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Coraacuo Jlm, M0XHO pPaccMaTPHBATEH [leJI0 TAK, YT0 ypaBHeHEA (27)
ects mATerpanm auddepeBnuanbHHX ypasHeRmd nua & ®m ¢ mo v,
a z U { — UPOW3BOJBHEE NOCTOAHEHKEe. MHE Moskem npopmddepermH-
poBaTh BTH ABA ypaBHeHms (28) mo v mpH mocTOAHHEX X W {. Y Hac
NOXYyIATCA 9YeTHpe YPABHEHWA, W3 KOTOPHX MH MCKINYAM 2 M §
(rark Bejp W ydar cocraBiasaTh MuPdepeHTMANbELEe YPABHEHHAS, KOTIA
BIEPBHE HaUBBOIOT 0 BEX PACCKABHBATH) U MOIYYHM YPapHEeHHAS
/7 ’
T, t, v, =g, ). (29)

Warerpmpys sTu ypaBHeHEA, MK OPEIOIOHKAM, 910 Aad v = 0 momm-
HO TONYYaTHCA TOIECTBeHHOE mpeobpasoBaume, T. €. HATANLHEE ye-
JOBMA NOJUKHE OLITH TaKEMM:

r
L0 mmv=o. (30)
Wrax, My MokeM Teneph paccMaTpmBark npeoGpasosamusa (28) wawn
mETerpas puddepeHnuanLuLX ypapaenui (29) mpm HavaNBHEIX YCI0-
puax (30). JIm moxasax, gro ecam npeobpasoanma (28) npencrapidoT
coGoii rpynmy, To quddepennmansaLie ypapEeHuA rpynout (29) mox-
EH GHTH COBEPUICHHO ONpPENeIeHHNME, JOMKEL AMETh BIOMAHE THIHT-
my10 popMy. B »1oM Bee feno. 3madar, HYKHO TOKABATh, KAKHEE Orpa-
EO9eHMA HaJaralTcA Ha 5TH AndQepeHNHaIbHEE YpPaBHEHHSA A
TOr0, 9T00H mX mHTerpads GHIm Ipyumoi.

B cnemynomuii pas MEL 5T0 PacCMOTPEM M HOK&KEM, KAK KPACHBO
BHITEKAIOT CBOMCTBa NMpeobpasoBaHAR M3 OFHOTO JAMIIL TpeGoBaHmA
TPYyLIOBOCT H.

YETBIPHATI[ATAS JIEKTTAA
(14.VT 1934 1)

Kpampxoe pesiome. Ocroshaa meopema meopuu wenpepusiny epyna Jlu. Cywyecm-

spganue addumusrozo napamempa. Ozpanuyenue 6uda UCKOM020 N PeOs Pazocan s

mpebosanuAMU 2PYNNOCOCMU U ELNOANEHUS NPWHYURG OmHocumesvhocmu. JHoa
munae npeot pasocanuli — A0peHY0s0 U nosopom oceil. 3araiouerue

B npomnsit pas ME 3aHAMANNCH, H3YICHHEM CBOHCTB, IIpHHALJE-
JRAMAX JOPEHIOBHM npeoOpasoBaBmaM, KaK COBOKYyUHOCTH. ME Bupie-
JI®, 9TO 9TA COBOKYNHOCTHL 00pasyeT rpyuny U 4To 570 €CTECTBEHHO II0-
nydaercsi u3 Tpebopammit JmHEHHOCTH upeobpasoBaHHUM W CYMECTBO-
BAHAA y HEX WHBADHAHTA.
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M= Bupenn panee, 9ro cBOECTBO OHTH rpynmoil YH3AYECKH IPEIBH-
YalfiHO C¢YN[eCTBEHHO, uTo 03 DTOro Bee mocTpoenme OU3mKu Oblio G
9pPEesBHYANHO BATPYAHATENSHEIM M eJBa JH MOTi0 OH IPHBECTH K
yemy-EHOynp xopomemy. Obniee MopeHnoeo npeolpa3oBande OTHOCHT-
¢A K rpynne, comepxiameit 10 mapamerpos. Takyrwo rpynuy ofosHagalor
o0bgHo Tak: G;p. OMHOPOKHOE JTOPEHUOBO npeofpazoBaHue ABJIACTCA
nOATPYOOOR DTOW rpymnmbl ¥ umMeeT © mapaMeTrpoB, T. e. 5T0 (g Ha-
KOHeI, CIeNWaJbHOE JTOPEHIOBO mpeofpazoBaHme XapaKTepHIYeTcH
OJHEM mApaMeTpoM, T. €. 510 Gy.

flupeniosxus BaM B KavecTBe IPEMePa NPOBEPHTH, ITO CHELEAIBHOE
JoperEmoBo mpeobpasoBaHue MAEUCTBETENLHO MPEACTABISAET IPYHIY.
B camoM peae, BospMmre MOpPeHNO0BO mpeoGpasoBaHHe CO CKOPOCTHIL
v;. CoorBercrByiomas Marpuna 6ymer L,. Oma pmaer nam mepexop or
HOIITPEXOBAHHBIX KOOPAHHAT K MTPHXOBAHAKM; 3areM Matpuia L,
ZaeT mepexoj| OT KOOPAUHAT ¢ ONHUM MTPAXOM K KOOD/HHATAM € JBYMSA
mrpuxamu. Kcam Mel mocaefoBaTelbHo npmmeHEM 062 npeofGpasoBa-
HEA, TO HOJYYAM NpeodpasoBaHde HOIITPUXOBAHAHX KOOPJMHAT K KO-
OPEEHATAM C JBYMS WITPHXaMH, HAMEIOMEe MATPHILY

Ly, = Lyy+ Ly,

Herpynuo y6equrses, 9o Marpana Ly, mocTpoeHA COBEPIISHHO TAK
we, kak L, u L,, npmueM 3HaueHHe mapaMeTpa B Hell ecTnh

v1 -+ vz

Vq ==
3 v1D2
1+ =

9710 He 4TO WHOE, KaK DIAIITEHHOBCKAA GOPMYIIa CIIOKEHUA CKOPOCTEiA.
Tak 0HO B OIGKHO 6EIO0 NOTYIATECA. Mu mMmesn cucremy K', aBusKy-
myocsa ¢0 CKOPOCTHIO I, IO OTHOIIEHAI0 K cucTeMe K, W JPYTyio CH-
creMy K, IBIGKYMYyOCA GO CKOPOCTHIO U, 110 OTHOMEHUIO K cucTeMe K.
HaxoBa cropocts cmctemnl K" mo ormomemmio x cmcreme K'? Tlo
DAEmMTEHHY, eCIH MK CIOKEM 9TH CKOPOCTH, TO PE3YJIbTUPYIOIIEE mIpe-
ofpasoBaHme TOJKHO WMETh B KauecTBe HapaMeTpa HAUMCAHHOE 3HA-
J0HHE.

Bompoc, xoTopmii MH 3aTeM IOCTABHIHN, MOKHO (OpPMYIHPOBATEH
caegyiomuM o6pasoM. JLas Toro IT0o6H BHIBECTH JOPEHIOBO Hpeobpaszo-
BaHHE, MH ONIEPAJNCH HA HECKOJABKO OPEZIOCKIIOK. Bo-neperx, Mu Tpe-
GoBanm, 4ToOH omnpefeneHHAas KBafpaTwuHassi (opMa UIPH Hepexofe
OT OfIHOM CHCTEMEI K APYToil OCTaBaJach MHBAPMAHTHOM. JT0 GHIIO rIaB-
HOE YCJIOBHEe, NpWYeM NOKA ME TPe0OBAJH TOINBKO HOCTOSHCTBA CKOPO-
cTd CcBeTa, TO OHO JABANO paBeHCTRO ¢opmu Hymw. Horga :xe Mu mpH-
coeHHMIY H TpeGoBaHme OTHOCHTEJIHHOCTH, TO MONYYMIH HHBAPHAHT-
HOCTh. Temeps ME X0THUM ITOCTABHTE HECKOABKO (OPMATLHHE BOOPOC —
oOparamii. ME 3HaeM, 94TO TEPEXON OT ONHON ABHIKYIIEHACA CHCTEME!
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K [IPYroil DpOMCXONMT IIPM MOMOMK JuHe#Horo mpeobpasoBaEnd, LipH-
HeM IapaMeTpoM COY;KUT CKOPOCTh. ME mMeeM, TakuM 06paszoM, COBO-
KYITHOCTh JMHEHHBIX npeobpazoBaHWil W XOTUM y3HATh, KAKOBH 3TH
npeobpazoBaums. UToOH HX onpefeNuTh, HAM HYKHO IIOCTABUTh Ka-
Kue-To TpeboBammsa. My He OyneM TOBOPUTHL O IOCTOSHCTBE CKOPO-
CTH CBeTa, He OymeM TOBOPUTH 00 HHBAPHAHTHOCTHE KaKO#H-TO GoPMEI, HO
norpebyem, wro6sl HTH HpeobpasoBaHUA IPeACTARIAIA co00R Tpynuy.
Harwue orpanuuenwsi Haxaraer »1o TpeGoanme Ha IpeobpasoBanua?
Msr Bmpenn, uto camo uo cebe 0HO O9YeHH CYINECTBEHHO, HO eOe He
ompejiensieT Bumja npeoGpazoBaHmA omHOsuayHo. llocMorpmM, Kaxme
sKe TpeGOBaHMA HYKHO 00aBUTE, YTOOH MOJIYYUTh BIOJHE OIpefeen-
HEIe — JIOPEHIOBH — LpeobpazoBaHuA. s pemieEmsa 3TOT0 BOIPO-
ca MH HpeKIe BCeTo NOJIKRHE 3HATH, Kakue TpeGoBaHUA HYKHO IPeNb-
ABATH AHAIATHICCKH, €CIH MBI XoTuM, 9ro06n npeoGpasoBamme OnLiI0
TpYIIIOR.

