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NMPEAUCJIOBHE

[lpensnaraemass guTATENI0 KHHra MPEICTaBAsAeT COO0H MONLITKY
H3JIOKHUTh HAa COBPEMEHHOM ypoBHE H B 6ojiee HJIM MeHee JOTHUecKoi
CBfI3W OCHOBHble NpeAcTaBJieHus (usnuku. 3joxeHHe BeChMa CrKarto
H TeoperusuposaHo. [lostomy urenme Xuuru OyJer, BeposATHO, He-
npocrolt zafaueil n norpebyer OT duTaTe]ds ONPEAEAeHHOrO YIOpCTBa.

ABTOp OCTAHOBLJICSI Ha HasBaHHH «MHHHMaJbHAs (U3HKa», Keaas
3TUM TNOMYEPKHYTh, YTO B KHHUre JAaeTcs HEKOTOPbIH MHHHMYyM 3Ha-
HUH, HeoOXOAUMBIH AJ151 NPEACTABJEHHST O (HU3HKE B LEJIOM.

Bce wnsmoxenHoe B KHHTe aBTOp HPENOAHOCHJ (YacTHYHO Ha ¢a-
KyJAbTATHBHBIX 3aHATHNX) yyalUMcH (QHIHKO-MaTeMaTHUECKHX MIKOJ
Ne 239 u Ne 45 r. Jlenunrpaga B teuenne 1964—1969 rr. Onsit no-
Kasaj, 4TO HEeCMOTPH Ha CJIOXKHOCTb PAcCMaTPHBAeMblX BOIIPOCOB,
yyaluxecst BroJHE YycBaHBaJd Martepuas. HacbinienHocTs MaTemaTH-
KOH BbLI3LIBAET 3aTPYAHEHHS JHIIb B IEpPBBIE MeCHlbl 3aHATHH, a
B JajpHefilieM CYIIeCTBeHHO OOJerdaeT W H3JOXKEHME MaTepHasa Mo
ycBoeHue ero yyamumucs, CaelyerT OTMeTHTb, YTO ydalliyecs O3HaKaM-
JUBaJIHCh € 3JEMEHTAMH BEKTODPHOH ajre6psl M BBICIIEH MaTeMaTHKH
B npoilecce saHsTHii M B COabliofl Mepe «HA Najbliax», T. € 0e3
BCAKHX OOOCHOBaHHII, a C «HNOTPEOUTEJNLCKHM» YKJIOHOM, NPUMEPHO
Ha ypoBHE, KOTODBIA JaH B’ NPHJOXKEHHM K 9ToH KHure. Pasymeercs
5TO0 [1eJaJI0Ch He M3 NpeHeOpe:KeHHsi K MaTteMaTHKe, a M3-33 JKeCTKOIo
JIHMHUTa BpeMeHH — 6 YacoB B HeJelio 3TO He TaK yiK MHOTO.

B 1968/69 yue6rom rofy aBTOp RaHHOH KHUTH PUCKHYJ HperNojHe-
CTH GOMBIIYIO YaCTh MaTepHaJsa B O0LIUHOH (He (PH3HKO-MaTeMATHUECKOH)
mkose Ne 62 r. JleHunrpajga d, Hajo CKasatTh, pPe3yJbTaTbl OKa3alHCh
COBCeM HENJIOXMMH — OCHOBHOH MaTepHaJ OOJBIIMHCTBO YYalIHXCS
yCBauBaJo. ABTOP CKJIOHEH MO3TOMY AyMaTh, YTO YPOBEHb MpENOAaBa-
HHs1 QU3HMKH B OOBIYHOH IMKOJIE BIIOJHE MOXKHO IOBLICHTb B 3HaUMTENb-
HOH Mepe 10 CPABHEHMIO C YPOBHEM CYLIECTBYIOLIEro yueGHHKa. IJTO
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TeMm Gojiee TOXOXKe HAa NpaBAy, UYTO ONHLIT MATEMAaTHKOB TOKA3biBaeT,
YTO 9/IeMEHTHl BEKTODHOH asre6phl H TNOHATHS O NPOU3BOJHOM M HH-
TerpaJie TakXke BIIOJHE BO3MOXKHO H3Jarals B COBPEMEHHOH LIKOJE.
Hcnonb3oBanue ke MX IO3BOJISET H3JaraTh Marepual 1o ¢Qusuke H
MaTeMaTHKe 3HAUHTeJbHO CTPOXKE.

Tax unn uHaue, a MOMBLITKH H3JI0KEHHA (H3HKU B INKOJE HAa COB-
PEMEHHOM YPOBHE xedaTh Hajao, He Nyrasch TPYAHOCTEH, a Npeojo-
JieBasi X M HaXOHs ONTHMaJbHble BHIXOAB M3 CJOKHBIX TOJIOMEHHH.
Onun ¥3 BapHaHTOB, OJHAa W3 EO3MOXKHOCTel NpenojHeceHUs (U3HKH
B (M3HKO-MaTEMaTHUECKHX (a B GOJDbIIOA Mepe U B OObiMHB{X) LIKOJAX
¥ H3/araeTcs aBTOPOM JAHHOH KHHTH B JOBOJIBHO KOHCHEKTHBHOM
dopme.

Kunra Oyzaer mnognesnoit npenojaratenasM (U3WKM, ydalmmes
(hU3HKO-MaTeMaTHYeCKHX IIKOJ, CTyLeHTaM IepBLIX KYpPCOB BY30B
(0CO6EHHO INE€JATOTHYECKHX), a TaKXKe TeM U3 Yyuyallluxcsl OObiuHBIX
IIKOJ, KOTOphble He mno0osATC CAedaTh 3HAUHTEJAbHOE ycuade AJs
O3HAKOMJIEHHS € 3JIEMEHTaMH MaTeMaTHKHU. :

Aprop 6anaromapen A. B. Tumopesoit u JI. T. TypGoenuy 3a
P KPHTHUECKHX 3dMeUaHMii, COAEACTBOBABLINX YJ/IYULIEHHIO KHHTH.



BBEJAEHHE

1. Marepus u ee jaBuxerue. Marepus ecrh OOBEKTHBHAA peasb-
HOCTb, AAHHASt HAM B ouiylneHHax. MHBIMH clloBaMH, MaTepue#d Msl
HA3LIBAeM BCe TO, YTO, BO-MEePBLIX, CYLIECTBYET HE3aBUCHMO OT HAllero
CO3HAHHUSI H, BO-BTOPHIX, BO3JEHCTBYeT HAa HALIH OPTraHbi 4yBCTB NpH
KOHTAKTe C HHMH.

B Hacrosiimee BpeMs H3BeCTHbl ABe (GOPMbI MaTepHH: BeIECTBO
(B TBepAOM, KHJIKOM, ras3oo0pa3HoM, IJIa3MEHHOM H CBEPXCKATOM
COCTOSHMSIX) H mMoJjie (TPaBHUTALlHOHHOE, JeHCTBHE KOTOPOro CyulecT-
BEHHO HPOSIBJSIETCH B MHpe OGOMBIIHX TeJ; 3JeKTPOMarHUTHOe, IIpo-
ABJSICIEECST H B MAaKpO- H MHUKPOMHpe; CchelHpHUYECKHe CHUJIbHbIe
u cradbie noJst, AEHCTBYIOLIME 3aMeTHbIM 00pa3oM TOJIbKO B MHKPO-
MHDE MEMAy YacTHUAMH, HAXONAIMMHCH Ha MajblX pacCTOsiHHAX
— 107 — 107" ¢y — apyr ot ppyra).

M3 BemectBa cocrosar Bce Tena B npupojge. Ilose — sto Takas
(opma MaTepuH, MOCPEACTBOM KOTOPOH OCYLIECTBASIOTCA JIIOOLIE B3au-
MOACHCTBHA MexAy JIOOBIMH TelaMH B NPHPOIE.

B mukpomupe, T. e. B caMblX I'IyOHHaX MaTepHM, Da3HHUA MeXAY
BELIECTBOM K TMOJIEM CTHPaeTcs. JTO NOATBepIKAaeT To, 4TO Marepus
elHHa, TOJILKO CBOHCTBA M TPOSIBNEHHS €€ MHOTr006GpasHbL.

JBurkenueM MaTepHH HA3HBAIOT JIOGHE ee H3MEHEHHS B NPOCTpaH-
CTBE M BpeMeHH (nepeMellleHHs IjaHeT, ¢ortorpathypoBaHHe, MblLJe-
HHe U T. A.). Henw3si oTpoiBaTh MarTepHio OT IPOCTPAHCTBA H Bpe-
MeHH, ufo BCAKHI TIpollecc IIpOTeKaeT Bceraa [Je-T0 M KOrja-to.
HonsTis martepus, 1POCTPaHCTBO M Bpemst ApYr 0e3 Apyra cmeicaa
He umeioT. OfHH U3 coBpeMeHHBIX (hpH3HKOB, - XOHJ, CIeHHAaJUCT IO
TEOPHH TIPOCTPAHCTBA, BPEMEHM U THTOTEHHs, HAa Bompoc: «A uTo
6610 Gbl, ec 6 B Mupe nudero, kpome CoJiHiIla, HE CYLIECTBOBAJIO?»
otseTHs: «CoJiHlle BoGpaso Obl B cebsi BCe NPOCTPAHCTBO U BpeMss,
910 Hajo noHMMaTh TaK: ecad Obl B Mmupe Obuio ToJbKO CoOuHLE,
TO MaTepus cyulectBoBaia Gbl Toabko Ha CoJsiHHE W [pOLECcCH Hpo-
TeKaaH Gbl TOJALKO TaM; HO IOCKOJbKY BoKpyr Co/sHpa MatepHz He
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6bi10 Gbl, TO M NIPOLIECCOB HHUKAKHX TaM npoTekars Ghl He MOTJo,
JBurarbest ObpI0 ObI HEUEMy, a KoJab CKopo Tak, To BHe CoJsHUA
NOHATHA IIPOCTPAHCTBA H BpPEMEHH He uUMeJu Obl cMblcaa. [efictBa-
TEJILHO, IIOHATHE (MPOCTPAHCTBO) CBA3AHO C MOHATHAMM «Gyuxes, «cJje-
Ba» M T. A. OT TAKOIO-TO TeNa; a 3THX TEJ-TO U HET, — 3HAUUT, HeT H
NPOCTPaHCTBA B TOM CMBICJ/IE, B KAKOM MBI €r0 MOHAMaeM. AHaNOTHYHO
M CO BPEMEHEM: OHO CBSI3aHO C TOHATHSMHU «PaHBIIE», «MO3Ke», «OJHO-
BPEMEHHO» ¢ KAaKHMM-TO COOBLITHEM, a COGHITHH~TO H HET, IOCKOJbKY
HeT TeJN, — 3HAUHT, HeT H BPEMEHH B TOM CMBICJEC, B KAKOM MBI €r0
NIOHHMaEeM.

IlpocrparcTgo He «MEOK», a4 BpeMss HE «pekas, Kak JAyMaJjH
Korpa-to. Y10 Takoe MNPOCTPAHCTBO ¥ BpPeMsI, KaKOBBl HX CBOHCTBA
H CTPYKTYpa — 3T0 dyHJIaMeHTaJbHEle H He pelueHHLIe 10 KCHNA Npod-
Jgemei. o MHOrue cBoficTBa NPOCTPAHCTBA H BpPEMEHH HaM YXke
H3BECTHBI, H, B YACTHOCTH, HM3BECTHO, YTO MaTepHs, NPOCTPAHCTBO H
BpeMsI B3aHMOCBSI3aHbl M B3aHMOOOYCJOBJIEHE! —- CTOUT M3MEHHTHCA
OJHOMY, KaK 00s3aTe/IbHO H3MeHUTCH apyroe. [Ipm 3ToM «riaBHbIM»
00BEKTOM MHpPa, ONPENSAIONHM CBOHCTBA BCEX OCTAMbHLIX OOBEKTOB
MHpa, SIBJAAETCH MaTepus.

2. Hpeamer Pusuku. Prsvra u3ydaer npocTeHiine BUAB ABHKe-
HHSI MaTepHH, TakKHe KaK MeXaHHYecKoe, BOJIHOBOE, aTOMHO-MOJEKy-
J4pHOE M T. A. OTH BHAB JBHXEHHA NpOCTEHlIHE, HO B TO Ke
BpeMst H QYHAAMEHTa/AbHBIe, HOO OHH TaK MY HHA4e BXOAAT B COCTZB
JMOObiX, CKOJMb YTOLHO CJIOKHBIX BHJOB JBHKeHHs. OTCIOHa BaxKHOCTb
(PH3UKH — OCEOBBI COBPEMEHHOTO ecTecTBO3HaHMsl. PuanuecKue METOAR
HCCJIeJOBAHHSL B CHJIY HX GOJBIIOH OOIHOCTH TPOHHMKAIOT B ApPYIHE
pasfe/nsl eCTeCTBO3HAHUS (XMMHIO, OHOJIOTHIO, ACTPOHOMHIO H T. A.).
CoBpeMeHHble TeXHHKA, HHAYCTPHs, CEJbCKOE XO3$HCTBO HEMAICTHMD!
B OTpbLIBE OT (PH3HKH.

3. du3uka — nayka onwiTHas. Ilox 2TuM Hajo noHHMAaTh, 4TO BCe
VCTaHOBJIEHHbIE QU3HUECKHE 3aKOHbI, Bce (JU3HUECKUE TEOPHH B OCHOBE
CBOEH MOUEPHHYThi U3 HaGMOJeHHA U 3IKCNEPUMEHTOB. Pe3ysbTarthl
3THX HaOMIONEHHH M 3KCNepUMEHTOB ofoblienbl ¥ cHopMyJTHPOBAHLL B
BHJi€ 3aKOHOB. ‘

Jlaxe «uuCTBIE TEOPHH», B OCHOBE KOTOPHIX Ka3asoCh Obl HE JIEKHUT
HH OJ¥H OMBIT, THE-TO B CBOMX MCTOKaX Bce ke Gasupyorcs (X0Ts
Okl KOCBEHHO) Ha ombiTe. Kputeprem ke BEepPHOCTH TEODHH SABJISETCH
ONBIT: €CJIH BLIBOJAb! TEOPHH HE COTJIacylOTCSl C OHBITOM, NMPOTHBODe-
yar eMy, TO TeOPHMS SIBHO HE BEpHA; eCJH BbBOAbI TEODHM COIJAcy-
I0TCH C ONBITOM, TO 3TO CJYXKHT €€ INOATBEPXICHHUEM, H HET HYXKIS
oTBEpraTh ee RO, OAHAKO, TeX [I0p, MOoKa He NOABITCA 3KCIEepPHMEH-
TajbHble JaHHbC, HE YKJAJbIBAIOIIMECS B paMKW 3TOH TeopuH; B
STOM CJydae TeOpHIO MPHXOIHTCS HepecMaTPUBATh, 4 BO3MOMKHO U
3aMeHATh HOBOH, COIJIACYIOMIEHCH CO BCEMH H3BECTHBIMH K JAHHOMY
BPEMEHH OIBITHBIMH JlAaHHBIMH.

4. du3uka — Hayka TouHas. JTO BBEIpAXKEHHE HAJO0 IOHUMATh B
TOM CMBICJIE, Y4TO (DH3HKA HMEET JEJN0 C KOJWYECTBEHHBIMH COOTHO-
IIEHUSAMH, YTO $A3blKOM GH3MKH fABJSETCH $A3bIK MaTeMaTHUeCKHX
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ypaBHeHUi. M He Haj0 3T0 BhpaxkeHHEe MOHUMATH KK YTBEPHKIeHHE
TOrO, UTC 3aKOHb! Qn3ukH abcomorHo TouHe. Kak pas naoGopor —
Bce 3aKOHBI (M3MKH €CTb HEeKOTopoe NPHOJHKEHHOEe omﬁpameme
JIEeHCTBHTENbHAIX ABJCHUH, NPOUCXOASHIIHX B MHpE.

5. Ynpoulenue u3yuaeMblX OGBEKTOB H SIBJCHUA Npu WX u3yye-
HUM — CXeMaTu3anusi. B mMupe Bce sBJIGHHS HACTONBKO B3aHMOCBSA-
3aHbl U B3aWMOOGYCJIOBJEHB!, YTO OTAENUTh OAHO SIBJEHHE OT Jpy-
FOro B IPHHIHIE Heab3s. M3yuaTb ke BCIO COBOKYHHOCTh fABJCHHH
He TIPENCTABASETCH BO3MOKHBIM. KOMOPOMHCCHas BO3MOXKHOCTH H3y-
yeHHs sBJEGHUI 3akJlouaeTcss B TOM, YTO BO BCeX fBJEHHMAX €CThb
CYUICCTBCHHLIE M HECYUIECTBEHHHE XapaKTepHCTHKH, CYIIECTBEHHbIE
u HecyuiecTBeHHble cBsizH. OCHOBOH BCAKOrO H3yueHUA M ABJAAETCS
YMeHHE OTAeJUTb CYIIECTBEHHOE OT HECYIIECTBEHHONO B JaHHBIX
VCJIOBYMSIX B CKOHLEHTPHUPOBATh BHHMaHME Ha ryasnoM. Hampuwmep,
Hac HHTepecyeT JBHkeHHe aBToMoOHJs1. COBepIIEeHHO CUYEBHAHO,
YTO XapakTep [IBHUKEHHA aBTOMOGHJs B JaHHBIH MOMEHT, BOOOIIE
roBop#, 3aBHCHUT, HanpuMeD, OT COJIHEYHOH JesTeJbHOCTH BO BpeMeHa
Ilerpa Benuxoro, ot HacTpoeHHsi MeXaHHKa, OCMATPHBABILETO aBTO-
MOOUJIb NDH BBIE3AE €r0 Ha JHRHIO, OT TOro, ABJASETCH JH JCHb
npaspHudeLM 1 T. A. Ho moutu HapepHsixa Mel He OyJeM YUHTHIBATH
3THX 3aBHCHMOCTEH, paBHO KaK # OKpPackH aBTOMOOWJS H HHCAA
reosfefl B mopMeTKe BopuTesd. DyjemM M MBI yY4HTHIBATL KauecTso
GeH3nHa, MOLUIHOCTH JABMraTessl, pasMepbl aBTOMOOWJS, ero Maccy,
Tpenue, npodunp poporu? OueBHAHO, OTBETHTL Ha 3TOT BONpOC
HeJIb3R MO TeX IIOp, MOKA Mbl He MOCTaBHM 3ajauy Gosiee KOHKPETHO.
Hanpumep, zac unrepecyer, Kak CKOpPO aBTOMOGHAbL mpoizer 60/b-
tioe paccrosinie no achanvry or A mo B. SlcHo, uTo 31eCh pasMepLt
aBTOMOGHJIsI, HaBepHOE, POJMH HE WIrPalT, H MBl HUX YUHTHIBATL HE
OyzeM, paBHO Kak M IPOYHOCTL €ro GoproB u T. A. Ho moxer
0Ka3aThCs CYIIECTBEHHBIM KauecTBO OeH3HHa, MOLIHOCTb JBUratejis,
npodusb poporn u T. I. Ecam ke Hac 3aMHTEpecyer ABHKEHHE
aBTOMOGMJIsSI IO TapaKy, TO 34ech BECbMa BayKHLIM MOXKET OKa3aThCs
Kak pas To, 4T0 Mbl He YUYHTHIBAJM. NPH €ro ABumKenuH or A jgo B,
HampuMep, pasMepsl aBTOMOOHJIS M IPOYHOCTb €ro GOpTOB.

IIpu u3yueHHM YIJIOTHEHHOrO rasa COBEPLUCHHO HEOOXOAHM yueT
CHJT B3aHMOAEHCTBHA MEXKAY MOCJEKYJaMH; NPR H3yUeHHH Ke pas-
PAXKEHHOTO rasa STHMH CHJAMH B ONpPefeJeHHOM cMbicje npeHedpe-
rawor.

[IpoBejeHHas cxemaTH3auMsa ONMpaBAbIBAaeTCs COBNAjJCHHEM Cle-
JIAHHBIX U3 Hee BLIBOAOB C 3IKCHEPUMEHTOM. Her BO3MOXKHOCTH JaTh
pelenT, 10 KOTOPOMY MOXKHO OblIo Obl OTHENTH CYLIECTBEHHOE OT
HECYHIECTEEHHOTO B J00biX #ABJEHHSX: JTa BO3MOKHOCTH NPUXOLUT
MOCTENEHHO ¢ NpPHOGpeTeHHEM JIMUHOTO ONbiTa Hecjaepopatend. Ho
NOMHHTL O CKa3aHHOM 3flech HAaj0 Bcerja.

6. OmnpenesneHue ¥ 3aKoH, MX MaremaTHueckas ¢opmyaupoBka.

Onpedesenuem ¢u3nyeckofl BeNINUMHBI HAa3bIBAeTCH COOTHOLIEHHE,
B XOTOpOM - TIOAYEPKUBAETCS OCHOBHAS €e OCOGEHHOCTh U Jaercd
. ClIoco6 OnpepeuTh ee uKcieHHoe 3HaueHue. Hanpumep, omnpenesne-

Ve b d
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' HHEM .CPeJIHEro YCKOpEHHs TeNa fBJRETCS PaBEHCTBO

¥ UMTEeTCsl 3TO DPAaBEHCTBO TaK: CPeAHHM YCKODEHHEM Teja Hasbl:
BaeTcH (PH3HueCKas BeJIHUHHA, MOKasblBawllas, Kak ObICTpO MEHAeETCH
CKOPOCTb TeJla C TeyeHHeM BpPEMEHH, H UHCJEHHO paBHas HM3MEHEHHIO
CKODOCTH 32 €IMHHLY BpeMeHH. J3JeCh CKa3aHo, YTO TaKoe YyCKOpe-
HHe H JaH cnoco§ ero nojcyera: Hal0 H3MEHEHHE CKOpPOCTH pasjie-
JIUTh HAa TO BpeMs, 32 KOTOPOe OHO IPOH3O0LLIO.
Ewe npumepnl onpepeseHui:
a. CpegHeit cua0fl TOKa Ha3bIBAETCH KOJAWYECTBO 31€KTPHUECTBA,
npowejlerc 3a €AHHHIY BPEMEHH Hepe3 ceueHHe NPOBOAHHKA:
AQ
Jo=717"
6. JaBnenneM HasuiBaeTcst BeJMUHHA, YHCJAEHHO paBHas CHJE,
ZeficTBylouleil NePHEeHAMKYJSPHO [IOBEPXHOCTH Tesa Ha eIHHMIY ee
THIOLIA M.

3axoHoM HAsEIBAeTCH MOYEPHHYTHIA H3 O 7 b T O B $akT, cnpases-
JMUBbIA As Gosblioro Kpyra sBieHu#. Hanpumep, sakon Oma aas
ONHOPOAHOTO YyYyacTKa LenM 4YHMTaercsl TaK: CUJa TOKa B OAHOPOILHOM
yuacTKe UenM NpaMO NPONOPHUOHANbHA HAaNpSIKEHHIO Ha 3TOM
yqacme U o0paTHO NPONOPLHOHANBHA CONPOTHRJCHHI) YUacTKa

— Ap U
. e
Hanpumep, BTopoill 3aKkoH HbIOTOHA MOXHO NpoOYHTATh TaK: YCKO-
peHue, C006UL€HHOE TEaY BHELIHeH CHﬂQﬁ, npsaMo NponopuHoOHaJbHO
3T0# cujie M o6paTHO NPOMOPLUUOHANBHO Macce Tena:
' F

m’

~

Tlo Buay Bce 3TH GOPMYJLl OUEHb NMOXCXKH, HO CMBICA HX CYIIECT-
BeHHO pasjiHueH: ollpeleieHHe BhipaxaeT B OgJbLiell Mepe To, 4TO
HaMm 3aX0TeJIOCh BbIPa3HTh, 3aKOH — 3T0 COOTHOLIEHHE, HABA3AH -
HOoe HaM OMmbITOM, JefictBHTenbHOCThIO. Omnpejenenne npu xe-
JaHUH MOXHO Oblio Obl M3MEHHTh; 33KOH O CBOEMY NpOH3BOJY H3-
MEEUTb HeJb3sl, €re MOXKHO YHHYTOXHTb, KOTAa ON B T 3aCTaBHT
Hac 3TO cZeslaThb M JacT HaM TaKyl0 BO3MOXKHOCTb.

7. Wamepenns u ux TouHocTh. [Ipu mobbIX HccaenoBaHUsAX, HAG-
JIOfeHUAX, IKCNEPHMEHTaX NPUXORHTCA JedaThb T€ HJAH HHBIE H3Me-
penns. OueBHIHO, 4TO TOYHBIM HHKAaKoe H3MepeHue ORITh HE MOMKET,
OHO- Bcerjia sBJAsfeTCH NPUOIMAKEHHbIM. TOYHOCTL H3MEpEHMsS Onpene-
JsieTCs BHJOM M KauecTBOM IIPHOODOB, YMEHHMEM 3KCIePHMEHTaropa,
XapaKTepoM H3MepseMoro o6bekra U T. A. Kpome Toro, mpH BCAKOM
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HU3MEPEHHH B NPOILECCE CaMOro H3MEpeHus (NPHKJAAbLBARHE JHHEHKH,
BKJIOYCHUE aMrepMeTpa H T. A.) Mbl MCKaXKaeM B 6OJbILIEH MM MeHb-
mieli Mepe H3MepAeMbii 00bEeKT (M3Mepss, JHHEAKOH pEe3nHKY, Mbl
HEBOJBHO ee nedopmMupyem; BKJOuas B LENL aMIEPMETP, Mbi H3me-
HAEM CONPOTHBJIEHHE LENU, a 3HAYHT, H3MEPSAEeM He TOT TOK, KOTOpLIH
MPOTeKaJ IO LeNnyu J0 BKMwoueHus npHOopa). MHoria stu HcKakeHHs
yAaeTcs B KaKo#-To Mepe yMeHbUIHTb Hay yuecTb. HoB npunnune
HEBO3MOYKHO H30aBUTBCA COBCEeM OT OWHUGOK NPY U3MEepeHusix u oT
H3MEHEHHS COCTOAHMS 00BeKTa, ITO HaA0 YUMTHIBATh NPH HCCAENO-
BaHHAX H BBIMUCIEHAAX. OcOGEHHO CYIIECTBEHHBIM SBASETCH YUET STHX
HCKaXKeHHH # omu6oK npu nsmepeﬂnn B MHKpOMHD®, Fie 00DBEKThI
CTOJIb «HEXKHBI», YTO Jaxke MaJjefiiee Bo3lefcTEHE Ha HMX TpPH H3Me-
PEHHAX CYIUECTBEHHBIM 06pA30M H3MEHSET COCTOsIHHe OGBeKTa M He
JlaeT HaM BO3MOXKHOCTH TNOJYYHTh TOJHOH M TOUHOH HEDCPMaliH
06 oOBbeKTe.

8. BexkTopb! M ckaaspei. JTO JBe OCHOBHbIE KaTeropuu (usmuec-
KHX BEJH4YHMH, KOTOPLIMH MOJbL3YIOTCSI B Kypce. obuiedi ¢uanku. Ma-
TeMaTHYECKHe ollepanuyl Hajl HUMH NPOU3BOAATCS 110 Pas3JHUHBIM 11pa-
BHJaM. SIBJasleTCss HHTepecylollas Hac BeJWYHHA CKaJasgpoM HJAH
BEKTOPOM, ONpelie/isieTcs B KOHEWHOM CUETe OnbiitoM, XOTS HpH BBeje-
HHH €e OHA 3apaHee onpele/frqacs Tak HAH HHaue.



PA3EJI I. MEXAHUKA

Mexannka — 2T0 TOT pasfen (pH3HKH, KOTOPHIH H3yuaeT upocTefi-

MH# BHX JBMIKEHHS — II€pEMelleHHs] TesJ WJM dYacTefl TeJa OTHOCH-
TesbHO Apyr Apyra. CoBeplleHHO OYEBHAHO, UYTO MEXQHUMECKUM
dsusiertiem CIeLyeT Ha3BATh U3MEHEHHE B3 aH M H O O PaclloJioKeHus
pasHBIX TeJA WJIM uacTefl OJHOTO M TOTO K€ Tesa C TeUeHHEeM BpeMeHH
B rmpocTpaucTse. IlocKOMbKY . KamKloe TeJO B NPHPOAE MEHsET CBOe
TI0JI0KEHHE IO OTHOUIGHHIO K OJHMM TeJaM H He MeHSeT ero mno
OTHOIIGHHIO K APYTUM, TO MOXKHO CKasaTb, YTO KaKJoe Teso JIBH-
JKETCSl 10 OTHOIIEHHIO K OJIHMM TeJsaM U He JIBIDKeTCSI IO OTHOIMIEHHIO
K JPYIHM, T. €. M€XaHHUYeCKoe JBHKEHHE OTHOCHTEJBHO.
[TosToMy npu H3yuYeHHH H OIUCAHHH MEXaHHYECKHX JABIDKEHHI KaKHX-
Ju60 Tes HaA0 YKasblBaTb, IIO OTHOLIEHHIO K KaKHM TeJaM Mbl 3TO
JBHKEHHE OITHCHIBACM, HAa KaKHX TelaX Mbl YCTAHOBHJHM (MJAH MOIJH
Gbl yCTAHOBHTH XOTs1 OBl MBICJIEHHO) HalIH HM3MepHTesbHBIE HMPHOOPHL,
T. € Kaxkoe TeJ0 Mbl YCJOBHO CUHTaeM HEMOABHIKHBIM HJH, K&K
TOBOPAT, ¢ KaKHM TEJOM MBI CBSI3QJIHM CHCTEMY OTcueTa. Bompoc
O BHIOOpE CHCTeM OTCHeTa Mbl PACCMOTPHM HHUIKE.

- Visyuutp MexaHHYeCKOe JBHUKEHHE KaKoro-inGo Tesa H OIHCATH

€r0 — SHAYHT, YMeTb YCTAHOBHUTb H [JaTb B MareMaTHUecKOH (opMy-
_ JIIDOBKE 3aBHCHMOCTH IIOJIOXKEHHS TesJa OT BpeMeHH B BHIOPaHHOA
CHCTEME OTCUeTa.
" B 3aBHCHMOCTH OT TOrO HHTEDeCYIOT WJK HE HHTEPECYIOT Hac
NIPHYHHB M3MEHEHHS JABIXKEHHS Tesa, MeXaHUKy MOMKHO YCJOBHO [as-
LeJHTh Ha [B€ YACTH: KHHEMaTHKy — (OPMaJIbHYIO 4YacTb MeXaHHK
U JUHAMHKY — €¢ INPHYHHHYIO YacTh.

§ 1. KuneMaryka npou3BOJbHOTO ABHKEHUS
MaTepHaabRQil TOWKH

Mamepuaasroli mourxold B PU3HKe HA3BIBAIOT TEJO, Da3Mephl, (op-
Ma ¥ BHYTpEHHSI CTPYKTypa KOTOPOrO B JaHHOH 3ajaue HecyllecT-
BeHHbl. Hanmpumep, npu B3aumHoMm jprmkenun 3emau u CosHua HX
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pasMephl MaJIo CKashbIBAIOTCSA Ha XapakTepe X ABUXKEHHS, U 3TH Tesa
B JAHHOM CJlyyae MOKHO CUHTaThb MaTepUAJbHBIMH TOUKAMH.

Ecnu ke Hac MHTEpecyeT BpalleHHe 3eMJH BOKPYL OCH, MPHJIHMBHL
W OTJHBHI B €€ BOJAHBIX GaccefiHax, TO CUHTaTb JeMI0 MaTepHUaslbHOH
TOukOH Heap3d. HacTo Tesa CYHTAIOT MaTepHAAbHBIMEH TOYKaMH
(WM MaNLMH TeJIaMM), eC/n JIMHeHHBle pasMephl Tel Majbl 1O cpaB-
HEHHMIO C DACCTOSIHMSIMH MEXKIy HMMH, a BpalleHue Tesl BOKPYT oceii,
[IPOBEJCHHBIX uUepe3 HHX, Hac He uurepecyer. Hanpumep, npu moa-
cueTe CHJI 3JIEKTPUYECKOTO B3aMMOJEHCTBHS JIBYX 3apsKEHHBIX KyOH-
KOB HX MOJKHO CUHTaTh TOYEUHBLIMH TeJdamy (MaTepHaNbHbIMH TOUKAMH),
eCqid OHM OueHb JaJjieKd APYrC OT Jpyra, U HeoOXOAMMO YUHTHIBATDH
HX pa3sMepbl H OPHEHTANHUIO TPU PACCTOSHUAX MEXKAY HHMH, CPABHHUMBIX
¢ pe6pamy KyGHKOB. DTH KYOHKYM MOXXHO CUNTATh MaTepHadbHBIMH TOY-
KaMH, €cIU Mbl HHTepecyeMcs UX
MOCTyNaTe bHBIM JABUKEHHEM, U
HEJNB35, e/ Mbl H3y4aeM pasJsiuu-
Hble TOBOPOTHI KYGHKOB.

KusHemaTHka  MaTepHa/JbHOH
TOUKH OINCHIBAET JBIKeHHe Ma-
TepuaJabHOH TOUKH (MaJjoro Tesa)
(dopManbpHO, He BAaBadACh B Te
NIPHYHHE!, KOTOPBIMH O0YCJOBJEH
XapakTep IaHHOIO JBIXKEHUH.
ITostoMy KHUHEMAaTHKY UYacTo Ha-
3bIBAIOT (JOPMANbHOM HJAM OmHCa-
TeJLHOH  4YacThl0 MEXaHHKH B
OTMYME OT IIPHUHHHOH UacTH
MEXaHUKH ~— NHHAMUKH, H3ydaioleld Kak pas npnqquI BbI2BAB-
LIHe UMEHHO TaKOf XapaxTep ABH)KEHHSI, a He HHOM.

UTo 3HAUMT NOCTPOMTH KHHEMATHKY MaTepHajbHOi TOUKH? ITO
3HQuUUT YMeTb OTBETHTh HA BONpPOC, I'le oHa OyJeT B TaKOH-TO
MOMEHT BpEMEeHH.

Ho nas orBera Ha 3TOT BONDPOC HEOGXOAUMO, HCXOASl W3 ONpeAC-
JIEHHA MEXAHUUECKOTO JBHIKEHMSI, BBECTH HEKOTOpble IIpeaBapu-
TeJIbHBIE MOHSTHS.

1. OueBupno, 4TO CJIOBAa «CNpaBa», «CJEBa», «BLICOKO®, «HU3KOY,
«Ha paccrosHny 20 ed.» W T. X. JHLIEHH CMblcaa, #60 He CKasaHo,
N0 OTHOLNEHHIO K KakOMy TeJly OHH ykKaswBaworcd. [loatomy Hazo
npexje Bcero BelOpaTh TaKoe TeJI0 HJH CHCTEeMY B3aUMHO-HENOABHXK-
HBIX TeJI, 110 OTHOIIEHHIO K KOTOpPBIM Mbl GyJAeM 3aaBaTh «aapecar
BCEX OCTalbHBIX Tes. Takoe Teqo (TeJ0 oOTcyera) BMecTe ¢ HeobXo-
AUMBIMH H3MEPHTeJILHBIMH NPHOOpAMH H CHCTEMOH OpHEHTHPOB HAa3bl-
BAOT cucmemoli omcuema. SIcHO, uTO U3 PasHBIX CHCTEM OTCUeTa JIBH-
JKeHHe OJHOr0 H TOTO K€ Tea BLITJIAAUT [10-Pa3HOMY; B 3TOM H
S2KJNIOYAaeTCs OTHOCHTEJNBHOCTHh ABHUIKEHHS. -

2. Brifpas cucTeMy oTcueTa, HafO YMETh ONpENEHTh MOJOXKEHHE
APyrux Tes oTHOcuTesbHO Hee. JlJig 3TOrO ¢- HEKOTOPOH TOUKOIM
Tera orcyera H CHCTEMOH OpHEHTHPOB CBSI3HIBAIOT CHCTEMY KOODAMHAT
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(Hanpumep, NMPAMOYroJbLHYIO AEKapTOBY), KaK NMoKas3aHo Ha puc. l.
-Toraa nosoxerue qo6oH MaTepHabHON ToUkH N BIOJIHE ONpPEfesHTCS
HanpaBJeHHBIM OTPe3KOM, NpOBEJeHHHIM K HeH W3 Hauaja KOopiu-
HaT. DTOT HaIlPaBJIEHHBIH OTPE30K HA3LIBAIOT PAOUYC-8EKIMOPOM MOHKH
U 0603HavalT GYKBOH r. Pamec -BEKTOP OOBLIYHO 3afaloT ero MOAY-
JdeM r u yraamu 6 u o,

OueBuzHO, BMECTO ' MOXKHO 33JaTh KOOPAMHATH TOYKH (MJIH, YTO
BCe DaBHO, KOODAHHATHI KOHLA DajHyc-BeKTOpa 3TOH TOUKH) X, y H 2.

3ajaHue HOJOKEHHA TOUKHM €e Pajuyc-BEKTODOM T W ee KOOpAH-
HaTaMH X, I, Z COBEPIIEHHO 3KBUBAJEHTHbI, HOO:

a) 3Hast r, O u ¢, Jgerko uafity x, y, 2,

6) uepes X, y, 2 HETPYAHO BLIPa3uth r, 6 u 9.

Heficrsurenasno (puc. 1)

a) x==rsinfcoso, 6) r=1V m
y=rsinbsing, cos f —
=rcosb; }W’
tggo:i’;.

Paguyc-BeKTop r uYacTO 3aNHCHIBAIOT B PA3JOXKEHHH IO OCSM
KOODJHHAT B BUJIE
r=xi-+ yj+ 2k,
rie i, j u k — eanHuuHBle BEKTOpH (OPTHI), YKAa3biBaIOLIYE MOJOMKH-
TeJbHRE HanpasiaeHus ocefl (puc. 2).

Z
/

ZK

r
> |
—>4)
xi
. x
Z.i
Puc. 2 Puc. 3.

3. Mexanuueckos Osuscerite — 310 H3 M CHEH H € [OJOXKEHUS
Tesa. 3HAyMT, JJIA ONMHCAHUA ABHMIKEHHUS Tea HAJAO yMeTh oMNpe-
AeNATh H3MEeHeHHe ero noJgoxeuus [aa sroro n BBORAT
TOHATHE MepeMeLleHn s Tena. (MaTepnabeHou TOUKM) Ar u nyTHd, NpoH-
JneHHoro UM (ew0) As (puc. 3).

Tlycte maTepuasibHasi TOYKA KAK-TO ABHMraJach B MJIOCKOCTH XYy H
nepemectuniacb H3 A B B. Toraa orpesox Ar, coenuusnomuit A ¢ B
U HanpaBjeHubll U3 A B B, U HasblBalOT nepemeujeHuem MaTepHalib-
HOli To4YkH. OueBHIHO, Ar==r—ry, rJle Iy H r.— PAAUYC-BEKTOPbI
HAYa/JbHOTO H KOHEYHOro MOJIOKEHHH MaTepHAJbHOH TOYKH.
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‘JlnnHa otpeska As KpuBOM, BROJBL KOTOPOH JBHrajachk MaTepualb-
Has TOYKa, Ha3bLIBAaETCH nymem, MNPOHAEHHBIM 3TOH MaTepHanbHOM
TOYKOH, a caMa KpuBasi, BJOJb KOTOPOH TPOHCXOAMJO JBHKEHME,
Ha3LIBACTCH mpaeKkmopueli NBUKEHUS MATEPHAJbHON TOUKH.

KOHetmo, OTPE30K TPAEKTOPHH JaeT 3HAauYMTEeJNbHO GoJblue CBe-
nennﬂ O JBHKeHHH, 4eM Ar, u060 OH B OTJHUHEe OT Ar nHO3BOJISIET
y3HaTh HE TOJBKO TO, TAe Obila H THAe OKa3aaach MaTepHaJbHast
TOYKa, HO M KAK OHAa NONaJia M3 HAUaJIbHOI'O TOJIOKEHHS B KOHEUHOE;
COOTBETCTBEHHO M pacueT TPAEKTOPHU 3HAYMTENBHO TPYAHee, YeM
BbUUCJAeHHE Ar, u60 pacCuUTaTh '

OTPE30K KDHBOH, KakK INpaBHJo, a8
MHOTO Tpy[HEe, UYeM OTpe3cK _— rr e
IpAMOH,

Hapo me nyrate Ar ¥ As n
MOMHUTL, YTO nepeMmerieHte Ar —
BEKTOP, a myTb As-— ckansp!

Pasanune Mmemxay |Ar| n As #ucue3aloT B ABYX CJyuyasX: KOTAa
JBJKEHNHEe TIPOHCXOAHT BAOJL NPSIMOM B OJHOM HalpaBJEHHUM H KOfAa
nepeMelleHie MaTepHaIbHOR TOUKH CTOJb Mano, UTO TPYAHO OTJ-
YHTh AYTY OT CTATHBaeR ee xopabt (puc. 4). B Tex cayuasx,
Korja |Ar| u As cress Manbl (FOBODSIT, 3JEMEHTApPHO MaJibl) Mbl Oy-
JAeM nHcaTb dr B dS H, NOCKOJABKY dS NPaKTHYECKH He OTJHMMMO
B 3TOM cJjiyyae oT |dr!, a dr—BexTop, To M ds Mbl OyjaeM cuMTaTh
BEKTOPOM, T. €. B 3TOM cayuyae dr ==ds.

B pasnoxenun no ocsim BEKTOPH dr ¥ ds 3anuuiyTcs B BHJAE

Puc. 4

dr =ds = dxi + dyj -+ dzk.

4. TlocKOAbKY HM3MEHEHHE TOJIOXKEHHS MaTepHaJbHOH TOUKH IpO-
HCXOJUT CO BpeMeHeM, HaJo BBeCTH IIOHSTHE ObiCImpomol USMEHEHUs
NOACKHCEHUS WIH TIOHSITHE CKOpOCmU OBUJCeHUs MaTepHalbHOH TOUKH.

Ha3soBem cpedned cxopocmero 0Osusicenus MaTepHANbHOH TOUKH

BIt’ T. €. BeJUUHHY, XapakTepH3ywoulylo ObicTpoTy
U3MCHEHMSl paljuyc-BEKTOPa r C TeUeHHeM BPEMeHH M YHCJAEHHO paB-
HYI0O U3MEHEHHIO pPaAMyC-BEKTOPa MalepHaJibHOH TOUKH 3a EAWHHIY
BpeMend. Bemuunny v, HasbiBalOT Takke cpefiiell CKOPOCTBIO H3Me-
HeHHsi pajHyc-BeKTOpa MaTepHaJibHOH TOUKH.

Ha nepementenun Ar (ujd, 4To Bce paBHO, 3a BpeMs Af) ObicT-
poTa JBHXEHHA Teja, BOOOILEe FOBOPS, MOMKET CYLIECTBEHHO MEHSAThLCA.
Ho ecnn Ar croas Mmano (a 3Haunt, u Af oueHp MaJsio), 4To GbICTPOTA
ABHKCHUS MNpPAKTHUECKH Ha 9TOM IepeMeilleHHH (3a 9T0 Bpems) He
MEHSJ1aCh, TO MOMKHO TOBOPDHTb O MI'HOBEHHOH CKOPOCTH T€ja B JaH-
HO Touke (UJM B JAHHLI' MOMEHT BpeMEHH)

BEJIMUHHY Vop =

dr >
v V--—?t. )
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Taxum 06pa3oM, MTHOBEHHAS! CKOPOCTh MaTepHaILHOH TOUKH MOKasbl-
BaeT, KAKOBO ee NepeMellleHne (UM KAKOBO H3MEHEHHE ee pajuyc-
BEKTOpa) 3a LOCTATOYHO MaJylo CIUHUIY BPEMEHU (MaJyio B TOM
CMEBICJIE, YTO 34 3Ty ENUHHILY BpeMeHH OBICTPOTAa IBHKEHHH, €CJIH H
MEHfJIach, TO TaK, 4TO Hauwy npubopsl 3aUKCUpPOBATHL 3TOT'C H3MEHE-
Hust He cmoryu). OueBUAHO, TaKOH MaJofl enuHHOEH MoxeT OblTh H
CTOJIETHE, ecqi Mb{ H3ydaeM zBuxeHuHe Conniua B KocMoce. C apy-
rofl CTOpoHBl, H MHKDOCEKyHJAa OyAeT COBCEM He MaJioH elHHHLEeH
BpPEMEHH, €CJM MLl H3yuyaeM JABHIKeHHE, HalpHMEp, MOJIEKYJsl B Te-
Je-—3a OJHYy MHKDOCEKYHIY MOJEKyJa MOMKeT MHOro pas cyllle-
CTBCHHO M3MEHHTh CBOK) CKOPOCTL B pe3yJ/bTaTe CTOJIKHOBEHHS C APY-
THMH MOJIEKYJaMH.

Muorpa mapsiay co cpejHeli CKOPOCTBIO IepeMelleHHsa IPUXORHTCH
rOBOPUTh O cpejHel CKOPOCTH NPOXOKACHHA IIyTH

__As
Ucps—A_t‘.

OueBnpHO, MEXKIY Ve, M Ugps Ta KE PA3HUIA, U9TO W MEXAY Ar
n As. C gpyroél CTopoHbl, Us H U IIPAKTHUECKH HEOTJIHYHMBI H3-3a
OTCYTCTBHSl Pa3HHIbl MeXKAy dS M |dr| M NOTOMYy MIHOBEHHYIO CKO-

dr s
POCTb MOXKHO oOmpene/idTb H Kak 7z H Kak Jt

Oranume Ar oT As MOXKHO YSCHHTB Ha NpuUMEpe JBHKEHHs Mate-
pHaibHON TOuKH MO 3aMKHYTOH KpuBoi. Ecnu Teso - BeLIO H3 HEKO-
TOPOH TOYKH H B Hee K€ BEPHYJOCh, TO Ar==0 H, 3HAUUT, V==
:%:o, B TO BpeMs Kak As = 0, a COOTBETCTBEHHO U Ucpszi—i =+ 0,

[Tockoabky dr uan ds sBAAIOTCA KaCaTeJbHBIMH K TPaeKTOpHH,
TO H V HanpaB/JeHa Bcerja INo KacareqbHod K Tpaekropud. [Ilpu
5TOM Halo MOMHHTb, YTO HECMOTPA Ha MaJoCTh 4HCJAa, Bbipa-
JKAIOWEro MoAyJib IepemelieHuss |Ar|, uuc/0, Bhpazaiollee CKo-
pocTh, MOXKeT ObiTb M He MajbiM (0O 3HavyeHHe JpoGH oOmpene-
JISIETCS. HE TOJbLKO €€ WUHCJAHTeNeM, HO M 3HAMeHaTeJeM); Hampumep
3a Af==0,0001 cex rteno nepemectusiock Ha |Ar|=0,001 » n v,==
__ 0001 a M
0,000 cex ™ cer”’

Ilpenocreperaem OT HELOPA3yMEHHA:

Ar S
Ilo onpepenenuio Vep==3; 5; U Hukak umHaue. [lostouy,

ec/IH TeJI0 MPOXOUT nepememenne Ar ==Ar; + Ar, 1., .- Ary 3a Bpewus
Ar  Ar; - Ary ... Ary,

H Ucps ==

At:Atl—{—Atg—}—...-}—AtN,- TO Vep=737 = N, F 5% T A, U Hu-
Vit vyt vy As
KaK He V== 7 . AHaJOrHYHO H € Ugps= ;==

Asy + Asy 4= ...+ Asy,
AL A Ay Ay

\
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B pasnomennu no 3aQHKCHPOBAHHBIM OCHM BbIpaieiie
JUIL CKOpocTell Ve, M V 3alHIIETCH B BHAE

_Ar Ax, Ay, Az
V=17 = 75;1 + 5 i+ 5K

kdr

V: dx‘-—]— -f—g—jk

5. Kak yke cKasaHO, CKOPOCTh € TeUeHHEM BpeMeHH MOiKer
MEHATBCS, M IS XapaKTeDUCTHKH 3TOro H3MeHeHH:d BROJAAT HOHATMI
cpedneeo YcKopeHus

__Av
acp——-&'t

H MCHOBCHHO20 YCKOPEHUS

Q= dv__ddr__d
T @ T dtac T det
OudeBugno, yckopeHue MOKA3biBaeT, Kak ObICTPO MeHACTCS] CKO-
pocth, B pasnoxenun 1o sadHKCHPOBAHHBIM OCAM yCKOpEHIie
sanylueTcs B BHAE

a-—axl—]—ay]—{—ak__ ~|_ tj-{-—-
d d2x .
- vzk“mé [_dt2 +dt~

Tlonpenem urors ckaszauuHoMy, Hayuupimncs:

1) BoibHpaThL cHCTEMY OTCueTa,

2) onpenensTs [0J0MEHHE MAaTePHaNBHOH TOUKH (Majaora Ttesa),

3) ompenenaTb H3MeHEHHe MOJNOKEHHS MaTepHasbHOH TOUKH,

4) onpenenaTb GEICTPOTY H3MEHEHHS NOJOMKEHUA U

5) onpeneasts ObICTPOTY H3MEHEHHA CKOPOCTH,
Mbl clefiajil BCO HEOOXOAHMYIO IIOATOTOBKY JJd pelIeHHs OCHOB-
HOH sajaud KHHEMATHKH: 3HAA yCKOpEHWe, HalTH 3aBHCHUMOCTh 10J0-
JKEHHS TeJa OT BpeMeHH B BLIOpaHHOH cHCTeMe OTcueTa, T. €. Haiu
3aBUCHMOCTE r==r ({), unu x=x (), y=y{f) u z=2z(0).

J1a samava, Boofule roBOpS, HE IpocTad, M Mbi MOXKEM ee
peluTh TOJBKO B OOIWMX YepTax, T. €. HE JLOBOAS A0 #BHOrO BUAA

dr
31y sasucuMocth. ViMeHHO: M3 ompejesieHHs CKOPOCTH v=d7 cile-

LyeT, 4TO 3JEeMEHTapHO MaJjoe [epeMelleHHe MaTepHaJbHOH TOYKH
3a 3JIEMEHTADHO MaJbifi NPOMEKYTOK BDEMEHH df ONpEelesHTCsd COOT-
noweHneM dr==v (f)df. Ecan xe Hac MHTepecyeT nepemeLicHHe Tesa
82 KOHEYHBIl (He »JIeMEHTAapHO MaJjbifi WHTepRaja) BpeMeHH Af, 70
pasbusast IPOMEXKYTOK BpemeHM Af Ha ouelb MaJjble HHTEPBaJel df,

NOACYUTHIBAS MaJible nepeMellenys dr H CyMMHPYA UX, NoayduM Ar==
¢ ¢

=S v (¢)dt, unu r—ro_—:g v (£)dl, oTkyza ¢ y4eToM 3aBHCHMOCTH
ly Lo
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BEKTODA r OT BPEMEHH MOJIy4YHM :
ray~m+@va'ﬁ' ‘ (b

Ecnn nBukenne pasnomeproe, T. e. v==const, To BbHOCA V 32
¢

8HAaK HMHTEerpaJja H y4YyudThiBas, UTO S dt =1t—1,, TOAyUNM r=T1y+
ty
~+ v (1)), a ecsid HabaiO4eHHe HAuato B MOMEHT fy==0, TO

r=r, vi. (1a)

AdanoryuHo HafizeM CKOpPOCTb V TIPH TePeMEeHHOM JBHIKEHHH:
\'
~7; HveeM dv==adf, 4TO NPHBOJUT NpH HHTErDH-

posanuu ot =0 A0 { K paBEHCTBY

t
v{ty=vo+{a()dr. ‘ (2)
]

M3 paBeHcTBa a=—

Ecnu asrkenue pagronepementoe, 1, €. a=const, 10

Haxowxen, MoxHO mnpocto Hafith r==r(f) B ciydae a==const
B ABHOM BHJE.
Hmenno:
o t t
r=r+§{ v()df' =r,4§ (m--ar)df =

ty, fo
L a =)
:roff-Vo(t—to)T——(—z—‘)—

H npu {,=0 moayuaem:
r=r0—{—v0t—{—%—2. (16)

Qopmyant (1) u (2) nossosAlT pewTh JMOOYI0 KHHEMATHYECKYIO
3afauy. [Ipu »ToMm occramTCd, OAHAKO, OTKPBLITHMH BO-
HpOCH:

1) [Touemy 1npH nNOCTPOCHHH KHHEMATHKH Mbl OCTAHOBHJINChH HA

dv
ornpefesieHny ycxopemm a=—== dit

CKOpOCI‘H V== \’ H HE IMO3XKEe (CKa)KEM, Ha onpene/CcHH BCJAHYHHBI

dt)
b_m>

2) KakoBsl NMpHUYHHBE NOSIBJEHHS YCKOPEHUs Y Tesa?

Orsersl Ha 3TH BONpPOCH JaeT JHHAMHKA; OKashlBaeTCd, UTO
B OCHOBHOIl 3aKOH JMHAMHMKH BXOJUT HMEHHO YCKODeHUe a, a He v
uan b. 910 M 3HAaUHT, YTO OCTAHABAUBATLCH HA OMNPEAEICHUH CKO-

16
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pOCTH paHO, a OMPENeNATb CKOPOCTb H3MEHEHHs YCKOpeHUs (b:

da
=7 NPOCTO HH K YeMY.

B nunamuke Ke BCKPHIBAIOTCA H MPHUHMHBI MOSIBACHHS YCKOPEHHS
y Tesla; KakOoBbl 3TH TpPHYHHBEI, OyJeT sCHO NPH H3YUYEHHH CaAMOH
JHHAMHKH.

Pa3o6pa‘mxaﬂ 3a/a4a HaXOXAeHUd r==r ({) Ha3bIBACTCHA OCHOB-
HOM mNpsiMOfl 3aNauell KHHEMaTHKH.

OcHognas o0paTHasl 3ajaya S3AKJIOUACTCH B HAXOMCHUH a(f)
u v{(f) 1o ussecTHOl saBucHUMocTH r==r (f). limeHHO, 1o onpenene-

HHIO: a(z‘)_‘i!t H v(t)=‘%. [Tonw3ysice Tabauuamu juddepeniu-
poBauus, yGeauMmcst B TOM, uTo, Hanmpumep, u3 (2a) u (16) caenyer
dv dr
= ==const H V==V al,

KaK ¥ JOJKHO OBLITh.
TIpoekTupys paBeHCTRa (16) u (2a), nanpumep, Ha ocy Ox, mnonay-

ayt?
uHM Ax = vp,t 2 5 H U, = Upy+a,f. Hckiouass U3 HUX BpeMs,

noayunMm 2aq,Ax —uv} —v;,; aHAJOTHUYHO M IS APYTHX TPOEKUHUH.
DTH paBeHCTBA BecbMa YAOOHBI AJAA pewledus pala 3agad [pH
-a=const.

§ 2. KunemaTHKa JBHXEHHS MATEPHAILHON TOYKM NO OKPYHMHOCTH

Ecnn MatepuafibHas TOYKA [BHXKETCS KO OKPYKHOCTH, TO AJs
OTMHUCaHHA ee ABHXKeHWs Oojiee yA00eH HE H3JOKEHHbI Bbilie Cr10co0,
a HeckoJbko apyrofi. [eno B N
TOM, UTO TPH JABHIKEHHH TOYKH
IO OKPYMHOCTH €€ TO0JIoXKEeHHe
TIPH 3aaHHOM PaJHyce OKPYKHO- I
CTH BIIOJiHE ONpeAeaseTcs yr-
JIOM ¢, KOTOPBI COCTaBAsiET pa-
AHYC-BEKTOp r, TIPOBEACHHBIH H3 olL%
LUEeHTpa OKPYMKHOCTH, C OCbiO, Ha-
npumep, Ox (puc. 5).

IMosromy, ecau yaactcs HailTH 1
p==0v(f), TO TeM caMbiM OyneT
HalileHa W 3aBHCHMOCTb r=r ({),
100 HM3BECTHBI MOAYJNb pajHyc-
BeKTOpa r M HaljeHHHH yroa o
BNOMHE ONpejensioT r Ha IJIoC- Puc. 5
KOCTH,

. Ilyerp pazmyc BEKTOP I TOBEPHYJCH Ha yroJ dp, OmucaB CBOUM
KoHnom nyry di. Bsemem BekTOp dfp 3jemeHTapHOro NmoBoporta pa-
"AHYC-BEKTOPA I KAK BEKTODP C MOAyJeM dp M Haupas/JeHHeM f, ompe-
JesiseMbIM NPaBHJIOM npaBoro GypaBuuka (pHc. 6).
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B stoM ciyuae nmecm

dl =dg Xr.
M nockoipky npH GeCKOHEUHO MasbiX IIOBOPOTAX HMEeT MeCTO
dl =dr, 10

dr=d¢ Xr.

OTMeTM cpasy, uYTO 3TO COOTHOILEHHE CNPaBEeLIUBO- AMWb P
sMeMeHTapHLIX TOBOpoTax, Korga dl==|dr|. Ilp# koHeuyHmXx mOBO-
porax jayra Al He paBHa CTArH-

BAIOUIEH €e Xophe, W He HMeeT Me-
¢Ta jaxke paBeHCTBO Ar=A¢.r,
dP=dPn Tem GoJiee NHIIEHO CMbICaA paBseli-
r wdr=dl cTtRO Ar=Aq@ X r. Jlumeno Takie
v % o

cMbicnia  papeHCTBO Al=A¢ X,
xorst OBl HM3-32 TOTO, UTO KOHEY-
HO{ BeJuuYuHH Jyra Al BeKTOPOM
HE SIBJISIETCSI,

[TycTs MaTepuasibHasd TOuKa 3a Bpems df mepemecTHTCsl Ha dr.
Torpa ee paamyc-BeKTOp r nmosepHeTcss Ha yroa de.

Bennuuna

Puc. 6

0=1

dt

Ha3bIBACTCH YeA060l CKOPOCTbIO 8palienus paduyc-eexmopa r. Beanuuna
p =22
T dt

HA3bIBACTCH YeA06bLM YCKOPEHUEM GPALUEHU paduyc-eeKmopa r.
M3 nocnennero paseHcTsa caepyer de =@ df, uro 1pd HHTETpH-
poBauuH JaeT
t

ot)=o,+{ f)dr.
to
Ilpu BpameHHH paguyc-BeKTOpa r C MOCTOSIHHOIl YIJI0BOI CKO-
POCTBIO HaCTO MOJL3YIOTCSl HMOHSTHAMH 4acTOThi BpauleHusi [ M Iie-
puojoM obopota 7', OnpenenseMbiMH paBeHCTBAMHU
AN At
f‘——E u T——m,
rae AN — uncio oBopoTOB paguyc-BekTOpa F 3a BpeMs A,
Cpsiab Mexay ®, f 0 T oueBuina:
2%

m=2nf-n=7. .

Wurerpupysl papeHcTRO d¢ = df, noayunm
t
® (H={a@)d.
lo
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Tlon Bektopom @ (f) B NIJOCKOM cJyuae Hafo NOHUMATH BEKTOD
¢ MOJYJEM, DaBHLIM YIJIy MEXKAY Tp U I i HanpaBJeHHbIM Kak BeK-
TopHOE INpoH3Befenue 1o X r. B obulem xe ciyuae @ (f) ecthb BEKTOD,
IPOEKIHH KOTOPOrO Ha OCH X, Y, Z ONpENEe/UM PaBeHCTBaMU

¢

D, (t) — S o, (f') dl”,
to
t

D (t) =1\ o, () dl,
fo.
¢

@, )=\ o) dr.
£y

ITpn stom Bektop @ (f) mpU 3ajgaHHBIX ry U I 3aBUCHT OT TOTO,
KaK BEKTOp r (f) nepewlea M3 HAUAJILHOTO II0JIOXKEHHS B KOHEUHOE

V4 AZ

7
/
/
/
4
i7 II
a o L
T 9
!
r, /’// | y
/ﬁ/ q)/ & \
—T
14
7 Fx
Puc. 7

(puc. 7). 310 o0bycnoBieHo TeM, uTo BekTop d@ He €CThb TOJMHBI
Augdepeninan Kakofi-nu160 (yHKIHH,

§ 3. Csa3p Meway yryaOBBIMM M JMHeHHBLIMH XapakTepHCTHKAMH

- ABUMCHH A

Hena pasencrso dr=dg X r na Bpema df, 3a KoTopoe Ipo-

dr d
H30Mesa I030pOT HA d@, B yUHTbIBas 7=V H 7(‘;-:-:0), ToJIy4uM

v=e XTr.

Huddepennnpys 310 paBeHCTBO IO BPeMEHH, INOJYYHM C yUETOM
dv do
ZF=a H —;=[ paseHcreo

a=ﬁr><r,-i—m><v. (M
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Tak Kak v=@ X'r, T0 BTOpOe CJaraeMoe TpPHBOAUTCH K BHILY
OXV=0XoXTr=0( 1) —T(0- )

(N0 CBOKCTBY ABOMHOIO BEKTOPHOTIO NPOHM3BEJECHHS).
Hockoneky @ [ r, 10 @ .r=0 H ¢ yyeToM @ @ =0 MOONYUHM
o X v=—o'r. Ho B TakoM cayuae paBeHcTBO (1) sanuuercst B BUAE

a==Pp>r—o’r. @)

Bemuuuny a,=—§ X r Ha3bIBAIOT KACQMEAbHLIM HIH MAHSEHLUAAb-
NOIM  YcKopeHuem, TOCKOJBbKY OHO HalpaBJ€HO 10 KacaTeslbHOH
K OKDYXKHOCTM (TPaeKTOpHH), TO OHO OTBETCTBCHHO 32 H3MEHEHHE
MO AYJAs CKOPOCTH. BejuuiiHa a,==— w’r Ba3bIBAETCA PAOUGALHbIM,
HAH  YEHMPOCIPEMUIMEALHBIM  YCKO-
peruem; OGyIVYd HalpanJeHHBM K
LHEHTPY OKPYXKHOCTH, OHO HOPMaJb-
HO CKOPOCTH H, B3HauuT, OCTBeTCT-
BEHHO 32 M3MeHeHHe HalpaBJe-
HHSA CKOPOCTH.

CnenaeM HecKOJbKO HHOH BH-
BoA dopmyanl (2). Ilycts martepu-
anbHasi TOUKa 3a BpeMsi di mepeMe-
CTHJIach W3 TOJIOXKEeHUS I B NOJO-
xenue r-Hdr. Tlpu sT0M ee cKOPECTh M3MEHHJACh OT V IO V-dv.
PacknaamBan dv nHa cocrapasiollHe MO V H I, NOAYYHM

dv=dv_ +dv,.

M3 puc. 8 BHAHO, YTO B Cuily TOAOOHA TPEYrOJBHHKOB CO CTOPO-
idr dv

Ham 1, r—dr, dr u v, v/, dv, Hmeem —‘——':%, a Tak Kak

jdr|=odf, T0 nocsae oueBHAHHKX Tpeofpa3zoBaHUil NPHXOAHM K op-

MyJsie

2

o* 1dv, | v
=g/, WM - =a.

T T dr !
. ’02 Q
ITockonpKy v==wr (TaK Kak @ | r), TO Q,= 7 =W C yueToM xe
a,}r noayuum '
a, = — o'r. o

ldv, | do
Uro Kacaercst @, T0 @,=—7=== r.
pocTH 00yCJIOBJIEHO M3MeHEeHHeM OblCTpOTh BpallleHHsl, T. €. H3MeHe-
HHEM BeJIMYMHBI ©; 3TO O3HAYaeT € y4eToM U==wr, 4T0 dv=dw r

dv o o
M, SHauHT, .=, ==fr. C yuerom e HanpaBienuit a, P u r,

Ho wuamenenue MOAYJist CKO-

ITOTYy4uM:
a’t - ﬂ >< r.
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CyMMapHOe - YCKOpPEeHHe  MATEPHANbHOH TOUKH  ONpPENeNHTCSH
paBeHCTBOM ,
a—a. -} a=pxr—o’r.

Haiigem OGwictpoTy BpalieHU s HekoToporo BekTopa. Ilycrs Bek-
Top k 3a Bpemss df mnosepHyscsi Ha yroa dg. Torma, xak BHIHO
us puc. 9, dk==*k-dyp, a ¢ yuetom toro, uro dk | k u dk _|_ de,
NoJAyYuM HO [IpaBuay Npasoro 6ypas- ‘

YHKa w
dk =d¢ Xk,
YTO IpU JesieHHU Ha df HDHBOJHT K
dk g +dR
——=o6Xxk.
dt 3 7z i ‘dK
. Dra ¢opmyJa YaCTO HCNOJb3yerTcs K o
NpY  HaXOXKJAeHUd NPOU3BOLHOH MO Puc. 9

BPEMEHH OT €IHHUYHBIX BEKTOP-OPTOB.

Ha stoM MBI 3aKOHYHM KHHEMATHKY BpaUleHHs pajaHyc-BeKTOpa
B ILIOCKOCTH. 3aMeTsM, 4TO NPUUYHMHBL YIVIOBOTO YCKODEHHS, TaKKe
KaK H IPUYHHBI JHHEAHOTO YCKOPeHHs, PacCMaTPHUBAIOTCA B AUHAMHKE,

§ 4. 3ameuaHusi 0 TePMHHONOTHH

1. Mu yxe mnosb30BajHCh TEPMHHOM «MaTepPHaJbHAasl TOUKa»
# 6yleM WM noJib30BaThCsl B JdanbHeilleM. Bo u3bekauue Henopasy-
MEHWH Mbl eille Pa3s HANOMHHM, YTO MOHSITHE «MaTepHajbHAash TOUKa» —
3T0 nepBoe M rpyboe mpeicTaBj]eHHE O TeJje, HEKOTOpaa cxema,
6Gosee WM MeHee HANMOMHHAIOMIASI CBOHCTBA [ABHIKEHU ST 00BEKTA.
Mbi Bbillle faBaiy OMpeje/eHHe 3TOr0 TEPMHHA B  NPEANOJIOKEHHH,
YTO OH GyNeT NPUMEHATHCH K MAKPOCKOMMYECKOMY TeNy, BCE 4HacTH
KOTOPOr0 JABHIKYTCS ONMHAKOBBLIM 00pa3oM (BCE «TOUKM» Teda HMEIOT
OfMHaKcBble ckopoctd). M 3HayMT, onMcaHMe HIBIDKEHHS ORHOH H3
TAaKUX vactell (OJHON «TOUKM» TeJsa) BIOJHE TOXAECTBEHHO OMHCAHUIO
HABHXKEHHMS Bcex JAPYTHX uacTell («Touek»). B ciyuae, Hanmpumep,
BpailaTeIbHOFO JABHMKEHHHA BCE pas3Hble YacTH ((TOUKH») IBHKYTCH
pasnuuHblM 00pa3oM M YK€ 3HaHHe JBHIXKEHHsI OJHOH uYacTu 7ena
(¢TOUKH») He Mo3BOJISIET CYAUThb O ABHMKEHHH OCTaJbHbIX 4Yactedl 6e3
ocobbix orosopok (cm. I, § 14). Ho 310 u osHayaer, 410 B AAHHOM
Cly4ae Tes0 HeJIb3s PAcCMaTPHBAThL KaK MAaTepHANBHYIO TOUKY.

Hpyroft cayuyafi, Korga 3THM TEPMHHOM Ge3 COBepUIEHHs] TPYOHIX
OMHOOK HeJb3si MOJb30BATBCA — 3TO CJAyYall OMUCAHUS JBHMKEHUS
MEKPOOGBEeKTOB. Jle/0 B TOM, UTO y TakHX OGBEKTOB MHKPOMHpa,
KaK aTcMBi H 5/JeMeHTapHbie YacTHIb, CYIIECTBEHHO IIPOSIBJSIOTCS
BOJIHOBLI€ CBOHCTBA, a 3TO NPHBOJHT K TOMY, YTO OIHMCHIBATH MHKPO-
OGBEKTH C NOMOIIBIO MOHATHS TOYKA, KOOPAMHATA, CKOPOCTh M T.A.
-YXe, pooOme rosopst, Henb3st. OG 3TOM GyleT MATH pedn HHXKe,
HO uMeTh CcKa3aHHOe B BHAY HaJo yxe cefiuac. KcraTv, Mbl JOJAMKHEL
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ObITb K 3TOMY TOTOBBI: Mbl BeAb 3HaeM, YTO HAUIM NIPEACTABACHUSA
O MHPe U OINHCaHHe €ero SApJasdloTcA NPUOAMIKEHHBIMH, Mepa IKe
NpUOMMKEHHOCTH OmNpefenseTcss U TeM, 0 KaKUX OOBeKTax Mbl I'OBO-
pPHM, H TeM, K4KOB ypOBeHL HAIIWX 3HAHUI H BO3MOMKHOCTEH, KaKylo
cxemy npumensieM. OO6Lien3BecTHO, YTO HET OBIMIUX CxeMm AMas  BCeEX
NpOLeCCcOB U OOBEKTOB, AJAA KaxJI0ro — cBoe. Mbl ke He TpebyeM
OTIUCAHHUS, HAMPUMep, Ye/0BeKa C TOMOUIbI0 IOHATUH N/MHA, IIHPUHA,
OKpacka, Bec W 1. A. Korjla Mbl ONHCHIBAEM 4eJOBEKa, TO, KOHEUHO,
MOXKHO CKasaTh, YTO UYeJNOBEK — 3T0 O0BEKT TaKWX-TO JHHEHHBIX
pasMepoB, TakOro-To Beca M Takod-To packpackd. Ho Gymer sm 310
ONMHUCaHUe TMOAYEPKHBATh CaAMOE CYLIECTBEHHOE, UTO XapaxTepusyer
uyenoBeka? Komweuno Her! [lis onMcaHus uesioBeKa HYKHBEL JpYyTHE
xapakTepucTuku. [ist onHcanusi o6BEKTOB MUKPOMHPA TOHATHS Mare-
pHaJbpHasI TOUKa, KOOPAHUHATA, CKOPOCTh SIBJIMOTCH TeM Oosiee npHOau-
JKeHHBIMH, UYeM «Mesbuey OFBheKT (TOUHee, ueM MeEHBbILE €ro Macca).
Kakne nMeHHO HY:KHBl XapaKTEPHCTHKH ABMIKEHHS JJIS MUKPOUACTHLL,
MHl OyleM TOBOPHTb B cpoe BpeMs. Ho rotopeM K 3TOMYy Hajo,
noBTopseM, 6bitb cefiyac.

2. K nouaTuio mMaTtepuajbHasd TOuKa OJH3KO IPUMbIKAeT MOHATHE
TOUKH NpoCTpaHcTBa (B (U3HUECKOM CMBICJE), O3Hauawllee BOBCE
He TOuKy, a JOCTAaTOYHO Manaywo o6nactb npocTpaHctBa. JledcTBH-
TEJNbHO, I'OBOPA: «B JaHHOH TOYKE NPOCTPAHCTBA NPOHCXOAUT TO-TOY,
Mbl IOJIATGEM, YTO TaM HAXONUTCA HEKOTOpOe Teso, € KOTOPBIM
NPOUCXOMUT «TO-To». Y1 Tak xak Tena Bcerga NPOTSIKEHHB,, TO H
«TOUKA MPOCTPaHCTBA», KOHEUHO, MOHsITHe ycaoBHoe. Hanpuwmep,
ropopat: «CoJHIle HAXOZUTCS B TaKOH-TO MOMEHT BpeMeHU B TaKOH-TO
rouke HeGecHoll cdepb». Xopomas «Toukan!

3. Anajsoruuio oGCTOUT J€JIO C TMOHATHEM «JaHHBIH MOMEHT Bpe-
menu». meercst B BuAY He «TOYKa» BpeMeHHU, a KaKOH-TO HHTEpBal
BpPeMeHH, IPOMENKYTOK BPEMEHH MEXKIY KaKHMH-TO JBYyMSl COOLITHAMH,
CAeAYIOLUMH JOCTATOYHO OBICTPO OZHO 3& AP YTUM.

4. V3 ckazaHHOro BhILE CJEAYeT, KaK HaJ0 IIOHHMATb BbIpaxe-
HHUS «T€JIO HAaXOAWTCS B JAHHOH TOYKE IIPOCTPAHCTBA», «CKOPOCTDb
Tena B JAHHOH TOUKe», «YCKOpEHHE Teja B JAHHLIL MOMEHT» H T.[.

5. O rpaunnax uUpHMeHUMOCTH ¢OpPMYJ, TOJYUYEeHHLIX BBIIE.
Onu cnpaBefnuBhbl AJds1 BCEX TeX CJIYHaeB, KOrJAa MOXHO NOJb30BaThCA
NOHATHEM MarepHasbHas TOUKA, M €CJAH CKODOCTH JBHXKCHHMA Te
BeCbMa MaJibl 1O CPaBHEHHID CO CKOPOCTHIO CBeTa.

§ 5. OcHoBa JWHAMHMKH ABMMEHHS MATEPHANBHOH TOUKH — .
saxoHbl Hplotona ’

Buiie ropopusocsh, 4T0 KHHEMAaTHKA HE CTABUT nepef coGoll 3ajady
O BbISICHEHHHM TPHUYHH [BHXKEHHS M, €CTEeCTBeHHO, OTBET Ha 3TOT
'BOIIPOC B KHHeMaTHke He Oblil nodyueH. Ho u AMHAMHKa He B CHJaxX
OTBETHTH Ha 3TOT BONPOC, HGO BOMPOC O NPUYHHAX, O IPOUCXOKACHHH
IBHXeHHs — 3T0 Bonpoc unaocobuu. MaTtepuanucruyeckas xe Quio-
copus, c6oblias Bce ONMbITHbE (PaKkTLl, BCE MHOIOBEKOBbIE HaG/IOLEHHS
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ecTecTBOUCHbITaTENIeH, IPHXOLUT K BHIBOAY, YTO NOCKOJBKY HAa BCEM
0603PHMOM L7151 UeJ0BCUeCTBA NPOCTPAHCTBEHHO-BPEMEHHOM HHTEpBaJse
(HHTZE M HHKOTJA NPY KU3HH YeJOBEYECTBA) HE HalJ0AAN0Ch HU POXK-
NEeHHs JBYIKEHHsI, HU ero HCUe3HOBEHHS, TONMPH XOJAUTCH CUHTATh,
4TO JABMIKEHHE — 3TO «BPOXKJAEHHOe» CBOHCTBO MarepuH, T.e.. JBHiKe-
HHe BCerja CYIIEeCTBOBANO U Bcerja OyJAeT CYILIecTBOBaTh, KaK H cama
matepusi. Martepust M ee JBU)KEHHE BEUHBI, OHH HECO3HJAeMbl H
HeyHHuTOXKuMBl, [IOCKONBKY 3TO Tak, TO He C/AeAyeT CTaBUTL Ieped
cofoit BOMpOC: «a OTKYJAA JBHXKEHHE B3SJIOCh, YTO IOCAYIKHJIO €ro
NPUUHHON».

" Ho sarto npaBomepHbIM SIRJAAETCS BOIPCC O TOM, KaK BHAOH3ME-
HAETCH TO WJAH MHOE JBHKEHHE TeX HJM HHbIX Ted, UYTO MOCTYXKHJIIO
NPHYMHON MNpeBpailleHus OLHOH GopMbl ABHKEHHS B APYIYIO, B KaKHX
COOTHOUIEHHSIX 3TO MNPOHCXOAHT, KAKHM 3aKOHOMEDHOCTSIM I10AYH-
Hsgerca U T. 1.

Ilepen nuHaMHKOH CTOMT BONPOC O TPUYUHE M3MEHEHHSI CKOPOCTH
TeNa, O TNPHUMHE ITOABJCHHST YCKOPEHHs Tejl W O CBS3H YCKOpEHHUS
¢ ATOH NpHUHHOM. .

Takum o6pasom, OCHOBHASA IpsAMan 3ajaua IMHAMHKH — 3TO 3a7a4a
HaxO0XKJEHHUS 3aBHCHMOCTH a==a(l).

. Kax pewarp 3Ty 3ajady, HWJAH, KaK TOBOPAT, KAaK HOCTPCHUTb
JAHAMUKY?

Cr1ocoBoB HOCTPOEHHA MEXaHUKH MHOXKECTBO, MBI B 3TOIl KHHIKKeE
OyzeMm cleioBath BeqHKOMY HbloTony.

BcA COBOKYNHOCTb ONBITOB H HAOMOJEHUH IPUBOAHT K BbiBOAY
0 TOM, YTO:

1) XapaKrep MeXaHHUECKOro ABHKEHHS H ero ONHCAHUE 3aBHCHT |
B Gosbuiofi Mepe OT BhifOpa CHCTEMBl OTCUeTa, T. €. OT Bhifopa TOro
Teda, Ha KOTOPOM HAXoAuTcA (XOTs# Obl MBICJEHHO) HaGMIORATED .
¢ ero npubopamu. [leficTBUTENbHO, ABHXKEHHE HAXOASIIErocs B Cafy
Jepesa HaO/iojaTe/i0c H3 Kaueje#d NpeiACTaBJASeTCH BECbMa 3aMBICTIO-
RATHIM; HaOMIOJATENI0 Xe, CHAALIEMY B NJIABHO UAYLIEM BarcHe —
JIOBONIBHO TIPOCTHIN, a CHAAIEMY H4 3TOM JepeBe MajbyHIIKe — H
TOro Jyullle H Ipollle — CTOUT JepeBO H Bce!l BosHuKaeT ecrecTBeH-
Hblfi BONPOC: a HET Ju TAKOH CHCTeMbl OTCyeTa, B KOTOPOH Bce Mexa-
HUYECKHE IBHIKEHHs BHIIVIAREIH Obl HauboJsiee IMPOCTO M OMHCHIBAJIHCH
6pl Hauboslee MPOCTHIMH YPABHEHHSAMH?

CoBeplu€HHO QUEBUJHO, YTO OTBET HA 3TOT BOMPOC HIOMAYUHTH HEOD-
XOJHMO.

2) B yxe BbiGpaHHOH CHCTeMe OTCUETa CKOPOCTHL TeJa, XapakTep
€r0 JBIDKCHHA MOMKET MEHATLCS: JepeBO CTOsJIO0-CTOANO, a MOTOM
(mouemy?) ymarno.

EcTtecTBeHHO, Hano OTBETHTh HA BOMPOC: KAKOBLlI Te IIPHUUMHEL,
KOTOpblE TIPHBEJNH K H3MEHEHHIO XapaKTepa ABHXKEHHMA Tella B yiKe
. BLIOpAHHOH cHcTeMe OTcuYeTa HJIM, HHBIMH CJIOBAMH, 4eM BhI3BIBAaeTCH
YCKOpeHHe B 3TOH CHCTEME OTCueTa.

OTBeTHThL Ha 3TH JBA BOMPOCA M 3HAYMT IOCTPOUTH HBIOTOHOBY
Mexanuky. (HamomuuaeM, 4to croco6oB nmocTpoenusi MEXaHUKH MHOTO.)
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Ho Kkak orpeuaTb Ha 3TH BONPOCH, H3 YEr0 HCXOAHTH B NoHCKaX
oTBeTa’?

OnaTth Xe H3 OMNbITa, KOTOpblH TIOKa3biBaeT, 4T0 . B Jio6o# CI/ICTeMe
oTCcueTa €CTh Tesia, KOTophle BeZyT cebsd JNOBOJBHO NPGCTO (CKOpOCTh
MeHsIeTCS] TIPOCTO HJM COBCEM HE MEHSETCsi), a €CTh Tesa, KOTopbie
BelyT cebs1 B OTHOIIEHHHM H3MeHEHHS CKOPOCTH OYeHb «ILJIOXO», TaK
«IIJI0X0», YTO -YCTAHOBHUTb H3MEHEHHME CKODOCTH CO BpeMeHeM OueHb
TPYIHO.

[onpiTaemcs, eCTeCTBEHHO, HauaTh HCCJEACBAHNUS C IIOHCKOB TAKOTO
Tejia, IBHKEHHE KOTOPOrO fABJseIcsl Haubojiee NMPOCTHIM, T. €. TAKHM,
JUIs KOTODOTO 3aBHCHMOCTb a (f) naubosee mpocta. OmnHIT e NOKa-
3bIBae€T, YTO KaKOH-HHOYIb, K NpHUMepPYy, MIAPUK Ha 3eMJje JeXHT,
NOKa Ha Hero HE TMNOJeHCTBYeT Kaxoe-1ubo Tejao (pyka, HanpuMep);
CTPOHYTHIH JXe INapuK, [pbirag N0 BHIOOMHAM TOBEPXHOCTH, MeHSET
CBOIO CKOpPOCTh M PaHO HJIHM MO3[JHO OCTAHOBHTCS! TCA JAeHCTBHEM 3THX
BLIGOHH; HO TeM AOJbIIe €ro CKOpocTh GyJieT OCTaBaThCs TIOUTH HEH3-
MEHHOH, uem MeHbIIe Ha Hero BO3JEHCTBYIOT JpyrHe TeNa; TakK
AOyLMEHHBIH NOo JAbAy IIAPUK OYeHb CJab0 MeHAeT CBOK CKOPOCTb,
TIoJIyyaeT OueHb Maloe yckopeHue. BosHHKaeT mofospeHHe, uTO €CJH
651 Ha WapuK BooOuwie He JAeficTBOBanM Obl HYKakKue Jpyrue teja, OH
CBOejl CKOpOCTH, ObITb MOXKeET, H He MEHs1J1 Obl.

Tejso, Ha xoropoe Apyrue Tejia He JeHCTBOBAJH Obl, MUMKHO GbLIO
6bl HasBaTb cBOOOAHBIM. $SCHO, 49TO Takux Tea He ObIBaeT, HO The-
Hubylp B KOCMOCE HaBePDHOE €CTh MHOIO TaKHX Tej, Ha KOTopbie
3aMeTHB M M Hac o6pasoM JApYyIrHe Tejia He JeHCTBYIOT. Dylem
HasbBaThb [/ KPaTHOCTH (80000HbIMU MMEHHO Takue Teda, XOTA MX
cnenosano Obi Ha3BaThb noumu ceobo0xbimu. MOXKHO cebe TpeACTaBHTD
H Taxoe TeJio, BCE BO3AEHCTBHS HA .KOTOPOE CO CTOPOHBI APVYIUX Tl
B3aUMHO CKOMIIEHCHDPOBaHH. JTO Hal0 NMOHUMATh TaK: €CJH 3TH Teja
y6pats, TO MOBeREHHE HHTEPeCyIolleroc Hac Teja CYIHECTBEHHO He
U3MeHHTCA. DyleMm Takoe Teno HasbiBaTh TeNOM, NO CBOEMY nose-
LEHHIO TIOXOXKHM Ha CBOGOIHOE, KpaTKO—Kea3uceob00HuM (KBa3HU-
noj06HBIH, MOXOXHH). '

B COOTBETCTBHH CO CKa3aHHbIM BCE TeJla MOXKHO pasiesuTb B K a XK-
Jbil JaHHBIA MOMEHT BPeMEeHH Ha KBa3sHCBOGOAHLIE H HECBO-
GoaHbIe, :

Bynem Tenepb, omHpasch Ha MOHATHe CBOOOJHOrO HJH KBa3HCBO-
GOJHOTO TE€Ma, OTBICKHBATL «XOPOHIMe» CHCTEMB OTCYeTa, T. €. TakHe,
B KOTOPHIX JBHXKEHHe 3TOro Tejsa Gyjaer Haubosnee NPOCTHIM, @ NOTOM
MOCMOTPHM, Kak OyzeT cebsl BecTH B TAKOH CHCTeME OTCYETa ¥ HECBO-
601HOE TeJO.

OneIT noka3ssiBaeT, YTo LIapHK, Haxoasuuics, Hanpumep, Ha ropu-
SOHTA/BHON 26COMIOTHO rJaJKON MOJIKe BaroHa, T. e. Oylyun KBasu-
CBOGOZAHLIM, BeeT Celsl «XOPOLIO» HJH <«IJIOXO» B 3aBHCHMOCTH OT
TOTO, KaK JIBHXKETCs BarOH N0 OTHOIIEHHIO K 3eMJe: eClH BaroH
¢ v=const 110 OTHOMEHHI0O K HeH, TO y HIapPHKA [0 OTHOHLIEHHIO
K Barony a=0; eciu Baron ABuKerca ¢ V 7~ const, TO y IIapHKa
a == 0. Orcioa HaNpaniMBaeTCs MbIC/b, YTO B4FOH, RAYIHH ¢ V= const
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70 OTHOIIERMIO K 3emse, eCTh «XOpOIMasi» CHCTeMa OTCYeTa, a BaloH,
MAYWHA ¢ v £ const — «rtoxas» cucteMa orcueta. Ilpaena, Gosee
TOHKHE OIILIThI TOKa3biBaIOT, YTO BaroH, HAyWH#E ¢ V== const 0o OTHO-
LICHHIO K 3eMJe, ecTb TIOUTH «XOpOlIasiy CUCTEMA OTCUeTa: MOXK-
HO, HAaIpHMep, COOOIUB BarOHy H3PAAHYID CKOPOCTb, yOeauTbhea
B TOM, UTO B T4KOM BaroHe y ILapHKa V 7= const 1O OTHOLIEHHIO
K BaroHy. 3HauMT, ¥ B BaroHe, HAYIIEM ¢ HeGOJBIIOH NOCTOSHHOI
CKOPOCTBIO OTHOCHTEJBHO 3eMJlH, Y IHapHKa YCKOPEHHEe OTHOCHTEJIbHO
BaroHa He HyJb, a GJH3KO K HYJIO.

Ha npumepe BaroHa ¢ I[IapHKOM H JpYTUX NPHUMEPax Mbl NpH-
XOIHM K BBIBOAY O TOM, 4TO MOKeT 6biTh H JAEHCTBHTENBHO €CThb
«caMbleé XOpollHe» cHCreMbl otcyeta. A Momxer Guith H Her? [loka
yto Mbl Y6eQuJiuchb B TOM, UTO «IIOUYTH XOPOIIHE® CHCTEMBI OTCUETA
ectb. Choenaem, Kak caenas HbIOTOH, moBepHM B TO uTO:

CymiecTBYIOT TaKHe CHCTEMbI 0TCHETa, B KOTO-
peix cBoGoiHOE WM KBA3UCBOOOJHOGE TeJC CKO-
pocTH cBoell He MeHsleT (YCKOpeHUS N0 OTHO-
HIEHHIO K 3TOH CHCTeMe OTcyeTa He MMeer).

[Mpasaa, stot 3aKkoH HbloTon chopmyanposal Tak:

Bcsikoe Teno COXpaHdAET COCTOAHHE NOKOs
WJIH PABHOMEPHOIO H HpﬂMOJ]HHeﬁHOFO ABHME-
HHsi [O0KA H TNOCKOJAbKY OHO He HNOHYXJA4ETCSH
APYTHMH TeJldaMHU BLIATH W3 3TOro COCTOSIHHMSA.

QueBHano, uYTo Takas (GOPMYJHPOBKA HE COOTBETCTRYET OMbITY
" HabmogennsiM. [eficTBUTeNBHO, CTOHT TIOCMOTPETb M3 Kapycesei
Ha MHUp, KaK cpa3y Opocaercd B TJasa 4YTO OH «BEPTHTCSH», XOTs
€ro HHKTO H He «NoHYXK1aeT». [loatomy GoJstee npaBHIbHOI sABJASETCA nep-
Basi (OpMYJHPOEK4 3TOT0 3aKOHA KAaK OTBEYAIIasi BCEM COBPEMEH-
HHIM TIDEACTaBJAEHHAM O MHpeE.

YunThiBasi BCIO Ba)KHOCTH BOMpOca O BHIGOPE CHCTEMBI OTCYETd
AT bu3MKH Ml ChOpMYJHpYeM NeEpBLiH 3aKOH ellle ilHpe, a WMEHHO!

CymiecTBYIOT CHCTeMbl OTCUETa, U3 KOTOPBIX
MHD BBITISMT HauGoJiee NPOCTO, A 3HAYHT, ONK-~
cbiBaeTcsi Haubojiee MNMPOCTHIMH YPaBHEHHSIMMU;
3TO TaKHe CHCTeMBl OTCHETd, KO OTHOILIEHKIO
K KOTOpbIM CBOGOJHASsl MarepuadbHasi TOUKA
YCKOpPeHHSI HEe MMeeT.

B raroit dopMysHpoBKe 3TOT 3aKOH BBHIXOAMT 33 MNpeiesbl Mexa-
HHKH U cTaHOBHTCH OClIeU3HyeCKUM 3aKOHOM. 3aMeTHM, 4TO H3 TaKHX
CHCTeM oTcyeTa He TOJIBKO [POHIE H3Y4YaThb MHP, HO H BCA JesATe/b-
HOCTb vYesioBeKa B HHX IIPOTEKaeT Jierue: HETPYAHO YBHieTb pas-
HHIy MeX1y NONBLITKaMH CAeJaTh, HANpHMEp, ONepalHio 4YeJOBEKY
Ha Teepau seMHO#l (T. €. B «XOpouIefi» cHCTeMe OTCYeTa) H Ha YTJIOM
KopaGauke, Haxoasimemcst B GYDHOM IUTOPMYIOLIEM MODE {T. €. B «IJIO-
XOH» cucTeMe oTcuera).
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Hrak, Mbl TOCTY T pPOBa MU CYNECTBOBAHKE B IIPHPOJE «XOPO-
IINX» CHCTeM OTcueta. Takue CHCTeMBI HA3biBAIOTCA UHEPUUAALHLIMU.
CoBepineHHO OYEBUJHO, YTO aGCOJMIOTHO HHEPHHANBHEIX CHCTEM OTCYeTa
sHer. Ho Jerko moBepuTh B TO, UYTO €CThb CHCTEMBI, CKOJb YTOAHO
MaJ0 OTIHYAOIIHecs OT HHX.

Kax ke OTHICKHBATL TakHe CHCTeMBbI OTCueTa?

Ilepsuiii 3akon HbioToHa paer oTBeT Ha 3TOT BONpOC: HALO
H3 TI0J03peBaeMOil Ha MHEPHUATBHOCTh CHCTEMBI OTCUETa HCCJe10BaTh
cBOGO/HOE HAYM KBa3HCBOOOAHOE T€JI0; el Y Hero v == corist 110 OTHO-
IIEHHIO K 3TOH cHcTeme, TO oHa nHepuuansHa. [lpasia, Gosaee TOU-
Hble 1puOOPEl MOTYT [IOKasaTh, uT0 V 7= const. KakoBa Xke cucrema
Ha caMoM Jene? A TaxkoBa, Yro OHa HHEpPLHajJbHA JJIsi OAHOIO
KOMIIJIEKTA CPaBHHUTENBHO rpyObiXx NPHOOPOB, MOYTH HHEPUHANALHA
AJsis 0oJsiee TOUHEIX NPHOOPOB M HeHHepuHaibHA AJs elie Gosee TOu-
HEIX HHCTPpyMeHTOB., Takum ofpasom, mepBolil 3akoH HeroTona, yraep-
KAAOIMH CYIECTBOBAHKE HHEPIUANLHBIX CHCTEM OTCYeTa, N0 CyHie-
CTBY €CTLb NpuGAHKEHHBLIH 3aKOH.

Kaxkoii cucremofi orcuera sipasiercsd 3emas? OueBnIHO, HeuHep-
IMAJbpHOI — BeJlb BechMa Jajiekue 3Be3fbl SBAAIOICH NOYTH CBCOOJ-
HBIMH TeJaMy (H3-332 KOJOCCAJBbHBIX DACCTOSHUH MEXKAY HUMH OHHU
IIPaKTHYECKH He B3aUMOAEHCTBYIOT) H, OAHAKO, OHH LIECTBYIOT IO Hefec-
Ho#l chepe ¢ ® 7% 0, T. e. BpAIAOTCS IO OTHOIMIEHHIO K 3eMJe.
[IpaBja, yrioBag CKOPOCTh BpalleHHs] HMX HeBeJIHKd — 2w pagual
B cyrku. Ho Bce xe a,—=— @r H3-32 OOJBUIOTO I KOJOCCAJIBHO
{r — paccroauHe oT 3eMJH A0 KaKOH-T1H0O 3Be3fbl).

A uesib3st in, He rasAst Ha HeGo, VOEAHTBCA B HEHHEPIHMANBHOCTH
3eman? MoxHo. Beib EceM M3BeCTHO, UTO NAJAIOINKE Y IOBEPXHOCTH
3emau Tesia «CeCTPHUHMHHOY OTKJOHSIOTCA K BOCTOKY, SHAMEHHTLI
ManTHAK P$YKO TOkE «CecrpiuMHHO» MEHsFeT CBOIO IJIOCKOCTh Kauya-
HUS ¥ T. L.

3emjis1 — HeHHepuHadbHas cucTeMa oTcuera. Ho ecan aBuxeuie
1o 3emjie MHTEPECYICIIMX HAC TeJ NPOUCXOAHT HEA0NTo, Ha HEGOMb-
INMUX PACCTOAHUSIX, TO 2aMETHTh 3Ty HenHepLHaAbHoCTh Tpyano. Y, sua-
UNT, AJIsI TAKHX ABUKEHUE 3emnsi GyAeT NMOYTH HHEPUUAJbHOH CHCTe-
Mo# oTcuera. B panpHeiimem Mbl GyAeM TOBOPHTb, YTO 3emss MHep-
[HaJbHa WMEHHO B 3TOM CMBICJe.

Hrak, Mbl pasobpanich ¢ MepPBbIM K3 JABYX BONPOCOB, ICCTaR-
JICHHBIX B HadaJe TOrC pasjena: SICHO Kak BBIOHPaTb «XOpOUIHE»
CHCTEMBI OTCYETA.

ByneM wckaTh OTBET Ha BTOpPOH BOHpPOC: 4eM H B KakoH wmepe
onpejensercs yckopenue Tena B HHEPUHAJLHOA CcHCTeMe oTcuera?

Hexopst U3 ONBITOB, ITOHEBOJIE MPHXOMIM K BBIXOAY, YTO B HHEp-
HHanbHLIX CHCTEMAX OTCYETa, BO-NEPBHIX, YCKOPEHHE KaKoro-Jnto
Tesa, T. €. H3MEHEHHEe ero CKOPOCTH, BBHI3BIB2ETCH HECKOMIIEHCHUDPOBAH-
HBIMH BO3J€HCTBHAMM JPYTHX Tes, H, BO-BTOPHIX, 3TO JeHCTBHE Beerja
B3aUMHO: 110JIyUaeT YCKOPEHHUE He TOJbKO Te0, KOTO P OM Y Mbl XOTHM
coofmuTe €ro, HO ¥ TO, KOTOPHM Mbl yCKopsiemM. DBosbMmem 3a
Mepy BO3AeHCTBHA OJHOIO TeJa Ha Jpyroe, HaNnpuMmep, BeJIHUHHY
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JeopMaLMH KaKoro-HuGyab Tena (mpome Beero npyxuue). Ecow
Tenepb 3TOH NPYMKHHOH JNeficTBOBaTh Ha pasHble Tesld, TO OHH GyayT
nosly4aTh PasHble YCKOPeHHs NMpU pasupX Aepopmauusx. M moxuo
3aMeTHTb, 4TO /Il OQHOIO U TOTO e Tela yCKOpeHue NPsIMO IPO-
MOPIHOHANBHO JeopMalii MPYXHUHBL (C ONMpEeJe/eHHOH, KOHEUHo,
TOUHOCTBIO, 3aBUCAIIEH OT KauecTBa IPYKHHBI, BEJHUHHBI €e Jedop-
Mal{H, KauecTBa JHHeHKHM M YacoB, KOTOPHIMH Mbl M0/1b30BAJHCh MPU
H3MEPEHHAX, H T. 1.).

HasoBeM Mepy BO3IEHCTBHSI Ha Teso, ompejesseMyio jaedopma-
nueit Mpyxuub, cusofi F (OmbIT 1OKaskiBaeT, YTO CHJIA — BEKTOD)
¥ GyAeM CUMTaTh, 4TO CHJIA IPSIMO MPONMOPIHOHAJbHA JedopMalkH

r
npyKuHEL, T. e F=—F(r-—ry)—, TO€ 1 ry— PafuyC-BEKTOPEI

KOHLIA NIPYYKHHLI, CONPUKACAIOMIErocs ¢ TeJIOM, MO OTHOLICHHIO K JpY-
roMy KOHIy OPYMXHHBI (r — AedpopMEpOBaHHOH, a Iy — HeledopMu-
" posarHoil). Torja OmeIT MOKasbBaer, 4TO

a~F. (H

ByzeMm Tenepb AeHcTBOBaTh Ha pasHble Teaa OAMHaKoBO jedop-
MUPOBAHHOH NPYKHHOH, HJIM, KaK Tenepb MLl MOMEM CKas3aTb, OfH-
nakopo#i cujoii F. ¥Y6emumcst B TOM, YTO pasHble Tesna [OMYYaleT
IpU 3TOM pasHble ycKopeHHst. 3HauHT, Teia 00Kajal0T KaKHM-TO
CBOIICTBOM, OT KOTOPOrO 3aBHCHT YCKOpeHHe. IDTO CBOMCTBO — «HEXe-
JARHe» TelJla MEeHATb CBOI CKOPOCTh, 3TAKOE — «YIPSIMCTBO», UHEPT-
HoCTb. Mepy Takodl WHEPTHOCTH TeJ Has3bBalOT Maccoi 1.

[Mpexae uem (OpMysSHPOBATH 3aBUCHMOCTL YCKOPEHHsi OT MACCHI,
Hal0, eCTeCTBEHHO, HAYYHThCA ONPEACNATh, BHIUMCAATL ee. Mbl onpe-
JeNMHM CIIoco6 M3MepeHHsi MacChl W3 TOro ¢akrta, 4YT0 B IpHpole
He CYImEeCTBYET OJHOCTODOHHErc NEHCTBHsl, a4 BCErja €CTb B3aHMO-
JeliCTBHE; BCAKOMY MEXaHHYeCKOMY BO3JeHcTBHIO Tesa A na Teso B
€CTb OTBET — PeakiMs CO CTOpPOHBI Teda B na Teqo A.

[Ipu sToM mist ABYX JIOOBIX Ted { M R, KaK Obl OHH HH B3aHMO-
JefiCTBOBAJ/IM: uepe3 NPYXKHUHY, TOCPEICTBOM 3JIEKTPHYECKOTO HJIH
rPaBUTAIHOHHOrO (2 HHOLJA M MarHUTHOrO) nojefl MJAH elle
KaKuM-1160 00pa3oM, MMEIOT MECTO COOTHOMIEHFs

a; N
5;; =const, a; N ax.

[punuchiBas KakaoMy K3 TeJ HEKYI0 XapakTepHcTHKy m (60Jb-
IyI0 TOMY Teay, KOTOpOe TpH B3aHMOJAEHCTBHM IOJAYYH/IO MEHbLIee
m
YcKopenne), T. €. noJaras const:—m—’f, NOJyduM v
i

m;a; — — NMpap. (2)

[Mosarass ofHO M3 TeJ 5TaJOHHBIM, NOJYYHM CIOCOG HUBMEpeHHA
Maceni:
s

m=m3 a®

4

27



3amersiM, 4TO PaBEHCTBO (2) — OHA U3 BO3MOMKHHIX popmyHpo-
BOK TpeTbeFO 3aK0OHa HblOTOHa
Iepeiifem Teneps K OKOHUYATETBHOH GOPMYJTHPOBKE BToporo 3aKOHa
HB}OTOHa ECJIH IleI/ICTBOBaTb Ha 7teJa pa3Hle Mace OlII/IHaKOBOI/I
CPIJIOH TO KaK NOKa3biBaeT OIIbIT,
a~ - (3)

m

O6benunsis (1) 1 (3), moayuum
: F

rae KosppUUHeHT f 3aBUCHT OT TOrO, YTO MBI B3SLIH 32 3TANOHB
YCKOPE&HHs, CHJABL H macchl. QueBHJHO, BO3MOXEH Takof noafop 3ra-
JIOHOB, uy70 f==1, TOrZa
F
a—-;l‘. (5)
PaBencrsa (4) wmam (5) HaswBaiorca BTOPLIM 3akoHOM HbioTona
M YHTAIOT Tax:

B HHepuMAJTBHBIX CHCTEMAX OTcHETa YCKo-
petine, coo0uieHHOE Tejy CHJON, MPSIMO MPonoy-
W HOHAJBHO CHJE, TeHCTBYIOUIEH HA Te10, 0OPATHO
NPONOPUMOHANILHO Macce Tena H HaNpPaBJeHO
B CTOPOHY JAeHCTBHSI CHUJIBE.

[Ipn 3TOM ocTascsl OTKPBLITBIM BONPOC O TOM, a MOYeMy, HAlDH-
mep, AedOopMHPOBAHHOE TeJO CIOCOGHO BbI3BATH YCKOpPEHHE Y APY-
TOT0 Tesid; MO4YeMy MAarHHT, Ja)ke He NpHKacasch K Kejeske, 3api-
JKEHHOE TeJ10, He HpHKacasch K JApyroMy sapsikeHHoMy Tteny, Codnue,
He TpUKacasch K njaaxeraM, W T. . Bb3bIBAIOT yckopenust. [louemy
MOABJSMIOTCA Te NEeHCTBHA OJHMX Tesn Ha JAPYrHe, KOTOpbie Mbi Has-
Baau cujaMu? Kopoue — KAaKOBO IIPOUCXOXKAeHUE, KaKoBa IpHPOJA
cua? 310 BOMpOC, H3yueHHEM KOTOPOTO 3aHHUMaeTcs APYrod pasfed
(pU3UKU — TEOPHs CHJOBOFO M0JIs, MJIM mpocTo — teophsa noas. Ona
Jaer cnocol MOACYUTHIBATE 3TH CUJIBL.

Bropoit 3akon HpioToHa, KaK ¥ nepsblH, NPHOMTHKEHHBIH 3aKOH.
HmeHHO: yCcKOpeHHe a orpefeseHO A MATEPHANBHOH TOUKH, & Te/Oo
He BCErja MOXKHO CUMTATH MaTepuanbHOH TOuKOH; cuna F cuutaercs
HPONOPUHOHANLHOA AeopMallUH NPYIKUHBI, YTO NMOXOXEe Ha MNpaspy
JUWb TOPH Madeix JAedopMauusix NpYyXKUH;, KaK I0KAa3bIBAET TEOPHA
OTHOCHTEJILHOCTH, Macca Tesla He eCThb BeAMUHHA NMOCTOSIHHAA, 4 3aBH-
CHT OT CKOpOCTH Teda (KaK, BIpOUeM, U fedopMallusi MPYKHHbI).
Ho Bce 370 BMecte B3fiTOe M O3HAauaeT NPUOJIHIKEHHOCThH BTOPOrO
3akoHa HbloTona.

[Tpu ycraHoBnenHbiX (2) M (5) TpeTHil 3aKOH MOXKHO CQOPMYJiH-
poaaTb B ApyroMm Buje. Vimenuo, nogaras

m a'l i Flkv
mpap = Fp,



rae Fip n Fpi— cunwbl, peficTBytompe Ha i-e T€10 €O CTOPOHHI &-TO
H Ha k-e CO CTOpOHBHl i-TO COOTBETCTBEHHO, MOJYYHM H3 (2)

Fip=—Fy;. (6)

DTo M eCcTb OCHOBHas (opMyJHpOBKa Tperbero sakona HuloTona.
Kak nokaspisaer omnwit, (2) H (6) BepHel JHIIL B TOM CJydae, ecjd
B3aHMOJEHCTBHE TeJ He 3aBHCHT OT CKOPOCTeH 3THX TeJ IO OTHO-
IIEHHI0 K CHCTEeME oTCueTa, M3 KOTopo# Bejletcs Habmogenue. 3aberas
BHepej, CKaXeM, YTO 570 O3HauyaeT HempuMeHHMOCTh (2) u (6) ans
cJyuyasi B3aMMOJEHCTBHA TeJl uepe3 IN€peMeHHOe 3JEKTPOMArHHTHOE
noje, T. €. AJfA CJy4as, KOTAA CYIIECTBEHHBIM SIBJSETCS H3JYydeHHe
(n3MeHenHe umnyJbca mnoJss). C yueToM CKa3aHHOIO TPeTHH 3aKOH
JUHaMHKH (GOPMYJHPYeM Tak:

B uuHepuuajsbHBIX cHCTeMax oTcyera adas
cjyyasi. CWJ1, He 3aBUCSHIHX OT CKOPOCTH HO
OTHOINIEHHMIO K 3THM CHCTeMaM OTCueTa, CHJIbI,
C KOTOPbIMH B3aHMOJEHCTBYIOT JBe Jo0bie MaTe-
puajbHble TOYKM, pPaBHbI 1O BeJH4YUHE, NPO-
THBOMOJIOKHBI 10 HANpPaBJECHUWI0O H JEHCTBYIOT
BROJb NpPSIMOH, coefunHsIcIed HX.

AT CuJabl B3auMoleHcTBuA F;, U Fj; OTIHWAIOTCA TOJABKO NPOTH-
BOMOJIOKHOH HAaNpaBJeHHOCTHIO M TOUKaMu npujoxenus (puc. 10).
Ecau opna w3 smx  cua— on
NpUTSKEHHe, TO U Jpyras — To- o4
e, eCJM OfHa H3 HHX 3JIEKTPH-

yeckKad, TO H Jpyras — Toxe ‘o, '
TN \ ol
C ycranopaenieM Tpex 3ako-

HOB HbioTOHA TOCTpOEHHE Mexa- w\
HHKH MaTepHaJbHON TOYKH B 06- : -
IHX 4epTax 3aKOHYEHO. ol

IonuepxkHeM KpaTko HieliHYIO
CYIIHOCTb M B3aHMOCBS3b 33KO- ' se
HOB Helotona — ¢ynramenrta Puc. 10
KJIaCCHYeCKOH MeXaHUuKH.

TlepBrifl 3aKOH yTBep:KJaeT, UTO €CThb «XOCPOUIHE» CHCTEMBI OTCUETa
H JaeT cnoco6 HX OTbICKaHHS.

