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NPEAUCINOBUE K YETBEPTOMY U3AAHMUIO

YeTBeproe n3gaHue MepBoro TOMa BBIXOAUT Y3Ke TMOCAe CMEPTH CO3a-
tead pynaamenTanbHoro «O0mero Kypca (PusnKm», BHIAAOMIErOCd meaa-
rora u nmogBmxHUKa-yueHoro [. B. Cusyxuna. 3a MHOTHE TOABI, IPOLIET-
HIMe CO AHSA OMyOJMKOBAHUS TEPBOTO M3NAHMS, KHUIA CTAJIa HEOThEMJIE-
MOM YacCThIO y4eOHOro Ipomecca B By3ax, TOTOBAIIMX WHXKEHEPOB IO
CIENUATBHOCTIM, TPEOYIOMmuM TIybOKOI TIOATOTOBKY MO (pu3uke. 3a 3Tn
rogbl KHUTA HUCKOJIBKO HE YCTApesa M He MOTEePsia CBOEH MPUBJIEKATEb-
HOCTH, MMOCKOJIbKY aBTOP AKLUEHTUPYET BHUMAHNE UNTATE/IS HE HA ONMUCa-
TEJbHOU CTOPOHE (PMBMUECKUX AEMOHCTpALNi, 4 HA (PU3MUECKOM CMBIC/IE
paccMaTPUBAEMBIX ABJECHHUI M TOHATHNA (DU3UKH,

Haunoe yueOHOE moco0Hue BHITOTHO OTIMYAET CTPOMHOCTh M SICHOCTh
gornueckux mocrpoeHuii. LInpokuit 0XBaT paccMaTpMBAEMBIX BOIIPOCOB
npyu X TIyOOKOM HM3YyUeHWH HEJAeT KHUTY CPABHUMOM C (PM3MUECKOr
SHIMKJIOTIEAUEHN.

UeTBeproe m3gaHWe HUUEM HE OTJIMUAETCS OT TPETHETO, BHIMIEALIETO
B u3gatenscrse «Hayka» B 1989 r. B Tekcr sminp BHeCeHBI HEOOXOMM-
MbI€ HECYIIECTBEHHBIE YTOUHEHUS C LEAbI0 MCIPABACHUS AOMYIIEHHBIX
OMEYaTOK.

Uspareascteo MOTU



NPEAMUCIIOBUE K TPETbEMY U3QAHMUIO

TPETbe U3AAHUE TIEPBOTO TOMA BBIXOAUT YXE€ IMOCJAC HAMMMCAHUA BCCX
naru ToMoB «OO0mmero Kypca (puMauKu», MOITOMY ABTOP MMEI BO3MOXK-
HOCTb BHUMATE/JBHO MPOCMOTPETL BECH HepBbIﬁ TOM Y1 BHCCTHU B HETO H3-
MEHCHUS, KOTOPBIE, MO €ro MHCHUIO, YJAYUYIIWJIN U3JTOXKCHUC.

Bropouem, mian u mocrpoeHue Kypca ocTaauch npexHumu. Koe-uto
no6aBieHo, MCKIIUEeHO n 3aMeHeHo. O6mee uucao M HyMmepauus mapa-
rpachoB ¥ MyHKTOB OCTAIKCH 0€3 M3MEHEHHMS.,

Ing TpeThero m3gaHms KHUra Oblaa THIATEJBHO MPOPELEH3MPOBAHA
npodeccopom C. A. Axmanoseim n porienToM C. C., HeCHOKOBBIM, KOTO-
phie CHESaNu PIX CYHIECTBEHHBIX 3aMEUAHWU, YUTEHHBIX aBTOpOM. BbI-
paxkar UM MCKPEHHION 61aronapHoCTb.



NPEAMUCIIOBHUE K NEPBOMY U3AAHMUIO

OcHOBHOE comepXKaHue MPeAIaraeMoro Kypca COCTaBIsIET PACHIMPEH-
HOE WM3JI0XEHWE JEeKUui 1o (hm3uKe, KOTOPBIE ABTOP UMTAJ B TEUEHWE
MHOTHX JieT (HaumHast ¢ 1956 r.) B MOCKOBCKOM (PMBUKO-TEXHUUECKOM
macTuTyTe, OOMMI MIAH JEKIMOHHOTO Kypca, a TAKXe OCHOBHOM TOI-
XOI K MBJIOXEHUK MPUHIMIHAAIBHBX BOMPOCOB (DM3MKM HA MPOTIXKEHUN
BCEX JIET MEHIMCh Maso. OOHAKO C KaXIBIM TOAOM KypC OOHOBJISIICS
BKJIFOUEHMEM HOBBIX BOMPOCOB YACTHOTO MOPSIAKA M TMPUMEPOB; MHOTHE
paHee pacCMaTPUBABIIMECS BOMPOCH TMPH HTOM MCKIIOUAIUCh. Jlemanoch
9TO HE MO MPUHLIMITUAJIBHBIM COOOpAXKEHMsAM, 4 M3-3a HEIOCTATKA Bpe-
MEHHU.

B Hacrosimuii Kypc BOIILIM MPAKTUUECKH BCE BOMPOCHI, W3/IATaBIIAEC
HA JIEKIUIX B PasHbie rogbl. Bolwim Takke W TakuWe BOMPOCHI, KOTOPHIE
HA JeKuugax He manaraanch. OHm 3aHmMaroT okoao 10—159 rekcra.
Kpome Toro, BKJIKUEHO MHOIO 3agay C OTBETAMM WJIM MOAPOOHBIMU pe-
mieHusMA. Bech 5TOT Marepman MOXET 0KaszaTh MOJIb3y CTYAEHTAM TIpU
yIAyOAeHHOM M3YyUYeHWH (PU3WKW M TIPENOAABATEIIM IPH TPOBEIECHUN
cemuHapckux 3anatuid. OH, KaK HAZeeTcd aBTop, OyaeT Croco6CTBOBATH
Pas3BUTHIO Y CTYAEHTOB HABBIKOB (DM3MUECKOTO MBILIJIEHUS M YMEHUS Ca-
MOCTOSITEIBHO CTABUTH W PEIIATH MPUHLIMITNAIBHBIE BOIPOCH U KOHKPET-
Hble (DM3MUecKre 3aJaum, UTO W SABJISETCS TIABHOW IEIBI0 MPENIaraeMo-
ro pyKoBOACTBA. Pasymeercs, He BeCh HTOT MATEpHAs SBJISETCS 00s3a-
TeabHBIM. [Iig  yooOCcTBA uMTATENS OCHOBHOM MATEpUAa KpPYIHBIM
mpud)TOM, BCIOMOTATENbHBIA — MEJIKUM.

B ycrHoM mpenogasaHum OOIBIIOE BHUMAHHUE YAEAAIOCH JEKIMOH-
HBIM AeMOHCTpaumsaM. JIeKIMOHHbBIE JEMOHCTPALMK, a TAKXe JabopaTop-
Hble Pa0OTHl ABJAIOTCS HAWIYUIIMM CPEICTBOM IJI HATJISIAHOTO O3HA-
KOMJIEHHS CTYAEHTOB C (DU3MUECKUMU sdBjaeHUsIMU. X HE MOXeT 3ame-
HUTh HHUKAKoe camMoe OOpasHOe ¥ TOUYHOE ONUCAHUE SBJIEHUS.
JlexumoHHbBIE AEMOHCTPALME, KAK OUE€Hb BAXKHAS M HEOTHEMJIEMAS YACTh
JIEKIMOHHOTO Kypca, Aai0T HEOOXOMMMBI OMBITHBIA MAaTepHas, Ha OCHO-
BE KOTOPOTO BBOXATCH (DU3MUECKHE TIOHATHS M 0600menus, hopMyampy-
OTCH M YICHAKOTCA (puanueckue 3aKOHbl M npuHiunel. Kpome Toro, oHn
OXUMBJISIOT UMTAEMBI KypC ¥ MPUAAIOT €My SCTETMUYECKYIO MPHUBJIEKA-
TEJbHOCTb.

B kxHure manaoxeHwe HOCUT HECKOIBKO MHOW xapakrep. MHoro me-
MOHCTpALMHI OIMyILIEHO, 4 OMWCAHME OCTAJBHBIX AAHO CXEMATH4YHO 0e3
YKa3aHWd TEXHUUYECKMX M JKCIEPUMEHTANbHBIX moppobHocreir. Ha mep-
BBIl TUIAH BBICTYMAET JIOTMUECKasi CTOPOHA TpeaMera. [JlaBHOe BHUMA-
Hue 00pamaercs Ha BHISICHEHHE (DU3MUECKOTO CMBICJIA M COXEPXKAHUS OC-
HOBHBIX MOJIOXEHWI WM MOHATHI (Duamku., MHOTO BHUMAHMS YOEISIETCS
YCTAHOBJIEHUIO TPAHUL, MPUMEHUMOCTH (PM3NUECKMX 3AKOHOB, 4 TAKXKE
MACATU3NPOBAHHBIX MOMEIEH M CXEM, MPUMEHIEMBIX B (DU3HUKE.
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B mpemnaraemom ToMe Kypca (pM3WKM JAHO CHCTEMATHUECKOE W3JI0-
XeHue (PU3NUECKUX OCHOB KJIACCMUECKOW HEPEJSITUBUCTCKOW MEXAHWKU.
OnHako m3aarath (HUBMUYECKHME OCHOBBI MEXAHMKM 0€3 BCAKOM CBA3M C
ApyruMu paspesamMu (Pu3uKu HEBO3MOXHO. [109TOMY yXe B TIEPBOM TO-
ME JAETCS HEKOTOPOE TPEACTABIAEHUE 00 UAEIX TEOPUH OTHOCHTEIBHOCTH
¥ KBAHTOBOW MeXaHWKH. Be3 5Toro HEBO3MOXHO TOUHO YCTAHOBUTDH Tpa-
HULBI TTPUMEHUMOCTH KJIACCUUECKOM HEPeJITHBUCTCKON MexaHuku. He-
00X0aMMBbIe CBEIEHNS M3 KBAHTOBOW MEXAHMKH JAHBI KPATKO 0€3 KaKoro
Obl TO HE OblI0 0BOCHOBaHMS M 06cyxaeHud. O PeIITUBUCTCKON Mexa-
HUKE WIA MEXAHUKE TEOPUM OTHOCHUTEILHOCTH TOBOPUTCA 00siee moapod-
HO. B OCHOBY M3/JI0XEHUS MOJOXEHA 3aBUCHMMOCTh MAacChl OT CKOPOCTH,
paccMaTpuBaeMasi Kak SKCIEepMMEHTAMbHbIM (PaKT. DTOTO JOCTATOUHO HE
TOJIBKO AJISI KAUECTBEHHOTO PACCMOTPEHMS, HO M IJIS KOJUUECTBEHHOTO
pelreHus MPOCTENINNX 3a[au, MPUMEPBI KOTOPBIX TPUBOASITCS B KHUTE.
OgHAKO CHCTEMATHUYECKOE W3JI0XKEHUE BOMPOCOB PEJITUBUCTCKOW ¥
KBAHTOBOM MEXAHMKH OyHeT JaHO B APYIMX TOMAX Kypca — IIOC/IE W3-
JIOXKEHUS DJIEKTPUUECKUX W OMTHUECKUX SBJICHUM.

B caegyrommx ToMax Kypca MPEanosaraeTcs W3J0XWATh TEPMOTWHA-
MUKY ¥ MOJEKYJIIPHYIO (DU3UKY, SIEKTPUUECTBO, ONTUKY, ATOMHYIO W
sSaepHyo ¢usuky.

OCHOBHOM CHCTEMON E€IWHWIL, TIPUHITOW B KypCE, SBJSETCS CUCTEMA
CI'C. B MexaHuKe OHA TIO CYILIECTBY HE OTJMUYAETCS OT MeXayHapogHou
cucrembl eguant, CU. Pasnmume Mexay HUMM 3H€Ch UUCTO KOJHMUECT-
BEHHOE W CBOOUTCS K Pa3MuHOMY BHIOOpY MACIITAOOB €AMHUIL AJUHBL 1
maccel (BMecto cautumerpa (B cucreme CI'C) B cucreme CU ucmonb3y-
eTCa METpP, BMECTO TpaMMa — KWJIOTpAMM). DTO HE CKA3BIBAETCS HA
cMbicsie HU3nuecKux MOHATHI U Buae pusnueckux (HopMyJ, a TOTOMY B
MexaHuke obe CHCTeMbl OmMHAKoBO ynoOHbl. He Tak oOcroumt nemo B
anekTpoguHamuke. B cucreme CU smekTpuueckoe COCTOSTHUE BaKyyMa
XapakTEPU3yeTCsl UETBHIPbMS BEKTOPAMU: HATPSIKEHHOCTHIO 3JIEKTPHU-
yeckoro noasa E m anexktpuueckum cmemeHueM D, HanpsxxeHHOCThIO H
¥ MATHUTHOM MHAYKIUMEN B MarHuTHOTO mosist. 10 ¢ (PU3MUECKON TOUKH
3PEHUSI FBJISETCS HEHYXXKHBIM M TIPOTUBOECTECTBEHHBIM YCIOXHEHUEM. B
cucreme CI'C mnst xapakTepucTUKM BAKyyMa AOCTATOYHO ABYX BEKTO-
pos. Bce uernipe BekTopa E, B, H, D B cucreme CI'C umeroT oguHaKo-
BYIO pasMepHoOCcTh, B cucteme CU mx pasMepHOCTH pasHbie. DTO TAKXe
MPOTUBOECTECTBEHHO, TTOCKOIBKY JJIEKTPHUECKOE M MATHUTHOE TIOJIE TEC-
HO CBA3aHbl Mexay coboil. B HauGosee o0iueM BUIE CBA3b MEXAY STHMU
BEKTOPAMHU YCTAHABJIMBAETCS B PEJSITUBUCTCKON diekTpogmHamuke. OHa
oObenuuger Bektopel E 1 B, a Takxe H u D B ueThIpeXMEpHbIE AHTHU-
CUMMETpUYHBIE TEH30pbl. [Ipy cocTaB/ieHNM TAKMX TEH30POB B CHUCTEME
CU Hamo BBOAWTH CTHELUATbHBIE PA3MEPHBIE MHOXUTEIN AJIs YPABHUBA-
HUSI Pa3MEPHOCTEN MX KOMIIOHEHTOB. DTO TAKXE HEHYXXHOE YCIOXHE-
Hre. MOXHO yKasarh TOJBKO ONHO mpemmyimecTBo cucrembl CU mo
cpaBuenuto ¢ cucremoit CI'C. B cucremy CU opranmueckm BXOZAT aMm-
nep, BOJABT, OM M BCE MPOM3BOAHBIE DTUX E€IMHMWIL, MOJyYHMBLIME OJ1ar0-
Japs MCTOPUUYECKUM CIYUAWHOCTIM IIMPOKOE PACTIPOCTPAHEHHWE B JJIEK-
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TPOTECXHUKE. 3TO OpEMMYIICCTBO NMPAKTUUECKOE, HO HEC NMPUHLIMNHNAIb-
Hoe. OfHAKO UMCTO M3MEPHUTENbHBIE BOMPOCH OyAyT 3aHMMATH B HACTO-
SAmMeM Kypce HHUUTOXKHOE MECTO. Pa):m HHUX HET CMBbIC/IA TIPUHOCUTH B
KEepPTBY CTPOMHOCTD M JIOTUUHOCTh (DUBNUECKUX MOHATHI U DOPMYJI, KO-
TopeiMu xapakrepusyercs cucrema CI'C.

TNogBieHre HACTOAIIETO Kypca ObLIO Obl HEBO3MOXHO, €CM Obl Mpo-
deccop T. C. lNopenuk, Bosrmapassiumii kadeapy ¢puzunku MoCKOBCKOTO
(I)I/ISI/IKO-TEXHI/I‘—ICCKOI‘O WHCTUTYTA, HEC NPUBJICK aBTOPA K UYTCHUIO JICK-
mui mo obmemy Kypcy ¢usuku. ABTOp 0OCYXAaa C HAM PA3JIUUHBIE
BOTIPOCHl (DMBUKH U €€ TIPEMmOgaBaHusI.

HeMoHCcTpanmm asl JEKUUH TOTOBUJIW W OCYHIECTBJISJIA MOM acCHU-
creatst M. WM. Maknakos, B. A. Kysueuosra, E. H. Moposos, B. I1. Moa-
yanos, JI. [I. Kyapsamesa, I'. H. ®peiibepr. XoTa aaeKo HE BCE U3 ITHX
JEMOHCTPALUA OMUCAHBI B KypCe, BCE OHU JaJM LECHHBIA MaTepuas, uc-
HOJb30BAHHBIN opm ero HanmuCaHuu.

3HaunTeNBHAY YACTh 3a4au, BKJIIOUEHHBIX B KypC, MpPENIaraaach
CTYAEHTAM HA MUCHhMEHHBIX HK3AMEHAX, a 3aT€M MCIOJb30BAIaCh HA Ce-
MUHAPCKUX 3aAHIATHUAX. B ux cocrasnenun OpuHUMAJIN yuyaCTUEC MHOTUC
npenopasarean Kadeapsl ¢uzuku MOTU.

Pykonuch HACTOAIIETO TOMA ObLJIa YACTHUHO MPOCMOTPEHA AKAAEMHU-
koM  B.JI. Tunsbyprom, bB. B. KagomuessiM, M. A. JleonTOBHUEM,
P. 3. Carmeepnim; mpodeccopamu C. C. lepuireitnom u H. A. Sxosie-
BbiM. OHA MOABEPrIACh BHUMATEIBHOMY PELIEH3MPOBAHUIO M OOCYXXae-
U0 Ha Kadenpe oOmen GU3UMKK 118 MEXaHMKO-MATEMATUUECKOTO ha-
KyJabrera MOCKOBCKOro rocymapcTBeHHoro yHusepcurera uMm. M. B. Jlo-
MOHOCOBA, Boaraasagasmeicsa mpodeccopom C. I1. CTpenkosbiM.

HoGpoxenaTesbHAsS KPUTHKA, COBETHI M TOXETAHUS BCEX JIUI, YIIO-
MSAHYTBIX B HACTOSIIEM MPEIUCIOBUM, HEMAJIO CIOCOOCTBOBAIM YJIyuylle-
HUIO KHUTM, BceM MM aBTOp BBIpAaXKaeT TIyOOKyIo 61aromapHOCTb.



BBEAEHME

1. [Ipu u3yueHum BCAKOTO KPyra SIBJACHUN OU€Hb BAXHO YCTAHOBUTH
OCHOBHBIE 3aKOHBI MJIM MPUHLMITBI, C MOMOIIbIO KOTOPHIX MOXXHO OObsIC-
HUATh BCE W3BECTHBIC FBJCHWS M3 PACCMATPUBAEMOrO KpPyra, a TakXe
MPEACKA3aTh HOBBIE. TakKoW MOAXOA K M3YUEHWIO SBJECHWW MPUPOABI TMO-
JIyUna Ha3BaHue memoda npuruunod. OCHOBOMOJOXHUKOM €ro B ¢usn-
ke asasiercs sesqukuil Vicaak Hotoron (1643—1727). Henpes3soineHHbBIM
MACTEPOM METOAA MPUHLMIOB ObLT W Beaukuil puzuk Aanbept DiHIm-
rein (1879—1935).

