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4.1. I'pymika

IlepeTBOpeHHs KOOpAWMHAT Y KiHEMATUIYHUX MiHJIMBUX
MHO2KWHaX

(ITpedcmasaeno waenom-xopecnondernmom HAH Yipainu M. JI. Topbawykom)

Busuaromuves Kinemamuuni MiHAuel muodicuny (“abempaxmmni xinemamuru”), Akt ocrausens
DIBHOMAHIMHUMY 2E0MEMPUNHUMU MG MONOAOIYHUMU CMPYKMYPAMU, 0 CAME: MEMPULHU-
MU, MONONOLTYHUMU, AHITHUMU, OAHATOBUMU, 21A0EPMOBUMU MA THUWUMY NPOCMopam. Lo-
CNIOHCEHHA 6 UDOMY HAMPAMEY MOHCYMb OYMU UIKGBUMU OAA GCMPOPI3UKIS, OCKIALKU ICHYE
NPUNYWEHHA, WO Y BEAUKUT macwmabar Beecsimy saxonu gisuru (30kpema, 3aK0HU KiHema-
MUKY) MOJICYMb GIOPISHAMUCA 610 MU, AKI 0NOMb 6 0KOAL HAWOT COHAYNOT CUCTNEMU.

IInTannsa npo 3arajbHUl BUIVIAM, JOBLIBHUX IIPOCTOPOBO-YACOBUX IEPETBOPEHL KOOPIAWHAT IJIst
IHEPIINHUX CUCTEM BITIKY y BUIAJKY, KOJHA IPOCTIP T€OMETPUYHUX 3MIHHUX € TPUBUMIPHUM
1 eBKJILIIOBUM, JIOC/TIZKyBasocst B pobori [1]. HacruHHUM BUIIQKOM TI€peTBOpeHb KoopauHaT |1]
¢ (TpuBuMipHi) KiacudHi neperBopentst JIopeHia, a TakoXK y3arajibHeHi nepeTBopenHs JIopen-
na [2-4] (st cucreM BiIUIKY, 1O PYXAIOThCs 31 MIBUJKICTIO, GLIBIIOK 3a MIBUAKICTH CBITJIA).
B [5, 6] 6ysio mano 3arajibHe 03HAYEHHS JIHITHUX IEPETBOPEHb KOODJIMHAT Ta y3arajbHEHUX IIe-
perBopenb JlopeHra y BHUIAJKY, KOJIM MPOCTIp T€OMETPUYHUX 3MIHHUX € JOBUILHUM IiHCHUM
ribbepTOBUM IPOCTOPOM. ¥ JiaHiil poboTi OyieMo J1oc/riizKyBaTn abOCTPAKTHI TIepeTBOPEHHST KO-
OpJIMHAT Y KIHEMATUYHUX MIHJIMBAX MHOXKMHAX 31 crajon (He 3MIHHOI B 4Yaci) reoMerpiero,
6a3younch Ha 3arajbHiii Teopil MinauBux MHOXKUH |7, 8|. ljisi pO3yMiHHS MOJAJIBIIOTO TEKCTY
O3HAMOMJIEHHS X04a 0 3 OHIEIO 13 BKa3aHuX pobiT € Heobxiguum. Ciij 3a3Ha4uTH, 10 MaTeMaTh-
gHuil anapar pobir [1-6| He 6a3yeTbesi Ha TEOPil MIHIMBUX MHOXKUH, IO iCTOTHO 3MEHIIYE HOro
3arajibHICTh, 30KpeMa JIa€ 3MOI'y BHBYATH JIMIIE YHIBEPCAJbHI [lepeTBOPeHHsI KOOpJAUHAT (T06-
TO TaKi MEPETBOPEHHS KOOPJINHAT, AKi BU3HAYAIOTLCH JIUIIE T€OMEeTPUIHO-IaCOBUM ITOJIOKEHHSIM
PO3IUISIyBAHOI MaTepiaJbHOI TOYUKH).

Hagyiaui Gy/1eMO BUKOPHCTOBYBATH CHUCTEMY [O3HAY€Hb, IpuiiHaTy B [7, 8.

