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Kpamkoe pesiome. Ocnosnasn meopema meopuu nenpepsisunz epynn Ju. Cywecm-

6oeanue addumushozo napamempa. Oepanuuenue euda UCKOMO20 N PeOspazosanus

m pebOCaAHUAMY 2 DYNNOBOCIMU U EHINOAHEHUS NRPUNYURA omHocumesvHocmu. Jsa
muna npeo6pasosanuii — A0peHY060 U nosopom oceli., Baraiouerue

B mpomumii pas MH 3aHEMagECh H3yYeHHeM CBOMCTB, HmpuUHAMJIe-
RANUX JOPEHIOBHM IPeo0Pa3oBaAHUAM, KAK COBOKYNHOCTH. MH Bmpe-
I, 9TO 3Ta COBOKYIHOCTH 06pasyeT IPyuny u uTo 3T0 €CTECTEeHHO Ho-
aydaercA m3 TpeboBaHmil JmHeiiHOCTH mpeo6pasoBaHUii M CYINECTBO-
BaHAA y HAX HHBAPHAHTA.
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Mz Bumenn fajee, 4ro CBOMCTBO GHTH IPpynnoil E3MIECKU IPE3BH-
gafiHoO CYIMEeCTBEHHO, 4TO (Ge3 3TOro Bee mOCTpoeHwe Pu3mku OBLIO OH
9pe3BEYAMHO 3aTPYAHUTENLHEIM K €BA JHM MOTJI0 OH mpHBeCTH K
gemy-HEGYIH xopomemy. Obmee n0peHIOBO IpeoOpa3oBaHme OTHOCHT-
ca K rpynme, cofgepsrameii 10 mapamerpos. Takymo rpynmy o6osHagaioT
o6e9HO Tak: G,,. OmHEOpPOAHOE IOPEHIOBO Ipeobpa3oBaHEe ABIAETCA
HDOArpynIo# 3To rpyunsl m @Meer 6 mapamerpos, T. e. 9T0 Gg; Ha-
KOHeIl, CIenuajbHoe JOPEHIOBO mpeobpa3soBaHWe XapaKTepH3yeTcsd
OJ[HEM IIapaMeTpoM, T. €. 310 Gy.

I npeioma BaM B KavecTBe IPEMEPA DPOBEPHTD, UTO CHEIHAIHHOE
N0opeHToBo npeobpa3oBaHEe [eHCTBHTENBHO IPENCTABIAET TIPYOOY.
B camom pgese, Bo3BMETE JOPEHIOBO Ipeobpa3oBaHHE CO CKOPOCTHIV
v;. CoorsercTBylomas Marpmna 6ymer L,. OHa maer mam mepexoxn or
HeIMITPHXOBAHHHX KOOPAMHAT K IITPHXOBAHHHM; 3aTeM Marpmia L,
JaeT Tiepexox OT KOOPARHAT ¢ OJHEM IITPHXOM K KOODAUBATAM C IBYMA
mITpuxaMu. Ecim MH mociefoBaTeIsHO IpEMEeHEM 06a mpeoGpasoBa-
HHSA, TO HOJYy9YuM npeofpa3oBanme HeIITPEXOBAHHHX KOODAMHAT K KO-
OpAMHATAM C IByMA MTPUXaMH, EMeOIIee MATPHILY

Ly, = Ly, + Ly,

Herpynuo y6egmarecest, aro Marpura L,, IOCTPOeHA COBEPUIEHHO TaK
e, kak L, u L,, npudeM 3HadeHZEe IapaMeTpa B HEd e€CTh

v -+ v
nwy
14+ -

Vg =

9To He 9TO MHOe, KaK siiHIITeHHOBCKAaA GOpMyIa CI0KeHAA CKOPDOCTeMH.
Tax oHO ¥ A0KHO 6BLI0 moayumThesi. Mu mMenn cucremy K, nBHKY-
MYIOCA €O CKOPOCTHIO vy 10 OTHOIIEHMI0O K cmcTeMe K, W Apyryio cH-
creMmy K", IBIIKYIYIOCA CO CKOPOCTHIO Uy IO OTHONIEHMIO K cucreMe K.
Kaxosa cxopocts cucrembl K’ mo orHomenmio k cmcreme K'? Ilo
JiHITEAHY, €CJIH ML CIOKEM STH CKOPOCTH, TO Pea3yJbTUpyoINee Ipe-
ofpasoBanme TOJKHO MMETh B KayecTBe IapaMeTpa HAmMCAaHHOe 3Ha-
geHHe.

Bonpoc, xoTopbiii MH 3aTeM IOCTaBHJIH, MOKHO (OPMYyJIHpOBATh
caeptyomum o6pasom. g Toro ¥To6H BHIBECTH JOPEHIIOBO mpeobpaso-
BaHHDEe, ME ONEPAJIACH HA HECKOJAbKO IPEJNOCHIOK. Bo-mepBrix, ME Tpe-
OoBanm, 9ToOH ompeleNieHHAd KBafpaTwuHaa ¢$opMa HPH Iepexofe
OT OJ[HO¥ CHCTeMBI K [PYTroi 0cTaBajach MHBAPHAHTHON. JTO OLLIO I'IaB-
HOe YCIIOBHe, IpAYeM MOKA MH TPe6OBaJd TOABKO HOCTOAHCTBA CKOPO-
CTH CBeTa, TO OHO JaBalio paBeHcTBO gopMel Hyxo. Horaa sxe MH mpm-
COEJIMHIIINA H TPe6oBaHMe OTHOCHTEIBHOCTH, TO HOJYIHAIM HHBAPHAHT-
HOCTH. Tenepsr M XOTHM IOCTABATH HECKOJHKO (OPMaNBHHIE BOIPOC —
obGparEuit. MH 3HaeM, 9TO mepexof OT ONHOH JBHKYINEHCA CHCTEME
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K APYrod ODPORECXOJUT OPE NOMOIMY JHHEeHHOIo npeobpasoBaHud, LpH-
9eM DapaMeTpoM CJIYIKAT cKopocrs. Ml mMeeM, TakuM 06pasoM, COBO-
KYOHOCTH JIMHEHHHX NpeoOpa3oBaHWi W XOTHM y3HATH, KAKOBH 3TH
upeobpasoBaumsa. Uto6H mX oumpefeNuTh, HaM HYKHO IOCTABHUTH Ka-
Kme-T0 TpeGoBaHmsa. Me He GymeM TOBOPHTH O IOCTOSHCTBE CKOPO-
CTH CBeTa, He 6ymeM roBOpHTH 06 HHBapAAETHOCTH KAKO#-TO (0 PMEL, HO
norpebyemM, uToOH 3TH Hpeobpa3oBaHUA MPEACTABIAIA co00d rpymimy.
Kaxwme orparmuenus Hanaraer 9To TpeGoBaHme Ha mpeolpasoBaHMsA?
Mu Bmpenm, 4ro camo mo cebe 0HO OYeHB CYIMECTBEHHO, HO eIle He
oupefenser Buia npeoOpasoBaBms opHo3HauHO. IlocMorpmMm, Kaxme
ke TpeGoBaHNA HYKHO 106aBUTh, YTOGH IONYIATH BIOOJHE OHpefedeH-
HEHle — JIOpeHNOBH — mpeobpasoBaHmsA. [{ida pemeHuss 5TOr0 BOIPO-
ca MH Dpele BCero MOJKHE 3HATH, KaKkde TPeOOBAaHAA HYKHO IpPefb-
ABATH AEAJMTHIECKH, €CIW MH XOTHM, YTOOH mpeob6pasoBaHme OHLIO
rpynnoi.

Hycrp Bamre npeobpazoBaHue 337]aeTCA MOKA He B BHJle JAHEHHEX,
a B BAfe MOOHX PYHKIEH ¢ OZHAM HAPaMETPOM

z' = f (z, y; a),
¥y =1y (z, y; a).

Ilo ompemesnennmio Tpynunl, Hy:kHO TpeGoBars caenylomero. Ilepeiinem
or ', ¥y K z", ¥y ¢ momompio mpeofpazoBaHKA

z" = fl (.’L", y’; b)’
y” = fz (x” y,; b)’

NPHEHANJIEKAMET0 K TOil ke coBOKynHocTH. ME MOKeM 3aTeM HOCTAa-
BHTH ', ' B 3T0 BTopoe npeoGpasoBanme u moiayumm z”, y” Kak QyHK-
nua oT I, Y, @, b. IT0 6yayT, BoobMmEe TOBOPA, KAKHE-TO HOBHE QyHK-
nuu. Ho ecnu oxraskeres, 4ro 9TH QYHKIUM MOKHO OUATH BHPA3ATh
TaK:

(31)

2" = f, (z, y; ©),

v = f, (x, y; ©),

¢c=1v(a, b),

TO, 3HAYNUT, HOBOE IpeobpasoBaHHe OTHOCHTCHA K TOH e COBOKYIHO-
CTH W mocjefHAs o0pasyeT rpymmy.