Camu OCHOBHbIEe 3aKOHbL UM NPUHUUNBL He MOZYM Oblmb 00KA3aHbL
aoeuyecku. Hx Odokasamenvcmeom sigasiemcst onvim. OCHOBHOE 3HAUe-
HUE WMEIOT HE CTOJIBKO OMBITHI O HEMOCPEACTBEHHON TPOBEPKE CAMMX
MPUHLUIIOB, CKOJBKO OMBITHI, HA KOTOPBIX TPOBEPSIIOTCS BBHITEKAIOIMINE
W3 HUX CAEACTBHS. B 5TOM CMBIC/SIe OCHOBHBIE TIPUHLMIIBL SIBJISTFOTCS
o00obuenusmu onvimuulx akmos. Ho Hukakue ombpiThl HHMKOrga He
OXBATHIBAKOT BCE PAa3HOOOPA3ME YCAOBMIA, B KOTOPHIX MOTYT IPOTEKATH
SIBJCHNUS, 4 W3MEPEHUs BCErna COMPOBOXAAIOTCS morpemHocTsamu. [lo-
ITOMYy oOnbimHblM nymem (@ APYTOTO TYTH HET) MOXHO YCMAHOGUMb
CNpaseduBOCmy NPUHYUNOG JUWb 6 0ZPAHUYEHHbLX npedenax u ¢ 02pa-
HuueHHoi mounocmoro. Tlpn pacmmpeHun Kpyra M3ydaeMbiX SIBJCHUIN
¥ TIOBBIMIEHUS] TOUHOCTH M3MEPEHWN MOTYT PACIIMPUTHCS W 9TH Tpene-
Jgbl. Ho MOXeT CAyuuThCcs, uTO BHE OMPEAESEHHBIX TPAHUL, OCHOBHBIE
MPUHIMUIBL TEPECTAHYT OBITh CIPABEAJUBHIME. TOrma BOZHMKHET HEO0-
XOOMMOCTh B MX OOOOIIEHMM MM 3AMEHE HOBBIMH TPHUHLIMNAMH, UMEK0-
muMu Gosiee IUPOKyo 00aacTh npuMernMocTi. CTapbie TPUHIUIBL TPU
JTOM HE YTPATAT CBOETO 3HAueHusa. Ho mMu MOXHO GyHeT Mmosb30BATHC
TOJBKO BHYTPU YCTAHOBJEHHOM oOiactu mpumeHumoctu. Cuia m mpu-
BJIEKATEIbHOCTh METOOA TPWHIUIIOB B TOM, UTO BECh MaTepuas, MoJIy-
YEHHBIA M3 OCHOBHBIX MPUHLUIOB JIOTHUECKUM ¥ MATEMATHUECKUM ITy-
TEeM, SIBJAMETCS AOCTOBEPHBIM, KOHEUHO, B TPENESaX TEX TPAHML, B KO-
TOPBIX OCHOBHBIE TMPUHLUUIB AOKA3AHB HKCIEPUMEHTAIBHO, W C TOU
TOYHOCTBIO, C KOTOPOii OBIJIM BBIMOJHEHB SKCIEPHUMEHTHI.

2. Pasbime apyrux pasmesioB (pmsawky pasBuiach mexawuka. Mexarnu-
ka ecmb Hayka 0 08uXeHuu u pasHogecuu mea. B wupokom cmwicie
c08a OsuXxenue mamepuu ecms écsikoe usmerernue ee. O0Hako nod 0su-
KeHUeM @ MexaHuke NOHUMAemcst moJbko npocmeluias gopma ez2o, a
UMEHHO nepemeujerue meaa OMmHocumesbHo Opyeux mes. IIpuHIMIBI
MEXAHUKH BIepBbie Oblan chopMyaupoBanbl HbIOTOHOM B €r0 OCHOBHOM
CoumHeHUn «MareMaTuueckue Hauanaa HaTypaabHOU duaocodpums», mep-
BOE M3JaHue KOoToporo Bemio B 1687 r. HeioTroH mmest, mpaBma, MHOTO
KPYIHBIX TpeamecTBeHHuKoB: Apxumena (ok. 287—212 go H. 5.),
Woranna Kemaepa (1571—1630), Tamuneo Tanumnes (1564—1642),
Xpucruana [oirerca (1629—1695) u ap., pelIMBOIMX HEMAIO YACTHBIX
BOIMPOCOB CTaTHKM M oTuacT AuHamuku. OgHako HeroToH ObL1 mepBbIM,
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KTO CHOpMYJIMPOBAT TIOJHYIO CUCTEMY MPUHILIWIIOB MEXAHUKW W HA MX
OCHOBE BO3JBUI' CTPOMHOE 3[aHue 9TOM HayKu. I'poMamHble JOCTHXEHUS
MexaHukn HpIOTOHA, a TaKXe €ro HempepeKaeMblii HAyUHBIH aBTOPUTET
moutu HA 200 JeT OTBJAEK/IM BHUMAHUE YUEHBIX OT HEAOCTATKOB €r0 CHU-
crembl MexaHuku. CepbedHoe KPUTHUECKOE OTHOIIEHWE K MEXAaHWKE
Hpiorona BozHmKI0 Jumb Bo BTOpoit monoeuHe XIX Beka.

IMocne Heroorona mMexanumka ObicTpo pasBuBajach. OmHako a0 Haua-
ga XX Beka 9T0 pasBUTHUE ILIO B OCHOBHOM B HATIPABJIEHUM COBEPIIEH-
CTBOBAHUS MATEMATHUUYECKUX METOAOB MEXAHWKW W TIPUMEHEHHS €€ 3a-
KOHOB KO BCE HOBBIM M HOBBIM o0sactaM 3HaHud. OHO HE 3aTPArMBAJIO
comepXaHus OCHOBHBIX TPUHLUIIOB M (DM3WUECKUe TPEACTABJICHUS Me-
xaankn Hbiorona. Huuero mpmHOMNMAsbHO HOBOTO B (hpmamueckme oc-
HOBBI MEXAHUKU BHECEHO HE OBLIO BILUIOTH A0 XX BEKa, Korga MoJo-
JKeHUe M3MEHUJIOCH.

Xora mexanmka HpioToHa M moKOWTCS HA TPOUHOM (hyHIAMEHTE
OKCIMEPUMEHTATbHBIX (DAKTOB, OTHAKO BCE OHM OTHOCSATCS K MENJICH-
HBIM ABVKEHMSIM MAaKPOCKOMUUECKUX Tea. Makpockonuueckumu HA3BI-
BAIOT OOBIUHBIE TEMA, OKPYXKAIOMME HAC, T. €. TEId, COCTOAIINE U3 IPO-
MAagHOTO KOJWUECTBA MOJEKYJ Waum atomoB. [log medrennvimu wnm He-
PeASTMUBUCICKUMU  OBUXeHUIMIU TIOHUMAIOT ABVKEHUS, CKOPOCTH
KOTOPHIX OUEHb MAJIBI MO0 CPABHEHWIO CO CKOPOCTHIO CBETA B BAaKyyMe
¢ =300 000 km/c. [BMXeHHS, CKOPOCTH KOTOPBIX MNPUOIMKAIOTCI K
CKOPOCTH CBETA B BAKYYME, HA3BIBAKOT ObICMPbIMU VI PeJstMUGUCHL-
ckumu. B 9TOM CMBICIE ABMXEHHE CYTHUKA MM KOCMHUYECKOTO KOpad-
JISL CO CKOPOCTBIO v = 8 KM/C gBJIFETCd €IIe OUeHb MENJIEHHBIM. B ToM
XK€ CMBICJIE Ou€Hb MENJEHHBIMUA ABUXCHUSMU SFBJISIOTCS ABUXECHUS
mianer COJIHEUHOW CHCTEMbI, WX CIYTHUKOB M KOMET OTHOCHUTEIHHO
Connua. [MpumeHsas K TakuM TejaaM TPUHUMIB MexaHuKu HbIOTOHA,
YOAI0Ch OOBSICHUTD M MPEICKA3aTh WX ABMXKEHHE B MOJHOM COOTBETCT-
BUM ¢ HAOIIOAEHUIMH, DTO IBUJIOCH MEPBBHIM M MPUTOM Haubosee ybe-
OUTEIBHBIM JOKA3aTEIBCTBOM CIPABENJINBOCTH MEXaHUKU HboTOHA.
[ BuXeHNe MCKYCCTBEHHBIX CIYTHUKOB M KOCMHUYECKMX KOpaOsed Tak-
XK€ HAXOOUTCS B MOJHOM COOTBETCTBUHM C PACUETaMu, TPOM3BOAUMBIMU
HAa OCHOBE MexaHuku Hbiorona.

3. MoXHO /M JKCTpamoJMpoBaTh HA CAydYail OBICTPHIX ABUXKEHUMN
MPUHUUTBL MeXaHWkn HpIOTOHA, SKCIEPUMEHTAJbHO YCTAHOBJIECHHBIE
IJIST MEIJIEHHBIX ABMKEHHMHM MaKpOCKOMUuecKux Tes? MoXHO Jiu mpumMe-
HSITh OCHOBHBIEC MOHATUS WM MPUHINNB MEXAHUKKA HBIOTOHA K SIBJICHUSIM
MUKPOMUPA, T. €. SBJICHUSIM, MPOUCXOAIIMNM C OTACTBHBIMU MOJIEKYJIa-
MU, aTOMaMU, SJAEKTPOHAMHU, TPOTOHAMM, HEUTPOHAMH U TIPOUNMHE «IJIe-
MEeHTapHbBIMK uacTuuamus? Ha 9Tm BOMpPOCH JIOTMUECKW OTBETUTH CPA3y
Heap3a. OTBET HA HUX MOTYT AATh JIMIIb OMBITH ¢ OBICTPO ABMXKYIIMMU-
CSl TEeJAMM, 4 TAKXE OMBITHI C OTAEJbHBIMA ATOMAMH, JIEKTPOHAMU W
np. Takue onbIThl ObLIM MOCTABAECHB TOABKO B XX Beke. OHM mokasanm,
yTo Ha 00a Bompoca B o0mIEM CAEAyeT JATh OTPULATEIbHBINA OTBET.

Teopust OTHOCMTEIBHOCTH ODWHINTEHHA MPEOcKasasa, a OMmbIT TOA-
TBEPOWJI ITO MPEACKA3AHME, UTO MeXaHukKa HbioToOHa HE MOXET ObITh
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MPUMEHUMA K ABHMXKEHUSIM YACTHIL,, CKOPOCTM KOTOPHIX OJM3KH K CKO-
poctu cBeTa B Bakyyme. Ha ocHOBe Teopmu OTHOCMTEIBHOCTH ObLIa CO-
30aHA HOBAs MEXAHWKA, TMPUMEHMMAs HE TOJIbKO K MEIJIEHHBIM, HO U
K CKOJIb YTomHO ObICTphIM ABvKeHuaM. OHa HA3BIBAETCS PesLMUGUCHI-
CKOU MeXaHUKOU, WU MeXaHukoi meopuu omuocumenviocmu. Co-
IacHo MexaHmke HbIOTOHA CKOpOCTh, A0 KOTOPOM MOXHO YCKOPUTH
TEJ0 M3 COCTOSHUS TIOKOSI, B MPUHLUIIE HUUEeM He orpaHuuena. [lo pe-
JISTUBUCTCKOW MEXAHWKE 3HAUEHWE CKOPOCTH YCKOPSIEMOTO TeJa HE MO-
JKET TEepedTH uepe3 ompenesieHHbIM Mpenesn, paBHBIM CKOPOCTH CBETA B
BaKyyMe ¢. B 9TOM CMBICIE CKOPOCTH CBETA ¢ SBJSIETCS MPeOesibHOI.
CKOpOCTh TEJa HE MOXET €€ AOCTHTHYTh, HO B MPWHLWIIE MOXET IO-
JOWTH K HEl CKOJIb yrogHo 6im3Ko. B COBpEMEHHBIX YCKOPHUTENSX, HA-
mpuMep, TMOJYyUaloTCs uacTuibl ¢ SHeprument mopsaka 500 I'sB
(5:10'* 5B). CkopocThb MpPOTOHOB TAKMX OSHEPIUiA MEHbBIIE CKOPOCTH
ceeta Bcero Ha 35,25-10cMm/c, a CKOpPOCTb JJEKTPOHOB — Ha
1,5-1072cm/c. B KOCMMUECKMX JyyaX pEerncTPUpPOBAINCH TPOTOHHI,
CKOPOCTh KOTOPBIX MEHBIIE CKOPOCTH CBETA BCETO HA BEJWUUHY TOPSII-
ka 1078 cm/c. K auxeHmsM Takux OBICTPBIX UYACTHI, HEPEASTHBHUCT-
cKasi MexaHuka HpooTOHA COBEPIIEHHO HE TPUMEHMMA. Y CKOPHUTEIN
pPacCUMTHIBAIOTCS HA OCHOBE PEJISITUBMCTCKOW MEXAHWKHM JWHINTEWHA, W
TO 00CTOATENBCTBO, UTO OHM PAGOTAIOT B COMJIACHM C PACUETAMH, ABJIA-
eTCd OAHMM W3 Haubosee yOENMTENbHBIX M TPAMBIX IKCIIEPUMEHTA b
HBIX A0KA3aTEJbCTB MPABMIBHOCTU PEJSITUBUCTCKON MEXAHWKU.

4. Teopust OTHOCHTENPHOCTH YCTAHOBMJIA TPAHWUIBI TPUMEHUMOCTH
HBIOTOHOBCKON MEXAHWKMU CO CTOPOHBI 00JibuiuXx ckopocmeii. Ipyroe or-
paHWueHUE, W MPUTOM HE TOJBKO HBIOTOHOBCKOW, HO W PEJIITUBUCTCKON
MAKPOCKOIMUYECKON MEXAHMKH, ObLIO TOJIYUYEHO B PE3Y/IbTATE U3yUECHUST
MUKPOMUPA — MUPA ATOMOB, MOJIEKYJI, SJEKTPOHOB U TIp.

IMpu uayueHnr MUKPOMMpA CHAYAJNA TPUMEHSIM MOHSATHS M 3aKO-
HbI, BBEOEHHBIE M YCTAHOBJECHHBIC I MAKPOCKOMAUECKUX TEA. DJIeK-
TPOH, HAMPUMEP, PACCMATPHUBAJICH KAK TBEPHAbIH mau aehopMUpyeEMBbIi
MIAPHK, MO 00bEMY KOTOPOTO pACTIPEAEaeH daeKTpudeckui 3apan. Cum-
TAJIOCh, UTO TIOBEACHWE SJEKTPOHA YIPABISIETCS TEMH XK€ 3aKOHAMU
MEXAHUKH M JEKTPOAMHAMMKM, KOTOPBIE OBLIM DKCIEPUMEHTAIBHO yC-
TAHOBJIEHB [JI1 MAKPOCKOMMUECKMX DJIEKTPUUECKU 3aPSKEHHBIX TET;
YTO BCE MOHATHS M 3aKOHBI MAKPOCKOMMUECKON (PM3UKM MPUMEHUMBI U
WMEIOT CMBIC AJISI T€J CKOJIb YTOZHO MAJBIX PA3MEPOB M CKOJb YTOTHO
MAJBIX TPOMEXYTKOB BPEMEHM; UTO /151 MOHUMAHUS SIBJEHUUA MUKPO-
Mupa He TpeGyeTcd HOBBIX MOHATHU M 3aKOHOB, MMOMUMO TEX, KOTOPHI-
MM pacrojaraer Makpockonuueckas ¢hmauka, T.e. MUKPOMHP paccMar-
pUBAJICS TPOCTO KAK YMEHBIIEHHAS KOmud Makpomupa. Takoir mogxox
K M3YUEHWIO SBJICHWU TIPUPOABI M TEOPUHU, OCHOBAHHBIC HA HEM, HA3BI-
BAIOTCS KAACCUYECKUMU.

Bompoc 0 mpuMeHUMOCTH WM HEMPUMEHUMOCTH KJIACCHUECKOTO
MOAXONA K M3YUYEHUIO MUKPOMHUPA HE MOXET OBITh PEIIEH yMO3PUTEIb-
HO. Ha sTor BOmpoc MOXeET OTBETUTH TOBKO OmbIT. OMBITH TMOKA3aIH,
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UTO KJAACCUMECKUU NO0X00 K USYHEHUIO SIGJeHU MUKpOMUpA He npu-
MeHUM, WA TOUHEE, €20 NPUMEHUMOCMb K IMOMY KpYey si8JeHUll 0e-
parnuuena. AneKBaTHOE ONMUCAHWE FBJIEHUU MUKpoMupa (TPUMEHMMOE,
KOHEUHO, TAKXE B KAKUX-TO MPENEIaX) HAET KEAHMOBAs. MEeXAHUKA,
CYIIECTBEHHO OT/IMYAIOMAICH OT MEXAaHWKM Kjaaccmueckou. KBaHtoBas
MEXaHWKA BBOOUT PAAVKAIbHBIE W3MEHEHWS B HAIIW TPEICTABJCHUS O
ABKeHuu. Tak, KJAACCMYecKad KapTUHA JABUXEHWS 4YaCTULbI BIOJIb
TPAEKTOPUM, B KAXKAOW TOUKE KOTOPON UACTHLA MMEET OMpPEAEIECHHYIO
CKOpOCTh, B OOIIEM CIyyae He MPUMEHMMA TPH ONMUCAHUM IBMKEHUS
mukpouactul. [IBuXeHre B MUKPOMUpPE SBASETCS 0osee CI0XKHOM (op-
MOW ABMXEHMS, UeM MEXAHWYECKOE TEPEMEIIEHNE TEA B MPOCTPAHCTBE.
BooGuie, omucanue SBJACHWI B KBAHTOBOM MEXAHWKE JUIIEHO HATJIS-
HOCTH B TOM CMBICJIE, UTO 3A€Ch TPEOYIOTCH APUHUUAUGLLHO HOGbLE
MPEACTABJIEHNS W TIOHITUS, HE CBOAWMBIC K TMPUBBIYHBIM TPEACTABJIE-
HUSIM W TOHITHUIM, BO3ZHUKAKIOIMIWM TPU M3YUEHWHM MAKPOCKOMMUYECKUX
00bekToB. [TOCKOMBKY HAIl KypC MEXAHMKHW TOCBSIMIEH M3YUEHWUIO IBU-
KEHMS MAKPOCKOMMUECKUX TEJM, HET HeOOXOAMMOCTH OCTAHABIMBATHCH
HAa JaJbHEWIIEN XapaKTepUCTUKE KBAHTOBOM MexaHWKu. J[0CTaTOYHO
YKa3aTh TpaHULBl TPUMEHUMOCTHA TOHSITHI M 3aKOHOB, KOTOPHIMHM MBI
Oynmem mosabzoBathea (cM. § 35.)

5. Takum obpazoMm, mexanuka Heromona moxem 0Oblme oxapakme-
PU30BAHA KAK KJACCUYECKASt HepeastmUuGUCICKasl Mexanuka. 3mo 3Ha-
qyum, 4mMo OHa usydaem MeOJIeHHble OBUXEHUSl MAKpOCKONUYeCKUX
meut.

Pensimugucmcekast u KaHMOGAst MeXaHuku siéastromcst 0osee 00-
uiumu meopusmu, vem mexanuka Horomona. Iocnedusiss codepxumcs
8 HUX KaK NpubJUXeHHblil npedesbHblil cayuail. Peasmusucmcekas me-
xanuka nepexooum 8 mexamuxy Horomona é caywae meoneHHulX 08U-
Kenuti. Keanmosass mexanuxa nepexooum 6 mexanuky Horomona a
caynae meodnenHuvlx Osuxenuti. Keanmosast mexanuka nepexooum @
mexanuky Horomona @ caywae men docmamouno 0onbwux macc, 0u-
Kywuxcest 8 00CmamouHo NAAGHO MEHSIOUWUXCSL CUTLOGBLX HOJSX. ITO
HE O3HauaeT, uto MexaHmka HbioroHa yrtpatmna cBoe 3HaueHme. Bo
MHOTHX Cayuasx (hakKTUUECKue M3MEHEHWS, BHOCHMMBIE TEOPHEN OTHO-
CHTEJBHOCTM M KBAHTOBOM MEXAHMKOM, CBOOITCH K HEOOJbLIMM TMO-
MpaBKaM K HBIOTOHOBCKOW MexaHwke. OHM HA3BIBAIOTCS COOTBETCTBEH-
HO PeastMUGUCICKUMU W KGAHMOBbIMU. DTH TIOMPABKY B CIydyae 0ObIu-
HBIX MEAJIEHHBIX ABVWXKEHUN MAKPOCKOMMUYECKUX TEJ CTOJb HUYTOXHBI,
UTO, KaK MPaBUJIO, AAJEKO BBHIXOASIT 34 MPEAETbl TOUHOCTH CAMBIX TOH-
Kux (dusnueckux wmamepenmit. Kpome Toro, yxe mpocredmiue 3amauu
HA JBUXEHWE MAKPOCKOMMUYECKWUX TeJ, C KOTOphMU MexaHuka Hproro-
HA JIETKO CIIPABJSETCH, TPHUBEIN Obl K HEMPEONOJUMBIM MAaTEMATHUE-
CKUM TPYAHOCTSIM TPW TOMBITKE HAWTHM WX TOUHBIE PEIIEHWS METOAAMU
PENSATUBUCTCKOM W KBAHTOBOM MexaHuK., UTOObI MpPAaKTHUYECKHM TOIYy-
UMTh pelIeHue, HAmo ObLI0 OBl BBECTH YNPOLIEHWS M MEPEUTH K TpU-
OVDKEHHBIM METOZAM, 4 9TO IO CBOEMY PE3y/IbTATY SKBHUBAJEHTHO Ie-
pexony k MmexaHuke Hproorona.
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Ecau, Hanpumep, ABMXKEHHME KOCMHMUECKOTO KOPAOJIsl OTHOCHTEIHHO
3eMaM pacCUMTHIBAETCS MO 3aKOHAM MeXaHWKM HBIOTOHA, HE yuMTHI-
BAWOWIEH peadTUBUCTCKUE 3(PPEeKTh, TO TpuM CKOPOCTH KOpad/s
v =8 KM/C BO3HMKAKOIIAY BCJAESACTBUME ITONO0 OTHOCUTENbHAS TIOTPELI-
HocTh Oymer mopsaaka (v/c)?= (8/300 000)2~10-°. Takum oGpasom,
31ech MexaHnka HboTOHA 0GECHeunBAET MOrPENIHOCTh BHIUMCACHUN 10
1077%,. BsoauThb B MOAOGHBIX CAyuasiX PENSTUBUCTCKUE TMOTPABKH HE
TOJBKO HE HYXKHO, HO M WUTIO30PHO, XOTA OBl yXX€ TMOTOMY, UTO BXOI-
HBIE MMApaMeTphl, HeOOXOAMMBIE TPU PACUETAX, MOTYT OBITh OMpEne-
JIEHBl C HECPABHEHHO MEHBINEW TOUHOCTBK). Kpome TOro, B 5TOM HET
NPAaKTUUECKON HEoOXOAMMOCTH.