Bropoii ‘3akoH yTBep:KIaeT, 4TO B TaKHX «XOpOLIHX» CHCTeMax
OTCYeTa YCKOPEHH A BHI3BIBAIOTCS CHJIaMH H 3aBHCAT OT CBOMICTBA Tedsa —
€ro° HHEePTHOCTH. T

Tperuil 3akOH yTBEpKIaeT, 4YTO B 3THX <(XOPOLIHX» CHCTEMAX
CHJIBl — 3TO ypobHasi Mepa B3aWMOJEHCTBHS MAaTepHAJbHBIX TeJ, INpH
STOM CHJBl NOPOXKJAAITCS TejdaMH: He Obuio Obl Ted, -He 6bli1o Chl
H cui. )

" Hapo uetko cefe npeicTaBisiTh, YTO 3aKOoHbl HbloToHa umeioT
CMEIC/T JIMLIb B CBOEH COBOKYNTHOCTH M BCE CNPABEIUBLL JIHIb B HEKOTO-
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pPHIX (MHepUHANbHBIX) cUcTeMax ortcuera. M TonbKo B HuX! W TOmbKO
npubnuxkenno! Hmenno:

1. Hns uwabmonarens ¢ ZOCTATOYHO IPYGLIMH npnﬁopazvm (necno-
COOHBLIMH, HaNpuMep, U3MEPATb MaJlble YCKODEHHS, CHJIbL, AedhopMaiHH,
H3MEHEHUE Macchl NpH W3MEHEeHHH CKOPOCTH U T. A.).

2. Jns cayuas Takux B3aMMOJEHCTBUH TeJ, KOLAA BeJIMUMHDLI
H HAaTpaBJAeHHs CHJ He 3aBUCAT OT CKOPOCTell Tead MO OTHOWEHHIO
K JaHHO# cHCTEMe OTcueTa.

3. Haa cnydas ABHIKeBHs MaKPOCKONMUeCKHX Tes. ([na MHKpo-
OOBEKTOB CaMH IOHATHS IIOJIOXKEHMS, CKODOCTH, YCKODEHHS, CHJIbI
MOZKHO YNOTpebnATL BecbMa NPUGNHIKEHHO.)

4. Jdas caydas ABHKEHHS TeJsl CO CKOPOCTIMH, MAJIBLIMH 110 CDaBHe-
HHIO CO CKODOCTBIO CBET4.

Hago, onnaxko, TNOHHMA4TB, 4YTO OTPOMHOE - UHCIO MEXaHHUYeCKHX
337124, BO3HHUKAWOMUX Iepel YeJI0oBeKOM, pemalTcs ¢  IOMOLILbIO
3aK0HOB HpIOTOHA ¢ K0JIOCCAaNbHOH TOYHOCTBIO, HECMOTPSt HA IPHOJH-
JKeHHOCTh 3THX 3akoHoB. Ilpumepamuy OrpoMHOH TOYHOCTH 3THX
(npubnueHHLX B TPHHLMKIE) 3aKOHOB MOTyT ObiTh: MNpeAcKaszaHue
Ha OCHOBE 3THX 3aKOHOB CYLIECTBOBaHNA TuaneTsl HenryH; onpasibr-
BaoUHiicA Ha omnblte ¢ KOJOCCAJIBHOH TOYHOCTBIO pacder TpaeKTopHil
HeGECHBIX T€JI; pacueT M OCYIIECTBJEHHEe KOCMHUECKHMX II0JIeTOB H
MHOTOEe-MHOTOE JpYToe:

Ecnu BCOMHNTD Teneps, UTO OCHOBHAA IPsMast 3aaua MEXAHUKH —
5T0 HAaXOXKJEHHE B2aBUCUMOCTH r==r (f), TO H£CHO, 4YTO OHA HAMH
B OpuHUMIeE peiueHa. IleficTsuteqbHO, 3Has mMaccy Teqda m u cuay F,
JEACTBYICILYIO Ha HEro, Mbl IOJIYUHM

; ,
a(t)dt = vy § F ) 4y (7)

'

v({H=vy-+

gt/am

t
r(t)=ro+{ v () de. 8)
ty

Hafign v(#) n3 (7) n moicrasasig B (8), modyudMm (B MNpUHLHIE
XOTA Obl) HHTEPECYIOLIYIO Hac 3aBHCHMOCTBE r==r (f).
B yacthHom coyuae npu F==const, ouenupno, mosyuum:

V() =V £ (t— 1),
2

F —
r(f):r()—j—vt)(t——fo)—!*'ﬁ- 5 2,
Ecan xe monoxuthk f,=0, t0
F
V(f)ZVO'F;;t,

r

5 .
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§ 6. Hmnyanc W KuHeTHueckasi dHeprus MaTepHAJBLHONH TOYKH.
3aKOHBI HX H3MEHEHHS

CcopMyTHPOBAHHLIH . Bhlle BTOPOH 3akoH HeioroHa HasbBAIOT
OCHOBHEIM 33aKOHOM MEeXaHHKH, HOO HMCHOJb30BaHHE €ro COBMECTHO
¢ ypaBHEHHSMH KHHEMATHKH TO3BOJIAET B TIPHUHIHINE PEWHTEH JIOGYIO
3ajjady O MEXaHWYECKOM IBHXKeHWH Tesna. Ho B HeM ecTb o MeHbluell
Mepe ABa HENOCTaTKa: «

1. He otofpaxkena B FOCTATOUHO $IBHOM BHJE HEYHHUTOXKHMOCTh
JBUMKEHHS, €r0 COXpaHeHHe.

2. Kax mokaseisaeT ONLIT pelieHds 3ajad, Cuia HHOR pa3 Tak
CJI0’KHO 3aBHCHT OT KOOPAHHAT, CKOPOCTEH W BPEMEHH, 4YTO PEINThb
ypaBHEHHUE

a’r

“-’__ F(r, v, ©)
dt

m

Her BoaMO:KHOCTH. Mmo# ke pas saBucumocts F==F (r, v, ) mpocro
HEH3BECTHA.

BosnuKaer BONPOC: HeNMb3sl JH Kak-HHOYAb «yCOBEPIIEHCTBOBATHY
BTOPOH 3aKOH AMHAMHKH MJH JONOJHHTbL €ro? :

OkasbiBaercs MOXKHO IOJAYYHTb H3 Hero nBa (a B JafbHedireMm
1 ellle 0fHO) (pyHAAMEHTANbHEHUIMX CJEACTBHS — 3aKOHbl H3MEHeHUs
MMIYJbCa M SHEPTHH MaTepPHaJbHOH TOUKM (a B JaJibHEHIIeM H 3aKOH
M3MEHEHHs! MOMEHTZ HMIYJbCa MaTepHaJbHON TOUKH).

[Tosyunm cnauana 3akoH HaMeHeHMs umnyabca. s 9TOro
YMHOXXHM o6e yacTH paBenctBa F=—rma Ha 3jeMentapnoe pems df,
B TEYEHHE KOTOPOTo cHJja JCHCTBOBAJAa HA MATEPHAIbHYIO TOYKY
€ Maccolt m; NPU 3TOM Mbl AOJYYUM

madi=Fdf uwma mdv=Fdt.

Cuutag maccy Teja He 3aBUCSIIEH OT CKODOCTH, BHECEM /7 I0J 3HA
Inddepennnana. Toraa umeeM :

d (mv)=Fdt.
[onaras
p=mv -} const,
HOAYYHM
dp=—F dt. (O

DT0 paBEHCTBO W €CTh 3aKOH H3MCHEHHS MMIyJbCa MaTepHalbHOil
TOUKH,

Cunras, 4to A5 HENOABHXKHOH B JAHHOH CHCTeMe OTCYeTa Mare-
puanbuoii Touku p==0, mosnyuum const =0, a Torza

p=nmv.

Benuunna p Ha3bIBAETCH UMAYALCOM MAMEPUAALHOL MOYKL W
Koauwecmeom ee Osusicenus; semnuuna F df — asemenmaproin umnyivcom

31



cua. B cootBercTBHH ¢ 3THM (1) HasbIBAIOT 3aKOHOM USMEHEHUR UM-
NYALCa MAMEPUANbHOL MoKy M YHTAIOT Tak:

JnemenTapHoe H3MEHEHWe HMIyabca MaTe-
PHAIBHOH TOUKM MPONOPHHOHAILHO HMOYIAbCY
CHJIbI, JelcTByIOUmeH HAa Hee, W HaNpPaBICHO
B CTOPOHY REHCTBHSI CHJIBI.

Ilo cymectBy PaBeHCTBO (1) ectp Bce TOT Ke BTOpOH 38KOH
Hbiotona, 1o samucanubiii B 6onee obuei tdopme, coaepxainell coxpa-
HAWYIOCS B OTCYTCTBHE BHEIMIHHX BO3JCHCTBHI XapaKTEePHCTHKY
asuxennn teqa (npu F =0 nonyuvaem dp =20 uau p = const). Vimenno
B BuAe (1) u chopmyanposan HploTon BTOPCH 34KOH AMHAMHKHU.

TosyunM 3aKkoH H3MeHEHHs KHHETHUECKOH SHEPTHH MaTepHaJbHOR
TOYKH, JJII 4ero paBeHCTBO ma=—F YMHOXXHM CKaJsiDHO Ha fepe-
Memiende dr, CAenaHHoe MaTepHaJIbHON TOUKOH oA AeiicTsuem cuJbt F.
IMonyunm

Fdr=ma-dr

dv
HJIH C yYeTOM TOTO, YTO a==_ H dr =vd/,

dv
Fdr:m-m-y—dt‘,

uin
Fdr=mvdv. (2)

V2
Ho sennuuna mvdv ectb anddepeHuHan OT BeTHUHHB My, T. €.

°

dv
mv dv:m—[. 370 MO3BOJISIET 3amucaTth PAaBEeHCTBO (2) B BHAE

mdv®

Fdr= 5

Tak xak KBajpaT BEKTOPA paBeH KBaipPary ero MojyJas, 10 vd==1o°
[Tonaras, xpome TOro, Maccy MaTepHaJbHONl TOYKH IIOCTOSIHHOM,
IO yUHM

Fdr—d (”’—;’—) 3)

my® . .
Bemnunny E=-5—--const Ha3biBAIOT Kunemuueckol sxepeuel

mamepuaivtoli mouku. Tonaras, uro pis nokowomwelics MaTepHaIbHONU
touxu E,—0, nonyuum const=0, a rtorja

mv?
EK:_-T'
Yacro wucnonbayoT 0Go3HaueHHe W"—‘Tz—’ T. . W = E. Bean-
unny dA=F dr HA3bBAIOT saemenmaproii pabomot cuet F ua nepe-
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seweruy dr. C ydeToM CKasaHHOTO PaBeHCTBO (3) 3amuuIeTcs B BUAE

dA=dE,
{1 4HTaercs TaK:

dieMeHTapHOE  H3MEHEHHE  KHHETHYECKOH
SHEPTMM MATepPUAJBHON TOUKM pPABHO 2JeMeH-
TapHoil paGote cuabl, AedcTBylouieii Ha Hee.

Hraxk,

dp="F dt,

dEx=F dr.
TTepBoe M3 3THX PAaBEHCTB OMNMCHIBACT LEHCTBHE CUJIBI BO BPEMEHH,
a Bropoe — B npocrpancrse. (Kak mul yBuaum 8 1V, § 7 at11 1Ba paBen-
CTBA MOXKHO OODBEIMHHTH B €IMHBLIH 3aKOH M3MEHEHHs HMIyJbca —
sHEeprHH MaTepHaibHOH TOukHd.) MHTerpupys sTH paBeHCTBA, MOJYUHM:

t

Ap={Fdt,

to
AE, = § F dr.

Ec/u Ha Teo AefiCTBYET MOCTOSIHHAS BO BPEMEHH H B IPOCTPAHCTBE

' cmna, TO )
' Ap=FA¢,

AE; = FAr.
B eme Gosee yaCTHOM CJyuae OTCYTCTBHsl CHJI
’ Ap=0 unam p=const,
AE,=0 uau E =const.

-

T. e. B OTCyTCTRHE CHJ HMIYJbC H KHHETHUECKAsl 3HEPrHA MaTe-
pHaJbHO TOYKH COXpaHaloTesa. HeTpyaHo yCTaHOBHTB CBfI3b MEXAY P

u E.. Vmenuo:
mv® _ mi'v* _ p?

Ex=—g =5y =1m-
Dopmy.ia
E .
K™ 9m

oToGpaXkaeT CBA3b Me1y TPeMs COXPAHSIOMHMUCS B OTCYTCTBHE
BHEIUHMX BO3MeACTBUH BesuuuHamu Eg, p u m.

_ B nauane storo maparpada ObiiM yKasaHbl IBe U3 LENOro psja
NPUYKHBL, 3aCTaBHBIIKE CHOPMYTHPOBATH 3aKOHBI U3MEHEHHST HMIYIbCA
H suepruy. Ho moka 4to He BHAHO NpeuMyuiecTB paBeHCTB dp—=F dt
H dE,=F dr no cpasHeHuno ¢ pasenctsom ma= F. Ho ath npeumy-
HMecTBa, u BechMa BaKHbIE, €CTh. TOJIbKO pasroBop o HHUX Heo6XOo-
AuMo oryoxuTs A0 § 16.

2 MunumanpHan ousuxa, 4, 1 . 33



§ 7. Pabora pasnuunmix cua. [orenumanvnas aneprus

OnbiTE NOKA3EIBAIOT, YTO JEACTBHE ORHHMX TeJd Ha Xpyrue 3aBHCHT,
BOOOIIE TOBOPS, OT UX B3aHMHOTFO pacnofoxkeHus (r), OTHOCHTEJBHOMH
CKOPOCTH (Vors) H BpeMenu (¢), T. €. F=F (r, vy, 7), npuuem, Kax
y’Ke TOBOPUJIOCH, 5Ta 3aBUCHMOCTE MOXKET OKa3aThCsl BECbMA 3aMbIC/IO-
BaTOH. PaccMOTpHM cliellylolHe YacTHEE Cyyam:

1. Cuna, peficTByouias Ha TeJO CO CTOPOHBI APYIHX TeJ, 3aBHCHT
TOJILKO OT MOJOXKeHHs1 3Toro teda, T. e. F=F (r);

2. Cusia 3aBHCHUT TOJBKO OT OTHOCHTETBHOH CKOPOCTH TeJ, npHyeM
CHJIa HampaB/JeHa HaBCTPeuy 3TOH CKOPOCTH, T. €.

v
F=— (Vom) 3222,

IIpuMepoM MEpBBIX CHJI MOTYT CJAYXKHTH CHJA TAXKECTH, ynpyras
cuja B feopMHDPOBAHHOM NpyxXKMHe, 3JeKTpocTaTiuueckas cuaa. [Ipn-
MEPOM BTOPBIX — CHJIA CONPOTHRJEHHs JBHXKYIUEMYCSI B JKHAKOCTH
HJTH Tase TeJy, CuJa TPeHHS CKOJNbKEHHA HJIH CHJa TPeHHUf KadyeHHs.

Bce npouse cmabl (He BXORAUIME B 3TH JABAa YacTHHIX CJay4das)
3aBHCHT, BOOOIIE I'OBOPsi, OT F, V H { M 4acTO O4eHb CJOXxkHO. [IpH-
MepaMH 3THX CHJI MOTYT OHITh CHJbl A3BJEHHSA [A30B B IUIHHIPE,
TpeHHE IOKOs, IepeMEHHBIe 2JeKTPOMarHUTHbie CHJAbI ¥ T. A.

Pasjenenue cusl Ha TakHe PYNNbl C BHIACAEHHEM CHJI, OTHOCSALUXCA
K ABYM YacTHBIM cJydaaMm, o0ycJao0BJIeHO TeM, YTO NOACUET paboThl ITHX
IBYX CHJ 3HAUHTEJNBHO NMPOIIE [10ACYeTa PaboThl OCTANBHBIX CHJI; KPOME
TOro, TakKas KJaacCH(HKAIHA CHJ IT03BOJHT cPOpMYyJJTHPOBATH 3aKOH
06 sHepruM Haubosee yNoOHbIM IS pelleHHs psja 3afad ofpasoM.

PaccmoTtpum noapo6HO paboTy YKasaHHBIX CHJL

1. Okassipaercsa, uro pa6ora cudsl F (r) peako (He 6yneMm orosa-
pHuBaTh, KOrJa UMEHHO) 3aBHCHUT OT BHIA TPAeKTOPHH, T. €. KAKHM Obl
nyTeM TeJ0 HHM [ONajo H3 HaudaJbHOHM TOUKM B KOHEUHYIO, pafora
gHJIbI F(r) 6ymer onuofi M TOH Ke. DTO O3HAUaeT, UTO HHTErpajt

SF (r) dr 3aBHCHUT JJ151 JAHHOro TeJsa, MOABEPKEHHOro AEHCTBUIO TaKOH
1
CUJIB, TOJIBKO OT €ro HauaJbHOTO H KOHEYHOro MoJjoxKeHu# (B sahukcy-

pOBAHHOMH, KOHEUHO, CHCTEME OTCYeTa).

Ho 310 o03Hauaer, 4yTO 3TOT HHTErpas MOXKeT OLITh NpeNCcTaBJEH
KadK PasHOCTb 3HaYeHHUH HEKOH BeJUUUHBI, 3aBHCSIIEH OT HAuajALHOrO
U KOHEUHOT'O MOJIOKEHHsS TeJga B AAHHOH CHCTEMe OTCYeTd, T. €.

2
A, ={F(r)dr = (ry) — O (r).
1

Okazanoch ypoOubiM (cM. pasfen I, § 8) eeectn o¢yurmuio U (r) =
=—®@(r), a Toraa

A =\F(r)dr=—[U(ry) —U (r)]. (1)
1
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Beanuuny U (r) HasbIBalOT NOMeHyUarbHOU sHepeuell meaq, TOL-
Bep2keHHoro gneficteuio cuabl F (r). Yacto ee ofosHauaioT CHMBOJIOM
E.,=U.

QOuesupno, ans moicuera U=U (r) Hajpo 3HaTbL SBHYIO 3aBHCH-
mocts F=F (r), HO 3T0 yxke OTHOCHTCA K APYroMmy pasnesy pU3HKH —
TEOPHH TIOJIA.

IMoacunraeM, ofnako, U==U (r) ajas caydaa cu/bl, BOSHHKaIOLIEH
B npyxuHe. B 3ToM cjlyyae B CHJYy NPONOPHHOHAILHOCTH CHJbI,
BO3HHKILIEH B mpy:KUHE, ee pedopManuH HMeeM

F=—Fk(r—ry)—,

rie r-—— PaIMYC-BeKTOp, OmpejesfIoIUH [OJ0oXKeHHe OIHOrO KOHLA
NPYXKUHBL MO OTHOLIEHHIO K APYromy (AJf IPOCTOTHI 3aKPETJICHHOMY );
r, — PaZHyC-BEKTOP 3TOTO K€ KOHIA NPYXMHBI, KOrja HpY:KHHA He-
JepOpMUPOBANA; 7 — ry — YAJIMHEHHE NPYXKUHBL, & — Ko3(hpuuueHT

JKECTKOCTH NPY:KUHBI, MOKA3LIBAIOUWIMEA Kakas cHja BO3HUKAET B NpPy-
XuHe NpAa ee eluHHuHOfl nedopmauuu. OueBHIHO, TIPH PaCTSKEHUH
OpYyXHUHEL r >r, H, 3Hauur, FNr, 7. e F W r nporHBOmosOKHSLI
IO HalpaBJeHHIO, a NIPU CxaThu r<ry H, 3Haunt, FMr, T. e. F u
r HanpasJieHEl B OJHY CTOPOHY.

Ecny K mMOABMXKHOMY KOHHY DRPYKHHB NPHUKPENJEHO TeJo, TO
IebopMupoBaHHAs nNpyXHHA JefAcTByeT Ha Hero ¢ cujoll F=

f—:—k(r—rﬂ)% U npn mnepeMelienuu Tesna Ha dl mpyzuHa coBep-
inaer pabory
dA=Fdl=Fdlcosf=—Fdl cosua.
W3 pamc, 11 BuaHo, uro BedHunHa dlcose paBHA H3MEHEHHIO
JJTMHB! OPYKUHBL, T. €. M3MEHEHHI0 MOAyJd r (160 MOAYJIb r H eCTb

Yy Hac pauHa npyxuHbl). OGo3Hauasi dr=d/cosa I YYHTEIBas, 4TO
B culy ry==const umeer mecro dr =d (r — ry), moJy4uMm

dA“-:—FdlCOSU.:—Fdr:‘——k(r—rH)d(r_.rH)‘

HHTeI‘p HPOBAHHE 3TOr'0 pPABEHCTBA JA4CT
9 -
A1,2=— S k (f'—ru) d(f_—- rﬂ)='— [k(r2 -2-1‘1;) '—k(rl ;rﬂ)s]’ (2)
1
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HJY B COOTBETCTBUH C paBeHCTBOM (1) -
Apg= — [U (Fg) — U(rl)]. 3)
CpaBHuBasi npaBble YacTH paseHcTB (2) H (3), HMeeM

k __H2 k | 112
e — 7w BTl U (1) — U ().

Ho 310 3Hauur, 4TO CjlaraeMbie IPaBOH uacTH OT cjaraeMbix JeBoi
YacTH 3TOro paBeHCTBA MOTYT OTJIHYaTbCA JIMilIL Ha Hexoropylo
NOCTOSIHHYIO BEJIUYUHY, a IOTOMY:

U (r) :ﬂf%—fﬁ -} const.

O6biuno y nenedopmupoBanHoil npyxuubl cuutaior U==0. 3ro0
osnavaer, uto const=~0, a Torza

2
U ()=t
T. €. MOTEHUHaJbHAs SHEPTUS NPYXKHHBI NPONOPUMOHANLHA KBajapary
ee yANHHEHHS, a 3HAUWUT, HE 3aBHCUT OT 3Haxa Jedopmauum (pacts-
JKEHHe WM CXKaTHe), a TakxkKe OT Toro, KakuM o0pasoM H B KaKOM
HanpasjeHud JedopmupoBanack npyxuaa, T. e. U=U (r —ry).

B pasgene «Teopust monsay Mbl 1MO3HAKOMUMCSI C ADYTHMH BHAaMH
cuJs, pafota KOTOpbiX He 3aBHCHT OT (JOPMbI TPACKTOPHH H KOTODPBIM
B COOTBETCTBMH € THM MOXKHO COTOCTaBHTb IIOHATHE MOTEHLHAJBHOM
SHepru. 3aMeTHM, YTO TaKHe CHJIbl HasblBalOT NoTeHUHaabHeiMH F,
a semuunny F,dl obosnavaror — dU, rae dU HasbIBalOT 2JIeMEHTAPHBIM

" H3MEHEHHEM [I0TeHIlHaJbHOH SHEPrUH Tesna (B JaHHOM cnyqae——-
NP YHHB).
2. TlepeligeM K paccMOTpeHHIO paloTEl CHJI BTOPOTO THma, T. €.

Vorn

cua Bujga F=—Ff (Vorn) 5, . OcTaHoBUMCA Ha TOM TpocTeiiuiem cJay-

yae, Korjga OOHO H3 ’IeJI B3HTO 3a CHCTEMY OTCUETA. Torna, OueBHUJIHO,
OAS 3JeMEHTapHOH paboTbl 3TOH CHJbI NOJYUHM € YUETOM Vg =V
u cos(F,dl)=—1

dA=F(v)dl=F (v) dl cos (F, dl)_——F(v) dl.

Pa6orta e Ha KOHEUHOM ydyacTKe NyTH OYZET Bhipaxarbcs paBeH-
CTBOM

2
Ajg=—\F(v)dl
!

slcHo, urto jame B cayuae F (v)==const 3TOT HHTerpan 3aBHCHT
OT TOTO, KaKHM TMyTeM —- JUIMHHEIM HJIH KOPOTKHMM — TEJO M0onano u3
TOUKH (1) B TOUKY (2).

Takum ofpasom, paGora CHJ, 3aBUCALHX OT OTHOCHTENLHON CKO-
POCTH, OmpenensieTcss He TOJbKO CHJIOH, JeHCTBYIOWEH Ha Teso, He
TONbKO HaYaJbHbM M KOHEYHBIM IIOJIOXKEHHEM Tella, HO H JJIHHOM
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nyTH («hopmoit» myTH). [Togcuer paboTht 370# cuibl B ofluem clyyae — -
cJI0XKHAA 3ajaya M HEKOTOpbIM OOJIeTueHHeM 3Jiech CJAYIKHT TO, 4TQ
yroa mexny F(v) n dr Bcerna 180°. Cunbt 3T0ro THna HasbiBaOT
duccunamusrbimy (PacceMBaIOIUMH MEXaHHUECKYIO SHEPTHIO), HOO OHH
MEXaHHUECKYIO 3HEepTHI0 NPeBPAalLlAloT B APYTHE BHIH (0GbIYHO B HEP-
[UI0 Xa0THUECKOrO JABHMKEHHS YaCTHIL TeJsa).

Bce nmpoune cusiel JIOCTATOUHO CJIOXKHBI [0 CBOMM 3aBHCHMOCTAM
OT CBOMX apryMeHTOB M HX paboTa CYHTAeTCd NPOCTO B PeNKHX
caydanx.

O6umum  mast Bcex cua aBasiercs 1o, uro npu (F, dly=90°.
(F 1. v B Kaxami MomeHT) wan npu dl=0 (teno He mepemeiaercs)
paboTa CHJIbl paBHa HYJHO.

§ 8. 3axkoHn H3MeHEeHUS MeXaHH4YeCKOH IHepruM MaTepHaJbHOH TOYKH

ITycTb MatepuanbHas TOYKA ABHXKETCS 1O HeHCTBHEM HEKOTOPHIX
cun u3 Toukd (1) B Touxky (2). Torga B KakAbli MOMEHT BpEMEHH

ma=F,4-F,+F, h

rae F,—norenuyanvuasi cuna, F,— auccunatusuas cuna, F—
npoune CHJIBL.

Ywmuoxkas (1) Ha snementapuoe nepemeutenue dl=vdf u unrer-
pupyst B IpefejiaXx OT NMepBOH TOUKHM JO BTOPOH, MOJYUHM C YYETOM
CKa3aHHOTO B TIpEAbLAYIIEM maparpade

2 2 2 2
Sm%vdtzg Fdl - S Fodl 4 S Fdl,

I i 1

HJH
2
vadv:— (Ea— En)+ A+ A,
1
HIu \
(EKQ-“ Em):— (EnQ'_ Enl) "l" An‘!‘ A’
Un

» (Ex2+En2)—(EK1+En1):An+A' (2)

Bemuunwa E=E,+ E,;, nau E=W -+ U nasbiBaeTcs MeXaHH-
YecKol sHeprued Tena. 3aMeTHM, 4YTO ecyd Obl Mbl B pasjene I, § 7
BMmecto ¢GyHKUME — U (r)==-— Eq(r) ocraBuau ¢ynxkmmo @ (r), To
NoJHas sHeprus Teja BhIpasuaack Obl pasuHocThio E=W — @,
UTO BRIrJIAEN0 Obl JOBOJILHO HEKDPACHBO, HECHMMETPHUHO.

PaBencreo (2) sBasercsi Haubosee obuiell GOpMyJHPOBKOH 3aK0-
HQ U3MeHeHUs MeXAHUYeCKOU dHepeul meaqd W YUTAeTCHA TaK:

PabGora, npou3BeleHHast HajJ TEJIOM HeMmo-
TeHUHANBHLIMH  CHJAMH, paBHa H3MEHEHHIO
MEXaHHYeCKOH 9HepPruM Teja.

31



Hpﬁ F=0 nmonyuum
EQ _— E1 — AJI’

u Tak Kak A;<0, o Ey<Ej, T. €. IUCCHNATHBHBIE CHJBI JEHCTBH-
TeJIbHO YMEHBIIAIOT MOJHYI MEXaHHUECKYI0 3HepTHio Tesa (IepeBOAs
€e B Jpyrue BHIBl 3HEDPLHUH).

Ecit F=0u F;=0, 10 E3—~ E;=0 unu E=const, u 3Hauur

ecau Teqao (MarepuasjbHas TOUKa) He HOABepr-
HYTO JeWCTBHIO HEMOTEHHUAJNBHBIX CHJ, €ro
noaHAA MeXaHudecKad aHepPrusl He MeHsaeTCH.

UpesBbluaiiHO YAOGHLIM M HATVISIHBIM CIIOCOG0M ONHCAHHS B3aHMO-

IeACTBHE Ten aBasercs: rpaduueckuil crnocod, NPeACcTaBasiomuil co6oit

IPOCTO-HANPOCTO H300pake-

\ () upe rpaduxos U (r) u E (r)

U HX BHHMAaTeJ/JbHOE PacCMOT-

penue. Takoii criocob BecbMa

pacnpocTpaHeH B HCCJEN0-

BaHUAX, H MBI €FO, eCcTecT-

) r—@\ BeHHO, paccmoTpuM. Kpowme

4 =, TOI'O, B 3TOM crocofe Hc-

3 & noJb3yeTcs cnennpuueckas

M BecbMa BBIpasHTeJbHAs

(1 pacnpocTpaHeHHAas) Tep-

MHHOJIOTHS, Ha KOTODOH He
OCTAHOBUTLCS HEB3H.

Mo yxe ormevamu, uro U=U(r) umu, uro Bce pasuo, U=
=U(x, y, 2). Ho B npocTeIX cayyasx, CBS3aHHBIX C HAJHUHEM CHM-
merpuu, U==U (r), T. e. NOTCHUHAJbHAS 3Heprusl B3aUMOAEHCTBHUS
ABYX TeJ 3aBHCHT TOJIBKO OT PACCTOSTHHSI MEXKJLY HMMH, 4 OT B3auM-
Hoi opueHTanuu (oT r) He 3aBUCUT. Paccmorpum cayuait U=U (r).
: [lycte HekoTOpble, ABa Teda A H B B3aUMOJEHCTBYIOT MEXKAY

coboft Tak, uto rpaduxk U (r) umeer BuA, usobpaxkeHHsli Ha puc. 12,
PucyHOK chenaH B NPENNOI0XKEHHH, UTO 34 HAuaJO OTCUETA B3STO
tesqo A, a Tejgo B HAXOAUTCS B paccMaTpHBaeMblii MOMEHT Ha pac-
CTOSIHMM ¢ OT HeTro, W 3SHeprus Baaumojelicteusa A u B paBua yka-
3aHHOH Ha rpaduxe U (r), NpH 3TOM 3a ypOBEeHb OTCHUETA 3HEPIHH
B3aMMOJIEHCTBUS B3sTa Ta 3JHEPTHsA, KOTOPOH oO6JajaloT 2TH TeJa,
Haxolsicb Ha OeCKOHEUHOM pPacCTOSHHH APYT OT Apyra (UHBIMH CJO-
Bamu, U — 0 npu r— o0).

Hzobpaxkennnill Ha puc. 13 rpadux U (r) HarasgHo NoKasbiBaerT,
yto ecqau Tena A u B uAyT u3 GeCKOHEYHOCTH APYT K ApPyry, TO
U (r) pacrer ot nynsa po Hekortoporo Uj(r;); MPW HM3MEHEHUH r OT
ry 10 r3 U (r) y6uiBaer ot U;(r1) no Us(r;), a moToM onsith pacrer
ot Uslrg) po U(r)—oo mpu r—0. Ilpn ra<r <co u 0<r<r
SHEepTusl B3aHMOAEHCTBHS MHOJIOXKHTeJbHa, a8 NpH ry < r<r: — OTPH-
naresbHa. CoBEpIIEHHO GUEBHJHO, YTO BCE CKasaHHOe cpasy GpocaeTcs
B rJasa npH Barasge ua rpaguk (puc. 13). Ho mpu BHuMaTespHOM
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pACCMOTPEHHH Tpaguka MOMNHO YBHIETb ellle MHOTOe Apyroe. STHm
Mpl B 3aiimemcs. Ilpu 3TOoM Hac coBepIneHHO cefiyac He HHTepecyer
ponpoc, nouemy U (r) nmeer BHA, H3o6paxkeHHsl Ha puc. 13. IIpocto
aBTODPY 3aX0TeJIOCh H300Ppa3UTh TaKVYIO 3aBUCHMOCTb, WJIH, KaK TIPUHSITO
FOBOPHTDb, TaKYIO NOTEHIHAJLHYIO KpHBYIO. Mbl BIOCIEACTBHH OyleM
AMEeTh JeJ0o C IeJhiM PsIOM TOTEHHHAJbHBIX KPHBBIX W TaM yxe
6yZeT CTaBUTLCA BOMPOC O TOM, NOYEMY OHH TakHe, a He HHbIE,
B KaXKJIOM KOHKDETHOM ciaydae. 3a0fHO OTMETHM, YTO Ha rpapukax
U (r) B3anMOZeiCTByIOIIME Teja He HU306pa)kaloT, KaK 3TO CHENaHO
Ha puc. 12, HO noJgarawT, YTO OIHO M3 TeJ HAXOAUTCA B Hayaje
KOODJHHAT, & APYroe — Ha HEKOTOPOM PAacCTOsiHHU r OT HEro.

HanomuuM, 4TO BBIpa)KEHHE «IHEPTHs B3aUMOLEHCTBHS (MOTEH-
uHangbHast SHEprus) NpH TAKOM-TO pPACCTOAHHH f PABHA TAKOMY-TQ
spayenio U (r)», osnauaer, 4to ykasanHas U (r) Gousbiie TOro 3Ha-
yenust Uy=0, Kotopoe TpHHATO 3a ypoBenb orcuera, Ha U (r).
B uwacrthoctd, ecau sa Uy=0
npunumatot U (co) (Ty 3Hep-
THIO B3aUMOJEHCTBHSI, KOTOPOH
o0nanaoT GeCKOHEeYHO YlaJjeH-
HBle ApPYT OT Apyra Teaa), TO
BHIpAXKEHHE «B AAHHOH TOUKe
SHeprus B3aWMOJeHCTBUH DaB- y,
na U (r)» o3navaer, uio npu |4} J .
JAHHOM  3HAUEHHH  PacCTosi- Toj2 7
HUSL r MEXIy B3aHMOjeH-
CTBYIOIIHMH 7TeNaMH HX 3Hep-
rus esaumonesictBus Ha U (r) Puc. 13
6obille, 4eM NpPH r— 0O,

Hanee, Hano uwerko mnpeacTtaBasite cefe, uro o3nauaer U (r) >0
n U (r)<0. Cwmpicn BupakeHHHl «I10JIOXKHTEJIbHAs 3HEPTHS B3aUMO-
JeHCTBHS» M «OTpHIATeNbHAS SHEPrUsi B3aHMOAEHCTBUS» CIeiyer H3
dopMyabl A paboThl MOTEHUHAJdbHBIX CHJ, T. €. U3 GOpMYJbl

Ay g=— Uy — Uy).

Ecaun Hac uHTepecyeT 3HaueHHe SHEPTHUH NPU KAKOM-TO 3HAYECHHH
r, 1o, nonaras Uy=U{(r), a Uy=U (c0) =0, noayuum

A,,m:-—‘(Ug—Uo:Ul:U(f).

Orcrona sicuo, uro U (#) >0 osnauaer, uto npd M3MEHEHHH Paccrosi-
HHS MEXKJy TelaMH OT r J0 GeCKOHEUHOCTH [OTEHIIHaJbHbIE CHJIbL
coBepIIaloT oJIOKHTeNbHYI0 pabory, a U (r) <0 osHauaer, urto
A, < 0, T. e. DpU H3MEHEHHH B3aUMHOTO PACCTOSIHHS OT 1O F
OeCKOHEYHOCTH MOTEHUHAJbHEE CHJIB COBEPUIAOT OTPHIATENBHYIO
paGory.

YacTo BMeCTO BbIPAXKEHHST «IPH H3MEHEHHH DacCTOAHUS OT r 1O
GeckoHeuroCTHy YNOTPEGNSIOT BBIpAKEHHE IPH IIepexofe Teja H3
3aaHHOr0 PAacHONOKCHMS B IMOJIOXKEHUE, NPHHATOE 34 YPOBCHD
OTCyeTa NOTEHUHANLHOH SHEPTHUY.

ulri
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Ha rpaduxax U (r) yacro BcTpeyaoTcst y4acTKH THna 4—3-—2
W yuactkl tHna 3— 1 —0. VYuactku THna 4 —3-—2 HaspBaOT
NOTEHLMANBHBIMY sIMaMH, a THna 2 — I — 0 — noreHUuaNbHEIME GyT-
paMu (uanle — HoTeHHHa bHBIMH Gapbepamu). Takue HaspaHHS JaHH,
BHIHMO, H3-32 CXOJCTBA C TeMH H300paxKeHHAMH SIM H XOJIMOB, KOTO-
~ pble PHCYIOT Ha KapTHHKax Manaoiiud. MoxHo 6bl1o OBl Jath H ApYy-
rHe HasBaHUs HJAH BOOCIHIE He JaBaTh TaKHM YYacTKaM CHELHAJIbHBIX
Ha3BaHuH, HO OT 3TOTO €/Ba JiH KTo BeIUrpad Obl. Iloatomy mipumem
9TH Ha3BaHM$, YTOUHHB OJHAKO HMX cwmbicad. MMeHHO Beipaxkenue
«T€JI0 HAXOAWTCS B IOTEHIHAJLHOH fMe» O3HAYaeT, UTO HHTEPecylo-
mee Hac Teqo B HaxoauTcs Ha TAKOM PacCTOSHHM ry < r<r; OT
Tena A, uro saBucuMocTb U (r) Ha JaHHOM HHTepBasie pacCTOsiHU#H
TaKoBa, KakK H300pakeHo Ha ydacTke 4 — 3 -—2. Breipakenue «Teqo
HaXOQHTCSl HA IOTEeHIHanbHOM Oyrpe» o3Hauaer, 4yro Tena B u A
HAXOOATCA HA TAKOM pacCTOSIHUM ro<r<ty APYT OT Ipyra, uTo
Ha 3ToM wuHTepBase pacctosiuiéi U (r) A5 3THX Tes HMeeT Takyio
3aBHCHMOCTBb OT 7, Kak H3o6paxeno Ha yuactke 0 — ] — 2,

PaccTosiHust re— ry U ro— 2 HAa3BIBAIOT WUPUHOL NOMERyUAlL-
Hoti ambl U nomexyuarsrozo 6yepa (6apbepa) COOTBETCTBEHHO.

Beanununt Us(ry) u U (ri) Ha3bIBAIOT eAybuUtOl’ NOMEHYUAHOL
AMbL U 8biCOMOLL nomeHyuaivHoeo 6apsepa cooTeTcTBeHHO. OUueBHAHO,
U; u U; nokasblBalOT, Kakylo paGoTy COBeplIAT NOTEHIHAaJbHBE
CHJBl TIpU TepeMelleHUH Tefa B u3 r; MM r; Ha GeCKOHEUHOCTD.
Juepretuueckoe paccrosnue mexay U, n Us, pasnoe U; — U,, noxa-
3bIBaeT, KaKylo MHHHMaJbHYIO pafoTy HalIO0 COBEPLIMTb BHELIHHAM
cunaM, utoGbl TnepeHectd Teslo B W3 TOUKM ry (CO JHA MOTeHUHANb-
HO fAMBI) B TOUKY ry (Ha BEpIIHHY HOTEHIHANBHOro 6apbepa) B OTCYT-
CTBHE HENOTEHIHANbHBLIX CHJ H 6e3 H3MeHeHHS KHHEeTHYECKOH SHepruu
Teja B. 1o caeayer, KOHe4HO, U3 GOPMYJbI

At Ay =AE =AU,

Hs puc. 12 BuzHo, uTO B pasHbIX Mectax (IIpd PasHEIX r) rpadur
U (r) umeer pasHblil HakaoH. Kakos ¢u3MueCKHN CMBICJ KPYTH3HH
rpajguka? YCMOTPHM €ro M3 TOr0, 4T0, C OJHOH CTOPOHEI, IIO OIpe-
ZeJIeHHIO NPOU3BOAHOH

du
7 = tga, um dU=drtgua,
¢ Jpyroil - cropoHb, padoTa MOTeHHHMAJbHBIX CHJI  OfIpefesIAeTcCs
paBeHcTBOM (¢ yyeroMm Toro, uro r || F, B HameMm cayuae)

Frdr=—dU.

CpaBHeHHe 3THX IBYX (prMyJI NPHBOAUT K TOMY, UTO
tga:—an

T, €. TaHreHC yrJa HaxJona Kpusod U (r) B Kakom-1u6o Mecrte
paBeH BeJHUMHE CHJbl (C OOpaTHHIM, ONHAKO, 3HAKOM), C KOTOpOM
Teqo A JeficTByeT Ha Teslo B, Raxopsiueecs B Touke r. Ilpu arem
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[IONOKHTENbHLIH HaKIOH Trpapuka O3HAYaeT OTPHIATENbHYIO CHJY,
r. e. TputsikendHe Tena B kK Teny A, a orpuuaTteNbHbl HAKJOH —
orrankuBanue. Tak, Ha yuactkax 0<r<lry u rn<r<ry tga <0,
Fo. >0 u, sHauut, Ha TeJ0 B jeficTByer cHia, Hanpas/eHHas B CTO-
poHYy pocTa r. Ha yuactke xe r3<r<r tga >0 n F; <0, uro
o3HaiaeT NpHUTsxkeHHe ftefa. B x teay A, uan, uro Bce pasHo, Fy
HanpaBJieHa B CTOPOHY YOBIBAIOWIMX 3HAYEHUH r.

O6bluno coBmecTHO ¢ rpadpuroM U (r) pucyoT u rpaduk mONHOH
sueprit E (r). Ecau na Teno B neficTByeT TOMBKO NOTEHUHasbHast
cana co cropous teia A, 0 E
He 3aBHCHT OT r, HWJH, UYTO
pce paHo, E=W U=
=-const, ¥ ee rpaduk H30-
6pasuTCs TPAMOH, mapanyienb-

Hoit ocu r. Ms Toro, uro
E=W U, )

CIEAYET \/

W=E-—U,

T, €. €CJIM HaCc 3auHTepecyeT Puc. 14
KMHeTHYecKast SHeprus tena B
. KaKkod-nu6o Touke r, TO OHA
HaHZETCsl KaK 3HEPreTHYeCcKoe
paccrosiune Mexay rpaduka- \
mu E u U(r) B Touke r. Ha
puc. 14 ykasaHsl 3HaueHus £,
U u W B HekOTOpOH TOYKe r.
PaccmotpuM  Temepb  Xa-
pakTep aBuxkeHus Tena B, o6-
Jajamoliero 3Heprueft E' 1o
otHowenuto K Teay A. Ilycrs
Teqio0 B, uMesn suepruio E', nger
n3 GecKoHeuHOCTH K Tejy A, Puc. 15
CO3Jal0lIeMyY 110  OTHOIIEHHIO
K Teny B wusofpaxkenHoe Ha puc. 15 mose U (r). Ecam apyrux
CHJI, JeHiCTBYIOIMX Ha Tejgo B, Her, 1o E'=const u mo mepe npu-
Gmaxennst tea B k teny A U (r) mapacraer, a W=FE — U y6ul-
Baer; Teso B gBHKeTCs 3aMelJIeHHO M B HEeKOTOPOW TouKe r/, Tae
rpadbukn E’ w U (r) cxomaTcs, TeJO ocraHapjuBaercs, u60 B 3TOH
Touke W=F —U(r)=0. Ilockonbky Ha Teno B co croposl A
JAeHcTBYeT cuia orTalkMBaHHS (W60 3pech tga< 0 u Fy >0), TO
OHO NOHAET BOPABO C NOJOMNTEIbHHIM ycKopenneM H W =E" — U (r)
Oyner mapacrath; npu r—oco U(r)—>0 u W=E —U (r)—>E.
Eciu tesio B umeer suepruio E” > U, (6onbinyio BeicoTel 6apbepa),
TO OHO 10 TOYKM r; OyJeT H3 GeCKOHEUHOCTH JBHIaThCSl 3aMeIJIEHHO,
OT TOYKH r; JO TOUKH r3 — YCKOPEHHO, H OT 73 10 r’ — 3aMeJIJeHHO."
PH r=r" W=E"—U(r")=0, uTo 03HayaeT OCTaHOBKY TeJa B
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B Touke r”. Tlockonbky Ha mero nefictByer cmnia F, >0, 10 oHO
nofiieT Ha GECKOHEUHOCTb, MPOXOAS BCE 3TANBI B 0OpaTHOM MOpAAKE.

MoxeT oKasaTbCH TaK, UTO BO BpeMsl NPOXOXKAEHHA TeJoM B
yuactka r” < r<{ri, OHO NO Kako#-iu60 npHuHHe (HanpuMep, H3-3a
CTOJIKHOBEHHS € KaKuM-TO TenoM C, OKa3aBUIMMCST PSLIOM, HJH H3-3a
KAaKHX-TO BO3HHUKIIUX II0YeMYy-THO0 JHMCCHIIATHBHBIX CHJ) MOTepsier
yacte 3Heprum AE. Torma sHeprHs Ttena B MOXKET CTATH MEHbLIS
BhIcOTH Gapwepa U;. Teso B Temepb yKe He CMOMKET NPOHHKHYThH
3a 0apbep M BBIHYXKAEHO OyJleT ABHraThCsl OKOJIO TeMa A B HHTEp-
Bane rg<_r<Crs; (puc. 14), BeIHuHHA KOTOPOLO ONpeAeJseTcst 3Ha-
yeHHeM ocrtaBmeiics y tena B suepruu. Ecam, B uacruoctu, E oka-
xKetcst paBHOft Uj (r3), To Teso B 6yAeT NOKOHTLCA B TOUKe rp, HJH,
Uiar) KaK rOBOPAT, OHO GYJIeT MOKOMTBHCH
Ha jiHe TTOTEHUHAJbHOH SIMBI.

Teno B, uecnocofnoe us-3a Ma-
jgoctd aHepruum £ yHtn Ha Gecko-
HEYHOCTb OT Tesa A, HaspBaerTcs
ceszannbim ¢ teqoM A. OuesujHo,
st Ttoro, uro0bl Tejjo B crano
BHOBb CBOOOJHBIM, €My HaA0 OTKYAa-

>ar  TO COOOIIUTbL SHEPTHIO

n»—»ZArmar—J AE>U1 — E.
Puc. 16 SlcHO Tax:ke, UTO eCJH TeJO Ha-
XOMUTCS B TIOTEHIHAAbHOH sMe, TO
oHo OyzeT KoJjefaTreCsl B Hell ¢ pa3MaxoM ry — rg, ONpelessieMbiM 3ana-
com suepruu £, Ecau npu 3toMm Ha Teno 6yAyT neficTROBATDL JHCCHIIATHB-
Hbie CuJaIBl, TO £ Gyzer yObplBaTh, pasMax fy — rg — TOXKE H, BO3MOKHO,
upu E=U; (ry) HacTynur rs — rg==0, T. e. npekpallenue KojeSanui.

Kosib CcKOpo MBI YK€ 3HAeM BbIpaXKeHHe I MOTeHIHAaJbHOH

U_.leAr2 A
BHEPrHH NPYXHUHB, T. e. U==-5-, rae Ar— nepopmauus, TO He

e [y —

npeicTaBaser TpyAa M306pasuTh NOTEHIMANBHYIO KPHBYIO JJs
9TOro caydas. Fc/aH ORMH KOHell NMPYMXUHBl 3aKPENHThb, a K APYIOMY
NPHUKPENHTh Telo B, 10 Teqo B Gyner ABuratbest (KoseGaThest) OKOJO
3aKpelVIEHHOT0 KOHIA, INpHYeM pasMax 3TUX KoJeGauufl 247,
OnpejensieTcs 3anacoM 3SHeprHM Tesja M NpyxKHUHBL (3anacoM E =

mv® | RAr®
:_2——}——2—>; puc. 16 nosicHsieT CKasaHHOe.

3aMeTdM, 4YTO NOJIOXKEHHEe r3 Ha3biBAeTCH YCTOﬁQHBbIKI, a 1oJozKe-
HHE 1y HSycTOﬁ'—IHBblM paBHOBECHEM; IIPH 3TOM CaMH Ha3BaHHS TOBO-
PAT nouemy.

§ 9. 3akoH H3MeHeHHs HMMMAYJBCA M JHEPrHH CHCTEMBI
MaTepUaJbLHBIX TOYeK

[lycts umeercst cucrema H3 N B3aHMOJEHCTBYIOUMX MeXIy coloit
MaTepUaJbHBIX TOUEK, JBHXKYIIMXCH NPOU3BOJBHBIM 00pasoM IipH
HAJHYAH CHJI CO CTOPOHBI He BXOJSIIMX B 3Ty CHCTEMY TeJ, T. €.
IOpH HaJHYMM BHEWIHMX AJs 3TOH CHCTEMBbl CHJL.
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I[JIH TEJaa HOMEp ) yI'IO BTOPOMY 3aKOHY HrooTona umeem
dpi=—‘(F;’1—jl—' Fi'g—’—. ..+ F;,k+.. .‘]L Fi,N) dl‘—l-' (P,-df,

rie F;p— cHJa, JeHicTByOlast Ha TeJO HOMEp { CO CTOPOHHI Tesa
poMep £ 3TOH e CHCTeMBbl; (p; — BHEIUHSSI CHJa, JedcTBylomlasl Ha
TeJI0 HOMED I.

CocraBafsd TakHe YpaBHEHHUST AJS BCEX TeJd CHUCTEMBI U CKJIAJbi-
Basi, OJYUlM

dpr+...-Fdpi—F...4~dpy=(Fro~-...-- Fi p-+... - Fp i ...
voo = Fana) di (@i ...+ @p) dt,
gau (TPYNNOHPYS CHJABL B3aHMOAEHCTBHSI NONMapHO)
dpi+...4dpy=[(Fre-Fa)+...+ (Fi e Fro) ...
eoo = (Fy_, v+ Fuy v )] dt - (@i 4. ..~ @n) dt.
BoipakeHHS B KBaPATHON CKOOKE B COOTBETCTBHU C TPETbHM 32KOHOM

HetoToHa (Korjga OH npumeHuMm!) paBHBl HY/MIO, a TOrAAa, OO0O3HAyas
CyMMy BCEX BHEIIHHX CHJl Uepes ¢, HMEEM

. dp1+.+de:(Pdl‘
HaH, KOpoue, ¢ yueToM dp;~-...--dpy=dp
dp = qdt. ()

Hurerpupysi 310 paBeHCTBO, NOJYYHM
¢

) p—po=\ () adt, @)

to

rie Po U P — UMOYJIbCHl CHCTEMBI TeJl B MOMEHTBl fy U f COOTBET-
CTBEHHO. '

Papencrsa (1) u (2) HasbIBAIOT 3AKOHOM USMEHEHUS CYMMAapHOIO
umnyasca cucmemov: U UHTAIOT TaK: ‘

W3meHeHHe CYyMMapHOro MMIYJbCa CHCTEMbI T
PAaBHO HMMNYJbCY BHELIHHX CHJ.

Ouepuano, npu ¢ =0 3aKOH H3MEHEHHS HUMIIYJbCA BBEIPOXKIAETCS

B 3aKOH €ro COXpaHeHud
pP—po=0, 3)

HIH

p=Xp; =const. 4)
Cdcrema Tes, Ha KOTOPYK He AEHCTBYIOT BHEIIHHE CHMJILI, HA3bl-
Baercst samxmnymoti. CoBepHICHHO OUEBHAHO, UTO TAaKHX CHCTEM HeT.
O €CTb CHCTEMbl TEJ, Ha KOTOpble AEHCTBYIOT BHEIIHHE CHJIbl, MaJbie

70 cpaBHeHMIO C CHJIaMH B3aHMOJEHCTBHA BHYTPH CHCTEMbl, a Tak-
&Ke TaKWe CHCTEeMBbl, Ha KOTOpbie JEHCTBYIOT XOTb H HE MaJjible, HO
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B32aHMOYPABHOBEIIWBAOWHE APYr Apyra cunasl. Takue CHCTEMBI Haswi-
BaIOT KBA3UBAMKHYMBIMU.
C yuerom ckasanHoro (3) U (4) MOXHO TPOYHTATh Tak:

B samkHyTOH (KBa3M3aMKHYTOH) cHcreme
TeJl CyMMADHBIH HMMYJbC HE MEHSIeTCS, a JMIIb
nepepacnipeieNsieTcss Mekuy TelaMH CHCTeMbl
OpH HX B3aHMOJEHCTBHH.

[TonryyuM 3aKOH H3MeHEHHsS] MeXaHHUYECKO!H SHEpTUH IJisT CHCTEMBI
N B3aumOAEHCTBYIOIMX MaTepHallbHBIX ToueK. Pas3obbeMm Bce cuim,
JeHCTByIOIIME HA TeJO HOMepa [, Ha
F; , — NOTeHIMaJbHYIO CHJy CO CTODOHBI Tea HOMep k£ 9Toi
CHCTEMHI;
f; » — RECCHNATUBHYIO CHJIY CO CTODOHBI TeJla HOMEp k;
¢; — LUCCHIIaTHBHYIO CHJY, JeHCTBYIOULYI0 CO CTOPOHHI CPeibl

HJIM H3BHE,
(I)i —— BHCIIHIOIO HENOTEHUMaJJbHYyI0O H HEAUCCHNIATUBHYIO CHJIY,
Q,' — BHEIIHIOK NOTEHUHAJbHYIO CHJY.

[lpm ymHOXKeHWH ypaBHEHHA BTOpora 3akoHa HuioTowa wa sne-
MeHTapHOoe nepemellende dr; Teja HOMep [ NOJYYHM C Y4eTOM TOTO,

m.u?
9t0 ma; dr;=m;v;dv,=d (—;—1> =dW,;,

dWi-—‘——‘(Fi,l "{‘ "{—F, N)drl—{-—(f”—,— ft N) dl',_+
—+@;dr; 4 @;dr; + Q; dl’i.

CocraBsisisl TakHe paBeHCTBAa AJIs1 BCeX TeJ CHCTeMbl H IPYNIHPYA
npyd CyMMHPOBAHHH DaBEHCTB PalOThi CHJI B3aUMOJEHCTBHUS IIONAPHO,
HONYIHUM

dWy—...--dWy=[(Fy odr, 4 Fe 1 drs) ...
o= (Fyandry s+ Fyvoadey)] - [(F e dry -1 1 dry) -
coo Gy vdrya-H iy yadry)] - (@udr - . - @udry) -
(@ dri+...+Oxndry)+ (Qudri ... Qudry). (5)

Jlesas uyacThb paBeHCTBA, OYEBMJHO, TPEACTaBJAET JEMEHTAPHOE
n3MeHeHHe KHHEeTHUecKoH sHepruu cucreMsl dW; mepmas KeajpaTHasn
CKOOKa crpaBa — 9/ieMeHTapHasi paboTa MOTEeHUHAbHBIX CHIl CHCTEMBL,
KOTOpasi paBHAa HM3MEHEHHIO IIOTEHIHAJbHOH 3HEPIHH B3aHMOJEHCTBHS
.c ofpaTHeiM 3HaKoM, T. e.— dU,,; BTOpas KBajpaTHas CcKofka-—
sneMeHTapHass pabota BHYTPEHHHX JHCCHMNATHBHBIX CHJl CHCTEMEI
dA; auyrp; TPETHSI CKOOKA — 3JleMeHTapHass paboTa BHEUIHHX AMCCHIIA-
TUBHBIX CHA AA; puews; UETBEPTasi — paboTa BHEIIHUX HENOTEHIHAJb-
HHIX M HeJHCCHOATHBHBbIX cHJI dA; moclefHss CKOOKa — aJjeMeHrap-
Haa pafoTa BHEUWIHHX NOTEHHHAJbHBIX CHJ, PaBHasi B3ATOMY cC ofpat-
HBbIM 3HAKOM H3MEHEHHIO IIOTeHIHAJbHOH 3HEPrHH CHCTEMbl, HaXOHs-
eficst nof JeicrBHeM 3THX cHJ, T. € — dUggemu.

Crepyer OTMeTHTh, 4YTO CyMMapHasi pa6oTa CHJ B3aHMOAEHCTBHSA
TeJl CHCTeMbl He paBHa, BOOOILE roBopsi, HyJ/o, H60 XOTh CHJBI B3aH-
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MOJEACTBHS! M paBHbl (C NPOTHBOMOJOXKHBIMH, KOHEUHO, 3HAKAMM),
HO HE DaBHBI nepeMelleHH B3aHMOACHCTBYWOIIHX Tes, T. €. F;pdr;
#Fpidr, us-3a dr; == dr,, xora Fjp=—F,;.

YuuTEIBasi CKa3aHHOE, PaBEHCTBO (5) MOXKHO 3alMcaTh B BHAE

AW = — dUBa "I— dA)l.BHyTp —l_ dAn.Bnemﬂ _l" dA — dUsHemm

niau
dw "‘l_ dUBs "l— dUBHeu_]H = (dA,u,BHyTp + dAn,BHeum) _{‘ dA,
¢! '
AW - dU = d A, - dA,
nau

: ‘ dE ZdAHenor-

'MHTEI‘ppr&] noc/jaeHee paBeHCTBO, MOJAYUHM
E2 - El - AﬂenoT-

Bce atH paBeHCTBA €CTh BbIPAKEHUS 3AKOHA USMEHEHUA IHepzsuu
CUCTIEMbL MAMEPUANLOROLX MOYEK:

Pa6ota, npousBeseHHast Haj, CHCTEMOH BCeMH
HEMNOTEHUHAJIbHBIMH CHJIaMi (KAaK BHYTPEHHHMH,
TaKk W BHEIUHMMM), PaBHA M3MEHEHUI0 MeXaHu-
YyecKkoill 3HEPTrUM CHCTEMBI.

HDH OTCYTCTBMH BHEIIHUX CHJ W JHCCHUNATHBHBLIX CHJ BHYTPH
CHCTEMBI 3aKOH H3MCHEHUSA aHepmu BbIpOXKJAaeTCsi B 3aKOH €€ Coxpa-
HEHHA

E‘A_‘EIZO,

WM
(WatUg) — (W1 Uy) =0,
U
E=W 4~ U =rconst.

3akon COXpPAHEHHA SHEPTUM UNUTACTCA Tak:

B mo060ii cucteme Tea (Kak 3aMKHYTOH, Tak
W HEe3aMKHYTOH), HeNOABEPTHYThIX JAefCTBHIO
HENOTEeHUHANLHBIX CHJI, TOJHAsi MeXaHH4ecKas
SHeprusl He MeHgeTcA, a JHlb nOepepacnpe-
JejsieTCsi MEKAY TeJaMH CHCTeMbl W mpeBpa-
maercd U3 OAHOrO BHAA B Apyron 3a cuer
B3aUMOAEHCTBHS Tel.

Kak Buano, u3aMeHende sHeprud CHCTeMHl GoJiee «IPHBEPENJIHBOY
'K KaaccuuKaiuy CHJ, 4eM H3MEeHEeHHE MMIYJbca. ITO BHI3BaHO TEM,
YTO 3Heprus MOXKET NpeBpamatbcs M3 OAHUX BHAOB B Apyrue (B ToM
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gycie W HEMeXaHHUecKHe); IS HMIyJbca NofoGHBIE NpeBpalienns
He HMEOT MeCcta, MO3TOMY HMIyJbC «Ge3pasivueH» K POAY CHJ,
BBI3BABIIHX €r0 M3MEHEHHE.

§ 10. YpaBHeHue ABHMXKEHMS Tesa mepeMEHHOH Macchi !
(ypaBuenue Memepckoro)

Bropoit 3akon HeloToHa B. yiKe 3amucanHoll ¢opme Majo yaoGeH
I/ ONHCAHMS JABHXKEHHSI TeJ THNA PAKEeT, UJH HHBIX PeaKTHBHbLIX
YCTPOHCTB, T. €. TaKdX TeJ, Y KOTOPbIX Macca BO BPeMsl ABHUIKEHUH
He ocraercs mnocTosHHO#. (Takue Tesa SBHO MEHSIOT CBOIO CTPYK-
TYpY, Bhi6packiBad, HalpHUMep, UTO-TO H NOTOMY HUX MaTepHalbHbIMH
TOYKAMH CUYHTATh HeJab3s, HO MHX
MOJKHO PAacCMaTpHBATh KaK CHCTEMY
MartepHalbHBIX Touek.) B aToMm ciy-
yae 6osiee yROOHEIM fIBJISETCH ypaBs-
HeHMe Melepckoro, KoTopoe Mbl H
BbIBEJIEM.

IMycts Tteso (pakera) umeer B
MOMEHT BpeMeHH ! Maccy m H CKO-
POCTb V B HEKOTODOH HHEPHHANbHOHN

Puc. 17 CHCTEMe OTcueTa, H IYCTh H3 3TOrO

TeJla HelnpepelBHbIM IOTOKOM BhbljIe-

TAIOT YACTHIIBI, IIOCJIE BBIIETA HMEIOHIHE CKOPOCTb U OTHOCHTENBHO

TOH K€ MHEepUHaJbHGH CHCTEeMBl OTcueTa, 4YTO H TeJo Macchl m
(puc. 17).

Torza Ha Teno OGyAyT HeHCTBOBATh, KPOMe HEKOTOpPOH BHeniHef
cunsl F, eme u peaktuBHast cuaa F,, co CTOPOHBI BbIIETAIHX
yactuu. [lo Bropomy saxony HbioToHa umeem ai1s Tena

ma=F-F;,
[lo tperbemy 3dxkonuy Fpq=-—F,4 ;, moatomy
ma=F—F, .. 0

Ho no BropoMy 3akOHY S BBUIETAONMX UYACTHI[ MOJIYUHM
dps=(Fy - AF) dt,

rge AF —cuaa, JeficTByOLIas Ha wacTHUH u3BHE. [10CKOJBKY ua-

CTHL(El C PaKeTOH B0 BCeX HHTEPECHBIX CJAydasX B3aHMOJEHCTBYIOT

MHOrO HHTEHCHBHEH, ueM C JoObIMH ApYyruMuH (OOBIUHO YA2JICHHbIME)
Tenamu, 10 AF <L Fy ;, a MOTOMY

ap;=Fg ,dt. @
ITockonpky wacTuisl Maccofl dmg NpPH BbJIETE H3 PAKETHl MEHAIOT
CBOIO CKOpOCTb OoT Vv J0 u, TO
dp, =dm, (u— V).
Ho (u— v) — ckopoCib 4acTHI, OTHOCHTEJBLHO PaKeTbi; 0003Hauas ee
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GyKBOii €, TOJyunM

dpy =dm.c.
V1, sHaunT, B CHJAY (2) HMEET MecTo PaBEHCTBO
dmec=F, . dt. 3)
YuuTEIBAs] HEH3MEHHOCTh MACCHl CHCTEMBI Te€JI0 — YacTHUL, T. €.
dakT m—,—mq—-const noayuuMm dm,=—-—dm, 410 Npu NOJACTAHOBKE
B (3) Zaer
dm
Fq’-‘-z—' E C

TToacraHoBka 3T0ro 3HaueHua Fy ., B (1) nact
dm
ma—-F—{—Wc

dm
Bennuuny -, fBJIOULYIOCS CKOPOCTBIO H3MEHEHHA MacChl Tesa,
obosHavaioT o0bluHO OyKBOHA p., a TOrja

=F -} pec.

Ecau wactiubl BbJIETAIOT M3 Tead, TO Macca tena yOwniBaeT H
p< 0, a peakTHBHasd cujJa pC Hanpas/JeHa NPOTHBONONOKHO BEK-
topy ¢. Ecau d€acTuuel HaJertaloT Ha TeJo, TO Macca Tesa pacrer,
>0 1 peakTHBHas CHJa pC Hamlpas/jeHa B Ty ke CTOPOHY, UTO
# BeKTop c. (HacTo BeJMUHHY g CUHMTAIOT MOJIOKHUTEIBHOH H BMECTO
~F THWYT .

Ecan onuH wacTHUB! OTAENAIOTCS OT Tesda, a APYrHE HaJeTaiorT
Ha Hero, To ypasHeHue Melepckoro ynofHO samucath B BUje

=F - pucy + PgCpe

3HauKH «B» M «» O3HAYAIOT COOTBETCTBEHHO «BLIJICTAIOWHE» H «HAaje-
TAoIHEY.

CywecTBeHHO MOMHHTh, 4TO dpy=—=dm, (4 — Vv)=dm.c BepHO
Juiws npu  abco/IOTHO HEYNPYroM B3aUMOAEHCTBHH YacTHIL C TEJIOM,
T. € KOrJa HJU HauaJbHAs CKOPOCTbL BBLLJIETAIONIMX YacTHIL HJH KO-
HeYHasi CKOPOCTb HAJeTAIOIIUX YaCTHI[ paBHA CKOPOCTH TeJa,

§ 11. Lentp macc (UEHTP HHEPUMH) CHCTEMBI MATEPHANBHBIX TOYEK
H BaKOH €ro JBIXKEHUs:

Mycrs umetorcst N MartepuanbHbIX TOUEK, KaK YrOZHO B3aHMO=
ZeHcTByromWMX MeXX COGOH M MOABEPKEHHBbIX NEHCTBHIO JIOGHIX BHEL
HaX cusm. Ecau r; — pajagyc-BeKTOP TOUKH HOMEP {, TO UeHmpoMm
MACc ITOH cucmembl MAMEPUAAbHbIX MO4EK HA3LIBAETCS1 TOUKA, paguyc-
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BEKTOD KOTOPOH ONpeJeNnsiercss paBeHCTBOM

N
’ m;tr; m;r;
r __m1r1+...+mNrN_i§1 ot 1§l o Q)
T myb e my T ;‘v_] — m
m; .

i=1

B cayuae crjomHoro Tena
S rdm S rdm

Sdm m

rc=

MoxHo noOKasaTbh, YTO LEHTP Mace CHCTEMBI — 5TO Takasi TOUKa
(Touka B reoOMETPHYECKOM CMBIC/IE), B KOTOPYIO CiKanach Gbl cHCTeMa,
NI0JABEPIKEHHAsT TOJIBKG CHJaM B3aHMHOMO THTOTEHUd (TACOTEHHs, a He
JIo00r0 NIPUTSHKEHUS).

Huddepennupys paseHctso (1) no BpemeHH, NOJYUHM

N
Z m;v; Z | H

=l z:l _bp
Ve=—"7 m ~ m’ )

Hudpdpepennupysl paBeHCTBO (2) MO BpeMEHH, NOJYUHM

_dp 1
aC—E m

A Tak Kaxk F

dp
~—t——F (rme F-—pHewnas cuaa, OeHCTBywOIAs Ha CH-
creMy N martepHa/ibHEIX TOYEK), TO '

F
P 3)
Papenctea (2) u (3) roBopAT O TOM, YTO HEHTP Macc CHUCTEMBI Mare-
pUajJbHBIX TOYEK JABUIKETCA KaK MaTepuajbHasi TOYKa Macchl m, MOA-
Bep:xeHHas aelictsuio cunnt F. B uactroctu, econ F=0, 10 a,=0
U V,=const, T. € LEHTP MacC TAKOH CHCTeMbl ABHXKETCS DPABHO-
MEPHO OTHOCHTEJbHO HHEpHHaNbHOH CHCTEMBl OTCYETAa. ITO I103BO-
JseT CBsA3aTh C HMM CHCTEMy OTCUeTa, KoTopas OylerT TOoXe HHep-
nuanbHofi. BoJbioe uncno sagau pelmaerca HauboJiee IPOCTBIM 06-
pasoM HMMEHHO B CHCTeMe OTCueTa, CBA3AHHOH ¢ LIEHTPOM Macc.

3ameruM, UYTO eCaM CHCTEMY IOMECTUTb B OXHOPOLHOE TOJie Ts-
KECTH, TO LEHTP Macc CHCTeMbl GOYJAeT OJHOBPEMEHHO H IEHTPOM
TA2KECTH CHCTEMbl (TOYKOH INPHJIONKEHHS CHJBL TSXKECTH).

IlponamocTpupyeM Tenmepb Bce CKasaHHOE BbllIEé HA NpUMeEpe 3a-
Jauy O CoyJAapeHHu ABYX Tes. PemmM 3Ty safauy B CHCTEME OTCUETa,
cBA3aHHOfl ¢ LeHTpoMm Macc. Ilpu 3stom mbl 6yneM mosarath, YTO NpU
COYLapeHHU Tesia BO BpalleHHe He TPHIIAH (MHAYe K HHM HeJb3sl
NPUMEHATh NOHATHE MaTepHaJdbHas TOYKa),
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Onpederum yoap Kak CMOAbL KpamxospemenHoe e3aumodelicmaue
men, 4moO GHewlHue 6030elicmeus cyujecmeer bl U3Merenuli 8 coyla-
pAlouguxcs meaax He eébispgaiom. Ho 310 osHauaer, uTO CucTeMa COy-
JapsAIOMHUXCA Tel €CTb SaAMKHYMAA CHCTeMa H, 3HAUHT, B HeHl 3aKCH
COXPAHEHHSl HMITYJIbCa BHINOJIHSIETCH BCErja, a 3aKOH COXPaHEHHs
MeXaHHYeCKO#l SHepruH BBINOJHSACTCH JIHIIL B Cciayuae aGCoOJIIOTHO
yIpyroro yznapa (310 TpeGoBaHHE MOXKHO PaccMaTpUBAaTh, €C/H YTOAHO,
Kak onpedeserue abCOMOMHO ynpya020 yrapa).

3aMmeTHM, YTO 4acTO ONpPeACJAIT aGCOMOTHO YIPYTHA yhap Kak
TAKOE KDAaTKOBPEMEHHOe B3aMMOJAeHCTBHe, IIoc/]e KOTOporo ¢opma
COYJAApHBIIMXCS TeJ TOJHOCTBIO BOCCTaHaBsMBaeTcs. Taxoe ompefe-
JeHue BEPHO JIMIIb B pamMKax CXeMbl NPOTSKEHHOE YIPYroe TeJso.
B paMKax ke CcxeMbl MaTepHaslbHas TOUKA FOBOPHUTH O KaKOH-THGO
¢popMe Tesa GecCMBICTEHHO (IO ONMpeJesIeHHIO TepMHHA MaTepHasibHas
TOUKa). .

PaccmotpuM aGCcoMOTHO YIPYIHA yAap ABYX MarepHadbHbIX TOYEK
C MaccaMu my U mg. llepell yaapoM OHH HMeJNH CKODOCTH Vi, H Vi,
[0 OTHOMIEHHI0 K LEHTPY Macc, a mocje yjaapa—u, H Uy, B aroM
cyuae uMmeeM
J0 yAapa

. Vi~ MoV, == (Mg~ Ma) Vi3 Gy
nocje yjaapa ) ‘
mytly, -~ Matty, = (Mg - ma) U, (5)

Tak Kak v, I W, CyTb CKOPOCTH (O M NOCJIe yZapa) ueHrpa macc
70 OTHOWIEHWI0 K LEHTPY Macc, T0 V., =1u,==0, a neromy paseH-
crea (4) u (5) mpumyT BUA

myVi, - mavy, =0, (6)
My, = Matty; =0. (7
3akoH cOXpaHEHHs 3HEpPruu AaeT
m, ol m,v? m u? mud
1 1c 272 171c 272
m
Bripaxkas us (7), manpumep, u.zc=—,—n-§ u;, ¥ rnojcrasasg B (8), no-

JYYUM [OCTe OYEBHAHBIX NpPeoGpasoBaHmit
ms

vic+,7;véc
my
my

ulc=

.
Toncranoska u,cr_—”—i- u, B (8) mact
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Mbl nHamau Mopysu  ckopocrteill. Ho us (6) n (7) Buaxo, uro
ViellVee B upfjug,. IIpn 3TOM, TOCKONBKY NpPH ylape Teaa Apyr
CKBOSb Jpyra He MPOIH, TO SICHO, HTO Uy Ml vie B U ]| Ve

Taxum ofpasom,
my

2
vlc +

m %y
= — — M = Ve 9
1M Y
my
. m
a v»zc',‘,',}; v, (10)
tee == — T M Uy
+;n—1

B cayuae aGcosioTHO Heynmpyroro yzapa (Takoro, B pesyJbTare
KOTODOTO  Tejla JBHTAIOTCSL  COBMECTHO — (CJHIAIOTCSS)  Ug, == Uy,
(o ompefeneHMIO TAKOIO yjapa) H mylly, = -—mally, (YTO CJenyer
u3 (7)). OTH aBa paBeHCTBa JAAIOT Uy, =1y ==0. IIpn stoM Mexanu-
ueckaa 3HePrus mocie yjaapa 6yier paBHa Hymo. OueBHAHO, BCSA
MeXaHHYecKas 3HepPrus coyAapsBLUHXCS Teq [epelria BO BHYTPEHHIOO.

YpaBHeHus (4)—(10) cnpaBejuBEI JHIIBL B CHCTEME OTCUETa,
CBSI3aHHOH ¢ LIeHTpoM Maccl

Ecnan nac 3amHTepecyioT, Hanpumep, CKOPOCTH Tel B HEKOTOPOH
Ipyroifi cucTeme OTCYETa, IO OTHOLIEHHIO K KOTOPOH IIEHTP MacC 3THX
TeJl LEBHXKETCS CO CKOPOCTBIO V. (MJH, KaK 5TO CJAeAYyeT H3 3aKOHa
COXpaHeHHH HMIIyJbCa IpPH YZAape, €O CKOPOCTBIO V,=1.), TO

V)=V, —{_ Vies u—=u, + Uy,
Vo=V, Vg, = U, -~ iy,

CO BCEMH BHITEKAWUMHMH OTCIoAA CJIEACTBHUAMU,

§ 12. MoMeHT uMMIy/bCa CMCTEMBl MATEPUAJLHBIX TOUYEK H
33KOH €ro H3MeHeHus

YacTo npHXOANTCS paccMaTpHBaTh TaKoe ABHIKEHHE MaTepHaJbHOH
TOUKH, TIPU KOTOPOM OHa obpauiaercsi OKOJ0 HEKOTOPOH TOUKH —
IIEHTPA BpallleHUusi. B srom cayuae y/06HO OMHCHIBATDL IBHKEHHE MaTe-
pHaNbHOH TOYKM C IIOMOLIbIO NOHATHS MOMEHma umnyrsca (MoMenrta
KOJINYECTBA JIBUXKEHHS) 3TOH MAMEPUAAbHOL MOUKU N0 OMHOMIEHUIO
K yeumpy obpaujerus.

Jra XapakTEePHCTHKA JBUXKEHHMS MaTepHaNbHOH TOUKH onpeje-
JisseTCs pPaBEHCTBOM '

=r Xp,

THE I — PaAMyC-BEKTOP MaTepHaAbHOfl TOUKH MO OTHOLIEHHIO K LEHTPY
obpameHusa O; p—ee HMOYJLC MO OTHOLIEHHIO K CHCTEMe OTCUeTa,
cBszaHHOH ¢ meHTpom obpaieHus O; L — moMeHT HMIOyJabca 1o
OTHOIIEHHI0O K TOH :Ke TOUKEe — LIEHTPY OOpalleHHusI.
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IIpy stom 3a Hauyano orcueTa GepyT Ty TOUKY, BOKPYr KOTO-
off TPOMUCXOAMT  JBHXKEHHEe MHTepecylollefl Hac MarepHanbHO#
ToukH (puc. 18). ’

H3Menende MOMEHTa UMIIyJibCa OHpeleadaeTcd MOMEHTOM CHJI,
- JeACTBYIOIINX Ha MaTepHaslbHYI0 TOYKY. Momenm curee M no omuo-
LeHWI0 K HeKomopol mouke onpedeasiemcs pPaseHcneom

M=r XF,

rge r— pajHyC-BEKTOP TOUKH MPUJIONKEHUSA CHJBI, OTCUHTAHHEIA OT
[eHTpPa BpAIIEHHS, T. €. BCe TOT Ke PajAMyc-BeKTOp MaTepHa/bHOH
TOYKH, JBHXKEHHE KOTOpoH Hac

HHTEpECyeT. b,

[Tockonvky F, BooGme ro- .
Bopsi, He 00s3aHa COBnajgaTh Mo
HAaOpaBJEHHIO C P, TO B obmeM
cayuae ¥ M He coBnajaer no Ha-
npasJjenuio ¢ L. o F

3aK0H HM3MEHEHHH MOMEHTa p
KOJIHUECTBA IBHKEHH A MaTepHalb-
HOH TOUKHM (MOMEHTA MMIIYJbCa
ee) HMeeT BHJ

=M Puc. 18

M=rsf

B cayuvae aBuKeHHS OJHOH MAaTepHAJIbHOH TOUYKH S5TOT 3aKOH
MOXeT OhTb [OJAy4YeH KaK CJeACTBHE BTOpPOro 3akKoHa HpioTona.
JeficTBHTEIbHO, YMHOXAsl CJl€Ba BEKTOPHO HAa I ypaBHEHHE

dp
ar=F
Oy 4HM
dp
»rX—EZerF, (1)
TaK Kak '

XD =T XpFr X B =vXp+rx P,

TO B cuay v X p==0 (BeKTOp:rl V H P TapajjesbHE) HMEeM
;,% rXp)=rX ‘fi—‘t’.
Hostomy pamencTBo (1) MOXKeT ObiThb 3amHCAHO B BHJE
d%}(r Xp)=rXF um %:M.
Komeyno, Oyayud mONyueHHBIM KaK CJAEICTBHE YpaBHEHHS
VT‘;:F, ypapHeHHe —- =M HHuero B mpHHI M I € HOBOTO C coGoit
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He HeceT. [Ipocto UM uacTo yJoGHee NONBL30BATBCA IO CpaBHEHHIO
C HCXORHBIM YypaBHEHHEM.

Tlpu M =0 3akou usMeHenus L mpespamaercs B 3aKOH €ro
COXpaHeHHsI.

- Ecan uepes ueHTp o6paiieHuss O mMpoBeCcTH KakHe-au6o ocH, TO
cocmasasiougue eexmopos L 1 M 80oas amux oceli Ha3biBalOT COOTBET-
CTBEHHO MOMEHMAMU UMAYALCA U MOMEHMAMU CUAbL - OMHOCUMEALHO
amux ocetl. VI3 storo ompepeneHus ciaefyet, uro MomeHTtul L H M-
[0 OTHOUIEHHI0 K KaKOR-JH60 OCH M IO OTHOMIEHHIO K kakoH-aH60
TOYKe — CYIIECTEEHHO pas/HyHble BeJHUMHbl. Ilpasja, B ciyuae ocH,
npoBejleHHON Yepe3 LEHTpP BPAllCHHS HOPMaJbHO IIIOCKOCTH, COREp-
Jkalled r H p (BLOMBL L), MOMEHT UMITy1bCa OTHOCHTEJBHO 3TOH
OCH paBeH MOMEHTY HMIyJbCa OTHOCHTENBHO LEHTPA. AHAJOIHYHO

00CTOMT JAEJO0O H C MOMEHTOM
¢ cuisl M: ecaM nposectH OCh
uepe3 Hauajo orcyera (' mep-
HNCHAMKYJSIPHO TJIOCKOCTH, B
Koropo# Jsexar r u F, 10 Mmo-
T F p MEHT CHJIbl OTHOCHTEJNbHO Ta-
KOH OCH COBMajaeT ¢ MOMEH-

__/ TOM 3TOH CHJIbI OTHOCHTEJBHO

TOYKH, OT KOTOPOH NIPOBOAUT-

X
-
-

L=r-p car.
x OTMETHM, YTO MOMEHT HM-
Puc. 19 nyabca H MOMEHT CHJIb CYTh

. BeJUUYAHB, 3HAYEHUS KOTO-
pBIX, Kak 3To CJelyeT H3 HX OnpefesieHHsi, 3aBHUCAT He TOJbKO
or Bbifopa Tena oTcuyeta, HO H OT BHGOPA HauvaJja oOTCYeTa
ans r. Kpome Toro, MoMeHT Hmmyabca L MOkeT ObiTp Heu3MeH-
HbIM MJsl clyuas Epbifopa Havaja KoopIAMHAT (Hauajga oOTcyYeTa r)
B OJHOH TOYKe W OVIeT NepeMeHHBM Jas cJjyyas Bbifopa Havazda
KOOpJARHAT B JApYyrofl TOuKe; 510 cjelayer u3 paseHcTsa L=r Xp.
Puc. 19 wamocrpupyer ckasaHHOe Ha NpHMepe JBHXKEHHS ILIAHETHI
BOKpyr Henoasuzkuoro Conuua. Ecnam B3ATh 32 HayaJo oTcueTa HEHTP

dL
Connua, 10 B cuay FAr M=0 u —7 IWIAHETBl II0 OTHOLIEHHIO K

ConHuy paBed Hymwo. Ho cToHT B3fTh HAuaJO OTCYUETA r B JOGOH
Jpyrofl TOuKe, KakK r He 6y;xeT JiexkaTb BAOJb JIMHUH JeiicTBua F,
MOMEHT CHJILI, AefiCTBYIOIlEH Ha NJIaHETy, yXke He OyAeT paBeH HyJlio
(n paxke Oyzer, Boofile TOBOpPSH, IN€peMEHHBIM), & SHAuHT, MOMEHT
uMmnyabca L mJiaHeTsl 1O OTHOIIEHHIO K TakoH Touke OyneT nepe-
MeHHBIM (pHc. 18).

M3 3akoHa HaMeHeHHsT MOMEHTA HMIyJbca sl OJHOH MaTepHasb-
HOli TOYKH C MOMOILBK) TPEThEro 3aKoHa HpIOTOHA MOXHO NOJAYUYHTb
33aKOH H3MCHEHHS MOMEHTA MMIYJbCa CHCTEMbl MaTEPHAJBHBIX TOYEK.
IToxaxem 5TO.

[Tyctb umeercs:i N matepHasNbHBIX TOUEK, KaK YrOAHO B3aHMOAEH-
CTBYIOLIMX MeXKAYy COOOH U MOABEPrHYTHIX JEHCTBHIO BHEWIHHX CHIL
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u;‘u
"BafAB 3a HadaJo oOTCYeTa HEKOTOPyw Todky O B HHepUHAJbHOMN
cucTeMe, MONyUuM s i-# Ma'repnanbﬂoﬁ TOUKH

dL 2 =t XFi4r X Efz ko

rae F;—cuna, jeficTsyiomas Ha 3Ty MaTepHaNbHYIO TOUKY [ H3BHE;
N

Z f; r —cyMMmapHasi cuja, QeHCTRyIOAA HA 3Ty Ke MaTtepUalbHYIO
=1
TOUKY CO CTOPOHB! OCTa/JbHLIX MaTepHaJbHBIX TOYEK paccMaTpHBae-
MOl CHCTEMBI.
HanucaB Takue paBeHCTBa /I BCeX MaTepHabHbIX TOUEK H CJIO-
JKHB HX, NOJyYHM
N N

d;t EriXFi—l—Eeryfup 2)

i=1 i=1 i=1

[TockonbKy CyMMa TNPOM3BOJAHBIX DaBHA NPOH3BOLHOH OT CYMMBI,

T0
dL;
2 =t Z Li= dt ’

i=1 =]

T. €. B JIGBO}H UAaCTH DPABEHCTBA CTOHT H3MEHEHHE CYMMapHOTO MO-
MeHTa mmmyJbca L.

[TepBasi cyMMma CripaBa, OYEBHJHO, €CThb CyMMapHBI MOMEHT BCEX
BHEIIHUX CHJI, JEHCTBYIOWMX Ha CHCTEMY MaTepHasibHBIX TOueK. J[Boii-
Has ke CyMMa B NPaBOH uaCTH PaBEHCTBA paBHa HY/O. YToGbl yBH-
“IeTb 9TO, nepenumeM ee B PasBepHYTOM BHJE:

Y‘ r; X Z fip=ry X (f e 4+-T1a+... 1L a) ..
z—l

et X Fra e Frg e )
...+rk><(f;m—{-—...—;—fk,i—{—,...-l—fk,N)—i—...
...—-l—l'N>< (fN,1+....+fN, N_l)-

Bumno, uro B mnepBoil cKoGke ecTb mnpoussemenue ry X i a,
as nocneaHeH—rNXfN 1; B {-H CKOOKe COmepKUTCSH ri><fik,
B k-t —r, X T, ; u 7. A [pynnupys monapHo Takee NpOM3BeJEHHs,
Hosyunm

. Z r; X Zfzk——(l‘1><f11v+l‘1v><f1vx)—}—
i=1
"+(ri><fi,k+rk><fk,vi)+---

ITo TpeTheMy 3akorny Hbtotona f; ,=——1f,, ;, 2 notomy
(F: X Tip -1 X Fo) = (0 X Frp — 1 X £10) = (£ — 1) X Fi



Hocxoﬂbxy (r;—rz) HampaBJeH BXOJb TOH Xe NMpPAMOH,

uto u f;, (puc. 20), To KaxJ0e H3 ITHX BEKTOPHBLIX MPOU3BELeHHH

paBHO HyJiO, a 3HAYUT, paBHA Hymo U BcA cymma. Ho torza mmeem
N

us (2) ¢ yuerom Y, r; X F;=M
i=l

dL

=M, .3 »
rae L —cymMmapHsii MOMEHT HMIY/AbCa CHCTEMBI IO OTHOIIEHHIO
K Touke, TNpHHATOH 3a HawaJo oTcueTa; M —cymmapHbiii MOMeHT
BCEX BHEIUHHX CHJ OTHOCHTEJIbHO 3TOH Xe Todkd. Buano, uro B or-
CYTCTBHE MOMEHTA BHEIIHHX CHJI,
T. . 1py M =0 (310 BOBCE He
O3Hay4er, YTO BHEUIHWE CHJLI OT-
CYTCTBYIOT — IIPOCTO KX MOMEHT
paBeH HYJI0) [0 OTHOILEHHIO K
STOH TOUKE MOMEHT HMITYJibCa CH-
CTeMbl COXPaHsSIeTCs: 3aKOH H3Me-
BHenusa L mpespamaercs B 3akoH
€ro coxpaHeHus.

BaxHO OTMETHTb, YTO 3aKOH
H3MEHEHHS MOMeHTa UMIyanca L
CHCTEMBbl ~ MarepHafbHBIX ToueK
VAanoCh BBIBECTH M3 3aKOHA H3-
meHeHHs L pgns ofHoft marepu-
aJIbHOA TOYKH C HCIOAb30BAHHEM
TpeThero 3akona Heiotona. Ho B ciiyuae 181KeHHs 3ap si:KEHHBIX YaCTHI
(kaK Mbl YBHAUM B pasje/e, MOCEAIUEHHOM 2JIEKTPOMarHUTHLIM B3aHMO-
neficTBUAM), TpeTHHl 3akon HeloToHa Hempumenum. PaseHcTBO xe (3)
0CTAETCH BEPHBIM M B 3TOM CJydae. 3aKOH H3MEHEHHH MOMEHTa HM-
nyJbCa CHCTEMBl MaTePHaJbHBIX TOYEK ecThb B OOLLEM caydae caMocTos-
TeJbHBIH 3aKOH, a He CJeICTBHe 3aKoHOB HblOTOHa, HO B mpegenax
370/ KHUTH 3TOrO IOKa3aTb HeJb3f.

PageHcTBO (3) MOXHO pacmHcaTb B COCTABJSIOUINX HA OCH KOOp-
JMHAT, TIPOBEIEHHBIX M3 Haya/ja OTcuera r; TIPH 3TOM MOXKET OKa-
3aThCsl, YTO BJAOJMb KaKoH-MO0 ocH MOMEHT cHJa M He OyjeT HMers

. dL
cocrapasiomeit. Torna mo oTHOmenuio K 5Tof ocu - 7/=0,

T. e. MOMEHT HMAOyJbca GyieT HOCTOAHHBIM (MOJOGHO TOMy Kak
B OTCYTCTBHE COCTaBAsioulel cuasl F; no Kakomy-u6o HamparIeHuo
HUMOYJLC P; B 3TOM HaNpaBJEeHHH COXPaHAETCH.)

AZ

Puc. 20

§ 13. daeMeHTapHbIE CBEACHHA O MJOCKOM ABHKEHUH TBEPAOro TeJa

Ho cux mop paccMaTpHBajHCh TakKHe 3aJaud, B KOTOPLIX TeJo
CUMTANOCh MaTepHaNbHOH TOYKOH, T. €. B KOTOPHIX OBUIM HecyliecT-
BEHHBl pa3Mephl Tena. JTO O3HA4aer, B YaCTHOCTH, M TO, UTO Ml Ipe-
HeOpera/ju BpallleHHEM Teja BOKPYL OCH, NPOXOAslEH Yepes Hero.
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PaccMoTpuM Temepb NpocTeHIuMil cayuafl BpAleHHs Teja BOKPYT
ocH, KOTOpasi He IIOBOPAuMBAaeTCs IO OTHOIIEHHIO K HEKOTOpOH HHep-
pHa’dbHOH cucTeme orcuera A. B aToM ciyvae jaBHiKeHME Tesa Hasbl-
BaeTCs MAOCKUM, HGo Kaxjas TOYKa Te/la ABHKETCS NP 3TOM B OJHOI
H TOH e NJIOCKOCTH II0 OTHO-
[IEHMIO K cHcreme otcueta A,
CBA3aHHOI C TeJaOM, a OCTaslbHbe
TOUKM Teja—B NapajesbHblX
npyr Apyry nJaockocTax (puc. 21).

Mri yxe ymeem pemaTh 3a-

Jauy O JBHKEHHH CHCTeMbl Mate-
pHa/bHBIX TOYEK — HAZO MPOCTO
pemnth N sagau (o Kaxnoid ma- A
TepUaJbHOA  TOYKE  OTJeJbHO).
TlockoNbKY 3TH MalepHalbHble
TOUKH B3aHMOAEHCTBYIOT MEXKAY z
cofof, To HanucaHHele N ypas- \ Pnc. 21

HeHH OOpasyloT CHCTeMy, KOTO-

pylo JHOO yaactcs pewuTb, Au6o Her. Taxkum o6pasoM, sajzaua npo-
cTasg B MIEHHOM OTHOLIEHHH CTAHOBUTCSl TPYAHOH B OTHOLIEHHH TEX-
HHKH peUIeHHs CHCTeMHl ypabHeHu#l (B oflieM cJyyae Takas CH-
cTeMa He pellaercs). '

Ipome o6cTOHT Hesi0 B CJydae, KOTAa MaTepHajbHbIE TOUKH B3a-
HMHO HENOJBHKHE, T. €, 00pa3yloT KECTKY0 KOHCTPYKIMIO HJIH
alCOMIOTHO TBEPJOE TEJIO (SICHO,
uTO 3TO ouepeiHas cxema, HGo
aGCoONIOTHO TBEPABIX TeJa He
GhiBaeT). YIpOIIEHHe 3aJauH
B 3TOM CJyyae CBA3AHO C TeM,
4TO TOCKOJBKY B3aHMHOE pac-
MOJIOKEHUE TOUEK Tesia HeHs-
MEHHO, TO, 3Hasi €r0 ¥ Xapak-
Tep JIBHXKEHUS JBYX ero TOuYeK
(a B ciayuae HenJOCKOTO JBH-
JKeHHsI — TpeX TOYeK), MOXKHO
H3 UHCTO TEOMETPHUECKHX CO-
" ofpaxeHUH HaHTH XapaxTep

JIBHIKEHHS BCEX OCTaJIbHBIX.
Puc. 22

Ilpome Bcero pemmuth 3a-
Jlauy TAKOr'0 THIIA MOXKHO, €CJIH
paccMaTpuBaTh MJOCKOE IBHIKEHHE KaK COCTOSIee U3 ABYX: IIOCTyMa-
TEJBHOrO JBHIKEHHS IEHTPA MacC Tejla W BPallaTeJbHOTO JBUKEHHA
BOKPYI oCH, NPOXOJASIiell uepe3 LEHTP Macc HOPMaJbHO IJIOCKOCTSIM,
B KOTOpPLIX NPOHCXOAWT BpalleHHEe TOYEK Teja B cHcTeme A,

Ilycts 1, — paguyc-BeKTOp LEHTpa Macc Tesia B HEKOTOPOH HHeEp-
luajibHOH cHcTeMe oTcueTa A, a r’ — pajgHyc-BeKTOpP HEKOTOPO# TOUKH
Tesa B cucreMe otcueta A’, cBs3aHHOH c UeHTpoM Macc. Torza moJo-
*Kenwe stofi TOuKM K Tesa B HCXONHOH cucTeme orcuera A omnpene-
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Jautcs (puc. 22) paBeHCTBOM
r=r,-+r.

Yro xacaercs r,, TO €r0 HaXOAHTb MBI YK€ YMeeM, MOJb3YsCh
- 3akoHamMu HploToHa AJs ABMXKeHMsi LeHTpa MHepuMu (LeHTpa Macc)
CUCTEeMbl MarepuaJbHbIX TOYEK, & MMEHHO H3 YDaBHEHHA:
&, _F
ae T m”

Ecnn bl cMoxkeMm HaliTd r'=r'(f), TO TeM caMmeiM OYyZIeT pewena
3ajaua HaxoxjaeHHs r=r (f), ubo

r)=r. () +1 ().

Ho ana sanannoit touku K ee paguyc-BeKTOp I’ B CHJY KECTKOCTH
Te/la MEHACTCH TOJBKO MO HaNpaBieHHio, T. €. EPallaeTcs BOKPYT
2 ocu O'Z'. U3 puc. 23 BupHO, 4tO
eCcsIH 3aJJaHO HadaspHOe MoJIoXKe-

HHE 3TOTO0 BeKTOopa ry yraamu ¢

' (koTOpBIH He MeHSleTCsl B CHAY
 — JKECTKOCTH Tesa H HEeH3MEHHOCTH

A OpPUEHTALMH OCH BpallleHHA) H @,

0 TO JiioGoe IpYyroe MOJIONKEHNE BeK-

NP Y topa ¥ 6yIeT OT HCXOJHOTO OT-
1)

JIMYAThCS Ha HEKOTOPBIH yroJ 1oc-

Bopora A¢'=|A¢"| u Gyzer on-

pefenaTscs YriaoMm ¢ ==, |- Ay’

Puc. 23 Bo n36exanue HeopasyMeHus

Cpasy OroBOpHM Cleflyioliee: Be-

Top r’ Bpamaercsi BOKPYT Toukd O c nepeMeHHOHl MO HalpaBJieHHIO
do;

YIJIOBOH CKOPOCTBIO @ ==—pg-, OnpejeenHol B Kunematike. Ho on
o de'
ke Bpaiaercst H Bokpyr ocu 02 ¢ YIrJIOBOH CKOPOCTBIO m’_—__i‘f__

(Us puc. 24 Buano, uto B cuay dl'=de;-r' u dI'=d¢’-p" umeer
MecTo paBeHcTBO dop-r'=d¢ -p’ u Tak Kak p'=r'sin¥, 10 w =
=o'sin®.) M3-3a KecTKOCTH Tesla @' He 3aBHCHT OT MeCTONOJIOXKe-
HusA ToYkH K, T. e. I/ BceX TOHEK Teja ® OJHA ¥ Ta Ke, B CHJIY
4ero ee ¥ HasblBAIOT yeA080ll ckopocmoro epaujenus meaa. Hanpapae-
HHE €e COBNANaeT C OChi0 BpaiieHus. B paspeelilneM HMEHHO © Hac
u 6yzer uurepecosaTh. OTMETHM, OJHAaKo, YTO Jaxe MPU @ = const,
BEKTOP @ HE SIB/ISCTCH BEJIMUHHOH NOCTOAHHOH H 11 3adHK CH P 0-
BauHON Touku K, ubo Bpailaercd BOKPYT 0CH 0’2, onucelas
xoHyc. Kpome Toro, xax BHIHO H3 w;=w"sin ', uyucieHHOe 3Haue-
" HHe o) JJS Pa3HbIX TOUEK TeNla PasJMyuHO. Hoaromy ®w; HE MOKKeET,
KOHEUHO, XapaKTepH30BaTh BpAlleHHE Tesla B 1IeJIOM.

Wrak, ecau Tejo moBepHercs 3a BpeMms df Ha yroad d@ BOKpyT

d -
ocu 02, T0 BenMuMHA m’:—dq% OyleT ABJATLCS YTJOBOH CKOPOCTBIO
~tesa. OHa, BOOOLIE rOBOPs, MEHAETCA CO BpeMeHeM (B cayyae gHUKCH-
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: s d(l) .
poBanHOf  OCH — TOJLKO 1O BesnuuHe). Besmunua 5’2’07 HasHl-

'paeTCsl Yea08bim YCKOpeHuem mead. ;
- Ecau Mbl cymeem Hafith P =@’ (f), To HafileM H @ =0’ (),
a sHauuT, U A@'=A¢ ({). Ho rorga r' 6yzer onpeienen cBOMMH
npOeKIHAMH (puc. 23).

x =1r sin® cos (¢, - A¢'), Yy = r'sin ' sin (¢, - A9').

[TockolbKy r u § onpelensiorca reomeTpuell Teaa, T. . CyTh 3aAaH-
Hbple BEJNUUMHBL, TO INPH HalJeHHOM ¢ ==o¢;—-A¢' 3ajaua HAXOXKAE-
gHa t’, @ 8HauHT, U r OYACT HCYEPHaHHOI.

x!

Puc, 24

Has naxoxpenus f'==f (f) Bocnonb3yemcss 3aKOHOM HU3MEHEHHS
‘MOMEHTa HMIIyJbCa TeJa, T. €. PAaBEeHCTBOM

dr’ ,
=MW

Paccmorpum mpd sToM cayuait OXHOPOAHOTO CHMMETPHUHOIO TeJia,
Bpaliaonerocs BOKPYT OCH CHMMETPHMH (HAmpuMep, HMJMHApA, Bpa-
Warwouierocss BOKPYT cBoell ocu). PasfuBas Takoe TesJO MBICJICHHO HE
MaTepuasibHBIE TOYKH € MaccamMH Am1;, I1ONYyYHM

N N
L'=2) ALi= ] ri X (dm;-v)).

i=l i:ll
Y3-3a maguuus YKa3aHHOU. BBIIE OCEBOH CHMMETPHH J1na KaxkAo#
MarepHaJibHON TOUK# ¢ Maccofi Am; wHafijercsa cHMMeTpHUYHAs el mo
OTHOLLEHHIO K OCH BpalleHHst TOuKa ¢ Maccoit Am;, npuueM Am;==

==Am; u v;j=—v;. Ho Torza -

AL AL =1} X (Amyvi) 4 1j X (Bmyvy) = (ri — 1)) X (Am;v3).

&7




Kak BugHo us puc. 25, r;—r;=2p;. Ho B TakoM cayuae
AL; AL =2p; X (Am;v})) =2Am;p; X 0" X pi=
= 28m; [0'p; — pi (© - p})]-
[Tockosbky ©' | g;, TO BTOpOE cJjlaraeMoe B KBaApPaTHOH CKoGke
PaBHO HYJIO, a I[OTOMY
AL; - AL =2Am;p} o',

ILTIH MOMEHTa HMIYyJbCa TeJa IOJyduM:

N N N N
, ‘ . Y . 1 . , 2
U= ¥ aLi= ¥ alj=7 Y QLi4-AL) = ¥ 28mp/'or.

i=1

——

i=
J=

Hockoneky @' Ansi Bcex MaTepHANbHBIX TOUEK (LA BCEX pj)
OJlHA U Taxe B CHJY XMKEeCTKOCTH TeJja, TO €€ MOXKHO BLIHECTH 3a
z . 3HAK CYMMBbl, & IIOTOMY

N
L= Ampi =o'l

i=l

rie BBejeHO 06O3HayeHHe

N
],IZ Am,plg.

v i=]
Beauuuna [’ HasbBaetcst Mo
x. MEHMOM  UHEePYUL  CUMMEMPULHOZO
Puc. 25 meaq OMHOCUMEAbHO OCU  CUMMEM-
puu. (B nanpueiimem 6yJeT B TeKkcTte
BCTpEYaThCH BeAnuuHa | — MOMEHT HHEpPLUMHM Teésa B oflleM cJaydae
IIPOM3BO/ILHOTO 1es1a, JBHXKYIErocsl MPOU3BOIBHO. AHAJOrHUHO GyJer
obcroate peao u ¢ tepmuHamun M, L” u M, L. Ilpenocreperaeu

uuratets: ue nyrafite I’ ¢ /, L' ¢c L u M ¢ M)
3aKoH H3MeHeHHS MOMEHTa HMITYJabCa Tesa B ITOM CJydae 3ami-

mercs B BUAe

dL’ d 01w s -

B cayuae TBepAOTO Tesa paclpefeleHHe Macc B HeM He MeHsercd,
nosToMy [’=const H, 3HauuT,

ad—t ([’(!)’) J— ]7 qliﬂt' — llﬁ’ H 1/67: MV’

OTKYyZa
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HaiinenHoe nmo M’ u I’ snauenue f§’ nosBosur HaiitH (cM. pas-
gen 1, § 2) A@(f), a BMecTe ¢ TeM H @ ==, Ap, a sgauur, u r'.
Ho Torja HaffeM H r=r,-}+ ¢ Ans JoGoH TOuKH Tena.

o M
Ilo ceoedl ¢opme ypaBHeHHE B’=T COBTafaeT ¢ YypaBHEHHEM

3:5‘{' Hs aroit amasoruu Jierko YCMAaTPUBACTCHA CMbICA MOMEHMA

UHEPYUU MeAq, — IMO Mepa e20 «Hernodamausocmily USMEHeHUI0 Yeao-
gotl cKopocmu epaujerus, TOAOOHO TOMY KakK Macca Tesa m eCTh Mepa
«HENOAATINBOCTHY TeNa IMOMNBTKAM H3MEHHTb €I0 CKOPOCTh.

Vs onpexeneHHs e MOMEHTAa HHEpUHH, T. €. H3 pAaBeHCTBa
N
2
1'_——_-2 Am;p;, caepyer, uro oH TeMm OoJblie, uyeM Janblie OT OCH
=1
BpALICHHA HAXOJATCA 3JAEMEHTHI €ro ¢ Maccamu Am;. B cayuae cniom-
HOT'O TeJa YAOOHO NepeiTH K Mpejeny H CUHTATh

I'=\{p" dm={¢"DdvV,

rie D -— NJOTHOCTb BelecTBa TeJa.

BeruucauM a8 OpuUMEpa MOMEHT HHEPUHH TOJCTOCTEHHOIO IIH-
JUHIPA OTHOCHTENBHO €ro OCH CHMMETPHU, Pa3GHB ero MLICJICHHO Ha
OYeHb TOHKHE LUJIHHAPUKH TOMUHHON dp. B cayuae munuuapa Belco-
toit - H dV =2=p"dy’ H u unTerpaj npumer BHJ

R R
. Ro P

=5 =H (R*—R) D (R* 4 R}) =4 VD (R* - R) =m X 58
Orcioga cpasy AJis CIVIOWHOrO LUHJHHAPA B cHay R,=0 umeem
="
2
B cayuae Bnifopa ocu BpauleHHs, HE COBIajamlieil ¢ OCBIO
HUJIHHzApa, Bhipaxenue Mg | Oyjer, KoHeuHo, JApyruM. DBoo6uie
MOMEHT HHEPLHH TeJa MNO OTHOLICHHIO K pasHbIM OCSM pasJidyeH.
[loatomy B ciiyuae 1npou3BOJIbHOTO BpallleHHs Teda (KOrja ocb Bpa-
IUEHASA He COXpaHsleT CBOeH OpHeHTAalUHH B MpPOCTPAHCTBE) MOMEHT
HHEPLUMH Tesa yiKe HeJMb3d OXapakTepusoBaTb OAHHM uuciaoM. Oka-
SBIBAETCSH TAKUX YHCEJ HYXKHO B ofmieM caydae AeBATh. lTonoGHoro
Polla BenuYHHB (OHW AOJKHEI TOQUHHSATBCS ONpeJieJIeHHbIM TIpABHIaM
npeoOpasoBanusi MPU EPEXOAE OT OAHOH CHCTEMbI KOOPAMHAT K ApY-
TOH) Ha3BIBAIOT MEH30PAMU BMOPOS0 parzd. B aToM cMblcae cKansip—3To
T€H30D HyJICBOTO paHra, BEKTOP — NepBoro M T. A. Boofbile TeHsopom
k-ro panra B 3-MepHOM IpPOCTPAHCTBE HA3HIBAIOT BEJHYHHY, XapaK-
Tepusyiomyocst 3* TakuMU YMCIaMH. B CHJy CKasaHHOTO BBIIE BeK-
TOpel L 1 @, BoOGIE roBOps, He COBMAZAlOT no Hampasiaenuio. O6o3-
Hauasg B ofmwieM c/aydae TEH30p MOMEHTA HMHEPUHH Tesa CHMBOJIOM
}, MbI MoKeM HamucaTb paBencTBO L ={I}®, BepHoe Bcerja, Ho
Tpu stom L 44 © /ywb B PAacCMOTPEHHOM CJIyyae IVIOCKOTO JBHXKe-
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gua Ttena. Heyuer cka3aHHOrO 4acTo NPHBOAHT K Pas/JMUHBIM Mapa-
JOKCaMm.

Ecnu, opHaxko, TOBOPUTH O MOMEHTE UMMYJbCAa TeJa HE OTHOCH-
TeJIbHO TOYKH, & OTHOCHTEJBbHO [-H OCHM, NPOXOAsUleH uepe3 3Ty
Toury, 170 L; 14 ®; no ompenesenmo L; u ©,. Ho us storo ue cie-
ayet, uto L 41 @ B ofuem cnyuae. JeficTBHTE/NBHO, NYCTh TEJIO Bpa-
maeTcsl OTHOCUTeNnbHO Hekotopoil Touku O. IlpoBoas uepes nee ocu
X, Y, 2, noayuuMm (puc. 26):

szlxmx, Li=1imi’
Ly=1,0,, um L;=I;0, 9]
Lz=lz(02, Lk:::lk(l)k.