1. MaremaTu4dHi 00’€KTU OJis IMOOYIOBU I'€OMETPUYHUX OTOYEHb MIHJIMBUX MHO-
JKWH.

Osnauenns 1. Tpiiiky L = (K, ®, ®) Oyuemo HazuBaTh AiHitHOI0 CMPYKMYpPor0 HaJ, MHO-
xkunoo X, sxmo K = (K, +x, Xg) — nose, & — 6inapua onepanist Hag X, @: K X X — X —
6inapua oneparisi 3 K x X B X i piiika (X, ®, ®) € ainiitaum npocropom Haj nosiem K. 3azna-
geHuii siniitHui npoctip nosHadarumenmo depes £p(X,L) := (X, D, ®).

Axmo K € {R,C}, o L 6ynemo HazuBaTH “uc.a08010 Ainilinoto cmpykmypoto Ha X.

Mecripky muokuu 9 = (X, 7,L,p, |||, (+,-)) Oyzemo HasuBaTu K00pouHAMHUM NPOCTMOPOM,
AKINO BUKOHYIOTHCI TaKi YMOBHU:

.X#4A2iTUL # 2.

2. dxmo T # &, ro T — Tonosoria na X.

3. dxmo L # &, to . — gucnosa niniitHa crpykTypa Has X.

4. dxkmo L # @1 T # @, vo napa (Lp(X,L),T) € aiHifiHUM TOIOJOITYHUM IPOCTOPOM.
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5. dxmo p # &, o T # &, upudoMmy p — MeTpuka Ha X i Tomosiorist 7 MOpOJXKeHa MeT-
PHUKOIO p.

6. dxmo || - || # @, o L # @ i p # &, upudomy, || - || — Hopma Ha siniliHOMY HpOCTOPI
£p(X,L) i merpuka p mopopKkena HopMoio | - ||.

7. dxmo (+,-) # &, 1o || - || # @ (a orxke, 3riguo 3 6, i L # &), npudomy (-, ) — crastpHuii
nobyrok Ha £p(X,1L) 1 HOpMma || - || mOpo/pKeHa cKasIpHUM 106y TKOM (-, ).

Hexait Q = (X, T,L,p, || - ||, (-,-)) — xoopaunaruuii npocrip. Muoxuny Zk(Q) := X Gyaemo

HA3UBATU MHOHNCUHOW 3HAYEHD KOOPOUHAM L.

2. KinemaTrnyni MiHIWBI MHOXKWHU.

Osnauenns 2. 1. Ilapy Gy = (Q,k) OyaeMo HasuBaTU 2€0MEMPUYHUM OMOUEHHAM Oa-
30BOI MIHJIMBOI MHOXKHHE B, sKIo 9 € KoopJuHaTHUM IpocTopoM, a k: Bs(B) — Zk(Q) —
Binobpaennsam 3 Bs(B) B Zk(Q). Ipu npomy mapy €° = (B,Gy) = (B, (Q,k)) 6yzemo Haszu-
BaTU 0a306010 KIHEMAMUYHOI MIHAUBON MHONCUHOI0, aD0, CKOPOUIEHO, 6a306010 KIHEMAMUYHOIN
MHOKHHOIO.

2. Hexait Z — minymBa MHOkHHa. [HnekcoBany cim’io map Bugy G = ((Qp, ki) | | € LEk(2))
Oy/eMO HA3UBATH 2€0MEMPUYHUM OMOYEHHAM Z, SKINO Jls JOBLIBHOI 001acTi crpuiiMaHHS
[ € LE(Z) mapa (Qy, ki) € TEOMETPUYIHIM OTOYEHHSIM 0a30BOI MIHIMBOI MHOKHHE [, IIOPOJIZKEHOT
obsractio cupuitmarast [, TooTo skino mapa (I (Qy, k() € 6a30B010 KiHEMATHYHOIO MHOXKHHOIO JJIsI
nosiibHorO [ € LE(Z). Tlpu npomy napy € = (2, G) 6yeM0 HA3UBATH KiHEMATNUYHON MIHAUBOIO
MHOHCUHO010, 8DO, CKOPOUEHO, KIHEMAMUYHOI MHOXKUHOIO.

Jnst moBimbHol Gasosoi kinemarmanoi mioxkmmm €0 = (B, (Q, k)) BBeseMo no3HAMEHHs

BE(¢?) := B; BG(¢?) := 9Q; Zk(¢®) := Zk(Q) = Zk(BG(¢?));
Bs(¢®) := Bs(B); Bs(¢) := Bs(B); oo () = k() (z € Bs(e?)).