Ilycre mame npeofpazoBammc 3aaeTcs MOKa HE B Bufie JHHEHHHX,
a B BuIe M0OHX QYHKIEHR ¢ OMHAM HapPaMeTpPoM

z’' = fl (:IJ, Y a)’
y' =f, (z ¥ a).

Ilo ompepmenenuio rpynn, ny:xH0 TpeboBarh caenyomero. [lepeiimem
or z', ¥y ® 2", ¥y ¢ nomMolp mpeobpasoBaHUA

" 4 7 .
" =fi (&, y; b)),
" ’ ’,
¥y = -f2 (JI} y Y3 b)7
NpHHAIJIeKAIMero K Toi ke coroxynHoctn. Ml MOMKeM 3aTeM Iojcra-
BUTH Z’, ¥' B 5TO Bropoe npeobpasoBaHme W MOJYIHAM z”, " Kak QyHK-
IUu or , Y, &, b. 310 OYRyYT, BooOIme roBops, Kakue-TO HOBEE PYHK-

nmu. Ho ecau orasxeTcd, 9ro 3TH QYHKIUN MO:KHO OIATH BHPASHTD
TaK:

(31)

”n

= fl (‘1"7 I’ C),
= fz (.Z‘, Y; C),

c =1 (a7 b),

TO, BHAYMAT, JI0BOE NPeodpazoBaHUE OTHOCUTCA K TOH K€ COBOKYIIHO-
CTH ¥ TocaefHAA obpasyer rpymnmy.

fl ysre TOBOpMI B IPOILIHIE Pas, 9TO YKa3aTh Cpasy, Kakme CBOHCTBA
HOJKHE mMeTh QyHKIMA f; u f,, TpyAHo. Jl;m momex wo ppyromMy myru.
OH roBopHT: mMOCMOTPHM Ha 5TH (PYHKNEM KaK HA HHTErpajisl HEKO-
Topeix jEPdepeHnanbEEX yPaBHEHUH 110 OTHOIEHWIO K 4, [JIA KO-
TOPHX &, Y OyqyT HadaabHHMHE 3HadeHusMmu. (ME mpepmonaraem, 4To
dyukun guddepeENEpyeMEr, HeIPEPHBHL 1 B00OIE ¢ HAMA MOMKHO Je-

npuIeM
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AaTh TO, 4TO Ham HyHO.) Hammmem sTm guddepenimannunie ypas-
HEHAA

dx’' P
B‘%=wl(x’y70’)7

32)
df , (
a:;’a: 2(.2:,3/,@),

OpmueM npaE @ = a,, £ =z, ¥ =y. U Bor oxasmBaercs, 4TO0 37EChH
mMeeT MeCTO OfHa TeopeMa, ABJIANIAACA OCHOBHOI TeopeMOH TeopHHR
HempepHBHLX rpynn Ju (2 ee dopMynrupyo B ynpomeEHOM BHLE -—
TONBEKO [MAA [BYX INEpPEMeHHHX ¥ [AIA OJHOWICHHWX TPymm). 9ta
3aMeYaTeNbHAsA TeOpeMa 0TeHb IPOCTO JOKa3HBaeTcal, H TIACHT Cle-
nyomee: ecam npeobpasopanua (31) o6pasywr rpynmy, to gmdpdepen-
LIHaJbHEE ypaBHeHNA (32) HMeT BUONHe O PefeIeHHbI BH, 4 HMEHHO:

dx’ r ’
E:h(a)X(x, .Z/)’

. (33)
d?—/a =MAa)Y (', y).

910 Heo6XOMHMMOE H J[OCTATOUYHOE YCJIOBHEe, IpHYeM (QyHROuA A (a)
B ofoux ypaBHeHmsIx ofma m Ta ke, OHa ompeleneHa He COBCEM OTHO-
3HAYHO B TOM CMEICIE, UTO €¢ MOIKHO YMIOKHUTH HAa IPOUBBOJILHOS II0-
CTOSHHO® YWCIO0, T. 6. JYHKIUA 0T @ OIPEJIeNeHa C TOYHOCTHIO 10 IIPO-
HUBBOJBHOTO IIOCTOAHHOTO MIOKUTENA. JT0 HCCYMECTBeHHO, B o0meM
OHA BCE-TAKH OJIHO3HAYHA W IS JNAaHHO! TPYNIOH HABJIAETCA BIOJHE
onpefeneHHoll fyHKIme a.

Mu npuMeM 3Ty TeopeMy 0e3 I0KazaTelhCTEA M TNOCMOTPHM, Ka-
KEe CJIefCTBHA MOKHO H3 Hee BWIBECTH. A CHEJCTBHA MOSKHO BBIBECTH
IOBOJBHO MOTEepecHbie. IIpejmoso;KuM, UTO HANMCAHNKE BEIIE mpe-
obpasoBarna (31) obparyror rpyuny. Mu MoxeM 3aMeHHTDH 4 KaKHM-
EE6YOH APYIUM DapaMerpoM, Hanmpumep o = o (4). 9T0 He HNBMEHHT
rpynnosl. Ecam 910 rpynua Opu napamerpe 4, TO HPH G STO TAKIKe
6ymer TPYuUmo#, T. €. B KaIecTBe HOBOTO NapaMeTpa MOKHO B3ATH JI0-
6y QyHKOmIo craporo. B nopeHIOBHX mpeo6pasoBAHAAX MH CUMTA-
I NapaMeTpoM CKOPOCTH, HO MOTJIH 6B CYMTATH NApaMCTPOM I CKO-
POCTH B KBajpare MIM CKOPOCTH B KBajipaTe milc epunaumia. B orom
qerko ybenmrncsd.

Jlanee ME BAjiesHn, 9T0 NPON3BEJlOHUe IBYX IpeoOpa3oBaHmil Ipym-
OH JlaeT HOBOE npeobpasoBaHde, COOTBETCTBYIONEE HOBOMY 3HAYCHHIO
mapaMerpa, KOTopoe, BooOI(e TOBOPA, He ABIAETCA CyMMOoil JJA mep-
BHX SHAaYeHWi (HampHMep, B JOPEHIUOBHX HpeofpasoBaHUAX 9TO He
cymMa).

1 Cwm., naopumep, I'ypca. Kype agunuaa, 1. 11, g, 11, crp. 94,
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Bpenem temneps HoBHI, Gosee yroOHHE napaMerp
¢ = | A(a)da (34)

20}
(upm ¢ = @, OH paBeH HYI).

Ecom ME nopicTaBuM 8ToT mapamerp B guddepeHu@albHoe ypapHe-
ume (33), To noxyumaM

d ! ’ ’

d‘fp :X (x ? y )‘l

o o (35)
ﬁ" = Y (JL’ y ¥ )7

T. €. OPA STOM HapaMeTpe ypaBHeHUs T'PYNILl JOJKHE npmobpectn
Tako# BHA, UTO B IPaBBHIX YacTAX HapaMerpa HeT. JTO THUHMYHO HJA
muddepeENMANLENX YPAaBHEHHHA TPYOIE, M 9TO MMEeT MECTO TOJBKO
npu cuenmanbEoM BhGope mapamerpa (34). Beerna cymecTsyer opum
TAaKol mapaMeTp, KoTopsiil mpuBonmt AuddepeHIMATEHNE YPaBHSHMSA
K By (39). Orciona noiyuaeTcs 09eHb HHTEpECHOe caencrame. Judde-
PeHLOEANBILE ypaBHeHHWA (3D) MOKHO MHTETPHPOBATH B TOM CMEICIE,
9T0 MOKHO YRa3aTh cBoicTBa o6mero muTerpana. B Goiee mpuphigHO#
gopMe 3TH yPaBHEHHs BAUMCHIBAIOTCH TaK:

dui’ dy -
+ = = dg. (359

Bu 3Haere, 9T0 mepRHI MHTErpall TAKHX YypaBHEHWHA eCTh
(', y)=Ch (36)

fI mory B3sATH Kanee ofHO u3 yparuenuit (35'), momcrasmTs (36), mpo-
HHTErPRPOBATh W, 3aMeHAA (, OUATH UpU MOMOmE Bhpakenua (36),
Doxysy Bropoil mHETerpan

Q (2, ¥) = Cs + 0. (37)

Wsrerpuporanme Bcerga NPUBOIET K TAKHM BHIPasKeHEAM 1.