Ecin 6 Iy=I,=1,=1, 10 3T0 mpuBeso 6o K L=/a.
Ho I,#1,# 1, u noromy u3 (1) ue cnegyer L=1/®, Ho cje-
ayer L={I} o. O6biuno ckKo6ku
y 6ykBbl [ omyckaioT H IHIIYT
1 i Bcerga L=/ ®, nOMHS, 0jlHaKO,
K L yro I He ckajsp, a TeH3op.

A IMopgsonst wuTOr CcKaszaHHOMY,
w, 74"\

w \
g %]

IMIOJAYy4YHM, 4UYTO MJIOCKOE ABHIKEHUE
\ @] ;

22K

TBEPAOTrO Tesa YAOGHO ONMHCHIBATDH
IBYMSI YpaBHEHHSIMU:

a, — E HJIH d—p
L¢ ‘T m dt

i
’ M dL'
Puc. 26 B T HH W_—M '

—F,

WrTterpuposanue nepeoro jaer r,=r,(f), a BToporo — i’ =§’(¢),
UTO NPUBOAHT K BO3MOMHOCTH HaHTH

rty=r. () +r

I 000K TOUKU TBEPAOro Teja.

M3 Bcero BhINIEH3/IOXKEHHOTO BHAHA fABHAS AHAJNOrUA MEXAY Mo-
CTYyNIaTeNbHBIM JIBHKEHHEM MAaTepHANbHOH ~TOYKH H BpallaTe/bHBIM
IBuskeHueM TBepjoro tena. Ilostomy Ge3 panbHeHNIHX BBIKJIAJOK
COMIOCTABMM OIHCAHHE STHX ABYX BHJOB JIBUXKEHHS B Tabmuue.

ﬂ.JIH NOCTYNaTeAbHOro JIBUXEHNUSA ',U,IIH IIIOCKOro BpamareabHOro IBH-

MaTepHaJbHON TOYKH MWJIH IBVMEHUA
[eHTpa MHEpLUNH Tena

WEHUA TBEPAOrO Teaa
BOKPYT OCH CUMMETDHHA

-f, Ar, v, a, m, p, F,

¢y A¢, o, P, [, L, W

dp _ o dmv) _F iy de) e o MW

=0 —g =b =g at =W g =M p=7
my® . o™ . . ,

Whoer = 5 dWhoer = Fpesdr, Weopam = 57 AWipam = Mpesd@

deOCT + dWBpam = Fpea dr + M;)eadq”
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- Eme pa3 HanoMHHaeM, YTO 3HAUYOK «IITPHX» B XapaKTEPUCTHKAX
_ppallaTe/ibHOrO JBHKEHHs TBEPLOro Tela O3HAYAeT, UTo BCe OHHU
0TOOpaXKAIOT JBUXKeHHE B CHCTeMe A’ M MO OTHOLIEHHIO K OCH CHM-
MeTpHH Tesa. Hacro aJs ynpoiueHusi SHauOK «WTPUX» OMYCKAloT, HO
JIOMHSIT, UTO OMKCAHHE BPAIEHHs NPOM3BOAMTCA HMEHHO B CHCTeMe,
CBA3aHHOH € BPALIAIOUMMCS TEJOM M OTHOCHTENLHO OCH, ABJSIOIIEHCS
ochio cuMMerpun Tesa. (Bosee xe ofimiue coyyanm Mel paccMaTpuBaTh
pe GyIEM.)

B JajpHedIleM MBI 3HAUOK «IUTPHX» TOxe OyJeM ONyCKATb TaM,
re 9TO HE BbI30BET HEAODPa3yMEHHH.

§ 14. Kauenne

OcTaHOBHMCSL Ha OLHOM BaXKHOM YaCTHOM CJjydae IIJIOCKOTO JABH-
JeHHs TBEPAOTo Tejla — KaueHuu. llpu 3TOM paccMOTpHM cuyuafi,
KOTJa OTCYTCTBYeT CKOJIb:KeHHe, T. €. KOrJa B MeCTe CONPHKOCHOBeE-
HHs KaTSIIErocs) Tea ¢ ONopoH MX OTHOCHTeNbHAas CKOPOCTb paBHa
Hymo. B sToM cayyae HmewT Mecro
COOTHOHIEHH S:

Ucsz’ (1)

- a.=3R. 2)

+ JleHCTBUTEIBHO, AJIA CKOPOCTH JIO-

.60l TOUKH KaTsIerocs tejga B CHCTe-

Me KOOpAMHAT, CBSI3aHHOA C OMOpOH,
HMeeMm (puc. 27)

v=v,+oXr. 3) Puc. 27

wxR

B arom cayuae mas TOH TOUKM KaTSAIIEroCst T€na, KOTOPas CONMpH-
KacaeTcsi C OHOPOH (A Hee ryuuy=—R), umeeM v=0. Ho 310 03Ha-
yaer no (3), uro v,=—® X R, ¥ TaK Kak @ | R, 10 v,—=0w-R.

Ipn kaveHud Tesla Ha HETO ZEefICTBYIOT CO CTOPOHBI OMOPH! TPH
CHJIBl TPEHUS:

1. Cuna topMossimero Tpenusi Frp, Hanpap/jeHHasi Bcerga HaBCTpe-
4y V.. Jta cHJa yMeHBIIAeT v,, HO ee MOMEHT yBeJHUHBdeT w. Takum
00pasoM, 3Ta CHJia NPEeBPAIIAET SHEPIHI0 NOCTYNATEJNLHONO ABHIKEHHS
Tena B asHepruio Bpamenus. Cuma F,, B OTCyTCTBHE CKOJIBXKEHHA
ABJAETCST CHJIOH TpPEHWUS IOKOS, W, 3HAYHT, HE €CTh AMCCHIATHBHAS
CHJIa.

2. Cuna pmeuxkymeroca Tpenusi Fp,, 0Oyc/OBIeHHasi TeM, YTO
8KTHBHO Bpallialollieecsi KoJeco (Bpalualolieecs moj AeHCTBHEM KaKHX-
TO mNosIoKMTENBHBIX MOMEHTOB CO CTOPOHBI APYTHX TeJ), TOJKas
onopy c cusoit Fys, camo, B CBOW ouepelb, OTTAJKHBAETCS ONOPOH
C cunoii Fy,. [TpuMepom MOKeT GHITh KOJECO aBTOMOGHJIS, HA KOTOPOE
-ACHCTBYET MOMOKHTENLHLII MOMEHT €MJ CO CTOPOHB JBHraTess, a
.SHauuT, ¥ cuna Fhe iV, CO CTOPOHBI OMOPHL. 3Ta CUMlAa YBEJHYHBAET
SHEPruIo - nocTymaTeNbHOrO ABHXKEHHH Te/d, a4 €€ MOMEHT YMEHbIIAeT
Hepruio Bparmenus,
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O6biuro cusnt F, u Fyp, paccMaTpHBalOT COBMECTHO KakK Ofiny
Kacatesbnylo cuay Frp.

3. JnccunatuBHas CHJa2 TpPeHHs Kauerus f, saBHCAlas OT CKo.
poct# OAHM3KHX K OINOpe TOUWEK IO OTHOIIEHHUIO K 3TOH omnope. Hj
puc. 28 nokasaHa cuna I, fBJsiO.
masacad CyMMoH

flz—-—k(ZM) Vi H fgz——k(yg) Vy,

rae §; u fy— cujwl, ZeHCTBYIONIHe
CO CTOPCHBI ONOPbI Ha KaTsieecy
TeNo BOJU3H TOUKH CONPHKOCHOBe-
nus. Ilpu stom f; Memaer nepegHes
YyacTH KoJjeca NpUbAHXKATLCH K

f, J / \ omnope, a f; Mewnlaer 3axHell yacTu
Wy vy KoJseca VHAJATBCS OT  onopsl. (§
Puc. 28 u f; HOCSIT 2/IEKTPOMATHHUTHBIA Xa-

pakTep, pacCMOTpPeHHE HX IPOHC-

XOXKJEHHS BBIXOJHT 32 PaMKHU 3TOH
KHHrg.) Buauo, uto { nHanpassieHa H4BCTPEYY V., a €e TOYKa IpH-
JIOXKEHHS JIeXKHT BBIIE OCH KaTsilerocst tena. [1ostomy f yMeHbiaer
U, a ee MOMEeHT yMeHbimaer o. CHja TpeHHs KauyeHHS YMEHBLIAeT
KHHETHUCCKYIO SHEPTHIO H IOCTYMNATeJbHOTO M BPalllaTeJbHOTO JABUKe-
" HHi. Kak o Bcsigast JUCCHNIATHBHAs cuJa, T TeM GoJipllie Mo MOAYJIO,
ueM GoJIbllIe OTHOCHTE/NbHAst CKOPOCTb TEX TeJ, MEXIY KOTOPbIMH OHa
zeficteyer. [lpm HeGospmiHX CKOpO-
CTAX JABHIKEHUSI

2

f=—pQv,
. Q
rje p-— HeKOTOpHIH KO3¢p(dHLHEHT,
olipejiesisieMbll BUAOM COINpHKacalo-
muxcs e, Q — cuna, ¢ KOTOpOil . T ¥
TeJIa TPHMIKATBlL APYT K APYry, T. €. R
“CHJIa HODMaJIbHOH peakIMH HX. . y 2
T|
MoXHO TOKa3aTb, YTO €CJIH pe- =t g .

3YJbTHPYIOHIMH MOMEHT TOJIOXKHTe-
JeH, TO U pe3yJabTHpyoUlas CHJa Puc. 29
HONOKUTEbHA, a 3HAUMT, [pU

Aw >0 obsaszatenpHo Ay, >0 u HaoGopot. IeficTBHTENbHO, B CHAY
v,=oR poCT ® CONpOBOXKJaeTcs pOCToM ¥, H Haobopot. Ho ato
BEPHO JIHIIb B OTCYTCTBHE CKOJBbKeHus!

Pemnm 1Be 3afaud Ha KaueHHE.

3agaua 1. «Henocaymnas» xatymika.

Ecau taAHyTh 32 HHTKY, HaMOTaHHYIO HA KaTyUIKy, KaK yKa3aHO
Ha pHC. 29, KaTyllka HauHeT JBHraThCA HJHM BIPAaBO HJH BJEBO,
B 3aBHCHMOCTH OT BeJHUMHH! yria «. JIJif BbIsICHeHHS NPHUHH TaKoro
NIOBEAEHHS] KAaTYyWKH HAIHINEM €€ ypaBHEHHS NBHXKEHHA:

mac=T—}—F,p—i—mg—[—Q,
IﬁzMr-{-MTp—{—Mmg—l—Mo.
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7" TTocKOJIBKY B Hauajle IBHXKEHHS KaTYLIKH U, A0, TO CHJa TpeHus
gauelisl Maja MO CPaBHEHWIO C OCTaJbHBIMH CHiaMu. TpeHue mokos
Fﬂ):..-FT—}—F,],B 06yCJIOBIEHO «IIOMBITKAMU» CIOBHHYTh KATYIIKYy CH-
oii T. TlockonbKky, ToKa KaTyllka He NpHILJIA B JABHXKEHHE, CyMMa
cul paBHa Hymo, To cuaa F,p, HampaBjieHa Tak, uTOOBl KOMIIEHCH-
opath gHefictue T. Tlpum majioM wusmeHenun cuabl T cooTHOIIEHHe
ganpaBJeHHUH 5TUX CHJ He M3MEHUTCs, XOTA KaTyulka H NpHAET
g apkenue. IlpoexkTnpys mepBoe paBeHCTBO Ha och Oy, a BTOpOE
ya ocb Ox, TONy4uM C Y4€TOM DaBeHCTB Gy =a, U B, =8 (ocTasnb-
Hpie TIPOCKIIHH BEKTOpPOB a M [ paBHLI HYJIO)

ma,=T cosa — Fyy,
I8=RF;, — rT.

Hckmouas oTciofa cuay Tpenusa Fp,, noayduM Iocsae OYeBHAHBIX
- p
npeo0pasoBaHui :

T (cos o — L>
. R
aC - I 3
m - =
a
rae y‘{TeHO, 4YTO H3-3a OTCYTCTBHUS CKOJIbXKEHUA B: -EC . Us BbIpaxe-

HAS 11 @, CJefyeT:
o r
a, >0, T. e. KaTyllKa NOKAET BOPaBO NpHU COS”’>7@:

o r
a,< 0, T. e. KaTymka NOKJET BJIEBO INPH cosa<k—,

a,==0, T. e. KaTylIKa OCTaHETCS HA MeCTe MpH com:%,

Korma kaTylika HauHeT ABHIaThcs (HEBAaXKHO, B KAaKYyO CTOPOHY),
CKOpOCTh ee OyJeT HapacTaTh, CHJa TPEHHS KauyeHHS IMOSBUTCH U
OyleT TOKe HApacTaTb M YCKope-
Hue Oyger (mpu nocrosiHHof T,
KoneuHo) yObiBaTh, U IIPH HEKO-
TOPDOM 3HaueHHH V, CyMMa CHJI
obpaTuTCA B HYJb, CYMMa MOMEH-
TOB 3THX CHJI TOXKE CTAaHeT PaBHOH
HyJI0, U KaTrymka Oyaer HABH-
rathest ¢ v, =const u ® = const.

3agaua 2. CojomHo# un-
JUHAD, cKaTeiBaeTcsl 6e3 CKOJIb-
XEHHMS ¢ HaKJOHHOH IJIOCKOCTH
Bhicotoit £. Hapo cBsizath Ha-
YaJIbHYIO CKOPOCTb IMJIMHApPA Vi
€ KoHeyHoit v,.

U3 puc. 30 Buanp AeficTBYOLINE Ha LUAMHAP CHJBEL [TOCKOJBKY
CKOpocTp nu/AMHApPA TPH €ro ABHMKEHHWH MEHSIETCS, TO CHJIA TPEeHHS
Kauenus Gygmer HeNoCTOsHHOH (a H3-32 Hee M TOPMO3sfllee TpPeHHe
Tokos). [losToMy ABHMKEHME LHMJAHHADA He GYIET PaBHONEDEMEHHBIM.
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Onyckast 3HAUKH «cpenHee 3Hadenue» y cunt f m F,, u y yckopennii
a, B, HamHWeEM A8 CPEJHHX 3HAYEHHH 3THUX BENUUUH yDPaBHEHUs

‘ma,=mg - Q-4 Fo,
1B =Mp, Mo +M, M.
[IpoexTupyst nepsoe pasencTBo Ha ock Ox, a Bropoe Ha och Oy,
NOJYyUHM C YYETOM Q. =a, U B, =f:
ma,=mgsina—f—F.,
I3 =—rf - RF;,.
Hckmouass orciona cuay Tpenmsi mokost Frp, NOJNYUHM € yueroM

—4 IR
9—7?9 ==

gmac_—_mgsina—f@—f-%), 4

:
Orcrofia BHALO, YTO NPH f(l—{—%>>mg sina a, <0, T. e. QUIAHAD
6yJer ABUraThCA 3aMeNJIEHHO; TPH f(l +~%)<mg sina ac>O,MT. e.

UUAuHApP OyIeT JMABHraTbCsd YCKOPeHHO; TpH f(l—l—-;%> =mgsina
a,=0, 1. e. wwaMpap katurca pasnomepro. [loacraBass B (4)

] 2
Ve — Uge

21

Q,= H Y4YHTbIBAS
[sina=Ah,

MMoJIyuHM
it (14500

YTO H pelaeT 3ajady.
TloayuyuMm STOT 2Ke pe3yJabTaT, HCXOASA H3 3aKOHA HU3MEHEHHUS
aHepruM NpH KauyeHHH. Hmenwno:

A“~/7nom- 'i“ AWBpam = Fpea - Ar + Mpe3 * A(P.

PaCKprBaﬂ 3TO BblpaXKeHHe, l'IOJIy‘-II/IM
mo? mug, lo? Tod
(‘2—_—2_)+<T_—2'>: .
= (— fl — Frpl - mg sina-l) 4~ (— rfAp - RF,A0), (5)

I mR? Ap— ! .
TaK Kak [=-—7— H Ap =15, TO TIOC/IE OUEBHIHBIX npeoGpasoBaHHuil
NPHXOANM K BBIPaXKEHHIO

vZ——v?,c::%[gh——-%(l—}—%)l]. - ®

M3 pasencrsa (5) BuAHO, uTo cuaa F,, coBepiiaeT oTpHLATENbHYIO
paboty — Frp/, yMeHblIas SHEPTHI0 NOCTYNATENbHOrO ABHIKEHHA H
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‘MIoNIOKHUTeNbHYIO padoTy RF.,Ap=Fl, yBeanuuBas 3Hepruio Bpa-
meHHA. TakuM o6pasoM, CHJIa TOPMO3AILEr0o TPEHHS IOKOS B JaH-
HOM CJIyuae NpeBpalldeT 3HEPrHI0 IOCTYNAaTeNbHOTO JBHXKEHHA B
sHepruio BpamleHus. M3 Toro ke paBeHCTBa BHIHO, UTO CHJa Tpe-
‘g KaueHHs COBepIIAeT IBE OTPUlATE/bHBIE paboThl — fl u — rfAp==

r : ;
=—fl &, W3 KOTOpLIX — [/ yMeHbIIaET IHePrHIO TOCTYNaTeJbHOTO,

a —fl ;2 — 3HEPrui0 BpallaTeJIbHOTO JBHXKEHHS. DTHM n obyc-
JIOBJICHO HaJHuMe ujleHa —7’; <1 + %) ! B paBeHcTBe (6). M3 (6) Bua-

HO TaKKe, 4TO IPU KayeHHH MO TOPHU3OHTAJIbHOH MJIockocTH (=0
H, 3HauuT, h=0) sHeprus TeJa YyMeHbUIaeTcsd 3a CUYET pabOTLl
UMEHHO CHUJIBI TPeHUs KaueHufA. 3aMeTHM ellle, UTO TMOCKOJLKY TpH
KaueHHH 110 TOPH30HTAJILHOH MOACTAaBKe (6€3 CKOJbKEHHS) TeJo
JBHIKETCS 3aMel/ieHHO, TO MOMEHT CHJbl TPeHHsI KaueHHs OGoJblue
MOMEHTa TOPMO3slLIero TpeHus MoKosi, T. e. rf >RF,, M3 storo,
ONHAKO, HeJb3sl clefaTb ONIpefleiecHHOrO BbIBOAA O TOM, Kakas M3
cun — f uan Fyp — 6osbute, HOO HEH3BECTHO COOTHOLIEHHE MENAY
r i R—Bo3moxkHo u r >R u R<r, a 3HAuUT, BO3MOXKHO KakK

’f<F,p, TaK u [ > Fy. '
§ 15. Hpeueccud moMeHTa HMIYJabca

PaccmoTpuM mpuMep HENUIOCKOTO JBHXKEHHA TBEPIOTO Tesaa NpH
M | L. Ilycts BoMYOK, H306paKeHHbIH Ha pHc. 31, ObICTpo Bpa-
{waerca BOKPYT cBoeit ocH. KakoBo GyAeT HOBEAEHHE BOJYKA, €CJIH

Puc. 31 Puc. 32

€ro OTKJOHHUTb Ha yroJ g oT Beprukann? OTBET, KOHEUHO ke, CO-

d
E::M’ HanHuCaHHOM, HalpHMEp, OTHOCH-

TeJLHO TOYKH ONOPHI BoJiUKa. B 3ToM ciiyuae MOMEHT ciJl, AefCTBYO-
MIHX Ha BOJTYOK, ONPENesISeTC MOMEHTOM CHJIBI TS?KECTH, H60 MOMEHT
CHJI CO CTOPOHBI ONOPHI PaBeH HYJIO B CHIY Fo=Tr==0. MoMeHT xe
‘CHJIBI mg GyJneT Bceé BpeMms HanpapJed nepnesgukyasipuo L. Ho sto
O3Hayaer, uro L Gymer MeHAThLCA TOJLKO IO HANpABJICHHIO, T. €.

JepXKHUTCA B ypaBHEHHH
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Oyzer, Bpailasich, OMHCHLIRATE KOHYC C BEpiMHOH B TOUKE ONOpPHI,
Kak 23T0 usobpaxeno Ha puc. 32. Hailigem yraosyio ckopocTb £
ITOrO BpaUIeHH s, HAa3bIBAeMOro npeyeccuell movenma L soxpye ocu 00’
M3 puc. 32 Bummo, uyro |dL|=Lsin6dx. Henss 3To paBeHCTBO Ha
BpeMsi df, 3a KOTOpOe mpoH3olien noBopor BekTopa L ua yroa do,

la’L . da o
TOJY4BM K =Lsinf.-—-, a ¢ yueroM HanpasieHHH BEKTOPOB dL,
do
Lu@Q=_
dL '
—:Q
7= X L.

C apvroi ot aL
ApyTOil cTopoHEl, =M 1, 3Hauur,
QX L=M.

3akaHuHBas ITHM H3JIOKEHHE MEXaHWKH TBEPJOro TeJNa OTMETHA,
YTO CTaTHXa €CThL TOT YacTHBl cayyall IMHAMAKE, KOTAa H3-32
paBeHCTBA HYJIO CYMMapHOH# CuJjbl, JeHCIBYIOWEH HA Tejo, H CyM-
MapHOro MOMEHTa BCEX CHJA OTHOCUTENLHO JM0GOH TOYKH (HJAH OCH)
VCKODeHHe H VIJIOBOe YCKOpEHHe ofpamaictesi B HyJb. [IpH 3TOM
yalle BCero NoJaraioT PaBHBIMH HYJM0 d HAUAJIbHLIE Vi H O,.

§ 16. Onucarue mexaHU4YeCKuX NPOLECCOB ¢ NCMOUIbIO 32XOHOB
HuioToHA ¥ 3aXOHOB COXpaHEHHS

n

Kax BuJAHO H3 CaMOro BbLIBOJA 3aKOHOB H3MeHeHHA p, L u [
JJ15t OZHOH MaTepHaJbHOH TOUKH, YDABHEHHS

®—F, LM u dE—d Ao

CyTb CJAeACTBUA 3akoHOB HbloTOHA Aas cayuasi, Korja macca Tend
(MaTepHaJbHON TOUKH) NpPH ABHXKEHHH He MeHsercsl. B stom cayugae
OHHM HHYEro B NPHHIKIIE HOBOTO IO CPABHEHUIO C 3aKoHaMK HbloToHa
H He HeCcyrT.

Ecan, oznaxko, macca MarepHanbHOl TOYKM 3aBHCHT OT BPEMEHH,
To 6e3 KaKux-au60 NPEANOJOKeHHH o mnoBeieHud p, L u E mpu
ITlep eMeHHOIl Macce 3aKOHbI H3MeHenus p, L u E u3 sakonos HeioTona
NOJYUHTh HEJb3s. :

IIpu «BbIBOJE» 3aKOHOB H3MeHEHHd p, L u E /A cHCTeMBl B2aHMO-
JEHCTBYIOLMX MATEPHAJbHBIX TCYEK M5 NOJAL30BaJHCh TPETBHM 38KO-
Hom HrptoToHa, KOTOpBIH, BoOOlIe IoBOpPd, HEBEpeH (HMEeHHO HEeBepeH,
a He npHbIMKeH) B cjaydae, HampuMep, HEKOTOPBIX MArHHUTHBIX
B3aUMOZEHCTBHA. 3HAUMT JIM 3TO, UTO W 3aKOHbL M3MeHeHH: p, L n E
Ias cdcreMmbl uactHll HeBepHbl? [Her, He 3Hauut. [lpocto 3axkoHbI
H3MEHeHHsI ITHX BeJHUHH CYThb CaAMOCTOSTEJIbHbIE 3aKOHbI, HE Clle-
nyiomue u3 3akoHoB HyioTona. Maso toro, onu ropaspo 6oaee o6,
Yem 3akoHbl HbioroHa, H60 TPHMEHHMBI He TOJBKO K MAaKPOCKOIH-
YeCKHM TeJaM, HO M K CHJIOBBIM NOJASAM M K KBaHTCBBHIM OODBEKTaM.
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Tor e (aKT, UTO Mbl UX «BHIBEJM» BCE K€ M3 3aKOHOB HbiOTOHa,
eCTb PE3YJILTAT TOrO, YTO Mbl PacCMarpuBaH JHWb B3aHMoJeHcTBHE
MaTepHaNbHBIX TOYEK, Jia H TO B NPOCTEHWEM Clyuyae, KOrja CHJbI
je BaBUCAT OT CKOpOCTefl Tel IO OTHOWEHHIO K CHCTEMe OTCuera.

3akoHamy H3MeHeHusi p, L u £ moss3yroTcs OObIYHO B HHTErp aslbe
poil dopwme, T. e. B Qopme
t
p—po==\ F()df,

14

!
L—Ly={M(@)ar,
to

’
S Fi uenm‘dri .
r

Mano Toro, MMM uaime BCEro NO/AB3YHTCA B TeX CayuadX, Korjaa
OHH BHIPOXAAIOTCS B 3aKOHBI cOoXpaneHHsi. (3aMeTuM, YTO CoXpa-
HSIOWHECHd, HECMOTPA Ha& B3aNMOACHCTBHA TeJsl, BEJUUHHBI HA3LIBAIOT
HHTErpagaMu JIBUIKEHHS,)

3aKOHbBl COXPaHeHns TOBOPHT JIHIIL O TOM, UTO 3HAYEHHE TaKOK-TO
BeMMUUHbLl B OAHH MOMEHT BPeMeHH (B OAHOM MECTE) paBHO 3HAUEHHIO
5T0H BeJUUYMHBl B APYrOofl MOMEHT rpemeHd (B jpyrom mecte). Ha
BONPOC K€, 4TO ObWIO MexAy 3THMH MOMEHTaMM, KakK IpOoTeKas
npoliecc, OHH, eCTeCTBEHHO, OTBETHTh He MoryT. Has orBetra Ha
BONPOC, KaK L] NPOLEecC, Halo HCIoJAb30BaTh 3aKOH, OMHCLIBAIOIMUA
noBejerHe CHCTeMbl B TeueHHe JIoGOro 3JIeMeHTAPHO MaJoro npome-
XKyTKa BpemeHH, T. e, audpepeHnianbHbiil 3aKOH ABHXKEHHUST — BTOPOH
3aKOH HbuloToHa A/ Xaxjaoro us Tea (Ia elle W TDETHH 3aKOH, TaM
rie 370 HEOOXOJAHMMO M IJe OH BCDEH).

Bosunkaer Bonpoc — 3aueM HY:KHbBl 3aKOHBl COXDaHEHHS, ec.Ti
NPakTHYCCKH BCE 3a4d49H MOKHO PellaTh ¢ I0MOLLbIO 3aKoH0B HptoTora?

Ilprunun K TOMY HECKOJBKO.

1. Jlaxke B caywae m==const, Korja HHTerpajbHble S3aKOHL!
IABHXKEHHA €CThb JACHCTBHTENBHO cJenctBysi 3akonos Hewortona, omm
Ype3BLiuAHO BaXKHBI [/ PelleHHs OrpOMHOTO 4HCJAa 3ajay, CBA3aH-
HBIX ¢ HaxXOxKJEHHEM CKOPOCTeH M MOJI0KeHHH TeJ NpH UX JABHKEHHH.
Koneyno, aTu 3ajaud MokHO GBLIO Gbl PEWMTL C TIOMOLIBID 3AKOHOB
Hbiorona. Ho ans 310r0 Hamo yMeTb BHIUHC/IATH HHTErpassi

t

v(t):vo-{-gp—,ﬁf'ldt' r(f) =ro--

to

v () de,

-
S Ly ™

9TO JjaJsieko He BcerAa IpoCTo. 3aKOHBI K€ COXPaHeHHst, He HHTepe-
Cydcp XxapakrepoM CHJ, JAeHCTBYIOINHX Ha Teja, yTBEPKAAIOT, 4TO
COOTHOIIEHHE MEXAY CKOPOCTSMH (BXOASIUMM B KHHETHUYECKYIO IHEp-
THIO y uMOyJabC) ¥ [OOJOKEHUSIMH (BXOAAIHMH B IIOTEHIUANBHYIO
SHepruio) Test, Takosel-To. Hampumep, misi caydast ynpyroro coynia-
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penus AByX mapos (Ges norepu MEXaHWUeCKo# SHEPrHu) HMeeM
M Vo1 - MgVog == M1Vy ~+ MaVe,

myug, + myUis _ mui + myvd
2. 2 2 2

KakuM Obl HH OBl XapakTep CHJl B3aUMOAEHCTBHS BO BpeMs yjlapa.

«HenocraToxk» 3aKOHOB COXpaHeHHs! O0EpHYJCS HX IOCTOHHCTBOM.

2. B cayuae m =~ const umHrerpaibHble 3aKOHBI He SIBJISIOTCS
CTIENCTBHAMU 3aKOHOB HpBIOTOHAZ M HEOGXOZMMO MOCTYJMAHPOBATD,
4YTO BHJ 32KOHOB H3MEHEHHUs! SHeprHH M HUMIYJbCA HUMEHHO TaKOB,
a sakoun! IHbloTOHA JHIIB MOTYT NMOACKa3aTh NMYTH K yCTAHOBJIEHHIO
BHJa 3THX 32KOHOB.

3. Kak ymxe oTMeuasioch B Hauajle M3JI0KEHHS IMHAMHMKH, Mexa-
HUKY MOXKHO CTPOHTb CaMbIMH pasjnuHbiMH cnocobamu. B uactHocTh,
CYIIECTBYIOT pasJuubbple aHAIUTHUECKHe MeXaHHKH (B OTJIHYHE OT
BEKTOpHON MeXaHuku HbloTona, nampumep), B KOTOPBIX OCHOBHYIO
poOJb HIPalT He MOHATHS CHJA, YCKOpEHHMe, a IIOHATHS SHEPruf
(un ee aHaJOTH) M UMIYJbC (WM ero aHadoru). Takosa, nHampumep,
MexaHuka |'aMHABTOHA, O KOTOpOH HECKOJBKO CJIOB OyJeT CKasaHo
HUXe,

Kax noxaseiBaeTcst B 3THX MeXaHHMKaX, (pyHEAMEHTANBHOCTh IIOHA-
THH 3HEPTHH, HMIYJbCAa M MOMEHTA HMIIyJibCa CBA3AHBI C ONpeleJseH-
HBIMH CBOWCTBAMH BpeMeHH M npocrpatcrsa. OKasblpaercs, U3 CBOACTB
OJHOPOJHOCTH BpeMeHH (M3 TOFO, YTO OJYH MOMEHT BPEMeHH 110 CBOMM
CBOHCTBAM He OTJHYaeTcs OT J0oro ApPyroro) BbITEKaeT CYLIECTBO-
BaHHE COXpaHSOUIeHCA XAPAaKTePHUCTHKH [ABHIKEHHS CHCTEMbBI — 3HEp-
riH; U3 QakTa OXHOPOAHOCTH NPOCTPAHCTBA (M3 TOTO, YTO OJHA TOUKA
NPOCTPAHCTBA HHYeM He OTMyaeTcst OT oGO apyroil) BblTeKaer
CYLIECTBOBAHME IPYrOH COXpPaHSIOnIeHCsl BEeJWUHMHBI — HMIYJbCa; H3
(;aKTa H3OTPOIIHOCTH MNpPOCTPAHCTBA (U3 TOrO, YTO CBOHCTBA €r0
B JAHHOM MeCTe OJWHAKOBBL 11O BCEM HampaBJeHHSM) BbiTeKaeT Cylie-
CTBOBaHHE TpeThell CcOXpaHsioUlelics XapaKTepHCTHKH ABHIKEHHSA CH-
CTEMBl — MOMEHTA HMNyJbca ¥ T. A. Hapo, oiHako, yuecTb, 4TO He
BCEIZa M He Be3Jie CBOHCTB4 BpeMeHH M NPOCTPAHCTBA TAK XOPOLIH.
Hanpumep, BG6aM3H 3eMad NPOCTPAHCTBO HEOJHOPOZHO, IIOITOMY
Opoluennble BO/MU3H 3eMyid Tejla CBOMX HMIIYJLCOB H He COXPaHSIOT.
I'lpuunna uckaxKeHu#l CBOHCTB NMPOCTPAHCTBA B JAHHOM Cllydde — CHJA
Tsrotendss 3eman. M TaxuX cayuaes HeMaso. MoKHO cKasaTh, 4710
MepOH HeOAHOPORHOCTH NPOCTPAHCTBA, B KOTOPOM MpOTeKAeT nporect,
SIBJSETCS BHEIIHAS CHJa, AeHcTBylolas Ha cucreMy Ted. Ecoum ara
BHELIHAS CcHJa HeBeJdKa [0 CPAaBHEHMIO € CHJAaMU B3aHMOJeHCTBHS
BHYTPH CHCTEMH! TeJl, TO HeOAHOPOAHOCTBIO TOE YaCTH NpPOCTPAHCTBA,
B KOTOPOH pasbIrpbiBAIOTCS COOBITHS, MOXHO npeHedpeub.

B Teopun cuiiOBOrO NOJs IOJAralT, YTO OTBETCTBEHHLIM - 33
NofABJeHUE CHJ, JEeHCTBYIOLIMX Ha Tesa, $ABJAACTCA CHJOBGE [oJie
(TPaBUTALHOHHOE, 3JCKTPOMATHHTHOE U T. 1), HCKaxaioulee CBOHCTBA
npocTpaHcTBa B TOfl OOJIACTH, Tlie OHO cyulecTByeT. Tam, rie nosae
BEeJIHKC, INPOCTPAHCTBO SBHO HEOJHOPOAHO U (BOOOILLE rOBOPHA) HEH3Oo-
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- TPOMHO, MOo3ToMy p M L cHCTeMBl B TakuX OGJACTsAX CYINECTBEHHO
- Mensiorcd. Tam ke, rje 3aMeTHbIX noJsiedl Her, p u L cucreMbn mpax-
THUeCKH coxpaHsiorcsl. Takasi (nmpasja, He OUEHb-TO CTporast) HHTEp-
mperanusi CBSI3H CBOMACTB NPOCTPaHCTBA C TNOBEJEHHEM HMIYJbCAa H
MOMEHTa HMIyJbCa CHCTeMbl HAaXOAUTCA B COOTBETCTBHH C TeM, Kak

H3 3aKOHOB H3MEHCHUSA HMIYJbCa U MOMEHTa HMIYJabCa BBITEKAIOT

) dp dl
8aKOHBI HMX coxpaneHns (Kak u3s —m=F wu _Z=M BhTekaer

p:ﬁ/c\onst n L=const npu F=0 u M= )

K coxajeHuio, CB3b COXPaHEHHs SHEPTMH C OJHOPOAHOCTHIO
BPEMEHH He [IOnyckaeT TaKoro IIPOCTOrO TOJIKOBaHHA.

3ameTHM, UTO B TEOPUH OTHOCHTEJNBHOCTH CHOPMYJIHPOBAH €IUHBIH
33KOH M3MECHEHUS] 3SHEPIHUH-UMIyJbCa, a8 B KBAaHTOBOH MEXaHHKe
TIOHATHS CHJIA, CKOPOCTh, YCKOpEeHME CTAHOBSTCS BeChbMa PacHJbiBda-
TBIMH H I1J0X0 NOOJNAI0TCH H3MepeHHI0 (4TO And (QU3KKOB BechMa
OTopuHTeNbHO, HO0 (PH3NKa — HayKa 3KCIEePHMEHTaJbHasd), B TO BpeMs
KaK UMNYJbChl ¥ 3Heprust 0OBEKTOB HCCACAOBAHHS CTAHOBATCH OJHHMH
13 OCHOBHBIX, (PYHJAMEHTANbHBIX XaPaKTEPHCTHK COCTOSHHA HX ABH-
JKEHUS M BIIOJIHE H3MEepHUMbL.

4. Tako# Bakublll pasfes QU3MKH, KaK TeDMOAMHAMHKA, HCXOMHMT
NPH H3yYeHHH CBOHCTB Tel M moJjefl U3 TOHSTHS SHEPruH (MaH ee
aHaJIOroB), a IEHTPasbHBIMH €€ ITOJIOKeHMAMHU (HadyaJaMH) SBJSHOTCH
IO CYLIECTBY HEKOTODPbI€ YTBEPIKJEHUS O CBOHCTBAX M NPeBPALICHHSX
SHepruy.

M3 ckaszaHHOro sIcHO, YTO MOHATHS MMIYJbCA, MOMEHTA HMIIYJhCa
A 3HEPTHH ABJSIIOTCA JAEHCTBUTENLHO (QyHLaMeHTadbHEIMH. [louemy
e TOrhAa Mbl He H3yyaeM QyHIaMEHTAJbHYIO aHAIMTHYECKYID Mexa-
HUKY [amuabToHa M JlarpaHiKa BMECTO CTOJb OTPAHHUYSHHOH MeXaHHKH

. Hetotona? Tlpuuun x tomy muoro. Hanpumep, nmotomy 4to aHasiuTH-
ueckas MexaHMKa MHOroO TPYAHeH U Ho MACHHOMY CBOEMY COAePKaHHIO
W no ToMy MaTeMaTHUeCKOMY annapary, KOTOPHIH OHa HCIOJb3yerT,
‘B TO BpeMst Kak MexaHHka HrbloToHa npocTa H mo3BodsieT pewarb
OI'DOMHOE KOJIHYECTBO 3ajau JOBOJLHO NPOCTO M HU3SALIHO.

§ 17. O mexanuke I'amuabTOHA

B ocHoBe 2Tofi MeXaHHKH JIEXKHT YTBePXIeHHe, UYTO B Cjaydae
OTCYTCTBHSA AUCCHMAaTHBHBIX CHJ BCIO HHPOPMALHIO O CH-
CTeMe COJEPIKHUT I'aMHJIbTOHHAH CHCTEMbl — IIOJIHAS SHEPTUSA CUCTEMBI,

_ BblpakeHHast 4epe3 HMNVJLCH H KOODJIHHATH MaTePHANbHHIX TOYEK,
BXOASIIIMX B CHcTeMy. B ciyuae, Hanpumep, OAHOH MaTepHasibHO
TOYKH, NPHKPEIJIEHHOR-K OJHOMY KOHILY HeBeCOMOH NpYKHHLI, ApYyrof
Konen, KoTopo#l 3akpemsieH B HadajJe KOOPAMHAT, TaMHJILTOHHAH
Hmeer BHI

Pty +p; (X —x0) + (Y =y + (2 —2)°

H EARLEN > .
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3axoHel IBIMKEHHsT B 3TOI MeXaHHKe — YpaBHEHHA [aMHJBTCHA
— MMEIOT JJ# OAHOH MaTepHaNbHOH TCUKM CJASAYIOLWHHA BHA:

dp, oH
dt T ox ‘ ‘ 4
dpy oH '
dt T oy &
dp, o
7T (3)
dx oH ;™
atr = opy’ &
dy ol -\
at Ep;’ (&)
d:  OH
at~ op,’ (6)
o oH oH
F 1 —_— e =f. — " =F —_ = 7 e
Ecan nonoxute o Fy 3 Fyn gz =1'»» 10 ypaBre

nast (1) — (3) sKBHBaneHTHB BIOpOMY 3akody Heiorona. Dta skpu-
BAJIEHTHOCTL, OJHAKO, MMEET MECTO JIHIIb NPH OTCYTCTBHM JUCCHIIA-
THBHBIX CHJi, 400 MexaHuKa [‘aMuJibTOHa C camMoro HadaJja He pac-
CcMaTpHBaeT CHCTeM ¢ TakHMH cHJAaMd. B 3TOoM  OrpaHHUEHHOCTH
MeXaHHKH [aMdJbTOHa HO CPaBHEHHIO, HalpHMED, C MEXAHHKOIl
HprioTtona.

Hast rtoro urtoSul HanmucaTh raMHJBTOHHAH CHCTEMBI B OOIIeM
BUJe, BBeJeM MOHATHE O YHCJe creneHedl cBOSOABl CHCTEMb! KaK O
qlic/e He3aBHMCHMbBX KOOPAUHAT, NGIHOCTEIO OMPEASSIONHX
MOJIO0XKE HH e CHCTEMB {€CJIH K TOMY 2Ke H3BeCTIthl U UMITYAbChI, TO OTIpe-
JleJIEHO HE TOJIbKO HOJOMXEHHEe, HO U COCTOSIHHE JBUKERHSI CHCTEMLI
MJH KOPOTKO — COCTOsiHWE CcHCTeMbl). B cayuze ojaHofi MaTepHafb-
HOH TOYKH, CNIOCOGHOH JBHTAaThes NMO: 4) HeKOTOopol U KCHPOBaAH-
HO# KpHBOIf, crenenefl cBoOOAs — OAHA; 0) 3aUKCHPOBAHHOI
MOBEPXHOCTH — JBE; B) B oflLleM cJjyuae — TpH.

-B cayuae AByxX MartepHaJibHBIX TOUEK, CBASAHHBIX KECTKO MEXAY
co0oi, wuucjao crenexedi ceofonbl OT opHoll (ofe MatepHaJdbHLIE
TOYKHM JBUraIOTCS 10 3a(pUKCHPOBaHHOH KpHBOH) MO mstu (B COLuemM
cayuae). Ecan umeerca crucrema W3 N mMaTepHaJbHBIX TOUEK, JBHXKY-
LIMXCS MPOH3BOJNLHLIM 06Pa30oM, TO 4YHCJIO cTeneHeH CBOGOALI CHCTEMHI
coctaBader 3N, n6o ansi 3alaHKs MOJOMKEHHS OAHOH MaTepHAJbHOI
TOUKHK HaJ0 3alaTh TPU KOOPAHHATLI, a Uit N MaTepHaJibHBIX TOUEX —
3N. Ecam HeKoTOphie H3 MATEPHANbHBIX TOUEK CBS3aHbl MEXKAY
coBO0M KeCTKO HJIM BhIHYKACHBI JBHTAThCANI0 3aGHKCHDPOBAHHBM
JIMHHAM HJH  IOBEPXHOCTSIM, T. €. €CJAH Ha CHCTEMY HAaJIOXKEHb!
HEeKOTOPble OrpaHHYeHHs — CBSI3H, — TO UHCJIO  CTelleHeH cBO6GOIkI
coctaBut 3N —n, rpe n— UYHCNO CBsA3eH.

C yuerom CKasaHHOro FaMUJIbTOHHAH CHCTeMbl SalULIETCS B BUAE

, H=H (1, ¢ -\ @35 n, Pis Pavvvvy Psnons £).
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. Ecan 4HCJ0 creneHefi ¢cBoGogrt 0603Haud1L uepes k, 1o
H=H{(q;, p;, 1), The i=1k, 2,..., k.

YpaBHeHHH ABMMCHHSA CHCTEMbl — ypaBHeHHs [aMHAbTOHA — HMEIOT

NpoCTOH H JIOBOJBLHO CHMMETDUUHBIA BUJ
do __OH g Oy

) ¢ 0g; dt op;

3aMeruM, UTO BENUUHHLL ¢; CyTh TaK Ha3blBaeMble ¢GODLEHHbIC
koopAuHaTel. OHH MmoryT OblTh M He IEKapTOBLIMH M Boollne e
npsMOJUHEHNBIME H He OPTOroHajbHbIMH — JIOOHMH; p; ~— COOTBET-
crByiolie TakuM (000CLeHHbIM) KOOpAHHA1aM HMOYJbchl (CCoOMeH-
Kbie).

[Ipexae ueM nOKasblBaTh KaK TOBEJEHHE CHCTEMbl 3aBHCHT OT
CBOACTB TIPOCTPAHCTBA M BPEMEHH JOTCEOPHMCS O cHocobaX H3ne-
peHHsi TOJOXEHHH U MOMEHTOB BPEMEHH.

[TonioKeHusl MaTepHaNbUBIX TCYEK MBI MOTJM Ol H3MEPATH IPOCTO
— C NOMOILBIO, HANpHUMep, paiHo/oKaropa.

Jas usMepeHnsa ke BpEMEHH IOCTYJHpYeM HaJjuuue NepHOoAHYec-
KHX TPOLECCOB, AAHTEILHOCTh J00OT0 H3 KOTOPLIX {[IePHOA) MOXKHO
B3jTb 34 €JMHHIY BpEeMEHH. 3Jechb, .OJHAKO0, Upe3BhUAfiHO BaXKHO
OTMETHUTBb OJHO CGCTOSITEIBCTBO: €CJAN CUCTEMa ABHIKETCS HPOH3BOJb-
HLIM 006Da3oM, B NIPOH3BOJLHBIX VCAOBHAX, TO COOTHOIICHHE MEXAY
NepUOAAMH MOXET He TOJbKO He ObiTb HOCTOSHHLIM, HO Ja’KEe MOXKET
MEHSITLCH HPOU3BOAbHLIM 00pasoM. PaccMOTpHM, HaNPHMEp, NEPHOAL
koseGanuii:

1) npyxXKHHHOroO MasiTHuka Ha crepxHe — Ty,

2) HUTSHOrO MafTHHKA, NoJBelIeHHOro B Kabuune audra — T,

3) KRapueroil NaacTuhbl, HaXoAAlIEcsH B aMeKTpHUeCKOM ntoJie — Ty,

OueBH/HO, BO3MOMKEH Tako# noadop yeaosuii, urto 7y=Ts="T\.

Ecnur Tenepb MEHATb TeMIIEPATyPy NPYXHHBL, YCKOPEHHO ABHIaTh
JHPT, MEHSTh 3MEKTPUYECKOe IIoJE, TO, BOOOLE I'0BOPs, PABEHCTBU
T1=Ty=T; ue 6yzer cofmomaThcsi, a 3TO O03HAUAET, UTO NPOIECCH
1, 2 1 3 cranyT HeIKBUBAJEHTHHIMH B OTHOIIEHUH HCIIONB30BAHUSA
UX B KauecTee 3TaJOHOB JUlsg M3MepeHus BpeMmeHu. Bo3moxkeH, oue-
EUJHO, Taxkoll nojabop yc/a0BHH, 4To OyHeT HMETb MECTO

Ty=To#Tsumu Ty To=Ts umn T1=Ty7 T uiu T1£ Te#T;.

[lpu 3TOM BO3MOXKHO Takoe H3MEHEHHEe YCJAOBHH, 4YTO Hesb3il
CKasaTh, KakOf H3 NCPHOAOB H3MEHIJCS, a KaxoH He H3MEHHMJCH.
Ho 310 osnauaer, uro y Hac HET BOSMOXKHOCTH [apaHTHDOBATD
HEeU3MEHHOCTb BhIOPAHHON eMHKHLE! BpeMeHH. HUT00Bl Takylo eAUHHLY
BpeMEeHH BCe K€ HMEeTh B CBCEM . PACIOPSIKEHHH, NOCTYJHPYEeM, 4To
YIaneHHEIe OT BCeX 1e/ («M30JHPOBAHHLIE») NPYKHHHbIE, HANpUMED,
Yacel XOJa CBOero HE MeHHIT (a y Hac, pasyMmeercs, eCTb CIOCOd
CBepPATL AJMUTENIBHOCTH NOBTOPAIOIIMXCS B HalleHd cHCTeMe NPOLLeccos
¢ JIMTeNILHOCTBIO KayaHul MasgTHHKA 3ITHX 4YacoB, T. €. CBEpATh
NoKazanua JoOblX YacoB HalleH CUCTeMBl € 9THMH yJAJd€HHbIMHU
acamn).
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HasoBeM NpOCTPAHCTBO, OKPYXKalollleeé HAUIY CHCTEMY, ORHOPOZ-
HBIM 4 H30TPONHBIM, €C/H. Nepexop CHCTeMbl W3 OXHOH YacTH Npo-
CTpaHCcTBA B APYTYyI0 HJIH HOBOPOT €e HE MEHSeT XOAa NpPOLECCOB
B Hauied cHCTeME, €W Mbi, HAXOASNCh B 9TOH CHCTEME, Jaxke He
cMOKeM OOHADYIKHTH TaKOro mepeMellleHHss MM nosopora. I'py6o
roBopsi, caMO NPOCTPAHCTBO B CJydYae OXHOPOAHOCTH H H30TPOMNHOCTH
€ro HHKAK Ha HaIly CHCTeMy He BJHsleT. IToCKOJNIBKY ke TraMHJIbTO-
HHAH CHCTeMBl €CThb HOCHTeJb HH(OPDMAlMH O COCTOSTHHH CHCTEMBI,
TO IIPH NepeMelIeHHsIX CHCTeMbl H3 OJHOH UacTH MPOCTPaHCTBA
B JIpyryio (a Takxe IPH MOBOPOTAX CHCTEMbI) OH HE JOJIKEH B 3TOM
cjydae MEHSTLCH, T. €. JO/UKHO HMeTh MeCTO pPaBeHCTBO

H(Qi, pi’ t):H(%‘f-AQn piy Z¢)'

Ho 310 paBHOCHJABHO TOMY, YTO TI'aMHJbTOHHAH CHCTEMBLI HMEET
ONHO H TO K€ 3Ha4yeHHe NpH MoObIX §;, YTO BO3MOXKHO JIHIIL B TOM
clydae, ecjqd OH BOoClLue OT KOOpJAMHAT He 3aBucuT. Ho 310 0o3Hauaer

o __ 0, 4To B COOTBEICTBHH C ypaBHeHHEM dpi . _ oM O3Hauaer
oq; T cyp it — g

o .
(7’;‘——0 uau p;=const. Takum o6pasoM, KakK CJeACTBHE OJHOPOI-

HOCTH M H30TPOIIHOCTH NPOCTPAHCTBA  MOSIBJIAETCST COXpaHeHLe
HMIYJLCA U MOMEHTa HMNYJbCa CHCTEMBI (nocnezmee B ciyyae yrijo-
BBIX KOODJHHAT ;).

Hazosem Bpemsl GLHOPOAHBIM, €CJU CMeIeHHe CHUCTeMBl BO BpeMeHK
(BpeMsi H3MepsIeTcsl MO «H30JHDOBAHHBEIMY YacaM) He BJIHSIET Ha Hauly
cucTeMy. 5TO, B YACTHOCTH, O3Ha4€aeT, YTO AJIMTENHHOCTH IIOBTOPSIO-
lMXCcd NpOILECCOB B HAlUEH CHCTEME C TeUeHHeM BpeMeHH He MeH:d-
10TCA (3TH AJIHTENLHOCTH MBI TOXKE MNPOBEPSAEM IO «H30JHPOBAHHBIMY
uacaMm) H, 3Ha4HT, JIOOOH W3 TaKMX IPONECCOB Mbl MOXEM B3ATh 3a
9TAJIOHHBIA JJIST M3rOTOBJIEHHS YacoB.

Ho ecan cmelmienHe CcHCTEMBI BO BpPEeMEHHM He BJIHSIET Ha XOJ
NpOLECCOB B HEH, TO 3TO .03HauaeT (B COOTBETCTBHH CO CMBICJIOM
FaMHJILTOHHAHA, KaK HOCHTeAA MHQOPMALMH O COCTOSHUU CHCTEMBI),
YTO HMEET MECTO DAaBeHCTBO

H i, piy ) =H (qi, pi, 1+ D2),

2 3TO BO3MOXKHO JIMIIIL B TOM ciaydae, €CJAM IaMHJAbTOHHAH CHCTCMELI

oH
HE 3aBHCHAT OT BpEMEHH HBHO, T. €. 67:0

.

Ilo onpeneneHuro moJaHOHA nponsso;moﬁ uMeeM

0H dq; | 0H dp;
m+2@% + 5 a)

oH __  dp; oH ﬂi .
H TdK KaK a—ql—— dt dplm 7k TO

dH dp; dg; dg; dpz\ OH
at “’“Zl( dt717+dt dt)— ot
o ;
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8,
* TTockoJBKY 3Ke .OZHOPOLHOCTh BPEMEHH MPHBOIHT K %L: =0,

B CHJIY '—f}j:%? UMeeM %:O, nin H =const.

Takum o6pasoM, OZHOPOAHOCTb BPEMEHH IPOSBJSIETCH B COXpaHe-
HHU SHEPTHH CHCTEMEL.

B ofmem ke ciayuae NpPOCTPAHCTBO H BpeMs, B KOTODHIX Ipebel-
BaeT HHTEPECYIOIast HAC CHCTEMA, HEOJHODOAHLL. D14 HEOLHOPOLHOCTD
MOJKET BEBI3BIBATbCS KaK BHEUIHHMH MO OTHOIIGHHIO K Hallel CHcreme
TenaMH, TaK U TeJaMH caMoil CHCTeMB! (TQUHEe — CHJIOBBIMM NOJISIMH
Tes  Ju6o BXOLSIHX, aubo He BXO}IHE_U/IX B paccMaTpHUBAEMYIO
CHCTEMY). )

3aMeTHM Tenepb, YIO €CJH yuyecTh CKas3aHHOe BBIle, TO NEPBLI
3aKOH HbIOTOHA MOXKHO paccMaTpHBATh KakK YTBEPKACHHE O HAJHYUH
TAKUX CHCTEM OTCYETa, KOTOPBle CaMH NpelblBalOT B OAHOPOAHBIX
IPOCTPAHCTBE M BpeMeHH, (10 He O3Hayael, OJHAKO, UTO 3Ta OJHO-
PONHOCTL TNIPOCTHpAeTcs Kak yYroaHo Jafieko. Takoff rapaHTuy,
pasymeercsl, €blib HE MOMXKeT, HO OKOJO TeJja, B3ATOr0 3a TeJo
0TCYeTa, MPOCTPAHCTBO — EPEMST OJHOPOZHO.)

Bropo#i xe 3axkoH HploToHa MOXKHO pacCMaTpHBaTh, Kak YTBEPK-
JEeHHe O TOM, YTO H3MEHeHHe HMIIYJbCa MaTepHanbHOH TOuKH 00yCJ/0B-
JICHO HEOAHOPOIHOCTBIO TNPOCTPAHCTBA B TOH €ro yacry, TAe OHa
JBMJKETCSI B JAHHBIH MOMEHT BPEMEHH. '

Tperu#t 3akon HerooToHa MOXHO TpPaKTOBaTbh, KaK YTBEPKACHHE
0 7TOM, YTO HapylueHue OJHOPOJAHOCTH IIPOCTPAHCTBA BbI3LIBAETCH
TENaMH, W 4TO 310 HApyLUEHHE BCerja B3aMMHOE (ECJIH TeJI0 HoMmep i
HApYIIRJIO OAHOPOJHOCTL TPOCTPAHCTBA OKOJO TeJa HOMEp k£, TO
nocJeiHee «B JAOArY» HE OCTAJOCH).

OrMeTHM ellle OXHO OGCTOSTENBLCTBO.

B Mexanuxe I'aMu/IbTOHA COCTOSTHHE CHCTEMbI ONHCHIBAIOT -00LIUHO
BektopoM G B BooOpaxaeMoM 24-MepHOM IpocTpaHcTBe (k-— 4HCJIO
crenened cBoGonibl cHereMbl). [loJokeHue TOUKH B STOM NPOCTpaH-
CTBe OIHCHIBaeTCsl 2k yucJaMH, U3 KOTODPLIX £ uHceJ — o6o0LIeHHbe
KOOpAHHATBI, Apyrue k-— o6o0lenHble HMIYJAbchl, Tak Kak co
BpeMeHeM oO0OmeHHbIe KOOPAMHATBl H HMITYJbCE H3MEHAIOTCS, TO
H BekTop G co BpemeneMm usMeHsercs. [IpH 3TOM, eClM 9HEPTHA
CHCTEMbI . COXPaHAETCs, TO KOHell Bekropa G RZBHXKETCH IO «NOoBEPX-
Hoctw» M == E ==const. B ouenb BaXXHOM YaCTHOM CJyyae, KOria

TO

k k
H(g:;, py= >} g+ > pi, nosepxuocrs H=E npencraeser co-
i=—1 i=1
Goit «chepy» B 2%-MEPHOM TPOCTPAHCTBE.
B ciyuae Tpex cremenell cBoGoAR ypaBHEHHe 3TOH NOBEPXHOCTH

HMeeT BHJ ,
H=pi+pi+p—+q+a-+ag
WIH, Tojaras «paguyc coeps» paBHeM V H=|G|,

|Gl =p+pi+p+a+9+ 6

B ciyuae, manpumep, MaTepuanbHO# TOYKH C TPYKHHOH, O KOTO-
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polt roBopHJoch B ‘Hauaje maparpada, HpH BBEIEHUY KOOpAMHAT
H HMIYJbCOB

& &k &

1= (X — %) ]/a q-z=(y—ya)}«/7, s = (2 — 2u) ]/7, (7)

. 1 T . T g

P1= P« T PPy S Ps=P- O 8

sektop G Oyner ouuchiBarb B 6-MEPHOM IIPOCTPAHCTBE  HEKYIO
chazosyio mpaekmopuro Ha TOBEPXHOCTH 6-MepHOH cdepwl.

Puc. 33 npeacrasaser co00#l cayuall CAHOMEPHOrO IBHKEHUA DTOH

MaTepUaNbHOH TOUKHM Ha MPYRHUHE

7
P ~p=iom (uanpumep, caydail JBHXKEHHS ee

no ocu x). B 3ToM ciyyae rHIep-
G cepa  ecrb OOBIUHASI OKPYXKHOCTH

g, ~x-x V5 paniyca G:VH:V,D% —+gqi, a
\ - npoekusd Bektopa G Ha ocH ¢
u p; cyTb ofobHieHHBIE KOODAMHA-
‘\ T4 @ H HMIYJbC p; MaTepHa/IbHOM
ToukH, Kortopez mo - (7) u (8)
Puc. 33 JIEFKO  HepecudTars B OOBIYHBIR
KOODJANHATY X H HMOYJABC [y
910 ABMKEHHE MaTepHaJbHOIl TOUKH (rapMOHHUecKHe Kosaefasus

. kY
C 4acToOTOl » == l/;ﬁ"’ OTOOpAKAIOTCH Ha HalleM rpadike BPalI@HHEM
i

o k
BexTopa G C YrJI0BOH CKOPOCTBIO w:}//ﬁ.

§ 18. Honsitee o cpassax

VYie roBOpHJIOCH, UTO DELUCHHE 3a7a4d O ABHXKEHHH Tena Npef-
nonaraeT 3iaHHe 3aKOHA €ro ABHKCHHA, a TAaKXKe IaUajibHBIX YCJ0-
BUH (v, ¥ r,). BaxHo Takike 3HaTb M TaK HA3bIBaeMble IPaHHUHbE
yeaoBud. Jeo B TOM, YTO 4acTO HHTEPECYIOLLee HAC TEJIO ABMKETCH
B HEKOTOPOH OrpaHHYeHHOH ©6J1acTH IIPOCTPAHCTBA M HE MOXET
HNOKHHYTh 3Ty o06JacTe M3-3a TOro, 49T0 Ha 3TO 1Tea0 JeHCTBYIOT
HEKOTOpLle JDYrHe Tejaa, He Jaolihe ABHKYLIEMYCH Teay MNOKHHYTb
9Ty 00JIACTD.

- Taxue 1esa, orpanuuKBaIONIHE CBOCOAY ABHIKEHHS HHTEPECYIOLIErD
HaC Tesa, HASBIBANOTCH (843AMU (YacTO H CHJBLI, JelicTBYIOLL:ie Ha
ABHXKYIIMECH TEJa €O CTOPOHLI CBA3edl — CHJB CBSI3U — IJS Kpat-
KOCTH TOXKe Ha3bIBAIOT CBSI3SAMH HJH peakL{aMH).

TlpumepoM TAaKOTO OrpaHU4YeHHOro ((PAHUTHOrO) JBHIKEHHS SBJSA-
eTcA JBHXKeHHe JIo0Ooro Tesa B sUuKe, ABHMKEHHE THPLKH, NpHBS3aH-
HOH K OQHOMY KOHLY HHTH C 3aKpelJeHHBIM APYTHM KOHIIOM, IBHIKE-
Hue MaATHWKa M T. A. B aTHX npumepax smuK, HHTKAE, XpanoBHK
MafTHUKa CY'b CBfA3H, OrpaHHYHBawllHe CBOOOAY -JIBUIKEHMsl TeJa.

Hamnuue cBsisefl B OOJIBIIMHCTBE CJy4YaeB BechbMa YCJIOKHSET
3ajauy O ABHJKEHHH TeJa, 160, KaK IPaBHJO, CHJbl CBSI3H OY€Hh
CJIOXKHBI 110 CBOEH 3aBHCHMOCTH OT KOODAHHAT, CKOPOCTEH M BpeMeHM.
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Jlns pemenusi 3ajay NpU HAJHYMH CBA3CH HEOGXORMMO KO BTO-
pOMY 3aKOHY Heiotona eue XOMHCHLIBATH ypaBHeHHe CBA3H, T. €.
ypaBHEHHE TO¥ JINHHH HJIH MOBEPXHOCTH, 10 KOTOPOH MOKET ABHraThCst
- MaTepHaJbHAas TOUKA, IJTH YPABHEHHS H ONPENENsiOT TpaHUYHbIE
YCJIOBHS! JIBHAKEHMS U OBIB4IOT YaCTO HEPa3pelIHMbIMHU.

A PaccmoTpum npuMep uaeanbHuIX aGCOMIOTHO JKECTKHX cBsseil. (3a-
METHM, YTO HAeaJbHOCTh 03HAuUaeT OTCYTCTBHE AUCCHIATUBHBIX CHJI,
a JKEeCTKOCTb — HeJePOPMUP yEMOCTh CBsI3el.)

[Tockobky cBsi3H He JeOpMHpPYIOTCA W HAeadbHBE, TO paboTa
TaKUX CHJ CBs3M paBHa uymo. [Heficteutensno, ofo3Hayas CHJY
casu R, a rnepemenienie MaTepHasibHON TOURY dr, TOJYdYHUM

dA. = Rdr=Rdr cosa,
a TaK KaK B pacCMaTpHBAaecMOM CJyuyae WAeAJbHBIX JKECTKHX CBA3CH
CHJIBI CBSI3U JEHCTBYIOT NEPIEHAUKYISPHO CKOPOCIH (JUCCHAATHBHBIX-

T
S TO CWJI Het!), 10 a==5 M, 3UAYAT, dA=70.

Eeau CBsI3M 2KeCTKH, HO €CTb JHCCUNATHBHBIE CUJBL (HanmpHMep,
cyX0e TpeHHe), TO SICHO, 4TO

dA=Rdr=Rdrcosa < 0,

uto F,, Hampae/ieHa HaBCTPeuy CKOPOCTH, a 3HAUHT, M HNePeMclLICHHID.
OGofrass ofa cayuas, [OJYUHM, YTO AJIsl 2KECTKHUX CBfA3ey

dA, =<0,

Yacto cHIy peaxmm R, npexacrasnsior B BHAE IBYX COCTABJSIOLIUX;
- HOPMaJIbHOH nepemeliernio coctapasomeit Q (vacro N), asasomeiics

R —a)

Y S e —

AN NN NN NN\

Pnc, 34

N0 CYmieCTBY yIPYyro# cujioil, U npoJfOJbHOH (HampaBJeHHOH# BLOJIb
nepemerenus) cocrasiswomeis Frp. ITpu stom Qdr==0, a F.,dr <0,
oTkypa u caenyeT dA., < 0 npu Fq, 5£ 0. Puc. 34 noscusier ckasannoe.

Ecsu cBsi3n He 2KecTKH (HalpHMep, NpYyXKuHA), TO paoTa CHI
CBSI3M MOKET ObITb M T0JI0KHTEJAbHOM.

Bonpoc o wuaxoxpenuu cun cmAsefl (peakuu cBaseil) -—— 31O
BécbMa CJAOXKHBII Bonpoc. JIMHIb B OueHb MPOCTBIX CJAYYasX Mbl
MOkeM HX HaxoAuThb. lpuMepomM TakmxX 3ajad ¢ JIErKO HaXOAUMBIMH
PeaknusiMH CBsizeil SBIAIOTCA 3aJaud O CKOJbXKEHHH TeJa IO ILIO-
CKOCTH 1P Ha/JHYHH CYXOTO TPEHM, 3ajlaull 0 HATSIKEHHSIX HEBeco-
MBIX HepacTsIKUMBIX HHUTeH, CBSA3bIBAOIIMX JABHXKYUIHecd Teua,
B 1.° . CpaBHUTENBHO JIETKO pelaloTcs 3aJaud B clyvae HaJHuus
HIleabHBIX (6€3 ZNCCHIIATHBHBIX CHJ) IPYXKHH H DAL CTATHYECKHUX 3aJad.
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Mrl rosopuiM BBUIE O TOM, YTO pellleHHe 3afady TNPU HANHUHH
cBsi3edl TpebyeT HamumcaHus ypaBHeHHH cBf3H. Kak OHH EBIDASAAAT?
W kax uMu Halo nosb3oBaThes? [IpHBENEM NMPHMEpH.

I[ipumep 1. OguH KoHem KeCTKOrO CTEpPXKHSI 3aKpemJieH, a Ha
ApyroM —ruppka. $ICHO, YTO TaK YKpenJeHHAss TUPbKA MOKET
JBHraThCs Julb 110 cepe paguyca [, rae [— AauHA CTePKHA.
Brifupas Haya/o OTCYeTa B TOUKe, I€ 3aKpel/eH KOHel CTEpKHS,
IOJIyYHM ypaBHEHUe CBSI3H B BUIe

x9+'y2_[__z‘z—:12
a B Cjydyae IJOCKOrO IBHIKEHUS BOKPYT OCH 2 (HaanMep, TIJIOCKH 1
UM KOHHYeCKHH MAasiTHHK) JJsi Z==Hh:

9__1 Y 2 2
Hoc.neAHee YpaBHEHUE ©3HA4aeT, UTO I'HPbKa MOXKET IlBAFaTb(,H JINIIb

no oxpyxuoctd paguyca V IE—A? B IIOCKOCTH xy.

I[Ipumep 2. dna cayuas ABYX GPYCKOB, CBSI3aHHLIX HEepacTsKH-
MOH HHTBIO M ABHXYLIMXCS Kaxk YyKa3aHo Ha puc. 35, ypaBHeHHs
Ay CBA3Y MMEIOT BHMA (A" TaK Bbl-
OpaHHOiI CHCTeMBI KOODZAHHAT)

. =0, =0, (1)
[2} - z [xa |+ ]={, (2)

V44
g Crpe [ — aaMHa HHTH.
[b : [Ipu pemenun psga 3agay,
]

NOMELIEHHBX B pAa3/JUyHbIX 3a-°

JAUHHKAX, Mbl HESBHO I10Jb3yeM-

Puc. 35 cs ypaBHeHHsMH cBsizu. Tax Ha-

NpHMep, IPH pPellieHnH 3akay THNA

IBYX OpyCcKOB, H300pa)KEHHBIX Ha pHc. 35, MbI BMECTO HaIHCAHMs

YPaBHEHHH CBfI3H TOBOPHM, YTO IEPBOE TeJ0 ABHIXKETCH IO BepTH-

KaJii, BTOPOE [10 TOPH3OHTAJH H 4YTO MOAYJH CKODOCTeH H YCKO-

peHuit o6oHX TeJ pAaBHBI, 4TO, KOHEUHO, clexyer us (1) um (2) mpu
ux avodepeHIIHpPOBAHUH.

Hekoroprie WzeajbHble CBASH CHOOCOOHH CO3[aBaTbh NPHU HAJHYUA
TIOTEHI[HAABHBIX CHJI MTOJIOXKEHNEe ¢ MEHHMYMOM NOTEHUHUANAbHON 3Hepruu
(MoJIo2KeHHe yCTOMUYMBOro paBHOBecHust). [IpuMepoM TOMY MOTYT ‘6bITh
TosiokeHHe OpycKa B KDyIJof wawke, THPbKM Ha HHUTKe, OpycKa Ha
npyxuue (puc. 36). Takue cBs3u (COBMECTHO C ITOTEHIMAJbHBIMH
CHJIaMH) CTPeMATCH yJeprKaTb Teso, IOIaBllee B MOJNOKeHHe ¢ MUHH-
MyMOM IOTEHIHAJBHOH 3HEprHH, B 3TOM IOJOMKEHUH, [03TOMY OHH
HA3BIBAIOTCA yoepacusaroujumy (HHOTAA UX HeyJauHO Ha3bIBAlOT U ABY-
croponnumu). He Bce cBssn TakoBbel. Hampumep, mJockocTh, He
YaAeprKHBaOLIasl CBA3b (HHOrAa ymorpebJsioT TepMHH — OAHOCTOPOH-
HSISl CBSI3b).

T1po CBS3M MOXXHO TOBOPHTH MHOTO OUEHb BAXKHOTO H nHTepecum 0,
HO 3TO BLIXOJHUT 34 PaMKH Hallell KHHKKH, g
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TTonuepknem eme pas ToT ¢akT, YTO CHJBI CBSI3M HHYEM B IPHH-
IUNe He OTJMYAIOTCS OT APYTHX CHJI, IPOCTO UX 0Ka3aJoch yAOGHBEIM
BBLIEJIUTE B OCOGYIO TPYINY MO TAKUM, HanpuMep, NPHUHHAM:

a) OHH OrpaHHYMBAIOT 00/1acTb ABHKEHUS TeJs (ONpenensioT coboH

rpaHuyHble YCJIOBHS ABHMKEHHUS Tew);
+ 6) 3aBHCHMOCTH CUJI CBSI3H OT KOOpAMHAT (a A/ OYeHb CJIOXKHBIX
cBs3edl M OT CKODPOCTH Tesd) OYEHb 4YacTO Ype3BhIYalHO CJIOXKHBI,
¥ YPaBHEHHsi, B KOTOPble OHH BXOASIT (Hampumep, ypPaBHEHHE BTOPOTO,
sakoHa HpioTOHa), pemialoTcsi ¢ TPYAOM, a TO U COBCEM He HMEIOT
TOYHBIX PeLIeHHH.

Puc. 36

Y

B rex cayyasX, Korja Hac CHJBI CBf3H HE HHTEPECYIOT, HUX U3
ypaBHeHHH HCKJIOYAOT, 4 B AHAJUTHYECKHX MEXaHHMKaxX NPHUBOASITCS
cnocobbl MHCATb YpaBHEHHS] IBHIKEHUS Tesla C HCKJIOYEHHBIMH 2K e CT-
KHMH HJeaJsbHbl MH CBA3SMH (HanpuMep, ypasHenus [ aMunpToHa).

IlpuBeneM ele OXUH NPUMEP CHJ CBSI3H ~- CHJAy TsiroTenusi. OHa
cBOeoGpa3Ha BOT B KAKOM OTHOLIEHHH: €CJIM SHEPTUsl IBHKYLIErocs
Tesa orpuuarensHa (E <0), To aBUKeHue Tesna OyAeT (UHUTHBLIM,
T. € Teqlo He YyiaeT 3a npeaensl TAroteHus (GpolueHHble KaMHH,
CIIYyTHUKM); €CJIH K€ 3Heprus Teja nogoxurtenpHa (£ >0), To ABH-
XKenve Tena OyneT HMHQUHUTHBIM (HanpHUMep, KOCMHYECKHE CTaHLUH
«Mapc», «Benepa»). CoorserctBenHo i Test ¢ E <0 TsroTeHue
€CTh yaepxuBaomas, a 1ias teqa ¢ E >0 — Heylep:KuBaiomas CBA3b.
Lanee, B ciryuae, HanpuMep, cOJIHEYHOH CHCTeMBl AJist ctanuuu «Mape»

' TATOTeHHEe IJIAHET — HEVAEP:KUBAIOWAA CBfA3b; 4 TATOTeHHE CO CTOpO-
Epl CosHua — ynepxuBatoulast. Ho ecan u no ornoumenuw x ConaHuy
E>0, To Teno yimer 3a npeaeast COJHEUHOH CHCTeMbl (HATIOMHHM,

‘yro 3a U=0 npuusito 3HaueHue U Ha OECKOHEYHOM VJaJieHHH OT
UeHTpa TArorenust). TakuM o6pa3oM, oO6sacTh JABHKEHUA Tesa NOX
NeHCTBHEM TSTOTEHUS 3aBHCUT OT SHEPTHH TeJja. ’

M3 paccMoTpenHBIX NPHMEPOB BHIHO, YTO CHJBI CBSI3H — 3TO JO-
BOJIbHO CJIQXHAsl Eellb, Oco0eHHO B OOLIEM CJy4ae HEXECTKHX He-
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HJeaNbHbIX CBA3el. DTO M €CTh OJHA M3 BAKHLIX IPUYMH, NO KOTO-
pbIM CuJIbI CBS3el BEIAeJeHbI B 0cOOyI0 Ipynmy.

Wnorpa BosuHKaeT Bonpoc, a rje e INPUMEPH! He CHJ CBs3eH,
a «OOBIYHBIX», «XOPOMHUX» cuja? BoT HeKoTOpHIe W3 HHUX: CHJA CONpO-
THBNEHHS CpeXbl, peaKkTUBHAad CuJa CTPyH, CHJIa yziapa ‘HOrod mo
MfAYy, CHJA BeTpa, AVICIIEro Ha KDLIIbYATKY BeTPsKa WM Ha BEeTBU
IepPeBbeB, CHJIa JAABJCHHUS TIas30B Ha NOPHMIHK B LU/JAMHApPAX H T. A

§ 19. flpuruun orHocurtedpHocTH [anuiesn

VYiKe OTMEUAJIOCh, YTO OMKCANHE MEeXAHHUYECKOrOo ABMKedus 06e30T-
HOCUTENIbHO K Kakoil-mibo cucreme orcueta GeccMeicaenHo. Ormeua-
JIOCh TaK:ke K TO, uTO, BOOOIle roBOps, XapaKTep [BIKEHHT Tesa
1 ero ONHCAHKE CYLIeCTBeHHHIM 00pas’oM 3aBHCAT OT BHIOOpa CHCTe-
Mmbl oTcyera. Iepsbi 3akou HeioToHa yTBepxiaer, 4TO CYLIECTBYET
KJacC CHCTEM, B KOTODLIX JABH/KEHUE TeJ OIMChIBaeTCs Haubonee
TPOCTBIMH YPABHEHUAMH (TeMH, HaIPHMep, C KOTODBLIMI Mbl yme 110-
BHAKOMU/IHCh — YPABHEHUSIMH HBIOTOHOBOH MEXaHHKH).

CropamnBaeTcst, ueM OTJHYAIOTCS HHEPUHATbHbE CHCTEMBl APYT
or apyra? Her nn cpeiu Hux «caMmoil syuimefi», a ecaM He «CaMoil
Jaydmiefly, 1o ofaajzaiomiell XOTh KaKuMi-BHOYAb NpEUMyLlecTBaMH MO
cpaBHeHr0 ¢ apyruvu? OTseT Ha 9TOT COBCeM He npaspHblil BOmpoc
cogepxures B npuHuune [aquses. OnHako npexie yeM ero QopMy-
JPOBaTh, ClesaeM HEeKOTOphle NpejBapuTesLHble 3aMedaHHs.

MMeHHO BCTOMHKM, 4TO CKOPOCTL Tejda M ero NOJ0KEeHHe B Npo-
CTPAHCTEE B KaKofi-1u50 MOMEHT BPEMEHH ONPEAR/SIIOTCS He TOJMBKO
nefcTyicmell Ha Teo CHJIGH, HO M HadaJbHBIMH YCJOBHSIMH, T. €.
H3HAUEeHHAMH V¢ H T LefcTBHTENbHO, Vike NOKasbiBasoch, YTo

t
V(1) = Vo L a()dt’ = v, - g”“a:
ty to
H

TaxuM o06pa3oM, KOHKpETHHI XapakTep [ABUKEHUS Tejia B yHKe
Bbi0paHHON CHCTeMe OTcuera ONpene/sieTcss SaKOHAMH JBHXKEHHA

’ F
(B JaHHOM cJyuae BTOpbIM 3akoHoM IHbioToHa B Qopme a:‘m) H

HAYAJLHLIMH YCJIOBHSIMH.

Ecan wmbl tenepb crand Obl Hab/04aTh 32 IBHMKEHHEM HEKOTO-
poro Te/ja M3 PasHBIX CHCTEM OTcYeTa (/15 ONPENEJIEHHOCTH, TOJbKO
UHepLHaNbHbIX), TO, BoOOUle TroBopsi, V(f) u r(f) 6yAyT B pasHbIX
CHCTeMax oTcyera pas3juuyHbiMH. Ho u3-3a dero H B Kakoil Mmepe?

Bo-nepBriX, KOHEYHO, H3-3a pPAa3JUYUsl B HAYAJBbHBIX YCJAOBUSAX,
T. €. H3-32 TOrO, YTO Vo H Ty JJI JaHHOT'O TesJa B pasHbiX CHUCTeMax
OTCHETA Pa3JUyHbl. BO-BTOpHIX, 13-3a BO3MOKHBIX Pa3/IM4udil B OCTajlb-
HbIX BeJnyuHax —m, F u t.
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" IlepBoe cOBepIIEHHO OYEBHAHO, BTOPOE TOIJIEXKHT BHISCHEHHIO.

O6patumcess Kk 3HamenutoMy Tpyay [anuneo Tanmnes «Juanorn
o JIBYX I'VIaBHEHIIHX CHCTEMaX MHpas. ¥YCTaMH ORHOIO H3 YUaCTHHKOB
«/Iunanorop» I'anujed rosoput: '

«Yenunutech ¢ KeM-1HOO H3 JApy3eil B IIPOCTOPHOE MOMELIEHHE
nox nany6oi kakoro-HuOyib Kopabuss, 3amacutech MyxamH, 6a6ou-
KaMH ¥ JAPYTHMH MOZOOHBIMH MEJKHMH JIETAWOWUMI HAaceKOMBIMH;
. nycTb OyleT y Hac 1aM Takxe Oojbliofl cocyX ¢ BOAOH u mJaBaio-
UM B HEM MaJIeHbKUMH DBLIOKAMH; [CHREChTE, jasiee, Hapepxy Be-
JIepKO, H3 KOTOPOro Boga GyJAeT najats Kansisl 3a xannaeit B Ipyrofi co-
CYI C Y3KUM rOpJIBILKOM, NOACTarAeHERH BHU3Y. [Toka Kopab/b cTOUT
HenoABYKHO, HabmonaliTe NPHJICKHO, KaK Me/IKile JeTaloUine »KHBOT-
Hble C OJHOI M TOI e CKOPCCTLIO ABMIKYTCH BO BCE CTOPOHBI ITOME-.
LWEHNA; phibBl, KaK Bbl YBHAHTEe, OVAYT njiarath $6e3pasinyio BO BLEX
HAapaBJACHMAX; BCe NaJalolMe Kamid NomaAyT B NOACTABJCHHBI
COCYXA, U Bam, Opocad Kakoi-HHOYAb MpeiMeT, He Npuaetcs 6pocarb
ero ¢ GoJspiiefi cHAOH B OJHY CTOPOHY, uYeM B APYIyiOo, ecad pac-
CTOAHHsT OYyAYT ORHH H Te Ke; ¥ ecan B OyieTe IpPHIrate Cpasy
IBYMs HOraMmH, TC CjJefaeTe MPbLiXKOK -Ha OJHHAKOBOE DACCTOSIHHE B
moboM Hanpapaeuud. [Ipuniexno pabmopafite Bce 3T0, XOTs y HAC
He BO3HUKAET HHKAaKOI'0 COMHEHUS B TOM, UTO TiOKa Kopalab CTOUT
HEIOABUKHO, BCE JO/LKHO MIPOHCXONHTH HMEHHO TaK. 3acrasbTte Te-
nepb Kopaluib ABHrathcs ¢ JoGOH CKOPoCcThiO U TOrja (eCas TOJBLKO
IBHIKeHHEe OyjeT paBHOMEPHBIM M 6e3 Kadku B Ty H APYTYI0O CTOpO-
HY) BO BCE€X HA3BAHHBIX $IBJCHHSAX Bbl He 0OHAPYIKHTE HH MaJjeiiie-
TO H3MEHEHHS M HH [0 OJHOMY K3 HHX He CMOXKETe YCTaHOBITE,
IBHIKETCST Ji Kopabab HJIH CTOHT HENOABHIKHO®.

Hanee Tanunelt nopuepkuBaer: «¥ npHYKHA COTZIACOBAHHOCTH
BCeX 5TUX SBAEHUI 3aKJIOUAETCA B TOM, UTO ABIKEHHE Kopadjas 006-
‘[le BCeM HaXQUSIUMMCSH B HeM [NpEAMeTaM, Tak Ke Kak K BO3AyX;
IO3TOMY-TO s H CKasaJjd, YTO Bbl HOJIKHBI HaXCAHTCA 104 many6of,
TaK Kak ecau Obl Bol Oblid Ha Hell, T. €. HA OTKPBHITOM BO3AYyXe€,
He cnenyoomemM 3a OeroM Kopabssi, To AOJMHBE Obuid Obl BHReTb Go-
Jee WIH MeHee 3aMeTHBlE Pas3jiHudsl B HeKOTOPBIX H3 Ha3BaHHBIX
ABJICHH I, '

Takum ofpasom, [anuneli yTsepxkpaer, uto B kKopabie, cHayanaa
HEMOABHIKHOM [0 OTHOUIEHHIO K Jemje, a 3areM HAYLIeM 10 OTHO-
LHIeHHI0 K Hell ¢ MOCTOSIHHON CKOpPOCTBIO, BCE fABJCHUA NDOTEKAIOT
COBepILieHHO onnHaxoBo. CueBHJHO, TO K€ CaMOe MOXKHO cKasaTb H
'IIpo aBa KopaOssi, OAMH H3 KOTODHIX CTOAT, a APYILCH JABuHIKeTCs
C MOCTOSIHHOH CKOPOCTLIO MO OTHOIIEHHIO K 3emie (4 3HauHT, H K
nepsomy kopabmo). Eme Gosee ofime MOXKHO CKa3aTb:

B jo6eix cucremax oTcueTa, ABMIKYIIMXCS [0 OTHOLIEHHIO APYP
K Jpyry ¢ MOCTOSHHBIMH CKOPOCTSIMH, BCe MEXaHHUECKHE SBJICHUA
NpoTeKkaoT OAHHAKOBO INpH, OAHAKO (4TO HE cKa3aHO sABHO [amue-
€M), ONMHAKOBHIX HAYaJbHBIX YCJOBHSIX M OAMHAKOBOH OKpy:Katomei
o0cTaHOBKe (OAMHAKOBLIE CHJIbl, OJWHAKOBbLIE CPEIbl, BO3AEHACTBUS
urop) '
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M3 3TOr0 CAeLyeT Mpexie BCero, uro eCU OflHA M3 CHCTeM HHep-
LHajbHA, TO H BCE OCTaJIbHble, ABHKYMIKECH pPaBHOMEPHO [0 OTHOLIE-
HHIO K Tepsofl, Toxke OyAyT HHEpLHalbHBIMA, M Takux CHCTEM,
OUEBHIHO, GECUHCJIEHHOE MHOMKECTBO.

Ecay ~ Tenepb Hab/ofaTh 32 ABHXCHHEM HEKOoero Teja 43 JIBYX
WHEepUHMANBHBIX CHCTEM OTCYeTa, TO IpH OfMHAKOBOCTH HayanbHBIX
ycnoBd# (Vo H Ty) MO OTHOLICHHIO K 5THM JByM CHCTEMam OTcueTad
CIBHKeHHe HMHTEPECYIOMEero Hac Tesa B o6enx cucremax orcuera Oy-
JeT BHITJIAJETh COBEPUIEHHO ~OJMHAKOBO. TakuMm o06pa3oM Mbl C He-
OGXOQUMOCTBIO MPHXOJHM K BBIBOAY O TOM, ‘

4TO C TOYHOCTBIO JI0 HAYAIBHBIX yCAOBM
ABMMEHMsI HaOgloflaeMoro Teja BCe MHEp-
LMATbHBIE CHCTEMBl OTCHETa IKBHUBAJCHTHDI.

D10 u ectb npuHnun amuies B camoit Kpatkofl GopMyJIupOBKE.
[anee, mycTs HMEETCA HEKOTOpAs HHEPLHAIbHAA CHCTEMA orcuera A
1 1O OTHOLIEHHIO K He#l Apy-
rags cucrema A' JBHxkercs C
IOCTOS/HHOH CKOPOCTBIO (PHC.
37), TaKk 410 OCH KOOpAHHAT
cucrem A u A’ nmapasesnbHbl.
Jlanee, [yCTb TIE-TO JABHIKET-
e marepuanbaas Toyka N,
xotopast umeer B cucreme A
cKopocTh Vv, BoOOWE roBOPH,
penoctosiuyio. ITpoesem K N
palMyc-BEKTOpH T H I/, onpe-

% nessiompe nonoxenne Tena N

Puc. 37 B cucremax A n A’ (puc. 37)

u R, onpenessioulHil MoJ0-

seude Hauasa oOTcuera cHerempl A7 B cHCTeMe A. OueBuiro

r=R-}r. H
TudpeperHunpysi BO BPEMEHH 3TO paBeHcTBO, MOJYYHM, Hojarad,
yro {==1t--const, a 3HaUHT, dt =dt": '

dr __dR A0 :
di — df ' dt?

3

uau
v=V-V, 2

IIe Vv — cKopocTs Tela N 10 OTHOLIEHHIO K CHCTEME A, VvV — cKo-
pOCTb '3TOTO K€ Teja MO OTHOUWEHHIO K CHCTEME A’, V— CKOpPOCTh
cHcTemsl A’ OTHOIIEHHMIO K CHCTEME A.
Judpepenunpys (2) no BpeMeHH, MOTYHUM
‘ dv __dV | av
@ = ar * @

80



dv'

‘ av dv
g Tak kak V==const, To ——~=0, a notomy —F = g WM

dt

\

a=a, , (3)

§, € A1 HaGmopatesell, HaXONSIMHXCS B. JBYX JIOOIX CHCTeMax
oTcueTa, ABMKYIUKXCH [0 OTHOLIEHHIO APYT K APYT'Y CO CKOPOCTHIO
"V =const, yckopeHus Bcex HaO/IOfaeMblX TesJ OXWHAKOBEL. ¥ paBHe-
pust (2) ¥ (3) monydueHsl B NMPENNONOKEHHH, yTo Af=Af{, T. e. HH-
TepBajbl BpeMEHU MEXIY [BYMS ONHHMH H TEMH 3Ke COBHLITHAMH
B cucremax A u A’ cosnagawr. O6byHO nosarawt t==¢, T. €. cud-
FalOT, YTO wYackl B cucTeMax orcuera A w A’ HMAyT OAMHAKOBO,
a R=V{ (unu Ry=0). CooTHOIEHHS

r=Vt}r, @
t="t (5)

Ha3BIBAIOTCA npeobpasoeanuamy [aauses W NO3BOJSIOT, 3HAA r Tesa
B OJHOH cucreme A, Ha¥iTH 1’ 3TOro Xe Tena B apyrofl cucreme A’
JBHXKYUIEHCs] IO OTHOLIEHHIO K IepPBOH CHCTEME CO CKOPOCTBIO V=
= const.

Ypasueuue (5) yTeepxKA4deT, UTO BpeMsT TeyeT B o0eHX cHCTeMax
A u A’ oxuHakoBo. B uacTHOCTH, eC/id JBOE COBEDIIEHHO OAUHAKO-
BHIX UYacOB OfHAXJLl CHHXPOHH3MpOBaHnl B cucreMax A u A’, To

NIOKA3aHMS 3THX 4YdcoB OyayT Bceraa ONMHAKOBHL. Ecim Teneps,

NOJb3YsiCh 3THMH UacaMi, H3MepsThb JJIHTENbHOCTb NPOTEKaHHs Ka-
kKoro-nubo npouecca (MOXbeM KamHs, BHIMOJHEHHe KakoH-1u6o pabo-

THl H T. 1.), TO OHa OK&XKeTCs OJHHAKOBOH H MO yacaM cHcTeMbl A

<

4 0o vacam cuctembl A’, T. e,
Af =AY,

Kpome Ttoro, B KjaccHuecKofl MexaHHKe CUHTaeTcs, YyTO Macca Tefa
BO BCEX CHCTeMaX OTCYeTa (M B HEHHepPLHAaJbHBIX TOXKE) OJHA H Ta
xe, T. e.

m=m, 6)

Hanee, paccrosnusi Mexay MoOBIMM IBYMS TeJaMH (Martepuanb-
HBIMH TOYKaMH), H3MEDEeHHbie B OJHUH H TOT XK€ MOMEHT
BpeMmMeHH M3 JOOBIX JBYX HHEDUHAJBHBIX CHCTEM, OJMHAKOBLL.
LleficTBrTeNIBHO, MYCTh HMEIOTCS JIBE MaTepHaNbHbIe TOUKH 1l u 2,
panuyc-BeKTOPEl KOTOPBIX CYTh Iy, Ig,"I; M Iy B cucTeMax A u A’
COOTBETCTREeHHO. Torja Ans HUX HMeeM

o= Vi + l';,
_ r=Vi-4ri.
Buiuntas, momyumw
’ Arg, = Al'c;,h

T. €. OTHOCHTe/bHOE MOJIOMEHHE IBYX JIOOBIX MaTepHalbHbIX TOYEK
OIHO M TO e BO BCeX HHEePUHAJbHBIX CHCTEMAX OTCYeTa B O }_IHH
HTOT XKe MOMEHT BpeMeHu.
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Judiepetupyss 270 paBEHCTBO MO BPEMEHH, MOJYUUM

Va,1 == Va,1,

T. € OTHOCHTEAbHAS CKOPOCTb 3THX MAaTepHAjbHBLIX TOUEK,
H3MepeHHas OLZHOBPEMEHHO B HECKONBKHX CHCTEMAaxX, TOXKE He
3aBHCUT OT BbIOOpA HHEpPUHANBHOH CHCTEMBI OTCUETA.

UpespbiualiHo BaXKHO OTMETHTb, YTO BXogsmue B (1) — (B) Besi-
YHHBL Haf0 H3MePsATL, T0Jb3ysCh AJAsI 3TOTO KAKHMHE-TO CHTHaJaM¥,
uaymnMg o7 nadjojareas K a3mepsenoMy obwexTy, H HaoGoporT. 3a
BpeMS e IPOXOKAEHNA CHIHAMA 3TH BeAUUMHEl KAK-TO HAMEHATCH, T. €.
UHQOpMaLHA O ERHMieHHH OGVAET HDHXOAHTBD K HCCJAENOBATENO C 3a-
nasipiBadueM, [lostomMy HAZo Osi10 6Bl BHOCHTDH “COOTBETCTBYIOUIKE
NONpPaBKH B 3TH PABCHCTBA, TEM OOJbUIHE, 4eM MeJjeHHee pacnpo-
cTpausercst curual. B ypaBrenusix we (l)—(5) stux nomnpasox
ner. Ho 310 o3Hadasrt, UTO MLl NPEANONAraes CyIeCTBOBAHHE CHT-
HAJO0B, CIOCOGEBIX pacnpecTpaHarscd ¢ (ecKOHeUHoil CKOPOCTBIO.
Taknx e CHTHaJNOBR, Kak NOKa3bIBaer onwr, He cymecrsyer. losto-
MY fICHO, uTo npecbpasopaunud [anunes, -He yYUTHBAOLKE KOHEYHO-
CTH CKOPOCTH paclPOCTPAHEHHS CUTHAJOB, HBJSIOTCS NpHOJIHKEH-
HBbIMH ¥ BePHBIMH JAHIL TOTAA, KOTJA CKOPOCTH BCEX TEJ HHUTOKKLI
MO CPABHEHMIO CO CKOPOCTBIO CHIHAJOB, € IOMOMIbIO KGTOPBIX HPO-
U3BOJUJIOCH NOJydeHle HHPOpMauud o JBukeHHH Tei. [lo srtof ae
npuukHe paBeHcTBA (1) — (4), sSBJSECINHECST C MATEMATHUECKOH TOUKIL
3PEHUS] NPOCTO CIeACTBUEM NpaBu/ia C/IoKeHus BeKTOPOB W IIpaBh.l
JHpgepeHINPOBaHa UX, ¢ (U3KUecKOll TOUKU 3PeHHsl, IpenoJarar:-
Ied H3aMepeHHe BXxoaamux B (1) — (4) BeaAHYHH, ABJASIOTCS BOB(2
He TpuBHaibHMU. OHH ecTh ofofliedde O bl TH B X (hakToB, HAKOM-
JIEHHBIX K MOMEHTY CO3JaHufl KJacCHuecKod mexaHuki. OHH SIBJIS -
I0TCS B TOH 2Ke Mepe NpUOJHKEHHBIMU YTBEPKACHUSAMH, UYTO M 3aKOHLI
Hriorona.

B kiaaccuueckodl mexanunke HpbioToHa Bce CHJBI B3aHMOAEHCTBE
MEKLY TeJaMHu CUHTAJUCh 3aBHCSLUMH TOJBKO OT OTHOCRTEJ b-
HBI X HOMNOXKEeHHH MU OTHOCHTEJbHBX CKOpPOCTeH 3TkX
TeJ, a 3TO 3HAUUT, UTO JJs JOObIX [ABYX TeJ CHJbl UX B3aUMOLELi-
CTBUSI OAMHAKOBHL BO BCeX HHEpPUUANbHBIX CHCTEMAX OTCuyeTa, T. €.

F=TF"

Ho Torpa us
m—mn', a=a u F=F
cJenyer (PyHAAMEHTaAbHbIH BBIBOJ, UTO BUJ BTODOrO 3aKOHA AUHAMHKH

BO Bcex HHepLHAJBHBIX CHCTeMax OTCUETA OJUMHAKOB, T. €. LI Jio-
Goro Tena HMET MECTO paBeHCTBa ’

a=T1 y P _p (7)

m Cdt T
M3 Kakoil Oul rajujeeBoH CHCTEME! OTCuera Mbl He Babmozain TeJo.
&2



To 2Ke camoe OTHOCHTCSI U K TPETbeMY 3aKOHY, T. €. F;, = — Fy;
B Ji06OH MHEepUHANIBLHON CcHCTeMe OTcueTa A JMOOHX IBYX Tel { H k.
Orcrona cnefyer eme ofHa (opMyJaHPOBKA npuannuna lanumesn:

P Bo BCEX HHEPUHAMBHBIX CUCTEMAxX OTCYETA
BHYJ 3aKOHOB JHHAMHKH OJHHAKOB.

Majio Toro, BXoAsdmMe BO BTOpoil 3akon HbloTOHA BeNMYHHBL
HMEIOT OJHHAKOBOE€ YHCJECHHOE 3HAUYeHHE BO BCEX HHEDIUAJBHBIX CHC-
TeMaX OTcueTa (d4ero, KOHEYHO, HeJb3sl CKasaThb IPO V H T), T. €.
HHBAPDHAHTHDLI IO OTHOMEHHUIO K Hp306pa3OBaHHHM raﬂﬂﬂeﬂ.

BosBpamasch K CKasaHHOMY B Hauajge 5TOro maparpada, T. e.
K ypaBHeHHAM

( i
viy=vi+ | ot

i
¢
r(t)=v,+\v()ar,
o

MBl BHJKM, YTO V U T B Pa3/JHUHBIX HHEPLHAJIBHBIX CHCTEMAX OTCUETA
OTJIHYAIOTCT TONBKO H2-3a Ha4aJbHBX YCAOBHIL

Ot cxopocTefl 1 NOJOMKEHHH 3aBMCAT-HMIYJIBCH Tel M UX 3HEP-
rus. 3HAUUT, B pPasHbIX CHCTEMAX OTCUeTa MMIYJAbCH TeJX M HX
SHEPTHN pasaudHbl. OfHAXO 3aKOHBI M3MEHEHHs MMNYJLCA W 3HEPTHU
BO BCEX KHHEPUHAALHBIX CHCTEMAX OTCHETa HMEIOT OJdHAXOBYIO
Gopmy.

B oruHomennyu saxkoua H3MEHEHHT HMIyJbca 3TO AcHO (M. (7).

Iloxazem, 4TO M 3aKOH H3MEHEHHS KHHETHUECKOH 3HEePTHH HAEET
ONHMH M TOT e BHUJ ((hopMy) B IBYX Pa3sHbIX HHEPLUHAJbHLIX CHCTE-
Max orcuera A n A’. Ilycrs B cucreme A 3akon umeeT dopmy

Fodrma (), ®

‘ HOCKOJIbe B COOTBETCTBHUH C Hpeo()paSOBHI/IHMH Tanunest nmeror
MECTO paBeHCTBa

dr=dR --dr/,
v=V-+V,
TO, IoJACTanJsisg 3TH 3HAaueHusd dr U V B paBeHcrso (8), noJIyyuM

FdR -+ Fdr =d [—’;i (V22V.v -+ v"’)]

Tak kak
d{mVVv)y=mVdv' =mVa'dt =ma’'Vd{ =madR = FdR,

HWId ¢ yuyeroMm TOro, uto V= const,

FdR 4-Fdr'=d (mV -v')-Ld (m;/
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TO

FdR+ Fdr' =FdR+d (™).

Ipusons nopobHbie useHbl, mojayuum ¢ yuetom F=F u m=m'
paBeHcTBO | .

P =a ("),

KOTOpOe OT/HuYaercsd oT (8) ToAbKO HaauddeM wWTPuxoB (ScHo, uTo
Besfie MOxHO Obwio Owl nucath v* H v BMecto v? u v™)

Taxum o6pa3oM, 3aKOH H3MEHEHHS] KHHETHYECKOH SHEPTHU HMEET
ONMHAKOBLH BHJA B OOEMX HHepUHaNbHBIX cHcTemax A u A'. flcHo,
4TO ¥ B HHTerpanbHOil ¢opme oun Gyger nunverh B cucremax A u A
OJMHaKOBb BHJ; HMEHHO: B chcreMe A

A+ Ag=AE,
B cucreme A’
A -+ A g=Ar.

Wrak, 3aKoHbl AMHAMEKH HE MEHSIOT CBOeli (OPMBI IpH H3MeHe-
HHM KOODJMHAT, OGYCJ/IOBJEHHOM CMeHOM A Ha A’, HiH, KaK ToBOpPHT,

3aKOHbI JHHAMMKM KOBADHAHTHBI 10 OTHOLLIE-
HHUIO K npeolGpa3zoBanuam [aaunes.

[TosTomy 3aKOHBI MEXaHHKH, yCTAHOBJEHHbE B OJHOH HHepUHAMb-
HO/ cHCTeMe .0TcueTa, ClpaBefJIHBb H B Mo6ofl Zpyroil HHeplHalbHOHA
cUCTeMe, ¥ HeT HAJOOHOCTH OTHLICKHBATL HOBBIE 3aKOHBI MEXaHHMKH
AN HOBHIX HaOMozaTeell B HOBBIX CHCTeMax oTcueTa. B stom oTHO-
IIeHHH BCe MHepIlUa/ibHble CHCTEMBI OTcuyera 3kBuBasieHTHRl. Hago
TOJIBKO IIOMHHTb, YTO OHH H€ 3KBUBAJEHTHH B OTHOLIEHUH HaYalsb-
HbIX YCJOBHH M TeX BEJMUHH, KOTCpPble OT HayasbHHIX YCJOBHI
3aBHUCHT.

UpesBbiuafiHO Ba:KHO OTMETHTH TOT (hakT, 4TO B 3TOM naparpade
BCiofly Gurypuposanu JHUMIb CHJBL, HE 3aBUCSAIUME OT CKOPOCTEH Tel
10 OTHOHIEHHIO K CHCTeMe OTCuera.

Ecqu e yuecTp Takue CHJBL, TO HaXO clenath OTOBOPKY O TOM,
uTo A/ HHX CKasaHHoe Bblllle HeBepHo, a motomy npusuun lann-
Jed cJaelyeT uuTaTh Tak:

Jns cui, He 3aBMCAIIMX OT cKopocTed Ten

N0 OTHOIIEHHIO K CHCTEMe OTCYETAa, 3aKOHbBI

AMHAMHKH KOBAPHAHTHbI MO OTHOLNEHUIO K
npeobpasosanuam Tanures.

B Teopun OTHOCHTE/NBHOCTH OrpaHHueHHe, 0O0yCJOBJEHHOE Haju-
uyueM cudl F=F (v), cuumaercs.

MoxHo ckasaTe, uTO NPHHUMN OTHOCHTEABHOCTH [anunes aenut
Bce (U3HuUeCKHe BeJHUUHLI Ha abCOMIOTHbIe (He 3aBHcslHe OT BHIGO-
pa CHCTEMbI OTCUeTA, OJUHAKOBHIE AJS BCEX HHEPUHAJBHLIX HaGMIOA3-
Tejiel) M OTHOCHTe/bHble (TaKHe, 3HAYEHHE KOTOPbIX 3aBHCHT OT
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- puibopa cucreMsl otcuera). K mepBeIM OTHOCATCHA, HanpHMEp, AJMUHA
Teja, €ro O0ObeM, OTHOCHTE/NbHBIE MOJIOKEHNS H OTHOCUTEJbHbIE CKO-
POCTH DAa3/NMUHBIX TeJ, YCKOpeHHe, Macca, Cu/a, SHEPrus B3AUMO-

JIEHCTBHSI; KO BTOPBIM — NOJIOXEHHE Teld U HX CKOPOCTH IO OTHOLe-
" HMIO K CHCTEM& OTCueTa, WMHAYJIbChl, KHHETHYeCKas 3JHeprus.

Mul Tak noxpo6HO pa36upany NPUHLIUN OTHOCHTENBHOCTH H CBH-
3aHHBIE C HUM COOTHOLIEHHH H3-3a TOTO, YTO MPUHIUI OTHOCHTENb-
HOCTH B (DH3HKE Hrpaetr HCKJIIOYHTENBHO BaxHyl0 poab. [IpuHuun
oTHOCHTENbHOCTH [anunesi, o6o6uieHHbIA DHHIUTEHHOM HA HeMeXaHu:
yecKHe $BJIEHHS, IIPOHM3bIBaeT BCe 3JaHHE COBPEMEHHOH (PU3HKH,
M, B YaCTHOCTH, OH €CTh OfHH U3 KPaeyroJbHBIX KaMHeH ORHOA M3
BaKHEAUINX (PU3LYECKHX TEOPHIH — TEOPUH OTHOCHTEJBHOCTH.

Bce pmaapHefilupe COOTHOLIEHHS H 3aKOHB H3J0-
KeHHBble B KHUre (KpoMe ©co00 OroBOPEHHBIX H IIPHUBEAEHHBIX
B§ 20) umewT MeCcTO B HHepPLHAJbHBIX ‘CHCTEMaX
oTrcuera. )

§ 20. Heunepunanbuble cuctembl orcuera. Cuabl wHepuHH

He Bcerpa ynaercs Ha mpaxkthke HabmionaTb HHTEpecylolllee Hac
IBUJKEHNe H3 HHEepPUHUaJbHBIX CHCTEM OTCYeTa, H CTalo OBTb, HALO
yMeThb ONHUCLIBAThL ABM:KEHHE U C TOUKH 3peHusl Habmaiofarteseil, Ha-
XOASAIHUXCST B HEHHEpHHUANBHHIX cHcTemMax orcuera. Jisa  pacuera
JBHKEHH S MaTepHaJbHOH TOUKH HAJO 3HATh €€ YDaBHEHHE IBHKEHHS,
KOTOpPBIM NPH ONHCAHWM JIBUKEHUA B HHEPUUAJbHBIX CHCTEMAax SIBJA-
ercq Bropofi 3akow Hpworona. [loayuum aHalorHuHoe ypaBHEHHE
IBHXKEHHs, BEpHOEe B HEHHEDUHMAJLHBIX CHCTeMax OTCueTa, AJIs 4ero
GyjeM COMOCTaBJIAThL IBHAKEHHIO MaTepHalbHONl ToukH N B HeHHep-
uuanpHOil chcreme orcuera A’ ee Ke JBIDKeHHe B HHepUHaJbHOH
cucreme orcuera A (puc. ‘37).

