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MPEINC/IOBUE

Ilpennaraemas kuura npencrasaser coGo# yeTBepTHit TOM ,Teopern-
YeCKO# (H3MKH“. ITOT TOM NOCBAUIEH M3NONKEHHIO TEODPHH 3JIEKTPOMAarHuT-
HOrO M rpaBHTALMOHHOrO NOJeH, T. e. 3MEKTPOAMHAMHKM M OOuIeH# TeopHu
OTHOCHTENBHOCTH. SneKTponnHamuKa' M3NaraeTcs C CaMOro Hayasia Ha OCHOBE
CTIEUMANLHOTO MDHHUMNA OTHOCHTENBHOCTH.

Maxpockonuyeckast 31eKTPOAMHAMMKA, T. e. 3/IEKTPOXMHAMHUKA MaTe-
PHANbHHX Cped, B 3TOM TOMe He uanaraercsi. Eff 6yser mocssieH cieayro-
KA — NATHH -— TOM 3TOrO Kypca.

Hnst uTeHns KHHrH HeOGXONMMO OGLIEE 3HAKOMCTBO C 3JIEKTPOMAarHHuT-
HHMH fBJICHHAMH B o0beMe OGmMX KypcoB ¢uauku. Heobxomumo Takwke
XOpouee 3HaHHE BEKTOPHOrO aHA/M3a.

: JI. Jlanoay
Wuctutyr Pusnuecknx Mpob6aem AH CCCP, E. Jlugpuuy

Mocksa,
HexaGps, 1939 r.
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[VIABA 1
NPUHLMN OTHOCHTEJIBHOCTH

§ 1. CkopocTh pacnpocTpaHeHHs B3auMoaeilcTBHi

' Hns onucanus npoueccoB, NPOMCXONAWMX B TMPUPOLE, HEOGXOAMMO:
UMETb, KaK rosopdar, cucTeMy orcueta. Ilog cucTeMoff oTCueTa MOHHMAIOT
CUCTEMY KOODAHMHAT, CJAYXKAILYI AAS YKA3aHWA TOJOKEHMS YacTHU, B NpPO-
CTPaHCTBE, BMeCTE CO CB3aHHBIMM C 3TOM CHCTeMOM uacaMu, CAYXaLIMMH
NIl YKa3aHUsI BPEMEHH.

CyuiecTByloT CHCTeMbl OTCYETa, B KOTOPHX CBOGOAHOE ABHXEHHE Tes,
T. €. NBHXEHHME TeJ, He HaXOMAIMXCA NOA AeHCTBHEM BHEIUHHMX CHJ, TIpO-
MCXOIMT C MOCTOSHHOK CKOPOCThio. Takue CHCTEMBl OTCueTa HOCAT Haspa-
HHE HMHEPLMANbHHX.

Ecau IBe CUCTeMb OTCUETa JABHKYTCS npyr OTHOCHTENBHO npyra pas-
HOMEDHO MOCTYNATeJAbHO M €CAHM OILHA M3 HMX WHEpUMalNbHas, TQ OUYEeBHAHO,
YTO M Lpyras TOXe SBJIAETCS HHePUMaNbHOH (BCSKOE CBOGOLHOE NBHIKEHHE
U B 3TOH cucreMe OyAer MPAMOJMHEHHBIM M DaBHOMepHHM). TakuMm o6pa-
30M, MMEETCH CKOJIbKO YrOAHO MHEDLMAJbHRIX CHCTEM OTCYETa, NBHIKYIUMXCS
ADYr OTHOCHTENBHO NPYra PaBHOMEPHO-NOCTYNATENbHO.,

OnbiT noxasbiBaeT, YTO MMEET MECTO TaK HA3HBAEMHH TPHHUMI OTHO-

CHTeNbHOCTH. COr/lacHO 3TOMY. npnﬂuﬂny _BCe_3aKOHH _ npnponm onuHaKoBu,

KOODAHHAT " BDEMEHH or ONHOW MHEpUHaJLHOR cHCTeMHl K apyrof#f. 3ro
8HAYHT, 4TO ypaBHEHHE, ONMCHIBAIOLEE HEKOTOPHH 3aKOH NMpPUPOAH, Oyayun
BHIDAXKEHO Yepe3 KOODAHHATH W BpPeMsl B PasjMYHEIX nnepuuanbnmx CHCTE~
Max OTCYeTa, MMEeT ONHMH M TOT e BHA.

Bsanmonencmue MaTepHaJbHHIX YaCTHI, OMHCHBAETCA B OGHIYHOH MeXxa-
HHKE NIOCPEACTBOM NMNOTEHIHANBHON HEPT UK B3aUMOAENCTBHA, siBAsOLIeAC QYHK~
uueH 0T_Koo _KOODAMHAT B3aHMOLEACTBYIOLINX YaCTHLL. Jlerxo BuaeTb, 4TO 3TOT CIO-
cOG OmMCaHMs B3ANMONEHCTBHH BKAIOGAeT B CEOS MpPENOJIOKEeHHe O O_MrHo-
BEHHOCTH pacnpoCTpaHeHHs B3ammoneHcTsuit. JleHCTBHTENBHO, CHAH,  HEM:

A S,
 CTBYIOLIIHE HA Ka}Ayl0 H3 YaCTHI[ CO CTOPOHBl OCTaJbHHX YaCTHU, B KaXKAHK

MOMEHT 3aBUCAT, NDH TaKOM OMHUCAHUH, TOJIBKO OT IOJOXEHHA YaCTHU B 3TOT
He MOMEHT BpeMeHH. M3MeHeHHe TNOJNOMKEHHS KaKOH-1M6O. W3 B3auMmoneft-
CTBYIOLUMX HaCTHI, OTPAX3eTC HA OCTANbHHX YACTHUAX B TOT KE€ MOMEHT.

OnuT, OAHAKO, NMOKA3HIBAET, YTO MFHOBEHHHX B3aHMOIeHCTBUH B npu-
poxe He cyuiecTByeT. ITo3TOMy M MeXaHHKa, HCXOOSWAd W3 NpeACTaBJICHHS
O MFHOBEHHOCTHM DaCnpOCTPAHEHHs: B3aMMOAEHCTBHMH, 3ak/oyaeT B cebe HEKO-

-~




10 '

NPMHUHI OTHOCHTEJALHOCTH
*
“ TOPYIO HETOYHOCTb. B ReACTBHTE/NBLHOCTH, €C/H’C ONHMM M3 B3aUMONEACTBYIO-
WX Tes NPOMCXOAHT Kakoe-HHOYAb H3MEHEHHe, TO Ha ADYrOM. ‘Tele 3TO
OTPA3UTCA JMHWL MO HCTEYEHHH HEKOTOPOro npoMemyTka BpemeHH. ToabKO
I0C/1€ STOrO NPOMEKYTKA BPEMEHH CO BTODHIM TeJIOM HAYHYT NPOMCXOIHTH
_TIDOLECCH, BHI3BaHHHE JIAHHHWM H3MeHeHMeM. Pasnenus paccrosinue MeXIy
O6OMMHM TeNaMM Ha ' 3TOT NPOMEXYTOK -BPEMEHM, Mbl Ha#oem »CKOPOCTh
PacnpocTpaHeHHss B3aHMOXeACTBHI" )

3aMeTHM, YTO 3Ty CKOPOCTb MOXHO G6BUIO G6bl, COGCTBEHHO FOBODSA,
Ha3HBAaTh MaKCHMaJbHOR CKODOCTBIO DacHpOCTpaHeHus B3aumondeitcTeul. Ona
OMpelenseT JHWDL TOT NPOMEXYTOK BPEMEHH, NOCHE KOTOPOrO H3MeHeHHe,
TIPOMCXOAAIEE C OLHHM Te/NOM, HAYHHAET NPOABMATHCS HAa ApyroM. Oue-
BHIHO, UTO HajlHUHE MaKCHMAJbHOH CKODOCTH DacHPOCTPAHEHHA B3aHMOLEH-
CTBHH O3HAYaeT B TO Xe BPEMS, YTO B NPHPOde BOOGLIE HEBO3MOMHO IBH-
L J¥enne Ten co ckopocthio, Gonbluedt 3TOH. [eHcTBHTEnbHO, ecau 6B Takoe
© - | ABMKEHHE MOIIO TNPOHCXOOMTb, TO IIOCPEACTBOM HErO MOXHO OO 61
OCYMIECTBHTb B3aHMOIEHCTBHE CO CKOPOCTbIO, NPEBHIUAIOME HAMBOIbUIYIC
‘BO3MOXHYIO CKOPOCTh DACIIDOCTpDAHEHMS B3auMoneHcTBHMIL.

O B3aHMOZEHCTBHH, DACIPOCTPAHSIOWEMCS OT OIHOH YACTHUML K opy-

TOH, 4acTO FOBOPAT KaK O ,CHTHajJe“, OTMDABISIOWIEMCH OT NMEpBOH YacTHUL!
d  ,faiouieM 3HATR“ BTOPOH 00 M3MEHEHMM, KOTODOE MCMHTana MepBaf.
‘O CKODOCTH DacIpOCTPAaHEHHS B3aMMOLEHCTBHH T'OBODAT TOr4a KaK O ,CKO-
"~ POCTH curHaza“.
: IIpHHLMNE SILHOCTH_ BHITEKAET, B _YaCTHOCTH, YTO CKOPOCTh
[PacnpoCTpaHERHs B3aMMONEHCTBHH OLAHAKOBA BO BCEX MHEPUHAMBHBLIX CHCTe-
MAX_O7cuetd. TakuM OBPasoM, CKODOCTb DACHDOCTDAHEHHs B3aMMomeHCTBHH
ABNSETCA YHHBEpPCANLHOH IOCTOAHHOH. ‘

STa MNOCTORHHAS CKOPOCTh OMHOBDEMEHHO SIBASIETCH, Kak yaer moka-
3aHO B JManbHeHIeM, CKOPDOCThIO PaclpOCTPaHEHHS CBETA B MYCTOTE; MOITOMY
€e HashHBAIOT CKOPOCThi0 cBeTa. OHa ofo3snavaeTcs o6biyHO GyKBOH ¢, a ee
YMCNEHHOE 3HAYEHHE, COTVIACHO TOCJERHHM HM3MEPEHHSIM,  PaBHO

¢==2,99796 - 101° cx/cex. a,n

Bonbuio#t BenHuMHO#t 3TOM CKOPOCTH OOGDBACHAETCA TOT (AKT, YTO
8 NpakTHKe B GOJBIIMHCTBE Cly4YaeB NOCTATOYHO TOYHOM OKA3LIBAETCHA KJac-
. CHYECKas MeXaHMKa. DOMBbIUMHCTBO CKODOCTER, C KOTODHIMH HaM MPHXOAMTCS
HMeTb €10, HaCTOJBKO Malo0 NO CPaBHEHWIO CO CKODOCTBIO CBETa, YTO
NpeAnonoxeHrne 0 6eCKOHEYHOCTH NOCHAeNHEH NMPaKTHYECKH He BJMSET Ha TOY-
HOCTh pE€3Y/NbTATOB. , '
- . QOpenuHeHHe INpPHHIHMNA OTHOCHTENBHOCTH C KOHEYHOCTBIO CKODOCTH
DACIpOCTPANEHHH BIAUMONEHCTEAN HA3HBAETCH MPHUHILMIOM OTHOCHTEABHOCTH
JHHigreiua B OTAMYHe OT NpPHHLHINA OTHOCHTENLHOCTH | anuies, HCXOAAEro
. M3 6GeCKOHEeYHOH CKODOCTH pacmpOCTPaHEHHsI B3aMMOAeHCTBHIA.
Mexanuka, OCHOBaHHAf HAa SHHWITEHHOBCKOM NPHHUMIE OTHOCHTEALHOCTH
(M 6yneM OGHYHO Ha3BBaTh €f0 NPOCTO INPHHUMOOM OTHOCHTEAbHOCTH),
Ha3biBaeTcs peasaTHBHCTCKOM. B npelenbHOM cayuyae, KOria CKOPOCTH [ABH-
KYUMXCA TeA Maibl- B0 CPaBHEHHIO CO CKOPOCTHbIO CBETA, MOMNHO IpeHe-
6peub BIHAHMEM KOHEYHOCTH CKODOCTH DACHPOCTDAHEHHS B3aHMOAeHCTBHI
Ha gsmkenHe. TOraa penATHBHCTCKass MeXaHHKa NEPEXOJUT B  OGLIYHYIO

[rn. 1

1] CKOPOCTb PACNPOCTPAHEHMA B3AHMOLEHCTBHH
-|MexaHuKy, OCHOBaHHYIO Ha MPEANONOXEHHH O MTHOBEHHOCTH pPacnpocTpaHes"
HHA B3aMMOIEHCTBMA; 3Ty MEXaHHKY Ha3hIBAIOT HLIOTOHOBCKOM MM KJACCH- .
yeckolt. TIpeenbHb#t NEPEXOA OT PENSATHBUCTCKON MEXaHMKH K KJ1aCCHYecKOH -
MoxeT GuTbh GOpMalbpHO NMPOHM3BENEH Kak MNepexon k npemeny ¢-—»oo .B dop-
MyJaxX DeNsTHBHCTCKOH MEXaHHKH.
Vxe B Kaaccuyecko#t MeXaHMKe CBOHCTBa TNIPOCTPAHCTBA SABAKIOTCA
OTHOCHTE/JbHBIMH, T. €. 3aBHCAT OT TOro, B KaKOM CHUCTeMe OTCYeTa OHH
ONKMCHIBAIOTCA. YTBepiJdeHHe, YTO JBA DPAa3HOBPEMEHHEIX COOLITHA IIPOHCXO-
IAT B OfHOM M TOM Xe MECTe NMpPOCTPAHCTBA M/M BOOOIIE Ha ONpeneleHHOM
DaCCTOSHMH ADYT OT ApYyra, NMpHOOpeTaeT CMBICA TOJALKO TOrAa, KOTAA YKa-
3aHO, K KaKOH CHCTeMe OTCYETa 3TO YTBEDHIAEHHE OTHOCHTCH.
HanpoTtuB, BpeMss SBJISETCE B KJIACCHYECKOH MexaHMke abCOJIOTHEHIM;
APYrUMH CJIOBAMH, CBOHCTB2 BPEMEHH CYHTAIOTCH HE3aBHCAWMMH OT CHC-
\TEMBl OTCYETAd — BPEMS OJHO A BCeX CHCTEM OTCYeTa. DTO 3HAYMT, HTO
denn Kakue-HUGYb- 1Ba SBJAEHHS NPOMCXOAAT OLHOBPEMEHHO A KaKoro-
#{ubyap nabnwogatens, TO OHH SBIAIOTCA OLHOBDEMEHHLIMH M IJIS BCSKOrO
.l mpyroro. Boo6uie, nMpOMexyTOK BpeMeHH MEXIy ABYMS JaHHBIMH COOLITHAMH
JomxkeH OHTb OAMHAKOB BO BCeX CHCTEMAaX OTCHeTa. ‘
Jlerxo, ozHako, yOelIMTbCS B TOM, YTO MNOHATHE aGCOJIOTHOrO BPEMEHHM
HAXOAMWTCA B rAyGOKOM NDOTHBODEUHH C IHHIUITEHHOBCKHM IDHHLUHMIIOM OT-
HOCUTENLHOCTH. [l 3TOrO NOCTaTOYHO yXe BCMOMHHTH, HTO B KJacCHye-
CKOft MeXaHWKe, OCHOBAHHOH Ha MOHATHM 06 a6COMIOTHOM BPEMEeHH, HMEeT
MEeCTO OOLIEH3BECTHBI 3aKOH CJOXEHHst CKOPOCTeH, COMIacHO KOTOPOMY
CKODOCTb CJIONHOI'O IBHMKEHMS paBHa NMPOCTO cymMe (BeKTOPHOH) ckopocTelt,
COCTaB/SIOLUMX 3TO ABMKEHHe. DTOT 3aKOH, OYIyyH YHHBEPCAJbHBIM, XOJ-
WweH Op1 6B GHTb NPHUMEHMM M K DacNpOCTPAHEHHIO B3aUMOAEHCTBHIL.
.OTclofa caenoBano OGbi, YTO CKOPOCTh 3TOFO pacMpPOCTPaHEHMs LO/MKHA
OHITh Pa3/NHYHOM B PA3NHUHBIX 'MHEDUMANbHHIX CHCTEMAaX OTCYETA, B MPOTH-
BOPEYHH C TPHHUHMIOM OTHOCHTENLHOCTH. ONBIT, OAHAKO, BINOMHE MOATBED-
WAaeT B 3TOM OTHOLIEHWHM MPMHIMI OTHOCHTEILHOCTH. YIMEHHO, H3MepeHHd,
npousBeieHHbe BiepBhle MatKenbCOHOM, OGHAPYXHIN TIOAHYIO HE3aBHCHMOCTh
CKOpPOCTH CBeTa OT “HANMPABIEHUS €ro. PacNPOCTPAHEHMS; MEWKIY TeM Kak
COMNTACHO KJaCCHYECKOH - MeXaHHMKe CKOPOCTh CBeTa B HANPABAEHHHM [BHXe-
HH 3eMAM NOMKHZ Obla Obl GbiTh MEHbIIE, s YeM B INPOTHBOMOJIONKHOM
HanpaB/eHUH.

Takum 06pa3oM, NPHHUMI OTHOCHTEALHOCTH TNPHBOAMT K Pe3yJ/bTaty,
YTO BpeMs He #ABAfeTCH abCOMIOTHBIM. BpeMms Teuer no-pasHOMy B pas3HBIX
.cucTeMax orcuera. C/leloBaTeNbHO, YTBEDXKIEHHE, YTO MeXAYy ABYMSA [aH-
HBIMM COGLITHAMH TIDOLLE/ ONpeleNeHHBIH TNPOMEXYTOK BpeMeHH, npuobpe-
TaeT CMLICA TOJALKO TOrAa, KOT4Aa YKa3aHO, K KAKOM CHCTeME OTCYeTa 3TO
YTBEDKIEHHE OTHOCHTCH. B 4acTHOCTH, COOBITHA, OAHOBDEMEHHLHIE B HEKO-
TOPO# cucTeMe oOTcuera, OyayT HE ONHOBDEMEHHBIMM B ADYTrOM CHCTeMe.

st ysicHeHHS! 3TOro MO/E3HO PACCMOTPETh CAEAYIOIUME NpOCTO# NpH-
mep. PaccMmotpum nBe MHepumanbHble cucreMbl oTcyeta K M K’ C ocamu
KOOPAHHAT, COOTBETCTBeHHO, XYZ w X'Y’Z’, ABuxyumecs APYr OTHOCH-
TeLHO JApyra BNpaBo BNOJbL ocet X u X’ (puc. 1).