I y e roBopma B npomuIkii pas, 9T0 YKA3aTh CPasy, Kakme CBOMCTBA
ROJKHBL MMeTh PYHKIEH f; A fo, TPYAHO. JIE moDTes mo gpyroMy oyTH.
OE roBopET: MOCMOTpAM Ha 3TH (YHKOEM KaK Ha HMHTErpajH HEKO-
TOPHX AuddepeHINANHHNX YpPaBHEHHH MO OTHOMIGHWIO K @, AJISA KO-
TODHX Z, y OyAyT HavaapHEIMu 3HaveHmsaMu. (MH mpeamomaraeM, 9To
¢yurxnym guddepeAEmpPyeMsl, HeNPEPHBHL B BOOOINE ¢ HEMHE MOKHO J€ -

IpHIEM
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JaTh TO, 9T0 HaM HyxkH0.) Hanmmem ste pudpdepennuansure ypas-
HEOHHA

dz’ P
dfl =‘P1(~’$»y,a),

32)
dy’ o (
dgilz 2($,y,d),

npudeM OpE a = a,, ¥ =z, y’ =y. W BoT oxasmBaercs, 9To 37eCH
MMEET MeCTo OfjHa Teopema, SBIAIOMAACH OCHOBHOI TeOpeMoOil Teopun
HempepHBHEX rpynn Jm (1 ee fopMynapyio B YIPOMEHHOM BHIE —
TOJIBKO MAJA JBYX NEePEMEHHHX M [Jd OJHOWICHHHX TIpymm). Jra
3aMedaTeNbHAS TEOPeMa 09€Hb HPOCTO HOKA3BIBAETCA !, W IiacHT cie-
nylomee: ecin npeobpasosanusa (31) obpasyior rpyuny, To nuddepen-
OHEaJbHEE YPABHERRS (32) AMEIOT BIOJIHE ONPEeeHHEI BAJ, 8 AMEHHO:

dz’ ’ ’

&M@ X @, y),

iy (33)
W@ Y@, y).
9ro meoGxomuMoe W MOCTATOYHOE yCJIoBHME, npmueM QyHKmmEa A (a)
B o0omx ypaBHeHHMAX ofHa W Ta ke. OHA onpejielleHa He COBCEM OHO-
SHAYHO B TOM CMEICJIE, ITO €€ MOKHO YMHOKHTH Ha IPOA3BOJHHOE HO-
CTOSIHHOE YWCI0, T. €. QYHKIUS OT @ OnpefielieHa ¢ TOYHOCTHIO JI0 IPO-
H3BOJBHOTO IOCTOAHHOTO MHOKHUTENA. ITO HEeCYIeCTBEHHO, B 0oGmeM
OHA BCE-TAKM OJ{HO3HAYHA W /I JAHHON T'pPYIINH ABISAETCS BIOJJHE
ornpenejaenHoit pyHKIMEN Q.

Mu npuMeM 3Ty TeopeMy 6e3 /OKa3aTeNBCTBA M HOCMOTPHAM, Ka-
KHe CIEeJCTBHS MOMHO M3 Hee BHIBECTH. A CJI@ICTBAA MOKHO BHIBECTH
MOBONBHO MHTepecHsle. IIpeamonoxuM, 9To HaumcaHinbie BEHINE IIpe-
obpasopanmsa (31) o6pasyior rpyumy. MBI MoskeM 3aMeHUTH @ KaKHM-
HuOyns PYrAM TIapaMeTpoM, HampmaMmep o = o (a). IT0 He M3MEHUT
rpynmsi. Kciam »To rpyuma npe mapaMeTpe @, TO IPH o BTO TakKe
Gyaer Tpyimoii, T. e, B KaJecTBe HOBOTO IapaMeTpa MOKHO B3ATH JI0-
6y dbyHExumo craporo. B JopermoBHX mpeobpasoBaHWAX MH CUHTA-
JIA mapaMeTpoM CKOPOCTH, HO Morim Obl CIMTATH MapaMeTPOM H CKO-
POCTH B KBajipaTe MJIA CKOPOCTh B KBajparTe NIC enmHANA. B sToM
JEeTKO yOegHThCA.

Jlanee MBl BAjiedm, 9TO HpPOW3BefieHHe BYX IpeobpasoBasmil rpym-
I JIaeT HOBOe NpeoOpas3oBaHME, COOTBETCTRYIOMEe HOBOMY 3HAYCHHIO
mapaMmeTpa, KoTopoe, BooOIme roBops, He ABJAAETCA CyMMOHR AIA Hep-
BHX 3HauYeHHE (HampuMep, B JOPEHNOBHX Npeo6pa3oBaHAAX BTO He
cymMma).

! Cm., manpamep, I'ypea. Kype anmanuaa, 1. I, 9, I, crp. 94,
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Beenem Temeps HOBHIE, GoJsiee YROGHHH mapameTp
9= Ma)da (34)

(upm @ = a, OH paBeH HYJIO).

Ecam Mu nomcraBum 3ToT mapamerp B AuddepeHnmanbHoe ypaBHe-

mme (33), To monyumm
dz’

P :X(x/7 yl)’

d

e =
W = Y(x » Y )7

T. €. IPH DTOM MapaMeTpe YpPaBHEHWs TPYnOE KOJKHH Opmobpect:
TAaKOH BHM, YTO B IPaBHIX 4acTAX HapaMeTpa HeT. JTO THOHMYHO JIJIA
nupdepeHAATBPHEX ypaBHEHHH T'PyOmEl, H 3TO EMEET MECTO TOJIBKO
OpHE cuegEaabHOM BHbOpe mapamerpa (34). Beerma cymecrsyer oxmu
TaKko# mapaMeTp, KOTOpHI mpuBopmT AuddepeHnmaIbHbe ypaBHEHAS
K BAAY (35). Orciona moayvaeTcs 09eHb MHTEpeCHOe ciaencrame. Judde-
pPeHEnEANbLHLE ypaBHeHHsA (35) MOMHO MHTEIPHPOBATbH B TOM CMEICJE,
9T0 MOKHO YKa3aTh CBo#cTBa ob6miero marerpaia. B Gonee mpusrianoit
dopMe TH ypaBHEHHs 3aMHCHEBAIOTCA TaK:
’ 14
@ . (35')

X Y

Bmr 3maere, 9T0 mepBHIil MHTErpaN TaKEX YPABHEHHH €CTh
Q (', y)=Cy (36)

f1 mory B3ATH manee ogHO w3 ypasuenmit (35'), moxcraemrs (36), npo-
HHTEIPHPOBATEH W, 3aMeHAA C; ONATH IpPH MoMomu Bhipakenma (36),
moaydy BTOPO# HHTErpaj

Q@ ¥Y)=Ci+o. (37)

NHTerpnposanrme Bcerga NPUBOJWT K TAKHM BEpaYKeHHAM 1.

fI mory Temeps Bripasuts C; @ C, Ipn HoMOmME HAYAJBHHX (¢ =
= () 3HaveHn# r n y. B pesyanTate g monyuy clieqynniae HRHTEI'PAXE
ypPaBHeHH# TpymuEL:

Q1 (JL", Z/’) = Ql(‘r’ y)v }
Q@ ) =2z, 9) + @ (38)

BHa‘IHT, €CJIZ €CTh Fpynna, TO IPH oOpexeJeHHOM BI)I60pe oapaMerT-
pa ee nuddepennumanpHEe yPaBHEHUA HenpeMeHHO mMeloT BEHE (35').

! Cm. I'ypea, loc. cit.
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dra ¢opma ypaBHeHHil HashBaercs KaHoHWYeckoit. METerpamm stmx
ypaBHeHuit uMeloT Baf (38).

O6parBo, ecnu jaHH ypaBHeHES BAAa (35'), To METErpassl BCersa
6ynyT rpynmoi, T. e. ypasHeHms (35') Bceraa mpefiCTABIAOT TPYNOY.
Ceiluac MEL 3TO JOKaKeM.

