MEXAHUKA N TEOPUA OTHOCUTEJIBHOCTHN
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26 maz 2004 r.

dusuka uzyqaer Haunbosiee odOIIHe ((byH;LaMeHTaﬂbeIe) 3aKOHBL IIPUPO/IbL U ABJISI-
eTCsI, TAKUM 00pa30M, TJIaBHOI HayKoit o mpupose. O cBsa3u HU3NKY ¢ JIPYTUMEA HAyKaMU
U C TeXHUKOI, 0 MaciiTabax BpeMeH H PacCTOdHui B mpupojge — cum.:. PeifHMaHOBCKTE
JIEKIIUH 110 (pu3uKe, BHII. 1.

MexaHuka n3ydaeT 3aKOHBI JBU:KeHHsT Tesd. MbI OyIeM paccMaTpUBATh KAGCCUYE-
CKY10, TO €CTb HeKBAHTOBYIO MEXaHUKY — TaKO#W pas3jieJ MeXaHUuKU, B KOTOPOM 1IPU JIBU-
KeHWHN TeJ NPON3BeJleHNe XapaKTePHBIX MacC M, PACCTOAHUN I U CKOPOCTell ¥ BEJINKO
M0 CPaBHEHWIO C KBAaHTOBOI mocrostauoit [lnamka h ~ 10734 Ik -c, TO ecTh BeJIMYUHA,
mrv > h. Ilpu 3T0M MBI GyjIeM pasaudaTh Hepesimusucmekyto (v <K ¢) U peasmueucm-
ckyto (v ~ ¢) MexaRHKY, e ¢ ~ 3 - 10% M/c — cKOpOCTb cBeTa B BaKyyMe.

HEPEJIATUBUCTCKAA KHHEMATUKA

§1. KoopamHaThl, CKOPOCTh, YCKOPEHUE

B mMexaHuke npuHUMAaeTcs (KAK TOTO TPEGYET OMBIT), YTO MPOCTPAHCTBO OJHOPOIHO W
u30TponHO. B TakoMm npocrpaHcTBe JIBUKEHUE, KaK U IOKOil, Bcerjia OTHOCUTEIbHO. Te-
Ja OTCYéTa (M CBSI3AHHBIE ¢ HUMH 9achl), 10 OTHONIEHHIO K KOTOPBHIM PAaCCMaTPUBAETCS
JIBUZKeHNE, Ha3bIBAIOTCA cucmemoti omcuéma. [lpeanonaraercd, 970 B JaHHOI cucTeMe
OTCYETa MPON3BEIeHA CHHXPOHU3AINS JACOB.

Mamepuanrvras movwka uAu 4acmuYya — TeJT0, pa3MepaMu KOTOPOTO MOYKHO IIpeHe-
Opedb B JJAHHBIX YCJIOBUsAX JBUzKeHus. [lojiokeHne marepuasibHOW TOYKU B JIQHHOW CH-
cTeMe OTCYeTa IOJIHOCTHIO 33/laeTCsl PaJInyCOM-BEKTOPOM I B JIAaHHbIf MOMEHT BpPeMeHU
t. C Teuenunem BpeMeHU KOHeIl[ BEKTOpa I(t) JBUKETCs 110 KPUBOii, KOTOpasi HA3BIBAETCS
mpaexmopuet, TaCTUIIbI..

JlekapTOBBI KOOPJAUHATHI X, Y, 2:

r=e,xr+ey+e.z; dr=eydr+e,dy+e.dz;
TOJITPHBIE KOOPIUHATHI Ty (©:
r =e,r, dr =e.dr + e, rdy;
MUJIWHIPUIEecCKre KOOPJAWHATHL p, @, Z:

r=e,p+e.z; dr=e,dp+e,pdp+e.dz;



cepudeckne KOopauHaTe 1, 0, ©:
r =e,r, dr = e.dr + egrdf + e,rsin Odp.

Cropocmo v(t) xapakTepusyeT ObICTPOTY U3MEHEHUsS PAJINYC-BEKTOPA U OTPeIe ST ST
KaK MPOU3BO/IHAs PAJINYC-BEKTOPA 110 BPEMEHU:

v(t) = dz(tt) :

KoMIIOHeHTB CKOPOCTH M KBajpaT ckopoctu v = (dr/dt)? B pasimuHbIX KOOpAMHATAX
TAKOBBI
JIEKAPTOBBI KOOPIUHATHI:

. . . 2 -9 .9 )
Vp =T, Uy =Y, U, =2, V. =2"+y +2°;

IIOJIAPpHbIE KOOPpAUHATDBI:

. .. 2 .2 N2,
U =T, Uy =T¢; V=14 (1)

MUJINMHAPpUYIEeCKNEe KOOPpAUHATHI:
Vp = P5 Vp = PP, Uz = Z; V2:ﬁ2+p2§b2+22§
cepudeckne KOOPJANHATHI:
V=T, Vg = 7"9, v, = rsinb; v =72 4 r2%0% + r2gb2 sin 4.

[Tomo6HO TOMY Kak OBICTPOTA M3MEHEHUs Pajuyc-BeKTopa I'(t) XapaKTepusyercs ero
HPOM3BOJIHON 10 BpeMenu dr/dt = v, Tak u ObICTPOTA U3MEHEHUs CKOPOCTU CO BpEMe-
HEM MOKeT OBITh XapaKTepH30BaHA ITPOU3BOJTHON CKOPOCTHU IO BpeMEHU. JTa BeJHIHHA
HA3BIBAETCS YCKOPEHUEM

a(t) = dz—f) —v(t) = i(t).

Eciu yckopenue moctosauo a(t) const, 10

v(t) =v(0) —i—/ot adt = v(0) +at,
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[Tpu ¢BOGOAHOM najeHnu BOJM3U MOBEPXHOCTH 3em/n yckopenue a(t) ~ const = g,
e g ~ 9,8 m/c?

Komnern, Bektopa V(1) aBuzkercss 1mo KpuBoii, KOTOpast Ha3biBaeTCss 20002padom cKopo-
cmu. BeKTop CKOpocTH mapaJijie/ieH KacaTeJbHOH K TPaeKTOPUU YaCTUIbI. AHAJIOIHYHO,
HAIlpaBJIeHHEe BEKTOPa YCKOPEHUs COBIIAJAET ¢ HAIpaBJIeHUEM KacarelbHOil K rogorpady
CKOpPOCTHU. B TO zK€ BpeMd BEKTOD YCKOPE€HUA MO2KET MMEThb IIPOU3BOJIbBHOE HallpaBJICHUE
110 OTHOIIEHUIO K TPaeKTopuu vactuibl. Hanpumep, npu JBvKeHUu Tejia, OPOIIEHHOTO
O/, YIJIOM K TOPU30HTY, KOHEIl PaJInyC-BEKTOPa JBUXKETCs 110 mapaboJie, a KOHel, BEeKTOpa,
CKOPOCTH — MO BEPTUKAJBLHON IPAMOIl.

PaccmorpuMm 60s1ee HOAPOOHO BOIPOC O COCTABJILAIONIUNX BEKTOPA CKOPOCTH M BEKTOPA
YCKOPEHHS .

r(t) = r(0) +/Dt v(t)dt = r(0) + v(0)t + Lag.



§2. /IBukenue no okpyzkHoctu. Hopmaabuasa u
TaHTeHIINAJIbHAas COCTaBJdOIINe yckopeHanda. Oormmii
cJiydall JBUXKEHHNd 10 KPUBOJIMHENHON TpaeKTOpUun

Pacemorpum wactuily, aBuzKyILyocs 1no okpyzxKuoctu pajauyca R. [lertp nosnspuoit
CHCTEeMBI KOODJIMHAT MOMECTHM B IIeHTpe OKpyzKHOoCcTH (puc. 1), Torna z = Rcosp(t), y =
Rsing(t), | r(t) |= R. Paguyc-BekTop

r = R(cos p,sin p)

U CKOPOCTh
v = (&,9) = Rp(—singp, cos )

B3aUMHO OPTOIOHAJIbHBI TV = T, + yv, = 0.

Puc. 1

v:1/vfc+v§:R\¢]

3aBHCAT OT YIVIOBOI CKOPOCTH dacTuipl ¢(t).
CocraBagoiue BEKTOpa ckopocTu. [IpecraBuM paJinyc-BeKTOp I' B BUJIE

Bennauna BeKTOpa CKOpOCTH

r(t) = Re.(t),

re e,.(t) — eJMHUYHbI BEKTOD, HATIPABIEHHbI BIOJH I'. Toraa CKOpoCcTh TOYKHU, JBUKY-
eficst o OKPYKHOCTH, OTPEJIETUTCS TIPOU3BOIHON O BpEMeHHU OT BeKTopa €, (t), KoTopast
OpPTOTrOHAJIbHA BEKTOPY T,

v=Reé., €& =¢p(—sinp,cosy).
B obmiem ciiydae pajmyc-BeKTOp
r(t) =r(t) e (t)

MOKET M3MEHSTHCsI KaK 110 HANPABJIEHUIO (32 CY6T u3MeHeHus BekTopa €, (t)), Tak u 110
Besmunte (3a cuér namenennst dbyukmun r(t)). Tlosromy BeKTOp CKOpOCTH

v=r(t)e,+r(t)e,



yJI00HO PA3JIOKUTh HA JIBE COCTABJILIONINE: BJIOJIb PAJINYC-BEKTOPA U B IIONEPEYHOM K HEMY
HallpaBJIEHNUN:

v=vi+v,, vi=7r(t)e., vp,=r(t)é,, vi| £r, v, Lr.

[Ipu TakoM pa3/IoKeHUU OKa3bIBAETCd, UTO IMPOJOJbHAS COCTABJSIONAA V; ‘3aBeayer’
U3MeHeHHeM JJIUHBI PaJuyCc-BeKTOPAa, a MollepedHas COCTABISIONAA V, “3aBeayeT’ IMOBO-
porom pajuyc-BekTopa. [lycrh 3a Bpemst dt dacTuna mepemMecTuTcs Ha

dr = vdt,
TOI/Ia M3MEHEHne JTHHBI PAJIINyC-BeKTOpa 3a BpeMs di, paBHOe
F(t)dt = v, dt

3aBUCUT OT MPOAOJIBHOI cocTaBisionieil ckopoctu. C Apyroit CTOPOHBI, 32 3TO BpeMs
Pa/inyC-BEKTOP 1IOBEPHETCS Ha MaJiblif yroJi

v, dt

dp = ,
T

TaK 9TO yIJIOBasd CKOPOCTH Bpalll€eHUA padnyC-BEKTOPa

dep v,
dt r
3aBUCHT OT NOIEPEYHON COCTABJIAIONEN CKOPOCTH.
CocraBagmonine BeKTopa yckopeHnd. BepuéMcs K JIBUKEHUIO YaCTHIIBI 110 OKPY K-

HocTu. B aT0M Ciiyuae yckopenue
a = (0,,7,) = R@(—sin p, cos ) — Rp*(cos ¢, sin p)

MOKHO TIPEJICTABUTH B BHJE CYMMBI JBYX BEKTOPOB & = a; + a,,. [lepBurit n3 Hux

. © . dv
a; = Rp(—sinp,cosp) =< v, ay = Rp = —
¢ = Rp(—sin g, cos p) sV asle=
HAIPaBJIeH BJIOJb BeKTOpa V mpu ¢/¢ > 0 wim nporus BekTopa VvV 1pu @/¢ < 0 u
Ha3BbIBAETCS MaAH2EHUUAALHbIM YCKOpeHreM. BTopoii

U2

a, = —Rp?*(cos p,sinp) = —p*r, a, = Rp* = =

HaIpaB/IeH MPOTUBOMOJIOKHO PAJINyCy-BeKTOPY, TO €CTh K OCH BpaIlleHus U MOTOMY OPTO-
TOHAJIEH BEKTOPY CKOPOCTH, &, -V = (. Ero Ha3bIBAIOT HOPMAAOHOM UAU UEHMPOCTNPEMU-
meavroLm yeKopeaneM. MoKHO cKa3aTh, 9YTO MOBOPOT BEKTOPA CKOPOCTH ONpPeJesseTcs
BEKTOPOM a,, B TO BpeMd KaK U3MCHCHHEM BCJIUYHUHLI BEKTOPa CKOPOCTHU 3aBHCHUT OT ay.
[Ipm a; = 0 yryioBoe yckopeHnmne ¢ oTCyTCTBYeT, ¢ = (), 1 BEKTOp V BpaIaeTCs C MOCTOSIH-
HOIi YIJIOBOII CKOPOCTBIO ), OCTAaBasCh HEM3MEHHBIM 10 Besmdune v = R | ¢ |= const .