[ycts ¥3 HeKOTOPOH TOukH A Ha ocH X' OTNPAaBIAIOTCS CHCHAJBL
B 1BYX B3aMMHO IIPOTHBOMOJIOKHBIX Hanpas/1eHusix. [TOCKO/MbKY CKOPOCTH pacmpo-

v

i




12 APUHIMI OTHOCHTEJABLHOCTH {ra. 1

CTpaHeHMss CWrHana B CHCTeMe K’, xak © BO BCAKOH HHEPUHMaNLHOM
cucteMe, paBHa (B OGOMX = HAalNDaBIEHWAX) ¢, TO CHMFHAIH JOCTHTHYT
paBHOyHaneHHwx OT A Touek B # C B OOMH M TOT XK€ MOMEHT Bpe-
menn (B cucteme K’). Jlerko, OHHAKO, BHAETb, HYTO Te e CaMule ABa
cobpiTust (NpUXON CHUrHana B B u C) 6yayr OTHIOAb HEe OIHOBpEeMeH-
, “HHMM s HaGaogaTens B cucteme K.

z .z JleHiCTBHTENBHO, CKOPOCTh CHICHAJIOB OT-
HOCMTENBHO cucTeMsl K COrjacHo NpWH-
1IMITy OTHOCHTENLHOCTH PaBHA TOMY Xe C,
K TNOCKOABKY TOuKa B mnBmxerid (OTHO-
cutenbHO cHCTembl K) HABCTpeyy nmo-
CTaHHOMY B Hee CHrHany, a Touka C—
8 A, C , 7O HanpaBieHuio OT CHrHANA (nocnan-

< X unomy n3 A B C), TO. B cucreme K

_ CHrHaJA TNpPHIET B TOUYKY B paublie, YeM
Yy : B Touky C.

: Puc. 1. Takum 06pasoM, IPHHUMI OTHOCH-
, TeAbHOCTH OHHIuTeHHa BHOCHT BeCbMa
ray6okve u dyHAAMEHTaNbHHE H3MEHEHHs B OCHOBHbIE (U3UYECKHEe TIOHATHS.
3aUMCTBOBAHHHE HAMM M3 MOBCEIHEBHOrO OMNHITA MPENCTABAEHHSt O MPOCTPAH-
_CTBe ‘M BPEMEHM OKA3LIBAIOTCA JMIUb NPUONHNKEHHHIMM, CBA3AHHHIMU C TEM,
YTO B NOBCEAHEBHOM MXHM3HM HAM MPUXOAMTCS MMETh /&0 TOJNbLKO CO CKO-

POCTSMH, OUYeHb MAJHMK MO CPAaBHEHHIO CO CKODOCTbIO CBETA.

0

§ 2. Unrepnran

B nmanpHeHuleM Mbl GyNeM YacTO TMOJb30BaThCH NOHATHEM COOGLITHS.
CobriTe OnpenensieTcs MeCTOM, TAe OHO MNpOoM3oW.o, H BpeMeHeM, KOria
‘oo mpousomno. Takum 06pasom, cOGHITHE, TPOMCXONAlIEE C HEKOTOPOH
MaTepHanbHOM YacTHueH, ONpenensercss TPeMsd KOOPAMHATAMM PTOH YaCTHLH
"M MOMEHTOM BDEMEHH, KOria NPOHCXOMUT COOBITHE.

YacTo Mose3Ho M3 cOO6paXKeHHH HarafaqHOCTH MOJb30BATHCA (PUKTHBHLIM
YeTHIPEXMEPHHM MPOCTPAHCTBOM, Ha OCAX KOTOPOro OTK/IAABIBAIOTCA TDH
NPOCTPAHCTBEHHHE KOODAMHATH M Bpemd. B asTom mnpocTpancrse co6niTHe
n306paxkaercss TOYKOH. ITH TOUKM HA3BIBAIOTCA MHPOBLIMH TOUKamu. Bcskoft
YaCTHLE COOTBETCTBYET HEKOTOpas AMHMA (MMDOBas JHHHA) B 3TOM dux-
THBHOM UeTHPEXMEDHOM TMpOCTpaHCTBe. TOUKH 3TOH JHHHA ONPENESIOT
KOODAMHATH YaCTHLE BO BCE MOMEHTH BpemeHH. Jlerxo co06pas3uth, YTO
DaBHOMEDHO M MpPIMONHMHEHHO MBHXKYIUEHCH MaTepHalbHOA 4YacTHUE COOTBET- -
CTBYeT NIpsMasi. MHPOBas JHHHUA. :

BhipasuM Tenepb MNPHHUMI MHBADHAHTHOCTH CKODOCTM CBETa Marema-
THueckn. LA STOrO pacCMOTPUM [Be CHCTeMbl OTcyera K M K’, mBuxky-
HIMecs APYr OTHOCHTENBHO APYra C NMOCTOSHHOM CKODOCTBIO. KoopaunaTtHsie
ocH BHGEpeM MpM 3TOM TakuM 06pasoM, uToOH OCH X M X’ cosnanmany,
aocu Y u Z Obad napamnensusl ocsM Y/ m Z'; BpeMst B CHCTeMax K
u K’ o6osnaumm uepes t u t'. . '

Iycte mepsoe COGLITHE COCTOMT B TOM, UYTO OTNPABIAETCA CUrHAL,
pacnpOCTPAHAIOWIMACA CO CKODOCTBIO CBETA, M3 TOUKH, nMelollelt KOOpAK-

UHTEPBAI 1o
3 i J
4§ 2] :

! -
. HAT 2. B cucTeme K B MOMEHT BpeMEHH t, B 3TOH XKe CHCTEME. by
e waSmonans ‘ toro curHana. IlycTe
-[neM HabaofaTh W3 CUCTEMBL K pacnpoctpaHenue 3 - z
" 'gropoe cOOBITHE COCTOUT B TOM, UTO CHrHAl TNDHUXONMT B TOUKY Xg, )1;2,0n?
B MOMeHT Bpemennu fy. CHruan pacnpocTpaHsieTcs €O cxopocnﬂ; go gHH
| nennoe MM paccrosiHue paBHO no:-no;w’y c(tg——tl)2. Cznpyrzo)Qll/’ ’?axm;
‘|310 e paccroaHue PaBHO [(xg— %42+ (Yo— y 2+ (22 " ! Ko.oplmﬂa-
06pa3oM, Mbl MOXEM HATINCATH CAEAYIOLLYIO 3aBUCHMOCTb MEXLY
‘I ramm 060OMX COOBITMM B CHCTEME K:

o 2(f —t2=0. 21
(% %2+ (e YR+ (2 z ) —c (G ) @0
MOXHO Ha6/mo-
Te e apa cobwitHs, T. €. pacnpocTpaHeHne CHrsana, o wacn>,
IaTh W3 CHCTEMBH K’. TlycTb KOOpAMHATHI nepsoro cofuTHa B C
]

Coy Lt x YL,z b, N4CHO TPMHIMIY WHBAPHAHT-
ecTb X,, ¥ys 210 by 2 BTOPOTO: X, , ¥y s 2y o Cor p y

HOCTH CKOpDOCTHM CBETa 3Ta CKOPOCTB B cucremax K m K’ oauHakosa M 1o-
TOMY, aHanoru4go (2,1), Mbl MMEEM:
! ’ [ ' \2 '___'2___2 v__tr 2—_:0. 22)
(xz’—x;)a_‘— ()’2"‘)’1 +(22 21) ¢ (t2 1) ( ’
' TH KaKux-iu6o
Ecau Xy, Yy 215 b 1 Xgs Yoo 2o t, CyTb KOOpAMHA
IBYX coGuTHit, TO Be/NYHMHA

S =[2(ta— t)E— (¥ — %) — (',\’2—‘)’1)2—(32 — 2z 2,3

i BAJIOM MEXIy ITHMH ABYMS COBLITMAMH.
Haabl%‘a:g;; “oHéTgssom, u3 npgﬂuuna MHBAPHAHTHOCTH CKOPOCTH Kgaiﬂ; ;::p-x
LyeT, 4TO eC/H MHTepBal MeLy ABYMs COOBITHAMHU pas;u Hy'Jrleme
cicTeMe OTCUeTa, TO OH paBeH Hyao H BO BCAKOH Apyro#i cHc o ds
~ Ecam nBa cobuitus GECKOHEUHO Gau3Kkd ADYT K ApYTY, TO MHTEPBAT

MeXAy HUMH

ds? = c2df® — dx?-—dy?— dz2. 2,4

B ueasx MaTeMaTHueCcKoro ynoGcTBa, @ MMEHHO AR TOrO, ;111061;1‘{25;4(;
- haTh <p6pmynam Gosiee CUMMETpHUHBIM BHA, Mbl 6ynem B jlaane menc/;pt e
HO/b30BAThCA BMECTO BPEMEHH ¢t gpyro#t mnepemeHHOH T, CBSI3AHH

NOCPEACTBOM COOTHOILEHHA:

% = ict. " (2,5)
TRy (s P 2 G @)
ds? = — (dx? +dy9+dza+d12). | 2,7

CoOTBETCTBEHHO 3TOMY M Ha OCaX KOODAMHAT B HauleM Q)HKTHBHO;VI
yeTHpeXMepPHOM MPOCTPAHCTBE MEI Gynem OTKMaibBATh TENepb HE X, ¥y, 2, L,
a x, y, z, 7. Kak nerko BUAETb, — S5 MOXHO MCTOAKOBATH TOTAA Kak

? * . _

KBAaZpaT PACCTOMHUS MEXKIY TOUKAMH Xq, Vi, 210 Tt ¥ Xo» Yar 00 T2 B 3TOM
_ de®__ KaK KBAaApaT 3JeMeHTa AJHHBL.

npocTpaHcTee, a —ds K

P Kax 6511;0 BLILIE NOK33aHo, €cau ds — 0 B HeKOTOpOH MHepLUNaNbHOH

cncteme otcuera, To ds’=0 n B Apyro#t cucteme. C apyro#t cropom;ﬁx,
5 -

ds n ds’ — GeCKOHEUHO MaJbie oauHakoBoro nopsaka. M3 sTuX IByX O




HPHHUMD OTHOCHTE.] bHOCTH

H OT Han

g p:snemm OTHOCHTE/NIBHO# CKODOCTH, Tak K

o w dp HHOCT,H npoctpancrea. INosromy e
‘ S==ads’, MH MOXeM HamucaTs H

; ds’ = ads,

CKOPOCTH pBH
ra DKEHHST e
B )PO#t, M Hao6opor, ommmaxos. Moac
- Haxomum, uto @?=1 T, e g=—— iy
STHX 3HaueHHH, 3amerum T
b

41 wan Bcerna —1. J
. He#icrs
- CKOpOCTeH! paBHEIM oy

NPOTHBOpeunIO
Y C TeM xe npasom, kak wmy

TAaK KaK, KOHeyHo
2.
PBOA CHCTeMB oOTHOCHTeBHO-
M ds =q ds’ ’
0 $" B-ds' = ads
Has Toro yro6y BHOGpPaTh 0AHO na,

HO, ecan 6ul a(v) 6uo

2T oy ANt HEKOTOPEIX

T A )
‘O ans HEKOTODHIX OHO non-

HeBo3MOXHO. Ho ecam rak o @ nomn e Mooy 1w 1
XaKk saem § TO @ RnOMKHO G6HTH Bcer 1 van
7ydaeM npeo6pasoBanns ds’ — psnen - ro Ly TaK

ds==ds, rre a=-1. Us ds’
KOHEUYHEIX MHTEDBANOB &' = ¢
Taxum - npu
06pa3oM, Ml NPUXOAMM K Bechma B2XHOM

MH ONMHAaKOB BO
! BCE€X HHe
ABIAETCA HHBapHaHTOM no OTHOLHEI-H'H(?u

=ds HENnoCpeacTBeHHO Clenyer, 4yto W gag

"
g',

Y Pe3ynbTaTy: uuTep-
HaNbHEIX CHCTeMaxX. OT-

i wu

1 M Xy, Yo, 2y, &
CHCTeMEe oTcyera K. Cr21f3a2
K’, B xoTopo#t 06a stu
T€ NPOCTPAaHCTEA.

Hst

& ‘Tj i la—t =1, (xz—"xl)2+0’2‘y1)2+
. Torna HHTepBanbmex&ny COGHTHAMH B CHCTeMe K:

CYThb KOODIMHAaThI ABYX

B OZHOM M TOM xe Mec

. COGHITHS NPOUCXOLHAU: Gby
BeleM 0603Hayen

. §%o— 242 g2
. M B CHCTeMe K': ’ e
. A §'2 o 02472 ___ g2
npHYeM B ¢ : Sl
, W1y HHBADHAHTHOCTH MHTepBaia
=8 2 — 2 — %’

i » ‘ tlz 112 - cztmz* 11,3

bl XOTHM, uTOGH B CHCTeMe K’

T e e 06a cobuiTus 1
T. € uT06H , =0. Torxa POHM3OUIAM B ORHOR ToKe,

§2 — 92 __y2 __
12 Ctm 112""02t1’;>0'

luuBaercy, Cyuwecrsyer JIH/-“‘
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§ 2 MHTEPBAJ
CleloBATENbHO, CHCTEMAa OTCUeTa C TpeGyeMbiM CBOHCTBOM CYILIECTBYET,
ecim s3>0, T. e. ecan MHTEPBAA MexIy O6OMMH COOLITHAMK BEUIECTBEH-

upift. BelleCTBeHHHE MHTEPBa/bl HA3bIBAIOT BPEMEHHLIMH.

Takum 06pa3oM, €CIM MHTEpBA] MEXIy ABYMd COGHITHSIMH BPEMEHHOH,
TO CYUIECTBYeT TaKas CMCTeMa OTCHeTd, B KOTOpO# 06a COOHITHS TPOHSOLLIH
B OLHOM M TOM e MecTe. Bpems, KOTOpOe NpORAET MEMKLY 3THMH COO6HI-

TUSIMM B 3TO# cucTeme, paBHO

1 2
Ly =

Ecnu xakue-HuGyab ABa COGBITHSI NPOUCXOMAT C OLHHM U TEeM Xe Te-
& noM, TO MHTepBaK MEXAY HHMH pcerna BpeMeHHo#t. [leHCTBHTENLHO, NyTH,
| KOJOpHI# TEJ0 MPOXOLHMT MEXIy 060MMH COGHITHSIMH, HE MOXET GHITh 6onblue
' ¢tyg, TAK KaK CKODOCTb Teld He MOXET 6uTh Goabuie c¢. IlosTomy BCErAad

llé < Ct12'

HenMb3s A BHOpATL TaKylo CHCTeMy OT-
onzouinu G5l B OHO M TO e BpeM.
K u K oty —I12=c3—05 Mu

. c
o @8)
: .

’

4

0w

3aganuMca Temepb BOMPOCOM,
‘cyeta, B KOTOpOH. mBa COOGHITHS D
TTonpexHeMy ‘Mb HMeeM B CHCTEMAX

XOTHM, 4yTOOH t1'2 ————0; oTCcr0aa
2 2
sp= 112<0.
WHO HaA#TH TOJBKO B TOM'

v
} CenoBaTE/BHO, "HCKOMYIO CHCTEMY oTcyeta MO
BITHAMH MHHMBIH. MHUMHE

cAyuae, KOLa HMHTEDBAN Syp MEXAY ABYMI cob

MHTEPBAJIH "Ha3bIBAIOT NPOCTPAHCTBEHHLIMH.
¥ ‘Taxum 06pa3oM, ecau MHTEpBAJ MEXIy HBYMfl COOGHLITHSMHM NPOCTPaH-

i CTBeMHHiHt, TO CYUIECTBYeT Takas CMCTeMa OTCuera, B KOTOpO#. 062 COBHTHS
.’ IPOMCXOAAT OLHOBPEMEHHO. PaccTosHME MEXLY MeCTaMH, TAe NpOU3OLINH®
3TH COOLITHA B 3TOH cucTeMe OTCyera, PaBHO -
\ —
L T 22— ]
l,=V 13— ctth=1is,

(2,9)
/ [NoppasneneHne MHTEPBAJIOB HA BPEMCHHbIE u
NPOCTPAHCTBEHHbIE €CTh, B CHIY WX WHBAPWAHTHOCTH,
NOHSTHE a6COMOTHOe. ITO 3HAYMT, YTO CBOHCTBO,
MHTepBaia ObiTb BPEMEHHBIM MJM NPOCTPAHCTBEHHBIM
He 3aBHCHT OT CHCTEMbl OTCUera.

BosbMeM Kakoe-HHOYAb COOBITHE — HA30BEM €ro
co6utHeM O — B KaueCTBe Hayaja OTC4eTa BPEMEHH
¥l TIPOCTPAHCTBEHHHX KOOPAWHAT. [lpyrumu ClioBaMH,
B ueTHpPEXMEpHOH CHCTeMe KOODAMHAT, Ha OCAX
KOTOpOH OTKJaAHBALTCA X, ¥, Z W [, MHDO i
Touka cob6niTa O OyldeT HayanOM KOOPAHHAT. Tlo-
CMOTDMM Tenepb, B KaKOM OTHOUEHHH K A3HHOMY cobuitHio O Haxo-
IATCA BCE OCTaabHele coOHTHA. Ilns HarasAHOCTH MHI .6ynem paccMar-
DHBATH TOJbKO ONHY MPOCTPAHCTBEHHYIO KOODAMHATY M Bpems M Gynem
OTKAajblBaTh MX Ha IBYX ocsix (pHC. 2). TpamMonuneftoe paBHOMEepHOE

Puc. 2“




npoxonsuen x — 0 npy ¢=0,
Npoxonsaiwe#t yepea O y HaK/IOHEHHOH K ocy ¢

HanpasaeHusx,

npH #=0). Bce npsimete,
HACTHU, MOryT Jjexarts TOJIbKO BHYTPM o6nacredt aOc u
ab u cd, OYEBHIHO, x —
TOYKH KOTODHIX aexar BHYTDH o6nactn qQec, Jlerko CooGpasurs,
BCeX Toukax ato#t o6macty A x25,0. Hpyrumu C/IOBaMHu,
imexmy MOGHM CO6HITHEM 3ToM 06/1acTH U CobLTHeM O Bpemennne. B 3TOH
‘obnactu £> 0, 7. e. Bce COGHITHS 3TOMH 06MaCTH mponcxoasT »nocne co-
‘ObitHA O. Ho gsa COGHITHS, pasienennie BpeMeHHbIM HMHTEPBANIOM, HU B Ka-
- KOH cHCTeMe oTcuera me MOryT nmpoucxomurn OZHOBpEMeHHO. CJIe,L[OBaTEJIbHO,
HEJIb39. BHOPATs M Hukakoh CHCTeMBI OTCueTa, rue 6 KakKoe-HUGY b U3 co6y-
‘THE o6nactu qO¢ npoucxoauno ,po« Cco6uITUS O, 1. e,
+<C0. Takum 06pasom,
MO OTHOWEHHIO K O, n npurom so BCeX CHCTeMax OTCYera,
lacTe Moo NosTomy Haspars »806COMOTHO Gy nyurmm «
K CO6rTHIO O,

Cosepienno 2HAJIOTHYHO  BCe COBBITHS ofnactu  bOd
COMOTHO MpowenmuMu“ o OTHOWeHHIO K O, T, e, CO6bITHR
BO BCeX cHCTeMax orcyera NPOHCXOMAT N0 cobhiTHs O, .

