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I. BCTYII

RambpyBaabHa Teopis MOAA € HAPIKHUM KaMeHeM
CBOTOYACHOI TEOPETUUHOL (DI3UKU. 3aratbHOIPUAHS TIM
€ ysBIeHHs, 1o Bcl pyHIAMEHTAAbHL B3a€MOIIl 3YMO-
BI€HI KaaibpyBaJbHOIO 1HBAPISHTHICTIO BlIHOCHO TIEB-
Hux rpyn (U(1) y sunmagky enekrpommbamikm, U(1) x
SU(2) nast 06’ enranoi Teopii enekrpocaabroi B3aeMoii,
SU(3) mnsa cunbHOl B3aemogii). Bpaskatoul ycmixu, go-
CSATHYT1 B OCTAHHI JeCATUAITTS Ha ILIAXY yHIPIKOBa-
HOTO OIINMCY BCIX BIAOMHX B3a€MOIHN, 3HAUHOIO MIPOIO
3YMOBJIEHI BUHSATKOBOIO HETPUBIAILHICTIO 1 THYYKICTIO
BIJIMOBI AHOTO MAaTEMATUYHOTO Aamapary Ta T[InbOKIM
B3aEMOTIP OHUKHEHHSIM UMCTO MATeMAaTUYHUX 1 (hi3UUHIX
Kommemmiit. ToMy moCHlIKeHHS CTPYKTYp, MOB sI3aHIX
3 PI3HIME acHeKTaMu Kaal0pyBaJbHol 1HBApIsSTHTHOCTH,
CTAHOBUTH AKTYaJIbHY TPOGIEMY SIK 3 OTJISIIY OTIPAIlio-
BaHHs 3aralbHNX (pOpMATbHIX METOMIB, TaK 1 JAs J1TI-
IIIOTO PO3YMIHHS 1XHBOTO (PI3MYHOTO CTATYCY.

Y mracugHiil Teopil moas JoOpe oMpalboBAaHO CTAaH-
JapTHUI crioci® HOCATHEHHsS 1HBAPIAHTHOCTH BlIHOCHO
JOKAIBHIX TePeTBOPEHDb, MAsA SKAX 1H(IHITe3nMalbHI
mapaMeTpn € PYHKIIAMI Toukn 0a3m M BOMOKHICTOL
B'asku (fiber bundle) # : E — M (3Buuaiito takorwo
Bazor caysuTh mpocrtip MiHkoBehkoro M = My) [1-
3]. Hexail mepepisu B’si3ku 7T ONUCYIOTHCS DYHKINAMU
oA z), = € M, A = 1,...,k = dimE — dimM, a
JMHAMIKa BlIHIOBlIHOL (PpI13WMYHOI CHCTEMN — Ty CTUHOTIO
narpamssisna L(e4(x), 0,04 (2)), O, = 9/0zk, p =
1,...,dim M, iHBapisTHTHOIO BIHOCHO r—TIapaMeTpUdHOl
rpymm Jli G, sika die Ha moast o2 (x) TiHiHHIM YIHOM:

Pt (x) = ot (@) + (Ta)pe” (), a=1,...r

(1.1)

goee ey

Tyt ¢ — indiriTesuMaabHl MiicHl mapaMeTpn, 1, —
MaTpHIl k—BUMipHOTO 300 pasKeHHSA (MO KT MBO, 3B1IHOTO)
anrebpu Ji rpynu G,, Kl 3a10BOJBHAIOTH KOMY TAIllTHI
CITIBBI JHOIIICHH ST
_
[Tn,T5) = Cap Ly

a,B,y=1,...,7 (1.2)

31 CTPYKTYPHUMU KOHCTAHTAMU clﬁ. 3a IHIeKCcaMu, 110
MOBTOPIOIOTHLCS, PO3YMIIOTE IMiCY MOBY BAHHSI.

THBapiAHTHOCTH BIAHOCHO JOKAaJABHUX (200 KaIibpy-
BaJbHIX) TlepeTBOPEHD 13 3aMmiHoio B (1.1) mapamerpis
€* moBITBHUME DYHKIIAMN €% () mOCAraloThb yBeIeH-
HSM KalibpyBaabHUX IOIIB AZ‘(JL‘) Ta TEepexXoJaoM BLI

L{p?(x), Oup™ (x)) 210

1
GG,

Ly = L{p" (), Dup” (x)) = 1 G (1.3)

