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NNPEANCJIOBHE

Hoquy IOCJIC CIIMAHUSA ITPOTOHA C HeﬁTpOHOM B A1p€ aTOMa CyMMa UX MAaCC CTAHOBHUTCA
MCHBIIC UX CyMMapHOﬁ MacCChbl OO0 CIIMSAHUA, T.C. TIOYEMY BO3HUKACT Ile(l)eKT macc ?

[Touemy «cTperna BpemeHu» HampapieHa Tonbko u3 Hacrosimero B bynymee ?

HO‘ICMy, C€CJIM HaxXo4A1eCCs BHYTPHU THPOCKOIIA TCJIO pOTOpa 6BICTpO BpamacTcs, TO €ro
OCb YACPIKHUBACT CBOE€ MOJIOKCHHUE B IpOCTPAaHCTBC ?

[ToueMmy cKOpOCTb CBETa SABJISETCS MPEAEIbHO OOIbIION ? ...

Dta KHIKKA 1Mo oTHomeHuio K [3], [4] u [5] sBiusgercs mx 0000IIArOMMM
BApUAHTOM, a 0 OTHOIIEHHUIO K [6] maHHas paboTa OTIMYAETCS JIUIb HEOOIBITUMU
WCIIPABJIICHUSIMU B pUC.2 U B TEKCTE, B 4YaCTHOCTHU, Ha c. 28, 32 u 190. Kpome Ttoro,
MIEPECUYMCIIEHHBIE BBIIIEC BOMPOCHI M OTBETHl HAa HUX, MPUBEICHHBIC B HACTOSAIICH
paboTte, TOBOPAT O TOM, 4TO «MeToa TpEX MOCTyJaaToOB» 00JamaeT, MO-BUAMMOMY,
COOTBETCTBYIOIITUMH BO3MOXKHOCTSIMH MU CHOCOOHOCTBIO. [lo moBomy 3TOoro merojaa
CIeIyeT CKa3aTh, YTO OH BO3HHK H3-3a HEOOXOAMMOCTH MOCMOTPETh, HAKOHEI, Ha
OKpYXKaroIK HaC Mup M Ha €ro yCTpOMCTBO C HEKOTOPOU MPUHIMIUAIBHO UHOU, —
YeM 9TO JCNaeTcsl ceddac, — TOYkH 3peHus. [J1aBHas OCOOCHHOCTH TOCIETHEH
COCTOMUT B TOM, YTO B MpEAJIaraéMOM HOBOM CHOCOOE OMHCAHUsI OKPYKAIOLIEro Hac
Mupa HET TeX HENpPeOoAOJIMMBIX TPYAHOCTEH, KOTOPbIE UMEIOTCS B CYIIECTBYIOIIEM
HBIHE «BOJIHOBOM» CITOCOOE ero omucanus. Tak, B HOBOM CIIOCOOE HET HUKAKMX BOJH
CBETa W BOJIH MHOTO M3Jy4YEHHS, a JIy4d CBETA, B YACTHOCTH, PACIPOCTPAHSIOTCS B
MIPOCTPAaHCTBE Kak OBl caMu CcOOOH, NMpH TOMOINM JABOMHBIX TIOBOPOTOB OCOOBIX
BeKTOpOB I1ycTOTHI 6€3 BCSIKOTO yuacThst «3dupa» (cM. 06 s¢pupe Ha ¢.209-210).

UYTo e KacaeTcsi COOCTBEHHO «MeTo/1a», TO B €r0 OCHOBE JICXKHT CIICIYIOIIEE.

Bo-nepBbIX, B HACTOSAIMICH KHI)KKE TIOJIaracTCs, YTO TaK Ha3bIBacMas Oelcii-
syrowas cuna F=mra Ha caMOM Jiejie HUKaKUM JIEMCTBUEM He 00JiajaeT, T.K. B Hel
HET BPEMEHHU €€ nercTtBUs. (PasenctBo F=m-a, HanoMHHM, MOJIy4aeTcs M3 2-TO 3aKOHA
Herorona Frt = m-V mnocne neneHus ero JeBoi M NpaBoii yactu Ha Bpems « t ».) [loaToMy He
cuiy F, a umnynece cuiibl p = Frt ciienyetr mpuHUMATh 32 PEATbHO TOJKAIOIIYIO TEJIO
«m», 32 peaJIbHO JIEVUCTBYIOIIYIO HA HETO CUITY (cMm. ¢.16-19).

Bo-BTOpBIX, MOCIIE AOATUX MOUCKOB MOJIXOJSIIETO COco0a OMUCAHUS OKPY-
JKaroIed Hac JEUCTBUTEIBHOCTH BBIACHUJIOCH, YTO JUISl 3TOM ILIEJIM MPUBBIYHBIE HaM
MaTeMaTHUYECKUE BEKTOPhl HE TOJSATCSA, U BMECTO HUX HEOOXOAMMO IMOIb30BAThCS

bU3UIeCKUMH BEKTOpaMu 1-To 1 2-1o poja (cwm. c.12-15).
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[Ipu sToM, Hanpumep, BeKTop cuibl F Oyzaer BekTopoMm 1-ro posa, U y HETO HaJUIUTEPHAS
cTpenka OyneT UMeTh BHI « —> ». Torga Kak BEeKTOp MMIYJbCa CHIIBI p OyaeT OKa3bIBaThCA
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BEKTOPOM 2-I0 poja, U y HEro HaJUIMTepHas cTpenka Oyner Buma « —» ». bosee Toro, kak
0Ka3aJI0Ch, BCE BEKTOPHI 1-T0 pojia M 2-r0 poJa MOXHO 0003HA4aTh HA MHCbME HE TOJBKO MPH
HOMOIIM OJTHOM WJIN JBYX JINTEp Kakoro-inbo andasuta, Hanpumep a, b, ﬁ CD u 1.1, UX MOXXHO
0003HayaTh emé 1 Mpyu IOMOILIM ONPEeAEIEHHOTO BUAA PALIMOHAIBHBIX MM HPPALIMOHAIBHBIX YHCEL.
Tak, mo06oMy ¢Gu3BEeKTOpPY 1-rO poja MOYKHO TOCTaBUTh B COOTBETCTBHE HPPAIMOHAIHHOE UYHCIIO

BHJIA l‘?/R-(i)l , TOrma Kak (U3BEKTOPY 2-TO pofa MOXKHO INOCTaBHTH B COOTBETCTBHE TOJBKO

palMoHAIIbHOE YUCIIO BUJA [R . (i)l] —cMm. § 2.

K sromy cremgyer mo6aBuTh, uTO crocod 3amucu ¢pu3BekTOopoB mpu nomoutn MPPU-uncen
wi PU-uncen B maHHOW paboTe MIMPOKO HCMONB3YETCS. DTO CBS3aHO C TEM, YTO B KaKOW-TO
MOMEHT B HEM MPOUCXOAUT COMOCTABJICHHUE MEXIy cO000#l, B YACTHOCTH, ABYX Pa3HbIX BEKTOPOB
1-ro poma (cm. c.55). OmHaKo, KaKk W3BECTHO, TOJHKO HWCITOJIB30BAHUE YHCEN NAa&T BO3MOXKHOCTH
COBEPILEHHO TOYHO ONpPEAEINTh, SBJISIOTCS PaBHBIMH MEKAY COOON T€ MM MHbIE CONOCTaBIsIEMble
BEJIMYMHBI, @ €CJIM OHU He OYAyT paBHBIMH, TO KaK CUJIBHO OHU OyIyT OTIMYaThCs APYT OT Apyra.

I[aJIee OKa3aJIOCh, YTO B OTIIMYUC OT MATCMATHUYCCKUX BCKTOPOB, BOO6H_IG HC
HUMCIOIHNX KaKoro-amnoo (I)I/ISI/ILICCKOFO TCJIa, ¥ BCCX (I)I/ISI/I‘-ICCKI/IX BCKTOPOB, HAIIPOTHUB,
HUMCECTCA HCKOTOPOﬁ TOJIIUHBI TCJIO, T.C. BCC (I)I/ISI/ILICCKI/IG BCKTOPBI ABJIAIOTCA
meJjlieCHbiMu BCKTOpAaMU, SBIIAIOTCA T-6€Knmopamu. Bnpoqu, Ha CaMOM JICJIC Y BCECX
«TCICCHBIX» (I)I/I3I/ILICCKI/IX BCKTOPOB, — 9TO CaMOC YAUBUTCIIBHOC, — TAKKC HUKAKOTO
TCIIa (I)aKTI/I‘-IeCKI/I HCT, a 3TO €CTh BCCI'O JIMIIIb TOHKHC HpHMOHHHeﬁHBIe IMPOMCIKKYTKH

[TycTOTHI, 3TO €CTh «TEJIECHO-0eCTeNeCHBIe» T-BeKTOPHI ITycTOTH (cM. § 2 — § 5).

B TpeTbuX, 04eHB OBICTPO BBISICHWIOCH, YTO MPU OMUCAHUU OKPYKAIOIIETO HAC
Mupa HEoOXOAMMO YYHTBIBaTh, YTO B HEM a0COIIOTHO BCE KaK MHUKPOCKOITHMYECKH
Majble, TaK U CKOJb YrogHO OOJBINHME Tella NMEPEeMEIIATCs W3 OJHOTO MecTa B
JIPYroe HCKIIOYHUTEIBHO wacosbim obopazom. To ecTh JH000E TEI0 CHadaja O4YeHb
KOPOTKOE€ BpeMsI = 0,9'10_15 [CeK] ABMIKETCS, a 3aT€M OHO Ha TOYHO TAKOE YK€ BpEMsl
3aMHUpACT B COCTOSHHUM TIOJHOW HEMOABIIKHOCTH. IIoTOM Teno yka3zaHHOE BpeMs
OTISITh HEMPEPHIBHO JIBMKETCS, a 3aTEM OHO Ha TaKOE K€ BpEeMsl CHOBAa OCTaHABJIH-
BAaeTCs KaK BKOIIAHHOE M T.J1, U T.1. (cM. § 6.)

BeposiTHO, BCE mepeurclieHHOe B TPEX TOIBKO YTO MPHUBEICHHBIX YTBEPKJIC-
HUSAX (MMEHYEMBIX B TIOCIICIYIOIIEM «IIOCTyJIaTaMt») CKOpee BCEro, Oy/ieT BCTPEUCHO
UwuraTenem co CMENIaHHBIM YyBCTBOM KakK HEAOYMEHHs, Tak W HemoBepus. OgHako
HEYKJIOHHOE CJICIOBAHME STHUM YTBEPXKIACHUSAM-IIOCTYJaTaM Ha TMPOTSHKECHUU BCEH
paboTHI B UTOTE 1aéT BOBMOYKHOCTD TTOKA3aTh:

1. YUto yrBepxkaeHue o Tom, 4yto B [IpocTpaHcTBe-BpeMeHU Kpome TPEX MpOCT-

PAHCTBEHHBIX KOOPAMHAT SKOOBI CYIIECTBYET emié 4YeTBEPTas KOOpAHHATa

Bpemenu, sBisiercss HekoppeKTHbIM. [IoToMy 4TO 00BIYHOE TPEXMEPHOE MPOCT-

PAaHCTBO HEBO3MOXKHO TpeoOpa3oBarh (Tak, kak jaemaetcs B CTO) B Hekoe
SKOOBI euHOE YeThIipéxMepHoe [IpocTpancTBO-BpeMs (cm. menkuii mpudr Ha c.53-
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54). Kpome storo xona Bpemenu B IlpocTpaHcTBe B nepByr0 ouepenp (HEmoc-
PEACTBEHHO) CBA3aH C JIBM)KEHHMEM HaxXOJsUIUXCSl B IMPOCTPAHCTBE TEN U
00BEKTOB, TOrAa Kak ¢ cobctBeHHO [IpoctpancTBom xom Bpemenm cBsizan
JIUIIIb BO BTOPYIO OYEPE/lb (JIMIIb OMOCPEIOBAHHO) — CM. MEJKHH Wpu@T Ha C. 56.

2. Yrto KpoMme MPpUIYyMAHHOTO JIOIbMU BPEMEHHU (MCUUCIISIEMOrO B JIHSIX, 4ac, MUH
U T.J.), cymecTByeT emé u ¢usuyeckoe Bpems, KoTopoe HCUUCIsSeTCS B
eIMHUIIaX Tj, ¥ KOTOpOoe TEYET MpH 3TOM BO BCEX TOYKax BceneHHoH, Bo-
MEPBbIX, OJJHOMOMEHTHO, BO-BTOPBIX, CTPOr0 PABHOMEPHO U, B TPETHUX,
a0COIIOTHO HE3aBHCHMO OT HAIIIEH BOJIM M COZHAHMS,

3. Yro Bpewms sBnsercs BENMYMHONW HE HENPEPBIBHOM, a JUCKPETHOM, M3MEHS-
IOLLIEHCS] HE TUIABHO, a OTACJIBHBIMH CKaYKAMHU-KBAHTAMH, BEJIMYMHA KaXI0TO
W3 KOTOPBIX paBHA Ty = 1,9-10™" cex., rme Ty — ecTh MPEACIBHO MaJIask U Jajiee
He/lennMas HU Ha Kakue Oosiee Melkue 4acTu (pyHAaMeHTAAbHAsl €IUHHIIA
¢dbuszudeckoro Bpemenn, ectb 1 [dheB] — cm.§17 ;

4. Ytro Bpewms siBisieTcss BEIMUYUHOW HE CKﬂﬂpHoﬁ, a BEKTOpPHOU (HO HE TaKOH,
KaKOM SIBJISICTCSI BEKTOP UMITYJIbCA CUJIBI p, @ TAKOM KaK BEKTOP CUJbl F );

5. Uto Xon BpeMEHHM HEOCTAaHOBUM M HeoOpaTuM. Bpemsi Henb3ss OCTaHOBUTH
oTOMY, 4TO Bpems u /[BukeHue — CyTb OJTHO U TO K€, U MOTOMY Bpems Teyér
tonbko U3 «Hacrosmiero» B «bynymee», ubo JIBWkeHHe HHUKOT/Ia HE
MPOUCXOJIUT Cpa3zy U «BIEPEN», U «HA3aI», HO MPOUCXOIUT BCErAa TOJIBKO
«BIIEPEN»;

6. UTo HHMKAKOTO 3aMEJICHUS WJIM YCKOPSHHS XO0Jia BPEMECHH NPH W3MCHCHUHU
CKOPOCTH JIBIKEHUS JTFOOOTO Tena (PakeThl) He MPOUCXO/IMT;

7. Uto cobcTtBeHHO Bpemst HuKakoil 3Heprueil He 00J1a/1aeT;

Uro 3HaHME KOHCTPYKUHUH €JUHUYHOTO MHTEpBaJia BpeMeHu T, paBHOCUIBHO
3HAHUIO KOHCTPYKIIMU TeN JIIOOBIX (DOTOHOB M TeN JIHOOBIX 3JIEMEHTAPHBIX
4acTUIl (B YaCTHOCTH, TEJI HEUTPOHOB, IIPOTOHOB U AJIEKTPOHOB).

9. Uto ckopocth cBeta C [EUCTBUTENBHO SBJISETCS HAMOOJBIIEH U3 BCexX
CKOPOCTBIO paCIpOCTpaHEHUs curHana (cm.§17).

10.Yto ckopocth cBera C sBISETCS KOHCTAHTOM COBCEM HE IMOTOMY, YTO HET
a¢upa (kak 3To OBLIO HAKEHO B OmbITax MaiikenscoHa—Mopiu 1o oOHapyKe-
HUIO 3(UPHOTO BETpa), a MOTOMY 4TO MUp YCTPOEH TaK, YTO HE TOJIBKO CBET,
HO W BCE APYTrue€ SJICKTPOMArHWTHBIE M3ITy4EHUsS, KaK OKa3ajoCh, CIIOCOOHBI
pacpoCTpaHAThCA OYKBAIBHO «caMH COO0M» maxe B coBepiieHHoi [lycTore.

11.Yto rpaBUTAIlMOHHOE W3JIYyYECHHE €CTh TOYHO TAaKOE K€ JJIEKTPOMArHUTHOE
U31Yy4YCHHE, KaKUM SIBIISIIOTCA JIy4dW BHAUMOTO CBETa (cMm. c¢. 166-169), U 4UTO B
I'paBUTAllMOHHOM HM3JIYy4YE€HUHU CICAYET, IO-BUAUMOMY, pa3IndaTh ABa €r0o BUIA:
NANbHOJICUCTBYIONIEE U3JIYyYeHHUE W OJU3KOJCUCTBYIOIIEE T'PABUTAIMOHHOE
U31y4eHHE (cMm. ¢.149) u T.1.

N3 sToro cmucka BHUJHO, YTO OH OXBATbIBACT TAKHUC BOIIPOCHI, HA KOTOPLIC



OTBET JINOO JI0 CUX MOpP HE HaljeH (mpobdiieMa MHOTOCTpagaibHOTO 3dupa), TM60 OH
BBI3BIBAET CIOPHI («pazOeraHue» rajakTuk U ap.). OIHAKO MCTOIB30BaHUE B JTaHHOU
pabore mpeiaraemMoro B Heil «MeToa TpEX MOCTYIAaTOB», KaK YK€ OBIJI0O OTMEUYEHO
BBIIIIE, TIO3BOJISIET JaTh MO KaXXIOMY U3 HUX, IO MHEHHUIO aBTOpA, BIOJHE MpUEMIIe-
MBbIE ¥ IPUTOM B3aUMOCOTJIACYIOIIUECS OTBETHI.

Emé B maHHON KHIDKKE MOKA3bIBAETCS, YTO MPHU IIarOBOM JABUKEHUU JIFOOOTO

Tella «Mm», B YaCTHOCTH, 110 KPYrOoBOM OpOHUTE BO3HMKAET MOKA elllé Heu3BecTHOe B

HayKe sIBJICHUE, COCTOAIIEE B TOM, UTO OMNpPEAEIEHHAs YacTh IIArOBOr0 MMIMYJbCa
CUJIBI (KOJTMYECTBA JBIKECHUS) Y TEJa «M» U3TydaeTcs B OKPYXKaIoIIee MpOCTPAHCTBO
(cM.§12-13), 1 YTO 5Ta 4aCTh U31Yy4aeMOI'0 KOJIMYSCTBA ABMIKECHUSA C POCTOM CKOPOCTU
Tena «my» Bo3pacrtaer. [IputoM Bo3pacTaeT HACTOMBKO, YTO MPU CKOPOCTU OJIU3KON K
CKOPOCTH CBETa BECh IIArOBBIM HMITYJIBC CHJIbI, TOJKAIOIIUM B CHUHY TEJIO «Mm»,
KakuM Obl OOJIBIIIMM OH HU ObLI, O€3 OcTaTKa TPATUTCS TOJIBKO Ha ATO M3NydeHue. B
UTOTE K€ TOJIy4aeTcsl TaK, YTO BOBCE HE MU(PHUUECKUU POCT MACCHI Tella «m» MpHU
YBEJIMYEHUU CKOPOCTH €ro JBIKEHUS V, a BCE OOJBIIMNA POCT YHOMSHYTOTO
M3IIYYEHHUS SIBIIETCS TOW MPUUMHOM, KOTOpasl MPEMSITCTBYET TENy «M» JOCTUTHYTh
CKOPOCTH JIBU>KEHMS, paBHOM ckopocTu cBera C.

Taxke B Hell TMOKa3bIBa€TCS, YTO, COTJIACHO HAWJEHHOMY B JaHHON pabore,
IPOTOH W HEUTPOH YCTPOEHBI TaKUM OOpa3oM, YTO TEIO MPOTOHA MOXKET OBITh
OyKBaJIbHO BCTaBJICHO BHYTPb TeJla HEUTPOHA 0€3 BCSIKOTO Bpena Kak JJisi OJTHOTO, TaK
u s apyroro. Ho mpu »TomM Macca o0mieil MpOTOH-HEUTPOHHON YacCTHUIIbI, Kak
BBIICHSICTCSI, M3-3a B3aUMOJCHUCTBUS MEXIY MPOTOHOM M HEUTPOHOM BHYTPHU Tella
oOmield yacTuipl OyneT WMETh HE pPaBHYIO, a MEHBIIYI0 BEJIMYHUHY MAacChl IO
CPaBHEHUIO C UCXOAHOM CYMMOW Macc MPOTOHA U HEUTPOHA MO OTACIbHOCTU. HBIMUI
CJIOBaMH, B UTOTE 3TOTO B3aWMOJICHCTBUSI BO3HHUKAET YK€ YIOMSHYTBIA B snurpade
nedexT maccel. OgHako Ha ¢. 206-207 TOBOPUTCS HE TOJBKO 00 YK€ U3BECTHOM CBS3H
MEXAY MPOTOH-HEUTPOHHBIM B3aMMOJICCTBUEM, C OJTHOW CTOPOHBI, © BO3HHUKHOBE-
HUEeM jaedeKTa Macchl, ¢ Apyroid ctopoHsl. Emé «Metom Tpéx mocTynaToB» MO3BO-
JSI€T M0KA3aTh, ITIOYEMY B PE3YyJIbTATe MPOTOH-HEUTPOHHOI'O B3aWMOJEWCTBUS Macca
CYMMApHOM YacTUIbl UMEHHO YMEHBIIAETCS, a HE OCTAaE€TCsl PaBHOW CYMME MaccC
MCXOJHBIX YaCTHII.

Kpome Bcero storo Uurarenb BCTPETUT B KHHUIE €HIE LENBIA sl CTOIb K€
KaTerOpUYHbIX yTBepxkAeHUN. OIHAKO MO XOAYy YTEHUS J0Ka3aTeIbCTB, COMPOBOXK A~

OIMKUX TO WJIN MHOC UTOIOBOC YTBCPIKIACHHUC, OH CMOXKCT CaMOCTOATCIIBHO PCUIUTL B
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KaKoOWd Mepe MOXKHO JIOBEPSATh KaK YK€ MEPEUUCICHHBIM YTBEPKICHUSAM, TaK U TEM,
KOTOpbIe eMy OyayT BcTpeuarbes B nocieayromeM. [Ipu 3tom, mpaBaa, Ipouecc ure-
HUS KHUTU 118 Yurtarens OyneT okasbiBaThbCsl (M3-3a HEOOXOJUMOCTH YCBOSHHUS U
OCMBICJIEHHUS LIEJIOT0 psiia HOBBIX INMPEACTABICHUN W MOHSITUN) MECTaMH, K COXKalle-
HHIO, JOBOJILHO HENETKUM 3aHITHUEM.

Tem He MeHee, naBaiite, moporoi UuraTenb, BCE ke OMpoOyeM IMMOCMOTPETh Ha
Hail Mup ¢ ymOMSIHyTOM «IIPUHITUITAAIBHO HHOW TOYKHU 3PECHUS».

B 3akmrodenue emé pas 3aMETUM, YTO MpejiaraeMslil 31ech «Meto TpéX moc-
TyJaTOB» 00JIaZaeT, Kak B 3TOM CMOXKET yOenuTbcss UnTarenab, HE TOJBKO «COOTBET-
CTBYIOIIMMU», HO HACTOJBKO IIMPOKHUMH BO3MOXKHOCTSAMH U CIOCOOHOCTBIO, UTO
NO3BOJISIET JIeNaTh 3aKJIIOYEHUs 00 YCTpOMCTBE HE TOJIbKO MaKpoMupa, HO U 00
YCTPOWCTBE MUKpOMHpa. biraromapst Tomy, 4T0 B yCTPOMCTBE KaK TOTO, TaK U JIPYTroro
HET BOOOIE KaKUX-JTHOO NPYTrUX CTPOUTEIBHBIX 3JIEMEHTOB, KpOME pa3HOU JJIUHBI,
HO BO BCEM OCTaJIbHOM a0COJIIOTHO OJJUHAKOBBIX T€JI TOHKUX MPOMEKYTKOB peaibHON
[TycToThl, Ten (u3MyecKuX T-BEKTOPOB 1@) B camoMm pnene, kak 3TO cieayer u3
TEKCTa HACTOSIIEH KHUKKH, BECh OKpYyxaromuii 3emiito Mup u Bcst Beenennas, T.€. u
Bca Ilycrora-IIpocTpanctBo, n Bce ramaktuku, U ConHue ¢ 3eMiél, U BCE MBI, a
TaK)K€ BCE MPOTOHBI, HEUTPOHBI, IEKTPOHBI U (POTOHBI — KOpOUE, BCE-BCE-BCE COCTO-
UT, TOBTOPUM €MI¢ pa3, TOJBKO JINIIb U3 OJHUX «TEIECHO-O0ECTEIECHBIX» T-BEKTOPOB
I-ro pona A@ n00 OHM SBIIAIOTCS HE TOJIBKO TJIABHBIMH, HO M, KaK OKa3ajoCh,
€UHCTBEHHBIMU CTPOUTEIBbHBIMHU 3JIEMEHTaMHU, UCIOJIb3yEeMBbIMU IIPU  YCTPOMCTBE
BCETO IIEPEUNCIICHHOTO.

[Tpraém MMEHHO BBEJACHHE B PACCMOTPEHHE, XOTS U COCTOSIINX M3 a0COIIOT-
HOUM mycmomul, HO, TEM HE MEHEE, MmelecHblX U, KaK OKa3aJloCh, O8YHANPAGIEHHbIX
bU3NMYECKUX T-BEKTOPOB 1-ro poja (BMECTO OJHOHAIPABICHHBIX aOCTPAaKTHBIX U
OeCTelIeCHBIX MAaTeMAaTHYE€CKUX BEKTOPOB) KaK pa3 U MPUBOJIUT K TOMY, YTO CTaHO-
BUTCS BO3MOXHBIM JI€1aTh COOTBETCTBYIOLIME 3aKIIOUEHUS 00 YCTPONUCTBE OKPYXkKako-
uiero Hac Mupa.

OpnHako 4TOOBI YOEIUTHCS B OTOM, HYXHO TPU YTEHWU KHIDKKH MOCTOSHHO
MOMHHUTH, YTO B HEH T-BEKTOPHI — OTO HE KaKas-TO MOJ00HAas MaTeMaTHYECKUM
BeKTOpaM (UKIMsS, a pa3HOW JUIMHBI TOHKHAE TPOMEXKYTKH, €II€ pa3 TOBTOPHM,
peansHO# IlycTOTHI, T.e. HE BOOOpakaeMoW (HE MaTeMaTHYECKOH), a WMEHHO
pEATBbHOM, IEMCTBUTEIBHO CYIIECTBYIOMIEH M BCE 3aMIOTHAIONICH BOKPYT HAC (a TaKxke

BHYTpH HAC) [1yCTOTEI.



YacTtb nepnasi
IMPUPOJA BPEMEHUMU U ET'O BHYTPEHHEE YCTPOUCTBO

(KoHCTpyKIIMSI €eTMHUYHOTO MHTEpBAJIa Bpemenn)

BBOJIHBIN PASJIETT: O MATEMATHUYECKUX U ®U3NYECKHUX BEKTOPAX

§ 1. IMapagokc npeBpainleHNsi CKAJSPHBIX YN CeJl B YHCJIA-BEKTOPbI

Kakx wm3BecTHO, Ha NMHUChbME HAMPABICHHBIC BEIMYHMHBI Yalle BCero 0003Ha-
YaIOTCsl OJTHOW WUIA JIByMSI JTUTEPAMU JIATUHCKOTO WIJIM KaKOTO-JIMOO0 MHOTO andaBuTa.
[Ipuuém B Takoro poga 00O3HAYCHUSAX, KPOME JIUTEP, YaCTO YKa3bIBAIOTCS eIé
HAJUTMTEPHBIE CTPEIKH, HampuMep, T;, 1@ u T.1. B TOM cnydae, eciii BO3HUKAET
HEOOXOAMMOCTh TIOKa3aTh, YTO JAHHBIA BEKTOP COCTOMT W3 TOTO WJIH HWHOTO
MHOKECTBA €IMHUYHBIX BEKTOPOB, TO BMECTO FI/I A_I§ 3alMCHIBAIOT COOTBETCTBEHHO
|?|_C’I/I |KI’3|-_e’, rie € — eIHHIYHbIH BEKTOp, a |T;| u |zﬁ§| — MOJYJIN

— — — —
BekTopoB F u AB . IIpoie rosops, | F | " |AB| — €CTh HEKOTOPBIEC YUCIIa, KOTO-
pbl€ YKa3bIBalOT, CKOJBKO pa3 UIMHA BEKTOpa c YKJIaJbIBACTCSl B JJIMHE BEKTOpa
COOTBETCTBEHHO ?I/I A_]§
— —
[ToaTOMYy, MOJIOKUB, UTO | F | U |AB| SIBIISIFOTCS. PAYUOHAIbHBIMU YUCITIAMU,
— —

B yacTHOCTM, R; m R, COOTBETCTBEHHO, MOJy4UM, YTO BMECTO F:|F |-? "u
XE}: | Xf} | '€ MOXHO OyaeT Hamucarthb, 9YTO T;= [R, -?] u K’B =[R, -_6;] .

B cambIx mocieHUX COOTHOIICHUSIX MO HAITTUTEPHOM CTPENKON B 0003HaUe-
HUW €IUHUYHOTO BEKTOpa OOBIYHO IMOHWMAETCS, YTO paccMaTpuBacMasi BETUIMHA
[R- €] wm [RQ-_e’] MMEET HEKOTOPYIO HAIMPABJICHHOCTh THIA «HAPYKY-BHYTPH».
Hcrionb3yst Tenepb TO OOCTOSITEIIBCTBO, YTO CHMBOJIBI «+» H «—» SIBIISIOTCS TaKXKe
IpsIMO MPOTUBOMOJIOKHBIMU TI0 CBOEMY CMBICIY, Mbl MOXEM OTOPOCUTH HaJJIu-
TEPHYIO CTPEIIKY B 3alIMCU €AUHUYHOIO BEKTOpa e IUISL TOTO, YTOOBI OKA3aTh, YTO
OH 00J1a71aeT HANTPABJIEHHOCTHIO «HAPYKY-BHYTPh», JIOCTATOYHO 3aITMCATh TIEPE]T HUM
aub0 cpazy o0a 3HaKa, T.€. M 3HAK «+», U 3HAK «—» TOCPEJICTBOM 3allUCH CHUMBOJIA
«t», mnb0 KakoH-TuOO OJMH 3HAK, T.€. TOJIBKO 3HAK «+» WA TOJIBKO 3HAK «—».
B urtore nonyuyaem, uro 3anucu [R;-(te)] u [R,-(+e)] momHOCTBIO 3aMEHSIOT COOO0M

- — > .
3aIiCH | F | ‘e U |AB | - ¢ . Ho ato He BCE. [Ipennocieaqnre COOTHOMEHHUST MOKHO

3anucath emé u B Buae |[Ry-(X1)] m [R,(*1)], motomy uTo B mepeBojie C s3bIKa
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CHUMBOJIOB-JIUTEP Ha S3BIK MU(p JUTEpa «e» KaK pa3 U SBISICTCA HE YCM HHBIM, Kak
mudpoin «1». Jlpyrumu croBamu:

Bexkropy F MOXHO TIIOCTaBUTh B COOTBETCTBUE KakK JaumepHylo (popmy

3alUCH |ﬂ ‘€, TaK U yugposyio (ducnoByio) dopmy samucu [R- (+1)] umm

otaensHO [R- (+1)] u [R- (-1)].

Opmnako mpu 3TOM OYJIET MOJIy4aThCs, UTO OJJHUMH U TEMHU KE 3HAKAMU «+» U
«—>» Oynmer 0003Ha4YaThCS HE TOJBKO MaTeMaTHdecKas OTEpalus «CIIOXKCHHUE-
BBIUMTAHUE» (Omepalus «IPUCOCAUHEHUSI-OTCOCIUHEHHUA»), COBEpIIaeMas Haj
HEKUMU HeHaANnpasieHHbiMy CKAISIPHBIMA YUCIIAMHU B JIPYroro poja oobekramu. Mmu
ke OyneT 0003HaYaThCS CIE U HanpasieHue 0elicmaus «HapyYXKy-BHYTPb» Y TeX WU
UHBIX HANpasieHHvlX BEJIWYMH, Yy UMEIOIIUX COOTBETCTBYIONIYIO HAIMpPaBIECHHOCTh
BEKTOPOB FE [R- (£1)].

[To »To¥i mpuurHe, YTOOBI UMETH BO3MOXHOCTh BCE K€ OTJIMYATh YIOMSHYTHIC
3HAKU «+» U «—», 0003HAYAIONIUE OIEPAIUI0 «CIIOKEHUE-BBIUMUTAHUE», OT 3HAKOB
«HAIMpaBJICHUE JCUCTBUS» BEKTOPA «HAPYXKY-BHYTPb», YCIOBUMCS B MEPBOM Cllydae
0003HaYaTh UX YK€ BCEM HaM 3HAKOMBIMHU 3HaKaMu + M — . Torjga Kak BO BTOPOM
ciay4ae, T.. KOrjia OHHM OyIyT SBISATBCS, TIOBTOPUM, 3HAKaMH HANPAGIEHHOCHU
Oelicmaus 86eKmopa «HapyKy-BHYTPb», OHH BCIOAY Jlajee OyAayT UMETh BHUJ 3aKIIIO-
YEHHBIX B KPYIJIbIe CKOOKH 3HAKOB COOTBETCTBEHHO (+) M (—) . DTO 3HAYHUT, YTO, B
YaCTHOCTH, BEKTOPHI ﬁ=[R- (+1)] H_F“;=[R' (=1)] Bcrogy manee OyayT 3amMCHIBATHCS

—

He uHaue, kKak B BUAC Fi=[R- (+)1] u cOOTBETCTBEHHO B BHC E;=[R-(—)1]. [Tpu aTOM
omneparys CJI0XEHUS ABYX HalpPaBJICHHBIX, B YaCTHOCTH, «HAPYKY» BGKTOpOB_F: I/I_F;
OyIET BBITIISAIET CIACAYIOIMHUM 00pa3oM:

— —

Fi+F,=[R- (H)1]+ [R- (1],

— —

a onepanus BeiunTanus Bekropa F, u3z Bekropa F; Oyzner umets BUI:

— —

Fi-F=[R-(H)1]-[R- (H1].

[ToctynuB ananoruydbiM oOpa3oM yxke ¢ 0OIero BHUJa HPPalMOHATHHBIM
YHCJIOM, CHaYaJla MOJy4UM MPOCTO CKAIIPHOE YUCIIO [ﬁ : W] U3 KOTOPOTO 3aTeM
C TIOMOIIBIO YK€ HAWJCHHOTO HaMHU paHee MpUEMa MOXHO MOJYYUTh JIMOO BEKTOP
/I}éz [@ : M] au00 BEKTOP C_f[E [@ - @] Otkyna, HampuMmep, oreparus
CIOKCHHUS «IIPSIMO» M «O0OpaTHO» HAINPaBICHHBIX BEKTOPOB COOTBETCTBEHHO A_é u
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P—
CJ1 Oyzmer UMeTh BUI:

AB + Cll= R -t + BR -yt

§ 2. Ilapanokc cymecTBOBaHUS PU3HYECKUX BEKTOPOB 1-10 u 2-ro poaa

2.1. Tlpexnae yem TrOBOPUTH O SKOOBI CYIIECTBOBAHUM HEKHX «(U3UYECKUX» BEKTO-
POB OTMETUM, YTO, KaK U3BECTHO, €CTh MaTeMaTUKa U ecTh (pusuka. OqHAKO, B MaTe-
MaTHKE TIPEAMETOM U3YUYCHHS SBIsieTcss Mup abcTpakimii, Mup OTBIICUEHHBIX YHCET,
GyHKIMM 1 MaTEMAaTUYECKUX BEKTOPOB. Tak, B MaTEMaTUKE TOBOPSAT: YUCIIO «8» HIH
qucao «215» v auiie uHOTAa TOBOPUTCS O yucie 8 [enunuil] wiu yucie 215 [mTyk].
[Tpuuém »TO HEekne [mT] BoOOIIE MM KaKue-TO HEKOHKPETHHIC [e] Takke BooOIIE.
To ecTh 3TO HEKHE 00e3TUYEHHBIE, 0000EHHbIE [e] U [1IT], Y KOTOPBIX HET HU KOH-
KPETHOIO (peaibHOr0) Tejla, HU KOHKPETHOTO HMEHH.

OO6patum 371eCh BHUMaHUE HA TO, YTO BCE 3TU [IUT] U [eA] MOTYT OKa3bIBATHCS
CYMMO# caMOro pasHoro pojia 00beKTOB. Tak, 3TO MOXeT OBbITh CyMMOW uYucia
Pa3HOOOpPA3HBIX CKYJNBINTYP W KAPTHH, CTOSAIIMX Ha IOy W BHUCAIIMX Ha CTEHAX
OJHOIO0 W3 3AJI0OB B My3ee. M cyMMOM 4HCla €QUHHI] TAaHKOB, apTUILICPUNCKUX
OpyAuil, pakeT ¥ Apyroil 6OEBOM TEXHUKU, MPUHUMABIIEH y4acTHE B MPa3IHUYHOM
mapajae. M3 dero BUIHO, YTO OTCYTCTBHE KOHKPETHOrO MMEHHU y [mT], [en] U T.n.
MO3BOJISIET B MAaTEMAaTHKE, OOBEUHSS UX B TPYIIIbI, CKIAABIBATH IPYT C APYTOM.

Ecau nepeiit 0T HEe UMEIOIIMX KaKOTO-JIMO0 KOHKPETHOTO UMEHH [1T] U [en] k
CTOJIb € OE3BIMIHHBIM BEKTOPaM, TO OKAXKETCS, YTO B MAaTEMATHKE TOJI BEKTOPOM
MOHUMAETCA Hekas abCTpakTHasi HampaBlieHHas BeluuuHa BooOmie. To ecTh Takas
BEJIMYMHA, Y KOTOPOI BOOOIIE HET KAaKOT'0-TM00 OTBEUAONIETO €l pealbHOTO HaIlpaB-
JIGHHOTO Tejia. DTO 3HAYMT, YTO HU Y OJJHOIO MaTeMaTHYECKOr0 BEKTOPa HET TOJIIIN-
HBI TeJsia. boiiee TOoro, y MareMaTuueCKux BEKTOPOB €€ HEeT MMEHH, KPOME TaKOro

00111er0 OTBIEYEHHOTO (HEKOHKPETHOI'0) UMEHHU, KAKUM SIBJISICTCS [€/I. JUTUHBI ] .

[TosToMy B MaTeMaTHKe MOXHO, HAI[PUMEP, CIOKUTh BEKTOP CKOPOCTH V, IIMHA KOTOPOTO
paBHa 5 [en.anuHbl], U BekTOp mMityibca cuibl (F-t), muHa kortoporo pasua 12 [en.amunsl]. 31O
MOXHO CJIeJIaTh MMOTOMY, YTO B MaTEMaTHKE MOHITHS «CKOPOCTb» U «UMITYJILC CHJIbI» 3aMCHCHBI
MIOHITHEM «HAIPABIEHHAS BEITUYNHA», T.€. TIOHITHEM «BEKTOP», y KOTOPOTO HET HU TeJa, HU UMe-
HU, B YaCTHOCTH [M/cek] u [Krc-cex], kpome yHOMSHYTOH BBIIIE [e/1. ATUHBI]..

12



CoBceM nHaue 0OCTOUT AeN0 B (PU3HKE, IOTOMY YTO B HEH MpEeAMETOM H3yue-
HUs sBJsieTCs MUp He OTBIEUEHHBIX, MUp He aOCTPAKTHBIX, @ COBEPIICHHO PEAIbHBIX
(GU3UYECKUX TET U OKa3bIBAGMBIX UMM JACHCTBUN JAPYT Ha Jpyra, a Takke Mup umeH-
HO Qu3uueckux u menecHvlx (Kak Mbl YBUJIUM) BEKTOpOB. BBenenue B oOpaileHue B
HACTOSAIIEH paboTe TAKOTO POJia BEKTOPOB OOBSCHSIETCS, MIPEXKIE BCETO, TEM, UTO B MX
posin (B pOJIM HAaIIPaBJIEHHBIX BEJIMYHMH) BCEI/IA BHICTYIIAIOT YK€ YIOMSHYTBIE peallb-
Hble (u3nyeckue Tena-o0beKThl. B caMoMm jene, kakyro Obl HAaIPABICHHYIO BETUYUHY
MBI HH B3SUTH, €i Bcerja OyJaeT OoTBedarh (KaK OKaKETCsS) TOT WJIM WHOW peabHBIN
¢usnueckuit 00beKT WK siBneHue. OTCroa Noay4yaeM, 4To rI1aBHOE OTJIMYME MaTeMa-
TUYECKUX BEKTOPOB OT (PM3MUECKUX COCTOUT B TOM, YTO MEPBBIC MOAOOHO OTBEYAIO-
MM UM YW HE MMCIOIIMM HHUKAKOTO Teja aOCTPaKTHBIM HaIpaBIIEHHBIM OOBEKTaM

SBIIAIOTCS Takke OecrejiecHbIMU. Torna xak ¢u3nyeckre BEKTOPHI (HampaBlieHHBIC

BEJIMYMHBI), CO CBOCH CTOPOHBI, TOJ00HO OTBEYAIOIINM YK€ UM pPEealIbHbIM (pr3udec-
KUM TenaM OyayT SBIATHCS, HaoOOpoT, TedecHbiMH. ([IpaBma, uz-3a sToro Oyner
OKa3bIBaThCs, YTO B MAaTEMAaTHUKE BEKTOPbl MOXXHO, HAIpUMEpP, CKIAJbIBATH IIO
IpaBWIy MapajuiejorpaMma, a B (pU3MKe 3TO MOXKHO JenaTh He Bceraa. [loTomy 4ro
IpU PACHPOCTPAHEHUHU YIOMSHYTOrO MpaBWia HapajuiesiorpaMma, B YaCTHOCTH, Ha
CIIy4ail CIOXEeHUsI (PU3NIECKUX BEKTOPOB 1-r0 poaa, — T.€. HA CIO0KEHHE BEKTOPOB
peanpHOTO IIpocTpancTBa, — mocnemnee o00s3aHO OymeT NPEBPATUTHCS B OAWH
CAMHCTBEHHBIN OCCKOHEYHO JTMHHBIN M TOHKHI TIPOMEKYTOK IIYCTOTHI — cm. ¢. 144 ).
Bbonee Toro, B ¢pusuke (B OTIMYME OT MATEMATUKH, B OYEPETHOMN pa3 MoguepkK-
HEM 3T0) BOOOIE HENB3s, B YACTHOCTH, CKJIAAbIBATh M BBIYUTATh BEKTOPHI, €CIIU
OTBEYAIOIINE WM HAMpaBICHHBIC BEIWYHHBI OYyIyT UMETh OTIWYAIONIMECS APYT OT
Ipyra HaMMEHOBAaHHUA, T.€. OYIAYT OKa3bIBAThbCS BEIMYMHAMHU Pa3HOM pPa3MEPHOCTH.
[TosTomy B ¢u3HKe, B YACTHOCTH, OTIEpPAIlUs «CJIOKEHUE», HAIIPUMEP, BEKTOPA MM-
NyJbCa CHJIbI U BEKTOpa CKOPOCTH, KaK Mbl YBUJIUM, OYy/AET ABJISATHCS HEBO3MOMXHOM.
W3 storo, kcTaTtu, XOpoIo BUIHO, 4yTo B (hu3uke u BoooOme B [Ipupone cama Hampas-
JIeHHasi BeNUMYMHA W €€ UMs CBS3aHbl MEXIy COOOM Tak, 4TO MX HEBO3MOKHO

OTACJIUTDb JPVI OT Apyra. DTO 00BICHIETCA TCM, UTO KaK TOJIBKO B HPI/IPOI[C JIIOOu

OTKPBIBAIOT HEKHMI HOBBIM OOBEKT WJIN SABJICHUC, TaK OHHU, — YTOOBI 3aTEM OTJIMYATh MX
Apyr oOT J[gpyra, — TOTHaC IMPUCBAUBAKOT KaKJIOMY HCKOTOPOC UM, B wurore

OKa3bIBACTCs, YTO B YK€ OCBOCHHOM JIFOABMH YacTH Mupa HET Tell U sBICHUi 0e3
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uMenu. OTcrofia CJIeIyeT, YTO Y BCAKOTO (PU3UYECKOTO BEKTOpa (KaK U y OTBEYArOIIeH
€My KOHKPETHOM M YK€ HUMEIIIEH HMsI HampaBlIeHHONW (U3UYECKON BEIMYMHBI)
00s13aTeTbHO IMEETCS M HEKOTOPOU TOJIITUHBI PealbHOE TeJ10, U UMS.

Takum o0pazom, T1000i (pu3MUecKuil BEKTOP €CTh (IMOBTOpUM e€mI€ pa3) He
a0CTpaKkTHas MaTeMaTHYeCKasi, a HEKas COBEPIICHHO peaibHas HAIPaBICHHAS BEIIH-
yiHa. B kauecTBe KOTOPOIl MpU 3TOM BCSKHM pa3 BHICTYMAET TOT WJIM UHOU peaibHblll
U dsudicywyutics (eCu Tpu 3TOM OYAET TOBOPUTHCS O BEKTOPAX, HAPUMEP, UMITYJIbCa
CWIBI) WIH peanvbHblii U nokoswuilica (ecam OyayT WMETbCS B BHIY BEKTODPHI, B
YaCTHOCTH, HaMpsKEHUs1) TBEPIBIN, KUIKUM, Ta3000pa3HbId WIM Ja)Ke MyCTOTEINbIN
00bekT. MHave roBops, r000H (U3HUECKHil BEKTOP BCSIKHUN pa3 OyaeT OKa3bIBaThCS
HEKOTOPBIM (PU3MUECKHM TeJIOM «m». Vi HeOOIBINON YacThiO €T0, €CIIH TEJNO «M»,
Oyay4W, B YAaCTHOCTH, IWIMHIPHUYECKHM U TOJO0HO apTHUIEPUHCKOMY CHapsIy
OBUOKYITUMCSL TeJOM (T.e. OyAy4d BEKTOPHBIM TEJIOM), OyaeT pas3aeieHo Ha
MHOKECTBO TOHKUX TaKK€ IIWJIMHJIPUYECKUX TET BEKTOPOB UMITYJIbCA CUJIBL. A OHH B
cocTaBe OOIIEr0 Tella «M» CBOMMHU BBITSHYTBIMH BIIOJIb OCH JICTSIIETO CHapsa
TenaMu OyayT 0e3 3a30pOB 3aMOJHATh €ro 00hEM, TUIOTHO MPUMBIKAS APYT K APYTY.

[Tpu 5TOM B maHHO# pabOTE MPUHUMAETCS, YTO TOJIIIMHA TEA y ITUX «TOHKHX»
¢u3nYecKuX BEKTOPOB SIBISIETCS BO BCEX CIIy4asix, BO-NEPBBIX, OJMHAKOBOH, a, BO-
BTOPBIX, TaKK€ BO BCEX CIydasxXx O4YeHb Mayiod. HacToimbko Mmanoi, 4to rodast
mombITKA enié 0osiee €€ yMEHBIITUTH Oy/IeT MPUBOIUTH K TOMY, YTO OHA (TOJIIIMHA Tea
y «TOHKOTO» BEKTOpa) OyJeT CKAYKOM CTAaHOBUTHCSI paBHOUM HYyIt0. To ecTh ToJNIMHA
TeJla Y BCEX «TOHKUX» M OJHOBPEMEHHO Yy, OUEBHJIHO, TeJECHBIX BEKTOPOB (y BCeX

T-BEKTOPOB) B HACTOSIIICH pabOTe MPUHUMACTCS npedeibHO MAaiol N PaBHOU SIBIISIO-

mieiicsl Mmoka 4ro TUHNOTETUYECKOW (yaaMeHTaNbHOM eIUHMIIE JIMHBI, T.€. PaBHOU
1 [den] — cm. ¢.20-22. [lo »TOM mpUYMHE BCE T-BEKTOPbI OYIyT OKa3bIBaThCS HE

TPEXMEPHBIMU, a 0OHOMepHbIMU (noapobHee 06 sToM cM. Ha ¢.23-25). IIputom oHu OyayT

CbUSquCKU-DeaJZbelMu TCJIaMH, HAaJl KOTOPbIMHU, OJHAKO, MOXHO COBCPIIATHL BCC TC

NEUCTBUSI, KOTOPBIM MPU HEOOXOUMOCTH MOJIBEPTatoTCsi OObIUHBIE, €IE pa3 MOTYepK-

HEM 9TO, OecTejieCHbIE U TaKXKE OIHOMCPHBIC MATCMATUYICCKUC BEKTOPHI.

KpOMe 9TOI'O B § 1 BBIICHUJIOCH, YTO BCKTOPHLI MOXXHO 0003HaYaTh HE TOJBKO
IIpyu IMOMOIMU TEX WKW HWHBIX JIUTCP, HO UX MOKXHO 3aIllMCbIBATh eme u IIpHu IIOMOIIA

PALMOHAJIBHBIX WJIM HUPPALMOHAIBHBIX YHCEN, B 4yacTHOCTA BuAa [R- (£)1] u Buaa
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l@ . Q/@J 31ech cTosIas BHYTPU ITHUX BEKTOPOB-UMCEN CKAJISIpHAs eIuHMIA «1»
SIBJISICTCSI HHUEM MHBIM, KaK UMEIOIIEH TO WJIM MHOE€ HAaUMEHOBAaHUE (umeroweli mo uiu
uHoe ums) eIUHULEH UCYUCIEHUS Yy JAHHOW HAIpaBJICHHOW BeNIWYMHBL. Tak, eciu B
gucie [R- (£)1] Ha mecrte nutepsl «R», 0603Havaroell HEKOE OTBICYEHHOE YHCIIO,
OKaXXETCs JINTEepa «p», KOTOPOW cerldac MPUHATO 0003HAYaTh BEIWYUHY UMITYIIhCA
CWJIBI, TO enuHulle «1» Oyner [krc'cex]. [Ipu 3TOM BMECTO OTBIIEUEHHOTO paIlUO-
HaJbHOTO uncna-BekTopa [R- (£)1] (BMecTo umcnoBoi ¢hopmbl 3amucu BEKTOpa 2-TO
poma) MBI TIOJIYYHMM YHCIIO-BeKTOp [p-(+)1], KoTOpoe nmamee OymeT Ha3bIBaTHCS

PauuoHaIbHBIM UMEHOBAHHBIM Yuciom (PU-auciom). [1ockonbKy Ipy HAXOXKIECHUN

aOCOIOTHOM BEJIMYUHBI OT 4yucia-Bekropa [p-(£)1] Oyner nmosmydatbcsi HE OTBICUEH-

HOE YUCJIO «P», @ UMEHOBAHHOE YHUCJIO P [ KI'C*CEK ] =| [p-(H)1] |- cm. c.41.

3aMEHUB I0CJIE TOTO B YUCTIE lnx/R : P/(i‘)IJ aurepy «R» Ha crity «F», monydnm

yuCcno-BeKTOop 1-rO pona [@ -1 (i)l]. Kotopoe B mocnenyromiem OyaeT Ha3bIBaThCS

UppauUOHAIbHBIM UMEHOBAHHBIM yuciom (MPPU-dnciom), motomy 4to B HEM eu-

Huna «1» Oynet eguHuUIeH cuibl [Krc]. To ecTh y Bcex (M3HUeCKUX BEKTOPOB Hapsi-
Iy C TE€JIOM UMEETCS, KaK YK€ OTMEYAJIOCh, €lIE U KOHKPETHOE UMSI, B POJIM KOTOPOTO
BBICTYIAET HA3BAHWUE AMHUIIBI UCUUCIICHUS Y JAaHHON (PU3UUECKON BETHMUNHBI.
BnpouewMm, yucna-BeKTOpbl, BHYTPU KOTOPBIX CTOUT MPOCTO jauTepa «R», B
nanbpHelemM Takke OynyT HasbiBaThcsi UPPU-unciiamu, T.K. B HUX HEHaIpaBiIeHHas
eauHuIa «1» TakKe MMEET IYCTh TaKO€ OTBIECUEHHOE, KAKUM SIBJISIETCS, HalpuMep
[ed. UIMHBI ] , HO BCE e camoe HacTosee uMs. [loatomy Bcroay nanee Mbl He Oyaem
CJIMIIIKOM CTPOTO pa3jiMyaTh YMCIA-BEKTOPBI, Y KOTOPBIX BHYTPU CTOMT JIUTEepa «R»,
OT T€X YHCEN-BEKTOPOB, Y KOTOPHIX BHYTPU CTOST JUTEPHI «F», «p» miau Kakue-i1moo

WHBbIE MMEHOBAHHBIC JIUTEPHI. bonee Toro, kak pa3 uuciaa Buga [R- (+)1] u Buga
l‘x‘/ﬁ -n,/(ir)ll OyayT ynoTpeOsaTbcs B AaHHOW paboOTe B TE€X WIM HHBIX NOSICHEHMSIX,

MMEHYSICh PU 3TOM COOTBETCTBEHHO 1100 PU-uncnamu, mu6o UPPU-uncnamu.

OnHako 3TO BOBCE HE 3HAYUT, YTO MOXKHO OyJeT, KaKk B MaTeMaTHKE CKJIAJbIBaTh BEKTOPbI
ckopocT V [M/cek] ¢ BeKTopaMH UMIyJbca CUibl p [Krc-cek]. Hampotus, B ¢u3nke HUKOMY U B
TOJIOBY HE MPUIET cAenaTh Kak 3T0, Tak U BOOOILE AenaTh HeuTo nogodHoe. Ho, ¢ apyroii cTopoHsl,
XOTs B (pU3MKe ceiluac M OTJIMYAIOT BEKTOPHI AKOOBI JeicTBytomieil cunbl F=ma [krc] oT BekTOpoB
uMnynbsca cuiibl p=F-t [krc-cek] (T.e. BEKTOpHI 1-TO pojia OT BEKTOPOB 2-T0 poaa — cM. ¢.16-19), Ho
OTJIMYAIOT HE TaK CHJIbHO, KaK 3TO, OKa3bIBaeTCs, CleAyeT fenath (cM. ¢.221).
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2.2. O6pamascs k BCO, B cratbe «Hamnpsbkenne» HaX0IuM:
«Hanpsowcenue mexanuueckoe, Mepa BHYTPEHHHUX CHJI, BO3HUKAIOIIMX B
nedopMupyeMoM TeJie TOJI BIMSHUEM BHEIIHMX Bo3achcTBuid. [Ipm m3ydennu H. B
m M 000 TOYKE MPOBOJISAT CEUCHHE Tea Yepe3 3Ty
~ __—~ T1ouky (puc.l). Bsaumopneiicteue comnpukacaro-
HIMXCS N0 CEYEHWI0 4YacTed Tena 3aMEHSIOT

cunamu. Ecnu Ha snmemMeHTapHyto miomaaky AS,

OKpYXarolyrw Touky M, neiictByet cuia AP, To

IIpeie] OTHOLIEHUS hmA_S =p Ha3. H. B Touke

M no mnomanake AS ; 3Ta BeJIMYHHA SIBIISETCS
BEKTOpHOM...» (BCO, M.1974, 1.17, ¢.245-246).

C Takum ompenercHUEeM TMOHSITHS «HANpsKEHUE» MOXXHO ObLIo OBl coria-
CUTBHCS, HO TOJBKO JIMIIb B TOM CJIy4ae, €ClIu MpU 3TOM MoJ «cuiioii AP» Oymet
IIOHUMATbCA BelnunmHa umiyibca cuiibl AP=F-At. W eciu npu 3TOM MMETh emEé B
BUJTY, UTO HANIPSDKCHUE B KAKOM-JIMOO CEYEHUHU Tella «m» ( B KOTOPOM HaXOIUTCS
miomaaka AS u Touyka M) TOSIBISETCS TOJBKO TOT/IA, KOTJa Ha 3TO TENO OYyayT
OJHOBPEMEHHO JICHCTBOBATH JIBE B YACTHOCTH, PABHBICE M MPOTHUBOIIOJIOKHO HAITPaB-
neHHble cwibl. Ho 4TO 3TO 3HauuT ? DTO O3HAYAET TOJBKO TO, UTO HA TOUKY «M»,
HA4YMHAas C KAKOTO-TO MOMEHTa BPEMEHH t;, B IPSIMO MPOTUBOIMOJIOKHOM HAIPABICHUH
CTaHyT neiicTBoBaTh Be cuiibl AP u AP, , rne nmycts AP =AP,. [Iputom ux aeiicreue
Ha UCIIBITYEMOE TEJIO C OJJTHOM U C JAPYroll CTOPOHBI 00s3aHO OyAET MPOAOTKATHCS
oJNHAKOBOE BpeMs At = (t; — t;), T.K. B IPOTUBHOM CJIy4ae Halle TEJI0 U TouKa «M»
CTaHYT JIBUTATbCA B CTOPOHY TOW CHWJIbI, IEHMCTBHE KOTOPOW BIPYT MPEKPATHIIOCH.
Bnpouewm, Ha mutomaaky AS OyayT oka3bIiBaTh CBOE JIEHCTBHE BOBCE HE «CHIIBI» AP 1
AP, (cM. 0603HaueHUsI «JIeUCTBYIOMIEH ciiibl AP» B IPUBEICHHON BBIIIE BBIJEPIKKE U3
BCD), T.e. OyayT nelcTBOBaTh, COTJIACHO OOMICIIPUHSATHIM 0003HAYCHUSIM, HE MPOCTO
cuibl cooTBeTcTBeHHO Fj=mja u F,=mya, HO BMecTO HHMX OYyIyT J€WCTBOBATh
umnynbehl cuibl AP1=F"At u AP,= Fy*At. Tlpu stom B cnyusae F,=F, Oyner
UMETh MeCcTO paBeHCTBO: + F"At = — F,*At, re 3HakaMu «+» U «—» 0003HAYEHO
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MpsAMO TPOTHBOIOJIOKHOE HAIMpPaBICHUE JCWUCTBUSA CTOSIIIMX B 3TOM PAaBEHCTBE
MMIYJbCOB CUJIbI. BenencTBue 3Toro JaHHOe paBEHCTBO MOYKHO IEpENnucaTh B BUAE:
— —
F]'At = FzAt (1)
Kax yxe 6b110 oTMeueHo, B paBeHcTBe (1) Fi= F,. Kpome Toro, cTosimiue B HEM
CJIeBa M CIIpaBa UMITYJIbChl CHIIbI JICCTBYIOT Ha TEJIO HEMPEPHIBHO B TEUEHHUE BCETO
uHTepBaia At. Ho camoe riiaBHO€ COCTOUT B TOM, YTO OHHM BCE 3TO BpPEMS IEUCTBYIOT

COBMECTHO, KaK OJHO mejoe. V00 mpu yCIOBUM HEMOABH)KHOCTH TOYKH «M»

MOOJIMHOYKE OHM, OYEBMJIHO, JEHCTBOBATh MPOCTO HE MOryT. Mmes B Buay 3Ty
HEOT/AEJIMMOCTb JAPYT OT Apyra y NPOTHUBOMOJIONKHO AEHCTBYIOLIUX UMITYIbCOB CHIIBI,
MBI OKa3bIBa€MCs BIIpaBe OOBEIUHUTH MX B OJHO 1IE€JI0€, MPEJACTABUB JIBE 3aIllUCH B
BHJIC OJTHOU:

<>

F-At, (2)
€ CTpPEIKAa « <= » TOBOPUT KaK O HEOTACIMMOCTU MPAMO MHPOTHUBOMOJIONKHBIX
JICICTBUM HMMITYJIbCOB CHJIBI, TAK M O TOM, 4YTO TOYkKa «M» ocTaércda, — Kak €W,
COIJIACHO TOJIBKO YTO OTMEYEHHOMY, M MOJAraercs, — COBEPILICHHO HEMOJBHXHOMI
BHYTPH MOJIBEPraeMoro CaTUIO UM PACTSHKEHUIO Tela m.

PaznenuB mocie 3Toro (2) Ha BEIMUYMHY IUIOMIAIKU AS, MOJy4YUM BEJIHMYUHY

JABJICHUs, PaCIpeleEHHOTO 1o mIonaake AS:

F- At
== . 3
P="1g 3)

VYuuTeiBas TEnepsp, 4TO BenuuruHa At B J1€BOM U npaBoii yactu (1) Bcerna umeer

KOJMYCCTBEHHO paBHBIC 3HAYCHHUSA, MBI MOXXEM OJTy BenuuuHy B (1) BooOmIe
F
HUCKJIIOUNTh W3 paccMoTpenus. Torga Bmecto (3) moiydyuM p =E’ U TpU ITOM

OKOHYATCJIIbPHO OKAXKCTCA, YTO:

. F . F
lim— =p, a takke lim— =0,
AS AS

rIe p — HOJHOE, 8 G — HOPMAJIBbHOE HANpPsKEHUE B TOUke M (cwm. c. 24).

<>
Kak BuguMm, Bektop mpocto cuibl F sBisieTcss HE OJHOHANPABICHHBIM, a
. —> —>
JIBYyHarpaBiaeHHbIM. [Ipuuém ecnu BekTop umnyinbca cuiibl AP = (Fi-At) ectb 86exmop-

<>
Oelicmeue [kec-cex], TO BEKTOp cuibl F — ecTb gexmop-nedeiicmsue [Kec], €CTh
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BEKTOP BCETO JIMIIb 20MOBHOCMU K OELCMEUIO.

[loTomy uTO neilcTBHE BEKTOpa A_I; BCErJa SBIISIETCSl PEabHBbIM, T.€. BCErna
OKa3bIBACTCSl (PM3MYECKH OIIYTUMBIM TOJYKOM WM HENPEPHIBHBIM NTaBICHUEM IS
TOTO TeJIa, KOTOPOE €ro ACHCTBUIO MoABepracTcs. Torna Kak «IelCTBUE BeKTopa?,
BO3ZHUKIIIETO B TMOJBEPraromeMcs CHKaTHI0 HWIA PACTSDKCHUIO Telle, HUKOTAa He
BOCIPUHUMAETCS TPYTHMH OKPY)KAIOIIETO €r0 TelaMH KaK (PU3WYECKH OIIYTHMBIN
TOJIYOK WJIM HEMPEPHIBHOE JaBjeHUE. BbI MOXKeTe CKOJIb YTOJHO JIOJITO MPHXKUMAaTh
NaNbIbl BallMX PYK COOKY K CTAJILHOW TpyOe WJIM CTEP>KHIO, MOJIBEPTaeMbBIX B ITO
BpeMs COKaTHIO WM PACTSHKEHUIO C TOPIEB, HO HUKAKOTO (DPM3UYECKH OIIyTHUMOTO
TOJIUKA WJIM JIaBJICHUSI, HAIPABJIICHHOTO B CTOPOHY BAIlIMX PYK CO CTOPOHBI TPYOBI UITH
CTEp>KHsI, Bbl HE MOYYBCTBYeTE. 1O €CTh «JIeUCTBUE» BGKTOpa?KaK OBl 3aMKHYTO
caMo Ha ce0s (ecThb «Belllb B cebe») W MOJOOHO NEUCTBUIO HEKOTOPOTO CXKATOTO-
pPacTAHYTOTO BJOJb OCH CTEPKHSI WM CKATON-PACTSIHYTON MPYKUHBI, KOTOPHIE Kak

Obl 3aCTBUIM B COCTOSHHUM CBOETO CKATUA-PACTAKCHUSA, 3aCTbUIMX B COCTOSHHU

TOTOBHOCTH K IIGI\/'ICTBI/IIO, B COCTOAHHNH HANIPHKCHUSA.

DTO 3HAYUT, YTO COBCeM He cuia F=mra, a umnynbsc cuibl p=(F't) oka3biBaeT
Ha TOT WIM WHOM OOBEKT JACHCTBUE, BbI3bIBAIOIIEE JUOO €ro JABMXKEHUE, JTUOO0 €ro
nedopmaruto. Moo mroboe AeicTBHE MPOMCXOMUT TOJBKO TOTAA, KOrJa €CTh He
pPaBHBIN HYJII0O HUHTEPBaJI BpEeMEHHU At, B TEYEHHUE KOTOPOTO OHO MPOUCXOIUT (cm.c.55).
Haoboport, Hukakoe aeicTBHE HE TPOUCXOTUT U MPOUCXOIUTH HE MOXKET, eciu At=0.
HNmenno nostomy Bo 2-om 3akoHe Hptorona (F-At) = A(mV) noa «opuioxeHHOMN

JIBIKYIIEH cuiioi» cienyet nonumath (FrAt), Ho He npocTo F. («M3menenune konuuectsa

JBIYKEHUS TIPOIMOPLMOHAIBEHO MPWIOKEHHON ABMKYINEH CHIIE M MTPOUCXOANT IO HAIIPABIECHUIO TON
MIPSIMOM, TI0O KOTOpOM 3Ta cuia aeuctByeT.» — HeroTron M. Marematnueckue Havasla HaTypaJbHON

tdunocodpun. // cm. Cobpanue tpynos akagemuka A.H.Kpeuosa. T.7. M-JL.: 1936.)

Uto xe kacaercs dopmyiasl F=m-a, To oHa Oblla MpeIoKeHa BOBCE HE
N.Herotonom (1643-1727). Ona, Kak U3BECTHO, BIIEPBbIC MOSBUIIACH B MEYATH JIUIIIb
cnycTss 9 JeT mocie ero cMeptd, Oyaydu omyOnMKOoBaHHOW B paborte JI.Diiepa
«Mexanuka» («Mexanuka, wim Hayka o JBMKEHWH, W3JIOKEHHAS AHATUTHYCCKU»,

T.1-2, 1736). IlosTomMy mnoBceMecTHOE wucnoiab3oBanue Qopmynsl F=m-a mnoxg
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Ha3BaHMEM «2-TO 3akoHa HbproTOHa», MO MHEHHUIO aBTOpa JaHHOW palboThl, cledayeT
CUMTATh HE MHAYE KAK IPOCTHIM HEIOPA3YMEHHUEM.
. —

B 3akmiouenue orMetuMm TOT (pakT, uTo BekTop-aeicTBue AP=(F-At) npeacras-

asieT co00il MPOU3BEICHNE, COCTABICHHOE U3 IBYX COMHOXKHUTENIEH, TOr1a KaKk BEKTOp-
<~
HezelcTBue F cocTOUT TOIBKO U3 caMoro ceds, T.€. COCTOUT, €CIIM TaK MOKHO CKa3arth,
TOJIBKO M3 OJIHOI'O COMHOYKHUTENS. B CBSI3M ¢ 3TUM NEpBbI U3 HA3BaHHBIX BEKTOPOB,
—

T.€. BEeKTOp-JeicTBue P, B mocnenytomnem OyaeT HMEHOBAaThCS (PU3UYECKUM BEKTOPOM

<>
2-ro pona, a Bropoit F — ¢pm3udeckum BekTopom 1-T10 poja.

2.3. IlpuBeném emé€ pa3 yucIoBYH0 (GopMy 3amuMcu HEKOTOPOro, B YACTHOCTH,
«MOJIOKUTEIIBHO» HampaBlieHHOro Bektopa [R-(+)1]. U3 pacckazanHoro panee Ha
¢.10-12 MOXHO MOHATH, YTO 3HAK (+) B 3TOM UYHCIIE-BEKTOPE HEJIb3sI HU BHIHECTH U3
KBaJIPaTHBIX CKOOOK, — TIOMECTUB €r0 CHapyXu, HallpuMep, BIEpeAu HUX, — HU TeM
0oJiee ero Heb3sl COBCEM YHHUTOXHUTE. [loroMy uto Tornma nannoe PU-uucio (uucio-
BEKTOp) Cpa3y ke MPEBPATUTCS JTUO0 B «IMOJOKUTEITBHOE» CKAISPHOE PAllMOHATIEHOE
yucio (+) [R+1], mu6o naxe B npocTo ckasipHoe yucio [R-1].

O‘—IGBI/II[HO, 9TO a0COJIOTHO TO K€ CaMO€ MOYKHO CKa3aTh O «IIOJIOXKHUTEIHHO»

HaIlpaBJICHHBIX BEKTOPaxX, KOTOpbIM OynyT oTBeyarh UPPU-uucna Buna [@ - n1/(+)1].

[Ipnuém ecnm npencTaBUTh 3TU YNCIA-BEKTOPHI B BUIE [nw/ R- (+)1], TO OKAXKETCA, 4TO

o/ 3HakoM KopHs Oynet PU-uuncio, 1.e. BekTop-AeicTBHEe. OQHAKO 110 YK€ ITOHST-
HOUW MPUYMHE 3/I€Ch 3HAK (+) TAK)KE HEJIb3 HU YHUUTOXUTb, HU BBIHECTU €TI0 U3 MOl
3HaKa pajuKala Jake TOT/Ia, KOrjaa KOPEeHb CTEIICHH «N» OyeT U3BJIEKAThCS 13 YKCIIa
«R» naneno. Tak, u3 |y 4-(+)1J:2-\/@ BUAHO, 4yT0 MPPU-uncino He MoxkeT mpes-
patutbes B PU-uncno (B BeKTOp-AeHCTBHE M, 3HAUUT, OHO OYJIET OCTABaThCs BEKTO-
pOM-HeIeHCTBHEM) JIO TEX IOpP, TIOKAa OHO HE Oy/eT YMHOXKEHO Ha BEIMYHUHY \/@

<>
COBCPHICHHO TaK K€, KaK BCKTOP—HGI[GP'ICTBI/IG F He MoxkeT cTaTh BeKTOpOM—ﬂeﬁCTBHeM

— —
AP=(F-At) mo Tex mop, moka BenuurnHa «F» He OymeT yMHOKeHa Ha «At» .

HOCKOJIBKy TOJIBKO 4YTO HU3JIOKCHHOC 6YI[6T SABJIATHCA, HCCOMHCHHO, OANHAaKOBO
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BCPHBIM HC TOJIBKO JIsSI 3HAKOB (+), HO TaKKC U OJI1 3HAKOB (—), TO B KOHCYHOM HTOI'C

OyIeM UMEThb, YTO:

<>
Bekropam-HenenicTBusiM, BeKTopaMm 1-ro posaa (B yacTHOCTH, BekTopaM F ) oTBe-

yaroT oaHu Tojibko MPPU-unciaa Buga ll\l/i : n,/(i)lJ, rae 1< n < oo (o mokasartene n=0o

cMm. § 4 na ¢.38). A BOT BEKTOpaM-AECHUCTBUAIM, BEKTOpaM 2-TO poja (B YaCTHOCTH,

—
BEKTOpaM uMnyibca cuibl P ) orBewatotr oguu Tonpko PU-uncna Buna [R+(+)17].

(FI[G R ne o00s3aTennpHO JOJIDKHO OBITh OCJIBIM WU I[pO6HI>IM 0e33HaKOBBIM palliOHAaJIbHBIM
YHCJIOM: €ro MECTO BIIOJTHC MOXKET 3aHUMAaTh PAllMOHAJIBHOC HpI/I6J'II/DKeHI/Ie KaKoro-imbo uppamnuo-
HaJIBHOI'O CKaJIApHOI'O qncna.)

<—>
2.4. Urak, «zaeiictBue» BekTopa F 1momoOHO [EHCTBUIO HEKOTOPOIO CKAaTOro-
<>
pacTSHYTOrO BJIOJb OCHU CTepXkHs». Kak 310 moHumars? SBnsercs nu F Bekropom

Hanpsidcenuss U Het? Ecim na, To moueMy OH MMEET pa3MEpHOCTb [KIC], HO He
2
pasMepHoOCTh [Krc/cM”™]? UToOBl pa3oOpaThCsi B 3TOM, BO3BPATHUMCS Ha BpeMs K

nousituto 1 [den].

Kak u3BecTHO, B coBpeMeHHOH (Pu3nKe BhIpaKeHHE «pyHIaMEHTabHAS JIUHA» UCTIONb3Y-
ercs s 0003HAYCHHS HEKOTOPOW HAWMEHBINEH W3 BCEX MO BEIUYMHE W TPEAMONIOXKUTEIHHO
CYLIECTBYIOIIECH YHUBEPCAIBHON MOCTOSHHOW, UMEIOMICH Pa3MEPHOCTh JJIMHBI U ONPEACSIONIeH
npeienbl TPUMEHUMOCTH UMEIONIMXCSl Y HAC B HacTosIIee BpeMs HamOosee oOmux (hyHmameH-
TaJbHBIX) GUBNUECKUX TPEJCTABICHUIN O YCTPOMCTBE OKPYKAIOIIET0 HAC MUPA U HACENSIIOIINUX €ro
00BEKTOB, a TaKX€ O MPUYUHHO-CIICJICTBEHHBIX CBS3SX, BO3HUKAIONIMX B XOJI€ B3aUMOJICHCTBHS
nocneHuX. YTOOBI MOSICHUTHh, O KAKOM HMMEHHO «Ipejiejie MPUMEHUMOCTH» 3/eCh HJIET peub,
CKa)XeM, YTO TPENIOIaraeTcs, HalpuMep, 9TO B 00JIACTAX MPOCTPAHCTBA-BPEMEHH, IOTICPEUHBII
pasMep KOTOPBIX OJIM30K WM MeEHbIe BeluunHbl 1 [(en], BIONHE BO3MOXHO MNPOTCKAHHE
MPOIIECCOB C OOpaTHOW MPUYMHHO-CIEACTBEHHOW CBS3BIO, T.€. TaKWX TPOIECCOB, B KOTOPBIX
CJICJICTBUE HACTYMAET MPEKIC BBI3BABIICH ero MpuuwHbBL. J(pyrumu croBamu, BenmmuuHa 1 [den]
SBJISIETCS] HAUMEHBIIEH HE TOJIBKO B CMBICIIE CBOEH MAaJOCTH, HO U B TOM CMBICJIE, YTO OHA UTPaeT
posib Kak OBl CBOETO pOJia TPAHUIIBI, 32 YEPTOM KOTOPOW MOMKHO OXHUAATh HACTYIUICHHE TaKHX
HOBBIX SIBJICHUH, KOTOPBIE HE TOJBKO HE OYAYT YKJIJbIBATHCS B PaMKH CYIICCTBYIONUX (hru3muec-
KHUX TEOPHid, HO JJake OYAYT, ObITh MOXKET, TIPOTHBOPEUNUTH UM.

CrnenyeT 3aMeTUTh, YTO BOMPOC O CYIIECTBOBAaHUM (yHIAMEHTAIBHON JTUHBI UMEET CBOIO
HCTOPHIO, TI0 MEPE PAa3BUTHSI KOTOPOU B KAYECTBE BO3MOKHOTO MPETEHACHTAa HA €€ POJb B 3TOM

ACJIC BbIABUTAJIACH TO OJHA, TO Apyras TaKOro poJa BCJIWYHWHA, KOTOpasd, 6y,Z[y‘-II/I caMa COCTaBJICH-
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HOH U3 psifia U3BECTHBIX XapaKTEPHBIX KOHCTAHT, B KOHEYHOM UTOIe OKa3blBajach Obl 00safaronie
pa3sMEepHOCTBIO AMUHBL. Tak, HampuMmep, Ha PoJib MHTEpECYIOIIeH Hac 37eCh JUIMHBI B CBOE BpeMs
BBIJIBUTAJIaCh TaK Ha3bIBaeMas XapaKTepHas JIMHA CIab0ro B3aWMOCHCTBUS, T.€. BBIIBUTANACh

—16
BennunHa ~ 10 cm. Ha 9Ty XK€ pPOJIb BBIABUTaJIaCh TaKXXC TaK Ha3bIBa€Mas I'paBUTAllMOHHAsA

(mmaHkoBckas) mHa 4/ G - h/ C3 ~10%cem, toe G- TpaBUTAILIMOHHAS MOCTOSHHASL.

W3 nmpuBeneHHBIX 37I6Ch MPUMEPOB BUIHO, YTO MPEIaraBIINecs Ha POk GyHAAMEHTAIEHON
JUINHBI BEJTMYUHBI COOCTBEHHO AJMHON He ABJSAIOTCA. B oTaMume oT 3TOro B Halem cilyyae B pOJIH
(¢yHIaMeHTanbHON JUIMHBI OyJeT BBICTYNATh OOBIYHAs FeOMEeTpUYecKas JUIMHA, a HE HEeKUI cocTaB-
JICHHBIH MOIXOAALIMM 00pa3oM KoMIUIeKC. UYTOo ke KacaeTcsl «mpejesa NPUMEHHMOCTH» HallluX
(u3nUecKux Teopuil M M3BECTHBIX HAM 3aKOHOB, TO MbI Oy/le€M CUMTaTh, YTO OH B HAIIEM CiIydae
OpPOSIBIIICTCST B TOM, YTO HPU 3HAYEHUSIX IPOAOJIBHOrO pasmepa, MeHbIIMX 1[den], HUKaKuX
3aKOHOB HE CYIIECTBYET BOOOIIIE.

OTO BBITEKAET U3 TOT0, YTO BenuuuHa 1 [den] sBiseTcs Takoi, MeHbIlIe KOTOPOi He ObIBaeT.
OTkyna cienyer, 4TO B AMANa3oHEe JJUH OT HaUMEHbUIEH M3 BCeX JI0 HyJIE€BOM HHUKAKHX OTPE3KOB
JUIHBI BooOmie HeT. To ecThb B yKa3aHHOM Juala3oHe W3MEHEHHs IPOJOJIBHOIO pa3Mepa HeT
BOOOIIE KaKUX-JIMOO pealbHBIX OOBEKTOB, M, CIEAOBATENBFHO, TAM HE HY>KHBI KaKHe-JIMOO 3aKOHBI,
«yTpaBJsoLUMe» ux noseaeHueM. CripaBeyIMBO, OUYEBUIHO, U 00OpaTHOE, T.€. B HA3BaHHOM Juarna-
30HE BEJINYMHBI JJIMHBI IOTOMY HET HUKAKHUX BOOOIIEe 0OBEKTOB, YTO TaM HE CYIIECTBYET HUKAKHX
3aKOHOB, ITOTYHHSSACH EHCTBHIO KOTOPBIX 3TH OOBEKTHI MOTJIM OBl KAKUM-TO 00pa3oM U3MEHSTH, B
YaCTHOCTH, BEJIMUMHY CBOET0 MPOJOJIBHOTO WM MOMIEPEYHOT0 pa3zMmepa.

Uro 3710 3HaYuT ? ITO 3HAYMT, YTO €CIH B XO/€ YMEHbBIIECHHUS JJIMHBI JAHHOTO HAaM BEKTOpa
(Hanpumep, BeKTopa?) B KaKOH-TO MOMEHT BpEMEHHM OHa cTaHeT paBHOU 1 [den], To Bcskoe
cTpemyieHHe em€ OoNbllie YMEHBIIUTh €ro MPOAOIbHBIA pa3Mep MOXKET ObITh Pealin30BaHO JIMIIb
TaKuM 00pa3oM, YTO ITOT pa3Mep OJHUM CKaukKoOM, MHUHYS BCE IPOMEKYTOUHBbIE 3HAUeHUs, OyneT
CTaHOBUTHCS PAaBHBIM HYNIO. Brpouem, paBHBIM HYJIO OH CTaTh TakKe HE MOXET, IOTOMY YTO
TOT/Ia 3TO 03HAYAJIO OBbl, YTO KAKMM-TO 00pa3oM MOXKHO JOOUTHCS TOTO, YTO TOT WJIM MHOH BEKTOP
IPOCTO NEPECTaHET CYIIEeCTBOBATh. Yero A0MyCTUTh Mbl HE UMEEM IIpaBa 0 TOW MPUYUHE, YTO ITO
OyzeT NpOTUBOPEUUTH ACHCTBYIOUIMM B npupoae 3akoHaMm CoxpaHenus. M6o, ecnu teno BCKTOp;?
OyzeT Jake CIUIONIb COCTOATH U3 abcomoTHOH [TycToThl (ecim 0HO OyIeT «TenecHO-0eCTeIeCHBIM»
TEJIOM), TO XOTSI 3TO U OyAET ABJIATHCSA aKTOM HCUE3HOBEHUS HEOOJIBILIOro JMHEHHOro 00bEMa abco-
mroTHO TycToro [IpoctpancTBa (00bEMa, Kazanoch Obl, coBepIiIeHHemero «HuaTo»), HO 3T0 OyneT
ABJISATbCA BCE K€ MCUE3HOBEHUEM JIMHEHHOro o0bEéMa He BOOOpakaeMoM, a peanbHOM, CyIEeCTBY-
rouieit Ha camoM niene Ilycrorel-IIpoctpancta. CoBepIIeHHO TO ke caMoe OyAeT MPOUCXOJUTh U C
HOMNEPEYHbIM pa3MepoM y (U3UYECKOro BekTopa. To ecTb eciu TOJIIMHA Tejla y AaHHOrOo (pU3H-

YeCcKOro BekTopa Oyaer paBHa 1[den], TO W3-3a HEBO3MOXKHOCTH €lIE OOJIBIIE YMEHBIIHUTh €TI0

21



TOJIIMHY Y TAKOTO BEKTOpa OyJeT MOJHOCTHI0 OTCYTCTBOBATh KaKOe-JINOO JallbHEHIee H3MEHEHHE

JAJIMHBI B HA3BaHHOM IIOIIEPCYHOM HaIlpaBJICHUU.

CrenmoBaTenbHO, BCE TAaKOTO POJia BEKTOPHI MOTYT OBITh M3MEPEHBI JHUIIhL B
HaIMpaBJI€HUU NPOJOIBHONW OCH. UTO O3HAYaeT, 4YTO BCSIKHI BEKTOP, HMMEIOIIHNI
tommuny B 1 [den], Oyaer SBasIThCS HE 00bEMHBIM B TPEXMEPHBIM, HO, KaK M BCIKUI
COBCEM HE WMECIONIUN TOJIIMHBI MaTEeMaTUYECKUM BEKTOp, OyAeT SBIATHCS
oonomepHuim. TloaTOMY BCE MPOU3BOJMMEBIE HAJl TAKOTO POJia BEKTOpPaMU OIepariuu
MO>KHO BBITIOJTHSTH TaK, Kak OyJTO MBI ©UMEEM JIeJI0 He ¢ (PU3UICCKUMH «TOJICTHIMU»
BEKTOpPaMHU, a C TPUBLIYHBIMUA HAM «TOHKUMH» MaTeMAaTHUECKUMU BEKTOPAMH.

Kaxk BHUJIUM, Hapiaay € BOOﬁI]_le HE¢ MMCHOIIMMU TOJIMHBbI MATEMAaTHYCCKUIMU

BEKTOpaMHU BIIOJIHE MOTYT CYIIECTBOBATh €lIE U TeJeCHble (hU3NUYECKHUE BEKTOPHI, B
YaCTHOCTH, BEKTOPBHI HANPSKEHUS, €CITU TOJIIMHA KaXIOTO W3 HUX OyIeT paBHOU
1 [pen]. Bopouem, cyiiecTBOBaHME MOCIEIHUX HE TOJBKO BO3MOXKHO, HO U HEOO-
XoauMo. JIeHCTBUTEIBHO, €CIIM TOJIIMHA y TMOJABEPraeMoro CHKaTHUIO-PACTSIKEHUIO
Tena OyneT paBHA HYIIO, KakKk Yy OTpe3ka MaTeMaTHYCCKOW JIMHUM WIH Y
MaTEeMaTHUYECKOTO BEKTOpPa, TO HHUKAKOTO0 HAMNpsDKCHHUS B IOMEPEYHBIX CEUCHUSX
TAKoTO Tejla CO3/1aTh, OYEBUJIHO, HE yaacTca. MHoe neno, eciid yImoMSHYTOE Telo
OyzneT obnagaTh HEKOTOPOH TOJIITUHOM.

Tak, eciniu oHO OyAET SBJISTHCS METALUIMUYECKUM CTEP>KHEM, TO MPHU €ro Mpo-
JOJIBHOM CXKaTUU-PACTSKEHUU B HEM BO3HHUKHET HaIpsKEHUE, KOTOPOE MOXKHO cede
MPEACTaBUTH B BUJIE MHOXKECTBA TOHKHUX (TOJIIMHOM B 1 des1 ) Ten BEKTOPOB HaIpsi-
YKEHHSI, KOTOPBIE PACIOIOKEHBI TAPAICIbBHO OCH CTEPKHS M CBOUMH METAJNIMYECKHU-
MU TeJaMH1 KaK COJIOMUHBI Y CHOTIA 3aITOJTHSIOT ITYCTOTY €r0 BHYTPEHHET0 00hEMa.

Ho xpome storo 3mech neno emié BoT B 4éM. T.K. aOCONIOTHO BCE TEJIECHBIE
BEKTOPHI UMEIOT TOJMHY B 1 [(e], ToO BO BCeX MONMEPEUYHBIX CCUCHUSIX Y KaXKI0TO
U3 HUX OyAeT moMemnaThCsl TeI0 Bcero ojHoM (usmyeckoit Touku. [Tockombky Temno
TaKoOM TOYKH, B CBOIO OUYEpeib, UMEET paBHbIH 1 [ Pen] monepeunsiit pazmep. OgHako
3/1€Ch Mbl HaTaJKUBAaeMCs €€ Ha OJUH MapajoKC, COCTOAIIUN B TOM, UTO y KaXI0H
(bU3UYECKON TOYKM UMEETCS MOTMEePEYHbI pazMep e€ Tela, HO 3TO TEJO He 3aHuUMAem
Hukaxot niowaou. Yto coBceM He 3HauuT, 4To AS=0. IIpocTto mpu nmocreneHHOM

YMCHBIICHUU IIOIMMCPCUHOI0 pa3Mepa JaHHOTO0 CCUHCHUA U NOCTUKCHHUH UM BCIIMYMWHBI
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1 [den] mmomans AS CTaHOBHUTCS OJHOMEPHOW: BEIb MPHU ITOM BCE TPEXMEPHBIC
T€Ja CTAaHOBATCS OJHOMEPHBIMU M Y HHUX, KPOME MPOJOJIBHOIO pa3Mepa, HUKAKUX

JIPYTUX pa3MepoB MPOCTO HET. (Kcraru, ynoMsHyThIiA BbIlIe TUHEHHBIH 006EM [TycTOTHI Oyer

SIBJIATBCSA TaKXe OJHOMEPHBIM, HO B TO K€ BpeMsi OH OYyJET ABISATHCS UMEHHO 00bEMHBIM, TeJjec-

HbIM. [IpuTOoM HCYE3HYTh OH HMKAaK HE MOXKET, MO0 €ro MCUe3HOBEHHE, KaK YK€ OTMeyasloch,
o3Hadano Obl, yTo HUKakue 3akoHbl CoxpaHeHust He nencTByOT B [lpupone, u IlpocTpancTBo

CIoCcOOHO JINOO CaMOTPOU3BOILHO MIIH IO YbeH-TMO0 BOJIE KaK UCUYE3aTh, TAK BOSHUKATB.)

K sromy moGaBum, uto ecnu BenmuumHa « F » B (3) He MeHsieTcs B XOJie
UCIBITAHUN, KOTOPBIM 00pa3ell MOJABEpPraeTcs, TO BEJIMYUHA «P», COIJIACHO MOSICHE-
HUSM Ha c.17, OyJeT oka3bpIBaThCS HE 3aBUCSIICH OT BpeMeHH «t». Ho BenmmumHaa «p»
HE 3aBUCHUT elI€ ¥ OT BeIMUYMHBI Iuionaau AS y oOpasua. B camom aene, nmycts AS y
Hero 6ymer pasHa 4 cm” . Torma OymeM mMers, uto p=F/4 [krc/cm®]. YMeHbIIHM
MbIciieHHO AS B n1Ba pa3za. Ho mpu 3ToM MBI 00s13aHBI Oy/ieM YMEHBIIUTE U BETUIHHY
nmnynbca cuibl (Ft);=(F-t), , aefictByroniero Ha miomaab AS, Takke pOBHO B JIBa
paza. B wrtore momyuum, uro p=0,5-F/0,5:4 [krc/cm®]. Ecim ske MBI MBICICHHO
yMeHbIIIM AS B JecsTh pa3, To Toraa 6yaer p=0,1-F/0,1-4 [krc/cm”] . U3 310TO SICHO,
YTO BEJIMYUHA «P» JEUCTBUTEIBHO HE 3aBUCUT OT AS. 3HAUYUT, €AUHUIIA U3MEPECHUS
miomans [cM’] B pasMepHOCTH [Kre/cM” ] BISIETCS M30BITOYHOM, U €€ C HACTyIlIe-
Husg MoMmeHTa AS=1[(den] He TOIBLKO MOXKHO, HO HYKHO HE TMOKa3bIBaTh TaM Jiajiee
BOBce. [[pnuém npeBpainieHne pa3aMepHOCTH [Krc/cM®] B [KrC]31eCh BIIOJIHE MOYHO
pacleHUBaTh KakK JI0Ka3aTeIbCTBO TOTO, YTO T-BEKTOP ?I{CﬁCTBI/ITCJIBHO CTAHOBUT-

Cs1 OIHOMEPHBIM, KaK JJOKa3aTeIbCTBO CYIIICCTBOBAHMS CTYIIEHYATOTO U KaK Obl KBaH-

TOBOTO Mepexoja OT MUHUMAJIBHO BO3MOXKHOTO TPEXMEPHOTO 00bEMaA y Telna «m» Ha
puc.l K AByMEpHOU TENECHOW IUIOLIAAM HEKOTOPOrO €ro CEYeHHUsSl M 3aTeM K TakkKe
TEJIECHOM, HO OgqHOMEpHOU TUHUU. (To ecTh mepexo/ia B KOHEYHOM UTOTE K melecHO-
My, HO OJHOMEPHOMY T-BEKTOPY, COCTOSILIEMY B CBOIO OYEPEAb U3 MOCTPOCHHBIX B

OJIMH PSIZT B 3aTBUIOK IPYT K APYTY OAHOMEPHBIX (PU3UUECKUX TOUCK «M»).

2
A B caMoM 00111eM ciydae mpeBpamieHue [Kre/cM”] — [KIc] MOXHO paclieHH-
BaTh KaK JOKA3aTEeIbCTBO TOTO, UTO HE TOJIBKO BEMIECTBO COCTOUT U3 HEAETUMBIX

3JeMeHTapHbIX vacTull, HO U Ilycrora (cM. § 3) cCOCTOUT M3 OAHOMEPHBIX U

TaxKoKC HCACIIMMBIX JAJICC Ha 0oJice TOHKHUE Teaa T-BeKTOpPOB I1ycTOTHI.
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B camom nene, Benp npu AS—0 nomaaka AS Ha puc.l He cpa3y CTaHOBUTCSA

paBHO# Hynt0. CHavyana OHa CTAHOBUTCS OJTHOMEPHOM TOUKOUN «M», y KOTOpOUl ecTh
<>
MOMEPEYHbI pa3Mep, HO HEeT miowand. BcenencrBue dero u Bech T-BeKTOp F

CTAHOBUTCS OJTHOMEPHBIM. A €CIIK €ro TeJO MPHU 3TOM OYJIeT OKa3bIBATHhCS CXKATHIM
<>
WIH PacTSHYTBIM, TO TOTAa F Oynmer sSBISATHCSA TEIOM T-BEKTOpA HanpsiceHus. Y KO-

TOPOTO H3-3a €ro OJHOMEPHOCTH KaX/10€ MONEepeYHoe CeueHHe OYAEeT UMETh TOJIBKO
JUHEHHBIA pa3mep, paBHBIA 1 [(pen], HO HU y OAHOTO W3 ITUX CEUEHUH He Oynaer
o0seymepnot momaau. IlosToMy Henb3st OyAeT TOBOPUTH O HANPSHKEHUU B KAKOM-TTHO0
CEYCHHH Yy Tella T-BGKTOpa?,HO MOKHO TOBOPHTbH O HaIIPSDKEHHUH Cpasy JJIs BCEX €ro
00HOMEpHbIX TOYEK «M>» (IIOCTPOEHHBIX B OJMH PO B 3aTBUIOK APYT K APYTY), O

<>
HANpsDKEHUW [Krc] B IEJI0M, HA BCel JUIMHE T-BekTopa F.

[Tosromy, eciu B cootHomeHuu (3) Ha c.17 BenmuunHa «p» €CTh AABJIEHHE C
Pa3MEpPHOCTBIO [Kre/cM’], TO Ha TOM ke CTPAHMIE, HO HIDKE B COOTHOIICHHH
lim F/AS = p (t.e. B npenene, korga AS Oyner ogHOMEpHOU (PU3MUECKONW TOYKOM
«M») BenuuuHa «p» OyAeT yke BeIUYUHOU nonnozo, a B lim F/AS = 6 nopmansnozo

HANPSAKEHUsI C pa3MEPHOCTBIO [KIC] B Ha3BaHHOM Touke «M» Ha puc.l.

OTKyZna OKOHYATEIBHO IOJY4YaeM, YTO M3-3a OJHOMEPHOCTU BCEX T-BEKTOPOB
< 2
F, HanpskeHne B UX Tellax UMEET pa3sMEPHOCTh [KIC], HO HE [Krc/cMm™], T.e. npamo-

e
Junelnomy (y nero n=o - cM. ¢.38) T-BekTopy F orBewaer UPPU-uuncno l":/ R- (J_r)1|1<rc” )

UtoOk! eni€ pa3 MOsICHUTh, YTO HAMPSHKEHUE BO3HUKAET «HA BCEH JITMHE T-BEK-
<= .
Topa F [krc]», oOpaTuMcs K KBaJpaTHOTO CEUYCHHS W JUIMHOW ¢ [M] CTaJbHOMY
2
00pa3iy, y KOTOpOTO IUIOMA b HOPMAJILHOTO CEUEHUS ITyCTh paBHa 1 [cM™].
[Tonoxxum Takke, 4TO CO CTOPOHBI OJTHOTO TOpiia oOpasiia JeHCTBYET UMITYIbC

cunbl Fi"At, a co croponsl apyroro topua umiynsc Fr-At, uro Fi= F,, u 4to ux

NeicTBHEM o0O0pasell pacTATHBACTCS B OCEBOM HAIpaBICHWH. 10Tna, COTJacHO
. F o

hmE:G’ B Ipelerie B KaXAOH Touke «M» IONEPEeYHOro Cce4eHus oOpasiia
BO3HUKHET HaNpsDKEHUE «G». [IprmuéMm ero BenmunHa OyaeT OAMHAKOBOW HE TOIBKO B

Ka)KI[Dﬁ TOYKEC HAHHOTO CCYCHHUS, HO M BO BCCX IIONCPCUHBIX CCUCHUAX 06]1)&31_13.,
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MOBTOPUM, Ha Bceil ero mnmuHe ¢ [M], Kakoi Obl OOJNBIION OHAa HU ObLIA. 3HAYWT,

HanpspkeHue [Krc]OyneT UMeTh OJMHAKOBYIO BEJIMUMHY «Ha BCEW JJIMHE T-BEKTOpa
<—> <>

F », n6o tena Bcex T-BekTOpoB F 3anonHsoT coboit Bechb 00bEM CTabHOr0 00pasua u
pacrnoJiararoTcsi B HEM mapauieIbHO €ro OCH, 0€3 3a30pOB ITUIOTHO MPHUMBIKAS IPYT K
ApYTY.

B oT10ii cBsA3M BO3HWKAET BOIMPOC, O 4€M TOrAa HaMm OyneT TOBOPHUTH JJIMHA
YCIIOBHOM CTPEJIKH, TIPU MTOMOIII KOTOPOH MBI CTaHEM TpadUUIeCKu MOKA3hIBATh OJUH
WM HECKOJIBKO T—BeKTOpOB?, MOSICHSISL UX OTepaluio, HalpuMep, cllokeHus. B atom
cinydae e€ (YCIIOBHOW CTPENKHW) JJIMHA OyAeT XapaKTepu30BaTh BEITUYNMHY O00BEMHOM
IUIOTHOCTH y CYOCTAHLIMM HAmps>KEHUs, KOTOpas, HE HM3MEHss TOJNIMHBI Tena y

<>

peajbHoro t-Bekropa F , T.e. ocraBmsas ero paBHbM 1 [den], Oymer 3amonHsTH
co00i1 BeCh BHYTPEHHHUI 00bEM 3TOrO T-BEKTOpA.

( Camoe IocJjieAHEeC O3Ha4acT, OYCBUAHO, UTO Y BCIUYHNHBI p=F't HE3aBUCUMBIMH NIEPCMCH-
HBIMH SIBIIIIOTCSA 00€ BEITMYMHEI KaK t, Tak 1 F [Krc]. HpI/I 3TOM {, KaK BBEIICHUTCSA B KOHIIE KOHIIOB
(cm. §§ 6-9), ecTh BenTUUMHA HE HETIPEPHIBHAS, 2 U3MEHSIOMIASACS TIEJIBIMU CKaYKaMU-KBAaHTAMH T). )

Htak, kpoMe OJHOMEPHBIX U OECTEICCHBIX MAaTEMATHYECKUX BEKTOPOB MOTYT
CYIIIECTBOBATh €I TaKKE OJHOMEPHBIC, HO TeleCHbIe (U3NYECKHUE BEKTOPHI MpHU
YCIIOBHH, YTO TOJIIIMHA Y KaXI0r0 U3 HUX Oyner paBHa 1 [den]. B camom nene, B3sB
METAJUIMYECKUN CTEPHKEHb U TMPUIOXKHUB K €ro KOHILAM pPACTATUBAIOIINE YCUIIUS,
MOHO YOEIUTHCSI B TOM, UTO B €T0 MOIMEPEYHBIX CEUCHUSIX BO3ZHUKHET HaIpsiKEHUE.
Ho Tenmepp MBI MOXEM yTBEpKIaTh, YTO 3TO €CTh CIIEACTBUEC IIPEBPALLICHUS Teia
CTEpPXKH B MHOKECTBO TOHKHX METAJUIMYECKUX TEJI BEKTOPOB H&l‘[pf[)KGHPISI?(BGK-
TOpOB 1-TO pozxa), Tena KOTOPHIX MUMEKT JJIMHY PABHYIO JUJIMHE BCETO CTEPKHS W,
OyIy4u pacIoyiO’KEHbI B €r0 TeJe MapajijieIbHO OCH, 0€3 3a30pOB MJIOTHO MTPUMBIKAIOT
Ipyr K apyry. Eciu ke y cTepkHs yOopaTh pacTATHBAIOIINME €T0 YCUITUS, HO 3aCTaBUTh
€ro JIBUTAThCsl B OCEBOM HAIMPABJICHUH, TO TOTJa Mbl OyZieM BIpaBe YTBEPKIAATh, UTO
TEJIO0 CTEP)KHS TPEJCTABIICT COO0M MHOXKECTBO TOJIIMHOW B 1 [den], HO yKe He
HETIOJBW)KHBIX TOHKMX CTAJIBHBIX TE€J BEKTOPOB HANPSIKEHUSA, a ABKYLIUXCS TEJ

— —
BeKTOPOB p=(F't) (IBMXyIMXCsS TEJI BEKTOPOB 2-T0 poJia).
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§ 3. [Iapagokc BoJiHe BO3MOKHOTO CYIIIeCTBOBAaHUS A0COKOTHO MyCTOM, HO
SIBJISIIOLIECHCH TPH 3TOM BoBce He mycToii ITycrorsi

3.1. [IlpeacraBum cebe, YTO M3 OKPYKAIOIIETO HAC MPOCTPAHCTBA YAAJICHBI BCE
OoJbIlKe U Masble HeOEeCHbIE TeJa, BCE 3JIEMEHTAPHBIE YACTHIIbI, a TAK)KE BCe (DOTOHBI
CaMBIX Pa3HBIX IMAMA30HOB U3Ty4eHUs. Toraa B UTOre OCTAHETCS TOIBKO COOCTBEHHO
[IpocTpaHCTBO, OCTaHETCS TOJBKO JIMIIh, Ka3aJlOCh ObI, coBepineHHemee «Huaro»,
HO KOTOpOE, TeM He MeHee, Oy/leT ocTaBaThbCsl BCE e aOCONIIOTHO peajbHbIM, COTJIa-
CUTECh, a HE BooOpakaeMbIM (He MaremartmdeckuM) IIpoctpancTtBom. IIputom oHO
OyZeT OKa3blBaTbCAd HE MECTOM, I/l HET aOCOJIOTHO HHMYEro, a Oynaer (u3nuecKoin
cpenoit (pusznueckum Bakyymom). [loTomy 4TO, BIOJIHE BO3MOXKHO OHO OOJagacT

TaKUM CBOMCTBOM, KaKUM SIBJIIETCSI YIIPYTOCTb. ( B 1oka3arenbcTBo TOro, 4To abCOMOTHO
nyctoe IIpocTpaHCTBO sBiIseTCsl GU3NUECKOM Cpesiof 3aMEeTUM, YTO B OAHOM M3 CaMbIX MOCIEIHUX
cBoux Teoperndyeckux pabor A.J[.CaxapoB mpuilen K 3aKJIOYEHUI0, YTO aOCOJIOTHBIM BakyyM
JIOJDKEH 00J1alaTh CBOWMCTBOM YNPYTOCTH — CM. MaTepuain Tenenepenaunl «CekpeTHble (HU3HKU»,

kaHan «KynbTypa», 21.11.02. B 19 4. 20 MuH.)

N3 peansuoctu IlyctoThi-IIpocTpanctBa u u3 €€ 0OBEMHOCTH CIEAYET, YTO
000 JaXke MpenenbHO TOHKUW TPSIMOJIMHEHHBIM TPOMEKYTOK A3TOTO 00BEMA,
Oynyun coctaBHOM wyacThio [lyctotsi-IIpocTpancTBa, OyneT OKa3bIBAThCS TaKXKe
00béMHBIM. THaue TOBOPS, OH OyJIIET SBJISITHCS, BO-TIEPBBIX, XOTS U MYCTOTEIBIM, HO
00s13aTeILHO MmeleCHbIM |, CICA0BATEIIBHO, OyIeT 00J1a1aTh HEKOTOPOU MOAUUHOU.

Bo-Bropeix, ecnn o0béM IlycroTei-IIpocTpancTBa aeiicTBUTENBHO OO0ManaeT
YIPYTOCTBIO, TO MOYKHO OXHJATh TOTO, YTO KaK TOJIbKO OJAWH WJIA HECKOJIBKO TOHKHX,
HO OOBEMHBIX MPOMEXKYTKOB [IyCTOTHI B KaKOW-TO MOMEHT OyIyT M30THYTHI B BHJIEC
IyTH WM TI0JI0OHO TIPYKMHAM C)KaThl BJIOJIb OCH, TO B CICIYIOIINI MOMEHT BPEMEHU
B CWIy HUMEIOLICHCS y HHUX YIPYIrOCTH OHH BCE€ BMECTE WM IOCTEIIEHHO U
IIOOYEPENHO CaM0O8036pamAmMcs B UCXOLHOE IIOJOKEHUE U CTAaHYT CHOBA TEJIAMU
IIPEKHUX MPSMOJVMHEUHBIX U YK€ HE MUMEIOUIMX NPOJOJBHOTIO CKATHUS JIMHEHHBIX
npoMexyTkoB Ilycrorsi-IIpocTpancrBa. Ilpu TtOM, pazymeercs, yCIOBHUH, YTO HUX
COCTOSIHME MPSIMOJUHEHHOCTH U HECH)KATOCTU BJIOJIb OCU OYJET SIBIATHCS BCAKHUU pa3
HUCXOAHBIM, TaK CKa3aThb, HOPMAJIbHBIM COCTOSIHUEM 3THX MPOMEKYTKOB pealbHOMN

[Iycrotel. B pesynbrate IlycroTa-IIpocTpancTBO OyneT oOKas3bIBaTbCsl HE MPOCTO
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«(u3nveckou cpenoit», Ho OyaeT MpeAcTaBIATh co00i Kak Obl KuByro OU3NYECKYIO
Cpeny, ecinu Bce €€ IPOMEXYTKA M KKl U3 HUX B OTJAEIBHOCTU OyIyT CLIOCOOHBI
CaMOINPOU3BOJIBHO U3MEHATH CBOE MPOJOIBHO CHKATOE WM IOMEPEYHO H3O0THYTOE
TEJIO Ha HeCXKaToe U He M30THyToe. [[pndyéM ymomMsHyToe CaMOBO3BpAIlICHUE UX TET B
UCXOJHOE COCTOSIHUE OY/AET, OUEBHUIHO, CIYUaThCs Ja)Ke TOr/Ia, KOT1a TOJIIMHA Y HUX
OyIeT SBIATHCS TPEASTbHO MaJOW M pPaBHOM Bcero OAHOW (yHIAMEHTATBHOM
eMHUIIE JUIUHBI, paBHOM 1 de.

3nechk oOpaTM BHEUMaHHE YWTaTenst Ha TO, YTO YTBEPHKICHUE aBTOpPaA O SKOOBI
UMEIOLIEMCS CBOICTBE Y OTHOMEPHBIX MPOMEKYTKOB I1ycTOThI (KOTOpBIE, KaK B UTOTE
OKaKeTCsl, SIBJSIIOTCS TeJIaMH T-BEKTOPOB 1-ro poa) camoso3spawyamscsi B UCXOAHOE
IPSIMOJIMHEIHOE TIOJIOKEHUE TOCIIe M3TUOAHUS BHIIEC YT OKPY>KHOCTH WJIM COKATHS
UX TEJI B OCEBOM HAaIlPaBJICHHH OCHOBBIBAECTCS HAa JOCTATOYHO JABHO HU3BECTHOM U
Jake WHOTJA WCIIOJIb3yeMOM Ha TPAKTHKE (PU3NYECKOM SBICHUU, UMEHYEMOM «3(-
dbextom 3anomuHaHUSA GopMbl (D3D)», BrIepBHIC, KCTATH, OOHApYXKeHHOM B 1949 1. B

Hamen crpade B.I'.Kypatomossim u JI.I'. XoHIpocoMm.

3.2. Hrak, «caMOBO3BpAIlCHHE» TOHKHX IMPOMEXYTKOB aOcomoTHOUW I[lycToThl B
UCXOJHOE HEC)KAaTO€ M HE HM30THYTOE IMOJIOXKEHHUE MPEANOIOKUTEIbHO OYIeT Mpo-
UCXOIUTh BCerna. B yacTHOCTH, OHO OyIeT MPOMCXOIUTH MpU JTIOO00W HMX JUIHHE,
KOTOpasi MOKET ObITh y HUX Kak IpeesibHO Mayiod u paBHOH 1 ¢den (t.e. paBHOU
MPEICIIbHO MaJOM TOJIIUHE Yy €IMHUYHOTO MpomexyTka [IycToTel), Tak U paBHOMN
TOMY PACCTOSIHHIO, KOTOPOE pa3/eiideT Hally 3eMJII0 U camble yIajJ€HHbIE OT Heé
3BE31bI U TaJlakTUKU. [Ipuu€mM OUeBHIIHO, YTO MPOLIECC «CaMOBO3BPAILCHUS» IIPOME-
KYTKOB OyIIeT COMPOBOXKIAThCS WX JABMWKEHHeM. Ho mo0oe mocTymnarenbHoe
JNBUKEHUE SIBIISIETCS HarpaBieHHbIM. OTKyAa CIIENyeT, 4TO U TOHKHUE MPOMEKYTKH
[TycToThI OyIyT OKa3bIBATHCS TAKIKE HANPABIEHHBIMU.

WNnaye roBops, Bce 3T poMexyTku [lycToThl OynyT sIBIATBCS BEKTOPHBIMH,

T.€. TEJIECHO BEKTOPHBIMHU, T-6eKmMophbiMu. IIpUTOM BCe OHH OYIYT 0OHOMEDHbIMU
T-BCKTOPpaMH HYCTOTBI, Y KOTOPBIX B OTIIMYUC OT MATCMATHYCCKHUX BCKTOPOB TOJIIIN-
Ha paBHa | [en] (cm. sameuanme 06 onHOMepHOCTH T-BekTopoB IlycroTel Ha c. 23.) Bojee

<—>
TOr0, BCE T-BEKTOPHI IlyCcTOTHI SBISIIOTCA (KaK M BEKTOpPHI HampspkeHus F ) emé u
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d@yHaanZGJleHHblMu, T.K. HHUKAKOro HX BHIUMOI'O HC IICPCMCHICHHWA B OCCBOM
HaIpaBJICHUU MNPOUCXOAUT. (Ho mpu 3TOM, Kak Mbl yBUAMM Jajiee, OHM CBOOOJHO MOTYT
MTOBOPAYMBATHCS BOKPYT CBOMX KOHIIEBBIX TOYEK.)

B koneyHoM utore Oy/neM MMETh, YTO HApPSAy C TEMH BEIIECTBEHHBIMH BEKTO-
pamu, KOTOpPhIE CBOMMH TEJIaMH HATOIHSIIOT 00bEM YIOMSHYTOTO Ha C.22 MeTalljIu-
YECKOr0 CTEpXKHsS, T.e. HAPAAY C TEJICCHBIMH W OO0JIAIAlOIIMMHU TOW WM WHOM
BEJIMYMHON MacChl BEKTOPaMH, HapsIy C «TSHKEIBIMU» BEKTOPAMH, CYIIECTBYIOT €I
U «JIerkue» (U3NYECKUE BEKTOPHl, & MMEHHO Ha3BaHHBIC YKE BBIIIC MMEIECHO-

0ecmenecnbile T-BeKTOPHI [1yCTOTHI (T.€. BEKTOPBI, Y KOTOPBIX HET HE TOJIBKO MAaCCHI,

HO HET M MHBIX CBOMCTB, ITO3BOJISIONINX MX KaK-THO00 0OHAPYKUBATh (PU3NUECKH).

B camowm nene, CTOUT HaM TOJIOKUTh, YTO «KBAJPATHOTO CEYEHUSI METAJLITUYeC-
KW CTEP>KCHb» HAaXOJHWTCS B COCTOSHUW HETOIBIKHOCTH W, KPOME ITOTO, €ro TeJo
BCE BpeMsl OCTAaETCsl B HEHAIPSHKEHHOM COCTOSIHUM, KaK OKaXXETCs, YTO HUKAKUX
«00JagaromMmMX TOM WIA WHOH BEJIMYMHOM MAacChl», T.€. HUKAKUX OCOOBIX Mmemal-

JAUYeCKux cmepo;CHeﬁ-eeKmopoe B HEM HeT. MHbIMH CJIOBAMH, 3TH <«TOJICTBIC» H

OJHOBPEMEHHO «TSKENBIE» BEKTOPHI MOJHOCTHIO OTCYTCTBYIOT B CTEP>KHE, KOrJa OH
HaxXOJIUTCA B HEHAIpPSKEHHOM COCTOSHMM WJIM B cocTosiHuK nokosi. Ho 3arem Ttena
BCEX ATUX BEKTOPOB HAIPSDKECHUS M UMIYJbCa CHIIbI BAPYT MOSBISIOTCA B CTEPKHE
OyKkBaJIbHBIM 00pa3oM U3 HUYEro, U3 [IlycTOThl B MOMEHTHI MOSBIICHUST HAMIPSHKCHUSI B

CTCPIKHEC, a TAKXKC ITPH €0 ABUKCHHUH.

