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Apeanbni HeckinyenHo majti gedopmaiiii MOBEPXHi JOTUIHUX

Beskoposaiina JI.JI., Tomonroposa O.C.
(OHY im. I.I. Meunukosa, Oneca, Ykpaina)

E-mail address: mazur_elena@mail.ru

HociikyoThcs apeaibHi HeCKIHYeHHO MaJii jedopmariil moBepxHi JOTUYHUX:

7(s,v) = p(s) + vi(s). (1)

YacTreHI TOXiAHI BeKTOpa 3MimeHHd U TpeacTaBuMO Y BATJIAI:

Ui = cia T3 + cia TR (2)

OcHoBHa cuCTEMa piBHSHb apeasibHOl HECKIHYEHHO MaJjol JedopMalii /g HOBEPXHI JOTUIHUX
y poboTi mpejicTaB/eHa y HACTYITHOMY BUTJISI:
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Teopema 1. [lpu. ymoei on = 0 noseprHs JomuywHUT JONYCKAE HEMPUBIAALHY APEAALHY

neckinuenno maay degopmanito 3 eexmopom smiwenna U(s,v) ma xomnonenmamu mensopic A-
decpopmauii:

T o pl2_°
9y 37
29 C2 Cliﬁ C1 ! (5)
T = T = 0.

v kvz o w3
Teopema 2. Ilpu ymosi 6n = 0 noseprua domunnur JOnyckae HEMPUBLAALHE HECKIHYERHO MAAT
s2unanma 3 eexmopom obepmarns U(s,v) ma noaamu 32unaHHs T8 T y suenndi (5).



KsaziapeasibHa HeckinueHHo maJia jgedopmaliisi moBepxHi B F3 : OCHOBHI piBHAHHS

JI. JI. Be3kopogBaiina
10. C. Xomunu

(Omecvkuii Hamiona pauil yuisepcurer im. 1. I. Meunukosa, Omeca, Ykpaina)

E-mail address: mazur_elena@mail.ru, yli4ka_h@mail.ru

Hexait S— mopepxus kjaacy C°, 3ajaHa y TPUBHMIDHOMY €BKJIIOBOMY IrpocTopi.. Bymemo
posriggaTy 11 HeCKIHIEHHO MaJTy aehOPMAIIII0 TePIIOr0 MOPIIKY:
(.1 .2 —(1 2 T 2
r¥(xzt, 2%, t) =TF(a, 2%) + tU (27, ). (1)
Heckimnuenno many medopmariio BUTISITY OyJaeM0 HA3WBATH KBa3iapeasibHOI HECKIHYECHHO
MaJIo JedopMalli€rn, dKIo Ipu Takiil gedopmariil eieMeHT IUIONI IOBEPXHI 3MIHIOETHCS 3a
3aanuM 3akoHoM [1].

Teopema 1. Jlaa mozo, w00 HECKIHUEHHO MAAG 0ePOPMAULA OYAG KEAZIADEGALHONW, HEOOLIOHO
i docmammvo, wob npu makiti depopmayii UKOHYEAAACH YMOBA

eapg™ = 20,

de 2e43 = 0gap— nepwull mensop deopmayii, a o(zt, 2%)— deaxa sasdanezidv sadana Pynxuyis
2
xaacy C*.

OueBusno, npu ¢ = (0 KBasiapeasjbHa HECKiHUYEHHO MaJsia  JedopMallis pecTaBise coboro
nedopMariiro 3i CTalioHAPHUM €JIEMEHTOM TLIOI, TOOTO apeabHy.
TTokagemo
77, TBo— O
U; = CigTP°74 + C;o T7, (2)

~ 2 .
ne TP € C?— jesakuit Ten3op THITY <0>, a T € C?—xonrpasapianTuuii Bekrop. Pozxmajemo

renzop T7% na CAMETPUYHY 1 KOCOCUMETPUYHY YACTUHU y BUTJISII]

j"\ﬂa — Tﬂa + ,LLCﬂa,

. 2
ge = p(z!, 2?), a CP*— muckpumisaBTHENE T€H30D THITY <0>

B po6oti oTpuMano 38’30k Mk dymmisMu o Ta u: p(rl, 1?) = —p(xt, 2?).
SHait/ileHl yMOBU IHTErpOBHOCTI cucteMu JudepeHIliagbHUX PIBHSIHb Ta JIOBeJeHa,
Teopema 2. Jlia icHYBAHHA KGASIAPEAALHOT HECKIHUEHHO M0l deopmanii 00HO36 A3HOT

noseprii xaacy C° 1eobriono i docmamiwo, wob cucmema picHAN,
5 — T9b5 = pCPe,
T5bas + T =0,
capg™ = 2¢(z', %)
MANG HERYADOSUT PO36 A30K.
Jochimxkyerbest kBasiapeanbua gedopMaltia Mpu JedKuX OOMEXKEHHAX. YCTAHOBICHO TAKOXK,

10 KBaziapeaJ ibHi HeCKiHYeHHO MaJil jledopMaliil 3HAXOIATh 3aCTOCYBaHHA B H€3MOMEHTHIN Teopil
HABAHTAKEHUX 000JIOHOK.

Crcok Jiteparypu

[1] M. JI. TaBpuasuenko, JI. JI. Beskoposaiinas, I'. §I. Basan Beckoneuno maavie defopmayuu
nogeprHocmeti, COOMBEEMCMEYULUEC OESMOMEHMHOMY HANPANCEHHOMY COCTMOAHUIO PAEHOBECUA
oboaouer.,- Hayunas wkondepennms, nocesmennas 100-geTtnio yauBepcuTeTa, Mex.-MaT. dak.,
Tezucel goxkmanos, Oxecca, 1965, C. 67-68.



Jedopmaliiss BEKTOPHUX I10JIiB HA ITOBEPXHAX

I. M. Isaniok, A. O. I'araii
(KHY im. Tapaca Ilesuenka, Kuis, Ykpaina)

E-mail address: ivong07@yandex.ru

Hamu pociiikyoThCcss TOTOJIOTIYHI BJIACTUBOCTI CiM’I BEKTOpDHUX N0JIB Ha mnoBepxai. [lose
Ha IOBEPXHI y 3arajbHOMYy Bumajky € mnojgem Mopca-Cwmeiyia.  Jlas 3agadHHsS OBOTO OISt
BUKOPHUCTOBYIOTHCA aToMu 33 PoMernkoM. BOHM MOBHICTIO ONHUCYIOTH 1X TOMOJOTIYHY CTPYKTYPY-

Yepes wnac T; mo3HAYMMO BCi BEKTOPHI TOJISA, y SIKUX He OLIbINe HiXK ¢ CiAJOBUX TOYOK.
[Tobymosano rpady, IO CKJIAIAETHCA 3 BepIuH i pebep, BEPINMUHM BiANOBLIAIOTH ATOMAM 33
Qomenkom, a pebpa - gedopmariam. Koxniii medbopmallili BEKTOPHOTO HOJS BiIMTOBIMAE MIIAX HA
rpadi.

Teopema 1. Hxwo dsi cim’i monosoziuno exeisasenmui 6 kaaci Ty, Mo 60HU 3a0at0Mb 00HAK06E
waazy e epadi. Hasnaxu, dsa noaa waacy T; moocna 3’cdnamu waazom (cim’ern sexmoprus
noais) 6 xaaci Ty, AKW0 ichye waax Ha epadi, akul 3’ednye IOR0GIOHI GEPUUHU.

Teopema 2. Sxwo deom cim’am 6idnosidaromsd 00HAKOBT OCHOWEHI WAATU HA 2padi, MO GOHU
MONOAOINHO EKEI8ANEHMHY.

Crmicok Jjiteparypu

[1] Boacunos A.B., @®omenko A.T. Harerpupyemsbie ramMu/bTOHOBbIE cucrembl. leomerpus,
TomnoJiorust, Kiaaccudgukanust. — Vxxesck: Nza. Tom "Yamyprekuit yausepcurer". — T.1. — 1999.
— ¢.69-145.

[2] B.I1.Apuossa, B.C.Adpaiivosud, JI.C.Mabsmmenko. Teopust 6udypkanuit — 217c.



Aromu ckaagmocTi 2 m-dyukIiiii Ta ix gedopmamii

O. M. Iraniok, O. O. IIpunuaak

(KHY im. Tapaca ITlesuenka, Kuis, Ykpaina)

E-mail address: Oxana801@yandex.ru, prishlyak@yahoo.com

Hexait M - 3aMKHeHUIT Opi€HTOBaHUI JBOBUMIDHUI MHOTOBH (MOBEpXHs), f - TiaaKa DyHKITs
wa M. Jlns muoroBumiB 3 kpaem anasjorom ¢dyukiiit Mopca € m-dyuxmii. Ile Taki dynkmii, B
AKAX BCl KPUTUYHI TOYKM € HEBHPO/KEHUMH 1 HE JIe;KaTh Ha KPaio, a TAK0XK TaKi, M0 0OMEKEHH
dyukIii Ha Kpait € dpyukiieo Mopca. Ilix atomom BymeMo po3yMiTH peryagapHuii OKiJi KOMIOHEHTH

KPUTUYHOTO PiBHA (DYHKINI, PO3MAPOBAHWA Ha JIiHIT PiBHL.

Tyt xpurtranum piBHEM € PiBEHD

dyHKINI, MO0 MICTHTH 11 KPUTHYHY TOYKY ab0 KPUTHUHY TOUKY OOMerkeHHd QYHKMI Ha Kpaii.
CrIaIHICTE aTOMY — II€ YUCJI0 KPUTUIHUX TOUYOK Y HbOMY. lIpocTuit aToM Mae CKIaIHICTD 1.

Teopema 1. (TIpo sokanpry knacudikanioo) Koowcen amom ckaadnoemi 2 m-@ynkyii na noeeprii
3 Kpaem € 00nuM 3 0e6’AMnaduAmY amomis, abo odnum 3 mpudyamu deoz f-amomic (B1-Bsa).

Koorcnuti amom craadnocmi 2 posnadaemvbesa npu Maaomy PYci 6 o0HONnapamempuyHit cim’i
m-pynKxyit na 06a NPOCMUL GIMOMU 060MG CNOCODAMU.

Teopema 2. Bcei moorcaust depopmanti amomie ckaadhocmi 200 npocmur amomis 3604H0 8

mabauyi:

By | By | Bs | By | Bs | Bs | Br | Bs | Bg | Bio | Bu | Bia | Bis | Bisa | Bis | Big | Bir

Ay | A7 | A3 | Ag | Ag | As | A3 | Ag | As | Ag | Ay | A | A3 | Ay | A5 | Ay | A5

Ag | Ao | A7 | Ag | As | Ag | Ag | Ay | Ag | A5 | Ar | Ao | A3 | Ay | A3 | A5 | Ay

Ag | Ay | A7 | Ao | A3 | A7 | Ag | Ay | Ag | As | A1 | A2 | A3 | A | A5 | A3 | Ag

A3 | A7 | Ay | Ag | Ag | Ay | A3 | Ag | A5 | Ag | Ay | As | Ay | Ay | Ay | A5 | A3
Bis | Big | Bog | Bo1 | Bag | Bog | Bosa | Bos | Bag | Bar | Bag | Bag | Bso | B31 | B2
Ag | A3 | Ag | As | Ay | Ay | A3 | A1 | A3 | Ag | A | Az | A5 | Ag | Ag
As | Ag | Ay | As | Ao | Ay | As | A3 | A3 | A7 | As | Ag | A5 | Ag | Ag
Ay | Ag | Ay | As | Aoy | Ay | Ay | A3 | As | Ag | Ag | A7 | Ag | Ag | Ag
Ag | A3 | Ag | As | Ay | Ay | A | Ay | As | A7 | Ag | Ag | Az | Ag | Ag

Crncok miTeparypu

[1] Hpumtrgk O.0., IMpummsik K.O., Mimenko K.I., Jlykosa H.B. Kracudikamisa mpoctux m-
dynkuiit Ha opienToBannx nosepxuax: Kypuasn obumcs. Ta mpuki. marem. — 2011, — Nel (104).

—c.1-12

[2] Tsamiok O.M., Ilpumiak O.O. Aromu cremeni 2 Ha moBepxHsix 3 KpaeMm: Proceedings of the
international geometry center. — 2013. — Ne3.




KBauryBanus apyroro meroay Jlsmynosa (HeaBTOHOMHIM BUMag oK)

FO. B. Ionina(}0.B.IlTapko)
(Tncruryr maremarnkn HAH Vkpainn, Kuis)

E-mail address: sun-setQukr.net

Posragnenmo cucremy nudepennianbaux pisasiab dx(t)/dt = f(t,x(t)). Hynbosuii poss"sazok
z(t) = 0 Ha3MBaeTHCA CTIiKUM 3a JIgyHOBUM, SKINO 115 1oBlIBHOTO € > 0 icHye () > 0, Take 110
akmo || o ||< §(g), To poss"a30K cucremu 3 mouarkosoio ymosoio z(0) = 20 icaye mpm Beix t > 0 i
3a/10BlbHSE HepiBHICTS || (1) ||< €.

Axmo, xkpim roro x(t) — 0, kom t — 00, 10 po3B"s30k x(0) = 0 HABMBAETHCST ACUMITOTUYHO
CTIMKIM 3a JIamyHoBuM.

Ozuavenns 1. Jlaa xooicnozo € makozo, wo €9 > £ > 0, nassemo e-mpybroro ¢ obaacmi U
sidkpumy mmoorcuny Te = [x,t || = ||< €]. Mnozosud IT. = [z,t :|| © ||= €] 6ydemo nasusamu
meoicero e-mpybru. Ilosnawumo wepes L = [x,t 3| x ||= 0,t > <] mnoseuny 6 obaacmi U, axy
6Yydemo na3u6amu NPOMEHEM.

OsnHauvennda 2. Hexati M"™- aaadxud n-sumiprutl mro2oeud i N{L_l, N;‘Q, ey NY 5 NY - 2nadxi
niommozosudu ¢ M"™. Ipunycmumo, wo ¢ : M"™ — U - exaadenna, axe € eaadxum na M™ \
Ui(NT™") i obmesicenna ¢ na nidmmozosudu Ui (N5 - meste enadke eidoGpasicenns. Kyckoso
enadroro zinepnoseprnero 6 obaacmi U mnasusaemvea H™ = ¢(M™). Hidmnoocuna ¥ = o(\ U;

(N/"™") C H" nasusaemvca Cunzyiaphoro nidmMHOMCUHO0 KYCKo6o 2aadkoi zinepnosepxii H™.

Osuavennsa 3. Hexati H" - 36"43H0 HEKOMNAKMHAG KYCKOBO 2400K0N 2INEPROGEPTHA 6 00AGCTS
U. Craosrcemo,uo H" obmesicye npomine L, arxuwo H" ¢ meocero nexomnaxmmozo n + 1-eumiprnozo
muozoeudy K" do axoeo nareorcumo npomine L, i K™ aeocumo 6 dearit e-mpybug.

Hezatd Hy - xycroso eaadki 2inepnosepruip = 1,2, ..., axt naaescams U 1 00medcyroms npomirs
L. Craocemo, wo H,' € 36ioicnoro nocaidosnicmio eimepnoseprony, swxujo Hyl ne nepemunaromovcs
i Ona mexomnakruxr (n + 1)-6umipnus mHo2osudis Kg“ 8 wmeocamu Hp suxonyromves ymosu:
NKpT =L ma Kjt S Kt dasp < q.

3a/amM0 Ha JIONOBHEHHI JI0 CHHTY/ISIPHOT MHOKMHU X, KyCKOBO-1JIa/IKOI rineprosepxui Hj', sika

obMeKye TpoMiHb L, OJIMHUYHE HOpMAaJIbHE BEKTODHE T10JIE Np(t,az;, HalmpaBJieHe y BHYTPIIIHICTD
MHOTOBULY Kg"‘l. Posrnanemo wa Hj' menepepeny dbynxiio x, @ Hy — [0,1]gxa € rragkoio na

HJ'\ ¥ i makowo x, 1(0) = X,. Ilo6ynyemo na H' riajKe BEKTOPHE 1OJIE ﬁig”(t, x) = xp(Np(t, x))
Teopema 1. Hezaii 6 6 obaacmi U sadana cucmema pisnans dx(t)/dt = f(t,z(t)). Hpunycmumo,

wo 6 U ienye 36iicha nocaidosnicy xycroso eaadkux noseprons Hy. STkwo 6 matioce 6ciz mowkar
x € Hy(p=12,...) snauenna dynwuii

S(t,x) =< ﬁ;fp(t,x), 7(t,:v) >
ne6id"emni, mo nyavosul poszs"asox yici cucmemu e cmitkum sa Jlanynosum. (Mu nosnwavuau
Tt 2y =(1, filt,2), folt, 2), o fult ).

Teopema 2. Hezali 6 6 obaacmi U sadana cucmema pienans dx(t)/dt = f(t,z(t)). Ipunycmumo,
wo 6 U icnye 36191cHa nocaidosHict KYCcKo6o 2Aa0KuT NOGEPTOHS H;}. Hxwo 6 matigice 8Cix MoOUKaT
v e Hy(p=1,2,..) snavenna dynwuii

S(t,x) =< N¥*(t,2), [ (t,z) >

neeid "emni, i npomine L e edunoro insapianmmoro muooicunoto daa cucmemu dx(t)/dt = f(t,z(t)),
mo HYAvosutt po3s"a30% Ulel cucmemu € aCuUMNMoOMuUwHO cmilixum 3a JIanyrosum.



IIpo ToyHEe YKCJIO TOIOJIOriYHO-HEeEeKBiBaJIeHTHIUX (DYHKIIIH 3 OQHIEI0O BUPOXKEHOIO
KPUATUYHOI TOYKOK THUITY Ci/[Jla HA ABOBUMIpHii cdepi

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

FE-mail address: kadubovs@Qukr .net

Hexait C’kvm(SQ) — KJIAC IAJKUX (DYHKIIN 3 TPbOMA KPUTHIHUMY 3HAYEHHAMY HA JBOBUMIpHIN
cepi 52, y dKAX OKpIiM Kk JIOKAJbHMX MAKCHMYMIB 1 M JOKAJbHUX MIHIMYMIB JIHIIE OIHA
(BupomKena) KpuTuuHa TouKa To THiy ciana [I]. Toxi, s Bigomo, Vf € Cy(S?) ingexc Ilyankape
Touku o gopirmoe ind/ (z9) =1 —n, ne n =k +m — 1 [1], [2].

Oyukmil f i g 3 kJiacy Ck,m(52) Ha3WBAIOTL MONOAOIYHO EK6I8AAEHMHUMY, SKIIO ICHYIOTD
romeomopdizmu h: S2 — S%2i1: R' — R! (I 36epirae opienrario), raxi mo g = [ - f - h=L, Sk
h 36epirae opienrariito, dyukiii f i g 6ynemo HazuBatu O —TONOJOrIYHO EKBIBAJIEHTHIMHU.

Hnst nogarkosux k = 1,2,3,41Vm € N a Takox juisd BUNAAKY, KoJm K+m—1 € mpocTuM 4ucIoM,
BigmoBinui opmysan miapaxyHKY BeIUGIWHU Plj;,m O—TOmoJIOTIIHO  HEeeKBIBAAEHTHUX (DYHKINH 3
kiacy O m(S?) 6ys10 Beranoseno B [3]. B zaranbroMy BUTIAIKY < HUTaHHS 3a/THMIAIOCH Bi TKDUTHM.

Mage wmiciie TBepmKEeHHST

Teopema 1. Jlasa namypasvrnuxr m i k > 2 wucao O—monoio2into HEEK8I8aAeHMHUT HYHKUIT 3
waacy Crm(S?%) moocna obrucaumu sa donomoz010 cnicsidnowed

1/1 _ k+j B A
P, =—|-Ck.Cck! > Ci - Ci
k,m n(ﬂ n n + ¢() 2 +

Jl(nsk), j#1
k=145 =ty L
- Z o(5) - Tj ’ C?] ) C?] >, (1)

il(nk=1), j#1
de: n=k+m—1; ¢ - Ppynwyia Fasepa; (s,t) = natibisvwui cnisorud diavnuk wucea s i t; a
NIdCYMoeYSanna Y dpy2omy i Mpemvomy 000anKaT 6E0eMbCA 34 GCIMA MABHUKAMU (3G GUHATKOM
1-ui) wucea (n, k) i (n,k — 1) 6idnosiono.

Kpim Toro, 3 ypaxysauasam pesyiabrarie poboru [4] (Example 37), mae micite TBepIzKeHHsT

) : o 2
Teopema 2. Yucao monoaoeiuro weexsisarenmuur dynryitt 3 xaacy Chpi1-k(S7) MmoorcHa
obuucAuUMY 36 00NOMO20I0 CNIGBIOHOUIEHHA

de |q| =max{n € Z|n < gq}, [¢] = min{n € Z|n > ¢}.

Crucoxk Jriteparypu

[1] Prishlyak A.O. Topological equivalence of smooth functions with isolated critical points on a
cloused surface // Topology and its Aplications. — 2002. — Vol. 119, Ne3. — P. 257-267.

[2] Kany6osebkuit O. Tonosoziuna exsisarenmmuicms Gynruill na opienmosanur nosepruar |/
Ykpaiacbkuit Mmaremaruaauii xkypaas. — 2006. — T. 58, Ne 3. — C. 343-351.

[3] Kauybosebkuit O.A. ITIpo 4wucao monosoziuno neeksisarenmuus Gynkyit 3 00nie10 upooicenon
KPUMUYHOI0 oYK muny cidaa wa dsosumiphit cgepi // TIpobaemu Tonosorii Ta cymizkui
nurands / 36. mpanp Incruryty maremarnkun HAH Vkpainu. — 2010. — T 3, Ne 3. — C. 163-179.

[4] Barry P. On Integer-Sequence-Based Constructions of Generalized Pascal Triangles // J. Integer
Sequences. — 2006. — V. 9, Ne 2. — Article 06.2.4, 34 pp. (electronic)
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IIpo C- i C*-Bryageni niiMHOXKUHK MIOHIMHN 30preddpes

0. O. KapsooBa
(Yepuisenpkuii mamionansuuii yaisepcurer, Yepnuismi, Ykpaina)

E-mail address: maslenizza.ua@gmail.com

Hexait X — Tonosoriunmit mpoctip. Muoxwuna £ C X #HaszuBaeThCa

o (C-sraadenoro 6 X, GKINO JOBIIBHY HeENepepeHY fificHozHauHy (yHKI0 f Ha E MOoXHA
IPOJOBKUTHU 10 HemepepHol (hyukmil Ha X.

o C*-graadenor 6 X, AKINO JIOBUIbHY HellepepBHY obMexkeHy nificHoznauny dyHkiiw f Ha F
MOXKHA IPOJOBXKUTHU A0 Hermepepsuol dyukii na X.

Hacrymua Bigkputa mpobiema copmyasosana B [I].

IIpobuema 1. Yu ichye npocmip 3 neputot aKCiOMOI0 3AI4EHHOCTE, Wo Micmumy 3amkneny C*-
s8rAGdeHY MHOMCUNY, Aka we € C-exaadenorw?

Irowunoro 3oprengpes S? vmu mazsupaemo 100yToK mnpsamux 3opremndpes S (maragaemo, 1o
npsama 3opreudpes S — e YUCIOBA IpAMa 3 TONOJOri€0, 6ady okojuiB Touku x € R B gkiit
YTBOPIOIOTh HPOMiXKKH BUTIALY |x,7 + €), € > 0). Bigomo, mo mmommuna 3oprendpes S?
33JI0BOJILHSAE TTEPTITY aKCIOMY 3JIIY€HHOCT] 1 He € HOPMaJbHUM TTPOCTOPOM.

B mpomy moBimomaenHi Mm oxapaxTepm3oByemo C- i C*-kjajeni MHOXMHM B S%, axi €
HiIPOCTOPaMu Tak 3BaHOl anmudiazonani niomuan 3oprendpes, Tobro, Muoxuau D = {(z, —z) :
z € R}.

Teopema 1. Jlaa muooicunu E C D nacmynni ymosu pi6HOCUADHI:
1. E - C-6xnadena;
2. E — C*-exaadena;
3. E - aaiuenna mroscuna muny Gg 6 R?;

4. E — 3nivenna Gynkuion@avho 3amenena mnosicuna 6 S2.

Crucok Jjiteparypu

[1] Open problems in topology II /ed. by Elliott Pearl/ Elsevier, 2007, 776 p.
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3acTocyBaHHs iHOBaILiTHMX TEXHOJIOTi{l HABYAHHS [Jid aKTHUBi3amil misHaBaJbHOL
JUSJIBHOCTI CTY/I€HTIB.

T. B. Kauan
(OTK OHAXT, Ogeca, Ykpaina)
E-mail address: pavlik720@ukr.net

YV Harionanbhiit mokTpuHi po3BuTKYy ocBiTH, 3arBepmkeniit y kBiTHI 2002 poky, obrpyHTOBAaHO
3aBJaHHs OHOBJIEHHS 3MICTY OCBITH Ta HaBYaJbHO-BUXOBHOTO IIporiecy. K BioMO, HaBYaJIbHO-
BUXOBHHUI MpoIlec MOBWHEH OYIyBaTHCs BIAMOBIAHO A0 TOTped 0COOMCTOCTI Ta IHAWBIAYAILHIX
MOXKJIUBOCTEH CTYIEHTIB, 3POCTAHHS iX CAMOCTIHHOCTI # TBOPYOI aKTWBHOCTL: +XpPECTOMATIHHUM
crap Bucais K.JI. YmuwHCHKOrO mpo Te, IO BUNTENb 9K (haxiBenb KWBE JOTH, TOKKA BUUTHCS.
Cupugru memarory B IbOMY — TpPOBigHA QyH-KIig MeToquwaHoi poboru. Meromuuna pobora — e
CHCTEMATUYHA, IIJIeCIpIMOBaHa, KOJEKTUBHA f 1HANBIIya abHa JISIbHICTD HearoriB 3 I IBAIIEHH T
HAYKOBOTO Ta 3araJbHOKY/IBTYPHOIO PiBHHA, BIOCKOHAJEHHS IICHXOJOTO-MEMATOTIIHOl T ATOTOBKH
1 mpodpeciitnol maficreprocti. obpe Bimomo, 10 e(heKTUBHICTL METOAMIHOI POOOTH BHATHOIO
MIpOI0 BU3HAYAECTHCH PIBHEM TBOPYOrO MOTEHINAJY BUKJIA/IA4d, TEXHOJIOTIYHO) KOMIIETEHTHICTIO
Ta, cPOPMOBAHICTIO tOT0 iHHOBaIiiHOl KyabTypru. HOBI MeToam HaBYamHs, HECTAHTAPTHI pOopMH
3aHATTS JAOMOMAaraloTh Po30yauTu iHTEpeC CTYAEHTa JI0 JOC/IiKYyBaHOI npobjieMu, CIPUSIOTH
6iibIn TTUOOKOMY BUBYEHHIO TeMH. |HTEpaKTUBHI TEXHOJOTIl HABYAHHA - Il€ TaKa OpraHizalis
[POLIECY HABYAHHS, y $KOMY CTY/IEHTY HEMOXKJIMBO HE HPUUMATH Y4YaCTh — B KOJEKTUBHOMY,
B3a€MO/IOTIOBHIOIOUOMY, 3aCHOBAHOMY Ha B3a€MOJIl BCIX OTO YYACHUKIB TIPOIECY HABYAIHLHOTO
m3HAHHA. Y CydYacHOMY CBiTI MabyTbh HeMae Taaysi, Hne 6 He BUKOPUCTOBYBABCS KOMII'IOTED
i oCBiTHZ TaJy3b HE € BUKIIOYCHHAM. Iurepec m0 BuBdYenHa mnpemmery 6arato B HOMY
3aJIEXKNATh BiJ| TOTO, SK HPOXOJATH 3aHATTS. 3aCTOCYBAHHS KOMII'IOTEPHOI TEXHIKM Ha MMapax
IO3BOJIIE 3POOUTHM YPOK HETPAMUINHHUM, FCKPABUM, HACUYIEHWM, HATOBHIOIOYH WOr0 3MICT
3HAHHAME 3 IHIMUX HAOYHUX obJacTel, IO TEPETBOPIIOTHL MAaTeMaTHKy 3 00’€KTy BUBYEHHS
B 3acid oTpuMaHHS HOBHAX 3HaHb. HAaNHIOCTYyIHIMMMH 1 CAMHMHI MOMIMPEHUME TEXHOJIOTidAMU
€ 3acTocyBaHHs TabjuuHOLo mnpoiecopa MS Excel, mporpamm nisi crBopeHHs npesenrtariit Mi-
crosoft Power Point, nporpavu «OTKpbiTas MaTeMaTuKay , KOHTPOJIbHO-TIArHOCTUIHOI CHCTEMU
Test-W. Koxken ejeMeHT 13 3a3HAYEHOI0 MEPEJIKY IIPOIPAMHUX 3aCODIB € JIOCTATHBO JOCKOHAJMM
y cBoemy poxi. Bukopucramms inTepakrwBHuX, iHGOPMAIIITHO-KOMYHIKAIIHUX TEXHOJIOTIH HA
HABYAJIbHUX 3aHATTAX 3 MATEMATUKN CHPUSIOTH aKTUBI3aIlll HaBYAJILHO-TIB3HABAJIHHOT JiAAbHOCTI
CTYIEHTIB, MBUAKOMY Ta e()eKTUBHOMY 3aCBOEHHIO HUMU HABYAJIBHOTO Marepiany, pOpMyBaHHIO
KJIIOYOBHAX KOMIIETEHIN CTyAeHTa. [Ipw IhOMYy HABYAILHO-BUXOBHUM MPOIEC OPraHi30BYETHCH
TaK, MO CTYJAEHTHU TIYKAOTh 3B’S30K MiXK HOBUMM Ta BXKE€ OTPUMAHUME 3HAHHSIMU; NPUUMATH
AJIBTEPHATHBHI PIITIEHHSI, MAKOTH 3MOTy 3pobuTtu "BiakpurTd”, (GOPMYIOTH CBOT BAACHI 116l Ta AyMKH
3a JOIOMOTO0 PIBHOMAHITHHX 3ac00iB; HABYAIOTLCS CIIBPOOITHHUIITBY.
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Ilignpocropu nobyTKiB JIiHiIfiHO BIIOPsSiAKOBAHUX IIPOCTOPiB i KOHAMiOKOBi npocTopu

B. B. Muxaitaok
(Yepuisenpkuii namionansuuii yaisepcurer, Yepnuismi, Ykpaina)

E-mail address: vmykhaylyukQukr.net

Hexait X, Y — ronomoriuni npocropu. KaxKyTh, mo Hapizao Henepepsaa GyHKIS f : X XY — R
mae sagcmuesicmo Hamioxu, skino icaye miisna B X Gs-muoxunaa A C X raka, mo f HemepepsHa
3a CYKYIHICTIO 3MIHHMX B KOXKHIil Toumi MHOXKMHE A X Y.

KomvmakTuuit npoctip Y Ha3WBAETbCS KOHAMIOKOGUM, SIKITIO [JIsT JMTOBLIBHOTO OEPiBCHKOTO
npocropy X KOyKHe Hapi3Ho HenepepsHe Bigobpaxkenus f : X X Y — R mae Baacrusicts Hamioku.

JocuTh 3arajbHi pe3yJbTaTh yV HANPIMKY BUBUEHHS BJIACTUBOCTEN KOHAMIOKOBHX MPOCTOPIB
6ynm onepxkani B [IL 2], 1e BcranosieHo, mo Kaac KOMIIAKTHIX KOHAMIOKOBUX TIPOCTOPIB 3aMKHEHU
BiTHOCHO 00y TKY 1 MicTuTh KOMITakTH Baszisia. B [4] 6y10 y3aranpHeHo i pe3yabTaTi i OKa3aHo,
IO JOBLIBHUI JIHINHO BIOPAIKOBAHUIM KOMIAKT € KOHAMIOKOBHUM ITPOCTOPOM.

Pasom 3 Tum, mpuksan M. Tamarpana [3] KoMIakTHOTO HWPOCTOPY, SIKWii He € KOHAMIOKOBHM,
BKA3y€ Ha Te, M0 3aMKHEHUN MiAIPOCTIp KOHAMIOKOBOIO KOMITAKTY MOXKEe He OyTu KOHAMIOKOBHM.
Tomy TpHUpPOAHO BHHUKAE MIUTAHH: U1 000B’I3KOBO KOMIIAKTHHH mMAmpocTip Y m100yTKy Y1 X - - XY,
CKIHYEHHOI KIJIbKOCT] JIHIAHO BIOPSAKOBAHUX KOMIAKTIB Y € KOHAMIOKOBUM

Teopema 1. Hexatd Yi,...,Y, — ainitino enopadkosamni mpocmopu, ¥ C Y7 X --- X Y, -
maxul KoMnaxmuut npocmip, wo 0as 006iALHO20 (MOAHCAUEO 6UPOdsCceH020) napasesenineds W =
[a1,b1] X -+ X [an,by] C Y1 X -+ XY, mnoscuna Y "W s6’azna. Todi Y xonamiorosud.

Crucok Jjiteparypmu

[1] Bouziad A. Notes sur la propriete de Namioka // Trans. Amer. Math. Soc. — 344, N2. — 1994.
- P.873-883.

[2] Bouziad A. The class of co-Namioka spaces is stable under product // Proc. Amer. Math. Soc.
— 124, N3. — 1996. — P.983-986.

[3] Talagrand M. "Espaces de Baire et espaces de Namioka // Ann. of. Math. — 1985. — 270, Ne2. —
P.159-164.

[4] Muxaitntox B.B. Jliniitno BropsiikoBani KoMmakTi i KoHaMiokosi ipocropu // YKp. MaT. XKypH.