[Iycrp nawasno orcyera cucremnl A’ 3ajaercsi B cucreme A pamsyc-
BekTopoM R, a monoxkenue Touky N paauyc-BeKTopoM r. [losoxkeHue xe
ToukH N oTHocuresbHo cHcTembl A’ 3ajaeTcsi paauyc-BeKTOPOM r'.
Torga cBsisb MexIy HHMH ONPEREJHTCS PAaBEHCTBOM

r=R--r. M
Ilyers cucrema A’ gpuxercss NPOM3BONBHBIM 00Pa3soM M, Halpi-
Mep, Bpamaercss BOKpYyr ocu KL ¢ yrnoeofl ckopocteio @. Hafizem
Tenmepb CBA3b MexKAy abcosoTHOR (MO oTHOmEHHIO K A) U OTHOCH-
TeJbHOH (Mo oTHOUeHUIO K A’) CKOpOCTsIMY MaTepHajabHO# TOUKH N,
ust yero npopuddepenuupyem (1), pacnucaB InpeaBapHTeNbHO I’ 0O
opram cucremer A’, T. e. yuTs, uTO ‘
r=xi-}-yi-+2k. 2)

Tlpu stom nonyth u3 (1)
dr v i ; , dvoy, df
—l—<dt +o T+ k)+("'ﬁ+-’/—d?+
- , dk 3
- | —)—fz 71':‘_-> (3
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dr .. dR
Quesnpno, - — 9T0 aGCOMOTHAA CKOPOCTh TOUKH N, a ~7 — CKO-
’ . ax' ., |
poctb Hauasa orcueTa A’ B cidcteme A, Benuuupa v = —d—zl—»-i—-

dy . dz . ’
—{—fd{— ],+Ei k' ecrp GpicTpora H3MeHeHdd KoopauHAT X, Y M 2
ToukH N B TOH CHCTeme OTCueTa, OCH KOTODO#i HaNpaBJeHBl IO Op-
tam 1, " u k', 7. e. B cucreme A'. Taxum oGpasom, v — 3TO OTIO-
cuTeNbHAst CKOpocTs Touku N. [Iis yscHeHHS cMbicda IocaeAnefl
cKOOKH B (3) yuTeM, uUTO MPOH3BOAHAR OpTa IO BPEMEHH DaBHa BeK-
TOPHOMY TPOH3BEACHUIO ITOrO OPTA HA YIVIOBYIO CKOPOCTL €ro Bpa-
wenus. Ho torna, ofosgauas CymMMy TpexX U/i€HOB BO BTOPOH cKotKe
OyKBOH V,, NOJYUHM
ve==x'e X '+ yo X i+ XK.
Brinocq 3a cxoGKkH OGUMH MHOKHTENL ©®, MOJTYYIM
vo=0 X & -+yj+k)=0 X1
Takum ofpasom, ecaum cucrema A’ Bpamaercs ¢ yrioBol CKo-
POCTRIO ®, TO BeJHUHHA V,=@ X I’ eCTb HH YTO HHOE Kax CKOPOCTb
KOHIa BekTopa I’ 0 OTHOLUEHHIO K chcrexe A, T. €. CKODOCTb
BpAlaTeNbHOTO JBIEHHS B cucteme A 1ol touxku cucreMbl A,
paaMyc-BeKTOD KOTODOH paBeH B JaHHEH MomeHt t'. MubiMu cio-
BaMH, V, — 3T0 CKOPOCTB (110 OTHOIeHNI0 K A) Tol Touxu cucremel A',
-KOTOPYIO B JAHHBI MOMEHT BpPeMCKI NPOXOANT MarepuansHas Touka N,
npuyeM v, o0ycCJaoBJAeHO ToabKo rpaujenrem cucremsl A, Ho Touxa,
onpeje/afeMas pajHyc-BeKTOPCOM I', yuacTByeT He TOJLKO BO Bpaila-
TEJAbHOM JABHJKEHHM IO OTHOWEHWI0 K A, a ellie H B MOCTYNAaTeJbHOM

[IR ’
CO CKOPOCTHIO V:E' CyMmapHas CKopocTh TOUKH cuctembl A’, onpe-

i

JleseHHod PafABYC-BEKTOPOM 1, €CTh CyMMa obenx CKOpOCTeﬁ, T. €.
dR .
n:V—}—ve: "a,LT—[—(!)X .

3Ta CKOPOCTb HA3bIBAGTCH NePeHocHol ckopocieio, CMbICaT ee, Mojl-
UCPKUBAGM, B TOM, UTO 5T0 €CTh CKOPOCTH (IO OTHOWICHHIO K A) Toft
TOYKH CHCTeMbl A’, KOTOPYIO B JaHHbIH MOMEHT BPeMEHU NpPOXOIHT
HHTCpeCyIoilias Hac l\IaTepHaJIbHaH “TOuKa N.

W3 u310KeHHoro scHo, 4rto =V’ -}-v, He fABJSETCA OTHOCH-

n’t
TeJBHOH CKOpocThi0 TOUKH N, ub0 cofep:kuT B cede charaeMoe v,
KOTOPOe XapaxkTepusyer HE HBH:KEHHe MartepualsHoil ToukH N B cu-
creme A’, a Bpamesune Bektopa r’ B cuctene A.

YuuTEHBasl CKazaHHOe, PABeHCTBO (3) 3amuiLeM B BHJE

V=V, V. 4
Onyckas J0BOJBHO IJINHHBIE BBIKJAAKH, NPHBEIEM Cpasy pes3yb-
TaT AuddepeHIUPOBAHUS paBeHcTBA (4) MO BPEMEHH

a’“r /d R , a1 a*x ., ¢ ady i r
=i b X T — o) (G T G ) 20X,

(IL
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“rae ¢ — PAaccTOsAHME OT MmatepuaspHoil Touku N 0 ocH Bpaule-
nug KL (puc. 37).
Benuunny o
_dzR 1 /ot 2.7
2 =R P+ 0%,
XxapaKTepH3YIOUlyl0 YCKOpPeHHe TOUKH 1’ chcTeMbl A’ MO OTHOLICHHIO
k A (yckopenue B cucreme A 7Ol TOukH cucTempt A’, KOTOpYIO Ipo-
XOIUT B JIAHHBIH MOMEHT MaTepHaJbHas Touka N), Ha3LBAOT nepe-
HOCHBIM YCKOPEHUEM.
- Bemnuuny

e

XApAKTEPU3YIOMYI0 ObLICTPOTY H3MEHRHHS CKOPOCTH MaTepHadpHOH
TO4KKH B cHcTeMe A’, HA3BIBAIOT OMHOCUINEALHOIM YCKOPEHULEM.
Beawuuny
a,—20 XV

HA3BLIBAIOT KOPUOAUCOSHLA, WIIH OBOPOINIELN YCKOPeHLeM MaTepHaNbHOH
roukn. On0 GOYC/JIOBAEHO TeM, YTO MATepHAJBHAsS TOUKA N JBHIKETCS
B cucTeme A’, KoTODasi, B CBOIO OUCPENb, BPAULIASTCA 11O OTHOLICHHIO
K cucteme A.

[Tonnoe ke yckopexne Mma-
tTepuansHoil Touku N B CH-
creme A 6yaeT CKAAILIBATLCA
U3  JIepeHOCHOro  YCKODEHHA
ToukH ¢ cuctemsl A’, Kopioan-
COBA YCKOpDEHHa &, ~artepH-
aqbHOH ToukH N u ee OrHO-
CHTEIBHOTC YCKOpeHus a’:

a=—a,tac+a. (5

BriBenen Bripakenne i Ko-

p!OMUCOBA YCKOPEHHA U3 Ha-

[AAAHBIX TeOMETPHUECKHX CO-

ofpakeHdil A5 YACTHOLO Cay-

uyas IBHKCHHA MaTepualdbHOIll

TOUkH N 10 BpallamoleMycH Prc. 38
LHCKY.

Iycrs matepuanbuas touka N pBukercs B cucreme A’ (muCK,
Bpamaomuics ¢ Yrioso#l CKOPOCTBIO ) C MOCTOSIHHOH B 3TOf CH-
CTeMe CKOpoCThio VM1’ M 3a BpeMmsi df IIepPeMecTUTCs M3 II0JIOkKe-
HUs 1’ B nojomxenue r' —-dr’ 1o OTHOWEHHIO K AUCKY (pHc. 38).

B cucreme A’ ckopocTs V! mOCTOSAHHA, 4 10  OTHOLIEHHIO
K cucreme A 3Ta CKOpPOCTb 3a BpeMsi di NOBEPHETCST HA yroJ
de=wdt, 1. e. usmennrcs Ha dv,=0v dp=v0v'odf, uan c y4eToM
Hanpapjenuil (npasujio OypapyHKa)

dvi=e X v'dt.
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Ho sto me Bce. 3a pBpems df marepuanbhas Touka N ymia or
HeHTpa JUCKa Ha dr’, a 3HAYMT, cTasna ABHUratbcsi ¢ OOJbHIEH CKO-
POCTbIO IO OTHOLIEHHIO K cHcreme A, ueM B MOMEHT f; TNpH 9TOM
dvg=wdr' =wv’ df, a ¢ yueroM HampaB/JeHUH

dvo—o X V' dt.

Kak BugHo, dvy; # dv, paeHBl apyr Apyry. ens ux Ha df, MH

HOJYYHM
dv, 4 dv,
dt.
UTO U SIBJISIETCH KOPHOJIUCOBLIM YCKOPSHHMEM MatepHasbHO#H ToukH N.

Hrak, ecnin B cucreMe A Hexkotopas MmarepHanibHas Touka N
HMeeT ycKopenue a, a B cucreme A’ — yckopenHe a’, 1o B 0O0meM
cryuae 5TH YCKODEHHsi He paBHbl JDYT JPYTy, a CBsi2aHbi (opmy-
a0l (5) mau B pasBepHyTOM BUJE — caefyowelt hopMmyion:

IR LB X — o 20 X 1 . (6)

Bunuo, wro 3a cuer Bpalenus cucteMbi A’ mpaeas wacte (hop-
Myqbl (6) comeprkuT TpH cJaraemeiX. Ilpy @=0 dopmyna cpasy
CYLIECTBEHHO ynpowaemﬂ. B 3TOM CJyuae

i)R erI
t* + =ar -+ de

a, = =20 XV,

- 2

aR
NpHYEM TIEPCHOCHOE  YCKOpEHHE an::ﬁ OJHHAKOBO JAJId BCEX

, d*r’
TOYEK CHCTEMbl, & OTHOCHTeJBHOe a’==__y (ecau Obl ® % 0, TO OpTH
i’, i 1 k' Bpamlasuchy Obl M ITPOU3BOJAHBIE OT HHX He ObIIH Obl PABHBI
2p
HYJI0 U TOrja He umesao Obl MecTa pPaBeHCTBO a’=w>.
CocraBiM Teleph YpABHEHHE JIBHKEHHS MATepHaJbHON Toukn N
B cucreme A. OHO uMeer BHJ
ma=F,
[MoacraBnsia ciolla BbIpaXkeHue s a u3 (D), MONyHHUM
m(an_l"ax_l"a,):l:v
Han
ma'=F — m(a; -} ax).

Benuunny — m (a, -+ a;) HasblBalOT cuaod uHepyuu, KeHCTBYoMmeH
Ha wMatepuanbHyio Touky N B cucreme A’. OGosHauas 3Ty CHAY
uHepuuK Oykpo# @, Noayuum

CileBa CTOUT INpOM3BeJeHHEe MAcChi Teia Ha €ro OTHOCHTEJNbHOE
(no ormowennio Kk A’) yckopeHHe, a crnpaBa — CyMMmapHas CHJAa,

JeHCTBYIONIAasl HA 3TO TEJIO C TOUKH 3PeHns Habmomarens cucteMel A’
ITosromy ypaBHeHHe (7) eCTECTBEHHO CUHTATb ypaBHEHHEM ABHXKEHHUS
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L N » : d*x'
g Tepuam:uou TOUKH B cucteme A’ (Ipu 3TOM, OfHaKO, &’ = Ti?ﬂ‘i!+

2y, d ,
i ,+dt2 , @ HE Ttrz npu  BpalleHHH CHCTeMbl A’ OTHOCH-

TeJIbHO V CHCTEMbI A)

i

TakuM 00pa3oM, 3aKOH JBHXKEHHS MaTepHalbHOM TOUKH B HeHHep-
mxanbﬂou cHcreMe orcuera A’ OTaMuaeTcsi OT 3aKOHA €€ JBHXKEHHS
’B PIHepU;I/IaJIbHOH CHCTeMe A, Kpome a' £ a, elle U HONOJHHTEJbHOMH
cunoi ® = — m (a, - a;) — cusoit uHepuuu. K3 ONpEJleJIeHHs CHIILI {1
cleflyeT, UTO OHa U.eJII/IKOM onpefensieTcst i JAHHOH MaTepHaJbHOH
Touky N xapax’repom ABHKEHHS CHCTEMDI A" no oruomennio k A
H BEIHYHHOH V.

. Ecaun A’ nBuxkercsl mo oTHOWeEHHMIO K A paBHOMepHO M Ge3 Bpa-
mwenua, 170 a,—a,—0 u ®=0, T. e. B UHEPUHAJNbHHX CHCTEMAX
oTCueTa CHJla HMHEPIMH OTCyTCcTBYeT. B 3TOM ciyuae, ecTecTBEHHO,

ma—ma’.
B cHJIY CKa3aHHOTO MOXKHO CUHTAThH, YTO WHEPUHANBHLIE CHCTEMBI

‘OTCYETa — 5TO TOT YACTHHIHA Cayuafl HeHHepUMAJbHBIX CHCTEM, KOTAA

AR

dts——O H ®=0; B sT0M cAyuae a,=—a,—0, a=a’, D=0 co

_BCGMH BLITEKAMIUMHY OTCI0Aa CACIACTBHAMH.

Ilonesno umerTs B BHAY CJAENyHOLICE:

{. Cuna wunepuun @®=—-—m(a, - ay) He BHI3LIBAETCS UEHCTBHEM
Kakoro-qufo Tejia Ha MaTepHaJbHYIO TOUKYy N, a o0yc/oRJeHa xapak-
TEpOM JBHIKEHHMS cHCTeMbi A’ no oTHomennio XK A, T. e. HEHHEPUH-
aJLHOCTBIO cHCTeMbl A’, U3 KOTOpOH HaGAIOAAOT ABUIKEHHE Mare-

‘puanbpHO#t ToukH N. «Hacrosimue» ke cusel F, ropoxjpaeMbie B3auMo-

JeHCTBMEM TeJ, HE 3aBHCAT, PasyMeeTcsl, OT Xapakrepa ABHIKEHHMS
cucrembr A’. §icHo, uto cuiel ugepuud @ Kak He OOYCJORJEHHBIE

‘B3aUMOJIEHCTBHEM TeJl He YKJAaAbIBAIOTCH B Tpemﬁ 3akoH HbloToHa

B OTJIMUME OT «HACTOSIMX» cua F, O/ KOTOPBIX ClparBelyiuBO «KakK
Thl MeH$l, TaK W 2 Tels, TOABKO B NPOTHBONOJOXKHYIO CTOPOHYY.

2. 3aMmeuaTebHOH OCOGEHHOCTBIO CHJI HHEPUHH ABASETCA TO, UTO
OHU TIPONMOPUUMOHANBHEL Macce ~TejJa, Ha KOTOpOe OHH JiefiCTBYIOT
(4 A7IsT KOTOPOTrO MHUILETCS YpaBHEHHE IBUKEHHMS).

HMsBectHo, uTO TakuM Ke CBOHCTBOM 0G/afaeT M CHJA TAKECTH.
Hostomy DiHmTedH npepioXu/I HX He Pas/iHuaTh H CUUTATh JKBH-
BaJIEHTHEIMH (MpaBRa B TakKHX MaJbiX OOJaCTAX MPOCTPAHCTEA, B mpe-
JeNnax KOTOPBIX CHJZ KHEPIUM H CHJIa TAXKeCTH, BOOGILEe I'OoBOpH,
8aBHCHAILNME OT IOJ0XKEHHA MaTepuaidbHOH TOUKH, CYLIECTBEHHO He
MeHSoTCS).

OT0 NOJOKEHHe HA3BIBAETCH JIOKAJIbLHBIM (MECTHBIM) HPHHIMIIOM
SKBUBAJICHTHOCTH CHJI MHEPLHM H CHJ TSXKeCTH.

Ho rtorma moxuo cuenars ¢yHiameHTa bHBIA BBIBOJ:

B HeuHepMaJbHBIX CHCTEMax OTCHeTa Bce

sIBJeHHsi B MadblX 0OJMacTSX mMPOCTPaHCTBA

NpOTEeKAOT TAK XKe, KaK ¥ B HHEPUHAJLHBIX,
HO ¢ R06GaBouHOH cHiIoOH «TskecTH» @,
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D10 oaHA H3. BO3MOKHBLIX QOPMYJUPOBOK NPHUHIHUNA IKBUBAJELT-
Hoctd diumredna. Ona uypesBeiyaiHO ya00HA JAMs pelueHHs 3ajau
B HeHHEpPUHAJBHEIX CHCTEMAxX oTcuera. ’

3. VYpasuenune ma =F --® ecrp ofofuieHHe BTOPOIr0O 3aKOHA
JMHAMHKH Ha HEHHepIMaJbHble ~CHCTEMBl OTCYeTa H HEPEXOIUT
B «OOBIUHBEIH» BTOpOH 3akoH npu @ =0. .

1. O6oSmasa cxasanuoe, chopMyJupyeM Temephb OCHOBHEIE IOJO-
JKCHUSA JHHAMHKH /sl HCUHEPLHAJALHBIX CHCTEM OTCUeTa:

a) CyLUecTBYIOT TakHe CHCTeMbl OTcYeTa, II0 OTHOWEHHIO K
KOTOPEIM CBOGOAHBIE MATepPHa/bHLIE TOUKH HMEIOT YCKOpPEHMS;

B) B 5THX CHCTEMAX OTCUETA YCKOPEHUS, NOJydaeMble Teaami,
BLI3bIBAIOTCH CHUJAMH (TaK K€ K&K K B HHEPHUANBHBIX CHCTEMAaX);

B) He BCAKasg CHJa OrpaxkaeT B3aHMOJAEHCTBHE TeJs, ‘€CTh CHJHI,
O0YyCJIOB/ICHHbIE XaPaKTepoM IBMIKEHUS RAHHOH CHCTEMBI OTCUeTa.

II. 3axouw wusmesenus p, L' u E' BLINOJHSIOTCS, HO C YueTOM
Jedcteus cua uHepuuu @, Ilpn atoM, ecnn cymma Bcex Cull (BKJG-
yasi CHJIBI HHEPUHH) paBHa HYJIO, TO 3aKOHBI H3meueHus p’, L', £
BHIPOMKAAIOTCS B 3aKOHBI HX COXDAHEHHS.

JametumM, wTO ecaM nHauajso Koopamuat O’ cuerenmm A’ mOMECTHTD
B LCHTDP HHEPUMH CHCTEMBI TeJ, TO MOMEHT CHJbl HHepuuH r, X @
no orHowmenuo K Touke O' Oyjer paped Hymo Hu3-3a re==0. dro
3HAYUT, YTO B TaXoll cucTeMme orcuera (rp=0) cuast uuepunu ©
16 MEHFIOT MOMEHTA WMIIYJbCA CHCTeMbI T@J MO OTHOLICHWID
K Haualdy KoopauHar cuctemul A’. Taxofl BeiGop cucTembl orcuera A’
CYIIeCTBEHHO obseryaeT pelerye 3ajiau Ha BpallleHHEe TEePJOro Tesa.
VivieHHO nmosTOMy npu BblBOJe 32K0Ha H3MeHeHHA- L' Mbi H He YUUTDI-
BAJUW MOMeHTa cuJ @ (1 jaxe He YIOMUHAIH 06 UX CYUIECTBOBAHUH).

Paccmotpum B KauecTse nipHMepa ABMIKEHHE I'HPbKH, HaCarkeHHOH
lia paBHOMEPHO Bpauwiaiowiica BOKpYr Toukd O CTEP:KEHb W [IPH-
KpemseHnsil K Kouny mnpyxunb! (puc. 39). Tlycrs urepunanbras
cucrema A W neumwepuHaabuas cucreMa A’, CBfizaHHad CO CTEpIKHEM,
uMeloT ofmee Havano koopausHat—touky O. Ilycts rupbka jasu-
JKETCST MO CTepP:KkHIO oT ToukH O. B cucreme A Ha THPBKY JAeHCTBYeT
pacTAHyBIIAsics npy:xuHa ¢ cuaoit F,, nanpasjiennofi K Touyke O
¥ 1ehopMHpPOBABIIHHCS B pe3ynibTaTe B3aUMOILEHCTBHS -C THPBKOM
cTepxkeHb ¢ cujyoll Fy,  Hanpap/eHHOH NepHeHiuKYJISPHO CTEPIKHIO
(puc. 39, a). llox pefictBHeM 3THX CHJI rupbKa OyJeT HMETh YCKO-
peHue ' '
_F+F
-  m

a

o T
D10 yCKOpeHHe COCTABJsET HEKOTOPHIfl yrod a 7% 5 ¢ BEKTOPOM CKO-

pocTH Vv, NO3TOMY TpaekTOpPUs TIHPeKH B cHcteMe A Oylaer npex-
CTaBJAATL HEKOTOPYIO KPHBYIO.

B cucreme A’ Ha rupbKy, xpome cua Fy n F,, Jefictylor ele
M CUJBI HHEepLUH

O == —m (2, a) = —m (0% -+ 20 X V).
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4

Tak KaKk B JaHHOM chaydae p =—1', TO
D= — m (—oT + 20 X V).
[TepBoO€ ciaraemoe — LEeHTPOOeXKHAsl CHJla HHEPLH, BTOPoE — KOPHO-
AHCOBA cuna uuepuum (puc. 39, 6).
[lepeas cuma manpas/ieHa OT OCH BpalleHHH, BTopas anTHiapan-
geJpHa cuae Fa. .

2mwrp

Pre. 39

B cucreme A’ 3aKOH ABUZKEHHUS THPBKIL HMEET BHJ
a’: F1 +F2+ (DILG “{‘@u
1t

ITockoneky B cucreye A’ rupbka ABHEETCS BAOJ Db CTEPKHI,
TO cocraBJsioiias a’, nepneHJuKyJasipHas CTEePIKHIO, paBHA HYJIO,
4ro npuBOAHT K Fy 4 @ =0, Ho TOrNA

g = Dt Pus
n

Tax kak H OTHOCHTE/NBHOZ yCKOpeHHe & H OTHOCHTEbHAst CKOPOCTh
THPBKH V' HanpasJeHbl BCE BpemMs 110 NPSAMOMY CTEPIKHIO, TO Tpack-
TOpHSA JBHKEHHS THPBKH B cHcTeme A’ eCTh NpsmMasi JHHHSA.

Unrarenas caMm MoxeT paccMorpeTs cayuail Fy==0, Fo=0 (xorza
HeT NpY:KHHBL HJAH CTepHsl), a Takxke cayuair v ==0.

Pekomenayem paccmMoTpers ABHKEHHE TeJa IO [HOBEPXHOCTH 3eMJH
U3 JIBYyX CHCTEM OTCUeTa: HHEPIHAJTBHOH A, He CBsi3aHHOH c 3emmneii,
1 neuHepuuanbHoii A’, cBssaHnoil ¢ 3emsedl, U CPaBHUTH Xapakrep
ABIEHHS 3TOrO Tesia B cucremax A u A’

Ilosesno Taxme paccMoTperh JBHIKEHHe Tesa, HaXOAAILerocs
B kalune cinyTHHKa 3eM/M K3 3THX K€ CHCTEM OTCuera.

§ 21. duemeHTBHI MEXAHHUKH HAEAIbHBIX XUJKOCTEeH W ra3os

B MexaHuKe KHIKOCTH M rasbl pacCMaTpHUBAIOTCS KaK HEKOTOPbIe
HenpepelBHble (COJIOIUHBIE) CPEABl, XAapaKTeDHBIMH O0COOEHHOCTSIMU
KOTOPLIX SBJSIOTCS HX TEKYUeCTb, OTCYTCTBUE COOCTBEHHOH (DOPMBIL.
910, ecTecTBEHHO, CKA3HIBAETCA W HA HX IOBEJCHUM,
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Yactn XHAKOCTH HJIM rasa, ABHrasich APYr OTHOCHTENBHO ApYra,
HCIBITBIBAIOT CHJBI TpeHus W jaBneHusi. Ecan pefictBHeM TpeHHs
(ero wacTo Ha3bBAOT BHYTPEHHUM) MOXKHO rpeHeGpeub, TO XKUAKOCTL
WIH Ta3 HasblBalOT HieadbHbIM. Ha mo6ofi yuacTOK TaKOH XHAKOCTH
WM rasa MOTYT JIeHCTBOBATH (COIJIaCHO ONpPEfENeHH0 HAEaAbHBIX
KHIAKOCTEH H Ta30B B MEXaHHKE) TOJNBKO CHJB HOpPMAJbHEIE HX
NOBEP XHOCTSIM.

Ilpn pelneHMH JHHAMHYECKMX 3ajad YACTO OKashiBzeTcs Goee
YAOOHBIM MOJIB30BATHCS HE IIOHSATHEM CHJIBI, AeHCTBYIOLIeH Ha KHJ-
KOCTb, 2 MOHWATHEM JNaBJEHURA, KOTOPOE ONPEIENAETCs CleNyioliuy
obpasoM: eciM Ha njomanky dS geificrByer cuna dF,

aF dF - cosa
TO BENHUHHA P = —Fc— (puc. 40) u 6yner Ha3H-
BatbCsl Oagienuem Ha 3Ty maomaiky. OudeBHIHO,
yKasaHHOe onpejieflcHHe MOXKHO 3anucaTh HHaue:
dF-n-cosa

o p ==——pFs—, [le . — MOAyJb OpTa n. Ho Torzna
JABJIEHHE MOXKHO paccMaTpuBaTh Kak CKajspHOe
v npoussefienne dF.n, jeneHHoe Ha Beauuuny dS

dS=asn - __dF-n__ dFdS

Prc. 40 P=—G5 = a5 -

O6biuHO OpT N M BeXTOp IAOMAIKH dS4Hn BmGMpawoT HanpasieH-
HBIMM BO BHYTPb paccMaTpHBaeMOH 00JIACTH; 3TO 03HayaeT A
cXKarol xuakoctH cosa >0 u p >0, a gas pacranyroil cosa<0
H p< 0. Ilo onpexeneHHi0 HAeaJbHOH JKHIKOCTH Ha HEE HE MOTYT
JeHCTBOBATL KacaTesibHble CHJBI, NO3TOMY JJisi HEe YroJ o MOXKeT
6bith uau 0 uauM w, W, 3HAYUT, CUAA, AElCTBYyOMAd Ha ydacTok dS
CXaToOH HAeaNbHOH XHUAKOCTH (MM Ta3a), ONpPENEJHTCS uepes
IaBJieHue Gopmynon
dF=pdS, rre p > 0.

IlaJIee, 0Ka3saJoch yﬂOﬁHblM BBECTH TIOHSATHE 3JIEMEHTapHOr'c
NIOTOKa BEKTOPA CKOPOCTH u¥epe3 IIOIAAKY dS cooTHOmIEHNEM

dd,=vdS.

Hepr,[LHO YACHUTb CMBICH BBezerHon BeJHUHHEL MMeHHO:
drdS __dv

rie dV — o6peM >KHAKOCTH, MNpowemmeil 3a Bpemsa df depes ceue-
Hue dS. TakuMm ofbpasoMm d®, nokasbiBaeT, Kakod 0GbeM XKHIKOCTH
nporteuer .uepes dS 3a Manylo eAMHMIY BPEeMEHH. YMHOXas paBeH-
c¢1Bo dP,=v dS Ha nNOTHOCTDL KUIKOCTH P, noayuuM p dP,==pv dS.
Benuuuny pV—-d ve=20V__ 9P yasuBator naomrocmsro UMnYALCa
dv av av

(o0beMHOH NJIOTHOCTBIO HMIYJbca), a BeaHunny dQp,=pdd,=

d
= ﬁ, ds — INEMEHMAPHOIM NOMOKOM BEKMOPA NAOMHOCII UMIYAbCA YEPES

naowjadxy dS. OueBnaHO, OH 1JOKa3blBaeT, Kakas Macca KHIKOCTH
NPOXOAHT uepe3 IJIOWAZKy dS 3a Manylo eJHHHLY BpeMmeHH. [eit-
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rBUTENBHO,
dv_dm

d(I’p,,_-pd(I’ =g

. TloHsATHE IOTOKA BEKTOpA OKa3a/10Ch BeCbMa YHOGHBIM JUIsi OMH-
can¥s Psfia NPOLECCOB, B’ UeM Mbl ellje GyNeM HMeTh BO3MOXKHOCT
y6enuTECs. 3ameTHM, UTO MOTOK HEKOTOPOro BeKTOpa A uepes moBepx-
HOCTD S KOHEUHBIX Pa3sMEpOB. ONPEAEAUTCS HHTErPaJoM

@A_ggd@A_ggAds

YuTratesb caM MOXKET YSCHHTH CMBICJ 5TOTO HHTerpana jaas chy-
qaeB A=V u A==pv.

Hasiee, BBeeM NOHSITHE AUKHUW MOKA@ KaK KPHBOH, KacatelbHas
K KOTOPOH B KakJOH TOYKe YKa3bIBA€T HAMpaBJ/CHHE CKOPOCTH YacTHIL
KHUIKOCTH B 3TOH Touke. (SIcHO, UTO Tak OIpejescHHAs JHHHUS TOKa
_€CTb "TIPOCTO TPAEKTOPHA HaCTHUB! XKHAKOCTH.) Tpybrod moxa Hasbl-
paercsi o6JjiacTh NMPOCTPAHCTBA, OTPAHUUEHHAS JHHUSAMH TOKA.

YCTaHOBHM Tellepb OCHOBHBIC 33aKOHOMEPHOCTH MEeXaHHKH IKHJ-
‘Koctell (M rasoB), npHueM yixe ceHuyac cleAyeT o0paTHTb BHUMaHHe
"Ha TO, YTO BCsI MEXAHHKA HAEAJNBHBIX XKHUAKOCTEH M ra30B OCHCBAHA BCE
‘Ha Tex ke sakoHax Hbloorona HWam Ha ux cieictsusax. Ilostomy
HeJIBIA PAJ COOTHOWEHHMH, KOTAA-TO HHOTKYJa, KpOMe KaK H3 OIbiTa,
He CJef0BaBIIUX H 6bIBI_UPIX cTanio GhITb, 3aKOHaMM, Temepb
TepedyT B paspsaj COOTHOLUCHHH, ABJSIONUXCH CJIEACTBUAMH HCTHH-
'HBIX 3aKOHOB. 3a TAKHMHM CCOTHOLUEHHSIMH TEPMHH «3aKOH» - COXpa-
HHJICA JIHWbL 10 TPalulHH,

a) «3axon» Iackars -

«3axkon» [MackaJssa rnacur, 4TO IaBjeHHE, OKa3blBaeMoOe KHJIKOCThIO
Ha TOTpPYXKEHHyI0O B Hee MaJylo TNJOLIAJAKY, HE 3aBHCHT OT OpueHTa-
HHu nocAeiHeH, MU, KaK ro- T ZK
BOPUJIH KOTJa-To, AaBJjieHHe,
TIPOH3BOAUMOE Ha KUAKOCTh
(hmu ras), mepegaercs €io
‘OIMHAKOBO BO BCE CTOPOHEI,
Ias nokasatenbcTBa 3TOrO
YTBep2KJEHH ! BRIAEIUM MbiC-
JIEHHO B KHJKOCTH MPSMO-
yrom;nyxo OPH3MOUKY, H30-
pameHHy}o Ha puc. 41,
epenHnst rpanb ee dS Oy-
ZeT umeTr Ha ocH X, Yy, 2 xi
OTpyunaTeabHHE IpO- Puc. 41
Ckuun dS;, dS; u dS;, \
KoBhie rpanu dS;, dS; u dS,—moaoxuTenpHble mnpoeKIuH
Sx, dS, u dS,.
Hycn, Ha TPaHH TNPH3MOUKH JEHCTBYIOT CHJbI J4BJIEHHS

dF = pdS, dF;=p,dS;, dF;=pdS, u dF,=p,dS;.

dF;=p;dS;

dF=pd$s

28 0,45,

>

dFy=ped Sg
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Ecan macca npusmMouku pasHa dm W OHa HMeeT YCKODeHHE a,
,T0 1o Broponmy sakony HeioTona:

dF + dF;-4-dF ;4-dF,-{-dm-g=dm-a,

HJH ‘
dF 4-dF; - dF ;|- dF; - dm (g —a) =0,

HJTH

pdS - pidS; + p;dS; ~+ ppdSy --pdV (g —a)=0,

rie pdV —wmacca mpusmoukn; dV —ee o6bem; p;, p; ¥ pp—— 1aBJe-
nus Ha rpasn dS;, dS; u dS, cooTBercTBEHHO.
TlockonbKy NpH Manbix pasMepax Tea ero O6heM YMEeHbLIaetcs
C yMeHbllenueM JnHeHHBIX pa3MepoB ObICTpee, ueM IOBEpPXHOCTS,
TO WIeHaMH, COJCp:KamuMH dV, MOXKHO npeHe6peub IO CPaBHEHHIO
¢ yieHamu, cogepmauwumu dS. Ho B Takom cjayuae Haue paBeHCTBO
NpHUMET BHA
pdS -{-— pldSl + /‘]J;de + p;vdSk ={.
IPOSKUHX Ha OCH KOODAHHAT MOMYYHM C yuetoM dSy=— d5,,
B mnpoe {OOPAHHAT TONYYH yeroMm dS d
dSy=—dS, n dS.;=—4dS.:
p(—dS.) —+ pidS, =0,
p(— dSy) - p,dS, =0,
p(—dS,) - pidS, =0,

OTKYJA p;==p; ==y, 4TO H TPeGOBaoCh MOKAa3aTh.

6) Ypasuenue Lepryain

Vpapnenne bBepHyann ycranapauBaer CBfI3b MEXAY CKOPOCTBIO
MUAKOCTH B KaKoM-u60 MecTe, AaBJEHHEM XKHJAKOCTH B 9TOM Mecre
M BLICOTOIl 3TOrO MeCTa B CJIYUae CMAyUOHAPHO20 NOMOKa, T. €. TaKoro
1oNoKa, 6 KOMopoM 34 A100ble POSHOLE NPOMENCYMKU 6peMeHil Hepes
a0boe cewerue mpybKu moka npomexaent 0OUHAK0B0E KOAUHECHIBO HCUO-
xocrmu. Ilo ompefesieHHIO CTaUHOHAapPHOrO MOTOKA, HMeeM: B JIOOHIX
dam; __ dmk p:dVi
T a
, uto ¢ yuetoMm dV =dr-dS npuBoauT K

p,-dr,.-dS,- _ pkdr,{dSk
e~ dt

nByx ceuenusix dS; u dS, Tpy6ku ToKa:

. prdVy
T dt

HJIH
pidridSi = pka’rdek.

PasenctBo p;dr;dS; =ppdr dS, unan pdrdS=const naswBaor ypos-
HeHueM HepaspelsHocmy Aomoxa (CTPYH).

PaccMoTpuM  uacTh KHIAKOCTH B TpyOKe TOKa, OrpaHdyeHHYIO
cewepuamu dS; u dS; (puc. 42). 3a BpeMs df XKHAKOCTb mepeme-
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¢ cTHTCS U3 nmoJoxeuus I--I B nonoxkenwe 2—2. Tax Kak KUAKOCTH
“yeaJbHAAg, TO BCE CHJBI CO CTODOHBL CTRHOK» TPYOKH TOKa JeHcT-
BYIOT Ha Hee HOPMAJbHO K NOBSPXHOCTH TPYOKHM TOKA M, 3HAUHT,
oHM paboTel He coBepwaoT. M Bcg pabora coBepulaeTcsi CHJAAMH,
feHCTBYIOMUMH B ceuenusx dS; u dS,. ,

B COOTBETCTBHH C 3aKOHOM HM3MEHEHHs] SHEPTHH HMeeMm

dFdr; - dF dr; = dE,

rie dF; w dF;—cunel, peficTayronue Ha paccMaTpUBAEMYHO 4YacTb
JKHAKOCTH B [-M H j-M cedeHusx; dr; W df; — [epeMemenus JKug-
KOCTH OKoJo cewennit dS; w dS; za mpens df, dE — usmeHenue
3HEepPTHU 3TOH YacTH KHAKOCTH 3a Bpemd df,

Pnc. 42

Tloacunraem dE, Anst uwero yurem, uto dE=FE,~— [, rae E;—
SHEPrusa PAacCMATPHBAEMOH 4YacTH MXHAKOCTH B mojomeHud {—1
(ropuzoHTanbHas WITPHXOBKA), a E,— B 1NOJOXeHHH 2—Z2 (BepTH-
KaJbHas [TPHXOBKA) yepes BpeMs df. [10CKO/IbKY TeueHHe cTalHoHAp-
HOe, TO B JBaKiHl 3allITPHXOBAHHOH 00JacTH pacnpejeseHne cKopo-
Crefl wyacTHll, pacnpeieieHie IJOTHOCTH, a 3HAUMT, H 3IHEpPrus
HE H3MEHUJHCH (MPOCTO BMECTO OJHHUX YACTHIL KHAKOCTH MNPHILIH
Apyrue, COBEPINEHHO HAEHTHUHbE yueAmumM). Ofo3HauuM SHEPTHIO
310i wact KHAKOCcTH Ey. Torma Ey,=E,{-dE; u E\==E,--dE;,
rie dE; n dE;— sHeprud ONHOKPATHO 3AlITPHXOBAHHBIX KYCOUKOB
Kuakoctd okono ceuenuii dS; u dS;. Coorserctseno ¢ sTuM

dE = Ey— Ey=(Ey-- dE;) — (Eo - dE;) = dE; — dE.
3aKOH M3MeHEHHS SHEPrHH NPHMET Telepb BHJ
dFdr;+- dF ,dr;=dE; — dE;.
[ockonsKy ®HIKOCT, TEUeT OT i-ro ceueHHs K k-my, To dS; Mdr;,
a dS;4ydr;, C yuerom 31Oro M TOro, uro dm=pdV npuxoauM
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K PaBEeHCTBY:

dm; - v} dm; - o3
pit ey (04 ghe) =, 5 - am, (] ).

B cuny cranuoHapHocTH noToKa dm; == dm;,' 103TOMY AENs JIEBYIO
yacTb PABEHCTBA Ha dm;, a MpaByw Ha dm;, MOXydnM:

%+%+m=ﬁ+%+%-

[Tockomeky 3TO paBeHCTBO IOMYUeHO A JABYX IPOH3BOJBHBIX
CedeHHH, TO OTCIOAa CJaeldyeT, uTo JJis BbIOpaHHOH TPYyOKH TOKa,
B KOTOPOH CTallHOHAPHO TeYeT MjeasnbHasi MUIAKOCTh (mm ras), uUmeer
MECTO DaBEHCTBO

? —}——2—+gh=const.

Ecny npu 3TOM CKHUMAEMOCTBIO KHAKOCTH MOXKHO NpeHeSpeub (mJs
rasa 310 HCKJIIOUMTENBHBIH cayuait), To p-const H PaBEeHCTBO MOMKET
ObITh 3aMHCaHO B BUJE

p+Tp+ech=B.

Beauuvny B HaswmiBaioT xoxcmanmotl Bepuyasu. B nesofi uactn
9TOr0 paBeHCTBA (DUTYPHPYIOT creayroliie (H3nuecKie BeJHYHHbI:
p— haBjieHue B BHIODAHHOM CeueHuy; —p;——xnﬂemqecxaﬂ SHEpTHS
eUHHIB 00BEMA XKHAKOCTH OKOJIO 3TOTO CeYeHHs (a He AUHAMHYecKoe,
yaapHoe W T. I, JaBJeEHHEe, KaK WHOI'TA CUMTAIOT); pgfl — MOTEHIUAJD-
Has SHepPrusl efyHHIL 00beMa XKHUAKOCTH OKOJIO CeueHHs (a He THApO-
CTaTHYeCcKoe JaBJleHHe, KaK HHOrAa CUHTAIOT); ¥ —— CKOPOCTh 2KUAKOCTH
OTHOCHTEJILHO CT@HOK COCYJa.

3ameTuM, 4YTO ypaBHeHHe DepHyJnH cnpaBelHBO U AJAA KHJI-
KOCTH, naumymex“&c;l no Tpy6e, KOoTopas cama ABMIKETCH YCKOPEHHO
(B npocrefituem ciyuae — 6e3 Bpalledus); TOJAbKO B 3TOM CJayuae
BMECTO g CJIefyeT I[I0CTaBHTb B PaBEHCTBO BeJWuUHHy g =—|g —al,
Tl @ — yCKOPeHHe COCyla, a BMECTO h — BenuunHy H',. . H3MepeHHyIO
He o g, a no ¢’ (cM. B paspese «TAroTeHue» O NPHHUMIE 3KBHBA-
JIGHTHOCTH CHJl HHEDIUH U TATOTEHHS).

B ciyuae nokowouiefics OTHOCHTENIBHO COCYJA KHUIKOCTH 32 4acTh
Tpy6KH TOKA MOKHO B3ATb JIOGYI0 4acTh KuAkocTH. OObidHO GepyT
3a OrpaHAYHBAaIOUIHE TPYOKY ceueHUsl CBOGOAHYH ITOBEPXHOCTDB XKHA-
KOCTH H CeueHHe Ha HYXHOH rayOGHHe. YpaBHeHne bBepuymanu npu
3TOM HNDPHMET BHJ

p -+ pgh == po -} pgho.
OGbluHO BHICOTY H3MEPSIOT OT TMOBEPXHOCTH KHAKOCTH. B 3aToM cay-
uae hy=0, a h< 0 (nanomunaem, uto A>0, ecnu TOYKA JIEKHT
Hau ypoBHeM orcuera, u £< 0 B IPOTHBHOM CJIydyae) U Mbf HOJIyYaeM

p = po— pgh= po+-pgH,
rie obosnaueHo H = —h=|h|>0—raybuHa.
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OrMeTHM ellle pas, UTO ypaBHeHHe DepHysnu cnpaBeinwBo Aasd
pleanbHOrO TMOToKa. Eci B NOTOKE TpeHHe CYLIECTBEHHO, TO ypas-
pyenue DepHysuu naer teM GOJMBLIYIO [TOTPEIIHOCTb, ueM 6oJblie CKO-
pOCTH B IIOTOKE (TPEHHE B I[IOTOKE 3aBHCHT OT CKOPOCTH HYAaCTHIL
KUAKOCTH)., EciM e XKUAKOCTh MM a3 HNOKOSTCA OTHOCHTEJbHO
cOCyAa, TO YpPaBHEHHE BEPHO B caydae JOObIX »KuAkoctell (16o
Fpp==0 npu v=0. Ckasannoe cjenyer u3 BHBOAa ypaBHenus bep-
HYJJIH, KOTOPOE NPOCTO €CThb C/EACTBHE 3aKOHA H3MEHEHHst SHEPTHH
naf  cayuyas OTCYTCTBHsI JuccHnatMBHBIX chi. llostomy B cayuae
BOSHHKHOBeHHS KaKkux-iu6o HeJopa3yMeHUH npH pasbope KOHKPET-
HBIX TIPUMEPOB HAA0 NHCATh caM 3aKOH H3MeHeHHA sHepruu. Oco-
GeHHO uacTO HeJopasyMeHusl ¥ MapajoKChl BO3HHKAIOT NPH MONBITKAX
NPUMCHATL ypaBHenne bepuysin Aas crydas ABHAYLIHMXCSA B IIOTOKE
Ted. DTH NOOBITKH IIOUTH BCerja INpPUBOAAT K napajokcam, HGO
B HHX, KaK HPaBHJIO, HEBepHO Bhibupaercs 1pybka TOKa, H, KpOME
T0ro, B 3THX CJAyuasiX SIBJSIOTCH CYIIECTBEHHLIMH Iepenajpl jaBie-
HMS B TOHKOM CJIO€ OKOJO Tejia H3-32 CYLUECTBEHHOTO TPEHUS B 3TOM
cioe, a 3HauuT, ypaBHeHhe Depuyamu, Boofiie rosops, H mpHme-
HATB-TO HeJIb3$, NMOCKOJBKY OHO 3TOTO TPEHUS HE yuMThiBaeT. B cay-
yae HEHZeaJbHOTO MOTOKA MAKCHMYyM Ha 4TO Mbl CIIGCOOHEI ~— 3T0
Jejarb (B COOTBETCTBHM C ONBITOM) 3asiBJICHHS THMA B TeX UacTAX
NoTOKa, T[Je CKOpPOCTb MeHblle, JaBjeHue OoJbhoie, a B Mecrax
¢ Gonbliell CKOPOCTHIO JaBjeHHe MeHblue». I1ofOOHBIE YTBEpHAHUST
MOXKHO JleJiaThb U J/id Cjyd4as ABHKYINMXCA B XKUIAKOCTH (rase) TeJ.
Ilpu sToM HAl€eTCH B BHAY KaKas-TO CPEeAHSs CKOPOCTh KHAKOCTH
OTHOCHTE/ILHO Tesla B JaHHOM MeCTe — CpefHsifd, MNOTOMY uTO B mpe-
Jlelax TOHKOrO CJI0f OKOJIO TeJja CyllecTByeT OoJsbliOH Iepenaf
(rpamuent) ckopocteil W AaBienuii. Kpome Toro, B peajbHBIX I10TO-
Kax H3-32 HAJHYUsA KacaTeJbHbiX K CJOSIM TIOTOKA CHJI MOTYT BO3-
HHKAaTb BpAallaTelbHBIE MOMEHThI, H XKUAKOCTb B 3THX OOJACTAX MOXET
3aKPYUYHBATbCH — BO3HUKAIOT BHUXPH. :

Hakonen otMeruM, U4TO MPAKTHURCKH HEBO3MOXKHO CJIEJATh TOUHBIH
pacuer AJs cJayuyas NBIDKEHHS peajbHOro IOTOKa HaH (TeM GoJiee)
JUIS1 IBM2KEHHS Tesl B MOTOKAaxX, OCOOEHHO NPH OOMBLIHX CKOPOCTHAX
ABM2KEHHSI; OMIMOKH IPH DpacyeTax CTOJb BEJMKH, UTO NPEAIIOYHTAIOT
NONB30BATECA SMOMPHUECKHMH (GOpMyJiaMH, MOJyuaeMbIMH Ha Moje-
aax. TlosTomy rugpoaspoidHaMUKy peasibHBIX JKIUAKOCTEH M rasoB
HasplBAIOT YaCTO «HAYKOH 00 OOBITHO YyCTaHaBAHBaeMmblX Koaddu-
nyueHrax».

8) «3axcH» Apxumeda

HsBecTHO, uTO Ha MOrpyxKeHHOE B KWUIKOCTb HJW ras3 Teso Jei-
CTByeT BHITAJIKHBAIOILAA (apXUMEJ0BA) CHJA, paBHAS BeCcy JKHI-
KocTy umam rasza B oOmeMe HOrpyKeHHOH uwacTH Tesa. He cuenyer
TiyTaTe 06beM NOrpys;KeHHOH 4YacTH Tesla ¢ OOBEMOM «BBITECEHEHHOI»
XKHakocTd. KcraTi coBepiIeHHO HeSsICHO, YTO TAKOE «BEITECHEHHAM» KM
Kocth, ecsH OHa HHKYDa H3 cocyja He BbiTekaer. [loschum srto

4 MunuManshas ¢wusnka, 4. 1 ’ : 97
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na npumepe. Ilycrb B cocyse uMeercss HeSOMBIIOE KOJHUECTBO KHJI-
koct. Ecam B Takoil cocyl NOTpY3HTh TeJaO, PasMepbl KOTOPOro
MaJIO OTJMYAOTCsi OT PasMEpOB COCYHa, TO NPHM NOTPYXKeHudHu Tena
YyPOBEHb KHAKOCTH MOXeT BecbMa 3HAUMTE/IbHO [TOIHATHCS H IIOTPY-
WEHHOR OKamercst 00JblIasi YacTb Tena, B TO BpeMsi Kak XHIKOCTh
Booflle He BeITecusercsa U3 cocyga (puc. 43). Ecaum ke nog Tepmn-
HOM <BBITECHEHHAs» KUAKOCTh I[OHUMAaThb [ePeMeCTHBIIYIOCS YacTb
JKHIKOCTH, TO OHAa MO 00BeMy TOXKE OmIH4aercd oT o0beMa norpy-
XeHHOl uactu 1ena. Kopoue roBops, 4TO Takoe o6BeM MOrpyIKEHHOI
B 2KM/JKOCTb 4acTH TeNa, SCHO, a MOHSTHE
«00beM BBHITECHEHHOH JKHIKOCTH» — B JaH-
HOM CJyd4ae MPOCTO HEOMpPEeeseHo.

Onpedeaun soumarkusarowyio cuy, Kax
CYMMYy BCeX CHJ JABJICHHS, JEHCTBYIONHNX
Ha 1€/10 €O CTOPOHBl HJealbloil KHIKO-
CTH, T. €. KaK CuJy, OnpeJesNeHHYI0 pa-
BEHCTBOM:

PaCCMOTpHM AJAs1 NPOCTOTHI cayqaﬁ Teqaa,

- — - - MOJIHOCTBIO MOTPY2KEHHOT0 B OAHOPOJIHYIO
- - b KHAKOCTb. B srtom clydae ITOoJIyuuM

Sh— Fa= {{pdS =4} (po-4-pgtt) ds =
Puc. 43 =p0§§ ds_l*@PngS.

[Tepeuift  unTerpan ecTb HyJab, NOCKOJBKY  MIf  3aMKHYTON
TOBEP XHOCTH @ds_—:o (mozoGHO TOMYy, KakK XJis 3aMKHYTOH JIMHUII

§di :0/\. [TonyunBiueecsi paBeHCTBO
Fo— @ pgHdS = pg {} Hds

pacnumeM B IPOCKUHH HAa TIOpPH30OHTaNAb H BCDPTHKaJMb. an/I 3TOM
I0Jy4YuM

Fa ropus — P& @ HdSrOpHav
Fa BEpT — Pg@ HdSBepT-

Jlnst BLIUMC/IEHHSI STHUX HHTErpajoB cjefaeM CJaeiylomee: Ha mpo-
H3BOMIBHOM 3jieMeHTe dS TNOBeDPXHOCTH TesJa Kak Ha OCHOBaHUU
NOCTPOMM JiBe NHJIMHADUYECKHE MOBEPXHOCTH, 06pasyiomas OfHOM
M3 KOTODHIX TODH3OHTaJNbHA, a BTOPOH — BepTHKaJbHA (puc. 44).
TlepBast BbIpeKET Ha [IOBEPXHOCTH 37eMeHT dS;, Jexallui Ha OJHOM
ypoBue ¢ dS, a Bropas — sgemeHT dS,, nexaumid Ha My £ H.

Kak usBectHo, pesy/nTaT HHTErpHpPOBaHHS OT BhIGOpa 3jeMeHTa
uuterpuposanua dS He sasucur., [losToMy MBI NEpBBIEI HHTErpaJ
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GyneM BBHIUMCHIATH, B3SB 3a MNOJLIHTETPAJbHOE BBbIPAXKEHHE CYMMY
(HdS - H1dS1)ropus BMECTO HAS opus ¥ HAS| ropus MOPO3HL (PaHO MJIH
[O3AHO MBI OT nJjomaaxku dS jobpanuch Obl A0 moMajgky dS,,
MOCKOJNBKY HHTerpan Halo OpaTb IO BCeli IOBEPXHOCTH TeJsa).
Ho mockosbKy, no noctpoeHuto Hy=H, 10 (dS - dSi)ropus =0 n,
suaunT, (HdS -+ H1dS))ropus == H (dS 4 dSy)ropus =0, B cuay uero mep-
Bbil MHTErPaj paBeH HYJIO. )

Jns1 BHUKC/IEHHUST BTOPOro HHTErpaja 3a 3J1eMEHT HHTerpUpOBAHHA
BO3bMEM Cpasy napy naowagok dS u dS.. Ilpy sroMm mnosyuum
NOABIHTErPabHOE BhipaxkeHnue B Buie (HdS - HydS,)sepr. M3 moctpoe-
wua dS; cnenyer (dS—+-dSy)sepr =0 niau

dSBepT =—d§; BepTy
N03TOMY
(HdS - HydS3)sepr = Hd Snepr -+ Had S3 sepr = (H — H3) dS;eps.
Ho |H — Hy| ecTb BhICOTa NMJNHAPA, & |dS,ep:] — €ro mnomepeunoe

ceyeHue, H, 3HauuT, !H — Hy||dS,ep:|=dV, rae dV — obvem Beptu-
KaJpHOrO umnJanuzapa. Ho B Takom ciyuae

FAZFnepT:Pg SS l(HdS‘}_H‘zdSQ)BepT! ZPgSS av ZPgV, ‘

rae V — o6beM NOrpyXKeHHOH uacTH Teja (B JaHHOM CJyuae BCETO
Teqa), a pV =m —mMacca XKHIKOCTH B OGbeMe INOrPyKeHHOH YacTH
tena.  OKOHUATENBHO, € i ~
. 7 e P e e
yueToM HamnpasJeHHH mg U — | _.i —_— = —l—
L H

Fa, nonyuaem - - _ -
Fa— — mg. J—%Qi

K rakomy e BHIBOLY
MOXHO NPUHATH U B Gonee
oblneM cJayuae Tena, IO-
IPYXKEHHOTO B  HECKONBKO
HEeCMEUIUBAOIIUXCA KUAKO-
c1ell (pacnosoXeHHbIX CI0M-
MH). DTOT K€ pe3yJabTar
OylerT uUMETb MECTO H g
TesMla, ABHXKYyILerocsda B
HieanbHONR  KHUIKOCTH Puc. 44
UMM HJeanabHOM Trase.

Eciu Tes0 MOKOHTCS OTHOCHTENBHO XKHIAKOCTH HJHM rasa, To Fa—
==--mg U B CJIyude HEHJea/bHBIX JKHIKOCTEH H Tas3oB; 3TO CJIEAyeT
U3 TOr0, YTO BA3KOCTb KHJKOCTH NPOSBJSETCS JHIIb IPH €€ ABH=
JKEHHH; KOrja Ke OHa NOKOUTCS OTHOCHTENbHO Tejd, TO Kacarelbe
Hble CHUJBl MeXKAY TeJIOM H XHJKOCTbIO (ra3oM) OTCYTCTBYIOT U Hall
BbiBOJ| CIIpaBeJJ/IuB H I/ 3TOro cJayuast. B ofulem ke ciydae s
Tesa, JABMIKYINErocss B BA3KOH XKHUJKOCTU (MJIM Tase) ORHO3HAUHBLIM
00pa3soM OMpeJeNuTh BhiTaAKHBAIOWIYIO CHJIY HeJb3s, HOO BeJaHuHHA
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@ pdS Gyzer 3aBuCETh ISl JAHHOH KUAKOCTH OT (GOPMBI Tesaa U CKO-
POCTH €ero ABHXKEHHSI OTHOCHTEIBHO KHAKOCTH, T. €. B 3TOM CJyuae
@pds HEe ecTh TO, HTO HAasplBalOT BLITAJKHBAIOMIEH (apXUMeLOBOH)

CHJIOH.
3aMeTHM, UTO B CJyuae YCKOPEHHOro (Ho Ge3 BpalleHHs) JBHiKe-
HHUsl KHAKOCTH CJelyeT 3aMeHHTh g Ha g'=—¢g—a, a To./a

Fa=-—mg = —m(g — a).

Kax MoxHO yGenuTbCcsi Ha npumepe pasoGpaHHOro MartepHala,
MexanMKa JKHUAKOCTH (MAeaj]bHOM BO BCSKOM CJyuae) CTPOUTCH Ha
saxonax HploToHa, 0 uem MBI H rOBOPUJM B Hayaje H3/0KEHUA
3TOI'O paskeda.



Paszen 1. KOJEBAHUS U BOJIHBI

§ 1. KoaeGanus

B npupoje ¥ B TeXHHKE 4acTO NMPHUXOAUTCS BCTPEUATHCH C MOBTO-
PSIOLIMMHACS NPOLECCaMH — KOe6AHUAMU. DTH TOBTODEHHS MOTIYT
6bITh PEryJsAPHLIME (NePHOANYECKUMH) U HEPETryJsADHLIMA (anepuoam-
yeckiMH). [Ipu 3TOM KosmeGaTesNbHBE IPOLECCHl MOCYT GObITh OMHCa-
BBl OJJMHAKOBBIMH TG (opMe

B 7 ' 4
VPABHEHHAMH  HE3ABHCHMO nartomerid B ameiod some
b pabrobecus )

OT 1TOr0, KakoBa IpHpoza
sTHX Kosebanuit. Heuro no-
ZoGHOe yiKe BCTpedasnoch
HaM B MexaHMKe; B Ipeje-
JlaXx BLIGpAHHOH CXeMbl, He-
BaBHCHMO OT TOIO, KAaKOBO

IBHXKYIEeCs TeJIo, ero ABH- ya
N Boera
XeHHEe OMHChBANOCH COBEp-
UWEHHO OJWHAKOBBIMH ypas-
Puc. 45

HEHMAMH — 3aKOHAMH MeXxa-
HUKU. Tenepb mnepen Hamu
HeCKOJIbKO CoJiee CJOXKHAA 3ajaada — onucath (XoTst Gbl B mpocreli-
meM cjydae) ONHHAKOBHIMH YDAaBHEHHSIMH pasjHuHbE [0 [PHPOAE
xoneGanus. Bnpowem, 3ajasa He Tak yxXK H TpylHa no csoed dop-
ManbHO-MaTeMaTHUeCKOHl Hiee — He BCe JIM PaBHO, 4TO KojgeGJercs —
HIapHK HA HHUTKe, WJIH TOK B ILENH, WJAH elle 4To-HH6yAb? Eciau
nocMoTpeTh Ha rpaduxH puc. 45, TO BHAHO, uyTo B ofoux Cay-
Hagx yYTO-TO IIJ1IaBHO KoJsebJjercsi, Kakasf-To (YHKUIUST NpHHUMAeT
NIOBTOPAIOINECS] 3HAYGHHS 1IPM BO3DACTAHHH CBOErO apryMeHTa.
U Tonbko HasBaHHs OceHl MO3BOJIAIOT CKa3aTh, UTO B OAHOM CJyyae
oro0pakeHbl KoJ20aHHs IOJOKEHHA LIAPHKAa B 3aBUCUMOCTH OT Bpe-
MeHH, a B APYroM — U3MeHEeHHe TOKa CO BPEMEHeM.

He BpaBasice B MaremaTHuecKHe NMOJAPOOHOCTH, NIPHMEM HA BEpY,
" UTO caMble TPOCThie KoJe0aTebHble TPOIECCH OMUCHIBAIOTCS C MOMOLIbIO
-OYHKIHA «CHHYC» H «KOCHHYC» KaKOro-TO aprymesra (rakue KoJe-
6anus HasbIBAIOT FapMOHHYECKHMH, HJIM MOHOXPOMATHYECKHMH).
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TTosepuM TakXKe B TO, 4YTO J0foe CHOKHOE KonebaHHe MOMKeT
OblITh PEACTABJIEHO KaK KaKas-TO COBOKYIHOCTH NPOCTHIX HJH rap-
MOHHUECKHX Konebauuil. Ortciofa ciellyer, 9TO €CJH MBI CMOZKeM
XOpOLIO H3YUHTh MPOCThIE KoJeSaHHs, TO B H3YUEHHH CJ0XKHBIX KoJe-
Gauuil uaeliHeIX TPYAHOCTEH npakTuyecku He OyjeT, Bce Oyaer ynH-
patbcsd B 3HAHHE MaTeMaiHKH (KCTaTH, COOTBETCTBYIOUIMH pasien
ce HashiBAETCs! TAPMOHHUYECKHM aHaJH30M).

[lycres kaxas-To BeMUMHA, sBJAwOWAgCS (DYHKIHEH NepeMeH-
HOH ©, rapMOHHYECKH KOJIEO6IETCs OKOJIO HEKOTOPOTO 3HAUEHMS Zp =10,
NpHHHUMas HauOoJbllee 3HaueHue Z. Torha ee MCHOBEHHOE 3HaueHHUE 2,
T. e. ee 3HAUEHHE NPH KAKOM-TO MPON3BOJLHOM 3HAUEHWH AapryMeHTa,
ONpPEAEIUTCA COTJIACHO CKAa3alHOMY Bbllle PaBEHCTBAMH

i=Zsiny uan z=272c0s¢". (I
B cBo0 ouepelb, apryMeHT ¢ uacro sBJseTCs JHHEHHOH (yHK-
nefl BpeMeHH, T. €.
¢ =0l |- g¢ WK ¢'=of 3
Torpa oxkoH4aTeabHo HMeeM:
7= Zsin (ot 4~ o), uau z=2cos (vt -9,, (2)

1

rie 7 — aMmJiHTyAa KoJaeCaHHH — MAakCHMasbHOE 3HayeHHe KoJjed-
Joleficss BeJIMUMHB 2; Z — €e MICHOBEHHOe 3HaueHHe, T. €. 3HayeHue
14

B MOMEHT f; ¢==ul--9, 1Iu ¢ ==of ¢, — haza Koaebauus; =,
WIH ¢, — HauandbHast ¢asza KosebaHUsd, T. €. €€ 3HAUEHHE B MOMEHT

t=—20; npH 3TOM, OUYEBHIHO, ©;==4 ——% (n6o, utobpl z ObINO oOfii-

HakoBo B pasencrBax (1) m (2) B OfMH U TOT Ke MOMEHT Bpemend,
HeoOXOJUMO COOJIIOJECHHE PABEHCTBA SiN ¢ ==CO0S ¢/, YTO U NPHUBOLUT

14 T o
K ¢ =09 — — UHCJA0  KoseGaHHui

2 At
B eAMHHIY BpeMeHH — ofo3HauuM [ (d4acrora KoJaebaHuil), TO BhIpa-
JKeHHe 2wf, YacTo BCTpeYarouleecs B TEOPHH KOJMeGaHMH, KPaTKOCTH
paan, 0603HAYaKoT 6yKBOI/I ® W Ha3elBaiOT YIJOBOH, KPYroBo# wWiH

UHMKJIUYECKOH uYacTOTOH KojebaHuil. O'{QBI/IILHO,, YTO Nnepuoj Koneba-

WAH == 2o — —-|. Ecan
0 70 2"

At .
Hus T= - ecTb BequunHa ofparTHas yacroTe KojeGaHdll, T. e.

AN
i
Tz;;. YuuTHIBas CKa3aHHOE, NOJVUMM CAeyIOLIHe BLIpAMEHHsS [as

(pa3bl npH HCIIOJb30BAHHU q)yHKLU/IH «CHHYC»:
2t

7 %o
Ecad onucbiBaTb KoJeGaHHA C MOMOLIBIG (YHKIUH (CHHYC», TO:
2= Z sin (ot -4 = Zsin (25t 5) = Zsin [ 5 1),

CroBo «dasa» 03HAUAET «COCTOSTHHEY, «IooxKenne». CMbica a3kl 3aKJIO-
4aeTcd, OYEBHAHO, B TOM, UTO 3HAHHe ee (COBMECTHO C aMIJIHTY/OH)
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' [I03BOJISIET 3HATH 3HAYEHHE KOJIEOMIOMEHCs BENHUHHBL, MaI0 TOrO, 3HA-
Hue (1)3351 1103BOJIsIET C€Kas3atb, YTO NPOHCXOAHUT B JAHHBIH MOMEHT
¢ Koneboluieica BeJUUUHOM, T. €. (pasa onpegensieT cocTosTHie KOJel-
jgiolledicsl cCHCTeMBl B Ka:KIbld MOMEHT BpeMeHu. [leficTBHTeNbHO, ecan
HCKOTOpOE KoJe6aHue ONUChIBAeTCsl ypaBHeHHeM zZ=—=/7SiN ¢ H ecay,

e ™
HanpuMep, B KaKOH-TO MOMEHT (hasa Ko.seGaHus paBHA -, 10 Oue-
Z
BHAHO, UTO Z== 5, T. €. KOJeGMOWasca BeJMuMHa UMeeT 3HaueHue

B [OJOBUHY AaMILIMTYAB; MaJO TOro, B 3TOT MOMEHT Z BO3pacraer.
910 BUAHO TaKxkKe u3 rpaduxka 2z ==z (v} Ha puc. 46.

z(P)=Zsin¥

Puc. 46

U3 ckazannoro o dase sicHO, uTO HauaslbHad (asa ¢, NOKasbBaer,
-1

KaKkoBO cocrosiuue kosieGauns npu f==0. Hanpuwmep, ecan ¢y= =,

TO 3TO 3HAYHT, YTO KOJeOAHHS HAUaJHCh U3 COCTOANNA, KOTAA KOJ1e010-

zZ
madacst BeyjHUdHa UMeJsa 3HauenHe z,— — 5 H B CpBbie MTCHOBEHIS]

yObiBaJa.

[Tose3ago mOMHHTH, uTo rpadHk KoJaebasHHi z B KOOpAHHATAX
z,w! He coBmajaeT ¢ rpadukoM 3THX 2Ke KoJjebaHHh#l B KOoopHHaTax
2, of -, HUToOB U3 NMepBOro MOJy4YHTb BTOPOH, HAZ0 HePBbifl CABH-
HyTe Ha ¢, Ha puc. 47 3To noxkasano AJs cjayuas, KOrja CABHT

- v

Ha @y== — - yxe caeqan. Ilpu takom comocrasiennn rpagpuxos
T e

OTUETJIHBO BUAHO, YIO §y== — — H 4T 5T0 o3HauaeT. (Heckoabko

TI032K€e MBI YBHAMM, UYTO (pa3a HeCeT He TONbKO 5Ty, HO B APYryio uadopma-
LLHI0; OKa3hiBAeTCsl, HATIpUMep, YTO CJOXKEHHEe HECKOJNBKUX KojebGanui
LaeT TOT WM MHOH pesysibraT B 3aBHCHMOCTH OT TOTO, KaKOBO COOT-
nowenne (a3 cocTaBAsIOIUX KoJebaHui.)

UacTo MPUXOANTCS paccMaTpPpUBATL OJHOBPEMEHHO JABA apMOHH-«
YecKHX KoJjie6aHHs W BEOAHTb MOHATHE CABHIa II0 ¢ase 3THX KoOJe-
OGanuf (us, uTO BCe PaBHO, pasHOCTH ¢a3 3THX KoJebanuil) Ag =
= pg—¢,. CMBICA cABHra no ¢asze oCOOEHHO JIeTKO YSCHUTh, KOIla
HauaJbHbie (askl pacCMaTPHBAEMBIX KOJe€0aHHH paBHbl (9o = Pu);

B 3TOM cJyuae

Ag =gy — ¢y = 2rfoly — 2nfity =2x (fota — f1f1) =
=2n (Ng— Nj) =2%AN,
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T. €. ¢ABHr mo ¢hase, JeNeHHBI Ha 2w, NOKa3bIBAET NPOCTO-HANPOCTO
Ha CKOJIBKO KoJeOaHHH BTOpas BeauulHa (2.) coBepmuiaa Gojblie,
yem mepsas {2).

Hanbuefiiiee pasbsacHeHHe cMBICIA a3kl H $a30oBbIX COOTHOMIEHH I
OTJIOXKHM JO PacCMOTPEHHS] KOHKPETHBIX IPHMEPOB.

PaccMoTpuM Tenepb OZHH YacTHBIH cayuyall rapMOHHUECKHX KoJje-
6anuil. MMeHHo, NycTb MaTepHabHAasl TOUKA JABHIKETCH C MOCTOAHHOMN
10 MOIYJIO CKOPOCTBIO IO OKPYXKHOCTH pazuyca R. Torpa ee paguyc-
BeKTOp r OyJeT paBHOMEPHO BpalllaThCsd, a €ro NPOeKUHH X H Y
6yayT rapMoHuuHo KosebaTbcs. IIpu atom

x =R cos (of - vy),
y=Rsin (of -+ o) =R cos [l o — 7).

T T
Bunno, uto Ap, =0, — 9y = (0f 4 @) -— <u>z‘ - 0y — §> =, T. €
X U y KonebJoTcH €O cABArom ¢as Arpx,y-_———g—:———Azpy, e
hz=Zsin(wt+%,)
gt
B3 i} 7] Z; i 3_27;

i

Az=Zsin(wt+¥,)

T 2%

L s
<
" okl

e
____'\‘g;.)

Puc. 47

TakuMm o6pasoM, IBHKEHHEe MaTepHanbHOM TOUKH ¢ v==const no
OKPYKHOCTH 3KBHMBAJEHTHO TOMY, UYTO 3Ta MarcpHajbHag Touka
yyacTByer B JBYX B3aHMHO-NEPIEHAUKYJ/SAPHLIX rapMOHHUECKHX KOJE-

GareNbHbiX JBUXKEHHAX C TOCTOSIHHLIM BO BpEMEHU CABHIOM 4)33 ITHUX

T

. KosieGannil Ha * .

OueBunHo M ofpartHOE: ABAa B3aHMHO-NEPIEHAHKYJSPHBIX TapMo-

HUYECKHX KoJieGaHHst OJMHAKOBBIX aMIVIMTYJ H C IOCTOSIHHBIM CABUTOM
ks o

no ¢ase B == o AIOT B pesysbTarte LBHIKEHHE MATEPHANbHON TOUKH

[0 OKPYXKHOCTH C IOCTOSIHHOH 0 MOAYJIO CKOPOCTBIO.

BriBox Mo:kHO 0606mMThL Ha KoJebanus mo6oi npupoisl. Mmenno,
€CIN HEKOTODHIH BEKTOp A Bpalllaercsi ¢ MOCTOSIHHOH YIJIOBOH CKO-
POCTBIO ® M HE MEHSIET CBOETO MOAyJsl, TO €ro npoekuuu A, u A, sa
0CH, HOpMa/JbHble ®, KOJeGJaIoTCA TapMOHHUHO (puC. 48)

A, = A cos (of -+ 9y),
Ay=A Sin ((Dt-l—ﬁfo). . N
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O6patHo, ecJiM NPOEKUHH HEKOTOPOTO BEKTOPa KOJeG/TCH rapMo-

HUUHO, €O CABUTOM TO ¢aze B i'gl, TO BekTop OyJer Bpailarbes,
ONMUCHIRAS] CBOMM KOHIIOM OKPY?KHOCTb.

MOXXHO 10Kas3aTth, UTO JBHXKEHHE MaTepHUaJbHOH TOUKHM MO JOGOMH
3aMKHYTOH KpuBOA MoxeT ObiThb NPENCTABJCHO Kax .COBOKYITHOCTb
KAKOro-TO 4ilCJia TapMOHHUECKHX LY
goaeGanuil (yxke He OAHHAKO-
poix uacror). Ha puc. 49 npen-

CTABJICHB HEKOTOPBIE CAydad Mo-
JOGHBIX ABIKEHHHA — QUTYPLI a1 A
Jlnccaxy. ‘ y

Yacro ObisaeT HeOOXGAUMO M;j -~

CKJAZbiBATh 1€ B3aUMHO-fi€pIIeH-
JUKYAspHbE KoJeGaHusi, a Ko-
AeGanusi ORAMHAKOBO HallpaBJjeH-
Hhe. Ilpumepom rakux koJeda-
HHUH MOKeT OBITb CapMOHHUECKOe
Kose6aHue TI'MPbKH OTHOCHTENbIHO Puc. 48

TENeXKH, KoJseb/olelicd, B CBOIO

ouepelib, APMOHHYHO OTHOCHTEJIBHO 3eMJH. B 3ToM cayuae uneew

r=r,-+r, WIH r=r;-ry

Tlie rp==Tr;— PaIuyC-BeKTOp IE€PEHOCHOTO HABHKEHHs, T. €. pafuyc-
BEKTOP TEJEKKH OTHOCHIEJbHO 3€MJIH; I’ == ry— PAAHYC-BEKTOP OTHO-
CUTEJIbHOTO J[BHNKECHHH, T. €. PaIdyC-BeKTOp THPLKH OTHOCHTENbLHO
TENEXKKH; I — PALNYC-BEKTOD «a0COMIOTHOTOY [IBHXKEHUSA THPbKH (OTHO-
CUTENBHO 3EMJIH).

Puc. 49

CnpoekTHPOBAR BCE 3TH BEKTOPHI, Hanpumep, Ha oCh Ox, nonyyum

== X1 ~~ Xa.

W nockonbKy X; B Xy KOJMEGMOTCS rapMOHHUHO, TO
x==X; €08 (wyf 4 Po1) 4 X COS (waf =~ Pge).
lonaras nns mpocrorel Xj== Xy= X, nmoayuum

_ By — 0y Poz — Pot wy oy, e b9y
x—QXcos( 5 {4 5 )gos( 5 t+ 3 >
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Takum ofGpasom, pesyabTHpyioLlee Kojebanue yike He OGyrer
rapMOHuueeKuM, a GyJer NPOU3BeJCHHEM JBYX FapMOHHYECKHX KoJe-
Gauuit ¢ uacioraMu (wy— w;) U (w2} ). Ha puc. 50 npeacrasien
rpapuk Takux KojeGanu#. MX MOXKHO TpaKTOBaThb KaK KoJeGaHusi

o Wy @ . g — Yy —
- € 4acTOTOH ——é; H aMnauTyaof 2X cos<‘°~ 5 D1g | Foz . %1> , B CBOIO
o o Dy — O
ouepesib, KoJaebomeica ¢ 4acToToN -5 Taxkue KoJjeGanus 60nb-

[OH YacToThl ®; - ®,, aMIJIMTYAa KOTOPHIX MEHfAETCS ¢ MaJof 4acTo-
TOH ®;— @, HA3BIBAIOT MOOYAUPOBAHHBIMU NO amMnaumyde Koareba-
rusamu. Ecan, ofHaKo, w;=w; ==, TO pe3yJabTUpylouee Kojaebaliue

z(t)

UU fUYUVUUVV'

g 1 2% - 27
TI 7= 7 W urwn
" |
r g
2N _ 2T

6y1eT rapMOHHUHBIM € TOU ke dacTotoff w. JleHCTBHTENBLHO, B 3TOM
cayuae
I Po2 — Dot Vgs + Cot
x=2X cos <~2——> cos(mt—}———z——>.

Qo2 = ¢
OuesHano, NOCTOSIHHAs BesauudHa 2X ‘ cos <°—)°—‘>

Qo2 - ¢
2

Hrpaet posb

aMIJINTYB  Pe3yJIbTHpPYIOUEro KoJefauus, a o HayaNnbHOII

¢asbl sTOrO KoJeGaHHs. (AMIIMTYJAa BCerja BeJHUMHA CYLIECTBEHHO

MOJIOKHTENbHAS. )
B Gosee ofmem ciayuae HepaBHBLIX aMIUIATYA H YacTOT HOJYUYHM

X=X 4 %=X cosu,
rae

X = ]/ Xi Xi 4 2X,X; cos | (25 20) - T 5]

X, sin (@52 + 9o1) - Xs sin (@5 - 9pe)
X €08 (@4f ~ 91) + Xz €08 (@af - 9o3) 7

OTOT pe3y/AbTaT CJIEAyeT U3 NMPaBHJA CHOKEHHS KOCHHYCOB C He-
paBHBIMH aMIIUTYyjAaMi., ['paduueckHil cmocod TaKOro CJIOKEHHS H30-
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6paxen Ha puc. 51. Ilpu Bpamennu BexTopoB R; n Ry ¢ yrioseimu
yaCTOTAMH ©; H ®; UX NPOEKUHMH KoJebmoTcs, oTobpaxas KosieGannst
CKJIaJbIBAEMBbIX BeJIHUHH X1 H Xa (HJIH ¢ H Ya).

W3 cxka3anHOro $ICHO, 4TO Pe3yJbTAT CJAOKEHHS ABYX OIHHAKOBO
HANPaBJEHHBIX TFaPMOHHUECKHX KOJeGaHHH 3aBHCHUT H OT aMILIHTYA
n oT (a3 cocrapasuomux Kosnebauuit. Ilpu satom B ciyuae oy —wy=—o
fosyyaerca rapMOHHYecKoe KoseGaHue TOH 3Ke HacTOTHI, 4TO H COCTa-
pJAoIINe, HO €ro amuaH-

typa X npu 3adrkcupopan- y
Heix X3 u X, onpejensiercs
CABHTOM (pa3 COCTABJISIOMUX R —,
roneBaHUE W HMeeT MecTo T""z s R N
COOTHOLIEHHE y 1 R /
1
[ X — Xo| = X <[ Xi -+ Xo i iy, P =it By
npH ©==|0pn—¢u|=0. ¥ —a- T
la— 2, xp
B cayuae xe HeopnHa- z
KOBBIX YacTOT w; U oy pe-
3yJbTHpYyIOLlee  KoJebaHue Puc. 51

MONYy4aeTCsl HerapMOHHUHLIM
¢ meHsomeics Bo EpeMend ammaunTyroft. [lpn stom u ammantyna
i (hasa pPe3yNbTHPYIOLWIErO KoJeGaHus 3aBHCAT OT BCEX XapaKTePHCTHK
COCTABJISIIOIINX  KOJieOanHil.

Ecnu craagmBaotces KonebaHAs rp M ro HEOAMHAKOBLIX HAmIpa-
BJEHHH, TO, MPOEKTHPYS Bce cJaraemele KoJieGaHHdA Ha OCH X A 4,
IOYUNM JJis NPOCKUMH 3THX KojebaHui

x=Xi+xX2 H Y=Y+ Y

YTO 3KBHBAJICHTHO
r—nmn —l— Ia.

CkasaHHoe MOXKHO OGOOWMTbL Ha cJydail c/0KeHHs MmoGoro uucia
Jo0bIX KoJeGaHHB.

O6parum BHHMAHHE YHTATeJNs Ha TO, UTO BO BCEX CAYYasIX pe3yib-
TAT CJIOXKEHUsI KojefaHull 3aBHCHT OT (pA30BBIX COOTHOLIEHUH cocTa-
BAstOLUMX KoJseGanuil. ®Pasa koneGaHusg — BaxKHelllas €ro xapakre-
puctikal

§ 2. Mexanuyeckue koJebanus

a) Cobcmeernnble KOAOAHUR

Ypasuenue z=Z cos (wf -} ¢,) onuceiBaer KoJjebaHue B NpocTeil
luem cjydae ¥ JHIIL (POPMaJbHO, He BAABAsICh B NIPHUYHHLL, IPUBEALIHE
K TakoMy H3MEHEHHIO 2 (f). DTO ypaBHEHHE SIBJISETCS, B CBOIO OUEPELb,
PellleHHeM HEKOTOPOro NPUUMHHOrO YyPaBHEHHS JBHXKEHHs, KOTOpoOe
B cayyae MexaHHueckux KojebaHM# ecTb BTOpOH 3akoH HreloToHa.

JeiicTBHTENILHO,  IIyCThb MaJjieHbKasi rTHpbKa Maccof m ABHMKETCA
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Ge3 TpeHHsi 10 TOPH3OHTAJBHOMY CTEPIKHIO NOX AeHCTBHEM IIPYIKHHEI
¢ KoahpHIHEeHTOM 2xKeCTKOCTH £ Blosab ock Oz. Toraa, mo Bropomy
sakony HriotoHa, ma==F. Buifupasg Hauajlo oTCUeTa B ITOJIOKEHWH
paBuosecusi, T. e. taM, riae F=0, nmomyuum c ydetroMm TOro, 410
F=——/r,

d.
ma=—kr, w md—;=——kr. .
B npoexuuu Ha ock Oz (puc. 52)
d2
ma,——kz, wim m—vj—::—kz. (H

dt

Ecau O MOrnM peinuTh 3TO ypaBHEHHE, TO MOAyuMad Obl, UTO

z=17sin (V%t—{—@g), i 2==7cos (]/%t—[—cpo).

B stom Jerko yGeIuThCs npsAMOH NOACTAHOBKOH 3TOr0 PeEIleHI s
b ypasuenue (1).
JT0 peueHKe COBMAfaeT ¢ z=2Z cOS (of 4 9y}, €CAH MNOJOKHTbL
k
W= —_
- m
Takum o6pa3zoM, dactoTa COGCTBEHHBIX KoJe0aHW#l TMPBKH OKa3za-
Jlach 3aBuCcslledl OT Macchl THPBKH M XKECTKOCTH NPYXKHMHBI, T. e.
LEJUKOM  OllpejeasieTess co0-
CTREHHO CBOWCTBAMH CHCTEMEI,
B KOTOPOH IIPOUCXOASIT KoJe-
anud.
Bupno, uro 2 =2Z cos (wf4-
—+ ¢0) yroBnerBOpsieT ypagHe-
Huo (1), T. ¢. ABASETCH ero
Puc. 52 pelleHueM npH JioObiX Z H .
2T0 o3Hauaet, YTO AMILINTYAa
co0CTBeHHBIX. KOJe0aHHA H HauadbHas asa kosneOaHuil ompeje-
JAIOTCA  He CBOHCTBAMH CHCTeMBI (KOTOpbie TOJBKO M UIYpi-
pPYIOT B IpHYHHHOM ypaBHeHHH (1)), a ueM-TO JAPYTHM, BHEIIHHM.
Ho uem wumenno? OtTser cjefyeT H3 pacCMOTPEHHS 3HePTHH CH-

cTembl. IToCKOJMBKY B Hefl JEACTBYIOT TOJBKO MOTEHUHAJNbHbIE CHJIDI,
' - mvs  k2?
TO 5HEPTHSI CHCTEMBl MOCTOAHHA, npuueM E=W + U= 22 =5

HO U, =-— oZ sin (of 4 9,), mo3TOMY

me?7% sin® (of 4 0y) | kZ2cos® (of + ;)
E= 5 $o) 4 (2 %

I C yuetoM mo®=4k noJy4um
L g i Loyge oo 1
E=y kZ?sin® (ot -+ @) 5 kZ? cos” (wf -+ ¢4) = '2_'13?2-
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L “2F .
OTKyna 2= ]/ 4 T- € JIst IaHHOH CHCTeMSI Z onpegensercs ee

‘pHEpPTHEH, KOTopylo eif cooéumnu KOTZ1a-T0, HPUBOASl B COCTOSIHHE
JIBHIKEHH .

" Uro kacaeTcsl HauaJbHOH asbl gy, TO OHA, OUEBHIHO, OMpene-
JSETCS COCTOSIHHEM KOJ€6aHHST K MOMEHTY BKJIIOUEHHS 4acoB, T. €.
K MomeHTy ¢{==0. Hanpumep, ecnm uackl BKJIOUEHHl OJHOBPEMEHHO

C BBIBOJIOM CHCTEMbi K3 DABHOBECHS B IIOJOXKHTEJLHYIO CTOPOHY, TO,
T

oueBHJIHO, CP(}:'—-? -

B paspene «/IuHaMuKa» y:Ke TOBOPUJIOCH, UTO COCTOSIHHME JIBHIKE-
- H{Sl MarepHaJbHOH TOUKH OMpEAe/sieTcsl He TOJbKO MPHUMHHBIM ypas-
HEHMEM, HO H HAYaJbHBIMH YCJIOBHAMH Vo H Ty OTO OTHOCHTCS
K KOneGaHusM THPbKH — AJ8 OINHCAHHS €e IBHKEHHS Hal0 3HAaThb
He TOALKO SIBHBIH BHUJ BTOPOrO 3aKOHA JJIst 3ITOrO cCJydasi, HO H
HayalbHble YCHAOBHS Uy, U 24 HO zy=Z cos¢y, a v, =— o Z sin¢,,
T. €. Vo, U 29 MOXKHO HafiTH, 3Hast ¢y ¥ Z. IlpunsTo HasmBarh o,
Zy U Up, — HAUaJbHBIMH YCAOBHSIMH, a Z — CPAHHuYHBIM, B JaHHOM
cayuae HaualbHbic W rpaHUUHBIC YCJIOBHA BBIPAKAIOTCA JEPYr uepes
Ipyra, HO Tak OblBaeT JaJeKOo He Bcerja. ,

3ameTHM 3a0[HO Tenepb, YTO MOBeAcHUE J0OOH (HH3HUECKO BejH-
YHHbI, XapaKTEpH3YIOUlEH HEKOTOPYIO CHUCTEMY, ONpeledasercs ypaBHe-
HHAMM JBHKEHUS, a4 TaKXK€ HAUaJbHBIMH H FPAHHUHBIMH YCJIOBHSIMH
(CoCTOSIHUEM CHCTEMB! B HEKOTODLIH MOMEHT /) H KaKkMH-TO OTpaHH-
ueHHSIMI, HAaK/iajblBAEMbIMA Ha Hee ueM-TO).

d‘
Ilockonbky z u v, <HJIH, YTO BCE PaRHO, Z H 3%) KoJiebJoTes,

TO KOJIEGTIOTCS M BCe BEJHUHHBI, KOTODBIE BBIPAXKAIOTCH 4epe3 HHX.
B paccMmorTpeHHOM cayuae KojeGaHHH THPbKH KOJEOMIoTCS CHaa, Jel-
CTBYIOIllasi Ha THPBLKY, €e YCKOpeHHe, KHHeTHUecKas SHeprus rHpbKH,
NOTeHUUANbHAR SHEPrusi NPYKUHKA H T. 4. llpn stom He Bce BeJu-
YiHBl KOJEeGAIOTCS Tak Xe, Kak 2z H v,. Hanpumep, kuneruyeckas
3HEPr¥sl THPH W IIOTCHLMAJbHAA 3HEPILHA MPYKHUHb KoaebaoTes
E COOTBETCTBHH C PaBeHCIBAMH

A

W= %’—: 5 sin? (of -- @),

k2?  RZ®
U="5== cos? (of -} ¢o).

: 1 4 cos2a . 1 —cos2a .
Nockonbky cos?a= iT——- u sinfa==——-=" 10 KoneGauns W

] U wmoxHO paccmaTpuBaTh Kak Kose6aHWsi € 4acrotoff 20 0koJI0

max

2 2

NOJIOXKEHU A

B mo6ofi cucreme, B KOTOPOA mpOHCXOAAT KoaeGauilsa, uYacTh
XapakTepUCTHK MOXKET KOJe0aTbCsl CHHYCOMAANbHO € UYACTOTOH o,
@ 4acTb uHaue, 6oJiee CJA0KHO, MJHM _C APYTHMU 9acTOTaMH.

2

109




BaxubiM npuMepoM KoJebaHHH sABJsSeTCs KoJeGaHHue IMPbKH, M0]-
BEILEHHOH HA HHTH HEBECOMOH (Miyupy > Mupra), ATHAHOA (Lyyry > Lrupn)
4 HepacTsKUMOHA (pacTaeHue Aly,., npeHelperxUMO MANO O cpaBHe-

L HUIO C aMIIJIMTYZRoH KojeGaHuil); npi
w& 3TOM KoJjieGaHusl B IpOCTeHlieM CJ1y-
yae cydTaloTcs MaybiMH (Z < lyyry).

B stoMm ciayuae umeem (puc. 53)

ma=mg - Q. 2)

[Tockoarky mg -+ Q Hanpasrieno
KYJa-TO BO BHYTPb KPHBOH, 110 KO-
TOpofi IBUXKETCSl IMpBKa, TO Yypak-
HeHue (2) He MMeer BHJAA

9

ma=—kr, uu mg—g—_—»—kr
(3a Hauaso orcuera NPHHATO IOJO-
>Kenue pasHopecHs A) u, sHauwur,
pelienyeM ypaBHeuus (2) ne 6yner
3aBUCHMOCTD r =R cos (of 4 @),
T. €. Koje6GaHua r He OGyayT, BO-
Puc. 53 ofie roBops, rapMoHuueckumu. Ho
ecJH He HHTePecoBaThCH IOBOPOTa-
MU I, KOTODHIE BBHISHIBAIOTCSI CHJIAMM TIepPIEeHAUKYASPHBIME V, U CIIpo-
€KTUPOBATh ypaBHeHME (2) Ha HanpapJeHHe KAaCaTeIbHOH T, TO MHOo-
JYUHM ypaBHEHUE

T

ma, =mg, -+ Q.. (3)
Ecau amnantyna xoneGauuii mana (R<I), Toa~0u B~ g- B stoum
caydae ypasHeHHe (3) NMpPHMET BHA

9

. az ..
=—mgsinz, HIH m——rfz—mgsma. 4)

ma e

T

. r
Hockonpky sinaas - n3-3a a~~0 (310 BHAHO M3 puc. 53), 10 (4)

3anuercs B BUJE .
d®r. mg

Mg =—"7"
m
Honaras Tg=k, HOJYYH¥M YPaBHEHHE
d*r
m—z=—Fkr,

peileHEeM KOTOpPOTO SIBJSIETCA ypaBHEHHE
r.= R cos (0 4 ¢y),

1V E_1 ¢
r,uew_]/m__l/.
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Takum o6pasoM, BeJHYHHA CMEILEHHS THPLKH OT TIOJO0KEHHS
paBHOBECHsT KOJNeOJeTcss TapMOHHYHO C yrj0BOH yacToToit w. S$IcHo,
yTO €CJIH HE MHTEPECOBAThCH H3MEHEHHEM HallpaBJEHUS CKOPOCTH, TO

vtz%%=~ R sin (of - ).

AHaJIoTHYHO OOCTOMT Je/10 H € KacaTeJbHBIM YCKOPEHUEM

du g
a, = —d—; = — G)ZR CcOS (U)t —;‘ (Po)
CocraBagmolias xe YCKOpEeHHus HOpMasbHAs CKOPOCTH (a,) KoaebJercs
yHaue:

v o’RPsin® (of f9,) _ 0*R? 1 —cos (Quf42¢,)
‘“ { -7

al= 5 —_

2 D2 32
=K cos Qut -+ 22)).
Hrak, uacrora KosebaHuil q; BABOE IPEBLILIAET YaCTOTY KojeGaHul r,
v, U 4.

B cuay Bcero ckasapHoro Bhle KoJde6aHUS HHTAHOIO MasiTHHKa
B PacCMOTPEHHOM cJy4ae B LEJIOM HE IapMOHHYHEL, UGO COCTAaB/IAIO-
e ero KojebaHnusi nmpoucxo-
JAT C Pas/JIHUHBIMH YacTOTaMH.

z(t)
OOLIUHO HHTEPecyIoTCsT KoJge- L\

GauusiMH 7., U, H @,, & BCE 3TH
BEJIHUHHBL KOJIEOMOTCA MO O~ 2/¢)
HAKOBOMY 3aKOHY C OJHMBaKoO-
BbIMH YacTOTaMH, MOSTOMY KO- [N N wit
JieGaHHsl HHUTHHOTO MasiTHHKA N

CUHTAIOT TaPMOHHUYECKUMH (rIpU tzo

MalbiX, pasyMeercs, amIlnTy- /\ /-
Jax). wt
JJis1 COBMECTHOro paccMoT- \/ \/

peHusl KoJjefaHMsi BEeJHUUH Z, Puc. 54

dz d*z

gi ¥ 77 ¥X yAobHO msobpa-

)aTb Tpaduueckn. Ha puc. 54 nzobpaxeHnl rapMoHuuecKue KoJje6a-
HHA 3THX BEJHYHH (HANPHMEpP, CMEIIEHHS, CKOPOCTH H KacaTe/b-

HOro YCKOPEHHs TMPbKH Ha IIPyXkHHE) KakK (QYHKUHH BPEMEHH INpH

T
¢ =~ . Buano, uto rpaduku STHX BeNUUMH CABHHYTHL BO BpPeMeHH

(a smauur, U mo ¢ase).
Capur no Qase y KonebMIOMXCH BEJIHYHH YIOOHO BLIYHC/STD,
CBeJld HX BCEe K OLHOH TPHUroHOMeTpHuecKoR ¢yHKuwH. Hanpumep,

z ==z sin (vf - ¢),
z:%:chos(wt—(—cpo)=wz5in<‘”f+<?°+%)’ (5)

. d?z

=== — @’Z sin (of + ¢) = *Z sin (of + ¢ - m). (6)
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Orcioza ordetsrieo BHAHO, 4T0 (pasa 2 Gosbine ¢assl 2 Ha -g,

¢dasa Z Gonbe aspl 2 TOXKE Ha u Gosblie ¢aspl 2 Ha w. [oBopr,

™
2

4To 2 onepemaeT zZ 1o q>a3e Ha -, H OTCTaer OoT Z no tbase Ha 7 HT. I

2 ’

SlcHo, 4tOo caBUrH 1O dase MEKIY pPasMUHBIMM KOJIEGAHHSIMH
MOI'YT OBITb CAMBIMH PAas3JIHUHBIMH. -

Ha puc. 55 orpesok opauuatsl npH =0 COOTBETCTBYET HayaJb-
b oit) HOMY 3HaueHHIO KouyieGmomuei-
csl BeJIMYHHBLL, JJIA Caydasi KO-
JgebaHuil 'z 310 OYyRer z,. M3
2y=2Z2sin ¢, JEerko HaxXoium

-
z }/—\ /\ Sirl(,D():-z—o:L a Torja W
| I . wl Z 27
.2 7
<P0= aI'CSIIl-Z- = ‘6—.
OueBugno, 4TO0 B ypaBsHe-
Puc. 55 HUSIX (B) M (6) BenuunHH wZ
n o'Z ABJSIOTCA aMIATY -
o dz d*z ) T
HLIMH SHAYEHHAMM - M —75 COOTBETCTBEHHO, a cpo—[—7 H (9o—-7) —
dz d?z
Haua/bHBIME Qasamu Ais - M —.

8) 3amyxarouwue KoreOaHus

Paccmorpum Terepb cayuali koneGaHRH THPbKH Ha TOPHU30HTAlb-
HOM CTEPXKHE C y4eTOM CHJIbl CONPOTUBJIEHHS, KOTOPYIO Mbl Gyiem
CUHTaTh IIPONOPLHUOHAJMBHOH CKOPOCTH (H o0paTHO, pasymeercs, eil
HanpasjeHHo#), T. €. Feoup=—bv.

CoBepiieHHO $ICHO, YTO TEMEPb CHJIA CONPOTHBJEHHS OYIET YMeHb-
1ath 3HEPTHIO THPH H aMIIHTyAa KosebanHH GyJeTr IOITOMY yMeHb-
maTbest; KojeGaHHs OYAyT 3aryxamolidMu. Ho Kak HMEHHO B 3ToM
cnyuae OyIeT BHIFJISIZETb 3aBHcUMoOCTh r (f)? OueBHAHO, OTBET AacT
pelieHHe YpaBHEHHs BTOPOro 3akona HploTona, Hamucanhoro paad
aroro cayuas. Mmeem (puc. 56)

d?
Mmooy =—kr —b ¢+ Q-mg
HJAU B NPOCKIHH HA OCh 2

a: d
z k2 —b%

map=— a 7)

k
Henst s10 paBencTBO Ha m, moayunM, ofosHauas - ==w? (310
KBaJlpaT yXKe BCTpeuaBiielicss HaM KPYroBoH 4YacTOThl CGOCTBEHHBIX
o b
KosneGaHu) u — =20:

d2
Et‘zz—‘”gz"%dﬂ : @)
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nad

3= — 0% — 282,

3To ypaBHeHue YIOBJAETBOpHETCS (byHKIMEi
z2=Ze™ cos (} o — B - o). 9

Bennunny Ze™ HasbiBaloT «aMmaMTyZO0M» 3aTyXaloUX KonebaHui;
BUAHO, YTO OHa OdYeHb OLICTPO YMEHDBIIAETCA C TeYeHHEM BpEMeHH

H, 3HAuuT, KosneGaHMA B 3TOM cJayyae yxe He rapMmosuuHel. (ITo
onpejiesle N0 Y TapMOHHYECKHX KoJe0aHuH - aMIIMTyAa TOCTOSIHHA).

Benuunna o =} o — B?, OUEBHAHO, €CTH KPYTOBAs YACTOTA STHX
. ,  2n
Koje0auuil, a Benuyuta 7'==—= — uX INEPHOA. I'padux na puc. 57

oTo0pakaeT HarJisiHO 3aBHCH-
MOCTh 2==2 () B 3TOM C/yuae.

Bupno, 410 B OTCYTCTBHE
conporusnenna (b=20) ypas-
Henue (7) NEPEXORHT B ypas-
Henue (1), a ero pelwesue z ==
=Ze ¥ cos (V o — B + ¢)—
B petreHne z=/Z c0S (wf - @y).
Takum ofpasomM, 3TOT cayuai
BKJIIOUAeT B ce0s cOOCTBEHHBIE
KONe6aHHd Kak OFUH H3 Hpe-
JeJbHBIX cTydaeB. Jpyroil mpe-
IeJILHBIA  cay4a#l — 3710 Cay-
Yail GOJBIIOTO CONPOTHBJACHHS

B> 0; npu sTom o' =} o — ¢

Puc. 57

OyJer MHUMOH BeJUYMHOH, YTO (PU3HUECKH O3HAuaeT OTCYTCTBHE KO-
jgebanuii. B atoM cnyvae BhIBeleHHAast H3 PaBHOBECHS THPHKA IIPOCTO
BepHeTcs B IIOJIOXKEHKE PAaBHOBECHS.

3ameTHM, YTO B Clydae 3aTyXalOIMX KoJeGaHHH CKOPOCTb BhIpa-
XKae1cs yxKe He Tak NPOCTO, KaK B CJydae cOGCTBEHHBIX KoJebauni,
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HMEHHO:
=Z'_—_—pZe‘tCOS (V(J.)" ?t—r@())—-
— V(oz 82 Ze ¥ sin (Vu)‘ Bt - CDO/

ITpn §=0 310 BHIpAXKCHHE, KOHEYHO, JHACT U, ==— wZ sin (of -} ¢).

b) BotHyscoerHble KOACOAHUS

Haxkoneu, paccmotpum eme Gosee ofumfi cayuafl, Korza, Kpome
VKA3aHHBIX CHJ, Ha THPbKY JefiCTBYeT ellie HeKasl pacKauuBamillas
(ee Ha3bIBAIOT BBIHYXKJAAOLIEH) cuJa, Koje(moLlasics apMOHHYHO,
T. e. f=Fcos (vt —Ag). B stoM cayuae umeeM B NIPOEKIHH Ha
0Ch 2

mZ==-—kz — bz -+ F, cos (vst — Ap) (10

WM, TI0CAC LEe/IeHUsA pPaBEHCTBA Ha m

g=— o' — 28212 cos (ot — ).

OtMeTyM cpas3y BKJAAA KaxkIOH H3 CHJ B 3HEPTHI0 CHCTEMEL

Bosppawaromas cuyia -— Ar notenuuadbHa M IOTOMY 3SHEPTHH
CHCTEMBb! He MEHAET, a JHIWbL NpeBpallaeT €e H3 IOTeHLHAaJbHOI
B KHHETHUECKYIO (IPH JABHKEHUH CHCTEMBI K DaBHOBECHIO) H HA0GOPOT
(pH JABMIKEHHH CHCTEMBI OT paBHOBECH).

HuccnnartiuBgas cuna — bv BCE BpeMsi HampaeJieHa IPOTHB CKO-
POCTH KOJeOIIOLErocs Te1a U HeNPepbiBHO yMEHbILAeT MEXAHHUECK VIO
3HEPTHIO CHCTEMBI.

Belny:xpawmas cusa npu3pasa MonoJHATh SHEPTUIO CHCTEMBI, A
4ero JoskHa OblTh XOTh HHOrJA HanpaefaeHa MO CKOPOCTH Vv («oj-
TaJKHBas» TeN0), a B JyumeMm CJydae — BCe BPeMsi 110 CKOPOCTIH.

[4K] SHePreTHUECKUX cooCpaeHUul sICHO, uTo ecau 3a neproz
pa6oTa AUCCHMATHBHOH CHJIbI 6);116T GoJsibiie  pabOThl  BbtHYyXKaroIef

t4- T t+ T
CUJIBI, T. €. OpH S comp ¥ > S fdr, To amnauryna kosebaguil

GyaerT y6bBaTh, H Hao60p0T
SICHO, UTO IO HCTEUEHHH AOCTATOYHOIO BpeMeHHU KoJjieGanus ycTa-
HOBATCS, aMIIUTyAa HX OyJeT HOCTOAHHOH M NPH 3TOM, OYEBHAHO,
£ T £ T
\ Feompdr=1{ fdr.
¢ i

Pewennem ypaeuenus (10) moxer ObiTh GYHKHHA 2==Z, COS 0.l.
Y6efumcss B 3TOM INOIACTAHOBKOH 3TOH ¢yHKuuM B ypasHeHnue (10),
yuTsd, 40 i=—0,Z,sino U Z=— 0;Z;c08 wsf. Torza mnonyuum

— 032,08 wyt = — 0?Z,c08 04t | 28w, Z,sin 0 f -
-+ 7,15 [cos wyt - cos Ap - sinwyt - sin Ag].
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DTO PABEHCTBO MOJIKHO BHIIOJHATHCS B ioGoit MonenT BPEMEeHH;
’
mojaras B HeM ofiuH pas t==0, a ApYroft — === noayuum nocae
(1) mB
OueBHJHbIX NPeoOpa3oBaHHH hBa DPaBEHCTBA:

Zy(0" — 0 ="2cos Ay, a1
2§mBZB=—%sin Ao, (12)

Hensi BTOpOE DaBeHCTBO HA IPBOE, IMOJYUHM
tg Apam — oty = e, (13)

Bossoast o6a pasenctBa (11) u (12) B K¥Bazpar, cKaaipiBas ¥ H3BJe-
Kas KOPeHb KBalpaTHLIH M3 CYyMMbl, IOJYUHM

— F;
ZB__m AT (14)

Tarum obpasoM, QYHKIHA Z==Z,C0S 0} ABaneTCca NeHCTBHTEALHO
pewennem ypasuenus (10) npu ycioBuHM, uto Av =%, — 9, onpese-
Jasetcs pasedcrsom (13), a Z, — paseHctBoM (14) COOTBEeTCTBEHHO.
O6biuHO BHIHYKAAIOWLYIO cUAY 3aAaT He B Buie I =T cos (0wt —
—A¢), a B Busie T==F coso,f, pemenue e HULyT He B BHIE I =
=Rcosw,, a B Buie r= R cos (v,f -+ A¢). CoOoTBETCTBEHHO IIOCTY-
NaloT ¥ C NPOEKIHSIMU 3THX BEKTOPOB Ha ocb 2. Cmbica dp=0o, —
— ¢; OCTaeTcsl BCe TeM Ke — 3TO CHBUI 10 (pase mexAy KojeGaHnsIMU
CMeLIEHHST r M BbiHYXKJaome#d cunsl I (WM Mexay KojeOaHHsgMH

z2df,.
Boo6uie rosops, peluenueM ypasuenust (10) sBagerca (QyHKIH:

2==27,c0s 0 + Ze ™ cos (V oF — ¢4~ o0). (15)

Buano, uto z mpejcTaBisgeT cofoif cymMMmy ABYX Koje0aHHE pas-
HeiX uwactor. [Ilpu F=0 ypasBHenue (10) nepexoiut B ypaBHeHHe
(7), a ero pemenue — ypaBuenue (15) — B pemenve ypaBaenus (7).
B eme Gonee uactHom csyuae =0 (CONPOTHUBJEHHS1 HET), ypaBHe-
Hue (10) nepexonut B ypaBHeHHe (l), a ero peumeHie — B pelne-
uue (1).

C npyroft cropoHsl, ecid F 7 0, TO IO NpOIMIECTBHH JOCTATOYHO
GonblIOro BpeMeHH BTOpOe ciaaraeMoe (15) o0paturcs H3-3a MHOMKH-
Tens e B HyJb M TOUAA 2 ({) NpUMET BHJ

2=/2,Ccoswy = _—_f___comoﬂt.
? ¢ m V(uﬁ‘ — ap)? - 48203
3HauuT, QYHKUUSI Z=Z,COSwy/ OIHUCHIBAET YCTAHOBHUBUIHECS
KoJie6aHus.

W3 (14) Bugno, Kak Z, saBucut or F,, m, o, w, u 8. O6bgHO
paccmaTpaBaioT Z,=/Z2; (v,) Npd 3apHKCHPOBAHHHIX F,, m, ® u f.
Ha puc. 58 usobpaxena rpaduyeckd Takas 3aBHCHMOCTb NIPH pas-
AuuHbiX 3. BuaHo, uT0 Z;(®) NpH HEKOTOPOM 3HAYEHHH ®, HMeer
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MakcHMyM. S$IBleHHe MaxCHMaJbHOIO pocta Z, (w) Npd NpHOIHKe-
HUH ©, K TakoMy 3HaueHHIO HAa3BIBAETCH pE30HOHCOM, a 3HAYUeHHe
YacToTel, TPH KOTOPOH Zy== Zymax, HA3HIBAETIA DESOHAHCHO!M — Wype,.
3HaueHHe ®,.; ONPENENAETCH M3 YCJIOBHA MHHHMYyMa IOJAKOPEHHOro
BhIpAKEHHS JJsA Zg (w). 3TO yCJOBHE NMPHBOAUT K

pes == u)'——28°

Orcrofa BHAHO, YTO 3HAYEHHE Op.; 3aBHCHT OT CBOHCTB CHCTEMEI
(0T ®w) »n OT cpeAn, B Koropoil mpoucxoiar xoaeGanus (ot B). Ilpu
©?<(23" ©, CTAHOBHTICI MHE-
MOH BEJNMYHHOH; 3TO O3HAYAET,
4YTO pesonaHca He Oyner. Hs
(14) BujHO, ORHAXO, YTO IPU
mobom B KoneOauusi Bce e
GyAyT; pu oueHb GOJBIIOM CO-

L% wd NPOTHBJIEHHII d°>:“’—3)—\‘,
' W 4&)1; /

nmMeeM ZB == 7277%:0—— .
4 il

Wy === Wy,

L Z = Z(w)

U3 (13} Buano, uto Ay (Ap=w,— o) 3aBUCHT OT B, w H o,

B uacTHOCTH, NIpH pE30HAHCE HMEEM B CHJY Of=0;,==0?— 23

“e

5

T
Ecau conpoTHBAeHHE Majlo, TO Aapeam—a-. Jro o03gauaer, uyro

T o
KoJieGanust 2 OTCTAOT Nno ¢ase Ha -y OT KoseGandWd F,, wau, 4ro

BCC paBHO, F, omepexaer no ¢ase z Ha 2— Ho v, Toxe onepexaer z

T
Ha ;. 3HAYHT, PH PE3OHAHCE BRIHYMKAAIOMAs cHila f KosreGieTcs TaK ke,

KaK V, KJH, 4TO BCe paBHo, f 1 v BO Bce BpeMms KoJebaHuH, a 3HAYHUT, BCe
BpeMsi COBEPLIAET NOJOXKUTEJIbHYIO PaoTy Haj KoJeGaIomIuMCs TeJIoM,
yBeauuuBas ero sHeprmo. (Ho npu s1oM cuia conpoTHBieHHS coBep-
11aeT OTPULATENBHYIO paboTy H 9HEPLHS Tesa, KaK YKe FOBOPHJIOCEH Bbl-

e, MOZKeT i He Bozpactarth.) Ilpu Gosbiuom 3nagenun B Ayp == ——g- uf

yyke He Bce BpeMsl COBepHIacT [OJIOXHTesbHYIO pabory. M3 ckasap-
HOTO SICHO, TIOUeMY IIDH ©,==wp., aMIJIHTyAa Z MaKCHMa/bHa:
npH 3TOH uaCTOTe BLIHYXKAAIOWNAS cuia f coBepmaeT MaKCHMAaabHYIO
NOJOXKHUTEABHYI0 PaboTy, NOCKOJbKY va NOUTH BCE BpeMsi.