B mepBoM ciyyae HanpspKeHHE BO3HUKAET HM3-3a M3MEHEHHS JUTMHBI U (DOPMBI Y TIPOMEKYTKOB
IIycToThI, COEIUHSIOMKNX aTOMBI B TEJIE UCIBITYEMOI0 METAJNIMYECKOTrO CTEpKHS. [10sICHSsT BTOpO
CIly4ail, JOMYCTHM, YTO JAHHBIM HAM MOKOSIIUNCS CTEPKEHb-TEIO, BAPYT HAYMHAET JBUraThCS CO
ckopocThio V. M3MmennTces kak-mubo oHO oT 3Toro? Her, oHO ocTaHETCs, OYeBUIHO, aOCOJIOTHO
TaKuM Ke, KakuM ObuTo 70 NBwkeHusa. Ho mpw 3TOM OHO cTaHeT BeKTOpHBbIM ( ! ) u, 3HauHT,
OKa)KeTCA HAINOJHEHHBIM TeJaMHU TOHKMX OJHOMEPHBIX T-BEKTOPOB HMITYJIbCA CHIIBI 3’=(F't),
KOTOpBIC TIPH 3TOM OYIYyT SBISATHCS, OYEBHJIHO, HUYEM WHBIM, KakK (DH3MUECKMMH «TEJIECHO-
OecTesleCHBIMI» BEKTOPaMHU BCE TOH ke MeKaTOMHOU [lycTOTHI

Bcé 310 na€t HaM IpaBo MOJI0XKUTh, YTO:

Bce (I)I/I3I/ILIGCKI/IG BCKTOPBbI (T.e. BCC BCKTOPBI HAIIPSKCHHUA W BCC BCKTOPBI

HMITYJIbCa CI/IHBI) — 3TO €CTh «TeJIECHO-OECTEICCHBIC» BeKTOpbI IlycTOoThI-

IIpocTpaHcTBA ( HaynHas ¢ §11 Mbl BCé Gostee u Gostee OyaeM yOexkaaThC B ITOM).

Hmes B BUAY 3TO 0OCTOSATEIHCTBO MBI IPOJOIIKUM YK€ HAYaTOE PACCMOTPEHUE
cBoiicTB abcomtoTHOo mycToro [IpoctpanctBa (ATl — ¢pusmyeckoro Bakyyma) u odpa-

3YIOIIUX €ro T-BEKTOPOB. [IpuTOM cTaHeM BClOAy Jlajee 3aHUMAThCSA, MO CYTH JIela,
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HCKJIIOYUTENIBHO 3TUM BONPOCOM. DTO HE 3HAYUT, UYTO TENEPh MBI YK€ HUTAEC HE
OyJZieM TOBOPUTH O T€X UJIM UHBIX BEIIECTBEHHBIX Tenax. HampoTus, HO BCE ke caMbiM
TJIABHBIM, YTO Hac OyJeT MHTEPECOBATh MPH ITOM, OyAyT SBIATHCS YIOMSHYTHIC
CBOMCTBAa NMYCTOTEJBIX T-BEKTOPOB, M3 TEJI KOTOPBIX OKA3BIBAETCS COCTABICHHBIM
Bech 00béM AIIIl. IIpuTOM HACKOJNBKO yIUBUTEIBHBIMH SIBIITFOTCS CBOMCTBA JTHX
T-BEKTOPOB MOKHO MOHSTH YK€ U3 CIIEIYIOLIETO.

Tak, HanpuMep, B MOCIEAYIOIMIEM OKaXKETCs, 4TO Teja T-BEKTOpPOB 1-ro pojaa
MOTYT OOBEAMHATHCS MEXAY co0oil. B wacTHOCTH, eciii jBa paBHOW JJTMHBI Teia
JIBYHANPABJIECHHBIX IYCTOTEIBIX T-BEKTOPOB 1-TO pojia BCTaBUTh OJIHO BHYTPh JIPYTO-
ro (Tak, 4ToObl X OOIIas TONIIMHA OCTaBajlach paBHOM 1 dex), a 3aTeM U30THYTh UX
M0 JIyTe€ OKPYXHOCTH, TO B UTOTE MOJYYUTCS HEHAINPABIECHHBIN OTPE30K (hU3NUECKOM
JUTAHBI (CM. § 5) WM, 4TO TO K€ caMOe, HEHANpaBJIECHHbBIA OTPE30K MyTH «s». Ilocie
3TOro 0053aTeIbHO MPOM3OUIET MpOLEAYpa CAMOCHPSMIICHHS Tella AYrooOpa3HOro
OTpE3Ka IMYTU «S» B CTATMBAIOLIYIO €r0 KOHIBI XOPAY «P», U €ro Teiao u3 Tel ABYX
T-BEKTOPOB 1-TO poja MpEeBpaTUTCA B TEJIO YyXKE JUIIb OJHOTO, HO YyTh Ooiee
KOPOTKOTO T-BEKTOpa 2-r0 PojJia, a UMEHHO B TEJIO OJHOHANPABIEHHOTIO T-BEKTOpPA
UMITYJIbCA CHJIBI 1_3;(13_6 Koropoe ToT4ac ke YUIMHUTCS Ha BEJIUYMHY CBOETO
MPOJIOJIBHOTO CHKATHSI M MPOU3BEAET peajbHbIl TOMYOK B CIUHY TOrO TEJla «mp»,
KOTOPOE OKAXKETCS Iepell HUM. B pe3ynbTare 3TOro Teino «m» MPOABUHETCS BIEPEN
10 TENy CJEIYIOMIETO AYyrooOpa3HOro y4acTKa MYTH «S», KOTOPOE€ BCIEH 3a 3TUM
CHOBA IMOCJIE CBOEr0 CaMOCHPSIMIICHHS MPEBPATUTCA B TEJIO HOBOTO, HO ONATh-TAKU

— —
HECKOJIbKO MEHBIIEH JUIMHBI T-BEKTOpa uMnyiabca cuibl Py=(Ft) u T.1., 1 T.11..

Opnako 000 BCEM ATOM TOCTENEHHO OyAeT paccka3aHo IMO3Ke, a ceddyac Ham
HY)KHO JIMIIb 3alIOMHHUTH, YTO BCE JIEJI0 COCTOUT, KaK MbI BCE OoJibllie OyneM yoex-
JAThCS JIajiee, B «TeJIEeCHO-0eCTEeNIeCHBIX» T-BEKTOpax 1-ro poja M uX CBOWCTBAX.

UTo K€ KacaeTcsi HAMPABIECHHOCTU BCEX 3TUX T-BEKTOPOB, TO Y OAHUX M3 HUX
oHa OyAeT OJTHOH, y APYTUX — APYTOH, a y TPEThUX e€ He OyAeT BooOIIIE.

HevictButenbHo, B AIIlIl HampaBieHHOCTh JNEWUCTBUSA Y T-BEKTOPOB 1-TO pojaa

MOXHO YHOZIO6I/ITB HaIpaBJICHHOCTHU HBYKOHeqHOﬁ CTPCJIKHA « <> », T.C. MOXHO

. <~ <>
yIOI00UTh NEUCTBUIO BEKTOPOB F m G, n6o oHM, Takke kak U mpomexyTtku AllII,
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COBEPIIICHHO OJMHAKOBBIM 00pa30oM «JIEHCTBYIOT» BJIIOJb CBOEH OCH Cpa3y B JIBE
IpsSIMO  MPOTHUBOMOJIOKHBIE CTOPOHBL. HampoTuB, HampaBIEHHOCTH JIEMCTBUS
T-BEKTOPOB 2-T0 poja (B YaCTHOCTH, T-BEKTOpA HUMIYJIbCA CHIIBI F;(ﬂ)) MO’KHO
MOCTaBUTh B COOTBETCTBHME TOJBKO JIMIIb HAMPABICHHOCTh OJHOKOHEYHOW CTPENIKH
« — ». HakoHel, y COTHYTBIX B BUJE IYI'M OKPYKHOCTU OTPE3KOB MYTH «S» JI0 UX

CaMOCIPSIMJIEHUS B Tejla MPSMOJIMHENMHBIX OTPE3KOB IYTH (T.€. B Teja OTPE3KOB (husuuec-

KOl JUTHHEI — cM. Janee ¢.31-42) BOOOIIe HET KaKOU-ITH00 HaIlIpaBJICHHOCTU JIEUCTBUA.

3.3. B 3akmoueHHe 00paTUMCS K 3HAKaM BEKTOPHOW HAIPaBIECHHOCTH (+) U (=) Y
BektopoB AlIIl, paccmaTpuBast Borpoc 06 3ToM Oosnee KOHKpeTHO. Bcroay panee B
JAHHOM paloTe Mojarajioch, 4YTO OHM HMMEIOT CMBICI HEKOeW HalpaBlIeHHOCTH
COOTBETCTBEHHO «HAPYKY» H «BHYTPb». UTOOBI MOSCHUTH OTKY/Ia 3TO UX CMBICIIOBOE
3HAUCHUE TOSIBISIETCS, MPEACTaBUM ce0e, 4TO TpsIMO Tepel HaMHh B BO3AyXe Ha
HEKOTOPOM YAAJICHUH APYT OT JIpyra KaKuM-TO 00pa3oM 3aKperyIeHbI IBa HEOOIbIITUX
METALTUICCKUX MIApHKa TAaKUM 00pa30M, YTO OHU BCE BPEMs OCTAIOTCS MOJHOCTHIO
HETOJBWXHBIMU. Toraa mpu JOCTATOYHOM MX OCBEIIEHHOCTH W MPHU YCIOBUH, YTO
paccTosiHuEe MEXAy IIapuKaMud TAaKOBO, YTO Mbl MOXEM HX OXBATUTh OJHUM
B3TJIAJIOM, MBI OyZeM BHJIETh cpa3y 00a IIapWKa W BMECTE C HUMHU OyJIeM BHICTh
3aKTIOYEHHBIN MEXTy HUMH MpoMexyTok [IpoctpanctBa. To ecTh MbI Oy/ieM Kak Obl
BUJICTh WU «HAOIOaTh» W HAXOMSIIUHCS B 3a30p€ MEXIy HIapUKaMH T-BEKTOP
npoTsHKEHHOCTH. OJIHOBPEMEHHO € 3TUM HAa3BAHHBINA T-BEKTOP MPOTSHKEHHOCTH (T.€.
tommuHON B 1 [en] mMpoCTpaHCTBEHHBIN 3a30p MEXKAYy HMIapUKaMH) OYAET OKa3bl-
BaThCs €I U Ccyujecmsyroujum, i PUTOM CYILIECTBYIOIIMM HE «KakK Obl», a CYIIECT-
BYIOIINM SIBHO, JJOCTYITHBIM ISl HAOJTFOICHUS CO CTOPOHBI 00pa3oM.

Teneps npeacTaBuM cede, YTO OJAWH U3 IIAPUKOB HCUYE3aET. ITO 3HAYUT, YTO
OyAeT oka3bIBaThCS IJII HAC HEBUAMMBIM, T.€. HEHAOIl00aeMblM, WU caM TOHKUUI
npoMexxyTok [IpocTpaHcTBa, M HaxXOMSIIMICS T/Ie-TO HA €r0 MECTE T-BEKTOp MPOTS-
»EHHocTu. Clie10BaTeNbHO, B 3TOM Cllydae JaHHBIA T-BEKTOP MPOTKEHHOCTU OyAeT
OKa3bIBATBCS CYUeCm8yIouuUM Hes8HO, CYIIECTBYIOIINM HESIBHBIM 00pa3oM.

Takum oOpa3om, «HAOII0ITAEMOCTH» T-BEKTOPA MPOTHKEHHOCTH (CYIIIECTBOBA-
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HUIO B SIBHOM, 6 peaibHOM BUJE) OTBeUaeT 3a)MKCUPOBAHHOCTH 000UX €20 KOHYO8,
TOTJa KaK «HEHAOJIF01aeMOCTH» (CYIIIECTBOBAHHUIO B HESIBHOM, 6 GUPMYAIbHOM BUJIC)
ATOTO T-BEKTOpa OTBEYACT 3a)MKCUPOBAHHOCTH JIUIIb 00HO20 e2o Konya. OTcrona,
BO-TIEPBBIX, TOJIY4YaeM, YTO €CIIH «HaOJI0JaeMOCTh» O0O3HAUUTH 3HAKOM «+», TO
«HEHAOJIFOIAeMOCTH» COOTBETCTBYIOIIETO T-BEKTOpa OyJeT OTBeUaTh 3HAK «—». Bo-
BTOPBIX, TIPU ATOM «HAOIIOAAEMOCTE» COBEPIICHHO JIETKO MOJKHO OXapaKTepHU30BaTh
B CMBICIIC OOpamEHHOCTH ABM)KCHHS KakK OBl OTACISIOIICTOCS OT Tela T-BEKTopa
NPOTSDKEHHOCTH €r0 3pUTEIILHOTO 00pas3a, B HANPABICHUU JBMKCHUS OT HApPYKHOM
MOBEPXHOCTH T-BEKTOPa B CTOPOHY K 3PHUTEISAM, T.€. B Y)K€ 3HAKOMOM HaM HarpaB-
JCHUU «Hapyoicy». Toraa Kak «HEHaOJI0JJaeMOCTh» BIIOJHE MOXKHO IPEICTABIISATH
ceOe He TOJBKO B CMBICIIC MOJTHOTO OTCYTCTBHSI JIBHXKCHHS «HAPYXKY» YIIOMSHYTOTO
3pUTEILHOTO 00pa3a T-BEKTOPa, HO JaXKe B CMBICIIE OOpPAIIEHHOCTH €0 JBHKCHUS B
OIATH-TAKH y)K€ 3HAKOMOM HaM HaIlPaBJICHUH OT HAPYKHOW TIOBEPXHOCTH «BHYMPb»

TCJIa PaCCMATPUBACMOTO T-BCKTOPA.

§ 4. [Iapagokc cymecTBOBaHNUs 0TPe3KOB (PU3UYECKON THUHUM

4.1. Ilpenmnosoxum, 4yTo JekKaIUi B TOPU30HTAIBHON mockocTu I} TpEX3BeHHBIN
U uMeronmid Ha puc.2 ¢opMmy paBHOOEAPEHHOTO TpeyrojbHUKa KOHTYp ABB;

— —> —>
COCTaBJIEH U3 T-BeKTOpoB 1-ro pona AB, BB, u AB,;. [locne yero Bo3sMéM BEKTOPHI
—> —> —> —>
AA| u AB,, paBHOBeMKHE 110 MOAYJIO COOTBETCTBEHHO T-BekTOopam BB, u AB;, u
—

IPUCTPOUM HX K T-BeKTOpy AB; Tak, 4TOOBI HOJy4aromuiics B pe3yapTaTe KOHTYP
paBHOOEIpeHHOTO TpeyrojbHuka AB A oka3aics pacnonoxeHHbIM B 1uiockocTu [,

SIBJIAIOLICUCSA OPTOTOHAIBHOM MO OTHOMIEHHUIO K IUI0cKOCTH [1;.ITocie aToro Bo3pMEM

— —>
T-BEeKTOpHI poTsikéHHOCTH BB, 1 A|B,, CHOBa paBHOBEIHKHE MO MOJYJIFO COOTBET-
—> — —>

CTBEHHO T-BekTOpaM BB; m AB,;, u npuctpoum ux yxe k T-BekTopy A;B;, HO Taxk,
yTOOBI HOBBIM paBHOOCIPEHHBIN KOHTYP A B B, okazancs nexamum B utockoctu I,
OpPTOTOHAJIBHOM K IIocKoCTH I, .

Ecnu tenepp nonsITarhCs NPOJOJKUTE TAKOTO POJIa HOCTPOCHHUS, CIEIS 3a TEM,
YTOOBI MTPHU KAXKJIOM OYEPETHOM IlIare JIBYIPAaHHBIA Yrosl Y OKa3blBaJICd BCE Bpems
paBueiM 90, TO BCKOpE MONYYMTCS MPEICTABICHHAS HA PHC. 3 MPOCTPAHCTBEHHAS
KOHCTPYKIHSA, KOTOPYIO MbI B IOCTEAYIOIIEM CTAaHEM HaA3bIBATh OBOUHOU CRUPAIIBIO.

BHUMaTeIpHO TPUCMOTPEBIIMCH K H300pXKEHHOMY Ha pHC.2 B 3, MOXKHO YBH-
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JIE€Th, YTO paBHOOEIPEHHBIC BEKTOPHBIC KOHTYPHI BO3HHMKAIOT KaK ObI B pe3yibTaTe

.. ﬁ
MOBOPOTOB HA OJWH M TOT K€ Yrol «@» 0a30BOro T-BeKTopa MpoTsukEHHOCTH AB,
OCYIIIECTBISIEMBIX IOCIEA0BATEIBHO BO B3aWUMHO OPTOTOHAJBHBIX IJIOCKOCTAX TO
OTHOCHUTEJILHO €r0 HAYaJbHON TOYKHA «A», TO OTHOCUTEIBHO €ro KOHEYHOH TOYKHU

—_— >

«B». Kpome 3Toro HeTpyJaHO BHUJIETh, UTO, CI0KUB Ha pucC.3 BEKTOphl AA;, AA,,
— — = —> .
AA;... 1 BB;, B;B,, B,Bs... Kak mociiemoBareiabHO, a HE KaK COBMECTHO JEH-

CTBYIOIIIMEC BCKTOPHI, 6YI[6M HUMCThb:

e — —>
AA1+A1A2+ A2A3+ o= (AAm)
— /
h'd
u
— —> —> —
?Bl + BB, + B2B3)+ e = (BBm) .
'

B cBsi3u ¢ Tem, UTO B JanbHEHIIEM HaM MPUAETCS MHOTJA YIIOMUHATH 00 ATUX
Kak ObI COCTOSIIIMX U3 OTJEIbHBIX 3BEHBEB IOMAHBIX BEKTOPaX (mm) u (ﬁm),
YCJIOBUMCS BIIPEAb UMEHOBATH UX CHUPAIBHBIMU WIH CHUPATLHO-36EHHbIMU BEKTOPA-
MU MPOTAKEHHOCTH.

[IpencraBum panee cebe, yto H300pak€HHass Ha puc.4 [BOHHas cHUpalb
MIOCTPOEHA HE W3 TEJl T-BEKTOPOB NPOTSHKEHHOCTH, a W3 IIAPHUPHO COCIMHEHHBIX
MEXy COOOM HETHYIIMXCSI CTEPIKHEH.

—

[IpenacraBuM cebe TakKe, 9TO «HWIKHUK» Kak OBl IOTIepeYHbIA CTepkeHb AB B
ATOM NBOMHOMN CHHUPATN KAaKUM-TO 00pa3oM KECTKO MPUKPEIUIEH K 1tockocTu I1; u He
UMEET BO3MOXKHOCTH CHBHTaThCA B KaKOM-TMOO HampaieHuu. [IpencraBum cebe
HaKOHEIl, YTO MbI, B3SIBIIKMCH 32 KOHI[BI CAMOTO «BEPXHEr0» IOIEPEUYHOI0 CTEPKHS
/qu , TIOBOPAYMBAEM €Tr0 B TAKOM HAIPABICHUHA OTHOCHUTEIIBHO OCTAOLIErOCs
HETIOJIBMKHBIM ~ «HUIXKHETO» CTEPXKHS A? 9TOOBI BCSI JIBOMHAs CHHpaib cTaja
packpyuuBaThCs. JOMKHO OBITH MOHSATHO, YTO TMPH ATOM CTAaHYT OJHOBPEMEHHO
BO3pacTaTh Kak BEJIMUYMHA Uidea HA8USKY Y OOKOBBIX CIUPAIbHO-3BEHHBIX BEKTOPOB

— —
(A...An) u (B...By), Tak U BETUYUHBI 08Y2paHHbIX Y2108 «Y» ( 31€Ch U BCIOAY Jajee

CTAaHEM CYHUTaTh, YTO BCE€ HAa3BaHHbBIC JABYTPAaHHbIE YIJIbI MPU PACKPYyYHMBAHUHU
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JBOMHOMW CITUPAJTA U3MEHSIOTCS OJHOBPEMEHHO U B OJIMHAKOBOH Mepe).

JlomycTM Temephb, 9TO BMECTE C POCTOM YIJIOB «Y» U IIara HaBUBKH Y
CIIUPAJIbHO-3BEHHBIX BEKTOPOB B TPEX3BEHHBIX KOHTYypax ABB;, AB/A;, A\B|B, #u
T.JA., U3 KOTOPBIX OKa3bIBACTCS COCTABJIICHHON KOHCTPYKIHS JIBOWHOW CIUPAIIH,
YMEHBIIIAIOTCS eI U JUTMHBI 00pa3yIoNuX WX CTep)KHEH-BeKTOpoB. Ho ymeHbIaroT-
Csl IYCTh B CBOMX pa3Mepax TaKkKe BCE OJHOBPEMEHHO M TakuM 00pa3oMm, 4YTOOBI B
X0/JIe TPUHYAUTEILHOTO PACKPYIUBAHUS IBOMHON CITMPAH BCE TPEX3BCHHBIC KOHTY-
pbl coxpaHsiau (POopMy HCXOIHBIX PABHOOCIPEHHBIX TPEYTrOJIBLHUKOB, T.€. UYTOOBI

YMCHbBIIAJIUCH YIIOMAHYTBIC KOHTYPBI B CBOUX pasMCpax HOI[O6HBIM 06pa30M.

4.2. Ilycts HaM JaH OTPE30K ABOMHOMW CIUpaiu, MoJ0OHBIA MPUBEICHHON Ha puC.3,

B HEKOTOPBIM MOMEHT CBOETO NPUHYIUTEIBHOTO PacCKpydyuBaHUs. A MMEHHO TOT[a,
KOTJIa y HErO BCE ABYTPAHHBIC YIJIbI «Y» SIBISIOTCS €HIE HECKOJIbKO MEHBIIMMH
Benmunnbl =180, uMes, k mpumepy, 3Hauenne y=170°. OHAKO HECMOTPS HA ITO MbI
MBICIICHHO BCE K€ MNPHUHYIUM IUIOCKOCTH BCEX BEKTOPHBIX KOHTYPOB, KakK 3TO
NIOKa3aHO Ha puc.4-a, COBMECTUTHCS C IUIOCKOCTBbO uyepTexa. [Ipm stom s
YIOPOLIEHUs MNOCIEAYIOMMNX BBIUMCICHUN IOJOKHUM, YTO TPEYTOJbHBIE BEKTOPHBIE
KOHTYPBI y JIBOWHOW cnupaiu Ha puc.4-a UMET (GopmMy HE paBHOOCAPEHHBIX, a
PaBHOCTOPOHHHX TPEYT'OJIbHUKOB.

[Tocne 3TOro BO3pMEM M BBIIEIUM M3 BCEM CHMpAIA Ha puc.4-a €€ ydacTok,
COCTOSIIIIANA U3, HAIIPUMED, ISITH TIOJHBIX TPEYTrOJIbHBIX KOHTYpOB (puc.4-0). 3aTem
OMSATh K€ MBICIECHHO pa3AeIMM 3TH ISTh BEKTOPHBIX KOHTYpPOB Ha OTJEJbHbIE
BEKTOpPBl M COCTAaBUM W3 HHMX JBE TPYNIBL: BEPXHIOW M HIWKHIOW (puc.4-B). Kak
OKaKeTCsl, B BEPXHEH rpyrmie OyaeT 5 BeKTOPOB, TOTAa KaK B HIDKHEH — 6 BEKTOPOB.
CnenoBaTenbHO, CyMMapHas JUIMHA BCEX BEKTOPOB, M3 KOTOPBIX COCTaBJIEH
NSATUKOHTYPHBIM y4acTOK JIBOMHOW cnupainu, Oyner paBHa 11 M., mpu yciaoBHH, €Clid
JUTMHA Ka)KJI0r0 BEKTopa paBHa 1 M.

Tenepp BO3BMEM M YJBOMM YMCIIO KOHTYPOB B HMCXOJHOM 5-TH KOHTYPHOM
OTpe3ke JBOMHOMN criupanu. B pesynbraTe ux uncio ctaHer m=10 (puc.4-r), HO Ipu

ATOM pa3Mepbl KaXKI0ro KOHTYpa, COTJIACHO paHee MPUHSATOMY, CTaHYT B JBa pasa
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MeHbIIUMHU. [103TOMY AJIMHA KaXKJI0TO BEKTOpa B BEpXHEH M HIDKHEW rpynmnax OyaeT
paBHa He IM., a Bcero 0,5M. M3-3a yero, ecim Mbl YMHOXHUM YABOCHHOE YHCIIO
BEKTOPOB (KOTOpPOE, €Cli TocunTath, Oynet paBHo N=21) Ha 0,5M., TO cymmapHas
JUTMHA BCEX BEKTOPOB okaxeTcs paBHou 10,5 M. [ToBTOpUB onepainio yIBOCHUS YnC-
JIa TIOJIHBIX BEKTOPHBIX KOHTYPOB B MCXOJTHOM OTPE3KE ABOWHON CHUpaIU, MPUBEICH-
HOTO Ha PHC.4-0, MOTYyYUM, YTO YUCIIO LEIBIX KOHTYPOB OKaXeTcs paBHbIM m=20, a
o0111ee YMCII0 BEKTOPOB B HIDKHEW M BEpXHE rpymmax craHeT paBHbiM N=41. Toraa
KaK JJIMHA KaXJO0T0 BEKTOpa CTaHET paBHOM yxke He 0,5M., a Tojibko Jmib 0,25M.
B utore cymmapHasi JyiHa BCceX BEKTOPOB B HUIXKHEW M BEPXHEH TIpymHmax OKa)keTcs
paBHoii 41- 0,25=10,25m. OTKyaa CTaHOBUTCS OYEBUJIHBIM, YTO TOCIE OYEPEIHOTO
YIBOCHUS YKCIia KOHTYPOB B OTpPE3Ke JIBOMHON criMpalivd, n300pakEHHOM Ha puc.4-0,
oOmmas yimHa BCeX BEKTOPOB HIDKHEH M BEpXHEH rpymin cranet paBHoi 10,125 m.
[Ipruém odveBUAHBIM OyAET W TO, YTO TNMPHU OCCKOHEYHO OOJBIIIOM YHCIIC
YIBOCHUIN 4YHCJIa BEKTOPHBIX KOHTYPOB B OTpPE3KE JBOMHOMN CIUpald CyMMmapHas
JUTMHA BCEX BEKTOPOB, IOCTUTHYB HEKOTOPOTO MIpe/esia, CTAHET paBHOM MOCTOSHHOMN
IUIUHBI OTPE3KY AB (puc.4-n). Kotopslif mpu 3TOM OyAeT OKa3bIBATbCS COCTABIICH-
HBIM, KaK MBI CKOpPO YBUAMM (cm. c.41-42), U3 T€N JBYX COBEPIICHHO OJMHAKOBBIX
T-BEKTOpOB 1-ro poma A?BEPX n A_B)HH;KH (puc.4-¢). Ilpuuém ux tena OyayT OKa3bI-
BaTbCsl HE MPOCTO MPUCOCTUHEHHBIMU JIPYT K APYry CBOMMHU OOKOBBIMU CTOPOHAMU
(4TO COOTBETCTBOBAIO OBl BBITIOJHEHUIO MAaTEeMAaTHUYECKOW OMEepalud MX Kak Obl
codiceHus), Ho OymyT SBIATHCS OYKBAJbHO BCTaBICHHBIMH OJIMH BHYTPH APYTOTO
(4TO COOTBETCTBYET BBITIOJIHEHUIO MAaTEMAaTHUYECKOW Orepanuu Kak Obl YMHOJCEeHUs.
TEJ T-BEKTOPOB ApPYr Ha Jpyra). B pe3ynbrare BCEro 3TOro T-BEKTOPbI A_>BBEPX u
A?HHXH MOJIHOCTBIO YTPATAT UMEBILIYIOCS Y HUX JBYHAIIPaBICHHOCTh ACHCTBUSA, U HE
Oynytr oOnangaTh Kakoi-InO0 HampaBICHHOCTHIO BooOImIe. [loaToMy B BeCch OTpe30K
A-B B nlenom He Oynet obnanaTh BOOOIIE KaKOW-TMO0 HANIPaBICHHOCTHIO ACHCTBUS.
To ectb oH OyaeT make KadyeCTBEHHO OKAa3bIBaThCS COBEPIICHHO IPYTHM TIO
CpPaBHEHHUIO C TEJIaMHU T-BEKTOPOB EBEPX u EHMKH. OTtpe3ok AB OyIeT oTpe3KoM
Quzuueckoll 1uHUU, A TAKKE OTPE3KOM IYTH «S», UMCIOIIUM Pa3MEPHOCTh [M], a He

12
]

—> —
[M 7], kaKkas OyJzeT, KaKk CKOPO BBIICHHUTCS, Y Tel T-BeKTOPOB ABprpx 1 AByii.
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JIOTIONHATEBHO K TOBKO YTQ CKA3aHHQMY 3aMETHM, YTO B XO/1¢ YABOCHHS YHC/IA TPEYTOIb-
HBIX KOHTYpOB Tena T-BeKTOpoB ABpppx M ABmxn OyAyT OKa3bIBaThCsl COCTaBICHHBIMHM M3 BCE
OO0JIBIIEro YKciia CTAHOBAIIMXCS BCE Oosiee KOPOTKMMU TeJl, HO MEHbIIEH ATUHBI T-BeKTOpoB. KoTto-
pble B IIpefiesie CTaHyT, OYEBUIHO, YK€ COBCEM HE MMEIOIIUMH HAIlPaBJIEHHOCTH TOYEUHBIMH T-BEK-
topamu. [lostomy u T-BekTOpbl ABprpx U ABuypxn, U 0TRE30K A-B craHyT mpH 3TOM MOJHOCTBIO
HeHarpaBieHHBIMUA. OtHaKo eciu T-BeKTOphl ABpepx 1 ABmypxn OyayT BCETo JIMIIB MPUCOSTMHEHBI
KaK Ha puc.4-e¢ OOKOBBIMH CTOPOHAMH JPYT K JIPYTy, OCTaBasCh IPH 3TOM HE BCTaBJICHHBIMU OJMH
BHYTpPb JIPYTOTO 70 00pa30BaHUs W3 HUX €IWHOTO Tela HEeHANPABJICHHOTO oTpe3ka AB, To Kaxmblii
13 HUX OyZIeT OKa3bIBAaTHCS IPU 3TOM JIBYHAIIPABICHHEIM.

Kpome storo teno orpeska nmytu s=AB He Oyner oKa3bIBaThCS KaK MpPYKMHA CXKaTbIM B
NPOJIOJIFHOM HalpaBlIeHHH, HO0 HET HUKAKOW BHUIAMMOM NMPHYUHBI, KOTOpAsl B MPOIECCE yIBOCHUS
YHCJIa TPEYroJIbHbIX KOHTYPOB Morjia Obl BbI3BaTh 3TO cxkatue. OgHAKo, eciau Obl OTPE30K IyTH
s=AB BJPYL OKa3aJICsl CKATBIM BIOJb OCH, TO TOT/IA €TO TENO CTaNo OBI TETIOM T-BEKTOpa UMITYJIbCa
CHUJIBI p =(Ft), aBnsromerocst 3KBUBaJICHTHBIM JJIMHE OTPe3Ka IMMyTH «S» (cM. §11).

Wrak, cornacHo MOSICHEHUSIM K pUC.3 U 4, NPUHYAUTEIBHOE PACKpy4YHBaHUE
JIBOMHOM criipaiu OyJeT MPUBOJAUTh K YBEJIMUCHUIO YUCJIAa BEKTOPHBIX KOHTYPOB MIPH
OJIHOBPEMEHHOM YMEHBIIIEHUU UX a0COJIIOTHBIX pa3mepoB. [Ipu 3ToMm u TO, U Ipyroe
OyJeT COMPOBOXKIATHCS YBEIMUCHUEM JIBYTPAHHBIX YIIIOB «Y» TaKUM 00pa3oM, UTO B

0 0
UCXOAHOM MojoxeHuu Y=90", a B koHeuyHOM monoxeHuu Y=180". (OCHOBBIBasCh HA
9TOM, TIOTIOKHUM, 4To eciti Y=90", To BeMUMHA 1ara HABUBKU y CIHPAILHO-3BEHHBIX
BEKTOpOB (A...Am) u (B...Bm) umeer 3Hauenue n=2. Eciu e Bce yribl «y» CTaHYT
paBHbIME, K mpuMepy Y=100°, To BenuunHa «n» IPEMET 3HAYCHHE N=3, a HATIPHMED,
npr n=108" ona craner paBHOH n=4. OYEBHIHO, YTO MPU JAIBHEHIIEM YBEINICHHUN
«y» GyzIeT BO3pacTaTth U «n», a mpu y=180" oH nmpumer 3HaueHue n=co.

B cBsi3u ¢ 3TUM BCIIOMHUM, YTO JIBOMHAsl CIIUpalb Ha pUC.3 MOCTPOCHA U3 Tl
T-BeKTOpoB 1-ro pona. Ho, corinacHo 3akiroueHuro, npuBeeHHOMY Ha c¢.20, Takoro
pona T-BeKkTopam oTBedaroT Toiabko MPPU-uncina Buna [I}/R ‘nql(i)IJ, rae I< n < oo,
IIpu 3TOM y CTOSAIIEN TOJ 3HAKOM KOPHSI €IMHUIIBI 3HAK (+) O3HAYAET, YTO YHUCIY

l?/ R -n,/(+)1J OTBEUAET T-BEKTOP HAONIIONAaeMON MPOTSHKEHHOCTH, @ 3HAKy (—) B UUCIIE
l?/ R-¥ (—)1J OTBEYAET T-BEKTOP HEHAOII01aeMON IPOTSHKEHHOCTH.

YuuThIBasg CKa3aHHOE paHEe MOJIOXKUM, YTO B HUX ITOKa3aTelb CTEIEHU KOpHs

«n» SBJIACTCS HUYEM HHBIM, KaK BEJIMYMHOM IIara HAaBUBKM «N» Yy CIMPAJIBHO-
— e

3BeHHBIX BEKTOPOB (A...Am) u (B...Bm). Toraa oxaxercs, 4TO €CJIM MOKa3aTelb

creneHu kopHsa B IPPH-uncne l?/ R -y (J_r)IJ UMEET 3HAYEHHE N=00, TO TEJIO y OTBEYAIO-

IIETO 3TOMY YHCITy T-BEKTOpa 1-r0 poja sSBIseTcs NPSIMOJIUHEHHBIM.
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4.3. [Tockonbky oTpe3ok AB sBisieTcs OTpPE3KOM MYTH «S», UMEIOIIUM Pa3MEpPHOCTh
[M], TO MOJIOXHUM, 9TO eMy oTBedaeT PU-umcio [25(*)M], rae cumMBOa (*) MyCTh
O3HA4aeT, 4To y oTpe3ka AB HeT HUKakoW HampaBICHHOCTU JICUCTBHUA, T.€. TOJIO-

xuM, 910 AB=[25(*)m] . Emé moaoum, 9T0 0TPE30K AB MOXHO paciienuTh BIOJb

Ha JIB€ paBHbIe 4YacTH. HakoHeIl MOJIOKUM, YTO OJIHA M3 HUX SIBISETCS BEKTOPOM
— —>
ABgppx= L/ 25-(*)1], a BTOpasi BeKTOpoM AByypxn= L/ 25 (% )IJ (puc.4-e). Ilpu stom,

Tak Kak /25 (91 ]|y 25 #)1]=125:()1], To MoxeT mokasathes, UTO KakIOMY M3

BEKTOPOB JOJKHO OTBEYATh YUCIIO |,/ 25-(*)-MJ. bosnee TOro, nockoiapKy Ha3BaHHBIE
BEKTOPBI SIBISIOTCS MPSAMOJUHEHHBIMHU, TO MOJYYUTCSA, YTO KaXKIOMY U3 JBYX BEKTO-
POB IODKHO OTBEYATh YHUCIIO [°°1/ 25‘(*)'MJ. Uro B 0oboux ciydasix, Kak Mbl ceiuac

YBUIUM, OyZieT HeBepHO. [1o3TOMy nanee moCcTynum ClIeIyomuM 00pa3om.
[Tonoxum, 4TO eqUHULICH HCUUCICHUS OuHbl y oTpe3ka AB sBnsercs [M], a
. .. Nt e 12
eAUHUIIEH npomsdicénHocmu Tena y BeKTopoB ABgepx 1 AByypxy mycts Oymer [M 7 ].
3a0bIB TEHEph HA BpeMsl, YTO KaXJIOMY W3 HUX JOKHO oTBedarh WPPU-umcio

l°°,/ 25-(*)1], MOJIOKWM, YTO MIPU HX «IOJIOKHUTEIBHOW» HAIPABIECHHOCTH OIISITh-TAKA

KaXI0My M3 HHUX oTBeuaeT PU-umcno [25'(+)'Ml/2]. Torma, BcTaBisas (yMHOXasi)
TeJla 3TUX BEKTOPOB OJHO BHYTPb APYrOTO, MOTYUUM:
[25(+)M] - [25+(+)'M"* ] = 625 (+)* (M"*)* .

1/2)2 B yucie 625 3aMeHHUTh €IUHUIIAMU

Ecnu tenepb eauHuUIsl niowaou (M
OnuHbl [M],— CUMTas MPU 3TOM, YTO JJIs 3HAKOB BEKTOPHOM HAIPaBICHHOCTH (+) U
(=) umeet Mecto mpaBmwio (+)(+) = () u (—)*(-) = (*), — TO OKaXKETCs, YTO:

625 (+)° (M) =25+(*) M.

Y2 B ypeno  25M

[Ipu »sTOM mnpouenypy mnpeoOpazoBanus uyucia 625+(m
MOXKHO MpPEACTaBUTh cebe Kak olepanuio CBEPTKM KyCKa KBaJpaTHOW IUIOLIAIU
25x25 (M)’ B HekyI0 TOHKYIO TPyOOUKY, JUTHHA KOTOPOH Kak pa3 GyneT paBHa 25 M,
T.€. paBHa JUIMHE OTpe3Ka AB, Torza Kak 8 TONIMHA paBHa ofgHOW (pyHAAMEHTAIb-
HoM equauIe MHBL (1 den) . [Ipu 3TOM BEKTOPHI EBEPX u I?BHHXH MOJIy4aTcsl Kak
pa3 BCTaBIEHHBIMU BHYTpb APYT APYra U BHYTpb TpybouKH-oTpe3ka AB, a Tommuna
KaXXJ0TO W3 BEKTOPOB OYJET OKa3bIBaThCS DPABHOW TOJIIMHE Tella HA3BaHHOTO

OTpe3Ka-TPyOOUKH U, 3HAYUT, OYJET OKa3hIBaThCS paBHOM Takxke 1 der.
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3n1ech, MO-BUAMMOMY, HAKOHEI BCE ke HEOOX0AMMO HAllOMHHTH, YTO B JJAHHOU paboTe, — a
Takxke B [S5] u [6] , — mox 1 den Bcrogy moHMMAaeTcss BOBCE HE BEMYMHA HEKOTOPOW KOHCTAHTHI,
KOTOpasi, Oyydn COCTaBIEHHON M3 HEKOTOPHIX (U3NIECKUX KOHCTAHT Pa3HOW Pa3MEPHOCTH, TEM He
MeHee, IMEET OOIIYI0 pa3MEePHOCTh, COBMAIAIOIIYIO C PA3MEPHOCTHIO JNIMHBL. B HamieM ciydae mos
1 [den] moHmMaeTcs MPOCTO MpeaesibHO Manas JuuHa (cMm.c.21), KoTopas, Kak 00 3TOM TOBOPHUT
caM (akT TOSBIICHUS W CYIIECTBOBAHHS YYCHUS O KBaHTAaX,— T.€ YYCHHUS O MPEICIbHO MaJIbIX U
Jlajee y)e HeJeIMMbBIX Ha YaCTH KOJMYeCcTBaX,— HECOMHEHHO CyiecTByeT B [Ipupose.

Kak BuanM, eciiv MojIoxKNTh, 4YTO €AUMHULICH MCUHUCIICHUSI MOAYJIEH Y BEKTOPOB

12
]

— —>
ABgrpx 1 ABpyyxn fBIsSIeTCT HE [M], a [M ], TO 3HAK paJauKaiia OyJIeT OKa3bl-

1 1
BaThCSl M30BITOYHBIM B YHCIIAX [ 25‘(*)-M4j|l/l [ 25‘(*)'Méj|. Ho u3 pacckaszaH-

HOTO O MPEBPAILICHUH OTPE3Ka ABONHOIN CIUPAIIA B OTPE30K AB CJIEIYeT, 4YTO IO X0y
ATOr0 MPEBPAIICHUSI HUKAKOW Ja)e caMblid MaJibli OTPE30K BEKTOPA HE MCUE3AET U HE
—_ = —
npubasisieTcs Kk yuciy tex BektopoB AB, BB, AB; u T.1., koTOphIe BCE BMeEcCTe
00pa3yloT Telo HMCXOAHOTO KyCcKa JABOWHOW CHHMpald JIMHOW B TISATH ITOJHBIX
TPEYTOJbHBIX KOHTYPOB. TO €CTh UCXOJHOE TEJIO OTPE3Ka ABOMHOW CIUpPAIU 10 MEPE
e€ MPUHYIUTEIBHOTO pPACKpydWBaHHS Ha puc.4 0e3 Kakoro-amubo ocTaTka WIN
HEJIOCTaTKa MPEBPAIaeTCs B TEJIO OTpe3Ka AB. Otkyna cieayeT, 4To TEeJNOo OTpe3Ka
psSIMOUA  JIMHUHU AB Ha pa3HBIX CTAIMSIX 3TOrO0 PACKPYUMBAHUS SABISETCS HUYEM
VWHBIM, KaK TEJIOM JBOWMHOW cnupand. [Ipuyém cTeneHp 3TOro pacKpyduBaHHUS
OJIHO3HAYHBIM 00pa30M OMpEEsSeTCs BEIMYMHON IIara HaBUBKU Y CHUPAIBHO-
N D
3BEHHBIX BeKTOpoB (A...A,) u (B...B,). Hcmomp3ys 5T0 0OCTOSATEIHCTBO U
npojobKasi 0003HauaTh HA3BAHHYIO CTENEHb PACKPYTKH «N» TMPU TOMOIIHM 3HAKa
KOPHSI TOM K€ CTENEHU «N», MBI OyJIeM MMETh BO3MOYXHOCThH MPH TIOMOIIM JOTIOJ-
HUTEIIPHON XapaKTepUCTUKA O0003HAauaTh Ha TMHUChME Ty WIH HHYIO CTEICHb
PacKpyTKH JBOMHON crimpaiu. Tak, €Clu yroi «Y» y ITBOWHOW crupaiu OyneT UMeTh

spauenne y=90" wm y=180", To Torma M1 FTHX €& COCTOSHHII B PACCMOTPEHHOM

BbINIC TIPUMEPC MBI 6YZICM HUMCTL IIPAaBO 3allMCaTb YHCJIA-BEKTOPBI COOTBCTCTBCHHO
1 1 1 |}
[2 25‘(+)‘M4j| u [?/ 25‘(+)'Méj|. Unu B BHUIE [2 25'(—)'Méj| u [?/ 25‘(—)'Méj|,

€CIM OTBEUAIOIIME WM BEKTOPHl OyAyT HWMETh HE «IOJOKHUTEIbHYIO», a
«OTPHIIATEIbHYI0» HAIIPABJICHHOCTD.

Takum 00pa3oM, 3HaK KOpPHS B TaKOro poja CIydasx SIBISIETCS BOBCE HE

U30BITOYHBIM, & CITYXKHUT JOTIOTHUTEIFHOW XapaKTePUCTUKOM, TOBOPSIICH O TOM, UTO
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JAHHBIA BEKTOP €CTh T-BEKTOpP 1-ro poda, © OH UMeeT Jubo (popmy MpsMOM JIUHHH,
1160 popMy CMpaIy ¢ HEKOTOPBIM IIarOM «N» HAaBUBKU 3TOW CHIUPAIIH.
3a0qHO 0c000 0OpaTtuM BHMMaHue YuTaTelnst Ha TO 00CTOSATENbCTBO, YTO MpPU

BCCX 3HAYCHUAX MMOKA3ATCIISA CTCIICHU KOPHA «N» U JaXXE CCIIN 6YI[GT n=0o0, TO:

3HauyeHHuEM HPppaAlMOHAIIBHOTO (eCJ'II/I YroaHo, HCGBI[OI/IppaL[I/IOHaJIBHOFO) qucia,

Hanpumep, {2 25‘(+)‘M%:| Wi {” 25'(+)-M%}, T.€. BEJIWYUHON MOJYJS |ﬁ|,

—>
‘BC‘ U T.JA., JUIMHOW T-BEKTOpa, OYAET SIBISTHCS HE WUTOT BBIYUCICHUS KOPHS

12
CTeNeHH n=2 WIX N=0 W3 IMOAKOPEHHOro umcma [25'(+)'M"°], a 6ymer

OKa3bIBATHCA IIPAMO CaMO 3TO ITOAKOPCHHOC UMCHOBAHHOC YUCIIO.

OTO creayeT u3 TOro, 4To JUIMHA oTpeska AB, xoTopomy orBedaer umcio [R-(*)1] ma puc.4-x,
paBHa JJMHE Kak T-BekTopa ABgppx, Tak U ABpyy Ha puc 4-e, KaKJA0My M3 KOTOPBIX OTBEYaeT

queio (5 R - (+)1J = {’{/ R- (+)M% }

OTkyna, KCTaTu, BUIAHO, YTO TPHU B3SITUU aOCONIOTHOM BENIMYHHBI y OTBEUalo-
B )
HIET0 YMcly |V 25-(+)-M”? | T-BeKTOpa 1-ro pona, T.e. IpU HAXOXKACHUU €TI0 MOIYIIS

[25-m"7, OJTHOBPEMEHHO MPOSABISETCS U €IMHULIA UCUUCIICHUS 3TOTO T-BEKTOPA.

Hakonel] HalloOMHUM, 4TO B UTOT€ MEPEMHOKEHUS B 3TOM UYHUCIIE MOJKOPEHHBIX
YHCceN MoJydaeTcsl KBaApaTHbIH Kycok miomamd S=25(+) (M%)’ UTo6bl U3 Hero
MOJIYYHJIOCHh PaBHOE JIJTMHE OTpE3Ka AB uncio, 3Ty TUIOMIA/Ib HEOOXOJUMO CBEPHYTH
B TOHKYIO TpyOouky. [TpuuéMm, T.K 3T0 1OJDKHA OBITh MMEHHO DPYJIOH-TPYyOOYKa, TO
CBEpHYB miomaas S = 625 [M1/2]2 B JIMHUIO A_B = 25 [M], MBI HOJYy4UM, YTO
OTPE30K HEeHaAnpaeieHHOU TUHUU AB OJIHOBPEMEHHO SIBIIIETCS €IIE U K8AOPAMHbIM
KYCKOM naowaou S. DTOT COBEPIIEHHO OYEBHUIHBIN MapajoKC MOKHO Pa3pelIuTh,
€CJIM COTJIACUTHCS C TEM, YTO KPOME OTPE3KOB MATEMaTUYECKOW HEHAIpaBICHHOU
muHuK B [lpupoae cymecTByroT eme OTpe3ku TakKe HEHAIpaBJIEHHOM, HO pu3nyec-

KoM (TenecHol) nmuHuu. Kaxknpiit ©3 KOTOPBIX, 3aMETUM, NMPU HEOOXOIUMOCTH MOKHO

paciClinTe BAOJIb HAa ABC PABHBLIC YaCTH. Torna KaK HaJl OTPC3KOM HC I/IMCIOH.IGI\/II
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TOJIIINHBI MaTeMaTU4YECKON JIMHUM BBINIOJHUTHL TaKOE pacmCIvicHue, OYCBHUAHO,

OyzAeT HeBO3MOXHO. B mTore nomyyum, 4ro:

Beskmii mpeensHO TOHKUH (TOJMIIMHOM Beero B 1 den) OTpe30K HeHAIIPABICHHOM
npsMON (PU3UUECKOM JIMHUM (OTPE30K MYTH «S» ) SBISETCS HE OJHOAJIEMEHTHBIM,
a JBYDJIEMEHTHBIM M COCTOUT M3 JBYX PAaBHOW JJIMHBI U BCTABJICHHBIX IPYr B

ApyTra «TeIeCHO-0ECTEIECHBIX» T-BeKTOPOB 1-T0O poia, a UMEHHO JIN0O U3:

EBEPX = W H EHI/DKH = W , 0o w3
AB ) j (4)
ABpppx = {W} 2 ‘@)HWKH = [W} ,

rac HAUIMTCpHAA CTPCJIKA Y T-BCKTOPOB B I[eﬁCTBHTeHBHOCTH, HaIIOMHUM, SBJISA-

€TCsl HE OJTHOHAIMPABJICHHON « —> », a IBYHANPABICHHON « <—> ».

§ 5. Emé HecKoJIbKO NMAapag0KCcoB, AelicTBIE KOTOPbIX OKOHYATEJIbHO MpeBpa-
mwaet Ilycrory-IlpocTpaHcTBO B peajibHOEe BEKTOPHOE MPOCTPAHCTBO

C 5.1. Ilycte Ham paH T-BekTOp 1-rO poaa ﬁ
B ouepennoii pa3 3aMeTHM, U4TO BCE TAKOTO poja
T-BEKTOPBl SBISIIOTCS JBYHANPAaBICHHBIMH U
MPUTOM TaKUM 00pa3oM, UTO y UX TEJ BEIMYHHA
JIEUCTBUSI B CTOPOHY KaK OJIHOTO KOHIIA, TaK U B

CTOPOHY APYroro KOHIA SIBJISIETCS COBEPIICHHO

oauHakoBoil. [ToaTomy B oTiam4me OT CBOOOJ-
A

Puc.5 HBIX MaTEMAaTHYECKUX BEKTOPOB BCE T-BEKTOPBI

I-ro poga (KoTopble BCIOAY Jajiee BMECTO CTPEIKU « <—> » OyayT 0003HA4aThCs

CTPENKOH « —> ») OyIyT OKa3bIBaThcs CBSi3aHHBIMHU. CiemoBaTenbHO, C OTHOU

CTOPOHBI, UX Teja, COrJacHO YYEHHUIO O BEKTOpaX, HEJNb3sl MepeMellaTh HU BJIOJb
JVMHUW JEWUCTBUS, HU mnapamienbHo ei. Ho, ¢ apyroil CTOpOHBI, MMEHHO HX
JBYHAIIPaBJIECHHOCTh OYyJIET TO3BOJSATH UM COBEPIIEHHO OECHpernsTCTBEHHO
MOBOPAYMBATHCS HA JTIO00M BEIMYHHBI YTOJ «@» BOKPYT KaKOW- JTUOO TOYKU CBOETO
tena. [loroMy 4TO HAapPaBIEHHOCTH (T.€. IBYHANIPABICHHOCTh) UX IEUCTBUS IPU ITOM

He OyZeT U3MEHSThCS.
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( TToryTHO 3aMeTHM, YTO MO CPABHEHHMIO C T-BEeKTOpamu 1-ro poxa B emé GonbLiei mepe OyayT
OKa3bIBaThCs CBSI3aHHBIMHU TE€Ja y T-BEKTOPOB 2-Tr0 poja, T.K. UX Tejia HEeJlb3s KaKk MOBOPAYUBATH

BOKDPYT TOYKH MPWIOKCHUS BEKTOPA, TaK HEJIb34 U CMEIIATh OTHOCUTECJIIBHO Hee)

[Iponomxkas manee, mpeAcTaBUM cebe, YTO KOHIIEBbIE TOUKU «A» u «B» y
T-BEKTOpa AB na pHC.5S SIBISIIOTCS «IIYCTBIMH», T.€. HE COJEpP KAIIUMHU BHYTPU ceOs
HUYEro APYroro, KpoMe MmyctoTbl. Toraa mpu MX HIAroBbIX MEPEMEIICHUSIX JaxXe B
a0COJIIOTHO MYCTOM MPOCTPAHCTBE OHU OYIYT OCTaBIISITh MO3aaM CEOsl, KaK 3TO HHU
YIAUBUTEIBHO, A0COIIOTHO peasibHbIA cjel. Ero peaibHOCTh COCTOUT B TOM, YTO 3TOT
clel TakKKe HMEET TeJI0, KOTOpPOe TakKK€ COCTOUT U3 IMYCTOThl M TAKKE HMEET
tonmuHy paBHylo 1 [den]. To ectb moszamu Touek «A» u «B» B xome ux
MTHOBEHHOTO MEepeMEIEHNU 3a BpeMsI T 110 IyTe€ OKPYKHOCTH OYJET BOZHUKATH TEJIO
MOYHO MAKO20 JHce T-8eKmopd, KaKuM SBIISIETCS caM T-BeKTop 1-ro poaa A?

(3mech m BCrOMy maneg Ty — €CTh BPEMs MIAroBOTO MEPEMENIEHHS KOHIEBOK TOYKH Y T-BEKTOPa E
no nyre okpyxHoctu BC. D10 cBfi3aHO ¢ TeM, YTO ABMKEHHE BCEX KaK OONBILIMX, TAaK U TOYEYHBIX
TeJN, COIJacHO 3-My NOCTYJAaTy, SIBJISETCS LIaroBbIM. bosee Toro, He TOJBKO 31€Ch, HO U BCIOLY
Janee OyneT TOBOPUTHCS TOJIBKO O KPYTOBOM ABMKEHHMHU TEJl WM TOUYEK, OCKOJIbKY UMEHHO TaKUM,
T.€. KPYTOBBIM, KaK BBIAICHUTCS B § 8, OHO BO Bcex 0€3 MCKIIIOUEHHs CIydasx Kak pa3 U ABJSEeTCS.)

Tak, B cilyyae MoBopoTa Teja T-BEKTopa AB u3 nonoxenus ﬁ B A% no3aju
«IIYCTOI» TOUKH «B» mosiBUTCS cliell B BUJIE U30THYTOTO IO Ayre OKPYKHOCTH T-BEK-
TOpa 1\3{3 MMEIOLIIEr0 [P 3TOM, KaK OKa3aloCh, Pa3MEpPHOCTb [M''°]— om. § 4.

[Ipuuém 3TOT NMYrooOpasHelil cien OyneT SIBASTHCA MMEHHO TEJIECHBIM, a He
MPOCTO HE UMEIOIIEH TOIIIUHBI TYTOM OKPYKHOCTH.

(KaK BUOWM, KPOME€ BCETO OCTAJIbHOI'O (1)I/I3I/ILICCKI/IC T-BEKTOPHI OTJIMYAKOTCA OT MaTeMaTH-
YCCKHUX emé TEM, UTO Cp€aAU HUX HMCIOTCSA HE TOJIBKO HpHMOHHHCﬁHLIe, HO TAaKX€ W U30THYTHIC B

BHJIE JIyTH OKPYXKHOCTH T-BEKTOPBL. )

Maino Toro, CTOUT HaM COTJIACUTHCS C TEM, YTO COCTOSIHUE MPSMOIUHEHHOCTH Y
NpOMEXKYTKOB [lyCTOTBI ABIsI€TCS MCXOAHBIM (T.€. TAKUM, B KOTOPOE 3TOT IPOMeE-
KYTOK B CHJIy CBOEH yNpPYrocTu BCAKUU pa3 OyIeT CTPEMUTHCS BO3BPATHTHCS), KaK
OKa)KeTCs, 4TO TOCJIe MPUOBITHS TOYKH «B» B myHKT «C» Ha puc.5 MpOU30HIET
CaMOCIIPAMJIEHHE YTH Eé B XOpay }f (ITpu »ToM mpom3OUIET €€, T.e. Oyru
OKPY>KHOCTHU ﬁ% npoooavHoe cocamue.) Ho, cormacHo mpaBuiaM BEKTOPHOTO
HCYHCIICHUSI, B MaTEMaTUYECKOM BeKTOpHOM TpeyrojbHuke ABC xopna B?Z €CTh
NPUPAILIEHUE Y MAaTeMaTH4YECKOTO BEKTOpa 153> OTkyna mojaydum, 4TO TOrAa U B
T-BeKTOpHOM (B (u3uueckoM) TpeyroibHuke ABC T-xopaa B? TAKXKE SABJISACTCS

—>

= .
MIpUpALIEHUEM, HO TOJBKO ) menecho2o T-Bektopa AB. [Ipuuém sto npupaienne BC

OyJeT OKa3bIBaThCsl TOYHO TaKUM, MOJYEPKHEM 3TO emi€ pa3, TeJeCHBIM BEKTOPOM
—>
(HO TOJBKO HECKOJIBKO CKAThIM BJIOJIb OCH), KAKUM €CTh caM T-BeKTop AB.
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A
5.2. [Ipu 3TOM fICHO, YTO TeJO IYrooOpa3HOro T-BekTopa-npupamienus BC Bcskuit
A

pa3 OyzmeT OKa3bIBaThCS TEJIOM T-BEKTOpa mpaekmopHol ckopocmu Vrt, ¢ KOTOPOH

—/
touka «B» nBmwxkerca nmo ayre BC. [Ipuuém, — ocobo oOpaTum Ha 3TO BHUMaHHUE, —
A A
pPACIOJIOKEHHOE HA JIyre OKPYKHOCTH Tesio T-Bektopa BC=Vr Bo Bcex cinyuasx He

A
GYZ[CT UMETh HUKAKOI'O NPOJA0JBbHOI'O C:KAaTHUS. nu IIpHU 3TOM T-BCKTOP CKOPOCTH VT,

KaK BCSIKMH T-BEKTOP 1-ro poaa, OyaeT UMeTh HAIPABICHHOCTh IBYKOHEUHOM « <> »,
HO HUKAaK HE OJHOKOHEYHOU « —> » CTPEJNIKU (kak amo cetivac cuumaemcsi!). bonee

A
TOTO, SAMHUIICH UCUMCICHHS Y T-BeKTOpa V1 OyIET SABIAThCS HE [M/CeK], a [M

12y _
CcM. 00 DTOM HHMXKE, a TaK)Ke Ha . 64-65.

Kak Bugum, 31€Ch BBOOUTCS, B CYIIIHOCTH, HOBOE MTOHATHE UCTUHHOW CKOPOCTH
JIBU>KEHUS, @ UMEHHO BMECTO UCXOSILEr0 U3 TOUKHU MPSAMOJIUHEHOTO BEKTOpPA MITHO-
BEHHOW CKOpPOCTH VMF (puc.5) BBOAUTCS HOHHTES M30THYTOTO MO AYTre OKPYKHOCTH
TEJIECHOTO T-BEKTOpa TPACKTOPHOWU CKOPOCTH VT, T.€. BMECTO CKOPOCTH 8 MOUKe
BBOJHUTCSI TIOHSTHE CKOPOCTH HaA yuacmke Oyeu OKPYI*CHOCMU. ITO OOBICHACTCS
IBYMsi 0OCTOSITEIbCTBAaMH. BO-mepBbIX, Te€M, YTO ABMKEHHUE JIIOOBIX TeN (a TaKxke
TOYKM «B») Ha M1aroBoM y4dacTKe MyTH MPOUCXOAUT MO AYre OKPYKHOCTH (CM.C.58).
Bo-BTOpBIX, TEM, YTO KaXKAbIM IIArOBBIA YYaCTOK MYTH MPEOJOJIECBACTCS TEM WU
WHBIM TEJIOM, Kak 00 3TOM roBopuTcs Ha c.52, 56-58, 3a HenenuMbI HM Ha KaKue
Oonee MeNKHe 4acTH MHTEpBaj BpeMeHH T,. BcienctBue 3Toro Oyner oka3bIBaThCs,
YTO UCTUHHOW WJIM «MTHOBEHHOW» CKOPOCTBIO JBMKEHUSI Y PACCMATPUBAEMOrO Tela
(B) Ha maroBom ydactke myTu OyaeT SIBJISITIiCﬂH HE MTHOBEHHasi Vyr , @ TPa€KTOpHAs
V1 CKOpPOCTBh. A MOCKOJBKY TEJI0 T-BEKTOpa V1 TOXKJAECTBEHHBIM 00pa3oM COBMaaaeT
C TEJIOM M30THYTOTO IO Ayre OKPYXKHOCTU T-BEKTOpa MPOTIKEHHOCTU gé BO3HUKa-
IOILEro Mo3aJu TOYKU «B» B BHJE OCTaBIIEMOro €10 ciela U MMEIOLIEro pa3Mep-

A

112
1, TO 9Ta K€ pa3MEePHOCTh OyJeT U Yy T-BEeKTOpa Vr.

HOCThb [M

[Tpuuém ayrooOpa3Hblid «clie», BOZHUKAIOIIUMN M03aau ToOUuku «B», BoBce He

SIBJISIETCSL KAaKOM-TO XMMepol. HampoTus, cormacHo npaBuiaM BEKTOPHOTO MCUMCIIE-

HUS, OH SIBJIIETCS CaMbIM OOBIYHBIM IPUPALIEHUEM, KOTOPOE MOJydaeT paguyc-T-
—> —  —>

BekTop AB npu noBopore [AB—AC]. bonee Toro, 310 npupanieHue cHayaia B BUAE

N _
nyru BC, a 3atem B Buge xopnabl BC B Tpeyronpuuke ABC mpocTo HE MOXET HE
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BO3HUKHYTh, B YaCTHOCTH 10331 TOYKU «B». UTO Kak pa3 W JI0OKa3bIBaeT, 4TO a0CO-
MOTHO nyctoe [IpocTpaHCTBO SIBISETCS UMEHHO BEKTOPHBIM (T-BEKTOPHBIM).
OpnHako, €clid, B Y4aCTHOCTH, TOUKa «B», Oyzaer He mycTas, a B Hell OymeT XoTs
ObI M TOYEUHBIX pa3MepoB BellecTBeHHOE Teso (B), To ocraromuiics mo3aau cies, Kak
MBIl YBUJUM I103%e€e, Oy/leT OKa3bIBaThCs TEJIOM HE T-BEKTOpa 1-ro miaum 2-ro pona, a
OyneT SABIATHCS TEIOM OmMpesKa QuUuecKoll OnuHbl AC WM, 9TO OJHO U TO e,

TEJIOM OTPE3Ka IIArOBOTO MYTHU «S» (cM. 00 3TOM Teker § 4).

5.3. CoenuHsis Tenepb BMECTE BCE U3JIOKEHHOE B JAHHOM Taparpade moiydum, 4To
peanvnoe Allll sBnsieTcs, BO-NEPBbIX, BEKTOPHBIM (T-BEKTOPHbIM). BO-BTOPBIX,
HECMOTpS Ha CBOIO, Ka3aJIOCh OBbI, MOJTHEHIITYI0 OJTHOPOHOCTh U HEMIPEPHIBHOCTH OHO,
TEM HE MEHEe, SIBJIIETCS] COCTABJICHHBIM U3 MHOYECTBAa CaMOW pa3HOM MJIMHBI, HO BO
BCEX CIIydasX OJIMHAKOBOW TOJMIWHBI (paBHOW ldea) OTHeTbHBIX MPSIMOJIHHEHHBIX
MIPOMEXKYTKOB IPOCTPAHCTBA, U3 OTAEIBHBIX OJHOMEPHBIX T-BEKTOPOB [1yCcTOTHI.
Kaxnpiii 13 KOTOpBIX, OyIy4H «TeJIeCHO-OeCTeIeCHbIM», MOXET HE TOJIBKO
CBOOOJIHO TIEPEMENIAThCSI CBOMM TEJIOM CPEAM JIPYrUX TaKUX K€ TEJl, HO MOXKET,
nepecekasi uX B X0JI€ CBOETO JABUKEHUS, IPOHUKATh CKBO3b HUX, @ OHH B X0OJI€ CBOETO
JBIKEHUSI MOTYT CBOOOTHO TTPOHUKATh CKBO3b HET0. DTO B TpeThbuX. Ho camoii, mo-
XKaJdyd, MpUMeUYaTeIbHONM 0COOCHHOCTBIO T-BEKTOPOB, KaK YK€ OTMEYAIIOCh, SBIISICTCS

UMEIOIIAACS y KOKJIOTO U3 HUX 08YHANPABIeHHOCHb IEUCTBHS. DTO B YETBEPTHIX.

BenenctBue yero Bce T-BekTophl AllIIl, kak Takke yke oTMedanoch, OyIayT
OKa3bIBaThCsl CBSI3aHHBIMU. JTO B NATBLIX. Ecnu Temepb B 3TOM CBA3M T'OBOPUTH O
BO3MO>XHOCTH BBITIOJTHEHUS T€X WJIM UHBIX MaTEMaTHUYECKUX ONepauuid HaJ pusndec-
KHUMH T-BEKTOPAaMHU PEAIBHOIO MPOCTPAHCTBA, T.€ HaJ T-BEKTOpamHu 1-ro pona, To
CHOBA OKa)€TCs, YTO MX MOKHO MOJBEPraTh BCEM TEM OIepalusM, KaKUM MOYKHO
1oJIBeprarb CBOOO/IHbIE MaTeMaTHYECKUE BEKTOPHL. 3a UCKIIOYEHUEM BBIOIHIEMON
10 TIPABIITY TAapaJlIeIOrpaMMa OTIepaIiy «CII0KCHHUE-BEIYUTAHNE», T.€. 38 HCKITF0OYE-
HUEM OTEpAINH «CJIOKEHHUE-BHIYUTAHUE» BEKTOPOB MPU UX COBMECTHOM (OJTHOBpE-
MEHHOM) JIEWCTBUM Ha JTaHHOE Teo, Npu ux CJ[-BEKTOPHOM CIIOKEHUU-BBIYMTAHUU

(6omee mompobHO 06 3TOM cM. Ha c.143-145). BipoueM, U3 MOSCHEHMH K pHC.2 CIENYeET,
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4dTO OAHY OIICpalUI0 M3 apCCHAJIa CI[-BCKTOPHOFO CIIOKCHUS-BBIYUTAHHS C8000O0HBIX

MaTEeMaTHUYECKUX BEKTOPOB HAJl C8A3AHHbIMU (PUBUUECKUMU T-BEKTOPAMU BBHITIOJIHSTH
—>
BCE K€ MOXKHO, @ UMEHHO TOTJa, KOT/ia JIJTMHA UTOTOBOTO T-BeKTopa-cyMMbl AC mpu

—> —>
CJIOKEHUU Tela UCXOAHOTO T-BekTopa AB c Tenom T-Bektopa-mpupamenus BC
OCTaéTCa HEM3MEHHOM.

Haxownen, B_mecTbix, — ckaxeM o0 3ToMm emé pa3, — Bce BekTopsl AIIIl B
OTIIMYHE OT MAaTEeMATUYECKUX BEKTOPOB SIBISIOTCS MmenecHbiMU. DTOT (HaKT SBISACTCS
Ype3BbIYAHO BakHBIM, T.K. eciu AlIIll gelicTtBuTenbHO oOnamaeT ynpyeocmouio, TO
TOTJIa ¥ TEJIO KaXJIOTo T-BeKTOpa 1-ro pona OyaeT o0ianarh €0 CO BCEMU BBITEKAIO-

ITUMH U3 ATOTO MOCTAEACTBUSAMU. TaKOBBI BKpaTIle 0COOEHHOCTH-TTapanokchl y AIIIL.

K sromy mo6aBum, uto peampHoe AIIll, kak BUANM, CYIIECTBEHHBIM OOpa3oM OTIUYAETCS OT
MaTeMaTHYeCKOr0 MPOCTPAHCTBA, B 4acTHOCTH, emé Tem, uTo B AIIll BekTOpHI-IpupamieHus BO
BceX 03 MCKIIIOUEHUs CIIydasX IMOSBIIAIOTCS CHadala B BH/IE IMYCTOTEI0r0 cjeaa, OCTAIOMIETOCs
0331 KOHIEBOM TOUkHM «B» y T-BexTQpa AB IIPU €ro HIaroBOM MOBOPOTE BOKPYT HEIIOABHMKHOM
TOuKH «A» B Buze 1yru okpyxxnoctu BC, xoTopas 3arem camocnpsimisiercs B xopay BC.

Urak:
1. Tloxoxe Ha TO, 4TO HapsAy C aOCTPAKTHBIMU OECTEIECHBIMH MaTEMaTHYeCKHUMH BEKTO-
paMu CYIIECTBYIOT €lll€, HAMPOTUB, TeJleCHbIe (hH3UYecKre BEKTOPHI 1-r0 U 2-ro poja.

2. Emé noxoxe Ha TO, YTO IOMHUMO HEHANPABICHHbIX M HE HMMEIOLUIUX TOJIMHbI
(GecTenecHbIX) OTpe3KOB MaTeMaTHueckol jauHuM B Ilpupose cymecTByloT emé Takxe
HEHAIpaBIICHHbIE, HO TIPU ATOM YK€ TeJIeCHbIe M MMeronine paBHyo 1 [den] rommmny
OTpe3KH (pU3NIECKON JINHUH.

3. Kak orpe3ku ¢usmdeckoil muHUM (OTPE3KH MyTH), TaK M T-BEKTOPHI 1-r0 M 2-TO poaa
UMEIOT OJMHAKOBYI0O M paBHyI0 1[den] TommmHy, HO HECMOTpS Ha 3TO BCE OHH, —
Oyzaydu TOM MM MHOW JUIMHBI IpoMexyTKamu [1ycToTbl, — SBISAIOTCS HE NOCTYNHBIMU
OOHApYXEHUI0O HU OJHMM M3 M3BECTHBIX NMPUEMOB PETUCTpAlMU (PU3HUYECKU peabHbIX
00OBEKTOB.

4. B xoneynoMm utore mnoiydaercsi Tak, uro AIIll, nmo-Buaumomy, BOoBce M He ABISAETCS
TaKUM YK «aOCOJIFIOTHO TYCTBIM MPOCTPAHCTBOM», TaKUM YX MoimHeHmmM «Hwudaro».
B neiictBuTensHOCTH, corilacHO m3nokeHHoMy Bbimie, AIIIl sBasercs cocrosmmmM u3
COOTBETCTBYIOLIETO MHOXKECTBA CAMOUM Pa3HOM IJIMHBI, HO BCETJA OJJUHAKOBON U paBHOMU
1 [den] TOMMMHBI OTIENBHBIX MPSIMOJIUHEHHBIX TPOMEXKYTKOB [IycTOTHI, sIBIsIETCS cOC-
TOSIIIMM W3 HE JENSIIUXCA Janee BAOJb OCH HU Ha Kakue 0oJjiee TOHKHE Tela OJHO-
MEpPHBIX U JBYHAIPaBICHHBIX T-BEKTOPOB 1-ro ponma. Kaxmplii 3 KOTOpeIX Onaromaps
CBOECH «OTAENBHOCTH», OyIydd «TeJIeCHO-OECTEIeCHbIM», OKa3blBACTCA CIIOCOOHBIM
CBOHMM TEJIOM HE TOJBKO CBOOOJHO NEPEMELIAThCs CPEeAu APYTUX TAKUX K€ Ted, HO H,
repecekast UX B XOJE CBOETro JBWKEHHUS, MOXKET MPOHUKATh CKBO3b HUX, 4 OHHU B CBOIO
ouepe]lb B X07Ie CBOETO JIBIKEHHSI MOTYT CBOOOIHO MMPOHUKATH CKBO3b HETO.
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OCHOBHOU PA3JIEJ: JABUKEHUE U BPEMSI

§ 6. Tlapanokc Hamiero 3peHusi, Kak cJeACTBHe MapagoKca BceoOleil MaroBocTu

NMOCTYNATEeJIbHOro0 ABM:KeHNsA. UHTepBaIbl BpeMeHH Trguxk, Taut ¥ To
6.1. YenoBeueckwuii ri1a3 B CBOEM YCTPOMCTBE B IIEJIOM, KaK U3BECTHO, OUYEHb TTOXO0XK
Ha yCTPOWCTBO oToanmapara u Hao00poT. Be€ oTmmuune Mmexry HuMH, Tpydo TOBOPA,
COCTOHUT B TOM, YTO HM300pakeHUE OOBEKTa, MPOUAS ONTHYECKYIO cUCTeMY (oToarn-
napara, TorajiaeT Ha YyBCTBUTEIbHBIN CJI0M (POTOIIEHKH, TOT/Ia KaK B YEJIOBEUECKOM
ri1asy u300pakeHHue OO0BEKTa, MPOWIsS CKBO3b XPYCTAIHK, MOMaaaeT He Ha Qoro-
MJIEHKY, @ HAa PACHOJIO)KEHHYIO MPOTUB HETO U COCTOSIIYIO W3 MHOXKECTBA HEPBHBIX
OKOHYaHHUH CeTYaTKy, KOTOpas BBICTHJIAET BHYTPEHHIOIO MMOBEPXHOCTh 33 JHENH CTEHKHU
rinaza. To ecTb monmagaeT Ha YyBCTBUTEJBHBIA CJIOH CBOETO POJIa HE CMEHAEMOW IO
Mepe HanoOHocTH (Kak ITO jenaercs B ¢oToammapare), a SBISIOMICHCS Kak Obl
BEYHOU (POTOIUIEHKH, HA KOTOPOW M300pakeHHE CHadaja 3aredyaTiieBacTCs, a 3aTeM
nepenaércsi B COOTBETCTBYIOLME OTAEIbl MO3ra, IJIeé OHO B KOHIIE KOHIIOB
HaJIJIeXKaIMM 00pa3oM o0pabaThIBaeTCs U PaCO3HAETCA.

YrnomsHyTas ceTyaTka ria3a 00y1aiaeT OAHOW 0COOEHHOCThIO, KOTOpasi COCTOUT B
TOM, YTO YYBCTBUTEJIBHOCTH K MAJAIONIMM Ha €€ MOBEPXHOCTh (POTOHAM Yy pa3HBIX €&
qyacTell ABJISIETCS HE Be3/ie 0JMHaKOBOM. Hanbonbiieil 4yBCTBUTEILHOCTHIO 00IadaeT
Ta €€ 4acTh, KOTOpasi pacIiOJ0kKEHA B PallOHE TaK HA3bIBAEMOW LIEHTPAJIbHOU SIMKH,
HaxoJdIlelcs B caMOM LEHTpPE CEeTYaTKH NpPsIMO HAMpOTHB XpycTaiuka riasa. Ilo
Mepe yIaJeHHUsI OT ITOT0 MECTa CETYATKU €€ UyBCTBUTEIBHOCTh MTOCTEIIEHHO NaJaEeT B
CBS3M C TEM, YTO YKCIO HEPBHBIX OKOHYAHUM, MPUXOASIIIMXCS HAa €IUHULY €&
IJIOIIAIU, B XOJI€ YAAJICHHS OT LIEHTPAJbHON SMKH yYMEHBIIIAETCS TaKUM 00pa3oM,
YTO B KOHIIE KOHIIOB CTAHOBUTCS PABHOM HYIIIO.

BceneacTeue 3Toit 0COOEHHOCTH HAIIMX TJIa3 Mbl, Pa3TJisabiBas KaKoOW-I1OO
00BEKT, BCE BpeMs JielaeM TakK, YTOObl €ro M300pakeHHe OKa3bIBAIOCh CPOKyCHUPO-
BaHHBIM KaK pa3 Ha MOBEPXHOCTH LEHTPAIBLHOW AMKH. Tak, TIISAA Ha ABHOXKYIIMKCS
aBTOMOOWMJIb, MBI BCE BpeMsl MOBOpayMBaeM BCJIENl 3a HUM JIMOO OJHU TJia3a, JIOo
MOBOPAYMBaeM BMECTE€ C HUMHU TOJIOBY, JIUOO, HAKOHEI], MOBOpAYMBAEMCs BCIIEH 3a

aBTOMOOMJIEM BCEM CBOMM TejaoM. B pesynbTaTe n3o0paxkeHHe aBTOMOOWIS OyaeT
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BCE BpeMsl HAXOJUTHCS HA CETUATKE B HY)KHOM HaM MecTe. Majo Toro, mpu 3TOM OHO
OyIeT OKa3bIBaThCS He OBUJCYWUMCS TIO OTHOUIEHUIO K HEPBHBIM OKOHYAHUSAM
CETYATKH TJla3a. A 2TO 3HAYMT, YTO MMEIOIICEeCs HAa HEel M300pakeHHe aBTOMOOMIIS
OyJeT OKa3bIBaThCs Kak Obl OCTAHOBUBIIUMCS (3a()UKCUPOBAHHBIM) U MOTOMY OyAET
CYIIECTBYIOIIMM HE B HESIBHOM, a B s6HOM BUie. B pesymbTare 3TOr0 (B pe3ynprare
TOTO, YTO H300pakeHHE aBTOMOOWIISA OyneT OKa3bIBaThCsA 3a(UKCHPOBAHHBIM Ha
ceTyaTKe TJia3a B TEYCHHE PABHOTO HE HYIIO, a B TEUCHHUE 00JIa/IaloIIero HEKOTOPOi
HeHyleBol JUTUTEIHLHOCTBIO OTpe3Ka BPEMEHHU) COOTBETCTBYIOIINE HEPBHBIE OKOHYA-
HUS CETYATKHU IMOJy4aT BO3MOKHOCTH BO30YAUTHCS IO HEKOTOPOTO HEOOXOAMMOTO
YPOBHSI ¥ BBIpaOOTaTh TOM WJIM WHOW BEJIUYHHBI AIEKTPUUYECKUM UMMyasc. [ToaTomy
HaII T71a3 (M HaIll MO3T) OKAKETCSI B COCTOSIHUM YBUJIETh UHTEPECYIONTUN HAC OOBEKT.

Takum 00pa3zoM, eciii HEKUM HaOIrojaTenb OyAeT CMOTPETh Ha KaKou-InbOo
JBIDKYIIHMICS B MOMEPEYHOM 1O OTHOIICHUIO K HEMY HAINpaBlIeHUH OOBEKT TakK, 4TO
3pUTENbHASI OCh €TO0 Tia3a OyAeT nogopauusamvcs 6cied 3a 0Ovekmom u OyneT mpu
TOM OKa3bIBaThCA BCE BpPEMsS HEOTPHIBHO Kak OBl CBSI3aHHOW C HHM, TO JTOT
HaOmrogaTeNnb OyleT BUACTh JIBIXKYIIUNCS OOBEKT B TEUEHHE BCETO TOTO BPEMEHH,
moKa OH OyJIeT CMOTPETh Ha HEro, T.e. OyIeT BHAETHh €ro MOCTOSHHO. [Ipm »TOM
paccMaTpuBaeMblii 00OBEKT OyJeT OKa3bIBaThCSA Kak Obl MpUHAJJIEKAIIe Habmroma-
TEJII0 YaCThIO, a C TOUKH 3peHUsl 00bEeKTa, HA0OOPOT, HabM0oaTeNb OyIeT OKa3bIBATh-
cs Kak Obl ero (00bekTa) cOOCTBEHHOM 4YacThio. MIMest 3TO B BUAY, HA30BEM TaKOTO
HaOmogaTens «cobcmeenuvim» (kpatko: Ch-nabmonarenem).

CogepiieHHO HMHade OyAeT OOCTOSITh NIeN0, €CIM YIOMSHYTHIA HaOJrofaTe b
OyZIeT CMOTPETh B CTOPOHY €AYIIEro Mo JOpOore aBTOMOOWJISI TaKUM oOpa3oM, 4TO
3pUTeNbHAsI OCh €r0 TJla3a He Oyoem NnosopayueamvCcs BCIEN 3a aBTOMOOWIEM, a
OyZneT ocraBaThCsi HEMOABWKHOW. Torma cOKyCHPOBaHHBIM XpPYyCTaJIMKOM Ha
MOBEPXHOCTU CETUATKHU TJia3a 3pUTENbHBIN 00pa3, B YaCTHOCTH, aBTOMOOWJIA OyaeT
BcE BpeMs cmemiathes no Hei. [Iputom OyaeT cMmematbesi MO HEW HenpepvigHbiM
o0pa3oM B TOM ciydyae, €Clu caM aBTOMOOWJIb Oy/eT U3MEHSTh CBOM MECTOIOJIO-
KEHUS TaKKe HEMPEpPhIBHBIM 00pa3oM, T.€. €CIU IMOCTYIMAaTeIbHOE ABUKCHHE ITOTO

aBTOMOOWIISI OYAET SABIATHCSA Oe30cmano8ounbim. BenencTsue 3Toro ero u3olOpaxke-
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HUE Ha ceTyaTke ryaza Oyaer 0e30CTaHOBOYHO CKOJIB3UTh MO HEMl M OKa3bIBAaThCs
CYILLIECTBYIOIIMM BCE BpeMs B HESIBHOM, B CKPBITOM OT Hamiero B3opa Buze. [lotomy
YTO BpEMs OCTAaHOBKHU 3PUTEIBHOT0 00pa3a aBTOMOOWJIS Ha MOBEPXHOCTH CETYATKU B
J1000M €ro Ha Hel MECTOIOJIOKEHUH Oy/IeT OKa3blBaThCs PaBHBIM HYIIO. Benencreue
ATOTO COOTBETCTBYIOIIME HEPBHbIE OKOHYAHHUS HE OyIyT HMETb BPEMEHU IS
BO3OYXKJICHUSI U TIOTOMY OYAyT OCTaBaThCi BCE BpPEMs B COCTOSHMM TOKOS. A 3TO
3HAYUT, 4TO B T€ OTIEJbl MO3ra Ha0JroaTeNs, KOTOPhle OTBEYAIOT 3a MEepepadoTKy
MOCTYMAMIeH K HUM 3pUTEIbHON MH(GOpMAIIUU, HUKAKUX CUTHAJIOB MEPEaBaThCs HE
Oynet. UHbIMU crioBaMHU, TaKk CMOTPSIINKM Ha IBIDKYIIHICS OOBEKT HAOIIOATENh, —
koToporo B orinuuyue oT Cb-nHabmionatens Mbl OyJeM HMEHOBATb «CHOPOHHUM»
HaOmogaTenem (koporko: CT-HabmionareneM), — BUAETh TAaKOM OOBEKT HE TOJDKEH U
MIOTOMY 8udemsb e2o He bydemn.

Ho ecnu, B yacTHOCTH TOT aBTOMOOMIIB, O KOTOPOM MBI ¢ BaMu roBOpHIIN BBIIIIE,
B X0JI€ CBOETO MOCTYNATEIbHOTO ABUKEHUS ¢ a M OyIeT JenaTh Kak Obl MTHOBEHHBIE
OCTAaHOBKHU (JUTUTEIBHOCTh KaXJO0W M3 KOTOPBIX OKa3bIBajach Obl KaXIBIM pa3 MmpHu
9TOM TaKOW, YTO HEPBHbIE OKOHYAHHWS CETYATKW HAIMX TJia3 OyayT ycreBaTh
BO30YIUTHCS 10 HEOOXOIUMOTO YpoBHs), TO Torjaa u CT-Habmronarens OyieT BUIETh
ero (aBTOMOOWIIbL) 68 MOMEHmMbl KaAXNCOOU €20 OCMAHO8KU B TEUCHHE BCETO TOIO
BPEMEHHU, MTOKa OH OyJIeT HaXOAUTHCS B MOJIE €r0 3PEHUSI.

Takum oO0Opa3oM, eciii MOCTyHaTelbHOE JABUKEHUE aBTOMOOWIS B HalleM
npuMepe, — a TaKkkKe MOCTyNaTelbHOe JABMXKEHUE JII000ro Apyroro oobekra — Oyaer
ABJISITBCSL TPEPBIBUCTBIM, wiacogbim, To Torga u CT-HaOmromarenb CMOXKET €ro
BUseTh. [IputoM OH OyAeT BUIETHh €ro 3a CYET TaK Ha3bIBAEMOro «OOKOBOTO WU
nepuepuitHOTO 3pEHUS» JakKe B TE€ MOMEHTHI, Korja OH (aBTOMOOWIIb WIJIM WHOM
JIBUKYLIUICS 00BbeKT) Oyaer HaxonuThess He mpsimo nepen CT-naGmionarenem, a
HECKOJIKO COOKY OT HEro, Korjia M300pakeHue paccMaTpuBaeMoro oObeKkTa OyaeT
IPOELUPOBATHCA HA CETYATKY TIJla3a HE B pailoHE LEHTPaJbHOM SIMKH, a TAe-Tudo
cOOKyY OT He€.

[IpaBaa, kax eIt Takoro pojga CT-HaOmroaaTenb OyieT BUAETh paccMaTpHUBae-

MBI UM ABUXKYIIUNUCS OOBEKT, — OTMETHUM 13TO elié pa3, — T0JbKO B MOMEHThI €ro
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IIArOBbLIX OCTAHOBOK. B Te cambie MOMCHTHBI, KOr'Jga 3pHTeJIBHBIfI 0611)33 9TOTO

oO0beKTa Ha ceTuaTke TJiaza HaOmojaTens OylneT oOcCTaBaThCsS HEMOJBHIKHBIM
HEKOTOpoe BpeMs. B ocrajpHBIC )K€ MOMEHTHI BpEMEHH, T.€. B T€ MOMEHTHI, KOTJa
ATOT 3pUTENBHBIN 00pa3 OyneT Kak Obl CKOJB3UTh HENPEPHIBHO MO MOBEPXHOCTHU
ceTyaTKu (a BBI3BIBAIONIMK TIOSBICHHE O3TOro olpa3a Ha Hel o00BeKT Oyaer
be30cmanH060YHO TBUTATHCS BIIOJH HEKOTOPOHW JMHMH JIBMKeHUS) 3TOoT CT-Habmona-
Tedb (a BMECTE ¢ HUM M Bce Mbl B Bamu) OyneT oKa3bIBaThCs NOJIHOCHbIO TUULEHHBIM
cnocobonocmu 6udems NAaHHBIA O0BEKT JaKe B TOM CIydae, €CJIN IBIKYIIUHCS 00bEKT
B KaKOW-TO MOMEHT OYJET HaXOAUThCS MPSAMO MEPE]l HUM, U 3PUTENIbHBIA 00pa3 3TOro
o0bekTa OyneT OKa3bIBaThCsi CGHOKYCHPOBAaHHBIM Ha CETYATKE TOYHO B 00JaCTH
pacrioyioxkeHuss e€ IEeHTpalbHOU sMKHU. Jl[pyruMu clioBaMH, €CJIM HE Y4YWUTHIBATh
MOMEHTBI COOCMBEHHO O0B8UJICEHUS, TO OKAXKETCS, YTO KaKIbIM TaKoW HaOII0IATEeNb
OyneT BUETh JIFOOOU MBIKYIIUICS 00BEKT, — Kak eMy OyAeT Ka3aThCs (M KaK KaXeTcs
B MOAOOHBIX CIIy4asX BCeM HaM), — BCE BpeMs, HE TEepsisl €r0 HM Ha MHT W3 BHIY.
Mexay TeM, 3TH MOMEHTBI, T.€. MOMEHTBI «COOCTBEHHO JBM)KCHUS», MOMEHTBI KaK OBl
nepeckakuganus 00bEKTa U3 OJHOIO MECTOIOJIOKEHHS B IPYyroe 0€3yCIOBHO CYILECT-
BYIOT, HO TOJIbKO OHH SBJISIOTCS Ay Becex kak CT-HaOmromarened, Tak W IS BCeX

Cb-nabaronarenei Bcerna abcoaomHo He8UOUMbBIMU.

6.2. B 5T0if )€ CBA3M HAllOMHUM €IlIE O JIOCTAaTOYHO LIMPOKO M3BECTHOM (hakre,
KOTOPBIIA COCTOUT B TOM, YTO €CIIM B XOJ€ JEMOHCTpAIlMy Ha KUHO- WJIM TEIEIKpaHe
KaKoW-11M00 KMHOKAPTUHBI B HEKOTOPBHIH MOMEHT BpPEMEHHM Ha HEM (Ha 3KpaHe)
HOSIBIISIETCSI, HalpUMep, OBICTPO CKadyIIMil BCaJHUK, TO HA CaMOM JeJie Ha 3TOM
9KpaHe Mbl BUIUM HE CaMO JIBU)KEHUE HA3BAaHHOTO BCA/JHMKA C JIOIIA/IbIO, & MOMEHTHI
UX OCTAaHOBKHM B 3TOM [BMKEHMHM C YaCTOTOM Kak Obl IIpEepbIBAaHUS IOCIEIHErO
24 paza B cexyHay. To ecTb BMECTO JBM)KEHHMS BCAaJHUKA WM JIOIIAJAM Mbl BUJIUM B
KXyl CEKyHAY 24 CTaTUYHBIX U CIEIYIOIIMX OJUH 3a APYTrUM Kajpa-hoTtorpaduu,
Ha KaXJIOM H3 KOTOPBIX HEMOJBMKHOE H300paKEHUE BCAAHMKA W €ro JIOUIaau
SIBJISIETCS UyTh-4yTh CMEIIEHHBIM IO OTHOLIEHUIO K UX IOJIOKEHUIO Ha MPEAbIAYIIEM

KaJIp€ B HampaBJIE€HUMU UX 00IIero ABKEeHUsA. OHAKO HAIM TJ1a3a U MO3T YCTPOEHBI
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TakuM 00pa3oM (CM. BBIIIE), YTO OBICTPOE MEIbKaHHUE Ha PKpaHe (C yKa3aHHOU WIIH
HECKOJIbKO HMHOM 4YacTOTOW) aOCONIOTHO HEMOJBWKHBIX (CTATUYHBIX) COCTOSTHUMN
BCaJlHUKa W JIOIIAJU BOCIPUHUMAETCS HAMU B I1IE€JIOM KaK COCTOSIHUE HUX He
WJUIFO30PHOT0, @ COBEPIICHHO E€CTECTBEHHOI'O U, INIABHOE, HeNnpepvl6HO20 TOCTyNa-
TEIBHOTO JBWKEHHS. TO €cTh Takoro HMX JBW)KEHHS, KOTOPOE€ Mbl BUAUM MpHU
HAONIOEHUU HUX JIEWCTBUTENILHOIO, MPOUCXOMSIIEr0 Ha CaMOM Jelie M, Kak
BBIICHSIETCSI, MOJIbKO KAMCYUje20Css HaM HETIPEPBIBHBIM IBUKEHUS.

B utore moxyyaeMm, 4TO HE TOJIBKO MOCTYIATEIbHOE, HO BCSIKOE JABUKEHUE JTIO-
Ooro, Ha/I0 MoOJaraTh, Tejia B IEUCTBUTEIIBHOCTA MPOUCXOIUT HE HEMPEPHIBHO, a MPO-
UCXOIUT wazoevim obpazom. CHavana Teino Kakoe-TO BPEeMsl HETIPEPHIBHO JIBHIKETCS
(M B 3TH MOMEHTHI OKa3bIBAETCS ISl BCEX HAC COBEPUIEHHO HEGUOUMBIM W CYIIECT-
BYIOILLIUM HE pEajibHO, @ BUPTYaJIbHO), a 3aT€M OHO BIPYT PE3KO OCTAaHABIMBAETCS U
Ha KaKOE-TO BpeMsi OCTAaETCs COBEPIIEHHO HEMOIBIXKHBIM (YTOOBI CTaTh B 3TH MOMEH-
1ol 1711 Bcex Chb- u CT-HabmronaTeneit BUAMMBIM U CYIIECTBYIOIIUM, Ha000pOT, HE
BUPTYaJIbHO, a peanbHo). [locne uero Teno cHoBa Kakoe-TO BpeMs ABUKETCSA U 3aTEM
OISITh HA BPEMSI OCTAaHABIIUBAETCS, KAK BKOMIAHHOE U T.J., U T.A. OJHAKO IJ1a3a U MO3T
BCEX JKHUBBIX CYIIECTB, HAJCIEHHBIX CIHOCOOHOCTHIO BHUJETh, CKOPEE BCETO YK€ B
CaMOM Haualie uX 3BOJIIOIMOHHOTO Pa3BUTHS OKA3aJIUCh YCTPOECHHBIMH TaK, UTO OHH,
HeCOMHEHHO, U IPUTOM 0 6 b € K M U 8 H 0 CYUIECTBYIOILET0 napadoKkca uiaz08020
08UdiCEeHUs TaXKe U HE 3aMevalli, Kak He 3aMeYaeM ero ceilyac u Mbl C BaMHu.

N3 Bcero 3Toro MOXKHO 3aKJIIOUHUTh, YTO HEMPEPHIBHBIN, KAK BCEM HaM KaXKeTCs,
MPOLIECC MEPEMEIICHU HEKOTOPOTO TeJIa U3 MyHKTa «A» B IYHKT «B» Ha camom nene
ABIJISIETCSI COCTOSIIIIMM M3 COOTBETCTBYIOIIETO MHOXKECTBA He OeNAUUXCA HA 4acmu
nap: (I1aroBoe MepeMeIIeHue + maroBasi OCTaHOBKA), U3 MHOXECTBA MEPEMEIICHUM-

coObITHH (M3 MHOKecTBa II-cOOBITHI), M3 MHOKECTBA KBAHTOB IOCTYNATEILHOIO

nBuzKeHusi. OTKyna mojydaeM, 4to KaxaoMy [I-coObITHIO OyneT OoTBeYaTh K8aHM
épemeHu, COCTOSIIUI U3 IBYX MHTEPBAJIOB: U3 unmepsaia Bpemenu-osudicenus Typ (B
X0JIe KOTOPOTO JAaHHOE TEJI0, CTAHOBACHh HEBUUMBIM, HEIMPEPHIBHO MEPEMEIaeTcs 13
OJHOTO MYHKTA IIaroBOM OCTAHOBKH B CJIECAYIOIIMKA 32 HUM TaKOW K€ IMYHKT) WU U3

unmepeaia BpeMeHu-ocmaHoeku TocT (B X0A€ KOTOpOro Te€j0, CTAaHOBACH BUJIHUMBIM,
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npeObIBAET B COCTOSIHUU TMOJIHOTO TIOKOs1). B manHO#M paboTe monaraercs, 4To B CyMMe
OHH paBHBI HAUMEHBILIEMY U YK€ HEIEIMMOMY Ha 4acTu unmepéany Bpemenu-Ceiiuac,
T.€. paBHbI KgaHmy Bpemenu T;, paBHbI GyHIaMEHTAIbHOMN efuHuIe BpeMeHu 1 [(eB] .

CornacHO OIICHKE, MPHUBEJCHHOW B JIaHHOW paboTe HWXKE, BEIUUMHA T OPUECHTHPOBOYHO
AMeEET 3HaueHUE 1051,9-10_15 [cex] — em. ¢.151-156. D10 3HAYMT, YTO B XOJ€ MOCTYNATEIHHOTO
JIBUKCHHS Y JTFOOOTO 00BEKTa, KaKOH OBl OOJBIION UM, HA0OOPOT, MallO HU OblJIa CKOPOCTH €ro
JnBWKeHHs, 3a 1 [cex] OyaeT MpOMCXOAUTH MPUMEPHO 5-10" TI-coGbrthii, T.e. 5-10" [maroBbix
NepeMeIeHHH + aroBbIX OCTAaHOBOK] .

6.3. UznoxeHHoe B MPEABIAYIIEM MYHKTE O IIAaroBOM JBI)KEHHUU JIFOOOTO Tela
HEOOXOAMMO JOTOJHUTH cieayromumM. [Ipexae Bcero He HYXKHO JymaTh, 4TO,
OCTaBasCh I1ArOBbIM, B OCTAJIbHOM JBUKEHHUE MOKET ObITh KaKUM YroJiHO. B onpene-
JEHHOM cMbIcie 3To Tak. OHAKO Ha Ka)XJOM IIaroBOM y4acTKe MyTH (TMPOUCXOJIs-
UM 32 BpeMs Tp) JBMIKEHHUE KaK OUY€Hb HEOOJIBIIOTro (OYKBaJIbHO TOYEUHOTO), TaK U
CKOJIb YTOJIHO OOJIBILIOTO TeJla MOJYMHAETCS, KaK Mbl YBHJIUM, a0COJIOTHO CTPOTHUM
3akoHaM. YT0oObI MOSICHUTh HEMHOT0, YTO MO TUM CJIEAYET TOHUMATh, OTMETHM, UYTO
JIBi>keHue (Kak, BIIpOYEeM, W TeueHHe BpeMeHu), BO-NIEPBBIX, HUKOTJA HE IPOUC-
XOJUT camMo Mo cebe, 06€3 MpUHUMAIOIIKMX B HEM ydacTHe OOBEKTOB. boiee Toro,
JBIDKEHHUE KaXJIOT0 Tella HUKOTJa HEe MPOUCXOJUT B OAMHOUKY, T.€. O€30THOCUTEIb-
HO K KOMY-TUOO WU K 4eMy-Tu00. 1 3TUM «KeM-T100» WU «4eM-JIH00» He 00s13a-
TEJIbHO JOJDKHO OBITh JIPYrO€ TeJNO: POJib «KOTro-TM00» WM «4Eero-Tn00» BIOJHE
MOKET BBIMIOJIHUTh, KAK OKaXXETCsl, MPOCTasi TOYKa MyCTOro mpocTpaHcTBa. M3 dero
MOHSITHO, YTO B JJAHHOM cliydae peub WAET o ABMkeHuU Tena (B) oTHocutenbHO,
HaIrpuMep, TOUKH «Ax», KOTopas OyAeT OKa3bIBaThCS MPU 3TOM COEAUHEHHOM C TEIOM
—

(B) T-BekTOopom AB. B pe3ynbrare MoJIOKUB, UTO TOUKA «A» B KAKUE-TO MTHOBEHUS
OCTaETCsl HEMOJBIXKHOM, MOJIYIUM, YTO Pa3JelbHOE COCTOSHUE IIarOBOTO JIBHKCHUS
tena (B) u cocTosiHue MOKOST TOUKUA «A» MOYKHO 3aMEHHUTh Ha IIaroBO€ MOBOPOTHOE
JBUKEHHUE OJHOTO JIUIIb «TEJIECHO-0ECTEIeCHOr0» T-BEKTOpa E .

[TockonpKy Takoro poja 3aMeHy MOXHO OyJIeT BBIIOJHUTh, OUEBUAHO, BCEI/IA,
TO BOPEIb MBI €10 OyJIeM MOCTOSHHO MOJIb30BAaThCA U, TOBOPS O IIArOBOM JIBHKECHUU
tena (B), Mbl OynemM BujeTh B HEM IIAroBbIN MOBOPOT T-BEKTOpa A?B . Haobopor,

—
rOBOpS O IIArOBBIX MOBOPOTaX TOHKOIO MPOCTPAHCTBEHHOTO MpOMEXYyTKa AB, MbI
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OylaeM BUJIETh B KaXJOM M3 HUX IIaroBO€ MEpeMeIleHue JUO0O0 camoil TOUKU «B»,
1100 HaXOISIIErocs B 3TOM Touke «B» BelecTBeHHOro 00bekTa (B).

A
§ 7. Ilapangokc TOX/IECTBEHHOCTH T-BEKTOPA TPACKTOPHOH CKOPOCTH Vi

U T-BeKTOpPa BpeMeHU T U MapajoKC UX TeJeCHOCTH
[Ipexnae yem MNpPOAOIKUTH HAlIOMHUM, YTO Ja)Xe MPEAEeTbHO TOHKUH OTPE30K
bU3UIECKON TUHUN AB (OTpE30K MyTH « S »), COMIACHO YK€ OTMEUYECHHOMY BBINIE,
SIBJISIETCSL HE OJIHORJIEMEHTHBIM, a JIBYJIEMEHTHBIM 00pa30BaHUEM U BCETJa COCTOUT
—> —>
U3 TN 08yX T-BeKTOPOB 1-r0 pona ABggpx 1 ABppic.

[Tocne 3TOro AOMYCTUM, YTO HaM JaH O0JIaAIOIIUN TaKXKe MPEAeIbHO MaJIbIMU
MOMEPEYHBIMU pa3MepaMH BEIIECTBEHHBIM 00bekT (B), W mycTh OH, ABUTAACH
[IarOBBIM 00Pa30M C HEKOTOPOH IMOCTOSIHHOM CKOPOCThIO V, ycmeBaeT 3a BpeMms Ty
MPEOJIOJIETh YYAaCTOK MYTU « S ». B 3TOM MecTe HEOOXOAMMO 3aMETHTh, YTO YXKE
HECKOJIbKO HUXE MO0 TEKCTY BBISICHUTCS, YTO KAaKOW Obl Mbl HU B3SUIM, MOAYEPKHEM
3TO, UlA206bII YIACTOK TYTH, JIIOOBIX pa3MepoB Teno (B) OymeT mepememarbes 1o
HEMY BCSIKMI pa3 UMEHHO ¢ NOCMOAHHOU CKOPOCThIO V (cM. ¢.56-58). IlosroMy MbI

MMEEM MPaBO HANUCaTh, 4TO S=V Ty

B sTOM MecTe ocTaHOBHMCSI HA MUHYTY M 0OpaTM BHUMAaHHKE, YTO B IaHHOH paboTe BMECTO
ucnoabszyemoro B CTO 4eTbIp€XMEpHOro HHTEpBaIa

2 2 2 2 2
s=[(x=x1)"+(y—y1) +(z—2z1) = (t-t;)7]
NPUHAMAETCS, YTO STHM MHTEPBAJIOM SIBIIACTCS
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S=vV-To,

re S — yKe He 4-MHTepBall, a OTPE30K IMyTH, MpeojoiieBaeMblid TenoM (B) co ckopocThio «v» 3a
BpeMsl «Tp» B OOBIYHOM TPEXMEPHOM NpOCTpaHCTBE. UTOOBI MOSICHUTH B 4EM 31€Ch €O,
nonpoOyeM CHavaa BRIOJHUTD CIEAYIONIYIO ONEePAIHIO:

34 [krc] +7 [M] =7
To ectb monmpoOyeM COeTUHUTH MEXITy co00i BEC HEKOTOPOTO Tella BenTuunHou 34 [Krc] ¢ IIHMHON
ydacTKa IyTH BeJu4uHoM 7 [M]. Kak u3BecTHO, BeC Tena U JUIMHY y4acTKa IIyTH U3-3a UMEIOIIENCs
y 3THUX BEJIMYUH PA3HOH Pa3MEPHOCTH HENb3s OOBEAMHUTH (CIIOXKWUTH) B HEUTO OAHO uenoe. Ho
COBEPIIEHHO TaK e, COIVIACHO YK€ paccKa3aHHOMY B § 4, HeENb3sl BBIIOJIHHUTH OIEPALHIO
«CIIO’KEHUE» MEXIY OTPE3KOM (hU3NIECKO JIMHUH (OTPE3KOM IIYTH S ), HIMEIOIIETO pa3MEPHOCTh, B
YaCTHOCTH [M], U KakuM-THMOO OJHMM M3 JBYX T-BeKTOpoB 1-ro poma ABmxn nmnn ABggpx,
00pa3ymoIux TEJI0 ATOr0 OTpe3Ka MyTH, HOTOMY YTO KaKIbli M3 ATHX BEKTOPOB MMEET pa3Mep-
HOCTb [MI/ 2] . (Kak BumHO u3 Texcta Ha ¢.37 u 42, 4ToObI U3 T-BeKTOPOB ABpynky nin ABpppx moiy-
YUJICS OTPE3OK IIyTH, UX HYXKHO HE CIIOKUTH, a_r>lepeMHo>KHTL.) OTO 3HAYUT, YTO KAK ONEPALIUS:

s [M] + ABps (M1,
TaK U olepanus:

s [M] +ﬁHMmH[M1/2]
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SIBJISIFOTCSL HEBO3MOXXHBIMU.

(Bnecy HamomuuM, uro AIIIl, T.e. abCOMOTHO MycTOE MPOCTPAHCTBO, COTIACHO HM3JIOKEH-
HOMY B § 3 — § 5, sIBIIeTCS COCTABJIIEHHBIM M3 MHOXECTBA CaMOW pa3HOW JUIMHBI, HO BO BCEX
CIIy4asiX OJMHAKOBOW M paBHOW lden TONIUHBI OTACIBHBIX MPSMOIUHEHHBIX MPOMEXKYTKOB
MIPOCTPAHCTBA, U3 OTACIBHBIX «TEIECHO-OECTENECHBIX>» OJJHOMEPHBIX T-BEKTOPOB 1-TO pofa..)

Bo3sspamasce nocie 3Toro Kk H”HTEpBaITy
s=[(x—x1)+H(y-y1) +(z-21) "= (t-t)"]'"

HaxXOJIUM, 9TO B HEM BEIUYHHBI (X—X|), (Y—y1) U (Z—Z|) ABISIOTCS HUYEM WHBIM, KaK PACCTOSHHUSIMHU
MEXIy TOYKaMU X U X|, Y U Y|, Z U Z| , KOKI0€ U3 KOTOPHIX, OyAyIH MPOCTHIM TPOMEKYTKOM
MPOCTPAHCTBA M OJHOBPEMEHHO TEJIOM T-BEKTOpa 1-ro poja, UMEeT pa3MepHOCTh [M 21 Torma
KaK BeJM4YuHa c(t—t;) ecTb, HECCOMHEHHO, OTPE30K MyTH, KOTOPBIIl MPEeo0JIeBaeT TOUYKAa C KOOPIU-
HaTaMu (X, y , Z) 3a BpeMs (t—t;), 1 KOTOPBI MO3TOMY UMEET YK€ pa3MEPHOCTh [M], HO HE [M 2y
Kax BunHO, onepanusi ciokeHusi OTpe3ka myTH c(t—t;) ¢ oTpe3Kamu MpOCTpaHcTBa (X—X;), (Y—y1) U
(z—z;) nomoOHa omepanyu clokeHus Beca 34 [Krc]w JuMHBI 7 [M] W, 3HA4UT, HEBO3MOXHa. UTo
03HAYAET, YTO MPH MOMOIIH OTNEPAINH «CI0KESHHE» OTPE3Ka IMyTH C MPOMEXYTKaMHU 3-X MEPHOTO
MPOCTPAHCTBA HEJb3sl MOJYYUTh HHTEPBAJI e1uHOro 4-x MepHoro IlpocTtpancrBa-Bpemenu.

Emé 3a maTEepBaN s B maHHOW paboTe mpWHUMAaETCs s=vt motomy, 4to llpocTpancTBo H
BpeMms He cBs3aHBl MexIy coOoi kak J[BmkeHue u Bpems HEMOCpPEJACTBEHHO, a CBSI3aHBI JIHIIb
OTIOCPEIOBAHHO, JIMIIH BO BTOPYIO O4epens (CM. MeNKuid mpudt Ha ¢.56 ).

[TonoxuB moce 3Toro HeOOIBIIOTO OTCTYIUIEHHUS, UYTO « S » B hopmyne s=V'T,

— — — > —
€CTh 0Tpe30K pu3nyeckoi muaun AB, T.e. uTo s = AB u AB = ABggpx"ABuiskn, MBI,
UCIIOJIb3YSl COCTABIICHHOCTh OTpe3Ka (PU3UYECKOM JIMHUU U3 TEJ JIBYX U TOJIBKO JIBYX

T-BEKTOPOB 1-TO pojia, MOKEM HaIUcaTh, 4TO:

s=[R -1 KR -901), araore s=[R -1l FR-Fo01].

MoxHo nokazats (cM. [4] Ha c.110), 4TO 37€Ch BEpHBIM SBISIETCS KaK MEPBOE,
TaKk U BTOpoe cooTHomeHue. Ho BcE ke, ecim uMeTh B BUAY, UTO V B PaBEHCTBE
s=V*T, ecTh BEJIIMUYMHA CKOPOCTH, TO 00Jiee TOYHBIM OYJET OKa3bIBAThCS MEPBOEC U3
Hux. OmHaKo 3TO JUIS HAc celyac He mMmeeT 0oiabplioro 3HaueHus. Ceiliuac Ham

BaXHO, BO-IICPBLIX, TO, YTO YTOOBI MMOJYYHUTh M3 CTOAIIMNX B O3THX COOTHOIICHUAX

HNPPU-uucen orpe3ok AB ux HE0OX0IUMO yMHONCUMB (6CmMasumsb Opye 8 Opyea).
Bo-BTOpHIX, cortacHo cooTHOMICHHUSIM ( 5 ), OyeM UMeTh, 4To Kak V, TaK u Ty

SIBJISIFOTCS BEJIMYUHAMU gexmopHuimu. [IpaBaa, Kaxkaas U3 HUX SBISETCS T-BEKTOPOM

He 2-r0, a nunib 1-ro pona. To ecTh SBJISETCS T-BEKTOPOM, KOTOPOMY OTBEYAeT HE

OTHOKOHIICBAs, a ABYKOHCYHAA HAMJIUTCPHAA CTPLCIIKA « <> ».

(OIHOBpPEMEHHO C 3THM, KCTaTH TOBOpS, HOJy4aeM, 4YTO JI0OOH T-BEKTOp 2-ro poja, B
—_ <> .
YaCTHOCTH, UMIYJIbC CHIbl p = F *Tj Kak W OTpe30K (HU3MUYECKOW JMHUU COCTOUT U3 Tel ABYX
T-BEKTOPOB 1-r0 poja.)

, . <> <>
[Tpuuém Kaxnaplii U3 3TUX T-BEKTOPOB V U Ty HMEET HEe BOOOpa)xkaeMoe, HO

abconrommo peailbHnoe melio.
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Otkyna mojiydaeMm YIUMBHUTEIbHEHIIMA Mapagokc menechocmu Bpemenu, T.e.
Bpewms, Beixonut, MoxkHO naxke nomrynath (!). [IpaBna, 370 BO3MOXKHO OYyAET caenaTh
TOJBKO B TOM CJy4dae, €CJIM Malbllbl HAIlUX PyK OyayT 00jagaTh CIOCOOHOCTHIO
omymaTh abcoMoTHYIO [1ycTOTy, HAMOTHSAIONLYIO TENIO T-BEKTOpa T .