Hexait, € = (2,G), ne G = ((Q, k) | L € LE(Z))) — xinmemarndHa MHOXKHIHA.

a) Muoxunn Ind(€) :=Ind(2); Lk(C) := Lk(Z) GyneMo HABUBATH MHONHCUNOIO IHOEKCIE T
MHOIACUHON cucmem 6104iKYy KiHemaTndaHol MuokuHN € Bigmnosinmno. [Ipudomy y Bumaaky Kime-
MATHUYHUX MHOXKUH, Ha Bi/IMiHY BiJl aOCTPAKTHUX MIHJIMBUX MHOXKUH, OyJIEMO BUKOPHCTOBYBATH
TepMiH “‘cucTema Bijjiiky’, a He “00JjacTb CrpUiiMaHHS .

6) MinnuBy muoxkuny BE(C) := Z 6ynemo nasuBatu 6a3ot0 esomouyii €.

B) st nosinbhol cucremu Bintiky [ € Lk(€) = Lk(Z) 36epiraiorbest BCl HO3HAYEHHS, JIJIs

obsacreil cupuiiManHs B Teopii MimmBux muoxkuH |7, 8| (ind(l), [ Bs(l), < Bs(I), <B[—5, Tm(l),

Tm(l), < (). IIpu npomy OyJeMO KOPHCTYBATUCS CKOPOYEHMME BaplaHTaMU IUX I[O3HAYEHb,
HPUIiHATAMA B Teopil MiHIMBHX MHOXKUH |7, 8.

r) Hdust gosinbaux cucreM Biyiiky [, m € Lk(€) iHayKyOTbCs I03HAYEHHSI JJisi BijioOparkeHb
yaidikamii: (m <+ [[€) := (m <+ [, Z). 3okpema, y BUNAJKY, KOJU MIHJUBA MHOXKUHA Z € IITKO
BUJIUMOIO (Y IIbOMY BHIAJIKY OY/I€MO FOBOPUTH, 110 KiHeMaTHIHa MHOKUHA € € 4imKko udumon),
BBOZMMO To3HadeHHs (Im <+ [ &) := (lm « [[ Z).

1) st mosinbrol cucremu Biwiky | € Lk(C) 6azoBy kinemarnuny muokuny € [ [:= ([ Gy)
(me Gi = (Q, k) Gynemo HasuBaTu 06pasom Kinemamuyunoi mmoocuru € B cucTeMi BiIUHKY
[. Takox BBegemo mnosnadennst Zk([;€) = Zk(C | [) = Zk(Q); BE(l) := BE(C [ ) = [}
BG(5,€) = BG(C | 1) = Qs (25 €) := dei(x) = ki(x), = € Bi(l) = Bs(C | 1)

e) Kosn manepes Bijiomo, 1ipo siky KiHemarudny MHOXKuUHY € iije MOBa, 3aMiCTh MO3HAYEHb
(m <+ L&), (Im«+ [,&), Zk(l;€), BG([; €), q;(x; €) GyaeM0 BUKOPHCTOBYBATH HMO3HAYEHHS (M $—
«— 0, (Im < 1), Zk(I), BG(I), q((z) BimmosizHo.
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3. IleperBopeHHs KoopAuMHAT y KiHemaTwmyHux MHoXxumHax. Hexait T = (T,<) —
JMOBLIbHA JIHIAHO yropsakoBaHa MHOXKWHA i X — moBinbHa MuHoXKWHA. 151 NOBiIbHOI mapu
w = (t,z) € T x X GyaeMo BHKOPUCTOBYBATH IO3HadYeHHs: bs(w)) := x, tm(w) := t. Hexaii
¢ — JoBUIbHA KiHemMaTuuHa MHOKHUHA. J[jsi oBlIbHOI cucremu Biwiiky [ € LE(C) BBememo mo-
3HAYEHHS

ME(; €) := Tm(l) x Zk(I); QW (w; €) := (tm(w), qi(bs(w))) € ME(€),  w e Bs(1).

Buauenns Q" (w; €) Gynemo nasusaTn Koopdunamamu, MinKko6cHKk020 €JIEMEHTAPHO-IACOBOTO CTa-
Hy w € Bs(l) y cucremi Bimiiky [.

Ko manepes BijioMo, IIpo sIKy KiHemaTudny MHOXKuHy € iijie MOBa, 3aMiCTh IO3HAYEHD
ME([; @), QW (w; €) Bynemo BukopucroByBarTu nosHadenss Mk([), QWY (w) BigmosiHo.

Osnauenns 3. Hexait € — witko BuguMa Kinemarnana MuokuHa i [, m € Lk(€) — noinbai
cucremn Bimiky €.