Takum o0pazom, MexaHuka HpOTOHA WMEET OueHb INUPOKYID H
MPAKTUUYECKM BAXHYIO 00JaCTh MPUMEHUMOCTH. B mpenenax sroit obaa-
CTH OHA HMKOIZNA HE YTPATUT CBOETO HAYUYHOIrO M MPAKTUUYECKOTO 3HAUE-
Hus, OTKa3bBaThCI OT MexaHuky HploTOHA HAZO JWLIb BHE 00/ACTH €€
MPUMEHUMOCTH, KOTAA OHA MPUBOXUT MO0 K HEBEPHBIM, MO0 K HEI0-
CTATOUYHO TOUYHBIM peayabTaTaMm. Takosa, HAmpuMep, 3agaua O ABHKE-
HUY 3apSKEHHBIX YACTHLL B YCKOPUTEIAX, TAE HAAO MOJIb30BATHC PEIs-
TUBUCTCKOM MeXaHmKoi. TakoBbl 3amaud O ABMXKEHUH JJIEKTPOHOB B
aToMax, KOTOPHIE HAZO PEIaTh ¢ MOMOLIbK) KBAHTOBON MEXAHUKH.

6. UtoObl gaTh MPENCTABJCHHE O BEJMUMHE IONMPABOK, BHOCHMBIX
oOuiet Teopueil OTHOCUTEIBHOCTH B MEXaHMKY HbIOTOHA, MOJE3HO pac-
cmorperh apmxenne tmaaner ComueuHon cuctembl. CKOpPOCTh TLIAHETHI
OueHb MaJid TO CPABHEHWIO CO CKOPOCTBK) CBETa B BakyyMme. B orom
CMBIC/IE OBUXKEHME MJIAHETH SBJASETCS MEAJEHHBIM; K HEMY MPUMEHUMA
mexanuka Heiotona. Ha ocHoBe mpuMeHeHMs 3aKOHA BCEMHPHOIO TSI-
rorennsd (Cua TPABUTALMOHHOTO TPUTSKEHUS ABYX TOUEUHBIX TEJ
MPOMOPLIHMOHAJIBHA MX MACCAM M OOPATHO MPOMOPLMOHAIBHA KBAAPATY
pacCTOSIHUS MEXAY HMMU), HBIOTOHOBCKAS MEXAHWKA MO3BOJISIET MPUM-
TH K 3aKJKUEHMIO, UTO TUlaHera ABuxercs BOKpyr CosHUa mo 3aMk-
HYTON TPAEKTOPWHU, 4 MMEHHO MO JJUTATCY. ACTPOHOMUYECKHME HAOJIIO-
JAEHHS] B HTOT PE3yJbTAT BHOCAT JIHMIIb MAJEHBKYIO MOMpPaBKy. Tpaek-
TOpUS TJAHETHI HE COBCEM 3aMKHyTa. lljaaHeTa NpakKTUUECKH
Bpamiaercs Mo J/UIMINCY, HO ero mepureamit (Ommxaiimas k CoaHmy
TOUYKA) MENJIEHHO CMEINAETCI B TOM K€ HAMPABJIEHWHM, B KOTOPOM Bpa-
IAETCS caMa TUIAHETa. DTO FBJCHWUS HA3BIBAETCS npeueccuell OpOnTHI.
Haumbonpmee cmemenue mnepuresus Habmogaerca y Mepkypua. Mep-
Kypuii Haxomurcs Oamxe Bcero Kk CoOMHILY, T. €. COJHEUHOE TPABUTALM-
OHHOE ToJie Iyt Hero rpomamnro. Kpome Toro, ero tpaektopusi Hambo-
Jiee BHITAHYTa. [109TOMY B AajbHENmEM peub OydeT MATH B OCHOBHOM
0 CMeleHnn nepuresus MepKypus.

3aMKHyTas SUIANTHYECKAS TPaeKTopus MepKypus B HbIOTOHOBCKOM
MEXaHWKE TOJIYUYAeTCd B MPENNoIoXKennn, uto Mepkypuil mogsepraercs
rPaBUTALMOHHOMY BO3AEMCTBHIO 0xHOrO Jjumb COMHIA — BO3AEUCTBHEM
OCTAJIbHBIX TUIAHET TpeHeOperaercs; BO3MYINAIOUIEE XE AEWCTBUE BCEX
OCTaJbHBIX TUIAHET TMPUBOAMT K CMEMEHWIO mnepureaus Mepkypus B
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HY>XHOM HAMpPaBJeHUU. DTO M eCTh OCHOBHAS, HO HE €OQMHCTBEHHAS TIPH-
yuHa 9Toro saBiaeHud. Dpanmysckuii actpoHom YpOen Jlesepbe (1811—
1877) paccumran op6ury Mepkypus Ha OCHOBE MexaHuku HproToHAa n
3akoHa BcemupHoro tarorenus. OH Hamena, uTo HauOOIBIIMU BKJIAN B
CMEIEHNe BHOCHT Omkaimas Kk Mepkypuio naanera Benepa (280,06 B
croneTue), 3aTeM wmaeT camas Oonbmas naadera FOmurep (152,67),
Bemnsa (83,6"), Caryprn (7,2""), Mapc (2,6”), Ypan (0,1"”). OOmmii
BKJaa BCeX MAaHeT B cMemenue coctasun 527 B cronerume. [leiicTBu-
TeJbHOE CMEHIeHMe B ctoierme — mo Jlepeppe — okasanoch Ha 39"
Gosbime.

Amepuranckuii acrporom Caitmon Herokom (1835—1909) B 1882 r.
NOATBEPAUI U yTOUHWUI BhiuncaeHus Jlesepbe: BMecTo 39" o moayuwmn
yncao 42,95, koTopoe ¥ MpUMEHSETCS B HACTOSIIEE BPEMSI B pacueTax.
OTO0 UKMCAO MOMYUMIO HABBAHUE AHOMAILHOZO CMeU{eHUst TIEPUTETUs
Mepkypusa. Takum o6paszoM, MOJHOE CMEINEHHME mepureauns Mepkypus
cocrasaser 5,70 B rox, a mepuon obpamenus — okosno 227 000 ner.

Bbl10 HEMAMO MOMBITOK OOBICHUTh AHOMAJIBHOE CMEINEHHE TEpHUre-
ausg Mepkypus, OCTaBasch B paMKax HBIOTOHOBCKON MexaHuku. Jle-
BEPbE BBEJ TMIOTE3Y, UTO AHOMAJBHOE CMELIEHWE BBI3BIBAETCS HEM3BE-
crHoit mnaneroit (Bynakanom), naxomsmeics mexay ConHumem m opOu-
toit Mepkypua. Xyro 3enurep (1849—1924) mnwitancs 0O0bICHUTH
HEAOCTAIOEE CMELIEHNE BANSHUEM OKOJIOCOTHEUHOTO BEIIECTBA, BHI3bI-
BAIOIIEr0 30AMaKasbHbI cBeT. MHOrMe yuenbie (B mx umciae u Hpio-
KOM) BBOOWJIM DPA3JIMUYHBIE MAJble MOMPABKM B 3aKOH BCEMHPHOIO TSI-
roreansg Hwpiorona. Tak, pesannce mONBITKM 3aMEHUTH B dopmyJsie
f o 1/r? nokazatenp Ha 2 + O, rie & — Majag mompaska. Beoauauchk
MPEAMONOXKEHUS O 3aBUCMMOCTH TPABUTALMOHHON CHJIBI OT CKOPOCTH W
YCKOpeHMs B3aMMOAENCTByommx vactuil, Ho Bce 910 mpeacrasiaser
TOJBKO MCTOPUUECKMI WHTEpec.

AnomasbHOe cMernenue nepureans Mepkypus 0e3 Kakux-aubo crie-
OHMAJBHBIX TPEIIOIOXKEHHA ABTOMATHYECKM MOAYyYaeTcs B OOIIEN Teo-
pun OTHOCUTEIbHOCTH, OKOHUATEJBHO CO3JAHHOM DWHINTEHMHOM K KOH-
oy 1925 r. Dra Teopusi OpraHMUYECKU BKJIOUAET W TEOPHIO TATOTEHUS,
MEPEXONAIIYI0 B HBIOTOHOBCKYIO B CIa0bIX IPABUTALMOHHBIX MOJAX. B
OTHOLIEHWW CMEINEHUs Tepureans Mepkypus MOJIydYaeTcs MOJHOE KO-
JIMYECTBEHHOE COIJIACME TEOPUHM C OMBITOM. AHOMAJBHOE CMEINEHHUE WC-
MBITHIBAET HE TOJBKO Tepuresnit Mepkypus, HO W TEPUTESUU APYTUX
miaader. OgHAKO U 9TUX IUIAHET CMEMIEHWE 3HAUMTEIBHO MEHBIIE.
Tak, aHOMAaabHOE CMEMIECHWE MEPUTEIUS 3EMHOU OPOMTHI COCTABJISET
okos0 4" B cronerue.

Ipereccuo COBEPIIAIOT U OPOUTHI KOMIIOHEHTOB ABOMHBIX 3BE3M. DTO
ectb Takxe dddexr obmeit Teopum otHocuTenbHocTu. B 1981 r. Takyro
npeneccuto o0rapyxua X. O, Xammyamun (p. 1942) B TocynapcTeeHHOM
acrponomuueckoM mHcTuTyTe M. I1. K. [llTepubepra B ABMXXEHHMU 3aT-
menHOM aBoiinon 3Be3asl EK ILledes. OpOura Kaxmoi KOMIOHEHTHI
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JBOWHOM 3BE3Obl MPAKTHUECKM HE OTJIMYAETCS OT dummmnTuueckoi. Ho
OCh JJUIMTICA MEIAJIEHHO MOBOPAUYMBAETCS B IJIOCKOCTH opOuThl Ha 4,6’ B
rod, T.e. mepuoa moaHou mpoueccuu cocrasager 4700 ner (ana Mepky-
pua — 227 000 ner).

B mactosmee BpeMs M3yuyarorcs m apyrue, Oosee TOHKUE, SPPEKTHI
o0uiell Teopur OTHOCHUTENBHOCTH TIpM ABMXKeHuH Oamskux mianer Coj-
HEUYHOM CHCTEMBI M MX CYTHUKOB. BO3MOXHOCTH TAKOrO M3yueHus 00yc-
JIOBJIEHA ABYMS 0OCTOATEbCTBAMHA. BO-TIEPBBIX, ABUKEHHE CHCTEMBI B3a-
MMOIEHCTBYIOIMX TeA B OOIIEH TEOPUM OTHOCUTEIHHOCTH OMMCHIBAETCH
CJIOKHOU CUCTEMOU HEMHENHBIX YPABHEHUM, KOTOPBIE AHAJIUTUUECKHU pe-
mieHsl OBITh HE MOTYT. 34TO MX MOXHO PEIIUTh UMCIEHHO C MMOMOIIBIO
9BM. Bo-BTOpHIX, BEIUMCICHHBIE MAJIBIE OTCTYIJICHHUS OT MeXaHuku Hpro-
TOHA MOTYT OBITH OOHAPYXKEHBI G1arogaps BO3POCIIEH TOYHOCTH M3MEpPE-
HUS PACCTOSHUM C UCTIOIB30BAHMEM JIA3€PHON TEXHUKU.



FMABA I
KUHEMATUKA

§ 1. NIPOCTPAHCTBO U BPEMSA

1. Kax yxe OblJI0 CKA3aHO BO BBEACHHUM, B MEXAHUKE OGUXeHIeM HA-
3BIBAIOT W3MEHEHUS TIOJIOXEHUS TEJ B TIPOCTPAHCTBE C TEUEHUEM BpeEMe-
Hu. [lox monoXxeHueM 31ech TOHMUMAETCS OMHOCUMENIbHOe HONOXKeHUe,
T. €. TIOJIOXEHNE TeJAa OTHOCUTETBHO APyrux Tes. [Tonarue aGcomoTHOTO
MOJIOXKEHNS, T. €. TOJOXKEHHS TENA B KAKOM-TO «a0COJIOTHOM IPOCTPAH-
CTBE» GE30THOCUMTENBHO K APYTUM TEIAM, JHIIEHO CMBIC/IA.

Teso uam cucTeMa Tea, OTHOCUTETbHO KOTOPBIX OMPENETSIETCS TOJI0-
JKEHUME OCTAJBbHBIX TE€J, HA3BIBACTCS HPOCMPAHCIEEHHOU CUCEMOU OM-
cuema.

VTBEpXOEHHE, UTO OBA PA3JMUHBIX HE OJHOBPEMEHHBIX COOBITHS
MPOM3OILIA B OXHOM M TOM X€ MECT€ MPOCTPAHCTBA, HE UMEET CMBICJA,
MOKa He yKA3aHA CUCTEMAa OTCUETd, B KOTOPOM COOBITHS pPACCMATPUBAIOT-
ca. [Maccaxup B ABUXYIIEMCS KEJIE3HOTOPOXKHOM BATOHE B3ST M3 CBOETO
YEMOJAHA KAKYK-TO BEIIb M CIYCTS HEKOTOPOE BPEMS MOJIOXHJI €€ 00-
patHo. MoOXHO cKa3aTh, UTO OH B3ST M MOJOXWI 9Ty BEIIb B OXHOM W
TOM X€ MECTE, €CJIM 3a CHCTEMY OTCUETA MPUHSATH ABVXKYLIMICS BAarOH.
Ho Te xe aBa coObiTug OyayT MPOMCXOOUTh B PA3JUYHBIX MECTAX, €C/IH
WX pacCMaTPWBATh B CUCTEME OTCUETA, CBI3AHHOMN C TMOJIOTHOM KEJIE3HOU
aoporn. Hampumep, ogHo coObiTme
BHYTPHM BArOHA MOTJIO TIPOM3OUTH B
Mockse, a apyroe — B JleHunrpa-
ae. g i

2. B kauecTBe TPOCTPAHCTBEH- P
HOI CUCTEMBI OTCUETA MOXHO B3SITh
MPOU3BOJBHOE TBEPAOE TEJO M CBSI-
3aTh C HUM KOOpOUHamMHble OCU,
HATIpUMEpP, ACKAPTOBOM  MIpPsAMO-
YTOJIBHOM CHUCTEMBI KOOPAMHAT, pe-
AJM30BAHHBIE B BUAEC TPEX B3AWMHO
MePHeHANKYJSIPHBIX TBEPABIX CTEp- -~~~ ———-~
xHel. [losoxeHue Kaxaou TOUKu B~y
n30paHHOM MPOCTPAHCTBEHHOM CHC-

TeMe OTCUEeTa MOXHO 3aJaBaTh TpPe- Puc. 1

M UUCAAMH —  KOOpOUHAmamu

Mouki X, y, z, IPEACTABILIOMMMEI CO00M PACCTOSHMS ITOM TOUKH 10 KO-
OpOMHATHBIX TLUIOCKOCTEH YZ, ZX, XY coorsercrBenno (puc. 1). Tpu
KOOPAMHATHL X, Y, z MOXHO OObEIMHHUTb B OXUH HANPAGACHHBLI Ompe-

=~
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30K, HA3BIBAEMBIU paduycom-gexmopom r, POBEACHHBIM U3 Hauaaa Ko-
OPAVHAT B PACCMATPUBAECMYHK) TOUKY. KOOpZ(I/IHaTbI X, ¥, Z IBJAKOTCI €ro
OPOCKOMNIMU HA KOOPAMHATHBIC OCHU, a4 TIOTOMY

r=xi—+ yj+ zk, (1.1)

rae i, j, kK — xoopounammusie opmut, T. €. CAMHUYHBIE BEKTOPbI, HAIIPAB-
JIEHHBIE BAOJIb KOOPAMHATHBIX ocent X, Y, Z.

CyuiecTByIoT ABA BUAA KOOPAMHATHBIX CUCTEM — HPAGAst N JleGdst CUC-
Temsl. X paznnuaior ¢ momomsto npagsusia 0ypasuuxka. byaem BBUHUMBATH
OypaBuMK C MMPaBoii HAPE3KOM, BPAIIAsd €r0 PyUuKy B IJIOCKOCTH XY KpaT-
YAUIIIM DyTEM OT MOJOXUTETBHOTO KOHLIA OCU X K TIOJIOKUTEIbHOMY KOH-

uy ocu Y. B mpasoii cucreme koopan-

z Hat (puc. 1) mocrymarespHOE mepe-
MeleHne OypaBumMka OymeT mpomc-

ST T A XOAWUTH B MOJOXHUTEIBHOM, 4 B JIEBOU

o P (puc. 2) — B OTPUIATEIHLHOM Ha-
--— T, y, 2) npasaerun ocu Z. [IpaBas cucrema

ObiTh coBMemieHa ¢ jesoi. O0e cuc-
TEMbl OTINYAKOTCA APyr OT Apyra
MPUMEPHO TAK XK€, KaK npasas pyka
- X oTmyaercs ot aeBoi. Ho mpasas cu-
______ e cTeMa TIEPEeXOANT B JIEBYIO, €CJIN TIO-
JIOXUTEJbHOE HAIPABJECHHE ONHOM
13 KOOPANMHATHBIX ocel U3MEHUTH HA
nporuBononoxuoe. To Xxe camoe
MPOU30MAET, €CJIM UBMEHUTD HA TIPO-
THUBOIMOJOXHBIC ITOJIOKUTCIbHBIC HA-
mpasJieHus BCeX Tpex oceit. [locaeaHss onepamuuns Ha3bIBAETC UHBepCUell
KOOPOUHAMHBLX OCell WM OMmpaxenuem é Hauane koopournam. Hampumep,
n300pakeHNEM MTPABOIA CUCTEMBI B IIJIOCKOM 3e€pKaJjie OyaeT JeBasd cucreMa,
u Hao0opoT. B (hmsKKe mpuMeHIEeTCS MCKIIOUNTEIBHO TIPABAs CUCTEMA.