B obmiem cirydae pa3siozKuM BEKTODP YCKOPEHHS a HA COCTABJILIONLYIO &; B/IOJIb BEKTOPA

CKOPOCTH V U COCTABJIAIONIYIO &, B MONEPEYHOM K BEKTOPY CKOPOCTHU HAIPABJIEHUU

a=a +a,, al| v, a,Llv.
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[ToBTOpSsist IpeLyAyIre BHIKIAJIKHI [AJIsi BEKTOPa CKOPOCTH, MOJLY 9UM, YTO TAHI'€HI[HAJIbHOE
yCKOpeHue a; “3aBejyer” W3MeHEeHHeM BeJIUYWHBbI BEKTOPA CKOPOCTH V

A%
dU:(ltdt, at:a;,

a HOpMAaJbHOE WJIH IEeHTPOCTPEMUTETbHOEe YCKOPeHHe a, ‘3aBejyeT” MOBOPOTOM BEKTOpA

V Ha MaJIblil yroJu
andt

v
Pannyc kxpuBu3Hbl TpaekTopuu. B obiiem ciiydae MOKHO HPOBECTH OKPYZKHOCTH
yepe3 Tpu OJU3KUX TOukM Tpaektopun r(t — At), r(t), r(t+ At). Ilpu mamgeix At
JIBUKEHHEe JaCTHIIBI 0 TJIAJIKOI TpaeKTOpuu He Oy/IeT OTINYAThCA OT JIBUKEHUS 10 YKa-
3amHoil OkpyzkHOCTH. Pammyc mocrpoennoii npun At — 0 okpyxuocTH Ry (t) Ha3BIBaETCSA
PaduYCom KPUSU3HbL MPAEKMopuY B paccMarpuBaemoii Touke r(t). Ero moxuo naiiru 1mo
dbopmyie
v (av)

Ryp=—, a,=a—a, =a— 5
n, v

§3. aepmmajbHBIE cucTeMbl oTcuéTa. IIpumHIMI
OTHOCUTEJIbHOCTU

Cpean BCeBO3MOXKHBIX CHCTEM OTCUYETa 0c000e 3HAUYEeHHEe NMEIOT WHEPIHAJIbHBIE CHCTe-
MBI OTCYETA, ONpeIesasemMbie caeayonmM oopasoM. CHavaaa BBeIEM MOHSITHE CBOOOIHOTO
tena. C'60000HbLM HA3BIBACTCA TEJIO, HACTOJIBKO y/IaJ€HHOEe OT JIPYTHX TeJI, 9TO UX BJIHU-
sSHAEM Ha JBHKEHHe JaHHOTO Teja MOYKHO IpeHeOpedb. CHcTeMa OTCUYeTa, CBA3AHHAL C
HAOOPOM TOKOAIIUXCSA JPYT OTHOCUTETBHO APYyTa CBOOOTHBIX TeJ, HA3ZBIBACTCS UHEPUU-
anvrot. B 3Toit cucreme npeiiosiaraercsi TpOU3BeAEHHON CUHXPOHU3AIUS TaCOB.

MHepHHaJIbeIe CHUCTEMDBI dBJIAIOTCA BbBIJC/JICHHBIMU N30 BCEX BO3MOXKHBLIX CHCTEM OT-
cuera. ['ammneem ObLT oco3HaH cyeayionuii (pyHaMeHTaaIbHbI (haKT: JiBa JIIOOBIX ONbLITA,
IIOCTABJIEHHBIX OJIMHAKOBBIM 00pa30M B JBYX Pa3HBIX MHEPIHAJIbHBIM CHCTEMaX OTCUYeTa,
JIAIOT OJUH W TOT YKe pe3yJbTaT. DTO YTBEPKIECHUE COCTABIAET COIAEPKAHUE NPUHUUNG
omnocumenvrocmu (Famuneii, [Tyankape, Ditanireiin): Bce MHEpIUAIbHBIE CACTEMBI
pPaBHOMPABHBI B TOM CMBICJI€, YTO 3aKOHbI (PU3UKN MMEIOT OANHAKOBBIN BU/
BO BCE€X MHEPINAJIbHBIX CUCTEMAX OTCYETa. JTO 03HAYAET, UYTO BCE 3aKOHBI (PU3UKI
JIOJIZKHBI OBITH K0BGPUGHMHY, OTHOCHTE/HHO Mepexo/ia OT OJHOW HHEpIHAJIbHON CHCTEeMbI
oTCcYeTa K APYroil nHepluaabHOI CUCTeMe OTCYeTA.

O06061eHnEM ONBITHBIX (DAKTOB SABJIIETCs 3aKOH mHepnuu laauiaes: ¢cBoOOIHOe Te-
JIO B J11000i1 mHepImaabHO#l cucrtemMe OTCYETA JBUKETCS PABHOMEPHO W TPSIMOJIMHEHHO.
ITocTynar o cyIiecTBOBaAaHUN MHEPHMHUAJILHBIX CHUCTEM OTCUYETA MHOT/A Ha3bIBa-
10T nIepBbIM 3aKoHOM HpbIOTOHA.

YVTBep:KIeHHe O TOM, UTO 3aKOHBI MEXaHWKHU He M3MEHSIOTCS MPH IIepexoje OT OTHON
MHEPUUAILHON cucreMbl orcuéra S K JApyroil MHEpHMaiIbHOl cucreme orcuéra S, comep-
JKHAT 110 CYLIECTBY CJACAYIOIUN Pl yTBepKAeHUA.

1. BaKOHbI MEXaHUKN HE USMEHAIOTCA IPpU CABUT'C CUCTEMBbI oTCcueéTa Ha HpOHSBOJIbeIﬁ
BeKTOp (a, b, ¢), TO ecTb NpH IPeoOpPa3OBAHUAX BHJIA

r=12"+a, y=y +b z=724+¢c t=t.



DTO yTBEPKJIEHHUE SIBJISETCS CJIEJICTBUEM MPENOJIOXKEHUsT 00 OJHOPOIHOCTH HPOCTPAH-
CTBa, TO €CTh 00 OTCYTCTBUM KAKUX-JIU0O BbHIJIEJIEHHBIX B IIPOCTPAHCTBE TOYEK.

2. 3aKOHBI He U3MEHSIOTCS IIPU MOBOPOTE CUCTEMbI OTCUETa OTHOCUTEILHO IIPOU3BOJIb-
HOIl OocH, HallpUMeP, MPHU MIOBOPOTe BOKPYT OCH 2 HA YTOJ ©:

r=12'cosp—1y'sing, y=1ycosp+a'sing, 2=z, t'=t.

OTO yTBEpKIEHNE SBISAETCS CJIEJICTBHEM IIPEINOJIOKeHsT 00 H30TPONUH POCTPAHCTBA,
TO €CTb 00 OTCYTCTBUM KAaKUX-JTMOO BBIJEJICHHLIX B HEM HallpaBJICHUIL.

3. 3aKOHBI He U3MEHSIOTCS IIPU CJBHUTE 110 OCH BPEMEHH, TO €CThb IIPHU IPeoOpa30BaHUAX
BHU/IA

rv=2a2, y=vy, z2=2, t=t+r1.

DTO CIeICTBHE MPEJNOJI0KEHUs 00 OJHOPOIHOCTH BPEMEHH, TO €CTh 00 OTCYTCTBHH YeM-
.HI/I6O Bbl/I€JICHHBIX MOMEHTOB BPEMEHU.

4. 3aKOHBI HE U3MEHSIOTCS MPHU MPEodPA30BAHUAX, COOTBETCTBYIOIINX PABHOMEPHOMY
nocrynaresbHoMy (6e3 BpalleHust) ABUKEHUIO CHCTeMbl 0TcuéTa S’ OTHOCHTENHHO WHepP-
MHAAJIBHONR CHCTEMBI OTCYETa S ¢ HEKOTOPOIl MOCTOSHHOI cKopocThio V = const. Crenas
COOTBETCTBYIOIIUI CIBUT U TIOBOPOT B IIPOCTPAHCTBE U CJBUT 110 OCH BPEMEHH, MBI MOKEM
[IPUBECTU ITH JIB€ MHEPIUAJIbHbIE CUCTEMbl K CTaHJIapPTHOI cxeme, NPU KOTOPOW B ITUX
JIByX CHCTeMaX B HadaJbHbIi MOMeHT Bpemenu t = t' = ( mavasa orcuéra m Halpap/ie-
nus oceit copnagaior n ocu OX u O' X’ nmapaiespHpl HOCTOSTHHOMY BEKTOPY CKOpocTn V.
(puc. 2). Buj 3ak0HOB 1peobpa3oBaHust KOOPJAUHAT W BDEMEHH CYIIECTBEHHO PA3THYALTCS
B HEPEJISITHBUCTCKON MexaHuKe (mpeobpasoBanus [ajmies) U B PeJSITHBUCTCKON MeXa-
HuKe (mpeoGpasoBanus JIOpeHIA), 4TO CBSI3aHO € PA3TUYHEM B OCHOBHBIX MOJIOMKEHUSIX
(mocTysarax).

Puc. 2

§4. IIpeobpazoBanusa 'annies

B HepesTuBUCTCKOI MeXaHUKE TTPEJIIOIaraeTcs ClpaBe I IMBBIME CJIeIYIOIIe 0000IIeHMsT
OIBITHBIX JIAHHBIX ([IPH CKOPOCTIX ¥ K €):

1. Cnpasedaus npuryun omHoCumesbHoCmu.

2. X00 wacos ne uameraemcsa npu nepexode om 00H0T UHEPUUAALHOT CUCTNEMDL O~
cuéma x 0py2ol uHePUUaNbHOt CUCMEMbL OMCYEMA, TO €CTh



3. IIpodosrvrovie pazmepv, mea He usmenstomes. B bopmaan3oBaHHOM BUJIE 3TO YTBEP-
JKJICHHE BBITISIAT Caeayomum oopasom. Onpegesnm cHadaja MOHATHE pa3Mepa TeJa.
g HenmopBuzKkHOrO (B S’-crcTeMe) Tejia pacCTOSHHE MEXK/Y JIBYMs ero TOYKaMu [y =
|} — rh| MoxKeT GBITH W3MEPEHO MPOCTHIM CPABHEHHEM JTOIO DACCTOSHUS C ITATIOHOM,
IPUIEM KOODIUHATHI KOHIIOB I} U Iy MOI'YT ObITH U3MEPEHBI B OJINH U TOT K€ WU PA3HbIe
MOMEHTBI BpeMeHH (Bejipb Tesio nokourcs B S'-cucreme). uist auzkynierocs (B S-cucreme)
TeJla eCTeCTBEHHO ONPEJCIUTh €r0 pasMep uepe3 PacCTOdHue [y MEexKy TeMH Ke IByMs
€ro TOYKAMH Iy U Ty, B3ATHIMU B OJMH U TOT ke (B S-CHCTeME) MOMEHT BpeMeHHu t, TO
ectb lig =| r1(t) — ro(t) |. Takum oOpaszom, eciu Be TOYKH ¢ KOODJMHATAMH T) U X
HeIOABUKHEL B cucTeMe S’, To B cucreMe S, B KOTOPOIl 3TH TOYKH JIBHKYTCS, PACCTOTHIE

x1(t) — 2o(t) = 2} — .

[IepBbIe ceacTBUSA U3 3TUX MOCTYIATOB:

1. CoObiTust, OJJHOBPEMEHHBIE B OJHON MHEPIUAJIBHON CUCTEME OTCYeTa, aBTOMATHYE-
CKU OKa3bIBAIOTCs OJITHOBPEMEHHBIMHU U B JIIOOBIX JIPYTHX UHEPIHAJIbHBIX CUCTEMAX OTCUeTa,
(Benp t = t' 1), Tak 9TO 6 HEPEAAMUBUCINCKOU METAHUKE 0OHOBPEMEHHOCTNL ABAAEMNCA (O~
CONOTIHDIM TLOHATNUEM.

2. Ilonepeunvie pasmepv. 0BUNCYULE20CA MENA HE USMEHANWMCA, ITO TPAMO CJeTyeT
73 MPUHIIATIA OTHOCUTETFHOCTH W W30TPOIHU MTPOCTPAHCTBA (PACCMOTPHUTE TIPUMEp OTHO-
CUTEJIbHOTO JIBUZKEHUS JIBYX OJMHAKOBBIX KOJIEI[ B CHUCTeMe MOKOs OJIHOTO WJIH JIPYTroro
KoJIbIa). [T09TOMY He M3MEHSIIOTCsI U TOTIePeYHbIe KOODAMHATHI:

3. IIpodoavhuvie K0OPIUHAMDBL USMEHANOMCA HA GeAununy npotidennozo cucmemot S’
nYymu:
r=2x+Vt.

Orciofa ¢ y4éToOM 3aKOHA IMpeobpa3oBaHus BpeMenu t = t', moaydaem
r=1+Vt.
Taxum obpaszom, npeobpaszosarus lanrunes AIMEIOT BUI:
=2 +Vt, y=y, 2=, t=t nmmr=1r+Vt' t="1. (4.1a)
O6patHuble peobpa3oBanusa ['aauaes moaydanTcs oTCIoAa 3aMeHaMI
ror, tet, Vo -V (4.2)
U IMeeT BHU]T
¥=0-Vt,y =y, =2 t=t wmr' =r—-Vt, t' =t. (4.10)

Ompeie B CKOPOCTH COOTHOTIEHusIMI V = dr/dt B S-cucteme u v/ = dr'/dt' B S'-
cucreme, nouyunm us (4.1) nepeasmusucmekud 3axon npeobpasosanus ckopocmets:

U =V, +V, vy =y, v. =0, mm v=v +V. (4.3)



Anajiornano s yckopenuit a = dv/dt B S-cucreme n a’ = dv’'/dt’ B S’-cucreve u3
(4.1), (4.3) momyaaem
a=a’, (4.4)

TO €CTh B HEPEJATUBUCTCKOM ME€XaHUKE YCKOPEHNE YaCTUIIbI OANHAKOBO B JI000i1
VHEPIUAJIBbHOIl CUCTEME OTCUeTA.