Haxkonen, PaccMoTpuM ewe o6nacty dOa wn cOb. Wurepran Mexay
M06bIM COGHTHEM 3TOH O6nacTu H coGritHeM O NPOCTPAHCTBeHHHI!, B -
‘6oft cucTeme OTCYeTa 3TH CO6HTHS TNIDOHCXONAT B Pa3HEIX MecTax npocTpay-
€18a. ITosTomy aru 06/1aCTH MOXHO Ha3paTh »206C0MOTHO YhaneHHHMH“ o
OTHOWIEHHIO K (). Ioustus »ONHOBpEMEHHO “, »PaHbIIEY ¥  mozxe« ans
STHX COGHITHI, ORHaKO, OTHOCHTEMBHE Has Besxoro co6pitug 9TO# 06aa-

' CTH, eCTb Takue CHCTEMEl OTCYeTa, rge ouo NPOHCXOAUT ~ No3ke cobuitus O,

- Tpoxomaupx x =
Ha npamyx

4TO BO

SABASHOTCS ,a6-
3TOH o6nacrty

HaTHl BMeCTO oaHo#t, 1o BMECTO ABYX mepecexarommxcs NDAMBIX Ha puc. 2
" 'MBH HMeaun 6y nKOHyC® 3 y2 | 22 o202 B YeThIpeXMepHOH cu-
€TeMe KoopAMHAT X, Y, 2, ¢, ocp KOTOporo cosnamaer ¢ ocpo ¢ (artor
KOHYC Ha3EBAIOT ,CBETOBLIM KOHycoM*“). O6nactu »26COMO0THO Gynywero“
H ,abcomoTHo ipowenuero“  uzo6paskaiorcs TOr'Xa COOTBETCTBEHHO AByMsi
¢ BHYTDEHHHMH nonocramu 3TOro Kouyca. N
. HBa cobbitus MOryT 6T npHumHHO CBA3aHHI Opyr ApYyroM Ttosbko
‘B TOM cayuae, ecin VHTeDBA MeXAy HUMK BPEMEHHOH, uTO HemocpescTmeno
CIeAyeT u3 Toro, yro HHKaKoe B3aumomefcTeHe ne MOXET pacnpocrpaHaTbcs
€O CKOPOCTbIO, Gosbliett CKopocTu cBeta. Kak Mu tospko 4TO BHMIAEJH, Kak
Pa3 1R TaKMX CcobmTuH HMEIOT aGCOMOTHLI! CcMuich NIOHATHA  , paHblye“
 § M #TIO3KeE, uTO aBagercy HEOGXOAMMBIM yC0BHey A1 TOro, YTO6H MMeny
“CMBICTT MOHATHS NpHumHE y CAENCTBHUA,

ToA yriaoMm, Ttaurenc §

] OTHOCHTE/IBHO -HaC "'+
y M 06Gpa3oM . ABHKYIUHECS C :
X TCYETa NPOM3BOJLHE ( o it k
:;cezHBoxamnuﬂ OTHENbHHI MOMEHT BpeMeHH arg na:;;c::u;) era::(:mogk e

- cvarp I IosToMy B kamzam#t Mo .

4 Tb KaK DaBHOMEpHoOe. ol
g::zs: B:;enonmxcr:lo CBA3AHHYIO C JBHXYIUMMHCA HACAMM CHCTEMY KOOP,
:HaT, KoTopas (BMecTe C uacam ’

P [.cTemot orcuera.

Fct. Pacemorpum CHauama cobuiTus, Mupogye . o
p ’ p 3 BHXKHBIM, T. €. CBS3AHHHIM C HaMy, Yacam) JBMXYIUHECH HacHl npoxc::{é

;‘l'lB ﬂm:xe‘ V dx?+dy?+ dz?. Cnpammpaercs, xaxoft npomemymx; ﬁﬂg’r‘ e
‘-"ft:f;lmdt’ TOKXYT MDA ITOM ABHXKYUIMECH YacH. B cnmenqu Koeopdx'—-'—:,w
¥ CBA3AHHOA C JBHKYIIMMHCA YacamH, TIOCTeNHHE NOKOATCH, T. €. .

N0 orHowennio [

CUBCTBENIIOE BPEMSH

§ 3.. CoGcTBeHHOE Bpems o : g)

IIpeanonoxum, uTo MBl HAGMORAEM ‘M3 HEKOTOPOH HMHepLHANLHOH | :
)

u) OyleT SBAATLCA TOXe MHEPUHMATbHOR o

) \ no  Henoa -
B Teuenue GecKOHEYHO ManOr0 NPOMEKYTKZ BpeMeHH df (

b dy’=dz' = 0. B culy HHBapHAHTHOCTH HHTEpBa/A

ds? = df? — dx® — dy’ —d2? = A dt’?, -

dtr =95 %Vcé dt? —dx?—dy?—dz®, *
c -

k- HJIK HHaue

it RS
at' =t/ =@ —-

dx24- dy? 4} 422 =1,
ar

~

MOXHO HaHTH NPOMEKYTOK BpEMEHH, ;. TIOK@=

Hnrerpupys 310 BHpaxenwe, HKHSM 9acaM Npofifer -

3nBaeMHH ABHKYLIMMHCA YacaMH, eClIM 10 Henoap

BpeMs f,—f;: . : : |
4 ’ _:y_-_ ) i \
t,—t,=[atVy =& ,_

121

’

@2

Bpems, orcuuThiBaeMoe no @hcam, nauxylil;agflf:: :61«_::;: cqﬁgg:y;iu’“ o
" BpEMEHeM | T, SN
Ha3LIBAETCH COOGCTBEHHHIM 2
?36 1;()31(;02«3: 2) BHpaXalT COGCTBEHHOE BpeMs YEPE3 BpEMS CHCTEMH OTCYeTa, '
B : \ R
,HOCHTCJILHO KOTOPOH DacCMaTPHBAETCH HBHXEHHe. N
< vaHo w3 (3;1) mmm (3,2), co6CTBeHHOe Bpems & y
o , YeM COOTBETCTBYIOLIHH NIPOMeRyTOK Bpemeﬂuf '
I MH, IBHXYUIHECH YACH' MAYT Mexs

v

e
o6bexTa BCera MeHblle, C
B HEMmoJBHxHON cucteme. [pyrumu c/iosa

JIECHHEE HENOABUXHLIX.
Bax, 4716. JI. Jdamzay z E, Tndmumum,

'




A LdLHUCHY
fra.

Hyers o
THOCHT
NpAMOnnHetuo y paafiz;?. HHepUHaNbHOH CHCTEME orcye
. 9THME  nochemuuyy TDHO ADYPHE wacw. Cucremy gpecs K meux
: s TOXe HHEDUHANLHAg, Torza qac;qera, CBASaHHg
B CHCTeMme K

TeMe K. Y6en
. HTLCH B oTC
PATHB  BHuMapy, YTCTBHY KaKoro-nug
€ Ha O nporu
HOBHTE, Yy Caenyomee o6cTosTenbCTE pﬂn:()f: o OKHO, 06
0y uT06H ycr1ad)
A~

4] NPEOEPA30BAHHE JIOPEHLA 19

Y TCAHEIMH MHDOBEIMH TOYKaMH, ¥MeeT MaKCHMaJbHOE 3HauyeHHe, ecinm OH Gepercs
MO NpAMOA MHPOBOft JIMHMM, COENHMHSIOMIER STH TOuKH!) (MMDOBHE TOUKM .

) y HHMM

@ ¥ b IOMKHH, KOHeYHO, GHTb TAKMMH, UTOGH WHTEPBAN MEXN
6hi1 BpeMEHHOH; B NPOTHBHOM Clyyae MHTEerpal KOMIUVIEKCHEHIH).

§ 4. MNpeoGpasonanue Jopenna

. Hame#t nensio Gyner ceftuac HaxoxzieHue $HOPMyn nNpeoGpa3OBaHMA OT

y H
§ ONHOH MHEPUMANbHOM CHCTEMH OTCYeTa K Ipyro#, T. e. $opmyn, mo, Ko-
. TODLIM, 3Has KOODIHMHATH X, ¥, 2, ! COGHITHS B HEKOTODOH CHCTEME OT-

‘cuera K, MOXHO Hallth koopamHata x’, y', 2, ¢ Toro Ke "COGHTHS

-F'B Ipyro#t unepumanbHolt cucreme K.

§ B kiaccuyecKod MexaHhKe STOT BONPOC DEWIaeTCs OYeHb TPOCTO. .

OTHOIlIeHHIo
 J4CH, . ‘KOTOpL &
j OTCyera,

NpHBO AR

K pesyabrary, y
Y, Nokosumecs yacy AOMKHE -OKazaTpey -
: OTCTaIO UMy
, He-

npaBuabHO.

Pasen  unrerpany

- - JApyro# CTOPOHLY, My BHIE/MH
v+ BCerma Gonpmmy oMe ’
i p KyTOK BpeMenn, yey IBHIK

€ yliMecs,

" MM ny ; .
o "PHXOLIM K BHBOLY, 4T0 Huterpay

! ] [ ects V. Takum o6pasom,
:‘ - N 'xl=x+Vt, yl=y,

& O™ GopMyJH Ha3WBalOTCS NMpeo6pasoBaHHEM Tannnes.. Jlerko nposepurs,

B WHTEepBanH MexIy COGHTHAMH.

Ecan yacy Heno- - §

N
B cuny a6comoTHOoCTH BpeMeHM MHE HMeeM Tam f==¢'; janee, eciHm OCH

| KOODAMHAT BHOPaHH TaK, KAK MH 3TO OGHUHO HenaeM (T. e. och X u X’ .
. COBNafaoT, ocM Y, Z mapannensHn ocaMm Y’, Z’, nBmxeHHe BAOAL ocel '
"X n X’), TO KOOpAHHATH y W z GyAyT, OYEBHIHO, DPAaBHHI KOOpIMHATaM
E V' n 2/, a xoopauHatH X W x/ GyNyT OTAMYATBCS HA PACCTOSHHE, NPOH-"
|; IEHHOe OJIHOHM CHCTEMOH OTHOCHTEeNBHO NPYrO#; eciM HAayalo OTCYeTa Bpe-
g MeHn BHIGDAHO B MOMEHT, KOraa O6e CHCTeMB KOODIMHAT COBHAalH, !
a CkopocTh cHCTeMH K’ oTHocuTenbHo K ecTb V, To 3To paccTosHHe

=t (4;1)

2 =2z,

YTO 3TO NpPeo6pasoBaHue, KaK H CNeNOBAIO OXHAATb, HE YIOBNETRODSET
TPeGOBaHUI0 TEODHH OTHOCHTENBHOCTH, — OHO HE OCTaBJAfeT MHBAPHAHTHHMH

Penstnpucrckue dopmyns npeo6pasoBanust Mu OyneM HCKaThb, KaK pas
HCXOJst M3 TPeGOBAHMSA, YTOOGH OHM OCTABJSIM MUHTEPBAJH HHBADHAHTHHIMH.
Ecan nons3osathcs ynOGHOM A HaibHEMINErO H3J0MXEHHS BEJTHUMHOM
T==icf, TO, KaK MBl BHAeMM B § 2, MHTepBan MeXALy ABYMS COOGHITHAMM
. MOXHO DAacCMaTpPHBaTh KaK DacCTOSHHE MEMAY COOTBETCTBYIOIIMMH IByMS
MHDOBHIMH TOYKAMH B YeTHpPeXMepHOH ,CHCTeMe KOOpAMHAT. Mu MOxeM,
CleoBaTeNbHO, CKa34aTh, YTO HCKOMOEe INpeo6pa3sOBaHME AOMKHO OCTaBIATH
HEH3MEHHBIMM BC€ IIMHH B YeTHIDEXMEPHOM INPOCTPAHCTBE X, Y, 'Z, T.
Ho raxumn npeo6pasoBaHMsMu SIBISIOTCS TOJNBKO. NEPEHOCH W BpalleHHe
CHCTEMBl KOODAMHAT. M3 HHX DepeHOCH CHCTeMB KOOPAMHAT Napas/enbHO
caMo# ce6e He NPENCTaBJAOT MHTEPeCa, TAaK KaK CBOAATCA NPOCTO K nepe-
HOCY Havana NpPOCTPAHCTBEHHHX KOODAMHAT ¥ M3MEHEHWIO MOMEHTA Hayaja
orcuera BpeMenH. TakuMm 06pa3oM, HCKOMOe Tmpeo6pasoBaHMe [OMKHO Ma-

b
1) 3to cBoficTBO uHTErpana fds CBA3aHO C Te€M, YTO OAHA M3 KOOPAHHAT
a

MHEMasa (¢ = icf); ecan GW BCe dYeTHIPE KOOPAMHATH GHIAM AEACTBHTCALEHMH, TO

fds 6nin OB, KOHEUHO, MHHHMaAEH BAOJAb NPAMOR JXHHMH.
o* |
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"rema'mqecxu Bupamarbcsx KaK Bpameﬂne qubrpexmepHon CUCTEMH KOOp}IH- y
HaT: %, 9, 2, T~ TR Tlopcrasnas ewme T=—
; .Btmcoe, spameﬂne B. qempexmepx-xom NMPOCTPAHCTBE MOMXHO paanommb g '
a WIECTb *BPAUIEHHH, 2. MMEHHO B NIOCKOCTAX XY, zy, Xz, 1%, Ty, t2.°]
(nbno6ﬂo iTOMY, KaK BCAKOE BpallleHHe B OGHYHOM IIPOCTPAHCTBE MOXHO
PABNOKHKTL HA TPH BDAUICHHA B THIOCKOCTAX Xy, zy u xz). Tlepre TpH
3-3THX BpalleHH#t NMPeO6PasylT TOMBKO NPOCTPAHCTBEHHBIE Koopmmam;‘
mx‘ coo'rnerc'rsylo'r OGHYHHM MPOCTPAHCTBEHHHM NOBOPOTAM.

. PaccMOTpHM ' MOBOPOT B MINOCKOCTH <TX; KOODAHHATH ¥ M 2 npn
TOM He Mensorca. Ecam ¢ ecth yron moeopora, To cesss Meway cra-
'Lhm ;H /HOBHIMH xoopm«mawamn ‘ompesensercs (popmynamw

ict, v/ =ict’, nMeeM OKOHYaTeNLHO ‘

L e XAV

= Y=Y, e=2
Y 1—3 }/_1-
c

3T0 B ecThb 'HCKOMHe (OopMynn npeoﬁpaaoaaunﬂ OHu “HocAT HasBauue.
: ¢opmyn mpeoGpasosanns Jlopenua u HMelOT AN nanbﬂeﬂmero tbyﬂnameﬂ-.-
TanbHOE 3HAYEHHE. L
: OGparueie dopMynsl, Bupaxaiomme x',.y’, z’, ¢’ uepes x, y, 2, t
b~ mpoule BCero mnoayuamorca 3sameHod V ma ——V (Tak kak CcHcTeMa ' K
" IBMXETCH OTHOCHTen10 K’ co ckopocthio — V). ITH Ke Q)opmynu MO)KHO

xX= X cosqa—— ‘sin §,
':=x sintg—{—' cos §.

2Th TONBLKO OT OTHOCHTE/IBLHOM ckopocta V1),

geta K' Torna x’ -—0 ® Gopmyns (4,2) mpHOGpetaoT BHA:
' =‘-—'csinqa, T =1’cos ¢, R

)

C X

’I:Io c=ict a x/t ecTs, oqesmmo cKkopocte V. cuctemnt K’ OTHOCH:
i €4bHO K Tamm o6paaoM

—I_’_‘__x/
1/1— .

y 3amernu Bo u36exanne NyTaHHUH, YTO NocpeacTBoM V Mu Beage obo-

noc'ro;mnoﬂ. .

Mu mneM dopmyu npeo6paaosaumx OT HHEPLHAJBLHOK CHCTEMH OT- - ¥
_eTa K K cncreme K, KOTOpasi NBHXKETCS OTHOCHTENBHO K cO ckopoctsio V -
0N, OCH X. TIpH 3TOM, O4EBHMAHO, mOmBepraloTCs npeo6pasoBaHuio TOALKO -
KOODIMHATH X W BDEMS T. l'loaromy 3T0 npeo6pasoBanHe NOMKHO OHTL ' §F
una (4,2). Tenmepb OCTAeTCA ONpENENHTH Yrom ¢, KOTOPHH MOXET 3aBH- -

Paccmorpum IBIKEHHE B CHCTeMe K Havana: xoopauHar CHCTEMH OT-

’nenx omHO Ha npyroe, R

-anaqaeu TIOCTOARKYI0 OTHOCHTEABHYIO CKOPOCTH ABYX HAEPUHANHEHX CHCTEM OTCYETa, |
2 'MOCPEACTBOM o — CKXOPOCTh nsnmynxeﬂcn YacTHUW, BOBCe He OOA3AHHYI0 OHITH -
~N

NOJIyYHTb HENOCPEACTBEHHO, pelas ypasHenns (4,3) otHocuTensho x’, ¥/, 27, ¢/,
Jlerko Bumets u3 (4,3), YTO TNPH npenEeALHOM nepexone c—-> =y

K KJaccHueckoft Mexauuke (OPMyJan nNpeo6pasoBanks JIopeHna neﬂcmn-

TEJLHO NEepPeXOAsT B NpeobGpa3oBanue [anunes,
IIpn V>c¢ B dopmynax (4,3) KOOpPAMHATH X, f AENAOTCH MHHMHMH’

* 3TO COOTBETCTBYET TOMY (DaKTy, UTO [BHXEHHS CO  CKOPOCTbIO, GoJblueft
', CKOPOCTH CBETa, HEBO3MOXHH. HeBO3MOXHO HaXe NONb30OBaHHe cucTeMoft |
- OTCHeTa CO CKODOCTbIO, PaBHO# CKODOCTH CBeTa,—NpPH 3TOM 3HaMeHaTems
. B ¢dopmynax (4,3) obpatuiuck 66 B Hyb. '

Ilas ckopocTe#t V, ManHX 1O CPaBHEHHIO CO CKOPOCTbHIO cne'ra

" BMeCTO (4,3) MOXHO MOMB3OBATHCA MPHOIHKEHHHMH ¢dopmynamu: ‘

x=x’—|—Vt', y=y, z=2, t=tf—|—--—2x’. (4',4}.

IMycrs B cucteme K NOKOMTCH aAmHehika, napaaienbHas ocH X. Il:mﬂa

" ee, M3MepeHHas B STO#f CHCTeMe, HYCThb 6y11eT Ax=1x9—x; (X3 P X—

KOODIMHATH OGOMX KOHLOB NHHEHKH B cucteme K). HaiineM renmeps namnmy:

3TOTO CTepXKHsi, M3MepeHHylo B cucteme K’'. Ilga sToro Hano Hafith ‘Ko- °

OpPAMHATH OGOMX KOHLOB CTEPMKHS (x " x) B OSTOR CHCTeMe B ONMH M.

" TOT IKe.-MOMEHT Bpemenn ¢’. Uz (4, 3) HaXOJUM ¢ ’ SR

x1 4 v x; -+ v

Xy == —— Va’ . Xg == ""—V2
. Vi== _ 1/1—?