Jle KoBapiAHTHa moxigHa D, o3HaUeHa CIIBBLIHOMICHHAM

Dy (2) = Oup (2) — 9(Ta) 5 AL (2)9" (2); (14)
G%, = 0,A) — 0,A% — ge g AL A] (1.5)
1 ¢ — noBlibHa crana. TpanchopMaliiiil BIacTUBOCTL

KaaibpyBaJbHIX IOIIB AZ‘(JL‘) MOCTYAIOIOTE y BUTJISIIL
Aj(x) = AG(z) + 67(1‘)6%145(1‘) +9710,e%(x). (1.6)

ikaBo po3TASIHYTH aHAJOTIUHY HMpobIeMy B paMKax
KaacuuHol MexaHikm. Tyt 6asosmit maorosuag M = R
OJHOBUMI P HUIL, 110 3HAYHO CTIPOIILY € CUTY IO, TO3BOJI 5i-
foun “mpoinTterpysatn”’ crissigHoueHHs (1.6), 036y Ba-
founch wieHa 3 Jye®(z). llopsan 3 TuM y 1bOMy BHIAIKY
TOPIBHSIHO JETKO PO3TASHYTH HOBIALHY mdifo rpymu G,
y TortambHOMy Tpoctopi E B'asku m, BRIIouatoun (He
0BOB’I3KOBO JIHIIHI) TTepeTBOPEHHA, O JiI0Th Ha Gasi
it HaBITH TePeMINYIOTH 6a3y 1 mapu. 3ayBaKuMo, o B
Teopli oA PO3TAAL SIK KaaibpyBaabHOL IPYIIN IepeTBO-
peHb 6asym — KoukpeTHo rpymm Ilyamnkape — Heobx11-
HII eTeMeHT o6y J0B1 KaT10pyBaabHOL TeOPil TSI HHSI

[4].

II. YMOBU KAJIIBPYBAJILHOT
IHBAPISIHTHOCTHN

Posrasimemo
(m, L,G,), me:

7m:E — R — (TpuBisnbHa) BOTOKHNCTA B'sA3Ka, Hepe-
P131 SIKO1 OTMCYIOTH PY XM ITI€l CUCTEMM,

JarpaH;KeBy — IUHAMIUHY  CUCTEMY
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B. 1. TPETAK

L:J'm - B — dyuknis Jlarpanska, 3azana #a 1-
aseri JIm B A3KN T

G, — rpyma cuMeTpil CUCTEM.

Hexait (t,2'), i = 1,...,dimE — 1, — xokaabHi Ko-
opmmaatu B E; (¢, 2%, #') — woopmumatu B Jl7, Tak mo
nokanbHo L = L(t, 2, ), a nig rpymu G, B E Mmae Burasg
(indpiHi Te3MMATBHO)

tt 4 €% ne(t, ) + ofe),

st 4 e (t 1) + ofe); a=1,...,r (2.1)
(muB. [5-7]). BekropHi nons Ha E
0 ;0

Xo = No=— P — 2.2

K ot +a oz’ (2.2)

3aJ0BOABHIIOTH KOMYTAINHI CITIBBIIHOIIEHHS aJIredpu
Ji rpynu G,

[V, Xp] = €152 (2.3)

Le o3mavae, mo dyHKI 1y, ¢, 32 T0BOABHIIOTE CUCTEMY
P1BHSIHbB

Xocnﬁ - Xﬁnoc = C’OY(@U’W

Xl — Xl = el 5C (2.4)

Hagmakn, koskeH pO3B’s130K IMl€l CUCTEMU A€ 3MOTY TI0-
6y ayBaTU CKIHUEHHE MMePEeTBOPEHHS

t—t'(t, x,€) = exp(e* X )t, (2.5)

zt xi/(t, x,€) = exp(e® Xy) ',

AKe s Maaux € MaTume puraan (2.1) [7, 8].

