] HAYKOMETPUUECKUX DENTUHTOB OCHOBAaHA
Ha TOBEPXHOCTHOM B3IVISE HA IIPOIECC MOJIYyYeHUs HAYy9IHOrO pe3yabrara.  Bce momobmbie
IIOKA3aTe/J I MOXKHO YCJAOBHO PA3JAEJUTL HA 3 THIA: OCHOBAHHDLIE Ha KOJMIECTBE IyOJIMKAITH,
OCHOBaHHBIEC Ha KOJIMYECTBE L[I/ITI/IpOBaHI/Iﬁ n KOM6I/IHI/IpOBaHHbIe IIOKa3aTe/1n (OCHOBaHbI Ha
KOJIM9IECTBE MUTUPOBAHWI W KOJUYECTBE TyOInKaInii 0JHOBPEMEHHO).

Tlokazarenn, OCHOBAaHHBIE Ha KOJUIECTBE MyOJUKAIUA B 11€0M Maa0d(ODEeKTUBHBI, TPEXKIE
BCEro, u3-33 O4YeBUAHOI cyObekTuBHOCTH.  OIeHMBasg pPE3yJIbTATHBHOCTD YUEHLIX IO TaKHM
TOKA3aTe/IAM, MOJIOAbIE VICHBIE OYAYT BCETAA B 3apaHee MPOUTPHIIITHOM TIOJIOXKEHUH 10 CPABHEHUTO
cO cBOMMH cTapinuMu KojteramMu. C eJbl0 HUBEJIHMPOBAHUSA BO3DACTA YIEHOTO IpeIarajicd u
OTHOCUTEJIbHBIN HOKa3aTe/Ib, paCCqI/ITbIBaeMbIﬁ KaK OTHOIIIEHUE O6H_Ie1"0 KOJINYECTBA HY6.)'[I/IKaL[I/II7I
¥ HAy9IHOTO CTazka aBTopa. Ilo TakoMy Imokas3aTesro abCOIOTHBIM PEKOPACMEHOM MOXKHO CIHTATD
coperckoro xumuka Crpyukosa FO.T., koropsiit 3a mepuox ¢ 1981 o 1990 rr. ony6smkoBaa 948
CTaTeﬁ, T.€. B CpeJgHeM 4 JHA Ha CTATBIO. I/ISBGCTGH TaK>Ke "N aMepI/IKaHCKI/Iﬁ HpO(beCCOp 9 TOHO.HB,
KOTOpLIi B tepuon ¢ 1980 onybsmmkoBasr 1702 craThu, T.€. B cpeaHeM 7 AHel Ha cTaTbio. Bo MHOTOM
TAKOMY TTOJI0ZKEHUIO. [TET CIIOCOOCTBYIOT U «XOJIOMHBIEY ABTOPbI, T.€. BKJIOUEHHBIE B COCTAB aBTOPOB
3a CBOii aBTOPHUTET M KOCBEHHYIO IPUIACTHOCTh K HAYIHOMY KOJIEKTHBY. 1ak, m3secTHO Hostee 80-
TH CJIYYaeB, KOT/Ia OJHOBPEMEHHO COABTOPAMU CTAThY ABJI0Ch bostee 3000 gesioBeK 1 OMHA CTATHA
WNuctrryTa dusukn BeICOKU sHepruii u3 Ilporsuno, aBropamMu KoTopoit 3uaunTca 3185 wemoBek
[1].

ITokaszaresu, OCHOBAHHBIE HA KOJTMYECTBE IIUTUPOBAHUIL - WHEKCHI ITUTUPOBAHMS (KaK MPABUIIO,
OTPAkKAIOT CYMMapHOE KOJUYECTBO CCBIIOK B HAydHBIX Mybimkanmsx Ha paboThl aBTOPA).
WNuaekc mMUTHPOBAHUS B IIEJIOM OTPAXKAET PEAKIINIO HAYIHOTO COOOIMECTBA HA COOTBETCTBYIOIINE
nybaukamuu. B ocHOBe Takmx moKazaresiell JIEXKUT MPEIIOJIOKEHNe, UTO ILToXue pPaboThl He
IUTHPYIOT, 38 MCKIIOYEHNEM OCOOBIX OTHOIIEHHH MeXKAy aBTopaMu. LIuTmpyeMocTh 3aBHCHT He
TOJILKO OT YPOBHS HAYYIHBIX PE3Y/IBTATOR, HO W OT APYyTrux (PAKTOPOB, HAIIPUME]D, CBOEBPEMEHHOCTH.
JlmnTenbHOE BpeMsl OYeHb HH3KOH OyaeT IMUTHPYeMOCTh HyOJUKaInil ¢ HAyIHBLIMH pPe3yJIbTaTaMH,
KOTOPBbI€ 3HAYUTEC/JIBbHO OIlepeausin TeKyH_LI/Ie HOTpe6HOCTI/I MJIX BO3MOXKHOCTU UX HCIIOJIB30OBAHUA [1]

BonbmmnerBy nHIEKCOB IMIUTHPOBAHUS CBOMNCTBEHHBLI TaKKe OCOOEHHOCTIH:
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@) UCHOPUPYIOT CaMOIUTHPOBAHUE WM IIUTHPOBAHUE COABTOPAMME, UTO CYMIECTBEHHO CHUZKAET
PEUTHHT «y9IeHOTO-3aTBOPHUKAY yOIMKAIINNT KOTOPOrO0 MHTEPECYIOT TOJHLKO €r0 CaMOTO;

b) UTHOPUPYIOT MOBTOPHBIE IUTUPOBAHNUS OJHON PAOOTHI OTHIM TeM K€ YIEHBIM, ITO YMEHBIIAET
BJINAHUEC AOTOBOPHOT'O MUTUPDOBAHNA,

€) YUUTBHIBAIOT JIMYHBIA BKJaJ yYEHOrO, pasJielssi KOJWYeCTBO I[UTHPOBAHUIN MEeX Iy
COaBTOPAMU;

d) YUIUTBIBAIOT PEIIYTAIUI0 MUTUPYIONIETO U3JaHWA, B3BCITUBAA KOJUICCTBO CCHLJIOK B XKYpPHaJIC
Ha ero ¢GakTOp aBTOPUTETHOCTH;

€) YUUTBIBAIOT WHTEHCUBHOCTH MUTUPOBAHUI B PA3HBIX HayKaxX (B OHOJOTUU B 8 pa3 BHIMIE, YeM
B MaTemaTuke [2]).

IIpu sTOM, KpOME MPSIMBIX CCHIJIOK HA KOHKPETHYIO CTAThIO B CIIUCKE JINTEPATYPHI TAKIKE UMEET
MECTO CKPBITOE 1 He(DOPMATHLHOE IMTUPOBAHNE — T.€. CCHLIKA HA KOHKPETHBIN TPY/ HEIMOCPEICTBEHHO
B TekcTe nybJsnkanuu, 6e3 ee JajbHEHINEro yIOMUHAHUSA B CIUCKe JuTeparypbl. lLlpuBomsrcs
Haburosiennst (3], cormacuo koropeim depe3 10-30 sier nocsie nmybaukanuii crarefi-ieAespos Ha HUX
BCe Jallle HAYMHAIT CChLIAThCH HedOPMaTLHO.

Ilokazarenn, ocCHOBaHHBIE HA KOJAWYEeCTBe NYOJIUKAIIMNE U HA KOJHYECTBE ITUTUPOBAHUIL
O/THOBPEMEHHO B OCHOBE TIEJIM CBOEr0 CO3MTaHUs COMEPXKAT 33149y BLIABJEHUS YUEHBIX, KOTOPLIE
MUITYT MHOTO U KadecTBeHHO.  OJHUM U3 TakuX [OKa3aTejell sBJIFETCS HWHIEKC XUPIIa.
Nunexc Xuprma — mokazaresib, npemtokerabiii B 2005 rogy apreHTHHO-aMEPUKAHCKIM (PUIUKOM
Xopxe Xupmem nz Kanudopuuiickoro yausepcurera B Can-/luero mnepBoHavyaJsbHO JIJIS OINEHKHU
Hay9HOU npoayKTuBHOCTH (hu3nkoB. Nuaekc Xupina sgBigeTcd KOJNIECTBEHHON XapaKTePUCTUKOM
MPOAYKTUBHOCTH yYEHOI'O, TPYIIIbl YYE€HBIX, HAyYHON OPraHW3aluu Wid CTPaHBl B IIEJIOM,
OCHOBAHHO!N HA KOJIMYECTBE IyOJUKAIMI W KOAWYECTBE TUTUPOBanuil stux mybsuxaruit. Waogexkc
Xwupia uin h-uHIeKe — 3T0 MAKCUMaJIbHOE HEJI0e Y1CJI0 h, yKa3bIBaloIllee, 4TO aBTop omybjukoBas h
cTaTeil, KaXKaas U3 KOTOPHIX TPOIUTHPOBAHA XOTs ObI h pa3. DTu h cTareil COCTABISIOT SAPO XUPIIIa,
nwin h-gaapo. YTobel TOTACTHE B SIAPO XMPIA, CTATHIO JOKHBI TMPOIUTHPOBATE XOTs ORI h pas.
Y106B! TOMYYIUTH BBHICOKHI WHAEKC XUPIA, HAI0 MUCATh MHOTO, [IPU 9TOM, HE JIpODsS PE3YIbTATHI
II0 HECKOJIBKUM HY6J'[I/IKaLU/IHM. HpOCTOTa pacdeToB 1 HEIYYBCTBUTEJIbHOCTH K THUIIOBBIM IIpUEMaAM
MCKYCCTBEHHOTO YJIYUIIIEHUS BBIIEPACCMOTPEHHBIX MOKA3aTe/eil MIHOBEHHO CJea/Iu HHIEKC XupIa
TOMMYJIAPHBIM HaAYKOMETPUYIECKUM MHANKATOPOM.

Henocrarku nnjpexkca Xupiiia CBS3aHbI C T€M, YTO B HEM HE YYUTHIBAIOTCS:

1) HACKOJIBKO MPEBBITIEH TIOPOT TUTUPOBAHNUIT B spe XupIa,;

2) nnmMHA «XBOCTA», T.€. KOJMYECTBO IyOjuMKarnuii, HE BONIEANIMX B siAPO M yPOBEHB MX
IIUTUPOBAHUS.

Jns KOMTIEHCAITHN TUX HEJOCTATKOB TPEIJIOXKeHbl Hojee Tpuanatu MoaudUKAUil WHIEKCA
Xwuprma. Jlanee mpuBEIEHDI UL HEKOTOPHIE W3 HUX:

e Individual h-index (original) — pesynbrar mesenusi craHIapTHOTO h-WHIEKCA HA CpEJIHEe
YKUCIO ABTOPOB B CTAThSIX, KOTOPBIE BXOASAT B XHUPII-AApO IyOIuKANni. IDTOT MOKA3ATETh
HpU3BaH YMEHBIIUTH BJIUsHUE HA h-WHIEKC YucIa COABTOPOB yOJIMKaIluii, KOTOpOe, 10 CTATUCTUKE,
CYIIECTBEHHO OTJIMYACTCI B PA3JIMIHBIX 00/1aCTAX 3HAHUI;

e Individual h-index (PoP variation) — Beruncsienne h-unjexkca Kora BMECTO [OJHOIO YHCIIA
IIUTUPOBAHUN KayKJ0il CTATbU HCIOJB3YETCS OTHOIIEHWE YHCIA IUTUPOBAHUI K YUCIY aBTOPOB
Ty bJIMKATTIH;

e g-Index — WHEKC, YYUTHIBAIOIINI CTATHU YUEHOrO ¢ HAMOOJIBIIUM IUTUPOBAHUEM, KOTODBI

OLIPEAEISIETCS CACAYIONuM 00pa30M:
Hauboavuiee yenoe wucao g nybaukayuti, Komopvle 6ce smecme nabpait g2 u 6oaee yumuposanud.
(Mcmpas/ister HEIOCTATOK WHIEKCA XWPINA, KOTOPBIH MOXKHO ChOPMYIUPOBATE  CJIEIYOIINM
00pa3oM: «ecju CTaTbd MOMaJAeT B YNCJI0 HAMDOJee MUTUPYEMBIX A CTaTell, TO MUTUPOBAHNUE ITOMH
KOHKDETHO! CTaThbu GOJIbINE HUKAK HE YIUTHIBACTCS );

e a-Index — 310 mPOCTO CcpesHEE YUCIO CCHLAOK HA CTATbU, BXOIAIIHE B XUPII-SIIPO;

e m-Index — 310 MeMaHa YuCTa UTUPOBAHUN h cTaTeil, BXOAANUX B XUPII-AAPO yOIuKaruit
aBTOpa. SIBSETCT HEKOTOPBIM BAPUAHTOM (-WHIAEKCA U TOMBITKON YUI€CTb PACIpPEneeHne Tucaia
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IMUTUPOBAHUM cTaTel, BXOIAIMMNX B XUPII-SIJIpPO;

e i-Index — HayuYHast OpraHU3AINST UMEET WHIEKC §, €CJTU HE MeHee § YIEHBIX U3 9TO OpraHu3ariuu
UMEIOT WHJIeKC Xupiia He MeHee ¢ (i-uHmexc = 20 o3HavaeT, 910 He MeHee 20 yIEHbIX UMEIOT WHIEKC
Xwupma 20);

O/HAKO BCEM PACCMOTPEHHBIM WHJIEKCAM CBOWCTBEHHBI CYNIECTBEHHBIE HEJIOCTATKY |3]:

CL) TaK Kak, HAYKOMETPUYIECKUE TIOKA34TEC/JIN JIETKO BBIYUCJIUTD, TO BeJUK PHUCK UX
HeaJIeKBaTHOrO UCIIOJIB30BAHUS B KAYECTBE €/INHCTBEHHOTO KPUTEPUH OTIeHKY MHOTOTDAHHON HAYTHO
— WCCIEIOBATENBCKON TSI TeTHHOCTH YIEHOTO;

b) WCIONB30BAHUE HAYKOMETPUYECKHUX TOKa3aTesieil B KadecTBe KPUTEPUEB OIEHKW HAYIHON
JIeATeIbHOCTH TTPOBOIMPYET YUEHBIX K «HAKPYTKE» ITHUX MOKA3aTesell pasJIndHbIME CIIOcoGaMu.

Kpowme Toro, cienyer Tak:Ke OTMETUTH U APYTO# He MeHee BayKHBIN HemqocTaToK. B ocHOBe cBoeit
BCE PACCMOTpEeHHBbIC WHACKCHI ITUTHUPOBAHUA 6a31/IpyIOTCH Ha TMPEAIOJIOKEHUN, YTO aBTOP YeCTHO
VKa3bIBAET JIPYTUX ABTOPOB, HA IMOJIOYKEHUsI KOTOPBIX CCHLIAETCS B CBOEM COOCTBEHHOM HAYIHOM
TPY/e, B TPOTUBHOM CJIyYae OH PUCKYeT ObITh OOBUHEH B TJIATHATE U COTJIACHO 3aKOHY 00 aBTOPCKUX
M CMEXKHBIX TPaBax ObITh MPUTSHYTHIM K OTBETCTBEHHOCTH. 13 BhIIe TPUBEIEHHOTO BHITEKAIOT KaK
MWUHUMYM JAB€ CyIIECTBEHHBIX HpO6.HeMbI:

a) CoriacHo yOOMaHYTOMY 3aKkoHY KpaifHe TPYIHO TPUTAHYTH KOFO-JH00 K PpEAJbHOM
OTBETCTBEHHOCTH 3a ILJIaruar. CHe]_[I/IaJH/ICTbI OTMEYalT, 9YTO, HECMOTPA Ha 3HAYUTEJILBHOEC
yBeJINUEHHE KOJIMYECTBA MPECTYIJIeHWH JaHHO# Kareropuu, >PMEKTUBHOCTHL OOpHOBI ¢ HUMHU
MTPOJIOJIYKAET OCTABATHCS HA HEBBICOKOM ypoBHE. Cyibl pACCMATPUBAIOT JIUIIH 2 IPOIEHTA 0T OBIIETO
qucsa Bo3OYKIEHHBIX Jies, a 1ouTH 98 MpOIEHTOB MpPEKpAalaeTcs Ha, CTaUU IIPEIBAPUTETHHOTO
paccaiegoanus [5].  KadecrBo npumenenusi HOPM YIOJIOBHOIO 3aKOHA [10 JleJlaM O HapylIeHUH
ABTOPCKNUX ¥ CMEXKHBIX [TPAB TTPOJIOJIKAET OCTABATHCS BECHMA U BeChbMa, HU3KNUM [6].

b) Bropoit Baxkuo# 1pobiemoii 0cTaérest ¢KBO3HOE IuTupoBanue. ITobbl mpole onucarsh CyTh
POOJIEMBI — BBITIIE HAMEPEHHO MTPUBEJIEH MPUMED, KOTOPBIH 0663 HOTTOTHUTEILHOTO aKIIeHTHPOBAHNIS
BHUMAHNUS TAaK U OCTajcs Obl HezamedeHHbIM. Jlaa Toro, wTobbl omucarh Mpo6JEMy O HU3KOM
CTATUCTHUKE PEaJbHONW OTBETCTBEHHOCTH 33 IJIATMAT, O KOTOPOW MITa pedb B NPeAbIAVIINEM IIYHKTE,
OBLTA WCIOIB30BaHA CTAThd [T|, aBTOpaMu KOTOPOIl, B PE3Y/IbTaTe CAMOCTOSITEILHO TTPOBEIEHHOM
CTATUCTUIECKOMH PabOThI, OBLIN MPEeCTABIEHBI YI00HBIE MM PHI, KOTOPHIE ¥ JIETIN B CBOIO OYeperhb
B ONHCaHWe IyHKTa @) BhimE. OHAKO yKa3aHHBbIE TaM ke NCTOYHWKH wHbopmanuu [5] u [6]
6l ncrounukaMu B pabore 7], Ho cama pabora |7| ormeuena B cumcke He Obia (M3HAYAIBHO).
Takum obpazom, siBHOH CTaHOBUTCS pobJEMa, KOIJa OJHUM aBTOPOM IIPOBOJUTCS IIobasibHAS
obbéMHasg aHaJuMTU9eCKas pabora, MPUBOAATCA CBOM MCTOYHUKH JINTEPATYPHI, OJHAKO, 33a4aCTYIO,
B CIIUCOK JIUTEPATYPHI JPYIUMHU HPUBOMASATCS JIUIIb UCTOYHUKHU 3TOU pPaboThl, OCTABJIAS 33 IOJIEM
3peHud YUTATENe ABTOPa MEPBUYHOIO AHAJIUTUYUECKOrO 000DIIAIONIEro TPYAa, BBHIAABAA UX [PU
9TOM 3a pe3y/IbTaT COOCTBEHHOrO uccienoBanus. B pabore |1]| mazke mpuBOUTCS 3aHATHBIN IPUMeE]D
obHapyKeHUsd TakuxX (haKTOB, KOT/Ia B COHCKAX JUTEPATYPHI OT CTATBU K CTATHE «KOUYET» OIHA
" Ta K€ M3HAYaJbHO JOTMyHICHHaA ONE€YaTKa, 9TO HalIPAMYIO CBUAECTEJIBCTBYET O TOM, YTO aBTOPBI
He 9MTaJi OPUTHHAJA U TPUBOAAT paboTy yKe KaK UCTOUYHUK HETOCPEICTBEHHO CBOUX M3BICKAHMUIL,
JIUTIB TOTOMY, 9TO Ta BHAYM/IACH UCTOTHUKOM B PaboTe KOTOpad, MO CYTH BOPYETCH.

Kpome psga 0YeBUIHBIX  HEIOCTATKOB  PA3JIMYHBIX  HAYKOMETPHUYECKHUX  IOKa3aTeseit
YIOMUWHAIOTCA TaKXKEe MHEHUA, YTO IIOTOHA 34 OL{eHKOfI TUTUPYEMOCTU OTEYCCTBEHHBIX pa60T
SIBJIAETCS JIUIIb CTUMYJIOM JIJisi TOrO, 9TOOBl BCce PabOThl MEPEBOJMJIM HA, AHIVIMIACKNI SI3BIK,
g yaobcTBa 3apy0eKHBIX VUEHBIX W yA00CTBA Pa3MWYHBIX crerncay:k0. Tak:ke mpuCyTCTBYIOT
MHEHUsI, 9TO BCS MOTOHS 33 HAYKOMETPUYECKUMHU TTOKA3ATEIIMU CPeid YIEHBIX Mupa KOCBEHHBIMU
METOJAMY HAMEDPEHHO MPOBOIUPYETCH TPEICTABUTEISIMI OCHOBHBIX TobasbHbIX cucteM Web of
Science (WoS) xommanun Thomson Reuters (CHIA) u Scopus xomnanun Elsevier (Losnanans) T.x.
9TO B CBOIO 049€pe/ib CTUMYJIMPYET OT€YCCTBCHHDBIC 2KYPHAJIbI BCTYIIATh B 9TU CUCTEMbI, YTO KOHCYHO
O4YeHb HE IPOCTO JjId MOCJAEHUX B BUJIY BBICOKUX TPEOOBAHUI NPEIbABISEMBIX K 2KYpPHAJIAM —
MpeTeHIeHTaM, HO U OUeHb HE JIEIEeBO.

B Bumy paccMOTPEHHBIX HEJOCTATKOB HAYKOMETPHIECKUX TTOKa3aTe el aBTopsl 4] mpemrararor
OTKA3aThCAd OT TPAKTUKU WCIOJb30BAaHUS TIPH OIEHKE BKJAMa YIYEHOTO B HAYKY DPA3JIUIHBIX
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MCKYCCTBEHHBIX MTOKA3aTe/eil U TaXKe MPeIaraoT psifi aJbTepHATUBHBIX MEp:

1. Crmenyer BHOBB pasgenuth «mepederb BAK» Ha «IOKTOpCKHii» (IOCTATOYHO KpaTKWHii, He
6osiee 10 TPOLEHTOB OT TEKYIIErO CIUCKA) W «KAHAMIATCKAN» ;

2. Cemyer BOCCTAHOBUTH Ha, HOBO# 0cHOBe ucto ib3oBasineecss B8 CCCP panxupoBanue HayIHBIX
U3JIATENBCTB Ha «IIEHTPAJIBHbIEY U «PErMOHAJBHBIE |

3. Ilpu npoBeieHry HayYHBIX KOH(DEPEHIHH CJIeIyeT BHEAPUTD NPAKTUKY [TOIBEIEHUS UTOTOB C
BBIJIEJIEGHUEM aBTOPOB HECKOJBKUX JIYUITAX JOKJIAI0B;

4. Homonuuts mapy <«/lokrop mnayky - «Kampgmpar wayk» Tperbeil  COCTABIAIONIEH
«3acyyKeHHbIH JJOKTOP HAYK>;
5. 1 np.

OnHako OYEBMIHBIM B TPEIJIOXKEHHBIX MepaxX sBJISeTCI TOT (DaKT, UTO B MPOIECce
OIPEISTCHUS 33 ABTOPOM IIPaBa MYOJIUKAINHE B «IIEHTPAILHOM» HAYYHOM H3IAHUH MIHA 10Ty UeHHT
cTaryca JIydIero AOKJaaa W MPOYUX, TAKYKE MPUCYTCTBYET CyObeKTWBHBIN  (HAKTOP JTUIHOTO
MHEHUsT (JIMIHOTO OTHOIIEHWsI K aBTOPY) MHOTOYBAYKaeMBIX UJIEHOB OPraHM3allHOHHOINO KOMHUTETA
KOH(EPEHTTNN WU PEIAKITMOHHON KOIIETUN Ky PHAIA.

BreiBoabi:  Hecmorpss Ha paccMOTpeHHBIE HEAOCTATKHU ~PA3AUUHBIX HAYKOMETPUIECKUX
IoKa3aresell U TeHEPUPYEMYIO CIIOPHOCTH UX HEODXOAMMOCTH, & TaKKe YUNTHIBasi BO3MOXKHOCTHU
«HAMEPEHHOTO HAKPYYNUBAHUAY ITHUX MTOKA3ATEICH, OUeBUIHBIM ABJISIETCH BCE YK UX HeOOXOIMMOCTD
KaK pa3 B IEPBYIO 0Yepejib U3-3a uX crpemienHus K obbexkTuBHOCTU. Eciu pabora xauecTBenHas,
K10 OBl HE OBLI €e aBTOp, & €€ pPEe3yJbTATHI IMPEACTABISIOT MEHHOCTH i TPOABUNKEHUL
pa3paboToK JIpYyrux yUeHbIX, IMPEeJIojaras KOHEYHO YeCTHOCTh IOCHAEHHUX, OyJIyT UMETH MECTO
CCBIJIKM HA YKA3aHHYIO PaboTy, & CTaJi0 ObITb, yBEJHYEHUE IUTUPYEMOCTU II€PBOHAYAIBHOIO
aBTOpa. Be3yCcja0BHO, PACCMOTPEHHDBIE HEJOCTATKH HAYKOMETPUIECKUX MTOKA3ATE el CYyIeCTBEHHDI
¥ MAKCUMyM BHUMAHUS JOJIYKHO OBITH yIEAEHO HEMOCPEACTBEHHO HUBEINPOBAHNIO UX KAK TAKOBBHIX.
B «xomIle KOHIOB, Ba)KHBIM $BJIFIETCSI HE KOJINYECTBO nybauKamumit m Jake He Ha yMaHHAd
pecnekTabebHOCTh W3JaHuii, B KOTOPBIX OHM IyOJIUKYIOTCH, a TO, 9YTO HMEHHO 3aJI0YKEeHO
B nyOauKamuu, W OT TOTO0 HA CKOJIbBKO OHO WMeeT TEHHOCTb /i Pa3BUTHUS HAYKW, 9UTO U
Gyser B CBOIO OYEpE b OTPAXKEHO B KOJUYECTBE CCBUIOK W TUTHpOBaHuit Ha Tpyxn. He Oynem
3abbBaTh, uTO Korja B 1905 roay Asbbepry DUHIITEHHY TPUCBOUIN JOKTOPCKYIH CTEIEHBb, €0
JIUCCEPTAINS OKa3aJiach A0COJIOTHBIM PEKOPJOM KPATKOCTU CpEeJIu yUIEHBIX BCEX BPEMEH, KOIJa-
Ji0O0 BAMUIIABIITHX JUCCEPTAMHI: HECKOIHKO CTPAHUI] PYKOIUCHOTO TEKCTA, B OCHOBHOM (DOPMYJIbI,
M3 KOTODBLIX BaKHeiimas 0b6ecCMepTuia €ro uMmsi: "SHeprusg paBHSETCs Macce, OMHOXKEHHO! Ha
KBaJIpaT cKopocrh cBera'. D10 DyHIAMEHT HOBOW HAyKH.

Crmicok JuTepaTyphbl

[1] C. . Hlvos6a, E. B. Ilros6a. O6sop wnaykomempuseckur noxazameneti 0ax OUEHKU
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BBIMyCK 44: «Haykomerpus u sKCIepTH3a B YIpPABICHHN HAyKOiy, 262 - 278 C.

[2] 1. Podlubny. Comparison of scientific impact expressed by the number of citations in different
fields of science - Scientometrics. (2005), Vol. 64, Ne.1. — P. 95-99.

[3] B. B. Iucasakos. Hayka wepes npusmy cmamet - Ilybauanbie nekuun «Ilosawr.py». (2011).
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3uaxomxkenust PiHAJIBHOT TOHOJIOriT 3a JOIOMOT0OI0 BiAKPUTHX HACHYECHUX MHOXKUH

B. M. Ba6uu, B. O. IlexTepen
(KHY imeni Tapaca ITlesuenka, Kuis, Ykpaina)

E-mail address: vyacheslav.babych@gmail.com, vasiliyQuniv.kiev.ua

Hexait X — menopoxkusa muoxuua, {(Xqa,7,), @ € T} — ponuHa TOMOJIOTIIHUX TPOCTOPIB, { fo :
Xo — X, a € T} — popuna Bigobpazkenb muO)uH. Tozai Ha mHOXKMHI X icHye HalicuibHia
TOIIOJIOTIsT, BITHOCHO siKOI BCl BimoOpaskeHHs fo, o € T, HenepepsHi [1]. Bona Mae Burisin

r={UCX|f7'(U) €T, €T} (1)

[Ia Tonosioris 3BeTbCsa Pitna.abHo10 Monoaozicto Ha X BigHOCHO pojuuu BinoOpaxensb {fq, o € T}.

BaxxuBuM 9acTKOBHM BHIIAJIKOM GiHagbHOI Tomosorii € dakropronosorig |2, 3]. Hexaii
(X,7) — romosoriunmii mpocTip, () — HemopoxKHsi MHOXKHHA 1 p : X — ) — BimoOpaxkeHHs
muoxkwuH. DiHasbHa TOMOJOTIsST Ha () BITHOCHO BiIOOpaXKeHHST P HABUBAETHCS HaKMOPMONOA02IENH
Ha () BiIHOCHO TOMOJIOTIT T i BiIoOpakeHHs p, sIKe B [bOMY BUMAAKY HA3WBAEThHCA Paxmoprum. [0
hakTOPTOIOIOTII0 MU TO3HATATHUMEMO TP,

Ilonpu me, mo diHagpHA TOMOJIOTIA 3aJA€THCsI  SIBHO, 11 TPAKTUIHE 3HAXOJKEHHS 33
dbopmymoro (1) Buvarae obuucaenns npoobpasiB BCiX MiAMHOKIUH MHOKUHE X BIIHOCHO KOXKHOTO
BimobpaxkenHst f, Ta IX [EPEBIPKY HA HAJIEKHICTb TOMOJOTI Ty, @ € T. Tomy BaxIuBUM €
BifIIyKaHHS ePeKTUBHIMUX MeTO/IiB moOym0Br (hiHATBHOI TOMOJIOTIT. SPYUHUM IHCTPYMEHTOM JIJIsT
1IbOT'0 BUSIBJISETHCS AJrOPUTM 3HAXOKEHHS (DaKTOPTOIIOJOTIT 38 J0MIOMOIOK0 BIIKDUTUX HACUIEHUX
MHO>KWH.

Teopema 1. Bidobpasicennsa p : X — @ monoaoeinnur npocmopis daxmopre modi U auwe modi,
koAU 610KpumuUMY (3amrErenumu) 6 Q € muoscunu suzasdy p(A)UB, de A — eidkpuma (3amrnena)
6 X nacuuena eidnocho p (mobmo A = p=t(p(A))) muosicuna, a B C Q\p(X), i auwe 6onu.

Buaitmosmy Bei daxTopronosorii 7/¢ ma X BifHOCHO TomoOMOTIi T, Ta BiIOOpaiKeHHS fa,
dbinanpry ronosoriro Ha X BisHOCHO pojuHE Bijgobpaxenb {fo, a € T} MoxkHA 06UMCIANTH K
TMePETHH OTPUMAHUX (HhaKTOPTOTOIOTIH.

Hpukmanx 1. 3uatidemo GinasoHy monosozio nwa muoocuni diticnur wucea R sidnocno podunu
sidoopasicens {fo + R — R, @ € [0,1)} 3 eskaidosuzr npocmopis, 3adanux pisnocmamu fo(x) =
[z] + a, de [z] osmauae yiry wacmuny ditinozo wucaa x. Ockisvku das woocnur o € [0,1) ma z € R
npoobpas f, X (fa(@)) = [[z], [xr] +1); mo eidxpumumu 6 npupodniti monosozii HacuMenumy 6i0H0CHO
fa € muoocunu &, R, (—oo,n), n € Z. Omoarce, 3a meopemoio 1

7l ={4n, (a+Z)UA,,(a+{meZ|m<n})UAs,n€Z,Ay CR\(a+2Z)}, a€]0,1).

Muoorcuna U C R naseorcums wykanit Ginasvnith monosozii modi G suwe modi, K0Au ICHYE make
posoumma {T, T, T"} mnoocunu [0,1), wo U = Aqg = (¢/ +Z)UAy = (" +{m € Z | m <
e ) Ay, de ngn € Z, Aq CR\(a+2Z), Ay CR\(/ +Z), Apr CR\(' +Z), 0as sciz a € T,
o €T, " €T’ 3eidcu, wykana dinarvna monosozis na R mac cuzand

{ Y, ("+2Z)U Y, (@"+{meZ|m<ngy})|ng €2, €T", T, T" C[0,1), T'NT" = &}.
ale ! OlNE "

Crucok Jriteparypu

[1] Bypbaku H. O6was monoaozus. Ocnosnme cmpykmypw. — M.: Hayka, 1968. — 272 c.

[2] Anexkcanapan P. A., Mupsaxausau 9. A. Obwas monoaozus. — M.: Beicimas mkosaa, 1979. —
336 c.

[3] Durenskunr P. O6was monoaoeus. — M.: Mup, 1986. — 750 c.
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Amnajtiz ogaoro gudpepeHniajibHOrO PiBHAHHS 3 YACTUHHUMU MOXiAHUMU APYTrOro
MOPAIKY
JI. JI. Be3skoposaiina, FO. C. Xomuu
(Omechkuii Hamionapauil yuisepcuter im.I. I. Meunukosa, Omeca, Ykpaina)

E-mail address: 1iliyabezk@gmail.com, khomych.yuliia@gmail.com

Ksasiapeanpua meckinuenno mana gedopmarnis mirimansaol mosepxai S (H = 0, K # 0) 3
BIIXWJIEHHSIM BiJ| JIOTUYHOI IIOIIWHM, CTAIOHADHUM y OyJIb-sIKOMY HaIlpsiMi, Oysia mpeaMeTrom
nocaigzkenns B [I]. YV maniit pobori 3asaua npo icHyBaHHs 3a3Hadenol jedopmarnii HeMiHIMAILHOT
nosepxHi S (H # 0, K # 0) 3BoAuTbCSA, 30KpeMa, 10 TOCTIIZKEeHHsT PiBHAHHS (y JIiHISIX KPHBWHH )

1 dgny °T'  o2VEOJE) 1" 1 99y 0°T" (aTl or! T1>

by 022 (8z1)2 K 0z' 021022  boy 922 (02)2 Qa1 9z’
1 Oy 0T +2\/E3(%) T2 1 dgn 0°T or2 oT* )
 byy Ozt (021)? K 0z2 0z'0x%2 by Ox! (022)2 Oxl" 9z2’ '

Tyt E # O—etineposa pizauns, a depe3 A i B mosmadeni rpynu JOMaHKIB, dKi MICTSITDH BHKIIOUHO
bynkmio T abo T? rta ix wacrumni moxigxi meprmoro mopsaaky Bigmosigmo. Takmm umHOM, JiBa

YacTHHA PIBHAHHS BUpayKaeThcd Jimie depes 1!, a mpapa yacréHa mpejcrasiena depes 12, Jlisa
9911 9922

i mpaBa YacTWHMW IHOTO PiBHAHHYA piBHOTpapHi. KpiM TOTO, BeIwvYuH# 922 Bpl OAHOYACHO B
HyJb He 06epTaloThCst. fIKImo % = % =0, To 3 piBagaHHA [ayca gicranemo K = 0, a ne#

%936121 # 0. Toxi piBHsHHS 1) B

3araJibHOMY BUTIAJKY Oyje HEOTHOPINHUM AudepeHIliabHUM PIBHAHHAM 3 YaCTUHHUMU TOX1THUMEI
APYroro nopsaxy Bizmocuo T Ta 3a1aHOI0 MPABOIO YACTUHOW. 3HANIEMO HOIO AHCKPUMIiHAHT

2
Al =L |1 (9m ’ L E oJz) 2)
K g\ 0x2 K\ 0x! ’

Adxmo S—nosepxug eninrtuunoro tuny (K > 0,H # 0), o pisasung (1)) € meomHopimanm
piBHAHHAM rinep6osignoro THIY BigHOocHO yHKIil 1.

Axmo S—nosepxus rinepboniaroro auny (K < 0, H # 0), 70 MoxK/uBl BapianTu:

a) y BUTAJKY % (%) = 0 pipagHHEs (1) € piBHAHHAM einTiaHOTO THIY BinHOCHO T

BUMAJAOK MW BUKJIIOUWIN 3 po3rasay. Ilokmamemo s BU3HAYEHOCTI

6) y pasi A = 0 pisusanEs € piBusiHHESAM T1apabosivnoro Tumy BigHOCHO T

11 9911 _ 0. Toni A = E 0 ( H 2. .
puiyctuMo Terep, mo 5.3 = 0. Tom A = —45 W(ﬁ) 1 BUHHUKAIOTDL BUITAIKN:

a) KO % (%) = 0, TO piBHAHHS ¢ piBHAHHEAM Tinep6osiunoro Tumy Bigmocno T

6) aKie % (%) = 0, To piBHAHHS MICTUTDH JACTWHHI IOXI/IHI JIWIIIEe MEPIIOTO MOPAIKY

BigHoCHO pymKii T,
Jamgi B poboTi IPOBOAMMO TOCTIIKEHHS JeAKMX TPAHWMIHUX 33734 I AudepeHIliaabHOr0
piBHsiHHs ([1)).