1 Mory Teneps Brpaszuts C, u C, IpE IOMOINE HAYANBHHX (@ =
= () spavennmit r m y. B pesyanrare s monyuy caenynonime HHTEIPAIE
YPaBHEHWH T'PyIIEL:

Q@' ¥) = Q (=, ), }
Q, (z', y’)— 2 (2, V) + ¢

3HaunT, ecau eCTL IPynna, TO NPH OmpeeaeHEoM BHGope mapamer-
pPa ee muddepeEnmanbHEE YDaBHEHNHs HENPEeMEHHO HMeoT BEE (39').

(38)

1 CM. I'ypea, loc. cit.
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Ora $opma ypaBHeHuil Ha3HBaeTcsi KamoHWuecKoii. MmTerpanm sTEx
ypaBEeBHi BMeloT BEJ (38).

O6parHo, eclim KaBH ypaBHeHHA Bana (35'), To mHTErpaiH BCerga
6ynyr rpyuno#, T. e. ypasHeHuA (35') BceT/la MPENCTABIANT IPynmy.
Ceiigac MBIl 5TO JIOKAKEM.

fT xouy mepeitt: or 2’ K 2" B nmmy

Q" )=, ¥) }
Q2 (.'Z?", y”) = Qz (.’Z?I, y’) + Pa.

Ipomssenenue 3Tux ABYX unpeoGpasoBaHmMil JaeT mepexof OT Z, ¥ K
z", y". IlogcraBus (38) B (39), momywaem

Ql(x”v y”) = Ql(x’ y)’ }
Q, (2", ¥') = Qy (x, y¥) + 01+ 9o

Taxknm 00pasoM, MB IepenuIH 0T HeIITPEXOBAHHOH K J[BaXKIE MTPHX0-
BAHHOE CHCTeMe KOOD/HWHAT WM HONYYHJIH TAKYI0 Ke COBOKYIOHOCTH
ypaBHEEWi, HO ¢ ApyrEM 3Had9eHHeM HapaMeTpa. B mepsom ciydae y
Hac ORI mapaMeTp @y, BO BTOPOM (p; IPOH3BEieHNe ITHX ABYX npeobpa-
30BaHUA EMeeT TOT jKe BHJ, HO C mapaMeTpoM

P3 = Q1 + P2 (40)

JTOT PeayxbpraT — ANANTHBHOCT: — MEl NOJYIHIA CBEPX BCAKOTO
omufannsa. ME ucxopunam m3 Toro PakTa, UTO eciIm Hamm mnpeobpaso-
pagpma ofpasyioT rpyuany, To gudpdepeHuanrEbe YPABHEHHS EMEIOT
BIIOJIHE OIpefiesieHHH I BHAI. V13 5Toro B a MH OPUINIH K 3aKJII09CHAIO,
970 BCEra MOKHO BBECTH TaKOM mapameTp, IPH KOTOPOM HOCJIEA0BA-
TeJpHOE TPEMEHEeHHe ABYX npeo0pasoBamdil COOTBETCTBYET TPETEEMY
npeoGpa3oBaHnio, DapaMerp KOTOPOTO e€CTh IPOCTO CyMMa DIapaMeT-
POB IePBOT'o ¥ BTOporo npeobpaszosannit. OKasHBaeTcs, 9T0 TaK MOA00-
PaTh mapaMeTp BCeTa MOMKHO, IPHETEM OH OHNpEleldeTcA ORHO3HATHO,
¢ TOYHOCTHIO [0 YHCIEHHOTO Kodddumnmenta (T. e. ecam BMECTO ¢ ME
BO3EMEM X, TO HOXYIAM TO 3Ke CaMoe).

Besikaa ofHOYAeHHAA Trpymma MO;keT GHTh IPH NOMOIIA COOTBET-
CTBYOIIEro moabopa mapaMerpa OpEBeleHa K Takoil opme, B KOTOpoi
mapaMeTpPH IPOCTO CKJIAEBAIOTCA.

Mempry mpoymM, 9TO cpasdy HaBOZHT Ha clefylomuit Bompoc. Mir
BHJIENH, 9TC KOTAA 33 MapaMeTp JOPeHIOBA Ipeo0PasOBaHEA MH mpu-
HAMAaEM CKOPOCTH, TO MPOM3BENeHHe ABYX mpeo0pasoBaHHMA mMeeT ma-
paMerp, KOTODHIA He PaBeH CyMMe mapaMeTPoB. ME MOMKeM CKAa3aTh Te-
mepsn, 9T0 €CThH KAKOH-TO OfMH IapaMeTp, IPH KOTOPOM B IPOM3BeNeHAH
IBYX JOPEHIOBHX HPeoOpasoBaHMii MH, HABEPHO, HWOJNYIAM HPOCTYIO
cymmy napaMeTpoB. CKopocTh He €CTh TAKOH mapameTp, HO Takof ma-
paMeTp HeIPEMEHHO cymecTByeT. I aToMy M o6paTmMcA mO3[HEe.

(39)
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Ceiitac mac, B CYIHOCTH, HHTEPECYET TAKOM BOHPOC: YTO MOIKHO
CKa3aTh OTHOCHTENBHO TPYyIOOH NpH TpeboBammm, 4ro0nl mpeoGpaso-
BaHHA OHIN JUAEHHHIME 0 OTHOPOAHEIMHE?

Bynem Becrm Hamm mcclefOBaHHA, NPAHAMAS TAKO# mapaMerp,
KOTOPHH TpocTo CKIampBaeTcd,— TaK Oymer ropaspmo npomie. Ilorom
MH CBAKEM BTOT IapaMeTp CO CKOPOCTHIO M YBHAWM, KAKHE CIe[CTBHS
orciofia nonydaorca. OcHoBHaA TeopeMa Owbuia upmeesiena 0e3 moKa-
3aTeJNbCTBA. MEL BLIBEJIU I3 Hee ONPeeeHHHeE CJAENCTBUA B CefIac IPH-
MEHAM HAX K MHTEPECYIOMEMY HAC CAYYal0 W TOCMOTPHM, YTO U3
9TOTO CJEeNyer.

Cammuit ofmmit Bup AuHefinoro npeobpasoBanmA ¢ OJHUM IapaMer-
poM (6yZeM nora cAMTATH HAPAMETPOM CKOPOCTH) TaKoii:

x'=a(v)x-l—b(u)t,}
' =c@ax+d@t,

e a, b, ¢, d — npomssoarupie Pynknun. OgHO TONBKO MOMHO CKa-
3aTh CPasy ’Ke: ecAH MK XOTHM, 9TOOH mapameTp 0603HAYAT CKOPOCTSD,
TO AOMKHA HMETh MECTO HEKOTOpas CBA3b MeKAy KoaddumueHTamm,

b(v
a IMEeHHO a((—v): — v, KoTOpas CJeAyeT IPOCTO W3 (HBAIECKOTO

~

(41)

CMEICJIA CKOPOCTH.

Eme opmo sameuanme. 13 nopeHioBa nmpeobpasoBanmd MH 3aKJII0-
q@Id, 9TO JUIMHA, M3MepDeHHas B OJHOM cuCTeMe, MHas, T6M H3MEPeH-
Had B Apyroii. s Bcero 1o1a JOKA3ATEILCTRA BHIHO, YTO OTHOIIEHEE
IJIEH JaHHOTO CTEP!KHS B OAHON M B APYrod cmcreMe ompefedseTcd
roddppunuentoum & (v). Takos puamgeckmit CMBICT DTOTO KOs PHIACHTA;
3aMeTHM 3T0, XO0Tf IOKa 9TO H IMEBAYKHO.

Mu xoTEM Ha#TH, Kakyio ¢opMy MOJIKHH HMETH npeobpasoBanms
(41), 9robm oum Ohum rpyomoii. Bocmonpsyemcs mammaM penenToM:
npopuddepenuEpyeM yparHeHHA (41) mo v m moayusmM muddepen-
OUAALIEE YPABHEHHUS

L= a@)a + 80,

% =r@az | S(v)t'.

Ecnu aro rpymona, 70 auddepeHNmaNbHEe YpaBHOHHA JOJUKHH HMETh
BH]
dr’
dv

B A () (12 8),

— M (v) (o2’ + Bu),

T. €. CIpaBa MOT'YT C10ATDL 10)bKO TAKKC OAHOPO/HEE TuHeHHEe QYHK-
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nug z' u t', B KoTropEx o, B, v, § — nocrosunne Benmumun. Bremem
HOBBI HmapaMeTp
v

9=} h@)dv. (42)

0

Toryga KaHOWHYECKEWE YPARBHEHHA HCKOMBIx npeo0pasoBaHuil MOJKHEL
WMeTh BHJ

dr’

=2’ - Bt

d

o o (43)
a9 =2 -+ 6¢'.