Ho camoe, moxanyi, riiaBHOE COCTOMT B TOM, 4YTO Ipu cornocraBiennun MPPU-
<> <> <>

<>
YHUCCJ, OTBCUAIOIIUX Vu To B COOTHOLICHMUAX ( 5 ) , OKa3bIBacCTCA, 4YTO V = To-

O‘{GBI/IZ[HO, 4YTO CaMOC IMOCJICAHCEC CICAYCT UCTOJIKOBBIBATH B TOM CMBICJIC, UTO:

[ToctymarenbHoe JIBukeHUE U TeKylnee B Xoje ero BpeMst — ecmb 00HO u mo

Jice, €CTh TOKIECTBEHHBIE JAPYT IPYTy CyOCTaHIIHH.
9TO 3HAYUT, YTO:

He o6visaem meuenuss epemenu 6e3 osudicenus, M, HaAO0OpOT, HE ObIBaET
MIOCTYIATEIBHOTO TepeMeIeHrsi 0e3 TedeHus: BpeMeHH, nbo JIBWKeHue |

Bpewmst sBsitoTCs Kak Obl BCTABJIEHHBIMU OJIHA B IPYTYIO CYIIHOCTSIMHU.

Ho T1.x. mpocto JIBrkeHHe He CYIIECTBYET camo To cede (cm.c.52), a CyIecT-
BYET TOJIBKO TOT/a, KOTJIa IPOUCXOIUT MPOIIECC MEPEMEIIEHUs KaKUuX-Tu00 00HEKTOB

N3 OJHOT'O MCCTaA B JIPYT'O€C, TO IMOJIYHACTCA TAK, UTO:

Xona BpemeHn ocymiecTBiIs€TCs JIUIIb HA 3TUX (WA B ATHX) CaMbIX HaXOJs-

MUXCs B COCTOAHUU IBUXCHUS 00BEKTaX.

[IpuToM Ha KakJIOM OTIEIBHO B3STOM OOBEKTE TCUCHHE BPEMEHH MPOUCXOIUT
OTZEJIbHO OT TOr0, KaKk OHO MPOTEKAeT Ha JPYTruX Jake COMPHUKACAIOIIUXCS C HUM
00beKTaxX HE3aBUCHUMO OT TOTO, OYJIYT OHU SIBISATHCA OUYE€Hb OOJBIIUMU (MHOTOTOYECY-
HbIMHU) WJIM OHU OYAYT OKa3bIBaThCA YpE3BbIUAHO MajbIiMHU (OYKBaJIbHO OJIHOTOYEY-
HbIMU). Ecnu e 1Ba MM HECKOIBKO 0OBEKTOB OYAYT MepeMeaThesi Kak OJTHO IIeJI0e,
TO BpeMsl Ha HUX OyJeT MpOTEKaTh COBEPIIEHHO OJAMHAKOBBIM 00pa3oM, COBEPILIEHHO
CUHXPOHHO. OJTHOBPEMEHHO C ATUM MOJIy4aeM, uTo:

Bpewmst gcecoa teu€t moavko 6 00Hy cmopowny, a uMeHHO u3 Hacrosimero B
Bbynymee notomy, 4To MOCTynaTelbHOE IBUKEHUE HUKOT]IA HE HMPOUCXOIUT
Cpa3dy B JBE CTOPOHBI — U «BHEpEI», U «HA3aI», HO HPOUCXOIUT BCEraa

TOJIBKO «BIIEPET».

Kpome storo, T.x. xo1 BpemeHn npoucxoguT TOIBKO MPU ABUKEHUU O0OBEKTOB

(cm. BbIIE), TO HE IIpocTpancTBO M Bpems, kak 3TO ceiluac cuuTaercs, a B MEPBYIO
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odepenb M HermocpeACTBeHHO J[BrykeHne U Bpems cBsizaHbl MEXAy cOOOM, TOT/Ia Kak
IIpoctpancTBo 1 Bpems cBsi3aHbl JIUIIb BO BTOPYIO OYEpE/lb, JIUIIb OMOCPEAOBAHHO.
OTKyna nmojry4aem, 4To:
['maBHBIM, 4TO ompenenseT Xxoa Bpemenu, saBuseTcsa He cBA3b ero ¢ [IpocTpaHcT-
BOM, a €T0 CBS3b C /[BIDKEHHEM HaXOJSIIUXCS B MPOCTPAHCTBE OOBEKTOB JIaXKe B

TOM CJIy4dac, €CJIN UX IBUKCHHC 6y,Z[€T mraroBbIiM, ¢ OCTaHOBKaMM.

Bcnomuute yCTpOﬁCTBO 0 Ha3BaHUCM <«KJICTICHIpa», B KOTOPOM emé Bo II TeicsauenmeTuu m0
H.3. U3MCHCHHEC, XOI BPEMCHH OTOXICCTBIAICA C TEYEHUEM BOJbI B XOJE €€ BBITCKAHHUS U3
MCEpHOIro cocyna, T.C. OTOXACCTBIIAJICA C 6I)ICTpOTOI>i e€ IBMKCHUS npu 5TOM BBITCKAHUH, C eé

ABHKEHMEM, HO HE C HETIOJBIKHOCTBIO OKpYsKaromero kiuencuapy npocrpanctsa. (Kcratu, GbITh
MOJKET, UMEHHO II03TOMY 3aTEM CTaJld I'OBOPHUTH, YTO BPEMs HE pacmém Kak TpaBa, a UMEHHO
TeYET, KaK TeYET BO/Ia, 10 KAIUIsM BBUIMBASCH U3 MEPHOTO COCY/IA B KJIETICH/IPE. )

Uro kacaercs monu ydactusi cooctBeHHO IIpocTtpaHcTBa B mporecce mpoTekaHus Bpemenu, To
OHO SIBJISIETCSI BCETO JIMIIb TEM MECTOM, TOU apeHOM, rae JBMKEHHE COBEPIIAETCS, TJIE€ OHO MPOUC-
xomut. Jla, 6e3 IIpoctpancTBa (6e3 CBOOOHOTO MECTa BOKPYT Tell U 00BEKTOB) HUKaKoe JIBkeHne
MPOMCXOJUTh, OYEBHIHO, HE MOXET, W MOTOMYy IIpoCTpaHCTBO ciemyer, Ka3aJoch Obl, CUHTAThH
YYaCTHUKOM mpoucxomsamero JBmxeHus. Ho TOJBKO TOYHO TaKWM yYaCTHHKOM, KakKHM SIBIISETCA
KaXIbI 3pUTENIh B LUpPKE, HAONIONAIOMMK 32 MPOUCXOMAIIMM Ha apeHe. V3 dero BHIHO, 4YTO
HENOABWXKHOE IIpoCTpaHCTBO ABIISETCS CBSA3aHHBIM C NPOUCXOJAIIMM HA apeHe, T.e. C MpoTe-
KarolyM TaM BpemeHeM, OBTOpUM, HE HENOCPEACTBEHHO (KaK CBSI3aHO ¢ HUM JIBM)KEHHUE), a OIo-
CPElOBaHHO, HE B IIEPBYIO, a JIMIIb BO BTOPYIO odependsb. IloaTomy npunumaemoe IIpoctpancTsom
yyacTHe B Xoje TeueHus BpemeHnu, ero 1oias B 3TOM Ipolecce, OyAeT OKa3blBaThCs BeChbMa
He3HaYuTeNLHOU. bonee Toro, «J/[BmkeHue» BHojHE BOOOIE MOTIO Obl 000WTHCH M 0e3 «IIpocT-
paHCTBa», ecin Obl TaKOe B IPUHLIUIE ObUIO ObI BO3MOXHO. M3 BCEro 3Toro ciexyer, 4ro BcE ke, Mo
BCEeW BUAMMOCTH, HET HHMKakoro enuHoro IIpocTpaHcTBa-BpeMeHH C sIKOOBI HMMeroUieiicss B HEM
4eTBEPTON KOOPANHATON BpemeHn.

§ 8. Ilapagokc HEBO3MOKHOCTH MPSIMOJIMHEITHOTO IBUKEHUSI

[Iponomkum fnanee, HO CHavaia BEpHEMCS K PUC.2 U CHOBA MOJIOKHUM, YTO TIOBO-

— — .
pot [AB—AC] coBepiiaeTcs B X0/1€ MHTEpBalia BpeMeHHU T). KoTophlii siBiseTCs, Ha-
IIOMHHUM, HEJCIUMBIM HH Ha Kakue 0ojee MeJIKME YacTH (cm. ¢.52). UTo 3T0 o3Ha4daet ?
ﬁ o o
DTO 03HAYAET, UTO HA TEJIe T-BEKTOPa Ty HET HU OJHOI MOINEPEUYHON JINHUU JIEJICHMUS,
KOTOpasi pa3zeiisia Obl €ro, HampuUMep, Ha JBE YaCTH, HA YAaCTHU «JI0 TOTO» U «IOCJE
TOr0», Ha YaCTU Y)K€ NPOTEKIIEr0 BPEMEHU U TOTO BPEMEHH, KOTOPOE TOJBKO €l
OyIeT mpoTekarh BCiel 3a 3TUM. JIpyrumu clioBamMH, UHTEPBAN Ty U, 3HAYUT, TEJO
—>

T-BEKTOpa Ty He Aenarcsa Ha yactu «lIpomenmero» n «byaymero» Bpemenu. Yro,
OYEBHUJHO, HY)KHO IIOHMMATh TaK, YTO MHTEpPBal Ty CIUIOLIbL COCTOUT U3 MOMEHTOB
OIHOT0 TOJIbBKO «Hacrosiero» BpeMeHHU, 4TO Ty CIUIOLIb SBISAETCA OJHUM HHTEpPBa-

nom Bpemenu-Ceituac. Otcrona cpasy ke I0JIy4aeM, 4To U3 OJHUX TOJIBKO MOMEHTOB
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Bpemenn-Ceiiuac COCTOUT He TOJIIBKO MHTEpBall BpeMeHu-1BukeHNA T (CM. BBIIIE),
HO M BECh MHTEpBaJ BpeMeHn-0CTaHOBKH Tocr.

UTto B CBOIO OYepenb O3HAYAET, YTO B XOJE INPOTEKAHUs Ty BPEMS XOTS U
MPOTEKAET, HO MPU ITOM OHO HUCKOJBKO He usmensemcsi. A yxe 3TO cO CBOei
CTOPOHBI O3HAYAET, YTO ABUKEHUE, TOUHEE Uide080€ TIEPEMEIICHUE TOTO WM UHOTO
00beKTa (KOTOpOE B XOJE TEUECHUs] MHTEpBaJla BPEMEHH Ty, COTIaCHO vV =T, TIPOHC-
XOJUT M HE TMPOUCXOAUTH HE MOXET), OyAeT SABIATHCA BO BCEX OTHOIICHUAX He
usmensaowumcs, OyAeT BO BCEX OTHOIICHUSIX OKa3bIBATHCS CTPOTO MOCTOSHHBIM.
CrnenoBaTenbHO, KaKOW ObI IIArOBBIM y4aCTOK IMYTH Mbl HU B3SJIM, MOCTYNATEIbHOE
IBWKEHUE Ha HEM Y 06020 mena (B) OyneT oka3pIBaThCs, BO-TIEPBBIX, HEIPEMEHHO
pasHomepHvim. Bo-BTOPBIX, moMecTHB Teno (B) B KOHILIEBYIO TOUKY «B» y T-BeKTOpa
AB MOJIyYUM, YTO B XOJE€ NMPOTEKAHMS MHTEpBaJla BPEMEHHU T, JBHKEeHHE Tena (B),
BCJICJICTBUE €T0 CBS3aHHOCTH C TEJIOM T-BEKTOpa ?B OyZneT oka3bIBaThCsl 00s13aTEBLHO
Kpyeosvim. HakoHel, B TpETbUX, BCS JIMHMS JIBH)KEHHS WM COOTBETCTBYIOIIAs €€
4acTh OYJIET OKa3bIBaThCS BCAKUM Pa3 MIOCKOU KPY2080U TUHUELL.

UToOBl OKOHYATENIBHO YOETUTHCS B 3TOM, NPHUAETCS €ulé pa3 3aMeTUTh, YTO
HUKAaKO€ pealbHOE JABMKEHHE (CM. CHOBA €.52), HUKOIZAa HE MPOUCXOAUT CaMoO IO
cebe, T.e. OT/AEIBHO OT YYacCTBYIOLIMX B HEM Tel WIH 00bEKTOB. BMecTe ¢ 3TUM OHO
TaK)K€ HUKOIJIa HE MPOUCXOTUT OE30THOCUTENBHO B KOMY-THMOO WIM K 4eMy-JIHO0O.
HampoTuB, oHO Bcerja MNpOMCXOAUT MO OTHOIIEHHUIO K KakoMy-JInOo, Hampumep,
Ipyromy Teny wid Touke. IIpocto moTomy, 4TO MHAYe HeNb3s OyAET ONpeneiuTh:
JNBWKETCA JaHHOE Teyo Win HeT. [10o3ToMy € 1enblo MOJy4HuTh Cly4dall peajgbHOTO
JIBWKEHUSI TIOJIOKMM, 4YTO HaM JaHO HEKOTopoe peanbHoe Teno (B) m Hekas
HaxXOJIAIasACs CHapyX U HEro Takxke peanbHas Touka «A». [locime sToro momycTtum,
yTo Teno (B) cTano nBuraTbes Tak, 4TO paccTosiHue A-B MexXay HUM U TOUKOH «A»
IIpU 3TOM Hayaio yBeaW4duBaTbcs. OJIHAKO 3TO pAaCCTOSHHUE €CThb HE YTO MHOE, KaK
TEJIO0 T-BEKTOpa j?B Ho Beab 0HO HE MOXKET MU3MEHSTh CBOIO JUIMHY B XOJE MpOTe-
KaHWUS MHTEpBaja BPEMEHHU Tj, T.K. IIPU MPOTEKAHUU MOCIEAHErO0 HUKAKOIO MPUBBIY-
HOTO HaM XO/1a BPEMEHU HE MPOUCXOAUT. A T.K. IPU 3TOM JIMIIEHHOE BO3MOKHOCTH
VIJIMHITBCS TEJNO T-BEKTOpa AB BCE e 0CTAéTCst CTOCOGHBIM (u3-3a TBYKOHEYHOI
HaIIPaBJIEHHOCTH €ro «IEHCTBUS») COBEPLIATH IOBOPOTHI, B YACTHOCTH, BOKPYT' TOUKH

«A» Ha 000 BETUYUHBI YTOJ (), TO OKKETCS, YTO KPYroBoe aBmxeHue tena (B),
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—>
PAcCITOJIOKEHHOTO B KOHIIEBOW Touke «B» y T-BekTopa AB, B MOMEHTHI T BIOJHE

MO>KET MPOUCXOAUTh. Bripouem, mpu 3ToM OHO OyZeT OKa3bIBaThCs 00513aTENBHO (CM.
BBIILIC) pagHOMepHbIM U OYyIEeT MPOUCXOAUTH HEIPEMEHHO HE TOJIBKO 110 KPY2080ll, HO
euié U no niocko-kpy2oeou MMHUU. TakuMm 00pa3oM, B KOHEYHOM UTOTE MOKHO JIaxkKe,
NOXKallyil, IPUBECTU CJEAYIOIIee, HECOMHEHHO, C TOUKH 3PEHUSI COBPEMEHHBIX Mpe-

CTaBJICHUM SABJIAIOIICCCA MapPaAAOKCAIBbHBIM YTBCPIKACHUC, COCTOAIICC B TOM, YTO:

Jlaxxe naeanbHO, Ka3aJioCh Obl, MPSAMOJIMHEHHOE MOCTYMATEIbHOE ABUKEHUE TOTO
uny uHoro tena (B) Ha kax10M 1maroBoM (IIpOUCXOIAIINM 3a BPEMS Ty ) YUaCTKe

MyTH B IEMCTBUTENIHLHOCTH Beera spisierca HenpemenHo K P Y I'O B bl M.

[Ipuuém oueBHAHO, YTO OHO OYAET HENMPEMEHHO KPYTOBBIM IIPU KaKOW YroJHO
CKOPOCTH JBWXEHMS Tea (B) u npu kakux yrogHo €ro pasMepax u Macce.

OTtkyna, BO-MIEPBBIX, CIEAYET, YTO B XOJE€ KaXKJIOrO IAaroBOro IMepeMeIIeHUs
tena (B) y Hero Oyzmer UMEThCS notoc 0sudicenus: «A», HAXOMSIIIMICS KaX bl pa3 B
LIEHTPE COOTBETCTBYIOLIUX PA3MEPOB IUIOCKON OKPYKHOCTH.

Bo-BToppix, o0mas (cymmapHas, 3a MHOTO WHTEPBAJIOB BPEMEHH T()) JHUHHSI
JIBWKEeHUA y Tena (B) mpu 3ToM OyZeT oKa3bIBaThCS COCMABNEHHOU U3 COOMBENCMEY-
owe2o0 MHOMCecmea OTPE3KOB TaKUX OKPYKHOCTEH (CM., B YacTHOCTH, puc.3).
(HarmmoMHUM, 4TO MHTEPBAJ To) OPUEHTUPOBOYHO UMEET 3HAYECHUE ’co=1,9'10_15 [ceKk] M, 3HAYUT, TEJIO
(B) 6yner3a 1 [cek] coBepmiath 5-10"* marossix IEpPEMEIEHHI U OCTAHOBOK. )

Ho emé u3 3Toro ciaemayer, 4To XOTUM MBI TOTO UK HET, HO Teno (B) B xone
KaXXJIOTO OTJ/EJIBHOTO IIIaroBOTO TEepeMelieHus: OyIeT OKa3bIBaThCA 0053amebHO
COCOUHEHHbIM C TIOMIOCOM JIBIDKCHHUS «A» TIpU TOMOIIM XOTS M «TEJIECHO-
OecTesieCHOro», HO BCE ke abCOMIOTHO peajhbHOTO Tella, B YaCTHOCTH, T-BEKTOpA A?B
[IoaTOMy, CTpOro roBOpsi, Ha BCEX YEPTEHKAX WIM CXEMaX, WIUIFOCTPUPYIOLIUX
IIaroBO¢ JBMXKEHHE TOTO WX MHOro tena (B), momroc aBmkeHUs «A», a TaKKe TEIIO

—
T-BekTOpa AB HeoO6xoauMo Oy/eT Bceria yKa3bIBaTh.

—>
§ 9. /IBoiiHoii MOBOPOT Tejia T-BeKTOpa AB — kak KOHCTPYKIUsI (PU3HUYECKOH

Moaeau kBaHTa Bpemenu Tp. Ilapagokc oTcyTcTBHS JJIMTEJIBLHOCTH Y
HHTEpPBaa BpeMeHu-1BHKeHNs Typ
Nwmes B BUy BCE TOIBKO YTO M3JI0KEHHOE B IIPEABIAYIIEM Maparpade, HoJI0KHM,

YTO JJaHHAsI HAM «nycmasi» Touka «B» coBepiaer Ha puc.6 MIAaroBoe MNepeMelleHHne
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(TocT)a — TEJNO T-BEKTOpa BPEMEHH, KOTOPOE BTEKAET B TEJIO KOHIIEBOM TOUKU «A» Yy
—> —> —>
T-BeKkTopa AB B Xoze ero nopopota u3 nonoxenuss AB B nonoxenne A/l
- ..
(TocT)m — TENO T-BEKTOpa BPEMEHH, KOTOPOE BTEYET B KOHIEBYIO TOUKY «JI» y
—>
T-BeKTOpa AB BO BpeMs I1aroBoil OCTAaHOBKH €0 KOHIEBOM TOUKU «B» B MyHKTE «J[».
A
(V1 =1Tgs )B — TEIO T-BEKTOPA TPAEKTOPHON CKOPOCTU-BPEMEHH, KOTOPOE IOABIIAETCS
B XOJI€ IBIKEHUsI TOUKH «B» B monoxeHue «J[».
A
( VT =718 )A — Tes0 T-BEKTOPA TPAEKTOPHON CKOPOCTH-BPEMEHH, KOTOPOE TOABIISETCS B
XO0JIe TIEPEMEIIICHHUST TOUKU «A» B TMONOKECHHE «A|».
~ > o
(Vk=1Tk)B — TEJIO T-BEKTOpa «Iiyﬁcmson» CKOPOCTH-BPEMEHH, KOTOPOE BO3HUKAET
IpU caMOCIIPSIMICHUU T-BekTopa ( VT =Tjg )8 B MOMEHT IIAroBOH OCTAHOBKH TOYKH

«B» B myHKTE «/]».

- —> o

( Vi =Tk )ao— TEJIO T-BEKTOPA _“KyPCOBOIf> CKOPOCTH-BPEMEHH, KOTOPOE BOSHIKACT TPH
A

camocnpsamieHnd T-Bektopa ( VT =T )A B MOMEHT IIAroBOii OCTAHOBKM TOUKH «A» B

MYHKTE «A|».

Puc. 6 KoHcTpyKus €IMHUYHOTO MHTEPBAJa BPEMEHU Tj.

( 3ametrpTe cebe, 3mech miomaaka ABJIA;| sBiIseTcs He 3alMOJHEHHOW CcyOcTaHIIUEH

WMIYyJbCca CUJIbI, U IOTOMY COOCTBeHHO Bpemsi He UMeeT HUKAKOW IHEPTUM — cM. c. 82-
83 o cmioBeIX T-BekTOpax AC m 00 OMETaeMbIX MMHU BEKTOPHBIX IUIOMIAJKaX BMECTE C TEKCTOM,

Hare4yaTaHHbIM MEJIKUM mpHupTOM Ha c. 83-84 )
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OTHOCUTEIILHO TIOJII0Ca «A» U3 MyHKTa «B» B MyHKT «/]».
Kak u panee (cM. MOsACHEHUS K PUC.5), BMECTE C HayajoOM IUIOCKOIO IOBOPOTA
—> —> . —> .
[AB—AJl] mo3anu Tena KoHIEBOM TO4kud «B» y T-Bekropa AB HauHET Ha puc.6
OCTaBaTbCA Kak Obl ciel, HAYHET OCTaBaThCA MOCTENEHHO KakK Obl BhIpacTaroulee U3

A A
ToukH «B» Teno T-BeKTOpa TpaeKTOpHOI CKopocTU-BpeMeHu Vt = Ty . Kotopoe Oyaet

—> —>
BBIPACTATh JIO TEX IOP, MOKa TeJIo T-BekTopa AB He okaxeTcs B monoxeHun AJl.
— —
[Ipu sTOoM, mockoiabky B xojae moBopora [AB—AJl] Touka «B» Oyner
HaXOAUTbCS B COCTOSIHUM HEMPEPBIBHOTO IOCTYIMATEIBHOTO IABWXKEHUS, TO B HEH
—>
obsi3aTtensHO OynmeT mporekaTh Bpems. Bmpouem, xon Bpemenu y T-Bektopa AB
OyIeT MPOSBIATHCS HE TOJBKO B TOUKe «B»: ero Xoa OyIyT HCIBITHIBATh Ha ceOe BCe
0€3 HMCKIIIOUYEHHSI TOYKM Tejla 3TOT0 T-BEKTOpa, MOTOMY YTO HM OJHA M3 HUX HE
JOJDKHA OKa3bIBaThCsl CyiecTByromiei BHe Bpemenu. Ilpuuém sto Bpems Oymet
—>
UITH JaKe B CaMOM yJIalléHHOM OT TOYKH «B» mecte Tena T-BekTopa AB ¢ Toi ke
CKOPOCTBIO, C KAaKOW OHO NPOTEKAaeT B CaMOM 3TOM TOYke «B» mo TOH mpocToit
MIPUYUHE, YTO BCE IPYTHUE TOYKU Xj, Xp , X3 ... SBJISIOTCA TOYKAMH Te€la OJHOTO W
TOro k€ 00bekTa. OTKy/aa MOHATHO, YTO C ATOM ke CKOpOCThi0 Bpems OyaeT uaru u B
—>
JIpYroil KOHIEBOM TOUKE T-BeKkTOpa AB, a MeHHO B ero Touke «A». [loHATHO H TO,
4TO B 3TOM Touke Bpems OyneT He mporekarb, a OyleT IIUThCS: BEb 3Ta TOUKA Tela
—> . o —> —>
T-BekTopa AB ocrtaércs HemomBuxkHON B xojae noBopoTa [AB—AJl]. Ho noutkes
OHO OyZeT, MOBTOPUM, 00s13aTENBHO C TOM K€ CKOPOCThIO, C KAKOW OHO MPOTEKaeT B
JBIDKYIIEHCS KOHIEBOM Touke «B». Ocraércss numib TOHATh: YTO O3HA4YaeT
«IJIUTBCA» B TOYKE «A», €ClIu B XOJE CBOET0 «TEHYEHUs» B TOUke «B» Bpems
—_ —_>
IpeBpallaeTcs B TeNo BeKTopa (Tnug = Vr)s, ocmarowezocs nozaou () IBUXKYILIErocs
oObekTa (1mo3aau Touku «B») ?
B cBsi3u ¢ 3TUM HamboJiee ecTeCTBEHHBIM, HaI0 Mojarath, Oyl1eT OKa3bIBAThCs
JOMyIIEHNe, 3aKIoYaronieecs B TOM, 4YTO <«JjIsiieecs» Bpems, 4TO T-BEKTOP
— —
BpeMeHn-1muTenbHOCTH Tocr B OTIIMYME OT T-BEKTOpa BpeMeHu-IBMKEHHUS Tjp HE
BBITEKAET, a HA00OPOT, KaK Obl BTEKAET B TOT OOBEKT, HA KOTOPOM (UJIM B KOTOPOM)

OHO [OJIMTCA. HpI/I 9TOM TaKXC AO0CTAaTOYHO CCTCCTBCHHBIM (I/IJII/I JO0CTAaTOYHO

MOJXOIAIINM) JOTIOJTHEHHUEM K HEMY OYyJIeT OKa3bIBaThCS, KaK BBIICHUTCS, €€ OTHO
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nonyiieHrue. CyTb KOTOPOTO COCTOUT B TOM, YTO B XOJI€ CBOETO Kak Obl BTEKaHUS
—_— —> o
T-BeKTOp aiserocss Bpemenn Tocr=A0O He NpOH3aeT HACKBO3b COOTBETCTBYHOUIUMN
00BeKT (Teno TOYKH «A»). BMeCTO 3TOro OH, MOCTENEHHO MPOHHUKAsT BHYTPh TOYKH
«A», 0cTaércsi BHYTpH HE€ B MEPHOJ BCEro BhIpacTaHus T-BekTopa (Vr = Tjp)s NIpH
IBIDKEHUH TOYku «B» B myHKT «JI». OT MOMeHTa, Korja 3TO BBIPACTAHUE TOJIHKO
NN
HauHETCSA, U JO MOMEHTA, KOrAa JUIMHA y T-BeKTopa (Vr = Tjp)s AOCTUTHET HOMH-
SN —>
HaJbHOTO 3HaueHMs. Torga Kak T-BEKTOP Toct=AO mpu 3TOM OyaeT MpOoAOoSKATh
MOCTENEHHO MPOHUKATh BHYTPb HEMOJIBHIKHOM TOUKHU «A» 1 Oyzet BcE Oosee u 06oiee
KaK Obl C)KMMAThCSl BHYTPH HEE B MPOJOJIbHOM HAMpPaBJICHUH, IPEBPALIASCH PU 3TOM
B KaK ObI corcamyto yunuHOpu4eckyio npy#CUuHy.

Teneps camoe riaaBHOE: OTKY/la, ¢ KaKOW CTOPOHBI M B KaKOM HallpaBJIE€HUU
JOJKHO KakK OBl BTEKaTh, B YaCTHOCTH, B TOUKY «A» 3TO caMoe «IsIIeecs» B HEU
Bpems ?

Hcxonst u3 Toro, 4yro OBLIO TOJBKO YTO CKa3aHO O MOCTENEHHOM CXKaTUU
BHYTpH O00BbEKTa JIsiierocs Ha HEM BpeMeHu, moiiydaem, 4TO W TEJIO T-BEKTOpa

N —>
Bpemenu-nnutenbHocT Toer= AO MOXHO TIPEACTABISITH ce0e Kak Obl HEKOE BIIOJHE,
OBITh MOXET, peabHOE JIEUCTBHE, KOTOPOE MO MEPE BTEKAHHUS Teja 3TOr0 T-BEKTOpa
BC¢ CWIbHEE W CWIbHEE JAaBUT HM3HYTPH HA TMPOTUBOJICKAIIYIO 3TOMY BTEKAaHUIO
CTOPOHY JAHHOTO 00BEKTa (Ha MPOTHUBOJIEKAILYIO €MY CTOPOHY TOUKH «A»). OTKyna
CTAHOBUTCSA SICHBIM, YTO JIJIs TOTO YTOOBI HHTEPECYIOIIAs HAC TOUYKa «A» y T-BEKTOpa
—>
AB He uMmerna HUKaKOW BO3MOXXHOCTU CABUHYTHCS KyJ1a-TUOO B CTOPOHY CO CBOETO
MecTa, 4TOObl OHA TapaHTHUPOBAHHO OCTABajach HEMOJBMKHOM B TEUEHHE BCETO
— —
noBopota [AB—A/l], HeoOX0oaquMo HampaBUTh T-BEKTOp BpemMeHH-IIUTETbHOCTH
— —>
OA = (Toct)a B Ha3BaHHYIO TOYKY «A» TakuM 00pa3oM, YTOOBI OH OKa3bIBAJICS
CTPOT0 OTBECHBIM IO OTHOLIEHUIO K IIockocTH Bpemenu-nsmxenus 11, no camoro
— —>

KOHIIa yoMsiHyToro nosopora [AB—A]/l] (cM. puc.6).

[Ipy 3TOM U3 OYEBUAHOW OJMHAKOBOCTH KOJIMYECTBA MPOTEKIIero Bpemenu

—/
npu ABMKEHUH TOuku «B» 1o ayre B/l u mpoanuiierocs Bpemenu B Touke «A» BO
—>

BpeMsl BTeKaHUs B He€ Tena T-Bektopa OA cieayer, 4TO OpOJOJbHBIA pa3Mep y

—>
MPSMOJIMHEHOTO T-BeKTOopa OA JOJDKEH OKa3bIBaThCS MO CBOEH JJIMHE PaBHBIM
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A
MMEIOIIEMY BUJI U30THYTOTO IO Ayre OKpy:kHOcTU T-BekTopy B/I. OTKyna nomyuum,

YTO KaK TOJIbKO HAYHETCS JBHIKEHHE TOUKH-TIONIoca «A» B miockoctu II, (a ono

HAYHETCS cpasy *ke, KaK TOJIbKO MPEKPATUTCS IBUKEHHE KOHIIEBOM TOUKHU «B» y Tena
—>

T-BekTopa AB B miockoctu I1;), TO mpomomkatbess OHO OyaeT 10 TeX Mop, Moka
A
JyroOOpa3HbIi T-BEKTOp AA;| HE OKaXeTCS PaBHBIM IO JJIMHE paHee OBIBIIEMY
—>

MPSIMOJIMHEMHBIM T-BeKTOpY OA U OJTHOBPEMEHHO PaBHOBEJIMKUM T-BeKTOpYy B/I.
[Tpuuém ABMKCHHUE TOYKHU-TIONIOCA «A», BO-TICPBBIX, BO3HUKHET 00S3aTEIBHO,
—_— —> — —>
NOCKOJIBKY cpa3y nocie mnoBopota [AB—AJl] nactynutr nosopor [AJl—A/].
[TocnenHnii )K€ HE MOXKET HE HACTYNHTh, IOTOMY YTO TEJIO UCXOIHOrO T-BEKTOpA /?B
Jla)kKe Ha CaMbld KpAaTKUM MHUI HE MOXET OCTaBaTbCid BHE JIBUKEHUs. Bo-BTOpBIX,
HECMOTpS Ha JIBI)KCHHE TOUYKU-TIONIOCA «A» OKa3bIBaIoIeecs Kak Obl 3aKITI0OUEHHBIM
BHYTpH Hero Bpems OyneT sABIATHCS HE MHTEPBAIOM BpeMeHU-IBHKECHHS Tjpuxk, a
Oyzner uHTEpBaNIOM BpeMeHu-1auTenbHOCTH Tymr. V100 B T€UeHUE BCEro IBUKCHMUS
TOYKH-TIONIOCA «A» B miockocTu I, nBuraBmasicst panee B miockoctu I1; koHeBas
Touka «B» y Tena T-BekTOpa /ﬁ) OyZeT ocTaBaThCsl B MYHKTE IIArOBOM OCTAHOBKU
«/I» coBepilleHHO HenmoABWXHOU. M3 Wero ciemayer, 4To U BO BCEX JIPYTHX TOYKaxX
TeJla T-BeKTopa A_I[) npu A— A | BpeMs Takke OyJeT He MPOTeKaTh, a OyIET OIUmbCs.
Takum 006pa3oM, B KOHEYHOM UTOTE MOJIYYAETCsl TaK, YTO €CIU BPEMS meuém B
mwiockoctu I1;, To B opToroHampHOW K HeW twiockoctu Il oo daumcsa. UToObl
YTBEPIAUTHCS B ITOM, B MOCIEIHUHN Pa3 3aMETUM, YTO HET J[BHKEHHUSI, TPOUCXOIAIIETO
camo 1o cebe. A moToMy HeT U BpeMeHnu, Tekyliero u JUISIierocs camo 1o ceoe, T.e.
xoJ1 Bpemenu HUKOra He OCYHIECTBISAETCS B OJIMHOUYKY, 0€3 T€X MM UHBIX 0OBEKTOB,
BHYTPU TE€J KOTOPBIX (MJIM Ha TeJlaX KOTOPBIX) OHO Kak pa3 Teu€r wmnu anmutcsa. Ho
—> —_— —>
MOCKOJIBKY KOHIIeBasi Touka «B» y T-Bektopa AB ¢ Hawaisom nmoBopota [AB—A/l]
HaXOAUTCSA B COCTOSIHMM HEMPEPHIBHOTO JBUXKEHHS IO Jyre IMIaroBOro y4acTKa MyTH

N

BJl, To Bpems BbIHY»XeHO OyJeT mpoTeKaTh B Teje (WJIM Ha Tejie) Ha3BaHHOW TOYKH,
—/
NOCTENEHHO IPOJIBUTasCch BMecCTe ¢ Hell no ayre B/l (mpuuém mpoasurasce mo Heu

HeBuauMbIM 11 CT-HaOmionarens oOpa3oM) oT €€ Hadasla U 10 €€ KOHIa U, Kak Obl
pasmazviéasacs 1o Hed npu 3ToM. Otuero enuHuie ucumcieHus Bpemenu Oyner

12
]

SABJISTHCS HE MPUBBIYHAS HAM €IUHHIA JUIMTEILHOCTH [CEK], a eaquHuna [M ], T.e.
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172

HE eIUHUIA nymu [M], a eauHula npomsxcénnocmu nymu [M~]. OZHAKO Kak

TOJILKO T-BEKTOP 153) OKa)XeTCsl B TMOJIOKEHUU Aﬁ — a BMECT€ C ITUM Touka «B»
OKa)XETCA B ITYHKTE IIIaroBOM OCTAHOBKU «/[», — Tak mocnemHsis MpEeBpaTUTCSA U3
HeBuauMOM B BuauMyto s CT-HaOmromarens (M g HAc) TOYKY, MPEBPATUTCA U3
BUPMYANTbHOU B peanlbHyi0 TOUKY. A TOCKOJIBKY OHA OYAET SIBIASTHCS HEMOJABUXKHON B
TEUEHHE BCEH 11aroBoi OCTaHOBKH, TO BpeMs B Hel, MOBTOPHUM, OyAET HE MPOTEKATh,

12
! 1, a OyAeT JIUTHCS, UCUUCIISISCh SIMHUIIAMH [ CeK ] .

HCYUCIACH CAUHUIIAMU [ M

B koHeyHOM HWTOre MBI MOXKEM TOBOPHUTH O TOM, YTO CYILIECTBYET NAPAOOKC
NONHO20 OMCYMCMEUs OIUMENbHOCMYU Yy WHTEepBalla Tigmk, [NOTOMY 4YTO OH
OKa3bIBACTCS COCTOSLLUM LIETUKOM M3 OJHUX TOJIBKO MOMEHTOB TEKYIIIErO BPEMEHU U
B HEM HE HMMEETCS HU OJIHOTO MTHOBEHHUSA JUISIIETOCS BPEMEHH, BPEMEHU-ITOKOSI.
Haob6opor, uarepBan BpeMeHU- ATUTEIBHOCTH Tyt LETUKOM COCTOMT U3 MOMEHTOB
TOJIBKO JUIALIETOCS BPEMEHU U B HEM HET HU €IMHOTO MOMEHTA TEKYLIEr0 BPEMEHHU.
To ectp B unTepBane Bpemenu-Celvac Tp= Typux + Tiymr BCA JUIMTEIBHOCTB COAEP-
KHUTCSA B UHTEPBAJIE Tjyr, TOTAA KaK JUIMTENBHOCTh HHTEpBana Ty = 0.

[TosrTOMy XOJ1 BpeMEHU MPOUCXOIUT ClienyronuM oopaszom. CHavalia B epBoi
CTaJIMU ABOMHOTO MOBOPOTA T-BEKTOPA A? (B MOMEHTBI IArOBOTO MEPEMEIIECHUS Er0
TOYKH «B» WM HaxoJsierocs B HEH KaKOTO-JIU0O BEIIECTBEHHOTO Telia U3 MyHKTa
«B» B IyHKT «/[») BpeMsl B TCUEHUE UHTEPBANA Typ TOJIBKO JIMIIb IIPOTEKAET, HO HE
nautcs. To ecTh B MPUBBIYHOM JJ1s1 HAC TOHMMAaHUM X04a BPEMEHU OHO B 3T MOMEH-
Thl HE JIBUYKETCS, & CTOUT. BO BTOpOM K€ CTaIuu ABOWHOTO MOBOPOTA T-BEKTOPA HB
(xoraa ero KoHIleBasi Touka «B» ocTaHaBiuBaeTcs B MyHKTE «/[» Ha Bpems II1aroBoi
OCTaHOBKHM, @ BMECTO HE€ 3a MHTEPBaJ BPEMEHH Ty IPOUCXOIUT LIATOBOE IIEPEME-
IICHHUE MOJIFOCA JIBMKEHUS «A» B MO3ULHUI0 «A(») BpeMsl JJIUTCS, HO XOJa BPEMEHH,
KOTOPBIN MPU ITOM, Ka3aJI0Ch ObI, TOJDKEH ObITh, TaK)Ke HE Mpoucxoaut. [loTomy 4To
UHTEpBAI Tyt SABIETCS B HEICIMMOM Ha 4dacTH mHTepBaie Bpemenu-Celivac T
TOYHO TakoW ke mnosioBuHONl «Hactosimero» Bpemenu Bpemenu-Ceituac, kakoit
ABIIAETCA MHTEpBaN Typ. [lo3TOMy 10 TeX mop, moka MHTEpBAN Tyt HE IPOIJIATCS
MOJTHOCTBIO, HUKAKOT'0 X0JIa BPEMEHHM HEe OyleT: BpeMs OyAeT JJIMTHCS, COBEPIICHHO
He JUIACh npu 5ToM. Ho Kak TOIbKO MHTEPBAN Ty A0 KOHLA IPOJJIMTCS, TaK HHTEP-
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Bal Bpemenu-Ceituac T, OJHMM CKa4yKOM MpeBpaTUTCA B WHTepBan l[Ipomieniiero
BPEMEHU U BCE HAYHETCA CHAvaJIa.

[Ipu 3TOM KOHCTPYKIUSI €MIMHUYHOTO UHTEepBaia Bpemenu T, Ha puc.6, a Takxe
BCIO/Ty Jlajiee Bceraa OyeT UMeTh BUJ uemvipéxyeonviuxa ABJIA |, cOCTaBI€HHOTO U3

— —> —> —

TEJl NPAMOAUHEUHBIX T-BEKTOPOB \AB\z\AII[\ u \BI[\z\AAJ.

CBoas Temeph BOEAMHO BCE HM3JIOKEHHOE BBIIIE, MOJY4aeM, YTO MOJIHBINA

V) 19 > > —> o —_—S

nBoitHOM moBopoT [AB—AJI—A /1], npousomeamuii ¢ T-Bektopom AB Ha puc.6,
KaK pa3 u ompejenseT co00i KOJIMYECTBO BPEMEHU T), HEOOXOAMMOE JJIsl IIIarOBOTO
MEPEMEIICHUS €ro KOHIEBOM TOYKU «B» W3 myHkTa «B» B myHKT «I» ¢ yuérom eé
[I1arOBOM OCTAHOBKH B TOCJeHEeM. T0 ecTh (purypa ABOMHOT0O MOBOPOTA — 3TO U €CTh

KOHCTPYKIIMA KBAHTA BPEMCHH ’CQ, MPOTCKUICTO U MPOJJIMBIICTOCA B TOYKC <<B>>, a

TaKXe B JIIDOOM BEIIECTBEHHOM TeJie, TOMEIIEHHOM BHYTPb TOUKH «B».

" > —>
HaHOCJICZLOK BCPHEMCA K TOXICCTBY VT = Tp U 3aMCTHM, YTO 3aKJIKYCHUC O
<>

<>
TOXKASCTBEHHOCTH V1 M Tp B (5 ) Ha ¢.55 ObUIO clienaHO Ha OCHOBAHUM OYEBHIHOU

TOXKJIECTBEHHOCTH 4YHCEN JTHO0 [ﬁﬂ] u [ﬁﬂ], b0 [ﬁw] u

[°°1/ R -°°1/(+)1]. [Tpuuém 310 3aKiOdeHHe ¢ YUCTO (GOPMaIbHOW TOUKU 3PEHUS SABIISET-

Cs BIIOJIHC TPABOMCPHBIM. HO, C Z[IZ)YTOI)'I CTOPOHBI, PAaBCHCTBO:

s= R o1 R o1

SIBJISIETCSI HUYEM MHBIM, KaK CKAJISIPHBIM MPOU3BEICHUEM, COCTABIICHHBIM U3 T-BEKTO-
—> —>

poB ABggpx U ABpyxy (oM. Tlpunoxkenne na c¢.211-221). PackpbIB KOTOpo€ (CHauasa

MPEIBAPUTEIILHO BCIIOMHHUB, UTO B HEM MppanudoHaibHble yucia ecth MPPU-uncna)

IIOCJIC 3aMCHBI ITOCIICAHUX UX a0COJIIOTHBIMU BCIIMYMHAMU, TTOJTYUHUM:

172

B |=R[M1/2]'R[CCK] Wi | s |=V[M 1" To [cex].

B cBaA3u ¢ aTuMm 3aMCTUM, YTO U3 NIPCACTABIICHHOTO Ha pI/IC6 BHAHO, YTO TCJIa Y
A A

T-BEKTOPOB CKOPOCTU-BPEMEHU (V1 = Trp)p U (V1 = Tjg)a UMEIOT OJJMHAKOBYIO JJIMHY.
DTO 3HAYUT, YTO 3aKIIOUYEHHBIE B ATUX T-BEKTOPaxX MHTEPBAIbl BPEMEHHU TaKke OyIayT

ABIIATHCSA OAMHAKOBBIMU, T.€. UHTEPBAJI (Tj;3)p BPEMEHH IBWKEHUSA TOUKHU «B» 1o myre
N\ -/
B/I u unrepBan ( Tyg )o BPEMEHM JIBMXKEHUS TOUKU «A» 1o ayre AA; Oyayr Bcerna

A
OKa3bIBATHCA pPAaBHBIMMU. Ho Ttonbko MOIYJIb T-BCKTOpa ( T[lB )B JOJIZKEH GYZ[CT HNMCTh

172

pasMepHOCTh [M ~]. UTO CBSI3aHO C T€M, YTO W3-3a IBHKCHHS TOYKU «B» Tekyriee B
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Hel BpCM:A, IOBTOPUM 3TO eIJ_Ié pas, 6yI[CT Kak OBl pasMa3bIBATHCA TOHKUM CJIOCM I10
/
Y4aCTKy IyTH BI[ A 6yI[yIII/I pasMa3aHHLBIM 110 HEMY, BpeMﬂ nu HpI/IO6peTaCT pasMep-

N 12
HOCTb €r0 MPOTSHKEHHOCTH [M '~ ].

(Torma xak WHTEpBaI (Taaur )B, T.€. NJIUTEIBHOCTH
OCTaHOBKUM TO4YKH «B» B myHkTe «Jl», mmeer pasmepHocth [cex]. Ilpuuém 31ech wHTEpBa
(Tumr Jplcek] =(Tup)a[cex].) [loaTOMY, XOTS T-BEKTOPBI Eﬂ;ﬂﬂB)B u ?’CﬂﬂB)A U HUMEIOT
pPaBHYIO JUIMHY OHU H3-3a NPeObIBaHUSI B COBEPIIEHHO pa3HbIX IiockocTsax I u I,
OyIyT UMETh Pa3HYI0 Pa3MEPHOCTh y CBOMX Moayneil. OTuero T-BEKTOPBI EﬂB)B u

A
(Tye)a OyIOyT SBISATHCS HE TOXKIECTBEHHBIMH, a OyAYT JMIIb SKBUBAJICHTHBIMH, T.C.

”2]~ [CeK].
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(Tue)s [M "1~ (Tge)a [cex]. OTKyna momy4um, 4ro [M
Ha sToM ocHOBaHMU MBI BCAKHU pa3 OyaeM HMETh MNpaBO B Pa3MEPHOCTH
o 12 o

JAHHOMW BEJIMYMHBI COKpAIIATh [M ! ], CTOAIMU B YUCIIUTENE, HA [CEK], CTOSIIYIO B

3HaAMEHaTese, 1 HA00OpOT.

§ 10. IMapagokc 0AHOMOMEHTHO MPOMCXOAsAIIEro xoa1a Bpemenu Bo Bcex

JAa’e CKOJIb YTOAHO YAAJEHHBIX APYT OT ApPyra rouxkax BcenenHoii
10.1. B 3aBepuieHue 3amMeTHUM, YTO, KaK MOXXHO TOKa3aTh (cMm. «YacTb BTOpPYHO»),
MEXy IJIMHON T-BEKTOpa E Y BEJIMYUHOM yTila €ro MIaroBOro MmoBOpoTa () UMEeTCs
xécTkas cBs3b, a UMEeHHO (R;"@;)=Const, rne R; u @; — Tekyiiue 3HaYEHUS COOT-
BETCTBEHHO JJIMHBI T-BEKTOPA A?B u maroBoro yria ¢ (cm.puc.6). Ilockoisbky, Kak
BUJIMM, BenuuuHa mnpousBeneHus (Ri*@;) Bo Bcex cayyadax o0s3aHa OCTaBaThCS
MOCTOSIHHOM, TO 3HaueHus R; M @; MOTyT M3MEHATHCS TOJIBKO B3aUMHO OOpaTHBIM

oOpa3zom. DTO 3HA4YMT, 4TO ecinu R; Bo3pacT€T B NBa pas3a, TO TOT/AA (;, HANPOTHUB,

00s13aTeTbHO YMEHBIIUTCA B JIBa paza U Hao00poT. UTo B CBOIO ouepeabr O3HAUaET,
YTO KaKUM Obl KOPOTKMM WJIU, HANPOTHB, JJIMHHBIM HHU OBUIO TEJO y T-BEKTOpa E
BEJIMYMHA yria ¢ OyJIeT MMETh TaKO€ 3HAY€HHE, YTO ITOT T-BEKTOp Bceraa OyAeT
YCIIEBATh COBEPIINTH CBOW JIBOMHOW IMOBOPOT 3a OTBEACHHOE €MY Ha 3TO BpeMs Ty.
WupiMu crioBamMu, WHTEpBaAl Ty OyIET OKa3bIBaThCS 6ce20d OOHUM U MmeM dice TIPpU
JT00BIX B3aMMHO COTJIACOBAHHBIX 3HAYEHUSX R; U @;.

JIns WIUTIOCTpaluM 3TOr0, TIOMECTUM B TOYKU «B» M «A» Ha puc.6 cCooTBeT-
ctBeHHO Teno 3emun u teno Conuua. Torga us-3a menechocmu (MaTepUaIbHOCTH !)

—>
Tena T-BekTopa AB okaxeTtcs, uto Bpems Ha 3emiie 1 Ha CoJIHIIE TEUET OJMHAKOBO
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owIcTpO. bosee Toro, oHO Ha HUX TEYET (U JUITUTCSA) CTPOTO CUHXPOHHO, HO TIPH 3TOM
Te4ET U AJUTCS B MPOTHBO(da3e: Korjaa Ha 3eMyie B Xo/ie €€ IBIKEHUS 10 Ayre gf[ u3
nyHkta «B» B myHKT «/I» Bpems Teuét, Ha Connie oHo miutcs. M HaoboporT, T.e.
Korjga 3emuld, IpeKpaTHB [BIKCHHE IO OpOMTe, 3aMpPET Ha BpeMs Tjjgur B IYHKTE
maroBoi octaHoBKH «/I», To Ha CoxHue BpeMs OyneT NpoTeKaTh U3-3a €ro JIBHXKECHUS
1o J1yre ﬁl . [loctynas aHaJlornyHbIM 00pa30M CO BCEMHU OCTAJIBHBIMU IJIaHETaAMH
COJIHEYHOM CHUCTEMBI, IOJYYUM, UTO U3-3a mejaecHocmu coeAuHsomux ux ¢ ConHiem
T-BEKTOPOB /?3 Ha BCEX HUX BpeMsl TEUET M JUIUTCS CTPOr0 CHHXPOHHO, HO B
npotuBodasze ¢ Tem, Kak oHO mporekaeT Ha CoJHIIe, CIYyKaIUX JUIsl HUX, KaK MBI
3HaeM, IMOJIFOCOM JIBHKEHUS «A». BMecTe ¢ 3TUM y BCeX HUX BpeMs OyJeT NpoTeKaTh
a0COJIIOTHO TaKXke, T.€. CTPOTO CHHXPOHHO M co(a3zHO, KaK OHO MPOTEKAEeT Ha 3emiie.
N3 Bcero 3toro cienyer, 4To y BCEX IUIAHET COJHEYHOW CHUCTEMBI, BKIIOYas B HX
YUCI0 U 3eMIII0, IIaroBble MepeMelieHus OyAyT MPOUCXOAUTh B OJHU U T€ K€ MO-
MEHTHI Tp. YTO 03HavaeT, yTo Bpems OyaeT kak Obl pyKOBOJIUTH, OYyAET Kak Obl JUpHU-
KUPOBATh UX OOIIMM JIBUKECHUEM U ABUKEHUEM KaKJI0M U3 HUX B OTACIBHOCTH.
[Tocne aTtoro, momectuB Ha puc.6 B TOUKy «B» Kakyro-1u00 OTIaIEHHYIO
3B€3/1y, 2 B TOUKY «A» COJHIE C OKPYXAIOIIUMU €ro IUIAaHETAMH, Mbl OKa)XeMCs
BIIpAaBE yTBEPKJaTh, YTO Ha 3TOH 3Be3nie Bpems TEUET U AIUTCA CUHXPOHHO C TEM,
KaK OHO Te4€T W JyiuTca Ha 3emuie U Ha CoyHIlE. A COEIUHSS MBICICHHO (peabHO
OHM U 0€3 TOro SBJISIOTCS COEAMHEHHBIMHU) IOCIEIOBATENILHO BCE HEOECHBIE Tena
Hallel rajlakTUKU IpYr ¢ APYTrOM, a 3aT€EM U CaMU TajlaKTHUKH, HaXOJIAIIKeCs BO BCEM
Bcenennolt takxke Apyr ¢ APYroMm IMpU MOMOIIA COOTBETCTBYIOIIEHW IJIUHBI TE He
CUNI08bIX T-BEKTOPOB 1-ro poaa, MOXKHO MPHUMTH K 3aKIIIOUYEHHUIO, YTO Ha Bcex 0Oe3
KaKoro-J1m00 MCKIIOYCHUST HEOCCHBIX Tenax Bpems 6 npocmopax écelli OeCKOHeYHOU
Bcenennou meuém u onumcs 00nomomenmHno B MOMEHTBI WX IIarOBBIX NEpEeMEILeHUI
0 CBOMM OpOMTaM U B MOMEHTHI IIaroBbIX OCTAaHOBOK Ha HuX. ClenoBaTesbHO, U B
3TOM CJlydyae BCE MX LIAroBbl€ NEPEMEIICHUS MPOUCXOIAT TaKKE€ OJHOMOMEHTHO, a
TeKylee u Jsmeecs Bpems npu stom kak Hekuit BeeoOumii Jupmxép pykoBoaut
BceMH uMU. B utore nmoiayuum, uto Bpemst ctout kak Obl B 1ieHTe Bcero Cymiero u He
KaK ObI, a cCaMbIM HACTOSIIIIUM O0pa3oM YyMpaBisieT JBUKEHHUEM BCEX HEOECHBIX Tel,
CUHXPOHU3UPYS MPHU 3TOM HE TOJHKO MOMEHTHl Hayalla U OKOHYAHMS MX LIArOBBIX

HepeMeLHeHHﬁ, HO U MOMCHTABI Hadajla U KOHIIa BOOGH.[G BCCX NMPOUCXOOAINNX YKC Ha
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UX Tellax JaKe CaMbIX MAJBIX ULd208bIX TICPEMEIICHUH, CaMbIX MabIX [1-cOOBITHIA.

Jlo6aBUM K TOJIBKO UTO HU3JIOKEHHOMY €€ CIeAYIOIee KPaTKOE pacCcyKaeHue.
JlomycTrM, 4TO y BaC MMEETCS JUTMHHAS TaJIKa, U BbI € JepkuTe B pyke. [Tockombky
OHa SBJISICTCS KaK OBbI ITPOJIOJDKCHUEM Balllero Tejla M COCTaBJIsSET ¢ HUM OJIHO IICIIOE,
TO SICHO, YTO KakK Ha OJIIDKHEM, TaK U Ha yJaJdEHHOM OT Bac €€ KOHIE BpeMs Oyaer
MPOTEKaTh COBEPIIICHHO TaK, KAaK OHO MPOTEKAET JJIs Bac, T.e. Oy/eT mMpoTeKaTh OJTHO-
MOMEHTHO M OJIMHAKOBO OBICTPO. 3aTeM Mpe/cTaBbTe ceOe, YTO Balla Iajka cTajia
HACTOJIBKO JUTMHHOM, 4TO BBl MOXETe €10 JoTIHyThes 1o Comana. Ho T.k. mpu 3Tom
Ballle TeJo, Teno majku u Teno CoJHIa MPeBpaTATCS B OJHO IEJ0€, TO U B 3TOM
oOmeM I BCeX Bac Telie BpeMs OyIeT MpoTeKaTh BO BCEX €r0 TOYKAX TaKKe M
OJTHOMOMEHTHO, ¥ OJTMHAKOBO OBICTPO.

Jlanee mpo10JDKaTh HE MMEET CMBICIA, T.K. CTAHOBUTCS a0COIOTHO SICHBIM, YTO
YK€ OJHOTO BBEJEHUS MPEACTABICHUS O TOM, UTO JIF0OON TOHKUHN mpoMexyTok I[lyc-
TOTBI SIBISIETCS TE€JECHBIM T-BEKTOPOM A_B>, — T.e. SABIACTCS B TPHUHIIUIIC TOYHO
TaKMM, KaKOW SBISETCS 3akaTas B BaIllel PyKe MaJika, — BIIOJIHE JOCTATOYHO JIS
TOTO, 4TOOBI HaBCETJa 3a0bITh 00 «OTHOCUTEIHHOCTH OJHOBPEMEHHOCTH» COOBITHI

(T.e. 00 HE OJTHOBPEMEHHOCTH COOBITUM, MPOUCXOAIINX B HECOBIMAJAIOIIUX TOYKAX

[IpoctpanctBa), sBustomnieics, kctati, B CTO ogHuM u3 €€ XapakTepHBIX 3JIEMEHTOB.

Bnpouewm, Bcé xe mobaBuM k 3Tomy emi€ ciaeayroiiee cooopaxkenue. [Ipeacra-
BUM ce0e, YTO Mbl CMOTPUM B OKYJSp Kakoro-nu0o teneckona. Ecnu mocieanuit
OKa)XETCA JOCTATOYHO MOIIHBIM, TO HApsAy C TEeMH 3BE3JaMU U TajlaKTUKaMH,
KOTOpbI€ Mbl BUJIUM Ha HEOOCBOAE HEBOOPYKEHHBIM IJ1a30M, Mbl OyJIeM BUJIETh €l
U MHOXXECTBO JPYrUX 3BE3J W TANaKTHUK. JTO 3HAYUT, YTO Mbl OyJdeM BHUJETh TE
3BE3/IbI M TAJAKTHUKHU, CBET OT KOTOPBIX JO HAC HE J0JIeTaeT MOTOMY, YTO OHH
HAXOJIATCS Ha CIUIIIKOM OOJIBIIIOM OT HAac yjajieHuu. YTo B CBOIO OYepe/lb O3HAYAET,
YTO CBET, JBUTA’ICH CO CKOpocThio 0koJio 300.000 kM/cek, TeM HE MEHEE HE yCIIEeBaeT
MPEOJIONIETh pa3liesstollee Hac pacctogHue. CrenaTh 3TO eMy He MO3BOJISIET, KaK MbI
yBUIUM B § 16, TO, 4TO MO JAOPOTE CBET MOCTENEHHO TEPSET CBOIO 3Hepruro. OaHaKo,
€CJIM UCKITIOUUTD U3 PACCMOTPEHHUSI TIOCTIEeIHEE, TO MOTYUYUM, YTO JIYYH CBETa JTOJKHBI
3aTpaTUTh Ha TMPEOJIOJICHUE Pa3EsIONIero HAc MYyTH TaKoW OTpe30K BpeMeHH At,
KOTOpBI BO MHOTO pa3 Ooubiie u pacctostHuss 300.000 kM, 1 uHTEpBana BpeMeHu 1

cek. OTKy1a MOKHO NOAYMAaTh, YTO, IJISAS B OKYJISIp HAIIEro TeJecKomna, Mbl Oyaem
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Kak OBl BUACTh TO COOBITHE, KOTOPOE MPOM3OILIO PAHBIIE TOTO, KAK HACTYITHII
MOMEHT HAcCTOsIIero BpeMeHu t. To ecTh Mbl Oy1eM Kak Obl BUAETh COOBITHE MOMEHTA
BpemeHH (t — At). Ho ogHOBpeMeHHO ¢ HUM MBI OyJieM HaOnoAaTh Ha HeOOCBOE BCe
3BE31BI U TAIAKTHKH, BUANMBIE HEBOOPYKEHHBIM TJ1a30M, T.€. BHAMMBIE B MOMEHT
BpEMEHU t.

[Ipu 3TOM B UTOTE MOTYYUM, YTO, C OJHOU CTOPOHBI, BCE COOBITHS HA KAKOM Obl
yIlaJCHUU OT HaC OHU HU MPOUCXOMINA B OKPY)KAFOIIEM MPOCTPAHCTBE MPOUCXOIAT B
OJIMH W TOT K€ MOMEHT BPEMEHH, MPOUCXOIAT OAHOMOMEHTHO. C IpYyroi CTOPOHBI,
ecau Obl 3TO OBLJIO HE TAK, T.€. €CJIM Obl BUMMOE B TEJIECKOIE COOBITHE MPOUCXOIUIIO
HE B MOMEHT BPEMEHH t, a B MOMEHT (t — At), TO TOrJ]a CKOJIbKO ObI pa3 HU 3arJisi/Ibl-
BaJId B OKYJISIP TEJIECKOIa, Mbl TaM HUYETro Obl HE yBUAEIU. B mpoTHBHOM ciiydae Ham
HY)KHO OyJeT MOJIOKUTh, YTO MBI 00JaJaeM CIIOCOOHOCTBIO TMEpPEMENIaThCsl BO
BPEMEHHU, COBMeEIIasi MOMEHT HACTOSIIIETO BPEMEHHU t C MOMEHTAMU YK€ MPOIIEIIIeTO
BpeMeHHU (t — At).

OTtkyna, KCTaTH, HEM30€KHO IMOCJEeAYeT, YTO HU O KaKOM 3aMEUICHUH WIIU
YCKOPEHUU XOJla BPEMEHW COOTBETCTBEHHO NpPHU YBEIWYCHWH WU YMCHBIICHUU

CKOPOCTHU JIBMKEHUS, B YaCTHOCTH, PAKEThl HE MOXKET OBITh U PEUH.
B 3axmitouenune coeiMHUM BMeCTe HalJIeHHYIO Ha ¢.42 BO3MOXKHOCTh MPEICTaB-

neHus T-BeKTopoB ABggpx 1 AByyky B Buae MPPU-uncen R (%) MA C TaKOH XkKe

<>
BO3MOKHOCTBIO MPEICTABIIEHUS T-BEKTOPOB «AeucTBYyromEen» cuinbsl F B Bune UPPU-

qucell [°°,/ R- (1) KFCJ (cM. c. 24 ). Torna nosy4nm:

12
]

M ~ [Krc].

O6LGI[I/IH$ISI 34TCM 9TO COOTHOHMICHHUC 3JKBUBAJICHTHOCTH C TAKOTO KC pPOJda

12
]

COOTHOIIIEHUEM [M ]~ [CeK], MOJIydeHHOM Ha C.65, MOXHO Oy/IeT HamucaTh:

172

[M 7] ~ [krc] ~ [ceK].

ITocne 3Toro, 3aMeHsst B pa3MEPHOCTH MMIYJILCA CHIIBI p [ KIC'CEK] BEJIMYUHY [KIC]

172 172

Ha [M ] U pa3MEpPHOCTh [CEK] TaK)Xe Ha [M "], IMOJIyYUM:

[Krccex]~[M],

T.C. BCIIMYMHA MIAaroBOoro mMMilyjiabCa CHJIBI p OKBHUBAJICHTHA BCIMYHMHC IIAroBOIro

OTpPEC3Ka IIYTU 8.
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Hrax:

10.

11.

12.

13.

14.

15.

Cuna F=m-a He siBJsieTCs HeﬁCTBHeM, 1 IIOTOMY OHaA HC CII0COOHA IIPpUBECTU Kakoe-JInoo
TCJIO «M>» B COCTOAHHNC NBHMXXCHUS WM BBI3BATH €I'0 ;[eq)opMaumo.

[IprunHOM UCTUHHOTO, PEAIbHOTO U3MEHEHHS COCTOSIHUS MTOKOSI MITH JABMXKCHUS Y TaHHOTO
Tena, a TakKke MPUYMHON ero AedopMalyi BO BceX 0€3 UCKIIOUECHHMsS CIIydasx SIBISETCS
OJIMH TOJIBKO UMIYJIbC CUIIBl p=F-At.

HOCTynaTEHBHOG JABHIKCHHUEC, II0 BCel BUAUMOCTH, a0COIOTHO Yy BCEX TCJI HNPOHUCXOAUT
HUCKIIOYHUTCIIbHO IIaroBbBIM 06pa30M, T.C. TaK, Korja KaxXxJao€ TCJI0O IPH JIOOBIX _€ero
pa3Mepax M Macce v I1pu JI000H_CKOPOCTH JBHXKETCS OTACIbHBIMH maramMu, acjasa B
KOHIEC KaXXA0T0 1Iara KpaTkyr, HO COBEPIICHHO IMOJHYIO IIaroByr0 OCTaHOBKY.

[[TaroBoe mepemMenieHre W MIaroBas OCTAHOBKA SIBISIFOTCS HEOTJCIUMBIMH JIPYT OT JIpyra
cTaausaMu equHoro I1-coObITHS M TOTOMY MPEACTABISAIOT CO00M Kak Obl KBAHT JIBHXKEHUS U
OJTHOBPEMEHHO KBaHT BPEMEHU To=T 8 + T juINT-

B Xxoae kaxagoro maroBoro NEpEeMCIICHHUA m000€e Kak 11p€3BBI‘IafIHO MaJlIo€, TaK U CKOJIb
YTroaHo 0OJIBIIIOE TEIIO JBHIKCTC HE 110 HpﬁMOﬁ JIMHWH, a M0 JAYyre IJI0CKOH OKPYsKHOCTH.

Bpewms sBisieTcss BeMTUYHHON HE CKAJISPHOI, 2 BEeKTOPHOI (T-BekTOpHOM). [Ipr 3TOM OHO
SIBJISIETCS] T-BEKTOPOM HE 2-T0, a JIUIb 1-ro poaa.

BwMmecte ¢ 3THM BpeMmsi SBISETCS BEIMYMHOM He HeNpepPbIBHOW, 4 TMCKPETHOM, T.K. OHO
HA3MEHSETCS HE MIaBHO, a CPa3y LUEIbIMU NOPLUSAMHU-KBAHTAMU T.

Xona BpEMEHM HEOCTAaHOBUM U _1>{e06£aTI/IM. Bpemsi Henb3s OCTaHOBUTH NOTOMY, YTO
JBrmxenne n Bpems, cormacHo V = Tp, — CyTh OAHO M TO K€, U OHO TE€YET TOJIBKO M3
«Hacrosmero» B «byaymee», n6o JIBukeHre HUKOTJa He MPOUCXOIUT Cpaszy U «BIEPET»,
" «Has3ag», HO IPOHUCXOAUT TOJIBKO «Bnepéz[».

T.K. BpeMsi — OOBEKTHBHO CYIIECTBYIOIIasi (u3MUecKasi CyOCTaHIMs, TO MBI HE MOKEM H
HUKOIJIa, OYEBUIHO, HE CMOXEM Jake C IMOMOIIBI0 CAMBIX XHUTPBIX MPHCIIOCOOIECHUN
YIOPAaBIATh UM TaK, KaK HaM B3yMaeTcs.

BpeMs TeuéT 0JHOMOMEHTHO U CTPOTO CHHXPOHHO (HO He Bcerna coda3Ho), BEpOsSTHO, Ha
BceX OOJIBIIMX W MaJIbIX HEOECHBIX TEIaxX, HAXOIAIMXCS BO BCell BeereHHOM.

B koneuHom wurore moiydaem, uyto Bpems Bo Bcex Toukax I[IpocTpaHcTBa M Ha BCex
JBIDKYLIUXCSI B HEM C KaKOi yroJHO CKOPOCTBIO TellaX U3MEHSETCs, BO-TIEPBbIX, B OHU U
T€ )K€ MOMCHTHI W, BO-BTOPBIX, OJIMHAKOBO OBICTPO.

- =
Kpome Bcero atoro tenepb Ham H3BeCTHO, 4To V =Tp . OTKyaa em pa3 MOIy4dM, YTO
HH O KaKOM 3aME/UICHUH WM YCKOPCHUH XOJa BPEMEHH Ha TOM HJIM WHOM JIBHKYIIEMCS
00BeKTe IIpU USMEHCHHUU CKOPOCTHU €0 ABHXKXCHHUA HE MOXKET OBITH U peyun.

Her nuxakoro sikoObl ueTblpéxmepHoro IlpoctpancTBa-Bpemenu, a ecth OIHO TOJNBKO
BCEM HaM IPUBBIYHOE TpEXMepHOe IIpocTpaHCTBO.

Bpewmst Teu€r (1 [UTHTCS) TONBKO HA JBMKYIIUXCS TENax-00BEKTaX W O €ro MpOTeKaHWH B
ITyctote-IIpocTpaHcTBE MOYKHO TOBOPUTH JIMIIE YCIOBHO M TOJIBKO MOTOMY, YTO MMEO-
1IMecsl BHYTPU HETO TeJla HaXOAATCS B COCTOSIHUM HE IPEKPAIIAIOIIErocs JBUKEHUS.

—>
Beenenue B oOpamieHHe TOJBKO OJTHUX JIMIIb TEIECHBIX T-BEKTOPOB AB yXke MONHOCTHIO
pelIaeT BOMPOC O TaK HA3bIBAEMOW «OTHOCHUTEIHHOCTH OIHOBPEMEHHOCTH» COOBITHIA,
MIPOUCXOASAIINX B HECOBIAJAIONINX TOYKAaX IPOCTPAHCTBA.
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Yacth BTOpas

INPUPOJA TEJJECHOCTHU BEHIECTBA

(BuyTrpeHHee yCTpOMCTBO HEUTPOHA, IPOTOHA, 3JIEKTPOHA U (POTOHOB)

§ 11. /IBH:KEeHNE — €CTh IJIABHOE YCJIOBHE PeaJTbHOCTH CYIIECTBOBAHUSA TeJECHBIX
00bexToB.| IMapamokc Kak Obl OECTPHYMHHOTO, a TOJBKO JIUIIb <TI0
MHEPIMK» TIPOMCXOJISINET0 KPYTOBOTO JIBMXKEHHS. oauHOouyHOro Tena (B).|
WMnvabe cuiibl_uHepumn.| I[IpaBuio mocTpoeHWs KPYTOBOTO MYTH. |
Cocpe10TOUeHHBIH HA JIMHUHM U pacnpeaeaéHHbIA M0 II0IIAAN HMITYJIbC
CHIIBL |

11.1.  TIpexzae yem MpOJOKUTH HAYaTOE €II€ pa3 CKaKeM O TOM, YTO JIBIIKCHHE
JFOOBIX KaK BEIIECTBEHHBIX TEJ, TAK M HEBEIIECCTBCHHBIX «TEIICCHO-OCCTEICCHBIX» Tell
T-BEKTOPOB HB MPOUCXOUT, MO BCEH BUAMMOCTH, HE MHAYE KaK IIAarOBBIM 00pa3oM.
DTO 3HAYUT, YTO KAXKIOE W3 ATUX TEI U T-BEKTOPOB MEPEMENIAeTCs] BIOJIb JIMHUHU
JIBM)KEHUS HE HETPEPHIBHO, a KaK Obl OTJAEIBHBIMU IIaraMHi WM CKadKaMH: CHavaa,
B YACTHOCTH, BEILECTBEHHOE Telo (B) B TeueHne nHTEpBana Tz HEIPEPBIBHO JBUKET-
Cs, a 3aTeM BJIPYI OCTAHABIMBACTCA M B XOAE TOYHO TAKOTO € BPEMEHH Tyt
OCTaTCs COBEPIICHHO HEMOABMXKHBIM. [Ipudém XOTs 4ncTo popMaabHO 3TH HHTEP-
BaJibl 1 MOXKHO OTIEIUTH OJHO OT APYTroro, HO B JAEHCTBUTEIHLHOCTH OHU 00pazyroT
HEJIETMMBIM HU Ha Kakue Oojiee Melkue 4acTu uHTepBan Bpemenu-Ceityac T.
BcneactBue uero 1mIaroBblid  y4acTOK MYTH, MPEOJOJIEBAEMBIM 3a 3TO BpeMs
BEILIECTBEHHBIM TenloM (B), T.e. mpoucxojsdiiiee ¢ HUIM Ha HaA3BaHHOM y4acTKE MYTH
nepemeujenue-coovimue, OyIeT OKa3bIBaThCS BCErJa TAKXKE HEACIMMBIM Ha YacTH
eAMHUYHBIM, ieMeHTapHbIM [I-coObITHEM.

K atomy noGaBum, 4To, corjacHo mpuBeaeHHOMY Ha c¢.47-53, mo0oi BemecT-
BEHHBII 0OBEKT B XOJ€ CBOETO MEPEMEIIEHUs] OT OJHOTO IMYHKTA I1aroBOM OCTAaHOBKH
10 npyroro okasbiBaercs st Bcex CT-nabmronmareneit (a, 3HaYuT, U ISl BCEX HAC C
Bamu) coBepmieHHO HeBUAUMBIM. HO 3aTO B MOMEHTBHI IIAroBbIX OCTAHOBOK BCE
TOJILKO YTO SIBJISIBIIUECS HEBUIUMBIMU B-00BEKTHI BIPYr CTAHOBSTCS BUJIUMBIMHU.
CoBepIlIeHHO OYE€BUJIHO, YTO HAJUIIO YIWBUTEIBHEUIINI MapagoKC, MUMO KOTOPOTO
MBI BCE MTOYEMY-TO PABHOYIIHO MPOXOJIUM, COCTOSIIIIMI B TOM, YTO HA BpPEMS JIBUXKE-

HUA Tjpg BCC BCIICCTBCHHBIC TECJIa CTAHOBATCA KaK OBl HE CymeCTBYHOIIIUMHU, CTAHO-
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BATCS CYIIECTBYIOIIUMU HE PEalibHO, a BUPTYAJIbHO, TOT/Ia KAaK B MOMEHTHI IIarOBBIX
OCTaHOBOK Tyt OHU CTAHOBSATCA CYHIECTBYIOIIMMHU HE «KaK ObI», a CYILECTBYIOIIU-
MU Ha CaMOM JeJ€, CYIIECTBYIOIIMMHU COBEPIIEHHO peaabHO. TO €CTh B MOMEHTHI
[IarOBOTO JIBUKEHUS, B MOMEHTHI CBOEro (haKTHYECKOTO Kak Obl OTCYTCTBUSI Ha
JUHUU JBWXKEHUs, Bce B-00bexThl mpebbiBatoT B coctosinuu CJIC (B cocTossHUM
CYIIIECTBOBAHUS JIUIIb OJ1s1 CAMUX cebst), TOTIa Kak BO BpeMs CBOMX IIarOBBIX OCTAHO-
BOK OHHU OKa3biBatoTcs B coctossHuu CJIJ] (B cocTossHUM CYITIECTBOBaHMS, HA00OPOT,
He U1 ce0s, a 0151 Opyaux).

OpnHako, 4YTOOBI CTaTh CYIICCTBYIOIIUM <«JJIS JAPYTUX», JOOOH TeICCHBIN
00BEKT MPEXKJe JOJKEH CTaTh CYIIECTBYIOIIMM «JJisi ceOsi». OTKyna cleayer, 4To
nMeHHO JIBmwkenue, a He ITokoit ecTh TO, 6€3 Yero HEeBO3MOYKHO B MOMEHTHI IIIarOBBIX
OCTAaHOBOK peaJlbHOE€ OBITHE M TEJIECHBIX BEIIECTBEHHBIX OOBEKTOB, W JIUIIb
«TEJIECHO-0ECTENECHBIX», T.€. HEBEIIECTBEHHBIX T-BEKTOPOB ?B NapiMu cnoBamu,
BBIXOJIUT TakK, 4uTo J[BrmkeHue u CyllecTBOBaHUE Y JIFOOBIX TEJl HEOTACIUMBI APYT OT

npyra. [Ipu aTom JIBrxkeHue siBIseTCs Kak Obl BPOKAEHHBIM MX COCTOSIHHEM.

OZ[HOBPCMGHHO 9TO 03HA4YacT, 4TO B CIMHHUYHOM H—CO6BITI/II/I, TaK CKa3aThb,
TJIAaBHBIM HWIIN nepsuydHsviM SIBIISICTCA MIAroBOC IMCPCMCIICHUC (I[BI/I)KGHI/IG) TOro HiIH

HHOTI'O 06’b€KTa, TOTJa Kak ero maronas ocTaHoBKa — [lokoi sBIsgeTCA 6MOPUUHBbIM.

U3 Bcero nepeuuncienHoro B koHie m.3.2. Ha ¢.29-30 MOXHO cienaTh BBIBOJ, YTO OONBIINH-
ctBo Ten T-BektopoB AIIIl saBndroTcs T-BekTOpamu 1-TOo poja, W JNHIb, MO BCEW BHIMMOCTH,
OTHOCHUTENILHO HEOOJIbINAsI UX YACTh SIBISIETCS TeNIaMU T-BEKTOPOB 2-TO Pojia U OTPE3KOB (u3nyec-
KON JIUHUU (OTPE3KOB MYTH «S»). DTO CBA3AHO C TEM, YTO OTPE3KH IyTH IMOSBISIIOTCS TOJIBKO MPHU
JIBUKCHUH BEIIECTBEHHBIX TENl B BHJIE OCTAIONIETOCS IM03aJM HUX COOTBETCTBYIOIIEH TOJIIMHBI
caena. [lpurom ra waeossix ompesxax MyTH TOT ClIe] Bceraa OyIeT UMeTh BU AYTH OKPYKHOCTH,
1 OH OyZeT OKa3bIBaThCS COCTOSIINM W3 JBYX CIHBIIMXCS BOCAHHO TeNI T-BeKTOpOB ABpppx
ABmxn, ecnu mBrmkytneecss teno (B) Oymer BemecTBEHHBIM, W €T0 TONIIWHA OyAeT paBHOU
1[den], T.e. ecniu oHO OyJET, B YACTHOCTH, (PU3UUIECKOM, HO HE MyCTOM, a MaTepUaTbHON TOYKOM.
Ecnu xe ¢puzndeckas Touka OyJeT SBISATHCS MyCTOW, TO B X0/ie €€ MIaroBOro JIBUKEHU 110331 Hee
OyJIeT 0CTaBaThCs CIIE]l, TAKKE UMEIOIIUN BU TyTH OKPYKHOCTH H_TAKKe tomuHoM B 1 [den], HO
COCTOSIIIIUI U3 TeJa TOJIBKO OAHOTO T-BeKTopa T100 ABpppx, 1100 ABynky -

Opnako Teno T-BekTopa 1-ro poga ﬁ MOXXET BO3HUKHYThH U CYIIECTBOBATH Jlaiee HE TOJIbKO
KakK CJeJl, OCTaIoIIUNCS 1M03ald MaTepUAIbHON WK MycTOoW Touku A uiu B. JleficTBUTENbHO, BEOh
KaK 0Ka3aJloCh, IBUKCHHE KaK TOH, TaK U APYTrOl TOUKH BO BCEX CIydasiX OyAeT SBISATHCSA KPYTOBBIM
B XOJIc MPOTEKaHHWsS WHTEepBalia BpeMeHU To. [loaTomy B 3TO Bpems Bcerda OyJeT CYIIECTBOBATh
MOJTIOC JIBMOKCHHS «A», a TakKe TeJo pajnyc-T-BekTopa AB, COeNMHSIONIETO MyCTYIO MOTIOCHYIO
TOYKY «A» U TEJIO APYrol ero KOHIEBOW TOYKU «Bx», B KOTOpol OyaeT pacnonaraTbCs JBIKYIIAsICS
Mo KPyry yHnoMsHyTas MarephaibHas Wiu myctas Todka. [Ipuuém Temo paamyc-T-BekTopa A
BCEI/Ia, OYEBU/HO, SIBIISIETCSI CTPOTO MpsIMONTMHEHHBIM. [l03TOMY ero Teno HHMKOI/Aa, Ka3aioch Obl,
He OyJIeT OKa3bIBAThCSA B CIKATOM B MPOJIOJIGHOM HAIMPABIICHUU COCTOSIHUU TTOCJIE CaMOCIIPSIMIICHUS
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W3 UMEIOIIETO BUJ] AYTH OKPY>KHOCTH TMOJIOKEHUS, T.€. HUKOT/Ia He OyJIeT OKa3bIBaThCS «CHUIIOBBIM».
OnHako 3TO BOBCE HE 3HAYMUT, YTO TEJIO paﬂHyC—T—BeKTopa% HE MOXET CTaTh «CHJIOBBIM» B TEX,
HampuMep, ciaydasx, Korja B ero KOHIIEBOM Touke «B» OyaeT HaXoAuThbCs HEKOTOPOE TOUEHHOE
BenlecTBeHHoe Teno (B). HamportuB, Takoe mpeBpalleHHe Tena paauyc-T-BekTtopa AB u3 «He
CHIIOBOTO» B «CHIJIOBOE» HE TOJIEKO MPOMCXOIUT, HO IIPOMCXOUT BO BCEX, KAK BBIACHUTCH, CIydasx.
3a UCKITIOYEHUEM, OJIHAKO, TeX, KOTJa Ha3BaHHAs KOHIeBas Touka «B» y pammyc-T-BekTopa AB
OyJIeT SBIATHCS COBEPIICHHO MycTol. Torna, Kak Mbl yKe BUACTH, TIPU KaXKIOM JBOWHOM MOBOPOTE
Tela paanyc-T-BekTopa AB, mpoucxoasmiero Bo B3anMHO NMEPIEHANKYISIPHBIX MIockocTsax [1; u I,
BO3HHMKAET KOHCTPYKIIHS KBaHTa BPEMEHH T , TOKa3aHHAS Ha PUC.0.

B cBsi3u ¢ yem 3ameTuM, 4TO paHee M300pakEHHBIN Ha pHC.6 paguyc-T-BEKTOP AB Ha3bIBAJICA
poCcTO T-BeKkTopoM. [Ipn 3TOM B prMepe, MOSCHSIOMEM X0 BpeMeHn Ha 3emuie 1 Ha COITHIlE, MBI
YCJIOBHO TIOMEIIATN BHYTPh TOUYKU «A» Teno ComHIla, a BHYTph TOUKH «B» Temo 3emmu, nmes B
BHJTy, YTO B 3THUX TOYKAX HA camoM jenie HeT HU 3emuu, Hu ConHIa, a OHH (TOUKH «A» U «B»)
TOIIEKO KACAKOTCS MOBEPXHOCTH Tell 3emnu u Connma. OgHAKO, €CIU TEIO JaKe OJHOTO CIUHCT-
BEHHOTO pajnyc-T-BekTopa AB Oyzer Bcero JUIIb KacaThCsl CBOMMH ITyCTHIMU TOYKaMU «A» U «B»
noBepxHocTeldt Ten 3emsi u CONHIG, TO yXe DTOro OyAeT BIOJHE JOCTATOYHO JUIS TOTO, YTOOBI
3asBJIATH, YTO HA HUX BpPEMs TEUET W JJIUTCS OJIMHAKOBO OBICTPO, HO TPH ITOM TEUET W JJIUTCS B
npoTuBodasze. ITO CBA3aHO TEM, UTO JaXKe MPU TaKOM coennHeHuM Ted 3emun 1 CoJTHIIa OHU CTaHO-
BATCS OJJHUM IIEJIOCTHBIM TelIOM. UTO 0OBSCHSETCS T€M, YTO 3aMOJHAONIAS TEJIO0 PaJnyc-T-BEKTOpa
AB mycrtora, Kak BRISICHUTCS B caMOM KOHIlE §18, sBnsercs Matepueid, U 3Ha4UT, T€JIO T-BEKTOpa
AB siBrisieTcs TaKuM ke MaTepUaIbHBIM, KAKUM SIBISIFOTCS Tena y 3emiau u 'y ComHIa.

[Tocne Bcero aToro, HaKOHEI, MPEACTaBUM cebe, YTO HaM J1aH HEKUW TOYCUHBIN
BEUICCTBEHHBIH 00BEKT (B), KOTOpBI ¢ HEKOTOPO MOCTOSHHOM CKOPOCThIO V( B
XOJI€ MHTEpBajia Ty ABMKETCA MO IIarOBOMY OTPE3KY NMyTH (pHC.7), TPEICTABIAIOMINM

N

c000i1, Kak MBI TEMeph 3HAEM, OTPE30K Nyru Iiockoi okpyxHoctu BC. Ilpu satom
nycTb V(o OYIeT SIBIASATHCA JOCTATOYHO HEOOJIBIIONW MO CPaBHEHUIO CO CKOPOCTHIO
cBeta. Kak mo3»ke BBIICHUTCS, 3TO 3HAYUT, YTO YIOJI IIArOBOrO ITOBOPOTA «(@» B
JNEUCTBUTENIBHOCTU Oy/eT UMETh UCYE3al0Ile Malyl0 BEITMYMHY 110 CPABHEHUIO C TOM,
KoTOpast n300pakeHa Ha puc.7. [locnenHee e CBSI3aHO TEM, UTO B IPOTUBHOM ClIydae
-/
naxe Ha ToueyHoe Teno (B) mpu ero nmpmxenun mo ayre okpyxHoctd BC Oyaer
JEHCTBOBATh HACTOJILKO OOJbINasi CUla WHEPIUU, CTPEMSIIasics BBIOPOCUTH €ro
Hapy»Xy C KpyrOBOM JIMHWM JIBUKEHUs, YTO OHO HE CMOXKET YAECP>KUBATHCSA HA HEM.
Nwmest 5T0 B By, Oy/ieM mpoI0JKaTh, TEM HE MEHEe, TOBOPUTh UMEHHO O KPYrOBOM
IaroBOM JBH)KEHHHM To4YeyHOro Tena (B), Bcroay nmanmee cuutas, 4TO AEHCTBUE CHUJIIbI
WHEPLUHH Ha HETO HACTOJIBKO MAJIO M3-3a OYEHb MAJIOW HA PUC.7 BEJIMYMHBI YIIIa «(»
P IIArOBBIX IMOBOPOTaX paanycC-T-BEKTOpa E YTO €ro yJIep>KaHUE€ Ha HEWl He
OyneT TpeboBaTh OT HET0 HUKAKHX JOMOJHHUTENbHBIX YCHJIHM, U OHO OylneT Ha Hel
yIIepKUBATHCS, TaK CKa3aTh, CaMO COOOM.

K sToMy HY»XHO, IOKaIyi, 100aBUTH e OUH (DAKT, KOTOPBIM 3aKII0YaeTCs
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B TOM, 4TO noclie nepemenienus tena (B) B miockoctu II; mo maroBomy oTpe3ky
MyTH ]\36 BO BpEMs €r0 IIaroBOM OCTAHOBKU B MYHKTE «(C» MPOUCXOIUT IIAaroBO€
MEpEMEILICHUE TOJII0CAa JIBWKEHUS «A» B oproroHanbHou K II; mmockoctu 11, u3
MOJNOXKEHUs1 «A» B «Ap» (cM. puc.4). 3arem mnocie nepemenieHus tena (B) Bmonb
OTpe3Ka MyTH (?f[ BO BpEMsl €ro IIaroBOM OCTAaHOBKHM B ITYHKTE «/[» Ha puc.7 (wim
nociie nepemenieHus tena (B) Bponbs myTtu }i/Bg U OCTAaHOBKHM COOTBETCTBEHHO B
nyHkre «B,» Ha puc.4 ) npon3oUIET nepeMeleHrne nojaca «A» U3 MoJ0KEeHUs A B
TOUKy A,. [locne dero mpom3ona€T ciaeayroniee maroBoe nepememnienue tena (B) mo
— —

orpe3ky nytd JIE Ha puc.7 uiam no orpesky nytu B,B; Ha puc.4, a 3arem marosoe
MepEeMEIICHUE MO0ca «A» U3 TOJ0XKEHU A, B MOJNOKEHUE Az U T.1., U T.1. [Ipuuém
Ha puc.4 MmIockocTh TpeyroinbHuka ABB, sBnsiercsd, 3ameTuMm, OpPTOTOHAJbHOW K
IUTIOCKOCTH TpeyrojibHuka ABjA;, a €ro IUIOCKOCTh SBJISIETCS OPTOrOHAJIBHOM K
IJIOCKOCTH CIEAyIolero TtpeyroibHuka A;BiB,, mI0CKOCTH KOTOPOTO B CBOIO
ouepelib SBJISETCA OPTOrOHAJIBHON yXe K IUIOCKOCTH CIEAYIOIIETO 32 HUM TPEyroib-
Huka AB,A, u T.1.

Kak Bunum, mpoucxonsiiee OTHOCUTENBHO HEMOABUXKHBIX TOYEK IMPOCTPAHCT-
Ba «A», «A», «Ay» ... aOCOJIOTHOE U OJHOBPEMEHHO IIaroBoe (T.€. KPyroBO€ B
TEUEHHE BpEMEHU T) ABMXKeHue Tena (B) Ha puc.4 (a, 3HaUuT, U HA pUC.7) HA CAMOM
JieJie €CTh €ro JABWKEHUE HE MO OKPYKHOCTH, a JBMXKEHHE MO OJHOM U3 BETBEH
JIBOMHOM CIIMPAJIM, COCTOSAIICH U3 HEOOJBIINX OTPE3KOB OJHOTO PaJNyca OKPYKHOC-

™. im Pa3HOTO paanyca OKPYH(HOCTGIZ, €CJIM Ha CTBIKC OJHOTO IIaroBOro y4acTtka

—
KPYTrOBOI'O IyTH C APYTUM JJIMHA paauyc-T-BekTopa AB Oyner ckaukoM U3MEHSThCA.

11.2. TIpomomkas ganee MOJOKKAM, YTO TOCIE IIaroBOTO MEPEMEIICHHUS TOYEYHOTO
~—/
tena (B) mo kpyry mo3aau Hero Ha puc.7 ocTaércesi ciaen B Bujae orpeska nytu BC. Ho

N
IyrooOpas3Hblid 0Tpe3ok nyTu «s»= BC, cornacHo uznoxkeHHoMmy Ha c¢.31-42, Bcerna

ABJIACTCA COCTABJICHHBIM M3 TCJI JIBYX OKAa3bIBAIOMIUXCA IIPHU 3TOM TAKIKC z[yr006pa3—

HBIMH T-BEKTOpPOB 1-r0 pona. IIpuuém, ecim Obl OHU ABIATMCH MPAMOIUHENHBIMH, TO
Ka)XJI0My K3 HuX orBevano 6s1 MPPU-uncao l°°1/ R -°°,/(—)1], HO HE YHCJIO0 l":/ R -°°,/(+)1]

MMOoTOMY, 4YTO TCJIO (B) B TIpoHeECCC OCTABJICHUA I103alU cels CJICda OKa3bIBaACTCsA
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IBMKYHIMMCS, T.€. OKa3bIBAa€TCAd HE3a(MKCHUPOBAHHBIM. A 3TO 03HAYaeT, YTO KaXJO-
—

My U3 JBYX T-BEKTOPOB, 00pa3yromux co0oi Teno orpeska mytd BC, orBedano Obl

UMEHHO 4YHCIIO [°$/R -°°,/(—)1J, eciu OBl OTU T-BEKTOPHI B XO0l€ IBWXKEHHA Tena (B)

OKa3bIBAJINCh, IOBTOPUM, PSIMOIMHEHHBIMHU.

OnHako Kak TOJNBKO JBHKEHHME Tena (B) mpekpaTurcs, U OHO, AOCTUTHYB
IYHKTA IaroBOM OCTaHOBKH «C», BAPYT OCTAHOBUTCS B HEM KaK BKOIIAHHOE, TaK U3-
3a mpeanonaraemoil ynpyroctu Ilycrorel-IIpocTpancTBa Teno nyru ]gé MTHOBEHHO
CamMocnpamMumcs B XOpay BC. [Ipu sTOM gyra gé, IPEBPATUBLINCH B TEJIO XOPAbI
BC, OKaXeTcsi B HECKOIBKO CHKATOM B IIPOJOJBHOM HAIIPABJICHUHU COCTOSTHUM.
OnHOBPEMEHHO C 3TUM Ka)XJOMY M3 JBYX T-BEKTOPOB B COCTaBE XOPJbI BC cramer
OTBEYaTh HE YUCIIO l"{’/ﬁ : ﬂ], a 4ucio l°\°/i °§’/(+_)1J IIpuuém Oyznet oTBe4aTh HE B

cocliaraTeIbHOM HaKJIOHEHUHU, HE «KakK Obl», a Oy/eT OTBe4aTh Ha caMoM jele. Mano
TOTO, MyCTh T€JIa 3TUX JIBYX T-BEKTOPOB MPU CAMOCHPSIMIICHUU OKaXyTCsl BCTaBJICH-
HBIMU JIPYT B IPyTa U MOTOMY OKa)XYTCsl OYKBAJIbHO CIUBIIUMHUCS BoeauHO. CrieoBa-
TEJIBHO, MPU 3TOM MPOU30MAET COEIUHEHHUE TEI JIBYX T-BEKTOPOB 1-ro pona B OJHO
LEJIOCTHOE TeNO0 T-BeKTopa 2-ro pojaa. Yemy, BEpOSITHO, MOXKHO IOCTaBUTh B

COOTBCTCTBHUC CICAYIOIIUC 3aIIUCHU:

—> — —>
BCBEPX'BCHI/I)KH =BC u lo\o/i . °°1/(+)IJ - lof/i . °°1/(+)IJ = [R(+)1 ] .

- —
3neck 3anuch BC = [R*(+)1] coorBercTtByeT TOoMy, 4To T-BekTOop BC sBis-

€TCsl HaIlpaBJICHHBIM «HAPYXy» BEKTOpoM-oOeticmseuem. Ilostomy, ecnu Ilycrora-
[IpocTpaHCTBO NEUCTBUTENBHO 00JIaJa€T YIPYroCThO, TO Mbl MOKEM PACCUUTHIBAThH
Ha TO, YTO B KaKON-TO MOMEHT BPEMEHHU (HAIIpUMEpP, B MOMEHT IIPEKPALIEHUs 11aro-
Bol octaHoBkH Tena (B) B myHkTre «C») TMpOM3OUAET camoyonuHeHue CXaToro B
OCEBOM HaIIpaBJI€HUU TeJla T-BEKTOpa 2-ro poaa IEEJ Ha BEJIMYMHY NMEIOLIETOCs y He-
ro CXKaTus. (SIBneHue «caMOCHpPSIMIECHUS» TYyTU ];é A «CaMOYIJIMHEHUS» XOPIbI EC, IIOBTOPHUM,
OCHOB2HO Ha M3BECTHOM (pu3mueckoM siBieHnn «3ddexra 3anmomuHanus Gopmsl (33D)», BrepBbie
o6HapyxerHoM B 1949 r. B.I" Kypatomosemm u JL.I. Xonapocom.) B pesynbrare noaydaum, 4ro
B XOJI€ COOTBETCTBYIOLIETO Y/UIMHEHUS T€Jla T-BEKTOpa B_é OHO «MEPEIHUM» KOHIIOM
CBOET0 Teja OCYIIECTBUT TOJYOK B CHMHY BAPYT CTaBIIEr0 HENOABHWKHBIM Tena (B)

—
M3-3a €ro maroBoil ocraHoBkH. [Ipu 3ToM «3agHuii» koHel teaa BC B moiHOM cOOT-
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BETCTBUU C 00JICC CHIBLHOM CTEIECHBIO CBSI3aHHOCTH, UMEIOMIEHCS Y T-BEKTOPOB 2-TO
pona, OymeT OCTaBaThCs IOJHOCTHIO HETOJBMKHBIM W KakK OBl TPUKICCHHBIM K
MECTOTIOIOKEHUIO TOW TOYKH [IpocTpaHCTBa, KOTOpOE COBMANaeT C MOJOKEHHUEM

TOUYKHU «B» (0 yBennueHHOM cTeneny CBA3aHHOCTH y T-BEKTOPOB 2-TO posa cM. ¢.43).
—
OnHako, eciu BCE )K€ COBEPILICHHO YCIOBHO TEpeHecTH Teyo T-BekTopa BC

—
BJIOJIb JIMHUK ero neictBus B mo3unmio CC; (TeM caMbIM Hapylias 3ampeTr Ha

MIEPEHECEHUE €T0 Tella BJOJIb JUHUM €ro ACHCTBUS) U 3aT€M PaA3JIOKUTh €ro Ha JIBE
—
OPTOTOHAJILHBIC COCTABJISIONINE, TO OKAXKETCA, YTO TOJIHKO UL cocTaBistomas CC,,

— —>
nocie neperecenuss CC, B momoxkenue CC,’, Tonkas Temo (B) mpsiMmo B cruHy,
~—/
CMOXKET TpeBpamaThCsi B OTpe30K HeHampaBieHHOro mytu CJll=«s», Torma Kak
—
coctapiisitomasi CC; OyeT 0Ka3bIBaThCsl COBEPIICHHO OECIOJIE3HOM B 3TOM CMBICIIE.

Tem He MCHCC, H3-3a IIOJIYUCHHOTO TOJIYKa B CIIMHY HpOHSOﬁZ{éT 3a BpEMiA Ty
—

nepemenieHue tena (B) mo kpyroBomy maroBomy otpesky nytu CJ[ . [Iputom oHo
MPOU3OUIET Kak ObI caMO COOOM MM, KaK OOBIYHO TOBOPAT 00 3TOM, MPOU3OUAET IO
uHepunm». Ha camoM xe nene npuxenue tena (B), kak BbIsICHSIETCS, TPOU3OUIET HE

—
«camo co0oii», a M3-3a YIJITMHEHUS Tela «TeJIeCHO-0ecTenecHoro» T-Bektopa BC.

3aTeM Tociie OCYUIECTBIECHHS TONMYKA MNPSIMOJMHENHbIN ywyacTok nmyth BC Hukynma He
nponajaagT 6eccmﬂo, a ocTaércsl CyIlIecTBOBaTh, pachajasch Ha Tella JIBYX OTAENbHBIX T-BEK-
TopoB BChyxn 1 BCpppx, KXl U3 KOTOPHIX TOTYAC HAYHET COBEPIIATH COOCTBEHHBIE JBOWHBIC
MOBOPOTHI BO B3aUMHO OpPTOTroHadbHBIX MiockocTsax Il u Il (ecm.§15). U3-3a vero, mo MHeHHIO
aBTOpa, B CTpYye, OCTAIOIIeWcs Mo3aau JABIKYIIErocs Tela, TeUCHHE >KUAKOCTH WM raza IMpHu
YBEIMYECHHN _CKOPOCTH_JBHKCHHS YIOMSHYTOro Tena (¥, 3HAYMT, TPU YBEIWUYCHUW NJUHBI Tell
T-BEKTOPOB QHWKH n BCpgpx) npeBpaniaercs U3 JaMUHAPHOTO B TYpOYJIEHTHOE.

—
Nmes 510 B BUY, YCIOBUMCS BCIONY Aanee T-BeKTop 2-To poaa BC o6o3Hauath

—

OCpenCTBOM Pyy U UMEHOBATh €r0 BEKTOPOM umMnyavca cuavt unepyuu. 1lpu stom
— — . .

T-BekTOp CC,=P|| Oyaer Ha3bIBaThCA NPOJOJIBHOW COCTABJISIONICH, a T-BEKTOP

— — —

CC;=P, nonepevyHoO WM HOPMAJILHOM COCTaBIAIONIEH UMITybca Pyy.
Bnpouewm, kak HETPYHO BUIETH, 37€Ch UMITYJIbC CUITbI HHEpLUH Py sSIBIsIETCA

HECKOJIBKO HE TOW «CUJION MHEPIHU», C KOTOPOM BCE MBI 3HAKOMBI €IIE CO MIKOJIBHOMN

—
ckambu. Bo-nepBrIX, MOTOMY, UTO Pyy SIBISETCS BEKTOPOM 2-TO Poja, a HE BEKTOPOM
<> —> — > >
I-ro pona Fyy, T.. Pyy sABIsieTcs MMIyJabcoM cmibl P = F - 7,, a He mpocTo
<> —>

«cunoi» Fyy (eM. c¢. 16-19). Bo-BTOphIX, neiicTBue T-BekTOpa Pyy , XOTS U SBIISETCS
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<>
TAaKXKC KaK U <<Z[CflCTBPIC>> T-BCKTOpa FI/IH HanpaBJICHHBIM HOHCpéK JIMHHUU JIBHUKCHUSA

—

tena (B), Ho mpu 3TOM Teno T-BekTopa Pyy oOpasyer ¢ Hero yroa §/2, a He yroi 90°,
<—>

KaK TIPH «JIeHCTBUN» IIEHTPOOEKHOM cmitbl y T-BekTopa Fyy. Ho xak pa3 umenHo 3to

O6CTO$ITCJ'IBCTBO, KaK 9TO CJICAYCT U3 MPUBCACHHOTO Ha pI/IC.7, " IIPpUBOJUT K TOMY,

— - -
4yTO y Pyy MOSBISIOTCA cocTaBisitomue P u P, nepBas U3 KOTOPBIX, COTJIACHO

OTMEYEHHOMY YYTh BBIIIE, MPEBPALIAETCS B TEJIO CIEAYIOIIEro JIyrooOpa3HoOro
/ —

otpeska maroBoro mytu CJI. [Ipuuém mycTh 3TO mpeBpalieHue uMmmnysibca P|| B myTh

—/

CJl npoucxoguT HE OJHOMOMEHTHO, a MOCTENEHHO IO Mepe Toro, kak temno (B)

-/
CMCIIACTCS B CTOPOHY KOHIIA IIAroOBOr0 y4acCTKa IIyTH CI[, T.C. IO MCpPEC TOro, Kak
—
3arac UMITyJIbCa CHJIbI B TCJIC COCT&BJ’IHIOIH@IE P [ y6I>IBaeT, a JJIMHA maroBoro ImmyTu,

—
Hao0oOpoT, Bo3pacTaeT. Torga Kak TOJIBKO 3arac UMNyiabca y P|| 3aKOHUYUTCS, Tak

Teso (B) oCTaHOBUTCS Kak BKOMTAHHOE B ITYHKTE OYEPEAHOM IIArOBOM OCTAHOBKH «/I».

YrtoObI y6e;mzbcs{ B BO3MOXHOCTH M IIPAaBOMEPHOCTH 3aMEHBI Teja cocrasnmomeﬁ?’m Ha
teno orpe3ka mytu CJI, mOCTaTOYHO, BOCIOJIBH30BABILIUCH C(E;FHOH_ICHI/IBM [M1/2]~[KFC]~[C6K],
3aMEHUTH €UHUIBI [KIC]U [CeK] B pa3MEpHOCTH BeIW4MHBI P|| [Krc'cek] Ha 3KBI/IBEU'IEI>THBIB UM
CIUHUIIBI [MUZ] u [M”2
3aMEHUTH TEJIOM SKBUBAJICHTHOTO eMy oTpeska mytu Cll [M

]. Torma okakercs, 4TO ne@TBHTenLHo TEJO COCTaBJsAIONIEeH P|| MOXHO
12, 112
"M ] .

OnHOBpEMEHHO C 3TUM MONy4yuM, uto Teno (B) 3a cuér yanunenus xopast BC momydaer
TaKOM BEIMYMHBI TOJNYOK, Kak eciau Obl BMecTo Heé Teno (B) TonkHyno camoe Hacrosiiee
(1)1/131/1113:;(06 _TEIIO «M>», UMEIOIIEe MACCY Te/Ia, IKBUBAICHTHYIO BETHYUHE TOJKHYBIIEIO HMITY/IbCA

cunbl CCo=P|| (0 5KBMBAJEHTHOCTH MACChl «M» U UMITyJIbca CUIbl P —cm. §19).
Ecnu cormacutbest ¢ 3TUM, TO MOJYYHM OYEHb IPOCTOE MPABUIIO, KOTOPOE
nyctb HasbiBaeTcs «[IpaBunom moctpoenuss kpyrosoro myrtu» (IIpaBumom IIKII).
— —

B camom nene, 3Has qiuuny coctaBisitomux CC,, 11, ¥ T.4., MBI IPU 3TOM KaXIbIi
pa3 3apaHee OyjaeM 3HaATh JJIMHBI CIEIYIOMMX 3a HUMHU IIArOBBIX OTPE3KOB IMYTH
~ ~ —> —>
cootrBercTBeHHO CJ] m JIE. (Uto kacaercs coctapistomux CCs, /I3 u T.4., TO 0 UX

«JIEUCTBUM» OYAET pacCKa3zaHO HECKOJIBKO MO3XKeE.)

[Tpuuém, cornacuBIIMCH C CYIIECTBOBAHUEM ATOTO TpaBmia (a, 3HAYMUT, COTJIa-
CHUBIINCh U C TEJIECHOCTHIO T-BEKTOpPAa UMIYJIbCa CUJIbl MHEPUUU Py, U C SKBHUBA-
JIEHTHOCTBIO TEJa €r0 COCTaBIsAroUEen P|| [Krc'ceK] C TeJIOM OTpe3Ka MyTH «S» [M]
U T.J., ¥ T.J1.), KaK Obl B3aMEH IOJy4YUM, Ha Hall B3IJISI, IOCTATOYHO YOEIUTEIHHOE
o0bsicHeHHe TOTO (hakTa, YTO MOCie MoJydeHHOro TenoM (B) HayalbHOTO TOTYKA OHO

enié M Janplie Oy/IeT MmepeMeniaTbes, HO TOJBKO HE «CaMO CO00i», a 3a CUET KakK ObI

77



3amaca MMITYJIbCa CHJIBI, UMEIOIIETOCST ¥ HeTo «Ha 00pTy». Ho T.k. BenmmumHa 3TOTO
3araca, — Kak, BOpo4eM, M JIF0OOro Jpyroro 3armaca, — He MOXKET ObITb O€CKOHEYHO
OOJBIION, TO CTAaHOBUTCS OYEBHMIHBIM, UYTO JBM)KEHHE «IIO HHEPLUUU» HE MOMKET
IPOUCXOIUTH CKOJIb YTOAHO JIOJITO, @ MOKET JUTUTHCS JIMIIB IO TEeX IMOop, MoKa y Tena
(B) He Oyzmer 0 KOHIIA U3pPAcXOJ0BaH BEChb UMEIOIIMICS y HEro «3arac» UMIYJbca

CHJIBI (€CJIM YTOJTHO, 3aI1ac KOJIUYECTBA ABHKECHUS).

N 12

Mexay mpoduM, HCHOJIB3YySd €HI€ pa3 COOTHOUICHHE [M"?]~[kre] ~ [cex] ,
= s

MOKHO TAaKX€ U TEJI0O UCXOJHOTO MMINYyJbca CWibl uHEpUUMU Pyy= F - Ty [Krc-cek]

2, 12
]

= 12

MPEJCTaBUTh B BUJIC IKBUBAJICHTHOTO €My IIaroBoro orpeska myta BC [M *M 7], a
12 Y

Ttakke B Buae s=V-'Tp[M -cexk]. Ilpu stom Puy=BC Oymer oka3biBaThCs TEIOM

cocpedomoqennoeo Ha TuruU T-BCKTOPA UMITYJIbCAa CUJIBI.

— —
11.3. Kak mbI 3Haem, Teno Bektopa Pyy=CC, Bcera MOXXHO IPEACTABUThH B BUJE TEI
- —

JIByX OPTOTOHAJIBHBIX cocTaBisiommX P|| u P,. [Ipeanonoxxum, 4to pasznoxenue Pyy
MMEHHO Ha 3TU (Ha OPTOTrOHAJIbHBIC) COCTABIAIOLIME U B PACCMATPUBAEMOM CIydae
IIPOUCXOAUT, BO-NIEPBBIX, BCETJA U, BO-BTOPBIX, MPOUCXOIUT CAMONPOU3BOIbHO, T.€.
HE3aBUCHUMO HHM OT KOT'O U HHM OT 4ero. Maiio Toro, mycTb 3TO camMopasioxcenue Tena
I_’IZH Ha COCTAaBJISIIOIINE MPOUCXOIUT HE KOTJa €MY «B3IYMAETCS», a MPOUCXOIUT B
HY)KHbII MOMEHT BpPEMEHH, 4 MMEHHO B CaMblil MEpPBbII MOMEHT HACTYIUICHUS
BPEMEHU IIaroBOM OCTaHOBKU y Tena (B), _B, 1aCTHOCTH, B IHKTE «C» mocne ero
nepeMenIeHus o maroBomy yyactky nytu BC.

Torz(a OKaXCTCs, YTO B XOAC KAKAOI'0 HIAroBOro nepeMeuicHmA Tejia (B) B 3TOT

- —

MOMEHT Teno coctapisitomieit P||=CC, [kr.cek] OyaeT mpeBpamniatbCsi B SKBUBAJICHT-
(2 —

HbI emy mo BenuuuHe otpe3ok mytu CJ [m]. Ho T.x. T-BekTtop P|| siBisieTcs

—
npoekiuen T-Bektopa Pyy Ha Hanpasinenue C-C,, To B o0meM ciaydae (OTBIEKasICh

IIPU 3TOM OT U300paKEHHOTO Ha puUC.7, rae @ = ¢/2 ) OyaemM UMETh:

— —
| P| |= | Pyy |- Cose.
— — —> —> —>
Otkyna, umess B Buny, uro Pyy = BC, a BC = BC:BC, nomyuum, 4To
- — —>
Pyp= BC-BC. B pe3ynbTaTe MOXHO HaIllMCaTh, YTO

— — —
| Py |=|BC|'|BC|'COS(p,

_’
a TaKxe P =(BC-BC).
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12
]

OTKyna, CHOBa BOCIOJIb30BABIIMCH COOTHOIIEHHUEM [M ~ ] ~ [KIC] ~ [ CeK] , TOJIy4UM

— <> —> D>
| P =] F "‘?\'Cos(p, t.e. P||=(F-1).

—
TakuMm o00pa3oM BedWYMHA JEUCTBUS cocTaBisitonieln P|| Ha Teno (B) Ha

IIIarOBOM y4YacTKe €ro MyTH PaBHA CKAIAPHOMY TIPOU3BEIEHUIO, COCTABIECHHOMY W3
Tex Tel BeKTOpoB 1-ro poma BCgrpx 1 BCyypiy, U3 KOTOPHIX NMEPBOHAYAIBHO COCTO-
—

SIJI0 TEJO IIAroBOToO T-BEKTOpa Ppy.
—
OO6paTuBIIUCH MOCTE 3TOTO K ICUCTBUIO BTOPOM cocTaBistonieil Pyy, a UMEHHO
—
K COCTaBJsAmONIeH P, HAXOIUM, YTO OHA OYJIET UMETh CICAYIOINIYIO BEIIMUUHY:

el e

—> —> . .
|Pl|=|PMH\'Sm(p, T.C. |PL‘=|BC|"BC|'Sm(p.
— — —> =g
CnenoBarensno, P,=[BC-BC], T.e. BenmumHa cocraBistomeit P, paBHa
— — —>
BE€KMOPHOMY TIPOU3BEACHUIO P, |=|BC| -|BC|-Sln(p., COCTaBJICHHOMY W3 SIBJISIIO-
—> —>
IIUXCSI UCXOHBIMH T-BeKTOpPOB 1-ro pona BCgepx 1 BCyypiy. OTKyna moiydaem, 4To
€CJIM TeJO0 cocTaBisromen P|| [Krcrcek], mpeBpalasch B T€JIO OTpe3Ka IyTH S [M],
CTAHOBUTCA COCPEOOMOUEeHHbIM HA_JUHUU WVMIYJIbCOM CHUJIbI, TO TEJIO BTOPOM

cocrapisiomeit P, [Krcrcek], MpeBpaasich B IJIOMAAKY BEKTOPHOTO POU3BEICHUS
— —
. 1212 N
|BC|-IBC]| SinQ [M 212, CTAHOBHTCS IPH ITOM YIKE PACHpPedenéHHbIM RO HA0Wau
—  —>
mmmymbseoM crbl | BC|-|BC| “Sin@ [Krc-cex] .