1. Bm06pa>KeHH$1 Q™ (;@): Bs(l) — Mk(m), mo samaernes dopaynon Q™ (w; €) =
= Qm ((!m +— Nw), w € Bs(l), Oyaemo Ha3UBATH pPeasbHUM NepemeoperHsam Koopdunam 3 |
B M.

2. BinoGpaskenns Q: Mk([) — Mk(m) GyeMo HABHBATH YHiGEPCAMLHUM NEPEMGOPEHHAM KO-
opdunam 3 | B m, axmo Q € Giexiiero 3 ME(l) na Mk(m) i s goslbHOro w € Bs(I) cupaseymsa
pisricts Q™Y (w; ¢) = Q(Q<[> (w)). Bynemo rosopuru, mo cucremu Bigiiky [, m € LEk(E) do-
NYCKANOMb YHIBEPCANLHE NEPEMBOPEHHA KOOPOUHAM, BAKOPUCTOBYIOUYH MO3HAYeHHs | = m, AKIIO

¢

icye xo1 ofHe yHiBepcasibHe TepeTBOPeHHsT KOODMHAT Q: Mk(l) — Mk(m) 3 [ B m.
3. InnexcoBany ciM'10 (Qm,1)i;meck(e) OYIEMO HASHBATH YHIGEPCANLHUM NEPEMEOPEHHAM KO-

opdunam oan Kinemamuunoi muoorcuru €, gaximo st goBuibHux [, m € Lk(€) va[ € yHiBep-
CaJIbHUM IIePETBOPEHHSAM Koop/uHAT 3 [ B m 1 mpu mpomy Juig JosuibHEX [, m, p € Lk(C) Ta
w € ME(l) cupasemusi piBrOCTI QL[( W) =W, Qp m(Qm (w)) = Qp ((w). Byzmemo rosopuru, 1o
¢ donyckae ynisepcasvHe nepemeoperts Koopounam, sIKIIO ICHyE yHiBEpcasbHe MepPeTBOPEHHS
koopauHaT I &.

Saysasicenns 1. Komu manepes BioMo, po sIKy Kinemarnany MmuOKuHy & iij1e MOBa, 3aMiCThb
nosnagens Q™ (w; €), [ 2 m Gysemo sukopucrosysarn nosmadenns Q™Y (w), [2 m

Teopema 1. /lan (906@an0%’ YWIMKO 8UIUMOT KIHEMAMUYHOT MHOHCUHY € PIBHOCUALHUMU €
maxi meeporHcerHi

1. € donyckac yHisepcasvHe NePeMBOPEHHA KOOPOUHAM.

2. Jlas dosinvruz cucmem idaixy [, m € Lk(C) mae micuye cnigsionowenns [ = m (mobmo
dosinvni dsi cucmemu 6i0aiky € donyckawmMy YHIBEPCANLHE NEPEMBOPEHHA KOOPOUHAM,).

3. Ienye cucmema eidaiky | € LE(C) maka, wo das dosinvhoi cucmemu eidriky m € Lk(E)
BUKOHYEMBCA CNissidHOWeHHA | = m.

4. Teopema mpo KiHEeMaTUIHUN MYJIbBTUOOpAa3.

Osnauenns 4. Ynopskosany tpiiiky (T, X,U), ne T = (T, <) — uniniiino ymnopsijikoBaHa
MHOXKHUHA 1 X — [0BiIbHA MHOXKHUHA, Oy/IeMO HA3UBATU EGOMOUITHUM NPOEKMOPOM JIJig 6a30BOT
mimmBol Muokuuu B, sikiuo U e Bimobpaxenusim supy U: Bs(B) — T x X. Esosmoniiinuii
upoekrop (T, X,U) mus B Gyjgemo HasuBaTu 6Gickmuenum, siKIno Bigobpaxkentst U e Glekiieo
3 Bs(B) na R(U) C T x X, ne R(U) — obaacmov 3navens U.

Harayaemo [8], 1o eslemenrapHo-dacoBi cranu wi, we € Bs(B) HasuBarorbest 06 ednarumu
doaero B 6a30Bill MIHIMBIH MHOKUHI 3, SIKITIO BUKOHYETHCST OJIHA 3 YMOB Wa — w1 abo w1 < wa.