A xouy mepeittm ot 2’ k 2" B uEmy

Q" ¥ =, ¥) }
Q@ ¥) =@, ¥) + s

ITpomssenerne sTHX ABYX mpeoGpasoBammil flaeT mepexof OT Z, Y K
z", y". lloncrapus (38) B (39), momyzaem

Ql(x”v y”) = Ql(xv y)v }
Q, (2", ¥") = Qa(x, ¥) + ¢1+ P

Taxknm 00pa3oM, MBI IEPEINIA OT HeMTPEXOBAHHOM K ABaKAL MTPHXO-
BAHHOH cHCTeMe KOOPIMHAT W NOIYYHIAM TaKyH ’Ke COBOKYIHOCTH
ypaBHeHWi, HO ¢ {PYTEM 3HAYeHMEM IapaMeTpa. B mepBoMm ciyuae y
Bac GBLI mapaMeTp @, BO BTOPOM (,; IPOM3BeieHre BTAX ABYX mpeobpa-
30BaHMAM WMeET TOT 7K€ BHJ, HO C IIapaMeTpoM

3 = @; + Py (40)

ITOT Pe3ylnbTaT — agHTUBHOCTH — MHI IOJYIHIN CBEPX BCAKOTO
osmmanua. Ml ucxoquiu m3 Toro axra, 9To ecam Hamm Ipeobpaso-
BaHEA o0pasyioT rpynmy, To AnddepeHIHaIbHEE yPaBHEHAS HMEIOT
BIIOJIHE OLpefleJIeHHE# BU/. VI3 9Toro BE/la MH IPHINIA K 3aKJII09EHHIO,
9TO BCETNa MOKHO BBECTH TaKO#l mapaMerp, IPM KOTOPOM HOCIeNOBa-
TeJApHOE NPHMEHEHHmE ABYX Npeo0pa3oBaHAH COOTBETCTBYET TPETHEMY
npeoOpazoBaHMI0, MapPAMETP KOTOPOTO eCTh DPOCTO CyMMa IlapaMer-
POE IEpBOTO H BTOPOro mpeobpasoBanmit. OKassBaeTcA, ITO TaK HOKO0-
paTh mapaMeTp BCeTa MOJKHO, IPHEIEM OH ONpefiejseTcs OfHO3HAYHO,
¢ TOYHOCTRIO [0 IHCIEHHOr0 Koddunmenta (T. e. ecidm BMECTO ¢ MH
BO3bMeEM k@, TO HOJYIHM TO 3Ke camoe).

Besaras ofgowineEHas Ipynma MosKeT OHTH UpPH IOMOINE COOTBET-
CTByOMmEro noffopa mapamMeTpa NpUBefeHa K Takoid gopMe, B KoTOpOi
mapaMeTpPH OPOCTO CKJIAJBBAIOTCA.

Mexny mpodmM, 9TO cpasy HABOAHT Ha Clemylomumi Bompoc. Mur
BHJI@JIA, 9TO KOTJ(A 32 HapaMeTD JOPEeHNOBA IpeoOPasoBaHUA MH IPHU-
HAMaeM CKOPOCTh, TO NPOH3BeieHEe BYX mpeofpaszoBaHmil mMeer Ha-
pamerp, KOTOPH He paBeH cyMMe mapaMeTpoB. ME MoskeM CKa3aTh Te-
neps, 9T0 €CTh KaKOK-TO ONUH MapaMeTp, OPE KOTOPOM B IIPOU3Be/leHAM
ABYX JOPEHNOBHX mpeo0pasoBaHmil MBI, HABEPHO, HOJAYIUM IIPOCTYIO
cymmy mapameTpoB. CKOPOCTH He eCTh TaKO#l mapaMeTp, HO TaKo# ma-
PaMeTp HempeMeEHO cymecTByerT. K 9ToMy ME oGpaTrmMcs mosgHee.

(39)
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Cefivac Hac, B CyN[HOCTH, HHTEPECYeT TAKOM BOHPOC: 4TO MOIKHO
CKa3aTh OTHOCHTEJNBHO T'DYyNNH npE TpeGoBaHmH, 4To6H mpeobpaso-
BaHAA OGHIM JUHEHHHME A OHOPOXHEIMH?

Bypem Bectm Hamm mccuefloBaHEA, OPHHHMAd TaKOW mapaMmerp,
KOTODHI# LpOCTO CKIajghBaeTcs,— Tak Gymer ropasgo mpoue. IloTom
MBI CBSAKEM 3TOT IIAPaMeTp CO CKOPOCTHI M YBHMIAM, KaKWe CJOJICTBHA
orciofa moayugaiorcss. OcHOBHasg TeopeMa Oma mpuBefieHa 0e3 MOKa-
3aTeancTBa. MEl BRIBeNH M3 Hee oIpefielIeHHEE CAeNCTBAA B ceiigac Opu-
MEHEM KX K HETEDPEeCYIOHmeMYy HAC CJIYYal0o ¥ IOCMOTPEM, YTO W3
3TOTO Clefyer.

CaMuit o6mumii Bay, nuHEeAHOTo Npeobpa3oBaHMA ¢ OGHUM IapaMer-
pom (6ymeM DoKa CYATATH mAPAMETPOM CKOPOCTH) TAKOM:

z' =a(v)x+b(v)t,}
' =c@Waz+d@t, (41)
rae a, b, ¢, d — nponspoarunie ¢ynrmEna. OMHO TOABKO MOMGHO CKa-
3aTh CPA3y JKe: eCJIE MK XOTHM, IT00H mapaMeTp 0603Ha9aT CKOPOCTS,

T0 RO HA MMETh MECTO HEKOTOpasA CBA3D MEKAY Koa(i)(bnnneﬂ'ramn,

b(v
a WMEHHO (()) — v, KOTOpafg CleAyeT npocTo u3 (H3MIECKOTo

CMEICJIa CKODOCTH.

Eme opuo zamedannme. 13 Jiopennosa npeoGpasoBaHus MBI 3aKJI0O-
9MIIE, YTO JJMHA, A3MEDEHHAsS B ONHON CHCTEeMe, WHaf, I6M W3MEepeH-
Has B gpyroii. 3 Bcero xopa MOKa3aTeAbCTBA BHHO, YTO OTHOIIEHHE
IJIAH JaHHOTO CTEP:KHA B OHOW M B [JPYroil cuCTeMe OmpeessAercs
rosdpgumuentom a (v). Taros uamueckuint CMHICI 3TOTO KoddduUUenHT];
3aMeTHM 3TO0, XOTs IIOKA 39T0 M HEBaKHO.

Mu xotum maiitH, Kakyw GopMy ROKHH HMeTh npeofpasoBanms
(41), 9ro6n oum Guam rpynmnoii. Bocmoapsyemcs HamEM pemenToM:
npopmddeperngpyem ypapuesma (41) mo v m moayumm pmmdpdepen-
OHAJIbHbE ypPaBHEHUs

L —a@a +80)1,

Ly (0)2 +8)¢.

Ecauz sro rpynma, To sudpdepeRnmanpELie YPaBHEHEA AOMKHH MAMETH
BHJ

22— A(v) (az’ + BO),

dt’ ’ 7
- = h@) vz’ + &),

T. €. COPaBa MOTYT CTOATH TOALKO TaKHe OfHOPO/HKEE JHHeHHbe PyHK-
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nua 2’ 1 t', B KOTOpHX @, P, 7, § — mocroAHHse BenuumHE. BBenem
HOBHIII mapaMerp

9= { rw)yav. (42)

Torga KaHOHEYECKHE YPABHEHHS MCKOMHX NpPeo6pasoBaHMil NOMKHEL
MMETH BUJ

dz’ , ,
ag =% + B,
ot ’ , (43)

To, uro @, B, 7, 8§ — mocrosHHbIe KOPPUIAEHTH,— TO KOJOC-
cajJbHOE OTPaHUYeHHE, KOTOpOe HOJIYyYmIOCh HMEHHO w3 TpeboBaHMiA,
4yTo0H ypaBHEHUA IpefCTaBIsANE rpyunmy. llpommterpupoBarb ypas-
Henms (43) HMYEro HE CTOUT, M ML MOLJIH GBI IPAMO B OKOHYATEABHOR
opMe HamHCATH JAHEHHOE OIHOPOJHOEe npeobpasoBaHme, YLOBIETBO-
PAIOIEE TOJBKO TOMY YCIOBHIO, 9T0 0HO 0Gpasyer rpyuny. 1 Bce-Takm
aT0o Oymer Habop COBOKYNHOCTEH, KAKIOM U3 KOTOPHX GYLYT OTBEYATh
onpejeeHHbe 3HaYeHAs o, B, y, §. Haxme sTo uymena, Mu He 3HaeM.
Ycnorme rpynnn Tpefyer TOABKO, 9TOGH 9T0 OLIIA HOCTOAHHEE Be-
awaads. Mosxao BaaTs umcna 1, 2, 3, 4 mam 1, —2, —3, —4. Tunn
npeobpasoBaBmil Gyayr CymMEeCTBEHHO PA3JMYHHI B SaBHCHMOCTH OT
COOTHOMIEHMH MMy STUMHA KO3PPHIHEATaMHA 4 9TO NPHBOLAT HAC
K H3y4YeHHI0 BO3MOKHHX THOOB npeoGpasoBanmii, ¥ paBHemusa (43)
XOPOWIO W3BECTHH W HOAPOOHO MPOAMCKYTHPOBAHH, W HA 3TOM OCTa-
HaBIEBATHECH MH He OyjeM. XOTA W MHTEPECHO C TOYKH 3PEHHS TOIBKO
YCJIOBHA I'DYNIOH PacCMOTPeTh, KAK BEITIAKAT OTHeIbHHE mpeobpaso-
BAaHAA B 3aBHCHMOCTA OT PA3JAYHBIX COOTHOIMERHH MEMIYy IMCHAMHA
a, B, v, §, m mocMoTperb, KaKMM (HSHIECKUM CMBICAOM Kaj[0e U3
HEX MOKeT 007afaTs, HO MBI DOHJEM He TakuM myTeM. Ml cpasy e
MOCTaBAM AajbHedmme TpeOOBaHUA, MOTOMY YTO MHL BHfEJH, YTO OPH
BHBOfie JIOPEHI[OBA Hmpeo0pasoBaHMsI MH TaKiKe He MOLIHU YAOBJIET-
BODHTHCA OJHEM TOJBKO IIOCTYJNATOM IOCTOSHCTBA CKOPOCTH CBeETa,
a TpeGoOBaJM eme H OTHOCHTEIHHOCTH. 1l03TOMY MH mOCTapaeMcs
H 3/iech, IPeKMe 9eM HHTeTPHPOBATH YPaBHEHMS, BBECTH 3TO Tpebo-
BaHHe.