Hanomuum Takzke, 4To pasMepsbl TeJia (BeJII/I‘{I/IHa l12) 7 BpeMd ¢ ABJIAIOTCS MHBAPUAH-
Tamu npeobpazoBanuii [aunes.

PEJIATUBHCTCKAA KUHEMATHKA

§5. IlocTynmarel DiiHmTeiiHa 1 mMepBbIe CJIEICTBUS N3 HUX

Cy1ecTByeT MHOXKECTBO KCIIEPUMEHTATBHBIX JAHHBIX, KOTOPBIE MOKA3bIBAIOT, UTO B
peJIATUBUCTCKON obJsiacTu 1ipeoOpaszoBanus [ajuiiess nesepubl. Hanpumep, ojina u ta xke
JIBUZKYIINASICST W HAXOSIIASICS B TIOKOE HECTAOM/IbHASI 9aCTUIA UMEET PA3HOE BPEMsl YKHU3-
HUI; CKOPOCTh CBeTa, WCIYIEHHOTO MO W MPOTHB JIBUKEHWST 3eMJIM, OKa3bIBAETCS OTHOM
U TOW Ke; HA Ha OJIHOM YCKOpHUTeJe He YJIaJIOCh pa30rHaTh YAaCTHUILI IO CKOPOCTeil, mpe-
BBIIIAIONIAX CKOPOCTh CBeTa B BakyyMe ¢, U T.J. KoBapuanTHoCcTh ypaBHenumit HpioTona
OTHOCHUTEJILHO 1peobpaszoBanuii ['asniies, a ypapuenuit MakcBesia — OTHOCUTEIbHO Ipe-
obpasoBanuii Jlopenria.

CoOBOKYMHOCTH 3THX (PAKTOB MOYKHO OO'bSICHUTH, €CJIN TPUHSITH CJIEYIOIIIe TTOCTYIaThI
(A. Diirmrreitn, 1905 r.):

1. ITpuHIIMOD OTHOCHUTEJIBLHOCTH CIPABEAJINB HE TOJIBKO JIJII MEXaHUYECKUX
(kak 310 G6bLT0 y lanuiesi), HO U AJig JIIOOBIX APYTruX (B YaCTHOCTH, 3JIEKTPO-
MarHuTHbHIX) (PU3NIECKUX SIBJICHUIA.

2. CymiecTByeT mpejiejibHasd CKOPOCTh ABUXKEHUS YACTUI[ U PACTPOCTPAHE-
HUd B3aumMozelicTBuii; eCTeECTBEHHO, OHA JOJI2KHA ObITh OJHOM M TOii >Ke B pas-
JIMYHBIX WHEPIHNAJIbHBIX CUCTEMAaX OTCYETA; 3TA IPEAeJibHAsd CKOPOCTh COBIIA-
JaeT CO CKOPOCTBHIO CBETA B IIYyCTOTE C.

[TepBbie ciepcTBUST U3 ITUX HOCTYJIATOB:

1. Omnocumenrvrocms odnospemenrocmu. Ecin B HepesTUBHCTCKOIT MeXaHWKe COObI-
THsI, O/IHOBPEMEHHbIE B OJIHON MHEPIUAJILHOI cHUCTeMe OTCYeTa, aBTOMATHIECKN OKa3bIBa-
JINCh OJHOBPEMEHHBIMHU U B JIIOOBIX JPYIUX HHEPIUATbHBIX CHCTEMAaX OTCYeTa, TO Teleph
00HOBPEMEHHOCTL CMAHOBUMCA OMHOCUMENbHBLM norsmuem. IIpuMep — 1Ba CBETOBBIX
CUT'HAJIA, TPUIIEINNAX U3 CEPEUHBbI PEJISITUBUCTCKOIO MMOe3/1a K ero KoHmam. B cucreme
S" (noe3) 9Tu cOOBITUST OHOBPEMEHHBI, a B cucreMe S (MeppPOH) CBET CIepBa JOCTUTALT
XBOCTOBOI'O, & IOTOM TI'OJIOBHOI'O BaroHa.

2. [lonepeunvie pasmepv. 0BUNCYULE20CA TEAL HE USMEHANWMCA. DTO YTBEPKICHUE
OCHOBAHO HAa HMPUHIIAIIE OTHOCUTEIHHOCTU U W30TPOINH IPOCTPAHCTBA U TIOTOMY CIIPaBe/I-
JIMBO U B PeJATUBUCTCKOI Mexanuke. OTcioja (Kak U paHblie) CIeyer 3aKOoH 11peodpas3o-

BaHH4A IMOIEPEIHbIX KOOPpAMUHAT:
!/

y=vy, z2=2".

3. Bamedrenue xoda deusicywurca wacos. PaccMoTpuM pacnpocTpaHeHHe CBETOBO-
ro CUIHAJA MEXKIy JBYMs HEHOABUKHBIMH B S’-cucTeMe 3epKajaMi, PaCIOJIOKEHHBIMU



oproronasibao ocu O'Y' (puc. 3). Ilycrs B S’-cucreme pacupocrpaHeHHe 3TOr0 CHIHAJIA
u3 Touku A B Touky B m obparno Buoan ocu O'Y' npoucxomut 3a Bpems At', To ecthb
Y — Yy = 3¢At (puc. 3). B cucreme S 3TOT JKe CHIHAI IPOXOAUT IyTh U3 TOUKH A; B
TouKy B u obparHo B T0uKky Ay (puc. 4) 3a Bpemsa At, npuuém

Leat 2—( —ya)’ + Lyae _ Lear 2+ Lyae 2
92 = \¥YB Yya 9 - 9 9 ;

OTCIOJIA CJIEIYET, UTO
At =+/1—(V/c)?- At, (5.1)

1o ectb At' < At — deustcywuecs wacvl udym meoieHHee NOKOAULUTCH B

1

pas.

Puc.3 Puc. 4
[ToguepkueM, uro B S’-cucreme coOBITHA, O KOTOPBIX UAET pedb, IPOUCXOAAT B OJHON
1 TOil 2Ke Touke A, a B cucreme S — B pa3HbIX ToOUKax A; n A,.

Puc. 5
4. Coxpawenue npodosvHulT pasmepos dsuncywezocs npedmema. PaccMoTpum ToT ke
OIBIT, HO C 3ePKAJAMHU, PACIOJIOKEeHHBIMU opToroHaabuo ocu OX’ (puc. 5). B S’-cucreme
cAt = 2U', vue I! = 2y — 2/y — jyimHA CreprkHsS, HAa KOHIAX KOTOPOIO YCTAHOBJIEHbI
HENOBUIKHBIE B 9TOM cucreme 3epkaja. B S-cucreme

At = Aty + Aty
rme
CAtl’g =[]+ VAtLQ .
3aech | — jjmHa JBUKYIIEIOCs CTepkHs ¢ 3epkajgamu. Orcroma

[ l 21

S v v T
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u ¢ yaeroM (5.1) mosy4aum
l=+1-=(V/e)2- 1T, (5.2)

TO ecTh | < I — npodosvrwvie pasmepvl d6UNCYWE20CA MEAG COKPAULAIOMEA B Y PA3.
[TomuepkueM, uro I = &'y — 'y, nj1e KOOPAMHATHI KOHIIOB CTEPKHSL 'y U T'5 MOTYT OBITH
W3MEPEHBl B OJJMH U TOT YK€ WM Pa3Hble MOMEHTHI BpeMeHH (Bejib CTEeP:KeHb MOKOUTCS B
S’-cucreme), a | = xp — T4, TJIe KOOPJUHATHI KOHIIOB JBUYKYIIETOCS CTEPKHSA T4 U Tp
HEIIpeMEeHHO JOJIZKHbI 6bITb U3MEPEHbl B OJJUH U TOT 2Ke (B cucremMe S) MOMEHT BpEeMEHH.

§6. IIpeobpazoBanug Jlopenna. PeagruBucrckme
IIpeodpa30oBaHus CKOPOCTH

[Tycrs mHEeKOTOpPOMY COOBITHIO B S’-cHCTeMe COOTBeTCTBYIOT KoopauHarbl x', y', 2z’ mn
Bpemd t', a B cucreme S — KOOpPAMHATHL T, Y, z m Bpems t. [lonmepednnie pasMepnl n
KOOpJUHATHl HEe U3MeHdTes: §y =y, 2/ = z.

Puc. 6
[TponosbHas KOOpJAMHATA T CKJIbIBaeTcd U3 paccTosHus Vi 1o nHadasna orcuera O
cucteMbl S’ U COKpAIEHHOI JIJTHHBL JIBUKYTIerocst orpeska O'z’ (puc. 6) :

r=Vit++/1—(V/e)? 2,

z = _z-Vt (6.1)

V1= (V/e)2
O6parHoe peobpazoBaHme TOJydaeTcst OTCI0Aa 3aMeHavn & < o', t — t', V. — =V (em.
(4.2)) n nmeer BuI:

OTKY/Jla IOJydaeM

z + Vit

V1= (V]2

[TogcraBuB 510 Beipazkenue B (6.1), moxyanm
t'+Va'/c?

V1= (V2

po - Vz/c?

V1= (Ve

B utore monydyaem npsmMblie u obOpaTHbIe TpedpazoBanus JlopeHra :

O6patHoe mpeodOpa3oBaHue :

%
="+ V), y=y, 2=2, tzﬁ(f%—;m');
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v
¥=xyx-Vt), y =y, =z t':'y<t——93) : (6.2)

Otcro1a HaxXo UM
! / / / ’ V ’
dx = ~v(dx" + Vdt'), dy = dy', dz = d7, dt:v(dt +—2d:p>
c

U 3aKOH [TPpeobpa30BaHis KOMIIOHEHT CKOPOCTH B S-cucreMe vV = dr/dt yepe3 KOMIIOHEHTBI
ckopoctu B S'-cucreme v/ = dr'/dt":

oL+ V v/ vi/y
A A A A A T (6:3)

14+ -2 14+ -2 1+ -2

C C C

O6parHoe npeobpaszoBanmue noaydaerca 3amenoit v« v,V — —V. Pacemorpure npe-
nesbHble caydan V < ¢ u cayqaii vV = (¢, 0,0).

Jlerko y6eauThest, 910 B ormdue or (4.4) yCKOpeHue pesTUBUCTCKON TaCTUIIBI pas3-
JUYHO B PA3HBIX MHEPIHATBHBIX CHCTEMAaX OTCUYETA.

§7. lnTepBaj m cobcTBeHHOE BpeMs. 4-BEeKTOPHI

HMnmepeanrom S12 MeXKIy JBYMsE COOBITHSIMU (t1,T1) U l9,'y) HASBIBACTCS BeJIUIUHA

S19 = \/02(t2 —11)? — (rg — 1) (7.1)

[lokazkure, 9T0 9Ta BeIMYMHA HHBAPDUAHTHA OTHOCHTEIHHO IIOBOPOTOB OCEH KOODJAMHAT
u npeobpasopanuii Jlopenna. Bpemenunodobrve (s2, > 0), npocmpancmeernonodobiie
(52, < 0) u ceemonodobnmie (s35 = 0) UHTEPBATDI.

[Tycrb aByMst cOOBITHSIMU, O KOTOPBIX IIJIA PEUb, SBJSIOTCS I10JIOKEHUE MaTepUaJib-
HO¥i TOYKHM B JBa OGJu3KUX MOMeHTa Bpemenu (t,r) u (t + dt,r + dr). CoorBercTByOHit

uarepBan ds = 4/ (cdt)? — (dr)?. Hazosem cobemeenmvim pemerem T BeTUIHHY, S7I€MEHT
KOTODOIi dT Olpe/ie/sieTcst COOTHOIIEHuEM

2

ds v
dr = — = /1 — (dr/cdt)? - dt =\/1 — — - dt. (7.2)
c c?
Slcno, uTo d7 coBmamaeT ¢ OOBIYHBIM BpeMeHeM dt B CHCTeMe OTCYeTa, B KOTOPOi IacTHIa
nokoutcss (mpu v = 0). C apyroii ¢TOpoHbI, cOGCTBeHHOE BpeMsi dT yI0OHO TeM, dYTO
ABJIIETCS WHBAPUAHTOM TpeobpazoBanuii Jlopenna.
B nasibueitinem yjpo0HO OT 1epeMeHHoil ¢ nepeiitu K 1nepeMeHHoi rg = ct, Torja mpe-
obpa3zoBanus JlopeHia TpuMyT Bu/I

Vv Vv
xO:fy(Q;f)—i——x'), x:fy(a:’—i——xg), y=1y, z=2. (7.3)
c c

YeTpIpexmepHOEe MHOXKECTBO MTPOCTPAHCTBEHHBIX KOOPIMHAT W MOMEHTOB BpeMeHH! Ha-
3bIBAETCS YEMBIPETMEPHLM NPOCMPAHCMBOM-6pEMeEHEM. TOUKa B 3TOM IIPOCTPAHCTBE 3a-
JTaeTCs 4-padulyc-6eKmopom

x,u, = (x07x7yaz) = (‘1:071.)7
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a “paccrosinue” MexkJly JIByMs TOYKAMH — HHTEPBAJIOM S1o. Kpome 4-pajimyc-BekTopa B
JlaJIbHeleM oKazKeTcs yI00HO paccMarpuBaTh u jipyrue 4-sekropsl. Habop Besmmann

Au = (A()yAxaAyaAz) = (AOaA)

HAa3BIBACTCS 4-6EKMOPOM, €CJIU TIPU BpaIlleHudIX U Ipeodpa3oBaHugx JIopeHna BeJTUIHHBI
A, Ipeobpa3yIoTCs TaK yKe KaK U KOMIIOHEHTHI T, TO €CTh IpU Ipeobpa3oBaHudx Jlopenma

Ay = (Ag + %A;) A=~ (A; + %Ag) VA=A A =AL(14)
Ksaapar “ymmabl” 4-BeKTOpa CTPOUTCS aHAJOIMYIHO UHTEPBAJIY
A2 = A2 A2
1 SBJISIeTCS HHBAPUAHTOM IIpeoOpa3oBanmii Jloperma. AHAJIOTHIHO, BEIUINHA
A,B, = AyBy — AB

MOZKeT ObITb Ha3BaHA CKaJIAPHBIM HpousBejenuem 4-sekropos A, u B,, sra Bejmuuuna
TaKKe SBJIsIeTCs MHBApUaHTOM IipeobpazoBanuii Jlopenna.