Iauua crepxus B cucreme K’ ects Ax/ = X,~—X|; BHUHTad X, M3 X, .

HaXOAHUM: ' , S
a Ayt
Ax = X

—a
]/1——‘{?
-

»COGCTBEHHON NAMHOK® CTEPHHS HA3HBAETCH €ro NJIMHA B TOM CHCTeMe
OTCYeTa, B KOTOPO# OH moxourcs. OGosHauum ee uepe3 /o= Ax", a mmuy
TOrO Xe CTepxkHs B Kaxko#-im6o cucreMe otcuera K— uyepes /. Torna

1=y 1-2%. (4,5)
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. Takum o6pasom, camyio GOJbIIYI N/JMHY CTEpXeHb HMeeT B TOMH .-
. CHCTEMe OTCyeTa, I'i€ OH MOKOMFCA. [/HHA ero B CHCTEME, B KOTOpO# OH

ABHKETCA €O CKOPOCTBIO V, B 1/- 1——5 pa3 Menpwe. 3Itor pesyasrar

~TCOPHH OTHOCHTE/BHOCTH HA3HBAETCH JOPEHIOBHM COKpAIlEHHEM.
> Tlockoabky momepeunse PasMepel TesNa IPH e€ro MABMKEHHM He Me-
HAIOTCA, TO '06beM @ Tema COKpaINAeTCE TO aHANOrHUHOMH dopmyne

. o S
o e=g ) 12,

rae Q, ects ,COGCTBeHHHM 06BeM* Tena. . .
.« Hs npeo6pasosaima Jlopenua MmoxHO Hatitn YsBecTHHeE Ham yxe
'PESYABLTATH OTHOCHTENLHO COGCTBEHHOrO Bpemenn (§3). Ilycrs B cu-

"

4.6)

“THSl, ' IPOMCINENIUHE B OXHOM H TOM IKe
B cucreMe K’. Bpems B cucreme K’
At =t — 4. Hatinem renmepn Bpems Af,, KOTOPO€ NPOLITIO MEKAY 3THMH Ke
. COGHTHSMH B. CcHCTeMe oTcyeta K. U3 (4,3) umeem

mecre x’,y’, 2’ npocrpancTea

v,V r. v
e Lt 55

: ' = A 7
I—= Vi-% :

. WM, BHYHTas OLHO M3 APYroro,

ty—t, = At =

B noMHOM cornacuu ¢ (3,1).
... § 5. NpeoGpasosanme cxopoctn - e

s "Mt Hami B NpeANAymeM naparpade ¢opmynH, nossoamoLwMe No KOOp-
. RHHaTaM cOGHTHA B OXHOM cucTeMe OTCYeTa HallTH KOODAMHATH TOro xe

 BalOLMe CKOPOCTh NBHXYIIEHC MaTePHaNbHOR 4acTHIE B OmHOH CHCTeMe
., OTCHETa CO CKOPOCTBIO TOM JKe HACTHIN B ADYroff CHCTeMe. '
- . Ilycts onars cucTeMa K’ MBHXETCS OTHOCHTENbHO CHCTEMEI K co cko-

v , s dx
‘- pocTsio. V Bromb ocu X. Ilycts Up == g7 €CTb KOMIOHEHTa CKODOCTH ua-
L ' : ,

2 . - . .dxl
_.CTHUH B cucTeme K, a 0] = 47 — CKODOCTb TOH e uacTHUH B cHcTeMe K.
. Y3 (4,3) MH nMeem

L }
. . ’ ; dt’—{-—?-_dx’ ,‘A‘_
L dx=E Yy iy g O T
. _'/‘1—_2’ ‘ ’1—_‘/_2
‘ 2 ]

\J

creMe K’ nokosrcs uaci. B kaudcree EBYX COGHTH#t BO3bMeM nBa COGH- §

MeXIYy 3THMH COOHTHAMH ecTb . |

“COGHTHS ‘B ADYro# cHcTeme oTcuera. Temepb M Hafimem dopmyan, ceasm- f

: 3
5§ 9f 1IPEOBPA3OBAHHE CKOPOCTH

Jlens mepBHe TPH PaBEHCTBA HA HETBEPTOE, HAXOAHM

r~ Ve
. ! dy,‘/ 1V dz’l/-l——c-,-
dx _ dx' L var  dy _ " ¢ ez YV

[ U —— — *
==y Gt v, at vy Vg T 1
dt'+-‘cfzdx' dtr 4= dx’ dt +dx

A » o
WM, Iend YMCAMTEAb M 3HAMEHaTeab NPABHX YacTefl 3TMX DaBeHCTB Ha dt’,

N
' Ly 1-5 I
VotV ___¥ ¢ i — .
Uy - , ’Uy = ’ z

” 5,1)
oV v,V Vs
1+":—r . ca; =

Ot gopMyas M OnpefeasioT npeobpasosaHue ckopocted. OHM mpencra-
BISIOT COGOH 3aKOH CHOXEHHS CKOpOCTell B TeOpHH OTHOCHTCJH;HOCT‘!;.K
B npenensHOM Cayuae ¢ —> co OHH MEPEXOMAT B QOPMYMB V==, - .
4 =/ HHKH. : : '
V=T, V=7, KiaccHyecko# Mexa s oo —a
B yacTHOM ciydae HNBHXEHHS YaCTHUH MaPAMIENLHO OC > == T,
4 m——
@, =1v,=0. Toraa fv;=fvz-=0, a v, =1’, npHsen
14 .
p=2EV (5,2)
o'V / .
1+

Jlerko y6emuTbCsl B TOM, YTO CyMMa ABYX CKODOCTeH, MEHbWIMX HIH
DaBHHX CKODOCTH CBETa, €CTb COr/aCHO 3TOR (OpPMyne CHOBA CKOPOCTE,

He 66/blIas CKOPOCTH CBera.
Ins cxopocTelt V, 3HauMTeNbHO MEHBUIMX CKOPOCTH CBeTa (CKOPOCTb ¥

?

Moxer 6HTh mo6OH), ¥MeeM NPHOAHKEHHO C TOYHOCTBIO HO WJAEHOB MO~ .
panka Vic: ‘

4 v;tz 4 r 0 V _vl__ﬂl,vrl \ i

ﬂm=vx+V(\l——c—2—), 'Uy=1)y—ﬂm'vy'c—2',,vzf A 2V 7T

BhGepeM OCH KOOPAMHAT TaK, YTOOH CKODOCTh 4YacTHUH B. HaHHHIA
MOMeHT Jexana B niockoctu XY. Toraa ckopocTh qacmuuln 'CHCI-;:{:)S 5
#MeeT KOMIOHEHTH U, ==vc0s 0, v, ==vsinb, a B cucreme K’ v, = s

o =v'sin®’ (v, o' u 0, 8/ — aGcomoTHHE BeMMUMHH H Yram, o6paso-
= , _ A
saumie CKOpOCTBIO € OCAMM X n X', cooTsercTBenHO, B cuctemax K u K').

C nomoiupio dopmyn (5,1) naxonum TOrAa f .

‘ 2
v’Vl ——l:—z- sin 6/

cosb/ -0/ +V -

.

tgh= (5,3)
Dra opMyna onpenenseT M3MEHEHHE HANpPaBJEHHH CKODOCTH MpH Tepexone
: oft. ‘ ._

OT OAHOM CHCTEeMH OTCYeTa K JAPYT
PaccMoTpuM nojapobHee BaXHHM uYacTHHH cayuall STOR  QopMysH,
2 MMEHHO OTK/IOHEHWe CBETAa NPH nepexofe K Apyroft cucreme‘ oTcyeTa, —

‘




UbPnhliklt o THUCHTEAbuOCTH

. IBJICHHE, HAa3nBaeMoe ‘abeppaumeit csera.
hpenwxyman c;)opmyna NEPEXOANT B '

—_———

Wz 'Tex 'me qaopmyn npeo6
opniyny Aas sinﬂ 2§ cosG

t V2 X
l——2 cosﬁ’-{-!-

:sinﬁ; sin®’, cosfh=—
1+ —-cos il

1+—cos0'

OB - nopﬁnxa Vie:.” .
T siue-—-sinO’_——-Vsme'cose’

>

4“‘ Bnoml yron A6=-.6 —-6 (yron abeppa
’5‘" ‘ ,:. Aﬂ.._—sinﬂ’ .

NG 6)

‘ gageciﬂy;o_ snemeHTapHyio tpopmyny s a6eppaunn cBeta.

- § 6. 'le’rupexmepﬂue BEKTOPLI

% . Eczm MH GyneM nomb3oBaTECH B Ka
vnen'ru BEKTOPa B YETHIPEXMEPHOM NpPOCTpaHCTBe. Cmea KB4APAaTOB-. 3T
- KOMITOHEHT, T.' e. KBAampaT ,mAMHN® BeKTOpa X2-| V222412 pe uzx
.nhercx npu nonopomx YETHPEXMepHOR cHCTeME KoopauHar, XOTO n/
T ngroTcn, B YaCTHOCTH, npeodpasosamm Jlopenna. pHM

Bexrop ¢ KOMMOHeHTaMH X, ¥,
4n com-sex:ropom“ Ero xomnone
=1, 2, 3, 4,’npnqem- ’

HTH MBI 6y11eM' 0603HaYaTe qepes X4,

xl-—x xz -—y, xs—-z, x4 =ict.
Hpn npeo6pa303amm ‘or onﬂoﬂ H

' He IIHaJIbHOH CH
pyvron‘,g'r. 39) CTEMBl OTCYeTa

Jlgpenua KOMIIOHEHTH "YeThIpex-
feproro rop H, ° K YHAEM THCATb - AAS* KPATKOCTH,
Ag,unycla-n_emopa)‘npeoﬁpaaylo'rcn comacﬂo (4,3) no dopmynam P

x4+i Kx;
Xg=X] x,== d
8 3 1=——7=_. (6,])

Ve
1/1*7?

oM 4 HaSHBaeTCﬂ COBOKYTIHOCTb YETHIpEX Be/u-
» Koropue npH npeo6pasonannn YETHPEXMEPHOH CH- .

'-Iempexuepnuu BEKTOp
qHH A,, A,,, As, A4,

[ra. 1

B s1oM caywae 9=’ =¢ u

v
L tgh=  sin 6’
- |g_ l—{—cose'sme'» ' | (5 4)

paaonaﬂm 1) . nerko NOYYHTE aﬂanorwu-lyxo

| 5.

B’ cnyqae V<<c us S'roﬁ Q)bpmynu HaXOIUM C TOYHOCTBIO . b (o] xme-

HH), HAXOAMM C TOH Ke Tquocruo

; HECTBE KOODAMHAT COGHITHS Beju-
IHHaME X, y, Z, T, TO MM, MOXEM DaccMaTpuBath X, y, 2, T, KaK KOMno-

2, T HasHBaOT ,,qempexmepuum-

§ 6] YETHPEXMEPHLE BEKTOPH 25

CTEMB KOODAMHAT MPeO6pA30OBHIBAIOTCA KAaK KOMMOHEHTH X;. ITpu’ npeo6pa-
_30BaHuH JIopeHua

A —i KA‘

Yz

A +1—A1

=

. M4, a4, 4 . 62

i Llerupexmepmﬂe BEKTODH O06/1allaloT CBOHCTBAMH,  [BO MHOI'OM -aHdno- -
<@\ THUHHMM CBOHCTBAM OGHYHHX BeKTOPOB. Tak, Jerko nokasatb, 4YTO MO~

RO6HO OGHYHOMY -CKaPHOMY NPOM3BEJEHHI0 BEKTODOB CyMMa NpOH3BEReHuft '

BEKTOPOB Kak A;B; u BooOuwe Oynem CYdTaTh, YTO €CIM OAMH M TOT xKe:

" HHe TO 3HAYEHHM 1, 2, 3, 4 sroro munekca. Tak, kBagpat ,aGCOMOTHOR
. BEJNHYHHH“ 4- Bexropa 3aMuueTcss B BHAE A Ay man A5, Taxoft cnoco6 060~

6eH M 3HAUMTELHO YHPOIWAaeT (GOPMYJHL.

HHJICKC&MH NMOA IBaXIH NOBTOPSIOMIUMCH TDEUECKHM HHIECKCOM 6y11e'r HOII—

;| [ . pasyMeBaThcsl  cyMMupoBaHue oT 1 mo 3 (Hanpumep, AB_—A,B,)

[lepBHie TpM KOMMNOHEHTH 4-BeKTOpP2 HAa3HBAIOT npocrpaﬂcrseﬂuuun
a 'YETBEPTYIO — BPEMEHHOM MO aHaJOruM ¢ 4-pafHycOM-BEKTOPOM. BpemenHas, -
'KOMIOHEHTa BCceX 4-BeKTOpOB,
' MHuMas. 3aMeTHM, YTO KBaipaT A MOXeT OHTBH KaK NOJIOXHTEJbHHEM, TaK
M OTpHMUATENbHHM (MM DaBHHM Hymo), TIOCKOJABKY CpelH KOMITOHeHT A;
€CTh MHMMaf. . o

YeTHpeXMEpDHHIM TeH30pOM (4-TeH30pOM) 2-r0 paHra Has3hnBaeTcss COBO-
KYMHOCTb INECTHAALATH BeauunH Ay (, 2= 1, 2 3, 4), xompne npw

k. KOMIIOHEHT IBYX 4-BekTOpOB A 1By AgBy -+ AgBg -+ A,B, sBasercst Cka- .
%! nApoM. Mu GyzeMm Huwe 0603HayaTbh TaKoe CKajJspHOe npouaaenehne-

JIATMHCKHH MHIEKC TNOBTOPSAETCS HABaXNbig, TO -110ADPa3yMEBALTCA CYMMHPOBG.- .

'3HAYEHWS CYMMUDOBaHWs (IDM KOTOPOM OMYCKAETCH 3HAK CYMMHI) OYeHD' yno--‘

‘KoMnoHeHTH TpeXMEepPHHIX BEKTODOB MH 6&11eM 0603Ha4aTh: rpeqecmmx '

C KOTODHIMH HaM IIDHIETCA HMETh Heno, -. .

npeo6pasoraHuu xoopmma'r .

g Xi= “ikx,; - R 3)

v npeoépasylo'rca KaK npousBeleHHs KOOPAMHAT, T. €. MO (OpMyam . :
. \ ‘ _Am %im kZAml‘ ' _ (6’4) L
Tipu npeoGpasosanun JlopeHua : : o I

o : | v - ;..
! = 0 o __°c =
. 1= Vi-%
) .0 1 0 0 e
(@) ={ 0 0 1 - o .| ) 6,5
A ” o
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Enunnyssiv  4-tensopowm 8 HasbBaeTcs TEH30p,

TEH30Pa; OYEBMIHO, YTO
- - ¥y =4,
Tensop HasuBaercs CHMMETDHYHEIM, ecau A=Ay,
HHM, eCll Ay =—A4,,. V. aHTHOMMMETDHYHOIO TEeH30pa
KOMIOHEHTH, T. €. KOMNOHEHTH A,,,
%s \Hanpumep, momxHO GuTH A=A
<+, AHanOrMuHO 4-TeHsopy 2
| paHroB. -, o :
., CoBepuIEHHO aHTHCHMMETpHUHEIM CAMHHUYHBIM 4-TeH30pOM 4-r0 paH
MH Ha30BeM Tako# TeH3Op e
_ TlepecTaHoBKe ' MOGHX - ABYX
* HeHTH paBHm —~=1. U3 antn
"~9TOTO TeH3OPd, ¥ KOTODHX
TaK 4TO OTAHYHK OT Hy.A

FAgs+ A4, 'Ha3HBAEMHHR ,CleNoM“
.- (6,8)
H aHTHCHMMETDHY-
BCe NHAroHa/bHbIE
Agg, Agg, Ay, PaBHH Hymo, Tak Kax,
11
PaHra MOXHO ONpDENeNHTb TEH3ODH BHICHIMX
. S

ra
kims KOMIOHEHTH KOTOPOrO MeHSIOT 3HaK NpH
MHIEKCOB, IDHYEM OTJIHYHHIE OT HYAS KOMIO-
CHMMETDHYHOCTH CJIEAYeT, YTO BCE KOMIIOHEHTL!
XOTA OH JXBa HMHAeKCa COBMANalOT, PaBHH HY IO,
: TONBKO Te, ¥ KOTOPHX BCe YeTHPe MHIEeKca
pasanunnt. IIycThb ey54,'==1; TOrna, OYEBHIIHO, BCE HEPaBHBIE HYJIO KOMIO-
HEHTH €3, PaBHH ~1 uam — 1, CMOTDSl IO TOMY, YETHHIM MJH HEYeTHHIM
! YHCIIOM NEpPECTAHOBOK (Tpancnosuunui) MOTrYT GHTb NMpHBEAEHH YHCTa i, &,
1, m x mocnenoBaTenLHOCTH 1, 2, 3, 4. 3amerum, )
BEDUTH, €3, =41 . - :
. To ornowennio x NOBOPOTaM CHCTEMH KOODAMHAT BeMMYMHBI e
€e0f - KK KOMIOHEHTH TEH30p2; ONHAKO, NPH HM3MEHEHWH 3HAKA y OLHOM
.- ATH TpeX KOODIMHAT KOMMOHEHTH ey, 6yayun onpeneseHsl OXHHAKOBD A5
" BCEX ‘CHCTEM KOODAMHAT, He H3MEHAIOTCHA, B TO BpPEMA KAaK KOMIIOHEHTH
- 'TEH30PA JOMKHHE GHLIIH GH M3MEHHTb 3HaK. Hoaromy e;4;,, ects, co6crrenno
-TOBODA, He TeH30p, a, KaK roBopAT, MNCeBROTeH30p. IIceBROTeH30pH mo60ro
PaHra, B YacCTHOCTH NCEBAOCKANAPH, BedyT ceba Kak TEH30DH MNpPH BCeX
TPEOGPA30BAHHAX KOODAHHAT, 32 HCKIIOYCHHEM TeX, KOTOPHE HEe MOryT OhThb
CBENEHH K IOBOPOTaM, T. €. 33 MCKJHOUYCHHEM OTPaeHHit — U3MeHeHuH
3HAKOB KOODAHHAT, HE CBOAWMHX K BpAIIEHHSM. .