© BaMeruM, 4TO CKOPOCTb TeJa U,==Z Pe30HHPYeT Ha 4acToTe He

pasnoii J o — 23%. ViMenHo, us3 Vz__wZ cnenyer ¢ yuerom (14)

TR T
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- .
" Otciofa cpasy BHAHO, uTO V,==V ,nx 0OpH 0,=—o, T. €. KoJeOaHUA

CKOPOCTH Ppe3OHHPYIOT Ha 4acToTe, paBHOH COGCTBEHHOH wacToTe
KOJIe0aHUH CHCTEMB ®.

3akaHuMBan 5THM pACCMOTPEHUE BEIHYKJEHHHIX MEeXaHHUeCKHX
KoJIeDaHHi, 3aMETHM, UTO H B HEKOTOpbIX APYrHX cJyuasdX, O KOTO-
pblx GyfeT HATH peub B JajbHEfIUeM, BBHIHYXKIEHHLIE KoJaeGaHHus
OMMCHIBAIOTCS YPABHCHHEM JBHIKEHHS TOH Ke @OPMEl, UTO H BBIHYK-
lleHHbIe MexaHHyecKue KonebaHHA, T. €. ypaBHeHHEM

%= — % — 282 -}- const - cos (w,¢ — Ag).

Ho mapamerpsl o, 8 1 const OyayT, KOHEUHO, YK€ ONpEAESThCHA
HE MEXaHHYECKHMH, @ KaKkuMH-TO JADYTHMH CBOHCTBaMH KOJe0Jo-
mefics cucreMbl. B janbHednieM HaM NPHIETCH BCTPETHTBCH, HAIPH-
Mep, € SJMEKTPHYECKHMH Ko/iebaHHAMH B KOHType, IAe NapaMeTpamu
OyAyT 9JEKTPHUECKHE XaPaKTePHCTHKM KOHTYpa.

§ 3. Pacnpoctpanenne KodeSanui — BOJHLI

Ecau Kaxkyo-au6o uacTb BepPeBKH, NPYXKHUHKH, KUIKOCTH HJH
rasa, Wi¥ TBePJOTO Teja, OAHUM CJIOBOM, YacThb KaKoi-1ufo cpexsl
NpPUBECTH B KoJjiefaTeNbHOe JBHIKEHHE, TO H3-3a HaJMUYHUA CHJ CBA3H
MEXIY UacTHIaMH cpelbl BO30YXKJAEHHAs 4acTh cpeisl Oyler nepe-
JABaTh UMIVJBC H JHEPIHIO COCeASM, COCeIH CBOUM COCENSIM M T. [.;
KoJsieGaHust, BO3OVIKIEHHble B HEKOTOPOH uacTH cpeisl, OyayT nepe-
JaBaThbCsl JPYrUM yacTsaM, 6YAYT pacnpocTPaHSThCH — NOOEryT BOJIHEL.

MexannsM 3TOHl mepejaun CJIOMKEH, [TO3TOMY Mbl €ro ONHCHIBAThb
He Gynem, tem GoJjiee, YyTO HHTYHTHBHO SICHO, UTO 3Ta Iepefaya ObiThb
JOJIKHA, a Mpocroe Hab/oJeHHe 3a BOJAHAMH, HanpHMep, Ha BOJe,
310 moxTBepKAaeT. OrpanyuuMcs TONbKO ONHCAHHEM BOJIH, OCTaBJsis
6e3 pacCMOTPEHHS MeXaHH3M HX 06pa30BaHHA.

Beegem HekoTOpBIE ONMpefiesieHHsT H MOHATHS.

1. Boussbl, pacmpocTpaHssch OT HCTOUHHKA, K HEKOTOPOMY MO-
MEHTY BPeMEHM JIOCTHTAIOT [OBEPXHOCTH, OTAendomell o06jacTh,
B KOTOPOH BOJIHB YK€ eCTb HJIH OblIH, OT 00JacTH, TJEe BOJIH elle
He OBLIO; 3TA MOBEPXHOCTb HA3bIBAETCS (hPoHmoMm 80aHb., Dopma 3TOH
NOBEPXHOCTH MOXKeT ObITb CaMOH pasJ/IMuHOH B 3aBHCHMOCTH OT (op-
Mbl M Pa3MEPOB HCTOUHHMKA KosebaHHil M CBOACTB cpennl. B cayuae
OJHOPOJHOH M H30TPOMHOA CPeAbl OT TOUEYHOr0 HCTOYHHKA D aclpo-
cTpaHstoTcst cepuuecKHe BOJIHBIL, T. €. (POHT BOJIHBI ecThb cdepa.
Ecnn ucrounuk KosiebaHui — NJIOCKOCTh, 10 BOJH3H Hee Jit000il
y4yacToK ¢pOHTA BOJHB MaJ0 OTJIHYAaeTCss OT YacTH MJIOCKOCTH,
MO3TOMY BOJIHEL C TAKHM (DPOHTOM HAa3LIBAIOT MA0CKUMU.

C TeueHnem BpemMenH (POHT BOJHBI Iepememlaercs. Ecan 3a
BpeMst d! ‘HeKOTOpBIl yyacTOK (pOHTA BOJHBI MepeMecTHTCS] Ha dr,

dr
TO BEHYUHA V== ;; HA3bIBAETCS CKOPOCTBIO PACPOCTPpaHenus GpponTa

BOJIHbI B JaHHOM MeCTe, HJH, KOpoue, — CKOPOCTBIO BOJIHb! B JAHHOM

_MecTte (puc. 59).
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CKOpPOCTL BOJIHLI ONpPEAENSercsi B OCHOBHOM CBOUCTBAMM CpEAbI,
NpuYeM CKOPOCTh YNPYIHX BOJH B BElIeCTBE ONMpefessieTcst YIPYIHMu
CBOMCTBAMH Cpefbl H €e IIJIOTHOCTBIO, & CKOPOCTh 3JIeKTPOMArHHUTHbIX
BOJIH, €CTECTECHHO, — 3JIEKTPHUYECKUMH H MACHHUTHBIMH CBOHCTBaMH
cpeni. CKOPOCTh BOJHBLL B JaHHOH Cpelle MOXKET 3aBHCETH OT HacTOTh
KoneGaHUl B BOJMHE (OT 4aCTOTHI KOJeOaHuil B HCTOUHHKE).

2. Jlunuio, B Kaxaod TOUKe HOPMAJBHYIO K (POHTY BOJIHBI, HA3H-
BAIOT Jy4YoM. B OIHOpPOAHOH H M30TPOMHOH Cpefle JAYyUH CYTh MPSIMbIE
JUHUK; BOOCIE e I'OBOPS, OHH €CTh HEKOTOpble KDHBHIE.

3. 3a nepuof KoJeGaHHH B HCTOUHHKE BoJHA (ee (GpOHT) mepe-

MECTHTCH HA pPaCcCTOdHHE, HasbhiBaeMoe JJIUHOH BOJHBL. s storo
1 2z
onpene/eHus sicHo, uto A=10vT, HAH C yyeTOM T=?=-;)—~
? 2ny
)\:Z}T:-:———"
f ®

4. KoJsie6anus B HCTOUHUKe MOTYT ObITh KaK I'apMOHHUECKHMH, TaK H
HerapMOHKUeCKHMH. COOTBETCTBEHHO OT MCTOUHHKA GEryT BOJIHLI MOHO-

ar=vat
HemoyHuk

bomm @posm Bonse!

& momenmy t
Obnacme,30-
NOSTHCHHI S
onnamu K

@porwm BonHe! &
rmortenmy t

rorenmy t+dt

Puc. 59

XPOMATHUECKHE HJIH HEMOHOXpOMAaTHUeCKHe (KoneHaHusa B HHX CHHYCO-
HJaJbHBI MM HeCHHYCOUAANbHBI). IToROGHO TOMY KaK CIOXKHOE HerapMo-
Hu4eckoe Kojaefanie Moxel ObiTh Pas/oKeHO Ha NPOCTHE (TapMOHHuE-
CKHe), TaK M HEMOHOXPOMaTHUeCKad BOJHA MOXKET ObITb pasjoxkeHa
Ha [pocTble (MOHOXpOMaTHuecKHe) BOaHBIL. Ilpouecc pasnoxenus
HEMOHOXPOMATHUECKOH BOJIHBL (COfep:Kallell KojeOaHust PAa3HBIX YacToT)
Ha MOHOXPOMATHUeCKHE BOJIHBI (KaK/[1as H3 KOTOPBIX COJEPKHT KoJje-
OaHus ORHOH YacTOTB) HasbiBawT Aucnepcuel BonH. IlpakThueckoe
OCYLIECTBJICHHE JHUCIEPCHH OOYCJOBJEHO TEM, YTO CKODOCTh BOJIHBI

3aBHCUT OT €e YacTOTel, 3Ta 3aBHCHMOCTD, BOOOIIE roBopsi, CJ0XHa

)\

M He HAaJl0 AyMaTb, 4TO OHa orobpaxkeHa B GopmyJe v=F. Hucnep-

cuefl 4aCcTO Ha3BIBAIOT M CaMblil GaKT 3aBUCUMOCTH CKODOCTU BOJIHBL
OT YacTOTHI. .

ITonsiTe MOHOXPOMATHYECKOH BOJIHBI €CTh, KOHEYHO, HEKOTOpas
aGcrpakiusi, cxema. MOHOXpOMAaTHUECKHX (CHHYCOMJAJIbHBIX) BOJIH
He ObiBaeT, u60 Takasg BoJHA JOJMKHA Obla Gbl ObITh GECKOHEYHO
MPOTsiKeHA BO BpeMeHH W B mpocTtpaHcTBe. OGBIUHO HA3BIBAIOT MOHO-
XpOMaTHUYeCKOH BOJHOH Heuyro Bpoje OCOJBIWIOO OTpPe3Ka, KycKa
MOHOXPOMbI, MOJOGHO TOMY KaK B MaTeMaTHKe YacTo, PUCYS AJIHH-.
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‘MBI OTPE30K CHHYCOM/IBI, Ha3LIBAIOT €10 (KyCOK CHHYCOHABI) CHHYCOHIO1.
HeckospKOo nos:ke OyJIeT AaHO elle OIHO ONpeJe/eHHE (MOHOXPOMDI.

5. Ecan BosHa pacnpoctpaHsieTcst ¢O CKOPOCTBIO V, TO KOJe6JI0-
masica B Hell BeJHUHHA Z B UYACTHBIX CJIyYasX OPHEHTHPOBaHA HU
BAOJb V HJM HOopMasibHO V. B ciyuae z | v Bosny (M KomeGanus
B HeH) HaspBAOT npodoavHod. B cayuae z | v — nonepeuro. Bce

)

AN

Puc. 60

oCTaJbHBe ClydYad (HanpHMep, CABHIOBH, TIOBEPXHOCTHHE M JpyTue
BOJIHEI) CBOJATCA K KakHM-TO KOMOHHANMAM TNpPOAOJBHEIX H TOINe-
PZUHBIX BOJIH.

[ToriepeuHbiM BOJIHAM CBOMCTBEHHO fBJEHHE NOAAPHU3ALHUH, 3aKJ/IO-
yawoieecss B BbIACJCHHH KOJeOaHUH ONpeAeseHHOTO HanpaBJcHUS.
Jleo B TOM, YTO BEKTOP Z B HEKOTODOH TOYKE MPOCTPAHCTBA MOMKET
MEHSITRCA TaK, UTO €rc KOHEL ONHCLIBAET HEKOTOPYIO KPUBYIO,
Boofille roBOpsi, He 3aMKHyTyio. V3

STUX-TO CJOXKHBIX KoJjgeOaHui H _ ®
MOKHO BBEIIEJIUTEL KoJefaHug Kakoro- %
ﬁ s

nuGo HanpaeJeHus. SIBJeHUE Bhi-
JeNeHusl TakMX KojeOaHHi Hasbl-
BalOT noagpusayuerl, a CaMH Tak

BbIAEJEHHbIE KOJMeGaHHA H BOJHBL — 1)
AuHelno-noaapusoearrbimng. Ha puc. 60
NI0KAa3aHO, KaK B IIHYDe nepes Iebto Puc. 61

KoseOaHns MPOUCXOAT B PA3AUUHBIX

HanpapJeHyusiX, a 3a IUeJbI0 pPaCNpPOCTPAHSIOTCH JHIIL KojeGaHus
napaJeibHble Ie/M, MO0 HeNp He NMPONYCTHJAA KonaeGaHus nepren-
Jukynsipaele cebe. Ilepen Mmlesbio — HenoJsipu30BaHHBIE KOgeGaHHS,
a 3a UIETbI0 — JINHEHHO-ONAPH30BaHHbE (BEKTOP CMELIEHHS Z CBOMM
KOHI{OM BbIIHCHIBAET NIPSIMYIO JIHHHIO).

IlpomonnHbIM KoseGaHUsIM 3TO siBjieHHe He cBolicrsesHo. Ha
puc. 61 moxkasaHo, Kak NpoAOJAbHBIE KOJA€OaHHSI MPYHKUHBI NMPOXOIST
3a IeJp, «He ofpamas Ha Hee BHHMaHHUS».

[Tockonbky monepeudsie ynpyrue Kojie0andst CBSI3aHbl ¢ BO3HUKHO-
BEHHEM YNPYTHX CHJ NpPH H3MeHeHUH G OpPMBl Tejla, YTO CBOHCT-
BEHHO JHOIb TBEPABIM TeJaM, TO BHYTPH KHIAKOCTEH M razoB
nonepeyHble BOJHB BO3HHKHYTH He MOTyT (He nmyraThb HOBeEp X-
HOCTHBLI€e BOJHbB C ITONEPEYHbIMH BOJHAMH BHYTDHU cpeipl). I1po-
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JIOMBLHBIE YIPYTHe BOJHBI CYTh CTYLIEHHS M DA3PEXKEHHs CPelsl, T. €.
CBSI3aHbl ¢ BO3HHKHOBEHHEM YNPYTHX CHJI NIpH H3MEHEHHH 06beMa,
YTO HMEeT MeCTO B JHOGBIX YNPYTHX CPelax, a [OTOMY NPOROJbHLIe
BOJIHBI MOTYT BO3HHKATh M PpAaCNPOCTPaHATbCA H B- TBEPIbIX, MU
B XKUAKHX, U B Ta3000pasHbIX Cpejax.

§ 4. dueprus BoJH

1. B cpene, sanosHeHHOll BojHamMH (KosebaHHsSIMHM), Kak-To pac-
TpejlesieHa HEPrus 3THX Kosaefauu#i ¢ HeKXoropoi ofvemHo#l nJaor-

dE o
HOCTBIO pg == -7, PaCHpOC’I‘paHﬂHCb, BOJIHLI HEePEHOCAT C coboit

av:
SHEPrui. ITOT [EePeHOC JHEPTHH BOJIH XaPakTePH3VIOT 6eKImopos
Y moea, onpedeisiervim coom-
HoweHuem (puc. 62):
d*F v
P:fa’S.z,dt' PR
rae dS — BexTop aseMenTap-
HOH NJOUIafKH, uyepe3 Ko-
TOPYIO THEPEHOCHUTCS 3Hep-
rius; dS, —- npoekuus 3Toro
BEKTOpAa Ha HanpabJeHHe v
(unu P); d’FE — sueprus,
nepeHeceHHast 3a Bpemsa df
uepes nJomtanky ds.
Bripaxenue aast P Moxk-
. HO 1peo0pasoBath, yuTs, 4T

dE=ppdV =ppdS dr==
:PEdS Vdf:PEdSnvdtv

rfe dr — nmepeMelieHHe yuacTKa (ppoHTa BOJIHLI 3a BpeMa df okouo dS.
[oxcraBass ato 3uauende d’E B Qopmyay aast P, nonyuum

P:pgv. A (2)

Kax BHZHO M3 Ompele/ieHHs, BEKTOP YMOBa I[I0Ka3biBaeT, Kakast
SHEPIHS NEPEeHOCHTCS 3a €JUHHUYHOE BpeMsl uyepe3 eNHHHYHYIO mJIo-
IAJKY, PACHOJOXKEHHYI0O HOPMaJIbHO CKOPOCTH paclpocTpaHeHH s
BOJIHBL. ’

OueBunno, BenduuHa dPp=PdS, nasmiBaemass 3JjeMeHTaPHbIM
MIOTOKOM BekTOpa P uepes mjomanxy dS, moxaselBaeT, Kakas agep-
IS NTePEHOCHTCS! BOJIHOH 34 eIHHHUHOe BpeMsi uepe3 IJomanky dS.
OuepugHo Takxke, yTo dPp — 3TO MOLIHOCTL IIOTOKA BOJH OKOJO dS.
JedicTBUTENBHO,

d0p—

Puc. 62

2 d2 d 2
d’E VoS — EvdS, d°E

dS,dt" v "V dS,div =y = dn.

2. HcrouHuk BOJH H3JyuaeT, BooOuie rosopd, ¢ pasjuuHOd HHTEH-
"CHBHOCTBIO B Da3HbiX HampaBJeHHAX, T. €. HeusorponHo. J[las
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XapPaKTEPUCTUKH H3JYUCHHSA B 3aBHCHMOCTH OT HalpaBJ/JeHHs BBOIAT
" [IOHATHE CHJbl H3JYy4YeHHSA HCTOUHHKA B JAHHOM HanpaBJ/i€HHUHU. Orpa-

. HUUUMCA oIpelesieHdeM CHJbl U3JAYUCHH A TOUEUHOTO HCTOUHHKA BOJIH.

TTpoBesieM OT MCTOYHHKA NPSIMYI0O B HHTEpeCYiOleM HAC Hanpas-
JeHH¥ H MaJBIA KOHYC, OCbl0 KOTODOrO sBJfETCS 3Ta npsiMas,
a BepIUHHA COBMajaeT ¢ HCTOUHHKOM; BHYTPH 3TOr0 KOHYCa COJep-
KUTCS HEKOTOPbIl “TejecHum#t yron d®Q (puc. 63). Cusod ussydenus
UCTONHUKO 8 OGHHOM HQNPOBAHUY HAa3blBaeTCHd BeJHYHHA

d*E
I=Z5ar ®)
noKasplBamuiasa, Kakag sHeprusd Usayqyaetrcsi HCTOYHUKOM 3a €AHHHLY
BpEMEHH B U HHUHbIA TeJeCHBIH yroJ, HpOBeﬂeHHblﬁ B JaHHOM
HanpasJIeHUH, Ecau [ we 3aBucur orT HanpasJieHHA, H3JAYUYCHHE
Ha3biBAETCsI W30TPONHLIM.

HerpyaHo cBsizaTe Bexktop ¥MoBa P ¢ cunoit uanyuenus /.
d*E

‘I/IMGHHO, uz dPp=—= caeayer d’E=dPpdt, uro npu noacra-

dt

HOBKe B (3) naer

a*E d®, PdS ?

I'=wa=a=—w @ B
TaK KaK df == ‘%‘f" (cm. cTp. 144),
P dScosa 2 R
10 [ = ——s—== PR},
/
OTKYyza P_—EQ, HIH C YUeToM s 50
PR
P = R. Puc. 63
Uacto 6biBaeT YZOOHBIM NPOBOAUTL PAJHYC-BEKTOD HE OT HCTOUHHKA
K MHTepecywllefl Hac Touke, a HaobOpoT; TOrja, BBOAS r==—R,
NONYUNM
P—— 1 \
=—r"

Ec/in MCTOUHHMK NMpOTSKEHHBbIH, TO, pasbuBas ero Ha 3JemMeHTap-
Hble MCTOYHHKH, MOJYYHM

P:Sdp-:—g%dl;

r
Ilpu stom [=1 <7), NOCKOJIBKY B PasHbIX HaMPaBJeHUAX HCTOU-

HHK H3JyyaeT I0-DasHOMY.

3. YHacro nnorHocTb SHEPIHH pp OKA3biBACTCSA ITOJIC3HBIM BbipasuThb
uepes napameTpbl BOJHBI — aMIIHTyAy M uwactoTy. CpeiaeM 3T0 At
Cayuass MOHOXpPOMaTHYECKHX BOJIH, NPEANOJOXKHB, YTO NPOCTPAHCTBO,
3anoJIHEHHOE BOJIHAMM, MOXKHO paccMaTpuBaTb Kak COBOKYIIHOCTh
BUGPaTOPOB, KAaXABH M3 KOTOPHIX oOsnanaer sueprueit e. Ecaum
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B ofbeme dV Haxomurcst dN Takux HCTOUHWKOB, TO dE==¢dN.

. dN

BBO}IH NIOHATHE YHUCJOBOH IIJIOTHOCTH HCTOUHHKOB fl:Z_ﬁ‘/, IIOKA3bl-

BaIOLU,eﬁ CKOJILKO HCTOYHHKOB CO}lep}KI/ITCH B €JUHHIE 06’bema, I10-
./'Iy‘IHM

__dE__edN _

E=gyT v T

en.

B ciaydae ynpyrux BOJH TIOA & MOXHO IIOHHMAaTh MeXaHHYeCKYIo

SHePruio KoJeGaHMil HCTOUHHKA C MacCoi /17, 4aCTOTOH ® M aMILIHTY-
o mo*Z* mon*Z?
0 Z; torpa e==-—; H, BHayuT, pp=n—5—. [lockoabky

nm — 970 Macca HMCTOYHHKOB, COAepXKalluxcs B eduHHIE 06beMmd,
T. €. ofpluHad NJOTHOCTb BEIIEeCTBa p, TO

. pwiZ?
PE=— 9 -

ITosmp3ysick MOJNYyUeHHBIM  BbIDAKEHHEM JJsI pp, MOXKHO, €CJH
neoGxopumo, Bhipasute P u [ uepes ¢ M n, a B cjayuae ynpyrux
BOJIH — Yepe3 w, p U Z:

pw222
P:pEV:T v,

]:PRC',: pw;Z"’ URQ.

.§ 5. ¥YpaBneHusn nnockoil M cdepuueckoli BoJH

[TosyyuMm ypaBHEHMe BOJIHb, T. €. YpaBHEHHe, CBs3HIBAOLIEE
KOOPAUHATY TOUYKH, B KOTOPOH Hac HHTEPeCcyloT KoJeGaHHs, C KoJe-
gmoiieficst B Hefl BesHUMHON (HANpHMED, CMCIUEHHEM YaCTHIL Cpefpt
B 2roff Touke). OrpaHuuumMcsi npH 3TOM CAYYasiMH, chepuueckoi u
NJIOCKOH MOHOXPOMATHYECKHX BOJH, PaclpOCTPAHSIOILUXCSA B OAHO-
pPOAHOH W H30TPOMHON cpene.

B touxke N, orcTosimiell HAa paccTOSHHH R OT HCTOYHUKA C CHJIOM
nsayuenus [, KosjebGaHus, NpHINEJAMIHE OT MCTOYHHKA, OYAYT, Oue-
BUJIHO, B YKa3aHHOM CJyuae TapMOHMUYECKHMH, HO OTCTAIOUIMMH 110
¢ase oT KoseGaHMIl B HCTOUHUKE Ha

- Y
A?———27€~T——2ﬁ-):,

rae Af — Bpemsl B TeueHde KOToporo Kosebanus or I jpoinyt mo M.
Ho Torga B Touke N Kose6aHnuss oTOOPas3siTCsl ypaBHEHHEM
2z R
2=272¢c08¢ =2 COS (Pyer — Ap)==Z cOS <wt+@0—T>.
Onpenenum aMniauTyAy KoseGaHMH Z, HCXOAS M3 3aKOHa COxpa-
HeHHs 3HepTHH (CUMTas cpely He IOIJIOIIAIOUEH SHEPrHIO, HE Iepe-

BO}IHL[leﬁ €€, HallpUMep, B 5HEPTHIO XAOTHYECKOro ABH2KEHHA qacmu).
TTosoKHM, 9TO MBI 3HAeM aMIJIUTYAY Zp, B HEKOTOpOH Touxe NN,
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Haxoxsuefica na Ry or ucrounuka. Ilposegem zaBe cdepsl paauycos
R u Ry ¢ neurpamu B /. CyHuTast HMCTOUHHK M CPeAy H30TPOMHBIMH,
uMeeM [y==1 (rak xax usayyaer U B TOUKY N, H B Touky N opHH
H TOT e HCTOYHHUK) HJIH

prZE

w73 2 3
Po (,UORB“‘: 5 vR2,

2

C yueToM OJHOPOJHOCTH CPefp! (pp==p H Uy==0) TOJAYIHM ZjRj=
=Z°R* a Torja ypaBHeHde ynpyro#t cgepHYeCKOH MOHOXPOMAaTH-
yecKOl BOJHbI, pacrnpocTpaHsmolleics B
OHOPOJHO!H H H30TPONHOH cpeig, OylIer
UMeTb BUA

Apanornunsil BUJA HMeeT ypaBHeHUe cde-
puueckofl BOJMHB JOGOH ApYyroH mpu-
POABL.

O6biyno HaualdbHYIO Gaszy KoJebaHui
B MCTOUHWKE [0JIaraloT paBHOHd HYJIO.
B atom cayuae

__Z(IRO 2=R
Z———R— COS<(D -— T‘—>.

Unratesb MOXET, paccMaTpHBasi JABa Puc. 64
MOJNOKEHUS (PPOHTA NJAOCKOH BOJIHBL (pHC.
64), MoJyUKTh aHANOTKUHBIM 06pa30M YpaBHEHHE MJ0CKOH BOJHEI B BHE
/ 2zARnY :
(l)to _— Y /) , (1)

‘\ A

2=27cos

rae fy— BpeMs, B TeUEHHE KOTOPOro HabJ/IOJal0T KoseGaHHus B TOUKe
2m
Ny, n—HopManb K (POHTY BOJHBEL. 3aMETHM, YTO BeJUUYHHY S n

Ha3LIBAIOT B0AHOBLIM eexmopon U obosHauaor 6ykeoh k. B atom cay-
yae ypaBHeHHe (1) npumer Buj z=Z cos (of,— kAR), a ecain mauamno
otcueTa BelOpaTh B Touke N, TO ellie mpolle

z2=17 cos (ofy — kR).

[Tpu stom mmiyT BMecTo f, mpocTo f, NMOMHS, OIHAKO, YTO OHO Xa-
paktepusyer BpeMs, B TeueHHe KOToporo HabmogawoT KoseGanust
B Touke N,.

KoneuyHo, ypaBHeHHe MJIOCKOH BOJHBL MOKeT OblTb ITOJY4eHO KakK
TOT YaCTHBI cayuail cdepHuecKofl BOJIHBI, KOria Touxu Ne u N
OueHb JaJleKH OT HCTOYHHMKA M, 3HAUUT, RA= Ry, a Torpa Z == Z,.

B cayuae KogebaHuii BeKTODHOH BeJUYHHB Z NOJYUHM JJs
NJIOCKOHR MOJIsIpPH30BAHHOM BOJIHBI

z=Z cos (of —kR),
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a 15 cepuuecxoit
z="0 cos (ot — kR).

Ilpu stom ana chepuueckoin Bosuel k][R, npuuem R mposoasr or
MeCTa DAacTOJIOXKEHHS HCTOUHHKA. .

§ 6. Nutepdeperuus poan

Mer yxke 3HaeM, 4TO KOJeGaHHsi MOTYT CKJanbiBaTbCs. IJTO, pasy-
MEETCHA, OTHOCHTCH H K KoJeGaHHSIM pPacmpocTpaHsioluMcs, T. e.
K BosnHaM. [lpoumecc Haso:kKeHHst BOJIH APyl Ha Jipyra B MecTax HX
BCTPEUH Has3bBAOT uHmephepenyuel. Hns caydas aByx KoJebo-
LIMXCA TaDMOHHYHO M CAMHAKOBO HAampaBJICHHBIX BEJHUUH (Hampumep,
CMELlleHKH HacTHI, B Cpeje) uUMeeM B IIDOCKIHH Ha HanpaBjieHue Ko-
Jebanui

Z2=211 2=2; CO8 ¢1 -} Z5CO8 pa=Z COS %,
rje

2=V Zi1 73 2ZZ;cos g (1)

__Zysing, - Z, sin o,
Zycosg; 4+ Zy cos oy

H tgg

ITopcTaBnsisi crofa BeipaxkeHust A Zy, Zs, ©; U ©y HaNPHUMED H3
GopMyJbl st TIIOCKOH BOJIHBI, NMOJYYHM BbipaxKennst st Z u tgo
yepes napameTpbl BCTPETHBIIMXCA BoJH. Kak Buuno, Z 3aBucHT or
caBura ¢as cocTaBJAIOIHMX KoJebaHMi 2; H 2», T. €. or A¢. Ilpu
2rn=C Ao =< 2 (n--1) umeem |Z; - Zy| = Z =|Z, — Z,|. Tlockonbky
A =9y — ¢y = (Wala -}~ o2 — KoRs) — (01t -+ 90 — kjRy), T. e. Ado=
=Ao(ty, t1), TO U Z==Z(t;, t1), T. €., BoOOlle TOBOPsi, PE3YJbTHU-
pywouee kojebapne OyAeT HErapMOHHYHBIM, IIOCKOJIbKY €rO AMIIJIi-
TyJa 3aBHCHT OT EPEMEHH a ¢ 7 of -} 9.

Ho ecan ck/aagbBaiorcsi rapMoHudeckue KoseGaHHsl OfHHAKOBHIX
YacTOT, TO Wa==w; ==® H

Ao =0y — ¢y =0 (ly— 1)) - (ksR: — kiRy) 4~ A9,

W Tax Kak f,-—f =—-const, To A¢ He 3aBHCUT OT f, a 3HAYUT, U Z —
-toxke. Takue kojeGaHus Ha3bIBAIOT KozepermHbimi., COBIUHO MONATAIOT
t,—t,==0; B sTOM Co1yuae Ao —(k,R,—k;Ry) -+ Ay, 1, 3uauur, Z 3aBu-
cuT ToXKe 0T Ky, Ko, Ry, Ry s Agg. B coryyae ki|[Ry 1 ke || Ry umeem kR, —
kiR =F&R;, — /Ry ¥ TaK KaK NPH o; == ;== HUMEET MECTO H k=
=ky==Fk, T0 kRy— B R{=FAR. Bemwuuna AR=R;— R; Hashl-
BaeTCs pa3Hocmst0 xo0a BOJH OT HCTOYHHKOB RO TOUKH BCTPEUH.
Tak Kak pPasHoCcTb XOJa BOJIH OT TOYKH K TOUKE MEHSIETCsl, TO ¥ Z
TOXKE MeHAeTCs OF TOUKH K Touke. Taxoe 3aBMcsiee OT MECTOIO-
JIOXKEHUs] TOYKH paclpejeseHde aMijHTy], pe3yJbTHPYIOUMX - KoJe-
GaHuil HaspIBAeTCH UHmepgeperyLonnot kapmunol. Ecau npu atoM
Ao =A¢ (f), To uHTEpdepeHIHOHHAs KapTHHA CO BPeMeHeM MeHseTcd,
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g ecau A £ A¢ (f), T. €. BOMHBEI KOTEPEHTHHI, TO Kap"mHa yCTOI/I‘-IPIBa
;0 BPEMEHH.

. YacTo npUXOAWTCS UMETb JIENI0 CO C/IyuaeM Zy=12y ¥ 9 =%n
(4, 3uauHT, Ao ==FkAR - Agy=FAR).

> B sToM cmenuajJpHOM ciaydae, oueBHjHO, H3 (1) cnenyeT

Z=Z1V2+2C08Acp::2211coséfl=221

AR
5 cos =5 (2)

UgTartesb MOMKET CaM HAMHCATh BHIPAXKEHHA MY Z U ¢ B clIydae
cepHUYECKHX BOJIH H y6eAHTBCS, UTO MOJNYUHTCH BhipaXKeHHe HECKOIBbKO
rpoMO3JKkOe, TTOYeMY Mbl H He CTaJH €ro NPHUBOAHMTD.

HsnoxenHoe MoxHO 0606UIMTL HA cayual BCTpeud He JBYX,
a HeCKOJIbKHX Bosg. Y B 3TOM ciyuae mHTepdepeHUHOHHAA KapTHHA
6yleT XapakTepH30BATLCS HaMHUMEM MAaKCHMYMOB M MHHHMYMOB,
npuueM 3Ta KapTHHa He OyJeT MCHATbCA CO BPEMEHeM JHUb NpH
YCIOBHH KOFEDEHTHOCTH BOJIH, T. €. NPH YCJIOBHH, YTO PAa3HOCTH
a3 1Js BCceX BOJH He 3aBHCAT OT BPEMEHH.

§ 7. Croauue BOJHBI

YacTublM, HO BaXKHLIM CJAy4deM HHTEP(EDEHIIHH BOJH fBJSETCA
panioxeHue ABYX BOJIH OAMHAKOBRIX AMIIJIMTYJL M JJHH, Pacnpocrpa-
HAIOIUXCS. B MPOTHBOMOJOMXKHBIX HAlpPaBJeHHsIX. ¥ CTaHOBHBUIEECH
pacupereseHde aMIUIMTYJ M HasbIBAIOT crmoauer 604Hoi. TepMuH
«crosfiuasi» OOYCJIOBREH TeM, UTO uepe3 J0Goe ceueHue Cpejnl, TAe
yCTAaHOBMJIACh CTOSYas BOJIHA, 3@ paBHLIC INIPOMEXKYTKH BPEMEHH
[IepeHoCsITCA PaBHbie KOJHYECTBA JSHEPTHHU B NPOTHBOIOJNOMKHBEIX Ha-
NpaBJAeHUAX, T. €. HE NPOHCXOAHT MNEPEHOCA 3SHEPTHH, 3HeprHsl He
«0exuT» (Kak B Oeryllell BOJHE), a «CTOHT» JMlUIb HPEBpPaliascCh
B KawJOH TOUKe cpeibl M3 MOTEHUUAJBHON 3HepTHH AedopMauuu
cpenbi B KHHETHYECKYIO SHEPTHIO JBHKeHHs1 ee uwactui. JedcTeu-
TeJIbHO, U3 ONpejesieHHii BeKTOPa YMOBA M CTOsueil BOJHBL HMeEeM
s 000l TOUKH Cpelb

P=P,-+Py=ppvi-+pmva.

Tak kak BOJMHBLI B 3TOM C/ydYae OTJIHYAIOTCA TOJNBKO 3HAKAMH CKO-
pocrefl, TO 3Ta CyMMa paBHA HVJIO.

M3 onpenenenuss e crosAdeil BOJHBl CAEAYET, UTO pe3yJabTaT
HaJIO;KEHHSI 3THUX BOJIH NPHBOMUT K PAaBeHCTBY (¢ yueToMm k;=—Kk,)

!

R=2z1-+2=2icos (of — kir) -+ Z; cos (wyf — kir)=
= Z[cos (of — kr) -+ cos (ot +kr)] =2Z cos kr cos wf, (N

Tle Z — aMIIMTyja OHOM M3 MHTEP(EPHPYIOLMX BOJH; r - pajinyc-
BEKTOp TOH TOUKH Cpellpl, Tie HAC MHTEpecyeT HHTep(bGPEHU,Hﬂ Aoy
TONOKEHO ISl MPOCTOTHl  PABHLIM  HY.JIIO. Muoxurens 27 cos kr
BageTcs aMIIMTYRoH crosiueii BosHbL. OH oroGpaxaer KogeGaHus
MIIUTYABl OT TOYKH K TOUKE — pacnpelieieHHe aMilIuTyX B Npo-
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crpancTse. Buiano, uro B TOUKax, ONpeessieMblX PaBEHCTBOM' Kr —
=A%, aMIVIMTYJa MakcuMajbHa u pasna == 27Z; 3TH TOUKH Hasy,.

1
BAIOTCA NnydHocmamy. B Toukax ke, rje kr=ﬂ<n+§>, aMILIHTY 1a

paBHA HYJIO, 3TO — 4346l
KakoB cmpica oTpunaTtenbHoll amnantyisl? Jieao B ToM, uTo npu

i1
Iepexojie 4epe3 3HaucHHe apryMeHTa « <n+ ‘~2> KOCHHYC MEHSET 3Hak,

2 3T0 O3HAudeT, 4YTO MIpPH MepPexole uepes ys3es HamnpabjeHHe KoJle-
Gaiuil MeHsIeTCSl Ha INPOTHBONOJOMKHOE HJH, YTO BCE PaBHO, Pasza
KoJefaHHs MEHAETCH Ha =, a 9T0 (OPMaJLHO 3KBHBAJEHTHO H3MEHe-

HHUIO 3HAKa aMINIHTYAbl KOJIe-

t=0 Ganuifi.

£
R € Paccrosinne wmexny cocepn-
t=F HHMH ITYYHOCTSIMH HJIH V3JaMmi
3 ¥ ONpelesHTCS U3 YCJAOBHS
7

t=z kAr== wm

3 ¥

Ry v

L
~

37 k|Al‘}COSo{:7:

o~
>
N\

S

;_17 N’ OTKyla C yueToM k:{ mo-
R £ nyuaem ,
Puc. 65 A =g

Ilpu kjr =0 n |Ar| uveeT HauMeHbliee 3HAueHue, paBHOE 22,
DTO pacCTosAHME YacTO Ha3LIBAIOT JIMHOH CTOSTUEH BOJIHLL.

Muoxunrens coso!f B ypaBHenun (1) oro6pazkaer mnpoTekanue
KoJjefanuii Bo BpemenH. Buamo, uro ¢asa kosebanus He 3aBHUCHT
OT I, 3TO O3HAuaeT, 4T0 KojeOaHHsl B CTOsueH BOJIHE INPOUCXOAST
B OAYHAKOBOH ¢asze BO BCeX TOUKax MeXAYy JABYyMHA cocej-
HHMH y3JaMH; NPH Tepexoie e uepe3 y3eJ, KaK OTMEUEHO
bllle, aMIVIHTYJa KoaebaHus MeHSeT 3HAK Ha NPOTHBONOJOMKHEILL,
YTO SKBHBAJEHTHO H3MeHeHHto dasbl KoseGaHUs Ha .

Ha puc. 65 n3obpakeHbl COCTOSIHHSI KoneGaHHil B CTOsSUEH BOJHE

T T 3T
A8 MOMeHTOB =0, z‘:~4—~, t=7, t:T Ht=T.
Ecmu, Hampumep, B wHype ¢ 3aKpelJIeHHBIMH KOHIAMH BO3Cy-
JUTh KOJIEGAHHS, TO B HEM MOI'YT yCTAHOBHTHCA JIMIIb BOJHBI, AJIHHA

KOTODBIX OTBEYAET Tp€6OBaHH}O

rie ! — IMWHA WIHYpa, M — 1EJ0e YucJo.

J10 CAelyeT U3 TOTO, YTO Ha KOHIAX MIHypa o00s3aTeqbHO
JIO/DKHEL GHITH y3JIbl, KOJIb CKOPO KOHIIBI €r0 3aKpenJeHbI.

OTOT BLIBOA MOXKHO OGOGHINTL Ha Cjyuail CTOAUHX BOJH 0G0l
NMPHUPOJALI, YCTAHOBHUBIUMXCS B OrpPaHUdYeHHOH o6sacTd: ecad [; —
JIHHEHHbIH pasvep 00JacTH B KaKOM-AHGO HanpaBJjIeHHH, TO B 3TOM
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* pHanpasJCHHH HMEET MeCTO

TakuM 006pason, €C/H CTOSUHE BOJIHBL 3AMOJHSIOT OTpaHHUCHHYIO
06JacTh, TO CHEKTP JAJUH BOJH (HA0Op BO3MOMKHBIX 3HAUEHHH IJIMH
BOJIH) -GYJeT AUCKPETHHIM (He HENpPEepLIBHHIM), KGO BO3MOXHBL JIHIIb
TAKHE BOJIHEBI, JJIMHBI KOTOPLIX ONpEJEJEHbl PaBEHCTBOM

21;

h—="22L,

m
TTockoasKy BCe JuHEHHHE Da3MePbl 00JacTH 3apUKCHPOBAHBL, A m ——
HatrypaabHOe UHCIO, TO A HE MOMKEeT NpPUHHMMATh JIo0ble 3HAUEHHUS,

YTO H O3HAYaCT LUCKDPETHOCTL CICKTPA.

§ 8. I'pynnbl BoJAH KW BOJHOBBIE HAKETHI

Kak yxe rosopusioch B IpeAbAVINEM Haparpage, BOJHBI HEOMH-
HAKOBHIX YacTOT JaloT HHTephEpEHUHOHHYIO KapTHHY, KOTOpas BO
BpeMeHH He IocTosHHA. PaccMoTpum 310 ABAeHHe noapobHei.

Haynem co ciayuas AByX IJIOCKMX BOJH OJHHAKOBBLIX aMIIHTY]
P OAMHAKOBO HampasjeHHbIX Konaebaxuil. [lomaras aas npocrots,
yTo B MOMEHT ! ofa (pPOHTA 3TUX BOJH COBRadH (ri=ry==r) H
@or = vz ==0, noJyunm

z==Z|cos (0;f — kir) -+ cos (0yf — kar)]=

A A
==2Z 08 (—;’3 £ —g) cos (0t — KepF)s
Aw Akr? "
Benuuuny 27 ' cos (Tz—t - -2—) Ha3LIBAOT amnaumydol peayro-

mupyrou;eti BO/HbL. BH}IHO, 4YTO €€ 3HaueHHe 3aBHCHUT U OT BPEMECHH

M OT MOJIOKEHHS TOYKH, B KOTOPOH MPOHCXOZUT HHTepdEepeHIus.
A Akr

Ona makcumanbya Tam, rje <7‘Dt—— —2——>:n7r. Ecau B momeHur Bpe-

MEHH { MaKCHMyM NpPHXONMJICS Ha TOYKY C KOOpJAMHATHOH I, TO

uepes Bpems df OH Okaxercsi B TouKe r-Hdr, T. e. mepeMecturcs.

Herpyano waifitu ckopocrs nepememenust storo makcumyma. Orpa-

HuuuMcsa cayvaenm dr|[k. Toraa, aucdepeHUMpPYS pPaBEHCTBO <é§t——-

Akr
————):nn 10 BPEMEHH, MNOJYYHM C yuyeTOM HE€3aBHCUMOCTH Aw ¥

2
Ak or Bpemenu:
Aodt — Ak|dr|=0,

OTKyAa
jdr| Ao
dt T AR*
MoxHO mnOKasaTh, 4TO W B ciaydae HHTepdEpeHIUH He JBYX,
a Hea0fl IPyNNbl BOJMH, 4acTOTHI KOTOPHIX JeXaT B HeGOJBIIOM
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unrepBane Ao =y — Opin OKOJI0 Wi < Wep < Omax, UMEET MECTH
TO XKe camoe BbipaxKeHHe (mpHu Aw-»O)

. ldr] _dl
Tdt T dk T dT

Benuuuny ‘Zt rl , PaBHYIO - d H xapamepnsyromyro 6bICTpOTy JABHKe-

HHSl MaKCHMaJbHOH aMHJ‘II/ITy}IbI KoJe6aHuil nHTePpEPHUP YIOUHX BOJH,
HasbIBAIOT MOOyAem epynnoeoil cxopocmu 3THX BoJsH. Vimenwo c 3toj

CKODOCTbI0 CBfI3aH IIE€DEHOC 3HEPrud BOJHAMH. B ciydae MOHOXpo-
tde| 0O
maThyeckoil Bonubl Aw=0 u Ak=0 u BeanuuHa g =7 He onpe-
JefeHa, uTO O3HauaeT OTCYTCTBHe rpynmosol ckopoctd. Ono g
NOHSATHO: [PYNIOBasi CKOPOCTb €CTb CKOPOCTh PacnpoCTpaHCHHs
MaKCUMaAbHOH aMIIHTYAbl HHTep(epHp VIO HX BOJH, 4acTOTh

KOTOpHIX OJAM3KH ApPYT ADPYTY, HO He paBHEL. CKODOCThH K€ MOHOX]O-

Y . IS
MaTHYECKOH BOJIHBI MBI OIIpEAe/IMJAHd paHee Kak Uq):—T:%—. Sra

CKOpOCTh, KOTOPYH Nbl B maparpade 3 HaspaJd IPOCTO CKOpPOCIBIO
BOJIHBI, HasblBaeTcs pasogoli ckopocmero BosHbi. V3 onpepesnenus
CKOPOCTH MOHOXPOMATHUeCKOH BOJIHBI (UMM, YTO BCE PaBHO, ¢as3oBoil
CKODOCTH) CJEAYeT, 4TO OHa I0Ka3biBaeT, ¢ KaKol CKOPOCTBbIO pac-
npocTpansagaach 06 MOHOXPoMA, ecau Obl OHA cyllecTBoBasna. PeaJbHo,
K2K y¥Ke TOBOPHJIOCH, OTAEJbHBIX MOHOXPOM He cyuiectByer. Beskasn
peajbHas BOJHA €CcTb TIpylla BOJH, cOCTOAWIAsd M3 GOJbLIErc Hau
MeHbUIero 4YHCJa HHTEePQEpUpPVIOYX MOHOXpPOMAaTHUeCKUX BoJH. Ho
TOrZa umeeM Ansl JI:0OOH peaJbHOH BOJIHBL:

N

N
e=>) 2;=>) Z;cos (0;t — k;r). (1)

i=1 i=1

Moxet oxkasaTbcst, uTo cpeau HHTEP(hEPHPYIOLINX BOJH OAHA U3 MO-
HOXPCM MMEeT aMIJHTYIy NOoAaB/siiollie OOJBIIYIO MO CPaBHEHHIO
C aMIJIUTYJaMH BCeX OCTa/JbHEIX MOHOXPOM. B 3T(M cjydae u mody-
yaeTcs BOJIHA, HANOMHHAIONMIAA MOHOXPOMY; HMEHHO TAaKyK BOJHY
B (hH3HKe 4YacTO M HAas3blBAIOT MOHOXpoMamuteckod (OmycKasi CJIOBO
«TIOUTHY).

MOXHO 1I0Ka3aTb TaKkke, 4TO B cayuae HHTepdepeHinud 6oJb-
HIOTO YHCJa MOHOXDOM pesyJbTHpYIOUWlad aMmIKuTyAa OyAeT HuMeTb
3HAUUTENbHYIO BEJHUHMHY JHIIb B HeCOJABUIOH 06JgacTH mpocTpai-
crBa — o0pasyercss BOJHOBCH IakeT, JABHXYIIMXCH CO CKOPOCTHIO |
Vop Zt MoxHO Takxke 1OKasaTh, 4TO 4eM Gosibhie Aw, TeM MEHbLIE
JInHeliHble pa3Mepbl 00JaCTH, B KOTOPOH 3aMeTHA aMIIUTYJa BOJIHHL
HmeHHo, AJIS BOJIH, PaclpoCTPAHSIOMUXCA B HANPABJEHHH T, MOJY- -
qaercs lArIAmwc rle ¢ -—— MakCHMaJjbHad TCPyNIOBasi CKOPOCTh

pacnpocTpaHeHud BoJH. BHaHO, uTO IS MOHOXPOMEL | Ar | %Z&%_’oo'
T. €. MOHOXpOMa, €ciu Okl OHAa CylleCTBOBaJja, Obwia Obl HEOrpaHH:
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3

- 9eHo npotsxkena, Ho 510 osmavaer, uro MOHOXpOMA — 370 UK,

970 caMas rpybas cXxema peasbHOH BOJHH, NOJ0GHO TOMY
KaK MAaTEpHANLHAT TOUKA — 3TO caMast nepBasi, camas rpySas Mofess
peanbHoro Tesna. Kak rosopusioch Bbiie, MOHOXPOMOH 4acTo Hasbi-

* BRIOT BONHY, AN KOTOPOi |Ar|> A,

- MoxHo nokasars, 4to Xors azoBas CKOPOCTb. HE CBSI3aHa C mepe-
HOCOM SHEprHd, OHA OMpefeNsieT HyTb BOJMHBEl (X0X Jyua). Hampumep,

N N N 7

N N N—”
aw=0 Al oo
Ay #0 ar< oo

WA

AW Benuko, Ar mang
Puc. 66

Ha TPAHHOE pasjena ABYX Cpej H3veHeHWe HanpaBiednd Jyda npH
NPeJIOMJICHHY  onpefenifdeTcd HMEeHHO (a30BOH cKopocThlo. OnHAKO
BpeMs JIBHXKEHHS 110 STOMY NYTH 3aBHCHT BCE-TAKH He OT Uy, 4 OT Urp-

Ha puc. 66 usoGpaxensi cxemaTuuso pasnuunsie TPYINLL BOJIH
B 33aBHCHMOCTH OT HHTEpBaja 4acToT Aw.

OrMeTuM, 4TO Npu HHTepepeHUHH BOAHH He YCHIHBAIOT U He
0cnabAsOT APYr APYTa— OHH NPOCTO HAK/IAIBIBAIOTCA OHA HA apy-
Fylo, «He nomoras» H «He Mewas» Apyr Apyry. Hwmenwo mostomy
Koaebaxue B pe3yabTUPYIOUEH BOJHe onpepenserca paseucrtsom (1).

§ 9. Hpunuun Tokirenca u ®dpenens

Bepuemca k Bompocy o pacmpoctpduenun Bosn. He BIABaACh
B MEXaHH3M TOrO0, KaK HMEHHO OCYINeCTBJSIeTCS nepesaua KoseGanmit
OT OZHOTO MeCTa K JAPYrOMYy, Mbl BCe Ke (OPMAabHO MOMKEM OMUCATh
XapakTep pacnpocTpaHeHHsi BOJIH, ORMpasick Ha npHHgun [ofivenca
H ®penensi, KOTOPLIH YHTAGTCS TaK:

Kaxpas Touka cpenwt, mo koTopoil aciuio
KoJsiebanHe, camMa CTAHOBHTCH HCTOYHUKOM BTO-
PHYHBIX BOJH TOH e 4YacCTOTHI; ITH BTOPUY-
Hble BOJHBI, HHTepdepUpys, <YCHIUBAIOT» Apyr
Apyra B HanpaBACHHH pPACNPOCTPAHEHHS WU
«racet» ‘B oOparHoMm. Orubaromasi 3THX RTO-
PHUHBIX BOJIH €CTb HOBbIH (POHT BOJHBI.

W3 opMyMpoBKH npuHUHMNA BHAHO, UTG OH A4ET BOSMOMKHOCTD
N0 QpoHTY BOJNHBI B KaKOH-THOO MOMEHT ! TOCTPOHMTH $poHT 3TO0H
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ke BOJIHBI B MOMEHT [-df. B sTOM Gonbluag HeHHOCTh NPHHIIMNA,
6o omupasich Ha Hero, Mbl MOXKEM ONHCaTh XOA (POHTA BOJIHLI
B cpele W Ha TPaHMIAX pasjlena; BLIBECTH ¢3aKOHBI» OTpaKeHHs,
IIpeNIOMJIEHUST M JAHQPPAKLMH, O KOTOPHIX 6y~
JeT UATH peyb HHXKe U T. H.

Ha puc. 67 noxkasaHo HeCKOJBKO IIO-
ClAefoBaTeIbHBIX IIOJIOKEeHHH ¢poHTAa Ka-
KOH-TO BOJHBEI B HEKOTOpOH cpefe obiuero
THna (T. € HEOQHOPOAHOH U HEHU30TpOIl-
HO#).

\Y
I NEMEHIMANHEIE YvOCMmKY
SOOHUUL! POIOCNT & @POHIMO
Bonmes

Emopon cpedr

Puc. 67 Puc. 68

BuBezem, onupasch Ha pelent [rofirenca—®penens, «3aKOHBI»
OTpaxKeHHUs M NPEJOMJEHHsT BOJIHbLi HAa rpaHuile pasjesna ABYX Cpen.
[Tycrh Kk HexkoTOpo#l rpaHuue (puc. 68) NMPHUXOINT BOJHE NPOH3-
BOJIbHOTO BHAa. PaccMOTPHM C€TOTb Majbli  y4acTOK rpaHHlbl, 9To
€r0 MOXKHO CYHTATL IIJIOCKMM; aHAJOTHUHO BBIAEJAETCA H 3JeMeH-

Vnap Varp v Vorp
nan
flepban cpeda
3|
I~ ’
M \S[$ ud
(—2 K
=
- EXG %)
M- Bmopas cpeda

Vnpen
Puc. 69

TapHe® yyacTok (PpoHTA BOJIHEL. B 3ToM caydae MOMHO CUHTATh H
rpaHully paszgena d (POHT MOAOIIEAIEH BOJHB B JaHHOM MeCTe mJo-
CKUMH, KaK 3TO # NOKasaHo mHa puc. 69.

IMyets ON — mmockull  yuyacToK (poHTA BOJIHBL, IIOJOLIEAINKH
K rpanune LK Tak, uro Ttouka O ¢poHTa HaXOQHUTCS Ha rpaHule
pasgena. [lepexBurasicb B HanpaBJeHUH V,,, ywactok ON dpourta
napaoniefl BosHbl 3aliMeT uepe3 Bpemsl di nogoxenne O'N'. 3a a10
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@x{e BpeMs (POHT BOJHEI MOCJAENOBATENILHO «3aLEMUT» BCE TOYKH I'pa-

; HHLBL OT O no O, B03GyZMB B HHX BTOpPHYHBIE BOJHBI, KOTOpbIE

* cTaHyT pacnpoctpaHsaThes H B cpene I u B cpene Il co ckopocTamu

. Vorp B Vpp.

| Orufamolias BoaH, uayumux B cpere I (MO'), Gymer ¢poHTOM
" oTpaKeHHOH BOJIHBI, a orubaioomas npoweynux B cpeny I — (M'0') —
(POHTOM NPEJOMIEHHOH BOJIHbI.

W3 coobpaxenuit cuMmerpHy (QpOHT yhaslueld BOJHbI MJAOCKHH,
rpaHHLA NJOCKAaH, CPeAa Ha MAJIOM yuacTKe IIPaKTHYeCKH OJHOPOIHA

.M H30TPONHA) cJeAyer, YTO (PPOHTHL OTPAKEHHOHN M ynapuiefdl BOJH
GyLyT NJAOCKUMH. 3TO MOXKHO I10Ka3aTh M NpPSIMBIM PacuyeToM, 4ero,
0JHAKO, MBI jeJaTh He OyjeM.
- C yueroM CKa3aHHOTO H TOrO, YTO Uyay == Ugrp, NIPUXOJUM K Bbl-
BOAY O TOM, UTO IpsSIMOYTOJbHBIE TpeyroabHukn OPQ u OF0
PaBHEl, OTKYJd CJEAyeT PaBEHCTBO YIJIOB Upay H Cgrp, COCTABJSIEMBIX
COOTBETCTBYIOIIMMH yuacTkamu (QpoHTa ¢ rpanuuefi pasjena. Oue-
BHJIHO, BMECTO PAaBEHCTBA 3THX YIVIOB MOXXHO FOBOPHTb O paBeHCTBE
yIJIOB, KOTOPHIE COCTABJISIIOT JIYUM YNAaBIIMHA W MpeJOMJeHHBI ¢ HOp-
MaJsplo, NMPOBeIEeHHOH K rpaHume pasieja Ha ydvacTke, TIe paccmat-
pHBaeTcst MajeHue BOJIHEHL.

Hasee, Boipamas OO H3 nNpAMOYroabHbIX TpeyrcapHukos OFQ
u 0GO’, moayuum

Vpag At v dt
00 =27y 00 ==-1Pe2__,
sin ayay sin ayp

sin @ v sin « 4 o
onan o Tnan gy 2 ! —"1 . Benuuuna Ny == -+
sin ayp Uup Sin dy Vg ’ Vs

_Ha3bIBAETCH NOKA3AMEAEM NPEAOMACHUS GMOPoL cpedol OMHOCUMEAEHO
nepgod. Tak KaK CKOPOCTb BOJIHBI eCTh HeKoTOopast QYyHKUHS YacToThl
KoJieGaHHil, TO U A, TOXKe 3aBHCHT OT 4acTOTHl NajalollHX Ha rpa-
HHILY BOJIH.

[Tockonbky 4yactota KoseGaHUIl B BOJIHE LEJHKOM Onpeaessercd
yactoToll KoJsiebaHuil HMCTOYHHMKa (MBI CYuTaeM, UYTO HCTOYHHK KOJe-
Gavuil ¥ rpaHuua pasiena B3aMMHO He MEPEMEIalTcs), TO YacToTa
BOJIHEI IIPH OTPaKCHMH U NPEJOMJEeHHH He MeHsercs.

MoxHo Tak:ke TIOKa3aTb, YTO JY4YM YMaBUIUK, OTPAKEHHHIH H
NpeJoMJleHHBIH JieKaT B OAHOH IJIOCKOCTH C HOPMAJbio, INDOBEJEH-
HOH K rpaHUle pasiena B TOYKe NafeHHs Jyua; 2Ta IJIOCKOCTH Ha-
3bIBaeTCsT nAockocmvlo nadexus (aas puc. 69 oHa coBmaiaer, oude-

BHJHO, C TJIOCKOCTBIO UepTeXa).

OTKyJa CJaefyer

§ 10. dudpakuus Boax

Kak yxe roBopusoch, B OXHOPONHOH M H30TPONHOH cpejnax BoJ-
Hbl pacpOCTPaHSIOTCS ¢ TMOCTOSIHHON CKROpOCThi0. EcTecTBeHHO, UTO
'Ha HeOAHOPORHOCTSAX Cpelbl CKOPOCTb OyIeT Kak-TQ H3MEHSTbCH.
Ouenp BaxHLIM Clyuyaem MONOGHOIO POAA ABJAsiETCA AMDPaKLHS —
- H3MeHeHHe HanpaBJeHHSI CKODOCTH BOJHBL HAa [paHuUax pesKHx
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HEOJHOPOAHOCTEH, BKpalJIeHHBIX B Cpely, — BCAKOrO poja nmpe-
TATCTBUAX. PPOHT BOJIHBI OKOJIO 3THX NpPeNATCTBHH MOMKeT cyecT-
BEHHO M3MEHHTb CBOIO (opMy, B KaKOH-TO Mepe «00BOJIAKHBafA», «OTH-

: Obnacme 2eomempu -
. YECKOU MEHY

Obnacme 2eomempu -
YECKOU MEHU

Puc. 70

Casiy 370 mnpensitcTBue. XopowHi cnocod pacyera AHQPaKUHCHHHX
ABJEHUN AdeT Bce TOT ke npHuuMn [rwoiirenca u Ppeneas.

. Pas6epem cnauana cyTb sBJeHHst AMQpPaKHBU C NOMOUIBLIO PHCYH-
koB. Tax, na puc. 70 nokasaHo, KaK 4acTb ()pOHTA NJAOCKCH BOJHLL
NOJCILAA K OTBEPCTHIO B 3KpaHe. 3areM, B COOTBETCTBUH C NPHHIM-

Jdnacme geomerny
YeCKOU MenY

HCmoyHUK
BorH

Puc. 71

nom Tlofirenca, HapHCOBAaHO HECKOJBbKO HOBHIX IIONOXKEHHH To# uac-
TH (pOHTa, KOTOpas MpollJia CKBO3b OTBepcTHe. BuaHo, uTo ¢poHT .
BOJIHBl 32 OTBEPCTHEM YXKe He eCTb YacTh IVIOCKOCTH, OH HCKasuJjcs
Ha Kpafx OTBEPCTHf, a BOJIHbl 3aNONHSIOT 32 OTBEPCTHEM H 4acTb
NpocTpaHCcTBa, Jekamero B o0nacTH  reoMeTpuueckofl Tenu., Ha
puc. 71 usobpaxeHno, Kaxk cdepHyeckas BOJHA «orufaeT» INpenaTcr

BHE,

132 .



LTS

N

Ha srux 1BYyX mpumepax yKe BHAHA OCHOBHAfA CyThb audppak-

AU — OTKJIOHEHHE BOJIH OT [PAMOJHHEHHOIO * PaCIPOCTPaHEHUS HA

ppensitcTBUusX. Ilockonbky npu audpakuuu AyuH yxe He ecTh mps-
MBle JIMHUH (OHH OKOJIO MPensiTCTBUE HMCKPHBJMIOTCS, KAK IOKA34aHO

‘ma puc. 70), 10 B TeX ciayuadAx, KOrAa IUGPaKIUOHHLIE HABJEHUS

CKA3bIBAIOTCS CYILECTBEHHO, NMOHATHEM JIyua NPEANOYHTAIOT He HOMb-
soBaThcs. . HanGomee npocTele cayyan B gudpakiui HMeIOT MecTo, KOraa
JIHHeltHble pa3Mepbl NPENATCTBHH MOPSAKa JJMHHBI BOJHBL. 32 TakHMH
NPEensITCTBUSIME M/ OTBEPCTHSMH NPAKTHYECKH HET O0G/acTH, Hesa-

- MOJIHEHHOH BOJIHAMH (puc. 71).

CkasaHHOe BbILIE OMUCHIBAeT IHGMPAKIIO B CaMblX OGMHHX YepTax.
IMpunnun Tofirenca u PpeHesis cnocofeH onucaTh ee Gojee Je-
TaJbHO. , :

[Ipexkne Bcero, 3agaua CTaBHTCSl Tak: H3BeCTHA AaMIJIUTYAa KO-
neGanuil BOJIHBL, TIOACHIeAIIeH K NPENnfATCTBHIO, H3BeCTHH ¢opma H
pasMeps! TPENsATCTBHA (OTBEPCTHHA); HAHTH pacnpelesieHne aMIIuTYA
3a MpPENSITCTRUEM (OTBEPCTHEM) Ha PacCTOAHHAX, 3HAUHTENBLHO Ipe-
BHINIAIOINKHX JIMHeAHBle pasMepbl MNpensTcTBUs. Pelenue 3ajgaud B
CMBICJIOBOM OTHOLUIeHHU HecnoxHO. MMenno, pazbusas (pOHT BOJHEL,
nojouieauiefl K OTBEPCTHIO, HA MaJble YUYacTKH H CUUTas Kaxk/pld
TAKO YYacTOK «TOYEUYHbIM» HCTOYHHKOM BOJIH C aMILIHTYIOH, mpo-
NOPLHOHAALHOA IMJOMAAH YYacTKa, TMOJYYHM MHOTO (TOYCHHBIX»
HCTOYHHKOB, H3JYyYaloLUX B OZHOPOAHOH cpele cdhepHUeCKHE BOJIHBL,
KOTOpble, MOAXOAA K HHTepecymolleil Hac Touke, HafyT HEKOTOpoe
cyMMapHoe KoJebaHue, olpefiesiseMoe paBeHCTBOM

z2={dz=\dZ cos (ot — xr).

AtoT uHTerpas B oflleM cJaydae He Tak-TO TPOCTO B3sATh. 3ajauya,
OMHAKO, YNpoLlaeTCA NPH HAJUUHH Kakoi-nubo cummeTpud. OnHum
U3 NPOCTLIX MPUMEPOB SBASETCS pacueT NH(PPAKUHOHHOH KAPTHUHBI OT
Kpyrsoro otBepctusi. [lpaBma, Mbl M 3TOro 3sjecb He CMOKeM Cle-
JlaTb, HO HaMeTHTb IyThb pEIUeHHs] M CHeNaTb HEeCKOJLKO IpaBioMo-
JOGHBIX MMpeAJOXEeHHIl B HamIMX cujax. HauneM-c TOro, 4ro OlLEHUM
aMmIUTYyly KosebaHusl B TOuke, Jexkaullefi Ha OCH CHMMETPHH H JO-
CTaTOYHO JAaneko oT oTeepctus. [Ilyctb K orBepcthio mojowna cge-
pHdeckast BosiHa. Pa3obbem uacTh ()pOHTA, «IIPOrJSHYBHIYIO» B OTBEp-
CTHEe, HA KOJbLEBble YYacTKH — 30Hb DpeHesns — chaenyomum obpa-
30M° (puc. 72): WIHPHHA KOJbLA [J0JKHA OBITh Takoil, 4Ttobsi pas-
HOCTBh XOAa BOJH (Jyuell) ero KpaeB J0 TOUKH HalmogeHust ObLia
paBHa A/2. Takoe pasbuenue (PpoOHTa HPHUBOAUT K TOMY, UTO BOJIHBI
OT COCEJHUX 30H HNPHUXOAAT B TOUKY Hal/MmojgeHUss B mnporusBodase
(umeHHO m3-3a Ar=2»A/2), H aMIINTyZa KoJieGaHHA B TOuKe HaGJIO-
IEeHHST OKa3biBAETCH NPH 3TOM OuyeHb OJH3KOH K HYJIO (aMIJIMTY1a

AHpHXO}lﬂUI,&ﬁ OT 30HBI BOJIHBI MNPOMNCOPIMOHAJbHA IIOHIAAN 30HHI,

4 mAouiaau 30H MNPH TaKoM p836l/leHHI/I, KakK MOXKEeT NpH 2KeJAHHH

‘NOKa3aTh yHTaTe]bh, NPaKTH4YeCKH pasHbl). Ho Toraa bl mpuxoxuMm

fa

SIS

'K BBIBOAY, YTO €C/IH YHCJIO 30H, YMECTHBIIMXCS HA ()POHTE BOJIHB
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B OTBEPCTHH, 4YeTHO, TO B Touke HAOGMIOAEHHS aMIJIHTyAa ONk3ka
K HYJIO, MPH HEYETHOM YHCJE 30H — aMIiMTyJa HauGosabmiasd, a mpuy
JIpOGHOM 4YHCJe — HedTo cpeiHee. [lojoxHMM JJIs1 ONpenesIeHHOCTH,
uTO uHcJAO0 30H yeTHoe. Toraa B Touke O aMIIUTyIa MUHHMMA/bHa.
Ecan cuBuHyThCS Temepb OT TOUKHM O MO HOPMAaJaH K OCH CHMMETPUH
KapTuHbl, Hanpumep, B Touky O, TO B 3TOH TOouke aMnnutyaa 6yjer
fosblie K3-3a TOrO, 4TO TYJA BOJHBI OT 30H NPHAYT ¢ GoJiee Gaarc-
BDUATHEIMA (Ha30BBIMH COOTHOHIEHHAMH. MOXHO Takke m0Jararh,
4TO 110 Mepe YJajeHHust oT ocu GyAyT BCTPeuarbcsl TOUKH, B KOTOpPHle
BOJIHBL OT 30H OyAyT MPHXOAMTbL TO C MeHee, TO ¢ OoJiee 6jaro-
TIPUATHBIME (PA30BBIMH COOTHOMIEHUSIMHU, U, 3HAUWT, AMOAMTYAA BOJH
[0 Mepe JBHIXKEHHUSI OT OCH CHMMETpHHM O6yler TO yOniBaTh, TO BO3-

ToHrui
IKPCH 1y
Jrpan nabrwlenun

_A
/N SR =5

1
! 0'4
S T ‘
Hemoynuk {“ '|I|‘I' ) S
Bosw A I
W1 3
(A N
\\\ 3
Dponm rodo- §’
weduted K N

IKPaHy Bontel

Puc. 72 N

pacrarb M pacnpenejeHde ammiutyi OVIeT NPHMEDHO TakuM, Kak
NoKasaHo Ha rpaduke puc. 72. [lpy sToM (1 910 yKe C HECOMHEH-
HOCTBIO CJIeAyeT U3 cooOpaXKeHHH CUMMETDHH) Takoe pachpejeneHue
OyzeT ofiajaTh CHMMeTpHEH ¢ ocbio cuMMerpuu OS.

Ecau skpan ¢ oTBepcTHeM B HeM 3aMEHHTH TPENSITCTBHEM TOH JKe
(OopMbl, UTO U OTBEpPCTHE, TO H3 COOGPAMKEHHH CHMMETPHH MOXKHO
OXHUJIATh, UTO KapTHHA pacrmpefesieHvs aMiIJIMTYJ B TOM XK€ MecTe
CMEHHTCA HA JAONOJHHTEAbHYI0. M npamoll pacyeT U IKCIEepUMEHT 3TO
NOATBEP XKIAIOT.

M3 npuBenennoro BecbMa NPHGAHIKEHHOrO PAacCMOTpPeHHS JHp-
PaKIHH Ha KDYIJIOM OTBEDCTHH BHJHA JOCTAaTOUHAST CJOXKHOCTH pa-
CueTa KapTHHBl JaXKe B 3TOM CHMMETPHUHOM CJiydae.

BugHo Takxke, 4TO (BO BCSKOM Cjydae B paMKaX INPRHIHNA
lNofirenca-Openenst) sBaeHHe JuPPaAKLUHUH €CTh MO CYILIECTBY Pe3yJb-
TaT HHTepdepeHUUH BOJH, HCXOASHHX OT 30H, YTO U TPOABJSETcs
B UepeNOBAHMM MAKCHMYyMOB M MHHHMYMOB aMILIMTYJ 34 OTBep-
cTHEM.
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§ 11. MartepuajbHas TOYKa W BOJHA

“ColoCTaBUM TeNepb HEKOTOpble CBOHCTBA MATEPHAJLHOH TOUKH WU
BOJIHEI — JIBYX OCHOBHBIX CX€M KJaCCHYECKOH (H3HKH.

MarepunanpHas TOUKA Bonua

E]

D10 Momean, cxema, o6pas Teaa I10o Mojeas, o6pas, cxeMa COCTOA-
HUA Cpelbl, B KOTOpOH pacnpocrpa-
HAIOTCA KoneGaHus

[Tpene6pewumeie pasMepst Pasmepn ofnacTy, 3aHATON BOJHOI,
CYUIeCTBEHHbI
B Kamapli MOMEHT OHa MOXET €O DT0 HEYTO PAasMbITOE, COBEPUICHHO

BCEH ONpCIeAeHHOCTHIO HAXOAMTLCA B | HeouepueHHOE, He HMeluee Pe3KHX
HEKOTOPOH pe3Ko oyepucHol 061acTu | rpaHuil. beccMbICIeHHO rOBOPHTD «BOJ-

(B «TOUKE») Ha HAaXOAMTCH B HEKOTOPOW TOUKE»
B kawnawifi MOMCHT oHa ofxajgaer PasHble KOMITOHEHTHI (MOHOXDPOMbI)
BIIOJHE OPCICIEHHOA CKOPOCTHIO BOJHBI JBWXYTCH, BOOGILE rOBOpPS, C

PA3HBIMH CKOPOCTAMH M MOHATHE <CKO-
pOCTb>» B 3HAYHTENbHOI Mepe Heompe-
IeleHHOe NOHATHE ANf BOAHB B LEI0M

Ipn  aBuwenun gedopmauuii  He CaoxHas HEMOHOXPOMATHUECKAA BOT-
npereprnesaer Ha (ITaKeT) C TeueHHEeM BpeMeHH 0O6s-
3aTejbHO «Pacnoa3aerca» uU3-3a pasiu-
YHA CKOPOCTEH ee KOMIIOHEHT

W3 nepeuncsieHHOro, a Takke W3 PACCMOTPEHUA TaKUX HABJIEHHH
KaK uHTepdepenusss BOJH, AHbpaKIlis, MOJAPH3ALHU, CO Beed odue-
BUJHOCTBIO CJIEAYET, UTO MepenyTaThs BOJIHY C MaTepHaJbHOH TOu-
KOU ~— 3ajaua, Tpebyiomias NbKoH ¢danTasuu. Jho6o u3 o6bekToB
HIH YK BOJIHA, WJH He BOJHA, HJAM MarepHaljbHas TOYKA WJH Het!

Bor 3T1a-t0 Kamyluascs OUeBHAHOCTb U KaTETOPHUYHOCTb AEJICHM S
06BEKTOB MHpPA Ha Tesa H BOJHLI mpHuHecaa dusuxam Hauasa XX cro-
JeTHA He Masio OropyeHui.

3abeenne TOro ¢eKTa, UTO MarepuasbHBIl OOLEKT 3TO ORHO,
a HalM [PeJCTABJEHHS O HeM -— CYLIeCTBeHHO APYyroe, 3a0BeHHEe NpH-
6JMKEHHOCTH HAwWHX NTPEACTaBJGHHH O MUpe AaJH o ce6e 3HATh.
Kak umeHHo W B uem — pasrosop O6yJeT HATH B rJaBe, NOCBAIIEH-
HOH KBAaHTOBOMEXAHHUECKMM IpeACTaBJeHUSM (CM. «Muunmanbras
¢usuka», u. [I).

3ameruM, 9TO HapAAY C SBHBIMHM Pa3JjIMUMSIMHE MEXXIY TeJOM H BOJI-
HOH ecTh M CXOJCTBO: W TeJO0 M BOJHA CYTh MaTepHajdbHbie 00pa3o-
BAHHMS M HOCHTEJNM JHEPruH, HMIYJbca M MOMEHTA HMMNYJAbCa.



Paszea 1. TEOPHM TOJIS

Kax yKe ropopusioch BO BBeJEHHH, Ta (OpPMa MaTepuH, IOCpPe:-
CTBOM KOTOpPOIl OCYILECTBJISIIOTCSL BCe B3aHMOJEHCTBHSA MEXAY TeNaMmy,
HasbiBaeTcs noJjeM. B sToM paszene mbl M 6yneM TOBOpPHTbL O CBOil-
CTBaxX TPaBHTaUMOHHOIO H 3JEKTPOMATHHTHOro nonefi. Knaccnueckas
u3Ka paccMaTpHBaeT MoJe KaK HEKOTOPYI0 HENPEPLIBHYIO Cpeay,
¢cnocobHYI0 BO3NEACTBOBATL Ha IIOMELIEHHBlE B Hee Tesa. VIMenno mo
1eM BO3JEHCTBHSIM, KOTOPLIE I10Jle OKa3biBaeT Ha ICMEHICHHLIE B HETO
Tejla, H CyAaT o cBoficTBax nogs. Camu Tesna, C NOMOLUBI KOTOPLIX
"MCCJeNYIOT MoJie, YacTO Ha3LBaloT npobroimu meiamu. OHH JOJKHBL
ObITb TOYEUHBbIMM (MO0 HCCJAERYIOT CBOHCTBA NOJSA B KaxKIOH «TOYKEY)
¥ He JOJIKHbl CBOMM NPHCYTCTBHEM CYIIECTBEHHO HMCKa)aTb HCCJe-
AyeMmoe fnoje, T. €. H3MEHSThb CYUIeCTBEHHbLIM 66pa3om B3aumozeli-
CTBUA JAPYTHX TeJ, Yy iK€ B3aUMOJEHCTBYIOLIMX MeX cofol nocpet-
CTBOM 3TOr0O MO, :

3aMeTHM, 4YTO CaMOro MexaHH3Ma BO3JEHCTBHS CHJOBOTO noaAd
Ha NOMeleHHOe B HETO TeJI0 KjaccuyecKas $U3HKa ONHCaTb He MOXKET.
Bce umeBmHe MeCTO MOJENH 3TOr0 BO3JAEHCTBUst (€ MOMOIIbIC, HaNpH-
Mep, BOOOpaXkaeMBIX KOJNECHKOB, MPYKHHOK, CHJIOBBIX JIMHHE H T. 1.)
ycnexa He umead. Teopus naer crnocol JHILib pPAacCUHTaTh CHJOBCE
none W TeM caMblM 3apaHee NpeicKasaTh, KakuM OyJaeT Bo3zeiicTBHE
HHTEPECYIOUICTO HAc MOJS Ha HHTEpecymliee Hac Teqo.

Bpezeuue mnoHsitus CHJIOBOTO 10/51 U36aBHJIO (GU3MKOB HaBCETAa
OT NpEeANnoJIoKEHHsT O BO3MOXKHOCTH MAaNBHOAEHCTBUSI, T. €. O nepe-
Jlade BO3JAEHCTBHS OJHOTO TeJa Ha JAPYroe uepes «HUYEro» H KHHUeM»;
JaNbHOREHCTBHE S$IBHO HE BSIXKETCss ¢ OOHIMMH I10JIOXKEHH SIMH eCTECTBO-
3HAHMA, CUMTAKOUIET0 BCE IIPOLIECCH, NPOTEKaloliue B NpHpOje, MaTe-
pnaabHbiMH. PesdTHBHCTCKast Teopusl noJs Booflile He JesaeT pas-
JUYHS MEXIY BEIeCTBOM H IIOJIeM, T€M camblM IIOHHMasi foJje He
KaK YROOHBIH crnoco6 OnmHcaHHsi B3aWMOZEHCTBHH, a Kak camylo Ha-
CTOfALLYI0 (PH3NYECKYIO PeajlbHOCTb, HE MEHEE «BECOMYIO», ueM Belle-
CTBO,
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.A. TPABUTALIUOHHOE I10JIE

OnbiT NOKa3piBaeT, yT0 B C €M TeJaM B NPHPOAE MpHCyule B3a-
‘MMOJelicTBYe, HasblBaeMoe epasumayueld wan mseomenuem. Ilpu. 3a-
(HMKCHPOBAHHOM pacCTOSHHH MEXAY TeJaMH CHJla B3aHMOJEACTBUA
OKa3blBaeTCsl NPONOPUHOHANILHON NPOH3BEAEHUIO MAcC 3THX Ted. 310
o3HayaeT, YTO WMEHHO Macca TeJ H OTBETCTBEHHA 3a CO3jaHue Tpa-
BHUTALlH¥, OHA €cTh TOT NapaMeTp, 3apsifi, KOTOPLIH CO3JAET rpaBUTa- .
LHOHHOe 1osie. B 3ToM nposBasieTcss coBceM Apyroe CBOHCTBO MacChl,
HeXeaH B auHampke. Macca sjech BeICTymaeT He Kak Mepa HHepT-
HOCTH, a KaK HCTOYHHK H oOBeKT Tsrorenusi. B cuiay sTtoro maccy
KdaK TNapameTp rpaBHTAUMOHHBIX B3aHMONEHCTBHN Ha3biBAlOT rpaBHTa-
IMOHHBIM 3apsI0M HAM PpaBHTALMOHHON (TsuKesofl) Maccoit p B OT-
JIMYHEe OT HHEePTHOH Macchl m, GUIyPHpYIOLIEH B JAHHaMHKe. -

Best coBoxynuocTh HaGMOLEHHH M ONbITOB (HEKOTOPHIX H3 HHUX
MBl KOCHEeMCS HHKe) 3acTaBHJH (pH3HKOB COPMYJIHPOBATH HPHHLHI
SKBUBAJEHTHOCTH TSIKEJOH H HHEPTHOH Mace, YTBEpPKIAIOWHUH, uTo
MEXKJAY # W m HET NPHHUHMIHAJBHON pasHUUBl —H TO H JAPYyroe ectb
JiBa NPOSBJEHHA OAHOA M TOH JKe CyTH — BCAKoe Tejo obnanaer u
WHEPTHOCTBIO M CNOCOOHOCTBIO CO37aBarb TAroTeHHe, H 00a npossie-
HiAd OGYCJAOBJIEHBI TeM, 4TO Mbl HasbliBaeM Maccoil. Oxasanoch ynoG-

HEIM, OJIHAKO, BMECTO p==m CuHTaTh w==} {m, Tle |— rpaBuTa-
LMOHHAs INOCTOfiHHAsA, OAHZ H3 HEeMHOIHX qunnamemaﬂbnux KOH-
CTaHT (U3HKHU.

§ 1. 3aKoH TAroTeHus

Hcaak Heloton, uccaeays ABHKEHHSI NJIaHET W NAJAlONIMX OKOJO
NOBEPXHOCTH 3eMJH TeJl, NPHILeA K BHIBOAY, YTO IS JIBYX MaTepl-
albHbIX TOYEK, MacChl KOTOPHIX m; M My, HMEeT MeCTO pPaBeHCTBO

m;my
Fik =7

. | 4rri,’
rre ri, r — PaCCTOAHHNE MEK]1Yy MaTepHaJabHBIMH TOUKaMH iunk
1
Tionaras B atoM paBencTBe m;=m,=—1 H rik=2—';::, [OJayuUM
o

Fip=17, 1. e. rpaBuTaunonnasi NOCTOsSIHHAs ¥ NOKa3HIBaeT, C KaKoii
CHJIOH NPUTATUBAIOTCH APYL K ZPYTY ABa TOUYEUHBIE TeJa eJHHHYHBIX

1
Var®
1
Hpe v 3aBHcuT OT EniGopa eJuBuLI Aas m u . MHoxurenp — BBe-

47
A€H s Vl[OGCTBa B psdAle pacuerTosn.
C yueToM BEKTODHOIo xapagKTtepa BXOUsIIiMX B 3aKOH TArOTCHHA
BE€JHYHH NOoAyuuM

$IcHo, 4uTO 4YHCJEHHOE 3Haue-

m;mypg

Fir= “{W (r; —rs),
mpm;

Fri= Tm,k—_'—,‘rs(l‘k—fi).

137




Ha puc. 73 yxasansl Bxojsulye B 3TH paBeHCTBA BeJHUHHBI Fyp,
Fpi, 1; B T 3Hax MHUHYC o3HayaeT, uto F;, ¢ (r;—r;) NOPOTHBO-
MOJIOKHO ZPYT APYTY HAIPaBJIeHb,
my ng FK[ My
b paBuo Kak H Fp; ¢ (rp—r;).
O6o3Hauast r—r;==rg;, 0~
~JyuuM GoJiee KPaTKYyIO 3alHCh 3a-
KOHAa B BUJE

Vi =Vie =Vise

mepm;
Fki _ T 4_r,5t Criy
aHaJJorugHo
miny,
Fip—— ik
Puc. 73 ' 74“"? !

YuutsiBasi COOTHOLIEHHE MEXAY i U m, MOXKHO HalucaTb 3aKod
THATI'OTEHUA B BHIC :
Pite

Fir= 4z, Lig,
e
Fri=— 4ﬂrf Feie

§ 2. HanpsixxeHHOCTb TPABHTALHOHHOTO MOJIA

B yxasauueix (OpPMYJNHPOBKAX 3aKOHA TAIOTEHHSI He HCHOJb-
3yIOTCSl NOHATHS TOJIS, a TONBKO KOHCTATHpyeTcs (pam 3aBHCHMOCTH
CUJI TATOTEHHSI OT MacC M paccm;mml

[lepefinzeM ¥ moJseBo#l GOPMYJHPOBKE 3aKOHA TSATOTEHHS.

Ilycrs uMeercss HekoTOpoe Teslo Maccel M (MM € IpaBHUTAlHOH-
HbIM 3apaioM p). Byzem B pasHbie TOUKH NPOCTPAHCTBA, OKPYKalo-
Iero 3T0 TeJO, NoMeliaTh Npobuble Teja m (uaun p). Ilpu atom MBI
ybeiuMcs B TOM, YTO B KaXKJIOH TOUKe NPOCTPAHCTBA Ha NPOOGHBIE
Tena OyayT KeHCTBOBATH CHJBlI, NPHUEM HAa pasHble m (MJaH p) Jeii-
CTBYIOT pasHble CHJBI, T. €. IIPH My FEMaF ... Zmy (p1F a7 ..
“...7Zpy) uMeeT MecTo Fy A~ Fe#...% Fy. Ho okasplBaercsi, uTo
pequynHa F/m He 3aBHCHT OT F M m ¥ JJ1d QaHHOH TOYKH IIPOCTpaH-
CTBa €CTb BeJIMUMHA MOCTOSHHAs. JTO 3HAUHUT, UTO VKa3aHHOE OTHO-
weHne F/m xapaKTepusyeT Ty TOUKY, B KOTOPYIO [OMeIIEeHO mpob-
HOe TeJo m.

Wz s10r0 cnenyioT BuIBOZBL

a) Bokpyr M ects uro-TO, ¢ nomollplo vero M gneifictByer Ha m.
310 uTO-TO M €CTb I'PABHTANUOHHOE NoJe, cosfanHoe Tesom M. Ecnu
Tesla M MeHsITb, TO Iojie OyneT JAeHcTBOBaTbL Ha Tesaa m HHaue,

F
C APYruMy, CuJaaMp; H3SMECHHUTCHA H o

F . . o
6) OrHoutenne -, XapaKTepusyeT C CHJIOBOH CTOpOHBI NOJIe B TOH
TOYKe, [Jle HaXOAuTcA mNpoOHOe Teqao. To ke MOXKHO CKasaTb U npo
F .
OTHOLICHHE P
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Benuuuny

F F
G= = (HHOI‘lIa g= E)

Ha3bIBAIOT HANPANCEHHOCMBIO 2PABUMAYUOHH020 NoAf B JaHHOH mouke.
OueBuano, G mnokasbiBaeT, Kakasl CcHJaa AEHCTBYyeT Ha €AMHHYHBIH
MaJibli TOYeuHbIH TpAaBHTALHOHHLIA 3apsil B JAHHOH TOUKE €O CTO-
poHBI ToJsA, cosfaunnoro TesoM p. Ilox cioBoM «manwii» 3iech pasy-
MeeTcs Takod 3apsif (., KOTOPBI HMPH CBOEM BHECEHHH B HCC/efyeMoe
NojIe He M3MEHAET CYIIECTBEHHBIM 00pa30M B3aMMOACHCTBHSA TEJ, yXKe
HMeloIuxca B 31oM nose. M3 o6mnx coobpazkennil caenyer, a onbir noi-
TBEPIKIAeT, uTo G=G(p, r).

B cayuae, ecau p — Toueu-
HOE TeJo, TO -2 - < 13

=Ine T, ' Puc. 74

TIe r — PaiuyCc-BeKTOp, NPOBEIEHHbIH H3 HCCIenyeMoil TOUKH K TO-
UCUHOMY Teny p.
Takoe xe Boipaxenue aas G caefyer U3 3akoHa TAroTeHus: Holo-

. o F
TOHA B CHJIOBOH ¢opme. JleHCTBHTENBHO, 10 ONpEeNEJEHHIO GZF’

. ©
C APYrol CTOpOHBI, ANA Tead p M p 1o Hetorony F=4—n}:—2. Ho rorna

G=~§=437. Bekrop xe G HanpabjeH BCEra B CTOPOHY p H AJA T,

NPOBEJEHHOTO M3 HccaelyeMod Toukd K p, G {tr, u spaunt, G=

45;3 r. B 3akone xe Fik=_4—m;§_; r;, HOJIAraAIOT, 4TO PagHyC-BeK-
r

TOp r;, NMPOBeJieH He U3 TOUKH, e HaxOMUTCs MpofHoe TesIo £, a K Hel,
yeM H 00yc/ioBieHo F;, 41§ r;, #U 3HaK MuHyC B dopmynae aasa Fy.
Eciu xe B Hee MOCTABHTHL BMECTO I;, BEKTOP I,;, TO, €CTECTBEHHO,
3HAaK MHHYC Hcye3aeT, HO 3aTo He OyjAeT IOJHOH CHMMETPHH B 3Ha4-

. [Lilhp
kax: Fyp :4nr?,‘,
u 74.

HMHaekchl, KOHEUHO, YCJAOKHSIOT 3aMICh; [IPOLe 3al1MChiBATL 3aKOH
B BHE

Pillp

Ip;. DTO BCE JIETKO YACHSIETCA ¢ HOMOLIBIO pHC. 73

pp
i

mM
F= 1 43 r,

rpe F — cuna, neficTByoliasi Ha MAaTepHaJdbHYIO TOUKY p (m); TpH.
STOM r mpoBojuTca OT p (m) K p (M).
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§ 3. Cynepno3uuus nojefi W moJe MPOTAKEHHOTO TeJa

Kak nokaseiBaeT omuit, nose G, co3JaHHOE HeCKONLKHMH TeJAaMH,
€CTh reoMeTpUuecKas cymma otgenbHbix nojieit G, T. e.

N .
G=Z G/. h
j= '

OTO NONOXKeHHe YACTO Ha3biBAIOT NPHHLMNOM CYNepPNO3HLUH (Ha-
Joxenus) moseid. Ono omépamaeT TOT (aKT, UTO OTAC]RHbE G, He
«MealT» ApPYyr APYTY H He
«MOMOTalOT», a MPOCTO CKJIa-
IbiBailoTCs B cymmapHoe G,
«<He ofpaumas BHHMAHHM»
apyr Ha apyra. HMuemMy cio-
BAMH, I0Js1 MeXAy coboi
He B3aHMONeHCTBYIOT, a je#-
CTBYIOT JIMIIL Ha TeJa, B
HHX MOMEINEHHbIE,

Puc. 75

B cayuae TOUGUYHBLIX TeJd, OUEBHIHO:

— V LI
A 41'r‘

j=1

rig€ BC€ r; npoBEeIeHb! ‘H3 nccneﬂyemoﬁ TOYKH K TOUECUHBIM TEAAM,
co3JarourM noJe, T. €. K p,

Ecnu Teno p He eCThb TO‘JEQHOE T€JO, T. €. PAaCCTOAHHE OT TOYEK

3TOTO TeJMa [0 MHTEpPeCcyIolleld Hac TOUKH INOJIsi CONOCTaBHMO C JIHHEH-
HbLIMH pasMepamH Tesaa (pHC. 75), To, pa3buBas TeJO { Ha KyCOUKH i\p

WM B npejene dw, MONYy4YHUM .

TS

T e 41'/‘
j=1

an,
G=S—'—:r.

4nr?

HJIHu

Ecnu teno mano, Tor; (mam r), nmposejfeHHble H3 HCCIEAYEMO TOUKH
K Pas/iNuHLIM 4YacTsIM T1€J1a, OYAYT NPAKTHYECKH INOCTOSHHEI, T. €. Be-
JHUUHHAMHM HE 3aBHCAIMMH OT TOrO, K KaKOMy KYCOYKY Tejla OHHU
NIPOBEJEHBl; TOTAA r; (MJIH T) MOXHO BBIHECTH H3~(0[ 3HAaKa CyMMBI
(usin MHTErpasa) U Mbl HOJYUHM

° %
T 3 Bk
= 22 =5t

140



HJan

_ b
- o G——_W S dp——‘4‘.'tr3 r,

T. €. Bbipaxkenue ans G, co3gaHHOe TOYEUHLIM 3apsaiaoM p.

H3 onpepenenus G caeAyeT, YTO Ha TOMEILEHHOE B NOJE TEJNO
neiictByer cusa F=pG (uaun F =mg). [Toatomy, ec1M HaM H3BeCTHO
G =G (r), 1o verpyano nafityu cuay F=F (r), croab nec6xoaumyio
B IMHaMHKe JInd peutedus 3anav. Pacuer G=G(r) s sapaHnoro
pacnpenesienuss Macc ecTh OCHOBHaf (mpsAman) 3ajaua TEOPHU rpaBH-
TalHOHHOTO TOJsi, X0Td, pasyMmeercs, AajJeKo HE eIMHCTBEHHas.

§ 4. HoTeruunaa rpaBuTalHOHHOTO NOJSA

Oxasanoce yAoGHEIM BBECTH ellle OAHY XapaKTepHCTHKY IOJS
B Ka’XJ0H €ro TouKe — IOTeHLHaJ.

eno B ToM, uTo pa6oTa rpaBUTANMOHHBIX CHJI 110 IIEPEHOCY HEKOTO-
poro Tesa U3 OAHOH TOUKY NOJA B APYIYIO He 3aBHCHT OT OPMBbI Tpaek-
TOPHM H paBHa Pa3HOCTH 3Ha-
YeHMH HEKOTOpPOH (VHKUMH
B 3THX TOUKaXx (cM. paszen I,
§ 7)— pasHocTH 3Hayennil
NOTEHUHANBHOH JHEPTHH Te-
Jid B KOHEUHOH M Hayajb-
HBIX TOYKax. ¥YGemumcs B Puc. 6
STOM NPAMBIM PacuyeToM s
c¢iaydasi 10Js, CO3JaHHOIc TOUeYHbIM TrpaBHTAlLlMOHBLIM sap,quM .
O6o3nauas asieMeHTapHoe INepeMelleHHe TeJa (. CHMBOJOM dr Ml
di (puc. 76), nonyunm

dA=Fdl=Fadl cosa:Fdr’:;;‘:g

dar’,

rie dr' — npoekuus nepeMelleHHs] HA HanpaejeHHe BekTopa F {a 3na-
YHT, M Ha HanpasBienue BekTopa G). ks puc. 76 BuuHo, uTO

dr'=-—dr, rae dr—n3veHenne mMonyast r. C yueToM 310ro0
\ e, e
dA=1—dr'= e dr (1

OrmetnM, BO un3bexaHHe HezopasyMeHHi, YTO UAaCTO B JuTEpa-
Type CHMBOJOM dr of603HAualoT:

1) Mopyab M3vMeHEHHA r, T. €. B&JHUHHy |dr]|,

2) M3meHeHue MoOAyJd r, T. €. BeJHuHHYy d|r|,

3) NpOeKLHUIO nepeMellleHHsl Ha HampaBjieHHe CHJBl, T. €. BeJH-
upHy |dr|cosa (10, uro Mbl O6GO3Hauuau dr'==dlcosa, rae di=
==|dr |, — MOAyab nepeMelleHNs). :

Yro MMEHHO HMeeTcst B BHJIY, COLIUHO FOBOPHTCA B TEKCTE.
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Hurerpupyst paseHctBo (1), momyuum

P 1Y 1 - —p\] . )
T dm K_ T (— Eﬂ —P[<175?;> - <4TrT> 0l — ),
N N
rje 0003HAUCHO yg== or ~+const u = Tor, T const. Buauo,

yTo pabora A; ¢ HE 3aBUCUT OT BHJA TPAEKTOPHH, & OIPEne/sercs
TOJMILKO HAYaJbHBIM M KOHEUHBIM IOJIOXKEHHEM NepeHOCHMOH MaTepH-
aTbHOH TOUKH w. DTO M TNO3BOJAET KaxKioH TOUKE [0Jisl IPUIIHChIBATH

SHEePreTHYeCKYI0 XapaKTePUCTUKY y == — Zg'r_ - const. Ee HasbiBaioT

2PasUMALUORHBIM ROMEHYLAIOM 1048 8 modke r, a Beawuuny U (r)=

1 \
v o o o
=py=yp (E? ~}+ const / - NOMEHYUQAAbHOU dHepeuel  mesa P 6 IMoU

mouKe epasumayuonHoeo noas. BpiGOp KOHCTaHTHI OOYC/IOBJEH TeM,
uyto mosaraloT y ¥ U Ha GeckOHeyHOCTH paBHBIMH Hyqw. Ho Torza

H3 x:-——a%r——'[—const npu r—co H y—0 crexyer const==0, #,
3HAYUT, A/ IO/, CO3LAHHOTO TOUEHHBIM 3apsiIOM 1, HMeeM
SO
L= dzr

Ecnu mose co31aHO CHCTEMOH TOYEUHBIX 3apsa0B, TO, O4YEBHAHO,

N
y P

_Aj 47Erj e
=1

Ecau xe mose co3naHo IIPOTAXKECHHBIM TEJIOM in TO

dap.
L= S dy =— S Tr

§ 5. CBA3b HANPSIKEHHOCTH MOJASA C MOTEHUHAJIOM

Hrak, Mbl BBeaH JBe XapaKTEPHCTHKH TIPaBHTALMOHHOrO IoJd,
o F
B KakKIOH €ro TOUKE ~— CHJIOBYIO XapaKTePUCTUKY G:? H 3Hepre-

U :
THYECKYIO ¥ ==—. MeX1y HHMH, €CTECTBEHHO, CYILECTBYeT CBSI3b,

KOTOPYIO Ml cefiuac M ycraHoBuM. VIMEHHO Jyis ssjeMmeHTapHOH pa-
GOTbI PABUTALIMOHHOTO TOJSI HMEEM, C ORHOH CTOPOHBI

dA=F dl=pGdl=pG dlcosa=pG dr’.
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C zmpyroil cropoH:l, 3Ta ke paGora
dA=—dU=—p dy.

[IpupaBHHBas IIpaBble YacTH 3THX PABEHCTB M COKpaimas Ha o
TIOJTYYHM
dy=—Gdl wmn dy=—Gdr,

rie dr’— npoekuHust NepeMelleHHs HA HanpaBJeHHe TPaBHTALHOHHON
cuabl (uav Ha G).
Hns monyns Bexktopa G noayunm

— o

G=—_5.
Mockoasky G >0 (kxaK MoayJab BeKTOpa), To-—— >0 u, 3na-
YUT ——/O Takum o6pasom, dy u dr Bcerja pasHbIX 3HAKOB. 3TO

b d !
0To6pa>x<aeT TOT (I)&KT, YTO NpPH COBEPIUIEHHH I1OJIEM MOMOXKNUTENBHOMH

~— .
il 0
2

Puc. 77

paloTEl, €ro SHepTHsi B3aUMOJEHCTBUS C TeJIOM g yObIBaeT. JTOT ke
(aKT MOKHO TpakToOBaThb HHawe: G HampaBjaeHO B CTOPCHY (HAUOHI-
cTpefimero) yObiBaHHS MOTeHLMaaa y. Bce ckasaHHoe MNOACHSET
puc. 77.
Ecan o0603HauuTh uepe3 OPT N HanpasJeHnue HaubwicTpeinero
yOuBaHUA NOTEHIHMAsna ¥, TO AAA BeKTopa G uMeeT MeCTO PABEHCTBO
. ay
G_——Wn
Tlogo6Hoe xe cOOTHOWIEHHE HMEET MecTO LIS WOJs, CO34aHHOTO
oObIM pacmpejesieHdeM Mace (a He TOJBKO B cjyuae NoJs Toued-
HOro Teja).
" TeoMeTpHYeCKOe MECTO TOUeK C y == const HasbIBAIOT sKEUAOMEH-
Yuaaerotl obaacmero (06saCTBI0 OAMHAKOBOIO IoTeHIHana). Buyrpu
Takol ob6nactH, oueBuaHo, G==0, HO Ha rpaHume Taxoil 06JacTH,
T. e. y nosepxuocty y ==const, noire G %0 u G HOpMasbHO 5TOH
nosepxHocTH. JleHcTBUTENbHO, AJA JOOOr0o IepeMelleHHs 0O 3TOH

143




nosepxuocty dy =20, 3naunt, u Gdlcosa==0, a mockoabky dl # 0
H G#0, o cosa=0, 9T0 u O3HaYaer m=%.CKa3aHHoe ITOSICHEHO
Ha puc. 78. ‘

M3 $opmyaet G———ﬂn cjeayer, uToO NpH H3BECTHOM y=7y (r)

HPOCTBIM nmp(pepeﬂuuposaﬂﬂem waxomurcesi G (r). o
C mpyroit croponbl, kKak BuaHo H3 dy=— Gdl, No H3BecTHOH
G G.(r) MOXHO HAHTH HHTErpH-
Obnacms X, # tonst poBauMeMm

2 2
Xg—xlz——SGdlz——SGdr.
i i

TfockonbKy onepaius AHD-
(hepeHUPOBAHUA 3HAUUTEJBHO
Puc. 78 © TpOIE Omepamud HHTErpHpo-

BaHHA, TO NPEANOUHTAIOT Ha-

XOMUTL chnepBa y ==y (r) H3 HEKOTOPHIX ypaBHEHHUH, a TOTOM B

c/aydae Heo6xoAuMocTH U G = —

Obracns X =Const

ar

§ 6. Teopema Octporpajckoro—TIaycca

B nekoTopblX, OZHAKO, caydasx npote uaiitu cpasy G (r). [lpu-
MEPOM TaKHX 3ajau ABJSITCH T€, B KOTOPhIX HMEeT MeCTO Ta HJIH
uHas cumMerpus. Haxoxaenne G =G (r) OCHOBaHO 3;lecr> Ha Teopeme
Ocrporpancxoro—l"a}cca KO-
TOPYIO Mbl ceiyac BbIBEIEM.

Beegem penmuunny dPg=—
=G dS, HnasbBaeMyio 34emen-
mapuoaim nomokom sexmopa G
uepes nnomaaky dS (3to Be-
anuuHa dP; HHKAKoOTo 0CcoGeli-
HOT'O (PU3MUECKOrO CMBIC/IA He
HMEET H BBOJUTCS HCKJIOUH-
TeNIbHO  paill  HAaXOXICHHS
G (r) cnocob6oM, yKa3aHHBIM
HUKE). : -
BBesem Takxke monATHe Puc. 79
BAEMEHIMAPHO20 MEACCHO20 Yead,

KaK IPOCTPAHCTBEHHOrO yIJa, COAePIKALErocs BHYTPH Majoro Ko-
HYCa H 0npe0eieHHO20 DPaBEHCIBOM

e
rtae dS — BekTOp NJOMWAAKH, CceKymedl 3ToT Kouyc, a R — pammyc-
BEKTOpP, NPOBEACHHBIH W3 BEPUIMHBI KOHYCA K 3TOMY ceueHHio (puc. 79).
slcHO, yTO dS COSa ecThb HacTh cdepnl paguyca R, Ha KOTOpYyw OnH-
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paercs 3TOT KOHYC, MOAOGHO TOMY, KaK HEeHTPa/bHBIH MJIOCKHHA yron
onupaeTrca Ha 3JeMeHT dl okpyxuoctd. IToMHBIA niockuit yrod, onx-
CAHHBLIH OKOJIO TOYKM, paBeH 2w pajHaH, a NOJHHIH TelecHbH (npo-
CTPAHCTBEHHBIH) YrOJ, ONHCAHHBIH OKOJO TOUKH, paBeH 4w pajpuad.

Teopema Ocrporpanckoro—Iaycca ans ciaywas 1nofs, CO34aHHOTO
TOYEeYHBbIM TEeJIOM, JOKasblBaeTcsd Tak (puc. 79):

g = oo =6 ds = {§ s aras =

=—ﬁ%Rd§=——%@M§Rg—a:—%@d92_p.

31ecb npou3BedeHa 3amMeHa r Ha — R no to#t npuuuHe, 4TO T,
(UrypupYyIOIHH B 33aKOHE TATMOTEHHd, MPOBOJUTCS H3 TOUKH HAXO-
x)jaeHnst dS K ToYKe HAXOXKAEHHS 3apsiaa p, a Bektop R, Qurypu-

) . . R4S
pywIH B ONpeJeneHHH TeJeCHOTo yrJja d9=—R—T,—H8050~pOT.
3nak MUHYC B popmyJie oToGpaxaer ToT hakT, 4to BeKTop G HanpasJ/eH
B o6nacTb Haxoxienusd p. PopmMasbHO MHHYC CJAELyeT M3 TOrO, 4TO

Mbl TipoBesiH R HanpasjennbiM H3 moBepxHocTH S, B ToBpemAkak G
HamnpasJieH BO BHYTpb S.
Ecnu mose cosnano cHereMofi TOUeYHBIX 3apAnos g, TO

o=} GdS={}(Gi+Gu+... - G dS=

h:@GldS—}—@ngS—{—‘..+§§ijde=
==+t tTu)=—p

"Ecnn nose G co3jaHO npOTSKEHHBIM TEJIOM, TO, PaccMaTpuBas
TE0 KaK CHCTEMY TOUYEUHbIX TeJ C 3apsagamu dy, mpuilieMm onsTh
K (DG:_P

Takum o6pasoM, Bo Beex ciaydasx Pg=-—p, e p — rpabBura-
IHOHHBIA 3apaj, HaXOJAIUMHCA BHYTPH 3aMKHYTOH mnosepx-
HOCTH, OXBaThblBaiollled 3TOT 3apdA.

OueBUIHO, €CJ/IH MOBEPXHOCTh S MPOHH3BIBAETCS MOTOKOM, CO3AaH-
HbIM 3apsjiaMH, HaxXOAAIMMHUCS BHe 3TOH nmoBepxHocTH, TO Pg=0.
D10 caelyeT KaK W3 NPHBEJEHHOrO JOKa3ate/bCTBa TeOpeMbl AJs
cayyas 3apsija |y, HAXOAAIErocss BHYTPH S, TaK H3 NpsIMOro

IOKa3aTe/IbCTBA AJISL cjiyuasi 3apsiia, Haxofsulerocs BHe S, KoTopoe
NpejiocTaBsgeTCs CAeNMAaTh YHTATENIO.

Mrak, nOTOK HanpsKeHHOCTH TPaBUTAHHOHHOIO MO/ CKBO3D
JIOGYI0 3aMKHYTYIO MOBEPXHOCTb S paBeH —p, TAE p — CyMMapHbif
TPaBHTALUOHHBIA 3apsy BHYTPH oOJacTH, OrpaHHYEHHOH II0BEPX-
HOCTBIO. S.

Eme pas moguepkneMm, uro yKasaHHas#d TeopeMa MNpPHToAHA- AJA
HaxoxaeHus1 G=G (r) MHWbL COBMECTHO ¢ COOOPAXKEHUAMH CHMMETPHH,
yro BHAHO OYAET U3 JAJbHeHlero. :

f
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Bocnonpayemcst Tenepb 2TOH TeopeMoit Ana Haxoxknenus G(r).

a) [Tosie cO3/1aHO ONHOPONHEIM IIAPOBeIM cjoeM (pHc. 80).

ITogcuuraem G B HekoTopoil Touke N BHYTpPH 00JacTH, OrpaHu-
uyeHHO#l aTMM cJoeMm. IlpoBemem uepes N cdepy, KOHHEHTPHUHYIO
mapoBoMy ciioio. M3 coobpakenufi cuMMeTpHH ciepyet, uTO B pasHBIX
TOUKax 3TOH cdepr MoAyJb BekTopa G OQMH M TOT XKe; HO TOrAd
u3 TOro, uto BHYTpH Hee p =0, caenyer O =0, a suauur,

o—_—@cds—_:@ads-cqs 180°é_—-—Ggf§ds=—Gs,

T. e. GS=0. Ho Tak kak S =0, 10 G=0. Takum o6pa3om, noje
B 06J1aCTH, OTPaHHYEHHOH OXHODOIHEIM IIADOBBIM CJIOEM, PABHO HYJIO.

6) Ilose BHYTPH OAHOPOZHOTO Iapa WM miapa, o6pa3o0BaHHONO
OJHOPOAHLIMH KOHIUEHTPHYHLIMH ca0saMu (pHc. 81).