ITpusenem npumvep. Tak kaxk x, n dx, gpagioTca 4-BeKTopamn, a d7 — WHBAPHAHT
npeobpa3oaBHuii JlopeHma, To oTHOIIEHNE

_ s,
dr

Uy,

SIBJIsieTCs 4-BeKTOPOM. Besmminuy u, Ha3BIBAIOT 4-CKOPOCMbIO0, ¢ yIeTOM (7.2) KOMIOHEHTHI
Uy, UMEIOT BH/I

u, = (up,u), ug = u= — (7.5)

a KBaJpaT 9TOro 4-BeKTopa paBeH
2 _ 2 2 2
ul =ug —u® =c. (7.6)

[Tousitrie o Gosbuiom B3pbiBe (lamos, 1946 1), pennkroBom u3nyuenun (Ilensuac u
Yuscon, 1965 r.) U CBSI3aHHOI ¢ HUM CHCTEMe OTCYETA.

HEPEJIATHBUCTCKAS IHHAMHUKA. ®YH/JAMEHTAJIbHBIE
B3AAMOJENCTBHA

§8. 3akounl quHamMukn HpioToHA

Bcroy Huzke paccMaTpuBaercst ABUMKEHHUE TeJl B MHEPIUAJBHON cucTeme orcuera. B
TaKol cucreMe CBOOO/HASI YACTHUIA JBUKETCS € MOCTOSHHONW CKOPOCTBIO: V = const. A
ecyim v # const, TO YacTHUIA He ABJISETCS CBOOOIHOI, OHA UCHBITBIBAET BO3ACHCTBHE JIPY-
rux Ten. Cmenens sosdeticmseue dpyaux mea wa danmnoe Ha3vieaemcs curot. Mul obcyaum

12



JIBA BO3MOZKHBIX CI10CO0A ONpe/IeJIeH s ITOIO MOHATHUS, IePBbIii (B 9T0M pasjese) — boJiee
MPOCTOH U TIOTOMY YJIOOHBIN JIjIs1 HAYAJIHLHOTO U3JI0ZKEeHUST, BTOPOil — OoJjiee abDCTPaKTHbI,
HO u OoJtee TuryOOKmit, OyaeT paccMoTpeH B §10.

Crenenb BO3/eiCTBUS PA3JIUYHBIX TeJ HA JAHHOE MOYKHO OIpPeJIe/INTh, CDABHUBAS eé
CO CTeNeHbI0 BO3EHCTBUS HEKOTOPO 3TATOHHOI cuibl. B KadecTBe TaKoro sTasoHa CH-
JIBI MOZKHO BbIOpATh, HAPUMED, MAJEHbKYIO HPYKUHKY, PACTIHYTYIO Ha OIIPEJIeJIEHHYIO
juinay. CrenieHb BO3MEHCTBUS TAaKON NMPYXKUHKOW HA30BEeM 3Ta0HOM Fj. YKazap erne u
HAIpaBJIEHNE BO3IEHCTBYS, TIOJyINM BEeKTOP dTaonHoi cuibl Fy. Ecin va teo B omrom
7 TOM Ke HalpaBJIeHUN JeifiCTByeT 1 TaKUX MPYXKWHOK, TO TaKOe BO3JeiiCTBHE OTBeYaeT
cue nFy. Vmess HabOp BCeBO3MOXKHBIX NMPYZKUHOK U BBIOMpPasd UX TaKUM 00pa30M, YTOOBI
1npu JeficTBUM WX B OJHOM HAIIPABJIEHUM PE3y/bTaT COBIAJIAJ C JEHCTBUEM ITAJTOHHON
MPYKUHKH, MOJIy9aeM BO3MOXKHOCTB Ompejeserus Apooubix dacreit or Fy. B urtore mbr
MOJIY9UM BO3MOYKHOCTH U3MEPSTh MPOU3BOJIBHYIO CHIIY depe3 STaJOHHYI0. TakoBo ompe-
JleJIeHUe CHJIBI B PAMKaX MePBOTO CIocoba eé ompesieTeHns.

CpaBHEBasg BO37eiiCTBAe DA3JUYHBIX MO BeJIWYWHE W HampasiaeHuio cuin F wa ommny
U Ty Ke YacTUIly, HaiileM, 9TO 3TU CHJIBl TPUBOAAT K JABUMKEHUIO YACTHUILI C PAZHBIMU
YCKOPEHUSIME A, TPUIEM

F x a. (8.1)

YTBepkK/IeHne 0 TOM, YTO yCKOPEHNE, C KOTOPbIM ABU2KETCA 9aCTHUI[Q, MPOIOPIINA-
OHAJILHO JeliCTBYIOIEN HA HEE cuJjie, COCTABJIIET COZeprKaHne BTOPOro 3aKOHa
HsroTona. OTciofa ciienyet, 9ToO OTHOIIEHHE

|
|

HE 3aBUCHAT HU OT CHUJIbI, HU OT YCKOPEHUs WJN CKOPOCTH YACTHUIIBI, U TTOTOMY ABIAIETCH
XapakKTepHOil /I JaHHOR YacTUIBI KOHCTAHTOM, Ha3bIBaeMoil Maccoii. EcrecTBeHHO, UTO
3HaYeHUEe 3TON KOHCTAHTbI JOJIZKHO 6bITb OJ/IHUM 1 TEeM 2K€ B PA3JIMYHbIX MHEPHUAJIbHbIX
cucremax orcuéra. [Ipu Takom onpejiesieHnn Macca BBICTYNAeT KakK Mepa MHEPIIUH, TO
€CTh Mepa CHOCO6HOCTI/I TeJia TPOTUBUTHCA HOIBITKAM U3MEHUTH €0 COCTOAHNE ITOKOA UJIN
IPAMOJIMHEHHOTO0 PaBHOMEPHOro JiBHKeHusI. OO03HAYNB 3Ty KOHCTAHTY 4Yepe3 1, MOXKeM
BMecTo (1) 3amucarhb

F = ma = m¥. (8.2)

To obcTosiTeICTBO, 9TO CHJIA OKa3aJIach ITPOIOPIIMOHAIbHA UMEHHO BTOPOil IPON3BO/I-
HOI1 110 BpEMeHH OT T', €CTh IKCIepUMeHTaIbHBIH (hakT. C JTOruvIecKoil TOYKN 3peHusT MOT/IN
Obl OBITH ¥ JIPYTHE COOTHOLIEHUS MEXKIy CHUJIONH M KHHEMAaTHIeCKHMHU XapaKTepPUCTUKAMU
JBUKEHU, HAIIPAMED,

d’r d’r
F = m@ + 1 % s
rjle €1 — HEKOTOpasi KOHCTaHTa. TaKyio TMImOTeTHIecKy o "IPUYIUHAY 0 NJId HECUMMETPH-
HYIO MeXaHuKy' MbITalacs pa3BuBaTh (mpasja, 6e3 ycrexa) u3BecTHbI actpoHoM Ko3bi-
peB.

[TougTue 06 aaropuT™Me perieHus ypaBHeHUil qBuzKeHusa Ha dBM.

O0001IEeHnEeM IKCIEPUMEHTAJBHBIX JAHHBIX SBJISeTCd U TpeTuii 3akoH HploToHA:
MpHU B3aUMOIENCTBUN JABYX YaCTHUIL ¢ M k UMeeT MECTO PABEHCTBO CUJI A€HCTBUSA
U IIPOTUBOAEICTBUSA

F;. = —Fy;. (8.3)
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Kpowme Toro, cripaBeiins Takzke 3aKOH HE3aBUCUMOCTH JeiicTBud cui: cuiaa Fi,
¢ KOTOpoii yacTuna k aeificTByeT Ha 4YaCTUILy ¢, He 3aBUCUT OT IPUCYTCTBUSA APY-
rux Jactumn. B HepeIaTHUBUCTCKOII MeXaHUKe 3Ta CUJIA 3aBHCUT TOJIBKO OT PACCTOSHUS
r; — 'y MEXKIy YaCTUIAMU.

Takum obpazoM, mig cucteMbl u3 [N 9acTUI], KOTOPBIE B3AUMOEHCTBYIOT TOJIBKO JIPYT
¢ APYToM (Takyio CHCTeMy YaCTUIl HA3bIBAIOT 3AMKHYMOT), ClIPABE/JIABbI Y DABHEHHSI JIBU-
JKEHUSI:

mlrleZ:ZFm(rZ—rk), Z,k‘: 1,2,,N (84)
ki
OTu ypaBHEHHUsI KOBAPUAHTHBI OTHOCUTEIHLHO TIpeobpaszoBanuit [amuies. leiicTBurenbHo,
IIpU [Iepexo/ie B APYTYIO HHePIHUAJBHYIO CUCTEMY OTCUETA YCKOPEHU U PACCTOSHUS MeKITy
JaCTUIIAMA He U3MEHII0TCS

¥, =1, v, —rp= (' + Vi) — (s + Vi) =1 — 1y,
nosromy u3 (8.4) cyeyror ypaBHeHUs
mir'; = Y Fa(r'; = v'k),
ki

TO €CThb B HOBOIl CcHCTeMe OTCUeTa YpaBHEHHs JBUKEHHS B HOBBIX I€PEMEHHBIX HMEIOT
TOYHO TOT 7K€ BHJ, YTO U CTapble ypaBHEHNUd JIBUKEHHS B CTAPbIX IePEMEHHBIX.

ObstacTb TPUMEHUMOCTH OOCYZKTAEMbIX 3/IeCh 3aKOHOB JMHAMHUKH OXBATBIBAET BCIO
HEPEJIATUBUCTCKYIO KJIacCUu4ecKyio Mexanuky. [Ipu mepexojie B pesisTUBUCTCKYIO 00J1aCTh
TMPUXOIUTCS YIUTHIBATH HAJIMYNE 016l U 3ama3apiBanne B3anmoeiicteusi. C Apyroit cTo-
POHBI, B KBAHTOBOI MeXaHWKe BO3MOYKHBI OOMEHHbBbIe B3aUMOIENCTBUS, He CBOJSIIIECT K
MPOCTBIM MMAPHBIM CHJIAM MEKJIy YaCTUIAMH.

§9. 3aKOH coxpaHeHUs MMIIYJIbCA Y 3aMKHYTOI CHCTEMBI
TeJi. IleHTp Macc

[Monnast cua F peficTByromast Ha 3aMKHYTYIO CHCTeMY JacThil, paBaa (¢ yaerom (8.3))

HYJIIO: .
F=> Fi=> > Fu=5 > (Fu+Fu)=0.

i ki ik ik

DTO K€ COOTHOIIEHHE MOXKHO Hepenucars B Buie (cMm. (8.4))

d

i
OTKY/Ia CJIeJYeT, 4TO
P = Zmivi = const . (9.1)
i
Besmmunny p; = m;Vv; Ha3bIBAIOT UMNYALCOM I-ii YACTUIBI, COOTHOIIEHHE

E m;Vv; = const
i
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€CTh 3aKOH COXPAHEHUd IIOJIHOTO MMIIYJIbCAa 3aMKHYTOH CHUCTEMBbI YaCTUII.
Ecyiu cucrema gacruil He sBJIsieTcss 3aMKHYTOU U Ha Heé JIefiCTBYeT BHEITHssSI CUJIA

FBHeLLI = E FiBHem )
7

TO

dp

i Fivem (9.3a)
TO €CTb CKOPOCTHb U3MEHEHUI IIOJIHOTrO NMMIIyJIbCa CUCTEMBbI YaCTHUIIl paBHa CyMMe
BHEIIHUX CHJI, ,Z[eﬁCTBYIOHlHX Ha 3TN 49YaCTUIbI.