Kax Bmpaaerca TpeGoBamme orHocuTeanHocTH! BossparmMes K
HCXORHEIM ypaBHeHEAM (41). Ml MoskeM uX 0GpPATHTH U IOJLYIHM TOTAA

’ ’ 7 4
x=d:): J;—bt, f— —0F + at ) (44)
ad — be ad — be
Ecnm cacrema K’ gemxercs mo oTHOMEHHIO K cECTeMe K CO CKOPOCTHIO
v, TO f foJkeH TpeGoBaTh, IT00H cHcTeMa K BHTanach M0 OTHONIOHNAIO K
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cucreMe K' co ckopocrbio —v. 1o mepBoe TpeGosanme. Bropoe Tpebo-
BaHHMe, KOTOPOE MH IPENBABIAIN M paHbIle, TAKOBO: €CIA A H3Me-
pui BenogBmKEHA B K' Macmrab B cucreme K m oH Okasaics B n pas
Kopoue, To M o0paTHO, KOIfa S wW3MepAKw m3 cHcTemu K Macmral,
KOTODHIH HemoABMIKeH B cucTeMe K, A JOJIKEH MOXYIATH TAKOe 3Ke YKO-
poueHme.

Itz TpeGoBaHMA HAJATAOT HA HAMHE KO3Q(HIAEHTH J{OBOJBLHO
Gospmme HOBHE OTPAaHMYEHHS, a HKMEHHO: BO-IEPBHIX, CKOPOCTH,

ofpaTHan cxropocTH U = ——b% coraacHo (44),ectp v’ = Zgg .
fI rtpebyio, arobu v = — v, oTKyjma BuTexaer, wro a (V) = d (v).

Hpome TOTO, B3amMMHOE YKOpOYEHHE JOJIKHO 6L1TL OAHAKOBHIM.
B (41) om0 pmaetcst kosdduumentom a (v), a B (44) — xoadduumenrtom
d ()

T Fa" CienoBaresabHo,

d
ad —bc ?
a TaK Kak @ = d, To NeTePMUHAHT JOJJKEH PaBHATLCA efUHHIE. 3HA-
AT, BBeIeHHue Tpe60BaHKH OTHOCHTEJBHOCTH [1aeT cleayroniee:
a(v) = d(l)),
ad — be =

a =

(45)

910 MOBOALHO (OABMOE OrPAHWYCHHEE, HO COOTBeTCTBYIOmEE TpeGona-
HEA MH cTaBuiad W pasbme. fI G cxazax rpy6o, 4To MH 3aMEHHIH
Temeps YCIOBHE IIOCTOAHCTBA CKOpOCTH cBeTa TpeboBaHWeM Ipyuno-
BocTH. Baarogaps ToMy, 9TO CBOMCTBO I'PYHIOBOCTH COGIIOZEHO, MEL
OPHALNLIE K TOMY, 9T0 YPaBHeHAA (43) JOJKHE HMETh OCTOSHHEE KO9()-
funmentr. g Toro ke, 9TOOH M OPHHEIAT OTHOCHTEIHLHOCTHE GBI C0G-
arofeH, Heobxomumo, 4TOOH KO3PQANEEHTH MHTErPaJbHEIX COOTHO-
HIEHEH YAOBAETBODSAIN ycAoBHAM (45).

Jlerxko ycranoBuTh, Kak OT3HBAXOTCA TpeGoBaHUA (45) Ha K03PdHu-
IHAeHTaX &, f, v, §. JTo MOKHO cfiefiaTh IOCPELCTBOM IpHeMa, KOTO-
PHM TeopHA IpyIIl 09€Hb 9acTo HOJB3yeTcd. fl BHBe#y, Bo BCAKOM
crydae, Heo0X0[EMOE YCIOBHE, XOTOPOMY HOMKHEL Y[OBIETBOPATH
a, B, 7, 6 H KoTOpOE EMeeT 09eHBL HpPOCTOH BHL.

Ipga g = 0a4'=zut’ = t. llepeiinem or ¢ = 0 & ouendb Maznomy
A@. M MoskeM HammcaThb TOTHA '

=z+ (%) _ Ae,

"=1t4+ (%—)q’:o Ag.

dto Gymer, ®ax roBopaAT, GeckoHewHO Majoe mpeofpas3oBaHme, T. €.
coOTBeTCTBYyIomee GecKOHETHO MambiM cKopoctsaM. Ho us (43) Mu 3Ha-



Yemupnadyamas aexyud 277

dz’ dt’ ' '
eM —o B o IPH @ = 0, Tak kak upm aroM z' = z, I’ = t. Ilopmera-
BUB, TIOJYIHM
z' =1+ alg) z + PAgt,

t' = yAgr + (1 + 8Ag) ¢.

Mu mMeem 37iech IPOCTO MHTETPHEPOBaHMe B Gam:Kajimeil OKPeCTHOCTH.
IIpm xw06om ¢ Hy:xHo Ghut0 OB (43) HIPOHBTErpPHPOBATH, HO JJiA Gam-
afimeil OKpPECTHOCTH MOQYKHO UOJIYIATh Npeofpa3oBaHme TaK, Kak
M5l 970 clenanu. TpeGosammsa (45) cupaBegnmBH mpw JI060M @, a 3Ha-
anr, B Aaa Ag, HO, KOHeYHO, BCe 31eCh JOJIKHO JielaThCs JIHMb [0
nepBOTO MOPAAKA O0THOCHTENHHO A¢. Jlerke BmpeTh, 4TO €CJHE MH X0-
THM Y/I0BJETBOPHTH ABYM yciaoBaaM (45), To Heobxomgmmo & = & = 0.
Taxmm o6pasom, nudpdepeHmEaNbEEE ypAaBHEHAS HAIINX Hpeob6paso-
Bagmil, ecim npubaBurh TpeGOBAaHAE OTHOCHTENILHOCTH, MOIKHEL OHTH
TAKOBH: )
! L
=B, =T, (46)

Ife B % Y — UPOM3BOJBHEE IOCTOSHHEE IACIA. JTO yske HOUTH efHH-
cTBeHHOE ipeoGpasoBamme. B Tom, 9To 0HO Bee 3Ke He eUHCTBEHHOE, —
Bech maTepec. Tenmeps ocTaeTcss NPOXHTEIPEPOBATH 9TH yPaBHEHHA M
TNOJAY9YHUTH YPaBHEHAA B KOHEYHOM BHZE, KOTOPHE Y/OBJIETBODPAIOT BCEM
HammM yeaoBuaM. Ho mosBonnTe cielaTs HEKOTODHE 3aMedaHHA.

Bce mamm cerogmamume paccyskuenma opmansEu. To, 9To MH
Tpe0oBanm TpPyUmoOBoCTH,— 3T0 ($opMaapRoe TpeboBaHHe; TO, dUTO
MH TpeGoBant¥ OTHOCHTENBHOCTH, TaK:Ke CBOAUIOCH Ha (opMaibHOe
TpeboBanme, 9rofn HexoTophie K0adPAOUEHTH OHIHM CBA3AHH OLpe-
HeJIeHHLIM 06pa3oM, a OTCIfa KaKwe~TO IpyIrue KosPEIUueHTH KOJIKER
OrIm paBHATHCA HyI0. DH3MUECKEA CMEICI OPH BTOM He YYHTHBAJ-
¢, W BCe 9TO ObIA opMalbHEE MATEeMATHIECKHE YCJIOBHA.

PaccmoTrpum coBepmenno Apyryio 3ajavy. BozbMeM Ha IJIOCKOCTH
KOOP/AMHATHYI0 CHCTEMY &, y W mepedifileM K HOBO# cmcreMe z’, y'.

YCTH yroa Mepy ocaMu paBeH ¢. Torga MH 3HaeM, UTO

’

z' =z cos ¢ + ¥ sin g, (47)
Y = — zsin ¢ 4+ y cos .