Crucok Jriteparypu

[1] L. L. Bezkorovaina, Y. S. Khomych About one problem for the quasiareal infinitesimal deforma-
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I3omeTpuyHi BKJIa/IeHHS, KPUBUHA Ta 00ME>KeHICTh IepeJI0OTUYHUX [IPOCTOPIB

B. B. Biaer
(IM HAH Vkpainn, Knis, Ykpaina)

E-mail address: biletvictoriya®@mail.ru

Ilepeddomunni ta domuuni TTPOCTOPH JO METPUIHOTO TPOCTOpy X y TodUri p (3 TOUKH 30Dy

. . . X
cekBenuiitnoro miaxoxy, [I]) — ue merpuuni npocropu (pr,
BuXiTHOT MeTpHKHU d Ta 3a7aHOl MacmTaboBaHOI MOCTITOBHOCTL 7 = (I')n)peN JOJATHUX JIHCHUX
quces, Mo 36iralThed A0 Hy/Isd. ToUKM MepeqIoTHIHNX TPOCTOPIB — Tie K/Tach eKBiBaJeHTHUX TO-
caimoBHOCTE 13 X, aki 36iraoThbes 10 p, 1 cepes IUX TOYOK € BUIIJIEHA TOUKA, B IKY MEPEXOINTH

MOCTIHHA MOCTIOBHICTD (P, P, ... ).

p) i3 METPHKOIO p, siKa 3a/1€KUTh BiJl

BupuatoTbca nmeski B3aeMO3B’d3KU TI00AJBHUX BJIACTUBOCTEH iHMIHITEZNMATHHIX METPUIHUX
MPOCTOpPiB (MEPEIOTUIHNX Ta JOTUIHNX) 3 JIOKAJBHUMHU BJIACTHBOCTSIMU BUXiJTHOTO METPUIHOTO
mpocTopy. A came, TOCHIIKEHO MTATAHHS PO 130METPUYIHY BKJIAIEHICTH MEPETOTHIHNX IPOCTOPIB
y CKIHYeHHOBUMIpPHI €BKJIL/I0BI ipocTopH [2]; omicano CTpyKTypy METPUIHHUX IPOCTOPIB, MEPeI0TH-
4Hi JI0 IKMX MalOTh HEBiJ'€MHY Ta He/oaTHy 3a AJiekcanapoBuy kpusuny [3|; BcranosieHo ymosu
06MeKeHOCT] TepeIoTHIHuX TpocTopis [4].

Crmcok Jiteparypn
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TomnoJioriuyna ekBiBaJIeHTHICTHL HOJIIHOMIB

C. B. Binywn
(KHY im. Tapaca Ilesuenka, Kuis, Ykpanna)

E-mail address: sbilun@univ.kiev.ua

Posrasmemo dyuknito Z = P(z), ne P(z)-moainom. Bynemo nusuruces Ha Z = P(r), 9K Ha
dyukiio aBox 3Minaux Big 1 y. Kpuruunnmu roukamu i€l pyHKil OyayTh BCI TOYKU HA MPIMUX
x = a;, e a;-kputngni Touku P(x).

Teopema 1. Hezati P(z), Q(x)-déa nosinoma, wa ki mu OUSUMOCH, AK HA NOATHOMY 610 060
aminnuz x 1 y. Todi noatmom P(x) monosoeiuno exsigasenmnut noairomy Q(x) modi & misvku
moodi, KoM Ul NOAIHOMU MONOAOIYHO EKBIBAAEHMHT A% PYHKUIT 00HIET SMIHHOL.

Teopema 2. Poseaanemo Ppynxuyito Z = P(x) - (A -y), de P(x) ne mae xpamnur rxopenis. Jlei
maxt Qyrurxyli 21 ma Zs MONOA0ZIYHO €KSIGAACHINHE MO0JL 1 MiAbKUu MO, KOAU MOTIOAOLIYHO
exeisasenmui gynwyii Py(z) 1 Pa(x).

Posrmstremo jmami dysknio Z = P(z) - Q(y). Bunnkae muranHs: Koau Takl MyHKINT 6yayTh
TOIMOJIOTTYHO eKBIBAJIEHTHI!

Jlema 1. Sdxwo Z = P(x)-Q(y) 1 P(x) mae xpammi xoperi, a Q(y) ne mae Kpamuuz xopenis, modi
MHOJMCUHA KpumuyHuz mowok » (F) e nese’asne 06'ednanni npamu.

Crmcok Jiteparypu

[1] k. Muarop Ocobuie mouku komnaexchu® eunepnoseprrocmed.,- Mup.Mocksa, (1971).
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Peastizaiiia crpykrypHo-dyHKIiOHAABHOT MOe/i (POPMYyBaHHS METOAUIHOT
KOMTIETeHTHOCTI MailibyTHixX BuUMTesiB y HaBYaHHI reoMeTpil

C. B. Ianosa, I'. A. /lepebi3oBa
(O3 «IIHITY im. K. . Ymuacskoroy, Omeca, Ykpaina)

E-mail address: ivasvitQukr.net

Tpupanuit wac UPOBIAHUM HAIPAMOM HAYKOBO-METOAMYHOI poboTH BHMKI3IaYiB Kadeapu
MaTeMaTUKI Ta MeTOMUKY 11 HaBuaHHd JepkaBuoro 3axmany «lliBaeHHoyKpalHchKnil HAIllOHAJIHHIH
negarorigamit yHiBepcuTer iM. K.JI. VIMIUHCBKOTO» € JOCTITKEHHS METOIUIHOI KOMITEeTEHTHOCTI
BUNTE/Jd y HABYAHHI MATEMATUKHW YYHIB 3arajabHOoocBiTHIX miKia. Ilig kepiBaummeoMm mpod.
C.0. CksoprioBoi po3pobjieHa CTPYKTYPHO-DYHKITIOHATBHA MOJe b (POPMYBaAHHS METOIUTHOL
KOMITETEHTHOCTI MafiOyTHIX BIMTE B y HABYAHHI MATEMATUKH, TPU [THOMY 3HAYHA YBara MPWIiIeHA
dOpMYBAHHIO 11 TEOMETPHUYIHOI CKJI3J0BOI.

YV  mamitt Momeni BimoOKpemJieHi:  HOPMATHUBHHUIN, BapiaTUBHUI, CIIENIaTHHO-METOIUIHHII,
KOHTPOJLHO-OIHIOBAJILHNM, TEXHOJOTIUHNNM Ta NTPOeKTYyBaIbHO-MOJEMIOBAILHNN KOMIIOHEHTH
JISTBHICHOTO, 3aJadHOTO Ta OCOOHMCTICHO-30PI€EHTOBAHOIO MIAXOMIB. J30KpEeMa BCTAHOBJIEHO, IO
Ha JIEKIIAX 1 Ha OPAKTUYHUX 3AHATTIX JOMJIBHO BUKOPUCTOBYBATH TEXHOJIOTII0 KOHTEKCTHOT'O
napuaunsd (A.O. Bepburpkuit), OCKUIBKE I TEXHOJIOTISA JIO3BOJISE 3MOMEIIOBATH 3MICT MaiiOyTHBOI
mpodeciitnol gisipHOCTi.  lama Texmosorisa mepenbadac MupoOKe BUKOPUCTAHHST JUTAKTUIHAX
JILJIOBUX IrOP.

Hamu minrorosieni MeToanaHi peKOMEHIAIIT TITOA0 MiATOTOBKH Ta TTPOBEAEHHST TAKHUX POJTBOBUX
iMiTamifinux irop gK «Ypok reomerpil y OCHOBHII Ta CTapImiil MKojiy, «l'eoMeTpuyHi 3MaranHss,
«Meronuanuit KoHrpecy ajist CTYIAEHTIB (Piduko-MaTeMaTHIHUX (DAKYIBTETIB BUIMMNUX MEJATOTITHUX
HaBYaJbHUX 3aK/JaJiB. 30KpeMa, Jdd KOMKHOI 3 HaHMX JiJIOBHX irop po3pobieHa iMiTariiiHa
MO/JI€JIb, KA MICTUTBb: JMJIAKTUYHI M1, TpEeAMET [ph, IrpadidHy MO/e/b YIYACHUKIB TPH, CHCTEMY
OIIHIOBaHHA. A TAKOXK IrpOBa MOJIEJTh, 38, IKOI0 BU3HAYAIOTHCA: LI IPH, KOMILIEKT POJIeii 1 (DyHKITIi
TPaBIIiB, CIIEHAPill, TpaBWIa TPHU TOIIQ.

Hns augakTuaHoi’ tpu  « MeToaudHul KOHTPeC» MPOBIJHUMEI BBAXKAEMO TeMU <«AKTyaabHI
TEXHOJIOTI] HaBIAHHS reOMerpil y mroai» Ta «KoMmm'toTepHi mpe3enTallii Ha ypoKax reoMeTpiis.

YV maHuX METOIMYHUX PEKOMEHJIAMSX BijoOparkeHnit OaraTopidnHmit [OCBiJI BUKOPUCTAHHS
JIJIOBUX iTOp, SIKWif CBiAUMThH, IO  IMITAIi#HI Ta POMBOBI MIIOBI irpm € e@eKTUBHUM 3ac0D0M
dopMyBaHHS METOIUIHOI KOMITETEHTHOCTI CTYAEHTIB, 60 JO3BOIAIOTH MOJEIIOBATH CKJIAIHI THIIOBI
HaBYA/IBHI cuTyarii 1 aHasisysaTu crocobu mpodeciitnol Mg bHOCTI BINTENA y IIUX CUTYAIliaX.

Cuucok Jiiteparypu
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y Maiibyrnix yuwurenis // Ilemarorika dopmyBanns TBOpuoi ocobucrocti y BuIiil i
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Hedopmartii Beropaux mnojiB Mopca-Cwmeitsia Ha TPUBUMIPHUX MHOTOBHU/IAX poay 2

I. M. Isantok
(KHY im. Tapaca Ilesuenka, Kuis, Ykpaina)

E-mail address: ivanna.ivanyuk@gmail.com

Hexait F = OH = OH — 3araibna HOBEPXHA POAY ¢ KpeHneis, u = {ui,...,uq} — CHCTEMA
mepuianis kpengens H i v = {vy,...,v4} — cucrema mepugianis Kpenesst H, HUH =M —
pos6urtsa Xeropa muorosuga M. Tpiiika (F,u,v) nazuBaerbca diaepamoro Xeeopa muorosury M.

Hiarpamu Xeropa (F,u,v), (F',u',v") Muorosumis M, M HASHBAIOTLCS 20MEOMOPPHAULMLU, SKIIO
icuye Takuit romeomopdizm b : F — F' mo h(u) = ', h(v) = v abo h(u) = v, h(v) = u" (mopsizok
MepuiaHiB Ipy MBOMY He Mae suadenusi). iarpamu Xeropa (F,u,v), (E'u',v") HasuBaroThCs
i3omonnuMmu, SKINO icHye Taka i3oromis ¢ 1 F' — F,, mo ¢o = 1, p1(u) = u, v1(v) = o', Hiarpavu
(F,u,v), (F',u ,v") HasuBaIoThCs HANI6I30MONHUMY, SKIITO 1CHYIOTH Taki 130Tomii ¢y, ¥y : Fl — F,
mo po = =1, g1(u) =u iY(v) =0

Hiarpamu (F,u,v) i (F,u ,v) HA3HBAIOTECS eK6i6aAeHMHUMY, SKITO Bi OAHIE] MOXKIA HepeiiTn
JIo IHITOT 32 JOOMOTO0 ToMeoMOpdi3MiB, HAIBIZ0TOMIN 1 onepariii 7o JaBaHH OAHOTO MEpPHIiaHa
JI0 1HIIIOTO.

MozkmuBi HacTYnHI pyxu aas giarpam: 1) BUTATYBaHHS TPOCTUX METE/Ib, 2)KOB3aHHS 3)I0NapHa
nepecranoBka Bepmud (1),(2) mix coboro abo (3) i (4).

Teopema. Sxkmo icaye pedopmanis, 10 BoHa peasidyerbca pyxamu 1), 2), 3), Koxken pyx
3aJ1a€MO TIAPOTo JliarpaM, BT OJHIET MOXKHA TTePeUTH A0 IHITIOT MOC/TiIOBHICTIO PYXiB.

Teopema. fximo aBi ciM’'T TOMOIOTIYHO €KBiBaJeHTHI B Kjaacl 1;, TO BOHH 3aJal0Th OJHAKOBI
NOC/TOBHOCTI cyMixkaUX miarpaM. JIBa monsg Knacy T; MOxKHA 3’€THATH MLISIXOM (CiM €10 BEKTOPHUX
moJiB) B Kaaci T, SIKINO iCHY€ MOC/TOBHICTS CyMIXKHUX JiarpaM, 1o 3’'e€anye BianoBiaal rpadu.

Hexait xisbpkicTh pyxiB Bij ofHiel miarpamMm 10 iHIION - n. 3aHYMeEpyeEMO BCI MOXKJIUBI PyXu
IJIMMY 9uCIaMu, dKi OyleMo HasuBaTu ocHaieHHsM. [lociifoBricTs giarpam, B KOl Y KOXKHIH
napi 3ajiaHe OCHAIEHHS, Oy/1eM0 HA3WBATH OCHAIIEHOIO.

Teopema. Hkmo aBoM CiM’siM BIAIOBIZAIOTH OJHAKOBI OCHAIMEHI MOCTITOBHOCTI, TO BOHHU
TOTIOJIOTTYHO €KBiBaJIEHTHI.

Crucok JriTteparypu

[1] Mameees C.B., @omenxo A.T. AnropurmMudeckue W KOMIBIOTEPHBIE METOJIBI B TPEXMEPHOIl
ronosiormu. 131, Mockosckoro yausepcurera. — 1991. — 301c.

[2] Hpuwnsx O.0., Isanok 1. M. Tonosorisi cim’l Bek ropaux noJjis Ha nosepxsi, Proc. Intern. Geom.
Center, Vol.6, Ne4. — c. 44-51.

[3] ITsamtox I.M., Ipuwassx O.0. Tononoriuna crpykrypa gedopmaniii Beropanx mnosais Mopca-
Cwmeitna Ha TpuBuMipHUX MHOTOBHAaX poay 2: Proc. Intern. Geom. Center. — 2014. — Vol.7,
Neq,
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Mouiekyau 3 aTomiB cTereHi 2 Ha HOBEPXHAX 3 KPAEM

O. M. Isanmok
(KHY im. Tapaca Ilesuenka, Kuis, Ykpaina)

E-mail address: oxana_ivanyukQukr.net

Hexait M - 3aMKHeHUIT Opi€HTOBaHUI JBOBUMIDHUI MHOTOBHL (MOBEpxHs), f - TiaaKa (byHKITs
wa M. g muOoroBuaiB 3 Kpaem anasiorom yukiiit Mopca € m-dyHkiiii.

Oznavennsi. Oyukmiga f : M — R masuBaerbca m-pynruyicro, GKIIO:

6) kpait MHOTOBM Iy MOXKHA NOJATH y BuULIsl o6’exnanus OM = OM_ U OMy U @M takoro,
mo obMexkenHst fy dynxmii f wa My e dyukiis Mopca.

O3HaveHHA. AMOMOM HA3MBAETHCS OKLT P? KPUTHIHOTO apy, SKuil 33Ja€ThCA HEPIBHICTIO c—
e < f < cHe as 1ocTaTHRO MAJIOTo €, PO3IIAPOBAHY Ha JiHil piBHS MYHKIIT f 1 dKa PO3IIEIAEThCs
3 TOYHICTIO /10 TIOMapoBoi exsiBatentocti P? = {z: —e < f(z) — ¢ < €}

Hexait na mosepxui X2 3amana dymknig Mopca f. Ii jinil piBHA pPO3mMApPOBYIOTH HOBEPXHIO,
TOOTO BUHUKAE PO3MIAPYBAHHS 3 0COOMMBOCTIMU. PO3rigHeMo Bel KpuTnvHi 3HAYEHHS ¢; QYHKIT f i
BiamoBinui IM KpurwaHi piHi f = ¢;. KoxkHoMy TakoMy PiBHIO BIAMOBIAaE Aedkuit aroMm. Ilpn mbomy
rPaHUYHI OKOJIM ATOMIB 3’€MHAHI IMMJIHIPAMU, SKi € OJHONAPAMETPUUHUMHA CiM MU HEOCODTMBUX
3B’A3HUX JIiHifl piBHdA. 306pa3uMo Hallle PO3MIAPYBAHHS y BUJIA/l rpada, B SKOCTI BEPIIUH TKOTO
BizbMemo aromu. lle o3mauae, 1o KOXkHIiM BepimHi rpada NoCTaBjaeHUN y BIANOBIAHICTD Jesdkuii
aTOM, TPUYOMY BKa3aHO B3A€MHO-OTHO3ZHAYHY BIAMOBIIHICTH MiXK TPAHUYHUMH OKOJAMU aTOMIB 1
pebpamu rpada, sIKi JOTHKAIOTLCA [0 JAHOI BEpIIMHU-aToMa. KiHIl aroMiB 3’eamaHi pebpamn, sKi
BiAMOBIiMaI0TH OMHOMTAPAMETPUIHUM CiM IM PEryIIpPHUX OKOJIIB.

Osnauvenns. Omucannmit rpad HasBeMoO f-moaekyaoro W, axa pinmosizae mapi (X2, f).

Teopema. Bci mosiekynau 3 9otupMa i WaTbMa KPUTHIHUMY TOYKAMU MOXKHA OTPUMATH:

1) ckrelBIIM 2 ATOME CKJI3THOCTI 2;

2) ckyeiBImmM 3 aTOMM CKAAAHOCTI 2;

3) cKJeiBIN MiXK OO0 HE BCl KDUTHUTHI TOUKH aTOMIB CKJIQJHOCTI 2.

Crmcok JitepaTrypu

[1] Hpuwasr O.0., IMpuwaskx K.O., Miwenxo K.I., Jlykosa H.B. Knacudikanis npocrux m-
dyHukiit Ha opleHToBaHNX moBepxHsaxX: 2KypHas obgmcs. Ta mpuki. Marem. — 2011, — Nel (104).
—c.1-12.

[2] Isawrox O.M., puwassx O.0. Aromu creneni 2 na nosepxHsx 3 kpaem: Proc. Intern. Geom.
Center. — 2013. — Vol.6, Ne3. — ¢.40-53.

[3] Teanrox O.M., Hpuwasx O.O. Monekynu 3 aromis creneni 2 Ha 1MOBepxXH#AX 3 Kpaem: Proc.
Intern. Geom. Center. — 2014. — Vol.7, Ne3. — ¢.27-37.
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YHucsi0 TOMOJIOTIYHO HEeEeKBiBaJIeHTHUX MiHiMasibHux (PYyHKIN HA OPIEHTOBHUX
noBepxHax, 11

0. A. KanyboBcbkuii
(AOITY, Cno’stHebk, YKpaiHa)

FE-mail address: kadubovs@Qukr .net

Hexait M, — 3aMKHeHa TIajKa OpieHTOBHa moBepxHd pony ¢, a Cii1(My) — Kmac rraixux
dbynkuiit Ha My, AKI MalOTh TOYHO OJIMH JIOKAJIBHAN MIHIMYM, O/IUH JOKAJbHAN MaKCHUMYM Ta OJHY
(B 3arapbHOMY BMIAJKY BUPOJZKEHY) CYTTEBO KPUTUYHY TOUKY THITy Cijaja (K/aac «MIHIMAaTbHUX
dbyukuiiy ma My). @yukmii fi1 i fo 3 xknacy Ci;1(My) HA3UBAIOTE MON0AOIYHO EKGIBAAEHIHUMU,
gAKMo ichyiors romeomopdismu h 1 My, — My il : R' — R' (I s6epirae opienraniio), raki
mo fo = Lo fi o h~!. Slkmio h 36epirae opientamito, dbyuxuii fi i fo HasuBaOTL Q=MONOACZIMNHO
eXBIBAACHMHUMY ADO K MONOAOZIYHO CNPANCEHUMU.

Bamaqa mpo migpaxyHok wncaa O-monoaoziuno neexsisarenmuuy Qyukuiii 3 kmacy Crip(Mg)
noBHicTIO Oysia po3s’s3ana B [2]. Iluramus npo migpaxyHOK YHCIA MONOA0LINHO HECKGIGAAEHMHUL
bynkiit 3 kracy Cr.1(My) 3amumanoch BiAKPATHM.

Teopema 1. Jlaa dosiavHozo g = ”51 (n € N) %ucio monoso2iwho HEeK6I6aAeHMHUL PYHKuil 3
kaacy Cr,1(My) moorcna obuucaumu 3a dopmyaoro

%ok ]' *
dy* = 5 (d + S5 (g: 1)), M

de dy — wucao O-monoaoeiumo HeeksI6arenmHUL PyYnEYLd 3 xaacy Ci;1(My), axe (3 yparysanmnam
pesyavmamis pobomu [2f) moscna snatimu 3a Popmyaoo

n nyi—1
4= ()20 (5)- () | :
y P Z 0 (-0 () (5 2)
¢%®=H1§h<mHQmmwzleth+L®% 6(a) = {1 < h < g HO(h,q) = 1),
d(n) = 2((:;11)) = (22;249_)2') = Su(2g;1) — «Hultman numbers [3] (mocainosuicrs A060593 B [4]);
a seaununa S (g;1) = ue «signed Hultman number» [3] (mocxinosuicrs A001171 & [4]), axy
(3 ypazysannam pesyavmamie pobomu [1If) moocra snatimu sa gopmyaamu

g min(i;9+1—1)

+ 239t (g + 1! (g! Lo (277D g+ 2 —i - )
Sh(g:1) = (29+2 +Z Z (i; 5) [ =) ,

(=)or2Hd . 279 (g 4+1) - (20 —2j + 1) - (i — 1)
(g+24i—j)g+1+i—j)g+1—i+i)g—i+i)lg+1—i—jl2i-DG-DI n

c(isj) =

Crmucok Jriteparypu
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Maremaruka Ta indopmariiini rexaosorii

H. I'. Konosenko, HO. C. ®eauenko, H. II. Xyneuko
(OHAXT, Ogeca, Ykpaina)

E-mail address: konovenko@ukr.net, fedchenko_julia@ukr.net, khudenkon@mail.ru

B ymoBax croromenssi, B gac indopMaTu3aIil Cy9IacHOIO CYCILILCTBA BHHUKAE IOCTPa, IOTpeda,
y BUKOPHWCTaHHI HOBITHIX Texmosoriii B maremarwdaniit oceiti. Came TyT y HArofi CTarmoTh K
nporpaMHe 3abe3levdeHHs, TaK i MOXKJUBICTH BUKOpHUCTaHHs on-line jxepesn. Bce 1e 3ymoBiioe
HEOOXIIHICTD M ABUIMEHHS KBaJIi(hiKallil BUKJIa1a4a B OCBOCHH] JAHUX PO3POOOK I METOANK HABYAHHS
Ta, BIPOBAXKEHH 1X 70 HaBYaJIbHOTO nporecy. OCKIIBKM MMiIBUINEHHsT KBaJidikalil, 3a3Buyaii,
BIIIMCHIOETHCA OJIMH Pa3 Ha b POKIB, TO BKpail BaXKJIUBUM € TPOBEIEHHI METOAMYHNX CEMIiHAPIB B
pamkax radeapu, cexiii, BH3.

o edexkTuBHUX CIIOCOOIB 3aCTOCYBAHHS KOMITIOTEPHUX 3ac0o0iB y HAaBYAJBHOMY MPOIeci
TPM BWBYEHHI BUITOI MATEMATWKW MOYKHA, BiJTHECTH: BWKOPWCTAHHSA EAEKTPOHHWX TAPYIHUKIB,
TPEeHaYKePiB, EHIUKJIONeAill, CJIOBHUKIB; BUKOPUCTAHHsI Ta 3abe3neveHHs JUCTaHIiitHOT dopmu
HABYAHHYA, MPOBEAEHHA on-line ceminapiB, TPEHIHTIB, KOHCYMIBTAIl; BUKOPUCTAHHS KOHTPOJIbHUX
IporpaM, TeCTiB I TIEPEBIPKY 3HAHD 1 YMIHD CTYZEHTIB; CTBOPEHHS 1 MATPUMKA CANTIB BUKIAIaiB;
CTBOPEHHS TTPE3EHTAIf HaBYAIbHOIO MaTepiary.

Amastiz 70CBiTy BUKOPHUCTAHHST €JEKTPOHHUX MTPE3EHTAMIN TOKAa3ye, IO BOHU TO3BOJIAIOTH
BUJO3MIHIOBATU 3MICT 3aHSATTH, 3a/dTU TBOPUYUN 1IOTEHIIA] BUKJIAIAda, KU Ma€ MOKJIUBICTH
CKODEryBaTU CTBOPEHI HUM eKpaHHi (opMH MPEIACTABICHHA 3MICTy HABYAJIBHOTO MaTrepiany i
3IIMCHIOBATH CAMOAHAJI3 MIJIAHOBAHOTO 3aHATTA. [lepeBarm 3aHATTS 3 BUKOPUCTAHHSIM TTPe3eHTAalliil
MOJISITAI0OTh TAKOXK B TOMY, IO JIEMOHCTPAINHHI MOMKJIMBOCTI My/IbTiMeailiHOro 3abe3mevuenns
JOIIOMATraioTh 36epiraTu CTIHKY MOTHBAINI y CTYIEHTIB 1 3a0e3MedyioTh PO3BUTOK IPOCTOPOBOL
VSIBU.

BaxkauBy posb B mijicnieHl HABYAJIBHOTO MPOIecy BIIIrpaloTh: CAalTH BUKJIAIATIB, CEPETOBHUIIE
JMCTAHIIAHOTO HaB4YaHHs, "XmMaphi" cepsicu, nporpamui nakeru ta inmi pozpobku ([ - [E]).

Hespaxkaroun Ha TpyAHOIII, IO BHHHUKAIOTL IMiJ 9aC BIPOBAAKEHHSI HOBITHIX iH(MOpMAIHHIX
TexHOJIOTIH, Kadenpa suioi maremaruku OHAXT jgokiamgae MakCuMyM 3yCHJIb J1jTsl BIPOBA2KEHHST
X 710 HaBYAJBLHOTO IIPOIIECY; V- BIITOBITHOCTI 10 BUMOT ChOTOJE€HHS.

Crncok JiiTeparypu

[1] P. Pypepuu. Iurepuer i iforo comjanbui mepexi B cdepi OCBITH: HAUPAMH BUKOPHCTAHHS
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nepcrekruBu. — 1. 1. — JIssis : JIJIY B, (2012), C. 52-56.
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Tadbopmarniiini Texnonorii B ocsiTi. Ne 17, (2013), C. 99-108.

[3] T. Beasisuesa, H. TTonomapesa. Buxkopucranus ceppucy Google docs y nigrorosni maiibyraix
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Bukopucranus indopmaniiHo-KOMyHIKAI[IHHUX TE€XHOJIOTiH IIpU HABYAHHI MATEeMATUKU

1O. T. Jlo6oma, O. KO. OpsioBa
(OHATIT, Onecca, Ykpanna)

E-mail address: o_e_u_690@mail.ru

Iloryxunm 3acobom imTencudikaril it axTupizamil HaBYAHHS, 30KpPeMa MATEMaTHKH, €
BUKOPHUCTAHHSA KOMIT FOTEPHOT TEXHIKH.

Ilpu BukopmcTanHi KOMII'IOTEpPA B SIKOCTI HABYAJIBLHOIO 3aC00y BHUILISIOTH TPH HOMO OCHOBHI
dopMu: KOMI'IOTEp 9K TPEHAXKEP, SIK PENeTUTOp, sIK MPUCTPiif, 10 MOMAENI0e TeBHI MpeaMeTHI
curyanil (imiTamiiine mogemosanus).  Komm'iorep TakoXK BUKOPUCTOBYETHCS IS TPOBEIEHHS
TpOMI3AKUX ob4uncyienb. 1peHyBabHI CHCTEMU 3aCTOCOBYIOTHCS JJjis BUPOOJEHHS Ta. 3aKPIILIeHHS
HABUYOK, BUKOPUCTOBYIOTHCS TIPOTPAMU KOHTPOJBHO-TPEHYBAIBHOTO THITY. Il mporpamu
BIIHOCATHCS J0 TPAAUIINHOTO TPOTPAMOBAHOTO HABIYAHHS.

Peneruropepki cucremu mepeadadaroTh «IiAJI0Ty MIXK CTYAEHTOM 1 KOMI'iorepoMm. LyT icaye
obepHeHNi 3B’I30K, IKMH 3A1MCHIOETHCA HE JINIIE IpHd KOHTPOJL, aiiB IPOIecl 3aCBOCHHS 3HAHD.

«/liaory 3 KOMIT'TOTepOM BiAPI3HAETHCH Bifl miasory Mix Jogbmu. Jliasor - e po3BUTOK TeMHu,
TOYKHU 30PY CHIBPO3MOBHUKIB TOIO. «/liajgors 3 MalmmHOIO TaKUM HE €. [HauBiTya i3ais HaBdaHHS
3IICHIOETHCA 3a PAXYHOK PO3TaJIyKEHOI IPOrPaMMU.

Bukopucranas KoMIr'IoTepHUX MOJIeedl MpeJIMeTHUX CUTyallil pPO3KPUBAE BJIACTUBOCTI IUX
cuTyaliil, po3IMPIOE 30HY LIOLIYKY BapiaHTiB po3B’si3yBaHHY TOIIO.

3rigno 3 iHGopMaIiiiHuM M IX0A0M, HaBUYaHHST ABJISIE cOOOF0 1H MBI Tyasi30BaHuUil Tporec poboTu
CTyIeHTa 31 3HAKOBUMHN BiJOMOCTAMM Ha eKpaHi. B ocTaHHI poKM 3MICT TiAPYIHUKIB 1 HABIATBHUX
MOCIOHUKIB 3aK/IaJal0Th B KOMI'IOTEp. AJie, sKIMO HABYAIbHWE MarTepiag OyB HE3PO3YMIiIuM
MTPEIMETHOIO MOBOIO, TO BiH 3aJIUITATHCS HE3PO3YMIIIM 1 MOBOIO ITPOrpaMyBaHHS.

Haykosiii Tux kpain, g6 HAKONUYUEHW BETUKKI TOCBI T KOMIT I0TEPU3AIIil, BBAXKAIOTH, 1110 PeaTbHi
JIOCSITHEHHS B Il raJiy3i He Jal0Th I1JICTAB YBaXKaTH, 10 BUKOPUCTAHHS KOMII FOTEPA KapUHAJIBHO
BMIHUTH TPAIUIINIHY CUCTEMY HABUAHHS. BUKOPUCTAHHS KOMII'IOTEPA B HABYAILHOMY ITPOIECI - TIe
He mananes. Tpeba Tak COPOEKTYBATH MPUHIMIIOBO HOBY TEXHOJIOTII0 HABYAHHS, Jie KOMII IOTED
OpraHivyHO BHUCYBaBCd O fK [IOTY>KHUN 3aCi0 HABYAHHS.

Enexktponne cepemosumie - 3marne ¢GopMyBaTH  Taki  AKOCTi, SK  CXHJBHICTH  JI0O
€KCIIEPUMEHTYBAHHS, FHYYKICTh, CITPYKTYPHICTH TOIIO, 10 CIIPUIE CTBOPEHHIO YMOB JIJId TBOPYOI'O
HABYAJILHOTO T3HAHHS, BCTAHOBIIOBAHHIO 3B SI3KIB MiXK HOBOIO Ta CTapOio iH(OPMAIE€0 TOIIO.

SacTocyBaHHST KOMII'FOT€pa TTOBUHHO CpuaTH (POPMYBAHHIO MUCJCHHS CTYIEHTA, OPIEHTYBATH
#Oro Ha MOMIyK CUCTEMHHUX 3B g3KiB i 3aKOHOMIPHOCTEI.

st KOMITFOTEPHOT0 HABYAHHS JOMJIBHO 0OUPATH TIAbKK TAKUH 3MICT, /I 3aCBOEHHS STKOTO HE
MozkHa 0biliTucd 6e3 KoMmm'oTepa. BapTo Takoxk 3a3HAYUTH, IO MABUMIEHHST AKTUBHOCTI CTYIEHTA
CIPSAMOBYE HOTO JI0 caMocTiliHOl poboTH, a cHCTeMaTHdHa caMocTiiiHa poboTa HaJl HABYAJIbHIM
MaTepiaioM Ha 3aHATTIX | B T033ayAUTOPHUI 9aC CIPHUIE 3POCTAHHIO aKTUBHOCTI, TOHTO aKTUBHICTH
1 CAMOCTIHICTEL 0COOMCTOCTI TICHO B3a€MOIIOB A3aH] Ta JOMOBHIOIOTEL OJHE OJHOIO.

Cricok JiTeparypu

[1] T. B. Kpumnosa, O. M. T'ynema, O. FO. Opuosa. Konnennist akrupizanii nporecy HaBYaHHS
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MaremaTrudHa ocBiTa siK MeTO/, Hi3HABAJIBHOI AKTUBHOCTI CTYIEHTIB

H. B. Hyxna
(OHATIT, Ogecca, Ykpanna)
E-mail address: Ladab.00@rambler.ru

OpanM i3 cnocobiB MiABHUINEHHA AKOCTI HaBYAHHS MaTEMATHKH € 3aCTOCYBAaHHS B OCBITHLOMY
MPOIECl METOJIB, CHPAMOBAHMX HA CTAHOBJIEHHY 1 PO3BUTOK IIi3HABAJLHOI AKTUBHOCTI 1
camocriftnocti. Ilemaroridma TeXHOJOTIST PO3BUTKY KPUTUIHOTO MUCIEHHS CIOPUAE aKTHUBI3aril
HABYAJIbHOI JiSIBbHOCTI, MOTHBAIll HAaBYAHHS 1 THUM CAMHUM TiJIBHUIIEHHIO HOTO SKOCTI. 3
METOAWYHOI TOYKW 30PYy JaHA TEXHOJOTid - I CHCTeMa PI3HWX TpuHoMiB, ki 00’€IHYIOTH
BCl BUAM HaBYAJIBHOI Mis/TBHOCTI, MO BKJOYAaE TPOOIeMHE HABYAHHS, TEXHOJOTII0 HABYAJIBLHOI
muckycii i T.a.  Jlmg mocTiMHOTO YIOCKOHAJJIEHHST SIKOCTI HAaBYAHHG MaTeMaTukw Ha kadenpi
npaioe Meronudanit cemuuap. OCHOBY TEXHOJIOrT PO3BUTKY KPUTHUHOTO MUCJEHHS CTAHOBUTH
MOJIETb TPBOX CTAJil: «BUK/IWK - peamizaris (ocmucients) - pedwiekcis (mipkysanrns)y. [lepma
cramig - cramia BHUKANKY. (OCHOBHA MeTa JAaHOI CTail - aKTyaJdisallid HagBHUX 3HAHb II0
IOCTIiI>KYBAHOMY TIPEAMETi, 0OrOBOpEHHs Ta 3anucC BCiel indopmartii, HATPUKAA, Y BATVISI BipHUX
i HeBIpHUX TBEpJI2KE€Hb. 3aCTOCOBYIOTbCS pi3HI npuitomMu Taki sk: rpaidHa cucreMaTu3allist
3a sormoMoror Tabsmith abo KJacTepiB, PO3MOBifAL - NPUIYIIEHHT 32 KJIIOYOBUME CJ/IOBAMH,
CKJIAJAaHHSA CIHCKY «Bimomoil imdopmartii»i 1. /. Peobora  ma mamiit cramil 3iliCHIOETHCSI dK
inpuBinyaabHO, TaK i B rpynax. Bcl BxkuBani Ha cTail BUKIMKY IPUIOME COPULAIOTE (DOPMYBAHHIO
M3HABAJBHOTO IHTEPECY 10 TIpeaMeTa. Jlpyra cramgida - CTajis OCMUC/IEHH. Ha mamiit
crafdil BiIOYBaeThCA IepIle 3HAMOMCTBO 3 HOBOIO 1H(MOPMAINE, OPeIcTaBICHO ab0 y BULVISIL
nekmii, abo dinbmy (dbimbmu:  «Icropis Mmatemarukmy, «leomerpis Beecsiry», «Maremarnka u
kpacoray, «Cekpernanie Koably, ACADEMIA. Muxann [dacman «Kak u 3a9eM MBI 3aHIMAEMCST
maremaTukoiiy, ACADEMIA. Hukonaii Augpees «MareMaruyeckue 3TOAbl», JeKilis « MareMaruka,
i maTemarukuy, «Ppakrann» ), abo TeKCTy NiApyuHEKa (Kadeapa 3abe3mnedeHa TBOMa HABIATbHIME
nocibHUKaMu Ta MeToamdKamu 1o BCim posminam). aai BinOyBaeThcs aHaai3 HOBUX 3HAHD,
CITIBBIJTHECEHHS 1X paHillle BUBUYEHUMH 1 CHCTEMATH3Allid CTapUX 1 HOBHX 3HaHb. [[bOMY CIpHUAIOTH
Taki npuifomMu gK: BeJeHHs 3anucCiB (MOABifiHI NIOMEHHWKHN, GOPTOBI KypHAJ/U), MAPKyBaHHS 3
BUKOPUCTAHHSAM 3HAUKIB «+»; «—», «7» «V»(«+»- Te, MO CTAIO MIKABUM 1 HECIOTIBAHUM, <—»—
Te, M0 CYIEPEedrTh YsIBJICHHSAM,«?»— 1€, NP0 M0 XOTLIOCH § JU3HATUCS JAOKJIaHime, « V- Te, 110
BIKE BIZIOMO), TOMIYK BiTTOBiEH Ha MOCTABIEH] B Nepmii 9acTuHi muranns i T. jg. Y4l Ha CTail
OCMUCJIEHHST BUATHCS (POPMYJIIOBATI BUCHOBKU, POOWTU BUCHOBKU, TPAIOKYM IHIWBIIyaIbHO 1 B
mapax. Tperboio cramis - crazmil pediekcii xapakTepHa TBOpYa mepepodka, aHai3, inTepmperais i
OIiHKa BHBYEHOI iH(OPMAILi].
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3aranbHi HeckiHYeHHO MaJIi Jedpopmaliii MOBEPXOHDb IIPHU JIESIKUX 00MEKEHHSIX

T. FO. Ilonoycosa
(Opechka gepxaBna akagemis OyaiBHuITEa Ta apxitektypu, Omeca, Ykpaina)
E-mail address: tatyana_top@mail.ru

H. B. Bamnaunosa

(Oecpka HarioHaJbHA aKaJeMis XapdoBuX TexHosorii, Omeca, Ykpaina)

IcnyBanHg 3arajgbHOl HeCKiHUYeHHO MaJsol (3.H.M.)  gedopMarii perysisipHuX TOBEPXOHb S
BU3HAYAETHCS PO3B’sI3KOM HACTYLHOI cucremu piHsiHb [1]:

TS =61 =0, bagT* +T% =0,
a YaCTUHHI TOXiHI BEKTOPa 3MIIEeHH MAIOTh BUTIA;
Ui = Cia (fo‘ﬁ + ucaﬁ> T3 + i 1%,

ne p(xl, 2%)-neska bywxiis kmacy C2.