Omnpegennm paauyc-sekTop R yenmpa mace (nnade yenmpa unepyuu) CucTeMpr

> T
R:T’ M:Zmi, (9.4)

TOr/Zla CKOPOCTb JABU2KEHHUA HEHTPa MacCC
. P
V=R=—, P=) p:.
M 7

Ecsin cucrema gacTuiy 3aMKHYTa, TO €e HOJHbIH UMIy/Ibe P, ciie0BaTesbHo, 1 CKOPOCTh
neHTpa uHepnuu V coxpansorcs. Eciam cucrema vacTuIl He SABJISIETCS 3aMKHYTOMH, TO
CKOPOCTb JIBUZKEHHUs TIEHTPA MACC M3MeHseTcs cornacHo (9.3a)

MV = Fopem - (9.3b)

Cootnorrerns (9.2)—(9.3) MO3BOJISIOT PACCMATPUBATH TOCTYIIATETbHOE BHKEHUE CHCTE-
Mbl 4aCTUIL KaK JBHKEHHE OJHOIl yacruupl ¢ maccoit M = > . m,; (3axon addumusnocmu
Mace) U CKOpocThio V.

PaccMOTpuM 3aMKHYTYIO CHCTEMY TeJI, COCTOAILYIO U3 JBYX B3anMOJIEHCTBYIONIMX Ya-
crui. VIX ypaBHEHHsI JBUKEHHSI

mit; = F(ry —rp), mofy = —F(r; —ry)
MOZKHO CYIIECTBEHHO YIPOCTHUTL, €CJIUM BBECTH BMECTO IIEPEeMEHHBLIX I'y U I'y HOBBIE IIepe-

MEHHbI€ — KOOPpJIWHATLI IeHTpa NHEPIINU R u orHOCHTEIDHOE pacCTOdHUEe ' = I'y — I'g!

R=0, mi=F(), m= "2 (9.5)

mi + Mo

Takum o6pa3om, 3a/a4a CBEJETC K PABHOMEDHOMY U MPSIMOJIMHERHOMY JIBUZKEHUIO IeH-
Tpa unepruu cucrembl R = Ry + V{ u K IBHKeHHIO OTHON 9YaCTHIBL ¢ npusedernol
maccoti m nox jgeficteuem cuabl F(r).

§10. Cuta kak Mepa CKOpPOCTH M3MeHEeHNIs NMMIYJIbCa

[ToMuMO TOTO MOAXOA K 3aKOHAM JUHAMUKH, KOTOPBIil n3/102KeH B §8 u §9, onpeiesien-
Hbl€ [MPEUMYIIECTBA MOXKET IPeJACTAB/IATH AJBTEPHATUBHBIN T0/IX0/, OCHOBBIBAIOIIUICS
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HA 3aKOHE COXPAaHEeHUs MMILyJbca. VIMEHHO, IEPBUYHBIM CUHTAETCS CJeayroliee 00o0IIe-
HHe ONBITHBIX JAHHBIX: KaK/IOW YaCcTUIle MOXKHO TPHUIHUCATH ONPE/IeJIeHHYI0 KOHCTAaHTY
m;, Ha3blBaeMylO0 MacCOil, TaK 4TO /I 3aMKHYTOW CHCTeMbl YaCTUI]

E m;Vv; = const.
i

Bewmuuny m; MOXKHO OlpeJIe/IuTh, UCCJEYsT B3aUMOJICHCTBUE i-fI YACTUIIBI ¢ HEKOTOPOI
qacTulei, Macca KOTOpOi Mg IPUHATA 3a ITAJOHHYIO:
/ / | vi—v |
m;Vi + MoV = m;V; +mev. = M =mMor—— -
| Vi =i |

B srom nmoaxome cuna F;, meiicTByomast Ha i-yi0 9acTUIly, onpedessemcs Kak mpon3-
BOJHAs II0 BpeMEHU OT UMITYJIbCA YaCTUIIbL:

F, def dpi.
dt
ComepzKaTeIbHBIM YTBEP:K/IEHHEM IIPO TaK OIPEeIeTeHHYIO CUIY SBIIETCI CJAeIyIoIee

06061enne onbITHHIX Jauubix: hyHknus F; 3aBucut b o1 KoopauHat (1, ObITH MOKET,
CKOPOCTEii) B3aNMO/IeHCTBYOIINX YACTHII, TO €CTh

(10.1)

dp;
di :Fi(ri,rg,...,Vl,Vg,...). (102)
Hecmorpst Ha KaxKyILyiocst pPOCTOTY, 9TO YTBEPKJICHHUE SIBJISETCS JIOCTATOYHO CHJIb-
ubIM. VIMeHHO OHO mO3BoJIseT paccmarpuBarh (10.2) kak ypaBaenue asuzkenus. Coor-
womrerns (10.1)—(10.2) skBuBaseHTHBI BropoMy 3akoHy HpioTona. 13 HuX ciemyer, 4To
JUTST HAXOXKICHU ST IBUZKEHUST CUCTEMBI YACTHUIL TOCTATOUHO 3HATE cuibl Fy(r, v) u Hauamnb-

HOE COCTOSIHME CHUCTEMbI YaCTHIl, TO €CTh HadaJbHbIE 3HAUYEHUS KOOPJAMHAT U CKOPOCTEit
JaCTHII.

PacemorpuM 3aMKHYTYIO cucTeMy U3 JIBYX B3aUMO/IeHCTBYONUX dacTuil. /s nHee u3
COXpaHeHUd UMILYJIbCa P + P2 = const cienyer

dp1 dps
dt 12 21,

TO ecThb Tperuit 3akon HpioroHa.

§11. Pabora. Kunetuueckaga snepruga. CBa3b pabOTHI
CIJIbI C U3MEHEeHEeM KNHETHYIEeCKON dHeprum

Pacemorpum gacruily, nepeMemamonyocs w3 T. 1 B T. 2 BIOJIb HEKOTOPOTO MyTH [,
3JIEMEHT KOTOpOro — Bekrop dl (puc. 7).

Puc. 7
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Pabomoti cunet F wa nytn [ w3 1. 1 B 1. 2 Ha30BeM BeJIMYUHY

2 2
Alz—/ Fdl—/ Fydl. (11.1)
1 1

HazoBeM wunemuveckot snepeuet; qacTunpl Beanuuny K = %va. Tak xak

Fdl=m

d dl 1
Nl = mdvE = mvdv = d | =mv?) = dK,
dt dt 2

TO UHTEI'pUpPYd 5TO COOTHOIIEHHE, IIOJTyIUM

2 2
Ar :/ Fdl:/ dK = K, — K; , (11.2)
1 1

TO ecTh U3MEeHEeHNe KNHETUYEeCKOil 3Hepruu JacTUibl paBHO paboTe aeiicTBYIO-

mieii Ha 4YaCTUILy CHUJIBI:

mvi  mv?
2 2

DTO COOTHOIIECHHE BECHbMa IIOJIE3HO, TaK KaK CBA3bIBaeT JIOKaJIbHbIE XapaKTEPUCTUKU Ya-

App = (11.3)

cTuipl (CKOPOCTH B KOHIIE U HAYaJjle TPACKTOPUH) ¢ HHTErPAIbHON XapaKTepUCTHKOMN (pa-
GOTOI CHJIBI HA JTAHHOM IyTH).

§12. Ilorennuanbable cuiibl. IloTeHIMa bHAS SHEPrUd

Ecu BO Bcem npocTpancTBe 3a1ana ckasapras Gynaknus f(r) wam BekTopHas QyHKIIsA
f(r), To roBOPAT O cKAAAPHOM UAU GeKMOPHOM NoAe. TIpuMepbl — CKaJISPHOE MOJIe TeM-
neparyp rasa 7'(r), BeKTopHoe moJie cKkopocreii Kuakoctu v(r) u T.j. B jmanHom ciaydae
[0JIe — YHCTO MaTeMaTHIeCKOe MOHSITHE.

[Tycrs 3amano mone cuibl F(r). Ecau pa6ora 5T0i CUIBL MO 41060MY 30MKEHYMOMY
IyTH PaBHA HYJIO, TO TaKasl CUJIA HAZBIBAECTCI NOMENUUAALHOT (UAU KOHCEPBAMUBHOT).
s noJieit Takux cuji padbora, ,

/ Fdl
1

He 3aBHCHT OT BHJA IyTH (JOKayKuTe!), a 3aBUCHUT JIXIIL OT KoopauHar T. 1 u T. 2. Ilo-
3TOMY JIJIsl HUX MOYKHO BBECTH TIOHATHE NOMEHUUAAbHOUT IHEep2uy T. 2 IO CPABHEHUIO C
MOTEHIMAbHON dHeprueit 1. 1, onpejieius

U(ry) —U(ry) = —/1 F(r)dl. (12.1)

Orcrona
ou F ou o0 o 0 0

p= 0= 0,
o’ or’ Or ox’ Oy’ 0z

113 onpenenenust Boitekaer, uro U(r) u U(r) + const COOTBETCTBYIOT OJHOMY U TOMY
7K€ 1IOJIIO CUJI, HO9TOMY 9THU JABE IIOTEHIUAJIbHbIC SHEPIuu (1)I/I3I/ILIGCKI/I JKBHUBAJICHTHBI.

dU = —Fdl, F} = — (12.2)
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ITIpumep 1. Tone omnomepuoii cunst F(r) = (f(x),0,0). dasa mo60oro 3aMKHYTOro
KOHTYpa | mveem (puc. 8)

}{Fdl _ /: f(@)dz + /b F@)dz =0,

TO €CTb JaHHOE II0JI€ CHUJI dBJdeTCd NOTEeHINaJIbHBIM.

Puc. 8
TakoBbIME SIBJISIOTCS, HAIIPUMeD, I0JIe TSIKeCTH BOJIU3H IIOBEPXHOCTH 3€MJIU, I/

f(z)=—mg, U(x)—U(a) =mg(x — a),

U T10JI€ CUJI OJJTHOMEDHOTO JIMHEHHOT'O OCIUJLISITOPA, Y KOTOPOrO

O6wrano Beibupator a =0 u U(a) = 0.
IIpumep 2. LlenTpanabHOE IIOJIE CIIT

Tak xaxk F dl = f(r) dr, To mug 106010 3aMKHYTOrO KOHTYpPA

]{ Fdl — / " e + / mm Fr)dr =0,

min

TO €CTh HEHTPAJIbHOE T10JI€ ABJIACTCA IMOTEHIUAJIbHBIM.

Kyanoroso nose
r
Ur) - Ula) = = = =

F(r) =a—;
(r) Pl r o a

06braHO BhIOUpaoT @ = oo u U(a) = 0.
Hsomponnoid 2apmonuieckul 0cyuiiimop

06bran0 Bbibupator a = 0 u U(a) = 0.
Ipumep 3. Y cuy Tpenus odbiyHO cujia F nanpasjiena mpoTuBONOIOXKHO CKOPOCTH,

IIO9TOMY
%Fdlz%det < 0,

TO €CTb CHJIbI TpeHud He dBJAAIOTCA IIOTEeHIIHaJIbHbBIMHA.
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§13. 3akoH coxpaHeHHIs SHEPruun

PaCCMOTpI/IM 3aMKHYTYIO CHUCTEMY H3 N JaCTHII, B3aI/IMO,ZLeI7ICTByIOH_LI/IX ApyTr C Apyrom
qyepe3 IMoTeHuaJIbHble CUJIbI
F.. — 8Ulk(r, — I‘k)
tk — —— A~ -
81'1-

DHeprus 3Toil CUCTEeMbI

1
E=K+U, Kzzﬁmv?, Ury,oty) = Y Uslr; —1y) (13.1)

i,k;i<k

COXPaHsSIeTCsl, TaK KakK ¢ yderoM (8.4)

0

)

PacemorpuMm Tenepb HEKOTOPYIO HMOJICHCTEMY U3 § YACTHUIl, KOTOPas BXOJHUT B 00CYZK-
JaeMyio cucreMy, To ectb s < N. IlorennuanbHas 3Heprusg 3Toit mojcucrembl U 3a-
BHCHT ViK€ He TOJBbKO OT B3aUMHBIX PACCTOAHHUI MKy YaCTHIIAMH JTOH MOICUCTEMBI
r;, — T, ¢ <5, k<S5, HO M OT B3aUMHBIX PACCTOAHMIT M€Ky YaCTUIIAMH ITOACUCTEMbBI U
OCTAJIbHBIMH YaCTUIAMHI 3aMKHYTON CHCTEMBbL: I'; — Tk, 1 < 8, k > s. Paccmorpum ciyvai,
KOTJIa OCTaJIbHbIE YaCTUIIBl UI'PAIOT POJIb BHEIITHUX YCJIOBHUI, B KOTOPBIX IPOUCXO/IUT JIBU-
JKeHHe pacCMaTpHBAEMOil MOJICUCTEMBI, TO €CTh KOT/Ia BEJIMUNHBI Ty IPU k > S ABIAIOTCI
M3BECTHBIME 33]aHHBIME (DYHKIUSAME BpeMenn ry = ry(t), k = s+ 1,..., N. Torga noren-
nuaJibHasi sueprusi Uy npejcrapisier co0oit pyHKIUIO KOOPMHAT YaCTHUIL TOJCUCTEMbI U
BpeMeHn

U(ry,ro, ot t) = > Un(ri =)+ Y > Unlr; — mi(t)).

i<kiik=1 i=1 k=s+1

_ _ 1S 2
IIpu nBHzKeHHH JaCTHI HOJCHCTeMb ee sHeprud By, = K, +Us, K, = 5 > iy M;V7, BooOIIe
TOBOpsI, HE COXPAHSETCS, TaK KaK B 9TOM CJIydae

dE, < . oU; _ OU,
=1

U Toabko B ToM ciydae, ecau OUg /Ot = 0, TO ecTb ec/in BHEIIHKE YCJIOBH CTallMOHAPHBI,
sHeprus F, coxpansercs.