3. KoopaouHats! X, y, z, KOTOPEIMH OMPENEAIETCS TMOJOXEHUE TOUKH
B M30paHHOM CHCTEME OTCUeTa, ABAAIOTCH uucaamu. Koauuecmaeenuoe
onpedesenue Imux KOopouHam, pasHO Kak U KoJuuecmeeHHoe onpeoe-
JleHUe BCIKOU pu3uueckol eauUUHbl, C600UMCst 8 KOHUe KOHYO08 K YKa-
BAHUIO NPUHYURUANILHOZ0 ChOco0a uX usmepenus. Ilpm 3T0M UMeErOTCS
B BUAY UMEHHO NPUHUURUAAbHbBIE, d He HPpaKmuuecKue CrocoObl mame-
peHn4d. 9TI/I n3MEpEeHUsa OOJXHbI JIMIIb PA3BACHUTH CMBIC/I, TOUHEE,
HpI/IHI.lI/IHI/IaJIbeIﬁ CHOC06 noJayueHud x, y, z, pABHO KaK M BCIKUX UU-
cesi, ¢ TTIOMOIIBI0 KOTOPHIX KOJWUECTBEHHO XapaKTepU3yrTCs Bce (usu-
YECKNE BECAMUMHBIL. HOBTOMy MbI MOXKEM MPEANnoJaaratb, UTO TAKHE CIO-
COOBI M3MEPEHUS SBIIIOTCH UOCANbHbIMIY, & CAMU U3MEPEHUS BBHIMOIHS-
0TCH abcomoTHO TouHO. KoopauHatel X, y, z 9BASIOTCS AJMHAMH, a
MOTOMY WX HAXOXAEHWE CBOAUTCS K M3MEPEHWIO IJIMH, T. €. K Ompene-
JIGHHIO TEX UMCEN, C MOMOIIBI0 KOTOPBIX XapaKTepuayrorcs aauHbl. Kor-
Aa MBI TOBOpUM 00 M3MEPEHUH JIHH, TO MMEEM B BUAY CICHYIOUIYIO M3-

|
|
|
|
1 HUKAKVMMHW BPAIICHUIMU HE MOXKET
|
|
|
|

Puc. 2
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MEpUTENbHYIO onepauuio. HekoTopslii TBEpAbINl CTepXKEHb yCJIOBHO MPU-
HUMAaeTcs 3a 9TaJ0H, a €ro AJIWHA — 3a eAuHuny AauHbl. [1pu uamepe-
HUM JJIVHBL TEJA B KAKOM-THO0 HAMPABJIEHUH OTPENETIETCS YMCI0, TO-
Ka3bIBAKINEE, CKOJBKO pa3 B HTOM HAINPABJICHUM B TEJ€ YKJIAABIBAETCS
BHIOPAHHBINA HTAJIOH. DTO UMCIO W HA3BIBAETCH IJIMHOW TEJa B paccMar-
puBaemMoM HampasieHuu. Ecim oHO He mesoe, TO IpeaABapUTENbHO IJIU-
HY 9TaJIOHA CJAEAYET PasAeanTh HA 00Jee MEJKUE UACTU: JECATHIE, COTHIE
u np. Ucnonp3ys mx Hapsgay ¢ caMMM 3TAJOHOM, MOXKHO NPEACTaBUTH
AJMHY BCIKOTO TETA B BHAE JECATUUHON APOOM WM LEJIOTO UMCIa C Ae-
CATUYHOM APOOBIO.

4. VsmepeHue ANMMHBI HEMOCPEACTBEHHBIM IPUKJIAABIBAHUEM JTAJIOHA
WU €r0 YacTell Ha3bIBACTCH ApsimblM usmeperuem. I1psMble namepeHust
He Bcerga Bo3MOXHBI. Tak, OHM HEBO3MOXHBI IIPU M3MEPEHUU PACCTOS-
HUM [0 YAAJEHHBIX TEJ, HATPAMED TJIAHET, 3BE3X M APYTMX HEOECHBIX
00bekToB, OHM HEBO3MOXKHBI M TIPM U3MEPEHUM OUEHb MAJIBIX IJIMH, Ha-
OpuMep TaKuX, ¢ KOTOPIMU MMeeT Aea0 (hDu3mKa aTtomMa, aTOMHOTO sapa
WY 9JIEMEHTApHBIX uactull. Bo Bcex 9THUX cayudasix MCHOIB3YIOT KOCGEH-
Hole MemoObl. I1paBUIBHOCTD TAKMX METONOB AOJIKHA KOHTPOJIMPOBATH-
CSl IPSIMBIMEM METOAMK (pa3yMeeTcs, B TE€X CIyuasix, KOraa MOCTEAHUE
npuMeHuMBI). 3a TpeesaMu Xe MPUMEHNMOCTH MPSIMBIX METOZOB OCTa-
IOTCS OJHM TOJBKO KOCBEHHBIE METOABI. 3AeCh MPIMBIE M3MEPUTETbHBIC
onepauum, ¢ MOMOLIBIO KOTOPHIX MEPBOHAUYANBHO OBIO BBEAEHO KOJHUE-
CTBEHHOE TOHATHE JJWHBI, CTAHOBATCS UKUCTO YMO3PHUTENbHBIMM, a KOC-
BEHHBIE METOOB (DAKTUUECKHM WIPAIOT POJIb OCHOBHBIX MPUHLMMUAIBHBIX
W3MEPUTEJNbHBIX ONepanuil, KOTOPBIMU PpACKPBIBAETCS CMBICJ CaMHX
AJIVH WM, TOUHEEe, TEX UMCEs, KOTOPHIMU JJIMHBI XapaKTepU3yoTcs.

[TpumMepoM KOCBEHHOTO METOAA MOXKET CIYKUTh MPUAHZYISIYUSL, TIPA-
MeHseMas A5 U3MEPEHUS PACCTOSHUN A0 yAAJEHHBIX mpeaMmeTos. I1ps-
MBIM METOIOM M3MEPSIOT AMNHY «6asbi» AB (puc. 3), ¢ KOHLOB KOTOPHIX
AENAIOT «3aCEUKM» yAATEHHOro oobekra C, T. €. M3MEPSIOT yIJIbl o U 3
mexnay 6azoit AB u npsambivu AC u BC. Tlo atum
HAaHHBIM UCKOMOE PACCTOgHUE A0 00bekTa C Mo- c
XKeT OBITh HAMAEHO FeOMETPUUECKIM TTIOCTPOEHM-
€M WJIM BBIUMCJIEHO MO (hOpMyJaM TeoMeTpui.
Ecnm Gaza AB HACTOJIBKO BEJIHMKA, UTO €€ AJMHA
HE MOXET ObITh HAlAEHA MPAMBIM U3MEPEHUEM,
TO MOXHO BHIOpaTh 0osee KOpoTKyw 0asy u 3a-
TeM HAWTH AauHYy Gasbl AB ONMMCAHHBIM KOCBEH-
HBIM METOAOM. [IpMHUMMIMANBHO 9TO HMYErO HE 4 B
MeHseT. Bosee cymecTBeHHO ySICHUTb TEOpeTu-

YecKyl OCHOBY Merofa. B merome mpenmosiara- Puc. 3

€TCsl, YTO CTOpPOHAMU TpeyroabHuKa ABC gBnas-

IOTCSL npsiMble JUHUU, NOOYUHSIIOULUeCs. akcuomam eeomempuu Esxkauda.
Ho xakumu MaTepuasibHbIMU 00BEKTAMY PEATU3YIOTCS 9TH CTOPOHBI? Ta-
KUMH 00bEKTAMM SIBJISIIOTCS CBETOBBIE JIyuM, mpuxoagumme ot oobekta C
K Toukam A u B. CiemoBaresibHO, B OCHOBE PACCMATPHBAEMOrO Criocoda
JIESKUAT TMIIOTE3A, UTO CBETOBBIE JIyUH IPIMOIMHENHBL, T. €. TOXUNHSIOTCS
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TEM X€ aKCMOMAM TeOMEeTpuyu EBK/IMma, uTO M TeOMETPUUYECKHE TIPAMBIE
suanu. Ho sta rumoresa He oueBmaHa. JI0KA3aTh WM ONPOBEPIHYTH €€
MOXKHO TOJIBKO OIBITHBIM ILyTeM, [1pr 5TOM MMEIOTCS B BUAY CBETOBBIE JIy-
4yM B BAKYyMe€, a He Jyud B aTMocdepe, Iae OHM NeHCTBUTENbHO UCKPUB-
JIFIOTCA M3-32 M3MEHEHHS MOKA3aTe/s MPEJIOMJIEHNS OT TOUKH K TOUKE.
Takoe NCKPUBJIEHUE JyUei MOXET ObITh YUTEHO U JeHCTBUTEIBHO YUNThI-
BAETCH, KOTIA TOUHOCTh M3MEPEHUIA 9TOro Tpedyer.

Kak MoXHO yOequThcsd B MPUMEHUMOCTH WJIM HEINPUMEHUMOCTH Te0-
meTpun EBkampa X peasbHOMY MHPY B YKA3aHHOM BBILE CMbICTE?
Ipamoit MeTog COCTOMT B TOM, UTO HAa0 MOOBEPTHYTH OKCIIEPUMEH-
TAJBHOM TPOBEPKE CJAEACTBUS, BBHIBOOMMBIE M3 AKCHOM reoMeTpun EB-
kampa. OmgHUM M3 TAKUX CAEACTBUMI GBJASETCH, HANPUMED, TEOpEMa,
YTBEPXKAAIOMIAL, UTO CyMMa BHYTPEHHHX YIJIOB TPEYTOJbHUKA PABHSA-
erca 180°. Benukuii HeMenKMit MaTeMaTwk, acTpoHoM u dusmk Kapna
TFaycc (1777—1855) wmamepsn B 1821—1823 rr. co Bceit BO3MOXHOM
TIIATEIPHOCTHIO BHYTPEHHHE YIVIBI TPEYTOJbHMKA, 0OPa30BAHHOTO Tpe-
M$ YAAJEHHBIMU TOPHBIMU BEPIIMHAMU. [[JIMHBI CTOPOH TPEYTOJbHHMKA
Obiin mopaaka 100 km. OH Hamen, uro B mpegenax ommOOK HM3Mepe-
HUl He HAOMIOAI0Ch HAPYIICHUH YKA3AHHON TEOPEMBI. DTOT METOH HE
rogutca B Macmrabax COJHEUHOM CHCTEMBI M OOJABIIMX, TAK KAK BCE
M3MEPEHNS MPOU3BOAATCA C 3eMJIM, U MBI HE MOXEM HEMOCPEACTBEHHO
M3MEPUTH BCE TPU BHYTPEHHMX YIVIA TPEYTOJbHUKA, BEPIIMHAMU KOTO-
poro momMumMo 3eMiIM ABJIMIOTCH, HATIPAMED, KAKME-JU00 ABE IJIAHETHI
WM 3BE3Obl. 30eCh MBI CyIuM O MPUMEHMMOCTH reoMeTpuu Eskanaa
HA OCHOBAHMM KOCBEHHBIX HAHHBIX — IO COIIACOBAHHOCTH DPA3JIMUYHBIX
pesyabTATOB, TOJYUEHHBIX C MCIOAb30BAHMEM TaKoi reomerpun. Tax,
MOXHO MpPEABBIUMCANTD ABvKeHne miaaner COJHEUYHOM CUCTEMBI HA
MHOTO JIET BIEPEN W TPOBEPUTH MOJYUEHHBIE TpeacKasaHusd. Ecau Obl
OHHM HE OMpPABNAJUCH, TO OAHOM W3 MPUUMH MOIJIA Obl OBITH HEMpUME-
HUMOCTb reoMeTpun EBkanaa K 004CTSM IIPOCTPAHCTBA MOPSAKA Pas-
mepos ConHeunoit cuctembl. HaoGopor, cornacme ¢ onbIToM (uTO Ha
CaMOM JIeJIe MMEET MECTO) YKA3BIBAET HA TO, UTO COMHEBATHCA B IPHU-
MEHMMOCTH reoMeTpun EBKamaa B o0JACTIX TAKOTO pasMepa HET OCHO-
Banuii. He BOaBasch B 5TOT BOMPOC, OTPAHMUMMCS 3aMEUYAHMSIMH, 4TO,
MO-BUAMMOMY, HET CyNIECTBEHHBIX HAPYIIEHWI reoMeTpun EBKIMaa B
obnacrax mopsmka pasmepos Hamel lanakmuku (~102'M) n maxe
Memazaraxmuku, T. €. 4acTu BCeseHHOM, JOCTYMHOM MCCAEIOBAHUIO C
MOMOIIBI0 COBPEMEHHBIX HAMO0/Iee MOIIHBIX ONTHUECKUX W PAXUOTENE-
ckoroe (~10% M), TouHO TaK e HET OCHOBAHMH OXMAATbH CyLIECT-
BEHHBIX HAPYIIEHWHA reoMeTpuy EBKamma m B CyOAaTOMHBIX 00JaCTIX
pasMepoM, ckaxem, mopgaka 10715 m.

CaeToBbIE JyUuH TPH ONPEAEJCHUN TONOXEHHS YIAJEHHBIX TEI BbI-
MOJHAIOT ¥ APYTYI0 BaXHY (pyHKumio. OHU CIyXaT TEMU MATEPHAIb-
HBIMH OOBEKTAMHE, C TOMOIIBIO KOTOPHIX KOHCTPYHPYETCS CaMa CHCTEMA
orcueta. JedcTBUTENBHO, TBEPABIE CTEPXKHU HE MOTYT OBITh HEOTPAHU-
UYEHHO AJIMHHBIMU, 4 TOTOMY OHM HE MPUTOXHBI B KAUECTBE KOOPAMHAT-
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HBIX OCEH BO BCEM IMPOCTPAHCTBE. DTy poJb GepyT Ha ceGs CBETOBBIE JIy-
un, SFBASIOMUECS MPORZOJXEHUIMU B HYKHBIX HATIPABJICHUSX KOOPAM-
HATHBIX OCEH, TEPBOHAUAIBHO PEAJTM30BAHHBIX TBEPABIMU CTEPXKHSIMM.

5. B CBSI3M C M3I0XKEHHBIM LEJeC000Pa3HO CAEIATh OMHO 3AMEUAHUE O
CBA3M (DMBWMKM C MATeMaTWKOM. MareMaTwka Wrpaer HMCKIIOUUATETbHO
BaXHYO poJsib B (hmusuke. Bes Hee coBpemennas ¢pusznka Hembicamma. On-
HAKO HEeOOXOMMMO TMPABUIBHO TPEACTABAATh ce0e UCTUHHYIO POJIb MATe-
MATHKHU B PU3NKE, U K HTOMY BOIIPOCY MBI elle OyaeM HEOMHOKPATHO BO3-
BpamaTbesa. Yucras MaTeMaTHKA KMEET A0 ¢ A0CTPAKTHBIME OObEKTAMU
¥ MOHATUSIMY, TOAZUMHSIIOMUMHUCS OMPEAETCHHON cucteme akcuom. Eqnn-
CTBEHHOE TpeCOBAHME, TPEAbIBAIEMOE B UNCTON MATEMATUKE K €€ TIOHI-
THSIM ¥ AKCMOMaM, CBOOUTCS K MX JIOZU4ecKol Henpomusopeuusocmu. Bee
CBOM PE3yJIbTATHI UMCTAs MATEMATUKA MOIYyYAET U3 ITHX AKCUOM TyTEM
JIOTMUECKUX PACCyXAEHWI, OCHOBAHHBIX HA TIPaBUIAX (HOPMATBHOIM JIOTH-
ku. Comepxanue 5TUX Pe3yIbTATOB, OUEBHAHO, HE MOXET BBINTH 3a Tpe-
JeIBl JIOTMUECKON CBA3M MEXIY PA3JUUHBIMH OObEKTAMU M TIOHATHSIMU
YKCTOW MATEMATUKU. B 9TOM CMBIC/IE UMCTAd MATEMATHUKA SBJISETCS JIOTH-
YECKU 3amMkHymou oucyunaunoi. Takad 3aMKHYTOCTh M JIOTHYECKAs CO-
JTACOBAHHOCTh MPUAAIOT UMCTOW MATEMATUKE SCTETUUECKYIO MPUBJEKA-
TEJAPHOCTh M JOCTABJIAIOT UYyBCTBO IMIyOOKOrO YAOBJETBOPEHHUS BCAKOMY
yMy, BOCMUTAHHOMY B IyX€ MATEMAaTUUECKON CTPOTOCTH.

Hano, oanako, 3aMeTuTh, UTO CTPOrO 3aMKHyTas cama B cebe mare-
MATMKA OTOPBAHA OT PEAJbHOM AEUCTBUTEIBHOCT M HE MOXET OBITh WC-
MOJH30BAHA B APYTMX HAYKAX WM MPAKTAUECKOU AEITETBbHOCTU UETOBEKA.
Y1oObl MATEMATUKA CTAJA MOIIHBIM CPEICTBOM TIPH ONMUCAHUU M M3yde-
HUM SIBJICHUI MPUPOABI, KAKMM OHA B AEMCTBUTEIBLHOCTH SIBJISIETCSI, HE-
00X0aMMO YCTAHOBHUTH CBA3M MEXAY AOCTPAKTHBHIMHU MATEMATHUECKMMU
00BbEKTAMM ¥ TIOHATUAMHM, C OOHOM CTOPOHBI, M PEAJbHBIMUA OOBEKTAME U
SBJIEHUAMH TPUPOABI — C APYroit. MaremMatnueckue MOHATUS M OOBEK-
ThI AOJIXKHBI MOSBASITHCS HE KAK UMCTO JIOTMUECKUE KATETOpur, a Kak ao-
CMPaKUuU KaKkux-mo peanbHulx 006eKmo8 Uil Hpoueccod npupoobsl.
Tak, Touka geasgercda aOcTpakuuei (PUaNUecKoro Teaa AOCTATOUYHO Ma-
JIBIX PA3MEpOB, TpAMas JAUHMS — abCTpakuuMell AOCTATOUHO TOHKOTO
MPSIMOTrO TBEPAOTO CTEPXKHS WM CBETOBOTO Myuka B OAHOPOXHOM Cpene.
Bompoc o cnpaBemMBOCTM MATEMATUKM CBOAWUTCS K CHPABEAJIMBOCTU €€
akcuoM. CripaBeaiMBOCTh K€ CAMUX AKCMOM MOXKET OBITh YCTAHOBJIEHA
OTNBITHBIM M TOJBKO OMBITHBIM ITYTEM.

IpaBaa, OMBIT ¢ MATEMATUYECKUME O0BEKTAME HE/Ib35 OCYLIECTBUTD B
YKCTOM BHAE, TOCKOJBKY OTH OOBEKTHI SIBAMIOTCA MACAJU3ALMIMA U HE
BCTPEUAKOTCS B TPUPOAE. BCAKMI OMBIT BHIMOTHSIETCS C PEAJTbHBIMU TesIa-
Mu. MaTeMaTHyecKyIo CTPOrocTh, KOTOPOIi, 1 He 03 OCHOBAHMIA, TAK TOP-
AATCS MATEMATHUKY, HAAO TOHUMATH B CMBICJIE JIOTMUECKOW COTJIACOBAHHO-
CTH €€ BBIBOIOB, HO HE B CMBIC/IE 000CHOBAHMS MATEMATHUECKUX AKCHOM.

OnxHOIl MATEMATHUECKONW CTPOTOCTH HENOCTATOUHO IS (DM3MKH, KAk
U A9 BCAKOU APYroM ONBITHOM HAYKW, MMEIOMEH Aea0 C peaJbHBIMU
00bEKTAMM ¥ ABJICHMSIMHU TPUPONBL. Besikoe meopemuueckoe ucciedo-
ganue, 0axe GbINOJIHEHHOE MAMeMAMU1ecKku cmpoeo, HUK0z0a He MO-
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Kem cuumamscest W puauvecku cmpozum. Bo-nepBbIX, Takue HMCCaEno-
BAHMS BCEIMA OCHOBBIBAIOTCY HA OMPEAETICHHBIX 3aKOHAX, CIPABEAJIU-
BOCTh KOTOPHIX B KOHIIE KOHIIOB TOKA3BIBAETCS OMBITHBIM ITYyTEM, a OTIBI-
TBl M (PU3MUECKHE M3MEPEHMS HEM30EXKHO COMPOBOXAAIOTCS TMOTPEITHO-
CTSIMH, T. €. BBIMOJHSIOTCS C OTPAHMUYEHHOM TOUHOCTHIO. BHE mpenesios
91O TOUHOCTH (DMBMUECKUI 3aKOH MOXET OKa3aThCsl HEBEPHBIM. Bo-
BTOPBIX, BCAKMU peanbHbIi (PUanueckuii 00bEKT XapaKTepuayercsa Oec-
KOHEUHBIM Pa3HOOOpA3MeM CBOMCTB. YUECTh BCE OTH CBOMCTBA HEBO3-
MOXKHO HE TOJBKO MOTOMY, UTO GOJBIIMHCTBO M3 HUX HAM IPOCTO HEM3-
BECTHO, HO W TMOTOMY, UTO 9TO MPAKTUUECKM HEOCYIeCTBUMO. ITpu
HOCMpOeHUU meopuu Gusuka 3ameHsiem peaibhble 00seKmbl UX udea-
JUSUPOBAHHBIMU MOOENIMU, NPUOSUSUMESbHO NPAGUIILHO Hepedarouu-
MU He 8ce COUCMBa peaibHblX 00BeKmMOo8, d MOAbKO me U3 HUX, KOmo-
pble CYuLecmeeHHnsl @ paccmampusaemom kpyze gonpocos. Kakue caoui-
cmea peanvHblX 006eKMo8 CYWecmeentbvl, a Kakue He Uueparom
3AMEMHOU PO — HA IMOM GONPOC 8 KOHUE KOHUO08 MOXem omae-
Mumes MOJLKO OHbIM, KOMOPOMY NPUHAONEKUM peuarouiee caos0 @
gonpoce 0 NPAGUILHOCIU BCAKOU (Pu3UHecKol meopuu u npedenax ee
npumenumocmu. Ecnm dusnueckmit 3aK0oH mpuMeHeH BHE o0jactu, rae
OH CHOPaBENINB, 4 WACAJM3MPOBAHHAS MOOE]b MPABWIBHO MEPENAET He
BCE CBOMCTBA PEATBHBIX OOBEKTOB, CYIIECTBEHHBIE A/ PACCMATPUBAEMO-
ro Kpyra sBJEHUMN, TO BO3HUKAIOIINE BCACACTBUE HTOTO MOPOKU TEOPHH,
MOHSATHO, HE MOrYT OBITH MCIPABJAEHBI HUKAKOW CTPOrOCTHIO MATEMATH-
YECKUX PACCyXKACHUU U PACUETOB.