IlpoBogs uepe3 HekOTOpyl0 TOdKy N noBepxHOCTb S, NHOIYYHM
LU moToKa Bektopa (G uepes Hee

Qg =—y,
rlie p — TsKeNas Mmacca (rpaBUTALMOHHBIA 3apsii) BHYTPH TIOBEDX-

noct S.
V3 coofpaxenuii cuMmerpun ciepyer, 4ro G paawanbHO M Ha

MOBEPXHOCTH S 10 MOAYJIO OJHO H TO €, N0IToMy H3 Pg=—1
HJIH U3 ——@GdS:——p umeeM G 4rr®=y, oTKyna G:ZT%,, HJIH
C yueToM Hanpasjenuil sektopos G u T, ‘
P : .
G—-Wr.

Taxum o6pasoM, noJjie BHYTPH YKa3aHHOTO I1apa TAKOBO, KaK €CaH OHl
OHO C031aBaJOCh TOUEUHbIM 3aPSAJOM p, COCPEAOTOUSHHBIM B LEHTpE

cdepel, Ha NOBEPXHOCTH KoTopoh umercs G.
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d
3aMeTuM, 4YTO €C/JH IIap OXHOPOAEH, T. €. pu=—9=const, TO

av
4
p= PV =p, 5 wrd W, 3HAYUT,

Pu
G__gr.

B) Ilone BHe OZHOPOAHOrO HJIM CJOUCTOrO wiapa (puc. 8l1).
Paccyxnasi aHaJOrHUHO NpPeAbIAYILEMY NOJAYYHM

P

T 4aqp?

Unrateno npeanaraercs Hafitu G(r) B cayuae 1ons, Co3faH-
HOIO OAHOPOAHOH OGONBWOH mNJacTHHOH (pHC. 82) NMOCTOSIHHOR TOJ-
mudbt. [lpu  orbickannu yxasaHnoro G (r) Halo BOCHOJB30BATHCS
kpome Teopembl Octporpanckoro — ['aycca, cooOpamKeHHSIMH CHMMET-
pud. Jna ofieruenust pelieHHs 3ajadyd Ha P
puc. 82 ykasaH pausosanbHBEI BeIOOD BCHO- E
MoraTeJibHO!l NOBEpXHOCTH S, CKBO3b KOTO-
pyio H paccmarpuBaercsi notok G. B cay-
yae Kakux-au0o 3aTpPyAHEHHH 4HTaTeqb MO-
XKer sarasHyTe B pasgen III, b, § 1, rae
NIPOU3BOAUTCS aHANOTHUHBIH pacuer JJIst BeK-
TOPa HamnpsXKeHHOCTH 3JeKTPHYECKOro moJd. g

G r.

as,

§ 7. O poan TAroTeHust B NpupoJe dp=pav=p.ds+t
CkameM HECKOJLKO CJOB O POJIH TSro-
TEeHHUST B IpHPOJE. ?
Iloka 4uTO HHKAKOro CYLIECTBEHHOTO Mpo- 7ol
SIBJEHH ST TOTEHHS B MHKPOMHDE He HabJio- Puc. 82
nanock. Ho sato B KocMuueckHX macurabax
pPOJIb TArOTEHHst orpoMHa. TArorenneM OOGYCJOBJEHBI: VIEPXKaHHE Tejl
Yy MOBEpXHOCTeH INJaHeT, MPUJUBLE H OTJIHBBI, IBHKEHHE IJIAHET OKOJIO
CBOHX COJHL, JBHXKEHHE CIYTHHKOB IJIaHET, ACTEPOHJOB, KOMET H
Apyrux HeGecHblx Tes. TaroreHwe ecTh Ta NPHUYHHA, KOTOpad, Kak
HBIHE NMOJaralot, 3acTaB/sieT KOJOCcabHBIE MAacChl MeX3Be3HOr0 rasa
CHKHMAThCA B GoJiee IMJIOTHBE 06pa30BaHHs, JAaollfe HadaJdo 3Be3/am;
MpPH 3TOM CXKaTHe ras3a CONPOBOMKIAETCS BbIIEJNEHHEM 3HepruH THAro-
TeHHS M IEPEXONOM €€ B SHepruio IBHIKEHHS uacTHil rasa, d9ro
TIpHBOJMT K PAa30TPEBY 3Be3[bl, JAIIEMY, B CBOIO Ouepelb, HAyaso
TeDMOANEPHbIM PEeAKIMsIM; I[0JaralpT TakKkKe, YTO [PH BHINOpPAHHU
SIIEPHOrO TOpIOuero BHYTPH 3Be3[bl HauMHaercsl AajbHellllee CxKaTHe
3Be3JLl [0 BechbMa MajblX pPasMepoB, a ecaM 3Be3fla A0CTaTOYHa Mac-
CHBHA, TO MOXKET HAaCTYNHTb SIBJEeHHE TPABUTAUMOHHOIO KoJnanca —
3Be3/a, CKHUMASCh HEYAEPKHUMO, «IPOBaJHBaeTCs cama B cebda» — Td-
TOTeHHE CTAHOBUTCS OKOJIO Hee CTOJb CHJIBHEIM, YTO HMKAKas yacTHIA,
HUKaKOH CBeT, HHKAKOH CHTHaJl BbIPBATbCS U3 NPEAENOB TACOTEHHS
Takod 3Be34bl HE MOXKET; TaKas 3Be3/la CIoco0Ha TOJbKO 3aXBaThIBAThb
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CBOHM IIOJIEM BCe, YTO el BCTPETHTCS, HUUYEro He BhINYCKAas HapyKy;
IPH BCTPeYE K€ €€ C MACCHBHbIM KOCMHUYECKHM TeJIOM MOXET MNpo-
H30HTH I'PaHAHO3HBIA B3DLIB C BbifleJeHHEM 3JHEPrHH, 00yCJOBJEHHON
CAUSHHEM 3THX THFAHTCKHX Macc, 3Be3fa BCIBIXHET, (a 34TeM OnsThb
HHYEM, KpOMEe rpaBHTALHOHHOrO noag, cebs He npossaseT. CTpykTypa
3BC3JHBIX CKOIVIEHHH H TaJNakTHK onpefensercd B 60ObIoH Mepe
TArOTEHHEM, PaBHO Kak W cTpykTypa Beell Bcenennoii. Kak yrtBep-
KIaeT o6luast TeOpHsi OTHOCHTENbHOETH (TEOpHsi IPOCTPAHCTBA, BpeMe-
HH M TATOTEHHS$), B TeX MeCTax, IJie COCPeIOTOUeHE! GOJbIIHE MACCH,
CBOMCTBA NPOCTPAHCTBA H BpeMEHH CYIIECTBEHHO OTJIHYAIOTCA OT
CBOMCTB NPOCTPAHCTBA M BPEMEHH B TeX MecTaX, TAe HeT GoJIbIuuX
cxonaenu# BeuectBa. OkxasbiBaercsi, B NPHCYTCTBHH OGOJBLIMX Macc
XOJ BCeX IPOLeCcCOB 3aMejjisieTcsl (TOBOPAT: 3aMelJIAeTCs Camo Teue-
HHE BPEMEHH), NPOCTPAHCTBO HCKPUBJSETCH, T. €. CTAHOBHTCHA TAKHUM,
4TO Kpardafiliee paccrosiHMe MeXKAYy IBYMSI TOUKaMH yiKe He €CTh
npsAMasi, CyMMa YIJIOB TPEYroJibHHKAa MeHbille 27 H T. A.; CTaHOBATCA
HENDHMEHUMBIMH niosioxkeHus1 reomerpun Epxianpa. Takum ofpasom,
TEOPHSI OTHOCHTENLHOCTH I10Ka3bIBAET, YTO MaTepHust, MPOCTPAHCTBO H
BpeMf He He3aBHCHMbie OOBEKTH MHPA, KaK CUMTajJd KJacCHuecKas
dusnka, a cyrb 06BEKTH B3aHMOCBsSI3aHHbie. IlocKoaBKY B Mipe
HHYETO KpOMe JBHXKYIlelicsl B MPOCTPAHCTBE H BpPeMEHH MarepHH HeT,
TO NOJYYaeTCs, YTO CBOHCTBA IPOCTPAHCTBA H BPEMEHH B HEKOTOPOM
MecTe OnpefensiioTCs TeM, KaKHe IPOoLecchl TaM NPOTEeKaloT, T. €.
CBOMCTBA HPOCTPAHCTBA H BPEMEHH ONPSAEMSIOTCS NPOHCXOAAUMMH
SBJIEHHAMH, a IOcCJdeHHe — CBOHCTBAMH TPOCTPAaHCTBAa U BPEMEHH,
B.KOTOPOM OHM npoucxozpsat. [lomyuaercss cBoero poja «3aKoJijiOBaH-
HBI Kpyr». 310 B 0o6lieM H NOHSITHO: BCe B MHPE B3aNMOCBSI3aHO U
B3aHMOOCYCJIOBNEHO B CUJIY €IMHCTBA MHDpa.

§ 8. O npuHMNE 3KBUBAJEHTHOCTH TSXKeNOH W' HHEPTHOH Macc

Tenepb 0 HEKOTOPBHIX #ABJEHHHX, H3yUYeHHE KOTOPBIX NPHBEJO
K TPHHIHNY 3KBHBAJEHTHOCTH.

a) Jlas nmanHoro Mecra 3eMJiH YCKOpeHHe CBOOOJHOIO NaJEHH
Tel OKasaloch He3aBHCAllAass OT BHJAA BEHUISCTBA M OT Macchl naja-
iciero tesa. Ho cusa rarorenusi, coobulaKiias yCcKOpeHne, npomnop-
LHOHaJMbHA T 3K €J 0} Macce najamwouero teqa, T. e. F = pG, a ycKko-
petine, nojlyyaemoe TeJOM, 06paTHO MPONOPIKOHAILHO €70 HHE P THOH

F .
Mmacce, T. €. a:; . HOCKOJIbe, KaK MOKasbiBaeT ONbIT, V1 JAHHOTO
bG

i F
MecTa y noBepxmoctH 3ewsd a==const, To U3 a=_. =", B CHJY

G =const, crenyer —ﬁ;— ==const, T. e. p~Am.

TlonaraioT, Kak ye roBOPHAOCH w==} {m; NIpH COOTBETCTBYIO-
meM ke noabope €IMHHUIL H3MEDEHMs MOXKHO NOJOMHTb ==, 4Yero,
OIHAKO, He JEJaioT.
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~ AnajoruyHo OGCTOHT NeN0 W C JABHXKEHHEM IIAHET: CHJa TAroTe:
| HHsA, COOGUIAMIAS WM YCKODEHHE, MPONOPUMOHANBHA 1, a YCKOpeHHe
- 06paTHO MpPOMOPUHMOHAJMBLHO M, OTKYNA C YueToM 3aKoHoB Kerepa
crenyer p=1V ym. ~
YKasaHHble H ApyrHe cOOGpaXKeHHs NPHBEH QHIHKOB K MPHHIHUIY
SKBUBAJIHTHOCTH (MJIH TPOTOPHMOHANBHOCTH) TSKENOA H HHEPTHOM

Macc, T. e. K ToMy, yTo p==} 7 m.

6) B pasnene «Mexanuka» roBopuJIoCh O TOM, YTO B HEHHEpLUHAb-.
HBIX CHCTEMax OTcyeta yIOOHO /s YIOPOINEHHS peleHHA 3ajad
BBECTH MNOHSTHE CHJBI HHEDIMH, KOTOpas 0Kasajach BO BCeX Clyuasx

npornopunosanbHofi mwHepTHOH Macce Tenm m. Ho B cumy p::]/?m
C/IERYET, UTO STH CHJIbl WHEPIHH MPOMNOPIMOHANLHBI TAKEJ0H Macce p
H TeM CaMBIM CXOAHbl C CHJIAMH TATOTEHHS, UTO H TOCJAYKHJIO OCHO-
BaHUeM CUHTATh CHJILI HHEPHUM SKBHBANCHTHRIMH cHJaM TATOTEHHS.
Onnako 510 He coBceM Tak. Jleso B TOM, UTO CHJBI TAFOTEHHA HMEIOT
CBOMM HCTOUHHMKOM Tejia, B TO BpeM# KaK CHJbl HHepHUHH 00yC/0BAeHb
yCKOpEeHHEeM HeHHepuuajbHOH cucteMnl orcyera. [lostomy npu mepe-
XOie OT HeHHepUHAJbHOH CHCTEMBl OTCYETA K HHEPLHAJBHON CHJIHI
HHepHUH HcyeszaloT. OT CHJ XKe TSITOTeHHS HHKAKHM BBIOOPOM CHCTEMbI
oTcyeta He HM30aBHTbCS, W60 HeMb3s HHKAKHM TEPEXOAOM B JPYryio
cHCTEMYy OTcuYeTa M36aBHTBCH OT Tell, CO3AaINUX TaAroteHue. B stom
NPUHUUNHUAJNBbHOE OTJIMUHE CHJI HHEPUHH OT CHUJA TAFOTEHHUA.
Kpome Toro, cujia TsroTeHHs HE 3aBHCHT OT CKOPOCTH Tes, a CHAa
HHEPpUMH MOXKeT 3aBHCeTb (HAlpPUMEP, KOPHOJIUCOBa CHJIA HHEPUHU
— 2me X v'). CHJbl TATOTEHHS M CHJIBI MHEPLHH 110 PAa3HOMY 3aBHCSHT
oT koopauuat. [IMenno, cHia TATOTEHHA Bcerja yObiBaeT C yjnaJje-
HHEM OT LeHTpa TArOTeHHs (0T Teja CO3JaBILero Noje TATOTeHUHA).
¥ cuj WHepuMH He Bcerna ecTb uentp. Ho B cnyuae, Korjga Henuep-
OHAJTBHAS CHCTEMAa, B KOTOPOH AEHCTBYIOT MHTepecylollide Hac CHJIbl
MHEPLUHH, BPAILAETCH, TO, HANPHMEP, CHJA HHEPLHH — rmw’p TeM
6osiblie, ueM Aasblie Tesio OT OCH BpalleHUsi — FeOMeTPUYeCcKOro Mec-
Ta TOYEK NEHTPOB (TATOTSHHS.

Tem He menee B cTOb Masplx 06JIACTAX NPOCTPAHCTBA, B mpene-
Jlax KOTOPBIX CHJA, AeHCTBYKICIIAf HA TesO, CYIECTBeHHO He MEHseTcCH
OT MecTa K MeCTy, HMeeT CMBICJ CUHTAThb CHJBl WHEPUWH H CHJIBI
TACOTEHHUS 3IKBHBAJNEHTHBHIMH, 3TO CB%33aHO C TEM, YTO ecJH Ha6.Io-
JaTesb HAXORUTCA B HEKOTOPOH nabopaTOpuH, ¥3 KOTOPOH OH He
MOXET HJIH He XOYeT BBIITH, TO HHKAKHMH ONLITaMM, NPOBeAECHHLIMHU
BHYTPH 3TOH 71abOpaTOpHM, OH HE MOXET OTJHUYHMTH CHJ HHEpUHH OT
CHJI THITOTEHHS. IJTO MOXKHO IPOMJIIIOCTPHPOBATb, HalpHMEp, HHKe-
CIeAYIOLHM.

Baron nger ¢ a,==const oTHocurensHo 3emsu. Ha kaxjoe teno,
- Haxopasiuleecsl BHYTPH BaroHa, GyAyT AeHCTBOBATH Ccpeay TMPOYMX CHJ
CHaBl TaKecTH M UHepnuH. [lockonbky oHH of6e NpONOPUHOHAJBHBL
MaccaMm Tea (fOoYeMy 3TH CHJbLI U HAa3biBAIOT HHOIAA MAaCCOBBIMHU
Cujamu), 1o J06oe Teso mon HeficTBHeM uX Oyler cebs BeCTH Tak,
Kak ecqH Obl Ha HHUX JAeHCTBOBaja HeKas CyMMapHasd THXeCThb
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(Frp -+ ®). B uactHoctH, GpomeHHbie B 3TOM BaroHe Te/a ABHIaluch
OBl C YCKOpEHHEM

g = Frp—l—(l)_mg-f—(—man)—~

m . m -

g '—'Lani

npuueM g==g(m), Kak @ B OOBIUHOM [OJE TSXKECTH. | pPaeKToOpHil
Takux TeJ Oblin Obl mapabosaMH C OChl0 CHMMETPHH, HallpaRJeHHO
no g, Mogo6HO TOMY Kak B OOBLIYHOM [I0JI€ TSIKECTH OCh CHMMETPHH
napabosbl HaNpaBjieHa Mo g.

Ecnn HekoTOpOE TeNIO NMOABECHTb HA MPYXKHHE K ITOTOJKY TakKoro
‘BaroHa (unu Jjudra), KOTOPHIH HMeeT YCKOpeHHe a, == g OTHCCHTENbHO
3emju, T. €. ABHIKETCS MOJA AeHCTBHEM TOJNbLKO CHJIbI TSKECTH 3eMan
(Kak, HampHMep, CIYTHUKH 3eMJH 3a npeleaaMu aTMocdeprl), TO
HaTsXKeHHe TaKOH NPYKHHEB (AUHAMOMeTpa) Obl10 6bl paBHO HYJIO,
WY, KaK rOBOPAT, IOABEUIEHHOe Teao (a BMeCTe C
HHUM H BCE OCTaJbHBlE TejNa, HAaXOASIMeCs B 3TOM
Q CITYTHUKE) CTAJ0 Obl «HEBECOMBIMY, KHEBECOMEIMY B TOM
cumpicste, 4t0 Frp+—®=0. [lefictBuTesqpHo HabIIO-
¢ naTelb, Haxopsiuics B KaGuue (nu¢re, COYTHHKE),
B COOTBETCTBHHM CO BTODHIM 3aKOHOM JHHAMHUKH TNO-
Jayuus 6bl Anas Takoro tesna (puc. 83)

mg ma'=F D4 Q.

W ecau mojpemeHHOe TeN0 HE HMEET YCKOPEHHA
OTHOCUTENBbHO Kabuuwl (a'=0), To

, Frp—-®--Q=0.

Puc. 83 U nockonrky B 31OM cayuae ® — — ma, = — mg,
10 Fip -+ ®=mg -+ (—mg)=0. Pasymeercs, cunia
HaTsKenHs Q JaumHamomerpa npu stoM OyjleT paBHa Hymo. CToHT,
OJIHAKO, HAPYHIUTLCS PABEHCTBY 4==g, KaK TeJa CHOBA CTaHYT «Be-
COBBIMH» B TOM CMbIcje, uTo F @ yxe ne 6yier HyJeM HH LI
OIHOTO Teja, HaXoAsulerocsi B Kabuue (nubrte, CHyTHHKE).
CkaszaHHOoe II03BOJISIET MOHSTb, NOUEMYy CHJY HHEPLUHH H CHIY
TS2KECTH CYMTAOT 3KBHBAJNICHTHBIMH (B MaJblX, OAHaKO, 0061acTsX
NPOCTPAHCTBA), 4 HX CyMMYy — 3(G(eKTHBHOM, CyMMapHOH «TSRKECTHIO,
Hanp sXKEHHOCTh MOJA KOTOpOH

Frp+<1>_'uﬁ—m<an+ax>__
woo u -
1
=G-§’» (@029 =G — 7= @+ a).

Gopp=

Hacto BmecTo noOHsTHA Gop PACCMATPHBAIOT Ghpq. 1OTAA

Fip+@® mg—m(a, -+ ay)
Lopp=— pm = m =g — (a5 1 a).

CreyeT OTMETHTB, UTO NPUHUKII SKBHBAJEHTHOCTH CHJI TSXKeECTH
M CHJ HHEPIHH €CTb $BHO NPHOJHMKEHHBIH NPHHLUI, TeM CoJiee,
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OJHAKO, TOUHO BLIIOJIHSIIOMMICSH, yem B MeHblUeH 06/1acTé HpOoTeKaer
siBjieHne. [IpUHIMI K€ NMPONOPUUOHANBHOCTH TSKEJOH H HHEPTHOH
Macc ectb Goslee OOIIME NPUHIMI, IS KOTOPOTO OTpaHHYeHHH MOKa
He Halgeno. M3 Hero MOXHO MOJYuMTh MPHHIUN 5KBUBAJIEHTHOCTH
CHJ1 MHEPUHH H TACOTEHHSI. ’

IlpuHiMn 5KBHBANEHTHOCTH CHUJ THTOTEHHS H CHJ HHepUHH cdop-
MmyaupoBan AnpGepToM DHHImITEHHOM H NOJIOXKEH MM B OCHOBY CBOel
TEOPHUH TATOTEHHS.

§ 9. O TepmuHONOTHH

B sakmiouenye HECKOJLKO CJOB OTHOCHTENLHO TEPMHHOJOTHH
1. — IPABHTAIMOHHAA HJIH TSI2KeJast Macca (TPaBHTAllHOHHBIH 3apsif).

m — uHepTHas Macca. (B cmay TnpHHLIHNA 3KBHBAJSHTHOCTH

(p=V'yYm) Mexay HHMH wacTO He JeNAIOT Pa3/iHWuhdA, HA3HIBAs U
TO H JIPYroe Maccoi.)

G — HanpsyKeHHOCTh TPABHTALMOHHOTO TOJISL.

g — yCcKopeHue cBOGOZHOTO NAaieHHs, TaKXKe uacTO HasblBaeMmoe
HaIp SKEHHOCTHIO TPABUTALHOHHOrO MHOJ.

Ecau cuurats m==p, 10 g¢=0G, a ecan p:VT m, 10

Hexkoropas HeOJAHO3HAUHOCTh CYLIECTBYET B CBA3H € TepMHHAMH
«Bec» U «HeBecoMocTh». CyliecTByeT mo KpaliHell Mepe TpH onpenese-
HHSI Beca ¥ HEBECOMOCTH.

a) Bec - 310 npocto cHJa TSXKECTH mg, a HeBeCOMOCTh — ee
orcytcrBue. OueBHIHO, TaKasi HEBECOMOCTb TeJl MOXKET CYHIECTBOBATh
JIUIIbL BJAAJAU OT HeGeCHBIX TeJ, TAe-TO B MEX3BE3JHBIX AaJsX.

6) Bec — 310 CcymMMa CHJIBI TSi3KEeCTH M CHJIBl HHEPIUH, & HeBeCo-
MOCTb — cJIy4aff, Korja B CHJYy TOro, YTO CHCTeMa OTCUeTa HMeeT
ycKopeHne a,=—g, cymMaprasa TsxecTb F.,+ ®=0 pasna Hymo
(mostaraeM KOPHOJMCOBO YCKOpPEHHE OTCYTCTBYIOUIMM).

B) Yacto BecoM HAE3BIBAIOT CHJY, € KOTOpO# Teqao JAaBUT Ha
rOpH30HTANIBHYIO OMOPY WJAH PAacTAr¥BaeT BEPTHKAJbHYIO HHTb, Ha
KOTOpOii 0HO ioABemieH0. HeBecoMOCTBIO B 5TOM CJyuae HasbIBAIGT
TOT ciaydvalf, Korja AMHAMOMeTP, 3akKpellJIeHHBIH B KalHHe, HMEoLlel
a,=—¢, NOKa3pBaJ OTCYTCTBHE HATAMKEHHS €ro MpPYKUHBL.

Koneuso, Bec BO BCEX cJayuasiX MOMKHO H3MEDSTh AHHAMOMET-
poM. MmeHHO u3 yCJOBHA PaBHOBECHS! I'Dysa OTHOCHTEJBHO KaOHHHI,
B KoTopo#t oH mopsewed (puc. 83), ciaexyer

mg-+®+Q=0, nm P} Q=0,

otkyaa Q =—P, uyro 6bl HH HasbiBaJM BecoM reqa P.
Pasguna B ToMm, uto Aas cayuas 1) P==mg, pn1a caydaes ke 6)
H B) P=mg,pp=m (g —ay — ay) ==mg -+ ®.
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OueBHIHO TaKxe, 4TO npH a,-+a,=—0U Bce TpPU ONpelesECHHN
BeCa COBIajalor. ) . .

HepecoMocTs B cayuae 1) GbiBaet auwpb npu g==0, a B cayuasx
6) u B) npu gam,:g—-an-faxzo.

b. 3JIEKTPOMATHHUTHOE MNOJIE

§ 1. Tlose HenoABMXHLIX 3apsLOB

Onbit noxkaselBaer, 4YTO TeNaM MOXKHO COODLIHTH TaKoe COCTOf-
HHE, 4TO MeXJIY HHMU MOSIBUTCS B3aHMOJeiCTBHe, He ABJsIOLLEECH
rpaBHTauMOHHbLIM. (TIpuMepOM 3TOMY MOKeT CJYJKHTb IOTePThie APYT
0 Ipyra TKaHb 4 SHTapb.)

IBnenye cooOLIEHHS TeJaM TAKOIO COCTOfHHS! HA3LIBAETCS 3.1eKMmpu-
sayueti. HasneKTpH30oBaHHOCTh MOXKET NepefaThbcsl OT OAHMX Tea Apy-
THM, YTO TFOBOPHT O II€PETEKaHHH «4ero-To» C OAHOIO Teslda Ha APYroee.

,gz Fix Feo

Puc. 84

3T0 «TO-TO» HasbBaeTCH daekmiputeckum sapsdoxm. B oranume or
TPaBHTANHOHHOrO B3aHMOJCHCTBHSI, KOTOPOE BCErAa SBJACTCS MPHTS-
JKEHHEM, 3/1eKTPHUecKoe B3aHMOAEHCTBHE OblBA€T H OTTaJIKHBaHHEM.
DT0T M OTpOMHOE KOJHUYECTBO JAPYrMX (aKTOB INPHBENH (PH3HKOB
K BbIBOLY O TOM, YTO 3JIEKTPUUECKHE 3apsijbl ObIBAIOT ABYX 3HAKOB.

3apsj, BO3HMKHIHII HA CTEKJSHHOH maJouke, MOTEPTOH O CYKHO,
OblJ1 Ha3BaH IOJOXKHTENbHBIM, a 3apsi BO3HUKILHHA Ha 300HUTOBOH
naaoyke, MOTEPTOH O KOXY — OTpHLATEJbHbIM. JBE Tak HasIeKTpH-
30BAHHBIE CTEKJSHHBIE NaJ0YKH HJH J[Be TaK HaJeKTpH30BaHHbIE
360HNTOBLIE — OTTaJNKHBatoTCA. CTeKNsiHHAA ke H 260HHTOBAst — IpH-
TArHBalOTCS. DTO O3HAYyaeT, YTO OAHOMMEHHO 3apsIKEHHBIE TeJa OTTaJ-
KUBAIOTCAA, a PasHOMMEHHO — MPUTATHBAIOTCS.

'OnpemeninM TOUEUHBIH 3apall, KaK 3apsKeHHYI0 MaTepHabHYI0
Touky. Toraa ajs ABYX HOKOSIIUXCA B BaKyyMe 3apsioB HMeeT
mecto 3akon KyJgona (puc. 84) '

Fip= ﬁ:;;ra (ri — 1),
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Y, Kopoue,
Fis qiqr

- 3
4nsorik

Tiks

THE §; ¥ gp — TIapaMeTPHl 3IEKTPHYECKOTrO B3aUMOJIEHCTBH S — 9JIGKTPH-
HecKHe 3apsjibl TeJ.
Onyckasi MHZeKChl, MOXHO 33aKOH 3alHcaTrb B BHIE

Fe— 29 o

3
4regr .

rae 'F — cuna, pefictByroumiass Ha 3apsj g, NpH 3TOM r IPOBOJUTCS
oT g X Q.
ITonaras, uTo KakAell 3apAX CO3RaeT BOKPYT cebA 3JeKTPHUECKoe
F
ToJie HanpsixeHHoCTbhio E==—, MOXHO JaTb ncaAeBy1o GOpMyJaHpOBKY

3akona Kynona (puc. 85)
Q

E=— 4regrd T
rie Q - 3apaj Co3jaolHil HCCJAeAyeMoe I10Jie; T — Pafuyc-BeKTOop,
TIPOBEIeHHEI 13 TOYKH, B KOTOPOH Hac uHHTepecyer nose E, K todey-
HOMY 32psiAy @, co3naBHIEMY 3TO
none;, sy — ANAREKTPHYecKas 1 ed E
NPOHHIEAEMOCTL BakyyMa, 6B-
JSIFOULAsCsl HEKOTCPOil KOHCTaH- 2
TOil, 3HaueHue KOTOpOH ompe-
Jensercss  BHIOOPOM  CHCTEMBI
CAMHNIL.

1
Muoxurenn 4 BBeleH H3 Puc. 85

cooGpaxenuii ynobersa. Buato,

uyto no opme cBoell 3akod KysoHa coBmajaer ¢ 3aKOHOM TArOTEHHA
Helotona. Pasnuna B 3Hake orobpaxaeT TOT ¢akT, YTO OJHOMMEH-
Hble [pPaBUTAlMOHALIE 3apsiibl IPUTACHBAIOTCH, @ OJHOMMEHHbLIE 3JIeK -
TPHUECKHE ~— OTTAIKHBAITCA. B ocTansHoM GopMaiusm 3JeKTPOCTATHKH
(3apafiel 1NOKOSTCA) cOBNajaroT ¢ QopmanusMoM rpaBucraTiku. Ilpu-
pora € 3JEeKTPHUECKMX M TPaBHTALMOHHBHIX B3aHMOAeiCTBHil, HX
NPOUCXOXKIEHHEe, KOHEYHO XKe, PasjIMyHa.

[lonb3ysach ¢opMmalibHOH aHAMOTHeHl yKa3aHHBIX 33aKOHOB, BLIMH-
nieM cpa3y HEKOTOphle COOTHOIIEHHS, XapaKTepusyiollle 3JeKTpH-
4yecKoe moJe. ) :

1. DaexTpocTaTHUeCKHH NMOTEHLHAJ [0JAd, CO3JAHHOTO TOUEUHBIM

a
0>0 Eur Q<0 . Evr

. u
3apfIOoM, ONpejeNseMblil KaK ¢==-_ (U — notenuuanpHas sHeprad
TOYEUHOro 3apsija ¢ B HHTEPECYIOLIEH Hac TOuKe) jAaercsi GopmyJioil:
Q.

¢ = ——
: 4nr

Anst caydas ¢ —0 mpu r — co.
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‘B CIyuae MPOTSKEHHBIX 3apsIKEHHBIX Tes
* 474
E:SdE:—fS dQ r=—g°dsr gp r,

4nrd dzrtt ) 4nrd

0, 0dQ__ (edS odV
‘?—Sd?~gm~gm+$m’
Q S

aQ _dQ
s " =gy

3apsiIoB TeJ, CO3AAKIINX HCC/IENyEMOE II0Je.
I/IMeeT MECTO paBeHcTBo, CBsA3bIBANOUIEE Eu o

do

E:—E;vn»

rAe n— op¥, YKa3biBaioWHil HanpasJedue HauObICTpelero yObBaHua
® B HEKOTOPO{l Touke; dr — IIPOEKIUs IepeMelCHHS Ha HalpasJe-
HHAE KYJOHOBOU CHJBL, JeHCTByIOLIell HA IIOJOKHTENIBHBIH 3apsif,
. IOMELEHHB B 3Ty TOUKY; d¢ — pasHOCTh NMOTEHIMA/IO0B Ha Tlepeme-
wennd dl =dr; E — HanpaXeHHOCTb NOJA B 390H TOUKe.

Has mobeix 1Byx OJM3KHX TOYEK IIONA

dp=—Edl, umn de=—Edr.
Ecau Ttouku pgasnexu apyr ot apyra (E nmpu mepexoge oT ofHOl

TOUKH K JPYroff MeHsdeTcsl 3aMeTHHIM 00pasoM), TO
2

Aﬁpg,l = S Edr.
i

OueBUJHO TakKe, 4T0 E HOpPMa/bHO IOBEPXHOCTH ¢ = const.
2. Teopema Ocrporpaackoro — 'aycca umeeT B clyuae 3JeKTpo-

CTATHUUECKOro mnoJist BUA
0y =(fEdS =7,

o

rae s=—= — ofpemMHast H NMOBEPXHOCTHAA MNJIOTHOCTH

T. €. IOTOK BEKTOpa HAaIpsKEHHOCTH CKBO3b 3aMKHYTYIO IIOBEPXHOCTD,
OKpY:KawIylo 3apsii @, paseH Q

£o.

B cayuae moss, CO30AaHHOTO paBHOMEDHO 3aps’KEHHBIM I1apoMm
WM LIapOBBIM CJIOEM, TeopeMa JAaeT -pe3yibTarhl, aHAJIOTHUHLIE YiKe
NOJIyueHHBIM B pasfese «[sAroTeHHe», M YHTATENb MOXKET caM Hamu-
caTh HeoOXOZUMEBIE COOTHOLIEHUS.

PaccmoTpuM BecbMa BaXKHBIH B JEKTPOCTaTHKE cJjaydad mojs,
CO3MaHHOrO0 PABHOMEPHO 3apsiKEHHBIMH IIJIOCKOCTSIMH.

d
IlycTe MMeercs 3aps:eHHas ¢ c:-—d—%:const TOHKAsl I1aCTHHKA

(non dS pasymeerca mjomagb J060i M3 CTOPOH. ILIACTHHKH — [1pa-
Basi MJH JseBasg Ha puc. 86). Ecam uHTepecyomas Hac Todxka NOJs
6sM3Ka K CepeinHe IMJACTHHBI, TO IJIACTHHY HAa3bIBAlOT GOJbLIOH
(6eckoneuno Goabuioit). ViMeHHO 3TOT cayuait Hac cefiuac u uHHTepe-
cyer. M3 coobpakenuii cHMMETPHH SICHO, YTO PABHOMEPHO 3apsiKeH-
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Has TJacTHHa BOJM3M cBOefl cepeluHBl GyneT co3naBaTh 110Jie, HOp-
MaJjbHOe CBO€H moBepxHocTH. Ecanm MBI mposeseM depe3 HHTepecywo-
ILYI0- HAC TOUKY HoJsd ImJomaiky dS, mapamjenbHyl NJIACTHHE, H
Ha Hefl KaKk Ha OCHOBAaHHHM MOCTPOUM TNpsiMofd HUMAMHApP (puc. 86),
TO IOJYYMM 3aMKHYTYIO ITOBEPXHOCTb ¢ ofwe# naowmaasio 2dS -
—+ dSgox. BHyTpH Hee 3apsny dQ=0dS (ans onpeieIeHHOCTH INOJIO-
skurtenpinli). [otok BekTopa E GyzeT mpoHH3BIBATH TOJLKO OCHOBA-
HUA UHAnHIpa, u60 BekTop E mapadsesnen ofpasyollieil UUJIHHAPA
(E mepneHAuKyJSPHO NJaCTHHE H3 coobpakeHUH cunMMeTpHu, a ofpa-
3yloLlast LHARHIpA — 1o noctpoenHro). 1o Teopeme OcTporpanckoro —
Tlaycca mosyusm

d M
dq)ocn _*“ d(I)GoK _ TCO)' » M
HIH H3-3a dPge = 0: :
d ¥
dq)mzél’ £,.25 - 3
N; L @0, iy {\nx'Ehd '
HJIH : f N \
E,dS, - EodS, =25 . A g
1dS; - WS =" / X
Tockoneky E;[]dS, u E;[]dS,, dd-ods 4
TO, cokpamass Ha dS);=dS,= "
=dS, noayuum "
! .5 "
ElTEQ—_s ' Puc. 86

0

Ho wusccofpaxkenuil cHMMETPHH 1osie 1o ofe CTOPOHBI OT NJACTHHBI
10 MOZYJIO OJHO H TO Xe, a 3Hauutr, E;=F.,=F. U rorpa
g
E —-—_‘——Qz(; .
JoroBopuMcst B ciriyuae 3aMKHYTOH MOBEPXHOCTH 32 MOJIOXKHUTENh-
HOE HanpasJeHye HOpMald n K HeHd 6paTh BHEIUHIOO HOPMalfb,
HanpaBJIEHHYIO M3 NOBEPXHOCTH, a He BO BHYTPb ee. Kpome Toro,
MOCKOMBbKY MJACTHHA MOJOKHUTENIbHA, TO 3TO 03HAa4aeT, uro E nanpas-
JIEHO OT IJIaCTHHBI, CO3JAI0IEH ToJe, K HHTEPECYIOWel Hac TOYKe.
Torza B BekTOpHOM BHJE pe3ysbTaT OyAeT HMETb BHI
[s}
E == 2—8; .
Pesyabrar merpyaHo ofofumuth Ha cayuail N napanjesnbHBIX
6OJBIINX MJACTHH

N N
.y
E=YE,—Y n,
j=1 j=1
Hurepecusim sijsieTcst ciyuadf JBYX pPasHOMMEHHO, HO OAMHAKOBO
0 MOLyJIO (T. €. |oy|=|0a|==0) Bapskennblx naactuu. B aTom

cjyuae
E:E +E :in —l—&ﬂ.
1 2 250 1 250 2
155



IMonaras nepsylo NJIacTHHY NOJNOKHTENLHO sapﬂx(euﬂou (1=
=—oy=05 >0), noayuum

i

E::i’—0 (ny — ny).

Mexay naacTMHamMH ny — ny=2n, =2n,, rae n_— oprt, Hampas-
JICHHBIH OT MONOKUTENbHOH mnuacTuubl. [Tostomy . .

g g
E:Q-E—()(nl——ng):—‘;()n+.
Bue npoctpancTtBa Mexpy nmacTuHam# np—ny=0 u, suauut, E
TaM PaBHO HYJIO.

G o o
flcro, uto dopuyana E=5-n sBaserca npUGINKeHHONE U BepHOE
0

JIMIIb A5 TOYeK, OMH3KHX K cepejuHe IJIaCTHHEI. ¥ KpaeB MJacTHH
noJie OyeT CHJIBHO OTJHYATHCH
oT EZQ—C:;
CTHHBI {(Ha PACCTOAHHSX MHOrQ
Lonblunx JAHHEHHBIX pa3MepoB
njaacTHH) Oyler 1oJieM TOueu-
Horo szapspa. [lpu ras[ (Ha
PaccTOSIHUAX OT MJIACTHHHL [0
MOPSAKY PABHLIX JIHHEHHBIM ee
pasmepam) E Oyxper cJ0XKHOH
dyuKuueld KoopauHart.

MoxkeT nokasatbed CIpaH-
HeiM, 4yTo E 7 E(r) BOau3u
niactHHbl. Ho H3 yxe cka-

Puc. 87 3aHHOTO  CJEAYyeT, 4uTO 370

POCTO PE3YIbTAT NMPHOIHUMKEH-

Horo paccmorpenud. Ha camom ke pene E=E(r), no sra 3a-
BHCHMOCTb BOJIH3W CePEAMHBl MJACTHHBI OuYeHb cjafa,” BRAAH OT

n, a 1aJ€Ko OrT IiJaa-

Hee E:;f—r( r, a Ha r~ [ — Heuto cpeauee. [lToscHUM ele Kauect-

BEeHHO OTCYTCTBHe 3aBHCHMOCTH E OT r BO/H3H cepennHbi MJIACTHH.
Ha puc. 87 ykaszano none dE =dE,-- dE,, cosmanuoe aByms ojxH-
HaKOBBIMH YyuacTkamu TMJacTHH B cuMMeTpuuyHofi Touke (. Buawxo,
urto ¢ ypanenveMm O oT naactud mMopymu dE; u dEs yBeiBaloT, HO
ONHOBpemeHHO yObiBaeT M yroa a mexay dE, u dE.. Ilepsoe mpuso-
AuT K yOoian, a BTopoe Kk ysenuuenno dE. Oba xe dakropa npu-
BOAAT K OdeHb CjAaboMy u3meHeHHI0 mopyns dE. Bpanu or naacruHml
a~~0 ¥ noBefenue wmoayas dE- yxKe ompeiesiercsi TONBKO yjaje-
HHEM, 4YTO M IPHBOAHT K YyMeHblieHHio dE ¢ poctom r BRajau OT
njactHHbl. To Xe camoe W € cymMapHbeiM nogaem: E. .

3. [Togo6HO TOMY KaK BEJAHUHHY MI Ha3blBAlOT MOMEHTOM MAacchi
MATepuajbHOil TOUKH OTHOCHTEJNBHO HAYaja KOODAHHAT, TAaK Y Besu-
YHHY gr Ha3bIBAIOT MOMEHMOM IAEKMPUYECKOS0 3apADA OMHOCUMENLHO
_mouku, u3 KOTopod nposened r. B cayuae N 3apsacs ofwuit snekt-
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,E PHYECKHH MOMEHT CHCTeMmbl OyjfeT CyMMOH q;r; T. €.
> N

o Pa= 2,4,

2 ]:1

Ecau umeeTcs 3apsxenHOe TIPOTSKEHHOE TeJO, TO
po={ rdg="{rodS -+ { rpaV.
' s v

MomqunoxaaaTb YTO nhoJie, CO3JaHHOe HeHTPaJLHON CHCTeMOH

3apAN0B Zq,_() BIaJH OT Hee OINpEee/seTcsl MMEHHO e€e 3Jek-
\ i=1
: Tpuqecxm: MOMEHTOM.

PaccmorpnM Baxnbiit yacTHBID caydall sjekTpoHeRTpanbHOl cHcTe-
MHl — JIBA PaBHHIX MO MOZYJ/HO H HNPOTHBCIOJOXKHBIX [0 3HAaKy 3apaid,
HaXOZAIHXCA HA HEKOTOPOM paccTostiMM [ onuH oT apyroro. Takas
cHCTeMa HasbiBaetcs Ounosem. Halfizem mose iumons BZanu OT Hero,
T. €. Ha paccrofiHuu r_>»[. 01

Mowmenr annoasi (puc. 88) onpe- Py
JeJINTCS PaBEHCTBOM: nor sl

p=Q.r,+Qr.=Q,r,—Qr. =
=Q,(r,—r)=¢lL

O6biuHo BMecTo Q, mHWIYT npocm Q,
a Toraa

, = QL. Puc. 88

Kak BHAHO, 3/1€eKTPHUECKHil MOMEHT AHIIOJSl HE 3aBHCHT OT BHIGopa
Hayajia KoopAMHaT (T0 e M AJs mo6oro HeHTpa’nbHOTO TeJa).
[Torenunan aunons BAaAM OT HEro MOACUMTHIBaeTCH Tak (puc. 89).

Q. /1 IV _Qur.—ry)
_ ! 2
P=F T e-= 47:sor+ T T 4re = ze, <r+ r / dregr r_

_ Qy—ry) Q! cosa___er cosa Qlr por

Cdwmegrir_ dnegr? T dmegrs  dmegrt | dmegrt '

d
d—;’?n, HO ITIOCKQJBLKY Ta-
KHe onepanudyd Mbl IIPOM3BOAMTH HE HAYUMJHCh, TO IIOACUHTaeM
E=E (r), yto HasuBaercs «B J006». VIMeHRO:

O1ciofia MOXKHO 6bljo Ob HaliT™H E—=—

J— — Q+r+ Q-—r— P Q r+ . _\
E=E,-E = Amegri T dmegrt | dmeg \ri r3j"
: { I
Mz puc. 89 Bumno, uro r,=r— Cgsa H r_=r— Cgsk 2. YunthBas

[ cos a)"’

< ; : : [ cosa \
r>»I, noayuum r;’r:(r—]— S ~r3+3rf—2—— n ori=(r—
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’ 3
—_ lcgs a) A= r* —5r?cosa. Ho roraa |
ro _ 33108 —r r3+3r2lcoj' »

L 5 0

g T ooy
ri ri <r3 1 3 1COSa> . <r3 — 32 Icos a)
2 2
(ry—r_)r3—(ry +r._)3r E%Si

- r4% cos? a
rt— 9_-—4__

ITpenebperass omsMyieM r, H r_ B MX CyMMe H CJaraeMbiM
9 9
‘[?cos’a mo'cpaBHeHHiO ¢ 7%, mosyuuM

’Z r
f, r. b 3lrcose r_ 1 3(In)r
rLorr T ri r—ré o
Puc. 89
Has E nmonyunm c yyetoM Ql==p, u HallieHHOro 3HAuUeHHsT pas-
r iy
HOCTH —f— =
ri re
e i Py 3(psr)T
dne, | r? re :

Bugno, uro E [oBoibHO cHJABHO yGbiBaeT ¢ pocroMm r. To, 4ro

B YACTHLIX CJaydasiX HMeeM
: __ " . _Ps
) npn A= =gl

2p,

6) nipu a==0 E:4 73
e,

— — 2ps
B) nmpua oe—m= E-—-——-E{e‘o—rs‘,

YHTATeAb JIErKO MOKaXKeT caM, YuTsd B3auMHBle HarpaBJjeHus p, H f.
Ecan punons momemen B noae E, 7o
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a) Ha Hero JefdcTByer cuna (puc. 90)
F=F++F—:Q+E++Q-E«=Q(E+“"E)-

4
gj"l‘o, 9TO 3Ta CHJA HalpaeJeHa B CTOPOHY Bbo3pacTaHus moaynas E,
rqUTATe b MOXET YOeAuTbCcs Ha TOM 4YaCTHOM cJayuae, Korja p, | E.
6) oH o6aanaer 3Heprueil

U=U,4+U.=Q9,+0Q o =Q(s,—¢)=
= QAp = — QEl == — QIE == —p,E.
B) Ha HEro jelcrByeT BpaiareabHblil MomeHT (puc. 90)
M=r XF, +r_xF._
Ecau none ozuopogHo, 10 F,=F_, a Torza

M=(r,—r) X F=1XQE=Ql X E=p, XE.

M3 paccmorpeHHOro BuAHO, YTO M COOCTBEHHOE TMOJe AHNOMS
§ €ro MOBEJCHHE BO BHEHIHEM II0Jie ONpejensieTcsl ero 3/eKTpH-
YeCKHM MOMEHTOM p,. MoxkHo mo-
KasaTh, YTO M A4 JoGOH 3JeKTpo- o
HeATpaNbHON CHUCTEMBI € 3JIEKTPH-
yeckHM MOMEHTOM P, €e CBOHCTBA
W TOBEeJleHHe BO BHEIIHEM T[OJIE B
GOJIBLLION Mepe OIpefeNsAerTca ee Mo-
MEHTOM Ds.

3alerasi Bnepel, CcKaxeM, UTO
none E MoxeT co3xaBaThCs He
TOJBKO HEMOJABHXKHBIMH 3apsanavu Q,
HO M TE€peMEeHHBIM MarHHTHBEIM IIO-
JeM (BCIIOMHUM $IBJIEHHE 3JIEKTPO-
MarHUTHOHW WHAyKuuH). HMuorjpa nep-
BbIi BHUA NOJAA HAskBAIOT KYJAO-
nosckum (E¢), a BTOpOH — cTOpOH-
HuM (E ;). ITlpu stom E; Ml yKe ymeeM cuutath, a ¢ E.. npupercs
noloxuarb. Hago ckasatb, uro jpenende E Ha E. u E., sBaserca
HENPUHIMNHANLHEIM, @ NPOCTO YAOOHBIM JJis peILeHHs psAlda 3ajad.
310 06yCJOBNEHO TEM, UTO NOJE, CO3JaHHOE HEMOLBMKHBIMH 3apf-
HlaMH, ABJIAETCA NOTEHIHA/AbHBIM, CPABHHTEJNbHO JEIKO CUHTaeTcsd H

LIS HETO @Edl:O.

Puc. 90

§ 2. duektpuueckuit Tok. 3axon Oma

DnexTpUUecKye 3apsibl MOrYT IepeMelarbCss Ha MaKpPOCKOMH-
‘UeCKHEe pPACCTOSHUS. IDTO SIBJICHUE HA3BIBAIOT IAKMPUHECKUM MOKOM
(omyckas CJIOBO «MAaKPOCKOMHUYECKHH»).
© Jlunued asexkmpureckoe0 moxa, Kak U B cJydae TEUeHHS KHAKOCTH,
Ha3plBAlOT KPHUBYIO, N0 KAacareJdbHOH K KOTOpPOH HanpaBJjieHa CKO-
pocte 3apsiga. OGnacrh, orpasuueHsas JHHHAMHM TOKa, Ha3blBaercst
Mmpybroii moxa.
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-Benuuuna J 2%% NOKA3kIBAIOMIAA, KAKOH 3apiaX (KaKoe Koumy.
HYeCTBO 3/IEKTPHYECTBA) NMEepeHOCHTCA 3a efHHHIY BPEMEHH Yepes3 ceve.
HHE TPYOKH TOKA, HA3BIBAIOT CUAOL MOKA 8 IMOM CedeHUl WITH TIPOCTO —
TOKOM B JaHHOM ceueHHH. Msl GyneM paccMaTpuBaTh TOJIBKO TOT Ciy-
Yaff, KOrjd TOK OJMHAKOB MO BCEM CEUEHHAM JAHHOM TPYOKH Toxa,
XOTSl CO BpEeMEHeM MOXeT M MeHAThbed, T. e. cayuaft J 7= J (S), ng
J=J (). :

" Ecam v —cKopocTb JBHXKEHHS MNOJNOXKHUTEIbHLIX 3apsjA0B B jau-
HOM MecTe, TO BeaHuuHy (pHc. 91)

' daj v
dScosa v’

j —
L
a mo MonyJio

ol
T dScosa’

—

NOKAa3biBAOUIYI0, KaKoH TOK MNPUXOIUTCA Ha eNHHHYHOE CeueHpe
- TPYOKH, HOpMA/bHOE CKOPOCTH IBHMKEHHS 3apAA0B, HA3BIBAIOT N.10M--

a8
=% O ,’{"
- g e i .72

L

i

e,/

Puc. 91

Hocmbio moxka 8 daunod moyxe. U3 onpegenenust j crenyer dJ =jdS,”
a B clyyae CEYEHUS] KOHEUHBIX pa3mepos-

J={{jds.

N

Kak cnenyer u3 ompenenenns cHAB Toka, J — 3T0 cKaasipHast
BEAMUMHA W HAaNpaBJeHHeM OXapaKTepH30BaHa ObITh HE MOXKeT.
ITosToMy, KOrga roBOpSIT O «HANPABJEHHH» TOKA, TO HMEIOT B BHIY
HEKOTOpOe YCpPeJHEHHOe MO CeUYEHHI0 TpyGKH TOKA HAMpPAaBJeHHe IIoT-
HOCTH 'TOKA |. '

Kak BCcsikoe naBueHHe B cpele, IBHIKEHHE 3apsiioB BCTpeuaeT
CO CTOPOHBI CpE€bl CONDPOTHBJIEHHE R, HMEHYeMOe 3JIEKTPHUYEeCKHM
(unn omuueckum). Ecau ygesbHoe CONPOTHBJAEHHE cpefbl (CONPOTHB-
JieHHe TPYOKH TOKa eJMHHYHOH JUIHHBI M €IMHUYHOrO MOMepedHoro
ceueHus) o0o3HAUUTHL yepe3 p, TO Mo 3akoHy Owma

j= E=— (Bt Eq). M

1
Yacro BMecTO 5 THIYT BeaHuHHY A — yJeqbHYIO TPOBOAUMOCTD
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j cpenbl. 3akon Owma UpHMET B ITOM , Cyuae BHL

“Sra dopMa 3aKoHa Ha3bIBAETCS ﬂﬂd)q)epeﬂunanbﬂoﬁ. ITOCKOJIBKY OITH-
! CBIBAET MIPOLECC B «TOUKE» (B 3JE€MEHTApPHO Masofl 06JacTH, CTOMb
' Masioft, uto B ee npejgesax H3aMmerenuss E, A H j Hac maM He mHTEpe-
CYIOT /M HESAOCTYNmHBI H3MepeHHio). @opMmajpHO 3TO OTOOpaKEHO
TEM, YTO PAaBEHCTBO COAEPKHT NPOH3BOIHYIO

1 =i5iwan

- Yacto Gosee yaobHOll siBasiercsl uHTerpaspHas Qopma 3akoHa
-Oma, omHChIBAOMAN NMPOTEKAHHe TOKA B MAaKPOCKONHYECKOH 06aacTH.
BeiBenem ee. ¥mHoxkaa pasenctBo (1) cxa/ldsfipHO Ha IepemelleHHe
10/10uTEABHOrO 3apsaa dl, nmonyunam

'jdl:;—(EKdl—L—E"dl).

IMo ompenenenuto j, yroa mexay j u di, paseu nHymo, a E,dl=
= —d? H, 3HAYHUT,

jdlf——% (— do 4 E., dl),
HJU
jodl = — dp - E. dI,

dJ

R J
IS cma WM =g (nna J £ J(8))

TaK Kak j=—
JE = — dp - Eeodl.

HuTterpupys 370 PaBeHCTBO 1O YACTH TPYOKH TOKA OT OXHOrO More-
pEYHOro ceyaHHsl X0 APYroro, MOJYYHM C y4eToM He3asucHMOCTH J
OT TIOJIOPKEHUSA CEUEHIs

2 2

J 5 %_l,:* IS do |- S E..dl.

1

0603HayaoT R, H HA3BLIBAIOT COMPOTUBJIEHUEM TPYOKH

2.
od!
Benuuuny S 3
i

2
TOKa Ha yuactge [—2; — S dp == ¢ — 93 — ynenbHas <%> pa6ota
KYJIOHOBCKHX CHJ (3TO cne‘nyeT H3 onp'ege.neﬂuﬂ Pa3HOCTH noTeH-
HaaoB); ee yacto ofosmavaiT 6ykBoii U, SECTdI — ynenbHasa pabora
(dAc,
daQ
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anekTpoiBukylied cusofl. C yueroM 3THX OGO3HAUEHHH MNOJyyYaey:
JR=U-}8, wm JR=¢;—¢-}8&.
Ecnn obnacTu JefiCTBUS CTOPOHHHX H KYJIOHOBCKHMX CHJI He COBNAJaloT,
o nonaraior R=R -} r, rae R — conpoTuBieHHe y4acTKa, Ha KOTo-
POM JeHCTBYIOT KYJOHOBCKHE CHJBI, @ r — CONPOTHUBJIEHHE YYacTKa,
Ha KOTOPOM JeHCTBYIOT HEKYJOHOBCKHe CHJH. (SICHO, YTO 3TO Jene-
Hye BecbMa ycaoBHOe.) Ilpu TakoM JeneHHM CONpPOTHBJAEHHS Ha R
U 7 DOJYyUYHM
J:?1“S’2+8 WaH J=U+8
R+r 7 7 RH-r"
Pa6GoTa CTOPOHHHX CHJ MOMKET ObiTh (Kak M paora JOGEX JApYrix
CHJI) H TIOJIOXKUTEJILHON U OTpULaTebHOMN. To e OTHOCHTCS U K YAe/b-

A 1 -
J

&0 Eco

Puc. 92

no#t paGore. ITomarator >0, ecan oHa NOBHIUAET NOTEHUHAN B Ha-
NpaBJeHHd NPOTeKaHUSI TOKA (YBeJHUYHBAET IIOTEHLHAJILHYIO SHEPTHIO
sapsjoB) H naoGopor. Ha puc. 92 mnsobpaxkenbl ofa cayuan. Jinsa
HarJSAHOCTH KapTHHA INPOTEKAHUS TOKa CONPOBOXKIAETCH KapTHHOMN
NPOTeKaHUs KUAKOCTH. AHAJIOTOM 3/EKTPOCTATHUECKOTO TOJIS CAYXKUT
rpaBHTalKOHHOE I10JIe, a aHAJOTOM CTOPOHHUX CHJI — CHJIBI, IeHCTBYIO-
Iiye Ha XMAKOCTb B Hacoce.

Huorza sHak 3. 4. C. BBRIHOCAT H TNHILYT

— -+ 94
e R 3)

ITonesHo MOMHHTBH, YTO Ha yudacTke, TAe AeHCTBYIOT TOJBKO KYJ/JOHOB-
CKHE CHJB, TOK TeUeT OT TOYKH C OOMBIIANM K TOUKE C MEHDBIIHM
noteHnuanoM. B obiacTtu geicTBus CTOPOHHHX CHJI 3TO Heoba3aTebHO.

Us (3) CHEAYIOT YACTHBIE CayYaH:

a) ONHOPOIHBIA Yy4acTOK ILend (ZEHCTBYIOT CHJBI OZHOTO POAA —
KYJIOHOBCKHE); TOCKOJbKY Ipu stoM $§=0 u r=0, 10

J=472, wm J—-—'*g;
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. 6) SaMIl(]HyTE(l)H uenb (rouka I coenuuena c¢ rtodxoii 2). Ilpu stom
oy — Qo == _ u

]

J =

&

R+4r
[TpenoctepeskeM umTaTenss OT YacTO BCTPEYAOILETOCH HEBEPHOTO
YTBEPIKJEHUS O TOM, 4YTO JJisl NMPOTEKaHHsl TOKa HYyXKHA PasHOCTDb
‘MOTEHIMANOB U 3aMKHyTas uens. Kak BuAno u3 3akoHa Owma, TOK
MOXKET TeYb H B OICYTCTBHE DA3HOCTH IIOTEHIHANOB (moctarouHo
HAJUuHs §) ¥ B He3aMKHYTOH Iend.
- las mpotekaHus TOKa B cpele C CONPOTHBJCHHEM (HCKJIOYA0TCS
U3 PACCMOTPeHHN JBMIKEHHS 3apsKEHHbIX YACTHIL 10 HHEPLHH, Hanpu-
Mep, B HEKOTOPHIX yuyacTKax Kocmoca) HeoOXOJHMO:

1) nanuune nong E=E.-}E. %0 {(u1u, 49T0 SKBHUBAJEHTHO,
o1 — 92—+ 8 #£0),

2) Hajuupe 3apsiA0B, CIIOCOOHBIX MNepeMenlaTbCs Ha MaxKpOCKOITH-

o 1
YeCKue pacCcrodAHuf -— HOCHTEJICH TOKa (HJII/I, YTO BCE DaABHO, —P—:-

=x;éo>.

t
o
.
3

§ 3. MarHuTHoe moJjie NOCTOSIHHOTO TOKa

Kax MoKassiBaloT OIBITH, €CIH 3apAAbl ABHIKYTCSA OTHOCHTENBHO
CHCTEMBl OTCYeTa, TO CHUJIA B3aUMOAEHCTBUS MeXAYy HHMH HE OIIHCHI-
BaeTcsl IOJHOCThIO 3akoHoM KysioHa; HyXKHa rnompaBka TeMm 6osbLiast,
yeM GOJIbILIE CKOPOCTH 3apsiIOB OTHOCHTEJIBHO CHCTeMBl oTcueTa. Majio
TOFO, 3JIEKTPOHEHUTpAJbHEIE CHCTEMBl CIIOCOOHBI B3auUMOJEHCTBOBATH
Mex co6oil BecbMa 3aMeTHBIM 06pa3oM, MNpHYEM 3TO B3aUMOJIEHCTBHE
H He IpaBHTAIHOHHOE, Da3yMeeTcs, M He 3JIeKTpPHUecKoe (He KyJo-
HORO).

[IpumepoM Takoro B3auMOJEHCTBHSI CJYKHT B3aHMOJAEHCTBHE Mpo-
BOJAHHUKOB C TOKOM. DTOT BHJ B3aHMOJEACTBUSI HA3LIBAETCH MArHHUTHBIM
H ero yJaercsi OTJENHTDb OT KYJIOHOBCKOTO (3JIEKTPHUECKOr0) B3aUMOEIi-
CTBM{, €CJH NDOBOIHHKH 32JIEKTPOHEATpaNbHBl H HO HHM Teyer
nocrosinusii ToK J £ J (f). Tem cambiM co3jaercsi BOSMOMKHOCTB
noApoSHO M Ge3 noMex H3YUHTb 5TO B3aUMoJelicTBue.

Ilockonbky NPHUHHOH 3TOTO B3aHMOAEHCTBHSA SBJIAIOTCS JBHIXKY-
Iecss OTHOCUTEIbHO CHCTEMBI OTCUeTa 3apsisl (TOKH), TO H HCCJe-
IOBaTh €0 HAl0 C IOMOILBIO ABHXKYHIUXCS 3apsfioB (TOKOB).

Ecnu mosarate, 4TO TOK CO3[@€T HEKOTOpPOE MOJie (€ro HasblBarOT
MarHuTHLIM), TO MHTEPECHO 3HATh XapaKTEPHCTHKY 3TOFO IO0MA B Kax-
-Mo# Touke (Mmanofi ofsiactu), a AN 3TOrO HEOOXOLHMMO MaJsoe Ipod-
Hoe TeJIo C TOKOM. 3a Takoe Teao yAoOHO 6pa’l‘b BUTOK C TOKOM.
OkaspiBaeTcs: npy 5TOM, YTO XapakTep B3aMMOLEHCTBHMSI TakOrO BHTKA
C HCCJeAYeMBIM IOJIEM 3aBHCHT OT €r0 MarHHTHOTQ MOMEHTa, onpede-
ASEMO0  PABEHCITIBOM
| dp,=J dS,
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rae J — ToK, TeKyIHH no BHTKY; dS — BekTOp IJIOIAJKH, OXBauer-
HOH KOHTYpOM NPOBOJHMKA; HanpabJ/ieHHe ee ONPeleasieTCs OPaBHIIOM
npasoro 6ypaBunka (puc. 93).

Ecan Tako#t BHTOK- IOMECTUTh B MarHUTHOE fIOJIe, TO NOA J€ii-
CTBHEM TOJbLKO 3TOFO NOJA €r0 MAarHUTHbIA MOMeHT dp, OpHen-
THPYETCH B KaK[0# TOYKe 5TOTO IOJS €XUHCTBEHHBIM o06Gpa3oM. Jto
HaNpaBJeHHe M APUHAMO CUHTATb HaNpaB/eHHeM HCCJEeLYeMOro Mar-
HHUTHOTO 110/19 B JaHHOI TOuKe. :

Hanee, ecii B HEKOTOPYIO TOYKY IOJS MOMEILATh pasHBIE BHTKY,
pasauunbiy c6pasoM OpHEeHTHPOBAHHbIE IO OTHOLIEHHIO K HallpaBJieHuo
MO/, TO OKasblBAETCH, UTO HAa BHTKH JeHCTBYIOT pasBopavyuBaloiliie
ero MexaHuueckne momentnl dM, npruem
s dpy £ dpa 7 ... L dpy Hog £ ag ..
... F oy umeer Mecto dM;z=dM;=£ ...
e ?‘3 dIMN.

Beanunna ke -/ noctosiuia

J o— a4

: (lp]' Sin aj
Ianuoii TOukH JaHHoro nonas. Beanuuny,
MOAYJb KOTOpOit Ompelensercs 5THM OT-

. dM
HOLIeHHEM, T. €. BEJHYHHOH ————, Ha-
J dp,, sin a
3LIBAIOT BEKMOPOM MACHUMHOU UHOYKLL
Pue. 93 8 OaHHOU mouke uccaedyemozo noas 1 obo-

3navaioT 6ykBofi B. Hanpasnenue srtoro
BEKTOPA MBl YK€ OIpPeleJHJH KaK TO, B KOTOPOM YKa3biBaeT BEK-
TOp dpy, NOATBEPKACHHBIH JEHCTBHIO TOJbKO 3TOTO MarHHTHOTO IIOJS.

Us B:E[;% creayer dM=dp,Bsina uam c yueroM nanpasne-
Hufi BektopoB dM, dp, u B
dM=dp, X B.

D10 paBeHCTBO HA3LIBAIOT 3AKOHOM Amnepa 012 eumKa ¢ moKom.
2. Menee yno6HO A4 9KCIEPUMEHTAaTOPOB, HO YacTto ynorpeb-
JsieMofi gopMynoH 3akona Ammepa sBjsiercs |

dF =J dl X B,

rage J — 1ok B TpyOke Toka; dl — sjemeHTt ee, nHaxogsawffiics B Mar-
HutHoM noJse B; dF — cuna, aeficTBylomasi Ha 3TOT 3J€MEHT €O CTO-
POHBI HCCJIEAYEMOro MHoJis.

Heyao6cteo 310il popMyJBl AJst SKCNEPHMEHTATOPOB COGYCJOBJAEHO
T€M, UTO JOBOJBLHO TPYAHO OTAENHTH AeficTBHe cuisl dF Ha snement dl
OT JEHCTBUS CHJ Ha 3ToT Xe dl CO CTOPOHBI TpaHHYalllX C HAM
yuacTkoB npoBopHuka. OfHako 310# (opMyne MOXKHO NMpHAATb y}lOﬁ:
HBIA JI7Isi 3KCIEPHMEHTANbHOH TNPOBEPKH BHJ, CLEJAAB €€ NMPUroAHOH
JUIsl BBIMMCJEHHS CHJLI, JeHCTBYIOIEH Ha OTAEbHBIH 3apsap dQ, ABH-
xyumuiics B nojae B. Vimenno, ecin 3a Bpema df uepes HekoTOpO®
ceyeHue TPYOKH TOKa NePeMeCcTHUTCA 3apsaj dQ, TO NPH 3TOM Kax/biH
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H3 3apsN0B 3a_3TO Ke BpeMst nepemectutcs Ha di; mosTomy
dQ dQ __ dQ
J=n=a=a?
v
H, 3HAUHT,

dF =T dIXB="20dixB="22dIvXB=dQv X B.
Mozker ObITb 60siee NPOCTHIM ABJSETCS APYTOM BbIBOL:
dF =Jdi X B=2 vt X B=dQv X B.

D1y cuay HasuBaOT cuaod Jlopenya W 3amHCHIBAIOT B BHIE
dF n=dQv X B.

Yacro BMecto d numyTt npocto @, pasyMes moj HHM TOUeHHLIH
3apsan; Toraa Aas cuasl JlopeHua nonydaercsl BbiparkeHue
Fi=QvXB. ¢

3. Bugno, 4To 214 HaxoKICHHSA CHJBI, NEACTBYIOWEA HA KBHXKY-
wuiicd B MarHHTHOM TIOJIe 3apsf, HAJNO yMeTh HAaxXOAuTh B.

Kak cymeau yranate buo, Capap u Jlamnac, kaxnsiit snement di
BecbMa y3KOH TPpyOKH TOKa BHOCHT B ofiee noje B, co3ganHoe Bceit
TpyOKOH, BKJIAA dB, onpeaense-

MBI PAaBEHCTBOM:
o Jr x dl

dB_—er: rs 7
rie J—ToK B TpyOKe TOKa (B 2
NPOBOAHHKE); I — PaLHYyC-BEKTOP,
NpOBeJeHHbId U3 HHTepecyoleit
Hac TOUKH K vj1ementy dl (puc. 94);
P — HEKOTOPAst KOHCTaHTa, 3Ha-
YyeHHe KOTOPOH onpeaeasercst Bol- ;
GopoM CHCTeMbi EIMHHIL H HA3bl- Bewmap aB warpadien
BaeMafd MarHHTHOH npoHHnae-

1 Puc. 94

MOCTBIO BAKyyMa; z- — BBEICHO,
KaK U B Mpeablayli¥X cay4asax, Aas yﬂo6cma H A8 HOJYepKUBaHUS
oceBOfl (4 B 3aKOHe THArOTEHHA H 3aKoHe KyJsona — chepuyeckoi)
CUMMETPHH [MOJA, CO3XAHHOTO 3JEMEHTAaPHBIM HCTOYHHKOM  IOJIA
(dp, dQ-nau Jdi),

CoseplIeHHO OYEBHIHO, 4TO B Takol auddepenunanbHoft ¢opme
3aKOH He MOMKeT ObIThb MOJIBEPrHYT ONBITHOH NpoBepke, UGO HA ONbITE
HEeBO3MOXHO B MpHHIMNE H3MePATh Bkaal dB-— moGo#t mnpubop
H3MepAeT TOJMBKO CyMMapHOe, pesyabTupywoulee mose. Ho B umTe-
rpaapHoiil opme, T. €. B BUAE

B—to Jr X di
 4n r?
3aKOH ONLITHOH mposepke mopiaefcs. Kcratd, o6widno B MHTErpann-
HOH ¢dopMe UM U MOJIB3YIOTCH NPH NPAKTHUECKUX pacyerax.
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4. Or nuddepentuansHolt dopmul 3akona buo-Cossapa-Jlanaaca
HETpYAHO mepeHTH K dopme, orobpaxawoliell noJse, CO3ZaHHOE To-
YeuHeIM 3apsiioM d{}, KOTOPBI IBMKETCS CO CKOPOCTbIO V OTHOCH-

TEJbHO CHCTEMBI OTCUETa. ﬂeﬁcmmenwo:

aQ
— dt
JB et JTX Al _py @tV dQrxy
T4t T 7T 4x r? A= rs
Yacto Bmecro dQ nuwyT @, Torza
po @ XV
B”_Zf?% rs @)

Ecan B (1) moacraputh (2), TO noayudm Ajds sapsamos Q; u Q,
ABHIKYIIMXCS CO CKOPOCTAMH V; H V; II0 OTHOIIEHHIO K CHCTEMe
orcueta (puc. 95)
Qi Q
Fiy= ’v,><rl,><vj,

2 Q
F]l “LJ‘-V;XI'];XV:

3
rJ

Kak cnenyer u3s stux ¢opmyd, F;;

u F;;, BooGIie ToBOpA, He HANPAaB-

JIeHBl HaBCTPEYy JApPYr JApYyry.

Fij=—F,; anwes npu v;| v,

Puc. 95 wimocTpupyer ckasaHHoe.
U v

Ty ==t
/. Y= 6

J

Fy F, :
Puc. 96

Puc. 95
none B, co3manHOEe OTpPE3KOM TIPSIMOH TOHKOM

5. Tlomcuurtaem
TpyOoku Toka. M3 puc. 96 Buano, uTo mone, cosnanHoe orpeskom AC
oko0 Toukd O HanpaB/eHO 3a IJIOCKOCTh HYepTeXka U, KakK BHAHO

U3 pUCYHKA, IO MOAYJIO PAaBHO:
o C c
dl | si
|B IzsldBl—SHOJr meal ;,L_Oigdl[s:nal__
P r T, r
A A A
C C C
=l (b __pof (ridal_ gl (do_
T 4w T 4rn rr T 4n r
A A
¢ ld i J
1:‘%{—8'—0‘@&“— v > | cosac — cosay|.
9
X
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BBozxst opT T, nanpasiensnft mo dl, noayuum

B= ”" 3 (COs ag — c0s 22) 1o X .

B cayuae Touek, 6JIH3KI/IX K cepeauHe ortpeska AC (g KoTopeix
Tpy6ka AC «Oeckoneuno» anmuuHa), oc=0, ay==% H, 3HAUUT,

B—— P()J l‘0><17

6. ITogcuntaem none BUTKA Ha ero ocu (puc. 97). ¥Ynobuee st1o
clenath, IOACYUTHIBASI BKJA4L B B, BHECCHHBIA OJUHAKOBBIMH d,
HaxOASIMMACS Ha NPOTHBONOJOXKHEIX KOHNAX auamerpa. Torga

dB:dBl—i—dB,z:QldB”COSU.n,
rjaje n—op7, HanpaBﬂeHHblﬁ 10 OCH BHTKa BBEpX. HCHO, qTOo
1
B~_—5§dsz§>1dBl|cosan=n§§§|dB,|fi=
:n§}@Jdllr . R HOJR&dh— poJQTtR

4drr? T 4nr’3 “dnr?

[Je y4TeHO, 4TO yrot Mexay dl; u r paBeH % [TockOnBKY MBI Cun-
Tanau nosae ot Jdi; u Jdly COBMECTHO, TO Mepej UHTErpanoM U CTOUT
MHOKHTE/b %, MIO3TOMY OKOHYa-
TEJbHO

B—=

o R* 1= P SN Py
2ard T 2wt T 2mrtt
3amMeTuM, uTo Ha Go/1bILOM pac-
CTOSIHHM OT BHTKA (MarHHTHOIO
aunoss) none B paercs ¢dopmy-
Jo# {npuBoOAUTCS 0€3 BLIBOAA):
Bo—_ Yo [Px__ 3(pur)
4n | r? '

re

dra ¢opmysa BechMa CXOJHA ¢
¢opmysont anas noas E, cosgan-
HOIO  2JIEKTPHUSCKUM  JAHUIIOJEM
BAaJIH OT HEro. Al
7. MoxHo nmokasatb, 4TO aHa-
JICTHS MEXKIY 3JEKTPUUECKUM JH-
HOJMeM C MOMEHTOM p, H BHUTKOM
C MOMEHTOM P, TIPOCTHpaeTcs
Jajplue:
a) Ha MaTHMTHBIE MOMEHT Py JAeHCTBYET CO CTOPOHBI HEOZHOPOM-
fIOro noJs cujaa, BTArMBAOINAS ero B 00JAaCTb, rjie HoJe GoJblie;
6) Ha MarHUTHBIA MOMEHT Py ACHCTBYET CO CTOPOHLI IOJISI MOMEHT
caia M=p, X B;

Puc. 97
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o L .
B) MarHuTHHi MOMeHT p, obnajnaetr B noae B sueprueidi nono-

KEHU A
U=—p,B.

§ 4. Ilpeneccusi MArHHTHOIO MOMEHTA B MArHMTHOM noJje

PacemorpuM monpoGuelt BosgeficTBHE MarHMTHOTO IIOJISE HA BHTOK
C TOKOM. YureM NpH 3TOM, 4TO JABUXKYUIHECS] IO BHTKY 3apaRb
06.)18}13}0’1‘ HEKOTOPbIM MOMEHTOM KkOJHYECTBA JABHIKEHHS L=1Ilo no
OTHOLIEHHIO K ocH BuTKa. [Ipm sToM, ecnn 10K B BHTKe 06ycjoBaeH
JBHEHHEM NOJIOKHTEALHBIX 3apsioB, TO Py TTL, a4 B IPOTHBHOM
ciydae p.fy L. Paccmotpum ana onpenenen-

te HOCTH crayuad p, 1t L.
' M3 onpenesnenus B caenyer
1 9% M. dL.dps peA Ay
< W =p. X B,
, a 10 3aKOHY M3MeHEeHHMS MOMEHTd HMIIYJbca
Q-2
oy m="1L
T df
U, CJel10oBaTe1bHO,
dL
a+o'=T ;l"t':pMXB- (1)
J dL .'
Orciona BuAHO, yTO —- Oyler Bce Bpems
nepneHiuKyJaspso p, 1 B. Ho a3ro osna-
Puc. 98 yaeT, UTO BEKTOp L (a 3HaAuuT, M BEKTOD p,)

_ 6yner Bpaularbes BOKpYT B. JleitcTuTensho,
BEKTOP d—;;, MeprneHiAnKyAspHEIA  BEKTOPY Py, corsacuo (1) Oyper
nepneHavKyjspen Takxe M Bektopy L B cumy LM p,. Ho ecan
%‘_1_ L, To 3T0 03nauaer, 4to L MeHsETCS TOALKO IO “HANPaBJeHHIO,

dL
T. e. Bpawmaercs. [lockospry u3 (1) BHAHO, uTO ﬂ_]_ B, Tto 310 Bpa-

uieHue U 6yzet npoucxoautb Bokpyr B. Hatizem yraosyio ckopocts
5TOrO BpAllEHHs, HasblBAEMOro IIpeneccHeil BEKTOPOB Py U L BO-
KPYr BEKTOpa MarHWTHOH HHAYKUMH B.

W3 puc. 98 Buano, uto MOAyJ]b H3MeHeHH:d BekTopa L 3a ppems df

ONpEAC/IHUTCA PaBEeHCTBOM
|dL|==|Lsind' d¢|.
Jens 3TO paBeHCTBO Ha df, MOJY4HM

dL| __ .o ade|
IE‘_]Lsmaa . @)
Ho %’; €CTh yIJIOBasi. CKOPOCTh BpauleHus BekTopa L Bokpyr B.
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- d ) .
O6o3Hauan E%) Q u cpaBnuBas no MoxyJo npasbie sacTh (1) u (2),

JIONYYUM C ydeToM sino’=sina .

Lsina' Q=p,sina B. (3)

1
;3’1‘0 PaBEeHCTBO MOXKHO 3anucaTh B BEKTOPDHOM BHIE:

|

LXQZ"‘pMXB,

otkyAa B cuay L4ip. caeayer QNB U3 (3) moxkno omnpenenuTh
npH Keyannu € — MOAyJb YIJOBOM CKOPOCTH BPAlleHHs BEKTOPOB Py
n L. Hanpasaenne sto#t cxopo-

CTH, KaK BHAHO H3 puc. 98, mpo- B A

THBONOJNOXKHO HanpaBnenuio B. )
* Takum oGpa3omM, 3apajbl, ABH-

TaIOLIHecs N0 BHTKY € HEKOTOPOH WP

yIJI0BOH CKOPOCTBIO ®, GyAyT ewe
yyacTBOBAaTb BO BpalleHUH BO-
Kpyr B Bmecte ¢ BUTKOM, a 3Ha-
YT, MX pe3yJbTHPYIOIas CKO-
poCTh BpauleHus GyaeT onpeje-
AATbCS paBeHcTBoM (puc. 99).

BDpes == 0 4 Q.

Ho wu3meHnenue yrioBoH CKOpoO-
CIH JBHJKEHHS 3apsijoB Ha
BEIEeT K H3MEHEHHI0 MarHMTHOTO
‘MOMEHTa p,, Ha Ap,. 3HauuT, BH- Puc. 99

TOK C TOKOM, TOMEINEHHBII B Mar-

HHTHOE noJje B, npu B3auMOREHCTBHM C 3THM IIGJIE€M MOJyHaeT J0-
6aBOUHKI MAarHuTHHI MoMeHnT Ap,. ITa jofaBKa HMeeT B cjayuae
TOKa, OOYCJIOBJIEHHOTO HOJIOXKHMTENBHBIMH 3apsijlaMH, TaKOE Ke Ha-
npaBnesue, Kak M Q H, 3HauuT, HanpaejeHa Hasctpeuy B. Ecau
TOK B BHTKE OOYCJOBJEH JBHXKEHHEM OTPHIIATE/IbHBIX 3ap OB,
10 pyfyL 1 u3 L X @=—p, X B caegyer Q 4B, a tTak kak npu
IBHKEHUM OTDULATEeNBHLIX 3apsioB py i) /e, TO W H3MEHEHUE P,
‘HanpaB/ieHO HaBcrpeuy Ae, T. e. Harcrpeuy Q. Yutarenn, clenas
‘aKKypaTHBIT PHCYHOK, MoXeT YO6eAUTbCS B TOM, 4TO 3TO HMEHHO TaK.
- Taxum ofpasoMm, BO BCeX CJjydasx IIOMEIIeHHBII B MaTHHTHOE
nose B mMaruuTHbIA MOMEHT p, noaydaer pobasky Ap.{ B.

= Q‘Apm

Wpes,Pu pes

§ 5. daekTpoMarsuTHas MHAYKUMsi. 3akoH dapajes

. Panee yxe ropopujoch 0 TOM, 4YTO 3jIeKTPHUYECKOE I10JIeé MOXKET
CO31ATbCSl HE TONBKO HECKOMIIEHCHDOBAHHBIMU HENOJBHXKHLIMH 32psi-
‘.uaxvm («KyJIOHOBCKOe» I10Ji€), HO H JApPYruMu npuunHamu. Taxue «ie-
KYJIOHOBCKHE» 3JIEKTPHUYECKHE IOJA YacTO HAa3blBAIOT «CTOPOHHHMH»,
- Kak ycranoBusn Papageil, Takue mojas BOZHHKAIOT B ABYX CJyuasnXx:
1) npy HaJAHYHH [ePeMEeHHOr0 BO BpeMeHH MarHMTHOIO [OJIfA,

169



2) npu ABHKEHHH OTHOCHTENBHO TOH CHCTEMEI oTCuera, B KOTOpoj
uMeeTcsl Kakoe-HHOYAb (faKe MOCTOSIHHOE) MarHUTHOE IOJIe.

- Ilpowte Bcero B 3TOM yOeiuThCsl, ITOMECTHB B IIeDEMEHHOE MarHuT-
HOe I10/1¢ HEeMOJBMIKHBIA NPOBOASLINN KOHTYD MM Kak-HUOYAb Aedop-
MHPYSl 3TOT KOHTYP B MOCTORHHOM (HampHMep) MarHUTHOM IIOje,
B xourype noteuer ToK. BocmoabsoBaBmuchk 3akoHom Oma, HETPyauo
HalUTH 3. J.C. TOI0 N0JS B KOHTYpE

g=1Jr,

rie J — TOK B KOHType, a r — CONpOTHBJeHHe KOHTypa. Cpasy e
cjleiaeM OrOBOPKY © TOM, 4YTO HajHuHe MarepHajlbHOIO0 KOHTYpa
(HampuMep, NMPOBOAHMKA) BoBce He obs3areabho. Ilone E.; Bo3un-
KaeT He B KOHType, a B J060H TouKe NPOCTPAHCTBA, B KOTOPOi
umeercsi nepemenHoe B. ITpoBopamuit ke KOHTYp HpPOCTO MO3BOJsier
Jlerko OOHapy)KHBaTh BO3HUKIIEC 3JEKTPHUECKOE IIoJe.

sIBJeHNe BO3HHKHOBEHUS TAKHX «CTOPOHHHX» 3JICKTPHUECKHUX 06l
Ha3bBaeTCs asexmpomaenumnol undyxyuet. OHO ONACHIBAETCS 3aKOHOM
Dapajes — OJIHHM K3 OCHOBHBIX 3daKOHOB 3JEKTPOAMHAMHKH. Ox
[JIACHT:

Ilpu BcsKOM HM3MeHEeHMM MArHUTHOrO NOTOKa
(noroka BekTOpa MaruuTHOH HHAYKOMY B) ckBO3b
HOBEPXHOCTh; OMUPAIOILLYIOCS HA 3aMKHYThIH KOH-~
Typ, B HeM BO3HHMKAeT 3.J.C. WHAYKUUH, TPO-
MOPLHOHAJNBHAS CKOPOCTH M3MEHEHHSl 9TOro 10-
TOKA.

B maremaTnueckoii (hOpMyJUpPOBKE 3TOT 3aKOH HMEET BUJ

-
HJIH
@E”dl_—-- S§Bds

rae 8=§:ECle — 3. I. C. «<CTOPOHHHX» CHJI, I10Ka3blBaOUas, Kakylo

paGoTy CcOBEpPIIAET «CTOPOHHEe» IOJe MO MEPEHOCY €AHHHIB KOJuue-

CTBA 3NIEKTPHUECTBA MO 3aMKHyTOMy KOHTYpY [ ®5= {{BdS— mar-
S

HUTHLIH 10TOK (HOTOK BeKTOpa B) CKBO3b [OBEPXHOCTh, HATAHYTYIO
d®
Ha 3TOT KOHTYP. 7#3=d7 S B dS — GeicTpoTa H3MEHEHHS 3TOrO MO-
S

TOKA.
Hanpasnenne o6xona KoHTtypa (nanpassenue sijemenra dl) BeGn-
PaloT NPOH3BOJBHO, HO MPH 3TOM HAampaBJ/JeHUE BEKTOpa ds ompeje-
Jsercs npaBujoM OypaBudKa.
Heo6X0MHMO [IOMHHTB, 4TO 3. I C. HHIYKIHH BO3HHKaeT B KOH-
Type, Kak sa cuet nepemennoro B, T. e. sa cuer - B npenendX
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3 ds
KOHTYPa, TaK M 33 CUET 7 — H3MEHEHMs NOBepXHOCTH S npH nethop-

ds
MalMsAX KOHTypa /[, T. €. 3a CUET 77 = 0. Tlpoue Bcero sto YBHIETH

B CJlyyae IJIOCKOTO KOHTypa, B mpejejax Kotoporo B cymecrsenno
oT MecTa K MecTy He MeHaercs. Toraa

(b e {fes—foes
H, 3HauuT,
p=—Bs=—(F s+B %) (1)

IlepBoe cnaraemoe crnpasa orobpaxaer BOSHHKHOBBHI/IG 3. 1. C.
d
UHAYKUHH 34 CYeT ;éO a BTopoe — 3a cqu ;éO Ha puc. 100

4B

S+aS
B+aB

43

Puc. 100

NpHBEAEHB! NPUMEPH BOSHHKHOBEHHS 3. X. C.
B Gosiee oflleM caydae NpOU3BOALHOIO Noasa B, npommmBa}omeIo
NPOU3BOJBHBIA KOHTYP /, HMEET MeCTO PABEHCTBO

) dB . 428
N A
rae dS — 3/eMCHT NJIOCKOH TOBEDPXHOCTH, HATAHYTOH Ha TIJIOCKME
- d2s
KOHTYP., ———OBICTPOTA H3MEHeHHs [IOIAZH KOHTYpa 3a CUeT

IBrkeHHs1 3neMenTta dl npu AedopManuax KOHTYpPa HJH ero JABHXKe-
HUA B 1esloM; AS — H3MeHeHHE IIOBePXHOCTH HATAHYTOH Ha KOHTYD

IpH ero jaeopMauuy HJAKR JABHXKEHHH B HEJAOM, — BbICTpOTa H3Me-
at

HeHHA noas B B npelenax anemenra dS, B — noJsie okovio snemeHTa
KoHTypa dl.

CMbICT HHTErpasioB B NpaBofl YacTd paBeHCTBA (2) TOT XKe, 4TO
H y cjaaraeMblX B [paBofl uacTH paseHcTBa (1).

[Tockoabky JJsi KYJIOHOBCKOIO TOJs @Exdl=0, T0 Jj00aBka
TaKOro cJaraeMoro K sieBoii yactd 3akona (apajies, €CTECTBEHHO,
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ero He HapylllHT; . OJJHAKO JieBasl YacTb ero MpHMET BUA
§Ecrdl+§Edl =& (E.; +E)dl=§ Edl

1 0o6bluHO 3akoH Papajest MuyT B BHAE

&Edl:-—vgt SSS B dS.

3HaK «MHHYC» OoTOGpakaer mpasu/ao Jlenua:

Hulyrkyuonusiti mok, eos3Hukunl 8 Koumype,
coz0aem ceol MAeHUMHbIL NOMOK, NPensmemeay-
IOUULL  UBMEHEHUIO MO020 MASHUMHO20 MNOMOKL,
KOmopoui 66138a4 3Mont UHOYKYUCHHbIUL MOK.

[To cymecTBY HM3JIO)KEHHBIM Bbllle M HCYEDILIBACTCA COJepiKanue
sakona Papazges.

Hapo ormertiiTh, OJHAKO, OAHH CYINECTBEHHBI HEJOCTATOK 3aKOHA
@apanes B npuseleHHoli dopmyauposke. [leqo B ToM, uTO 3aKon
Qapajesa B Takofl ¢opMe (B HHTerpa/dbHOd Qopme) He yuuTHIBaer
TOrO CYILECTBEHHOro akTa, uto BCSKHE M3MEHEHHS B ueM-JHdo
MaTepuajJbHOM (HANUPHMepP, B CHJAOBOM TMOJe€), BCAKAA mepejaua
4ero-aud0 MaTepHAJbHOTO NPOHCXOAAT HE MIHOBEHHO, 4 C HEKOTOPoil
KoneuHoft ckopoctbio ¢. (O6 3TOM yke rOBOPHJIOCH B CBfI3U C MPHH-
uunoM [anunesn.) IlpumenurensHo k 3akody Papazess haxT Koueu-
HOCTH CKOPOCTH PpacnpoCTpaHeHHUs BO3MYLICHHH B I0OJ€ TNPHUBOUT
K Creayiolemy.

ITyctes B Hekoropoii Touke O 3a BpeMs OT { Ao {--df maruurHoe
noje w3MeHHwJoch Ha dB. 3a Bpems df 3TO M3MeHEHHe B moJe
CMOCOSHO TMEpeMecTHThCA Ha paccrosiHue cdf or toukn O. Ecan
JUHel Hble Da3Mephl MHTEpecyIollero Hac KOHTypa Gosiblie, yeM c df,
TO O Hero u3meHeHHs] Iojst B He ycnewoT AOATH 3a -Bpemsa di,
H, 3HA4YUT, B HeM HHKAaKOH 5. J. C. BO3HUKHYTb HE MOXET B Teye-

HHME BpeMeHH OT ! 10 [—-df, a BO3HHKHET JHIIbL COYyCTH BpeMA
‘ch’ rie Ar — paccrosHue ot Toukn O J0 3jementa- KoHTypa dl.
Mano Toro, eciAH KOHTYD He €CTh OKPYXKHOCTb C HeHtpoM B O, TO
B pasHbIX YaCTHX KOHTYpa B OAMH *H TOT XK€ MOMEHT BpeMeHH OyAyT
Bo3HUKaTh pasupte E. Kpome srtoro, undopmanus o6 usmepenusx E
B Pa3HbIX 4ACTAX KOHTypa [0 HaljojaTe/s (MIH COOTBETCTBYIOIIUX -
npuGopoB) GyjAer NPUXOAHTb HE B MOMEHT BpeMEHH OT ¢ g0 ¢--df,
a B APYTHE MOMEHTHI, pasHble IJsi pPas3HblX y4acTKOB Kourypa. M3
CKa3aHHOTO CJeAyeT, YTO JJIA KOHTYDOB, JHHEHHble pasMepsl KOTOPHIX
cpaBHMMBI ¢ BequuuHON ¢ df uau Goawie c¢df, 3akon Papajes B yka-
3aHHOW (POPME HENPUMEHHM, IOCKOJBLKY B 3TOM Clydae COBepilueHHO
HEACHO, B KaKOH MOMEHT BpeMeHH Hajo CUHTaThb HHTerpasel B JesoH -
H npasoit yacrax. OueBHAHO, OAHAKO, YTO 3TOT 3aKOH OyJeT BepHbIM
I/1a cJayuas, KOTJa pasMepbl KOHTYpa HHUTOXKHEI MO CPaBHEHHK
¢ c¢dt. Ho 310 o3Hauaer HeOOXOAMMOCTL (OPMYJUPOBKU 3aKOHA -
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BJIEKTPOMArHUTHOR HMHAYKUMH B AudxpepeHlHaabHON opme, B dopme,
ONMCHIBAIOLIEH SIBJIEHHE B «TOUuKe» (B 3JIEMEHTAapHO MasloH 006/acTH,
JHHEHHbIe pasMepbl KOTOPOH npeHe6peXHMbl B CpaBHEHHH ¢ ¢ df).
dto u Obio B mpowioM Beke caesnaHo Jlxefimcom Kaapkom Makc-
BeJJIOM, CYMEBLIMM HAmUCAaTh CBOH 2HAMEHHTHI€ YpaBHEHMH, O KOTO-
pHIX HHXKe OyJeT MATH peyb.

Kak nokasbiBalOT ONbITH, MaCHUTHOe mnoje B mopoxpaercs He
TOJbBKO JBHXKYIIMMHCS 3apsjiaMH, HO H IIEPEMEeHHbIM BO BPEMEHH
S/IEKTPHUYECKAM TIOJIEM. CuMMeTPHH PajM C 3JIEKTPOMATHHTHOH MHAYK-
[HeH 3TO sIBJEHHE MOXHO Gblio Obl Has3BaThb MarHHToaJxeKTpnqecxon
upayKnued. OnucHBaeTcst OHO YpPaBHEHHeM

@)Bdl:% SSS sopOEdé.

§ 6. Ypasnenuss Makceeaaa

TTogo6Ho ToMy Kak ¢ mnomouibto ypabHeHull HbloToHa MOXHO
peluTh J00YI0 3ajauy O MEeXaHHYeCKOM JABMIKEHHH Tefla (IPH 3ajaH-
BLIX HauaJbHBIX M TPaHHYHBIX YCJIOBUAX), Tak M Jiobas 3ajada
S7EKTPOJUHAMHKH pellaeTcs C IIOMOMBbI0 ypaBueHMH Makceenda
(MpH 3ajlaHHBIX Ha4aJbHBIX W FPAHHYHBIX YCJIOBHAX). DTH ypaBHEHHSA
KHMEIOT B HHTErpanabHOH (opMe BHA

&Ele——»*SSBdS, Q)
@Ed5=g§gpd:/, \ @

§ Bdl—= 2 SSS eapo E dS -1 Ssg goj ds, 3
{jBds=o. )

B rtakoli ¢opme OHH, KakK YK€ FOBODHJOCH BHILIE, H3-32 KOHEU-
HOCTH CKODOCTH DacHpOCTPaHeHHs] CHCHAJIOB ¢ HEBEPHLI U HX NHIIYT
o0buHO B Anddepennuaibioi opme, T. e. A OueHb MaJjol o6JacTy
(1719 «TOUKH»).

PaccmoTpuM HeOObLIYIO JUIOMAJKY, BEKTOP KOTOpoi AS Hanpas-
JEH B TepBHII OKTaHT ocelf KoopAuHar. B aTom ciyuae NpoeKuHH
AS Ba ocH KOOpAMHAT OYIyT MNOJOKUTENBHEIMH H COOTBETCTBEHHO
paBubHl (puc. 101)

AS, = AyAz; AS,=AxAz, AS,=AxAy,

rae Ax, Ay u Az nosoxurenbubi. Cocrapasiomue BekTopa AS Gyayr
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HMETh B 3TOM CJyuae TaKWe »Ke HanpapJeHHs, Kak opTHl. i, j, k.
Ilpu Tax BHOpaHHOH Nowlafxke AS Hanpas/enus 06XOMO0B IIOUIAJNOK
AS;, AS; u AS, B COOTBETCTBHH C NpaBuJoM OypaBuHMKa JOJIKHBI
OLITh TAKMMHM, KaK YKazaHo Ha puc. 101, Ecan miomazka mana u
He jaeopmupyercs, TO '

d

d oB
- S S BdS = - (BAS)= 27 AS. )

d 0
(3amena -7 Ha - OOyC/IOBJEHA TeM, HYTO ILIOM[afKa 3adHKCHPO-

BaHa M, 3HAUUT, IIOTOK uepe3 Hee MEHSEeTCS 3a CUET H3MEeHEHHs
BekTopa B TOJNbK O co BpeMeHeM B3aGQHKCHDOBAHHOM MeCTe.)
¥

z

4 Ay 3
-AZ 2% az
ASy
(; / Ay 2 -y
45,
x
Puc. 101

0B
OuepujHo, NOTOK BEKTOpPa <z Uepes miomanky AS, Oyzer pa-
0B,
ot
H3MEHEHHIO NOTOKa BeKTopa B uepes momanky AS,. Takum ofpa-
30M, ‘ .

BeH_‘)‘)ﬁ;&Asz Aydz. C yuerom (5) 3Ta e BeJMUYHHA PaBHA

d d 0B,
i\ S BdS=-1(B,AS,) =2 apax. ©

ASx

TlojcunTaeM BEJHYHHY @Edl BIOJb KOHTYpa 1 —2-—3—4, orpa-
HHYHBAWUIEr0 mIomanky AS,:

@ Edl=(E .2By1a - (E2)23820,5 - (Ey)MAyM -+ (E2)i1070

1—2=3—4

Ho Ay, s = —Ay,; u Az,y,— — Az;,. OGo3Hauas Ay, ,= — Ay, =
=Ay n Az3= — Az;; = Az, monyuum '

L8 BB — Ehal (—8) - [(Eha — (Bl (),
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Tak kax (Ey)y; oraHyaercss or (Ey);, TONBKO 3a CuET H3IMEHEHUS
KoopauHatel 2, a (E.)y; Of (E.i1 TOJNBKO 3a CUeT H3IMEHEHHS
KOODJAHHATEL ¥, TO MO OIpPEAENEHHIO YacTHOH NpOU3BORHOMH

[(E )34—<Ey)121- 2 Az 1 [(Eog— (Eaial =2
H, 3HAYHUT,
dE,  OE,
Bdl=(T ac) (— )+ (52 ag) de = (T2 — T2 ) aga.
1—2—3—4& v
(7)
Ilo paBencry (1) nmeem
Edl= —-7 | {Bas.
1—2—3—4 Sx

Iloxcrasass cioja § Edl us (7), a dit S S BdS us (6) =
1—2—3—4 AS

. X
coxpamas Ha AyAz, noayyum

9E,  OE, 0B,
o e ot (8)

PaccmarpuBasi ana/lornysbiM 00pasoM HOTOK BekTopa B cKkBo3b
nmomanzku AS, u AS,, a TakKe HMPKYJAlMi0 BeKTopa E BRoJb
OrpAHHYHBAIOMIHX HX KOHTYPOB, Mbl HMOJYUHJIH Obl

0E. _OE, _ 0B,
oz~ odx dt ! )
0E,  OE, 0B,
o oy et (10)

Yuuoxkas pasencrsa (8), (9), (10) ma opre i, j, k coorser-
CTBEHHO H CKJAJBBasdA, NOJYUHM

OE,  OF, OE,  OE,\ ., [OE, OE, oB
(.—d—y—_ 02) +< dz_"dx>1+< ox 0 )k—m—_dT'(“)

Crosmuii B AeBoit yactu paseHcrBa (11) BekTop NpPHHATO HAa3Hl-
BaTb pomoposm (suxpem) Bekropa E n oGosnauarb cumsosom rot E,
a Torja paseHctBo (l1) sanmmercs B BHAE

’ ; . 0B
rotE=—27. (12)
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Coraacuo (14) u (8)—(10), mpoekuuu rotE Ha ‘ocu ¥, y, 2 cyts
BeNHUHHbLL, NOKasbiBawllye, Kakaa LHPKyJsnusa Bekropa E mpu-
XOUTCS HA KOHTYD, OXBATHIBAIOIMH eIMHUUHYIO Malyio NJIOWAAKY
AS,, AS, u AS, coOTBeTCTBEHHO.

OuesHzHo, ypasHerue (3) aﬂanomqﬂbmm pPacCyKICHHSIMH CBEAETCH
K ypaBHEHHIO

JE .
rOtB=€gpoa—t——!—[~Lo]. (13)

PaccmotpuM Teneps cTOAb Maneit oGbem AV, uto B ero mpege-
Jax MJIOTHOCTb 3apsaioB p He Mensercs. Torja ypasHerue (2) npu-
MeT BHJ

ﬁEdSz LAV wmm M:"

J N AV =N

Crosiiast cjesa .BeIUYHHA TOKa3blBaeT, Kakofl noToxk Bektopa E
[IPOHU3LIBAET MOBEPXHOCTh, OrPAHHYMBAIILYIO MaJbift  eXuHUUHbIH
oObeM. ITy BEAHUMHY NpHHSATO o6o3Havarh cumsosom div E. Torpa
9T0 PABEHCTBO MOXKHO 3al{CaTbh B CHMBOJIHMUECKOM BHAE

dWE:%. (14)

aEw x4 00 0Fv 0F,

Moxno mokasarb, 4ro divE = Ypasuenue (4)

3anuuieTcd B BUHAC

divB=0. (15)
C yueToM CKa3aHHOTO YypaBHeHHsi MakcBemya sanuieM B BHAE
0B
rot E = — o rotB_eo,Loat “F ol

divE=%, divB=0.
0
B cayyae HeOGXOAMMOCTH K 3THM yPaBHEHHSM JOMHCHIBAIOT
sakou Owma

Y

(koTophbifl, OAHAKO, B BaKyyMe He CIpaBeiJHB) U ypaBHEHHE ABHKE-
HHS 3apsXeHHOH 4acTHupl (BTOpoi 3akoH HbioToHa)

2

m s =qE+ qv X B=q (E+4v X B).

B ypaBuennsx MakcBenna 3akmioyeHa BCsl HHpOpPMauua O Kjaac-
CHUECKHX 3JEKTPOMATHHUTHBIX SABJEHHAX (NIPH HU3BECTHLIX, KOHEYHO,
HauaJbHBIX U TPAHUYHBIX YC/JAOBHAX ,zum BXOJSIIAX B 3TH ypaBHEHHS
pesnvudd E u B).
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BCio K/IaCCHUECKYIO JIEKTPORHHAMHKY MOMKHO Obi0 Gbl MOJYUHTD,
NOCTYJHpOBaB 3TH YypaBHeHHsA. [lpu stoM Hyx)HO OBIIO TOJABKO
ONpeResyHTh CMBICJA BXQASIIHX Ci0Ja BejHYHH. HuKakol Hazo6HOCTH
B 3akonax Kynona, Buo — CaBBapa — Jlansaca, Papaged u T. A.
He ObI0 Obl, HOO BCE OHH COJlepKaTcs B YKa3aHHBIX YPaBHEHHUSX.
B stom cmbiciie ypaBHenns MakcBessia ciegoBasio 6bl CYHTATh 3aKO-
HaMU MPHPOALI M HA3BIBATL MX 3aKOHAMH 3JIEKTPORHHAMHKH.

DTH ypaBHEHHS IO3BOJSIOT B YAaCTHOCTH:

I. Tlo wusBectHomy pacnpegenennto 3apsiioB p(r, f) M TOKOR
j(r, t) naittu E(v', ) u B(r', ¢'), rme r — paiuyc-BekTop o00/aacT#
dV, B KOTOPOfi HMeeTCs 3apsig M TOK NJIOTHOCTH p H j COOTBETCTBEHHO;
r’ — paauyc-BeKTop Tofl obsmactd dV’, rie Hac uurtepecyer 4 E u B;
t — MOMEHT BpeMEHH, B KO- .
TOpulil B obveme dV miaor-
HOCThL 3apsja W TOKa pas-
Hbl p H j COOTBETCTBEHHO;
t" — MOMEHT BpeMeHH, B KO-
topbiii B obbeme 4V’ cka-
JKeTCSl ToJIe, CO3QaHHOE 3a-
pAxaMH M TOKaMH oObema
dV B mowmeHr f.

$lcuo, uro B cuay Toro,
YTO 110JIé PacnpocTpaHsercs’
€O CKOPOCTBIO €, UMEET MeCTO
I —ri=c{t’'—1).

Hutepsan spemenu ¢ —

(T —r
—t= ———— Has3biBaercs Puc. 102

BpeMeHeM  3allas3iblBaHHs.

CuMblcT ero, OYeBHAHO, B TOM, UYTO 3T0 €CTb BpeMms, HEOOXoxKMOoe
JUIA TOro, 4ToOb! 3JEKTPOMATHHTHOMY IIOJIO, CO3JaHHOMY B O0ne-
me dV, nmo6parecst 1o obvema dV’ (puc. 102).

II. TTo wussectomm E(r, £) n B(r, {) HallTH B 3TOM Xe MecTe
(B «TouKe») W p(r, f) u j(r, {) npocthiM aupdepenuuposanuem E u B
M 110 KQOpAHHATAM, KaK 5T0 BHAHO M3 ypaBHeHUH Maxcsesna.

[lpu stom no E m B B Kako#l-TO MOMEHT B KaKOM-TO MecTe
ONpeaesstioTcst o H j B 3TOT K€ MOMEHT B 3ToM ke Mmecre. ([lo3romy
He TOoCTapJeHbl B IMPEIbIAYIIHX CTPOKAX 3HAUKH CLTPHXHU» YV 1 H £.)

Pewesse 3agaun o Haxoxaenuu E(r', ¢) u B(r’, t) no ypasue-
UM Maxkcsessa B ofllieM cjiyuae JO0 KOHUA He JOBOJHTCH U IOJY-
YaeTcs JHIUL C TeM HJHM HMHBIM MpUGIHKEHHEM.

OTMeTHM, UTO IJIaBHBIE HJEH JeKTPOJHHAMHKH OTYETJIHBO BHIHBI
H3 3THX KpacuBblX ypaBHeHHH. JefcTBuTesNbHO, €M Gl MBI HHUETO
He 3HAIU 00 3/7eKTPOMarHHTHOM IoJje (Kpome caMHX NOHATHHA o E u
B), To Morsiu Gbl MpH B3rJsAJE HA YpaBHEHUS CPa3y CKAas3aTh:

1. daektpuueckoe noje E mnopoxjaercsi Kak HECKOMIEHCHPOBaH-
HBIMHM 3apSilaMH, TaK U NEPEMEHHBIM BO BPEMEHHM MArHUTHBIM II0JIEM
B (ypaBuenus (14) u (12)).
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2. Maruuthoe nose B mopoxxpaercss, Kak BugHo u3 (13), Tokamu
j U nmepemMeHHBIM BO BPEMEHH 3JIeKTPHYecKHM moJeMm E.

3. Tlocko/spKy BCsIKOe 3JIEKTPHUECKOe NoJie B CaMOM HCXOJHOM
c/ayuae TOpOXHAeTcs BCe-TAKH 3apsjaMH, TO B KOHEUHOM CYeTe
HCTOYHHKAMH BCAKOTO 3JeKTPHUECKOrO M MarHHTHOTO I0JiS1 SBJSIOTCA
3apsiIpl.

4. TlockonpKy B Kaxnoe M3 ypaBHeHuit (12) u (13), onuceiBaio-
myux nosefenre nosei E u B B mpocTpaHcTBe M BpeMeHH, BXOJST
u E u B, to str0 o3gavaer, uwro E u B apyr Ges zapyra B oflem
cJydae CymlecTsoBaTb He MOTYT M Hajno roBoputb He 0 E u B
OTAENILHO, a4 O elJHHOM 3JeKTpoMarHutHoM mnoJge E, B.

5. B cayuae moctosiHHIX Bo Bpemenw E u B umeer Mmecro
g-?:O u %%:0 u ypaBHenus (15) u (16) npuHUMAOT BUI
rot E==0, rot B = p,j.

B kaxnoe u3 3THX ypaBHeHuil Bxoaur ung E uau B, a sro
03Hayaer, 4To B JAHHOM cJyuae MoxHo rosoputb o E u B, pasge-
JIEHHBIX MeXAy Co00#, CyMIECTBYOLIHX HE3aBHCHMO APYr OT Apyra
(npu 3ajgaHHOM paclpefeJeHHH TOKOB j).

6. M3 ypasuenu#i (12) u (13) caexyer, uro ueM ObIcTpee MeHs-
ercsl B Kaxkoi-qu60 TOYKe MarHuTHoe moJe B <qu GoJiblle %—?), TEM
6osipllle HUPKYJSLHS BO3HHUKAOIIEIO 3JeKTpHueckoro nonast E Bok-
pyr srtofi Touku (rem Gospuwie rotE), T. e. Tem onHo cusbHee meus-
ercsl OT TOYKH K TOuKe. AHaJOTHUHO OGCTOMT 1e/10 M C MATHUTHBIM
mosieM B, Bo3HHKAIOWMM NpU H3MEHEHUW BO BpeMmenu nons E.