Posrnanaerses 3.1.M. gedopmatiis S, gKa XapaKTEPUIYETHCA HACTYMHUMY BJIACTUBOCTSIMU:

1. chepuunmii 06pas S cramionapuuii, To6T0, Bapialis OZUHUYHOIO BEKTOPA HOPMaJIi T2 TOBEPXHi
JopiBHIOE Hy10:07 = 0;

2. 36epiraerhbest (B rosoBHOMY) CiTKa JiHii Teoje3ndHoro ckpyry [2].

3ajavua npo icHyBaHHHA TaKoro Ty Jedopmariiii S 3BelieHa 10 PO3B’si3yBaHHHA CUCTEMU JIBOX
mudepeHiaTbHUX PIBHAHD BiAHOCHO (QYHKII (4 Ta KOHTPaBapPiaHTHOTO BeKTOpa 1'“:

pi + BY Agip+ C* A= 0,
e [; = g;,(z = 1,2), Ap;, BE- Binomi dbymknii Touxkn nosepxni S, a dynxnii C¥ supaxarornes
qepe3 T Ta X YaCTUHHI TIOXITHI.
JloBemena HACTYIIHA
Teopema. Mirimaavii nosepeii S xaacy C* i misvku 60mu, donYcraIOMb HEMPUGTAADLIY 3.1 M.
dedpopmayito 31 CMAULOHGPHUMY CHEPUUHUM 0ODG30M & NMHIAMU 2€00€3UNH020 CKPYMY.
B saxocti mpuERTagy po3TISIAOThE 3.H.M. mTedopMariil KaTeHoiIa TpH BKa3aHuX 00MeKeHHsIX.

Cricok Jiteparypu

[1] JI. JI. Beskoposaiina Cmpykmypa MHOMNCUHY PO3E ASKIE CUCEMU PIBHAHD OAA 3420AbHOT
HECKIHYEeHHo Manoi depopmauii.- Tesum momosimeit MmixkHapomHol kondepenmil "l'eomerpia B
Oneci-2004".-O neca(2004)-c.7-8.

[2] T. FO. Bawmanosa IIpo icnysanmus defopmayiti noseprons 3 cmayionaproro LGT-cimxkoro. -
//Marepianu tperpol MizKHAPOIHOI HAYKOBOI KOH(MEpEHIHI MOJIOINX BYEHHX 1 CTY/JECHTIB 3
nudepeHIiabHIX PIBHSHB Ta IX 3aCTOCYBaHb, mpucBsuena ¢.Jlomaruucbkomy. -JIbBiB (3-6
mucronaza), 2010, ¢.48-49.
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ToroJiorist m-ooJiiB 3 TpbOMA CigyiaMu HaA 2-BUMipHOMY JUCKY

ITpumnak O.0., IIpyc A.A.
(KHY, Kuis, Ykpaina)

E-mail address: prishlyak@yahoo.com, andrei.prus@mail.ru

Hexait M - rmagkwii(knacy C'°°) KOMOAKTHHIT n-BEMIDHUIT MHOTOBHJ 3 KpaeM, X — TDJIajKe
BEKTOPHE TI0JI€, BCI OCODJINBI TOUKM STKOTO HE JI€XKATh Ha, KPafo.

Hexaif B oxoti Touk® Kpato g = (g, .. xg_l, 0) 3ajana KapTa 3 Koopaumatamu (2t 22, ..., 2"),
z™ > 0.

Tone X = (X1, X2, ..., X™) mpanceepcarvhe 10 Kparo y Touti xq, axkmo X" (zg) # 0i domuune,
ario X" (xg) = 0. Ilosnaunmo N C OM TiIMHOXKUHY TOUOK, Y SIKUX TI0JIE€ TOTHKAETHCS KPATO.

Iligmuorosun N HAa3BEMO HEGUPOOIAHCEHUM, SKIIO BCl HOro TOYKU HEBUpPOIxKeHl. Tlo3HaunMO Ti
KOMIOHEeHTH N, y SIKUX %(mo) > 0, uepes N;', a B aKkux aXTf(a:o) < 0, uepes N; .

O0’enHanHa BCIX TOYOK, IO MPOXOLATH Uepes N;‘ IPU PyCl MO TPAEKTOPIAX y TO3UTHBHOMY
HanpsAMKY Oy1eM0 HAa3UBATH CMiUKuM MHOTOBHIOM JIJIst N;r, a JIKi TPOXOAATD N;’ yV HETATUBHOMY
— HecTIUKUM MHOTOBUJIOM JIJIS N;’.

BekTopre nose X Ha3UBAETHCA M-nosem, KO BUKOHAHL TaKl YMOBH:

1) nmosie Mae CKiHYeHe YMCI0 KPUTUYHUX €1eMeHTIB (0COOMBUX TOUOK 1 3aMKHyTuUX OpoOiT) 1 yci
BOHU HEBUPOZKeH] (rimepOostivni) i He MArOTh i3 KPAE€M CHiTBHIX TOUYOK;

2) a- i w-rpaHNYHI MHOKWHN KOYKHOI TPAEKTOPIT, SIKMIO BOHW BH3HAWEHI, JIEXKATh B 00 €THAHH]
KPUTUYHUX €JIEMEHTIB;

3)1mosie TpaHCBEPCATHHO MEPETHHAE Kpall y BCIX TOYKAX, 3& BUHATKOM TOYOK MiJIMHOTOBW/IB
N; C OM posmipHOCTI n-2, M0 € HEBUPOZKEHUMH;

4)cTiiiki 1 HecTiiKi MHOTOBHIM KPHUTHYHWX €JIEMEHTIB 1 MiIMHOTOBHJIIB Nf IEPeTUHAIOTHCS
TPAHCBEPCATIBHO.

Eaemenmaprnum xeadpamom Ha3UBAETHCA KBAAPAT, CTOPOHU SIKOIO OPI€HTOBaHI TaK, IO JBi 3
BEPIIUH € JZKepesjiaMu, a JiBa 1HIIM CTOKH.

Bynemo posriagnati Taki m-moJidg, v AKUX NZ-Jr = (). Toml KOKHOMY TaKOMY IIOJIIO MOXKEMO
MMOCTABUTHU Y BIANOBIAHICTH Jiarpamy, IO OTPHUMaHA 3 €JeMEHTAPHWX KBAJIPaTiB, CKACCHUX 34
romeoMopdizmamu €Boix ¢ropi. B pobomi [I] 3maiimeni giarpamu 3 oMHIM Ta JBOMA KBaJIpAaTAMU Ta
JIOBE/IEHO, IO M-110/1s1 Oy/1yTh TOIO/JIOLIYMHO €KBIBAJCHTHUMU TOM] 1 TIAbKM TO/, KOJIM iX KBaAPaTHI
miarpamu i3oMopdHi.

Havm moBenmeno, mio akimo ckieiika KBaJpaTiB Ta€ IBOBUMIDHWII IMCK, TO BOHA 3aJa€ M-TIoJe
Ha HBOMY.

PosristHeMo BEKTODHI IN-T0JsI, ¥ SKUX 3 CIAJIOBI TOYKHM (TpH €JIeMEHTAPHWX KBAJPATH).
Ckaxkemo, mo m-mnose ma€ tun (a,b,c), KO y HLOrO a BUTOKIB, b cimen ta ¢ crokis. Hawmm
6y.10 3HANAEHO BCL M-T10J1s1 3 TphOMa cimramu. Busismmocs, mo € 3 mosst turny (0,3,0), 6 mostis Tumy
(1,3,0), 8 nonis tuny (2,3,0), 6 monis tumy (0,3,1), 8 monis tumy (0,3,2), 14 moxis tumy (1,3,1), 5
nosie Tumy (1,3,2), 5 nosie tumy (2,3,1).

Crmcok JitepaTrypu

[1] A. O. Hpumsak. Tonorozuueckas raaccuPura-yus m-nosel HG 08YT- U MPEL-MEPHOIT
MH02006pa3UAT ¢ Kpaem., - YKp.Mar. KypH., (2003) 1.55, No.6, C.799-805.

[2] M. B. Jlocea, A. O. llpunuisk. O cmpyxmyprno ycmotGuusvnx oburHosenHns Juddepen-

YUAAOHOIL  YPABHEHUAT MG NOGEPTHOCTAL ¢ Kpaem., - 2KypHan 06UMCI. T4 LPUKJIAL.
maremarnkn., (2003) No.1(87),C.45-48
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Mm-110J1si HA OAHO3B ’aA3Hil obJiacTi 6e3 BHYTPIMIHIX CiAJIOBUX TOYOK

HMpumiak O. O., Xowminbkuit O. A.
(KHY, Kuis, Ykpaina)

E-mail address: prishlyak@yahoo.com, ostapkhomitskyi@mail.ru

Hexait M - rmagkuii (kracy C°°) KOMIIaKTHHUIT n-BUMIDHHI MHOTOBHZ 3 KpaeM, X - IyIajike
BEKTOPHE TI0JI€, BCI OCODIMBI TOUKM STKOTO HE JIEXKAThH Ha, KPato.

Hexait B oxomi Toukm z9 = (z§,... ,:z:g_l, 0) kparo 3amaHa KapTa 3 KOODP/MHATAME
(1,22, .., Tpn), Tn > 0.

Tone X = (X1, Xo,..., X,,) mpanceepcaavre 110 Kpaio B ToUIl T, aKkimo X" (zg) # 0 1 goruune,
ario X" (xg) = 0 . Iosaaunmo N C OM miaMHOXKUHY TOYOK, Y SIKUX MOJI€ JIOTHKAETHCST KPAIO.

Touxy zg € N GyfeMo HA3UBATH He6UPOOKHCEeHot0, AKIO B cucTemi xKoopamnar (vl w2, ... "),
sIKa BHOpaHa, SIK ONMCAHO BHUINE, BUKOHYIOTHCA TaKi HEPIBHOCTI:

n

XYxo) #0 8;;(:]50) #0

Iligmuorosun N HA3BEMO HEGUPOIIHCEHUM, AKIIO BCl HOr0 TOYKU HEBUPOIZKEHI.

ox™ + ax" —
Hosradmvo xkommonentn N, y akux % 1 (wg) > 0, gepes N7, a8 axkux 5 1 (o) < 0, uepes N; .

Bynemo posrnsimatu BekTopHi moaa X, g9Ki MAOTh TaKl BJIACTHBOCTI:

® [[0jle HE MA€ CLJJIOBUX TOYOK I 3aMKHYTHUX OPOIT.

® o— i W—TpaHNUYHI MHOXKUHU KOXKHOI TPAEKTOPII, SIKITI0 BOHW BU3HAYEHI, JeKaTh B 00 eIHAHHI
CTOKIB Ta BUTOKIB;

® [I0Jle TPAHCBEPCAJBHO TMEPETHHAE Kpall y BCIX TOYKAX, 33 BUHITKOM TOYOK IIJMHOTOBHU/IIB
N; C OM po3mipHOCTI N-2, IO € HEBUPO2KEHUMMU;

® TPAEKTOPIl, O MPOXOIATH Yepe3 NZ.‘*', MTEPETTHAIOTHCS TPAHCBEPCATHHO.

Hazsemo eaemenmaprum mpukymrurom TPUKYTHUK, CTOPOHU $IKOT'O OPI€HOBaHI Tak, IO OJHA
3 BEPIIVH € JKEpeJoM, a OfHa - cTOKoM. lle piBHOCHIBHE TOMY, IO CTOPOHU HE YTBOPIOIOTDH
OpI€HTOBAHOIO IHMKJLY. BepiiuHy, 10, He € JZKEPeOM Ui CTOKOM, OYJIeMO HASUBATH C10A08010.

3a KOXHUM BEKTODHUM IIOJIEM Oy/yeMo jiarpamy, IO CKJIAJAEThCsd 3 eJIeMEeHTapHUX
TPUKYTHUKIB, CKJIGEHUX 38 roMeoMopdizmamu cTopin 3 ypaxysauusm opiearariit. Hamu 3naiineno,
IO SKIIO N;r CKJIQJIA€THCA 3 TPHOX TOYOK, TO icHye 16 BapiaHTiB BEKTOPHHX IIOJIB 6€3 CTOKIB i
BHUTOKIB, 44 BapiaHTi 3 OZHIM CTOKOM a00 BUTOKOM, 4 BapiaHTH 3 OZHUM CTOKOM i OJHUM BHTOKOM,
2 BapiaHTH 3 ABOMAa CTOKAMH 200 BUTOKAM.

Cumcok Jritepatrypu

[1] A. O. Tpuunwsik Tonosoeuneckan KaaccuPurayus m-nosett Ha O08YL- U MPET-MEPHOIT
MH02000pa3UAT ¢ Kpaem., - YKp. MaT. xypHuai, (2008), 1.55, N6, C.799-805.

[2]| M. B. Jlocera, A. O. Ipunusk. O cmpykmypro ycmoGuusvs 06bKHOBEHHIT
Juppepenyuarbnoi YpasHEHUAT HG NOBEPTHOCATL ¢ Kpaem, - 2KypHaAT OOIUCIIOBAJIBHON
u npuk/IaaHoil Mmatemaruku., (2003), Ne 1(87), C.45-48.
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l'unepb6oJiiuni BEeKTOPHI 110JisT 3 MiHIMAJIBHUM YKMCJIOM OCOOJIMBUX TOYOK HA MEXKi
MOBEPxHI

H. M. Puch
(Kuisebkuit mHamionaapamii yHiBepenter imeni Tapaca [llesdenka, Kuis, Ykpaina)
E-mail address: pantera.mail@mail.ru

Poarasnarorbess BEKTOPHI TOJST HA TTOBEPXHI 3 MEXKew, $Ki JOTHKAOTHCS 0 MEXKi He MaioTh
BHYTPIITHIX 0COBJIMBUX TOYOK Ta 3aMKHEHWX TPAEKTOPiil, a 0cOBJIMBI TOYKH, 110 J€KATH HA MEXKI,
¢ rinepbostiuaumu. OcranHsg yMOBa 03HAYAE, M0 TOUKK OyBarorh 4 Tunis: 1) BuTOKH, 2) CTOKH, 3)
a~cijjia, y gKi BXOJATDH JBI TPAEKTOPIl IO MeXKi ITOBEPXHi, a OJTHa TPAEKTOPisd BUXOJIUTH BCEPETUHY
nmoBepxHi, 4) b-cigia — 1Bi TPaEKTOPIT BUXOISITE 110 MeKi MOBEPXHI, & OTHO BXOIUTH 10 BHYTPIITHOCTI
TTOBEPXHI.

Cepen BCix Takux TMOJIB HYAeMO PO3TJIANATH TOJIsT 3 MIHIMAJBHUM GHCJIOM OCODAHUBUX TOUOK.
Ha mosepxmax 3 01Hi€I0 KOMITOHEHTOIO MeXKi Taki mojist OyayTh MaTH OAVWH BUTIK Ta oaua crik. Ha
OpIEHTOBHI TIOBEPXHI POy g BOHU MAaTh 2g a-cifen ta 2g b-cizen. Ha weopienToBHIN MOBepxHI
POy g BOHHU MAITh g a-cijtes ta g b-cigen. OTke, y TaKUX MOJIB HA TOPI 3 HipKoto Oy/ae 6 0cobauBux
TO40K, Ha JiucTi Mbobiyca — 4 ocobyinBux Touku, Ha s Kiieitaa 3 1ipKow ~ 6 0cobinBuX TOYOK.

Hawmu 6ys10 BCcTaHOB/IEHO, 10 3 TOYHICTIO JI0 TOMOJOTIYHOI €KBiBAJIEHTHOCTI HA TOPI 3 JiPKOIO
icHye JiBa TakuX 1oJid, Ha JucTi Mpobiyca — ennna mose, Ha s Koeitna 3 JIpKo0 — TpHU 1M0Js.

Aemop sucaosaroe wupy nodaky naykosomy kepienuky Ipuwsary Onekcarndpy Onezosuny, npogdecopy
Kaedpu 2eomempii mexraniko-mamemamuyrozo @daxysvmemy Kuiscvkoz0 HAUIOHAALHOZ0 YHIBEPCUMEMY
imeni Tapaca Illesuenka, 3a nocmanosky 3adayi ma witHi NoOpadu.

Crucok Jriteparypu

[1] A.O.lpuwasx. Tomomormdeckast kiracenduKanums m-mojell Ha JIBYX- ©  TPEX-MEPHBIX
MHOI006paszusix ¢ kpaem // Vkp.matr. xKypH.; 2.555 No.6, 2003.- ¢.799-805.

[2] D.P.Lychak, A.O.Prishlyak. Morse functions and flows on nonorientable surfaces// Methods of
funct.an. and topology, V.15, N:i3, 2009. P.251-258.
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DyHKIIIT HA JOIMOBHEHHI A0 TPUBUMIPHOI'O AWCKA B IIOBHOMY TOPi.

K. O. Cepaeuniok
(KHY, Kuis, Ykpaina)
E-mail address: katelyogkaya@gmail.com

Posrnsmemo TpusuMipae Tio B x ST\ D3. lle mopmmit TOp 3 ABOMA NOBHIME TOPAMHI BCEPETHHI
HBOT'O TA BUKMHYTUM TPUBUMIpHUM nucKOM. /lane 1110 MOXKHAa yTBOPUTH 00EPTAHHAM JIBOBUMIPHOTO
JIHCKa 3 IBOMA, JipKaMu HaBKoJO oci Oz

Ha nocnimxysanomy Tini 3a7ana yHKIisS 6€3 BHYTPINIHIX KPpUTUIHIX TOU0K. [l dyHKIisq Oym1e
naszuBaruca m-dyukiieo. [Ipu mpoMy HA MeXKi BUPI3aHOTO TPUBUMIPHOTO AMCKA OyIyTh KPUTHYIHI
touku. O6MekeHHs1 QyHKIIT HA MeXKY — dyHKiig Mopca.

Oyukuis va B x S! \D3 Ma€ YOTUPU KOMIIOHEHTH KPa0: TPU KOMIIOHEHTH KpPal0 — TOPH, & deT-
BepTa — cdepa (MexKa BUpizaHoTo AucKa). Ha mepimux Tphox KOMIIOHEHTaX Kpato hyHKIIs TOCTiiiHa,
a Ha rpanuni D3 — Takox ¢yuxuis Mopca.

Mu naemo rpyby Tomosoriuny kiacudikaiiro dyHKIE 663 BHYTPINIHIX KPUTHIHUX TOUYOK Ha
TOBHOMY TOPi 3 ABOM& IMOBHUMHI TOPAMU BCEPEIWHI Ta 3 BUKWHYTHM OKOJIOM BHYTPIITHBOI TOUKM,
IO Ma€ TPaHUYHI TOYKHM Ha T'PAHUIN BHPI3aHOTO TPUBUMIPHOTO JHUCKA.

IloBuwuit inBapianT dyuknii Ha gaHOMYy Tijii Oye CKIATATUCE i3:

1. I'pada Piba;
CriB y KOXKHIit i3 Ci/IJTOBUX BepIUH;

I'pym pebep;

Ll

Ponis xoxxmol 3 rpym pebep.

IIpu mobyoei rpacda Piba TpuBuMipHOro Tija, €I 3ayBaKuTH, 110 Buiige 1Ba rpadu: mepiimit
— g B x S| a apyruit — gsedepu. Oaun 6yae BiobparKarucs y iHImii.

I'pacb Piba g cdepu, Baarasi kaxyqu, moxe 6yTu Oyab-ssikuM JiepeBoM. Bin Binobparkaerbes
wa apyruit rpacd Pida. Tlpm npomy, mpoobpas cdepu moxke BimobpazkaTtuch y piszni miciig Ha rpadi
st B x St

Tloznauumo pebpa meprmoro rpada dykBamu a,b, c pyxaiduuch 3BEpxXy BHU3 1 3 mpaBa HaJiBO.
CigyoBa Bepiuna Oyue ogua. IIpoodbpaz echepu noznagumo uyepes d.

Otxke, ipeficTaBuMO Tpad y BUNISI TOCTITOBHOCTI HabOpiB pebep, Tak, 1Mo KOyKeH Habip Bij-
TTOBITA€ PEry/IIPHOMY PIBHIO DyHKIIIT:

1. 1){a}; 2){a, d}; 3){a}; 4){b}, {c};

2. 1){a};2){a,d};3){b,d}, {c,d}; 4){b}, {c};
Dia}; 2){a,d};3){b}, {c, d}; 4){b}, {c};
D{a};2){b}, {c};3){b}, {c,d}; 4){b} {c}.

w

B

Crmcok Jiteparypu

[1] A. O. IIpunuisx Tonosozuseckue ceoticmea Gynryuti na 06Yx- U MPETMEPHLLEL MHO200OPASUAL. -
Palmarium Academic Publishing, (2012), C. 33-53.

[2] A. B. Bosicunos, A. T. ®omenko Unmezpupyemvie 2amurbmonosvie cucmemot. Ieomempus, mo-
noaoeus, kaaccupurayus. Tom.1. - Mxesck: Usn. Tom "Vamypekuit Yausepcurer (1999), C.
444.
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M-giarpamn Xeropa aJjisi MHOTOBHUIIB 3 MEXKEIO

. M. Ckouko, B. B. Mopo3s
(KHY im. T.I'IlTesuenka, Kuis, Ykpaina)

E-mail address: geroyasf@gmail.com

E-mail address: vikamoroz1993Qgmail.com

B [1] ra [2] Hpumusak O.O. BBiB momstTss m—piarpam Xeropa g Kjiacy m—@yHKOii Ha
TPUBUMIPDHUX MHOTOBUIAX.

Hexait B mpoctip R? Brmajeno muorosug T, taxwmit, mo T = M|JN - ob’eqnanms py€ox,
inmekcu gxux jpopisaiotors 1, 0, (0, -1), (0, +1), (1, -1), F = OM = ON - coinpHa TOBEpXHS 3
mexero muorosuais M ra N. Habip u = {uy, ug, ..., up, uf*, uf’, ..., ul' } HeNepeTUHHHUX, MPABUILHO
BKJIQJIEHUX KPUBUX HA TMOBEpXHI F' Takux, 1m0 Oyab-gKe U; € KOCePeIHBOI0 c(heporo pyuKy iHIeKcy 1,
a u;-"— neperun Kocepeauboi cdepu pyuku iugexcy (1, 1) 3 F HA3uBAETHCs y3araJbHEHOK CHCTEMOO
mepugianis kpergens M. Habip v = {vi,va, ..., v, 01", 05", .0 v}, amii ckiragaeTbes 31 cdep
py4oK iHzgkcy 2 i meperuny cepeanix cdep pyuok ingekcy (1, +1) 3 F') Ha3WBAETHCA y3arabHEHOO
cucreMoro Mepuianis kpergesaa N. Tpiiika (F, u,v) Ha3WBaeThEA m-IiarpaMoi0 Xeropa MHOTOBH/IA
T, a nmosepxust F' - nosepxueo Xeropa.

Hexait M Ta N - KOMIAKTHI IOBepXHi 3 MezKelo, W0 BKaageHi B R> i 3ajano romeomopdizm
h: M — N, 3a akuM Il TTOBEpXHI CKJe0Thcda. [lobymyemo Ha koxkHOMY 3 MHOTOBUIiB M Ta N
MepUIiaHy TAKUM YWMHOM, I100 KiHI KOXKHOTO 3 HUX HAJIEYKAIN PI3HUM KOMIIOHEHTAM MEXKi 1 IKIIO
B3JI0K HHUX PO3PI3aTH MOBEPXHIO, OTPUMAEMO TTOBEPXHIO 3 OTHIEID KOMITOHEHTOI MEXKi.

Ororoxunmo muorosusu M ta N 3 geskumu rpadamu Gy Ta Gy TAKUM 9MHOM: KOMIIOHEHTH
MexKi TTpeJICTaBUMO K TOYKH, a MepujgiaHu gk pebpa. I'padu Gpr ta G - depeBa, pebpa sKux
mic/Ig CKJICIOBAHHS He nepermHatoTheda. M Ta N MaroTh OJHAKOBY KiJIBKICTH KOMIIOHEHT MEXKi, &
caMe BLI omHiel 10 I'4ATH.

Jlna sunagkis, koau M 1a N Maiorh 1m0 onHIM KOMIOHEHTI Mexi icaye 1 BapianT ckieiiku, aig
2: 1, ana 3: 2, aasa 4: 12, Pozsrisggaroun BUMAI0K 3 II'dThMa, KOMIOHEHTAMU MEXKi, OTPUMAEMO
rpadu HA I'ATH BEPINUHAX, AKMX MOXKHA 100y ayBarn juiie Tpu (Heizomopdni mepesa): 3 2, 3, ta 4
JIMCTKAMH, TOMY iCHy€ BCHOTO HICTH THUMIB CKJIEHOK: TpH JJisd BUMAAKY Koau Gy i3omopdunit Gy
i tpu kKoqiu Gy ta G He € i3oMopdhHUME.

B mporeci poboTr cTBOPEHO aJIrOPHUTM 3HAXOIKEHHST TAKWUX CKJIEHOK, sIKWii Oy/10 peasi30BaHo
Ha MOBi TporpaMyBaHHs java script. B pesyabrarti o6paxynkiB orpumano 93 BapiaHTH CKJIeOK
rpadiB Ha ATH BEPIIMHAX: 2-JUCTKOBU + 2-mucTkoBmit: 23; 3-amMcTKOBUi + 3-ImcTROBHMi: 24;
4-mucTroBuil + 4-mmcTROBHi: 2; 2-mucTKOBUH + J-auctKoBuit: 30; 3-mmcrkoBuit + 4-nuctroBmit: 10;
4-7uCcTKROBAM 4 2-TuCTKOBH: 4; kWM Biamosizae 93 ckaeifiky KOMIIAKTHUX MHOTOBH/IB 3 T’ SITHMA
KOMIIOHEHTAMHU MEIKI.

JI. M. Ckouko ta B. B. Mopo3 BUC/IOBIIOIOTE HOASKY HaykoBoMy KepiBauky [lpuriaxy O.0.
3a TMOCTAHOBKY 3aJ1adl Ta HaJJaHHS IIIHHUX PeKOMeH Il /g i1 BUpIIIeHHS.

Crmcok JitepaTypnu
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IIpo HOopmasbHi HeckiHueHHO MaJli KOH(OPMHI Jedopmaliil TOBEPXOHb

10. C. ®eguenko
(Opechka mamionaabHa akajeMis xapaosux texnosoriit, Omneca, Ykpaina)

E-mail address: Fedchenko JuliaQukr.net

IIpomoBkeHO JOCHIAZKEHHST HECKIHIeHHO Maanx KoHdopMHuX gedopmariii mosepxons ([1], 2],
[3]) 3a gesikux obmexenn Ha Tuil jedopmarii.
OcHoBHI piBHAHHS HECKIHYEHHO MaJuX KOHMOpMHUX JtedopMaliiil T0BepXOHb Yepe3 KOMIIOHEHTH

. = ;0 _
BexTopa 3umimenna U(z!, 22) = u;7'+ u 7 MaloTh BULIAL
0
Vjui + Viuj —2u bz’j = 2<pgij,

Je gij, bij-xoedinienTn mepmroi Ta Apyroi KBaaparudHuX (HOPMU BiIHOBIIHO, o(z!, 2?)- bynxnis
KOH(OPMHOCTI.
0 .
Hedopmarii, aasa skux u; = 0, u# 0 HA3UBATAMEMO HOPMAILHAMH. BHUBUaeMO HECKIHUIEHHO
maJii kordopmui gedopmariii mTOBEpXOHb ap(ml, x2) Z# const, 10 € HOPMATEHUMH.

Teopema 1. HopmaavHi HECKIHUEHHO MaAl KonpopmHi depopmauti donyckaroms noeeprHi, oas

axux bij = Hgij, (H = const # 0) i auwe sonu. IIpu yvomy sexmop smiwerns mae euzand
— Y_
U=—-—-n

H

Jlnsi HOpMAaMbHUX HECKIHYeHHO MaymxX KOH(MOpMHUX medopMariii po3ridHyTo 3ajadi Ha
30eperKeHHsI IIOBHOI Ta Cepe HbOI KPUBUH ITOBEPXHI.

Crcok Jiteparypn
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MeToanyHa KOMOETEHTHICTh MAUOYTHLOTI'O BUNTEJISI MATEMATUKHA
CYyCHJTbHO-TYMAaHITAPHOTO NPOodiit0 HABYAHHA: 3MICT TTOHATTS

O. C. Yympuna
(A3 «IIHITY im. K. . Ymuacskoroy, Omeca, YKpaina)

E-mail address: elena-chuprina@inbox.ru

Cucremuicts mporecy (hOpMyBaHHS METOAUYIHOT KOMIIETEHTHOCTI 3a0e311eUyeThCsl 30KpeMa,
#OTr0 COPAMOBAHICTIO HA OMAHYBAHHS CTYIEHTOM CHUCTEMH METOIUYHUX KOMIIETEHINH AK CYCILIBHO
3aJJaHUX BUMOT 10 00CATYy i piBHS 3aCBOEHHS CYKYITHOCTI METOIWYHUX 3HAHL, HABUYOK, YMiHb,
MIHHICHUX OPI€HTAI Ta [IOCBiy BUKOHAHHS MOJOAWM (axiBIeM PIi3HUX BUIIB METOAUIHOL
mistbHocTi. CydacHWit cTaH MiArOTOBKHM MaybyTHIX BUMTediB y memarorigamx BH3, migxomm 1o
11 yaoCcKoHaJeHHs BUCBITIOIOTHCA y mipansax 1. Axymenko, H. Bibik, H. T'nysman, C. IBamusoBoi,
O. Irna, H. Kiuyk, 3. Kypaaun, A Kysemunceroro, O. Jlebeaesoi, A. Mopmyns, JI. Ileryxosoi, O.
Cxkadu, C. CkBoproroi, H. Tapacernkoroi, A. XyTopcbkoro Ta in. HaykoBii mo-pisHOMY. TPaKTYIOTh
METOJMIHY KOMIIETEHTHICTE MaiibyTHBOTO BUNTENs, aJie OJHOCTANHOI MYMKH II0/I0 BU3HAYEHHS
TIOHATTS y raJiy3l HABUAHHI MAaTeMATHKN Ha PIBHI CTAaHZAPTY HOCI HEMAE.

Y poboti [2] € cupoba oKpecuTH 3MICT TOHATTS <«METOMYHA KOMIICTEHTHICTb» K CHCTEMY
HAYKOBUX, IICUXOJIOTTYHUX, MEJATOTTYHNX 1 TPEAMETHUX 3HAHb T& MPOdeCciiHO-MeTOANIHNX YMiHb,
dKi 0a3yloTbCsd Ha, 3HAHHAX AUJAKTHIHEX METOMIB, MIPHHIUINB 1 IpWHOMIB Ta CIPHUAIOTDH
POPMYBAHHIO BCIX KOMIIOHEHTIB 1podeciiinol komiereHTHOCT. Take BuzHadeHHsi, BBaxKae A.
M. Mopwmysib, MOoxke OyTH BUKOPUCTAHUM Y- MOMAJBIIOMY IOC/TiTKeHHI Tpodeciinol miaroToBKn
MabyTHROTO BUMTENsT TYMaHITapHOTO mpodino. B asropedepari A. M. Bomomyk TiyMadnThb
METOINYIHY KOMIIETEHTHOCTh YIUTE/IIB T'YMAaHITAPHOTO TPOMIII0 IK 3MaTHICTDL eheKTUBHO OyayBaTh
HaBYAJBHO-BUXOBHUI TTPOIleC Ha TYMaHICTHYHNX 3aCaJaX, MO0 IPYHTYETHCA Ha CHCTEMI CIEIia bHO-
HAYKOBUX, TICUXO/I0TO-TIEAATOTITHUX, METOAUIHUX 3HAHD, TPO(ECIHO-MeTOINIHIK YMiHb | HABUYOK,
IHAWBI Iy aIbHO-TICHXOJOTIIHNX XapaKTEePHUCTUK 1 JIOCBIMl X BHKOPHUCTAHHS B IIporeci mpodecifinol
mistbrocti [1].

Kepytounch 3araapH0i0 METOIO MIATOTOBKM BUUTENd Y BUIIOMY I€IarOTI9HOMY HABIATLHOMY
3aK/Ia/l BBAXKAEMO, II0 TEPMIH «IATOTOBKa MaibyTHBOrO BYNTENT» JOIIIBHO BHKOPHCTOBYBATH
yV JBOX ACIEKTaX: §K IIPomec HAOyTTd MaiOyTHIM BunTeseM IpodeciiiHol KOMIIETEHTHOCTI 1 dAK
pe3ysbTar MPOLECy IiJAroTOBKMU, IO BiANOBijae Oaxkanomy piBHIO cdopmoBanocti mnpodeciiinoi
KOMITETEHTHOCTI.  TakuMm YWHOM, MiJ METOIWIHOI0 KOMIIETEHTHOCTHIO Mal0yTHBOIO BYUTEJIA
MaTeMATUKU MU po3ymiemo 6a3y ¢hopMOBaHUX METOIMIHUX, MEJATOTIIHAX, CIIENiaJbHO-HAYKOBUX,
IUTAKTAYHUX 3HAHD | HAKOMIMYIEHUX YMIHb Ta TOCBIY y BUKOPUCTAHHI X B nmpodeciituiit miaabHOCTI.
Jlane BU3HAUEHHS MOYKE BUKOPHUCTOBYBATHCS JIJIsl MATOTOBKKM MAOyTHIX yUYHUTENIB MaTeMaTUKQ
CYCILIBHO-TYMaHITAPHOTO TPOQIII0 HABIAHHSI.