Iocnexnee 3ameuanne MMeEET M MPAKTUUECKYIO HeHHOCTh. KoHeuHo,
MOCJE TOTO KaK MACATM3MPOBAHHAS MOAE/Ib MOCTPOEHA, HE Oyxer omub-
KOW MpPOM3BOANTH BCE AAJbHENIINE PACUETH MATEMATHUECKH AOCOTFOTHO
TOYHO, XOTS OBl TIPH 5TOM M HCIOJb30BAMNCH (DU3MUECKHUE 3AKOHBI, BEP-
HBIE TOJBKO MpuOavmkenHo. OAHAKO CIUIOMIb M PSAOM TAKUE PACUETHI
OUEHb TPOMO3IKH M JA’Ke MPAKTHUECKH HEOCYIMECTBUMBI M3-3a UX CJIOXK-
HOCTH. MeXay TeM TOUHOCTh yXe 00eCleHeHA HETOUHOCThIO (huamue-
CKMX 3aKOHOB M HECOBEPIICHCTBAMM WACATM3MPOBAHHON MOIE/H, IMOJIO-
JKEHHOM B OCHOBY pacuera. MOXHO M HYXXHO MepeiT K mpudInXeHHbIM
pacueram. Takue pacueTsl CTOIb XKe XOPOIIX, UYTO M «TOUHBIC», ECJU MX
MOTPELIHOCTH HE MPEBOCXOMAT MOrPEIIHOCTEN, 00YCIOBAEHHBIX HETOUHO-
CTHIO TIPUMEHSIEMBIX (DUBMUECKUX 3aKOHOB W HECOBEPIIEHCTBAMM HIEA-
JU3UPOBAHHBIX MOJEJIEH.

MHorne mOHATAS W OTKPBITHS, KOTOPHIMH IO CHPABEIIMBOCTH TaK
TOPAMTCS MATEMAaTHKA, HE MMEIT HUKAKOTO CMBIC/IA, KOTAA peub 3aX0-
ANT O TPMMEHEHHU ITUX TOHATHU K peasbHbiM o0bekTam. Croma OoTHO-
CUTCSI, HATIPUMED, MOHATHAE UPPALMOHATBHOTO umnc/aa. JIMmeHno cogepxa-
HUS YTBEPXAEHUE, uTO (PM3Mueckas BEIMUMHA MMEET WPPALUOHATbHOE
3HaueHme. Takoe yTBepXAEHHE HE MOXeT ObiTh mpoBepeHo. Omuux
TOJBKO PALMOHAIBHBIX UKMCEJ] HOCTATOUHO, UTOOBI MPEACTABUTH PE3YJIb-
TATBl M3MEPEHU, BHIMIOJHEHHBIX CO CKOJIb YTOZHO BBICOKOW CTEMEHBIO
TouHocTH. Kpome Toro, moHsaTMe HU3NUECKOM BEIMUYMHBI MOXET yTpa-
TUTh CMBIC/, EC/IM K €€ U3MEPEHHIO MPEbIBUTh TPeOOBAHMS HEOIIPABAA-
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HO BBICOKOM TOYHOCTH. Tak, HAmpuUMep, COBCEM HE SICHO, O YEM HAET
peub, eCau MOCTABUTh 3afauy 00 M3MEpPEHWM IJIMHBI TBEPAOTO CTEPXKHSI
C MOTPELIHOCTHI) A0 PAa3MEPOB HJIEKTPOHA WM gaxe atoma. [IpuHumMmm-
AJIPHO HEOTPAHMUYEHHAY TOUYHOCTh M3MEPEHMS IJNH WUMEET CMBIC OIS
a0CTPAKTHBIX TPIMOJMHENHBIX OTPE3KOB TEOMETPUU, d HE A/1S PEaabHbBIX
TEA, UMEIOIINX ATOMUCTHYECKYIO CTPYKTYPY.

6. Ilepeitnem x Bompocy 00 maMepenuu gpemeni. Kak u Bcakas du-
3MUECKAs BEJIMUYMHA, BPEMS KOJMUECTBEHHO XaPAKTEPU3YETCH HEKOTO-
peiMu uncaamMu. 3agaua Mpexae BCEro COCTOMT B TOM, UTOOBI BHIICHWUT,
C TOMOIIBI) KAKWX TPHHIMIUAIBHBIX M3MEPUTENbHBIX OMEPaluil 5TH
YKCAa MOTYT OBITh MOIy4eHbl. TeéM CaMbiM YCTAHABJIMBAETCS Y TOUHBIA
CMBICJI CAMUX DTUX UHCEJ.

1100 epemenem 8 KOIUUECHBEHHOM CMbICAE IMO20 CIOBA Mbl Oy0eMm
HOHUMAMb NOKA3AHUS KaKux-mo wacod. TouHee, HAZO TOBOPHUTH HE O
CaAMOM BPEMEHM, A O MPOMEXYMKe GPeMeHu MEXAY ABYMS COOBITHSIMHU
o MoMeHTamu BpeMmenn. OH XapakTepusyeTcs pazHOCHbio TIOKA3aAHMIA
YaCOB B PACCMATPUBAEMBIE MOMEHTHI BpeMeHu. Korga roopsr mpocro o
BpeMeHM, He yKasbiBasg 00a MOMEHTA, SBJIAIONIMXCI TPAHULIAMU Pac-
CMATPUBAEMOrO TPOMEXYTKA BPEMEHH, TO MPEANO/IATAIOT, UTO OAMH W3
9TUX MOMEHTOB (DMKCHPOBAH M YCJOBHO MPUHAT 34 HAuyasbHbIA. OT HErO
W BENETCH OTCUET BpeMeHHu. Yachl 34eCh MOHMMAKOTCS B 00Jiee MMPOKOM
CMBICJIE CJIOBA, YeM B OOBIACHHON Xu3HU. [100 uacamu ROHUMAIOM JO-
00e Mmeso UL CUCIEMY MeJl, 8 KOMOPbLX COBePULAem st NepUOOUUeCKULLL
npouecc, cayxawuil Oast uzmepenus épemenu. IlpuMepamm Takux mpo-
LIECCOB MOTYT CAYXHUTh KOJAeOAHUS MAATHMKA C TOCTOSHHOM AMILIUTY-
10ii, BpameHue 3eMau BOKPYT COOCTBEHHOM ocu oTHocuTeabHO CosHIA
WK 3BE37, KOAeOAHMS aTOMA B KPUCTANIMUYECKON peIeTKe, KoseObaHus
SJEKTPOMATHUTHOTO TOJIS, MPEACTABAIEMOrO AOCTATOUHO Y3KOM CIEKT-
panbHOU smHuel, u np. Tak, ecam MexXay AByMs COOBITHSIME 3eMIIs TIpH
BpALIEHNU OTHOCHUTENbHO 3BE3M CAEIAJa OAMH 00OpOT, TO TOBOPAT, UTO
MPOMEXYTOK BPEMEHH MEXIY OTUMM ABYMS COOBITUSIMH COCTABJSET
36es0nble cymku. Ecam npu sTom oHa cosepmmaa 10 06opoTos, TO cooT-
BETCTBYIOLIMIA MPOMEXYTOK Bpemenn — 10 3Be3gubIX CyTOK, M T. 4. Ec-
JU B TEUEHWE 3BE3NHBIX CYTOK MASITHUK COBEPIIW MPUOJM3UTETBHO
86 164 konebGaHus, TO rOBOPAT, UTO MEPMOA OAHOTO KOJEOAHUS COCTAB-
ager o0ny cekyndy, u T. . OT 3BE3OHBIX CYTOK CJAEAYET OTJIMYATH CO.JI-
Heurnole cymki. Tak HA3BIBAETCS MPOMEXYTOK BPEMEHM, B TEUEHHE KO-
Toporo 3eM/d AeaaeT OAMH OOOPOT TP BPAIIEHNMH BOKPYT COOCTBEHHOM
ocu otHocutenpHo ConHua. Beuay Toro, uro 3emust ABHXETCS BOKPYT
Co/HIIa HE 1O KPYTOBOM, a 110 S/UIMIITHYECKON OpOuTE, 9TO €€ ABUXKEHNE
HEe coBCeM paBHOMEpHO (cM. § 55). D10 3HAUMT, UTO COJNHEUHbBIE CYTKH
W30 AHS B OEHb HECKOJBKO M3MEHSIOTCI B TeueHue roaa. [losromy mpu
M3MEPEHUM BPEMEHHM MOJIB3YIOTCI TAK HA3BIBAEMBIMU CPEOHUMU COJIHEU-
notmu cymkamu. Oum cocraBagior 24 u = 1440 muu = 86 400 c.

K uacam npegpasasior TpeGoBaHus, 4TOOB OHUM IIIM «PABHOMEDPHOY.
Ho uro 3naunT — uacel uayt papHomepuo? ['oBopsar, uto 570 — mEpH-
OIUUYECKUI TPOLECC, CAYXAIMUM A OTCUETA BPEMEHM; OH JOJXEH IO-
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BTOPATCH U€pe3 CTPOro OAMHAKOBBIE MPOMEXYTKHM Bpemenu. OQHAKO 9TO
HE €CTh OTBET HA BOIMPOC, TAK KAK YOEmUThCS B OAMHAKOBOCTH CJAETYIO-
KX APYT 3a APYrOM MPOMEXYTKOB BPEMEHHM MOXHO TOJBKO B TOM CIIy-
yae, KOrga Mbl YK€ pachoiaraeM paBHOMEPHO MAYIMMMU yacamu. BeriTu
M3 HTOr0 JIOTMUECKOTO KPyra MOXHO TOJBKO MyTEM OMpPENEJEHHs, TaK
KaK HHUKAKOTO ampHOPHOTO MPEACTABJAEHUS O pPABHOMEPHOM TEUEHHH
BPEMEHM HE CylnecTByer. Hamo ycooBHTBCS CUMTATH KAKME-TO YACHl 10O
onpedesieniro PABHOMEPHO mayuuMu. Takue yachl TOJIKHBI pacCMaTpu-
BAThCY KAK IMAAOHHbLe WIA OCHOBHBIE YACHI, TIO0 KOTOPHIM JOJIKHBI Ipa-
AYMPOBATBCA BCE OCTAJIBHBIE,

B npunnune mobsie 4achl MOTYT OBITh MPUHATHL 33 3TajoHHBIE. On-
HAKO TaK TMOCTYMATh HE LeaecoobpasHo. DTAJTOHHBIE YACHl TOJKHbBI OBITh
JAOCTATOUHO «XOPOLIMMU» M TMPEXIE BCETO 00aaTh GbICOKOI GOCHPOU3-
B600UMOCMbIO. ITO 03HAUAET, UTO ECJIM M3TOTOBUTH C BO3MOXHOW TIIA-
TEJBHOCTHIO) MHOTO «OAMHAKOBBIX» HTAJOHHBIX UACOB, TO OHU C OOIBIION
TOYHOCTBIO JAOJIKHBI AT OOMHAKOBO, HE3ABMCMMO OT TOTO, H3TOTOBJIEHBI
JM OHU OTHOBPEMEHHO WJIM MEXAY MOMEHTAMM WX W3TOTOBJIEHUS TPO-
ouIo AauTeabHOe BpeMs. Hampumep, mecourble yachl JalOT HECPABHEHHO
XYAMYK BOCIPOM3BOAMMOCTD, UEM MASITHUKOBBIE UACHI.

He Tak maBHO 3a OCHOBHBIE WJIM ITAJOHHBIE YACHI IPUHUMAJINCH (C-
mpoHomuteckue wacel. Joaroe BpeMs OCHOBHBIMH 4Yacam¥l CJIyXWia
3emsd, BpamamIIadgcs BOKPYr COOCTBEHHOM OCHM OTHOCHTENBHO 3BE3,
a OCHOBHOW eAMHWIEH BpeMeHu — cymku. HemgaBHO BMECTO OCEBOTO
BpamieHns 3eMJIM CTajd MOJb30BATHCA €€ OpOMTAJIBHBIM IBMXKEHHEM
Bokpyr CosiHIA, MPUHUMAS 34 OCHOBHYI €IMHWIY BPEMEHU MpPOnUUe-
ckuli 200, T. €. IPOMEXYTOK BPEMEHM MEXAY ABYMS MOCAEIOBATEIbHBI-
My mpoxoxpeHusmu teHtpa CosHLIA Uepe3 mouky GeceHHezo DaGHO-
Oencmaus. Tlpy m3MepeHMM BPEMEHM TAKMM MyTEM AOCTUTAIACh JIyd-
miasg BOCHPOM3BOAMMOCTh. HoO eme syuimas BOCIPOM3BOAMMOCTH ObLia
HOCTUTHYTA TOCTE U300PETEHUS KGaAPUEGbX, MOJLEKYASIPHbIX W aAmMOM-
HbLX 4dCO8.

Bce oTH yackl mpeacTaBaSIOT AOBOJIBHO CIOXKHBIE PAAMOTEXHUUECKUE
YCTPOMCTBA. 30eCh HET HEOOXOMMMOCTH OCTAHABAMBATHCS HA MPUHIUIIAX
AEWCTBUS W AETAaNgIX YCTPOMCTBA TAKMX 4acoB. JOCTATOUHO 3aMETHTh,
YTO PoJib MAATHUKA MU 0aJaHCHMpPa, PEryJuMpPYIOMMX XOX YACOB, BHIMIOJI-
HSIOT B KBAPLEBBIX YACAX KOJEOAHMS KPUCTAIMUYECKON PEMIETKH KBap-
1a, B MOJEKYJISPHBIX 4acax — KoJeOaHUS ATOMOB B MOJIEKYJIaX, B
ATOMHBIX 4acax — KoJaeO0aHus 3JEKTPOMATHUTHOIO MO B Y3KHUX CIIEK-
TPaJbHBIX JIMHASX ATOMOB HEKOTOPBIX M30TOMOB XMMHUUECKHUX DJIEMEH-
TOB, HAXOAJIIMXCS B TOUHO OMPEAEJEHHBIX M CTPOr0 KOHTPOJIMPYEMBIX
BHEWHNX yCaoBuax., OcoBoit cTaGMIBHOCTBIO OOIANAIOT TOCAETHUE W3
OTMeueHHBIX Kosebanuit, [10aTOMy mepuog MMeHHO TakuxX Koje0aHui B
HACTOSIIEE BPEMS M MPUHUMAETCA B KAUECTBE OCHOBHOM E€IMHUUBI BpPE-
MEHH, C MOMOIIBID KOTOPOHM BOCIPOM3BOAUTCS ceKyHma. KoHkperHo, ce-
KYHOQ — 9MO NPOMEXYMOK GPeMeHl, 6 meueHue KOMmopozo co8epuid-
emcst 9192 631 770 koaebanuii 21eKMPOMAZHUMHOZO USAYHEHUSL, CO-
omeemcmayrou,eco nepexody  mexoy  08yMsi onpeoesieHHbIMU
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CBEPXMOHKUMU YPOGHIAMU OCHOBHOZO COCMOstHUs amoma uesusi-133 6
omcymemaeue GHewHUX noJel.

C moMOIIbIO KBAPLEBHIX, MOJEKYISIPHBIX M ATOMHBIX Y4aCOB ObLIO TO-
Ka3aHo, uTO 3eMJisi BOKPYT CBOEW OCH BPAIIAETCS «HEPABHOMEPHO».

7. C equHULEN AAMHBL €10 0OOCTOUT TaK XK€, KAK C IMHUIEH BPEMEHMU.
WaeansHo TBEpABIX TEN HE cyniecTByer. [lepBoHAUATBHBIN 3TAJIOH METPA,
pean30BAHHBIN B BUAE CTEPXKHS W3 CIUIABA TUIATUHBI M MPUANS, HEAOCTA-
TouHO HagexeH. OH TOABEPXEH BHEUIHUM BJIMSHUSIM, €r0 BHYTPEHHEE
MOJIEKYJIIPHOE CTPOEHUE MOXET M3MEHUThC. Hakonen, oH MOXeT ObITh
yTepsaH win ucnopueH. [IpeamoururesibHee B KAUeCTBE OCHOBHOW €IUHU-
Bl B349Th KAKYIO-1100 €CTECTBEHHYIO, TOUHO BOCIIPOM3BOAUMYIO AJIUHY. B
KAuecTBE TAKOM AJMHBI 40 HEJABHETO BPEMEHW MPUHUMAJIACH IJIMHA CBE-
TOBOM BOJIHBI OTIPEEJCHHOM Y3KOW CIEKTPAJbHOU JIMHUU, MOJTYy4YaeMOn
MPH OMPEREIEHHBIX, CTPOTO KOHTPOJIUPYEMBIX BHEIHUX ycaoBuax. C mo-
MOIOBIO TAKOW €CTECTBEHHON AJIMHBI M BOCITPOM3BOAMIACH TTPAKTHUECKAS
equHULA AAuHBL — MeTp. B oktabpe 1983 r. [enepanbHas accambaes mep
¥ BECOB TIPUHSJIA HOBOE OTIPEAEJICHUE METPA:

Memp ecmo 0auna nymu, npoOXoOUMAst CGEMOM 8 BaKyyme 8 meyeHue
epemenu unmepsara 1/299792458 cexynowt. Orcioga ciemyer, 4to cko-
pocmb ceéema no onpedeaeruro npurumaemcest pasrou 299 792 458 m/c
(mouno).

Takoe W3MeHEHME 5TAJIOHA METpPa BBI3BAHO TEM, UTO 9KCIEPUMEH-
TAJbHAS MOTPEITHOCTh OMPENEICHUS CKOPOCTH CBETa B BAKyyMe B Ha-
crosmiee Bpems cocrapiaser npumepHo 0,3 M/c¢, UTO MPEBHILIAET OTHO-
CUTENBHYIO TMOTPEITHOCTh BOCIPOM3BENEHUS METPA MO TPEABIAYIIEMY
ompefenaeHuIo, Kotopas paBHa mnpuMmepHo =+ 4-107% OrHocurenbHad
TOYHOCTh M3MEPEHUS COCTOSHMS OyAeT HEMPEPHIBHO MOBBILIATHCI CO
BpEMEHeM, Mo KpaiHeit mepe m0 AocTixeHmsi enwmumabl 107!2, Tpe-
Oyromeica a1 acTPOHOMHUUECKMX maMepeHuit, UToObl KaXabld pas He
MEHATh ONMPEAEIEHNE MEeTpa, MOCTYMUAn 00Jee eCTECTBEHHBIM CII0CO-
OoM — 3aUKCHPOBAIU 3HAUEHUE CKOPOCTH CBETA.

Bo3MOXHO, UTO COBPEMEHHBIC ITAJTOHBI BPEMEHUW W JJWHBI TIEPECTa-
HYT YAOBJETBOPATH 00siee KEeCTKMM TpeOOBAHUSAM, KOTOpBIE OYymyT
MPENbABAATHCA B OyAylmIeM K TOUHOCTH M3MEPEHHMH M BOCIPOM3BOAMMO-
CTH pe3yJabTaToOB. B TakoM ciayuae crapble 9TasoHbl OyAyT 3aMEHEHBI HO-
BbIMH, 00jiee CTa0MAbHBIMU. [TPUHUMINAIBHO 5TO HHUYETO HE MEHSET.

