EJNHAS TEOPHUA 11051

Tema: Equnas Teopus mons

3amaya: co37aTh €IMHYI0 CaMOCOIVIACOBAHHYIO TEOPHIO, OOBEAHHAIONIYI0O TEOPHIO
TpaBHTAIlUH H TEOPHUIO HOJIA.

Oobo3nauennsi: Eo — sHeprus mokos, E — 3Heprus, mo — Macca mokosi, m — KHHETHYECKas
COCTABJISIONIAS MACChl, V — CKOPOCTh, L — MPOEKIIHS CKOPOCTH 00BEKTa BJIOTh OCH CUCTEMBI
KOOp/IUHAT, V — CKOPOCTh 00BEKTa, V - 4acToTa KojlebaHuil, T — nepuo1 konebdaHuii, A — 1JIHHa
BOJIHEI.

YACTDH 1.

BBG,[[GM pa3aciICHUC HOHHTHﬁ, B IIPHUMCHCHHH TCPMHHA «KHHCTHYCCKAA SHCPI'UD), IIPH

€C BBIYHUCIICHHH MCTOJaMH KJIaCCHYECKOM U peJ’IHTHBHCTCKOfI ¢)H3HKH1
2

. mv
KuneTnueckyro SHEprui0 4acTHIBI, Oy/IeM CUYNTaTh paBHOU Wk = . A nnd sHEpruw,

pacCUHTaHHON pPEIATUBUCTCKUM ypaBHeHHeM: 1T = E — E,, ucrnoms3yeM HauMEHOBaHUE
«3HEPrusl JBIKCHIS.

JlomycTuM, B MOMEHT BpEMEHH tp, IPOU3BOJIbHAS YacCTHUIIA, [IOKOUTCS OTHOCHTEILHO
HENO/IBIDKHOMN YeTHIPEXMEPHOI CHCTEMBI KOOPAUHAT (X, Y, Z, t): Vo = 0, po = 0, Eg = mC>.

B momeHT BpeMeHH t;, OOBEKTy coOOIaeTcs OMmpeAeieHHBI HMIYIbc p; # 0,
Pa3TOHSIONINII €T0 /10 CKOPOCTH V = Vx, BIOJIIb OCH X, CHCTEMBI KOOPJANUHAT. DHEPTHS YacCTHUIIBI,
npurnMaet 3Hagerne: E = \V(Eo? + (mv)?).

IlepBoHauanbHas 3ajlaya COCTOUT B TOM, YTOOBI ONpPEIEIHTh PA3HOCTh B 3HAUCHHUSX,
SHEPIrUU ABHXKEHUS 1, 1 KHHETUYECKOUN sHeprun Wk, JTaHHON YacCTUIIBI.

3agaua 1. Hatitu: T - Wk.

2
mv
Perrenne: BeIIuCIuM cyMMy moC? + — - 31ece: moC? = mV(C? — v?). COOTBETCTBEHHO:
2 2 :mC\/(CZ—Vz) +mC\/(C2—V2) +mV2
2

mv
2

mC? +

=mCV(C2 —v?) + mz"

2 2
2 C CZ_ 2 C Cz_ 2 2
Brigemum uToroByio gpopmyiy: meC* + mv? _ mCV(C2-v?) Lm V(C2-v?) L v

2 , 2 2
mC mC
Jlo6aBHM B IIpaBYIO YacTh ypaBHEHH, BeIpaxkeHne: mC? — P 0.
Torna: meC? + mv? _ mCV(C?- v?) " mCvV(C?- v?) i mv? mC2 mC?2 B mC?2
' ' 2 2 2 2 ' 2 \2/
mv? mCv(C?— v? mv?
Ilepepacnpe ennM, 4iIeHB ypaBHEHHS 10 Tpymmam: moC? + . ( (2 ) 4 S~
mC? mCvV(C2— v2 mC?2
)+ (REmV) MmOy e,
2 2 2
e oy mv?  mC? _ mCV(C?- v?)?
T vV : : | vV vV vV vV
mCV(C?-v?) mv? mC? mCV(C?-v?) mCJ(C?-v?)? mV(C?-v?)(C-V(C?-v?))
3HA4UT: + — = - =
2 2 2 2 2 2
Takixe Seck: mCV(C?-v?) mC? _ mCv(C- V(C2-v?))
: 2 2 2
mCV(C?-v?)  mv? mC? mCV(C?-v?) m(C? mvV(C2-v?)(C — V(C?-v?))
3HA4UT: + — + — =
( 2 2 )+ ( 2 2 ) 2

mCV(C-V(C*=v?) _ _m(C- V(CZ=v?))?
2 2




2 C CZ_ 2 2 C2
B sTOM ciy4ae, ypaBHEeHUE IPUHHMAET BH: moC? + —= (m Y > v) + mzv — m2 )+
2_ 2 2 = 2 _ 22
(mC\/(C2 v?) _m2C )+mC2:_m(C V(C?=v?)) 4 mC2.
C_JcZ_ 2332 2
Ilepepacnpenenum 4ieHb! ypaBHEHUS : e (2 v mC? - mpC? - m2v =T- Wk

O6o03naunM Beipaxkerue: C - \f(Cz — V%), TEpPMHHOM VK.
Torpga: T - W = Wsk = =

HOCJIG,[[HGG YpPaBHCHHC, IIO3BOJIICT IIPOU3BCCTH pa36HeHHe SHCPIHH YaCTHILI, HAa TPH B3aHMHO

[IPOIMOPIHOHAJILHBIC YaCTH — SHCPIHIO ITOKOA, KHHCTHYCCKYIO SHCPIHUIO H paCCUHTAHHYIO

2 2
mv mvsg
pazHocTh Wsk: E = moC? + - T -

2
, TJle COOTBETCTBEHHO: Vsg = C - V(C? — v2).

JInst o0o3HadueHus sHeprun Wsk, BBeIeM TEPMUH «CYOKHHETUYECKast SHEPTUD».

®OPMYV.IA 1(1)
a) E=E o+ Wk + Wsk

b) Wsk = mvsk”
¢) [vsk] = C - V(C* - v?)

311ech Vsg — HEKHUI BEKTOpP CKOPOCTH, MPUCYIINIT CYOKHHETHISCKOH 3Heprun. Hukaknux
JTAHHBIX O TOM, KaKuM oOpa3oM, MOXET MpOSBIATHCS JIBIDKEHUE Ha BEKTOPE Vsk, HA JJAHHOM
JTaIle HE UMEETCH.

Tem He MeHee, yKa3aHHBIH BEKTOP, COYTEM HMEHHO BEKTOPOM CKOpPOCTH (Vsg —
cyOKMHeTH4YecKasi CKOpPOCTh). 13 MOTydeHHBIX KOMIIOHEHT, BBIBEJEM COOTBETCTBYIOIIYIO

IIPOEKITHIO UMITYJIbCA: Psg = MVsk (Psk - CYOKHHETHUECKHUIT UMITYJIBC ) U HalIeM ee 3HadeHHUE:
. mv? E2—-E,2
3anava 1(2): Haittu — psg. Pemenne: Wgg = E — Eg — Wy, rne Wi = 5 ( 2E° ).
(E2—E¢®) _ (2E2-2EEg —E2+4+Eq?)  (E%2-2EEg+Ey%) _ (E—E)?
2E 2E 2E 2E

ITosTomy: Wsk = E — Eg —

2E(E - Eg)?  (E%2-Ey?)
2EC2 2E

E
31ech: psg” = 2mWgg, Ijie: m = o= 3Ha4nr: psg® =

3raunT: psk = (E — Eo)/C = mC — mpC.
[lonydyeHHOe ypaBHEHUE, yCTAaHABIHUBAET MHPOMOPIIUOHATLHOCTh CYOKHHETHYECKOI'O
HUMITyJIbCa: psk U pazHoctu 3Hepruii: AE = E — Eo, rie: psk = AE/C = T/C.

®OPMYVJIA 1(2).
[pSK] = mC — moC
[PSK] =T/C

3amauya 1(3): HaiiTi oTHOIIIeHNE CyOKHHETHYecKOolT W sk, K KHHETHYeCKON sHeprun Wk.
Psk> _ (mC—m,C)>
2m 2Zm

Pemenue: psg” = (mC — myC)?, 3maunT: Wsg =

DTN orma momyamm: Weg =
m+my’ pit YUHUM: SK

, re: (mC — mpC)(mC + moC) = (mC)? — (meC)* = (mv)? u rae:

JlobaBUM B ypaBHEHHE, HOBBIII MHOXHUTEIb: 1 =
(mC — myC)(mC — myC)(mC+ myC)

2m(mC+ myC)
(mv)?  mv?

2E 2

-2



(mC — mpC)(mC — meC)(mC+ meC) _ ,mvZ, mC—myC m —mg

—) Wk
2m(mC+ mg,C) 2 " mC+m,C m + mg

3Ha4YHUT:

DOOPMVIJIA 1(3).
Wsk = WKw

m + mg

3amaua_ 1(4): HaliTH 3Ha4YCHHE CYOKHHETHYECKONl CKOpPOCTH Vsg. PelieHue: wu3

2 2

mvsg mv<-, m — m,
YpaBHEeHHS: — == (—-) .

m — Ing
. =+
2 ) mrme’ CIeAyeT: Vsg = T w (m 7 mo)/

®OPMY.IIA 1(4).
a) vsk =+ C(m — mo)/m.
b) vsk =+ (C - V(C? - v?))

0 v =+ WD
0

Pa3,[[eJIeHHe SHCPIUH ABHMIKCHHA, Ha KHHCTHYCCKYIO H Cy6KHHeTHIIeCKyIO SHCPI'UIO,

2
mv
oOecIIeunBaeT BO3MOKHOCTE [IPAaBOMCPHOT'O IIPHMCHCHHA, YPAaBHCHHA W = T, HC TOJIBKO B

KIIACCHYCCKHX, HO H B PCILITHBUCTCKHX YPABHCHHAX.

B 1'[0,[[06HBIX pacdyeTax, KHHCTHYCCKAsA SHCPIHUA, YKE IICpeCTAaCT pacCMaTpUBATLCA, B
2
mvr

Ka4eCcTBE pe3yJIbTaTa OKPYTIIEHHS peIATHBUCTCKOro ypaBHeHUA: T = E — Eg =
W sBnsiercsi caMOCTOSITENNBHBIM BHJIOM SHEPTHUH — COCTABISIONIEN YacCThIO 3HEPIUHU

2 2
— T="" npuv#0. Wg#T

2 2

OBIKeHHs: W =

2
HccenenyeMm, erne oJHO BeIpakeHue: moC? = E\f(l — :;—2), I'JIe COOTBETCTBEHHO: moC =

mCV(C? —v?). ITycts: V(C? — v?) = vpor. B 3T0M citydae, nmiryise moC, MOKET GBITh pa3jiereH
Ha MHOXUTEIM: M — KHHETUYECKYIO COCTABJIAIONIYIO MAacChl, U VpoT — COOTBETCTBYIOUIYIO
IIPOEKIIHIO CKOPOCTU (Vpor — HOTEHIHAIBHAS CKOPOCTh): MoC = mvpor. DTO BTOPOI THII
CKOpOCTH (IOCIe CYOKHHETHYECKOIT), Il KOTOPOrO HE OIpejeleHa cUCTeMa KOOP/IHHAT, B
paMKaX KOTOpPOH OCYHIECTBISETCS JAHHBLII TuIl ABIKeHHA. OO0O3HAYMM JAHHBIH THII
CKOPOCTH, TEPMHHOM «IIOTE€HIIHATLHAS CKOPOCTEY.

®OPMYV.IA 1(5).
a) [VPOT] = moC/m
b) veor = £ V(C2 — v?)

2
MVpgoT

BBenem Tak ke, KOMIOHEHTY 3Heprun: Wpeor = . I3 popmymsr 1(5), BEIBOgUM:

mvpor? n mv?

2 2
—v?)). 3Ha4uT: mvsg + mvpor = mC.

E
= = JlormaHo, TaK xe, 4T0: Vsg + Vpor = C (r71e veor = V(C? —v?), vsg = C - \(C?

DOPMY.IA 1(6).
a) vsk + veor =+ C
b) psk + pror =+ mC
¢) Wk + Wpor = g




[IpousBeném, ommcanue UMITYJIBCOB: P, proT (puc.la), U p, psk (puc.2a), Ha cUCTeMe
JIEKapTOBBIX KOOPIMHAT. 3/71€Ch, IPOEKITHH PpoT U Psk, pacCMaTpUBaroTCs, Kak Qpyukmun f (p),
JTUHAMIYECKOTO HMITyJIbca p. Bce onmucanHbIe BEKTOpa, MOTYT OBITH COKpAIIlEHbI, Ha OOIuit
MHOJXHTENh: M, 9TO IPHBEJET K CO3/IaHUIO TOTOOHBIX (PUTYp, Ha TUNIOCKOCTHU - OITUCHIBAFOIITIX
COOTHOINIEHNE CKOPOCTEH: NHHAMUYECKOW V W IOTEHIUaIbHOIl Vpor (puc. 10), a Takke
JTUHAMUAYECKON V W cyOKkmHeTHdeckoil vsk (puc.20). I'me ¢ymxmuamu f (V), BBICTyHaroT
IIepEeMEHHBIE: VpoT H VsK-

Py Ppuc. la Voo, PpHC. 10 Psx puc. 2a Vsx puc. 26
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O6pasyronmiecs Ha pUCYHKax 2a U 20, BEeKTOpa: Pr — HUMIIYILC JBIDKEHHS, H VT —
= Wk + Wgk,

mvy?

ABHIKYIIAA CKOPOCTD, ABJIAIOTCA COCTABIIIOINTUMH SHCPI'HH IBHKCHHA T=

VT — \I(Vz + VSKz).
O0e cuctemsl kKoopauHat (puc. 1 u 2), B3amMOCBI3aHbI, 00Ieit adbcuccoi p (wim v),
KOTOpasi MO3BOJISAET, O0BEAUHUTE UX, B TPEXMEPHYIO KOOPIUHATHYIO cucTeMy (puc.3).
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Puc. 36

HpHMeIIaTeJIBHBIMH B IIOJIYUCHHBIX CHCTCMaxX KOOpJIHHAT, ABIAIOTCA BCKTOPA VRAD —
paiHalbHasa CKOPOCTE U PrAD — pa,[[HaJIBHBIi:I HMIIYJIBEC, ABJIOMHCECA aCHUMIITOTAMH JaHHBIX
CHCTCM.

3anaya 1(5): HaliTh prap. Pemenue:

2 2 2 2 T 2
ITockombKy: Pprap” = Prot” - Psk~ = (MeC)” — (E)‘
E, To: prap> = m(moC? - T).

_ (moC?-T)(moC?+T)
— 5

,rae: myC? + T =

®OPMVY.JIA 1(7).
a) Vrap = % V(veor? — Vsk?)
b) vrap = + V(C? - v1?)
¢) prap’ = m(moC? - T)

®OPMY.IA 1(8).
a) Wk + Wsk + Wrap =§
b) C = V(v + vsi + Vran?)




mvp2
o T
I/I3 CHCTCMBEI ypaBHeHHH: 7— >

mVgap”
— ————. CrnegoBatensHo: E - .

2 2

_E  mvgap?

E mv 2
4 MVRaD

mv-?
2

E
5 + myC? = E, Haxogum: E = meC? + =
mvVgap?

_ 2
. moC-~.

E
= myC? U 3HAYUT: S+

®OPMY.IA 1(9)
a)- =T +Wra

E
b)E =Eo - Wrap

Jlo6aBuM, k rpaduKy JBIDKEHUSA Ha pHC. 30, BpEMEHHYIO KOMIIOHEHTY. J[JI1 4ero yMHOXUM

BCE BEKTOpa CKOpPOCTEl, IIPUCYIIHE JAaHHOU

Puc 3B.
Z) =Vrap-1t1. Z2 = Vrapahz
veorit: 4 < =
Ct2
veoT-2t2 /
] / ////
'| -] X1 =wvity,
X2 =vata
> X
vt
i "‘\‘ vrats
Y1 = vsk-1t1, ¥2 = vsgohz

CXeMe, Ha IIPOH3BOJIbHBIE MOMEHTHI BPEMEHU {j,
u ty, Tae t; # t (puc. 3 B).

[Tonydennslit B uTore npeodpazoBaHus rpaduxk,
OyJIeT oOomHMcCaHHEM HEKOeTO NepeMeIleHus Ha
CUCTEME  KOOpAUHAT, 3a  yCTAHOBIICHHBIE
HHTEpPBaJIbl BpEMEHU.

IIpoBeieHHBIN XXUPHOI JIMHHEN OTPE30K, MEKTY
OTJIaJICHHBIMH BepIIMHAMU Ipu3M (Toukamu Ct;
u Ct,), onpenenser MpolifiecHHOe PacCTOSHUE Ha
JIJaHHON cucteMe. A  €ro IpOeKIHU
nepeMelrenne Ha ocax: X; dY; dZ.
HuTepec, Ha npUBEAEHHON cHCTEME KOOPAUHAT,
IpeACTaBIsAeT MPOEKUUs Vport, B YaCTHOCTH,
XapakTep €€ H3MEHEHHIl, B YCTAaHOBJICHHEIE
IepuoJibl BpemMeHu f; u t. 31ech: VporAt =
V((CAL? — (VALY), Tre: (VAL)? = (uxAt)? + (byAt)?
+ (vzAt)% IlosTOMY, ypaBHEHIE MOKHO 3aIIHCaTh
B opMe: VrorAt = V((CAL)? — (AX? + Ay? + AZ?))

= s, TJie: S — HHTepBal MeX Ty coosiTusiMu. CneioBaTeNibHO: Vport = const. [locieinee ycnoBue
COCTOATENIHHO JIUIIb B TOM CIIydae, €ClIH JBIDKEHUE Ha koopAauHaTHoU cucteMe (X; dY; dZ),
onuckIBaeTcsa JlopeHIieBoit MeTpHuKOi, a oOmas TpaekTopus ABrkeHnsI CAt = C(t; —t;) - uMeeT

Puc. 4a.
dApor = VporTe
= 21R por fi fz
CAL
dy f \
vt
Reat .
S >
dh=vTe X ¥ 2)
dz

dbopmy crmpanu (puc. 4a).

VcraHoBuM IIOJIOJKEHHE CHCTEMBI
koopauHat (X; dY; dZ), B peanpHOM
YeTHEIPEXMEPHOM IIPOCTPAHCTBE-BPEMEHH.
Jlns  Hadama, paccCMOTPHM BOIpPOC, C
IO3UITHI CIICeITHAJILHON TEOpHUn
OTHOCHTEJILHOCTHU JIOITYCTUM,  9TO
nepeMenieHie  o0BbeKTa, B CHCTEMeE
koopauHat (X; dY; dZ), ommceBaer
JBIDKEHHE  MaTepHaJIbHOM  TOYKH, B
HCKPHUBJICHHOM IIPOCTPAHCTBE
MUHKOBCKOTO.

Torma, wmMmylnsc dYacTUIlBI Ha ocu X,

cuctemsl koopauHat (X; dY; dZ; t), cooTBeTCTBYeT 3HaueHHIO: mv. VIMIylIsc Ha IUIomagn

(dY; dZ), paBen: moC = mvpor.
CnengosaTenbHO,
V((mveor)? + (mv)?).

SHCPICTHYCCKAA COCTABIAIONIAaA HMMIIYJIbLCA,

paBusercs: mC?



Ha ocnoBanum ypaBHeHnms 1 (8), mpomsBegeMm pacueT sHepruu €, TpeOyemoil s

. mvpor? . mv?  mC?
ZIBIDKEHHS! TIO OIHChIBaeMoii TpaekTopmi: € = —=—+—— =—-, e: € <E. 410 B /1Ba pasa

MEHBIIE KOJIMYeCcTBa SHEPTUH, KOTOPOil 00J1aJaeT YacTHUIla B JJEHCTBUTEIILHOCTH.

W3 dgero cienyeT, 9TO cCIleUalbHAs TEOPUS OTHOCUTEILHOCTH, JIMOO HEMOJHOIIEHHO
OIHCHIBACT JBIDKEHUS KOPIYCKYIPHBIX 00BEKTOB, THOO OIMMCHIBAET HEBEPHO.

PaccMoTpuM anbTepHATUBHBIIN BapHAHT PEIICHUA.

IIpeanonoxum, 9T0 ABUKEHHUE MATEpPHAILHON TOYKU B IIPOCTPAHCTBE, OMUCHIBAEMOE
IepeMeIIeHneM BJI0Jb ocu X, cucTeMsl koopauHat (X; dY; dZ; t), COOTBETCTBYET OCIM: X, V,
Z CHCTEMBI KOOPJUHAT YETHIPEXMEPHOIO

Puc. 46. IIpOCTpaHCTBa-BpeMeHH (X; V; Z; t) —
ABISIONUMUCS ~ TPOSKITUAMU  JJAHHOTO
X% y; 2) BekTopa: X = V(x2 + y2 + Z2).

Jlpmkenne Ha 1wiockoctu (dY; dZ),
CBOJUTCS K IUKINYECKOMY JBIDKEHHIO IIO
3aMKHYTOH OKPYJKHOCTH, BBICOTOH Rpor,
T71s1 0003HAYEHUS KOTOPOI, BBEJIEM TEPMUH
X «BOJTHOBOH pajiHycC».

[Muxmyeckoe JBIDKEHHE — 3TO aTpHOYT
KoJIeOaTeIbHBIX IIPOIIECCOB, CBOMCTBEHHBIX
BOJTHOBOMY, a HE KOPIIYCKYISIDHOMY
COCTOSIHUIO YaCTHUIIBI.

CooTBeTCcTBeHHO, Tpaduk JBIKeHHA Mo TpaekTopuu CAt, omHCHIBAaeT MepeMeIeHus
00BEKTa B BOTHOBOM COCTOSTHUH.

Ilo anamoruu ¢ MTHHUSAMH HAIPSHKEHHOCTU 3JIEKTPOMAarHUTHOIO IIOJIA, CYIIECTBOBaHUE
SHEPreTUYECKUX BOJIH, ABIDKYIUXCS HE NPSIMOIMHENHO, a II0 CIIUPaIbHOI TPAeKTOPUH —
BIIOJTHE JIOoIIycTUMO. Ho Takoe BO3MOXHO IHUINb HPH YCIOBUU, YTO IOJOOHBIE BOIHEI,
SABJSIIOTCS JIMHUSAMHU HaIPSDKEHHOCTH HEKOEro CHIOBOIO IIOJS, B COCTaB KOTOPOrO, OHU
BXOJISIT.

ITocTanoBKka 3a7ja4u B TAKOM BHJIE, CHIMAET EPBOHAYATIBHBIN BOIIPOC 00 OIpe/IeIeHUH
CHUCTEMBI KOOPAUHAT, B KOTOPOI OCYIIECTBIIETCS ABIKEHHE 110 CKOPOCTHBIM BEKTOPAM: VSK,

v

o)

VRAD, VPOT, VT.

dApor= YroTTe Puc. 4B. B omnmcanHpIX ciaydasx, KoOpJAWHATHas
o o cuctema (X; dY; dZ; t), mposBiIieTcsa, KaK

= Reot li lz rpaduK,  ONUCHIBAIONIHII  TPacKTOPHIO
dy -~ ’W&E JIBHOKEHU S BOJIHEI, BIIHCAaHHBIN B
f " > v YETHIPEXMEPHYIO IIPOCTPAaHCTBEHHO-

Reor{_ U BPEMEHHYIO CHCTEeMY KOOpIUHAT (X; V; Z; t).

I'me nBmwxenme BonHbI, o KpuBoll CAf,
oA = Ve X (% ¥; 2) oIpejieNsieT TPAeKTOPUI0 €€ JBIDKCHUS, a
nBmxeHne Ha otpeske AX (X; y; z) = VAt —
e€ mepeMeIeHne B IpocTpaHCTBe (puc. 40).
IIpuyeM, [ABHXKEHHE B TOM IJIH UHOM
HaIlpaBJICHUH TPACKTOPHUH, 00ecrieunBaeTCs

dz

COOTBETCTBYIOIUM UMITYILCOM H SHEPTHEH.

JImHA BOHBI, HA CUCTEMe KOOPJIMHAT Ha PHC. 4a, COOTBETCTBYET JITUHE OJJHOT'O BUTKA
crmpanu CAt — 1o ecTh A pom = A c = Cte (T€: Te — mepuo OJJHOTO KoyieOaHus).

Ee mpoexmmusa Ha 1wiockoctu (dY; dZ), paBHa IIHHE OKPYXXHOCTH, OOPHCOBAHHOI

BOJTHOBBIM paaumycoM: dApor = Veorte = 2mRpor. A mpoekmus Ha ocu X (X, VYV, z) —
6



JTUHAMUYeCcKOl JiuHe BOMHE: dA = vie (pacctosHue Mexay Toukamu O; u O, JaHHOU OCH)
(puc. 4B).

Hepno,u KoJIeOaHHs BOJIHEI Te U €€ BOJHOBOU pagnyc Rpo"[, B3aHMMOCBS3aHbl CHCTEMON

2mRpoT. R, _ TeVporT,
— Rpor = —|———

ypaBHEHHI: Te¢ = ;» TJIe 00e mepeMeHHBle — Te U Rpor, SABIAIOTCA

VPOT
HEHU3BECTHBLIMHU.
KommgecTBo sHepruu €, TpedyeMoe I IepeMeNIeHns BOJIHBI, BJ0JIb ocell X (X; V; Z),
2 2 2
mvpgoT mv mC
dY u dZ cucreMbl KOOpAWHAT, paBHO: € = . + T JTO 3HA4YHT, YTO B

HCCIIEIyEMOM MIPOIIECCE ABIDKEHUS, YJaCTBYET HE BCSl PEIATHBUCTCKAsl SHEPrUs YaCTUIBI, a
JIUIG €€ ompeJieieHHas 9acTh: € < E.

HamepeHHo mpoHrHOpHpyeM  HalpallMBAIOIUIICA METOJ  peIleHHs  3aJadi,
IIOCPEJICTBOM NpUMeHeHus ypaBHeHus: € = hve, rae: h — mocrosnnas Ilnanka, ve - gactoTta
KoJeOaHu .

3aBucuMocTs sHeprun MI'B, oT dYacToTel ee KojeOaHHI, YCTAaHOBHM CHCTEMOIl

it meC = =\(Cte)? 2
ypaBHeHHH: MoC = mvpor, VeorTe = V((Cte)” — (VIe)).

JIns cocTosSHUA MOKOS YacTHIIBI: M = 11y, YCTAHOBUM IIepUOJ KOIeOaHUM: VporTeo =
N 2 2 S

((Cte-0)” — (VoTe0)?), Tae: vo = 0.

3HA4YHT: VporTe-0 = CTe-o.

OnpenenuM UHTEpBAl MEXAY COOBITHAMHU, MEXKJAY COCTOSHUAMH YacCTHUIIBI,
ITOKOSIIIEHics. B MOMEHT BPEMEHH to, U JBIDKYIIEHics B MOMeHT BpeMeHH t: s = V((Cte)? — (vie)?)
_ 2 2 . 2 2\ —
= ’\j((CTe-o) — (V()Te-o) ), rac: \j((CTe-o) — (V()Te-o) ) = C1eoo.

3maunT: Cteo = V(Cte)? — (Vie)?), 910 mpeobpasyeTcs B ypaBHEHHE: Te.o = e\ (1 —
2

%), a TaKKe: Te = rte—_ovz
\'(1 - C_z)
OO0paTuM BHUMaHHE, 9YTO U3MEHEHHUS YHEPTUU BOJIHBI, IPOUCXOIUT IIPOIIOPITHOHAIHEHO
e €o _ Te—o )
HM3MEHEHHIO €€ JacTOTHI: € = — = le=—— 3 ae: E~1e
\'(1 —C—z) \'(1—C—2)

CBsbxeM, JTaHHBIE XapaKTEPUCTUKH, KO PUIINEHTOM NpOMOpIHOHAIBHOCTH: € = KeTe,
rae ke — rpaBUTaIIOHHO-BOTHOBAS MOCTOSTHHASL.

TeVPOT
Torma: Rpor = ———.
2T .
TeVpoT
Tocnenuee ypaBHenue: Rpor == ., nccienyem Gonee HoApoGHO, Ie: Te = 2. —.
” €
E EoC EoC
ITockomeky: E = —2—5 = ——2"— 10: Tc = g

vZ.  Ac2 — 2 (02 — v2Y
'\lr(l_c_z) \(C v ) 2k€\(C v )

TeVPOT
Taxk ke 371ech: Rpor = — . T/ Veor = \f(Cz —v?).
T

EoCV(C%2 —v?)  EoC
4mke\(C2 —v2)  4mke’

3Ha4uuT: Rpor = rae: ke, m, C — MOCTOSIHHEBIE BEJTUYHHEL.

®opmyaa 1(10)
a) € = kete

EoC

b) R =

) Rrort pry
€oC

¢) Rror =

21'[k€

HOCKOJIBKy, 3HAYCHHC HepeMeHHOfI ke — HCHU3BCCTHO, BOIIPOC OIIPCHACIICHUA TOYHBIX
3HAa4YCHUN IICPEMCHHEIX Vg, Tc H Rpo"[, OCTAaCTCA OTKPLITHIM.



_ VpoT Te

VpoT Te
——, B 10 BUJA: ApOT-dZ — o IJie IepeMeHHasn
T

IIpeobpazyem ypaBHeHHe: Rpor =
ApOT-dz, OIIUCKHIBAET IIPOEKIIHIO JUTMHBI BOJIHEI ApoT, HA OCH Ha ocH dZ,

[Ipoexmus Apot-ay, OHHCBIBaeT IIPOEKITUIO JJIMHBI BOIHEI Apor, Ha ocu dY.

HOCKOJIBKY ;\POT = \I(;\POT dZ + ApoT-dy ) TO: APOT-dY = \I(;\POT - ApOT-dZ ) - \I((VPOITG)
B VP(Z);‘EE z) — ?MPOT\I(l . 2_

31ech: % = ;—iV(Cz —v?), a VsxTe = Te(C - V(C? — v?)), 3HAUUT: ApoT-az # Ask.

1
3neck: veorte V(1 — ) @ VRapTe = V(C? = v?), 3HAUUT: ApoT-ay # ARAD.
TT
3HAuUNT, IlepeMEHHAs VpoT, MOMKET OBITh IIPEJCTABIE€HA [BYMS PaBHOCHIBHBIMU

YPaBHEHUSMU: VpoT = \f(VSKZ + VRap®) = \f(VPOT-dZZ + VPoT-dv")-
VRAD
2T

1
Ilycth: VpoT-dz = \I(VSK-de + VRAD-dZZ) TOe: Vsg-dy — VSK\I(l o ﬁ) H VRAD-dZ —

Torpa: veor-az = ‘j(VSK —( oK ) + (VRAD ) )

v 1
W 1ycTh: VpoT-dy = ‘f(VSK-dz‘ + VRapay’), THIE: Vsg-az = ;: 1 Veapay = VeapV(1 ﬁ)'

Vv v
Torpa: vpor-ay = ‘j(( )2+ VRAD" - ( E:TD )Z)

CIle10BaTENBHO: VpoT = \I(Vpo]"_dyz + Vpor-dz%) = \f(VSKZ — (VSK )y + (VRAD ) + (VS—K)2 +

v 2T 2T 2T
o - (250 (s + o)

®opmyaa 1(11)
a) VeoT ='\I(VSK2 + vrap?) = '\I(VPOT_dz2 + vror.ay?)

v 1
rje: VPoT-az = Pz(:: s VPOT-dY = VPOT'\I(I - m), Rpot = AroT-dZ
b) vrot.az = '\I(VSK_dY2 + VRap.az’)

1 _ VRAD
rae: Vskdy = VSK'\I(I ——), VRAD-dZ = » RRAD = ARAD-dz

4m 2n
€) VPOT-dY = '\I(VSK_dz + VRap.ay?)
v 1
Iae: VsKdz = % H VRAD-dY = VRAD'\I(I - m), Rsk = hsk.az

3 ypaBHEHHS CIEIYET, YTO IUKINYECKAs MIPOEKIUSA CKOPOCTH Vpor, POPMUPYETCS 13
TaKUX K€ NHUKIMYeCKUX MPOEKIHUil CKOpOCTeH Vsg M VRap, INHPKYIHPYIOIHUX IO IBYM
TePIEH UK YIIAPHBIM IIOCKOCTAM.

CooTHoIeHne cKopocTeii: vpor = V(C? — v2), vrap = V(C? — v{?), B yenosun: v = 0,
NPUBOAUT K CIMSHHIO IPOEKIMI CKOPOCTEH: Vpor M VRap, KOTOpPEIE OOpasylT BEKTOP
ckopoctu C.

OGe npoekIuH, SBJsIoTCS MuKImIeckuMu. Kpome toro, 31ech: C = Vporo = VRaD-0, H
Cteo = W((Cte)? — (vie)?), rae: C = Vpor-o.

3 4ero cieayer, 94TO BOJIHOBHIE CBONCTBA YAaCTHI[BI, BHIPAXKEHHBIE B IUKIMIECKOM
JBUXKEHHH, Ha BBICOTE BOJIHOBOTO pajnyca Rpor, COXpAHSAIOTCS U IIPH OTCYTCTBHH BEKTOPA
CKOPOCTH V.

OGpatuM BHHMaHHE, Ha IIOCTAHOBKY 3HAaKOB, IpH (OPMUPOBAHHU TpPAeKTOPHH
JIBUKEHHSI BOJIHEL.

CornacHo ypaBHeHusM 1(4), 1(5), 1(7), BekTopa ckopocTeii: Vpor = + \f(Cz — V%), Vsg =
+ (C - V(C? = v?), Vrap = + V(C? — v{?), MOTIYT IPUHHMATH KaK IIONOXKHTEIBHBIE, TAaK I
OTpHIIATENbHbIE 3HAYECHUS.



OOpaTM BHIMaHHE Ha PUCYHOK 4a, ONICHIBAIONIEM TPACKTOPUIO JIBIDKCHUS BOJHBI, B
IIPOCTPAHCTRE.

[Ipeamonoxum, 9To IpU HEU3MEHHOM YCJIOBHH V > (), ITUPKYIIAIIS BOJIHBI 11O TLTOTIIA TN
(dY; dZ) ocymectBisiercs mo mpaBwiIy JeBol pykdn. CodTeM JaHHOE HalpaBJICHHE
ITUPKYJSIIAH, COOTBETCTBYIOIIIM OJIOKUTETFHOMY 3HAUSHHUIO BEKTOpa Vpor: Veor > 0.

[Ipeamonoxum, 9To IIPH TOM XKe YCIOBHHU V > 0, MUPKYIAIHIS BoIHEI 1o tutomann (dY;
dZ) ocymiecTBisIeTCA B IPOTUBOIIONIOXKHOM HAIIPaBISHUH - IO IPaBIITY NpaBoil pyku. Codrem
JTAaHHOE HaIpaBJIeHNEe MUPKYILIITUN, COOTBETCTBYIONINM OTPUITATEIFHOMY 3HAYSHUIO BEKTOpa
veor: Veor < 0.