§14. Pacnaapl u coymapeHns B HEPEJIATUBUCTCKOI
MeXaHUKe

[Ipn mepexose OT OAHOI WHEPNHUAJIBHON CHCTEMBI OTCUETA K JAPYTOil MHEPIHAJTLHON

CUCTEMEe OTCUETA IIoTeHIuaJIbHad dHEPrud, 3aBUCAIlad OT B3aMMHBIX paCTOHHHﬁ, HEe n3-
MEHAETCA, a KHHETHUYEeCKasd IHEPI'Ud USMEHAEeTCHA

1 1
K:Egz:mi(v’i—i—Vf:K’—|—§MV2+P’V; P’zg:miv’i; Mzgi:mi-
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Ecim S’ cucrema ectb cucrema nenrpa unepnuu, o P =0 u
1 1
K=K, + 5J\4V§, E=E,+ inﬁ. (14.1)

CormacHo 3ToMy ypaBHEHHIO CJIOXKHOE TEJI0, COCTOSINEee U3 B3aUMOAeHCTBYIONINX MaTepPH-
AJIBHBIX TOYEK, UMEE€T HAaUMEHbIIYIO 9HEPIUIO B CUCTEME HEHTPa WHEPIUU. STy JHEPI'UuIo
HA3BIBAIOT 6HYMpeHHel snepaueli Tea,

Epw = Ey .

HpI/I paciiage IMOKOUBIIETOCA CJIOZKHOT'O TeJia Ha HECKOJIBKO boJtee IIPOCTHIX TeEJI CIIpa-
BeIJINBbI 3aKOHBI COXPaHEHUA

By = Z(E+ MV2> ZMV_O (14.2)

i

TaK 49TO pacCliaJ BOSMOXKEH JIMIIb IIPpU

Ewi> Y Eugi (14.3)

Takue CTOJIKHOBEHUS, IPU KOTOPBIX TeJia MOCJe HEKOTOPOro COJIMKEHUS PACXOJISATCs
6e3 M3MEeHEeHUsI CBOEr0 BHYTPEHHEr0 COCTOsIHUsI (a 3HAYNT W BHYTPEHHEil SHePTUH ), HA3bl-
BAIOTCS YNpy2umMu cmosknosenuamu. s Hux B ciu

Pix = —Pon, p g — p 21 ‘ Pin | | Pon | | p 1 ‘ | p/2u |7 (144>
a B J1ab0OpaTopHOil cucreme
P1
P1 =P+ Py =P +mV; p;=p+m — (14.5)

Paccemotpure mogpobHee ciaydan my = meo 1 my <K Meo.
[Ipu abCcoMOTHO HEYTIPYTOM TIEHTPATBHOM yaape MoTepst KHHETUIEeCKOi SHepTHl paBHA

1
K — K/ = ém(vl — V2)2,

rae m — npuBeleHHas Mmacca. [Ipu ¢dpukcupoBaHHON! HAYAILHOW KHUHETHIECKOH SHEPTHU

K = 1(mvi + mov3) Besmunna K — K’ MakcumasbHa, KOLAA LEHTP MHEPUUH COY/a-

PSIOLIMXCST YACTHUIL HEIOBHKEH (HEPEIATUBUCTCKUN aHAJIOT MPEUMYIIECTBA BCTPETHBIX
Y 9IKOB).

§15. OgHOMEpHOE ABMKEHNEe B MOTEHIINAJIHLHOM IIO0JIE.
JIMHENHbIA OCIMJLIIATOP.
3aTyXalolnue M BbIHYKJEeHHbIEe KOJIeOaHNs, Pe30HAHC

§16. 3akoH KysioHa. 3aKOH BCEMUPHOIO TATOTEHUHI.
Ilorgarne o pyHAaAMEHTAJABHBIX CHJIaX; I'PABUTAIIMOHHOE,
3JIeKTpocjiaboe U CMJIbHOE B3amMOo/IelicTBUS

Bce n3y4daeMbi€ B KJIACCUYECKON MeXaHHKe CHJIbI CBOOATCA K (i)yH,Z[aMeHTaJII)HbIM CH-
JJaM I'paBAUTaIITMOHHOT'O U 3JTEKTPOMArHUTHOT'O BBaHMO,ZLefICTBI/IH. TaK, JIEKTPOMaroHuTHOE
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B3auUMO/IefiCTBUE OTBETCTBEHHO 3a CTPOEHUE aTOMOB U MOJIEKYJI, 32 YIPYI'He CHJIbl, CHJIbI
TpeHHs W peakuuu omop. B amepuoit gusuxe B obmactu Maabx pacrogamit < 1071 u
CYIIECTBEHHYO POJIb UTPAIOT CUJIbHOE U c1aboe B3amMO/IeiCTBH.

DJIeKTPOMAarHuTHoe B3amMmojieiictBue. 3akoH KymnoHa

BazkHoit, nepBuvHOIl XapaKTePUCTUKON /IEMEHTAPHBIX YACTUIL SABJIACTCH UX 3aPsijl ¢ WK
ero oTcyTcTBHe. Pa3myaior mosoxKuTeIbHbIe U OTpUIATEeIbHbIE 3aps/ibl. Mex1y ojuHa-
KOBBIMH 3apAKeHHBIMHU YaCTUIAMHU BO3SHUKAET OTTATKUBaHUE. MezK Ty JacTUIIaMK Pa3HbIX
THIIOB MOTYT OBITH CHJIBI JIMOO NMPUTSKEHHS, TU00 OTTAIKUBaHUA. Tak Kak 3JeKTPOH H
HPOTOH (I€PBBIE OTKPHITHIE FJEMEHTAPHBIE YACTHUIIBI) MPUTATHBAIOTC JAPYT K JIPYTY, TO
YCJIOBHO 3apsi/1y 3JIEKTPOHA MPUITUCHIBAETCSI 3HAK “MUHYC”, a 3apsi/ly MPOTOHA 3HAK “TLIIOC .
A6CO.HIOTHbIe BEJIMYUHBI 9TUX 3aPsAJ0B OKa3aJIUCh OAUHAKOBBI:

@Gp=—q=e¢~ 1,6- 107 Ku,

rJe € — TaK Ha3blBAeMbIil anemenmaphoil 3apsd. B obbiunom Bemecrse 3apsaj q = (2, —
Zc)e, tae Ly, u Z, — 9GUCJIO IPOTOHOB U 3JIEKTPOHOB B JAHHOM BemiecTse. [1jist TOUedHbIX
3aps/I0B BEJIMIWHOIO ¢ W ¢ TIpH v; <K ¢ cnpaBeins 3akoH Kymona (1785 r.)

r
F21:kq1q2ﬁ7 r=rT9—1TI, (161)

rie k = 1 B rayccopoit cucreme emunun u k = 9 - 10° H-m?/Kn? 8 CU. Kynonosoit cue
COOTBETCTBYET MOTEHIHATbHAS SHEPTHS B3aNMOIEHCTBHS JBYX YACTHUIL

q192
[Ty — 1y | '

Ulgzk

3HaK 3apsi/ia 1 ero BeJIMYUHY Y JIPYTUX JIEMEHTAPHBIX YACTHUI] TeIePh BO3MOXKHO yCTa-
HOBUTH, HADJIIOAsT UX B3aUMOJIEHCTBUE C YACTUIIAMHU, 3apsiji KOTOPBHIX U3BECTEH. Y IMBU-
TeJIbHOU OCOOEHHOCTDHIO 3apsjia SIBISIETCS TO, YTO Y BCeX 3aPAKeHHBIX dTeMeHTapHbIX da-
cTuIl (2 3HAYUT U Y BCEX 3aPSZKEHHBIX TeJT) OH OKa3aJICs MO0 abCOTIOTHON BETMIMHE TEJTbIM
KPaTHBIM OT 3JIeMEeHTApHOTO 3aps/ia e. Benrnunnaa 3apsia He U3MeHsgeTcs TTPU Mepexoie OT
O/IHOIT MHEPIUAJBHON CHCTeMbl OTCUYETa K JIPYroit mHepIua/ibHOi cucreme orcuéra. Og-
HUM U3 (pyHIAMEHTAJIBHBIX 3AKOHOB ITPUPO/IbI SIBJISIETCS 3AKOH COXPAaHEHUd 3apdaaa —

Yy 3aMKHYTON CHUCTEMBI TeJ
E q; = const
i

Ojna u3 Hanbosiee TOYHBIX IPOBEPOK ITOIO 3aKOHA — 110 CTAOMJIBHOCTH JIEKTPOHA. JKC-
HePUMEHTAIBHO YCTAHOBJICHO, YTO BPeMs JKU3HH 3JIeKTpoHa T, > 4,6 - 10%° jer.

Ecyiu 3apsizkennbie TeJia He SABASIOTCS TOYEYHBIME, TO CUJIY UX B3aUMOJIEHCTBUST MOXKHO
HafiTi, pa30uB KazK0€e TeJ0 Ha MaJjble (0YTH TOYeTHbIe) YIACTKE U TpUMeHsig hopMyy
(16.1) aist B3aUMOIEHCTBHS 3TUX MAJBIX YUACTKOB. [LycTh, HANIPUMED, B3aNMOIEHCTBYIOT
JIBa HPOTSIZKEHHbIX TeJsia ¢ 3apsijaamu ¢ u ¢ . [lepsoe Teso pa3sobbém Ha MaJible YyU4aCTKHU ¢
3apsaMu @;, PaJINyCc-BEKTOPHI KOTOPBIX I';, & BTOPOe — Ha MaJible YIaCTKH € 3apsIaMu q;-
7 paJnyC-BeKTOpAMH r;-. Torna cuta B3auMOJIeiCTBUST ITUX TeJ

Tri;
F21 :Z kqlq;r%, rji :I';- —r;. (162)
ij Je

21



[Tob3ysich 9TUM METO/IOM, MOYKHO IIOKA3aTh, 9TO PABHOMEDHO 3apsiKeHHbIE Chepbl U
mapbl B3aUMOJIEHCTBYIOT TaK, KaK OyJTO OBl WX 3apsibl COCPEIOTOYEHBI B UX IEeHTPax. B
TO Ke BpeMs B3aHMO/IeiCTBHEe PABHOMEDHO 3apsKEHHBIX KOJIEI[ WK JIIMCKOB 3aBHCHT HE
TOJIBKO OT PACCTOSHUS MeXKy UX MEeHTPaMH, HO U OT UX B3aHMHOIl OpHEeHTAIUN.

Ob6aacTp mpuMeHUMOCTH 3akoHa KymoHa mpocTtupaercs oT caMbIX OOJBIIAX PAaCCTOA-
unit 10 paccrosuuit < i/ (mec) ~ 4 - 10713 M, e BO3HAKAIOT HONPABKI TOPSIIKA

ke? 1
0= —r~—.
he 137

B pesnsituBucTcKoit o0/1acTy cujia B3auMOJIEHCTBUS MEXK/Ly 3apsi/laMi yzKe He OIHUChia-
ercst 3akoHom Kymona. CraHOBHTCS HEOOXOANMBIM YUNTHIBATH 3alla3/IbIBaHIEe B3anMOIeii-
CTBUSI M U3JIyUEeHNE YCKOPEHHO JBMXKYIIMUXCS 3apsiioB. [lociemoBarebHoe OMucanne 3Tux
aBJIeHnil Jaéres KBAaHTOBOI ssekTpoanaaMukoil (K9/1), npoBepsieMoii, B 4acTHOCTH, U B
ONBbITAX HA BCTPEUYHBIX JIEKTPOH-TIO3UTPOHHBIX MYYKAX.

(16.3)

FpaBI/ITaI_[I/IOHHoe BBaPIMO,Z[efICTBI/Ie. 3akoH BCEMHUPHOI'O TATOTEHUA

['paBuTammorHoe B3anMOAeiCTBIE BCET1a COOTBETCTBYET MPHUTSIKeHWIO YacTuIl. [annieit
YCTAHOBUJI, YTO YCKOPEHHE IaAaIONINX TeJI HE 3aBUCUT OT UX MACC 7, TOITOMY
Fipas < m, 0TCIONA

F12 X M1Mms.