Bekropmi moas X, MosKiHa cTaHAapTHIM YMHOM IIPO-
moBUTH Ha J1 7T

X, =X+ (D, - viDna)%, (2.6)
me vl = 2 Ta
_d 0 ; 0

Ilonst X, 3am0BOABHSIFOTH Tl 3K KOMYTAINHI CITIBBLI-
votenusi, Mo # X,. YMoOBU cuMeTpil JarpaH:KeBOTO
OTIUCY BIIHOCHO TPy G, BUPAMKAIOTHCA CUCTEMOIO N~
depeHMIHNX PIBHAHL MEPIIOro IMOPSAKY Ha pyHKINIO
Jlarpansea L [6, 8]:

XoL+ LDy, =0. (2.8)
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Sk Temep yBadaTu, Mo mapameTpu € B MEpeTBO-
perHsax (2.1) saxesarh Big ¢, € = €*(t), To ymoB
(2.8) yse He MOCUTH s 3abe3MeUeHHs 1HBAapiAHTHOCTH
AarpaHKeBOrO OMKCY: BUPA3W, MO BU3HAUAIOTH 3MIHY
dbopmu Ldt, 6ynyTte y mpoMy BHIAZKY HOpsam 3 €%(1)
MicTuTH uieHu, nponopiiini xo ¢ = de®/dt. Tlpupis-
HIOBAHHS OCTAHHIX M0 HYIs JACTh AOJATKOBI CIIIBBIIHO-
HIEHHS BUILY

YoL + Ly =0, (2.9)
e
Ya = (Coc — v 7]05)% (210)

II1. PO3B’sI30K YMOB IHBAPISIHTHOCTH

CrpobyiiMo 3aI0BOJIBHATI 7 TOJATKOBHUX CIIIBBIIHO-
meHb (2.9) yBeldeHHAM y JarpaHsHisAH ¥ HOBUX 3MIHHEX
A% a=1,...,r. Takum unzom, 3amicts 7 : E — R mu
posrasnaemo B s3ky 7 : B — R 3 dimE' = dimE + r,
samicts L — marpamsisa L' - J'n' — R, 3agammii Ha 1-
mseti Baskn . fwuo (2, zt A%) — JIOKaJXbHI KOODIN-
matu B B/ 7o (¢, 2%, v*, A%, %) mo3sHauaTUMY Th TOKATBbHI
koopauHATH B J'7'; i mia rpymm G, B E' BusHauatm-
MeTbes Topsn 3 popmyramu (2.1) we it rpancdopmariii-
HUMW BAACTUBOCTSMU 3MIHHIX A%:

A% i—>/\a+€ﬁ0g(t,l‘,/\)—|—0(€), (3.1)

ne o (t,2,A) — nesri ¢ynknii, mo OynyTh BH3HaUeH]
HIKYE.

basy aareGpuJli rpynu G, y MOyl BEKTOPHUX OB
na E/ samaBarumyTh mons

o 0
Xéé:Xo‘—i—UﬁW' (32)
ITpuitusapim, 1o
o5t ) = o5 (). (33)

OTPUMAaEMO, IO IIs BUKOHAHHS KOMY TallliiHIIX CITIBBLI-
HouteHb (2.3) mis moais X, 1 yHKIN] MOBUHHI 3a10-
BOJILHSITU CIIBBIIHOLIECHHS

~
O

do? 6
2 1 0% _ 1 o0 (3.4)

T P an

Iponosswenns noxis X7, Ha Jir! nae BEKTOPHI IO

9 - 9
X! =X, 4+ 00— + (Dol — N Dn,)——
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1 YMOBH 1HBapisIHTHOCTH Ha®y oy Th BUTJ SIIY

X'I' + L' Do = 0, (3.6)
Y!L' 4 L' = 0, (3.7)
zie
Y! =Y, + (0% —A%Q)ﬂ. (3.8)
. g OAP
Posrasiremo pisasauHs (3.7):
. ol : oL
L — U ne) = YAy — L'n, =0. .
(Ca = V) g7 +(75 = Aa) o5+ Lna = 0. (3.9)
[Ipumycrtumo, mo MaTpuns & = ||0'g|| HeBUPOIEKeHA,
det||log|| # 0, (3.10)
1 BBeZeMO obepHeHy J0 Hel MaTpPUIO ||Kig||
Us‘ﬁg =d5. (3.11)
IIincTaBassaESA
L'= (1= nargA)F (3.12)

mpuBouTE (3.9) 10 OMHOPIAHOI cUcTeMU PIBHAHB IS
dynrmi F:

or

~— =0 3.13
Y (3.13)

1 7 or o \
(Coc - Ua)w + (0'@ - Aﬁﬁg)

IIs1 cucrema r piBHAHB 1 PyHKINI F Big 142(dim E+r)
aprymentis Mae 1 + 2dimE + r nepumx inrerpaais [9],
sxmmu € t, 21, A% (60 3a HEMU HeMae TIOXiAHUX) i “Ko-
BaplsSTHTHI MOX1AH1” B1A KOOpP IIMHAT

oyt — (i gaps
pi = VT SaREA (3.14)
L — nakgA?
Koau BBeCTH TTO3HAUCHHS
w* = Kig/.\ﬁ, (3.15)
f=1—-nwe, (3.16)
10 popmyna maa Vi uabyge Burasmy
Vi= 7o = Cw?), (3.17)

1 3aTaJbHII PO3B 30K CUCTEMM (39) MO KHa, OJATH SIK

L' = fF(t, ", V%), (3.18)
Je F'— nosiabHa PYHKINA BKa3aHX apryMeEHTIB.