26 ISSN 1025-6415  Reports of the National Academy of Sciences of Ukraine, 2015, M3



Teopema 2. Hexai (T,X,U) — esomouitinuti npoekmop 0as 6430607 MIHAUBOT MHONCUHU
B. Todi icnye, npuvomy eduna, 6azosa minausa muoocuna UB,T], wo sadosorvrse ymosu:

1. Tm(U[B,T]) =T i Bs(U[B,T]) = U(Bs(B)) = {U(w) | w € Bs(B)}.

2. Sxwo w1, wo € Bs(U[B, T]) i tm(w1) # tm(ws), mo wy i Wy 06’cdnani doaero ¢ U[B, T| modi
i miavku modi, Koau ichyrome 06’ednani doaeto 6 B eaemenmapro-vwacosi cmanu wi, we € Bs(B)
maxt, wo w1 = U(wi), w2 = U(wa).

Osnavenns 5. Ynopsiikosany 1w'sripky (T, X, U, Q, k) Gynemo HazuBaTu GIEKTUBHUM KiHe-
MAMUMHUM NPOEKMOPOM It DA30BOT MIHJIMBOI MHOXKHUHK [3, AKIIO £ — KOOPAUHATHUI IIPOCTIp,
k — Binobpaxkennsi 3 X B Zk(Q) i rpiiika (T, X,U) € GieKTUBHUM €BOJIOIIHHIM TPOEKTOPOM
it B. Hosinbry ingekcoBany cim'io P = ((Ty, Xo, Un, Qa, ko) | @ € A) Glekrusaux kinemarund-
HUX MPOEKTOPIB JiyTst 6230BOT MIHJIMBOT MHOXKUHU /B Oy/1eMO HA3UBATHU KIHEMAMUYHUM MYADMU-
npoexmopom s B.

Teopema 3 (upo kinemaruaunii Mmyssrnobpas). Hexat P = ((Tq, Xo, Ua, Qo ko) | @ € A) —
KIHEMAMUYHUT MYALTUNPOEKMOP 0 06306017 MiHAUB0T mHodcuru BB. Todi:

A. Ienye, npuvomy eduna, xinemamuyuna mruoscuna €, w0 360060ABHAE MAKT YMOGU:

1. Ind(€) = A, Lk(€) = {(a, U4 [B, Ty))|a € A}.

2. Jas dosinvrux cucmem eioniky | = (o, Us[B,To]), m = (8,Us[B,Tg]) € LK(E) (o, B €
€ A) i dosinvroi mmoorcurnu A C Bs(l) = Uy(Bs(B)) cnpasedausa piswicmo (m +— [[E)A =
= U(ULY(A)) = (U3 (UL Y(w) | w € A}, de UTY — sidobpasicenma, obepnene do U,.

3. [na dosiavroi cucmemu sioniky | = (a,Uqy[B,Ty]) € LE(E), de a € A, suronyromovca
pisnocmi BG(l) = Q, ma q(z) = ko(x) (x € Bs(l)).

b. Kinemamuuna muoocuna €, wo 3a006804bvnae ymosu 1-3, € wimro 6udumoro.

Kinemaruany muoxkuay €, 1m0 3a/0BOJIbHSIE yMOBH 1-3 Teopemu 3, Oy/ieMo HA3UBATH KiHe-
MAMUNHUM MYALMUOOPa3oM HA30BOT MIHIMBOI MHOXKHUHU BB BiIHOCHO KiHEMATUYHOTO MYJILTHU-
upoekTopa P i 6yjemo nosnauaru i1 gepes Kim[P, B] (Kim[P, B] := €).

5. KinemaTu4yHi MHO>KHUHU, IIOPOA2KEHI CIIEI[iaJIbHOIO TeOpi€io BiaHOCHOCTI Ta 1T Ta-
xionHnMu posmupenasimu. Hexait (9, |||, (-, +)) — aliicuuit rins6eprosuii npocrip i £($)) —
IpoCTip JiHiliHIX (0HOPIHUX ) HerlepepBHUX oniepaTopik Hajl §). [Toznaunmo yepes L (§) mpoc-
Tip BCix JIHIAHUX HerepepBHUX OIEPATOPIB Haj §), BKIOYAIOYH HEOAHOPiaHi, To6To L™ ($) =
={Ap | A€ L(H),ac N} ne Az = Az +a, v € 9. T'inmpbeprosuit mpocTip §) mOpoIxKye Ko-
OpOMHATHUI IIPOCTIP H= (9, Ts,Le, ps, |41, (-, ), 1€ ps Ta Ty — MeTpuKa Ta TOLOJIOTis, TOPO/I-
»keni HOpMOIO || || Ha pocropi 9, a Ly — npuposa Jiniitna crpykrypa npocropy ). IIpocropom
Minxoscorozo naj §) HasuBaeThes rinpbeproBuit pocrip M(H) =R x H = {(t,z) |t € R,z €
€ 9}, ocHaleHNli CKaJISIPHUM JI0OYTKOM Ta HOPMOIO: (w1, Wa) = (Wi, W2>M(jﬁ) = t1ty + (x1,22),
Iwill = [willamy = (F + a2 (wi = (i, 25) € M($), i@ € {1,2}) [5]. B npocropi M($)
BUAIMMO Taki migmpocropu: o = {(¢,0) |t € R}, $; := {(0,2) | x € H}, ne 0 — HymBOBHIL
BekTop. Tomi M($) = Hy @ H1, Ke & o3HaYae OpTOroHasbHY cyMy mignpocropis. [Tokiagemo