—2007. — T. 59, Nev. - C. 1001-1004.
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Ilnaxu migBuineHHs AKOCTI MATEMATHUYHOI IIiArOTOBKHU CIeIiajicTiB Ta IX peaJisamnii B
yuboBoMYy Tiporieci

H. B. Hy>kna
(OHAXT, Opmeca, Ykpaina)
E-mail address: Ladab.00@rambler.ru

B renepimnboMy 4aci BUIIYCKHMKH TeXHIYHMX By3iB 1OTPEOYIOTH CEPIlO3HY MaTeMaTH4YHY
MITOTOBKY. MareMaTuyHi MeTOJM JIOMOMAraloTh JOCI/KYBATH IIUPOKE KOJIO HpobieM,
3aCTOCYBATH TEOPETUYHI JTOCATHEHHS Ha HPaKTUlli. HeobxiaHo mocTaBUTH MaTeMaTHYHY OCBITY B
BY3i TaKUM YHHOM, 1100 BUMYCKHUKYW MaJIX YiTKE YSIBJICHHS, [0 TAKEe MATEMATHIHA MOJETh, B TOMY
TTOJIATaE MaTeMATHIHNN TIXIT 0 BUBUEHHS ABUINA PEaJBLHOTO CBITY, K HOT0 MOXKHA 3aCTOCYBATH
i mo BiH Moxke maTtu. Ha Hamm moriasa, SKicTh MAaTeMATHIHOL M ATOTOBKH CHEIiaIiCcTa 3aJeKNTh BiI
HaCTYITHUX MOMEHTIB:

1. 3MicT BUBYAEMHUX JHUCIUTLIIH;

2. zabe3mevueHHs CTYIEHTIB HABYAIHHOIO 1 METOAUIHOIO JITEPATYPOIO M0 BUBYAEMIN AUCITUILIIHI;
3. Hay4YHOTO PIBHH Ta MeJarorigyHol MafCTEPHOCT] BUKJIAIAITBKUX KAPIB;

4. mocTaHOBKA METOJMYHOI T8 BUXOBHOI poboTu;

5. KOHTaKTy BUKJAIAYIB 31 CTYIEHTAMU i pIBHS 1HIWBIAya pHOI pobOTH 31 CTYIEHTaAMHU.

Hapuanng wmaTeMaTWKW B BY3l Tepeciilye Taki Il  PO3BUTOK JIOTITHOTO MUCJEHHS Ta
MaTEeMaTUIHO! IHAYKIN], BUXOBAHHA MAaTEMATHIHO! KY/JIbTYDPH, 3ACBOIOBAHHS MATEMATAIHUX 3HAHD
1 yMIHHSI 3aCTOCOBYBATH iX B KOHKPETHUX AoAaTrkax. lIpm ckiamamnl mporpaMu mo MaTeMaTHIHIM
pucruiiinaM 6e3yMOBHO IOBUHEH OYTU KPUTEPIH KOPUCHOCTI KOHKPETHUX MATEMATUYHUX PO3IiJIiB
JUTsl Maiby THBOT CleriajbHOCTI; ale 00MEXKYBATUCH TIIbKH 1M 6yJ10 6 BesinKoto moMusiko. IloTpibuo
BPAaXOBYBAaTHU BHYTPIITHIO JIOTIKY i BHYTPIIIHI 3B’I3KM, HEOOXIiTHI [/sT PO3YMIHHS MaTEMaTUIHUX
3B’g3KiB. AKuM po3diaM MaTeMaTUKW i B gdKOMYy 00CA3i TOTPIOHO BYNTH CTYHEHTIB TaHOL
CIEIiaabHOCTI, MOBUHHI BUSHAYATH MATEMATHKHU CYMICHO 3 cIieniajgicTaMn KOHKpeTHo! obaacti. s
TTOJTINIIIIEHHA IKOCTI 3aCBOCHHAY CTYIEHTAMM KOXKHOI AWCIHUILIIHUA BEJUKA POJIb HAJIEKUTH IIim0opy
MaTepiajia, BABYAEMOTO B TaHifl AUCITUINIHL. BaKIWBO CKIACTH MPOTPAMMY BUBYAEMOI TUCTIUTLIIHN
TAKUM THHOM, MO0 BUKIAMAHHS MTPOBOIUIOCH IO 3POCTAIOUNN BAXKKOCTI 3 BPAXyBAHHAM 3HAHHI
CTYJIeHTaMU SIK TIOMEPEIHIX PO3ILIIB JaHOI TUCIATIIIHY, TaK 1 IHITUX JACITUILIIH.
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Hudepennianbui 1-dpopmu Ha 3aMKHEHUX MOBEPXHIAX

I. }O. Okcronenko, C. B. Binyn
(KHY)

E-mail address: demchenkoira@meta.ua

Y mpamgx ([I], [2]) 6ysmo Bcranosmeno kpurepiit TOMOIONIMHO! €KBiBaJEHTHOCTI 3aMKHEHHX 1-
dopm HA 3aMKHEHIiH opienToBaniit moBepxHi. g Takux dhopm mobyoBaHO NOBHUI TOMOIOTIIHIN
iHBapiaHT i JIOBE/IEHO KpUTEPIiil TOMOIOriuHOl ekBiBajieHTHOCTI. B manuiil pobori i pesyabratu Mu
BUKOPHUCTOBYEMO /11T OOUUCIEHHST UHUC/IA TOTOJOTITHO eKBiBaJEeHTHUX 3aMKHEHUX 1-hopM.

A came, MU POITIATAEMO MPOIEC CKICIOBAHHS MMIIHIPA Ta 2N-KYyTHUKA 31 30epeskeHHsIM
opieHTarii. 3 yMOB KpHUTepisi €KBIBAJEHTHOCTI BUILJINBAE, IO YTBOPEHI  AiarpaMu MOBUHHI MaTH
1 UK/, TOMY MU PO3TJISIAEMO Juiie 2N-KyTHUKH, e N-Hernapue. B iHmoMy pasi miarpama MaTumMe
MapHY KIJBKIiCTH MUKJIIB.

Tak, manpukaam, po3ragHeMO BUHAAOK Koau n=>5. ITlocaimoBHO 3amymMepyeMO KOXKHY IPYTY
TPaHb JECATHKYTHHKa. Jlo KOXKHOI 3 IMX T'paHell MPUKAEIMO OJIWH KiHEmb CTPIUKH, a IHIIAM
KiHIIeM OyeMO TPHUKJIEBATH J0 BEPXHBOI OCHOBU IWIHIpA. JadikcyeMo CTPIUKY il HOMEPOM
1, a immi O6yneMo npuUKJEOBATH 0 MUIIHIAPA PI3HUMU CIOCOOAMH HE TEPEKPYUYIOUN CTPIYKY,
TakuM 9uHOM 3bepiratoun opienrariito. Jas 3pyuHOCTI MO3HAYMMO HyMepariio rpauneit 10-xkyTHuKA
Yepe3 mocaimoBHICTE (an) = 1,2,3,4,5, a BapianTu HPUKJIEIOBaHHS CTPIUOK 70 MUJIHIpA dYepes
nocyainosuicrs (by), nepmmii unen sikoi 3aBxu (ikcoBanmnii i gopisnroe 1, a inmi 4 MOXKyTb
PO3MIIILYBATHCH Y JOBIBHOMY TOPsAKY. BCIX MOXKIMBUX BapiaHTIB TaKWX IOCJIJOBHOCTEMN, a
3HAYNTE 1 BapiaHTie miarpam, Oyme 4!=24.

ITukmom OymeMo Ha3WBaTH KOMIIOHEHTY Kpag yTBOPEHO! IOBEPXHi, KPIM HUMKHBOI OCHOBHU
mwringpa. iarpam 3 1 mukaoM Bcboro Oyme 8, BiAMOBIIHO MaeMo i 8 mocmigoBHocTEl by, a came:
1,5,3,24;1,5,243:1,543,2; 1,42,5,3; 1,3,5,24; 1,4,3,52: 1,3,5,.4,2 Tta 1,3,2,5,4.

Jami po3TyigHeMO MOMKJWBI TTPETBOPEHHS JiarpaM 3 1 IMKJIOM, TMOPOMXKEHI THM, IO MH
BubOMpaeMo no-inmomy neputy crpidky. Ilpu oMy BiOyBa€ThCH IUKIIYHA [I€pECTAHOBKA Iudp ¥
KOKHill 3 Bimibpanux nociiouocteil. B yTBOpeHiil i IcTaAHOBII UK/ YHO IEPECTABISIOTHCS UMPU
TaK, o0 BoHa mouwmHasach 3 1. B pe3ynbrari orpuMaemo, 1o n’yaTh jiarpaM, SKuM BiImoBiga0Th
nocaifgosuocti 1,5,3,2,4; 1.4,3,5,2; 1,3,2,5,4; 1,5,2,4,3; ta 1,3,5,4,2, ekBiBasienTHi MixK coboro, a iHri
Tpu exBiBasenTHi cami cobi. IlixpaxysaBiiu, maemo 4 Kjiacu €KBIBAJIEHTHOCTI.

Crucok Jiteparypu

[1] O. O. llpunuisak, H. B. Byaaunpka Exeisarenmuicmo zamrmnenur 1-gopm ma 3amxnenus
opienmosarur noseprrar.,- Bicunk KuiBchbkoro HamioHasbHOro yHiBepcurery. Cepist:hiz.-

MmarT.HayKu, (2008), Ne 3, C. 36-38.

[2] C. B. Binyn, O. O. lpurisk. Bamrkneni 1-gopmu Mopca na 3aMEHEHUT NOBEPTHAL.
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XapakTepucTuyHe piBHsHHS B Teopil indiniresumanbuux gedopmailiii IoBepxoHb
obepTaHHsA

I. B. IToranenko
(OHY im. LI.Meunukosa, Omeca, YKpaina)

E-mail address: igopotapenko@yandex.ru

OrpuMaHO XapaKTepUCTHIHE DIBHAHHSA B Teopil iH(piHiTe3nMaibanx Aedopmariiiz GikcoBaAHOIO
Bapiariero cumBojiB Kpicroddens apyroro posgy moBepxoHb obepranHsi 6e3 oMOIiYHEX TOYOK,
PO3BSI30K SIKOTO XapaKTepu3ye aedopMytoue moJe Takux gecdopmariiit Bapiamii koedirientiB qpyroi
KBapaTuaHol dhopmu 0b;; MOBEPXHi BifHECEHOT 10 JiHiN KpUBUHN TIpH JedopMaliaX 3 (hiKCOBAHOIO
Bapiarmieto cumBoiiB Kpicroddenst apyroro poay mators surisi ([1])

0K g11 n b11dg11

Sbiy = byyp — ,
11 11P 2@ 9
0K g2 . b226g22
Sbas = —baop + + :
- 2P 2VE 922 (1)
db12 = /94,

o0H
P=—F=
VvVE
ne 0 H - papiamisa cepennroi Kpusnam, 0K - Bapiallid rayccoBol KpuBNHM, [ - efliepoBa pisHuId, 0g;;
- Bapiariss KoedillieHTiB MepInol KBaAPaTHIHOI POPMH, ¢ - Bapiallid TeoIe3NIHOT0 CKPYTY B3IOBIK
rosiopuux Hanpsamie npu mpoMy ([2]) piBugmEs Taycca 6yiyTh BHKOHAHI TOTOXKHBO,a PIBHSIHHS
[TeTepcona - Maiinapzi - Kogari 6yayTh BUKOHAHI 38 YMOBH 0 Bapiaiis 0 H - cepeHbol KpUBUHA
3a0BOJIBHSIE XAPAKTEPUCTUIHOMY PiBHIHHIO

a$22 - am12 + 8331 Fll - 5622F11F12 + (5611F11P22 + WFQl + 5b22 8x1 -
ory,  96bi )
— b1y 8;12 - Wré? =17, (=b11 0T, + b22dT'%, + @(bnmz — boadTH )+ (2)
0
+ @(—bméﬁz + b1161'3,)

Crucok JitepaTypu

[1] I. B. Iloramenko Xapaxmepucmura depopmyrouozo nois npu im@inimesumaivnur 0ehopmayias
3 ixcosanoio sapiayicio cumeonis Kpicmogppers dpyzozo pody., - Tesn gqonopigeit MiKHAPOIHOT
koudepentii 8 Ozeci - (2013), - 2013. — C.24

[2] T B. Tloranenko Hoei pishanua inginimesumarvrus dedopmayits nosepronv ¢ E3. - [/
Yrpaiucbkuit MmareMarnaanit )kypras.: Hayka, (2010).— T.62, Ne2. — C. 199 — 202
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IIpo po3B’a3nicTs maTpuydHoro piBuguua AX B = C' Haj o6J1acTIO TOJOBHUX imeastiB

B. M. IIpokin
(ITITIMM HAH Vxkpainu, JIssisa, Ykpaina)

E-mail address: v.prokip@gmail.com

Hexait R — obsactp rosoBuux ineanis 3 omumnuneio e # 0. Ilozmaummo: My, ,(R) — Muoxuna
(m x n)-marpunp vHag R; I, — ogunmdna Marpuig Bumipaocti n; Op,  — HysmboBa (M X k)-MaTpuIis.
Posrngaemo maTpuyne piBHIHHA

AXB =C, (1)

ne A € Mpn(R), B € Mp;(R), C € My, (R), C # 0p1, i X wesigomuii ejgevent i3
M, x(R). Merogam poss’st3nocti miiiiHoro piBHsiHHs (1)) mpucBsdeHa SHawHa KLTBKICTH POOIT.
[Te obywmomaeno me TIAbKE akageMidHWM iHTEpecoM 0 Iiiel 3agadi, ajge i Oararbma 3afadamMu
MPUKJIATHOTO XapaKTePy, s PO3B’I3yBaHHs SIKUX BUKOPUCTOBYIOTBCS TAKOT'O BUIY PiBHAHHS.
Axmo R = F — nose, o pisasuus (1)) wax F poss’sasue (qus. [1]) Toai i wisabku Toxi, konn

rankA =rank [A,C] i rank B = rank [g} .

I1i ymoBm He MOXKHA 3acTOCYBaTH /s po3B’a3nocti piBaanang (1)) max obmactio romoBHEX igeastis.
Harasmaemo, mo mis marpuni A € M, ,(R) panry rank A = r nas 06/1acTio TOJIOBHIX i1eaiB
R icaytors marpuni U € GL(m,R) ta V € GL(n,R) raxi, mo

Sa =UAV =diag (a1, a2, ... ,a,, 0,...,0),

Je ai, ag, ... ,a, — HeHysabBi esementn i3 Ry i a; | a1 (amurs) nag seix i = 1, ... r — 1. Enementn
ai, ag, ... ,a, HA3UBAIOTLCS 1HBapiaHTHIMH MHOKHAKAMM MaTpull A, a mlaroHajibHa MaTpHIS Sa
HaszuBaerbes opmoro Cuita Marpuii A.

Hukve Brazani yMOBH PO3B’I3HOCTI PIBHSHHS HaJ1 06J1aCTIO TOJIOBHUX ieatiB R.

Teopema 1. Hezait A € My, »(R), B € My;(R), C € M, ;(R) — nenyavosi mampuyi. Hexad,
dani,
SA N UlAV1 — diag (al, az, ... ,0ap, 0, ces ,O)

SB = UQBVQ :diag(bl, bg, ,bq, 0,... 70)

dopmu Cmima mampuuys A ma B eidnosiono, de Uy € GL(m,R), Vi € GL(n,R), Us € GL(k,R)
i Vo € GL(I,R). Pisnanna AXB = C pose’sasue nad obaacmio 20a06nux ideanie R modi i miavku
D Opi—q de

modi, koau mampuus UiCVy donyckae 306pasicernns y eueandi UyC'Vy = 0 0
m—p,q  Ym—p,l—q

a1b1h11 a1b2h12 e albthq
D= a2b1h21 GQthQQ e agbqhgq c Mp7q(R) i h@j cR.
apblhpl aprhpg e apbthq

Crucok JjitepaTtypu
1. R. C. Rao, S. K. Mitra Generalized inverse of matrices and its applications. — John Wiley
& Sons, Inc., New York, London, Sydney, (1971 ), 240p.
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Opecobkuii niepion Haykosol tBopuocri npod. M.T. Heborapsosa (o 120-piuus 3 mus
HAPO/I>KEHHH ).

O. M. Psabyxo
(ABH3 " JJITY Cios’auchK, YKpaiHa)

E-mail address: rom.olena@gmail.com

HaykoBy migipHiCTh BHAATHOTO MaTeMaTHKA 1 [lefarora, BUXOBaHId KHUiBCHKOTO YHIBEPCHATETY
cB. Bonmomumupa M.I.YeboTapboBa MOXKHA YMOBHO PO3JLINTH Ha TpHU Tepionn: KuiBchKmil (1918-
1921pp.), omecwkmii (1921-1927pp.) i kazancokuit (1927-1947pp.). YV MOBIIOMIEHH] TPOTIOHYETHCST
anaJi3 mukiy npais M.I. HeGoraprosa, siKi BLIHOCATHCS 10 omecbkoro mepiomy (1921 - 1927).

ITo mpuizai 8 Omecy YeboraphoB jgesiKuil 9ac MPAIOBAB BUKJ/IAaUeM B PISHUX HABIAILHUX
3ak/aziax, a 3 1924 poky 3aiiHap mocajly cekperapst HayKOBO-IocJinHol Kadenpu mpu Omgecsko-
My incTuryTi Hapoanoi ocsitu. Ha omechkuit mepiom mpumamae TakoXK 3aKOPAOHHE Bl KEHHS
M.I".YeboTaprosa — Bui3a 1o HiMeuunnn, BiABiZaHHSA KIJIBKOX HIMENBKHX YHIBEPCUTETIB 1 yIaCTh B
pobori 3’i3ny maremarukis B Janriry.

Baromuwm anrebpaiaaum gocizkerasy M.1. HeborapboBa KUIBEHKOIO Ta MOYATKY 0/IECHKOTO I1e-
piogy € pobora [4], npucesigena poss’sizanuio npobiemu Ppobeniyca. Came i1 B 1926p. Heborapbos
1o/iaB /10 YKpalHChKOI akajeMil HayK B SKOCTI JOKTOPCHKOI jucepraiil, aky 3axuctus y 1927p. Omno-
wentamu Ha 3axwucti bysmu .0.I'pase, M.®.Kpasuyk i I.B. Ildeiiddep. Hicas zaxucty nuceprariii
YeboTapror OyB 3amporrenuii 10 Kazancbkoro yHiBepCcHTETY, J€ TOTiM MPAIMIOBAB 10 KiHIg CBOTO
KUATTS.

B mimomy mig wac nepebysanua B Ojeci M.I.YeboTapboB oTpuMaB HACTYITHI MaTeMaTHYIHI pe-
3yJABTATH:

1) goBiB, MmO NpoCTi ¥mMCna , AKi HAJTEXKATH M0 OKPEMHUX KJIACIB IMiJCTAHOBOK, iCHYIOTH. Tuwm
camuM OyJ10 po3B’st3aHO Bijgomy rpobsiemy Dpobeniyca;

2) BUBYMB BJAACTHBOCTI 1 OyI0BY rpynu KIaCiB B aareOpalaHux MmoJisx;

3) MPOMOBIKUB CBOI TOCJI/IPKEHHST 3 TeOPil MOBEPXOHB TEPEXO/Iy 1 OTPUMAB ICTOTHO HOBI pe3y/Th-
TaTW B JAHOMY HAIIPAMKY]

4) ocdopMuB fK ITICHL €TaTTi CBOL paHilie po3pi3HeH] pe3yJIbTaTh PO KOPEH IINX TPAHCICH-
IEeHTHUX PYHKIII;

5) MpOBIB MOCTIPKEHHS B HAIPSIMKY 00€pHEHOT IpobaeMu Teopil Tanya.

Hocrimkents 3 Teopii Tanya, sukonam B Ojeci, JT9rI0 B OCHOBY MpAallb, MO MPHHECTH Mizk-
Haponuy HaykoBy caaBy Muwukosi I'puroposuay. B 1932 pomi ma MixkHAPOAHOMY MAaTeMATHIHOMY
xourpeci B Hropuxy Yeborapros 3pobus miaeHapHy J0noBib npucesdeny 100-piudio 3 qusd cMepTi
Egapicra Tasya.

Crmcok JjiTeparypu

[1] Heborapes H.I'. Kpumeputi sewecmsennocmu xopreli mpancuyendenmuss ypasrerud. Yd. 3ail.
B. k. Oxeccer, 2 (1922), C. 15-30.

[2] Yeborapes H.I'. 3adaua, obpammnan sadaue Tschirnhausen’a., Becrnuk Yucroro n Ipuki. 3ua-
uust (Onecca) I, Boim. 2 (1922), C. 1-8.

[3] Yeborapes H.I. Jlokazameawvcmeo meopemv. Kronecker’a-Weber’a ommocumenvno abeaesols
obaacmetd. Mar. c6., 31 (1923), C. 302-308.

[4] Yeborapes H.I. Onpedeserue naommnocmu cosoKynmocmu npocmuir wuces, NpuHaOAeHCoUUT K
sadaromy xwaaccy nodcmarnosor. N3s. Pocc. AH, 1923, c¢. 205-250.

[5] Yeborapes H.I. O noseprnocmsaz nepewnoca. , — Mar. 6., 31 (1924), C. 434 — 445.
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IIpo nHeckinuenno maJjii koHdopMHI jJedopmaiiii TOBEPXOHDb 3 JIEIKUM OOME>KEeHHSM Ha
Tun gedpopmarii

10. C. ®enguenko
OHAXT, Onxeca, Ykpalna
( : , VKD

E-masl address: Fedchenko JuliaQukr.net

Hocaipkyemo HeckinueHHo Majii KorGopMHL gedopmariii noBepxai S B €BKJIJIOBOMY TPOCTOPI

Es (D), (12D

Teopema 1. Jlaa mozo, wo6 noseprua S xaacy C° donyckara HeCKIHUEHHO MAAY KOHPOPMHY

0p
depopmanyito, weobxidno 1 docmamusvo, wob mewnsophi noaa T , T ma Pywkuia o, wo
_ 0B
npedcmasaaoms noxiony eexmopa amiwenna U; = Ciq, (T — @caﬁ> Tg + cio TN, 3a0060AvHANY
CUCTNEMY HOCTNYNHUL PIGHAHD:
oo
bog T +V T = 0;
0h 5
VaT _Taboc = (pozcaﬁ; (1)
oof
T (Ciagj,b’"‘cjagiﬁ) = 0
©; = 0ip.

Cucrema |1| nocimxyerses 3a ymosn T = 0.

Teopema 2. fHxuwo noseprna K # 0 donyckac Hempueiasvhi HECKIHYEHHO MGAT KOHPOPMH?E
depopmanii npu T = 0, mo maxa NoBEPLHA € MIHIMAALHOMN.

Jig MiHIMATBHUX TTOBEPXOHB 3IICHEHO JTOCTIPKEHHA OCHOBHUX PIiBHSHB.

Crmicok JjiTepatypu

[1] 1O. C. ®enuenko. [Ipo HeckinueHHO MasTi KOHGOPMHL medopMariii MiHIMATEHUX TOBEPXOHB 3i
36eperkenHsAM cepeHboi Kpusnau // [pani MikaapoaHoro reomerpuanoro mentpy. — 0., (2012).
- T.5,Ne 3-4, C. 24-31.

[2] 0. C. ®emuenko. [lpo icHyBaHHS HECKIHIEHHO MaTHX KOHGOPMHUX JedopMariiii moBepXOoHb [/
Maremarnanuii Bicauk Haykosoro ToBapucrsa im. Tapaca Illesuenka. — JI., (2013). — T. 10. -
C. 115-121.
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O kpurepum KOHTAKTHOH aBTOAYyaJbHOCTHA

A. B. Apucrapxona

(Mockosckuit TocymapcTBennbiii yausepeurer reogesun n kaprorpadbun (MUNTAnK), Mocksa,
Poccus)

E-mail address: aristarhowa@gmail.com

Konrakrho-aBroyasibabie MHOT00Opa3ust [1], cHabKEHHBbIE TTOYTH KOHTAKTHON METPUYECKO
CTPYKTYDOii, ABJISIOTCS €CTeCTBEHHBIM 06001TeHIeM 4-MEepPHBIX aBTOIyaJbHBIX MHOT00Opasuii [2| na
5-MepHbIil cayuaii. B ganmaoit paboTe orpaHUYNMCS PACCMOTPEHWEM KOHTAKTHON aBTOAYAMLHOCTH
KBa3W-CACAKMEBLIX MHOroobpasmii (kaxk Hambo/Iee M3yUeHHOrO W MHTEPECHOrO HOIKJIACCA MOYTH
KOHTAKTHBIX METPHYECKHX MHOrootpasmii). B camom jesne, ycTaHOBIeH KpuUTephii KOHTAKTHOM
aBTOyabHOCTU D-MEDPHBIX KBa3W-CACAKUEBBIX MHOT000Opa3mii:

Teopema 1. 5-meproe x6a3u-cacarueso muozoobpasue M KonMAKMHO-06MO0YaAsLHO MO200 U
moavko moeda, Koeda wa npocmpancmse npucoedunennot G-cmpyrmypst

1
i = 2Bi B+ BiB; + (BiBy - B{B},) 65+ (B;B{} = 5353’;55) 54+

1 1 -
+ (Bng - 23535&53) 5 — 5 (B{B’; + g) 5ee,

ede Opg = 050 + 040y - CUMMEMPUNHAA KPOHEKEPOSCKAA deavma 2-20 nopadra.

Bamerny, uro Habop dyuknuit { B} aBagercs Hab0poM KOMIOHEHT KOMILIEKCHOTO T€H30PHOI0
noss B runa (1,1) na M, HazbiBaeMoro cmpykmyphvim meH3opom nepeozo poda, a cucrema dbyHKuii
{ ‘blg} onpeenser Tensopuoe noge A tuna (2,2), Ha3BIBAEMOE CMPYKMYPHHIM MEHZOPOM 8TNOPO2O
poda WIH MEH30POM 20A0MOPPHOTE CEKUUOHHOT, KPUBUSHBL KEA3U-CACAKUESA MH02000pasusa. 1lpn
aroM, a,b,c,d,h, f = 1,2. B ciyuae KOHTAKTHON aHTUABTOAYAJBHOCTH KPUTEPHUI MOJYUATEH HE
VIAJIOCH, OBLT YCTAHOBJICH MPU3HAK KOHTAKTHON aHTHABTOAYAJbHOCTH H-MEPHBIX KBA3H-CACAKIEBBIX
MHOT000pa3mii:

Teopema 2. FEcau 5-meproe K8a3u-cacarueso muoz00bpasue M KOHMOKMHO-GHMUGEMOOYAALHO,

MO €20 CKANAPHAA KPUGUSHA K WA npocmparcmee npucoeduneninoli G-cmpyxmypol 6b4UCAACMCA
no gopmyae: k= 2BLBY — 6BABY.

Criucok amrepaTyphbl

[1}] A. B. Apwucrapxosa, B. ®. Kupuuenko Konmaxmno-a6modyaisoran 2coMempus 5-mepuols
K6a3U-Cacakuesns mnozoobpasud. - Marem. 3amerku. 90: 5, (2011), C. 643-658.

[2] A. Becce Mnozoobpasus Sunwmetina.,-M.: Mup, (1990), T. 1-2, 704 c.
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-anreb6pbl OCHOBHBIX TUIIOB ODOOIIEHHBIX MOYTH IPMUTOBBIX MHOI000pa3uii

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

E-mail address: highgeom@yandex.ru

[lousiTust 06061IeHHOrO TOYTH IpMUTOBA, (KOopode, G AH-) MHOrOOGpa3us U MPUCOETMHEHHON K
Hemy @Q-aarebpnl copmupoasinchk B 80-e TObI MUHYBIIIETO CTOJIETHSI U M3YYAJTUCH B psijie paboT
(cm., mampumep,[I]). Teopus GAH-cTpyKTyp TIpencTaBiIgeT WHTEPEC MOTOMY, 9TO MO3BOJISET C
eJIMHBIX TO3UINI B3TJSHYThL Ha TaKWe, Ha MEPBBIA B3MJIA] Pa3JIndHble, 00HEKTH, KaK, HAIPUMED,
SPMWUTOBA W KOHTAaKTHas reoMerpun. Bombmmit maTepec npeacrapasaior GAH=muoroobpasus panra
1 medbexra 0, TUHINYIHBIM [IPEICTABATENEM KOTOPBIX SABJSIOTCH f-MHOrooOpasus STHO.

Ounpenenenue 1. Q-anzebpa V nasveaemca:
o abenesoti, uau Kommymamuenot Q-anzebpot, ecau X xY =0 (X, ¥ € V);
o K-anzebpoti, uau anmurommymamusnot Q-anrzebpoti, ecau X xY = Y x X (X, Y €V),
o A-anzebpoti, usu nceedoxommymamuernoli QQ-anzebpoti, ecau
(XY, Z2)+ (Y« Z X)+(Z+«X,¥)=0, (X,Y;ZcV).

Iouru spuurosa crpykrypa (g,.J); J2= —id; g(X,Y) = g(JX, JY) nazsiBaercs:

e SpMuTOBOM, nin unTerpupyemoii, eciun Vx (f)Y — Vix (f)(fY) = 0;
o G1-crpykrypoit, ecin Vx (f)X — Vix(f)(fX) = 0;
o Go-crpykrypoit, ecu Sxyz((Y,Vx(f)Z) =Y, Vx(f)fZ)) =0.

Teopema 1. Kaacc GAH-mnozoobpasuti pawea 1 depexma 0 ¢ abesesoti npucoedurennoli Q-
aazebpoti cosnadaem € KAACCOM IPMUMOEHLT MH02000pa3ull.

Teopema 2. Kaacc GAH-mmnozoo6pasuti parea 1 depexma 0 ¢ npucoedunennoti K-anzebpoti
cosnadaem c xaaccom G1-mno2000pasuti.

Teopema 3. Kaace GAH-mnozo06pasuti panea 1 deexma 0 ¢ npucoedunennoti A-anzebpoti
coenadaem ¢ KAGCCOM IPMUMOBHT MHO2000Da3UT.

Crmcok aurepaTyphl
[1] B. . Kupnuenko Memodv 0606wennoti apMumosots 2eoMempuy. 6 Meopul Moumu

KORMakmuor Mrnoz2000pasud. -Uroru wayku u texumkn BUHNWTU CCCP. Ilpobiemsr
reomerpuu. 1. 18. 1986. C. 25-71
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I'paaguentaocTs BekTopa C;,T“ npu A-nedopmalinm 1moBepXHOCTHU

JI. JI. Be3kopoBatinas
(OHY um. U. . Meunukosa, Omecca, Ykpanna)

E-mail address: mazur _ elena®mail.ru

[IycTs
i = CinTPrj + Cio T

- YacTHBIE HPOU3BOJHBIC BEKTOPa cMemneHud @ npu A-gedopmaruu mosepxuoctn B 13, Ciy -
JUCKPUMUHAHTHBIN TEH30D.

Teopema 1. Eciau C;oT% — rpaaineHTHBIH BEKTOP, TO T€H30PbI A—1edOpMaliui MPOU3BOJABLHOM
noBepxHOCTH Kj1acca C3 MMeIOT mpejcTaB/IeHIe:

T — () paﬁ’

T = C*a,
rae p*P = %(C’mbg + Cﬁ'ybi;‘), b = g8 by, bgy — KO3hDGUIIEHTH BTOPOi OCHOBHO KBaIpaTHIHOM
dopmer nosepxuoctu, a w(z!,z?) n P(x!,r?) dynxuun kracca C2, KOTOpBIE YIOBIETBOPSIOT

CUCTEeMe ypaBHEHUI:

wpp™ +wC* Hg = C"Pb,, 2H = b2.

Teopema 2. B ciayuyae MuHUMAJIBHON MOBEPXHOCTH BEeKTOP Cin 1Y SBASETCS TPAIAMEHTHBIM
TOTJIA W TOJABKO TOT/A, KOIJA apeajibHas OecKoHedHo Mauiast aedopMaliis 3TOH MOBEPXHOCTH
4BJIAeTCd HOPMAaJILHOM.

3amMernM, UTO B OTJINYHME OT apeabHOi GECKOHEYHO MaJIol jtlebOpMAITiK, IOHATHE HOPMAJIBHOTO
HeCKOHEYHO MaJIoro n3rubaHus He MMeeT CMbIC/IA.

Teopema 3. Ilpu apeasnbHoil HeckOHEUHO MaJION jJedopMariy ¢ rpajneHTHBIM BeKTopoM Cho T
cerb LGT- nmnuit [I] npounsso.msHOil nosepxuocTy Kiaacca C SBjIsSeTcs Cerbio CTaluoHapHOil I/ IMHbL.
Cerb acUMITOTUYECKNUX JUHAN MUHUMAJIbHON IOBEPXHOCTH TAKKE ABJISETCH CETbIO CTAI[MOHAPHON
JUUIAHBI.

Criucok auTepaTypbl

[1] JI. JI. Beskoposaiiras, T. ). Bammawosa LGT-cemv u dedpopmayuu noseprrocmu.
CoBpemennbie npobsevbl Maremarnku u Mexaauku. 'Tom VI. Maremaruka. Beimyck 2. K 100-
Jgeruto co Jus poxkjienud H. B. Edumosa, Uznarenscrso Mockosckoro yausepcurera, 2011, C.
157-163.
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A-—nedopmaliuu ¢ BEKTOPOM CMEIIEHUs ITEPHEH/INKYIAPHBIM [JIOCKOCTHA

JI. JI. Be3skopograiinasa, B. A. Mockanuk
(OHY um. U. . Meunukosa, Omecca, Ykpanna)

E-mail addresses: Moskalik  Valentina@mail.ru

ObbekToM uccaemoBanus siasgercs A—medopmarusa ¢ Bektopom cmemrenng 4 = (0,0,((x,y))
nosepxuocTH Kaacca C3, 0aHO3HAMHO IPOK THPYIOMIefics: Ha LI0CKOCTh OTY, 33 JaHHOM Y PaBHeHIEM
z = z(x,y) B TPEXMEPHOM €BKJIMIOBOM POCTpaHCTBe. B pesynbrare nccienopanus ypasuenwii ([1]):

drdi = €ijd$1ddi],
Y
£ij97 =0,
TOJTYUIeHa, CETYIONAsd TeopeMa
Teopema 1. /st Toro urobbl HGeCKOHETHO Majiast JeHOpMANUst ¢ BEKTOPOM CMemteHus i |
Ozy 6bUTa apeasibHOMN, HEOOXOAUMO ¥ JIOCTATOYHO, YTOOBI BEPTUKAJIbHAST KOMIOHEHTa BEKTOPA U
SIBJISIACh PEIEHUEM CUCTEMBI YPaBHEHUI:
€11 —€11

Cx—77<y: . (

Zy 2y

—_
~—

CI/ICTeMa apmenuit (|1f) mmeer CIIICHNE TOr'da. W TOJBKO TOI'la, KOT'Ja & OBJIETBOPAET
) 11
caeayiomneMy aud@epeHmaIbHOMY YPABHEHNTO ¢ YACTHBIMUA MTPOU3BOTHBIME:

o Oenn 2, Oenl 2 2
Ry t ZpRp———— = Z,Zzy€11 t+ 25, Zzu€1l-
x<Y ax Y ay Ty YTy
Teopema 2. A-nmedopmanuio ¢ BeKTopoM eMemnenus ¥ | Oxy IOIyCKaIOT TOJLKO CJIEIYIONIHe
TIIOBEPXHOCTH:

1) TIOBEPXHOCTH TIEPEHOCA, TOT/Ia BAPUAIIMY TIEPBO KBAAPATHIHON (HOPMBI HAXOAATCA B BUJIE:

2 .2

SO PGk R

€11 = U, 2812 = , €22 = )
Zg 2y

2) moBepXHOCTH (PH 2y 7# 0), YPaBHEHHS KOTOPBIX 33 aHbl TAPMOHMYECKOil (dyHKIMeil, npu
9TOM BapHaluy TEPBOI KBAIPATAIHON (POPMBI UMEIOT IIPEICTaBIEHUE:

2 2
€11 = CZny, 2812 = C(Z — Zz)v €99 = *szzy,

Y
rie C— 1pousBoJ/IbHAS LOCTOSHHAS.