Ternep cainmiacrasury Bupas (3.18) y pisasuus (3.6).
Auxe monepenrbo BapTo pospaxysatu mito X! Ha Beau-
uHT w1 f.

3 osHauenHs (3.15) Maemo

X'l = ﬁg(DO'Z( — A\ Dny) + /.\VX(;/@g

: Do’ OKb
A7 (Kj? % —|—0'iaT}) —w?Dn,,. (3.19)

3a monomoromo (3.4) 1 (3.11) moskHa BuBecT hOpMyYTy

do?d OrkP
153 o ) Yo B 8
e +U°‘W__C°‘5HW (3.20)
TaK MO0 OTPUMYEMO
X'l = cga(.ﬂ — WP D, (3.21)
Bpaxosywoun (3.21), Mmaemo
Xof = =" (Xans — ¢l gny) + 0w’ Do, (3.22)
abo, Bepyun 1o yBaru mepiuty 3 gopmyn (2.4),
’ B i i Mo
X f=-w (C@ —v n@)w, (3.23)

IO 3a JOTIOMOTo0 o3HaUeHHA (3.14) KoBapiAHTHOI OX1 -
Hol V' MojKiHa ToJaT ¥ BT Sl

i R
Xif = J(Vi= )5 = f(D = Djna, (3:24)
ae D — “KoBaplsgHTHA TOX1IHA 33 Y4acoM
0 o,
D=— f— .2
5 +V B (3.25)

Pesyaprar (3.24) mokasye, wo miacrasisHas (3.18) y
piBHsHHA (3.6) MpuBee MO CHiBBITHOICHHS

X' F + FDry = 0. (3.26)

BesnocepeHiM po3paxyHKOM 3 BUKOPUCTAHHAM pOpMYI
(3.24), (3.21) 1 (3.4) orpumyemo
X'Vi=D¢ —ViDy,. (3.27)
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B. 1. TPETAK

Towmy piBHsHHEA (3.26) HabyIe BUTAALY

oF oF » » - OF

o + (D¢, — V' Do)l — 2

Ta o + Gl + (DG = VD)o (3.28)
g OF

+U°‘3/\@ + IF'Dn, = 0.

Tpu OF /0A“ = 0 1ie piBHAHHSA BiApisHAeThCs Bl (2.8)
TIABKI 3aMIHOIO IMBUAKOCTEN v! Ha KOBapisHTHI TOX1IHI
Vi, TakuM UMHOM, MO HA HOKJIACTH

F =Ltz VY, (3.29)
ae L(t, 2! v) — cbyHKLuﬂ ﬂarpaHﬁ{a BUX1THOI CUCTEMU,
10 3aJ0BOJMBHSE YMOBY 1HBAPISIHTHOCTH B THOCHO TP YT
G, . 3asHaunmMo, Mo 3aJeKHICTh BIO AY y dpyurmi F Bi-
SIBASIETHCS JHUIIEe Yepe3 IMOCEPEIHMIITBO “KOBaplsSHTHOI
noxiauoi” V.

OTs#e, pelenT NOCATHEHHST KaalbpyBadbHOI 1HBapI-
SIHTHOCTU BIAHOCHO Tpymm G, MoskHA chopMymioBaTn
TaK: y JarpaH;isHl, mo 3abesledye 1HBApIAHTHICTH
BIAHOCHO TpYIIN (rJIo6aJleMx) mepeTBopeHb G, ciaim
3aMiHNTH WBHAKOCTI v' Ha KoBapisHTHI moximmi V' Ta
JOMHOKATI pe3yabTaT Ha (pakTop f:

L' = fL(t,z', V"), (3.30)

Awxmo rpyma G, mie TpuBisiibHO Ha Oasl R B’si3km 7

(e =0), o f=1.