Crmcok Jriteparypu
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CnpssMOBaHICTh HABYAJIbHO-METOANYHOI0 KOMILJIEKCY AUCHUILIIHN «Buima
MaTeMaTUuKay HAa PO3BUTOK AaHAJITUYHOTO MUCJIEHHS CTYAEHTIB

B. B. Onuienko
(AYT, Kuis, Ykpaina)
E-mail address: ovivaQukr.net

C. M. IlleBuenko
(AYT, Kuis, Ykpaina)

E-mail address: sn-shevchenko65@ya.ru

Ha cywacmomy erami mixKHAPOAHUY IOCBi CBIAYWTH MPO 3POCTaHHS POl DyHIAMEHTATLHOI
Ii/IPOTOBKYU CTYJ/IEHTIB TEXHIUHUX yHIBEPCUTETIB, 30KpeMa MareMaTudHOl. € OUYeBUHUM, 0 CaMe
MaremMaTuka (GOPMYE JIOTIKY -— yHIBEpCAJIbHUN €IeMEHT MUC/ICHHS. YMIHHS MPABUJIBHO 3IHCHUTH
aHaJIi3 cuTyalliit Ta 3pobuTr BUCHOBKH TILISTXOM JIOTIIHUX PO3AYMiB; YMIHHSA BiAPI3HITH BigoMe Bi
HEBIZIOMOTO, JIOBEeJEHE Bij HEJIOBEIECHOTO; YMIHHS KJIACH(DIKYBATH, y3araJbHIOBATH, BUCJIOBIIOBATH
rimoTe3w, CIPOCTOBYBATH 1X ab0 MiATBEPKYBATH CHCTEMOIO JIOTIUHUX MipPKyBaHb, KOPUCTYBATHUCH
AHAJIOTISIMA — TaKa PO3YMOBA JISIBHICTH XapaKTEPHU3YE€ BUCOKOKBAJi(IKOBAHOTO creriasicTa 3
indopmarifinux texuojoriii. Bce nazBame nae edekT PO3BUTKY AHATITUIHOTO MUCJIEHHSI Ta
ocobucTocTi B mimomy. OT:Ke, 3ajada BUIIOI ITKOIN — 3MHCHATH HeoOXiAHI 3MIHH B Oprami3arii
Ta TMPOBEICHHI HABYAJIBHUX AYJAUTOPHUX Ta MO3AAYAUTOPHUX BAHATH, i 9aC AKHX OYyIe YCIIITHO
3MIHICHIOBATHUCS aHATITUKO-CHHTETHYIHA, JISIbHICTE CTYIEHTIB.

Ha sBukomamms mux Bumor pukjgagadavu kadeapm Bumoi wmaremaruku JlepkaBHOTO
YHiBEpCUTETY TeJeKOMyHIKaIiil 6y/10 po3pobIeHo 1 BIPOBAJIZKEHO Y HABYAJIBHUI ITPOIIeC HABYAJIBHO-
MeTOIMYHUN KOMILIEKC aucimiuiiau «Bumia maremarukay. lanuii KOMILIEKC MiCTUTH POOOUTy
porpaMy JIMCIUIJIHN, TEKCTH JIeKI[#, HaBdaibHi 1mociOHnku, saboparopruii npaktukym [I],
BapiaHTH PO3PAXYHKOBO-Tpadiurmx pobiT Ta 3pasKW I1X pO3B’d3aHHs, THUIOBI TPLOXPIBHEBI
KOHTPOJILHI poBOTH, MuTaHHs Ta 3aja4i 10 icnuty (3a/1iKy), 3a1a4i 1M IBUIIEHOT CKIAAHOCTI, TeCTH
[2].

CrpiMKnit pO3BUTOK CydacHUX AH(MOPMAIITHIX TEXHOJIOTIH BiAKPUB HOBI TepCIekTrBr y cdepi
OCBiTH: 3’SBUJIACS MOXKJIUBICTE HEOOMEXKEHOI'0 THUPAXKYBAaHHS HABYAJIBLHOI JITEpATypH, IIBUIKE
Ta aapecHe i1 MPENCTABICHHS, ABTOMATHUBOBAHUN KOHTPOJIb Td CAMOKOHTPOIb. BIpPOBaIZKEeHHA
nporpamuoro xomimekcy MOODLE noszsosimio MakcuMasibHO 3aDe3MeUuTH  B3aEMOI0  Mik
BUK/IAJ[@9aMU T4 CTYJICHTAMU fK JIEHHOI, TakK i iHmmx HOpM HABYAHHI.

fAx  mimcyMok, mOTpiOHO BiAMITHTH, IO €JEKTPOHHMAN HABYAJIbLHO-METOANIHHI KOMILIEKC
pucruiiing «Buina maremarukay mpORIOB yCHIHO anmpodariiio y mporeci BUBYEHHS MATEMaATUKN
JIEHHOI, 3a09UHOI Ta JUCTAHIIIHHOI (POPM HABUAHHLA.
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Solitonic solutions of the time-dependent Schrédinger equation: Analysis and
prediction of regular and chaotic evolution

P. G. Bashkaryov
(OSENU, Odessa, Ukraine)

E-mail address: quantber@mail.ru

At present time an active development was received development of geometry of a chaos (see, for
example, [I]). One should mention studying multiple dynamical systems in mathematics, physics,
chemistry etc as a perspective fields for application of geometry of a chaos [2], [3]. The main
purpose of our work is an employing a variety of techniques for characterizing dynamics of the
nonlinear solitonic systems identifying the presence of chaotic elements. We consider the temporal
solitonic solutions of the time-dependent Schréodinger equation. To analyze calculated temporal
evolution of the time-dependent Schrodinger equation soliton we use the different techniques, in
particular, correlation integral analysis, mutual information approach, false nearest neighbour al-
gorithm, Lyapunov exponent’s analysis, and surrogate data method etc (see details for example, in
[3].

As usually, the phase space of the system is reconstructed by delay embedding. The mutual
information approach, correlation integral analysis, false nearest neighbour algorithm, Lyapunov
exponent’s analysis, and surrogate data method are used for comprehensive characterization of
chaotic behaviour and computing topological and dynamical invariants. The correlation dimension
method provided a low fractal-dimensional attractor thus suggesting a possibility of the existence
of chaotic behaviour of the time-dependent Schrodinger equation soliton. Statistical significance of
the results is confirmed by testing for a surrogate data. The next important result is connected
with the firstly realized forecasting temporal evolution of the time-dependent Schrédinger equation
soliton which has been preformed within the combined chaos-geometric and nonlinear prediction
model [4], [5]. The basic idea of the prediction method of chaotic properties of the system is in
the use of the traditional concept of a compact geometric attractor in which evolves the computed
(measured) data, plus the implementation of neural network algorithm of predicted trajectories.

References
[1] A. Glushkov Methods of a Chaos Theory.,- Odessa,OSENU, (2013), 400p.
[2] A. Lichtenberg, A. Liebermann, Regular and chaotic dynamics.,- N.-Y., Springer, (1992).

[3] H. Abarbanel, Analysis of observed chaotic data.,- N.-Y., Springer, (1996).

[4] A. Glushkov, A. Svinarenko et al Chaos-geometric attractor and quantum neural networks ap-
proach to simulation chaotic evolutionary dynamics.,- Adv. in Neural Networks, Fuzzy Systems
and Artificial Intelligence, Ser.: Recent Adv. in Computer Engineering,. 21, (2014), P.143-150.

[5] O. Khetselius Forecasting evolutionary dynamics of chaotic systems using advanced non-linear
prediction method.,- Dynamical Systems Applications. 2, (2013), P.145-152.
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A pseudoboundary in the hyperspace of max-plus convex sets
Lidiya Bazylevych, Aleksandr Savchenko

E-mail address: izar@litech.lviv.ua, savchenko1960Qrambler.ru

Given xz,y € R™, n > 2, and A € R, we denote by x @&y the coordinatewise maximum of x and y
and by A ® x the vector obtained from = by adding A to each of its coordinates. A subset A in R™
is said to be max-plus convex if a ®a@® @b € A for all a,b € A and o, 5 € R with a® 5 =0 (see
[1]). Geometry of the max-plus convex sets is considered in different publications (see, e.g., [2] B]).

We denote the hyperspace of all nonempty max-plus convex compact subsets in R by mpcc(R™).
In [4] it is proved that mpecc(R™) is homeomorphic to @ \ {point}, for all n > 2. Here @ denotes
the Hilbert cube, @ = [0, 1]*.

Let o denote the set of finite sequences in Q). We also denote by mpce,(R") the subset in
mpcc(R™) consisting of all polyhedral compact max-plus convex sets.

The main result of the talk is the following: the pair (mpecc(R"), mpec,(R™) is homeomorphic
to the pair (@ \ {point}, o \ {point}).

A similar question can be considered also for the hyperspace of the so called max-min compact
convex sets [3].
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Geometry of a quantum chaos: Chaotic elements in dynamics of atomic systems in an
external electromagnetic field

V. V. Buyadzhi
(OSENU, Odessa, Ukraine)

E-mail address: vbuyad@mail.ru

It is well known that dynamics of the quantum systems in external electromagnetic field has
features of the random, stochastic kind and its realization does not require the specific conditions.
The importance of studying a phenomenon of stochasticity or quantum chaos in dynamical systems
is provided by a whole number of scientific and technical applications, including a necessity of
understanding chaotic features in a work of different quantum ionformatics and neuro-cybernetics
systems. New field of investigations of the quantum and other systems has been provided by a great
progress in a development of a chaos theory methods [I], [2]. In previous our papers [3], [4]
have given a review of new methods and algorythms to analysis of different systems of quantum
mechanics, optics and informatics.

In this paper we have used the nonlinear method of chaos theory and the recurrence spec-
tra formalism to study quantum stochastic futures and chaotic elements in dynamics of atomic
systems in the external electromagnetic fields. We present new approach to the universal quantum-
dynamic and chaos-geometric modelling and analysis of the chaotic dynamics of nonlinear processes
in atomic systems in intense electromagnetic fields and some quantum-informatics systems. In order
to make modelling chaotic dynamics it has been constructed improved complex system (with chaos-
geometric, neural-network, forecasting, ete. blocks) that includes a set of new quantum-dynamic
models and partially improved non-linear analysis methods including correlation (dimension D) inte-
gral, fractal analysis, average mutual information, false nearest neighbours, the Luapunov exponents,
Kolmogorov entropy, power spectrum, surrogate data, nonlinear prediction, predicted trajectories,
neural network methods etc.

As applicatin of presented method we have carried out computing energies, spectral parameters,
resonance widths etc for caesiym and ytterbium atoms in a strong dc and ac electric field and found
anti-crossings, complex power spectra with chaotic elements (inducing nonlinear resonances, then,
their strong interaction, creating stochastic layers and global stochasticity).
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Advanced algorithm in quantization of the quasi-stationary states for the many-body
Dirac equation and computing the dielectronic satellites spectra of
three-quasiparticle systems

Yu. G. Chernyakova
(OSENU, Odessa, Ukraine)

E-mail address: quantche@mail.ru

We present an advanced numerical algorithm to computing energy spectra of N-particle finite
quantum (atomic) systems and implemented new scheme of quantization of the stationary (quasi-
stationary) states of the Dirac-Fock equation. In difference of our previous similar self-conjunctive
versions [I], new method has a few new elements which provide its more effectiveness. First element
is implementation of the ab initio version of the quantum electrodynamics perturbation theory for
the N-quasi-particle systems with using optimized, gauge invariant Dirac-Fock equation relativistic
orbital basis’s generation scheme [2]; second point is using an advanced algorithm in quantization
of the quasi-stationary states for the many-body Dirac equation an advanced procedure of the
Fano-Byorke type [3] for calculating the perturbation operator matrix elements between the N-
quasi-particle states and at last an accurate accounting the complex exchange-correlation effects by
using the mnost effective many-body density dependent functionals [3]. The corresponding theorem
establishing a link between gauge non-invariant contributions into the matrix elements and quality
of the relativistic eigen functions basis of the corresponding Dirac-Fock Hamiltonian is proven.

As applicatin of a new approach we present the results of computing energy and spectral pa-
rameters for dielectronic satellites of in spectra of the alkali-elements multicharged ions. There
are ;isted new data on the spectra levels energies, different contributions of the relativistic and
exchange-correlation corrections, line intensities distribution for transitions between configurations
with great number of lines [3]. For comparison there are listed the test data obtained within differ-
ent methods, namely, multi-configuration Dirac (Hartree)-Fock calculation, standard and advanced
density-functional theories. It has been shown that a new approach provides quite high accuracy
in comparison with the stadard methods and is to be most effective in studying the complex con-
figurations, where it is realized an intermediate case [3].
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Quantization of the quasistationary states for the Dirac-Slater equations with density
dependent forces and a new scheme to computing the beta-decay probabilities

Yu. V. Dubrovskaya
(OSENU, Odessa, Ukraine)

E-mail address: nucdubr@mail.ru

This work goes on studying and development of a new effective numerical approach to problem
of quantization of states of the relativistic equations and further using the corresponding eigen
function basis in the calculations of the permitted beta-transitions by means of the golden Fermi-
rule [I]. In this paper we present a new effective scheme to quantization of the stationary (quasi-
stationary) states for the Dirac-Slater equation (see [2] with density dependent forces and on its
basis develop a new numerically effective approach to computing the beta-decay characteristics.
Dedspite of earlier developed models (see [I]) the present model has a few advantages. Firstly it
is based on more effective Dirac-Slater equation model of a self-consistent field in atomic systems
from the computational viewpoint. Secondly, it contains a new element connected with introducing
the consistent density dependent functionals into the Dirac-Slater equation in order to take into
account as the one-particle as the many-particle correlation effects. Further we have used an effective
procedure (see [3] for construction of the optimized sets of the Dirac-Slater equation eigen functions
and correspondingly eigen values. In order to provide and check fulfilling the gauge invariance under
solving the optimized Dirac-Slater equation with density dependent forces, the QED gauge-invariant
approach [3] and the Yord equalities have been used. Besides, it has been performed an accurate
analysis of quality and accuracy of the computed eigen values and eigen functions sets.

As an example, a new Dirac-Slater approach with density dependent forces is applied to comput-
ing the beta-decay parameters of a set of the permitted beta transitions for some middle and heavy
elements. As usually (see, for example, [I]), the correction due to the finite size of a nucleus (the
charge distribution in a nucleus is modelled within the known Gauss and Fermi models) is accounted
for in the zeroth approximation of the Dirac-Slater equation perturbation theory in an electric and
vacuum-polarization potentials, which are substituted to the effective Dirac-Salter equations (i.e on
the non-perturbative basis) [3]. Computing for superpermitted transitions has demonstrated an
excellent agreement between theoretical and experimental data. Calculation of the effect for the
atomic self-consistent field type on the Fermi function shows that for little and intermediate values
of nuclear charge Z a difference in the data, provided by different methods is quite little, however
for big Z (for example, 2! Pu-?*Am) it becomes quite significant. It fully corresponds to earlier
obtained results [I].

References

[1] A. V. Glushkov, Yu. V. Dubrovskaya QED theory of multiparticle Fermi systems.,- // Recent
Advances in Theory of Phys. and Chem. Systems. Progress in Methods and Applications, Ser.
Progress in Theoretical Chemistry and physics. - Berlin, Springer. vol.15, (2006), P. 301-328.

[2] J. Slater Methods of self-consitent field in theory of molecules and solids.- Wiley, (1974), 650p.
[3] A. V. Glushkov Relativistic Quantum Theory.,- Odessa, Astroprint, (2008), 700p.

41
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Let F be a Fréchet space and B a bornology on F' containing all compact subsets. Assume
that B is chosen such that T'(B) C B for all continuous linear endomorphisms 7" of F. Let M be a
manifold modelled on F' and F} the dual of F' endowed with the topology of compact convergence.
The B-cotangent bundle of M is defined as TMy |, (Tenr)y, where Ty is the tangent space at
x € M. TMp is the vector bundle in the category of locally convex spaces [?]. Thus, we are able
to define the generalized tangent bundle as the Whitney sum TM = T'M & T M. Weak symplectic
and Poisson structures for M were investigated in [?]. The summery of our results are as follows.

A Fréchet Lie algebroid is defined as a triple (E, [-, -], p) consisting of a vector bundle E over a
manifold M, together with a Lie bracket [-, -] on its module of sections I'(£) and a morphism of vector
bundles p : E — T'M, called the anchor, such that the anchor and the bracket are to satisfy the
Leibniz rule and the induced map p : (I'(E), [, |g) = (X(M), [, ]) is a Lie algebra homomorphism.
Here X(M) is the space of all vector fields over M. We define Fréchet Courant algebroids exactly
as the Banach manifolds case, see |?] for the definition Banach Courant Algebroids.

Let X, Y € X(M) and «, 8 be differential forms. The Lie derivative Lx and the contraction map
1y are defined in obvious fashion way. Now define the bracket [ X, ¥]ryr = ([X, Y], LxB—(1yodar @))
and the anchor Arys given by Ay (X, ) = X. If we define Aty (X, «), (Y, 5)) = a(Y) + B(X),
then (TM, [X,Y]rar, Arar) is Courant Lie algebroid. A vector subbundle D of the Courant algebroid
TM that coincides with its orthogonal complement D+ with respect to Ay is said to be an almost
Dirac structure. It is called a Dirac structure if, in addition, is closed under the bracket [-, -]ng. We
showed that the Dirac structure inherits the Lie algebroid structure from the Courant bracket.

Let (M,w) be a weakly symplectic Fréchet manifold and QF(M) the spaces of k-forms. Define
a morphism

w: QN (M) =X (M); B(w(a)) = w(a, B), Vo, B € 0 1(M). (1)
The weak symplectic form w induces aunique lie bracket of 1-forms given by
{Oé, B} = Ew(a)ﬁ - ‘Cw(B)a - dde(au B) (2)

This bracket defines a Lie algebroid structure on the B-cotangent bundle T'Mj with the anchor
w : TMy — TM which is given by B(w(a)) = w(B,); o, € TMp. We then define Chevally-
Eilenberg cohomology associated to T'Mp. The bracket (??) detrmines also the Lichnerowicz-
Poisson cohomology of M and we have

Theorem 1. The Lie algebroid cohomology of the B-cotangent bundle Lie algebroid is the
Lichnerowicz- Poisson cohomology of M.
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Our work goes on our studying the problem of quantization of the stationary and quasi-stationary
states for the corresponding relativistic Dirac-like equations and precise calculating the radiative
decay widths and corresponding probabilities. The most known computational methods such as the
multi-configuration Hartree-Fock and Dirac-Fock ones provide widespread computing the energy
eigen values and different spectral parameters for many-body atomic systems. From the computa-
tional viewpoint, these methods do not often allow to reach a high accuracy simultaneously with
computational effectiveness. Here the serious numerical problems are connected with correct defini-
tion of the high-order correlation corrections, sing the gauge-noninvariant procedures of generating
relativistic orbital basis’s etc [1].

Here we develop an alternative approach to computing the energy eigen values and different
spectral parameters for many-body atomic systems, which is based on direct implementation of
the model potential method within the traditional Dirac-like relativistic schemes. We carried out
a new effective procedure for quantization of the stationary and quasi-stationary states for the
corresponding Dirac-like equation with Hellmann model potential. Starting from this model and
the relativistic energy approach combined with gauge-invariant QED perturbation theory formalism
[I] we re-develop a precise approach to caleulating the (permitted and forbidden) radiative decay
widths and probabilities of transitions in spectra of such relativistic systems as multicharged ions
[2]. The theorem establishing a link between the asymptotic properties of the Dirac-Hellmann
operator eigen functions and minmax estimates of the corresponding radiative transition integrals is
proven. As the test application, we have preformed computing the energies, transition probabilities,
radiation decay widths for E1,E2,M1 transitions in spectra of the Sodium-like ions (Z=15-36). There
is performed a detailed comparison of received energy and spectral data with available alternative
theoretical and experimental results for the cited systems.
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Advanced approach to quantization of quasi-stationary and resonant states for
many-body Dirac and Klein-Gordon-Fock equation: Collision problem
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It is developed an advanced operator approach to quantization of the quasi-stationary (scatter-
ing, resonance) states of relativistic many-body Dirac and Klein-Gordon-Fock equations for three
classes of non-stationary and collision tasks. Earlier we have developed an effective operator ap-
proach to quantization of the quasi-stationary (scattering, resonant) for Dirac equations in a class
of non-stationary tasks. New algorithm has been developed and based on the ‘gauge-invariant QED
perturbation theory with the gauge-invariant zeroth approximation and mapped Fourier grid tech-
nique [I]. We make more advanced an computational block of an approach to take into account
the many-body correlations in the quantum systems, significant contribution of high-lying Rydberg,
autionization, resonant states in spectrum of the energy eigen-values of the total Hamiltonian plus
a continuum pressure [2]. The generalized Grant theorem is proved.

As application of an advanced approach we calculate the radiation decay probabilitity and low-
energy collision cross-section as an imaginary part of the complex energy of the whole compound
system with using relativistic energy approach and S-matrix Gell-Mann and Low adiabatic formalism
[4]. Besides, a general theorem limiting the asymptotic behaviour of the collision cross-section at
infinite energy for systems, described by the Dirac and Klein-Gordon-Fock equations.

References

[1] A. V. Glushkov, Operator perturbation theory for quantum systems in a strong AC/DC electric
field. - Advances in Quantum Methods and Applications in Chemistry, Physics, and Biology
(Springer). 27: (2013), P. 161-198.

[2] A. V. Glushkov Relativistic Quantum Theory.,- Odessa, Astroprint, (2008), 700p.

[3] A. V. Glushkov, O. Yu. Khetselius, A. A. Svinarenko Frontiers in Quantum Systems in Chem.
And Physics.,~ Progress in Theoretical Chemistry and Physics (Springer). 18 : (2008), P. 505-
570.

[4] A. V. Glushkov, Advanced relativistic energy approach to radiative decay processes in multielec-
tron systems.,- Quantum Systems in Chemistry and Physics: Progress in Methods and Appli-
cations (Springer). 26: (2012), P. 231-254.

44



Geometry of a Chaos: New advanced approach to treating a deterministic chaos in
complex dynamical systems
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Within geometry of a chaos we present new advanced approach to treating a deterministic chaos
in the complex dynamical systems, which includes new or available advanced techniques such as
the predictors trajectories algorithm, stochastic Green’s functions method, multi-fractal geometry
methods, including the fractal Green’s functions one, advanced averaged mutual information scheme,
correlation integral analysis, false nearest neighbour algorithm, Lyapunov’s exponent’s analysis,
improved surrogate data method version ete [I], [2]. The chaos-geometrical approach is designed
for analyzing the space-temporary data series in modelling interactions in a complex dynamical
system of any physical nature [3] and formal search of characteristic features of chaotic behaviour
of the system. The predictors trajectories algorithm, stochastic Green’s functions and optimal
propagators methods provide an effective basis for high-qualitative forecasting evolution of the low-
and even high-attractors dynamical systems.

As a concrete example, we studied the nonlinear dynamics of some geophysical systems (temporal
series of cosmic rays intensities and concrete sets of seismological data) in order to discover and
detect a chaos elements plus provide an effective high-quality forecasting of the temporal system
evolution. The most interesting numerical data are in discovering as a weak chaos as hyperchaos
regimes [4]. There have been presented the temporal dependences of the output signal amplitude,
phase portraits, statistical quantifiers for a weak chaos arising via period-doubling cascade of self-
modulation and for developed chaos at large values of the dimensionless length parameter. .
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On Barker-Larman problem for convex polygons in the hyperbolic plane
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Our short communication is devoted to a conjecture proposed by J.A. Barker and D.G. Larman
in frameworks of the geometric tomography theory [I], [2].

Conjecture. Let P, Q, M C R"™ be convex bodies such that M belongs to the interiors of P and
Q. Assume that whenever H C R™ is a hyperplane supporting M, the (n — 1)-volumes wol(P N H)
and vol(Q N H) are equal. Then P coincides with Q.

Actually this problem remains open, the answer is known for some particular cases only. For
instance, the Barker-Larman conjecture is shown to be true if P, @) are convex polygons and M is
a strongly convex centrally-symmetric body with analytical boundary in R?, see [3], or if P, Q are
convex polyhedra and M is a ball in R™, n > 3, see [4].

We are interested whether the Barker-Larman conjecture holds true for convex bodies in non-
Euclidean geometries like the hyperbolic one. The theorem bellow affirms the Barker-Larman
conjecture for convex polygons in the hyperbolic plane H?Z.

Theorem. Let P, Q C H? be convex polygons, which contain a disk S of radius t > 0 in their
interiors. Assume the lengths of segments PN T and Q N7 are equal for every geodesic T C H?
tangent to the circle X = 0Q. Then P coincides with Q.

The proof is based on ideas developed by V. Yaskin in [4] for convex polygons in the Euclidean
plane. The principal observation, which follows from the proof, is that the Barker-Larman con-
jecture in the two-dimensional case does not depend on the particular metric structure of R? or
H?2. Apparently, one can accomplish the proof for a large class of metric spaces realized in terms of
R? or domains of R? equipped with non-Euclidean distance functions possessing generic analyticity
properties. We discuss the case of H? just as a simple and illustrative example only.

A more general case of convex polyhedra in R", n > 3, was treated in [4] in a slightly different
manner, so it would be interesting to adapt V. Yaskin’s technics in order to prove a multi-dimensional
analogue of the theorem for convex bodies in H” or in other non-Euclidean metric spaces with
dimension n > 3.
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A pseudo-spherical surface in R* does not admit two different Bianchi transformation
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Let F? be a pseudo-spherical surface of constant negative Gauss curvature K = —k:g in the four-
dimensional Euclidean space mathbbR*. Given a horocyclic parametrization r(u, v) of F2, when the
metric form of F?2 reads ds? = du? + e~2%dv?, consider a transformation ¢ : F2 — F2 represented
by the formula 7 = r 4+ %. Similarly to the classical theory of surfaces in R?, the transformation
v is called the Bianchi transformation of F? [I]. For surfaces in R? the Bianchi transformation
preserves the pseudo-sphericity, the transformed surface has the same Gauss curvature as the initial
one[2]. For surfaces in R?* the situation is quite different: generically the Gauss curvature of 2 is
not constant negative [1].

There are two particular classes of pseudo-spherical surfaces in R* which admit Bianchi trans-
formations resulting in pseudo-spherical surfaces. One class consists of pseudo-spherical surfaces in
R3 c R*, any such surface admits a one-parametric continuous family of Bianchi transformations
so that the transformed surfaces remain pseudo-spherical and inherit the Gauss curvature. Another
class consists of particular pseudo-spherical surfaces in R*, which does not belong to R3 ¢ R* and
whose fundamental forms are represented in terms of solutions of a special system of non-linear
partial differential equations [G1]|. Any such surface admits at most two different Bianchi transfor-
mations resulting in pseudo-spherical surfaces. It turns out, that no one of these surfaces admits
exactly two different Bianchi transformations resulting in pseudo-spherical surfaces.

Theorem. Let F? be a pseudo-spherical surface in R, which does not belong to R C R*. If F?
admits a Bianchi transformation ) : F? — F2 50 that the transformed surface F2 s pseudo-spherical
too, then this Bianchi transformation is unique.

The question whether the same uniqueness result holds true for the more general case of Biklund
transformation is still open.
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This paper continuous our work on analysis probles of eigen functions and values for different
operators in application to the two-centre quantum systems in an external field. Here we present a
new advanced approach to quantization of quasistationary states of the Schrédinger equation with
tow-centre Hellmann model potential for diatonic system in an external DC electric field. As a basic
approach we start from the formalism of operator perturbation theory ([1], [2]). Several approaches
for quantization of the states of the Schrodinger equation with different forms of the external (for
example, DC electric field potential,Stark task, scattering problem etc) potentials are usually used.
As a rule, in a case of a strong external field there is arisen a problem of the correct calculating
the optimized sets of eigen functions and correspondingly eigen values especially. This task is very
complicated for the two-centre systems, where one should realize the separtaion of the variables in
the spheroidal coordinates.

Generalization of the operator perturbation theory formalism in application to the diatomic
systems is reduced to modification of the differential equation system. The key feature of the
approach is that the zeroth order Hamiltonian, possessing only stationary states, is determined
only by its spectrum without specifying its explicit form. It is proven the theorem establishing
a link between a quality of quasidiscrete states functions and accouning the correlation effects
within the Hellmann model potential scheme. The operator perturbation theory basis is used in
problem of the full diagonalization of the energy matrice. More simplified version reduces to a
search for one eigen-value, which is transited to the state under switching on a field. In this case a
solution of determining the maximal eigen-value and the corresponding eigen-vector is realized by
usual iterative methods. The results of the test numerical calculations of the simple diatomics are
presented and analyzed |[3].
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Quantization of states of the relativistic Dirac many-body equation with an
electroweak interactions potential and parity nonconservation effect in heavy finite
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In this work we go on our investigation of a problem of the eigen-values spectrum and eigen-
functions for an effective relativistic many-body Dirac Hamiltonian of the finite heavy many-body
Fermi-systems and further application to quantitative description of the electroweak interactions
with calculating the corresponding electro-weak amplitudes for transition, in which the parity non-
conservation effect takes a place. Here we present an advanced approach to quantization of the
bound and quasistationary states of the relativistic Dirac equation with a non-singular (singular)
electromagmetic potential and additional weak interaction potential within generalized nuclear-
QED formalism [I]. New element is development of the optimal scheme for calculating electro-weak
amplitudes of the transitions with parity non-conservation, provided by e-N electroweak interaction.
It is based on relativistic energy approach and QED gauge-invariant many-body perturbation theory
with using the optimized one-quasiparticle representation [2]. There are considered the conditions
when a gauge invariance of theory is violated. The corresponding theorem is proven.

New approach is applied in calculating the hyperfine structure parameters, parity non-
conservation electro-weak amplitudes for a set of the heavy finite Fermi-systems with accounting of
exchange-correlation, Breit, weak e-e interactions, radiative and nuclear (magnetic moment distri-
bution, finite size, neutron “skin”) corrections, nuclear-spin dependent corrections due to anapole
moment, Z-boson ((AnVe) current) exchange, combined hyperfine and Z boson exchange ((VnAe)
current) interactions [3]. The first predictions of a weak charge for superheavy elemnts are pre-
sented. The data for test systems (caesium etc) are compared with Standad model data.
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We continue [1], [3] to investigate conformal equivalence of functions given on domains in the
plane. We found the fields of rational differential invariants of the conformal pseudogroup, acting
on functions and use it to get criterion of their equivalence.

The main results given by the following theorems.

Theorem 1. The field of rational differential PSLy(R)-invariants on the jet spaces of funetions on
the unit disk is generated by invariants (Jo, J1, J2) and their invariant derivatives ViNS(Jy). The
field separates regular orbits.

In this theorem
Jo = u, J1 = tZT, Jo = T_l(u20 o ’LLOQ),

_ d d
Vi=T 1(”10% +UD1@)7
d d
=T (—uy — A
Va (—uo1 In +u10dy)’

and
T=uly+ud #0, t=1=a>—y%

This theorem can be also reformulated in terms of the Tresse derivatives [2].

Theorem 2. The field of rational differential Mdbius invariants of functions on the unit disk is

generated by invariants (Jo, J1, Ji1, J12, J2) and their Tresse derivatives where

Datbg
DJgDJb’
2
Jii=Vi(Jy = T ((Uiouzo 4 2u10uo1u11 + U o) + 2t(rutg + yum)),

2
Jig = Va(J1) = = <U10u01(U02 — ugq) + (udg — udy)u1r + 2t(yuro — SUU(n))-

The last theorem allows us to get P.SLs-classification of smooth functions defined on the unit
disk or simply connected domains with smooth boundaries.
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Let M and X be the smooth manifolds of dimensions n and r, respectively, n > r, and f: M —
X be a smooth map (submersion). Following [2], we write the structure equations of the manifold
M in the form } ' ,
dw" =w! AW},
dwj- :wf Awl + Wk A w;-k,
dw;'-k =Wy, A wh —wh A wi — wém Awp' 4 w™ A w;-km,
Here, w', i,5,k,m,... = 1,2,...n, are the basic differential forms of the manifold M, depending on
the differentials parameters 2° — local coordinates on M.
Tt is known [12], that the forms w’ and w! form thebasis of the bundle H' (M) first-order coframes
of M the forms w?, w;», w;k form the basis of the bundle H2(M) of the second order coframes of M,
etc.
Similarly, we write the structure equations of the manifold X:

dy® =9° A 9%,
dO =095 A 9% +9¢ ADL.,

Here v%, a,b,c,... = 1,2,:..m, are the basic differential forms of the manifold X, depending on
the on the differentials du®, where u® are the local coordinates on X.

Let f:E? — R bea smooth function and E3 be three-dimensional Euclidean space. Then we
obtain the Theorem:

Theorem Let f : E3> — Rbe a submersion, and the space E3 is related to the orthonormal
frame, and sstructure equations of pseudo-group transformations on R are written in the form

d9t = 91 A0, A9t =91 A9y, dOT = 9 A9 9 A,

. Then pseudo-group of gauge transformations is trivial, and the families of frames on E> and on
R can be chosen so that the form w? is the the principal one on R, and there are the frames of the
first, second, ete. orders such that the equations

191 — wS
79% = —aw! — asw? + asw?,
91, = (=bi1 + 2a1a11 + 2a2a12)w’ + (—ba2 + 2a1a12 + 2a2a2)w?,

and etc hold, and these equations are completely integrable on the manifold E3 x R.
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The real trees (R-trees) find numerous applications in different parts of mathematics. In particu-
lar, Kirk (|I]) established connections between R-trees and the hyperconvex metric spaces introduced
by Aronszajn and Panitchpakdi ([2]).

A geodesic segment [z, y] with endpoints z, y in a metric space (X, d) is the image of an isometric
embedding «: [0,d(z,y)] — X.

We say that a metric space (X, d) is a geodesic space if for every x,y € X there exists a geodesic
joining x and y.

A metric space (X, d) is called an R-tree if

1. (X,d) is a geodesic space;

2. if [x,y] N [z, 2] =z, then [y, 2] = [z,y] U [z, z];

3. for every z,y,z € X there exists w € X such that [z,y] N [z, z] = [z, w].

A rooted R-tree consists of an R-tree (X, d) and a point xy € X called the root.

In the sequel, we suppose that (X, d, zp) is a rooted R-tree. Forany = € X, welet ||z| = d(x, zo).

For t > 0, define X; = {z € X | ||z|| = t}. Let expX = A € exp X|A C X; for some ¢ > 0.

We prove that the space expX is an R-tree.

Let P(X) denote the set of probability measures of compact support on a space X. It is known
that the construction of probability measures of compact support determines a functor on the
category of Tychonov spaces and continuous maps ([3]). If (X,d) is a metric space, then the set
P(X) can be endowed with the Kantorovich metric ([4]); if d is an ultrametric, then the set P(X)
can be endowed with an ultrametric dgy,

dayv(p,v) = inf{r > 0|u(B,(z)) = v(Br(x)), for every z € X }.

Let P(X) = {p € P(X) | supp(p) € exp,(X), for some t > 0}. Let d be the restriction of dpy
onto P(X).

It is also proved that the metric space (P(X),d) is an R-tree.
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Fundamental groups of right orbits of smooth functions on surfaces
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Let M be a connected orientable surface, P be either the real line of the circle, and Djq be the
group of diffeomorphisms of M isotopic to the identity. This group naturally acts from the right
on the space of smooth maps C*°(M, P) and for each smooth map f : M — P one can define its
stabilizer S = {h € Diq | foh = f} and orbit O = {f o h | h € Djq} with respect to that action.

Assume that f: M — P is a Morse map and let I' be the Kronrod-Reeb graph of f. Then the
stabilizer S naturally acts on I'. Let also G be the group of all automorphisms of I' induced by
elements from S.

This group is finite and if M # 52, then there exists & > 0 and the following exact sequence

1—>Zk—>7r10—>G—>1.

Moreover, it was early shown by the author that m O is isomorphic with a subgroup of some braid
groups of M, which implies that 7O has no elements of finite order. Then the above exact sequence
implies that 70 is a Bieberbach group. The aim of the talk is to describe the algebraic structure
of m O and G for the cases when M is distinct from the 2-sphere and 2-torus [I} 2, [3].

A similar description of the structure of ;0 and G for Morse functions on 2-torus was given
in [4, 5 6].
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A New Curvaturelike Tensor Field in an Almost

Contact Riemannian Manifold III
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In the paper of Prof. M. Prvanovi¢ (|7]), we found a curvaturelike tensor field (holomorphic curvature
tensor field) in an almost Hermitian manifold.

Using the above tensor field, we defined a new curvaturelike tensor field, named contact holomor-
phic Riemannian (briefly (CH R)-) curvature tensor field in an almost contact Riemannian manifold
(|5])- And we gave some geometrical properties of this tensor field. For example, we showed that a
Sasakian (C'H R)-space form is a Sasakian space form ([5]).