B pabore Haiijensl KOOpAUHATH BEKTOPa U n3 cucreMbl ypasHenuit (1)) B siBHOM Bue.

Jmst naHHON 3amaur UMeeT MeCTO TeopeMa 00 A—KeCTKOCTH:

Teopema 3. Ecau €17 = 0 B HEKOTOPOI#l TOUKe TOBEPXHOCTH 2z = z(Z,Yy), TO ITa MOBEPXHOCTH
SIBJISIETC A—KeCTKOM 0THOCHTENbHO A—medopMariun ¢ BeKTopoM cMmertenud 4 | Oxy.

Ormernm, 9To ipu 6. M. M3rMOAHNAX TOBEPXHOCTH JIAHHAA 387498 HE MMEET CMBICIA.

Crincok aurepaTypbl
[1] JI. JI. Beskoposaiiuas, B. A. Mockanuk Teopema 06 apeanvhoti beckonenno maroti deghopmaui

croavorcenus. Tesncel NOKIaI0B MeX ayHapo ol kKoudepennnn "leomerpusa B Omecce — 2013",
2013, crp. 59.
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O mouTu reofe3nvYecKnx OTOOPAYKEHUSAX IMEPBOI'0 TUMNA PUMAHOBBIX IIPOCTPAHCTB IIPU
YCJIOBUU COXPaHEHUS CHCTEMBbI N-OPTOTOHAJBHBIX I'MIePIIOBePXHOCTEM

B. E. Bepe3osckuii, . Muxker, A.O. Ilpunuisgk
(YMaHCKWI HAIIMOHATBHBIN YHUBEPCUTET CAJ0BOJICTBA, YKPAWHA)

E-mail address: Berez.Volod@rambler.ru

(Palacky University, Olomouc, Czech Republic)

E-mail address: Josef .MikesQupol.cz

(Kuescknit narmonaabaslii yansepenter uM. 1.1 [llesvenxo)

E-mail address: Prishlyak@yahoo.com

PaccMoTpuM 9acTHBIN Crydail TOYTH TeOIe3UIeCKUX OTOOpaKeHuil mepBoro Tuma 7 ([IceBIo-)
PHMAHOBBIX IPOCTPAHCTB V,, — V,, Xapakrepu3yomuics CaeyOnuMu yPABHEHUSIMA:

h h
Pk = vubij, (1)
a ph __ h
PiiPrya = 00k, (2)
rae PZZZ — rTen3op JedopMalMu  CBABHOCTEH, (f — HEKOTOPbIl BEKTOp, @;; — HEKOTOPbIi

CUMMETPUIECKUI TEH30D, 3aTATON 0603HATAETCS KOBAPWAHTHAA MPOM3BOIHAS B TPOCTPAHCTRE V.
Ykazan#able oTOOpaykeHus o06JIaJa0T CBOWCTBOM B3aUMHOCTH, TO €CTh, OOpaTHBIE UM

0TOOparKeHNsT TAKXKe ABJIAIOTCS OTOOPAKEHUAME 71, KOTOPHIE, OJHAKO, MOTYT HE TOPOXKIATHCH

ypasuerusivu (1) u (2). Umeer mecto

Teopema 1. FEcau pumanoso npocmpancmeo V, omHeceno % nN-0pmozoHasbHOt cucmeme

KoOpAUHAmM U JUGZOHAABHBIE KOMNOHEHDL MEMPUUECKO20 MEHI0PE YIOBAELMBOPAIOM, CACIYI0OWET

cucmeme muno Kowu 6 4acmuux npoussoonss

i h
Ci6_217 — 3Che_2m

F i
Ch€_2mL — Cie_Q‘EL ’
1 Cie 2" —3C,e 2"

. )
-y Joa Caeflra _ Cief%c’

8h lngii = (h 7£ Z),

dilng;; = =4+ gii -

2de C; — mnexomopvie HEHYACBBIE TOCMOoAHHbIE, ™Mo Vi, donyckaem mnowmu zeodeaudeckoe
omobpasicenue muna 1, onpedesaemoe ypashernuamu (1) u (2), npu womopom coxrpanaemcs
CUCTMEMA N-0PMO20HAABHHIT 2UNEPNOseprHocmets, Ha PUMAHOGO NPOCMPAHCIEO V¢ MEMPUYECKUM
MEHIOPOM Gij NPUBEM

Ghh = —— " Ghh, i =0 (i # J).

[e
=1
YHacTHBIM pelleHneM CHCTeMBbI Ka3aHHooil B Teopeme, Oyaer
Y Y

gii = H(CQS_QIQ — Cie_Qxi) e_xae_z’i’ gij =0 (Z 7& ]) (3)
a#i

Takum 06pa3oM, PUMaHOBO MPOCTPAHCTBO Vj,, METpHKa KOTOPOTO uMmeeT BHI (3), J0IycKaer
MTOYUTH T'e0JIE3NTECKOE OTODPANKEHWE TUIIA, T, IIPU KOTOPOM COXPAHAETCH CUCTEMA N-OPTOTOHATLHBIX
I'UIIEPIOBEPXHOCTEH, HA PUMAHOBO IIPOCTPAHCTBO Vj,, METPHUECKHil TEH30p Jij KOTOPOTO HMeeT
1IPEJICTAB/IEHIE

gii = Cie 2 [[(Cae™ = Cie™)e™™ ™™, gij =0 (i #j).
aFi
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O MakpoOCKONUYECKOi pa3MepHOCTH BIOJHE HECHMHOBBIX MHOT000pa3uii.

. B. Bojgoros, A. H. IpaHuNiHuKoB
(OTUHT HAHY um. B.U. Bepkuna, Xapbkos, YKpanna)

E-mail address: bolotov@ilt.kharkov.ua

Panee mamu B [I] 6BL1 maH YacTHUHBIN OTBET Ha BOHpPOC,mocraBieHHbli M.['pomoBbIM 0
MaKPOCKOIMUYIECKON PA3MEPHOCTH MHOT000pa3nii MOJOKUTETBHON CKAJIAPHON KPUBU3HBL. A UMEHHO,
IIPA HEKOTOPBIX JIOMOJHUTEIHBIX YCI0BUSX Ha (DYHIAMEHTAJBHYIO TPYIITY 3aMKHYTONO CIIMHOBOT'O
MHOTO0OOpasust M™ MOIOKATETBHOMN CKaNTAPHON KPUBA3HBI OBLIO OKA3aHO, 9TO MAKPOCKONIECKAS
Pa3MEpPHOCTh er0 YHUBEPCAILHOTO HAKPLITUuS dimy,. M™ < n — 2. B naunnoit pabore MbI megaem
IIOMIBITKY O0OOIIUTE 9TOT PE3y/IbTAT Ha BIIOIHE HECIIMHOBLIE MHOIOOOPa3nd, T.e. MHODOOOPA3US, Uhe
YHUBEPCAJIBHOE HAKPBITHUEC HE ABJIACTCA CIIMHOBBIM. HaMI/I JA0Ka3aHa CJAEAYIOIas TeopemMa.

Teopema 1. ITycmos M™ — 3amrxnymoe 6NOAHE HECTUHOB0E MH02000p03UE, JONYCKAIOULEe MEMPUKY
NOAOAHCUMEALOTL, CRAAAPHOT Kpususdhwu . Toeda:

o ccau w1 (M"™) supmyanvro abesesa, mo dim,. M"™ < n — 2.

o ccau 1 (M™) codeporcum Kowoneunyo nodepynny ¢ 060UCMBEHHOCTIGIO U YOOBACTNEOPAL,
cacdyrowemy  ycaosuro:  2omomoppusm  kon(Bmw) =  KOnp(Bw), undyyuposanisil
npeobpazosanuem C8a3H020 U  nepuoduneckozo  cnexmpos ko — KO  asasemcs

Mmonomopusmom, mo dimy,. M™ < n —1.

Crmncok urepaTyphl

[1] D. V. Bolotov, A. N. Dranishnikov On Gromov’s scalar curvature congjecture.- Proc. Amer.
Math. Soc. 138, (2010), P. 1517-1524
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CsoiicTBa AyanbHbIX MoayJeil Haj anarebpoii Ctunpoga

A. H. BacuapueHkO
(CamI'¥, Camapa, Poccus)

E-mail address: vass-alexandr@yandex.ru

B pa6orax (2], [3], [4]) nzywanace crpykrypa momyseit naa aarebpamu CTHHDPOAA U TyaTbHBIX
k Hum. B pabore ([I]) aprop wusyuaer momynun A(n), obpasoBaHHBIE aHY/JIATOPAMU KJACCOB
KOI'OMOJIOTHil cTenenu He Bbile n B ajsredbpe Crunpona. B ayanbroit anrebpe Ctunpoja BBOAATCs
TaxKe aHynaTopel A(n)t KoromMonmoraueckux oneparmii M36BITKA GOTBITETO YeM 1.

B sanHoit paboTe 571 Pe3yIbTATHI HCHOIB3YIOTCS JJist HAXOXK JeHWsI IBHOTO BHma Mo yiel A(n —

1)/A(n) u um ayamsbix Mogyneit A(n)*, A(n)T/A(n—1)", (A(n—1)/A(n))*;, A(n—=1)*/4(n)*, a

TaKKe UCCIAEAYeTCd WX CTPYKTypa. Pe3yabrarel chOPMYIUPOBAHBI B CACAYIONINX YTBEPK ICHUSIX.

Ipeanoxenue 1. Anyaamop A(n)T modysrn A(n) asasemcs Af-gomodyaem u 6vNOAHACMCA
ycaosue

A(n)" = (4/A())"

A(n)t zenepupyemea 6cemu MOHOMAMU MYABTNUNAUKAIMUGHOCTIY HE BOADWE “4em T U AGAACTNCA
uHIYUUPosarHviM A*-Komodysem, OAf KOMOPO2O EHINOAHACTNCA YCAOBUE

A(n)* 22 A*JA(n)*

IIpengioxkenne 2. (A(n — 1)/A(n))* aeanemcs aeswim undyyuposarmvim A*-xomodysem u
Kax eexkmopnoe npocmpancmeo wad Z/p  umeem 6asue, 06pasosanmnuili GCEMU  MOHOMAMU
Mmysvmuniukamusrocmu n 6 A*. Buinoanatomcs caedyrouiue udomophusmot:

(A(n—1)/A(n))" = A(n)"/A(n — 1) = A(n — 1)"/A(n)"

Criucok urepaTyphbl

[1] H. Cartan, Algebres d’Eilenberg-MacLane at Homotopie.,- Seminare Cartan ENS 7e (1954-1955).
[2] N. Steenrod, D. B. A. Epstein, Cohomological Operations.,- // Princeton Univ.Press(1962).

[3] J. Milnor; The Steenrod algebra and its dual.,- Ann. of Math. 67 (1958), P. 150-171.

[4] J. Milnor, J. Moore, On the structure of Hopf algebras.,- Ann. of Math. 81 (1965), P. 211-264.
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Kpurepmnii Tomosiorndeckoii CONpsizKeHHOCTN HAKPBITUIl OKPY2KHOCTH.

. 10. Biacenko
(Mucturyr Maremaruku, Kues, Ykpanna)

E-mail address: vlasenko@imath.kiev.ua

s HeTpUBHAJIBHBIX, T.e. He SBJSIOINMXCT TOMEOMODMU3MAMU, HAKPBITUN OKPYKHOCTHU
mocTpoeH HabOP TOMOJIOTMYECKUX WHBAPUAHTOB, ONPEIE/ICHBI TIOHATUS TOMYCTUMOIO WHBAPUAHTA
U SKBUBAJEHTHOCTH MHBAPUAHTOB.

Jlokazana TeopeMa peayim3aIuu, 0 TOM, YTO JIJId KaXKJI0TO JOTYCTUMOTO NHBAPUAHTA CYIIIECTBYET
HAKPBITHE OKPYXKHOCTH € YKA3aHHBIM WHBAPWUAHTOM W JIOKa3aHa TeOPEMa O TOMOJOTUIECKON
KJyTaccupUKAIUU: J1BA, HAKPBITHS OKPYKHOCTH TOTOJOTHYECKHU COTPSIYKEHBI TOTIA W TOJIBKO TOT/IA,
KOTJ]a WX COOTBETCTBYIONINE WHBAPUAHTHI YKBUBAJIEHTHBI.

Cricok aurepaTyphl

[1] 1. ¥O. Buacenko Junamura enympennuz omobpasicerud.,~ Heniniiini Kosmsanns. 2011, T.14
Ne 2. —C. 181-186.
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IMonyceoGoguoe R'-neiicrbue n orobpakenus Borra

. A. Tonbiios
(Tncruryr maremarnkn HAH Vkpainu, Knis)

E-mail address: golts@ukr.net

B pabore ([I]) A7f KOMMAKTHBIX 3aMKHYTBIX MHOToOGpasmii OBLTH wmcceoBanbl  R-
oTo6pazkenust Borra. Takske, mid mraikux MHOroobpasuit M2" c 0J1yCBOOOIHBIM JeficTBHIEM
OKPY?KHOCTH, KOTOpPOE HMeeT KOHEUHOEe KOJMYECTBO HEIOIBUYKHBIX TOYEK, ObLIM m3ydeHbl R'-
WHBapWAHTHBLIE OTOOpaskeHnst BOTTa 1 9acTHYHO UCCIeTOBAHA MPOOIeMa TONCKA TOYHOTO 3HAUECHUST
MUHUMAIBHOTO 9UCTA CHHTYISAPHBIX OKPYKHOCTEH [T TAKUX OTOOPaKeHMI.

Orobpazkenne f : M" — R' mazpiaerca R'-oro6paskennem BoTra, ecym Bce ero KpUTHUECKHE
TOUKHM 06Pa3yIOT HEBLIPOXKICHHBIe KPHTHICCKIE OKpy:kHocTH. M3BecTHo, uTo cymecrpopanne R'-
orobpazkeHus: BoTTa eKBUBAIEHTHO TOMY, UTO TJaIKoe MHOTooOpaswne M™ momycKaeT pasmoyKeHne
Ha KPYIJIbIe PYYKH.

JlokazaHo, UTO Ha 3aMKHYTOM IVIAJKOM MHOroobpasum M2%, y KOTOPOrO BCE HEIOJBIIKHbIC
TOYUKHU SIBJISIOTCS W30/ IMPOBAHBIMH, cymecTsyer Rl-unpapuanrroe Ri-orobpaskenue Borra uz M>" 1
R', a Tax:ke, 4TO YHC/I0 STUX HENOIBIZKHBIX H30IMPOBAHBIX TOUEK BCEIVIA YeTHOE M PABHO SIIEPOBOi
XaPAKTEPUCTUKE ITOTO MHOTOOOP3amsI.

R'-wmciom  Mopca Mﬁl(M In St(A)) wmmmekca 4 Ha3BIBAaETCA MEHEMATLHOE HHCIO Of
CHHI'YJISIPHBIX OKDYZKHOCTEH MHEKCa i Haj BceMu R'-nmpapmantaeivn Rl-pynxiumsvu Borra f
na M>?" co cocrostunem St ().

Torma aas M?™ (2n > 8) co cocrosmmem St(A) = (0,...,0,2n,...,2n)

Mﬁl <M2n’ St(A) — ]D)i(v2n—1’ 80‘/21171) + S?EQ)(Vanl? 80V2n71)+

~

+SZ;_)1 (VQn*l, 80V2"’1) + dimN(Z[ﬂ.]) (H(ZQ) (V2n71, 80‘/2”71))

g 3 <1< 2n — 4.

Criucok aureparyphbl

[1] D. Gol'tsov, V. Sharko Semi-free R' action and Bott map, - 36ipank mpamb lmcTHTyTY
Maremarukun Hanionansnol akagemil nayk Ykpainu, T.6 Ne6, (2013), P. 224-235.
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Meton TpexMepHOTO T€OMETPUIECKOT0 MOJEJINPOBAHNS IHEPTEeTUIECKUX
HErapMoOHMUYeCKUX TIPOIECCOB U €TI0 TPUMEeHEeHNEe B pPaJInOTeXHUKeE.

M. H. I'opbGauen
(HammonasibHbIN TexHUYecKuit yHuBepcuTeT YKpanubl, Kues, Ykpanna)

E-mail address: 11ider.tkQgmail.com

B cospemennoii pagmorexnuke ¢ 1esbio nopbimenns KIIJ mmpoko mpuMeHAIOTCS KJIIOYEBbIE
METO/Ibl yCUJIeHUsI KOJe0aHuli B IIMPOKOM JIMAlla30HE 4YacTOT, HAIPUMED, B PaJMOBEHIATETbHBIX
TMepeaTInKaX, YCUIuTeasdx Kjaacca [ u apyrux pagmoTexHudeckux ycrpoticreax. (QcobeHHOCTH
KJIIOYEBBIX DPEXKUMOB 3aKJAIYAEeTCA B TOM, YTO 3YHEPreTHUECKUe TePUOANHYeCKNe TIPOIECChl B
PATUOTEXHUUECKUX YCTPONCTBAX SIBJIAIOTCHA CYIECTBEHHO HETApPMOHUYECKHUMU. OTO BHAUUT, UTO
HANPAXKEHUA, TOKU U COCTABJIAIONINE TOJTHON MOIITHOCTH B CUJIOBBIX IEIEAX 9TUX YCTPOUCTB COAePKAT
HeCKOHEUHBIN CIEKTD TapMOHUK, 9YTO 3HAYUTENbHO 3aTPY/HSET ‘aHAJM3 M PacuerT KJIHYEBBIX
YHEPreTUYECKUX PEXKMMOB.

IIpumensgembie TpPaAUTIMOHHO U3BECTHEIE OTHOMEDPHDBIE MATEMATHIECKTE MOJETH B BUE aKTUBHOMH
P, peaktuBHOI () W HCKAXKAWINEH  COCTABIMIONINX ITOJTHOW MOIITHOCTH S JJjid HCCTIeTOBAHUS
YKA3aHHBIX JHEPreTHYEeCKUX KJIIOUEBBIX PEXKUMOB SIBJSAIOTCH HEIDDEKTUBHBIMU, TaK KaK He
MIO3BOJIAIOT UCCIEA0BATL 3THU IPOLNECChl KaK €QUHOE [EeJIoe.

B cBa3u ¢ stum O6bL1 pa3paboTaH HOBBIE METOH — METOJ TPEXMEPHOI'0 [eOMEeTPUUECKOTO
MOJIEJINPOBAHUS YKA3AHHBIX SHEPIETUIECKUX MPOLECCOB. IDTOT METOJ OCHOBAH HA HAXOXKJICHUU
TPEXMEPHON TEOMETPUIECKON MOMIENM ITUX TMPOIECCOB KaK (PU3UIECKU EIUHOTO IIeJIOT0 B BUJE
MPOCTPAHCTBEHHOW KPHUBOIl (PEKMMHOII TPaeKTOpHUM), KOTOPAs PACIIONOXKEHa Ha cheprIecKoii
000/109Ke eIUMHWIHOTO pajuyca. llpm 3TOM peXuMHAS TPACKTOPHUA PACCINTHIBAETCI W CTPOUTCH
Ha OCHOBE AaHAJHUTUYECKHUX BBIDaKCHUH M4 HOPMHUPOBAHHBLIX KOODAWHAT X, Y, 2, YKa3aHHBIX
cocrapisiionux P, @, T xKak TpoekImii BEKTOpa TOJTHOM MOITHOCTH S B TPEXMEPHOM EBKJIHI0BOM

3).
_ (P(g)) (Q()) _ (T(9)

mpocTpaHcTBe F (

(S "7 @) T S@)
TJIe ¢ ABIAETCA epeMeHHbIM (DUSUYECKHM TapaMeTpPOM DAIUOTEXHUIECKOro obbekTa (yCTpoiicTBa
WM TIETH, HATPUMEP, T06POTHOCTHIO). B 9TOM cityuae nmpomssosibHAsS TOYKA (T, Y, 2) HA PEKUMHOI
TPaAEKTOPUN O0TOOparkaeT BHOJIHE ONPEIesIeHHOe SHEPIeTHYECKOe COCTOAHIE YKA3aHHOIO 00BHEKTA.

B joknafie paccMOTpeHBI HpPUMEDBI pacdyeTa U MOCTPOEHUS TPEXMEPHBIX T'€OMETPUYECKUX
Mozeaeit ISt paauOTeXHUIecKo menu tuna R ¢ mepeMenHoll f0OPOTHOCTBIO ¢ TP BO3AEHCTBUN
HETrapMOHUYECKUX TEPHOIMYECKUX WCIBITATEIbHBIX CHUTHAJIOB, IPUMEHSEMbIX B PaUOTEXHUKE
(HanpuMep, CUrHaIo0B, UMEKIuX (GOPMY HPIMOYIOJbHBIX MMILYJbCOB, CUI'HAJIOB TPEYIOJBHON U
Tpamenen anbHoi (HOPMBI).

ITokazano, uTo B OOINEM C/IyUae PEKUMHAS TPACKTOPUS SBJISIETCS HEILTOCKOM CgepuiecKoit
KpuBoil. Pa3zpaboTanubiii METO ABISIETCS YHUBEPCAILHBIM, 00166 NHMOPMATUBHBIM U HATJISIIHBIM.
DT0 mo3BoJIsieT ero 3(hpdEKTUBHO MCIOIR30BATE HA FTAIlE PACUETA U TPOEKTUPOBAHUS KJIFOUEBBIX
YHEPTETUIECKUX PEKUMOB COOTBETCTBYIOINX PATINOTEXHUIECKUX YCTPOUCTB.
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Knaccudukanusi MHOrOMepHbBIX 3JIACTUYHBIX TKAHEN ¢ TEH30pPOM Kpyd4eHus padra 1

K.P. I>xykarmies
( Trepckoit rocynapcTsennblii yansepcurer, Teeps, Poccus)

E-mail address: zhukashev@gmail.com

MuoromepHasi TpHU-TKaHb HA3bIBAETCS SJACTUYHON WM TKaweio F, ecin B Jjwboit ee
KOODJIMHATHOM JIyIle BBIIOJIHIETCs TOXK 1ecTBO saactuanoct z(yz) = (zy)z. B [1] 6buio gokaszano,
YTO 3JIACTUYHbIE TPU-TKAHU 0OPa3yIOT COOBCTBEHHBIN MOJKJIACC CpeHuX TKaHell Bosia u HalijeHbl
VpaBHEHUSI NBYX IIeCTUMEPHLIX Tpu-TKaueir F: FE1 n Fy. Ten3opHbIe COOTHOIIEHUA SIaCTUIHBIX
TKaHel Mbl paccMarpuBaiau B pabore [2].

Txkauu E; u FEy wumeror crenudgudeckoe CTPOEHNUE TEH30pa KPYUEHHUs: ONpeIeasdeMasi 1M
mpom3BoAHAs aarebpa omHoMepHa.  Mbl 0000mIaeM Kiace 3JACTUYHBIX TKaHeidl panra 1 Ha
MHOTOMEpPHBIA ciyuait.  (OKa3ajgocb, YTO W B MHOTOMEDHOM CJIYy9ae €CTECTBEHHBIM 00pazoMm
BBIJEJISAIOTCA 7IBA Kjaacca. B mammoit pabore Mbl HAXOAWM CTPYKTYPHBIE YPABHEHUS dTUX TKAHEH,
MHTETPUPYEM MX U HAXOJMM ypaBHEHUs TKaHeil paHra 1 B JOKAJIBHBIX KOOD/IMHATAX.

Ypasrenus Tkagu E] B JIOKaJIbHBIX KOODAUHATAX IPUMYT BHJ:

2= al ey - daaty),

a

2= 2y
a ypaBHEHHd TKaHU ) B JIOKAJIbHBIX KOODIHHATAX:
1 1 1 1 a,.c b 1 1 a, b, .c 1,.¢c b
= T Ay Sbap Y — el YT ety
24 = 2%+ 9%
Crcok urepaTyphl

[1] TTenexos, A.M.: 06 anarumuneckus pewenuar ypasrwernus r(yr) = (ry)r. Marem. 3amerku
50 (1991), N 4, 132-140 (P2KMar, 1992, 5A550).

[2] Dxykames, K.P.: O mpu-mxanax c ssacmuunoimu  koopdunammvimy aynamu. Tpymbr
MEXK Ty HAPOIHOTO I'€OMEeTPUIecKoro meurpa, . 6 (2013), Ne 4, 52-80, Omecca, 2013

[3] Akueuc M.A., Hlenexos A.M. Muozomeprwe mpu-mxranu u ux npusosicenus: Monorpadusi. -
Tsepsn, Teepckoit rocymapcreennsiit yaupepcutet, 2010. - 308 c.
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OpMUTOBbI U IPUOGJIMKEHHO KeJIEPOBbI f-CTPYKTYPbI HA rpymiax Jlu

II. A. Jdy6oBuk
(BTY, Munck, Benapycn)

E-mail address: geometrykQgmail.com

Metpuueckne f-cTpykTypsl B cMbicte K. duo (f2 + f = 0) Ha pIMaHOBBIX MHOTOOGPa3HAX
BXOAAT B YUCJAO0 OCHOBHBIX u(pepeHnaIbHO-TEOMETPUYECKUX CTPYKTYD (M SABJIIOTCH
dbynramenTaspubIM 00beKTOM B 0000ménHON spMuToBoii reomerpun ([I]).  Ormermm Takxe,
YTO METPUIECKHE f-CTPYKTYPhl — YACTHBIA CIAydai 0600wWEHHOT Nowmu 3pMumosots Cmpyxmypol,
wim GAH-ctpykrypbl panra r Ha (ncesjo)pumanosom Mmuoroobpasun (Myg) ([I]). B pabore

DACCMOTPEHBI METPUYECKHe f-CTPYKTYPBI CJIEAYIONMX KJaaccoB: apmumoss, (T(X;Y) = 0),
npubauoicéno xeaeposw, f-crpykrypel (Vix(f)fX = 0), tae V = csasuocrs Jlepu-Uusnra
puManoBoit Merpuku ¢, T — womnosurmonnerii Terszop ([I1,[2]). < Ilyers G — cBsi3nasi rpyrmma
JIu, g — coorsercreyfomas amrebpa Ju, g =g, g|, @ =[gM, g™] — mepssiit u Bropoit mmean

MIPOM3BOIHOTO Dsifia, Z(g) — meHTp aarebpsl g, ¢ — JIEBOMHBAPHAHTHAS PUMAHOBa MeTpuka Ha G.
[Tonydens! cienyroline pe3ysibTarbl:

Teopema 1. ITycmov aesounsapuanmuas mempuseckas f[-empykmypa [ na epynne Ju G
ydosaemeopaem aw6oMmY u3 Ycaosul:

(i) gV C Kerf;

(i) Imf c g, g®c Kerf;

(iii) Imf C Z(g) C gW;
Tozda [ aeasemca apmumosoti f-cmpyxmypoti. Ipu ewnoanernuy yeaosus (iti) f asasemes maxorce
npubAuNCeEHHO Keaeposotl f-cmpykmypod.

Teopema 2. Ilycmv saesounsapuanmuas mempuseckas f-cmpyxmypa f wa epynne Ju G
ydosaemeopaem ycaosuio: - gt C Kerf. Tozda f asasemca npubauoicéuio keaeposol f-
cmpykmypoti 6 Mom u moavko mom caywae, ecau [fX,f2X] =0,VX € g.

Ykazan#ble f-CIPyKTYPbl UMEIOTCs, HanpuMmep, Ha 6-mepHoit obobiménnoit rpynne leiizenbepra
(|3]) u na 5-mephoii rpyure Leiizentepra H(2,1) ([4]).

Criucok auTepaTypbl
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O rpynnoBbIiX CBOMCTBaxX nN-MEPHBIX IICEBAOPUMAHOBBIX IIPOCTPAHCTB CIIEUATIBHOTIO
TUIA, JOMYCKAHNINX MTPOEKTUBHbBIE JIBUXKEHUI

3. X. 3akupoBa
(KI'9Y, Kasans, Poccust)

E-mail address: zolya_zakirova@mail.ru

B pabore wmbl mnpogomkaeM HMCCAEI0BAHUE N-MEPHBIX IICEBAOPUMAHOBBIX ITPOCTPAHCTB
V™(gij) ¢ curmarypoit [+ + — — —... — —|, KOTOpBIE JOIyCKAIOT IPOEKTUBHBIE JBUYKEHUS,
TO €CThb TPYIIbl HENPEPBIBHBIX Tpeobpas3oBaHuil, COXpaHSIONmMX reogesndeckue.  OCHOBHOI
MeTOi HAaXOXKJEHWsl Takux npocrpancTs Obu1 paseur A.B. Amwunosoit. B pabore [1I] A.B.
AmunoBa KIaccuUIMPOBAIa BCe JIOPEHIEBB MHOTOOODA3US PA3ZMEPHOCTH > 3, JOIYCKAOIIHE
HErOMOTeTHYECKHe MH(PUHUTE3NMAIbHBIE TPOEeKTHBHBIE U addunnbe mpeodpasoanunda. Jlammas
npobJieMa He pelreHa JIJisi TICeBJ0PUMAHOBBIX [TPOCTPAHCTE C ITPOU3BOJIBHON CUTHATY POIL.

Hamomuwm, wro g1 TOro, 9To0BI HAWTH ICEBAOPUMAHOBO (MPOCTPAHCTBO, IOIMTYCKAIOITee
HETOMOTETHYECKOe MH(DUHUTE3UMATbHOE TPOEKTUBHOE peodpa3oBanue, HaJ 0 HPOUHTEPUPOBATH
ypasrenue Jitzenxapra (cu. [2])

hijk = 2Gijp .k + GikP it Gikpi- (1)

ITceBOPUMAHOBEI MHOIOOOPa3Ms, Jlst KOTOPBIX CYIIECTBYIOT HETpUBHAMbHBIC perueHus hi; 7#
cgi; ypaBHeHHIl Dii3eHXapTa, HA3BIBAIOTCS h— NPOCMPAHCINEAMU.

Ncnonp3ys TexHUKY MHTErpupoBaHus B KoconopmaabHoMm pemnepe (cum. [I), B pabore [3] 6buam
HaliJIeHbl MeTpUKH h— mpocrpancts tunos [22111...1], [32111...1], [33111...1], [4111...1], [5111...1].

B nanmoit pabore moKazaHbl CIEAYIONINE TEOPEMBbI.

Teopema 1. Agpunnasn epynna 6 h— npocmpancmear munos [22111...1], [32111...1], [33111...1],
[4111...1] [5111...1] HenocmoanHol KpuusHb COCIOUWI U3 20MmOmemud.

Teopema 2. Ecau h— npocmpancmea munos [22111...1], [32111...1], [33111...1], [4111...1] [5111...1]
donyckarom HezomomemuUMecKyw npoekmuenyro aszebpy Jlu P., mo sma aaezebpa codepocum
nodanzebpy Hy_1 ungunumesumasvhor 2omomemuti pasmeprocmu r — 1.

Crincok urepaTypbl

[1] AvunaoBa A.B. Anzebpor JIu unurnumesumasbHolT npoesmusHur npeobpasosaHuil AOPEHYEEHIT
mro20006pasut, Yenexu Mar.Hayk 50 (1995), 1(301), 69-142.

[2] Ditzenxapr JLII. Pumanosa zeomempus~ M.:TLJT, 1948, 316 c.

[3] Bakuposa 3.X. O nexomopvir ncesdopumanosvur nPoCMPancmea, JonYCKaoOWUT NPoeKMUGHbLE
deuoicenus, Tesnchl MOKIIaI0B MeXAyHAPOaHOM KoHDepeninn «l'eomerpus B Onecce-2013» 27
Mag = 1 mrong 2013 1, c. 45.
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Onpegesienue 06J1aCTH YCTONYUBOCTHA PA3E/JAbHOI0 KOJIBIIEBOro AByxX(a3HOro reyeHus

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

E-mail address: khudenkon@mail.ru

Onaum w3 addekTuBHBIX crocoboB B3anMojeiicTBus ¢a3 B KOHTAKTHBIX yCTpOICTBA
TernI0MacCOOMEHHBIX AIMAPATOB SIBJISIETCS OCYIIECTBACHIHE KOHTAKTUPOBAHUS (Da3 MPHU IJIEHOUHOM
TEYEHUM YKUJKOCTHU. Takue IJIEHOYHBbIE allllaparhbl HOJYYWINA MIMPOKOE NPUMEHEHUE BO MHOTHX
OTPAC/ISIX MMUIIEBON TPOMBITIJIEHHOCTH.

Ilpu BepTHKAJBHOM TJIEHOUYHOM TEUEHUH KUIKOCTH B KOHTAKTE C Ta30BBIM MOTOKOM HMEET
MECTO J[IBa BUJA HEYCTOWUMBOCTH CBOOOJHON TOBEPXHOCTH:  KANWUJISPHO-TDABUTAINOHHBIN,
00YCIOBJIEHHBIM CHJTAMU TTOBEPXHOCTHOTO HATSIXKEHWS KUJIKOCTH, U _HEYCTONYNBOCTH KennBuna-
leapMrosbiia, 3a caér cujl JaBaeHui co CTOPOHBI MoToKa rasza. Oba BUIa HEYCTONIUBOCTH TPUBOJIAT
K 00pa30BAHUI0 KPYIHBIX BOJH HA MOBEPXHOCTH PA3LTA, JATBHEHITEMY WX PA3PYIIEHUI0 W BEIHOCY
KaleJbHOU Bjaru u3 ammnapara. Jlanaoiii a¢ddekT nepekauku KUIKOCTH NHTEHCUDUITUPYETCs TPU
VBEJIMUEHUN CKOPOCTH ra3a. Takoil KaljieyHOC SBJISeTCsl HeraTUBHOM XapaK TePUCTHKON TLIEHOTHBIX
arnmaparos, paboTauX B MHTEHCUBHOM PEKHUME.

Ilenabro maHHOrO HCCAEIOBAHUSA UBJIAECTCA ONpEAeTeHre 00JaCTH yCTONYIMBOCTH CBOOOIHOI
ITOBEPXHOCTU [JIEHKM ILJIEHKHU >KUJKOCTH IpPU Pa3jedbHOM JAByX(a3HOM KOJbIIEBOM TEYEHUH.
[Ipenebperasi KacaTe/JbHLIMUA HANPIAKEHUSIMU HA IIOBEPXHOCTH paszaesa (a3 KUJIKOCTb-Ia3,
VUUTBIBAs, 9TO TIOBEPXHOCTHAS] HEYCTOWUMBOCTH OOGYCJIOBI€HA HOPMAJbHBIMYU HANPSKEHUSIMH,
MOXKHO CUMTATh, 9TO B 00enx ¢a3ax UMerT MECTO TMOTEHIHAILHBIC TeIEeHUS.