To, aro a, B, v, 6§ — mocrosHHEE KOYPPUIHEHTH,— BTO KOI0C-
caJploe OTpaHAYEHHE, KOTOpOe HOJYYHMIOCH HMEIHO W3 TpeboBaHMH,
q9roGH ypaBHeHHs mpefcraBisaau rpynmy. IlpomarerpmporBars ypas-
ReHpA (43) BEYEro He CTOMT, M MEL MOTJIU Ol IPSIMO B OROHUATENLHOR
JopMe HammcaTh AMHEHHOE OJHOPOAHOE HpeoOpazoBaime, y/OBIETBO-
pAIoImee TOJIBKO TOMY YCJI0BUIO, 9T0 0HO oOpasyer rpynay. 1 sce-Traxm
a10 Gyner HaGop COBOKYHHOCTeH, RAKIOA 3 KOTOPHX OyAyT 0rBeYaTh
onpefeneHHbie 3Havenua a, P, , 6. Haxuwe sT0o umcua, mMH 1e 3HaeM.
Yenosue rpyunkt Tpefyer TOAbKO, 4T00H 5TO OBLIM IMOCTOSHHKE Be-
awanEs. Moskno B3sitn wmena 1, 2, 3, 4 mam 1, —2, —3, —4. Taou
npeoGpasoBanuii 6yayT CyNECTBEHHO DPa3iAWIHEL B 3aBHCHMOCTH OT
COOTHOIIEHWH Me:KIy HTUMA KOD)PHOEEHTaMA H 5TO HPHBOJHT HAC
K H3YIeEHI0 BO3MOMHBIX THmOB mpeoGpasoBaHmii. Ypasuenma (43)
XOPOIIO E3BECTHH U MOXPOOHO DPONHCKYTHPOBAHH, W HA 3TOM 0CTAa-
HABJIMBATHCA MH He Gynem. XoTSA W MITEPECHO ¢ TOIKH 3PEHHS TOABKO
YCAOBAA TPYNOE PacCMOTPETh, KAK BHINAIAT OTAEABHHS mpeodpaso-
DAHHA B 3aBHECHMOCTH OT PasiAHIHEX COOTHOIIEHHH MELy THCIaMH
a, B, v, 8, m mocMorpers, KakEM (PUIHUECKHM CMBICIOM KAaA(IOe HJ
HOX MO;Ker obiazarb, HO MHI moiileM He TakuM nyTem. Mbl cpasy ke
mOCTABEM JaNbHelmme TPeOOBaHMA, MOTOMY YTO MH BHAEIHA, 9YTO HDPH
BHBOJe JOpeHmoBa mpeo0pasoBAHUMA MBI TaKKe HE MOIJIH YAOBIeT-
BOPHTHCA ONHEM TOJBKO HOCTYIATOM IOCTOSHCTEA CHKODPOCTH CBETa,
a TpeGoBanm eme wu orHocmrenbHOCTH. lloaToMy MBI mocrapaeMes
O 37eCh, OPesKIe YeM HHTerPHPOBATH YpaBHEHHS, BBecTm bTo Tpebo-
BaHAe.

Hax Beipamaerca tpeGopanme oTHocHTeanHOCTH? BosBpatuMes ®
MCXOAHEIM ypasHeHAaM (41). ME MorxeM X 00paTUTL B TOXYIAM TOTAA

__dz’ b —cx' + at’

I = —7— =

- L A
ad —be ad — be ) (41)

Ecam cucrema K’ mpmmerca mo oTHolenno K crcreme K €O CKOPOCTHIO
v, TO A KoJKeH TpebosaTh, 9T06H cuerema K ABATadach o OTHOIIEHAIO K
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cucreme XK' co cropocTi0 —v. IT0 mepBoe TpeboBaume. Bropoe TpeGo-
BaHMG, KOTOPOe MH OPCABABIAIN H pPaHbIIEe, TAKOBO: €CIAH A H3Me-
pax HenoasmKEE B K’ Macmirab B cmcreMe K M oM 0Kasalcd B n pas
Kopode, To m oGpaTHO, KOTMa A H3MepAKw u3 cucTemil K macmral,
KOTODH# HemopBmiKeH B cacTeMe K, A A0JDKEH MOXYIHTH TAKOE e YKO-
pOveHMS,

Orum TpeGoBaHmA HANATAT HA HAME KOAQQEIUEHTH TOBOIHHO
GoXrmIme HOBbHe OUDAHMYEHAS, A& HMEHHO: BO-IEPBHX, CKOPOCTS,

o0parEags cxopocTm U = — -l;(—('z)— , COTJIAcHO (44),ecth v’ = Zizg .
1 Tpebyio, wrobu v\ = — v, oTKy#a BHTeKaer, uro a (V) = d (v).

HpoMe Toro, B3ammmoe YKOpOYeHHE HOJKHO OHTH ONWHAKOBEIM.
B (41) os0 paercst rooddunmentoM a (v), a B (44) — KooddEIEEBTOM
d(v)

ad — be

. CaepoBaTesnsno,

d

4= "

a TaK Kak @ = d, TO JeTepMUHAHT FOMKEH PABHATLCA CNHHHIE. 3HA~
4YpuT, BReJeHEmE TPeOOBAHHA OTHOCHTENLHOCTH AAET CJAeRYIoMmee:

a(v) = d(v), 45
ad —be =1, (49)
Jdro moBonbHo Goabmoe OrpaHEueHHE, HO COOTBETCTBYMOIImE TpefoBa-
HEA MH cTapdam u pameme. I 6m ckasan rpy0o, 4To MH 3aMeHHIH
Teeph YCJIOBEE IOCTOAHCTBA CKOPOCTH cBeTa TpeGoBaHMEM TPyOIIO-
Bocte. Buarogaps ToMy, 9TO CBOMCTRO IpynuoBOCTH COBIIONEHO, MH
IPHUOLIE K TOMY, 9TO YpaBHEeHUA (43) NONKHK HMETH OCTOAHHKE Koo~
¢unment. J{aa Toro ke, YTOOH M NPHHIMI OTHOCATENRHOCTH GHLI €O6-
aiofies, HeoOxopmmo, 9YToOH KO3PPHIMEHTH WHTEI'PANEHHX COOTHO-
INeHu YAOBIETEOPANM YCIOBHAM (45).

Jlerxko ycraHoBurh, Kak OT3HBAWTCA TpeGoBamms (45) Ha Koaddmu-
OEeHTaX @, P, 7, 0. 9To MOKHO cHeJaTH WOCPEACTBOM IpHMEMa, KOTO-
PHM TEOPHA TPYONO OYEHEL JaCTO LMOJAb3yercs. f1 BLBemy, BO BCAKOM
caydae, mHeobxogmmoe YCIOBHE, KOTOPOMY IO/DKHH YHOBAETBOPATH
o, B, 7, 8 m xoTopoe mMeeT o9eHH mpoOCTOH BHUA.

Ilpu ¢ = 0a'= zm ¢’ = ¢t. Ilepefipem or ¢ = O K oueHL MamOMy
Agp. Mu MosxeM HammcaTh TOTHR

x’=w+(%) Ag,

Nt
' —t4 (an"-)-)q’=0 Ag.

9ro Gymer, Kak rosopaT, GeckoHedHo Majoe mpeoGpazoBaHme, T. €.
COOTBETCTBYIOmEe GeCKOHEUHO MAalbM cKopocTsaM. Ho us (43) ME 3Ha-
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dx’ dt ’ ’
eM d(p npn ¢ = 0, rak kak npm stoM z' = z, t' = t. Ilogcra-
BHB, no.ny-mu

"= (14 ald¢) z + PAgt,
= yAgz + (1 4 6A¢g) .

Mu mMeeM 3nech npocTo MHTETPAPOBAHUe B OimKalilell OKPECTHOCTH.
IIpm ao6om ¢ mymuo 6elt0 68 (43) mpomETErpEpOBATH, HO KAA Gam-
HKafime# OKpecTHOCTH MOKHO TOJYIWTH npeobpasoBaHme TaK, Kak
MH 870 cfenand. TpeGosanus (45) cuparemumsn npu mo6oM ¢, a BHA-
TmT, @ Aaa A, HO, KOHEYHO, BCE BAeCh JIOJBKHO AENaThCA JHMb A0
LepBOro mopAnKa oTHOCHTEIbHO A, Jlerko Bmjers, YTo €Cau MH XO-
TEM YJOBJETBODHTH JIBYM yCI0BEAM (45), To HeoOxomumo o = 6 = 0.
Tarmm obpasom, puddepennuansHne ypasHeHns: Hamuy upeoGpaso-
BagHi, ecam npmbapurh TpeGoBaHNe OTHOCHTENBIIOCIH, JOJIKHE OHTH
TAKOBH:

da’

de

—pr, L 46
l d_q;- =Tr, ( )
rge P ¥ Y — NpoM3BOJLHEE IOCTOAHHEE YHMCAA. JTO YK OOUTH efHH-
cTBEHBOE npeobpazosarme. B ToM, 9T0 0HO Bce 3Ke HE eIHHCTBEHHOO, —
Bech wHTepec. Tenepp 0CTaeTCA TPOXHTEIPUPOBATH TH yPABHEHHA K
DOJYIXTh YPAaBHEHAS B KOHEYHOM BHIE, KOTODHE Y OBJIETBOPAIOT BCEM
HammM yciaoBHEAM. Ho mosBosabTe cRenaTh HeXOTODHE 3aMedaHUms.