In this talk, we define another curvaturelike tensor field named (C'H R)s-curvature temsor in
an almost contact Riemannian manifold which will be more natural and differential geometrical
than the last one. Then, we give some geometrical properties of this tensor field. In particular, we
consider this tensor field in a Kenmotsu and a Sasakian manifolds.
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On fractal characteristics and subsidence propetries of loess soil
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For the last tens years fractals play very important role in studying of various geological objects
and processes [2], [3], [4]. Fractal dimension is the fundamental characteristic of fractals (see [1], for
definitions). It is obvious now that pore structures are well treated as fractals and loess soil gives us
an example of such a structure. We consider processes of underflooding and subsidence of loess soil.
These two processes are deeply related and depend on each other. Loess soil may be considered as
a structure which consists of pores and particles. The pore structure has an essential influence on
underflooding while the particles structure forms the soil in the process of subsidence.

The pore size distribution function N,(L > d,) is defined as the number of pores of size L
such that L > d, , where d, runs positive reals. In the same way we can define the particle size
distribution function Ng(L > ds). These functions for fractal structures obey the following relations

Ny(L > dp) ~ d~Pr

and
Ny(L > dg) ~ dg s

where D), is the fractal dimension of pore size distribution and D, is the fractal dimension of
particle size distribution. We developed a method of calculation of D, and D, based on computer
analysis of pictures of loess soil.

Evidently, the level of loess soil subsidence Lg strongly depends on the total volume of pores V7

dp max )

which may by estimated as Vpr = N( 3-Dp where N is a constant, dpmax and dpmin are the

maximal and minimal sizes of pores. Ce?tn;in approaches for more precise calculations of V7 based
on fractal properties of pore structures were considered in [4]. However Lg also depends on the size
Sg of the new "skeleton'" of the soil which is formed by solid particles after subsidence. In its tern
Sg depends on the funetion Ng(L > dg) because in the number big particles is essential then they
form new "skeleton" with essential pore valume the porosity of "skeleton" is not essential. However,
in fact Ng(L > ds) must obey Ns(L > ds) ds~Ps and it allows as to obtain some estimations
for Ss. So, we may conclude that topological characteristics D, and Dy may be very helpful in
forecasting of loess soil degradation.
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The experimental searches for new physics and superstring theory

T.V. Obikhod
(Institute for Nuclear Research NAS of Ukraine, Kiev, Ukraine)

E-mail address: obikhod@kinr.kiev.ua

Great discoveries of new physics at very short distances are connected with particle accelerators.
Colliding protons on protons at the LHC or electrons on positrons at the ILC in future, we can
discover basic particles and fundamental forces in nature. LHC highlighted the problems of new
physics, which can be solved with the help of new accelerator, such as ILC, which will be the
complementary electron-positron collider for the Large Hadron Collider. Linear collider experiments
are able to study simpler, more elementary processes without the complicated “background” present
at the LHC and achieve a higher level of precision. There are three main directions of searches
for new physics: Higgs physics; supersymmetry and as an addition dark matter candidate; extra
dimensions. The properties of Higgs particles and interactions with other elementary particles
will be measured. The Higgs is the most sensitive Standard Model particle to new physics, and
for this reason an accurate measurement of its couplings provides an excellent way to indirectly
discover new phenomena [I]. The resolution of the hierarchy problem of the Standard Model,
gauge coupling unification as well as dark matter candidate are predicted by supersymmetry [2].
Searches for supersymmetry are also based on the electroweak pair production of neutralinos and
charginos, leading to decay channels with lightest SUSY particles — LSPs, that are the dark matter
candidates. Supersymmetry is also motivated by solutions to several theoretical problems and
is the most popular candidate for a superstring theory. Superstring theory, that unifies gravity
with other forces requires the Universe to have additional dimensions to those of space and time.
To see the detailed structure of these extra dimensions [3] and their associated particles are the
purposes not only for experimental physics but also to check the predictions of superstring theory.
Using AdS/CFT correspondence, which provide to realistically model of real-world systems, it is
necessary to note that compagctifications of string theory on various Anti-deSitter spacetimes are
dual to various conformal field theories. IIB strings are contained in N=4 super-Yang-Mills at the
conformal point [4]. But string theory not only contains particle spectrum that may be measured at
the experiment but also resolves the cosmological constant problem. Thus, we come to the solving
of properties of the vacuum problem, which already manifests itself in the physics of the Higgs boson
in consideration of the stability of electroweak vacuum. So we are on the verge of a thin touch of
one of the fundamental theories - string theory and experimental discoveries, which will be made in
the near future.
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Kronrod-Reeb graphs of functions on non-compact 2-manifolds
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We consider continuous functions on two-dimensional manifolds such that:

(f1) they have discrete sets of local extrema,

(f2) if a point is not a local extremum, then there exist its neighborhood and a number n € N,
such that function restricted to that neigbourhood is topologically conjugate to Rez" in some
neigbourhood of zero.

If n > 1 or z is a local extremum, we shall call it a singular point of such a function.

Given a f: M? — R, let T g(f) be a quotient space of M? with respect to its partition which
consists of components of level sets of f. It is known that I'r_r(f) is a topological graph when M?
is compact (see [1} 2]).

We present following conditions that guarantee that the space I'x_r(f) has a simple structure
in the case of a non-compact M?2.

(k1) Components of a level set of f can contain not more than finite number of singular points.

(kg) Let K be a union of components of level sets of f that contain singular points. For every
compact C C M? a set f(C' N K) is finite.

(k3) Let z1, 20 € M? be contained in distinct connected components of a level set f~!(a) for a
certain a € f(M?). Then there exist open Up3 @1 and Us 3 @9, such that for every b € f(M?) and
a component I}, of f~1(b) the relation holds (F, N Uy = () v (Fy 0 Uz = 0).

A continuous function f : M? — R is called K-R-simple if it complies both with conditions
(f1)-(f2) and (ki)-(ks).

Let G be a locally-finite loop-less topological graph. Let V) be a subset of the set of leafs V; of
G. Let e C G be a closed edge of G, incident to a leaf from Vj. A set e\ Vj is called a stalk. A
topological space Gy = G \ W is named a topological graph with stalks.

Theorem 1. Let a continuous f : M?*— R be K-R-simple.
Then T'i_gr(f) is a topological graph with stalks.

Theorem 2. Let f : M? — R be a continuous function. Suppose it complies with (f1)-(f2).
Then conditions (ko) and (ks) on f are necessary for ' _r(f) to be a graph with stalks.
If M? =R? then eondition (ki) is also necessary.

There is an example of f : M? — R such that I'_r(f) ia a graph with stalks but the condi-
tion (ki) is not fulfilled for f.
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Functions with non-generate critical points on the boundary of manifold
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Let M be a n-dimensional manifold with boundary O0M = {z, = 0} for local coordinates
(1,22, ..., 2pn), Tn > 0, f : M — R — smooth function, such that critical points of f coincide
with the critical point of its restriction to the boundary f|sys and function f has no more than one
critical point on each level.

Theorem 1. Let pg € M be a non-degenerate critical point of function frand non-degenerate
critical point of function f|sps, such that f(pg) = 0. Then we can choose a local coordinate system
(x1,22,...,2pn), Tn, > 0 about py such that py has the coordinates (0,0,...,0) and function f can
be represented by the following form:

f@1,m2,.. ., xn) = —2] — 23 — ... — a3+ 231 + ... + 25| +6z2 (1)

for some § € {—1,+1}.

The pair of numbers (A, d), which is defined by equality (1), we call the index of critical point
po € OM of function f.

Also remark that if pg € OM is not critical point of the function f and f(po) = 0, then there
exists a coordinate system (z1,z2,...,xy), T, = 0 about py such that function f can be written in
the next form:  f(x1,22,...,2y) = 271.

Corollary. Within conditions of theorem 1 in the case of surface we have the next four repre-
sentations of function f:

(I) f(z,y) = 2% + 9>y > 0;

(I7) f(z,y) = 2% + 9,y >.0;

(Tii) f(z,y) = 2° —y?,y 2 0;

(Iv) f(z,y) = —2* —y?y > 0.

Unlike the Morse lemma [3] we can’t get three local representation of function f, because
appropriate coordinate transformation changes the boundary of the surface.

Forth we will consider only the case of 2-dimensional manifold with boundary.

Considering handle decomposition of surface for cases of different indexes of critical points, we
get three atoms and consequently six f-atoms, which we will call atom A, atom B and atom C.

Atom [1] A can be determined by equality 2? + 32 + 2?2 = R% 2 < 0,y > 0, atom B: 2 =
(R 4 rcosu)eosv,y = rsinu,z = (R+ rcosu)sinv,0 < v < 7/2,z > —R and atom C: z =
(R4 rcosu)cosv,y =rsinu,z = (R+rcosu)sinv,0 <v <7/2,2>—-R,x > —R.

Theorem 2. Each atom coincides with the atom A or atom B, or atom C.
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Quantization of states of the Klein-Gordon-Fock equation and perturbation theory
approach to computing spectra of the complex pionic systems
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E-mail address: nucserga@mail.ru

The aim of the work is carrying out an effective numerical procedure of quantization of stationary
and quasi-stationary states for the Klein-Gordon-Fock equation and construction of the perturbation
theory formalism for further computing spectra of the complex pionic systems, including calculating
radiation characteristics (such as resonance energies and widths, oscillator strengths) and estimating
the strong pion -nucleon interaction effects [I]. As the basic theoretical approach we use the
relativistic Klein-Gordon-Fock equation one and construct a formalism of the relativistic many-
body perturbation theory with direct accounting electromagnetic and strong interaction potentials
according to methodise [2].

The general potential includes a bare electric and vacuum-polarization potentials of a nucleus
with implementation of the known Gauss model for a nuclear charge distribution plus phenomeno-
logical optical model potential to account strong pion-nuclear interaction. The theorem establishing
a connection between quality of the relativistic eigen functions basgis of the corresponding Klein-
Gordon-Fock Hamiltonian of the many-particle pionic system and gauge non-invariant contributions
into the radiation width is proven.

As application of a new approach we present the results of computing different n,l-n’ 1’ (n=1-5)
state energies, radiation transition probabilities for pionic atoms of caesium, ytterbium, and ura-
nium. The received numerical data are compared with available alternative theoretical and the most
accurate empirical data of the Berkley, CERN and Virginia laboratories [3]. The detailed analysis
show that there is quite good agreement between empirical data and results of our computing espe-
cially for high-lying states. However in a case of low-lying states there are some essential difference
between data that can be explained by the known limitation of the used optical potential model of
strong interaction.
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Quantization of quasi-stationary states of Dirac-Kohn-Sham equation with
non-singular potential: Advanced algorithm

A. A. Svinarenko
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E-mail address: svinarenkoaa@gmail.com

The paper goes on our work on carrying out an effective procedure of quantization of quasi-
stationary states of Dirac-Kohn-Sham equation [1] with non-singular potential and developing
a new general approach to calculating energy and radiation characteristics of the resonances in
spectra of heavy atomic systems, includinbg high-lying states, autoionization, Rydberg resonances.
The new approach is based on the QED many-body perturbation theory with Dirac-Kohn-Sham
zeroth approximation combined with the generalized relativistic energy approach (Gell-Mann and
Low S-matrix formalism) [2] and applied to quantitative studying spectra of superheavy elements,
including new elenments with Z-114-118.

As usually, the relativistic wave function zeroth basis is calculated from the Dirac-Kohn-Sham
equation with a potential, which includes non-singular electric potential plus exchane-correlation
functional [3]). All correlation corrections of the second order and dominated classes of the higher
orders diagrams (electrons screening, particle-hole interaction, mass operator iterations, continuum
pressure etc) are taken into account. It has been proven a generalized minmax theorem establishing
a link between a QED perturbation theory zeroth-approximation orbital basis quality and value of
the gauge non-invariant contribution to resonance width. Some applications of new approach are
presented [4], in particular, energies for the low-lying, Rydberg and autoionization states in spectra
of superheavy elements, including new elenments with Z-114-118, and numerical estimates of the
different contributions of the relativistic and exchange-correlation corrections.
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Quantization of states of the Schrédinger equation with two-center potential and
search of spectral elements of a chaos in spectra of some diatomic systems
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The main purpose of our work is to carry out new advanced procedure for quantization of
states of the nonrelativistic Schrédinger equation with two-center model electric potential directly
and effective one-particle correlation potentials of the density-functional theory type [I]- [3]. We
present a new effective procedure for quantization of states of the Schrédinger equation with two-
center potential and a chaos-geometric approach to search of spectral elements of a chaos in spectra
of diatomic systems. The last block includes, in particular, correlation integral analysis, false nearest
neighbor algorithm, Lyapunov exponent’s analysis, improved surrogate data method version ( in
versions of [4]).

As usually, the two-center Schrodinger equation zeroth approximation is generated by an effective
non-relativistic Hamiltonian of the diatomic systems which includes the nuclear, self-consistent
field (the Hellmann potential is used) and one-particle correlation exchange-correlation potentials.
The important advancement of our approach is connected with using new effective procedure for
quantization of states of the Schrodinger equation with two-center potential and quite simple and
accurate accounting for the main exchange-correlation effects.

As example of application of our approach we have carry out the numerical calculation of the
energy eigen values spectra and eigen functions basis for some diatomic systems (dimers of alkali
elements: sodium and francium) [2]. The main conclusions are in a). there is a physically reasonable
agreement between our numerical results and empirical data ground and first excited states energies
(potential curves); b) concrete numerical estimates have shown that there is absent a chaotic features
in spectra of the lithium dimer, however one could wait for availability of a weak chaos in spectra
of the francium dimer. At least, the two first positive numerical values of he Lyapunov’s exponents
confirm the last preliminary conclusion.
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Tiled orders in M, (D) and Jategaonkar condition
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All the necessary information about tiled orders can be found [I].

Let A = {O,E(A) = (o)} — consolidated tiled order over discrete valuation ring O with
maximal ideal 7O, where m — prime element, £ € M, (Z), i M — irreducible A - grating. In [2] V.
A. Jategaonkar gave necessary and sufficient conditions that A/mA-module M/7M decomposes into
a direct sum of modules. Projective dimension grating M equals to infinity.

If such grating doesn’t exists, we will say that the tiled order A satisfies Jategaonkar condition.

Irreducible A — grating M, so that A/mA- module M/7mM decomposes into a direct sum of

modules, exists if and only if A ¥ A = {0, A = (a;;)}, where A = (;141 1:4412>’ A >0, Ay > 2U,
21 Ag
1 ... 1
Uv=1... ... ...
1 ... 1

Lets suppose that G = G(A) is a simple graph, which is constructed on the tiled orders A C
M, (D) as follows: set of vertices is VG = {1,2,...,n}. Points ¢ and j are connected by an edge if
and only if Q5 + i = 1.

If graph G = G(A) is connected, then A satisfies Jategaonkar condition.

Theorem 1. Let A — consolidated tiled order in M, (D), where n € {4,5},

A= (AH Au)bilateral Peirce decomposition order A and

Aoy Ago
G(A) = G(A11) UG (A22). Let Q(A) — directed graph tiled order A. Then A satisfies Jategaonkar
condition if and only if a cycle exists i1 — j1 —» dg =+ jo — i1 in directed graph Q(A) with
Qip5; T Qi + Qg + gy < 4, where 41,19 € VG(All),jl,jQ € VG(AQQ)

Theorem 2. Let A — consolidated tiled order in M, (D), where n < 5, which satisfies Jate-
gaonkar condition. Than 370" a;j < %.

The author sare sincerely grateful to research advisor Pryshlyak O.O., professor at the geometry depart-
ment Faculty of Mechanics and Mathematics Taras Shevchenko National University of Kyiv for setting a
problem and valuable pieces of advice.
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The problem of the function extension on the circle to m - functions on The Klein
bottle with a hole
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A compact orientable manifold (surface) M with a boundary OM will be considered. The
function f : M — R is called m-function if: a) all its critical points are nondegenerate and do
not lie on the boundary 9M; ; b) edge of manifold can be represented as the union of M =
OM_ UOMyUIM, that the restriction of fy function f to OMy is a Morse function and if the set
of OM_ # @(OMy # &), then the function f takes its minimum (maximum) value [1].

Generalized snake is called a sequence of positive numbers z;; which satisfy the conditions
ro#T1# . 20,0 <x; <m,n,m e N [2].

In the case of the four critical points, there are two snakes, one feature implemented on leaves
Mobius.

Consider the m—function which has 6 critical points. Number of Morse functions on the circle
with 6 critical points equals to the number of appropriate substitutions, namely 16. The functions
on the circle are defined by snakes.

Theorem. For each snake which is defined the Morse function on the circle with six critical points
there is a one up to the topological equivalence, m-function on the Klein bottle with a hole without
wnternal critical points the restriction of which is topologically equivalent to the given Morse function.

The author sare sincerely grateful to research advisor Pryshlyak O.O., professor at the geometry depart-
ment Faculty of Mechanics and Mathematics Taras Shevchenko National University of Kyiv for setting a
problem and valuable pieces of advice.
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Konrakrhasa ¢gpopma JIu u KOHIUPKYJISIPHAS FeOMETPUst JIOKAJIbHO KOH(POPMHO
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Ha CeI‘OZ[HH]_HHI/II';I AC€Hb BeAyTCd aKTUBHBIC HCCICA0BaHUsL T€OMETDUU ITTOYTH KOHTAKTHBIX
METPUYECKUX CTPYKTYP Ha MHOroobpasusx. OnauM wn3 Hambosiee aKTyaJbHBIX BOIPOCOB
9TOTO PA3/eaa TEeOMETPUHU SIBJSETCS BOMNPOC O Mpeobpa30BaHUSX TOrO WM WHOTO BHIA STUX
ctpykTyp. OcoOblil mHTEpeC TPeACTABIAIOT KOH(MOPMHBIE MPpeobpa3soBaHus W WX YACTHBINA CIyuail
— KOHIMPKYyJsSpHBIE TpeobpaszoBanusd. Kpurepuii, Mo3BOAAIONINN BBIIEIUT KOHIUDPKYJIAPHBIE
mpeodpa3oBaHus M3 KAaCCa KOH(POPMHBIX MTPEOOPAZOBAHUN PUMAHOBBIX CTPYKTYP OBLT IMOJIY<9eH
snorckuM reomerpoMm Kenrtapo dAwo. € apyroit cropoHbl, ofHHM U3 Haubojiee WHTEPECHBIX
KJIACCOB TIOYTU KOHTAKTHBIX METPUYECKUX CTPYKTYD ABJIAIOTCA TaK Ha3bIBAE€MbI€ KBA3U-CACAKNECBHI
CTPYKTYDBI, BBeJleHHbIE B paccmorpenue /JIspumom Buspow. Wx 3HadgeHwe omnpenensercs,
opexage BCero, TeM, YTO OHH, B OHpe,Z[e.HeHHOfI CTeleHn, ABJAAI0TCAd KOHTAKTHBIM aHAJIOTOM
KEJEPOBBIX CTPYKTYP, UI'PAIIUX OIPOMHYIO POJIb B COBPEMEHHOI T€OMETPUU U €€ MPUJIOKEHUSIX.
Hanvawne koudOpMHBIX ¥ KOHIIMPKY/IAPHBIX PeodpazoBanuii MO3BOIIET BBECTH B PACCMOTPEHUE B
KOHTAKTHON €OMeTPUM KJACCHI MOYTH KOHTAKTHBIX METPUUYECKHUX CTPYKTYP, KOTOPBIE JOIYCKAIOT
JIOKQJIbHO KOH(OPMHOE WM JIOKAJbHO KOHIUPKY/ISPHOE HOpeodpa30BaHWe B KBA3U-CACAKUEBY
CTPYKTYPY: JIOKAJIBHO KOHCbOpMHO KBa3W-CaCaKHUEBBI U JIOKAJIBHO KOHIIUPKYJIAPHO KBa3N-CaCaKNEBbI
CTPYKTYPBI COOTBETCTBEHHO. B HacTosimelt pabore moaydeH KpUTepUii, MO3BOJISIONINN BBIIETUTD
TTOAKJIACC JIOKAJIBHO KOHITUPKYAIPHO KBA3U-CACAKNEBBIX CTPYKTYD U3 KJIACCA JIOKAJIHHO KOH(DOPMHO
KBa3U-CaCAKUEBBIX CTPYKTYD, MHTEHCUBHO M3YYaeMBIX B Mocjennee Bpems. [losydensr HeKOTOpBIE
TPUIOKEHUST U 0DODIIEHNS ITOTO PE3YIBTATA.

Ilycrs M?"+1 — rpankoe HedeTHOMepHOe MHORoo6pasme, CHabKEHHOE HOYTH KOHTAKTHOLI
MeTpuIeckoii crpykrypoit (kopoue, AC-ctpykrypoii). Hamu nokazana cieyromast
Teopema. AC-cmpyxmypa donyckaem A0KAADHO KOHUUPKYAADHOE NPeobPA30GAHUEC 6 HACTNUYHO
KBA3U-CACAKUESY CMPYKMYPY mozda U Mmosvko moz2da, %o0eda ee woHumaxmuas dopma Jlu
ydosaemeopaem ypasreruro Ao

Vw=w®w+ pg,

2de W — KOHMAKMHAA Popma, p — 2Aa0Ka8 GYHKUUA, § — MEMPUNECKUT MEHZOP.
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Joka3aHa
Teopema 1. [Ias Toro, uTobbl Ipu apeabHON OECKOHEYHO MaJIoN 1edOopManun MIHUMAILHOM
noBepxuoctn S C FE3 coxpaHsaach cpemHsd KPUBH3HA, HEOOXOAMMO M [IOCTATOYHO, UTOOBI

J— o
KOMIIOHEHTHI o1 cmerterus U = Uy 4+ UN yIOBIETBOPIN CAEMYIOMEH CUCTeMe YPaBHEHWH

U= 0, (1)

.. O (o]
g”U,ij —2KU =0, (2)
rie g —merpudecknii Tensop, a K # 0— rayccopa KPUBU3HA, IOBEPXHOCTH.

Vpasuenne cozmepxkuT OAHO juddepeHInaIbHOe YPABHEHUE C YaCTHBIMU ITPOU3BOLHBIMU
IIEPBOr0 IOPH/KA OTHOCHTEILHO JBYX Hem3BECTHBIX dyuxmumii u',u?. B pabore obmee pemenme
VpaBHEHUS IpeCTAaBICHO Yepe3 TPOM3BOILHEIN IPAINCHTHBIN BeKTOp ¢, € C! B BUge U’ =
Yy, i = 1,2, ¢ — AMCKPUMUHAHTHEIN TEH30D.

Ypasuenne (2) mnpencrasisier coboif  omHO ndbdepeHnnansbHOe  ypaBHEHHE € YaCTHBIMU

IIPOMU3BOAHBLIMU BTOPOT'O MMOPAAKA SJUIUIITUIECKOT'O TUIld OTHOCUTEJIBHO beHKI_H/H/I (}. T K. TrayCCoBa
KpUBU3HA MWHUMAJILHON IIOBEPXHOCTU BCEr/la OTPHUIATEIbHA, TO YOEXKIaeMcs, 4TO MHOCJeHUN
koadbdurment (—2K) > 0. g Takoro ypaBHeHUsT MPUMEHEHe TEOPUN N3BECTHBIX KPAEBBIX 33141
mpobaemarndro. C Apyroit CTOPOHDBI; MMEET MECTO CJIEITYFOITAsT

Teopema 2. [na kaxaoit MuruMambHO oBepxHOCTH (K # () MOXKHO BBIGPATH MTOCTOSTHHBIIH

1

BEKTOp € TaK, 4TO HaiieTcs obsacTh mepeMeHHbIX x', 22, B KOTODOil ISl €IMHHYHOrO BEKTOPA

HOPMaJIN TOBEPXHOCTH BBIMOJHSIETCsL yesoBue ¢ -1 > 0 (uwan ¢ -7 < 0) ¥ B KOTOPOil ypaBHEHWE
o
uMeer HeHyJjeBoe peitenue [J = ¢ N.

TTpu _yciaosusix Teopembl 2, kak ussectHo [I], k ypaBrenuto (2)) MOXKHO MPUMEHSITH TEOPEMBI
CYTIECTBOBAHUA 1 eINHCTBEHHOCTH PeIleHnil KpaeBhIX 3aJad. B pe3yabrare, mOTydeHBl HEKOTOPHIE
Pe3yAbTATHI JJIsT TTOBEPXHOCTH C TPAHUIIE.

Criucok smurepaTypbl
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1948.
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PaCCManI/IBaIOTCH KaHOHHMYECKHEe IIOYTH TeO0Je3NMYCCKUe OTO6pa}KeHI/IH IepBoro  THIIA

npocrpancrs addunnoi ceaznocru A, — A,, XapakTepu3ymOmuecs CJAeAYONUMU YPABHEHUAME

(cm. 1,2,3]):

Pl + Pl = —P3PL, — PGP, + 6fai + 6] ais (1)
TJie @;; — HEKOTOPLI CUMMETPHYCCKHI TEH30D, 3aIATON 0003HAYACTCA KOBAPUAHTHAS IIPOU3BO/IHAS
B IpocTpaHcTBe adpOUHHONE CBAZHOCTH Aj,.

Ypasuenus (1) cBemeHpl K 3aMKHYTOH cucreme Trna Kommi B KOBAPUAHTHBIX TTPOM3BOIHBIX
OTHOCUTENHHO (hyHKITHH Pf; (x), ajj(x). YcramosieHno, 9To KOJIUYIECTBO CYIIECTBEHHBIX 1aPAMETPOB,
OT KOTODPBIX 3aBUCHT O0Iee peIeHne TaKoi CHCTeMbl, He TpeBbimaet gucaa 1/2 n(n + 1)2.

NMwmetor mecto

Teopema 1. Tenszoput

h 1

ijk
Wij = Rij — Rji,

a MaKsCce MEH30P NPOEKMUBHOT KPUSU3Hb Belad A6AAI0MEA UHBAPUAHMHIMU 2EOMEMPUBECKUMU
00BEKMAMU OMHOCUMENLHO NOYIMU 2€00€3UNECKUT OMOOPACEnUT NEPEo20 MUNG, ONPEOEAACMBIT
ypashenuamu (1).

Teopema 2. Ecau npoekmusHo-e6kAud060 Uil ksuapdunnoe npocmparcmso Ay, donycrkaem
nowmu eeodesuneckoe omobpagicenue, Tapaxmepusyloweecs ypasnenuamu (1), na A,, mo A,
ABAACCA NPOCKTMUCHO-EEKAUIOCHIM UAU IKEUAPHUHHBLM NPOCTPAHCMEOM COOMEEMCMEEHHO.

Takum ob0pa3zoMm,  TPOEKTUBHO-EBKJIWUAOBH U 3SKBuA(MUHHBIE TPOCTPAHCTBA 00PA3YIOT
3aMKHYTBIE  KJACCHI  OTHOCHTEJHLHO [MOYTH TeOJe3WYeCKUX  OTOOPaXKeHUiH,  OIpeIeIsaeMblX
ypasHeHusivu (1).

B ciyuae, Korma TeH3op ai;j(x) TOXKIecTBEHHO OOpalaeTcs B Hysb, ypasHenus (1) Brosme
MHTErPUPYEMBI.

Crincok aurepaTypbl

[1] H. C. Cuntokos [eodesuueckue omopasicenus pumanoswz npocmpancme. — Hayka, M. (2008),
256¢.

[2] V. Berezovski, J. Mike§ On special almost geodesic mappings of type 71 of spaces with affine
connection. — Acta Univ. Palacki. Olomouc, Fac. Rerum Nat., Math. (2004), 21-26.

[3] V.E. Berezovski, J. Mikes, A. Vanzurovd, Fundamental PDE’s of the canonical almost geodesic
mappings of type w1, Bull. Malays. Math. Sci. Soc. (2) 37, No. 3, 647-659 (2014).
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B.B.IIlapko [I] mam wHeobxoammoe W IOCTATOYHOE YCIOBHE W30TOMHOCTU /IS TPABUIBHBIX
MUHUMAJIbHBIX (QyHKIUH Mopca Ha OZHOCBAZHOM MHOro0o0pasnn pasMepHocTH, bobirei nsatu. On
maspiBasl pyuknmu Mopca fo m fi Ha mMHOTOOOpasum M"™ W30TONHBLIMHU, €CIH CYMECTBYET MYTh
v [0,1] — C®°(M™ R), takoit, uro v(0) = fo,v(1) = f1 u v(t) - dbyukumsa Mopca mis
Beex t € [0,1]. Tlpwm srom dynkunun Mopca f u g, 3azannbie Ha MHOTOOOpasun M, Ha3BaHBI
COTIPSTZKEHHBIMU, €CJU CyInecTByoT muddeomopdusmer h @ M"™ — M™wm k- [0,1] — [0,1],
M30TOMHBIE TOXKIECTBEHHBIM, Takue, 4T0 [ = ko goh. Kcmm h u k - romeomopdusmbl, 10 hyHKITIN
(ae obst3aresnsHO Mopca) f u g HaseiBaror (CcM., Hanp., [2]) TomosorHgecK COMPSIKEHHBIMU, €CITH
OHM TOIOJIOTHYECKH SKBUBaJIeHTHBI [3] 1 romeomopdusm k coxpaHsger opueHTaIHIO.

ITockonbKy compsizkeHHasT (PYHKINA - TOHSITHE TEOPHH (DYHKIUH, SBASIONEECT KOHKPETHHIM
OTpaskKeHuEM HEKOTOPOT'O WHBOJIIOTUBHOTO OMEepaTopa Jjis COOTBETCTBYIOIIENO Kjacca (PYHKITH,
TO COTMPSI’KEHHBIE B YKA3AHHOM BBIIIE CMBICTE (DYHKITMA €CTECTBEHHO PACCMOTPETH, KaK YACTHHIH
ciaydait QyHKIM, B30TOMHBIX B 00Jiee MMUPOKOM CMBICJIE.

Omnpenenum u3oronHbie dyHKIUU caenytoinmmM obpazom. Ilycrs M - n-mepHoe MHOTOOOpa3ue
u X - ero nogmuoxecrso. Ciepyst oupejenenusiv [4], oboznauaem uepes Iso(M,X) rpyuiy
ero m3omoduzmor (C"-muddeomopdusmos; r = 1,...,00 umm romeomopdusmos nmu PL-
romeoMopdusMoB), HenmomBuKHbIX HA X. Iso(M,?) = Iso(M). Ecnu M opueHTHpDYEMO, TO
Iso™ (M) oboznauaer rpynmy wuzoMopdH3MOB, coxpaHsionx opuentanuio M. Tsog(M,X) -
noarpynma B Iso(M, X), cocrosimas w3 Beex M30MOpMH3MOB, H30TOMHBIX id)M B MpOCTpaHCTBE
Iso(M,X).

Oyuxun fo u fi Ha MHOr0OOpa3nyu Ha30BeéM u30TONHLIME (C”-M30TOMHBIME UJIH HEIPEPHIBHO
U30TOIHBIMU UM W30TONHBIME (byHKIaMu Mopca), ecim CymecTByIOT TaKast HENOJABKHAA Ha X
wsororusa H : (M, X) x I — (M, X) x I u mzoronua h : [0,1] x I — [0,1] x I, H; € Isoo(M, X)
u hy € Isof([0,1]), uro ansa seex t € [0,1] hyo fo = fio Hy mm fi = hyo foo H' - bysxomm
oaurHakoBoro Buma (C'-raagkue nin HempepbiBHbIe nan (yHnknun Mopca).

CIncok JnTepaTypbl

[1] B. B. ITlapko @ymkyuu na mno2006pasuss (arzebpauneckue u MONOAOZUYECKUE GACTEKMYL). -
Kues: Hayxk. aymka, (1990), 296¢.

[2] A. O. Prishljak Topological equivalence of smooth functions with isolated critical points on a
closed surface. http: //arxiv.org/pdf/math/9912004.

[3] B. M. Anekcees, B. M. Tuxomupos, C. B. ®omun Onmumaavnoe ynpasaenue.,- M, (1979), 200c.

[4] 1. FO. Bracenko, C. 1I. Makcumenko, E. A. [oayrax Tonoaozuueckue memodv. 6 usydenui
epynn npeobpasosaruti mnozoobpasut.- Tp. Un-ra maremarnku HAH Vkpaunst, (2006), 30-
80c.
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B Teopun guHaAMUYECKUX CHUCTEM, SHTPOIUS JUHAMUYECKOH CHCTEMbI — YHCJIO, BBIPAXKAIOIIEe
CTEMEeHb XAOTUIHOCTH €€ Tpaekropuil. PasjnuarorT MerpudecKyr 3IHTPOIUK, OMUCHIBAOILY O
Xa0TUYIHOCTh JUHAMUKHM B CUCTEME C MHBAPUAHTHON MEpOil Jijisi CIy4YaifiHOro BhIOOpA HAYaIbHOTO
YCJIOBHS 110 9TOM MEpE, U TOIMOJOIUIECKYH) SHTPOIUI), OMUCHIBAIOIIYI0 Xa0TUIHOCTh AMHAMUKY He3
TTPE/IMOIOKEHNST O 3aKOHE BHIOOPA HAYAJILHON TOUKH.

Ilpu sTOM, BApWAIMOHHBIN TPUHIIUN YTBEPXKAAET, UTO [JIsi HEIPEPLIBHON JTUHAMUYIECKON
CHUCTEMBI Ha KOMIIAKTHOM MHOYKECTBE, TOMOJOTHYIECKAs SHTPOINST PABHA CYMIPEMYMY METPUUECKUX,
B3ATOMY TI0 BCEM BO3MOXKHBIM BbIOODAM WHBAPUAHTHBIX MED JTAHHON CHCTEMBI.

B pa6orax [2, B] 6ei1 BBesen psiji HOBBIX WHBAPUAHTOB TONOMOTUYECKON CONPSIKEHHOCTH
BHYTPEHHUX (T.e. OTKPBITBIX IHCKPETHBIX) OTOOpPAyKEHWH, B KAUECTBE MOJEJIU JJIsT KOTODBIX
WCIIOTB30BAMNCH TUHAMUYECKTE MHBAPUAHTHBIE MHOXKECTBA TOMEOMOP(MU3MOB, KOTOPHIE OCHOBAHBI
Ha aHAJOIUU MEXK/Iy TPAEKTOPHUSIMU i 0OPATUMBIX 0TOOparKeHN i HAIIPABICHUSIMU B MHOYKECTBE
TOUYEK, UMermux obimit 06pas3, KOTOpoe PacCMaTPUBAINCH KaK TPAEKTOPHS B JIBYX M3MEDEHUSIX.
B nanpassienun urepanuit — “Bpems’, a TpaHCBEPCAJIbHOE €My — “HelTpaiibHOe” U3MEPEHUE.

Pacnpocrpansist 3Ty aHAJOIMIO HA HTPOINUIO, Mbl MOXKEM PaCCMATPUBATE OOBIYHYIO SHTPOIUIO
KaK CBA3AHHYIO C HAIPABICHWEM “‘BPEMEHW W BBECTHM €INe OJHYy 3HTPONUI0, ‘HeHTpaIbHyI0”
SHTPOIUID, KOTOPYI MOYKHO pacCMAaTPUBATH KaK YHCAO, BBIPANKAIOINEE CTENEeHb XAOTUIHOCTU
PACITIOIOXKEHUST PA3JINIHBLIX TPOOOPA30B HEODPATUMOTO OTODPAXKEHWH JAPYT OTHOCUTEIHHO JPYTa,
U CBSI3AHHYIO C MIOCJIEIOBATETbHOCTHIO JIOKAJIBHO TOXKJAECTBEHHBIX oTObpaxkenuit f~" o f™.

“Heitrpanbras’ SHTPONAS 110 ONPEIeICHNIO PABHA HYJIIO Ijid 00paTuMbix oTobpazkenuii. MoxwHo
OIPEJIEJIUTh KaK METPUUYECKYI0, TaK W TOIMOJOFHYECKYIO  HEHTPAJIbHYIO SHTPOIHUIO. BbIunc/eHb!
MPUMeEpBI, JJIs KOTOPBIX HeWTpajbHasd IHTPONUS HE PABHA HYJIO.