PasJieliM BEKTOP Vpor, HA COCTABILIIOIIHE: Vpor = V(VpoT-ay” + Veor-az2)-

JIBIDKEHNE CO CKOPOCTHIO Vpor, Ha PHCYHKE 4a, ocyIecTBisieTcs Ha wrockoctr (dY;

dZ), rae TpaeKTOpHs ABH)KEHUS BOJHBI, IOJIETACT IO OKPYXKHOCTH JUTMHOM: Apor = VporTe =
VpoT Te

2w
JlaHHBI BOJIHOBOII pajamyc, pacmoiiaraeTcs Ha ocu dZ cHCTEMBI KOOpJIUHAT, U

COOTBETCTBYIOIUII €My BEKTOP CKOPOCTU Vpor-dz, BCET/Ia OKA3bIBAacTCs HAIIPABIIEH K IEHTPY
OKPYXXHOCTH: Vpor-dz < 0.

Bektop ckopocTH Vpor-gy, fABISIETCS mpoekiueil Ha ocu dY, rje 3a OJUH IEepUOJ
KoJIeOaHus, mornepeMeHHo cMernaeTcs Mexxay Toukamu (0; 0; + dY) u (0; 0; - dY), mepexoas
OT IOJOXXUTENHHOTO IO OTPUIIATEIHHOT0 3HAUYEHHUS.

OOpaTtuMmcsi K pUCYHKY 3a, TJle OTCYTCTBYeT BpeMEHHasi KOMIOHEHTa. Pa3merneHHas
3/1eCh CUCTEMa KOOPJUHAT, He MIpeJIonaraeT KoiaebaTenbHBIX MIPOIECCOB, U PACIOIOKEeHHE
IIPOEKITUI CKOpOCTEH Ha OCSAX, OCYIIECTBIAETCS B COOTBETCTBUU C TEM 3HAKOM, KOTOPHIM OHU
o0JamaroT.

[Ipoexus vpor-gy, SIBISETCA IIPOU3BOTHON MPOEKITHU CKOPOCTH VpoT, U €r0 MOT0XKEHHIE
Oy/ZIeT COOTBETCTBOBATH MOJIOKEHUIO JIAHHON MPOEKIUU: ecau Vpot > 0, TO Vpor-gy > 0, U ecnu:
veor < 0, TO Vpor-ay < 0.

COOTBETCTBEHHO, €CIIH MPOEKIHS Vpor MOJIOKUTEIbHAS — OHA 3aHUMaeT IOJIOKEHUE
Mexx Ty Toukamu (0: + Y), a ecru oTpuriateapbHas — To Mexay Toukamu (0: - Y).

JIBIDKEHHE CO CKOPOCTBIO Vsg, Ha PHCYHKe 4a, ocylecTBiIsfeTcs Ha miockocTu (dY;
dZ’) umeromieii onpeieIeHHBIA Yol HaKJIOHa, IT0 OTHOIMeHUo mIockocTH (dY; dZ).

TpaekTopusi ABIKEHHSA BOJHBI Ha ItockocTH (dY '; dZ'), moneraeT Ha OKPY>KHOCTH
Vsk Te

2m
JlaHHEBIIT BOJHOBOM pajuyc, pacmoiaraercss Ha ocu dZ CHCTEMB KOOpJIUHAT, U

COOTBETCTBYIOIINI €My BEKTOP CKOPOCTH Vsk-iz, BCETJ[a OKa3bIBAaCTCs HANpaBiIeH K IEHTPY
OKPYXKHOCTHU: Vsg-dz < 0.

Bceneacteue Haxnona mromaan (dY'; dZ'), BEeKTOp CKOPOCTH Vsg-gy, OYJIe€T UMETh
npoeknuu Ha mwiomaan (X; dY), rjae monepeMeHHo cMemntaeTcsa Mex 1y Toukam (0; 0; + dY")
1 (0; 0; - dY"), mepexo/isi OT MOJIOKUTEIHHOIO JI0 OTPUIIATEIILHOT'O 3HAYCHHUA.

W Ha pucynke 3a, MOIOKEHHE IIPOESKITUU Vsg-dy, OIMPEIEIIAETCS TEM 3HAKOM, KOTOPEIM
OHa 00J1a/TaeT, KOTOPEIM OH 00JIajaeT.

Eciu BeKTOp ITOJI0KUTEIBHEIN — OH MPHHUMAET IOJIoXKeHNe Mexay Toukamu (0: + YY),
a €CIIM OTPUIIATENBHBIN — TO MeX 1y Toukamu (0: - Y).

JIBIDKEHUE CO CKOPOCTBIO VrAD, Ha PHCYHKE 4a, OCyIecTBIsieTca Ha mIockocT (dY ' ;
dZ’ ") mmerorieit onpeieIeHHBIA YToJI HaKJIOHA, IT0 OTHOIMeHUIo mIockocTH (dY; dZ).

Tpaextopus ABIKEHUS BOJHBI Ha 1uiockocTH (dY '; dZ'), moieraeT Ha OKPYKHOCTHU

,[[JIHHOfIi ?\.RAD = VRaADTe = ZEVRAD-dzTe, IIPH BBICOTC BOJIHOBOI'O pagHyca RRAD = VRAD-dzTe —
VRAD Te

2’."[VP01"-dzT€, H IIPH BBEICOTC BOJIHOBOI'O paHyca RPOT — VpoT-dzTe —

JUTHHOI: Asg = VsgTe = 2MVsk-azTe, IPH BBICOTE BOJIHOBOTO pajauyca Rsk = Vsk-azTe =

2T



JlaHHBI BOJHOBOM pajauyc, pacrojaraercsi Ha ocd dY CHCTEMBI KOOpJIUHAT, U
COOTBETCTBYIONMINI €My BEKTOP CKOPOCTH VRaD-dz, BCET/Ia OKa3bIBACTCSA HAINpaBJIEH K IIEHTPY
OKPYXXHOCTHU: VRap-dz < 0.

Bceneacteue Hakimona miomann (dY ; dZ'), BEKTOp CKOPOCTH VRap-dy, OYAET UMEThH
npoeKknuu Ha mromaau (X; dZ), rae monepeMeHHO cMemntaeTca Mexxay Toukamu (0; 0; + dZ')
u (0; 0; -dZ "), mepexog OT MOJOKUTEIBHOTO JI0 OTPHIIATEIFHOTO 3HAUYCHHS.

U Ha pucynke 3a, IOJIOXKEHUE MPOSKIIUH VRAD-dy, OIPEICIIIETCA TEM 3HAKOM, KOTOPEIM
OHa 00JIaZ]aeT, KOTOPEIM OH 00J1ajaeT.

Eciu BeKTOp MOJI0KUTEIBHBIN — OH IIPUHIMAET MOJIOXKEeHHE MeXX Ty Toukamu (0: + Z),
a €CJIM OTPUIIATENbHBIN — TO MeX 1y Toukamu (0: - 7).

Takum o00OpazoM, Ha puHcyHKe 3a,
Puc. 3r HMEETCAd JHIIb JBa >KH3HECIIOCOOHBIX
BapHUaHTa, IIPH KOTOPOM paclpeieicHue
SK 3HAKOB, OTBEYaeT OOIIeMy YCIOBHIO V >
' - C 0: eciut: Vpor > 0, TO: Vsk > 0, Vrap > 0, 1
ecnn: Vpor < 0, To: Vsg < 0, vrap < 0 (puc.

/
/
/ 3r).
L~
T~

'y "RAD ”0
VeoT =0

=0 OcTraBimecss BapuaHThI: ecnu: Vpor > 0,
TO: Vsg < 0, VrRap > 0, u eciu: veor < 0,
TO: Vsk < 0, Vrap > 0, oTcenBaroTcs, Kak
HEXH3HECIIOCOOHEIE.

BapuanT, ecim: vpor > 0, TO: vsg < 0,
Vrap > 0, He COOTBETCTBYeT ¢opmyiie
sk~ U 1(6): vsg + vpor = £ C. IlockonbKy IipH:
VF’OT{CI - Vet VPOT:C,VP0T> C, a IIpu: - Vgt
Veap < 0 veor = - C, [vsk] > C.

A BapuanTt, ecmmu: vpor < 0, TO: vsg < 0,
Vrap > 0, co3maeT mpoTUBOpedne MpH Mepexojie 00heKTa B COCTOSHUE MOKOos. [Ipu ycimoBuu:
v = 0, IpOEKIUU VpoT U VRAD, CIIMBAKOTCA B OJHY €UHYIO IIPOEKIIUIO: VpoT = VRAD- B 3TOM
clIydae BOJIHA, IEpPBOHAYAIBHO IMUPKYIHUpYyIomas Ha miomann (dY; dZ) ogaoM HanpaBieHUH:
vpor < 0, IpH TOpMOXXKEHHH 00BEKTa, JOJDKHA OyAEeT pa3BEepPHYTHCA, U HaYaTh ITHKINYECKOE
JIBIDKEHHE, Y)KE€ B IIPOTHBOIIOJIOXKHOM HampaBJIeHUH: Vrap > 0. UTO HE COOTBETCTBYET 3aKOHY
COXpaHEHHUS UMITYJIbCA.

®opmyaa 1(12)

npu v > 0, ecam:
a) veor > 0, T0: Vsk > 0, VrRap > 0
b) veor < 0, TO: Vsk < 0, Vrap < 0

BepHeMcs k onHCcaHUIO BOTHOBBIX CBOMCTB YaCTHUIIBI.

IIpencraBuM, Takylo BOJIHY, KaK HOTOK 3HEpPruHU, LUPKYJIUPYIOIUNA BIOJIb HEKOI
YCIOBHOU JINHUU HAIPSHKEHHOCTU.

V gacTuilel, HaXOASAIIEHCSA B COCTOSHUU IIOKOS, JINHUS HAIIPSIKEHHOCTH BBITJISUT, KaK
OKPYXKHOCTb ¢ paauycoM Rpor, pacmonoxenHas Ha miockocTu (dY; dZ). V aemxkymieiics
YaCTUIIBI, BEITATUBaeTCS B (hopMy cliipanu, o0pa3ys JOMOITHUTENBHYIO OCh X.

HazoBem onucaHHyI0 IIMHHIO HaIPSHDKEHHOCTH, MYJIbTUTPAaBUTAIlHOHHON JIMHUEH
HanpsokeHHocTH, mwin MIJIH. A  nupkymupyromyro 0O €€ TpaeKTOPHH BOJIHY —
MYJIbTUT PaBUTAITHOHHON BonHOM, i MI'B.

10



CormacHo pacyeraMm, sHeprus MI'B wacTumpl, mMeeT MEHbIIEE 3HAYEHHE, YEM €€
E
PEIIATHBHCTCKAS HEPrusi: € = > IIpu sTom cymectBoBanue Takux MI'B, nomyctumo nuimms B

KauecTBe JIMHUI HANPSKEHHOCTH HEKOET0 HEU3BECTHOT'O CHJIOBOTO MOJIA, C(hOPMUPOBAHHOTO
13 MHOXKeCTBa Takux xe MI B, mupkynmupyromux, 1mo TpaekTopusM cooctBeHHBIXx MI'JIH.

CoOOTBETCTBEHHO, BOIIPOC O TOM, KaK IPOSIBIIETCS OCTABIIASCA YacTh PESITUBUCTKON
SHEPruU YacTHIIHI, IPU TaKOM MOCTAHOBKE CHUMAaEeTCs — OCTATOK SHEPrUH, pacXoJyeTcs Ha
dopMupoBaHNE JPYTUX JHHUII HanpskeHHOCTH: E = XN\ €.

UTOORI JI0Ka3aTh YTBEpIXKJICHHE, JIOCTaTOYHO IIpeJICTaBUTh, 9TO
MYJBTHT paBUTAITHOHHBIE BOJIHBI O0OBEKTA, MIPH COOOIEHHH €My UMITYJIbCa, YCKOPSIOTCS He
cpa3y, a I10 O4epeu.

IIycTs, sHeprus oowekta Eq, a ero sHeprus noxos: Eoq).

Paccmorpum yckopenue nepoii M1 B.

BriBesiem cooTHOIIICHNE MaCCBI U IMITYJIbCa TS 9acTUIel: mC = \f((mo(l)C)2 + (myv)?),
U 1A ee MFB: & \f(( =) + ( V) ). Ilockoneky: €; = E— TO U3 YPaBHEHHSA BUIHO, YTO JIJIS
& mqVv

2
OnpenenumM, ocTaToOYHYIO 3Hepruro dacTuipl: B, = E; — € = % U BCEX OCTaBIIUXCSA

€
pa3roHa paHee 06Hapy}KeHHOH MI'B, Oputa 3aTpadeHa pOBHO IIOJIOBHHA UMITYJIbCA: Flv =

MyJIETUT PaBUTALMOHHEIX BomH: XN INE = ¥NGE - € = 1, INC.
PaccMoTtpuM mporiecc mpeoOpa3oBaHms YHEPTUN YacTHITEI, B sHepruo MI'B.

2 2
mwv mvgg
DHeprus 00BEKTa, paBHA 3HadeHH0: mC* = mpC? + 5 —

mC? m(C?

mC? -

BrrareM u3 ob6enx gacTel mepBoro ypaBHeHHUsI, 00Iee BEIAUTaeMoe € =

mC? mvgap? . mv? mvgg? mC?  mvgap?
=——=——+——+—> Cornacuo ypasrenmo 1(9): mpC? - P
5, mC? , mC? mv? mvgg?
3naaut: mC* - — = meC* - —— +—— +— ", 9T0 COOTBETCTBYET 3HAYCHIIO YHEPITH

mvpor? N mv?

MI'B: € = .

N3 ypaBHeHHUs cneayeT, 4TO 4acTh 3HEpPruu, paBHasg T = Wx + Wk, nepenaerca MI'B
U3 BHEITHEN cpe/ibl, KaK pe3ylbTaT B3aUMOJEHCTBUS C IPYTHM O0OBEKTOM. A 4acTh YHEPrum,
paBHast Wgap, OIIy4aeTcs IpeoOpa30BaHUEM YaCTH COOCTBEHHO HEPTUHU ITOKOS.

Paccmorpum yckopenune Bropoit MI'B.

BriBesiem cooTHomEHUE OCTaTquOifI MacChl 1 OCTaTOYHOI'O HUMITYJIbCa /I YaCTHUIIBI:

meC = V(o C)? + (muv)?), mmm: 2 = V(2 + ), 1 wx ee MIB: £ = V(222 +
(?V)‘). Ilockonbky: €, = 52—, TO U3 YpaBHEHHS BHIHO, YTO JIJIS pa3roHa paHee 0OHapyKeHHOM
MI'B, 6puta 3aTpadeHa poBHO IIOJIOBHHA HMITYJIbCA: %V = m22V = ?

OrnpeniennM, 0CTaTOYHYIO SHEPTUIO YacTHlbl: B3 = E; — €, = E; — €1 —€,=E, - % - EZ_?
=E; -%—%HBOJIHH: TN E=SNE—€,= INE-€, - €, =3N€(1 -=-- i)_

CoBepIIEeHHO OYEBUJHO, YTO YCKOPSASA KaXIYI OYEpEeIHYIO MFB, MBI OyjeM
pacxoJ0BaTh, POBHO MOJIOBUHY OCTAaTOYHOI 3Heprm{ 1711 (hOpMUPOBaHUS JJAaHHOH BOJHEIL: En

1 1
=E-(€+E€+6€ ... Eng+EN) = El—El(— 2—2 2 NI

SNE=(€;+€,+ €3 ... €+ EN) = El(— i : L4 2iN)’ 1 OCTATOYHOI 3HEPTHH,
EN E E;
N=—

22 23 et 2N—1
2N

Ka)KI[BIfI pas, 6y,ueT OCTaBaThCs BABOC MCHBIIIC, YEM HMCIIOCH H3HAYAJIBHO - Ex=

1
+ 2_N)’ IJI€ COOTBETCTBEHHO:




Jlis onpefeleHHs. CYMMBI: (%) + (%)2 + (%)3 + ... (%)N'1 + (%)N, JOCTaTOYHO PEIIUTE

. , 1
MaTeMaTHYECKYIO 33/1ady, Ha or[pe,ueneHHe CYMMBI T€OMETPHIECKOIT IIporpeccuu: S = (=) +
a

1 1 b(bN -1
CF + G + ... OF + O Tyers: = = b, Torza: 1 =b+ b7+ b* + .. N +pN=20—2,
a a -
1,1 1,1—aN
3 b(bN - 1) E(a_N -1) E( 2N ) a ( 1-aN ) 1-aN 1 alN
HAYUT: = = = = - = = — =
b-1 %— 1 1T[a a ~a¥(1-a) aN(1—a) aN(1-a) aV(1-a)
1 1
aN(1-a) 1-a
- 1/2 _ - 1/4 _ 1 - 1/10 _ 1
CremoBatenpHO, IpUu n —» o0: llIm "“*S x5 =1, Im "*S Ny o = p” Im “*S v 5 o =5
3nech: lim 2—; Noe=0ulimY*S yse=1.
BBFIHCJIHM 3HAYEHUSI IPOSKITNI UMITYJILCOB, Ha cucTeMe KoopauHat (X; dY; dZ).
11 1
Z NP — p](— 2—2 23 “+r ON-1 _N) = P1.
B 1 1 1,
>N\proT = pPOT-](E + 2z + 23 't NI + 2_N) = PPOT-1-
11 1 1 1
N _ _
XNpPsk = pSK-](E + 22 + 23 N1 + 2_N) = Psk-1-
17 1 1
N _ _
) NpRAD_pRAD-l(E+2_2+2_3 2N " +2_N)—pRAD-1-
€ €o_ € .
ITocKoIEKY: ?N = \f((OTN)2 + ( V)% u \f(( —Vpor)® + (?NV)z), TO CKOpPOCTH JI00 01

n3 3tux MI'B, Ha ocax cHCTeMEI KOOp,[LHHaT (X, dy: dZ), OCTaIOTCSI OMMHAKOBEIMH: V = const.,
Vpor — const.

Ilockonbky: Te = £ TO: Te-N = =
y: Te kg O €-N N

TeVpoT
3neck: Rpor = TeVport, 3HAYUT: Rporn = —o—

2Nk,

Takum oOpazom, MHOkecTBOo MI'B, mpeacraBmsier cobGolfi O€CKOHEUYHOE YHCIO
MYJIbTUTPAaBUTAITHOHHBIX BOJIH, TJI€ BOJHOBOW paauyc Kaxaoul ciexyroomeit MI'B, BaBoe
MEHBIIIE BOJTHOBOT'O pajilyca IIPebIyIIeH.

®opmyaa 1(13)
TevVeoT
2Nk,

RporN =

BrraucianM 3HaueHNE KHHETHUECK Ol 3HeerH MHOXKECTBa MFB

Jlist mepBoit MI'B, oHa paBHHeTCH

1 mv
—(—) JUISL SHHOM: N(T)'
1,1 1
2_2 2_3 - 2N—1
Beraucium 3HaueHne cy6KHHeTqu0K0ifI 3HeerH MHOXKECTBA MFB

COOTBETCTBEHHO: 2NNW

—N) = mv-.

mVSK

Jlns mepBoit MI'B, ona paBHseTCs: ( ) TS BTOpOH' N( —).
A mVSK 1 1 — &
CootBetcTBeHHO: XN\Weg = (1 +3 LR =135 —N) = mvsg>.

PacdeTsl moka3bpIBarOT, 4TO ,zmﬂ dbopmupoBanus MHoxkecTBa MI'B, Tpebyercs BaBoe
OompIlle KUHETHUYECKONH M CYOKHHETHYEeCKOH SHEpru, 4yeM OBUIO IIepeJlaHO YacTHIle, B
IpoIecce JHHAMHYECKOI0 B3aUMOICHCTBHUS.

IepenaHHOE KONMYECTBO SHEPTUH, IIOJHOCTHIO PacXoAyeTcs Ha GOpMHPOBaHHUE IIEPBOI
2 2
M4 VRAD myVsyg m;v M4 VRAD
MI'B: €, =— ot 12 + ; , @ HEIOCTAOMIAs YaCTh SHEPTUH 17, M3EIMaeTCs U3
m,vrap? m;C?

2 2

SHEPrHH IoKos: moC” -

-2



. . . m, C2

3,[[601:: ZN INWRAD + ZN INWSK + ZN INWK . ;

CJIG,[[OBEITGJIBHO, HCOOCTaINasA paJuallcHasd, Cy6KHHeTHTIeCKa§I H KHHETHYCCKAaA
SHCPIuA, 1pe6yemaﬂ A (bOpMHpOBaHHe OCTaBIIIHUXCA MFB, I[IOJIy4acTCA IIOCPCIACTBOM
IIOJIHOTO Hp606pa30BaHHH OCTAaTOYHOMI OSHCPI'HH IIOKOA.

Takum 006pa3oM, SHEPrHUs YAaCTHIBI B KOPITYCKYJIIPHOM COCTOSIHUH, OyaeT paBHa: mC?
2
mv

2
= mC? + — +

N. — 2 2
> ,» 4 SHCPI'UA B BOTHOBOM COCTOAHHH, paBHA: 2 N€ = mvVrap + Mmvsg™ +

2
mv-.
HOBTOMy pa3sHHIla B KOJHYCCTBC KUHETHYECKON U Cy6KHHeTHIIeCKOfI SHCPI'UH,

oOpasyromiasica IIpH KOPIYCKYISPHOM U BOJHOBOM COCTOSIHHUSX OOBEKTa, HHKAKOIo
IIPOTHBOPEYUS HE HECET.

®opmyaa 1(14)
a) mC? = myC? + 2 4 T
2 2

b) ¥x€ = mvrap? + mvsk? + mv2.

BBenem ompeneneHne MyJIbTUTPABUTAIHOHHOTO IIONA. MynbTUTpaBUTAIIMOHHBIM
noneM i MI'TI, HazoBeM CTPYKTYypy, OOBEIUHAIONIYI0 OOHapy)XeHHOoe MHOXecTBo MI'B,
(bopMUPYIONIUX BOJHOBYIO CTPYKTYPY 0OBEKTA.

B cocrosHHMU MOKOSI 4YacTHIBI, €€ MYJbTHTPABUTAIIUOHHOE IIOJIE, COCTOUT U3
O0eckoHeuHoro konmdectBa MI'B, UpKyIHPYIOMIUX MO0 COOCTBEHHBIM BOJHOBBIM OpOUTaM:
TeVpoT

2Nke

Oneprus  MI'B, IpsIMO  NPOIOPIIUOHAJIbHA  PACCTOSIHUKO  OT  II€HTpa
MyJIBTUTPAaBUTAlHOHHOTO IIOJII M BO3pacTaeT MO Mepe yJaleHHs OT IeHTpa
MYJIbTUT PaBUTAllTHOHHOT'O IIOJISL.

Pagmyc MI'TI, cooTBeTcTBYeT BOoHOBOMY paanycy MI'B, obmamaromeii HanOoasImum
paauycom u 3Heprueil: Rpor = Tezv%.

€

VYcTaHOBUM NPHHIHI 3arOPU30HTHOII OTHOCHUTEIIBHOCTH, JOITYyCTUB CYIIIECTBOBaHHUE
BHEIITHETO U BHYTPEHHEr0 HabIIo1aTeNs MyIbTUTPAaBUTAITHOHHOTO TIOJIA.

Hanpasum 000pYy/I0BaHHOTO BHYTPEHHETO HaOIroaTeNs, BHYTpPb
MYJIBTUT PaBUTAllHOHHOTO II0JIS, C 3aJaHUEM CaMOCTOATEIbHO TIOKUHYTh IPaHUIIBI 3TOTO IOJIS.

OTrMernM, 9TO MYJIBTUTPABUTAIMOHHOE IOJE — 3TO MHOXKECTBO IIOTOKOB 3HEPIHUU,
o0JajafoIuX BCEMU HEOOXOAUMBIMU aTPHOyTaMH IIOJHOIEHHOI'O YYaCTHHUKA CHCTEMBI
B3aMO/IeICTBUS - COOCTBEHHBIM UMITYJILCOM U YHEPTHEll, CIIOCOOHBIMHI OKa3aTh BO3/eiicTBHE
Ha JF000M JIOCTYIHBIH aBTOHOMHEIN OOBEKT.

[TosToMy aBIKYIIUIICS 10 HAIIpaBIEHUIO OT IIEHTpa HaOII0aTeNb, IpU IepecedeHun
JUHUHN HAIIPSOKEHHOCTH, HEM30€)XKHO CTOJIKHETCS ¢ Bo3jeiictBueM MI'B, rmupkynupyrommeit mo
syront MI'JIH.

Hampumep, mnpu coBmajieHUH KOOpPAUHAT IOJOOHONW IIMHUHM HANpPSHKEHHOCTH U
MaTepHaJbHON TOYKMU TIPUIIOKEHHUS CUIBl (PUCYHOK S5), yKa3zaHHas BOJHA oOOJajaeT
BO3MOXKHOCTBIO IIPOBEICHUSA SHEProoOMeHa ¢ 00bEKTOM BO3IEHCTBUS.

MexaHn3M IpOTHO3UPYEMOTO BO3AEHCTBUSA HE U3BECTEH, U HE SCHO, B KAKOM BHJIE OHO
peanu3yeTcs — IMPOUCXOJIUT OOBIYHOE JUHAMHYECKOE B3aHMOJICHCTBUE MEXAY OOBEKTOM H
MI'B, ob6vext mormomaer MI'B B anamormm c ¢otosdpdexrom, mbo B3aumoaeiicTBHE
IIPOHUCXOJUT Ha IIePEeCeUeHUH MYJIbTUTPABUTAIIMOHHEBIX BOJIH OT/IENBHBIX 00BEKTOB, IIPUBO/IA
KaKOH-TO BOJIHOBOII (hopMe B3aNMOICHCTBHS.

Rporn =



IIpu mr060it 3 >Tux Bepcuii, MI'B o0OmamaeT BO3MOXHOCTBIO COOOIMUTH OOBEKTY

BO3/ICHCTBHSA, OIPEACICHHYIO IPOEKIHIO

nmMmIirynbca: Ap # 0, U 1mepemate emMy pa3oBoe

yckopenmne: Vv # 0, mnpuTAruBaromee OOBEKT K TIE€OMETPHYSCKOMY IIEHTPY JIHHUU
HANPSSKEHHOCTH.

flunun ay gty PaccmoTpuM, 3aBHCHMOCTH  IIOJOKEHHUS B

REMIpRINEN ‘:’ Touka IPOCTPAHCTBE MYJIBTUTPABUTAIIMOHHON JIMHUU

HREEE g PunOdNCEHUA HAaNPSOKCHHOCTH, B 3aBHCUMOCTH OT BEKTOpa
/ \\ﬂpzmwﬂ >0 CKOPOCTH YaCTHIIHI.

! Bpaug O + [IpeamonoxuM, dYTO HeKas  IIPOU3BOJIBHAS

.' T dz JacTHIla, PACIIONIOXKEHHAs Ha CHCTEMe KOOPIUHAT

\ (X; y; Z), HAXOJUTCS B COCTOSTHUH ITOKOST B MOMEHT

Bpporiy > 0 BpEMEHH t).
. Ly AR JIBIDKEHHE  MYJIBTUTPABHTAIIlUOHHOM  BOJIHBI

00BEKTa, B MOMEHT BPEMEHH t;, OCYIIIECTBIIACTCS
B (popMe IUPKYIAINH, 110 TpaekTopun, odepueHHor MI'JIH, o mnockoctu (dY:; dZ,).

VYcraHoBUM, TmoJoKeHHe cucTeMbl koopamHat (X;; dYi; dZ;), omnmceBaromei
neikeHne MI'B, oTHOCHTEIbHO IPOCTPAHCTBEHHON CUCTEMBI KOOPAUHAT (X1 Y1; Z1)-

OdeBUHO, UTO pelieHne moJo0HoH 3ajau, /1711 MOMEHTa BpEMEHU t;, Hepeaau3yeMo -
IIOCKOJIBKY Y ITOKOANIErocs 00BEeKTa OTCYTCTBYIOT MpoeKIuu ckopoctu: AX; = viAty, Tae: vi.
= 0, ciiegoBaTenbHO: X; = Vx-1At = 0; y; = vy, 1At = 0; z; = vx 1At = 0.

3aj1aua MOXXeT OBITH pellleHa, €CIM BKIIOYHTh B pacdeT, MOMEHT BpeMeHU ty, Korja
YacTUIla W3HAYAIIBHO JBUTANACh C OMpEJIEIIEHHOW CKOpPOCTBIO Vo. # 0, a 3areM cOpocuia
BO30yXKJIeHIE, IIepeli/ii B COCTOSHHE TOKOS.

B sTOoM cnmydae, CTaHOBUTCS BO3MOXKHBIM, OIPEEIUTH KOOPAUHATH oTpe3ka AXo,
COOTBETCTBYIOIINMHU TOYKaMHU: Xoto, Xot1, Voto, Yot1, Zoto, Zot1, Ha ccTeMe KOOpAUHAT (X; V; Z).

W 510 BHeceT oIpeeleHHOCTh, B mojokeHue mirockoctu: (dYo, dZp), koropas
pacronaraeTcsi MepleHIuKyIsipHO UckoMmoil ocu Xo. U rae ock AXo, BBITIONHIET POIh OCU
CBO€0OOpa3HOIl OCH BpallleHNs, I IUPKYIHpYyromieil mo moepxHoctu mwiomanu (dYo; dZo),
MYJBTHT PABUTAITHOHHON BOJIHBI.

IIpu cOpoce Bo3OYxkmeHms dactunei, aBmkeHne MI'B mo mmockoctu (dY; dZ),
COXpaHseTCs, COOTBETCTBEHHO, COXPAHSAETCS M IIOJIOXKEHHE caMOl IJIOCKOCTH Ha CHCTEME
KOOpAHUHAT (X; V; Z).

Takum oOpa3zoM, eciu mporece nepexo/ia JIBIDKYIIEHcs JaCTUIIBI, B COCTOSTHUE TTOKOS,
IIpOCIIe)XXUBaeTCA HaOmogaTeaeM — pacdeT KoopauHat mwiockoctu (dYi; dZ;), mma Hero
nocTyreH. Ecin xke TaHHBI mpoliecc, He BKIIIOYEH B IIEpHO HAaOII0IeHUs, HaOmoaaTeab He
OyaeT 001aaTh JOCTATOYHBIMU CBEIEHUAMH, /I IPOBEICHHUS pacueTa, U Oy/IeT CYUTATh, 4TO
pacmonoxenne miockocT (dY:; dZ;), nMeeT HeolpeAeIeHHOE TOJI0XKEHHE.

Ocobo oTMeTnM, 4YTO OOHapyXeHHas HaOIIoJaTeleM, B MOMEHT BpeMeHH ti,
HEONpe/IeICHHOCTh TpaeKTopuu ABIKeHuss MI'B, sBiseTcs HCKIIOUUTENBHO CIEICTBHEM
HEOCBEJJOMJIICHHOCTHU HaOJII0/1aTeNs, a BOBCE He (PU3HYECKUM CBONCTBOM CaMOIl BOJIHBI.

[Tostomy MI'B ipoo/DKHUT ITUPKYIUPOBATh, 110 3apMKCUPOBAHHON B MOMEHT BpEMEHU
to, TPAEKTOPHUH, HE3ABUCUMO OT TOTO, 3HAaeT 00 ITOM HaOIIOATeNh, WIH HET.

[IpeamonoxxumM, 4TO B MOCIEIYIOMUA MOMEHT BpeMEHHU tp, HCCIIEIOBATENh COOOITUT
YacTHUIle YCKOPEHUE, HAlPaBICHHOE B/IOJIL BEKTOPA V2, HAIIPABJIEHUE KOTOPOTO, HE COBIAJAET
C HallpaBJI€HHEM BEKTOpa CKOPOCTH Vo. B 3ToM ciydae, HaOmogaTelnh OOHAPYXKUT, UYTO
mwiockocTs  (dY»; dZ;), mnpousBena pa3BOpOT, PACHOJIOMKUBIIUCH IEPIIEHIUKYIAPHO
HOBOOOpPa30BaHHOMY BEKTOPY Vs.



BepHeMcsi B MOMEHT BpeMeHH t;, Korjja HabIrogaTeNb ele He 3HAeT, HAalpaBIeHHUs ee
OyIylIero BEKTOpa CKOPOCTH V,. M mocTaBUM mepea HUM 3aj]1ady, YCTAHOBUTH BO3MOJKHOE
nonoxeHne rockoctd (dYs; d7»), B creayronuii MOMEHT BpEMEHH t;.

JIns permeHus 3ajadm, HaOMIOAATENO0 TpeOyeTcs clieNaTh pacueT BEpOSATHOCTEH, IS
oIlpe/ieNIeHUs] HalpaBJiIeHUs, OyAyIero BeKTopa CKOPOCTH.

Hamnpumep, HaOmr0/1aTe€Ih MOXKET pa30rHaTh YaCTHUITY, B HAIIPaBIECHUU BRIOPAHHOTO UM,
BEKTOpa CKOPOCTU Vz.;. UTO BHECET OMNpeAe€eHHOCTh, /I pacdeTa HCKOMBIX KOOPIUHAT
rtockocTh (dY2-1; dZ34).

IIpu »TOM CyIecTByeT He MeEHbINas BEPOSTHOCTh, YTO HAOIIOAAaTEeNh, BEIOEPET IS
YCKOpEeHUsI 00BEKTa, COBEpPIIEHHO MHOE HaIlpaBleHHE - K
Puc. 62 IpUMEpYy, BIOJb BEKTOpa Vi, HE COBMIAJAIONIEM C
v HallpaBlIeHHEM  BeKTopa Vz.;. B 3ToM  ciydae,
HepIeHANKYIIpHas eMy II0cKocTh (dY22; dZs.;), mpumer
HHOE IOJIOXKEHUE, YeM IIEpPBOM CcITydae.

B pesynpraTe, uacTuila, NpPUOOPETET JIBE, OJUHAKOBO

BEpPOATHBIE Tpaekropun JABmwkeHns MIB B MomeHT

BpeMeHH t; (puc. 6a).

AHAJIOrHYHBIM CIIOCO0OM, HaOIIOAaTeIh MOXKET Pa30THATH

00BEKT B JIIOOOM NPOU3BOJIHLHOM HAIIpaBIIEHHH — BJOJIb

BEKTOPOB V2.3, V24, Va5 ... Vo.N, JOBEAS KOIHYECTBO

MOMEHT t? 3aIUTAaHHPOBAHHBIX HAMPaBJICHUM, 10 0€CKOHEYHOCTH.

Z N ¢ xaxasM, TaKuM 3aIlJJaHUPOBAaHHBEIM HaIpaBIICHHEM,
YUCIO BO3MOXHBIX BapHAHTOB, JUIA  ONpe/elIeHUs

koopauHar 1IockoctH (dY; dZ), Oymer yBenuduBaTHCSH, MPOMOPITHOHATHHO KOJIHYECTBY

BEKTOPOB.

Cucrema oOpa3yeT cBOeoOpa3HyI0 CYNEPIIO3UIIUI0, IIPU KOTOPOH JII000e MOJI0KEeHUe
mwiockoctn  (dY; dZ), craHOBHTCA OJMHAKOBO
IIPaBOMEPHBIM.