" Ecna A, €CTb  AHTHCHMMETDHUHLIH TEH30D, TO TeH30p A M rceBzo-

YTO, KaK JIerko Ipo-
’ /

Lt

‘reﬂsbp'-f 4xim A HABHBAIOTCH JAYanbHHMH ADYT APYry. AHaJOrHYHO CaiamAm
ects AHTHCHMMETDHUHHRA NCEBAOTEH3Op 3-ro panra, IOyanbHHHR BeKTOPY A,.
N » [ - *

_"‘,.I'Iponsaeneﬂue 'é'.éikhnA_{kAlm TE€H30pa 2-ro paHra Ha ero AyaJbHHR ecTb,

“OYEBHIHO, ‘TICEBAOCKANAP. . o
. ."'_‘ Lo B cBsizn co cxasaﬂﬂumvyn_owmem o HEKOTOPHX aHAJMIOTHYHBIX CBOUCTBAX

- ‘TPEXMEPHHX BEKTOPOB H TeHsopoB. Cosepenuo aHTHCHMMETPHYHLIM €1H-

. L

‘_t'/l. i

YROBJAETBOpAWOUIML
+.+ YCJIOBHIO, YTO NI BCAKOTO BeKTOpa A; umeer mecto
: - ) B dy = 4. (6,6)
‘ﬂqr’i(o BHIETh, YTO KOMNOHEHTH 3TOro TEH30pa
- . [0, ecnn i F £,
afké{ 1, ecnu i=~k. ®.7)

- K3 Bcakoro Tensopa Ay, MOXHO 06Da3oBath CKanap A;; = Ay + Age+

ikim BEAYT

£

YRTHIPEXMEPHBIE BEKTOPbI 27

8 o
HHYHBIM MCEBIOTEH30POM 3-r0 PAaHra Ha3HBAETCH COBOKYNHOCTh BEMHYHH e,
MEHSIOIMMX 3HAK TPHM NMEPeCTaHOBKe JMOOHX IBYX MHAEKCOB. Kak H ¥ e,
BCE KOMIOHEHTH €,5, PaBHH HYJIO, 32 HCKJIOYEHHEM 1T.ex, y Koropuex
aFBF£1q. Uro xacaercs STHX KOMIIOHEHT, TO €199 ==1; OCTaNbHHE XKe,
OYeBHAHO, paBHH 1 MaM — 1, CMOTPA 1O TOMY, YETHHM HJH HEYETHHM

UMC/IOM TPAHCMOMUHMA MOXHO IPHBECTH MOCAENOBaTENABHOCTh uucen a, B, T
k1, 2, 3. '

, Ilps OTpameHMH CHCTEMBI KOODAHHAT, T. €. NIPH H3MEHeHWH BcexT'rpex
KOODIWHAT, KOMIOHEHTH OGHYHOTO BEKTOPA TOXE MEHAT 3HAK. Takwe
BEKTOPH HA3HBAIT NOJAPHHMH. KOMMOHEHTH e BEKTOpa, PaBHOTO BEKTOD-

HOMY NDOM3BENEHMIO IBYX MONADHHX BEKTOPOB, NIPH OTPAXKEHHH HE MEHSIOT
3naK. Takve BEKTODH HA3HIBAOTCA aKcHalbHhMH. CKalspHOe mpousBefeHHe

MOJAPHOTO M aKCHAJILHOTO BEKTODOB SBASAETCA He HCTHHHHM CKanspoM,

a NCeBAOCKANAPOM; TpPH OTPaXKEHHH CHCTEMB KOODAHHAT OH MeHseT 3HaK.

AKCHANBHEI TEH30D BJAETCS NCEBIOBEKTOPOM, NyadbHLIM HEKOTOPOMY aHTH-.

cMMMeTpHYHOMY TeH3opy. Tak, ecau C==[AB], 0o C,= Cl €a3,Cpys THE
‘ CBT = ABBT _ATBB

EE' TPEXMEPHOM NPOCTPAHCTBE HHTErPHPOBAHHE, MOXET NPOH3BOAMTLCA 1O
06BeMy, MO MOBEPXHOCTH W' no Kpuso#f. B yeTHpexMepHoOM MpOCTPaHCTBE,
COOTBETCTBEHHO, BO3MOMHEI YeTHpe POJa HHTErPHPOBAHHS. ~

1) Unterpan no kpuso# B 4-npocrp22{crse; D/IEMEHTOM uurerpnpopaum‘
SIBAAETCH DJEMEHT NyrH, T. e. 4-BekTOp dX;. . ‘
’ 2) Hurerpan r?o NOBEPXHOCTH ,(ns?mpﬂoﬁ) B 4-npocTtpanctee. Kax
H3BECTHO, B TPEXMEPHOM NPOCTDAHCTBE NDOEKIMM TNJIOMAAM TNADAJICHO- | -

rpamma, NOCTPOEHHOTO Ha NBYX BeKTOpax A M _B, Ha KOOpDAMHATHEE MAOC-

g

KOCTH X Xz PaBHH COOTBeTCTBEHHO A,Bs— AgB,; aHanoruuHo B 4-npo-
' CTPaHCTBe IPOEKUMH IIJIOINAaAH napan’?fé!rgrﬂﬁ'ﬁma, ' IOCTPOEHHOTO * HA. IBYX|

4-BeKTOpaX A; M By, Ha 6 KOODAMHATHHX IVIOCKOCTeH X,X; ONpedeNsIOTCH

* aHTHCHMMETpHY eHsopoM A;Bj— A, B;. B uacTHOCM, 6ecxouquo."‘
Maju# 37eMEHT MOBEPXHOCTH o'n%é‘.‘&emxercn aHTHCHMMETPHUYHEIM TEH30POM

2-r0 paHra df;, KOMIIOHEHTH KOTODOrO PaBHH NPOEKIHAM TIUIOWANH 3ie-
MEHTa MNOBEPXHOCTH HAa KOODJAMHATHHE IJIOCKOCTH. B TpexmepHOM MpoOCTpaH-
CTBE, KaK H3BECTHO, BMECTO TeH30pa df,g B KQYeCTBe J/eMeHTa NMOBEPXHOCTH

1 .
fI0/Ib3YI0TCA BEKTOPOM df,, NyanbHeIM TEH30DY dfua; T. €. df,=7 g1 o1

TeOMeTpHYECKH 3TO €CThb BEKTOD, HODMa/ibHBM K 3/EMEHTY MOBEPXHOCTH
H no abCcomoTHOM BennuMHE DABHEIA N/IOIIAAM 3TOro 3/emMeHTa. B ueTHpex-
MEDHOM IPOCTPAaHCTBE TAaKOTO BEKTOpA MOCTPOWTH HENMb3s, HO MOXKHO no-

CTPOHTh TEH30D df:k, RyanbHuf TeHsopy df,., T. e.

* 1
A 5= 7 Cim Y om:
‘I‘eomerpnqecxu OH HM3006pa)caeT 3/IeMEHT NOBEDXHOCTH, DaBHHH H ,HODMalb-
HHHY anementy dfy,,— Bce Jfexallue Ha HeM TPAMBE HEPHNEHAHKYAPHH
KO BCeM NpAMBIM Ha 3JeMeHTe dfy. '
3) HlHTerpan nmo runeprnoBepxXHOCTH, T. €. O TPEXMEPHOMY MHOroo6pa-
3u0 (TpexmepHomy o6bemy). B TpexmepHOM mpocTpaHcTse 06beM ,Tnapalie-

(6,9




5 NPHHUHUIT OTHOCHTRJALHOCTH

[ra. 1

TeNHIeNa ., N0 DOiiQLOHa TREX REKTODIY A, B, C, pasen, kax.u3secrno, -
SIEPHAHAHTY _TpeTherq COCT4B/ICHHOMY M3 KOMIIOHEHT STMX BEKTO-
PO B I-ipocTpancTae mpoexims o6nema »Tlapanienenumena® (r. e. ,mao-

ajii* THNIEPNIOBEPXHOCTH), NIOCTPOEHHOrO 3 TPeX 4-BekTOpOR A, B,, C;,
Mpenensercs meTepMUHAHTaMM -

4 B; G
A B G -
A4 B ¢ ’

iy COCTABJIAIO LMY LallRQRLIREIRELO DAHIA, AHTHCHMMETDHUHHM 1O Bcem Ipem
A EKCaM. D YaCTHOCTH, GECKOHEUHO MAJILIR DIEMENT & €PNOBEPXHOCTH Ompe-
gy - SHIMCHMMETDHIHEM  TeH30DOM dS,;;. B kauectse siemeHTa mire-
rpupoBanus 1o rnnepnone'p‘xnocm 7] Eﬂﬂ%bnbaoaa'rbcﬂ 4-BexTopom d4S;,

s AYATIbHEM . TeH30DY dSp,: - : -
- N \ L. . ‘

ALY .
R,

A
‘m&‘i‘_

{

.. NS

g dS;= G Cektm CSximy Sy =1 S, "

MIETKO yGENHTCS, UTO KOMAOHEHTH dS,: 4S5y = dSy,, dS,

Teomerpuuecku sro 4-BeKTOD, 'TIO a6COMOTHOM BEeIHUNHE -DABHKM , NIOIaAM*
JIEMEHTA 'MTIEPIOBEPXHOCTH M IO HanpaB/eHHI® HOPMaAbHHE K 3TOMY. snie-

; MEHTY (T, ; €.: ICPNEHAUKYMIPHEIN KO BCeM NPAMHIM, TIDOBENCHHHM B 3JeMEHTe

N (6310)
=_dS1‘3 nrT lI.).

sMépHOro o6mbema
“E Coﬂlst.«, . - - ,

. 4) Hlnrerpan mo YETHPEXMEPHOMY - 06'BEMY; ‘3JeMeHTOM HHTEr PHPOBAHHS
TCst 9/IeMEHT 4-06beMa. dQ == dxydxydxgdx,. ’
HaJIOTHYHO Teopemam Taycca u Crokca mas TPeXMEPHHIX, HHTErPaoB

d V;-.—-npoexupm THNEPNIOBEPXHOCTH HA  THIEPIIOCKOCTH

SXMEpHHe, HHTerpaNM.
exymoume nse, Hurerpan no BAMKHYTOH T'MIEPNOBEPXHOCTH MOKHO npe-

06pasopats ‘B HHTEIpan 1o ‘3aKJIOYEHHOMY B He#t 4-06beMy nyTeM 3ameHs
€MEHTa . HHTerDHPOBaHUA dS; Ha oneparop o

A a

6,11)
Hanpumep, ans murerpana or ‘BEKTOpa A,

HMEEM: v

o §'A,ds‘=f%ﬁ—:_d9. - .

SR W 9 ,

{anpumep, ana wHTerpdna or AHTHCHMMETDHYHOTO TeH3opa A, HMMeem:

¢

S [ s, G, ) fas, S

. .

nepnosepxxocru). OueBuano, uyro dS, =dxdydz paeuo 3/IEMEHTY Tpex- ..’

Q
YETLIPEXMEPHBIE CKOPOCTb H YCKOPEHHE 29

ITpuBenem, AN TIOJIHOTH, €llle NMPaBHA0 NPeOGPA30BAHMA HHTErpana 1o-.

YTO ABJAETCH OOOOIIEHHEM TeOpeMH CToxc_a.

t § 7. YeTpipexmepHbie CKOPOCTH X 'yckopenue

HH# BexkTOp. Tako#t uyeTEpexmepHON CKOpPOCTHIO _(4-c1<opoprmo) "YACTHUH .

a 2 v .
Y-k ViE \

Samemm, YTO 4-CKOPOCTh eCTh BeJaMuMHA Ge3pasmepHas. : s
KommoneHTH 4-CKOPOCTH He He3aBMCHMH. 3aMeuas, uTO d“."f:".'f %

g=—1. 7.9
4-ycKopeHueM YACTHUN HA3HBAETCH BEKTOP 3
. =T (7,4)-
'. S 3\ ds . L
" C nomows (7,2) u (%3) HAXOAMUM [AS €r0 KOMIOHEHT:
1 - od Uy o i d 1 (1.5)
We= 22 df Pl W= — g2 df ) P @, )
eV ETYiE w1 -S
- Duddepenuupyn (7,3), umeem:
dui =0
. gy =0 _
HH . , .

R
SIBASETCA BEKTOD o dx;" (Z,l)k‘ |
‘ tT Tds o =t
HOns HaxoWOeHHA ero KOMIOHEHT 3aMevaeM, YTo cornmacxo (3,1) _ L
v? o
ds = c dt ]/-1 —-—;:-z—', . ' ’
rhe U-—OOHYHAK TPEXMEPHAs CKOPOCTh uacTHun. Takum 0Gpa3oM, :
dxy dx — Uy _ ,b\ F
s "1 ) —d—— = = .‘_‘ = . } o
\ s v v
cdt]/l—_?- cl/-l——c.b.. | S
AHANOTHYHO HAXOOMM Uy, Ug, #, W B Dpe3yibTarte HMeem: s
L .
l [T A S P. S— U, == ———m——e, 7,2)

. YyeTHpPeXMepHOH 3aMKHYTOH JMHHM B HMHTerpaa no oruGaemoft eio nogep?(- K
-' . HOCTH; OHO OCYILECTBASAETCA 3aMeHOH :

s S
dx"—> d,fki "a—x—';. \ (6,13)l

Hanpumep, A/ MHTErpana OT BeKTOpA: : g
4 1 A 0A; 614y
§Aidxi=fdfki"§;;:=—2‘f dfik(‘a_x'i' axk>’ ( ’ )

M3 oOHYHOrO BEKTOpa CKOPOCTH MOXHO 06GpasoBaTh M YETHpEXMep- .
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FEJSTHBHCTCRKAY MEXAHHWKA ll'il. It

b ) . 3anAaua

; LIacwma ABHXETCH €O cxopoc-mo v (f); onpeneauTh €e yCKOpEeHHe W B TORf
cHeTeme OTC€T3, B KOTOPOR OHa B RARAMA MOMEHT NOKOMTCSH, B CAyYae, €CiH:

.. {a) .c¥opocty Vv uennercn TOALKO 1O HanpaBIEHHIO, 6) v mMensgercs
TOABKO 1
... BeAHYHHE, ( ?

_ Pemenn e' B dyxaaannoﬁ CHCTEMEe OTCYeTa MNPOCTPAaHCTBEHHHE KOMIO-
- 1 4 W,
tjemuw‘ PABEN — —o = : . 4 BpeMeHHas paBHa mymio, [ostomy

g 1 ’
ngckoﬂbxy _w‘, eCTh CKaasp, TO OH paBeH T‘ wa HB npyroﬁ CHCTEME oOTCcYerTa.

Bocroab3opaBwucs sTHM 1 BHuUMCASA W, HaXOmMM B cayuae (a):

R ‘ 1 dv
o . Wo——]'_vg— vk
e T
a.B cayyae (6):
7 N Wy = 1 .iv.

o - FJIABA 11
PEH’]TKB"CTCKA;I MEXAHHKA

§ 8. Snemeni‘apnue qacrunu B TEODHR OTHOCHTENBHOCTH

; B xnaccnqecxon MeXaHHKe MOXHO BBECTH NOHATHE aGCOMIOTHO TBEPAOro
tena, T. €. Tela, KOTOpPOE HM TIPH KAKMX YCJOBHAX He MOXeT GHTL medop-
- MHDOBaHO. B- TEODHM OTHOCHTENBHOCTH IOA aGCOMIOTHO TBEDAHMH TeNaMH
 CNenoBano 6K, COOTBETCTBEHHO, NIOAPA3YMeBATh Tena, BCE PAa3MEPH KOTO-’
“PHX OCTAIOTCi HEM3MEHHHIMHM B TOH CHCTEMe OTCYeTa, TIE€ OHH NOKOATCH.
Jlerko, OIHAaKO, BHUIETb, WYTO TEODHA OTHOCHTENHLHOCTH Zenaer BOOG1IIE
_ HEBO3MOXHHKM CYUIECTBOBAHHE aGCOMOTHO, TBEDAR R Fa st

S PAtMOT DHM, Hanpumep, KPYramH AHCK, Bpamaroumﬂc;x BOprl‘ cBOeH
OCH, H NPednoNOXMM, YTO OH aGcomoTHO TBepA. CpAzaHHasA C 3THM AMCKOM
a crxcfema OTCYeTa, KOHEYHO, He SBJfETCS MHepumanbHo#. MoxHO, om;Hako,

“BBECTH AN KaXIOTO M3 HEGONBIIMX S/eMEHTOB IMCKA MHEDUMANBHYI CH-
CTeMy OTCYeTa, B KOTOPDH OH 9TOT 3JIEMEHT B HaHHHH MOMEHT MOKOMWICS;

,CHCTeMH OyIyT, KOHEYHO, TOXE Ppa3JHYHE. PaccMOTDHM psO 37eMEHTOB
¥, NNHHH, PAaCNONOXEHHHX BAOJb KaKoro-HuGyAb paauyca pnHcka. DBaaromaps
5" a6COMOTHON TBEPHOCTH OWCKAa HAMMHH KaXIOrO0 M3 S3THX OTPE3KOB B COOT-
BETCTBYIOLIeH# HMHEpUHAJpHON CHCTeMe OTCHETa OCTAIOTCH TaKHMM Xe, KAKHMH
.OHM SIBJAIOTCA, KOra HUCK HEMONBIDKEH. DTH Ke HLMMHE TONYYHT H M3Me-
pAOMME HX HENOXBMKHEHE Ha6GMOZATeNAb, MMMO KOTOPDOTO NHPOXOHMT B IaH-
HHI}t 'MOMEHT. pacCMaTpHBaeMHHR paaMyc AuCKa, NOCKOJMBKY KaXIHH M3 OT-
- Pe3KOB- MEPNEHNUKYAIPeH K CBOE# CKODOCTH, a B TaKOM Cllyyae He Mpo-
ncxonm A0peHLoBa coxpamemm ‘TMoaromy ¥ Becb pamuyc, u3MepeHHbIH

i

Fwo':‘wg >

:AAK PasHEIX 3/IEMEHTOB NHCKA, OGNANAIOMX Da3AHYHHIMH CKODOCTAMH, 3TH

§ Y IIPHHIIAN HAMMEHBWIETO JEHCTBUA 31

g

HeﬂOlIBH}KHHM Haémou.arenem KaK CyMMa  COCTAaBJIAIOUIHX €ro OTDCBKOB‘

6YHET TAKHM K€, KAKHM OH SIBJASeTCH Y HENQNBH ucxka.. C apyroft
CTOPOHHI, TRARAKIRIGTO 73 5SHEMEHTOR OKDYXHOCTH OMCKa, NPOXONAWIEFo:

B JIAHHHI! MOMEHT MHMO HENOIBMIKHOTO HabJoNaTensl, NOABEPraeTcss JNOpeH-
LOBY COKDALEHHI0, TaK YTO M JJIMHA BCER OKPYXHOCTH (M3MEDEHHasd Heno-
IBHXHEIM Ha6JloJaTeneM KaK CyMMa [UIMH OTAENbHHX €€ OTDPE3KOB) - OKa-
WETCH MEeHbLIE, YeM JJIMHA OKPYKHOCTH TOKOswerocs MAHcKa. MH - npu-
XOIMM, TaKHM O6pa30OM, K pe3yAbTaTy, YTO TPH BpPAIUEHHH IHCKa OTHO-
UIeHHe [JHHH €ero OKDYXHOCTH K pamuyCy (M3MepsieMOe HeNOJABHXHLM

HabmoxaTeneM) NOMKHO OBIO GH M3MEHHThCS BMECTO TOTO, YTOGH OCTAThC

paBHEM 2w, AGCYPIAHOCT 3TOrO pe3yibTaTa M NMOKA3WBaeT, YTO B JeH-
CTBMTENILHOCTH JMCK He MOXeT OHTb aGCOJMIOTHO TBEPAKIM M NPH BPALIEHH

Hen36exxHO noiBepraercd HeKOTOpo# croxHOM Hedopmanny, 3ax=.mcnm.en‘ 0

YOPYrHX CBOHCTB MaTepHala, M3 KOTOPOro CHENaH IHUCK.