V13 mpenmoJiozKeHus, 9To

FI‘aB X —
P TQ

Hpioron cMor BbiBecTn 3akoHbI Keriepa g JaBrvkeHus mianeT. Takum oOpasom, i

TOYEUHBIX MACC My U Mo MpH v; K ¢ CIPaBeJINB 3aKOH BCeMupHoro tsarorexus (1.
Hpioron, 1687 r.):

Fglz—Gmlmg%, r=7~T9—1TI7. (164)
r

[lorennuaibHas SHEPTUSA TPABUTAIMOHHOTO B3aNMO/IEUCTBHUS JIBYX YaCTHUIl paBHA

1M
U- 12 = -G—.
|2 — 1y |

Hpioron gokaszaii, 410 0jiHOpO/IHBIE Chepbl U Mapbl B3aUMOJIEHCTBYIOT TaK, KaK Oy/ITO
OBbI UX MaCChI COCPe0TOYEHBI B uX MeHTpax. B 1798 r. I'. Kaseniutir, ucnob3ys ycTaHOBKY
¢ KPDYTWIBHBIMH BeCaMU, OIpe/Ie/In 3HaYeHe IT'PAaBUTAIIMOHHOIT TTOCTOSHHOM

M3

Gr6,7-107" —.
KI'-C
B aToMHBIX sBI€HHUSIX IpaBUTAIMOHHBIE CHJIbI HE WI'PAOT HUKaKOi posm. CpaBHHM,
HaIpUMeEpP, I'PaBUTAITMOHHBIE U JIEKTPUIECKHE CHJIbI B aTOM€E BOJOPOJA:

J— Gmem,,

-39
Fpexr ke2 10

(nna snexTpona me = 0,9 - 1070 xr, ang nporona m, ~ 2000 m,.). Cuabl TaroreHus
MeZKJTY OOBITHBIMU MaKPOCKOINHMYECKHUMHU TeJaMU TaKzke MaJjbl. Tak, 1Ba HEOOJBIINX Te-
Ja ¢ MaccaMu ~ 1 KI' Ha pacCTOIHHH ~ 1 M NPHUTATUBAIOTCA JAPYT K JAPYTY C CHIAMHI
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~ 1071 H. Po/ib rpaBUTAIMOHHLIX CHJI BO3PACTAET IIPU Iepexoje K 00beKTaM GoJiblie-
ro macrrraba. UTo Kacaercs acTPOHOMHUYECKHX Te€JI, TO CHJIbl I'PDABUTAIMNA UI'PAIOT B UX
JIBUZKEHUHU OIIPEEISIONIYI0 POJib. DJEKTPOCTaTUYECKHe CUJIBI B TAKUX MacliTadax, Kak
[PaBUJIO, HUYTOKHBI, TAK KAaK 9TH TeJa B IeJI0M NPAKTHYECKH 3JIeKTpOHeHTpaabHbl. Bes
HeOecHas MeXaHHKa OCHOBAHA HA 3aKOHE BCEMHUPHOIO TATOTEHMHSI.

Onpir KaBenjuina nHOIAA Ha3bBalOT “B3BemuBaHmeM' 3eMiin, Tak KakK OH II03BO-
JIMJI ONIPEIeIUTh Maccy 3emin. /leiicTBUTEIbHO, TEJI0 MACChl M Ha IMOBEPXHOCTH 3eMJIN

MPUTATUBACTCA C CUJION
mimns

5
R3

mg =G
e Rz ~ 6400 km — pajguyc 3emsu. Orciona

_ g R}
N

~6-10%* kr.

ms

Anasornyuno, 3Hasg yCKOpeHHe 3eMJyin B €€ TOAUIHOM jBuzKeHuu BOKpyr CosHia a =
w?R = (2r/T)* R, moxno onpegenutsh maccy Comnna me = aR?/G (3mecy T = 1 rox n
R ~ 150 mutH KM — 1epuoJ| 0OpaIleHuss  Panyc OpOUTh 3eMJIn).

[leprasi v; = /gR3 ~ 8 kwm/c, Bropas vy = V2o, ~ 11 KM/C W TpeThsi U3 =
V2Gme/ Rse =~ 42 KM/ ¢ KocMudecKue cKopocT. Bec u HeBecoMocTh. Biiusinue BpateHust
Semn.

OnBIT DTBENA, Mypasnrammonsas/ Muneprias = const - (1+1071?). [Ipurnun sKBuBaTenT-
HOCTHU, HOHATHE 00 00IIeil TeOpUH OTHOCUTEbHOCTH.

DJieKTpocJiadoe N CUJIbHOE B3amMO/IeiicTBUs

Kynonosckas cuna B pamkax K9/ coorBeTcTByeT B3anMOIeiiCTBHIO KBAHTOB 3JEKTPOH
HO-IIOBUTPOHHOI'O 110JIdd ¢ KBaHTaM#U 9JICKTPOMAI'HUTHOI'O I10JIA:

B sroit kapTuHe KYJOHOBCKOE B3aWMOJEHCTBAE NMeeT BUJL

€
bl

2 2
U= kqe e—r/l»y — kq
r r
TaK Kak [, = h/m.,c = 0co. CTenenb NHTEHCHBHOCTH 9TOTO B3aNMOIEHCTBHI ~ (V.
Caaboe s3aumodeticmeue; peakKinl Paciiaia,
n—pt+et+v, ™ —u +U
U paccesHust

v+p—n+t+et, v+p— p"+ hadrons

MaJIble PaJuyC U WHTEHCHBHOCTH B3amMojeiicTBusi. [loustune o reopun Baitnbepra-Caa-
ma-Lismoy (1967 r.); oomen W*- u Z%-6030namu:
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ITpenckasanue my ~ myz ~ 100m,,. Hecoxpanenne 4yeTHOCTH B aTOMHBIX IIepexojax.
Orkpeitie W*- u Z%-6030m08 Ha yckopurese SPS co Berpeunsivum pp-myukamu B 2Kenese
(Py66ua, Ban aep Meep u /lapeiona, 1983 r.).

Cunvhoe (uau sdeproe) 63aumodeticmeue COOTBETCTBYET CUJIAM MAJOrO pajumyca <
1071 M u Gompmoii mATeHCHBHOCTH (5 ~ 100 . VIMEHHO 3TH CHIBI YIepKHBAIOT P W
n B suape. [oustue o kBanropoit xpomomunamuke (KXJI) — reopun B3ammomeiicTBust
dynmavenranpubix "nBerHbx" gacTHil (KBADKOB M TJIIOOHOB).

PEJIATUBUCTCKAA JIMHAMUKA

§17. PendruBucTcKue SHEPrud U MMILYJIbC

Hepensitusucrckuit umnyane mv = dr/dt He sBIsieTCs KOMIIOHEHTOH KaKOro-iun6o 4-
BEKTOPA, TOITOMY 3aKOH COXPAHEHH IIOTHOTO HEPEISTUBHCTCKOTO HMITY/IbCA Y 3aMKHY TOM
CHCTEMBI TeJI He IMeeT KOBAPHAHTHOIO BUJIA, TO €CTh MOXKeT HAPYIIATHCS IPH JIOPEHIEBBIX
IIepexoax K JAPYTUM HHEPIHATBHBIM CHCTEMAM OTCYeTa. ECTecTBeHHOE PeNSITHBUCTCKOE
0000IIeHIe NMITYJIbCA COCTOUT B 3aMeHe CKopocTu V Ha 4-ckopocts u, (7.3):

dx me mv
mVHpM:(po,p):muM:m—d“; Py = P = ) (17.1)
T v2 v2
== 1-=

Bce nmeronuecs sKCIepuMeHTaIbHBIEH JAHHbIE TTOATBEPKIAI0T, YTO IIPU PEJATUBUCTCKUX
COyJIapeHUsIX U PACHajaX UMeeT MeCTO 3aKOH COXPaHEHUs MOJIHOTO 4-mMIyJbca 3a-
MKHYTOl CHCTEMBI 4acTuIl: cymma » .(p,); IO Ha4aIbHBIM dacTunaM (4o coyna-
peHusi) paBHa CymMMme » ;(P,,); MO KOHEYHBIM YacTUIAM (HOCJE COY/IaPEeHNs).

Bewuuny

me?

1—(v?/c?)
Ha3BIBAIOT peaamusucmcroti snepaueti c60000noti wacmuybl, a npegesa € npu v — 0, TO
€CTh

€ =Cpo =

g0 = mc?,

Ha3bIBalOT anepeued noxos. PejigruBucrckue QHEPIrud U UMIIYJIbC CBA3aHbl COOTHOIICHU-
AMUN

€
2 =m?*ct +p?c*; p= —V. (17.2)
c
Orcrofa BUAHO, YTO B HEPEJATHBUCTCKOM Hpe/eie
s 1 5, 3 !
g=mc"+-mv°+-m— + .. 1upun v<Kec,
2 8 2
a B yJILTPAPEIATHBUCTCKOM IPEIEIe
m2c .
Ezlp\-c—l—m—i—...; npu ¢ — v <K ¢ WM OpH € > mc”.
p
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Peasmusucmeras cuaa

(av)v 1

dp—m a—+ my3—— S —
e ’}/ ’V 02 ) fy_ 1_ (1}2/C2>

F=—
dt

OKa3bIBALTCS 3aBUCHILEH HE TOJIBKO OT YCKOPEHMs &, HO U OT CKOPOCTH V, B YaCTHOCTH,
F=my’aupuv ||auF =myanpu v L a. Coornomenus, anajgormansie (11.2), nmeror
BUJL

_dp _ cp _

[Iyctn

K =¢—mc
— peJATUBUCTCKAasg KUHETUYeCKad SHePrus, B HepeJATHBHCTCKOM Ipejesie 3Ta BeJUYnHa
COBIAJAET C €€ HepeJdTHBHCTCKAM 3HadeHHeM: K = %va npu v K ¢ . larerpupysa
coorronrerne (17.3) mosydnm cooTHOINIEHHE MeXKy PabOTON CHJIbI U W3MEHEHHEM KHHe-
TUYECKOHU SHepruu

A12:€2—€1 :Kz—Kl, (174)

AHAJIOTHYIHOE YK€ YCTAHOBJIEHHOMY B HEPEJISITUBUCTCKON MeXaHUKe.
Tak Kak BEJHYUHBI €/C U P — KOMIOHEHTBI 4-HMILY/IbCA Py, TO HX 3aKOH HPEoOpa3o-
BaHUs yKe u3Becten (cM. (7.4)):

1%
e=v('+Vp,), pxzv(p;+c—2€’),py=p;7 pe = pl;

1%
g=7(E—-Vp), pgz'y(px—ge),pgzpy, P. = e

vy=1//1—-(V/c)2. (17.5)

Kgajipar 4-umiysbca

Dy = (2)2 —p’ =m’c’ (17.6)

€CTb MHBapUaHT mpeobpazoBanuii Jlopenna.
HeobxouMocTh yuera 10J1€BbIX cTeneHeir ¢cBOOOJIbI 1IPU PACCMOTPEHUN B3AMMO/1eii-
CTBUS PeJISITUBUCTCKUX YaCTHII.

§18. ®oToH. DddekT Jlonnaepa

Coornomenus (17.2) coBmectumbl B npejee v — ¢, m — 0, upu 3rom

e=|p|-c

Taxkoit vactuneit ¢ m = 0 u v = ¢ gaBag0TCA HOTOH Y. DJIEKTPOMATHUTHASA BOJTHA YACTOTHI
w — HabOp (POTOHOB C FHEprueii

e = hw.
Ecun B S’-cucreme ucnyckaercs doron ¢ sueprueit €’ nojg yriuom ¢’ K ocu &', 10 ecthb
6/

p' = —(cos ¢';sin¢’; 0),
c
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TO B S-CHCTEME ero SHeprusi paBHa :

V
e=n~¢ - (1—|——cos<p’) :
c

Orcroma momydaem opmyny agpexma lonnaepa
, 1+ Ycosy

Onpenenenne o 3 dexty lonmrepa ckopocTeil IBUKeHNI KOMIIOHEHT JIBOWHBIX 3BE3/1
U CKOpOCTeil pasberanus JAIEKUX IAJaKTHK U KBa3apoB (KPacHOe CMeIIeHue).

§19. Pacnaapl m coy/japeHus B PeJdTUBUCTCKOI MeXaHM-
Ke. ITondaTne o MeToj/ie BCTPEYHBIX MYyYKOB

Ompejiesierne Macchl HeCTAOMIBHOM YaCTHIIBI 110 4-UMITYJIbCAM IIPOJYKTOB Paciaia

w57 (5)

pacnaap ™0 — Y+, Z — et +e .
[Toporosas sueprus Ha npumepe peakuu p+p — p+p+p+ p:

(p1 + p2)? = 2e1,m + 2m*c® = (4mc)? =

Ki, =¢e1, —mc® = 6me ~ 5,6 '3B.

Yupyrue coypapenusi na npumepe aggexma Komnmona v+ e — v + e. 3akon coxpa-
HeHUs 4-UMIyIbca (Py +pe)u = (p/7 + p'e)u nepenuiieM B BUJE

(PL)2 = (py +pe — 1))
nJINn B BHIEC

(ply)u(pv + Pe)u = (Dy)u(Pe) -

B s-cucreme u3 stToro YpaBHEHHA IIOJIYIa€M

0 oh 2 2
X=X =2\sin’ 2, A = M o2,4.107 2y, A= 2C v =26

meC w W'

Ecan xe paccmarpuBaercsi 1060Boe coyiaapenne OoTOHA Ha YIbTPAPEJIATHBUCTCKOM
9JIeKTPOHE, TO JIJIS PACCeSTHHOrO Ha3a ] (DOTOHA MOy IUM
, gleetelpel) | ox _dee.
= ~ e, T = )
T 2,4e.—c|pe| x+1 m2ct

BosmoxknocTh nmosrydenust (pOTOHHBIX IIYYKOB BBICOKOI SHEPIHH.
Berpeunsie myukn, cemeiicrso BOIIIT o. Pacemorpes unBapuant (p; + Pz)i B A~ U
UY-CHCTEMAX, MOy IUM

e+ (m3 —mi)c*

2
Ex = ; En = Eln T MaC”, €y = E1yq T E2y-

2moc?