B pesynbrarte, Ha BbicoTe Rpor, BOKpYT TOUKU Hadaa
KOOpJHHAT, oOpa3yercsi CBOeoOpa3Has TpexXMepHas
cepa, cocrosImas U3 MHOXKECTBA BEPOSTHBHIX JIMHHIT
: HaIpsDKEHHOCTH, IPOJIETAIONIUX Ha ITOBEPXHOCTH
R TaKUX ITocKocTel (puc. 7).
'Y HazoBeMm Takoe Heollpe/ieIeHHOE COCTOSHUE JIUHUU
; HaIpPsDKEHHOCTH, COCTOSHUEM MYJIbTUTPABHTAIIHOH-
HOI1 CyTIepIO3UIIHH.
Habmopmaemass cynmepmo3uiiusi, aHHYJIHpPYETCSA, IIpU
HaCTYIUIECHHH MOMEHTa BpEMEHH t;, KOrjJa JIMHHS
MOMEHT t1 HanpspkeHHOcTH MI'B, mHa mnockoctn (dY»; dZ,),
2 IPUHUMAET CTPOTO OIPEJIEIIEHHOE MOJIOXKEHHUE.
OIHOBpEMEHHO, MPOUCXOAUT OBOPOT OCU BpAIIICHUS
AX, Ha HOBYIO IIO3UIIHIO, COIIPOBOXK/Ia€MBIII CMEHON HadaldbHBIX KOOPAHHAT: Xoto, Xot1, Yoto,
yotl, Zoto, Zotl, A0 HOBBIX. Xltl, Xltz, yltl, yltz, thl, Z1to.

HazoBeM HaOmo/laeMyr0o CMeEHY HOJOXEHUS, JUHUU HAMPSKEHHOCTH, BOJHOBBIM
CIIBUTOM.

OTMeTuM, 4TO MPOUCXOJSANINI B HHTEpBajle BpeMeHH: At, = t; — to, BOJTHOBOI CIBUT
JUHUU HaNpsDKEHHOCTH, SABISAETCS CleICTBUEM (PAKTHYECKU MPOU3OIIEIIEro, GU3HIECKOro
BO3/IelicTBUA Ha dacTuily. [lo3ToMy mporiecc mpou3oiiieT He3aBUCUMO OT TOT'0, OCBEJOMIICH

Puc. 7
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U CTOPOHHUU HAOIOJaTellb, O ITOJOKCHHUHM JUHHUH HAaIPsKCHHOCTH, KaK B IIPOIIEIIIIiT
MOMEHT BPEMEHH tp, TAK U B HACTYTAIOIIUIT MOMEHT BPEMEHU {;.

OpHako, HaOJIFOTaTeIIh OKA3bIBACTCS B HE MEHEE HE3aBUCHUMOM ITOJIOXKEHHH, TIPU OI[EHKE
IIPOUCXO/IAIIETO MpoIlecca.

Habmogaemas M, JuHHS HanpsbkeHHOcTH MI'B, HaXoauTcs ¢ ero TOYKU 3peHHS, B
COCTOSSHUH MYJBTUTPAaBHTAIIHOHHOI cymepmo3umuu. YTo I103BOJIAeT HaOIrojaTelo,
CaMOCTOATEIBLHO IIPOBECTH pacueT BEPOSTHOCTEH, BOJHOBOIO CJBUTAa, HE BJIaBasCh B
JIeTAlIN3aIHUI0 TPOUCXOAAIIEero Iporecca. IIpu TakoM moaxojie, BOJTHOBOM CHBUT, OyaeT
BOCIIPUHAT HaOJIOJaTelIeM, KaKk CBOOOJHAas CMEHa KOOpJIWHAT JUHHH HAIpPsSIKEHHOCTH,
BBIPOKEHHAS MIEPEXO0JIOM U3 OJIHOTO BEPOATHOIO ITOJIOKEHUS, B IPYTO€, HE MEHEE BEPOSTHOE
IIOJIOKCHHE.

B kawectBe mpumepa, paccmorpum Iporiecc BzammojenictBus MI'B, u BHemHero
(bu3mgecKoro o0bEKTA.

JloImycTHUM, 9TO YaCTHUIII ABIKETCS B IPOCTPAHCTBE, C HAYAJIbHBIM BEKTOPOM CKOPOCTH,

OpOXOJAIIMM  II0  IDIOCKOCTH
Puc. 8a ‘ Az Puc. 86 D ABCD (pHC 86’)
- A " JlaHHas IIOCKOCTh, PacIloIOKeHa
¢ | mepneHnukymspHO paguycy Reor.
IIpu noctmxkenun touku E, Ha
koTopoir  miaockocte  ABCD
Re CONPUKACAIOTCA c MI'JIH,
IUPKYIUPYIOMIAs 10 3TOH JIMHUHN
MI'B, cooOImraet qacTHIIE
COOTBETCTBYIOIIIEE YCKOPECHHUE, H3MEHSIOIEe TPASKTOPHIO IBIDKCHHISA 00BEKTa.

Ha pucynke 80, mokazaHBl JBa BO3MOXXHEIX BapHaHTa, JBIDKEHHUS YacTUIBI — C
pa3IUYHBIMU HAllpaBICHUSAMU BEKTOPA CKOPOCTH, OIIUCAHHBIMHU, KaK BapUaHTHI | u 2.

CocTrosgHne MYJIFTHTPAaBUTAIIHIOHHON CyIlepIio3urinn, ocBodosxaaer MIJIH, oT xakux-
T100 OrpaHUYUTEIIBFHEIX paMOK, (PHKCHPYIONIUX €€ IOJIOXKEHUE B IIPOCTPAHCTBE, TOYHBIMU
KOOp/IUHATaMU. OTO IO3BOJSIET JIBYXMEpPHOIN JUHUU HANpPsHKEHHOCTH, II0 YMOJYAaHUIO
Pa3BEpHYTHCSA B TAaKOM HAIIpaBIEHHU, YTOOBI Mepecedbcss ¢ OOBEKTOM, MPH JIOOBIX €ro
KOOp/IMHATaX TPEXMEPHOM MPOCTPAHCTBE U HAIIpABICHUU JBHXEHUA Ha miockoctu ABCD,
9TOOBI COOOIHUTE €MY, OJJUHAKOBOE YCKOpeHUe (cM. puc.80).

B pe3ynpraTe Takoro pa3BopoTa, KPUBEIE, OMUCHIBAIONINE TPACKTOPUIO ABHIKEHHA
YaCTHITEI, B 000NX MPEICTAaBIICHHBIX BapUaHTaX, OyIyT BBITJIAIETh, KaK MO00HBIE (PUTYPHI.

3 gero cienyeT, 4TO BIANSHIE MYJIbTUTPAaBUTAITHOHHOTO ITOJIs, OJarogaps CBOOOTHOMY
BOJJHOBOMY CJIBUTY, CBOUX JIMHHIl HAaIIPSKEHHOCTU, PACIPOCTPAHACTCA BO BCE CTOPOHBI
OJTHHAKOBO.

A 3amyleHHbIE, 3TUM IIOJIEM, IIPOIECCH MYJIbTUIPABUTAIMOHHBIX B3aUMO/ICIICTBUI,
IIPOUCXO/IST 110 MPUHITUITY HAUMEHBIIETO JIEHCTBHAL.

OO0patuM BHUMaHHE, 9TO 3(HPEKT MyIbTUTPAaBUTAIIHOHHON CYIIEPIIO3UITHH, TOXOJIHT I10
OMHCaHNI0, ¢ 3P (EeKTOM CyIepIIo3UINN, B KBAaHTOBOII MexaHuKe. [lo3Tomy, pyKOBOJICTBYSCH
JIOTUKOM KBAaHTOBOMEXaHHYECKOI BepcHH, HaOII0JaTelh MOXKET IPHIITH K JIOXKHOMY BEIBOJTY,
9T0 HaOmoJaeMblii UM 3P (deKT, KakKiuM-To 00pa30M IOMaaeT B 3aBHCUMOCTE OT IIOCTPOSHHBIX
UM IUIaHOB, MO Pa3BOPOTY ocH BpaieHus, win yro MI'JIH B cocTrosHUM cyneprio3uIinu,
MOJKET 3aHUMAaTh, BCE BO3MOJKHBIE MOJIOKEHUS OJJHOBPEMEHHO.

OpnHako, MO H3HAYAJIBLHON JOTOBOPEHHOCTH, MYJILTUTPABUTAIIHOHHAS CYIIEPIIO3HUITUS,
TaK W OCTaeTcs, He Ooyee, YeM pacueTOM BEPOSITHOCTEH, OIHCHIBAIOIINM BO3MOXKHOE
COCTOSTHHE MYJIbTUTPAaBHTAITHOHHBIX BOJIH. A HaOI01aeMelil B uTore BorHoBoii cpur MI'JIH
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— IIOCJEJCTBHEM OKa3aHHOTO Ha OOBEKT, Ha Oollee NIMPOKOM BPEMEHHOM HHTEpBAIE,
¢dbu3ngeckoro Bo3jeiicTBuA. B gaHHOM cimydae — Bo3AeHCTBHS, OKa3aHHOTO B IIpollecce
MYJIBTHUT'PAaBUTALIIOHHOTO B3aMMOJEHCTBUS, MIPUBOJAIIETO K CMEIIEHHIO OCH BpalleHUS
MI'JIH, mio cTporuM MaTeMaTHYECKUM IIpaBUIIAM.

KoTtoprle omnpenendroTcs, HUCKIIOYUTEIHHO YCTAHOBICHHBIMH 3aKOHAMU (U3UKHU
IIpaBUJIaMI MYJIBTUTPABUTAIHOHHOI'O B3aUMOJENCTBHS, U OTPAHUYECHUAMH, CIEAYIOIUMU U3
3aKOHOB coxXpaHeHHs. Il HUKaK He 3aBHUCAT, HH OT (paKTopa OCBEIOMIICHHOCTU HAOII01aTeNs,
HU OT 3aIlJJAHUPOBAaHHBIX UM JIEHCTBUI, U TeM OoJiee - HH OT caMoro ¢akTa HaOIIoIeHUS.

ITosTOoMy, cTopoHHUIT HabIIO1aTENb, MOKET CBOOOHO YUUTHIBATh, B CBOUX pacdeTax,
3pdeKT MyIbTUTPABUTAIIHOHHON CYNEPIIO3UIIUN, OCTaBIss IIPOUCXOJAINUE IIPOIECCHl B
dbonoBoM pexxuMme. Ho mpu 3ToM, He 3a0bIBasi, YTO MyJIHTUTPABUTAIIMOHHAS CYIEPIIO3UIIUS —
3TO HE COCTOSTHHE MAaTepHUH, a BCEro JIMIIb pacyeT CTeleHell CBOOOJBI MPOTHO3UPYEMOTO
JeNCTBUsA, MEPEXONAIINIl B KOHCTATallMl0 KOHEYHOI'O pe3yibTaTa, KorJa JaHHOE JElCTBUE
y2Ke IIPOH3O0IILIO.

Bepuemcs K  BHYTpEHHEMY  HaOIIofaTelnlo, IIBITAIOIIEMYCS IIOKHHYTh
MYJBTHT paBUTAIHOHHOE moJie. HaGmroqaTens, IBIDKETCS Ha CBOEM CPEJICTBE NepeBIKEHUS
or neHTpa MI'TI, B HampaBileHUN K €ro BHEIIHHM I'paHHIaM, IIOCIIEJOBATENBHO IlepeceKas
MYJIBTUI' PaBUTALINOHHBIE JINHUU HAIIPSAKEHHOCTH.

IIpu nepecewenun MI'JIH, cpencTBo mepeIBUKEHHA BCTPEYAETCS C COIIPOTUBIECHUEM
MYyJIBTHTPaBUTAI[UOHHON BOJHBI, BBIpDa)KEHHOE B BO3JIEHCTBUU BOJHHI Ha OOBEKT, C
HIMITYyJIbCOM Pe-N-POT-dZ, HAIIPaBIEHHBIM K LEHTPY OKPYKHOCTH U C HUMIIYJIIBCOM Pe-N-POT-IY»
HaIIPaBJIEHHBIM IIEPIIEHUKYISIPHO BEKTOPY CKOPOCTHU CPEJICTBA IIEPE/IBIDKEHHUS.

IlootoMy mnpm IlepecedeHUH  MYJIbTHUIPAaBUTAIUOHHOIO IIONsS, Ha CpEACTBO
nepeBIKeHUs OyeT AeliCTBOBaTh MOCTOSHHAS CUJIa, YBEIUYHBAOIIASICSA IPOMOPIIMOHAIHHO
IIpOIJIECHHOMY paccTosHNI: €x ~ Rporxn. KoTopoe HauHeTr ero TopMO3UThH, BCTPEYHBIMU
HMITyIbCAMH: X NPe-N-POT-dz» M OTKIOHATH OT Kypca, IE€PHEHANKYJIIPHBIMH HMIIYJICAMH
YN\penrordy. U clIydae, ecoM CpeICTBO IIEPENBIDKEHHS HE CMOMKET IIPEOJOIETH
COIIPOTUBJIEHUE MYJIBTUI'PABUTAIIMIOHHOTO II0JA, €ro oxujaaer nageHue k nerrpy MI'TI, mo
napaboandecKoll TpaeKTOPUH.

[Ipeamonoixum, 94To YacTUIla — MUKPOCKOTIMYecKasi uepHas Jpipa. 11 HaOmronarens He
MOJKET, IOKUHYThH €€ IPEJIEIIbI.

KoHuennus yepHol ABIPBI, IIPEeAIONaracT HEBO3MOXXHOCTh Ilepefladl U3 Hee, KaKoM -
m00 SHepruu BO BHEIIHIOIO cpeny. [loaToMy, ee rpaBUTAllHOHHBIA palyc HE MOXET OBIThH
PaBEH BOJIHOBOMY PaJINyCy CaMOI'0 MYJIBTHIPAaBUTAIIHOHHOTO IO : Ryvrr = Rpot-1-

BcenomunM mopsifiok mpeoOpa3oBaHUS IHEPIETHYECKOT'O0 COCTOSHUS YacTUIBI, MpPH
cooOIneHuu el UMITyIIbca, OT BHENTHETO OOBEKTA.

MVRAD-o °
—=A0=0 4

HepBDHa‘IaJ’IBHa}I SHCPIUA 4YaCTHIBI B COCTOAHHUH ITOKO:A, paBHA: mng = 5

2
VRAD-0

MVRAD—o m
————, e m = my, Vrap-o — C. 3/1ech, mepBOE cllaraemoe —, COOTBETCTBYET

2
2
IMVRAD—0

3HadYeHUIo0 3Heprun nepBou MI'B: €y, = .

A BTOpOC clJlaracMoc, COOTBCTCTBYCT

2
mMVRAD-0
2

BHepI‘HH, I[IOJIy4YCHHasA U3 BHEIITHEH CpcAbl, IIOTJIOIMMACTCA MYJILTHUI'PABHUTAIIHOHHLBIM
2

3HaYEHHIO CyMMBI SHEPIHIl, OCTABIIENCS IPYIIIEI BOJH: XN 'NCon =

2
mjyVsg—1 + my;Vvy
2

momem: m;C* = moC? + , IPH 3TOM NPUOOPETEHHAs SHEPrus JBIDKCHUS,

2 2
mM; VRaD—1 + m;Vsg—1

IIOJTHOCTBIO pacxoayeTcsa Ha nepedopmatupoBanue mepoit MI'B: €, = 5

2

2
m;v,; m;VRAD-1
+ —, > [/Ie 9acTh SHeprum: ———

, A3BIMAETCS BOJIHON, U3 BHYTpEeHHEN CTpYKTYpsl MI'TL
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Bce octaBmmecs MI'B, B niponiecce acCUMIIISIIINY SHEPTUH, MOJTYYEHHON U3 BHEITHEN
cpelbl, He ydacTBYIOT. Ilpomcxojsiue ¢ HUMH HM3MEHEHUS, SABJIOTCSA CIEACTBHEM
BHYTPEHHETO II€PEpPACIpEICICHUs] SHEPTHH, CIOPOBOIUPOBAHHOTO OTHEMOM  YacTH
m,v 2 m,C2

1VRAD—-1 __ 1
2 2

paZinaNbHOI SHEPTHH U3 CUCTEMEI, ITpU (hopMupoBasny nepoii MI'B: myC? -

= ZN-1N€, rie: ZN-1N€ = ZN-INWK + ZN-INWSK + ZN-INWRAD.

Takum oOpazom, mepBas MI'B, Oyayun ¢akTHUIeCKUM YYaCTHHKOM BHEIIHHX
B3aUMO/ICHCTBHII, HAXOJUTHCS B Mpe/ienaX IPaBUTAllHOHHOTO paJIiyca, HE MOXKET.

UYero Henb3s ckazaTh 000 Bcex ocTaBimuxcsa MI'B — ux u3MeHeHHs, OCHOBaHBI TOJIBKO
Ha BHYTPEHHEM Ilepepacipe/ieIeHHU YHEPTHH, H OT 0OMeHa 3Hepruei co BHEITHEH cpeioil He
3aBUCAT.

OTO JaeT OCHOBAaHHE, IIPUPABHATH I'PAaBUTAIIMOHHBIN paJilyC YacTHIBI, K paJlyCy €ro
BTOPOH MYJIBTUTPABUTAIIMOHHON BOJHEI: I = Rpot-2. Tak Kak HMEHHO 3Ta BOJHA, 00NIa/laeT
HauOOJIBIIIUM BOJHOBBIM PaJUyCcoOM, U3 CIHCKA.

2m0G 2EOG
Ilockombky: 16 = o TO: Rpot-2 = i G — rpaBUTaIUOHHAsA MOCTOSITHHASL.
EoC EoC 2EoG _ EoC
3nech: Rpor = ——, 3HAYUT: Rpor-s = ——, 2 TAKKE: —0— = ——
41Tk€ Bﬂke c* Bﬂke
. 2G C c®
VaamuMm oOmuii MHOKUATENE Eo: — = , COOTBETCTBeHHO: G = )
C4 Bﬂke 161Tk€
Ilocnennee ypaBHEHHE [JaeT OCHOBAaHUE, YCTAaHOBUTh 3HAYEHHE TPaBUTAITHOHHO-
- . 16TG
BOJIHOBOH IIOCTOSHHOIM: ke = s
®Dopmyaa 1(15)
EoC
a) Rpor2 =
) Rrot2 P——
2m0G
b) e = P
¢) Rrot2=r¢
161G
d) ke = G - const.

Hazopem MI'B, Haxojsmiyrocss 3a mpeaeiaMud T'paBUTAIIHOHHOTO paJiiyca YaCTHUIIHI,
BHemHein MI'B.

Hazopem wacte MI'TI, Haxojdmerocs B mpejiesiax rpaBUTAIIHOHHOTO pajiiyca YacTHIIHI,
930TEPHUYECKHUM I10JIEM.

IIpoBenem nepepacyeT XxapaKTepUCTHK BOJH A€ bpoiiis, ¢ yueToM IIpUBEICHHBIX BBIIIE
pacueToB.

dopmynsl Ae bpoiind, ormicansl B opMe peIATUBHCTKH HHBAPHAHTHBIX COOTHOITNICHHIH,

h h .
BEIpakKeHHBIE B hopMmynax: A =—u E =—, rje: A — 17MHA BOJHEI, T — NEPHO]I KoeOaHMHIl.
P T

JInga Hagajma OTMETHUM, 4YTO BOJIHOBBIE CBOICTBAa YacCTHUIIBL, OINPEAEAIOTCS
XapaKTePUCTUKAMHI MYJIbTHTPaBUTAITHOHHOTO IIOJIS, IIPUCYIIETO JAaHHOMY OOBEKTY.

Cornacao ¢opmyire 1(14), 3To mmone coctouT u3 MHOXXecTBa MI'B, nupkynupyromux
pasHoii BeicoTe Rpor-n, mo mromanu (dY; dZ), mpu Hammdum BekTopa ckopoctH vV # 0,
JIBIDKYITTUXCS TI0 Pa3HBIM TPACKTOPHSIM.

O4eBUIHO, YTO MPH TAaKOM OIHCAHUH BOJIHOBOI'O COCTOSHHS 00BEKTa, JTr00as IOIBITKA
OMPEJIEIIEHUS €70 KOOP/IMHAT B IPOCTPAHCTBE, TOJILKO OJHON TOYKOH, TEPAET BCAKUIT CMBICIL.
Bens xaxxgas MI'B, B mogo0H0i1 cucTeme, o0i1agaeT HHINBUYaILHEIMA KOOPAHHATaAMH.



BepHeMcst k ypaBHEHHSIM Jie-Bpoiiasi, U paccCMOTpUM XapaKTEPHCTHKH ITIPOU3BOIIBHO
BBEIOpanHO MI'B.

Ha cucreme xoopaunat (X; dY; dZ), onuceiBaromeii aemwkenne MI'B, mimmHbeI BoIH: A,
Ask. ARaD, SBIISIOTCS IIPOEKITMAMH KOMIITOHOBCKOH JUTHHBI BOIHEI Ac = Ct, Ha ee ocsax X, dY,
dZ, roe: A = V1, Ask = VskT, ARaD = VRaDT. A TEPHOJ KOJIEOAHUIT T, COOTBETCTBYET BpeMEHH
OJTHOT'O €€ IPOXOXKJICHUS 10 KPYTOBOIl TPAaeKTOPHHU, PACITOJIOKEHHOH Ha mwromanu: (dY; dZ).

h -
HOBTOMy, [mepBasi (bopmyna: A= —, OIIMCBIBACT OTHOIICHHC JHHaAMHYCCKOH IJIHHBI
mv

BOJIHBI A K JUHAMHYECKOMY UMITYJIbCY: A = VT, P = mv.

IIpu 5ToM, B pacuerax Jle-bpoiins, ncnoms3oBasa HekoppekTHas Gpopmyna: mC? = moC>

mqVv 2 mqVv 2

=+ ,» I'’IC€C KHHCTHYCCKAsA SHCPIHUA, OIIPCIACIICHA YPAaBHCHHCM: Wk =

» KOTOpPpOC MEI

m

v2 VT A
3aMeHHM Ha: Wgx = .3geck: Wkt = DT, rae: vt = A. OTkyaa Haxoaum: WgT = p? n WAt =

2
pPAR . o
— > et AR — paccrosuue, npoiijieHHoe BAoJb ocH X (X; V; Z), 32 YCTAaHOBJICHHBIIN IIEPUO.T

BpEMEHU.
h = .

Bropas ¢opmyna: A = —> U3 YpaBHeHHIT 1e Bpoiins, Ha caMOM Jese, OIUCHIBAET

OTHOINIEHHE KOMIITOHOBCKOMN JITMHBI BOJIHEI A¢ K PE3YIbTaTUBHOMY UMIYILCY: Ac = Ct, pc =

A
mC. Kotopoe oOpasyeTr paBeHCTBO: ET = pcAc , €1 = chc n EAt = %

, Tme: ARc —
paccTOsIHHE, IPOIJIEHHOE M0 CIIUPAJIbHON TpaekTopun ABIKeHHs: ARc = CAt.

W3 pacueToB cieayeT, B ypaBHEHHAX Je bpoiiysi, gomyiieHa HEKOppeKTHas MOTMBITKA,
IIPHPABHATh KOMIITOHOBCKYIO JUIMHY BOJHBI Ac, K AUHaMH4eckoil A. UTO paBHOCHIBHO
IIOIBITKE OIIPEISTIUTH IIepeMeIleHIe 00BEKTa, IO €0 TPACKTOPHHU IBIKCHHUA: Ac # A, Ac = \f(?kz
+ sk + Arap?).

Od4eBHIHO, YTO TaKOl ITOJXOJ K PEICeHHIO, MPUBOJAUT K BeCbMa MPHOIH3UTEIHHBIM
pe3yJbTaTaM, OIMCAHHBIM HM3BECTHBIM IPHUHITUIIOM HeompejeleHHOocTel. 11 gem Oombime
BpEMEHU OyJIeT 3aTpadeHo Ha HaOMoeHne 3a 00BEKTOM, TeM OOJIBITE 3TH Pe3yIbTAThI, OYAYT

OTJAJLITHCA OT 3HAUYCHHUS PeaTbHBIX KOOPANHAT 00HEKTa.
pA
Ha camom xe jnene, ucnpaBieHHOE COOTHOINeHue: WgT = S 1 Et = pchc, ABIACTCS

OJIMHAKOBO CIIPaBEJINBBIM, IIPH JIOOBIX 3HAYEHUSIX cKopocTeil o0bekToB: 0 < v < C,
BBIITOJTHACTCS OJTHOBPEMEHHO U HUKaKOW HHBApPHAHTHOCTH HE TPeOyeT.

®opmyaa 1 (16)
Hpu: 0<v<C

A
a) Wkt ="

0) ET = pcic

IlogBenem uToru nepBoil 4acTu

1) IlpoctparncTBa MHHKOBCKOTO HE CYIIIECTBYET.

2) IocTynaTel KOpIYCKYISIPHO-BOIIHOBOI'O JAyajn3Ma HECOCTOSTENbHBL YacTHIila ciocoOHa
OJTHOBPEMEHHO IIPOSIBILATH, KaK KOPIIYCKYJISIPHEIE, TaK U BOJTHOBBIE CBOIICTBA.

3) Ha oOBeKThl, ABIKYIHECS B IMPOCTPAHCTBE, Bcerjia JeHCTBYIOT OJUHAKOBBIE 3aKOHBI
bu3uKy, He JIeNaloNIMe  HHUKAKUX — pa3iuduil, MeXJy  HEpeIITUBUCTCKUMH U
YIBTPAPEIATUBUCTCKIMU CKOPOCTSIMH.

4) Ilpunnun HeonpenenéaaocTell [ elizeHOepra, MposABIsIETCA HE B TyallH3Me, OIMICHIBAIONIEM
JIBOMICTBEHHBIE CBOMCTBA YAacCTHII, a SIBILIETCS PE3YIbTaTOM IIPUMEHEHHS HEBEPHBIX METOJ/IOB
pacyera.



5) IImaHKOBCKHX pa3MEpOB HE CYIIECTBYET, IIOCKOIbKY MYJIBTHTPAaBUTAIIMOHHBIE BOIHEI,
SABJSIFOTCA HENOCPEICTBEHHBIM IIPUMEpPOM, MPEACKA3aHHOIO 3allUKIMBAaHUA BOJIHBI, U
IpeoOpa3oBaHUs €€ B YEPHYIO JIBIPY.

YACTD 2.

IIpoBeeM MBICIIEHHEII SKCIIEPHMEHT.

[Ipenmonoxum, B MOMEHT BpeMeHH to, B cucTeMe oTcueTa Koy, pacmoiiokeHa rpyIia
HaOIro/1aTeNell, HaXOAIINXCS Ha OIpeIeIEHHOM PAaCcCTOSHUHU JIPYT OT JIpyTa.

Habmopgatens 1, ¢ koopauHaTtamu: (X;; 0; 0), HaOmoaTens 2, ¢ KoopauHaTaMH (Xz; 0;
0), u HabmroaTens 3, ¢ koopaumHaTtamu (X3; 0; 0).

Habmopatens 2, HaXoguTcs Ha OOpTY 3Be37[0JI€Ta, KOTOPBII ITOKOUTCA Ha MOMEHT
BpeMeHU to. JlmmHa 3Be3onneTa, coctaBiieT lsg. Ero XBocToBas 4acTh, MeeT KOOPIUHATHI:
(x2¢1); 0; 0), HOCOBast 4acTh — KOOPAUHATHL: (Xa(3); 0; 0).

Beenem ompejgeneHne yIbTUMATHBHOTO HAOFOJATENA, OCYIECTBIISIONIETO OOIIUit
aHaJU3 WCCIEIOBaHUMA, TPOBEASHHBIX (u3nmdeckumu HaOmogatemamu 1, 2, 3. U
BBITIOJTHATOIIETO POJIb TPETEHCKOTO CYIbH, IIPH BO3HUKHOBEHUN CTIOPHBIX BOIIPOCOB.

Ponp yamsTUMAaTHBHOIO HAOIOMATEIA, ONIPEISIIUM JIJIS CeO4.

IIpenmonoxum, B pacmopspDkeHHH HaOmromatenelr | u 3, HMMEIOTCS HCTOYHUKU
KOTE€PEHTHOTO CBETA, C COOTBETCTBYIOIIIMH MOPSIKOBEIMA HOMepaMu | u 3, H HampaBJIeHHBIE
Ha 3Be3J0JIET.

M3nydeHne oT UCTOYHHUKA |, HalpaBlIeHHOE Ha YJIAJAIONIHICSA 3BE3/10JIET, IIPOXOJUT
gepe3 XBOCTOBYIO YacTh 3BE3/[0JI€Ta, Yepe3 BCIO €ro MPOTSKEHHOCTh, U YIIaBIMBAETCS
JTaTIUKOM CBETa, PACIIOJI0XEHHOT0 B €T0 HOCOBOM YacTH.

M3nydeHne OT HCTOYHHMKA 3, HampaBJIeHHOEC Ha IPHOIIDKAIONIMNCA 3Be3/10JeT,
IIPOXOJUT Yepe3 HOCOBYIO YaCTh 3BE3/I0JIETa, Uepe3 BCIO €TI0 P OTSHKEHHOCTD, U YIIaBIUBACTCS
JTaTIUKOM CBETa, PACIIOJI0KEHHOI'0 B €T0 XBOCTOBOM YacTH.

B pacnopspkennn HaOIrogaTeNsd 2, UIMEeTCs Ba TAKUX HCTOYHUKA.

B xBocTOBOH dYacTm 3Be3/0JIeTa, pa3MeEIeH HCTOYHHK KOTepeHTHOro cBera 2(3),
HaIlpaBJICHHBII K HOCOBOIl 4acTu. IIpn BKIIFOYEHHH, CHUTHAJI HCTOYHHKOB, IIPOXOAUT depe3
BECh 3BE3JI0JIET, U OTIpaBJIieTCs HabmoaaTemto 3.

B HocoBoil WacTm 3Be3jioeTa, pa3MeEIleH HCTOYHHK KOorepeHTHoro cBeTa 2(1)
HallpaBJICHHBII K XBOCTOBOHW wdacTu. [Ipu BKIIOYEHHH, CHTHal IIPOXOJHT Yepe3 BeCh
3BE3JI0JIET, U OTIpaBIAeTCs HabmrogaTemto 1.

IIycts, ucrounuxku 1, 3, 2(3), 2(1), ob1agaroT oJUHAKOBOH MOIITHOCTHIO, U UCITYCKAIOT
BOJIHBI OJJHHAKOBOM YaCTOTBI: VKB-1 = VKB-2-1 = VKB-2-2 = VKB-3 H HMEIOIIHE OJMHAKOBYIO JUTHHY
BOJIHEIL: ?\.KB-] = ?\.K_'B-z-] = ?\.KB-z-z = ?LKB-3.

[Ipenmonoxum pganee, 9YTO JOMOJHHUTEILHBIMH OOBEKTaMU I HaOJroaTeneii,
SBJITIOTCA 9acTHIIHI 1, 2 1 3, pacloyIo’KeHHBIE B HEIOCPEICTBEHHOI OJIM30CTH OT HUX.

B MoMmeHT BpeMeHH t;, 3Be3[0JIeT BKIOYaeT (OTOHHBIE JBHTaTeIN, U HadYHHAET
JIBUTATBCSA, CO CKOPOCThIO Vig ~ C. J[BIDKEHHE 3Be3]/I0JIeTa, OCYIIECTBIIAETCS BIOJb OCH X,
CHCTEMBI KOOpJAUHAT, YIAJLAICh OT HaOmoaaTensd | u npubmokasck K HabmogaTemo 3.

B momeHT BpemeHm tp, JocTHTHYB Todku (X3; 0; 0), 3Be30JET OCYINECTBIAET
TOPMOXKEHHE.

Ilepemectumcss B cucremMy otTcdeta Ko W paccMOTpUM COOBITHE C IIO3UITHU
HaOmromatenei 1 u 3, B mHTepBaiax BpeMeHu: Atg =t —to 1 Aty =t — 1.

Hctounuk ceera 2(1l), ymamierca or HabOmomgatens 1, mo3TOMy, PYKOBOJICTBYSCH
noctynatamu CTO, HaOmrogaTens MPUIET K BEIBOAY, O IMIOKPACHEHNN CHUTHAjIa OT HCTOYHHKA:
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Expa-10)= EKB-z-l(l)\l(l —v3p?/C?), riie: Exp-2-1(1) — 9HEPIUs KBaHTA, UCIYIIEHHOTO HCTOYHUKOM,
B HHTepBalle BpeMeHU: Aty = t; — to, Exp-2-1(2) - 2HEprus KBaHTa, HCIIYIIEHHOT'O HCTOYHHKOM, B
UHTEpBalle BpeMeHu: At; = t; — t;.
JE2o1a)
Ja -8
Hctounuk cBeta 2(3), mnpuOmmkaeTca K HaOmomaTeno 3, PYKOBOACTBYSCH
noctynatamu CTO, HaGmrogaTens NpUIET K BHIBOAY, O CMEIIEHHH CHUTHalIa B (PHOJIETOBBIH

E}{B 2-3(1)
Vap2,-
Vo -==

V3B2)-

HOCKOJIBKyi EKB = hVKB, TO: TKB-2-1(2) — . ?LKB 2-1(2) — ?kKB 2- 1(1)\’(1 —

crieKTp: Expa-32) =

_ AkB-2-3(2)
Y- 28,

M3mepum, 3HEpreTHUYECKHUE CBOICTBA, PAaCIIONIOKEHHONH Ha OOPTY 3Be3/10JI€Ta, YACTHITBI
2, B cucteMe oTcueTa K.

C Touku 3peHus HabmogaTene | u 3, MOKOHUBITIAsACS B HHTEpBalie BpeMeHH: Aty =t —

to, JacTura 2, B HHTepBaje BpeMeHH: At; = t; — t;, mpuoOpeTaeT yCKOpEHHe, IToIydas
KUHETHYeCKyI0 dHepruio. COOTBETCTBEHHO, 3HEpPrus HablrogaeMoro o0heKTa BO3pACTaET,
HE3aBHCHUMO OT TOTO0, MPHOIIMKAETCSA JU OH K HaOIIIaTellto, WiIH yaaursieTcs oT Hero: E =
ymoC?, re: y - JlopeH-akTop.
T rae: Ex) = Eo — 2Heprus gacTuiipl, B MHTEpBane BpeMeHH: At
Ja _vz_gz > - B2y — Bo p > p P - Ab
= t1 — to, E2(2) - DHeprus gacTuiiel, B HUHTEepBaie BpeMeHu: Aty = t; — .

BomHOBEIE CBOCTBa 00BEKTA, OMPEICIINM IO CBOMCTBaM ero BHenrHeit MI'B.

~E _ Te—2(1)
IToCKOMBKY: Te = ——, TO: Te-22) = —vauz--
Zke ‘\I(l - C_2

2
ITockonbky: Exg = hvkg, TO: Tkp2302) = TKB.3-3(1)\I(1 _ 8

3Hauut: Ey) =

ITockonbky: Ae = 1eC, TO Aea) = %

HenponopmuonansHoe Bo3felicTBue 3>¢ddexra Jlomnepa, Ha >I€KTPOMarHUTHBIE H
MYJIbTUT paBUTAllHOHHBIE BOIHBI, ONPEAEIAETCS OTIIHYMAMI B CTPOSHUH 3THX BOJIH.

Ilo ycnoButo 3a1aun, JBMKEHNE CUTHAJIOB OT HCTOYHUKOB 2(1) 1 2(3), ocymiecTBiseTcs
BJIOJIb OCH X CHCTEMBI KoopauHaT. [1o 3Toii ke ocH, OCYIECTBISAETCS U YCKOPEHUE 3BE3/0JIETA.

COOTBETCTBEHHO BCE HU3MEHEHHUS, BBI3BAaHHBIE BO3HUKIIUM IIpU 3TOM 3¢ dexTom
Jlonnepa, HampsMyro 3aBUCAT OT pacHpefeleHHs BEKTOPOB CKOpPOCTEll, TOIBKO Ha OCH X
CHUCTEMBI KOOpAUHAT. UTO CTaBUT XapaKTEPUCTUKH CHUTHAJIOB, B 3aBHCHUMOCTH OT TOTO,
IpHUOIIDKAETCs JIM UCTOYHHUK CUTHANA K HaOII0/1aTellto, WIH YIAIsIeTCs OT HETO.