IV. KAJIIBPYBAJIBHI 3MIHHI TA
KBA3IKOOPIMNMHATI

PosrasiHeMo 3MICT yBeIeHNX NTOJATKOBAX 3MIHHIX A“.
s 1poTo 3BepHeMocs o crmiBBiaHOmeHE (3.4), (3.10).
Tpersi Teopema Jli (mus., Hanmpuraam, [10]) crepaskye
JIJIST KOSKHOTO TeH30Pa CTPYKTYPHUX KOHCTAHT clﬁ lcHy-
BaHHA po3B’si3Ky cucremi (3.4) 3 MOUATKOBOIO YMOBOIO

o5(0) = 65, (4.1)

TaK 10 OpUHARMHI O1s5 MaJnx A OyJe BUKOHYBaTHCD
ymoBa (3.10). TIpu miboMy A® — KaHOHIUHI KOODAMHATH
rpyma G,.. Takum unnom, ToTarbuuii mpoctip B/ BBeme-
Hol B’SI3KM 7' Ma€ BUTASAML
E=E xg,. (4.2)
DyHKIIL O'g(/\) MOJKHa PO3paxyBaTl 3a BLIOMUM 3a-

KOHOM KOMIO3uIii 1pym G, — dbyHKIAME ¢ (A, €), 1o
03HAYAIOTHCS CITIBBl THOIIEHHIM

exp(A®Xy) o exp(eﬁX@) = exp(

¥ (A, ) Xy). (4.3)

Binmnosinna dpopmyna mae surasa [10]:
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Jp® (A €)

% () = Oeb

(4.4)

e=0
BigroTyemo, mo masi abereBol Tpy I (clﬁ = 0), konm

¥ (A €) = A% 4 €7, (4.5)

MaeMO

(4.6)

3minal A%, A% BXogaTe y narpassisaH (3.30) nwmme
B KOMOIHAaIN1 Iﬁ?%/\ﬁ = w® Towmy momabHO TepeiTn
J0 “KBa3lKoOpIMHAT’ , 3MACHUBINN TaKe MepeTBOPEHHS

Jir:

i i ya ya i Yo«
(2", v, A AY) = (2t v A% w?). (4.7
e meperBopenns He 30epira€ CTPYKTYpU TUX PIBHSIHBb
Otftrepa—Jlarpan:®a, siki MicTATH ToxizHl 38 A. SIkmo B
cTapux 3sMiHHIX (A%, A%) BOHH MaloTh BUISA

oL’ B oL’
ol SN\

=0, (4.8)

TO, TePEXOIAUN 0 HOBUX 3MiHHEUX (A%, w®), BpaxoBy-
foun (3.15) i me, mo y HoBUX 3MiHHUX L’ He 3aie#uTh
BLZ A%, oJep :KIMO

oKP 8 / /
W( K aﬁa) O ap o )

ore  Ix | 0P — e R

Jomuosmsim (4.9) Ha HEBUPOI3KEHY MATPHIIIO &, OTP-
maemo piBasaHsA Ofinepa-Jlarpanska B TepMiHaX KBa3i-
KOOpAMHAT:

N

e’ D
+ Ow®

aﬁwﬁy

=0 (4.10)

(mop., Hanpukram, [11]).

“RBasimpuakocTl” w® BIacHe 1 € aHATOTOM Kalxibpy-
BaJbHUX TIOJ1B AO‘( ) KracuaHol Teopii mons. Popmyrna
(3.17) JI1ST KOBaplsAHTHOI MTOX1AHOL y BUMAIKY

Na =0, (4.11)

wo Bianosigae (1.1), Habyme Burasmy (Koau Iie TPoBe-
cTH 3aMiHy w® — gw®, g — KOHCTaHTa)

V=o' — g(T)0lw (4.12)

abo
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Dz’ = D' — g(T.)jw”a!, (4.13)
o ysromsuyerbes 3 (1.4).
Tpamcdopmalniiial BIACTUBOCTI BEAWUYNH W MOKHA

BUBECTN TakmM ynHoM. [Ipn 1H(IHITe3UMaIbHIX MTepe-
tBOpenHsx (3.1) i3 saxesxamMu Bix ¢ mapamerpamu €

MOX1IHI A% TIepEeTBOPIOIOTHCS 32 TIPABIIOM
A% A% 4 € (Do — A*Dig) + é° (0§ — Ang). (4.14)
3B1ACU BUITUBAE, [0 BETUUNHEA W™ TIEPETBOPIOIOTHCS AK

W w® + X0 g RS (0] — M), (4.15)

abo, Bpaxopyioun popmyan (3.21) i (3.11),

w w4 e”(cngﬁ —w*Dny) + g té? (65 — gwng),
(4.16)

O Y3TOMsKY €Thesi 3 popmyaoio (1.6) mis kanibpypaab-
HIIX TIOJIIB.