[TockonbKY 3TH ypaBHEHHS CyTh AH(ppepeHIHasbHble ypPaBHEHHS,
T~ €. CHpPaBelJiuBbl B OYeHb MaJoit 06/acTH (B «TOUKE»), TO SACHO, UTO
n3MeHeHUs B B Kako#-nu6o MOMEHT B KaxkOH-MHGO TOUKE CKaKercs
B 3TOT K€ MOMEHT Ha I0BejeHUH E TONBKO B OKPECTHOCTSIX 3TOH
we Toukd u T. 4. T. e. ypaBrenus (12) u (13) yTBepkzatoT, 4TO
BO3MOXKHA nepejava BO3MYIIEHHH B 1oJie HA GOJbLIKE DacCTOAHHS
TOJNBKO IOCJIEI0BATEIBHBIMI 3TAlaMM — OT TOYKH K TOYKe, OT TOYKHU
K TOUKe...; JJIs KaXJI0oH TaKoH repefaud BO3MYIIEHHS Ha 3JIeMEH-
TapHOe PACCTOSHHE HYXKHO 3JeMEHTApHOE BpeMd, a I I[epejaus
BO3MYLIEHHSI Ha KOHEYHOE paccTosiHHe Ar — KoHeuHoe Bpems Af,
FoBopsT eme uHuade: ypaBHeHHA MakcBessia HECOBMECTHMBI C JAJILHO-
lneHcTBHEM (MTHOBEHHOH mepenauell BO3MVIUEHHH HAa KOHEUHBIE pac-
CTOsSIHHS); a TpebyloT CyllecTBOBAaHHUS OJIM3KOAEHCTBHSI (KOHEUYHOrO
Af nipu KoHeuHbX Ar).

CkasaHHBIM, KOHEYHO, HE HCUEPIIbIBAETCS COJepkKaHde ypaBHeHHi
Maxkceenia. Ho u yxe ckasanHoe mnonyueHo Ge3 peuieHUsT ypaBHe-
HH#, a TONLKO No BHemHeMy HX BHAY! B 3ToM ofuaun wHbpopMma-
HuY npd HAeHHOH MpPOCTOTE M JIAKOHHYHOCTH M. 3aKJIOYaercs Kpa-
cora W TpesecTb ypaBHeHHiH Maxcsesa.
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§ 7. duexTpoMarHHTHBIE BOJIHBI

Ilycts B HekoTOpo#i Touke O mMPOCTPAHCTBA BO3HHKJIO (HEBaKHO
10 KAkoi NpuUuNHe) NepemeHHoe moJe B.

Toraa B cootrBercTBHH ¢ (12) BOMH3H 3TOH TOYKH BO3HHKHET E,
KOTOpoe ToxXe OyJeT NepeMEHHBIM BO BpeMeHH (M60 ero TOJNbKO uTO
He Obl1o, W OHO mnosiBHiaoch). Ho Torma B coorBerctBuu ¢ (13) ato
nepeMenHoe E cosgacT B coceHMX TOYKax MeHSIOIEECS OT TOUKH
K Touke B, xoTopoe OyJeT mepeMeHHHIM BO BpeMeHM, U T. [.

Wupive  ctoBavd, or touku O, B KOTOpOH BO3HUKIO B, 6yAyT
pacnpoCTpaHAThGS COBOKYITHOCTH mepemeHHbIX E H B - anexTpomar-
HHUTHOE JIOJie.

[Ipu atoMm, ecan B (¢) 6y ner kosre6arecst, To H E (f) 6yzer Kose6GaThes.
14 kosebmolyecst B (7) u E (f) OyayT MEHSATBCA H OT MeCTa K Mec-
1y. [loGeryr snekTpoMarguTHLIE BOJI- v
Hol B(r,t) u E(r, ?).

[TpumepoM 3sTOMy MOMKeT ObITh
caenyioulee: sapany (), NOKOHBLUMH-
¢t B Touke O, IPUBOAAT B KOJje-

GateabHoe (a 3HAYHT, YCKOPEHHOE) B
JBHXKEHHE. B cocegHHUX C 3THM 3a-
PAAOM TOUKAaX BO3HHKHYT IE€peMeH-

upie B u E; onu nopomatr E u B

B coceiHHX ¢ co0oil TOUKax W T. A
Ecau rtemeps 3apan Q OCTaHOBHTS, E
ylueAlupe OT HEero BOJIHBI BCE PaBHO Puc. 103

VK 1€ BEpHYTh, OHM OYIYT CKUTAThCS,

1noKa He OYAyT IOTJIOLIEHBI HEKOTOPhbIM JAPYTHM TesoM. Takum ofpa-
30M, OT YCKOPEHHO MABHKymlefocd 3apsiia OeryT 3JeKTPOMarHHTHEBIE
BOJIHbI, YHOCSIIIHE OT HEero 3HEepPrufo, MJH, KaK TOBOPHT, YCKOPEHHO
IBIKYIIMACA 3apsif M3aydaer. MoxkHO IOKasath, 4TO 3JeKTpomar-
HUTHblE BOJIHBI BCEX YaCTOT PAacHpPOCTPAHSIOTCH B BaKyyMe CO CKO-
POCTLIO

Y

~300000 - fa

MoxHo TakiKe NokasaTb, uro BekTopel E, B u v ofpasyior mpa-
BOBHHTOBYIO TPOHKY B3aHMHONEPNEHAUKYJASPHLBIX BEKTOPOB, T. €.
TPOHKY BEKTOpPOB, OPHEHTHPOBAHHBIX APYT IIO OTHOIUEHHIO K JPYTY,
Kak noxasapo Ha puc. 103.

D/leKTPOMarHUTHEIE BOJIHBL 06JajaloT BCeMU OGIIUME CBOHCTBaMH
BOJIH, NepeuHC]eHHBIMH B pasieie «Komne6aHHsi U BOJHBLI», IO3TOMY
Mbl Ha HHX NOAPOGHO OCTaHABJIHBAThLCS He GyJeM, 3a HCKJIOUEHHEM
HEKOTOPHIX ONTHYECKHX $SIBIEHHH, O KOTOPHIX peub OyAET BOEPEH.

3ameTHM 37eCh, UTO O0Kasajoch OYeHb yJIO6HbIM nucath ypaBHe-
HHE NJIOCKOH, cepHYeCKOH HJIH UHJUHAPHUYECKOH MOHOXDOMAMUYE
CKoil BOJIHBI HE B BHJE

z==7 (r) cos (ot — kr),
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~a B BUAE
2= Z (1) eilet —an),

a 3areMm 6paTb ot 3TOH q)yﬂmum ee JeACTBHTENBHYIO HJH MHHMYIO
YacThb.
. Takoii npuem oOyCJOBJEH, C “OAHOH CTOPOHHI, cooﬁpamennﬂmu
yroberBa (pyHKUHS €'¢ Jerko AuddepeHHHpYeTCH, UHTErpHpyercs
W T. 1.), @ C JAPYroil CTOPOHHI — XKeJianHeM cOGMIOCTH HEKOTOPYIO
¢opMasbHYI0 aHAJOTHIO B OMUCAHHAX PACHPOCTPAHEHHSA BOJH M JBH-
JKEHNSl KBAHTOBBIX OODBEKTOB.

Besigkan peassHas BoaHa OyIeT B 3TOM caydae NpencTaBASTHCS
HeKCcTOpo# cyneprnosuuiHedl (CyMMO#) MOHOXpPOMATHUECKHX BOJH, T. €,
CyMMOH THNA \

AV
z= 3 z; Z Z;(r)e ' 50

j=1 j=1

§ 8. Cger

CbeToBrle  BOJIHB — 5TG  3JICKTPOMAarHMTHbie BOJIHBI, CHOCCGHEIE
BO3JeHCTBOBAThL Ha uejoBedeckKuii raas. Onu o6najaioT BceMd CBOH-
CTBAMM 3JIeKTPOMArHHUTHBIX BOJIH, HO TEM He MeHee CBETOBHIE SIBjie-
HHUS YacTO BbIIEJAAIOT B OTAEAbHYIO IPYNNY 3JEKTPOMATHUTHLIX fiBJe-
HUfl no pgAy NpPHYHH, B YACTHOCTH:

1. Ilo Tpaauuny (no Makceeana H I'epua 06 3JieKTPOMArHUTHBIX
BOJIHAX €CTECTBOMCIILITATEIH HE HMEJH TOHATHS, a CBET — OOLEKT
JI@BHO W3BECTHBIH). )

2. BaxnocTb 3TOH 4acTH HIKaAbl WIEKTPOMArHUTHBIX BOJH
B TOBCEJHEBHOH JeATEJLHOCTH YeJOBEeKa.

3. Cger H3nyyaeTcs OTAEJBHBLIMH ATOMAMH COBEPUIEHHO XAOTHUHO

(ecnm HCKJIIOYHTB J1asepbl) YIPaBAATH H3JYyueHHeM COBOKYIHOCTH
aTOMOB He INpEeACTABJAETCHS BO3MOXHBEIM; IO3TOMY BCE MCTOUHRKI
cBeTa HeKOTepeHTHHl ApYr Apyry. -

4. JlnuHa CcBeTOBBLIX BOJH BecbMa MaJa.

R WmeloTcss ¥ Jpyrue NpHUHHBL, 3acTaB/siiOL{He CBETOBLIE BOJIHEL
BLiJIEJIHTh B 0COOYIO I'PyNNy BOJH.

* HMs-sa masoil AJUHBL CBETOBLIX BOJIH M HEKOT€PEHTHOCTH HCTOU-

HHKOB CBeTa NPHXOAUTCA B 3KCIIEPUMEHTaX, CES3aHHBLIX CO CBETOM,

npnéeraTb K Pa3HOr0 poja YXHILUPEHHSM, K HCIOJb30BAHHIO TOHKHX

H HOPOH CJI0XKHBIX YCTaHOBOK.

§ 9. UnTepdepenuus cBeTOBLIX BOJH

Ilockoanpky pasauusble HCTquHKu CBeTa HEKOrepeHTHs JApYT
APYIY, TO HMCXOAfIME OT HHX BOJMHBl He MOTYT JAaTh YCTOHUYHBON
HHTEep(hepeHHONHOA KapTHHB. OHa CTONbL OHICTPO MEHsieTCsl cO Bpe-
MEHEM, 4TO He NPEACTaBJSeTCSs BO3MOXHBIM 3aMETHUTb Kakhe-J1HO0
HaMekH Ha Hee. M Tem. ne meHee ycroituuBylo HHTep(QepeRIHOHHYIO

180



s

KapTHHY CBeTa IONIYYHTb MOXKHO 1O crnocoly, npepnoxkennomy Ppe-
neseM. OH 3akJjicuaeTci B TOM, UYTO CBeT OT OAHOTO H TOTO IKe
HCTOUHHKA (OOBIYHO TOYEYHOTO) MYCKAIOT MO PasHbLIM MyTSIM, a TOTOM
9TH NYYKH CBETa CBONAT B HEKOTOPYIO 00JAacTh, I'je OHH, HHTepde-
pHUPYS, JAOT YCTOHUHBYIO Kap-

THHY, H00 C GOJIBUIOH CTEeMeHbio Szr'z'l""ﬂs'

TOYHOCTH BOJHBI OT OAHOIO H TO- :\\d_\,’
ro Ke TOUEYHOro HCTOYHHKA KO- N h
TepeHTHB  APYT .Apyry. [lpmme- b
POM TaKOH yCTAaHOBKU MOXKET
6oiTh  Onsepkano Ppenens, u3o-
6paxenHoe Ha puc. 104. Cset ot
HCTOUHHKA S, pacnoJoXKeHHOro
‘Ha Ouccekrpuce yrjaa (180° — B), S
najaetr Ha 3epkana A u B, co- ‘ :
CTaBJSIOULYI0 Mex cofodl yroa
a=(180°— B), u, orpaxasacb or
HUX, nonaznaer s obaacrs D, rpge,
MOCTAaBUB  3KPaH . HabJIOeHHHA
(3. H.), MBl M CMOIKeM HCCJIEeAo-

BaTb HHTePPepeHlHOHHYI0 Kap- =5 aH.
tury. [lpexne uem penath ee / " CT/ \

(=<0

pacuet 3aMeTHM cJefyiollee:

a) popMaNLHO MOXKHO paccMar-
puBaTh HHTepdepenuuio B ofJa-
ctid D KaK NoJy4yeHHYI0 OT IBYX Puc. 104
MHHMBIX HCTOYHHKOB S; H 8,

6) BOCIOJb30BABUIUCH 3aKOHAMH OTDAKEHUS MOXKHO YBUIETb, 4TO
paccTosHHE MeXKIY 3TUMH MHHMbIMH HCTOYHHKAMH OTpEJeNuTCsH COOoT-
nHowenneMm 2/=2dsin3 uau [=d-sin3, a npu Becpma MaJbx

umeeM [=d-3, wuad, 4TO
3.4 Bce paBHo, [==d.(x-—a).
07 Ha puc. 105 n3o6paxe- .

Ha cxeMa YKAa3aHHOH ycTa-
HOBKH. PaccuuraeM wHtep-
s . Y (epeHuHOHHYIO KapTHHY Ha
r Z l 5. H., T. e, HafijieM Z =
* =Z(r), und, 4yro ypobuee,
¢ Z=27(y), rie Yy — KOOpAH-
5 HaTa, 3ajallas I[oJoXe-
Puc. 105 nue 1ol rtouke C, rae Hac

HHTEpeCYeT AaMILIHTYAa pe-

3yJAbTHPYOLIEH BOJHH Z.

Cynrtast aMmaMTYIbl BOJIH, NPHXOAAMUX B Touky C or S; u S,
OIHHAKOBBLIMY, MOJAY4YMM B cooTBeTcTBHH ¢ (2) (cMm. pasgen II, § 6)

)

“

=
[

z=22|cos" . (M
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W3 storo BhIpakenust BUAHO, Y4TO NpPH HM3BECTHOM Z; aMnjuryfia Z
sapucur ot Ar. Tloacuuraem pasHoOCTB xozla BOJIH Ar, BOCIOJL30-
BaBwxch puc. 105. Bupso, uto

=y 0241,
= — DL
H 3HEYHT, BBHIUMTAS, IOJMYUHM

r; - riz :41%
HIn
(ra—r1) (ratr1) =4ly, -
OTKyJa
41y
Ar: Vg — | = ———,
2 ! re-try
O6biuHo B yeranopkax [ < Lu y< L, a notoMy ry -+ ry A 2r ~= 2L,
2
H 3HauuT, Ar—_—Ty. [ToncraBasas sto sHauenne nast Ar B (1), nomyunm
2zl
Z =27, |cos=— AL

4yTO H SABJAECTCA DCIUCHHUEM 3ajaudi. I/I3 peUuIeHusa BUAHO, YTO MaKCI/IMyM
2zl

amnanTyabt Z GyAeT NpU 3HAYEHWAX apryMenta - y==nw, OTKyia

KoopAnHata COOTBeTCTByIOHlef/’I TOYKH OHpelleJlI/ITCH PaBEHCTBOM

L\
y=rns. @)

Paccrosiune MEXAY COCEAHHMH MakKCHMYyMaMu (HJIH IWHPpHUHA HHTEP-
q)epeHHI/IOHHOI:I IIOJIOCbI) ONpeneIMTCS KAaK pPasHHula MeXLY Y, U Y, 1,
T. €.
L
A./ =Yn — Yn- 1_n‘)l (n_l) 21 g,

a NocKopky [=d-(v~—0), TO

L
Ay ==y ®)

T. €. PacCTOsIHIe MEXJIY MakcumyMamu 6yner TeM Gojiblre, ueM GiHKe
HCTOYHHK S K Bepluuue GHM3epkana u ueM Guuxe yroa a K . Baaro-
Xaps o— T H BecbMa GosbluoMy L, yraeTcs MOJYYHTb HHTEpQEpeH-
HHOHHBIE KapTHHBI C BECbMA YHaJEHHBIMH ADYT OT APYra MakCHMYy-
MaMH, YTO U SIBJSIETCS YCJOBHEM, HEOOXOAHMBIM JJsl JETaJbHOro
paccMOTpeHHs! KapTHHBL.

Us (2) u (3) Bugwo, uto y H Ay 3aBucHT oT A. A 310 3HAYHT,
YTO €eCJM HAa YCTaHOBKY NAafaeT HEMOHOXPOMATHUECKHH CBET, TO OH
6yfer pasjoxkKeH el B CIIEKTP, T. €. Ha MOHOXpPOMEL [Ipu atoM B Kax-
Jioll moJjioce Ta MOHoXpoMa GyIeT TeM AaJblle OTKJOHEHa OT IeHTpa
KapTubl O, ueM OoJjiblle €€ JJIHHA BOJHLL
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OtmeTuM, UTO Ha 3. H. uHTepdepeHIHOHHAS KapTHHA Oyler mpex-
CTaBAsATh COGOH MOJOCH, mapasJsenbHblc PEOpPY GH3epKana. JTo ecre-
CTBEHHBIM 06Da30OM ClieiyeT M3 cOOGpaMKEHHil CHMMETpHH, CTPOroe e
JOKA3aTeJIbCTBO 3TOTO JOCTATOYHO IPOMO3JKO.

Kpome Toro, pacuer cuenan B TpPeRNOJONKEHHH r >l u r>y.
910 os3Hayaer, uto ¢opmyaa (2) u caenyowas K3 Hee (3) BepHHI
npu rebonblinx n (oberano n < 10).

Paccmotpum B ofmux weprax HHTEPGEPEHUHIO OT IBYX HCTOUHH-
KOB, HCHOJb3Ys KOMILIGKCHbE BHIpaXKEHHs VISl YPABHEHHWS BOJIHEL,
T. €. noJjaras -

=Z(r) ol (wt—Kr),

ITyctb oT ucrounnkos S; ¥ Sy HAYT BOJHEL, BOOOILE TOBOPS, HEKO-
TePEHTHhiE H HepaBHBIX AaMIIHTYJ, HO OJUHAKOBO HalpaBJEHHBIX
KoneGanuil. PesyapTupylomee Kojebanue B rouke HaloAeHHs onpe-
IeMUTCS B COOTBETCTBHH C NPHHLHIOM CyNeprnosunuu ¢GopmyJiol

2=2 + 2o == Z; (rl)ei(“’lf"ki"l) + Zg (rz) gl (waf—kary)
KpajpaT aMnumTymbl 3TOro KoaeGaHHsi ONpPENeNHTCs PaBeHCTBOM

2 22 = (1 23) (2] - 28) = 2027+ 2325
+ Z]fo -Il— Zng = Zi —I—‘ Z% —l—- 22122 Cos [((.O.z — 0)1) t— (kgl':) — kgl'])],

rae Z; u Zy cyTh yOwiBawline GYHKIHA OT ry M ry. JIast BLiGpanHOH
TOUKH HaGJIOLCHUS r1 U ry CyTh BEJHUYMHBl IIOCTOSIHHBlE, DABHO Kak
M Z; 4 Z,. Ho pesyapTupylollas aMmniautyja, Boolllie roBops, WIS
34JAHHOH TOUYKHM He eCThb BeJHUMHA [OCTOSIHHAsA, 60 OoHA 3aBUCHT
OoT cABdra mno ¢ase uHTepEpEHUUPYIOINX BoJH. ECau HCTOUHUKH
BeChbMa HEKOrepeHTHHl, TO CIABUL HO (a3e ecTb xaoTuueckas GyHKIMS
BXOAAUIMX B Hee BEJIHUMH ©; U R; Ho 2710 3HauuT, uTO CpeiHee 3a
60JbILOA NPOMEKYTOK BPEMEHH 3HAUCHHUE BEJAHUUUHBI cOS [(0y — o) f —
— (kory — kyry)] Oyner paBHO HYJ/IO M, 3HAUWT,

Zi=1Z7](r) + Z; (r9).

Ilpu 2! L L uneeT MeCTo ryA=ry~cf, a T0TJa KapTHHa pacnpejee-
HUSt Z (r) OyFeT APHMEPHO Takof, kak H306paxkeHo Ha puc. 106.
B cayuae e KOTEPEHTHBIX HMCTOUHHKOB wp==w, Rj==k, H

Ap = (0y — 01) ¢ — (kory — kary) = — (koro — kyr;) u B 3TOM cayuae
u3-3a ky M ry # ke 1 12 Gysler uMeTh MecTo Ap = — (kry — k1)) =— k Ar,
U 3HaYHT, :

Z? (r): Zf (f1)+ Z% (rz) + 221 (fl) J Zg (rg) cos kAr.

KapTuna pacnpefesnesus Z (r) IO 3kpaHy HaGmoleHuss GyIeT HMeThb
BuI, u3o0paxennui -Ha puc. 107,

Taxum -06pasom, 415 cayyas HHTepGEepeHIHH OT JBYX HCTOUHHKOB
pacnpejesenysi aMIVIUTYR B IBYX HYACTHBIX CAyYasx:

1) Korra xaoTHYECKH MEHAIOTCA w; H k.

2) Korja o; H k; He MEHAIOTCA
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CymecTBeHHO pasnnuaiorcst. TlockoapKy 3Heprusi BoJHBE NPONOPHHO-
HaJAbHA KBaApaTy aMIIUTYIbl, TO NPUMXOAMM K BHIBOAY, 4YTO B 3THX
CyuasX COOTBETCTBEHHO HMeeM:

2ir)VZH -

Puc. 106

1) Duepruy BCTPeTHBIIMXCS BOMH B 3aQUKCHPOBAHHOM MECTE 11pO-
CTO CKJaAbBaioTCsA Ge3 nepepacnpeleneHusl SHEPIrHH MEKAY TOUKaMU
cpenpl.

2) DOuepruy BCTPETHUBHIMXCH BOJH He CKJAABIBAIOTCS, a H3-3a
HHTepdEePEHINY NepepacnpenessioTCs MeKy pasHbIMUd TOYKaMU Cpepl.

\>
D

< Z(r)=Vz7+27+22,Z5c08Kk0T

< \2Z,Z5c08 K0T

(

Puc. 107

W moxeT cTathcsl Tak, YTO B HEKOTOPOH TOuKe, rie coskAr >0,
SHEpPrus Ppe3yJarTHPYIOLUIEH BOJHBI GOJblue, ueMm: CyMMapHasi SHeprud
NpHINEAIUNX BOJH; B ToYKax ke, rje coskAr <0, — naoGopor. J70,
OJIHAKO, He O03HAYdeT HapyIUIeHHS 3aKOHa COXpPaHeHHS JHeprum:
SHEPrus PpesynbTHDPYIOWIEH BOJHBI BCe XK€ B CPELAHEM paBHA CyMMe
SHEPrHH NpHWEAWHX BOJH, HO HE B TOYKe, a IO TAKOH OGhacTH,
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FAe B cpefHeM coskAr==0. Dro HaXOAMUTCH B NOAHOM COOTBETCTBHM
C TEM, YTO SHEPTHSA MOMET NPeBPallaThCsi H3 OAHMX (OPM B ApyTHe
W neperaBaTbC OT OJAHUX Tes (TOUEK CPEAb) IApYTruM.

OueBupHO, CKasaHHOe Oyier cripaBelJIHBLIM H A CAyYas, KOrAa
Ha .2KpaH Ha0JI0IeHU 51 HAYT BOJIHBl HE HENOCPEACTBEHHO OT HCTOYHM-
KoB S; B S,, a uepes OTBePCTHS B HENPO3PaYHOM 3KDaHe, HA KOTO-
pEIfl namaer Kaxon-to cmer. OrBepcrusi B 3KpaHe M OyAyT Hrparth
ESB COOTBETCTBHM C npunuunoM [rofirenca) pojib HCTOYHHKOB CBETa

1 H SQ. '

§ 10. doromerpuyeckue NOHATHA

1. McrounrMk cBera uajyuaeT 3JEKTPOMarHHTHHIE BOJHBI PasHbIX

InuH (qactor). Ty uacTe mMOTOKA 3/I€KTPOMAPHHTHHIX BOAH, KOTOpas,
BO3ACHCTBYSl HAa HOPMaJbHBIH UeJOBEUeCKHH IJias, BhI3bIBaeT 3pHTE]b-
Hbi€ OUIYUIEHMS, HBasblBalOT céemosbim nomorxos. Ecau  cooTserct-
BYIOILYIO 3TOMY TOTOKY 4acTb BeKTOpa YMoBa cGo3HauMTh P, TO
P, dS=d®, OGyuer siemenmapuoim NOMOKOM C6€MOGOL 4Hacmu 6ex-
mopa Y Mmoéa, WIH 3IACMEHMAPHBIM COCHHOBLIM HOMOKOM Yepe3 nJo-
mazaky dsS.
\ 2. OueBMAHO, cua0l céem@ TOUEUHOI'O MCTOUHHKA B KaKOM-Jubo
HaNMpaBJeHUU CJeAyeT Ha3BaTb (110 aHAJOTHM € CHJOH H3AyyeHHs
HCTOUHHKA BOJH, onpeleneHHoli B pasiene «KoseGauus M BOJHED)
BeJHUNHY .
db.,, P dScosa
dQ dQ

]CB: :PCBRE' (1)

HOCKOJIbe HCTOUHHK B pasHbIX HalpaBJ/JCHHAX MNOCHLNEET, BoOOLIE

[ RN
roBopsi, pasnyio sueprito, 10 =1 (7—2), T. € OH MOKeT OHITb

nensorponueiM. Hs (1) caenyer

1
P\‘_B — 73% )
HJH C yueToMm Toro, 410 P MR uan P, r:
1 !
| —[%% R, wau P, —— fﬁ r.

3. Ocsetyenriocmoro naowadxu dS HASKIBAIOT BENMYHHy

E gy Py dScosa
A . [9: My dS - dS

= P, cOsa, (2)

T. €. OCBEUIEHHOCThb IIOIIAJAKH paBHA NMPOEKLUH CBETOBOH Y4aCTH BeK-
Topa ¥YMOBa Ha HOpPMalb K Iiomajgke (npoekuuu P, Ha dS).
TlockOMBKY OCBEUIEHHOCTh CUMTAIOT BEJHYHHOH CYIUECTBEHHO MOJO-
JKUTEJIbHOH, TO HanpabjeHHe dS BHOGUpAIOT Tak, YTOOH yros a OB

. 1/
ocTpuiM. Ecau HcTOYHHK TOYEUHEHH, To Py =13 W Torla

ICB N
Eo=73cosa. 3
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Beonst opt n{tdS, MOXKHO 3TO DaBeHCTBO, HA3LIBAEMOE «3aKOHOM»
OCBEIIEHHOCTH - OT TOYEYHOro HCTOUHHMKA, 3anhcartbh B BHAL

E= Rn uu Eg= I—“Em 4)

Papencrso (2), oueBUAHO, 3aHHULIETCS B BHIE
E=Pyn. (5)

CoBepileHHO O4YeBH/HO, 4TO paBeHcTBa (3) — (5) clenyoT H3 onpe-
genenusi Po, I U E, a2 NOTOMY 3aKOHaMH He SIBASIOTCS, M 3aKo-
HaMl HX HasblBAIOT 10 TPAJUIHH, TAK XK€ KaK 3aKOHHI Apxnmezxa,
[Nackansi, 3akoHBl OTpaxeHHsT H 0Op.

Ecnu HCTOUHHK TNpPOTAMEHHBIH, TO pas0uBas €ro Ha 3JieMeHTap-
Hble KyCOUKHM H HMHTCTPHDYS IO HHM, MOJYyUHM:

dl
ECB:PCBn:'—' S r;:s

.

4, ﬂpiCOCmbe nosepxHocHu NpoOTSAXKCHHOrO HCTOYHHKA CBE€Ta Ha3bl-
BaOT BeJHUHHY
d2d .,

Bes = dScosadQ

NOKa3bIBAIOLLYI0, KAaKOH CBETOBOH INOTOK MOCHIIZET Ka)Kjaas eguHuia
cBeTsilleficd NOBEPXHOCTH B ©AMHHMUHBIH TENECHBI YroJ, npoBeneH-
HBIH B HANPaB/IeHHH TIePHCHIUKYIAPHOM S/EMEHTY MOBEpPXHOCTH das.

2o,
ITockoabKy W‘_‘HCB’ T. € eCTb CHJAa CBeTa OT 2JemeHta dS
B HallpaBJeHHH, OIPe/eJeHHOM YTJOM a, TO
B _ -
dScosa’

T. €. SPKOCTb MCTOYHHKA YHCJIEHHO paBHA CHJIe CBETA OT eIHHHMIH
MJoHIaA¥ HCTOUHHKA B HampaBJeHHM HOpMAJdH K 3TOH IJIoLajxe.

HmeHnno spKOCTb TNMOBEPXHOCTH HCTOYHHKA (CBETSIEro ujH cob-
CTBEHHBIM HJIM OTPaXKEHHBIM CBETOM) €CTh Ta XaPaKTepUCTHKA 00BeKTa,
KoTopasi IIPOM3BOJUT BIeUaT/eHHe Ha IJias.

Uepe3 APKOCTh HCTOYHHKA MOXKHO BHIPasdTh, OUEBHIHO, H ero
CHJIy CB€T4, M OCBEIIEHHOCTh, M H3JIyUeHHBIH MM IOJIHBIE CBETOBOH
notok. Hurarenb MOXKET 3TC clefaTh NPH XKeJaHHH caM.



Pasnea IV. TEOPUI OTHOCHTEJ/IbHOCTH

§ 1. 3dup ¥ NPUHLKT OTHOCHTENLHOCTH

Yike HEOJHOKPATHO TOBOPHUJOCH O TOM, YTO BCE HALIH TO3HAHUSA
NpuGMUKEeHHB. JTO 03HAUaeT, ,4TO 3aKOHBl (HU3WKH, ABJSIOLIHECS
06G0o0NIeHUIMH HAMMX NPEACTABNEHUH O TeX UJHM HHHIX SIBJEHUSIX NPHU-
pOAbl, TOXKe MPUOJHKEHHHL.

Kak nokasciBaeT Bce TOT e ONBIT HALWIUX HCCAeAOBaHMi, paHo
UM I[03[HO Mbl OTKDHIBAEM TakKHe CTOPOHBI SBJIEHHH (2 TO U camH
sIBJICHHST), KOTOPHle He YKJ4JBIBAIOTCS B IMOJIOOHBINYIOCS HaM CXeEMY,
OPOTUBOPEYAT yiKe YCTAHOBMBINVMMCS HalIMM B3IJIALaM Ha 3TOT KJacc
sapjaenuii. W BoT Torja-To HamK 3aKOHBI, HAIM NpeJCTaBJEeHHA
0 BelllaX (a HMHOTZA U O MUpe B ILEJOM) NPHXOAAT B NMPOTHBOpEUHE
C SIBJEGHHAMH, B KOTOpPhIX NDHHHMAWOT yuactie 3tH Bewn. M 1yT
HAUHHAIOTCA NONBITKH «IeopMallud» TOTO HAM JAPYTOTO € LEJBIo
«IIOJOTHATBY UX APYT K Apyry. «[Tobenay, KoHeuHo, ocraercs 3a CaMUMHU
Bemamu, siBJdeHHsIMA. OHH 3aCTABJSAIOT HAC MEPECMOTPETh HALUM NIPed-
CTaBJEHHS O HHUX. A 3To 3HAUHT, YTO HaJO HAHTH OWMOKH B HAIOUX
OPEACTABJEHUAX H JHOO0 WMCIPaBHTL MX {eCIH 3TO yjaacTcst Ge3 mpo-
THBOPEUWH C CaMHMH SBJEHHSIMH), JHOO (ecau He YZIaJoCh «OTpe-
MOHTUPOBATb» B3IJIIZbl), 3aMEHUThb HAIIH IMPEACTaBJEHHS O Belax
JApYTUMH, NOPOH B KOpHe oTAMuaroliuMucs oT npexHux. OnHaxo sta
3aMeHa B3IJSIOB He JOJ/DKHA OBbITh NPOHM3BOJIbHON, OHa caMa JOJI?KHa
VAOBJAETBOPATH CJAEAYIOIIMM OCHOBHBIM TPeGOBAHHAM:

|. HoBast TeopHst (HOBble NpEACTABJEHUS) He JO/KHA «HAUHCTO»
OTMETaTh CTAPYIO TEOPHIO (CTaphie NpejcTaBJjieHHd), a AOJKHA BKJIO-
yarth B ce0s ee KaK HEKOTOPBIH YacTHHIH cjyuail, HEKOTOPoe npuGau-
JKeHue, — HHaue HOBasl Teopusi He Gynper Gosee obuled, ueM crapas.

2. Hosas rteopus HoJKHA OOBSICHUTL T€ CTOPOHH! IBJEHHS, KOTO-
puie He o0bscHsAA cTapas, — HHAUe 3aueM Ke HyKHa HOBasi TeOpHs?

3. Homasi Teopus JMOJ/KHA NpeNCcKasbiBAThL HOBblE YEDPTE! SIBJEHHS
(u1M HOBBIE SIBJIGHUS), — HHaue OHA He OYJeT PYyKOBOAMLIeH mieel
B MOCJELYIOIHX HCCIEJOBAHUAX, a Ge3 MepCHEKTHBL, 6e3 HIeH Kakoe
Ke HUccaejoBanue? v

KoneuHo, HOBble TEOPHH CO3JAIOTCS He IOTOMY, UTO KOMY-TO 3aXo-
Tesloch H3MeHHTH crapylo. IToka crapast Teopusi oOBbsICHAET BCE, UTO
Mbl HaGmao/aeM, HeT HYXKAbl €e MEHSTE.
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Kak o6crosno neao k kouuy XIX u nasany XX BB. B 3TOM
otHoineHun? Mexanuka HploTona Oaecrsaile onucbiBana ABHMKeHUe
teq. ¥ paBrenne MakcBessa HeCJid HCuepIbiBaiollee OOBSICHEHHE BCeM
3/JEKTPOMATHHTHBIM SBJAEHUSM. Y DAaBHEHUN TEPMOAMHAMHUKH B NOJIHOM
COOTBETCTBHHM C ONBITOM OMHUCLIBAJH INPOLECCH, IPOHCXOASIINE C Te-
JaMH [DH K3MEHEHHU UX TeMMepaTyphl, ATPeraTHoOTO COCTOSHUS H T. 1.
UYro xacaercss aTOMHCTHKH, TO HOCMOTPS Ha SBHbIE €e YCHeXH B 00bsc-
HEHHMH pAa CBOHCTB TeJs, OTHOWEHHE K HeH 010 BecbMa CHHCXO-
IUTENBHOE — «MAJTO JIH, MOJ, KakHE TEeOpHH MOAKHO NPHAYMbIBATEH
LA pagd paspiaedesHal».

[To BmipaeHH!O 0JHOTO H3 KPYINHEHMHUX (HIUKOB TOro BpeMeHH
gopaa Kenapswua (Tomcona) HaZo OblJIO NPH3HATH TOPU3OHTHI TOTAAWL!-
Hell QU3MKK COBePIIeHHO ACHBIMI, CJIeTKa JIHIUIb OMPAueHHBIMH JByMA
KPOXOTHbIMH O8auKaMu — HemoJajakaMmu ¢ 3upom (KOTOpBIA Torpa
cunTanu abecoMOTHON CHCTEMOH OTcueTa, TOM CaMoOi, IO OTHOWEHHID
K KOTOpOH NPOHCXOJUJO IBHXKEHHE BCEX TeJN W BOJHAMH B KOTOPOH
CYUTAJICA CBET) M HEMOAaAKaMU C M3JYUEHHEM H ’IO[‘.HOLLGHI/I&M 3Hep-
rHH (B 4aCTHOCTH, CBETOBOH) TEJAMH.

Ho, kax okasa’doch, 3TU-TO ABa 00Jauka W paspoCIHCh B TYUH,
M3 KOTOPHIX TPSIHYJIH COKPYLIAOIlMe BCE CTapble NpPeiCTaBJeHHH
0 MHPE TeODHH — TeOpHst OTHOCHTEJNBHOCTH H KBAaHTOBAs TEOPHA.

B atoM pasgene peub MOHAET O TEOPHH OTHOCHTE/bHOCTH.

[Ipe:kne Bcero BLISICHHM, € 4ero BCe HAYaJoCh, YTO 3aCTABHJIC
GU3HKOB CO31aTh 3TY TEOPHIO H NMPHHATH €€ Ha BOOpPYyXKeHHE.

_Heno B ToM, uto Bce H3BecTHble K KoHuy XIX B. onTHueckue
ABJAEHUS C HECOMHEHHOCTBHIO T'OBOPHJM O TOM, YTO CBET — 3TO BOJIHBL.
Ho Bosubi, Kak TOraa rosaraif, «IOJHHBl DACIIPOCTPAHSATLCS B HeM-
TO». ITO «UTO-TO» U ObLJIO HA3BAHO 3PHPOM HJIH CBETOHOCHBIM 3dHpPOM.

3tor spup, KaKk M BCAKAs Cpela, JO/LReH GbT XapaKTepH3o-
BAaThCA N0 NMpeACcTaB/JIeHHsIM TOFO BPEMEHH KaKOH-TO IMJIOTHOCTBIO p U
KaKoii-To ynpyroctelo (G, a Kak NOKasbiBaeT TeOpHs YNPYrHX cpei,
CKOPOCTs PAcnpoCTpadeHusa BOJH B Hell Aaetcs (hopmyJoi

_1/ G
U—]/ _P—

B cayuae OSbUHBIX YNPYTHX BOJIH THIA 3BYKOBBIX 3Ta (popmyna
HC BBI3biBaJa HUKAKHX OCJAONKHEHHIH M BIOJHE NOATBEPIKAANACH OIbl-
oM. Ho ne/0 CyHIeCTBEHHO MEHSJIOCh B CJAy4ae CBETOBBIX BOJIH.
Cxopocts ceera orpomua — 3-10° xa'cex. Ho 370 osmauaer, uro

a KME u
?_——:9-10“’0(%2, T. €. (G upe3BHIUAKHO BEJIWKO NPH Majgom p. A 3T0

HENOHATHO, W00 BHIXOAMT, 4TO U, 3aMOIHSBIUIHIE MHpPOBOe MPOCT-
paHCTBO, OblJT MHOTO JoJjiee yIpyr, ueM Jr0oe M3 H3BECTHbiX BEIIECTB,
H B TO Ke BpeMs He OKas3blBaJd 3aMETHOTO CONPOTHUBJEHHS! LBHIKY-
mUMC B HeM TejaM (KaMmHAM, JIIOASIM, NJiaHeTam) W He o6safal
CKOJIbKO-HUOYAb 3aMETHOH NJIOTHOCTBIO.

YKe 0HO 3TO BecbMa [MOKHPOBAJO (U3HKOB, HO. Kpome 3ITHX
HEOOLIUHbIX CBONHCTB NPHULIOCH 2pHDPY NpPHIMCHBATL M Jpyrue He
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MeHee HeoObluHble B NPOTHBOPEUHBLIE: HaNpuMep, NMOHNEepPeYHOCTh TBe-
TOBbIX BOJIH 3aCTaBJfja CUUTATbh 3UD TBEPALIM Tesaom!

CraBujiocb MHOTO ONBITOB M5l  BRISICHEHHsSI  CBOHCTB adupa.
OnHUMH M3 HHX TBITAINCL OTBETHTH HA BOIPOC, KAKOBA YBjeKae-
MOCTh 3hHpa ABMXYIIHMHCS B HEM TeJaMH, APYTHe HpecaefoBalH
LeNnb ONpeleJHTh CKOPOCTb TeJd 10 OTHOIeHH K 3(pHpPY, — Kak
HoJaraiy HHbie — aGCOJIIOTHYIO CKOPOCTb.

Ecad noAbiTOXHTh pe3yJbTaThl BCEX OMNbITOB, TO OKa3blBaeTCH,
uyTo 3up BegeT cebsl MO-Pa3HOMY MO OTHOLIEHHIO K TeJaM H K CBETY.
Ilo orHomenuio K TenaMm on BeneT ceGs Tak, Kak OYATO ero M HeT,
.a cBeT Ge3 3roro 3pupa Bpoge Ol H CYILeCTBOBATH He AOJIKEH
6eu1, 6o He B ueMm eMmy Obl1o Ghl «BosiHOBarhesty. Ho tak wnm uHaue,
a nozasjdwliee COJBIWUHCTBO (PHU3MKOB AEPIKANOCh 3a 3TOT 3QHP H
cunTano ero abCoOMOTHON H COBCeM HENOABHIKHOH CHCTEMOH oTcyera,
nofo6HO TOMY KaK JpeBHHe JKpelbl cuuTasy abCoMOTHO HemoABHK-
HEIMM Te CKaJjbl, KOTOpble OKalMJsI/IH OKeaH C MJaBAIOLHMH B HEM
KHTaMH, Ha CIHHAaX KOTOpHX nokousack 3emnas. Pusankn XIX B.
6e3yciOBHO BepOBaJiH B 3HP M H30 BCEX CHMJI CTapajHch ero o6Ha-
PYHTb, 4 OH YCKOJAb3aJd OT HHX.

Kpome 2¢upa, ¢usnkop konna XIX u navana XX B. cmymwano
ene  oaHO 06CTOSTENBCTBO. IIPHHUMI OTHOCHTeNBbHOCTH [anngaes
yTBEpIKJaJ, UTo BCe fABJEHHS NPOTEKAlOT BO BCEX HHEPUHAJbLHEIX
CcHCTEMaX OTCUeTAa OJAHHAKOBO (C TOYHOCTBIO OO0 HauyasbHBIX YCJIOBUIi).
Ho 310 o3nauaer, Kak yxe roBopuJoCh B pazjene «MexaHuka», uro
3aKOHBl (DM3WKM JIOJKHEL ObITh KOBAPHAHTHHI OTHOCHTENBHO TexX Tpe-
o6pa3oBaHHH KOOpAMHAT, KOTOphiE OTOOpAXKAalT Nepexo] OT ORHOM
WHepHyaJbHOH CHCTEMBl OTCueTa K JAPYrofi. Mbl nokasaiu B pasjene
«MexaHnuka», 4TO OCHOBHOIl 3aKOH JAHHAMHKH — BTOPO# 3akoH Hbio-
TOHa — KOBapHaHTeH MO OTHOWEHHIO K NpeobpasosanusiM [aanges.
TaxkuMm o6pa3oM, 3aKOHBI MEXAHHKH BIIOJIHE COTJIacyloTcsl ¢ npeobpa-
sopanuaMH anunes. Ho Bor ypaBHeHHs1 MakcBensa, KOTopble OMH-
CHLIBAIOT 3JIEKTPOMArHUTHBIE sIBJEHUS, HE KOBapUAHTHB HO OTHOMIE-
HHI0O K 3THM Ipeo6pasoBanusM. I kpome Toro, cuna JiopeHua,
3aBUCALLAST OT CKOPOCTEH 3apfKeHHBIX YaCTHIL, MO OTHOLIEHHIO
K CHCTeMe OTCYETa OKasblBalach pas/MuHOH B pasjHuYHBIX CHCTEMaX
oTCcueTa M NOTOMY JAaxe BTopoHl 3akoH HrloToHa pnsi B3aumoneficT-
BYIOIMX NGO JIOopeHLy 3apsKeHHBIX 4acTHI ToxKe Obljl HeKOBapuaHTEH
110 OTHOHIEHHIO K nipeo6pasoBaHusiMm [anunes.

Takum o6pasoM, HAH mnpeobpasoBaHust [ananness HeBepHB HJH
HeBepHLi ypaBHeHHsl MakcBessna — Takoil BbIBOZ Hajo OblJIO cpenaTh.
Cefiuac-t0 HaM fcHO, 4YTO npeoGpasoBaHus [annJest HeBepHH XOTH
66l HM3-3a TOTO, YTO OHH NPEANOJarawmT HaJuule 6eCKOHeYHO GLICTPBIX
CHIHAJ0B; HO TOrAa TakKoH BONPOC Jaxe W He BO3HHKAJ, W B Ipe-
obpasopauusi Tasmaes Bepuau OesycnoBuo. Toawrko Jlopenny u
D#HTefiHy MpHIIA B FONOBY HJIes O [HeOGXOOUMOCTH 3aMeHbl Ipe-
obpa3oBanyil ['anunes KakuMH-TO HOBBIMH.

Hrak, neyBsskum cO cBolicTBaMH 3¢upa U HEKOBAPHAHTHOCTh
ypaBHEHHH 3JIeKTPOJHHAMHKH [0 OTHOLIEHHI0O K M1peolpa3oBaHHAM
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Tanunes — OCHOBHBIE TPHUYUHL, TOPOJHUBIIME - Uenbii PAL Heaopasy-
Menu#i ¥ mapajokcoB y ¢usukoB XIX Bexka. Brixox n3 aroro «Ges-
BLIXOJHOTO» TOJIOKEHHA, KaK YiKe FOBOPHJIOCH, Obll HalJeH BeJHKHM
DHHINTEAHOM.

§ 2. Onwmir Maiikeascona u Mopau

Tlpexae uem wanaraTh HafiieHHBIH Ann0epToM DAHIITEHHOM BBEIXOZ,
M3 BCEX 3TUX NPOTHBOpeuuil, paccMoTpum onbliT Mafikenbcona
MopJiu, monsiTKH OOBSICHEHHS KOTOPOro ChIFpajy BazkHeHLylo poJb
B CO3JaHUU TEOPHH OTHOCHTeJbHOCTH. llesnbio omerta Obllo ompene-
JIeHHE CKOPOCTH JBUIKEHHS
3eMJIH OTHOCHTENbHO a¢hHpa.
YipolieHHasg CcXeMa ONbiTa
takoBa (puc. 108). C mo-
MOILLLIO OJHOH M TOU K€ JIH-
HeHAKH OTMEPSITHCE PAaccTos-
Hust [ w [, or noaympo-

8 3payHOi mactTuHel C U B

Soe— - % =V  toukax B u A ycrauaemiu-

L 4 Basuch 3epkana. Ceer or

WUCTOUHHUKA [ajaj Ha Iua-

ctuny C, yacTHuHO OTpa-

J)Kascd M Iea K 3epkany A,

a YacTUYHO IPEJOMHBILHH-

Puc. 108 cs1 —K 3epkaily B. Orpa-

- Kasach oT 3epkan A u B,

cBeT choBa ey K naactuie C U nocse npejoMiennst (0T 3epkaaa A)

W oTpaxkeHust (0T 3epkaja B) Ha Heft AaBain Ha akpane D HekoTo-
PYIO HHTEP(EPEHIMOHHYIO KApTHHY.

Bupn 210l XapTHHBI 3aBHCEN, eCTECTBEHHO, OT TOro, Kaxasi pas-
HOCTb (a3 NOSBUJACH MEXKIY NyUKaMH CBeTa NpH HX TPOXOXKIAEHHH
no noytam [y (Baoab ABHKeHus] 3emsd) u [ (TOmepeK JBHIKEHHS
3emun). Pasnocth Xe (a3 3THX ABYX IMYUYKOB 3aBHCENa OT PasHOCTH
Bpemed fj W f;, KOTOphle HEOOXOJHMMBI CBETY JMJIsI IPOXOMKIEHAS
nyrelt [y u [,. Ilo Buxy KapTHHEI MOXKHO OBLIO HallTH f| ={,. D1y
JK€ PasHOCTb MOMKHO BBIMHCJIHTH M TaK, KaK Mhbl 3TO ClEJaeM HHKE.
IlpupaBHuBast 9TH pa3HOCTHM, [OJYyYajy¥ BBIpAXKEHHE, U3 KOEro d
IIPeANONaraioch HalTH CKOPOCTb 3eMJIH U OTHOCHTENBHO 3¢upa.

Hns BoiuHCeHHst ¢ W ¢ yuYTeM, uyTO NpPH NPOXOMKAEHUH CBETOM
NPOJOJILHOTO PAacCTOSHHA, €My [MPHXOAUTCA CIepBa  «JIOTOHATH?
3epKa/o B, a 1oc/ie OTPAXKEeHHs OT HEro ABMraThCs HaBCTPeuy «nabe-
raomeii» Ha Hero nyactuHe C; npH NpPOXOXKIEHHH Ke CBETOM I0-
NEPEeuHOT0 DPAaCCTOSHHA €My TIPHXOZUTCS BCE BpeMs «3abuparb?
BIPaBo, T. €. B CTOPOHY ABHXeHHA 3eMsH (Bce 3TO 110 OTHOMIEHHIO
K apupy).

Taxkum 06pasoM, NpPU HPOJOJLHOM JBUKEHHH CO cxopocmro cy
CBETYy NPHXOAUTCA IPOXOAHMTh DACCTOAHHA (IO OTHOWIEHHIO K s¢pupy)
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(puc. 108) ’
' cyty==1y vty
Cutg———‘l” — Uy,
OTKYZa

P +t . 21”0” . 21” )
= i‘—cﬂ_vs _—C,h’( PR

[IpH OBHXKEHMH B MONEPEYHOM HANPaBJEHHH CBETY NPHUXOoIUTCS
MPOXOANTDL 1Ba ONMHAKOBBIX PACCTOSHHA (DO OTHOLICHHIO K 3upY),
onpejensieMblX PaBeHCTBOM

c? £2 022
1L g L
4 l.l._l_ 4 ?
OTKyJa »

211_

CLV 1—~—

Buj ke nurtepdepeHIHOHHOH KapTHHBL 6bIJI TaKoB, 4To {) — | ==
=0. Ho 3170 o3Hauaer, uto ¢y =1, a 3HAUUT,

III — I_L (1)
/ 2?2 ¢ PER
y kl —-C—> 1L I — -
i - ‘1

Hanomunaem, uto [/, ® /| 3T0 pacCTOSIHHs, OTMepeHHble OZHON
H TOM e JuHelKol BHOJbL ABMIKeHHST 3eMJiM ¥ TONEpeK 3TOro ABH-
JKEHHSI, T. €. C TOUKM 3peHUs KJAaCCHUECKHX NpeicTaB/eHu# [ ==/ .
Bxopsye B paBeHCTBO (1) ¢y H ¢ — CKOPOCTH CBETa OTHOCHTEJBHO
aupa B HAnpaBJEHUSIX BAOJAb V U nonepek v. Ecau sdup cuurarb
ONHOPOJAHON M H30TPONHON Cpeioi, TO, COrJIacHO, BCE TeM Ke KJaac-
CHUCCKHM HpeJCcTaB/eHusM ¢ ==c,. Ho ecau 210 Tak, To, mnojaras
ly=1l;=1[01n ¢y =c; =c, nonyuum us (1)

/o7
=) =

OTKYyJa caexyerT au6o v=—0, au60o v==c, yT0 OAHHAKOBO HENOHSTHO.
Pesynbrar craner BuIIALeThb elle Gosiee yIMBHTENBHBIM, €CJIH YUYECTh,
uyto onbiT MafikesibcoHa — MopJaH MOXHO Gplio Gbl npojenars (moka
MEICJIEHHO) Ha JI0GOH IIaHeTe HJM B paKere HJIM B MHOH CHCTEME
orcueta. Ilockospky B KaXJAoH H3 HHUX pesyabraT Obl1 OHl TOT e,
TO NMOJNYYHJOCH OBl, YTO BCE TEJa, HO OTHOWIEHHID K 3GUPY HMEIOT
OJMHAKOBYI0O CKOpOCTh (MMH v=0 uam v=c), B TO BpeMms KakK
1O OTHOWEHHIO APYT K APYTY OHH JABHXKYTCS ¢ CAMBIMH Da3/IHUHBIMH
ckopocTaimu. [lonarasi, oxmako, uTo 3(up «npHAMNAET» K IABUKY-
memMycs Teay («yBJCKAeTCA» MM, KaK TOTJia FOBOPMJIM) MOXKHO GbLIO
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661 «0GbsacHUTEY =0 (MOCKOJBKY «MPHAUNIIUH» K Teay 3dHp OTHO-
cHTeNIbHO Tesla He aBHXKercst). OJHAKO NPOU3BENEHHblE, HAIPHMED,

®H30 ONbITH «MOoKasbiBasu», 4YTo SCI)YIp «YBJICKAETCA» TEJNOM XOTH U
2

: o v
B BecbMa HeGOoJBbIIOH Mepe (no\p;uu(a —c—g>, HO 3TO 3HAuUHT, 4YTO U =~ 0,

Bouctrny cBOHCTBA 2(pHPa OKa3biBAJHCh - HEOCTHKKMBIMH H 3ara-
JOUHBIMH!

§ 3. Hoctyaars JiinumiTeiina

Briio cHenaHo MHOTO TNOMNBITOK «BTHCHYTBY Pe3yJbTaThl OIbITA
Maiikeancona (bakt ¢y =={,) B TeopHio, 6asupyiOLIyIOCA Ha Npex-
crasnenusix o6 s¢upe H npeobpaszoBanuax [amusiest, HO Oe3pe3yb-
tarHo. Hajo Obino uckath Heuto HoBoe. Ho Ha yem ocHOBBIBATEHCS,
Ha YTO OMHUPATHCS B MOHCKAaxX HOBOH TeopuH? Beauku#i Dinmrein
NPEANooKIA, YTO HaAO 3a HCXOAHOE B3ATh 1) MPHHLHUI OTHOCHTE/b-
HOCTH (pacnpOCTpaHHB, OJHAKO, €ro Ha BCE SIBJCHHMS PUPOABI) H
2) 1ot (haKT, UTO HHUKTO He Mor OOHAPYXHUTb GecKoHeYHO GOJBLIOH
CKOPOCTH CHTHAJIOB.

Bropoe sicno — mepexoj OT onHOfl CHCTEMb! oTcueTa K Apyro# u
BCAKHE H3MepeHWs CBS3aHBl C-. OOMEHOM CHTHanamu, HWHQopmanuei,
a OHa, XOYeTCsl HaM 3TOr0 MJIM HeT, DacNpOCTpaHsieTcsl ¢ KOHEUHOH
CKODOCTbIO, M 3TO Haj0 YUHTHIBATH B TNpeo6pa3oBaHHsAX KOOPIHHAT,
CBA32HHHIX C MEPexoj oM OT OZHOH CHCTEeMBl OTcYeTa K JApYroi.

Ho noueMy Hapo npujep:KHBATLCHA INPHHLIHIA OTHOCHTEJLHOCTH,
KOTODLIH, GyAydH TecHO CBsizaH c, BooOOile roBops, HETOYHBIMH Mpe-
ob6pasoBauuamu [anusiesa, Bpome Obl caM-TO He O4eHb BepeH? Bot
TYT-TO M HajO TNOHHMaTb, YTO OJHO JeJo mnpeofpasosanust [anujed,
a 1pyroe — MPHHIMUI OTHOCHTeJbHOCTU. [IpaBuabHO copmymupoBaH-
HBIfl NMPHMHEHI OTHOCHTEJNBHOCTH 3BYUHT NPHMEDPHO TakK:

BCEe SBJICHUA MNPHUPOABI B CBOUX INIABHBLIX HepTax
OJAMHAK0OBbI BO BCEX HHEDIUHANLHLIX CHCTEMAX
OTCieTaA.

[locko/bky TJiaBHBIE-TO 4epTHI sIBJEHHH M OTOGpakeHs! B 3aKOHaX
APHPOIBL, TO

3AKOHbLI NPUPORBE JOKHBI HE MEHATb CBOeH
dopmbt npu nepexoje OT OJHOH HHEPUHATLHOH
CHCTEMB! OTCHETA K JPYroH.

210 03HAYAeT, 4YTO OHU HOJKHBL ObITh copMynaupoBansl B ¢opwme,
KOBADHAHTHOH OTHOCHTEJNbHO Npeobpa3soBaHHil KOOpAHMHAT, CONpO-
BOXAAIOUINX TEpexof OT OAHOM HHePHHAJbHOH CHCTEMBI OTCUETa
K JApyro#i (TOJbKO 3TH NpeoOpa3oBaHHS HE ecTb NpeoGpa3oBaHus
lanunes). IIpa 31oM U NOHATHE HHEPUHANbHOH -CHCTEMBl OTCYeTa
CJAENYeT PaciuHpPUTh — HHEPIHANBHOHN CJEAyeT HAa3BaTh TAKYIO CHCTEMY
oTCcYeTa, B KOTOPOHA HE TOJBKO MEXAaHHYECKHE, HO H 3JeKTPOMarHuT-
HBIE MPOLECCHl BBIVISIAAT M OMHCHIBAIOTCA HanOOJIee NMPOCThIMH ypas-
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HenusiMd. B atom cmbicsie nepsuifi 3akon Hulorona, noctyaupyomui
CYIECTBOBAHHE TAKWX CHCTEM, BLIXOAMT 33 PAMKHM 3aKOHA MEXaHHKH
¥ CTAHOBHUTCS OJHMM H3 (PyHAaMeHTAJbHBIX 3aKOHOB NPHPOADL.

YuuTbiBaf Takyl (OPMYJIHPOBKY MPHHIHMIA OTHOCHTENbHOCTH
(oH HOCHT Ha3BaHHe CIELKAJBHOTO HJH YaCTHOTO MPHHUHIIA OTHO-
cuteabHocTH [anuies — DfinwTedHA), MBI Cpa3y IOHHMAaeM BCIO ero
HeOoOXOMUMOCTb [IJ1S1 HccseoBaTeell — 0TKa3 OT Hero o3Hauad 6bl,
YTo B KaxJOH HHepUHaJbHOH cHCTeMe O0TcYeTa — CBOM 33KOHHI
NPUPOJBI, @ 3TO MO CYIUECTBY O3HAYaeT OTKA3 OT BO3MOXHOCTH HC-
CleloBaTh MuD OOILHMH YCHJMAMH, OGBEKTHBHO, C ueM, KOHEUHO,
DPUMHPHUTBCST HENb3s.

HMcxonst m3 ckasaHHOTO BHIE NMOCTYJAHPYIOT CAEIOMHE OCHOBHEIC
[I0I0KEHHST TEODHH OTHOCUTENBbHOCTH:

1. Bce 3akoHBI NpUPOABI AOKHBI ObITH Cop-
MyJHpPOBaHBl B BHAE, KOBAPMAHTHOM OTHOCH-
TEJbHO IIpecOpa3oBaHuii KOOpAHHAT, 0T06pa-
KAWOUMX [epexor OT OXHOH HHepLHAJIbHOH
CHCTEMBI OTCYETAa K APYroi.

B 3toM cMmbiciie He CYlUleCTBYeT TPUBHJETHPOBAaHHBIX CHCTEM
oTcyeta (OTCIOZAa Cpasy cJjaelyeT, 4To Hano6HOCTH B 3pHpe, Kak
abCcomOTHON cHcTeme oTcueTa, HMKakofl Het). MHorza yzo6Ho 1aBaTh
Apyryio GopMy/HPOBKY 3TOTO MPHHILHNA:

fBneHus, Habmonaembie W3 pa3HbIX HHePUHAJb-
HbIX CHCTEM OTCYETA, OTJIHYAIOTCST TOJBKO M3-3a
pasHbIX Ha4aJbHBIX YCJAOBHH, N0O3TOMY B 3aKOHbI
OPHPOAbLI  HAYaJbHble YCJAOBHS He JOJIKHbI
BXOAHTD.

2. CymecTByeT npejelbHas CKOPOCTH pac-
NpOCTPaHEHHS] CHTHANOB, BEJUYHHA KOTOPOH
OAHA M TA K€ BO BCEX WHEPUHAJLHBIX CHCTe-
Max otcyeTa (a 3HauuT, npeobpasoBanus [anu-
Jesl HeBepHBI!). 3ITa CKOPOCTH COBNAJaeT co
CKOPGCTbIO PACTPOCTPAHEHH S 31€KTPOMAT RHTHBX
BOJIH B BaKyyme H He 3aBHCHT HHM OT Hamnpae-
JeHHs] PACMIPOCTPAHEHHS] CHMrHala, HU OT JABH-
KeHHd HCTOYHHKA W NPHEMHHUKA 3TOTr0 CHrHaJja.

Tlepen moc/iefoBaTeqbHbBIM HS3JIOKEHHEM TEOPHH DUHIUTeHHA pac-
CMOTPHM C TOUKH 3pEeHHs] €ro MOCTYJaTOB pesyJ/bTaThl onbita Maii-
KeabcoHa M Mopau. Kasanoch Gbl, uTO KOJb CKOpPO HeT 3pupa, 10
Bxolsitine B cdopmyay (1) § 2 Beawuunnl ¢, ¢ H v GeCCMBICJEHHbI,
MOCKOJBKY OHH XapaKTepu3yloT CKODOCTH cBeTa M 3emJH OTHOCH-
TeJIbHO HecyluecTBymollero 3pupa. Ho ner! OHH umeloT cMbIca, XOTd
He TOT, KOTOpPLIH B HUX BKJambiBajcs sHadane. [lon ¢ Hago mnoHu-
MaTh HMEHHO Ty CKOpPOCTb, O KOTODOH rOBOPHTCS BO BTODOM [OCTY-
Jarte, B 4acTHOCTH, 3TO CKOpPOCTb CBeTa OTHOCHTEJBbHO, HAampuwmep,
3eman. Iloa v Hago TOHHMAThb CKOPOCTb IZBHXKEHHS 3eMJH OTHOCH-
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T€JbHO KAaKOH-MM60 HHepIHaJbHOH CHCTEMbl OTCYETa, HampUMep,
Conbna (npuOGMMIKEHHO, KOHEUYHO, — abCOJIOTHO  HHEpIHAAbHBIX
cuctem He ObiBaer). [Ilox /) Hano pasymeTb AJIMHY JIMHEHKH, KOTO-
pofi oTMepsoCh paccrosiHMe BIONbL U, a NOA /| — JVIHHY TOH Xe
JIHHEHKH, HO PaclloJIoKEHHON mneprneHxukyasapHo v. Ho rtorza us (1)
HOJYYHM B CHJY ¢ =cC; = (10 BTOPOMYy MOCTYJarTy)

T. e. ANMHA HEKOTOpPOro Ipeamera (HampHMep, JHHEHKH) He eCTh
BCAMUMHA TIOCTOSIHHAS, KAaK I0Jarajoch 110 KJaCCHUECKHUM MPeJCTaB-
“JIEHHsIM, 2 3aBHCHT OT €€ OPHEHTALUH I10 OTHOLIEHHIO K CKODOCTH ee
IBHXKEHHST V M OT BEJHUYHHBH CKOpOCTH v. Ho 3T0 3KBHBaJIeHTHO
TOMY, UTO B pa3sHbIX CHCTEMax OTCY€Ta OJHA M Ta KE JHHelHKa,
OJMH H TOT Ke TNpeAMeT HuMeeT pasHble pasmepnl! ITO Kasajoch
CTOJIb HEOXKHJAHHBIM, YIKACHBIM, YTO BHAuaje 3TOMY HHKTO He BepuJ,
H OJfiHmrTeliHa Bcepbe3 He INpHHUManH, TeM Gojee, YTO' B ero
‘paGote «K 3/eKTpoIMHAMUKe MABHXKYIHIMXCS cpel», rae Oblia H3Jjo-
JKeHa 9Ta Hjesl, OblM U JpPYrue He MeHee KPAMOJIbHblE — HE TOJIBKO
pasMepbl Tea, HO M MHTEPBaJbl BPeMeHH MeXAy ABYMf COOLITHAMH
B pasHblX CHUCTEMax OTCueTa Pas/HyHbil

Ho mano snum yro Ham Kaxercsi yxKacHBIM, MajoO JIH YTO Ham He
HPABUTCH — 3aKOHbI NPHPOAH JOJIKHBI OTpaXaTh He BKYChl Halld,
a obo6lieHNe BCeX W3BECTHbIX HAaM ONBITHBIX JAHHBIX, OHH JOJIKHEI
OLITH HENPOTHUBOPEUMBOHl CcHCTEMOH HAmUX B3NIALOB Ha Mmup. Tak
BOT ]/l BCEro 3TOro CO Bceil HeOOXOAMMOCTBIO Hajlo 6bIO npH-
3HaThb HAeH iHwTeliHa, YTo U OblJIO CHEJAHO.

§ 4. KoopauHatel MHUHKOBCKOro, u4eTbipexmepHblii MHP, MHpoOBast
JHHUSA

[TepefineM K CHCTEMAaTHYECKOMY H3JIOXKEHHIO CHNELHaNbHON (HJH
4acCTHOM) TEOPHH OTHOCHTENBHOCTH, GOPMYIHDPYIOWEH ABJIEHHS C TOYKH
speHHsl HaOmojaTenedl, HaXOASUIKXCA B HMHEPUHAJbHBIX CHCTEMax
oTCyeTa. '

Ham Hago ¢opmysnpoBKH 3aKOHOB (PU3HKH NIPHBECTH B COOTBET-
CTBHE C TIOCTyJaTamMu OJIiHINTeRHA, NS 4ero npexjae Bcero Hano
BBHISICHUTB, KaKHe npeoGpa3oBaHMsi KOODJAHHAT M BPEMEHH COIPOBOXK-
JAIOT nepexoj OT OJHOR HHepLUHANbHOH CHCTeMBl OTCyeTa K APYTo#.
Bo BceM aanbHefilieM H3JOXKEHHH Mbl GyleM NMPHAEPKHBATLCSH TOro
H3JIOXKeHHs HieH JfiHmTeliHa, KoTopoe npeinoxun I'enpux MuHkos-
CKHE. IJTOT cnoco6 W3JI0MeHHS JOBOJBHO abCTPakTeH H MNOTOMY
WHOra BLISBIBAET H3-3a HENPHBLIYHOCTH HalleH K TakKHM abCTpak-
LMSAM HECKOJIbKO HenpusTHble omyuleHus. Ho 3aTo oH HekmOYHTENBHO
JIaKOHHYEH H NMPUBOJMT K LeJM Kpardadwum nyrem. Mpes meroaa
MuHKOBCKOrO TaxkoBa: HOCKOJBKY Bce SBJEHHS HPOTEKAOT B MPO-
CTpPaHCTBE H BPEMEHH, TO KaXKioe MTHOBEHHOe (ToueuHoe) “COObITHE
JOJIXKHO XapaKTePH30BaTbCH 4ETBEPKOH umcen —x, y, z u . Ilph
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TaKOM OGO3HAaYEHHH KOOPAMHAT H BPEMEHH OHH BHILSASAT OYEHD
HEepaBHONPaBHO. MHHKOBCKHI NPERIOXKHI CHEAYIOUHe 0603HAYSHHA:

N=X, Xg==1yY, Xg=2, Xg=Iicl.

Ho TOrza COBORYNMHOCTbL ueTBepKM UHCEN X1Xs, X3 H X5 MOMKET Xapak-
TEPH30BAaTb C TOUKH 3DEHHS TeOMETPHH INOJIOXKEHHE TOYKH B HEKOTO-
poM (CnepBa, nOBTOpsieM, HENMpHU- \ ot
BBIYHOM H3-3a abCTPaKTHOCTH, HO pz(t)
He HaJo H3-3a 3TOTO0 ropeBarhl)
YETHIPEXMEPHOM  NIPOCTPAHCTBE.
JT0 YeTbIpeXMepHOE NPOCTPAHCTBO
10 MHHKOBCKOMY M €CTb <MHD», B
KOTODOM €ro TpexMepHas 4YacTh
€CThb caMoe OGBIYHOE IIPUBLIUHOE
HaMm mpoctpaHcTBO. B 3tom reo-
METPHUECKOM UEThIPEXMEPHOM MH-
pe Kaxjoe MrHOBEHHOe CoOLiTHE Prc. 109
XapaxkTepH3yeTcsi TOUKOH — MH-
poBOfi TOYKOH — ¢ KOOPAHHATAMH X;, Xe, X3 U Xi (Ha caMoM Jere,
KOHEUHO, HE TOUKOH, a HEKOTOpOH 06JacThio OKOJNO X5, X, Xa, Xi)-
Pa3putie ke cOOGLITHH, NPOUCXOASIINX C MaTepHaJbHON TOYKOH, OTO-
6pasuTcs B 9TOM MHpe HEKOTODPOH JIMHHEH — MUPOBO#H JIMHHEH JaHHOH
MarepHaJbLHON TOUKH (BepHee, HEKOTOPOH TPYOKOH M3-33 IPOTSMKEH-
HocTH Tesa). TTocKONBKY mblTaTbes NPEACTAaBUTL ceGe 3TOT yeTblpex-
MepHbIi MHMp — 3ajaya BechbMa YHBIIAs, TO Mbl PAacCMOTPHM yIIpo-
WeHHBIH c1yuail — ABYMEPHOE 1po-
SN CTPAHCTBO X;, Xi, @ NOTOM TPexX-
.~ MEpHOE — Xy, Xg M Xj.
[Ipenmono:xum, 9To HEKOTOPad
MaTepHajibHasg TOYKA MOXKET JBH-

Dxtg?{tga

AL (x)

L-2gp ratbCsi TONBKO BJIOJIb NPSMOR X.
/ = = ) Torga rpaguk ee ABMXKEHHR X ==
plo »r =X{f) H300pa3uTCs HEKOTOPOH

gunuein  (puc. 109). Ouepupno,
JBOHKa uHceN X U [ XapakTepH-
3yeT [OJIOXKEHHe MarepHaabHOH
Puc. 110 TOYKH B HAlIEM MNPOCTPAHCTBE X

(na mp IMOH1, 110 KOTOPOH ABHKETCA

MarepHasibHaa Touka) H Bpemenu. HakioH 310ii xpHBO# B KakKofi-
60 TOUKE €CTh CKOPOCTh Ux:%' Eciu  wmbl- moBepHeM rpaguk
X (f)=x({) BOKPYr OHCCEKTPHCHI yryia Mexiy OCAMH, TO TOJYYIHM
rpaguk t=t(x) (puc. 110). OueBupHO, OH OTOOpaxKaer BCE TO XKe
JIBHIKEHHE BCE TOH e MaTepHaJIbHOH TOUYKY: NO-NpeXHeMy uHcaa f
w x GYAyT XapakKTepH3OBaTb MOJIOXKeHHe Halllell MaTepHaJbHOH TOYKH
BCE B TOM XK€ NMPOCTPAHCTBE X-0B B BO BPEeMEHH, a HAKJOH KPHBOA

g—c 6yner BeaHuHHOHA, oOparHoil v,. Bpenem Tenepp ocH X H ict n
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nonbITAEMCS B STHX OCAX OTOGPAasuTh [BHKEHHE HALICH Marepuasn-
Hoit Toukd. Kak sto caeqsats? Ouenp npocto. Hamo KaxAylo TOUKy
rpapuka t=1(x) nepenectd Ha rpadpuk B ocsax ict u x. Ilpu 31OV
pasmepnl nepesocumoll JyuMH ON BJONb OCM X HE H3MEHSTCs,
a BAOJL OCH { OHHM YBejudarcs no MOAyMio B ¢ pas. Ilonyuennas
kpuBass O'N’ (Ha puc. 111 n3meneHne mMacwrala B C pas BAOJb OCH ¢

KM o
He oTo6paXkeHo — Kak HUKAK, a4 ¢=3" 105a !). KakoB cMmbICa 9TOl
KpuUBOH? A TOT, uYTO Ka)kfas TOYKAa 3TOH KPHBOH XapakTepusyer

N w

Alct I

Lo _aget) !
Uy dx tgp

/rfo' Y

Puc. 111 Puc. 112

fe_dx,_ dfict)
Ux dz, dx

Xy=

Y8

10JI0KeHHe Hamel MaTepuasibHOfl TOUKH B NMPOCTPAHCTBE X-0B U Icf:
abcupcca KaxJIof TOYKM KPHUBOR €cTh camas OOLIYHAsl X-f1 KOOPAH-
HaTa MaTepHaNpHOM TOUKH, a OpJAuHAaTa, nojes’eHHasl Ha fc, T. €.
ict o

<, =1, €CTb TOT MOMEHT BpEMeHH, B KOTOPhIH MaTepuasibHas TOUKA
HuveeT KoopauHaty x. Haxjod kpusoét O'N’ B HeKoTODOH TOUKE €CThb
dict . dt ic .
T = =y Ecau mojenuTs 3TOT HAKJAOH Ha iC, TO MOJYYHM

1 .

-~ Ecau Temepn saMeHHTLb Ha3BaHHE OCH X HA X1, & OCH icf Ha Xi,
X

TO CyTb Jefia, eCTecTBeHHO, He HameHuTcsi. Ho Tospko Tenepb
suEHI0 O’N’ IPUHSTO HA3LIBATh MUDOSOL AUHUEL MAMEPUAAbHOLE MOYKY.

X
A cMbic1 ee Bce TOT Xe. X3 =—X, a‘ ‘ig’:t, T. €. 3T0 BCe TOT Xe

rpadguK JBHXKeHMs Halledl MaTEPHANbHON TOUKH TOJILKO He B KOOpJAH-
HaTax x H {, a B KoopAuHaTax x; U x; (puc. 112).

Hapucyem 1enepb MHPOBYIO JIMHHIO KaKOH-HHOYJp IJIaHETHI cos-
HeuHOH cucTembl. [IpoBeneM OCH x ¥ -y B NJOCKOCTH OPGHMTHI, a OCb
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{ nepnenmukyaspHo efl. Torna rpaguk =" (x,y) usoGpasurcs BHH-
ToBOH JymHMeR (puc. 113), npoexuuell KOTOPOH Ha NJOCKOCTL XYy
6yner sanunc. Ecau 1enepb BMECTO OCH ! BBECTH OCb ¢f, TO JBHXKe-
HHe TOil Ke [JIaHeThi H300pasuTCs BHHTOBOH JuHHHEH, Koropas
B OTyIMYHe OT JUHHUM B KOOpAMHATax X,y,! OyIeT BLITSHYTa BAOJb
ocd ¢ B ¢ pa3. Hakorei, BBOAS OCH X;==X, Xo=—1y, Xi==(Cf, MbI
NOJY4YHM Ty K€ BHHTOBYIO JIMHHIO, YTO M B KOOpAMBATax Xx,y,ct,
RO C OJHOH MHHMOW OCBLIO icf. JTOH MHHUMOCTBIO CMYIIATHCSI He cJie-

AYy€eT, HaJl0 MOMHHUTb, UTO MOJENHB X
Ha ic;, MBl TOJYYUM CaMmyi0 OObid- Zo-ect
HYI0O BPEMEHHYI0 KOOpIMHATYy ! A

(puc. 114).
Axanoruugo oOCTOMT [€10 H C

MHPOBBIMH JIMHHSIMH MarepHalbHbIX
TOYeK B deThlpeXMEPHOM HpocTpaH-
CTBE X, Xa, X3, X4 C TOH JHMWb pas-
HHLEH, 4TO HarJasjHo cebe npen-

b4
—
T
Iziy
= =
x X=X

Puc. 113 Puc. 114

CTaBUTH NPOCTPAHCTBO UeThlpeX H3MEepeHHH HJIM H300pasHTb HeThipe
OCH X1, X2, X3, Xz, HOPMaJbHBIC APYT IPYTY, HENb3sl, A2 M HE HYXKHO.

‘B stom uerThipexMEPHOM MNPOCTPEAHCTBE MOXKHO BBECTH UETHIPEX-
MEpHBI pajHyC-BEKTOD TOUKH S==38§ (X1, X, X3, xz). CMpIcs 3TOTO
paguyc-BeKTOpa OueBHJAEH — €ro TPH MNPOEKIUH HA OCH X;, X H X3
ecTh OObIYHBIE KOODAMHATH MAaTepuaNbHOM TOYKH B MOMEHT BpeMeHU
t:%:«'ifcf, T. €. B MOMEHT BPEMEHH, KOTODHIH €CTb 4YeTBepTasi
npoekuysl BeKTopa §, AenenHass Ha ic. (Ecnu yrozHo, MOXHO CUH-
TaTh 3TOT BEKTOD § He UMMM HHKAKOrO CMBIC/IA, HO MPOEKIHH
€ro HUMeIOT YKA3aHHLIA BhIle CMBICJ.)

Ecnn MarepuanbHasi TOuKa 3a BpeMss Af mepemectutcss Ha Ar
(ma_Ax, Ay, Az), To B uyeThHlpexMepHOM MHPe MHHKOBCKOTO 3T0 0TOG-
pasHTCsl YeTHipexMepHbIM HepevelneHHem AS, mnepBele TPH IpOeK-
1MH KOTOpPOoTo ecTh Ax, Ay, Az (otoOpaxkaloT NepeMellE€HHe Marepu--
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anbHOM TOYKH B OOhIYHOM MPOCTPAHCTBE), a UeTBEPTas NPOEKUHs,
JieleHHas Ha ic, OyjeT paBHa Af.

TakuM 06pas’oM, BBEIEHHE HETHPEXMEPHOr0 NPOCTPAHCTBA, HEThI-
PEXMEpHOTO pajliyc-BeKTOpa § H UeTHIPeXMEpPHOro pacCTosHUA: AS
no3soJisier GopmMaNpHO NMPOTEKAHUE NPOLECcCa B NMPOCTPAaHCTBE U Bpe-
"MEHH ONHCHIBaTh «eHHMHBIM Maxom»., Ho 310 xaneko He mce. Ilpe-
HMYIleCTBA TAKOTO OnHcaHusl OyAyT BuAHB B JajibHeflIeM, a IOKa
nepefilem K BbIBOAY npeobpasosanuit Jlopenua, T. e. Tex npeobpa-
30BaHUH KOOPJMHAT M BpPEMEHH, KOTOphle JOJIKHElL 3aMEHHTb COO0O0i
B Teopuu OIiumiTediHa mnpeobpaszoBaHusa [ajnunes, HMeBIME MeCTo
B KJAacCHUeCKOH MexaHHKe. 3ameTum, uTOo npeobpasoBauus [anunes
OCTaBJISLIM OTHOCHTENbHBIE paccTOsAHUA (a 3HAuUT, pasMepnl U Gopmy
npeaMeToB) HEH3MEeHHBIMH, 1. €. BO BCeX HHEepLUMaJbHBIX CHCTeMax
orcyeta pasMepbl U ¢opma Tena ofHu u Te xe. To e H C Bpeme-
HeM NpPOTeKaHUA mpolecca Af — oHO ONHO H TO Ke JUIs BCeX HabJio-
patejiefl B HHEpUHMAJbHBIX CUCTeMax oTcueta. Kaxk nokaswiBaer Hbihe
BCA COBOKYMHOCTH OMNBITHBIX J@HHBIX H B 4acTHOCTH ONBIT Maiikesb-
coHa U Mopiau, 310 HeBepHO: pasMepbl TeJd ¥ BpeMeHA HPOTEKAHUSA

npoueccoB pasivyHbl B pasJMUHbIX CHCTEMAaxXx OTCYeTa. HpaBﬂa, 3TO
2

v <
OTJHMUYNE 3aBHACUT OT OTHOIUEHHS = (B,Iler U CKOpOCTb OIHOH CHC-

TeMbl OTCYETa — «ABUKYIICHCS», OTHOCHTEJBHO APYTOH — «HEMOIBHXK-
Hoit»). Tlpu v<Le, 3TO OTHOWIEHHE HEBENHKO H H3MEHEeHHe pasMe-
poB Tes U BpeMeH HUUTOXKHO. Ho ono ects!

BosHHkaeT Bonpoc, a ecTb JIM uTO-HHOYAb TaKOe, 4TO SIBJASIETCS
He3aBUCAWMM OT BbIOOpPA CHUCTEMBI OTCUETA, YTO-HHOYb TaKoe, Ha
YTO MOXHO OnmUpaThcst Ge3 Tpenera AywmeBHoro? Kaxk cyMmen yragars
DHWTEHH, HEWSMEHHBIM JJ5l BCEX HHepUUajbHBIX HabmofaTened
ABJISETCS ueThIPEXMEpHOe paccrosiHHe AS MeXAY HABYMS TOUEUHBIMH
cOOBITHAMH, T. €. NJHHA ueThipexmepHoro nepeMemnieHus AS. [Ipoek-
LHH K€ ITOr0 MepeMelleHHst Ha OCH X, Xs, X3 M Xz B Pa3HBIX CHCTe-
MaX OTCYeTa pasfuuebl. MIMEHHO W3 MHBAPUAHTHOCTH (HEU3MEHHOCTU)
NpOCTPAHCTBEHHO-BpEMEHHOr0 HHTepBana AS (Tak €ro HasblBaloT)
Mbl ¥ OyleM MCXOOMTb NpU BoiBone npeobpasosanuil Jlopenua.

§ 5. Nurepsan u npeobGpasosanus Jlopenua

[Toxaxem Tenepn, ommpasnch Ha nocrynaatst DiiHmrtelina, yro AS
ecTh MHBAPHAHT nepexona OT OHOH WHepIHAJLHOH CHCTeMbl OTCUETa
kK Apyrofl.

PaccMoTpuM IBa TOUYEUHBIX COOLITHS:

1) BCHBILKA TOYEYHOTO MCTOYHHMKA CBETAa B HEKOTOPOH TOUKe Npo-
'CTPAHCTBAa B OJMH MOMEHT BpEMeHH, )

2) NOCTHXXEHHE MaJbiM yYacTKOM (pPOHTa CBETQBOH BOJIHBI He-
kotoporo Tesna N B mMpOCTPaHCTBE K HeKompomy APYTOMY MOMEHTY
BpEeMeHH.
~ TlycTs 3TH ABa COOBITHS OMHCHIBAIOT B ABYX HHEPIHAJBHBIX CHC-
Temax orcueTa A u A', mpuuem cuctema A’ EBUKETCA ¢ MOCTOSHHOH
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CKOPOCTBIO OTHOCHTEJIbLHO cucTeMbl orcueta A (puc. 115), a ocu Ko-
OpAHHAT B3aUMHO NapalleibHbl (9TO AJA [POCTOTEI PACYETOB).

C Toukn spenus HaGmopatenss A Beoolmka NIPOM30LLIA B MOMEHT
BpEMEHH { B TOUKe X, Y, 2, a Tejo N B Touxe x-}Ax, y-+ Ay
2 Az 6biJi0 JOCTHTHYTO (POHTOM BOJIHBI K MOMEHTY Bpemenu f - At
C ToukH ke 3penus Habmonarens A’ BCHblIKa NPOH3OMIIA B MOMEHT
Bpemeny ¢’ B Touke x', i, Z, a Te0 N ObLIO HOCTUTHYTO (BpoHTOM
BOJHBI B MOMeHT BpeMenH ¢ —Af B Touke X 4 Ax, y - Ay,
2+ Az, Tlpubopst cucreMbl A 3aUKCHPYIOT NPOXOXKJEHHE CBETOM
paccrostnust Ar==cAf, a npuGopn cucremsl A'— paccroauus Ar' ==
=cAf{. B s3tux pasencrBax Ar u Ar' Af u Af, BooGme rosops, He
PaBHBl APYT JAPYrY, NoueMy OHM M MoOMeueHb! pasauuno. Urto Kaca-
€rcst ¢, TO II0 BTOPOMY MOCTYJaTy OHO OJHO H TO Xe BO BCeX CHC-
TeMax OTCyera.

Boipaxas Ar W Ar’ dyepes mpHpalleHHMST KOOPAMHAT, NOJAYYHM
Ax? - Ay + A2 = AL, mu AxP - Ay A2 — *Af* = 0. Ananoruuno
Ax? 4 Ay | AZ” — *A* =0.

HpHpaBHHBaH JieBbl€ 4aCTH 3TUX z'
paBeHCTB, NOJYYHM »
Ax9+Ay2+ Az‘Z__C?At‘Z__: \
— Ax72+ Ayre+ AZ'E—‘CEAf"Z, ‘(\\

HIH KOPOTKO
Ar¥ — AP = Ar?— AR

3pecs Ar u Ar'— npoctpaH-
CTBEHHBIE HHTEPBAJbl MEXAY

JIBYMSl TOYKAaMH — HCTOYHHKOM A >y
cBeTa M TeqoM N, 3aMepeHHble ,{(
-npubopamp cucremol A u A’ Puc. 115

cooTBerctBenHo; Af w AV —
BPEMEHHOH HHTEPBaJ MEXRy
JBYMSI COOBITHSIMM (BCHBILIKOH CBeTa B HCTOUHMKE H JOCTHRKEHHEM
¢poutoM BoJHBI Teaa N), samepennbifi n3 A u A’. Beauuunn xe
Ar? — A m Ar'®— (*At? HA3HIBAIOT  NPOCIHPANCINBEHHO-8PEMEHROLM
URMEPEaIoM, PASAENISIOINUM JBa CODBITHS — BCIBILKY CBETa B HCTOY-
HHUKE B HEKOTOPHIH MOMEHT BDEMEHH W JOCTHXKeHHe (POHTOM BOJHE
nekotoporo tena N B jpyrofi MoMeHT Bpemenu. B ciyuae pacmpo-
CTpaHeHUs CBETa 3TOT HPOCTPAHCTBEHHO-BPEMEHHOHA MHTepBai pasen
- uymo. Ho ansi apyrux map coOeiTuil OH He paBeH Hymo. Hampuwmep,
ecJy oJHO coObiTHe — OpOCaHHe KaMHsI B HEKOTOPHIH MOMEHT BPEMEHH,
B HEKOTOPOM MecTe, a Jpyroe cofbiTHe — cMepTh YHuHMKOBA B He-
KOTOPbIfi ApDYroH MOMEHT BpeMeHH B JAPYroM wmecTe, TO AJs STHUX
coBuTnil Arf — c*At? £ 0.

[Mpuusito o6osnauars Ar®-— c*A¢® yepes AS? (unoraa aenanor Ha-
06opor — nosaraior ¢*Af* — Art=AS* — 310 Jxeso BKyca).

Tak Bor, ecan AS, paspensiolé ABa cOOBITHS, CBfI3aHHbIE C
_ pacnpocTpaHeHHeM CBeTa, OJMH M TOT JKe B PasHbiX CHCTEMAX OTCUe-
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Ta, TO, ONMUPASICh Ha NEpPBHIf MOCTyJar, Ml MOXKEM HAa A€ A ThbC4,
wTo ¥ MHTepBaa AS, pasjgensiioniui JpoOnie ApYrHe ABa COOBITHH TOXKe
6yzeT OAMHAKOB JJIST BCeX HHEPIHAJbHBIX CHCTEM OTCUETA, NOCKOJBKY
B HEro He BXOJAT HauaJbHbE YCJIOBUA. [103TOMYy npeAnOoJ 0K H M,
9TO 151 ABYX JOOBIX COOBITHH HMeeT MecCTo: .

AS=AS" umu AS*=A8%,

rre AS n AS’— npocTpaHcTBeHHO-BpPeMeHHOH HHTepBaJs MeX1y 3TH-
MH cobhiTaaMd B cucTemMaX A # A’ COOTBETCTBEHHO.
B ofo3nauennsix MHHKOBCKOIG 3TO PAaBEHCTBO NPUMET BHJ

At A Ay~ A = A - Axg® - Ay - A,

O6patim BHHMaHHe 4YMTaTeNst HA TO, 4TO Mbl NoJOKHUAM AS =AS’,
a He A§=AS§’. Hanpasnenuss AS B pasHux CHCTEMAaxX OTCYeTa pas-
v p JUYHBL, YTO ¥ IPHBOJUT K TOMY,
; T uto Ax; u Ax; apyr apyry,

BOOGIIe FOBOpS, HE DABHHI.
) PaccmoTpumM cayuail IBHKe-
HHs1 cucTeMbl otcuera A’ oTHO-
CHTEeJIBHO CHCTEMBl OTcueta A
, CO CKOPOCTBIO V B CTODOHY
vt 4 _ MOJIOKHTENIBHBIX 3HAUEHHH OCH
x* Qx; npu atoM ocu Ox u 0%
NyCTh COBIIajawT, a ocu Oy u
Oy, Oz u 0’2 COOTBETCTBEHHO
NapasiyesbHbl, H B MOMEHT f =0
Puc. 116 Havana koopaunar A u A’

) coBnajanu (puc. 116).

Kak moxHO ycmoTpers B J060M Kypce JHHEHHON anre6phbl, 3T0
3HEUMT, YTO NJIA JIOGOH TOUKH COOTHOIIEHHE MEXAY ee KOOPAHHATAMH
B TaK BbIODAHHBIX [ITPHXOBAHHOH H HEWTPUXOBAHHOH CHCTEMAx
KOOpJAHHAT MMeeT BHJ

3y

Xy =ax; + bxy, H
Xy == Xy, 2)

Xy = X3, (3)
xi=d- % -+ fxi. » 4)

Ho Ttorpa paeenctso AS*=AS", unu, uto BCe paBHo,
Ax§ - B+ A Ax = Ax? - Axp? - Ao Ay
NPHMET BUJ
Axi - Axp==Ax? - AxE
Honcrasnsia ciona svauenust x; 4 x; u3 (1) u (4), nonyuum
AX; - Ax=a?Ax] -+ 2abdxiAxy - DPAxi - d*Axi - 2dfAxy Ay - PPAxG,
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HJIHU
A%; A = (a* - ¢ Axi + 2 (b + fd) SxAxc - (B2 ) A

[TockonbKy 3TO PaBEHCTBO NOMKHO HMETh MECTO NPH JOOHIX Axy
n Axs, 70 KO3p(UIUEHTH NUPH OINMHAKOBBIX [EePEMEHHBIX HOJIKHBI
ObITb paBHLI, T. €.

l=a*+d*
0=ab+{d,
1 =00} f2

[Mockoneky a® - d® =1, T0 MOXHO NOJOKUTL A ==COS ¢ ¥ d =Ssin ¢
(1M HaobopoT), TAe ¢ — HEKOTOPHIH Yroj, KOTOPHIH MpUACTCS HaXo- -
auTb. To e camoe MOXKHO cKasaTh W Ipo b u f; nonaras b==sina
¥ f=cosa, moayuum B cuay ab-+-fd=0 wua cose¢-sina=
=-—sing.cosa, 9t0 o |+ ¢=nn. Ho Toraa umeem

a=cos ¢, =sing,
b= —sing, [f=cosgy
H npeo6pas3oBaHMA KOODAMHAT IPUMYT BHJ
Xy =X, COS ¢ — x;sin¢,
x‘; == x‘.h
x:; s X3,
K= %1 5in ¢ -4 x; COS o.
[Tapamerp ¢ HalifieM H3 TOro, YTO HAua/l0 KOOPAHHAT CHCTeMbl A’

IBHXKETCH CO CKOPOCTBIO U OTHOCHTENbHO cHcremsl A. Torpa us
X;==X1CO0S @ — x;.8in ¢ opu x;==0 (rakoBakoopauHaTa Hauama KOOp-

nuuar A cnepyer '(gq::(% v U TaK Kak x;=2Xx, a xy==I(cf,
4/% =
TO
tge <x4>xl'_—_o —'(ict>x;=0_- ic b
Oruolenne % npuHATO 0603Hauath 6ykBoOH B, a Toraa tg¢= —if.
Bripaxas sin¢ H coS¢ uepe3 tg o = — i}, moayuum AJs npeob-
pasoBanus KOOPAHHAT:
— % + Bx, (5)
Vg’
Xq == Xa, (6)
X3 = X3, (7)
Xy — iBxy
Xy == ———, 8
CTVI=F ®
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Hau, nepexoast K OGLIUHBIM KOOpIHHATaM, T. €. 3aMEHSIsT Be3fie
X1, X3, X3 M X3 HA X, y, z U icl COOTBETCTBEHHO (TaK e H CO HITPH-
XOBA4HHBIMH KOOPAMHATAMH), MOJYYHUM IOCJE OYEBHAHBIX YIPOILEHHH

¥ x — vt
; ¢ '
1 —
V-
J
y:y,
7 =
- ’
uvx
t — -

[Tockonbky cuctemnt A 1 A’ oTaHMYalTCd APYr OT Apyra TOJBKO
HanpasJeHHeM OTHOCHTEJNbHOA CKOPOCTH V, TO HEWITPHXOBAHHbIE KO-
OpIMHATH 4epe3 IITPHXOBaHHBIE GYAyT BbIPa)KaThCs PaBEHCTBAMH

x' 4 ot
=
‘l/l __“?‘2_ » (9)
¢?
y=", (10)
z2=12, 1
t+ ”Cf
Vi
4

B YeM MOXHO Obiio Obt yOeguTbCsl U HENOCPENCTBEHHBIM D acCyeToM.

ItH npec6pa3oBaHus KOOPAHHAT, CONPOBOKAAIONIME TI€PEXOA OT
OJHOH HHepIMaJbHOH CHCTeMbl OTCYeTa K ADYro#, BIEPBhbE NOJYYHJ
roaylanickui ¢u3uK JlopeHu (M3 Apyrux, BIpoyeM, COOGpaxKeHHH H
€ JAPYrHM CMBICJIOM BXOAAWMX B Qopmyasl ¢ u 1), nouemy oHH
H HOCAT €rc HMf.

Cpasy o6paTuM BHHMMaHWe uuTaTeJs Ha NA9Tb OOGCTOATENLCTB:

1) Hecmorps ua 1o, uro mo nytd K dopmyaam JlopeHna wmsl
[I0J1b30Ba/JMNCh M MHHMBIMH M BecbMa a6CTPaKTHBIMH BeJHUHHAMH,
K (QHHHLIY [PHUIIH TOJBKO JAeHCTBHTEAbHBIE BEJHYHHHL C BIIOJHE HO-
HSITHBIM, «OLYTHMBIM» CMBICJIOM.

2) Benuuusbl X1, X3, X3 H X; CYTb IIPOEKLHH UETHIPEXMEPHOro
BEKTOpa § Ha OCH KOODAHHAT, HO3TOMY (OPMYJBl MOXKHO paccMmar-
pHBaTh, Kak crnocob nepecuyera (npeoGpa3oBaHHsi) 3TOT0 BeKTOpa NpH
nepexoje OT OJHOM HHEPUHMAJLHOH CHCTeMbl OTcueta K apyrofi. Ho
B€Ab H3BECTHO, YTO ONepalyH HajA CKaJfApaMH [POH3BOASTCS NO O
HOMYy H TOMY e pelenTy He3aBHCHMO OT TOr0, Kaxkoro poja 3T1oT
CKansip: NyTh WJM YHCJIO SIIUKOB HJM ellle 4TO. AHAJIOTHYHO OGCTOHT
Ieso ¥ C NpaBH/aMH OOpaLIEHHS C BEKTOPaMM: KakoBa Obl HH Oblid
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TIpHpOJA BEKTOpPa, a C/IOXKEHHe, YMHOXKeHHe, IepecdeT OT OJHOi
CHCTEMBl KOOpJIHMHAT K ADYTO# TMPOH3BOAATCS MO OOLIMM. I/ BCeX
BeKkTOpoB NpasusaMm. ITostoMy, ecnu ueTbipeBekTop S npeobpasyercs
B 8§ no ¢opmynam (5) — (8), To u moGoll apyroir uerbiperekTop K
npeobpasyerca B K’ no Tem ke npasusiam (5) — (8). Mol yke 3Haem
JIBAa UETHIPEBEKTOPAa — PAJUyC-BEKTOP MUPOBOH TOYKH § H ee mepe-
MellieHHe (MpoCcTpaHCTBEHHO-BpeMeHHOH HHTepBaa) AS. Huxke bt
NO3HAKOMHMCSI C IeJbIM pSIAOM JpPYTHX deThipeBeKTOpoB. [ust Jio-
60oro M3 HHUX NpH Nepexoje OT HHepUHaJbHOH cHCTeMbl A K JBHXKY-
[ieficsi OTHOCHTE/IBHO Hee BIOJIb OCH Ox CO CKOPOCTbIO U cHcTemMe A’
(mpu Oy 1410y u 07 44 0z) umeerT MecTo pelent

o KR BK K — B
Syvreg s Ty

KKKy e Kot 8K

npuueM Ky;=K,, K;=Kj.

M3 cka3zaHHOrO fCHO, YTO €CJAM [JHHA 4eTelpeBeKTopa AS BO
BCEX MHEPUHANBHBIX CHCTeMAaX OTCyeTa OJHA H T4 XKe, TO 3TO OTHO-
cutesl M K nob6omy detbipeBekTopy K. Uurarenn moxer yO6eRHTHCA
B 9TOM Ha HEMOCPEeACTBEHHOM nojcuere, Haiins R u K™ no ¢popmynam,
NPUBEJIeHHBIM BBIIIIE.

3) HasnoxenHble BechbMa (OpMasbHble B aGCTPAKTHBIE MOHSTHA
JIOBOJBHO YAaCTO y HEHCKYIIEHHOrO 4YMTATeNs BHI3BIBAIOT P BOMIPO-
COB THNIA: «JAa HA 4TO OH HYXKEH 3TOT UYeThipeMHp, UeTblpeBeKTOphI?
A KaKOB CMBICJI y 3TOro 4eThIPEBEKTOpPA, pPas erc H NPeACTABHTL-TO

cebe Hesb3s?» OTBeT: MOXKHO Oblio 6bl 0GOHTHCH M 0e3 MOHATAS Ye-

ThIPEXMEPHOTO MHpa MWUHKOBCKOro, 6e3 BBeJeHHsi YeTLIPEBEKTOPOB,
HO OT 3TOro efBa JH Gbl YTO CTAJ0 NOHATHEH, a BOT THAMKEIOBECHO-
CTH B PacCyxkIeHHAX npHOaBHJIOCH Obl.

Yro kacaeTcst CMblcia TOTO HJM MHOTO YeTbIpEBEKTOpa, TaK OH
3gKJIIoYaeTcsl B TOM, 4TO TPH ero mpoekuud K,, K. u K; Haxoxasarcs
B HEKOTOPOM COOTBETCTBHUH € AHAJOTHUHBLIMH NPOEKUHSIMH TpPeXMep-
HbiX BEKTOPOB (OObIYHO OHM NPONOPLHOHAJNBHBI APYr APYry), a ueT-
BepTasi npoekuHs K, MMeeT uuCTO MHUMBIH XapakTep, HO B KOHEUHOM
cyeTe TOXe HAXOAUTCH B HEKOTOPOM COOTBETCTBHH C HEKOTOPOH
«0ObIUHOM» BEJTHUHHOH TpexXMepHOro MHpPa (B KaxAOM OT[eNbHOM
CJiyuae 3TO COOTHOLIEHHE CBOE).

B yrelueHue yuTaTeMI0 MOXKHO CKa3aTh, 4YTO KOTAA-TO YHTATEJO
He HPaBUJHCH OTPHIIATEJbHBlE YMCJIA, TOTOM KOMILJIEKCHEIE, MTOTOM
OObIUHBIE BEKTOPH! ... A Tenephb UHTATeNb, [IOUTH HABEPHOE, OTHOCHTCS
K HUM ¢ JoGoBbi0 M yBaxenHeM. [IpuBeik u ouenun! Tak H
C 4€ThipeBEKTOPaMH — HHUero ocoGeHHOro 34ech HET, NMPOCTO K HHM
HaJlo NPHBLIKHYTb. A OLEHHTB HX MOMKHO Oyler yXKe BCKope.

4) Yacro HeHCKYLI€HHBlE Jjoau roBopsit: «Kak xe 310 TaKk — HH
OJHO TEJI0 He MOXET JIBUraThCsti CO CKOPOCThIO, OOJibllell CKOPOCTH
cBera? Bor-ompoBep:keHHe: OfHA MyJAbKa JIETHT BIPaBO IO OTHOLIE-
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3
HUIO K 3eM/ie CO CKOPOCTBIO, K MPHMEpPY, u'== 7 ¢, a Apyras Bije-
3 .

BO €O CKOpoCTbio U==-c¢. Toraa ckopocth OJHOH NyJaH NO OTHO-
weHHo K Apyroft oyuer u=u'+v=1>5¢, 1. e. Goaslue cl»

OrBer: HempaBHJBLHO NPOH3BeleH nepecuer ckopocred. IIpasuio
repecyera CKOpPOCTEH MOJYYHM, [IoJarasi, HanpuMep, HampaBJeHHS
JBUXKeHHs1 myJek BRoab ocu x-B. Torma us (9) u (12) caenpyer

__ dx'4-vdt
Vi@
dx
ar + 2%
dt el —
Vi—g
dx dx' 4+ vdt’
M, SHAUUT, U==U,=——=——"———  Jlens yHCAUTE]b ¥ 3HaMe-
dt vd
dt’ 4
Harenb ApoOU Ha di’, MOTYuYuM ¢ y4eToM TOro, YTO -d—t,—_—:u,}:u',
u v u 4o
U=—u,=— X + S +
v, vu'
14 1+

3 3 24
MoacraBnsia crona sHaueHust o == Z €M U==g¢ NOMYYUM u==j.C.

Taknm o06pas3oM, K/aacCHYeCcKoe IPaBHJIO MEepecuera CKOpocTeft
HeBepHO. ’ .

5) s Bripaxenus ansa uHTepBana AS = VAR ¢ c“Az“ BUJHO, YTO
OH MOXKeT ObiTb W LeHCTBUTEJbHBIM (NpH Ar >>cAf) u MHEMBIM (mpH
Ar <cAf). KakoB CMbIC/I TOCO M JpYyroro?

OueBHHO, AEHCTBHTENBHOCTH HHTEPBA/A, MMEIOWAs MECTO GpH
Ar>>cAf, osHayaer, YTO COObITHSI TNpPOM30MIH B TOYKAX, CTOJb
OTHAJeHHBIX APYT OT Jpyra, 4ro 3a Bpems Af, pasjendioliee 31y
IBa cOOLITHS BO RpeMeHH, HHKAKO§l CHUTHAN He YCIeBaeT IPONTH 3TO
paccrosinge. Ho 3T0 3Ha4HT, 4TO BTOpOe COGLITHE He ABAsAETCH
HHEMOXET IBASTHCS CAEICTBHEM NEePBOr0, a NEPBOE—
npHuHHON BTOporo. [oBopsr, uro Takue CcOOBITHSI He MOryT
OLITL CBsi3aHbl NMPHYHHHOH cBSA3bio. [Ipumepom Takux CO6bITI/IH MOTYT
6bITb, CKakeM, TakHe jBa COObITHA:

Bricrpen xocmoHaBTa u3 nucrosera B #=100.00.00 na Mapce.

2. CmepTh ceporo BOJKa B cubupckod Taiire B f,=00.0010.

$lcHo, uro Jjaxe cBeToBas «nyasty He ycmena 6w 3a- 10 cex.
JoMuathess OoT Mapca no Cubupu. Tax uro BOJK ymep N0 ApYro
KakoH-TO NpHUMHe, a He H3-32 cTpesabObl KOCMOHAaBTa Ha Mapce.
Jra crpeqsba He O6bls1a M He MOrJaa OB Th NPUYHHOH CMePTH
BOJIKA.

Eciu xe untepBan AS mexny llByMH COOBLITUSAIMH MHUMBIH, TO
sTo o3Hauaer Ar <[cMf, T. €. coOLITHS NPOH3OULIM HeBAaJeKe APYr
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OT JApyra B TOM CMBbICJe, 4TO 33 BpeMs, pasiensioliee 3TH JBa
cOOBITHSI, CHCHAX MOr JOHTH OT MecTa, [[e COBEPLIHJOCh NEPBOE
cobbiTHe, JO Mecra, rje NPOoU3oLIo BTOpoe. B sToM cayuae BTopoe
cobbpiTHe MOT /IO GBITh CNIEACTBHEM IEPBOr0, a NEPBOE—
anqHHoﬁ BToporo. Hagpumep:

KocmonaBr crpensier na Jlyne B ¢, =00.00.00.

2 Bonk yMHD2eT B Cubupu B £,=00.00.10. $cHo, uto 3a 10 cek.
palHocHTHaN MOT JOHTH oT JIyHBEl 0 TaHrH, ¥ CMepPTh BOJKa MOIJa
ObiTh CJENCTBHEM BBHICTPesa Ha JIyHe; He 06f3aTeNbHO €CTh,
Ho Morga ObiTb! [elicTBUTeNbHO, €cnH yCTaHOBUTH Ha JIyHe
nepejaTyvk, a B Talire NPHEMHHK € MOLYYHM PernpORYKTOPOM, TO
3BYK BBICTpesa jomes Obl Ao NpPHEMHHKA H, YCHJEHHBIH UM, TAK MO
bl HanmyraTh BOJIKA, 4TO TOT ymep Gbl OT pasphiBa cepiua.

CoBepieHHO OUEBHIAHO, YTO HHTEPBaJ, pasjeNdAOUHi ABa TpH-
YHHHO-00YCJIOBACHHBX coGbiTHsi, Oyner MHHMbIM. B uacrHoctd, ans
IBHKeHus1 jo6oro tena Ar<cAf, a 3HauurT, nHTepBag AS 6YﬂeT
MHHUMBIM AJST JIOOBIX JBYX COOBHITUH C 3THM TEJIOM.

Bo usfexkanue HefopasyMeHUH eile pa3 HAMOMHHM, 4TO BXOASIlUe
B AS*=Ar? — *Af? Bennuupbl Ar M Af H3MepeHbl NO OTHOILEHHIO
K TOH cHeTeMe OTCueTa, KOTopas Hac HHTEepecyeT; B PAa3HBIX CHCTeMax
oTcueTa OHM DAas3HUYHBL

OTMeTUM 37eCh, YTO NpH NPOH3BOJBHOH OpHEHTAIMH CKOPOCTH
cucreMel A’ mo oTHoweHHI0O K A (HO OCH KOOpDAMHAT B3aHMHO Iapaj-
JeNbHB) npeofpasoBaHus JlopeHna HMelOT BHA

1

rr:’—:(f—Vf)-{—(m—— 1) (V.r__v‘)t);;’;’

v ) o
roe §=—-. Ilepexox ot ¢’ n ¢ K r u f OCYIIECTBASETCS NEPEMEHHON

B 3THX dopMyJax v H&a —vV, r Ha ' u ¢ Ha !