8. [Ing onucaHusd ABMXKEHHS, 4 TAKXKE JIOOBIX (PU3NUECKUX ABJICHUIA,
MPOTEKAIOIINX BO BPEMEHM, MPOCTPAHCTBEHHBIX CHUCTEM OTCUETA HEHO-
cratouno. Hago mpeBpatuTh UX B APpOCMPAHCMEEHHO-BPeMEeHHbLe CCTE-
MBI OTCueTa. [IpUHOMIHMAIBHO 5TO O3HAUAET, UTO B CUCTEME OTCUETA
JOJIKHBL OBITh TOCTATOUHO YACTO PACCTABJAEHBI HEMOABUKHBIE UYACHI, 00-
JAAAONIKE OAMHAKOBOM CKOPOCThIO X0Aa. Torga Kaxxmaoe coObITHE MOXHO
XapakTepPU30BaTh MECTOM, TAE OHO TMPOM3OLLTO, U BPEMEHEM, KOTAa OHO
MPOM3OILLIO, T. €. MOKA3AHUSIMA YACOB, MOMEIIEHHBIX B 9TOM Mecte. Oxn-
HAKO TAKUM IyTEM OyHeT OMpeneseHO TOJbKO MeCmHoe épemsi, T. €.
BpeMd B KaXXIOW TOUKE MPOCTpaHcTBa. [lokazaHmsa uacoB, HAXOXSIIMXCS
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B PA3JMUHBIX TOUKAX MPOCTPAHCTBA, €MIe HUKAK HE CBI3AHBI MEXAY CO-
Goit. [Ina onucanusa (pU3MUECKMX MPOLECCOB TAKAS CBA3b, B MPUHIMUIE,
He obgzaTeabHa. MoxXHO GbUTO OBl IOBOJBCTBOBATBHCS MECTHBIM BpEME-
HEM B KaXIO# TOUKE TPOCTPAHCTBA, BBEAS CTOJBKO PA3JIMUHBIX BPEMEH,
CKOJIBKO CYLIECTBYET pazanuHbix Touek. OmHAKO Takoe ommcanue ObLIo
Obl KpailHe 3amyTaHHBIM U a0COMIOTHO Heo0o3puMbIM. UToOBI OmMcaHue
OBLIO TPOCTHIM M 0003PUMBIM, HEOOXOAMMO TMOJb30BATHCS BPEMEHEM,
eounvlmM Oast GCeli NPOCMPAHCMBEEHHO-GDeMEeHHOU cucmemsl OTCUETa.
JAg 9T0i 1EenM HAm0 «CUHXPOHU308GMb» UACHI, PACCTABJIEHHBIE B Pa3-
JIMYHBIX MECTAX MPOCTPAHCTBA, T. €. YCTAHOBUTh MX TAK, YTOOBI OHU IO-
Ka3bIBAIM «OXUHAKOBOE» BPEMSI.

Ecsiv uacel HEMOABMKHBI B pACCMATPUBAEMON CMCTEME OTCUETA W TIO-
Ka3blBAIOT OAHO M TO XE BPEMs, TO MPO TAKUE UACHI TOBOPSIT, UTO B ITOU
CUCTEME OTCUeTA OHU MAYT CUHXPOHHO. YCTAHOBJICHHUE XK€ «CTPEJOK» ya-
COB TAaK, UTOOBI YACHL BCENAA TMOKA3BIBAIM OOHO M TO K€ BPEMs, HA3BIBA-
ercd ux cunxponusayuer. CHHXPOHM3AaUM YACOB HE BBI3BIBAET 3aTPYyA-
HEHW, €CJIM Yachl PACIIONIOXKEHBI B OXHOM M TOM K€ MECTE MPOCTPAHCTBA.
Ho kak cMHXpOHM30BATH YACH!, €CJTM OHU HAXOOATCS B YAAJIEHHBIX TOUKAX
npocrparcTea? Bosiee Toro: uto BoOGIIE 03HAUAET, UTO MPOCTPAHCTBEHHO
pasngesieHHbIE Yachl CHHXPOHM30BAHBI, T. €. BCErda MOKA3bIBAIOT «OOMHA-
KOBOEe» Bpema? J1o Teopun OTHOCHTEIBHOCTH TAKOM BOMPOC puamka gaxe
HE CTABWJIA, CUMTAad OTBET HA HEro caMo coboil pazymerommumcd. Mexmy
TeM 0e3 MOCTAHOBKYM HTOTO BOMPOCA M OTBETA HA HETO HEBO3MOXKHO SICHOE
MOHMMAHNE CAMOM TEOPUU OTHOCUTENbHOCTH. D10 Briepsbie (B 1905 1.) ¢
MOJTHOM SICHOCTBIO OBLIO MOHATO DUHIITEHHOM.

Ha nepebiii B354, B BOMPOCE O CMHXPOHU3ALMU MPOCTPAHCTBEHHO
pasgeseHHBIX YacoB HET HUKakKux TpygHocTei. [lomectum, Hampumep,
JBOE ONMHAKOBBIX UACOB CHAUAJIA B TOUKY A, TIOCTABMM WX CTPEJIKUA ONU-
HAKOBO, 4 3aT€M OOHW M3 YacoB mepeHeceM B Touky B. Torma uacel B
A m yacel B B OyayT CHHXPOHM30BAHBI MeXAy coGoit. OqHaKo Takoi cro-
co0 CHHXPOHM3ALUMH TOJBKO TOTAA WUMEN Obl CMBICJ, KOTrJa TMOKA3aHUE
MEPEHOCMMBIX UACOB HE 3aBUCENIO OT Cmoco0a MEpeHoca ux M3 HauaJabHOM
TOUKM A B KOHEUHYIO TOuKy B. UTo0bl yOemuThcda B 5TOM, HAZO CPaB-
HUTH MOKA3AHUS MEPEHOCUMBIX UACOB B 9THX ABYX TOUKAX C TMOKA3aHU-
SIMU KAKWX-TO ABYX HEMOABMXHBIX Y4acoB | m 2, M3 KOTOPHIX OXHW Ha-
XOmATCS B TOuke A, a apyrme — B Touke B. Ho uacet 1 m 2 posxHbI
OBITh 3apaHee CUHXPOHU30BAHBI, [ToMyumicd 3aKoanoOBaHHbll Kpyr. [To-
3TOMY Coco0 CMHXPOHM3ALMH IYTEM MEPEHOCA HE TOMMTC.

OcraeTcst cuHXpOHU3AUUSL HACO8 ¢ NOMOULbIO cuzHalod. MoXHO, Ha-
MpuMep, TOCTYHUTh CACAYIOmMM 00pa3oM. B MpousBOJbHBIL MOMEHT
BpeMeHU 7, 1o yacaM A mocsiath Kakoi-To curHasi K yacam B. B MomeHT
MpPUXOa CHTHAJA YAChl B IOCTABUTD TAK, YTOOB OHM MOKA3BIBAIM BPEMS
tp=1,+ 1,5, [0 T,z — BpPeMH, 3aTPAUMBAEMOE CUTHAJIOM HA MPOXOX-
nenue paccroguus ot A no B. Torma vacel A u B OyayT CHHXPOHHM30BA-
HBl MexXay cobor. OmHAKO A OCYIIECTBACHHS TAKOM CHHXPOHU3ALNN
HAAO 3HATH BpeMd T,p. HO 5TO BpeMsa MOXHO M3MEPUTh TOJBKO IMOCHE
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TOrO, KaK yachl A m B yXe CHHXPOHU30BAHBL. [10Jyumnyics OmsaTh 3aK0JI-
AOBAHHBIN KpPyT. DUHINTENH yKa3aJ, UTO BBIATH M3 STOr0 KPyra MOXHO
MoAbKO nymem onpedesenust TIOHIATAS OXHOBPEMEHHOCTH. [lopensaTuBu-
CTCKad (PM3MKA CUMTAJIA, UTO OJHOBPEMEHHOCTh COOBITHMI AOCOIIOTHA W
ABJAFETCS UEM-TO CAMO COOOM pasyMeroImuMCcs. DWHIITEHH yKA3ad, 4To
910 3abayxaenue. CMBIC OTHOBPEMEHHOCTH COOBITUI HE TpeOyeT pasb-
SCHEHMS TOJBKO TOTHA, KOTAA 3TH COOBITHS MPOMCXOAAT B OAHOM M TOM
Ke MeCTe MpOCTPaHCTBA. Ecam e COOBITHS MPOMCXOOIT B PA3JIMUYHBIX
MECTax MPOCTPAHCTBA, TO HAAO YCJOBHUTHCH, TAKME COOBITHS HA3BIBATDH
onHoBpeMeHHbIMU., OUEBMAHO, BOMPOC 00 OXHOBPEMEHHOCTH MPOCTPAHCT-
BEHHO PA3NEJEHHBIX COOBITHI HKBUBAJEHTEH BOIPOCY O CMHXPOHU3ALNN
MPOCTPAHCTBEHHO PA3AEIEHHBIX UACOB.

Pewrenue BCAKOro BOTIPOCA, CBOOSIIETOCS K OTPENEIEHUI0, COOEPKUAT
HEKOTOPBIHA MPOM3BO/I. DTO MOJHOCTHI) OTHOCHTCS M K BOMPOCY 00 ompe-
AEJEHUN OTHOBPEMEHHOCTHM TPOCTPAHCTBEHHO pA3AEIEHHBIX COOBITHIA.
OOBbEKTUBHOE CONEPKAHUE 3AKOHOB MPHUPOABI, PA3YMEETCH, HE MOXET
3aBUCETh HU OT KAKWUX MMPOM3BOJBHBIX ompedeneHuit. Onpenesenns Mo-
I'YT BAMSITH TOJIBKO HA ¢hopMy 3aKOHOB. Hamo cTpeMHUThCS BBOAUTH TAKUE
omnpeaeneHus, uToObl (PopMa 3akoHOB Oblia Haubosee mpocTa M JIErKo
o0ospuma. D10 TpebOBAHHME MOUTH OTHOZHAUHO BBHIHYXXIAET MPUHATH
onpexpeseHne OTHOBPEMEHHOCTH, TIPEAJIOKEHHOE DWHIITEHHOM B TEOPUU
OTHOCHUTEIbHOCTH.

DWHIOTENH MOMb3YETCS I CAHXPOHU3ALUY YACOB CBETOBBIMU CUTHA-
JlaMM B BaKyyme. Bpems, 3aTpaunBaeMoe CUTHAJIOM HA MyTH OT A 10 B u
00paTHO, OUEBHUAHO, PABHO T = T,z + Tg,, TAE Tz, — BPEMS, KOTOPOE OH
3aTPAuMBAET HA MPOXOXAeHUE OT B K A. [I19 u3MepeHus BpeMeHu T J0-
CTATOUHBI TOJIBKO OJHU Yachl A, 1 HUKAKOW MPEeNBAPUTETbHON CHHXPOHU-
3anun He Tpedyercsa. Ho BpeMs T, M Tz, MOXHO M3MEPUTD JINIIb MOCTIE
TOTO, KaK uachl A u B CMHXpOHW30BaHbI. [10Ka OHU eIme He CHHXPOHU30-
BAHBI, MOXHO TIOTPEGOBATH, UTOOBI MEXAY T, p U T, COOTIONATOCH KAKOE-
TO cooTHOWeHWe. Torma u3 5TOT0 COOTHOLIEHWS ¥ COOTHOLICHUS
T= 1,5+ Tz, HAUAYTCI BPEMEHA T,z ¥ Tp, B OTAECABHOCTH. TeM caMbiM
yacel A u B 6yayT CAHXPOHM30BAHBL ¥ YCTAHOBJIEHO TIOHATHE OMHOBPEMEH-
HOCTM TPOCTPAHCTBEHHO PA3AETACHHBIX COOBITHI. Didnwmelin noaazaem
nO OnpedeseHuIo, YMo T g = Tg,, M. €. UMO CBeM 8 HANPAGACHUSIX OM
Ak Buom Bk A pacnorazaemcst ¢ 00HOU U Mol xe ckopocmuro. Torga
T,5 = Tg, = T/2, U CAEOOBATENBHO, Ty =, + T/2. JIng GeckoHEUHO ObI-
cTpeiX curHanoB T = 0, a motomy ¢, = 5. OMTHOBPEMEHHOCTb, YCTAHABJIU-
BaeMad ¢ MOMOIIBIO TAKUX CUTHAJOB, Obl1a O abcomoTHoi. Oanako Gec-
KOHEUHO OBICTPBIX CUTHAJIOB HE CYIIECTBYET.,

CuHXpOHM3ALMS YACOB 10 DUHINTENHY He TpebyeT ImpeaBapuTeTbHO-
ro M3MEPEHUsI CKOPOCTH CBeTa. Ee MOXHO OCYIIECTBUTHh TaKXe CAETYIO-
muM crocobom. ITycth C — TOuka, HAXOAAMIAIC HA CEPEAMHE OTPE3Ka
MeXay Toukamu A u B (HEMOABWKHBIMU APYT OTHOCHUTENBHO APYra).
[Tpounssenem B C CBETOBYIO BCHOBIKY. [0 onpedesienuro CBET OT HEE I0-
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CTUTHET TOUeK A u B OAHOBPEMEHHO. Ecan B MmomenT npuxoaa CBETa K
yacaM A u B mX MOKa3aHus CAEJaTh OOQWHAKOBBIMM, TO OHW OyAYyT CHH-
XPOHM30BAHBI MEXAY COOOM.

Heo6xoamMo moguepKHy Th, UTO B OCHOBE 000MX CIIOCO00B CHHX POHM3A-
upy 4acos (MHAYE OMpPEAEIeHNs OQHOBPEMEHHOCTH ) JIEXHUT MPEATION0XKE-
HuE 00 00HOPOOHOCM U W U30MPONUI NPOCMPAHCIEA W 00 00HOPOOHOC U
epemeny. OTHOPOXHOCTD TPOCTPAHCTBA O3HAUAET, UTO B HEM BCE MIPOCTPAH-
CTBEHHBIC TOUKY 9KBUBAJICHTHBI, T. €. HUUEM HE BBIIEJICHBI OAHA OT APYTOM.
OgHOPOXHOCTH BPEMEHU 03HAUAET TO XK€ CAMOE MO OTHOIIEHUIO K JIFOOBIM
MOMEHTaM BpeMenn. HakoHel, n30Tpornus mpocTPaHCTBA XapaKTEPU3YET-
C4d OTCYTCTBUEM B HEM BbIACJICHHDBIX HaHpaBJIEHI/Iﬁ — BCC HANpPAaBJICHUS B
MPOCTPAHCTBE HKBUBAJEHTHBI, [[09TOMY-TO TpHM ONMpeaeaeHNur OTHOBpE-
MEHHOCTH 1 UCIMTOJIb30BAJIUCH CBETOBBIC CUTHAJIBI B BAKYYMC M IPUTOM B OT-
CYTCTBME TPABUTALMOHHOTO TIOJIS, TAK KAK HAJUUME TIOCTETHETO YXKe Ha-
pylmaer yKazaHHYK OZHOPOIHOCTb W M30TPOIHUIO TIPOCTPAHCTRA.

Tenepb HETPYAHO YGEZ(I/ITI)CSI B OKBHMBAJCHTHOCTU TNPUBCACHHBIX BbI-
e AByX cnoco0oB cuHxpoHuzanuu uacos. ChopMyampyem mpexae Bce-
r0 OCHOBHOM TIOCTYJIAT, SIBJSTIOLIUICS CJIEACTBUEM OTHOPOXHOCTH W M30-
TPOTIUY TIPOCTPAHCTBA W OXHOPOAHOCTH BpemeHu. Ha mpoxoxaeHue or-
PE3KOB paBHOﬁ AJIMHBL CBET 3aTpPpAauyMBACT B BAKYYMEC OOHO M TO XC€
BpeM4d, HE3aBUCUMO OT TOro, rac 3TU OTPE3KH PACIIOJIOXCHBI, KAK OHHN
OpMEHTHPOBAHBL M B KAKOE BPEMS B HUX pacrpocrpansercs cser. Cren-
CTBUEM ITOr0 moCTyJjaaTa ABJAACTCA YTBCPXKACHUE, UTO CBCT 3aTPAUUBACT
B BAKYYME€ OJHO M TO XK€ BPEMSI HA MNPOXOXACHUEC OTPE3KA B MPIAMOM U
OPOTUBOIIOJIOXKHOM HAIIPABJICHUM.

[MpuBenem Teneps AOKA3ATEIBCTBO SKBUBAJEHTHOCTH 000MX CHOCO00OB
onpenesaeHus OTHOBPEMEHHOCTH, XOTS OHO MOUTH M camooueBuaHo. Ilo-
npexxHeMy GyaeM mpeano/arath TaKoe Xe pacnosoxenue touek A, B, C.
HonycTuM cHAauasa, uTo MPUMEHSETCH MEPBBII CHOCO0 CMHXPOHM3ALMK
vacos. Torna T,; = Tg,, WM T, + Tep = Tge + Tey. 8 HATASAHOCTH
HAJ BPEMEHAMM TIOCTABJIEHBI CTPEIKH, YKA3BIBAIOIIME HATIpaBaeHue (cie-
Ba HAMPABO ¥ CIpPaBa HAJIEBO) PACMPOCTPAHEHMS CBETOBOTO curHaja. Tak
Kak AB = BC, To Ha OCHOBAHMM OCHOBHOTO MOCTY/IATA T, = Tp.. [109T0-

MY Ty = Teg. HO 9TO ecTh BTOPOIl CIocoS CHHXPOHM3ALMHI YACOB.

HOHYCTI/IM TENEPb, UYTO CHUHXPOHU3AUUA YCTAHABJIUBACTCA BTOPBIM
Croco6oM, Tak uTo T, = Tep. 110 OCHOBHOMY TOCTYJAATY Top = Tey-
CJIOXXHMB 9TO C TPEABIAYIIAM PABEHCTBOM M CHOBA TPUMEHWB OCHOBHOM
PE3YABTAT, MOAYUAM T, + Tep = Tpe + Tea, WM Top = Tyy, T. €. TIEP-
BBII CIOCO0 CHMHXPOHU3ALMMY,

[MoguepkHeM eme pas, uTO SUHINTEWHOBCKHU CMOCOO CHHXPOHM3A-
ou 4acoB Mpeanoaaraet OTCYTCTBUC TOJAS TATOTCHUCI. HpI/I HAaJIU4Ynun
MOCTEAHETO CKOPOCTh CBETA MEPECTaeT OBITh YHUBEPCAJBHOW MOCTOSH-
HOU. DTOT BOmpoc ObL1 paspaboTaH DUHINTEHHOM B ero odwmiei Teopun
OTHOCHTENLHOCTH.
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Beakoe ompenenenne HOMXKHO OBITH HENPOTMBOPEUMBBIM. Ecan cuH-
XPOHHM30BATH MEXAy co0oit vacki A m B, To ¢ Tperbumu uyacamum C
MOXKHO MOCTYIHTD ABOSKO: CMHXPOHM30BATh MX Jmb0 ¢ uacamu A, aubo
¢ uacamu B. Oba cnocoba AOKHBI MPUBOAUTH K OAHOMY M TOMY XK€
pesyabrary. MHaue moayumnoch Obl BHYTpEeHHEe IpoTuBOpeume. Hama
YBEPEHHOCTh B HEMPOTUBOPEUMBOCTH HSUHIITEHHOBCKOTO OMpPENeICHUS
ONHOBPEMEHHOCTH OCHOBAHA HA JIOTHYECKOW COTVIACOBAHHOCTH Oecumc-
JIEHHOTO MHOXECTBA CJEACTBWH, MPU BBIBOAE KOTOPHIX WCIOJIb30BAJIOCHh
9TO OMpeACaCHUE.