Bce mamm ceromnsmame paccy:uenusa QOpMaibEb. To, 94TO MH
TpeGoBal® TpPYNOOBOCTH,— 5T0 (opMaxbHOe TpeboBamme; TO, UTO
MB TpeGOBAJA OTHOCHTENHHOCTH, TaK/ke CBOAHIOCHE HA (OPMAIBbHO®
TpeGoBaEme, ITOOH HEKOTOpHE KO3(pPumumenTs ObLIN CBSASAHH ONpe-
NelleHHBIM 00Pa30M, a OTCIOAA KaKHe~To Jpyrue KodpuumeETH KOMKHEL
Gnnm paBEATHCA Hymio. DH3WTECKAN CMbICA OPH DTOM He YIHTHIBAJ-
€A, W BCe 5T0 OHIE PopMaJLHEE MATEMATHYECKHE YCIOBHSA,

PaccmoTpuM coBepmeHHO APYIYIO 3afavy. BozpMeM Ha DIOCKOCTH
KOODAMHATHYI CHCTEMY &, Yy HE IepedifieM K HOBOH cmcreme z', y'.
IIycrs yrox mesxpy ocamm paBeH ¢. Torma MH 8HaeM, 9T0

’

z’ = x cos ¢ + ysin g, (47)
y = —xsin ¢ + y cos ¢.

ITo orHOmeRHIO K 9TOM 3a7a9e A MOT OH IIOCTABUTH COBEPIIEHHO TAKEE
e Bompochl. fl sHalo, YTo ypaBHeHEmA mpeoGpasoBaHus JEHEHHH 1
ONHOPOJHH, W A noTpedyio, IToGH oHE ObuId Tpynmoi (Me:xAy mpo-
9¥M, Ha 9TOM CTPOmTCA Bed reoMerpns). I mapouno Bruumcaa »TH mpe-
o6pazoBanua. EcniE BH mocMoTpuTe Ha mmx, To ybegmrech, 9TO ABA
ApyrEX TpeGoBaHmA 8/ech TAK:Ke BHIONHENH. Bo-nepswx, ¢ = d H,
BO-BTOPHX, AEeTCPMHHAHT PaBOH CIUHHIE, TAK 4T0 LOCTYJIAT OTHOCH-
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TEABHOCTH ypHoBJerBopeH. A mor 6, MOBTOpPSAIO, PEMIETH 3a73a4y O
TMpeofpa3oBaHUN KOOPIWHAT Ha IUIOCKOCTH, MCXOMS W3 CIENYIONMX
tpeGosaunid. IlpeobpasopaHus JOJKHE GHTh JHHEHHBIMH, OXHODOM-
HbIMHE, JOMKHEL OPEACTABASATL IPynny, a Kpome TOTo, @ = d, W Jie-
TePMUHAHT JIOJVKEH DABHATLCH efmHune. Hak reomerpus mocrymaer
o6erano? Jimmefinoe mpeoGpasoBalme OXHOPONHO, B TpeGyerca, 9ToGH
2% 4 y? 6n110 wuaBapmaurom. Orciofa opuxofart k (47). Ho momuo0 m0-
CTYINTEL X 00PAaTHO: HEYEIO lie ToBOpuTh 00 MHBApUAHTE, a TpefoBaTh
rpynnosocrd. JIerko mokasarb, 9T0 BTO 03HAYAET TEOMETPHYECKH.
JTO COBEpUIEHHO TO KE caMOe, 9TO Halme TpeGoBaHNEe B3BAAMHOCTH COK-

pameHunsn macmraba B MTPUXOBAHHHX 1 HEINTPUXOBAHHLIX KOODAH-
HaTax.

HMoxa wro y mac ppyras 3afava, HO €CIH f YKABZaHHBIM 00pazoMm
HOCTABJ0 BOIPOC O pasbicKanmu npeolpazorauuii, 10 f IpPebABI0
Te 3Ke caMble TpeOoBaHus, UTo M B 3aj{ade 0 NpeobpasoBaHEM OT OTHON
ABIEyIMedca cuereMul k qpyroft. CopepmnieHHO eCTECTBEHHO, 9TO IO
OTHOMEHW K AuhdepeHnmalbHLIM yPABHEHIAM 0TBET JTOJKeH OLITH TeM
K€ CAMBIM, T. €. U i [OBOPOTA KOOPAMHAT HA TiocKocTH Audde-
peHIMAJLILIC ypaBHeHHA IpecbpasoBaHusa JOJKHL DHTH TARAMA JKe.
Taxum o6pasom, Hamy TPeGOBAHHA TOKA 9TO He JENANT Pasauads
MeXTY S1uMH ABYMA (HAHYCCKH COBEPUICUHO pPA3HBIME 3aadaMu.
Opna — npeoGpazoBanmMe KOOpAHHAT, [BWKYMMXCA JPYr OTHOCH-
TeALIO Ppyla CUCTEM OTCYETA, & {PYyTasi— IOBOPOT OCEH Ha IIAOCKOCTH,
T. e. npeobpasoBamme ABYX UPOCTPANCTBeHHEIX Kooppaumear. I1 Bor
HHTEPECHO, 9T0 Hamu TpeGoBaHUA AeACTBUTEIBHO COEPsiaT OTBET KaK
Ha OepBHi, Tag # ra BTOPOH BOUpoC, T. €. cofepskar oba TH CAyYas,
HO HHKAKHX JAPYTUX CIydaep He cofeps;xar. [loToM MBI BHIACHAM, Kak
HPOBECTH Pas3iHuue MEKAY ITUMU [ABYMA CIEVIGHMH, HO Ceifdac BH
BHIUTE, HACKOJBKO OHE Gamskm. BoT mouemy mpm JopeHIoBrix npeo-
PA30RANMMAX TOBOPAT 0 reomerpusanmm. leiicTBUTENbHO, 3aKada, TO-
€ROJBRY OHA CTAaBHTCHA a0CTPAKTHO MAaTeMaTHIECKH, TA ;Ke caMad, 1.0
moavko mamemamuy cxu. QU3AIECKM MBI TOJKYeM Z, y U { COBep-
HEHHO PaziIdTIHO: B TEPBOM CIy9ae X M J — OPOCTPaliCTBEHHLE KOOP-
AUHATH HA MI0CKOCTH, BO BTOPOM CJIydYae £ — LIPOCTPAHCTBEHHAA KO-
OpAMHATA, & t — BpeMA, KOTOPOC COBepIIEHHO WHAdYe MB3MEPHETCA U
onpeneasercsa. fleno, 9To HO/IKIO GHITH M Kakoe-To GopMaibHOE pas-
augde, W ML YBHIHM ceiiuac, 9T0 OHO AeHcTBUTeIbHO HMMEEeTCH.

B uwem ono 3armiowaerca? fl ckasanm, wlo ff m ¥ — TPOMBBOIBHLIC
nocrogunbie. Yl BoT OKasmBaeTcss CYMEeCTBeHHBIM, MMEOT il OHU OJ(H-
HAKOBLIC JHAKH W pasauniesie. PaccMoTpuM mepBHit caydaii —
p 1 v uMeloT OUHAKOBBIC 3HAKH—H B 9TOM IPE/I0J0KEHAN I POHHTEr-
PEPyeM HAIIM COBCEM IPOCTHLIC YPaBHEHWS. JaMeTHM, dITO VBT
neHicTBUTEICH, TAK KaK ION KOPHEM CTOMT IOJNO/KHTEIBHAA BEJMYM-
Ha. B ®E y ompemelieHH ¢ TOYHOCTBIO A0 LOCTOAHHOTO KoaddumumeHTa,
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W MH MO3KEM NodTOMY cuurars, 9to ¥ By = 1. O6oznaumm ganee VB =
= p. Me moxygaem Torpa ms (40) chenyomune OROHYATENBLHEE BH-
paskeHnsn:

® —P D __ P
T = e —‘g" z—p € 26 f,
e s ()
' = — % r4+—7 4

Mu y6epmmest, 9T0 9T0 JOPEeH0BO npeobpasoBanHue.

IlapamnenbHo paceMoTpuM BTOpO#l ciydait, xorga Py << 0, T. e.
Korfa B m 7 WMeT pasHEe 3HAKA. MBI BCeTa MO}KeM YMHOYKHTH HX
Ha TaKyl BemmuuEy, uroGm moayuars ) By =i. Iamee, oGosHa-
umm V 7/B = — ip. Ecam npomnTerpuposars ypasnenns (46) npu aTax
YCJIOBUAX, TO MH IOJYYIAM

20 —1p

, s e —¢
= 2= —3 1§
1P 1P eim + e (49)
Vo= e —— -+ l.
201 2

fI nora He 3HAalo, KaKWe ypaBHEHNA OTBEUAOT MoeMy ciyuawo. I yr-
BEPIKAA0, UTO NepBHE ecTh JOPEHN0BO mpeobpasopaHue, & BTOpHE —
camoe ofsI9HOE IIpeodpasoBarue ROOPIUHATHOR cacTeMnl. Ho noxa A ne
3HAK HU JOPEHNOBHX NpeofpasoBandil, UM BTHX, W A CIPAIEBAI0:
MOKHO JIF MMEHHO %3 U3AYeCKUX COOOparKCHUH, B3 TOro, 9TO ONpefme-
JleHUe BPeMeHH HHOe, YeM onpefejeHue BTOPOi KOOPDAHLIATH B HIPO-
CTPAHCTBE, CKasaTh ¢ CAMOr0 Hayajla, KAKHE YPaBHCHHsA OTBEYAIOT
OfiHOMY cJIyd4aio B Kaxue apyromy? fI yTeeps:kaalo, 4To MOMKHO, H IpH-
TOM pasnudHsMEA cnocobamu. fl 8TO cHeman TOXBKO omHAM CHOCOGOM.