(ITogpo6Hee 0 CKaIAPHOM M BEKTOPHOM IIPOU3BEAEHUAX M. B [Ipunoxennn Ha ¢.211-221)

Takum o6pazom:

1. Bo3Bpamasce Tenepb Ha ¢.28 K NPHUBEICHHOMY TaM YTBEP)KICHHUIO, YTO BCe (pu3myeckue
BEKTOpBI ABIAIOTCS BeKkTopamu IlycTtotel-IIpocTpaHcTBa, 3aMeTHM, 4YTO, COTJIACHO 37ECh
M3JI0’KEHHOMY, IBHKEHHE 10 HHEPLIMH y BemecTBeHHoro tena (B) neiictBurensHO mpoucxo-
JUT CHayasa 3a CU€T CaMOCHPSAMIICHHS LIaroBOT0 y4acTKa MyTH (IyrooOpa3HOro y4yacTka
IIycToThl), a 3aTeM 3a CYET cCaMOYAJIMHEHHSI XOpAbl (IpsMOSIMHEHOTO yyacTka IlyecToTh).

2. Hwuxkakoe moctynaTeibHOE ABM)KEHHE MO MHEPLUUH HE MOXKET OKa3bIBATHCS CTPOTO MPSIMO-
JUHEHHBIM, H0O B Ka)XIOM IIAaroBOM IEPEMEIEHNH IBM)XEHHE TOro Wid HMHoro Tena (B)
SIBIISIETCST 00SI3aTENBHO KPYTroBbIM. IlosTOMY CcymMMapHO# ImHHEH ero IBIDKEHHS OyneT
SIBISITECA HE OTPE30K MPSAMOM, a OTPE30K BHHTOBOW JIMHWM, COCTaBIICHHON M3 COOTBET-
CTBYIOIIET0 MHOKECTBA HEOOIBIINX YYACTKOB IJIOCKOM OKPY’KHOCTH.

3. Tlpu 3TOM eciii TPOAOJIbHAST COCTABJISIONIAS 7’T| VMMITYJIbCA CHJIBI WHEPITIH FI/;H, peBpa-
AAcCh B CICAYIOUIMHA OTPE30K LIATOBOrO MYTH, CTAaHOBHMTCS COCPEJIOTOYCHHBIM Ha JIMHHH
MMIIYJbCOM CHJIa, TO HOpMallbHasl COCTaBisitomias P; CTaHOBUTCA pacnpeAciEHHBIM IO
TJIOLIAIU UMITYJIBCOM CHUJIBI.
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§ 12. Hapagoxc HeHA0JI01A€MOI0, HO B JEHCTBUTEJILHOCTH IPOUCXOIAIIEIO
—F
M3JYYEHHUS YACTH MMMOYJbCA CHJIbLI HHEPUHH Ppyy V ABMKYHIErocs IO
KPVYI'Y TOYEYHOI'0 Bel[eCTBeHHOro 00nexra (B)

12.1. Bo3sBpaTumcs cHOBa K puc.7, 4TOOBI 1€ HEKOTOPOE BPeMs MPOJIOJLKUTE yKe
HAa4yaTO€ HaMU pACCMOTPEHHE IIAroBOro (KBAaHTOBOIO) KPYrOBOTO JBHYKCHHS
moueunozo Tena (B). Ilpu aTom Ha ceit pa3 Mbl 1TO0KKUM, 4TO Teso (B) He Tonbko 6e3
BHELIHEH MOAJEPKKU YAEp>KUBAECTCS Ha KPYroBOW OpOUTE, HO K TOMY € MYCThb
10cKOCTh I1;, IO KOTOPOM MPOUCXOIUT €ro MAaroBoe NepeMelieHus, OyaeT ABIsAThCA
TBEPAOTENBHOU. [Ipu 3TOM MyCTh Takke TBEPAOTENIBHBIM SBISETCA U caMo Telo (B).
W nockonbKy HUKaKMX APYIMX WMITYJIbCOB CHJIbI, KDOME MMITYJIbCA CHJIbI MHEPLIUHU
I_’I;H, HaIlpaBJIEHHOTO NapajuiedabHo iockocTy I, Ha HEero He NEHCTBYET, TO B XOAE
cBoero aBukeHus Teno (B) BcE Bpems OyaeT octaBaThCsi CBEpXy HEE, Ha €€ BEpXHEH
4yacTH. B oTiMune OT 3TOro Teno T-BEKTopa A?B, coenuHstoniero reno (B) ¢ momocom
JBYOKEHUS «A», BCIEICTBUE CBOCH abcomomHotl nycmomenocmu OyAeT OKa3bIBaThCs
CIIOCOOHBIM  JIBUIaThCs, ITOBOPAYMBAsCh BOKPYI KakKoOro-mubo CBOEro KOHIIA,
COBEpILIEHHO OECHPENnsITCTBEHHO B JIIOOOM HAIPaBJICHUU U Ha JII000E pacCTOsHUE Kak
B IIyCTOTE, TaK W, NPOHUKAas CKBO3b TBEPAOTEIBHYIO IUIOCKOCTH [I; (mpoHmKas,
HanpuMep, Briayob 3emiin).

Ho oaHOBpEeMEHHO € 3TUM IYCTh TEJNO Y T-BEKTOPA HB OyzeT SIBIATHCS M0J100-
HBIM HEKOTOPOMY a0COJIIOTHO JKECTKOMY CTepkHIO. [I03TOMYy B X0/1€ €ro moBOpoTOB
JUIMHa ero TeMm Ooisiee He OylIeT MMETh IpaBa U3MEHATH CBOW pa3Mep B MOMEHTHI
unTepBana Bpemenu-Ceiiuac Ty gaxke B TOM Cilydae, KOrja ero Tejao Oyaer moasep-
raTbCsl, B YaCTHOCTH, PACTSKEHHUIO B IIPOJOJIBHOM HAIPABIEHUN CKOJIb YTOJHO 0O0JIb-
II0M BEJIMYMHBI UMITYJIBCOM CHJIBI.

B pesynbrare, umes B BUAy, 4TO Ha OJHMH KOHEL, B YaCTHOCTH, Te€la T-BEKTOPa
E Ha puUC.8 JNEHCTBYET PACTATMBAIOLINI HWMITYJIbC CHIIBI (3_63, TOTJla Kak ApYyrowu
KOHEI[ €ro Teja Kak Obl yIep>KUBAeTCsl a0COJIIOTHO HEMOAATIMBON TOYKOMU-ITOJIFOCOM
«A», TOJIy4UM, 4TO BO BCEX CEYEHUSX TEJIa HA3BAHHOT'O T-BEKTOpPA HA BCEU €T0 JUIMHE
BO3HUKHET OJIMHAKOBOMW BEJIWMYMHBI HanpspkeHue. [loaToMy Beck 00BEM T-BEKTOpa A%

OKaXCTCAd PAaBHOMCPHO  3aIlOJIHCHHBIM COOTBGTCTBYIOLHCﬁ BEJIMYMHBI KakK OBl
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cyocmanyuell HanpsadxceHus, CyOCTaHIMEW JTUHEWHO-HANPSHKEHHOTO COCTOSTHHS
(cyocmanyueri JIHC). Kotopas OyaeT cyiiecTBoBaTh B HEM B XOJI€ BCETO MOBOPOTA
% ﬁ .. ..

[AC—>A/]. Mano toro, JIHC Oyner cymiecTBoBaTh B HEM eIlI€ U B XOJI€ TIOBOPOTA
— —>

[AL—AI] , — T.e. B X01€ NMEPEMENICHHS MOJIOCA IBUAKECHUSA «A» W3 MOJOKECHUS
«A» B monoxeHue «A;» B miockoctu Il;, — mo TOW mnOpuuMHE, YTO OTU JBa
MOBOPOTA SIBJIAIOTCS HEOTIEIUMMBIMU JAPYT OT Jpyra CTagusMH OOIIEro JABOMHOTO

ﬁ % % .. 3
noBopota [AC—AJI—A /] . Nnaue roBopsi, BC€ 310 BpeMs (T.e. BCE BpeMsl MOJTHO-
—> —

ro IBOMHOTO MoBOopoTa T-BekTopa AC Ha puc.8-0 cHauana u3 nosioxeHus «AC» B

— —> —
nonoxkeHue «All», a 3arem B mnonoxkeHue «All») T-Bektop AC OyneT sBIATHCS

—_—> <>
teroM JIHC wumu, 4To 07HO M TO K€, TeJIOM T-BekTopa «cuibl» F =F [krc] .

o 12
B ouepenHoit pa3 BOCIOJIB30BaBIIMCh COOTHOUICHUEM [M/ ]

~[Kkrc]~[cek],
HaWaEM, 4TO |A?| [M1/2]~|E| [Krc] wu |?ﬂ| [Ml/2]~|/?I[| [cex]. Ilocae yero
MOHO OyJIeT HalKuCcaTh, YTO
—> — ) = —> .
\AC\ . \AI[\ * Sin @, = \ F \ | ’co| - Sin @, ,
a TaKkKe P, =10 F-1tn].

OTkyna cTaHOBHUTCS BUJHO, 4TO Twiomanb ¢urypsl ACJIA|, Bo3HUKaIOmas B

—>
X0J/ie ABOMHOIO MoBOpoTa T-BeKTOp AC, AEHCTBUTEIBHO SBJISIETCSA pacHpeIeIEHHBIM
— — —>

M0 ATOM IJIOIIAU UMITYIbCOM cuiibl P . Tlpu 3TOoM, mockonbky T-BekTophl AC u AJ]
SABJISIIOTCSL menlecHbiMu, TO BO3HUKaIIas B pesyiabTate momaaka ACJIA; Oyaer
OKa3bIBaThCS, OUEBUIHO, TAKXKE MmenecHol, T.€. 3Ta IUIolaaKa OyJaeT UMETh TOJIIIH-

Hy (!), HO OyJeT He TPEeXMEPHOI, a ABYMEPHOI, T.K. €€ TOJIMHA Oy/IeT TOYHO TaKOMH,

— —>
KaKyro uMeeT Kax bl u3 T-BektopoB AC u A/, T.e. ona 6ynet paBua 1 [den].

[Tpuuém, eciam naHHbII T-BEKTOP OyIET He cunosbim (HE 3alOJIHEHHBIM BHYTPU
cyOcTaHIue HaHpﬂ)KeHI/Iﬂ?), TO Y HEro JHIIb OJHa KOHIEBas Touka «C» Ui «Ax»
OyZeT OCTaBIATh 033U ce0d Clie/l MPU UX KPYTrOBBIX ABUKEHUAX B X0JI€ TOBOPOTOB
TeJla T-BEKTOpa COOTBETCTBEHHO BOKPYT KOHIIa «A» uinu «C». Ho ecnu T-BekTop, Kak
B JJAHHOM CJIy4ae, OKaXeTCs CUI08bIM, TO TOTJA BCE IO €IMHON TOYKHU €ro Teja OyayT

OCTaBIIATH IT03aaM cebs cien. (ComocraBbTe 3TO € pacckazaHHbIM Ha c.43 u 45 o cnenax,
OCTAIOIIUXCS TI033aId «ITyCTOM» TOUkH «B» u Touku «B», BHyTpW KOTOpPOW HAXOIWUTCA XOTA U

TOYEUHBIX pa3MepoB, HO BemectBennoe teno (B).) Kcratw, B paccMarpuBaeMoM 371€Ch
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—>
ciy4ae 1oj; oopasyromumu Teiao T-Bektopa AC TodkaMu clielyeT MOHUMATh TaKue,
KOTOpBIC MOJO0OHO KOHIIEBBIM TOYKaM «A» B «C» MMEIOT TOYHO TaKOH Kak y HHX
MOTIEPEYHBIA pa3Mep, T.e. MMEIT TONIMHY, paBHyl 1[den]. Iloatomy mocie

. — —> —> —
KaXJ0ro ABOMHOro moBopota, Hanpumep [AC—AJ[—A /1], no3zagu T-BekTopa AC
OyZeT ocTaBaThCS M30THYTAs MOJ MPSMBIM yIioM 1o JuHuU A-Jl (Kak mokazaHo Ha
puc.8-B) «roicrasi», T.e. 00bEMHas1, XOTs U dgymepuas miomanka ACJIA,, koropas

PaBHOMEpHO Kak Obl 3aJIUTa pacrpeesi€HHON 1Mo BceMy e€ 00bEMY He cyOcTaHIuen

—
JIHC, a cyOcranuueii ummynbca cuiibl P | (cM. 00 3TOM HUXKE Ha JaHHOU CTp.).

12.2. OpHako B pe3yabTaTte ABOMHOIO MOBOPOTA [A?ﬁﬁ%/ﬁ[] MIPOU3OUIET HE
TOJIBKO BO3HUKHOBeHHE Tuiomanku AC/A;: nmpou3oiaér emé u e€ u3IydeHue B
OKpy»Karoliee npoctpaHcTBo. [Tokaxkem 3to. [l yero Bepuémcs k puc.8 u enié pas
oOpaTuM BHUMaHHE Ha TO, YTO T.K. Ha Teso (B) B MOMEHTHI €ro OCTAHOBKU B MYHKTE
«C» neicTByeT UMITYJIbC CHIIBI C_(El, TO TEJIO T-BEKTOpa A? IIPU 3TOM TOJIBEpraeTcs
pacmseusarowemy IEUCTBUIO COCTABIIAIOIICH 65335? 1. [ToaToMy BCE TENO T-BEKTOpA

—> —>
AC okaxercs 3anoimHeHHbIM cyOctanuueit JIHC, nepemenmeir B T-Bexktop AC u3

— —>
Tena coctapisitomeit P . U, 3HauuT, 3TOT T-BeKTOp AC OYIEeT ABIATHCS CUI0BHIM.
. —_ = —>
Bceneacreue storo mocne ero asoiHoro moBopota [AC—AJ[—A/l] mo3anu
—
tena T-Bektopa AC octaHeTcs, Kak ObUIO TOJIBKO YTO OTMEUYEHO, COTHYTAs 10 JTUHUU
A-]J1 mox yrinom 90° TenecHas (tommmHOM B 1 [den] ) mromanka ACIA, ( puc.8-B).
—
[Ipu »sTom mpomzounér cnenyroimiee. Ilockonbky Teno T-Bekropa AC sBseTcs
3anosHeHHbIM cyocTtannueit JIHC, 1 oHO Mpu BBIMOJHEHUH KaXKJIOTO CBOETO JIBOM-
— = —>
Horo moBopota [AC—AJI—A/l] HenpepbiBHO nBuxkercs, To cyocrannus JIHC

BHYTPH €ro Tejla, YMHOXKUBIIUCH Ha BPEMsI 3TOTO JABWXCHHS, T.€. YMHOXKHUBIIIUCH Ha
HWHTEpBa BpeMeHH T,, npeBpaturcs u3 cyoctanuuu JIHC (F[krc]) B cyOcTaHIuio

— —> —  —>
umnyabca cuiibl (Fty [krcrcex] ). [Ipu atom B xome a1Byx [AC—>Al] u [Ad—A ]
—>
OMETAIOIINX MTOBOPOTOB Tesia T-BekTopa AC HaxosImascs BHYTPH HETO CyOCTaHIIHS

—
MMITYJIbCa CHUJIbI, IOHEMHOTY KaK Obl BbITEKas Hapyxy u3 Tena T-Bekropa AC, Oyaet

HAIOJIHATH COO0M BHYTpeHHUN 00HEM BO3HUKarOIIEH TenecHoi tiomanku ACIIA .

Hocxonﬂ Yy T-BEKTOpa AB Ha puc.6 KOHIIEBBIE TOUKH «B» U «A» SBISIOTCS MyCTHIMH, U TEJIO Y
T-BekTOopa AB sIBNIsieTCS HECHIIOBBIM, TO IIOCJIE €0 MOBOPOTOB BOKPYI HUX OMETAaeMas €ro TEIoM
miomanka ABJIA; Oymer oka3bIBaThCsl COBEPIICHHO MYyCTOM, HE 3alOJIHEHHOW KakK CyOCTaHIUel
JIHC, tak u cyOctanumeld umimynbca cuibl. MlHaue roBops, mpuBEIEHHas HAa PUC.6 KOHCTPYKLHS
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JIBOMHOTO TIOBOPOTA SIBJsieTCsl Kak Obl mycTout kietkoi ABJIA| nys kBaHTa BpemeHH T . Ho ecnu
Obl T-BekTOp AB ObUT cHITOBBIM (Kak Ha puc.8), To Ha p€opa knetkn ABJIA;| B Xxo1e ero ABOWHOTO
MOBOPOTa OKazajach Obl HATSHYTOW ToHKas M€HKa cyoctanmuu JIHC. Ilpu sTom mpouenypa yMHO-
skerus cyoctanuu JIHC Ha Bpemst T okazanach Obl BHITIOTHEHHON aBTOMaTHYecKH. M3 aToro Bua-
HO, 4TO COOCTBEHHO KBaHT Bpemenu Tp u Bc€ Bpems B 1ienom (MHOXKECTBO MOCIE0BATEIHHO COe-
JTUHEHHBIX MycThIX KieTok ABJIA|) ne codepoicum 6 cebe nmuxaxou snwepeuu (0 TOM, YTO UMITYILC

cribl P [Krc-cek ] 1o CBOEH CyTH SIBIIIETCA MOKOAMENCs sHEpruen Eq [krem' 2] - cm. §19.)
—
Hpel[HOJIO)KI/IM TCIICPb, YTO PIMCIOHlHﬁC&I B TCJIC T-BCKTOpa AC 3amac HUMITYJIb-
—
ca cuibl (paBHBIM MMIYJbCY PACTATMBAOLIEH cocTaBisironiel P)) pacxoayercs Ha

3anosiHeHue oobéma mromanku ACJIA, He Bech cpa3y U J0 KOHIIA, a PACXOayeTcs
MIOCTETICHHO B BHJIE OTACIHHBIX MOPIWK. B CBSI3M ¢ 9TUM 3aMeTHM, YTO KaK MPOWC-
XOJISIIee MO WHEPIUU JBIKCHHUE TE€X WM UHBIX TeN, TaK U MHOXECTBO JPYTUX
TIPOIIECCOB U MPUPOIHBIX SIBICHUA HUKOT/A, KaK MPABUJIO, HE MPEKPAIIAIOTCS BAPYT,
OJTHOMOMEHTHO, HO TpEKpaIIarTcs mocteneHHo. [losTomMy Hare mpenmnonokeHne o
nocmeneHHoM YMEHBIIEHUH 3araca UMIyJIbca CUJIbl B TeJI€ KaK T-BEKTOpa A_C) TaK u
— —>

a000ro Apyroro cuwioBoro T-Bektopa AB, AJl u T.1. OyneT oka3bIBaThCs BIIOJTHE
COTJIACYIOITUMCS C XOJIOM IO MEHbIIEH Mepe OOJIBIIUHCTBA MPUPOAHBIX SBJICHUM.

—>
Ha sToM ocHOBaHWM MBI CTaHEM CUWTaTh, YTO CUJIOBOU T-BekTop AC mocie

BBITNOJIHEHUSI UM 3a BpeMs T, [ CEK ] ABOMHOTO MOBOPOTA [E_N?I[_)A?I[] 3a CIeny-
omuii (3a 2-oi) umHTepBan Bpemenu-Celiuac T, BBIMNOJHUT €IIE OJWH IOBOPOT
—> —> —>

[A d—AE—AE; ] — em. puc.9-6. Ilpu stom mmomagka ACJIA | cMecTUTCS «BHU3»
B nojiockeHue A J[E|A, u okaxeTcst Kak Obl Ha IBOMHOM yJajJe€HUU OT rtockocTtu I1;.
3aTeM 3a 3-uil UHTEpBaJl BPEMEHHU Ty OCTAIOLIUICS BCE €€ CUIOBBIM T-BEKTOP A?El
npou3BeAET 3-uil, moToM 4-bIif, 5-bIi W T.A. JABOMHON IMOBOPOT BO B3aUMHO
oproroHanbHbiX MmIOcKOCTAX II; u Il,. Ilpu sTom BcE€ Oomble oTAaystoONIasics OT
mockoctu Il mmomnaaka ummysnbca cuibl ACJIA| OyaeT oka3biBaThCsA OT HEE Kak Obl
Ha 3-eM, 4-0oM, 5-OM W T.lI. yIaJIcHUU. B KOHEYHOM HTOre T-BEKTOp E oyner
BBINOJIHATH CBOU JABOMHBIE TOBOPOTHI IO T€X IMOP, MOKA 3alac UMITYJIbCa CHIIBI B €T0
TeJie He Oy/eT U3pacX0I0BaH /10 KOHIIA, TOKA OH HE MepeCcTaHeT ObITh CUIOBBIM.

[Ipu >TOM OYEBHUIHO, YTO TJIABHAS POJb B JIeJI€ MOCTPOCHHS IUIOMIAJOK HM-
nynsca cuibl ACHA;, A\JIE1A; ¥ T.1. TPUHAMJICKUT BBHITIOJHSAIONIEMY JBONHBIC
MIOBOPOTHl CHJIOBOMY T-BEKTOPY E NMmeHHO B X0/€ €ro OMETarolUX MOBOPOTOB

MIPOUCXOIUT YBEIMYCHUE PA3MEPOB TOM WIIM MHOM TUIOIIAJKH, CaMU K€ TUIOIIaAKU
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CBOETO coOCmMBeHH020 08udcenuss He umetom. 1103TOMY Kak TOJIBKO MOCTPOSHHE IJI0-
maaku, Hanpumep ACJIA,, Oyner 3aKOHYEHO, TaK OHA CTAHET COBEPIIEHHO HEMOJI-
BIDKHOM, M 3amoiHsonas €€ cyOCTaHLMsI UMIYJIbCa CUJIbl [KIC'CeK] MpPEeBPATUTCS B
cyoctanuuto JIHC [krc]. Ilpu aTom mocienHsisi ToTdyac >k€ Kak Obl pacTBOPUTCS B
okpyxkarotieMm [IpocTpaHCcTBe, MOMOJIHUB TEM CaAMBIM YK€ UMEIOIIUICS B HEM OOt
3anac JIHC. OnHako, eciau B X0J€ BbIpaCTaHUs IUIOMIAAKHA €€ TEI0 BCTPETUT HEKYIO
nperpajay, TO OHa BMECTO TOro, 4yToObl pacTBoputcs B IIpoctpancTse, mo npumepy,
TaK CKa3aTh, JIIOOBIX CTAIKHUBAIOIMIMXCS TBEPJBIX TEJI BCE MMeEoIIeecs y He€ KOJu-
YECTBO UMITYJIbCA CUJIbI MOKET MOJIHOCTBIO MEePeiaTh U €i (TIperpaje).

Brnpouewm, MbI YyBIEKIUCh U COBCEM YIMYCTHJIM U3 BUAY, UTO BCIE] 32 IIArOBBIM
nepemenieHueM Tena (B) uz myakra «C» B MyHKT «JI» TOKHO MPOU30MTH €To IIaro-
Boe nepemenieHue «/I»—»E» (cMm.puc.9-a). Ilpuuém nepemernieHne NOIKHO MPOU-
30MTH UMEHHO W3 MyHKTa «JI» B MyHKT «E», HO He B MyHKT «E|», KOTOPHIA, KaK 3TO
BHJIHO, Ha PHC.9-a JIGKHUT HIDKE MyHKTa «E», JeXHUT HE Haa, a moj miockocThio I1;.
(HanomHuM, 4TO M3-3a TBEpIOTENpHOCTH TUIOCKOCTH 1] 1 Tenma (B) mocnenHuii HE MOXET MPOHUK-
HyTh CKBO3b 1I0ckocTh I1;.) K TOMY ke, Kak TOJIBKO T-BEKTOP A% CHayaJjia MOBEPHETCS B

—> —>
nonoxxkenue AJl, a 3arem B monoxenue A;/[ Ha puc.9-a, Tak npouzoNUAET OTCO-
ennHeHne Teaa (B), naxomsmerocs B Touke «JI», OT momroca ero ABMKEHHS «A».

[Tocne sToro Teno (B), mpomoskas cCBOE ABHKEHUE HAJT INIOCKOCTHIO 11, coBep-

IUT CAEAYolIee aroBoe nepemenieHrue. Ho oHo mpou3oni€r He mo ayre OKpyKHOC-
—/

ta J1E;, pu ABW>KeHHH 1Mo KoTopoil Teno (B) B uTore okaspiBagoch ObI MO/ IJIOC-

kocThio Il;, a u3-3a «rBepmorenbHOCTH» Tena (B) m mnockoctu I mpouzonaér no

—
nyre JIE (cM. puc.9-a), octaBasch npu 3ToM Bc€ BpeMsi cBepxy miuockoctu I1;. Ilpu
9TOM OKaXETCs OJIHOCThIO HAPYIIEHHBIM, TaK CKa3aTh, €CTECTBEHHBIN X0 COOBITUH.

[Ipexxnie Bcero motomy, 4To B 3TOM ciydae Teso (B) mpuHyxaeHo OyeT B Xoje
nepemMenieHus «/I»—«E» okazaTbcs COEAMHEHHBIM HE C KHOBBIM» IMOJIOCOM «A|», B
KOTOPOM OH OKaXXETCsl MOCJe MOBOpPOTa T-BEKTOpa A?[ B MOJIOXKEHUE A?I[, a co
«cTapbeiM» MoJirocoM «A». IlosTomy Teno (B) BeIHYXKIEeHO OyAeT CHadajia COEIH-

HUTBCS CO «CTAPbIM» IMOJIFOCOM «A» IIpUu NMOMOIIHU COBCPIICHHO «HOBOT'O» T-BCKTOpPA

—>
A’ (cm.puc.9-a u 9-B). Ho T.x. Temo mar060ro T-BekTOpa 1-r0 poma SABISETCS
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JUHEHHBIM 00BEMOM a0CONIOTHOM MYCTOTHI, TO MBI MOXEM KakK BKJIQJIbIBaTh, TaK U
BBIHUMATh U3 OAHOTO U TOro e mecrta Ilycrorei-IIpocTpancTBa CTONBKO TEN T-BEK-
TOPOB, CKOJIBKO HaM MOTpedyeTcs, 00 MpHu 3TOM O00BEM MPOCTPAHCTBA HE Oy/IET HU
YBEIIMUMUBATHCS, HU yMEHbIIaThCsA. Mes 3To B BUAY, CO3MaaiuM Ha JUHUUA A-]]
YIOMSHYTO€ TEJI0 HE CXXAaTOro U HE PAaCTAHYTOIO T-BEKTOpa AT (em. puc.9-B).
Koropslii, Oynyun MoHayajgy HE CKaTbIM W HE PAaCTIHYTBIM BJOJb OCH, OYAET
OKa3bIBaThCS HE CHJIOBBIM T-BEKTOPOM. Bripouem, Kak TOJBKO €ro Teio OyaeT
CO3/1aHO, TO MpPH €ro nomouy teyo (B) okaxercs COeAMHEHHBIM, HO HE C «HOBBIM>»
MOJIFOCOM «A|», @ CO «CTapbiM» MOJTIOCOM «A». BBUIY 3TOr0 momo6HOe abCOMOTHO
HKECTKOMY CTEPKHIO TEJIO «HOBOTO» T-BEKTOpa A_'f[’ HEMEJICHHO TMOJBEPTHETCS pac-
— —
TATHBAIOIIEMy Ha puc.9-B aeiictBuio cocrasnstomnieid [I'/I; = P,. B utore T-BekTOp
A7l’ W3 HECUJIOBOTO mpeBpaTuTcs B cuioBo. Ilostomy kpome miomanku ACIHA,

—>
10CJIe JIBOMHOTO MOBOPOTAa «HOBOTO» T-BekTOpa A’Jl” BOSHHUKHET HO6As «TOJCTAas»

wiomazaka A’JI'EA; (cM.puc.9-B), KoTopast CTaHET OTAAIATHCS OT II0cKoCTH I1; B Ty
K€ CTOPOHY («BHHU3»), B KaKyI0 paHee Mpoucxoamio otaainenue miomaaku ACJIA .

( ABTOp MPOCHT M3BMHMTB €70 3a MHOT/IA CJMIIKOM MOAPOOHBIE, N300MUITYIOIIME MHOTOYHCIIEHHBI-
MU [TOBTOPAaMH U JIMIIHUMU CJIOBaMU MOsICHEHUs. BripoueM, HCKIIoUUTEIbHAS HOBU3HA U HEOObIU-
HOCTb M3JIaraéMoro MaTepuaa, Kak OH HaJleeTcs, CHOCOOHBI CKOMIIEHCHUPOBATh 3T MOTPELIHOCTH. )

[Ipuuém u B 3TOM cllyyae y TaKK€ CHIIOBOTO T-BEKTOpa ATf[’ OCTaHETCS] HEKH
HEU3PACXOJOBAHHBIN 3alac UMITyJIbCa CHIbL. B pe3ynbTaTe M 371€Ch CUJIOBOW T-BEK-
TOP MPOAOJIKUT MPHU CBOEM MOCTYNATEIBLHOM JABUKEHUU OMETaTh BCE HOBBIE U HOBBIE
IJIOIIAIKK UMITyJIbca cuiibl. [Ipu 3ToOM BC€ OyneT NpOUCXOAUTh COBEPILIEHHO TaK, Kak
U B MEPBOM cCiiy4ae. JTO 3HAUUT, YTO €CJIM IIaroBele nepemernienus tena (B) Oymyt
OJIMHAKOBBIMU (€CITU YTIbl @, O, U T.J. OyIyT paBHBIMU), TO TI03aau Tena (B) B kax-
JIOM ITYHKTE €ro IIaroBod ocTaHOBKH «JI», «E» W T.A. B caMOM KOHIIE OYepeTHOTO
MHTEpBaja Ty OyJIeT BO3HUKATh OJHUX U TEX K€ Pa3MepOB U MOCTENEHHO BCE Jlajblie
yaanstomasicsa ot tena (B) u mnockoctu 11; onuHOYHAs TUI01IA1Ka UMITYIbCA CHUIIBL.

Nmes B Buay, uto pasmepbl Tena (B) SBISIIOTCA TOYEUYHBIMH, YCIOBUMCS
U3JIy4aeMblii UM UMITYJIbC CUJIbI 0003HAYaTh B BUJIC ;;43 71 WU B BUAE P 3 -

JloGaBuM K 3TOMY €emli€ , YTO OTAAJIEHUE, B YACTHOCTH, T-BEKTOpa A?Z OT MecTa
U3IIy4eHUs OYyJIeT BITIIAIETh IPUMEPHO TaK K€, Kak mokazaHo Ha puc.3. T.e. teno

87



—>
HUCXOAHOTO «CHUJIOBOTO» T-BEKTOpa W3 HadalbHOTO MojoxkeHus AC B X0J€ CBOUX

JIBOMHBIX TTIOBOPOTOB OYAET MepeMeaThcsi TAKUM 00pa3oM, YTO €ro KOHIIeBasl TOUKa
«A» OyneT MmociaeaoBaTeIbHO 3aHUMATh MOJOXEeHUs A, A, A, ... Ha OJHON BETBU
JBOMHOIN crnupaliv, TOrJa Kak ero apyras KoHieBas Touka «C» mpu 3TomM Oyaer
OKa3bIBaThcsi B MecTax B, B;, B,, ... Ha BTOpOW BETBM YINOMSHYTOW JBOWHOUN
ciupanu. B pesynbTare 3TOro M mMOCieAOBATENIbHBIC IMOJOKEHUS BCEW TUIOMIATKH
ACJIA |, nznyuéHHoi Ha puc.9-6 ToueunsiM TesioM (B), OynyT oka3biBaThest Ha puc.3
Kak Obl IBMXKYIIMMUCS «BBEPX», TOTJa Kak Ha puc.9-a, 9-6 u 9-B, Kak 3TO BUIHO, BCE
IJIOMIAJKHU B XOA€ CBOETO OTAAJCHHS OT IJIOCKOCTH I1; CMEIarTCs «BHU3Y.

[Ipu 5TOM CTaHOBUTCS MOHSATHBIM, YTO €CJIM OBl IO KPYroBOM JMHUU B ILJIOC-
koctu [I; mepememanocs He ogHO ToueuHoe Teno (B), a ux ObUIO OBl CTOJBKO, YTO
OHU 3aIlOoJHSIN Obl CBOMMHU TEJIaMHU BCIO OKPY)KHOCTb, TO TOTJa pUC.3 MPEICTaBIsI
ObI coO0i nBMKEHHME He oquHOoYHOM muromanku ACJIIA |, a IBIKEHUE IS0 ETTOYKH,
COCTaBJICHHOM M3 TaKuX e Iulomaaok. KoTtopele Bo3HMKAIUW OBl MPHU 3TOM HE B
OJIHOM TOJBKO MyHKTE «/[», a Bo Bcex myHKTax «B», «C», «J{» U T.1n. mMaroBbIx
octaHoBOK ToueuHbix Ten (B), (C), () u 1.n. B utore npu BpalleHUH HEKOTOPOTO
BEIIIECTBEHHOTO JIUCKa OYyJIeT MPOMCXOJUTh HU3ITYyYECHHE IIEJIOro Kak Obl BUXPEBOTO
MOTOKA UMITYJIbCA CUJIbI, COCTABJIEHHOTO U3 HAa CaMOM Jielie KaK Obl ABUKYIIUXCS TI0
CIHUPAIIbHBIM JIMHUSM IUIOIIAA0K. [Ipr 3TOM BHXpEBOU MOTOK IUIOMIAJOK MMITYJIbCa
cUibl OyJeT BcerJa OKa3bIBaThCAd KaK OBl BBIPACTAIONMIMM W3 TUJIOCKOCTH JIUCKA B
CTOPOHY UL OOHOU KAKOU-1ub0o e20 noayocu epaujeHus. B KOHIE KOHIIOB OH
MIPUMET BHJI BUXPEBOTO CTOJI0000pa3HOTO MOTOKA HAMIPABICHHOTO, BO-TIEPBBIX, OPTO-
TOHAJIBHO M, BO-BTOPBIX, MOJILKO 8 00H)Y CMOPOHY, OTHOCUTEIHHO TUIOCKOCTH Bpa-
mieHust aucka. [lpuuém uznydeHue aucka OyaeT MPOUCXOAUTH, OUEBHUIHO, KaK MPH

€T0 BpallCHUH IO UHCPIHH, TAK U ITPHU BPAICHUH 3a CUYET BHEIIHETO HMITYJIbCa CUJIBI.

Hrax:

1. Ecnm Hekotopoe mapoobpaszHoe teno (B) Bapyr craner BpamaThcsi BCE BpeMsl BOKpYT
Kakoi-1100 OfHOH CBOEH OcH, TO B KOHIE KaXKJOr0 €ro IIaroBoro MoBOpOTa KaxJjas ero
TenecHast Touka OyJIeT M3aydaTh IUIOLAJKy €IMHMYHOTO MMIyibca cuibl. Ilpu 3Tom Bcé
MHOKECTBO 3THX IUIOILAJ0K OyaeT oOpa3oBbIBaTh OOIIMII BUXPEBOH MOTOK €AMHUYHBIX
IUTOIA/I0K UMITYJIbCA CHJIbI, KOTOPBIH, Kak Obl BbIpacTas u3 Tena (B), Oyzner nepemeniatecs B
MPOCTPAHCTBE BCET/IA B CTOPOHY JIMIIE JTHOO «H0XKHOT0», THO0 «CEBEPHOT0» KOHIIA OCH.
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§ 13. Ilapajokc u3nydyeHus cocrapistomien (Pyy), y UMOyabca CUiabl nHepuuu Py,

BO3HHUKAIOIIETO IPU KPYroBOM JBMKEHHHU TOUKH (B) (npodonrcenue). | JIBH-
JKeHHe BellleCTBEHHLIX 00LEKTOB IPH CKOPOCTH, MHOI'0O MeHbIIel CKO-
POCTH CBETA, H IPH CKOPOCTH, 10 CBOIi BeJIMYMHe 0JM3KO0H K Hel. | 'paduk
bysrumn X(pusn)i=p(Q). |

13.1. B npeasinymiem naparpade, HalmoMHUM, ObLJIO MPUHSATO, YTO 3aKIIOUYEHHBIN B
TeJIe MCXOJHOT0 «CHJIOBOTO» T-BEKTOpa A?Z 3anac cyocraniuu JIHC He uncuesaer
HEU3BECTHO KyJa, a Kak Obl pacTtBopsieTcs B okpyxkaromiei Ilycrore-IIpocTtpanctae.
Ho mipu sTom 3anac cy6craniuu JIHC nepexoaut B [IpocTpancTBo U3 Tena T-BeKTopa
A_()Z HE BEChb cpa3y, a nepexoauT B Buae miomanok ACHA,, A\JAE|A, u 1.1. mocre-
neHHo. OJIHaKo, TOCKOJIbKY HaM HEU3BECTHO, KAKUM MMEHHO 00pa3oM MPOUCXOIAUT
ymenbiienue BennunHbl JIHC, copepikaimieiics B Teje HM3Iy4EHHOTO «CHUIOBOTO»
T-BEKTOpa, TO JUJIsl IpUMepa MOJIOKUM cienytoiee. [lycts mo mepe ero ynaneHust ot
mnockoctu I, BenmnumHa uMerolencss B HEM «cunm»?(re. MMITyJbCA CHUJIbI, €CIIU
UMETb B BH]Y, UTO TEJI0 «CHJIOBOTO» T-BEKTOpA MPHU COBEPIICHUU JABOMNHBIX TOBOPO-

—>
TOB JIBUKETCSI) YMEHBILIAETCS TaK, KaK yMEHbIIAeTCs JIJuHa Tena y T-Bekropa AC

—>
(cm.puc.10) npu ero OpTOroHATIBLHOM MPOCIUPOBAHUH Ha TEIO T-BeKkTopa A /l.

<>
Tak, HanpuMep, BeIUUMHA «CHIIb» F, KOTOpas oka)keTcsl 3aKIFOUEHHONM B Teje
3 ..
npeacTaBieHHOro Ha puc.l0 «cunoBoro» T-Bekropa AB, B ero BTOpOM MO CYETY
. — = > .
nBoitHoM noBopote [A;C—AJl—A,/l] Oyaer paBHa y)ke HE IMOJHON €ro «CHIe»,
a OyZeT UMeTh BEJIWYHWHY, JUIIb MPOMOPIHUOHAIBHYIO JJMHE oTpe3ka A-2 . IlosTo-
—>
My, UM€s B BUJY, YTO yroja (¢ U JUIMHA Teja y UCXOOHOTo T-BeKTopa AB (kak, BIpo-
4yeM, y JIF00Oro Ipyroro T-BEKTOpa) B XOJ/I€ BCEX €r0 MOBOPOTOB COXPAHAIOMCS Heu3-
menHbvimu (yMeHblnaercs auiib BennunHa JIHC BHyTpH Tena IBHXKYIIErocs T-BEKTO-
—  —> .

pa), moyrydumM, 4To Tesio T-Bektopa A;C=AB B0 BpeMs BTOpOro JBOMHOTO MOBOPOTA,
TaK CKa3aTb, (JOPMAIbHO NMPOU3BEAET OMETAHHWE BCEH IUIOLIANM MapajuielorpaMMa
A|CJIA,. OaHako B pacy€T 37€Ch HYKHO BBOJMTH TOJIBKO JIUIIb BEIUYUHY TUIOLIAIN
A -1-2-3, yaenpHasi IJIOTHOCTh UMITYJIbCA CHJIBI B KOTOPOM OyIET SIBISATHCS paBHOM
IJIOTHOCTU B caMoi nepBoi minomaake ABCA;. 3arem BeauyumHa 3akiIO4EHHOMN

—>
«CHJIbI», OCTABIIIEHCS B UCXOJHOM 0a30BOM T-BekTope AB, cHOBa ymeHBIIUTCS U

&9



Pa3eépnyTo Ha
miIockocTh I1;

Puc. 10
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CTaHET MPONOPLIMOHAIBHOMN JIIMHE OTpe3Ka Ay-5. B pesynbrare B TpeTheM €ro ABOM-
—> — —> .

HOM 11oBOpoTe [AJI—-AE—AZE] npunumars B pacdy€T HY)KHO OyAE€T HE BEJIMUUHY

momaan mapamenorpamma A,JIEA3, a Toiabko ero ydacth A,-4-5-6, mbo Toraa

ylelnbHas Kak Obl TJIOTHOCTh HMMIYJbCa CHJIBI B HEM OyleT HMMETh TaKyl ke

BEIMYUHY, Kakas Obuta B miomaakax ABCA; u A-1-2-3 u T1.11.

[MpunsTHe criocoba OPTOrOHATLHOTO MPOSITUPOBAHUS Teqa T-BeKTOpa A?C Ha auHu0 A—/]
JUTSL OTIPEJICIICHUST BEIMYUHBI ocTaromeiics B Tene T-Bektopa A1C «cwiiel F» Mo Xoay BBIMOJHEHUS
UM CBOMX JIBOWHBIX MIOBOPOTOB OOBSICHIETCS TEM, YTO 3TOT CIIOCOO XOPOIIIO YKIIAABIBACTCS B paMKU
MPEIMOJIOKUTENBHO CyIecTBYyomero B Ipupoae Hekoroporo kak Obl «[IpHHIIMIIA OPTOTOHAIE-
HOCTH» — cM. ¢.105-106.

[Ipu 3TOM OKHO OBITH MOHSTHO, YTO BenuuuHa 1ommaaku ABCA | sBisercs

HE TOJBKO BEJIMUYMHOM HMITYJIbCa CHWIIbI, 3ampadusaemoco «CUIO0BBIM» T-BCKTOPOM

—>
AB Ha coBepllieHHE BCEX CBOUX ABOWHBIX MOBOPOTOB, a ABISAETCS €IIE U BEIMYHMHOMN

umerowe20cs B €ro Telie 3arnaca UMITYJIbCa CHIIbl, KOTOPBI eMy ObLI Kak Obl JaH B TOT
—>
MOMEHT, KOTJIa OH HaXOoAWIcs eiié B mojioxkeHun AB nepen BbIOJTHEHHEM JBOMHOTO

— = — . . D
noBopota [AB—AC—A;C] u KOTOpBI YHCIEHHO paBeH CoOCTapiswouei P,.

[TosTromy ymensinenue momaau ABCA| 1o pazmepoB miomaan A -1-2-3, A,-4-5-6

u T.AO. 6YI[6T OJHOBPCMCHHO COOTBCTCTBOBATL, C OI[HOﬁ CTOPOHBI, pacxoaO0BaHUIO
—>
TEJIOM T-BeKTOpa AB mMeromierocss y Hero 3amnaca MMMyJbca CHUJIbI Ha BBITIOJTHECHUS

CBOMX JBOIHBIX OBOPOTOB. C Apyroi CTOPOHBI, 3TO OYAET COOTBETCTBOBATH nome-

DPAM UMNYTbCA CUbl HA KaK Obl €ro pacTBOpeHHUE B okpysKkaromieM IIpoctpancTse.

B sTtom Mecte, mpexae yeM MpPOAOJDKUTH, HEOOXOJUMO 3aMETHUTh, YTO KpOME CKaISIPHBIX
TPUTOHOMETPUYECKUX (PYHKIMH, BIOJHE BO3MOXHO, CYIIECTBYIOT €IIE TaKKEe W BeKMOPHO-
mpueonomempuueckue gynkyuu (cMm. Tpunoxenne Ha ¢.211-221). B camom nene, T.K. Tena Bcex
T-BEKTOPOB 1-TO pojila MMEIOT HAMPABIEHHOCTh JIEHCTBHUA ABYKOHEYHOW CTPEIKU « <—> », TO OTH
BEKTOPHI MOXKHO HE TOJIHKO YMHOXKATh, HO MOXKHO €II¢ U JIENUTh APYT Ha Apyra. [lo 3Toi mpuunHe,

B YAaCTHOCTH, Pa3JCIHB YHUCIO-BEKTOP l°§’/§-°°1/(+)1J Ha YHUCJIO-BEKTOP l%-"",/(ﬂl], MOJIYy4YUM

. P a - .
BEKTOPHBIH cuHYC Sin@=|<%|—-%/(¥)] |. AHJIOrMYHO 3TOMY HaWAETCS M BEKTOPHBIH KOCHHYC
c

P /b
Cos@=| 2/—-%/(%)] |, Tae «a» u «b» — KaTeThl, & «C» — TUIOTCHY3a B MPSIMOYTOJBHOM TPEYrojib-
c

Huke. Hambomee mnpumeuarenbHoit ocoOeHHOCThIO BT-QyHkumii sBiuseTcs Ta, 4YTO BCE OHHU
SIBJISFOTCS O€33HAKOBbIMU. ITO BBITEKAET U3 TOTO, UTO MpH jAelicHuH ogHoro MPPU-uncna Ha npyroe
HoJy4aercs: 0e33HaKOBOE YNCII0-BEKTOP. (3/1€Ch NoIaraeTcs, 4To UMEET MECTO CIEAYIOLIee IPABUIO
3HAKOB: (+):(+)=(¥) u (+):(-)=(¥), a Taxxke (-):(+)=(*) u (-):(-)=(*).) IIpm 3TOM, KaK OKa3amaOCh,
3HaueHneM MPPU-uncna sBisieTcss He pe3ynpTaT BBIYMCIECHHS KOPHS CTEIEHHM N=00 U3 MOAKOPEH-
HOTo yHciia a/c uiu b/c, a mpsiMmo caMo 3T0 NMOAKOPEHHOE uncio a/c uyim b/c (cm.c.41). B cBs3u ¢ uem
BCSKHN pa3 OyaeT moiydaTbes Tak, 4TO |S?(p|:| Sin(p| u |C05(p|: | Cos@|, T.e. abcomroTHas

91




BEJINYMHA BEKTOPHOI'O CUHYCa M BEKTOPHOTO KOCHHYCA paBHA aOCOJIIOTHBIM BEJIMYMHAM CKAJIIPHBIX
COOTBETCTBEHHO CHHYyca M KocuHyca. Ilo 3Toil npuuuMHe 3HaueHHE BEIMYMHBI, B YaCTHOCTH,
BEKTOPHOTO MPOM3BEICHHS, COCTABICHHOIO M3 PACIQOIOKEHHEIX MO YITIOM () M HCXOISIINX H3
oz[_)Hoﬁ TQUKH «A» T-BEKTOPOQB 1;)1"0 poga AB u AC, HyxXHQ 6}ET HaxOIUThb Kak
|AB|-|AC|-|Sinol, T.e. xax |E|'|AC|'|Sin(p| , HO TOJIBKO HE KakK |E||AC| “Sing. IIpu sTOM
OYEBUIHO, YTO OYKBAJIBHO TO XK€ CAMOE MOKHO CKa3aTh U O BETMUUHE CKAJSIPHOTO MPOU3BEACHHUSL.

Ncxonast u3 3TOro, BeIM4YMHA UMITYJIbCA CUJIBI, PACTIPENEIEHHOTO MO IJIOIIAIN
. L= > —>
nepBoro asoitHoro mosopora ABCA,, Oyner okaseiBathes paBHoit IABI|ACI-|Singl .
Torpa kak BO BTOpOM JIBOMHOM MOBOPOTE pacrtpeaen€éHubii no miomaan A J1E; A, u
UMEIOLIUI HECKOJIbKO MEHBIIYIO YIEIbHYIO IUIOTHOCTh HUMITYJIBC CHJIBI OKa)KeTCs
—> —> HZ —Q> o
paBueiM mpomsBenenuio |ACI'|A | [II1|Cos ol*|Singl. Hakoner B TpeTheM IBOMHOM
—>
MOBOPOTE MCXOJHOTO «CHIJIOBOTO», T.€. 0a30BOro T-BekTopa AB, BennunHa ummnysnsca
CUJIBI, pacripenenéHHas Mo miomanu napamwienorpamma A,JIEA; u umeromas emié
MEHBIIYIO YACNbHYIO INIOTHOCTb, OyJET OKa3bIBaThCS PABHOM TaKOMY MPOU3BEICHUIO
— > > —
|ALIIIALEl-|Cos”¢l*|Sin@l. (OTkyma BHAHO, 4TO Kak OBl MJIOTHOCTH MMITYJIbCA CHIIBI B
—>
KKJOM CJICAYIOIIEM JTBOMHOM MOBOPOTE MCXOJHOTO 0a3oBoro T-eekropa AB Oymet
2 RNV

OKa3bIBaThCsA B O = COS'( pa3 MCHbIICH TOW e€ Kak Obl MJIOTHOCTH, KOTOPYIO OHA
uMela B MPEAbIAYIIEM ero IBOHHOM IOBOPOTE.)

—>

-~ 12
Otkyna, nonoxus, yto |ABl = |AClI =1 [Mm

] u 00o3HauWB Yepe3 P pusn

BCIIMUNHY U3JIYUCHUA «TOUCHHBIM» TCIIOM (B), MOJIYIUM:

2
(P w31 =1*|Singl ,
— —>
2 .
(P )2 =1*|Cos ol*|Sing| ,
2 % >
(P wzn)3 =17*|Cos ¢l*|Sing].
[locne 4yero CTaHOBUTCS SCHBIM, YTO HMIIYJIBC CHWJIBI, PACIPEICIEHHBIA II0
IUJTOIIAIA YETBEPTOTO, MSTOTO | T.J. JBOMHOTO MOBOPOTA, T.€. MO IUIOMIAIN YETBEPTOMN
OATOM W T.J. sUEeHKH ABOMHON crnupain usnydeHust (cM. puc.3), Oyaer HUMeTh

BCIIMYHNHY COOTBCTCTBCHHO!

_— —>
(P u3n)a = r2-|Cos6(pI'|Sin(p|

—_— —
(P wzn)s = r*|Cos’¢l*|Sine| u T.1.

. . %
[Ipunss teneps Bo BHUManue, 4to | Sin ¢ | = Sing | u | Cose | = | Coso |,

IMOCJIC CIIOKCHUA BEJIMYWH BCCX 3TUX UMITYJIBCOB CHUJIbI, HaﬁHéM, 4qToO:
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5 (pusn)i =1+ |Sin @+ (1+]| Cos*@l+| Cos*o| +] Cos®p| +...)
i=1

Tocie uero, 3amerns psig 1Cos gl + ICos*gl + ICos®l + *+ Ha cymmy wiIeHOB

psa 0eCKOHEUHOHN YOBIBAIOIIECH T€OMETPUUECKON MPOTPECCUH, TTOTYUUM:

nd 5 . ‘Cosz(p‘

> (pusn) =1 |Sin ¢l L

i=l 1—‘Cos (p‘

TO €CTh
2 177

oo I‘ =
> (Ppmn)i = — M2 | . (6)
i=1 ' |Sing]

Otkyna, NpuHSB BO BHUMAHUE COOTHOLICHUE [M"?] ~ [krc] ~ [cex], BMecTO (6)

MOYKHO OyJIeT Hal1caTh:

' [krcecek] (7)

1

El Pun)i ~ m

ITo Bcel BUAUMOCTHU, B MOCIEAHUX COOTHOHICHUAX ( 6 ) u ( 7 ) mo BeIn4uHE

[ o]
Y. (Puzn)i MOXHO CYIUTh O KaK OBl «JaTbHOJACHCTBUU» WIH O «JIAIbHOOOMHOCTH»
i=1

MOTOKA TJIOMIAIOK, U3JTy4aeMbIX KAaKUM-JTHOO0 BPAIIAIOIIMMCS MHOTOTOYEUYHBIM TEIIOM
(B). UtoOBI corimacuThCs € 3TUM, JOCTATOYHO TMOJIOXKHUTh, YTO 3aMaC UMITYIhCa CUJIBI,
KOTOPBIN TOJIy4aeT «CHUJIOBOW» T-BEKTOP Aﬁ (a Taxke BOOOIIE JIFOOOW «CUIOBOM»
T-BEKTOpP) B CAMOM Hadajieé CBOMX JBOWHBIX IMOBOPOTOB, II0 CBOEH BEIMYMHE BCEraa
OKa3bIBAETCS OJTHUM M TEM K€, BCETJ]a PAaBHBIM HEKOTOPOMY IOCTOSIHHOMY 3HAYEHHIO.
Tornma o npuBeAeHHOMY Ha puc.l1 rpaduky neMCTBUTEIHLHO MOXKHO OYAET CYIUThH O
«1aTbHOOOMHOCTH» OTMAENBHBIX CHJIOBBIX T-BEKTOPOB, H3Jy4aeMbIX, B YaCTHOCTH,
KaKuM-1100 BemectBeHHbIM TernoMm (B). Ilpu stom B ciaydae @=90° oma Oymer
HauMeHbei, Toraa kak mpu @—0° u — 180" «1aTbHOGONHOCTE» Y TEJT «CHIOBBIX»
T-BEKTOPOB Oy/IeT MPUHUMATh BCE BO3PACTAIOLIUE 3HAUCHHUS.

Opnako MBI BCIOAY Aajiee OyleM CUMTaTh, YTO BEIMYMHA HAYAIBHOIO 3amaca

—>
MMITYJIbCA CHJIBI B TEJIE «CHUIIOBOTO» T-BeKTOpa AB sBisieTcs pa3HOW W 3aBUCUT OT

—>
TOTO, HAa KaKOH BEJIMUMHBI YTOJ «@» OyneT 3aTeM MOoBOpauuBaThcs T-BeKTOp AB B
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X0/JIe IBOMHBIX MOBOPOTOB. [Ipy 3TOM mycTh ueM Osmrke yroi «@» OyneT OKa3bIBaThCs
K 3HaueHnaM @=0" 1 =180, Tem GombIIIeil BeTHUMHBI HAYATBHBIA 3aMac MMITYIIhCa
CWJIBI B €ro Tene OyaeT oKa3biBaThecsA. Torma kak yeM Onuxke «@» OyleT OKa3bIBaThCs
K 3HaueHni0 @=90°, TeM, HAOGOPOT, MEHbIICH BETHUMHBI HAYATBHbIH 3aI1aC HMITYIbCA
cuibl OyAeT Kak Obl MPENOCTaBISATHCA T-BEKTOPY AB ISl OyyIIMX €ro ABOMHBIX
nmoBopoToB. [Ipu 3TOM mpencraBaeHHbIi Ha puc.11 rpaduk MOXHO OyIeT HCTOIKO-
BbIBaTh MHaue. JlefcTBUTENbHO, B 3TOM ciiydae 1no rpaduky Ha puc.11 moxHo Oyaer
CYIIUTh HE TOJBKO O «JaIbHOOOMHOCTH» M3IYyYEHHBIX TEN T-BEKTOPOB, HO €LIE U O

CyMMapHO! BEJIMYMHE MTOTEPH HAa U3JTyYEHHE B OKpyxatouiee [IpocTpaHcTBo.

13.2. B 3akmtoueHue cHOBa oOpaTHMCs K puc.7 U IOTOBOPUM €Ill€ HEMHOTO O Ia-

rOBOM (KpYroBOM) JBM)KEHHUM HEKOTOPOIro BELIECTBEHHOrO Tena (B), koTopoe mycTh

JBUKETCSI HE TOJIBKO TOJ IEHCTBUEM COOCTBEHHOI'O MHEPLMOHHOIO UMIYibca Py, a
IJIaBHBIM 00pa3oM MoJ 1eHCTBUEM TOCTOPOHHET0, BHEIIHETO UMITYJIbCa CUIbl Ppyyy.

W3 nokazanHoro Ha puc.12 MOXXHO BUJETh, UTO €CIIM Yros ¢ OyaeT mocieao-

BaTeNbHO NMPUHMMATh 3HaueHns @=45°, @=90°, ¢=150" u T.1. (4TO COOTBETCTBYyET
A A A A A NG/

MocTerneHHomy pocty TpaektopHoit ckopoctu (V) = BC, (V1) =B/, (Vp);=BEu

— —
T.1.), TO BenuunHa coctapisitomet CC, Ha puc.7 u P|| Ha puc.12, nepeias depes

HEKOTOPO€ MaKCUMaJIbHOE 3HAaueHUe, HAYHET YObIBaTh U NPHU (=T CTAHET PaBHOM

— —
Hymo. Toraa kak BenuunHa CC; = P, Hao00poT, OyAeT MpUHUMATh BCE OOJIbIIIEE U

OoJplIEe 3HAUYCHHE, MIOKAa IPU =TT €€ BEJIMYMHA HE IPUMET, MO-BUAUMOMY, HAMOOIb-
1Iee M3 BCEX BO3MOXKHEBIX (HO He pasHoe beckoneunocmu ) 3HaUEHUE.

NuapIMHU cioBamMu, C POCTOM BEJIMYMHBI CKOPOCTH ABHMKEHHS Vr y Tena (B)
JI0JISI IIIarOBOTO MMITYJIbCA, 3aTpaurBaeMas Ha U3Jy4eHHE, HEYKJIOHHO BO3pPacTaeT OT
0% mpu ¢=0" 10 100 % mpu ¢ =T, KOrga AEHCTBYIOLIHMIA [IATOBBIH HMITYIIbC
cuibl Pgyyp yke Bech 0€3 OCTaTKa pacxoJyeTcsi Ha OJHO TOJIbKO H3IIy4eHUE B
okpyxariee [IpoctpanctBo. IlosTomy npupanieHrue BEIMYMHBI IArOBOrO OTpe3Ka

— —
nyTu oT neucTBus cocrasisomieit CC, = P|| ¢ yBenudeHueM Vr OyJeT CTaHOBUTHCS

—
BCE MEHBIIE W MEHBIIE, & NPU (O =T BEJIMYMHA P|| U COOTBETCTBEHHO BEJIMYHHA
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MPUPAILCHUS IArOBOTO OTPE3Ka MyTH CTAHET, OYEBUIHO, BOOOIIIE pAaBHOW HYIIIO.

—
K stomy cnemyer moGaButh, 4To y uMImyibca Pgyy MpU @ = T HE TOJBKO

— —
cocrapisiromas P = CC; Oyner uMmets Hanbosblee 3Hauenre. Hanbonbiee u3 Bcex
3HaQUYE€HHWE MPU ATOM BEIMUYMHE yria (=T OyJeT MMETh U BEJIUYMHA TPACKTOPHOMH
ckopoctd V1. T.K. IpH 3TOM HEKOE€ HMEIOIIEECs] B KOHIEBOM TOUYKE «B» y T-Bek-

—>
topa AB Teno (B) ycneBao Obl mepeMeCTUTHCS 3a BpeMs I111aroBOro moBopoTta Y2 T

(ecnu OBI TOJIBKO OHO MOTJIO JBUTAThCSI C TaKOM CKOPOCTHIO), U3 TOJ0XKEeHUs «B» B

— —
nonoxenue «M». Ho, moctpous paznoxkenue umiynbca cuibl Ppy=BK npu ¢ > 71
— —
~70<0 .
Ha coctaBisiomme Py u Py nns @ =205 monyduMm, 4TO ACHCTBUE COCTaBIIS-

—
romeit  Pj|, OyaeT oka3bpIBaThCsl HampaBiIE€HHBIM (CM.puc.12) yxe He 1Mo XOoay, a

Haecmpeuy nBwxeHuto tena (B), naxonsmerocs B Touke «K». UTo MOXeT o3HA4YaTh

TOJIKO TO, YTO 3HAYEHUE yria (=T SBJSICTCS NPEACIbHBIM U COOTBETCTBYET

MpeeabHO OOJIBIION BEJIMYMHE TPACKTOPHOM CKOpOCTU Vr = n-IA_B)I = max, OoJIbIIIe

KOTOpOH OHa y JIF0OOro BemiecTBeHHOTO oOBekTa (B) daswce mpu crxonv yeoomo

b0l GenuuUHe MOIKAIOWe20 GHeuwHe20 UMNnyaibca CUibl Pgyyy yXXe cTaTh He

CMOXKeT. BBuay 3TOro yciaoBUMCS MOKa Ha3bIBaTh CKOPOCTH (V1)max Meopemuueckoti

ckopocmblio céema, 0003Hauast e€ najee nocpeactsoM 3anucu Cr.

N3 Bcero 95TOro BBITEKAET, UYTO MPHU TOCTOSHHOW BETWYMHE BHEIIHETO
UMITYJIbCA CHJIBI E;Hm = Const, Bc€ Bpems Tonkaromero Teno (B) B chnuHy, ero
JBUKEHUE 110 KPYrOBOM OpOMTE Ha IIArOBBIX OTPE3KaX IyTH OYyJIeT OKa3bIBaThCA:

1. YCKOPEHHBIM, — ecnu BenuurMHA TOJKAIOIIETO MMIYJbCca FE:HHJ:Const oynet
MPEBOCXOJUTh JIOJII0 HWMITYJIbCA CHJIbl HHEPIIUH (?;IH) 1, pacxoayemoro Ha
U3JIy4eHHUE, — HO TOJBKO JI0 TE€X IOp, MOKA B XOJA€ YObIBaHUS COCTABIISIOIICH ;ﬂ
M3-32 POCTa CKOPOCTH Vr BEIMYMHA TOJKAIOIIETO HMITYJbCa ?];Hm HE CTaHeT

— —
PaBHOM BEJIMYMHE PACXOAYyEMOIr0 Ha U3Ty4YeHUE UMITYJIbca CUIIbl (Pyy) =P .

2. PABHOMEPHBIM, - ecnu BenuuMHAa BHEUIHETO TOJKAIOIIETO UMMYabca OyaeT
BCE BpeMs OKa3bIBaThCSl PABHOW YaCTH UMITYJIbCA CHIIbI MHEPILIMH, PACXOyEeMOU B
KOHIIE Ka)KJIOTO II1aroBOro nepeMenieHus: oo0bekta (B) Ha uznydenue, 1.€. eciid Bcé

— —
BpeMs Oy/IeT OKa3bIBAThCS, YTO |PBHm| = |(PMH) ¢| .

—
3. 3AMEJJIEHHBIM, — ecnu BHemHuii Toakarommi uMmyinbc Pgyp=Const 6yaet
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OKa3bIBaThCS MO CBOEH BEIMYMHE MEHBLIUM TOM OJIM UMIYJIbCA CHJIbI MHEPLIUH,
KOTOpasi pacxoayercs Ha uzinydeHwe. Ho omsTh ke TOJbKO N0 TeX Mop, MOKa
BEJIMYMHA TOCTENEHHO YOBIBAIOIIETO HMITYJIbCa FI;H 0 NPUYUHE YMEHBIICHUS
CKOpocTH JBH>KeHUs Tena (B) He okaxercs B KaKOW-TO MOMEHT TaKoO#, YTO €ro

—
3aTpadyrBaeMasi Ha U3Jy4eHUe cocTaBisatomas (Pyy), HE CTAHET PaBHON BEIMYUHE

— — —
UMIyJbca Py, T.€. TOKA CHOBA HE CTAHET |PBHm| = | (Pyn) L| .

Camo cobo¥i pazymeeTcsi, 4TO BCE 3TO OYJET OKa3bIBaThCsl BEPHBIM, OUEBHJIHO,
TOJBKO B T€X CiydasX KpYroBOTO JBH)KCHHUS BeIIeCTBEHHOro ooOwnekra (B), xorma
BEJIMYMHA MTOCTENIEHHO BO3PACTAIOIIEH TPACKTOPHOU CKOPOCTH V1 MO MEpE pas3roHa
ATOTO 00BEKTa OYyJIeT OCTaBaThCA MEHBIEH mpenenbHoro 3HaueHus (Vi)yax = 7T ,
e r — paguyc KpYroBOM TpPAaeKTOPUU MPUHYOUMENbHO20 TIO HEW IBUKEHUS Y
paccMaTtpuBaemMoro o0bekTa. To ecTh KOTJa yroJl IIaroBoro moBopoTa «(@» y T-BeK-

—>

topa AB, coequnstomero teno (B) ¢ montocom ero aBukeHus «A» Ha puc.12, oyner

octaBathes B pezenax 0°< ¢ < 180°.

13.3. Jlanee o6paTuM BHMMaHHUE HA TO, UTO KpUBasi 3aBUCUMOCTH ( 7 ), IpeACTaBIICH-
Has Ha puc.l1, HamoMHUHAas MO CBOEMY BHAY JIATUHCKYIO OYKBY «U», COCTOUT U3 JABYX
BETBEU: U3 KPYTO HUCXOISIIEW U U3 HE MEHEE KPYTO BOCXOAALIEW BETBU. I[Ipuuém
OHA TOBOPUT HAaM, B YaCTHOCTH, O TOM, Kakas JOJI UMIyJIbCa CUJIbI uHepuuu Pyy
TepsieTCA Ha M3JIyYeHUE JBIKYIIUMCS MO MHepIuu oobekToMm (B) B camom mepBom
€ro CaMOCTOSITEJIbHOM IIIaroBOM II€PEeMEIICHUH TPU YCJIOBUH, 4YTO 00BEKT (B)
SIBJISIETCSI TOUEUHBIM, a PaJInyC Kpyra paBeH HEKOTOPO# yCIIOBHOU equHuiie. To ecTh B
TOM I11arOBOM IEPEMEIIEHNH, C KOTOPOTO PacCMaTpUBAEMblii HAMU OOBEKT HAUYMHAET
JIBUTAThCA «CaM O cebe», MOoJl IeUCTBUEM TOJIBKO UMIYIbCa CUIIbI MHEpUUH (TaK, Ha
puc.7 caMbIM TMEPBHIM IIATOBBIM MEPEMEIICHUEM SBIISIETCS TIepEMEIeHUE 00bEKTa 10
\./
nyre BC ). Ilpu 3TOM M3 npuBEAEHHOIO Ha puc.12 XOpOIO BUIHO, YTO BEJIMYMHA
— —
oTHomieHus P, / P|| ¢ yBeIuyeHHEM CKOpocTu Vr Bo3pacTtaer. UTo Kak pa3 U 03Haya-

€T, UYTO O0JIsI MMITYJIbCa PI/IHa pacxoayemasi ABUKYHIUMCS 00BEKTOM Ha HU3JTYYCHHUC,

IIPH TOM BO3PACTaET.
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O6 »TOM e ToBOpUT TpaBasi BeTBb U-oOpa3HOW KpuBOW Tpaduka 3aBUCH-
MOCTH py3yr = f (@) Ha puc.11. CornacHo ei, 10is 3aTpaT Ha U3TyYEHUE MPU ABUXKE-
HHUM 110 UHEPIIMK HEKOTOPOro Tena (B) mo camomy nepBoMy MIaroBOMy OTPE3Ky IMyTH
Oynetr BcE Ooiblne U OoJbLIE BO3pacTarb C POCTOM TPACKTOPHOM CKOPOCTH Vr.
[Tpuuém Oyner yBenM4MBaTHLCA Kak Obl BO3pPACTAIONIMMU TEMIIAMH IO CPABHEHHIO C
pocTtoMm aeicTByroniero Ha teno (B) mmmynbsca cuibl mHepuuu. [loaToMy nBuxkeHUE
ATOTO Tena OyIeT OYeHb MOXOAHUTH Ha TO, KaK €CIu Obl OHO MEePEeMEIaIoCh BBEPX IO
CTaHOBAILEMYCSI BCE Oosiee KpPYTbIM CKIJIOHY TOpBbI, MO0 KaxXJoe Jaxe camoe
HE3HAUUTEJIbHOE YBEIUYCHHE CKOPOCTH €ro JBWXKEHHUs OyneT TpeboBaTh YIBOECHHOM,
YTPOCHHOMU U T.J. 3aTpaThl UMITYJIbCA CHIIBI, T.€. Oy/eT TpeboBaTh BCE BO3pacTaromen
BEJIMYUHBI €ro 3aTparbl. MHaue roBops, MpH MOCTOSSHHON BEIMYMHE TOJKAIOIIETO
UMITyJIbca CWJIbl Pgyy TOCTyMaTenbHOE JABUMKEHHE 00bEKTa Oy/eT OKa3bIBAThCA HE
MOCTOSIHHO-YCKOPEHHBIM, KaK TOTO TpeOyeT U3BeCTHOE cooTHomeHne F =m a, HO
c yBenuyeHueM Vr (C pPOCTOM BEIMYMHBI yIJia IIAaroBOro MOBOpOTa @) OyaeT
NPaKTUYECK MIHOBEHHO CTAaHOBUTBHCSA CHAuyaja BPEMEHHO-YCKOPEHHBIM, 3aTeM
pPaBHOMEpPHBIM, a MOTOM M BOBCE 3amemiieHHbIM. [loTomy uTo ¢ pocrom Vr B
JUana3oHe 3HAYCHWI TPAeKTOPHON CKOPOCTU, MOCTENEHHO MPUOIIKAIONUXCST K €€
MpeesIbHO OONBIIOMY 3HAUCHUIO V= T'r, Bc€ OobInas u Ooiblnas q0Ji1 UMITYJIbca
CUJIBI UHEpIUU OyaeT TpaTuThes TenoM (B) Ha wuznydeHue. A NpU  JTOCTHIKCHUH
MOPOTOBOM CKOpPOCTH V1 = T°r HE TOJBKO Pyy, HO BMECTE€ ¢ HUM JIFOOOW Apyroit
TOJIKarOIU Hail 00beKT (B) B criuHy uMmynibe criibl Pgyyyy, — KaKUM Obl OOJIBITUM OH
HU ObUT, — OyJIeT IEIUKOM TPATUTHCS HA U3JTyYyeHUE. ITO MOJTHOCTHIO COTJIACYETCS C
TeM, 4TO eciii 00beKT (B) BApyr mombiTaeTcst BCE e Kak-TO MPEOJI0ETh MOPOTOBYIO

—
CcKOpocTh (V1)pax, TO €My HE MO3BOJUT CAENATh 3TO BCTPEUHAs COCTaBstomas P

— —
(cm. Py|,4 Ha puc.12 B paznoxeHun Pgypys)-

B oTnumume ot 3TOro Ha ydacTKe HHCXOASIIECH (HAa HAXOJAIICHCS CleBa Ha
puc.11) BetBu 3aBucumoctu (7) nBmwxkenue tena (B) Oyner oka3piBaThCsl OUYEHb TMOXO-
’KUM Ha TO, KaK €Clii Obl OH HE IMOJHUMAJICS, a CKAaThIBAJICSI BHH3 C ITOYTH OTBECHOM

ropsel. T.e. oHO OyAeT MPOUCXOIUTH KaK pa3 Tak, Kak 00 ’TOM HaM TOBOPUT PABEHCTBO

F=m-a, a uMeHHO: NelCTBHE HA O0BEKT Jake HEOOJBIION noCMOoAHHOU 110 BEIUUYNHE
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«CUJIBI» OyZeT, Ka3aJoch Obl, NPUBOAUTH K BCE OOJIBIIEMY POCTY €ro CKOpOCTU Vr .
NGo mpu Bcex peasbHO CYIIECTBYIONIMX BEIMYMHAX CKOPOCTH TOCTYMATEIHLHOTO
JBW)KEHUS Yy BEHIECTBEHHBIX Te€J (T.€. MpU BCEX Vr, MO CBOEH BEIMYMHE HAMHOTO
— —
MEHbIIIEH CKOPOCTH CBETa) Beau4rHa oTHoeHus P,/P || OyneTr oueHb HE3HAUUTEIb-
HOM (cM.puc.12 mpu 3Ha4YEHUU (p—>00). [TosToMy ocoOeHHO mpu V1 MOYTH paBHOM
HYJIIO JIEWCTBUE J1a’K€ CPABHUTEIBHO HEOOJNBIIOrO MMITylbca cuiibl Pgyp=Const Ha
nepBbIX Topax OyaeT BbI3bIBaTh YCKOpeHHoe JBmxkeHue Ttena (B). Omnako 3T0
YCKOpeHHOe JBrkeHue Tena (B), kak Mbl 3HaEM MO CBOEMY OIIBITY, 00s3aTEIbHO U
IPUTOM JOCTAaTOYHO OBICTPO CMEHMTCS PAaBHOMEPHBIM €ro JBukeHuem. [lpu Towm,
pasyMmeercsi, yCIOBUHU, YTO TOJKaromuil Teno (B) B ciuny umMmnysbe cuisl Pgyyy Oyner
ITOCTOSIHHO IIPOJIOJIKATh OKa3bIBaTh CBOE NEMCTBHE HA ATO Teno. Eciaum ke B Kakou-To
MOMEHT OH YCHJIMT CBO€ MOCTOSIHHOE IO BEJIIMYMHE AehcTBHUE, TO Teno (B) kakoe-To
BpEMsl CHOBA CTaHET JBUTaThbCs YCKOpeHHO. Ho 3aTeM U 3TO JBMXKEHUE OISITh-TaKU
JIOCTAaTOYHO OBICTPO MPEBpPATUTCS B paBHOMEPHOE. B nTore paBHOMEpHOE JBUKEHUE
tena (B) MOXKeT CMEHSThCA YCKOPEHHBIM MHOTOKPATHO, HO JIMIIb /10 T€X MOp, MOKa
BEJIMYMHA €r0 CKOPOCTH HE MPUONM3UTCA K 3HaueHUto Vr=7r. OpHako mpu 3TOM
CKOpOCTh JABIWKEHHS y Tena (B) HuKorjga He cMOXKET cTaTh paBHOU BenuunHe Cr=T'T.
D10 00BSICHSIETCS TEM, YTO MPU MaJIEHIIIeM yBeJIMUeHUH JieicTBUs Ha Teno (B) Henoc-
PEACTBEHHO BOJIM3U OT TPaHULIbl (P=T C MpaBoi OT HEe€ CTOPOHBI (cM.puc.12) Oyner
BO3HHMKATh TOYHO TAKOMW K€ BEJIWYHUHBI MPOTUBOJCUCTBUE C JIEBOM OT HEE CTOPOHBI.
B urore TOYHO Ha JUMHUM TpaHULBI Q=T OYyJET OKa3bIBaThCid KaK Obl «HHUYEHHas
3eMJIsi». B moib3y 6€3yCI0BHOTO CYIIECTBOBAHUS «HUYECHHOM 3€MJIN», KCTaTH, TOBO-

puUT ené To 06CTOATENHCTBO, YTO T — YUCIIO UPPALMOHATBHOE.

Hrak: —

1. Temo nr000TO «CHIIOBOTO» T-BEKTOpa, Hampumep AB, B camblii mepBBIi MOMEHT CBOETO
uznyuyeHus: teaoM (B) monmyudaer B CBOE pacmopspKeHHE ONpPEEeNIEHHBIM 3amac MMITYJIbCa
cwibl. [locTeneHHO pacxoays ero Ha COBEpIIECHUE JBOMHBIX TOBOPOTOB, T-BeKTOp AB B X018
UX BBITOJIHEHHS OYJIET YAAIATHCS OT MECTa CBOETO M3IyUeHHsI BCE JalbIie A0 TeX IMOp, MOKa
3armac UMIyJIbCa CUJIbI B €r0 Tele He OyIeT U3PacX0J0BaH MOJHOCTHIO.

2. Ecnu na puc.12 B koHIIEBOI TOuKe «B» y T-BekTOpa A§ Oynet Hekoe Teno (B), To BenuunHa

—
€ro CKOpoCTH VT MOXKET yBEIMYUBATHLCSA JIUIIB 10 BEIMYUHBI OJM3KON K V=T |AB| =max,
HO HUKOTIa HE CMOXET MOCTUTHYTh V1=Cr.
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§ 14. |Mapagoxc BO3ZHMKHOBEHHS B3aAMMOIEICTBHS MEKIY JBYMS KPYIJIBIMH
HeOeCHBLIMH _TeJIAMH, BPAIIAIOIIMMUMCH BOKPYI CBOMX COOCTBEHHBIX
oceii.| TMpumimn _ oproronamphoctr.|  IpemeccHoHHOe  ABHKeHHe.
JIBUKEHHE B «GOJBIIOM» M JIBHKEHHE B «<MAJIOM>. |

14.1. TIponomkas TeMy NPEANoIOKUTETLHO BOSHUKAIOIIETO U3TYYCHUS Y JBUKYIIIE-
rocs no kpyry tena (B), ocraHoBUMCS Ha SIBIEHUU, UMEHYEMOM Hpeyeccuel.

st aToro obpatumcest k puc.13, Ha KOTOpOM H300pakeHO Bpalaromeecs
Bokpyr ocu O-O; Hekotopoe Teno (m). B nureparype, omuchiBaroliei CBONCTBa
YPaBHOBEUIEHHOTO TUPOCKOMA C TPEMs CTENEHSIMUA CBOOOIbI, TOBOPUTCS, YTO €CIIM Ha
ock O-O; Takoro rupockona mMoJelCTBOBATh MOCTOSHHON MO BEJIIMYMHE <<cp1n01”4»?
(T.e. MOCTOSIHHBIM MO BEJIUYUHE HMITYJIBCOM CHIIBI l_’(: ) B yKazaHHOM Ha pwc.13
HaIpaBJIE€HUH, TO 3Ta OCh, BMECTO TOTO YTOOBI HAKIIOHUTHCSI BHU3 B CTOPOHY JEHCT-
BUSI UMITYJIbCa I_’(; CTaHeT JABUTATHCS B HAIPABICHUU NePHeHOUKYIAPHOM K HaIpaB-
JICHUIO €ro JIeiCTBUS (CM. HampaBieHUEe, 0003HAYCHHOE CTPEIKOW ****9 ), MOBOpa-
YUBAsACh MIPU 3TOM BMECTE ¢ poTOpoM (m) BOKpYyr ocu O,-O; ¢ NOCTOSIHHOW yIiI0BOR
CKOPOCTBIO ®.

DTO CBOMCTBO T'MPOCKOIA BCAKUM Pa3 JETKO BOCIHPOU3BOJIUTCS B OMBITE, HO J0
CUX IMOp HE UMEET YJIOBJIETBOPUTEIBHOTO OOBSICHEHUS. SICHO JUIIb OJIHO: 3TO SIBJE-
HUE TPOUCXOJUT BCETa, €CIU MpHU 3TOM poTop (m) epawaemcs BOokpyr ocu O-Oy, u
HE IIPOUCXOJMNT, €CIIU OH He spaujaemcsi BOKpYr He€ (Bo BTopoM ciydae ock O-O; B
MOJIHOM COOTBETCTBUM C U3BECTHBIMHU HaM MPAaBUIIAMH MIPOCTO HAKJIOHSETCS B CTOPO-
HY JCUCTBUS MMITYJbCa CHIIbI 17(: ). OgHako moJIOXKEHUE Jeld B 4acTU OObSICHEHUS
YIOMSIHYTOTO BBIIIE SIBJICHUS MOXKET MU3MEHUTHCS, €CIIM Mbl IPUMEM BO BHHUMaHHUE
U3JIO)KEHHOEe B TpenpinymeM mnaparpage. B camom gene, cornmacHo Tam pac-
CKa3aHHOMY, IIPU Ka)KJIOM IIarOBOM IE€peMeNIeHnr ToueuHoro tena (B) mo kpyrosoit
opbute mpoucxoauT uznydeHue TeiaecHou tomanku ACIHA; (puc.8-B), okasbiBa-
fomieiicss npu 3ToM 3amosiHeHHOM cybOctanumeirt JIHC. Ho mockonbky €€ Teno
(BepHEE, TEJIO0 «CUJIOBOr0» T-BEKTOpa ﬁ) B XoJie oTHajgeHusa oT Tena (B) oka3biBa-
eTcsl IBIXKYIIUMCS, To B Hel cyoctanius JIHC okaxeTcs cyliecTBYIOIIEH BO Bpeme-
HU U TTIOTOMY MPEBPATUTCS B CYOCTAHITUIO JABUXKYIIETOCS UMITYJIbCa CHIIbI, KOJNYECT-

— —

BCHHO PAaBHOTI'O BCJIMYUHC COCTAaBIISIOLICH HUMITYJIbCa CHWJIbI MHCPUIHUH PJ_ECC3 Ha

puc.8-a. Mcxonst W3 3TOro MOXKHO 1ymMaTh, 4To eciu Teno miomanku ACIIA, B xozae
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O,

Puc. 13
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JBYKCHUS BIPYT HATOJNKHETCS HA MPEMATCTBUE, TO OHO, KaK YK€ OTMEYaIOCh paHee,
OKa)KeT Ha HEro TaKoe K€ IO CBOEH CyTH JIeHCTBUE, KAaKOE€ OKa3bIBAE€T OTOPBABILIASCS
OoT Oepera peku JIbJMHA BO BpeMs JIEl0XO0Jla Ha BCTpETUBINEECS Ha €€ IMyTH,
HampuMmep, OpeBHO. Ecnm ke Takux TUIOMaA0K OyIeT MHOXECTBO M BCE OHH,
JBUTASICh B OJIHOM HampaBJjeHUHU, OyayT oOpa3oBBIBATH CBOMMH TEJIaMU HEKOTOPOM
TOJIITMHBI KaK OBI CTPYIO, TO UX CYMMapHOE JIeCTBHE OyIeT OKa3bIBATHCS MOAO0HBIM
TOJIKAIOIIEMY JICHCTBHIO BRITCKAIOIICH M3 IIJTAHTA CTPYE Tra3a WU KUIKOCTH.
OCHOBBIBasICh Ha ATOM, TMOJIOKUM, YTO TIPHU BpAIlIEHUH POTOpa (M) BOKPYT OCH
0-0O; Bo3HMKaeT Kak Obl MIIMHAPUICCKON (HOPMBI CITUpaAIeOOpa3HOE TEO, PACIPO-
—
CTPAHSIONIETOCS Ha puC.13 B CTOPOHY CTpENKM ¢ZZZA WMITYJIbCca U3NydeHus Pysi.
Kotopoe mogo6HO HEKOTOPOMY HEBUIUMOMY TJIa30M U BpaIIarOIIEeMyCsl B HalpaBJie-

HUU CTpenku « 1 » BOkpyr cBoeil ocu O-O; HWIMHAPUYECKOMY BHUXPIO OJIHOBpE-

MEHHO TOCTENEHHO Kak Obl BhIpAacTaeT W3 Teia (m) B HAMPaBICHUU MPOJIOIKCHHS
—

nonyocu A-O. I[lo MHEHHIO aBTOpa, TEIO ATOTO HUMIYJbca-BUXps Pysy B Xo0je
—
B3aUMOJICHCTBUS C TEJIOM JIPYroro U 0003HAYEHHOI'O CUMBOJIOM Py UMIYJIbCa CHUIIbI

—
(AEHCTBYIONIET0, 3aMETHM, B OPTOTOHAIBHOM K JEUCTBUIO Py3; HANpaBICHUHM) Kak

pa3 u NPUBOAUT K TOMY, YTO Bpallaroleecs Tejlio poTopa (m) HaYMHAET MOBOPAYUHU-
BaTbCsl TAKUM 00pa3oM, 4yTO Touka «B» }\/Jocn ero BpauieHuss O-O, HaUMHAET nepemMe-
maThCsl MO Jyre miockoil okpy:kHocTu BC B ctopony Touku «C» (T.€. ONATH-TaKU B
OpPTOTOHAIILHOM, HO Y€, Ha000pOT, K IEHCTBUIO UMITYJIbCA ;(: HaIpaBJICHUN).
[IpyurHa MMEHHO TaKOro NABUXEHUS TOYKU «B» (He Mo nuHUM AEUCTBUSA
UMITYJIbCa F(:, a B OPTOrOHAJIBHOM K HEMY HAINPABICHHUH), OMATH K€ MO MHEHHIO

aBTOpa, cocTouT B cienyromeM. CorocTtaisis u3o0paxkEéHHoe Ha puc.8 u puc.l3,
—
HaxoJuM, 4TO Ha puc.8 aeiicTBue ummynbca cuibl CC; camopacnagaeTcs Ha COCTaB-
— — — — —
msrone CCo,=P)| u CCs;=P,. Ilpu stom aeiictBue P|| mpeBpamiaercs B OTPE30K
-/ —
IaroBOrO IMYyTH, UMeromero Bua ayru okpyxknoctu CJI, Torma kak aeiictBue P

MpeBpaIaeTcs B u3inydaemyro tenecHyro miomanaky ACJA; (cm. puc.8-B).
_’

B otnuume ot 3TOoro Ha puc.13 Teno ACHCTBYIOIIETO HMMITyjibca CHIbl Py,

Oynyun BC€ BpeMs HANpaBJICHHBIM CTPOTO BHHU3, HE pasliarae€Tcsi Ha Kakue-mOo
—

cocTapistomue. J[pyrumu clioBamMH, y HErOo HET HHMKaKoW cocTamistomend P||, u3

KOTOPOl MOKHO OBLIO OBl MOCTPOUTH OTPE30K IIaroBoro mytd. OgHOBPEMEHHO Yy
—

HEro HeT U COCTaBJstomeld P, M0 BUHE KOTOPOW BO3HUKAET U3ITYyYEHHUE TUIOMIAJ0K
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—
uMItynbca cuiibl. OTKyzAa CleyeT, 4To JACHCTBUE OTBECHOTO MMITylbca Py HE MOXKET

NPUBOJAUTH HU K BO3HUKHOBEHUIO M3JIYYCHUS, HU K TOSIBJICHHUIO IIarOBOr0 OTpe3Ka
nytd. Ho B TakoM cilydae BO3HMKAeT BOMPOC: MO KaKOW TOrja MpUYMHE BO3ZHUKAET
MPEIECCUOHHOE JIBUKEHHUE Y pOTOpa Tupockona’?

UtoOBI OTBETHTH HA 3TOT BOIPOC OTMETUM TOT ()aKT, UTO EHCTBHUE UMITYIhCA
— —>
Py na teno ocu O-0O4, — a, 3HAUUT, U HA COBMEILIEHHOE C HEH Teno T-BekTopa AB —
OyJeT mpUBOAUTH K TOMY, UTO B HEM BO3HHMKHET HampsbkeHue. ['oBopsi mo-apyromy,
3TO MPUBEAET K TOMY, YTO, B YaCTHOCTH, B TeJIe T-BEKTOpa A?B MOSIBUTCSI HEKOTOPOM
BenuunHbl 3anac cyoctanuuu JIHC (kotopseiii OyaeT TeM OosbIINM, 4eM OOJbIIUM
OyJeT BeIuunHa I/IMHlebca;:) ). DTO 3HAYHT, YTO ITOT T-BEKTOP E BJIPYT' CTaHET
CUJIOBBIM T-BEKTOpPOM 1-ro posa. UTo B CBOIO ouepeab 03HAYAET, UTO €ro TEeJIO CTAaHET
JBYHAMPABIECHHBIM T-BEKTOPOM, KOTOPBIM B CUITy HMEIOIIETOCS Y HETO 8POHCOEHHO20
CBOICTBa HAXOJUTHCS B COCTOSIHUU HE MpeKpaljaroierocs apmwxenus (cm. § 20) cra-
HET COBEPIIATh, B YACTHOCTH, TOBOPOTHI TO BOKPYT OJHOTO «A», a TO BOKPYT APYIrOro
KOHIIa «B» cBOero tena BO B3aMMHO OPTOTOHANBHBIX TiockocTsx I1; u I1,.

[Ipnuém u3-3a BO3HHMKAIONIIETO ABM)XEHHUS Tella T-BEKTOpa A% B XOJI€ ATUX
MOBOPOTOB HamoHstomas ero teio cyocranuus JIHC Oyner ctaHOBUTHCS CyOCTaH-
nuend ummnyibca cuibl. OJHOBPEMEHHO € 3THM, COTJIACHO YK€ pacCKa3aHHOMY Ha
c.83, aTa cyOcTaHIUS UMITyJIbCa CHJIBI OYJET TMOCTENEHHO HAIOJHATh CO00M
BHYTpEeHHUN 00BEM Bo3HHUKaromied Ha puc.13 Tenecunoi mimomaaku ABCA,. 3atem
HACTYMUT IIaroBasi OCTAaHOBKA B MOBOPOTE T-BEKTOpa A_B) B TOT MOMEHT, KOT/Ia €ro
Touka «B» okaxkeTcs B monokeHuu «C», a TIOJIFOCHAS TOYKA «A» B TTOJ0KCHUU «A».
OIHOBpPEMEHHO € ATUM CYOCTaHUMS HMIYJbCAa CHJIbI, 3aKIOYEHHAs B IUJIOIIAJKE
ABCA,, npeBpatutcs B cyocraniuto JIHC, kotopas ToT4ac ke kak Obl paCTBOPUTCS
B OKpYKaroliem npoctpancTBe (cm.c.86). [Ipu 3TOM MOHSATHO, YTO U BO3SHUKHOBEHHE
camoit turomanku ABCA,, U 3amojJHEeHHOCTh €€ o0BbéMa CyOCTaHLMEeW HMMyJbca
CUJIBI €CTh CIICJICTBHE JICUCTBUS UMITYJIbCA 17(; Ha KOHIIEBYIO TOUKY «B» y Tema T-Bek-
TOpa A_B) To ecTp U TO, U APYroe, Mo CyTH JieJa, €CTh HE YTO MHOE, KaK HeKasl 4YacTh
JNEUCTBUSI UMITyJIbCA Fg 3a Bpems Ty, CyOCTaHLUS KOTOPOTO H3-3a MOBOPOTOB Teja
T-BEKTOpa AB B chauama monoxeHue /ﬁj U 3aT€M B IOJIOXKEHUE A?Z OKa3aJlach
3aximo4éHHon B iomanake ABCA|. Otkyaa J0DKHO ObITh HE MEHEE MOHATHO, YTO
MMEHHO 3Ta 4acTh JCHCTBUSA UMITYJIbCa ;(: NoJbKHA Oy/IeT u3pacxoJ0BaHa Ha MPeoIo-

JICHUC HCKOTOPOTO OTPC3Ka ITYyTHU, U YTO B POJIM 3TOTO CBOCIO poOldd ydaCTKa ITYTU
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OyIeT BbICTYNATh, MO BCEW BHUJIMMOCTH, HE KTO HMHOWM, KaK TeJIECHAs IJIOIIAJKa
ABCA,. Ilpuuém oHa SIBISIETCS UMEHHO «CBOETO POJia» Y4aCTKOM MYyTH, TOTOMY UTO
B OTJIMYKE OT MNPUBBIYHOTO HAM BCEM IIYTH, I/IMG\ISHI@FO BUJI HEHAIPaBJIEHHOTO
oTpeska gusznueckoit tuxuu (HeHanpasienHo nyru BC), B JTaHHOM ciydae OH UMEET
BHJI y9acTKa CeKTopuanbHO# nirowaou ABCA ;| (BciomMHuTE B CBA3M C 3THM O COCPENOTO-
YCHHOM Ha JIMHHUU U O paCHpe,I[CJ'IéHHOM o 1mjIomaar UMITYJIbCE CHJIbBI U O €T0 3KBHUBAJICHTHOCTHU
OTpE3KY IMyTH — cM.C.79).

Onnako, ecnu Teno poropa (m) He OyaeT Bpalathes, TO ACHCTBUE UMITYJIbCa

— —>
P, Taxxe Oyaet, u3rubas teiao T-Bekropa AB, BbI3bIBaTh B HEM HaIpPsDKEHHUE, HO HE

— -
OyneTt npuBouTh K ero moBopoty AB—AC. 3HauuT Bo3HUKaOIIEe HANpPsHKCHHUE B

ﬁ _’
Tene T-Bektopa AB Oyaer B3amMojeliCTBOBAaTh MMEHHO MOTOKOM HMITyJIbca Py
— —
[Ipu stom ummynsc Pysp OyAeT B3aMMOAECUCTBOBATH ¢ UMIYJIbCOM Pj, MOCKOJBKY
—> —

HaIpspKEHUE B Telle T-BekTopa AB Bo3HMKaeT U3-3a I€MCTBUS HA HETO UMIylbca Py .
—>
[Ipu sTOM nBUXkeHUE KOHIIEBOM TOUkU «B» y T-BekTopa AB OyneT oka3biBaTh-
Csl TOJHOCTBIO Oe3UHepyuoHHbIM, T.€ TaKUM, KOTOpPOE MIHOBEHHO IpeKpallaercs

—

BCJIE]T 32 MOJHBIM MpeKpaIieHrueM JAeicTBus uMmnyiabca Py Ha koHer ocu A-B. UabpiMu
—

CJIOBaMu, IPU JIEUCTBUU TaKMM 00pa30M HAINpPaBIIEHHOTO UMIYJbca Py ABUKEHUE OCU

A-B Oyzner oka3bIBaTbCsl HE MHEPLUOHHBIM, A NpeyecCUOHHbIM, TIOTOMY YTO B 3TOM
_’
ClIy4ae, IOBTOPUM, HE BO3HUKAIOT HU CaM HUMIYJbC CHJIbl MHEpUMH Py, HH €ro
-
cocrapisomue P|| u P,. BeaeacrBue 4ero OTpe30K MIAroBOro MyTH B BUAE AYTH
\/
okpyxkHoctu BC 3amensierca ydactkoMm cektopuanbHoil momanu ABCA,, kotopas

HE M3JIy4aeTCs Jajie€ B OKPY)KAIoIee MPOCTPAHCTBO, a Cpa3y K€ Kak Obl pacTBOPsI-
€TCSA B HEM.

Hanee. PaccmarpuBasi emé pa3 puc.13, HaxoawMm, 4YTO TMOJ JEHCTBUEM
—
BpalleHUs TeJIa BUXPEBOTO UMITYJIbca U3NIydeHUsST Py3j, MPOUCXOIAIIETO BOKPYT OCH
—
0-O; mo crpenke | I |, Teno ummynbca cuibl Py Takke Kak Obl MOBOpPauMBaeTCS

BOKpYT ToukH «B» 1o crpenke | 2 | Ha 90 uMeHHO B Ty Xe CTOPOHY, B KaKYIO

MPOUCXOUT KAaK BpalleHHE Tejla (m), TaK U BpallCHUE TeJla UMITYJIbCa M3Iy4CHUS

—

Pys3;. B utore co3naércst BneyaTieHue, 4TO IEMCTBUE UMEHHO SIKOOBI «ITOBEPHYTOI0>»
—

na 90° uMmnynbca Py Kak pa3 W 3aCTaBJsieT IABUTaThCs TOUKY «B» y Tena T-BeKkTOpa

—> / .

AB mo nayre okpyxknHoctu BC. Ilpu 3ToM oOCTaércsi HESICHBIM, IMOYEMY 3TOT B
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—
JIEUCTBUTEIBHOCTH JIMIIb KAXKYLIIUUCA MOBOPOT JAEHUCTBUS UMITyJbCca CUIbl Py mpouc-

XOJUT BCAKUAM pa3 UMEHHO Ha 90° 2

OTBeT Ha ATOT BOINPOC 3aKIIOYAETCA, Ha Hall B3MJIsLA, B TOM, uTo B Ilpupone
CYIIECTBYET, IMO-BUAMMOMY, HEKUH Kak Obl «/Ipunyun opmozonaibHocmu». B camom
Jiene, Mpyu PacCMOTPEHUU BOIIPOCOB, CBSI3AHHBIX C BO3HUKHOBEHHEM MMITYJIbCA CHJIbI
MHEpLUU I_’p:H U C TeM, KakKuM 00pa3oM U C KaKOH CTOpPOHBI OH JACHCTBYEeT Ha
MOJAKOHTPOIBHBIN €My OOBEKT, Mbl MPUILIM K 3aKITIOYEHUIO, YTO HUMIYJIbC CHIIbI
3/1eCh MIPEABAPUTENBHO PACMAIACTCSl HA JIBE OPMO2OHAIbHbIE COCTABISIONINE C_(Ez u
C_(53 (cm.puc.7). A obcyxaasi BOIPOCHI MIAarOBOCTH MOCTYNATEILHOTO JABUKEHUS, MBI
BBIHYKJICHBI OBUIN MOJIOKUTh, YTO €CJIH IIaroBOE MepeMelieHue HEKOTOPOoro o0beKTa
(B) mpoucxonut B HekoTopoi oxHoi miockoctu I1; (puc.7), To maroBoe nepemenie-
HHE €ro IT0JI0ca NBIKCHHUSA «A» B MOMEHTHI IIIarOBOM OCTaHOBKH 3TOro oonekra (B)
npoucxoaut B oproroHainpbHoM K II; mnockoctu Il,. Hakonen temepbp Mbl CHOBa
OKa3bIBaeMCs Mepesl TEM, YTO TEJIO COCPENTOTOUECHHOIO HA JIMHUM UMITYJIbCa CUJIBI 7’;

—
B XOJ€ BO3MOXHOI'0 B3aUMOJICMCTBUSA C TEJIOM BHUXPEBOTO UMIYJIbCA U3Ty4eHUS Pysjp

ToBOpaYMBAETCs 10 cTpenke | 2 | He Ha 67° 1 He Ha 122°, a umenno Ha 90°.

B pesynbpTare BCcero aToro mMbl Ha JOCTATOYHOM, KaK HaM KaKETCs, JIJI 3TOTO
OCHOBaHUU MOXXEM HayaTh MOJIaraTh, YTO YMOMSHYTHIN Bbime «[IpuHIUI opToro-
HaJIBLHOCTH», BO3MOXKHO, JIEHCTBUTENBbHO cymiecTByeT B [Ipupone. Bopouewm, BcE€ 370,
HAJI0 ToJjaraTh, SBISETCS OTPAXKCHUEM CYIIECTBOBAHHS ropasao Oosiee (yHIaMeH-
TaJbHOM TPUYMHBI, B KA4E€CTBE KOTOPOW MPEXKIE BCEro cleayeT yKazaTh Ha Ty,
JNIEUCTBUIO KOTOPOM moauuHseTcs gaxe camo Bpemsa. To ecth moguuHseTcs To, 0e3
Yero HEBO3MOHO CYIIECTBOBaHHE BOOOIIE Yyero Obl TO HU OBLIO, YTO SBIISETCA KaK
OBI TJIaBHBIM CTEp KHEM Bcero Mupo3nanus, U 4TO, KaK OKa3ajoCh, TEYET B OJHOU

mnockoctu 11y, a nmutea B opmoconanvuou x Heit miockoctu I, (puc.6) .

14.2. Ilyctb HaM JaHO HEKOTOpPOE MIAPOOOP3HOE BELIECTBEHHOE TEJIO (M) U MYCTh
OHO Ha 0003HaueHHOM Ha puc.l4 mTpux-nmyHkTupoMm ydactke nytu E-E;-E,-m
neuxketcs B IlpocTpaHcTBe Mo MHEpLUH, T.€. ABMXKETCS Kak Obl camo 1o cede, moj

I[eﬁCTBMCM OIHOI'0 TOJIBKO UMITYJIbCa CUJIbI MHCPIUH.
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Op6ura npeneccuoHHOro
JBIDKEHHS TEJla m .

E E KpuBast nHepLmoHHOTr0
1
JBIDKEHHS TEJIa m .

Puc. 14

107



CornacHo paccka3zaHHOMY paHee, B X0JI€ TaKOTO (CBOOOIHOTO, MPOUCXOSIIETO
Kak Obl caMo 10 cebe) mepeMenieHus: J1000ro BEIIECTBEHHOTO 00bEKTa JIMHUEH €ro
JIBYDKEHUS Oy/IEeT OKa3bIBaThCS OJHA M3 BETBEW JBOWHOW crivpayiin (Apyras e€ BETBb,
— KOoTopas Ha puc.l4 He moka3aHa, — Oy/IeT SBISATHCS, HANIOMHUM, JIMHUEH mepemMe-
IIEHUSI TIOJIF0Ca A ATOTO CBOOOTHOTO JIBMKEHUS Tena (m) ). ITO 3HAYUT, YTO IITPUX-
nynktupHas JuHus E-E;-E,-m npexacraBiasier coboii OTpe30K COOTBETCTBYIOIMICH
BETBU JIBOMHON CIUpay Ha pUC.3, KOTOPHIA [IETMKOM COCTOUT U3 IIArOBBIX Y4aCTKOB
nytu  E-E;, E-E, ... [Ilpnuém kaxnapiii u3 HEX uMeer GopMy AYrd IIOCKOM
OKPY>KHOCTH, MMEIOIIEH COOTBETCTBYIONIYIO BEIMYMHY paauyca. Kak Mbl Tenepb
3HaeM, IPU UHEPYUOHHOM JBWKEHUU 10 KXKJAOMY YYAaCTKY TaKOro IyTH Ha Tejio (m)

— —

JNEUCTBYIOT cocTaBisiromue (Pyy)|| 1 (Pyy)., mepBasg U3 KOTOPBIX IPEBpAIIACTCS
KaXJIbI pa3 B TE€JIO OYEPEAHOTO IIArOBOr0 y4yacTKa MyTH Tela (), TOra Kak BTopast
B BHJIC T-BEKTOPHOM IUIOMIAJKKA H3Jy4aeTcsi B OKpyxarouiee IIpoctpancTtBo (Ha
yepTexe puc.l14 HU 3TH TUIOMIAAKUA, HU PAIUYC-T-BEKTOPbI, COCTUHSIOIIAE TOUYKHU
E, E|, E, ... ¢ momocoM aBwxkeHuss A, kpome ogHoro AgE, He mokasansr). s
JTATbHEHIIIETO YCIOBUMCS H3JIydeHue Tena (m), MPOUCXOJsIlee Ha ydyacTke opOu-
THI €ro uHepIuoHHoro ABwkeHus E-E-E,-m, o6o3nauats (Py3j)ops. Hapsany co Bcem
ATUM JOMYCTUM, YTO TeJo (m), — KpOME TOr0, YTO OHO JIBHXKETCSl MOCTYNATEIbHO
BJI0Jb JUHUUA E-m, — emé€ BpamaeTcs ¢ HEKOTOPOW CKOPOCTBIO BOKPYT CBOEHM ocH,
nosioxeHue kotopoi B IIpocTpaHcTBe, eciiv €€ MpOUINTh HaJJIekKalluM 00pa3oM B
OJIHy CTOpPOHY, MYCTh COBIAAAeT C mOpsiMoll m-A. Jlomyctum Takxke, 4TO 3TO
BpalieHue Tena (m) NpOUCXOIUT B HAIPABJICHUHM MPOTHUB YaCOBOW CTPEJIKH, €CIIH Ha
HEro CMOTPETH CO CTOPOHBI TOUKH «A» (cM.puc.14).

[Tockonbky Bce TOUKM Tena () ABISIOTCS BEIIECTBEHHBIMH, TO, PA3AECIUB €ro
Ha MHOXXECTBO TEPINEHIUKYISIPHBIX K OCH BpalleHUs m-A CEYeHUU, MOJy4HM, YTO
KPYTOBOE I1Iar0BO€ JIBUKEHHE KaKJO0WM BEIIECTBEHHOW TOUYKU B 3THX CEUEHUSX Yy Tena
(m) OyaeT cOmpOBOXKIATHCA MPOUCXOASIIMM B KOHIE KaXIOr0 HX IIAaroBOro
MEepEMEIICHUsI U3TyYEHUEM COOTBETCTBYIOIIECH IJIMHBI «CHUJIOBOrO» T-BekTopa. IIpu
ATOM KaXIbld TAKOW HW3IYy4YEHHBIM T-BEKTOpP CTAHET COBEpPIIATh CBOM JABOWHBIE

IMOBOPOTHI, OMCTAaA IIPH ITOM Haﬂﬂemameﬁ BCJIMYUHBI T-BCKTOPHLIC IUIOIIAIKH.
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W o1HOBpEMEHHO € 3TUM KaX bl UX HUX CTAHET YAAISAThCA OT TOM Mmiuockoctu I,
B KOTOpOW OYIyT MPOUCXOIUTH €ro MOBOPOTHI HA YroJl (¢ B T€ MOMEHTHI, KOT/1a OH
COCIMHSJI B JTAHHOM CEYCHUHU Tena (m) COOTBETCTBYIOIIMM TOYEYHBINM B-00BEKT C
MOJIIOCOM €r0 JABMXKEHHS « A | » (HaXOASIIMUMCS B YIIOMSIHYTOM JaHHOM CEUEHUH Ha
OCH BpallICHUS TeJIa m).

B cBsi3u ¢ TeM, 4TO Bce M3Iy4EHHBIE CUJIOBBIE T-BEKTOPHI B XOA€ COBEPIICHUS
UMU CBOUX JBOWHBIX IMMOBOPOTOB OyIYyT JBUTAThCSA, KaK JTO CIEIYeT W3 YKe
paccKa3zaHHOIO, B OJJHOM U TOM K€ HalpaBJICHUH (B OPTOTOHAJIBHOM K IUIOCKOCTSIM,
JIETAIIMM Teno (M) Ha OTAENbHBIE CEUEHHSs), TO JOMYCTUM, YTO yAaJ€HUE TOrO WJIU
MHOTO M3Ty4€HHOTO CHUJIOBOTIO T-BEKTOpa OT COOTBETCTBYIOLIETO CEUYEHHUs Tena (m)
BCSIKMI1 pa3 MPOUCXOJHUT B CTOPOHY HA3BAHHOM BBIIIE TOYKU «A» y MOJIyocH m-A.
To ecTh JOMYCTUM, YTO PACHPOCTPAHEHUE U3IIYUEHHUS! BCSIKUM pa3 MPOUCXOAUT B Ty
CTOPOHY, TJISIASI U3 KOTOpPOM Ha Bpamaromieecs Teiao (m), ero BpamieHue OyaeT
BUJIETbCSI TPOUCXONSAIIUM TaKXKE HPOMUE YaACOB8OU CTPEIKU. 3a0JHO C HTUM
YCIIOBUMCSI 3TO HAaIlPaBJIEHUE B CTOPOHY K TOUKE «A» B JalbHEHIIEM HMMEHOBAaTh
«HAIMPABJICHUEM U3ITYYCHHUSI TOUYEUHBIX B-00BEKTOB» WM MPOCTO «HAMPABICHUEM
B-u3nydyenusi» (MoMHs Bcerja mpu 3TOM O TOM, YTO ATO U3JIyYEHHUE SIBISETCS BCEraa
0OHOCMOPOHHUM Y TIPUTOM TE€M B OOJIbIIIEH Mepe «1aTbHOOOMHBIM» IO OTHOIICHUIO K
MJIOCKOCTSIM CEUYEHHMI, B KOTOPBIX BpaIlalOTCs ToueyHbie B-00BekThl, yem Onmxe
OyJeT HaXOAUThCS 3HAYEHUE BEIMYMHBI 11ar0OBOTO YIJia MOBOPOTA ( y TAHHOTO TeJa,
BPAIIAIOIIErocs BOKPYT OCH M—A, B 4aCTHOCTH, 10 oTHOIIeHHIO K @ = 0° )

Otkyna, uMess B BHJly pacCcKazaHHOE paHee O IeNbIX Kak Obl Ienoykax
IJIOIIAJOK JBOWHBIX MOBOPOTOB (IJIOMIAJOK €IWHUYHBIX HMITYJIBCOB CHJIBI ;;m),
BO3HUKAIOIINX IOCJIE U3JIIYYEHHS BCETO JIMIIb OJHOTO «CHJIOBOTO» T-BEKTOpPA B XOAE
€ro OMETAIOIINX JIBOMHBIX MOBOPOTOB, M MPUHSAB BO BHUMAHHUE, YTO B PACIOJIO-
YKEHHBIX APYT HaJl APYIOM CEUEHHUSX Ja)Ke HE O4YeHb OOJBIIOrO MO pa3Mepam Tela
(m) HaxXoOAUTCSs OrPOMHOE MHOXKECTBO TOUEYHBIX U3Iydawmux B-o0beKTOB,
MOJIYyYMM, YTO BCE ITO MHOMXKECTBO 3JIEMEHTApPHBIX HWMIIYJIbCOB (171/:3][) Oyner
MPEJCTABIISITE COOOM HEKUW €IMHBIM BUHTOOOPA3HBIM BHUXPEBOW MOTOK HMIYJIbCa

- —
cuibl Pysp=P,  pacnpoCTpaHSIOMIErocs oT Teja (In) B HAPaBIEHUH K TOUKE «A».
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Ha camom nene 3ToT moTok OyneT, KOHEYHO K€, COCTOSATh M3 OIPOMHOIO
MHO>KECTBA OTACJIBHBIX U COBEPILIEHHO Pa3HbIX 0 CBOEMY IIONEPEYHOMY pa3Mepy U
KaKk Obl BCTaBJIEHHBIX IOCJIEIOBATE€IbHO OJIHA BHYTPb JPYrod LMJIMHIPUYECKUX
NBOMHBIX criupaned. Ho Bce 3Tu moxoskue 1o BUAy Ha CBOErO poja BUHTOBBIE JIECT-
HUIIBI ABOMHBIE CIMpa OYyIyT CTPOr0 CUHXPOHHO Kak Obl MOBOPAUYMBATHCS BOKPYT
oO1eil oceBoil TMHUM M-A, BUHTOM Kak Obl BBUHUMBASACH MIPH 3TOM B OKpY’Karolee
[IpocTtpanctBo. IIpruém BcieacTBHE HE MPEKPAIAOIIErocs BpallleHus Tena (m) Ha
CMEHY OTAQJIMBIIMMCS OT HErO IJIOIIAJKaM JIBOMHBIX MOBOPOTOB OyAYyT MPUXOAUTH
BCE HOBBIE U HOBbIE ITOMAAKHU. [l03TOMY CyMMapHbIii, B 1I€JIOM, IOBTOPUM, LIWJIMH-
JIpuyeckuil mo ¢opmMe M UMEIONIMNA TOMEPEeYHbId pa3Mep, TPUMEPHO PaBHBIN aua-
MeTpy Tena (m), BUXPEBOU MOTOK U3JIy4aeMOT0 UMITYJIbCA CHJIbI F; Oynet BcE€ Bpems
C HEKOTOPOM CKOPOCTHIO Kak ObI BEIpACTaTh U3 Teja (M) B HAMPABJICHUHU K TOUKE «A».