B HeBO3MOXHOCTH CYLIECTBOBAHMS aOCONIOTHO TBEPAHIX TeN MOXHO
yGenurbcs u ApyruM myTeM. IlycTh kakoe-HHOYAb TBEDAOE TEJO BHEIIHHMM:

BO3JeHCTBHEM B KaKOH-HHOyIb OZHOH €ro TOYKe HNPHBORMICH B JBHMEHHE..
Ecmu 661 Ti0 6HI0 afCOMOTHO TBEDAHM, TO BCE €ro TOYKH HOJKHH.
6 GHl MPUTTH B IBHXKEHME ONHOBDEMEHHO C TOH, KOTOpas NOABEPriach.
BO3HEHCTBHIO; B NPOTMBHOM Cayuae Teao HedopmHpoBaloch Gu. Teopus
OTHOCHUTENBHOCTH, OIHAKO, IeJ3aeT 3TO HEBO3MOMHHM,. TAK KaK BOsJeHCTBHE

OT [aHHOM TOYKH Nepejaercs H OCTajAbHHIM C KOHEUYHO# CKOpOCThIO, & no--

TOMY BCe TOYKH TeJad He MOTYT OJHOBDEMEHHO HauyaTh ABHraThCs.

M3 cka3aHHOroO BHITEKAOT HEKOTOPHE BHBOMIH, KacalouUlMecs TaK HasH-
BA4EMHX 3JIEMEHTApPHHX YacTHL. I1OX 2/7eMeHTapHHLIMK YaCTHIIAMH ITOZpasyMe-
B2IOT YaCTHUH, KOTOpHE BO BCEX (DH3MUECKMX SBJCHHAX MNPUHHMAIOT yua-

‘'CTHe TOJBKO Kak 1iesoe, T. €. He HMEeT CMBIC/Ia TOBODHTh 06 HX qacmx,
COCTOSIHME 3JIEMEHTApHOM YacCTHLH IEJHKOM Omnpene-

JpyrumMn cI0BaMH,
AseTCH 3ajaHMeM ee II0JIOXKEHM M CKOpDOCTH Kak uenoro. OueBniHo, yTO.

. eC/IM 3/eMeHTapHad yacTHua oOnajana Obl KOHEYHHIMH pasMepaMu, TO OH&
He JOMKHa 6ria Ob GuTh edopmMupyeMoff, TaK Kak IOHATHe HehODMALMH. -

CBA3aHO C BO3MOXHOCTHIO HE3aBHCHMOTO NBHXKEHMA OTHE/NbHHX uacTeit Tténa.

'HO, KaK MBI TOJBKO 4YTO BHAENAH, B TEODHH OTHOCHUTEJIBHOCTH HEBO3IMOXHH.
HOSTOMY B TEODHM OTHOCHTEJIbHOCTH 3JIEMEH-- -

a6COMOTHO TBEpAkie TeJa.
TapHble YacTHUH AO/IKHH PACCMATPHUBATLCA KAK TOYEYHHIE.

§ 9. lIpununn BaumeHbmero Aefcreus

TIpH HCCNeNOBAHMK NBHXEHHS MATEDHANBHHX YACTHL MH OyAeM RcXO-
Mpusuun Haumenbliero xgeft-

IIPITI: M3 INPHHUHINAZ HAWMEHbLIErOo JeHCTBHA.

CTHHS 3aK/II0YaeTcd, KaK M3BECTHO, B TOM, YTO JJii BCAKOH MEXaHWyecKoHl ™

CHMCTEMBl CYIECTBYeT TaKoR MHTerpan S, HasbiBaeMHH NeHCTBHEM, KOTOpDHHE

NS HeHCTBUTENBHOTO HABMIKEHHS HMEET MHHMMYM w Bapuauma 8S KoToporo,
ClleloBaTeNbHO, paBHA HYIIO.

OnpeneanM uHTerpan AeHCTBHA AN CBOGOAHOR MaTepHaNbHOH 4aCTHLH,
T. €. YaCTHIH, He HaxoAsdweHcs TNOA NeHCTBHEM KAKMX-IHGO BHEIIHMX CHII.
Ilna 3TOro samMeTHM, YTO STOT MHTETPaa He NO/KEH 3aBHCET, OT BHOOpa
TOR MM MHOH MHEePLUMANLHOR CHCTEMH OTCYeTa, T. €. OH JOJKeH- GHTh

)
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I/I'rax nencmne n:m caoGonHoﬂ YaCTHIL HOMKHO MMETh BUI

“

: S—:——afds,

’

.

LT,
4 »‘-Tenbnoﬂ se:mquoﬂ Ileﬁcmmenbno, MH BHEeMH B § 3, YTO fds HMmeer

axpmson MPIpOBOﬂ IIPIHHH MO)KHO COEeAATDh - mrrerpan CKOJb yrogso MaJIbIM.

Y UMeeT MHHUMYM — BIO/b NMPAMOA MHDOBOH JMHHMH.

‘axozum- L o S

'eCTb, c.nenosa'renbno

o : . 02 -
e . -L=-—-¢CV __2‘-2-. -

L

- Be:mqnﬂa o, KaK y>xe OTMEYanoCh, XapaKTepH3yer nannyxo qacmuy

'Onpene:mu CBA3b BeMMYHH. @ ¥ m. OHa ompenensercs u3 ycaoBus, yto npu

mo?
B .,ee\,Knaccmlecxoe Bupamemde L—T’ rne m ecTb KJaccHyeckas macca

‘ —
uacmuu Pt ocymecmneum 3TOr0 NepexoAa DAa3/OKUM ]/_1 — 5 BpaA
’CTéneHﬂM vfc. TOTAa, OMyCKAR YJMeHH BHCUIMX NOPANKOB, TNOMyYaeM:

2
L——acl/-l ——*v ~—ac -}—w

ﬁﬂnapnamom omocme:ﬁmo npeo6pasonamm Jlopesua. Otcona caenyer, P
410 ' OH " NOMKEH GHTH BIAT "or ‘cKanspa. [anee, sICHO, Y4TO NOX MHTErpanoM .
omxﬂu "CTOATB. Aud:@epeﬂxxHanu B NepBok CTemeHH. OnHaxo, €IHHCTBEHHH
“TaKolt. ckansp, xo*ropmt MOXHO NOCTPOMTH AN CBOGOXHOM MaTepHaabHOH,
s MaCTHIM, | €CTh. wHTEPBAN ds wmm ads, rmé & — HEKOTOPAs MOCTOSiHHAdA.

ﬁmu co6mnﬁmu——uaxo:xnenuem YACTHUH B HAYATBHOM H KOHEYHOM ‘Mécrax .
B°ONpeleNieHHHE MOMEHTH £, . £, BDEMEHH, T. €. MeXy -3aiaHHHMH MHDO- -
HMH TOUKAMH; @ €CTb HEKOTODAs NOCTORHHAs, XapaKTepusylowas AaHHYIO

gp o MacThuy.. JIerxo BUAETb, ¥TO QM9 BCEX YACTHMI @ NOJIKHA 6HT1: 010K H-

~uaxcnmanbﬂoe 3HAUEHHE BIOML MDIMOH MUPOBOM THHKH HHTE‘)prﬂ BIOJL

'e'r -HMETh - Mnﬂnmyma‘ Bssrmﬁ xe C 06pa'mbm 3HAKOM - OH ~ OYEBHIHO,

Sro-r mrrerpan neﬁcrnm MOXHO npeodpaaona'rb B MHTErpaa mno Bpe- |

= |-
nneﬂ JIarpamxa nas nanﬂoﬂ Mexaxmqecxon CHCTEMH. C nomoumo (3 1) MEl
ne v-——-cxopocn MaTepnaanoﬁ YaCTHLUH. tbynxum Jlarpanxa s 4acTHE!

g.‘éf’"B K,2CCHUECKO#t MEXaHMKE BCAKAA YACTHUA XAPAKTEPH3YETCA ee Macco#t m.

TIpENieNLHOM  Mepexone ¢ —> o Halle BHpaXeHWe A1 L KOMKHO nepe#ttu

HCYe3aeT NPH BapbHPOBAHHH NelCTBHA.

§ 1] " BHEPTHH M HMIYABC 33

Kak HSBCCTHOz‘B Q!HKHHH HarEaHx{a HEC!ULECTBEHHB! lIJleHbI: SIBASAKO-
LHECH MOJHHI

IIDOM3BOIHLIMM 11O BDEMEHH, K HX MO)KHO BBIYEPKHMBATH M3
TO YHKUKK 1). Bcakas nocrosinHas  siBA TIPOU3BO
3TOR XKe 1T

SIHHOH, YMHOXEHHOH Ha Bpems; nosromy B L ee MOXHO

ap?
ONYCTHTD. Onycxaﬂ ﬂOCTOﬂHHle ac, nonyqaeM L——--QT, B KJIHCCH‘IECKO“

mov
We MeXaHuke L——Q— CrenosatensHo, ROMKHO GHTH a = mc.
Takum o6pasom, neficTeHe 415 CBOGOIHOM MaTepHanbHOM TOUKM paBHO

b
= —me [ ds, 9,1
a

a dyskuus Jlarpasxa

5

1 —= 9,2)

[4

L= —imc?

§ 10. dueprus u umnyasc

I/IMHYJIBCOM HACTHIBl HA3bIBAETCH, KaK H3BECTHO, BEKTOp p=%
oL :
(W——CHMBOJIH‘-ICCKOC 0603Hauenune BEKTODA, KOMIIQOHEHTHI KOTOpOro paBHH

NpPOU3BOAHBIM OT L MO COOTBETCTBYIOUIMM KOMNOHeHTaM V). C MOMOIIbIO
(9,2) Haxomum:

== 1/_____0_2_ (10,1)-
1—— .
2
Ipn manwx ckopoctax (v<€Cc) uam B npelese mpH ¢ — ¢o 3TO BHpa-

KEHHE TNEPEXOAUT B Knaccuueckoe p=mv. Ilpn v=c p obpawmaercs
B OECKOHEYHOCTE.

' d mv
Hponssonﬂaﬂ OT HMOYAbCa MO BPEMEHH —— a7 — €CTb CHJIa, neft-
]/- 1.___11..
. c?

CTByOLIas Ha 4YacCTHULy. I'chn: CKOPOCTb 4YaCTHUH M3MEHAETCH TOJMbKO no
Hanpasneﬂmo T. €. Cuna HanpaBneHa NEPNEHAUKYIAPHO K CKOpPOCTH. Torna

. m dv

o = @
]/-1——- Vv 1-Z
c=

Ecam e CKOPOCTh MEHAETCH TOJLKO o BE/IMYMHE, T. €. CHJa Hanpam/jeHa
10 CKOpPOCTH, TO

(10,2)

d mv. m dv
dt PO 02\ dt ’ (10,3).
Vi-g (%)
c? ¢

1) Noanas npoussosHas Mo BpeMeHH NPH HHTETPHPOBANHH B HHTEpBale nel-
ts

CTBHA det BACT BEAUUHHY, HE3ABHCUMYIO OT NYTH HHTErPHPOBAHHUSA, KOTOpas
ty

Bax. 4716, JI. Namgay » B, Jirdummn. 3
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OTHOwWeHHe CHAN K YCKODEHHIO B OGOHX CAyuyasX, C/lefOBaTeNbHO, pas-
m
a BO BTOPOM

—-—-_—-———m —————————
3 ? o2 %q
1—a 1—2-
' c? ¢
Oueprueit & YacTHUL HA3KIBAETCHA, KAK H3BECTHO, BEJMYMHA

&§=pv—L.
TMoncrasass supaxenue (9,2) n (10,1) ana L u p, Haxomum
mec?
8= ——.
1 v
Vi-%&
s 310r0 BHpaXEHHs BHIHO, YTO B DENATHBHCTCKOH MEXaHHKE SHEpPrus
yaCTHUM He O6pamiaeTcs B HyJb AQake, KOrAa ee CKOPOCTb paBHAa HYJIO.

= mc2:
'Ora ,oHeprus MOKOs“, T. e. SHeprus npu v=0, paBHa & — mc?.
[Ipu Manux ckopoctax (v/c <€ 1) mmeem, pasnaras (10,4) B psa no

creneHsmM v/c, mo?
.8zmc2+—2-,

T. €., 32 BHYETOM SHEPrHM TNOKOs, KJACCHYECKOe BHIDAXEHHE IS KUHeTH-

. e,

YECKOR 3HEPTrHM YaCTHILH. .
U3 (10,1) u (10,4) BuTexaeT cheayioliee COOTHOUIEHHE MExAy SHep-
ruet n HMITyIbCOM CBOGOXHOM MaTepHaILbHOR UYACTHIbL:

&v

2’

(10,4)

p= (10,5)
Mlpy v=c HUMOyJaLC ¥ 3HEPrMs YacTHUH O6palaAlOTCA B GecKOHey-
HOCTh. DTO 3HAYHT, YTO HACTHUA C OT/NHYHOM OT HYJA MacCol m He MOXeT
ABHTaThCsi €O CKODOCTbIO cBetd. B peastuemcTCKOR MEXaHHKe, OIHaKOo,
MOTYT CYWIECTBOBAaTh YaCTHUH C Macco#, paBHOR Hymo, ABHXKywHeca co
cxopocTbio ceeta. M3 (10,5) Mb nmeeM AN TaKMX YacTHL .

. &

\ p=-:-

Mu yBHAHM B AanbHedlieM, 4TO CBeT MOXHO TPAKTOBATb KaK TaKHe uad- .

CTHIH -C Maccofi, paBHOH Hy/O. .
Busenem Teneps BCe TNOAYYEHHHIE COOTHOLIEHHSI B YETHPEXMEDHOM

Bune. COrnacHO NMPHHUMMY HAUMEHbUIErO AeHCTBHA
b

8§ =—mec?d [ ds=0.
a

. B _ z
Packpoem Buipaxenne nna 8S. IIna sToro 3ameuaem, 4TO ds__V——dxh

u notoMy , )
85=—m€8fV—dx:=—mcfSV-_dx:=
a a

b
=—mcf
[4]

b
—dxddxy mcf u,ddx;,

V- dx3 hd

(10,6)
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. dxg

TaK KaK —= €CTb KOMMOHEHTa 4-CKOPOCTH. Hurerpupys no YacTAM, HaAXOXHM

b ’ b »

S =rmc f ud8x; =meudx; | — me dx,du; =

a a a
b b .
=meudx; | — mc f Sx,w,ds, (10,7

a a

du;
rme 'w‘=-a?‘ eCTb 4-yckopenue.

Kak ussectHo, mns Haxomnmenus YPaBHEHHH [BHXXeHHMSI CpDaBHHBAIOTCH

Pa3/MUHEE TDAEKTODHH, MPOXOAALIME YEPe3 ABA 3aMaHHLIX NI0JI0XKeHHH, T. €.
Ha npenenax (8x,), == (8x;), = 0. Hcrunnas TPaeKTOPHsA ONpeRenseTCs TOrIa
M3 ycnosna 8S=0. Us (10,7) Mbl NOJy4unH GH TOTAAQ ypaBHeHus w; =0,
T. €. TOCTOSHCTBO CKOPOCTH CBOGOAHOH WYacTHUH B YETHIPEXMEDHOM BHIe.
. Haa Toro we, uro6m matitn BADHAUMIO JeAICTBMA Kak (YyHKUMIO OT
KOODAHMHAT, Halo, KaK H3BECTHO, CYMTATb 3aNaHHOM TOYKY @, TaK uTo
(8x;),=0. Bropyio e Hanmo cumrars TNIEPEMEHHON, HO NpH 3TOM paccmat-
PHBAaTh  TOJIbKO MCTHHHHIE TDAEKTODHMH, T. e. KOTOpBIe  YIOBJIETBOPSAIOT
YPaBHeHHaM nBHKeHHs. [loaTomy wuuTerpan s Beipaxesun (10,7) ang 38
pasen Hymo. Bmecto (3x,), M Gynmem nucatb npocTo 8x; H, Takum o6Gpasom, -
Haxozmum:

08 == mcudx,. (10,8) -
A oS

4-BEKTOD C COCTABJAIOWHMHU Ox, HA3BIBAETCR 4-BEKTODOM HMNy/bca. Ml
s

G6ynem 0603HauaTh ero vyepes p;. Mz (10,8) BHOHO, uTO KOMNOHEHTH
4-uMnyneca ana coGomHo MaTEDHANBLHOR YACTHIM pPaBHH

Pi=mcu;. (10,9)
‘Kak nssectHo M3 mexamuku, npomssomme g—i, gg , %‘g CyTb TPH KOMMO-
| HeHTEI MMIYJbCA YACTHUH, a NPOH3BOAHAN ~g—‘§=—%§:‘c €CThb 3HEeprus

vacthus. TMonbayscs BupaxcenneM (7,2) mas KOMMOHeHT 4-cxopocTH, aerko
YOGIMTBCS B TOM, 4YTO NpPOCTPAHCTBEHHHIE KOMMIOHEHTH p; NEeHCTBHTENRHO
COBIA/AIOT C MMMYJIbCOM P, a4 BpEMEHHas paBHa if/c:

Pe=pe p=iL. (10,10).

Takum’ o6pasom, B peastusMcTCKOM MEXaHHUKE HMMOYAbC M  3HEPrHs
ABAAIOTCA ~ KOMNOHEHTAMH ORHOro 4-BeKTOpa. M3 3Toro HENOCPEeNCTBEHHO
BuITeKaioT GOpMynH npeo6pasosanms MMIy1bCA M SHEPrHM NpH  nepexone
OT ONHOR HMHEDUMANbHOM CHCTEMH OTCYeTa K Apyro#t. VmeHHO, noacrasass
B obmue dopmyan (6,2) npeoGpasosanms 4-BeKTOpa  BHpaMEHHs (10,10)
I/ KOMMNOHEHT 4-HMIY/AbCa, HAXOHUM

Vv
Py +=8
p.‘b‘= _.-“W’

1—=

-

_ &+

py:=.py’ pz=p37 5

=—=. (10,11)
1——.

c? .

3»
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HiMesi B BHAY, 4TO KBaApaT 4-CKOPOCTH ui: —1 (7,3), umeem -
pi=—mc’. (10,12)
.. Tloncrasnas Bupaxenue (10,10) nns KOMMOHEHT p;, HAXOLMM
.
& —prtmia (10,13)

DHeprusi, BHPAXEHHAss Yepe3 HMIYJbC, HAIWBAETCH, KAK HM3BECTHO,
dyuxupuett Tamunsrona ¥. Ma (10,13) crenyer, uro

¥ =cV p2+ mi:2.