ITo orHOmennI0 K 9T0i 3agave A MOT GH HOCTABHTH COBEPIIEHHO TAKHE
e Bompoce. fl sHao, wTo ypaBHeHHs npeo6pasoBaHEA IHHEHARH H
ONHOpPOMHE, M A TOTpe0yw, 9T0GH 0HM ORUIA TPynmoO# (MesKAY Ipo-
9mM, HA 9TOM CTPOHTCA BeA Teomerpus). f1 mapowno BRUHECaN »TH mpe-
o6pazosanmsa. Ecam BH mocmoTpuTe Ha HAX, To yGemmTech, 9TO JBA
Apyrux TpeCOBAHAA 37[eCh TAK)Ke BHIIOJHEHH. Bo-nepsHx, ¢ = d H,
BO-BTOPEIX, METEPMHEHAHT PABeH eIWHHIPE, TAaK 4TO MOCTYJAT OTHOCH-



2738 Jexyuu no reopuu orrocuresrnHocTu

TeNLHOCTE yjosnerpoper. f Mor O, NOBTOPA0, PEIMTDL sajady O
OpeoGpasoBaHUd KOOPAUMHAT HA IVIOCKOCTH, HCXOAS H3 CHAE[YIOMUX
rpebopanuit. peobpazopanna RoWKHEE OHTL AUHEHHEIMH, ORHODOJ-
HHME, JOJDKHL IpEACTaBAATh IPyunuy, a8 Kpome Toro, 4 = d, B fe-
TEPMUHAHT JOJIKER PaBHATHCA efuumue. Hax reomerpms mocrymaer
obrrgno? Jlmneitnoe mpeoGpasoBaHme OgHOPONHO, H Tpebyercs, wrolh
2% + y*® 6110 waBapuantoM. OTciona mpaxonat K {(47). Ho momxuo no-
CTYDHTH U 00PaTHO: HUYET0 He TOBOPHTH 00 MHBapumante, a TpeGoBarh
rpynmoBocti. Jlerko moKasars, 4TC 3T0 O3HAdaeT TeoMeTpHYecKH.
OT0 COBEPHIEHHO TO JKe CaMoe, YT0 Hame TpeGoBaHHe B3aEMHOCTH COX-

pamennsa MacmTaba B MTPEXOBAHHHKX ¥ HEUITPAXOBAHHHX KOOPKE-
HaTax.

lloxa wro y mac pgpyras 3afada, HO eCAH A YKAIBHHHM 00paszoMm
TOCTaBJIO BOOPOC 0 PA3BICKAHAM HpeoGpasoBaHmil, TO # UPENBHABAIO
TE JKe camble TpeGoBaHHA, 9TO ¥ B 3ajade o npeolpasoBaHUU OT ONHON
AswRymedes cucremsl kK Apyrod. CoBepHIeHHO ECTECTBEHHO, 9TO O
OTHOIUGHNIO K MU (epeHRNHaNbHAM YDARHSHUAM OTBET HOLmed OrTh TeM
JKE CaMBIM, T. €. U JJA DOBOPOTA KOOPEMHAT Ha NiaocKoctu pubde~
PeHNUAJIbHLIE YPABHEHHA NPeoGpasoBaHus [OIHKE ORTh TAKUMU Ke.
Tarum obpasom, wam TpeboBaHMA NOKA YTC HE AENAT PasIUTds
MEJLYy 9THMH IBYMH (QH3AYECKH COBEPIIEHHO DA3HBIME 33T4YaMH.
OnHa -~ mpeobpasoBaHAe KOOPAMHAT, HBIPKYIIAXCH XPYI OTHOCH-
TeJIHHO PYra CHCTEM OTCYeTa, & APYyras— HOBOPOT 0Cell Ha MIOCKOCTH,
T. e. upeofpasoBaEwe ABYX NPOCTPAHCTBeHHWX Kooppmuar. YU Bor
MATEPECHO, YT0 HAMM TPe0oBannsa JeHCTBUTENALHO COUEDHAT OTBET KakK
Ha NepBHH, TaKk W Ha BTOPOM BONpOEL, T. €. cofep:xar oba aTw caysas,
HO BUKAKAX APYrux ciyuaes He cofepskar. Ilorom Mm BmsicEEM, Kak
OPORECTH PA3IHIHe MEMAY ITHUME ABYMA CIAYYAAMH, HO cefivac BH
BUAATE, HACKOAHKO 0Hu Gaasxku. BoT moyeMy up® JopeHnoBHIX Upeos-
PABOBAHUSIX rOBGPAT O reoMerpusauum. JleficTemrennuo, 3ajava, Io-
CKONBKY OHA CTABUTCH A0CTPAKTHO MATEMATHYECKR, T4 e CaMasl, HO
moavko mamemomuyccry. DE3AICCKM MEL TOAKYeM Z, y U L COBEP-
TeHHO PaBJWYHO: B NEPBOM CIydae T B J — LOPOCTpaHCTBeHHbIE KOOP-
AUHATH HA NIOCKOCTHM, BO BTOPOM CHYy%ae & ~— OPOCTPAHCTBEeHBAd KO-
OpIMHATA, A ¢ — BPEMA, KOTOpOoe COBEPHIGHHO MHAYe H3MEePAeTCHA H
oupeprenserca. ficro, uro Zomxuo OHTH H KaKoe-10 opMaTbHOE Pa3s-
J@u®e, M ML YBHAMM ceiivac, 970 OHO AeHCTBHTENBHO WMEETCH.

B uem omo sawmiogaerca? f ckasaiu, aro f§ m ¥ — mpoEaBoJbHEE
mocrosEne. VI BOT OKasmWBaeTCs CYMECTBEHHHM, MMEWOT I OHA ONH-
HAaKOBHIE 3HAKW WJHA pasimdesle. PaccMOTpHM OePBHA cayuad —
P ¥ 7 EMeT 0f¥HAKOBHE 3HAKH—H B 9TOM IPLAUOJIOKEHAM U PORHTET-
pUpyeM HAamu COBCEM NpOCTHe ypaBHeHHA. 3amermd, ura } By
AeHCTBUTENOH, TAX KAK NOJ KOPHEM CTOMYT HOJOKHUTENbHAS BelUvH-
Ha. f§ B y OUpPefeNEHH ¢ TOYHOCTHIO [0 HOCTOAHHOro Koaddumnmenra,
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H MBI MOKeM II09TOMY CuTaTh, 9To } By = 1. OGosHaumm fanee ]/T/B =
= p. Mu nonysaem Torga ms (46) ciaegyiomume OKOHYATEALBLIE BHI~
pasKeHdsA: '

@ —p ©__ 0
2= -l?:e z—p e 2e t,

e —e? e® L ® (48)
= — 5 r+—7 t.

Mu yGenumesa, 4To 5T0 JOPEHNOBO npeobpasoBanume.

IMapasiienbHo paccMOTPHM BTOpoit ciydait, xorga Py << 0, T. e.
Korfla B M Y mMeIT pa3HEe 3HAKH. MH Bcerfia MOKeM YMHOMETb HX
Ha TaKylo BexmumHy, uro6n monyuars )/ By =i. Jlamee, o6osHa-
unM } 7/B = — ip. Ecam npounTterpuposaTs ypasuenns (46) npu oTHx
YCAOBHAX, TO ME HOJYIBM

i@ —ie ie __ ,~ie
oi® _ o—ie g + P (49)
= - z+ .
2pi 2

f1 Doka He 3HAI0, KaK@e ypaBHEHHS OTBOYAIOT MoeMy caydawo. f yr-
BepIK[a10, YTO mEepPBHE €CTh JOPEHI0BO mpeo6pazoBaHMe, a BTOpHe —
caMoe o6LarOE npeobpasoBarEne KOOpAMHATHON cucTemul. Ho noka s me
3HAI0 HHU JIOPEHIOBHX Ipeobpa3oBaHmil, HU ITWX, W A CHPAIIABAIO:
MOKHO JIA MMEHHO M3 uapuecKux coobpaieHuii, 13 TOro, I4T0 OoIpefe-
Jenue BPEMEHH HMHOE, 9eM onpefejeHHe BTOPOil KOOPAHMHATH B IPO-
CTpaHCTBE, CKasaTh ¢ CaMOr0 Havajia, KaKWe yDaBHEHHA OTBEYAKT
OHOMY CJIy9al0 B Kakme fipyromy? f yTBep:xnaio, YTo MOKHO, M OpPH-
TOM pasJHYHLIMA crocobamu. f 9TO chena TOJABKO OFHHEM cuocoboMm.

Bosbmem ypasuenmsa (48). @opma sTHX ypaBHEHH, KOTOPYIO MBI
DOJAYYHJIX W3 TpeGoBaHEHA TPYHIOBOCTH, CPady TOBOPHT O TOM, UTO
cymecTByeT HHBapumaHT. BosBegmre nepBoe W BTOpoe ypasHeHUA B
KBaJlpaT, YMHOKbTe BTOpoe Ha p? W BHUYTHTe U3 mepBoro. Brl momy-
q9uTe TOrna

z'? — P’ = 2? — 22,

T, €. 9TO BRIPAJKEHME fABJAETCH HHBAPDHAHTOM. AHAJOTHYHO BO BTOPOM
clydae MHBaPHAHTOM ABIAETCH

a'? 4 pit’? = 2® + o,

npuueM oba pasa p — AelicTBETeNbHas BeamuuHa. Mrtak, ypasHeHmdA,
KOTOpLIE HOJY4HMIMCh M3 Hamux TpeGoBaHMH, roBopAT, 9T0 B 06omx
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ciIy4afgxX CyIIecrByeT MHBADHAHT, HO B IIEPBOM clydae — OOWH, BO
BTOPOM — JIPYTOii.