N3noxeHnHoe paHee MoO3BOJIIET MOAYMaTh, UTO CKOPOCTh 3TOT0 Kak ObI pocCTa,
T.€. CKOPOCTh YJAJICHUS] «CUJIOBBIX» T-BEKTOPOB, U3TYYEHHBIX MaTEPUATbHBIMU TOY-
KaMH Tena (m), B oOLIEM HampaBlIEHUH K TOUKE «Ax», OyJIeT OKa3bIBaThCA, Ka3ajocCh
Obl, pazHoi. Tak, s JexaluMx Ha JIMHUM JAWaMETpa M, 3HAUYUT, Ui HauOosee
YIAJIEHHBIX B ’TOM CEYEHUHU OT OCH €ro BpallleHUs] PU3MUECKUX TOYEK y Tesa (m) OHa
OyneT OJHOM M PaBHOM JIMHEHHOW CKOPOCTH BpAIIaTEIbHOTO JBMXKEHHUS 3TUX TOYEK.
Ho mo mepe ymeHbIlIeHUsI pacCTOSHUS OT JaHHOM (PU3WUYECKON TOUKH y Tena (m) 10
OCH €ro BpalleHus (10 moJiroca €€ ABUKEHUS A ; ) BETUYMHA CKOPOCTH YAAJICHUS
Tena U3My4EHHOTO T-BEKTOpa OyJIeT CTAHOBUTHCS BCE MEHbIEH U MeHblIel. 13 uero
MOKHO OBLIO OBbI 3aKJIIOYUTh, YTO UHTEPECYIOIIAsl HAC BEJIMUYMHA CKOPOCTHU JIBHXKCHUS
MOTOKA U3JYUYEHHBIX «CHJIOBBIX» T-BEKTOPOB HE MOKET MPEBBIIATh BEIUYUHY
JMHEHHONW CKOpPOCTHU BPAILATENBHOIO JIBU)KEHHUS HauOoJiee YHaJEHHBIX TOYEK Teia
(m) ot ocu ero BpamieHusa. CiaenoBaTeNbHO, MPU TOM CKOPOCTH BpAICHUS BOKPYT
CBOEH OCH, KAKYI0 MMEET, HalpUMep, 3€MJIsl, BEIUUMHA CKOPOCTH PacIpOCTPAHEHUS
M3JIy4aeMOr0 €K TOTOKa HMITYJIbCa CHJIBI IT; OyIdeT OKa3bIBaThCA HE TOJIBKO
HEOOJIbIIONH, HO OHa OYJEeT MPOCTO €Ba 3aMETHOW MO CPAaBHEHHUIO CO CKOPOCTHIO
pacrpoCTpaHEHHs] TAKOrO MOTOKA HMMIYJIbCAa CUIbI, KAKUM SIBISETCS MOTOK Jy4yeul
COJIHEYHOT'O CBETAa WJIM MOTOK JIy4el, UCXOMSIIUX OT JI0OOro APYroro CBETSAIIErOCs
oObekTa. OIHaKO B IEMCTBUTEIBLHOCTU BCE MpoucxoauT uHave. Ha camom nene, kak

okaxeTcs (cm. §17), BCE M3IydaeMble TEJIOM M CHUJIOBBIE T-BEKTOPHI, — KaKyl ObI
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JJIMHY TCJIa OHHU HHU HMCIHU, — YHAJISAOTCA OT MECTAa HU3JIYYCHHA C OI[I/IHaKOBOI\/JI

CKOPOCTBIO, BCIIMYNHA KOTOpOfI paBHa CKOPOCTH CBETA.

14.3. HerpynHo MOHATH, YTO MPH JBMKEHUU Teda (M) MO YYaCTKy MHEPIIMOHHOTO

nyta E-E|-E,-m Gyznet npoucxoaunts, BooOIEe ToBoOps, Kak Obl JBOWHOE U3IIy4YCHHE:

opOuTaNbHOE U3Iy4YECHHE (FI:I3H)OPE’ BO3ZHMKAIOIIEE M3-32 BPAIATEIHOIO BOKPYT

noyiroca Ay JABMKEHHS Teida (m) B XOJ€ €ro MNepeMelieHus MO KPUBOW JIMHUU
o —

E-E-E,-m, n usnydyenue Z(fmﬂ )i = P,, BO3HUKAIOIIEEe U3-3a JBUKCHUS 110 KPYro-
i=1

BBIM OpOUTaM OTHENbHBIX B-TOUEK ATOro Tejaa B XOJE €ro BpallleHHUs BOKPYT CBOEH

cobcTBeHHOM ocu. OHAKO MBI OCTaBHM ITOKa B CTOPOHE OpOUTAIBHOE U3JIYYECHUE U

MPOJIOJDKUM PAaCCMOTPEHUE «COOCTBEHHOTO» (IMPOUCXOSIIETO U3-3a BPAIEHUS BOK-

pyr cCOOCTBEHHOW OCH) U3JTyUYCHHUS.

B cBs3u ¢ 3TUM npeAcTaBUM ceOe Tenepb, YTO B KAKOW-TO MOMEHT BpPEMEHU
MOCTYIMAaTeNbHOTO ABMXKeHUs Tena (m) o nuHuu E-E-E,-m uznyuaemblii uM kak Obl
CTOJIO MOTOKA UMITYJIBCA CHJIBI IT; BCTPEUYAETCS C MOJO0HBIM KaK Obl CTOJIOOM MOTOKA
UMITYJIbCA CUJIBI F; U3Jy9aeMoro JAPYruM TelloM «M» H3-3a y)Ke ero BpallleHUs BOK-
pyr cBoeit ocu. [omyctum Taxke, 4Tto 3TO Teno «M» BO MHOro pas OoJibliie
Tena (m) U BpallaeTcs BOKPYT CBOEH OCH MPUMEPHO C TOM K€ CKOPOCTBIO U B TY e
CTOpPOHY, C KaKOM CKOPOCTBIO U B KAKYI0 CTOPOHY Bpallaercs Tejo (m) .

N3o0paxénnoe Ha puc. 8, 9, 14 u nmpuBoAMMBIE 3[€Ch B OTHOIIEHHM HHX
MOSICHEHHUS MO3BOJISIOT AYMaTh, YTO TeJla [MWIMHAPUYECKUX OTOKOB UMITYJIbCA CHJIBI
}T;I/IF; u3inydaembie TenaMu M u (m), SBJISIIOTCS XOTS U BeChbMa CBOC0Opa3HbIMHU, HO
BCE K€ CAMBIMHM HACTOSILIUMU GewecmeennHbimu Tenamu. To ecTh SBISIOTCA XOTA U
BeCbMa HH3KOW IJIOTHOCTH, HO B IIEJIOM BCE K€ COBEPIICHHO TaKUMH, KaKHUMHU
SIBJISIFOTCS, HAIPUMEp, TEJIA JIBYX COOTBETCTBYIOIIMX PAa3MEPOB «JIEPEBSHHBIX» CTOJI-
60B. [ToaTOMY B X0/i€ YBETUYECHUS IJTUHBI TEJ F;MF; M3-3a UX KakK Obl BBIPACTAHUS
U3 M3JIy4aronmx ux tei (m) u «M» OHU CTaHyT OKa3bIBaTh COOTBETCTBYIOIIEH BEJU-
YUHBI IEUCTBUE APYT HA Ipyra, TOJIKAsl MPU 3TOM B OOK OJIUH JPYroro.

Bnpouewm, Tena HUIMHAPUYECKUX MTOTOKOB UMITYJIbCa CI/IJ'II)IF; I/IF; ABJISIFOTCA,
pasyMeercsi, BCEro JIMIIb MOJA00OHBIMU KPYTJIBIM JIepeBSIHHBIM cTojioaM. Ha camom ke

— —
Jiefie Tena uMmyibca cuibl Py u P, XOTS W SIBIAIOTCS BEUIECTBEHHBIMU (M MOTOMY
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CIIOCOOHBIMHU nepcaaBaTb I[eﬁCTBHe HUMITYJIbCa CHWJIbI BJOJIb OCH CBOUX TGJI), HO

00JaaroT, Kak TOJIBKO YTO OBLJIO OTMEUEHO, OYEHb HHU3KOW IUIOTHOCTHIO. [Ipuuém
—
MIPUMEPHO OJIMHAKOBOW IUIOTHOCTHIO. [loaTOMy nerictBue mmmynbsca P, mpaBuiibHEe

OyJeT CpaBHUBATH C JECHCTBUEM, CKaXXEM, CTPYH KUJIKOCTH C HEKOTOPOU CKOPOCTHIO
—
BTEKaroIIel cOOKy B 00Jiee MOIIHYIO U MIHPOKYIO peky ummyibca P;. B aTom crmydae
— —
noTok P, He OyneT «mpoOuBaTh» HACKBO3b TEJIO MOTOKA P , Kak 3TO M300pakeHO Ha

puc.14, a Oyner 6bicTpo Kak Obl BI3HYTH B HEM. [loaTOoMy HOTOKF;6YZ[6T OKa3bIBaTh
JEHCTBHE HE HA BCIO peKy-HOTOK;; , KaKk 3TO MpOUCXOaUII0 Obl B TOM cllydae, eciiu
Obl MOTOKHU F: U ;; SBJISUTUCH TBEPJOTEIBHBIMHU JEPEBSHHBIMU cTOJdO0aMu. CTpys
OTOKA F;GYILCT OKa3bIBaTh JCHCTBHE (PACIPOCTPAHSIONIEECs, TEM HE MEHee, BBepX
U BHU3 IO peKe—HOTOKy;;) TOJIBKO HA 4acmy MOTOKA-PEKU UMITYJIbCa CHIIbI ?:, a

MMEHHO Ha TaKyl 4YacTh €€ 00bEMa, KOTopas MO BEJIMYMHE 3aKIIOUEHHOTO B HEM
UMITYJIbCa OyJIeT OKa3bIBAThCS PAGHOU BEIUYMHE UMITYIIbCA, 3AKITIOUYEHHOTO B PABHOM
—
Mo 00BEMY YacTH MOTOKa UMmyibca P,. DTo 0OCTOSTEIHLCTBO paBEHCTBA JICHCTBUS
— —

MoTOKOB Py u P, npyr Ha JApyra oTpakeHO Ha puc.l4 TeM, 4TO UCXOIAIINE U3 TOUYKH
—
P,

=
HUX MCPECCUCHUA «A» CTPCIIKH « L Y T-BCKTOPOB u| P , ABJIAKOTCA

PaBHBIMM I10 CBOEH JJIMHE.

. — —
Cnoxus no IlpaBwily mnapamienorpamMma JAE€UCTBUA | Py |H| P, | , TOJIYYUM
. . o -
paBHOACHUCTBYIOUINI UMITYJIbC CHIIbl Py . 3areM yxxe, Ha000pOT, pa3iioxuB Ps Ha JiBe
— —

JIPyrue OPTOTOHAIBHBIE COCTABIISIONIME, MOJYYUM UMITYIbChl P|| u P,. Ilpu sTom
nepBas, OECIpEnsTCTBEHHO Kak Obl yHaJsisich OT TOYKH «Ax» nanbiiue B IIpoctpan-

CTBO, MPEANOI0KUM, OyJET MOrjaoImaTbcsa UM. A BTOpas, OyAydHl «CHJIOW» peaKiuu

—> —)
co ctopoHbl P; Ha paelicTBue P,, OKaXeTCs HaIpaBIICHHOW, KaK BUJHO Ha puc.l4,
- . .
NepHeHANKYISIpHO K NoTOKy P,. Ilpu stom nelictBue coctaisitomein P, Oymet

—
MepenaBaThCs MO «BeuecmeeHHoMy» TeIIy TOTOKa UMITYJIbca CUJIbl P,, N31ydaeMoro

TenoM (m), OT TOYKH «A» BHHU3, HEMOCPEACTBEHHO B CTOPOHY HW3Ty4alOMIETO Teia

(m), ¥ IpH TOM B KOHIIE KOHIIOB OYJIET MEePEIaBaThCs yKE EMY CaMOMY.
ComnocTtaBmsisi Mexay coOoi m3o0paxéHHoe Ha puc.13 u 14, mpeanonaoxum,

YTO B PE3yJIbTaTe JCUCTBUS COCTaBISIONICH Fl HAJIABJIMBAIOIIECH Ha TEJIO «BEIIECT-

—
BEHHOTO» MOTOKa P, Kak W Ha puc.13 B MEepHEHAUKYISIPHOM K €r0 OCH HalpaBJICHHH,
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MOCTYIAaTeNbHOE MHEPIIMOHHOE ABWXKeHue Tena (m) Baosb auHuu E-E-E,-m npes-
pamiaercs B MoCTyHaTesbHOE npeyeccuoHnoe BAoAb auHuu m-C-JI aBuwxenue. ITo
IBWKCHHUE, KaK yKe ObUIO OTMEYEHO BHINIE, 3aMeYaTelbHO TE€M, YTO OHO SIBIISICTCS
Oe3uHepyUoHHbIM, T.€. TAKUM, KOTOPOE He NPo0oIdcaemcs eé HEKOTOPOE BPEMSs «I10
WHEPIMH» TIOCIIE TOTO, KaK BBI3BIBAIOIINI 3TO JBUKCHUE UMITYIIHC CHIIBI F(;Ha puc.13
—

unu umnynsc P, Ha puc.14 npexpamaer cBo€ neiicteue. Bmecto storo ocs O-O; y
poTtopa «(m)» Ha puc.13, kak 00 ITOM CBUIECTEIBCTBYIOT OMBITHI C TPEX CTEIIEHHBIM
TUPOCKOTIOM, TOTYAC XE€ OCTaHABIWBaeTCs (CM., Hampumep, cTaThio «[ Mpockom» B
BbCO, 1.6, ctp.557, M., 1971 u np.).

Ho em€ oo 3aMeuaTenbHO T€M, YTO MYyTh, MPEO0JIEBACMbIM YYaCTBYIOIIUM B
HEM 00BEKTOM, IMEET BHUJI, COTJIACHO TMOSICHEHUSM K puc.13, HEe oTpe3Ka IyTH OKpYK-
HOCTH, a BHUJI CEKTOpUAIbHON iomaau. [Ipu 3ToM BenmuumHa 3TOW TIIOMIATU BCAKUI
pa3 OKa3bIBaCTCs SKBHBAJICHTHON BEIMUYWHE TOTO HMMITYJIbCA CHJIBI, W3-32 JCUCTBUS
KOTOPOT'0 HACTyMmaeT Ha3BaHHOE IMPEIEeCCUOHHOE IBIDKEeHUE. J[pyrumu cioBamu,
MOJTYJaeTCsl BCAKHMA pa3 TaK, YTO TEJIO JEHCTBOBABIIETO B TEUCHHE OTPE3Ka BPEMEHU
To UMITYJIbCA CHIIBI, B YACTHOCTH FI MPEBPAIIACTCS B TEJIO IIarOBOW CEKTOPUATBHON
TJIoIIaau, oOpa3oBaBIeHcs 3a ATO ke Bpems. Tak, s Tena «m» Ha puc.14 sto

oynyt miomaau cekropoB (m-B-C), (C-B-I) u 1.1. [Ipu 3TOM IBMXEHHE Tena «m»

GYZLCT CTaHOBUTLCS, IOBTOPHUM, TPCLICCCUOHHBIM.

Ecnu Ob1 1BM>KeHMe 3eMiin 10 cBoel opOUTe ObLIIO HE MPELIECCHOHHBIM, @ HHEPLIMOHHBIM, TO
npu BenuuuHe pajguyca e€ opOuThl =150 MIIH.KM ¥ TIpU CKOPOCTH JBWKeHHs 3emiu 1o Hed V=30
KM/CeK Ha Haxojgiieecss Ha e€ moBepxHOcTH Teno BecoMm 100 krc, melicTBoBan ObI cliedyrolei
BEJIMYMHBI LEHTPOOEIKHBINA UMITYJILC CHIIbI HHEPLIUU:

V? 100 30.000°
r 938 150.000.000.000

€CJIM pacCTOSHUS UCUUCIATH B [M], a CKOpocTh B [M/cek].

Opnnako eciu CKOpOCTh V HCUUCTATH B M, a mox paguycoM « I » MOHUMAaTh HE MYTh, &
MPOTAKEHHOCTD MTYTH, HCUMCIISS €ro TPH STOM He eauHunamu [M], a equauuamu [M"?] , To Torma F,
— SIBIIAACH Ha caMoM Jiene He cwioi F, a umnynscom cuinbl Frt, — B mociieiHeM paBEeHCTBE BMECTO

F=m :6,1-10_2 [xre]

-2
pasMepHocTH [Krc] OymeT MMeTh pa3MepHocTh [krc-cex]. Torma Bmecro F=6,1-10 [krc] oTa
-2
BeanunHa Oyner umeTh 3Hauenne F=6,1-10° [krc-cex].
B wurore OynmeT okasbIBaThCs, YTO MPH JBHKCHHH 3eMJIM MO OpOMTE Haxojsiieecs Ha e
noBepxHocTu Teno Becom 100 [krc], T.e. Becom 100 [krc.cex], B JHEBHbIE Yachl OyJIeT UMETh BEC

100,061 [krcrcek], Torga Kak B HOYHBbIE Yackl OHO OyneT Becutb 99,939 [krcrcek]. OpmnHako B
JEHCTBUTENFHOCTH HUYEr0 MOJOOHOTO HE HAOIIOAETCS: TPOSBISET CBOE JCHCTBHE JIHMIIL TaK
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Ha3bIBacMas <<]_IeHTp06€)KHa}I Cujia», BO3HHUKANOMIAsA M3-3a BpaAlICHUSA 3emiu BOKpPYT CBOEH OCH.
3Ha‘-II/IT, JBHKEHUE 3eMIIH BJIOJb €& 0p6I/ITBI SABJIACTCA npeyecCUOHHbIM, @ HC NHCPIUOHHBIM.

—
Mexay npodyuM, HE TOJBKO JEWCTBHE YAacCTH HUMITyJbca P;, CMEIasch IO

«BEIIIECTBEHHOMY» TENy MOTOKa F; nepeaaéres 3aTeM Tely «m». TOYHO TaKoe XKe 110

—
BEJIMYMHE JIEUCTBUE UMITYJIbCA 17; CMEIIAsACh MO «BEIIECTBEHHOMY» Telly MoToKa Py,
nepenacres 3ateM yxke Teny «M». [lostomy u aBumkenue Tena «M» Takke CTaHET
npereccuoHHbIM. [Ipu 3TOM ero maroBoe JBHKEHHE OyAeT MPOUCXOJUTHh HE B
mockoctu cekropa (m-B-C), a Oyner mpoucxoauTs B (He MOKa3aHHOW Ha puc.14)
OpPTOTOHAJILHOM K HEMY IJIOCKOCTH. [ToToMy 4TO Teno T-BeKTopa l¥n 1I0CJI€ OBOpOTa

_— >

[Bm—BC] 00s3aH0 COBEpIIMT TaKOW K€ BEJIUUYMHBI MIOBOPOT, JICKAIIUN UMEHHO B
TaKOM, T.€. B OPTOTOHAIILHOM MJIOCKOCTH MO OTHOLICHUIO K MJIOCKOCTHU MPEIBITYIIETO
CBOEr0 MOBOPOTAa. B KOHEUHOM UTOTE€ OKAXKETCS, YTO HE TOJIBKO TEJIO «M», HO 3a0]THO
C HUM emeé M Teno «M», OKa3bIBasiCh HaxXOMSIIMMHCS y T-BEKTOpa ﬁn B €ro
KOHILIEBBIX TOUKax (m) U «M», OyayT nepeMemaTbcsi B MPOCTPAHCTBE HE TOOJUHOUKE,
a BMeCTE, MOCTENEHHO MEepe/BUrasch B HEM IIaroBbIM 0Opa3oM Kak OJHO IEJ0€ B
HEKOTOpPOM 0OI1lleM JJisi HUX HampaBiieHuH. [1o 3Toil nmpuymHe opOUTa MpEerecCuoH-
HOTO JBMIKEHUS Y TeJla «m» OyIeT SIBISAThCSA HE IUIOCKOHM (Kak, OYEBUIHO, U OpOUTa

JABWXCHHA y TCJIA «M»), a 6YZ[6T COCTOSATH KaK OBl U3 OTHACJIBHBIX CTYIICHCK, KOTOPBIC

IpHU 3TOM OyJIyT HOXOAUTH Ha CTYNEHbKU CBOETO PO/ia BUHTOBOM JIECTHHUIIBI.

Ecamn nonoxutk, 4To TEno «m» Ha puc.14 sBusercsa 3emiel, a Teno «M» sBiasiercs ComaHUEM,
TO Torga OyneT oxasbiBaThes, 4ro ComHIle OcTaéTcs, KaK HaM KaKeTcs, Ha OJIHOM MecTe B
TUIOCKOCTH 3KJIUIITUKU ITOTOMY, YTO €T0 JABMKEHUE MPOUCXOANT, BO-TIEPBBIX, KK/ pa3 BO BpeMsi
[IaroBOW OCTAHOBKH 3€MJIU U, BO-BTOPBIX, 0 IyTe OKPYKHOCTHU B TUIOCKOCTH MEPIEHAUKYISIPHOHN K
TOH MIOCKOCTH, B KOTOPOU MPOUCXOIUT OpOUTAIbHOE MepemelieHne 3emnn (CM. puc. 3, momernas
npu 3ToM 3emitio B Touku «B,B;,B,...», a ConmHue B TOUukH «A,A1,Az...»).

14.4. Ywurarenb, KOHEUHO K€, MOHMMAET, YTO BCE CJIOBA, MMEIOIIHMECS B HAIIUX
OTHOCSIIIIUXCS K PHUC.14 pacCyKICHHUIX W TOBOPSIINE, HAIPUMED, O YyTh JIK HE CAMOM
HETIOCPEACTBCHHOM YYacTHUU Teja «M» B KaKOM-TO MOCTPOCHUU IMAroBbIX OTPE3KOB
IYTH | JIp. SBJSIOTCS COBEPIICHHO YCIOBHBIMH, a BCE M300paKEHHOE HAa HA3BaHHOM
YepTexke SBIAETCS BechMa NMpUOIMKEHHBIM. OnMHAKO 0€3yCIOBHBIM, T.e. HECOMHEH-
HO, TI0 MHEHHIO aBTOpa, HMCIOIIMM MECTO B JCHCTBUTEIBLHOCTH SIBIISCTCS TO, YTO B

NpEeOCCCUOHHOM JIBHI)KCHHWH MIArOBLIC YYAaCTKM IIYTH HMCIOT BHIA HC OTPE3KOB
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MJIOCKOW KPYroBOW JIMHUM, a BUJ YYaCTKOB Kak Obl OMETaeMOW pajnyc-T-BEKTOPOM
CEKTOPHATHLHOM ILTOIIA/IH.

Ho campiMm, moxany#, TJIaBHBIM OTJIMYUEM 3TOTO IABWKCHHS OT TMPUBBIYHOTO
HaM (OT MHEPLIMOHHOTO) MOCTYNATEIBLHOTO JABUKEHUS SBIISICTCS €r0 TOJIBKO YTO YXKeE
VIIOMSIHYTas Oe3uHepyuoHHocms. UTo, KCTaTH, BOBCE HE 03HAYAET, UTO HAXOMASIICECS
B COCTOSIHUU TPEIECCHOHHOTO JBIDKEHUS CKOJb YTOJHO OOJIBIIOE TEJIO0 MOYKHO
MTHOBEHHO OCTAHOBUTH IMPHU MOMOIIM CAMOTO HE3HAYUTENIBHOTO MPENSTCTBYIOIIETO
€ro JBIKEHUIO ycwius. UToObl OCTAaHOBUTH TaKO€ TEJIO BO BCTPEYHOM K €ro
JBIDKEHUIO HAINpPaBICHUU, HYXKHO OyIET MPWIOKHUTh K HEMY TaKOW e BEIIMYMHBI
UMITYJIbC CHJIBI, KAaKOW OKa3bIBACTCS pACIpENeIEHHBIM 0 OMETaeMOM paauyc-T-
BEKTOPOM IIIarOBOM CEKTOPUATBHOM TUIomaau (OMeTaeMou, MOBTOPUM, 3a WHTEPBaJ
Bpemenu 1 ). Unu HyxHO OyneT KakuM-TO 0Opa3oM MPEKPaTUTh IMPOIecC 0OMeHa
MEXIY YacThIO0 MOTOKA UMITYJIbCA CHIIBI F;, U3y4aeMOro TejaoM «M», B IepeceKkaro-
IIUMCS C HUM TTIOTOKOM HUMITYJIbCa CI/IJIBI?;, U3TTy4aeMOTO TEIIOM «IM».

Kpome 3toro, nperiecCHoHHOE ABUKEHUE SIBISIETCS KaK Obl 00JIee SIKOHOMHBIM,
T.K. TIPH 3TOM, HAIIpUMeEp, TEIIO «m» Ha puc.14 mpu IBMKEHUH Ha MIATOBBIX OTPE3Kax

— —
nytu m-C, C-J] u 1.1. (3A€Ch NpaBuiIbHEE, OYEBHAHO, ObLJIO OBl TOBOPUTH HE O
oTpe3kax MmyTH, a o momaasax nytd m-B-C, C-B-J1 u 1.1.) OyAeT u3nydath TOJIBKO B
X0JI€ CBOETO BPAIATEILHOTO JBUKEHUS BOKPYT CBOEH OCH U, KaK TMOHSATHO U3 YXKE
ckazanHoro Ha c. 103-104, coscem He 6Oydem uznyuams B XOA€ OPOUTAIBHOTO
MOCTYIATEILHOTO JABWIKEHUS BOKPYT Tostoca «B». TloaTomMy ¢ ToUkuM 3peHUs 3aTpaT
UMITYJIbCA CHJIbI KAaKUM-TTUOO TEJIOM Ha MOCTPOCHUE CBOMX IIATOBBIX OTPE3KOB MYTH
MPEIeCCUOHHOE IBMKCHHE SBISCTCS JJI HEro, HECOMHEHHO, 0oJiee TPeOuTUTENb-
HBIM TI0 CPAaBHEHMIO C MHEPIMOHHBIM IMOCTYyMaTebHbIM JBUkeHUEM. [Ipexe Bcero
MOTOMY, YTO CYIIECTBOBaHUE-OBITHE TEJ, YYACTBYIOIIMX B TaKOM JIBIJKCHHH OyaeT
POJOIKATHCS, IO BCEW BUIAMMOCTH, OOJiee UIUTETHHOE BPEMs 1O CPAaBHEHHUIO CO
BPEMEHEM CYIIECTBOBAHUS TEX TeJ, KOTOpbIe HE OyIyT MPUHUMATh B HEM ydacTue, a
OyIyT JBUTATHCA TOCTYMATEIbHO TPATUIMOHHBIM, UHEPYUOHHBIM CIIOCOOOM. ITO

O3HA4a4acCT, 4TO B CBOCTO poAga COPCBHOBAHUHU 3a NJIUTCIIBHOCTL CYIICCTBOBAHUS 6YZLYT

HOGG)I(I[&TB HC OJWHOYHBIC JIBUXYIIHUCCA B HpOCTpaHCTBe IO MHEPUUU TCJId, a TCJIA,
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CBS3aHHBIE MEXJy COOOW MOCPENCTBOM M3Iy4aeMbIX HMH BHUXPEBBIX IOTOKOB
— —
MMIYJIbCOB CUIbl Py 1 P, (T.€. Tella, y4aCTBYIOIIUE B MPELIECCUOHHOM JIBH>KEHUN).

14.5. HenocpeacTBEeHHBIM CIIEICTBUEM YIOMSHYTON O€3MHEPLIMOHHOCTH IIperec-
CHOHHOTO JIBIJKCHHMSI SBJISIETCS TO, YTO Ha y4acTBYIOIee B HEM TENO HE JACHCTBYET
KaK Obl CTpeMsIIasicsi BBIOPOCUTH €ro 3a Mpejesibl 3aHUMaeMOd UM OpOUTHI COCTaB-
JAIOIIAS (?;IH) 1. OnHako B MpUBEICHHOM Ha puc.l4 ciydyae, B 4aCTHOCTH, Ha TEJO
«m» OyJIeT OKa3bIBaTh TAaKOE K€ JEUCTBHE APYrod HUMMYIbC CHUJIbI, HCTOYHUKOM
KOTOPOTO SIBUTCS OJIMHAKOBAsl HAMpPABICHHOCTh BpallleHus Tell «m» u M. B camom
nene, TIpyu OJUHAKOBOW HAMPABIICHHOCTHU WX BpalEHUS BOKPYTI COOCTBEHHBIX OCEH
OyIyT UMETh HE TOJHKO OJIMHAKOBYIO, HO TOYHO TaKyIO K€ HAMpPaBICHHOCTH Bpalle-
HUS TaK)Ke€ BOKPYI M TaK)Xe COOCTBEHHBIX CBOMX OCEHl M31ydaeMble UMHU TOTOKH
— —

UMITYJIbCA CHJIBL. DTO 3HAYMT, YTO TeJla BUXPEBBIX MOTOKOB P; u P, B Mmecre ux
KOHTaKTa B TOYKE «A» HE TOJbKO OyIyT Kak Obl TOJKaTh B OOK JApyr apyra, HO
OyAyT MpU 3TOM OTTAJIKUBATHCS OAHO OT APYroro mojJoOHO TOMY, Kak OynyT, Bepo-
SITHO, OTTaJKUBATLCSA JPYr OT Jpyra OJMHAKOBO BpAIAOIIUECs Tela BOJISHBIX
WK BO3JYIIHBIX BHXpe. UTo OyaeT NpUBOAUTH K TOMY, UTO TEJIO «Mm» OYyIeT BCE
BpeMs CTPEMHUThCS «yOexaTb» C OpPOUTHI CBOETO IMPELECCHOHHOIO ABMXeHus. B
OTJINYKE OT ATOTO MPU MPOTUBOIOJIONKHOM HAMPABICHHOCTH BpAIEHUS BUXpEH ;:I/I
;;1/1306pa>1<éHH06 Ha puc.14 Teno «m» o4eHb OBICTPO «yIanao» Obl Ha Teno M.

B »Toit CBs3U, IPUHAB BO BHUMAHUC OJMHAKOBYIO HAIIPABJICHHOCTL BpPAallCHUSA

3emun v CoJIHIIA, MBI OKa3bIBA€MCS BIIPABE YTBEPKAATh, UTO:

3eMJIsl He TOJIBKO MNPpUTATUBACTCA COJIHI_ICM, HO OTHOBPCMCHHO OHa emé n OTTaJ-

KHBAa€TCH OT HCIO.

OnHako uMeeTcs emié OJlHa «CUJia», KOTopas OyaeT, Hao00poT, BCE BpeMs Kak
OBl yAEp>KMBATh TEJIO «M» HA 3aHUMAaeMOW UM opOuTe. DTa «Cujia» (MMITYJIbC CHUJIbI)
OyJeT BO3HUKATh HU3-3a TOTO, YTO MEPEIaBaeMbIil TNy «m» OT Tena «M» UMITyNbC
—

cuiel P 1 ABJIACTCA KOHCYHBIM, ABJISACTCA OTPAaHMYCHHBIM II0 CBOCH BEIIMYHHE. DTO

3HA4YUT, 4YTO OFpaHquHHOﬁ 10 BCJINYHHE 6yz[eT OKa3bIBATBCA TAKXKC KW BCIHMYHMHA
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cekTopuanibHOM Tiomanaun m-B-C, C-B-/] u T.1., KoTOpas MOSBISETCS MO3aau Tejia
«m» TIOCJIE KaXJOT0 €ro IIaroBoro MepeMemieHus Mo OpOuTe MPEIeCCUOHHOTO
nBikeHus. [lpuuém BenWuMHA HAa3BAaHHOW CEKTOPUAIBHOW IUIomaau Oyaer
OKa3bIBaThCSI MOCTOSHHOM, €CIIA BEJIMYMHA TOW YACTH BUXPEBOTO HOTOKaF;, KOTOpast
nepenacrcss Telly JPYyroro BUXPEBOTO MOTOKA E: OyIeT OKa3bIBaThCsl TaKKe

—
nocTostHHOM. MHaye roBopsi, ecinu mpoiiecc 00MeHa MEXly BUXPEBBIMU MOTOKamMu Py

—
u P, Oyner SBAsAThCS CTAMOHAPHBIM. (OOpaTM BHUMaHKE, Y9TO, COTIIACHO 3aKOHY ILIOLIA/EH

I/I.Kennepa, HUMEHHO TaKHM CBOHCTBOM IIOCTOSHCTBA BEJIUYHUHBI 06HaHaIOT CCKTOPUAJIbHBIC

TIIOIAH, KaK OBl OCTAIOIIMECS 03341 Tella 3eMIIN B XO/Ie €€ ImaroBoro 3a Bpems T nepemernieHus
110 opoure aBWKeHUs BOKpyr ConHa. )

Ho Beap cexTopuanbHas IJIOIIAAb €CTh HE YTO HMHOE, KaK 4acThb MMIIYJbCa
CWJIBI, KOTOPOM Kak Obl OOMEHMBAIOTCS MEXAYy CO00M Teno «M» c TeaoMm «m».
[TosTomy B cityuae F:= Const 6yneM UMeTh, UTO YIOMSIHYTasi 4acTh CEKTOPUATBHOM
IJIOIIAU BBICTYHAET 3/1ECh B POJIM PACTATMBAIOIIETOCS B ClIydae HEOOXOJUMOCTH, HO
HE OOpBIBAIONIETOCS KaK Obl PE3WHOBOTO KaHaTa, B POJIA CBOETO POJia HE OOpHIBAIO-
nieiicss THOKOM CBs3U, MPU MOMOITY KOTOPOM Kak Hala 3emiisl, Tak u Jirobas Apyras
IJIaHEeTa COJTHEYHOUM CHCTEMBI KaK pa3 U yAEep>KUBAETCS HA OPOUTE CBOETO ABUKEHUSI.

UtoObI MOATBEPIUTH 3TO, OOpATUM BHHUMAHUE HA TO, UTO yJIEPKAHUE Tea «m»
Ha OpOUTE MPELECCUOHHOIO JABUKEHHUS MOKHO COMOCTAaBUTh C €ro yJaepKaHueM Ha
opOuTE MNPUBBIYHOTO HAM HMHEPIIMOHHOTO JBMIXKEHHUS, KOTJAa MyTh HWMEET BHUJ HE
MJIOMIAIU, @ UMEET BUJ JIMHUU (BUJ OTPE3Ka TUIOCKOW KPYroBOW JTMHWUU Ha PHC.T).
B camoMm pene, nmpu WHEPUUMOHHOM JBHXKEHHUHM TEJIO «m», IMPEOAOJEB OTPE30K

NG
nyroo6pasnoro nyta BC Ha puc.7, He CMOXET NpOJABUHYThCA Aanbiie: B Touke (C)
TEIO «m» OyAeT Kak Obl yIep>KUBAThCS OT JajJbHEWILIEro MPOABUKEHUS BIEPEN,
MOTOMY YTO OTHYILEHHAs] €My Ha IIAaroBbli y4acTOK MYyTH ﬁé JI0JISI UMITYJIbCa CHUJIBI
OyJIeT u3pacxo/ioBaHa MM TMOJHOCTHIO. A T.K. B HaIlleM CIIy4ae CEKTOpHUaJIbHAs
IJIOIIAIb TaKXe SIBJSETCS IIaroBbIM OTPE3KOM IYTH JIJISl Tella «m», TO BCIEICTBUE

KOHEYHOCTH (OTpaHMYEHHOCTH) €€ BEJIMYMHBI OHA TaKXke OyJeT Kak Obl yAep:KUBaTh

TEJIO «mM» OT €r0 CTPEMJICHUS Ky1a-I100 «y0exaTh» ¢ OpOMTHI CBOETO JIBHIKEHUS.
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B pesynbrare Bcero 3toro OyAeT OKa3bIBaThCA, YTO, B YAaCTHOCTH, 3€MJI B
OJHO U TO € Bpems oTrrankuBaeTrcsi CoyHIEM (BCIEACTBHE OAWHAKOBOCTU Y HUX
HaIpaBJIEHUsI BpAICHUS] BOKPYT COOCTBEHHBIX OCEi), HO MO CTaBIIEH Teneph
MOHSITHOM HaM NpHUYMHE Kak Obl mpuUTAruBaeTcs K Hemy. OIHAKO eciau Obl BAPYT
CIy4YuJOCh TaK, YTO Haima 3emiia cTajga Obl BpamlaThCcsi BOKPYr CBOEM OCH B
MIPOTUBOIIOJI0KHOM TOMY HaNpaBJIEHUIO, B KOTOPOM Bpaiiaercsi CoJiHIIE, TO OHA, KaK
y’ke ObUIO OTMEYEHO BbIIIe, ObICTPO «ynaia» Obl Ha Hero. [lo Toil nuib npuyu=e,
4TO B XOJI€ NpeyeccuoHHo20 ABWKEHHS BIIOJIb CBOEH OpOUTHI y 3eMJIM HE BO3HUKAET
COCTAaBJIAIOLIEHT (;;m) 1, CTpeMsIieiicss BbIOpOCUTH €€ HapyXky C 3aHUMaeMou ero
OpOUTHI ¥ TEM CaMbIM MPEMATCTBYIOIIEH €€ cTpeMiieHnt0 ynacth Ha CoJHIIe.

B 3akmtouenne 3ameTuM, 4TO TENO (M) «HUYETO HE M3TydaeT» TOJIBKO JIUIIb B
XO0JIe €ro TMepeMelleHus MO0 OpOUTe MPELECCHOHHOIO JABWXKEHUS, T.€. KOrja
MPOUCXOJUT €r0 JIBIKEHHE «B OOJIBIIOM». Torja Kak MpHU €ro BPAIEHUU BOKPYT
CcOOCTBEHHOU OCH, MPHU €T0 JIBIKCHUH «B MaJOM», BO3HUKAIOIIEE Y HETO M3-3a ITOTO
M3IIyYEHHE B BHUAEC MPEANOJIONKUTEIHLHO MOSBIAIOLIEIOCs y Tejaa (m) BHUXPEBOTO
MOTOKA H3J1yquH51;;00TaéTc;1 U OCTA€TCs MOJHOCThIO COOTBETCTBYIOIIUM JAaHHOU

CKOPOCTH €TI0 OCCBOI'0O BpallCHMA.

Takum obpaszom:
— —
1. Tlpm B3amMOJEHCTBUU BHUXPEBBIX «CTOJIO000pa3HBIX» MOTOKOB HUMIyJbca CHiIbl P u P,
OyZeT MpPOUCXOAUTH KakK OBl 3aXBaT OJHOTO Tellda «M» JAPYTHM TeIoM «M» (Iake B TOM
cllydae, eCJId y HUX HallpaBJIeHHE BPAICHUS BOKPYT COOCTBEHHOM OCH OY/ET OJMHAKOBBIM).
[Tpu 3TOM MOCTYnaTeNbHOE UHEPYUOHHOE NBIKEHHUE KaKJ0TO M3 HUX BIOJb HEKOTOPOI
COOCTBEHHOW HE3aBHCHMOW OpOWUTHI OymeT MpeoOpa3oBBIBATHCS B MX 3aBHCHMOE APYT OT
Jpyra 0e3MHEPIMOHHOE npeyeccuoHHoe IBIKCHHUE.

2. Kpome 3T0oro B Ka)KI0M ILIAaroBOM NepeMeIeHud 3a Bpems Tp mo3aau KaxxJoro u3 3TUX Tel
OyzneT ocTaBaThCsl IyTh, UMEIOLIUM BUJI HE OTpe3Ka KPYroBOW JIMHMH, a MMEIOIIMN BHJ
COOTBETCTBYIOIIEH BETMUNHBI CEKMOPUATLHOL NIOUAOU.

3. Teno maroBoil CEKTOPUAIHLHON MIOMIAAN TIPU NpeyecCUOHHOM NBUKEHUH TEJa «M» UTPAaeT
pOJIb CBOETO pojia Kak Obl KaHaTa, yJep:KHUBarollee AeHCTBUE KOTOPOro HE MO3BOJISIET TENly
«mM» KyJa-Tnbo «y0ekaTh» B CTOPOHY CO CBOCH OpOUTHI TPEUECCHOHHOTY JIBHKCHHUS.

[Ipu 3TOM oaMHAKOBas HANIPaBIEHHOCTh BpalleHust Buxpeid P, u P, Oynmer BcE Bpems
CTPEMHTHCS COXPAHHUTh Y Tella «M» €ro JKeJIaHHue «yOekaTb» HapyXKy C OpOHTHI CBOETO
JBUKCHHUA.
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§ 15. Ilapagokc CyniecTBOBAaHMS T-BEKTOPAa A_C) BHe BpeMeHu-1LIHTENILHOCTH. |
R-«apssmoe» u R-«o00paTtHOS» M3IIYUCHHE. | Yernipe cmocoda Bpamia-
TEeJbLHOIr0 0e33aTPaTHOro JBUKCHUS T-BEKTOPA 1-ro pona AB. |
OtnenpHO 0 CHIIOBOM T-BekTOope AB, Takke cymiecTByromeM BHe BpeMmenn-
JUTMTETBHOCTH. |

15.1. PaccmoTpum emé pa3 puc.9-a jist TOTo, 4TOOBl HATOMHUTD, YTO U300paKEHHOE
Ha HEM TOYEYHOE BEIIECTBEHHOE TeJIO (B) B KOHIIE MIArOBOTO MEPEMEIICHUS MO AyTe
C\?E[ M3IIy4aeT TEJNO «CUJIOBOTO» T-BEKTOpa E OKa3bIBAIOIIErOCs] B 3TOT MOMEHT B
MOJIOKEHUHU A?I[ B nocnenyroniemM ucXoIHbIN T-BEKTOP RE COTJIaCHO MPUJIaraeMbIM
K puc.9 Ha c.84 MOsSICHEHUsIM, U3PACXOJA0BAB HA COBEPILICHUE CBOMX JBONHBIX MOBO-
pOTOB 10 KOHIIA uMeBIIMiics B ero Teine 3anac JIHC, u3 «cunoBoro» npespaiiaercs B
«HECUJIOBOW» T-BeKTOp. IIpu 3TOM OH CTAaHOBHUTCS YK€ aOCOJIOTHO HE CIOCOOHBIM K
KaKoOMY-JIu00 JajJbHEUIlEeMy NEPEMEUICHUIO U, 3HAUUT, K JaJbHEHIIEMY MYCTh Jaxe
CaMOMY KpPaTKOBPEMEHHOMY CYIIECTBOBaHHUIO. UTO 0O3HA4aeT, 4To TEJIO T-BEKTOpa
— —>
AC=A ]l 06s13aH0 OyAeT MpeBpPaTUTHCS B HUYTO, B IMycToe MecTo. OJJHaKO HECMOTPS
WM, JIyYllle CKa3aTh, OJlarojaps TOMy, 4TO TeJo Yy Jto0oro T-Bekropa 1-ro pona (a,
3HAUUT, TaKXe M y JIFOOOr0 T-BEKTOpa 2-TO poja, U y Jt000ro orpeska Gu3nvecKoi
JUHUM) SIBISETCS TOHKUM MPOMEXKYTKOM aOcoitoTHOM [lycTOTHI, TO OHO HE MOXKET
npeBpaTuThes B emé Oonbinyto IIycToTy, HE MOXKET, UCUE3HYB MOJHOCTHIO, MPEBpa-
TUTbCSI B abcontoTHOe HUuTo mocne Toro kak BeCh «MMEBIIUNCS B €ro TeJe 3amac
JIHC Gynet u3pacxogoBaH 10 KOHIIa».

CrnenoBarenpHO, €ro TEJIO JOJDKHO OyIeT cyliecTBoBaTh U janee. M, 3Hauwr,
OHO JOJDKHO OyleT Kak-TO JBUTaThCs, mepemeriasch B lIpocTpaHCTBEe W3 OHOTO
Mecta B japyroe. UToObl yAOBIETBOPUTH 3TO TpeOOBaHME, MOJIOKHUM, UYTO IMOCIE
OKOHYaHMS CBOETO MOCIEIHErO ABOMHOrO MOBOPOTA, 3aKAHYMBAIOIIETOCS B IIOCKOC-
tn I, Teno T-Bekropa A?J KaK OBl «I10 MHEPLMU» OKa3biBaeTcs B miiockocTu I1;. To
€CTh OKa3bIBA€TCsl B TOW IUIOCKOCTH, BO BCE€X TOYKaX KOTOPOM HMMEETCS TOJBKO
Bpewmsi-BrkeHre U COBCeM HET BpeMeHU-IMTEeNbHOCTH, TAE TEeNO T-BEKTOpa R
MOATOMY Oy/IET OKa3bIBaThCSl BBIHYKJICHHBIM CYIIECTBOBATH B OJHOM JIUIbL Bpeme-
HU-ABWXKeHUU. 110 3TOM e mpuyYMHEe ero Tejao BBIHYXKJAEHO OYyJIeT OCTaBaThCa B COC-

TOSIHUU JIBUIKCHUA, BBIHYXJICHO GYZLCT BCE BpCMs KaK-TO ABHUIATHCA. Ho IMOCKOJIBKY
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OHO SIBJISIETCSA TEJIOM CBSI3aHHOI'O T-BEKTOpa (KOTOPBIM, HAIIOMHHUM, HE UMEET IpaBa
CMEIIaThCA BJAOJL JUHUU CBOETO <«IEHCTBUS», a MOXET TOJIbKO JIHIIb IMOBOpa-
YUBATHCS BOKPYT KaKON-TMOO0 CBOEH KOHIIEBOM TOUKH), TO TEJIO T-BEKTOPa R CTaHET
HETIPePBIBHO BPAIATHCS, COBEpIIAs OXMH 3a APYruM moinble Ha 360° 060poTH B
wiockocT 11}, HampuMmep, BOKPYr KOHILIEBOM TOYKH «A». (31ech cieayeT UMETh B
BUJly, YTO 3Ta TOYKA, KaK BCE OCTAJIbHbIE TOYKM Yy TeJa T-BEKTOpa /EJ) ABJISIETCS
(GU3UYECKOM, T.. TEJIECHOM, TOJIMHA KOTOPOH paBHAa HE HY/IIO, a paBHa 1 [den].
[TosTomMy 1 3Ta TOuka Takke OyAeT OKa3bIBATHCS HAXOJSIICHCS B COCTOSHUM HETIpe-
PBIBHOTO, XOTS Y?K€ M YACTO BPAIIATEIbHOIO JBUKEHHUS. )

B cBsi3u ¢ 3TMM HAIOMHUM, YTO B XOZ€ MPELIECCUOHHOTO ABUKECHUS TEIl «M» U
«M» mo3agyd Kaxaoro M3 HUX OCTAIOTCS CEKTOPHAIbHBIC IUIOIIAAM, KaxKaas W3
KOTOPBIX BCS SIBJISIETCS 3aMIOJIHEHHOW BHYTPH CyOCTaHI[MEN UMIyibca cuibl. TouHee,
cyocranmueit JIHC, mockolibKy TMOCIE TOCTPOCHUS CEKTOPUAIBHOM ILIOIIAIKK
ABCA | Hukakoro e€ IBUKEHUSI HE MPOUCXOJUT, a €€ HEMOJBHKHOE TEJI0, COTJIACHO
YK€ M3JIOKEHHOMY, HEMEJJIEHHO Kak Obl pacTBOpsieTcs B OkpyxkatoiieM [Ipoctpan-
CTBE. DTO KaK OBl «pacTBOPEHHE» CEKTOPHAIBHBIX IUIOMIAI0K MBI OyJeM MOHUMATh
Jajee B TOM CMBICIE, YTO OHHU, YTPATUB KOHKPETHOCTHb CBOed (opMbl U MpeBpa-
TUBIIUCH B COOTBETCTBYIOIIEH BETUYHHBI O0BEM mMyMaHono0o6Ho20 6uoa cyocmam-
yuro JIHC, CTaHOBSITCS YacCThIO, IOMYCTHM, yKe umeromierocs B [Ipoctpanctse oOie-
ro u Takoro ke Buja 3anaca JIHC.

Takum 00pa3zom Kaxaas U3 CEKTOPHAIbHBIX IUIOHIAJ0K IMOCIE CBOETO BO3HU-
KHOBEHHUSI TI033]I1 Tell «m» U «M», KaKk U TE€JO COBEPIICHHO MYCTOTO BHYTPHU T-BEK-
TOpa A?Z HUKYyJa cpa3y ke He ucuesaer OeccnenHo. llpenmnonoxum, 4yTto Haxons-
umiics B [Ipoctpanctee o6mwmii 3anac JIHC, yto 3Ta «TymaHononoOHas» cyOCTaHIIMS
JIHC, npexactaBisaioT coOoi kak Obl CBOEro poja HHIly, «ymoTpeOssis» KOTOPYIO B
KauecTBE «EIbl», MYCTOM T-BEKTOP A?Z OKa3bIBAETCSI CIIOCOOHBIM BOCCTAHOBUTH B
CBOEM Telle )KM3HEHHO HeoO0XOo UMbl Jiy1st Hero 3anac cyoctaniuu JIHC. Emé npen-
noJyioxkuM, uto 3ToT 3anac JIHC Oyner sBAsSThCA TaKkOi BEIMUYUHBI, YTO TEJIO T-BEKTO-

—

pa AC Oynet oka3bIBaThCs CIIOCOOHBIM HadaTh COBEPIIATh HOBBIC JIBOMHBIE TTOBOPO-

Thl Ha BenmumHy yrma @>180°. Torna oHO, MPEKPaTHB HENpPEPHIBHOE BpAILCHHE B
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miockocTH [1; U mpeBpaTUBIINCH U3 «ITYCTOTO» BUPTYaTbHOTO B KaK Obl HOBBIM, HO
YK€ HE MYCTOM, a pealibHbIi «CHJIOBOW» T-BEKTOP, CTAHET BBIMOJHATH HOBBIC JIBOW-
HbIE TOBOPOTHI Ha yron ¢>180°, mocTeneHHo pacxo/ys Ha 3TO HOBBI 3aMac MONyUCH-
HOU UM CyOCTaHIIMU UMIyJibca cuibl. [IpaBaa, B MOMEHT IpeBpalleHHs Tella T-BEK-
TOpa E W3 BUPTYaJIbHOTO B «CHJIOBOII» T-BEKTOP, KaK BBIICHUTCS MO3HEE, €r0 TEIO
cHayayna 00s3aTeNbHO JIOJKHO OyAET pa3lleuThCA Ha JiBa WM J1akKe Ha HECKOJIBKO
TeJl IPYTUX T-BEKTOPOB, UMEIOIIMX MEHBIIYIO JJIUMHY Tena (cm.c.177). DTO 3HAYUT, YTO
COBEpPIIATh peajabHbIC ABOWHBIE MOBOPOTHI B OPTOTOHAIBHBIX IIOCKOCTAX I} m 11,
OyJeT He OJIUH T-BEKTOP TC a HECKOJIbKO XOTSl U MEHBIIUX, HO CYMMAapHO PaBHBIX
€My I10 JJINHE T-BEKTOPOB. B §19 Brracuurcs, uto R-«o0paTtHOe» u3inyueHne (CM. 4yTh HUXKE)
MPOUCXOANT TOJBKO JIUIIH MPU OYSHb HEOOBIINX JIIIMHAX T-BEKTOPa E U TIpH (p>1800.

Opnako ceifyac 1 HAC 3TO HE UMEET OOJIBIIOro 3HaueHus. s HaC MpUHIU-
MUaJIbHO BAXKHO TO, YTO OKA3aBIIEECS «IyCTbIM» TEJIO T-BEKTOPa IE) HHUKY/Ia He
HCYe3aeT, a MOCie HEKOTOPOro BpeMEHU MpeObIBaHMs B cOCTOsIHUM HeObiTHsi cHOBa
Kak ObI pokaercs u3 riyounsl [lyctoTel-IIpocTpancTBa (X0Ts U B cocTaBe OOJIBIIETO
4yuciaa, HO MEHBIIEW [JIUMHBI T-BEKTOpOB). B pe3ynbraTe mnomydyaercss Tak, 4TO
[Tyctota-IIpocTpaHcTBO HE TONBKO Kak ObI MOTJIOMIAET Tela U3TY4EHHBIX «CUIOBBIX»
T-BEKTOPOB, BO3HHUKAIOMIMX B XOJI€ JABUKEHUS TEX WM HHBIX BEHIECTBEHHBIX TEJ
(m){, (m), ¥ T.A., HO OHA XK€ ewé U u31yyaem Teia TAKUX KEe «CUJIOBBIX» T-BEKTOPOB.
UtoObl MMETh BO3MOXXHOCTh OTJIMYAaTh B MOCJHEAYIOIIEM 3TH M3Iy4E€HHS APYT OT
Jpyra, yclOBUMCS TO U3 HUX, Kotopoe mnoriomaercs Ilycroroii-IIpoctpancTBom,

Ha3bIBaTh R-«IpsSMbIM» H3Iy4EHHEM, a TO, KOTOPOE YK€ €0 CaMOW H3JIydaeTcs,

HaIMpOTHB, Ha3bIBaTh R-«00paTHBIM» W3TyUYCHHUEM.

15.2. B pgonosHeHHE K yX€ U3J0KEHHOMY O BBINIOJHEHUU JTBOWHBIX IMOBOPOTOB, B
YaCTHOCTH, TEJIIOM T-BEKTOpa A_C> 3ameTuM cneayromee. CorjiiacHO TOJBKO YTO
paccka3aHHOMY, €CIIM TeJO 3TOro Wiu BooOuie J1Io00ro Apyroro T-Bekropa l-ro
pona, HampuMmep T-BEKTOpa /ﬁB) BCcE Bpems OymeT OCTaBaThCsl HAXOMAIIUMCS B
miockocTH I, To Toraa oHO BCE 3TO BpeMsi TOCTOSIHHO OyZIET OCTaBaThCsl MPeObIBatO-

muM B COCTOSAHHUU I[BI/DKCHI/I}I, T.C. 6YZ[6T IIOCTOAHHO OCTaBaTbCA HPGGBIBEIIOH_[I/IM BO

121



Bpemenu. Tounee, mOCTOSIHHO OyIE€T OCTaBaThCsl MPEOBIBAIOIIUM MOAbKO AUULL 80

Bpemenu-osuocenuy 1 oqHOBpeMEHHO OYAET MOCTOSHHO MpPEObIBaTh 8He Bpemeru-

onumenvrocmu. Ilpu 3TOM OyzmeT moiydatrbesl Tak, uTo mpouenypy beitus-Cytec-
—
TBOBAHHUSI CBOETO Teja T-BeKTOp AB, Kak BBISICHSETCS, BIIOJIHE MOXXET, OCYIIICCTBUT,

€CJIU €T0 COBEPUIEHHO pealibHoe TEIIO CTaHET NMPeObIBaTh TOILKO BO BpemeHu-npuxe-
HUU, HU OJHOTO MTHOBEHHUsSI HE TpaTs MPHU 3TOM Ha npedObiBaHUE BO BpemeHu-mmu-
TeIbHOCTH B TiockocTtu I1,. [IpaBmaa, ero beiTue u 6€3 TOro «TeIecHO-0eCTEIECHOTO»
Tella B 9TOM ciiydae OyJeT He peajbHbIM, a BUPTYaJbHBIM, OyIE€T OKa3bIBAThCs, TAK
CKazaTh, abcoomuo HeBUIAUMBIM 1 11 Bcex CT-HaOmromaTenei.

Ho kpome 3T0oro, kxpoMe HEMpPEPHIBHOTO ABUXKEHUS TOJNBKO B IIOCKOCTH I} u
npe6BIBAHMS TOIBKO BO BpeMeHH-IBIDKEHHH, B 3TOM Cilydae BpamatenbHoe Ha 360"
JIB)KEHUE T-BEKTOpa A?B OyneT SABIAThCA el U Oe3zampamubiM. ITO CICAyeT U3
TOTO, YTO €ro KOHIeBas Touka «B» Hurje He OyneT genaTh IMIaroByK0 OCTaHOBKY.
N3-3a 3TOr0 T-BEKTOp €€ TPAEKTOPHOU CKOpOCTI/I\\_IﬂT HUTJIE HE CMOXKET CaMOCIIps-
MUTBCS. A 3TO O3HAYAET, YTO HM MPU KAKOW BEJIWYMHE yIJia MOBOPOTA Teja T-BEK-
TOpa A?B He Oydem 603HUKAMb T-8eKMOPHAsL NI0OWAOKA, TOBOPSAIIAs O TOM, YTO Ha
MOBOPOT Teja T-BEKTOpa ?B M3 HEKOTOPOTO HayajJbHOTO B HEKOTOPOE KOHEUHOE
MECTOIOJIOKEHNE 3aTPAYMBACTCS KAKOW-TO BEIMUYUHBI UMITYJIbC CUJIBL.

B cBs3u ¢ 3THM 3agaguMcsi BOIIPOCOM: MOXKET JIM T-BEKTOP FB OCTaBaThCS
peaNbHBIM, T.€. OCTaBaThCsA MPEOBIBAIOIIMM U BO BpeMeHu-1BuxeHun u Bo Bpemenu-
JUTUTEIbHOCTH, IOBOPAYUBASICh JIJIs1 3TOr0 HE TOJBKO B IIOCKOCTH [}, HO U B OpTOTO-
HaJIbHOM K Hel mockocTu 11, ?

N3 oTMedYeHHOTrO HECKOJIbKO BBIIIE CIEAyeT, 4To MokeT. Hampumep, B ToM
ciyyae, Korja yroj IIaroBoro noBopoTa () y T-BeKTopa A?B OyneT uMeTh 3HauYCHHUE
O=T uiau Q=27 U, Korga oH OyJeT MOBOPAuYMBATHCS CHAadyalla BOKPYI TOYKU «A» B
wiockoctu I1;, a 3atem Bokpyr Touku «B» B mmockoctu II, (puc.15-a m 15-0).
A Takxke B TOM cllydae, KOTjia €ro NoBOPOThl Ha P=27T OYIyT MPOUCXOAUTH TAKXKE BO
B3aMMHO OpPTOTOHAIBHBIX TWIOCKOCTAX II; u Il,, HO mpu 3TOM HE MONEPEMEHHO TO
BOKPYT KOHIIA «A», a TO BOKPYT KOHIIa «B», a OymyT coBepIaThCsi BCE BpeMsi BOKPYT
JUIIL OJTHOTO, HarpuMmep, KoHia «A» (puc.16-a). Bo Bcex mepedyncieHHbIX Ciiydasx
He OyJIeT BOZHHKATh T-BEKTOPHAs TUIOMIAIKA.
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Puc.15
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Takum o00Opa3oM, Kpome BO3MOKHOCTH HEOMNPEAETIEHHO JOJTOro CYIIEeCTBO-
BaHMs 3a CUET MpeObIBaHMsI JIUIIb B OJHOU tuiockoctu I u 6ezocmanosounoco B Hel
BpAIllEHUs] Y T-BEKTOPOB 1-ro poja MMEITCs, MO BCEH BUIUMOCTH, BCETO JIMIIL TPH
crioco0a 6e33aTpaTHOr0 ¥ MPUTOM TAKKE CKOJIb YTOJHO JIOJITOTO, HO YK€ OCMAHO80Y-
HO20 CYIIECTBOBaHUS-BpAIllCHUS MOOUYEPENHO BO BpeMeHnu-1BuxeHnu u Bo Bpemenu-
IIATENbHOCTH. (M3 3TOTO, KCTAaTH TOBOPS, CIEAYET, YTO KOT/Ia TOT WM MHOM T-BEK-
Top 1-ro poaa uzpacxoayeT 10 KoHIa Beck cBoii 3anac JIHC, To emy BoBce He 00s13a-
TEJIbHO KaKUM-TO 00pa30M UCXUTPATHCS ISl TOTO, YTOOBI CHaYaia OKa3aThCs, a 3aTeM
Jlajiee OCTaBaTbCsS MOCTOSTHHO HAaXOASIIMMCS B IUIOCKOCTH Bpemenu-npuxenus 11;:
€My BIIOJIHE XBAaTUT TOTO, YTOOBI €ro JBMXKEHHE CTAaHOBWJIOCH BCETO JIMIIb Oe33aT-

paTHBIM. )

15.3. Tenepsr gomycTtuM, 4TO 0a30BBIN (T.€. CHUIIOBOI) T-BEKTOP A?B pOU3BEAS
nepesa 3TUM Ha puc.15-a MHOro-MHOro MOBOPOTOB HA YroJl (=T, B CBOEM OYEPETHOM
OBOpPOTE BAPYT B miiockoctu 11}, a motom u B miiockoctu 11, ycneet noBepHyThCS 3a
Bpewmst ¥2 Ty nuiib Ha HECKOIBKO MEHBIINN yroi, ueM Q=T (puc.16-0).
JlommycThM Tak»ke, 4TO MPHU 3TOM MPOU30MIET CAMOCIPSMIICHUE YT U Bflﬂ-Bl B
—> A —
xopny BB u nyru A-2-A; B xopay AA,. B pesynbrare mOsSBUTCS IJIOIIaAb BEK-
TopHoro npousBenenus ABBA |, 3HaueHrne abCOMIOTHON BEIMUUHBI KOTOPOW OyaeT
OKa3bIBaThCsl HKBUBAJICHTHBIM BEJIIMUYMHE UMITYJIbCA CHJIbI, 3aTPAYEHHOTO CHUJIOBBIM
—> — —> —>

T-BeKTOpoM AB Ha cBoil 1BoitHOI oBopoT [AB—AB;—AB;]. OnHako nocKoIbKy
TEJIO CHJIOBOTO T-BEKTOpa /?B 00513aHO TOCTOSIHHO HaXOJUTHCS B COCTOSIHUU JIBUKE-
HUS, TO OHO COBEpPUIMB OJWH JBOWHOW MOBOPOT CTAaHET COBEpIIATh MX OJIHMH 3a
JPYTUM JI0 T€X TOop, MoKa 3aKIou€éHHBIN B ero tene 3anac JIHC ne Oynmer ucuepmnan
noJIHOCTHIO. [Ipu 3TOM ero mocTynarenbHOe ABMKEHUE 110 CTpeike <@l Oy/leT Mo4YTH
CTOJIb K€ OBICTPBIM, KaK M B cllydae (=T Ha puc.15-a, HO TOJILKO BMECTO CTPOTO Tpsi-
MoiuHeHoro Baosib JUHUM O-O; oHO OyJIeT OKa3bIBaThCS YK€ Kak Obl BHUHTO-
ob6pasubiM. [ToToMy 4TO B XOJIe ATOTO JIBHIKEHHS T-BEKTOpa A?B mwiockoctu 1) u I,
MOCJI€ KaKJI0TO €ro ABOMHOTO MOBOPOTa OYAyT MOBOPAUYMBATHCA HA HEKOTOPBIN Yo

Bokpyr nuHuu O-O;. B pesynbrare yero Oyner BO3HUKATh (PUIypa yxKe HaM 3HAKO-

124



I,

Puc.16
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Puc.17

126




MO, HO TOJIBKO KakK Obl CHJIBHO BBITSHYTOM «BBEpX» ABOMHON ciiupaiu (cM. puc.3).
[lepeiing mocne 3TOro K mokazaHHOMY Ha pucC.15-0 ciiydairo peasbHOro, HO
OISITh-TaKH 0€33aTPaTHOIO JIBHIKEHUSA-CYLIECTBOBAHUSA T-BEKTOPA ?B, IpeIo-
JIO)KUM, YTO OH W 3/I€Ch BAPYI CTaHET ycleBaTh MOBOpauyuBaThcs 3a Bpems Y2 1
cHayana B miuockoctu Il;, a morom B miockoctu Il, Ha yrom @ Takke HECKOJBKO
MEHBIINN, HO yX€ M0 CpaBHEHUIO ¢ Q=27 (puc.17-a). Jonyctum Kpome 3TOro, 4To
nyra B-1-2-3-4-B; camocnpsMuTcs B XOpay ?Bl, a nyra A-5-6-7-8-A; camocnps-
MUTCSL B XOpIY A_A>1. Toraa B utore BO3HUKHET IUIOLIaIKa UMITYyiIbca cuiibl ABB A
(1Ha puc.17-6 mmomaaes TpeyroiapHnka AB|A| pa3BEépHyTa Tak, YTO OHA OKAa3bIBACTCS

Jiexxanied B miaockoct I1; ).

[ns mpuMepa, BBIYUCIUM BEIUYUHY HOMSIHy;Ov nnouiafu(n ABBA;. 115 3TOTO IOJI0XKHM,

YTO yrojl @ uMeeT 3HaueHue ¢ =359 "u |AB | = | AB, |: A B, | =r [m 1/2] .

Toraa nosryuum, 4To: s s : s

TMnowans ABBA, = |AB|-|AB, || Sine |=2-(172-|AB|-|BA ).

Ho t1.x. Boicota B-JI B Tpeyronsuuke ABB,; paBHa BwicoTe B;-E B mapamnenorpamme

ABBA|, To uHTEpecyomIas Hac MIOIIalb HAHAETCA elle U Kak: |
Tromans ABBiA = | AB|-|BiE|=|AB| BB || Cos 2| .

Ho Bens | BB, | — 9TO ECTh CHKABIIASACS /10 PA3MEPQB XOP/IbI B-B; nnuna ayru B-1-2-3-4-B; .

[ToaToMy, 3aMeHUB |AB | Ha «r» u |BB|| Ha r'¢@ u BOCHOJB30BaBUIUCH TEM, YTO €CIU
360°~2m, To 3590~(p, W3 COOTBETCTBYIOLIEH Mponopurnu Hailném, uro @ = 27+(359 : 360). Otkyna
MOJTyYUM:

Tnowans ABBA = rr21:(359° : 360%): | Cos ¢/2] =1*1,994-n- | Cos (180°-0,5% | .
—

Wi moCKOBKY | Cos (p/2| = “’:/|Cos (p/2|‘=| Cos ¢/2

Inowans ABBA, = r*1,994-- | — Cos 0,5° | = r**1,994-71:0,9998= 1*-1,9936°1 [m .
OTtKyna, IpUHSB BO BHUMaHUE, 4to 1 [M 1 2] ~ 1 [cex] ~ 1 [xrc], HaxoauM, 4TO:
ITnomans ABB/A;~1,99 7 P [krc-cek].

—>
Kak BuaumMm, Tenepp yxe ucxoAaHbii T-BeKTOop AB Ha puc.17-a He BO3BpaTUTCS B

, TO OKOHYAaTCJIbHO 6y,£[€M HUMCTb.

NIEPBOHAYAJIBHOE MECTOIIOJIO0KEHHE MOCIIE COBEPLIEHUS IBOWHOIO MIOBOPOTA, KAaK 3TO
—
uMeNo MecTo Ha puc. 15-6. BmecTo 3Toro on mepemecturcs U3 nojoxenus AB B
—>
nosioxkeHue A;B; M mpu 3TOM COBEPUIMT MEPBBIA LIAar CBOErO IMOCTYNATENIBHOTO

nBI>KeHUsl. JIOHKHO OBITh MOHSATHBIM, YTO TIOCJIE COBEPIIEHUS HEKOTOPOTO MHO-
JKECTBA JIBOMHBIX MOBOPOTOB IUIONIA/b BCEX 3JIEMEHTAPHBIX IJIOIIAJ0K HWMIYJIbCa
CUJIbI, TIPOU3BOJAUMBIX T-BEKTOPOM HS B XOJIE CBOUX IOBOPOTOB, Oy/JE€T UMETh BUJ]
burypel yXe 3HAaKOMOW HaM JBOWHOW CIHpadd, a Takke BHJI (UTYpHl KaK OBl
BUHTOBOM JIECTHULIEI.

—
Emé nomkHo OBITH MOHSTHO, YTO CKOPOCTh yAajeHus T-BekTopa AB oT cBoero
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NEePBOHAYAIBHOTO MECTOIOJIOKEHUS OyleT MMeTh TEM MEHbIlee 3HaueHUEe, YeM

MeHbIlIe OyeT OTIINYaThCA 3HAYEHHUE YrJia TIOBOPOTa «(P» OT €ro 3HaueHus ¢ = 2T.
[Ipu 3TOM NpH «@» TULIH OYEHb HE3HAUYUTEIbHO OTJINYAOIIUMCS OT (@ = 27T T-BEKTOP
/?B MOYTH COBCEM IPEKPATUT CBOE MOCTYMATEIbHOE ABUKEHUE U OYIET JIUIIb OUYEHb
MEJIJICHHO MepeMeIaThCs B HANIPABICHUH CTPEIKH ﬁ

Hakonen 70%HO ObITh TOHATHO, YTO MPHU MOCTEIEHHOM POCTE I1aroBOTO yria
MOBOPOTa y T-BEKTOpa TB U TPUOIMKEHUU €ro BEJIIMYUHBI K 3HAUYCHHUIO @ = 2T
BEJIMYMHA 3aTPayrMBaeMoro (paccermBaeMOr0) MMITYJIbCA CUJIbI 3THM T-BEKTOPOM B
X0/I€ KaXJIOr0 €ro JBOMHOTO IMOBOpPOTa OyAET CTAaHOBUTHCS BCE OOJbIIEH U O0Jb-
meil. OgHaKko, MOCTUTHYB MPU OYEHb OJIM3KOM K 3HAYCHHIO (=27 BEJIMYMHE YIja
HEKOTOPOr0 HAmOOJBIIEro 3HAYEHUsS, BEJIMUYMHA 3aTPAauMBAEMOI0 T-BEKTOPOM AB
MMITYJIbCA CUJIbI Ha KKl CBOM JIBOMHOW MOBOPOT MPH yIilaX NOBOPOTAa B TOUHOCTH
pPaBHBIX 3HAUYCHUIO (=2T OyJeT OKa3bIBaThCs paBHOUM HYymto. [Ipu 3TOM mporecc
JIBmkenus-CyiiecTBOBaHUSI TAaKOro 0a30BOr0 T-BEKTOpa CTAaHET Kak M Ha puc.15-0
MOJTHOCTBIO O€33aTpaTHBIM.

Uto kacaeTcs n300pak€HHOTO Ha puc.16-a, TO 37ech NMpu @ OIU3KOM, HO HE
PaBHOM 3HAYEHUIO @ = 27T T-BEKTOP A_B) COBEpILIasi CBOM JBOMHBIE TOBOPOTHI BCE
BpeMs TOJIbKO BOKPYT CBOCH HAadaJIbHOW TOUKH «A», OYIAET MPOI0JDKATh OCTABATHCS
HAa OJHOM U TOM >K€ MeCTe, MOCKOJbKY Ha OJHOM MecTe OyAeT MpoaoKaTh
OCTaBaThCs YIMOMSHYTas TOYKa ero teila «A». B pesymbrare 3rtoro cymmapHas
IJIOMIAb OTIEIBHBIX IUIOMIAJA0K BEKTOPHBIX MPOU3BEACHUN OyneT HMEeTh BUJ
MOBEPXHOCTU HE JBOMHON CHHUpaid, a BHJ HEKOTOPOH KpPYroBOW pedopHUCTOM
MOBEPXHOCTH (CcM.pHuc.18).

[Iputom B oTiiMuMe OT CIy4daeB, MPEACTABICHHBIX Ha puc.16-0 (rae ¢ aBiseTcs
OJIM3KUM K (@ = T) 1 Ha puc.17-a (rue ¢ OJau3K0 K ¢ = 27), B MOCIEIAHEM (TPETHEM)
cinyyae JIBmwxkenus-CyiiecTBOBaHUS CHUJIOBOTO 0a30BOTO T-BEKTOpa TB BEJIMYUHA
UMITYJIbCa CHJIbI, PACCEMBAEMOI0 UM IMPU COBEPIIEHUH CBOUX JIBOMHBIX MOBOPOTOB
OyJeT OKa3bIBaThCSl PABHOM HYITIO MIPH JIFOOBIX 3HaueHUsX ¢. [loTomy 4To 3aKit0uéH-
HbIi B Tiomaakax ABB|B,, AB,B;B4, AB,BsBg u 1T.1. uMnynbc cuibl 0yaeT okasbl-

BaThCS B CHUIOBOM OTHOIIICHHUHU KaK OBl 3aMKHYTBIM Ha CaMOro ceos1.

128



Puc.18 Bo03MOXHBIN «IOPTPET» MPOTOHA U AIEKTPOHA.
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OOpailieHre B HylIb BEJIIMYMHBI PACCEMBAEMOr0 HMIIYJIbCAa CHJIBI 32 KaXKAbId
JIBOMHOM MOBOPOT 0A30BOT0O T-BEKTOpa Ag MpU «@» OJIM3KOM, HO HE PaBHBIM 3HaAYE-
HUIO =27 B TOKa3aHHOM Ha puc.18 ciyyae oObSICHAETCS CIEAYIOMMUM. 31ech 0a30-

—
BbIi T-BekTOp AB (B oTnuuue OoT ciaydaeB, NMpUBEACHHBIX Ha puc.16 u 17) moBopa-
yuBaercs 3a Bpems Y2 Tp kak B IepBOM, TaK U BO BTOPOW CTaAWU Ka)XJOrO CBOETO
JIBOMTHOT'O MOBOPOTA BCE BPEMsI BOKPYT 00HO20 U Mo20 dce CBOero kKoHua «A». Toraa
Kak Ha puc.16 u 17 oH moBopayrBaeTCsl MOCIEI0BATEIBHO TO BOKPYT KOHIA «A», a TO
BOKpPYT KOHIIa «B».

DTO 0OCTOSTENHCTBO B CBETE€ OOHAPYKHUBIIETOCS CYIIECTBOBAHMS OTICIHHO
Bpemenu-nBuxeHuss M OTAENbHO BpeMEeHU-IIUTEILHOCTH HMEET, OKa3bIBaeTCH,
Ype3BbIYATHO Ba)KHOE 3HAU€HHE. J|eCTBUTENBHO, NPU NOCIIEI0BATEIBHOM TOBOPOTE
0a30BOT0O T-BEKTOpa A_B> Ha puc.l7-a cHayaia BOKpYT OJHOTO CBOETO KOHIIA, a 3aTeM
BOKPYT IIPOTHUBOIIOIO0KHOTO KOHIIA €r0 KOHIIEBbIE TOUKH COOTBETCTBEHHO «B» 1 «A»
(a, 3HAQUUT, U BCE TEJO 3TOTO T-BEKTOpa) OyIyT OKa3bIBaThCS CYILECTBYIOLIUMHU
CHauasa 3a cuéT TeuyeHus B Touke «B» wuHTepBana BpemeHu-nBukeHUs Typ, a MOCIE
3TOrO 3a CYET JUISLIETOCS B IOJIOCHOM TOYKe «A» HMHTEepBajla BpeMeHu-IimrTelnb-
HOCTH Tyt -

B ornnume ot 3TOr0 mpu moBoporax 0a30BOTO T-BEKTOpa ﬁ Ha ¢ur.18 Ha
yroJ1 T<Q<2T MOCTOSIHHO BOKPYT OJAHOTO U TOTO K€ HENn0OBUNHCHO20 KOHLA «Ax», TEI0
JIPYroil ero KOHUEBOM TOUKU «B» OyneT HaXOOUThCS 8CE€ 8peMs 8 COCMOAHUU NOCY-
namenvHo2o osudcenusi. 11o3ToMy BpeMsi CyIECTBOBAHUSA-ObITUS JI BCEro Tena
T-BEKTOpa A?B (BKJItOUass B €r0 COCTaB M TEJIO HEMOJBUKHOW KOHIIEBOM TOYKH-
noJiroca «A» ) OyJIeT 0Ka3bIBaThCsl COCTOSIIIMM CIUIOIIb U3 OJTHOTO TOJBKO Bpemenu-

JABMXKXCHHA, B COCTAaBC KOTOPOro, COIJIaCHO YK€ OTMCUCHHOMY BbBIIIC, HC 6y,Z[€T

HaXoJUTbCA HU OJHOI'O MTHOBCHHA BpeMeHI/I-I[J'II/ITeJ'II)HOCTI/I. CHGI[OB&TGJIBHOI

—>
B cnocobe [Ipwxkenus-CymectBoBanus Ha puc.18 teno 6a3oBoro T-sexktopa AB

COBCEM HE HCHBLITBHIBACT Ha cede JIeHCTBHUE BpeMeHI/I-I[J'II/ITGJ'II)HOCTI/I, H IIO3TOMY

OHO MOXCT CYIICCTBOBATH B HCM3MCHHOM BHJIC HGOHpeZ[eJIéHHO (CKOJIB YTOZ[HO)

JOJITO.
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—>
Jpyrumu cioBamu, o0Iiee KOJMYECTBO IOBOPOTOB, KOTOpoe T-BekTop AB

BOOOIIIE CMOXXET COBEPIIUTh B paCCMATPUBAEMOM cliydae, OyJeT OKa3hIBAThCS TAKKE
HEOIpeeaEHHO, — €CIIU XOTUTE, — 0ECKOHEYHO O0JbIUM. UTO Kak pa3 COOTBETCTBY-
€T TOMY, YTO Ha3BaHHBIM T-BEKTOP BCE BpeMsi KaK Obl COXpaHsIET UMEIOIINIICS BHYTPH
ero TeJja 3amac UMITyJIbCa CHJIbl B HEM3MEHHOM BHje. UemMy B CBOIO ouepe/lb COOTBET-
CTBYET TO, UTO 3aKItOUE€HHBIN B 1uiomaake ABB B, umnynbc cubl sBisieTcs Kak Obl
3aMKHYTBIM Ha CaMOTO Ce0sl B TOM CMBICJIE, UTO €€ UMITYJIbC CHJIBI COXPAHSET CBOIO
BeMUMHY, 100 1omaaka ABB B, He ynansercs or Mmecta cBoero BO3HUKHOBEHUS, a
TOJIBKO JIMIIb IOBOPAYUBAETCS BOKPYT ocu A—B; .

Ecnu tenepp B 3akitoueHHe MOABECTH KakK Obl HEKUM UTOT BCEMY M3JIOKEH-
HOMY B JaHHOM maparpade, To okaxercs, 4To R-o0paTHOe u3IydeHHE CHIIOBBIX
T-BEKTOpPOB 1-ro poja, B KaKOW-TO MOMEHT BpPEMEHU BJPYT BHOBb OOpETIIUX
CIOCOOHOCTh COBEpINIATh HOBBIE JBOMHBIE MOBOPOTHI, MOKET BO3HUKATH HE TOJIHKO
[I0C/Ie HEKOTOPOTr0 MHOXECTBAa MX moBopoToB Ha 360° B ommoii mrockoctu IT.
R-06paTHOE W3ydeHHE, BIIOJIHE MOXKET B AHAJOTHYHBIA MOMEHT BPEMEHH IIOSIB-
JATHCSL TAKXKE U MOCIIE UX MOBOPOTOB BO B3aMMHO MNEPHEHIUKYISAPHBIX MIOCKOCTAX
IT, u I, , HE WCKITFOYas TIPU ATOM Cllydas, ToKazaHHOro Ha puc.18. IIpaBnaa, npu 3ToM
JUTMHA TeJia y 0a30BOr0 T-BEKTOpa 1@) HE JIOJDKHA OKa3bIBaThCsl OOJIBIIEH HEKOTOPO

BIIOJIHE ONPEECTEHHON BETUUYUHBI (cM. Teker § 18 Ha ¢. 175).

Hrax:

1. Kpome mpennonoXuTeNbHO CYMIECTBYIOMETO R-«mpsMoro» W3mydeHusi, COCTOSILNEro M3 Tel
CUJIOBBIX «TE€JECHO-OECTENIECHBIX» T-BEKTOPOB 1-ro pona, HM3Iydy€HHBIX TEMHM WIM HHBIMHU
IBIWKyIMMHCA B IIpocTpaHCTBE BEIIECTBEHHBIMU TEJaMM, BO3MOMKHO, CYIIECTBYET €L U
R-«06paTHOEe» N3IydYeHHE, COCTOSAIIEE TAKKE U3 TNl CUIIOBBIX U TAKXKE «TEJIECHO-OECTENEeCHBIX»
T-BEKTOPOB 1-T0 poJia, HO U3Ny4aeMbIxX yxke camoi [TycroToit-IIpocTpancTBoMm.

2. Eciaum B XOfle IBOMHBIX TOBOPOTOB, BBHIMOJHIEMBIX Oa30BBIM T-BEKTOPOM AB B0 B3amMiO
nepneHANKYIApHbIX iockocTsx [1; u I, Ha yrom HeckolbKO MEHBLIWMN 3HAYEHUS (p=3600,
Oy/ieT ABUraThCs TOJBKO €ro KOHIeBas To4ka «B», a mojrocHas Touka «A» OyJIeT OCTaBaThCs
BCE BPeMsl HETIOJIBIKHOM, TO B 3TOM CJIy4ae [BHXCHHE-CYLIECTBOBAHUE HA3BAHHOIO T-BEKTOpA
AB Oynet oka3bpIBaThCsl COBEPILEHHO 0€33aTpaTHbIM. DTO OOBACHSIETCS TEM, YTO B 3TOM Cilydae
BO3HMKAIOIIAsl T-BEKTOpHas IUIOINAJKAa BMECTE€ C HaxoJslledcss BHyTpu He€ cyOcraHuuei
UMITYJIbCA CHJIBI OyZeT OKasbIBaThCs HE paclpocTpaHsmolieiics Bo BHE. UTo B CBOIO ouepenb
OOBSICHAETCSI TEM, 4YTO YNOMSHYTble T-BEKTOpHAsl IUIOIIAJKA U HaXOMAUIMHCS BHYTpU Heé
UMITYJIBC CHJIBI OyAyT OKa3bIBaThCsl CYIIECTBYIOUIMMU B OJHOM TOJIbKO BpemeHu-aBmxeHuu, u
IIOTOMY OHM, OKa3bIBasicb BHE JeicTBUS Ha HHMX BpemeHu-mnurenbHocTH, OyayT HMETh
BO3MOKHOCTbH CYIIECTBOBATh HEOMPEAEIEHHO OJTO.
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§16. | Bce cayuau 3aTpaTrHoro /IBm:keHnss-CylniecTBOBAHHUSA V T-BEKTOPOB 1-ro
poJa M Bce caMble XapakTepHble caydan R-«mpsimoro» u R-«o0paTHoro»
U3JIYUYEHHUH. |HVTI> ¥ IPOTSDKEHHOCT NyTH. | IMNYJILC CHIIBI KAK JHEPrHst
nokosi Jy M KAK HeBBLITIOJHeHHas padoTa A.|KauT neiictaus u kBaHT paGo-
Thl. | DKBHBATEHTHOCTH Macchl M Jy| BHyrpeHHee ycTpoiicTBO HeiiTpoHa,
IpoTOHa, 1ekTpoHa u (hoTornoB.| Bce (GOTOHBI MO cBOEii CyTH HHYeM He
OTJINYAIOTCSL OT HEiTPOHOB, IPOTOHOB M JJIEKTPOHOB. | ['paBuTaIlMOHHOE
B3aMMOJICUCTBHUEC HMMEET Ty K€ IIPHPOAY, KaKyI0 HMEET B3aUMOICHCTBHUC
ynekTpoMaruuTHoe. | KMHeTHYecKkas M OTeHUMAILHAS JHeprus . |

16.1. CornacHo mpuBeIeHHOMY B TIpeablayileM naparpade, y T-BeKTOpoB 1-ro pona
HMMEETCSl HECKOJIBKO crioco0oB Oe33arpatHoro JIpmxenus-CymectBoBanus (/1-C). Ho
KpOME 3TOr0, Kak Mbl BUJIEJH, OHU MOTYT €lI€ CYIECTBOBATh, UCHOJb3Yys JJIsl ATOTO
3aTpatHble cniocoObl J[-C. [/IBa u3 HuX (puc.16-6 u 17-a) yxe ObUIM Mpe/CTaB-
JeHsl Bbllle. PaccmMoTpuM Temepb BoOOIIEe Bce ciaydau 3arpaTHbIX cnocoboB [[-C,
BKJIIOYAsl B UX YHUCJIO KaK y)K€ Ha3BaHHBIE, TAK U BCE JIPyrue, Mepeyucisisi uX B TOM
MopsifKe, B KAKOM IPOMCXOIMT yBenuueHue yrma ¢ B amamasone 0°<@<360° u
OCTaHaBJIMBAACh MPHU ITOM HA UX XapakTepHBIX uepTax. [Ipu 3TOM MBI ceiluac He
OyaeM aenatb 0co00€ pasziiMyue MEexAy ClIydasMH IIaroBbIX MOBOPOTOB T-BEKTOPa
er, B KOTOPBIX €ro KOHIIEBasi TOUKa «B» ABIsETCS MyCTOM, U ClTydasiMu, B KOTOPBIX B
HEW HaxoIUTCs HeKkoTopoe BemlecTBeHHOe Teno (B). I'maBHbIM oOpa3om 3TO
0O0BSCHSIETCS TEM, YTO, KaK MbI TEIEpPh 3HAEM, JII000€ Jaxke, Ka3aJoch Obl, UEaTbHO
OpSIMOJIMHEITHOE JBM)KEHHE BCETAa «B MaJOM» SIBISIETCSl KpyroBbiM. He3zaBucumo ot
TOT0, HAXOJAUTCA Y HEKOTOPOro T-BEKTOPA, HAIPUMEDP A?B B €r0 KOHIIEBOW TOYKE
«B» kakoe-nmu6o Teno (B), nim oHa sBIsSETCA MyCTOM MpU €ro MoBOpOTax Ha yroi ¢
BOKPYT JIPYrod €ro KOHIIEBOH TOYKH «Ax». BrpoueM, HE0OOXOAMMOCTH y KOHIIEBOM
TOuKu «B» BCE BpeMs IBHUTaThCsl TOJBKO MO KPYTy BO BPEMs IIaroBBIX MOBOPOTOB
TeJa T-BeKTopa A_)B BCE JK€ CTaBUT BOIIPOC O TOM, SIBIsieTCA TOUKa «B» y Hero mycroit
WM HEMYCTOM, B pa3ps] NPUHIMINATBHO BaXKHBIX.

Tak, mycTh KoHIEeBasg Touka «B» y T-BekTopa ?B SBJISIETCS] 3aMOJIHEHHOMN
tenom (B), T.e. mycTh oHa Oymetr wenmycmou. Kpome 3TOoro, myctb oHa oOJiagaer
CIOCOOHOCTBIO ABUTaThCA Ha puc.12 co ckopocthto oT V=0 mo Vr=max. Torna
ToyeyHoe Teo (B) B KOHIIE Ka)XJOTO IIaroBOr0 MEPEMENICHUsS U3JIy4dajao Obl TeJo
CWJIOBOTO T-BEeKTOpa 1-ro pona paxe tornaa, xkorga teno (B) mmeno Obl CKOPOCTh
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Vr~max. OgHako, eciii B KOHIIEBOH Touke «B» OymeT HaXOaUTCs MyCTh Ja)e IMOYTH
HEBECOMOE TOYEYHOE BEIIECTBEHHOE Teio (B), TO OKaxeTcs, 4TO T-BEKTOP A?B BCE K€
OyneT He crnocoOeH ycreBaTh MOBOpaunuBaThCs 3a Bpems Y2 Ty Ha yroa @, mo cBoei
BEJIUYUHE SIBIISIONUMCS OJIU3KUM K (p=1800. T.k. mo Mepe pocra Vr Ha IBUXKYLIEECS
o kpyry teno (B) Oyner neiicTBOBaTh CIUIIKOM OOJbINAs COCTABIISIONIAs UMITYJIbca
CHJIBl MHEPLINU E B 5T0i1 cBsI3M 3aMeTHM, UTO BCE BEIIECTBEHHBIC TeJIa (BKIIOYas B
WX YHCIIO JaXKe TaKue, KAKUMHU SIBJITFOTCSI Pa3HOTO poja ObICTPO ABUKYIIUECS KOCMU-
YEeCKHe TeJla), KaK Mbl 3HaeM W3 HaOJIOJCHUI 3a UX JABUKEHUEM, MEPEMEUIAIOTCS U3
OJIHOTO MecTa B APYro€ CO CKOPOCTBbIO, MHOTO MeHbIleil ckopoctu cera Cr. Uto
COOTBETCTBYET JIMILIb HE3HAUUTEILHOMY YTy MOBOPOTa 0a30BOr0 T-BEKTOpa /?B Ha
puc.12 ot ero 3uauenus ¢=0". Ho ceffuac MbI BCE e TOMYCTHM, UTO ciiydan R-«mps-
MOTO» H3JIY4EHUs] T-BEKTOPOB 153) — KOrJla B €ro KOHLIEBOW Touke «B» HaxomuTcs
teno (B), — 3aHuMaroT co0oi Auarna3oH yrioB 0° < ¢ < 45°. Onnako 510 He 3HAYMT,

aro mpu 45° < ¢ < 180° mpoucxomut yxe ux R-«obparnoe» msnydenue. Hamporus,

KaKk BIACHHTCA B § 18, m npu yriax 45° < ¢ < 180° npoucxoaut takke R-«mpsamoes»
—>
u3Iy4YeHue T-Bektopa AB, HO mpu 3TOM ero koHieBas Touka «B» OymeT sBIATHCA

nyctoil. OTKy/la OKOHYATeIbHO ToJjiydaeMm, uto R-«mpsimoe» u3nydeHue T-BeKTOpa

—>
AB mubo ¢ HemycToil, MO0 ¢ mycToi Toukoi «B» mpoucxoaut Bo BcEM auamna3zoHe

YTJIOB 0°< Q< 180°. Torzma kak Ha OO R-«00paTHOTO» M3TydEeHUS TENa T-BEKTOpa
—>
AB mipu gcecda nycmoii ero KOHIIEBOW Touke «B» OyneTr HMpUXOIUTHCS YyXKe€ BECh

OCTAaBIIIMICS UAIa30H yTJI0B ISOOS(pS36OO (moxpobHee 06 3ToM cm. §18).
—>
Takum oOpazom, B psaay R-«mpsmoro» u3iydeHus CHWIOBOTO T-BekTopa AB
CaMbIM TMEpBBIM OYyJEeT OKa3bIBaThCs Clydyaid, MOKa3aHHbIA Ha puc. 19-a, KOTOpHIi
NPUHIUITMATBLHO OTJIMYAETCS OT BCEX JPYTUX TE€M, UYTO B €ro Touke «B» HaxomuTtcs
HEKOTOPOE MYCTh XOTS ObI M TOUEUHOE BeIIeCTBEHHOE Teno (B).
Crnenyronuii 3a HUM XapaKTEpHBINA CIydall M3Ty4yeHUs Tella CHIIOBOTO T-BEK-
% o o
topa AB npusenen Ha puc.19-6. Camoii npuMeyaTenbHON 0COOEHHOCTBIO KOTOPOTO
—>
SBISIETCSI T4, YTO JATbHOOOMHOCTH Terma T-Bektopa AB mpu ¢=90° y storo R-«ipsi-

MOT0» M3JTy4eHUs OyJIeT OKa3bIBaThCs, COTJIACHO COOTHOMIEeHUsM (5 ), (6 ) u puc.11

HanMEHbIIIEH U3 Bcex Apyrux. Kpowme Toro, 31ech B KOHIIEBOM Touke «B» y nznyua-
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a) 0"<@<45’

Puc.19
134



—>
€MOTr0 U IPUTOM cu068020 T-BeKkTopa AB yxxe Hukakoro tena (B) Her.

Emé nByMs XapakT€pHBIMHU CIIy4asiMU H3JIYyYEHHUS CUN0B020 T-BEKTOPA A?B
(mepBbIf U3 HUX NpeacTaBieH Ha puc.20-a, a BTopoil Ha puc.20-0) OyaAyT SABISATHCA
T€, B KOTOPBIX 0a30BBI T-BEKTOP A_I)B Oyaer moBopauuBaThcs 3a Bpems 127, B
TIePBOM CiTydae Ha YIoJl «(» , HECKOIbKO MEHbIIHit ero 3Hauenns ¢=180", Tormaa kax
BO BTOPOM ClIy4ae€ OH YCII€BA€T MOBEPHYTHCS HAa YIrOJ «(», HECKOJIbKO OOJIBIINI
sHauenus @=180". DTH 1Ba ciiyuas npEMedYaTENTbHBI TEM, UTO NIPH MEPEX0je OT
snagennit p<180° k 3naucHmam ¢>180° Hampasienue BpauieHus Y GUIypbI IBOMHOIM
criipanu (KoTopas OyAeT BO3HHKATh MO XOAY PacIpOCTPAHEHUS] TAKOTO M3JTYUYEHHUS)
Gy/leT MEHSTBCS Ha NPAMO MPOTHBONONOXKHOe. Tak, ecim mnpu <180 rBoiinas
CIIHpaib U3TYdeHHs OYIeT UMETh, CKaXeM, «IIpaBoe» BpamieHue, To mpu ¢>180° oxo
CTaHET «JIEBBIM» U HA00OPOT.

(B aTom mecte 3aMeTHM, 4TO B nocneny}omeM oKaxkeTcs, u4To eciu R-«mpsmoe» m3nmydenne
CUJIOBBIX T-BEKTOpPOB AB nponcxoz[m npu (p<180 T0 R-«00paTHOE» M3TydeHHE TAKOTO K€ poja
T-BEKTOPOB MPOUCXOIUT IIPHU (p>180 . OHaKo TOTA K€ BBISICHUTCS, YTO MOCJEIHEE 4acTO MOXKET
ObITh 1 R-«iipsiMbIM» — cM. § 18.)

Kpome Toro 3tu 11Ba ciydass OTJIIMYAIOTCA OT OCTAJIBHBIX €IIE TEM, YTO B HHUX
U3Ty4YeHUE OKa3bIBaeTCsA BCE BpeMs Kak Obl cremtormumces nmo miockoctu II; (cM. Ha
puc.20-a u 20-6 crpenxy < ¢ magnmuceio «M31» ). Torma Kak B MOKA3aHHBIX HA
puc.19-a u puc.21-6 cayuasx mpu @~0" u @~360° cooTBeTCTBYIOIEE H3NyUCHHE
OKa3bIBAETCSl HAIPABJIEHHBIM B MEPIECHIMKYISIPHOM HANpPABJIEHUU MO OTHOIICHUIO K
wiockocTH I1;. B cBs3u ¢ yuem o6patum BHUMaHHe YuTaTesns Ha TO, 4YTO HAIPaBJICHUE
IOTOKA M31y4aeMbIX T-BEKTOPOB A_B>, a 3HAYUT, U IUIOIAJOK fy3; OyneT pe3ko usme-
HATHCS MPU IEPEXOJe Yepe3 3HAYCHUE (p=900 51 (p=2700 OT CTPOTO OTBECHOIO IIO
OTHOWICHMIO K TNIOCKOCTH I1; K M3myueHuto, kak Obl CTEIIONIEMYCS BIOJIb HEE.

Emé 3nech cneayer cka3aTh O TOM, YTO €CJIM OJIMH U3 3TUX INOTOKOB U3Iy4EHUs
Ha puc.19-a pu @<90° GymeT OKa3bIBATHCS HAINPABICHHBIM «BHH3», TO JAPYroil Ha
prc.21-6 mpu @>270° Gy/eT OKa3bIBATHCS HANPABICHHBIM <BBEPX» 1O OTHOLICHHIO K
miockoctu I1;.

N3 coBceM HEe paccMOTpeHHBIX ciydaeB R-«o0paTHOro» H3iydeHHs y Hac

OCTAJICS JIMIIb MMOKa3aHHbIM Ha puc.21-a ciydail. Ho OH, kak W NpPUBEACHHBIN Ha
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a) ¢<180°

6) ¢>180°

Puc.20. Bo3aMoxHbIE «TTOPTPETHI» (DOTOHOB.
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a) ¢=270"

I,

H3zn

6) 270°<@<360"

Puc.21
(Bo3aMoxHBIH «mTOpTpeT» HEMTpoHA Ha puc.21-0.)
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puc.19-6, uHTEpECEH JUIIb TEM, UTO 00JIa/IaeT TOUYHO TAKOM kK€ HAUMEHBIIIEH 13 BCEX
JATBHOCTBIO JEHCTBUS ( «1aIbHOOOMHOCTBIO») JIETAILIUX TeNl T-BEKTOPOB A% .

Uto kacaercs m300pax€HHOro Ha puc.21-0 cimydas, ToO 0 HEM MBI YK€ JOCTa-
TOYHO MOJAPOOHO TOBOPHIIM HECKOJIBKO BhIlIE. Bripouem, Ha OTMEUEHHOM pe3Kkom TIPU
(p=900 U IIpU (p=2700 VW3MCHEHUH HaIIPaBIICHUS U3Jy4EHUS MBI OCTaHOBUMCH. [lemo B
TOM, 4TO eciiu Ha puc.21-0 (a taxxke Ha puc.17-a) yron ¢ OyaeT mpuHUMATh BCE
Oonee ONM3KME 3HAYECHHUS MO OTHOIICHUIO K (=27, TO ABUXKEHUE H3ITYyYEHHBIX
CUJIOBBIX T-BEKTOPOB A_B) MpU 3TOM OYAET CTAaHOBHUTHCS BCE 00Jiee «1albHOOOMHBIM»
U MOTOMY OyJIeT OKa3bIBaThCsl BCE Oojiee Kak Obl OCTpOHANPABICHHBIM (HAIIOMUHAS
y3Kui my4dok cBeta). [Ipuuém oHO OyIeT oka3bIBaThCS HAINPaBICHHBIM BEPTHUKAIBLHO
«BBEpX», & HE BEPTUKAJIBHO «BHM3», KaK 3TO MMEET MECTO Ha puc.19-a mis ciayuas
¢—0°. Ho 310 u3menenue Ha 180° HANPABICHHOCTH JBIKCHUS Y M3TydacMbIX Tl
T-BEKTOPOB A_B) OyZIeT MpouCXOAUTh, HE PE3KO, a nmocreneHHo. CHayvana 1no Mepe yBe-
madenns «@» or @=0" u3myuaemslii TenoM (B) Ha prc.19-a BHHTOOOGPA3HBIH MOTOK,
COCTAaBJICHHBIN U3 TeJN ABUXKYIIUXCS T-BEKTOPOB ﬁ (1 omMeTaeMbIX UM IUIOIIAJIOK
ABBA;, A|B;BA; 1 T.1.), IOCTENEHHO MPEBPATUTCS U3 LUIUHIPUYECKOTO U OUYEHb
JNaTbHOOOMHOTO MOTOKAa B MPENEIbHO Majoill mpu (p=900 NanbHOOOMHOCTH TMOTOK
(puc.19-6). 3arem npu ¢>90" BUHTOOGPA3HBIH MOTOK M3TYYEHHBIX CHIOBBIX T-BEKTO-
poB A% Kak OBl JISDKET Ha OOK, U MOCTENEHHO MPHU (p~1800 CTaB CHOBa NPEIECIbHO
NanbHOOOMHBIM U3ITydeHHEM, OyAeT paclpOCTPAHITHCS HE B MEPHEHIUKYISIPHOM K
mwrockoctu Il HampaBimeHuu, a B mapajuieIbHOM K Hel HampaiieHuu (puc.20-a u
20-6). OgHako 3aTeM, MHHOBAB CTaJIMI0 MUHUMAJIBHOU TaTbHOOOMHOCTU TPH ([):2700
Ha puc.21-a, TOTOK U31y4EHHBIX CHIIOBBIX T-BEKTOPOB A%, CHOBA MPUHSB BEPTUKAIb-
HOE MOJIOKEHHe IpH @ —360°, BHOBb OKaXETCs OPTOrOHANBHBIM K ILIOCKOCTH I1;, HO

TOJIBKO YK€ C IPOTUBOIIOIOKHON €€ CTOPOHBI.

16.2. Ywuratenb, BUAUMO, U caM JaBHO 3aMETWJI, YTO B JIaHHON paboTe Hapsay C
OOIIIEU3BECTHBIM TOHSATUEM «HYMb» C PA3MEPHOCTBIO [M] yHOTpeOIsieTcss HOBOE
MOHATHUE — «NPOMANCEHHOCMb NYMU» C PA3MEPHOCTHIO (M (cMm. Hampumep, TekceT § 9
Ha ¢.62-63). DTO OOBSACHSETCS TEM, UYTO 0 MHEHHMIO aBTOpa, CYIIECTBYET YaKe

NPOWIEHHBIN (nocmpoennsblil) IBUKyIUMcs TeaoM (B) myTh «s» [M], U CyIIECTBYET

. N . . 12
elé He MPOWACHHBIN (ULWb HANOLOBUH) NOCMPOEHHBIN NYMb) UM NYyTh «€» [M '~ ].
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To ecTb UMeeTCsl €€ U 803MOICHBIU TTYTh, KOTOPBIM, BO3MOXKHO, TOJBKO ellé OyaeT
npoieH B OyylleM U KOTOPBIi M3-3a 3TOr0 Ha3BaH «IPOTHKEHHOCTHIO» MYTH.

Nwmes 3T0 B BUAy, Bo3bMEM Aanee dopmyny umnynbca cuibsl p=F-t, roe «F»
SIBIISIETCS. HE BEIIMYMHOM «IEUCTBYIOLIEW» Ccuiibl F=m-a [Krc], a ecTb, COIVIACHO
HalZIECHHOMY B § 2, BeJIMUMHA HanpsbkeHus F [Krc], KOTOpoe Kak M cujla UMEET, Kak
BUJUM, TO k€ 0003HAUYCHUE U Ty K€ pasMepHocTh [Krc]. Kpome storo B § 9 Ha c.64
BBISICHUJIOCH, YTO BpeMs « t » M3MEHSETCS HE HENpPEPBIBHO, a U3MEHSETCA Cpa3y
LEJIbIMUA TOCTOSIHHOW BEJIMYMHBI MOPUUAMHU-KBAHTAMHU T) , BEIMYMHA KAXKIOW U3
KOTODBIX, Kak OKaxkercs B § 17, mpeamonoxutensHo paBra 1,9-107"° [cek].

[TosTOoMy (hopmMyny UMITySIbCA CUIIBI MOKHO NIEPENUCATh B BUJIE
p=F(n1), (8)
I€ «N» — IIeJ0€ YUCIIO.

DTO 3HAYUT, YTO UHTEPBAJ BPEMEHHU JIEHCTBUS «t» Y UMITYJIbCca CHIIBI B (hopmy-
ne p=F-t MmoxeT ObITh HE 00s13aTETHLHO, HAIPUMED, BPEMEHEM yJlapa UIN KaKoro-J11udo
JIPYroro KpaTkoro AeiicTBus wiu mnpouecca. OH MOXKET UMETh KaKyl YroJHO JJIH-
TEJIBHOCTB, JIUIb Obl OHA ObLJIa KPATHOM MO OTHOIIEHHIO K Tp. (31€Ch HE HYKHO 3a0bIBATH,
YTO BEJIMYMHA «P» 3aBUCUT HE TOJIBKO OT U3MECHEHHA «t», HO €€ U OT U3MEHEHUs BeIU4HHBI «F»,
KOTOpask MEHSETCS TaKXke, MO-BHINMOMY, KBAHTOBBIM 00Pa3oM.) HpI/I 3TOM UMCHHO HMIIYIbLC
cunsl F+t, a He mpocTo cuna F OyaeT sABISIThCA KaK pa3 HMEHHO TOW «IPUIOKEHHOMN
JBHOKYILEW CUIIOW», O KOTOPOU TOBOPUTCS BO 2-0M 3akoHe HproTOHA (M. c. 18).

Orcroza nmosy4yaem, 4To, UMesl HEKUM CTaJIbHOW OaJJIOH CO CHKAaTbIM I'a30M, Mbl
JOJIKHBI TOBOPUTH HE O BEJIMUMHE co3AaBaeMoro cwioi F paBnenus, npuxoasiinero-
Cs Ha eAUHULY IUIomaan S y OOKOBOW CTEHKH OallJIOHA, T.€. Mbl JOJKHBI TOBOPUTH
He o0 BemmuuHe P=F/S [KFC/CMZ], a 0 BEJIMYHUHE CO3JaBAEMOTr0 umnyibcom cunvt F-t
JIaBJICHUS HA Ty K€ IUIONIa[b, T.€. TOBOPHUTh O BeauyuHe P=p/S [Kre cex/cM”] .
[Toromy uTO B mepBOM cilydae BHYTpEHHUH 00bEéM OaisioHa OyAeT OKa3bIBaThCS
3anonaHeHHbIM cyoctaniueit F, rne F — cuna, He criocoOHasi oka3plBaTh Kakoe-In0o
peanpHOE JeiicTBUE HAa CTeHKU OaiioHa. Torma kak BO BTOPOM Ciiydae BHYTPEHHUUH
00BEM OasioHa OyeT OKa3bIBaThCS 3allOJIHEHHBIM cyocTaniuen F-t, roe F-t sBnsercs
UMITYJIbCOM CHJIbI, HampOTHUB, OOJaJarOUIMM CHOCOOHOCTBIO OKa3blBaTh peajIbHOE

JIEVCTBHUE HA CTEHKU OalJIOHA.
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Bo3bMméM Tenepp u nmpocBepiiiM B OOKOBOHM CTEHKE OalllIoHA CO CXKAThIM Ta30M
HeOosbioe orBepcTre. OUEBHIHO, YTO TOCIE TOTO KaKas-TO YacTh HAXOJSIIEHCs
BHYTPH OasioHa CyOCTaHIIMK UMITYJIbca CUJIbI (KaKasi-TO YacTh CKATOr0 ra3a) CTaHEeT
C HEKOTOPOM CKOPOCTHIO BBITEKATh HApPY)Ky. 3aMEHHUB B CTPY€ BBITEKAIOIIETO Tasa
JUTMHY TPEOJOJIEHHOr0 €10 MYyTU S [M] Ha NPOTSHKEHHOCTh NyTH ¢ [M1/2] , MOXHO

12
Oynet Hamucatb: p-f=F+(n'1y)'f [krc-cex-m ~]. Bocmonap30BaBIIKCh J1aiee COOTHOIIE-

172 172
]

HUEM [Krc]~[cek]~[M ], mpeoOpazyeM pasMepHOCTh BETUUYUHBI pf [KIc-CeK-M
B Pa3MEpPHOCTh [Krc'M]. JTa pa3MepHOCTb, KaK BUAUM, SIBIISIETCA Pa3MEPHOCTHIO
KMHETUYECKOM SHEPruu I, a TakKe padoThl A, KOTOPYIO IIPOJIEIIBIBAET CTPYS Ta30BOM
CyOCTaHIIMM UMITYJIbCA CUJIBI BO BPEMSI UCTEUCHHS U3 OallJIOHA.

Bripouem, pasMepHOCT, MMMyJbCa CHUJIBI P [KIC'CEK] MOXKHO TPEBPATUTh B
pa3MepHOCTh pabOThI A [Kre'M], He Tipuberas K u3MEpPEHUI0 POTIKEHHOCTH CTPYHU Y
BBITEKAIOIIEro W3 OammoHa rasza. [ SToro A0CTaTOYHO HM3MEPUTh BpeMs €€

/2]

1 2
ucteueHus t[cek]=n'T,. Torma Bmecto p-f [Krc-cek-m | moiy4uMm p-t [Krc-cex ].

Otkyna, ucnonb3ys [cex]~ [ M 2]

, BHOBb MOJIYYUM, YTO p-t [Krc'M]= A [Krc'M].

JIOTIOTHUTENBHO K 3TOMY NMPUBEIEM €lIE CIeAYIoIni npumep. Jonyctum, 4ro
Bam tpeOyeTcs mogHATH CTOsIIEEe HA MOy BeApo ¢ Boaou. s sToro Bel cHavama
BO3bMETE PYUYKY Belpa W, HE crubasi pyku B JIOKTEBOM CYCTaBe, MPOCTO MOJAHUMETE
ero Haja nonom. Ilycts 3arem Bbl 3axoTuTe M pajnee mogHUMaTh BEApPO C BOJAOW 3a
CYET MEIJIEHHOTO crubaHusi pyku B Jiokte. UToOBI cienath 310, Bam motpebyercs
MPEABAPUTEIILHO C HY>KHOW CUJION Hampsiub MBIIIIBI PYKH, JAE€pKalleil Ha BECy BEIpO
¢ Bojou. Ilpuuém Bam 3T0 HyxkHO OyAeT caenaTh 00s3aTEIbHO, T.K. OT OJIHOTO
«XOTEHHS», OT OAHOTO Bamero kemaHus BeIpo C BOAOW HE CTAaHET MOJHUMATHCA HA
BBICOTY KaK B cKa3zke. YToObl OHO JEHCTBUTENBHO CTAl0 MOAHUMATHCS, Bbl TOIKHBI
OyzeTe BKJIIOYUTH B pabOTy yKe TOTOBbIE K JEUCTBUIO (T.€. HaXOISAUIUECH YXKE B
COCTOSIHMM HANpsDKEHUs) MBIIIbBI PYKH, OTJAB MM MBICIEHHBIA TpuKa3. ToJbKO
MOCJIe 3TOro MbIIIIBI Bamieil pyku cranyT coBepuiaTh He0OOX0AUMYIO paboTy, a BEApO
C BOJIOM CTaHET MOJIHUMAThCS Ha 3aIaHHYIO BBICOTY.

Pa306néMm Termeppb BCIO MOCIEI0BATEILHOCTh TEUCTBUM OABbEMA BEpa ¢ BOJAOU

3a cu€T crubaHusl pyKH B JOKTEBOM CYCTaBE Ha OTJEbHbIE Kak Obl onepanuu. [lepsas

N3 HUX — 3TO IOJYYCHHUC B MBIHINAX PYKHU HYXHOT'O HAIIPSIKCHUA, T.C. INOJIYYCHUC
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BenuuuHbl F [krc]. 3xeck HamomMHuM, 4To F ecTh He aeiicTBue, a JHIIb Mpes-
JEHUCTBHE, €CTh JIMIIb HaIpsHKEHUWE, KOTOpPOE IMPU ATOM MPENCTaBIsIeT U3 cebs,
00paTM BHUMAaHHE, KaK Obl COBEPIIEHHO 000COOIEHHYIO U 3aMKHYTYIO caMma Ha ce0st
CcyOCTaHIMIO, KOTOpasi, HAXOSCh B KAaKOM-JIMOO NTAHHOM Telle, He TepeaaéTcs Jaxe
BILUIOTHYIO MTPUMBIKAIOIINM K HEMY IpyruM tenam. J[pyrumu cioBamu, BenuuuHa F —
9TO Kak OBl 3aKpbITasi CO BCEX CTOPOH, T.€. COBEPIIECHHO 000COOJIEHHAs! «Bellb B
cebe». UtoOwl F cTtasio pa3oMKHYTBIM BO BHE W CTaji0 CIOCOOHBIM JI€WCTBOBAThH Ha
HUX (Ha MPUMBIKAIONIME CHAPYXKU TeJla), €ro HY’)KHO YMHOXHUTh Ha KBAaHT BPEMEHH T,
MOCKOJIBKY BpeMsi TE€YET HE HEMpPEpPhIBHO, a H3MEHSIETCS OTIEIbHBIMU YacTSIMU-
KBaHTaMu. B pe3ynbTaTe BMECTO MPOCTO CUibl F, BMECTO BCEro JMIlb HANPSKEHUS
BO3HHUKHET UMITYJIbC CHIibl F*Ty. KoTophlil cBOMM jeiicTBueM OyJeT B TeYEHUE BCETO
BPEMEHHU T pEaJbHO TOJKATh Kakoe-IMO0 Haxojsuieecs nepen HUM Teino «m». Ho
KpOME€ 3TOTO MUMITYJIbC Cuiibl F Ty 00s3an Oyner coBepmath emé u padory. [Ipuuém
coBepIaTh e€ OH OyJeT, OYEBUIHO, BO BPEMSI CBOETO JCHCTBUS, T.€. OJJHOBPEMEHHO C
HUM, B XOJI¢ MPOTEKaHUsI BCE TOTO K€ OTpe3Ka BpeMeHH Ty. [loToMy uTO coBepIieHre
JT000T0 JEHCTBUSI HEOTIETUMO OT XO0Ja, OT TEUEHUSI BpEMEHH U, 3HAYUT, HEOTIEITUMO
OT BBITIOJIHSIEMOU B 3TH MOMEHTHI paboThl. OTCIOAa MOTYy4yaeM, 4TO YTOObI HANTH ATy
paboTy, 4TOOBI BEIYUCIUTDH €€, HeoOXxoauMo Bcio BenmnuuHy (F:Tp) = (m*V) nenukom
en€é pa3 yYMHOXUTh KBaHT To. B pesynbrare nomyuuMm (F: 7Ty)'To [Krcrcek cek]=
(m-V)'1, [Krercex’] . Otkyna, IpUHSB BO BHUMAHHE, YTO KFC~C€K~M1/2, MOJTYYUM
BEJIMYUHY KBaHTa PaOOThI, BHINOJTHEHHOW KBAaHTOM HUMITYJIbCA CUJIBI 32 BCE BPEMS €T0
JICUCTBUS T :
F- 1:02 [KI‘C'CGK2] ~F- 1:02 [KTc'M]= A .