Wccmemosanme KOIbIIEBOrO ABYX(hA3HOTO TEUEHUS TPOBOIATCS B ITUTHHAPUIECKUX KOOPNHATAX.
Jlna ompenesieHusi MOTEHITUAJIOB CKOPOCTEH pelaerTcsd Kpaepasi 3ajada, COJEPIKaIlas YpaBHEHUs
HepazphIBHOCTHU, wuHTerpasbl Kommwm-Jlarpam:ka mog  Kaxgo wu3 $as; KpaeBble yCIOBULA
GOpMYSIMPYIOTCs HAa CTEHKAX KaHaja ¥ B s/pe Ta30BOI0 MOTOKA, & TAKXKE Ha [MOBEPXHOCTHU pa3jieJia.

Ha cBoGoHOM TOBEPXHOCTH KUJTKOCTH 33aE6TCsI BOJJTHOBOE BO3MYIIEHUE

h(t, z) = ho + ae™®@=),

e ¢ = ¢ + cot.

IloncraBuB’ mamHOE BO3MYIIEHWE B HCXOJHYIO KPAaeBYIO 33Jady, MOJYUYUM COOTBETCTBYIOIIEE
JVCTIEPCHOE COOTHOIIIEHNE, B KOTOPOM pa3esiaTcs AefCTBUTEIBLHAS W MHUMAS 9aCTH. Y YNTHIBAdA,
qT0 MpHU ¢z > (0 UMeeT MecTO HEYCTOWIMBOCTD MOBEPXHOCTH pasjesa, MPeleJbHYI CKOPOCTh ra3a,
BBIIIE KOTOPO PA3BUBAETCI HEYCTONIMBOCTD KOJIBIIEBOTO TeUEHUHA, OIpeesaeM u3 ycaopus co = (:

ok I (kho) 1
Vi=|— 1-— —Up.
[m To(kho) " k21 ’

N

Cnmcok jmreparyphbl

[1] Jx. Xetonrr, H. Xosn-Teitnop. Konbuensie apyxdaszusie Teuenus // M.: Duep-rus, (1974),
408 c.

[2] B. X. Kupwwios. I'napoaunaMuka u TemmoMaccooOMeH B ABYX(a3HBIX MOTOKAX TUIEHOYHBIX
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(-unBapuanTHbie (popMbl JIu HA HOYTH 3PMUTOBBIX MHOrO0OPa3UsIX

B. ®. Kupuuenko
(MIIT'V, Mocksa, Poccust)

E-mail address: highgeom@yandex.ru

E. B. YepeBko
(OH3Y, Ogecca, Yrpanna)

E-mail address: cherevko@usa.com

Ilycts S = {g, J} — mouTH 5pMUTOBA CTPYKTYpa HA PHMAHOBOM MHOTO0Opasnu M pasMepHOCTH
2n. Bpecs X(M) - C°(M)-monynb rmaakux BekTopHbIX mojeir wa M, X*(M) — ayambubrii
Moy b aucdepennuanbubix 1-dopm Ha M, d — omeparop BHemntHero anddepeHupoBanns, ¢§
— oneparop koguddepennuposanus, g = (-,-) — pumanoBa merpuka Ha M, V - oneparop
KoBapWanTHOTO Anddepennporannsa B puManoBoil cessroctn. J2 = —id, (JX,JY) = (X,Y)
(srmoMopduaM J HA3BIBAETCST Nowmu Komnaekcnol cmpykmypotd). Ilocrpoum Ha MHOTOOOpasum

M muddepennmanbayio 1-popmy
1

w:n—l

0o J,

HasbiBaeMyto @opmoti Jlu. 3mece Q = (X,JY) — dyndamenmanvras Hopma  CTPYKTYDHL.
Bekroproe nosie £, ayanbnoe dopme Jlu, naswiBaercs gexmopom Jlu. Bexrophoe mone £ € X(M)
Ha3bIBACTCA mopcoobpasyrougum, ecan VE = pid + a ® £ mis mHekoTopsix p € C°(M) ua € X*(M).
Takoe T0OJIe HA3BIBACTCS KOHUUPKYAAPHBLM, €clTi da = 0, HABBIBACTCS CNEUKOHUUPKYAFDHDLM, CCITH
a = 0, n Ha3bIBaeTcd pexyppermuvim, ecam p = 0.

Teopema. Ilycms & — mopcoobpasyowuti eexkmop Ju nowmu spmumoss muozoobpasus M, w —
coomsememeyrwas dopma Jlu amozo mnozoobpasua. Tozda dopma w bydem unsapuanmmod
OMHOCUMEALHO  JelCmBUA ~ AOKAALHOT  00HONGpamempuueckoli  2pynnovs  JuddeomopPpusmos,
noPocIeHHot BEKMOPHBIM Noaem £, mo2da U MoAbko mo2da, Ko2ia

Ve (@) X = —|[w|Pa(X) — pu(X).
Caenctsue 1. Feau M — obobuennoe mrozoobpasue Xonga, w — -unsapuanmnas dopma Jlu, mo
[lw][*a(X) + pw(X) = 0.
Caencreue 2. Jlonycmum, wmo & — cneuykonyupkyasproe eexmoproe nose. Tozda
Ve(w)X = —pw(X).
CaenctBue 3. Fcau & — pexyppenmmuoe exmoproe nose. Tozda

Ve(w)X = —|lwl[*a(X).
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O guBepreHIUU TEH30PA KOHIUPKYJISPHON KPUBU3HBI JIEBOMHBAPUAHTHBIX
(ceB0)puMaHOBBIX MeTpuUK rpynm JIu Manabix pasmepHocTeit

II. H. Knenukos, O. II. Xpomosa
(AntI'Y, Bapuayn, Poccust)

E-mail address: askingnetbarnaul@gmail.com, khromova.olesya@gmail.com

N3ydgenne xkou(pOPMHO-MHBAPUAHTHBIX CBONCTB PHUMAHOBBIX MHOT000pa3uii siBALIETCS OJHOMN
u3 HamboJiee aKTyaJbHBIX 3ajlad coBpeMeHHON muddepennnanaphuoit reomerpuu. B kjacce
KOH(OPMHBIX MPeodpPa30BAHUN MOXKHO BBIIEJNTh HETPUBUAILHBIE KOH(MOPMHBIE TPEodpa3oBaHusl,
KOTOpbIE TEPEBOAAT TEOAE3UICCKNE OKPYXKHOCTU (KpI/IB])Ie, Y KOTOPLIX II€pBast KPUBU3HA
MOCTOSTHHA, & OCTaJIbHble KPUBU3HBI DABHBI HYJIIO) B IEOIE3NICCKHE OKPYIKHOCTH U HA3BIBAIOTCS
KOHITUPKYJIAPHBIMHA.

Hawamo wm3ydeHWI0 KOHIUPKYJISPHBIX TpeobpasoBanuii moaoxkeno K.dwo B [1]. Tak:xe
K.4dno BBem B paccMoTpenme TEH30D KOHIUPKY/ISPHON KPWBU3HBI, ABJSIONIMIICT WHBAPUAHTOM
KOHIUPKYJISIPHBIX  [peobpa3zoBaHmil. [Iponoskenue « wccjieIOBaHM . KOHITUPKYJISPHBIX
npeodpa3oBaHuii, CBONCTB TEH30Pa KOHIUPKYIAPHON KPUBUBHLI W €r0 JUBEPTEHITMH HAIILIO
oTpazkeHre B paboTaX MHOTHX MATEeMaTHKOB (CM., Hampumep, |2, 3, 4]).

Hacrositiast pabora moCBsillieHa M3yYEeHUI0 CBOMCTB TEH30Pa KOHIUPKY/IsIPO KPUBUIHBI U €10
nuddepeHIuaibHbIX ONEepaTOPOB Ha 3-MEPHBIX U 4-MepHbIX rpynnax JIu c jieBouHBapuaHTHBIMU
(1CEB/I0 ) PUMAHOBBIMU  METPUKAMU. ITonyuena mnosHag kJaccudukaius rpyun JIu Magbix
pa3MepHOCTEN € JIEBOMHBAPUAHTHBIMK  (TICEBJIO)PUMAHOBLIME. METPUKAMYU ¥ 0E3MBEPTEHTHBIM
TEH30POM KOHIIUPKYASPONl KPUBU3HEI.

Pabora sbinmonnena npu noggep:kke Cosera no rpamram IIpesuzenrta P® aas nompepKku
MOJIOJIBIX DPOCCHHCKUX YYEHBIX W BeAYIIUX HaydHbIX mKOT (rpant HII1-2263.2014.1), Grant of
the Russian Federation for the State Support of Researches (Agreement No 14.B25.31.0029),
a Takxke Munncrepcrsa obpaszopanns u Hayku. Poccmiickoit ®Penmepannn B pamkax 0a30Boii
JACTU TOCYAAPCTBEHHOrO 3adanus B cdepe Hayunoi nearespHoctn OI'BOY BIIO «Anraiickuit
rOCyIapCTBEHHBI YHUBEPEHTET» (KO mpoekTa: 1148).

Crcok uTepaTyphbl
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Koudopmusbie nuddepeninajibHble MTHBAPUAHTBI

H. I'. KonoBeHko
(OHATIT, Onecca, Ykpanna)

E-mail address: konovenkoQukr.net

B nannoit pabore Mbl IpejjiaraeM CXeMy Jisi pacio3naBaHus hopMm o0jacTell Ha IJIOCKOCTH,
OCHAIEHHBIX HEKOTOPON IeOMeTpPUYeCKOl CTPYKTYPOM. DTa cxemMa BO MHOIOM AHAJOTUYHO
TOl, KOoTOopas OblLta ucmoib3oBana B pabore ([2|) mns ommcamums npocrpancrtBa dopm. Mbr
paccMaTpuBaeM caydali, KOTJa BHYTPHU OJHOCBA3HON 00JIACTH, OTPAHUYEHHON TJIAIKONH KPHUBOil,
zagana guddepennnaabaas 1-gpopma.

Mb1  cBommM 3amauy pacno3HaBanusg GopMm  obsacTeil K JIOKAJbHONW KJacCuHKAIum
muddepentmanbabix  1-dopM  Ha muocKoCTH OTHOCHTENbHO Tpynubl’ SLo(C) koHbDOPMHBIX
JIpoOHO JIMHEWHBIX [peoOPa3oBaHML. Mgl omnuceiBaeM T0Jie  PAHOHAJTBHBIX KOHMDOPMHBIX
muddepenianbHbIX nHBapHaHTOB.  VIMeHHO Takme wuHBapuanTbl, corsacHo ([1]), pasmensror
peryJispHbie 0pOuTHI.

Hawmu nokazano, 910 370 moje mOpokKIAETCA AByMsI MHBAPUAHTHLIMY 1rePeHIInpOBAHNMU

d d ~ d d
_ 41 — 4+ _ ] Sl
o=t (udx+vdy>’ 0=t ( vdx+udy>’

a TakxKe JByMsi AudpepeHnnaabHBIMI HHBapuaHTaMu 1-1o Topsaka

—Vg + Uy
J1 = ——5 J:
! u? + 02’ ?

L Ug Ty
u? + v?

W IByMs MHBapuaHTaMu 2-ro mopsaka R u ®, me (z,y, u, v) - KaHOHIIecKne KoopanHaTe B B T*R2,
at=u?+v? DTo IPUBOIUT K KIACCHMDUKAIME PeryIapHBIX A depeHIIaIbHEIX (GOPM.

O6Gozuaunm  uepes F - koudoOpMHBIT 1uddepeHnra bHbIil  WHBAPWAHT, a dYepe3s -~y -
mudbdepentmanbayo  1-bopmy. Ilyers F(7y) - 3Hadenume 3T1oro wWHBapmaHTa Ha QopMe .
Ckaxkem, uro pocrok audpdepernnanbroii 1-popmbl v peryisipen, ecan 3nadenus Ji(7y), Jo(7y)
PYHKIIMOHAJIBHO HE3ABUCHMBI.

B stom ciyuae smaueHusi gudphepeHIMAIbHBIX HHBAPUAHTOB BTOPOTO TMOPSAIKA ABJISTIOTCS
dbyuxusvu ot Ji(y) u Jo(7y), craxem

6(J1)(7) = A1 (N1 (7). T2 (7)),
6(J2)y = Az (J1(7), J2(7)),
6(J1)y = Bi(J1(7), J2(7)),
6(J2)y = Ba(J1(7), J2(7)),

R(v) =r(J1(7), J2(7)),
() = f(J1(7), J2(7))-

Teopema 1. Pocmxu pezyaapnvix 1-hopm KOHEGOPMHO IKEUBGAEHMHDL 6 TMOM U TMOABKO MOM
cayuae, Koeda coomeememsyrougue gynkyuu A1, As, By, Ba, r u f - cosnadarom.
Crincok urepaTyphbl

[1] B. Kruglikov, V. Lychagin. Global Lie-Tresse theorem // (2013), 48p.,
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l'osiomopdHbIE TOPCOOOpPa3yIOIiie BEKTOPHbBIE M09 HA HOYTU IPMUTOBBIX
MHOT000pa3max

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

E-mail address: kuzakon_vQukr.net

ITycrs M — n-mephoe ruagkoe muoroobpasue, X(M) — C°(M)-mouy/ib 1IaJKUX BEKTOPHBIX
nosieit Ha M, d — oneparop BuerHero puddepeniupoBanus, £x — oneparop auddepeHImpoBaHust
Jlvu B HampamjeHun BeKTOPHOTO Mo X. Bce MHOT0O6pasms, TEH30pHBIE MO W T.L.  O00BHEKTHI
TMPEeNOIATAI0OTCA TIaAKuMu Kaacca C.

Onpepenenne 1. [Z] Bexmoproe noae £ € X(M) nasweaemca Topcoobpasyromum, ecat
VE=pid+a®¢

U Ha3veaemcA TCeBIO-Topcoobpasyommm, ecau VE = pJ + a ® & daa nekomopux p € C(M)
ua € X*(M). duppeperyuarvryro 1-popmy a u Pynryuo p ma306em XapaKTEPUCTUIECKUMHU.
Topcoobpasyrouiee SeKMOPHOE NOAE HA3VGAEMCA KOHIUPKYIIAPHBIM, ecat da = 0, 4 Ha3wveaemcs
CTIENTKOHITUPKYIAPHBIM, ecau a = 0.

Ilycrs S = {g,J} — moutn spmmToBa (Kopoue, AH-) crpykrypa na M, J? = —id, (JX,JY) =
(X,Y)(sngomopdusm J HABBIBACTCA NOYMNU KOMAACKCHOT CMPYKmypot)

Onpenenenune 2. Topcoobpasyrousee 6eKMOPHOE MOAE € HA NOYNMU IPMUTOBOM MHO2000DA3UY
(M, J, g) nasosem abCOTIOTHBIM, ecau eekmoproe nose JE ncesdo-mopcoobpasyrousee.

Onpenenenue 3. Bexmopnoe noae £ HG NOwWMU IPMUMOBOM MHo2000pasuu M wnaswvieaemcs
rojioMopHbIM, ecau andomopdpusm J E-unsapuanmen, u nasvieaemcsa OUTOIOMOPGMHBIM, ecau,
kpome mozo, on (JE)-unsapuarmen.

JlokazaHpl C/IeIVIONINe TeopeMbl:

Teopema 1. Bbuzoaomopdroe abcoatommo mopcoobpasyiowee EKMOPHOE NOAE HA KEA3UKEAEPOBOM
MHO02000Da3 UL CNEUKOHYUUPKYAZDPHO.

Teopema 2. buzosomopdroe aOCOAIOMHO MOPCOOOPASYIOWEE GEKMOPHOE NOAE HA IPMUIMOEOM
MH02000D03UY CNEUKOHYUUPKYAAPHO.
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Huddepennnanbable THBAPUAHTH! CJOEHUN M3y4aJUCh OJHUM U3 aBTOPOB HACTOSINENH CTAThU
B paborax [1]-[8], meromamu, ommcamubiMu B paborax [9], [10]. B [11] mbr noxkasamm, xak
UCCE0BATh TEOMETPHUIO TVIAJKUX CJAOEHUN KJIACCUYECKUM METOJIOM BHEMIHUX (DOPM U HOJBUZKHOTO
pemepa Jau Kaprana: HAILIN KAHOHWYECKWUN BUJ CTPYKTYPHBIX YPaBHEHWH TJIAJKON cyOMepcuun
W BBISICHUJIM MEOMETPUYECKUI CMBICJ NPOBeJeHHON KanoHuzaiu. Kpome toroy B [11] neransro
paccMaTpeHo pPacC/OeHUe ABYMEPHBIX MOBEPXHOCTEH B TPEXMEDPHOM EBKJIUIAOBOM MPOCTPAHCTEE,
Haiiensl ero gudepenHnuaabable HHBAPUAHTLI OTHOCHTEILHO TPYIILL fABUKeHnit D3, BrIgCHeH
UX TEOMETPUUECKUN CMBICII.

B wmacrosmeit pabore meromom Kaprama MBI HAXOJuM WHBAPWAHTHI THaAKo#l cybmepcum f
E" — R ormHocuTesnbuo mnceBgorpynmel D" X O, rme D" — rpymnma eBKJIHIOBBIX JBHKEHUi, O —
MICEeBAOTPYIINA JOKAIbHBIX muddeomMopdu3MoB HA TPAMOIL.

Hns sTOoro MbI, B OTJIMYME OT KJACCHYECKOTO MOJX0ja, ucHoiablyeM B EP mnoasuxkHON
OPTOTOHATBHLIN Perep, B KOTOPOM BCE BEKTOPBI, KPOME BEKTOPA €y, 4 ABIAIOTCH €IUHATHBIMA. DTOT
BEKTOp HAIIPABJIEH 110 HOpMaJiu K cJiot0 cioenus P, onpenensiemoro cyomepcueii. Takoit moaxon
JlaeT BO3MOXKHOCTH PACCMaTPUBATh MHBAPUAHTHI [ICEBJIOIPYHIBl () KaK MHBAPUAHTHI KaJaunOpOBKU
€n — Aep.
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Mb1 uzyuaem F-myranapubie orobpaxkeHusi, koropble Obuin BBejieHbl CuntoxoBbiM H.C. u
Muxkenrem 1. 8 ([2]).

lFoBopsT, 9TO PUMAHOBO IPOCTPAHCTBO S, HAJEJEHO CUMILTIEKTHIECKOH cTpyKTypoii([3]), ecam
Ha HEM 337aHO moste TeHzopa Tuna (0,2)  Fjj, yIOBIETBOPSIOMIETO YCIOBHIM:

Fijr+ Fjri+ Frij =0, Fj+F; =0, Fj=Fga, |F'[#0,

rae """ - 3HAK KOBapPUAHTHON IPOU3IBOILHON 110 CBA3HOCTH IIPOCTPAHCTBA S, .

Mb1  paccMaTpuBaeM CTPYKTYpy OoJiee 0oOIero rTwuma, ~OTKA3aBIINCH OT TpebOBaHUS
HEBBIDOXKIEHHOCTH a(PUHOPA, U HA3BIBAEM €€  K643U-CUMNACKMUNECKOT, a PUMaHOBO
MPOCTPAHCTBO, JOMYCKAIOIIee TAKYI0 CTPYKTYPY, - K68a3U-CUMIACKINUYECKUM.

Hamee  paccmarpuBatorcst  F-njanapabie  0TOOpaKkeHHsI  PUMAHOBBIX  HPOCTPAHCTE B
TMpeAnoaoKeHun, 9ro adduaop F ompenenser KBa3W-CHMIIEKTAYUCCKYIO CTPYKTYpY Ha V), ©
Vi -

Msbl crpoum Tak HasblBaeMoe unsapuanmmnoe npeobpasosanue(|d]), xKoropoe mosBosisger u3
TMapbl KBAa3W-CUMILIEKTUYECKUX TPOCTPAHCTB,  HAXOMSIINXCST B HETPUBUATIHHOM F-TIJIAHAPHOM
orobparkeann, TOCTPOUTH HOBYIO Tapy KBa3W-CUMILIEKTHYIECKUX MHOTO0Opasmii,  Takwxe
HAXOJANNXCA B HETPUBUAIBHOM F-TTAHAPHOM OTOOPayKEHMUN.

Ormernm, 910 TOTOMOPGHO TPOSKTHUBHOE 0TOOPAYKEHIE KEJIEPOBBIX ITPOCTPAHCTB ¢ COXPAHEHMEM

mouTe KomuekcHoit crpykTypel ([I]) mpeacrasiser coboit wacTHBIN caydail W3ydaeMbIX HAMU

orobpaxkenuit.  I3BecTHO, dUTO MEXKY JIHOOBIMU KETEPOBBHIMHU IPOCTPAHCTBAMU MOCTOTHHOMN
roJioMOpHOI  KPUBU3HBI ~MOXKHO  yCTAHOBUTH  HETPUBHAJIBHOE  T0OJOMOP(MHO-TTPOEKTUBHOE
orobpaxkenue([1]). [TosTomy Oeps B KadeCcTBE WCXOAHONW Tapbl KBa3H-CUMILIEKTHICCKIX

MHOT000pa3uil KejaepoBbl [POCTPAHCTBA IIOCTOSHHON T0JIOMOPMHON KPUBU3HBI, HAXOJSIIHEC
B TOJOMOP(HO-IIPOCKTUBHOM OTOODAaKEHWMN, W NPUMEHS K STOH I[1ape HaIlle WHBAPUAHTHOE
npeobpazoBanue, < MOJydaeM HOBYIO IApy YyzKe JlaXkKe He JWHINTEeHAHOBBIX, HE KEJEePOBBIX, HO
KBa3U-CUMILIEKTUIECKIX TPOCTPAHCTE, COCTOSIINX B HETPUBHAJBHOM F-TITaHAPHOM OTOODAYKEHUH.
Haiinena nx BHyTpeHHIS TEH30PHAA XaPAKTEPUCTUKA.
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Ksasn-reogesntveckue orobpazkenns Obliu BBegmeHbl akagemMukoMm A.3. Ilerposeim B ([I]) mpm
UCCIe0BaHn TPOOIEMBl MOJETMPOBAHUS (B CMBICJIE TIOBEJEHUS NPOOHBIX 4acTull) (hU3nIecKux
moJieii. B pesyabrare A.3. Ilerpop mpumies K 3ajade KBa3W-IeO/I€3UYECKUX OTODparKeHMit
PUMAaHOBBLIX TpocTpancTB V) curHarypbl Munkosckoro. B ([2]) stu orobpazkenust 6b1mm 060061eHBI
HA CIyvail TPOM3BOIBHON PA3MEPHOCTH W CUTHATYDHI.

Ilycte puvanoBsl mpocrpanctsa (Vi gij) u (Vn,yij) HaXOJATCs B KBaSW-TEOIE3UYECKOM
orobpakernn (KT'O). Torma nx 0CHOBHBIE YPABHEHUS B 00IIIE 110 0TOOPAKEHUIO CUCTEME KOOPAMHAT

(x’) MMEIOT BHUI:

Tjj(w) = D) + v(@)d) (@) + (@) Fy(@)

7) (i 7)
Faj) = Fij) =0,
Fijy = F}'9ais Fij) = Fj Goss

h
177
Jij M gij, COOTBETCTBEHHO; 1;, (; -~ KOBEKTODBDI; Fih— adhPUHOP; KPYIVIBIMA CKOOKAMH 0003HATEHO
cummerpupoBanue. [lpu ¢; = 0 KBa3u-reo1e3nIecKoe. 0ToOPAKEHNE BEIPOXK TALTCA B T€0/I€3UIECKOe
([4]), mpu ¢ = 0 Mb1 Ha3BIBaeM ero KamonmIeckuM ([3]).

Mp#b1 u3yvain ciaydan cOXpaHeHUsl MePBOit W BTOPO# KOBAPUAHTHON TPOU3BOIHON adduropa Fih
OTHOCHTEJILHO PACCMATPUBAEMBIX OTOOpPaXKeHMit mpu yciosal, uto adpduuop 3amaer va V, u Vj,
e-ctpykTypy ([]), Te. EMFY = edl, rne e = £1,0. [Ipu 9T0M coXpaHeHue TIepBLIX KOBAPHAHTHBIX
npoussoaubix pu KI'O ycranaBimBaeT 3aBUCHMOCTEH MEXKY BeKTOpamu ; U ;. JlokazaHo, UTo
coxpanenue orHocuTenbHO KI'Q m BTOpPBIX KOBapHAHTHBIX NPOU3BOIHBIX a(hdUHOpPA BO3MOMNKHO
TOJIBKO [1jis abCOTIOTHO mapaiie buoit adGUHOPHONE CTPYKTY PHI.

Kanonuueckne KI'O 1ipum  yciioBuM coxpaHeHHsI OTHOCHUTEIbHO HHUX TEPBBIX UM BTOPBIX

rae I’ F?j - KOMIIOHEHTHI 00bEKTOB CBA3HOCTH npocTpareTs V,, u'V, ¢ MerpuyecKuMu TeH30paMu

KOBapPUAHTHBIX MPOM3BOMAHBIX adduaopa B caydae € = () BO3MOXKHBI TOJBKO IJisi IIPOCTPAHCTB,
B KOTOPBIX UMEIOT MEeCTO COOTHOIIEHUS

ngij =0, F;faF;" =0,

IpUIeM BEKIOp ; CBasan ¢ addmuHopom coorHomenusamu @qFy; = 0. 3pece 7,7 - 3Hak
KOBapUAHTHON IIPOU3BOLHOM 110 CBA3HOCTU FZ
IIpu e = —1 ycsoBus COXpaHeHUs: MEPBBIX W BTOPBIX KOBAPUAHTHBIX MTPOU3BOIHBIX MPUBOIAT K

TpuBHaThHOCTH Kanouuvdeckux KI'O, T.e. ¢; = 0.
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Ilpu w3ydeHHEW CHOENUAJBLHOTO BHJA KBa3U-TEOJIE3UMIECKUX OTOOpaxkeHUWil mnapabosndecKu
KeJIepOBbIX npocrpaHcTB ( Mbl HasBaau ux KaHoHuveckumu ([2])) wnokasano, 4ro novru
SKBUJIMCTAHTHBIE OCHOBHOI'O THIIA MapabOJUIecKy KeJepPOBbI MPOCTPAHCTBA TaKue OTOOparkKeHUst
BCETJa JIOMYCKAIOT.

HamoMHIM,9T0 9eTHOMEPHOe PHMAHOBO MPOCTPAHCTBO Kj € METPIIECKHM TeHO3pOM g(;;)(T)
HasbpIBaeTCst napaboaudecku xeaeposvim ( B Tepmmuosormm B.B. Bummesckoro (- [1]) - A-
NPOCIPAHCMEOM ), eCiu Ha HeM onpeenena adbdUuHOPHAsT CTPYKTYpa Fih (x) MakcuManbHOTO paHra
m(n = 2m), yI0BIETBOPSIONIAS YCIOBUSIM:

FPFl =0, Fu =0, Fij=F"gu,
Fl=0
rje <,> - 3HaK KOBApUAHTHON MPOM3BOIHOMN 10 CBI3HOCTH MIPOCTpaHCTBA K ).

DKBHUMCTAHTHOE pUMaHOBO npocrpancTso ( [3]) oupesensiercss HaaugneM B HEM BEKTOPHOIO
o @; # 0, yZOBIETBOPSIONIEr0 yPAaBHEHUAM Qi = PJij. 3/1€Ch IO HEOOXOAUMOCTH p = COnst.
OcroBroMmy Tty coorBercTByeT p 7 0.

Mp! HasBam mapaboJUIecKd KeJepoBO MIPOCTPAHCTBO NowMU 9K6UOUCTAHIMHOM, €CIA B HEM
CYIIECTBYeT BEKTOPHOe mose ¢; # 0, yIOBAETBOpsIOIIee YPABHEHUAM @; j = pFjj. 31mech Takxe 110
HeobxoauMoCTH p = const.

HerpynHo BHIETH, 4TO ec/M B SKBHIUCTAHTHOM OCHOBHOro tuna K, ¢; # 0, To oHO Gyzxer u
NOYTH YKBUJUCTAHTHBIM OCHOBHOIO THIIA, Tak Kak TOrjia ¢; ; = pE;;. Obparnoe, BooOIIE TOBOPH,
HesepHo. To ecThb Kjrace MoUTH SKBUIUCTAHTHBIX MapabOIuIecKy KeJIePOBLIX MPOCTPAHCTB FOPasio
mMpe KIacca IKBUUCTAHTHDIX.

AnayornaHo TOMY, KaK 9TO ¢AeqaHo B [4], MBI mMOMydnIM METPUKHM MOYTH KBUIACTAHTHBIX
napaboMueckn KeAepPOBBIX IPOCTPAHCTE B CIEUATBHON CHCTEME KOODMHAT.
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B moknane 6yner npencrasiien oonapykennniii A.J1. Mungoi pan o6obuennnr weddokos. Kazx-
Jeiit 0606mennsIit mennok S(n, 8) npeacrasasier coboi HEBBITYKJIbIi MHOTOTDAHHNK Ge3 camorepe-
cedeHnil, COCTABICHHBIN W3 BYX OCHOBAHUHN, KOHTDYIHTHBIX MPABUILHOMY N-YTOJBHUKY €O CTOPO-
Hamu jgyuabl 1, u 6okoBoro "mosica", 00pa3zoBaAHHOTO 21 TPEYrOJBHBIMU I'PAHIMU, KOHI'DYIHTHBIMEI
PABHOCTOPOHHEMY TPEYTOJTBHUKY CO CTOPOHAME JTAHEI 1, 1 2n "nenecTkaMu" | KOHEPYSHTHBIME POM-
6y co cTopoHAMU JIMHBI 1, IepeTIoMaHHOMY BII0JTh pebpa jayuabl L = L(f) ¢ o6pa3oBaHueM aAByTpaH-
HOTO yrya (3. YKazamublil ps 0000IIEHHBIX MeI0K0B BKI0Yaer opromesnox A. Hdyamm S(n, )
[1] u obobmtatomee ero cemeticreo memnokos {S(3, 3)}5c7, msydenoe AJL. Muskoit B [2]. Ilpn
KaykJIOM n > 3 TakyKe BO3HMKAeT HelpepbiBHOe ceMeicTBo 0606mieHEbIX memaokos {S(n, B)} el
BO MHOTOM HACJEIYIONNK KOMOMHATOPHBIE, CAMMETPHUITHBIE 1 METPUIECKHE CBOHCTBA YIIOMSTHYTHIX
KJTACCUIECKUX TIEITOKOB.

YcTaHOB/I€HO, YTO PU KazKjom n > 3 B cemefictse {S(n, B)}4ep CymecTByer eMHCTBEHHBIN
0606mennsbiit meanok S(n, fy), momycKaromumii HETPUBHAILHOE GECKOHEYHO MaJjoe H3rnbaHue,
TMPH  KOTOPOM BEKTOPBI CKOPOCTEH MPEToJaraloTces  HACTMYTOMAMA  CBONCTBA CHMMETPHH
MHOT'OI'PaHHUKA, & B BCPIINHAX OCHOBaHUI HaIllPAaBJICHBI IIEPHEHINKY/IAPHO OCHOBAHUAM.

Kpowme Toro, mis HempepbIBHO# JedopMaliii HesKeeTKoro obobmennoro memxgoka S(n, fy) B
cemeiictee {S(n, )} ey TOCTPOEHO ANIPOKCAMUpYIOIIee €€ CIelUaabHOe HEeNpephIBHOE JHHEHHOe
n3rubanne MHOTOrpaHHUKA S (1, B ), TP KOTOPOM HepETaMbIBAHNIO TOIBEPTAIOTCS TOIBKO JIETECTKH
S(n, Bp) ¢ pacooKeHneM TOIBUKHBIX peOep M3/10Ma B OKPECTHOCTH MPAHUIHBIX pebep JIeeCTKOB.

B noknaze [3] Ha MesxynapoaHoM MaTeMarnueckoM KOHTpecce, Kak u paHee B jokiaaiax [4],
[5], ormeuamocs wrTo opromemmok dyamn mpeacraBiager coboit mpuMep Mmodeavrozo daekcopa —
memsrubaemoro mo Kormmm MHODOrpanHnKa, (U3uIecKkasd MOIe/ b KOTOPOro dB/ISeTCI HEYCTONINBOi
H JIOTYCKAET 3HAYUTEIHHBIE 0OpATHMbIe HENpepBIBHBIE JgedopManun 06e3 BHINMOTO HMCKAKEHUs
MaTepua/ia moa00H0 MOIeIaM M3TnOaEMbIX MHOTOIPDAHHUKOB — Teopermdeckux diexcopos Korneu,
lliredana u ap. Anagorndmbiil 3p@EKT MOTEJLHONH (PIEKCOPHOCTH IPUCYI B 000OIIEHHLIM I 110~
kam S(n, By). TTomobHO ApyruM U3BECTHBIM NPUMEPAM MOAETLHBIX (OJIEKCOPOB — 3BE314aThIM ITHPa~
mugaM AstekcanapoBa- BiaammMupoBoit, yKazamabiit 3hHeRT MoKeT 00bACHIETCS KaK HEYKECTKOCTHIO
MHOTOTPAHHNKA, TAK W HAJTUINEM YIIOMSIHYTHIX BBIIIE CHEHANBHBIX JUHEAHBIX W3THOAHWIH.
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O reomerpun MHOroo0pa3uii HEOTPUNATEILHON KPUBU3HbBI

A. 4. Hapmanos, B. A. TypcyHos
(HyVs, Tamkent, Y36eknucran)

E-mail address: narmanov@yandex.ru, t.bayramali@yandex.ru

ITycte M - rmajxoe puMaHOBO MHOr0OOpasne PasMepHOCTH 1, ¢ - PUMaHOBa MeTpuka, 1,M -
KacaTebHOe TPOCTPAHCBO B ToUke p € M, V - cBasmocts Jlesu-YupuTa, ompeneennas puMaHOBOT
MeTpuKkoii g. Betony B pabore TnaakocTh 03HAYAET TIAAKOCTH Kaacca C°.