Orcroma A cpasy MOy ckasaTh, Kakoil ciydail OTHOCHTCA K [[BH-
JKeHHI0, 8 KaKod K mpeofpaszoBanmio kooprawaar. Ilo onpesenennio Bpe-
MeHH ¥ [[BHJKEHHA, A MOy CKa3aTh Clefyiomee: eCllE y BAac ecTh He-
OO[BU/KHAS TOYKA B KAKOH-TO KOODHMHATHOM CHCTEME ¥ €CIH 5Ta
cECTeMa [BHIKETCH, TO C POCTOM BPEeMEHH KOODPAEHATA, OTCYATAHHAA
B HEONOMBIXKHOM cmcreme, HecoMHeHHO OyfeT BosdpacraTb. JTo comep-
JKOATCA B cAaMEX HallMX NOHATHAX O BPEMEHH M O [BH)KeHHH. 3HadIHT,
eciid CyMEeCTBYeT WHBADHAHT MEKAY £ U I, TO OH MOJKeT GHTH TOJBKO
TAKAM, 9TO IPHW pocTe ! HOMKHO pactddx. Ecmm ke ¢ w x pacryt u
OPpH 5TOM KaKoe-TO BBIDa;KeHHE 0CTAeTCH MHBAPHAHTHHIM, TO 3TO MO-
xeT OBTH TOJNHKO BHPA/KEHNE CO BHAKOM MumHYC. B mpocTpamcTse na-
060por — IIOBOPOT OCelt He M3MEHSAET PACCTOSHUS MEHKAY ABYMA TOY-
kamz. Ecam x pacrer o GecKOHEYHOCTH W ¢ PACTeT, TO BCA BEIMIHHA
pacrer. Ho npn m3MeEeHEE KOOPAMHATHON CHCTeMH TPeGOBAHMA, UTO-
OH = M { yBeJUYABAJACH, HeT.

Taxmm obpasom, u3 Tex TpeGoBaH@Il, KOTOPHE MH TNPEIBABIIEM
KO BPeMeHU U [IBU/KEHHIO, sICHO, UTO [JIfl HAINEero CIyJas HHBAPHAHT-
HEIM MOJKeT ORITH TOJBKO IepBOE BHIPAKeHHME, T. €. Ml OJHO3HATHO
BHIEJNHIN Teneps mpeoGpasoBaHme, KOTOPOe HAac MHTepecyer.

B oToM «HeOOABHIOMY PABIWYME B 3HAKE KPOETCS CYIIHOCTH Pas-
AAYEs MEeKAY NPOCTPAHCTBEHHOW KOODIMHATOM BO BTOPOM Clydae I
BpeMeHeM, KaK Jipyroil «KoOpMuHATOW», B HMePBOM Chydae.

Hawm ocramoce moxasats, aro (49) meiicTBATENHHO €CTH HEe YTO MHOE,
Kak oOmuHOe mpeobpasoBaxme. Jlerko BmaeTh, 4T0 ypaBHeHuA (49)
MOKHO IepenucaTh B BHJE

z' =z cos @ — pt sin @,

sin @
P

t';——x

+ £ cos @,

a oT0 o0GbiyHAA gopMa mpeoOpazoBavUA, 33 MCKINICHHEM HPOU3IBOIE-
Hoit Besrmumnas p. Ho ee mpracyTcTBue moHATHO. MH Befb He TpeGoBann,
aro0E MacmTal jist & ¥ y Ouin opmaakos. IHpm arom nobasognom Tpe-
OoBaHMM MH HOJYy4YMM OOBYHBE (QOPMYJH mpeoOpPa3OBAaHUA KOOD-
AHHAT.

HaoGopor, Takas ¢opMa COBEpIIEHHQ HEUPHWBHYHA [Af HAC B JO-
pernosom mpeobpasoammm. Ciayvaiina am 5Ta PopMa miIE He CIydai-
ga? fl yxe ywkasaa, 4ro mapamerp ¢ — 3T0 CHenZaibHO mofolpam-
HHH mapaMmeTp, KOTOPHHA 00iafiaeT TeM CBOHCTBOM, 4TO YMHOKEHHIO
IBYX Tpeobpa30BAaHHI COOTBETCTBYET CJIOMKEHHE MX HAPAMeTpoB. Tak
Y3 DOBEJIOCH, YTO IIpH npeoGpasoBandnd oceil 3a mapaMeTp IPAHAMAET-
cA yroX ¢, H KOIZla BH MHOBOpadYWBaeTe OCH CHavaja Ha YIoa @,
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a 3aTeM Ha Yyrol (,, TO OKOHYATEJbHHIH HOBOPOT OyAer Ha yroux @g =
= @; + @q. Ho MoKHO GhIO OB BEIOpPATE B KadecTBe mapaMeTpa s
HoBOPOTa ocelt He @, a, cKaskeM, tg ¢. ITycrb tg ¢ = v. Ecan mopcraButrs
BTOT mapameTp, TO HOJYIWTCH JOPEHI0BO Hmpeobpasosarme. [ekcTBm-
TEJBHO, (3 = @) -+ @y, & BHAUMAT, Vg = tgPs = tg (¢ -+ @g), T. €.

g1 4-tg Q2w
1—tgoitg@a; 1 —ovvs °

03:

Ho aro xax pas JopeHNmOBO mpeoOpasoBaHme Ajs cropocredl. Taxum
o0pasoM, ecid GH MOBOPOT XapaKTEPH30BAJICH He CAMHM yIioM, a ero
TAHTEHCOM, TO MH HONyumim OH JIOpeHmOBH mpeobpasoBaBmA. Mu
MOKEM ¥ [BIJKEHHE OFHON CUCTeMHL II0 OTHOUMICHWIO K APYTodl Xapar-
TepH30BaTh HE CROPOCTHIO U, & BenmamHo# p. Torma MH moxyum ajin-
THBHOCTE CJIOJKEHMS 3TUX HOBHX «cKopocteiy. Taxoe ¢ B KauecTBe
¢usmgecKoro mapaMeTrpa BMECTO CKOPOCTM HMMEHHO ¢ BTOH TOYKH 3pe-
Hma Geimo BeefieHo Po6oM. Po6 roBopHT chaefyrmomiee: Ml MOKeM 0Xa-
PaKTepM30BaTh [BH/KEHUE OTHOTO Tela 110 OTHOWICHHIO K FPYTOMY CKO-
pocteio. UTo Takoe cropocTh? ME 3HAeM, 9TO TeI0 MOKET ABHTATh-
€A CKOpee WIHM MejiieHHee. B KauecTBe MepH Mbl m30paid OTHOIIEHUE
OYTH KO BPEMEHH ¥ NPHHAJIM 5Ty BeJHUMHY B KAUecTBEe mapaMerpa.
Huuto ne memaer HaM BoIOpaTh APYIYI0 XapaKTepPUCTURY ABMKEHHA.
ITosBoabTe He OCTaHABAUBATLC Ha 9TOM MOLPOOHO, HO MOKHO GHLIO OH
¢usmueck: cpelars Tak. IlpeacrassTe cefe, 9T0 B HEKOTOPOH cHcTeMe
0TCYeTa MEl CTPEAAEeM W3 NYMKHW; AApo OyAeT ABATaTLCA, M 9TO JBH-
’KeHIe MH [IpEMeM 3a Mepy ckopoctu. CKOpoCcTh KaKoT0-TO IPYTroro 3a-
TAHHOTO [BUKEHWSA MBI MOJKEM ONpENeNuTH TAKEM 00pasoM: MEL BEHI-
CTPeJniN W3 MEePBOM OYMKH; BTOPYIO, COBEPIIEHHO TaKyl0 ’Ke IIyml-
KY MBI 3aCTaBJfEeM [BUTATHCS TaK, 4TOOE OHA WMIIA BMecTe C SEPOM
OepBOH, X B 9TO Ke BpeMsA cTpelseM W3 Bropod nmymim. Torga ee ssapo
Oyier Kak-To gBuWrarbcsa. Yl BOT, TO ONpEJEIEHHIO, MH CKajKeM, 9TO
3TO BTOpOE AAPO mMeeT OLICTPOTY, BiBoe Gonblnyio, 9eM mepeoe. Ecam
MH TaK OUpefeJuM, TO 3T0 U Oymer Hamr a/(UTHBHHE mapamerp. Mu
MO}KeM HasBaTh ero Osicmpomoi. (Po6 HasBam ero rapidity). 9to
Obit GBI 09eHB MEHHE apaMeTp HMEHHO B CHIY CBOGH aJATEBHOCTH.