9. OdnospemeHHOCMb NPOCMPAHCIMBEHHO PA30eJeHHbLX CODbLMULL 8
MoM cMbLCae, KaKoU npuoaemcst el onpeoenenuem JUnumeiHa, OmHo-
cumenbia. ITO 3HAUMT, UTO ABA COOBITHSA, OAHOBPEMEHHBIE B OXHOM CH-
cTeMe OTCueTa, MOTYT OKa3aTbCd HE OAHOBPEMEHHBIMU, €CJIM WX pac-
CMATpUBaTh B APYTOM CHUCTEME OT-
cuera, ABMXKYHIEHCS OTHOCUTENbHO A C'e —= |§
nepeoit. [losicHuM 510 ciaegyrommm
npumepom. [lycTh cucrema orcuera

S CcBA3aHA C TBepObIM cTepxHeMm A Ce |B
AB, a cuctema S — ¢ TBEpABIM
crepxHeM A'B', aBuxymmmcst oOT- Puc. 4

HocutesnibHO AB  (puc. 4). B mo-
MEHT, Koraa cepeaunst crepxxHeil C m C' coBnagaroT Mexay co0oil, mpo-
W3BOAUTCS CBETOBAY BCHBIIMIKA B TOUKE, T'ME MPOMCXOAMT 3TO COBHAZAE-
Hue. PaccMoTpuM pacmpocTpaHeHHe CBETA OT HTOM BCIBIIIKYM CHAYAJIA B
cucreme orcuera S. M3 ompepeseHns OgHOBPEMEHHOCTH CIAEAYET, UTO
CUTHAJ JOCTUTHET OSHOBPEMEHHO KOHILOB CTepXHd A m B. 3Hauut, OH
JOCTUTHET paHbIIe TOUKM A M MO3XKe — TOUKM B, MOCKOJbKY TOYKa
A' ABMXKETCS HABCTPEUy CHUTHAMy, a Touka B yxoaurt oT Hero. Mrak, c
TOUKM 3PEHUS OTCUEeTa S CBETOBOM CUTHAJ MPUXOAUT B TOUKU A u B of-
HOBPEMEHHO, a B Touku A u B’ — He OIHOBpEMEHHO: B TOuky A’ OH
OpUXOAUT paHbie, ueM B B'. K Apyromy 3ak/IrOUEHUIO Mbl IPUAEM, €CJIH
paccMorpuM sBieHue orcuera S. Ilo ONpeneseHUI0 OTHOBPEMEHHBIMU
OyAyT mpuxoabl CMTHAMA B Touku A' m B', a Ipuxoasl B TOUKH A u B —
HE OAHOBPEMEHHBIMM: B TOUKY B CUTHAJ MPUAET PAHbBIIE, UEM B TOUKY
A. TlpoTuBOpeuns MeXay OOOMMH 3aK/JIIOUEHUSIMH HET, TIOCKOJBKY «OId-
HOBPEMEHHOCTh» MOHMMAETCH B HUX B PA3HBIX CMBICAAX. DTOT MPUMED U
WUTIOCTPUPYET OTHOCUTEIBHOCTh OAHOBPEMEHHOCTH.

10. Jauna mena makxe OMHOCUMENbHA, M. €. 3ABUCUM OM MOZ0,
8 Kakou cucmeme omcuema ona uzmepsiemcst. UYtTo Takoe AIMHA JBUXY-
IErocd CTEPXKHS — TAKOW BOIMPOC AOPEASITUBUCTCKAS (PU3MKA HE CTABU-
ga. Teopus OTHOCHTEIBHOCTM TIOKA3aJia, UTO HAA0 CTPOrO pa3nuaTh
ONIUHY NOKOsLUWe20Css cmepxust 1y, T. e. IIUHY, U3MEPEHHYIO B CUCTEME
OTCueTa, B KOTOPOU CTEP>KEHb MOKOUTCS, M OAUHY OBUXKYU,e20Cst cmep-
Kust I, T. e. AUHY, UBMEPEHHYIO B CUCTEME OTCUETA, OTHOCUTEIBHO KO-
TOPOM OH ABMXETCA. DTH IJIMHBI CTAHOBATCH PABHBIMH TOJBKO B IIpe-
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AENBbHOM Ciryuae OeCKOHEUHO MENIEHHBIX ABIXKeHMil. Besmunna /) momy-
yaercsd IyTeM OTKJAABIBAHMA BOOJIb CTEPXKHS E€IMHWYHOrO Mmacmrada,
MOKOSIIErocs: OTHOCUTEIBHO 9TOTO CTEPXHS. Besmumnaa [ cBOOMTCS K M3-
MEPEHMIO PACCTOSHMS MEXAY HEMOABMXKHBIMU TOUKAMH IYTEM CAETYIO-
el M3MEpPUTENbHON omepauuu. Hago orMeTuTh KaKMMu-amO0 HEmom-
BUKHBIMU TOUKAMU A M B MOJOXEHMS KOHIOB ABMXKYIIETOCd CTEPXKHS B
paccMaTPUBAEMOM CHCTEME OTCUETA B OOMH M TOT XK€ MOMEHT BPEMEHH.
PaccrosHueM MexXay 3TUMM HEMOABMKHBIMU TOUKAMH M OYAET, 10 Ompe-
AEJEHHIO, IUIMHA OBYDKYINETocd cTepxXHd /. Ecim B39Th ApyTyIO0 cuCTEMY
OTCUETa, TO BBUAY OTHOCHUTENBHOCTH OTHOBPEMEHHOCTH KOHI[BI CTEPXKHS
MOPOMAYT B 9TOM CHCTEME OTCUETA MUMO TOUeK A u B, BOOOIIE roBops,
HE OMHOBpeMeHHO. Pomb A u B OyayT urpath apyrue Touku A’ u B', He-
MOABMXKHBIE B HOBOM CHCTEME OTcueTa. PaccTogHue MeXmy STUMH TOY-
kamu [', BooOIIE roBops, He Oyaer coBmagath ¢ /. Takum oOpasom, kak
U APOMEXKYMKU BPeMeHU, ONUHbL OMPE3KOG MAKXKe OMHOCUMENbHbL.

11. Jopengarupucrckas u3MKa CumTaga OJIUHBI TEJT W TPOMEXYTKU
BpemeHn a6comoTHMKU, C ee TOUKM 3PEeHHMS MOXHO OBLIO TOBOPUTH 00
ONHOBPEMEHHOCTH COOBITHIA, HE YKA3BIBAY, B KAKON CHCTEME OTCUETA ITU
COOBITHS PACCMATPUBAIOTCA. MOXHO OBIO TOBOPUTH O IUVIMHE TEd, HE
YKA3BIBAS, TOKOUTCS OHO WM ABHXETCH B PACCMATPMBAEMOM CHCTEME
orcueta. OCHOBAHMEM, MPaBaa, ABHO He (hOPMYJIMPOBABLIMMCH, IS Ta-
KOM TOUKM 3peHHMd ObLI0 yOeXaeHue B CyNIeCTBOBAHMU CKOJb YTOTHO
OBICTPBIX CHTHAMOB. HO mpm paccMOTpeHUM MENIEHHBIX IBMXKEHUH CKO-
POCTh CBETOBBIX CHIHAJOB B BAKYYME MOXET CUMTATHCA TPAKTHUYECKU
OeckoHeuHO 00bIIoN. B 9TOM MpUOAMXKEHNN MCUE3AI0T BCE PENITUBUCT-
ckue addexTsr. MBI TpuBEREM B JAJBHEWINIEM HEKOTOPBIE PE3YJIbTATHI
PENSATUBUCTCKOM MEXAHMKM BBUAY WX BAXKHOCTM B SAEPHOU (pusuke u
(uszuke saemeHTapHbix uactun,. ONHAKO CHCTEMATHMUYECKOE WM3JI0XKEHUE
PENSATUBUCTCKOM MeXaHMKM OyAeT AAHO TOCAE TOro, KaK Mbl MO3HAKO-
MUMCS C YUEHHEM 00 JJEKTPHUECKUX M ONTHUYECKMX IBJIEHUAX. TaMm xe
OyayT moapoGHO pazoOpaHbl ¢ KOJMUECTBEHHOM CTOPOHBI M BOIIPOCH TIPO-
CTPAHCTBA U BPEMEHM, KOTOPHIE 34€Ch ObLIM TOJBKO MOCTABIECHBI MU 3a-
TPOHYTHl KAUECTBEHHO.

§ 2. KHHEMATUYECKOE ONMUCAHME ABUKEHMS.
MATEPHUATIBHAS TOYKA

1. Kunemamuka 3aHUMAETCS OMUCAHUEM ABUXEHUS, OTBJEKASCH OT
ero nmpuurH. JI1g ONMCcaHMs ABMXKEHUS MOXKHO BHIOMPATh PA3MUHBIE CH-
CTEMBI OTCUETa. B pasamuHbBIX CHCTEMAX OTCUETA ABMKEHUE OXHOTO M TO-
ro Xe TeJa BHIIJISAUT MO-pa3HoOMy. B KmHEeMaTuke mpu BhIOOPE CHCTEMBI
OTCUETa PYKOBOACTBYKOTCH JIMIIb COOOPAaXKEHUAMH L EIeCO00PA3HOCTH,
OMPEREITIOMUMUCI KOHKPETHBIMEU yCaoBusIMU. Tak, mpu pacCMOTPEHUN
Tea HA 3eMJie eCTECTBEHHO CBSI3aTh CUCTEMY OTCUETa C 3emuieil, UTo MbI
u OymeMm menath. [Ipy paccCMOTPEHHMM ABMIKEHHMS CAMOM 3E€MJIM CHUCTEMY
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orcueta ynobHee cBasbBaTh ¢ ComHeM U T. 1. HUKaKuX MpUHIMNIHATb-
HBIX TPEUMYIIECTB OXHON CHCTEMBI OTCUETA MO CPABHEHWIO C APYTro B
KWHEMATUKE yKa3aTh HeJMb3s. Bce cucTeMsl OTCUETA KuHemamuuecku k-
suganenmuoi. TOMBKO B OuHamuke, U3yuarolIeH ABUXEHNUE B CBSI3U C CH-
Jamu, AEUCTBYIOLIMMU HA OBWXKYIOUECS TENA, BHISBISIOTCS TMPUHIWTIN-
aJbHBIC TIPEMMYIIECTBA OMPENEJEHHOW CHCTeMBI OTCUETa WM, TOUHEE,
OMPEAETEHHOTO KJIACCA CUCTEMBI OTCUETA.

2. IlpocreiimuM OOBEKTOM, OBMXKEHHE KOTOPOTO HM3YUAET KJIACCH-
yeckas MEXaHWKa, SBJAIETCS MaTepuasbHas Touka. MamepuaivHou
MOYKOU HA3BIBAETCI MAKPOCKOMUUECKOE TEI0, Pa3Mepsl KOTOPOTO Ha-
CTOJIBKO MaJbl, YTO B pPAacCMATPUBAEMOM JBVMKEHWUM WX MOXHO HE
MPUHUMATH BO BHUMAHME M CUMTATH, UTO BCE BEIIECTBO TEIA KakK Obl
COCPEIOTOUEHO B OZHOM TreOMETpUUEecKOol Touke., MarepwanabHBIX TO-
yeKk B MPHUPOAE HE CymecTByer. MarepmasbHas TOYKA €CTh a0CTpak-
1Ms, MAeaJu3HPOBAHHBIA 00pa3 peasbHO CYIIECTBYIOMMX Tea. MoXHO
WM HEAb3s TO WIM MHOE TEJO TPU M3YyUeHUH KakKoro-aubo ABHIKE-
HHUS TIPUHATH 34 MATEePUANBHYI) TOUKY — 5TO 3aBUCUT HE CTOJBKO
OT CaMOro Tena, CKOJAbKO OT XapakTepa ABUXEHWS, a TaKXe OT CO-
AepXaHus BOMPOCOB, HA KOTOPBIE MBI XOTHM MOJyYMTh OTBET. AGCO-
JIIOTHBIE pa3Mepsl TeJa MpU 3TOM HE WTparT posan. Baxubl omuocu-
meJibHble pasmepsl, T.€. OTHOIIEHWY PA3MEPOB TEAAa K HEKOTOPHIM
pPACCTOSTHUSIM, XAapaKTEPHBIM [ad paccMaTpuBaeMoro ABvKenus. Ha-
npuMep, 3eMJII0 TIPH PACCMOTPEHMU €€ OpOMTANBHOTO ABMXKEHUS BOK-
pyr Cosnna ¢ GoJbLION TOUHOCTHK) MOXHO MPHHATH 33 MATEPHAIb-
HYI TOUKy. XapakTepHON IJWHOW 30eCh SBJASETCS pPAaguyC 3€MHOU
opbutel R~ 1,5:108 kM. OH OueHb BEAMK 1O CPABHEHHWIO C PagryCoM
Bemmn r~ 6,4-10° km. Bnarogaps stomy mnpu OpOMTANBHOM IBHIXKE-
HAM 3eMJIM BCE €€ TOUKM MOXHO CUMTATHh ABVKYLIMMHECS TPAKTAUE-
CKM oAMHAKOBO. [loaTOMy HOCTATOUHO PACCMOTPETH ABUKEHHME TOJIBKO
OJHOW TOUKMW, HAMPUMEpP LEHTpa 3eM/u, W CUATATh, UTO BCE BELIE-
crBo 3emmm Kak Obl COCPENOTOUEHO B ITOM TFEOMETPHUECKON TOUKE.
Takas wWpeanu3anus CAJIBHO YIPOIIAET 3azauy o6 opOMTaabHOM IBH-
XeHuM 3eMJIM, COXPaHssd, ONHAKO, BCE CYIIECTBEHHBIE UEPTHI ITOTO
asmxxeHusd. Ho sra maeanmszauusa He TOAWTCY TPHM PACCMOTPEHUM Bpa-
meHns 3eMan BOKPYT COOCTBEHHOM OcH, MO0 GECCMBICIEHHO TOBOPUTH
0 BpAIIECHUM TEOMETPUUECKOW TOUKM BOKPYT OCH, MPOXOASIIECH uepes
9Ty TOUKY.

B onpeaenenve marepmanbHOW TOUKM MBI BKJIOUWIW YCJIOBHE, UTO
TOUKA AOJKHA OBITh MAKPOCKORUUECKUM MeAOM. ITO CAETAHO IS TO-
ro, 4ToObl K €€ ABMKEHWIO MOXHO OBLIO MPUMEHSATh KJIACCUUYECKYIO Me-
xauuky. OmHAKO B pIae CAyvyaeB WM ABVXKEHHE MUKPOUACTHL, MOXET
paccMaTpuBaThCS HA OCHOBE Kjaccmueckour mexanmku. Cioma OTHOCUT-
Csl, HAMpUMEp, ABUXEHNUE JJEKTPOHOB, MTPOTOHOB MM MOHOB B YCKOPH-
TEAIX M JJEKTPOHHO-MOHHBIX mpubopax. B aTux ciayuasgx MUKpouacTu-
OBl MOXHO paccMaTpWBATh KAaK MATEPHATbHBIE TOUKM KJIACCUUECKOU
MEXaHWKM.
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3. MexaHnuka ORHOW MATEPUANBHON TOUKM WJIM, KOPOUE, MEXAHUKA
MouKU B KJACCUUECKON (DUBUKE ABISETCS OCHOBOW /IS M3YyUEHUS MEXa-
HukK BooOwe. C KIaCCMUECKOl TOUKYM 3PEHMS TIPOM3BOILHOE MAKPOCKO-
NUYECKOE TEJNO WM CHCTEMY TET MOXHO MBICJEHHO Pa30MTh HA MAJbIe
MaKpOCKOMMYECKME UACTH, B3AMMOAEUCTBYOIME MexXay coboii. Kaxayro
M3 TAKUX 4aCTEU MOXHO OPUHATH 3a MATCPUAJTbHYIK) TOUKY. TeMm cambiM
NU3YyUCHUEC NBUXKCHUA HpOHSBOJIbHOﬁ CUCTEMBI TCJI CBOOAUTCA K M3YUCHUIO
CUCTEMbL BSHHMOZ(EﬁCTByIOIlIHX MATEPUAJIbHBIX TOUECK. EcrecrBenHo mo-
9TOMY HAuaTb U3YUCHUC KJACCHUECKOM MEXaHMKH C MEXaHUKH OI[HOﬁ
MaTepHaJIbHOﬁ TOUKH, a4 3aTEM HEPEﬁTH K U3YyUCHUIO CUCTEMbI MAaTCpU-
AJIbHBIX TOUEK.

BeiGepeM Kakyo-imb0o MPOM3BOIBHYIO CHCTEMY OTCUETA M OyAem
OTHOCUTH K HEH ABUXECHUE MaTepHaJIbHOﬁ TOUKHU. ,H,BI/I)KCHI/IC TOUYKH
OyAeT OMMCAHO TOJHOCTHIO, €Cau OyHET WM3BECTHO €€ MOJOXKEHHE B
M060/ MOMEHT BPEMEHM OTHOCHTEIBHO BHIOPAHHONW CHCTEMBI OTCUETA.
[Tonoxenne TOUKM MBI YCJIOBMMCY XapaKTEPW30BATh €€ MPSIMOYTOJIb-
HbIMM KOOpAMHATAMMU X, Y, Z, ABJAAIOIIMMHUCI TNPOCKUUAMU €€ paamy-
Ca-BEKTOPAa I HA KOOPAMHATHBIE OCH. [IOJHOE OMMCAHME ABHUXKEHMS
CBOOAUTCYI TIMOITOMY K HAXOXACHHUK TpPEX KOOPAWMHAT X, Y, Z KAK
byHKUMIT BpeMeHH 1,

x=x(1t), y=y(1), z=z(1), (2.1)
WM K HAXOXIACHUIO OMHOM BEKTOPHOU (DyHKIIMM
r=r(1). (2.2)

Opguako s HOPMYIMPOBKM OCHOBHBIX 3aKOHOB MEXAHUKH, C TTOMOIIBIO
KOTOPBIX TEOPETUUYECKM MOTYT OBITh HAWAEHBI PACCMATPUBAEMBIE (DYHK-
oM, CymEeCTBEHHBI ABA HOBBIX MOHATHA — TOHITUE CKOpocmiu U B OCO-
OeHHOCTH TIOHATHE yckopeHus. K yCTAHOBJIEHUIO OTUX TOHATHHA MBI U
nepenaem.

§ 3. CKOPOCTb M YCKOPEHME NMPU NPAMOJNIMHEMHOM
ABUXEHMM.
YINIOBAS CKOPOCTb M YINIOBOE YCKOPEHME

1. PaccmoTpuM cHauasma 4acTHBIA CAyuau, KOrga MaTepuaabHAs TOU-
Ka JBUXXETCH BAOJb MPSMON JuHWU. [IpumeM 5Ty mpsmMylo 3a KOOpAu-
HATHYIO 0Ch X, TOMECTUB Hauasao KoopauHAT O B KAKOU-TO MPOM3BOJIb-
Hou Touke ee (puc. 5). Ilonoxxenue MaTepuaIbHOM TOUKH B pacCMaTpu-
BAEMOM CJIyUae OMPEREJISIeTCS OXHOM KOOPAMHATOM:

x =x(1). (3.1)

[MycTs B Kakoi-10 (hPMKCUPOBAHHBI MOMEHT BPEMEHW ! MATEPUAJIb-
Hasg TOUKA HAXOAUTCI B IMOJJOXCHHHN Al‘ B sror MmomenT ee KOoopauHaTa
paBHa x; = x(7). B Gonee mosgumii MomeHT Bpemenu { + Af marepu-
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aJbHAs TOUKAa MEPEeMECTHTCI B TMOJOXKEeHWe A, C KOOpAWHATOU
X, =x(f+ Af). 3a Bpema Af maTepmaspHasg TOUKA NPOXOAUT IIYTh
Ax=x,—x;=x(t + At) — x(¢). IlyTb CumTaeTCs TOJOXUTETHHBIM,
€CM TEePEMEIEHNEe COBEPIIAET-
CS BUpPAaBO, M OTPULATETbHBIM, 41 4 X
€CIM  OHO TPOMCXOOUT BJIEBO. 1 | I
OTHoOweHNe MPOMASHHOTO IyTH Xy Ax
Ax K TpoMeXyTKy BpemeHu Af
HA3BIBAETCS CpeOHell CKOPOCMbIO Puc. 5
MaAMepUaIbHOlU MOYKU 3a ape-
M5 At, wam, TOuHee, 3a épemst mexoy t u t+ Af. Takum oGpasom,
MO OMPEAETCHUIO CPEegHsIS CKOPOCTh PAaBHA
Ax _ x(t+AH) —x(@)
v = &Y = HELD =20 (3.2)

Takoe ompeneaeHne CpegHENl CKOPOCTHM MMEET CMBICA I JIFOOBIX
sHauenuii Af. Hamo uckiarounts Toapko 3HaueHue A7 =0, Tak Kaxk B

. 0
9TOM CAyuae A CPENHEW CKOPOCTH MbI MOJyumsu Obl BBIPAXKEHUE o

KoTopoe camo 1o ceOe He mMeeT cMbicaa. OgHAKO HUUTO HE MEIIAET
OpaTh TMPOMEXYTOK BPEMEHHM Af KAK YrOOHO MAJBIM, HO OTJIMYHBIM OT
Hysg. BoolGuie rosops, cpegHsas CKOPOCTh 3ABMCUT HE TOJBKO OT f, HO
n ot Af. Byaem rtemepp, OCTaBadgd MOMEHT BPEMEHM [ HEM3MEHHBIM,
OpaTh MPOMEXYTOK BpeMeHHM A7 BCE MEHbBINE ¥ MEHBINE, YCTPEMIAL
ero x Hymo. Torma OygeT CTPEMUTBhCA K HYJK M MPOXOOUMBINA IIyTh