ITycrs F-cnoenue pasmepuocru k, rae 0 < k < n [2]. O6osmaunm wepes L, cioif croenus
F, mpoxonsmuii 4wepes Touky p € M, uepes Ty F - KacarenbHOe IPOCTPAHCTBO CHOsA L, B
Touke ¢ € Ly, aepes H(q) - oproronanbnoe jonoHenue nopunpocrpaucrsa 1y F. B pesyibrare
BosHuKatoT noxpaccioenns TF = {T,F}, TH = {H(q)} xacareabroro paccioenns T M # uveem
oproronajbuoe passokenune T'M = TFHH. Takum 06pa3om Kazk10€ BEKTOPHOE 110J1€ X Pa3I0KUMO
BBuge: X = XU+ X" rne XY € TF, X" € TH. Ecoim X" = 0 (coorserersenno XU = 0), To mose
X Ha3bIBAETCST BEPTUKAIBHBIM (COOTBETCTBEHHO MOPU30HTAJIBHBIM) BEKTOPHBIM MOJIEM.

B sToit pabore paccMmoTrpmMm ciioeHmE, TOPOXKIEHHOE CcybMepcrmeil u W3y9mM CBA3b MEXKIY
CEeKITMOHHBIMU KpUBU3HAMu MHOroobpasuit M u cjioeB.M3yueHuio TeOMeTpUn 1 TOTOJIOTUN CJIOSHMI,
HOPOXKIEHHBIX CyOMepCHsSIMU, MOCBSIIEHbl MHOTOYMCHAEHHBIE HCCaeaoBanus [1-4], B wacrHocTH B
pabore [3] moayuensr dyHIaAMEHTAIBHBIE YPABHEHUS CYOMEDCHH.

Hamomawum, aro guddepertmpyemoe orobpazkerue f : M — B makcuMansHOTO panra, riae M, B
- DJIAIKAE MHOT00OPA3MsT Pa3METHOCTH 7, M, COOTBETCTBEHHO, N, > m, Ha3biBaeTcs cybmepcueit. [lo
Teopeme 0 panre nuddepeHITPYEMOT0 0TODpaKeHUsT T KaK 10l ToUKu p € B mosbHbIi mpoodpas
f~(p) aBngerca momMEOroo6GpasmeM pazMepHocTH k = 1 — m.

Ilycrs f: M — R™-nuddepenimpyeMoe 0To0parXkeHne MakcuMaabHOro panra. Ciyuail, Korma
m = 1 usyuena B pabore [d|npu ycnosuu, 910 I8 KaXKIAOTO BEPTUKAIBHOIO BEKTOPHOTO MOssi X
BBIIoIHeHO yeaosue X (|gradf|?) = 0, T.e. KOnma AnuHA TPAJIHEHTHOrO BEKTOPHOTO II0JIS TIOCTOSHHA,
Ha KaxXKJI0M cjoe mocrosinaa. Orobpaxkernne F': M — R™ 3amaercs ¢ OMOIIBIO 1 QyHKITHIL:

fisM — RY.i=1,2,..,m. (1)

Crenyromasg Te0peMa, TOKA3bIBAET CBA3b MEXKY CEKIIMOHHBIMU KPUBU3HAMEU MHOODpazus M u
noamuoroobpazuit L, = f~1(p),p € R™.

Teopema. Ilycre M - mmOrooGpasme HeOTpUIATENBHON (TOJIOKUTENHHOM) CEKIMOHHON
kpuBuznel, f : M — R™ - nuddepennupyemoe orobparkeHue MaKCUMAJBHOIO paHra, u
X (|gradf;|?) = 0 mis KaxK10ro BepTHKAILHOIO BeKTOpHOro moss X s Beex i = 1,2,...m. Torma
KazK bl earoit cioenus F(L, = f~1(p),p € R™) asngerca nojMuoroobpasueM HEOTPUITATELHOM
(OTOKNUTENBHOI) CEeKIMOHHON KPUBU3HBIL.

Crnmcok aurepaTypbl
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O napaJiesibHBIX I[IEPEHECEHUAX HA PACIPE/IEJIEHUN MJIOCKOCTel

0. M. OmMmesbaH

(Banruiickuii dpenepanbubiii yansepcurer nm. 1. Kanra,
Kanunuurpasm, Poccus)

E-mail address: olga_omelyan20020mail.ru

OTHeceM n-MepHOE TPOEKTHBHOE MPOCTpaHcTBO P, K momsukuOMy pemepy R = {A, Ar},
VHOUHNTE3NMATBHBIE TIEPEMEIEHNsT KOTOPOTO ompeaeadioTca (hopMyIaMu

dA=0A+w'A;, dA; =0A; +w!Aj+ wiA,

I

a bGasucubie (HOpMBI W ,wI,w}] MPOEKTUBHOW Tpynnbl GP(n) yIOBAETBOPSIIOT CTPYKTYPHBIM

ypaBuennam Kaprama

Dw! = w! AWl Dup = wi Awy, Dwh = Wi Awk F8twie AwE +wgnw

TIpomomxkuM paccMoTpeHne pacupesesieHnus M-MePHBIX IIOCKOCTer  F,. Nupekcer B
paboTe TPHHUMAIOT CJAEAYIONUe 3HAYeHHS :  i,-++ = lLym;a,~=+ = m+1,n. B
acconuuUpoBaHHOM ¢ pacupejenenuem pacciaoenun  G(NS,) BbLIesslFOTCS  YeTbipe  IVIABHBIX
dakTOp-paccaoenud. B srom pacciooennn 3amama. CBI3HOCTL OOBEKTOM CBA3HOCTH 1T =
{T%% Tjas Tig Tias T3 T30 Tagis Taps Dai Tan }-

IlpousBenno KOMIIOZMIIMOHHOE OCHallleHne pacipedenenns  N.S,. Buipaxenusa g

muddepeHInaioB TOUeK OCHAIAIOINAX MI0CKocTel By, B; mMeroT BuI:

dB, = ( .. )ZBb + (téjwi + tzbwb)Bi N ((tm' — )\jt‘zi)wi + (t(zb — )\itflb)wb)A,

dB; = ( .. )zB] + ( .- )?Ba + (tijwj + tiawa)v

rme o0beKT t Ha3BIBAETCA TEH30POM HECHEeNUAJIbHBIX CMEIIEHNH. Pamee 6ni10 mokazaHo,
9TO paclupeieneHne  IIockocreir NS, ® ero KOMIO3UIIMOHHOE OCHAINEHHe WHAYIUPYIOT B
0

accorumrpoBanHoM paccioennn G(IN S, ) TPYNIoOBYO CBSI3HOCTE ', & TaK¥Ke MyUYOK CBA3ZHOCTH 1-T0 ¢
1
obbekTOoME [

O6pamiasi B HyJb  KOBADUAHTHBIE [POU3BOJHBIE V jA  OCHAIIAIOIIEr0 TEH30pa A B
acCOIMMPOBAHHOI cBsi3HOCT] [ TTOSTYyImMm

! k ! j
Lij= Aij + Al's;, Lia= Xia + A1,

1. . : ; 1 ; j i j
[ i = Ay = Mlhy T A0, Tap = Ny — My, + AT

aj’ c-aby

Bripaxesusa mpia muddepennmanos touek B,, B;, 3anmmcanubie ¢ MOMOIILI0 KOBAPUAHTHBIX
1 1
mudpdepentmanos V A OCHAIAIONIETO TEH30PaA A B IMyYKe CBA3HOCTEN [\, MMEIOT BHUI:

1 . . 1 1 . .
dBo = (... )sBy+ (V Ny + thjw”)Bi + (V Aa — Ai VN, + (tar — Njt2 ) A,

. 1
dB; = (...))Bj+ (... ){Ba + (V N\ + tigw’) A.

CrenoBarebHO, CIIPABEIJINBA
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Teopema 1. Ilrockocms Kapmana Cyp_py—1 neperocumcs napastesdvho mozda U Mmoavko moeada,
1
Ko2da oHa cmewjaemca 6 Hopmaau 1-20 poda Hopdewa Pp,_p,, npuuwem nepenecenue (V N|, =

1.

3 7
0) ocywecmensemca 6 nywke epynnoswz nodceasnocmets {Lo, T !}, ecau womnosuyuormoe
ocnawerue b-cneyuasvroe. Hopmaav 2-20 poda Hopdena Ny—1 NepeHocumes napaiiesvho 6 nyuke

0o . 1
epynnoswx nodcesasnocmet; {T ;K,PZ‘J} mozda U Moabko Mmozda, K020a OHA CMEWAEMCH: a) 6

1
2UNEPNAOCKOCMU Bopmmommu Pn—l; ECAU KOMNO3UUYUOHHOE OCRGULEHUE A-CNEYUUANDHOE (v )\z’p =
0),’ 6) npou3soAdvBHO 8 CAYHAE A-HECNEUUAADHO20 KOMNO3UUUOHHO20 OCHAULEHUA.
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O cyuiecTBoBaHuN CpeaHUX TPU-TKaHEH BoJsia ¢ KAHOHUYECKOil 1M0YTH peayKTUBHOMN
CTPYKTYPOii

E. A. Onomnpuenko
(MIIT'Y, Mocksa, Poccus)

E-mail address: katrinonoprienko®@mail.ru

PaccmarpuBaroTcs cpeHue TpU-TKaHn Bojia ¢ KOBApUAHTHO TMOCTOSHHBIM TEH30POM KPUBU3HbI,
KOTOpBIe 0003HavaoTea Hamu B)Y,. Tak Kak TeH30p KpUBU3HLI TKaHU Bosta ABISeTC CyIeCTBEHHO
4acThio TeH3opa KpusudHbl ceszHoctu epua ([I]), To Tensop kpuBu3HBI ITON CBABHOCTH
TaKKe SIBJIFETCA KOBAPUAHTHO IOCTOAHHBIM. DByjaem roBopuTb, 9T0 MHOroobpaszme adduHHOI
CBSI3HOCTU HECET MOYTU PEJAYKTUBHYIO CTPYKTYPY, €CJIM TEeH30D KPUBUSHbLI ITOH CBA3ZHOCTH
SABJISETCA KOBAPUAHTHO MOCTOSAHHABIM. Takum 06pazoMm, MHOrooOpasne TKaum B, sBIIeTCS HOUTH
PEJYKTHUBHBIM MTPOCTPAHCTBOM, JIJIsi KOTOPOT'O CBSI3HOCTH UepHa SBJISETCS KaHOHWYECKON MOUTH
peaykTuBHO# cBsisHocThio. M3eecrro ([1]), uro Ha 6ase rTperbero €ioenus cpejHedl TkaHn bosa
HMeeTC sl CHMMETPHYIECKasi CTPYKTYpa, OlpejeisieMas CepIIeBUHOi 3Toil Tkann. TakuM o6pazoM, ¢
TKaHbIO B,), CBA3aHBI IB€ CTPYKTYPBI — CUMMETpPHYecKas Ha 06a3e TPEThero CJI0CHNS TKAHN 1 [TOUTH
PEJNYKTUBHAS HA MHOMOOOPa3UU TKAHU.

Iycts, xax obbrano ([I], crp.9), cmoenwss Tpu-Tkamm B,), HAa MHOTOOOPA3WU pPasMEPHOCTH 21
3a/1aHbl YPABHEHUAMUI

Ww=0 w=0 w4+uw=0,
1 2 a2

a cTpykTypHble ypasaenus umetor sug ([I], crp.16):

dw' = W AW + a’p w! AWF
1 1 J ik T’

dw' = w’ ANwj — ajy, o’ Aw",
2 2 24>

dw} = wf Awh + b;’kl oi)k /\cgl,

3mech u gagee i, 5,k = 1,2,3...r. Bepua

Teopema 1. Tensopvi  Kpyuenus U  Kpusudnuo, mranu B, c6A3aHbL  CACOYOUUMY
JupPeperHuuaIOHBMU U KOHEUWHBIMU COOMHOUEHUAMU.

i i oom i Pi _ ip igp
Vicery = 05 kg = 20500 miepy @iebpem = prlign, — Apibign,

7 P _ ) p — D __ i p
b'kpafm =0, blmq =0, bjkl =b klbjrs'

i
J Jjkp prs P

OTa  cucTeMa  3aMKHYTA  OTHOCHTEIBHO — OMEpAIid  BHEITHErO  JudPepeHrnpOoBaHus.

CnenoparensHo, TKanw B, CymecTByIOT ¢ mnpou3BosoM N HOCTOSHHBIX, rae N — 9ucao
HezaBucnMbIX 11addoBeix ypashenuit (1) — onpegessiercs U3 NPUBEJIEHHON CUCTEMbI KOHEUHBIX
COOTHOIIEHNN. Takum obpasom, kmaccuduxanus TKaneii BY, CBOIWTCA K aHAIHA3Y STHX

COOTHOIIEHUI, TO €CTh K Kjaaccudukanuu coorsercrByomux aaredp boja.

Criucok aurepaTypbl

[1] Axusuc MLA., Ilesexos A.M. Muozomepuve mpu-mranu u uzr npusosicenus. (Trepb: Trep.
roc. yu-T., 2010)
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O cniekTpe oneparopa KpuBU3HbI KOH(POPMHO ILJIOCKUX JIEBOMHBAPUAHTHBIX
PUMaHOBBIX METPUK 4-MepHbIX Tpynn JIu

. H. Ockopbun, E. /I. Pommonos, O. Il. Xpomosa
(AntI'Y, Bapuayn, Poccust)

E-mail address: oskorbin@yandex.ru, edr2002@mail.ru, khromova.olesya@gmail.com

WccnenoBarme xoHMOPMHO IUIOCKMX PHMAHOBBIX MHOTO0OOpasmil, T.e. MHOTOO0Opa3mit ¢
TPUBHUAJIBHBIM TeH30pOM Beiing sBiigercs OJHOW M3 aKTYaJ bHBIX 3aJa4 PUMAHOBOM IeOMeTpUU
[1]. CroekTpsl (HaGOPBI COOGCTBEHHBIX 3HAUEHMI) MU dEPEHIHATBEHBIX OTePATOPOB Ha PUMAHOBBIX
MHOT000Pa3usiX TaKyKe MHTEHCHBHO M3yvaroTcs B nocsesnee spems [2]. Ocobelit uHTEpec epean Hux
MIPEJICTABJISIET CIEKTP OMEPATOPA KPUBU3HBI.

B macrogameit pabore wuccaemoBaH CIEKTP OMEPATOPa KPUBU3HBI KOH(MOPMHO IIOCKUX
JIEBOMHBAPUAHTHBIX PUMAHOBBIX METPUK 4-MepHBbIX rpyti Jlu.

Wcnonp3ya mHBApMAHTHOCTH PUMAHOBON METPHKH, BOMIPOC 00 M3YIEHMH CIIEKTPA OMEPATOPa
KpUBU3HBI Ha rpyime JIu cBoauTCcs K COOTBETCTBYIOIIEMY  Bolpocy Ha ajrebpe Jlu rpyrib
Ju.  Manee, npumensia pesysabrarsl pador [3, 4, 5|, B cooTBercTByONMX 6AZUCAX OIPE/IEJIEHbI
KOMIIOHEHTBI CIIEKTPA OIEpaTopa KpUBU3HBI 4-MepHbIX ajaredp Jlu rpynn Jlu, HajenseHHBIX
KOH(OPMHO IIJIOCKOH JIEBOMHBAPUAHTHBIN PHUMaHOBOH MeTpukO. B wacTHOCTH, YyCTAHOBJIEHO
Ha KakuxX 4-MepHBIX KOH(OPMHO MIOCKuX ajrebpax Jlu MeTpuku gBASOTCA (aHTH)TOPIIOBBIMH,
T.€. i Kakux 4-mepHbIXx KOH(MOPMHO IIOCKuX ajredpax JIu omeparopsr Xoka U KPUBU3HBI
(aHTH)KOMMYTATUBHBI.

Pa6ora spmmonnena mpu moamep:kke Cosera mo rpanTaMm llpesmmenta P® gaa mommepKiku
MOJIOJIBIX POCCHUICKMX yYeHBIX M BeAymux HaydHbix mkoa (rpant HITT-2263.2014.1), Grant of
the Russian Federation for the State Support of Researches (Agreement No 14.B25.31.0029),
a takxke MunucrepcrBa obpazosamma m Haykum Poccmiickoit Penmeparuu B pamikax 0a30Boif
YaCcTW TOCYTapCTBEHHOTO 3amanusa B cdepe HayuHoil mearenproctn ®I'BOY BIIO «Amraiickutt
roCyJapCTBEHHbIH yHUBEpCHTeT» (Ko mpoekTa: 1148).

Crincok aurepaTypbl

[1] A. Becce Mmozoobpasusa Dirnwmedtina,- M., Mup, (1990), 704c.

[2] C.S. Gordon Survey of isospectral manifolds. Handbook of Diff. Geom.,- Amsterdam: N.-Holland
(2000), Vol. 1, P.747-778.

[3] A. T. Kpemnes, . I'. Huxomopos Cuznamypa xpusuduv Puuwu A€60UHEAPUAHMMHOLT
PUMGHOBHIL MEMPUK HA YEMBPETMEPHHL 2pynnax Jlu. YHumodyasapuud cayuad , - Mat. Tpymapr.
11: 2, (2008), C. 115-147.

[4] A. I. Kpemrnes, . I. Huronopos Cuznamypa kpususuv Puuwu A€60UHEADUAHMNBIT
DPUMGHOBHIT MEMPUK Ha vemupermeprox epynnax Jlu. Heynumodysapuwd cayuati, - Mar.
Tpyabl. 12:1, (2009), C. 40-113.

[5] O.II. Tnanynosa, E. JT. Poxnonos, B. B. Caasckuii O cnexmpe onepamopa kpuéustbs KOHEGOpmHo
NAOCKUT PUMAHOGUT MHoz00bpasut , - JAH. 450:2; (2013), C. 140-142.
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06 asromopduzmax npocrpancTs Beiisis

B. U. ITausxkenckwuii, O. II. Cypuna
(TTemzenckmit rocynapcreennsiii yausepceurer, [lensa, Poccws)

E-mail address: kaf _geom@mail.ru.

Kak u3BecTHO, € co3manuem o6Ieil TEOPUU OTHOCUTEIBHOCTU BIEPBBIE OBLIO TEOMETPU30BAHO
rpaputarnmonnoe mone. ['eomerpusa npocrpancTea-spemenn B OTO omnpemensercsa pacnpemesennem
U JIBUYKEHUEM MATEPHUU U sIBJISETCs TeOMETpPHell YeThIPeXMEPHOro (IICeB/10)PIMaHOBA MHON000pa3ust
JIOPEHIIEBOU CUTHATYPHI.

Barem OblTa TOCTaBIEHA 3a7ada TEOMETPU3alnyd  €IWHON  TEOPUH - CPABUTANUNA U
9JIeKTpOMarueTu3sMa. VIMEHHO B paMKax peIeHus ITOH 3aJauMd BO3HWKJ/IM HOBBIE HEPUMAHOBbI
reomerpun. IlepByio Takyio reomerpuio npemaoxkua B 1918 romy T'. Beiisa. Beiiin obparnn
BHUMAaHIE HAa WHBAPUAHTHOCTH ypaBHeHuU Makcpesta Jijisi 6€3 MacCOBBIX YaCTHI] OTHOCUTEIBHO
kordOpMHBIX (MacmTabHBIX) Tpeobpa3oBanuii m npemmoxua 601e€ 00Ny TEOPUI0, B KOTOPOM
KpoMe peobpa30BaHuil KOOPIUHAT, ellle JOMYCKAeTC U3MEHEHNEe MacITada, a NPy napaslieIbHOM
MTEPEHECeHNN BEKTOPOB M3MEHSIOTCH JJIMHBI BEKTOPOB. Takmm 00paszom mpocTpancTBo Beiira —
9TO IVIaJKOe Nn-MepHoe MHOroobpasue M ¢ 3ajaHHBIM Ha HeM (IICEBIO)PUMANOBON METPHKON ¢(gij)

J— 71(5 .
u ceasnoctbio V(I';;) 6es Kpydenns Taxoit, 9To

Vigi; = 24r3i;, (1)

e KOBEKTOp Ap ¢ TOYHOCTBIO 70 PasMEPHOTO MHOKHUTENST OTOMKIECTBIASETCS ¢ BEKTOPHBIM
noTeHnuaaoM aekrpoMarauTaoro mostst ([I).

Huddeomopdusm ¢ muoroobpazusi M HazbiBaeTcs aBTOMOpPGU3IMOM ITpocTpaHcTBa Beitist
(M , g,V), eCJIN  OCTABJISET MHBAPUAHTHLIM ¢ u V. JloKa3aHa C/emyiolas

Teopema. MakcumajibHas pa3MePHOCTb IPYIIILL/ 11 aBTOMOPMOU3IMOB N-MEPHOI0 MHOT000Opa3us

" n(n—1)
Beitnst papna —5— + 1.

Crincok aurepaTyphl

[1] A.IL. Hopuen, dIpocmparcmsa addunmoti ceasnocmu, Hayxa, M., 1976.
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A-nedopmaniuu npsiMoro Kpyrosoro IAJIMHIPA
CO CTAIMOHAPHBIMU re0Ae3UYIeCKNMU JIMHUSAMU

T. FO. ITomoycoBa
(OTACA, Opecca, YkpauHa)

E-mail address: tatyana_top@mail.ru

H. B. Bamnauosa

(OHAIIT, Omecca, YkpanHa)

ITpsimoit kpyroso#i (m.k.) wuAMHAD uMeeT OOJBINOE IPUMEHEeHue B TexHuke. Hedranas
1UCTepHa, OOKOBBIE IIOBEPXHOCTH pa3JIMdHBIX TpyDd, OCb B MeXaHW3Me U MalluuHe, 000/1
MaXOBUKA, TOBEPXHOCTH TMOJIIUIHUKA OCH, KOHCEpBHAs OaHKa - BCE 5THU TPEIMEThI HUMEIT
dbopMy T.K. MUIXHAPA. BWHTOBBIE JIWHUN, O0PA3YIOIIMe, OKPYYKHOCTH, JI€XKAIIWe B TLJIOCKOCTH,
MEPIEH UK YJISIPHOM OCH ITMJIMH]IPA, ABJISIOTCS FEOIe3MIECKUMY JIMHUAMI Ha 1.K. [THJINHIPE TaK2Ke
KaK MpgaMble Ha IJIOCKOCTH U Oosibinme Kpyru Ha cdepe. Teoge3uieckne TUHUA HA TTOBEPXHOCTH I1.K.
IIMJIMHJIPA, OYeHBb YacTO ObIBAIOT KPATIAUIIUMHU JUHUSMU MEKIY ABYMS TOUKAMU.

B pa6ore ([I]) 3amaga o cymecrsoBanun A-gedopmMariuil peryispHbX M0BepXHOCTeH S Kiaacy
C3 B E3-IPOCTPAHCTBE CO CTAIMOHAPHBIME I'€0JIC3HWUYCCKUMY JIMHUSME TPUBOJINTCA K DEIICHUIO
CJAeAYIOedl cucreMbl ypaBHeHui

T —biT* =0, begT™® +T% =0,  cosT* =0,
T3 (ciagss + Ciagip) = § (200ig+ Vgt ¥igin)

OTHOCHTEJILHO )-HEKOTOPOI'o I'Pa/MeHTHON0 BEKTOPa i TeH30pHbIX moJteit T T (a, f = 1,2), uepes
KOTOPBIE BBIPAKAIOTCS JACTHBIE TTPON3BOTHBIE BEKTOPA CMETIEHUS:

yi = CiaTaﬁI‘B + i Tn.

B uacrHocru ObL10 J0Ka3aHO, < UTO. HETpUBUAJbHBIE A-gedopMalyy IIEpBOr0  IMOPSIKa CO
CTAIlHOHAPHBIMI Te0I€3HYEeCKIMMI JHHASME JOLIYCKAIOT TOABKO peryispHble mosepxuocta S € C3
HyJ1eBoii rayccopoit kpusnzHbl (K = 0) U TOJLKO OHU.
B kadecrBe mpumepa pacemorpuMm medopMaiuy yKa3aHOro BHAA I.K. MUJIXHIPA, 3aIaHHOTO
ypaBHEHUEM
r = (Rcosv, Rsinv,u),

e R-pagmyc oCHOBaHHUS ITMIWHIpa. JoKa3zaHa CIeIyromnas

Teopema:Peryaprbrit psaMoii KPyroBoii IMUIXHIP J0TMYCKAeT HeTpUBHaabubie A-ntedopMmaruu
CO CTAIMOHAPHBIMH TeOIe3UIEeCKUMHU JAHUAMA. TeH30pHBbIE MOAS IpH 3TOM BBIPAYKAIOTCS depes
Hanepes sajanuyio bynkimio ¢ = p(v) € C3:

1
,_T1 = ’LL(QO + (,0/), T2 = —(p/7 Tll = —RQO, T22 = —E(p’ T12 = A= COTLSt,

a )-HEKOTOPBIN MOCTOSHHBIN BEKTOP.

Criucok aurepaTypbl

[1] T. }O. Bammanosa Ilpo neckinuenno mani 2eodesusni dedpopmanii noseprons.,-// Marepiamn
XIT Mixuapoguoi koudepentil im. akagemika M. Kpasayka.—Kuis(15-17 rpasnsg), 2008, ¢.535.
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IIpo icuyBanua A-gedopmaiiiii mepimoro mopsaky IIOBEPXOHb OJOAATHBOI rayCcoBOT
KPUBUHU 3 KPAEM

T. FO. IlomoycoBa
(Omecbka JepkaBHa akajeMis OyaiBHUIITBA Ta apxitekTypn, Omgeca, YKpaiHa)

E-mail address: tatyana_top@mail.ru

JI. JI. Be3koposBaiina
(Omecwkuii Hamionabauil yHisepcuter im. L.I.Meunukosa, Ozneca, Yrpaina)
H. B. Bammnanosa

(Opecbka Hamiona/bHA akajeMis xapaoBux texnosorii, Oneca, YKpaina)

Hexait 010038 1304 ogepxusa S paszom 3i ¢Boeio rpaauieio 05 € CTporo BHy TPINIHBOIO 9aCTHHOO
JedKol MoBepxHi Sy AOAATHROT TayCOBOT KPUBWUHU KJIACY C§+4(0 < A< 1,£ > 0) zananoi B Fj
mpocropi [I]. Bymemo paxysaru, 10 3a JOMOMOrOI0 CIPSIXKEHOI i30TepMivHOI Hapamerpusarii S 3
rpanuneo 05 romeomopdno Bigobparkena Ha obsacts G mronman 3 rpanuneio 0G.

Posraanemo meckimdenno mamy (H.M.)  apeambay jedopmariio (A-gedopmamito) meproro
mopsaaky S 3a YMOBH, 10 B3[0BXK 11 TpaHuil Oyse CTalioHADHWI MOBHUE reofesnannii ckpyT K
([2]), To6To N

K =0 (0G), (1)

me 0K - meprta Bapiarig moBaOTO cKpyTy K moBepxHi S.
BpaxoBytoun 3amuc OCHOBHUMX DiBHsHB A-nmedopwmaniit S B KommtekcHomy suriasm ([3]),
TTOCTABJIEHA, 33,1298 3BOAUTHCA 10 PO3B A3yBaHHS HACTYIIHOI KpaitoBol 3aaaqdi BiguocHO dyHKINI w:

% _ Ao—Bw=F, (G)
{ l%e(Xw) = (0G) .

ne dyukiii F 1 vy 3amexars Bix Hamepen 3aJaHux ABoX QyHKINN, A 1 B-Bimomi ¢yHKIT TOYKN
noBepxHi S 1 MarTh Takuil ke Burss, 9k i B ([1]). Joseneni nacrynHi

Teopema 1. Odnoss’asna noseprmna S xiacy C’f\+4(0 < A< 1,0 > 0) dodammvoi 2aycosoi kpusunu i
6e3 mouox BAOKPYLACHNA 3 2PANULEI0 0S € C’f\+4 donycrae nempusianvry A-dedopmanito nepurozo
nopAOKY 6 KAACI C’f{“(G) NOBEPTOHD 31 CMAUIOHAPHUM TOBHUM 2€00€3UNHUM CEPYMOM 6300691C
eparuyt 050 KomMnoHenmu eexmopa SMIWEHHA NPU UbOMY 3aaedcamb 610 dsor naneped 3adanux
PyrruitG Kaacy C§+3(G) 1 610 odniei dosiAbHOI CMAAO].

Teopema 2. Ipu n.m. apeanrvniti depopmanii noseprni S € C§+4(0 < A< 1, > 0) dodamnwvoi
26YC0601 KPUBUHU He3 MOu0K 300KPY2AeHHA 31 CMAUIOHAGDHUM NOBHUM CKPYMOM Ha OS 20406HT
HANPAMU 2€00€3UNH020 CKPYMY 63006x¢ 2panuyi 0S noseprHi 36epizaiomuvCa.

Cricok Jiiteparypu

[1] 1. H. Bekya O6obwennvie anarumuueckue gynryuu.,-//M.: Hayka, 1988.— 509 c.

[2] T.}O. Bammanosa A-deiopmanii noseprons 3 cmayionapium nosrum ckpymom.,-/ / Marepiamn
BCEYKPAIHCHKOI HAKOBOI KOH(EPEHTIT MOTOAUX BUSHUX 1 CTYAEHTIB 3 AudepeHiajbHuX PiBHAHD
Ta iX 3acTocyBanb.—/Jomernnk, 2008, c.31-32.

[3] JI. JI. DBeskopopaiinas O 6eCKOHEUHO MAABET — APEAALHUL — OEPOPMAUUAL — 08ANOHBLT
noseprrocmet.,-/ / Nzsectus By3os, Maremaruka, 1983 ., Ne5(252), crp. 69-71.
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IIpubsin>kerne BTOPOTO HNOPsiKa [IJd PUMAHOBA ITPOCTPAHCTBA HEHYJIEBOI IMOCTOSHHOI
KPUBU3HbBI

Ilokacs C. M., Kpyrorososa A. B.
(Onecckuit HanmoHa bHBIH yHUBepcuTeT nMenn V.V, Meunnkosa, Omecca, YKpanHa)

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

Paccvorpum pumanoBo nipocrpanctso Vi (z;g). B okpecrHocTn ero mponssosbHO# Toukn My

CTPONTCS MPOCTPAHCTBO BTOPOTo Ipubmmkenns V.2 (y; §):
Gii(y) = gi; ER 0%y8 (1)
gij\y Gij +3 iaBi Y Y,
[} o]

e gij = 9ij(Mo), Riagj = Riagj(Mo)-

o

WN3BectHo, uTO B Vn2 cyIecTByer anauTudeckuii Bekrop Kusamnara {h (y) Bupa:

rae

TOTJa U TOJIBKO TOTJa, KOT'Ia BBITIOJTHAIOTCA YCJIOBUA

h (FDED o
S S () 4
2%) 2p _ 1 a (0% ( )
ho_
2pO—L&-l =0 (5)
agj) =0 (6)
a G Ry t11n)a 07 11 Riy)(ijia = 0 (7)
& (@)oo iy =0 (8)
1 1
h ool h b h hoy(p—
Smece  tp =T R YTY Mg S g Ry g = tht v (p=2,3,..)
Korma wmcxommoe V,, - OpOCTPAaHCTBO HEHY/IEBOH IIOCTOSHHON KPHBHU3HBI, yDPaBHEHHUS

BBITIOJIHAIOTCA TOXK ICCTBEHHO JI/1s JIFOOBIX (5, yAOBICTBOPSAIOMINX @, a us @) CAemyer, 4To a" =0.
[MosTomy w3 oJIy49aeM, 4TO gh(y) = a{}yl, T.€. NPUAXOJUM K TPyIIe JUHEAHBIX OJHOPOIHBIX
JOBUKEHTI

y/h :yh_|_

© tpa(p)h
L0
' y

=1 p:

(a(p)? = a?laa(p_l)f‘, p=23,.. )
T.o. moka3ambl

Teopema 1. Ilpocmpancmeo emopozo npubsusicenud V.2 O0Af NPOCMPAHCMEa HEeHYAe60T

nocmoanrot Kpususus, Vy, donyckaeem 2pynny aunetdnox 00nopodnwsix dsuscenut G, nopadka
n(n—1)
=G

Teopema 2. Ilpocmpancmeo 8mopozo npubAuUNCERUA 0AA NPOCTNPAHCINGA HEHYAELE0T NOCTOAHHOT
KPUBUSHDL AGAAENCA cybnpoexmuenvim npocmparncmeom B. @. Kazana.
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MeTpu4decKu mpaBujibHbIE CPEAUHHO/ TPUAJHO-YCEUYEHHbIE CUMILIEKCHI

10. C. Pe3nukosa
(Mucruryr maremarukn HAH Vkpannwr, Kner, Ykpanna)

E-mail address: yurss@mail.ru

PaccmorpuM BekTOpHOE MeTpraeckoe mpoctpanctso { V" (R), p}, n > 2, tae p — durcuposannas
METPHUKA.

Muoxecteo S, = {Z € V*(R) : p(Z) = ¢}, ¢ = const > 0, npeacrasnser coboii p—cdepy
pagnyca ¢ B {V"(R),p}.

O6oznaunm uepes Pp,” n—MepHBIi MHOTOTPAHHIK C 1 BepHIMHaMu, m > 1 4 1.
Oupegesienne 1. n—mepruili MHO20ZDAHHUK P g BEKMOPHOM MEMPUMECKOM TPOCTNPAHCINGE
{V"™(R), p}, ydosaemsopsarowuii ycaosusm:

n)

o BEPUIUHDL MHO202PEHHUKA PT% AEIHCAM, HG ONUCAHHOT p— chepe,

o p—daunv 1—zpaneti (pebep) mrozozparnura P,(T:L) PaBHDL,

HA3BLGAETNCA METMPUECKU TIPAGUADHBIM (p—npaewtbnmm).

YrBepxkaenue 1. n—wmepunili  cpedunHo/MPuadno-yceuennvill  CUMNAEKC 6  GEKMOPHOM
mempuueckom npocmpancmee {V''(R), pt, n > 2, 2de p — Pukcuposanras mempura, snucaHHbil
8 NPOU3BOALHBIY MEMPUYECKU NPABUALHOITL N —MEPHBT  CUMNAEKC, ABAACMCA MEMPUYECKU
NPABUALHBIM.

B mporecce  wucciaenoBaHus  METPUYECKH — NPABWIBHBIX  CPEJUHHO/TPUATHO-YCEUEHHBIX
CUMILJIEKCOB KOOp,ZLI/IHaTbI yKaSaHHbIX MHOFOFpaHHI/IKOB 6I)I.HI/I OHpe;LeJIeHbI B ABHOM
BOJE I CAydasd N—MEPHBIX eBKJMAOBOTO IPOCTPAHCTBA, K 0—IIPOCTPAHCTBA,  IJIE
o = max{0;wr;....;wy} — min{0; wi;....;w, } [1].

Ilpu 3TOM HCHOIB30BAHO MATPUYHOE MPEOGPA30BAHME BEKTOPHOIO METPHYECKOrO 7—MEpPHOTO
0 —IIPOCTPAHCTBA B N—MEPHOE €BKJ/1110B0.