TakuMm uMHOM, €K30TUUHWI JOJAHOK Yy TpamHcdop-
MaIlfHIX BIACTHUBOCTAX KaJlOpyBalbHNUX IIOJIB, IIPO-
nopuiituuit 1o d,¢%, y BULIAIKY OJHOBUMIPHOI Gasu € Ha-
CH1IKOM BUKOPUCTAHHS KBa31MIBUIAKOCTET.

Pizanmsg mik noxigammMum A% 1 KBa3lMIBUIKOCTAMMT w®
3HUKae 1as abeaesux rpyn (aus. (4.6)).

3ayBajMO, IO Yy BUMAAKY KIACUUHOI MeXaHIKHU
HeMaE KOIHOTO BlAMOBIIHIKA BAACHOTO JalpaH:;KsIHa
KaaibpyBaabHOTO MO ST TUITY APYTOTO JTOJaHKA Yy hop-
myai (1.3): woauw dimM = 1, tensop kpusuuu (1.5) €
TOTOKHUM HYJIEM.

V. ITPUKJ A I
A. IlapamMeTpuuta (XpoHOMeTpHUHA) 1HBAPISIHTHICTD

Hexait G; = Ty— omHomapaMeTpuyHa IpyIia 3CYBIB 3a

t— 1+ e, e 2t (5.1)

rak mo y (2.1) n =1, ¢* = 0 i, sik a151 Ko #mHOI abenesoi
rpynu, & = & = [. 3araabHull BUTIAL JaTrPaHHKsIHA, M0
3abesTieuy e IHBaPISTHTHICTE BlAHOCHO IMTobaIbLHIX Iepe-
tBOpens (5.1), €

L = Lz, v"). (5.2)
Biamosi gl kKaaibpyBaabHl IepeTBOPEeHHs
t—t4e(t), e 2t (5.3)

OTNCYIOTh JOBIIBHY 3MIHY IapaMmeTrpa eBoftoiil {. 3a
mpasuiroM (3.30) sHaxoAMMO KaaibpyBaJbHO—IHBADIiSHT-
HITI JTarpaHKsaH

L':(1—A)L<xi, z )
1- A

3rizHo (3.1), kanibpyBaJabHa 3MiHHaA A PN TIEPETBOPEH-
HAX (5.3) MiHAETBCSA 3a IPABUIOM

(5.4)

A= A4 e(t). (5.5)
Skimo 3amMicTb A BBECTU HOBY 3MIHHY
0 _
T =t—A (5.6)

sra sianosigao mo (5.3) 1 (5.5) Byxe iHBapisgHTOM Bi-
HOCHO KaalOpyBaJbHUX IepeTBOPEHDb, TO JAalPaH:KisIH
(5.4) MosKHA TTOJATH y BUTJALL

L' =i Lz’ v ), (5.7)
TOOTO B cTaHAAPTHIA bopMi, 1o 3abesmedye XpoHoMe-
TPUYHY 1HBAPISHTHICTD 38 PaXyHOK OJHOPIAHOCTH IIEP-
HIOTO TOPAJKY 3a MEPIINMN TOXIIHUMHI (IWB., HAIIPW-
waaz, [12]).

Tak, HEPEASATUBICTUYHOMY BlJIBHOUACTUHKOBOMY Ja-
T PaHKISHOBI

(5.8)

Bl AIOBI Ia€ XpOHOMeTp uuHO—IHBapistHTHUL Bupas [13]

mvz

L= — .
e (5:9)

a peIsITUBICTUYHIHM BIABHIN YacTHHII 3

L=-my1—-2v? (5.10)
(¢ = 1) — aarpansisu [lnanka (mus. [14])
L' = —m+/(2°)%? —v2 = —my/nuutu?, (5.11)