Teneps mossoawrTe mOKaszaTh, uro (48) HeficTBHTEIHHO JOPEHIOBO
npeo6paszoBaHme. B HeM CTOAT He KPYTrOBHe, a runepbonmueckne GyHK-
ouE @, T. €. ero MOJKHO 3aNECATH TaK:

z' =chp x —psho i,

V= —§h—p“’—x+ch o (2).

Ecuanm Mu o6osHazmm p th ¢ = v (a ML 06A3aHK Tak CAeNATh, €CIH X0-
THAM 0OHIYHEIM 06PA30M OLPENIENHTH CKOPOCTh U KaK ILYTh, JeJeHHbIH Ha
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BpeMs), TO YpaBHEHHUS NPAMYT TaKOH BHA:

$r___ x— vt
—‘———'_‘__ﬁ’
1/-1'— p3
t— 2y (50)
A L
0

a 9TO H €CTH Halle 06bI9HO® J0oPeHiloBo npeobpasoBanne. Eguncreennoe,
9ero Ham| TPeOOoBaHUA He ONpPEedsoT, — 3T0 Beamdmusl . [[na sro-
T0 BY:KHH (usmuecKue cooOpaskeHHd, HyMeH KaKOH-TO Pusmyeckmit
mponece. IlpuHOUI OTHOCUTENBHOCTH YTBEPMKAAET, 9T0 P — CKOPOCTh
cBeTa B BaKyyMe,

WUrak, ME BHAAM, 9TO MOTYT [aTh Ham| TpeGoBaHuMs H YeTO HE MO-
ryr. C opHoit cTopoHE, OHM yKas3adu HaM THO Opeo0pa3oBaHUM, HO
eme ocTaBuayl OOJMbUION TpowsBod. 3areM Mbl morTpeboBanm, uToOBI
ORHA W3 KoopjuHaT coo6pazoBalach C HALIAM IOHATHEM BPEMEHH, W
MBI HADJIA TOTZA JIOPEHI0BO peobpazoBanue, HO He HAIUJIM 3HAYCHHA
Q. ITO M NMOHATHO: M3 COOOPayKEHHMN TPYIUILl YUCIEHHAS BeJHYWHA
HONYIMTHCA He Moraa. J{asi 9TOro HysKeH OMEIT.

Mo:xHO 65110 6B NOCTYOHTH HECKOJBKO HHAYE: CPA3y BBECTH Tpebo-
BAHHE OTHOCHTEJBHOCTH, T. €. HAJOMKHTH yCaoBUA (45) H 3aTeM BBECTH
tpeGoBarue rpynmoroct. Ito Geuto cuenano (Mpamkom. Ilpemmomo-
’ieHEE, YTO CKOPOCTH OTHOI CHCTEMBI 0 OTHOWIEHUIO K APYyroit o6parna
CKOPOCTH BTOPOH 10 OTHOIIEHMIO K HmePBOH ¥ 9TO MMeeT MecTo opfuHa-
KOBOe B3aWMHOE COKpalmeHme MacinTaba, JOCTATOIHO, YTOOH OPHEBECTH
npeobpazosanue &k gopme (50). Ho rtorma sauem mysxHO TpeboBanme
rpynuosocta? f ckasam, uro mpeo6pazoBaHMA DPHBOAATCA K (PopMe
(50), HO ¢ ommo# pasHmMUEdl: p ocTaeTcs NPOW3BOJLHOA PyHKImelNl oT
ckopoctr v. TpeboBaHwme TpynmoBOCTM NPUBOXAT K TOMY, ITO P —-
DOCTOAHHAS BeJANYWHA, a dTO ABIAAETCA PeIIaoNmuM.

Bu Bmpmre, TakmM o0pa3oM, Kak pasamIHEeE TPeGoBaHWSA, ONHM
M3 KOTOPHX KUKYTCA OOJBMEME, APYrAe MaleHBKEMH, HAJIaramoT
H3BECTHHE OI'PDAHNICHUWA N KAK OTCIORA MOXYJAIOTCSA OIpefeeHHKe
cooTHOImeHmA. HpoMe Toro, ykasaTh Ha IDYONOBOH XapaKTep mpeob-
Pa3oBaBEil BajkHO, KaK MHe KajKeTcsd, H HOTOMY, YTO CTAHOBHMTICH sfic-
HEIM 3HaYeHHe (. B KHUrax 9acTo mEIIYT Tak, 9TO IPOCTO COMHKAIOT
npeoGpasoBaHde KOOPAMHAT Ha INIOCKOCTH M JIOPEENOBO npeobpaso-
Bame. MRe kakeTcsA, 9TO €CIH PACCMATDHBATh ¢ YKA3aHHOH TOYKHA
3PeHHs, TO BCE HOJYIaeT HECKONBKO APYTol acHeKT. 3aMeTy emle, 9TO
ecJd BMECTO Z HAUUCATh Z;, 4 BMECTO ict B3ATH Z, (IPHYEM TO, 4TO A
BBOKY, He EMeeT HEKAKOT0 HM MHCTHYECKOT0, HE (JH3MIECKOro 3Ha-
4eHHsd, & IHPOCTO BBOJUTCA MHMMAS KOODJAMHATA), TO IJs THX KOOD-
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JIUHAT JOPeHI1oBo npeobpasoBanme NpHOGpeTaeT coBePIEHHO TAKOH Ke
BHJ, KaK JiiA 00EYHOTO TOBOPOTA 0Cei, HO TOJABKO () — MHHMBIR yroJ.
OnaTh-TAKHM 9T0 HHUYETO HE 3HAYUT UBMUECKH, 9TO TOABKO cuocoh obo-
sHaueHNA. YacTo roBOPAT IOATOMY, 9TO JIOPEHNOBO mpeoOpasoBanme
eCTh IOBOPOT OCEH, HO HA MHHMMEIA YTOJL.

Topasmo- ¢10yKHee TPAMEHHUTH TPYNIOBHE coo0paskenwe K 06mMuM
NopeHnoBHM upeobpaszoBanuaM Gg @ G,,. fI He 6yay Ha 3TOM OCTaHa-
BIOBATHCA. Y KasKy TOJBKO, 9YTO M B OOEI9HOH reOMETPHH BCE, YTO MOJK-
HO OTCIOfa BEIBECTH, IIPE/ICTaBiAeT c000f Upe3sBHYIafiHO 3aHEMATENb-
HHe ¥ QyHmaMeHTajJbHbe BEemM. Temepb 3TOT KPYT BOIPOCOB OYeHhK
xoponio paspaboran, a Hawamo ero OBLIO IOJOKEHO 3HAMEHHTHIM Me-
MyapoM «0 mpomcxoJ[eHMM I'eOMETPHYeCKHX aKcmoM» ['eIBMroJbIa,
KOTOPHIA KO BCEM HAyKaM MORXOJAUN KAaK €CTeCTBOMCUEITATeNb. XO0TA
TenpMroapi # cienal JOBOJIBHO IPyOYI0 JOTUIECKY0 OMAGKY, ACIPaB-
nennyo noroM Jlm, HO, HECMOTPA Ha 9T0, TBOPIOM BCeil MOCTaHOBKM
BONPOCA HYIKHEO CUWTATH WMEHHO €ro.

Mosxuo 6510 GBI €me MHOTO TOBOPATL 00 3TOM, HO HY}KHO 3aKOH-
gurh. 1l0o3BOJaBTE B 3aKi0YEHHE CKa3aTh €Mie HEeCKOJBKO CJOB.