eo = (1,0) € M(8).

Xw = (0,z) € $H1; Tw = (t,0) = T(w)eg € Ho,
ne  T(w)=t (w=(t,z) € M(H)).

JoBinbauit BekTop V' € ) MOpo/zKye Taki IMiIIpocTopu B MPOCTOPL £1:
91[V] = span{V }; AulVl=moemV]l={zreH | (z,V) =0},
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7ie spanM osuauae JiHiiHy 060m0nKy MEOKEEE M C M($). Tlosuaunvo gepes X, [V] ra X1 [V]
opronpoekropu B M($)) na unigunpocropu H1[V] ta 91 [V]:

V.w) [V 72V, V#£0
X,[V] _{( Y IVl #

= . weM®):  X{[V]=X-Xi[V]
0, V=0

[Tosnaunmo uepes Pk($)) muoxkuny oneparopis S € L£*(M($)), mo MaioTh HenepepeHHii
oGeprenmuii oreparop S~ € LX(M(£)). Oneparopu S € Pk($)) 6yneMo HA3UBATH 0nepamopam
nepemeoperns koopdunam. Hexait B — 6azosa MinmBa MHOKIHA Taka, 1m0 Bs(B) C H = Zk(?)),
Tm(B) = (R, <), ae < — crangaprauil nopsaok Ha 1ol gificanx uncesnr R. Toxi Bs(B) C R x
X 9 = M(9H). Hosinbaa muokuna S C Pk($)) nopoipkye KiHeMaTHIHUI MyJIBTUIIPOEKTOD,
S = (R, g),f_),S,.ﬁ%,Hﬁ) | S € 6) mna B, ne Iy — roroxkumit (oxuHUYHMIL) omepaTop Ha
npocropi $. Biamosimro mo Teopemn 3 mokiameMo

Rim(S, B; ) = &im[S, B).

Teopema 4. Kinemamuuna muoorcuna Kim(S, B; ) donyckae ynisepcasvre nepemsopenis
KOOPAUHAM.

Harayaemo, 1o oneparop U € L($)) HasuBaerbest ywimaprum Ha ), skimo 33U -1 e L(H)
iV € 9|Uz|| = ||z||. okmamemo

U($H1) ={U € L($H1) | U — yuirapuuii Ha $1}; Bi(91) ={z € ||z] =1}

Badikcyemo Oyap-siki ¢ € (0,00], A € [0,00] \ {c}, s € {—1,1}, J € U(H1), n € B1(H1)
iae M($). Hdua nosinbHoro Bekropa w € M($)) nokmagemo

Wi cls,n, Jlw =
<3T(w)— 5 (n, W>>
- e+ J )\T(W)_S<I;’W>H+X1L[n]w , A< o0, ¢<oo;
A A
_ ‘1 ~ 2 ‘1 —@
—@eo + J(cT (w)n + X [n]w), A =00, ¢ < o0;
[ 5T (w)eo + J((AT (w) — s(n, w))n + X3 [n]w), A < o0, ¢=00.

Wi cls,n, J;a]w := W) [s,n, J](w + a).

Mozkna mosecrn, mo Wy [s,n,J;a] € Pk($). ¥V Bumagky ¢ < 00 omeparopu BHIY
W c[s,n, J] aBisors coboto ysaraibieni mepersopentst Jlopenna, sBeseni B [5]. Omeparopu
By W) o[s,n,J] (A < 00) sBisiiors coboro meperBopentst ['asizesi (MOXkKHa& [IOBECTH, IO
Wi ools,n, J| = chﬁrgo W c[s,n,J], ge rpamurs icuye y piBHOMIpHIii omeparopHiil Tomosoril).