Crporoe oripejiesienne HERTPaIbHON SHTPOIUHU UCTIOJIB3YET TOT aKT, UYTO JJIsi HAKPHITUS f s
KazKJIOro 1 > 1 BeTBM MHOPO3HAYIHOTO 0TOOpaxkerust f~ " o f™ MOXKHO OTOXKIECTBUTH C OTAEIBHBIMEI
aBTOMOPGbU3MaMi IPYHIEl aBToMOpdu3MoB Apn makpeiTua f". Torga ¢ HaxpelTuem f cBg3aHa
TOC/IEIOBATEILHOCTE CBODOIHO JAEUCTBYFOIIAX JUCKPETHBIX I'DYII

ApCAppC---CApmC...,

U HEHTpaBHYIO SHTPOIMIO. MOXKHO paccMarpuBaTh Kak sofic entropy (|[4]) takoro meiictus. ta
KOHCTPYKIIAST PACIIPOCTPAHAETCST U Ha 6oJee 00IMe BHYTpeHHUE 0TOOPasKeHus, TJIe JeHCTBHE YiKe
He CBOOOIHO Ha MHOYKECTBE TOUEK BETBJICHW.

CImcoK JuTepaTyphbl

[1] FO. FO. Tpoxumuyk Juddepenyuposarnue, enympennue omobpasicenus U KPUumepuu
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[2] 1. 1O. Bracenko Junamuka enympennuxr omobpascenud.,- Hemniiiai Kommsannsa. 2011, T.14
Ne 2. —C. 181-186.

[3] M. FO. Buaacenko Bruympennue omobpasicenus: — MONOAOZUNECKUE UHBAPUGHMYL U UL
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[4] D.S. Ornstein and B. Weiss. Entropy and isomorphism theorems for actions of amenable groups.
J. Analyse Math. 48 (1987), 1-141.
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T'azoBbie bakesbl mogpas/ensdioTcd Ha JaMuUHApHbIE n TypOyaerTHbe. MoJjeab jJlaMuHApHOTO
dakesia peI-IIoIaraeT HAJIUINe «XOJIOIHOTO KOHYCay, OIPAHUUEHHOTO (DPOHTOM IIJIAMEHN, IPU ITOM
PPpOHT ITAMEHN MOYKET PACCMaTPUBATHCA KAK 30HA KOHEYHOI MpoTskeHHoctu. llpuHnunuaabHoe
oTmwame TYypOyAeHTHOrO dakesa OT JAMUHAPHOTO COCTOUT B TOM, ¢UTO W3-33 HAJUYUS B
AIPOAUHAMUIECKON CTPYKType MOTOKA TYypOYJEeHTHBIX BUXPEH W myabcanuit (OPOHT IIaMeHu
MepecTaeT UMeTh YeTKue rpaHutibl. [loHsaTre «CKOpoCTh pacupocTpaneHusd (hpoHTa, TYPOYIEHTHOTO
TJTAMEHU» TPAKTHUYECKH TEPAeT CMBICH. leoMeTpust u pasMepsl TypOyJIeHTHOro (hakesa B CpaBHe-
HUU ¢ (haKeJoM JIAMUHAPHBIM OIPEJIE/ISIIOTCS COBEPIIIEHHO UHAYE.

IIpobaemy Typbymuzaiumu ra3oBoro (hakejia CBA3LIBAIOT IJIABHBIM 00Pa30M € BOIPOCOM O TOM,
JIAMUHADHON win TypOyJIEHTHON sIBJIsieTCs CTPys Toprodeil cmecu B ropejike. OmHAKo 1mo/100HbIN
MOJXOJ] SIBJITETCS] BEChMa yIPOIMEeHHBIM.  OOIEw3BeCTHO, 9TO Mepexof, K TypOyJIeHTHOCTH B
CTpye roprodeii cMecu OOYCJIOBJIEH pPa3BUTHUEM HEYCTONYMBOCTH JIAMUHADHOTO TEYEHUS BS3KOit
cpeabl (ecam MOJEIMPOBATL MOJAYY TOPIOYEr0 Kak. TedeHue B kanasie uian tpybe). Omnako,
YCTOWYHUBOCTh TAKOI'O TedeHWd 0DecrednBaeT TOJbKO JIAMUHAPHOCTH MOTOKA TOPIOYEll CMecu, HO
HE rapaHTUPYeT JIAMUHAPHOCTH caMoro dakesa, Tak Kak akejbHOE I[LJIaMs caMmo 110 cebe MOKeT
OBITH HEYCTONYMBLIM, UTO MIPUBOAUT K ABTOTYPOYAU3AIINY TOPEHUS.

HeranbHo wmccaenoBaHa HEYCTOWYMBOCTE M CTPYKTYpa ILIaMeHu (B TOM duCIe (haKkeJbHOTO).
Jlokazamo, 9T0 BO3MOXKHOCTh PA3BUTHS HEYCTOWIMBOCTY U ITEPEXO0 1A TIPOIecca (hpaKeTbHOTO TOPEHUST
K TYpOYJIEHTHOCTH OIPEEISeTCs COOTHOIEHUEM MEXKAy MJIMHOM BOJIHBI Ay, MaKCUMAJBHO OBICTPO
HapaCTAOIIEr0 CO BpEMEHEM BO3MYITIEHUS, aJATOPUTM OTIPEIe/IeHIsT KOTOPOil mpuBejieH B paborax u
qmuHON A ofpasyromeit Konyca, miaMenn. BO3SMOKHBI TPW TPUHITHTIAATHHO PA3IUIHBIE CATYATTN.

Ecan

A > A, (1)

TO HEYCTONYMBOCTH HE MMeeT MECTa (BO3MYIIEHWs C HEYCTOWYMBBIMHU JJIMHAME BOJH HE MOLYT
peasm30BaThCs U3-38 OrPAHMIEHHOCTH JAJINHBI (DPOHTA IJIAMEHHN) U aBTOTYDPOYIM3AINA TOPEHUs He
IIPOUCXOIUT.

Ecan

Am ~ A, (2)

TO HEYCTOHYMBOCTDH, CKOPEE BCETO, TPOSBIILETCH HE B aBTOTYPOYAM3AIUY TIJIAMEHN, & B MUCKAXKEHUN
reoMeTpuvecKoll (opMbI ero (ppoHTa. @poHT TJIaMeHH B IJIOCKOM CEYEHUN NPHHUMAET
Jtyroobpaztble (POPMBbI, — IIPU 3TOM I'€OMETPUYECKHUE [TAPAMETDBI IYT OIPEIeIAI0TCH JIJIHHON BOJIHbI
Am, — OJHAKO CaMO ILJIAMS OCTAETCs JIAMUHAPHBIM. «XOJIOJHBIN KOHYC» B 9TOM CJIy4Yae MPUHUMAET
TIOJIBIAHOBU/IHYIO (DOpPMY.

1, makonen, ecnan

Am < A, (3)

TO ILIAMs HEYCTONUNBO 1 (paKes CTAHOBUTCS TYPOYJIEHTHBIM.

Ormernm, 9To (MAKCUMAJIBHBIN) TOMEPEUHBIi pasMep TypOYJIEHTHOrO (hakesia OmpeessieTcs, B
MTEPBYIO OUe-Peh, MACIITabOM TYpPOYJIEHTHOCTH, T.e. MapaMeTpoM, KOTOPBIH HATIPAMY0 3aBUCUAT OT
Am.

Permrenne 3agagm o reomerpmueckoit gpopMe W pazmMepax TasoBoro Qaxesa IMoO3BOJAET OoJee
9D dEKTUBHO YIIPABJIATE MPOIECCOM CKUTaHUA TOIINBA (0COGEHHO — TIEPEMEHHOrO COCTaBa) B
TOIKAX W KaMepax CropaHud.
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Eimué pas o reomerpudecknx MeToax B TEOPETHUYIECKON (bu3uke

A. H. I'epera
(OHATIT, Onecca, Ykpanna)

E-mail address: a.herega@gmail.com

B maremarwueckuit amnmapar TeopeTHUecKo# (puMBMKH B JABAIIMATOM CTOJETUN BOIUIET PsI
YHUBEPCAJBHBIX W CHEIUAJIBHBIX paBMepHOCTeﬁ. CyH_[eCTByIOT ABE OCHOBHBLIE TDYMUIILI 3a/JaY, B
KOTOPBIX PA3MEPHOCTHU CTAJIM PEeAJTbHBIM MHCTPYMEHTOM TOJIyUeHud U anaan3a periexuit. [leppas
— 9TO 33Ja49¥M CTOXACTUYECKOH AWHAMWKH, B YaCTHOCTH, Npobmembl Typbymentnoctr. B stmx
3a/la9ax Pa3MEPHOCTH SIBASIOTCA JOCTYITHBIMHM JIJIsi U3MEPEHUS U CTPYKTYPHO YCTOWYUBHIMU
XaPaKTEePUCTUKAMU CHUCTEMBbI, CBA3aHHBIMH, B YaCTHOCTH, C TOKa3aTe/IdAMHU HHHyHOBa; a TaKXKe
ITO3BOJISIOT TIPOBECTHU KJIACCU(DUKAIINIO CTPAHHBIX ATTPAKTOPOB U CBSI3aHHOIO C HUMU Xa0TUIECKOTO
noBesieHusd. BTOpas IpyIa — 3a1a9u MePKOJISIIMOHHON TeOpun: pas/iesid CTATUCTUIECKON (Pu3uKn,
B KOTOPOM Ha IIPOTsI?KEHUU [T0JyBEKA UCCJIEYIOTC reoMeTpuieckie (ha30Bble TEPEXO/Ib.

Jlisi KpuTmdecKuX IoKasaresieil (PU3MYeCKMX BEJMYMH, KAK I[IPABUJIO, MOXKHO VKa3arTb
MHOKECTBO, C Pa3MEPHOCTHIO KOTOPOTO 3TOT TOKA3aTeah CBsa3aH. B cBoio ouepennb, nccienoBanme
CTPYKTYPBI TAKUX MHOXKECTB MHOTO JA€T [/ TMOHUMAaHUsS KPUTHUECKOTO TIOBEJEHUS CHUCTEMBI U
COOTHOIIIEHM I MeEXKAY MOKa3aTe/JIAMU, TTO3BOJIAET MIPOCJACIUTH CBA3b ME2K/IY TTOBEACHUEM CUCTEMBI B
TTPOMEKYTOUHON aCUMIITOTHKE U €€ TeOMeTpUeit.

B 0630pe npoanaan3upoBano MOHATHE AJEKBATHOCTH MEPhI TOUEIHBIX MHOXKECTB, 0a3uPyorieecs
Ha pasMmepHocTu Xaycaopda-bBesukosuya, u ee poiib B OlpelencH ppakTajabHOl Pa3MEPHOCTH,
BBemennoi B paccmorpenre B. Mannennoporom. @DpakrtasbHag pa3MepHOCTh W €€ BO3ZMOXKHBIE
BapUAHTBI PACCMATPUBAIOTCS KAaK METpPUUECKHe MOHSITHUS, KOTOPBIE ONPEIEISIOTCS aJrOPUTMaAMU
ITOKPBITHUA MHOZKECTBa d—MeprIMI/I orapaMu. PaCCMOTpeHbI CHOCO6bI IIOKPBITHA OTI'DAHUYCHHBIX
MHOXKecTB, mpejyoxkenuble 1. Kantopom u I MunkoBckum, o606menne 2K. Bymuranom
pasmeprocTn MUHKOBCKOIO Ha ciydail ApOOHBIX pa3MepHOCTEl, a TakKe HamboJIee SKOHOMUIHOE
MOKPBITHUE, IpHUBO/sIiee K padmepuoctu llonrpsaruna-lluupensmana.

O6cyxmar0Tcd  BOMPOCHL: BO3MOXKHOCTHA UCIOJB30BAHNS OJHUX PA3MEPHOCTEH JJid OIEHKH
apyrux. TTokazaHo, 9ro jig CaMoToA00HBIX MaTeMaTnIecKnxX (hPAKTAIOB (THIA KAHTOPOBOI MBIIH,
koBpa CepnmHCKOTO W APYTHX) MACCOBasi PA3MEPHOCTH COBIAIAET C PAa3sMEPHOCThI0 Xaycmopda-
Be3sukoBuua, T.K. ompemengeTcd pPa3zMepPHOCTHIO MOm0bWda CKEHMJIMHTOBOTO 3aKOHA. Kpome Toro,
JUTsl TUIAJKUX KPHUBBIX U IMTOBEPXHOCTEH BewuuHa paszMepHocreii Munkosckoro-bynurana Dyp u
Xaycmopda-besnkosuaa Dy coBmamaer, u ¢ yaérom Toro, 9to Dysp jerde momaércs ONeHKe, OHA
MOXKET MCIIOJIb30BATHCS JJis ONpe/eeHis BeJUUuHbl Dy, 10 aHAJOIWH C Te€M, KaK €MKOCTH II0
KonmoropoBy ncnosib3yercs jijis oneHKN pasMepHocTu Xaycaopda-be3nkopuua.

B  nokiazne . paccMorTpeHBl  TakKe 00001I€HHBIE pasdMepHocTH PeHbu, B 9aCTHOCTH,
VHMOPMAIMOHHAA K KOPPEISIMOHHA, PA3MEPHOCTH SHTPOITMU MEPbLI, MACCOBas Pa3MEPHOCTb,
BHEIIHsisl W BHYTPEHHSS pa3MepHOCTU KpuBoil, 3¢dekTuBHAs PA3MEPHOCTDb U JAPYTHUE.

Crincok aurepaTtypbl

[1] J. A. Schouten. Tensor analysis for physicists // Oxford, (1951).

[2] I. M. Sokolov. Dimensionalities and other geometric critical exponents in percolation theory //
Sov. Phys. Usp. 29, (1986), p.924-945.

[3] L. Pontrjagin, L. Schnirelman. Sur une propriete metrique de la dimension // Ann. Math. 33,
(1932), p.156-162 .

[4] A. Renyi. Probability theory // Amsterdam, (1970).
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T'eomerpuydeckuili MeTOa CPAaBHUTEJBLHOTO aHAJIN3A YHEPreTUIECKUX
HerapMoHNYeCKUX JeTePMUHUPOBAHHBIX MPOIECCOB U €r0 MPUMEHEHNE B
pajguorexHuKe

M. H. T'opbaues
(MucruryT obmeit sreprerukn, Kues, Ykpaunna)

E-mail address: khimjuk@Qied.org.ua

3ajilaun CPABHUTEJBLHOTO aHAJN3a SHEPIETUUYECKUX HErapMOHUYECKUX JIeTePMUHUPOBAHHBIX
TPOTIECCOB B PAJUOTEXHUUECKUX TEMSIX U YCTPOUCTBAX UMEIOT TTPOOJEMHBIA XapaKTep U SBJISTIOTCS
BEChbMa AKTYAJIbHBIMUA. DTO OObSICHIETCS CAEAYIONINMA TPUINHAME:

1) Bce OGoJjiee IMMPOKUM MPUMEHEHWEM KJIOUEBBIX PEKUMOB DPABOTHI B COBPEMEHHOI
PAOIMOTEXHUKE, B PE3YJAbTATEe Yero 3SHEPreTUYeCKUe MNepUOoJuYecKHe IIPOMECChl  ABJIAI0TCA
CYIIECTBEHHO HETAPMOHUYECKUMHU (HAIIPUMED, B YCHJIATEIIX Kiiacca J);

2) meadbdHEKTUBHOCTBIO TPAJAUTMOHHO TPUMEHSIEMbBIX OJHOMEPHBIX MATEMATHIECKUX MOJe/eH B
BHUJIe COCTABJISIONINX TMOTHON MotHOocTH S (aKTuBHON P, peakTuBHOI () n MOmIHOCTH HCKazkeHus 1)
JUId CPABHUTEILHOTO aHAIN33, KJIIOUEBbIX PEXKUMOB, KOTOPBIM HEOOXO MM Ha JTAIe TPOEKTUPOBAHNS
U pazpaboTKu PaINOTEXHUUECKUX YCTPOHCTB C IIEPEMEHHBIMU TApaMeTPaMHU.

VKa3zaHable TPUYMHBL FBUJINCH OOOCHOBAHWEM Juid Pa3pabOTKu TreOMETPUIECKOTO METOJIA
CPaBHUTEJBHOIO aHAIN3a MEPUOUIECKIX dHepreTrdeckux nerapmonmdeckux (II9H) mpomeccos B
PAIMOTEXHUHYECKUX TEMSIX U yCTPoiicTBax. Pa3padoraHHblil HOBBIN reOMETPUYECKU METO/] OCHOBAH
Ha HAXOXKJEHUU W TMPUMEHEHWW TPeXMepHBIX reoMerpuueckux mojeseit [I9H mpomeccor B BuHIE
PEKUMHBIX TPAEKTOPUN COBMECTHO C TPEIOKEHHBIM KpuTepuem K, mis ornenkn 3hdeKTuBHOCTH
I[T9H mporeccos Kak (HU3HIECKU €IUHOTO METOTO:

. xmax(Q) - $min(Q)
7 bt ZU(‘]) ’
T7I€ Tmax(¢)U Tmin(q) - BHAYEHUS HOPMUPOBAHHBIX 110 MOJYJIIO BEKTOPA IOJHOW MOIIHOCTH

S KoOpaMHAT, COOTBETCTBYIOIIMX Hauajy M KOHIY pexumuoii tpaexkropun (PT), koropas

pacrojioykerna Ha cepraeckoit 000109Ke payca p = 1; z,(q) - cpenHee 3HaYEHNE HOPMUPOBAHHOT
KOODJIMHATH z(q)HA 3aJaHHOM /HANA30HE W3MEHEHWsI [ePEeMEHHOTO MapaMeTpa, HampuMep,
IOOPOTHOCTH (.

IIpu sTom wmeauTeabr B popmysie st pacuera Kpurepuss K, mpomoprmonaner aauHe PT
B 3a/IAaHHOM JIMANA30HE M3MEHEHUS MEePEMEHHOrO mapaMeTpa ¢, a KOOpAuHaTa Z,(q) Ompesesser
MTPOCTPAHCTBEHHYIO OPHEHTAIINIO PEKNMHON TPAEKTOPHUH B TPEXMEPHOM 3BKJIMIOBOM IIPOCTPAHCTBE.

B mormaze mpuBeseH mpuMep pereHus 3aa4uu CpaBHUTENbHOTO aHagunsa [I9H mporeccos B
pPaJMOTEeXHUYECKON JinHeitHOM 1enu Tuna RL ¢ mepeMeHHON M0OPOTHOCTBIO ¢ B JIMANA30HE OT
Gmin = 1 /10 Gmax = 40 npu BO3mEHCTBUHN ABYX PA3JIMIHBIX HETAPMOHUYECKAX JETEPMUHUPOBAHHBIX
WCHBITATENHLHBIX CUTHAJIOB, IMHUPOKO MPUMEHSIEMBIX B PAINOTEXHUKE U 3JeKTpocBasn. llepBoiit u3
9TUX CHIHAJIOB SBJIIETCS PA3HOIOJIAPHBIM HAMPS2KEHUEM CHUMMETPUYHON IIPIMOYTOJbHON (DOPMBI
C MMUPOTHO-UMITYILCHON Momyranueit. Bropoi#t curunas nmeer dpopmy meangpa. llepBomy curHary
IpU yrJie MOAYJISNuN o« = 7/3 coorBercTByeT 3Hadenne kpurepust K, = 0,3392, BropoMy curaasry
coorBercTByeT 3uHadenne kpurepus K, = 0,4612. Tlpu sTom GosbinuM 3HaYeHUAM Kpurepusd K,
cooTBeTCTBYI0T Oojiee achdekrusubie [IDH mporeccsr.

B paccvorpennoit 3amade, nMmeroreit O0BITOe TPUKIAIHOE 3HAYEHNe, Oosee 3 dEKTUBHBIM
sipjigercst II9H mporece, coOTBETCTBYIONINI CUIHAJY THIIA MEAHIP.
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NuankaTpuca HOpMaJIbHON KPUBU3HBI €BKJINA0BOY MOBEPXHOCTH IICEBI0EBKJINI0BA
OpoCTpaHCcTBa

M. A. I'peunesna, II. I'. Creraumesa
(3HY, 3amnopoxkbe, YKpanHa)

E-mail address: mag83Qlist.ru,steg_pol@mail.ru

ycrs V2(u!l, u?) - exanmoBa HOBEPXHOCTD B IICEBI0CBKINI0BOM IPOCTPancTBe Ry (¢ MeTpuKoii
curHaTypel — + ++). B xaxmoit Touke M moBepxmocTH V? OIpeesNeHbl BE HOPMAJIL:
TICEBIOEBK/INIOBA C HANPABAAOININM BEKTOPOM 73] U €BKJUJ0BA € HAMPAB/ISIONINM BEKTOPOM
ny. Kaspomy manpasmenuio 7(du', du?) B xacaremsnoit miockoets Ty V2 coOTBETCTBYET BEKTOD
HOPMaJIbHON KpUBU3HBI k(T), PACIIONIOXKEHHBINH B HOpMAasbHOW maockoctu Nps. Ilpu Bpamenun
HAIpPABJIEHUsT 7 B KacareabHoil miockoctu Th/V? Komer, BexTOpa k(;) OnuIIeT HEKOTOPYIO
KPUBYIO, KOTOPYIO, TI0 AHAJIOIUU C €BKJIUJIOBBIM IIPOCTPAHCTBOM, Oy/IeM HA3bIBATH WHINKATPUCON
ropmasbroit kpususnkl ([1]). B ormrame oT eBK/MI0BA TPOCTPAHCTRA, B MPOCTPAHCTEE | Ry BEKTOD
HOPMAaJTHHON KPUBU3HBI HMEET BT

_ Tssy M1) _ TssyM2) _ L . 8 g1t I
k(T) = @m + (SS’_|2)n2 = —i(rss, M) + (s, M2) My = —igm + 51,

IJIE T'ss - BEKTOP KPUBU3HBI KPUBOil Ha MOBEPXHOCTH V2, MMelomieil nanpasienne 7 B Touxe M, TTF
- BTOpagd KBajparndHas GhOpMa, COOTBETCTBYIOMIAS HOPMAIH Nk, k = 1, 2.

Jl1s HaXOXKIeHUs KOOPJAMHAT ', 2% TOUKM MHIMKATPUCH BBIOepeM B miockocTu Nj; perep ¢
HagasoM B Touke M, 6a3ucHbIMU OpTaMu Ny, Mo U IepeiieM K HOBOM ITapaMeTPU3aIINN ITOBEPXHOCTH
TaK, 9TOOBI JJI ee MeTPHIECKOI'0 TEH30Pa BBIIOJIHATIOCE yCIOBHe g;; = 0;;. Torma

Li, + Ly, n L= Ly

zt = —i( 5 5 22 082 + Liysin2¢),

L3, + L3, L3 —1L3
L 11 ;— 22 4 5 22 cos 2 + L3, sin 2,
1

TJIe yToJI ¢ 00pa30BaH HAIPABAEHUEM T W KOOPIWHATHON JUHUEH U .

MoXkHO TOKa3aTh, 9TO ITH YPABHEHHUS SBISIOTCS YPABHEHUSIMH TEHTPATBHON KPUBOH BTOPOTO
TOPSAKA W IPHUBECTH HX K KAHOHUYECKOMY BHUIY. P CBOMCTB MOBEPXHOCTH OIPEIAESISTIOTCH
CBOWCTBAMHU €€ WHJINKATPUCH HOPMAJILHON KPHBUZHBI. B wactHoCTH, TayccoBa KpPUBH3HA
€BKJIMJOBOM HOBEPXHOCTH V2 BbIPAXKaeTCsd 4epe3 KOOPAUMHATHI «, 3 LEHTPa HHIAMKATPUCHL U €e
IIOJIyOCH a, b B Buie

K=a>+p%-a% -1

Crincok smrepaTypbl

[1] ¥O. A. Avmros eomempus noommnozoobpasuti - K.:Haykosa mymxa, (2002), 467c.
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06 omHOM KJacce JIACTHYHBIX TKAHEI paHra p

K. P. Jxykaresn
(TeI'Y, Trepn, Poccus)

E-mail address: dzhukashev@gmail.com

B pabore [I] Gputa mposemena K/accHdUKAIMsS BCEX IJACTHYHBIX TPU-TKAHEH € TEH30POM
kpyueHus panra 1 (r.e. panr npomsBogHOil anrebbr, oOpasyemoil TEH30pOM KpPY4eHUs DABEH
equnune). Brito qokazano, 9To Takme TKaHu 00pa3yioT gBa kiacca, B u Ej.

B nannoii paboTe TpHUBEIEHO YACTHYHOE KIACCH(DUITMPOBAHEUE 3JIACTUUHLIX TKaHeidl paHra 2,
HAIEH OJMH W3 KJIACCOB TaKWX TKAHEH, a TakyKe MPOBEeJIeHHO 0b00IeHre KIaccoB TKanel panra 1
E} wu traneit panra 2 E5(2) 10 kracca TKaHeit paHra p - kiaacca E5(p).  OCHOBHBIM PE3yIbTaTOM
pPaboOTHI ABJISIETCS

Teopema 1. Tranu EL(p), sadarnve ypasHenusmu

1
S= et — 1)
Za — $a+ya’
ede b, . = —bl const, ¢y = —cp, = const, u = 1,..,p; a,bje = p+ 1,....r, asraomeca

T-MEPHBLMU INACTNUNHBMY TNKGHAMY U PAHZ €€ NPou3so0not aszebpol, onpedeasemoti Mmer30pom
KPYUEHUA, PAGEN P.

Crincok smrepaTypbl

[1] Dxyxames K.P., llemrexos A.M. Muozomeprvie 2aadrue aynvi ¢ ynHusepcasbubim CGoUCMEOM
anacmuunocmu - Maremaruaeckuii coopuuk, 2015, Tom 206:5 (B neuarn)
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Anajnurnydeckasi armpoKCUMAIUsl T€OMETPUYIecKoii (PopMbI 3PpUTPOIUTA

B. B. 3y6
B. X. Kupuaaos
B. M. Ky3akonb
(OHAIIT, Omecca, YkpanHa)

E-mail address: kuzakon_vQukr.net

HopmanbHbIi 9puTporuT(HOPMOIIUT) 9eI0BEIeCKOil KpOBH nMeeT hOopMY JBOSKOBOTHYTO# JICTIEITKH
C YTOJIIIEHHBIM TOPOBUAHBIM KpaeM. B pabore [3] paccmarpusaercst reomerpusi MOJIEIN SPUTPOIUTA,
3aJaHHON B IMWJINHAPHUYIECKAX KOOPAWHATAX IIOCAEIOBATENBHO COeIWHEHHLIMU KPUBLIMH DBesbe.
OjpHaKO, TaKO! MOAXOM, KakK JH0bas CIJIAiH-UHTEPIOJISIS, 3HAUNTE/TbHO  YCIOKHAET PACUETHI,
KOTOpbIE TIPUMEHSIOTCS B COBPEMEHHOH MaTO(U3UOJIOIUU  KPOBH. ABTOpBI TIPEIATAIOT
AMMTPOKCUMUPOBATH TPOGUIL HOPMOIIUTA B BUJE JIUHUN U3 ceMelicTBa KpuBbixX [lepcesi. D1u Kpusbie
TMPEACTABASIIOT CODOM TUHUM TTePEeCedeHns MOBEPXHOCTHIO DJIIUIITHIECKOTO TOPa

2
yQ:bQ—%(\/x2+z2—d)2

C IJIOCKOCTBIO, 11apPaJIJIeJIbHOR €ero ocu 2 = P, [PUYEM, I'€OMETPUYECKUIl CMbIC/ [1APAMETPOB
caegyommnii: a, b — noayocu ssunnca; d — paccTosHUe OT Havaja KOODIUHAT JI0 [IEHTPA JINTICA; P
— PacCTOSHUE OT OCH TOPa A0 CEKYINel TIOCKOCTH.

Taxum ob6pazoM, TPodUIb IPUTPOIUTA B TEPBOM. KBaJPAHTEe KOOPAUHATHON miockoctu Oy
ompeieIIeTCs ypaBHEHTEM

yZC\/aQ—(m—d)Q (c:é)

a
Ecnu ypaBuenue mpoduiisa spuTponuTa npeicTaBuTh B MapaMeTpudeckoit hopme

x(t) = \/(d+ acost)2 —p?;
y(t) = bsint,

IJIOITA b IMOBEPXHOCTHU IPUTPOIUTA MOZKHO HanITI/I7 BbBIYUCJINB WUHTErPAJIL:

B
S = 47r/ \/ (@sin® t + b2 cos? t) (d + a cos t)2 — b2p? cos? tdt,
«

rae o = 0, § = m — arccos ?. O6beM PUTPOLIATA HAXOIAUM KaK:
b 2 b

2
2
V=27r/ d+\/a2—%2 -’ dy—27r/ d—m —p” | dy,

0 Yo

rae yo = ¢/a? — (d — p)2.

)

Crmicok JmTepaTypbl

[1] Ywxesckuii A. JI. Cmpyxmyprud anasus dsuscywetica kposu. — M.: Mzn-so AH CCCP, 1959.

[2] Baacos B. H. Buuucaenue nexomopwx noxazameaetds spumpoyumos uesoseka.- M, a Ne 77-6567
ny6.,1.14137, 12.01.2007.

[3] Haropros 0. C., Kunges U. B. Onmumusayusa @opmv, spumpoyuma 6 coomeemcmeui,
¢ OQHHOLMU GMOMHO-CUA080T MuKkpockonuy.- Martemarnaeckas MOPQOIOTHT. DIEKTPOHHBIH
MareMaTuvueckuii u Menuko-buonoruveckuit :xkypaas. Tom 12. Bemr. 1. 2013.
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Pacuér onTumanbHBIX pa3MepoB HACAJAKN MJIEHOYHOTO OXJIAIUTEJIS

B. X. Kupuamgos, H. II. Xynenko
(OHATIT, Ogecca, Ykpanna)

E-mail address: khudenkon@mail.ru

Pazpaborana mMeronnka pacuéra OnTUMAJIBHBIX PA3MEPOB HACAIKU TPOTUBOTOYHON BEHTHJIATOPHOM
rpajvupHU. Pemaerca 3amaga HeMHEHHOTO NPOrPAMMHUPOBAHUSA MUHUMUBAMUN CTOUMOCTH
anmnapaTa, OTHeCEHHOM K I'o/ly SKCILIyaTalluu.

Jlna omrpeeneHns ONMTUMATBHBIX SKCILTYATAIIMOHHBIX M KOHCTPYKTUBHBIX TTAPAMETPOB IPAaJupPHA
9KOHOMHIYECcKas (PEKTUBHOCTh MOXKeT ObITh 3alucana B BUje npuBeaeHHbIx 3arpatr [1]

H k
:E—F?l,
k

rie E — T0/I0BbIe SKCILTYATAMOHHBIE PACXOIbI, TPH/TOT; 7y - KaOUTa/IOB/IOXKEHUS, IPUXOJISIIHECS
Ha OJIMH 0/ HOPMATUBHOI'O CPOKA OKYNAeMOCTH Ti, I'PH/T0;

Ilena ammapata onpeaensieTcsd COOTHOIEHUEM
\Ilan = ManKana
riae Mg, — macca, T; K, — IleHa eINHAUIBI MAacChl anmnapara, 'pH/T. Macca anmapara paBHa
My =nSép =nLHp,

re N — KOJMYEeCTBO JIMCTOB IJIOCKOIAPALIebHOl Hacaaku; S — mwromanb jucra (S = LH, L —
JUIHHA JICTa, M; H — BblcOTa Hacajku, M); 0 - TOJIIMHA JHCTA, MM; p - [JIOTHOCTH MaTepuasa
Haca Kkn (QTIOMIHIH, T/M3).

VYiesbHBIE KaNNTAJI0BIOKEHNsI B HACOCH! (KOHCOJILHBIE) W BEHTUIATOPHI (OCEBbIE) BKJIOYAIOT B
ce0st UX CTOMMOCTB COBMECTHO C 9JI€KTPOJBUIATENISIMI U CTOMMOCTH MOHTaXKa. DTU 3aTPAThI, 1O
nautbiM (http: //www.sanventika:ari) MOXKHO ONIpe/e/IUTh 110 yPaBHEHUIM

Ki=c + alel rpa/kBr (a1 = 1,103, b = 3,411, ¢ = 740,374)

Ky = agNé’Q rpu/kB1 (a2 = 599,426, by = 0,3058), rie Nfl, Ngz MOLIHOCTH Hacoca U
BEHTH/IATODA.

Bajiaua ONTUMUBAINY PEIIAeTCs 1IPU OTPAHNYEHUN CBA3AHHOIO C YCTAHOBJIEHUEM 3aBHCHMOCTH
TEMIIEPATYDHI KUJIKOCTH Ha BBIXOJIE U3 alllapaTa 0T He3aBUCUMBIX HEPEMEHHBIX

tp = t(n,L, H,GT).

.. m ..
[osryvensl onTUMa/IbHbIE 3HAYEHUs SKCILTyaTanuoHmoil (G - MaccoBBI pacxol BO3LyXa) U
KOHCTPYKTHBHBIX (N, L, H — n - kommaectso quctos; L — maunaa Hacagku; H - BBICOTA HACAIKW)
MMepEMEHHBIX, COOTBETCTBYIOIMIUX MHHHUMYMY KalHWTAJIOBIOXKEHWM B almapaT W BEHTUJISTOPHI,
OTHECEHHBIX K TOJy OKYIIAeMOCTH JJIsi TUTIOPA3MEPHOTO PIIa TPAIUDPWH.

Crincok smurepaTypbl

[1] B. II. Anekcees, D. /1. Ilonamapés, H. I Cypunos. K BeiGopy onTumabHON KOHCTPYKIIUH
rpajupen // Xonoxunbhas Texauka. Ne 12, (1971), C. 41- 43.
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NuBonoTUBHBIE rUIIEPPACIIPEAESIEHUS U TOJIOMOP(MHbIE BEKTOPHbBIE [M0JIS HA HOYTH
9PMUTOBBIX MHOT000Pa3MAX

B. ®. KupuiyeHko
(MIIT'Y, Mocksa, Poccus)

E-mail address: highgeom@yandex.ru

O. E. ApcenbeBa
(MIIT'V, Mocksa, Poccus)

ITycrs M — n-mephoe ruajkoe muoroobpasue, X(M) — C°(M)-mouy/ib 1yIaJKUX BEKTOPHBIX
nosieit Ha M, d — oneparop BuerHero puddepeniupoBanus, £x — oneparop. tnddepeHIimpoBaHus
Jlu B mampasyienun BeKTOpHOTO ToJisi X. Bce MHOT00Opa3us, TEH30PHBIE TMOJA U T.II. OOBEKTHI
TPEeIOIAraloTCa TIaaKuMu Kiaacca C.

®ukcupyem BekTopHoe mone { € X(M). XOopoIo W3BECTHO, YTO OHO MOPOXKIAET
JIOKAJTBHYIO OTHOMIAPAMEeTPUIecKyo rpyny nuddeomopduznvos F; muoroobpasus M. Paccmorpum
muddepeHIanbHO-reoMeTpraeckyo  crpykrypy S = {7i,...,Tn} wa M, ompeneneHHyto
KOHEYIHBIM YHCJIOM TE€H3O0PHBIX noJieii Ha M

Onpeneaenue 1. Cmpyxmypa S Hazvsaemcs &-NHBAPUAHTHOW, ECAU KGHCOVT U3 MEH30PO8, ee
COCTNABAANOULUL, UHBADPUGHINEH OTNHOCUMEAOHO ONEPAUUT YBACHEHUS, NODOHCOCHHBIL INCMEHINAMU
A0KANDHOT odHonapamempuyeckots epynnot JFy.

Oupegnesnenne 2. [ Bexmopnoe noae & € X(M) nazveaemcea T0peOOOPABYIONINM, €CAU
Vé=pid+a® &

U HA3BEAEMCA NCEBAO-TOPCOOOpasytomum, ecath V& =pJ + a @ &, dan nexomopux p € C°(M)
ua € X*(M). Juppepernyuaavryo 1-popmy a v Pynryuo p 1a306em XapaKTEPUCTHICCKUMHU.
Topcoobpasyrousee 6eXMOPHOE NoAE HAZBIBAMCA KOHIMPKYIAPHBIM, ecau da = 0, u Hasweaemcs
CITEMKOHTIMPKYJIAPHBIM, ecat a = 0.

Onpenenenue 3. Bexmoproe noae £ HG NOwWMU IPMUMOBOM MHo2000pa3uu M wnaswvieaemcs
roJIOMOPMHBIM, ecat sndomoppusm J E-unsapuanmen.

Teopema 1. Topcoobpasiyrowee sexmopnoe nose € HA NOYMU IPMUMOEBOM MHo2000pasuy M
2040MOPPHO 0200 U ThOABKO Mo20a, Ko2da

Ve(N)X = a(JX)E —a(X)JE X € X(M).