Bosbmem ypasuenms (48). Mopma aTHX ypaBHeHHH, KOTOPYIO MBI
noNy4dmiIr u3 TpeGOBAHHAA rPYLIOBOCTH, CPAa3y TOBODAT O TOM, d4TO
cymecTByeT HHBapHant. BospegmrTe mepBoe W BTOPOoe YDaBHOHHA B
KBAfpaT, YMHOKBTE BTOPOE HA P? M BEIYTMTE W3 NepBOro. BH moay-
9UTe TOTHA

z’? — ' = g® — P2,

T. €. 9T0O BhIpajxeHHe fABJIACTCA HHBAPHAHTOM. Anasorauno Bo BTODPOM
Cilydyae MHBAPHARTOM ABJIAETCA

Z'? 4 p*'? = 22 4 PP,

npmueM o0a pasa p — meficTBuTenbHas BexmumHa. WTak, ypasHeHHA,
KOTOpLIC LOJAYyIWINCE H3 HAMKX TPeGoBaHmMH, ropopar, 9rTo B ofomx
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cIyvasix CYIEcTBYeT MHBADHAHT, HO B NEPEOM CJIyYae — OAHH, BO
BTOPOM ~— [ PYTOM. &

Orcofa 4 cpasy MOry CKasaTh, KaKo#l caydJail OTHOCWTCA K ABH-
JKEHHI0, 4 KaKo# K mpeobpa3oBaHmio koopaunar. [lo oxpepenennio Bpe-
MEHH M ABHJKEHHA, si MOTY CKa3aTh CAeYOMee: eCid y Bac ecTh He-
OOABEIKHAA TOUKA B KAaKO#-TO KOODAMHATHOHW CHCTEME H €CHAH JTA
cmcTeMa [ABIUKETCS, TO ¢ POCTOM BPeMEHEM KOOPJEHATA, OTCIMTAHHAA
B HENOABIKHOH cHCTeMe, HeCOMHEHHO GymeT Bo3pacTaTh. ITO COAep-
FKATCA B CaMUX HAIIMX NOHATHAX O BPEMEHH M O IBWJKeHHH. JHATHT,
€CNM CYIEeCTBYeT MHBAPHAHT MEMNY £ ¥ I, TO OH MOeT GHTL TOJBLKO
TAKUEM, 9YTO IPH pocTe i AOMKHO pactmm . Eeiam e W x pacTyT u
OPHE 5TOM KAK0e-TO BEIDAKeHme 0CTAeTCH MHBAPHAHTHHIM, TO 9TO MO-
sKeT GHTH TOJBKO BHIpAa;KEHHE CO 3HAKOM MmHyC. B mpocTpaucTse na-
060poT — mMOBOPOT Oceil He H3MEHSET PACCTOAHUA MEKIY ABYMA Tod-
xamu. Ecna z pacrer mo GeCKOHEYHOCTH WIH { PACTET, TO BCA BEJIHINHA
pacrer. Ho npw mamMeHeHWHE KOOPAHHATHON CHCTEMH TpeGoBaHHA, 9TO-
O 2 m ¢ yBeIMUMBAAUCH, HET.

Taxum of6pazoMm, m3 Tex TpeGoBaHmil, KOTOpHE MK IpPEABABIAEM
KO BpeMeHH W [BUKeHHIO, fICHO, UTO AJA HAUIErO CAYYasd MHBAPHAHT-
HEIM MOKeT GHTH TOJLKO IEPBOEe BHPAKEHHE, T. €. MHl OJHO3HAUHO
BHIeANIH Tenepb mpeolpasoBaHHe, KOTOPOE HAC HHTEPECYerT.

B s10M ¢HeGoabmioM» pasiduME B 3HAKE KPOETICA CYMIHOCTHL pas-
Jig9dA MeHIY IPOCTPAHCTBEHHOW KOOPAHHATON BO BTOPOM clydae M
BpeMeHeM, KaK JPYyrodl «KOOPAMHATOW», B HepPBOM ciaydae.

Hawm ocramocs noxkasarhs, 9o (49) meiicTBHTENBHO 6CTH HE YTO HHOE,
Kak o0nuHoe mpeoGpasoBanme. JIerko BmaeTs, 910 ypasHeHHA (49)
MOJKHO MEPemmcaTs B BHJEE

z’ =2z cos ¢ — pt sin @,

sin @
p

V= —x

+ ¢ cos @,

a 3To oGH4HaA gopma npeobpazoBaHuUA, 32 HCKIKTCHHEM IPOH3BOIL-
Hoit exnamEH p. Ho ee npucyrcrBre monaTHo. MH Beibh HE TpebGoBamn,
grobH MacmTab 1A & 1 ¥ 65 ofwHAKGB. Ilpm atom moGaBoddoM Tpe-
OoBaHEM Mu 1moNyYIAM OOETHBE GOPMYAH TpeoGpPa30BAHAA KOOP-
ImHAT.

HaoGopor, Takaa dopMa cOBEPIIEHHO HempUBEYHA JIA HAc B JO-
pernosoM npeobpasoBammnd. Coyuaiina am sTa opMa wiM He caydai-
ra? f1 yxe ykasan, ITo IapaMeTp ¢ — 9TO CHEIMAIHHO MOFXOOpaH-
HHiT mapaMeTp, KOTOPH#E o0IJajgaeT TeM CBOJCTBOM, YTO YMHOKEHHIO
ABYX mpeoGpazoBaHWA COOTBETCTBYET CJOIKeHHe MX mapamerpoB. Tak
VK IOBEJI0CH, YTO NPH Npeodpa3oBaHAH OCed 3a mapaMeTp NPHHIMAET-
¢4 Yyroa ¢, ¥ KOTa BH HOBOpauMBaeTe OCH CHAYAJAa Ha Yol ¢,
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a 3aTeM Ha Yrod ¢,, TO OKOHYATeJNbHHH HOBOPOT OyZeT Ha yroix @y =
= @1 + ¢y. Ho Moxuo 6rto Gut BHGpATH B Ka¥YecTBe HapaMeTpa AJsA
HOBODPOTA OCeld He ¢, a, cKakeM, tg ¢. Ilycrs tg ¢ = v. Ecan noxcraBurs
5TOT MapameTp, To HOXYIHTCA JOopPeHnoBo mpeobpasopanme. lelicTm-
TeNBHO, @3 = @1 + (p, 8 BHAUHT, Uy = tg@; = tg (¢ + @2), T. €.

tgp1+tgp:  ntn
1—tgqitg s ~ 1 —wvs’

U3=

Ho sr0o xax pas nopennoBo npeobpasoBaHume AiA ckopocTeir. Tarmm
obpasom, ecam GH TOBOPOT XAPAKTEPU30BAJCA HE CAMHAM YIJIOM, & €ro
TAHTEHCOM, TO MB HONYYAJH O JNOpPEHHOBH IpeobpaszoBauma. MH
MOJKeM W JBW)KeHHEe OfHOH CHCTeMHl II0 OTHONICHWIO K JpyTroll xapak-
T€PHB0BATEH HE CKOPOCTBIO U, 4 BEAWINMHOM :p. TOIa MBI IOJTYIUM afiiH-
THBHOCTH CJOKEHWS STHX HOBHX «cropocrei». Taroe ¢ B xauecTBe
pusHUYECKOTO mapaMeTpa BMECTO CKOPOCTH HMMEHHO ¢ 3TOH TOUKHA 3pe-
HEA 6B10 BRefiero PoboM. Po6 rosopur ciemylommee: MBI MOJKEM 0Xa-
PaKTePH30BaTh JABHKEHME ONHOIO Tejla 0 OTHOMEeHHIO K IPYTOoMY CKO-
pocTeio. UTo Taxoe cropocTh? MBI 3HaeM, 9TO TeJN0 MOMKET IBUTATH-
cA CKOpee WaE MeljieHHee. B KagectBe Mepnl MH m30paad OTHOMEHHE
IYyTH KO BPEMEHH W NPUHSAIA 9Ty BeAHUMHY B KaUecTBE UmapaMeTpa.
Huaro He Memmaer Ham BHIOPATh APYIYH XapaKTePHCTHRY [BUKEHHA.
ITosBoanTe me ocTaHABAMBATELCH HA 3TOM HOPOOIO0, 1O MOKHO Opimo G
$msuuecku cpenath Tak. Ilpencranere cebe, 9ro B HEKOTOPO# cHcTeMe
OTCYETA MBI CTPENAEM M3 OYIIKWU; s/po Oy/Her ABATATEHCH, M BTO J(BH-
JKEHIe MBI TpEMeM 3a Mepy cxkopocTi. CKOPOCTh KAKOTO-TO IPYTOTO  3a-
DAHHOTO ABIGKEHMS MH MOMKeM ONPEeNuTh TAKUM 06pasoM: MBI BHI-
CTPeJINIM M3 NepPBO# NYMIKW; BTOPYI, COBEPHIGHHO TAKYI ’Ke NyI-
KY MB 3aCTaBJsAeM EBUTATHCA Tak, 9TOGE OHA INJIa BMECTEe ¢ ALPOM
nepBoH, M B 9T0 jKe BPEMA CTpeJseM m3 Bropoi nymrm. Torma ee agpo
Oy er Kak-To gBararhca. W BOT, TO OWpeeNeHH), MbI CKajkeM, 9T
3TO BTOPOE PO MMEeT GHICTPOTY, BABOe GoabpuIyio, 4eMm mepBoe. Eciam
MEL TAK OIpefedmM, TO 9T0 ¥ Oyzer Hall affuTUBHHEEA mapamerp. Mu
MOeM HasBaTh ero Owcmpomoii. (Po6 wmaseam ero rapidity). Iro
GeL 6B OYEHB IEHHBIR HapaMeTp HMEHHO B CHIY CBOell afiuTHBHOCTH.