Uuprarenp NOMHUT, 4TO IpeobpasoBaHus anunest OblIN MOJYyUeHb!
B IIPEANOJIOKEHHH Haluuus OGecKOHeuHO GOJiblioH CKOPOCTH Mepefauu
curHajioB. B npeo6pasoBanuax ke JlopeHia yuTeHa KOHEUHOCTb
3TOH ckopocTH — ¢. Orciona scHO, uTo mnpeoGpasoBanus Jlopenua
Kak OGoJiee TouHbie u OOiye JOJDKHBEI CofepikaTb B cebGe npeobpaso-
BaHuA ['anuness Kak HEKOTOPBIH 4YacTHBIH cjayuaH, Kak HEKOTopoe
npubamkenne. OueBHJHO TaKXKe, YTO 3TO0 NPHOJIKEHHE MOJYYHTCS
¢opmanbHo npu ¢—>oco (a TouHee — npu B — 0, UYTO HMeeT.MecTo
npu ¢>v). Yuraredb MoxeT yGeiuThCs B 3TOM cam H MOJYYHTb
IPH YKa3aHHOM YCJOBHH M3 npeobpasopaHufl Jlopexua npeo6pasosa-
Hua [anunes.
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§ 6. KuHeMaTHKa MaTepHaNbHOW TOUYKH

IlepeiizeM K NOCTPOEHHMIO MEX@HHKU CMELHUAJbHOH TEOPHH OTHOCH-
TeNbHOCTH (C. T. 0.). Ee, Kak M KJacCHUeCKYI0 MeXaHHKY, MOMKHO
CTPOHTBh pasNHYHbLIMH crocobamH. Mbr Gyaem BeCcTH H3/10XKeHHe B Ta-
KOM BHJle, uToObl ObII0 MAKCHMYM CXOACTBA C MeXaHMKoH HbiotoHa.

Ham npunercs B AanbHelilieM HMeTb JEN0 C YETHIPECKOPOCThIO {/
H yeTblpeyckopeHHeM @, a OHM MOJy4alOTCA B pesynbTare NHdpdepeH-
IHPOBAHUA UYeThIPENEPEMELIEHHsT N0 TAaK HAa3blBaeMOMY COOCTBEHHOMY
BpeMEHH JBHXKYIIErocs TeJia T, HHTEPBAaJd KOTOPOro dt BBOJUTCS
chAeAyomyuM 06pasoM.

TlycTh HEKOTOpOE TeJI0 HMEeT B CHCTeMe OTcueta A CKOPOCTb u
(o6blunas TpexmMepHasi CKODPOCTh IO OTHOLIEHHIO K cucreme A). 3a
BpeMmsi df mo uacam cucrembl A 3TO Teso, Kak-TO ABMrasich, nepe-
MecTHTc Ha dr (o6bluHOe TpexMepHoe mepeMelueHue). Toraa vethipe-
uHTepBan OyaeT MMETh BHJ

dS =V dr =P,

|
I'Ipoussonﬂ OuEeBHHbIE NPE06PA30BAHUS U YUHTHIBAS, YTO '(Z =u,
IOy YUM
dS=]/—c%it2< _W 5 —tcdt]/l %,
OTKYZa

ﬁ:dﬂ/l—-i‘;.
ic 4

Tak Kak B JieBOH yacTH paBeHCTBA CTOSIT BEJIHYMHBI, He 3aBHCSAILHE
oT BuifOpa CHCTeMBI OTCYeTa, TO H NpaBas YacTb PaBEHCTBA HE 3aBH-
CHT OT BbIGOpa CHCTeMbl OTCuYeTa, T. €. SBJSETCS HWHBAPUAHTOM.
repexosa OT ONHOH HMHEpLHaJbHOH CHCTEMBI OTCYETa K JAPYFOil.

Dra BeJHYHMHA HMEeT PasMEPHOCTb BPEMEHH M Ha3blBAeTCH UHMep-
80A0M CODCMBEHHO20 6peMenu Osudcyuiesocs meaa, T. €. 3T0 TOT NpOo-
MEXKYTOK BpeMeHH dlt, KOTOPBIH OTMETSIT 4achl, HAXOAAUIHECS] HA 3TOM.
Teje, B TO BpeMs KaK uachl CHCTeMbl A, MO OTHOLIEHHIO K KOTOpPO#
TENO IBHXKETCS CO CKOPOCTBIO 4, oTMeTsaT Bpemsa df. Hrak, dv=

=d! ]/1—~

Onpedeaum Tenepb 4emwvipecKkopocmes 3TOro Teja GOpMYJIOi

v="12 .

Yro6bl YACHHTL CMBIC! STOH CKODOCTH pACIHLIEM €€ 10 HPOEKLHM..
Torna
ds, ___dx,

T
dtl/l—~ ]/1-—

U1=
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Ananoruuno

Buzxso, urto nemee TPH NPOEKIHH YETHIPECKOPOCTH CYTh BEJIHUHHbF

B 1/]/1 - pa3s OTVIMYAIOWKEcs] OT OObIYHBIX NPOEKLUHH iy, uy "

u, OOLIYHOH cxopocm u, a uerBeprasl NPOEKIHS — UHCTO MHHMAS
BeJIHYHHA, (HU3HUYECKOTO CMBIC/]A He HMerLlas. .

Tak kak dS u dr Ansl AaHHOrO mpolecca-He 3aBHCHT OT BHIGOpa
CHCTEMBI OTCHETa, TO H MOLYJb HYeThpeckopocTH U He 3aBHCHT OT
BHI6OpA CHCTEMBI OTCYETa, XOTs MOAYJb COOTBETCTBYMOLIeH efi Tpex-
MEpPHOM CKOPOCTH U HMceT BeJHYHHY PasHyl B PasHbIX CHCTEMax

oTcuera. MaJjsio Toro, BenuHuuHa U oaHa W Ta e AJS Bcex TeJ

. o : as as R
H paBHa ic. JleAcTBHTENBHO: U.—_:.a?, a Tak Kak drzﬁ, To U=1ic.

Yemoipeyckopenue @ onpedessmes $HopMysioit

dU
= -

B jajbHefilieM HaM NPUTOIMTCA 3HaHHe Toro ¢akTta, utro @ | U.
TTokaxkem ato. Tak kak U ectb mocrogHHas s Bcex teqa, 1o U
MOXKET H3MEHSTHLCA JIMIb N0 HallpaBieHHio, 4TO M o3Hauaer @ | U.
uad QU =0, uan B npoekuuax Ha ocu QU,+ @U,+ a,U; -+
—I—a4U4=O.' »

He mnano noitaThca cefe NpPeACTaBJATb, KaK 3TO  «BBINJISAMTY.
Hajgo mnpocto 3HaTh, YTO cKansipHoe npoussenende @ Ha U paBHO
nymo H Bce! Ecnm yroano, MoxHo BooGile He ynoTped/sTh TePMHH
«MEepNeHAUKYNSIPHBl APYT APYTY».

Uurtatejp MOr 3aMETHTh, YTO KMHEMATHKa C.T.9. HaMM H3Jaranach.
nofO6GHO KJjaccuuyeckoll KHHeMaTHKe MaTepHaJibHOH TOuKH. MMeHHo:

1) BbIGHpaJjiack CHCTEMa OTCYETa,

2) BBOAMJCS UYETHIPEXMEPHBbI paiHyc-BeKTOp §, Olpenesoi

M0JIO}XEHHe MHPOBOH TOYKH B 3TOH CHCTEME OTCueTa,
. 3) BBoAWJIOCH YETHIpEXMEpHOe nepeMellleHHe MHPOBOH ToukH AS
(MoxHO Gbl10 Obl BBECTH M UETbiPpeXMEpHbIH OTPE30K MHPOBOH JIHHHH
AL, nono6HO TOMY KaK B  KJacCHYeCKO# KHHEMaTHKE BBOAMJICSL
OTPE30K TPaeKTOPHH), :
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- ds
4) ompenensnach uerbipeckopocts U= —-,

. du
5) ompenennnock yersipeyckopenue @ ==_-. 7
OueBugno, uro no usBecTHomy A (t) MoxHo Hadtd U (t) 1 §(z);
HMMEHHO:

Oranulle KHHEMATHKH C.T.0 OT KHHEMATUKH MartepuajbHOH TOUKH B
KJIACCHYECKO MeXaHHKe 3aKJiouaercss B TOM, YTO:

* a) €.T.0. HMeeT JeJO C YeTHIPEBEKTOPAMH, ONHCLIBAIOIIUMH M0Be-
JeHHEe MaTepHANbHOH TOYKH B UeThipEXMEPHOM MPOCTPAHCTBE — BpeE-
MEHH; KJjaccHuecKas e KHHeMaTHKa HMesa JeN0 ¢ TPHBEKTOpaMH,
OIHMCLIBAIOUIMMU IMOBEAEHHE MaTepHaJjbHOH TOYKH B TpeXMEePHOM MNpo-
CTPaHCTBe.

6) To, uto AS=AS’ MBl fjOoTajgajuchb, ONHPAACh HA IIOCTY-
nartel Ditnrelina. g roro grobst U =10’ (310 ropasgo npusTHeH,
ueM U -~ U’), Hajo GbLIO UX ONIpefie/UTh Kak oThHolueHue dS u dS’
K TakoMy BpeMeHH dt, L5 KoToporo umeno Obl mecTo dt=d</,
HHaue IPH DaBHBIX YHCJAHTENSIX M HEPABHbIX 3HAMEHaTeJasdXx APOOH
ds das’ "

7 ¥ g He 6biid 61 paBubl. Jas 3710l mesu W GbiI0 BBEJEHO HaMH
cobcTBeHHOe Bpemsa t. llo amanoruuno#t npuurHe U @ ONpejessIoch
KakK npousBofHas or U no coG6CTBEHHOMY BPEMEHH YacTHIbi .

B) Moxy/u KJaccHUECKHX BEKTOPOB I, U H dr HMeJH DasjNuHble
3HAUEHHsI B pAas/J{yYHLIX CHCTEMax oTcuera. MOLyJM e ueTbipeBek-
TopoB 8, dS, U u papyrue nisa ojnHOH ¥ TOH Ke MHDOBOH TOYKH
OJIMHAKOBbl BO BCEX HHEPUHAJBHBIX cHcTeMax orcueta. MIHBIMH Ci10-
BaMmH, nepexol oTA K A’ conpoBoxaaercsi NIOBOPOTOM UeThlPEBEKTOPOB

S, AS, U, @ u 1. 1., ONUCHIBAIOLINX [I0OBeleHHE MHPOBOH TOUKH, Ha
HEKOTOpble MHHMBIE VIJIBI.

§ 7. luHamMuKa MATepHANLHOH TOUKH

[lepBmil 3aK0OH AHHAMHKH C.T.0. YTBEPKJAeT CYIIECTBOBaHHE B
NPUPOJAE CHCTEM OTCYeTa CKOJIb YTroAHO ONH3KHX K HHEDLUHAaJbHbIM.
[Ipu sTOM mnonaraercsi, uTo He TOJNBKO MeXaHHYeCKHe, HO H BCSKUE
Jpyrie fBJCHUS BHIIJMAAAT B TaKHX CHCTeMax HaHOoJaee npocto H
OIHCBIBAIOTCS HauboJiee NMPOCTHIMU ypaBHeHHsiMH. OTHICKMBATE Takue
CHCTEMBI OTCUETa MOXKHO TaK XKe, KaK ¥ B cjiydae Mexanuku Huiotona:
ec/liH CBOGOAHOE TeNO0 B HEKOTOPOH CHCTeMe OTCueTa He HMeeT M0
OTHOILEHHIO K Hel yCKQPeHHs, TO 3Ta CHCTeMa OTcYeTa MHePLHa/IbHA.

TNockonexy BTOpO# 3aKoH Gosee o6iie GOPMYJIHPYETCH € MOMOILBIO
MIOHATUS HMMHOYJ/bCA TeJMd, TO U B C.T.0. 3aKOH JBHKEHHHA MaTepHaJb-
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HO# TOYKH MbI C()OPMYJIHPYEM aHAJIOTHUHO, L1 YEro ONpeNesuM Crepsa
TOHATHE UETHIPEHMINyJibca. XOTH KJacCHYecKas (pU3HKa H YTBepKIania,
YTO Macca Tejia He S3aBHCHT OT CKODOCTH, HO YBEPEHHOCTH B 5TOM
Teneph HET, II09TOMY JOTOBOPHMCA 00O3HAuaTh uepes rm, Maccy Tela
B TOH CHCTEMe OTCYeTa, 1O OTHOIIEHHIO K KOTOPOH TENI0 MOKOHTCH;
II03TOMY BEJIMUHHY 711y U HA3bIBAIOT Maccoil MOKOs Tesa.

'C yueToM CKa3aHHOTO Onpedeium Hemblpeumnyisc TeJa PaBeH-
ctBoM P=mgyl/, PacnucsiBast 5T0 PaBEHCTBO IO MPOSKIUSM, [LOJIYTHM

myl

P1=moU1=—————°"
1

Yoi-5

mylty
szmOUQz————’———)’
1%
Vi

mylt
Ps——man-*—‘—Li‘—.,.
e
Vi-i

pE)

myic
P,i—moU4= 2 N

iy

l/l-”:
e

10 OTHOWIEHHIO K KOTOpOﬁ TEJO NBHXKETCA CO CKOPOCThL:O U, 3amep
Maccesl 1eJia pact He mp, a4 m, TO BEJHUYHHDI

mgll Myl R

LA : u*l/I u?
]/1_02_ ]/1—;2_ ]/1_53/

6yayT HU YeM HHBIM KaK MPOEKIHAMU OOLIYHOTO HMIYJbca MaTe-
pHaJLHOM TOYKH B TOH CHCTeMe OTCyeTa, MO OTHOWEHHIO K KOTOpad
ee ckopocTb pasha u. Ho torza

Pi=mu,=p,,
Pi’:muy:pv:
Py =mu, = p,,
P,=imec.

Ecnn nonoxuTh =N B CUUTaATh, 4YTO M3 CHCTEMbLI COTCUeTAa,

B nocaennee paBeHCTBO MOKA YTO TPYIHO BJOXKHUTH KaKoi-1a5o
ONpeJesieHHb CMbIC/, @ CMbICA MEPBbIX TPEX OueBHAEH: NepBhie 1py
NPOEKIHH YETHIPEUMIIYJ/IbCA eCTh NMPOCTO NMPOEKUHH OOBIYHOIQ HMIYJjlb-
ca HA ocH X, yuz. [IpaBpa, nmo nyTH Ham NPHIIIOCH MPELNOJIOKUTb,

m -~ o
Y10 M ==~ = 270 npennosokenue NoATBepKAACTCA BCEH COBO-

u
1 —“
02

8 Mudumanpuan ¢Gusuxa, w; I 209



KYIHOCTBIO ONBITOB, @ NMOTOMY AeHCTBHTENHLHO

m
m=——°—}.
V-
Ocraercs Temeph yraaaTh BHI YpaBHEHUS ABHXKEHMS LIS Ma-
TepuaNbHOH TOUKM. IDTO yRAacTCs CAENaThb, €CJAH Mbl Y4TE€M, YTO OHO
JoJukHO OBITh KOBADHAHTHO MO OTHOLIEHHIO K npeobpasoBanuam Jlo-
peHna, T. €. ¥ CIpaBa U CJAeBa JOJ/IKHBI CTOSITh YeThIPEBEKTOPHL. A st
cxoicTBa ¢ sakoHoM HpioToHa Heo6xomuMO, 4TOOBI CJieBa CTOsJa
OLICTPOTA H3MEHEHHS UMIYJbCa (UEeThIpeXMepHOro, OIHAKO), a cnpaBa —
cusa (ueThipexMepHasi, KoHeuHo). C d4eTsipeuMnyscoM P Mbi 3HAKOMbI,
Ero usmenenme 3a Majoe BpeMsl dt, KOHEHUHO Ke, TOKE UeThipeBex-
Top, H60 dP=P— P,, T. €. DPasHOCTb YETHIPEBEKTOPOB. UYTOOH
6picTpoTa H3MeHeHHss P 6blla TOXe 'eTBIpeBeKTopoM, Hajo dP
NoJesUTh HA BpeMsl, 3a KOTOpOe OH H3MeHUJICs, HO Ha TaKce, KOTOpoe
LJisl BCeX CHCTeM OTcuera Obijio Obl ORHO ¥ Toxke, T. e. Ha dr. Ho

ap o
TOrfia —— OYJAeT HEeTbipEBEKTOPOM, KOTOpPbI MBI NPHPABHSIEM K UEThl-

pexmMepHO# cuje, CMBICA KoTopofl BhisicHuM ToToM. MTak, mo Hamewmy
NpelNooXKEeHHIO:

=F. : (1)

S

Teneps Hago pasobpaThCA B HANHCANHOM PABEHCTBE, JJAS YEro

u2
3ameHuM dt Ha df 1—'0“2'“ U nepenumeM B BUJE

dpP u?
Z’?=F‘l/-l _zzj.

A rTenepb, KOHEUHO, 5TO paBEHCTBO pacHHUIEM B NPOEKIHAX ¢
yuetoM Py==p,, Ps=p,, Ps=p, u Py=imc:

drer Y 1-5, (la)
w=n) -5 ®
w=rVi-io e
i) —ry 1-5. (4)

B nepBHX Tpex paBeHCTBAxX C/i€Ba CTOAT NPOU3BOAHBIE OT MPOEK-
Ui UMIOyJbca M0 OOBIMHOMY BPEMEHH, T. €. IO uacaM TOH CHCTEMBI,
B KOTOpOIl CKOpOCTH HHTepecyiollero Hac Tena pasBua u. Ho Torza,
€CTECTBEHHO, NpPEANOJ0KHTb, YTO CHpaBa JO/KHA ObITb MNpPOEKLHUA
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oObIYHOR TPEXMEPHOH CHJBI. A 3TO O3Hauaer, uTO
RY 1-%5=f,
Y 1-%=j,
RY 1%,

Taxkum o6pasoM, nepBble TPH TNPOEKIMH ueThipecHJs F OTIH-

YalOTCA OT MPOEKUHHl OOLIYHOR CHJBI IPOCTO MHOXKHTEIEM ]/1——2,

a TEepBbie TPH NPOEKUMH PEeJSTHBHCTCKOrO yPaBHEHUS IBHIKEHHS eCThb
IPOCTO 3aKOH U3MEHEHHs TPEXMEPHOTO HMIYJhCa, T. €. BTOPOH 3aKOH
HetoToHa, pacmucaHHBI B npoexuﬂﬂx Ha OCH X, Y U Z C YYETOM

Y

Jlng BEIACHEHHS! CMEIC/IA UeTBEPTOH NPOEKIMH IOACUMTAEM CKa-
aapHoe npoussepenue U Ha F. Vmenso:

UF=U%L=U % myy =m0 3 = myya=0

M Yepe3 NIPOoCKLUuU
U1F1 —)l— U2F2+ U3F3+ U4F4=O.

Orcrona

UlFl U2F2 U‘?F8
o= — SLA LA OF (5)

[ToxcTaBnsis B MpaBylo 4acTb paBeHCTBA (5) BMECTO NMPOEKIMIT ueThipe-
BEKTOPOB HX BBIDAXKEHHS Yepe3 IPOeKIUHU Tpexmeprlx BEKTOPOB,
MOy UHM

u f u f
- u? - u‘~’+ - u ~ u”+
Vi-% V-5 yi-% y-%
u
+ z uz_ rfz us
Vi-e Vi-e
¢
F4=—_ e ==
—
Vi-&
_ Fatly - Fotty + Fotty L fu _ 1 fu
P)

ST 2 ut el
}/1_~ w]/l_;g V‘—rs
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ToxcTaBasgsl MOJYUYEHHOE BHIpa)kKeHHe AN F; B UeTBEPTYIO Npoek-
UMIO PensiTHBUCTICKOrO ypaBHEHUs ABHXKEHHS (B (4)), NOJdyuuM

dimc-—i—'—‘m ]/l 2y
at T e ]/ u® & e
, -
4
HJH, YMHOXKas MOJIy4YHBILEeCs] PaBeHcTBO Ha — iC
. ‘.
g; e =1u (4a)
dr dA
Ho f““‘fEZ"“dT‘
u, snaunt, & me=4
rr ’odt T odt et
Y1066 5T0 paBEHCTBO HMEJIO CMbICHA, BeoGXONHMO CUHTATL, 4TO
met=E.
dE dA
Torpa papencTBo (4a) 3anuchiBaeTcs B BHJIE 9 =4 ¥ eTb He

YTO HHOE, KaK 2aKOH H3MeHeHHs 3HepriH MaTepHasbHOH TOYKH.
Okonuate bHO NIPHXOAMM K BbIBOAY, YTO PEJNSITHBHCTCKOE ypaB-

nenne ABUIXKCRUA
apP dp 2
E—F o F=r)1-5

€CTh 32KOH HM3MEHEHMs 3HEDPrud M HMNYJbCa, a CaM YeTHIPEHMIYJIbC
€CTh BeKTOD 3HEepPruH-HMIyJbca, HOO0, KaKk [OKa3aHO Bbllie, IIEPBbIE |
TPH €ro NPoeKLHH 06pasyloT OOBLIYHBEIA TPeXMEPHBIl UMNYJBC, a yer-
BepTas IPOEKLHs, Kak Tenephb $5CHO, OTIHYEETCS OT IHEepPruir Tena

4 o . L 13
£a MHOXHTENb —. JeflicTBHTENBHO, P4=tmc=—cmc*=7E B CHAY

me*=E.
YcraHOBHM Tenepb CBA3bL MEXAY TpPEXMEpPHBIM HMIIYJbCOM H
sHeprueil. [lpome Bcero 310 cliesath, BO3BeAS B KBaZpaT PaBEHCTRO

nm ==

my
Vl u
&

Torpa nocne oueBHAHBIX NpeoOpasoBanui

mict = mic® -+ m*ut.
Tak Kagk mu=p, 10

m®c? = mic? -4 p2.
YMHOXKas 370 PaBeHCTBO Ha ¢® M yunthiBasg mc=FE, mojyuum

@ ___ 2,2

Et=mict+ p'e ®
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BMECTO UMEBLIRTOCH B KJACCHYeCKOH (U3HKe COOTHOLICHUS
, »

W= 5 )
Moxno mokasath, uto u3 (6) npu u®<c? Buitekaer (7). Bupouem
M H3 MHOTUX PEeNATHBHCTCKMX (GODMYJ IPH ManblX CKOPOCTHX ABH-
JKeHHE Tes, T. €. npH u*<c? BLITEKAOT COOTBETCTBYIOUIHE KJIACCH-
yeckue GOPMYJB, XOTS 3TO W HE BCEria NMpOCTO NOKa3arh — Ha/0
3HATH MaTeMaTHKY B HECKOJNbKO OoJibileM O0beMe, YeM INOJb3yeMcs
Mbl B 3TOH KHHUre.

CrexyeT oTMETHTD, YTO paboTy dA = dE coBepiuaer pe3yaAbTHPYIO-
mas cufa f, a 510 3uauuT, 4T0 BequuuHa £ =mc*= ) mii I p%c*
ecTb 9Heprusi, oO0ycJOBNEHHAs JBH:KeHHeM Teda, T. €. 3TO aHAJIOP
KHHETHYCCKON 3HEPTHH B KJIACCHUECKOH MexaHHKe. MOXKHO IOKasarhk,
UTO HOJHAS SHEPTUS YaCTHIb!, ABUKYIILECS B JEKTPUUECKOM M rpa-
BHTAlIHOHHOM IOJIAX, Bhipaxkaerca (opMyJoH

E=mc*+- g7+ py.

Uactrily, He HaXOASILYIOCS B CHJIOBBIX IOJISIX, Ha3bIBAIOT CBOCOLHOH,
a noroMy aHepruio E=—=mc? uacTo Ha3bBaOT 3HEPrHEH CBOGOLHOM
YaCTHLHL.

' Tperuit sakon HeioToHa B ¢. T. 0. HMEET BHI

Fp,n=—Fn,w (8)

T. € PaBHBIMH H MPOTHBONOJIOXKHBIMH SIBJSIIOTCS HE TPUCHABL, a ue-
TBIPECHJ/Ibl B3aUMOLEHCTBHA. g ‘
C nomoutnio paBeHcTB (1) u (8), HamuCaHHBIX JJIA CHCTeMbl Mare-
pUaJIBHBIX TOUYEK, MOXXHO IOJIyUHTb 3aKOH U3MEHEHHS YeThlpEUMIYIbca
CHCTEMB! B BHJE
~ : apr
v F, ©)]
rie P — ueTblpenMnysbC CHCTeMB!, F — BHeIIHAA yeThlpecusa, neHcr-
ByIOLlasl HA CHCTEMY.
B cayudae samxHyTOH chcreMmbl M3 N MaTepHaNbHBIX TOYEK HMEeM

dP=0 unu P="P,, (10)
P = const, (11)

rie Py u P — uMOynabcH 0 H [OCJE B3aUMOJAEHCTBHS.

Takrm o6pasoM, B 3aMKHYTOH cHCTEME MaTepHalbHBIX TOYeK
YETHIPEUMITYJIbC COXpaKAeTCs .

Jlia KOMIIAKTHOH 3anHcH 4YeTBIPeBEKTOPOB YI06HO BBecTH OpT |
HOpManbHBil OOBlMHbIM OpTaMm i, j, K. Toraa nio6o# uetnipesektop B
salluuUIeTCst B BHAE

B= Bli + ng + ng '-l— B4l,
HJH .
B= b By,
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rie b — TpexMepuast uacth uyertsipeBektopa B, a By 1 —ero wmum-
mast uacth. C yuerom ckasansoro BekTopHl §, U, P sanuwytcs

B Bujae
S=r—}— ictl,
u+zcl

V -
- P=moU=p—}—tmcl.

Tenepb pasencrsa (10) u (11) sanmwmyTesi Tak:

N N+4M
Doy ime) = 3 (Pt imuel), (12)
1=1 n=1

N
P= > (p,~+ im,cl) =const.

y=1

3necy cmpaBa M C/eBa YKa3aHO pasHOe 4YHCJIO uacTHl, H6o npu
yrape MorJu o6pasoBaThCsl HOBbIE HYACTHIEL.
YuuTeiBasg INpaBU/Ia CPaBHEHHMS KOMILJIEKCHBLIX QHCEJ, PABEHCTBO
(12) MOKHO nepenucatb B BI/I}le JBYX DaBEHCTB:
N-+m
So= 3 r (13)
=1 n=1
N N+Mm
Dlimel= 3 imyl, (14)

y=1 n==1\

¢ yuerom noctosHcTBa ¢ u 1 (14) sanuwercs B BHIe
N+M

N
; my= ) my (15)

n=1

PagsencTBo (13) ecTh 3aKOH COXpaHEHH s PeJIATHBHCTCKOrO HMITYJ/IbCA,
a paBeHcTBO (15) — 3aKOH COXpaHeHUs PeJATHBHCTCKOH Macchl (a 3Ha-
UMT, 1 SHEPTHH).

Orverum, 4to pasencTBa (8) — (15), crporo rosops, crnpaBeiuBbl
JHUIL [IPH B3aUMOAEHCTBHH BCEX MAaTepHasbHBIX TOYEK B OJHOH M
TOH e TOuKe NpocTpaHCcTBAa. Ecjau ke MaTepHaJbHbBIE TOYUKH B IIPO-
CTPaHCTBe-BPEMEHH  pasdeJieHbl, To paBeHCTBO (8) craHoBUTCA
BoOOlLlle TOBOPSA, HEBEPHbIM, PaBHO KaK H paBeHcTBO (9).

PasenctBo (9) samuiiercst ¢ y4€TOM CKa3aHHOTO O KOMIaKTHOH
3aNUCH Y€ThIPEBEKTOPOB B BHIE

Edé (p+ imel) =

HJIH

d . u?
5 P imel) =F Vl -
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C yyerom TOro, uro

u
m]/l C—iwL
MOJYYHM
d
d(tmd) 1
() L, (17)

PasenctBo (16) ecth TpexmepHas uacTh YETHIPEXMEPHOrO 3aKoHA
JIBHJKEHHS HJIM 33aKOH W3MEHeHHS TPEXMEPHOH. 4acTH HMITyJbCa.
Papencreo xe (17) B mpoeknun Ha opr | zaer, oueBHAHO,

d (mc®)

=i

YTO AIBJISIETCA 3AKOHOM M3MEHEHHS SHEPTHH (KKHHETUUECKON» SHEPriH).’

To, uto paBeHcTBO (8) OmMHCHIBaeT B3aHMOAEHCTBUE, IIPOHCXO-
Asllee B OJHOH M TOH XK€ TOYKe [POCTPaHCTBAa-BpeMeHH (T. €. Mruo-
BEHHBIH Yy[ap NIPH HEMOCPEACTBEHHOM KOHTAKTe 00X MAaTepHasibHbiX
TodeK), cJaenyer H3 camoro paseHciea (8). VmeHHo, npejacrasasi
cuay F B BUAE [BYX CJaraemelX, IOJTY4YHUM

Ho rorpa (8) pacmazaercs Ha JBa paBeHCTBA:

iu,n —_ fﬂ,u. fu,,nuu, ———— f p.uﬂ

e u- u? u‘g
]/ -k 1= Y 1—-¢ 1=
4 [4 C c

DTtu ABa paBeHCTBA He NPOTHBOpEUAT APYT APYTY JHIIb NPH U, == U,
a 3T0 ¥ oO3HauaeT, uyTo 0fe B3aUMOJAEHCTBYIOILHE MAaTepPUA/IbHbIE
TOYKH JABHXKYTCH COBMECTHO, T. € WX B3auMOJCHCTBHE MPOUCXOLHUF
B TOYKE.

§ 8. 3aexTpoMArHWTHOE NOJE B TEOPUH OTHOCHTENBLHOCTH

B =2r0fl KHHre y Hac HET BO3MOXKHOCTH I'OBODHTBL CKOJIBKO-HHOYIb
Cepbe3Ho O TeopHH mnoasd B c. T. 0. Jlas mojoGHOro pasroeopa
Hy>KHO 06/1afiaTh Gosiee THKeJOBECHBIM MaTeMaTHUeCKHM annaparoM,
ueM TOT, KOTOpBbIM IOKa 4TO pacnosjarajH Mbl
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CkaeM, OIHaKO, UTO ypaBHenusa Makcsenna HM  HanHCaHH
B (opme, KOBapHaHTHOH OTHOCHTeNbHO npeobpasoBanuil Jlopenua,
TOJLKO YBHAETb 3TO HaM MOKa TPyAHO. HHTaTesb~MOXET NPHHATH
Ha Bepy caenylouine GopMyJbl (BepHble LA chayuas JBHxKeHHs A’
BJOJbL OCH X-B OTHOCHTEJNLHO CHCTeMbl A CO CKODOCTBIO V):

E.=E,, (O
. - E, ~vBz
b=y @
, E,+vB
.Ez=-=‘!, 3
Vi-p ©
B,=8,, (4)
’ B‘,+61;Ez _
B,v”‘—ﬁt———ﬁ—z, (5)
B;— 2 E
B—— & " (6)
VI—F |

T'ne E n B — BexTOpbl 37€KTPHUECKOr0 W MarHUTHOrO moJyiefl B HHep-
uHanpholl cucreme A, a E' u B’ — BeKTOpHl TOro e NOJS B CUCTeme
A’, Aemkylueficsl MO OTHOWeEHHIO K cHcreMe A CO- CKOPOCTBIO V
BROJb OCH X-B. v

Takum o06pa3oM, NOHATHA 3JIEKTPHUUECKOrO M MarHHTHOTO MNoJefl
CYTb MOHSTHA OTHOCHTE/JbHbIE B TOM CMBICJE, 4TO B DPA3HBIX CHCTe-
Max OTcuera OJHO M TO <€ 3JEeKTPOMarHMTHOE II0Jie MMeeT pasHhie
sHaueHnn E u B. M3 npusenenunix ¢opmyJ BHAHO, YTO €CJH, HanpH-
mep, B cucteme A E=0, 10 B cucreme A" E'£0 u 1. A.

[TorsaTHe eAMHOro 3JEKTPOMArHUTHOIO T10JA yxkKe abCo/I0THO,
T. €. €C/JIH OHO €CThb B ONHOH CHCTEMe OTCUeTa, TO OHO eCTh H B Apy-
rofi. MoxkHO NOKas3aTb, UTO HeCMOTPSl HA OTHOCHTEJABHOCTbL BeJIH-
uuH E u B cyllecrByer neanli pafl MX KOMOHHAUHH, SIBJASIOIMMXCS
MHBapuaHuTaMy npeobpasoBanuii JlopeHua, T. €. He MEHSOILUXCH NpH
nepexoie OT ORHO HHepLHANbHOR CHCTeMbl oOTCueTa K ApYyroi.
[Tonp3ysice ¢opmynamu (1) — (6), udTaTeJb NPAMBIM BBbIUACAEHHEM
MOX<eT yOeaHTbCs, HaNpHMEp, B TOM, YTO

EB=F'B uc®B®— E*=(¢"B"? — E".

Bgoas Y€TBHIPEXMEPHYIO IIJIOTHOCTh TOKa pPaBeHCTBOM

f=poU=P—°ﬂi—%l=p(u+wl). @)
. l/‘ -
HpI/IXO,ZlHM K HeosXOlIHMOCTH noJgsararb ~
p=—-=—  u j=pu ®)
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‘Ho TOrga C YyudeTtoM TOro, '-[TO o6beM Tena npH ABHIKEHHH YMeHb-
*2

iIaeTcsi B COOTBETCTBHH C paBeHCTBOM V = VoV | — 5, nonyuaew,

4yTo
23
]/1 _ E_

T. €. 3apsil Teja eCcTb MHBapMaHT npeobpasosanuil Jlopenna.
Buipaxenue piasi Cuabl JlopeHua coBmagaer ¢ OOLIYHBIM, T. €.
UMeeT BHJ

Vo ]/1 — _s—pOVO— G, )]

f1==q(E+u X B). (10)

Ho senuunnust E, B W u B pasHeIX CHCTEMaxXx OTCUETA Pa3/IMuHLL,
yto npu yuere (9) o3HauaeT HEUHBAPUAHTHOCTb CHJLI JlopeHua no
OTHOILEHHIO K Tpeo6pasoBanuaM Jloperua.

Hakonen pudepentnanbuas ¢opma sakona Oma st caydas Herno-
JBHKHOR cpefbl, B KOTOPOH 3apsiibl JBHIXKYTCA €O CKOPOCTBIO U
B noasx E u B, umeer Bujg

3ametnm, uTO (UTYpHpywOlWIUe B 3ToM maparpade seanununl E u
B (paBno kak E’ u B) onpeaesesbl Tak ke, Kak B KJACCHYeCKOH
H7EKTPOHHAMHKE, T. e. N0 cywecTBy paseHctsoM (10).

§ 9. O6 u3MepeHHSX B TEOPUH OTHOCHTEJLHOCTH

[Ipexxpe Bcero, oTMETHM elle pas, 4YTO Kaxaplil HalJojaTenb A/
nosyueHusl HHGOpPManHM 00 HHTEPECYIOUIHX €ro Teaax IM0JIb3yercs
B TEOPHH OTHOCHTEIBHOCTH CBETOBBIMH MJH PafHOJIOKALHOHHEIMU
curnanamy. (KoHeuHo xe B cayuae Te, ABHIKVIIHXCH OTHOCHTEJIBHO
HEro ¢ OueHb MaJibIMM CKOPOCTAMH, Hab/mofatesb MOXeT MPOU3BO-
AATb W3MEPEHHS H (M0 CTADHHKE», T. €. KJIaCCHYECKHMH MeTONaMH.)

I. PaccrogHue r 10 HHTepecyiolleli ero MaTepuaibpHoil Touku N
nabaionatenh cHcreMbl A onpenedser Tak: OH TOCLIIAeT K 3TOH
TOUKe CHrHal (Hanpnmep, PaJMOJIOKATOPa) B MOMEHT BpEMEHH [y
OTpaKeHHBIH MaTepHaNbHOK TOUKOH CHIHAJ BO3BPAILAETCA B MOMEHT fy.
OueBugnno, (£ — t)y ©CTh BpeMs INPOXOXKIEHHS CUTHajda Tyha H
ofpatHo ¢ OOMHAKOBOH (IO BTOpPOMY MOCTYJATy) CKODOCTBIO ¢, a
NOITOMY

C(tz—tﬂN
I'N=——2—".

Tlpum stom, O4YeBHIHO, CHTHAN JOCTHUT MarepHa/ LHOH TOUKH B MOMEHT
(t3+t1)
ty= -——2——N o yacam cucrembl A.
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2. Ilns onpeieneHHs CKOPOCTH U HeKoTOporo Teia N packia-
ILIBAIOT U Ha JydeBylo (Ha HampaBjieHHE, ONpejesieHHoe npsimoit ON

Ha puc. 117) u, u nonepeunyio uy.
Ar,  rp—rpg
JlyueByio onpenessiorT Tak: U,=—=-5 =-—F.
At Tt —tg
C yueToM CKa3aHHOrO B NpPEIbIAYILEM NYHKTE NOJTydnM:

(fa—=t)p—(fa—t)p c
(Gatt)p—(att)s

U_,,=

rie wHaexchl B w D osnayator mokasaHus 4acoB cHCTeMil A npH
onpeNesieHus rp, rp, £ U Ip N0 crocofy, yKasaHHOMY BBIIIE.
W3 puc. 117 BumHO, UTO

Ar raAa Aa
Un = 35 =L = 'p i7

At Al At?
rae Az — yron noBopoTta ayua paguosnoxatopa (aunun ON) 3a ppems
Af, paBHOoe BpeMmeHH nepemerlenus tena N u3 ToukH B B Touky D.
(OueBugno, YTO OJMH pPAaJHOJOKA-
TOpP MOKET «He yrajaTb», rje GyleT
TEJO B KAaKOH-TO MOMEHT BpeMeHH.
Ho MOXHO mOCTaBHTHL MHJIJIMOH JO-
KaTopoB, IOBEPHYTHIX ApPYr MO OT-
HOMWIEHNID K APYTYy HA Majble yriibl
u paGoTalOIWKHX CHHXPOHHO, T. €.
NMOCHIJIAIOLIMX CUT'HAJBI OJHOBPEMEH-~
no. Takas cucremMa SKBHBAaJEHTHA
HEKOTOPOMY «YMEIOLIEMY»  CJIEAHTh
3a 00GCTAHOBKCH B MHPE ONHOMY JIG-
Karopy.)

Ho B takom cayuae
g =D Aa ety —1ty)p
= 2 At T 2

Puc. 117

®,

rie ® -- yIJoBass CKOPOCTb BpauleHHs Jjokaropa. Ilpu pacuere mosa-
ranoch, kKoneuno ke, 4to Ar <L r. COBOKYNHOCTb U, U U, BIOJIHE
orpejenisieT CKOpOCThb TeJa.

3. Cusatne nokasanust uyacoB cucrembl A’ M3 cucremsl A mpons-
Bonutcsl Tak. TeneBHSHOHHBI paiHosoKaTOp CHCTeMbl A mOChijiaer
curHasj K uyacaM cHctemMbl A’ B MOMEHT f;, a OTPa)KeHHBIH CHUTHaJ,
Hecywmuli TenensoOpaxeHue uacoB cucteMbl A’, NPHXOIUT B MOMEHT
f,, Curnan goctur uacos A’, mnokasuBawouwiux ¢, B MOMEHT f==

tyt 0

2 A
==:£2—1) no uacam cucrembl A. MoxHo 4acel B A’ NOCTaBUTbH
sapanee Ha =0 ¢ TeM, utoGhl npumeAmui u3 A CHrHaJI HyCTHI

, ¢ -|-t1 a
ux B Xoa. Ilpu stom ecam 4 =0, 1O t—( ) 2 B TO Bpewmd,
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rorga curpan u3 A jpoctur cucrempl A” W DYCTHA B Hel uacHl,
nokaselgatole B 3T0T -MoMmedT ¢ =—0. Takum obpasom, MBI MOXKEM
NPHBOAUTH B COOTBETCTBHE { H { SKCIIEDHMEHTAJbHO H CPABHUTD
5TO COOTHOLNEHHWE C TeM, KoTopoe pawT upeoGpasoBauus Jlopenua.

4. Ananornusgo oOCTOMT €0 ¢ OHnpeleJeHHEM COOTHOLLEHHH
MEXIy x U x HekoTopoit ToukH N. B cucreme A usmepsior ee moJo-
JKeHe 10 OTHOIIEHHK K cefe B MOMEHT f, a JokKarop cucrtemel A
NPHUHOCHT CHHMOK JoKaliopa cHcTeMsl A’, KOTODBII U3Mepua Ko-
OopAHHATYy 3TOH e TOoukH N B MOMeHT ¢ 10 OTHOLIEHHIO K CH-
creve A’

[ToayueHnble 9KCIEDPUMEHTAJNbHO 3HAUEHHS COMOCTABASIOT C TEMH,
KoTopble QUIypPHPYIOT B npeofpasoBanuax JlopeHua.

5. CyllecTBeHHO cJokHee OOCTOHMT Je/o B cJyuae 3KCHepHMeH-

o . o m
TaJbHOU TIPOBEPKH AUHAMHUYECKHX COOTHOIICHUH THIA M == g

Ho MoKHO cOC/aThesd 3€ch HA TO, UTO YCKOPHTEIH 3JeMeHTap-
NBIX UACTHL, TOCTPOGHHBIX C YueTOM peJSTHBHCTCKHUX 3(gexTos,
npekpacHo paboTaloT, YTO H C/JIYKHT SKCIEPHMEHTaJbHLIM IOATBEp-
JKAEHHEM [MHAMHKH TEOPHH OTHoCHTeabHocTH. OIHOBpeMeHHo padoTa
TAKUX YCKOpHUTEeNeHl MO3BOJISET KOCBEHHO IPOHU3BONHTh H3MEpeHHs
JIMHAMHUECKUX BEJHYMH, KOTOpble HEMmOCPEACTBEHHO M3MEPUTh HEBO3-
MOMHO (He Ha Bechbl XK€ HOJBCLIHBATL YacTHIY, ABHKYLLYHOCS C KO-
JIOCCANBHON CKOPOCTBIO).

6. Hamepenue uHTepBasoB Ax M WX comocrasjenue ¢ Ax’ mpo-
H3BOAMTCH aHajoruuHo x ¥ x’. M3 mpeofpasosanuit Jlopenua u u3
cnoco6a u3MepeHust Ax u Ax’ ciefyer, 4TO COOTHOIUEHHE Mexay Ax
n Ax’ 3aBHCHT OT B3aMMHOTO ABHKeHUs cHcteM A u A’, a Takxe
OT XapakTepa JIBHKEHHS MHTepecyloillerocsl Hac TeJa.

Beenem mousitHe coGcTBeHHOrO paccrosinus dx’' B cucreme A’ kak
PacCTOAHMSA MEXKAY HEKOTOPeIMH ToukKaMH M M N, HenoABHIKHBIMH.
B cucremMe A H pacmosioKeHHHIMH BAOJMb ocd (X’ (a 3HAUUT, BAOJIb
Ox u ortHocutesbHOl ckopocta v cucteM A n A’). Ilpu stom u3aMe-
psiercs dx’ u3 cucremsr A’

Bosnukaer BOmpoc O TOM, K&K H3MepATh 3T0  DPacCTOsTHHE
u3 cucrembl A. OueBHAHO, YTO €CJIH NOCHLIAaTh CHTHAM M3 A K Touke
N B HeKoTOpHH1 MOMEHT f, a K TOuke A uepe3 HEKOTOpOE NPOH3-
BOJIbHOE BpeMsl df, TO NOJy4eHHOe 3HaueHHe dx GyJAeT s OLHOTO
H TOr0 e PACCTOSIHHS 3aBUCETh OT df, 4TO HOBOJIbHO GECCMBLICJICHHO.
QOueBugno, dx— 510 paccrosiHe Mexay ToukaMu M u N B oaun
U TOT e MOMeHT mno uacam cucreMel A. Takum o6pasoM, Hamo Tak
OTTIPaBUTh CHIHAJBI K HHTEPECYIOUUM Hac ToukaM, 4TOObl OHH NpH-
WM K 3THM TOYKaM OJHOBPEMEHHO MO uacam cHcreMbl A (a 3HAuMT,
OTIPaBJSATb 3TH CHTHAMBl HAjO HE ORHOBDEMEHHO, a Tak, uTOObI

G+t Gty
H—p— =73 )

ty="Ity un . Ho 370 3nauuT, uT0 dx BHIpasutCcs

Tofi ¢opmyJioli mpeoGpasoBanuil JlopeHua, B KOTOPYIO BXOZHT dx’
(usmepennoe us A), udx (usmepennoe us A) npu ycuaoun di =0
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(no wacam A). T. e. u3 gByx opMyJ, CB3BIBALOIIUX dx u dx

__dx' +ovdt dx —vdt
D= B A ="

cleayeT BOCIIOJNB30BAThCH TOH, Kyla BXOAMT df, T. €. BTOPO# ¢op-
myaofi. 3to npusoaur npu dé=0_k TOoMy, uTO

dx
Vieg:

Taxroe sHaueHue dx’ M Ha3LIBAIOT COOGCMBEHHbIM POCCHIOAHUEN MENKIY
ToukamMu M u N, pacnosoxkeHHBIMH BoJib ocH O'x" B cucreme A’
ITockOMBKY yKa3aHHble TOUKM He IBHXKYTCH MO OTHOLIEHHIO K CHCTeMe
A’, TO MOXKHO NOJNOXRHTb Uy=—uy=u'==0, a Torga u==v B CUJIy
u—+v
”2% H 3HAYUT, €CJIH HEKOTOpOe TeJO JABIIKETCS MO OTHOLIe-
1+ -5
+ CL
HHIO K cucteMe A co cKOpocThio u Blosab ocH Ox, 10 coOGCcTBEHHOE
paccTosTHHE MEXKAy ABYMSI TOUKaMH 3TOro Tesia BAoab ocH Ox Bbipa-
3HTCA QOpPMYJIOH

dx =

ITpu u =0 nmeem, ecrecTBeHHO, dx=—dXx .

HMs onpenenenns dx’ cienyer, uyto dx’' ecThb HHBAPHAHT npeoGpa-
soBaHHi JlopeHua, T. e. coOCTBEeHHas AJHHA," COOCTBEHHBbIE PaccTosi-
HHSI B CHCTEME OTCUETAa HE 3aBHCAT OT CKOPOCTH JBHKEHU 3TOH
CHCTEMBI IO OTHOLIEHHIO K IAPYTUM CHCTEMaM OTCYeTa.

3aBHceTb OT BbIGOpa CHCTEeMBI OTcuera OyaeT dx, H3MepsieMblil
n3 cucrembl A, a He dx/, usmepsewmsrit us A’

UTo Kacaercsl MOMepeYHbIX PaccTOSHMA B Tejie (€ro MOIepPeyHbIX
CKOPOCTH JBHIKEHHSI u Pa3MepoB), TO OHH BOOOWIE /1 BCEX CHCTEM
OTCUETA OJIMHAKOBEI B CHJY

dy =dy, dz—=dz.

Hnmepsarom cobemeenrnoeo spemeru B cucteme A’ Ha3bLIBAIOT TOT m1po-
MEXYTOK BpeMeHH df’, KOTOpHIH OTMEPSIIOT Yachl HEMOABHIKHbLIE
No OTHOIIEHUIO K 5To# cucteme (dx'==0 #ns 5THX YacoB).

Ho Torpa us asyx ¢opmys npeobpasoBanus BpeMeHH 1o Jlopenity

=2 . ar =" s
e - Y !
Vl—ﬁﬂ 1—ﬁ2

COGCTBEHHOE BpeMA HAJA0 BLIUHCAATb MO TOH (opMyJie, B KOTOPYIO
BXOAUT dx’, T. e. no mepsoit. Ma Hee ansa cayuas dx'=—0 caepyer

dt =dtV'1—p~
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Tak onpenenennoe df o6osHauvaiorT dt U Torza

dr.—:dt.]/-l——%s-.

B cuny /=0 umeem ¢'=v, a Torma

dw=dt]/1—”—§,
C

Ti€ U — CKOPOCTb JBHXKEHHS 4YacoB NO OTHOIWIEHHI0O K HEKOTOpoH
cucteme A. Tax onpegenennoe coGCTBEHHOE BpeMsi COBNAjaer ¢ BBE-

JleHHeM paHee
di=2 g ]/1 —

Boobue cobcmsertvim sHaueHuem Kaxoti-aubo usuueckol sesuduro
B cHcTeme A’, nBHKYIEHCS 110 OTHOWEHHIO K A, HasbIBAIOT 3HAYCHHSA
STHX BEJIHYHH, H3MepeHHbIX B cHcTeMe A’ NMpH YCNOBHH, YTO Tejlo,
XapaKTePHCTHKH KOTOPOTO H3MEpSIOT, 110 oTHoweHmo K A’ He nxsu-
KeTcs.

B 3tom cMmpichie To, YTO MBI HasbiBaJHM MacCOH IOKOSA YACTHLHL,
ecTh CcOGCTBEHHAasl Macca YaCTHIBL.

Crnenyer of6paTHTh, BHUMaHME Ha TO, 4TO pasHble cOGCTBEHHbIE
BeJIMYHHBI MOTYT ObIThb Kak 60Jblue «HecOGCTBEHHBIX», TAK W MEHblLe
ux. Hanprmep:

dx

Viep’
df = dtcoG;;rn =dt l/l - ?2,

My == Mcogera =M Vl — pg.

dx' = dxCO6CTB =

§ 10. AGCoNIOTHBIE H OTHOCHTEJbHbie BEJHUKHDI

PaccmotpuM onud npumep. IlycTb HMeroTcst IBe COBEpLIEHHO
oauHakossie jaGoparopun A U A’, cHaG:keHHble COBepIIEHHO OAHHA-
kosbiMu npuGopamu. [lycrs B Kaxpoli u3s uux Oymer mo aunelike,
o rupe, N0 3K3EMIISPY YacOB M mo 3apsKeHHOMY wapuky. Koraa
nabopaTopHi MOKOSATCS OJHA OTHOCHTEJNBHO APYrof, To Habmojare/nb
u3 A Buputr y cebs u B cucreMe A’ CcoOBeplIEHHO OAMHAKOBLIE
CO CBOMMH JIHHEHKY, THpIO, uackl, wapuk. To Xe camoe BHJIHT H
Ha6aogatens H3 cHcTeMbl A’ Ecan Telepb 9TH CHCTeMBl OyAyT ABH-
ratbCsi pPaBHOMEDHO OJHA OTHOCHTENBbHO JAPYIOfl €O CKOPOCTBIO U,
T0 HabmojaTesab cucTemMbl A He 3ameTHT y ce6sl HHKaKHX INEepeMeH,
HO '3aMeTHT, 4TO B cucTeMe A’ jnHefiKa yKOpoOTW/JIach B HalpasJeHHH
vB l/V1—p* pas, Macca rupu yBeJHUHJACH B V1=
‘pas, 4achl CTajnH «THKaTb» MeJJjieHHee B 1/]/1-—{*19 pa3 H wuro
B cucreme A’ noseujoch BA0OABOK K 3/EKTPUYECKOMY MOJIO €Hie u
MarHHTHOE. '
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Hao6opor, Habmopxateas cuctemsl A" Gyaer cuuTath (M mpHGOPH
3TO TOATBEPHAT, KAK M B cucTeMe A), UTO Yy HEr0 HUUYEro He usme-
HHJIOCH, & BOT B cucreMe A JuHefiKa YKOpOTHJAach B HarpaB/ieHUH

v, Macca r’HpH yBeJHYH/Iach, Yackl HAYT MefieHHee (Bce 310 B 1/ 1—8*
pas), U K 3JeKTPHUYECKOMY MO0 J00aBHIOCH MarHuTHOE. ,

A Kag Ha caMOM feJje? ITOT BONPOC JHUIIEH CMBICJA B TOH e
Mepe, Kak JIHIIeH CMBICJIa BOMPOC: KTO M3 JBYX HAVIIHX HaBCTpeuy
Ipyr Apyry mmopefi enepenu? WMnu, xoria oHs HAyT ONMH MHMO ApY-
roro, KTo u3 HHX cJeBa U KTo chpaBa? Miau, ckaxem, H3 oaHo#
TOUKH HEKHH IpeAMEeT BHJAEH IOJ YIVIOM a, a U3 IPYroil — Moj yIJyoM
o', a Ha caMoM Jejie NOJ KaKHM K€ YIJIOM BUJACH mnpeamer? 3TH
BONPOCH Haj0 CTABUTh HHAaue — KaK OOCTOMT LeJO C TOYKH 3peHH:A
Habmoparenss A (unu, HaoGopor, A')? Kro u3 aByx uaymux
napcTpeuy Apyr Apyry mofedt (Vsam u Iletp) Bmepeau nmo orHole-
nuo XK MBany (uau, HaoGopot, K Ilerpy)? Ilox KakuM yriaom BuieH
npeaMeT U3 TaKoH-TO TOUKH U T. 4.7

Jeno B TOM, YTO Takue MOHATHS, KaK JJUHA, Macca, MHTEPBAJH
BpEMEHH, JJEKTPHUYECKOE M MarHWTHOE 0oJe (IIOPO3Hb), MOHSATHSA
«BIIEPEAM» H «C3aJH», «CHpaBa» M «CJNEBa», «yroJ SPeHHT», «CKO-
pPOCTBY, «IepeMenieHues, «Cujia» ¥ T, . OTHOCHUTEJIbHEI W ANS pasfHbixX
Habmonarteseii pasnuunel. [loaTomy, rosops 0 HHX, HaJO yKashklBarb
N0 OTHOWEHHI0 K KaKOil CHCTeMe OTCuera OHH H3MEpEeHE,

Ecrb, ORHAKO, U Takue BeNHUMHB, KOTOpHBE AAs Bcex Halmona-
Tesefl HMEIT OJMHAKoBOe 3HaueHue. JTO, HaNpuMep, BeJUUYHHBI C,
AS, U, B-E, ¢®B*—E* u psin apyrux. ['oBopsi o Takux BeJTHYHHAX
COBEPINEHHO HeT HeOGXOAMMOCTH J[ejiaTh OrOBOPKY O TOM, B Kakoil
cHcTeMe OHH H3MEpeHbl (XOTsl, KOHEWHO, CJefyeT yKa3aTb, O KakoM
COOBITHH, Tene, sIBJAEHHH H T, A. UIET peun).

§ 11. 3nauenne TeopHUH OTHOCHTEJIbHOCTH

ITonBeseM KOpPOTKO TrJsiaBHble HTOPH. Teopus OTHOCHTEJNLHOCTH,
CMEHHBIIAS TeopHo, co3fanHHyio [annneem, HsioToHOM M Apyrumu
yueHBIMH

1) BuiBesta ¢u3uKY H3 Kasasnock Obl Ge3BBLIXOAHOMO MOJOXKEHUsd ¢
apUPOM, HEKOBApPUAHTHOCTLIO YpPABHEHHUH NO OTHOILEHHIO K Npeobpa-
S0BAHUAM KOOPAMHAT, CBSI3aHHBIX C MEPEXOAOM OT ONHOH CHCTeMLI
K npyroit u zp.,

2) ycraHOBMJA TFpaHHLBl IPHMEHMMOCTH 3aKOHOB KJIACCHUECKOl
MEXaHHKHU — OHH BEPHB! [IPH IBMIKEHHAX CO CKOPOCTSIMH, MHOI'O Melb-
INIMH CKODOCTH CBETa,

3) nossoJsuna rjyGxe NOHATL 2JIEKTPOMArHUTHBIC ABJCHUA, B 4acT-
HOCTH MOKasaja OTHOCHTeJNbHOCTh mousituii E u B,

4) 3acTaBHJIa IIePeCMOTpPeTh YKODEHHBIIHECS B TeueHHEe BEKOB
NpeACTABJEHHS O NPOCTPAHCTBE H BPEMEHH: OKa3aa0Ch, YTO INOHATHA
«paameps» U «popmar Tesa, HOHSATHE KPAHBLIEY, KTO3XKE» — OTHOCUTENBHEL,
HJM, Kak FOBOPAT, METpHUECKHE COOTHOWEHHA B MPOCTpaHCTBE OTHO-
CHTe/IbHbI, BpEMEHHblE NMPOMEKYTKH — Toxe. OnHako paccrosHua AS
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B U€THIpEMHpE BLIPAKAIOTCA yYepe3 NPHUpALICHHs KoopauHar Axy, Axs,
Axs u Ax; Tak Xe, Kak M B OOBIUHOH TpexXMepHOH €BKJAMAOBOH Ieo-
merpny. To >Ke caMoe MOXHO €Ka3aTtk H HDPO YIVIBL, JIHHHH, IOBEpX-
HOCTH H T. . Bce reoMeTpuueckue COOTHOILEHHs, KaK TOBOpPAT, BCA
MeTDHKa BTOrO MHpa Takas ke, KakK H B reoMerpud Epkjuga na nio-
CKOCTH (TOJIBKO Ha TaKOM ILIOCKOM MHOTO0GDa3sHy BCEro JBa H3MEpe-
HHSl, JBa B3auMHONEPNeHIHKYJAAPHEIX HANpaBJeHHUs, a B «<mupe» Mum-
KOBCKOTr0 — ueTnlpe). Ilo sToli npuurue u rosopsaT, uto «Mup» MuH-
KOBCKOT'O — 3TO €BKJHAOB MHp, IJIOCKHI MUD, HEHCKPHUBJEHHHIH MHD,
MHD C €BKJMAOBOH MerpukoH. OCHOBaHHEM HJIsi TaKOro Ha3BaHUs
{MOXKHO OBLTO Obl, KOHEYHO, NPHAYMATb M JPYTHE) CJAYKHUT €lle H TO,
4yTO CBOGOJHOE TEN0 B TAKOM MHDE JBHIKETCS 1O TNPSAMOH JIHHWH
B TPEXMEPHOM IPOCTPAHCTBE, a MHPOBAs JUHHUA TAKOro TejMa B YeThl-
pexmepHoM Mupe MuHKOBCKOro — Toxke npsiMast JuHMS. I[lepexog,
0JIHAKO0, OT YETBIPEXMEPHOro MHOroo6pasusi MHHKOBCKOTO (X1, X, X3, X4)
K peajbHOMY MHOroo6pasuio (x, y, 2, t), K «HacTOsLleMy» MHPY IIpH-
BOJUT K TOMY, YTO KBajpaTl NPOCTPAHCTBEHHO-BPEMEHHOTO paccTos-
HHA (KBaApaT HHTepPBasna) €CTb HE CyMMa KBaJpaToB INpHpalleHMH
KOOpIWHAT, a CyMMa-pasHoCTh:

ASQ=Ax2_IL_ Ay2+ AZQ——CQAfZ. i

Hs3-3a Hanuuus 3HaKa «MHHYC» B 3TOl «reopeme Iludaropas mmerorcs
CyIIeCTBEHHBIE OTJMYHA TEeOMETPHH MHpa (Xi, Xa, X3, X;) OT MHpa
(x, y, 2, ¢). IlosToMy reomerpuio MHOroob6pasus (Xi, Xe, X3, X;) Hasbl-
BAIOT TIOXOXKeH Ha €BKJINAOBY — NCEBLOEBKJIMIOBOMH.

5. YcraHoBUJIA COBEPIIEHHO HEOXKHIAHHBIE C TOUKH 3pEHHs] KJac-
CHYECKHX MNPENCTaBACHUH CBA3M MEXAY MacCoH W 3Hepruelt M Mexny
Maccoil NOKOsl, SHePruefl ¥ HMIYJbCOM.

Hu onHa w3 Teopuii HEIHE HE MOXKET RLI3BaTh CEpPbE3HOTO K cele
OTHOWWIEHHS, eC/IH OHAa He COryiacyercs ¢ TeopHell OTHOCHTENLHOCTH.

Bo3sHHKaIOT, eCTeCTBEHHO, BONPOCHL:

1) KakoBBl 3KCTIepUMeHTaJbHblE INTOATBEDXKJACHHSI YacTHOH TEOpHH
OTHOCHTEJIbHOCTH?

2) KakoBa ee mpakTuyeckas 3HAUUMOCTDL?

Ha st BOIpOCH MOXKHO OTBETHTH TaK: HeT HU OJHOTO (hakTa uiu sB-
JIEHHs], TPOTUBOpPEUALEro Toi TeopHH. A MOATBepKIEHUS, HaNpUMep,
TakoBbl: hopmyaa E == mc?, nansas 310 TeopHeil, MO3BONHIA HCIIOAB30-

BaTb BHYTpusinepHyio sHepruto. COBpeMEHHBIE YCKOPHTENH CTPOATCA
. . mgy .
C y4eToM TOro, uTo m=— ape I YCKOPSAEMBIX YaCTHIL, eC/d
He yuecTb 3TOH 3aBHCHMOCTH NDH MOCTPOHKE YCKOPHTeJs, TO OH IPOCTO
ne Oyzer paGoraTh. Hekortopbie sseMeHTapHBEIE YacTHUH MBI TOJBKQ
HNOTOMY H YycHeBaeM 3adHKCHpPOBAaTb, YTO MO OTHOLIEHHIO K Haued
CHCTEME OTCUeTa (3eMile, HaNpUMep) OHH XHUBYT JOJIbINE, UM HO «CBOHM
yacam». Tak HanpuMep p-MEe30HB!, MMEIOUIHE BeCchbMa MaJioe COGCTBEH-
HOe Bpems XKusHH nopsangka 1078 cex, Bce »Ke JOCTHIAlOT NMOBEPXHOCTH
3eMaM, TPOXOAS CKBO3b Tojauy artMochepw nyTh nopsizka 107 cm,
Tak Kkak OHM He MOTYT JABHIaTbCfl CO CKOPOCThIO, GOJblUEH ¢, TO AJs
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TPOXOXKIEHHA TAKOTrO pPaCCTOSHHA UM HeoOXxoaHMmo Af > 3—3—%8— A
0,3.10"% cex, uro saBHO GoJsibine, ueM 107® cex; mnpaBga, XuBa 0O
«ceouM gacaM» A ~ 1078 cex, onu npoxoznsar nyTts He 107 cM, a MeHb-
mui, ODTO NPOHCXOAHT IOTOMY, YTO HPOXONMMOE HMH pacCTosiHie
JJIsE HEX «ckHMaeTcsi». Takum o6pasoMm, B CHUCTEME OTCUETa, CBsi3aH-
HOlt ¢ 3eMueit, H B CHCTEME OTCUETa, CBSI3AHHOH ¢ ME3OHOM, COORITHSI:

1) BXoj Mme3oHa B aTtMmocdepy,

2) RocTHXKeHHe HM NOBEPXHOCTH 3eMJIH
OLEHHBAIOTCA pPa3juuHRMH Af U AY, Ar um Ar, Kak 310 M cjaeayer
u3c. 7. 0. Ho onsiTh e B cornacum ¢ c. T. 0. Ar? — A== Ar™ — 2A7°,

YiKe To, YTO TeOpHA OTHOCHTENBHOCTH Ha MHOTOE HaM «OTKphlaa
rjia3a» HMeeT OTPOMHOE IPHHIHUNHAJLHOE 3HAUeHHEe KaK ¢ TOUKH 3pe-
HHA [O3HaBaHUA MHpA, TaK H B MPaKTHUECKOM OTHOLIEHHH, a 4YTO Kaca-
erca cyry6o npakTHUeCKHX NpHUMEHEHHH, TO BCe YHTan# 00 HCIoJb-
30BAHHH SAEPHON SHEPTHH, K COXKAJEHUIO, BO BCAKUX leasix. Tparenus
Xupocumbl u Haracaku H HblHemnes B3DEIBOONIACHOE BPEMS — 3TO
npsivble TIpAaKTHYeCKHe CJEJCTBHS HCIIOJNb30BAHHSA BLIBOZOB TEOPHH.
Ho ecin 6biTh ONTHMHCTOM M CYHTaTh, YTO BCe 06pasyercsi, TO TOJNBKO
siiepHas SHepPrus IMO3BOJHKT YeJIOBEKY XKHTh A0Jro H 6esbegHo. He 6yab
€e, 3amacoB yras, HedpTH, Topda, CJaHHEB, JAPOB, T. €. OOBIYHOTO
TONJUBA, XBaTUMO "6bl NPU HLIHEIUHHX TeMIax pacxofa Ha Kakyio-
HHOYZb THICSIUY JeT. A jansnine? BoT TyT-TO M BBHIPYUHT SHEPIHS, Bhlje-
.nmxmagﬂ IpY sIflepHBIX peakiHsaX B COOTBETCTBUU ¢ (opmyJol AE ==
= Amc*,



NMPUTOXKEHUE

HEKOTOPDBIE KPATKHE CBEAEHUA MO MATEMATHKE

§ 1. BekTopsl

Bexmopot — 310 Hanpasaekroie ompesky npamoix, Hensit pag ¢usu-
YeCKHX BE/JHUMH XapaKkTepU3YeTCsd HANPABJEHHEM B IIPOCTPAHCTaE,
4 [OTOMY TEOMETPHYECKU MOTYT ‘

ObITh HHTEPNPETHPOBAHBl HEKHMH AN

HaIpaBJEHHLIMH OTPE3KaMH, T. €. |

BekTopanu. Taxas uMX reoMerpu- ! DR

uecKas MHTepIHperauusi OueHb Ha- — ; {
{

TAsiA¥Aa W elo HIKPOKO HOMAb3YIOT-
cdA. Bektopsl MoxHO NpOEKTHPO- Puc. 1

EaTh Ha /mobple npsiMbie (B 4act- ,
HOCTH, H Ha Hanpas/eHHble), mpH 3TOM (puc. 1) a,=acosa. Uacro
NPUXOJUTCH NPOEKTHPOBATh BEKTOPH HAa OCH KoopauHAT X, Y, 2.
CoBeplieHHO OQUEBHJHO, UTO
(puc. 2)

a,=acosa,
@y=cCO0S B, a,==CoSy.

'\

a YacTo, oaHaKo, NPOEKIUH BeK-
oz TOpa a BBIPAXKAOT He Hepes
MOAYJb @ U YIJHl &, 3, 7, Ko-
7 TOpHlE BEKTOpP COCTaBJsAeT C
OCsIMH, a uHaue (puc. 3)

a,=aqsind sin o,
ax " ay==asindcosyp, a,=acosd.

CoBepIneHHO OYEBHJHO, HTO

TpoHKa uHcen dy, dy, 4, BHOJIHE

Puc. 2 onpejiesisieT BEKTOP a B TOM

CMBIC/IE, YTO 110 HHM MOXKHO

ONHO3HAYHO NOCTPOHTHL HANPABJIeHHEI OTPE30K a B TPeXMEPHOM

npocrpanctee. CkasanHOe MOXKHO 00OOLIMTE Ha C/Iydall mpocTpaHCTBa
¢ JIOObIM YHCJIOM H3MEPeHHH,
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Jlns BEKTOPOB onpedesexst CleNylomve onepaluu:

a) Yuwuoxcewiue sexmopa a Ha ckaafp n JaeT BEKTOp ¢, B A#
pas GOJIbIIKE 10 MOAYJIO M HampaBjieHHB B CTOPOHY a (cffa) mpu
n>0wu B nporuBonosoxuyo (cfa) npu n< 0.

Az 6) Caroxcerue. Ecoy Bex-

Tophl a, b, ¢, ..., k mocne-
JIOBATeJIbHO  HPUCTPanBaTh
ORMH 3a apyrum (puc. 4),
T0 BekTOp f, sambiKawomuik
NOJYYHBIIYIOCH  JIOMaHYIO,
a €CTh CYMMa BEKTOPOB a, b,
¢, ..., k. 2rosanucniBaercs
) CUMBOJIMYECKH B BHUJAE pa-
%y ] » g  BEHCTBa

/4 % f=a-4b+tct...-k.

8) Bomumanue. Yrobbl
x H3 BEKTOpa a BbIUECTb BeEK-
Pnc. 3 Top b, Hago X BekTOpy a

npu6aBUTL  BeKTOP —b.

2) Cranaproe npoussederue gexkmopos a ¥ b—a.b— ecrb ckansp,
paBHbIll abcosa, TAe a-— yrojg Mexay a u b. MoxXHO 1OKas3artb, 41O

ab=a.b,-}-a,b,4-a,b,.
B Gonee ofuem ciayuae rn-MepHOTQ IPOCTPAHCTBA
ab=a,b, + asbs -+ ... a,b,.

0) Bexmoproe npoussedernue sexmopos a u b—a X b—ecrb Bek-
TOp C MoayJaeM absine M HanpabJeHHbIH NO NIpaBuy npaBoro Gy-

az

c=axf
6
[+
a
Puc. 4 Puc. 5
paBunka (puc. 5). OueBHAHO, uTo a X b=—b X a. MoxHo noKa-

3aThb, 4TO
ce=ayb,—ab,, cy=ab,—ab,, c,=ab,—ab,.
Oxasajioch yIOGHBIM BBECTH BEKTOPhl C E€IMHWYHBIM MOAYJeM —

eMHHYHbIE BEKTOPH MJU OpThl. MIX HasHauenHe — yKasciBaTb Halpas-
Jende BekTopoB. OGoshaualoT opTthi o0biuHO OykBamd i, j, k, n, 7.
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IMpu stom optw i, j, k, kKak npaBusIo, YKasbIBAaIOT HAIpaBJAEHHS
ocedt x, y, 2, a OPTel T M n — HanpaBJIEHHs, KACATENbHbIE H HOP-
MaJibHBIe uemy-Jn6o. C yuyeToM CKa3aHHOTO JIOGOH BEKTOP MOMKHO
8anucaTb CHMBOJIHYECKH Kak Mpo-

W3BejeHye MOAYJNA BeKTOpa Ha €ro z

opT: a==a-a; {(a —OpT, YKash-
BAIOLIMH HampaBJieHHe BeKTopa a).
Uacto BeKTOph! 3alHCHIBAIOT B pas- agk
JokeHun 1o opram i, j, k (mo
ocaM X, Yy, 2) X

a=a,i+a,j-ak }‘

LJ; -

a

HJH B Pa3J/OKEHHH TO OpTaM N ¥ T: ayJ
a=an-+ar. Ozt
Tlpu 3ToM, €ClH BeJHUHHB! 4.,
’ 84 x
Q. @, @, (IPOGKIMH BEKTOPa a Ha
COOTBETCTBYIOUYE HAaNpaBJ/eHus) Io- Puc. 6
JIOXKHUTENbHL, TO i, ayj, ..., Q.T
HanpasJieHbl TaK Ke, Kak i, J, ..., T, €CHH XKe ay, &y, ..., Q
OTpHLIATENIbHBl — TO HaBCTpedy BeKTOopam i, j, ..., T (puc. 6).
‘ N
kf(x} "

de-mo Buympu L
7o z/ﬁmgaig/za,_ v A
HoxoQumca' dr ¥

4 b —
(3 o\ e— X -1
£ al X

R

-“dx,‘: 20e-mo Bnympu
uHmepdana(x-x)

Puc. 7

ITockonbKy JMOGOH BekTOp BIOJIHE ONPEAEISETCSl CBOMMH IIpOEK-
ousMH Ha OCH, TO BCHKOMy BEKTOPDHOMY pPaBEHCTBY

fe==1(u, v, ..., 1, £, @) H

BrOJIHE OAHO3HAYHO COIIOCTaBJ/IfA€ICA B Nn-MEPHOM IIPOCTPAHCTBE N
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CKaNApPHLIX PABEHCTB NMPOEKIUA 3THX BEKTOPOB
fn==Fm (1, o, -y Unsolyy Lay ooy Ly £, @), taem=1,2, ...,n, (2)

Sro upe3splyaiiHO BaXKHOE CJEJACTBHE OINpPEJENEHHS BEKTOPa I[03BO-
JseT BCeria NpH KeJaHHH OT CHMBOJIHUECKOro paseHctBa (1) mepeitu
K CHCTeMe IMPHBBIYHBIX CKaJfpPHBIX paBeHCTB (2) (XOTH OHH Toxke,
KOHEUHO, CHMBOJIMUECKHE, KaK H BCA MATeMaTHKa). -

B ocnoBHOM TexcTe KHHTH HCHOJB3YETCSl CBGHACTBO ﬂ.BOHﬂoro BeK-
TOPHOrO MpOU3BEIeHH '

axbxc==b(a.c)—c(a-b),

KOTOpOEe Mbl IIPUBOAHM 3L€Ch 6es BbiBOAA.

§ 2. Hpou3ssopHas

[Tycts umeercs Hekas f(x). [lo onpenenennio ¢yuxuHu BCAKOE
H3MeHeHHE X Ha Ax INPUBOAMT K TOMY, 4TO [ ‘H3MEHHTCH Ha Af.

Beanunna
Af __fx44x) —f(x)
Ax Ax i

HAGbIBOEMCS  CPEeOHELl CKOPOCINGIO USMEHEHUS (DYHKYUW HQ UHMepenie
sHeMeHUl apeymenmos om x 00 X~} Ax U TIOKa3biBaeT, HACKOJIbKO
B cpenneM HMamensercss ¢yHKuua f(x) Ha 3TOM HHTepBaJe, €CJH ee
Af
Ax
nokaspiaer, Kakoe Af (kakoe H3MeHeHHe (QYHKLHH) NPHUXOAMUTCS HA
eJHHUHOE H3MEeHeHHe aprymeHTa (T. e. ecjad Obl Ax=1).

[Tosie3H0 NMOMHHTB, YTO BCAKOS OTHOLIEHHE BeJHUHH pasHo2o poda
NI0Ka3bIBaeT, CKOJbKO TOrO, UTO CTOMT B UHCHAHTE/e, OPUXOAUTCH Ha
emmnuy TOr0, 4TO CTOMT B 3HaMmeHnareje. - Hanpumep, oTHourenne

aprymenT H3MeHHTCd Ha €JHHHLY. Moxno ckasath unHaue:

o d ; MOKasbiBaeT, KaKas 1o/ OT G MPUXOZUTCs Ha b=1,c=1,
d=1n T .

Ha wnurteppane Ax ¢ynkuusa f (x) MOXKET CYLIECTBEHHO MEHHATh
CBOII XO[ (OT/IHYATLCSI OT XOAa JIHHEHHOH GYHKUMH). A 5TO 3HAuuT;
YTO Ha 3TOM UHTEpBaJe CKOPOCTb H3MeHeHHs1 (yHKUMU Oyaer or
MecTa K MecTy MeHATbcs. Ho coBepiuleHHO fACHO, 4TO BCErJa MOXCHO
BbiGpaTh HHTEpPBAN AX CTONBL MajblM, YTO Ha HeM XoX f(X) mpakTd-
yecky GyJeT HEOTIHUYHM OT XOXa JuHeiiHolt ¢yuxkuuu. Takue HuTEp-
Bajbl 3HAUeHHH apryMeHTOB Mbl OyjaeM HAa3bBaTb 34CMEHMAPHbIMU
(v ManbiMH) B oGosnauath dx. CoOTBETCIBYIOIUIME H3MEHEHHA
($YHKUIHH 0603HA4a0T df U HA3HIBAIOT PJIEMEHTAPHLIMH (MJIH MaJLIMA),
Takoro poja Mmajble BequuuHul dx, df, ... HazbBawT eule JuddepeH-
nHaiaMd OT BeJquuMH X, f H T. X

d "
Beanuuua [ =¢T{E HAa3BIBaeTCs Apousgoinod om gynryuu [ no ee

apaymenmy- X, @ €e CMbICA — CMEHOBEHHAAY CKOPOCIMb U3MEHERURA (i)yt-uc-
yuu, T, €, IO CYIWECTBY BCE Ta iKE€ CPEAHAA CKOPOCTh €€ H3MEHCHHH,
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HO Ha CTOJbL MaloM uuTepsane dx, Ha KoTopoM xof f(x) ue oTiu-
yaercs CYIIECTBEHHO OT Xofa JHHefHoH ¢ynruuu. Ha pue. 7 pasl

Af df
’ A u e CJIe]lyeT oT-
METHTb, uTO d¥ W df He ecThb uHc/aa, a eCTh MepeMeHHble BeJTHUHHEI,
HO Takue, uTOo, KaK 3T0 CJelyeT U3 ONpeiefeHHd IPOH3BOAHOM,
df ectp nunefinas ¢yskuua ot dx. MusiMH cioBamd, dx u df ecTb

d

TakHe MepeMeHHble Ha KakKOM-TO HHTepBaje Ax, 4TO af;c HA 3TOM HH-
TepBaie €CTb BeJHYHHA nocrosHHasi. COBEpIIEHHO OUYEBHIHO, YTO

npd 3apUKCHPOBAHHOM 3HAYEHUH X BeAUYUHA Zi% OyneT  HEKOTOPLIM
4licaoM, XO0Ts dx # df cyTh nepeMeHHble BeJMUHHBL. Ecjan Teneps
af

ﬁ ’

comoctaBfienust Ax u dx, Af u df, a Takxe

[NepPeXOJUTh OT OJHOI'O 3HAYEHHS apryMeHTa X K ApYroMy, TO

d
KOHEUHO Ke, OVHeT MeHsThcs, T. e. Eézf’ (x).

WUs puc. 7 BHAHO, YTO INO TEOMETPHUECKOMY CBOEMY CMEBICJY
i—{( " 2—"{% CyTh TaHTEHCHl YTJia HaKJAOHA CeKyiel H «KacaTeanHof»
K rpapuxy f(x) coorBercrBeHHo. TakuMm c6pa3oMm, IPOU3BOAHAS OT
f(x) mo x reomerpuueckH XapakTepHU3yeT KpyTH3HYy rpadura f(x)
B KaXJ0#l TO#l TOYKe ¥, KOTOpas Hac 3auHTepecyer.

Ilycts umeercs uekast f (x, y, 2z, t), roe x, Yy, 2 U t HE3ABUCH-
Mbie TepeMmeHHbIe. - Ecii MeHsiTh Kakylo-au60 OfHy M3 IepeMeHHbIX
X, Y, 2 wu { TpH 3ahHKCHPOBAHHLIX OCTAJbHBIX IE€PEMEeHHBX, TO
BeIMUHHDI )

flx4+Agy, 20 —f(x,y 21 i,z t4+A0)—Ff(x, ¥ 21) (3)

Ax A At
MOKa3bIBAIOT, KakKoBa CpelHsas CKOpocTe usMmeHeHus f(x, y, 2, f)
Ha uHTepBanax Ax, Ay, Az, Af cOOTBETCTBEHHO, T. €. NOKas3biBaioT,
HacKOJbKO H3MeHHTcs f(x, y, 2z, {) IpH eIMHHYHOM HU3MEHEHHH HJH~
TOJMBKO X, MJH TOJBKO y, HJIH TOJBKO 2, WJW TOJABKO { npu saguk-
CUDOBAHHLIX OCMAAbMbIX fepemexnoly. Ecnu wnTepBadsl Ax, Ay, Az,
At cronp MaJdwl, 4yTO Ha HHX Xx0A f(x, y, Z, ) He oTiMuaeTca cylue-
CTBEHHO OT XOJa JIMHEeHHOH (QYHKIHM, TO OTHOHIeHHA (3) HA3bIBAIOTCA
dacmHeIMu npousso0nomu om f(x, y, 2, t) no x, y, 2, t COOTBETCTBEHHO,

Ouy 00603HAYAIOTCS CHMBOJAMU ?—— f 0f f
ax ' dy’ 9z’

H3BOAHBIX TOT XK€, 4YTO H Y OTHOUIEHH (3), m. e. OHU XapaKmepu-
3ytom  Obicmpomy U3SMeHeHUR (QYHKYUL npu  UBMEHEHUU KaAK020-Atb0
c0HO20 u3 ee apeymermos. Koweuro, BMeCTO NepeMEHHBIX X, Y, 2, {,
Mbl MOPJIH Obl B3ATb M Jpyrofi HaGop mepeMeHHBIX H B JIOOOM HX
KOJUYeCTBe.

Ecan x, y ® z cyTs QYHKIHH OT £, TO IPH H3MEHEHHH ! OT ! JIO
t+df Ipyrue nepeMeHHble X, y, 2 TMOJYUYaT BIIOJHE ONpeleseHHble
npupailesusa dx, dy u dz. Benununna

d of dx |, dfdy , Ofdz
i=rtantaatia @)

. CMbIC/1 4aCTHBIX TIPO-
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HA3BLIBACTCA NOAHOL npouseoOHoll om f no ee ocHoeromy apzymenmy t
i nokaseaem, Kax Goicmpo mensemces f(x, y, 2, ) ¢ usmerenuem ee
OCHO8HO20 apzymenma ¢ (NP H3MEHEHHH KOTOPOr0 KaK-TO MEHSIOTCS
M OCTaJbHbIE aprymMeHTel X, Y, 2). Bo3amoxken Takofi ciyuail, koraa
Kakas-iu60 W3 TepeMeHHbIX X, Y, 2 WJHM JlaxKe BCE OHH BMecTe He
MEHAIOTCS] IPH H3MeHeHUHM f. TorJa COOTBETCTBYIOLIUE BEeJIHYUHbI

dx dy dz .
Jr0 gy W g OyAyT paBHB HYJIO H DAaBeHCTBO (4) CTaHOBUTCA
dx dy dz
«kopoue». Ilpu 3?23?_—_&::0 OHO NPHHHMAET BUL
af__of
dt~ ot’

BoamozkeH, pasymeercsl, ¥ TaKoH cjayuad, Korga [ He 3aBHCHT OT
Kakofi-mn6o u3 nepemeHHelx X, y, 2, f. Toraa cootBercrByiOmAast
yacTHas TIPOHM3BOJHAsT OYJeT paBHA HYJIO H (4) ONATH «YKOPOTHTCSY.

3ametHM, 4T0 5, XapaKTepHsyer ObicTpOTY H3MeHEHHA [ 1pH
x==const, y=const, z=-const, T. e. npu 3adukcUpoOBaHHOH TouKe.

d
Benvunaa xe B{?: XapakTepusyeT OBICTPOTY H3MeHeHHs! [ C yueToMm
H3MEHEHUS X, y U Z, T. €. JeHCTBUTENbHO TMOJHYIO GBICTPOTY, B OTJIH-~
of o

e oT FJ;, 5’; H T. X., TJ€ YacTb NEpeMeHHEIX 3apHKCUpPOBaHa, T. €.
He Meusercs.

Ham B Tekcre BcrpewaroTest CJefyOIIME CBOHCTBA IPOH3BOJHBIX,
KOTOpble Mbl MPUBOJAUM 6e3 BmIBOJA:

p ‘

1. 3;=O (¢ — HeKas] mocTosiHHAasA),
d (uv du do

2. dv dx” VU %dx
Orcopa caegyer d (cu) da
TCIoA Ay dx dx’

3. A0 _du 4 do

dx dx*
I — _ du __du dv dy
4. Ecmt u=u (), v=0(2), .., y=y(¥), 10 .=+ T2 Tt
d _ .
SlcHo, uTO H3 f’=d—]; crenyer df ={f'dx.

To, uro ckaszaso Npo NPOU3BOAHYIO U JutbdepeHLHaN CKaNSPHOH
¢yuxuny f (x), BIOJAHEe NPUMEHHMO H K BEeKTOPHON QYHKIMH u=1u (¢),
rje ¢ -— HeKOTOpHI ckansip. DTO cjaenyeT H3 TOro, YTO BMECTO (PyHK-
nud u==u{(p) Mbl MOMNKEM BCErja pacCMaTpuBaThb u,(¢), Uy (p) H
u,(¢), a TOrAa IpH 3adhUKCHPOBAHHBIX opTax i, j, k umeem

d d . .
E% = i (usi +uyj+ ufk).

) . du
Yacro moj NpOM3BOAHOH —— INOHHMAIOT

de
l_iﬂ—i .n)—fl’_un ! ugﬂ
T —dp W) =g N i,
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du
rie To MOKAa3bIBaeT, KakK OBICTPO MEHSeTCA MOAYJib BEKTOpa u, a

dn

@; — KaK ObIcTPO MEHSIeTCS HalpaBJeHHe BeKTopa u, T. €, Kak
6LICTPO OH 110BOpAuHBaercsi (n — opT BEKTOpa U).

Pasymeercst, uro f'=f (x) ecTb Toxe QYHKIHA OT X, NO3TOMY

d d
OT ' (x) MOMKHO BBLIYHC/HTL NPOH3BOAHYIO f . Ilpu atom Bé o6o3Ha-

2
MalT CHMBOJIOM E—ng ¥ HasbiBAlOT BTOPOH IPOM3BOAHON OT f(x) 1o x

HoT I
n
Bennuuna d'f = f"dx" = 37'; dx"® HaseBaeTcs auddepenuuaiom
af

n-ro nopsiaka; npu stom d'f=d (d*'f); scHO Takke, uTO ==
n
=df, ...,%:d”‘kf, npuueMn_ >k >0 (nn k—narypanbheie yncaa).

AHajoruyHO OOCTOHT [esio ¢ BEKTOPHBIMH (YHKIHSMH OT cKa-
JIAPHOTO apryMeHTa.

BeTpeuarolpecss B TeKCTE 3TOH KHUFH BEJIHYMHLI THNA U () MOMKHO
paccMaTpuBaTth Kax U =u (X, Y, Z), 4 BeJUUNHbl THIa u==u(r, v, ) —
Kak u=1u(x, Y, z, Uy, Uy, U, £) 0 T. L.

OtmMeT#M ere oHo o6cTosi1enpeTBo. Ecn imeercs nekas f (x, y, 2, 1),
TO BeJIHUHHA

d d. of d
df=%.at = M4_£w:w-géwfm4-
ofd 0
QR A7 AT & + L dy+ dz (5)

HasuBaemes NOoAHBIM Ouddeperyuaiom om'qbymcquu f. Copasa B (5)
cnaraeMble HasblBalOTCSL yacTHBIMH  Iuddepenunasiianu ot f. Ecan
B npasofi yacTH (D) OTCYTCTBYeT XOTsl Obl OXHO U3 CJlaraemelx, TO
cyMMa uYacTHBIX audQdepeHnHaNoB YK€ HEe eCTb IOJHBIA Auddepe-
unan df, a HedTo OTIHMuHOe OT Hero. TOUHO TaK Ke, €CJIH B NpaBoi
yacTd paBeHCTBa (4) OTCYTCTBYET XOTs Obl OJAHO M3 CJaraeMhblX, TO
sTa CyMMa y’Ke He eCTb II0/IHas NPOU3BOJHAA OT QYHKIMH f, a 3Ha-
YuT, HE IOJHOCTHIO OMNHCHIBaeT OBICTPOTY ee usMeHnends. Yacro
HenoJuble auddepenuvanns ofosnauaroT cuMsosom df. Hanmpuwmep,

M:%M,W_Wﬂ+wm
dsf__ dz‘—}— dy HT. L

Ecmu f=f(x, y, 2,f), T0 B faHHOM cnyqae dof 4 dsf =df. Ho ecan,
nanpumep, f=f(x, ¥, 2, £, ¢), 10 dof 4~ dsf He ecTb df, uGo B cymme

dof - dsf orcyrerByer wactubii gubdepennnan g—jgpd@. Ho scuo

rakxe, uTo dof - dgf-{—g—{:dgo yxe ectb df pna dyukumu f(x, y, 2,

¢, ).
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- [To camomy cBOeMY CMBICJAY NOMHASL NMPOH3BONHAS W NOJHBIA AHD-
(epeHHan ONUCLIBAIOT H3MeHeHHe (YHKUUHM MOJHO H OJHO3HAuHO
B OTJIMYMe OT 4YacTHOH HpPOHU3BOJHOH H HemoJHoro aupdepennna’a.

N § 3. Hnurerpan

Ilycth umeercs Hexoropas f(x), saganHasl B MHTepBane Ax oT x
10 x;. Pa3busas 3TOT uHTEpBas (¥;— X;) Ha CTOJIL MaJjble HHTEp-
BaJbl Ax;, uTO Ha HUX [ (X) CyLUeCTBEHHO He MEHsIeTCsi, o6pasyem cyMmy

i=N
> Fx) Axy.

i=1
Ecan Ax; cronb Madbl, 4TO Ha KaXKIOM M3 TaKHX HHTepBaJIOB f(x)~

Az const, To ary cymmy IIpI/IHHTO o0o3HauaTh CHMBOJIOM Sf(x )dx

H Ha3biBaTb onpedeseHHbiM UHmezpaiom om (yunxyuu [ (x) Ha unmep-

A flx)

Z

Z

%
- ’ x >
4—:{‘0’{ , »
i x’—_—fﬂ redz

Puc. 8

ease om x; 00 x,. Kak BHIHO H3 pucC. 8, CMBICJA 3TOr0 HHTErpana —
3T0 MJIOWAaAb 1ol KpuBoil f(x). MoxXHO TOUKM X1 H ¥y He (PUKCHUpO-
Bath. Torga roBopuM o0 HHTErpaje ¢ IepeMeHHBIMH mNpefesamMu
(rpanuuami) uuterpuposanus. IlpuusTo mph s10M Ty mepemenuyo,
OT KOTOpOH 3aBHCHT [, ofo3Hauatb X', a TIePeMEHHYI0 TPaHHLY
WHTErPHPOBaHUsS— X, T. €. 3alUChbiBaTbh WHTErpaj B BHJIE

Sf(xo dx'. (6)
Xg
MoxHO, pasymeeTcsi, BBeCTH O0O3HAUCHUS
o
§ fx)dx (7
*3

uaM  emle  Kakue-nu6o ppyrue. BaxkuHo Jumpe NOHHMArh, uTO
CTOSINAa NOJ, 3HAKOM HHTerpaja nepeMeHHas NPUHUMAET BCE BO3MOXK-
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Hble 3HAUSHHSA B mpefeflax OT X =ux, 10 X' =x (u1a cayuasa o6o-

sHaueHuii B pasenctBe (6)) uaum or x=xp n0 x=x" (Aada cayuas

oGo3HaueHnit B paseHciee (7)). $IcHO, uyTO NPH 3adUKCHPOBAHHBLIX

FPAHHLAX HHTETPHPOBAHMS HHTETPa] €CTh UHCJIO, & NPH He3apuKCH-

POBaHHLIX — QYHKIHA OT FPaHULl HHTErpHpOBaHHA. HacTo HUXKHIOK

rpaHuLy, T. €. Xo, QUKCHPYIOT, a BEPXHIOIO OCTABJSIOT NepeMeHHOH.
X

Torna unrerpan (6) ecrb ¢gynkuusa or x, T. e. S ) dx' = (x).

X,

MiMenHo Takoro THma HHTErpaibl H q)uryponpy}m‘ yauie BCETO
B OCHOBHOM TeKCTe JAaHHOH KHHUTH.

Mo:XHO rOBODHTH H 06 HHTerpaje OT (PYHKIHH MHOTHX NEpeMeH-
HBIX, T. €. OT [(x, y, 2, 7). [lpu 3T0M B HHTepecylOUMX Hac Cydasx
3TO HHTErpajibl THMNa

T2 X2 VaZa .

{imdr= § If:(y 2detFy (5 5, D) dy+f. (x5, 2) del.

ry X1Y12¢ .
MoXKHO moKasaTh, UTO €CJH BeJHYHHa

Fudx - fody -+ f.dz

ecTb NOJHBIH Juddepennuan or Hekoelt QyHkunu P (x, y, 2), 1. e.

€CJIn
fxdx '+' fydy +fzdz - dCD,

TO 3HAUYCHHUE HHTErpaJna

rg

S (- fydy -+ [.de) = a0

T

MOXeT OHbITh BBHIPAXKEHO Kak pasrocTb ¢yHkuud @ (x, y, 2) Ha rpa-
HMIAX HHTErpUPOBaHHA, T. €.

r2

r§ f(r)dr = {dP=2 (r)) — @ (ry).

Ty ry

[IpuHATO rOBOPHTH, YTO B JAHHOM Cjlyuae pesyJbTar HHTErpHpoBa-
HHsl He 3aBHCHT OT IIyTH HHTErPHPOBaHHS, T. €. OT TOro, KakuM
06pasoM Mbl «0OHpaJHCh» OT TOUKH 1 1O ToukH 2.

Ecau xe f Taxosa, uro

fuds -4y} f.dz o,

TO pe3yJbTaT HHTETPHPOBAHHS SABHCHT OT NYTH HHTErPHPOBAHHS.
B paHHOfl KHUre 3T0 oObiUHO (OOBIYHO, HO He Bcerjal) osHauaer,
uto f ecTb (YHKUHA He TONLKO OT X, Y, Z, HO M OT KaKHX-TO Apy-
rUX NepeMEeHHBIX (HanpHMep OT Uy, Uy, U, £ H T. L),

HmenHo mnosToMy aJemeHTapHasa pa6ora F (r, v, f)dr He ecTb
noausiit guddepennuan, 1. e. F(r, v, f)dr=dA. %] 3HAUUT, BeJH-
uyHa paGoThl 3aBHCHT OT (OpPMBI TPaeKTOPHH (0T «hOPMHI NyTH»).
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Hckaouenne cocraBasieT ToT ciyuafi, korga F=F (r) umn, uro Bce
paBuo F=F (x, y, 2), a torga F (r)dr=d® u 3uauut:

gg F (r)dr =r§ d® = (ry) — O (ry).

Kax rosopusioch B TekcTe, 0kasasoch yIOOHEIM BMecTo ¢yHKuum @ (r)
ynorpebuts ¢yakumo U (r) =-— @ (r).
2

HnTterpanst tina Sf(r, Vv, {) dr Ha3bIBaIOT KOHMYPHOIMU WY AtHEl-
1
HbIMU, TIOCKOJIBKY 9JIEMEHT NepeMeHHOH, IO KOTOpOH BeleTcsl HHTer-
pUpoOBaHHe, T. €. dr, eCcThb OTPE30K JHHHH.
MoxHo 06pasoBeIBaTh HHTErPAJBl MOBEPXHOCIIHBLE

(i, v, 0ds, ({ex y 2 04ds,
S S
0 oOzeMHbie
SSSf(r, v, £,)dV unn SSS o(x, y, 2, H)dV

v 14

U T. I

Hano noHuMarth caMmoe rJaBHOE — uHmezpas Imo 6cecda cymma
KOKUX-MO  9AeMEHMapHO-MAAblx  caaeaemsix, CMBICT Ke HHTerpana
yCMAaTPHBAETCSl KaxKABld pas B KarkAOM KOHKPETHOM cayuae. O cMbicse
HAMUCAHHBIX B TEKCIe JAHHON KHHUTCHM HHTErpajioB BCerja FOBOPHTCS
HEMOCPENCTBEHHO B CAMOM TEKCTE KHHIH.

OrMeTHM, YTO TIpeienbl HHTETPUPOBAHHS HOMEUAIOT CAMBLIMH pas-
JHUHLIMH crocofaMu:

Xa X 2 B 3
{rde, (F)dy, (f)ydx, (B(r,v,0)dr u o
X1 A

X0 1
[ToBepxHOCTHBIE HHTErpajsl 0003HAYaOT ™

Wity 2 0dS, (T y 2 0dSara,
N S

o0beMHBIE HHTE rpanel:

(§fw g2 0av, (ix,y,2.0dV n 1 1

14 v

Ecaun upTerpupoBaHue Beercs IO 3aMKHYTOH KPHBOH, TO HHIIYT
CUMBOJ :

§7 @, g, 2)dl, §t(r, v, 0dl, §F(r, v, fdr,
€CJIH TIO saMKHyTOﬁ NOBEPXHBOCTH, TO
97, v, 2 0as, (i, v, 1)as.
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B rabnunax HHTErpanoB OT OXNHOM MepeMEHHOH NaloT OGLIYHO 3Ha-
UeHUST HEONPEeNEeNCHHBIX HHTErpasioB, T. €. HHTErpajoB, IPaHHLE!
KOTOpBIX He yKasanbl, Hanpumep,

{f(0)de=2 x)4C.

X3

210 O3HawaeT, YTO ONpelesieHHBLIH HHTerpan Sf (xydx G6ymer pasen

(1) (xg) _ (I) (x1).
B panHOA KHHre uame BCEro BCTPEUAlOTCS HHTErpadbl BUAA
Sf(x) dy, T. e. monpIHTErpaNbHast GYHKLUHsI 3aBUCHT OT IePEMEHHOI X,

a HUHTerpHPOBAaHME BeleTca IO MNepeMeHHO# p. Takne uuTerpasbi
BLIYUCAAIOTCA TaK:
a) BHIpAXKAWT p.==up (X), NpUYEM OKasblBaeTcs, uTo du ==¢ (x) dx,

a Torja MHTerpaJ NpPHHUMAaeT BHJ Sf(x)go(x) dx, T. e. SQ(x) dx,
6) BelpaxkaloT x=x(p), a Toria f(x)=P (») U MHTETpa’ HpH-
HUMAEeT BUJ SP»(pL) du.
M3 onpenejiends uHTerpasa clAeAyeT, 4TO

D S+ o)de=\fdx+{odx,

2) | const f (x) dx==const | f (x) dx,
yeM B OCHOBHOM TeKCTE€ KHHTH HacTO IMPHUXOAHJOCH IMOJAL30BATHCH.

UpesBbiualiHO BaxKHO MOMHWTB, YTO BeJHYuHBl THna df, dx, dy,
d*z, d'u u 1. K., T. e. puddepennuans MoObiX NMOPSAKOB CyTh BEJIH-
ydHEI MepeMeHHbl e, Bce BpeMmsl cTpemsiiuecs K Hymo. [losromy
€eccMbICIEHHBIME fIBJISIIOTCS paBeHctBa dx=0,1, d’y=0,001 u T. 1.,
nb0 mepeMeHHAas BENHUHMHA HE MOMKET ObiThb paBHA NMOCTOsHHOH. Ana-
JIOTHYHO OOCTOMT Jeno W ¢ Beauuunamu f(x)dx, v(f)dt u 1. A.,
KOTOpEIE TOKE CYThb AH(depeHHalst, T. €. Majble e P eMeH Hbl € BeJH-
yuHpl, cTpeMsmuecs kK HyJo. IlosTomy, pasymeercss, HHTErpPHDOBATH
MOXXHO TOJIbKO TNepeMeHHble BeJUUYHHBI, TaK KaK HMHTErpas ecrb
cyMMa GeCKOHEUHO 60JblIoro uHcsaa CecKOHEYHO MaJjlblX CJlaraeMbiX.
Orciofa caefyer, 4TO BHIPaXKEHHs «IPOHMHTErpHPOBATh YHCJO CTOJIOB
B KOMHAT€» H «IIPOMHTErpPUPOBATH KOJIMUECTBO MECUMHOK B MEILIKEe»
HaJi0 NMOHUMATb KAaK IOMOpPHCTHYECKHE.

Ozpnako B (U3UKe yacTo BCTPEUYaoTCsl BbIPAXKEHHS THIA «MHTer-
pupysl uro-nu6o 10 BceMy 3apsily», <HHTeTDHPYH 10 BCEM MOJIEKY-
JaM» U T. A., T. €. Ipejjaraercs NPOUHTErpUpOBATh HMEHHO KoHed-
Hble, JUCKpETHbIe BeJHYyHHE., Kak' e IOHHMAarb 3TO — TOXKE Kax
cBoeoGpasHEId I0MOpP? B Kakoi-To Mepe, KOHEUHO, TaK.

OznHako 9TH BbipameHnusi osHavalorT U jpyroe. Kimenno, akcnepu-
MEHT Bcerja MNPUBOAMT K I[OKA3aHHAM KAaKHX-TO NPHOOPOB. ITH
MOKA3aHUA BCErJa KoHeuyHwl. [IpH sToM HHOrZA npubOphi B Npenenax
KaKOH-mn60 00JAacTH JAlOT NOKa3aHHs, OT MeCTa K MECTY, OT «TOYKH»
K «TOYKe», He MeHsoLlHecs CyllecTBeHHbIM ofpasom. Takue obaacru
¢H3HK HasblBaeT MajbiMH H WX oGosHauaiorT Ax, Ay, Ar, Af, Av u
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A Av
T. 1. Yacro nHac HHTEPECYIOT BECAUUHHEI Z%’ i H T. JA., a TaKxe

BeNHUHHBl THOA Y f;Az;, X v;Af; u T. A. Ho Takue BeJMYHHBI TPYIHO
o d dv
cuutarb. C ApPYyrofi cTOPOHbBI, BEJHUHHBI THIA %C, a7 f (x) dx,

Sv(z‘) df m 1. A cuHTaTh 3HauUMTENILHO npoile. Bo BcAkoM cnvuae,

MaTeMaiWKH pa3paboTajH NpHeMbl CueTa TaKUX BEJIHYHH — HUCUHCIIE-
Hue GeckoHeyHO ManelX. Yrto jnenaer ¢usuk? OH npu pacuerax,
MOJIYUeHHBIX Ha OpblTe, KOHeuHble BeJqHuunbl dx, Af, fAx; v T. A
3ameHsieT Ha OECKOHEYHO MaJjhie BeluuMHH dx, df, fdx w 1. x. Ilpu
9TOM OH, KOHEYHO, COBEpIIAeT owHOKY, HO TeM MEHBWIVIO, ueM
Menplie BenuuwHel Ax, Af, f;Af u 1. . Urto or Tako# 3amenn?
Ilpowrpet B HCTHHE (JonylienHe owWHOKM), HO BLIMIPHI B ofser-
YeHUH pacueroB, B OBICTPOTE HX.

AHanoru4Ho OGCTOUT Lesio C 3aMeHoM TepMHHa «3HAYEHHE KaKoli-
Jin60 BeJHYHHBl B HEKOTOPOH MaJsiofl 061acTH» TePMHHOM «3HAUEHHE
9TOH BeJIHUHEB B TOuke»., Panblle MBI yxe TOBODHJH 00 3TOM.
Ho pns nopuepxuBaHMA TOro, YTO Ha CaMOM Jeje Mbl BCETRA HMeeM
Zeno ¢ ofnacTsMH, a He C TOUKaMmH, Mhl YNOTPEOJATH TepMHH
«TO4Ka», NOHMMAsl MOJ HHUM CTOJib Manyiw obnacte Af, Ar, AS, AV
U T. A., B Ipepejax KOTOPOH HHTepecymolllas Hac BEAHYHHA Cylie-
creenno He menserca. Ilpu pacuerax Mbl 3aMeHsann Af, Ar, AS, AV
u T. A wa df, dr, dS, dV u 1. R

CxasaHHoe BEIllie €CTh YAaCTHOE OTpaxenue Toro (axta, uro Jiobas
Teopys, mobas cxema, JHOO0H s3bIK Bcerja Julb NPHOIHIKERHO
OIMHCHIBAIOT sIBNEHUs, COObITHS, Bemu. [lepexol OT KOHEUHBIX BeJiH-
YHH, MOJYYEHHBIX B SKCIIEPHMEHTE, K IICPEMEHHBIM, (DUI'YDPHPYIOWUM
B pacuyeTax, eCTb OJZHAa H3 YacTO HCHO/b3yeMblX B Hayke abcTpakuui.

§ 4. KomnnexcHele uncaa H (pyHKUMH

Komnaexcuotm uucaom HasblBaerca YHCIO a--ib, roe a u b—
JeficrsuTeNnbHLIe YHCAA, A =V 1. [Ipocmetiwell  KomnaexcHo
¢yrryued sBngercss ¢yHKIUA z==x-} iy. bonee o61ueﬂ KOMNACKCHOU
¢yHryueldl HasbiBaeTCst PYyHKUMA

Y@ =9(x+iy)=ux, y)+ v (x, Y

u (x, y) HaswpBaOT Oedcmsumensrot, a v (X, y) — MHUMCE wacTAMH
KOMIIJIEKCHOH QyHKIUH ¢ (x| iy). YDoOHO Ha TJIOCKOCTH x, 1y
nzofpaxaTb KOMIJIEKCHBIE YHCJIAa BEKTOPAMH C NPOEKUMAMH X M iy
(puc. 9).
. B OGonee ofweMm cayuae qa(x—{—zy)_u(x y) -Fiv (%, y) MoxHO
TPaKTOBaTh KaK BEKTOD C COCTaBJASIOWMME U (X, y) H v (x, y). [lpu
9TOM He NPHHATO CTaBUTh CTPEJNKH Haf u, U H ¢.

(Dymﬂmﬂ $* (x4 iy) =u (x, y) — {v (X, y) HA3LIBACTCA KOMIACKCHO-
CONPANEHHOL Gynkyued Oan pyuxyuu q)(x—i—zy) cho, uro  g*
€CTh JEHCTBUTEHbHA! (YHKUHS OT JeHCTBHTEJbHBIX nepemeHme.
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X B y. OTO JIerKo BHIETH B Clyuae
p=ux y)+iv@kxy 1 P*=ux y)—ivx Y,
FIe NMpsIMOe YMHOXKEHHe TPHBOIUT K PAaBEHCTBY

¥ =u’(x, y) +0* (%, y).

YR
P=u+iv
V'Y
9\ —
L Z=X+ey
y
1% oz
[ $*=u-iv
Puc. 9 Puc. 10

Beanunna lq)]=VW=Vu2—|— v* HasblBaeTCsl MOAYJIEM BEKTOpa .
W3 puc. 10 BugHo, urto

u==|¢|cose, v=|{|sing,

mm, YTO BCE PaBHO,
g==[}[(cos ¢ +-ising).
I[To (popmy.ﬁe ditaepa

. cos ¢ -} i sin g =e¢'",

a Toria
p=19le".

Bpejierie KOMIIIEKCHBIX YHCEJ, KOMILIEKCHOH NepPeMeHHOH z=x-}-{y
H KOMIJIEKCHOH (YHKUHH ¢==u —-{v KpOME TOTO, YTO OHO pacIuH-
pser HOHATHE O YHCJAe M O (YHKUHH, MO3BOJSET yNpPOWATh 3alHCH
W BLIYMCJIEHHA B LENOM pPAJE BaXKHBIX B (H3HKE CJay4aes.
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§ 5. l'lepequb BCTPEHAIOMUXCH B TEKCTE NPOU3BOXHLIX H HHTErPaioB
4 4t — nx"
dx
d sinax=acosax
dx =ac ’
d .
(T cosax =—asinax,
== qe”
I +1
x'dx = — x” ,

1
cosax dx =— sm ax,

d

1

S sinax dx =— — - Cos ax,
S e dx ____eax.
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