Takum 06p330M, KBAaHT DaﬁoTbI COBCpHIACTCA HC OJHOMOMCHTHO, 4 B JIBa

MOMEHTa, COBEPIIAETCS Kak ObI B Ba mpuéma. CHavasa BOSHUKACT KBAHT JIelCTBUS

F-ty [krc-cex], a 3arem coBepmaercs u camo aencteue (F-ty)-Tp. IIpu 3TOM BBITION-
HsieTcst TuOo0 KBaHT paboTel (F:1y) Ty, 1100 MHOXKECTBO KBaHTOB paboThl (F:Tp)-nTy u
MPOUCXOAUT JUOO IIAaroBoe NEpeMelIeHHue TOro Tela m, KOTOPOE IOJBepracTcs
JEHCTBHIO UMITYJIBCA CHJIBI, INOO MPOUCXOIUT AehopMaIiis MOCIIEeTHETO.
CrnenoBaTenbHO, eciii Bel 1ake He OyeTe MbITaThCs IMOTHATH BEIPO C BOJIOH, a
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OyzeTe ero mpocTo JAepxkaTh 32 PYYKY Ha BECY, OCTABJISISI €r0 BUCSIIUM Ha OJHOU U
TOH K€ BBICOTE, TO U B ATOM cliydae Bwl Oynere BeimonHsATh paboty. B camom nerne,
T.K. B JaHHOM KHWXXKE IMoJlaraercsi, yTo He cuia F=m-a, a UMIynabC CHIIBI SIBIISIETCS
BecoM P y Tena m, To Ha Bamry aepikaniyro Bepo Ha Becy pyKy OyleT JeicTBOBaTh
uMmnyinbsc cuibl F-ty. Ilpu stom (F'T)) — ecThb BenmuymHA, Kak BBICHSAETCS, JIMIIb

JICUCTBYS, HO HE BbINMOJHEHHOW NMPH 3TOM padoTrbl. CoOCcTBEHHO paboTa CTaHET

MPOUCXOAUTH TOJBKO TOCTE TOTO, KaK HEACNAIIUNACS HAa YaCTU KBAHM OelCcmeuUs.
(F-1y) emé pa3 Oyner yMHOXKEH Ha MHTEpBaJI BpEeMEHH Ty. B pe3ymnbrare uero Bamu
Oynetr coBepmieHa (cm. Benume) padora A krem]~ (FeTp) T [Krc-cex’], a TarKe
(F*tp)'nTy [Krc-M], ecu BpeMsi BBITIOJIHEHHS pabOThI Oy/IeT paBHO Nn*T [CeK].

B cBsi3u ¢ 3TM 00paTUM BHHUMAaHUE, YTO B XO/I€ B3BEIIMBAHUS TEJ, HECMOTPS Ha
TEYCHHE BPEMEHHU t, 3HaueHue Beca P = F't, moka3siBaemoro nudeporaTom BeCcoB, Kak
n3BeCTHO, HE MeHsieTcsl. [loyemy? IloTomMy 4uTO BpeMs t He TE€YET HENMPEPBIBHO, a
U3MEHSIETCA KBaHTaMM t=(n"Tp), U MOCJE MPOTEKaHUs t;=T; MPOUCXOAUT MPOTEKaAHUE
O04YEpEeIHOTO, MPUTOM COBEPIIEHHO HOBOTO KBaHTa t,=T; , BO BpeMsl KOTOPOIo JEHCT-

BHC UMITYJIbCA CHUJIbI HC IIPOJOJIKACTCA AAJICC, 4 HAYUHACTCA CHOBA. T.e. ecnu B xo1¢e

TEUYECHUS TIEPBOTO KBAHTa T, JECUCTBYET OAWH MMNYJbC cuibl (F-T) , TO B X0/4€ Mpo-
TEKaHUs CIIEAYIOIIET0, BTOPOTO KBaHTA T; JCHCTBYET TOYHO TAKON K€ BEIUYUHBI
(mockonbky Ty = Const u F = Const), HO COBEpPILIEHHO HOBBIW, ACHCTBYIONIUH JIUIIIb B

TEeKYIIHMHA cel4ac MOMEHT Ty UMNYJbC CUlbl p tex=(F"Ty), ABISIOMINICA K8AHMOM

Oelicmaus U OJHOBPEMEHHO KBaHTOM paboThl Ag=(F*Tp)" T .

(U3 sT0T0, KCTAaTH, CIIEAYET, 4TO BO 2-0M 3akoHe HbioroHa F-t = m-V mox t cieayer moHMMaTh He
BEIIMYUHY N-Tg, HO JIMIIb BEIUYUHY Tp = 1,910 cex. OTkyna mnpu B3BelIMBaHUM rpy3a Py
BennunHOM 1 [Kre-cek] BennunHa F) Ha moBepxHOCTH 3emiin OyZieT UMETh 3HAYCHHE 5,26-1014 [xrc].
A mpu B3BemMBaHUY B JIBa pa3a Ooiee Tsokémoro tena P, momydnm, uro BenmnunHa F, Takke craneT
B /1Ba pa3a Oombire. [loToMy 4TO mpH 0AMHAKOBOH IIOTHOCTH y Tpy3a P; u y Tena P, B 3aHMMaemMomM
TeaoM P, o0béMe OyneT OKa3hIBAThCS 3aKIIOUEHHOW B JBAa pa3a OOJIbIIEC «TyMaHOMOJO0OHOW»
cyOCTaHIH HaNPSHKEHHOCTH TPABUTAIIMOHHOTO MO 3eMutrd — cM. ¢.120 n149)

N3 Bcero yxe pacckazaHHOTO CIEAyeT, YTO BEJIUYMHA MOKOSIIEroCs UMITYIbca
cunbl p=F+(n'Ty) ecTh He YTO WHOE, KaK BEJIMUYUHA €IIE HE M3PAaCXO0I0BaHHOM, HO TO-
TOBOM K JIEUCTBUIO SHEPTUU Dy [Krc'cek] uim I [Krc-M” 2] , SIBJIAIOIIEICSA, OUEBHU/I-
HO, 9Hepauell nokosi. B 4acTHOCTH, TOW »HEPrUel, BeIMUUHA KOTOPOM CBOUM JIEHCT-

BUCM GYZLCT OKa3bIBaThCS CIIOCOOHOM NMEPEMECTUTH HCKOTOPOC BCIICCTBCHHOC TCJIO
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. . 12
Maccoil «m» BJIOJIb MyTH MPOTSHKEHHOCTHIO £ [M 7]

. [loaTOMy, €ciu TOBOPUTH O U3-
BECTHOM 3KBUBAJECHTHOCTU MACCbl U SHEpeul, TO B KaUeCTBE SHEPIUU HYKHO Oyner
MOHUMATh, 10 MHEHHUIO aBTOPa, UMEHHO €Il CIOCOOHYIO MPOU3BOAUTH PabOTy dHEP-
U0 Dy [KIc'CeK], HO HE SHEPrut0 D [Kre'm] = A [Krc™M], YK€ COBEPIIUBIIYIO €€.

( Kcratu roBopsa, B CTO »nsuHeprus 3Dy Takke 0003HAYaeTCs B BHIEC Doy U TAKKE HA3BIBACTCS
«9HEpPrUeil ToKos». DHeprust Dy , KaK BHIUM, MOXKET CTaTh paboToO A [Krc'M], HO MOXKET U He
CTaTh €10, OCTAaBAsICh DHEPTHUEH MOKOS Jy C Pa3MEPHOCTHIO UMITYJIbCA CHITBI [ KTC*CEK ] . )

Takum 00pa3oM, MUMIYJIbC CUJIBI MO CBOEH CYTH €CThb TO K€ CaMoOe, YTO U
sHeprud. Ecnu xoTurte, 4TO U MEXaHUYECKasi YHEPTHsi, MOCKOJIbKY B JAHHOM MECTE
HacTosiniell paboThl MMIYJIbC CHJIBI UCUUCISETCA €IUHUIAMH, KOTOPHIMH OOBIYHO
BBIPA)KAETCSI UMEHHO TaKOro poja 3Heprug. OJHAaKO MeXaHWYecKas PHeprus, Kak
W3BECTHO, €CTh JIUIIL OJHA W3 pa3HOBUJIHOCTEH DHepruu BooOme. OTKya, MPUHSB
BO BHUMAHME MPUBEACHHOE BbIIIEC 3aMEUYAHHUE, KACAIOIIEECs] SKBUBAJIEHTHOCTH Macchl

U DHEpPruu, MOKHO, MOXKaIyd, yTBEPKAaTh, UYTO:

[IpencraBnennas Ha puc.19-a mnomanka ummynsca cuibl ABB A sBasiercs mo
CBOCM CyTHM HHUYEM HHBIM, KaK YacCTHLIEH Geujecmea C MAacCCOM «m», BEIMYHHA

KOTOpOfI OKBUBAJICHTHA BCIIMYNHC DHCPTHUU ITOKOA 90 [Krc cex] .

( IIpuHSB BO BHHUMaHHE COOTHOILIECHHE KFC~CGK~MU2, n3 ypaBHeHusi F[krc]-t[cexk] = m[?]-V [m/cek]
HAXOIMM, YTO PAa3MEPHOCTh y BEIMUYMHBI «M» JOJDKHA OBITh PABHOM He [Krcrcek’/M], Kak 3TO ceffuac
CUUTAETCs, a paBHOH [Krc], T.€. JOJDKHA OBITh TOYHO TAaKOH, KaKyl0 pa3MEepHOCTh UMeeT BeanynHa F. )

bonee Toro, mnomanka ummyneca cuibl ABB{A; U BO BCEX OCTAIBHBIX W3
MEPEUYUCIICHHBIX B HAIlIEl MOCIEI0BATEIbHOCTH MPUMEPOB 3aTpaTHOTO JIBUXKEHUs-
CymiecTBOBaHMS TeNl T-BEKTOPOB 1-ro poja sBISIETCS TakyKe TaKOro poja 4acTHUIEH.
Bropouewm, B ux 41ciio HEOOXOAMMO BKJIIOUUTH €I1I¢ ¥ MPUBEICHHBIN Ha puc. 18 ciaydait
oe33arpatHoro /[-C T-BekTopa 1-ro poma. 6o ero ornuuue OT ciiydaeB, IPUBE/ICH-
HbIX Ha puc.19-21, cOCTOUT NUIllb B TOM, YTO Ha puc.18 yacTuua Bc€ BpeMsi OCTAETCS
HEMOJABUKHOM, TOTr/la KaK BCE OCTaJIbHbIE YACTUIbI B MPUBEACHHOW MX MOCIEI0BA-

TEJIBLHOCTH OBICTPO WJIM MEJUIEHHO nepementatorces B [IpoctpaHcTse.

16.3. ToBops o T-BekTOpax 1-ro poja W O MX CBOWMCTBaX, HAMU HHTJE HE OBLIO
OTMEYEHO €nI€ OJHO BAXKHOE WX CBOMCTBO. [[e10 B TOM, 4TO T-BEKTOPHI 1-ro poaa
MOJKHO TIOJ[BEpraTh BCEM M3BECTHBIM MATEMAaTHYCCKAM OMEPAIUSIM 32 UCKITFOUCHUEM
oJTHOM. JIeCTBUTEIHLHO, UX MOXKHO CKJIQJIBIBaTh, YMHOXATh W JaXKe JCIHTh APYr Ha

Apyra, HO TOJIbBKO CKJIaJIbIBATb (I/I BBIYUTATh, KOHCLIHO) HNX MOKHO JIMIOb IO MCTOOAY

143



MOCJIEIOBATENIBHOTO ACHUCTBUS BEKTOPOB (Mo Metonay II/[-BekTOpHOTO CloKEHHUS).
DTO 3HAYUT, YTO TEJIIO OAHOTO T-BEKTOpa 1-ro pojga MOXKHO HMPUCOEAUHUTH K TEIYy
JPYroro T-BEKTOpa JIMILb MOCJE TOTO, KaKk JelcTBHE nepBoro 3akoH4YuTcs. [IoHATHO,
YTO MPU 3TOM U3 COCANHEHHBIX (M3 CIOKEHHBIX) IPYT C IPYrOM MHOXKECTBA TEJ 3TUX
T-BEKTOPOB B 00IIeM ciydae OyAeT MOJydyaThbCs HEKas JIOMaHHas JIMHUS, KOHIIBI
KOTOpPOM HENb3d OyJeT COENUHSTh C LEIbI0 MOJIYYeHUsI BETUYMHBI Tela PaBHOJAEHUCT-
BYIOILIET'O T-BEKTOpa: TAKOTO T-BeKTOpa NpH ux I[1/[-BeKTOpHOM CIIOKEHUU BO3HUKATh
He MoxeT. CyMMa eMCTBHS HECKOJIBKUX BEKTOPOB OYAET OKa3hIBATHCS PABHOM Jcii-
CTBHUIO OJJHOTO PaBHOJECWUCTBYIOIIETO BEKTOpPA TOJIBKO B TOM CJIydae, €CJIM BCE BEK-
TOpbl OyAyT JEHCTBOBATh, KAK M3BECTHO, OJJHOBPEMEHHO, T.€. coBMecTHO. Korga mx
CJIOXKEHHE OyIeT OCYIIECTBISETCS MO METOJY CIOXKEHHUS COBMECTHO JIEHCTBYIOIIMX
BEKTOPOB, 10 npaBuiy C/[-BeKTOpHOTO cliokeHus (10 MpaBuily MapajijieorpaMmma).

Bo3MoXHOCTH coeiuHEHHS TeJl T-BEKTOPOB 1-To poja ToyibKo mo crocody I1/1-
BEKTOPHOTO CJIOKE€HHS M HEBO3MOXKHOCTh BBIMOJHEHHUs omnepauuu CJIl-BEeKTOpPHOTro
CJIOKEHUS CJIEAYeT U3 TOro, 4To eciau Obl crmoco0 CJI-BEeKTOPHOTO CIOKEHHUS CYIIECT-
BoBan B [Ipupone manst ten T-BEeKTOpoB 1-ro poma, To okpyxaromas Hac Ilycrora-
[TpocTpancTBo HEe Moria Obl BO3HUKHYTh, a €CJIM Obl U BO3HHUKJIA, TO OYEHb OBICTPO
npeBpaTUiIach Obl B TE€JIO HEBEPOATHO OONBIION MJMHBI, HO OJAHOTO €IWHCTBEHHOTO
T-BEKTOpPA MPOTHKEHHOCTH.

Bmecte ¢ 3tuM, coenunss no crnocoOy I1/[-BeKTOpHOTo ClIOKEeHHsSI HECKOJIBKO
TeJ T-BEKTOPOB 1-ro poja Takum o0Opa3zoM, YTOOBI TEJI0 KaKIOT0 U3 HUX OKa3bIBAIOCh
NPSMBIM TPOJIOJDKEHUEM Tejla APYroro, MOXHO OyJeT, OYEBHIHO, OJYYUTh B UTOTE
T-BEKTOpP TAaKOM [JWHBI, Kakas B TOM WJIM HMHOM cliydae OyaeT TpeOOoBaThCs.
Haobopor, teno moboro T-Bektopa 1-ro pojga mpu HEOOXOAMMOCTU MOXKET OBITH
pa3zeNeH0 Ha KaKoe YroJHO YHCIO YacTel MpU TOM, pa3yMeeTcs, YCIOBUHU, UYTO HU
OJIHa U3 ATHX 4YacTed He OyAeT OKa3bIBaThCs MO CBOEH anuHe MeHblen 1 [den].
Nmess 3T0 B BHUAY, MNPEANOJIOKHM, YTO B MHOXKECTBE T-BEKTOpOB 1-ro poxa
CYILIECTBYET HE TOJBKO ONEPALNS UX JEJIECHHUS HAa HECKOJIBKO YacTEH, HO CYIIECTBYET
omepanus UX camopazoenenusi Ha OTHeNbHble Oonee menkue yactu. Hacrynaromas
BCAKUW pa3 Torja, KOrja TOT WM HWHOW JOCTATOYHO OOJBIION JJIMHBI T-BEKTOP
NPOTSHDKEHHOCTH B CaMOM  KOHIIE CBOMX JIBOMHBIX IIOBOPOTOB, H3pPacX0/I0BaB

MOJTHOCTRIO MMeroluiicss B ero tene 3amac JIHC (uyTto paHo WiM MO3IHO JOJIKHO,

144



OYEBHUIHO, CIYYUTHCS), BIPYr BMECTO TOTO, YTOObI HA4aTh COBEPIIATH HOBBHIE
Ges33aTpaTHbIC IBONHBIC MOBOPOTH co ckopocthio =180 mmm ¢=360" 3a Bpems T,
(cm.puc.15 u 16-a), kak Obl pacchilaeTcsi Ha MHOXECTBO 00jiee KOPOTKHX T-BEKTO-
poB. I mputoMm He MpocTo 0o0Jiee KOPOTKUX, HO COBCEM KOPOTKHX, & UMEHHO TaKHX,
YTO IJIMHA KaXXJIOTO WJIM HEKOTOPBIX U3 HUX OYAET OKa3bIBaThCS COMOCTaBUMOM C
BEIIMYMHOMN pajnyca 3JIEKTPOHA, T.. MYCTh OYJET OKa3bIBAaThCA IMPH ATOM pPaBHOM
BEJIMYMHE TOPSAKa 1072 - 107 [cM]. B pe3yJbTaTe 3TOTO BCE OKPYKAIOILIEE HAC
[TyctoTa-IIpocTpancTBo OyAeT MPEACTABIATH COOOM HEKYH0 MECTaMU UYpPE3BBIYAITHO
MEJIKOSAYEUCTYI0 CTpyKTypy. IlputoM, corjlacHo OTMEYEeHHOMY paHee, OyAeT
NPECTaBIATh COOOW CYIIECTBYIOIIYIO 6HE 6pPeMeHU OIUMelbHOCMmU W, 3HAYWT,
CYHIECTBYIOILYIO 8euHO CTPYKTYPY. ( Ecau, npasaa, Bce oOpasyrolnue eé Tena 6a30BbIX T-BeK-
TOPOB 3a paBHBIN Y2 T UHTEepBas BpemeHu ycneBanu NoBOpauMBaTLCA POBHO HA 360° wn POBHO Ha
180%. B mpocTopax KOTOpO# Ha KaKOe-TO BPEMs MOSABJIAIOTCS, YTOObI 3aTEM B KaKOe-
TO BpeMsi OEcCCIeIHO HUCYEe3HYTh, OykBajabHO pacTtBopuBIIMch B Ilycrote-IIpoct-
paHCTBE, Pa3HOIo poJia HEOECHbIE BEUIECTBEHHbIE TENA.

Bcé aTo o3nauaer, yto B mpocropax Ilycrorsi-IIpocTpancTBa Bcerga HauaeTcs
HY)KHO€ KOJMYECTBO MOAXOJSIIEH IJIUHBI TEl T-BEKTOPOB 1-pona, 4ToOBl TpHU
R-«ipsiMOM» U3IIy4ye€HHHM CBOM JBOMHBIE TOBOPOTHI MOIJIM COBEPIIATH CPABHUTEIHHO
OYEHb JJIMHHBIE TeJla PaJinyC-T-BEKTOPOB E (Ipy MOMOIIM KOTOPBIX, HAIPUMEP, TE€
WM WHBIE HaxoAsleecss B MX KOHLEBBIX TO4ykax «B» BemecTtBenHele Tena (B)
COCIMHSIOTCS MEXAY COOOM WM C COOTBETCTBYIOIIMM TOJIFOCOM JBMIKEHUS «A»).
B 1o Bpems kak Bo Bcex ciyudasx R-«00paTHOro» M3IydeHHs] B ITUX IMOBOPOTAX
OyayT MpUHUMATh y4acTHE, KaK ATO BbICHUTCA B § 18, HA00OpOT, CpaBHUTEILHO
KOPOTKHE, UMEIOIIMX UIMHY JIUIIb HOPSIKA 10'-107 [cM], mn gaxke ype3BbIYANiHO
KOPOTKHE Tea 0a30BBIX T-BEKTOPOB ¢ iHHOM mopsmka 10°-107"° [eMm] (a Taxxke
JTla’Ke, BO3MOYKHO, €€ MEHbIIEH IMHBI). [[0JI0)KHUB, 4TO T-BEKTOPHI A_B> Ha puc. 18,
19-6, 20 1 21 umerT Kak pa3 TaKoro Mopsiaka UIMHY, MOJYy4UM, YTO BCE HaIIU
BEILECTBEHHBIEC (YCIIOBHO HA30BEM HUX MOOe€IbHbIMU) YACTUIBI MO CBOUM pa3Mepam
OyayT OKa3bIBaThbCsl B pPE3yJbTaTe MPUMEPHO (WJIM B TOYHOCTH) TAKUMHU, KaKUMHU
SIBJISIFOTCSL peaJIbHbIC 3JIEMEHTapHbIE YACTHUIIBI.

[TosTOMY MBI, pyKOBOJCTBYSICH HEKOTOPBIMH COOOPaKEHUSIMHU, CYTh KOTOPBIX

CTaHET MOHSITHOM W3 H&HBHGﬁmGFO, CTaHCM TC€ M3 MOACIIbHBIX YaCTHUI, KOTOPLIC
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u3zo0paxensl Ha puc.20, Ha3bIBATh pomonamu (JIEBOTO U MPABOTO BPALIEHUS), TY
YacTHUIly, KOTOpasi TpeAcTaBieHa Ha puc.21-0, cTaHeM Ha3bIBaTh MOJICIbHBIM
HeUmpoHOM, W HAaKOHEIl Ty YacTHIly, «IOPTPeT» KOTOpOM momemniéH Ha puc.ls,
CTaHEM HMMEHOBATb MOJENIbHBIM npomonom. llocie 4Yero, MoJIOXKUB, YTO KPOME
MPOTOHA CYHIECTBYET TOYHO TaKasl K€ MO YCTPOIMCTBY, HO BO MHOTO pa3 MEHbIIIAs IO

pasMCcpaMm HaCTula, yCJIOBUMCA HA3bIBATh ee MOJICJIBHBIM 9/1€KMPOHOM.
—>
Bcé aTo 00BsACHSETCS TeM, 4TO eciiu T-BeKTop AB coBepiiaeT mOBOPOTHl Kak BOKPYT TOUKH A,

TaK ¥ BOKpPYr TO4kHu B, To y wactun Ha puc. 20 u 21-6 He MOXKET BO3HUKHYTh HH 3apsj «+», HU

3apsizl «—», U UX 3apsij BCE BpeMsl OCTAETCs paBHBIM HYJIIO. —
YacTuiia MOKET MPHOOPECTH 3apsijl «+» HIH «—» JIUIIb B TOM Cliy4ae, eClid T-BekTop AB Oyner

COBEPIIATH TOBOPOTHI BOKPYT TOJBKO OXHOM, HanpumMmep, Touku A (puc.18 u Ttexcer §21 ).

Nrak, ecnu cornacutbes ¢ 3TUM IPEAJIOKEHUEM, TO BEIIECTBEHHbIE (ITOCKOJIb-
Ky OHU 00JaJjal0T UMIYJbCOM CHJIBI, M 3HAYUT, Maccoi) yacTuilpl Ha puc.20 cieayet
cuntath ¢ortoHamu. [lo kakoi mpuumHe ? Ilpekae Bcero mo TOW, YTO JIBOWHBIC
MOBOPOTHI T-BEKTOpa A_B> M3-3a2 KOTOPBIX TeJla 3THX YaCTHI[ KaK pa3 U BO3HMKAIOT,
ABIISIIOTCA HamOoJiee Kak Obl pa3MalIUMCTBIMM, YCI€Bas B KaXKJOM CTaJUM JBOMHOTO
IIOBOPOTa 3a BpeMs Y2T, MOBOpayMBaThCA HA Yrojll () B Ipeneiax oOT (p51600 10
(pEZOOO). Otuero mocTynaTeiabHOE ABWXKEHHE Tejla T-BEKTOpa A% (1 TIomIAIOK
ABB A, no crpenxe <@l Ha puc.20) GyneT OKa3bIBaThCs 6oJiee OBICTPHIM IO CPaB-
HEHHIO C €r0 MEHEE Pa3MalluCThIMU ABOMHBIMU MTOBOPOTAMHU y JPYTUX T-BEKTOPOB U
OTBEYAIOLUX UM BEIIECTBEHHBIX YaCTHII.

Ho xpome 3T0r0, 4TO ceivac sBJISIETCS TJIAaBHBIM I HAC, JI€JI0 COCTOUT B TOM,
4yTO Bce (OTOHBI-4acTHIlbI (Bce muiomanku ABBA|), Bo3HuKarome npu CWIbHO, a
TaKX€ HE CIMIIKOM CWIBHO Pa3MalIUCThIX ABOMHBIX MOBOPOTaxX T-BEKTOpa A_B> KaK
9TO BUAHO W3 MOKa3zaHHOTO Ha puc.20, 6e30cTaHoBOYHO JBHXKYTCA. Ho Beapb 31O
03HAYyaeT, YTO HaXOJAIIasics B UX Tejlax macca (CyOCTaHIUs UMITYJIbCa CHJIBI) TAKXKe

HCTIPCPBIBHO ABUKCTCA. YT0 B CBOIO o4ucpeab MOXKET O3HAYATH JIUIIb TO, YTO MOACIIb-

HBIC I-IaCTI/II_[IJI-(1)OTOHI>I, KaK U PCAJIbHBIC (bOTOHBI, He umerom maccvl NOKOAL.

Kpowme 3toro, Teneps OyAeT AOCTaTOYHO JIMIIb B3MIAHYTh Ha puc.20, Kak yxe 0e3 KaKux-
100 JOMOJHUTENbHBIX MOSCHEHUH CTaHeT MOHITHBIM, OYeMY KaXkJblii ()OTOH HE TOJIBKO HE UMEEeT

MAcCChbI IIOKO#, HO U MMOYEMY OH OJHOBPEMCHHO SBJISACTCS KaK qaCTHHeﬁ, TaK 1 BOJIHOM.
—>
K stomy HeoOxoammo m00aBUTH, YTO Kak JJWHA Yy T-BekTopa AB, Tak u

BCIIM4YMHA yrijia @ (a, 3HAYUT, U pasMCPbl HU3JTYy4aCMBIX ILIOMIAJOK HMITYJIbCa CHJIBI

ABCA,, A|CIIA; u T.1.) BO BpeMsi COBEPILICHUSI UM JIBONHBIX MOBOPOTOB BCE BpeMs
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OCTalOTCA, Kak 00 ATOM YK€ TOBOPWJIOCH B MOSICHEHUsIX K pHC.10, HeU3MEHHBIMHU.
OnHako, COTJIAaCHO TEM JK€ MOSCHEHUSIM, BEJIMYMHA CYOCTaHIIMU UMITYJIbCA CHUIBI,
3aKJIIOYEHHAs B TeJe T-BEKTOpa j?B MoCJie Ka)J0ro JIBOWHOIO MOBOPOTAa YMEHbIIIA-
ercs. [loaToMy OymeT yMmMeHbIIAThCsI U Kak Obl TUIOTHOCTh CYOCTaHIIMM UMITYJIbCa
CWJIBI, KOTOpas MpHU 3TOM OyJeT Kak Obl pa3masblBaThCsl TEIOM T-BEKTOpa /ﬁ BO
BpEMsl €ro OMETAIOLIMX JABWKCHUN IO HE MEHSIOIIEW CBOEH BEIWYMHBI IJIOMIAAN
COOTBETCTBYIOLIEH T-BEKTOPHOU IUIOMIAAKU. UTO MOMKHO HNPUBOAUTH, OUEBUJIHO, K
MOCTENEHHOMY HMCTOUIEHUIO TOTO 3araca UMIYJbCa CUJIbl, KOTOPBIM B cCAMOM Hauaje
COBEPIICHHS JIBOMHBIX MOBOPOTOB KAk ObI JAETCs HA UX BBINOJTHEHUE KaK T-BEKTOPY
jrB, TaK 1 KaXJA0MY JPYTrOMY CUJIOBOMY T-BEKTOPY. B uTOre OCBENIEHHOCTH €AMHUIIBI
IJIOIIAU, PACIOJIOKEHHON MNEPIEeHAUKYISIPHO K JABWKEHUIO Jyded cBera, OyAeT
ymeHblaThed. [Ipexie Bcero notomy, 4to npu €€ yJaajaeHuu OT TOYEUHOr0 UCTOYHHU-
Ka JIydd CBETa pacxXoAsTcs (paccerBarOTCs) B MPOCTPAHCTBE U MOITOMY YOBIBAET UX
YUCII0, MPUXOAIIEEcs Ha €AUHULY IUIOMAAN. A TAaKXKe MOTOMY, UYTO U3-32 YMEHb-
menust yaenapbHor miotHocTu JIHC B mmomaakax ABCA, A|\CIA; u T.1. (cm. puc.10)
yOBIBAET «SIPKOCTh CBEUCHHS» Y KaXKI0TO U3 (POTOHOB.

N sTa ux apkocTh OyAET CTAHOBUTHCS BCE MEHBIIIEH 1 MEHBIIICH 10 Mepe yaalie-
HUS UCTOYHHMKA CBETa OT HaOMroJaTeNsl. 3HaYUT, IPU KAKOM-TO yJaJ€HUU OT UCTOY-
HUKa CBETa BCE M3NYUYEHHBIC «(OTOHBI» YTPATAT CBOIO SIPKOCTH TOJIHOCTBHIO. 3aTeM
KaXX]IbIil CTaBIIMI HAaKOHEI] HECUJIOBBIM T-BEKTOP A% BJIPYT CMEHUT BUJ CBOETO 3aT-
patnoro J[-C Ha 6e33aTpaTHbIil ero BU (HapuMep, MOBOPAUMBASCH JIJIsL ITOTO TOJIb-
KO B iockocTH II; miam BO B3aMMHO OpTOroHalbHBIX IIockocTsax II; m II, cooTBeT-
CTBEHHO Ha yroJl =27 WM Ha yroil =T u ¢=27). [lociae 4yero B HEKOTOPOM MeECTE
ATIIIT mpowuzoitaér R-o6paTHOE M3TydyeHHE CTABIIETO BAPYT CUIOBBIM T-BEKTOpPa A?B,
Y BCE HAYHETCS CHavdaIa.

Takum o6pazom:

Bce ¢oTonbI 110 cBOEMY yCTPONCTBY MOJOOHBI HEUTPOHAM, IPOTOHAM U AJIEKTPO-

HaM, OTJIM4YasACh OT HUX I''TaBHBIM 06p330M JUmb TEM, YTO IIO MPHUYIKUHEC Oe3ocra-

HOBOYHOTO JIBMXKEHUS (cm. puc.20) Yy POTOHOB HET MacChl TTOKOSI.

HGCMOTPSI Ha TO, YTO 3a11aC UMITYJIbCa CUJIbI B TCJIaX (I)OTOHOB BCE BpCM:L YGBI—

BacCT IO MCPC MPOABUIKCHU JIydd CBCTA Bnepéz[, CKOPOCTD €TI0 ABUKCHHUA Ha BCCX
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Y4aCTKax IyTHU OT Ha4YaJla 1 O TOr0O MOMCHTA, KOTJa JIYY ITOJTHOCTBIO HepeCTaéT

OBITH BUIUMBIM, OCTAETCSI TOCTOSTHHOM (cm. puc.10) u paBHOU Benuuune C.

16.4. BoszBpatuMmcs kK pa3MepHOCTH BeIWYUMHBI m. COrJIacHO YK€ OTMEUEHHOMY Ha

c.143, pasmepHOCTh M COBHAAAET C pa3MEPHOCTHIO F.

2

OTO 3HAYMT, YTO BeIMYMHA g B (dopmyne s =

gt
5 ABISIETCS Oe3pa3MEepHBIM  KOd (-

dummentom. OG03HaUMM ero nuTepoil y. Torna myTh «s» OyIeT HMETh pa3sMEpHOCTH [cek’]. OxHaKo,
2
Y-t

MIPUHSB BO BHUMaHUE, 4TO [CeK]~[M v 2], B UTOT€ MOJYYUM § = [M] , tne ko unment y = 9,81

B Clly4ae, eclii pedb HIET 0 CBOOOJIHOM MaJeHUH Tella m Ha MOBepXHOCTh 3emuu. [lpu y=1 Oyner
paBHOMEPHOE ABMXKEHHE, TIpU Y>1 1 Y<1 COOTBETCTBEHHO YCKOPEHHOE U 3aMEJIJIEHHOE ABM)XEHHE, a
npu Y=0 OyneT coctostaue nokosa. Kpome storo 0yaet s[m]~p[krc-cex] u p[kre-cex] =3p[kre-cexk].

CoBnagienne pasMepHocteid y m u F o3Haudaer, 4To Mbl BIPAaBE MOJIAraTh, YTO
Macca m IO CBOEW CYTH €CTh TO K€ camoe, dyem sBisgerca F. Jlpyrumu cioBamu,
3anoJiHANas 00bEM TOTO WM MHOTO Tejla Macca €CTh HE UTO MHOE, KAK HEKOTOpOe
HanpspkeHue. YTo ke 3T1o 3a HanpspkeHue 7 UTtoObl pa3oOpaThCs B 3TOM BCIIOMHHUM,
YTO MpPU BO3HUKHOBEHUHU HANPSHKEHUS B KAKOM-JTMOO, HAlpuUMep, METATITMYECKOM
CTEpXKHE OKa3bIBACTCS, YTO OHO MMEET OJAMHAKOBYIO BEJIMYMHY HE TOJIBKO BO BCEX
TOYKaX Ka)XJIOTO M3 €ro CeUYCHMI, HO M Ha BCeM ero minuHe (CM. ¢. 24), T.e. UMEET OJIHO
U TO K€ 3HAYCHHE BO BCEX TOYKAaX 00BEMA, 3aHUMAEMOI'O BEIIECTBOM 3TOTO Tea.
Nmest B BUy 3Ty OJMHAKOBOCTh HANPSHKEHUS BO BCEX TOYKaX 00BEMA, MOTYyUYUM, UYTO
T1000€ BEIIECTBEHHOE TEJIO SBIISIETCS OJHOPOJHBIM, U TMPU COIMOCTAaBIEHUU MHO-
JKECTBA TAKMX TEI KaXJ0€ M3 HUX MOXKHO 3aMEHHUTh BEIIECTBEHHOM TOukoil. B
pe3yibpTaTe, MOMECTUB HX B TMOJ€ TATOTEHHS 3€MJIM, IMOJy4YuM, 4YTO JIr00oe
BEII[ECTBEHHOE TEJIO SIBISETCS MOJOOHBIM TOUEYHOMY DJIEKTPUUECKOMY 3apsay, Ha
KOTOPBIM JIEMCTBYET HANpPsHKEHHOCTH 3JiekTpuueckoro mnosst E. Tombko B Hamem
clyyae Ha KaKJ0o€ TOYEYHOE BEILIECTBEHHOE TeNOo OylIeT AEHCTBOBATH HAIPSKEH-
HOCTh HE 3JIEKTPUYECKOTO MOJIs, a TpaBUTallMOHHOTO noJig 3emnn. [loaromy, eciau B

ClIyqac DOBIJICKTPUYCCKOTO IIOJId 3a Cro HaHpH)KéHHOCTB MMPUHUMACTCA BCJINYNHA

F o o
E=-2, rne F, — Hekas «mpocras» CWia, a Py — E€IAHHYHBIA ITOJOKUTEIbHbINA
Po

«MIPOOHBIN» 3apsii, TO B CiIy4yae MOJs TIATOTEHUS €ro BEIMYMHOW HANpsHKEHHOCTH

F
oyner g=—2 , rae Frp — 3T0 He MpPOCTO CHia, a CUIa IPAaBUTALUOHHOTO B3AHMO-
m
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JICMCTBHS, TOT1a KaK m — Macca JaHHOro TeJja.

M -m

r2

Wmest nanee B Buay, uro K, =G =g-m, TO IpU PaCCMOTPEHUH TPABHU-

TalMOHHOI'O ITOJIA BOJIM3U OT IMOBCPXHOCTHU 3emiun 6YZ[CTZ

M
g:Gz—a (a)
I3em

rae M — macca 3emin, a I'yey — pacctosgHue ot €€ neHtpa. Ho mockomnbky «r» B ((a )

ABJACTCA «paCCTOAHHUCM» (HpOCTO JIMHEUHBIM pa3Mep0M), T.C. ABJIICTCA HEC BCIIMYMU-

12
]

HOM NPOWAEHHOTO MyTH S [M], @ ONPOTSHKEHHOCTHIO yTH £ [M '], TO MOCIIEIHEE

PaBEHCTBO 3aNUIIECTCS CISAYIOIINM 00pa3oM:

g=G M WJTH ngw, (0)
1 1 r[m]

OTkyna, He TpPUHUMAs BO BHHUMAaHHE HMEIONIYIOCS Pa3MEpPHOCTh y Kodhdu-
nueHTa G, ToyduM, 4TO g MMEET pa3MepHOCTh [krc/M]|. Bmpouewm, kak ObUIO yke
oTMeueHo Ha c.148, BenmnuuHa g (T.€. KOdQOUIIMEHT YCKOPEHHUS Y ) BOOOIIE HE UMEeT
Kakou-mr0o0 pasMepHocTH. TeM He MeHee, TOCKOIbKY BeIMYMHA HAMPSIKEHHOCTH Y
ANEKTPUYECKOTO M y MarHUTHOrO TOJiA, KaK HW3BECTHO, M3MEpSAETCS €IMHHIIaMU
COOTBETCTBEHHO [BOJBT/M] M [ammiep/M], T.€. TOCKOJIbKY

E [BoapT/M] m H[ammep/m], (c)
TO comnocTaBieHue ( 6 ) U ( ¢ ) MO3BOJISIET AyMaTh, YTO MEXKy T'PaBUTAIMOHHBIM U
ANIEKTPOMArHUTHBIM B3aUMOJCHCTBUAMH MUMEETCS HE TOJIBKO, KaK celyac CUUTaeTcs,
U (hopMasTbHAs AaHAIOTHS, HO MEXKy HUMHU CYIIECTBYET aHAJIOTHS MPSIMOTO POJ-

CTBa, roBopdAmIasa 0 TOM, 4YTO 3TH BSaHMOﬂeﬁCTBHH UMCIOT OAHY MU TV K€ NPHUPOAY

M
(cm. ¢.167-168). IIpu atom, ecm Frp B hopmyne Fp = G——— ecTh «HampsHKEHUE»,

r2

TO g B COOTHOIIEHUH (0) €CTh «HAMPSHKEHHOCTD» TPABUTAIIMOHHOTO TIOJIS y 3eMIIH.

VY 3emnu 0JM3KO0AEHCTBYIOIIEE TPABUTAIMOHHOE TOJE (B OTIMYME OT JAJbLHOACHCTBYIOIIEr0
TOJIs, BOZHUKAIOIIETO MEXTy HEOSCHBIMU TEJIaMU Ha pUC.14) TakkKe MMEeTCs, BO3MOXHO, TIOTOMY,
4YTO IpU €€ MOBOPOTE BOKPYI CBOEH OCH Ha 360° kaxaplii HEGOMIBIION OOBEM €8 Tela TaKKe
COBEpIIAET MOBOPOT Ha 360", Ho y>Ke HE BOKPYT OCH Bcel 3eMiid, a BOKPYT €€ LEeHTpa.

[Tocne storo emgé pa3 oOparuMcs K MOHSATUSAM 3HEPrUU D U padOThl A U
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npojosnkuM emi€ HemHoro. Kak Mol yxke 3Haem (F+1y)'Tp, T.e. (mV):Ty — 310 paboTa

U OJHOBPEMEHHO 3TO dHeprusa. BecnoMHMB 3ateM, 4TO Tp = (Tyg + T jymr), a TaKKe

T .
BCIIOMHUB TO, YTO Tjig = T jyut = 70 , ¥ emi€ 1o, yTo V = Tj, MOIYyYUM:

m-V2

T T
m'V'(’C[lB+’Cw1MT) = mV70 + mV?() = +m'Vt JUTUT »
rac¢ B IIOJJHOM COOTBETCTBHMM C TEM, YTO HHTCPBAJI BPCMCHU TIIBI/DK CCTh BpeMH—

IBIKEHHME, TOT/Aa KaK MHTEpPBAl Tymr HMpPEICTaBiIseT coOoil Bpems-miurTenbHOCTh
2

OKa3bIBACTCs, YTO — KMHCTHYCCKasd SHCPrusd, a m-V-T jumT — 9TO IHOTCHINU-

aJbHAas YHEPTHUs], KOTOpasi, KaKk U3BECTHO, paBHa m*g-h.
OTkyna npu conocTaBiaeHUu m-V T jyyr ¢ BEAMYMHONW m*g-h, BO-IEPBBIX, MOIY-
4aeM, 4YTO T jyur B BEIWYHHE M'V'T jur €CTh BPEMs IOCTOSHHOIO HAXOXKICHHS,

BpPEMs IMMOCTOSIHHOI'O HpGGBIBaHI/ISI TE€Ja M Ha BBICOTE h B COCTOSIHMM OTHOCHUTEIBHOM

12
]

HETOJABWKHOCTH. BO-BTOpBIX, KMES B BUY, UTO [KIC]~[CEK]~[M , IIOJIy4UM, 4TO

g B BeninunHe m-g-h mpencrasiseT coboii 6e3pazMepHbiid KO UIUEHT, Torna Kak h

12 .
], a ecTh, TaK CKa3aTb, IMOTECHIHAJILHBIN
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€CTh HE MPOTDHKEHHOCTh NyTH € [M
peanbHbIi NyTh, T.€. h UMeeT pa3MepHOCTs HE [M ], a pa3MEPHOCTh MpocTo [M]. B

KOHEYHOM HTOTe BCE 3TO MO3BOJIAET AyMaTh, 4YTO M*V Tyt AEUCTBUTEIBHO SABIISETCS

) o M
TOXACCTBCHHOU BCIIMYMHC mgh , B KOTOpOHU g |: 2:| IIpu 3TOM BMCCTO BCIIMYMNHBI

CCK
YCKOPEHUS CHIIBI TSDKECTH OKa3bIBACTCS Oe3pa3MepHBIM KO PHUITHEHTOM.

Takum 06p330M, Ha KBAHTOBOM YPOBHE€ KHHCTHYCCKAsA OHCPIrUs OKa3bIBACTCH,

BO-TIEPBBIX, CBA3aHHON C MOTEHIMAIBbHON SHEpruer. Bo-BTOpBIX ke, IpU 3TOM MeEp-

v o T
Basg OKa3bIBACTCA KOAUUEeCMEEHHO pasHOoU BTOPOU, ITIOCKOIBKY T = T jymT = 70 .

Hrtaxk :

1. Kpome R-«mpsimoro», Bunumo, cymectByer em€ u R-«o0parHoe» m3inyueHue T-BEKTOp-
HBIX TUIOMIAJIOK UMITYJbCa CHJIbI, KOTAAa UX M3Iy4aeT He OBMWXKYILIMICS MO KPYry Kakoil-
0o BemiecTBeHHBIH 00BeKT (B), a m3myyaer cama [lycrora-IIpoctpancTso.

2. Kaxnas U3 9THX U3Iy4EHHBIX €10 T-BEKTOPHBIX IUIOMIAZ0K MPEANOI0KUTEIBHO SIBISETCS
a100 BELIECTBEHHOM YacTHIEeH (MOJEIbHBIM HEHTPOHOM, MOJEIBHBIM HPOTOHOM WM
MOJICITEHBIM JIEKTPOHOM), JINOO POTOHOM (MOAETHHBIM (HOTOHOM).

3. Bce MojenbHbIC (bOTOHI)I, KaK U pCaJIbHbIC (bOTOHI)I, HC UMCIOT MACCHI IIOKO4.

4 T'paBuUTanlMOHHOE B3aNMOJCHCTBHE UMEET Ty K€ MPUPOAY, KAKYIO UMEET B3aUMOICHCTBHE
AIIEKTPOMAarHUTHOE (CM. 00 3ToM emé c.167-168).
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§ 17. Camasi 60JblIasg CKOPOCTL.| IIpuurHa orpaHMYEHHOCTH CKOPOCTHU CBETA. |
| Hem3menHOCTH BeIMUMHBI HHTEPBAJIA BPEMEHH To.| Popmynsr C=AV_wu
C=wR.| Boiposuennniii ¢poron u neiitpuno. | «CBETOBbIE» U «IDABHUTA-
MOHHBIE» HOTOHDL | PaJHOBOJHBI M IPABHTALMOHHBIE BOJHDL

17.1. W3 npuBeneHHBIX K pucC.l12 MOSICHEHUH ClEeAyeT, YTO €CJIM YIroJl IIaroBOTO

—>
noBOpoTa ¢ y T-BekTopa AB nmpumer 3HaueHue (p=1800, TO BEJIWYHMHA TPACKTOPHOU

CKOopocTH Vr B KOHLIEBOM TOuke «B» y T-BekTOopa A_B) cranetr paBHOU (Vr)vax, T.€.
CTaHeT HaWOOJbINEH M3 BCeX APYruX BO3MOXKHBIX 3HaueHHH V1=Cr. [Ipnuém Ttak
Oyzmer moay4daThCs, KaK MOYKET MOKAa3aThCs MOHAYANy, BCETJa, HE3aBUCUMO OT TOTO,
OyzneT HaxOoIHUThCA B TOUKe «B» y T-BekTOpa A?B KaKoe-Tn0o BemiecTBeHHoe Teno (B)
WJIM OHA OyJIeT OKa3bIBATHCS COBEPIICHHO ITYCTOH (cM. 06 3ToM ¢.161-162)

OOpaiasce B CBS3M C 3TUM, B YaCTHOCTH, K puc.20-a, ToMycTuM, 4To u300pa-
JKEHHasl HA HEM KOHCTPYKIIMS, COTJIACHO MOSCHEHUSM Ha C.146, NeliCTBUTENBHO SIBIIS-
eTcsl Kak Obl IOPTPETOM HekoToporo ¢oroHa. Torna, mo3sonus yriy ¢ Ha puc.20-a
npHHSTH 3HadeHne G=180°, MONYIHUM KOHCTPYKIHIO KaK Obl BEIPOXKICHHOTO B IMHUIO
dotona (puc.22-0). [Ipnuém, ecnu OBl ITMHA T-BEKTOpa AB IIPH 3TOM JIOTIOJTHATEIIh-
HOM [OBOPOTE OCTaBaJIaCh HEM3MEHHOU (Ha caMOM Jiefie, Kak Mbl YBUAMM I03KE, €T0
JUTMHA YMEHBIIUTCS), TO BEJIMUMHA CKOPOCTU V1 y BBIPOXKACHHOTO ()OTOHA OKaza-
nack Obl paBHOM 3HaueHUIO Cr, T.€. paBHOU yXe MPUBEJECHHOMY BBIIIIE, a TAKXKE paHee
Ha ¢.97 3HaYEHMIO TEOPETUUECKH BO3MOXKHOM CKOPOCTHU CBETA.

Jlo6aBuM K 3TOMY, YTO C TOUYKH 3pPEHUsS CYIIECTBYIOLIUX celyac MpeacTaB-
JIEHUM CKOPOCTh CBETa — 3TO €CTh CKOPOCTh PACHpOCTPAHEHUS 3JIEKTPOMArHUTHBIX
kosneOanuii. [Ipn 3TOM pacnpocTpaHeHre JIEKTPOMAarHUTHON BOJIHBI B MPOCTPAHCTBE
clemyeT n300paxkaTh Tak, Kak 9TO MOKa3aHo Ha puc.22-a. B Hel, ecam omycTuTh BCe

- -
JIpyrue MOAPOOHOCTH, Tella WCXOMSIMX W3 OJHOHW TOuku «M» BektopoB E m B
OBICTPO CKOJIB3AT CBOEH OOIel HaYaubHOU TOYKOW «M» BHOJIb MPSAMOW JTUHUU TaK,
YTO OHU BCE BpEeMsl OCTAIOTCS MEPICHANKYIISIPHBIMU KaK MEXy COOOM, TaK U K JIMHUHU
CBOEro ABWXKEHUS A-A,, a JJIMHA UX TEJl MPU 3TOM, OCTaBasICh B KaXIbli JTAHHBIN

MOMCHT BpPCMCHU OZII/IHB.KOBOI‘/'I o cBoOEH BCIIMYMHEC, CHUHXPOHHO HW3MCHIACTCA IIO

3aKOHY CHHYCA.
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Opnako Ha puc. 22-a TOKa3aH HE CUHYCOUJAJIbHBIN 3aKOH U3MEHEHHUS! JJIUHbBI Y
— —> ~ ~

BekTOpoB E u B, a 3akoH, korna kpuBble TuHUU A-1-A; U A-2-A| ABISIOTCS IIOCKU-
MU TIOJNIYOKpYXHOCTsAMH. [Ipruém Ha puc.22-0 OHM HMEIOT BEIMYMHY pajuyca
R=1/3-Ae, 1€ Ag — JUTMHA BOJHBI Y PACCMATPUBAEMOI'0 DJIEKTPOMArHUTHOIO H3JTy4e-
HUS Ha puc.22-a. DTO CAENAaHO Uil TOrO, YTOOBI JIETYE MOXKHO OBLIO COMOCTABIISThH
n300pakéHHoe Ha puc.22-a u 22-6. [Ipn 3TOM Ha BTOPOM W3 HHUX TOKa3aH YIOMS-
HYTBIN BBIIIE «BBIPOKACHHBINA (HOTOH», T.€. TIOKa3aHa, Ka3aJ10Ch Obl, Takas kK€ KaK Ha
puc.22-a 1Iockasi dJeKTPOMAarHWTHAas BOJIHA, €CJIM CUYMTaTh, YTO IUIOMIAAbL IIOJY-
okpykHOCTH A-B-1-Bi-A Ha puc.22-0 BO3HHMKaeT B XOJI€ OMETAIOIIET0 €€ MOBEepX-
HOCTh TTOBOPOTA TMOCTOSIHHOM JIJTUHBI BeKTOpaE TOTJIa KaK IUJIONIA/lb MOTYOKPYXK-
Hoctu B-A-3-A|-B; mosiBisieTcss u3-3a TakKe OMETAIOMIEro €€ MOBEPXHOCTh IMOBO-

—
poTa CHOBa TOTO € CaMoro Bekropa B, HO mpu 3TOM BIAPYr NMpPEBPATUBILIErOCS B

—
Bektop E. B pesynbrare mojsiydum, 4toO MPU MOCTPOCHUH IUIOCKOW AJIEKTPOMArHMT-

—
HOU BOJIHBI IEPBBIM CIIOCOOOM (puc.22-a), TJie UCIONB3YIOTCS J1Ba pa3HbIX BekTopa E
ﬁ .
u B, BIoJIHE MOXXHO NPHMEHUTH BTOpOH cmocoO (puc.22-06). I'me BMecTo IBYX
CUHXPOHHO MEHSIOUIMX CBOIO JJIMHY BEKTOPOB MCIOJb3YETCS JIMIb OAWH MOCTOSH-
—>
HOM JUTMHBI, HO MPU 3TOM, NPaBja, MEHSAIONIUNA CBOM CBOMCTBA T-BeKTOp AB.
Brpouewm, fe10 HE CTOJIBKO B 3TOM COBEPIIEHHO SIBHOM MPEUMYIIIECTBE BTOPO-
ro croco6a, CKOJIbKO B TOM, YTO B TIEPBOM CIOCOOE MMEETCSI BEChbMa CYIIIECTBEHHBII
u3bsH. B camom nene, mpeactaBuM cebe, 4TO B HEKOTOPBIH MOMEHT BpPEMEHU t; B
HayaJbHOW TOYKE «A» OceBOoM JuHUU A-A|-A, (puc.22-a) BO B3aUMHO OPTOrO-
HaJbHBIX TI0CKOCTAX I} u I, MOSBIAIOTCS CMHXPOHHO WM3MEHSIIOIIUE CBOIO JIMHY
_ N
Bektopsl E m B. Ilpm 3TOM, COrjlacCHO COBPEMEHHBIM BO33PECHUSM, CHHXPOHHOE
u3MeHeHue ux JHbl B TwiockocTsx 1, u Il, Oyner mpoucxoauth, B 4aCTHOCTH, JI0
TeX TIOp, ITOKa OHU HE OKKYTCS B TOUKE «A,», KOT/Ia HACTYITUT MOMEHT BPEMEHHU t) U
MPOU3OMIET OAWH MOJIHBIA LMK UX U3MeHeHus. Ho kak pa3 B 3TOT MOMEHT, 1O

—
MHEHHIO aBTOpa, MPOU30MAET pa3pbiB B X0JI€ BPEMEHU CYIIECTBOBaHUS BEeKTOpOB E

—
u B. [loroMy 4TO B 3TOT MOMEHT (KaK, BIPOYEM, U B MOMEHT MX HAXOXJICHUS B

— —
Touke A|) mnuHa y BekTtopoB E u B okaxxercs paBHOW HYIIO, T.€. B 3TOT MOMEHT UX

IPOCTO HE CTAaHET BOOOIIE, U OHU MOJIHOCTHIO MPEKPATIT CBOE cyliecTBoBanue. [lpu

153



9TOM CTAHOBUTCS HETIOHSTHBIM, IIOYEMY U OTKYZA YK€ B CIEAYIOIINI MOMEHT BpeMe-
HU BONPEKHU CyHIECTBYIOIUM 3akoHaM COXpaHEHUsl OHU BAPYT MOSIBITCS CHOBA ?

B otimuwne ot 3Toro Bo BTOpoM cmocobe (puc.22-0) B MOMEHT OKOHYAHHS

. — — —> .
nBoriHoro nosopora [ AB—AB;—AB;] Takke 3akaHuMBaeTCs OJUH TOJHBIN ITUKIT
—>
MIOBOPOTOB CUJIOBOTO T-BekTOpa AB. OHaKO IpU 3TOM HUKAKOIO MPEKpaIIEHUs €ro
CYILIECTBOBaHUS, HUKAKOT'O pa3pbiBa BO BpeMeHU ero beitus He mpoucxoauT. bonee
—_— _
TOr0, B CBOE BPEMSI BBISICHUTCS, UTO CBOMCTBA BEKTOPOB E 1 B neiicTBUTENIBHO MOTYT
MEHSTHCS TPUMEPHO TaK, Kak Bpems-aBukeHue CTaHOBUTCS BpemeHem-nmuTenb-
HOCTBIO MpH nepexoje u3 miockoctu I1; B mmockocts 11, u, Hao6opot, Bpems-miu-
TEJTBLHOCTh CTAHOBUTCS BpeMeHeM-nBukeHneM npu oOpaTHoM nepexonae. mes Bcé
3TO B BHUJY, Mbl CTAHEM IIOJaraTh BCIOAY JAJI€€, YTO B JIEMCTBUTEIILHOCTH 3JIEKTPO-
MarHuTHas BOJHA UMEET BHJI, KOTOPBIN ITOKa3aH Ha puc.22-0, a He Ha puc.22-a. U 9to
—> — —>

T-BekTOp AB sBnsercs Bexktopom E wunum Bexktopom B, Haxomsce Ha puc.22-06
COOTBETCTBEHHO B Iu1ockocTH 11, umm B I1,.

[TosTOoMy 3a JUIMHY 3JIEKTPOMArHUTHON BOJIHBI OYAET MPUHUMATHCS BEIMYMHA
Ao , OIMHAKOBAs Kak Ha puc.22-a, Tak U Ha puc.22-0. Tem Oosee, 4TO IIHMHE Ag HA
puc.22-a oTBeuaet UHTEpBal At=t)—t;, re «t» — HeKas YCJIOBHO MPUHATAS 32 €AUHUILY
BPEMEHM BEJIMYMHA, TOTJA KaK IIHHE Ag Ha puc.22-0 OTBEYAET MPEANOI0KHTEIHHO
peanbHO cyliecTByoUi KBaHT Bpemenu-Ceityac T.

Kak u3BecTHO, 1Mana3oH JJIMH AJIEKTPOMATHUTHBIX BOJH B BUJUMOM CIIEKTPE
u3nmydeHuss Haxomutes B mpenenax 0,40-0,74 mxm. Beibepem u3 Hero cpemHee
3HaueHne Acp=0,57 MKM M, UCIIOJIb3ys 3HAYCHHE DKCIIEPHMMEHTAIBHO OIpeaeIsieMOil
BEeJIMUMHBI CKOpocTu cBera (C=299.7925 km/cex, BbIUMCINM Bpemsi Tp [cek], B

ﬁ o o o

TEYEHHUE KOTOPOTo Teio T-BekTopa AB Ha ¢ur.22-0, coBepIIMB TOJHBINA JTBOWHOM
— —> —> . —> —>

noBopoT [AB—AB;—AB,], noBepuércs u3 nosoxenuss AB B nonoxenue A B,

(a ero kxoHieBas Touka «B» mpu 3TOM Kak Obl NpPOJENAET NPAMOJIUHEUHbIN TIYTh

— — —
JUTAHOM | AB| +|AB1 | +|A1B1 | =Ao ). B urore momyuunm:

. -6
tg=—>710 . i =1,9-10[cex] (9)
299.792.5-10° |M]

[cex]
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—> —
(B 3TOM COOTHOIIIEHUH MPUHSATO, YTO YYACTOK MPSAMOM |AB|+| ﬁ 1 |+ A1B; | npeCcTaBisieT cOOO0H,
.. 12
KaK JIOJDKHO OBITh TIOHSATHO, MTyTh B [M], @ HE MPOTSEHHOCTh MYTH B [M o )

17.2. Kak ™Mbl yxe 3HaeMm, ABWKEHHE Jr00oro Tena (B), pacnonokeHHOro B TOYKE
«B» y T-BekTopa HB Ha I1arOBOM YYacTKe MyTH Bt.lj—Bl Ha puc.22-0 TPOUCXOIUT
TaK, 4YTO BPEMS €r0 IAaroBOro NepeMeleHus Tyg BCEraa 0Ka3bIBaeTCsA paBHbIM BpeMe-
HU CIEAYIOLIEN 32 HUM IIarOBOM OCTAHOBKE Tyymyr. 1IpruéM BO Beex ciaydasx MHTEp-
BaJl Ty OKa3bIBAETCS paBHBIM HYIIO (CM. €.62-63). M3-3a wero mns vekoroporo CT-
Habmronarenss (u ons mac ¢ Bamu) touka «B» u Haxoasmieecs B Heil Teno (B) B
MOMEHTHI MX JBHXEHHUSI OYTyT OKa3bIBaThCsl HEBUIWMBIMH, a BUjieTh ux CT-Habiro-
natenb (u mbl ¢ HUM) OyIET JIWIIb B MOMEHTHI MX IIaroBod octaHoBku. OpHaKo B
JNEUCTBUTEIBHOCTH BCE MpoUCXoauT HaoOopoT: HaM u CT-HabmrogaTento KaxkeTcs,
YTO JIBUKEHUE KOHIIEBOM TOUKU «B» y T-BekTOpa A?B SIBJIIETCS BUJIUMBIM, & MOMECH-
ThI €€ IIarOBOM OCTAHOBKH B MyHKTE «Bi» — He BuauMbiMu. Ho MOCKOJIbKY MHTEpBa-
Jbl Tyg U Tyt ABJISIOTCS. PABHBIMH, TO BCIIEACTBHE 3TOTO BMECTO IMPOMCXOJAIIETO B
—  —> —>
optoroHanbHbix miockocTsax Il u I, aBoiiHoro moBopora [AB—AB;—AB;] tena

—
T-BeKTOpa AB MBI UMeeM IpaBO paccMaTpUBaTh €ro yHpOIICHHbI BapUAHT, 4 UMEH-

HO TOJBKO MOBOPOT [A?BH?BI] , B KOTOPOM MPOUCXOJIUT KPYrOBOE JIBUKECHHUE TEJa
(B), a nBMXeHUsS TOIIOCHOM TOYKH «A» HET, T.€. CUMUTAETCS, UYTO BPEMS 3TOTO
JBUKCHUS PAaBHO HYJIO. Tak Mbl Y€ JAenaind, B YaCTHOCTHU, NPU PACCMOTPEHUU
IaroBbIX MOBOPOTOB T-BEKTOPA AB ua puc.7 u 12. bonee Toro, Tak MOKHO U JIaKe
HYXKHO J€JaTh BCErJa, KOrjaa paccMaTpUBAaETCs JIMHUA JECUCTBUTEIBHOTO KPYrOBOI'O
JIBUKCHUS, BO3HHUKAIOIIAsI B XOJI€ IUIOCKOTO IIArOBOro MOBOPOTA T-BEKTOpa ?B,
KOI'/Ia B €r0 KOHIIEBOU ToUKe «B» OyaeT HaxoauThes HekoTopoe Teno (B).

Bnopouewm, B Touke «B» y T-BekTOopa ?B, MMOBOPAYMBAIOIIETOCS BOKPYT TOUYKH
«A», MOXET U He ObITh HUKAKOTO Tena-o0bekTa (B). Ho u B 3TOM ciydyae uMeHHO e€
(koH1IEBOM TOUKH «B») KpyroBoe nBmkeHHE OyAET OMpEAeisaTh COO0ON BEIMYUHY
CKOPOCTH JIBIDKEHHS 1o cTpenke <@l y Toii mam mHOH miomankuy ABB;A;, moka-
3aHHOM Ha puc.20, (maszoBém 5Ty cTpenky — «ctpenkoir UJ[», T.e. CTPENKOW HTOTOBOTO
JBUKEHMs, B YaCTHOCTH, miomanaku ABBjA(). DTo XOpOIIO BHUIHO M3 IIPUBECACHHOI'O Ha

puc.19, 20 u 21. Tak, ckopocts Touku «B» u utoroBoro asuxenust yactuiy ABB A,
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Ha puc.19 u 21 OyaeT oueHb HEOOJNBINIOHN, TOTAAa KaK Y HUX ke Ha puc.20 oHa OymeT
UMETb MOYTH MaKCUMAJIbHO BO3MOXKHOE 3HaUEHUE.

Bcé Tonpko 4TO pacCKa3aHHOC 3aCTaB/IACT IPU BBIYHUCICHUHU T HpSIMOJIHHCfI-

—> —> —>
HBI MYTh |AB|+|AB,|+|AB,|=0,57-10°[m] 3amenurs JyTOU TOJYOKPY>KHOCTH
B\-T-Bl = 'R, roe R=Ay/3 . Cunras, omHako, Ipy 9TOM, YTO IEPEMEIIEHUE MMOII0Ca
«A» 1o nmyre A?_3/—A1 SIBJISIETCSl PEATbHO MPOUCXOMASIINUM (T.€. CUUTAas, YTO KaK TEJo
T-BEKTOpa ITB TaK M €ro TOYKa A U B CaMOM JIeJI€ CYIIECTBYIOT U JIBUKYTCS).

Torga B UTOTE€ CHOBA OKaXXETCS, YTO MYTh TOUKH «B» mo «ctpenke MJ]» Oymer

— 3 - .
paBeH | AB|+]| AB,; |+ A B, B [Mpuuém, obpaTM BHHUMaHHE, Kak Ha puc.22-a 3a
BpeMs Tp OyZeT TPOUCXOAUTH OJHO MOJTHOE AJIEKTPOMArHUTHOE KojebaHue B BooOpa-

)aeMoM »dupe, Tak U Ha puc.22-0 3a TO ke BpeMs T, OyAeT COBEpIIAThCS OIUH

—
MIOJIHBIN JBOMHOM MOBOPOT MPUTOM HE BOOOpPaKaeMoro, a peaibHoco T-BekTopa AB

(I/I3 TEJI KOTOPBIX, KCTaTH, KaK pa3 U COCTOUT, IO MHCHHIO aBTOpa, PC€aJIbHOC a0COJIFOTHO IIyCTOC
[IpocTpaHCTBO, T.€. COCTOMT HE BOOOpaKaeMbIl, a peajbHblil d¢up). HOSTOMy B IIOCJICAYIO-
IeM BCIONy OYIeT IPUHIMATBCS, 9T0 T = 1,9-107" [cek].

Ho mpu »ToMm, cornmacHo mosicHeHusiM K puc.12, 3a Benmuuuny Cr ciemyet

[IPUHUMATh €€ 3HAYCHUE Cr=m'10° [km/cek]. [ToaToMy Ha Ha3BaHOM PUCYHKE 3a
— —/
BEJIMUMHY CKOpocTH V1 npuHuMaercs npotsikénHocts nyru BC, BJl, BE u T1.1., HO

HE NPOTSKEHHOCTH XOPAbI BC, BJl, BE u t.n. Torma, COCTAaBHB CJIEIYIOLYIO
nporopumio 7:10° : 299.792,5 = 180° : x , Haiiném, uro x=171,7°, T.e. u3NydeHHIO
(GOTOHOB ¢ TMHOHN BOJHBI Acp=0,57 MKM OTBEYAET yroJj IIaroBOro MmoBOPOTa T-BEK-
TOpa AB pasHeIii =171,7".

Emgé pa3 oOpatum BHMManue UYurarens Ha TO, YTO MO TPAEKTOPHON CKOPOCTHIO VT 371ECH BCIOAY
MTOHUMAETCA HE MTHOBEHHAsl CKOPOCTh Vyr B TaHHON TOUKE OKPYXHOCTH, & CKOPOCTh Ha y4acTKe
OKPY>KHOCTH, MPOTSHKEHHOCTh KOTOPOr'O paBHA MPOTSKEHHOCTH YTH OKPYKHOCTH, T.€. IPOTIKEH-
HOCTH IIaroBOr0 OTpe3Ka MmyTHu. IIpu 3ToM pa3MepHOCTh MOCIENHErO0, T.€. pa3MEPHOCTh HE MYTH, a
OPOTSAKEHHOCTH MYTH [Ml/z] , COBIIAIa€T C PA3MEPHOCTBIO TPACKTOPHOU CKOPOCTH Vr [M” 2] .

Kotopast mpeoOpa3yeTcs B NPUBBIYHYIO Pa3MEPHOCTh [M/CEK], €CIM y4ecTh, UTO (M2 ~[cex].
Bcé ato o3gauaet, 9To €CTh TOJIBKO M30THYTHIC B BHC JYTH OKPY)KHOCTH T-BEKTOPBI TPACKTOPHOM
CKOPOCTH Vr U HET HU MPSMOJIUHCHHBX BEKTOPOB MIHOBEHHOH CKOPOCTH, HU TaKXKe HMPSIMOIHHCH-
HBIX T-BEKTOPOB KYPCOBOM CKOPOCTH Vi, N300pa’keHHsl KOTOPHIX UMEIOTCS Ha puc.2 u 6.

3a0JHO CO BCEM 3THM aBTOp €IIE pa3 MPOCUT U3BUHUTH €ro 3a YPE3MEPHO U OTTOrO BBIIJIAI-
M€ MECTaMHU IMOYTH W3JeBaTeIbCKH MOAPOOHBIMU M BJI0OOABOK C MHOTOYHMCIEHHBIMU MOBTOPAMHU
nosicHeHus. O1HaKo OH OCTA&TCsl IPU MHEHUH, YTO BCErJja U 0COOEHHO BO BCeX MOJOOHBIX paccMat-
pUBAEMOMY CIIy4asX JIyYllle «[IEPEMOACHUTE», YEM «HENOMOSICHUTDY.
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VI3 aHAJOTMYHBIX MPOMOPIHI MOXKHO MOTydnTh, uTo mpH ¢=30" cKOpPOCTH
JIBUKCHUS KOHIICBOW TOYKU «B» (MM Tena, HaxXOIAIIETOCs B HEW) y T-BEKTOpa AB
Gyzmer paBHa 52.359,8 [km/cex], mpu @=5" cKOPOCTh V1 OKAXKETCs PABHON BEIMUMHE
V1=8.726,6 [km/cek], anpu @ JIUIIb 0,50 oHa OyneTt paBHa V1=872,6 [km/cex]. U3
ATOTO BUJIHO, KaK U OBUIO yXK€ paHee OTMEYEHO Ha C€.72, 4To Jaxe MpH (p=0,50 Ha
teno (B), nBuxyieecs: co ckopocThio V1=872,6 [kM/ceK], CTpeMsIIasicsi €ro BhIOPO-

— —
CUTb C KPyroBoi opOouThl nBmkeHus cocrapisoniasi CC;=P, Ha puc.7 OyIneT okasbl-
BaTh TAaKOW BEJMYMHBI ACHCTBHE, YTO OHO, OBITh MOKET, JHIIb €/iBa-e/Ba OyAeT
YAEPKUBATHCA HA HEW.

Bo3sBpamiasice B 3aKit04eHUE K TeME «CaMOW OOJIBIION CKOPOCTH», OTMETHM,
YTO TENEPh MBIl UMEEM HE OJIHO, a LIeNbIX ABa €€ 3HaueHus: C=299.792.5 [km/cek] u
Cr=m'10° [km/cex]. [Ipu 3TOM, OJHAKO, HE BIIOJNHE SCHO, 3TH 3HAYCHHS CKOPOCTH
CBETa UMEIOTCS B €JMHCTBEHHOM, TaK CKa3aTh, YUCJIE WM KPOME HHUX CYIIECTBYIOT
eule U Apyrue, Jexanue MeEXJIy HHMH 3HA4eHHUs «CKOpOCTH cBeTa». CTpemsich
MPOSICHUTh KaK-TO 3Ty CUTYaIMIO, MPOJOJIKUM PACCMOTPEHUE TTOJHITON 3/1€Ch TEMbI

0 «CaMoi OOJIBIION CKOPOCTH», HO TIPEXKE OCTAHOBUMCS Ha CJICIYIOIIEM.

17.3. OOpatum Tenepb BHUMaHue YuTartesst Ha TO, YTO CTOUT TOJBKO HaM 3aJaThCsA
—>
MPOJIOJIBHBIM pa3MepoM T-BeKkTopa AB 1 BelMUMHOMN yIiia €ro 1maroBoro rnoBopora @,
kak ¢popma u BenumunHa momaaku ACIA, ABB|A; u ap. ans kakoro-imudo JaHHOTO
KOHKPETHOTO CiTy4asi OyIyT OKa3bIBaThCs (PAaKTUUECKU TOTHOCTHIO 33JlaHHBIMH. JTO
—>

3HAYUT, YTO KOMILIEKC (|AB|-(p) SABJISICTCSI HEKUM Kak Obl MEPHUJIOM, HEKUM, €CIIH
XOTHUTE, KpUTEpUEM, Ha OCHOBaHUU KoToporo Bce miomanaku ACJIA;, kak mozxe
BBISICHUTCSl, MOXHO Pa3/IeIUTh Ha T€ WM UHbIE XapaKTEPHbIE IPYIIbl UIN KJIACCHI.
OCHOBBIBasACh Ha 3TOM TMOJIOKHUM, YTO |ﬁ| n «@» Ha puc.20-a UMEIOT 3HAYEHUS

iR -6 7 12 0

coorsercrBenHo |AB|=1/30,5710°=1,97 (M"*] u ¢ =171,7".

| e 1=21.9-107 [M'?] = _ _
O603nauuB panee |AB[=1,9-10" [M"] =1y u ©=2,997 [pan] =@,, NOIyIuM,
—7 172

YTO ISl JaHHOro ciyvas (ro'@y) = 5,69-10 [m" ‘pan]. (O6parum BHMUMaHUE, YTO MPH

MOJIyYEHUU 3HaYeHUus (1y*Qp) YUTEHO, YTO TETEPh Py PABEH HE 1800, a q)o=171,70, Kak Ha puc.20-a .)
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[Tpuaém, T.K. y JaHHOTO KOHKpEeTHOTO (poToHa (puc.20-a) HA yroa ¢, HU JJIMHA

ﬁ 3 ~
T-BCKTOpa AB 3a Bcé BpCeMA €TO JABOHMHBIX ITOBOPOTOB HC MPCTCPIICBAIOT HUKAKUX

n3MeHeHui (cM. mosichenusi K puc.10), To MoxkHO HamucaTb: (ry'@y) = Const. Ho

IIOJIOZKHUB, YTO TO K€ CaMOC€ 6YI[GT OKa3bIBATHCA BCPHBIM BOO6H.[€ JJI BCEX (I)OTOHOB,

MBI CMOKEM HaIlMCaTh TaKXKE €IIe U ciIeayroaee paBCHCTBO:

(to'®o) = (Ry¢;) = Const |, rae Const=5,69-10" [m"*pax]  (11)
—>
u R=|AB|; - HEKOTOpOE APYroe Mo CPABHEHUIO C Ty 3HAYCHHUE JJIMHBI T-BEKTO-
—>
pa AB,a @; — takxe Apyroe mno CpaBHEHHUIO C (P 3HAYEHUE yIJia I1aroBOro MmoBo-

poTta, HO IMPHUTOM TAKOC, UTO IMPOU3BCICHUC (Rl(pl) ocTaércs PaBHBIM ITPOU3BCIACHUTO

(ro-(p0)=5,69-1077 [M”z-paz[]. Bocnonbszyemcs 3tuM cBoiicTBOM BenuuuHbl (Ri*@;) W,

—>
3a/1aBasICh 3HAYEHUSAMH @; , BEBIUMCIUM 3HaueHus R;= | AB| ; (cM. Tab6ma.1).

Taoauna 1
1) 2) 3) 4) 5)
Vr[xm/cex] —
— Vr[xm/cex] — ckopocTh Tena (B),
(0} ¢ [pan] Ri=|AB/; [M” 2] CKOpPOCTh HaXOJSIIETr0oCs B
«IYCTOW» KOHIEBOM | KOHIEBOU TOUKE «B»
[rpaz] T04Kd «B» y Tema | y Tena T-BekTopa AB;
T-BekTopa AB; . .
1| 1107 | 1,74-107"8 3,27-10"" M%) =299.792.5 [km/cex] | 1,74-107"[km/cek]
2 | 1-107" | 1,74-1077 3,27-10% [m"?] =299.792,5 [km/cex] | 1,74-107"% [km/cex]
3| 1-10° | 1,74-107"° 3.270 [m"?] =299.792,5 [km/cek] 1,74-107° [km/cex]
4 | 11107 | 1,74-107 3,27-107 [mM"] =299.792,5 [km/cex] 17,46 [km/cex]
5 1° 1,74:107 3,27-107 [mM"] =299.792,5 [km/cex] 1.746,0[km/cex]
6 45° 0,785 7,25-107[m'"?] =299.792.5 [km/cex] 78.571,1 [km/cex]
7 90° 1,57 3,62-107 M =299.792.5 [km/cex] | 157.142,2 [km/cek]
8 150° 2,62 2,17-107 [M"?] =299.792,5 [km/cek] | 261.703,7 [km/cek]
9 [ 171.7° | 2.997 1.89-107 [m"™] =299.792.5 [km/cex] | = 299.792.5 [knm/cex]
10 | 180° 3,142 1,81-107 M) =299.792.5 [km/cex] | =299.792,5 [km/cek]
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UTtoObl OOBSICHUTH MPOUCXOXKIACHUE 3HAYCHUH BEJIUYUHBI CKOPOCTH Vi,
MIPUBEJICHHBIX B cTONONAx 4) u 5) Tabiu.1, HaMOMHUM O 3aKOHE COXpPaHEHUS MOMEHTa
UMITYJIbCa

L =1 ®=Const, (12)

rae L — MoMeHT umnynbca, | — MOMEHT MHEpLUU TeNa, O — €ro yrioBasi CKOPOCTb.
ITockoneky B (12) Bennunna L= Const, To BenuuuHbl «I» U «®» MOTyT U3MEHSATHCS
OTHOCHUTENILHO JAPYT JIpyra, OYEBHJHO, TOJHKO B3aMMHO OOpaTHbIM oOpazoM. OTO
3HAUUT, YTO €CJIU Mbl BO3bMEM HEKHM METaJUIMYeCKul, T.e. 00JIaJaroluii Maccoi
CTEp>KEHb AB ¥ TO3BOMIM eMy 0e3 Kakux-Iu0o TMoMeX OBICTpPO BpamaThCs B
TOPU30HTAIBHON MIOCKOCTH [1; CO CKOPOCTBIO (® BOKPYT €ro KOHEYHOM TOUKU «A»,
TO TPHU KaXJOM YBEJIWYEHUU JUIMHBI CTEPXKHS €ro CKOPOCTh BpalleHuss o Oyaer
yMeHbIaThesa. Hao0opoT, Mpu yMEHBIIEHUU IJIUHBI CTEPKHS CKOPOCTh (O OyAeT
BO3pacTaTh. B pesynbprare, ecnu Mbl OyaeM 3HaTh, HanpuMmep, I, I, ®;, To BenuunHa
(0, HAWIETCS U3 CICIYIOUIEH MTPOTOPIUH:

L9 g3
L o
Ecau Teneps o0paTuThes K COOTHOMIEHUIO (Io*P) = (R;*@;) = Const, To okaxeT-
Cs, YTO OHO IO CBOEH, TaK CKa3aTh, KOHCTPYKIIMU MOA00HO paBeHCTBY (12). [ToaTomy
3aech nponopiuu Buaa (13) OyayT oka3pIBaThCs TaKkKe BIIOJHE MpaBOMEPHBIMU. Tak,

COCTaBUB MPOIOPLIUIO

N

TR , (14)
|A 2| 04

—> —
MOXXHO OyneT HaWTH, Hampumep @, €ciu |AB, |, |AB,| u ¢, Oynyr 3anmanbl. Ho

BEJIMYMHY YIJIa IIaroBOro moopora @ B (14) MOXXHO 3aMEHUTh SKBUBAJIEHTHOH eil
HpOTH)KéHHOCTBIO Ay OKPYXHOCTH, T.C. MOXHO 3aMCHHUTH HpOTSI)KéHHOCTBIO TCJ1a
A

T-BEKTOpa TpaeKTOpHOU ckopocTu Vr. Torna Bmecto (14) monydum npornopiyo

AB)| _(vy),
|@2| (Vo)

MIPY TTIOMOIITY KOTOPOH KaK pa3 U HaXOIWJIMCh 3HaUYeHHs1 Vr B cToso1e 5) Tadm. 1.
BosBpatumcs k crepkHi0 AB 1 mosioxuM, 94TO €ro mMacca craja paBHOW HYIIO.

159



Torpa 3akoH coxpaHeHust MoMeHTa umiyibca [*@m=Const yxe He OyaeT oka3blBaTh Ha
HEro mnpexHee nelcreue. Ho ecnu Temepb MOJIOXKUTH, YTO IOINEPEUYHBIA pazMep
— —>

crepxas AB cran paBHbIM lden, u ero Temo sBIsSETCS TEIOM T-Bektopa AB, To
OKa)KeTCs, YTO €ro JBM)KEHHUE MPH BBINOJIHEHUU JBOMHBIX MOBOPOTOB SIBJISIETCS HE
BIIOJIHE CBOOOJIHBIM, a Ha HEro TaKe HaKIaJbIBaeTCsi HEKOTopoe orpannuyeHue. Ho
JICUCTBUE 3TOTO OTPAHUYCHHUS BBIPAKACTCS HE B 3aMEIIJICHUM WM YCKOPEHUH Bpalle-
HUs Tena T-BEKTopa ITB (KaKk 3TO HMMEJI0 MECTO IpPU BpALICHUH METANINYECKOIO
CTEPKHSA AE), a BBIPAXKAETCsl B OrPAaHUYCHHUH BEJIMYUHBI ITyTH, IIPEOOJIEBAEMOTO 3a
BpeMs Ty €r0 B JAHHOM CIIy4ae nycmou KOHUEBOU TOUKON «Bx».

JT0 cienyeT U3 Toro, 4ro BenuuuHa (R;*(;) ecTb HEe 4TO MHOE KaK JJIMHA AYTU

OKPYXHOCTH, OYEPUYEHHOUN paauycoM R; mpu ycnoBum, 4to R; ucuucisercs B €IUHU-

1/2] )

11ax IyTH, HallpuMep B [KM] (KO He 6 eQunuyax [KM ,ayrox ¢; B [pan]. Torna,

pazgenuB BenuuuHy (Ri*@;) [KM*pan] Ha UHTEpBal BPEMEHH T, [CEK], MBI MPU BCEX

—
3HaueHusIx R; = |ABi\ U @; TOJHKHBI OYZIEM MOJy4aTh 0OHO U MO e 3HAYCHUE BeJu-

YUHBl HEKOTOPOW TPAEKTOPHON CKOPOCTU VT, C pPa3MEpPHOCTHIO [KM/ceK]. (Ecau chosa

— —

IIPU 3TOM IOJ | AB;| mommmars He NPOTSKEHHOCTH Tena T-Bektopa AB B [xkm'? ]

, @ ero JJIMHY B [KM] )
B camom nene, Benp nenumoe (Ri*@;) = Const u ogHOBpeMeHHO nenutenb Typ = Const
OyIyT MPU TOM OCTABATHCS HEU3MEHHBIMU.

UYroOsl MoKa3aTh, 4TO MPH H3MEHSIOMUXCS ¢; U R; B Wrore, TeM HE MeHee,
BCET/Ia MOJIy4aeTCsl OJIHO U TO e 3HaueHue Vr, pa3aenum @ ; B 8-oi crpoke Tadi. 1 Ha
BEIIMYUHY T , @ HTOT YMHOXKHUM Ha | ITBJ . Torma momy4uum:

Vi = 2—62 2,17 1077 = 299.792.5 {ﬂ} (15)

B 19- 10719 cex

—>
[Iponenas Takyro Ke onepamnuo ¢ ¢; 1 | AB;| B 10-oit cTpoke Tadi.1, Haaém:

Vp=—1%2 18101077 22997925 {ﬂ} (16)

B 1,9-10713 CeK

Kak BuguMm, BenmunHa Vr 'y nycmoiui konyesou mouku «B», ucuucieHHas mo
—

Jyre OKPY>KHOCTH COOTBeTCTBeHHO B-1-B; (puc.20-a) npu ¢=2,62 [paa] u no ayre

B\-T-Bl (puc.22-6) npu ¢=3,142 [pan], NEUCTBUTEIBHO OKA3bIBAETCS OJMHAKOBOM.

160



[IputoM oHa oka3wpiBaeTcs paBHON ckopocTu cBeTa C. Ilpuuém mpu (p=1800 oynem

UMEThb, 4TO Vr siBisieTcss paBHOW He BenuuuHe Cr=314.152,5 [km/cex], a paBHOU

3HaueHnto C=299.792,5 [km/cex]. IlotomMy 4TO, Kak BHJAHO M3 NPUBEAECHHOTO
.. ﬁ ~

npumMepa (16), B HEM BeIUUYHMHA R=| AB;|, naiinennas MPUA TOMOIIMA COOTHOIICHUS

(ro*®o) = (Ri*@;) = Const, uMeeT 3HaUECHHE Rig’=1,81-10"" [M] . Ciie10BATENBHO:

B HpI/IpOI[e HUMCCTCA JIUIIIb OAHO 3HAYCHUC HauOOJIbIICH CKOPOCTH IOCTYIATCJIb-

HOTO IBIKEHHA (V1)max = C =299.792,5 [km/cek].
[Tpu aToM ckopocth C OyneT AeCTBUTEILHO HAUOOIBIIEH, TOTOMY UYTO:

CkopocTh (pOTOHOB JTHEBHOTO CBETA B HalpaBiicHWH cTpenku <@l Ha puc.20-a
ABIIAETCA MMOYTH IPEIEIBHO OOJIBIION (T.K. HA PUCYHKE YroJl «@» y T-BEKTOpa /?B
6mmsox k ¢=180"). Ho, T.k. Bo3pacTamme yriaa «@» ceepx 3HaueHms @=150°
BI0TH 10 ©=180°, cormacuo npumepam (15) u (16), yxe He IPUBOINT K yBeITHHe-
HUIO WX CKOPOCTH, TO OHA SIBJSIETCSI HE «IOYTH», a NEUCTBUTEIHHO MPENeIbHO

OOJIBLION U IOTOMY 02PAHUYEHHOU CBEPXY 10 BETMYUHE CKOPOCTHIO.

Kpowme storo, T.x. C sBasercs HauOonblel U3 BCEX U, 3HAYUT, TAKOM, 3HaUCHHE
KoTopol Bo Beex ciydasx C=Const, To:
Benuunna Ty OyaeT okas3bIBaThCsl, HAPOTHB, HAUMEHBIIEH U3 BCEX M TaKXKE BO

BCEX cllydasix OyaeT uMeTthb 3HaueHue Tp = Const.

3akaHuuBas MOsiCHeHHE TaOu.1, 3aMeTUM, YTO TIPUBEJIEHUE MPUMEPOB BHIUKC-

neHust Vr, YKa3aHHBIX B CTOJIONE «4)» MOYKHO ObLIO ObI, OU€BUIHO, MPOIOKUTE. Ho,

€CJIM KOHIIeBasi Touka «B» y T-BekTopa A?B OyZeT ocTaBaThCsl MyCTOM, TO U TIPH 8CEX

ocmanvuvix - ©=90°, =45", ¢=1° u 1.1. 6yner Vi=C. D10 3HAUMT, 4TO CIydau
—

KPYTrOBOT'O JIBI)KEHMSI HYcHmiouil KOHILEBOW Touku «B» y T-Bektropa AB cnenyet

OTJIMYATh OT TCX CJIy4acB, KOI'/la B HEH HaXO0JUTCA HEKOC TCIIO (B), IMOTOMY 4TO:

—

Ecnu Touka «B» y T-BekTOopa AB Oyzaer mycToid, To €€ KpyroBoe JBM)KEHUE MpHU
—>

MOBOPOTax T-BekTopa AB OyaeT mogumHsAThCA 3aKOHY MOCTOSIHCTBA IJIUHBI 1yTH

OKpYXHOCTH (ry"@®g) = (R;"@;) = Const, a ckopocTh aBmxkenus miomanku ABB A,

10 TaKoif %ke kak Ha puc.20 crpenke <l MM MO CTPEIKE @ Kak Ha puc.23-a

OyneT oka3bIBaThCs paBHOM ckopocTu ceta C .

161



Opnaxo ecnu B Touke «B» 0ynet kakoe-nmubo teno (B), To e€ kpyroBoe ABMKeHUE
—>
IpHU HIAroBBIX MOBOPOTaxX T-BekTopa AB Oyner nmomuuHsATHCS HE 3aKOHY MOCTO-

SHCTBA JJIMHBI AYTU OKPYXHOCTH (To*@®y) = Const, a 3akony I - ® = Const.

374ech clieyeT, BEPOATHO, CKa3aTh O TOM, YTO KaK 3aKOH MOCTOSIHCTBA JJIMHbI
nyru okpyxHoctu (11), Tak m 3akoH MOCTOSTHCTBA MMMyJbca (12) oka3bIBalOT CBOE
JICVCTBUE HA TEJNO T-BEKTOpa E C MyCTOW WM 3anoiaHeHHou Tenom (B) konieBoi
TOYKON «B» NMUIIb NpH MOJHOM OTCYTCTBUU KaKOTO-JIMOO BHEIIHETO BO3ACHCTBUS Ha
HUX U TOJBKO IOCJIE TOTO, Pa3yMEeTCs, KaK JIMOO «ImycTas», TUOO 3amoJTHEHHAs TeIOM
(B) xoHnueBas Touka «B» OyaeT pa3orHaHa J10 HEKOTOPOH OCTarOIIEHCS B JadbHEH-
IEM MOCTOSIHHOW CKOpOCTH Vr. [IpH 3TOM OYE€BUIIHO, YTO HAXOAIIEECS B TOUKE «B»
JaXKe He CIUIIKOM OOoJbIlioe BemecTBeHHOe Tenno (B) u3-3a cBoelt MHEPIIMOHHOCTH HE
cMoskeT 3a Bpems To=1,9-10"" [cex] mpHOGPECTH CKOPOCTh, XOTSA Obl BCErO JIMIIb
COMnocTaBUMYI0 co ckopocThio cBeta C. OmHako, ecau B Touke «B» Oyaer oTcyt-
CTBOBaTh ynomsiHyToe Teno (B), To M3-3a MOJHOrO OTCYTCTBUSI MHEPLUUOHHOCTU Yy
COBEPIIEHHO MYyCTOM TOYKM «B» €€ pa3ron Ha myre ]§}/31 no ckopoctu cera C,

HAa000pOT, CMOXET MPOUCXOJIUTH 3a BpEMs Ty, T.€. CMOXKET MPOUCXOAUTH IEUCTBU-

TCJIBbHO MCHOBEHHO, 15(80) To — €CTh HaUMEHBIINM KBAHT BpPCMCHU.

17.4. Bepuémcs k (15) u (16) u 3ameTuM, 4YTO TaM MPU BBIUMCICHUU BEIUYUHBI V
CHaualla BBINOJHSJIOCH NIEJICHUE yriia (; Ha BpeMs Ty , @ 3aTeM MOJYy4YUBLIMKUCS
—>

pe3ynbTaT YMHOXKAJCA HA |AB|i = R, . Ho Beab @/t ecTh HE YTO MHOE, KaK BEJIH-
YHHA yriI0BOM cKOpocTu . W moromy, eciiv 3aMeHuTb, Harpumep B (15), mudpsl Ha
COOTBETCTBYIOIIUE JIUTEPHI, TO ToyduTcss V= @ R . To ects monyuutcs dpopmyna
JIMHEHOM CKOPOCTH B JTAaHHOM CIly4ae KOHLEBOM TOYKHM «B», ¢ Kakoul OHa mepeme-
mjaetrcs no ayre okpyxkHoctu (Ry'@;) = Const 3a uHTEpBan BpeMeHH T, (BKJIOYas B
3TO BpeMsI U BpeMsI €€ IIaroBO OCTAHOBKH B KOHIIE 3TOUM TYT'H OKPY>KHOCTH).

[Ipu >TOM ecnau cuuTaTh, YTO JYy4H CBETA COCTOST M3 Ten-tuiomanok ABB A,
(13 (hOTOHOB-TEI), TO CKOPOCTH MX JBWKEHUS OyleT oTBeuath popmyna:

C=mR (15-a)
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Ecam xe 310 OymyT, COTNIacCHO TMPUHSATON celvyac TOYKE 3PEHHUs, KAKHUM-TO
00pa3oM CYIIECTBYIOIINE U ABMXKYITUECS B TPOCTPAHCTBE AJIEKTPOMATrHUTHBIE BOJTHBI,
TO MX CKOPOCTH OyZeT OTBe4aTh, KaK M3BECTHO, YK€ Apyras popmyra:

C=A-v. (16-a)

—>
3aecs M — yrioBas yacmoma JBOMHBIX TIOBOPOTOB TeJa T-BEKTOpa |AB|;=R ; Ha yroJa @ j 3a Bpems
Icek (He myTaTh YIIOBYIO YaCTOTY () C BEKTOPOM YTIIOBOM CKOPOCTH ). Torma xak v — nuHen-
Hasl 4acTOTa MPHUPOCTA TeJa JICKTPOMArHUTHON BOJTHBI Ha BETMYKMHY A 32 Bpemst |cek.

Tem He MeHee, B 000HMX CcCIlydasiX CKOPOCTb JBW)KEHHUSI COOTBETCTBEHHO
¢dotonoB-Ten (15-a) u poroHoB-BoNH (16-a) MpU UX ynaJeHUU OT UCTOYHUKA U3ITyde-
HUs Oy/IeT OKa3bIBaThCS OAMHAKOBO# 1 paBHOU ckopoctu cBeta C.

K sTromy HEoOxoamumMo 100aBUTh, UTO B TEKylIee B TOUke «B» Bpems, — ewé pas
OTMETUM 3TO, — BKJIOUYEHO BpeMs €€ IIaroBoil OCTAHOBKM B KOHEYHOM TOYKE €&
IaroBOro MyTH, B KOHEYHOUM Touke Ayru okpykHOCTH (R;"@;) = Const. UTo o3Hauaer,
YTO MEPEMEIICHUE MOTIOCHON TOUKH «A» B MOJIOKEHNUE «A» Ha puc.20-a mpou30IIo
1, 3HAYUT, YK€ MOJIHOCTHIO MOCTpoeHHas 1omanka ABB A, dakTtuyecku HaxoauTcs
Ha TI0JIO)KEHHOM el MecTe. Ecniu XoTuTe, HaX0AUTCS B HEM COBEPIIEHHO HEBHIUMbBIM
0o0pa3oM, HO HAXOAUTCS HAa HEM HE «KakK Obl», a HAXOJAUTCS TaM Ha camoM Jene. Tax
YTO, TOBOPS O JBUKECHHHM OJTHOW IYCTOW KOHIIEBOM TOYKHM «B» y T-BekTOpa A?S, MBI
BCE K€ BIOJIHE MO>XEM MOHUMAaTh, YTO BMECTE C HEW JABMIKETCS HE MUMEIOIIEE MaCChI
TIOKOSI TeJI0 Bcero (hoTOHA, Teo Bcel uromanku ABBA;.

Teneps Bo3BpaTumMcs K puc.22-6 u mosioxum, uro B [Ipuposae neicTBUTENHHO
CYILIECTBYIOT BBIpOXkACHHBbIC (HOTOHBI. Kak MBI Temeps 3HaeM, OHHM TMPEJCTABISIOT
co0oil Bcero Jmimb OAMH M3 crmocoOoB Oe33arpatHoro JI-C Tema T-BekTopa A%
JlercTBUTENbHO, MPH MIArOBBIX IMTOBOPOTAX T-BEKTOPA A_}>3 Ha yroJ (p=1800 TJTOIIAJIKA
ABB A, He Bo3Hukaet. Tem He MeHee, B CUITY HEOTJCTUMOCTH COCTOSTHUA JIBHIYKEHUS
oT mnpouecca CylllecTBOBaHUSI TEIO T-BEKTOpa A% OKa3bIBAE€TCSl BBIHYKJIEHHBIM
0€30CTaHOBOYHO COBEpIIATh CBOM JBOMHBIE MOBOPOTHI B miiockocTsax I1; u Il,. A T.k.
OHO HE MMEET MpaBa MNPEKPaTUTh AENaTh 3TO, TO WX YHUCIO OyAeT OKa3bIBATHCS
O6eckoHeyHO OoJbiuM. [Ipu 3TOM MOSBUBIIMICS B KAKOM-JTMOO MECTE MPOCTPAHCTBA

—>

U JABUKYIIMICS CTPOTO MPsIMOJIMHENHO T-BeKTOp AB OyaeT oka3bIBaThCs CIOCOOHBIM

YAAJIATHCS OT MECTAa CBOEr0 BO3HMKHOBEHHS B JIOOYIO CTOPOHY M Ha CKOJIb YI'OJIHO
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Oonbiue pacctostHus. [Ipuyuém M3-3a TOro, 4To y BBIPOXKIAECHHOTO (POTOHA pa3MeEpbI
wiomanku ABBjA; OynyT paBHbI Hym0, OyZleT OKa3bIBaTbCS PAaBHOM HYIIO M €ro
Mmacca. [loatoMy ero «reno», mogoOHO Telly HEYJIOBUMOM YacTULBI MOJ] HA3BAHHEM
«HEUTPUHO», OYJET MPOHUKATh CKBO3b JIIOObIE CaMble HENMPEOAOIUMbIE Nperpaanl. 1
MPUTOM C TAKOH kK€ JIETKOCThIO, C KaKOW OOBIYHBIE BEIIECTBEHHBIE TeJIa MPOHUKAIOT
CKBO3b IYCTOTY. B CBfI3M C 3THM OKa3bIBACTCA YMECTHBIM Takod Bompoc: Ecim
BBIPOKJIEHHBIE (DOTOHBI IEUCTBUTENIHHO CYIIECTBYIOT, TO HE SIBJISIETCS T UMEHHO 3TO
00CTOSITEILCTBO TMPUYMHOW OE3TPAaHUYHOCTH U OECHPEeNeTbHOCTH MPOCTOPOB
okpyxarwiuei Hac Bcenennoit ? U em€. He omnpenenser nu Xoa BpeMEHHM IIpU
JIBOMHBIX MOBOPOTaX T-BEKTOpa A_é (puc.22-0) teuenue cob6cmeennozo Bpemenu y

a0COJIFOTHO IMyCcToro HpOCTpaHCTBa B IIpOLECCC €ro CymeCTBOBaHHUA ?

17.5. Emg pa3 oOpaTtuMcs K TeMe MOJHON onpeneEHHOCTH (GUTYpPhI JTBOHHOTO MOBO-
poTa TpHU 3aJaHuM Benu4yuHbl KoMmiuiekca (Ry'@;). [leficTBUTEeNnbHO, UMEIOIIEMYCS B
1a671.1 3naueHmio @=171,7° MOXHO GyIeT MOCTABHTH B COOTBETCTBHE KOHCTPYKIIHIO
JIBOMHOTO TTOBOPOTa CHJIOBOTO T-BEKTOpa A?S, n3o00paxx€éHHyo Ha puc. 20-a. Torma
KakK yrjiam (p=900 Y, Halpumep, (p=1-10_8 [rpan] OyayT oTBe4aTb KOHCTPYKIMU JIBOM-
HBIX TIOBOPOTOB COOTBETCTBEHHO Ha pHC.19-6 u 19-a. [IpuBeném emé pa3 uzodpaxe-
HHE ITUX KOHCTPYKIIMI, TOMECTUB BCE UX Cpa3y Ha OJTHOM puc.23.

OmHOBpPEMEHHO C 9TUM IIOMECTHM Ha Heil m3o0paxenue mromankd A'B'Bi"A/,
KOTOpas OyJeT u3NydarhCcsi HEKUM TOYEYHBIM BEIIECTBEHHBIM TesioM (B) B xoze miaro-
BOT'0 MIOBOPOTA T-BEKTOPa ATE>3’ Ha yron @=1-10" [rpaj] BO BpeMs IIATOBOTO mepeMe-
mienus Tena (B) mo opoure R=3.270 M7,

B wutore Ha puc.23 okaxyrcs MpeACTaBIEHHBIMU BCE CIydad IIArOBBIX YIJIOB
e 0 0 0 0
OBOPOTA CUJIOBOT0O T-BekTOopa AB u ananazona 0"<@<45", u nuanazona 45 <@<180
(uckirovas ciydail BeIpokaeHHOTO hoToHa). To €CTh BCe caydan u3IydeHus IIola-
nok ABB A, korna ¢ nycmou Touke «B» y T-BekTopa 1@) HAXOJUTCSA HEKOE M3Jy4a-
1ollee BemecTBeHHoe Teno (B), m xorma B Hel Teno (B) oTcyrcTByer.
ComnocTaBmsisg Mexay codoi umeronuecs Ha puc.23 miomanku ABB A |, npexne

BCCIo 3aMc4acM, 4TO OHU 1/1306pa>1<eH51 0e3 CO6JIIOZ[€HI/I$I Macmraoa. HOBTOMy I1JI0-

164



a)

Toueunoe TeI0 «M»

6) =110" rpax.
B &

o I/IS.H Al

r) ¢=171,7°

N3 Ol - '

I,

Puc.23

165



maaka A’B’B’A;” Ha pwuc.23-a KaxeTcs HAMHOIO MEHbBIIEH 10 CPaBHEHHUIO C
momaakoi ABB A Ha puc.23-B, X0T4, Cylsl IO YKa3aHHOW Ha YepTekKe BeIUUuHe R,
B JICICTBUTEILHOCTH BCE HA0OOPOT. DTO HY)KHO UMETh B BUAY. OJHAKO 3TO HUKAK HE
Oyner HaM MeIIaTh TMOBOJUTH MYCTh HE KOJMYECTBEHHOE, a BCETO JIHUIIb KadyecT-
BEHHOE COIOCTABJICHUE MPEACTABICHHBIX Ha pHC.23 CilyyaeB U3JTy4eHHUS HAa3BAHHBIX

IJIOMAA0K UMITYJIbCa CHJIBI.

~
[Tocne 3TOro0 KpaTKOro OTCTYILICHUS! 3aMETUM, UTO MPOTIKEHHOCTh nyru BB
—
(u B’B;’) Bo Bcex miomiankax ABB;A| Ha puc.23 sBisieTcss OJMHAKOBON W MMEIOIICH

—

Y21 Ipu sToM Teno nyru BB, oQHOBpeMeHHO sBIsIeTCS

MPOTSHKEHHOCTH 5,69" 107 [m
TaK)X€ U TEJIOM H30THYTOIO IO Jyre OKPYKHOCTU T-BEKTOpa TPACKTOPHON CKOPOCTH
\VﬂT , 3HAYEHUsI KOTOPOU 1iJisg ciydaeB puc.23-0, 23-B u 23-r yKa3aHbl B CTOJOIE «4)»
Tabmn.1, a nusa ciydast puc.23-a OHO MPEJCTaBICHO B CTONOIE «S5)» Tadu. 1. B mepBbix
TpEX caydasx, Kak BuauM, Vr=C , Torga B 4eTBEPTOM Clly4ae, COIVIACHO OTMEYEH-
HOMY B CaMOM KOHILE MpeablayIliero myHkra 17.3., oHa sBIsSE€TCS MHOTO MEHBIIEH
BennuuHbl C. [loTomy uTo B TOuke «B» y T-BekTOpa ATB’ Haxonutes teno (B).
B otnuume ot atoro Ha puc.23-6, 23-B u 23-T KOHIIEBas TOUka «B» y T-BekTOpa
N -
AB sBngercs mycToi, U no3TtoMy €€ pasroH Ha nyre BB, no ckopoctu ceera C, Kak
ye ObIJI0 OTMEUYEHO BbIIIe, OYJET MPOUCXOAUTh MIHOBEHHO. OTHAKO MOCIIE TepeMe-
~—

nieHus: ToyeyHoro tena (B) mo mraroBomy yuactky nytu B'B’) Ha puc.23-a npou3oii-
NOET U3JIyY€HHUE CUIIOBOTO T-BEKTOpa ITB 10 CTpeJIKe «@», y KOTOPOTO KOHIIEBas
Touka «B» Oyzner sBisIThCs Takke mycroid. [loaromy u Bes mumomanka A'B'B"A,” cta-
HET JBUTAaThCS Takxke co ckopocTbhio Vi=C. B KoHedHOM uTOre O0yaemM HMeThb, YTO
HE3aBMCHMO OT TOTO, B pe3yibTare Kakoro u3nydenus (R-mpsmoro i R-oOpatHO-
r0) MPOMU30IJIO0 BOBHUKHOBEHHE JAHHOIO CHJIOBOTO T-BEKTOpA A_)B MIOCJIE U3TYyYEeHUS
ero Teno u teno Bcer riomanku ABBiA; Oyayr mepememaTbCsi B MPOCTPAHCTBE C
NpeieabHO 0OJBIION CKOPOCTHIO, T.€. CO CKOopocThio cBeTa C.

[Iponomxas, 3ametum, uro B [IpocTpaHcTBe MMeeTcs, KaK U3BECTHO, OTPOMHOE

MHOKECTBO HeOeCHBIX Tesl. YacTp M3 HUX (WM JaKe BCE OHM) B XOJE MOCTyHaTelb-

HOIro AIBHKCHHA II0 CBOUM Op6I/ITaM, BO3MOZKHO, eme JAOIOJIHUTCIIBHO BpaIIarOTCA
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BOKPYT' CBOEH OCH, UCIyCKasl MPHU 3TOM Kak Obl CTOJI0000pa3HBbIA BUXPEBOW MOTOK
CUJIOBBIX T-BEK-TOPOB A% [Tpuuém cpean Takoro pojia HEOECHBIX TEJ UMEIOTCA ellé
Takue, KOTOpble MO TOW WM MHOM NMPUYMHE OKa3bIBalOTCA HarpeTsiMu. boiee Ttoro,
OHHM OKa3bIBAIOTCS HATPETHIMH 10 TAKOW CTEMEHH, YTO WX MOBEPXHOCTh HAYMHAET
ApKO CBETUTHCS. [103TOMY MX MOBEPXHOCTh OyAET y:K€ HEMOCPEACTBEHHO H31ydaTh
(GOTOHBI, B YaCTHOCTH, BUIMUMOTO CIEKTpa u3nmydeHus. [Iputom 3tm GoTOHBI cpazy
MOCJIE CBOEr0 OTAEJIEHUS OT IMOBEPXHOCTH PACKAJIEHHOTO Tena OyAyT IBUTraThCs,
OYEBHUIHO, UMEHHO CO CKOpOCThIO cBeTa C, T.e. OHU OYIYT SBIATHCS «CBETOBBIMU»
UM «ObICTpbIMU» (hoToHaMU. OHAKO, KaK 3TO CJIENYyeT U3 PACCKa3aHHOIO BBIIIE, HE
MeHee OBICTPBIMU OYIYT SIBIATHCS KaK CHIJIOBBIE T-BEKTOPbI HB TaK U OTBEYAIOLIHE
UM (OTOHBI-TUIONIAKHA, KOTOPhIE U3Ty4aroTCsa HEOECHbIMU TedaMu m U M Ha puc.14

Ipyu UX BpalllCHHUU BOKPYT COOCTBEHHBIX OCCfI, U KOTOPBIC IO BIIOJIHC O‘leBI/II[HOfI n

MOHATHOW MPUYWHE B JAJIbHEHIIIEM OyIyT IMEHOBATHCS IPABUTAIIMOHHBIMH.

HNanee. Kak cinengyer u3 tabn.l, npu yMEHbIIEHUH «(» BEIUYUHA PACCTOSHUS
MEX]y TMOJIOCHOW TOYKOM «A» M KOHIIEBOM TOukoil «Bx», coriacHo TpebGoBaHHIO
paBeHcTBa (1y°Q)=(R;*@;)=Const, Bo3pactaeT. OTHOBPEMEHHO C 3TUM OYIET BO3pac-
TaTh u JuHa twiomaaku ABB A . HeTpyaHo noHsTh, 4TO Npu nepeMenieHuu B 1ad. 1
BBEpX OT 3HaueHus @=171,7° Gyzer MPOUCXOAUTH H3MEHEHHE (OPMbI ILIOLIAIKH
ABB|A|: ona Oyner cTtaHOBUTBHCS BCE OoJiee y3KOH, HO OJHOBPEMEHHO OHa OyneT
OKa3bIBaThCsl BCE 00Jiee BBITSAHYTOW B MPOAOJILHOM HalpaBj€HUU B MOJHOM COOTBET-
CTBUM C U3MEHEHUsIMM JIuHbI R; 1 yrina @; B komiuiekce (Ry*@; ) = Const. Torna xak
MO0 CBOEH CyTH OHa OyAeT OCTaBaThCsl IIOIIAJKOM U TEIIOM 8CE€ mo2o Jice omona,
OTJIMYAIOIIETOCS OT HMCXOAHOTO (oToHA (r('Q)) JHIb 3HAYEHUEM JUTUHBI BOJIHBI
¢dorona R; m yrna ¢; [rpan]. Ilpocto nmpu nepemenieHuu B Tadu.1 B CTOPOHY yIiioB
@, MEHBIIKX 110 CpaBHEHHIO ¢ P=171,7° MbI GyIeM CMEIIAThCS CHAYANA OT JUANA30HA
JUIMH BOJIH BHUJIMUMOIO CHEKTpa HU3JIy4YEeHUs 4'1077—7,6'1077 [cM] B Jauamna3oH BOJH
WH(ppaKpacHOro u3nydeHus, ¢ juiuHod BomHbI OT 0,74 mo 2000 [mxMm]. Ilocne dero
MIpU JAJIbHEUIIIEM YMEHBIIEHUU «(@» HACTYNHUT OYEepe/ab, 0 BCEW BUIMMOCTH, AMUAara-
30Ha CHavaJia yJIbTPAKOPOTKUX BOJIH, HO TOJIBKO YK€ BOJIH paduousyyeHus, NMero-
IUX JUTMHY COOTBETCTBEHHO OT 2 [MM]—10[M] U 3aTeM Auama3oHa CBEPXJIMHHBIX

BoJH BenuuuHou 10-100 [km]. [dpyrumu cinoBamu, JIydd, B YAaCTHOCTH, BHAMMOTO
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CBETa NPU YMEHBUICHUH (; U COOTBETCTBYIOLIEM yBenndeHnu R; B kommekce (R;@;)
Kak ObI MpeoOpa3yroTcsi B HEBUIUMBIE paoduo8o.iibl 1 HA00OPOT.

Brpouewm, emé 6osiee HEBUIUMBIMU SBIISIOTCS TPABUTALIMOHHBIE BOJIHBI, KO-

TOPBIC I1O CBOEH CyTH, KCTaTH, €CTh TOYHO TAKHEC K€ IJTCKTPOMAIHUTHLIC BOJIHDBI,

KaKMMH SBJISIFOTCSI BOJIHBI BUJIMMOTO CBETA (COMOCTaBbTE rPABUTALMOHHYIO BOJIHY-TLIOIAIKY
Ha puc.23-a ¢ (QOTOHOM-IUIOIIAZKON BHAMMOro cBeta Ha puc.23-r). [IpUTOM «HEBHAUMBIC»
rPaBUTAIIMOHHBIE BOJTHBI-TUIOIIAIKH ACHCTBUTEILHO OUY€Hb TPYTHO OOHAPYKUTD.