. TIpn Manux (N0 CpaBHEHHIO C C¢) CKOPOCTAX HMNYInC p<&imc. s
(10,14) M nonyuaem TOraa NMPUGIHIKEHHO

) 2
= mc? P o~mer £
H=me ‘/-1 +m2c‘~’ met 2m’
T. %., 33 BHYETOM 3HEPIrUHM MNMOKOA, H3BECTHAas cbopMyna
p2
= om*

Haxoneu, noacrasass B (10,12) 337 BMeCTO p;, Haxoaum
2

(a—"é)z — — m2e, (10,15)
WAH, eCllM HAMMCATb CyMMY B BHOM BHIe:
9S\2 | (SN2 | (3S\E 1 [0SV, a4
(B +@)+E) —= (&) +me=0. o6

970 ecTh ypaBHeHne ['aMuAbTOHA-flKOGHM B DENSTHBMCTCKON MeXaHMKe.

IMepexon x npenenbHOMY CIYHalo KJ/IaCCHYECKOH MEXaHMKH B ypaBHe-

nun (10,16) cosepuiaercs ciaenyommuM o6pasom. Paublue Bcero HeOGXOAHMO

yuecTb, KaK W IpH COOTBeTCTBylomieM nepexoze B (10,14), uto B pensru-’

BHCTCKOH MeXaHHKE SHEeprus YaCTHUB! COAEDXKHT UYIeH mc2, KOTOPOrO HeT
B Knaccuyeckoi Mexaumke.  ITockoabKy neficTBue S cBf3aHO ¢ 3Heprueft

nocpeacTsom § == — %—ts- ,
Hall0o BMECTO S NOICTaBHThL'‘® HOBOE JeHcTBue S’ COoraacHo COOTHOILEHHIO:
’ | S=8 —mc2t.
ToAcTaBnss 5T0 B (10,16), Haxomum

aS\e | (0S"\2 , (3S'\* -1 (3S'\? oS’

& +&) +@) —=G) Ham=o.

B npemene npu ¢— o© 3T0
Henne TamunbTOHa-FIKOOH:

w (& + & + @& ]+ 50

TO TpPH Tepexofe K KIacCHUeCKOM MexaHuke

ypaBHeHHe MNePeXONMT B KIacCHYeCKoe ypas-

(10,14)

>
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§ 11. RedexT maccsl

BriBeneHHsie B npenniayiieM naparpade ¢GopMyns B paBHOH Mepe mpu-
MEHHMbl M K [BMXEHHMIO KaK LeJOT0 CIOXHOTO Te/a, COCTOSIIUErO H3 MHOTHX
yacTH. B 9TOM Ciyyae NON MacCoM Hal0 Be3le MOAPA3yMeBaThb MOJIHYIO
Maccy Teia, a 10J CKOPOCTHIO — CKOPOCTh €ro ABHXEHH KaK LEenoro.

_ Paccmotpum nokosiueecst (Kak Lenoe) Teno. Ero sweprus, KOTOpyio Mbl
MOXKEM Ha3BaTh BHYTpeHHeH, paBua Toraa npocro Mc2, rae M — ero macca.
B BHAy NOMOXHTEJIbHOCTH MACCHl 3Ta BE/NHYHHA, OYEBMAHO, BCEraa moio-

2
———— ABHXKYLUIE-
o2

] ——

c2

roca tena (v-— CKOPOCTb ero IBMXKEHHs Kkak ueaoro). Takum o6Gpaiom,
MBEl TIDUXOAMM K BHIBOAY, YTO B PE/ATHBHCTCKOH MEXaHMKE SHEPFHs 3aMKHY-
TOM CHCTEMH BCEra NOJOXUTENbHA, B MPOTHBOMNOJIOKHOCTHL TOMY, YTO MMEET
MECTO B KJaCCHYECKOH MeXaHHKe, I'e OHa MOXeT GHTb KaK MOJOXHTENbHOM,
TaK U OTpHUATEJLHOH. .

BuyTpenusa sueprusi tena Mc? conepxur B ce6e KpOMe 3HEPrHH IOKO!
BXOASIUMX B COCTAB TeJa YaCTHIl elle W KHHETHYECKYIO SHEprhi0 3THX Ya-
CTHLL ¥ DHEPrHi0 WX B3aHMOJENCTBHS ADYr C ApyroM. IIpyrumu cioBamy,

Mc? e paBHO cymme m ,c%, rae m, — MacCH HACTHL, BXOAAUIMX B COCTA
A

XKUTEJ/bHA; MOJIOMMUTENbHA TaKXKe M IOJIHAA HEPrus

Tena, a noTomy u M He paBHO ZmA. Takum 06pasoM, B PENSITHBHCTCKO
MEXaHHKE He UMeeT MeCTa 3aKOH COXDAHEHMS MACChl; Macca CIO0XHOro Tel
He DpaBHa cyMMme Macc ero uacrteif.-Bmecro 3TOrO HMeeT MeCTO TOJBK

3aKOH ‘COXpaHeHl/lH' SHEPrud, B KOTODYIO BKJ/IOUAETCA TaKKe ¥ 3SHEPrud
MOKOfA 4acCTHL.

. :
PazHocTs AM = M —, m, MeXJy MacCOH C/IOXHOro Tena H CyMMOH
' 4

MAacC €ro COCTABHBIX uyacTeH HasmBalOT NedeKToM Macch. Bemnunny AMc2
Ha3BIBAIOT 3HEPruefl CBA3M Tena,

PaccmotpuM Telo, cocrosuiee M3 mBYX uactedt (c Maccamu M; u M),
B CHCTEME OTCYeTa, TJe OHO IIOKOHTCH, M TPEANOJOXKHM, YTO TEAO Camo-
NPOM3BONLHO pACHAfaeTCsi Ha JBE YaCTH, CKOPOCTH KOTOPHIX 0603HaunM
KaK ‘v, M U,. TOrma 3aKOH -COXDAHEHUsl SHEPIUM AAET

=+
vy
V i—=

D10 ypaBHeHHE MOMKET BGLINONHATLCA TONBKO, ecnn M > M, -+ M,, 1. e.
ecnn pedekr Macchl AM=M—M, — M, nonoxutenen. Taxum o6pazom,
TENO MOXET CaMOTPOM3BOJIBHO DAcNacTbCil TO/BKQ B TOM Ciyuae, eClM ero
nedexkT Maccl (O OTHOLIEHHIO K YACTHM, HA KOTODHiE OHO DAaCNafaeTcs)
nonoxutened. HanpoTus, ecnu nedext mMacch OTPHUATE/NEH, TO TEMO ABARETCS
YCTOHYMBHIM M CAMONPOHM3BOJIBHO He pacmasaercs.. Jlerko coo6pasuth, 4TO
LS OCYUIECTBJIEHMS pacnaja Hagxo B 3TOM Cayuae COOOWIMTL Tely HM3BHE
SHEPrHI0, PaBHYIO N0 KpafiHell mepe ero suepruu cessu | AM|c2.

M2 =
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3anaun

.. 1. HacTHua c Macco#t my M CKOPOCTBIO U CTaNKHRAeTCA C MOKOAW(EHCH YacTH-
‘uelt mg, npHuEM 06€ YACTHIE COCAMHAKNTCA B OARY caoxayo. Onpegenuts maccy M
H ckopocth V sToif coXHOR wacTHUEL

. 1 .
Peur enne HMckomas macca M'=c_2 V & —p2%®,rne § u p —omeprus u

HMIYABC COCTABHOR 4YACTAIM, PABHHE CYMME SHEPrHil M MMOYJBCOB CTANKHBAIO-
HHXCs YacTHU. Ckopocth ke V =pc%§. B pesynvTare maxozmum:

mv

=(m1+m2]/- ——g) | '

2. Tlokosameecs Teno c Maccoft M pacmagaeTcd Ha JBE YacTH ¢ MACCAMU M
H Mp; ontpenenuts sHepruu & ¥ $y 3THX uacTeil.

Pemenwne, 3akom cOXpaHeHHS SHEPrHU M HMIyabca naeT Mc2 = & +8, 1
Pi+p2 =0, uxn, nnave, pd =pj, 1. e. §] — 82 = Mic* — M2c Us oboux ypas-
HeHHf HAXOXHUM '

g=0

M+ Mi— M _ MMM Y.
2.M ’ &2”'0 M .

§ 12. CroaknoBeHun

PaccMoTpuM ynpyroe CTOJAKHOBEHMe NBYX uyacTul, T. e. TaKoe, NPH
" ‘KOTODOM HE MEHAeTCS HX BHYTDEHHEe COCTOSHHe. DHEPrMH M MMIyJbCHl
YaCTHI 1O CTONKHOBEHHS B HEKOTOpO# cucTeMme orcuera K nycrts 6ymyr,
COOTBETCTBEHHO, Pyg, 819 M. Pag, 8ap; MM 3TOM OCb X cucremst K Bubpana
[BIOJIb HAMpABJEHHS BEKTOPA Pyg-—t Pyg UX MOJHOIO HMMYbCa.

Ilns ¥ccnenoBaHMS CTONKHOBEHHS YZOGHO MepefiTH K Ipyro# cucreme
otcyera K’/, B KOTODOR CyMMa MMNyJbCOB OGEHMX YaCTHIL paBHa Hymo. -Co-
raacHo (10,5) ckopocts V cucrembt K’ oTHocuTensno K pasHa 1)

V— (P10 + pao) ¢*

g10-+—820 ) (12,1)

Mo o6uium d¢opmMynam mnpeoGpasosanus (10,11) u dopmyne (12,1) nerxo”

BHYKCJAHTb OSHEPIrMHM M HMIYJAbCH OGeMx uactull B cucTeme K'; Mb Gynem
o6osnauats ux mocpeactsom 8, &, p,=—0p,- ‘ ,

Tpy CTONKHOBEHHM YaCTHI CyMMa WX HMMNYJbCOB M CyMMa 3Hepruit
0CTaI0TCs HeMaMeHeHHEIMH. B cucreme K’ p;—}— p; ==0, T. e. UMOYJBCH PABHBI

1) Ilpu stoM MBI paccMaTpHBaeM CHCTEMY H3 ABYX CTaJKHBAIOUIHUXCA HaCTHIL
Xax oaHo Teno. HopMyny (12,1) MOXKHO NOAYUHTb TaKKe HEMOCPEACTBEHHO H3
dopmya- npeoGpasoparua (10,11). Cornacro stHM ¢opmynam H momHs, uyro B K/
ofmuft HMIYARC PaBEH HYNO, HMEeM .

: V, » ’
. & +8&, =(8, + &)
By + 8oy = —=—2., Poto P = T — LG, )

V‘A‘
c? : l/_l e

T. €,; €CH HaNHCaTh B- BEKTOPHOM BHZe, popMyna (12,1) (TpHXOBaHHLE BeTHIUHBI
. OTHocATCA K cucreme K7),

)

;,*_Qt

4

1

s
’\
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§ 12
N0 BeJNMYHHE M TPOTHUBONMOJOXHE TO HANPABJAEHHIO. IIpH CTOJAKHOBEHHM
MMITYJIbCHI p: u p; TOJILKO MOBOPAYMBAIOTCH, OCTABAACH PABHEIMH M B3aHMHO
fIDOTHBOMO/IOXHBEIMUA 10 HANPABJIEHUIO; B CHAY 33KOHA COXPAHEHHS SHEPTHH
a6COMOTHHE BeMHYMHH HMIYJAbCOB TAKXKE OCTAIOTCH HeH3MeHEHHLIMH.

Iycts p’ ecTb MMMy bC ONHOM M3 YACTHI[ MOCHAe CTOJKHOBeHHs, a & —
SHeprusi 3To# xe yactun (B cucteme K’). Onpenenum HMImyabC p YaCTHUH
(nocne cronkuoseHus) B McxonHo#t cucteme K. ITockonbky CKOpOCTh CH-
creMu K orHocutensHo K’ pasa —V, a V napaanensHa ocam X u X/,
TO coraacHo ¢opMmynaMm npeo6pasosanus (10,11):

4%

’
pm+72_' ’ 7
pa‘_'—:_l/-r—-_ﬁ, P,=P, P,=P,
1— 2 .
c?
W/ HHAuYC .
’ Ve avs ’ ’
pw= '/ 1—-?24 p”——_&_"‘__v—z , py=py, pz=pz.
> a2y 1——
, *Pe, Vi-%

” 25 ’
Nockonsky p, - Py ==p TDH CTONIKHOBEHWH HE MeHsercs (p’ TOALKO -
BODauMBaeTCs1), TO MHl MOXKEM HANHCATh
14 gV 2 2 2 ”

1— %) po— ———=—=5\ +p,+p,=P"
¢ %] ¥ z
c? l’—"—z'

’ [4
rie & n p’ —3ajaHHbe BENHUMHHL. ~

Ecau paccmarpusath py, p, M p, KaK NepeMenHble KOODAMHATH, TO
(12,2) ecTp ypaBHeHWe BHITSHYTOrO 3JUTHICOMAA BPAIIEHHA C TIOJYOCAMH
- 7/ 7

p'V
C 3KCUEHTPHCHTE-

(12,2)

p’ H—-—-—p—-‘-/-;, ($OKYCHEIM paccTOfiHHEM =5
1—— 1—
c? c?

TOM V/c ¥ UeHTPOM, CABMHYTHM OTHOCHTENLHO Hauala KOODAMHAT HA pac-
U4 . .

CTOsIHHE BJIEBO BAOAB OCH P,. .OT1Cioia BHITEKaeT caenyonui

=
et 1/1"7?

€noco6 rpadmyecKoro H306paxkeHus HMMYAbCOB OOEHMX HACTHL MOCHE CTOJK-
uosenus. Crpourcs smmnc (puc. 3) c - noaAYOCAMH
4

S — p’; Ha ero Gonpwo#t ocu mno obe

—
1/1—7? :

CTODOHH OT UEHTPA OTKAAJHBAIOTCH [Ba OTPE3KA
OA u OB, paBsHbe, COOTBETCTBEHHO, .

4 4
&,V " &Y
— =

2 —_— 2 ——

c l/-l e c 1 p ‘ .
Torna BexkTopw CA u BC, mpoeneHHHe Ha Touek A u B B m06y0 touky C
3anunca, M306pasuT MMMYJbCH COOTBETCTBEHHO TNepBOH H BTOPOM yacTHIH!
flocne cronkHoBeHHA. Mx Hanpapnenue yxa3aHo Ha PUC. 3 CTPENKaMH,

Puc. 3.
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Ecnu ‘06e HACTHUH OB6JaJAI0T OAMHAKOBHIMU MaccamHu, TO 5;:8; H
otpeskn AO u OB pasHH Apyr apyry. B cayuae ecam onma M3 yacTHl,
CK2XEM TepBad, 10 CTO/NKHOBEHHS MOKOMAACh, TO B cucteMe K’ oma nMela
(R0 cTonknoBenus) ckopocts —V, u ee umnyasc p’ ceasau c ee SHeprue#
6: NOCPeACTBOM 51: p’c|V. Orcioma mul BHINM, uTO oTpesok OA4 B 5TOM
Clyyae paBeH GOJBLIOH MOAYOCH SAMMICA, T. €. TOYKA A JeXHT Ha 37/MICe

(puc. 4). 3ro BumHo,
Clyuae BO3MOXHO TakOe DacrooXeHne BexTopoB BC u CA, npu xoTopom

Puc. 4.

OAMH M3 HHX paBeH Hymo. Uro Kkacaercs TOukM B, T0 ona JIEXHT BHYTDH
WIH' BHE SILIMNCA, CMOTPA MO TOMY, MEHbIUE HAM GOJblIE Macca BTO-
poft yaCTHUH, YeM Macca nepBol (neficTeuTenbHO, B cucTeMe K um-
MyAsCHl OGEMX WYACTMIL OMMHAKOBH MO BE/NHYMHE, K NOTOMY M3 3Heprufl

’ 3 2 2 ’ EINE] ]
81;-—ch m —+p”° n 82=0Vc Mmg~p°, a, ClefOBaTeNbHO, H3 oTpes-
k0B OA u OB, Goabuie Koropﬁé COOTBETCTBYET YacTHUE ¢ GojblieH

Macco#t). Bekrop AB ectv B STOM Cllyuae MMMy/IbC (X0 CTOJKHOBEHHs)
TIEPBOHAYANILHO NBHraBliecs uacTHUb; yras CBO u CAO CyTb NO3TOMY
YrAl paccesHus (OTK/IOHEHMA) OGEHX YACTHL OT HAMDABJEHHS NEPBOHAYA b=
HOTO JABHIKEHHsI.

Ecmu omna mu3 HaCTHL, CKaweM MepBas, ABJAAETCH YacTHULEH C Macco#t, .

PaBHO# HYyMO, M CKODOCTBIO, DaBHOH CKOPOCTH csera, TO coraacto (10,6)
7 ’
€e 3Heprus B cucreme K’ 81= P ¢, M Mb BHMIMM, YTO COOTBETCTBYIOLIMH

el oTpesok OA paBeH (OKYCHOMY DACCTOSHHMIO, T. e. TOuKa A JexuT

B dokyce samunca. Ecam m Bropas uwactmua o6nazaer TAKHMH MacCoH m
CKOpOCTLI0, TO M TOYKA B HAXOAMTCS B OKyce. CymMa a6cOmOTHBIX BeH-

’ /7
YMH BEKTOPOB p p, (r. e. mmme AC u BC) B 310M Clyyae NMOCTOSHHA,

COTJIaCHO H3BECTHOMY CBOMCTBY suaunca. DTO CBA3aHO C TeM, 4TO abco-
JIOTHHE 3HAYEHWMS HMIYTLCOB B 3TOM Clyyae NPONOPUHOHANBHEL 3HEPrHUsM
HaCTHL, a CyMMa SHepru# NpH CTONKHOBEHHH COXPaHSETCH.

B npenenbHoM cayvae mambix CKOpOCTeH O06€MX CTaNKHBAIOLUIWXCS
HACTHU  SKCUEHTDUCHTET TNPHOMMNAETCS K HYMO H  3JUIHIC HepexoanT
B OKDYXHOCTb.

Kak BuaHO u3 puc. 4, NMOKOMBIUAfCH [0 CTONKHOBEHHS 4acTHLA He
MOXET NPHOGPECTH B DPe3y/bTaTe€ CTOJNKHOBEHHS UMIYJILC, NpeBHILIAIOLIUH
3HaueHHe, u3obpaxkaeMoe NJIMHOH GOMBLIOH OCH BJAHMICA (Touka C HaxoauTCs
TIDH 3TOM HA APYroM KOHUE 3TO# OCH). BHIYHCIMM 3TOT HaHGOLILIKE HMNyJIbC,
nepenaloWMNRcs OT OAHOM YacCTHLB K Apyro#t npu croaxHosennu. Jnuua

BIPOYEM, H HEenoCpeaCTBEHHO U3 TOro, 4ro B 3TOM’

~

V3

»

§ 13] 41

GO/bLIOR OCH 3/MNCA €CTh, KAK Mbi BHIEH,

MOMEHT HWMIOYJ/ILCA

2

p/
vz
1/ 12
2
Umnynsc p’ B cucreme OTCHETd, HBMKYWIEHCS C UeHTpPOM MHEPUUH, €CThb

o= mV

Vis

(m,~—macca nepsoHauanLHO MOKOMBLIEHCS sactuusl). Ckopocts V ‘pasua
cornacio (12,1)
c?
Vo= P2 _
&0 + myc?