Teneprs 1Ho3B0JIBTE TMOKA3aTh, 9T0 (48) MefCTBUTENLHO JIOPEHIOBO
npeobpasosanne. B HeM cToAT He Kpyrosue, a rumepboaudeckue PyHK-
OHE (, T. €. eTO0 MOMKHO 3a0WCaTh TaK:

2’ =chp z —psho ¢,

_ e i chog(h).

p

t' =

Eciam mMu o6osadmM p th ¢ = v (a MBI 06A3aHH Tak ¢1e1aTh, CIH X0-
THM 0OBITHEIM 00Pa30M OIPENeHTh CKOPOCTE U KAK HYTh, JeJeBHHE Ha
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BpeMsi), TO YPaBHEHUS IPHMYT TaKkoH BHA:

. r— vl
xz —?.—Z_JT',

Vi——

o (50)
P o= p-

=t
P
l/"l — =
o
a 9TO 1_ecTh Halle 06HYHO2 JIOPEHIOBO IpeobpasoBanne. EIuHCTREHHOE,
4ero Hally TPeOOBAaHUS He ONPENeAANT, — HT0 BelwIuHH p. Ilaa aro-
T0 HY)KHH (H3uuecKue CcOOOpasKeHHA, HY)KEH KaKOH-TO ¢uanvecKui
uponecc. IlpuBENUD OTHOCHTENIBHOCTH YTBEDIKAAET, 9TO 0 — CKOPOCTH
cBeTA B BaKyyMe.

Wrax, MBI BUAEM, 9TO MOTYT [aTh HANIW TPeGOBAHUA M 9€ro He MO-
ryr. C opmofl cTOPOILI, OHH YKAa3aJIH HaM THO npeobpasoBaHmii, HO
elle OCTABWJIE OOJBIIOH HPOU3ROJ. 3aTeM MLl morpebonand, IToOL
OfiHA H3 Koopimuar coo0pasoBaach ¢ HAUIAM IOINATAHEM BPeMEHH, H
ME HANUIA TOTHA JOPenuono npeodpasoBanye, HO He HALUTH 3HAYCHUA
0. 910 M NOHATHO: M3 COOOpPAKEHHMN TPYNNH YHCICHHAS BEJIXYMHA
MOJNYYUTHCH He Mordia. JlJis 910T0 HysKeH OmbIT.

Moskuo 65110 OB NOCTYUHTH HECKOJIBKO NHAYE: CPA’Y BBECTH Tpebo-
BaHWE OTHOCHTEJNBHOCTH, T. €. HAJLOKUTD YCIOBUA (45) M 3aTeM BBECTH
rpe6oBanme rpyunnosBoctu. ITo Ona0 cmenano MOpamkom. llpemmoso-
FKEHHUe, ITO CKOPOCTH OJIHOM CHCTEME! IO OTHOLIEHHIO K APyTroi o6parna
CKOPOCTHE BTOPO#l m0 OTHONIEHMIO K IEePBOH ¥ 9T0 MMeeT MeCTO OfHHA-
KOBOE B3aMMHOE COKpaleHne MacmTada, ZOCTATOYHO, YTOOK IPHBECTH
npeoGpazosamue & opme (50). Ho rorpma savem Hy;xHO TpebGoBamme
rpyunopoctu?! fl ckasax, 4ro mpeoOpasoBaHMA NMPHBONATCA K (opme
(50), 1o ¢ ommoil pasHUIE: P OCTaeTCA NMPOUZBOJBHON QYHKIHEHd oT
cropocry v. TpeboBamme IpPynmoBOCTM LPHBONHT K TOMY, 9T0 Q —
MOCTOAHHAS BeIWYIWHA, a4 9TO SBIAETCS PelIAIoIAM.

Br Bupgure, TakuM obpasoM, Kak pasiawdHbe TpeGoBaHMA, OTHH
E3 KOTOPHX KayKyTCA GOJBIIEME, [PYTHE MaJeHbKEMM, HAJIATAIOT
W3BeCTHHE OTPAHMYEHWA M KaK OTCIOla HONYIAKTCH OUPE/eleHHbIE
cooTHomeHAA. K poMe Toro, yrasars Ha I'PyOHOOBON Xapakrrep mpeol-
Pa30BaHEE BayKHO, KAK MIE KayKeTCsI, W IOTOMY, UTO CTaHOBUTCH sIC-
HBIM 3HadeEme ¢. D KHMrax gacro OMUIYT TaK, 9T0 IPOCTO CONEKAI0 L
mpeo0pasoBaHme KOOPJWHAT Ha IJOCKOCTH M JIOPEHIIOBO Ipeobpaso-
Bapme. Mue KajkeTcs, UTO €CIH PAaCCMATPHBATHL ¢ YKa3aHHON TOYKH
3peHmsd, TO BCe MOJYdIaeT HEeCKOJIbKO IPYToi acmexT. 3aMedy eme, IT0
eCJH BMECTO ¥ HAHOHMCATE &;, & BMeCTO icl B3ATH z, (IpHIEM TO, UTO 5
BBOKY, HE HMEET HAKAKOTO HM MUCTHYECKOTO, HH (PH3MIECKOTO 3Ha-
9enm|A, a NPOCTO BBOJUTCS MHUMAs KOOPAMHATA), TO JUISA 9THX KOOp-
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AUHAT A0pelioBo npeodpasoBanue IprobpeTaeT COBEPIIEHHO TaKOH Ko
BHJ, KaK AJs1 0GRYIIOTO IOBOPOTA OCeil, HO TONBKO () — MHUMELH yroJ.
ODnaTp-TaKy 3TO NUYETO HE 3HAYNT (HINIECKH, DTO TOALKO cuocob ofo-
3HadYeHHA. JacTo roBOPAT IOITOMY, UTO JNOPEHNo0Bo IpcobpazoBanme
eCTh NOBOPOT oceil, HO Ha MHHMEIE yTOX.

Topasgo cno)kHee IPEMEHHTH I'PYIIOBHE cooGpaskenme K obmumm
AopeHEnoBHM TpeobpasoBanuaM Gg B (q,. f1 He Gyny Ha sTOM oCTaHa-
BJIMBATEHCA. ¥ KQKY TOJIBKO, 9T0 X B OGHYHON reoMeTprd Bce, 9T0 MOMK-
HO OTCIOfla BHBECTH, IpefcTaBiger cofolf IpesBHTANHO 3aHUMATENE-
nse # QyHmaMenTalbHHE Bemu. TeHepb STOT KPYT BOIPOCOB OTEHB
xopomto paspaboran, a HAYaJ0 €ro OHJIO HOJOMKEHO 3HAMEHHTEM Me-
myapoM «O TPOMCXOHICHAE reOMEeTPHISCKEX aKcmoM» I'eqbMIobIa,
KOTOPHH KO BCEM HAYKaM TOJXONHWJI KAK eCTEeCTBOMCHEITATeNdb. XOTA
T'enpbMroann ¥ cAenas joBosibno rpybyo Jormdeckyo omubKy, ncnpas-
JeHHYI0 noToM Jlm, HO, HECMOTpPA Ha 5TO, TBOPIOM BCeidl MOCTAHOBKH
BONPOCA HYKHO CYMTATH HMMEHHO ero.

MosxH0 GBLI0 6K €me MHOTO TOBOPUTH 00 3TOM, HO HYKHO 3AKOH-
quTe. I103BOJIBETE B 3aKNIOUCHWE CKA3aTh emle HeCKONBKO CJIOB.