JIBm>xkenne MI'B wactumer 2, B nmepuojy BpemeHu Aty = t; — tp, OCyIIeCTBIAETCS 110
mwiomaan  (dY;dZ). UYactmma HaXOIUTCS B COCTOSHHH  MYJbTHTPaBHTAITHOHHOM
CYIIEpIIO3UIIUH, TIOATOMY B HHTEpBaje BpeMeHHU: At; = t; — t;, Korja 3Be3/IoNeT HaOupaer
yckopeHue, mwiomajs (dY;dZ), npuHumaeT monoxeHne, MepreHIHKYIIPHOE OCH X, CHCTEMBI

KOOp/IUHAT.
Ae_
IlepBonavansHas ckopocTs MI'B gacTHITBI, paBHA CKOPOCTH CBETA: Vpot-0 = — = C.
Te-o
B MoMeHT yckopeHnus 3Be3nioneTa, MI'B oOpeTaeT BEKTOp CKOPOCTH BJIOJIB OCH X, U IO
Bo3zeiicTBHeM 3 dexra Jlomiepa, cokpamaeT CKOpOCTh MUPKYILANUU Ha wromanu (dY;dZ):
vpor = V(C? — v3p?), IPOIIOPIUOHAIEHO MEHSIS 9aCTOTY KOTeGaHHIIL.
CoBepIIEeHHO OYEBHUJIHO, YTO pe3ylbTaTUBHas ckopocTh MI'B, omnpenemnsemas
COOTHOINIEHHEM BEKTOPOB CKOpocTell Vpor, Ha Iwtomanu (dY;dZ) u vsg. Ha OCH X CHCTEMBI
KOOp/IUHAT - IIPUMET OJIUHAKOBEIE 3HAUEHUS, KaK /i1 HabmoaaTens 1, oT KOTOporo 4acTuia

yaaxsieTcs, Tak U Ui HaOmoaaTens 3, K KOTOpOMY YacTHIIa PHOIIDKAeTCs.




CoOTBEeTCTBEHHO, YHepIrusd Habmo1aemoit MI'B, He 3aBUCHT OT TOro, MpuOIKaeTCs I
OHa K HaOJII0IaTelro, I YIAAJIIeTCs OT HETO.

ObOpatuM  Tak  Jk€  BHHUMaHHE, Ha  JSHEpPreTHYeCKHEe  XapaKTE€PUCTUKU
MYJIBTUT PaBUTALINOHHBIX U JIEKTPOMAarHUTHBIX BOJIH.
Oueprus MI'B, onuceiBaetca ypaBHeHHeM: € = keTe, TAe 3Heprus oOpaTHO
. 1
IpOIIOPITOHATBHA YacTOTe Konebanuii: € ~ —.
Ve
Oueprus DOMB, omnmceiBaeTcs ypaBHeHHeM: Exg = hvgp, TIie sHeprusa mpsMo

IpOIIOPITOHATLHA YacTOTe KonebaHuii: Exp ~ vie.

Paccmotpum, m3nydenne uctoaHukoB 2(1) u 2(3), ¢ mo3uruit atToMHoON (PU3HKIL.

B xoHTekcTe aToMHON (U3HKM, HCCAEAyeMBII KBaHT U3IyYEeHHS, IoJlaraeTcs
paccMaTpuBaTh HE B KadeCTBE CaMOCTOATENBHOTO OOBEKTa, a KaK YacTh CHCTEMBI
B3aMO/ICHICTBYIOIIHNX TeJ, BKIIFOYAIOIEl B ceOs MpecIoBYThI KBaHT U aTOM, KOTOPHIIl ero
H3IIy4UIL.

OtcnenuM MPOUCXOJSAIIHI MpoIece, BBIJIEIUB B pabodux cpefaX HCTOYHUKOB, JBE
I1apbl OJJTHHAKOBBIX aTOMOB 1-1, 1-2, 3-1 u 3-2, HaxoaAImMMUXCA B COCTOSIHUU BHEIIHETO ITOKOA:
var = 0, Eat = Eat-0, T1€: Ear-0 — HEpIrHs mMokos aToMa, B BO30Y)XJIeHHOM cocTosHUU. IIycTh
atoMmsl 1-1 u 1-2, HaxoaTcs B paboueii cpene nucrounnka 2(1), a aromsr 3-1, 3-2 — B paboueit
cpene uctognuka 2(3).

DHeprun HaOIoJaeMBIX 00BEKTOB, paBHBI: Ear-1-1 = Ear-1-2 = Ear-3-1 = EAr-32. 1 B cltyqae
OJTHOMOMEHTHOT'0 U3IIYYEHHUs, OHU OBl HCITYCTHJIM KBAHTHI C OJJUHAKOBOI SHEprUeH.

IIpemmonoxum, B MOMEHT BPEMEHH faT-1, BXOJSIINN B IIepuo] BpeMeHHu Aty = t; - to,
atomsl 1-1 u 3-1, U3my4aroT KBaHTHI cBeTa ¢ 3Hepruen Exp.1-1 U Exp-3-1, r11e: Exp-1-1 = Exp-3-1.
DHeprus U3Iy4eHHBIX KBAaHTOB, olpejendercs ypaBHEHUAMU: Exp1.1 = Ear-1-100) - EaT-1912 B
Exp-31 = Eat3-101) - EaT-3-102)-

Ear—0-1-1(2) _
; VAT-1-1(2)2. 4 Ears.a2) =
V(1 - T())

rae: Ear-o1-12) B Eat-03-12) — 9HEpruu IOKOsA aTOMOB, IIpU IIepexo/ie B Ooiee

DHEpPruu aTOMOB, MEHSIOTCA 10 3HadeHUil: Ear.) =

EaT—0-3-1(2)

| VaT-3-1(2)2.°
Vl-—e )

HHU3KOE YHEPTETHUECKOE COCTOSHUE.

OOBeKTHI 003aBOIATCS UMITYJIBCOM OT OTAAUU H3TYYEHUSA: MAT-1-1(2)VAT-1-1(2) = - PKB-1-1 X
MAT-3-12)VAT-3-1(2) = - PKB-3-1. A TaK)XXe, COOTBETCTBYIOIIIMMHU BEKTOPAMHU CKOPOCTEH: VAT-1-12) =
- VaT3-1(2) # 0, HallpaBII€HHBIMU B IIPOTHBOIIOJIOXKHBIX HallpaBICHHUAX, BJIOJIb OCH X, CHCTEMBI
KOOp/IUHAT.

IIpeanonoxum jganee, 9T0 B MOMEHT BPEMEHU tat-2, BXOJANIUN B IEpUO]T BpeMeHH Af;
=ty — t1, atombl 1-2 1 3-2, H3IIy4arOT KBAaHTHI cBeTa ¢ 3Heprueil Exp-12 U Exg3-2, T1€: Expo12 =

Exg-3-.
B ykazaHHBI nepHoj BpeMeHHU, HaOIIoJaeMble aTOMBI, PACIOIOXEHH Ha OOpTy
3Be3/10JIeTa, IEPEMEIIAsACh BMECTE C HUM, C CyOCBETOBOH CKOPOCTHIO.

IlosTomy, sHeprus atoMoB 1-2 u 3-2 [0 H3Ty4eHUs KBAaHTOB, OyJeT ompejeicHa

EaT-1-1(1) 0= _ Ear-a-1(1)
ﬁ AT-3-2 1) — ﬁ
V(1 - 3B LETLN (1 - 3B LETLN

Ilocne H3IIYYCHIA KBaHTOB, SHCPIHUA 06']56KTOB, H3MCHUTCA OO0 3HAYCHMA. EAT-].Q(z) =
Eat—0-1-1(2) EaT—0-3-1(2)

EAT-3-’J 2y —
2 s 2(2 2 s
\Ir(l VAT—J{;Z(Z) ) @) \'r(l VAT—z;z(z) )

aTOMOB, ITociie cOpoca BO3OYKJIEHHS, H I/I€: VAT-1-2(2) H VAT-3-2(2) — PE3YIbTAT IIpeoOpa3oBaHUsL
JlopeH1ia, Ipu CIIOKEHHHU CKOPOCTEH V3g M BEKTOPOB V' AT-1-2(2) U V' AT-3-2(2), COOTBETCTBYIOIIETO
CKOPOCTSIM aTOMOB, Ha OOPTY 3Be3/10J1€Ta.

dopmynamu: Eat.i20) =

rae: Earo-12) U Eat-0322) — PHeprusa IIoKos

-2



IIo ycnoBuro 3ajaqu, Bce U3IIy4YarONIUE aTOMBI, HJCHTUYHBI.

3HA4YUT: EAT-0-1-2(2) = EAT-O-]-Z(]) 151 EAT-0-3-2(2) = EAT-0-3-2(1), a TaK¥Ke: V‘AT-I-Z(Z) — VAT-1-2(1) H
V‘AT-I-Z(Z) — VAT-1-2(1)-

3/1ech, HCIyIIEHHBII HcTOYHHKOM 2(1) curHam, JABIDKETCS B HaIpaBICHHH,
IIPOTHBOIIOJI0KHOM BEKTOPY CKOPOCTHU 3Be3jioyeTa. CieqoBaTelbHO, BEKTOP CKOPOCTH aTOMa
1-2, moy4uBIIETO HMIYNBC OT OTAAa4d H3IIYYEHHs, COBIIAQJIAET C BEKTOPOM CKOPOCTH

vag + [Var1-1(2)]
; [VAT—1-1(2)]V3B,~

VI ——z—")

A curHaji, HCIYIIIEHHBIH HCTOYHUKOM 2(3), IBIXKETCSA B HAIIPAaBJICHUH, COBITAJAIOIITIM
C BCKTOpPOM CKOPOCTH 3BC3J0JICTA. CJIG,[[OBEITGJIBHO, BCKTOp CKOpPOCTH aTOMa 3—2,
[MOIYYHBIICTO HMITYJIBEC OT OTAAa4Md HIJIYUCHHA, HMMCCT HAIIPpaBJICHHC, IIPOTHBOIIOJIONKHOC

V3 — [VAT—3—1(2)]
Ja- [VaT—3-1(2)IV3B

3BE3/10JIeTA: [VAT-1-2(2)] =

BEKTOPY CKOPOCTH 3BE€3J10JI€TA: [VaT-3-2(2)] =

c2 )
Eat—o0-1-1(1 Eat—o0-1-1(2 EaT—0-3-1(1
3nech: [Var12@)] # [Varsao], 3Ha4nT: vgB” = vAT_l_z((;)z # vng“
(1 —2-) \'(1—':—2) (1 )
Ear—0-3-1(2)
2 -
\'r(l—vAT_;z(z) )

[lonyaennas nuapopMarisi, oToOpakaeT CBEJICHHUS O IMepeXoie 3IyJarolero aromMa, u3
COCTOSIHUA ITOKOSI B cucTeMe oTcueTa Kisp, B COCTOSIHUE MOKOSA B COBEPIIIEHHO ITOCTOPOHHEN
cucreme orcuera Kar, ABHKYIENCSI OTHOCUTEIBHO CUCTEMBI oTcueTa Kip.

U nipu HaOIr0/IeHNN 32 TAKUM H3JIY9eHHEeM U3 CUCTeMBI oTcueTa Ko, oT/1aua n3mydeHus,
IpOSIBIACTCA, KaK TMapasuTHBIN »¢dQekT, unckaxarommii nHQOpMAIUI0 O pealbHBIX
IIPOCTPAaHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHUKAX CHCTEMBI oTcdera Ksp, IlepeflaBaeMbIX
CBETOBBIM CHI'HAJIOM.

PacdeTs TOKa3bIBAIOT, 9YTO BO3/IENICTBUE UMITYJILCOB OT OT/JIa4l M3JIY4E€HUs, Ha BEKTOpa
CKOpOCTEeH HaOJII0/1aeMBIX aTOMOB, IIPHBOJIUT K COBEPIICHHO HE3HAYUTEILHBIM H3MECHEHIIM.

Ilo ycnoBuro 3a7a4qu, 3B€340JI€T JBIKETCS CYOCBETOBOH CKOPOCTERIO.

A BepXHUI IIpe/Ie]l CKOPOCTHU OTJ[a4il aTOMa IIPH raMMa-IIepeXxo/ie, €/IBa JIU JOCTHTAET
3HAYEHUSA COTEH METPOB B CEKYHIY.

IlosTOMy B yCIIOBHSX, KOT/]a OJIHA H3 CIAaraéMbIX CKOPOCTEN, HECOM3MEPUMO MEHBIIIE
BTOpOIi: V' AT-1-2(2) << V3p, v AT-3-2(2) << V3p, BIISIHHE CKOPOCTH OTJa4YH aToOMa, JOIIyCTHUMO HE
Y4YHUTBIBATh: V‘AT-I-Z(z) ~ 0, V‘AT 3-2(2) ~ 0 a TaKXKE: VAT-1-2(2) ~ V3B, VAT-3-2(2) ~ V3B.

Hpu: v ar << vsp, V(1 — (ig‘ff‘i:’ “;ﬂ;j) ) — (1 — Vng)_

B Takom ciydae, sHeprus kBanTa 1-1, H3myd4eHHOrO 10 MOMEHTA, CTapTa 3BE3/I0JIETA,
Ear—o0-1-1(2)
(1 - LT_:;; 1(2_)2)-

okpyriserca 10 Buaa: Exp-1.1 = Eat-1-10) - Eat1-12) = Eara1-10) - IlockomnbKy:

EAT-]-](]) = EAT-O-]-](]), VAT-1-1Q2) ~ 0, To: Exg-11 = EAT-O-]-](]) - EAT-O-]-](Z)-
DHeprus KBaHTa 3-1, OKpyIysieTcs 40 aHaJIOTUYHOTo BUa: Exp-3-1 = Eat-3-11) - Eat3-102)
EaT—0-3-1(2)
VAT-3-1(2)2
—a )
OrnpeiennnM 3HEPrUuIo KBaHTa 1-2, H3IIydeHHOr0 Ha JIBIDKYIIEMCA 3Be3nonere: Exp.12 =
Ear—1-1(1) EaT—0-1-1(2)
\'r(l - w) ) \Ir(]_ - VAT_:“:—;:Z(Z)Z)
EAr—0-1-1(1)-Egr o4 12) Ekp—1-1

| V3g2 | V3g2, -
\(1_ c2 ) \(1_ Cz)

= Eat-3-100) - =~ Eat-0-3-1(1) - EaT-0-3-102)-

'\Ir(l .

EAT-]-Z(]) - EAT-]-z(z) = . HOCKOJIBKyi EAT-]-](]) = EAT-O-]-](]), VAT-1-2(2) ~

V3B, TO: Exp12 =




AHaJIOTHYHBIM METOJOM, OIIPeAeIuM >Hepruto KBaHTa 3-2: Exg-32 = Eat3201) - EaT3-2(2)
EAT 3— 1(1) EaT—0-3-1(2) EAT 0-3-1(1)~ Epr_g—3— 1(2) ExB—3-1

\.(1__ _\Ir(l AT—?:ZZ(Z)) N - V332) \,(1 V3Bz)

)% pacucToB CICAYyCT, 4YTO OSHCPIHUA KBAHTOB, HCIOYIICHHLIX HCTOYHHKAMU,
ABHZKYIITUMHCS Ha 60pTy 3BE30JICTa, CMCIIACTCA B (bI/IOJIeTOBBIfI CIICKTP — HE3aBHUCHMO OT

TOTO, HpH6J’IH}KaeTC§I JIJH HCTOYHHK K H36JIIO,[[3T6JIIO, HIIH YAJJACTCA OT HETO: Exp12 =

Exg_1-1 i Exg_3-1
'\'(1 V3B2 > -Z (1 V3B2)

O6paTHM BHHMAaHHC Ha CHHXPOHHOCTD, Ha6m0,uaemyfo IIpHu H3MCHCHHH
SHCPICTHYCCKHX XapPaKTCPUCTHK, I[BI/DKyHIefICH Ha 60pTy 3BC3J0JICTa 4YaCTHIBI 2, H KBAaHTOB

E Exp_1-
cBeTa, m3nydenHbIX ncrournkamu 2(1) u 2(3): Exg) = —+ Fxpio = ——v—>, Expaz =
V(1 — c2 ) V(1 _C—z)
Exg_3-1 9 o
W HazoBem oOHapyxeHHBIHT 3¢dekT, >PPekToM KOpIMyCKYIIPHO-BOIHOBOM
CHHXPOHHOCTH.

[lonydeHHBIH pe3ynabTaT, OJHO3HAYHO KOH(IUKTYET C IEJIBIM PAJIOM 3aKIIOUEHUIN,
c(hOopMUPOBaHHBIX U3 TOCTYIATOB TEOPHU OTHOCUTEIHLHOCTH.

Hanpumep, B ypaBHeHuu: Exg = Eat0a) - Eato02), HU3MEHEHHE 3SHEpruUM aToMa,
XapaKTepU3yeT CTENEeHb BO3OYXK/IEHHS 3JIEKTPOHA, ABIDKYIIETOcs IO €ro aTOMHOU opOure:
Ear ~ Ean.

CormacHo BTopoMy nocTtynary bopa, ypaBHeHHe MOXHO 3anucarh B Buje: Exg = Eonag
— Esm. 1lockomeky: Esp = kezNNTe, T0: Exg = kGZNNTG-GJI-l - kGZNNTG-GJI-Z = ke(ZNNTe-aJI-l -
YM\Te-am2) = keAton.

PesynpratuBHOEe  ypaBHeHHe: FExg =  keAtsy,  ycTaHaBauBaeT — IpSIMYRO
IPOIIOPITMOHATLHOCTh, MEXAY SHepruell KBaHTAa U Pa3HOCTHIO NEPUOJOB KojeOaHUM, s
SHEPreTUYECKUX COCTOSHUI, N3IIYYUBIIETO €r0 IEKTPOHa. UTO 1aeT OCHOBAaHUE, OIIPENEIIUTh
OJIY4eHHYIO Pa3HOCTh, KaK NEpHo/I KolleOaHmil KBaHTa: Atoy = Tks, Ie: Exp ~ Tks.

Ilonygennsni pesynbsrat, npotuBopedut CTO, yTBep:karomieil, 9T0 SHEPTHS KBAaHTA,
BOBCE HE NPOIOPIIHOHATILHA, COOCTBEHHOMY IIepUOJly KojeOaHui, a HaoOOpOT — uMeeT

00paTHYIO MIPOTIOPITMOHAIBHOCTE 110 OTHOINEHNU!O, K 3Toil BenmuunHe: Exg = hvig, Exg ~ hgs,
Exm ~ é_ VpaBrenue: Eyp) = % Exp-12 = %, taroke npotusopeunt CTO,
IIOCKOJBKY TIPUBOJUT HE K OXHIaeMOMYy IIOKPaCHEHHIO CHTHala, OT YIAJSIONIErocs
ncroyHuka 2(1), a K ero cMemeHnio B GUOJIETOBBII CIIEKTP.

[IpyanHa pa3HOTrIacws, Kak OTMEYaloch paHee - CBOJUTCS K HECOBMECTHMOCTH
pe3ynbTaToB, mpu pacdeTe 3¢ddexra Jlomiepa, mugs OMB u pemITHBHCTCKOTO M3MEHEHUS
MAacCCBI, JII1 aTOMOB, UCITyCTHBIIIHX 3TH BOJHEI.

[TocTaBuM TEKyIyIO 3371a9y: OOBEIUHUTH BOJTHOBYIO TEOPHIO CBETA, (PU3NKY YACTHUI] U
aTOMHYIO (U3HKY, B OOIIYI0 TEOPUIO H3IYUYEHHUS, CTIAKHBAIOIIYIO IIEPEYHCIICHHBIE CIIOPHEIE
MOMEHTEI.

BBenem ompepeneHne JIHUHAMHYECKOTO YCKOpeHUSA. JI[MHAMHYECKHM YCKOpEHHEM,
HA30BEM YCKOpPEHHE 00BEKTa, IIPOUCXOJIAIIee OTHOCUTEIHHO HEIOIBIDKHOTO HaOIIOAaTeNs -
BO3HUKIIIEE, B pe3ylIbTaTe (PU3MIECKOT0 BO3ACHCTBHS Ha JIAHHBIN O0BEKT.

JlnHaMuYecKoe YCKOPEHHE MOKET OBITh ITOJTOKHTEIFHBIM U OTPUITATEIbHBIM.

[TomoxxuTeTbHOE THHAMHYECKOE YCKOpPEHHEe, BO3HHKAET IPU TOIYYSHHH OOBEKTOM,
JTOTIOTHUTEIIEHOTO HMITYJIhCa, U3 BHEITHEH CPEeJIbI.

OrpuriatensHOe JTHHAMHYECKOE YCKOPEHHE, BO3HHKAeT, NpH Iepefade O0O0BEKTOM,
9acTH CBOETO UMITYJIbCa, BO BHEIITHIOIO CPEy.



BBeneMm onpeeneHne HeMHEPIUAIBHOTO YCKOpeHua. HenHepmaibsHBIM YCKOPEHUEM,
Ha30BE€M YCKOPEHHE BHEIIHEI0 OOBEKTa, IPOHCXOJAINee OTHOCHTEIHHO JUHAMHYECKU
JBIDKYIIIETOCs  HaOmromatend. IIpH3HakoM HEHHEPIIHAJBHOTO YCKOPEHHSA, SBIIIETCS
OTCYTCTBHE KaKOT'0-JIH00 (PU3NIECKOTO BO3/IeHCTBHSA, Ha OOBEKT.

Bepuemcs, B cuctemy otcuera Ky, B MOMEHT BpEMEHH tp, © BHECEM JIOMOITHUTEIIHHBIE
ycnoBua. HaGmromateneii 1, 2, 3 nepekBamuduiiupyeM B 00BeKTH 1, 2, 3.

IlepeiizeM K MOMEHTY BpeMeHH t;, U KOHCTaTHPyeM COOBITHE, OJIWHAKOBO
CIIpaBeNTMBOE IS BceX HaOro1aTeNiei — 3To (pakT HeMmoCpeICTBEHHOI Iepeladn 3BE3/[0JIETy
SHEPrud OT (OTOHHOTO JIBUTATENd, HEOOXOAMMOH IS €ro pa3roHa ¢ JUHAMHYSCKUM
yckopeHHeM. B yka3aHHBII MOMEHT BpeMEHH, Bce HaOJII01aTellH, TIOKa eIl PacIloaraloTcs B
cucteMe orcuéTta Ko, 1 HaOII0al0T COOBITHE BOOYHIO.

He IIOKHIaid CHCTeMy OTCHECTAa Ko, H or{pe,ueJmM BHGPI‘HIO JaCTHIbI 2, B HI—ITepBaJIe

_ Ex

BpeMeHH At; = t; — t;, ¢ TO3UIUU yIBTUMATHBHOTO HaOmoaTesst: Eyz) = W
H36JIIO,[[36MBIfI HpHpOCT BHGPI‘HH, 0660H6‘IHB36TC§I, 3a CHUCT HpHTOKa BHepI‘HH H3

BHEIIHEN CPE/IbI U PETYIHPYETCA 3aKOHOM COXPAHEHUS SHEPTUU

OnpenenuM JIHHY BOJIHBI, BHemmHeld MI' B o0nekTa.
Te—2(1)
V3B2
@ --33)
A€—2(1)
[ V3B2 -
V(-

E
HOCKOJIBKyi Te — I, TO: Te-2(2) —
=

ITockonbky: Ae = 1eC, TO Aca) =

[Ipenmonoxum, 9To paccTossHUE l3p, paBHOE JUIHHE 3BE3/10J1€Ta, B Ne pa3 OOJIBITE JTHHEI
Te—2(1)

BOJHBI YacTUIE! 2: Isp = nehe. Torma: e = 757
V(1 -28)
PaccunTaem, n3MeHeHHe JUIMHBI BOJHBI 3BE€3/10JIeTa, IIPH ITOMOIIHU IMpeoOpa3oBaHHUi
Jlopenna.

B coBpemenHoli dhu3uke, 1 pacdeTa HCKPUBICHUS IPOCTPAHCTBEHHBIX IPOMEXKYTKOB

. x— VAt
AX =X; — Xo, Ay = V1 — Vo, AZ = 71 — Zp, HCTIONIB3YyeTCs MpeoOpazoBanmne JlopeHma: x = ﬁ

y =yz =z

OnHako, JaHHOE YpaBHEHHE OIMMCHIBaeT HE JIBIDKEHHE OOBEKTa B IPOCTPAHCTBE, a
JIBIDKEHUE €r0 MYJIBTHUTPAaBHTAIMOHHON BOJHBI, BJONIb OCell THIIEpOOIMYecKOll CHCTEMEBI
koopauHat: (X(X; y; z); dY; dZ). B ucrons3zyeMom ypaBHeHUN: X = X(X; V; Z), ¥ = dY = VskTe,
z=dZ = vrapTe.

COOTBETCTBEHHO,  IIPOCTPAaHCTBEHHbIE  H3MEHEHHS, KOTOPHIM  IIOJBEpraercs
JTUHAMUYECKN JBIDKYIUICS OOBEKT, BIOIL 00O M3 OCeil MPOCTPAaHCTBEHHON CHCTEMBI

- \ X —vAt
KOOpJHUHAT: (X; y; Z), IONAJaeT o AeHCTBUE OJHOTO OOINEro ypaBHeHUS: X' = ———, TJI€!
\'(1 ey
L X - V3BAt
U — CKOPOCTEL CHCTCMEI OTCUCTA!: X = W-
‘\I —

cz

ITo ycrmoBuro 3aa4y, JIHHA 3BE3/0JI€Ta, OIPEENIIeTCs PACCTOSHIEM MEXKIY TOYKaMU

KoopuHAT: (X2¢1); 0; 0) 1 (Xz3); 0; 0). 3HAUHT: 138 = Xo(3) - X2(1).
I3g
-85

B paMkax sKkcliepuMeHTa, pa3BepHeM 3Be3/I0JIeT TaKUM 00pa3oM, YTOOBI IIPOEKIIUS eT0
JUINHBI, OTPakaJlach Ha BCEX OCAX CUCTEMBI KOOP/HHAT.

Brraucium MpoeKIHio JUIHHEL 3Be3/10J1eTa 1 3px, Ha OCH X, CHCTEMBI KOOpIHHAT

HUcnonwiysa ypaBHeHue JlopeHia, Haxoaum: 1'3p =



HckoMass TpoOeKIUs, TPEJCTaBIIeT OTPE30K MEXAY TOYKAMH X 3p-1 U X 3B-2,
PacTIOIOKEHHBIX Ha JaHHOU OCcH: 1'3p.x = X '3p2 — X 3-1. OCB X, pacIiooXXeHa B TOUKe Hadala
KOOpJMHAT, oceil y u Z, 3HauuT: y =0,z =0.

CremoBarensro: X' =V(x2+y'2+2?) =x".

ﬁ U 3HA4HT: |'3px = \{(113_]3—;);_32).
Cc

BrerancmmM mpoeKITio JUTHHET 3Be3/101eTa 1 3p-y, Ha OCH Y, CUCTEMBI KOOPIHHAT

HckoMass TIpOeKIUS, TPEJCTaBIIET OTPE30K MEXAY TOYKAMH Y 3.1 H Y 382
PacCTIOIOKEHHBIX Ha JaHHOU OCH: |'3p.y = ¥ 32 — ¥ 3-1. OCB Y, pacIoioxeHa B TOUKe Hadala
KOOpJIHAT, OceH X U Z, 3Ha4uT: X =0,z =0.

CremoBarensro: X' =V(x2+y2+ 22 =y

13 gero CICOYCT: X 3B-2 — X 3B —

lap_y

U3 gero cienyerT: y'sp2 — Y 38 = 3’3],32—‘%132_1, H 3HAYHT: |'3py = — v
V(1 - 2 ) \'(1—C—2

BrraucimM IpoeKITHio JUTHHEI 3Be3/10J1eTa 1 35z, Ha OCH Z, CHCTEMBI KOOPJIHHAT

Hckomasi TIpOEKIHS, NPEACTaBISECT OTPE30K MEXKJIY TOYKAMH Z'3p H  Z 3B-2,
PacIOIOKEHHBIX Ha JaHHOH OCHU: 1'3p-z = Z'3p2 — Z 3p-1. OCB Z, pacmoiio’keHa B TOUKe Hadaja
KOOpJMHAT, OceH X U Z, 3Ha4uT: X =0,z =0.

CremoBarensho: X' =V(x2+y'2+ 22 =2"

__Z3B—2 — Z3B—1

l3B Z
[ Vag2 Vap2
Va -39 Ja - =)

VYCcTaHOBHUM JIUTHHY 3Be3]0JI€Ta, Ha TPEXMEPHOI CHCTEME KOOp,[LHHaT. I'3p = \f(l‘ 3px” +
lzg_x2+ I35_y2+ l3_72

I'sp” +'3p7%) = V(= (1 _;'3—32) — ) T 13]3’332
c2
AHaJIOTUYHBIM MCTOOOM, MOKET 6BITB yCTaHOBJIeHBI, TaK K€ INIHPHHA b H BBEICOTa h
bzp . h3p

A -8y T A By

3 pacdeToB cleQyeT, YTO HCKPHBJIEHHE IIPOCTPAHTCTBA, HaOIIofaeMoe Ha GOpTY
AUMHAMHYCCKH OBHIKYIICTOCA 3BC3H0JICTAa, IIPHBOAUT K HACHTHYHBIM H3MCHCHIMIM BCCX
IIPOCTPAHCTBEHHBIX XapaKTEPHCTUK 00BbEKTa Ha CUcTeMe KOOPAHHAT: (X; V; z). IloaToMy, eciu
IIPOCTPAHCTBO Ha 60pTy 3BC310JICTa PACHIHPACTCA, TO OHO pacCIIUpACTCA BO BCC CTOPOHEI
OIHHAKOBO, IIPOIIOPITHOHAJIEHO H3MCHAA XaPAKTCPUCTHKH €I'0 AJITMHEBI, IIMPHHLI 1 BBICOTEHI - a
BOBCE HE 3aKPy4YHBAETCS B BBEITAHYTYIO BEpETeH000pazHyio (opMy, KaK 3TO OIMCHIBAETCS B

MpeACTAaBICHUAX O IIPOCTPAHCTBE MHUHKOBCKOTO.

W3 gero crnenyer: Z'sp2 —Z 38 = , 1 3Ha4UHT: 1 3p.7z =

3Be30MIeTa; b'sg =

®opmyaa 2(1)
a)I'1=I'x1x=Tyly=17z/1z
b)b'/b=b'x/bx=bv/by=b'zbz
c)h'/h=h'xhx=h'yyhy=h'zhz

KoHcTaTupyeMm, 94To MpOCTPaHCTBO Ha OOPTY JHHAMUYECKHU JIBIDKYIIETOCS 3BE3/I0JIeTa,
. 1 : b . h
OIIpeIeNsAeTCs CUCTEMON ypaBHEHHUH: | 3p = ﬁ, b'sg = ﬁ, h'sg = ﬁ
[Topy4unm yIsTUMaTHBHOMY HAOJIOATEN0, IPOCIEANTh 332 H3ITYYCHHEM HCTOYHHKOB
cBeta 2(3) u 2(1), pacmonoXxeHHBIX Ha OOPTY 3BE3/0JIETA.
B unTepBanme BpeMeHH Atp, AMHHA 3Be3oneTa cocTaBiseT lzg. [ mpeosoneHms
paccTOSHUS OT OJHOTO KOHIIAa 3BE3J[0JIeTa JI0 JAPYIroro, JIIydy cBeTa, TpeOyeTcs HWHTepBal

BpeMeHU At: Iz = CAt.



I3p
[ V3p2, -
\(1_ C2 )
ﬂﬂﬂ IIPpCOOOJICHUA PAaCCTOAHHA OT OAHOI'0 KOHITa 3BE3A0JICTa JO0 Jpyroro, Jydy CBETa,

TpeOyeTcs naTepBai BpeMeHHU At: '3 = CAt'.

B unTepBane BpemeHu At;, JUIHHA 3Be3/10JIeTa U3MEHAETCS /10 3HaUeHUs | 35 =

a TaK KaK
'\'I(l _ V3BZ)!

c2

CooTBeTCTBeHHO, BpeMs B cucteMe oTcueTa Ksp, yckopsercs: At' =

Ha 00OpTy 3Be3/10JIeTa MPOXOAUT OOJIBINE CEKYH/I, YeM 3a ero OopToM: At > At.
[Ipeamonoxxum, JIMHA 3BE3/I0JIETa, B Ngp pa3, OOJbINE JIUHBI BOJIHBI HCITYCKA€MOIO
13B
KBaHTa: Axg = ——. 3HAUUT, B MOMEHT BpEeMEHHU t;, JUIMHA BOJHBI KBaHTAa U3MEHUTCA
Ngp
. A
IIPOIIOPIIMOHAILHO H3MEHEHHIO PACCTOSHUI: A'yp = —

V3B2,-
N1 - Cz)

- . TKB At
COOTBETCTBEHHO U3MEHUTCS U €TO IIepuosq KOJIEOAHUIT: T kg = W, rae: Tk — —.
(1l — —==— n]{B
C2
AR .
CKOpOCTH 00BEKTOB HA 60pTy 3BE€3/0JI€Ta, ONIPEACIAIOTCSA (bopmyJIaMH: vV = E UV =
AR AR AR
€: — = — = const.

2 A ae

CnenoBaTenbHO, 7S YIBTUMAaTUBHOIO HaOMIO/aTeNs, OTCIIEKHBAIOIIETO MEPEeX0/l
3Be3/10JIeTa U3 cucTreMbl orcyera Ko, B cucreMy orcyera Ksp, HE HM3MEHseTCs HE TOJIBKO
CKOPOCTh CBETA, HO H CKOPOCTh OOBIYHEIX IIPEIMETOB, JIBIDKYIITUXCA Ha OOpTy: V' = V = const.

[TopyuyuM yIbTUMAaTHBHOMY HaOII01aTEN 0, IPOCIEUTh H3MEHEHUS, IIPOUCXOISAIIHE C
MYJIBTUT'PaBUTALIHOHHON BOJIHON 4YacTHIBI 2, B MOMEHTHI BpeMeHH tp H t;. B kadecTBe
IIpUMepa, UCII0JIb3yeM BHeNMHIOK MI'B, ¢ BomHOBBIM pagmycom Rpor.

B unTepBane BpemeHH Aty, Hccllegyemas BOJIHA, LUPKYIHPYET CO CBOEHM IIMHUU

HallpAKCHHOCTH, CO CKOPOCTBIO CBCTA: Vpor — C, a BBICOTa €€ BOJIHOBOT'O pajaHyca,

CTE
COOTBCTCTBYCT 3HAUCHHUIO: RPOT - 2_, Thac: Te - ICPpHOT OJHOT'O 060p0Ta BOJIHEI.
T

Yactuna 2, TOKOUTCSA Ha OOpPTY 3Be3/0JI€Ta, YTO JIa€T HaM BO3MOKHOCTh YCTaHOBUTH €€
E,C 4RPOTT[k€
Maccy mokosi: Rpor = ——, 3gaunt: By = ————.
41Tk€ C
[Ipeamonoxum, 9To 3a MpoMeXXyToK BpemeHH At, MI'B ocymiecTBigeT ne kKoinebaHuii:

At= NecTe.