Teopema 2. [uneppacnpedeserue HG NOYMU  IPMUMOBOM  MHO2000pA3UL,  NOPOdICIEHHOE
dupdpepernyuanvroti Gopmot, dyaroHoti 20A0MOPHHOMY TOPCOOOPASYIOULEMY BEKMOPHOMY NOAI HA
IMOM MHO200OPA3UY ABAACTNCA BNOAHE UHMELPUPYEMBIM.

Criucok surepaTypbl

[1] Amunosa A.B. IlpoekTuBHBIC TIpeOOPa30BaHUS TICEBIOPUMAHOBBIX MHOT0OGpasuit // Mocksa,
Trye-K, 2003, 619 c.
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AB6cosmoTHO TOpCcOoOOpa3yoiue BEKTOPHbBIE MOJIA HA {-MHBAPUAHTHBIX
anddepeHnMmaJIbHO-TEOMETPUIECKUX CTPYKTYypax

B. M. Ky3akoHb
(OHAIIT, Omecca, YkpanHa)

E-mail address: kuzakon_vQukr.net

Usyuarorca auddepennmanbao-reomerpuaeckue crpykryper S = {T1,...,Tn} na M,
OlpeJieIeHHbIe KOHEYHBIM YUCJI0M TeH30PHBIX moJieil Ha M. IIpuMepamu TaKux CTPYKTYD sABJISTFOTCSI
PUMAaHOBBI CTPYKTYphl (N = 1), mouTu SpMUTOBBI CTPYKTYphl (N = 2), MOUTH KOHTAKTHbIE

crpykTypsl (N = 3), u T.II.

Onpenenenue 1. Cmpyxmypa S Hasvisaemcs &-NHBAPDUAHTHOMN, ecAU KaxcOuwl U3 MEH30pos, ee
COCNABAANOWUT, UHBADPUGHMEH, OTNHOCUMEALHO ONEPAUUT YBACHEHUS; MOPOHCOEHHBIT INCMEHMAMU
AOKAALHOT OOHONGDAMEMPUYECKOT, 2pYNNvE Fr.

PaccmorpuM mecTs HamboJee M3YyYeHHBIX MONKJIACCOB KJIACCA ITOYTH SPMHUTOBBIX CTPYKTYP
BMECTE C yCJIOBUSIMU , UX Onpejesionmmu [3]:

e Tlournu kenepossl (AK): dQ = 0;
o ITpubsmxenno kenepossl (NK): Vx(J)Y + Vy(J)X = 0;

o Kpasukeneposel (QK): Vx(J)Y + Vyx(J)(JY) = 0;

Opmurosel (H): Vx(J)Y =V x(J)(JY) =0;
o Kenepossr (K): VJ =0;
e Jlokanbuo kKoHpopMHO-Keaeposs! (LC K-MHOr006pasust )

Onpenenenue 2. Topcoobpasyrouiee sexmopnoe nose € Ha NOYMU IPMUMOBOM MHO2000Da3UY
(M, J, g) nasosem abCOTIOTHBIM, €CAU 6ekmoproe nose JE mooice mopcoobpasyrousee.

Jlokazamnbl CaeAyIolie Te0OPeMbI:

Teopema 1. Topcoobpasyrowee sexmoproe noae & € X(M) 6ydem abcoatomuo mopcoobpasyrousum
mozda U MoAvKo moeda, Ko2da

Vx(J)§=0 (X €X(M)).
Teopema 2. Ab6coaromno mopcoobpa3yrowee GeKMoOpHOe NOAE HA NPUOAUNCEHHO KeACPOBOM
MH02000P03UU 20A0MOPPHHO T0206 U MOALKO M020a, K0200 OHO CREUKOHUUPKYAAPHO.
Crncok JurepaTypbl

[1] B. @. Kupuuenko , B. M. Kysakoub O 2zeomempuu 2040 MoOp@hHoiz mopcobpasyowsus 6eKmopHoLs
noaeti Ha NOWMU IPMUMOBBL MHO2000pa3uax ,- YKP. maTem. k., 2013, 1.65, No 7, c.1005-1008.

[2] A. B. Amunosa IIpoexmusnvie npeobpazosarus ncesdopumanosus muozoobpasui,- Mocksa,
Aryc-K, 2003, 619 c.

[3] A. Gray , Hervella The sizteen classes of almost Hermitian manifolds and their linear invariants
~Ann. Math. pure and appl. 123 (1980), 35-58.
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4-KBa3uNJIAHAPHBIE O0TOOPAXKEHUSI TI0JIyKBATEPHUOHHBIX MHOrooopasuii

. H. Kypb6arosa, M. Xannan

(OHY, Opnecca, Yrpanna)
(Mexmynaposubrii yausepcurer Baau, Cupnst)

E-mail address: irina.kurbatova27@gmail.com

Panee MBI paccMaTpuBaim  4-KBA3WIJIAHAPHBIE  OTOOPAYKEHWsl TTOYTH  KBATEPHUOHHBIX
muoroobpasmii ([1]).

Beemem B paccMoTpenme CTPYKTYpy, KOTOpas MOPOXKIACTCA MApOil MOYTH KOMILICKCHBIX
crpykryp  ([2]), kommyTHmpyrommx Mexay — coboii. Haszosem ee noayxsamepruonnod.

CoOTBETCTBEHHO, HABOBEM NOYMU NOAYKEAMEPHUOHHBIM PUMAHOBO TPOCTPAHCTBO V,, ¢ 3aJaHHBIMK
1 2
Ha HEM IIOYTH KOMILJIEKCHBIMH CTPYKTypaMu [’ | [, KOTOpbIE HAPALY C

1 1 2 2
Fz‘aFg = *5% Fz‘aFciL = *5? (1)

YAOBJIETBOPAIOT YyCJIOBUAM
2

1 2 1
F{F) — F{Fy = 0. (2)

Tenzop
3

1 2
h _ porh
Fi' = F'Fy,

OYEBUJIHO, ONPEJIeNIET CTPYKTYPY MOYTH TIPOU3IBEIEHNSL :

3 3
arh _ ch
EXF) =6,
Kak o6bramo, mom Kesepopoit OymeM TOHMMATH MOJYKBATEPHUOHHYIO CTPYKTYPY Ha Vi, J7s

KOTOPO#t
S
h _ —
Fm =0, s=1,2,3.
Iloxazano, 9T0 KeylepoBO MOMTYKBATEPHUOHHOE TTPOCTPAHCTBO TMIPUBOINMO.

Pacemorpum (1ices io-)puvanopbt mpoctparctsa (Vy, gij) n (Vy,g;;) ¢ MOTyKBaTepHHOHHBIMM

S
S —g
KeJepoBeiME cTpyKTypamu F, F, s = 1,2,3, nmaxongamueca B 4KIIO, coxpaHsioiem cTpyKTypy.
Torma B 061melt 10 OTOOPAKEHWIO CUCTEME KOOPANHAT (') MMEIT MeCTo

3 s
T (x) = Th(2) + Y a4 (2) Fi (@),
s=0

rae

o 3 1 2 s S
Fl =6} F}=FF!, F!z)=F;(v),
§Z($) - HEKOTOPbIE KOBEKTOPLI.

BrisiBaensr crpykTypHblEe 0COOEHHOCTH Takoro orobpaxkenus. Ilpusogurcs sddexTuBHbIN
c1rocob KOHCTPYUPOBaHUS TOJYKBATEPHUOHHBIX KEJIEPOBBIX MPOCTPAHCTB U WX 4-KBA3UILJIAHAPHBIX
0TOOPAYKEH M.

Crmcok JuTepaTyphbl

[1] M. H. Kypb6arosa O dugdeomoppusmar nowmu xeamepruonuus mruozoobpasud.,- Mar.Crymi.
- 2013. - T.40, No. 1.- C. 95-103.

[2] . B. Bexmemuries Judgddepenvyuarvnas 2eomempus npocmpancme ¢ NOWMU KOMNAEKCHOT
cmpyxmypot .- Utoru nayku: [eomerpusa, 1963. M.: BUHUTN.1965 165-212.
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O crenmajbHBIX HOYTH re0Ae3UYEeCKNX OTODPaXKeHUsAX MPocTpaHcTB adpPUHHON
CBSI3HOCTHU C KPyYeHUueM

JI. I1. JIagbiHEeHKO
(ITHITY, Opmecca, Yrpansa)

E-mail address: marbel@ukr .net

PaccmarpuBatores npocrpancrsa addunnoit ceasnoctu A" kmacca C7 ¢ kpydenmem (n > 2,
r > 1). Kak m3sectro (|1|), kpuBag L Ha3BIBAETCH MOYTH I'e0€3MIECKOIl JHHEEH HPOCTPAHCTBA
A™ ecnu cymIeCTBYeT KOMILTAHAPHOE BIOJL L JABYMepHOE pacmpenenenne Fo, KOTOPOMY B KayKoil
TOYKe TPUHA,IJIEKUT KacaTeabHbI BeKTOp 3Toit kKpuBoil. Orobparkenne mpocrpancTBa adUHHONT
cBsasrOCcTH A" Ha mpocrpaHcTBo adbduHHOI cBa3HOCTH A", TIPH KOTOPOM KasKas TeOJe3mdecKast
JIMHUST TPOCTpanCcTBa A™ MepexXOqUT B TIOUTH Te0Ie3UIECKY 0 JTMHUI0 TPOCTPAHCTEA [l”, Ha3bIBAETCH
mouTu reofe3wveckumM. Kak uw juia npoctpancTB adpuHHON cBA3HOCTH 0€3 KpyUeHWs, st
npocTpancTB adpOUHHON CBABHOCTH € KPyUeHHEM CYIECTBYIOT TPU THIA MTOYTH [eOAe3NIeCKUX
orobpazkennit: 11y, [1g, II3 ([2]).

ITpm mouTn reomesmueckom orobpazkennn Tuma [1o Kaxk1ast reoqe3ntdecKast JUHASA TPOCTPAHCTBA
A" IIepexouT B IIOUTH Ieoe3MUecKyo JIHHHIO IPocTpancTBa A™, g KOTopoil oJle KOMILIAHAPHOT'O
IBYMEPHOTO pacupejescuus Fo ompenensercs KacareabHBIM BEKTOPOM A u BexTOpoM Fé})\a,
SBJISIONTAMCS]  Pe3y/IbTATOM BO3IEHCTBHA HA KacaTeabHblil BexTop A mexoroporo addunopa
Fl([1:2])

Hanbonrmmit  wHTEpec TPeACTaABASIOT < TMOYTH - TeoJe3uveckne oTodOpaskennss Tuma  1la,
VIOBJIETBOPSIIONE YCAOBUIO B3AUMHOCTU. JTO Takue oTobparkenns tuma lly , obpaTHbie K KOTOPHIM
TaK¥XKe ABJIAIOTCS oToOpaxkenwamu tuma [y m coorBeTcTBYIOT TOMY 2Ke addumopy.

B ormuuwme or orobpaxkenuit tuna Il mpocrpanctB addunnoit ceszHocTn 6€3 KpyueHus,
IUid TPOCTPAHCTB adPUHHON CBA3HOCTH € KPYYEHMEM U3 YCJIOBUS B3AWMHOCTH HE BBITEKAET
eCTECTBeHHBIM 00PA30M KAKUX-THO0 anreGpamdeckux yeIosmit na acbdunopuyto crpyrrypy FI*([2]).
[To amamorum ¢ orobpaxkenuamu tuna [ls npocrpancTs addunnoit ceaznocTn 6€3 KpydeHus 371eCh
PACCMATPUBAIOT TaK HazbBaeMble 0ToOpaxkenus 113(e), /T KOTOPHIX Fgﬂa = eéih, e = £1, ymbo
e =0, a morom u orobpakenus 113(e) (FQFEF{B = edl), 13 (e) (FQFEFEF] = edl), ... 113 (e).

s orobpaxkennii I15(e), m > 4, 1HOCTpOEHBI NHBAPUAHTHBIE I€OMETPHYECKNE OOBLEKThI THIIA
IIPOEKTUBHBIX TTapaMeTpoB Tomaca m Temsopa Beitas.

Crmcok JuTepatyphbl

[1] Cuntokos H.C. I'eodesuuecrue omobpasicenus pumaroswx npocmpancms .- M.: Hayka, (1979).

[2] A6aouckas H.B. Howmu zeodesuneckue omobpasicenus npocmparcms a@dunnoti c6aA3HOCMU €
Kxpyuernuem., - Pyk. nen. 8 BUHUTU 19 mrons 1979r., Ne 2190-79 /emn.
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O cepaueBuHe HEKOTOPOIi YeTbIpeXMEPHOIi jeBoii TkaHu BoJsia

A. A. MwuxeeBa
(Twepckoit rocyrusepcurer, Trepn, Poccus)

E-mail address: heathjensen@yandex.ru

MpbI npoomKaeM M3ydeHne Cep/eBuHbl JieBoil Tpu-TKanu Bosa Bj, nagaroe B [1], [2]. Tpm-
TKaHu Bosia 00pa3yroT 0cobblil Kjiacc TKaHel, CBA3BAHHBIX C CUMMETPUYECKUMU ITPOCTPAHCTBAMU,
KOTOpPBIE TOPOXKIAIOTCA Cep/reBuHaMu Tux TKaueil |3|. B macrogmeit pabore MbI mccaemyeMm
YeThIpEXMEPHBIE TKaHU B; ¢ ofHol U Toil e cepanesunoi. IlycTh ypaBnenue TKann By sammcamo
B BUJE

z = f(x,y), z,y,2 € R,

TOrJIa CcepJilieBnHa TKaHu By 3ajaercst ypasHerueMm [3]:

f(aafil(bhf(a?y))) :f(c,:l/), a,b,ce X, (1)

e a,b, c - mapaMeTpbl BEPTUKAJIBHBIX CJI0EB, BXOJSAIINX B IIPOU3BOJILHYIO JIEBYIO KOH(MUI'YPAIUIO
(B;). Paccmorpum 4YeTBIDEXMEDHYH HEPEryJsipHyl0 IPYHIIOBYI TPHU-TKaHb R, OIpenenseMyo
eJIMHCTBEHHO! HeabeseBo#l nByMepHOit rpynmodt JIu

jo - eryl +x17 22— 2 +y2.
Ucrnonssys (1), maxomaum ypasaenus cepanesutibl C' R B BUze:
2 2
c=a'+ (at —bHer Y, 2 =247 — b2

Bepna

Teopema. Ilycmov R - wemwpermepras 2pynnosas mpu-mrans, ONPedeasemas edurncmeennol
deymepnoti neabenesol epynnoti Jlu. Cywecmsyem 6ce20 dee He2PYNNOGHIE YEMBPELMEPHDIE AEGBIE
mpu-mxarnu Boaa ¢ mot sce cepduesunoti CR, sesvimu obpammvimy napacmpodpamu & Hum 6ydym
cpeonue muranu Boaa Mg w 1y napabosumeckozo muna (no xaaccudurayuu A.J]. Heanosa, cm.

14])-

Crmicok JmTepaTypbl

[1] Muxeesa, A.A., Toncruxuna T.A. O wecmumepnoxr aeews mpu-mranaz Boaa ¢ obwet
cepduyesunoti // se. Bysos. Mar. 2014, Ne10, c. 43 — 53.

[2] Muxeesa A.A., Toactuxuna I'A. O cepduesune nexomopoti uemwmpermeprot mpu-mrany Boaa
// Proceedings of the International Geometry Center, V.6, Nel, 2013, Odessa, c. 34 — 41.

[3] Akusue M. A., Illenexos A. M. Muozomepnvie mpu-mranu u uz npuaodtcenus/ /monorpacust/
Treps, TaDY. 2010. 308 c.

[4] Usanos A. JI. O6 wunmepnpemayuu wemvpermepnus mraneld Boas 6 mpermepHom

npoexmuenom npocmpancmee// leomerpust ogHOpoaHBIX TpocTpaHcTs, M.: Mock. roc. me.
ne-1. 1973. C. 42-57.
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KPYUYEHUE OBbEKTA CBA3HOCTU HA CEMEMNCTBE
HEHTPUPOBAHHBIX HﬂOCKOCTEﬂ, OBOBIITAIOIIIEM ITOBEPXHOCTbBb
O. M. Omenbgan

(Banruiickuii denepanbhbiii yausepcurer um. U, Kanra,
Kanuauurpas, Poccus )

E-mail address: olga_omelyan20020mail.ru

B pabore unmekcs Oy1yT IPUHUMATD CJEAYIONINE 3HAUCHUS:

27:17p7 aa"':p—'_]-am;

a,---=m+1,2m—p; u,---=2m—p+1,n

B mpoexktuBHOM mpocrpanctBe P, mpomomkuM pPacCMOTPEHHE M-MEPHOTO ceMmeicTBa By,
OTMMCAHHOTO TEeHTPUPOBAHHON TIOCKOCTBIO Ly, pa3zMepHOCTH m, HepeceKarolneiicd ¢ KacaTeabHol
IIOCKOCTBIO Ty, K MOBEPXHOCTH LEHTPOB 110 p-MepHOi 110cKoCTd Ly, (L (VLm = Ly, 0 <p < m).
YpaBrenusi 31010 cemeiictBa B, Oblan mosydensl panee B pabore [1|. B mmaBHOM paccioenun
G(By,), acCOUMUPOBAHHOM C 9TUM CeMefCcTBOM, Oblia 33/1aHa IPYNIOBasi CBA3HOCTL [ u HaiijgeHb
middepentranbabie ypaBHeHUs 71 ero KomroHeHT [1].

Buecem B CTPYKTYPHBIC yDABHCHHS Hazucupix hopm w', w? cemeitcTBa B, dOpMbI IPyIIOBOit
cBa3HOCTH W = w — Ljw' — Tqw®, a umenHo:

Duw' =Wl A&+ w® A& +85w A w28 Wl A w + S sw AW (1)

Dwo‘:wﬁ/\d}g—l-saw /\w]+25’ﬁw A w +5’g‘7w5/\w7,

S; [jk’]’ 1/2( fo ’)7 Séz = Ffaﬁ]v (2>
85 = Afij, Sis = 1/2( ?ﬁ —T%:), 55y = Tlgy-
Ksagparabie ckoOKM B (2) O3HAYAT aJbTEpHUpOBaHWE. B TpPaBbIX 4YacTAX paBeHCTB (2)

COMTEPKATCA KOMITOQHEHTHI PacmmperHoit adpbuunoi {F; > F; o} ¥ PACIINPEHHOI JINHEHHON CBA3HOCTH
{T'% Bi> ng}’ mo3TOMY 00BeKT S ByeM HAa3bIBATH 00BEKTOM KPYUeHUs: 3TUX CBI3HOCTEN Ha ceMeiicTBe
IEHTPUPOBAHHBIX IIOCKOCTEN By,
YuanreBas nuddepeHiaibable cpaBHeHnst 1] 1/ KOMIOHEHT yKa3aHHBIX BBIIIE CBA3HOCTEIR,
MPUXOAM K CJIETYIONTAM CPABHEHUSIM
iy —

ASS =0,AS; So‘wﬁ =0,AS85, — Sawﬁ + Sipwl, =0, .. (3)

Teopema 1. Obsexm xpyuerua S epynnoeoti ceasnocmu I A6AAEMCA MEHIOPOM, COOEPHCAULUM
1 npocmetiwuti nodmensop SO‘ — MEH30P HE20A0HOMHOCTU O0aGHHO20 CEMEUCEa U 4 NPOCIBIT

nodmensopa {55, S}, {55, 1/3756“/} {SZ,SLk} {55, S5 {55, 55555, }, {555, Siss ]k,Sz }.
Crmcok JuTepaTyphbl

[1] Omenbsn OM. Obsexm accoyuuposarnotli C6A3HOCTIU HA CEMETUCMEe  UEHMPUPOSAHHOIT
naockocmed, obobuarouem noseprrocmo, |/ Tp. mex. koud. Omecca. C. 108 - 109 (2008)
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Nudunnresnmanbibie KOH(POPMHBbIE TPEOOPA30BAHUSI B IPOCTPAHCTBE BTOPOro
npUOTU>KEeHU S

Ilokacs C. M., Kpyrorososa A. B.
(Opecckuit HanmonambHbIi yHUBepcuTeT nMenn V.1, Meunnkosa, Omecca, YKpanHa)

E-mail address: pokas@onu.edu.ua, 01linkOl@rambler.ru

Hng pumanoBa mpocrpancrBa  Vp(x;g) HeHyneBoit mocrosimaoit KpubBm3Hbl K cTpomm
npocrpancTso Broporo npubmamkenus V,2(y; ) [?]:

~ K
9ii(y) = 9ij +5 <gz‘zl ity — Gij 91112> Yy, (1)
[} [¢] o o (o]
rae gi; = 9ij(Mo), Mo - npousBosbhas GUKCHPOBAHHAS TOUKA IPOCTPAHCTBA V.
(o]

B ‘7712 WCCJIEYIOTCH MH(PUHUTE3UMAIBHBIE KOH(MOPMHBIE TPE0OPa30BaHKsT
y" =y + " (y)at. (2)

Ussecto([1]), uro B V,2 BekToproe nose £"(y) onpesensier kordopnmuoe mpeobpasosatne Tor/a
U TOJBKO TOrAaA, KOTIA

Lgg = 4g. (3)

DyHKIUIO J(y) 3aJaeM B BUJIE:

oo
= Z Q, {‘) = by gy Y2 -y, by, — const. (4)
BekTop gh(y) HINEeM B BHIE:
oo
ch h h h Iy, 1 lo h

y) = Z at, a'=apy, 1Y Yyt ey, apy,., — const. (5)

B pesynbraTe amajmsa 0606meHHBX ypaBuenuit Kumnara (3) momydaem:

K
"(y) = d" +al'y' + & (gzlﬁ 51 — Giats 55) a’

> = +3Aooip+1 b+
K = 2p2p+ 1 2p-3

2
o0 p*l +1 o0 —
Z DP(=1)5t 2p — 25 — 1 Z Z B A% || yhylet
42p—1 p—3S 2p— 23 2 2p 28—1—1 2p—2s+1
p=2 s=1 p=3s
I lg

1 34 1 K
7b—f —— V", A= gty
Zepils 2K = pt 1 39

o0

oyl
Psner (6) cxomarcs abcoOTHO U paBHOMEDHO Ha MHOKecTBe | K gy, yhyl?) < 1.
o

CIcok JurepaTyphbl

[1] A.B. Amunosa ITpoexmusnuvie npeobpasosanus ncesdopumarosus mrozoo6pasut Mocksa, dHyc-
K, 2003, 619

[2] C. M. Tlokace ['pynno. Jlu dsusicenutdi 6 pumMano8OM NPOCMPAHCMEE 6MOPO2O NPUOAUNCEHUA
n3Bectus [lens. roc. mex. yu-ta., dpus.-marem. maykm., Ne26, 2011, 173-183.
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DddexkT Maruyca B KocMoce

M. O. Paxyna

(Tapryckuii yausepcurer, Tapry, Dcronns )

Dddexr Marnyca, npu CMEWEHUU 6DGWAIOWELOCA MEAE 6 HEKOMOPOM HANPAEACHUY 6
mese B0BHUKAEM CUAG, NEPENEeHOUKYAAPHAA HANPABAECHUIN CMEULeHUS, ODOCHOBBIBAETCI CKOOKOM
BEKTOPHBIX II0JICH:

x99 vy 9.2 Loxyjevx-xv=-2 | 9
ox ox oy y ox
[Toste Bparenuii Y monnmaercst Kak 1oJie ckopocreii, a npoussoanas Jlu [X Y] kak nosie yckopenwi,
WM ¥Ke Kak cuaosoe moje. HazopéMm sto mosre M -cunod.

M-cuma MormHa Tpr OOTBITHX Pa3Mepax BPAIIAIUXCT T, a TAKKe TTPU OOTBITITX CKOPOCTAX
Bpamenuda u cMemiennsi. Ha 3emime M-cuia ciaba n MaIo3aMeTHa: 9T0 KPYrOBOPOTHI B aTMOcdepe,
TOPHAIO0, TUPOCKOTI, JETAONIMH AUCK, KAYAFOIIANCA MIJIAHT ¢ BOAOM, CTAW IITHUI], KOCAKHU PBIO, TIe
Hosree-MeHee 3aMeTHO Bo3eiicrBre M-cuanl. B KocMoce BparmaioTcs 60JIbITHe CHCTeMBI. Biaromaps
M-cuse, naHeTHBIE CUCTEMBI M TAJAKTUKY, BPAIIAIONINECs BOKPYT OTHON OCH — ILJIOCKHWE [WCKH, &
COJTHITA, ILJIAHETHI U JIyHBI, Bpalnaiominecd 0ojee 1eM BOKPYT OJHON OCcru — KpyrJble mapsl. Masibie
Teaa, KAK METEOPUTHI U spa KOMeT, 0ecpOPMEHHBI.

Jlnckoobpa3HOCTh 1 MAapo0Opa3HOCTD BPAIMAIOIINXCS Te/I — CBOiicTBO M-cuabl. B onaux ciaydasax
9Ta CHJIa HAIIPABJIEHA B IJIOCKOCTH, B IPYTUX CAydagax ormbaer cdepy. M-cumoii 00bsICHIETCd U TO,
moueMy HeDECHBIE TeJIa B OJHUX CAYYAAX UBAYIAIOT IHEPTHIO, B JIPYIUX CAyUIadX MOTJIONAIOT €€, &
B TPEbUX CAyYasX MYJILCHPYIOT. 3araJKa, BCKPLITa HE B CAMHIX JABHXKEHHAX, a BO B3aUMOIEHCTBUM
Pa3IMIHBIX ,ZLBI/I)KGHI/IfI.

Berpegarommecst B anreparype aspo- W ruaponuHaMmuecKne obocHoBamust ddgdexkra Marmyca,
HECOCTOATE/IbHBI.

83



O 2F-nnanapHbIX OTOOPAXKEHUSAX PUMAHOBBIX IIPOCTPAHCTB ¢ KyOuvyeckoii abcooTHO
napaJijieJibHOM CTPYKTYPOii

B. B. Perpyt, 1. H. Kypb6arosa,
(OHY, Opnecca, Yrpanua)

E-mail address: irina.kurbatova27@gmail.com

B ([1])6sL10 BBEAEHO nOHSTHE pF-1UtanapHOro oTobpakerust abdUHHOCBA3HBIX U DUMAHOBBIX
IIPOCTPAHCTB. Tam ke wuccnemosanuch 2F-mranapabie oToOpaykeHusi (IICEB/I0-) PUMAHOBBIX
npocrpancts (Vy, gij, 1) u (Vn,yij,Ff ) ¢ abCoMOTHO Tapa/IebHON KyOudeckoii CTpyKTypOii,
OCHOBHBIE YPaBHEHUsI KOTOPBIX B 00IIeli 10 0TOOpayKEHUI0 CHCTEMe KOOPAUHAT (') MMEIOT BUJT:

2 s
—h h S h
Fij(x) = Fij (.TC) + Z Q(i(l')Fj)(x>a
s=0
rie
o 1 2 11 s :h
Prost Broph R oReRh BT,
FSFE‘F;B = 5?, gia LS = gja L7, thj - Fl}lla o
thjv f?j - KOMTIOHEHTHI 06EKTOR CBS3HOCTH Vj, 1 V,,, COOTBETCTBEHHO; 6811(33 ) = HEKOTOPbIE KOBEKTOPHI;

Fih - apduHop; <, >, < | > - 3HAKN KOBapHAHTHOM MPOU3BOIHOM B V, 1 V.

MBI TIOKA3a/IM, 9TO TPHU TAKUX yCjaoBusx Ha addurop mpocrpanctsa Vi, u V,, HaXOIIIecs
B 2F-mranapaoM 0TOOpaXkeHuu, SBASIOTCA JIOKAJIbHO HPUBOJUMBIMU U TPEACTABISIOT CODOi
POU3BEICHNE

Vo=V X Vocmy V=V X Vi,
npwYeM Ha KOMIIOHEHTaX 3Toro npoussepecrus 2F-mranaproe orobparkernue
f:V,— Va
UHIYIIUPYyeT Teoje3nveckoe orobpaxkenne ( [2])
fi1: Vi — Vo,
COOTBETCTBYIOMIECE BEKTOPY 2qob(a:‘l), a,b=1,2,...,m, n F-mnanapuoe orobpazkenue([3])

f2 Voem — Vn—ma

1
coorsercTryiomtee addunopy FF(2¢) onpenenenmroro tuma u BekTOpy 2qOB(93A), A B,C =m+
1,m+2,...,n.

Crmcok JuTepaTyphbl

[1] P. Txx. Kagem 2F-naanaproe omobpasicernus aPPurnoceasHois 1 PUMAHOBHT NPOCMPAHCMNE. -
Hucc. va couck. yden. crem. K. ¢.-m. 5. Ozmec. OI'Y, 1992 108 c.

[2] H. C. Cuntokos leodesuueckue omobpasicerusn pumanosus npocmpancms. - M.: Hayka, Mocksa,
1979. 256 c.

[3] J. Mikes, A. Vanzurova, I. Hinterleitner Geodesic Mappings and Some Generalizations.,- Palacky
University, Olomouc, Faculty of Science. Olomouc, 2009.
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KoopaouHaTthbl BepiinH MHOTOMEPHBIX METPUYECKN HMPABUIbHBIX
CPeINHHO / TPNAJIHO-YCEYE€HHBIX CUMIIJIEKCOB

10. C. Pe3uukoBa
(Uucruryr maremarukn HAH Ykpanner, Kues, Yrpanua)

E-mail address: yurss@mail.ru

PaccMoTpuM  MHOrOMEpHOE €BKJIMJ0BO HPOCTPAHCTBO, @& TAKKE BEKTOPHOE METPUYECKOe
npocrparcreo {V"™(R), p}, n > 2, tne 0 = max{0;wi;...;wp,} — min{0;wy;...;wp} —
CUMMETPUYHBIH MOMY/Ib [anuipina i 6apuieHTpuaeckast HopMa BeKTopa W = {w1;....; wy } [1].

Vreepxkaenue 1. n—wmephuili  cpedunno/mpuadno-yceuennuli  CuMBAEKC 6  B8EKMOPHOM
mempuueckom npocmparcmee {V"(R), p}, n > 2, 2de p — o—mempuka, A6AAEMCHA MEMPULECKY,
npasuavrom, ecau ¥ {i,j,k} =1,n, i # j # k, xoopdunamu. e20 eepuiun umerom 6ud:

® G cayuae cpeduNHO-YCeNeHH020 CUMNAEKCA

Aii (e wis e wys L), 2de wy = wj = %c, wy=0Vk=1n%#1{ij},

Ajing1) (s wis oon), 20e wy = 0, wy = —%c Vk=1,n+#1i,e= const >0,

® G caAyuae MPUAdHO-YCEUEHHO20 CUMNACKCA

Aij (s wis s wys ), 2de wy = %c, w; =i, wp, =0V k= E £ {i,7},

Aji(eowis o wys ), 20e wi = gc, wi = ¢, wy =0k =1,n#{i,j},

. . _ 1 _ 1 I .
Ajtng ) (5w55.0.), 2de wi = 5¢, wy = —zc V k= 1,n#1,
Ay wis .n), 2de wi = —%c, wg = —%c Vk=1mn%1i, c=const > 0.
IIycte A — wmarpuia npeobpa3oBaHAsT MHOTOMEDHOTO CHTMA-TPOCTPAHCTBA B MHOTOMEDHOE
eskngoso  [2], AZ}, i1, = 1,n, — TpaHCIOHWPOBAHHBIE BEKTOPa KOODPJWHAT BEPIINH

CPEeJINHHO / TPUAJTHO-YCEUeHHOTO CHUMILIEKCA B MHOTOMEPHOM CHTMAa-TIPOCTPAHCTBE.

VrBepxkaenue 2. n—wmephuili  cpeounHO/Mmpuadno-yceueHnul  CuMNAEKC 6  8EKMOPHOM
mempuueckom npocmpancmee {V™'(R),p}, n > 2, 2de p — esxaudosa mempura, AGAACMCA
mempunecku npasuavrvim, ecau ¥ {i,j, k} = 1,n, i # j # k, xoopdunamus €20 6epuiun umeom
6ud:

® ¢ cayuae CPeQUHHO-YCEUEHHO20 CUMNAEKCE

A x A;f';-(....;wi; e Wi )y 20e Wi = w; = 3¢, wy =0V k=1,n#{ij},

A x A%nﬂ)(....;wi; er), 2dewy =0, wy, = —%c Vk=1,n+#1, c=const >0,

® 6 cAYHaE MPUATHO-YCCUEHHORO CUMNACKCE

A x AiTj(....;wi; S WY L), 20e w; = %c, wj = %c, wy, =0V k=1,n+#{i,j},

A X A};(....;wi; e W ), 20 Wi = %c, wj = %c, wr, =0V k=1,n+#{i,j},

A x Aﬁnﬂ)(....;wi; ...), 2de w; = ¢, w = —3c Vk = @ i,
A X AL (i ), 20e wi = —g6, wp = =3¢ Yk =T,n #1i, c = const > 0.

Crmmcok smrepaTypbl

[1] A. IL. Bemukwuit, A. ®. Typbun lpeobpasosarua A.HU.J/lobanosa. — KubepHeTnka u CHCTEMHBII
anasms, (2004), Ne 5, C. 160-168.

[2] FO. C. Pesmmkosa, T. I. dpemuyr Mampuunoe npeobpasosanue MHOZOMEPHO20 CUZMA-
NPOCMPaHcmea 8 muozomeproe e6xAud060. // CoBpeMeHHbIE HANPABIEHWs] TEOPETHYECKUX U
OpUKIAIHBIX uccaenosanmii '2015: Coopruk Hayuabix Tpyaos SWorld (B meuarn).
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I'mobanbHbIE pellieHusi TPUBUAJILHOTO ypaBHeHus MoH>ka-AMnepa ¢ nu30/JIMPOBAHHBIMU
0CODCHHOCTAMMU.

. X. Caburos
(MI'V um. M.B. Jlomonocosa, Mocksa, Poccus)

FE-mail address: isabitovOmail.ru

Vpasuenne
Zypiyy — ziy =0 (1)

MBI HA3LIBAEM TPUBHAALHBIM ypaBHeHmemM Momka-Avmmepa. FEenm permenve 3T0T0 ypaBHEHUS
npuHarexkuT kaaccy C? B HEKOTOPOM Kpyre € IIPOKOJIOTHIM I[€HTPOM Mo(xo, y0), TOrIa OHO
HEMPEPBLIBHO TPOMOJIZKAETCT B TOUYKY My, ecam ke JOMOTHUTEIBLHO W3BECTHO, WUTO BTOPBIE
TTPOM3BOJIHBIE OTPAHUYEHBI, TOT/IA €T0 TEPBBLIEe TTPOM3BOJIHBIE TOXKE HENPEPHIBHO TTPOJOIKAIOTCS B
My w Torga MOBEPXHOCTH OyIET TJIAJIKOW pasBepTHIBAIOIIEHCs MoBepXHOCTHIO, cM. [I]. B cayuae
HEOTPAHWYIEHHBIX TTPOM3BOMHBIX BTOPOTO TIOPLIKA TTIOBEPXHOCTE OYIIeT HEMPEPBIBHON, HO HE TUTAIKOM,
umMesi B Touke My ocobeHHOCTH B BHUJE BEPIIWHBI KOHyca. Tem caMbiM MBI 3HAEM JIOKAJIBHOE
MTOBE/ICHNE PEIeHNs YPABHEHNWS B OKPECTHOCTU 0CODOH TOUKM.

Ecnu pemenne ypasaenus (1) ompejesieHo HaJl BCeil TIOCKOCTBIO W OHO BCIOAY DPEryJIApHO,
TOrJIa MOBEPXHOCTH 2z — z(x,y) Oyger rnagkoil nuinHapuaeckoil nosepxuocTbio. CrnparmmsBaercs,
YTO MOYKHO CKa3aTh O IOBEPXHOCTH B I[E€JIOM, €CJIU AlPUOPH HPETIOJI0KUTh HAJIUINE Yy HEee 0COOBIX
Touek? MBI TOKa3BIBAEM CIPABEITUBOCTE CAEAYIONIEH TEOPEMBL.

Teopema 1. . [Iycmov na naockocmu (x,y) 3a0a10 NPOUBOALHOE KONEUHOE MHONCECMEO Movex D.
Tozda cywecmeyem pewenue ypasrerua (1), onpedesennoe u nenpepvishoe Ha 6celi NAOCKOCMbIO,
npunadsencauiee kaaccy C ene mouex muoscecmsa D.

B okpectHOCTIX 0COOBIX TOUKAX TTOBEPXHOCTE ABJISETCA, KOHETHO, KOHYCOM. KUTfoueBo#t MOMEHT
JIOKA3aTeNbCTBA, COCTOUT B TOM, 9TO MOYKHO TakK TOM00paTh CTPOEHWE 3TUX KOHYCOB, YTOOBI
06pazyrolye pa3HbIX KOHYCOB He TePECeKaNCh.