ne v =2, 1 =0,1,2,31||nu| = diag(l,—-1,—-1,-1)
— cranmaptaa Mmerpuka MinkoBcbkoro. Takum un-
HOM, TIepeXia BlJ TPUBUMIPHOTO MO0 YOTHUPUBUMIP-
HOTO OIMCY MOKHA TpPaKTyBaTH SK cHocld 3abeslie-
YeHHsI SIBHOI XPOHOMETPHUYHOL 1HBaplsAHTHOCTH dopMa-
ai3My. Bin oamakoBo mobGpe 3acCTOCOBHHUN SIK Yy pensi-
rupictiunifi (I[Tyankape—iHBapiAHTHIN) MeXxaHimi, Tak i
8 [anineii-impapisaTHiii (“BHepexarmpicTmuniii’). Iio
rpymu [ aadizest MosiIa 3a1aTH B 4-BIMipHOMY IpOCTOpI
Ml 3 koopaumHaTamMu x| sik 1 mito rpymm Ilyamnkape, 3 Toto
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qume BlAMIHHICTIO, WO Tpyma I atizes me 3Gepirarmme
Merpukn MinkoBcbkoro. Ha 1iboMy mimsixy MoskHa mmo-
6y Ly BaTH OCI1IOBHIH Yo THpUBUMipmit omuc [ adizeii—
iuBapisinTaoi mexawuiku [13, 15]. Biabme rtoro, ocran-
HIM 4YacoM 3HAUHMI 1HTepec BUKANKAE MOoOYyIoBa KIa-
cuyHol Teopil moasi B My, 6aszoBaHol Ha KaaibpyBalb-
Hifl imBapianTHOCTI Bi MHOCHO rpymH [ anizes [16, 17], sk
3 OTAANY Ha 11 BHYTPIIIHIO y3FOIL}HeH1CTb TaK 1 3 Io-
Tpebu MoCa1TOBHOTO PO3TAAILY HBIOTOHIBCHKOI Ta MOCT-
HBIOTOHIBCHKO1 M€Kl PeasATHBICTUYHOI KaaibpyBaabHOl
Teopil TAMHHA, AKY OTPUMYIOTH HLISIXOM KaJalbpyBaHHs
rpynu [lyankape.

Ropucryouncy tuM, mo kaaibpyBadbHO-IHBAPIAHT-
HUfl narpaHisaH (5.4) He BU3sHAUAE 3aKOHY €BOJIOI]
KaaibpyBaJbHOL 3MIHHOL A, a OTske, 1 TIOB’si3aHOl 3
neto dbopmynoio (5.6) seamunnu 2% ocramHio MOHA
no’sizatu 3 ¢, X crissianomenuam suny r’ = (¢, x).
Moro mincrapasams y (5.11) npusomuts g0 Bupasy [18-

20]

L = —m\/(Dg)? —v?, (5.12)

SIKIIT 3abesledye JarpaHsKB OMINC BIABHOI pesTUBIC-
TUYHO1 YaCTUHKN B JOBIILHINA popmi muHamirm ipaka
[21]. Jume npu ¢(t,X) = ¢ MU OPpUXOIUMO IO CTAHIADT-
Horo Bupa3sy (5.10), sakwil Biamosimae MutTeiit dpopmi
IMHAMIKN.

B. HeiHeplliAaLHI ccTeMU BIIIIKY

Hexait n = 31 Gg = e(3) — eBKAiI0Ba Ipyma TpaHCc-
JSAMI Ta IOBOPOTIB

t—t, X X+eEr XX+ erp. (5.13)

Bupas (3.30), skuil BiAMOBIKa€ eBKI1I0BO—IHBAPIAHTHO-
My narpassisHosi L = L(v?), mae urasm

L'=L(v—wg x x—Ar]?) (5.14)

1 OTINCY € BIIBHY YaCTUHKY 3 MTOTISAY HElHePITlsIbHOL CH-
cTeMH BIIJIIKY, IO pyXaeThbcsA 3 JMIHINHOI MIBHAKICTIO
A7 (t) i KyToBOIO MIBUAKICTIO WR(t) [22]. PospaxyHok wh
sa dopmymnoio (3.15) 3 pymrmiavm &%; 4, j = 1,2, 3, mo
Biamosimarore rpym SO(3), npuBoaUTh 10 BiTOMHUX BU-
pasiB 51 Ky TOBOI IBUAKOCTH B TepMiHax KyTiB Oitrepa
[23], sKi MO KHA BBAKATH KAHOHIUHIMU KO AMHATAMI A’

rpymm SO(3).