. At
B unTepBane BpeMeHHU At;, BpeMs Ha OOpTy 3Be3jioieTa yeKopsaeTcsa: At = m.
C
CrestoBaTenbHO, JIJIS BBITOJHEHUS BOJHON, 3asBICHHBIX Ne KoyieOaHMI, 3a MHTEpBal
2 \ Te
BpeMeHHU At’, IEpHoJ] OJJHOTO KOJIEOaHHUSA JTOJDKEH UMETh 3HAUCHHE: T ¢ = W.
'\I 1 —_——
C2
YacTturia 2, Bce ele MOKOUTCS Ha OOpPTy ABIDKYINETOCA 3Be3/10JIeTa, YTO JaeT HaM
. E',C . _ 4R’porTke
BO3MOKHOCTh YCTAaHOBUTH €€ Maccy MoKosA: R 'por = i CIENIOBATENBHO! E'v= —
TKe
Al E Al
N3 gero caenyer: E'g = ﬁ. 31ech: # =E, spauur: E o = E.
VA --2) V1--

B oOmem cioydae, CBA3b 3HEPrHH YacTUIBI, ¢ (PAaKTHIECKUMH IIPOCTPAHCTBEHHO-
BPEMEHHBIMH HCKaKCHUSAMHU Ha 3BE3/0JIETE, BRIPAXKEHBI COOTHOIIEHUEM: '3 ~ A", At' ~ T'¢,
KOoTopoe Ipeodpa3zyercs B cuctemy ypaBHeHHI: E = kete, E' = E,

®Dopmyaa 2(2)
E =E

Paccmotpum, HaOmo1aeMoe H3MEHEHHE BOJIHOBOI'O PaJiyca MYJIBTUIPaBUTAIIHOHHOM
BOJHEI, Ooitee moapoOHo. [lockonesky: E' = Eo, T0: R'por # Reor.



3nech: Rpor = %, rze: VeorTele = VporAt = V((CAt)? — Ax?> — Ay? — AZ%) = s, 3HAUUT: s' # .

VYpaBHEHHE MOKA3bIBAE€T, YTO NPH IEPEXO0JI€ U3 OJHON CHCTEMBI OTCYETa B JIPYIYIO,
HHTEpBAIl MEXY COOBITHAMH, /I YIbTHMAaTUBHOTO HaOJIO1aTeNs He COOMI0IaeTCs.

PaccMoTpuM nipuduHbI, pacXoKAEeHUS 3TOTO BBIBOAA, ¢ rmocTynatamu CTO.

Jlemo B ToM, 9To cucrema otrcdera Ksp, SABISETCA CHCTEMOH, JIBIDKYIIENCA C
yckopeHueM. B unHTepBane BpeMeHH Aty = t; — tp, OHA IIOKOUTCA OTHOCHTEIBHO CHCTEMBI
orcueta Ko. A B uHTEepBane At; = t; — t;, ABUIKETCS OTHOCUTENBHO HEE, CO CKOPOCTBIO V3.

M3HayanbHO H3BECTHO, YTO COXpaHEHUE HHTEPBAJIIOB MEXKIY COOBITUAMH, B CHCTEMax
OTCUeTa, JIBIDKYIIUXCS ¢ YCKOPEHUEM, He 00ecTieunBaeTCsl.

Tem He MeHee, cucTteMsl oTcueTa Ko u Ksp, B crienuanbHOIl TEOPUH OTHOCUTEIBHOCTH,
OBUTH COYTEHBI pPABHOIIPABHBIMU, a MpoOjeMa HalW4dusi YCKOPEHHUS Y OJHOH U3 CHCTEM
OTCUeTa, pelleHa JIeIeHHeM HHTepBajla MEXIy COOBITUAMH, Ha O€CKOHEYHO Majible OTPE3KHU,
U TIOATOHOM pacdeToB, IOJ] TpeOyeMbIil pe3ylnbTaT, ¢ NOMOIIbI0 JuddepeHITnaIbHbBIX
YPaBHEHHI.

OpHUM U3 MOCIENCTBUII TAaKOTO OKPYIJIEHHS, SIBIAETCA PE3yIbTaTUBHOE YpPaBHEHHE
CTO: E’y = Eo, paxkTiyeckn JeBaJbBHPYIOINIEE 3aKOH COXpaHEeHN 3Hepruu. Ilockombpky oHO
IPUBOJIUT K YTBEPXKECHUIO, UTO IIpU Habope yCKOopeHUs, TpebyeMas 111 yCKOpeHUs 00beKTOB
SHEprusi, uepmaercsi U3 HeKuxX (QIyKTyaluii TMpOCTpaHCTBAa, pacCIleHHBAaeMBIX Kak
Oe3rpaHHYHBI HCTOYHUK JAPMOBOIT SHEPTHH.

B peiicTBuTENB HOCTH, TPUPOJIa HHUKOI/IA HE MO3BOJSAET, MOJTOHATh KaKHe-THOO
SIBJICHUS] K BEIMYUHAM, HE COOTBETCTBYIOIINM COOCTBEHHBIM OCHOBOIIOJIATAIONIHM 3aKOHAM.
A HeAOCTAaTKU WIH U3JUIIKU >SHEPTUd, OJaromoilydHO OKpPYIJIE€HHBIE, YpaBHEHUSMHU
MBICJIEHHOTO SKCIIEpUMEHTAaTOpa, Ha CaMOM JIeJle, HUKY/la He HCYE3aloT.

Ha ocHOBaHUHU HU3JI0KEHHOTO, OIIPOBEPTHEM IIOCTYIAT O COXpaHEHHH HHTEPBAJIa MEXTY
COOBITUSAMU, JIJISI B3AUMHO JIBIDKYIIUXCSA CHCTEM OTCYETA.

®Dopmyaa 2(3)
npu: veucr # 0
Ct #V(Ct) ~ (v1)?)
S £s

B koHTekcTe U3II0KEHHOTO, HEe OBUIO OBl M3IUIIHUM, OTKA3aThCcs OT MHUCTUIIM3MA,
IpPUJAaBAa€MOr0 IIOHATHIO MHTEpBaja MeXAy COOBITUSAMH, B COBpEeMeHHOI Qu3uke.
IIepemenHas, ommOOYHO Ha3bIBa€Masi HHTEPBAJIOM MEXy COOBITUSIMU, B I€HCTBUTEILHOCTU
OIHICHIBAaET OaHAJbHOE pACCTOSHHE, HAMOTAHHOE MYJIBTHIPAaBUTAI[HOHHON BOJHOMN, IIO
wromaau (dY; dZ): \.[((CAt)2 — (VAt)?) = vporAt. A U3MEHEHNUs ee 3HAYEHHUs, IPUBOJAT JIHIIb
K U3MEHHUIO0 MacChl MOKOS 00BEKTAa U BOJTHOBOT'O paJIyca €ro MyJIbTUTPABUTAIIMOHHON BOJTHBL.
EcTecTBeHHO, HUKAaKHX y>KaCHBIX MPOCTPAHCTBEHHOIIOJOOHBIX COOBITHIL, IIPU 3TOM K/1aTh He
cleayer.

[IpomomxuM wHccleoBaHHe, U MOPYYUM HaOIoaTento 2, MPOCIeAUTh U3MEHEHUS
YacTHIIEI 2.

Ha6moatens 2, mMO3UITMOHUPYEMBIH YIHTUMAaTHBHEIM HaOrogaTeneM OO0BEKTOM 2,
SIBJISIETCS MOJTHOIIEHHBIM YYaCTHUKOM IIPOUCXOJIAIIETO IIpollecca, IBIAACh TaKOIl JKe XKepTBoH
HU3MEHEHUH, KOTOphIE MMPOUCXOAAT C HAOIIOJaeMbBIMU UM OOBEKTaMH.

Jleno B TOM, 4YTO 3HAYEHHUS MAcCChl, pa3MEpPOB, YAaCTOT U MPOYHX IMOKazaTeleH, y
JBIDKYIIUXCS Ha OOpTY 3Be3/l0JIeTa MPEIMETOB, MOJIBEPraloTCA UACHTUYHBIM H3MEHEHUSAM:



,Ec’%, = IEW, r7ie HaOJIIo1aTenh paccMaTpUBaeTCs KaK MOJHOTPABHBIH
V1 -39 a--35
00BEKT, IJIe COOTBETCTBEHHO: E ' op — 2Heprusa oObeKTa.

[ToaToMy HaOmomatens 2, BBIHYXKISH H3MEpPATh YacTOTHI, B IPOIOPIHOHAIBEHO
HCKPUBJICHHOM BPEMEHHU, PACCTOSHUSA — B MPOIOPITHOHATHHO UCKPUBIEHHOM IIPOCTPAHCTBE,
a Macchl — B cpefie ¢ IIPOTIOPITHOHATFHO U3MEHEHHOI Maccoii, 9TO UCKII0YaeT BO3MOKHOCTh
O0OHapy>KEeHUS UM, TIPOU3OIIE ITNX H3MEHEHUII.

Hampumep, eciom HaOmromatens 2, TONBITAETCS H3MEPUTh  XapaKTEPHUCTHKU
COIIPOBOK/IAIOTIEH €Tr0 YacTHITHI 2, OH OOHAPYXXHUT, YTO MEXKY MOMEHTaMU BpeMeHH o U ti,
HUKaKIX U3MEHEHUN ¢ Hell He PON30IILIO.

B pesynbpraTe, y JMHAMHYECKH BIDKYIIETOCS HaOMIOAATeNs, BO3HHKAET JIOJKHOE
IIpeJICTaBIeHUE, YTO XapaKTePUCTUKH JBIDKYITUXCS BMECTE C HUM 0OBEKTOB, HE MEHSIOTCSA, a
XapaKTePUCTHKU 00BEKTOB, PACIIONIOKEHHBIX 32 IIpeJleJIlaMU 3Be3/10JIeTa — MEHSIOTCS B 00X0]T
3aKOHOB coxXpaHeHmsi. Korja kak, Ha caMOM Jielie, HW3MEHEHHSIM IIOJBEPIJINCH, CaM
HaOIF0/IaTeNh U COITYTCTBYIOIIHE eMy 00bEKTHI, KOTOphIe IPHOOPEN HOBBIE XapaKTePUCTUKU.

Hazosewm ganubni 3¢ ¢ekT, 3¢ PekToM N3MEHEHHOH CpebI.

OdeBUIHO, YTO OOHAPYXXEHHBIIT 3(QQeKT, MPEemITCTBYeT IOJHOICHHOMY aHaIN3y
IIPOUCXOJIAIIUX COOBITHI JUHAMUYECKU JIBIDKYIIHMCS HaOIOfaTelleM, IIOJBEpras ero
CaMoT0, IIPOTIOPITHOHAIBHBIM U3MEHEHUSIM.

[ToaTOMy TOOBITEIE M CBEICHUS, pacCCMAaTPUBAIOTCS YIBTHMATHBHEIM HaOIII01aTeIeM,
TOJILKO C YYETOM H3MEHEHHUI, KOTOPBIM IIOJ[BEPICSA TOCTABIIHUK JaHHBIX, OYYIH YacThIO
CUCTEMBL.

B nomomHenne ormeTHM, 9TO 3P (GEKT M3MEHEHHOU Cpejbl, B YaCTHOCTHU, SIBISETCS
IIEPBONIPUYMHON JUISI YTBEPKJICHHS, O COXPaHEHHH HHTEPBAIIOB MEXIY COOBITHSIMH, IIPH
IIepexo/ie B JIpyTUe CUCTEMBI OTCUETA.

HaGmroatens 2, BIOIHE MOJKET J0Ka3aTh 3TO SKCIEpHUMEHTalbHO. Beas He3aBUCHMO
OT TOTO, B KaKOil CHCTeMe OTCYeTa OH PACHOJOKEH B JIAaHHBIII MOMEHT BPEMEHH - Macca
COIIPOBOK/IAIOTIINX €T'0 YACTHUI] OCTAaHETCS JUIA Hero Hen3MeHHoi. Harmpumep, Macca mpoToHa,
Oyzer Beerga paBHa: 1,672x1077 xr, a macca snekTposa: 9,109x107! k.

B cucteme otcuera Ksp, Bce H3MEHEHUS PETyIUPYIOTCS C YIETOM SHEPr U, (paKkTHIecKu
noTpeOJIeHHON Ha ycKopeHne o0nekToB. HazoBeM manubni 23¢dekT, 3pdhexToM oOpeTeHHOTO
HUMITYJIBCA.

3MeHeHUsa YacTHUIIBI 2, KaK MBI YK€ BBEIICHIIIH, ompejesitorces Gopmynoii: E'g = E,
Exa1 . Eo(2
rpe: E = Eop = %, COOTBETCTBEHHO: E'o2 = %. Yactuia cyuraeTcs
\I(l_ c2 ) \I(l_ c2
(hakTHYeCKUM MOJIydaTeJeM SHEpPruu, HeB3upas Ha TO, YTO B JaHHOI cucTeMe OTcueTa OHa
IIOKOUTCS.

YacTtunpl 1 u 3, IBHKYTCSI OTHOCHTENBHO CHCTEMBI oTcueTa Ksp, ¢ HEeMHEpIIUAIbHBIMU
CKOPOCTSIMU: V N1 = V NI-3 = - V3B, [JIe: VN1 — 0003HaUeHHe HeHHepIiuaabHol ckopoctu. [lpu
3TOM, YCKOpe€HHE OOBEKTOB, HE HMEET JOJDKHOTO 3HepreTudeckoro obdecmeueHus: E'ip) =
E‘l(l) = E0(1) nkE 3(2) — E‘l(l) . E0(3)-

CBs3b 3HEPIUH, C HEUHEPLHAIBHBIM UMITYJIECOM Apni, BBIBEJEM U3 COOTHONIEHHS: Ap
= V(mxC)* — (m;C)?), mpeobpasys ero 10 Buaa: Ap'xriey = V(m'12C)? — m'y1)C)?) = 0 u

Ap 'N13(2) = V(m® 32C)? —m'31)C)?) = 0. U3 4ero cieayer, 4To CBA3b SHEPIUH U CKOPOCTH, ¥
. E
HEHMHEPIHAJIBHO JIBIDKYIIUXCS 00BEKTOB, OTCYTCTBYeT: E' = —

| VNIZ
VA -2

E'op2 =

=E, rge: vii d E.



®opmyaa 2(4)
a) Ap's1 = V(m'2C)’ — (m'1C)’) = 0

b)E =——=E,E=E(1 — 2

=E
'J(l % cZ )

IIpencraBneHue o Tmporeccax, MPOUCXOISANIUX C IHEPreTHYECKUMU COCTOSHHUSMU
HaOII0/IaeMBIX OOBEKTOB, IO3BOJIAET OoJjiee ITOJpoOHO, paccMmoTpeTh 3ddekT Jlomtepa,
BO3/IEHCTBYIONIUI HA H3yYeHUE HEUHEPIIUAIHHO JIBIKYIIIUXCSA OOBHEKTOB.

PaccmoTpum m3nydeHne HCTOYHUKA 1, ¢ MO3UIMN HaOmrogaTens 2.

DHepreTH4YeCcKOe COCTOSTHHE CHT'HAJIa JIAHHOT'O HCTOYHUKA, B HHTEpBalie BpeMeHH At,
onpenensercs cucteMon ypasHeHH: E kg1 = Exs-1, V'kB-1 = VkB-1, A kB-1 = AxB-1, T€: E'xp —
3HEeprus KBaHTa B cucteMme orcueta Ksp, Exp — Heprus kBanrta B cucteMe orcyeTa Ko.

B unrepBane BpemMeHU At;, U3IIydaTelnb, 0OpeTaeT BEKTOP HEUHEPIUAILHOH CKOPOCTH,
OTHOCHUTEIIBHO CHUCTEMBI oTcueTa Ksp: Vi = - V3 U HAUMHAET YIaIAThCA OT HaOJI0/1aTels.

HeunepruanbHplii BEKTOp CKOPOCTH HCTOYHHKA, HE IIOABEpraeT HaOI0jaeMoe
U3TyYeHUs, KaKUM-TTHOO U3MEHEHUSIM, U3-3a OTCYTCTBUS IPSIMOM CBSA3U ¢ 3Hepruei: E xp.1(2)
= EKB-](z), V‘KB-I(Z) — VKB-1(2), ?&‘KB-I(Z) = ;\KB-l(z)-

Opnako, HaOmrOaTeNs 2, HaXoauTcs moj 3ddexkTom u3MeHeHHON cpeabl. 11 cpaBHUB
U3IIy4eHHe UCTOYHUKA |, ¢ H3IydeHHeM HMEIONIETrocs B €ro paciopsKeHHH nctoaHnka 2(1):

i E'kg_1(2
E KB-2-1(2) — \,f(l—v;B;l)’ OH HpI/LELeT K BBIBO,[[y, qToO BHepl“Hﬂ H3queHHﬂ HCTOYHHKA 2, HEC
Tz
HO,[LBepPJIaCB HHKAKHM H3MCHCHHAM. E‘L.KB.Z-](Z) — EKB.Z-](]), a BHepl“Hﬂ H3queHHﬂ HCTOYHHKA

VNIZ
C2

1, mponopHHOHATEHO COKpaTHiIach: E'rxp-12) = EKB-l(z)\I (1 — ), tae: E'L — mokasarens

SHEPIUH, HCKKEHHBIH, 3 PeKToM N3MEHEHHON CPEeIbI.

AHanoruyHas CUTYyaIus, CKJIaJIBIBaeTCs C M3MEHEHUEM JITHHBI BOJHBI U IIepuoja ee
KoJeOaHu .

B cucreme otcuera Ko, CKOPOCTh CHTHama COOTBETCTBYET CKOPOCTH CBETa, IIPH 3TOM
CHCTeMa, YAAIseTcsl OT HaOIIoaaTelsl, CO CKOPOCTBIO VNI = - V3p.

VYcnoBus 3amadm, CBOAATCS K KIACCHYECKOMY ommcaHnio 3ddekra Jlommepa st
3JIEKTPOMArHUTHBIX BOJIH, H UMEIOT aHAJIOTHYHOE pPeITlleHHE.

DIEKTPOMAarHUTHBIX BOJIH, JIBIDKYIIHXCS HU C JIO CBETOBEIMHU, HH CO CBEPXCBETOBBIMU
CKOPOCTSIMH, B TIpHpojie He cymecTByeT. CKOpPOCTh CBETa, OJIMHAKOBa BO BCEX CHCTEMax
OTCYETa, a €€ CBA3b C XapaKTEPHUCTHKAMU 00BEKTOB, perymmupyercs ypaBHeHHeM: Axg = CTkg,
C= KKBVKB-

B manHOI cuTyaruu, JOTHYHO OBUIO OBI CBS3aTh SHEPTHIO YACTHUIIBI, C €€ IIEPHOIOM
konebanuii: Exp = ketia.

Vﬁéz), 10: T Lawa) = tmae V(1 — V}}‘f), TL—
ITOKa3aTelh MepHoja KoIeOaHui, HCKaXKeHHBIH, 3P (HEeKTOM H3MEHEHHOI CPeIhI.
HazoBewm, HaOmr01aeMoe siBIeHNE, HEHHEPITHATHLHBIM 3 dexrom J[omepa.
Habmogaemerii 3ddexrt, omucweBaercs dopmymnoii 2(4), IpHHUMAOIEH BHI A

E'xp_ Exp- \ .
YAAISIOMIEr0ocs CUTHAJIA: %1(2) = \f((%l(z))z - Ap'nP), tae: Ap'xi= 0.

ITockombky: E'rxp-12) = EKB-l(z)\I 1 -

HeuneprmanbHas CKOpOCTh, ¢ KOTOPOH JBIKETCA cucTeMa orcuera Ko, He o0iamaeT
CBA3bI0 C (pakTHUecKoil sHeprueii kBaHTa. ClleJIoBaTeIILHO, HAOIOJaeMble H3MEHCHUS
IoKazaTejeil CHrHaja, 0 3HAUY€HHH: T LkB-1(2), A L-kB-1(2) HIKOUM 00pa3oM, HE OTpa’karoT
JICHCTBUTEIIBHBIC IPOCTPAHCTBECHHO-BPEMEHHBIE XapaKTEPHCTUKH, HAaOJIIOIaeMOil CHCTEMBI
orcueta Ko — 3T0O HCKa)KEeHHBIE JJaHHBIE, ITOYIEHHEIE IToJ 3 ()eKTOM H3MESHEHHON CPEIbI.
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Ilepemectumcs B cuctemy otcuera Ko, u mopyunm HabmromarensMm 1 u 3, uccie1oBaTh
n3IydeHne HCTOgHuKoB 2(1) u 2(2).
Ilo100HEBII pacyeT yiKe IMPOBOIIICS.

B HHTCPBAJIC BpPCMCHH Atl, IIOKAa3aTCJId KBAHTOB, HU3MCHAIOTCA IIO[ BO3I[6?ICTBH6M
Exp-2-1(2) TKB—2-1(1)

3dexra obpereHHoro ummynsca: Expai2) = 1oy TKB-2-12) = (12 Ve Expa2) =
‘\I ——— ‘\I —
c? c2
Exg—2-1(1) . _ TKB—2-1(1)
| Vap2,» KB-Z-](Z)_ f Vap2, -
V(-2 V(-2

Ilepemectumcst B cucteMy orcdeta K;, u mopydnm HaOmomaTenro 2, HCCIIeI0BaTh
H3IIydeHne UCTOYHUKOB 2(1) u 2(2).

Ilo100HBII pacdeT, TaKXKe MPOBOIIUICS.

B unrepBane BpemeHHu At;, moKa3aTeld KBAaHTOB, U3MEHAIOTCA IIOJ] BO3/ICHCTBHEM

w bl 2 bl
3¢dexra n3mMeHeHHol cpeabl: E'rxp.i) = EKB-](z)\I(l — %) E'rxpap) = EKB-3(2)\/(1 —
VNIZ
c? )-

[Tomy4eHHBIIT pe3ynbTaT, MOJHOCTHIO MOJTBEPXKIAEeTCA 3KCIEPUMEHTAMH C POTOPOM
Me¢éccbhaynpa.

Hampumep, ecim MOTJIOTHTENs Pa3MECTHTh B IIEHTPE pOTOpa, a UCTOYHHK raMMa-
U3TydeHns Ha 000Jle — IpH BpaIlEeHHHd pPOTOpa, HCTOYHHK TaMMa-H3TydeHus oOperaeT

IMHAMHYECKOE YCKOpeHHe. B pesyibTaTe, IMOIIOTHTENS GUKCHPYET (PHOIETOBOE CMEIIEHIHE
Exp-2-1(2)

IMOCTYIIAIONIHUX KBAHTOB!: EKB.}] @ — \{(1 ~ V3p2.-
c2

Ecnu ke, B IEHTpe poTopa pa3MeCTUTh HCTOYHHUK FaMMa-U3JIydeHHs, a IIOTJIOTHTENh Ha
000Jle - AMHAMUYECKOE YCKOpEHHE, NpPH BpaIlleHUH pOTOpa, IMOIydaeT IOTJIIOTUTENh. A
HUCTOYHHUK W3JIy4eHUs, oOpeTaeT OTHOCUTEIBRHO HEro, HEHWHEepIHalbHOe YycKopeHune. B
pe3yibTaTte, MOINIOTUTENh (PUKCUPYET KPacHOe CMENIeHHE IMOCTYNAIoMUX KBaHTOB: E'Lxp-1(2)

= EKB_I(g)‘\I(l —_ Vg;z)-

BepreMmcs k mpoOiieMe HECOOTBETCTBHUSA IPOHCXOIAINX H3MEHEHHI, ¢ IOCTyIaTaMu
TEOPUHU OTHOCUTEIHHOCTH.

CTO yTBepKIaeT, YTO SHEPTHUA CUTHAJIA, OT yAAISIONIETOCS HCTOYHUKA CBETA, JOJDKHA
IIOKpacHETh, a PHEePTUd CHUT'Haja OT MPHOIIDKAIONErocs HCTOYHHKA CBETa — CMECTHTBCA B
(bHOJIETOBEIIT CIIEKTP.

PasHornacue perynupyetcs, HamuaueM HHBepcHoro 3¢ dexra Jlomrepa, 11 ogHOTO U3
HaOJIrogaTeeii.

B gactHOCTH, HcTOUHHK cBeTa 2(1), ymajsieTrcs OTHOCHTENILHO HaOmrogaTens 1, HO
HCTOYHHUK CBeTa |, TOYHO Tak ke, yIaeTCs OT HaOmroaTern 2.

AHaJIOTUYHO, HCTOYHUK cBeTa 2(3), mpuOIImKaeTca K HaOIIoaTeNo 3, HO HCTOYHUK
CBeTa 3, C TeM JK€ YCIIEXOM, IPHOIIKaeTcs K Hadmogaremo 2.

Cornacao CTO, oxun n3 HaOmrogaTenell OOHapyKHBAET, YTO Ha IOJyUYESHHEI CHTHA,
Bo3jeiicTByeT 3 dekt Jomrepa.

A ero ONmOHEHT OTCIEXKUBAET, YTO IOJIYYCHHBIH CHTHAJ, IIOJIBEPrCS HHBEPCHOMY
apdekty Jomrepa.

IIpu 3TOoM, mIpuBIEKaeT BHUMAaHHE OTCYTCTBUE UYETKOIl apryMEeHTaIlHH, CIy)Kallei
000CHOBaHHEM BEIOOpA, OIPEICIAIONIETO, CHTHAJI KaKOI'0 W3 HCTOYHUKOB IIOJIBEpracTCsA
apdekty Jlomepa, a CUrHAI KaKOro U3 HCTOYHHKOB — HHBepcHOMY 3¢ dexty Jlommepa.

Huxakux xpurepueB oTOOpa, OMPEAeIAIONIUX YCIOBHUSA, IIPU KOTOPHIX B BRIOpaHHON
CHCTEeMe OTCYeTa, MOXKET OBITh IPHMEHEHa O/THA U3 3TUX popmyi mpeodpazoBanusd, B CTO He
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cymecTByeT. UTo (haKTHYECKH OCTAaBIIET, BOIIPOC pacCIpeesieHUs 3THX HEpPaBHOIICHHBIX
METOJIOB pacdueTa, Ha IIPOU3BOJI MBICJIEHHOTO SKCIIEpUMEHTATOpa.

Ha camowm xe s1ene, JenerupoBanne MeTo10B pacduera 3¢ dekra Jlomiepa, CHMMETPUIHO
BIIHCBIBAIOTCA IO ITapaMETPhI OKPYIKAIOIEH Cpe/Ibl.

Jlemo B TOM, 9TO HH YaCTHIIGI, HU KBAaHTHI, He 0053aHBI I10JICTPAaNBATHCS 1101 BOCIIPHUATHE
HaOIr0/1aTeNsd, CIEAINETO 3a BOJHOBEIMH 3P eKTaMU.

A HaobopoT — 310 3hdekT Jlomiepa, JODKEH OTpakaTh (PaKTHUECKHUE MMapaMeTphl
HaOJIFOaeMBIX OOBEKTOB.

PaccMoTpuM 3T0 B paMKaxX TEKYIIETO MBICIICHHOTO SKCIIEpHMEHTA.

Hanpumep, uctounuk cera 1, ygansgercs oT HaOmromaTtens 2. HabmrogaTens BipaBe
IIPUMEHHTh IpsSMBIe IIpeoOpazoBaHms JIopeHIla, W YyCTAaHOBUTh, YTO IIOJYYEHHEIH OT
HCTOYHHKA CHTHAJI, mojiBepres 3¢ dexry Jlomnepa u cMecTWwiIcA B KPacHBII CIIEKTP.

Hctounuk cBeta 2(1), ymamsercs oT HaOmopmarens 1. OpHako i HaOIromaTeNs
JIEUCTBYIOT oOpaTHBIe TmpeoOpasoBaHua JlopeHIla, MO3TOMY TOJYYEHHBIH CHTHAI
nojBepraercs nHBepcHoMY 3 dekty Jlomnepa u cmenraeTcsa B pUOIESTOBEINH CIIEKTP.

Hctounuk cBera 2(3), mpubmmkaercs k HaOmomatemo 3. HaOmromatens Bmpase
IIPUMEHUTh IIpsSMBIe IIpeoOpazoBaHms JIopeHIla, W yCTaHOBUTh, YTO IIOJYYEHHEIH OT
HCTOYHHKA CHTHAJ, mojiBepres 3¢ dexry Jlomnepa u cMecTwica B pUOIETOBEIIN CIIEKTP.

Hctounuk cBera 3, mpuOmmkaeTcs K HaOmogaTtemo 2. OmHako I HaOIIOaTess
JIEHCTBYIOT oOpaTHBIe TmpeoOpasoBaHua JlopeHila, MO3TOMY TOJYYEHHBIH CHTHAI
nojiBepraeTcs HHBepcHoMY 3 dekty Jlomnepa u cMermaeTcs B KpacHBIN CIIEKTP.

Od4eBHIHO, YTO HU B OJHOM U3 CIydaeB, JIopeHIeBa MeTpHKa He HapyIaeTcs.

Beenem ompenenenne JUHAMHUYECKOIo Ilepuojia kKoseOanuii. JlaHHOE ompejeseHue,
IIPHCBOUM TOH YacTH KOJIeOaTeIbHEIX IIPOIIECCOB, KOTOpasi OKa3bIBaeT MpsIMOe BO3JICHCTBHE,
Ha U3MeHeHus >Heprun: te ~ E, kg ~ Exs.

M3MeHeHUs IIepHOoI0B KOJIEOaHUI Te U Tip, IPOUCXOIAT MPOIIOPITHOHAILHO H3MEHESHHIO
CKOPOCTH TE€YEHHS BPEMEHH B JIBIDKYIIEHCS CHCTeMe OTcueTa, IJie HaOirojaeMas JacTHUIla,
HJIH UCTOYHHK U3TyYCHUSA, HAaXOATCSA B COCTOSHUH ITOKOS.

CreoBaTebHO, H3MEHEHHUSA 3TUX MOKa3aTellell, mepeaaeT BCIO MOIHOTY HH(pOpMaIu
00 M3MEHEHHAX IIPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTepUCTHKAX, JAHHONW CHCTEMBI.

Ilockombky: tkpnks = At U Teone = At, TO: Tke 2 Teo S

TKB At Te—o At
IIpu ompeneneHUN MPOCTPAaHCTBEHHEBIX XapaKTEPUCTHK, YpaBHEHHE IIpeoOpa3yercs B

A‘}{B AR }L‘POT AR
HOBYIO (hopMmyiry: =—Uu—=—
Axe AR 2Apor AR

®opmyaa 2(5)
T‘]{B _ At ‘[‘e_o _ At
Tk At’ Te_p At

a)

b) l‘}{B _ AR l‘POT _ AR
Axg AR’ Apgr AR
AR '
— =—= const.
At At

BBesieM ompejeneHne HaBeJeHHOIO Ilepuoja Kolebammii. J[aHHOE OIpejeleHHe,
IIPHCBOUM DAa3sHOCTH 9acToT: Atre = V(12 + Tr¢?) mm Atxe = V(uw? + Tpxs?), He
OKa3bIBAIOIIEH HIUKAKOTO BIMSAHMS, Ha XapaKTEPUCTUKU OOBEKTA.

BBesieM ompejenieHne HCKaXKEHHOrO Ilepuoja Konebanuil. JlaHHoe oIpejeneHue,
IPHUCBOMM  YacTOTe KoJeOaHWil, TIpeTepleBINell M3MEHEHMS, II0J BO3JEHCTBHEM
HenHepruaibHoro 3¢ dexta Jlomiepa.
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HckaskeHne neprojia koiredbanuii, mpousormmemee ¢ MI'B, mnbo kBaHTOM, He oTpakaeT
IOJIHOIIEHHYI0 HH(OpMAINI0 O IMPOCTPAaHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHKAX CHCTEM
OoTCcYeTa, B KOTOPHIX OHHU pacronararorcs. 11ocKoIbKy H3MEHEHHUAM HOABEPraercs TOJIBKO
4acTOTA BOJHBI, BEIHYXKJEHHOI ITOJACTPOUTH 3Ty 9aCTOTY IO/l CKOPOCTh CBETA, a BOBCE HE €€
3HEpreTHYecKue XapakTepucTuku. [IpuyaeM, mprnoOpeTeHHBINH €10 B Ipoliecce, HaBeIEHHBIN
nepuo 1 koaebaHus Aty.¢, ATrxp - HE OKa3bIBaeT BO3/IeliCTBHS HEe TOJIBKO Ha YHEPTHIO, HO U Ha
CBsI3aHHBIE C HEU Bpems U pacctosHus: Aty d E, rae: E ~ At~ AR.

IlopyunMm, HabOmomatemsM 1 u 3, mpociaeanTh HW3MEHEHHS IIEPHOJIOB KOJeOaHHI
BHemHe MI'B gactunp! 2, B pa3IndHble HHTEPBAJIBI BPEMEHH.

B unrepBane Bpemenu Aty, BomHoBou paguyc MI'B, cocraBiser, B cucreme orcuera Ko:

E,C
RPOT - #, a €ro CKOpOCTB, COOTBGTCTByeT CKOpOCTH CBECTaA.
TKe
\ Rpot
B unrepBane Bpemenn At;, oH paBeH: R'por = —=—5-, B cucteme orcuera Ksp, e
V- 2382
C2

MI'B Bce Tak ke IpoJIoJDKaeT JIBUTATHCS CO CBETOBOI CKOPOCTHIO: V por = C.

Jlnsa mabmronateneii 1 u 3, neiskenne MI'B, pacnienuBaeTcs, Kak IUPKYISITHA BOHBI 11O
mwiomaan (dY; dZ) co cBeTOBOIl CKOpPOCTBIO, H OJHOBPEMEHHOE JBIDKCHHE C
MEPIEeHIUKYIPHBIM JTaHHOW IIJIOINAJIH, BEKTOPOM CKOPOCTU V3B: VMIB = \f(V‘PC,T2 + vsp?).
Oj1HaKo, CBEPXCBETOBBIE CKOpOCTH el 1y Habmromateneil 1 um 3, HeBo3MOXHEL IlosToMmy,
HapyIlIeHNe HUBEINPYeTCa HeMHepITHaIbHEIM 3 dekTom Jlomiepa — MI'B usMenser BrICOTY

BOJTHOBOT'O pajJinyca, 4TO IIO3BOJIAET €ii, CHU3UTh CKOPOCThH IUPKYILAIIUUA 33 YCTAaHOBIEHHBIN
R'por Rpor . V'3p2

nepuof Konedanus 1 Cte = . > VPoTTe = — =, T Rrpor=R POT‘j(l - C_z)

T T

N R‘POT Rp—_pot

COOTBETCTBEHHO: V' \rp = —2 = C, vars = V(=LY + v3p?) = C.
21TT€ 21TT€

U3 ypaBHEHUS CIIEIYET, 9TO ¢ TOUKH 3peHus HaOmroarTeneii 1 u 3, BEICOTa BOIIHOBOTO paIiyca

MyJILTHI PABUTAIIMOHHON BOJIHEI, B cucTeMe oTcueTa Ksp He nsmensercs: Rporo = VporTe-o/2T

= C1e-0/2m, Ripor-1 = V((CTe-l)z - (V3BT€-1)2)/ 27, rIe: Teq = % 1: Rrot0 = Re-pot-1-
Va--3-

A M3MeHeHUs IIpOYUX IIapaMeTPOB, COOTBETCTBYIOT YCIOBHUSAM COXpaHEHMs HMHTepBalla
MEXKIY COOBITHAMH: s = const, Tre: s = V((Cte)? - (vie)?) = VrorTe.