Hust 0 < ¢ < 00 BBeZieMO Taki Kjacu JIHIAHUX (HEOJHOPIJIHUX) OlepaTopiB:

PE(H, c):={W)[s,n,J;a] | se{—1,1},A€[0,00] \ {c},neB1($H1), ] € U(H1),acM(9)};
BT (9,¢) = {Wi[s,n, J;a] € PT(H,¢) | s =1}
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B, c) :=={Wi[s,n, Jia] € PE(H,¢) | A < c}
P+, ¢) = {Wy[s;n, J;a] € B(H,¢) | s = 1}.
BUKOPUCTOBYIOUN BEEJIEHI KJACH OLIEPATOPIB, BU3HAMUMO TaKi KiHEMATHUHI MHOKUHIL
RPTo(9, B, c) := Kim(PI(H, ¢), B; H);
RPE(H, B, c) = Kim(PT_ (9, ¢), B; H);
RPo(9H, B, c) :== Kim(P(H, ¢), B; H);
RP(H, B, ¢) := Kim(P (9, ¢), B; 9).

Y Bunajky dim($)) = 3 xinemaruana muokuna KP($, B, ¢) siBiisie o600 MATEMATUIHO CTPO-
I'y MOJIeIb KIHEMATUKHU CIIeIliajabHOl Teopil BiJHOCHOCTI B iHepIifiHux cucreMax Bijiky. Kinema-
tuaHa MHOXKIHA R0($, B, ¢) mobyroBana Ha ocHoBi 3arajabHol rpynu Jlopenna—Ilyankape i mic-
TUTH KPIM 3BUYAfHUX CHCTEM BiJJjIiKy “3 JOMaTHUM HAIPIMKOM dYacy’, sKi MAaiOThb 3PO3yMiIy
disuuny iHTEpIpeTaIio, TAKOXK CUCTeMU BiIIiKy 3 “Biji’eMHuM HampsiMmkom dacy’. Kinemaruani
muoKuHn RPT(H, B, ¢) i KPTo(H, B, ¢) micTsars KpiM crangapraux (“rapaioHHux”) cucrem Bij-
JIKY TaKOXK 1 “rTaxionHi” cucreMu BIJJIKY, SKi PyXalOTbCs BIIIHOCHO “TapiOHHUX CUCTEM BiJTIKY
31 MBHUAKICTIO, OIJIBIIOIO 3a MIBUIKICTH CBITIIA C.

3 Teopemu 4 BUILIMBAE TaKUi HACTIIOK.

Hacnimok 1. Kinemamuuni mmoorcurnu KPTo($H, B,c), KPT(H,B,c), LPo(H,B,c),
RB(H, B, c) donyckaroms ynisepcasvre nepemseopenis KoopouHam.

6. KinemaTnyHi MHO>KMHU, 1110 HE JOITYCKAIOTh YHiBEPCAJbHOTO IIEPETBOPEHHS KO-
opaunaT. Hexait muoxuna U; C (0, 00] Taka, mo Vs # @ i (0,00] \ V; # @. [lokmnamemo

N, =H x Vs ={(z,¢) [z € H,c € Ti}; M($Hy,) == R x Hy,.

Muoxkumy M(.V)snf) OymeMo HaA3UBATH HPOCTOPOM MIHKOBCBHKOIO 43 MHMHONCUHOW 30400POHEHUX

weudkocmets Vs waz §H. Muoxumy QA]; = [0,00] \ Vs Gysemo HaA3MBATH MHONHCUHOW 003601€-
nuz weudkocmet ays npocropy M (Hy;).

Mg nosimbroro w = (t, (z,¢)) € M($y,) BBeseMO NMOzHAYeHHs W = (t,7) € M($). s
A€y, s € {-1,1}, J € U(H1), n € B1(H1), a € M(9H) iw= (¢t (x,¢)) € M(Hy,) nozaaummo

WA;snf [s,n,J;alw = (tm(W) c[s,n, J;a]w"), (bs(W .[s,n, J;ajw"), ¢)).