C. MaciutabHi repeTBOpeHHsI

SAx npukaan rpynu, mo i€ omgHOYACHO B 6a31 Ta 1a-
pax, posTIAsIHEMO OAHOTApAMETPUUYHY TPYIY Macuirad-

HUX IIEPETBOPEHDb

tst(l4e), @ ai(l4e). (5.15)

Ywmosnu iuBapisutaoctn (2.8) mus meperBopens (5.15)
MalOTh PO3B’A30K

L=t'Ft el o), (5.16)

3 moBlabHOWO QpyHKIIEH F. Bl amos gamii kaxibpyBaabHO-
iHBapiAHTHNUIT JTarpaHs#iaH 3rinHo 3 (3.30), (3.16), (3.17)
Ma€ BUTIAL

2" vt —z'A

I'=t ' NF|= —=21, 5.17
( T T (5.17)
Je A — KagaibpyBaabHa 3MIHHA.
VI. IITICYMEKNA
Axmo G, — r-mapaMeTpuuHa rpyna cuMeTpil Kia-

CUYHOI MEXaHIUYHOl CHCTEeMMU, IO OIMCYETHCST JAarpaH-
SHSTHOM L L(t,z,v), o KaxibpyBaabHOI iIHBaApiAHT-
HOCTHU JOCATAEMO BBEJEHHSIM 7 NOJATKOBUX 3MIHHUX
A a = 1,...,r, Skl MOKHA IHTEPIIPETYBATH SIK Ka-
HOHIUHI KOOPAUHATH rpymm G,. llpu mpomy mast mo-
6yn0BU KadiOpyBalbHO—-IHBAPISIHTHOTO JarPaHKEBOTO
ONmCy JOCHUTH 3aMIHUTH B JIal’paH}KlHHl L = L{t,z,v)
mBHaKOoCTI v' Ha “KoBapisHTHI moximmi” V') osmaueni
dbopmynoo (3.17), a y BUmamky, KOau pO3FJIHHyTi TTe-
PeTBOPEHHS MIHSIIOTH { — pe3yabTaT JOMHO JKITH HA BU-
pas (3.16). HomaTkoBi 3sMiHHI A% BXOIATH y JarpaHKaH

bl

JUIIE Yepes KBaslBUAKOCTI w® = Iﬁ?%/\ﬁ, Jie MaTpUIlsT
Kjg BU3HAYAETHCA 3aKOHOM KOMIIO3UINI rpym G,.. Pi-
msiaast Ofinepa—Jlarpamska aas 3MIHHAX AY € HacTlI-
KaM@l pPiBHSIHB PyXy IAAs 3MIHHUHX &', Tak IO 4YacoBa
eBOMIONIA KadibpyBadbHUX BelnunmH A* = A*(t) au-
MIAETHCS MOBHICTIO HEBU3HAUEHOIO. Y pe3yabraTi Mmpu-
XOIUMO JO BUDPOJKeHOI narpanskeBol cucremu [24], ka-
HOHIUHNIN OMMC SIKO1, SK 1 HACTYIIHe KBaHTYBaHHs, MO-
FKY Th 6y Iy BaTHCS Ha OCHOBI 1 paKOBOTO raMiJIbTOHOBOTO
dopmanismy 3 B'sizsamu [25, 26]. PosrasiHyTi mpukaa,mu,
B SKNX y poal G, BHCTYIAOTL AesIKl MATPYIIN TPYIN
MTPOCTOPOBO—UACOBUX CUMETPIl, TAIOTH 3MOTY, 30KpeMa,
y Jelo 1HIIOMY CBITI1 HoDaunT 1oOpe BLAOMI KJAACHYHI
pesyabratu. Bukinkae 1HTepec pO3TIASI Y IHOMY KOH-
TekcTi rpymnu JlopeHia, ocobanBo 3 MOTISITY BUBUCHHS
ederTiB amiabaTuuHOl IMKIIuHOL eBoatomil [27] y pyci
peasATUBiCTHYHOI YyacTHHKN [28].

ABTop BIsTUHUIT Hpocb P. Laiizi Ta FO. KaoukoBch-
KOMY 3a iXHiil cTanuil iHTepec 10 i€l poboTH, Mo 3HAU-
HOIO MipOIO 3YMOBIJIO 11 HATIMCAHHS.
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ON THE GAUGE TRANSFORMATIONS IN CLASSICAL MECHANICS

V. I. Tretyak
Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine,
1 Svientsitskii Str., Lviv, UA-290011, Ukraine

A rule for constructing the Lagrangian which ensures gauge invariance under an arbitrary Lie group is proposed

for the classical mechanical system with n degrees of freedom.
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