Bricotra BomHOBoro paamyca MI'B, B cucreme orcuera, SABISIONIENCS IS HeEe
NHEPIUAIIBHOI, OINpeJelsieT IIPOCTPAHCTBEHHO-BPEMEHHBIE XApPAKTEPHUCTHKH  JAHHOM
CHCTCMHBEI: Rpo"[ = AR, Te-0 — RPOT/C, At ~ Teo H R‘POT ~ AR‘, T‘e-o = R‘POT/C, At ~ T‘e-o.

ITorToMy BBIBOABI, cllelaHHbIe HaOmomatemamMu 1 u 3, u3 cucreMmsl orcuera Ko,
IpOTUBOpEYaT (aKTHUECKHUM pacdeTaM, OIPEEIAIONIM IPOCTPAHCTBEHHO-BPEMEHHBIE
XapakTepUCTUKHU B cucTeme oTcueTa Ksp: R'por # Ripor-1.

W3 4gero crmexyer, 9To 3aduKCHpOBaHHBIN HaOmomartemsmMu 1 u 3 a¢dext Jlomrepa,
SBJISIETCS. HEUHEPIIUAIBHBIM, U HE HeceT JOCTOBepHOU HHQopMamuu o HalIro1aeMoll UMH

cucteMe orcdeta Ksp.

®Dopmy.a 2(6)
IIpu: v # 0, s = 2nRLror, r1e: R rot # R'ror

Ha mabmomartens 2, cieasimiero 3a gacTuieil 1, nubo gactunei 3, geifictByeT 3¢ ekt
H3MeHEeHHOIl cpeanrl. HabmomaTens cunTaeT, 9T0 B MOMEHT YCKOPEHHs, BOJTHOBOU pauyc
MI'B comnpoBokarorieii ero 9acTHIsl 2, He m3MeHWwICS: R 1por-2 = Rpor-2.

Bonuoroii paguyc MI'B gwactuner 1, mensiie BomHOBoro pagmyca MI'B gactuer 2:

V'3p2

\ Vg2 \
Rpor1 =R POT-z‘j(l - é? ), 3Ha4uT: Ry por1 = R L-POT-z‘j(l - C_Z)




) Ry _por—
IToCKONBKY: V' Mre1 = \f((z—l)2 - vwr’) = C, To Habmonarens 2, CTaHOBHTCH
T

Ry, _poT-1

cBujieTesieM HHBepcHOTO 3 dekta Jlomaepa: R rpor-1 = m =R LroT1-2.

U3 gero cimemyer, 9TO HE3aBHCUMO OT TOTO, IIOKOUTCS JIH HAOIII0TaeMbIll O0BEKT, I
JBIDKETCSI C JIMHAMHUYECKON MO0 HEWHEpITHATLHOH CKOPOCTBIO - C TOYKH 3pEHUS
HEMOJIBIDKHOTO (PU3MYECKOTO HAOIoIaTeNss WHTEPBAl MeEXAY COOBITHIMHU, IS HETO
coOroaeTcs Beera: sy = const.

Paccunraem ¢akTHUeCKHi HHTEPBAJ MEKTY COOBITHAMH, JUIS YaCTUIIBI, IBIDKYIIIEHCS C
HEHHEPIHAJIbHBIM BeKTopOM cropocti: s = V((Cte)? - (varte)?).

, 3HAUUT: V; VNI
2keC? Nrte 2keC?

[ockonpky: mvyr = 0, To: s = V((Cte)? - (varte)?) = Cre.

3 ypaBHeHus ciexyer, uro >(gdexr Jlomnepa, HaGIIOMaeMbIi y HEHHEPIHAILHO
JIBIDKYIIErocsl 00BEKTa, ABIAETCA TaK K€ HEHHEPIHAIbHBIM.

OOpaTuM BHHMAHHE, YTO OIIPEJEIeHHAS MBICIEHHEIM 3KCIIEPHMEHTOM, IIO3HIIHS
Habmomatensd 2, B KOPHE OTIMYAeTCs OT IIO3UIUH HaOJIOAaTeNs, HCCIEAYIOMEro CBET,

H?,JIy[laeMHﬁ y6eTaIOHIHMH TraJlJaKTHKaMH. V,[LaJIeHHe H36JIIOI[36MBIX TaJIaKTHK, TOYHO TaK K€
__Bo _
[ Vyg2,°
\(1_ C2 )

351ech: Te =

IpoHCXOAUT Oe3 BO3JIEHCTBHUSA CKOPOCTU yOeraHus, Ha sHepruto: E # TO €CTb

OCYHICCTBIACTCA C HeHHepI_IHaJIBHOfI CKOpPOCTEIO.

O,[[HEIKO caM H36JIIO,[[3T6JIB, ,[[HHaMHIIeCKOfI CKOpPOCTEIO HE 06J13,[[36T H IIpHPaBHHUBATL
€TI0, K IIMJIOTY 3BC30JICTa HCJIL3A.

Bzaumnuoe YAAJICHHUC 06’LGKTOB, IMPOUCXOJUT 3a CUCT pPAaCHIUpPCHHA IIPOCTPAHCTBA
MCHKIY HHUMH, IIOSTOMY IICPCMCCTHBIIHNCE B CHCTCMY OTCUCTA y,uanmomeﬁca TaJIJaKTHKH, MBI

OoOHapy’>XmM, 4dYTO HaONIOJaTelb TOYHO TaK JKe, JIBIDKETCS OTHOCHTEIBHO Hee, C
Eo—_HaBn

V(1 - HABIZy

IlocTaBuUM TIepCIIEKTUBHYIO 3ajady — cOoOpaTh JdaHHEBIE, TpeOyeMble I pacdera
N3MEHEHHI CIIEKTpa BOJH M YacTOTHl, IOCTYHAIOIIUX OT OOBEKTOB, ABIDKYIIUXCS C
HEUHEPIHUAJIbHBIMU CKOPOCTSIMU.

PaccmoTpuM, KuHeMaTH4YecKHE€ CBOICTBA YaCTHIIBI 2, IIPU CJIEKEHUH 3a HEH,
YIBTUMATHBHBIM HaOJIOJaTelIeM U3 pa3INdHBIX CUCTEM OTCUETa.

Jlna gero pacrnpeaenuM npomexyTounble cucteMsl orcueta K, Ko, Ki, npmkymmuecs
OTHOCHTEIBHO CUCTEMBI oTcueTa Ky, B IIpejienax cKkopocTeil: vig > v > 0.

Paznemuwm, ypaBuenne: E° = E, Ha coctaBmatomue. [lockoneky: E /2 = €, roe: € = Wx
+ Wpor, T0: W'k + Wpor = Wk + Wpor.

VYcranoBuM npeens! GyHKIUU 711 ypaBHeHUS: llm Wk (v - ) = €, Ilm Wpor v - ) =0
u lim W‘K v —0) — 0 Im W POT (v' — 0) — = 0-

HeHHepI_IHaJIBHOfI CKOPOCTBIO: VHABI — VNI, COOTBCTCTBCHHO! Enasn #

®Dopmyaa 2(7)
W'k + Wpor = Wk + Wpor= const
lim Wg v—o0 = € lim Wport v—o0 = 0
lim W’ KV -0~ 0 lim W’ POT(V —0) = =€

)% YPaBHCHHA CIICOAYCT 4YTO, IICPEMCIIA’AChE MCKIAY STHMH CHCTCMaMH, yJIBTHMaTHBHBIfI
Ha6JIIO,[[aTeJIB 06Hapy}KHT, YTO HU3MCHCHHIA BHYTPCHHCI'O OSHCPICTHYCCKOI'O COCTOMAHHA
Ha6JIIOI[aeMOI‘O 06’LGKT3, IMPOUCXOIHT 3a CUCT IIPpAMOI'O Hp606pa30BaHH§I €ro KMHEeTHYEeCKON



U NOTEHIMAIbHON 3HEpruil, Apyr B Jpyra. To ecTh, OCYIIECTBISETCS B COOTBETCTBUH C
TpeOOBaHUAMH KJIaccHUecKoil MexaHuku HrploToHa.

Ilocnennee ypaBHeHHE, 3aBepIIaeT OIMCAHHE OTHOCHTEIBHOI'O 3aKOHA COXpaHEHHS
sHeprun: E° = E - 3Heprus o0bekTa, UMEIOIIEro HEeHHEPIIHAILHOE YCKOPEHNHE OTHOCUTEIIBHO
HaOIroaTe s, JBIKYIIETOCS ¢ COOCTBEHHBIM JHHAMHYECKUM YCKOPEHUEM, HE H3MEHSETCA.

VYCTaHOBIEHHBII NYHKT 3aKOHA, HCKIIOYAaeT BO3MOXHOCTh OIIOCPEAOBAHHOTO
BO3/elicTBUA HaOmIo/aTens, Ha OKpyXKalwlyloo cpeay. HalOmrogaTens MoOKeT JeTaTh ¢
CyOCBETOBBIMU CKOPOCTSIMH, BpaIllaThCs, MPOU3BOAUTH KojeOaTelabHbIE BIDKEHUS — Ha
OKpy’KaromIyro ero Beenennyro 3To He Bo3aeicTByeT HuKkak: 2E = XE’, rae: 2XE — cymmapuas
SHEPrusi HaOII0aeMbIX OOHEKTOB.

®opmy.a 2(8)
2E = const.

HazoBeM U3I0KEHHYIO TEOPHIO, IPAKTHIECKON TEOPUEH OTHOCUTEIBHOCTH.

OcHoBHoll npuHnun IITO, BelpaxkaeTcs B M3MEHEHHU IIPEJCTABIECHUN, O CBONCTBAaX
CHCTEM OTCYETa.

B CTO, cucrema orcdeTa, paccMaTpuBaeTcsi KaK HEKasg CHCTeMa KOOpJUHAT,
U3MEHSIONAasi CBOMCTBAa OKPYXKAIOMIEH Cpeabl, HpOCTO B CWIy ¢aKTa IPUCYTCTBUI
HaOJIromaTend B HEM.

B IITO, nepBUYHBIMHU CUHUTAIOTCA YHEPreTHUECKUE U3MEHEHHS, MPOUCXOAIINE KaK C
00BEeKTaMHU HaOIIOZIEHIs, TaK U ¢ HaOIroJaTelIeM IIpU IepeXxo/ie B IPYIyI0 CHCTEMY OTCUETa.
31ech, KIIOYEBBIM (AaKTOPOM H3MEHEHHH IIPOCTPaHCTBEHHO-BPEMEHHBIX XapaKTEPHUCTHK
OKpy’Karomell HaOroaTeNsd cpelnl, SABIeTCA He (akT, ero mepexoja B APYIYIO CHCTEMY
0TCYEeTa, a YHEPreTHUECKOe BO3/IeHiCTBHIE, OKa3aHHOE Ha HAOJIIO1aTellsl, KaK Ha YaCTh CUCTEMEI,
JUI oOecredeHns Takoro mnepexoja. I13-3a dgero, Takue HCKaXeHUSA MIPOCTPAHCTBAa-BPEMEHH,
MOT'YT HaOJIIO/IaTh TOJIBKO (PM3NIECKUE HaOIIOaTeIIH.

JIns  yIsTHIMAaTHBHOTO HaOIIogaTellsd, CHCTeMa OTcYeTa, paccMaTpHBaeTcs, Kak
JIBIDKYTIIAsICA TOYKa 0030pa, IMMO3BOJIAIOIAS HCCIEI0BAaTh O0BEKTHI, C pa3INIHBIX PaKypCOB, U
HE OKa3bIBaloIas Ha HUX, HUKAKOro BIusHUA. [lo3ToMy, MpocTpaHCTBO-BpEMs, OIUCHIBAETCS
JUIA HETO, INIOCKUMHU JIEKAaPTOBBIMHU KOOPJIMHATAMU, C PABHOMEPHBIM TE€YEHUEM BPEMEHH.

UTo MO3BOJAET €MY, IPOCIEIUTH 3a OCIEACTBUSAIMH SHEPTETUUECKOTO BO3/I€HICTBUS Ha
dbmngeckux HaOmrogaTeNell - M3MEHEHHEM aKTHBHOCTH HaOIrofareseil, IMpOHCXOISIINM
BCJICJICTBHE YCKOPEHHs, TU00 3aMeIJICHHS BpeMEHH, a TaK)Ke 332 H3MEHEHHEM CBOMCTBEHHBIX
M ra0apHuToOB, CBI3aHHEIX C H3MEHEHHEM IIPOCTPAHCTBEHHEBIX XapaKTePHUCTHUK.

IlogBenem uTorn BTOPOM 4acTHU:

1) ®aykTyanuii mpocTpaHcTBa He cymecTByeT. CoxpaHeHHEe SHEPTrUM COOJIOJIaeTcs Kak B
paMKax OJTHOI CHCTEMBI OTCUETA, TaK U IIPU MEPEX0Jie MEKAY pa3HBIMH CUCTEMAaMU OTCYETA.

2) BpeMeHUII0JOOHBIX U IIPOCTPAHCTBEHHOIIOJOOHBIX COOBITUH HE CYIIECTBYET, IIOCKOILKY
OaHaJbHOE M3MEHEHHE TPASKTOPHUH JBIDKEHUS BOJHBI, HE CIIOCOOHO IPHUBECTH K HACTOJIBKO
(haHTACTUYECKHUM pe3yIbTaTaM.

3) BpeMms Ha 3Be3/10JIeTe, ABIDKYIIEMCS C JUHAMHYECKHM YCKOPEHHEM, YCKOPSETCA, a BOBCE
HE 3aMeISIeTCA, KaK YTBEPIKJIAeT O TOM, TEOPUS OTHOCUTENBHOCTH. 3-3a Wero, yjaeTeBIIHit
Ha 3Be3/]0JIeTe OJIM3HEI], COCTApUTCS paHbIIle, YeM OJIM3HEIl, OCTABIIHICS €T0 XX/1aTh.

YACTD 3.

CdopmupyeM ycIoBHSI HOBOH 3aJ[adH.



IIpeanonoxum, B MOMEHT BpEMEHU ty, cucTemMe oTcueTa Ky, MOKOUTCS MPOU3BONLHAA
YacTHIla, ¢ 3Hepruen nmokos Eo.
B moMeHT BpeMeHU t;, 00BEKTY co00IaeTcss JUHAMIYeCKIH UMITYJIBC: P; = MV, 9TO

IIPUBOJUT K U3MEHEHUIO €ro 3Hepruu: E; = %, TJie: Vi — CKOPOCTh OOBEKTA.
1 -3

[IpeamonoxxuM, YTO [ABHXKEHHE OOBEKTa, HAIPaBIE€HO BJOIb OCH X, CHCTEMBI
KOOpJHHAT: Vi = Vx.

B MomeHT BpeMeHHU t, CKOPOCTh YaCTHIIBI, BO3pacTaeT 0 3HAYEHUS: V, > Vi, 32 CUET
COOOIIEHUS €My, IOMOIHUTEIHHOIO JUHAMUYECKOTO UMITYIbca Ap2: P2 = My V.

[Ipeamonoxum, YTO ycKOpeHHe OOBEKTa, HaMpaBI€HO BJOIb OCH Y, CHCTEMBI
KOOpJUHAT: Ap: = py.

B MoMeHT BpeMeHH t3, yacTUIla cOpackIBaeT YacTh BO30YKEHUS, Iepe/1aBasi BHEITHEMY
00BEKTY YacTh CBOETO UMMYJbca Aps.

IIyctb: Aps = Ap,. Torga, B MOMEHT BpeMeHH t3, OOBEKT BO3BpPATUTCA B COCTOSHHE,
COOTBETCTBYIOIIIEE MOMEHTY BpeMmeHHU ti: E; = E;.

VYcTraHOBUM, YCKOPEHHE YacTUIIBI AVy, B MOMEHT BPEMEHU tr: Avy ~ V) - vi.

O4eBHIHO, YTO MPUMEHEHHE 3aKOHA CII0XKEHUA CKOPOCTEI, /IS OIpeeIeHIs HCKOMOTO

Vg + U B

U U, > Y
Ja+-2- X

YCKOPCHHA AVz, B CHCTCMC KOOpPIHWHAT: (X, Y. Z), 6yﬂeT HCKOPPECKTHO. UX .
Uy +D __ Ugz+0D
| YU Z7 7 U7U
\(1+ \(1+C—2
HOCKOHBKy AaHHOC YpaBHCHHEC, OIIMChIBACT ABIDKCHHC BOJHLI C ITPOU3BOJILHBIM
BOJIHOBLIM paJHyCOM RPO.N, BIOOJIb ocelt PHHep60JIH[IeCKOfI CHCTCMBI KOOpPJIHHAT: (X(X, Y. Z),
Y, Z) H K IBHXXCHHIO YaCTHIIBI, BAOJIb Oceﬁ, HpOCTpaHCTBeHHoﬁ CHCTCMEBI KOOPpAHUHAT: (X, Y.

Z), HMCCT JIHIIL OITOCPCAOBAHHOC OTHOIICHHC.

U‘X+U o U‘Y+U o U‘Z+U o o 2
UXU U‘Zu)a UX—V—V(UX +

B cucreme ypaBuennii: Ux = =—p5> YUz =
Va+ == Y J(+

Ja+ =2~

vy? + Dzz), Uy =vsk, Uz =vVrap, U — CKOpOCTB CHCTEMBI OTCUYETa.

IlosToMy TpeOyIOTCA HECKOJIBKO HHBIE METOBI PEIICHUS 3aJaqH.

Ilepemectumcss B cucremy otcdeta K;, U mpocieuM 3a MPOUCXOAAINIMMHU
N3MEHEHUIMH.

B umtepBanme Bpemenu: At'; = t, — t';, 4acTHIIa HAXOJUTCSI B COCTOSHUH ITOKOS,
OTHOCHUTEIBFHO HaHHou cucteMsl: v1 =0, E'1 =E;, tme: E'1 = E'.

B untepBaiie BpeMeHU: At'; =t'3 — t'5, 9acTHIIA JBIDKETCS CO CKOPOCTBIO AV ', — TJIe:
AV’ ; — CKOPOCTH YaCTHUIIBI, OTHOCUTEIHHO CUCTEMBI OTCYETA.
m 4

Macca o00bekTa, H3MEHSETCS B COOTBETCTBUH ¢ GopMylIoi: m'; = yoe
2

V(1 - )
IIpeobpazyem dpopmyay 1o Buga: (m'>C)* — (mAv ;) = (m';C)?% otkyma: Ap > = 2AV 2.
BepHemcs B cucTeMy orcdeTa Ko, H IpooDkuM HaOIIOIeHIE.

AR AR

AR
IlockonpKy: Vv =—, Te: — = — = const., To: Avy, = AV 2.
At At At

IockoIBKy: Mz = M2, TO: MxAV2 = m AV 2.

3uaunt: (mxC)? = (mpC)* + (myvi)? + (meAv,)2.

B unrepBane BpeMeHu: At; = t; — t;, yacTuia o01aqaeT IMITYJIILCOM MV, U MacCoi my;.

B unrepsaie Bpemenu: At, = t3 — t, K I€pBOHAYAIBHOMY HMITYIBLCY, JOOABIAETCS
HMITYJIEC: MyAV2, @ Macca 00bEKTa MEHAETCS JI0 3HAYEHUS: My.

[Ipeobpasyem ypaBHeHne: (m;v2)* = (myvy)? + (meAV,)?, 10 Buga: (mov,) = (mavip))” +
(m2AV2)?, TJIe COOTBETCTBEHHO: M V] = MaVi(2).



m Av,?
(1_—;"22, T0: Vi) = viN(1 — C; ).

ITockombky: m; =

HabmomaeMoe H3MEHEHHE CKOPOCTH, OOBACHAETCS 3aKOHOM COXPAaHEHHs HMIIYIbCa.
Macca 9acTHIBI BO3pacTaeT OT OOpeTeHHS HMIIyIbca HAa OCH y, a €€ He H3MEHHBIIEMYCH
HMITyIIbCY Px, HPHXOJUTCH IIEPEABUraTh OOBEKT OOJBIIEN MAcChHl, BHIHYKIECHHO CHIDKAs
CKOpPOCTB: mM;V; = mMyVyz) = const., my) > my, Vi) < Vi.

YCTaHOBHM PE3YIBTATHBHYIO CKOPOCTh 00BEKTa: V2 = V(ux® + Vy?) = V(Vl(a)z + Avy?) =

Av,” Av,? €% - Av,? c2 - Av
2 2 2 _ 2 . 2 2 2
V(vi2(1 — ) + Avy? ) 3,[[605 1 - (:2 =~ > 3HauHT: V(vy (—) + Avy?) =
Lol L P e ).
22 2 2 2 2 2 22 2 2 2 2
. _ Vi C - Vi AVQ +C AVQ . Va o Vi C - Vi AVQ +C AVQ
[ToCKOIBKY: V2 = V( = ), To: (1 — F) =(1- pr )
C* = v, C% + v, 2Av,%— C2Av,~ (€% = v12)(C2 - Av,?)
B Cc* B Cc*
B TakoM cirydae, H3MEHEHHS MacChl 00BEKTa, OYIYT BRIPa)KEHBI COOTHOIIICHUEM: M) =
11, m m . 1
—02, m = —;, m; = n 2 — B cucreMe orcuéta Ko, 1 BEIpakeHHeM: m',
-2 V(1 - 22 V(1-2%)(1- %)
m‘l

=—. 7> B CHCTeMe otcuéra K.
V(1 -=9)

Haﬁ,ueM COOTHOIIICHHEC BCKTOPAa CKOPOCTH Av;, B OTHOIIIEHUH BCKTOPOB V1 H Va.

2 2
5  V1%AV,

ITockombKy: v, = V(viA(1 »%), T0: v2F = vi*(1 =t - =
Av-2(C2 — v, 2 2 2_y. 2
+ Ava? = v? - kBN 8P ((:2 i) - AV — %) 3Ha4uT: Avy = \f(v—z v‘i; ).
1 RIS
c2
®opmyaa 3(1)

npu: v2 > vy > 0 mm: v < vy <0

Av,?
V2= \j(Vl(z)z + szz)’ rae: vie) = Vl'\l(l - c_i)

vo2—v z
Avy = \j(—z ” ; )

1 -1

c2

mi = L m; = my m; = my

(¢ ——2 N1 —‘“"22)’ «l((1 —‘“"22)(1—‘::1—22))

IlepeiineM K HccIeIOBaHUIO TPETHETO 3Talla YCKOPEHUS.

B unrepBaie BpemeHu: At, = t3 — tp, 9acTuIa JIBHIKETCS CO CKOPOCTBIO V2 H 00JagaeT
sHeprueit E; m ummymbcoM mpv,. Ilpoexmus mmmynbca oObeKkTa, HA OCH X, CHCTEMBI
KOOpJMHAT, paBHA: M,Vi(2), @ IPOEKINA UMITYJIbCa Ha OCH Y: MyAVa.

B untepBane BpemeHu: Atz = ts — t3, 0OBEKT CKUABIBAET YaCTh YCKOPEHUS, HA OCH Y,

CHCTCMbLI KOOPAHHAT, YTO IIPUBOJAHUT K IIPOIIOPIHOHAIIBHOMY M3MCHCHHIO HMITYJIBCA, Ha 3TOM
AV32

: - 2 2 .
ocrt: msAvs = V(mzC)? - (msC)?), rae: ms = moV (1 — p ).
[lpoexmus mMITynbca, Ha OCH Ha OCH X, CHCTEMBI KOODAHMHAT, PABHBIH mM,Vi(2),
M3MEHEHUSM He TOJ[BEpraeTcs, U OCTAeTCs B IIPEKHEM BHJIE.




B pPeE3yibTaTe, JaHHajg IIPOCKIHA, OKA3bIBACTCA BRIHYIKICHA IBUI'ATh 00BLEKT MEHBIIEH
MAacChbI, 4TO IMPHUBOAHUT K IPOIIOPIHOHAJILHOMY H3MCHCHHIO CKOPOCTH 06’LGKT3, Ha ,[[aHHOi:I

Vi(2)

OCH: MyVi(2) = M3Vy3). Ilockompky: ms = my\ (1 VIO T T P
V1 -——
C
®opmyaa 3(2)
npu: vi > vy > 0 mm: vi < vy <0
v
V3 = (V1@ - Avsd), re: Vi) = — 2
1 -=3)
_ ﬂ\’32
mg AV32 mo'\/(l c2 )
m = —2, ms = mz'\l(l , N3 = —vzz
va- (1-%)

Paccmotpum Hepekue cirydan, KOT/ia JIBIDKYIIUICS OOBEKT, B pe3yJIbTaTe COOOIEHUS
€My BCTPEUHOIO0 HMITylIbCa, IIOAyYaeT YyCKOpeHHe B OOpaTHOM HaIlpaBICHUH, OT
IIEpBOHAYAILHOTO BeKTOpa ckopocTu: vi > 0, vo < 0.

B sToM cnydae, yckopeHne 00beKTa, HEBO3MOXKHO IIPOCYUTATh HANIPSIMYIO, H pellIeHHe
cleyeT pa3/lelIUuTh Ha JiBa dTala.

Korga mHa mepBoM 3Tame, dacTHIla H30aBIAeTCS OT UMITyJIbca myVi, MEpexojs B
cocTosiHHE MoKos B cucteMe orcueTa Ko. IIpu pacuere ucnonsizyetcs dopmyna 3(2).

A Ha BTOpOM 3Talle — HabupaeT YCKOpPEHHe U JOCTIDKEHUS CKOPOCTH V! By = %

Va1-2%
IIpu pacuete ucnons3yetcs popmyna 3(1).

Takum oOpazom, mpumenerue ¢opmyn 3(1) m 3(2), yMecTHO IJi1 ONHMCAaHHS BCEX
CIIy4aeB IUHAMUYECKOI'0 YCKOPEHUS 00HEKTOB.

M3meHuM ycinoBus 3a7aqm.

[IpeamonoxxuM, B MOMEHT BpeMEHH t;, 4acTUIle coo0IaeTcs YCKOpEeHHEe He BAOIb OCH
X, CHCTEMBI KOOP/IUHAT, a B IPOM3BOIBHOM HarpaslIeHui: vi = V(vx.1% + vy1? + vz42).

B MoMeHT BpeMeHH t;, 9acTHUIle COO0IaeTcs JOMOIHUTEIbHOE YCKOpeHue Av,, KOTOpoe
B crcTeMe orcueTa Ky, Tak e o6l1aaeT IpoH3BOIBHEIM HampaBiIeHHeM: Av'; = V(Av x>
AU‘Y.zz + AD‘Z.zz).

B 5TOM Cilydae, KOHEUHBIH BEKTOP CKOPOCTH, IPHMET BHI: V2 = V(x> + Vyo? + vz.57).

B MoMmeHT BpeMeHHU t3, YacTUIla JIUIIAETCS YaCTU YCKOPEHUS: V3 = Va - AV, TJIe BEKTOP
HEHHEepIHaIbHOU CKOPOCTH AV 3, 00J1a/1aeT B cucteMe oTcueTa K, Takum me IIPOU3BOJIBHEIM

HaIlpaBJICHUEM, KaK U BC€ OCTaJbHBIC BEKTOpa: AV '3 = \f(Au“X_f + Av' 'y + Av' 233,

w Mg m; Mg
Hu onHO U3 cucteM ypaBHEHUI: m; = Tz M T o my = >
- a2 (-2 (- %)
C2
Ir ﬂng
mg, \f AV3 mo\(l— c2 )
MMy = — -, M3 = M (1 -—=).m= 7 57| > OHCBHIBAIOIINX CBA3b SHEPIHU CO
o %)
c2 c2

CKOpPOCTBIO, HHUKAK HC 3aBHCHMEI OT 3HAYUCHHA HpOGKI_[HH CKOpPOCTH Ha CHCTCMEC KOOpAHHAT.
HOCKOHBKy H3MCHCHHC CKOPOCTH, OIIHCBIBACTCA HOpeHI_[eBBIM YPAaBHCHHCM UX .
Uy +0
T Iy Ux = V(vx® + vy? + v7?), U IPOUCXOIUT HE3aBICUMO OT 3HAYCHIS STUX IIPOSKIHUIL,
'\| —
c2
Ha OCAX: X, Y, Z
CﬂeﬂOBaTeHBHO, SHCPICTHYCCKHEC H3MCHCHHA 06'BeKTOB, KaK IIPpH IIOJIOKUTCIIHOM, TaK

H IIpH OTPHOATCIBHOM JHHAMHYCCKOM VYCKOPCHHH, OIIMCBIBAIOTCA OJHHAKOBLIMH



YPaBHEHHUSAMU, HE3aBHCHMO OT TOTO, IIOJ] KaKUM YIJIOM PAacIIOIOKEHBI BEKTOpa CKOpoCTell
3THX 00BEKTOB, OTHOCHUTEIIEHO OCEIl CHCTEMBI KOOPIMHAT.

IIpoBepuM nanee, 3aBUCAT JIU 3HaYEHHUS IIPOEKITHII pe3yIbTaTHBHOM CKOPOCTH O0OBEKTA,
OT IIOCJIE0BATEIBHOCTH COOOIIEHHS €My HMITYJIbCA.

IIpemnonoxxuM, B cucreMe orcdeTa Ko, B MOMEHT BpeMeHH to, BIOJIb OCH X, CHCTEMBI
KOOPJUHAT, C OITUHAKOBBIMH CKOPOCTAMH: V(1) = Va(1), ABIDKYTCS 9acTHIBI 1 U 2, ¢ 0IUHAKOBOI
MacCOl IIOKOS: Mo(1) = Mo(2).-

B MoMmeHT BpeMeHH t;, IpUAaauM 9acTUlle |, TUHAMUYECKOe YCKOPEHUE BJIOIb OCH X.
OrmmimeM, XapakTepUCTUKH 0OBEKTa, ypaBHeHHeM: (my)C)? = \f((mo(l)C)z + (myayvi)* +
(m12)Avx-1(2))%), T/I€ HMITYJIBC Mi(2)Vi(2), IPEOOPA3yeTCs 10 BUAA: My(1)Vi(l) = Mi2)Vi-2(2).

B MoMmeHT BpeMeHH tp, IpUAaAuM 9acTUlle |, JTUHAMIYECKOe YCKOPEHUE BJOIb OCH Y.
OnuieM, XapakTepHCTUKH 0OBeKTa, ypaBHeHHeM: (my3)C)? = \f((mo(l)C)z + (mayvip): =
(m;2)Avx-12))* £ (My(3)AVy-1(3))%), TJI€ HAYATBHBII HMITYIIBEC, IPeoOpa3yeTcss 10 BUIA: My(2)Vi-
1(2) — My3)Vi-1(3), @ HMIIYJIBC Ha OCH X, 1O BHAA. ml(z)AD)(-l(z) . m1(3)AUX.1(3).

B MoMeHT BpeMeHH 3, IpUIaAuM dacTUIle |, TUHAMUYECKOe YCKOPEHUE BJIOIb OCH Z.
OnuireM, XapakTepHCTUKH OOBEKTa, ypaBHeHHeM: (mys)C)? = \f((mo(l)C)z + (mayvip) *
(mi)AVx-12))* = (M) Avy-1(3)* £ (My)Avz-14))%), TI€ HMIYIbC HAYAILHBIN HMITYIIBC,
npeoOpa3yeTcs 10 BUAA: My(3)Vi-1(3) — Mi4)Vi-1(4), IMIIYIbC Ha OCH X, 10 BUAA: Mi(3)AUx-1-1(3) =
mj 4)AVx-1-1(4), @ UMITYJIEC Ha OCH Y, 10 BUAA: M (3)AVy-1-1(3) = M1 #)AVY-1-1(4).

Buaunt: meC)* = V(monC)® + (maviw)’ = (MEALx1e) + (EAvye) +
(mya)Avz-1(4))?), TAE COOTBETCTBEHHO: My1)Vi() = Mi@)Vi-i@), Mi)AVx1@) = My@nAvxiw),
m;3)AVy-13) = Mi4)AVy-1(4)), My (@)ALZ. 1(4)) = m1(4)AUZ 1(4))-

3 gero cienyer: vig) = \fvl 1(4)” £ Avx-1-14)” £ AVy-1-104) = AUz (a)).

Coob6muM, gactuie 2, IPOeKIIUH UMIIYIbCOB, PaBHBIE 110 3HAUEHUAM T€M, YTO paHee
IepelaHbl yacTule 1: mp2)Avxap) = mMi@)Avx-1(2), Ma3)ALY23) = My3)AVY-1(3)), Maa)AVz2@4)) =
m;4)AVz-14)), B APYTOil IPOU3BOIBHOII IOCIEOBATEIHHOCTH.

B MoMeHT BpeMeHH t;, IpUIaANM JacTUIle 2, JUHAMUYECKOE YCKOPEHUE BJIOIb OCH Z.
OnureM, XapakTepHCTUKH OOBEKTa, ypaBHeHHeM: (Mmy2)C)? = \f((mo(g)C)z + (mpayva)? +
(M2(2)AVz-2(2))*), T/IE IMITYIIEC My(2)V2(2), IPEOOPA3yETCs 0 BHAA: My(1)Va(l) = Ma2)Vi-2(2).

B MoMeHT BpeMeHH ty, IpUAaANM YacTUIE 2, JHHAMIYECKOE YCKOPEHHE BJIOJIb OCH Y.
OnuIreM, XapakTepHCTUKH OOBEKTa, ypaBHeHHeM: (my3)C)? = \f((mo(g)C)z + (mpayva)? +
(M22)AVz2(2))* £ (IM2(3)AVy-23))?), T/le HAYAIBHBI UMITYIIBC, IIPe0Opa3yeTcst 10 BUAA: My(2)Vi-
2(2) = My(3)V1-2(3), @ HIMITYJIBC HAa OCH Z, 10 BUJA: My2)AVz-2(2) = My(3)AVZz2(3).

B MoMeHT BpeMeHH 3, IpUAaANM 9acTUIlE 2, JHHAMIYECKOE YCKOPEHHE BJIOJIb OCH X.
OrmmmeM, XapakTepUCTUKH OOBEKTa, ypaBHeHHEM: (mp4C)? = \f((mo(g)C)z + (mpayvon)* +
(M22)AVz22)* £ (Ma3)Avy2z)*  + (Mo)AVya)?), THE UMIYILC HAYaIBHBI HMITYIILC,
npeoOpa3yeTcs 10 BUAA: My3)Vi23) = Ma@)Vi2@), UMIYIBC Ha OCH Z, 10 BUAA: My(3)AVz-12(3) =
My 4)AVz-1-2(4), @ UMILYJIEC HAa OCH Y, 10 BHJA: M2(3)AVy-1-2(3) = Mo@)AVy-1-2(4).

Braunt: My C) = V(moe)C)’ + (manyva)? + (MaAvzae)® £ (MeEAvxae) +
(M24)AVy-24))?), TJIE COOTBETCTBEHHO: Ma(1)Va() = MoyViad), M22AVzo) = MoAvzow),
my (3)AUX -2(3) — m7(4)AUX -2(4), M2 (4)AUX -2(4) — M2 (4)AUX ')(4))

Tockomsky: V(momC) + (mayvip)? + (MieAvx1)? £ (MEAVY-1e)? + (MimAvz.
1)) = V(o) C)* + (mayVan) + (Mo Avz22) + (Mo Avx2)” + (MagAvy-xs)?), TO: M)
= Myga).

31ech: MyyVa) = MyyVi(l), M)y AVx22) = M) AVx-1(2), M23)AVy23) = MiE)YAVY-1(3),
Mya)AVZ-2(4)) = My (0)AVZ-14)).