Jlemma 1. Vn > 2 npouseoavras mouka P(wl, e w?) BEKTNOPHOZ0 MEMPUIECKO20 NPOCTNPAHCITEA

{V™"(R), 0}  moocem  Goimn - nepesedena 6 mouky P(x¥;...;20) eexmoprozo mempuueckozo
npocmpancmea {V™(R),p}, ede p — eskaudosa wmempura, NPU NOMOULU MAMPUHHOLO
npeobpasosanus euds A x PT = PT.

Hpunem anemenmov,. mampuus, A umerom eud:

n—i+1)(n+1 . T
o= JEEE TR,
n+tl T
Z(Z+1 \/(H—Z-‘y—l) —Z+2) 1 = 1, n 1,

aj; =0, j<i,i=2n, -
aij = Qi(iy1), 1+ 1<j<n,i=1,n-1

Crincok aurepaTyphl

[1] A. II. Besmkuit, A. ®. Typbun [Ipeobpasosarus A.H.J/Tobanosa. — Kubeprueruka u cucreMHbIil
amasms, (2004), Ne 5, C. 160-168.
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Kinaccudukanus npuynH BO3ZHUKHOBEHUsI O€CKOHEYHDBIX JIOPEHIIEBBIX PACCTOSHUI

A. H. PomaHos
(OMI'Y, Owmck, Poccus)

E-muail address: aroms@yandex.ru

Pabora mocesieHa paccMOTDEHUID NTPOCTPAHCTB, HAJIEJIEHHBIX JIOPEHIIEBO METPUKOil.
UccneoBanre HampaBieHO Ha W3y4YEHHE [PUYUH BO3HUKHOBEHUSI OECKOHEUHBIX! JIOPEHIIEBBIX
paccTogHuil B m0JI0OHBIX [IPOCTPAHCTBAX. B NpuiioKeHusixX JIOPEHIEBON TeOMETPUU IIPUCYTCTBYET
umest OTOXKECTBJIEHWS JOPEHIEBA PACCTOSHUS C COOCTBEHHBIM BpPEMEHEM, KOTOPOe MPOKUBAET
00bEeKT, NBUKYIIIUNCS TI0 HEKOTOPOH MPOCTPAHCTBEHHO-BPEMEHHOW TPAEKTOPHUH.

IlepBoiit THUT TPOCTPAHCTB XapaKTEPU3YETCsT HATUIUEM 3aAMKHYThIX BPEMEHUTTOMOOHBIX KPUBHIX.
JlopeHIeBO paccrostHre MEXIy JIIOOBIMEU JBYMsI TOUYKAMH, JIEXKAIMMEA Ha TakOW KPUBOH, PaBHO
teckoneuanoctu: d(a,b) = sup L(7.) = 0o. Takume mpocrpancTBa HE SBASIFOTCS XPOHOJIOTHIECKUMU.

Bropoit Tum:  mpocTpaHCTBa comep:KaT OSHO WJIM HECKOMBKO “HEMPEepPHIBHBIX MHOXKECTB
3aMKHYTBIX M30TPOMHEIX KPUBLIX. HempepsIBHOCTS HOHMMAaeTcs 37ech B cMbicae CO— romoornu
Ha kpuBbix (cM. [I]). TIpuuaunnoit Bo3HUKHOBEHMST GECKOHEUHBIX JOPEHIEBbIX PACCTOSIHUN CJIYZKUT
ITOBEJIEHNE METPUKHU B 06JIACTH, COCTOSIIEH U3 3AMKHYTHIX W30TPOMHBIX KPUBBIX.

Tperuit TUI: TPOCTPAHCTBA COMEPKAT 3aAMKHYTHIe W30TPONHBIE KPUBBIE, W30 TMPOBAHHBIE
or cebe monobubix. IlpwynHoli BO3HUKHOBEHUS OECKOHEYHBIX JIOPEHIEBBLIX PACCTOSHUN MEXKTY
HEKOTOPBIMU TOYKAMU CJIYXKUT “IKCTPEMAJIBLHOE TIOBEJIEHNE METPUKHN B HEIIOCPEICTBEHHOMN byim30cTH
OT 3aMKHYTOU M30TPOIIHON KPUBOM.

YepBepThIil THIT: TPOCTPAHCTBA HE COAEDKAT 3aMKHYTHIX MPUUUHHBIX KPUBBIX, OJHAKO MOTLYT
COMIEPKATH 3aXBAYEHHBIE (B MPONLIOM WM Oy/yIieM) HPUYUHHBIE KPHUBBIE, TO €CTh JOMYCTHMO
siBJIEHME 3axBaTa. lakue NpoCTpPaHCTBA SBJSAIOTCS TPUYHHHBIMHU, HO HE SBJISIIOTCS HU yCTONYINBO
MPUYUHHBIMY, HU CUJIbHO TPUINHHBIME, TO €CTHh MaJjble WM3MEHEHWs] MEeTPUKH MOTYT MPHUBOIUTH K
3aMKHYTBIM TPUYHHHBIM KpWBbIM. Kak pa3 m3-3a Taknx “HeyCTOWYMBO MPUYMHHBLIX objacreil u
BOBHUKAIOT DECKOHEYHbBIE JIOPEHIIEBBI PACCTOTHI.

IlaTbiét T TTPOCTPAHCTB XapaKTEPU3YETCs COBMECTHBIMU YCJOBHUSIMH, CKJIA/IbIBAIOIIMMUCS B
TOMOJOTUYECKON U HTPUIUHHON CIPYKTYpPE MOCTPAHCTBA: IIPU HAJUYUU B MPOCTPAHCTBE-BPEMEHU
HEKOTOPBIX “BBIPE3AHHBIX (3aMKHYTHIX) 001aCTell, TTOBEICHIEe METPUKHU MOZXKET OBITh TaKoil, ITOOBI
B JIOCTATOYHOM “Oan30cTn” K Takoi obaacTtu K03MOUIUEHTHI METPUKU NPUHIMAIN ObI DECKOHETHO
DOJIbITTHe 3HAFEHWS, YTO B CBOIO OYePe h NPUBOAUIO OBl K OECKOHEUHOCTH JIOPEHIIEBA PACCTOSTHUS
MEKJTy HEKOTOPBIMU TOYKAMHU JAHHOTO TPOCTPAHCTBA-BPEMEHMU.

Criucok urepaTyphbl

[1] Tx. Bum , L. Qpaux. [nobasvras sopenyesa zeomempua,- M.: Mup, (1985).

[2] A.. Pomanos Omobpasicenusn npocmpancmea-epemenu u ycaosus npusunnocmu,- // Tesuco
nok1a108 Koudepennuu mo Anamusy u leomerpun. IM CO PAH. Hosocubupck. (2004), C.
219.
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Opranuzaiiusi CAMOCTOSTEJIbHON paboThl B TEXHUKYME.

B. B. Pomuyk
(TTHIT OHATIT, Onecca, Ykpanna)

E-mail address: vakrom@mail.ru

OcHoBHasd 3aja4a CpeIHEr0 NPOECCHOHAJBLHOIO 00pa30BaHUs 3aKJI0YaeTCss B (DOPMUDPOBAHUY
TBOPYECKOW  JIMIHOCTH  CHENWAJNCTA,  CIOCOOHOTO K  CaMOPA3BUTHIO,  CAMOOODPABOBAHUIO,
MHHOBAIMOHHOM jesgTebHocTu. 1losroMy cerojiHsa cTouT 3aja4a He IIPOCTO HAYYUTH CTY/IEHTOB TEM
WM WHBIM HAYKAM, & HAYUYUTh UX YUUThCS U TOMOJHATH CBOU 3HAHUS HA MPOTAKEHUU BCEl KU3HU.

B ee pemenun BaxkHast 4aCTh OTBOAUTCA camocTosTenbHoi pabore crymenta (CPC)

CamocTrosiTesibHast paboTa CTYIEHTOB — 3TO HE UTO WHOE, KaK MOJEJUPOBAHUE UX OymyIeit
npodrecCHOHABHON TedTeIbHOCTH, B KOTOPOH He OymeT mpemnomaBareseii, HO OYIyT PYKOBOIUTEIH,
KaKk [pPaBUJIO, OIEHUBAIOIIUE CAMOCTOATETHPHOCTh KaK OJHO U3 CaMbIX BOCTPEOOBAHHBIX
HpOCbeCCI/IOHa.HbeIX Ka4ueCTB. STO HEKad YHUBEDCaJIbHad KOMIICTEHIINA, KOTODAd MIPUMEHWMa K
Ji060oit podeccnoHabHON 1edTeTbHOCTH.

YeujieHue posii CaMOCTOSITETBHON PAabOThI CTYIEHTOB 03HAYAET MPUHIMNNAIBHBIN MEPECMOTP
OpraHu3aIuu yuebHO-BOCIIUTATETHHOIO IPOIECCA B TEXHUKYME.

Be/:[b HE CEKpeT, 4YTO MHOIrme CTYACHTbl CTAJKUBAKOTCA C DPAIOM prﬂHOCTeI‘/JI, CBA3dHHBIX
C OTCYTCTBHUEM I[PUBBIYKH K CHCTEMATHYECKOMY YMCTBEHHOMY TPYV/Y, HEOPraHU30BAHHOCTHIO,
HI&6JIOHHI)IM, OTCyTCTBUEM KPUTHYECCKOT'O MbIIJICHUA W T M. HpI/l U3Yy41CHUU MATCMATUYCCKUX
JUCHUTIINH BBIIEJAIOT JBa BUIa CAMOCTOSTTEABHON PAOOTHI:  ayIUTOPHAS CAMOCTOATETLHA
paboTa, KOTOpasi BBITIOJIHSAETCA Ha YUIEOHBIX BaAHATUAX MO 3aJAHUIO IPEIOIABATES W TOJ €ro
HETTOCPEACTBEHHBIM PYKOBOJACTBOM W BHEAYAWUTOPHAA CaMOCTOATEC/IHHAA pa60Ta, BBITIOJTHAEM A
CTYJIEHTOM TI0 3aJIaHUI0 TIPEoIaBaTesi, HO 0€3 ero HenoCPEACTBEHHOIO YUIaCTHs.

Conepxanne CPC mo maremarwke OmpeessieTcds B COOTBETCTBME ¢ pabodeil mporpamMmoin
quctuminibl. [Ipr 9T0M BaXKHO YeTKOe IIAHHDOBAHUE U OPTaHU3AIUS.

Jng sToro ciemyer OMpPEAETUTb, ¢ KAKOM TEJbI0 BBIMOJHIETCS CAaMOCTOATETbHAA paboTa:
3aKpeIvieHne, yriybJieHue U CUCTEMATH3alldsl 3HAHWI M NPAKTUYECKUX YMEHWH, [0y YeHHBIX
BO BpeMd ayJAUTOPHBIX 3aH5{TI/H71; CaMOCTOAdTC/IbHOC OBJIaJCHUE y‘l86HbIM MaTEpuaJJIOM; PA3BUTHUEC
UCCE0BATE/IbCKIX YMEHWH.

Marepuasibl st CPC 10/RKHBI ObITh TINATEIBHO HOJ00PAHbBI MPENOIABATEIEM, COJEPKATH
WHCTPYKIIMU TIO BBITIOJTHEHUIO, METOAUYECKNE YKaA3aHUA C DPEHIeHudIMUu HO,Z[O6HBIX SaﬂaHI/H‘/JI.
Pazpaboranbl 4eTKHNE KpUTEPUH OIEHUBAHWS.

Ilpu poITOTHEHUM BamaHWll  CAMOCTOATENLHON pabOTHI CTYAEHTAM WIPEIACTONT: COOp u
uzyveHune mHMGOpMANINT; aHAJIN3, CUCTEMATH3aIud U Tpancdopmaliis nHMOpMaIuu; 0ToOpaXKeHne
vadopMmarmu B HeobxoauMoit opMe; KOHCYIBTANNA Yy IPENOmaBaTessd; KOPPEKIHs ITONCKA
uadopMaIlME W IWaHa Aeiicreuit (mpu HeobxomammocTw); odopMmieHne paboThl; MOUCK CII0co6a
TOa"¥ BBIMOTHEHHOTO 33 TaHNUs; MPEACTABIeHNEe pabOThl HA OIEHKY TTPENoIaBaTeIsl.

Ilo mroram camocTosTe/nbHON pabOTHI CTYIAEHTHI JIOJKHBI: PA3BUTh TAaKHWE YHUBEPCAJbHBIE
yYMEHUA, KaK YMEHHNE YYUTHCAd CaMOCTOATE/IbHO, IIPDUHUMATL DPEIICHNd, IPOECKTUPOBATH CBOIO
JIeATeJIbHOCTL U OCYIIECTBJIATH 33 yMaHHOE, IIPOBOJUTL WCCJE/I0OBaHUE, (DOPMYIUPOBATH
[TOJIy9aEMBIE PE3YJIbTATbI, T03HATH PaJOCTb CAMOCTOATE/NbHbIX 100€, OTKPBITHIl, TBOPYECKOIO

TTOWCKa.
Ha mnporskennn Bceit caMOCTOSITENIBHON pabOTHI CTYAEHTOB TOJIKEH COTPOBOXKIATH I1€/1aToT,
BBICTYTAIOIMNH B POJIM  KOHCYJIBTAaHTA, KOODAWHATOPA [JIefiCTBUH CTYIE€HTOB. KouTpoms

CaMOCTOSATENBLHON paboThl OCYIIECTBIAET MPEIoIaBaTe/ b B ayIUTOPUU B OTBEICHHBIE I 3TOil
e vackl. POpMBI TIPOBEIEHNS KOHTPOJIA ONPEIeTA0Tca mpemnogasareseM. K HUM OTHOCATCS:
cobeceioBanue, YCTHBIIN OIIPOC, KOHTPOJIbHas paboTa, IIPOBEePKa UHANBUIYAIbHLIX 3aJaHnil, 1eJ10Bad
Urpa, KOMIIBIOTEPHOE TECTUPOBAHUE, 3a4eT 110 Teme (pas3zeny).
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Beckoneuno majible n3rubanusi 2-ro 1mopsigKa MOBEPXHOCTEN BpalleHus C
YIJIOMIEHUAMEU B TTOJTIOCAX

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

E-mail address: isabitovOmail.ru

Mpb1 npomokaem u3ydenne GECKOHEIHO Masbix (6.M.) m3rnbaHwii MOBEPXHOCTEH BpAIEHUud C
YILIOMIEHUSIME B TIOJIfocaX. Pesynabrarel 0 6.M. wusrnbanusax 1-ro mopsizka omyOaukoBadbl B [1].
B nanupyemom jokiaze 6yuer pacckazaHo O IPU3HAKAX CYIIEeCTBOBAHUS /HECYIECTBOBAHNS J/Is
TaKuX MOBepXHOCTEN 6.M. m3rubanuil 2-ro MOpsIKa KaK B OKPECTHOCTU IOJIOCA, TaK 1 'B 1eoM’.
[TpuBemeM HECKOIBKO TEOPEM.

IIycts 2z = ¢(p),0 < p < a — MepuAMAH NOBEPXHOCTH Bpamenus ¢ yeaosusamu ¢/ (0) = 0,
O'(p) > 0,0 < p < a. Tycrs B cTagapTHLIX 0003HAYEHUAX (vy(p) ONpesessier rapMOHUKY C
HOMEPOM M > 2 JiJisi BEPTUKAJIbHON KOMIIOHEHTHI 110Jis 6.M. n3rubanus 1-ro nopdaxka. BepHa

Teopema 1. Jlaa 603mo0icHocma npodossicenus m-ti 2apmontiky dannozo Cr= 2aadkoz0 noas 6.m.
uzeubanus 1-20 nopadka ¢ useecmmoli xomnornenmoti oy (p) 6 Cl-zaadkoe 6.m. uszubanue 2-20
nopadka 1eo6rodumo, wmobv. npu p — 0 6bLA0 BBINOAHEHO YCAOBUE
/ 2 2
[(pam_m Oém)
m2(m2 — 1)

un (1)
t(tal, —m2ay,)

—a?n]pmkg(pa;n—m%zm) exp(mQ(l—mQ)/ dt) — 0. (1)

p

Mbl mokasplBaeM Ha IOpHMEpPaX, YTO 3TO HEOOXOAHMOE YCIOBHE BBIIOIHSECTCS HE BCErAA,
M TeM CaMbIM TOJIYYaeM TPUMEpPbl HEKECTKHX MOBEPXHOCTEH C A0KAAbHOT FKECTKOCTBIO 2-TO
nopsagka. PopMyJInpoBKa HEOOXOIMMEIX U JOCTATOYHBIX YCJIOBUHA JOKAILHON IPOOIKACMOCTH M-ii
rapMOHUKHU B 6.M. m3rubanue 2-10 1mOpsi/iKa BeCbMa CJI0KHast (ee MOxkHO Oysqer Haiitu B [2]).

B caydgae aHaJINTHYECKHUX IIOBEPXHOCTEH BpalleHns MBI BBOIUM TakK Ha3bBacMoe yciaosme M,
cocTositiiee B TpeboBaHuM, 9TO0BI MHTErPAJT

PO

dt

! 2
' (t) oy, (1)
14
He comepxkaJ caaraemoe ¢ In p. Tlpu 9T0M ycioBum gaerca KpUTEpuil JOKAILHON HEXKECTKOCTH 2-T0
IIOPAIKa U JOKa3bIBacTCA

Teopema 2. Jlaa mo20, 4mobvi 20pMOHUKA C HOMEDPOM M, 360GNWAA GHOAUMUYECKOE 0.M.
udaubanue 1-20 nopadka Ha 6ceti NOGEPTHOCMU ¢ OJHOZHAYHO NPOCKMUPYIOULUMCH HE OCD BPAULEHUS
AHAAUMUYECKUM Mmepuduatom p = p(z) u Yoo8AEMBOPAIOULAH 6 OKPECTNHOCTIU KAHCO020 NOANOCA
ycaosuro M, 6viaa npodossicaema na 6ceti NOBEPTHOCING 6 GHAAUMUNECKOE O.M. u3zubanue 2-
20 nOPAdKa HeobTOOUMO U JocTamouno, 4mobvl oHa 6vLAG NPOJOANCAEME 6 AHAAUMUNECKOE b.M.
ugaubarue 2-20 NOPAJKG 6 OKPECTNHOCTU KAAHCA020 NOAIOCA.

Crcok aurepaTyphbl

[1] 1. X. Caburos HKecmrxocmov u neusezubaemocmv "é marom" u "6 yeaom" noseprrocmet
BPAUWEHUA C YNAOWECHUAMY 6 noatoca.,- Mat. coopruk, (2013), 1.204, Ne 10, C. 129-160.

[2] . X. Caburos DBeckoneuno maavie uzeubarus 2-20 nopadka nogeprnocmell 6pausenus
YNAOULLHUAMY 6 NOAOCAT.,- Mar. cOOpHUK (TTOCIAHO B XKyPHA).

!PaGoTa aBTopa mommep:kama rpamrom PODIU Ne 12-01-90415-YKPa
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TeomeTpusi KacaTeJIbHOTO PACCJIOEHUH, CBA3aHHAS ¢ MHBAPUAHTHBIMU IPUDJINKEHUSIMU
B PUMAaHOBBIX MPOCTPAHCTBaX

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

E-mail address: marbel@ukr .net

Vupapuanrnas Teopust TpUOIMKEHHI B PHUMAHOBOH I'€OMETPHH OCHOBLIBAETCS Ha M3BECTHOM
TenzopHoM psge Tefisopa st Tensopubix  mogeit [ O HAKO CIIOKHOCTH  CTPYKTYPBI
KO3 DUIHEHTOB YKA3aHHOTO psa B IPOCTPAHCTBAX, OTHECEHHLIX K IIPOM3BOJILHON CHCTEME
KOOPJWHAT. TPUBOJAUT K HEIOCTATOUHON 3 (PEeKTUBHOCTH TAaKOTO MOIX0Mas: . lopazmo 6osiee
IPOAYKTUBHLIM OKAa3BLIBAETCS HCIOIL30BAHME PHMAHOBONH CHCTEMBLI KOODAHMHAT € IEHTPOM B
MPOU3BOJIBHON TOYKE PACCMATPUBAEMOI0 PUMAHOBA TPOCTPAHCTBA. [logBisercs BO3MOXKHOCTH
IIOJIyIeHNs] MHBAPHUAHTHOrO psaia Tuila Teilgopa, 3aBUCAIIEro He TOJBKO OT KOOPOMHAT TeKyIIeil
TOYKH, HO W OT KaCcaTeJbHOI'O JEMEHTa B Hel, Kak s JII00ro MeH30pa, Tak u JJjis 00bekTa
adduHHOl cBs3HOCTH puMaHoBa mpocrparcTea V™. [2] D10 wn3bapssier o1 HEOOXOAMMOCTH
peammzanuu B V"' (paKTHIECKOTO Iepexoa K PEMAHOBOM cucTeMe KOOPIUHAT, ITO, B OOIIEM CIydae,
TPAKTUICCKN HEOCYIITECTBUMO.

JJ1s1 KOMIIOHEHT ¢;; METPUYECKOro TeH30pa pUMaHOBa NpocTpaHCTBa V'™ 1 171 KOMIIOHEHT F?j
ero obbekTa adPUHHON CBAZHOCTH MOJIYIaEM

1 1
. — Lo ed . .. _1h h @
9i(z;y) = gij () + ngm(aﬁ)y y” + {8k I(ay) = Ti(z) — gR(ij)a(‘r)y +{2}.
Oba reomeTpruuecKnx 0OBEKTA TIPU 3TOM OKA3BIBAIOTCS 3aBUCHMBIMIA HE TOJBKO OT TEKYIIEH TOUKN
xl; ceey xn, HO W OT 33aJaHHOIO B ATOM TOYKE KacCaTeJIbHOIO 3JIEMEHTa yh. Ecim orkazarnca

COOTBETCTBCHHO OT CJlar'a€MbIX TPETHEro W BTOPOTO IMOPAJIKOB MaJIOCTH OTHOCHUTEC/JIBHO KOMIIOHCHT
KacCaTeJIbHOTI'O 3JIEeMEHTa yh II0JIy9aeM TEeH30D

1

= () — o o o, B

gij(xa y) = Gij (z) + ngaBJ (z)y“y
7 00BEKT CBSI3HOCTH )

Th (.. _1h h «

& (z3y) = Fij(l’) - gR(ij)a(x)y )
orpeessitone Ha V"' reomeTpuio, mojobHyi0 HUHCIEPOBOi, U eCTECTBEHHBIM 00pPa30M CBA3aHHYTO
C NHBAPHAHTHON Teopueii npubmmzkernii B V™. Ilpumenss x g;;(z;y) n F?j(:v; Y) OTIEPAIINH TIOJTHOTO
mudra U CHHEKTHYECKOTO [IPOJIOJIKEHNsT, Ha KacareabHoM pacciaoernn T(V™) MOXKHO MOCTPOUTH
HECKOJIBKO PA3HBIX METPHUK W CBSI3HOCTEH, TeOMETPUH KOTOPBIX €CTECTBEHHBIM 06Pa30M CBSI3AHDI C
VHBAPUAHTHON Teopueil mpuOInNKeHnl PUMaHOBa TpocTpancTea V™.

W3ydensl reoMerprdeckrue 06beKThl TPOCTPAHCTBA, OTPETETEHHOTO METPHKOH

ds* = Gap(z;y)dz*Dy”,

rae Dy? =dy® + F?Wyadaﬂ.

Criucok aurepaTypbl

[1] Be6sen O. Husapuarmo dudpepenyuarvrmr xeadpamusnvz dopm .- M.: TLJL., (1948), 140 c.

[2] Cuniokos H.C., Cuniokosa E.H., Mosuan ¥0.A. Hexomopue axmyaavrvie acnexmovs pa3eumus

MEOPUY 2€00€3UHECKUL 0MOOPANCEHUT, PUMAHOBHLT NPOCTPAHCMS U ee obobwenud., - I3B. By30B,
Maremaruka, Ne 3(382), (1994), C. 76-80.
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OproronajibHbie ITpeodpa3zoBaHus OAPUIEHTPUIECKON CUCTEMbI KOOPANHAT

II. T. Creranriena
(3HY, Banopoxkne, Ykpanna)

E-mail address: steg_pol@mail.ru

OcHOBBI HGAPHUIEHTPUIECKOTO MeTOAa OBLIH 3a70KeHbl HeMelkuM reomeTpoM A D .Mebuycowm,
¢ HuMH MOXKHO o3HakomMuTbes B pabore [I].  Mwmeerca muoro Bosmoxknocreit sddexrusHoro
IPUMEHEHHs 9TOT0 METO/[a B MaTeMaTHIeCKUX nccaeqopanuax [2.

Hopmuposannvimu bapuyenmpuueckumy Koopdunamamy moyky P TIOCKOCTH OTHOCUTETBHO
JAHHOTO Ha TJIOCKOCTH Tpeyroabanka ABC maswpiBaioTcs umcia Ai, Ao, Ag Takme, 910 OP =
MOA 4+ X\0B 4+ M\ OC, mpuaem A + Ay + A\ = 1, O - npon3Bo/IbHAS TOUKa BHE MIAOCKOCTH.

Ecin ma mmockocrtu 3azarh apa Tpeyroabnuka - 'crapeit" ABC u "moswii" A'B'C’, To
dopmysel TipeobpasoBaHust GAPUIIEHTPUYIECKUX KOODAWHAT MTPOM3BOABHON Touku M (x1,xe, x3)
uMmeroT caegyiomuii Marpuunbiii Bug X' = TX, rae B marpune 1 mepexoja CToabIaMu

SIBJIAFOTCA KOOPJIMHATBI BEPIITHH HOBOI'O HAa3MCHOTO TPEYTOJIbHUKA OTHOCUTETBHO CTaporo Ha3uCcHOTO
TPEYTOJIbHUKA.

B anamuTuueckoii reoMeTrpum KpPHUBBIX BTOPOrO MOpsjiKa - OOJIBIIOE 3HAYEHWE WMEROT
OPTOTOHAJIbHBIE TTPEOOPA30OBAHUST OPTOHOPMUPOBAHHONO 0a3uc€a, KOTOPBIH 110 OTHOIEHU K
npousBoJibHOMY adduHHOMY 6a3ucy MOXKHO HA3BaTh KAHOHUYECKUM. B ciiyuyae GapuileHTpUIeCcKux
KOOPJMHAT TOXKE ECTECTBEHHO PACCMATPUBATH aHAJIOr OPTOHOPMUPOBAHHOIO 0a31MCa M HA3BIBATH
€TI0 KaHOHNYECKUM 6apI/H_[eHTpI/ILIeCKI/IM TPEYTOJTHHUKOM. B Ka4geCTBEe TaKOTO IITPpUMEM HpaBI/IﬂbeIﬁ
TPEYrOJbHUK CO CTOPOHOM 1.

Tlonyaennnie pe3yabTaThl CPOPMYAUPYEM B BUE CIEAYIOMNX MPEIIOKEHUTIA.

Onpegnesienue.  [Ipeobpaszosanue KAHOHUIECKON OAPUIEHTPUYECKOH CHCTEMBI KOODJHHAT
HA3LIBAECTCI OPMOZOHAALHBIM, €CITH OHO 3aJAeTCsT OPTOTOHATHLHON MATPUTIEH.

IIpennoxkenue 1. Mampuie nosopoma KaHOHUMECKOT OAPUUEHMPUUECKOT CUCTIEMDL KOOPOUHAM,
B8OKpY2 UeHMPE ba3UCHO20 MPEYLOALHUKA ABAACTNCA UUKAUYECKOT MATMPUUET.

TIpusenemM BU MATPHUITBT TOBOPOTA

1 1+4+2cosyp 1 —cosp—+/3sinp 1—cosp+3sing
T:§ 1 — cos ¢ +/3sing 1+ 2cosyp 1 —cosp —+/3sing
1—cosp —+/3sing 1—cosy++/3sing 14+ 2cosyp

IIpeanoxkenue 2. I[losopom wanonu4eckoli baAPUUEHMPUYECKOT CUCTIEMDL KOOPIUHAT GOKDY2
UEHMPA 6A3UCHO20 MPEY20HHUKE ACAACMCH OPMOZOHAALHBIM NPEOOPA3Z0BAHUEM.

Oproronajibhbie TIpeobpa3oBaHns OAPUIIEHTPUIECKON CHCTEMBI KOODPJIUHAT OVAYT TPUMEHEHBI
JUJlsi OIIMCAHUs aJrOPUTMAa [PUBEJEHUs 00Iero OApUIleHTPUUIECKOTO ypaBHEHUS KPHUBOI BTOPOTO
MOPSIJIKa K KAHOHMYIECKOMY BUTY.

Criucok aurepaTypbl

[1] M. B. bBasnx, B. I Bosrrstackuit eomempua macc.- M.: Hayka, 1987. - 160 c.

[2] . II. Ilomapuu Saemenmapnas zeomempus: B 3 1. - T.3: Tpeyroapauku u TeTpasapsl. - M.:
MITHMO, 2009. - 192 c.
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O reomerpum JieBbIX Tpu-rKaueii Bosia

Toactuxuna I A., ITlenexos A.M.
(TeT'Y, Trepn, Poccus)

E-mail address: amshelekhov@yandex.ru

Ussectro [1], [2], aro r0bast eBast Tpu-Tkanb boma By namynupyer Ha 6a3e mepBOro CJAOCHUS
JIOKAJTBHYIO TIaJKYIO P-MEPHYIO0 KBAa3UIPYIILY, HA3bIBAEMYIO CepAneBuHoil Tkanun By. Mbl rosopum,
4TO JieBasl TpU-TKaHb Bona By obnagaer [C-CBOMCTBOM, €CM €€ KOOpJMHATHAS KBA3ULPYIIA U
CepIeBUHA M30TONHBI. B [3| mokasaHo, 9To yKasaHHAsi W30TOIMsSI YCTAHABIMBAETCS C MTOMOIIBIO
HEKOTOPOr0 TJIAJKOrO T-MEPHOTO TOAMHOT000pasus V, TPaHCBEPCATBHOTO CI0AM TKAHU, U Haii1ena
XapaKTEePUCTUKA KOOPAUHATHON Jiynbl TKauu By, obsagatomieit IC-cBOiCTBOM.

Hawmn jrokazanbl ciiejyorniye yTBep K,/ 1eHus.

Teopema 1. llogeprrocms V AsaaemCs U30KAURHO-2e00e3uneckoll U 00H08PEMEHHO JUAZOHAABHOT
noeeprrocmovio mranu By,  Obpamno: ecau ma aesoti mxanu Boaa By cywecmeyem maxas
NOBEPTHOCTD, MO CEPIUEBUHE IMOT MKAHY USOTONHA €€ KOOPOUHAMHOT KEa3U2PYNNe.

Teopema 2. Jlesas mrans Bosa By obaadaem IC-ceolicmeom 6 mom U MoOAbKO 6 TOM CAYYAE,
ECAU HG IMOT, MEGHY CYULECTNEYEM, 2A00K0e T-MePHOE NodmHo2000pasue V., mpanceepcasvHoe CAOAM
IMPU-MEAHY, HE KOMOPOM AOKAALHO CUMMEMPUYECKAA CBA3HOCMY ' cosnadaem ¢ xamnonueckol
ceaznocmuio Yepna.

B [4] nramu nokazana

Teopema 3. Ilycmv By — usaesaa mpu-mxano Boaa, sadanwnas wa 2r-meprom 24a0K0M
mrozo00pasuu, CBy — aesasn mpu-mranv Boaa, onpedesseman cepduesunoti mranu By, CCBy
— aesaa mpu-mrans boaa, onpedeaseman cepduyesunot mrany CBy. Toeda mpu-mxanu CBy u
CCBy asxsusasrenmun,. Unuvimu eaosamu, onepamop C i By — C By asasemcs udemnomenimibim.

B [5] mbl nokasbiBaeM; Kak 110 3aJaHHBbIM CIDYKTYDHBIM yDaBHEHUsIM TpU-TKaHu By Haiitu
CTPYKTYpHBIe ypaBuenus Tpu-Tkaaun C'By.

Crmcok auTepaTyphl

[1] Axusuc M. A.] Illexexos A. M. Mnozomephsie mpu-mranu u ux npunodicenus//mororpabus/ Tseps, TeI'Y,
2010, 308 c.

[2] Toncruxmna I A. O wokaavno cummempuueckols cmpykmype, céa3annol ¢ 0606uwentoll 1e60T MPU-TNKAHDIO
Boaa Bi(p,q,q)// Teomerpis, Tonosoria Ta ix 3acrocysannsa/ 36. npans Ia-ty maremarnkn HAH Yxpainm, 2009,
. 6, Ne 2, c. 247-255.

[8] Toscruxumma I'. A. 00 ycrosuaxr usomonuu xoopdunammuol Keaduzpynno, u cepdyesuns, aeot mrxany Boaa//
Useectust IITTIY mv. B.I. Benmnckoro/ Cepusi: ¢u3.-maTem. u TexH. HayKW, pas3aena: maremartuka, Ne 4 (26),
2011, c. 255-262.

[4] Toncruxuna I'A., IllenexoB A.M. O mpu-mxanu, onpedeasemoti cepduesuroli aeeoti mpu-mxaru Boaa. (B
neqaTn)

[6] Toncruxuna I'A., IllesexoB A.M. O cmpykmyprus YpasHEHUAT MPu-mKanu, onpedesaemoti cepduesunol ae6ol
mpu-mxany Boaa. (B meaarn)
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Tpyanoe u oracHoe BOCXOXxkKAeHUE B 256-MepHOe IIPOCTPAHCTBO U TPpuyM@aibHOe
BO3BpAaIleHNe B TPEXMEPHbINT MUP

A. ®. Typbun
(HITY umenu M. Iparomanosa, Kues, Yrpanua)

E-mail address: turbin@imath.ua

TTocne dopmynauposku teopembr JI. Hlmpedpaun u "goxkasarenbcrsa', M. Bepxke B cBoeit
suamernToii "l'eomerpun" [1I| mumer:

"Urak, MBI KOHCTATUPYEM, HUTO TMPABWIbHBIE MHOTOTPAHHUKYN 60Jiee MHOTOYHCIEHHBI B
MaJIEHbKUX Pa3MEPHOCTSIX, YeM B OOJIBITTHAX. CyrmecTByer TOJBKO Tpu 0D0IIHe cepuu
MHOTOTPAHHUKOB, €I[e €CTh UCKJIIOUWTEbHBIe MHOTOIPAHHUKE B pPa3MepHocTsSX -3 u 4 u
feCKOHEUHOE UHCI0 TPABUABHBIX MHOTMOTPAHHUKOB B PA3MEPHOCTH 2 ITOT PE3yABTAT XOPOIIO
WUTFOCTPUPYET OJHY W3 CTBOPOK CJIGAYIONIEr0 SBPUCTHYECKOTO JUNTHXA (TpUHAJJIeKAmero P.
Towmy): Gorarbie CTPYKTYpPbI H0J/I€€é MHOTOYHMCIEHHBI B MAJIBIX PA3MEPHOCTAX, & Oe/THBIEe CTPYKTYPBI
HoJiee MHOTOUYUCIIEHHBI B DOJIBINNX pa3MepHOCTsX".