Herpyaso mocrpouTh TpuMep  pemeHus ypaBHeHus (1) €O CYETHBIM  MHOXKECTBOM
U30/IMPOBAHHBIX OCOOBIX TOYEK IPU HEKOTOPOM CHEIMAaJbHOM WX PACIOJOXKEHNH (HApuMep,
BCE OHU JIEZKAT Ha OJHON TPSMOIL), HO JJIsl IPOM3BOJIBHOTO CIETHOTO MHOYKECTBA, AUCKPETHBIX TOUEK
COOTBETCTBYIOIEE MOCTPOEHRE OCTAETCH OTKPBITHIM BOITPOCOM.

AsTop BBIpazkaetT 6aarogapuocth HO.A. AMWHOBY 3a yKasaHWe €mocoba TOCTPOEHUST TaKWX
KOHYCOB B GJIydae, KOT/la MHOYKECTBO 0COOBIX TOYeK [) COCTOMT M3 BEPIIMH HEKOTOPOTO BBIMYKJIOTO
MHOTOYTOTEHUKA.

CHucoK JuTepaTypbl

[1] N.X. Caburos. M3omuposannbie 0cobble TOYKH DEIIEHHU TPUBHAIBHOIO ypapHeHns MoHKa-
Awmnepa. Tesncol mokaamos MexkayHaponnoit mayumoil xomdepenmun "Teopus omeparopos,
KOMILJIEKCHBI aHaJn3 U MareMmaruieckoe MmofeaupoBanue", moc. JdusHOMOpPCK, 7-13 cenTsaOpst

2014 r., Uzn-Bo: Brnagukaskas, FOMI BHII PAH u PCO-A, 2014, crp. 61-62.
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OpauH U3 TUIIOB r€OMETPUIl KACATEJILHOIO PACCJI0EHUS], MOPOXKAEHHbIIA
WHBAPUAHTHBIMU NPUOIUKEeHUAMHU 62a30BOr0 PUMaHOBA MPOCTPAHCTBA

E. H. CunrokoBa
(ITHITY, Opmecca, Yrpansa)

E-mail address: marbel@ukr .net

WMuBapuanraas Teopus npub/imkeHnit B PUMAHOBOM T€OMETPHM OCHOBBIBAETCS HA M3BECTHOM
rer3opuHoM psage Teiopa mas  Temzopubix  mosteit 1. OniHaKO CJIOXKHOCTBD CTPYKTYPbI
K03 DUIMEHTOB YKA3AHHOTO psifla B TPOCTPAHCTBAX, OTHECEHHBIX K TPOU3BOJIBHON CUCTEME
KOOPJWHAT. TPUBOAUT K HEIOCTATOUHON 3(M@MEKTUBHOCTH TaKOTO MTOAX0oma. lopazmo Oosee
MPOAYKTUBHBIM OKA3bIBAETCS MCIOJIB30BAHUE PUMAHOBON CHCTEMbl KOOPAMHAT C IEHTPOM B
MPOM3BOJIFHON TOYKE pPACCMATPUBAEMOTO PUMAHOBA TPOCTpaHCTBa. - [logBisercs BO3MOXKHOCTH
MMOJIyYeHUs] HHBapUAHTHOrO psija Tuna Teitnopa, 3aBUCAIEro He TOJBKO OT KOODIWHAT TEKYIIEi
TOYKH, HO W OT KAacaTeJbHOTO 3JEMEHTa B Heil, Kak g Jb0ro TeH30pa, Tak W s 00bekTa
addunHoit cBsi3HOCTH pHMaHOoBa mpocrpancTBa V™. [2] D10 msbaBmser or HEOOXOIUMOCTH
peanuzaruu B V" (hakTU9IecKOro rnepexoia K PUMaHOBON CHUCTEME KOOPANHAT, UTO, B ODIIEM CIydae,
MPaKTUYECKH HEOCYTIIECTBUMO.

Ecnu B coorBercrBytomem psijie i KOMIIOHEHT thj obbekTa apduHHON CBA3HOCTH PUMAHOBA,
npocrpancrBa V" 0rKazaTbCs OT CJaraeMbiX BTOPORO U 00Jiee BBICOKMX IIOPSIKOB MaJIOCTH
OTHOCUTE/IbHO KOMIIOHEHT KaCaTE€/IbHOI'O 2JIEMCHTA yh7 1OJIYYUM O6’beKT CBA3HOCTNU

- 1 .
L}z y) =T (@) — gRij)a(‘r)y ; (1)

onpenessirotiuit #a V" reoMeTputo, mogo0HY 0 (DUHCIEPOBOIL.
Ha kacaresbnom paccaoennn T'(V™) pacemorpena MeTpuka

ds® = gaﬁ(a:)ﬁyo‘f?yﬁ,
rle go3(%) — KOMIOHEHTBI METPUYECKOLO TeH30pa mnpocrpancrea V",
Eyh = dy" + fgﬂyo‘dxﬁ.

Nzyuensr reoMeTputeckie CBONCTBA MPOCTPAHCTBA € TaKOW MeTpukoil. CreruajbHO UCCIeI0BaH
caydail, Korma 6a30B0€ mpocTpancTBO V" gBjIgeTCa MPOCTPAHCTBOM TOCTOSTHHON KPUBU3HBI.

PacemoTrpenns!l TakykKe HEKOTOpPBIE CBOHCTBa 00OOIMEHHBIX MPOCTPAHCTB ahPUHHON CBIA3HOCTH C
06bEKTOM CBAZHOCTH, OnpeieéHabM hopMyaamu (1).

Crnincok smrepatypbl

[1] Bebaen O. Unsapuanmu dudpepenyuaronms xeadpamununmr gopm .- M.: TJL., (1948), 140 c.

[2] Cunrokos H.C., Cunrokosa E.H., Mosuan F0.A. Hexomopwe axmyaavhvie acnexmot pazsumusa
MEoPUL 2€00e3UBECKUL 0MOOPANCEHUT PUMAHOSHT NPOCMParcms u ee obobwenud., - I3B. By30B,
Maremaruka, Ne 3(382), (1994), C. 76-80.
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KBazureoaesuveckue oTobpakeHus PEKypPPEHTHO-NAPAG0OJIMYECKNX MPOCTPAHCTB

O. T. Cuciok, . H. Kypb6arosa
(OHY, Opnecca, Yrpanna)

E-mail address: irina.kurbatova27@gmail.com

Wzygasg mpobiemy wmojemupoBanus ¢dusndeckux mogelt, axamemuk A.3.Ilerpo mpurmen &
sazaue kpasureoaesunueckoro orobpaxenus (KI'O) 4-xMepHBIX PUMAHOBBIX IPOCTPAHCTB CUTHATY Dbl
Munkosckoro ([I]). B ([2]) wnccnemopamucs KI'O prnmaHOBBIX HPOCTPAHCTB TPOU3BOJIBHOMN
Pa3sMepHOCTH U CUTHATYPHI.

Muoroobpasue X, cumraerca uasjeseHubiM e-cmpykmyporo ([3]), ecom na wem ompenpenena
ahuHOpHAsST CTPYKTYpa Fih(x), VAOBJIETBOPAIOINIAsl YCAOBUAM FZO‘F;} = 652}-‘, rne e = —1,1 nin
0. TIpum e = 1 ee mazbiBatoT rmnepbosmydeckoit; nmpu e = —1 - saaunTudgeckoi; mpu e = 0 -
mapaboanIecKoli.

B zasucumoctu ot guddepennua bHBIX cBOicTB addrHOpa B pUMaHOBOM ITPOCTPAHCTBE C e-
CTPYKTYDOii, BBIJIEJSIIOT Takue KJaacchl mpoctpancTs ([4]): xeseposo - mpu FlhJ =0, rme «;» - 3HaK
KOBapuaHTHOM npousBojgHoii B V,; K-mpocrpancTBo — mpu th] i thz = 0; H-mpocTpamnctso - pu
Frij+ Fijn+ Fijni =0, rae Fp; = gra by v ap.

Pexyppenmno-napabosuveckoti crpykrypoit na (V,g;;) Oyaem wnaseath adduHOPHYIO
crpykTypy Fl'(x), mast axoi

FZ-O‘FOCL =0, Fj;+F;=0 F;= Fjagau
Pl = @ FiGa),

2

rae p; - Kopekrop. Camo V, mpu 3ToM Takxke OyneM Ha3BIBATL PERYPPeHMHO-NaPabOsUNECKUM.

Paccmorpum mapy pmmanoBbiX mpocTpaBcTs (Vi, gi5) B (Vi Gij), naxoxsamuxcs B KI'O,
OCHOBHBIE YDaBHEHUsI KOTOPBIX B 00IIEl 110 0TOOpasKeHno cucTemMe KoopauHar (') uMerT Bug

T (@) = Tl (@) + V@bl o (x) Fl ()

F — L — O N\e
F(U)(x> - O’ FU ('r) - Fj (x)gai(x)v
h h 7 .
ij,FZj - KOMIIOHEHTHI 00bEKTOB CBABHOCTH NpOCTpancTB V., u V,, COOTBETCTBEHHO; Vi, ©; -
KOBEKTODBI; Fih - adpPpuHOp.

rae T

Teopema. Feau V, ¢ pexyppenmmo-napabosuseckol cmpyxmypol Fih donycxaem KI'O
HA PUMAH0BO mpocmpatcmeo Vi, mo V, no meobrodumocmu makoce bydem pexyppenmmo-
napaboAUNECKUM OMHOCUIMENDHO Fz-h C MeM e BEKMOPOM DEKYPPEHTIHOCTIG
Paccmorperno KI'O pekyppenTHo-apabosiuueckoro V, Ha 110CKoe npocTpancrso I, Ioayuena
cTpyKTypa Tersopa Pumana takoro V,. B yacTtHoCTH, IOKA3aHO, YTO OHO fABjgeTCd Puddn-riockum
U CUMMETPUIECKUM.

Crincok smrepaTypbl

[1] A. 3. Ilerpos Modeauposanue dusuneckur noseti .- I'paBuTaiust 1 Te0pusi OTHOCUTETHHOCTH,
1968, Boim.4-5. Usa. Kazanck. yu-ta. C. 7-21.

[2] M. H. Kypb6arosa Ksasu-zeodesuneckue omobpasrtcerus puUMAHOSHT Npocmpancms. - luce. Ha
COUCK. yueH. crer. K. ¢.-m. 7. Onec. OI'Y, 1979 99 c.

[3] H. C. Cunrokos [ eodesuneckue omobpasicenus pumanosos npocmpancms.- M.: Hayka, Mocksa,
1979. 256 c.

[4] . B. Beknemuies Jugdepenyuarvran 2eomempus npocmparcme ¢ Nowmu KOMNAEKCHOU
cmpyrmypot .,- Utorn naykn: [eomerpusa, 1963. M.: BUHINTN.1965 165-212.
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KAHOHUYECKUWE BAPUINEHTPNYECKUE YPABHEHU{
HEBBIPO2K/IEHHBIX KPUBbBIX BTOPOTI'O ITOPAJKA

II. T. Creranuesa
(3HY, 3amnopoxkbe, YKpanHa)

E-mail address: steg_pol@mail.ru

ITepBbiM mAaroM 0pyM HMCHOOAB30BAHUM KOODJMHATHOTO METOJAA SIBJIAETCS BBIOOD CHUCTEMbI
KOODJIMHAT, U 9TOT BBIGOD 3aBucuT OT 3aaun. CyIecTByeT Kaace 3a/ad, KOTOPhIE YA0OHO peraTh
B GapurienTpuaeckoii cucreme koopauaat ([1])([2]).

HopmupoBanHbIME GapUIIEHTPUUECKUME KOOPJAMHATAMY TOYKU M TLIOCKOCTH HABBIBAIOTCS €€
BapuneHTpuIecKie KOOPJUHATHL M1, Mo, M3 OTHOCUTEIHHO NPAaBUILHOTO Tpeyroabiuka ABC co
croponoii 1. Paccrosinne mex 1y Toukamu P(p1, p2, p3) u G(g1, g2, g3) B KAHOHUIECKUX KOOP/MHATAX
BLIMHCAAETCS 110 (POpMYyJIE

PG? = —(p2 — g2)(p3 — g3) — (p1 — 1) (p3 — g3) —(P1 — G1) (P2 — g2).

W3 ompenenenns smimmca Kaxkgass ero Todka obsmamaer cpoiicteom MFEy, + MF>, = 2a, tre
F1,F> - dokycsl, 2¢c — paccrosHume Mexkay okycamu u 2a > 2c.  BoibepeM KaHOHHYIECKYIo
OapUIEHTPUIECKYIO CUCTEMY KOODAMHAT TakK, 4TO0bI (DOKa/IbHAM OCh Oblia ITapaJiiejbHa CTOPOHE
AB KoOpAMHATHOTO TpeyrosbHuKa. Ecam (c1, c2, ¢3) = menTp amnnnca, o [y = (¢ + ¢1,c2 — ¢, ¢3),
Fy = (¢1 — ¢,ca + ¢, ¢3) - DOKyCHI.

Tlocsie mByKpaTHOrO BO3BEIEHWA B KBAIPAT BAXKHBIM MOMEHTOM HBJISIETCS IPEOOPa30BaHIE
IIOJIYIEeHHOTO ypaBHEHHsI K TaK HA3LIBAEMOMY «CAMMETPHUIHOMY BHUIY». I 9TOT0 HCIOJIL3YeM
09eBUIHBIN (DAKT, 9TO CyMMa OAPUITEHTPUIECKUX KOOPIUHAT BEKTOPA PABHA HYJ/IIO W PABEHCTBA

2 2 2
] = —oog — 103, g = —pr] — Ay, ] = —3rp — 3,
CIIpaBe//IUBLIE JIJIsi OAPUIEHTPUIECKIX KOOPIMHAT [IPOU3BOJIbHOIO BekTopa. llomyunm

(—4a’4+4c%) (z1—c1) (za—co)H(—4a+c2) (z1—c1) (x3—c3)+(—4da+c2) (2 —co) (23—c3) = —4a’P+4a’.

Bamena a’® — ¢ = b? n gencnne Ha —4a?b? 10T KAHOHUYECKHIT BUJ| YPABHEHUS SJLIHIICA

- - 3a® + b?
(71 222(:22 c2) Za2b2 (1 —c1)(x3 — 3) + (w2 — c2) (23 — ¢3)) = —1.

Bamernm, 9ro ipu @ = b ono umeer Bus (r1—c1)(xe—ca)+(x1—c1)(x3—c3)+(x2—c2)(r3—C3) = —a
U COBOAJAET ¢ ypaBHEHHEM OKDY:KHOCTH C IEHTPOM B TOUKe (c1, Ca,c3) u paguycom a ([I]).
Kanormueckoe ypasaerune rumepbosibl ¢ EHTPoM (€1, Cg, C3) UMEeT BUI

2

Y, - a2 4+ b2
o i 34a2+bzb (21 —c1)(@s — c3) + (22 — c2) (w3 — ¢3)) = 1,

4a2
a KaHOHWYeCcKoe ypaBHeHne napaboJibl -
1 1
—(z1 —c1)(w3 —c3) + = (22 — c2)(x3 — c3) = p(x1 — 1) — (x2 — C2),

4 4
rje p - mapamerp, a (i, ¢z, ¢3) - BepIIMHA.
Crincok surepaTypbl

[1] M. B. bBank [eomempusa macc/M.B. Bank, B.I'. Borrancxwmii. -M.:Hayka, (1987), 160c.

[2] 4. II. Ilonapun Oaemenmapnas eeomempusa.B 3-x m.T.3: Tpeyeosvruku u mempasdpo. -

M.:MIIHMO, (2009), 192c.

89



Teopus cJIOXKHBIX ceTeii — HOBag MapajgurMa B aHaJIn3e ANHAMUKN (DUHAHCOBBIX
PBHIHKOB

A. III. Tynsakosa
(OHAIIT, Omecca, YrpanHa)

E-mail address: tuliakovaanna@gmail.com

ApropurerHbiit Hay4anblil KypHaa «Nature Physics» B mapre 2013 roga «dokycoMm» BbITycKa
obosmauns «CioxkHbIE ceTH B (PUHAHCAX», W IpHU3BaJ (PU3HKOB M MaTEMATHKOB 3aHATHCA
UCCIIETIOBAHUSIME  BOZMOXKHOCTH 3 PEKTUBHOTO TPUMEHEHNS HOBONH OBICTPO  pa3BUBAIONIEHCS
Hay9HOM 00/IaCTH «TEOPUM CJIOKHBIX CETeHy K aKTyaJbHeHArmM npobieMaM B yCTPOHCTBE MUPOBOI
dunancosoit cucremsr.  ([I]) Boobme rosopsi, Teopmst cnoxkubix cereit (TCC) mperncrabiser
coboft He OTmeTHLHOE HAMPABACHWE, & BEChMA ODIMMPHYIO MEXKIACIUILIMHAPHYO 00JaCTh BHAHWH,
B KOTOPYIO BXOTAT WCCACTOBAHUST CaMOTO pPa3sHOOOpa3HOro XapakTepa o0 yCTpoHCTBe MEpa.
TCC 6ypHO pa3BHUBaeTCsd, Cefvac 3aKIATLIBAIOTCS €€ OCHOBHBIE MOHSITHSE W TOTYJIeHBL TOJIBKO
mepBble pe3yabTaThl. Pabortatormmue B 9TO# 06JACTH HCCAETOBATENN TPWILIA W3 MATEMaTHKH,
hu3ukn, 6GUOIOTHN, MEIUTINHBI, STUIEMUAOIOTHH, TEIEKOMMYHUKAIUH, WH(MOPMATHKHN, COIUO/IOTHH,
95KOHOMUKH. COOTBETCTBEHHO pE3YIbTATHI WCCIEIOBAHUN MMEIOT KaK TEeOPeTHIeCKOoe 3HAUEHNE,
TAK M NPAKTUYECKME TPUJIOKeHus B tux Haykax. B konrekcre TCC, cnoxubie cetn (aHri.
complex networks) — sTo rpadsl (cetn) ¢ HeTpUBHATBHBIMI TOTOJOMHYECKIMU CBOfICTBAMI —
CBOIU/ICTBaMI/l7 KOTOPpbIE HE BCTPEYAlOTCA B IIPOCTBIX CETAX, TaKHUX KaK DEery/jadpHbIC PCHICTKU
WIN YUCTO Caydaiinble Tpadbl, HO WacTo HAOMIOmAIoTes B Tpadax, MOTETUPYIONX PeATbHbIE
cucTeMbl. VIMEHHO TOMOJIOTHYECKHWE CBOWCTBA CETH, PACCMATPUBAEMBIE OTBJICYEHHO OT MPUPO,THI
TTPOVCXOKICHNST MCCACTYEMON CHUCTEMBI, CYIIECTBEHHO OTPEAEITiOT (DYHKITMOHWPOBAHNE CETH, W
MOITOMY COCTaBJISIIOT OCHOBHOM mpeamer nccaenosanns TCC. B mameit pabore ([2]) msmaraercs
KOHITENITYAJIbHO HOBAas METOMOJIOTHHA AHAIN33, (PMHAHCOBBIX BPEMEHHBIX PAI0B, KOTOPYIO aBTOPBI
TMPUMEHSTIOT Hapsay ¢ JAPYTUMU JJId HUCCTIeTOBAHAS - CAOKHOCTH (DUHAHCOBLIX pHIHKOB.  CyTh
ITON METOAO0JIOTUHU COCTOUT B TOM, YTO [AJid IMOCTPOCHUA HOBBLIX MEPD ,ZLI/IH&MI/IquKOﬁ CJIOZKHOCTHU
PBIHKA BpeMeHHbIE PsAabl (hUHAHCOBBIX TAHHLIX MPEIBAPUTETHHO MPeodpa3yioT B CIOXKHBIE CETH
HA OCHOBE WJCHM PEKYPPEHTHOCTH TOUEK (Pa30BON TPACKTOPUN CHUCTEMBI. 3aTEM JJjid MOCTPOCHHO
CeTH PACCUYUTHIBACTCS MUPOKHUIT CIHEKTP TTOKA3aTEeNeH, 0TPAaXKAIONINX PA3JIUIHbIE TOTOJOTHIECKIE
xapakrepuctuku ceru.  CaM MeTo) IIPeodpa30BAHUsI BPEMEHHOIO Psijla B TaK Ha3bIBAEMYIO
«PEKYPPEHTHYIO ceTh» B3saT n3 paborer ([3]), tam ke ecth awasnTwyaecknii 0630p W APyrux
CYTIECTBYIONIUX METOMOB. TPeoOPA30BAHNST BPEMEHHOTO psijia B rpad.

Crmicok JmrepaTyphbl

[1]" Nature -~ Physics.,- March 2013, volume 9, issue 3, pp- 119-197.
http://www.nature.com/nphys/journal/v9/n3/index.html

[2] B. M. Cososiio, A. 1. Tyasaxosa, Memodoaozia docaidscenns dunamiunoi ckaadnocmi
PoHdOBUT  PUHKIE 3 BUKOPUCMAHHAM DEKYPERMHUL Mepedic.,- [IpoGaeMu MOHITOPHHTY,
MOJIEJIFOBAHHST Ta MEHEKMEHTY eMep/KeHTHOI ekoHoMiku. KosektuBHa wmonorpadis. Pej.
Conositos B.M. Yepkacu "Bpama-Yxpaina",(2013), c¢. 91-111.

[3] R. V. Donner, M. Small, J. F. Donges,N. Marwan, Y. Zou, R. Xiang, J. Kurths, Recurrence-based
time series analysis by means of complex network methods. - ArXiv:1010.6032v1.(2010).
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Bocxoxkaenue no pazmepHocTHU

A. ®. Typbun
(HITY umenun M. JIparomanosa, Kner, Ykpanna)

E-mail address: turbin@imath.ua

10. . XKnanosa
(I'VT, Kues, Ykpanna)

E-mail address: yuzhdanova@yandex.ru

[lepBbiM MaTeMaTHKOM, PHCKHYBIIAM <«YBHIETH» aHAJOTH IIPABUJIbHBIX. MHOTOIDAHHUKOB B
MPOCTPAHCTBAX BBICOKUX PA3MEPHOCTEN, ObLT IIBEHTAPCKUil MKOIbHBIN yauTe b Jlogsur 11T edn
[I]. B cepemune 198. OH mpuBes aHAJIOTH TETPA3IPOB, OKTAIIPOB, KyOOB, HKOCA3IPOB U TOJEKAIPOB
B B4 u amanorn rerpasapos, okTasuapos, ky6os B E™. n > 4. B nagane 20 B. reoMerpsl HPHHSIIN
peltenue: Ipyrux aHaJIoroB Her!

Jlpyrue aHAIOTH NPaBUILHEIX MHOTOTpanHHKOB B E* ectsl U uncmo nx 6eckoneuno (cum. [2]) .

Merarerpasap (10,30,30,10) B E* — mpaBWIbHBIAE CAMOIBOTICTBEHHBII MHOTOTDAHHNK,
TPEXMEpHBIE TPAHU KOTOPOI'O TETPAIPHI.

Meraoktasap (10,40,40,10) 8 E* — npasumbubiii (He CAMOBOHCTBEHHBIN) MHOTOTDAHHUK,
TPEXMEpPHBIE TPAHU KOTOPOI'O OKTA3JIPHI.

Meraky6osap A.JI. Munku (10,20,20,10) B .E* — npaBmabHbiii (1BOHCTBEHHbIN METAOKTASAPY
(10,40, 40, 10) MHOrOTpaHHUK, TPEXMEDHBIE TPAHU KOTOPOTO KYOBI.

Merankocasap JIx. Iperopu—A. B. Tloropemnosa (24,144,144,24) — 3Be31HO NUpaBUIBHbI
MHOrOrpanuuK B F*, TpéxMepHble Ipann KOTOPOro HKOCASAPEL.

B npocrpancrsax 6osiee BhiCOKMX pa3dMepHOCTEl 0T MHOroo0pasus um pa3Hoodpasusd aHajorB
TJTATOHOBBIX TEJI 3aXBATHIBAET JYX. ..

Ecth 1BA MapImpyTa «BOCXOKJIEHUs TI0 pasMepHocTu. [lepBorit MapupyT (Haubosee mpocroii).

Bepercs kakoii-nuOyas MpaBUIbHBIN MHOTOrpaHHUK B E™ n > 4 (ux [uncio GeCKOHEYHO).
B saBucmmocTH 0T THTA JIBYXMEpHBIH TpaHW (KBaJIpaT WX TPEYTOJBHWUK) CTPOUTCS
rUnepnpu3Ma WM runepaptunpmsva (yxe B BT Tatumepnas runepnpmsma A.Jl. Muaku
(20 = 10 + 10,50 = 20 + 20 + 10, 60, 50,20) , 20 — 50 + 60 — 50 4 20 = 0.

Bropoit MmapmpyT (TpyaHBIt 1 OUEHB ONACHBIH).

Bepyrcs jiBa u 60s1ee 011HAKOBBIX IPABUJIBHBIX MHOTOIDaHHUKA B ™, n > 4, u oCcyIIecTBIIseTcs
UX «TEOMETPHYECKHIA CyNepCUHTE3» (reOMeTPUYeCKUil aHAIOT TEPMOSIEPHOrO CHHTE3a B S/IPAX
3BE3/—TUTAHTOB).

«Teomerpuyveckuii cynepeunres» aByx okrasapos (6,12, 8) naer meraokrasap Tosapaa Bpenjara
(12=06+6,48 = 12+ 12 4 24,48,12).

CImcoK JuTepaTyphbl

[1] Coxeter, H. S. M. Regular Polytopes, 3rd ed . — New York: Dover, 1973. — 350 p.

[2] Kanr U. Kpumuxa wucmozo pasyma. — M.; Meicib, 1994. -— 591 c.
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NudunurezumanbHbie roJ0MOPMHO-IIPOEKTUBHBIE IPEOOPA30OBAHNS KEJIEPOBbHIX
MHOT000pa3uii, COXpaHdOIIe TeH30p DIHIITEeHAa

E. E. Yenypnast
(OH3Y, Opmecca, Yrpansa)

FE-mail address: culeshova@ukr.net

NudunrnresnmasibHbie T0JI0MOPQPHO-IIPOEKTUBHBIE OIIPEIESTIOTCH YCJAOBUEM:
1
h h h h h
LEFij = 5(%’5]' + @0 — SOsESFj - %FJSFz‘ ) (1)

J s .
3aech FY —xkoMmiulekcHast CTpYKTypa, Takoil addunop, aro:

FFf=-3, F/, =0,

ik

a cuMBos Lg¢ osHagaer mnpoussoigHyto JIm Bmons moms €. Bceneacrsue ypaBHEHUS
HH(MUHATE3UMATBHBIX TOJIOMOPQHO-TTPOEKTUBHBIX Tpeobpasopanuii nmeror sug [1],[3]

&ij = &ijs

i = Pis

Eigk = EaRi; + 3 (0rgij + 09k = s Fi Fij — 0o Fi 1) (2)

Pij = mag (faRz'j,a + &ai R} + €a,jR§">
Tenzop

def 1
Eij S Rij — ﬁRgij (3)

Ha3bIBAIOT TEeH30pOM JiiHinreiina. 3 TpeboBaHus coxpaHeHus TeH30pa [3| BBITEKaeT, 4TO ITOMUMO
CUCTEMBI [2] TOJIKHO BBIIOJTHATHCA YDaBHEHHE

LgEij — gaEij,a + fayiE]q —+ faijl‘?‘ =0 (4)

Hamu nokazana ciemyromasi reopemMas
Teopema./[aa mozo, 4mobs, UHGUHUMESUMAALHBLE 2040MOPHHO-NPOEKTNUSHDbIE NPEOOPA30SAHUA
0CMABAANU UNBAPUAHMHLIM MeRsop Jtnumetna E;j = R;j — %Rgij, HEe0OT00UMO U JOCTNATNOYHO,
YIMObbL BLINOAHAAOCH YCAOBUE:
LY = 0.
Tenzop

ViR, T

L — (Orgij — Ol gir + Fl'FP gaj — FIFP gok + 2 F' F gar),

Ha3bIBAETCS TEH30POM H-KOHIUPKYJISIPHON KPUBU3HBL.

Crincok amTepaTypbl

[1] K. Yano Differential geometry on complex and almost complez spaces,- Pure and Applied Math.
vol. 49, Pergamon Press Book, New York (1965).

2] 1. Muxern Toaomopdro-npoexmustoie omobpasicenus u ux obobuenus. - Teomerpus — 3, Urorn
nayku u Text. Cep. Copem. mar. u ee npwi. Temar. 063., 30, BUHUTUW, M., 2002, 258-289

[3] S. Tachibana S. Ishihara On infinitesimal holomorphically projective transformations in kahlerian
manifolds,- Tohoku Math. J. (2) 12 (1960), no. 1, 77-101.
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NuBapuantbl KOH(POPMHBIX 0TOparkeHUil JIOKAJIbHO KOH(OPMHO-KEJIEPOBbIX
MHOT000pa3uii

E. B. YepeBko
(OH3Y, Opmecca, Yrpansa)

E-mail address: cherevko@Qusa.com

PaccmoTpens! JiokaibHO KOH(MOPMHO-KeaepoBbl Muoro06pasust { My, J, g} u {M,,, J, g} Koropbie
HaX0ogdATCAd B KOH(bOpMHOM COOTBETCTBHH, T. €. UX METPUKHN CBA3aHbI COOTHOIIICHUEM:

9ii(x) = 6290(76)9“ (z),

rie p(x) — HEKOTOPbIi MHBAPUAHT.
JloKa3aHbl CJIe/IYIOMUE TEOPEMBI.

Teopema 1. Ecau JIKK-mmnozoobpasus {My,,J, g} u {M,,J;g} mazodsmca 6 womgopmmom
coomeememeuu max, wmo g,;(z) = eX@) g,i(x), mo ux popmvt JTu ceazambL credyrousum o6pasoM:

w—w = 2dep.

Teopema 2. Ecau JIKK-mmnozoobpasus {My,,J, gk u {Mu,J, g} wazodamesa 6 wongopmmom
coomeemcmeuu max, 4mo g,;(x) = X g,5(x), mo mensopeu:

1 1 1
Fij = Lij — gWi; — J0itj+ glleQgij;

1 1 1
Qi = Ragi + 03 (Gwin + ok — 7 |lwl|*gix) -

4
1 1 1
h 2
5 (5“179' o g5 — ZHWH gij)+
1 1 1 1
+(§wh7j n thwj)gik _ (§Wh’k + thwk)giﬁ

bydym uneapuanmusimu. . Kpome mozo, cyuwecmeyem uUnGaAPUAHMHHLY 006exm, He ABAAIOWULCA

meH3opom:

Ak def -k 1k‘1kA1k“
On npedemasasem coboti 0066eKmM PUMAHOGOT CEAZHOCTIU HEKOTMOPO20 KEACDOGL MH02000pA3USA

{Kn, J,G}; xongopmnozo oboum JIKK-mmnozoobpasuam — xax {M,,J, g} max u {M,,J, G}.
3aecs Ljj — Tenzop Bpunxkmana:

1

Lij = n—2(Rij_2(n—1)

Rgi]‘).

Crmicok JimrepaTyphbl

[1] Kupuuwenxo B. @.dubddepeHnmagbHO-reOMETPHIECKIE CTPYKTYPbI Ha MHOroobOpasusax / B. @.
Kupuuenxo —M.: MIIT'Y, 2003, 495 c.

[2] Mikes J., Vanzurova A., Hinterleitner I.Geodesic mappings and some generalizations. /J. Mikes
—Olomouc: Palacky University Press, 2009, 304p.

[3] Dragomir S., Ornea L. Locally conformal Kéhler geometry /S. Dragomir —Boston ; Basel ;
Berlin: Birkh&user — 1998, 328p.
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KOH(bOpMHaH MO4eJib €eJMHUYIHOT'O BIIOJIHE reode3n1e€CKOro BEKTOPHOI'o I1oJisd

A. JI. dMmmonbckuii
(XHY wum. B. Kapaszuna, Xapbkos, YKpanna)

E-mail address: a.yampolsky@karazin.ua

PaccmaTpuBaroTCsa MOAMHOrOO6pas’us €IMHUTHOrO KaCATEJbLHOIO PACCIOCHHS C METPUKO
Cacaku, NOPOXKJIEHHBIC €JIMHUYHLIM BEKTOPHBIM I0JEM Ha 0a30BOM PUMaHOBOM MHOTrOOOpasmm
(M™,g). C maHHBIM TIaJKAM €IHHUYIHBIM BEKTOPHBIM mojieM £ € X(M'™) cBa3bIBaeTCs OmepaTop
Hovuazy A¢ : X — —Vx&, rae X — mpousBosbHOE IIafkoe BeKTOpHOe moje Ha M™. B pabore [1]
ObLIN BBEJIEHBI TIOHATUS 2pY0020 2€CCUAHG TIONA W MMEH30PA 24PMOHUNHOCTIY, UMEIOIINX BUJT

Hesse(X,Y) = 1((VxAg)Y + (Vy 4e)X),
Te(X,Y) = J(R(AeX, )Y + R(AcY, §)X),

raie R — rensop kpususubl (M™, g). B Beipaxkenun uepes 3T TeH30PBI, YCJIOBUS BIIOJIHE
reofeswanocTy st E(M™) C Ty M™ npuHuMaeT Cieayronuii BUIL.

JlemMma 1. Edunuunoe eexmopnoe noae & na pumanosom mno200bpasuu M™ nopoosicdaem
enoane zeodesuneckoe nodmnozoobpasue E(M™) C TyM"™ mozda u mosvko mozda, %0206 O0HO
ydosaemaopaem cucmeme YpasHeHutl

Hesse(X,Y) — Acle(X,Y) = (A X, AY ) E=0
das mobwx sexkmoproz noaetd X, Y € X(M™).

B paGore [2] 6B110 TONYyUEHO TOJHOE OWHCAHWE IBYMEDHBIX MHOTOOOpA3Wii, JOMyCKAOIINX
eIMHIYHOE BEKTOPHOe MO0je C BIOJIHE reojesmueckuM obpaszom. Jas miaockocru E? merpymHo
HallTH MHTErpabHbIE TPACKTOPHAM BIIOJIHE T'€0Je3WIECKOr0 BEKTOPHOTO moJd. s sToro ciemyer
MPUHATE OJIHY U3 CEMeCTBA Mapa/LIebHBIX Te0Ie3nIecKuX B KauecTse ocu Oy, a OJIHY U3 CeMeiicTBa
OPTOTOHAJBHBIX TPACKTOPUA (Tak K€ COCTOSIIEro M3 reoje3mdeckux) B kadecrBe ocu Ox. B

takoM caydae [2] sonosme reomesmueckoe mose mmeer Bug & = {cos(ax),sin(azr)}, a 3HaunT NI
VHTETPAJIbHBIX TPACKTOPUi mOayInM auddepeHInalbioe ypaBHeHne % = tan(az) perrernem
KoToporo Gysier cemeiictso jmauit y(z) = —11In | cos(az)| + C.

I/IHTeraﬂbeIe TpaeKTOpI/H/I BIIOJIHC TIeO0Ae3UMYeCKOr0o eAuHUYIHOoroO BeKTOpHOFO IO0JId Ha
eIMHAYHON cdepe KOH(POPMHO 3KBUBAJIEHTHLI CEMEHCTBY MAPAJUICIBHBIX IPAMBIX HA, ILIOCKOCTH
[2]. Bmeck MBI oKa3BIBAEM CEYIONIYIO TEOPEMY.

Teopema 1. Humezpanrvrivie mpaexmopuy 6noane 2e00e3uNeck020 eQUHUYHOZ0 BEKTNOPHO20 NOASL NG
O8YMEPHOM MHO2000PA3 UL KOHPOPMHO IKEUBAACHINHDL UHIMELPANGHBM TPALEKINOPUAM COURUYHOZ0
B8NOAHE 2600€3UMECK020 BEKMOPHO20 NOAA HA YUAUHIPE KaK PAKmMop-npocmpaHcmee naocCkoCmu.

Criucok JmrepaTypbl

[1] Yampolsky A. On special types of minimal and totally geodesic unit vector fields: Proceedings
of the Seventh International Conference in Geometry, Integrability and Quantization June 2 —
10, 2005, Varna, Bulgaria/I. Mladenov edt., -P. 292 — 306.

[2] Yampolsky A. Full description of totally geodesic unit vector field on Riemannian 2-manifold//
Journal of Mathematical Physics, Analysys, Geometry. -2004. -V.1, Ne3. -P. 355 — 365.
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