3HaAYUT: me)vVza) — Ma)Via), m7(4)AUZ -2(4) — m1(4)AUZ -1(4)» m')(a,)ADX -2(4) — m1(4)AUX.1(4),
M2 4)AVX-2(4) = My(4)AVX-1(4)-



B ypaBHeHNU: My4)AVz-2(4) = My (4)AVZ-1(4), M2(4) = My(4). SHAYUT: AVz24) = AVZz-1(4).

B YPaBHCHHU: m')(a,)ADY -2(4) — m1(4)AUY -1(4), M2(4) — My4). 3HauuT: ADY -2(4) — ADY -1(4)-

B YPaBHCHHH: m')(a,)ADX -2(4) — m1(4)AUX -1(4), M2(4) — My4). 3HauuT: ADX -2(4) — AUX-1(4).

Takum oOpa3zoMm, IIOCIEIOBATENHHOCTh COOOINEHUS YacTHIE JHHAMHUYECKHX
HUMITyJIbCOB, HUKOUM 00pa3oM He BIMSET Ha KOHEUYHBIE IPOEKIHMH €€ CKOPOCTH, Ha OCsAX
CHCTEMBI KOOpIUHAT.

OO0paTuM BHUMaHHE, YTO C KaXKJBIM IMOCIEAYIONIEM 3Talle YCKOpPEeHUsS OOBeKTa, BCE
IIPOEKIIUHU CKOPOCTH Ha OCSAX CUCTEMBI KOOPAUHAT, H3MEHSIIOTCS CHHXPOHHO U I10 OJHOU U TOI
xKe popmyie.

Urto mo3BoisgeT mpuMeHeHne ypaBHeHHH 3(1) m 3(2), HEMOCpPEICTBEHHO K
PE3YABTATUBHBIM CKOPOCTSIM OOBEKTOB, B TPEXMEPHOM IIPOCTPAHCTBE: Vi = \f(ux-lz + vy1? +
Dz-lz), AVz . ‘j(ADXQz + AUY.gz + Auz.zz).

He o6pamias BHIMaHUS Ha JeTaIH3aIlHI0 IPOESKIUH pe3yIbTaTUBHON CKOPOCTH V, Ha
OCSIX CHCTEMBI KOOpAUHAT. A TaKXe Ha TO, II0JIOXKUTENBHOE, HIIM OTPULIATEIIbHOE YCKOPEHHE
00BeKTa, IPOUCXOJUT Ha ITUX OCAX.

K npuMepy gomycTum, 4TO MpU MOIOKUTEILHOM JTHHAMHYECKOM YCKOPEHUH 00hEKTa:
vz > v; > 0, ero yCKopeHHe Ha OCSIX X. Y, ABIIETCSA MON0XKUTEIBHBIM: Vx-2 > Ux-1 > 0, Uy > vy
1 > 0, a yckopeHne Ha ocH Z — oTpHIaTeNbHBIM: 0 < vz < vz..

OueBHJHO, YTO IIPU pacdeTe U3MEHEHHUI pPe3yJIbTaTUBHON CKOPOCTU V, H3JIOKEHHE
yKa3aHHOTrO (hakTa cTaHeT U3NMHIIHEH JIeTalblo, HUKAK He OTpaxkarolelics Ha KOHEUYHOM
pe3yabTaTe.

(I)opMy.na 3(3)
IIpu: vi = V(vx 1> + vy1? + vz1?)
H Avz = Y(Avx 22 + Avy 2? + Avz2?),
v2 =\ vig)? £ Avz?)

[IpomsBeneM pacdeTr yIOpPyroro B3aUMOJICHCTBUSA, IIPH CTOJKHOBEHHH Iapbl
IIPOU3BOJILHEIX YACTHUII.

U3 cucremsl ypaBHEHHIT:

m; +m;= mi(2) + my(2),

mpvy + mpvsz = mi2)Vi) + mz(2)Vz(2),

mo(1) = const.

mo(2) = const.

Mo(1) + Mo(2) = Mlo(1) + Mo(2).-

Haiit: mj2), my().

Tockompky: (ma)C)* — (mo@)C)” = (P2)’, rae: mo)® = (my + my - my)’, 1: P2y’ = (P1
+ P2 - i)’ 10 (1 C + meC - my)C)* — moe)’C*= (p1 + p2 - i)

3nech: (m;C + myC - my)C)? = (m C + myC)* — 2my )C(my C + myC) + (my2)C)~

U 3necs: (p1 + p2 — P12))* = (P1 + p2)° — pro(p1 + P2) + (P12)*.

CootsetcTBerHHO: (M;C + myC)* — 2my2)C(m;C + mxC) + (my)C)* - (mo2)C)* = (p1 +
p2)’ — P11 +p2) + (M)

[lepeneceM Bce WieHH B JeBylo cropoHy: (m;C + myC)* — 2myC(m;C + mxC) +
(m12)C) - (Mo2)C)? - (p1 +P2)* +2p1y(P1 + P2) - (P12))> = 0

3neck: (M1xC)” - (P12)* = (Mo)yC)*.

3H3‘1HT (m;C + myC)? — 2my C(my € + m2C) - (p1 + p2)* + 2p1)(P1 + p2) + (moyC)? -
(mox)C)* =

HyCTB m;C +mC = A, p1 +p2=B, D1 = (my1)C)* - (mg2)C)? 1 D2 = (my(2)C)? - (mp1yC)*.
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Torma: 4(A* — B?) + Dy — 2A(my)C) + 2Bpiz) = 0.

IIycte: 4(A? - B?) + D =H;u (A? - B?) + D, = H,.

Torma: Hy — 2A(mi2)C) + 2Bpy2) = 0.

[Iepepacnpeaenum wieHs! ypaBHeHHS: 2Bpi2) = 2A(my2)C) — Hi.

Bo3sBeziem 06e uactn ypaBHeHHs B kBajpat: 4B = (2A(m;»)C) — Hy)?

3,[[605: (ZA(ml(g)C) — I‘I])2 = 4A2(m1 (2)C)2 . 2AH1 (m1 (z)C) + le_

1 3neck: piy* = (mu)C)* — ((moa)C)™.

3raunt: 4B*(m;)C)* - 4B*(mo)C)* = 4A%(my2)C)* - 2AH; (myC) + Hi%

IlepeneceM Bce WIEHHI B JIEBYIO CTOPOHY.

4B2(m1(2)C)2 - 4B2(m0(1)C)2 - 4A2(m1 (2)C)2 + 2AH1(m1 (z)C) - I‘I]2 =0.

CMeHUM Bce 3HaKH Ha IPOTHBOIIOIOKHEIE.

4A%(mi2)C)? - 2AH (my(»C) - 4B*(my2)C)* + 4B*(mo1)C)* + Hi? = 4(A? - B?)(myC)* +
2AH1 (m1 (z)C) + 4B2(m0(1)C)2 + le_

3raunt: 4(A? - B*)(m;2)C)* - 2AH(m;2)C) + (4B*(mo1yC)* + H;?) = 0.

2AH, + f(4A2H12— 16(A2- B?)(H; %~ 4B2(mo(1)C)?)
8(A?- B?)

2AH,; +2 /(A?le— 4(A?- B?)(H; %~ 4B2(mg(1)C)?)

8(A?- B?)

Orcroma: my2)C =

BriBeieM deTBEpKY H3-1I0J KOPHA: my(2)C =

AH, + /(A?le— 4(A%-B2)(H; %~ 4B2(mg(1)C)?)

4(A%2-B?)

3HauuT: my2)C =

AH, + /(A?sz— 4(A?- B?)(H, %= 4B%(mg(2)C)?)

AHaJIOTHYHBEIM cIIocoO0M, HaiifieM my2)C: my2)C =

4(A2— B2)
®Dopmyaa 3(4)

_AHgt (a2H, %~ 4(A2- B2)(H, 2~ 4B%(m(;)C)?)
a) my)C = 4(A%2- B2)

" . AH, + | (AZH,”— 4(A%— B2)(H,%— 4B2(mg(2)0)?)
) my)C = 4(A2- B2)

A=m;C+mC, B=p:+p2,
H; = 4(A”— B + Dy, Hy. = (A>— B) + D».
D1 = (mo1yC)’ - (mo2)C)?, D2 = (Mo2)C)* - (mowyC)*.

Chopmynupyem ycroBUs HOBOIT 3aja4n.

IIpenmnonoxum, 9TO B pe3yiabTaTe CTOIKHOBEHUS YAaCTHI], C HIMITYJIbCAMH: MV U MyVay,
IIPOUCXOIUT JUHAMUYECKOE B3aUMO,IeHICTBHE.

HaiiieM pe3yIbTaTHBHYIO MAacCy OJJHOTO U3 0OBEKTOB.

AH; + /(AZle— 4(A%- B?)(H,?- 4B%(mg(1)C)?)
4(A?-B?)
[IpeamonoxuM jajnee, 4ro B pe3yabTaTe CTOJKHOBEHHS YacTUIl, C HMITYJIbCAMH:
Mj(2)V1(2) H My (2)V2(2), IPOUCXOANUT JHHAMIYECKOE B3aNMOJICHCTBHE.
Haiigem pe3yIsTaTHUBHYIO MacCy TOTO K€ 0OBEKTa.

AH; + /(AZle— 4(A%- B?)(H,?- 4B%(mg(1)C)?)

4(A?- B?)

m; (z)c —

m; (3)C =



OOpatTuM BHUMAaHHE, YTO IIPH pEHICHUH 33J1a4d, HCIONB3YIOTCS OJIHH Te XKe
MaTeMaTHYEeCKUE ONepaTophl, paBHbIE MeXAy coboil: A = m;C + myC = my)C + my)C, B =
P1 + P2 = P12 + P22y, D1 = (mo(1)C)” - (mo2)C)%, Hi = 4(A° — B?) + D

OTO 3HAuYUT, 4YTO KaK IEepBO€, TaKH BTOPOE YpaBHEHHE, HMEET OJMHAKOBBIIl
TUCKpUMHUHAHT. O003HAaYNM, JJaHHBIA JUCKPUMUHAHT, IEpEMEHHOIT J.

AH, + | AH, + ]
Torpa: mo)C =——-umpC=———
Aa- Mt = 4 e Tgey TN = 42 g2y
AH,+ ]
Ipemmonoxum, my:)C = ————
pen > 11 (2) 4(A2— B2)
AH,+ ]
Torma, ecmm: myC = (a7 p7) YPABHCHIC OINCHBACT MOMEHT BPEMCHH, KOI/a
CTOJIKHOBEHHS 0OBEKTOB, €Ille He CIydIIock: my2)C = my3)C.
AH,- ]
A ecmr: meC = (A21 57y TO YPABHCHIC OINCHBACT MOMEHT BPEMEHI, KOI/

B3aHMOﬂeﬁCTBHe YiKE IIPOU3O0IIIO.
PaCCMOTpHM HepBBIi:I BapHaHT, KOI'Ja 4YaCTHIILI 06.]'[3,[[3.]'[1{ [IepBOHAYAaJILHBIMHA

HMITYJIECAMH: M V] U My Vs
AH,+ ]

4(A%2-B2)
JlaHHOE€ ypaBHEHHE, OIMCHIBAET MOMEHT BPEMEHU, KOT/Ia B3aHMOJICHICTBHE MEXKITY
00BEKTaMH, YK€ CIIy4IIOCE.

Ilo ycnoBuro 3agagn: my)C =

AH;-
CrnepoBaTenpHo ypaBHeHHe: my)C = m, OIMCBIBAET MOMEHT BpPEMEHH, IIPH
KOTOpPOM B3auMoJelicTBUs elle He Ob110: my2)C = myC.
AH;- ] AH;-
Iockombky: m;3)C = —————u mC = ————, To: my3C = mC.
Y- m3) 4(A’— B?) 1 4(A2— B?) 1(3) 1

IlocranoBka 3HaKa, 3aBUCHT OT TOrO, Iepejana JIM 9acTUIla YacTh CBOErO0 HMITYJIbCa
BTOPOMY OOBEKTY, WIH IpHoOpesa 4acTh €ro UMITYJIbCA.

. . . _ AH;+] _ AH;- ]
3nece: J > 0. 3Hagut, ecnu: myC > myC, To: my)C = m u mC = m.
AH,— ] AH,+ ]
: ' < m;C, TO: =1 =1
ecau: my)C <myC, To: my2)C 1A B7) umC 2P B?)
AH, + /(A?sz— 4(A%- B2)(H,? - 4B%(mg(2)C)?)
HaiieM Maccy BTOpOI 4aCTHIBI: My2)C = 257

O0o03Ha4YNM, JaHHBII JUCKPUMUHAHT, IIEPEeMEHHON Js.
AHyt Jp

4(A2- B2)

IlocraHoBKa 3Haka, 3aBHCHT OT TOI'O, II€pejiajia JIM 4acTHIa Y4acTh CBOEr0 HMMIIYJIbCa
IIepBOMY OOBEKTY, WU IpHuoOpeIa 9acTh €ro UMITYJIbCa.

OOMeH IIPOU3BOANTCA B 3aMKHYTOI CHCTEME B3aHMOJEHCTBYOMUX Tel.

CrnenoBarensHo ecnu: my2)C <m;C, T0: my2)C > mC, u ecnu: my2)C > miC, To: my2)C
< mlC,

Torpa: myo)C =

" i C = AH,+ ] i C = AH,-], i
3 YpaBHCHHA CJIICOAYCT, 9TO CCJIH. ML — m, TO: M) — m, H €CIIH.
AH, - AHy+]>
m;2)C = ————, To: m;C = ———=—.
1@~ 7 4 a2- B2y ™7 4az-B2)

W3 pacueToB cieayeT, YTO €CIIH CTOJIKHOBEHHE OOBEKTOB, C IIE€pPBOHAYAIEHBIMU
BEKTOpPAaMU: P1 U P2, IPUBOIUT K PE3YIABTATY: P1 + P2 = P1(2) T P2(2), TO CTOJIKHOBEHHE 00HEKTOB
C IIEpBOHAYAIBHBIMU BEKTOPAMU: P1(2) H P2(2), IPHBOJIUT K PE3YIBTATY: Pi(2) + P2(2)= P1 + P2-

Hazosem obHapyxeHHBIN 3P HEKT MPUHITUTIOM JUHAMHYECKOH 00paTHMOCTH.
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®opmyaa 3(5)
0 e € <, 10 s = 2 AL
¢) ecaru: my)C = %, TO: M2(2)C = 4‘:‘:22_—151;22 )
d) ecm: my)C = ﬁ, To: mC = —4‘:‘:22:’];22)

B 3aBeprienne, paccCMOTPHM JHHAMUYECKOE B3aUMOJCHCTBHE YACTHII, IIPOUCXOIAIIEE
Ha TPEXMEpPHOI CHCTeMe KOOpIHHAT.

JlomycTuM, Macca IOKOSI OJTHOTO M3 0OOBEKTOB, paBHA My.1, a MPOCSKIINH €r0 CKOPOCTH
Ha OCSX, COOTBETCTBYIOT 3HAYCHUAM: VxX-1, Vy-1, Vz-1.

Macca 1okosi BTOpPOT0 OOBEKTa Myp-2, @ HPOCKIUHU €r0 CKOPOCTH Ha OCSAX CHCTEMBI
KOOpPJUHAT, PAaBHBI: Vx-2, Vy-2, Vz-2.

Paccunraem B3auMoJieicTBHE OOBEKTOB, Ha OCH X, CHCTEMBI KOOPJIMHAT, IS YEro
IIPUMEHUM CHCTEMY YpaBHCHUI:

mx-; + Mx = Mx-1(2) T Mx-2(2),

Mx-1Vx-1 T Mx-2Vx-2 = Mx-1(2)VX-1(2) T Mx-2(2)Vx-2(2),

mo(1) = const.
mo(2) = const.
Mo(1) + Mo(2) = Mo(1) + Mo(2).
m m m m
The: My =—— 5, Mx2 = 7, Mx1()) = 7 Mx2) = 7
\I(l_ UXC_Zl ) \I(l_ UXC;ZZ) '\Ir(l_ UX_C#) \'r(l— UX—CZZ(Z) )

Pemmum ypaBHeHUE, ¢ momoripio ¢Gopmyisl 3(4), W HaljeM 3HaYeHHE IPOCKITHI
CKOPOCTEH: Vx-1(2) H VX-2(2).
AHaNOTHYHBIM CIIOCOOOM, paccyhuTaeM B3auMOJeHicTBHE OOBEKTOB, Ha OCAX Y, Z
CHCTEMBI KOOPJHMHAT, H OIIPEIeIINM 3Ha4eHUA IIPOEKIMIL: Vy-1(2), Vy-22) H Vz-1(2), VZ-2(2)-
Haiinem 3HaueHHE BEKTOpa CKOPOCTH Vxy, COCTOSIIETO M3 MPOEKIIHIA Lx U Vy.
Jlns gero, uctonb3yem hopmynst 3(1) u 3(2)
. . — \j 2 2 . _ \[ vy? N
I'me mpu ycnoBuH: vxy > Ux: Uxy = V(Ux-1(2)° + Vy”), TA€: Vx-12)) = VxV(1 — c_z)’ a TaKxKe:
mg my mg
mx = =7, Ixy = 72, xy — P ANE
| Uy [ Uy [ Uy Uy
\.(1—':—2 \.(1—':—2 \((1—C—2)(1—C—2))
\j 2 2 _ Ux _ Mg
A 1ipu ycnoBHH Vxy < Vx: V(Ux-1(2)” - Vy"), TA€: Vx-1(2)) = oy @ TAKKe: My =
'\I 1 —_——
c2

| UX2 >
2 \( ¢
I[1 =2
B \f vy? B mo\(l cz )
mxy = mx\V(1 — F)’ Mxy = =732\
\'(1 - C—z)
U B 3aBepmieHue, ¢ momomisio TeX ke Gopmyn 3(1) u 3(2), HalimeM 3HaUeHHE BEKTOpa
CKOPOCTH V, COCTOSIIET0 U3 MPOEKIUH Vxy U Vz:

2
I'me nmpu ycinoBuu: v > vxy: V= V(ny.l(g)z +v7%), Te: Vxy-102) = vV (1 - %) U Mxy

_ Mo _ mxyy _ Mg
7 vyZo M .‘ vz M= .‘ - v72\
\(1— c2 ) \(1—C—2 \( 1- c2 1—C—2)

VXY ) _
ﬁ, da TAKKC. Mxy —

\'(1—':—2

A 1pH yeIoBHE V < Vxy! V(Vxy-12% - Vy?), TAE: Vxy-12) =




Takum oOpa3zom, pacdeT pe3yIbTaTUBHBIX IPOESKIIUI UMITYJIBCOB YaCTUIIBI, MOXKET OBITH
IIPOU3BEJICH Ha BCEX OCAX CHCTeMBI KoopauHat. U cormacHo dpopmymram 2(5¢) u 3(3) — moOsie
IIOCJIE/IOBATEILHOCTH BBIUUCIIEHHH, 110 KOTOpOH OyAyT ompejielieHa O4epeHOCTh pacuera,
Ka)K10M U3 MPOEKIUi1, IPUBEAYT K OJUHAKOBEIM Pe3yJIbTaTaM.

Brenem onpeneneHne HHEPIUAIBHOI MAaCcChI ITOKOSL.

HNuepnuansHOil Maccoll MOKOS, HA30BEM MacCy MOKOS YaCTHUIII, B CBOEH € JUHCTBEHHOI
HHEpLHAIBHOI CUCTEME OTCUETA.

Maccy 1okosi dYacTUIBl, B HEHHEPIIHAIIBHOII CHCTEME OTCUYETa, Ha30BEM
nuddepeHITnanIbHOI Maccoil TOKOs.

OnpeiennM ycinoBUs HOBOU 3aJ]a4dH.

IIpeanonoxum, B MOMEHT BpEMEHU tp, B HHEPIIUAILHOI cucTeMe oTcdeTa K, HaxoquTcs
JacTHUIIa, TpeObIBaOIas B COCTOSHUU IToKosA. Macca 00heKTa: my, BRICOTa BOJTHOBOTO pajinyca

. E,C
MakcuMaiabHo MI B: Rpor = ﬁ,
TKe

OtrMeTHnM, 4TO B JJaHHOI1 cucTeMe oTcueTa, MI'B gacTuisl, npeactasiseT co0oil BOIHY,
nupkympyromyr no ceoeit MI'JIH, ¢ sneprueit €y = Wrap, r1ie: Wg =0, Wgg = 0.

B MomeHT BpemeHH t;, YacTHIlE COOOIMAaeTCs JAMHAMHYECKHII HMITYILC: p = mv,
YCKOPSIOIUN €€, 10 CKOpOoCTH V. BiInsgHue MOJy4eHHOTO UMITYJIhCa Ha MAaccCy, BBIpaXKaeTcsA
ypasrerneM: (mC)? = V((moC)? + (mv)?).

IlepemecTuMcs B HEHHEpIHAIBHYIO cHCTeMy oTcuera K', rie OoOBEKT B MOMEHT
BpEMEHU t 1, IIEperIesl B COCTOSHHIE ITOKOS.

31ech, B yKa3aHHBI MOMEHT BpeMeHH, Macca 00beKTa, IIpeoOpa3yeTcs A0 BUIa: m'o =

. E',C
m, BbICOTa BOIIHOBoOro paamyca MI'B, no Buma: R'por = ﬁ, a nporskenHocts MI'JIH,
TKe

a mpoTskeHHOCTs MIJIH: Ac = 2nRpor.

npuooOpeTaeT 3HadeHne: A ¢ = 27R por.

OrMeTnM, 9TO B JJaHHOII cucTeMe oTcueTa, MI'B wacTuIipl, mpeictaBisieT co0oii BOIHY,
IMUpKyIHpyromTyto mo coeit MI'JIH, ¢ saeprueit € o = W rap, T1e: W =0, Wisg =0.

IIpu sTOM, N3MEeHEHNE YHEPTUH 00BEKTA, BCE TAK K€, PETyIUPYETCA COOTHOIICHUEM
(m'CP? = V(meC)} + (mv)?). ClemoBaTeqsHO OOBEKTy, IPH €ro Iepexoge 63
’HepreTudeckoro coctosuus: E = Eo, B coctosiaue: E' =E'y, pakTugecku coobiiaeTcss MOMEHT
uMIryisca: AL = mv, yCHIMBAOIUI BpallleHHe €ro MyJIbTUTPaBUTAIlMOHHBIX BOJIH.

U nox Bo3gelicTBHEM 3alpeTa Ha IIpeBbIIIeHNE cKopocTH cBeTa, MI'B BEIHYX)IeHHO
CHIDKAIOT YaCTOTy 000POTOB, IEPeX0/s Ha 0oJiee BHICOKYIO BOITHOBYIO OPOHTY.

OnpenenuM MOMEHT UMITYJIbCA YaCTHUIIBI, B UHTEpBasie BpeMeHH Aty, B CUCTEME OTCYETa
K. B HaOmoaemMeIxX ycaoBusx, aBmkeHne MI'B, ocymecTBisierca B popme MUPKYIIAIIUN 10
wromanu (dY; DZ). Iloatomy paguansneiil uMiryiasc MI'B, cam o ceOe ABisieTcss MOMEHTOM
umiryibsca: Lo = moC. HazoBeMm gaHHBIN UMITYIbC, IOTEHIIUAIBHEIM MOMEHTOM UMITYJILCA.

OnpenenuM MOMEHT UMITYJIbCA YaCTHUIIBI, B UHTEpBaJle BpeMEeHH At;, B CUCTEME OTCYETa
K. ckoMoe 3HadeHe, BEIBORUTCS 13 ypaBHeHmst: (mC)? = V((moC)? + (mv)? = V(Lo + AL?),
KoTopoe mpeobpasyercs 1o Bupa: L' = V(L o2 + AL'?), roe: Lo =L. A 3nagenne AL Haxoqutcs

Al Al Al Al AR
cootHomeHHeM: AL =m'v, AL=mv,rme:m =m, v= vl const.

CrnepoBatensHo: AL = AL.

Hazosem nmmynee L', quddepeHmmatsHBIM MOMEHTOM UMITYJIbCA.

A mvmyiiec AL’ - YyTIIOBBIM MOMEHTOM UMITYIIBCA.

PazHuiia Mexay mOTEeHIIUANBHBIM U YIJIOBBIM MOMEHTAaMH HUMITYJILCA, OIPEIeIsieTCs
CTENEHBIO YUACTUS BO BHEITHUX B3aUMOICHCTBHIX.



DHeprus NOKOs YaCTHUIIHI, B THHAMUYECKOM B3aUMOIeHICTBUU ¢ BHENTHIMU 00bEKTaMU,
ydgacTusi He mnpuHuMmaeT. [losTomy, B3auMOOOMEH IOTEHIUATRHBIMU HMITYJIhCAMU, B
O/I00HBIX yUacTUAX He mpeycMoTpeH: Ly = myC = const.

Korma kak, yrioBoil MOMEHT HMIIYJIbCA, SBIIIETCS IIOJIHOLIEHHBIM YYacCTHHKOM
BHEIITHUX B3alMOJIEIICTBUI, IIOCKOJIBKY COIIPATaeTCs ¢ 3aKOHOM COXpPAHEHMS MMIIyJIbca: pi +
p2=AL"; + AL, = const.

[IpoBepuM, MOXET JIH YaCTHUIla, HaXoAsAmasAcsa B i} dhepeHIInaIbHOM COCTOSTHUN MOKOS,
II0/T BHEIIHUM BO3JIEHCTBHEM, MpeoOpa3oBaTh COOCTBEHHBIN YIIOBOII MOMEHT HUMITYJLCA, B
JUHAMUYECKUI UMITYIIBC, U UCIIOJIB30BATh €r0 I YCKOPEHUS.

Jli11 moncka oTBeTa, pacCMOTPUM CIEAYIOIINII IIPUMEP.

IIpegnonoxum, B MOMEHT BpeMEHH tp, OTHOCHUTEIIBHO cHCTeMbl orcueta Ko, B
COCTOSHUH ITOKOS, HaXOQUTCS IIPOU3BOIIbHAS YAaCTUIA, C MACCON IIOKOS My.

B MoMeHT BpeMeHU t;, COOOIUM YaCTHIIE, MOJIOXKUTEILHOE IMHAMHYECKOE YCKOPEHUE
Avi. B MOMEHT BpeMeHU t;, IOBTOPHO COOOIIMM YacCTHUIIE, MOJIOXKUTEIBHOE JTHHAMUYECKOE
ycKkopeHue Av,. A B MOMEHT BpEMEHHU t3, COOOIINM 00BEKTY, OTPUIIATEIbHOE JUHAMHUECKOE
yckopeHue Avs. Ilyctb: Avz < Av,.

Onpenenum 3Hepruro0 00beKTa B cucteMe orcuera Ky, B ykazaHHbIE MOMEHTHI BpEMEHH.
E
B MoMeHT BpemeHH t;, 3Heprus paBHa: E; = 2

>—. B MOMEHT BpeMeHH t,, SHeprus
N(1- 2 )
. Eq Eo
MEHSETCA B COOTBETCTBHH ¢ popmyoit 3(1), /10 3HadeHnst: By = ———F = ———>———
Vil-—) Va- 2 (- c2 )
U1 HakoHeI, B MOMEHT BPEMEHH t3, SHEPTHs MEHAETCS B COOTBETCTBHH ¢ (opmymoii 3(2), 10

c2
Avg?
sgavenns: Es = E;V(1 — C; ).

IIepemectumcs B cuctemy orcuera K, rjie B MOMEHT BpeMEHH t;, 9acTUIa HAXOAUJIaCh
B COCTOSIHUU HEHMHEPIIHAIBHOTO TTOKOS.

Onpenenum 3Hepruro0 00beKTa B cucteMe orcuera Ky, B ykazaHHbIE MOMEHTHI BpEMEHH.

B MomeHT BpemeHH t;, 3Heprus dacTuill paBHa: E'g = E;. B moMeHT BpemeHnnu t,

bl E bl
SHEprus MpUHUMaeT 3HadeHue: E', = #, rae coriacHo gopmyie 2(5): Ava = Av,. B
.f 2
VAT
MOMEHT BpEMEHU t' 3, SHEPIUA MEHAETCA B COOTBETCTBUH ¢ popmyroit 3(2), go 3HadyeHus: E 3
< 2
- AV'g
N AV‘32 E OV(]‘ - c2 ) N
=E 2\/(1 - )= v, LA AV 3 = Avs.

V(1 - )

Ilepemectumcs B cuctemy orcuera Ks, r/ie B MOMEHT BpeMeHH tp, 9aCTUIIA HAXO/IMIACh
B COCTOSTHUU HEHHEPITHATHLHOTO ITOKOS.

Onpenenum 3Hepruro 00beKTa B cucteMe orcuera K,, B ykazaHHbIE MOMEHTHI BpDEMEHH.

B MoMeHT BpemeHH t 5, 3Heprus 4actunpsl paBHa: E' ¢ = E'». B MoMeHT BpemeHH ts,
AV 2

C2

Ilepemectumcs B cuctemy orcueta K, rjie B MOMEHT BpeMeHH t3, acTHIA IIepelia
COCTOSIHHE HEHHEPIIHATBHOIO IIOKOA. DHEprus 4YacTUIlBl, B JIaHHOH CcHCTeMe OTcYeTa,
cTaHOBHUTCA paBHa: E' ' =E 3.

O[IGBI/LELHO, qTo: E] . E‘o, Ez - E‘z — E“o. E3 — E‘3 - E“3 = E“‘o.

Orpannuum, o6nacth HaOMr0eHus, 10 cucteM oTcueta K, u K3, B MOMEHTHI BpeMeHH
t2 H t3.

SHEprus npuHUMaeT 3HadyeHue: E' '3 = E oV (1 — ), THe: Av 3 = AV 3.



B moMmeHT BpCMCHH t2, YaCcTHUIIa HAXOJUTCA B COCTOAHHHU IIOKOA, OTHOCUTEIBHO CUCTEMBI

orcyeta K, W OJHOBpEMEHHO BIDKETCS C JAUHAMHYECKON CKOPOCTBIO AV 2 = AV
AT AT AT E“‘
oTHocHUTeJIbHO cucTeMbl oTcueTa Ks: E' =E o, rne E' ;= ﬁ
2

)
\I(l - c2 )
IIpu »TOoM, AMHAMUYECKHN HMITYyIbC, paBHBIH B cucteMe otrcdera Ki, 3HadeHHIO:
m v 2, B cucTeMe orcuera K, mpeoOpasyeTcs B YIVIOBOH MOMEHT HMIyibca: L' o =
V(L\\\02+AL\\\2‘), I\ﬂe: L\\Ozm\\oc, L\\\Ozm\\\oc, AL“‘zz’:m“‘zv“‘z-

B MomMeHT BpCMCHH t;, gacTuia C6paCBIBaeT B036y)KﬂeHHe, [mepexonsa B COCTOAHHC
w2

T AL AV
1okosi, B cucreMe otcuera Ks: E' g =E ",V (1 — C—;)
DHeprus o0BeKTa, TaKKe MPOMOPITHOHATBHO YMEHbINaeTcs, B cucteMe orcdera Ko: E' '3

w2
AVg

= EVoV(1 - =
npuoOpeTass OTpPHUIIATEIbHOE JIMHAMHYECKOE YCKOpeHHE AV '3, OTHOCHUTEIBHO CHCTEMBI
orcuera Ko.

Paccmotpum Takoit mporiecc mpeoOpa3oBaHUA, MPOUCXOIAIUNA B XoJe OOBIYHOTO
JUHAMUYECKOTO B3aUMO/IEHCTBUS YaCTHUII.

IIpoBenem MBICIIEHHBIN SKCIIEPUMEHT 1.

IIpennonoxum, B cucteme orcueTa Ko, pacmoioykeHsl 4acTulbl 1 U 2, ¢ 0IHHAKOBBIMU
MaccaMU IIOKOS: Myo(1) = Mo(2).-

IIycTh, B MOMEHT BpEMEHH fo, acTHIAa | JBHIKETCS CO CKOPOCTBIO: Vi(1), BIOJIb OCH X
CHCTEMBI KOOpJHMHAT, a YacTHIa 2, HAXOJAUTCSA B COCTOSTHHH IOKOS: V(1) = 0.

B MoMmeHT BpemeHH t;, HaOII0JaeTCsA CTOIKHOBEHHE O0BEKTOB, B pe3ylIbTaTe KOTOPOTO,
gacTHla 1, IMOJHOCTBIO MEpeAaeT 4YacTHIlE 2, BECh MMEIOINIUIICS JUHAMHYECKUI HUMITYJIbC,
IIpHJaBas €l BEKTOP CKOPOCTH: Va(2) = V2(1)-

IIpoBenem MBICIIEHHBIN SKCIIEPUMEHT 2.

IlepemecTuMcsl B HEHHEPIIHAIIBHYIO cHCTEMY oTcueTa Ky, IBHXKYIIYIOCA CO CKOPOCTBIO
V, B0 OCH Y, HHEPITHANBHOI cucTeMbI oTcueTa K.

CMojienupyeM, B 3TOI cUCTeMe HadalbHbIE YCIOBHS, KOTOPhIe OBLIU OBl HIEHTUYHEI
Ha4aJbHBIM YCIIOBUSM, IPEABIAYIIETO SKCIIEPUMEHTA.

IIpenanonoxum, B HHEpHHAILHOI cucTeMe oTcueTa K, pacrionokeHsl JBe 4acTUIIH 3 U
4, ¢ oguHAKOBEIMU () (depeHIInaTbHEIME MacCaMU IOKOS: M o(3) = M o(4).

IIycTh, B MOMEHT BpeMEHH t o, YacTUIIAa 3 ABHXKETCS CO CKOPOCTBIO: V 3(1), BAOIb OCH X'
CHCTEMBI KOOP/IMHAT, a 9acTHIa 4, HAaXOAUTCS B COCTOSIHUU ITOKOSL: V 41y = 0.

Ilepemectumcss B cucremy otcuera Ko, U oIpegeauM CKOPOCTh OOBEKTOB,
OTHOCHUTEJIBHO TaHHOI CUCTEMBL.

), ¢akTudecku cOpacbiBasg YIVIOBOM MOMEHT HuMmyidbca AL 2, u

. 2
CkopocTs 4acTullbl 3, OIpefenseTcs YpaBHEHUEM: Vi) = \f(uy-3(1)\f (1 — %) +
. 2

V‘3(1)2), TAC: Vy-3-1(2) = Vy-3(1) \I(l — = :;(;)
CHCTEMBI KOOPAHMHAT, COCTaBIIIE€T: V 3(1), @ BJOJb OCH Y, PaBHAETCA CKOPOCTU CHUCTEMBI
OTCYeTa: Vy-3-12) = V.

CkopocTh "acTunpsl 4, COOTBETCTBYET CKOPOCTU CHUCTEMBI oTcdeTra K;, MOCKONBKY B
JTaHHOM CUCTeMe, OHAa HaXOAUTCS B COCTOSHUU IIOKOS: Va(1) = V.

B MmoMeHT BpeMeHH t';, B cucTeMe oTcuera K;, HaOII0/1aeTCs CTOJKHOBEHNE O0BEKTOB.
B pesynprare, wactuma 3, IOJTHOCTBIO IMEpeaaeT COOCTBEHHEIN HMITYJIbC, YacTume 4, U
IIePEXOIUT B COCTOSIHUE MOKOS: V32 = 0, [Vaz)] > 0.

Ilepemectumcs B cucteMy Ko, i1 onpeieiiM cCKOpocTu 00bEKTOB, B MOMEHT BPEMEHU 1,
OTHOCHTEJILHO JITAHHOU CHCTEMEI OTCUETA.