[Tpumep peaknuu e + e~ — Z. [IoHaTHE 0 BCTPEUYHBIX JUHEHHLIX eTe™ Imydkax .
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§20. Dueprug cBa3u. Peakiiuu gejieHns U1 CUHTE3a
ATOMHBIX dJIep

Ecau coctaBHOE Te0 MacChl M MOXKET pacmagaTbCd, TO IIpU paclajge U3 COCTOAHHA

g0 = mc? = Zsj = Z(mjc2 + K;).
J

J

IIOKOA

Tax xak K; > 0, 10 pacuaj BO3MOXKeH, ecjiu TOJIbKO Am = Zj m; —m < 0, B 9TOM
cayuae enunna —Am-c? = ; I$; ecTb cymMMapHas KHHETHYeCKas SHePrusl HPOJLYKTOB
pacmaja, To €CTh IHep206bideneHue Pearyul.

IIpu Am > 0 pacuaj, HeBO3MOKeH, a Beimunna Am - ¢ ecrb onepaus c6:a3u, paBHas
MHHUMAJIbHON paboTe, KOTOPYIO HAJ0 3aTPATUTH, YTOOBI “PACTAIIUTH TEJI0 HA COCTABHBIE
YaCTH.

AToMm Bomopoza :

A
Am02 = (mp +me — mH)C2 ~ Ke + Uep = 137 63B7 _m ~ 1078'
m

Aromuste aapa: Am = Zm, + Nm,, — ma, tie A = Z + N; yaenbHas SHePrus CBA3M
na oxun nykjon Amc? /A umeer maxcumym &~ 9 MsB upn A = 56 (ke1e30).
Peakmuu nenenns:

A
AU 5 A+ A+ (22 3)n 4200 MaB, — ~0,1%;
m

aTOMHBIE OOMOBLI I PEAKTOPHI.
Peaknun cunresa:

A
2043t —* He+n+18 MsB, = ~0,4% :
m

BOJIOpO/IHAsT OoMbA M yIpaBJIgeMbIil TEPMOSIEPHBII CHHTE3; MIOOHHBIH KaTaJIu3.
MOMEHT UMIIYJIbBCA. I[IEHTPAJIbHOE I1OJIE

§21. MomeHT cujibl. MOMEHT MMITYJIbCA W €r0 CBA3b C
CEKTOPHAJIBHOI CKOPOCTHIO. 3aKOH COXPAHEHNA MOMEHTA
NMITYJIbCA JJIsd ABUKEHUs YaCTULbI B IIeHTPAJbHOM MOJIe
Uy 3aMKHYTOIl CUCTEMBI TeJl

BekropHoe npounsBejenne BEKTOPOB
axb=c, c=absina, ¢ L a, ¢ L b, ¢, =ayb, —a.b,, ...,

Ijie @ — yroJ MexKJy BeKTopamu a u b.

MowmenT cuJsst
K=rxF.
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MowmeHT mmITyIbca

M=rxp.
CekropuaJjibHasi CKOPOCTh
dS 1rxdr
dt 2 dt
€€ HanpaBJIeHHe ONpeJe/sieT MIOCKOCTh OPOWTHI, & MOIY/Ib — IUIOMA/db, 3aMETAEMYI0

panyc-BeKTOPOM YaCTHUIBI B eIUHUIY BpeMeHH. CBA3b CEKTOPHAJIBHOW CKOPOCTH C MO-
MEHTOM HUMITYJIbCA

dS
M =2m—.
dt
ILI[H OT,Z[eJIbHOI';I YJaCTHUIIbI U3MEHEHNE MOMEHTA I/IMHyI[bC& OHpe,Z[eJIHeTCH MOMEHTOM CH-
JIBI

M:i‘xp—i—rxp =rxF =K.

dt
Ecim neiicrByiomas Ha 9acTuily cujia siBjiasiercst nenrpaabioii, o K =r x F = 0, 1o ectb
Npu ABU>KEHUU YACTHUIIHI MO/ JAelicTBUEeM HMEeHTPAJbHONM CUJIbI MOMEHT UMITYJIhb-
ca YacTHUIIbI COXpaHdeTcd. TpaeKTophst JacTHIBl B 9TOM CJIydae SIBJISETCS IJIOCKO
KPHUBOIi, a CeKTOpHaJIbHAsI CKOPOCTb COXPAHSETCSI.

Y 3aMKHYTO#l CUCTE€MBI YaCTHIL ITOJHBII MOMEHT MMIIYJIbCA COXPAaHAETCH.

JleiicTBUTEIBHO,
dM
% = Z r;, X Fz’,
T

U B 9TON CyMMe 00s13aTeIbHO BCTPETATCS TTAPhI CIAraeMbIX BHIA
r; XFik+rk X sz: (I'Z'—I‘k) XFik:O,
TaK KaK B MexaHuke (cM. §8)
Ecau cucrema 9acTuI| He sBJIeTCS 3aMKHYTOli, TO

dM

Y, = KBHeLT_I .
dt

§22. JIBu>keHne B MEHTPAJIHLHOM IOJIE

3akoHbl coxpaHeHus. /s n3yueHns IBUKEHUSA JaCTUNBI YI0OHO BOCIIOIb30BATHCS 3a-
KOHAMH COXpaHeHus 3Heprun £ u MmomenTa ummyabca M:

1
E= §mv2 + U(r) = const, (22.1)

M = mr x v = const. (22.2)

I3 ypaBuenus (22.2) ciejyer, 910 0pOUTA HAXOJUTCS B ILIOCKOCTH, IEPIEH UK YIISIPHOI
BekTOpY M, mycTh 310 OyAeT TY-TI0CKOCTH. BBO/ISI TOJISIpHBIE KOOPJAMHATHI " U B ITOI
wiockocTu (cM. §1), moaydaem

1

1
E= Emf’2 + §m(rc,b)2 +U(r), (22.3)
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M = (0,0,M), M =mr’p. (22.4)
Panunansuoe asuxkenwne. Vcnonssys (22.4), uckmodnm ¢ u3 (22.3)

1 M?
FE = §m7"2 -+ Ueff(r>; Ueff(r) = U<7n) +

. 22.5
2mr? (225)
Takum obpazoM, pajiajbHOE JBUKEHHE CBEeJIeHO K OJHOMEPHOMY JIBU:KEHUIO B 3 dek-
tupHOM Tnosie Ueg (1) ¢ pomomHuTe bHBIM caaraeMbivm M2/ (2mr?).

TpaekTopuu aBu>keHud. Paccmorpum OoJiee JieTajibHO TPAEKTOPUIO YacTHIlbl. Bug
TPAaeKTOpHU MOXKHO Haiitu u3 (22.4) u (22.5). [JeitcrBurensno, u3 (22.5) nosydaem

S :I:\/ [E — Usg(r)] anss 7 < 0, (22.6)
m
WIH
d " d
dt:i,/ﬂ—r—w:i,/ﬁ/ T 4y (22.7)
2 \/E_Ueﬁ‘(r) 2 0 \/E—Ueg(r)
Ucnonb3ys (22.4) B dbopme
dr =" (22.8)
= M Sp7 .
nckmounM dt w3 (22.7) n HaiigéM ypaBHEHNE TPAeKTOPHH:
M " dr
== + 0. (22.10)

ro 727/ E — Uegt (1)

§23. 3amaua Kermepa

PaCCMOTpI/IM ABUZKEHHE YaCTHIbI B KYJIOHOBOM IIOJI€

rie o = G'mgems s asuzKenns 3emin B rpasutammonnom nose Commna uwan o = ke?
JUTsT JIBUZKEHUsI SJIEKTPOHA B 3JEKTPUIECKOM ToJe MPOoTOHa (aTtoMm Bomopoma). B srom
caydae

a  M?
Ueﬁr(r) = —? +

W MBI MOXKEM yBHUJIETH U3 puc. 9 ciepyioniee:

2mr?’

Puc. 9
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ecim By > 0, To wacruna, npuxojginas u3 0eCKOHEYHOCTH, Oy/ileT OTpazKeHa MOTeH-
uaabHbiM 0apbepoM Ueg(r) B TOUKe 71 U cHOBa yiinér Ha GeCKOHEYHOCTh (MHMUHUTHOE
JIBIZKEHHE )
ri<r<oo mpu FE; >0

eciu By < 0, TO 9acTUIA UCIBITHIBAET PaJuajibHble Kouebanus B obractu (bunurnoe
JIBUZKEHHE )
Tmin <7 < Tmax 1pun - Fy < 0.

YpaBHeHue TPAaeKTOPUU UMeeT BU/L:

M dr
p==x [ = + const.
r 2ma M?
2mE + - —
r r
Ecau BBecTu Tax HasbpiBaeMblil “mapaMeTp OpOUTHL”
M?
p = —
mao
1 HOBYIO Oe3pa3MepHYIO IepeMeHHY 0
p
U= -,
r
TO TOJIYIUM
du
p=F 5 + const ,
e2—(u—1
I7ie BeJIUInHA
2EM?
e=\/1+—
mao
Ha3BIBAETCS IKCIEHTPUCUTETOM OPOUTHI.
NurerpupoBanue BbIOJHIETCS JJI€MEHTAPHO
u N
(p = £ arccos + const
e
WJIn
p
r= .
1 + e cos(¢ — const)
Mbl BHAUM, UTO I = 7y, OpH ¢ = const. Beibupasa const = 0, umeeM r = 7y

upu ¢ = 0 (a1t JBUZKEeHUs! JIAHETHI 9Ta TOYKA HA3bIBACTCH nepuzesuem). B pesyibrare
IIOJIy4aeM YPaBHEHUE TPAEKTOPUU B BUJlE

p

r=—
14+ ecosyp

DT0 U3BECTHDBIE KPUBBIE, COOTBETCTBYOIME KOHUYECKUM CEYEHHSIM:
runiepbosia st € > 1 (nmpu E > 0),
napabosa qist e = 1 (npu E = 0),
simune g e < 1 (mpu E < 0),

OKpYKHOCTD 17151 e = 0 (mpu E = .

~onz):
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OrmMeTuM, HAKOHEI, YTO NAPAMETD P PABEH 3HAYEHUIO PAJuyca npu @ = 7/2:

]

mao 2

Puc. 10

Quuinnrudeckasda opoura. PaccMorpum 60s1ee moipodbHo Bakublii ciaydait £ < 0. B
9TOM CJIydae opOuTa — SJUIAIC ¢ MIaBHOI nostyockio a = (1/2) AB u maJioii mosyochio b
(em. puc. 10), a mapamerp p = OC.

Hepr,ZLHO IIOKa3aTb, YTO IJVIaBHasd II0JIYOCb 3aBUCHUT TOJIbBKO OT YHEPIruu (HO HE OT
MOMEHTA UMITYJIbCA):

1 1 1 p P P «
= - (OA+0B) = = (Tuin max) — & = = .
1= 5(0A+0B) = 3 (Fin + i) 2(1+e+1—e> 1—¢  2[E

[To omnpee/leHNIO SKCIEHTPUCUTETA MAJIAsl TOIYOCh b CBsI3aHA ¢ DOJIBINON TIOJIYOChIO @

COOTHOLICHUEM
b=+v1—¢e?a,

13 KOTOPOTO CJIEJYeT, 9TO b 3aBUCAT He TOJBKO OT SHEPIHU, HO H OT MOMEHTA MMITY/IbCa:
M
\/2m|E)|
Haxkomer, BbIIIUIIEM [OJIE3HBIE COOTHOIIEHHUS:
2
Tmin = (L —€)a, Tmax=(1+¢€)a, p=(1—-¢€)a.

[Iepuos obpaitnenuss MOKHO HAWTHU, UCIOJIb3Ysl IOCTOSHCTBO CEKTOPHAJIBHOI CKOPOCTH.
[Tonnas mioma b, 3aMeTéHHAA PaINyC-BEKTOPOM ILTAHETHI 3a BpeMs OjHoro obopora 1,

paBHa
ds M m
S=—.T=—"T=mab — T=2ma"?]—,
dt 2m «Q
OTKy/a CJaeayeT TperutTii 3akon Kermmepa:
T_2 — 47r2@ — 4r? ,
a3 a  Gme

TO €CThb O0AA BCET NAGHEM OMHOWEHUE KEadpama nepuoda obpauenus K Kyoy 060AbULOT
NONYOCU INAUNCG OKA3DLBAEMCHA 00UHAKOBHLM.
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JBHXKEHHUE TBEPJOI'O TEJIA. CTATHKA

§24. IloctynaTenpbHOe U BpamiaTejgbHOe JBUXKEHUE
TBEPOro TeJia

§25. KuneTtnyeckast dHepTrus TBepJAOTO TeJia.
MoMeHT nHepHun

§26. MoMeHT UMITyJIbCca TBEPJAOTO TeJia

§27. DiaeMeHTbI CTAaTUKNA
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