fI ocoGerHo crapaJjcs mMOJYEPKHYTH (1 yMaio, 9TO 5TO MOE JKexda-
HHE W CaMOe MO€ MHEeHME BH SICHO YCBOHJIHM), ITO BCEe BOOPOCH, CBA3aH-
HHE ¢ TeOpHEH OTHOCHTENHLHOCTH,-— IPEe/KOe BCETO BOOPOCH (QH3U-
geckue. Ee ¢miaococroe smadeHme — 310 0COGHIM BOmpoc, HAC ke
HEHTepecoBao Pu3mIecKoe 3HAUCHEE. JTO BAJKHO MOXYEPKHYTH BOT II0-
geMy: QH3HHeCKas Teopus ONepPEPYeT HEKOTOPHIME OUpelesIeHHIMH,
HO TAKUMH OIpe/eIeHAAMEA, B OCHOBE KOTODHIX JIe/KAT JeHCTBHTEIBHO
BHIOJONMEE (H3HIECKAE NPOIECCH B peanpHoil mpupone. Ecam st ro-
BODIO, UTO A U3MEPSI0 JIUHY, TO A Tpebyio, 9TO6H m3MepeHne Tpou3Bo-
AWIOCH HE IIPHA MOMOIIY KAKWX-TO MAQHIECKUX Tell, a ¢ TeM MIU HWHBIM
NpEOIWKEEReM IpH noMmomy (H3mgecKux Tea, uwToOn MoykHO OBinO
YKasaTh, Kk 3TO CejaTh. ECau 1 TOBOPH 0 BPEMEHH, 0 CHHXPOHHOCTH
9acoB 3/leCh U TaM, TO A TpeGyio, 4To0H YKAa3aJd, KAK 9TO yCTAHOBHTH.
B sasucumocmu om mozo, umé nokasvisaem sKcnepuMeHm, U HAULL
mpebosarnus U Hawy onpedeienus 0oaxcrbl 6umb pasauunst. Eeam ME
YBepeHH, €CJHA BCE OULITH [OBOPAT, 9TO B IPHPO/E He CYIMEeCTBYeT CHI-
HaJIGHBIX CKOpOCTeil, GOXBIIAX CKOPOCTA CBETa, TO, OMpPERENsAsA, CKa-
#eM, OJTHOBPEMEHHOCTb, CHHXDOHH3M /BYX YacOB B PA3INUIHHX Me-
CTax, M JOJGKHH € 9THM CUHTaThCHA. MBI He MOKeM T'OBODHTBH, 4TO
ompesieluM OFHOBPEMEHHOCTH, MYCTAB MTHOBEHHH cmrHaix. MEr JoJ-
JKHBI CUATATHCA C T€M, ITO €CTh, H eC/IH TAKOT'0 CHTHAJIA He CYmecTBYyerT,
TO HeJb3A ero CTaBUTh B OCHOBY Teopuu. Ecam 510 Tak | ecam npu3HATH
OHEITH, ¢ KOTOPHIMH MHE corJaIlaeMcsd, ecJU IIPH3HaThL ouur Maii-
KeAbCOHA MPABMJABHEIM, TO T€ IPEANOCHIKH, W3 KOTOPHX NCXORAT Teo-
PUA OTHOCHTeJFHOCTH, HA B Koeil Mepe He ABIAIOTCA 00jiee HCKYCCT-
BEHHHIMH, 9eM Te, B3 KOTODHX HUCXOAmia KiIaccmra. Hmaccmra Toxe
[oiskHa Obla onmEparhes Ha IPefinQiao;KeHAA u rumoTeskl. Hiaaccmka
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TaKKe JOJDKHA OHINA OIpenenaTh CKOPOCTh M YCTAHABAMBATHL CHHXPO-
HE3M 9aCOB 3[1eCh M B APYToM MecTe. A TOTJ]a 1 MOTY OT HPeJCTaBHATENA
Kaaccmueckoi ¢mamkd TpeGoBATH: CKAKM, KAK THl yCTAaHABIHBAellh
CHHXPOHA3M? 4

Ecam om rosopmt, 9T0 nochliaer curHax ¢ 6eCKOHEIHOA CKOPOCTHIO,
TO Al 3TO0 OTBEPTai0, IOTOMY 4T0 (PM3HKA JOJKHA CUATATHCH C TeM, dTO
ecTs B ipupopie. OH MOsKeT cKa3aTh HHAYe: 5 MePEHOMIY YacH B IPYTroe
MeCTO W CUMTal0, YTO OHM CHHXDOHHHL. Torma Bompoc Kacaerea $axra:
Kak BegyT cebs wack, xoTophie TakmMm obpasoM mepemocar? Pexarm-
BHECT TOBODPHT, YTO OHU Be/yT ceOs TaK-TO, KIACCHK TOBOPHT, UTO TaK-
To. Hukaro#i mpuHIUNRaNbHOR PasHAOHE B MOCTAHOBKE BOIPOCA HeT.
Bce cymecrBylomue OUHITHHE JaHHEE TOBOPAT, 9TO MNPAaBH T€, KTO
OPH/ePKUBAETCA TEOPUNM OTHOCHTENBHOCTH. fI mogdepkmsaio eme pas,
9TO HE AaNMPHOpPHHE CO00DaKeHUA 3aCTaBIAIOT HPHHATH 5Ty TEOPHIO,
a To, YTO OHa GoJlee eCTECTBEHHA, IeM KJACCHKA, YTO OHA ONEePUpPYeT
ONpeleIeHHHIME PealbHBIME dKcuepuMenTamu. Ecam sTH ommHTH He-
TIPaBAABHH, TO H TEOPHs OTHOCUTEIHHOCTE HelPABHJIBHA, HO MCXONUTH
Ha[0 H3 OnpeleleHHEX ONHTOB. ECIE HCXONHTH W3 TeX OIHTOB,
0 KOTOPHX MH TOBOPHWIH, TO TEOPHA OTHOCHTeNbHOCTH HE MCKYC-
CTBeHHA, 8 €CTeCTBeRHAa. B meil HeT KarOH-TO HANCTPORKM Haj Kiaac-
CHKOH#, B KoTOpoit 6yaro G Bce OHIO «caMo coboit ogeBmpuoy. Ecam.
TOBODHTH 0 HANCTPONKAX, TO RIACCHKA TaKIKe NOMKHA ORIa X Je-
naTh, HO TOABKO Jipyrme. KTo mpaB,— 5TO BOHOPOC OHHTA, B TO, UTO
Teneph W3BECTHO, TOBOPHT 33 TEOPHI0 OTHOcHTeAbHOocTH. Onmu u3
TJIaBHHEIX APryMEHTOB — BONpPOC O CKopocT: cBera. llpmamamme cko-
pPOCTH cBeTa B BaKyyMe LpefedbHOH BefieT K TAaKEM IOCJIeJCTBHAM,
OT KOTODHX (H3HKY OTMAXHYTHCA HENB3A.

K rakmm ke saxianovennsm npuBoasaT mutatis mutandis @ Bonpocu
KBaHTOBOM Mexammku. W TaMm Bompoc 3axiaiodaercd B ommre. G Teo-
pEefl OTHOCHTEABHOCTH OHLIO TAK, 9TO MOKA HMENH JeJ0 ¢ MajJeHb-
KUMHE CKOPOCTAMH, HMKAKHMX OTHJIOHEHHI OT KJIACCHKA He 3aMeTald.
IlepecMoTpeTs BCIO cHCTEMY 3aCTABHIHE HOBHE (faxmil, TEOPHS OTHO-
CATEJHHOCTH BO3HHUKJA HMEHHO OTCIOHa, a4 He «OTKYNA-TO BOPYT B3f-
macey. Hewuro momoGmoe (s He TOBOPIO — TO ’Ke caMoe, MOTOMY 4TO
60r0Ch TAKAX AHAJNOTHI) MOJYYHIOCH M B KBAHTOBOH Mexammke. Iloka
NeNo KacaJloch MaKpPOKOCMOCa, Te BIAMAHEE Ha HalaofaeMHil mpeaMer
au60o Maio, au6o MokeT OHTEL YITEHO, CO37aBAJOCh BIEIATIGHHAE, ITO
Bcerna m Besme Gymer o6sasaTensno Tax. Ho ecam np#sBEAThH OOBITH, I B
mepByio ogepens onur HoMnroma, mpaBHIALHEIMHE, €CJIH NPA3HATH, ITO
EMeeTC HeyCTpaHEMOe B3amMojeiicrBme, To mnopfoGmoe yOGexmenme
pymuTca. KeanrtoBas MexaEmKa He HpOm3BOJbHOe mocTpoesme. Ta-
KOro mocTpoerms TpeGyer ¢mamka, M €CIH ero He c/ledaTh, TO IIONY-
9UTCA TPOTHBOpeuMe ¢ ouxtTHHMEA dakTamm. HoHeuno, Bcerma MosxHO
BO3pasHTh f[Be Bemu: auGO ONHT HeBepeH, Au60 MOKHO IOCTPOMTH
ellle TPeTLHM cmocoGoM. JTO BepHO, HO He HYKHO 3abHBarh, 9TO H
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[peskHee IOCTPOSHME COJeP3KaJIo mpefinonosKens. B aroM ormomennn
pasHELH A1A QEBAKA HeT — W PaHbIIe AOJKHE OBLIN Je]aTh Hpef-
[I0JI0KEHAA U TeNepb, KaKAe MPeJIIoJI0KeHAA IPaBAJIbHb, I0Ka3HBaeT
OIIBIT.

Hac mHTepecoBaid Apyrme BOIPOCH, KBAaHTOBAA MEXAaHHKA K HHM
He OTHOCHTCA, HO, 3aKaHYHBAasg, A XOTeJl NOJIePKHYThH 3TY. CTOPOHY
nexa. f1 yBepeH, 9T0 KayKABIL B3 Bac, ecam He Gy/eT 0CTaHABIMBATHCH
Ha IOJJI0POTe M IyMarh, Y10 TeOPHs OTHOCHTE]hHOCTH II€PEBOPAIHBACT
ero MOHATHA, a 6yHeT TPesBO OTHOCUTHCH K OLBITY M KO BCEM IOCTpoOe-
HOAM, HMes B BANY, 9T0 I€PEBOpPaIABaEAeM MOHATHH 9aCTO HA3EBAETCA
paspymeHEe NPeJPacCyAKOB, He BCTPETHT HUKAKHX TPYAHOCTeH,
3a MCKJIIOUEHHEM, OHTH MOJKET, KOHKDPETHHX TDPYAHEX BOIPOCOB.