Tpyauo npeacrasuTh Gosiee Tiiyboko "Gecembicerroe" yTBEPK IeHNTE.

CymepripaBujibable MHOTOI'paHHUKY B £ n > 4.

CoBepliiieHHbIE MHOTOTDAHHUKHI: TPABU/IBHBIE, CAMOIBOWCTBEHHBIE, 3aII0JIHSIOT IIPOCTPAHCTBO.
OTkpbiBaeT OECKOHETHYIO CEpHUI0 COBEpIIEHHBIX MHOTOIDAHHUKOB MeraokTasnp 1. Bpemara
(12,48, 48,12).

3BE3MHO MpaBUIbHBIE MHOTOIPAHHUKN:  MPaBHAbHBIE, CaMOJIBONCTBEHHBIE, 3Be3aa 000l
BEPIIMHBI sBJIgeTcst U ero (n — 1)-rpadbo. OTKpBIBAET  CEpUI0  3BE3THO MHOTOIPAHHUKOB
merankocuanosap /1. I'peropu—A. B. Tloropesnosa (24,144,144, 24).

Wneanbuple MHOTOTDAHHUKHW: TPABAABHBIE, CAMOIBOHCTBEHHBIE, 3aIOIHSIIOT MTPOCTPAHCTBO
M Ha BepIIMHAX MHOIODAaHHWKA, BIHCAHHOLO B runepcdepy pajuyca S,_1(R), pasmemaiorcs
(6e3 mepeceuennit) "HBIOTOHOBBI" ruUIEpcdeEpPbl: OTKpbIBacT GECKOHEIHYIO CEPUI0 HICATBHBIX
mHOTOrpanankoB B E™ n >5 meraokrasap 1. Heworona—H. Kysennoro (40, 240, 400, 240, 40).

IIporpamma Ha TpeThE THICAIETETHE:

IlocrpouTs npaBubHbie MHOTOTPAHHUKK B pa3mMepHocTsax or 4 im0 256, TpéxmepHbie rpaHu
KOTOpBIX Terpasapbl (4,6,4); okrasaper (6,12,8), xy6wr (8,12,6), ukocasapur (12,30,20) u
nogexaspor (20430, 12).

Criucok nurepaTypbl

[1] Bepxe M. I'eomerpus, r.1. — M.: Mup, 1984. 1.2. — 546 c.
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MHuoromepHble MUPaXKu

A. ®. Typoun
(HITY nmenu M. Iparomanosa, Kues, Ykpanna),
10. . 2Knanosa
(I'VT, Kues, Ykpaunna)

E-mail address: yuzhdanova@yandex.ru

Ecin tpéxmepHoMy HAOIIOATENI0 MPENbIBATE ILIOCKYIO ITPOEKITMIO KapKaca BBIILYKJIOTO
MHOTOTDAHHUKA, B deThIpexmepHoM ad@UHHO eBKImgoBoM mnpocrpanctee Ky koroporo 8
BepiwH, 24 pebpa u 32 nByMepHBIE IpaHd ([IPABUJIbHBIE TPEYTOJHHUKH), TO. "MTOANOTOBICHHBIH"
Ha sHamenuThix "Regular polytopes" T'. Kokcrepa [I], "Harnsunoit reomerpuun" JI T'wibepra-
C. Koun-®occena [2], "I'eomerpun" M. Bepxe [3] Habmonarens Oe3anmeNsniuonHO 3agBUT, ITO STO
16-srueiika JI. lnedun (8,24, 32, 16), MHOrOrpaHHUK, Y KOTOPOIO BCE TPEXMEPHBIE I'PAHU TETPASIPbI
(?), axobsr "gBoiicTBenubil" runepky6y (16, 32,24, 8).

Hemoarorosmenusiii ke HAOTIOIATE b-TUIETAHT YBUAUT TAAI0IAD — BBITYKJIBIH MHOTOTDAHHUK
(8,24,32,16) B E* 'y xoroporo 8 mepmmu, 24 pebpa, 32 JBYMEpHBIe TIDAHI (mpaBuIbHBIE
TPEYTOJILHUKM) U BCEro JIMIb 6 TPEXMEpHBIX I'paHeil (JBa TeTpasipa W YeThipe OKTasapa). Y
rajnovipa (8,24,32,16) sonpekn A. Iyankape 8 — 24 + 32 — 6 = 40 — 30 = 10. V ramnosgpa
(8,24,32,16) ner "asoiticreennoro” emy mHOTOrpantuka (6,32,24, 8).

FEme 0Oomee wmemoaroToBieHHBIN HAOJIOAATENb-AMJICTAHT  YBUIAT AK€ T[HUIEPOKTAIIP
(8,24,32,16) 8 E*, gpoiicTBenHbI THIEPKY6Y, y KOTOPOTO 8 BepmmH, 24 pebpa n 32 JByMepHLIE
rparu (IpaBUIbHBIE TPEYTOIbHUKE) U 16 TPEXMEPHBIX rpaneii (OKTa3poB).

MHoroMepHble MUPaXKU [IPUCYTCTBYIOT BCEr/la, €CJIM JIBYMEpPHbIE TPaHU MHOIOIDAHHUKA
TPEYyrOJbHUKH.

IloaroroBnenusiit HabIIOMATEND, KOTOPDIH, HAKOHEI, W30aBUICI OT "'KATerOpUIeCKOro JUKTaTa"
Teopembl [lledin 0 mpaBUIBHBIX MHOTOTpaHHUKAX 1 TeopeMmbl llyamkape o "Bcex" BBITYKJIBIX
MHOTOTpaHHUKaX B B n >4, n cmocobeH BUIEThH MHOTOMEPHBIE MHUPAXKW, MPUHUMAET DPEIeHne
00 MHAEHTUUKALINY IpaHei cam!

Criucok nurepaTypbl

[1] Coxeter, H.S.M. Regular. 3-rd edition. — Dover Publication, New York, 321 p.
[2] Tunsbepr /1., Kon-®Poccen C. Harnsinnas reomerpus. — M.: Hayka, 1981. — 344 c.

[3] Bepxe M. Teomerpus, 1. — M.: Mup, 1984. — 546 c.
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NuduauresumaibHbie NPOEKTUBHDbIE MPEOOPA3Z0BAHNS, COXPAHSIIOIINE TEH30P
DiiHIimTeiina

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

E-mail address: culeshovaQukr.net

WNudunuresuMaibable  NPOEKTUBHBIE  (COXPAHSAIONIME — TEOJE3MYECKNE)  XapAKTEPU3YHOTCS
YCJIOBUEM:

1
h h h
Lel'y; = 5(%‘% + ¢;0;") (1)
Bnmecs cumBosm L osmawaer mpomssommyio Jlm Bross moms £ Benencreme yPaBHEeHUS
HH(MUHUTE3UMAJBHBIX TPOCKTUBHBIX npeobpasosanuii mveror su [1],[2] :

&ij = &ij

Pi = Pi;

Eijk = EaRYy + 5(0rgij + ©igik) (2)

ij = i1 <5QRO‘i’j + 8% oy + 87 j Rai + faREjaﬂ)

Tenzop
def

1
Bij = Rij= —Rgij (3)
n
Ha3bIBAIOT TeH30poM JiiHmnreiina [3]. 113 tpebosanus coxpaneHus: TeHaopa BBITEKAET, 9YTO TTOMUMO
CHUCTEMBI Q] JOJIZKHO BBIIIOJIHATLCA YpaBHEHNEe

LgEij — faEij,a + faJ‘EJq —+ fa,jEia =0 (4)

Hamu nokazana ciienytoiasi reopema

Teopema. /Jlasa mozo, umobv, UHEUHUME3UMAADHLE NPOEKMUBHDIE NPEOOPAZ0BAHUA OCTNABAANY
uneapuaHmMMIbLM mensop IlUrnwmeting F;; = R;; — %Rgij, HEOOTO0UMO U DOCTNAMOYHO, “MOobbL
BHNOAHANOCH YCAOGUE:

LeZly, = 0.
Temzop
def R
Zie = Ry, m((sz’igij — 87 gir), (5)

HA3bIBAETCA TEH30POM KOHIUPKYJIAPHON KPUBU3HBI.
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Iycrs { M, J, g} — nokanbao koHdopmHo-Keneposo(JIKK) mHOoroo6pasue, KommonenThb (hopmMbI
JIu, koroporo onpenessatTes dopmysoii [2]:

55ali (1)

W; =
n_

Uszsectro [3], uro, ecam BekTOpHOE TOJIE & mMOpOXKIaeT HHGMEHUTE3UMATBHBIE KOH(MOPMHbIE
IpeobpazoBaHus, BMECTE C MHBAPUAHTOM (O JIOJKEH YIOBACTBOPATH CUCTEME :

1)51,] fz]a

2) 9017

3)§Z,J + f],z = ‘szja (2)
4)51,Jk = &ka 3(rgij + 09k — PigjK);

5)pig = 23 (€ Rija + €S + g R S (€ R o £ pR) )

PaccMoTpen ciaywait, Korga BekTopHoe mose &(wtia?,

COXPaHSIOIIee KOMILIEKCHYIO cTpyKTypy [4]:

..,&") uHIynmpyer mpeobpa3oBaHue,

LeJi = T8 — Jeet 4+ T8 = 0. (3)

Takoe 1071€ HA3BIBAETCH KOHMPABGPUGHIMHBIM NOYWMNY GHAAUMUYECKUM BEKTOPHBIM ITOJIEM.
JloKazaHbl CIIeTYIONINE TEOPEMBI:

Teopema 1. Illpu un@uUHUMESUMAGADHWL KOHPOPMHBIL npeobpasosanuar JIKK-mnozo0bpasud,
COTPAHAIOUUT KOMNACKCHYIO CMPYKmMypy, 6exmoproe nose £ U UHEAPUAHM © OAA KOMOPBLT
ONPedessoOMes U3 CUCTIEMDbL (@, KOMNOKeHmMv: npoudsodnot Ju dopmor Jlu pashvr wacmuvim
NPOUZCOOHVIM UHBADUAHING O, GBATNGIM C 0ODATHbIM SHAKOM.

/Sgwl’ = —©i.

Teopema 2. FEcau JKK-mnozoobpasue {M,,J, g}, n = 2m donyckaem epynny G,
UHPUHUMESUMANOHVLL KOHPOPMHHL NPeobpadosanutl, COTPAHANUUL KOMNAECKCHYO CMPYKMYPY,
mo ee nopAdok. r we npesviuaem m + 1.
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O rpynne n3omMeTpuii CJI0EHOI0 MHOroodpasus

A. C. ITapunos
(HYV3, Tamkent, Y36ekucran)

E-mail address: asharipov@inbox.ru

O6oznaunM dyepes G rpymnmy Bcex u3oMerpuit pumanoBa MHOroobpasus M pasmepHOCTH
n ¢ puUMaHOBO#W Merpukoil g. WspectHo, uro rpymnma G ¢ KOMIAKTHO-OTKPBITOW TOMOJIOTH
apysercd rpymmoit Jlu [1]. B s7oit crathe obcykmaeTcs BOIPOC O CYIECTBOBAHUE H30METPUICCKUX
orobpazkenuit cioeHoro Muoroobpasust (M, F). O6oznaunm uepe3 Gp TpYIIy BCEX H30MeTpHii
CJIOBHOTO puMaHoBa MHOT00Opazus (M, F). Nzydenne cTpyKTypbl ©pymnbl GpE  CIOEHOTO
muOr000pasust (M, F') siByisieTcst HOBOIT 1 MHTEpeCcHOl 3a1adeii. Briepprie aTa 3a/1a9a paccMOTpEHA B
pa6ote [2]. B sroii pabore gokazano, uro rpynna Gp ¢ KOMIAKTHO-OTKPBITON TONOIOTHEN ABISAETCS
TOIIOJIOMMYECKON I'PYIITON.

Ilycte M, N -rnagkue MHOT00Opa3Ust PA3MEPHOCTH N, HA KOTOPBIX 3aJaHbl kK MEPHBIE C/IOCHUST
Fy, F5 coorsercrBenno. Ecmu mus mekoroporo muddeomopdusma ¢ @ M — N obpas ¢ (Lg)
Kaxka0r0 ciog L, cioenmsi F| apagerca cnoem cimoenmsa Fh, 10 oToDpakeHme ¢ HA3BIBAETCH
maddeomopduzmom croenbix MuHoroobpasmuit (M, Fy), (N, Fy) u mamercsa B sune ¢ @ (M, Fy) —
(N, F3). Ecimu M = N u Fy = Fy, 10 ¢ nazwiBaercs auddeoMopdusMom, COXPAHSIONMAM CJI0CHUE
F (nuddeomopdusmom cioenoro muoroobpasust (M, F)). - Hudbdeomopduzmsbl, coxpaHsionime
ciaoenue, uzydens! B paborax [I], [3].

Onpenenenne 1. Tuddeovopdusm ¢ (M, F) — (M, F) naszbiBaercst n3oMerpueil CJI0€HOT0
muOTO0Opasust (M, F'), ecnu cyxkeHue OTOOparkeHWsl ¢ Ha KazxIblil cjoii cioerust F' siBiisiercst
M30METPUYECKUM OTOOparkeHweM, T.e. st Kaxaoro ciaos L, orobpaxkenne ¢ : Lo — f(Lq)
SIBJISIETCS. M30METpUeli MezK Ty MHOT00OpasusaMu L, ¢ (Lqy).

Omnpenenenne 2. Iycrs M- riaaxoe maoroobpasue pazmepuoctu n. Oyukmus f : M — R
u3 Kiaacca C2 (M ) Rl) JUTHHA TPAIAEHTa KOTOPOH MOCTOSTHHA Ha KOMIOHEHTAX CBSI3HOCTH MHOYXKECTB
VPOBHS, HA3bIBAETCS METPUIECKON HyHKITHEL.

Teopema. Ilycre fi R" — R! - me apngerca merpuueckoil dpyukmueit. Torma, rpyma Gp
ABJIIETCA TOATPY IO Tpynmbl G:

3ameuanme. Kak MOKa3bIBAIOT IPUMEDPHI, /I METPUIECKUX (DYHKITHI TeOpeMa He BepHa.

IIpumep 1. Paccmorpum dynkunio f(z1,22) = exp(Bxg), 3ajJaHHasds Ha ILJIOCKOCTH.
JIluavn ypoBHS 9TON (QYHKIWMH ITOPOXKIAIOT CaoeHwme F', COCTOsAIIee W3 MaPaAICTbHBIX TPIMBIX.
Orobpaxkerane ¢ (xy,x2) = (1, A\x2), Tae A # 0- MOCTOsTHHOE, SIBJSETCsT n3oMeTpueil cioenust F
HO OHO _HE ABJIACTCA M30METpHEn ITJIOCKOCTH.

IMpumep 2. @ymkuusa f(v1,72) = x7 — Ty, He ABAAETCS METPHYECKOl, JUHUM yDOBHS
MOPOXKIAOT  caoeHme F, cocrosiiee m3 mapabo. MNzomerpueit 3TOTO CI0EHUST ABJIAETCS
mapaJuIe/ibHBIl TepeHoc Buma ¢ (r1,22) = (1,22 + A), KOTOpasd €CTh H30METPHUs TLIOCKOCTH.
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OcobeHHOCTH reoMeTPUYECcKOil COCTABJISIONIeii 00yUeHnsl CTYJ€HTOB-UHOCTPAHIIEB HA
ITane JIOBY30BCKOII MOJATrOTOBKU

JI. 1. ITnoTa
(OHAIIT, Omecca, YrpanHa)

E-masil address: shpota.elena@mail.ru

ITesp MaTemaTnwueckoil MOATOTOBKY HA MIPEABY30BCKOM 3Tale — ChOPMUPOBATDL ¥ HHOCTPAHHBIX
CTYJEHTOB Ha HEPOJHOM SI3bIKE YPOBEHb MaTeMAaTHYIECKOH O0PAa30BAHHOCTH, HEOOXOIUMBIA 1T
MIPOJOIZKEHIA OOYIeHN MATEMATHIECKUM AUCIAILINHAM B YKPAMHCKUX By3aX.

Ho mecmoTpst Ha TO, 9TO T/IAaBHON COCTABJIAIONIEH O00yUeHUsT MATEMATUKE Ha. TPEIBY30BCKOM
3Tale ABJAIETCd UMEHHO MaTeMaTHYeCKoe COJIepXKaHue, a M3yUYeHHe sS3bIKa, MpeaMeTa BBIHOJHSIeT
KOMMYTATUBHYIO (PYHKIHIO, OOJBINIOe BHUMAHWE HEOOXOAWMMO YIe/J4Th TPABUILHON PEUM.
DTOMy, KaK HEIb3sl JydIle, CIOCOOCTBYIOT IeOMeTpPHUYecKHe 3aJadd, (OPMYIHPOBKHA TEOPEM,
ompenenenus. B mporecce paccyKaeHuil Ha «reoMeTPUIECKNey TeMBI MPOUCXOANT, KAK TOKA3bIBAET
MHOT'OJIETHII OIBIT pAbOThI, POPMUPOBAHIE KOMMYTATHBHON KOMIETEHTHOCTH, TO €CTh CIIOCOOHOCTH
00yJaroIerocss OpPraHm30BaTh CBOIO PEUYEBYI0 MeATEILHOCTH CHOCODAME, COOTBETCTBYIOITUMU
KOHKPETHON CHTyaIlun OOIIEeHNdA, aJIeKBATHLIMY IO IIEJM, COAEPKAHMIO, & MMEHHO, IPH PEelIeHAN
reOMETPUYECKUX 337189 KakK TPEOYIOMUX JIOTMYEeCKAX TEOMETPUHECKUX  JI0KA3ATEIbCTB, TaK Wu
HOCATINX BBIYUCAUTEIbHBIM XapaKTep BO3HUKAET HeOOXOAUMOCTH CJIOBECHO JTOBECTH MBICJIbL HA
uzyuyaemom si3bike. Takum 00pasom, usyueHue npejmera (reomerpun) MAET HAPAJIIEIbHO C
W3yYeHNeM g3bIKa Ha TeOMeTprdecKkoM Marepuasie. Hempds obyanmts npeamery 6e3 n3ydeHust a3bika
npeaMera.

ITpu bopmynupoBke u permerHnn 3a7a49 0 TEOMETPUN OUEHB YACTO BO3HUKAIOT CJAOBOCOUETAHUSI,
dpasbl, KOTOPHIE UCIOAL3YIOTCA B OBITOBOH PEUN: «yTOJIy, «IIPAMast MIPOXOANT Ue€pe3», «OCHOBAHUEY
H T.JI. Takum ob6pazomM, HA YPOKaX TEOMETPHUM HEBO3MOXKHO TOJHKO 3aMHWCATh HA JTOCKE
MaTeMaTUIeCKAE BBIPDAYKEHUs, He O3BYYUHB HX, HE OOBACHHB CBA3M CJI0B B HPEIJIOXKEHHH, WX
BHAUEHWS, TIPU 3TOM HEOOXOMMMO CJIEINTh 32 KPATKOCTHIO, JIJAKOHUIHOCTHIO PEUHN TIPENOIaBATESI.

Wrak, ma sTame TOBY30BCKOH MOArOTOBKH WHOCTPAHHBIX CTYIEHTOB HEOOXOIMMO MOTIEPKHYTH
BaXKHOCTH U HEOOXOAMMOCTH m3ydeHuu reomerpuu. llpm m3ydenwu 2TOro mpeaMeTa MaTEMaTHKH
KaK HeJb3s YCIEITHee IPOUCXOIUT OBJIAJICHHE YUAIUMUCT sI3bIKOBBIX KOHCTPYKITH, HEOOXOIUMBIX
It raJibHeiero o0y deHusi.
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The geometry of canonical almost product structures
on Riemannian homogeneous k-symmetric spaces
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Distributions on smooth manifolds can be constructed by various methods. In particular, clas-
sical affinor structures such as almost product structures, almost complex structures, f-structures
of K. Yano and some others naturally determine two or more (real or complex) complimentary
distributions. The distributions generated by almost product structures and their generalizations
play a remarkable role in many branches of differential geometry and its applications, specifically,
in the theory of Monge-Ampere equations (see [1], [2]).

Invariant distributions determined by invariant affinor structures on homogeneous manifolds
are of especial interest. As the first step, we study invariant distributions on reductive Rieman-
nian homogeneous spaces generated by invariant almost product structures. We prove the criteria
under which these distributions belong to types AF (anti-foliation), F' (foliation), TGF (totally
geodesic foliation). Further, we concentrate on canonical distributions on Riemannian homogeneous
k-symmetric spaces (G/H,g), where G is a compact semisimple Lie group and ¢ is any diagonal
Riemannian metric on G/H compatible with canonical distributions. These distributions are deter-
mined by a rich collection of canonical almost product structures on G/H (see [3], [4]). Applying the
previous results we give a full description of all base canonical distributions by indicating the alge-
braic criteria for including these distributions into the classes AF, F, TGF. In particular, it follows
that any base canonical foliation is totally geodesic. Finally, we examine in detail all canonical dis-
tributions (not only base) on Riemannian homogeneous k-symmetric spaces with diagonal metrics
for k = 4,5,6. As a result, a wide collection of new invariant Riemannian foliations (in particular,
the Reinhart foliations) as well as the Naveira classes of Riemannian almost product structures
is presented. It should be noted that canonical distributions on homogeneous k-symmetric spaces
are closely related to special canonical almost complex structures and f-structures [4], which were
recently applied by I. Khemar [5] to studying elliptic integrable systems.

Recently, so-called "metallic" structures (golden, silver and others) were introduced in [6]. Using
the canonical almost product structures we show that all types of "metallic" structures can be
effectively realized as the canonical structures on homogeneous k-symmetric spaces.
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The pairs of convex subsets in linear spaces find numerous applications in different areas of
mathematics. In particular, they are used in the quasidifferential calculus [I] and mathematical
€conomics.

The mentioned construction was considered from the categorical point of view in the realm of
fuzzy metric spaces by the second named author [3]. In this paper, a fuzzy norm on the linear space
of (equivalence classes of) convex sets is defined and it is proved that the functor of the pairs of
polyhedral convex sets (i.e., the convex hulls of finite subsets) determines a monad in a suitable
category.

For every linear topological space X, let cc(X) denote the set of nonempty compact convex
subsets in X. As usual, + stands also for the Minkowski addition: A+ B = {a+b|a € A, b€ B},
for every A, B € cc(X).

Consider the following equivalence relation ~ on the set £ = ee(X) x cc(X): (A,B) ~
(C,D), it A+ D=B+C.

The equivalence class containing (A, B) is denoted by [A, B]. The quotient set K(X) = L/ ~ is
a linear space with respect to the addition

[A,B]+[C,D] =[A+C,B+ D]

and multiplication by scalar defined by the formula: A[A, B] = [AA, AB], if A > 0, and [-AB, —\A],
if A <0 (see [2]).
Suppose now that (X, | - ||)is a normed space. Denote by dy the Hausdorff metric on cc(X)

with respect to the metric d induced by the norm || - ||. It is known (see, e.g., [2]) that the following
function is a norm on K(X): ||[A4, B]lf=du (A, B).
Let K(X) denote the completion of (X ) with respect to the norm || - ||. Given a bounded

linear operator f: X' = Y, let a map K(f): K(X) — K(Y) be defined on the dense subset K(X)
as follows: K (f)([4, B]) = [f(A),f(B)],if [A4, B] € K(X). It is easy to check that K(f) is a well-
defined linear operator. We therefore obtain a functor K acting in the category Ban of Banach
spaces and bounded linear operators.

We show that the functor K determines a monad in the category Ban and characterize the
category of algebras of this monad in terms of the Banach lattice theory.

We also consider a subfunctor of K related to the classes of compact convex sets of constant

width.
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In the work [1] V.Chatyrko and Y.Hattory introduced the notion of an admissible extension of
topological spaces. Let us recall those two definitions.

Definition 1 [1]. Suppose 71 and 75 are two topology on X. We say that the topology 72 on
X is an admissible extension of 7 if

(i) 71 C 7o

(ii) 7 is a w-base for 79, i.e. for each nonempty element O € 79 there exists an element V € 7
such that V C O.

A.V.Ivanov [2| defined the space NX of complete linked systems (CLS) of a space X in a
following way:

Definition 2 [2]. A linked system M of closed subsets of a compact X is called a complete
linked system (CLS) if for any closed set of X, the condition

"Any neighborhood OF of the set F' consists of a set ® € M" implies F € M.

A set NX of all complete linked systems of a compact X is called the space NX of CLS of X.
This space is equipped with the topology, the open basis of which is formed by sets in the form of
E=0(Uy,Us, ... Up){(V1,Va, ..., Vi)={M € NX : for any i = 1,2,...,n there exists F; € M such that
F; C Uj, and for any j = 1,2,...,s, FNVj % () for any F € M}, where Uy, Us, ..., Uy, V1, V2, ...,V
are nonempty open in X sets.

Theorem. Suppose 71 and 72 are two topologies on X. If the topology N(72) is an admissible
extension of the topology N(71) on NX then the topology 7 is also an admissible extension of the
topology 71.
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Paper is devoted to an employing a variety of techniques for characterizing dynamics of the
nonlinear neuro-physiological systems identifying the presence of chaotic elements [I, 2]. As ex-
ample, let us underline that an ability to provide interaction between the different areas of the
brain by using a multichannel electroentselophalogramms helps determine the location of the foci of
abnormal activity in brain of patients with epilepsy. Many diseases of the brain, including epilepsy,
Parkinson’s disease, are associated with abnormal synchronization large groups of neurons in the
brain.

Particular attention is paid to a non-linear signals as obvious is a typicality of a chaotic be-
havior of nonlinear systems. To analyze measured time histories of the neuro-physiological system
responses with the use of the recurrence plots method the phase space of these systems was recon-
structed 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 [I]-[4]. The correlation dimension method provided a low fractal-
dimensional attractor thus suggesting a possibility of the existence of chaotic behavior. Statistical
significance of the results was confirmed by testing for a surrogate data. We also present the con-
crete numerical results regarding the ensembles fluctuations of spontaneous Parkinsonian tremor of
a few patients [4].
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Quantization of the quasi-stationary states for the many-body Dirac equation and
calculating the dielectronic satellites spectra: New numerical algorithm

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

E-mail address: quantche@mail.ru

A new approach to quantization of the stationary (quasi-stationary) states of the Dirac-Slater
equation for N-particle quantum systems is developed. In difference of our previous similar self-
conjunctive versions [I], new method has a few advantages. It is based on ab initio version of the
quantum electrodynamics perturbation theory for the N-quasi-particle systems with using compre-
hensive, gauge invariant Dirac-Slater relativistic orbital basis’s generation scheme [2] and effective
procedure of the Fano-Byorke type [3] for calculating the perturbation operator matrix elements
for N-quasi-particle states and with accurate accounting the complex correlation effects. The re-
currence relationships between the three-body and two-body matrix elements have been obtained
within new scheme. The theorem establishing a link between gauge non-invariant contributions
into the matrix elements and quality of the eigen functions basis of the corresponding Dirac-Slater
operator is proven.

New approach is applied in calculation of the characteristics for dielectronic satellites of spec-
tral lines for multicharged ions. New spectral data have been obtained for characteristics Na-like
satellite lines within a full relativistic perturbation theory [2] calculation. An effective procedure
for theoretical modelling the dielectronic satellites spectra of multicharged ions is carried out and
applied to modelling spectra of neon-and sodium-like multicharged ions. This scheme is based on
using obtained relativistic, gauge-invariant calculation data and statistical procedure of accounting
line intensity distribution for transitions between configurations with great number of lines |[3].
There is performed comparison of the test data obtained within different methods, namely, multi-
configuration Dirac (Hartree)-Fock calculation, density-functional theory and others and found that
a new approach has the best accuracy and especially effective for studying complex configurations,
where it is realized an intermediate case [3].
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forecasting nonlinear dynamics of chaotic systems (application to econophysics): New
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Nonlinear modeling of chaotic processes can be carried out on the base of fractal geometry
approach and a chaos theory method [I]. Here we present a new numerical approach to analysis
and forecasting nonlinear dynamics of chaotic system on the example of the econophysical system.
Use of the information about the phase space in the simulation of the evolution of the econophysical
process in time can be considered as a major innovation in the modeling of chaotic process. The
main concept can be achieved by constructing a parameterized non-linear function F'(x,a), which
transform y(n) to y(n+1)=F[y(n), a], and then use different criteria for determining the parameters
a . To analyze measured time histories of the econophysical system the phase space of these
systems was 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 [I), 2]. Further, since there is the notion
of local neighborhoods, we can create a model of the process occurring in the neighborhood, at
the neighborhood and by combining together these local models to construct a global non-linear
modelto describe most of the structure of the attractor. In finding the coefficients of a there is a
possible encounter a few problems, which at first glance seem to be purely technical, but are related
to the nonlinear properties of the system. If the low-dimensional chaotic system, the data that can
be used for fitting, normally cover any available locally dimension, but only a certain subspace.
Therefore, the linear system of equations to be solved by fitting is “ill-conditioned”. However, if
the system noise is present, the equations formally are not ill-conditioned, but part of the decision
relating to the "direction" of noise points to the future, is not having a sense |[2].

As an application we employ a varietyof techniques (in version [1]) for characterizing dynamics of
the nonlinear econophysical system identifying the presence of chaotic elements. We considered ideal
gas-like models of trading markets, where each agent is identified as a gas molecule that interacts
with others tradingin elastic or money-conservative collisions. Traditionally, these models introduce
different rules of random selection and exchange between pair agents. Unlike these traditional
models, this work introduces a chaotic procedure able of breaking the pairing symmetry of agents
(i, j) , (j,.i). We confirm the known Pellicer-Lostao and Lopez-Ruizlts result relatively that the
asymptotic money distributions of a market under chaotic evolution can exhibit a transition from
Gibbs to Pareto distributions, as the pairing symmetry is progressively broken. Besides, we present
the numerical data about the key parameters of the studied system [3].
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Quantization of the quasistationary states for the Dirac-Fock equations with density
dependent forces and calculating the beta-decay probabilities: New numerical
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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 numerical algorithm to quantization of the stationary (quasi-stationary)
states for the Dirac-Fock equations with density dependent forces and calculating the beta-decay
probabilities. The principally new element is connected with introducing the consistent density
dependent functionals into the Dirac-Fock equations to take intoaccount as the one-particle as the
many-particle correlation effects. Besides, as usually, a great importance is turned on calculating the
optimized sets of eigen functions and correspondingly eigen values. To provide and check fulfilling
the gauge invariance in the optimized Dirac-Fock method with density dependent forces, the QED
gauge-invariant approach [3] and the Yord equalities: The impertant topic is a correct account of
he nuclear and radiation effects within quaelectrodynamics. 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 homogeneous charged ball and Gauss models) is accounted for in the zeroth approximation of
the perturbation theory in an electric and vacuum-polarization potentials, which are substituted to
the effective Dirac-Fock equations (i.e on the non-perturbative basis) [3].

As an example, a new effective Dirac-Fock approach with density dependent forces is applied to
calculating the beta-decay parameters for a number of the permitted beta transitions. Calculation
for superpermitted transitions has demonstrated good agreement between theory and experiment
that is practically better than in a case of the standard Dirac-Fock, Hartree-Fock atomic models,
Coulomb approximation-and even our last version of the Dirac-Slater approach due to the more
correct fulfilling the gauge invariance condition (i.e. more accurate account for exchange-correlation
effects). Calculation of the influence for the atomic self-consistent field type on the Fermi function
shows that for little and intermediate values of nuclear charge 7 a difference in the data, provided
by different methods is quite little, however for big Z (for example, 24! Pu-?*! Am) it becomes
quite significant (till a few percents in comparison with non-relativistic data). It is performed a
quantitative analysis and estimate of difference (calculated within all cited above methods) between
values of the Fermi function under definition of by means of values of the radial electron wave
functions on the boundary of a nucleus and by means of the squares of expansion amplitudes of
radial wave functions for r near zero).
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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-Fock-like equations and precise calculating the radia-
tive transitions characteristics in spectra of the heavy atomic systems. Let us remind that usually
the multi-configuration Hartree-Fock and Dirac-Fock approaches are used in calculations of the en-
ergy eigen values and different spectral parameters for many-body atomic systems. Though these
approaches provide the most reliable version of calculation, nevertheless, as a rule, detailed descrip-
tion of the method for studying role of the gauge-invariant contributions and more tiny radiative
corrections is lacking. Serious problems are connected with correct definition of the high-order cor-
relation corrections etc. The further improvement of this method s connected with using the gauge
invariant procedures of generating relativistic orbital basis’s and more correct treating the above
cited effects [1J.

Here we present a new gauge-invariant version of the relativistic many-body perturbation the-
ory approach with the optimized Dirac-Fock zeroth approximation to description of the radiative
transitions characteristics in spectra of the heavy atomic systems. New effective procedure for quan-
tization of the stationary and quasi-stationary states for the corresponding Dirac-Fock equations is
presented. Respectively, a new precise approach to calculating the (permitted and forbidden) ra-
diative transition probabilities is developed [2]. New method is based on the energy approach and
gauge-invariant QED perturbation theory formalism with using the optimized one-quasi-particle
representation and precised accounting for the exchange-correlation effects [3].

As the test, there are carried out the calculations of energies, probabilities and oscillator
strengths for the radiative (M1,;M2, E2 etc) transitions in spectra of the HgII, ArII ions, ions of the
isoelectronic sequences Nel, Znl (Z till 92) and lanthanoides atoms Eul,YbI. A significant part of
the quite exact spectral data is firstly obtained and can be used in different applications. There
is performed a detailed comparison of received energy and spectral data with available alternative
theoretical and experimental results for the cited systems. At last, the theorem about a link be-
tween the asymptotic properties of the eigen functions and minmax estimates of the corresponding
radiative transition integrals is proven.
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It is proposed a new generalized operator [I] approach to quantization of the quasi-stationary
(scattering) states of relativistic many-body Dirac (Dirac-Kohn-Sham) equations for two classes
of non-stationary and collision tasks. Earlier we have developed an effective operator approach to
quantization of the quasi-stationary (scattering) for Dirac-Fock equations in aclass of non-stationary
tasks [2]. New algorithm was developed and based on the multi-body perturbation theory with the
Dirac-Fock zeroth approximation and mapped Fourier grid technique [3]. Here we generalized this
approach to take into account the many-body correlations in the quantum systems, described by
the relativistic many-body Dirac (Dirac-Kohn-Sham) equations.