[Tocnennee cBs3aHO € T€M, YTO YroJl HIarOBOIO MOBOPOTA 32 BpeMs 1051,9-10_15 CeK., Halpu-
Mep, y 3eMiu NPUMEPHO, PaBeH 7,9-107" rpaa. [loaToMy B U3ny4aeMbIX €10 IUIOIAJKAX UMITYJIbCA
cwia Teno T-Bektopa A’B” Ha puc.23-a Oyaer mouTd coBmaaath ¢ TeJoM T-Bekropa A'B’y. Otuero
3aKII0YEHHBIN B miomanake A'B'B’|A’) umiynsc cuitbl OymeT OKa3bIBAaThCS, Ka3aloch Obl, OYEHb
HEOOJIBIINM TI0 CBOEH BenmmunHe. Ho 3T0 Tak 1 omHOBpeMeHHO He Tak. YToOBI MoKa3aTh 3TO, CHadaga
BBIYUCIIAM BEITUYMHY UMITYJIbCA CHJIBI, KOTOPBIA COJl JIGPIKUTCSA B TeNIe (doToHa cBeTa, T.c. B TeNe
mromanky ABB A, Ha puc.23-r qns ciydas, korna |AB| = 1/3-Ay = 1/3-0,57- 10° [m ], rme Ay —
cpelHee 3Ha4YeHHEe IJIMHBI BOJIHBI y JIMana3oHa BUAMMOro cBera (cM.c.154). Tak kak mnst puc.23-r
YOIl IIaroBorg MoBOpoTa @ = 171,70 (cm.c.156), To BemmumHa iomaau y miomanku ABB A, Haii-
néres kak: |AB||AB||Sing| = 1,9-107-1,9-107:0,443 = 5,2.107" [m"*m"?] ~ 5,2.107" [krc-Tocex] —
3/1ECh B Pa3MEPHOCTH UMITYJIbCa CHIIBI KOMIUIEKC (ToCeK) €CTh BEIMYMHA Ty = 1,9~10’15 CEeK , a HE
BeIMYMHA 1 cek, MOTOMYy 4YTO Ha puUC.23-T MOBOPOT T-BeKTopa AB B KOHEUHOE MOJOXKEHHE A
MPOUCXOJAUT UMEHHO 32 KBAHT BPEMEHHU (ToCEK).

[Tocne 3TOro MosI0KKUM, YTO POTOP y NAHHOTO HaM rHpockona uMmeet auamerp 40 MM , U OH
Bpamaercs co ckopoctbio 10.000 06/mMuH. Toraa mocKonbKy 3a BpeMsi Tp OH yCIIEeT MOBEPHYTHCS Ha
yron ¢ = 1,14 10710 rpam., TO Kaxaas HanOoJiee yaai€HHast OT OCH BPAIIEHUS TOYKa POTOPa B KOHIIE
IaroBOr0 MOBOPOTA M3NY4HUT miomaaky ABBjA; , I/IMC}OIIIyIO BEJINYUHY:

|§3)|-|ﬁ|-|sm<p| 0,02:0,02:1,982 = 0,797 [M"%Mm"*] ~ 0,797 [ kre-tocex]

Comocrasisisi 3uauenus 5,2-107"° [krc-tocex] m 0,797 [krc-tocex], HAXOMUM,
YTO OHM HE CIUIIKOM Pa3HATCS. A 3TO 3HAYUT, YTO I'PABUTAIIMOHHBIE BOJIHBI-TUIOMIA-
KM BCE X€ MOTYT ObITh, MO-BUJIMMOMY, 3apE€TUCTPUPOBAHbBI, €CIU NPUOETHYTH, B
YaCTHOCTH, K CIOCO0y, MoJ0OHbIM ToMy, KakuM mnosb3oBaiicsa I1.H.Jle6enes B 1899
TOJIy IPH OTKPHITHH 3((HEKTa CBETOBOTO JABIICHUS HA TBEPIBIC TEJa U Ta3bl.

[Tocne »storo emé pa3 orMeTum, 4yTo (OTOHBI, TaK CKa3aTh, «IPOJIOJIHHOTO»
W3JIyYEHUS, pACITPOCTPAHSIONIMECS B MPOCTPAHCTBE MO CTPEIKE « _ » (cM.puc.23-r)
co ckopocThio cBeTa C, mpeBpaniatoTcs B POTOHBI «ITOTEPEUHOT0» PATUOUBITYUCHUS,
pacIpOoCTPaHSIONINECS MO CTPEIIKE « ﬁ» (cM.puc.23-6) Takke co ckopocThio cBeta C
(cm. cronben «4)» B tabn.1). [IppuéM MOXKHO Naxke CKa3aTh, YTO MPEBpAIICHUE OJTHOU
¢dbopmbl Tema GoTOHA B IPYTyI0 IPOUCXOTUT B XOJI€ YMEHBIIICHHS yria (¢ OT (p=171,70
npu ero mepexoje uepes 3Hauenne ¢=90°. B cBA3M ¢ ueM 3aMeTHM, YTO KaK pa3

HUMCHHO B TaKOM, KaK H3BCCTHO, T.C. B IIONCPCUHOM HAIIPABJICHHUU OTHOCUTCIBHO
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H3JIy4arollero InpoBoja paavOaHTEHHbBI, IPOUCXOAUT PACIPOCTPAHCHHUE PaJUOBOJIH.
Yro, KCTaTH, NPUHLMITMAIBHO OTJIMYAET PACIHPOCTPAHEHUE PATUOBOJIH OT PACIPOCT-
paHEHUS BOJIH ONITUYECKOI0, pEHTI€HOBCKOI'O M TaMMa U3JIy4EeHUs.

[Ipn 3TOM CTaHOBUTCS OYEBUIHBIM, YTO TENEPh K PACHPOCTPAHSIOLIMMCS IO
CTpEIIKE «ﬁ' » BOJIHAM PaJUOU3TydeHus Ha puc.23-0 cienyeT 100aBiIsTh pacupo-
CTpaHsIoIIMecs Ha pUc.23-a TaKkKe MO CTPEJIKE « @ » 1 TaK)K€ CO CKOPOCTBIO CBETa
TPaBUTALMOHHBIE BOJHBI-IUIOMAAKA. Y KOTOPBIX JUIMHA «BOJHBI» MOXKET IPUHUMATh
(cMm. puc.14 ) KAaK MHUKPOCKOITMYECKH MaJIO€ 3HAYCHHUE, TaK U 3HAYEHUE BO MHOIO Pa3

OomblIee, 4YeM y caMbIX JUIMHHBIX PaginoBOJIH auamna3zoHa 10-100 k.

Tak B AuameTpasbHOM IUNIOCKOCTH Y 3€MIIH JIJTMHA Y T-BEKTOPOB E} Oyzaet paBHa okomo 6.300 km.
3Ha4MT, KaXKJas TOYKa 3eMJIM Ha SKBAaTope OyIeT M37MydaTh B KOHIIE Ka)XIOTO OTpEe3Ka BPEMEHH Ty
IJIOMIAIKY UMITYJIbCa CHIIbI BETUYUHOM 6.300.000-6.300.000-Sin7,9-10_18 = 5,4-10_6 [xre-Tocex]. U3
Yero MOKHO HOHSTh, KAKHUM SIBJIIETCS] CyMMapHOE MPaBUTALIMOHHOE U3JTy4YeHHUE y Hallel 3eMilu.

B 3akmaroueHue oco0o O6paTI/IM BHMMaHue Yuraresns Ha TO, 9TO, COTJIACHO YIKC

M3JI0)KEHHOMY B JTaHHOM W TIpeabIaymieM mnaparpadax, Kak AJsi pacnpocTpaHeHust

CBeTa, TaK U JIF0OOro JPYyroro Auana3zoHa u3inydeHus (POTOHOB (BKJIIOYAs B UX YHCIIO

IrpaBUTAIIMOHHBIE BOJIHBI-IUIONIA/IKM) HUKaKo# 3¢up He Tpedyercs. [loromy uto Bce

OHM CIOCOOHBI PACHpPOCTPAHATHCS «CcaMU COOOM» naxe B coBepuieHHoM Ilycrtore
(oka3pIBarOIICHCS IPH ATOM (DaKTUUECKH OYKBaJIbHO peaibHbIM, HO TOJIBKO OecTenec-

HBIM 3(pUpom).

Takum obpazom:

1. M3noxkeHHOEe B HacTosIIeM maparpade MO3BOJISIET YTBEp)KIaTb, YTO NEHCTBHTENBHO CKO-
poctb cBeta C=299.792,4 [km/cek] siBNsieTcsl HAMOOIBIIEH U3 BCEX CKOPOCTHIO PACIIPOCTpa-
HeHud curHama. M moToMy WHHTEpBall BpEMEHU 7=1,9-10"  [cex] OyJer SBISTHCS
HaUMEHBIIINM, MEHBIIIE KOTOPOTro YK€ HUKAKHUX JIPyTUX HHTEPBAJIOB BPEMEHU HE ObIBAeT.

2. Tlo-BuamMoMmy, pacpOoCTpaHEHHE JTy4el CBETa OCYIIECTBIISIETCS HE TIOTOMY, YTO MMPOUCXOISAT
HEKHE DJICKTPQMArHUTHBIC KOJECOAHHS, @ IOTOMY YTO PAa3HOM JUTHHBI «TEJICCHO-OSCTENCCHBIC
T-BeKTOpsI AB, He TpeOysh HEKOETo IOTOIHUTEIHHOTO 3(Hpa, IPOCTO HE MOTYT HE COBEp-
[IaTh CBOM JIBOMHBIE MOBOPOTHL [locnenHee ciemyer W3 TOTO, YTO COCTOSHHE BMKECHUS
SIBJIIETCS BPOXKAEHHBIM CBOMCTBOM BCEX TaKOI'O poja T-BEKTOPOB (cM. 00 3ToM naiee B §20).

3. Ilpum mOCTENIEeHHOM YMEHBUIEHHUH YIJIa () OTHOCUTEIBHO 3HAYEHUs (p=171,70 Ha TpaHUIIe
(p:900 MIPOMCXOUT KOPEHHOE M3MeHeHHe (OpMBI Tela y (HOTOHA, MPUBOJAIIEE K TOMY, YTO
Teno (hOTOHA Jaee HAaYWHAET JIBUTATHCS HE B MApaUIeIbHOM K CBOSH OCH HAIpaBICHUH, a B
MOTIEPEYHOM K HEHl HaIlpaBJICHUH.

4. W3 W3J0XKEHHOTO BBIIIE BBITEKAET, YTO CIEAYEeT pa3inuyaTh CIydau IJIOCKOTO KPYrOBOTO
IBUKeHUs T-BekTopa AB, xornma B ero konueBoi Touke «B» Haxomutcs Hekoe Teno (B), u
KOT'/Ia OHO B HEHl OTCYTCTBYET.

5. rpaBHTaHI/IOHHOC HU3JIIYUYCHHUE ABIACTCA TOYHO TaKHUM XK€ JSJICKTPOMArHUTHBIM HU3JIYYCHHCEM,
KaKHUM SBJIAKOTCA BOJTHBI BUHMOI'O CBETA.
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§18. Kpyrosas guarpamma. | Bo3MoskHasi mpuynHa pa3orpeBa U NOsBICHUS CBETH-
MOCTH y HEKOTODBIX HebecHbIX Ten.| OfaacTu mpocrpancTsa R-mpsiMoro
u_R-o6parHoro wmiinyvenusi. |Mup peanbHeii u Mup BUPTYAIbHBIIL. |
OIMHAKOBOCTh 3aKOHOHOMEPHOCTH JBHMKEHHMSI KaK «IIYCTOii», TaK H
«HENYCTOM» KOHIEBOM TOYkKH «B» y T-BekTOopa AB. |CVHI€CTBOBaHI/Ie
T-BEKTOPOB 1-T0 poaa Kak ycinoBHe ObITHS Bcero Mupo3aanusl. | He Tesecnoe
BemecTBo, a IlycToTa nmpocTpaHcTBa siBjsiercsi MaTepuei.

18.1. Bo3pMEM M 0YEPTHUM OKPYXKHOCTh C ILIEHTPOM B TOUYKE «A» MPU MOMOIIHA
IIOCTOSIHHOW JUJIMHBI T-BEKTOpPa A?B [locne 3TOrO BHIAEIMM HAa HEW TOYKH, KAK ITO
TIOKA3aHO Ha puc.24, T/ie Yroi ero maroBoro moBopora umeet 3xHadenus =0, ¢=90°,
(p=2700 u (p=3600. Kaxk mb1 yxe 3Haem, paauyc Ri= | A731| U yroJ @; B Ta0n.1 JOMKHBI
U3MEHATHCS, COIVIACHO PaBEHCTBY (1 Py)=Const, B3auMHO 00paTHEIM 00pa3oM ( 31ech
«Const» = 5,69:107'[mM"**paz] ). DTo 3HAUNT, YTO NMPU YMEHBLICHNAN YA @ OT €ro 3Ha-
yennst ¢=171,7° niuHa T-BekTOpa A_B) Gyner okasbiBaThes mpu Q=0 paBHOI Gecko-
HEe4HO GoubLIol Benmunue. HaoGopor, yBemndenne ¢ ot 3unauenus ¢=0" Gyger mpu-
BOJINTh K YMEHBIICHUIO JUIMHBI T-BEKTOPa A?B Hanpuwmep, npu @=1 -107'° [rpajg ] Gyzmet
Ri=327'103 [MJIH.KMl/z], a npu (p=171,7O u (p=180O COOTBETCTBEHHO OKa)XETCS, UTO
Ri=1,89-10"" [Ml/z] n R=1,81-10" [Mllz]. OCHOBBIBAsICh Ha 3TOM MOJIOKHM, YTO B
X0Jle JalIbHEeWIIero yBeauyeHus: yria ¢; jiuHa R; Oyner Ha puc.24 u nanee yMeHb-
IAThCs, HO TaK, YTO B XOJI€ (p—>360O Benn4yuHa R; mycTh Oy/ieT CTaHOBUTHCS MpU Q=27
paBHoii He BenmunHe 5,69:-107/21=0,91-10""[m"**pax], a 6yzer, ne noduunssacey paBeH-
CTBY (ro*@o)=Const, CTpeMUTBLCA K HYIIO, T.€. MyCTh npu ¢—27 Oyner R;—O0.

Takum 00pa3om, cOriacHO OTMEUEHHOMY BbIIIE, MPHU MEPEMEUICHUU KOHIIA
«B» y T-BekTOopa A% MO TOJYYUBIICHCS OKPY)XHOCTH B HaIpPaBJIEHUU MPOTHUB
yacoBoii crpenkn ot ¢=0" BenMuMHA RiE|/?Bi| JIOJKHAa HENPEPHIBHO YMEHbIATHCS
no Ri=0. Ho T.x. Ha puc. 24 paamyc OKPYKHOCTH HE HU3MEHSETCSA, TO YMEHbIICHHUE
JUTUHBL 'y RiE|/?Bi| YCJIOBHO MOKa)K€M NPH MOMOIIM JOMOJHUTEIbHBIX MYHKTUPHBIX
CTpPEJIOK, YKa3bIBAIOIIMX Ha puc.24, 4TO KaK Ha3BaHHOE YMEHBUIEHUE BEIUYUHBI R; ,
TaK W MCYHUCICHHE BEJIMYMHBI YIJIa IIaroBOro MOBOPOTa «@» Yy T-BEKTOpa A_B)
MPOUCXOAUT MPU €ro MOBOPOTE B HANPABJICHUH MPOTUB YACOBOM CTPEIKH.

N3 Bcero 31ech NepevncaeHHoro CleyeT, UTo Oyayias Kpy2o8as ouazpamma
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Pacuérnas ckopocTh cBeTa
Cr=314.159, 2 km/cex

JeiicTBuTenbHAs CKOPOCTH
csera C=299.792,5 km/cex

PentrenoBckoe uzim.

Y-M3IIy4eHUE

270"

pa (AB);

Hanpasiaenue
YMeHbIIeHHUsl

v JUIMHBI y 0a30-
BOI'0 T-BEKTO-

|

‘ ViasTpabuoseT. u3i.

‘ DOTOHBI BUITUMOT'O CBETA

Hudpaxpacuoe. u3i.

90"

Hecrabunbubie
KOPOTKOKUBYIIIHE
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B UTOTe OyIeT SIBIATHCS COBEPUIEHHO YCIOBHOW. TeM He MeHee, ¢ €€ MOMOIIbIO
MOKHO OyJeT JenaTh, KaK OKaKeTCs, HEKOTOpbIE BIIOJIHE HAAEKHBIEC 3aKITIOUYECHHUS,
€CJIM IpH 3TOM YUUTHIBATh, B YACTHOCTH, IMOSICHEHHUS, Kacarolluecs «IaibHOOOM-
HOCTH» U3Jy4€HUs, KOTOPbIE OBUIM MPUBEACHBI MTpU nocTpoeHuu puc.l1. Tak Hanpu-
Mep, MOXKHO OYZIeT yKa3aTh T€ MECTa Ha KpyroBO# 1uarpaMMe, IJie MOTYT HaXOJIUThCS
T€ WJIM UHBIE TUAIa30Hbl BOJIH 3JIEKTPOMArHUTHOTO U3TyUEHHUSL.

UToObl MOKa3aTh, YTO 3TO TaK, HAIOMHHUM, YTO AAJIbHOOONHOCTH M3ITyYEHHS,
cornmacHo rpaduky Ha puc.ll, paBHa HymI0 TpU (p=900 151 (p=2700, TOrAa KaK MIpHU
¢—0° n ¢—180° oHA CTPEMHTCS IPHHATH MAKCHMAIBHO GobIoe 3HadeHne. Ho T.k.
yYBEJIMYEHUE-YMEHBIICHUE «JaJbHOOOWHOCTU» W3JIYy4YE€HHUs] O3HA4YaeT YBEJIUYEHUE-
YMEHBIIIEHUE JaIbHOCTU PACHpPOCTPAHEHUS JBOMHBIX MOBOPOTOB T-BEKTOPOB E
KaXX]IbIil U3 KOTOPBIX MPHU 3TOM, 3aMETUM, MPOUCXOIUT 3a Bpems T, [cek], TO siCHO,
YTO 4YeM OOoJIbIIe OyJeT MaabHOOOWHOCTh, TeM OOJIBIIUM OTPE30K BPEMEHU OyneT
IPOUCXOJUTh JAHHOE H3JydeHUuEe, TeM OOJBIIMA OTPE30K BpPEMEHU OHO Oyaer
ABIISITBCSL PEaNbHO cyllecTByromuM. OTKyJa OYEBHUJIHO, YTO K YHUCIy Haubosee
JanbHOOOMHBIX U3TyUYEHHUI B MEPBYIO OYEPEb HY)KHO OylIeT OTHECTH AMana3oH BOJIH
BUJMMOI'O CBETA, KOTOPBIN HAXOJIUTCS, KaK OKa3aJ0Ch, B paliOHE (p=171,70.

Iepemenasch 3ateM 1o okpyxnoctd or ¢=171,7" B cropony yrma ¢ = 0°,

MMOoJIy4uM 1nepexona OT BOJIH BUJAUMOTO JHUAIla30HA B CTOPOHY AUAIIa30HA Ooiree JJINH-

HBIX BOJIH HH(PAKpaCHOTO U3IIYYEHHUS, B CTOPOHY GombIHX 3HAueHHi Ri=| A_B>i . [Ipn
NanbHeiIeM yMEHbIICHHH «@» ¥ TIPH ero mepexoje uyepes 3Hauenne ¢=90", kak 310
y’Ke ObUIO OTMEUEHO paHee, THII «IIPOI0JIEHOTO» U3IIy4eHuUs! (POTOHOB, IPUBEICHHOTO
Ha pHC.23-r, TOMEHSETCA Ha THUI MX «IONEPEYHOr0» HU3IyYeHUs, MMOKA3aHHOTO Ha
puc.23-a,6. D10 NpuBEAET K TOMY, UTO U3JIy4€HHE U3MEHUTCS KaueCTBEHHO, MpEeBpa-
TUBILIUCH U3 BOJH ONTHUYECKOTO AMANA30HA U3JIYYE€HUS B BOJIHBI paouousiyyeHus u
JUIMHHBIE epasumayonnbvle BoaHbL. (IlociaenHne Moryr ObITh, OUEBHIHO, U OYEHB KO-
porkumu.) CHavana 3T0 OyAyT, MOBTOPUM, PaJMOBOJIHBI YJIbTPAKOPOTKOIO aUama-
30Ha, 4 3aTeM 110 Mepe MOCTeNeHHOro yMeHbieHus @ ot =90" B cropony @=45" u
najiee OHM OyIyT CTaHOBHUTHCS BCE Oojiee NalIbHOOOWHBIMHM BOJIHAMU CHauana Ko-
POTKOIO, a 3aTeM CPEIHEro, JUIMHHOIO U CBEPXJJIMHHOIO AMAIa30HOB I'PaBUTALUU-

OHHOTO W paaAvOU3IIYUCHUA. HpI/I‘-IéM Ooiee JJIMHHBIC BOJIHBI HU3JIYUCHUA 6YI[YT KakK

0
OBbI TATOTETHh K OTMETKE P=0".
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[IpencraBum cebe Teneph, YTO MBI CHOBA OKa3aJIMCh B pailoHE yriia (p=171,70 u
JIBMDKEMCSI B HANPaBICHUU OTMETKU (p=1800. DTO 3HAYUT, YTO MBI OyjaeM Mepeme-
HIaThCSl B CTOPOHY YMEHBIIAIOIIUXCS BEJIMUUH Ri= | ﬁl\ . Torna B6mm3u ot @=180" u
cpa3y 3a HUM Mbl HATKHEMCS Ha CPaBHUTEIHLHO HEOONBINONW AUANa30H BOJIH Vibmpa-
Guonemosozo n3nydeHus. [locKoOIbKY TpH MOCIEYIONIEM IBIKEHUN B CTOPOHY YTJIa
0=270" Benuunna Ri= | A731| OyIeT npoaoKaTh YMEHBIIATHCS, TO CHaYana Mbl TIoTa-
IEM B JUAIa3OH BOJH pPEeHmeeHO8CKO20 W3IyYEHHs], a MOTOM U B JAHANa30H eamma
usayuyenus. 1lpyu 3TOM BcCe BOJIHBI ONTHYECKOTO M COCEIHUX C HUM JIMANa30HOB
W3ITy4eHUs] Ha TOJyYalomelcss KpYyroBoil amarpamMme, HaduHas ¢ WHQPPAKPACHOTO
0,2[cM]—760-10"" [cM] ¥ KOHYAs IMAIIa30HOM raMMa U3JIYYIEeHUs ¢ A < 510" [cem],

OyIyT, IepeKpbIBasi APYr APYra, kKak Obl mprkuMathes K ormerke =180, moromy
4TO HMMEHHO BOJM3M He¢ wu3znydaeMble (OTOHBI OyAYyT OKa3bIBaThCA Hanbosee
JTaTbHOOOWHBIMU U OJTHOBPEMEHHO HauOoJiee, TaK CKa3aTh, OJITOKUBYIIUMH.

OnHako OTKyna ke OepyTcst Bce 3TH u3inydeHus ? KoTopbelie K TOMY K€, Kak
0Ka3aJIOCh, SBISIOTCS U3TYyYEHUSIMH (POTOHOB M MPUTOM (POTOHOB HECKOIBKHUX pa3-
HOBHIHOCTEH: (POTOHOB «CBETOBBIX», «TPABUTAIMOHHBIX» U T.A. UYTOOBI HECKOIBKO
noaApoOHel pa3oOpaThcsi B ITOM BOMPOCE, enié pa3 00paTUMCS K JIBHIKCHHUIO KPYTJIBIX

HEOCSCHBIX TeJI. (B cBS3M ¢ 3THM 3aMeTHM, UTO JABMKEHHE TI00BIX BellecTBeHHBIX Te (B), cormac-
HO MPUHSATOMY paHee, MPOUCXOUT TIPH MIATOBBIX YTJIaX MOBOPOTA T-BEKTOpa TB HaXOJIAIUXCS B
peaenax Ooé(p<450. Ho B neficTBuTENnbHOCTH, TOBTOPUM 3TO €LIE pa3, ABMKEHUE r00bIX Ten (B)
MO>KET MPOUCXOIUTH JIUILb NPU BETUUYHMHE YIIIa IOBOPOTA T-BEKTOPA ﬁ JIeXKAIIUM TJe-TO B Mpee-

nax g0 1° — cm. Tabm.1 u 2. [Ipu paccmotpenun puc.24 3To cieayeT UMETh B BUAY.)

18.2. U3 paccka3aHHOTO paHee MbI yXe€ 3HaeM, 4TO KakJas MaTepHalibHas TOYKa y
KPYIJIOro HeOECHOro Tejla B XOJ€ BPAILLEHUsI BOKPYT OAHOM U3 CBOMX OCEW 3a Bpems
To U3Jy4aeT IIomaaKy ummynbsca cuiibl ABB|A|. Kpome 3Toro mMul 3Haem, 4To €ciu
pa3ouTh JaHHOE TEJIO HA OT/AC/IbHBIC CEUCHUSI B MEPIICHIUKYISIPHOM HAIMPABICHUU 110
OTHOILIEHUIO K OCH €0 BPAIlEHUS, TO OKKETCS, YTO MOCIE U3IIYYCHUS BCE TUIOMIAIKU
ABB A, OyayT ABUraThCs TOJNBKO B MEPIICHAUKYISIPHOM HAIPaBICHUU K 3TUM Ceue-

HHUAM U TOJIBKO «BBECPX>» UJIN TOJIBKO «BHHU3» 110 OTHOIMICHUIO K HUM.
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[TosrTOMyY BCE TJIOMIAIKK UMITYJIbCA CHIIBI, U3JIy4aeMble KaKUM-JTHOO KPYTJIBIM
BEILECTBEHHBIM TEJIOM «M» BO BPEMs €ro BpalleHUsI BOKPYT Kakoi-In00 cBOEil ocw,
OyIyT yAaJsIThCS OT HETO B HAMPABIICHUH, BO-TIEPBBIX, MapaLIETLHOM K 3TOM OCH W,
BO-BTOPBIX, B CTOPOHY JIMIIb OJIHOW, HampuMmep, CEBEpHOM moayocu. [Ipuuém wu3
MOSICHEHUH K pucC.14 MBI 3HaeM, 4TO yAaJIeHHE U3Ty4aeMbIX HEOECHBIM TEJIOM ILIOIIA-
nok ABBjA; B CTOpoHy Ha3BaHHOW CEBEpPHON IOJIYOCH OYyAET MPOUCXOIUTH CO
CKOPOCTBIO, paBHOU ckopoctu pacnpoctpaneHus ceera C. Ilpu 3Tom kak Obl BHI-
pacTarIuii U3 CEBEPHOU MOIYOCH BUXPEOOPa3HbIN MOTOK UMITYJIbCA CHIIBI IETUKOM
OyZIeT COCTOATh U3 OJHUX «TPaBUTALMOHHBIX» Tuiomanok ABBA,. Ho kpome 3toro
31ech OyZeT MoIy4yaThCs TaK, YTO U3TydyaeMble I0’KHOM YacThiO Tella «M>» IJIOMIAIKU
UMITYJIbCa CHJIBI OYIyT BBIHYXKJIEHBI JBUTAThCS K CEBEPHON €ro OKOHEYHOCTH,
OYKBaJIbHO MPOAMPASCh CKBO3b BCIO TOJIIY ATOro tena. O4eBUAHO, YTO MO JOpPOTe
BCE ATH IUIOIIAJIKM MUMIYJIbCa CUJIbI OYAyT CTaJKUBAThCSA C YACTULIAMH BEILECTBA Y
Tena «m». He MeHee OYEBHUJIHO U TO, YTO ATO OyJaeT 00OpaymBaThCs JUISL TENa «m»
TE€M, 4TO OHO OyjeT pazorpeBarbces. [IpuTom Tem B Oosibllieil Mepe, yeM OOJbIITYIO
MJIOTHOCTD U YeM OOJIbIINE pa3Mepbl OHO OYIET UMETh.

[lo MHEHUIO aBTOpa, UMEHHO 3TO OOCTOSITENLCTBO SBIISIETCS TJIABHOW MPUYH-
HOM, MPUBOJAILIEH K TOMY, UTO HEKOTOPbIE JOCTATOYHO OOJIbIIIKME U IJIOTHBIE Hebec-
HbI€ TeJa pa3orpeBalOTCs JO TAKOM CTENEeHW, YTO HAYMHAIOT cBEeTUThCS. (CrenoBa-
TEJIbHO, TIPU ATOM OHM OyAyT UCITYCKaTh JIyYd CBETa, T.€. OyAyT U3Iy4yaTh (akTuyec-
KU T€ caMmble (POTOHBI, O KOTOPBIX 37IeCh BCE BpeMs roBoputcsa. Ho Tonbko 310 OyayT
HECKOJIbKO JIPYTHe, HECKOJIBKO KakK Obl apyroil mpupozsl miomiaaku. [Ipexae Bcero
MOTOMY, YTO BC€ OHU OyIyT 00sI3aT€LHO «CBETOBBIMHU», a HE «TPAaBUTALIMOHHBIMU»
IJIOIIAIKAMHU UMITYJIbca CUiibl. HecMOTpst Ha TO, 4TO OHM OyIYT UCIYCKAaThCSl TEM XKeE
CaMbIM BPAILAIOIIUMHUCS BOKPYT CBOEW OCH HEOECHBIM TEJIOM, B YACTHOCTH «M» Ha
puc.14. B camom pnene, BeAb M3TydyaeMble UM IUIOMIAJKH MMIYJIbCa CUJIBI OymyT
BO3HHMKATh YK€ HE MO MPUYMHE €r0 BpallaTeJIbHOTO BOKPYT CBOEH OCH JIBMDXKCHUS, a
BCJICICTBHE HAIPETOCTH TEja «M» J0 COCTOSHUS CBEUCHMSI.

Urak, B cocraBe R-mpsMoro uznydeHus: HEOOXOOUMO paziuyaTh HU3ITyYEHUE
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nepsuyHoe U emopuyroe. I'ne «epBUYHBIM» H3IyYCHHUEM HYXHO OYACT CUHMTATh,
OYEBHUIHO, U3NYUCHHE TPAaBUTALMOHHBIX TJIOMIA0K UMITYJIbCA CHUJIbI, BO3HUKAIOIIEE
U3-3a BpalleHUsl TeJI BOKPYT coOCTBeHHOM ocu (cM. puc. 8, 9, 10 u 14). Torga kak
U3IIy4eHHE, MPOUCXOIAIIEE C TOBEPXHOCTH CHIIBHO PA30TPEThIX HEOECHBIX Tel, OyaeT
SBIIATHCS «BTOPUIHBIM». [[OHATHO, UTO MOYTH BCE MEPEUNCIICHHBIE paHee Tuana3oHbl
U3ITy4eHUsI OTHOCSTCS UIMEHHO K BTopumdHOMY R-mpsimomy m3nydenuro. [Ipndaém kak
«TIEPBUYHOE», TAK U «BTOPUYHOE» M3TyUYCHHUs HA KPYTOBOM auarpamme puc.24 0yayt
HaxoquTcs cripaBa OT BeprTukambHoil jmHmn 0°—180° (kpome, Kak OKaxercs,
PEHTI€HOBCKOTO U OCOOCHHO Y-U3TyYEHUS — CM. HUXKE).

UToObI MOSACHUTH MTOYEMY UMEHHO TaM UX HYXHO PaCIOJIOKUTh, HATIOMHUM,

—
YTO TIpU P =180° mpomonbHBIH pasMep y Teda T-BekTopa AB okasbiBacTCS paBHBIM
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=90 o 6 paBen BemuunHe 3,62:107 [M"?] n T.1. OTKyna caeayer, uTo Ha KPyro-

Boit auarpamme (i B [Ipoctpancrse) ciesa ot smauH 0°—180° HAXOIATCS T-BEKTOPHI
E C JUTHHO#, MeHbIIei 1o oTHomeHHo K pasmepy 1,81:107 [m'*]. Tlostomy B 3Toit
obnactu AIIIl HE MOXET BAPYT BOHUKHYTh U U3IYUYUTHCS U3 HEE T-BEKTOP A?B y
KOTOPOTO JIJITMHA TeJia OKa3bIBalach Obl OOJIbIIIE 3HAYCHUS 1,81-107 [Ml/z]. 3Ha4uT,
TOJIBKO JIHIIb U3 APYTOif, U3 Haxomsuieics ciesa ot juann 0°—180° o6mactu ATIII
MO>KET BOZHMKHYTH U Jlajiee cyiiecTBoBath B [IpocTpancTBe Oosee kopomkosonrnogoe
usy4eHue NUAAMA30HOB Y-U3Ty4eHUs, PEHTT€HOBCKOTO M OTYACTH Jaxke yabTpaduo-
JIETOBOTO H3JIYyY€HHUS, HO HE MOTYT MOSBUTHCA M3IYyYEHHUs AUANA30HOB BUIUMOTO,
WH(}PaKpacCHOTO, PAJMOBOIIHOBOTO U IPAaBUTAIMOHHOTO AuanazoHa. To ecTh 001acTh
IIpoctpancTBa, nexanias ciesa ot ocu 0°—180°, cmoco6Ha mpoxynuposats R-06pat-
HOE U3JIy4eHHE U aOCOJIOTHO HE CIOCOOHA MPOAyHHpPOBaTh R-mpsiMoe U3IIydeHUE
—> '

T-BeKTOpOoB AB ¢ niMHOM Tena OonbIel BeTMUUHbBI 1,81-107 M.

[Tpu sTOM 1O Mepe MPOJBIKEHHS B 001acTh ei¢ OONBIINX 3HAUYCHUN «P» 3a
OTMETKY (p=2700, 10 MHEHHUIO aBTOpa, R-o0paTHOoe m3nydeHue OyIeT OKa3bIBaThCA
COCTOSIIIIUM YK€ HEe U3 Tel Y-(HOTOHOB, PEHTICHOBCKUX, YAbTPA(UOIETOBBIX U TEM
Oomnee TpaBUTALMOHHBIX (POTOHOB, HO OYJET COCTOATh, KaK Mbl ceiyac YBUJIUM, U3

TEJ «HACTOSAIMX» BEIIECTBEHHBIX yacTull. KcTtaTu rOBOPs, MOCJIC BCEIO U3JTI0OKCHHOI'O
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paHee CTaHOBUTCS OYEBHIHBIM, YTO BCE (POTOHBI PAJUOU3IYUYEHUS, BCE PEHTTEHOB-
CKue, Bce Y-(DOTOHBI M JTaXKe BCE TPaBUTAIMOHHBIC (POTOHBI SBJISIOTCSA TAKXKE HE UeM
WHBIM, KaK BEHIIECTBEHHBIMH YaCTULIAMH WU NOJIYYACMUYAMU, TTOCKOJIBKY Y HUX XOTS
Y HET MAcCChI MOKOSI, HO Y BCEX €CTh UMMYJIbC, €CTh «MACCA OBUNCEHUSLY.
BosBpalasich 1ocie 3Toro 3amedanus K jguamasony 270°<@<360° u mpog-
BUTasICh 10 HEMY IIOCTENEHHO BIIEPEN K 3HAYCHUIO (p=3600, T.€. IPOJABUTASICH B
o0nacTb BCE MEHbIIMX 3HAueHUM R;, HO BcE OONBIIMX 3HAUYEHHUH yIiia MIArOBOTO
noBOpoTa ¢ ; , OyAeT okas3biBaThes cienytouiee. CHayana, OMsITh K€ 0O MHEHUIO aB-
TOpa, MPU «@» HE OYEHb CHIIBHO MPEBBIIIAIOIIUX (p=2700 B R-00parHoM u3nydenun
OyIyT MOSBISTHCS CUIBHO HECTAOMIIbHBIE, T.€. OYE€Hb KOPOTKOKHUBYIIKE YyacTulibl. Ho
o Mepe pocTa «@» OHU OYyIyT CTAaHOBUTHCA BCE Oojee U Oosiee CTAOWUIBLHBIMU W,
3HA4YMUT, BCE OoJiee AONTOKUBYIIMMHU. HakoHel, mpu HEKOTOPOM «@» JOCTATOYHO
6amskoM Kk 3HaueHHio ¢=360" 310 R-00paTHOE M3TydeHHE OKaKeTCs CIOCOOHBIM
NPOJAYLIMPOBaTh TaKWE JOCTATOYHO CTAOWJIbHBIE YACTUIIbl, KAaKHUMHU SBISIOTCS
HeﬁTPOHBI (BpCMH JKU3HU KOTOPBIX B CBO60,Z[HOM COCTOsIHMH, KaK H3BC€CTHO, OKOJIO 15 MI/IH.)
[IpyuéM nOCKONBKY TENO HEHUTpOHAa BO3HMKAET B pe3yjbTaTe TPaAULMOHHOTO
JIBOMHOTO MOBOPOTa T-BEKTOpPA E B XOJI€ KOTOPOr0 CHayaja ero KOHIEBas TOYKa
«B» 3a Bpewms V2 T, nepemeniaercsi OTHOCUTENBHO MOTIOCHOM TOUKH «A», a 3aTeM 3a
TaKol K€ OTpe30K BpemeHu yxe Touka «A» MepeMeniaeTcsi OTHOCUTEIBHO BAPYT
OCTaHOBUBIIEHCS TOUkU «B» (cM.puc.17-a), To o0 cBOEeMy yCTPOMCTBY M3-3a 3TOTO
HEWTPOH MPUHUUIIMAIBLHO HUYEM He OyAeT OTJIMYaThbCsl OT YCTPOWCTBA TeJl, HaIpH-
Mep, CBETOBBIX ()OTOHOB, JOTOHOB PAAMO- M JIAXKE TPABUTAIIMIOHHOTO H3TYICHHSI.
OpHako MpyW JATBHEUIIIEM YBETUYEHUH «(» IMOJOKEHUE PE3KO U3MEHUTCS. ITO
OPOU30MAET B TOT MOMEHT, KOTJa B KaXXAOW CTauM JBOWHOTO MOBOPOTa T-BEKTOpa
—
AB Oyner nBuratbcsi TOIBKO Touka «B», a momtocHas Touka «A» BCE BpeMs OyneT
ocTaBaThbcs Ha ogHOM Mecte (puc.18). B pesynbrare 3TOro monyvaromniasicss 4yacTuua
OyZeT OKa3bhIBATHCS YPE3BBIYANHO CTAOWJIBHOM M JOJTOXHUBYIIEH. ITO OO0BICHIETCA
TE€M, 4TO TOo4ka «B» Oyner HaXoAUThCS B COCTOSIHUM HENPEPHIBHOTO JIBHXKEHHS

o 0
(HGCMOTpﬂ Ha MPOUCXOOAIINEC C HCU PC3KHUC IMOBOPOTHI HA 90 npu ABUKCHUU TO B
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mockoctu I1;, To B mockoctu I1,). N3-3a uero Bpems B Heil, kKak Mbl TeHEPh 3HAEM,
OyJeT TOJIBKO MPOTEeKaTh, HO COBCEM He OyneT mnuthbes. Uto o3HavaeT, uto Bpewms-
JUTUTEIILHOCTh HE OyAeT OKa3bIBaTh HUKAKOTO JCHCTBHUS Ha MPOILECC OBITHA TOUYKH
«B», 1 OHa MOATOMY, KakK YK€ OTMEYaJIOoCh paHEE, MOXKET CYLIECTBOBATH CKOJIb
yroaHo goaro. Ho Beap Touka «B» sBIIsieTcsl COCTaBHOM M HEOTAEIMMOM YacThIO Tea
—

T-BekTopa AB. Hy, a yxe ero uactpio siBiseTcs emé u Touka «A». [loatomy He
TOJILKO TOuKa «B», HO 1 BCE Teno T-BeKTOpa A_I)B BKJIIOUAs €T0 KOHIEBYIO TOUKY «A»,
OyZeT OKa3bIBaThCsl CYIIECTBYIOIIEM B OJTHOM TOJIbKO BpeMeHM-IBHKEHUH, T.€. OHO
MOCTOSIHHO OYAeT HaXOIUThCS TOJbKO Julllb B cocTossHuu C/IC 1 HU 0JJHOTO MTHOBE-
HUus He OyneT HaxoauThesi B coctostHUM CJIJ] (06 »Tux coctosumsx cm. c¢.71). Uro,
KaK MbI YK€ 3HA€M, XapaKTePHO ISl YACTHULIbl, UMEHYEMOU HPpOMOHOM.

Haxowerl, pu «@» odeHs 6amkoM k 9=360" B coctase R-o6paTHOro m3myue-
HUS MOTYT U, HaJ0 ToJjiarath, OyAyT BO3HUKATh TEJa YaCTHIl, C €l MEHBIINUMH IO
CPaBHEHUIO C IPOTOHOM IOMEPEUHBIMHU pa3MepaMH, B YACTHOCTHU, TeJla 91eKMPOHO8.

Takum oOpa3zoM, BepTUKAJIbHASI JIMHUS 0°-180° otaensier R-npsmoe, Haxonas-
meecss cmpaBa OT He€ u3iydeHue, oT R-oOpaTHOro u3nydeHHs, pacmoJIOKEHHOTO
cneBa. bonee Toro, oHa, BEIXOAUT, OTACISAET HAXOASIIUNCA cieBa MUp BUPTyaIbHbBIX
YacTUIl U U3JIYYCHUHN OT JIEKAIIEro crnpasa peanbHoro Mupa. Kpome 3toro momyqa-
€M, 4TO 4YTOOBI OKa3aThCs B cocTaBe R-00paTHOrO M3IydeHUs, TEJNO y JaHHOTO JJTHH-

—

HOTO T-BekTopa AB, kak ObLIO cka3zaHO Ha c.121, JEHCTBUTENBHO MOJKHO OymeT

CHauaJjia MpeBpaTUTHCA B HECKOJIBKO 00Jiee KOPOTKUX T-BEKTOPOB (cm. c. 144-145).

18.3. PaccmarpuBas emié pa3 Ta6n.l, Haxoamm, uto yxke mpu @=1° Benmumna
TPAEKTOPHOU CKOPOCTU Vr y IBHKYIIETOCA MO JIyre OKPYKHOCTH EE HEKOTOPOTO
BelecTBeHHoro Tena (B) OyaeT umeTh Ha KpyroBoil auarpamme (puc.24) CKOpPOCTh
cebitie V1=1.700 [km/cex]. B cBsi3u ¢ 3tum oOpatumcs K Tabin.2, B KOTOPOH Jyist
Ka)XJIO W3 IJIAHET COJHEYHOW CHCTEMbl NMPUBEACHBbI 3HAUYEHMS, BO-NEPBBIX, yria
IaroBOr0 MOBOPOTa ¢ [rpag], T.e. TOrO yrja, Ha KOTOPBIA 3a BpeMs T, yCIEBaeT
MOBOPAYMBATHCS PAJANYC-T-BEKTOP A_}>3 COEIMHSIOLIUN JaHHYIO TUIAHETY € MOJI0COM

eé npmxenus (¢ Comuuem). Bo-BTopeiX, B Ta01.2 yKa3aHbl BEIUYUHBI CKOPOCTH VT,

KOTOPBIC CBUACTCIBCTBYIOT O TOM, YTO BCC IJIAHCTHI ABMIXXYTCA IIO CBOUM 0p6I/ITaM C
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O0YE€HBb HEOOJIBIIION CKOPOCTHIO IO CpaBHEHMIO ¢ BenmnurHOM V1=1.700 [km/cex] .

U3 TOro, 4TO B Ta011.2 IIPUBCACHBI BCIIMUYHUHBI yIJIa UiA206020 TIOBOPOTA «P» Y

—
panuyc-T-BekTopa AB, cienyer, 4To yka3aHHble B HEH IJIAHETHI NEPEMENIAIOTCS MO

CBOMM Op6I/ITaM mraroBbIM o6pa30M, T.C. ABUIKYTCA, BO-IICPBBIX, TAK, KaK IIO

Taoauna 2

ITepuon yron Benuuuna

N Paccrossane | oOparmeHus HIarosoro _ TPAaeKTOPH.

JIaHeTa ot Conta T [cex] [IOBOpOTa (Riu;pi) CKOpOCTH
R = ‘53‘ ¢ ; ms [KM “paj] \2

[KMI/Z] Ri = ‘@‘1 [KM/CGK]
[pan]

Mepkypuii | 57,8:10° 7,6032:10° | 1,57-10°" | 9,07-107" 47,8
Benepa 105,9:10° 19,4140-10° | 6,15-10% | 6,51-10™" 34,3
3emist 149,6-10° 31,5619-10° | 3,77:10% | 5.64-10™ 29,7
Mapc 227,9-10° 59,3679-10° | 2,010 4,56:107" 24,1
IOnuTep 778,4:10° | 374,3874:10°| 3,17-107 | 247-10" 13,0
Carypu 1.427,0-10° | 929,7510-10° | 1,28:10~ | 1,83-10"" 9,6
VYpau 2.870,8:10° |2.651,6747-10° | 4,5-10* 1,29:-10° 6,8
Hemryn | 4.496,9-10° |5.201,0887-10° | 2,28-107 | 1,02:10™" 5.4

MHEHHIO aBTOpa, JBHXKYTCS BOooOIIe Bce cymecTByromme B Ilpupome Tema. Bo-
BTOPBIX, JABMIXKYTCSA TaK, YTO MX CKOPOCTb OKa3bIBAE€TCSI HECOMOCTABMMO MAaJoOil IO
cpaBHEHHIO co ckopocThio cBeta C. OgHako A Hac ceilvyac BakHAa HE IIaroBOCTb
JBM>KeHUd TuiaHeT. Ceilyac JJisi HAC BaXKHO TO, C KAKOW CKOPOCTBIO OHH JBHUIKYTCS T10
cBouM opbOutaMm. IIpUuToM HE B TOM CMBICIE, HACKOJIBKO HUX CKOPOCTb SBIISIETCS
Menbiien 3HaueHust V1=1.700 [km/cek], a B TOM, KaKOBa 3aKOHOMEPHOCTh €€ U3Me-
HEHUS MPU MEPEMEIICHUH 0 TabJIUIle OT OJHOM TUIaHeThl K apyroi. Kak Buaum, sta
3aKOHOMEPHOCTh XapaKTepHa CBOEH OJJHO3HAYHOUN yNOPsI0YEHHOCThIO, KOT/Ia MOCTe-
MEHHOMY yJalieHHIo MiaHeThl oT CoJHIa OTBEYAeT YMEHBIIAIOIIEECs] 3HAUEHUE €&
ckopoctd V1. Ho mo3BosbTe, €ciiu yuecTb, 4To Vr~ @, TO BE€Ab TOIAA OKAXKETCS, YTO
UMEHHO TaKHM CBOHMCTBOM 00JIalaeT 3aKOHOMEPHOCTh

(R;-@;)=Const. (17)
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Boeiunciaus 310 npousBeneHue A TUTaHET Tabi.2, oOHapyXHUBaeM, 4TO OHO B
Hel mpu nepexojie oT opoutsl HentyHa k opOure Mepkyprss MOHOTOHHO BO3pacTaeT
B mpexenax ot 1,02:107* g0 9,07-107"* [km"*pan]. ITpu sTOM BenmunHa pammyca
opOuTHI y TIaHeT (T.e. BenuunHa R;=AB,) ymeHbIaercs, Torja Kak BeJIMUMHA TPACK-
TOPHOU CKOPOCTH Vr (T.€. BEJIMUMHA P ; ) BO3pACTAET. A MOCKOJBKY BEIMUYMHA KOM-
wiekca (R;*@ ;) n1s GOoTOHOB BUAMMOTO CBETa UMEET 3HAYEHUE 5 ,69:1071° [KM” 2-paz[],
TO 3TO OOCTOATENbCTBO IMO3BOJSAET AyMaTh, YTO €CIM JaTh, Hanpumep, Mepkypuro
JBUTATHCS CO BCE BO3PACTAIOIICH CKOPOCTBIO, TO TIPU CKOPOCTH OJU3KON K CKOPOCTH
CBETa painyc ero opOUTHI YMEHBIIUTCS 0 BETUYUHBI R; = 1/3'0,57'1076 [M], HO IpH
STOM BEJIMYMHA COCTABIISIONICH Ey [IarOBOr0 UMITYJIbCa 714; COOTBETCTBYIOIIUM
00pa3oM, T.e. BO CTOJIBKO € pa3, o0s3aHa OyaeT yBeauduTbes. OgHAKO MO TaKoM
opOuTE U C TAKOW BETUYUHBI ECHOCO6H3 JIBUTATHCS JTUIIH TTyCTasi KOHIEBAsi TOUKA Y
T-BEKTOpa A% YCIEBAIOILIETO 3a BpeMs Ty MOBOPAYMBATHCS BO B3aUMHO IEPIEH/IU-
KyJnsipHbIX TiockocTsx 11 u I, Ha yron @ =170° (cm. puc.20-a, rae Acp=0,57-10"° m )

[TosToMy, eciiu CKOpOCTh Y MepKypusi CTaHET HACTOJIBKO OOJIBIION, TO C TAKOU
CKOPOCTBIO OYZIET IBUTAThCS YK€ HE BCE €r0 BEIECTBEHHOE TEJO0, a TEJIO BCETO JIUIIIb
onHoro (orona. Mnu, BepHee, KOMIAKTHAs rpymna (POTOHOB, KaXAbld U3 KOTOPBIX
OyneT OKa3bIBaThCA COOTBETCTBYIOIIECH TOUYEUHOW JOJIEH pacmaBIICiics Ha YacTH
miaHeTel. OgHAKO NI HAC 3/16Ch BAXKHO Jipyroe. Tak, Tenepb Mbl UMEEM IMPaBO HE

TOJIBKO I10JIaraTb, HO Ja>XC YTBCPIKAAaTb, YTO!:

B Teuenue xaxmoro uHTEpBaja Ty NOCTYNaTEebHOE IBH)KEHUE KaK LIEJIbIX TUIAHET,
TaK M OTJEJIbHBIX (POTOHOB MPOUCXOAMUT XOTS U C Pa3HOU CKOPOCThIO (cM.Tab. 1),
HO 3aTO B OCTaJIbHOM a0COJIFOTHO OJJMHAKOBBIM 00pa3oM: BO-IIEPBBIX, OHO BCEra
OKa3bIBAETCS KPYTOBBIM WU PABHOMEPHBIM, BO-BTOPBHIX, OHO BCEI/Ia SIBISETCS

—>
IIArOBbIM U, B TPEThUX, T-BEKTOpP AB, coeIMHAIOMMI IBUXKYILIEECS TEIO-TOUKY

«B» u montoc IBUKEHUS «A», 3a BCE BpeMsl To HE MEHSIET CBOEH JIJIUHBI.

[Ipu sTOM MOCIIE Ka)XA0r0 OMETAKUIETO JBOMHOIO IOBOPOTA CHJIOBOIO T-BEK-
TOpa /?B HO C «nycmoil» TOYKOU «B» BO3HMKAeT, HATOMHHM, IUIOIIAJIKa UMITYJIbCa
cunel ABB A, (cMm.puc.20-a), koTopasi cmocoOHa OKa3bIBaTh PeaJbHOE TOJIKAIOIIEe
NEHUCTBHE HA BCTpevarluuecs Ha ero nytu tena. [Ipuuém «mycras» Touka «B» (u
BMECTE C HEW COOTBETCTBYIOIIAS IIIOIIAIKA UMITYJIbCA CHJIBI) Yy T-BEKTOpa AB BCETIA

ABHUKCETCA CO CKOPOCTBIO CBETA C.
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—
Torma kak mocie OMETaloNMX MOBOPOTOB OTSTH K€ CHJIOBOIO T-BekTopa AB,

HO YK€ C «Henycmoit» Toukoi «B» B nmamnazone OO<(p<10 MOYET BO3HHKaTh Kak
MJIOIIAKa CIIOCOOHOT0, TaK M He CHOCOOHO020 OKa3blBaTh TOJKAIOIIEE JEWCTBHE
uMITylibca cuiibl. B mepBoM ciyudae 3TO OyneT IUIOMAJKa «TPaBUTALIMOHHOTO»
U3JIYy4EeHHS, 2 BO BTOPOM ClIydae 3To OyJeT mioniaaka cekropuainbHoro mytu ABCA,
(cm. puc.13 u puc.14) , T.e. momaaKa, B KOTOPOH CyOCTaHIIMS UMITYJIbCa CUJIBI CTajla
cyOcTaHIMell 1aroBoro orpe3ka nmytd. Ho mpu 3Tom rpaBUTallMOHHAs ILJIOIIAJKA
OyneTt ABUTaThCs CO CKOpOCThO cBeTa C, a momanka cekropuaibHoro mytu ABCA,
CO CKOPOCThI0, HUKaK He Oombiiei, yueM Vr=1.700 [ km/cek] .

Ecnu xe T-BexkTop A% OyIeT SABJISTHCS He CHJIOBBIM U K TOMY ke Touka «B» y
HEro OyJIeT «nycmoil», TO MOCIe €r0 OMETAIOIIEr0 JBOMHOTO MMOBOPOTa Oy/IeT BO3HU-
KaThb «mycTas» tuiomanaka ABJIA, (puc.6), T.e. moliaaka, HE 3amoJHEHHAs HU
cyocrannueit JIHC, Hu cyOcTaniuel UMmyiabca CHJIBI U TOBOpSIIAs JUIIL O TOM,
KOI'/Ia B nycmot KOHLEBOU Touke «B» y T-BekTopa j?B BpeMs TEYET, a KOrja OHO B
Hel juuTcs. UTo o3HAyaeT, 4To coOOCTBEHHO Bpewms, emé pa3 MOBTOPUM, HUKAKOU
SHepeuell He obaadaem.

Htak, XO0Td U ¢ BOOJIHE OYEBHUJIHOM HATSDKKOM, HO BCE K€ MOKHO CKa3aTh, UTO
JIEUCTBUIO BCEro OJHOM 3aKOHOMEPHOCTH (ry"@)=(R;*®;)=Const mogumHseTcs Kak
JBIKEHHUE OTIEIbHBIX (POTOHOB, TaK U IIEJBIX IJIAHET B XOJI€ UX IIArOBBIX Iepe-
MEILIEHUH 10 CBOMM opOuTam. B wacTtHOCTH, €€ NEeUCTBUIO MOJYMHSIOTCS Tela BCEX
«CBETOBBIX» U BCEX «IPABUTALMOHHBIX» (POTOHOB, MPEANOIOKHUTEILHO BO3HHKAIO-
uux npu R-npsmom nznydyenuu. boiiee TOro, MOKHO MojaraTh, 4TO AEHCTBUIO ATOM
K€ 3aKOHOMEPHOCTH MOJUYMHSETCS I1aroBOo€ MepeMeIleHHe BceX (OTOHOB U BCEX
3JIEMEHTapPHBIX YaCTHI], KOTOPbIE TakXKe MPEANON0KUTEIBHO U3IydatoTcs AOCOTIOT-
HO [Tycteim [IpoctpanctBom (AIIII) B x01e R-00paTHOTO M3ITydeHHUS.

B pesynbrare Bcero storo moiyuum, uro B Ilpupone cymiecTByeT Kak Obl
Hekuii Beeobmmit Kpyrosopot Bcero Cytiero B Heil. B xoze KoToporo mpoucxoaut
B3anMojieiicTBue Mexay R-mpsimbiM u R-00paTHBIM H3TYYEHUSIMH, COCTOSIIETO B
TOM, YTO OHM OOMEHHUBAIOTCS MEXAY COOOW HEKMMHU YacTsIMU CBOMX M3ITYYEHUH.
OnHako u3-3a JeUCTBUA CYIIECTBYIOINX 3aKOHOB CoXpaHEHUs 3TOT 0OMEH MPOUCXO-
JTUT TakuM o0pa3oM, 4TO MepelaBaeMble APYr APYry YacTH U3JIYyYEHUH BCSIKUU pa3
OKAa3bIBAIOTCS KOJIMYECTBEHHO paBHbIMU. M3 4ero Mo>KHO, KCTaTH, 3aKJIKOYUTh, YTO
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OKpyKarolasi Hac BcerneHHas sIBIS€TCS cmayuonaphoil M HE SIBISETCS HE HecTa-
LIMOHAPHOMU, KaK 3TO celyac CYUTAETCH.

Emé nomyuum, uto B [Ipupoje, noxoxe, ectb 1Ba MUpa: Mup BUPTyaJIbHBINA U
Mup peanshblil. Ectb Mup emé He Bo3Hukmux u3 Heap AlIILl ten aByHanpaBieHHBIX
T-BEKTOpOB 1-ro pona B xone ux R-oOpaTHOoro uznyuyeHusd, T.e. ecTb Mup eme He
pomuBmuxcst u3 AIIIl pazHoro poja M3nydeHUN W AJIEMEHTAPHBIX YaCTHUIl BEIIECTBA.
N ectb Mup yXe CylIECTBYIOIIMX 3JEMEHTAPHBIX YACTHIl U COCTABICHHBIX M3 HUX
OOJBIIKMX M MaJIbIX HEOECHBIX Tell, a TAKXKe IeNbIX ranakTukK. KoTopeie nmo mpuunHe
BpalIEHUs1 BOKPYT CBOMX OCEH YK€ camMH B xoz1e R-npsiMoro nsnydeHus oka3plBatOTCs
CIIOCOOHBIMU M3J1y4aTh HE TOJIKO BUHTOBBIE CTOJI0000pa3Hble MOTOKH I'PABUTAIUH,
HO M JIy4d BUJMMOIO M HEBUJMMOTIO I Hac cBeTa. IIpu 3ToOM MOXKHO cka3aTh, 4TO

—>

BcE MuposnaHue COCTOMT M3 TeJl BCEro OJHUX T-BekTOopoB l-ro pomga AB. D10
03HA4aeT, OYEBUIHO, YTO OTAECIBHO OT HUX Mupo31aHne HU CyIIECTBOBATH KAKOE-TO
BpeMs, HU JaXe BO3HMKHYTh He MOeT. Ho T.K. Teyna y T-BEKTOpPOB A% SBJSFOTCS
«TEJIECHO-0ECTEeNECHBIMU», TO U3 ATOT0 MOXHO 3aKIIOYUTh, 4yTO BcE€ Cylllee BOKpPYT
Hac ectb Huuto (ecth [lycToTa), 1 B TO ke Bpems 3To Huuto, Hao60poT, ecTh Beé.

Haxonen, BCE 37ech HM3II0KEHHOE IMO3BOJSET yTBepXkAaTh, 4to Ilycrora-
[IpocTpaHcTBO €cTh, Tak cka3aTh, UCTUHHAsE Martepus, ects [Ipamarepus, Torna kak
BemectBo ecTp BCEro nauuib MpOMEXKYTOUYHAsl craaus B €€ bbITMM, KOTOpOE, Halo
JlyMaTh, HUKOI'/1a HE HAYMHAJIOCh U KOTOPO€ HUKOTJa, BUJUMO, HE IIEPECTAHET BhITh B

CKOJIb YTOJIHO JaEKOM bynymem.

Takum o6pazom:

1. Bmomue Bo3MokHO, uTo B IIpupoje cymiecTByeT kak O0bl Hekuit Beeobmuit Kpyrosopor,
B X0/1€ KOTOPOI'0 BEIECTBEHHBIE TeJla, paciaaasich, IPEBPAIAlOTCI B COOTBETCTBYIOLIEE
MHOXECTBO TeJl «TeIeCHO-0eCTeNeCHbIX» T-BEKTOPOB 1-poza, a OHM 3aTeM, COEAUHSACH
MeXIy co00ii, HA0OOPOT, MPEBPAIIAIOTCS CHaYaJla B 3JIEMEHTAapHbIE YAaCTHILIbl BELLECTBA,
[IOTOM B aTOMBI 1 HAKOHEL[ B OOJIbIINE U MaJble BEIIECTBEHHbIE HEOECHBIE Tea.

2. Ilpm 3TOM OKa3bIBAaETCs, UTO CYLIECTBYIOT, [0 BCE BUIMMOCTH, HE OJIWH, a LIEJIBIX JBA
Mupa — Mup peanbHbIX Bemed U1 Mup BUpTyaidbHbIA. OTH Mupbsl B3auMOAEHCTBYIOT
MeX Iy coboii mpu momotu R-mipsmoro u R-o0paTHOTrO M3mydeHunit TakuM 00pazom, 94To
no xoxy Bceobmero Kpyrosopora anemMeHTsI peanbHOT0 Mupa CTaHOBSTCS JIEMEHTaMU
Mupa BUPTYaJIbHOTO, a SJIEMEHTHI BUPTYaTbHOTO Mupa, HA000pPOT, CTAHOBATCS HJIEMEH-
tamu Mupa peanproro. [Ipuuém BBUny cymectBoBanus B [Ipupoae n3BecTHBIX 3aKOHOB
CoxpaHeHHsT MOXHO TOJIaraTh, 9T0 OOMEH JIeMEHTaMU MEXIy YHOMSHYTHIMA Mupamu
MIPOMCXOANT BCETIA B CTPOrO PAaBHBIX KOJINYECTBAX.
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§ 19. |O sxBuBasenTHOCTH Macchl U dHepruu. | Bo3MOXHAs IPUYMHA CHUKEHHS
3 EKTUBHOCTH ACHCTBHS Y PEISTUBUCTCKOIO MMITyJbca CHibl P B ciydyae,
ecii V—C.| Bo3MokHAS NPHYMHA V/IePKHBAEMOCTH OCH T'MPOCKONA B
HEM3MEHHOM HanpasjieHun. | Bo3moxHo, uto kpome D ~ m B IIpupome
HMeEEeT MECTO €IlEé U [Ml/z] ~[krc] ~[cek] \

19.1. B cneuuansHoi Teopuu otHocutenbHocTu (CTO) npuBoastcs Gopmyibl, CBs-
3BIBAIOLIME HEPTUIO Tena E, ero ckopocTs v, UMIyJabC p U Maccy m:
E’ —p202 = m*c’ (18)
p= E—ZV . (19)
C
Ecnu nonoxuts, uto B popmyne (19) ckopocts v=0, To BMecTo (18) monyuum:
Eo = mc’. (20)

DTO KaK pa3 U €cTh 3HaAMEHHUTast GopMyna CBSI3H MACCbl U dHep2uu, B KOTOPOU
Benn4YuHy E( 00BIYHO UMEHYIOT «3HEpruei nokosi». B cBs3u ¢ 3TUM BO3BpaTUMCS Ha
c.127, rne Obina HaiimeHa GopMya ISl BEIYUCICHHUS UMITYJIbCA CHJIBI, HAXOMISIIETO-
Cs B TeJIE MOJEIHLHOIO HEUTPOHA B HEKOTOPBINA JaHHBIN MoMeHT Bpemenu-Ceituac 7.

Tounee, TaM ObUTM HaljeHa ¢GopMmyaa UIsI BBIYMCIACHUS BEIWYUHBI IUIOMIANH Y

mwiomanky ABBA, B equuumax [M'"2]% okaseiBaromeics pU ATOM Kak OblI TEJIOM

HEWTpoHa Ha puc.l7, koTopas okazanach Takou: momaas ABB 1A=1,99-1" [M"*]%

122
]

Ho T.x. [M ~[KIC'CeK], TO MPEBpPATHUB BEIWYMHY IUIOIAAN Yy IUIOLIAIKHU

ABB/A; B [Ml/ 2] > g BEJIMYMHY UMITYJIbCA CUJIBI B [ KIC'CEK ] , HAIIOJHSOLIETO €€ TENO,

122
]

BMecTo wommaau ABB 1A1=1,99'71:'r2 [M MIOJy4YUM:

2
P~ 1,991 1" [Krccek] .

% ..

Hamomunm, uto 3aech 1 =| AB| — a0 NPOTSHKEHHOCTH BekTOopa AB B enuHu-

12
max [M

], KOTOpBIN B XOJI€ BBINIOJHEHHS JBOMHBIX IOBOPOTOB OUEPUMUBAET BHEITHUE
—>
pa3Mmepsl HelTpoHa Ha puc.l7. Ho, T.x. Touka «B» y T-BekTopa AB Oyner sBasThCS

«IIYCTOM», TO €€ CKOPOCTh B XOJI€ €ro JBOMHBIX MOBOPOTOB, COTJIACHO HAWJEHHOMY

%
, T.€. pPaBHOM C=n| AB

Ha ¢.97, 6yner paBHoit Cr=m" | A_B) , mockonbky B [lpupone
HMMEETCS TOJIBKO OJHO 3Ha4€HUE CKopocTH cBeTa (cM.c.160-161).
[TosTOMy, YMHOXHUB M Pa3eiIMB MPaBYIO YacTh MOCIECIHETO0 COOTHOIICHHUS Ha
«TT», TIOJIY9HUM, YTO:
c2
P~ 1,99‘7 [Krc-cek ] (21)
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Ecnu tenepp,— umest B BUAY, 4TO Macca 3JIEKTPOHA SIBJIIETCS HECOMOCTABHMO
MQJIOW IO CPABHEHUIO C MAacCOM Kak MPOTOHA, TaK U HEHUTPOHA, — MOJOXKHUTh, YTO
10001 BEIIECTBEHHBIM OOBEKT COCTOUT TOJBKO JIMIIb W3 OJHUX HEUTPOHOB U
MIPOTOHOB, & UX CYMMAapHOE€ YKCJIO B TeJie€ JaHHOTO 00BbeKTa paBHO «N», TO BMECTO

(21 ) MmoxHO Oy/eT HaMmUCaTh:
2

Eqg~ 1,99 & [krcecek], (22)
T
/i€, COIVIACHO U3JI0)KEHHOMY paHee, Ej — ecTh BennumHa enié He M3pacxOoJOBaHHON
sHepruu (eé He npeBpaTUBLIeHcsa B padoTy 3Hepruun), a N — pocTo 1es10e Yucio .
Otkyna mocie yMHOXEHUS JIEBOW M MpaBoi 4acTH (22) Ha eAVHUILy BPEMEHU

[CeK] IMOIy4YnM:

[ceK] .C?

Eq [krc-cek] [cex] ~ 1,99- N [kre-cek].

112
1 ~[krc]~[cek], u uTO E, [krc-cek-cex]

Teneps, IpUHSAB BO BHUMAHHE, YTO [M
€CTh HE PHEPrus MOKOs, a €CTh IPOCTO IHEPTHS D, TOKIACCTBEHHO PABHAS BBINOJHEH-

HOM paboTe A, T.e. D =A [Krc'M], MOXKHO Oy/IeT 3amncaTh:

2 2
Nlcex]|- C w3 ~ 1,99- Nl[krc]- C ’
e I

9~1,99-

r7e paHee HEMMEHOBaHHOE B (22) menoe umcio N crano uMeHoBaHHBIM N [Krc].

3ameHuB Tenepb auTepy N Ha m, MOTyYUM:

, 2
mlxre]- C* [krc-cex] wmm O ~ 1,99'ﬁ [xkrem],  (23)
. s

9 ~1,99-

rae m — cymMmmapHas Macca N-uucia MpOTOHOB U HEUTPOHOB.

N3 conocranenus (20) u (23) BUAHO, YTO XOTS MPU OTHICKAHUH CBSI3U MEXKIY
«9» U «m» UCIOJIb30BAIUCH PA3HBIE MOAX0/IbI, HO KOJIMUYECTBEHHO pe3yabTarhl B (20)
1 (23) mpakTUYECKHM HE OTIMYAIOTCS APYr OT Apyra. Uto co Bced OYE€BUIHOCTHIO
TOBOPUT B MOJIb3Y MPEIJIAraeMoro 3/1e€Ch U UCHOJIb3YIomero «Metoa Tpéx mocryna-

TOB» HOBOTO CITOCO0a OMHUCaHUs OKpy’Karomero Hac Mupa, B KOTOPOM Kpome D ~ m

172

MMEET MECTO, KaK 0Ka3aJloCh, TENEpPb €ME U [M ] ~[Krc] ~[ceK].

19.2. Bosspatumcs k §13 u monoxum, uro xopaa B-C Ha puc.12 npencraBisieT
—
co0o¥ Tenmo T-BeKTopa UMITyibca Pgyyyy, IeHCTBYIOMEro Ha Hekoe Teio (B), Haxomns-

nieecst B myHkTe «C». Ecnu ke teno (B) Oyner HaxoauThest B myHKTe «JI» uinm «E»,
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—
TO OHO OYJET MOoJBEpPraThCs ACHUCTBUIO T-BEKTOpa UMMYJbca Pgyyy, JUTMHA KOTOPOTO

paBHa JuyiHe Xop/bl cooTBeTcTBeHHO B-/] u B-E. To ectb, uTo6HI TENO (B) ycnesano
~ —/

3a BpeMs Ty lepeMerarbest o Bo3pacraromum orpeskam nyru BC, B/, BE u 1.1.,
—
€ro HYXHO TOJIKaTh B CIIMHY BCE OOJIbILIEH BETMUUHBI UMITYJILCOM Py

Emié u3 nokazanHoro Ha puc.12 BUAHO, UTO BMECTE C POCTOM CKOPOCTH JIBHIKE-

— —
Hus Tena (B) Bcé BpeMsi yBenmuuBaeTcsi cocrasistomas P, y umnynsca Pgyyy , T.€.
—

BcE OombInie u OoJbIne Bo3pacTaeT 1ois Y Pgyyy, KOTOpast TEpSETCS UM Ha U3ITYICHHE.
—
Toraa kak BTopas cocrapisomast P|| cnauama BospacraeT mpu 0°<@<90°, a 3atem

npu 90°<@<180° mocrenenHo ymenbimaetcs. T.e. MONydaeTcst Tak, 4To Kak 051 3 hek-

—
TUBHOCTbH IIPEBPALCHUE COCTABIAIONIEH P|| B OTPE3KU 1IaroBOro IyTH CHayajaa BO3-

pacraert, a 3aTeM OHa yMeHbIaeTcs. YToObl YCTaHOBUTH 3aKOHOMEPHOCTh MU3MEHEHUS
—
3 (HEKTUBHOCTH NEHCTBUSI COCTaBISIONICH P||, emé pa3 UCIOIB3yeM COOTHOIICHUE

|:Ml/2:|

~[Krc]~[ceK] W mpeacTaBUM pPa3MEpHOCTh [Krc'cek] y Py B BUlE [M].
Torga MoxHO OyJIeT 3amucaTh:
— — .
| Pay | [M] = | AB | -2Sing/2 [m],
_’
rae AB — Teno He U3MEHSIOIET0 CBOCH JJIMHBI OTpe3ka (DU3NYeCKOl JIMHUHA (T.€. 3TO

12- 172
€CTh TEJO T-BEKTOpa 2-TO pojia C pa3MEpPHOCThIO [M]=[M M) ~[krc-cex], mmuHa
—
KOTOPOTO | AB|=Const).
Ho onnoBpeMeHHO ¢ 3TuMm (cM. puc.12) MOKHO HanucaTh:
— —
|Pj|| [M] = | Pgyuu | -Cos/2 [m].
—
OTKyza Moc/e TOACTAHOBKH B 3TO YPaBHEHHE BEMMUHHE! | Py | momydmm:
— — _
| Py|] 50 [M] = | ABI- Sin ¢ [m],
—> —> .
TO €CTh |P|\ | 5ol Kre-cex ] ~ |AB|-Sin @ [m],
o o o —>
eclii BeJInuMHa AeicTByromei Ha Teno (B) cocraBnstomeit P|| OyaeT uMeTh NpUBbIY-
HYIO0 HaM pa3MEpPHOCTB [KIC-CeK].
[locnennue nBa paBeHCTBA TOBOPST O TOM, UYTO MPH HE MEHSIOIICHCS BETMYHUHE

—
ToNKAImero uMiyibea | P||| 5bdeKTHBHOCTD ero meiCTBHS Mo Mepe pocTa Tpaek-
TOpPHOU cKOpocTH Vr y Tena (B) (mo mepe pocra yria maroBoro moBopoTa «@» y

—>

T-BekTOopa AB) m3mensiercs. I[lputom Tak, uTo 3((EeKTUBHOCT MPEBPAIICHUS 11aro-

—
BOI'0 MMITYJIbCA CHJIBI P|| B IIAroBbIE€ OTPE3KU MyTH CHavaja MOCTEIIEHHO BO3PACTAET
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B muanazone 0°<@<90” mo 3akony Sing or 0 %, mo 100 %, a 3aTem mo ToMy Xe
3aKOHY YOBIBae€T B JHMAla3oHe 9OOS(p318OO 0 HYJEBOIO 3HAYCHHUs IIpH (p=1800.
PaBencTBO HY/IO |F\’| | 5o TIpH «@» Gim3koM K =0 0GBSCHSIETCS TEM, UTO [PH ITOM
BEJIMYMHA W3JIYYECHUS Yy IIOYTH HEMOJBWXHOro Ttena (B) wmMeer mnpakThdecku
OECKOHEYHO OOJBIIYI0 BEMUYHHY (CM. Trpaduk pys; =f(@) Ha puc.11), Torna kak npu

—
(p=900 M3ITy4eHUE PaBHO HYIIO, a 9PPEKTUBHOCTH NEUCTBUS 1P |50 pasara 100"

Kak u3BecTHO, Bce BelIeCTBEHHBIE T€la HEMOAATINBEI K HACTYIUICHUIO JIBKEHHSI IIPU Tepe-
X0ZIe K HEMY U3 CBOETO COCTOSIHMS MOKOs. [Ipndém sTa HEemomaTIMBOCTh SBIAETCS TeM OOJbINEH,
yeMm OonpmmuM OyneT Bec Tena, yeM Oombinedl Oymer ero macca. Emé msBectno, yro mpu V=0
1r000€ Temo MMeeT HauOOJNBIIYI0 HEMOJATIMBOCTD: MOKOSIIEECs TENl0, KaK MBI 3HAEM IO OIBITY,
OYEHb TPYJHO 3aCTaBUTh ABUraThcs. Ho mo mepe pocta Vr oHO BCE MeHblIe OyAeT Kak Obl MPOTH-
BUTHCSI O/JMHAKOBBIM IIIArOBBIM TOT4KaM B criuHy. [loatomy, ecan npu Vr=0 faxe CUIBHBIA TOTI0K
T-BeKTOpa AB Oyzer npeBpamatbcsi B COBCEM HEOOIBIIOH JUIMHBI LIATOBBIH MyTh, TO C POCTOM V1
TONUKY BCc€ Toro ke T-BekTopa AB=Const Oynet orBeyats BCE OOJbIIEH BETMUUHbI OTPE30K MyTH
(yckopeHHoe J1B-€). UTo Kak pa3 M 03HauyaeT, yTo 3pPEeKTUBHOCTb JeiicTBUS ummynbca P|| paBHa
0 % npu V=0 (T.e. npu (p=00) u pasHa 100 % npu (p=900. OpHako mpu JambHEUIIIEM POCTE «(P»
BMECTO YBEIMUCHHS s dexTuBHOCTH |Ill| 0 _H’a‘-IHéTCSI e yMeHbllIeHUE (3aMeyieH.1B-¢). [loTomy,
4TO y BETHIHHEI Pgyy, cocrosimeit uz P|| u Py (CM nmn.1,2 u 3 Ha ¢.97 u puc.12), BEJIMYHMHA COC-
TaBIAIOLIEH PL CTAaHEeT TPEBBIIATE BETHYHHY P\| BcE Oosblle U GonblIe 10 TeX  TIOp, TIOKa P|\ HE
CTaHET PaBHOM HYIIO, a P, | HE CTAaHET PaBHOM PBHm, T.€. TOKa COCTABJIAOIIAs P\| y>1<e Ooiee He
_CMOXET HPEBPAIIaTLCs JaXe B KPOXOTHBIH OTPE30K 1AroBoro myTH, a Py Mpy ¢=180" ne craner
P, =Pgy11, KOTOPHBIH TOTYAC OyAET PACX0O0BATHCS TOJBKO JIUITH HA H3TYYEHUE B TPOCTPAHCTBO.

_'

Onmnako 310 yosiBaHUE d((HEKTUBHOCTH JEHCTBHS UMITyJIbca P|| TPOUCXOIUT,

BO-IICPBBIX, YXKC IIPpW TaK HA3bIBACMBIX PCIATHUBHUCTCKUX CKOPOCTAX JIBHIKCHUA.

HpI/I‘-IéM, KaK ITOKa3bIBAOT BBIYUCIICHUS, IMPUBCIACHHLIC B Ta6ﬂ.3, 3HAa4YCHHUC BCJIU-

) 2
9UHBl Sin @ ¥ 3HAYCHHE KOPHS | _ VT2 IIPY BO3PACTaHHUH «(» SBISIOTCS JIOCTa-
Cr

TOYHO GIH3KUMH APYT K Apyry (mpu ¢=140" oHI BOOGIIE OKA3BIBAIOTCS IPAKTHIECKH

COBMAJAIOIIKMU). JIeHCTBUTENBHO, €clii O003HAYUTh BEJIMYMHY KOPHS

yepe3 «P» W 3aTeM MPOU3BECTH BCE HEOOXOIUMBIC BBIYHUCICHUS, TO B Pe3yJIbTaTe

MOJTYIHTCS CIICYIOMast Ta0IuIa.

Tab6auua 3.
0] V1 [kM/cek] B Sin @
120° 199.861,6 0,745 0,866
140° 233.171,9 0,628 0,642
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160° 266.482,2 0,458 0,342
170° 283.137,3 0,328 0,173
175° 291.464.,9 0,234 0,087
177° 294.795,9 0,182 0,052
178° 296.461,7 0,148 0,034
179° 298.126,9 0,105 0,017

( B sroit Ta6J'II/II_Ie 3a CKOPOCTb CBCTAa NMPUHHUMACTCSA HEC TCOPCTHYCCKHU BO3MOXKHAsA CKOPOCTb CBCTa

—>
Cr=m | AB | =314.159 km/cek, a peanbHas ckopocTb C=299.792,5 km/cek.)

W13 Ta6:1.3 BUAHO, YTO B YKa3aHHOM B HEH JHAMAa30HE yIiia «(» BeInIuHa «[3»
KOJIMYCCTBCHHO U3MCHACTCA 110 CPABHCHUIO C BEIIMUMHOM Sll’l(p MPAKTUYICCKU OJJUHA-

KOBBIM 00pa3om. [losToMy MOXKHO, MOXKaIYyH, Jaxke yTBEPKIATh, UTO:

O PeKTUBHOCTh MEHCTBUS PETMATUBUCTCKOTO WMITYJIbCA CHIIBI, BRIYUCIIIEMAsT

no Qopmyne p = , YMEHBIIIAETCA TPH TOCTETICHHOM NPHUOIMKSHUN

CKOPOCTH « V » Yy TCJIa « N » K BCJIUYNHC CKOPOCTH CBCTA « C », OBITH MOXCT,

COBCEM HE MOTOMY, YTO C POCTOM « V » SIKOOBI BO3pacTaeT BEIMYMHA MAcChl y
—
TeJa « M », HO TIOTOMY, 4TO BCE€ O0siee BO3pacTaeT BeIMIMHA COCTaBIstonet P,y
—
Iar0OBOT0 UMITYJIbCA CHIIBI Pgyyy, pacxogyemasi 3TUM TEJIOM « M » Ha U3Jy4eHUE B

okpyxaromiee [IpoctpancTBo.

—

. 0
[Tpuuém npu @=180" yxe Bcs BenuunHa Pgyyy Oyzer pacxoaoBaTbCs Ha OZHO
TOJIBKO M3JlydeHue B OKpyxkatoniee [IpocTpaHCTBO, M MO3TOMY HUKAKOIO JIajlbHEH-
IIET0 YBEJIUYEHUS CKOPOCTU ABMWXKeHMs Tena (B) momyuuth He ynacrtcsi, Kakoud Obl

—
OOMBIION BEeIMUUHON HU 00J1aan Toakaromuil Teno (B) B cniuny umnynbse Pgyyy.

19.3. Bcé 3mech yxe pacckazaHHOE B OTHOIICHUHU W3JIyYEHHUS IJIOMIA0K UMIYJIbca
cumsl ABBA;, TpoHCXOAAIIEro TpH BpalleHWH HEOECHOTO Telna «Mm» BOKPYT
HekoTopoit ocu O;-O,, Hy)HO OyJeT IPOCTO MOBTOPHUTH, €CIIH PACCMAaTPUBATh U3ITY-
YEeHHUE TeJla poTopa B KaKOM-TH00 rupockorie. [TotoMy uTo MHTEpecyromiee Hac 31ech
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M3y4YCHHE, HANpUMep, Y 3eMJIM U Yy HAXOJAIIETrocs Ha €€ MOBEPXHOCTU THPOCKOIA
pa3nuyaroTcs JIUIIb pa3MepaMi U MOIIHOCTBIO BUXPEBOIO MOTOKA WUMITYJIbCA CHJIBI,
MPEANOJI0KUTEIbHO BO3HUKAIOUIUMX Yy 3€MIIM, 4, 3HAUUT, U y POTOpa THPOCKOIA B
ClIy4ae ero ObICTpOro BpaICHHUS.

B camom nene, ecnu, coxpaHsis OCh pOTOpa B HEKOTOPOM OJHOM TOJIOKEHHH,
€T0 TeJO0 PACKPYTHUTH JO TaKOW CKOPOCTH V1, 4TOOBI €ro M3IYICHHE OKa3bIBAIOCH 110
BEJIMYUHE COMOCTABUMBIM C U3JIy4e€HHUEM 3eMJIU, TO 3aT€M OCh poTopa OyJeT coxpa-
HATb, HAJO IOJarath, CBOE IMOJIOKEHUE B MpocTpaHcTBe. Eciu, KOHEYHO, B XOJe
BpallleHUs1 poTopa €ro Telo BCE BpeMs OyleT cierka MOJATATIKUBAThCA TaKUM
00pa3zom, yToObI CKOPOCTH €0 BpallleHusl He U3MeHs1ach. [ljist Toro 4To0bl BEIMUUHBI
U3IIy4eHUs] 3eMJIM U TUPOCKOIA OKa3aJIUCh COMOCTABUMBIMH MEXIYy cOOOH, JoIyc-
THM, YTO BCE€ BEUIECTBEHHBIE TOUKH 3KBATOPUAIBHOM IIIOCKOCTH y 3€MJIM U3JIY4arOT
TaKOM K€ BEIWYMHBI BUXPEBOU HMITYJIbC CUJIbI, KAKOW BEIWYUHBI U3IIY4YalOT TOUYKHU
MONIEPEYHOI0 CEYEHUsl Y poTopa rupockona. Toraa npu quaMmerpax COOTBETCTBEHHO Y
3emumm 12.756 kM 1 potopa rupockona 40 MM mojrydaum, 9to BMecTo 1 obopora 3a 24
yaca y Teja 3eMJIM TeJI0 POTOpa JOKHO OyIeT COBEpIIUTH yKe 4yTh Oosblie 220
ThICSIY 000poTOB 3a 1 mMuHyTy. I[IpaBma, mpu 5ToM Ha TOYKM Teja poTopa OymayT
OKa3bIBaTh JICUCTBUE CIMIIKOM OOJBIION BEJIUYUHBI IIEHTPOOEKHBIE HUMITYIbChI
cunbl. [loaTomy, a Takke IO APYyrUM MPUYUHAM €r0 A0 TaKOW CKOPOCTH BpalCHUS
HUKOT[Ia, pa3yMeeTcsl, JaKe W He MBITAIOTCS PACKPYTHTh. Tem Oojee, 4To yke mpu
10-15 ThIcuax 00OPOTOB B MUHYTY TEJIO U OCh pOTOpa OYIyT AJOCTATOYHO YCTONYUBO
COXPaHATH CBOE MOJI0KEHHUE B IPOCTPAHCTBE.

OpnnHako XOTs ObI M IO TaKMX 00OPOTOB, HO TEJIO POTOpa BCE YK€ MPUXOAUTCS
PasroHATh. DTO OOBSCHSAETCS TEM, UYTO JIUIIb MO JOCTHKEHHH TaKOTO IOpsaKa
CKOpPOCTH BpalI€HUs BCE TE€Ia T-BEKTOPOB A%, KOTOPBIE COEIUHSIIOT MaTE€pUaJIbHbIC
TOYKM TE€Jla POTOpa TMPOCKOIA C OChIO €ro BpAILCHUS, HAUMHAIOT yCHEBaTh MOBO-
pauuBaThCs 3a BpeMS Ty HAa TaKOW BEJIMYHMHBI YTOJI ( , YTO BETUYMHA UMITYJIbCA CUJIBI,
OKa3bIBAIOIIETOCS MPH 3TOM 3aKIIYEHHBIM B  Kaxaou mmmomagke ABBAj,
U3JIy9aeMOM COOTBETCTBYIONICH MaTEpPHAIIBHOW TOYKOW Teiaa poTopa, OyaeT IOoJry-

YaThCs JOCTATOUYHO OOJILIION.

187



[Tpu »TOoM, ecnu Tipu BpallleHUH 3eMJIU OHA JEUCTBUTEIHHO U3JIYy4aeT Kak Obl
cT0JI0000pa3HBIN M KaK BUXPh KPYTAIIUNICS MTOTOK UMITYJIbCa CUJIbI, TO TOTJA MOXKHO
OymeT pacCUMTHIBATH HA TO, YTO XOTS U TOPA3/I0 MEHBIIINX Pa3MEPOB U MOIIHOCTH, HO
COBEPIICHHO TAKXXE YCTPOEHHBIN BUHTOOOPA3HBIN MOTOK UMITYJIbCA OYJET U3JIy4aTh U
KaXIbplld OBICTPO BpAIIAIOIIMKCSA POTOp B THpockomax. OIHAKO, CKOJIBKO-HUOYIb
CHUCTEMATHUECKUX W TeM Oojee IeleHaNpPaBICHHBIX IOMBITOK 3aperuCTPUPOBATH
HaIIPaBJIEHHOE B CTOPOHY TOJIBKO OJHOM MOJyOCH POTOPA U3IyUYEHHE O HACTOSIIETO
BPEMEHHU HE NMPEANPUHUMAIOCh.

Mexnay TeM, Kaxaas «rpaBUTallMOHHAs» omanka ABB A, uznyuénnas te-
JIOM poTOpa, OyIeT OKa3bIBaThb HA BCTPETHBIIEECS MPENSTCTBUE XOTSA U OYEHbH He-
00JBIII0€, HO B MPUHITUIE TOYHO TaKOE K€ JaBJICHHUE, KaK U JIy4d COJTHEYHOTO CBETA.
Ho cymectBoBanme naBieHMs CBETOBBIX JTy4eil Ha TBEPBIC TENIa, KaK H3BECTHO, OBLIO
SKCIIEPUMEHTAIBHO OOHapyxeHo M u3MmepeHo emE B 1899 rony I1.H.JleGeneBbim.
3HAUUT, U BUXPEBON IMOTOK HMITYJIbCA CHIIBI, MPEINOJIOKUTEIBHO H3ITYy4aeMblil
POTOPOM THUPOCKOIIA, TAKKE BCE K€ MOKHO OOHAPYKUTh, €CIIM TMPUIIOKHUTH K TOMY
HE0OXOAMMOE CTapaHue U YyMEHUe. A T.K. COOTBETCTBYIOIIUN KCIIEPUMEHT PAHO UITU
MO3AHO OyJeT BBITIOIHEH, a PEe3Y/IbTAT €r0 MPU STOM OyIeT OKa3bIBaThCS, 10 MHEHUIO
aBTOpa, MOJIOKUTEIBHBIM, TO YK€ CeHYac Ha OCHOBAHMM BCETO W3JI0KEHHOIO B
JAaHHOM pab0Te MOKHO YTBEPKIATh, YTO:
VaepxaHue ocu poTopa TUPOCKOIA B OJTHOM MOJIOKEHUU €CTh Pe3yJIbTaT U3Jyde-
HUSI KOKJIOW TOYKOM Tejla €ro Bpallalollerocs poTopa YacTH HUMIYJbCAa CHUJIIbI

— —

nHepuuu Pyy B BUIE €ro coctapisitomen (Pyy),, KOTOpPOE, paCIpOCTPAHSACH 3aTEM
B okpyxarwmiem I[IpocTpaHCTBE B CTOPOHY HPOJOJKEHHS OJHOW W3 TOJYyOCEU
poTopa B BHJI€ PABHOTO €r0 JUAMETPY, IMWIMHAPUYECKOro 1o (opme cToibo-

00pa3HOro TMOTOKAa MMIYJIbCa CHIIBI, Kak pa3 M co3AaéT 3PQPeKT YIMOMSIHYTOTO

YACPKaHUA OCHU POTOPAa B HC MCHAIOIMICMCS TTOJIOKCHUU.

Hrak:

1. Ecnu Hekoe Teno (B) aBmxercs mona AeHCTBUEM TOJIKAIOLIETO €ro B CIIUHY MOCTOSHHOMN
BeNMYUHBI uMIynbca cuibl Pppp=Const , To ¢ pocToM ckopocTu Tena (B) B marosbie
Y4aCTKHU IyTH 6yueT PEBPALIATECS HE BECh Pgyni, a mumb ero 3pQexTUBHAs COCTaBIIs-
fomas |P|\ | 3 = |AB| Sin @, rae |AB| — coenuHsronui Teimo (B) ¢ momrocoM ero
JBUOKCHHAS «A» OTPe30K (U3NYCCKOW JUTMHBI [M], BEJUYMHA KOTOPOTO DKBHUBAJICHTHA
pe3ynbTaty aenenns Ppgyp Ha 2-Sin@/2.
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§ 20. st Bo3suKkHOBeHUs BcesleHHOM He HYKeH 0bl1 HUKAKO0I HAaYaJIbHbI
TOJYOK WJIH B3PbIB. | Ilapagokc BO3MOKHOIO CyIIECTBOBaHUA «BceoOiero
NPUHINAINA ABYEIUHCTBA OBITUS IPSIMO MPOTHUBOMOJIOKHBIX CYOCTAHIIUKI»

20.1. Urak, okpyxatromuit Hac Mup BCE e yCTpOeH, BO3MOKHO, HECKOJIBKO MHaYe,
4eM Mbl aymMaeM. M mpexnae Bcero, COrIacHO M3JIOKEHHOMY B 3TOW KHMXKKE, 3TOT
Mup B CBOEH OCHOBE YCTPOEH, KaK OKa3aJloCh, JOCTATOYHO MPOCTO. [[elCTBUTENBHO,
KOHCTPYKIUs Bcero Mupo3gaHusi sIBISIETCS MOCTPOEHHOW BOBCE HE M3 OTPOMHOTrO
Yuclia caMblX pa3HbIX MO (opme, pa3MepamM M CBOMCTBAM 3JIEMEHTOB, T.€. HE W3
CaMbIX Pa3HbIX MO THUIY CBOEr0 yCTPOICTBa 3J1IeMeHTOB. HanpoTuB, Kak BBISICHUIIOCH,
BCSA €ro KOHCTPYKIUS COCTOMT XOTS W JCHCTBUTEIBHO W3 OIPOMHOr0O 4YHUCIa
VCXOJIHBIX 3JIEMEHTOB, HO W3 JJIEMEHTOB BCErO0 OJHOTO THUIIA, & UMEHHO U3 CaMOH
pa3HOW JUIMHBI, HO BO BCEX CIydasX OJMHAKOBOM TOJILIMHBI TEJ MPSIMOIUHEHHBIX
npomexyTkoB AIIIL. I"'oBopst Tounee, Mupo3naHue COCTOUT U3 OIPOMHOTO MHOXKECT-
Ba TEJICCHBIX W NPEJCIbHO TOHKUX (TONIIMHUHON Bcero B 1dem) T-BekTopoB 1-To pona
1?B, KKl U3 KOTOPBIX, — Kak U 000 npomexytok AIIIl, — sBasercs nByHan-
paBieHHBIM. TO ecThb SBIISIETCS TaKMM, y KOTOPOrO BEJIMYMHA CWJIOBOIO JAEHCTBUSA
ABJISIETCSI HE TOJIbKO HAIPABJIEHHOW B JIBE€ MPSMO MPOTHUBOIIOJIOKHBIE CTOPOHBI, HO
ATH JEUCTBHS BCETJa OKa3bIBAIOTCA paBHBIMH. M3-3a 4ero Bce TEJIECHBIE T-BEKTOPHI
I-ro pona A_B> (a, 3HaumT, U Bce npomexxyTku AIIIl) oka3piBaroTCsl CBSI3aHHBIMU.
OnHako Bce T-BEKTOPHI A% HECMOTPS Ha CBOIO CBSI3aHHOCTb, UMEIOT IIPaBO MOBOpa-
YUBAaTHCS BOKPYI KaKOW-TMOO CBOEH KOHIIEBOM TOYKH «A» min «B» Ha moboit
BEJIMYUHBI YTOJ P : BEAb IPU 3TOM JABYHAIPABICHHOCTh UX JAEHCTBUS HE U3MEHSAETCS.

Bwmecte ¢ 3TOM ABYHANPAaBIEHHOCTHIO T-BEKTOPOB A% IIPUMEM TeNephb enlé pas
BO BHHMAaHUE, YTO HET NPOCTO JBMKEHUS, T.€. HET JIBUKEHUS, MPOUCXOISALIETO CAMO
1o cebe, MPOMCXOASIIETO OTACIBHO OT MPUHUMAIOIINX B HEM yJacTHe pa3HOTro pojaa
ten. OgHaKo T.K. BCE T-BEKTOPbI AB SBISIOTCS HMEHHO menecHbIMU, TO HEOOXOIH-
MOCTh TPeObIBaTh B COCTOSHUM HE MPEKPAIIAIOIIETocs ABMKCHHS (peaTn3yemMoro
MMU B XO/I€ BBIIOJIHEHUS CBOMX JBOMHBIX TOBOPOTOB) OYIET OKa3bIBAaThCS Y HUX KakK

ObI BpOXKAEHHOM (cM. c. 71). DToO ciexyeT U3 TOro, 4To JI000MY TE€JIECHOMY OOBEKTY,

yTOOBI CTaTh pPCAIbHO CYHICCTBYIOUINM, HCO6XOI[I/IMO OKa3aTbCAa Hpe6BIBaIOH_[I/IM BO
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Bpemenu, a uroObl crarth mnpeObIBaroluM BO BpemeHU OH BBIHYXKAEH CHayaia
0Ka3aTbCsl B COCTOSIHMM [[BM>KEHUS MPOCTO MOTOMY, 4TO Bpemsi Te4€T TONBKO Ha
IBIKYyIIMXCcs o0bekTax. Kak Buaum, coctosaue J[BMKEHUS SBIISIETCS BBIHYKIEHHBIM
(Bpoxxa€HHbIM). U mpuHYXaeT BCE TEJECHBIE U BCE «TEIIECHO-OECTENEeCHBIe» (KaKU-
MU SIBJISIFOTCSL T-BEKTOPHI 1-TO poja A%) 00BEKThI OKa3bIBATHCS B 3TOM COCTOSTHUU
JIBHKEeHUs, MEXKY TPOYUM, HE KTO MHOM, KaK BCE TOT ke X0 Bpemenu.

CrnenoBaTenbHO, €CIM TNe-HUOYIb BIAPYr MOSBUTCS TEJIO HOBOTO CHUJIOBOTO
T-BEKTOpa A_B) €CJIM TaM NPOU30MIET €ro POKICHUE-U3IIYUEHUE, TO B TOT )K€ MUT €T0
TEJIO MPUAET B COCTOSIHUE HEKOTOPOTO, B YACTHOCTH, IIOBOPOTHOTO J[BMYKEHHSI BOKPYT
TOW WM WHOM KOHIIEBOM TOYKM CBOEro Tejia. Mano toro, T.K. JIBmkeHune u Bpems
CYTbh OJTHO M TO K€, TO YK€ B IIEPBbIi MOMEHT Haudajla IBMKCHHS TEJIa T-BEKTOPa A%
CTaHEeT OTCUUTHIBATHCS Bpemst ero cymectBoBanus. OTKyna CleayeT, 4To He mpedy-
emcsi HUKAKO20 6HeuHe20 OONOJHUMENbHO20 MOIYKA UIU 83Dbléd, JJIsl TOTO YTOOBI
AIIII npeBpatunock u3 MEpTBOM M HenoaBuxkHOU [lyctoThl B [lycToTy OyKBanbHBIM
obpazom xuByt, B IlycToTy, eciu Tak MOXKHO CKa3aTbh, «OAyIIEBIEHHYIO». boiee
TOro, MPOAOJKAs Jajee, MOXHO MPEANnoaokuTh, 4to 3Ta llycTtoTa sBisercs He
TOJBKO JKMBOM, HO SIBJIAETCS €IIE U «MBICIAILIECH» B TOM CMBICJE, YTO TEJIO Ka)XJA0ro
T-BEKTOpa ﬁ MIPEJICTABISAET COOOM, OBITh MOXKET, OTJCIBHBIA OUT WH(MDOpPMAITUH, U3
KOTOPBIX 3aTeM KaK OBl CKJIaabIBacTCs 001mass mHGOpMAIUs, HAMOIHAOMAs co0oi
Bech OecripenenbHbIil 006EM AIIII.

Haxonen, ecnin ennHUIIEH UCUNUCIIEHUS Y T-BEKTOPOB A?S MIPEAIION0KUTEITBHO
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3anonHsomux coumu tenamu Allll, gedicTBuTeabHO sBIsSEeTCS [M 7], TO TOrma

OyZeT OKa3pIBaThCH, UTO:

AIIIT — 3T0 HE MPOCTO MpeeTbHO TIYOOKUH (U3MYECKUN BaKyyM, a 3TO €CTh
HEKasi, IPUTOM KaK U BaKyyM, COBEPIIEHHO peajibHasl, HO B TO JK€ BPEMS €CTb

HeKkas emié 0oJiee TOHKas cyOcTaHIM, ecTh e 0osiee TOHKask MaTepusl.

Bepnee, ectb [IpamaTepusi, HOCKOJIBKY OHA SIBIISIETCS U IPUTOM (COTJIACHO YXKE
OTMEYEHHOMY Ha C. 9) sIBIISICTCSI HE MHOCKA3aTEeIbHO, a SBISETCS CaMbIM OYKBaJIbHBIM

obpazom IIpapoaurtenbHuliieil Mo oTHoOIIEHUIO KO BceMy Cytiemy B 3ToM Mupe.
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31ech MOXKHO OBLIO OBl U Jlajiee MPOAOKATh PACCYXKIIaTh KaK HA ATy TEMY, TaK
U Ha TeMyY, B YaCTHOCTH, CYILIECTBOBaHUs OeccMmepTHOM Jlymu u naxke cyliecTBOBa-
Husa camoro ['ocroga bora. OpHako HHKakuX (PaKTHUECKHMX OCHOBAHHMM Kak JIst
MEepPBOTO, TaK U OCOOEHHO JJIsI BTOPOTO ceiyac MoKa 4To HUT/IE HE UMEETCsl.

Hamnee. T.x. mis npeBpamenuss MméptBoit [IyctoTel B IIyCTOTY )KMBYIO HUKAKOTO
Jake CaMOTO HEOOJIBIIOTO BHEITHErO TOJTYKa HE TPeOyeTcs, TO CTAHOBHUTCS BO3MOXK-
HBIM YTBEpXJaTh, UYTO OKpYyXarouuid Hac Mup HUKOrJa HE BO3HUKAJ, a OH OBLI
BCernaa, Obl1 BO Bce BpeMmeHa. [Ipuuém Obln gaske Toraa, KOorha COTVIACHO YXKe H3JI0-
YKEHHOMY BBIIII€, BMECTO BCEX CETOJIHAIIHUX HEOECHBIX Tel W rajakTUK Becb Mup
COCTOSUT COBCEM M3 JPYIMX HEOECHBIX TeJl W JPYTUX TaJaKTHK. A mepes TeM OH
COCTOSUT B CBOIO OYepe]lb U3 COBCEM JIPYTUX HEOECHBIX TEN U TallaKTHK U T.1, U T.1I..
Nuaue roBops, Bca Bcenennas, Becb Mup yxke CylniecTBOBal MPEXKIE HECKOHYAEMO
nosiro. OTKyAa mojiydaeM, 4To | jajiee 3TOT Mup OyleT CyliecTBOBaTh TakKe Hec-
KOHYAeMO J10J1r0. JTO, BO-TIEPBbIX.

Bo-BTOpBIX, Kak yXk€ OTMEYaloCh, JACHCTBUIO JIMIIL OJHOM 3aKOHOMEPHOCTH
(ro*@p)=(R;*@;)=Const moguuHIETCS KaK MIaroBoe ABMKCHHUE OTACIBHBIX (DOTOHOB, TaK
U 1IaroBoe JBWKEHHE LeNbiX IiaHer. [Ipuuém monydaercs Ttak, yto B Ilpupone
cymecTtByeT kak Obl Hekuid Enmubeiii Kpyropopor Bcero Cymero B Heill, B XOje
KOTOPOTO BEUIECTBEHHBIE TEJIa CHayaia MOCTEINEHHO PaciaaloTCs Ha MHOYKECTBO TEJ
T-BeKTOpOB 1-r0 poga. OmHAKO 3aTeM MPOUCXOIUT Kak Obl 0OpaTHOE TpeBpalleHue,
KOI'Jla U3 MHOXXECTBA TE€Jl T-BEKTOPOB 1-ro pona 6e3 xaxux-iubo nomepsv ux KOau-
yecmea TIOCTETICHHO DPOXIAIOTCS HOBBIE OONBIIME W Mayble BEIICCTBEHHBIE Tela.
[ToaTomy okpykaromas Hac Beenennas Obuta u OyzeT 0Ka3bIBaThCA CMAYUOHAPHOU U
He OyJIeT He HeCTallMOHAPHOMU, KaK 3TO ceiluac CYUTAEeTCsl.

BmecTte co BceM 3TUM BBl MOXETE CIPOCUTh y MeHs: «Hy, a kak ke Toraa ObITh
C YpaBHCHMSIMU MaTEeMaTUYECKON (PU3HKH, HA OCHOBAHUU KOTOPBIX JENAIOTCS MOa4ac
CTOJIb YIWBHUTEIIbHBIE BBIBOJIBI (B YAaCTHOCTH, O HECTallMOHapHOCTH BceneHHON u
JPYTHUE), 4TO Jake caMu (PU3UKU KaKOe-TO BPEMsl HE BIOJHE JOBEPSIIOT UM U OTTOTO
3aTPYAHSAIOTCS MX KOMMEHTHPOBaTh? ». Ha 9To 51 OB OTBETHII, YTO €CTh (PU3UKA U €CTh

MareéMaTHkKa. HpI/ILIéM BTOpas B (I)I/I3I/IKG HUrpact COBCEM HC TJIaBHYIO, 4 BCCTO JIMIIb
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BCIIOMOTATCIIbHYIO POJIb. be3 He€é HEBO3MOXKHO OLCHUTL PC3YJIbTAT 3KCIICPUMCHTA C
KOJIMUECTBEHHON TOYKU 3pCHUsL, HO OHA HC MOKCT 3aMCHUTH CaM 3KCIICPUMCHT, KOTO-

pI)II\/’I SABJIACTCS, KaK U3BCCTHO, CIMHCTBCHHBIM KPUTCPUCM HCTUHEI.

20.2. B zaxmroueHue mpuBeaEM emié OJTHO COOOpakeHHE, IMOYEMY CBOMCTBO «HAXO-
IUTBCA B COCTOSHUM HE IPEKPAIIAIOIIETrOCs IBUKEHHUS» y T-BEKTOpOB 1-ro pona
SBIIICTCA KakK OBl BPOXKIAEHHBIM. B cBsi3u ¢ 3THM 3ameTuMm, uto B [Ipupone Hapsmy c
COCTOSIHUEM «/IBHKeHMe» cyliecTByeT eweé cocrossuue «llokon». Ho rimaBHoe coc-
TOUT B TOM, YTO 3TU COCTOSIHUS CYIIECTBYIOT HE TOJIBKO KaK IOHSTHUS, HE TOJIBKO, TaK
CKa3aTh, TEOPETUYECKHU, HO CYIIECTBYIOT NMPAKTHUYECKHU, CYIIECTBYIO HAa CaMOM JgEIe,
peanbHO. [Ipnyém Ha3BaHHBIE COCTOSIHMS HE TOJBKO CYIIECTBYIOT B JIE€UCTBUTEINb-
HOCTH, HO TIPA 3TOM OHH 00s3aTEIHHO MOMEPEMEHHO CMEHSIOT APYT APYTa, MOCKOIb-
KY, KaKk Mbl BHUJENH, IBUJKEHUE BCEX Te€J, YAaCTHIl U (DOTOHOB SIBISETCS LIATOBBIM.
BBuay dero npu HENPEPBIBHO JUISLIEMCS COCTOSSHUM «/[BH>KEHHE» B KaXIOM OTAEIIb-
HO B34TOM [I-coObITHH yXxe He OyleT MecTa JIJIsl pa3MeIleHUs] Ha ero MPOTsHKEHUU ellé
n cocrosHus «[lokoit» m HaobGopor. bomee Toro, mpu ycioBUHM NONEPEMEHHOTO
CYIIIECTBOBAHUS OHHM OYIYT JJIUTHCS 00S3aTEIIBHO PaBHOE BpeMs, T.K. y HUX PaBHBIC
IpaBa Ha 3TO (BCIIOMHUM O PaBEHCTBE MHTEPBAJIOB Ty U Tyymr). HO, OXKamyl, caMbIM
3aMeYaTeNIbHBIM IIPHU 3TOM SIBIIIETCS TO, YTO CMEHA COCTOAHUS «[IoKOM» Ha coCTOsIHME

«JIBmxeHne» U Ha00OpOT Oy/IeT MPOUCXOIUTH BCSIKUN pa3 caMONPOM3BOJAbHO. YeM

KaK pa3 M pemaeTcs BOMPOC KaK O MPUUYUMHHOCTH JIBUKEHUS T-BEKTOPOB 1-TO poja, Tak
1 0 HCOOXOIMMOCTH «IIEPBOTO TOTIKA».

[Ipu 3TOM TO XK€ CaMO€ MOYKHO TOBOPUTH HE TOJBKO O COCTOSIHUAX «/[BUKEHUE-
ITokoti», HO U 0 BCeX APYrUX MOJOOHBIX MM Iapax MPsSMbIX U OOPAaTHBIX COCTOSTHHUSIX-
CBOWCTBAaX-AEHCTBUAX-ONEPALUAX-YTBEPKICHUIX, HAIPUMEP, Ia-HET, BIEpEA-HA3al,
IUTFOC-MUHYC, JCJICHUE-YMHOKECHUE, UHb-IHb U T.J, U T.1. ECau Tenepb MoJ0XHUTh,
YTO BCE CKA3aHHOE BBIIIE O COCTOSHUAX «/[BHykeHue-11okoi» B MOJHOW MEpE OTHO-
CUTCSI HE TOJBKO K NPUBEICHHBIM TOJBKO YTO NpUMEpPaM, HO U KO BCEM JPYTUM
cinydasm «IIpsmoro» u «OOpaTHOTO», TO OKaxkercs, 4To B llpupope cymiecTByeT
HEKHM Ha MEPBBIMA B3IJISJ COBCEM HEMPUMETHBINM, & HA CAMOM JIEJI€ TOUCTUHE OCHOBO-
MOJIAraroIui, T.€. JIEkKAIIWM B CaMOM OCHOBAaHWMU BCEro MMpPO3JaHUs U OTTOTO

ﬂBHfIIOH_[I/II\/JICH, OBITH MOXECT, CaMbIM T'JIaBHBIM KakK OBI IMPUHIUIIOM, KOTOpBII\/’I IMyCTb
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nanee Ha3bIBaeTcs «BceoOImM NpUHIIMIIOM JIBYEJIMHCTBA OBITHS BCEX MPSIMO MPOTH-
BOIIOJIOKHBIX CYOCTaHIMI» (KOTOPBIN SIBISETCS, BOZMOXHO, JIUIIIh YACTHIO MPUHIIUIIA
«/leiicTBUe paBHO MPOTHUBOJAECUCTBUIO»). M1 KOTOpPBIA O3HAYAET, YTO BO BCEX CIydasx
«[Ipssmoro» u ctporo «OOpPaTHOTr0» UMEET MECTO, BO-TICPBHIX, PEATLHOCTh UX OBITHS
1, BO-BTOPBIX, UX HEOTJEIUMOCTh JIPYT OT JIpyra: €ClIu €CTh HeKas OJHa CyOCTaHITUs
«[Ipsimoro», To HeNMpeMeHHO OyneT cymiecTBoBaTh emé u npsaMo «OOpartHas» e 1o
CBOEH CyTH BTOpasi CyOCTaHITHSI.

[Ipu 3TOM, €CIM MPOJOIKUATH PSII TPUMEPOB MPSIMOTO M CTPOTO MPOTHUBOIIOIOXK-
HOTO YTBEPKIEHUSA-ONEPAIIMTU-COCTOSHUS U T.[I., TO MOJIYIUM «(CMEpPTHOE Tejo)-(bec-
cMepTHas aymia)». Kak 31o nonnmMarts? Heyxenu qelCTBUTENBHO «AYIIa» KaXxI0Tro U3
Hac OeccMepTHa M OHA peajbHO IMPOAOIKACT CYIIECTBOBATH €MIE W IOCNe Hamel
cmeptu? Mnm TOMBKO YTO MPOBO3TIAMIEHHBIN «BceoOumit mpuHIMI ABYEIMHCTBA
OBITHS BCEX..» B JICHCTBUTEIHLHOCTH BOBCE M HE SIBIIACTCS «BCEOOIUM»? A MOXKET
OBITB, 3/1€Ch JIEJI0 B YEM-TO JPYroM, HAIPUMEP, B TOM, YTO MOCIICTHUNA W3 MMPUMEPOB
«[Ipssmoro» u mpsimo «OOpaTHOTO» COCTABIICH C HAPYIICHUEM IPABUIJI JIOTUKH HIIH,
OBITH MOJKET, caMma JIOTHKa JaéT 31ech cooi? Wi ke HaKOHEI, — 4TO TaK)Ke BIIOJIHE
BO3MOKHO, — HUKAaKOW «OECCMEPTHOW IyIliU» y HAC HET, a BMECTO He€ eCTh JIUIIb
CMEpPTHAs TUIOTh HAIIIETO MO3ra, KOTOpas, WUCTIIEBas, pa3pylmiaeTcsi OJHOBPEMEHHO C
HaIlleW «IYyIION» U C Pa3lIoKEHHUEM BCero tena? Y aBTopa, K COXKaJICHUI0, HET OTBETa
HU Ha OJMH M3 3TUX BOIIPOCOB, U IOTOMY OH IIPENOCTABIKIET mpaBo YUurarento

CaMOMYy OTBCTHUTL Ha HHUX.