fI ocoberHO crapaicsa mMog4epPKHYTH (A AyMaio, 9To HTO MOE jKeja-
HUE ¥ caMoe MOe MHEHWE BB CHO YCBOMJIH), 9TO BCE BOMPOCH!, CBABAH-
HLIEe ¢ Teopueil OTHOCHTEIBHOCTH,— HpPEKJE BCETO BONPOCH (u3m-
geckue. Ee dmimocodckoe smadeHme — 510 ocoGHE Bompoc, Hac JKe
HHTEpecoBano (u3mIecKoe 3HadeHne. JTO BAKHO HOLICPKHYTH BOT KO-
yeMy: PE3mUYECKas TEOPUS ONEPHEPYET HEKOTOPHIME OIPefedeHHAMM,
HO TAKNME ONPE/IJIEHNAMA, B OCHOBE KOTOPHX Iear feficTBUTeNBHO
BEIIIOMENMBIe QU3muecKye TPONECCH B pealbHOU mpmpone. Ecan s ro-
BOPIO, 9TO f HIMEPAIO NIHHY, TO s Tpebyio, 9ro0bl HsMepeHne IPOA3BO-
IBJIOCH He OPH NMOMONMA KAKWX-TO MEQHUECKAX TeJy, a G TeM UIN WHHM
OpUGImKeHEeM NpyE UoMomd (GU3MYECKUX Tell, YToOH MOKHO GBLTO
YKa3aTh, Kak 310 caeaars. Eciu g TOBOPIO 0 BpeMeHH, 0 CHHXPOHHOCTH
4aCoB 30eCh U TaM, T0 A Tpebyro, ITolOH yKa3ald, Kak TO yCTadOBHTD.
B sasucumocmu om mozo, 4ml NOKA3LIENEM SKCREDUMEHM, U HAULL
mpebosanus u Mawu onpedeseHus GoaxcHu 6ume pasiudni. Eeam My
YBePEHH, el BCe ONBITH T'OBOPAT, 9YTO B IPHUPOJie HE CYMECTBYOT CHI-
HaXBHHX CKopocreil, GOJNBPMMX CKOPOCTH CBETa, TO, Ompefesasd, CHa-
meM, OfHOBPeMEHHOCTh, CHHXPOHM3M [BYX 9acOB B DPA3AUIHHIX Me-
CTax, Mbl JOJUKEBI C BTHM CUYMTATHCA. MBI He MO(EM IOBOPHTD, 4TO
OTIpPe/IeIEM OIHOBPeMEeHHOCTh, IYCTHB MTHOBEHHBIA cmrHai. MBI mod-
FKHBI CYATATHCH C TeM, 9TO €CTh, U €CJIH TAKOTO CHIHAJA He CYMCCTRYET,
TO HEJIB3A €TI0 CTABHTH B OCHOBY TeopuM. Kem 5T Tak H eclim NPA3HATH
OLHITHl, C KOTOPHIMH MHI COTJNAINAaeMCs, eCTM OPM3HATH onbT Mai-
KeIbCOHA TIPABMIBHEM, TO T8 NPEANOCHIKHA, B3 KOTOPHX HCXORHUT Teo-
pUA OTHOCHTEJFHOCTH, HH B KOeil Mepe He SIBNSIOICH Gojiee HCKYCCT-
BEHHLIMH, 9eM Te, M3 KOTOPHX MCXOAMJA KIACCHKA. HJacCHKA TOMKe
noJKHa OHJIa ONEpAThCA HA NPEANOJO)KelHs u runoTesk. Hiaccmka
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TaKxe [okEa GHTa ONpeNeNATh CKOPOCTh M yCTAHABIMBATH CHEXPO-
HE3M YacoB 3/IeCh M B IPYTOM MecTe. A TOTHA f MOTY OT IIpeCcTaBATe A
KaaccmyecKoli ¢mamikm TpPeGOBATH: CKAKA, KaX TH YCTAHABIMBAaCIIh
CHEXPOEM3M?

Ecanm 0B roBOpHT, 9T0 HOCHLIAET CHTHAJ ¢ GECKOHETHON CKOPOCTHIO,
TO A DTO OTBEPTal, MOTOMY YTO QH3EKA ODKHA CIATATHCA C TEM, 9TO
ecTs B mpupone. OH Mo)KeT CKasaTh WHAUE: A NEPEHOINY JacH B IPYToe
MeCTo K CYHTAal0, YTO OHH cHHXPOHHH. Torma mompoc xacaercs daxra:
Kar BegyT ce0s 9ach, KOTODHe TakmM oOpasoMm mepemocar? Pexarm-
BHCT TOBOPHUT, 9TO OHH BeAYT celf TAK-TO, KIACCHK TOBOPHT, 4TO TAK-
ro. HErako#l mpEATANHANBHON PASHANH B HOCTAHOBKE BOLPOCA HET.
Bee cymecTBylomme OnnITHEE NaHHHE IOBOPAT, YTO IPABH T8, KTO
OpEePABASTCA TEODHA OTHOCHTEIBHOCTH. fl mopueprmBaio eme pas,
9T0 He ampHopHLie COO0PaKeHHA 3aCTABIAKNT HPHHATH 9Ty TEOPHIO,
a TO, 9TO OHa Gollee eCTECTBEHHA, 9eM KIACCHKA, YTO OHA ONEPHPYeT
OIpeleNeHHKME pealbHHMHA dKCOepHMeHTaMH. ECIm 3TH OUETH He-
OPaBAIBHAE, TO H T€OPHA OTHOCHTEIBHOCTH HENPABMIBHA, HO HCXOLHATH
Hajl0 W3 ONpeNeJeHHHX ONHTOB. KCAW WCXONWTH E3 TeX ONHTOB,
0 KOTODHX MH TOBODHAJH, TO TEODPHA OTHOCHTEILHOCTH He HCKYC-
CTBeHHA, & ecTecTBeHHA. B Hell HET RaKO#-TO HANCTPOHKHA Haj RaAac~
cHKOlt, B RoTopoi Gyaro 6K Bce OHNO «camo coboll oguesmuHoy. Ecam
FOBOPATHL O HANCTPOMKax, TO KJIACCHKA TaKike MOJUKHA OHiIa MX [Je-
1aThk, HO TOAHKO AipyrEe. KTo mpaB,— 5To Bompoc OmeITa, W TO, 4TO
TeIeph HMBBECTHO, TOBOPHT 3d TEODHK OTHOCHTEAbHOCTH. OXWE H3
IIaBHHX apryMeHTOR — BOIPOC O CKopocTHm cBeTa. IIpmamamme cKo-
POCTH CBeTA B BaKyyMe IpPeNedbHOHE BeJET K TAaKHM NOCIENCTBHAM,
OT KOTOPHX QU3HKY OTMAXHYTHCSA HEJIb3f.

K rakmM e saxaogenmsaym npuBoasaT mutatis mutandis m sompocu
KBaHTOBON Mexamwkm. W Tam Bompoc 3ariuaercA B ounTe. C Teo-
pHeil OTHOCMTeNBHOCTH DHIO TaK, 9T0 WOKA HMENM @0 ¢ MaleHb-
KAMH CKOPOCTSAIMH, HEKAKHX OTKJIOHEHHI OT KJIACCHKE He 3aMedalli.
IlepecMoTpers BCI0 cCHCTEMY 3aCTABWIE HOBHE ¢fakmsl, TEOPHA OTHO-
CHTeJLHOCTHE BO3HHMKIA WMEHHO OTCIOfA, a HE OTKYNA-TO BAPYr Bad-
naces. Hea1o mopobHoe (s me roBopio — TO jKe camMoe, DOTOMY 9TO
GoloCchH TaKAX aEAJOTHil) HONYIHIOCH X B KBaHTOBOI Mexammke. Iloka
7leJ10 Kacadoch MaKkpOKOCMOCa, I'le BANARME Ha HabniogaeMbii TpeiMer
anbo Mano, ambGo Mo:xeT GHTH YITOHO, CO34ABAIOCH BOeIATIAEHEE, UTO
Beerga u Bespe 6yaer o6sasarensHo Tak. Ho ecam npmsaars OOETH, B B
mepByI0 odYepenh OONT HHOMOTOHA, IPaBHILHEIME, €CAH OPH3HATH, ITO
AMEeTCH HeycTpaHmMoe B3amMojeiicTBEe, To mouoOmHoe yGemenme
pymurea. KparToBag mexammka He DpOM3BOALHO? MOCTpoeHme. Ta-
KOro mocTpoendsa Tpebyer ¢u3HKa, M €CAHM €ro He CleaaTh, TO HONY-
9HTCHA UpoTEBOpeume ¢ onHTHHIME axkramu. Komedno, Bceria MoKHO
BO3DasuTH HBe Bemd: aubo omHT HOBepeH, am(0 MO:KHO IOCTPOHTH
eme TpeTbHM cmocoGoM. ITO BepHO, HO He HY:KHO 3abHBaTh, 4TO H
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OpekHee MOCTPOGHAe COfeP KaJ0 IPeNoaosKeEnsa. B aToM OTHOmMEHUH
pasummB g PUBEKA HeT — W paHBIe JO/KHH OHIHE HexaTh Ipej-
IOJIO;KEHAA B TeePh, KAKHEe MPeIoI0KeHnsa TPaBHIbHE, TOKA3HBaeT
OIEIT.

Hac uaTEepecoBalE gpyrue BONPOCH, KBAaHTOBAsd MeXaHHKA K HHM
He OTHOCHTCA, HO, 3aKaHIABAA, A XOTe]d HNOAYEPKHYTH ATy CTOPOHY
nexa. f1 ysepeH, uTo KayKIHi M3 Bac, ecaw He OyAeT OCTAHABANBATHCA
Ha oJZ0pore ¥ [yMaTh, 9TO TEOPHA OTHOCHTEJEHOCTH IEPEBOPATHBAET
ero NoHATHA, a OyJeT TPesBO OTHOCHTHCA K ONEITY W KO BCEM HOCTpOe-
HESM, BMEeS B BALY, 970 HePeBOPAYHBAHNEM IOHATHHA 9acTO HABHBAETCA
paspyleEme NpPepacCyNKOB, He BCTPETHT HHKAKHEX TPYRHOCTEH,
3a HCKIIYEHHUEM, OHITH MOMET, KOHKPETHHRIX TPYLHEIX BOIPOCOB.