Teepaxkennsa 1. /as dosisvnur \ € %/f, se{-1,1}, J € (1), n € B1(H1), a € M(H)
sidobpasicermi Wy [s,n, J;a] e biexyicto na M(ﬁmf),
ITokuiamemo

PI(H:; ;) := {Wya,[s,n, J3a] | A € Ty, s € {~1,1},J € U($H1),n € By(H:1),a € M(9)};
PT,(9;9;) := {Way,[s,n, J;a] € PT(H;V5) | s = 1}

Hexait B — 6azosa minymsa Muoozkuna raxa, mo Bs(B) C Hy,, Tm(B) = (R, <). Toni Bs(B) C
C R x 9y, = M(Hy;). Orxke, nosimsna muoxnna Glexnit &1 € {PT(H; V), PT,(9;T;)}

[OPO/PKY€E KIHEMATUYHUN MYJIBTUIIPOEKTOPD

&7 = (R, <), 99,8, 9,9) | S € &1)
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st B, e q(z) :=x (VI = (z,¢) € Y)snf). Tomy, BIAIIOBIAHO 10 TeopeMu 3, MOKHA MOKJIACTH

RPTo(H, B; V) := Kim[PT(H; Ty)", BJ;
RPT(H, B Ty) 1= Kim[PT, (5% 0,)", B).

Busisngerses, mo kinemarmuni muoxunun KPTo (9, B;V;) ta KPT(H, B;Y;), B 3arambHo-
My BHIIQJKY, HE JIOIYCKAIOTh YHIBEPCAJIBLHOTO ITEPETBOPEHHSI KOOPJIMHAT, TOUHIIIE, JOIYyCKAIOThH
VHiBepcaJlbHE I[€PETBOPEHHS KOOPJUHAT TOJl 1 TIIBKU TOJI, KOJW B HUX peasli3yeTbCs JIUIIIE
oziHa 3abopoHeHa mBHIKICTH ¢ € (0,00], 1 pu ¢ < 0O KiHEMATHKA B IUX MHOXKUHAX 3BOJUTb-
cst o kinemaruk tuny KPTo(9, B, c) ta KPT(H,B,¢), a upu ¢ = 00 — 0 rajijeeBoi KiHe-
MaTHUKH.

Teopema 5. Hexati mmooicuna saboporenux weudkocmet Vs C (0,00] eiddinena 6id ny.aa
(mobmo icnye wucao n > 0 maxe, wo (0,1n)\V; = ).

Kinemamuuna mnooicuna € € {RPT(H, B; V;), RPZo(H, B; Vj)} donycrace yrieepcanvne ne-
peMBopeHt kKoopounam modi i MiAbku modi, KOAU HE ICHYE EACMEHMAPHUT cmanis T1 = (x1,¢1),
To = (x2,c2) € Bs(B) marux, wo ¢ # co.
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Ad. . I'pymka

Hp806pa3OBaHI/Ie KOooOpaAuHAaT B KMHEMATNI€CKNUX M3MEHYNBbIX
MHO2KeCTBaxX

Hsyuaromea  kumemamuueckue usmenuusuie mmoxcecmea  (“abempaxmusie  Kunemamuru”),
m. e. MAMEMAMUYECKUE 00B6EKMDbl, 8 KOMOPHIT USMEHUUBHLE MHOACECMEA OCHAUEHDL DASAULHDLMU
2COMEMPUMECKUMU U MONOAOZUMECKUMY CMPYKMYPAMU, G UMEHHO! MEMPULECKUMU, TNONOAOU-
YECKUMU, NUHETHDOLMU, DAHATOBBIMU, 2UABOEPMOBHIMU U IpYeuMU npocmpancmeamu. Hccaedosa-
HUA 8 IMOM HANPABAEHUU MO2YM ObIMb UHMEPECHBIMU OAS AGCMPOPUIUKOS, NOCKONOKY CYUECT-
syem npednosodicerue, ¥mo 6 boavwuxr macwmabar Beeaennol saxonv, Pusuru (6 wacmmocmu,
3AKOHbL KUHEMAMUKY) MOZYM OMAUNAMbCA OM MET, KOMopbie 0etcmeyiom 6 oKpecmHOCNY, Ha-
weth COAHEeYHOT, CUCTEMbL.
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Ya.I. Grushka

Coordinate transforms in kinematic changeable sets

This work is devoted to the study of kinematic changeable sets (“abstract kinematics”) that are
equipped by different geometrical or topological structures, namely, by metric, topological, linear,
Banach, Hilbert, and other spaces. Investigations in this direction may be interesting for astrophy-
sics, because there exists the hypothesis that, on large scales of the Universe, the physical laws (in

particular, the laws of kinematics) can be different from the laws acting in the neighborhood of our
solar system.
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