Takum ob6pazom:

1. Bcenen 3a yrBepxkacHusmMu (unocodo, uto JIBmkeHHE ecTh crocod ObITHUs Marepuu
MOXKHO 3asiBUTh, 4TO OHO (/IBIDKEHHE) €CTh TaKXKe CII0CO0 OBITHSA €l M «TEIECHO-
OecTerecHbIX» T-BEKTOPOB 1-ro poxa, T.e. criocob Obrtus [IpocTpancTsa.

2. Bonee Toro, mockonbky JIBmkenue u Bpems — cyTh OHO  TO K€, TO MOXKHO CKa3aTh H
TaK, 9To Bpems ecTh Ta rlilaBHAs ¥ €MHCTBEHHAs Kak Obl JABIKYIAS cHjia, KOTOpas, Ha-
XOMISICh B IEHTpe Bcero CyIiero, ynpasisieT cpa3y adCONIOTHO BCEMU MMPOUCXOSAIINME B
HEM TIpOoIIECCaMH M COOBITHSIMH.

3. Hakonen, MoxHO emgé cka3aTb, 4TO Bpems sBisercss NPHYMHON BO3HUKHOBEHUS U
CYIIECTBOBAHUS COOCTBEHHO JIBMkeHMs. DTO cleAyeT M3 TOro, 4ro OJHOHANpPABIIEH-
HOCTh Xoja Bpemenu tonbko u3 «Hactosmero» B «byaymee», ObITh MOXKET, U
omnpenenseT coboi To, uro J[BIkeHre TakKe 0Ka3bIBA€TCs OTHOHATIPABICHHBIM, KOO OHO
TAKK€ HUKOIJIAa HE MPOMUCXOJUT Cpa3y U «BIEPEI» U «HA3a[», HO IMPOUCXOJIUT BCErOa
TOJIBKO «BIEPED».
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§ 21. | Ucxoasiiee u3 ABOIHON TOYKH «/I» B Teje mpoToHA Z-U3JIy4YeHHE, KAK
YIEKTPUYCCKHN 3apsii 3TOM 4YacTulbl.| «HelTpoH» — CBI3VIOIIEE 3BEHO MEXIY
«IIPOTOHAMH» B @TOMHOM SIJIPE. | CujibHOe B3auMoaeicTBHeE.

21.1. OOparuMmcs emi€ pa3 K NpeAcTaBIeHHOMY Ha puc. 18 crmocoOy JBmxkesius-
.. ~ 9
CymectBoBanus uziyuénHoro IlpoctpancrBom-Ilycroroit 6azoBoro T-BekTopa AB.
ITpu 3TOM, NOMOIHKB pHC.18 el HECKOIBKUMU JETAISIMU, IPOCIEIUM BHUMATEIBHO
3a T€M, KakKUM 00pa3oM JBMXKETCs MycTasi KOHIeBas Touka «B» Ha HOBOM puc.25 y
—> o —> —> —
Ha3BaHHOTO T-BekTopa AB Bo Bpems ero nsoitHoro nosopora [AB—AB;—AB;] Bo
B3aMMHO TNepHeHIuKyIsIpHbIX TtockocTax II; u I1,. (Ha aTtom pucynke, — kak, BIpo-
- - =
4yeM, U Ha BCeX MocheaAyrolux, — 0a3oBbie T-BekTOopsl AB, AB|, AB, u ap. ansa 6oinb-
el BBIPA3UTEIBHOCTH YepTeka N300pakatoTcsl ¢ IOMOIIBIO CTPEIOK BUAA « — », a
HE IIPY MOMOIIM CTaBIIUX YK€ HaM IIPUBBIYHBIMU CTPEJIOK BUJA « —> ».)
- = —
Cnauana B xone nosopora [AB—AB,] xonueBas touka «B» y T-Bektopa AB
JBUHETCS 110 CTpeJKe W_—> B CTOPOHY TOYKH M;. 3areM, NepeMECTHBIINCH Ha
MOBEPXHOCTh JalbHEH OT HAC «3aJHeW» CTOpoHBI cdepsl M M;M3;M,, craner
-/
nuratecss no payre M;/IMj;. HakoHen, mnepenas Ha MOBEPXHOCTb «IIEPEIHEN»
CTOPOHBI YHNOMSIHYTOH cepsl M ABHrasich Mo Heil, Touka «B» mepemecTurcs B
Mecronoisioxkenue Bi. [Ipuuém B Xoz€ BCero 3Toro nepemMenieHus no3aau ToUku «B»
Oyzner ocraBaThCsl TEJIO BCE BpeMs BO3PACTAIOLIETO B JUIMHY U MCKPHUBIEHHOTO MO
A
JyTe OKPY)KHOCTH T-BEKTOpa TpaeKTopHou ckopoctu (Vr); — rae mudppa «I»
O03HAYaeT, YTO JAHHBIA BEKTOp SIBISETCS BEKTOPOM TPAEKTOPHOW CKOPOCTH TOYKH
—>
«B» B 1-00i cragun nBolHOTO NOBOpoTa T-BekTopa AB. Ilpnuém B KOHIE moOBOpoTa
- - . —/
[AB—AB,] mnunHa 3Toro T-BeKTOpa cTaHeT paBHOM anuHe nyru B-M-/1-M;-B;.
[Tocne sroro HacraHeT Bpems 2-0M CTaauHd JBOMHOTO NOBOPOTa CHIIOBOTO
—
T-BekTOopa AB, KoTOpas nomxkHa OyAeT MPOUCXOAUTH YK€ B muiockocTH 11, oproro-
HanbHOU K TiockoctH 1. IloaToMy ero koHueBas Touka «B» IBUHETCA MO CTpernke
—=)> B HANpaBJICHUU K TOUKe M, , a TOCTUTHYB €€ U MepeH s Ha «3aIHIOI0» YaCTh
MOBEPXHOCTHU YIIOMSIHYTOM BbIIIE c(hephl, IPOAOKHUT CBOE IBIKEHUE O €€ «3aHEH»
YaCTU B HaIpaBlIeHHH K Touke M,. Ilocie mocTmkeHnss KOTOpOUW NBUKEHUE TOUKHU

«B» mpogomKuTCs yxKe 1Mo «rnepeaHei» 4actu chepbl U 3aKOHUYUTCS B TOT MOMEHT,

194



[ToBopauuBaro-
yics T-BEKTO
g P

AJU

Puc.25

195




KOrja €€ TeJI0 COBMECTHUTCSI C MECTOMOJIOKEHUEM ToukHu B,. IIpu stom qnmHa tena
-/
T-BekTopa (Vr), cTaHeT paBHOU anuHe nyru B -M,-J1-My-B,.
BcnomuuM Teneps 0 TOM, 4TO BCE 10 €AMHOTO MMEIOIUECs B KBaHTe BpeMenu

To [cek] MOMEHTBI, B T€UEHHUE KOTOPOTO MPOUCXOAT 00€ CTaIuy IBOMHOTO TOBOPOTA
— — —
[AB—AB,—AB,], sSBIAIOTCS COBEpIIEHHO OJWHAKOBHIMU MOMEHTamMH BpemeHu-
Ceityac. I3 4ero cieayeT, 4To BCe TOUKH Tejia T-BEKTopa (\\7 T)1, IOSIBUBIIIETOCS B 1-0M
CTaJuu JIBOMHOTO MOBOPOTA, OYAYT OKa3bIBATHCS MPOIOJLKAIOIIMMHU CBOE CYIIECTBO-
A

BaHUE B TE€UEHHME Bcero pocta T-Bektopa (V) , T.€. B T€UeHHE BCcel 2-0i cTaauu
JIBOMHOTO n\o;opOTa T-BEKTOpa ﬁB Camo co0oii pazymeeTrcs, YTO U BCE TOYKH Teja
T-BekTOopa (Vr), Takke OyayT MpOJAOJKAaTh OCTaBaTHCS CYIIECTBYIOUIUMU IO XOIY
€ro pocTa OT TOT0O MOMEHTa, KOTJia €ro JuiMHa Oblla paBHa HYJO (Korja KoHel «B»
T-BEKTOpa E TOJBKO HA4YMHAJ CBOE NEPEMEIICHUE W3 MECTOomoJiokeHus B; B
CTOPOHY K TOYKe M,), 10 TOro MOMEHTa, KOorja KoHell «Bx», onucaB mouTu MOJIHYIO
OKPY>KHOCTb, OKa3bIBA€TCSl B MECTOTIOJIOKEHHUH B,. P

BcneacTeue 3Toro Teno Bo3pacraromero B JUIMHY T-BeKTopa (Vr), B KaKOH-TO
MOMeHT Bpemenm mepeceuércs B Touke «J[» ¢ TEIOM MPOIOIDKAOIIETO CYIIECT-
BOBAaTh T-BEKTOpa z\?T)l . B uTore B mecre ux mepeceyeHHs: BOZHUKHET TOYCYHBIN
Y4aCTOK MYTU «S»[M], T.e. BO3HMKHET TOYEUHBIN gewjecmeennwvii 00bekT (B), moc-
KOJBKY [M]~[Krc-ceK], a UMITyJIbC CHITBI €CTh dHEpTus Iy . [Ipu a3Tom B-00BekT, ocra-
BasCh HA OJTHOM MECTE COBEPILIEHHO HEIMOBUKHBIM, OYJIET OKa3bIBaThCS CYIIECTBYIO-
MM B TE€UYEHHE Bcero Toro BpemeHu, moka koHIleBasi Touka «B» T-BekTopa ﬁ%

N
Oynet nepememarbes o ayre [-My-B,. Ho B MOMeHT npuOBbITHSI KOHIIEBOW TOUYKH
«B» B myHKT B, mepecranyr C}m\]ﬁCTBOBiI;B cpa3y ® Teno TodedHoro B-oObekra, u
Tena o0oux Hamux T-BeKTOpoB (V1) u (V1), , HOTOMY YTO B TOT MOMEHT MPOU30ii-
A — A N

nér camocnpsamienue (Vr);—(BB); u (V1),—(B;B,), Bciencrsue Toro, 4to B 3TOT
YK€ MUT 3aKOHUUTCS] TE€YEHUE TAaHHOTO MHTEpBAJIA T.

[Ipu coBepiieHHH CIEIYIONIETO TBOMHOTO TOBOPOTA T-BEKTOpA A_)B BCE MOBTO-
putcsa. To ecTh BO3HUKHET M OYJET CYIIECTBOBATh TAaKOW K€ OTPE30K BPEMEHHU, HO

YK€ B HEKOTOPOH JPYyrod Touke moBepxHOCTH chepsl M;M;M3M, Teno emé ogHoro

TOYeHYHOTO B-00BeKkTa, TEemo emeé oJHON Osotinou TOUYKU (cM. Touky JI; Ha puc.25).
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3aTeM nosiBUTCA ABOMHAs Touka [, 3 u T.4. To ecTh B KaXX10M ABOMHOM MOBOPOTE
T-BEKTOpA A?B caMm cobOoH, T.e. 6€3 KaKux-J1100 JOMOJHUTEIBHBIX YCUIIUHN U 3aTpaT cO
CTOPOHBI TOTO T-BEKTOpa (WIH Yy CIAEAYIOIIETO 32 HUM T-BEKTOpa), OyJeT MOSBIATHCS
U Kakoe-To Bpemsi cymiecTBoBaTh TOUeUHBIH B-00bEKT, OCTAIOMUNCS HE JIBHXKYIIUM-
CA B CTOPOHY K IIYHKTY M, BMecTe C KOHLIEBOI TOUKO#l «B» y T-BekTOopa 15)3

OnHako BCSIKOMY CTOPOHHEMY HAOJI01aTeNto OyIeT BUACTHCS, YTO ITOT TOYEU-
HBI 00BEKT «J[» Kak OBl JBHKETCS MO KPYry I[—ﬁ/l—I[z y chepsr MiM,M;M,.
[IpuTtom ero nBKeHHE OYACT SBIATHCS IMOYTH TAKUM, KaKUM SIBISIETCS OOBIYHOE
[IIaroBO¢ TEPEeMEIIeHHE KaKOTO-JIMOO JIPYyroro To4eyHoro B-oO0bekTa 3a HCKIIOYe-
HUHUEM TOH, OJHAKO, MAJIOCTH, YTO COOCMEEHHO O08UICEHUS] BEIIECTBEHHOW IBOWHON
Toukn «JI[» Mexnmy myakramm [, [{;, [, u T.n. HEe OymeT MPOUCXOIUTH COBCEM.
[ToTomy 9TO OHA Oy/IET MOSBIATHCS U CYIIECTBOBATH HEKOTOPOE BPEMSI TOIBKO B ATHX
toukax [, ;, [, ..., mOOYEepENHO OKa3bIBasiCh B HUX M OCTaBasiCh TaM BO BCE
MOMEHTHI CBOETO CYIIIECTBOBaHUS, Ka3aJI0Ch Obl, a0COFOTHO HETIOIBHKHOM.

Bwmecre ¢ Tem eciii TOBOPUTH O JIBUKEHUU ABOMHOW TOUKHU «/[» HE OTHENBHO B
3a30pax Mexay Mecrornonoxenusamu J u 1, 3arem mexny [, u [, , morom mexny [,
u /I3 ¥ T.1., HO TOBOPUTH O €€ MEPEMEIICHUN B LIETIOM IO 1yre OKPYKHOCTH, HAUMHAS
OT HCXOJHOTO MECTOIOJOXKEHHS «/[» W KOHYas cpa3y, HampuMep, KOHECUHBIM
MECTOITOJI0KEHUEM [l3, TO OKaXKETCSI, YTO HA ITOM YYACTKE ITyTH JBOMHAs TOUKa «J[»
He OyzeT ocTaBaThCsl HEMOJBIKHOM, HO, HAIIPOTHUB, Oydem Osueamuvcs. IlpaBna, e€
JIBIDKEHUE TpU 1ITOM OyAeT NPOUCXOAUTh Kak Obl ckaukamu. OJHaKo KpaTKoe
nosiBfieHue To4Yku «JI» moodyepénno B mynkrax /I, Jl;, ... Oyner aBisiThCsi BOBCE HE
KOKYIIUMCSI CTOPOHHEMY HaOItoaTento, Ho Oy/eT TOYHO TaKUM IIaroBbIM JBUKE-

HHUEM, KaKHUM SBJEICTCA BCAKOC PEeAJbHO€ IBMIKCHHUC.

B camom nene, Benb B JACHCTBHTENHHO MPOUCXOMSINEM IIATOBOM JBWKCHUH COOCTBEHHO
JIBIDKEHUE, T.€. TIEPEMEICHNE Telda M MEXAy IMyHKTaMH IIAarOBBIX OCTAHOBOK SBJISIETCS, KaK U
paccMmarpuBaeMoM ciiydae, HeBuauMbIM i CT-HaOmronateneid, TorJa Kak BHUIAMMBIM TEIO m
CTaHOBHTCS TOJBKO B MOMEHTHI IIArOBBIX OCTAHOBOK. DTO IMO3BOJIAET HAaM HE TOJLKO IIOJIaraTrh, HO
JaéT HaM MpaBO YTBEPKAaTh, UTO ABMKEHHE OBOMHOM TOouku «/|» B 3a30pax MexIy MyHKTaMu
-2, Ai-do v T.1. TPOUCXOAUT U MPOUCXOJUT UMEHHO PEATBbHO.

A IMOCKOJIBKY 39Ta TOYKa <<I[>> ABIACTCA 6euyecCmeeHHbIM 00BEKTOM H €TO

JIBIDKCHHE HE KakK Obl, HO pealbHO, HA CaMOM Jele npoucxooum B miockoctu IT* (B
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IUIOCKOCTH Ooublioro kpyra y chepst MiM,M;M,), To B KaxaoMm ero mare Oyaer
BO3HMKATh UMITYJIC CUJIbI MHEPIIMH, IOTOMY YTO Ha Ka)KJIOM IIArOBOM OTPE3KE ITYTH
JIBOKEHUE, KaK Mbl TEIEPh 3HAEM, y BCEX TeJ SABJISIETCA KPyroBbiM. HO TOJNBKO 3TOT
UMITyJIbC OYyZET OKa3blBaTbCA KaK Obl 6bipodicOeHubiM. JIeno B TOM, YTO KaxKIbIH
JBOWHOW ITOBOPOT T-BEKTOpA A?B MPOUCXOAUT 3a KBAaHT BPEMEHH To. 3HAUUT, U
KaXJI0O€ IIaroBoe IepeMeleHue TOYKd «/[[» Oymer mpoMCXOAWTh 3a TaKOW XKe
HaVMEHBIINN OTPE30K BPEMEHHU Ty. A 3TO 3HAUUT, YTO CKOPOCTh MEPEMEIIECHHS TOUKH
«J1» U3 OHOTO MECTOIIONIOKEHHS B CIEAYIONIEe 32 HUM IOJIOXKEHUE OyIeT SBISTHCS
paBHO# ckopoctu cBeta C. OgHako e€ciy MOJIOXKHUTh, 4YTO 3Ta ckopocTh C ecTh
TEOPETUYECKH BO3MOXKHas CKOpOocTh cBeTa Cry, TO OKaXKeTCs, YTO COCTAaBIIAIOIIAsS
umIryasca cuisl Ha puc.12 6yner P=0. To ecTh okakeTcs, YTO IIPU TaKOM BEINYMHE
CKOPOCTH JBWXKEHUSI TOUKU «J[» HUKAKOrO MpHUpAIleHUs y MIAroBOro OTPE3Ka MyTH
IPOUCXOAUTh HE OyneT, Kakoil Obl BETMYMHBI TOJIKAIOIIMA B CIUHY TOYKY «J[»

N
UMITYJIbC CHJIBI HA OKa3bIBaJICS. A 3TO 3HAUUT, YTO OTPE3KH AYTH OKpyxHOcTH /15,

\J

A, v T.0. nOIKHBL OyQyT OKa3bIBaThCS PAaBHOBEIMKMMHU. Brpouem, HeTpyaHO

BUJIETh, YTO 9TO TpeOOBaHWE HA PUC.25 BBIMONHICTCS, TTOTOMY YTO IMOCJE Ka)I0TO
—

JBOMTHOTO TIOBOpOTa T-BekTopa AB OymyT ocTaBaThCsi aOCOMIOTHO OJMHAKOBBIMHU KaK

110 YCTPOMCTBY, TaK M 1o pa3mepam miomanku ABB,B,, AB,B;B, u T.1.

21.2. Hrak, nBoiiHas Touka «JI», Bo-mepBbIX, OyaeT (mog4epkHEM 3To !) a0COJIIOTHO

-/ —/
peajbHo niepememiatbest no ayram /1y, [, n 1.1. Bo-BTOpBIX, 3TO TIepemenieHue
—
OymeT mpoucxoauTh co CKOpocThio Cr , M TOTOMY cocTaBisitomas Py Oyner okas3bl-
I

—
BaTbCsl paBHOW Hymo. IIpu 3ToM apyras cocrasnstomas P , cOrIacHO pa3inoKEHUIO

— - —
Pgyu=P,+ P, Oyzner uMeTb, HA0OOPOT, MAKCUMAIBHO BO3MOXHYIO U PaBHYIO Py
—
BenMunHy (cM. puc.12). Ilpuuém cocrtasistomas P, BceM CBOUM MaKCHMAaJIbHBIM
—>

JeiicTBeM OymeT pacTsArMBaTh TEIO0 HOBOro T-Bekropa AJl” Bmomb ero ocu (cm.

puc.25) Bc€ To BpeMs, MoKa OH OyJeT MoBOpadMBaThes B Ilockoctu II* u3 moo-
— —> -

xenus AJl B monoxxenue AJl;. [losiBneHue «HOBOTO» T-BekTOopa AJl” 0OBsICHsETCS

—

TEM, YTO cpa3y I10CJIE€ BO3ZHUKHOBEHUs JBOMHOM TOUYKH «/[» «crapplit» T-BekTOop A/l

CTAaHCT IMOBOPAYMNBATLCA BOKPYI' TOUKH <<A>>, npoaoJrKass TCM CaMbIM CBOE JABHXKXCHUC
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B TIO0CKOCTH I, ¥ ynanmssich BCE Aaiblie OT TEJIECHOM TOUYKH «/[» 10 HampaBIEHUIO K
Touke My. (371ech Teno BTOPOTO U HOBOTO T-BEKTOPa ﬁ[’ MOSIBJISIETCSA OJTHOBPEMEHHO
C BOBHMKHOBEHHUEM JIBOMHON TOYKH «/[», MOTOMY 4TO HUKAKOH TEIECHBI OOBEKT, KaKk
0Ka3aJIoCh, HE MOXXET CYILIECTBOBATh caM MO cebe, OT/AENbHO OT TeJia TOr0 WJIM UHOTO
T-BEKTOPa, COCIUHSIIONIETO €ro C IMOJIOCOM YK€ IPOUCXOSIIEr0 WM OYyIyIIero
JBWKEHUA.) BerenctBue 3Toro T-BEKTOp A_I>[’ BCE BpeMsI CBOETO MOBOPOTA B ILIOC-
koctd [I* B monoxxeHue A711 OyIeT oka3bIBaThCsl CUIIOBBIM. HO Kak TOJIBKO T-BEKTOP
—> -

AJl" 3aiimér momokenue AJl;, Tak NMPHIIOKEHHOE K HEMY PacTATHBAIOIIEE ICHCTBHE
COCTAaBJIAIOIICH I_’I MPEKPATUTCS, MIOTOMY YTO MCYE3HET TEJIO ABOMHOM TOYKH «]l».
OnHaKoO HUKYyJa HE HMCUE3HET CaM T-BEKTOp A_I[)’l, a OyJeT cyliecTBOBaTh U jajiee,
MIOTOMY YTO €r0 «TeJeCHO-O0eCcTeIecHOe» TeJI0 SABJISETCS 4acThio 00bEMa He BooOpa-
YKaeMoM, a peaslbHOW U BeYHO cyluecTByroen Ilycrorer-IIpamarepun.

W motoMy B caMblii IOCIEIHHH MHUI CBOETO ITOBOPOTA [A?Z[’—)A?H’I] Ipou-
30UIET U3IIYYEHHE CUIIOBOTO T-BEKTOpaA A?[’ | B OKpyxatomiee npoctpanctso. Ho mpu
ATOM €T0 MECTO Cpa3y ke OYyIeT 3aHATO TEJIIOM CIIETYIOIIETO T-BEKTOpa A_I>[1, KOTOpOE
BBIHYXKJIEHO Oy/IeT BO3HUKHYTh M3-32 BOSHUKHOBEHHS OYEpPETHOU JIBONHON BelecT-
BEHHOU ToukM «J[;». KoTtopas cpasy ke HauHET nepemMenaTbCsi HO Ayre OKpPYy>KHOCTH

N
/1, B HantpaBJieHUH TOYKH «/[[,» ¥ T.1I. U T. 1.

—
Yro ke KacaeTcs JajbHEHIIeH CyapObl M3IydéHHOrO T-BekTopa AJl’;, TO OH
YK€ C caMoro IepBOro MOMEHTa CBOEr0 M3IIYYEHHS CTAHET, KAK €My U IIOJIOKEHO,
COBEpIIATh 3a KaXJblii KBAaHT BPEMEHU T; CBOM JBOWHBIE IMOBOPOTHI BO B3aWMHO
opToroHanbHbIX TIOCKOCTAX II; m 11, BCE manbpiie oTAanssaCch OT MeCTa U3JIy4YEeHUS B
MEPIEHIUKYJISIPHOM K ITUIOCKOCTH [I* HampaBieHuu (mepBasi CTaausi caMmoro nepBoro
JIBOMHOT'O IOBOPOTa T-BEKTOpaA A?[’l MoKa3aHa Ha puc.25 B BUJE H300paXEHHOTO
—
OyHKTHPOM T-BekTopa A J1')).
Bcernen 3a HUM ¥ B TOM K€ HaAIPABICHUM CTAHET OTAAATHCS OT IUIOCKOCTH [T+
CHJIOBOM T-BEKTOP, U3JIYYEHHBIM B JBOMHOM TOYKE «/[ , », 3aT€M C MHTEpPBAIOM T

U3Iy4EHHBIA B TOUYKE «Jl 3 » U T.4. ¥ T.A. llpnuém ux ymanenue ot miaockoctu I

OyJeT MPOUCXOIUTh, B YACTHOCTH, «BBEpX» Ha pUC.25 U OyAeT OKa3bIBaThCS TEM
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0omee NaMbHOOOWHBIM, YeM MEHBIITMM T10 CBOCH BETMYHHE OYyeT OKa3bIBaTHCS yro 0
1 HaoOopoT. 1 Bce oHM BMecTe OyayT 0Opa30BBIBATh 3aKPYYHBAIOIIUICS CIUPATBIO
BUXPb, KOTOPBIM CTOJIOOM Kak OBl BbIpacTaeT w3 Iutockoctu II*. Ilpwmuém w3
MPUBEICHHOTO Ha pPHUC.25 BHUIHO, YTO W IUIOMIJKa uMmiynbca cuibl ABBB,, u
JBOMHAsA Touyka «/[» moBopauMBaroTCsi IPOTUB YaCOBOM CTPENIKH, €CIM CMOTPETh Ha
HUX CBEPXY. 3JHAUUT B TOM K€ HANPABICHHH, — T.€. B TOM HaIlpaBJIEHUHU, KOTOPOE
OOIIETPUHATO CYUTATh MOJIOKUTEIPHBIM M 0003HAYaTh €ro 3HAKOM «+», — OymeT
3aKpPYy4YUBATHCS, KaK Obl BBIpACTasi CTOJIOOM, U CIIUpaIbHBIN BUXph. [10o 9T0# npuunHe
Ha pHC.25 MOJOXKUTENbHOE HAIIPaBICHUE BhIPACTAHMS U3Ty4aeMOro BUXpsl 0003HaUe-
HO TaK)XC 3HAKOM «+».

Bnpouewm, B 3TOM HarpaBieHuu OyAyT ABUTAThCA HE TOJBKO Tea U3ITYyYEHHBIX

—> —>

T-BekTOpoB A /11, A1, u T.1.  TloCKOJIbKY BCE OHU SIBJISIFOTCS CUJIOBBIMH, TO B XOJI€
JBOMTHOTO TIOBOPOTA KaXXAOTO W3 HUX OYyJIET BO3HHMKATH IUIOMIAJKA MMITYIbCA CHJIIBI
ABB A, 1o cBoel cyTH a0COJIFOTHO HUYEM HE OTJIMYAIONIASICS OT U300paKEHHBIX Ha
puc.20, 21-6 u np. ITO 3HAUUT, YTO B HANPABICHUH «+» HA PUC.25 OyIyT ABUTATHCS
HE TOJIBKO TOJIble Tejla CHJIOBBIX T-BEKTOPOB, HO OYIET JABUIaThCs MOTOK IUIOIIAJIOK
uMnynbca cuiibl. [Ipuuém, ecnu OH BCTPETUTCS C TAKUM K€ MOTOKOM, U3ITYy4YEHHBIM
JIPYrUM MPOTOHOM, TO MEXAY HUMHU, — a, 3HAYUT, U MEXKYy T€JIaMU CaMUX MPOTOHOB,
KaK 3TO CJEAYyeT U3 pacckazaHHOro B §14, — Bo3HUKHET B3aumojeiicTBue. [Ipu aTom
Tela MPOTOHOB OYIyT OTTAJIKUBATHCS, €CIM HU3Iy4yaeMble HWMU BHUHTOOOpa3HbIE
BUXPEBbIE MOTOKU OyAYT UMETh OJIMHAKOBYIO HAIlPaBICHHOCTh HABUBKHU U, HA00OPOT,
OyIyT MPUTATUBATHCS APYT K IPYry, €CIU HAMpPaBJICHHOCTh HABUBKU OYJET MPOTH-
BOIOJIOXKHOH. To ecTh, €ci OMH M3 MPOTOHOB OYACT TaKUM, KaKol n300paxEeH Ha
puc.25 u y kotoporo miomajaka ABB;B, nBmxeTcs NpoTUB 4acOBOW CTPEJIKH, €CIU
CMOTpPETh Ha HEE CBEpXy (HABCTpedy €€ JBHKEHHIO), TOrAa KaKk y JPyroro npoToHa
newkeHne momanku ABB B, Oyaer BuaeThCs MpOUCXOSIIIAM, HA00OPOT, IO 9aco-
BOM cTpenike. Torma 3ToT Ipyroil «mpoToH» OYJET HE MPOTOHOM «pP+» , @ AaHTUIPO-
TOHOM «p ». M3 3TOro MOHSTHO, YTO Takas >K€ KaK y aHTUIIPOTOHA «p », T.€. OTpULIa-

TCJIbHAs HAIIPaBJICHHOCTL HABHWBKH BI/IHTOO6p33HOFO BHXPCBOT'O IMIOTOKA HMMITYJIbCA
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CHJIBI JTIOJDKHA OBITH Y 2JIGKTPOHA «& ». Tor/a Kak y MO3UTPOHA «€+» OHa Toraa OyaeT
MOJIOXKUTEIILHOM.

Takum 00pa3om, 3HAKM IIEKTPUUYECKON MOJSIPHOCTH «+» U «—» SIBISIOTCS IO
CBOEH CyTH, 10 MHEHHUIO aBTOPA, HUYEM MHBIM, KaK 3HAKAMH HAIPABIICHUS BPAICHUS
BUXPEBBIX OJHOHAIPABIEHHBIX IOTOKOB IUIOMIAAOK HMIIYJIbCAa CHUJIbI, H3JIy4a€MbIX
MPOTOHAMHU U 3JIeKTpoHaMU. OO 3TOM TOBOPUT U UMEIOIIUICS Y HUX CIIUH U TO, YTO Y
HUX UMEIOTCS KakK Obl JBOMHUKHU, T.€. TOUHO TAKUE K€, HO MPOTUBOIOJIOKHOTO 3HAKA
gacTullpl. YTO, KCTaTH, OOBICHSAETCA TEM, YTO HAMpPAaBJIICHHUE HABUBKU y BUHTOBOM
JUHUN MOXET OBITh TOJBKO JUOO IOJOXKHUTEIBHBIM, JIHOO OTPHUIATEIBHBIM, T.C.
MPOUCXOASIINM JIMOO MPOTUB, JIUOO TIO YacoBOM cTpenke. MiMes B BUIY TOJBKO YTO
CKa3aHHOE, YCIOBUMCS MPOAYLHUPYEMOE YACTULIAMU «P+», «p », «€ » U «€+» Ha3bl-

BaTh 3apAd0BbIM, a TAKXKE Z—I/I3J1V‘leHI/IeM.

21.2. U3 npuBeneHHBIX K PUC.25 MOSACHEHUN CTAHOBUTCS, BO-TIEPBBIX, MOHIATHO, YTO
Z-u3nyyeHue MOXKET BO3HHKATh TOJBKO B TE€X CIydasix, KOIJa B KaXKJIOM JBOMHOM
9 .
noBopoTe 0a30BOTO T-BekTOpa AB Oymer BO3HHMKAThH JABOMHAsS Touka «J[». Jpyrumu
ciloBaMH, Z-u3MydeHHe CIOCOOHBI MPOAYLHUPOBATh TOJBKO T€ YACTHULBI, ¥ KOTOPBIX
—
Teno (T.e. omanka ABB;B, ) Bo3Hukaer npu noBopoTtax T-Bekropa AB cHauana B
mockoctH I1;, a 3arem B muiockocTu I, BCE Bpemst TOJIBKO BOKPYT TOUKH «Ax». Eciu
—
e TOBOPOTHI T-BekTopa AB OynyT coBepmiarbcst Tak, YTO OH CHayaia Oyler B
wiockoctd II; moBopaumBaThCS BOKPYr OJHOTO CBOETO KOHLA «A», a 3aTeM B
iockocTd 11, BOKpyr mpoTHUBOMOIOKHOTO KOHIIA «B» (Ipu TOM, pasymeercs, ycio-
0
BUHU, YTO yrojl ¢ Ha puc.18 Oyaer umers 3HaueHue @>180"), TO y Tena COOTBETCT-
BYIOIIEH YaCTHUIBI HE OYJET BO3HUKATh HU 3HAK «+», HA 3HAK «—». A, 3HAUUT, TAaKOE
TeNO0 OyAeT OKa3blBaThCA HE CIOCOOHBIM NMPUTATHBATh K ce0€ WM OTTAIKUBATH OT
cebs Tena npyrux vactuil. [IpuMepoM TaKOro «IacCUBHOIO» Tella SIBISETCS, Kak
W3BECTHO, HEHTPOH, «IIOPTPET» KOTOPOro MpHBEACH Ha puc.21-6 (0 TOM, Kakum

00pa3oM OH, BO3MOXKHO, BCE K€ B3aUMOJICHCTBYET C TEJIOM, B YACTHOCTH, IMPOTOHA —

CM. pHC.26 U MOSICHEHUS K HEMY).
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Bo-BTOpBIX, CTAHOBUTCSI MOHSTHO, YTO IMOCKOJIBKY MOCJE KaXXJAOTO ABOMHOIO
noBOpoTa 0a30BOT0 T-BEKTOPa @ OyayT ocTaBaThCsl a0COIIOTHO OJIMHAKOBBIE KaK 110
YCTPOMCTBY, Tak u mo pasmepam muiomaakua ABBB,, AB,B;B, u 1.1., TO uX BO3HHUK-
HOBEHUE, TIOJIy4aeTCsl, HUKAaKUM 00pa3oM HE CBSI3aHO C MOSIBJICHUEM JBOMHBIX TOUEK

—>

«», «I;» u 1.0. To ectb T-BekTOp AB coBepiiaer cBoM JIBOMHBIE MOBOPOTHI B
mockoctax I mm I, kak ObI cam 10 cebe, a ABOMHBIC TOUKH «J/[» BOSHUKAIOT TaKKe
Kak Obl camu 1o cebe. BripoueM, 3TH MPOIIECCHI SBISIOTCS, KOHEYHO K€, CBI3aHHBIMU
MEXIy cO0Oi, HO CBS3aHHBIMH TaKUM 0Opa3oM, YTO ATO HUKAK HE OTpa)kaeTcs Ha
BenuuuHe 3anaca cyoctanuuu JIHC, Haxoasiuelics B Tesie 6a30BOTO T-BEKTOpa A_E)S, —
BEJIMYMHA ITOTO 3amaca ocTaércss B HEM Hem3MeHHOW. OTKyna cienyer, 4ro Z-nu3iy-
YeHHE MPEACTABIISIET COOON BCETO JIMIIb MOMMYTHOE U MOTOMY a0COJIIOTHO O€CIIaTHOE
IIPUJIOKEHUE K MPOLECCY CYIIECTBOBAaHUA Tella KaK IPOTOHA, TAK M BCEX APYIUX
UMEIOIINX 3aps 4acTUIl. To ecTh sABsieTcsl O€CIUIATHBIM MPWIOKEHUEM K MPOIECCY
JBOMHBIX TTOBOPOTOB COOTBETCTBYIONIMX 0a30BBIX T-BEKTOPOB A?B Tena KOTOpBIX,
MMOBOPAYMBAsICh BCE BpeMsI TOJBKO BOKPYT OJIHOW CBOEM KOHIIEBOM TOUKH «A» U
MOTOMY OKa3bIBasICh CYIIECTBYIOIIMMH TOJBKO BO BpeMeHu-IBUKEHUH, OYyIyT
SBIATHCSA, C OJHOW CTOPOHBI, aOCONIOTHO HEBUAMNMBIMU MJIsi CTOPOHHUX HAOIIO-
natenei. Ho, B ¢ Apyroit cTopoHsl, Tena Bcex 0a30BbIX T-BEKTOPOB A_E>3 ¢dakrt cBoero
(a Tak)Ke M YaCTHUILIbl) CYIIECTBOBAHUS MPOSIBIAIOT Z-U3Ty4CHUEM, UCXOAIIAM U3 TEJ
3apsHKEHHBIX YaCTHIl, PEATbHOCTh KOTOPOTO HE MOMJIEKHT COMHEHHIO, MO0 OHa
MOATBEPKIAETCSA IKCIEPUMEHTAIIBHO.

B TpeTpux, eciau BepHYyThCA K pUC.14 U OTHOCAIIMMCS K HEMY MOSICHEHUSIM, TO
OKaXKETCsl, YTO Z-WU3JIy4yEeHHE N0 CBOEU CYTHU SIBISIETCS HUUEM HHBIM, KaKk R-npsambim
M3IIy4YEHHEM, KOTOPOE MPEANOJIOKUTEIBHO BOSHUKAET U3-3a BPAILICHUS, B YaCTHOCTH,
3emuin 1 CoJIHIIAa BOKPYT CBOMX OCEH M KOTOpPOE, 110 MHEHHUIO aBTOpa, B IEPBYIO
odepenb SIBISETCS OTBETCTBEHHBIM 3a MX B3aMMOJCHCTBHE NIPYT ¢ ApyroM. MHbIMU
CJIOBaMH, 3apA/10Bo€ Z-U31y4yeHue U rpaBUTaliioHHoe R-nipsiMoe n3inydeHue sBisitoT-
CS €CTM HE COBIAJAIONIMMH, TO OJW3KOPOJICTBEHHBIMH HU3ITy4YeHUSMUA. B monb3y
MMEHHO TaKOW TPAKTOBKH ATHX JBYX MU3JIIYYEHUU TOBOPUT TO OOCTOSITENHCTBO, UTO

\./
JIBOWMHAs TOUKa «/[» Ha puc.25 nBmxeTcs no ayre okpyxHoctu [/[;, a motom mo ayre
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N
/I, m T.1. co ckopocThio cBeTa. CremoBarenbHO, yroil 6 OyaeT OKa3bIBaThCS

JIOCTATOYHO OOJIBIIIUM IO CPABHEHMIO C BETMYMHON yria () ImpH MIaroBbIX MOBOPOTAX
3emnu u Comuia. [Toatomy, ecnu nipu BpaieHru 3emiid U CoHIIa BO3HUKAIOIINE U
3aTeM B3aWMOJICUCTBYIOIINE MEXKITY COO0N BUXPEBBIC MMOTOKHU TPAaBUTAIIMOHHBIX TIIIO-
IaJIOK UMITYJThCa CHIIBI OYIYT SBIATHCS OYEHBb NAaTbHOOOWHBIMU U TIPEBBITIAOIIMH,
OBITh MOXET, B HECKOJIBKO, @ TO U BO MHOTO pa3 pa3Jelisioliee X pacCTosHUE, TO
Z-vu3nydyeHue OyneT OKas3bIBaThCs, HAIPOTUB, HACTOJIBKO OJIM3KOAEHCTBYIONIUM, UYTO
BCETO JIMIIhL B HECKOJIBKO pa3 OyJeT MpeBbIIIATh pa3Mepbl OpOUT, MO KOTOPHIM
JIBIDKYTCSL SJIEKTpOHBI B aTomaX. OnHaKO BO BCEM OCTaIbHOM Z-U3Tydye€HUE U
rpaBuTaniioHHOe R-mpsiMoe m3mydeHue OyayT SBISATHCS, HAAO ITymMaTh, OJWHAKOBHI-
MHU. DTO 3HAYUT, YTO Z-U3TydeHHUE SIBISICTCS HE TOIBKO 3apSAIOBBIM HM3ITyd€HUEM, HO

OJHOBPCMCHHO OHO ABJIACTCA ClIE ¥ TPABUTALIMOHHBIM HU3JTYYCHHCM.

B 4eTBEPTHIX, CTAHOBUTCSI, HAKOHEII, IOHATHBIM, YTO € UMEHHO CKPBhIBAET-
s 32 9TUMU TAMHCTBEHHBIMU 3HAKAMU AJIEKTPUUYECKOMN MOJISIPHOCTH «+» U «—».

Ho Bcé e camoe rimaBHOe, 4TO CIeAyeT U3 MOSICHEHUH K pUC.25, COCTOUT, 6€3-
YCIIOBHO, B TOM, YTO BCE MPOAYLIUPYIOIIKE Z-U3Ty4eHHE YacCTUIbl, KaK 0Ka3aloCh,

U3TTy4aloT, HUYero He u3Jay4asi Py 3TOM ! (T.e. HUYETO He PacXOIys MPH 3TOM).

Kpome Toro, momyuaercst Tak, 4To ycTporcTBO MuUKpoOMHUpa NPUHIUMNHAIBHO
MaJIo YeM OTIMYaeTcs OoT ycTporcTBa Makpomupa. B camMoMm nene, kak B TOM, TaK U B
JIPYrOM ClIy4ae IJIaBHOW M NMPUTOM €JUHCTBEHHOW COCTABHOM YacCTbiO, KOTOpas, TEM
HE MEHee, MOJHOCThIO OMPEAEIAET YCTPOUCTBO KaK OJHOTO, TAK U IPYTOro, SIBJISIIOTCS
Tena 0a30BBIX T-BEKTOPOB A_E)S aub0 ¢ MycTo#, TUOO C TEIeCHONW KOHIIEBOM TOUYKOU
«B» 1 coBepliaeMble UM JIBOWHBIE IOBOPOTHI BO B3aUMHO OPTOTOHAIBHBIX IIOCKOC-
Tax I1; u [1,. Beero nuiie ogHuM, 0 BUAUMOMY, HX OTJIIMYUEM JAPYT OT Apyra sBISET-

s TO, KaKUM 00pa30M HEHTPOHBI B3aUMOJICHCTBYIOT C TPOTOHAMM.

21.3. YtoObl moKa3aTh, KaKKM 00pa3oM HE UMEIOIIee HUKAKOTO 3apsiaa TeJI0 HEHTpo-
Ha, TEM HE MeHee, BCE K€ CIOCOOHO0, OBITh MOXKET, B3aUMOJCHCTBOBATh BHYTPHU sIpa
C HAXOJAIIMMHUCS TaM 3apsHKEHHBIMH TPOTOHAMHU «p+», oOpaTUMcs K puc.26, Ha

- > =
KOTOPOM IOKa3aHbl TpH 0a30BbIX T-BekTOpa: AB, A-1 u B-4.
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Puc.26
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—>
IlycTe nepBelii U3 HUX T-BeKTOp AB coBepiaeTr ABOMHON MOBOPOT CHavalla U3
—> —>
nonoxxenuss AB B monoxenue AB; B miockoctu Il; BOKpyr OZHOrO CBOEroO KOHIIA
—> —>
«A», a 3ateM u3 mnosioxkeHuss AB; B monoxenue A;B; B mimockoctu II, Bokpyr
apyroro cBoero koHua «Bp», o6pa3ys ¢urypy tena ABB;A, nelitpona. Ilockonbky
'
OH MMEET HEMHOTO OOJIBIIYI0 MacCy MO CPaBHEHHIO C MAacCOil MPOTOHA, TO JJIMHA
% '
Tena y T-BekTopa AB Taxke OyaeT HEMHOTO OOJBIIEH M0 CPAaBHEHUIO C [UTHHON JBYX
JIPYTUX T-BEKTOPOB, MPU MOMOIIM HAJUIEKAIIMX TOBOPOTOB KOTOPHIX OyAYyT OCTPOE-
HBI TeJla IBYX MPOTOHOB.
~ % X3
[loatoMmy BTOpOIl T-BekTOp A-1 MycTh NOBOpauMBaeTcss BCE BpPEMsSI BOKPYT
OJIHOTO M TOTO K€ CBOET0 KOHIAa «A», HO TaKUM 00pa3oM, 4TO OH BCE BpeMs OyaeT
ocTaBaTbcsl Kak Obl B TuIOCKOCTH I, 0Opa3ys B Xo/ie CBOMX JBOMHBIX MOBOPOTOB BO
+
B3aMMHO TIEPICHANKYJISIPHBIX TUIOCKOCTIX (HUTYpy «p -dacTuibl» A-1-2-3. (Buem-
HUE KOHTYpPHI peOpHCTON MOBEPXHOCTH 3TOM YacTHIBl B €€ KPYrOBOM JIBH)KCHUU
nU300pakeHbl Ha pPHUC.26 MYHKTUPHOW OKPYKHOCTBIO «8», 10 CBOMM pa3Mepam
ABJISIIOUIENCS HECKOJIBKO MEHBIIEH M0 CPaBHEHHUIO C pa3MEpaMH OKPYXKHOCTH «7»,
'
OpUHAUISKALIEH YK€ «N-4acTULe», MUMEIOIIeH, HAllOMHUM, HECKOJIBKO OOJBIIYIO
Maccy.)
~ % X3
Hakonen tpetuit paguyc-T-Bexktop Bi-4 mycTh BpamiaeTcst Takke BCE BpeMs
BOKPYT OJTHOTO W TOTO JKE€ CBOETO KOHIIA «Bj» TakuM 00pa3oM, 4TO OH B X0JI¢ CBOHMX
JBOWHBIX TIOBOPOTOB 00pa3yeT BEKTOPHYIO Momans B-4-5-6 emé oxHoi «p’-yacTu-
I[bI», HO y’K€ CYIIECTBYIOILIEH B cpelHEM He B miockoctu I, a B minockoctu I, ( Ha
puc.26 mpemenbl ATOH dYacTHIBl O0003HAYEHBI IMYHKTHPHOH OKPYXKHOCTBIO «10»,
paguyc KOTOPOU MO CBOEW BEIIMYMHE SBIISETCS OIMSITh-TaKW YyTh MEHBIINM IO CpPaB-
HEHUIO C BEIMYUHOW panyca OKPY>KHOCTH «9», 0003HAYAOIIEH MTPEAEIbI CYIIECTBO-
BaHMSI «N-4aCTUIIbI» B TuIockocTH [15).
[Ipeanonoxum Tenepp, 4TO JTBOMHBIE IOBOPOTHI BCEX TPEX paanyc-T-BEKTOPOB
IPOUCXOJAT XOTS U OJHOBPEMEHHO, HO CTOJIb COTJIACOBAHHO, UTO MX TEJa HUTJIE HE
CTaJIKUBAIOTCS OJIHO C IPYTUM U IOTOMY HUCKOJIBKO HE MEIIAIOT IPHU 3TOM JIpYT JIpY-

ry (9To BIOJHE BO3MOXXHO, KakK 3TO BHIIHO W3 IPHUBEICHHOTO Ha puc.26, nOO T-BEK-

% 9 .. ~r
TOPBbI A-1mn B1—4 IOYTHU BCC BPCM: HAXOAATCA BHC TNIOCKOCTCHU COOTBCTCTBCHHO Hl nu
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N
Il,, B KOTOpBIX TPOUCXOIUT ABHKEHUE T-BekTOopa AB). Torma nepen Hamu npeacra-

HYT TPU YaCTHUIIbI, JBE M3 KOTOPBIX OYIyT HAXOIUThCS Kak Obl BHYTPU «Telax»
Tpetheil. Ilputom oHM OyayT HaxXOmWUTHCA BHYTPU HEE BCE BpeMs, MOTOMY YTO
0a30BbIE T-BEKTOPbI A? Il un ]3?—4 SIBIISIFOTCS, KaK Mbl 3HA€M, CBSI3aHHBIMU, U, 3HAYUT,
BEKTOpHBIE TuIOmAnku A-1-2-3 u B;-4-5-6 B X0Ji¢ T-BEKTOPHBIX MOBOPOTOB BOK-
PYT COOTBETCTBEHHO TOYEK «A» W «B;» OyayT OKa3pIBaThCs Kak Obl HAMEPTBO
MIPUBSI3aHHBIMU K MOCIICTHUM.

B pe3synbrare nepen HaMH OKaKeTCsl YCTOWYMBAS TPyIIla COBMECTHO CYILECT-
BYIOIIIMX YacTHUIl, CaMO CYIIECTBOBAaHHE KOTOPBIX MOXKET NPOAOIKATHCS, IIO-
BUJIMMOMY, JOCTAaTOYHO J0Jro. Bo BcAkoMm ciydae, Tak J0Jro, IMOKa XOTs Obl

- - -
OJIMH U3 TPEX CUIIOBBIX paanyc-T-BeKTOpoB AB, A-1 u B-4, ncuepnas nMmeronuiics y
Hero 3arac «cuiibl» (3anac JIHC), He nmpekpaTUT COBEpIIIEHUE CBOMX JBOMHBIX MOBO-
poToB. W noka ux COBMECTHOE CYIIIECTBOBAHME HE OyIET MpeKpaIieH0 HEKOTOPhIM
BHEIITHUM JIENCTBUEM.

[IpuTOM 5TO BOSHHMKHOBEHHE M CYIIECTBOBAHHME OOIICH YACTHIIHI OKa3bIBACTCS
BO3MOXKHBIM TIO JIBYM IpuuuHaMm, Bo-mepBbIX, MOTOMY, 4TO 0a30BbIil T-BEKTOP A?B
SBIIETCSA OoJiee IIMHHBIM IO CPAaBHEHHUIO T-BEKTOpPaMU A?I u B?4. Bo-BTOpBHIX,
MIOTOMY, YTO BO BpE€MSI CBOMX MOBOPOTOB OHU (COTJIACHO HAMU MPUHATOMY BBIILIE) HE
MEIIAT APYr Apyry. UTo, mpaBa, CKOpee BCETO, SIBISAETCS HEBEPHBIM.

JTO cleyeT U3 TOTO, YTO JBUKYTCS HE TOJIBKO CAMH Te€Jla Y 3TUX T-BEKTOPOB,
HO OHU MPHU ATOM MPOU3BOASAT OMETAHUE COOTBETCTBYIOIIMX Pa3MEpPOB IUIOLIANCH,
KOTOpbI€ B KOHIIE MOBOPOTOB TEJ T-BEKTOPOB CTAHOBATCA Iuiomagkamu ABBA;,
A-1-2-3 u B-4-5-6. [Ipnuém yxe B NEepBbIA MUT MOCJI€ CBOEr0 MOCTPOCHUS Tea y
ITHX TUIOMIAJIOK OYIYT SBISTHCS 3aMOTHEHHBIMU HE CYOCTaHIIMEH WMITYJIbCa CHIIBI, a
Bcero sinib cyoctannuent JIHC. Torna kak 00bEMbI KPYrOBBIX TeJIECHBIX TIIOIIAEH,

- - —
omeTaeMbIX T-BekTopamu AB, A-1 u B-4 B mporiecce ux mOBOPOTOB, OYyIyT M3-3a UX
JBIKEHUSI OKa3bIBAThCS 3aIIOJIHEHHBIMU CYOCTaHIIMe uMImyibca cuibl. [loaTomy 3T
MOCTENEHHO BO BpeMsl MOBOPOTAa KaXKJOrO0 U3 Ha3BaHHBIX T-BEKTOPOB Kak Obl

BBIPACTAIONIME KPYrOBBIC IUIOMAAN, OyIydd 1O CBOEH CyTH TeJaMH T-BEKTOPOB-

ﬂeﬁCTBHﬁ, T.C. T-BCKTOPOB 2-ro poaa, 6YI[YT OKa3bIBaThbCSA CIIOCOOHBIMH CaMBIM

206



HACTOSIIIMM 00pa3oM TOJKaTh BCTpeUaroliuecss UM Ha TyTH npensTcTBus. Ho
MOCKOJIBKY TeJIa KPYTrOBBIX IUIOINIA/IEH B MPOIIECCE CBOETO POCTa HEMPEMEHHO OYIyT
nepecekaTbcsl MKy COOOM, KaK ATO CIIEIyeT W3 MPHUBEISHHOTO Ha pHUC.26, TO OHU
o0si3aTeTbHO OyIyT B3aMMOJIEHCTBOBATH ApYyr ¢ apyrom. Ilpuyém s5T0 B3aumo-
NeHCTBUE OyIeT MPOMCXOAMTH HE IO TUIY «YMHOXCEHHE», a 00s3aTeIbHO IO THITY
«CrnoxeHne», T.K. TOJIbKO TAKUM 00pa30M MOTYT B3aHMOJICUCTBOBATh T-BEKTOPHI 2-T0
poaa (cMm.c.220). OueBUAHO, YTO TPHU JCUCTBUU OJHOM Kak Obl BhIpAcTarONICH Mpu

- - =
nmoBopoTe T-BekTopoB AB, A-1 u B-4 xpyrosoii miiomaaun Ha Apyrylo, T.€. IPH JIEHCT-

— —
BUM OJHOTO T-BEKTOpa UMITyJIbca CHIIbI P; Ha JpYyroi T-BEKTOpP MMITYJIbCa CUJIBI P,
—

OHM OyAyT B3aMMOJIEHCTBOBaTh MexAy coOoi. Ho T.k. yrosn mexay T-Bekropamu Py
—
u P, Oyzaer, no Bceill BUAMMOCTH, OKa3bIBaThCs HE PAaBHBIM HYIIO, TO JUIMHA Tella y
—
T-BEKTOpa PAaBHOACUCTBYIOLIETO MMITyJbca CHIIbl Py OyIeT OKa3bIBaThCs MeHbIle

- —
CVMMaDHOﬁ JJUHBI TCJI Y COCTABJIATIOINUX Pl u P2. A »10 3HA4YUT, 4YTO UTOTOBBIN

WMITYJIbC CUJIbI (T.€. MTOTOBasl SHEPrUsl W, 3HAYUT, UTOTOBAsg Macca) y CyMMAapHOM
qacTHIbl Ha puc.26 Tocie CAUSHUS JBYX MHPOTOHOB C OJHUM HEHTpOHOM Oymer

OKa3bIBaThCA MEHbIIIEC CYMMBbI UX BHGPFHﬁ—MaCC 110 OTACJIIBHOCTH.

NHbIMU crioBaMH, MPU CIUSHUM, B YACTHOCTH, IBYX IMPOTOHOB C OJJHUM HEM-
TPOHOM WJIM MHOXECTBAa TAaKOTO poja YacTHUI[ IMyTEM BCTaBIEHHUS T MPOTOHOB
BHYTpb TeJl HEUTPOHOB ¢ 0Opa3oBaHUEM OJHOIO OOILIEro siipa aromMa OyJaeT BO3HH-
KaTh TaK Ha3bIBaeMbI nedekT macc. Uto, pazymeercs, He SIBISETCS HOBOCTHIO, HO,
HAIPOTHUB, 3TO IMPOKO M3BECTHHIN (akT. HOBOCTH 3/1€Ch COCTOMT B BO3MOXHOCTH
OOBSICHUTh MIPUYHUHY ITOTO SIBJICHUSI, OCHOBBIBASICh HA MPEJIOJIaraéMOM YCTPOMCTBE
TeJ MPOTOHOB M HEHUTpOHOB. KpoMe 3TOro, moCKONbKy BelIWYWHA AePeKTa Macc B
Alpe  SIBISIETCS HKBUBAJEHTHON BEIMYMHE SHEPIHUU CBSA3M MEXAY YaCTHUIAMU,
MPENSTCTBYIOMIEH UM TMOKUAATH MPEACNbl siipa, TO 3TO €CTh BTOpas MPUYMHA, IO
KOTOPOM BO3HMKHOBEHUHU U CYIIECTBOBaHUE OOIIEH HEHTPOHHO-TIPOTOHHOM YaCTHUIIBI
OKa3bIBAETCS BOBMOYKHBIM.

[Iponomxum emé HemHoro. M3 paccMoTpeHus puc.26 OYEBHIIHO, YTO TaKOIO
po/ia YCTOMYMBBIC TPYMIIBI YAaCTUIl, B KOTOPBIX TEJIO KaXKIOM «N-4aCTHUIb» KaK Obl
OXBAaTHIBAET COOOM Teaa JBYX «P’-4acTHI», MOTYT OBITH ITOCTPOEHHI HE TONBKO M3

TpEX, HO, IO BCEH BUIMMOCTH, U M3 OOJIBIIET0 YKcIia 3TUX yacTull. [Ipnuém Bo3HMKA-
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IOLIAs TP 3TOM CBSI3b MEX]y HUMH (MMEHyeMasi CUTbHbIM 83aumooeticmeuem) 0yaer
OKa3bIBaThCsl OYEHb MPOUYHOU. T.K. «IIPOTOHBI», CBSI3aHHBIE «HEUTPOHOM», OYIyT HE
TOJIBKO HaXOJWTHCS BHYTPHU €T0 Tela, HO KPOME 3TOro OYyAyT OKa3bIBaTHCS MPH ATOM
e Kak Obl MPUBSI3aHHBIMU K 0a30BBIM TOYKaM «A» U «By». W 4TOOBI BBIHYTH UX
OTTyZa, HY)KHO OyzmeT 1nb0 OTOpBAaTh KaXAYIO M3 «pP-YaCTHI» OT MOJIOCHBIX TOYEK
«A» 1 «By», nmubo Kak OBl «pa3opBaTh» 00BATHSI HeWTpoHa. Clle0BaTEIBLHO, YTOOBI
OCBOOOJUTH «MPOTOHBI», HEOOXOAUMO OYAET NPWIOKUTH K HEUTPOHY, MO BCel
BUJIMMOCTH, JOCTATOYHO MOIIHOE Bo3zAeicTBUE. UTO MOXKHO cenaTh, IpH MOMOIIH,
HaIrpuMep, HEKOTOPOT0 CHIILHOTO BHEIIIHETO yJapa Mo T-BEKTOPY A?S oOpa3yroniemMy
CBOMMH JIBOMHBIMU TTOBOPOTAMU TEJIO HEUTPOHA, M TEM CaMbIM 3aCTaBUTh €T0 HAYaTh
COBEpIIATh UX KAKUM-JTUOO UHBIM CITIOCOOOM U B KAaKOM-JIMOO APYTOM MECTE.

Kopoue, T-BekTOp MMITyJIbCa CUIIBI F;y MPOTOHA U T-BEKTOP UMIYJIbCA CUIIBI Y
HEUTpOHA F: OyIyT OKa3bIBaThCsI, KAK CBUICTEIHCTBYIOT 00 3TOM SKCIIEPUMEHTAIIb-
HBIC TaHHBIC, TIOCTOSTHHO KPEIKO CBSI3aHHBIMH MEXKTY co00i. OHAKO UX B3aUMO/ICH-
CTBHE, WX TOCTOSHHOE BJIMSHHUE Apyra Ha Apyra HUKaK He OyIeT oTpaxaThCs Ha
NpoTeKaHuu mpoliecca Z-uznydeHus. B camom perne, Beab Teno MpoToHa (T.e. TElo
omanaku A-1-2-3 u B;-4-5-6 Ha puc.26) HUKaK HEe MeHseTcs npu 3ToM. [ToaTomy u
BEJIMYMHA 3apsfa y KaKJIO0ro MpoToHa OyAeT OCTaBaThCsS MOCTOSIHHOM, a, 3HAYMT, U
BEJIMYMHA 3apsja y BCEro atoma Oy/eT TakKe COXPaHSATHCS HEU3MEHHOW M paBHOM
MOpsIIKOBOMY HOMepy B TaOmwmie anmemeHTtoB J[.M.Menneneesa. [lostomy, ecnu u3
BEJIMYMHBl aTOMHOTO Beca «A» BBIYECTh 3HAYEHUE MOPSAIKOBOIO HOMEpa «Z», TO
OyzmeT moxyvarbcsi, Kak U3BECTHO, 3HAYEHHE YMCIa HEUTPOHOB «N», MPUXOMSAIINAXCS
Ha YKMCJIO IPOTOHOB B AJIPE y JAHHOTO AJIEMEHTA.

He menee m3BecTHO, YTO C pOCTOM 3HAYEHUS TOPSIKOBOTO HOMEpA B TaOJIHIIE
JA.N.Menneneesa, T.€. C pOCTOM aTOMHOTO Beca «A» OTHOIIECHUE YKCIIa HEUTPOHOB,
npuxojsmieecs Ha oauH mpoToH N/Z, mocTeneHHo Bo3pacTaeT oT N/Z = 1 (ueiite-
puii) no npumepHo N/Z = 1,5.

31ech HEOOXOAMMO 3aMETUTh, YTO B JIEHCTBUTEIBHOCTH BO BCEX aTOMax YMCIO HEWTPOHOB
HE MEHbIIE, KaK 3T0 M300pa)keHo Ha puc.26, a Oosblie yuciaa npoToHoB. IlosTomy, Hanpumep, y
OJTHOTO M3 M30TONOB BOAOPOJA, @ UMEHHO Y AEHTEpUs TOJIBKO OAMH MPOTOH OyAeT NPUXOAUTHCS Ha
OJIUH HEHTPOH. A BOT y JAPYroro M30ToIa BOAOPOAA, Y TPUTHUS HA OJUH MPOTOH OyJAeT MPUXOAUTH
LENbIX /1Ba HEUTpoHa. OHAKO 3TO HE MEHSET CYTH JIeja: BCE MOSICHEHHUS, KACAIOIIMECS] BOZMOXKHOM
NPUYHHBI TIOABIICHHS Ae(heKTa MacChl y sJep aTOMOB, 3/1€Ch OCTAIOTCS B CHJIE.
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Emé Heo0xo1MMo 3aMEeTUTh, UTO BUXPEBOU MOTOK Z-WU3JIYy4eHUSI y KaXKJIOTrO

MPOTOHA, SIBJISACH IOCTATOYHO AAIBHOOOMHBIM, OY/I€T OKa3bIBATHCA CIIOCOOHBIM IMPHU
NIEPECEUCHUHN C MTOTOKOM Z-U3ITydeHUs, TMPOAYIIUPYEMOTO TEIIOM CBOOOTHO IBUXKY-
IIeerocs Mo HEKOTOPOW OpOUTE AIEKTPOHA, CTAHET B3aUMOJICHCTBOBATh C HUM TaKUM
00pa3zom, 9TO TEJIO ANEKTPOHA 3aTeM Oy/IeT YIAePKUBAThCS Kak Obl Ha TTOBOJIKE HA TOM
i uHOW opOute. [Ipm 3TOM B3aMMOACHCTBHE TOTOKOB Z-H3Iy4YeHUS, TIPOIYIIUPY-
€MBIX AJIEKTPOHOM U MPOTOHOM, OYAET MPOUCXOUTH TAKUM O00pa3oM, UTO BEIUYHHA
NEUCTBUSI M TPOTHBOJICHCTBUS ATHX MOTOKOB APYr Ha Apyra OyayT OKa3bIBaThCA
00s13aTeTbHO PaBHBIMU B XOJIE€ JBMXKECHUSI DJIEKTPOHA MO KAKOW-IMOO0 CTallMOHAPHOM
opbute. U, cornacHo MosSCHEHUSAM K puc.l4, neiicTBUE ITUX MOTOKOB JPYyr Ha Apyra
OyIyT MpU ATOM PAaBHBIMU HECMOTPS HA TO, YTO MOTOK Z-U3IY4EHHS Yy AJIEKTPOHA
OyJeT MOXOIUTh Ha HEOOJBIION pydeld, BTEKAIOIINN B MOJHOBOJIHYIO peKy Z-U3Iy-
YEHUs Y TPOTOHA (T.€. HECMOTPS Ha TO, YTO Z-U3JIYyYEHHUs y 3JEKTPOHA U Y IPOTOHA
10 CBOEH BEJIMYMHE MOTYT OBITh CUIIBHO OTJIMYAIOIITIMHUCS)

['oBOpst MHAue, 3apsAapl y JIEKTPOHA U Y IPOTOHA B XOJE MX B3aWMOJIECHCTBUS
OyIyT OKa3bIBATHCSI PABHBIMM 110 BEJIMYUHE, HO TPOTUBOIOJIOKHBIMU TIO 3HAKY.

Kpome Toro, BenmuuuHa 3apsija y dJ€KTpoHa (a, 3HAYWT, U Y MPOTOHA) OymeT
SIBJIATbCSL €IMHUYHOM, T.€. HE JENAIICCs Ha 4YacTh, MOTOMY 4YTO HEBO3MOXKHO
pa3aeiUuTh HAa YaCTH TEJIO Y ABOMHOU TOYKH «/[», BOZHMKAIOIIEH B TEJIE AJIEKTPOHA,

MPOTOHA U APYTHUX 3apsHKEHHBIX YACTHII.

B 3axmntouenue Bo3BpaTUMCS Ha MUHYTY K MPOOJIEME CYIIECTBOBAHUS OKpYXKa-
forero 3eminio 3¢gupa. B cBs3u ¢ ueM HalmOMHUM, 9TO, KaK OBIJIO OTMEUYEHO Ha C.18,
HaIpsHKEHHOE COCTOSIHUE, BO3HUKILIEE B TEJI€ UCIIBITYEMOTO, B YACTHOCTU CTaJbHOTO,
CTEp>KHS HE mepenaércs Jaxe CONMPUKACAIONUMCS ¢ HUM JIFOOBIM JAPYTHM CTEP>KHSIM
U TeJlaM, T.€. MOJTYy4YaeTCs TaK, YTO BCSIKOE HAMPSIKEHUE €CTh Kak Obl «BeIllb B ce0e».
OTkyna cienyer, 4To Tejla T-BEKTOPOB A?B, SBJISIIOLIMECS TEJIaMU T-BEKTOPOB 1-ro
pojaa, T.e. TeJaMU T-BEKTOPOB-HEJIEHCTBUM, OYIYyT OKa3bIBATHCS TAKKE «BEIIHIO B
cebe» M OyIyT TakKe HE CIOCOOHBIMHM OKa3bIBaTh KakOe-IMOO JeHCTBHE Ha JIOObIE
JIpyrue COIpHKacamlrecss ¢ HUMHM Tena. A 3TO 3Ha4uT, 4yto U Bes Ilycrora-

—
HpOCTpaHCTBO, ABJIAOIIAACA COCTaBJIICHHOM U3 TeJl 3THX CaMbIX T-BCKTOPOB AB,
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OyZeT OKa3bpIBaThCsl HE CIOCOOHON B3aMMOJIEHCTBOBATH C TEJIOM 3€MIIH, JBHKYIIEHCS
CKBO3b He€ Mo cBoed opbute. OTcroa MoMy4aercs TaK, YTO 3aKOHUYMBIIMECS, Kak
M3BECTHO, HEey/auel dKcepuMeHTsl Malikenbcona-Mopii 1o oOHapyXeHUo 3hup-
HOTO BETpa JO0Ka3ajdd HE CTOJBKO TO, 4TO 3(puUpa HET U €ro CyIIeCTBOBAHUE
HEBO3MOXKHO, CKOJIBKO TO, YTO €rO CYIIECTBOBAHWE, KaK BBIACHSETCS, HAIPOTUB,
BIIOJIHE BO3MOJKHO. boisiee TOro, BCE M3JI0)KEHHOE B ATOM KHMKKE TOBOPUT B MOJIB3Y
toro, 4yto AbcontotHo ITyctoe IIpocTpanctBo (AIIII) geicTBUTENBHO SBISETCS BOBCE
HE MYCTBIM, HO, HA00OPOT, MPEICTABIIICT CO00KM (Kak ATO yXe OBLJI0 OTMEUYEHO Ha
c.156) kak pa3 TOT caMblii He OKAa3bIBAIOIIMM KaKOTro-JIn0O MPOTHUBOJAEHCTBUS
peanbHbIi 3(pHp, KOTOPBIN 32 CUET 3TOTO AT BO3MOKHOCTH CHUJIIOBBIM T-BEKTOpaM
I?B COoBeplIaTh CBOM JIBOWHBIE IOBOPOTHI M CBOOOJHO NepeMelaThCcsi CKBO3b
IIpoctpancTtBo. MHBIMH cllOBaMH, BCE H3J0KEHHOE B ITOM KHUKKE MO3BOJSECT HE
TOJIBKO TOBOPHUTbH, HO Aa)ke AAET MPaBO YTBEPXKAATh, 4TO 3(PUp CYIIECTBYET, U €ro

CyIICCTBOBAHHUEC SBIIACTCS HACTOJBKO K€ PCAJIbHBIM, HACKOJIBKO PCAJILHBIM SABJIACTCA

cymectBoBanue AIIII.

Takum obOpazom:

1. Bmomae Bo3MOXkHO, uT0 KpoMme R-mipsimoro u R-o6patHoro m3myuenuii B [Ipupone cymect-
ByeT el U Z-U3IydeHue.

2. llpupona cUIBHOrO B3aUMOJEHCTBHUS MEXKIY YaCTHULIAMU BHYTPH s,1pa, BO3MOXKHO, COCTOMT B
TOM, YTO TENO MPOTOHA Oe3 KaKoro-mmdo Bpeda Uil HEr0 MOXKHO OYyKBaJbHO BCTaBHUTH
BHYTPb MMEIOIIETO YyTh OOJIBIIHNE pa3Mephl TeJla HeUTpoHa. DTO MPUBOIUT BOSHUKHOBEHHUIO
nedexTa Macchl y CIMBIIMXCS B OJHY OONIYI0 YacTHIy TMPOTOHA C HEHTPOHOM, T.e. K
BO3HHKHOBEHHIO SHEPTHH CBSI3U, KOTOpas OyJIeT MpemsTCTBOBATh pacnaiy OOIIEeH JacTHIIbI
Ha COCTaBJIAIONIME €€ TEJIO YaCTHUIIBI IPOTOHA U HEUTPOHA.

3. HM3noxeHHoe paHee M OCOOCHHO MPHUBEACHHOE B JaHHOM Maparpade Mo3BOJSET MOJararth,
YTO U B MHUKPOMUPE, BCE MPOUCXOTUT TOYHO TaK, KaK B MaKpOMHUpe. 3a UCKITIOUEHUEM Pa3Be
TOTO, YTO Teja MPOTOHOB (B OTIMYHME OT MaKpOCKOMUYECKUX Tell) 0e3 Kakoro-aubo Bpeaa
Ui cebsl, T.e. OCTaBasCh MPOTOHAMM, MOTYT OBITh BCTABICHHBIMU BHYTPbH TE€Nl HEHTPOHOB,
KOTOpBIE TaKXKE MPHU 3TOM OyAyT OCTaBaThCs TelaMH HEUTPOHOB M Takke 0e3 KaKkoro-ITndo
Bpena s ceosl.

4. HaxkoHel, cOrlacHO camMOMy TOCTIEAHEMY 3aKIIOUeHuto, momyauM, uto AlIll u adup — cyts
OHO U TO ke, T.e. 3¢up B [Ipupoae cyliecTByeT HACTOJBKO € peajbHO, HACKOJIBKO
peanbHO B Helt cymiectByet AT
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HPUJTOXKXEHUE

BEKTOPHO-TPUTOHOMETPUYECKHUE ®YHKIHUUN

(st pu3BEeKTOPOB 1-Tr0O posa)

Jesienune n1ByX T-BeKTOpOB 1-ro poaa

Urak, y Bcex T-BeKTOpOB 1-ro poaa MX «JIelCTBUE» HAIMPABICHO HE OJHY, a
cpa3y B JIB€ U MPUTOM MPSMO MPOTUBOMOI0XKHBIE CTOPOHBL. [lo3TOMY HampaBieHUe
«JIEUCTBUS» y KAXKIOTO TAKOTO T-BEKTOpa HE OyIeT MEHSTHCS, €CJIM OH BAPYT CTaHET
Kak-JIM0O0 TTOBOPAYMBATHCS HA TOT WM UHOM yroy «@» (Belb «JIEHCTBHUE» T-BEKTOPA
OyzmeTr ocTaBaThCsl HANPABICHHBIM B JIBE MPSIMO MPOTUBOMOJIOKHBIE CTOPOHBI). UTO
03HAYAET, YTO MBI OyZeM BIIpaBe MPOU3BOJUTH OTEPAIUIO OelleHuUsi ITUX BEKTOPOB
HE3aBHCHMO OT TOr0, KakUM 0Opa3oM OHM OYyAyT OpHEHTHPOBAaHBI KaK B IPOCTPaH-
CTBE, TaK U OTHOCUTEJIBHO JIPYT ApPYyTa.

[Ipuuém B urore nenmenus ogHoro MPPU-uucna na npyroe MPPU-umucno, —
HaNpuMep, YHCIIa [°\°/E-°°w/(+)1] Ha YHUCIIO [°{’/E-°°1/(+)1], — Oyzmer nomydarbcs

JIMIIEHHBIA BCSIKOU HaIIpaBJICHHOCTU T-BCKTOp, T.C. 6YZICT MMOJIYy4aTbCA KakK OBl

la
sekmopHoe qucio °J—-(*)l (OyaeT mojydarbcsi HE CKaJIsPHOE YUCIO U HE YHUCIO-
c

BEKTOp WJIM BEKTOp-4MCIO, Hanpumep [R-(+)1], a uMeHHO 0e33HaKOBOE «BEKTOPHOE
4uCio»). MHBIMU ciioBamu, OyJeT Moiay4aThbes, MOBTOPUM, UMEHHO T-BEKTOp, HO CO
3HaKOM (*) IMOJTHOTO OTCYTCTBHS KaKOW-THOO HampaBiieHHOCTH. [oaToMy, HECMOTps
Ha OTCYTCTBHE B HEM 3HAKa HAINPaBICHHOCTH (+) Wi (—), OHO BCE ke OyaeT o01anarh

OCHOBHBIM CBOMCTBOM BCKTOpa 1-ro poaa, CoriiaCHoO KOTOpomMy a0COJIIOTHOM BEINYH-

o a
HOHM KOMIIJIICKCA — (*)1 6YZIGT ABJATBCA HC PC3YIIbTAT BHIYMUCIICHUA KOPHS CTCIICHU
C

a a
n=co U3 MOJKOPEHHOr'0 YUCia — , a camo 3TO yuciao — (*1).
v c

[Ipu sTOoM pe3ynapTaT AelieHus He OyIeT 3aBUCETh OT TOTO, SIBJISIOTCS JIK
BEKTOP—/ICJIUMOE U BEKTOP—JIEJUTENh 00a BEKTOpaMu HaOJ01aeMON MPOTHKEHHOC-

TH, 00a BEKTOpaMH HEHaOJ0aeMOl MPOTHKEHHOCTH WM OJWH W3 HUX Oyner
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BEKTOpPOM HaOIt0/1aeMoil, a pyroil HeHaOonaeMoil npotskéHHOCTH. [loTOoMy YTO
T-BEKTOp HEHAOII0aeMOi MPOTHKEHHOCTH, UMEsl OJJMHAKOBYIO TONIIUHY C T-BEKTO-
poM HaOIomaeMol MPOTSHKEHHOCTH W o0jafas aOCOMIOTHO OJIMHAKOBBIM C HUM
(U3NIECKUM TETIOM, OTINYAETCS OT MOCIIETHETO JHIIb TeM, YTO OJUH U3 €r0 KOHIIOB
B JIaHHOE BpPEMsI HaXOAWTCS B COCTOSHUHU IBWXKEHHs. VHBIMU CIOBamMH, T-BEKTOP-
JEIMMOE M T-BEKTOP-ACIUTENb SIBISIIOTCS COBEPIIICHHO OJIMHAKOBBIMHU (DU3UUECKUMU
oObekTamu-Tenamu. [lotomy He UMeeT 3Ha4eHHs, CTOST JM B YHCIHUTEEC U 3HAMEHA-

TeJIe 0JIHO-3HAKOBbIE UPPALMOHATIBHBIE €IMHUIIBI WIIK OHU SIBIISIOTCS Pa3HO-3HAKOBBI-
MU: TIpU JEJICHUU OHU OYAYyT B UTOrE J1aBaTh 0€33HAKOBYIO equHULy %/ (*)1. BaxHo

JIMIIIb, YTOOBI IMOKA3aTeNIM CTEIICHU KOPHS « N » Y JCJTUMOT0 U Y JEIUTEIIS IIPH dTOM
OBLITM OJTMHAKOBBIMU.

B pesynbrare 3TOTO OKa3bIBae€TCs BIIOJTHE BO3MOXKHBIM MOCTPOHUTH COBEPIIICH-
HO BO BCEM aHAIOTHYHBIE OOBIYHBIM CKAISIPHBIM TPUTOHOMETPHUYECKUM (DYHKIIHSM,
HO TOJIBKO TEMEpPh YKe gekmoprble Tpuronomerpuueckue ¢pynkuun. Koropsie 6yayt
OTIIMYAThCSI OT MPUBBIYHBIX HAM CKASIPHBIX (DYHKIMHA JUIIH TEM, YTO OHH OYmyT
OKa3bIBAaThCS MOJIHOCTBIO 0E33HAKOBbIMU BO BCEM JHMANAa30HE U3MEHEHUS LIEHTPallb-
HOTO YIJIa «@» . DTO CBSI3aHO MPEXKJE BCErO C TEM, YTO €CIH T-BEKTOPHI MPOTHKEH-
HOCTU OynyT M300pakaTbCs HAa YepTekKaxX Jaxe MPH MOMOUIM He 08VKOHEYHbIX, a
TOJIBKO OOHOKOHEYHbIX CTPETOK, TO W TOTJa 3HaK BEKTOpa, JIEXKAIIETO Ha JIMHHUH
CUHYCa WIN KOCUHYCa, Oy/IeT ONpeIeNaThCsl COBCEM HE TEM B KAKYIO UMEHHO CTOPOHY
(B MOJIOKUTENBHYIO WM OTPUIATENIbHYI0) Ha ocu abciuce X-X WU Ha OCU OpAUHAT
V-V HampaBieHo ero octpué€, a TeM, HapuMep, COBMAAACT WA HE COBIATACT €ro
HaIPaBJIEHHOCTh C BHIOPAaHHBIM HampaBieHUEM 00Xxoja BekTopHoro kontypa ABC Ha
puc.27.

Takum oOpazom, ecnu Ham OymeT JaH HMMEIOIMUNA BUA TPSIMOYTOJBHOTO
TpEyroJibHUKa BEKTOpHBINA KOHTYp ABC, B KOTOpPOM T-BEKTOD < OyneT SBISATHCS
TUTIOTEHY30M, & T-BEKTOPHI aub OyAyT OKa3bIBAaThCS KaTETaMH, TO BEKTOPHBIN
CUHYC M BEKTOPHBIA KOCHHYC HaWAyTCi Kak:

K a5t J
ke

Sll’l 0=

Cosae l\/_ \/(+)1J \/ ol
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Puc.27
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OTtkyna Xopouo BUAHO, UTO:

SN b
C

Sing =2 ()1=[Sing| n |Cos@|=2-(x)1=|Coso]| .
C

T.€. a0COJIOTHOM BENMYMHON 8eKMOpHO20 CUHYCA WM KOCUHYCA SIBJISIETCS 3HAUEHUE
a0COIIOTHOM BETMYHMHBI CKAIAPHO20 COOTBETCTBEHHO CUHYCA WM KOCUHYCA.

Ho campiM mHTEpecHBIM B BT-QyHKIMIX OyAET TO, YTO COOTHOIICHHE, KOTO-
pO€ B CKAJIAPHBIX TPUTOHOMETPUUECKUX (QYHKIUSIX MPUHATO UMEHOBATH OCHOBHBIM,

3/1€Ch BBITJISUT CIICIYIOIAM 00pa3oMm:

Sing + Cos¢ = g/(%)1, (5.1

rae </ (#)1 # (*)1, TK 7THIb “’:/(*)1‘:(*)1.

To ecTn:
JIns mepBOil CTENEHUM BEKTOPHOTO CHHYCA W TMEPBOM CTENEHU BEKTOPHOTO
KOCHHYCa OJIHOTO M TOTO K€ IIEHTPAJbHOIO YIJla ( WX 8eKMOPHAs CyMMa

paBHA 8eKMOPHOU EAVNHULE.

CiokeHue ¥ BLIYUTaAHHE T-BCKTOPOB 1-ro poaa

CornacHo npuBeneHHomy B 11.16.3. Ha c.143-144, Tena 3Toro poga T-BEKTOPOB

MOHO CKJIQJIbIBaTh-BBIUUTATH TOJIBKO 1O cr1oco0y [1J[-BeKTOPHOTO CIOKEHUS-BHIYH-
TaHud. Ho Takoro tuna onepanusi IpUMEHUTEIBHO K T-BEKTOpaM 1-ro poja B TaHHOU
paboTe ObLIa BBIMOJIHEHA JIUIIb OMHAXKILI (puc. 2 U 3). DTO OOBACHSIETCS TEM, YTO
OHa BOOOIIE MaJji0 TMOJie3HA C TMPAKTUYECKOM TOYKM 3peHHs. [loaTomMy oHa MOXKET

OBITh MHTEPECHA JIUIIIb JIJIs1 Y3KOr0 Kpyra CeluaIucToB.

YMHoO:xEHHUE U JeJIeHHE T-BEKTOpPA HA YUCJI0

ITycte HaM J@aHO YHUCIIO ["{’/%-”J(ﬂl] OueBHIHO, YTO €ro MOXKHO 3aMEHMTH
YHCIIOM [°°\/4 7 -°°1/(+)1]7 a ero MOYKHO IPEICTABHTE B BUIE X4 - [°\°/7 : °°1/(+)1] 3amucas

TeNeph pAAOM emé Apyroe 4ducio 4 - [°\°/7-°°«/(+)11 T.€. 3alHMcaB PsAJIOM JBa YuCia
°\°/Z-[°\°/7-°$/(+)1] u 4-[°\°/7-°$/(+)1], HAXOJWM, YTO B IIEPBOM CIly4ae BO3pACTacT B

%
YeThIpe pa3a MpPOJOJIbHBIN pazMep y T-Bektopa MT= ["\"/7 - (+)1l a BO BTOPOM cJydae
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—
YUYETBEPSAETCS HE BEJIWYMHA BBITAHYTOCTH y JaHHOIro T-BekTopa MT, a Bo3pacraer

06%{68 Koaudyecmeo TAaKOTO poJia T-BCKTOPOB: IMOCIC YMHOXKCHUSA Ha pAllMOHAJIIBHOC

—>
qucno «4» BMeCTO oJHOro T-BekTopa MT mosiBITCS cpa3y uemsvipe mena OAvHA-

KOBBIX 10 JJIMHE BEKTOPOB, KAXJAOMY U3 KOTOPBIX OTBEYAET YHCIIO [":/ 7 - °°1/(+)1].

Takum 006pazoM:

YroObl yBeIWYUTHh (YMEHBIINTH) B A-Pa3 npooobHblil pazmep y T-BEKTOpa

. —> 00,
nporsok€HHoctd MT = [x/R -°°1/(+)1] HEOOXONMMO M JIOCTATOYHO OTBEYAroLIee
sTomy Bektopy MPPU-uucio yMHOXKUTH (WJIM pa3iesiuTh) Ha O€33HAKOBOE uUppa-
YUOHAIbHOE YUCIIO BUAA VA .
UtoObl yBeIWYUTH (WM YMEHBIIUTH) O0O0INEe KOJIMYECTBO T-BEKTOPOB

MPOTSHKEHHOCTH JAaHHOTO pa3Mepa, HEOOXOAUMO JAaHHOE MX YHUCIIO COOTBECTBEH-

HO N~ [°\°/E - °°1/(+)1] YMHOXHTD (WJIM pa3e/iuTh) Ha 0€33HAKOBOC PAYUOHATbHOE

YHCIO A .
IIpoexkuus T-BEKTOpa HA OCH
N e

[Iycts Ham nan T-BekTop ¢ = AC (puc.27) u u3BecTHa aOCOIIOTHAs BEJIMYMHA
CKaJISIPHOTO KOCHHYCA YTJia «(» , T.€. U3BECTHA BEJTMIMHA | Cos (p| . Ot Hac xe TpeOy-
€TCS HAUTU PACIOJOKEHHYI0 Ha OCH X-X OPTOTOHAJIBHYIO COCTABIISIIOIIYIO Pa3iio-

—>
keHus T-Bektopa ACy .
—
s aToro momoxum, 9to AC = [\/_ Y1 ] | Cos (p| =5/7 . U3 TonbKo 9TO
. —> —>
paccKa3aHHOTO CIeayeT, uTo ajs Toro, ytoonl Haitu ACyx Bektop AC cremyer
YMHOKHTh HE Ha 4uciI0 5/7 , a HA YMCIO 5/7 . Vinaue TOBOPS, I TOJYYCHUS
—

MPaBWIBHOTO pe3ynbTaTa BeKTOp AC HYXHO OyJIeT YMHOXHWTh HE Ha CKaJSpHBIH, a
—

Ha gexkmopHviti KocuHyc, He Ha Cos @ , a Ha Cos ¢ . IIpuHSB 3TO BO BHUMAaHUE,

IMOJIYIUM:

ACx=AC -Cos o= &7 - °d(+_] 7 =[5 -5}

C apyroit CTOpOHBI, €CJIM ObI BEKTOP AC OBLT BEKTOPOM He 1-ro, a 2-To poja

— —
(ectu Ob1 BekTOop AC ObLT BekTOpoM-AerictBueM AC ), TO TOrja €ro 4YucIOBOU
dbopwmoii 3anucu sBisuioch 061 He UPPU-uncno, a PU-uucno [7- (+)1] u qs onpene-

—>
JIeHUs BeTUYUHbI cocTaBiisifonied ACyx ero Hy)kHO ObLIO ObI YMHOXKUTH YyXK€ HE Ha
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BEKTOPHBIH, a Ha CKAISIPHBIA KOCHUHYC. B pe3ynbTaTe Mbl UMENU ObI:
— —
ACx=AC:-Cos ¢ =[7- (+)1]-:5/T=[5- (+)1] .
Takum obpazom:
UtoObl HATH OPTOTOHAIBHYIO COCTABISIONIYIO Pa3NIOKEHUs T-BeKTOpa 1-ro
poJia €ro HY)KHO YMHOKHUTh Ha 8eKMOPHbILL CUHYC WITW KOCHHYC, @ YTOOBI HAUTH

COCTAaBJISIFOLYIO TAKOTO K€ Pa3JI0KEHUs Yy T-BEKTOpa 2-T0 poJia €ro Hy)KHO YMHO-

KHUTb HA CKAIAPHBIL CUHYC WIH KOCHHYC.

CkaJsipHOe H BEKTOPHOe NPOou3BeJeHNe ABYX T-BeKTOPOB 1-ro u 2-ropoaa
Ckanaprnoe M 6ekmopHoe TIPOU3BEACHUS, COCTaBJIEHHBbIE I T-BEKTOPOB 1-TO
- —
porna AB u AC, ucxoasux U3 OJHON TOYKH «A» U PACTIONIOKEHHBIX MO YTJIOM «(»
JpYT K IpYTY, M0 BCE BUAUMOCTH, OYYyT COOTBETCTBEHHO:
— —> —_ > — — —> — > —
(AB-AC) = AB'AC-Cos¢p u [AB-AC] = AB-AC-Sin¢o .
[Tpu »TOM MX aOCONIOTHBIC BEIMUYMHBI HAMAYTCS KaK:

|(AB-AC)| = | AB|-|AC]-|Coso]| (5.2)
[[AB-AC]| = |AB|-|AC|-]Sino |, (5.3)

— —
MIOTOMY UTO: |Coscp|=|Coscp| u |Sin(p|=|Sin(p|.

O6paTHM BHHUMaHHUEC, 3€Chb 3HAYCHUA BCJIMYUH CKAJIAPHOIO M BEKTOPHOI'O HpOI/ISBe)IeHI/Iﬁ
OMpeACIAOTCA B IIOJITHOM COOTBETCTBHUHU C IIPABUIIOM | ab-c | = | a| ) | b | ) | C | .

Kax u3BecTHO, Mo BeMMUYMHON (HO HE 1101 aOCOJIIOTHOW BETUYHHOM !) ckanap-
— —> — —»
HO20 U 6ekmopHo2o TnipousBeneHus cooTBercTBeHHO (AB-AC) u [AB-AC], cocras-
. . -
JIEHHOTO W3 BEKTOPOB-AEHCTBHUH, T.e. U3 BEKTOpOB He 1-ro, a 2-ro pona, AB u AC
MPUHSTO MOHUMATh 3HAYEHUE TTPOU3BEICHUIM
_’ _' .
|AB|-|AC|-Cosop u |ABI-|AC|-Sinp.  (5.4)

Kak Bunum, B (5.2) u (5.3) abcosroTHas BEIUYHMHA BEKTOPHOTO U CKAJISIPHOTO
MPOU3BE/ICHUN paBHA MPOU3BEICHUSM a0COJIOTHBIX BEITUYMH HCXOIHBIX BEKTOPOB
- =
AB n AC, yMHOXEHHBIX Ha abcontomuvle Benmmaunasbl |Singl u [Cosoel . Torma kak B
(5.4) ipu BeruncHeHusx oepyrcs 3HaueHus Sing u Cos@ , HO He ISinel u |Cosol .

B cBs3u C 3THM COMOCTaBHMM CMBICIIOBOE 3HAYCHHUE OMEpaluil CKaISIPHOE U
BEKTOPHOE MPOU3BEICHHE TP BHITTOJTHEHUU UX HAJl MATEMAaTUYECKUMH BEKTOPAMH, C

OJTHOW CTOPOHBI, U HaJ (PU3NIECKUMHU T-BEeKTOpaMH 1-T0 M 2-TO poja, ¢ IPYrou CTo-
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ponbl. [Ipuuém, eciv 3TO COMOCTABICHHE MPOU3BOAUTH OTAEIBHO W CHauajga Jyis
¢uzBexTopoB 1-ro, a 3aTem 2-ro poaa, To OyJeM UMETh:

1. Insa ¢pusBexropos 1-ro pona

a) CxassipHoe Npou3BeCHHE

B utore onepanuu cKaJlsipHOTO MPOU3BEIAEHUS HaJ MaTeMaTHYE€CKUMHU BEKTO-
pamMu BO3HUKAET, KaK CUUTACTCS, OTPE30K IOJIOKUTEITHHOTO» MyTH, eciii Cos@>0.

B oTnmuume ot 3TOro B MHOXKECTBE (PU3BEKTOPOB 1-T0 pojia, MO BUIUMOMY, HET
TaKoro poja onepamnuu, T.e. HET Olepaluyd B3aUMOJCHCTBUSA TEJ IBYX T-BEKTOPOB,
€CJIM OHM UMEIOT pa3Hyo JuinHy. Eciu ke y HuX niuHa OyJaeT OJAMHAKOBOH, TO TIpH
Cos@=0 omeparus CKaJISIPHOTO MPOU3BEACHUS BCAKUN pa3 OyJIeT OKa3bIBaThCS BhI-
MOJTHEHHOW Kak Obl y)Ke 3apaHee. B camoM jene, Belb cliell, OCTAIOIIMICS T03aau
JIBUXKYIICHCS MaTEepUaIbHOW TOYKU «B», SBIIIETCSA, M0 MHCHHIO aBTOpPA, OTPE3KOM
NYTH «S», COCTOSIIIMM U3 TEJ JABYX OJMHAKOBBIX M YK€ OKa3bIBAIOIIUXCS KakK ObI

—> —>
BCTaBJICHHBIMH OJIUH BHYTPH APYroro T-BeKTopoB ABggpx 1 AByypin.

[Tpuuém paccmaTpuBaTh MHBIE CIydyad B3aUMOJCHCTBUS TEl T-BEKTOPOB 1-To
poaa, korga Cos® £ 0, KaK MBI BHIEIH, HAM HHUTIE HE noTpedoBagock. B cBsi3m uem
MOKHO JAyMaTh, YTO WX Te€ja, HEe OyAyyu MNpeaBapUTEIbHO BCTABICHHBIMU OJIHO
BHYTPb JIPYTrOro, 1o OTJAEIbHOCTH BOOOIIE HE B3aUMOJICUCTBYIOT Mexay co0oil. ( Uto
XOPOIIIO COTJIaCyeTCs ¢ MMEIOIIMMCS Ha YK€ Ha3BaHHBIX C. 143-144 3akmtoueHueM,
[JIACSIIIMM, YTO B MHOYKECTBE T-BEKTOPOB 1-ro pona Het onepauuu CJ/[-BeKTOpHOTO
CIIOEHMS, a €CTh Julllb onepanus [1/[-BeKTOpHOTO ClOKEHUS.)

0) BexTopHoe nmpousBeneHue

B Marematuke aig npuBEIEHHBIX K OJIHOMY Hauyajay BEKTOpoB a u b BenuunHa
BEKTOPHOI'O MPOM3BEICHUS PaBHsIETCS IUIOLIAAM Napajuiesorpamma S, oOpa3yeMoro
Ha3BaHHBIMHU BeKTOpamu a u b (puc.28-a).

—
C npyro#t ctoponsl, ecnu T-BekTop AC Ha puc.28-0 m3-3a AEHCTBUS Ha HETO
— —
pactsaruBatonieil cocrapisitomieit P =CC; OyaeT oka3bIBaThCs CHJIOBBIM, TO IPHU €T0
MOBOPOTAX BOKPYT TOYEK «A» U «JI» 3a BpeMs Ty OyJIeT BO3HUKATh, KaK MbI TENEPh
—  —>
3HaeM, BektopHas 1omtaaka ACIA,. ( 3aeck npu noBopotre [AC—AJl] BenuunHa

—>
JIHC, 3akmrouéHHoro B Tene T-BekTopa AC, cHayalla yMHOXKAeTCsl Ha WHTEpBal
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Puc.28

BPEMEHH Typink, KOTOPBIM MPOTEKAET B COBHAJAIOIIEH C INIOCKOCTBIO TPEYroJbHHUKA
—  —>
AC]I nnockoctu I}, a 3atem JIHC mpu mosopote [AJl—Al] ymHOXkaeTcs Ha

uAuiica B oproroHanbHoi k IT; mockoctu I, mHTEpBan BpeMeHu Tyur.) OAHAKO,
COTJIACHO TIOSICHEHHUSAM K puc.6 u 8, 3T0 OyJeT Iioliajika He IJIOCKOTO Mapajuiesno-
rpamma (puc.28-a), a mnapajuiesorpaMma, HM30THYTOrO MOJ MPSMBIM YIJIOM 10
JaroHaau A?i[ (puc.28-0). IIpuuém mociie BHITIOJHEHHS 3TOTO U3TUOAHUS OKaXKETCs,
YTO IUIOMAab TpeyroiabHuka AJIA| OyaeT HampaBlieHa BCAKUN pa3 «BHU3», €CIU TIPU
MEePEMHOXEHUH T-BEKTOPOB A? u A?[ OyZeT NMPUMEHSTHCS MPABWIO JIEBOU PYKH.
B pesynbrare yero miomanaka ACJIA, OyaeT oka3biBaThCs, Kak 3TO HE YIAUBHUTEILHO,
JIEUCTBUTENIHO HampaBieHHOW. [loToMy 4YTO XOTS OHa M Kak Obl PacTBOPUTCS B
OKPY>KaloIlleM MPOCTPAHCTBE Cpa3y e MOCJI€ CBOEr0 BO3SHUKHOBEHMS, HO B3aMEH HEe
Y HECKOJIbKO HMKE B CIIEIYIOUIMH MOMEHT BPEMEHHU T( MOSIBUTCS TaKUX K€ Pa3MepoB
BTOpasi BEKTOpHAs Tuiomaaka. [lociae koTopoil eme HuKe BOZHUKHET TPEThs (B3aMEH
Kak Obl PacCTBOPUBIICICS B MPOCTPAHCTBE BTOPOM IUIONIAJIKK), TIOTOM YyX€ HIKE e&
yeTBEpPTas (B3aMEH TPEThEW), MmsaTast U T.J. TUIomaaka. MHbIMU CloBamu, IIONIAKa
BEKTOPHOTO MPOU3BEACHUS, TO BO3HHUKAsl B KOHIE KaXXJOTO JIBOMHOTO MOBOPOTA
CUJIOBOTO T-BEKTOpa E TO TYT € HMCYe3asi U3-3a PACTBOPEHUS B OKPYXKAIOIIEM
MPOCTPAHCTBE, (paKTUUECKH OyIeT nepeMeniatbes B HEM, BCE Oojiee OTAAISAICH OT

HCXOJTHOTO MOJIOKEHUA (CM. CTYNIEHbKU-TIJIONIAIKA B BUHTOBOM «JIECTHULIE» ABOMHOMN

CIIUPAJIA HA PUC.3 U CTPEIKY ﬂ Ha puc.28-0 ).
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2. Inst Gpu3BeKTOPOB 2-10 poaa

Bepuémcsa B camblii koHen 1m.2.2 Ha ¢.19, rae okas3anoch, 4TO BCE MHOKECTBO
(U3MUYECKUX BEKTOPOB MOKHO Pa3/IeIUTh HA MOAMHOKECTBA T-BEKTOPOB 1-T0O U T-BEK-
TOpoB 2-ro poxaa. [Ipu 3TOM MOKXHO OBLIIO MOAYMaTh, YTO KaK IEPBOE, TaK U BTOPOE
MTOJIMHOKECTBO COCTOMT M3 CAMBIX Pa3HBIX (PH3BEKTOPOB HE TOJBKO IO CBOUM pa3Me-
pam, HO M TI0 CBOeH ¢u3mdeckoit cytu. OTHAKO BIOCIEACTBUU BBISICHUIIOCH, YTO TIOJI-
MHOXECTBO T-BEKTOPOB 1-ro poja AEMCTBUTEIBHO COCTOMT M3 CaMbIX Pa3HbIX IO
CBOEH JIITMHE, HO COBEpPUIEHHO OJMHAKOBBIX IO CBOMM (U3MYECKUM CBOMCTBAM
JUHEHHBIX TPOMEXYTKOB abcomoTHO mycToro IlpoctpanctBa (mpomexyrkos AIIIT),
nu60 3anonHeHHbIX cyocranuueit JIHC, nubo He 3amonHeHHbIX ero. Brpouem, kpome
3TOro, KpOME OJMHAKOBOM (U3UYECKON CYTH, BCE T-BEKTOpHI 1-ro poja HMEIOT
OJIMHAKOBBIN TOMIEPEYHBIA pa3Mep (Bcernma paBHbIN 1 ¢ex), UMEIOT OMHAKOBYIO TOJI-
nuHy. OJTHaKo I1aBHOE, YTO HAC 37E€Ch MHTEPECYET B MEPBYIO OYEPE.lb, SABIAETCI UX
¢u3nveckas CyuiHOCTb, @ OHa y BCEX Y HUX, TOBTOPHUM, SIBISIETCS COBEPLIEHHO OJIMHA-

KOBOM, BBIPAXkasiCh B TOM, YTO T-BEKTOPHI 1-ro poja €CTh BEKTOPbI-HEeIeHCTBHUS.

Ecau Teneps oOpaTUThCA K MOJAMHOMKECTBY T-BEKTOPOB 2-TO pOJia U PacCMOT-
pPETh COCTaBIIAIONINE €r0 T-BEKTOPHI C TOW K€ TOYKH 3PEHHUS, TO OKaXETCs, YTO U B
3TOM CJIy4yae BCE€ OHM MOTYT CWJIBHO OTJIMYAThCS IO CBOEW JJIMHE, HO BCE OHU
aOCOJIIOTHO HUYEM HE OTIMYAIOTCS MO CBOEW CYTH, BCE OHU M KaXIbIH M3 HHUX B
OTACIBHOCTH HUX OYyJeT BEIUYMHOU, TOJIKAIOIIEE JCHCTBHE KOTOPOW HaIpaBJICHHOE
Ha T€ WU WHBbIE OOBEKTHI OYJIET MPUBOJUTH K U3MEHEHUIO WX JIBIDKCHHS WIH K MX
nedopmaruu. U ckosnbko Okl BBl HU MCKanu MHYIO BEIWYMHY, KOTOpas oOnagana Obl
TaKMMH K€ CBOMCTBaMHU, T.e. OblIa Obl HE TOJBKO BEJIMYMHON HAIPaBJICHHOM, HO
B100ABOK €I TaKOM, TOJIKAIOIIEE IEHUCTBUE KOTOPOH OKa3bIBAJIOCh Obl TOYHO TAKUM,
KaKO€ OKa3bIBA€T UMITYJIbC CUJIBl p [Krc'cek], Bbl Takyi0 BEIWYMHY HHUIZIE HE
Haiinére. Mubimu ciioBamu, B [Ipupoje cylecTByeT BCEro JUIIb OJHAa HAllpaBJICHHAs
BEJIMYMHA C MHTEPECYIOLIMMH HAac CBOMCTBaMH. TO €cTh BCE TAKOTO poOJia HAMpaB-

JICHHbIE BEJTUYMHBI OYAYT BEKTOPBI-IENCTBHUSA, a 1O CBOCH CyTH BCE€ OHM OyIyT

OKa3bIBATHCA HUYCM HHBIM, KaK T-BCKTOpaMH 2-T0 poaa v, B 4aCTHOCTH, T-BECKTOPpaMHU

AMITYJIbCA CUJIBL P C Pa3MEPHOCTBIO [ KI'C*'CEK] .
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Ho kpome 3TOro KOpEeHHOro OTJIHWYUS CBOWCTB T-BEKTOpOB l-ro poma oT
CBOWCTB T-BEKTOPOB 2-TO PoJia JJIsl MEPBBIX XaPAKTEPHO TO, YTO, COTIACHO U3IIOMKEH-
HOMY Ha Bc€ Tex ke c.143-144, tena T-BeKTOpOB 1-TO poja HE B3aMMOCHCTBYIOT
Ipyr ¢ apyrom mno tumny omnepauun CJ/l-BeKTOpHOTO ciioxeHus. pyrumu cioBamu,
T-BEKTOpHl 1-rO0 poja HE B3aUMOJCHUCTBYIOT MEXKAY COOOM IO THIIY OIepaluu
«CroxeHne» B XOJ€ TMOIBITKA MPUBECTU UX Tejla K OJHOMY Hadaily (IpU MOMBITKE
3aCTaBUTh UX JEHCTBOBATh OAHOBPEMEHHO, a HE MOOUYEPETHO, HE TTOCIEA0BATEIBHO).

Torna xak tena (pU3BEKTOPOB 2-ro poja, HAIIPOTUB, B3AUMOJIEUCTBYIOT JIPYT C
JpPYroM MpU MPUBEICHUHN UX T K OAHOMY Hadaly, HO 3TO B3aUMOJICHCTBUE BCSAKUU
pa3 OyIeT MPOUCXOIUTh HE MO THUIY BBHIMOJHEHUS OMEpalNK «YMHOXKEHHE», a IO
tuny onepauu «Croxxenue». [1osicHss 3T0, HATOMHUM, YTO MOJ BEKTOPOM CIIEAYET
MMOHUMATh (PU3UYECKYIO BEITMYHHY, KOTOpas CBOMM JICHCTBHEM HAa HEKHH OOBEKT «m»
BBI3BIBACT €r0 JIBIKCHHE WK JAedopmaruio. Takoro tuma AecTBUE MPOUCXOIUT, KaK
W3BECTHO, B TEX CIydasx, KOrJa Hekas (u3uueckas HampaBlieHHAs BEIMYMHA
(BBITIOJIHSISL POJIb T-BEKTOpa 2-TO poja) OyaeT SBIATHCS, HAlpUMeEp, HEKUM JH0O0
JBIDKYIIUMCSL TBEPAOTEIBHBIM OOBEKTOM, JIMOO BBITEKAIONIEH W3 NUIAHTa CTPYEN
XKUJKOCTU WJIM ra3za U T.1. T.e. BO BceX ciydasX, KOorja Tejao T-BeKTopa 2-TO poja
Oyner TBEPABIM, KUAKAM WU Ta3000pa3HbIM pealbHBIM TEJIOM, HECYIIUM B cebe
3amac KOJMYECTBa JIBUIXKEHHMs, 3alac HUMIyJbca CWIbl. Torma mnpu JeWCTBUU
COOTBETCTBYIOIIETO T-BEKTOpa, T.€. MPHU JIECUCTBUHU JBIXKYLIErOCs, HallpuMmep, Tesa
«M» Ha Teno «m», KOTOPOE TaKKe IMYCTh SIBISETCS IBIDKYIIMMCS, MEXKIYy HUMHU
npou30MAET B3aumojeicTeue. B pesynprate, ecnu tena «m» U «M» OyIayT ABISTHCS
TBEPJIBIMU, TO OT COYAAPEHHS] OHU pA3JIETIATCS B pPa3HbIe CTOPOHBI, HO HHUKAaKOM
«HOBOT'O COpTa» OOBEKT MPHU ATOM He MosiBUTCS. He mosiBUTCS OH M B TOM ciydyae,
ecnu Tena «m» U «M» He pasneTaTcs OT yJaapa, a B MTOre OKaXyTcsl OyKBaJIbHO
BCTABJIICHHBIMH OJIMH BHYTpPb JApyroro. I[Ipuyém B3auMOAECHCTBUIO JABUTABIIMXCS TEI
«m» U «M>» (B3aUMOJICHCTBUIO UMITYJTLCOB CHUJIBI, 3aKJIFOYEHHBIX B UX TeJlaX U B TeJlax
OTBEYAIOIIUX UM T-BEKTOPOB 2-T0 pojia) OyAeT OTBeYaTh Oepanus He «Y MHOKEHUE»,
a BO BCeX ciiyyasix OyJieT OTBeuaTh TOJIbKO onepanus «CiaoxxkeHue». /[ BhIMOTHEHUS

KOTOPOP'I, KaK MbI 3HACM, NOCTATOYHO ITOCJIC ITPHUBCIACHHUA K OTHOMY HAa4YaJIy TCJI T-BCK-
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TOPOB (3aMEHSIONIIUX COOOM Tena «m» M «M») CIIOKHUTh UX TIO MPaBUIY MapayieNo-
rpamMma. [lputom, emé pa3z oOpatuM BHUMaHUE, 3/1€Ch HE OyJEeT MOIy4aTbCcsi «KHOBOTO
copTa» OOBEKT C OTJIMYAIOUICHCS OT [KIc'CeK] pa3MEpHOCThbIO, a OyAeT BO3HUKATh
JIUIIb T-BEKTOP PABHOAEHCTBYIOIIEH C TOYHO TAKOM K€ Pa3MEPHOCTBHIO [KIC'CEK],
Kakas OblIa Mepej 3TUM y Tel T-BEeKTOPOB UCXOJIHBIX UMITYJIbCOB CHJIBI.
To ecTp mosyyaercsl Tak, 4TO MPU CTOJIKHOBEHUH, B YAaCTHOCTH, TE€JI «M» U
«M» ux B3aUMOJEUCTBUS 110 TUIY «Y MHOKE€HHUE» He npoucxoauT. Eciu ke nomnpobo-
BaTh M3 PACIIOJIOKEHHBIX MOJI YTJIOM (P JBYX T-BEKTOPOB MMITYJbCa CHJIBI COCTaBUTH
CKQJISIPHOE WJIM BEKTOPHOE MPOM3BEICHHE, TO MOJIYyYUM BEIWYMHY C TaKOW pa3zMep-
HOCTBIO [Kre-cek]’, KOTOpOH B (PU3HMKE HET HU y OJTHOW HAMPaBICHHON BEJIMYHMHBI.
B ornuume ot 3TOrO, Kak Mbl BHAEIHM HA MpPUMEpPE T-BEKTOPOB 1-ro pona, B

—> —>
Cly4ae CKaJISIpHOTO Mpou3BeneHusi T-BeKTOpoB ABgppx U AByypxn € pasMepHOCTBIO

172

[M °] BO3HHMKAaeT OTPE30K IYTU « S » C PasMEpHOCThIO [M]. To ecTh BO3HUKaeT

MMCHHO HOBOI'O COpPTAa 06T>GKT, KOTOpBIﬁ (eCJ'II/I HMCTb B BUAY OKBUBAJICHTHOCTDL BCJIU-

YUHBI OTPE3Ka MYTH « S » U BEJIMUUHBI UMITyJIbca P [Krc cek ], 3aTpaunBaeMoro Ha €ro
npeojioneHne) OyeT OKa3bIBaThCSl COCPEOOMOUEHHbIM HA JTUHUU UMITYIIBCOM CHJIBI.

— —>
Takxe U nmpu BEKTOPHOM MPOU3BEACHUU ITUX T-BEKTOPOB ABgppx 1 AByyxn €

12
]

PasMCPHOCTBIO (M IIOABIACTCA HOBOI'O COPTA, XOTd W HECKOJIBKO MHOI'O BHJa

IETOCTHBIM OOBEKT C Pa3MEPHOCTHIO [KIC'CEK], a WMEHHO TOSIBISICTCS TUIOMIAaKa
ACJHIA,| (puc.28-0) pacnpedenénnozo no niowadu AMIYIbCa CHIIBI.

Takum oGpazom:
Ucxopsimre u3 oOmielt HavyaabHOM TOYKH T-BEKTOPHI 1-ro poja MOXKHO
YMHOXaTh W JlaKe NEJIUTh JPyr Ha Apyra, HO UX HEIb3s CKJIAJbIBaTh-
BBIYHMTATh, PYKOBOJICTBYSICH IPU STOM MPABWIIOM MMapajlIeIOrpaMma, T.e. UX
HEeJB3sl CKIanbiBaTh mo mpaBuwiny CJI-BEKTOPHOTO CIOXKEHHS, HO MOXHO

CKJIaJbIBATH 110 NpaBuily [1/[-BEKTOPHOTO CIOXKEHUS. .

Haobopor, npuBeaeHHble K 001IEMy Hadally T-BEKTOPHI 2-I0 poAa MOXKHO
CKJIaIbIBAaTh-BbIUNTATh, PYKOBOJACTBYSCh Kak mpaBuioM I[I/l-BekTopHOTO,

TaK " CI[—BGKTOpHOFO CJIOKCHUSA, HO UX HCJIB3d HC TOJBKO JCIWUTH APYI HA

Jpyra, X HeJb3sl, OKa3bIBAETCs, €1IE U YMHOKATh JIPYT Ha ApyTa.
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EJMHNIBI UCITOJIB3YEMBIX BEJIMUYNH U UX PASMEPHOCTHU

1
To= 1,9-10 [cek] — KBaHT BpEMEHU
t=n'Ty [CEK]— MHTEPBAJ BPEMEHHU, TJI€ «N» — IEJ0€ YUCIIO

—

¢=|AB| M) - paCCTOSIHUE, TPOJOIBHBIN pa3Mep, NPOTIKEHHOCTh yTH
—> —>

s = | ABu | | ABggpx | | Cos (P‘ [M]— uIMHA TTYTH

S=¢" [Ml/z] ? _ BeJMUYWHA TUTOIIAIN

p =F-t [Krc'cex] — UMITyIbC CHIIBI

F [krc] — HanpspkeHHWE B MaTepHAIbHONW TOUKe M, nmeromel TomuHy B 1den
P =F/S [krc/(cm'?)?] - naBienue

m [krc] — macca

2
g =1y — 0e3pa3MepHbIi KOAQPUITUEHT yCKOpeHus B hopmylie s = %
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