(mo cronkHoBenus p,o=0, 810=myc». C nomompio s1ux BBIpaX<eHut
HaXOLuM L AJMHEL GOMbIUOH OCH samunca, T. e. iz MaKCHMaJbHOrO
MMIYJIBCA Pyypgy MEPBOH YACTHUE NOCHE CTOJNKHOBEHUS:

2my P20 (8eo + myc?)
mic® + mc® 2m, &, )

Orciona sierxo HaTi Takwe u HauGO/ILIYI0 BO3MOXHYIO SHeprHio neprot

YaCTHIH
l/ 2 2 2.
g1 mazx ¢ pl max + m].c .

(12,3)

P1maw ==

SAanaua

Hacruua ¢ Maccolt nm, =0 u CKODOCTBIO ¢ CTANKHBAETCS C MOKOAULENCT YACTH-
ued Macco m, Onpenenurs IHEPruH oOEHX wYacTHL K HanpapneHHe ABHXEHHA
HAaCTHUN 715 OCAE CTOJNKHOBEHMH, BHPA3HE HX 'I€PE3 yIon OTKAOHEHHA YACTHUM 771,

Pemenwue: Touka A (puc. 3) HaxoguTesa B $okyce, a Touka B—Ha spamnce..
BocnonssosaBwuce nonspem YPaBHEHHEM 3JMUINCA, OTHECEHHMM K tdokycy, aerko
Haxoaum: .

g = M8y et 48y (mye® + 801) (1 —cos %)
t M g (I—cos g’ 2T mac® 4+ oy (T — cos ¢7) ’
ctg %
tg ¢ = >
1 + 801
myc?

My RO CTONKHOBEHHSA, §1,"§; — sHEPrHH O6EHX uaACTHI
P2~— YIaBl HX OTKAOHERHSA,

rae $o — 3HEPTHA YacTHUM
nocKe CTONKHOBEHHA, @,

§ 13. MomenT uMnyanca

Kak H3BECTHO, KJacCHyecKas MEXaHHKa MNPHUBOAUT K TOMYy pesyanaTy,
yTo Yy 3aMKHYTOR CHCTeMBbI KpomMe 3Hepruu Hu HMIIyAbCa COXpaHfAeTCs ertle
H MOMEHT uMmInyJsoca, T. e. BEKTOD ’

M= [rp]




42 PEJNSITHBHCTCKAA MEXAHMKA [ra. n
{r ¥ p—panuyc-BeKTOp M HMMOYJbC HACTHIIE; CYMMHDOBaHHe IPOH3BOAHMTCH
1O BCEM 4YACTHLIAM, BXONSIUMM B COCTaB cHcTeMu). CoxpaHeHHe MOMEHTA
SAIBASIETC CAEACTBHEM TOrO, YTO (pyHkuma Jlarpamxa Ans 3aMKHYTOR CHCTEMBI

B CHJY H30TPONHH NMPOCTPAHCTBA HE MEHAETCH TMPH TOBOPOTE CHCTEMLI KaK

_11e510r0.

Tlpofenas Teneph aHANOFMYHHH BHBONL B UYETHDEXMEDHOM BHAE, MbI
TIONYYHUM DPENITHBHCTCKOE BHPaxeHHe Aaa MoMeHTa. ITycTh X; — KOODAHHATH
OOHOH 3 uacTHU CHCTeMH. JIlpousBeneM GecKOHeYHO MajH#t NOBOPOT
B YeTHIPEXMEPHOM NpOCTpancTBe. TOrna KOODRHHATH X; KaXNOH YyaCTHLH

’
flepefyT B X, NMOABEPTHYBIUMCH JMHEHHOMY NpeOGpPa3sOBAHHIO,

= 3 13,1
X+ %, 89, 3.1
rae 8Q,, — 6eckoHeyHo Maami#t 4-Tensop, onpedensouwit nosopor. Ilpu
1I0BOpOTE IJIMHA x: paaMyca-BeKTOpa HOJKHA OCTaThCH HEM3MEHHOH#, T. e.

I} :
x¥=x;. Noncrasnas . ciona (13,1) u OT6pacHBass uJEHH, KBAaADATHUHBIE
no 82,;, KaKk GeCKOHEYHO MaJjnle BHICLIErO NOPAAKA, HAXONNM

x;kaQ‘k == 0 .

3T0 PaBEHCTBO AO/MKHO BHMNOJHATBCA NpPH TNPOHM3BOMBHHIX X;. B BuAy
“TOrO, YTO XX €CTb CHMMETDHUHHI TeH30p, 8Q; MOMKHO OHTh AN ITOrO
AHTHCHMMETDHYECKHM TEH30pOM (MpOHM3BEeleHHEe CHMMETPHYHOTO TeH30pa Ha
AHTHCHMMETDHUECKHH, OYEBHIHO, BCErAa TOXIECTBEHHO PABHO Hymo). Takum
o6pasoM Haxozmm 4TO

89;“ = agfk'

Hamenenue 8S nmelicTBua - & nmpu 6eCKOHEYHO MAaJjIOM M3MEHEHHMH KOOD-
JuHat umeer BuA [cm. (10,7)]:

3§ = Xpdx

(CyMMupOBaHHe NPOM3BONMTCH MO BCEM YaCTHUAM CHCTeMH). B cayuwae pac-
CMaTpPHUBAEMOro HaMH cefyac TMOBOpoTa dx; = 8RQ.x;, a noToMy

88 = 8Qy X pi¥y-

Ecan pasbuts TeH3op 2 PiX) Ha CHMMETDMUECKYIO W aHTHCHMMETDH-
9eCKyI0 4acTH, TO TMepBas M3 HHX MDY YMHOXEHUH Ha aHTHCHMMETDHYEeCKHi

TEH30D TOXIECTBEHHO €T Hy/b. I103TOMY, BHIENSS M3 ) pyX; AHTHCHM-
METPHUYECKYI0 YacTh, Mbl MOXEM HAMKCaTh NpeALIAyliee PABEHCTBO B BUIE

1
35=1288y 5 2 (Pixr— PrXs)-

Jlns 3aMKHYTO# CHCTEMBl B CHJIY M3OTPONHMH TNDOCTPRHCTBA M BPEMEHH
npu nopopote B 4-npocTpaHcTse ¢yHkums Jlarpanxa He MeHsgeTcs, T. e.
napaMeTpsl 89, 3TOr0 MOBOPOTA ABJAIOTCA UMKIXYECKMMHM KOODAMHATAMM.
ITo3TOMYy COOTBETCTBYIOLUME OGOGIIEHHbBIE HMIYALCH COXPAHAOTCA. DTHMH

(13,3)

8,2

[

i

»-

MOMEHT HMMNYJAbCA 43

§ 13]

oS
UMIYJNbCAMH ABJAIOTCH BEJHYUHB -6—6—

agik 5 2 (pzxk pkxi)
Mbl BHAMM, ClIEflOBATE/bHO, YTO Y 3aMKHYTOM CHCTEMB COXPaHAETCA TEH30D
M= 2 (%:p3,— X1.Py)- (13,4)

3JroT aHTHCUMMETPHUYECKHH TEeH30p HOCHT Ha3BaHHe 4-T6H30pa MOMEHTA.
Jlerko y6enm‘bc51, YTO NPOCTPAHCTBEHHHE KOMIIOHEHTH 3TOro TeH30pa

Ha (13 3) umeem

(, k=1, 2, 3) fBAAIOTCA KOMIOHEHTAMH TPEXMEDHOr0 BEKTODa MOMEHTa
M=2rpl, (13,5)
Mpyy=— My, = My» sz = My:v =M, Myz = sz =M,..

Yro kacaetca kommoHeHT M, (a=1, 2, 3), TO, Kak nerxo y6eaurhcH,
o &x
M = zcz <tpa —=F) (13,6)
ClIeJ0BaTeNbHO, COCTaBASIOT BEKTOD

<3 (r—5).

B cuny coxpaHenus M A1 3aMKHYTOH CHCTeMBI Mbl HM€EM, B YaCTHOCTH,

E (tp - &r ) == const.

TMockoabKy, C ADYro# CTOPOHEI, TNONHas SHEPrHs 2B TOme COXpaHsercs,
TO 3TO pABEHCTBO MOXKHO HamlHCaThb B BHIE

Se oS

3TH TPH KOMIIOHEHTHI,

ol ¢ = const. 13,7
| Se  Se (137
Orciona Msl BHIMM, YTO TOYKA C DaAMyCOM-BEKTOPOM
2.8r
R=— (13,8
Se )
paBHOMepHO JBHXeETCa CO CKOpOCTbIO
C2
o (13,9)

T8

KOTOpass eCTh HE UYTO HHOE, KaK CKOpDOCTbh ABHMEHHA CHCTEMEI Kak ueJsoro. .

Takas TOuka, KaK M3BECTHO, Ha3HBAETCS LEHTPOM MHepumH; dopmyna (13,9)
onpenenseT KOODAMHATH LIEHTPA MHEPLMM B DENATHBUCTCKOM Mexanuxe. Hano,
OIHaKO, 3aMETHTH, UTO MOCKOMABKY KOMNOHEHTH R, onpenensemue dopmyno
(13,8), He SBNSIIOTCS KOMIOHEHTaMH KaKoro-au6o 4-BeKkTopa, TO npHu fepe-
XOe K OpYro# CHCTeMe OTCYeTa KOOPIAMHATH UEHTPa HMHepuuH He npeo6-
pasyioTcs No O6HYHHM (opMynaM npeo6pasoBanus koopaunar. Ecam cko-
POCTH BCEX YACTHIL rOpPa3fi0 MeHblle ¢, TO MOXHO NPHOIMKEHHO MOJNOXHUTDH
& = mc® u (13,8) nepexoaur B M3BECTHOE BHIpAXEHHe IS LEHTPA MHEPLHH.

e ———e
EOvysrrwscg




44 3APSL B MOJE [ra. 1t

TJIABA 1li
+ 3APSIA B MOJIE

§ 14 qefuﬁexmepuuﬁ NOTEHLHAJ MOJs

B3aumopneftcTBue yacTHIl APYr C APYroM MOXHO ONMHUCHLIBATE C NOMOLLbLIO

noHatua mnons. VIMeHHO, BMeCTO TOrO, YTOOL TOBOPHTH O TOM, HTO) onua
yacTMUA JeHCTByeT Ha APYTYI0, MOXHO CKa3aTh, YTO YaCTHLA CO3AA€ET BO-
_Kpyr ce6s MoOJe; HA BCAKYIO APYIyi0o HacTHIy, HAXOAAUIYIOCS B STOM NoMfe,
ne#icTByeT HekoTopas cuia. B knacchueckoft MexaHHKe NOJE ABJAETCA JHWIL
HEKOTODHM CIOCOGOM OmMCanuss (HBHUECKOro  sBJIEHHS — B3aHMONEHCTBUS
yacTHl. B TEOpHHM e OTHOCHUTENBHOCTH Garofaps KOHEYHOCTH CKOpOCTH
PacnpoCTPaHeHHs B3aMMOAEHCTBH INOJOMEHHEe Belle CYLIeCTBEHHHM obpa-
soM mensercs. Cuanl, AeficTBylOlmIMe B AaHHBIH MOMEHT HA 4acCTHUy, He
ONPENe/IAUOTC MX DACMONOKEHHEM B ITOT MOMEHT. l3MeHeHue MOJNOKEHHs
OIHOY M3 YACTHI OTPAXAeTCd Ha APYrHX YacTHUAX JHIIb CMyCTH HEKOTODPBIA
TPOMEXYTOK BpeMeHH. OTO 3HAUMT, . YTO MOJe Camo Mo cebe CTaHOBUTCH
¢usnueckolt peansHOCTbio. Mbl He MOXeM TrOBODHTb O HENOCPENCTBEHHOM
B3aMMOIEHCTBMM YACTHL, HAXOAMIUMXCSA HA PACCTOSHHMK APYr OT Apyra. Baau-
MOZEHCTBHE MOXET MPOHCXOINMTb B KAXKALHM MOMEHT JIMUIL MEXAY COCEL-
HMMHM TOUKaMM mpocrtpanctsa (6in3koneficTeue). [103TOMY MBI MOMNHEI T'OBO-
DHTb O B3aMUMOAEHCTBMM OQHOM YaCTHUE C TO/EM Y O MOC/ICAyIOLUEM B3aH-
MOHeHCTBHMM NOAs C ApYyro#t uyacTHuei.

MaBecTHO, 4TO CyLIecTByeT MABA BHAA IOJeH: NONA TPABUTALHOHHLIE
' ¥ 37eKTPOMArHHTHHE. M3yueHwio rpaBHTALUMOHHBIX MOJeH MOCBALIEHH IJIaBH
IXi-X. B ocTajapHuX riaaBax Mb 6yaeM DacCMaTPHBATb TOJNBKO 3JIEKTPO-
MarHuMTHHIE M0/, ,, :

BaaumonelicTBMe JAHHOIO MEKTDOMArHMTHOIQ II0Js C HEKOTOpOH ua-
CTHUEH OnpenenseTcss OMHOM BENMUMHOM, XapakTepusylolleH 3Ty uacTuiy.
Dra Be/MUMHA HA3HIBAETCS 3apSAOM uUacTHUH. DBsamMoneficTeue mons,c ua-
CTHUeH NpPONMOPUHMOHANBLHO 3apANY YACTHUH. 3apsiil MOWeET 6BITh KAk
 NONOMMTENbHBIM, TAK M OTDHUATENbHHIM. B 4acTHOCTH, OH MOXeT GulTb
pased Hymo. B 3ToM ciyyae roBOpAT, YTO HACTHUA He 3apskeHa, B OT-
JHuKe OT YACTHI[ 3APSIKEHHHIX. 3aMeTHM, 4YTO A0 TeX MOp, NnoKa y HAacC
HeT HMKAKHX (GODMYN, CBA3HBAIOIMX 3apAl C H3BECTHHIMM YXKE BEIH-
YHHAMH, Mbl MOXEM TMPOM3BOJBHO BHIOMpATL eNMHHLY I V3MEPEHHT
3apsaa.

Kax mul Bupmend B § 9, ana CBOGOJHON MaTepHaNbHOMN HaCTHUL AeHCTBHE

» .

S=—me (ds. Ecm 3apskenHas uyacTuua (MBL GylIeM HHKE TOBODHTH
’ a

0 Heft MPOCTO KaK O 3apsle) HAXOHMTCS B NOJE, TO K 3TOMY HHTErpany
HAmO TPHUOGABHTL ~ujleH, ONHCHBAOLIHA B3auMOJEHCTBHE MNOAs C uwacTUuel.
STOT ujeH AOMKEH COAEPKATh KaK BeIHYMHHI, XapakTepusyoule UYacTHIY
(B YACTHOCTH ee 3apfil €), TAK H BENHUMHBI, XaPAKTEPH3YIOlIHE MOIE. Oxka-
_3HBAETCH, YTO 3JEKTPOMArHMTHOE MOJIE MOXHO XapaKTepPH30BaTh HEKOTOPLIM
_yernpexmepHuiM BeKTOpoM A;. TTOCKOJLKY eIMHCTBEHHEIH CKalsp, KOTOPHI#

 MOXHO COCTaBHTb u3 A; u AnddepeHunancs dx;, eCTb HMX CKaJspHOe INpo-

R

§ 19} YPABHEHHS JABMMEHHA 3APSillA B LIOJE 45

" uspenenne A;dx; TO IOMONHUTEJNBHEIR UleH NOJKEH HMETb BUI

b
e
_C— .f A.idx,l;.
'.\ a
Cl\'OpOCTb.CBeTa ¢ MH BBeJH Cioda Ioad ynoﬁcma; HUKAKHUX APYrux no-

. .CTOSHHBIX Tiepe]i MHTErpanoM M MOXeM He MHCaTb, MOCKOJbKY eIMHHIA
IS W3MEpeHus 3apsia euwle He ycTaHOBJAeHa. BekTop A;, KaK TOMBKO 4TO -

FOBOPH/IOCh, ~ XapAaKTEPU3YyeT IOJe; €ro KOMIOHEHTH SIBJSIIOTCSA, BOOOULE
roBopsl, (YHKUMSMM KOODAWHAT W BpemeHH. Bexrop A; HOCHT HaspaHHe
4.noteHnnana nons. Takum ofpa3om, HeHCTBHe ANa 3apsANa B 3JMEKTpOMAr-

HUTOM TIONIE HUMEET BHI
b

S= f (—— meds —{—% Akdxk).

@

s,
o
3aMeTHM, YTO eIMHMIH LIS M3MepeHus A; TOXe OCTAIOTCH NPOM3BOJIBHBLIMH,
NOKA TPOM3BOJEH BHIOOD eNMHHL A e. ,
TpH NpOCTpaHCTBeHHbHIE KOMIIOHEHTH BEKTOpa A; 06pasyloT TpeXMepHHIH
BEKTOp A, Ha3HBAEMHI BEKTODHHIM TOTeHUWanoM nonas. Bpemennas xowmmo-
HeHTa BeKTOpa A; MHMMa, T. €., MMeeT BHA A,==i9. [leficTBHTENbHAS BE/N-
YHHA @ HA3BIBAETCS CKAMADHHM TOTeHUHanoM noast. Taxum o6pasow, '

A1,2,3=A:c,y,za A4=i‘?- (14,2)

HOQTOMY HHTErpan AeNCTBUA MOXHO HAamnHCaTh B BHIE

b
S=f(fmads+%Adr-e9dt). AL M«M/«?

dr

Hanee,—7 ==V, Tle V-——BEKTOP CKOPOCTH HACTHIEL. - IMosTomy aeft-
CTBHE TIPUHUMAET BHJ . !
v § :
' 2 - y? e
S=[(—mey 1 =% +SAav—reg) dr. (14,3)
a o

TloauuTerpanbHble BHPAXEHHs €CTh HE UTO MHOe, Kak ¢yHkuus Jlarpa
AAA 3apsia B 3JEKTPOMArHHTHOM NOJe:

L=—m02]/-1 ——Z’T—|— -E—Av—e'g(a

Srta dyHkuus orauuaercs ot ¢yskuuu Jlarpawxa (9,2) ans csobGonno# ua-

a

Pl

(14,4)

CTHULl YJTeHaAMH —:F Av — ey, KOTOpHIE M OMUCHIBAIOT B3aMMONEHCTBHE 3apsia
€ mnonem.
“t § 15, YpasueHHS ABHXEHHS 3apaia B moJe
3apsan, HAXOAAWMACS B TNOJe, HE TOJAbLKO TONBEPraeTcs Bosnencmﬁm
€O CTOpDOHH MOJsl, HO B CBOIO Ouepelb CaM BIMSET Ha TIONe, H3MEH:A

ero. TloaToMy 3apsi, TOMeUieHHBI BO BHEIIHee MoJe, ~fOABEpraercs,
CTPOro rOBOPS, AEHCTBHIO 3TOrO MOJS, M3MEHEHHOro M camuM. Oanako, eciu

>
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