). COOTBETCTBEHHO, CKOPOCTh 00BEKTA BJIOJIE OCH X,



Yactuma 3, TepseT CBOM JUHAMHYECKHHA HMITYJIBC, HA OCH X, CHCTEMBI KOOpIMHAT.
CrnenoBaTenbHO, €€ CKOPOCTh BAOJIb OCH X: V3(2) = V 3¢2) = 0.
C6p00 AHWHAMHYCCKOI'0 HMITYJIbCA, IIPUBOJHUT K H3MCHCHHIO CKOPOCTH YaCTHUILI, BIOJIb
OCH Y, CO 3HAaYCHHUS Vy-3-1(2), 40 SHAYEHHUA Vy-3(1)- 3HauuT: Vy-3(2) = Vy-3(1)-
V‘g(l)z \%
C2

ITockonbKy: Vy-3-1(2) = Uy-g(pf a - ), TO: Vy-32) =

N 2 -
V- =60

Yactuma 4, oOperaeT IMHAMHYCCKHI HMITYJIBC, HAa OCH X, CHCTEMBI KOOpIHHAT.
CreoBaTenbHO, €€ CKOPOCTH BAOIB OCH X: Vi2) = V 4(2) > 0.

HOJIy[IeHHe AUNHAMHYCCKOI'0O HMITYJIBCA, IIPUBOAUT K U3MCHCHHIO CKOPOCTH YaCTHUIIBI,

. _ . _ \( "”4(1)2
BIOJIb OCH Y, CO 3HAYCHHA Vy-4(1) — V, A0 3HAYCHHUA Vy-4-2(2), TAC: Vy-4-2(2) — Vy-4(1) (1 —_ C_z)

v 2
= V(1 - =35

Bepuemcs B cuctemy otcuera K, H oTclIe MM MPOHCXOASIINE H3MEHEHUA.

CxopocTs YacTHIBI 3, HE paBHA CKOPOCTU CHCTEMHI OTcYeTa, Ha OCH Y: Vy-32) > V,
0T49ero o0beKT 0O0roHseT cucreMy orcdera K, mpu HabmogeHun u3 cucteMsl Ko: Avy 3) =

\
r ‘"3(1)2 -V
VA -—z7)

DHeprus dYacTHUIBI, NPONOPIHOHAIBHA €€ BEKTOPY CKOPOCTH Ha OCH X, CHCTEMBI
xoopguHaT: E ~ vx. Ha ocu y, H3MeHeHHEe BEKTOpa CKOPOCTH, PETyIUpPYIOTCS 3aKOHOM
COXpaHEHUS HMITYJIbCA: M3(1)Vy-3(1) = M3(2)Vy-3(2), HH OKa3bIBasi HUKAKOT'O BIMSHUS Ha SHEPIUIO
00BEKTa.

ITosTOoMy, IIpu HaOIIOeHHH U3 CUCTeMBI oTcdeTa K, yacTuna 3 BHIUTCS, Kak 0OBEKT,
JBIDKYIUICS ¢ YCTAaHOBIEHHON CKOPOCTBIO: AV v.3(2) = Avy(2) # 0, KOTopast He OTpaskaeTcst
Ha ero SHepreTHYeCKUX XapaKTepUCTHKaX. 3HAYUT, CKOPOCTH YaCTHIIBL, BIOJIb OCH Y, ABIAETCS
HEHHEePIHAIBHOM: AV y.3(2) = V NI3(2)-

AHaJIOTHYHBIM H3MEHEHUSM, IIOJIBEpraeTcsl CKOPOCTh YaCTUIIBI 2.

CxopocTs JacTHIBI 4, HE paBHA CKOPOCTH CHCTEMBI OTCYeTa, Ha OCH Y: Vy.4e) < V,
oT4ero cucrema orcyera K;, oorouser o0BseKT, npu HabmoAeHHU U3 cUCTeMBI Ko: Avy 42) =

v 2
V-V = =50

Ilpu HaGmrofeHHMH U3 CHCTeMHBl oTcdeTa K, JBIDKEHHE YacTHUIBI BJOIb OCH X,

IPOIIOPIOHAIBHO YHEPIHU 00BeKTa: AV x-42) ~ E'4(2), @ IBUXKEHUE BJJOJIb OCH Y , HHKAKOI'O

. 2
o \ Va1 \
BO3/ICIICTBUS Ha YHEPTUIO0 00BEKTa HE OKA3BIBACT: AV y.(2) = vVl - %), rae: Av yae) =

V‘NI-4(2)-
3 pacdeToB BHIHO, YTO PE3YyIbTaTEI B3aHMOJEHCTBHS YacTHII, B cUcTeMaX oTcueTa Ko
u K,, ne IIPUBOJAT K CHMMETPHYHBIM pe3yJIbTaTaM.

A x Puc 9a 4 x Puc.96 |4 X Puc.10a |4 x Puc. 106
K:to } K:iti K to p
O 2 o— 4
O 2 O 1 O 4 «0 3
y ¥ e
o1 vy y 03 vy K:t1 y




B cucteme orcueta Ko, e y 0OBbEKTOB HET YIIIOBBEIX MOMEHTOB UMITYJIbCA — YACTHITBI
IIpU CTOJIKHOBEHHH, pPa3lIETAIOTCS JIMHEHHO — JIBUTasCh TOJBKO BJIOIb OCH X, CHUCTEMEBI
KoopauHar (puc. 9a, puc. 90).

B cucreme orcuera K, rie y oOBEKTOB YIVIOBBIE MOMEHTHI HMITYJIbCa UMEIOTCS —
YaCTHIIGI, IIPH CTOIKHOBEHHH, Pa3IeTalOTCs I10JT pa3HbIMU yriiaMu (puc. 10a, puc. 100).
IlogBenem UTOTH TPETHEN YACTH:

1) IlocTtynar o paBHONpPaBHHU CHCTEM OTCYETa, HECOCTOSTENIeH. J[JId OTHeIsHO B3ATOrO
00BEKTa, TOJIBKO OJJHA CHCTEMa OTCYETa, CANTAECTCA HHEepITHAILHON. Bee ocTaIbHBIE CHCTEMEI,
SIBJIAIOTCS JIJIA HETO, HEUHEPITUAIFHBIMH.

2) 3aMKHYyTas CHUCTeMa B3anMOJEHCTBYIONMINX Tell, 0OpaTuMa K IIEPBOHAYAIEHOMY BHITY.

3) Teopus cnuHa coctosATenbHa. [Ipu mepexojie My CHCTEMaMU OTCUYeTa, HAOJIIOIat0TCs
B3alMHBIE IPe0OpPa30BaHUA JUHAMUYECKOTO U YIVIOBOT'O MOMEHTA UMITYJILCOB.

4) BzanMojeiicTBUe YacTHIl, 00JIaJalolHX yIrIOBBIMH MOMEHTAMU HUMITYJIbCA, MPOUCXOIHUT
HEJIMHEHHO.

YACTD 4

BreneM ompejienieHne THHAMHYECKOTO Mpejeiia CKOPOCTH. JIMHAMHYECKUM TIpeIeIoM
CKOPOCTH, Ha30BEM TaKyl0 CKOPOCTBH JIBIDKCHUS YaCTHIIBI Viax, HPH KOTOPOIl, 3HAYCHUSA
npoeknuii ckopoctu ee MI'B, Hu Ha ommoii ocu cucteMsl koopjauHaT (X, dY, dZ), =He
IIPEBBIIIACT CKOPOCTH CBETA.

B pamkax ypaBHeHus: C = \f(vz + Vsg® + Vrap®), IIOCTaBIEHHOE YpaBHEHHE
COCTOATENIPHO, €CJIM MaKCHMaJIbHBbIC 3HAYCHHS JAaHHBIX IPOCKIUIl, He OyAyT OrpaHHYCHEI
npegenamu: 0 < v < C?; 0 < vsg? < C%; 0 < vrap® < C%. CripaBeiIMBO Tak e BeIpaxkenue: 0 <
v < C%, rte: v = V(V2+ vs?) 1 0 < vpor® < C2, Trte: Veor = V(Vsi + Vrap).

Haiiném, MakcuMaabHOE 3HAYCHUE CKOPOCTH VT: Vrmax = lim \f(Cz - VRAD? )vrap 0 = C.
B BeIpaxkeHnu: vrvax = C, r1e vr = \f(vz + Vsg?), IPOEKIMH CKOPOCTEN V H Vsg — B3aHMHO

—_ EO
). COOTBETCTBEHHO: VT-MAX
E E0 2E

E
IIPOIOPIMOHAIBHEL, H BBIBOASTCS H3 COOTHOIIEHHUS: Vsg = V\I(
E-E,

= V(i + Veanax?) = V(aa? + ¥l G g) = vVl + E00) = v V(o)
OTKyna: Vyax = VTMAx\/(E+E°)_ _\/(E+E0)_
Sees: Bo = EV(L - M82) = vy = CV(ELED = oy D) oy A,

V(AC? + 1OV(1 — A2 = (4C2 + 14C2 C"'—”A"z) VAC? + Y%CV(C? - vaaxd))
Bo3BezieM 00€ YacTH ypaBHEHHS B KBaJpaT: Vyax- = C* + 1/zC\!(C‘ - VMAXD).
3HAUHT: Vyax® - %C? = BOV(C? - vyax?), a Take: (Vyax® - %C2)? = YC(C? - vyax?).
CokpaTuM ypaBHEHHE: V pax' - V yax?C? + Y4C* = V4C* - Vav yax?C? = vaax® - vuax’C? +
Vavyax?C? = V4C* - 4 C*. JTanee: viyax?(Vvax®t — %4C?) = 0, vyax? — %C? = 0 1, HaKOHEIl: Vyax®
= 3%(C?. B yCTaHOBJEHHBIX CKOPOCTHBIX PaMKaX: Viyax = *+ C\f(%) = & C% TPaeKTOPHS

JIBHDKEHUSI MYJIBTHTPABUTAIIHOHHOI BOJIHBI, OMUCHIBAETCS PAIIMOHATBHBIMU YUCIAMU U HE
BBEIXOJIUT 32 PAMKU YeThIpEX U3MEpPEHUH IPOCTPAaHCTBEHHO-BPEMEHHOIO KOHTHHyyMa (B
KOTOPOM HH CBEPXCBETOBBIX, HI MHUMEBIX CKOpOCTeil He OBIBaeT).

Takum oOpa3zom, TUHAMHYECKU IIpeJIe]I CKOPOCTH, OIIpe/IeNIeTCsS OTPAHHUEHHEM: ViaX

V3 “
=+ C?, T/ HU OJTHA U3 IpoeKIuii ckopoctu MI'B, He crmocoOHa IPeBBICUTE CKOPOCTH CBETA.
Oco00 OTMETHM, CMBICIIOM YCTaHOBKH JaHHOTO Ipejela, SBISACTCSA HE I[elb OTPaHHYHTH

8



CKOPOCTh YaCTHITBI, a 3allpeT Ha IpPEOJ0JICHHE CKOPOCTU CBETa, Ha MPOESKIINAX CHCTEMBI
koopauHar (X, dY, dZ).

®Dopmyaa 4(1)
V3

vmax =+ C?

OrnpeiennM ycinoBUs HOBOU 3aJJa4dH.

IIpenmonoxum, B MOMEHT BpeMeHH tp, B cucreMe orcuera Ko, B COCTOSHUH
HHEPLHAIBHOTO MIOKOS HAXOIUTCSA MPOU3BOJIbHAS YAaCTUIIA, C MACCOI ITOKOS My.

DHeprus 00beKTa paBHa 371ech: Eo = XN\E€.

V3
B MoMeHT BpeMeHU t;, IpUIaguM 00BEKTY BEKTOP CKOPOCTH V, T/€: C? >v > 0.

DHeprus o0beKTa, Ipeobpasyercs 10 Buaa: E; = INE.
E zNLE
Hockombky: By = ——-, T0: 2N€ = —F—5-.
V(1-=2) VA -=2)
Eo

3,[(605: ZNN€0 = ZN-1N€0 + €0-N, rac: ZN-1N€0 = €0-N = ?

HepeMeCTHMCH B CHCTCMY OTCUCTa K], rac¢ 4YacTHlla HaXOOHTCA B COCTOAHHH
HCHHCPIIHAJIILHOT'O ITIOKOA.

=% N€Eo 4 _Eon

| v2 / v2, -
i-=) Va-&)

DHeprus o0beKTa, onpeeiiercs ypaBaeHueMm: E'o = E; =

3neck: XN y€p — 3HEPIHS 330TEPUYECKOTO MOJIS 00BEKTA, B MOMEHT BpeMeHH to: 2N 'nE€)

m, C2 N6 N1 m(C?2
= - 3pece: ——5 — sneprus D311 00BEeKTa, B MOMEHT BpeMeHH t;: 2 NE =
\'(1 - —2) 2
C
N-1 m’,C?
B cucteme orcueta K, sneprusa OI'Tl, npeoOpasyetcsa g0 Buga: 2 € o = S > Tae:
m‘o = 1m;.
OnpenenuM paguyc 330T€pUIECKOro MoJs, B cucTeMe orcueta Kj.
2mgG . 2m',G \ rg
IToCKOMNBKY: TG = c; ,TOIT g = (220 . 3HAUHT: I'g = ——.
V1 -=)
C2

OnpenenuM pacCTOSHHSA, MEXKIY JBYMS IIPOM3BOJILHO BBIOPAHHBIMU JIMHHSAMH
HanpspokeHHOCTH DI TI: AR = Rpot141 - Rporr, THE: 1> 1> 0.
RpoT_L+1 . _ Rpor_1L . AR
——2 U R'porL = ———3-, 3Ha4nT: AR = —F5-.
\'(1 —C—z) \'(1—C—2) \'(1 —C—z)
IIpemmonoxum, 9TO YacTHUIA JBHXKETCS C IIOCTOSIHHBIM PaBHOMEPHBIM YCKOPEHHEM, B

MarHUTHOM I10J1€ YCKOPHTEIIS.

B Takom cnydae, ecnu JBIDKEHHE YaCTHIBI, OCYIIECTBISIETCA C IIOJO0XKUTEIHHBIM
JTUHAMHYECKUM YCKOPEHHEM: Vi = Vo + aAt — BHYTpEeHHHI! yIFTHMATUBHBIN HAaOII0JaTelNhb, He
IO/IBepKEHHBII 3¢ (heKTy H3MEHEHHOU cpe/ibl, 00HAPYKUT, UTO 330TEPHUIECKOE MoJIe 00HEKTa

pacmupsiercs. [Ipuyem, pacumpeHne KOCHETCS HE TOJIBKO I'PaBUTAIIHOHHOTO Pajinyca: I g =

r'g N AR
———~, HO H BCEro HalJII0JJaeMOro BHyTPEHHET0 IIPOCTPAHCTBA B IenoM: AR™ = =

I I

V(1-22) V1-22)
Ecmu ske JacTuria, 3aMeIiIIeTCs — Te €CTh JIBIDKETCS C OTPUIIATEIHHBIM JITHHAMIYECKIM

YCKOpEHHeM: Vi = Vo - aAt — JTaHHBI HaOlto1aTenh OOHAPYXKUT, YTO 330TEPUUECKOE IOJIe

00BLEKTA COKIMAETCHL.

3nech: R'por-1+1 =



2
b} - V
[Ipuyem, cixaTie KOCHETCS He TOIBKO IPaBUTAIIHOHHOTO paauyca: r g =rg(1l — C_Z)’ HO
o V
U BCero HaOJI0JaeMOro BHYTPEHHETO IpoCcTpaHcTBa B 1ietoM: AR™ = AR(1 — C_Z)'

V3
[IycTs, B MOMEHT BpEMEHH t;, 00BEKTY IPHIAeTCSI BEKTOP CKOPOCTH V = C?.

Or[pe,ueJmM KOJIMYCCTBO SHCPI'HH, HepeﬂaHHDﬁ 06’BGKTy, BMCCTC C HMITYJILCOM 1My V: AE
2 2
mqv mqv
1 1VSK

—E, _E, =
1 0 12111V2 123m1C2
31eCh: = )
1 31ech: vsg = C - V(C2—v3) = C - \I(Cz—%)z C- cxl(l): C gzg
3HAYUT: m, Vi ;(ml ), a TaKKe: m;vz + ml:SK mlc E _) _m,C?
CyMMapHas SHeprus o0beKTa, IPHHIMaET BUJ: B = C2

E E ?
0 _ 0 .
vZ. | EN 2E0
Ja- —) Va-3)
Ilepemectumcsa B cuctemy orcdera K;, rjie 9acTuila HaXoIUTCS B COCTOSHHU IIOKOSI.
m, C?

3nece: E1 =

DHeprus 00BeKTa, onpeensercs ypapHeHneM: E'o = E; = XNyE +

W3 ypaBHeHHS cleayeT, UTO BOJHOBAs CTPYKTYypa 0OBEKTa, MPU MEePEeXOJie B CUCTEMY

orcuera K;, He mojBepraeTcs HUKaKUM JUHAMHUYECKHM IpeobpazoBaHuaM: X NECo = const., a

m,;C? 2m,C? m,C?
= 20 , TIIE: ; =€

BrraucnuMm, rpaBUTalIMOHHBIN pajnyc o0BekTa, B cucteMe orcuera Ko: 16 = Rporz =

IIpoOCTO 0633B0,[[HTC§I I[OHOJIHHTGJIBHO?I JIMHHEN HaIIpKCHHOCTH:

RpoT—1 EyC EoC
———, tne: Rpor = ——, 3HAYUT: 1g = .
» T POT amke’ G p—
BeraucianM, rpaBUTallHOHHBIN pajnyc 00bekTa, B cucTeMe orcdeta Ki: 1’6 = R'por2 =
R'poT—1 EC E'2C 2E,C
rae: Rpor = 3HAYHT: T g = —— = —— = 2r.
i '}1 POT 41Tk€ = Bﬂke Bﬂke G

HOCKOJIBKyZ Rpo"[-l =2 Rpo"[.z, TO: I"(ﬂJ = Rpo"[-l.
3 YpaBHCHHA CIICAYCT, 4TO IIpH AOCTHXKCHHU IIElCTI/II_[efI, AUHAMHYCCKOI'O IIpEaciia

CKOPOCTH: V = C?a, IIPOUCXOJUT PaCIIMpPEHHUE TPABUTAIIHOHHOTO pajiyca, IPUBOJIAIICE K
IIOTJIONICHUIO 330TCPHYSCKUM II0JIeM, BHEINHEH JIMHHH HaIpsHDKEHHOCTH OOBEKTa, ¢
OJTHOBPEMEHHBIM 00pa30BaHUEM Y HEro, HOBOH BHEIITHEI JTMHUN HAIPSKCHHOCTH.

B pesympraTe uwero, cucrema orcdera K;, mpeoOpasyercs IS YaCTHIBI B
HHEPITHAILHYIO CHCTEMY OTCYeTa, IJie OHAa HaXOJUTCS B COCTOSHHH WHEPIHAILHOIO TTOKOS:
E'o=2EN1\1€%, E' = EN\ €70 + €'ni1.

A cuctema otcueta Ky — B cCHCTEeMy OTcYeTa, OTHOCUTEILHO KOTOPOIi, 00BEKT JBUIKETCS
C HEHHEePITHAJIBEHON CKOPOCTEIO.

HazoBeM 00HapyKeHHOE SIBJICHUE, TPaBUTAIIHOHHBIM KOJLUIAIICOM.

I'paBUTAITHOHHEII KOJUTAIIC, CHIMAET 3aIlpeT Ha IIPeoJ0JICHIE JUHAMHYESCKOTO IIpe/ielna
CKOPOCTH, IIPHU YCKOPESHHH YaCTHII, 10 CYOCBETOBBIX CKOPOCTEIi.

Dopmyaa 4(2)
Ipu: v = C%

l"G=2 Irc
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Hpe,[[HOJIODKHM, B MOMCHT BpPCMCHH tp, dYacTUIla HAXOOHTCA B COCTOAHHHU
HHCPITHAJIBHOI'O ITOKOA, B CHCTECMC OTCUCTA Ko.

_ W3
B MoMmeHT BpeMeHH t;, IpUAagNM 00BEKTY BEKTOP CKOPOCTH: V = C?. B pesynerate

TPaBUTAIIHOHHOIO KOJUIAllca, YacTUIla IIpeoOpa3yeTcssi B HOBBI OOBEKT, JBIDKYIUNCA

V3
OTHOCHTEIIBHO cHCTeMBI oTcdeTa Ko, ¢ HEHHEPITHATBHOH CKOPOCTBIO VD = C?

Ilepemectumcss B cucreMy otcuera K;, B KoTopolli HOBOOOpa30BaHHEI OOBEKT,
Iepeles B COCTOSIHUE HHEPIHAIBLHOTO ITOKOS.

OdeBUHO, YTO HUKAKHX MPEMATCTBUIL, JUIS JAadbHEHINEro yCKOpeHus oOheKTa, HU B
OJTHOI U3 CHUCTEM OTCYeTa, Ooliee He CYIECTBYET.

_ W3
B MoMeHT BpeMeHH tp, IpUAAINM O00BEKTY BEKTOP CKOPOCTH: V = C?. B pesynerate

TPaBUTAIIHOHHOI'O KOJUIANca, YacTHI[a IIpeoOpa3yeTcs B HOBBIH OOBEKT, ABIKYIIHICS

\/3
OTHOCHTEIIBHO CHCTEeMBI oTcdeTa K;, ¢ HeHHEpITHATbHOH CKOPOCTBIO VD = C—

BepHeMCH B CHCTCMY OTCUCTA Ko, H OIIpcaciiIiM CKOPOCThH 06’LGKT3 OTHOCHTCIILHO

,[[aHHOi:I CHCTCMBEI. OTMGTHM, YTO B IIpomnecce I'paBHTAIIHOHHOI'O KOJLIAIICA, IIPAMAasA CBA3L
Mg

MCEKIY HeHHepL{HaHBHoﬁ CKOpPOCTBIO 3Hep1“HefI o0OBeKTa COXpPAamiACTCA: M — W, m: —
\I(l - C2 )
m, _ Mg
| VNDZ ? mz - [ral VNDZ 2'
V(1 -=c) VOV -=29)

UTo maeT OCHOBaHME, HUCIIOJIL30BATh I pacuera, popmymny 3(1): vo = V(Vl(g)z + AvyY),
V2
2=V (A = )+ V).

Ilepemectumcss B cucreMy otcuera K,;, B KOTOpoli HOBOOOpa3OBaHHEI OOBEKT,

Te: Vi) = viV(1

V3
Iepelre B COCTOSHNE HHEPIIHATIBHOIO ITOKOS, H IPHUIaIUM MY BEKTOP CKOPOCTH: V = C.?.

B pPeE3yilbTaTe, CKOPOCTh 06’LGKT3, OTHOCHTCIILHO CHCTCMBI OTCHCTA Ko, Hpeo6pa3yeTCH

2
IO 3HAYEHIST: Vnps = V(vapi(1 — VEE ) + wp (1 — VND —) + vnp°). A Macca 0ObeKTa,
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O4eBHIHO, YTO, nepexo,uﬂ B KQXKIYIO MIOCJIEIYIONIYI0 CHCTEMY OTCYETa, H KaKIBIN pa3,

V3
npugaBas OOBEKTY BEKTOpP CKOPOCTH: V = C.?, MBI OOHapyKHM, YTO €ro CKOpPOCTh

OTHOCHTCIIBHO CHCTCEMBI OTCUCTA Ko, 6y,ueT MCHATHCA aHAJIOTHYHBIM 06pa30M.
HpH nepexoae B SHHYIKO CHCTCMY OTCUCTA, HCHHCPIIHAJIbHAA CKOpOCTB YJaCTHIIBI

v a
OTHOCHUTEIBHO CHCTeMBI oTcueTa Ko, OyaeT paBHA: VnpN = V(VNDZ(l Np’ )Nl + vap (1 —
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BBIBG,ELGM 06H1Hf[ MHOKHUTEIIb VND, H3—H0,[L KOpHH, H YMHOXHM 00e gactu YPaBHCHHUA Ha

\j(l VND ) VNDN\j(l VEEZ) _ VNDV((l VND ) (1 — VNDZ)N'I + ... (1 — stz)z +
(1 = 22) 3necs: 1 — 7[’2: : E:i a Taroxe: V(1 — 20 =) =3

3HaunT: Vapa V(1 — VND —) = —VND N 7 vap V(1 — VEE W+ (1 — VE—EZ)N'I +...(1 -
Mg (1 — DY) - c‘é«f«;ﬁ G2+ G+ O+ O

COOTBETCTBEHHO: %VND.N C—\f(( =) + ( )? + G )3 : (i)N'1 + (i)N).




Srech: () + QP+ G+ O+ = lim VA Ny o= =

3HAYUT: %VND.N C—\f(hm”'S N> ®) = C \j( =) = Cﬁ(é)

1
COOTBETCTBEHHO: EVND.N = EC’ U: VND-N — C.

)% YPAaBHCHHA CJICAYCT, YTO CYHIICCTBOBAHHC AIHHAMHYCCKOI'O IIpcacila CKOPOCTH,

AOIIYCKACT YCKOPCHHC YacCTHILI BINIOTL OO CKOPOCTH CBCTA. O,[[HEIKO TaKOC YCKOpPCHHC,

COIIPOBOKIACTCA TI'PaBUTAIIMOHHLBIM KOJIJIAIICOM 06’LGKT3, Hpeo6pa3y10mer0 cro, B 60.]'[66
Mg

TAKCIIYIO HAaCTHIY: Mo-N — m
\I(l_ C2 )

®opmyaa 4(3)
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Onucansbii 3¢ ¢ekT, MOKHO 3KCIEPUMEHTAIBHO HaONI0/1aTh, Pa3rOHSAA YaCTUIIBI Ha
yCKOpHUTENEe JI0 CyOCBEeTOBBIX ckopoctTeidl. Ilpm mpeojoneHnn AUHAMHUYECKOTO IIpejiena
CKOPDOCTH, CTOJIKHOBEHHE OOBEKTa C BHEIIHUMU YacTHIIAMHU, NPHBOJUT HE K YIPYTOMY
B3aUMOJICHCTBHIO, a K €ro pa3JeleHHI0 Ha OCKOJIKH, IIPEBBIIAIONIHE II0 Macce,
IepBOHAYAIBHYIO MAacCy caMoro o0beKTa.

HazoBeMm BomHOBOlU pammyc BHemHend MI'B, mormomaeMsiii IIpu I'paBUTAIlHOHHOM
KOJUTaIlCce, aKKPEITHOHHBIM painycoM 00beKTa: Rakkr = Rpor-1.

OnpenenuM ycioBUs TPaBUTAlIHOHHOTO KOJUIAIICA.

I'paBuTaruoOHHLIN KoJIalic OOBEKTa, MPOUCXOJUT B TeX CIydasX, KOTJIa SHEPrus,
HaKOIUIEHHAss B IIpeJellaX aKKPEeIMOHHOTO paJuyca, CTaHOBHUTCS paBHOI SHEpPruu
330TEPHUYECKOrO MO 00beKTa: €axxr = 2 'NEo.

[IpyuunHel TOAOOHBIX U3MEHEHUH, MOTYT OBITh BBI3BaHBI HE TOJBKO JIMHAMHYECKUM
YCKOpPEHUEM, HO TakKe YCKOPEHHBIM BpallleHHeM, 00ecTeuHBaloeM HapacTaHHe yTIIOBOTO
MOMEHTa UMIYJIbCa, a TAKXKE BEICOKUMU TeMIIepaTypaMu, BO30YXKJAIOIIUMHI YaCTHITBL.

Hctopuss HaOmoAeHHN IIOKa3bIBaeT, YTO TPaBUTAIMOHHBIM KOJUIANC, MOXKET
BO3HUKHYTH, TAKXKE U B YCIOBHSAX HAKOIJIEHHUS] MAacChl BEMIECTBA, B IIpe/ielIaX aKKPEIIHOHHOTO
paaumyca oOBbeKTa.

PaccMoTpuM MaTeMaTH4YeCKOE OIMCAaHUE MTOTIIOEHHU MAaTEepUH YEPHBIMU JbIPaMHU.

OnpenenuM 00BEM 330TEPHUYECKOTO TPABUTAIMOHHOTO IOJSA YEepHON JBIpel: Vo =

(g)nrcf.
OnpenenuM o0BEM NPOCTPAHCTBA, 3aKIIOYEHHOTO B aKKPEIMOHHBIH paguyc: V) =
SR axe’.
ITockombky: Rakkr = 2rg, TO: Vi = 8V
IIycts AV — 00BbeM mpoCTpaHCTBA, 3aKIIOUYEHHOTO MEX/TY BHEITHIM U aKKPEITHOHHBIM
pamuycamu: AV =V, - V. Torga: AV =8V, - Vo =7V,
mg

OrnpeiennM IIIOTHOCTH BEIECTBA, B mpeenax I311: Py = v
0

OHpe,[[eJIHM INTOTHOCTD BCIIICCTBA, HaKOIINICHHOI'O B IIPpOCTPAaHCTBE MCEKIY
my; —MMg My

TpaBHTAIlHOHHBIM U aKKPEIIUOHHBIM pagnycaMu: AP = v p—
0
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3 ypaBHeHUs cieayer, 94TO [ Iepexofa K HOBOMY I'DaBHTAIlHOHHOMY KOJIJIAIICy,
IJIOTHOCTh HAKOILUIEHHOTO BEIECTBA, B IIpeJellaX aKKPEIUOHHOIO pajuyca, JI0JKHA

1 o
COCTAaBHTH HC MCHEC ; YaCcTH INIOTHOCTH YCPHOH JBLIPLI.

CJIG,[[CTBHGM TAaKOT'O pacIIpcACIICHHA, ABIACTCA BBIBOA, YTO YCPHLIC JBLIPLI 3Be3,[[HOfI
MacCChbl, HJOJDKHBI 06.]'[3,[[3TB INIOTHOCTBIO, CYIICCTBCHHO IIPCBLBIMIAIOIIYIO IINIOTHOCTD
CBCPXMACCHBHBIX YCPHELIX IOBIP.

Dopmyaa 4(4)
Ap = M1 — Mo = Mo
AV A

IlomydeHHBIM ypaBHEHHEM, Pa3bsCHIETCS NMPUYNHA, CPABHUTEIBHO JIOJITOTO BPpEMEHU
CYIIECTBOBAHHUSA AaKKPEIIMOHHBIX JUCKOB Y KBa3apoB, IIPUTSHYBIIUX COCEIHUE 3BE3IHI.
CornacHo ¢opmyie 4(4), depHas JpIpa He IOTJIONAaeT MAaTePUI0 HaIIPsMYIO — B 3TOM clIydae,
AKKPEIHOHHBIN JHCK, OBII OBl BTIHYT B Hee MPAKTHUYESCKH MTHOBEHHO, a IPEJIBapUTEIHHO
HaKaIUTMBAaeT BENIECTBO, B TpaHHUIaX CBOETr0 AaKKPEIIMOHHOTO paauyca. U maums npu
JIOCTIDKCHUH BEIECTBOM JOCTaTOYHOI IIJIOTHOCTH, IPOHCXOIUT IIOIJIONMIeHHe B (dopme
TPaBUTAIIHOHHOTO KOJIJIAIICca.

DTOT Xe IpollecC OOBACHAET, II0YEMY YepHBIE JBIPH BHYTPH TUIOTETHYECKUX 3BE3]]
Byxnams, Moryr cTaOWIBHO COCYIECTBOBAaTH CO CBOMMH 3Be3JlaMH, a HE HAaYHHAIOT
IIOIJIONIATh HX, C MOMEHTA 3apOXKICHUA.

CTaHOBHUTCS TaK € MOHATHHI IIPOIECCH CTOJIKHOBEHUSA YEPHBIX JIBIP.

B cnydae, ecinu XapakTepUCTHKU MacChl, CKOPOCTEN M YIVIOBBIX MOMEHTOB HMITYJIHCA
00BEKTOB, OTBEUAIOT YCIOBHAM I'PaBUTAIIHOHHOTO KOJIJalica — HaOIIofaeTcs CIUIHHE 3THX
YepHBIX AbIp. Ecin jke ycIioBUs IpaBUTAIIMOHHOI0 KOJUIAIlca He COOJIOICHBI — 00BEKTHI THOO
pazyieTaroTcs, MO0 CTAHOBATCS MTAPHBIMH YEPHBIMU JIBIPAMH.

Ananornunsre 3¢ }eKTH JeHCTBYIO H HA MHKPOYPOBHE.

Hanpumep, mpu HeCOOIIOICHIN YCIOBUH I'PaBUTAIIHOHHOTO KOJUIAIICa, CTOJIKHOBEHHUE
YaCTUIl, ABIAIOIIUXCA MHKPOCKONMMYECKHM YEPHBIMH JbIpaMH, MPHUBOJUT K UX YIPYIOMY
B3aHUMOJICHICTBHIO.

B cnygasx, korja ycJlIOBHSA I'PaBUTAIIMOHHOTO KOJUIAICa COOJIIOJICHBI - HAOJI01aeTCA
CIISHIE 00BEKTOB MEX]Y COOOII.

Hanpumep, He0O0X0IUMBIE YCIOBHUSI, MOTYT BO3HHKHYTH IIPU B3PBIBE CBEPXHOBOI, KOrja
B sJIpe 3BE€3]Ibl JIOCTUTAETCA IUIOTHOCTh M TeMIIepaTypa, JOCTaTOUHasA JJIA 3aIlycKa IEIMHOM
peaKkIuu OOBEIMHEHUS MUKPOCKOIMMYECKNX HYEPHBIX JBIP, B OJHY MAaKpPOCKOITHYECKYIO
YEPHYIO JIBIPY.

COOTBETCTBEHHO, I JIOOBIX aCTPOHOMHYECKHX OOBEKTOB, OKa3hIBACTCSA OJHMHAKOBO
JIOIYCTUMO KaK OTCYTCTBUE YEPHBIX JIBIP BO BHYTPEHHEN CTPYKTYpE, TAK U HAITUYUE TAKOBBIX.

IIpomomkum uccie10BaHus.

OO0paTuM BHUMaHUE, Ha BEKTOP CKOPOCTH KOJUTAIICUPYIONIETO 00BEKTa.

Yka3zaHHBIIT BEKTOP, HE UIMEET HUKAKOU CBSI3H C KHHETUYECKOIN COCTABIIOIIEN MACCHI,

IIPOABILAA 06651, KaK KJIaCCHYECKHH HeHHepHHaJ’IBHBIfI BCKTOpP CKOPOCTH: VND d m, rac. m =
m
— 7 — Im

Ir VNIZ
\(1_ C2 )

Ho mipu 3TOM, BEKTOp CKOPOCTH KOJIIAIICHPYIOIIETO 00hEKTa, 001a/1aeT MPAMOU CBI3bIO
C Maccoll TOKOoA OOBEKTa: VNp ~ Mo. A €ro BO3JIEHCTBHE Ha Maccy IOKOs, OIpejensercs

mo Y
g Mo # Mo.
\(1 - C2 )

dbopMmyoli, CBONCTBEHHON /IS JHHAMUYECKOTO YCKOPEHHS: M o =




HazoBeM Takoli BEKTOp CKOpPOCTH, CYOJMHAMUYECKHM BEKTOPOM CKOpPOCTH, W
obo3HaunM wuHIAeKcoM ND, o00o03Ha4arolIM HEHHEPIIHAJbHYIO CBS3b C DSHEprueil, u

AHNHaAMHYCCKYIO CBA3L C BHGPI‘HefI IIOKOA.
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