Besides, we elaborated new quantization procedure for the Dirac equation nuclear and electron
quasistationary states. It results in redefinition of the cross-section for the nucleus-nucleus collision
with EPPP by means of the modified expression through imaginary part of the complex energy.
The latter is standardly defined within the relativistic energy approach, which is based on the
S-matrix Gell-Mann and Low adiabatic formalism [4]. The nuclear and electron subsystems are
described by the corresponding Dirac-Kohn-Sham equations and treated as two parts of the uniform
supercompound system, interacting with each other through the special effective potential [2]. Tt
is proven a generalized theorem limiting the asymptotic behavior of the collision cross-section at
infinite energy.
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Within a development of geometry of a chaos here We present new combined approach to treating
a deterministic chaos in the complex systems, which includes new elements of advanced techniques
such as the multi-fractal formalism, wavelet analysis, optimal propagators method, mutual informa-
tion approach, correlation integral analysis, false nearest neighbor algorithm, Lyapunov exponent’s
analysis, memories function formalism, surrogate data method ete [2]. The new advanced chaos-
geometrical approach is designed for analyzing the signal’s temporal series in modelling interactions
in a formally complex vibrational systems [3] and search of an existence of chaotic behavior in these
systems. A chaos theory establishes that apparently complex irregular behaviour could be the out-
come of a simple deterministic system with a few dominant nonlinear interdependent variables. The
correlation dimension and optimal propagators methods provide a low fractal-dimensional attractor
thus suggesting a possibility of the existence of chaos. The method of surrogate data, for detecting
nonlinearity, provides significant differences in the correlation exponents between the original data
series and the surrogate ‘data sets. The Lyapunov exponents analysis supports conclusion that the
systems studied exhibits low-D chaos.

As a concrete example, we studied the nonlinear dynamics of some laser systems and backward-
wave tube in order to detect a chaos elements. We considered the dynamical chaos regime in
generation of a laser with absorbing cell and chaotic self-oscillations in the backward-wave tube
on the basis of numerical analysis by means a set of advanced methods. New data about the
Lyapunov exponents’ for two self-oscillations regimes in the backward-wave tube: i). the weak
chaos (normalized length: L=4.24); ii) developed chaos (L=6.1). The correlations dimensions are
respectively as 2.9 and 6.2. Our analysis confirms a conclusion about realization of the chaotic
features in dynamics of the studied backward-wave tube system. The same program is realizing for
laser system with absorbing cell.
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On the dual space G* to the Lie algebra G of shift operators in the forms
j<oo oo (.
A=), AT €G, Aj€C™(Ly),

where g is a Lie algebra of shift operators with functional coefficients, A; = Zifzoo a;;E) and
aji € C°°(Z?*R) for any j,i € Z, T and € are usual shift operators, acting by the rules
Tia(n,m) = a(n +3,m)T?, Ea(n,m)=a(n,m+i)E, a€C®(Z*R),
with the standard commutator ([I])
[A,Bl=AB—-BA, A,Beg,

and the nondegenerated invariant scalar product
(A, B) =Tr(AB), TrA:= ZnGZ 7(Ap) := ZnEZ ZmGZ 0,0,
one construct the Lie-Poisson bracket such as

{7, 3= (0) = (6, VU, Vi (OIR), L€ G, (1)

where 7, u € D(G*) are smooth by Frechet functionals on G*, V is a gradient symbol, G = G, & G_,
the Lie subalgebra G, C G consists of the elements )55, ° AT € G, PG = G+, PiG+ = 0,

$€Z+
R = (P4 — P_) and [A,Blg = [RA,B] + [A, RB| for any A, B € G. The Lie-Poisson bracket
k

and the Casimir functionals ~; := ﬁ}Trﬁ#, k € Ziy, as Hamiltonians generate hierarchy of
evolution equations

d A

U= [(Plr), {], ke, (2)

dty

where £ := TP + Z?ég a;T7 € G*, @t; € C°°(Z;g), p € N. The second Hamiltonian structure for ,
being compatible with the bracket , is given by the Lie-Poisson bracket

{PY?/"L}RZ (E) a (67 [V’}’(f), V/L(E)]RZ), te Q*, (3)

where Ry(A) = Py (¢A) — P_(Al) and [A, Blr, = [RiA, Bl + [A, RB] for any A,B € G.

The bi-Hamiltonian systems on orbits of the coadjoint action of the Lie algebra G can be
considered as Lax representations for (24 1)-dimensional differential-difference nonlinear dynamical
systems. It is shown that in the special cases the bi-Hamiltonian structures for these systems can be
obtained as reductions of the compatible Hamiltonian structures and on the mentioned above
orbits: The analog of the theorem (see [2]) about the existence of bi-Hamiltonian interpretation for
reduced Lax type hierarchy, concerning with the Lie algebra of integro-differential operators of two
independent variables, is formulated.
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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 Hamiltonian of the finite heavy many-body Fermi-systems
and further application to quantitative treating hyperfine structure parameters of these systems
and description of the electroweak interactions with calculating the corresponding electro-weak
amplitudes for transition, in which the parity violation effect occurs [I].

Here a new advanced approach to quantization of the bound and quasistationary (scattering)
states of the relativistic Dirac equation with a non-singular (singular) potential is proposed. On
its bagis further we develop a new advanced approach to calculating the electro-weak amplitudes
of the transitions with parity violation, provided by e-N electroweak interaction. Our advanced
approach is based on the combined relativistic mean field model of a nucleus and QED gauge-
invariant many-body perturbation theory with using the optimized one-quasiparticle representation
[2]. The correction due to the finite size of a nucleus is accounted for in the relativistic Dirac
equation (zeroth approximation of the perturbation theory) in the electric and vacuum-polarization
potentials on the non-perturbation basis. The charge distribution in a nucleus is modelled within
the relativistic mean field model. To take into account the main radiative effects such as vacuum-
polarization and self-energy part of the Lamb shift, we develop the relativistic Green’s function
method for Dirac equation with relativistic mean-field nuclear potential and complex energy. The
effectiveness of the quantization procedure and correctness of the one-quasiparticle representation
(zeroth relativistic Dirac approximation) are checked on example of accurate calculating parity
violating dipole amplitudes for a number of the finite heavy Fermi-systems. A theorem, providing
reconstruction of the conservation effect, has been proven.

New approach is appliedin calculating the hyperfine structure parameters, parity non-violation
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 distribution,
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]. Firstly we predict values of the weak charge for ytterbium and other heavy elements
and compare with the corresponding Standard model data.
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Isolated local minima (maxima) of continuous functions and its’ equiscalar lines are considered
in order to derive topological invariant of the given function in the neighborhood of this isolated
local point. In the investigation an answer on the question:" Are the equiscalar lines of a continuous
function always homeomorphic to circles?" is given. The example of a continuous function with the
equiscalar lines, that are not homeomorphic to circles was introduced.

Definition! A family F of curves is called regular in U if for each arc PQ of the curve C
and for every e>0 there exists >0 such that if p(P,P’)<e, where P’€ C'€F, then o(P'Q’ . PQ)</.
Theoreml Equiscalar lines of a continuous function in the neighborhood of isolated local minimum
(maximum) are homeomorphic to circles if and only if they form a regular family of curves in the
neighborhood of his point.

Earlier, only curves which bound a star-shaped region were considered.

Definition2 A plane Jordan’s curve v bounds a star-shaped region if there exists a point O
in the closure of this region such, that each linear segment which connects this point O with any
point of a curve wholly belongs to the closure of the region. A point O from this definition is called
a center of star-shapedness.

More general definition was introduced:

Definition8 A point x1 from a set I' is called a point of local star-shapedness if for it there
exists a subset 'y, such that z; is a center of star-shapedness of I'y,. A set I',, is called locally
star-shaped region.

Obviously, if, in general, a closed Jordan’s curve bounds a region which is not star-shaped then
it can be partitioned into locally star-shaped subregions.

Theorem2 For a region that is bounded by any closed Jordan’s curve there always exists a
partitioning by finite number of subregions {I'y,},7 € N.

The theorem below generalizes a statement about the continuous function upon the star-shaped
region to the case of locally star-shaped region.

Theorem3 A set of cones that are built upon star-shaped subregions of a locally star-shaped
region topologically equivalent to some continuous function.
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Let Py be a projective space of dimension N (N > 4) and Py, be its dual space. A hyperplane
element of the space Py is a pair Ly,_; = (Lny—-1, A) where Ly_; is a hyperplane in Py and
A € Ly_1. Consider a smooth family B of hyperplane elements. Define two mappings £: B — Py
and n: B — P}, by &: (Ly—1, A) = Ly_1, n: (Ln—1, A) — A. By definition, B, , is a family B
satisfying the following conditions: 1) n(B, 4) is a smooth p-dimensional surface .S, (p < N — 2);
2) the projection n : By, ; — Sp is a fiber bundle over S, with ¢g-dimensional fibers, where 1 < ¢ <
N —p—2;3) Ta(S,) C Ly—1 for any (Ly_1,A4) € n~L(A).

Let V(B,, ) denote the envelope of the smooth family £(B, ,). A characteristic F;.(Ly_;) of
B, 4 at L}y _, is the plane generator of V(B, 4) at L}_,. We say B, , to be regular if for any
Ly, € Bp,q we have F.(Ly_1) NTa(Sp) = A where A =n(L}_q). In thiscaser =N —p—q—1.

Let F(Bp,q) denote the bundle of projective frames adapted to the regular family B,, 4 so that any
frame {Ag, A;, Ay, Ay, Ay} in the fiber over Ly,_; = (Ln—1, A) satisfies the following conditions:
Ay = A, A; € Ta(Sy), Ay € Ly_1, Ay € F.(L%_1); where i, = 1,p; u,v = p+ 1, p+g;
y=p+q+1, N —1. Equations of B, , in the adapted frame have the form

u o Yy _ N __ N _ u _ AU ] Y _ AY pJ
w*=0, w=0, w' =0, w =0, w;=~4736, wifAin,

N N pj u u pi uv gN i ) j iu N
wi = AZ_] 99, Wy = Ay’La + AyNav s Wy = ije] + AyNeu 5

where 6%, 8 are the base forms of the family and the functions A form the first-order fundamental
object of the family B, , which includes the tensor Af}] . The components of the latter satisfy the
following equations:

N N, N N,k N,k _ AN pi u nN

For regular family By 4 we have detHAf}-] || # 0, so one can consider inverse tensor Vji,j and the
objects
1 " 1 " 1 .
A = ZAGVIE AL = ZAY VIE A = —— AN VY,
Np]kN N kTN kp+2wkN
We denote B a regular family By, ny—p—2. For such a family y = p+ ¢ + 1. In the general case
for B one can reduce the bundle F(B,,) in five steps. As a result, all the forms for except Wi, Wy,
wy s w% will be expressed by the base forms, and the vertices of the adapted frame will be spanned

by the invariant planes of the five-term composition:
AD Np,1 D Nq,1 D Ay ® Ay = Py, Np,1 = [AZ], Nq,1 = [Au] (1)

Theorem. In the general case, the composite clothing consisting of fields of the planes in (1) is
attached to reqular family B.
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A new approach to quantization of the states for the Schrodinger equation with@ crossed AC
electric and magnetic field potential is developed within the operator perturbation theory [I]. New
numerical approach has been carried out to calculating the energy eigen values and eigen functions of
the energies, Stark resonances widths and probabilities of transitions between Stark and Zeemane
sublevels for atomic system in the crossed AC electric and magnetic fields. In difference of the
similar approach for a case of the crossed DC electric and magnetic field, the problem studied has
some especial features. The non-stationary problem is in fact reduced to the stationary problem for
the eigenvalues and eigenvectors of the energy matrix A (with the consideration of several Floka-
zones), where the natural state is actually scattering resonances in the complex energy: E=FE,-
iG/2. A diagonalization performed using the system of the Sturm-Liouville approximation for the
Schrodinger equation. Further, the operator perturbation theory [2] has been used, and the zeroth
order Hamiltonian in the Schrédinger equation with a crossed field potential is defined by the
set, of the orthogonal eigen values and eigen functions without specifying the explicit form of the
corresponding zeroth order potential. it allows to overcome the formal and numerical difficulties.
We have proven a generalized theorem that G/E remains less than 1/n even in the vicinity of the
"new continuum" boundary (n is the principal quantum number).

As example of application, we present the calculation results for the energy eigen values of the
ground state for hydrogen in the AC electric and magnetic fields [3]. For comparison there are
also listed the results of the ground state energy eigen values obtained on the basis of the standard
perturbation theory (look, for example, review in [2] ). Analysis shows that the both results are
in the reasonable agreement, at least till the field strengths values 0.04 atomic units. Further in a
case more strong field it begins to increase the difference between our theory data and the standard
perturbation theory results. From the one side, for weak field strength values an excellent agreement
between both approaches can be easily explained. From the other hand, the standard PT formalism
falls in a case of consideration the strong electric or magnetic or both simultaneously fields. Our
theory is absolutely valid in a case of the strong fields too [3].
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A pair (f, X) is called Morse-Smale pair if f is a Morse function and X is gradient-like vector
field for f.

Morse-Smale pairs (f, X) (g, Y) are called double equivalent if there exist a homeomorphism
h:M — M,} : R — R for which foh = h' o g and in addition homeomorphism h maps the
trajectory of X on the trajectory of Y.

For Morse-Smale pair we construct generalized ordered Heegaard diagram (GOHD). Heegaard
surface F' is the boundary of the union of handles index 0 and 1.

Meridians are the intersections of the surface F' with unstable manifolds of critical points of
index 1 and the intersections of the surface F' with stable manifolds of critical points of index 2.
Let y1, ..., yn are the critical values of functions that are organized by increase (y1 < y2 < ... <
yn). We set o (y;) = i. Each critical point of index 0 corresponds to the area U;, the point index
lcorresponds to meridian u;, point of index 2 corresponds to meridian v; and the point of index 3
corresponds to region V;. Thus, the performance mapping o the set {Uy, Us, ..., Uk, ui, ua, ..., Un,
V1, V2, oy Um, V1, Vo, ..., V; } into the set { 1, 2, ..., N }. Thus, each MC function GOHD sets.
This GOHD we call GOHD that generated this MS function.

Two GOHD are called equivalent if there is-a homeomorphism of GHD that keeps ordering.

Theorem 1. Gradient-like pairs (f, X), (9,¥) are double equivalent if and only if their GOHD are
equivalent.

We describe some properties of the function o:
1) if u; C 3Uj, then o (u;)> 0 (Uj);
2) if v; C OV}, then o (v;) <o (Vj);
3) if u; (v; # 0, then o (u;) <
)
)

o (vj);
4) if U;(Nvj # 0, then o (U;) <o (v;);
5) if u; (V; # 0, then o (u;) <o (V});

6) if U; ﬂVJ 7& (Z), then o (Uz) <o (V])
A function g, which satisfies properties 1) - 6) will be called admissible.
The order of each meridian of the first type less order of any meridian the second type.

Theorem 2. For each admissible GOHD there is a Morse-Smale pair that generates this GOHD.
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The realization of higher-dimensional breaking mechanism
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E-mail address: obikhod@kinr.kiev.ua

We study D-branes on Calabi-Yau threefolds, which are realized through the blowing up the
singularity of orbifold. This D-branes, according to [1] are represented as sheaves, which can be
stable or unstable, what is connected with the transition in the Teichmuller space. Using the derived
category of McKay quiver representations, which describe D-branes as quivers and open superstrings
between them by Ext groups [2], we can represent Higgs multiplets by the moduli space of an open
superstring, connecting two McKay quivers. Through the equivalence between the derived category
of coherent sheaves and triangulated category of distinguished triangles over the abelian category
of McKay quivers we can associate D-branes with quivers or with sheaves, defined on Calabi-Yau.
After the dimensional reduction of the ten-dimensional space-time we can receive matter content of
the four-dimensional space-time [3]. Thus, a higher-dimensional breaking mechanism is associated
with four-dimensional GUT Higgs multiplets and symmetry breaking higgs mechanism.
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Principal components and wavelet analysis of complex chaotic meteorological signals:
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An advanced technique based on the joint use of principal component method and the wavelet
analysis has been developed to analysis and treating meteorological spatially-temporal signals and
patterns. The combined principal component and wavelet analysis allows combining the possibility
to reveal the spatial features of the former and to reveal the temporal ones by the latter. Our
advanced algorithm includes the wavelet decomposition for analyzing various meteo-signals series
according to the methodic [I]. The non-decimated wavelet transform that has temporal resolution
at coarser scales and allows to isolate time series of the major components of financial sets a direct
way is used. An advanced generalized non-conservative finite-differences scheme method has been
used to solve the corresponding atmosphere general dynamics equations. It is based on the earlier
developed generalized non-conservative finite differences scheme for the task of propagating a laser
pulse in a non-linear medium |[2].

As application we have studied a number of meteorological signal series, which are character-
ized by directly manifested chaotic properties. For example, a new algorithm has been applied to
analysis of the temporal series of the annual temperatures in Odessa region, the atmospheric gases
(ozone, carbon doioxide, nitrogen oxide etc) concentration spatially-temporal distribution, OQur nu-
merical analysis has allowed to reveal the deterministic elements in the distribution of the cited
characteristics. We have confirmed earlier discovered link between the presence of the so-called
blocking anticyclone processes in the North Atlantic and its absence over Ukraine. We also quanti-
tatively reveal a direct link between the spatiotemporal variability of European total ozone content
at synoptic time and spatial scales with the North-Atlantic Oscillations [3].
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The pairs of counter linear mappings and their topological classification

T. V. Rybalkina
(Institute of Mathematics, Kyiv, Ukraine)

E-mail address: rybalkina_tQukr.net

We consider pairs of linear mappings (A, B) of the form

V

W 1)

in which V and W are finite dimensional unitary or Euclidean spaces over C or R, respectively. We
say that transforms to
A/
Vi—/———=
B/

W/

by bijections 1 : V — V' and o : W — W' if A1 = p9.A and By = p1B.

We say that (A, B) and (A, B’) are linearly equivalent if @1 and @9 are linear bijections and
topologically equivalent if 1 and po are homeomorphisms.

A pair of linear mappings (A, B) is regular if A and B are bijections, and singular otherwise.
Each pair of linear mappings (A, B) possesses a regularizing decomposition in direct sum of regular
and singular pairs of linear mappings. In [I, 2] pairs of counter linear maps are classified up to
linearly equivalence. In [4] we prove the following theorem.

Theorem 1. (a) The pairs of counter linear mappings (A,B) and (A',B') are topologically equiva-
lent if and only if their regular parts are topologically equivalent and their singular parts are linearly
equivalent.

(b) The reqular pairs of counter linear mappings (A, B) and (A', B') are topologically equivalent
if and only if linear operators BA and B' A" are topologically conjugate.

Classification of linear operators up to topological conjugacy was given by N. Kuiper and J. Rob-

bin in [3].
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Quantization of states of the relativistic Klein-Gordon-Fock equation and calculation
of spectra of the hadronic systems: New numerical algorithm
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The work goes on our studying energy and spectral characteristics of the hadronic systems [I].
Here we present a new consistent approach for quantization of the stationary (quasistationary) states
of the relativistic Klein-Gordon-Fock equation with the pi-N standard and pi-N generalized nuclear
interaction potentials in application to hadronic atomic systems. The fundamental characteristics
we calculate are: energy spectra, radiative corrections, hyperfine structure parameters for hadronic
(pionic) systems [3]. Our new approach is ab initio, relativistic methed allowing to carry out
a consistent calculation of the spectra for pionic systems with an account of relativistic, nuclear,
radiative effects within the gauge-invariant QED perturbation theory in version [3]. New analytical
and numerical estimates regarding a quantitative link between a consistence of the quantization
procedure, a quality of the nucleus structure modeling and accuracy of calculating energy and
spectral properties of systems have been received.

The wave functions zeroth basis is found from the relativistic Klein-Gordon-Fock equation with
the pi-N standard and pi-N generalized nuclear interaction potential. The general potential includes
the self-consistent ab initio potential, the electric and polarization potentials of a nucleus plus
above indicated nuclear interaction ones. As usually, in order to make modelling a nuclear charge
distribution in a nucleus the Fermi model has been used. Within the method of differential equations
[3], the corresponding nuclear potential is found as solution of the differential equations system.
The energy shift is connected with a length of the pion-nuclear scattering (scattering amplitude for
zeroth energy). It has been proven a generalized theorem establishing a link between a quality wave
functions zeroth basis and value of the gauge non-invariant contribution to energy. As application
of the approach, the data on energy characteristics (transition energies and probabilities) of the
different transitions group in the pionic systems, including estimating the values of the strong pion-
nuclear interaction energy levels shifts and widths, defining the corrections due to the e-screening,
vacuum polarization, relativistic recoil effects etc are presented and compared with available other
theoretical and experimental results.
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Topological equivalence of functions
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Let X and Y - topological spaces and f and g - continuous mappings from X to Y.

Definition 1. Continuous mappings f and g are called topologically equivalent if there are homeo-
morphisms h: X — X and k:Y — Y such that k- f =g - h.

Obviously, this is an equivalence relation on the set continuous maps from X to Y. Note that
the choice is homeomorphic morphisms h and k is not unique. Thus, if fix topological spaces X and
Y, then the natural but there are two objectives:

1)to describe the set of classes of continuous maps from X to Y relative to this equivalence
relation;

2) specify the necessary and sufficient conditions for the twe continuous maps f and g from X
to Y are topologically equivalent.

These problems are complex and the response is not known , even when X = R*,Y = R!.

Definition 2. By regular curve-family S on R? is meant a family which is locally homeomorphic
to a family of parallel lines on R2.

Teopema 1. Let F : R? — R'- continuous map. Assume that:
1) F~Y(a) = RY;
2) the level lines of F' form a regular curve families.
Then the function F is topologically equivalent to a linear function G : R> — R'.

Consider a polynomial function F' defined in R?. Line level of F define a partition of the plane
into curves. Each connected component 7 of line level determines the number of F(vy). Using this,
we introduce the equivalence relation R? « and a result we obtain a graph I'(F), which is called
Kronrod-Reeb graph of F'.

Let I'(F)-Kronrod-Reeb graph of a polynomial function, defined in the R? and has only isolated
critical points.

Definition 3. We say that a polynomial function F is a function in general position if its level line
is mot more than one critical point.

Teopema 2. Let ' : R?> — R' and G : R?> — R' are polynomial function in general position.
Then the function F is topologically equivalent to G if and only if their Kronrod-Reeb graphs are
1somorphic.
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Smooth manifiold M, of dimension n and the following structure equations

dwi:wj/\w; (4,... =1,n) (1)
is considered. Their prolongations have the form
dwj = wi Awj, + w® A wiy. (2)

The principal bundle of tangent linear coframes L,2(M,) with the structure equations (1, 2)
appears on the manifold M,,. Typical fiber of the bundle is the linear group L,2 = GL(n).

Let us determine the Kobayashi — Nomizu generalized affine connection on the bundle L,,2(M,,)
by Cartan — Laptev — Lumiste’s way in terms of the following forms:

w'=w' =y, W)= Wi — T wy (3)
where the functions 7;-, F;k satisfy the differential equations
. . : . A Y
Avy; =y, AL + wip = T, (4)

where for instance AF;@ = dF;-k +F§.kwli — Flikwé- — F;lwé. We note that generalized affine connection
object {7;, F; i} consists of the connection tensor 7}- and usual affine connection object F; -
Connection forms (3) satisfy the structure equations

di' = &I ADE + Shw’ AwF, dih = OF A @ + Riya® Ao, (5)

- & ‘ - o ,
Sie =S5 2k ~ Wl Fowe = Ty = Ty mp
where S;-k = Ffjkf] is usual torsion tensor. After prolongation of the equations (4) the differential

comparisons are found:

ASH =0, ARy, =0 (modw).

Theorem. On a smooth manifold M, the space of generalized affine connection Lp2 |y, can
be constructed. The space has the structure equations (1,5), in which the components of tensors of
generalized torsion S}k and the curvature of usual affine connection R;‘kl are uncluded. If generalized

connection object vanishes 'y;- =0, i.e. base-fiber forms &' become the base forms w', then the space
L2y njn degenerates into the usual affine connection space Lz, (often denoted by Ay, ) with the

structure equations (5), in which &' = W', g;k = ;k
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Quantum Computing Autoionization Resonances in Spectra of Heavy Atomic
Systems: New numerical algorithm
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The paper is devoted to development of a new procedure of quantization of quasi-stationary
states of Dirac-Kohn-Sham equation [I] and a new approach to calculating energy and spectral
characteristics of the resonances in spectra odf heavy atomic systems. The new approach to studying
the autoionization resonances spectra is based on the relativistic many-body perturbation theory
with Dirac-Kohn-Sham zeroth approximation combined with the generalized relativistic energy ap-
proach [2] and applied ti quantitative studying spectra of lanthanides elements, and search of the
unusual futures in behaviour of the autoionization resonances in sufficiently weak dc electric field.

The wave function zeroth basis is found from the Dirac-Kohn-Sham equation with a potential,
which includes ab initio (the optimized Dirac-Kohn-Sham potential, the electric potential of a
nucleus). The correlation corrections of the relativistic perturbation theory high orders are taken
into account within the Green functions method (with using the Feynman diagram’s technique [3]).
All correlation corrections of the second order and dominated classes of the higher orders diagrams
(electrons screening, particle-hole interaction, mass operator iterations) are taken into account. It
has been proven a generalized minmax theorem establishing a link between a relativistic orbital
zeroth-approximation basis quality and value of the gauge non-invariant contribution to resonance
width.

As example, we present some new numerical calculation results for the lanthanides elements
excited states energies and widths and carry out the detailed comparison between the experimental
(compilation) and data of different theoretical studies on the basis of multiconfiguration Hartree-
Fock (MCHF) method within the framework of Breit-Pauli (BP) relativistic corrections, the Cowan’s
relativistic Hartree-Fock method and the model many-body perturbation theory and relativistic
energy approach. The parameters of the lanthanides elementsautoionization resonances (energies
and widths) are calculated for atoms in a free state and in the weak DC electric field. The simple
diagonalization matrix estimates with accounting of the DC electric field allowed to find a unusual
effect of the giant broadening for the autoionization resonances widths for the lanthanides elements
in sufficiently weak DC electric field (till 150 V/cm).
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We present an advanced numerical approach to quantization of the stationary (quasi-stationary)
states of the Dirac equation within an generalized one-channel relativistic quantum defect approxi-
mation. A new advanced method includes the optimized relativistic model potential and relativistic
quantum defect approximation combined with the relativistic energy approach-and QED many-
body perturbation theory with zeroth order optimized 1-particle representation [I]. It has been
presented the optimal, effective algorithm for solving the task on the eigen values and eigen func-
tions for the bound and continuum states of the relativistic Dirac equation with a singular model
potential and quantum defect (the Coulomb-like) potentials. An implementation of the relativistic
model potential (quantum defect approximation) to the frames of the gauge-invariant relativistic
energy formalism (S-matrix adiabatic formalism of Gell-Mann and Low) for studying energy and
spectral parameters of multi-electron systems on the basis of the Dirac equation is in full details
presented firstly. This methodic allows to get the consistent relativistic quantum defect approxima-
tion gauge-invariant basis’s of Dirac equation eigen functions. Numerical calculation of the energy
eigen-values for simple atomic systems has proven an effectiveness of the proposed method. Namely,
the calculated spectrum of the energy eigen values for lithium, sodium and rubidium is compared
with the most precise experimental data. There are calculated eigen values of an energy and decay
(transition) probabilities for different transitions from ground state to the low-excited and Rydberg
states of the cit3d systems. The comparison of calculated oscillator strengths with available theo-
retical and experimental data is carried out [2] and demonstrated an excellent agreement that is a
direct confirmation of the consistency and effectiveness of our new approach.

Besides, a new approach allowed to develop a general, fully gauge-invariant version of the multi-
channel quantum defect method. New ab initio optimized scheme, satisfying a principle of mini-
mization for the gauge dependent radiative contributions to imaginary part of energy of the system
for the certain class of the photon propagator calibration, has been developed for the most general
case.
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In last years a great interest attracts the study of the bound states energies of different complex
quantum systems such as diatomic systems etc. The correct treating spectra of these systems obvi-
ously requires a consistent account of the exchange-correlation effects in the consistent Hartree-Fock
approximation with additional correlation potential [I]. The standard approach to accounting for
exchange-correlation corrections is the perturbation theory formalism with the Hartree-Fock zeroth
approximation and introducing special correlation potentials. Simultaneously, the perturbation the-
ory formalism allows evaluation of the relative contributions of different expansion energy terms as
the functions of Z. However, the serious problems in this approach are connected with correct defi-
nition of the exchange-correlation contribution etc especially in a case of the diatomic systems with
large number of electrons [2].

The main purpose of our work is to carry out new consistent procedure for quantization of
states of the nonrelativistic Schrodinger equation with directly introduced exchange-correlation
potential of the DFT type and present basis of a new theory and its application to calculating
spectra of diatomic quantum systems (molecules etc). “As usually, the zeroth approximation is
usually generated by the effective ab initio model functional, constructed on the basis of the gauge
invariance principle. The zeroth order basis is generated by the solution of the Schrédinger equation
with spherically symmetric potential that includes the nuclear, self-consistent field and exchange-
correlation potentials. The important advancement of our approach is connected with using the
gauge invariant procedures of generating orbitals basis’s [3] and more correct treating the 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) with a direct accounting of the exchange-correlation corrections. It is important to note
that there is physically reasonable agreement between our numerical and empirical data for all
studied diatomic systems. From the other side, from the beginning our approach is non-perturbative
and oriented on studying more complicated systems in comparison with alkali dimer systems too

[2].
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Let X be an infinite metric compact, P(X) the space of all probability measures in the compact
X [1]. For each n € N by P,(X) denote the set of all probability measures of finite < support,
ie. P (X)={pe€ P(X): |suppu| < n}, where suppp is the support of an element u € P(X). As
well as, denote following subsets of the space P(X): P,(X) =JPu(X). Fora A C X, A# X by
Sp(A) = {n € P(X) : suppp 0 A # 0}.

Theorem. The following facts hold:

1. For any infinite metric compact X and its proper subset A subspaces P,,(A), Sp(A) and P(A)
are convex in P(X);

2. For any infinite metric compact X and its proper subset A subspaces P,(A), S,(A) and P(A)
are absolute retracts in the category of metric spaces;

3. For any infinite metric compact X and its proper subset A subspaces P,,(A), Sp(A) and P(A)
are half-spaces in P(X);

4. For any infinite metric compact X and its proper subset A subspaces P,,(A), Sp(A) and P(A)
are infinite-dimensional manifolds;

5. For any infinite metric compact X and its proper subset A subspaces P,,(A), Sp(A) and P(A)
are homeomorphic to the Hilbert cube;

6. For any infinite metric compact X and its proper subset A subspace Sp,(A) is a Hilbert
manifold.
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ITamaru Iasgmuabl ApkaabeBHBI TOJICTUXMHOM

19 anpaps 2014 roga nocse Taxkenoil bosesnn ckoHdasach lanuna Apkagbesra ToscTuxuna —
3aMevaTeJbHBI MaTeMaTHK, MPeKPACHBI He3aypsiIHBIM UeoBeK, HaJeXHbIN ToBapurl. [ammma
ApxkajbesHa popuiaach 14 pexkabps 1956 roma B zgepesrne Auipeposo Becwheronckoro paiiona
Kanuuumckoit (meie TBepckoii) obracTi.

Bakonuns B 1980 roxy Kammuunckuit (TBepckoii) roCyIapCTBEHHBINH TOCYHUBEPCUTET IO
crenmaabuocTu «Maremarwkay, oHa ocrajgach paboTraTh B HEM CHAYAIA B JOJKHOCTH aCCUCTEHTA,
3aTeM JoleHTa u mpodeccopa, 3aBeAyiooniero kadeapoil MaTeMaTHKH ¢ METOAUKON HavaabHOTO
obpazosanusa. C 1997 mo 2008 ros oma ObLIA JEKAHOM MEAATOrHYIECKOTO hakyabreTa, ¢ 2008 mo
2012 royi— nmpopekTopoM 110 HayuHoU pabore TBepcKoro rocy1apcTBEHHOTO YHUBEPCUTETA.

C 1985 mo 1988 roj lammnma ApkanbeBHa obydanach B ACIUpPAHTYPe IO COEMHATBLHOCTH
01.01.04 — reomerpuss u TOTMOJIOTHS (HAYYHBIH pyKoBomuTesb — mpodeccop. Axwpuc M.A.).
B 1989 romy oma zammTnia KaHIAAIATCKYIO JAuccepraimio mo Teme «Tpu-TKanw u JOKAIbHBIE
HIEeMIOTEHTHBIE KBa3sUrpymmbly, a B 2007 — JOKTOPCKyIO mucceprammio o Teme «Asmebpa u
reomMeTpus TPU-TKaHEel, 00pa30BaHHBIX CJIOCHMSIMHU PA3HBIX pa3MepHoOcTeiiy . B sroii pabore eii
y/1aJ10Ch, B YaCTHOCTHU, PEHIUTH IpobJieMy, KOTOPas JI0 STOI0 BpEMEHU CUYNTalach Hepa3pemuMoi —
000BIMUTE TOHATHE (PUTYDP 3AMBIKAHUA U3 KJIACCUYECKON TEOPUU TKaHel, 00Pa30BaHHbBIX CJIOCHUSIMEI
OIMHAKOBOH DPa3MEepPHOCTH, [Jid TKAHEH, 00Pa30BAHHBIX C/IOCHUSIME Pa3HBIX pasmepHocteit. Bcero
eto onmybJnKOoBaHO Hojtee cTa paboT O TeOMETpUN TKaHel u mpobjaemMam obpa3oBaHus.

lanunra ApkajseBHa ObLIa PA3HOCTOPOHHUM, DAYOOKMM M HCKAYATENBHO OTBETCTBEHHBIM
gejgoBekoM. (OHa odeHb J06WJIa CBOIO CEMbIO, CBOIO pabOTy, HO TIJIABHON ee CTPacTbio ObLIA
reomerpud. o mocaeauux mHeil 0HA aKTUBHO PADOTAJA, MCCAEI0BAJIA CBOWCTBA CEP/IIEBUHBI JIEBO
Tkauu Bosra. [losyuennbie ero BecbMa HHTEDECHBIE PE3YIILTATHI Oy 1y T CKOPO onybnkoBanbl. [anmunna
ApkasibeBHa OblIa AKTUBHBIM y4acTHUKOM KoHpepernnii «eomerpus B Omecces, ¢ 2010 roga ona
BXOJ/IMJIa B cOCTaB oprkomuTera. Mbl Bcerga Oy/eM MOMHHUTL ee IVIyOOKUe CYXKIEHUSI, €€ SHEPIHIO,
KU3HEPAITOCTHOCTD, TOHKHN FOMOP.

Oprromvurer koHdepennun «leomerpus B Omecce»
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