Ax
Ax. OTHOIIEHNE Xe A Ipu 9TOM, KAaK IMOKA3bIBAET ONBIT, 6yz(eT cTpe-

MUTBCS K BIIOJTHE OTMPEACICHHOMY TPENeNy, KOTOPhI MOXET 3aBUCETh
TOJIKO OT {, HO yXe He Oymer 3aBuceTh OT Af. DTOT mpenes Ha3bBa-
eTCS UCMUHHOU WU MZHOBEHHOU CKOPOCHbIO MAMEePUANLbHOU MOYKU
8 MOMEHM @pemenu t:

. Ax . XU A —x(@)
v=Ilim — = lim ————————, (3.3)
at=08T Arso Al

Ipenenst Tuma (3.3) BCTpeuarOTCs B CaMBIX Pa3HOOOPA3HBIX BOMPO-
cax MaTeMATWKH M €€ TMPWIOKEHWIX. B MaremaTuke mpenes, ompene-
agemstit popmyaon (3.3), HaseiBaerca npoussodnou GyHkumm x(1) mo
aprymenty f. [lpomssogHas BO BpeMeHH 0003HAUAETCI CUMBOJIOM X(7)

nan d—f. Taxkum 00pa3zoM, TO OMPEAEICHUO
¥ = ‘fi—); = lim % (3.4)
At=0

[MoHaTne TPOM3BOAHONM SBJASETCS OCHOBHBIM TOHSITHEM Ouddeper-
yuarbHo2o ucqucaerust. Vlcmonab3ysi 9TO MOHATHE, MOXHO CKasaTh,
UTO UCMUHHASL WU MZHOBEHHAS. CKOPOCMb v €CTh TPOM3BOAHAA KO-
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OpAMHATBHL X IO BPEMEHU, WKW MPOMU3BOAHAA HpOI‘/JIZ(eHHOI‘O noyTa § 1o
BpPEMEHM:
. dx _ ds
VEXT0r T ar (3.5)
CKOpOCTh MaTEepPHaabHOM TOUKH, BOOOINE rOBOpS, ABAIETCH (hDyHKIH-
el Bpemenu: v = v(?). [IpomspogHas CKOPOCTM MO BPEMEHM HA3BIBAETCH
ycKkOpenuem MamepuanbHou mouku. YCKOpeHue Mbl 0003HAUYaeM uepes
a. TakuM 06pasoM, 10 OMpPENesICHUI0 YCKOPEHUS

nimn
a=lim2Y =1 v(t+At)—v(t). (3.7)
At=0 At At=0 At

IMpoussogHas (3.6) HA3BIBAETCS TAKXKE GHIOPOL HPOU3BOOHOU KOOP-
AMHATHL X MO BPEMEHHU M 0003HAUAETCS CHUMBOJAMU

2
a=3%=%x (3.8)
dt

B cymecrBoBaHMM TEPBOI M BTOPOM MPOM3BOAHBIX KOOPAWHATHI TIO
BPEMEHM B MEXAHMKE, KAK ¥ BO BCEX AHAJOTMUHBIX BOMPOCAX (hPM3UKU, MBI
yOexmaeMcs He IyTeM JIOTMUECKMX PACCYKIEHUM, 4 ONBITHBIM ILyTEM.

2. PaccmoTrpumM mpocrediune mpuMepsl.

[Mpumep 1. x = const, T. e. KOOpAMHATA X OCTAETCS TIOCTOSTHHOW BO
BpeMeHu. B aTOM cayuae marepmanbHag TOUKA HEMOABWXHA, MpUpanie-
HHE KOOPAWHATHI AX PaBHO HYJIO. PaBHBI HYJI0 TaKXe CPEegHSS W WC-
TUHHAS CKOpocTu Touku: v = X = (0. BooOuie, mpous3BoaHas BCAKOM MO-
CTOSIHHOM BEJMUMHBI PABHA HYJIIO.

[Mpumep 2. x=Bit+ C, tae B u C — nocrosHable KodDbumeH-
Tel. B 3TOM Ciiyuae TOBOpAT, UTO KOOPAMHATA X IBJISETCS JUHEUHOU
dynkyuet epemenu t. OueBugHO,

x+Ax=B(t+ At) + C= (Bt + C) + B A,
Ax = B At, vcp=%=B.

CpenHsisi CKOPOCTh MOCTOSIHHA M paBHAa B. [109TOMYy MCTMHHAS CKOPOCTH
TAKXE MOCTOSTHHA W PABHA CPEAHEN CKOPOCTH:

_dx

’U—E=

Vep = B.

[BuXeHWEe C TMOCTOSTHHOW CKOPOCTHIO HA3BIBAECTCS PAGHOMEPHBLM.
OGo3HaumM uepe3 X, 3HAUCHUE KOOPAMHATHL X B HAYAJBHBI MOMEHT

Bpemenu ¢ = (. Besmumnna X, HA3BIBAETCS HAUAILHOU KOOPOUHAMOU W,
oueBuaHO, X, = C. IIpoiiieHHHI yThb § OMmpeAeadeTcs MpUpameHueM
KOOPAMHATHI, § = X — X, = Bf, uan

s =vt.
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Mpumep 3. x=Ar*+ Bt+ C, tne A, Bu C — TIOCTOSHHBIE KO-
apduumentel. B sTOM ciayuae TOBOPAT, UTO KOOPAMHATA X SIBJISIETCS
keadpamuunou @ynkyuel epemenu t. OueBugHO,

X+ Ax=At+AN*+B(t+ A1) +C=
= (A* + Bt + C) + (241 + B) At + A(A1)?,
Vep =25 = (241 + B) + A At.
3nech Vgp 3ABUCHT HE TOJNBKO OT /, HO W OT At. B mpenene, korma
At—0, unen A Af oOpamaercs B HyJb, M MBI MOJYYAEM CJIEAYIOMIEE
BBIPAXXEHHE /1T MCTUHHOW CKOPOCTH:

v=2At + B.

Ucruanas CKOpocTh SBAIETCS TUHEHHON (DyHKIMEH BPEMEHH £, a TIOTOMY,
audepeHunpys ee, TOayuaeM MOCTOSTHHOE 3HAUEHUE /I YCKOPEHWUS:

_dv _
a_dt_ZA‘

JBUXEHNe C MOCTOSHHBIM YCKOPEHHEM HA3BIBACTCH PAGHOYCKOPEH-
noim. TlocToguHas A paBHA mosioBMHE yCKopeHusd: A = a/2. BuiacHum
renepsb puznueckuit cMbica mocTosSHHBIX B u C. [lpu ¢ = 0 Hamm dop-
Myabl gaT v = B. CkopocTh B MOMeHT BpeMmeHu { = () HA3bIBAeTCHd Ha-
YANBLHOU cKOPOCMbIO N 0003HAUAETCS Yepe3 vy Mbl BUANM, YTO TOCTO-
dHHAs B paBHa HauaJbHOW CKOpocTH: B = v,. AHAJIOTMYHO JOKAa3bIBAET-
csl, uTo mocTogHHAs C eCTh HAYATBHAY KOOPAMHATA ABVXKYIIEHCS TOUKM:
C = x,. C BBEAEGHUEM 5THX BEJIMUYMH MOXHO HANUCATh

2
x=%+vot+xo, U=at+U0.

IpoiineHHbIi MyTh PpaBeH s = X — X, T. €.
2
at

[MpumepamMu PaBHOYCKOPEHHOTO ABYIKEHWS MOTYT CJOYXHTh CBOOOX-
HOE MAAEeHWE TeJ M CKATHIBAHUE TEAa MO HAKJOHHOM IJIOCKOCTH 0€e3
TpEeHU. C BO3PACTAHUEM BbICOTHI NMAACHUA MOCTOAHCTBO YCKOPCHUS HA-
pyLIAEeTCs CONMPOTUBJICHUEM BO3AyXd, a4 TAKXE HEOTHOPOXHOCTHIO TOJS
TATOTCHUSL.

3. Tlo ananormm ¢ quHeldHOU CKOPOCTBIO M YCKOPEHUEM BBOISITCS ye-
JI0BAsL CKOPOCHb W Y2J080€ YCKOpeHue, ITh TIOHITHS OTHOCITCS K CIIy-
YAK) ABUXKCHUA MaTepHaanoﬁ TOUKH IO OKPYXKHOCTH. ITonoxenue Tou-
KM M HA OKPYXXHOCTH MOXHO 3aAaTh yIJIOM O, KOTOpPbIi oOpasyer pa-
auyc-BekTop OM ¢ KakumM-1ub0 HeM3MeHHBIM HamnpasaeHuem OX
(puc. 6). TpoussogHast HTOrO yrja mo BPeMeHH

w= da
dt
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HA3BIBAETCS Y2JI080U CKOpocmbio. BpameHne Ha3bIBAETCS pasHoMep-
HblM, €CAW YIVIOBAS CKOPOCTh  TMOCTOgHHA. B asrom cayuae
a = wt + const. [Ipy paBHOMepHOM BpaleHNN BEJIMUYMHY ) HA3BIBAIOT
TaKXKe yes08ol vacmomou epauienusi. Benn-
* M ypHA v = /27 AaeT urca0 oOOPOTOB B €au-
HUIY BPEMEHW M HA3BIBAETCS YACMOMOU 00-
pauienusi. Beamumna T = 1/v ectp mpomos-
KUTEIBHOCTh OMHOrO OOpAIleHus W HA3BIBA-
/) €TCHI NepuUoOOM BPAULCHUSL.

[Tepast mpowmsBomHAs YIJIOBOM CKOPOCTH
W WIM BTOpad TPOWM3BOAHAS yraa o 1O
BPEMEHM HA3BIBAETCH YeJI0GbIM YCKOpeHueM:

o= do _ da

dt dt?’

Puc. 6

Ecnm s o3nHauaer aavHy AyrM OKpPYXKHO-
2

ds d”s .
ctu XM, TO ee MpPOU3BOAHBIE V =, na =F JAIOT JMHEWHYIO CKO-

pOCTh M JMHEWHOE YCKOPEHWE TPU ABUXEHUM TOUKHM MO OKPY>KHOCTH.
Ecnu r — paguyc okpyxuocTu, 10 § = ro. Juddeperuupys 3to coor-
HOICHUE IO BPEMEHMU, HAXOOUM

v=owr, a= or.

§ 4. CKOPOCTb M YCKOPEHME NMPU KPUBONMHEMHOM
ABMKEHUM

1. TloHATHS CKOPOCTH M YCKOPEHWs €CTECTBEHHbIM o0pazom 0600-
IAOTCS HA C/Iyuail ABVIKEHWS] MATEPUATBHOW TOUKW TIO KPUBOJUHEl-
Hot mpaekmopuu. ITlomoxe-
HHUE Z(BH)KymeﬁCﬂ TOUYKMU HaA
TpaekTopuu Mbl Oymem 3ama-
BaTh PagMyCOM-BEKTOPOM T,
OPOBCACHHBIM B 3Ty TOUKY U3
KaKou-mubo HEMOABUXHON
Touku (), yCJAOBHO TNpPUHUMAE-
MOM 3a Hauajgo KOOpAWHAT
(puc. 7). Ilyctb B  MOMEHT
BpEMEHM {  MaTepuaJbHAS
TOUKA HAXOAWTCS B MOJIOXE-
HUU M ¢ paguycoM-BEKTOPOM
r=r(¢t). Coycra KopoTKoe

Puc. 7 BpeMs Af{ OHA TEPEMECTUTCS
B TOJIOXeHue M, ¢ pagmy-
coM-BeKTOpoM r; =r(f + Af). Pagmyc-BekTop MaTepuasbHON TOYKYU

MNOJYYNT MPHUPAINCHUE, OMPEHeadeMOe TEeOMETPUUECKON PA3HOCTHIO
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Ar =r; —r. Beanuuna

_Ar_rt+ A —r(t) (4.1)
Vep = Ar T At

HA3BIBAETCS CPEOHell CKOPOCMbIO 08UXeHUst 3a épemst At waum, TOuHee,
3a epemsi mexoy t u t-+ At. OHa gBASETCd BEJMUMHOU GEKMOPHOIL,
TaK KAk TOJyuyaeTrcd aesieHneM BekTopa Ar Ha ckangp Af. Hampas-
JICHWE CPEegHel CKOPOCTH V., COBHAAAET C HAMPABJIEHUEM XOPZIBI
MM,, 1.e. c Ar.

[Mpemen cpegueit ckopoctu mpu Af—> 0, T. . mpou3BogHAS pagMyca-
BEKTOpPA I MO BPEMEHU

cp

v=i="4=lim (4.2)
At=0
HA3BIBACTCS UCMUHHOU WA MZHOBEHHOU CKOPOCMbIO MAMepuaibHOU
mouku. AcmuHHast ckopocms ecmb 8eKmop, HanpasieHHulil no Kaca-
meJsibHOU K mpaexmopuu 08UXYu,elicst mouku.

CoBepimeHHO aHAJOTUUHO OMPERESIeTCS YCKOPEHUE TPH KPUBOJIM-
HEUHOM JBUIKEHUU. YCKOpeHuem a Ha3bléaemcst 6eKmop, PAGHblL nep-
80l NPOU3BOOHOU 8eKmMopda cKopocmu V UaU 8MOPOU NPOU3BOOHOU pa-
duyca-eekmopa r no épememu:

a=v(t)=%= lim A (4.3)
F(1) = L 4.4)
a=r(t)= o (4.

2. OrmeruM caegyouyno (OpMagbHYI AHAJOTHI0 MEXAY CKO-
pocTio M yckopenueM. M3 mpomsBosibHOM HemopBuxXHOM Touku O, Oy-
A€M OTKJIAABIBATH BEKTOP CKOPOCTH V ABWMIKYLIEWCS TOUKHA BO BCEBO3-
MOXHBIE MOMeHTHl Bpemenu (puc. 8). Ko-
HEIl BEKTOPA V HA30BEM CKOPOCHMHOI MOU-
koi. T'eomeTprueckoe MecTO CKOPOCTHBIX
TOUEK €CTh KPHMBAs, HA3BIBAeEMast 20002pa-
¢om ckopocmu. Korga marepuasibHas Tou-
Ka OMHCHIBAET TPAEKTOPHUIO, COOTBETCTBYIO-
masi el CKOPOCTHASI TOUKA JBUXKETCS MO
rogorpady. Pucynok 8§ omimmuaerca or
puc. 7 Toabko oOo3HAaueHMaMHU. Pammyc-
BEKTOP I 3aMEHEH Ha BEKTOP CKOPOCTH V,
MaTepuasbHasi TOYKA — HA CKOPOCTHYIO
TOUKY, TpaekTopuss — Ha romorpad. Ma-
TEMATHUECKUE OMEPALi HAX BEKTOPOM I
Mpy HAXOXIAEHWU CKOPOCTH M HAX BEKTOPOM V MpPW HAXOXAEHUU YCKO-
pEeHUsT COBEPLIEHHO TOXAECTBEHHBI [l MareMaTwku Oe3pasimuHo,
KakKoN (pU3MuecKkuiti CMBIC MMEKOT BEJMUMHBI, HAX KOTOPHIMH BBIMOJI-

Puc. 8
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HIOTCAd MATEMATHUYCCKHME Onmepauuun. He umeer 3HaueHue TAKXE, Ka-
KM CUMBOJAMHU ITU BEJAMUYMHBI 0603H3‘—I€Hb1. HJISI HAXOXACHUIA CKO-
poctu v Hamo auddepeHInpPoBaATh PAANYC-BEKTOP I, A HAXOXIACHUS
yckopenusa Hago auddepeHmpoBath BeKTOp ckopoctu v. CKOpPoOCcTh V
HAMpPABJEHA TO KACATEJBHOU K TpaekTopum. Ilostomy yckopenue a 0y-
dem HanpasieHo NnoO KacameavHou k eodoepadyy ckopocmu. MoxHO
CKa3aTh, UTO YCKOpeHue ecmb CKOPOCMb O0BUXKeHUS. CKOPOCHHOU MOoY-
Kku no eodoepacgpy. CnegoBaTenbHO, 6Ce COOMHOWLEHUSL U MeopeMbl, Ho-
ayueHHvle 0Nt CKOPOCMU, OCMAIOMCsL CNPAGedusblMu U 0ast yckope-
HUSL, eC 8 HUX NPOU3GECMU 3AMEHY GeJUUUHbL U MePMUHOG CO2AAC-
HO caedyrouell maodauye:

MarepurasibHas TOUKa
Panuyc-ektop
Tpaekropus
CxopocTb

-
-
-
-

CkopocTHas Touka
BekTop ckopocTH
Tonorpad
YckopeHnue

3. B kauectBe mpocreiimero mpumepa HAWAEM YCKOPEHWE TOUKMH,
paBHOMEPHO BpALIAKOLIENCS MO OKpyxHOocTh paamyca r (puc. 9a). Cko-
POCTh V HAMPABJAEHA O KACATEJIBHOM K OKPYXXKHOCTH, €€ MOXYJb OIpe-

ACTSIeTCS BbIPAXKECHUEM

2mr
v=r =

- (4.5)

Tomorpadom Gymer okpykHOCTh paguyca v (puc. 96). Korna matepu-
aspHas TOUKa M Bpamaercsl mo OKPY>KHOCTH pagmyca r, COOTBETCTBYIO-
masg el CKOPOCTHAY TOUKA A BpAmIAeTCs B TOM K€ HAMPABJIEHUU TO OK-
PYXHOCTH pagmyca v, OMUCHIBAs 9Ty OKPYXKHOCTB 3a TO Xe Bpems 7. [o-
JIOKEHHSIM MATEpUaJbHOM TOYKM Ha Tpaektopum M, M,, M;, M,

M, s

a 6
M,

Puc. 9

COOTBETCTBYIOT Ha roporpade MoI0XKeHUS CKOPOCTHOU Touku A, A,, A3,
A4. YcKopeHne a HalipaBJIeHO 10 KacaTeabHOM K OKPYKHOCTH — TOOrpa-
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by m npuToM, KaK BUAHO M3 PUCYHKA, K HEHTPY O TPAEKTOPUH BPAILAO-
wevicst rouku M. Tlo ananorun ¢ popmyaoii (4.5) mas MOTyIst yCKOPEHUS

MOXKHO HAnmmcaTb
2

2ny v
a=u)’U=_=_. (406)
T r
D10 m3BecTHAd GHOPMYIA OIA UEHMPOCHPEMUMESILHOZO YCKOPEHUSL.
Ee MoxHO 3ammcath B BEKTOPHOM (opme:

a=— o (4.7)

3HAaK MUHYC YKa3blBaeT HA TO, UTO HANPABJECHUS BEKTOPOB a W I B3a-
WMHO TPOTHBOMOJIOXHBI, T. €. YCKOPEHHWE a HAMpPABJECHO K LEHTPY Kpy-
TOBOM TPAaeKTOpWH, TO KOTOPOU BPAIIAETCS MaTepuaabHas Touka. Mox-
HO TAKXXe HAMMCATb A/ JH00r0 MOA0XKEHUS ABMXKYMIENCS TOUKH

2

a="n, (48)

rae N — eJWHUYHBIN BEKTOP HOPMAJM K KPYTOBOM TPAEKTOPUU ABUXKY-
LIEWCs TOUKM, HATIPABJEHHBIU K meHtpy O (cM. puc. 9a).

Wmesa B Buay pasnbHeimme o000meHns, IPeacTaBuM BEKTOP CKOPOCTH
B BUAE V= S, THE S — EAWHUYHBIA BEKTOP KACATEJbHOM K OKPY>KHOCTH.
[MepBoiit MHOXUTETb v €CTh MOAYJIb BEKTOPA CKOPOCTH, BTOPOM MHOXH-
TeJb § YKA3bIBAET HAMpapjeHue. [Ipy paBHOMEPHOM BPAILEHUU MOXYJIb
BEKTOPA CKOPOCTH v OCTAETCH HEM3MEHHBIM, MEHIETCS TOJbKO HAMPABJIE-
HHE CKOPOCTH, T. €. EAMHUYHBINA BeKTOp S. JdnddepeHnupoBanuo moaie-

ds
XKUT TOJbKO 3TOT BEKTOP, & HOTOMY @ = v . CpasHuBas 3TO BBIPAXKEHHUE
¢ (4.8), moayuum
ds _ v 4.9
ds _ vy, (4.9)
OGo3HauMM uepes ds IIMHY TIyTH, MPOXOAUMOTO MATEPUAIBHON TOU-
KO 3a BpeMs df TIpu €€ BPALIEHWH IO OKPYXHOCTH. ITA TOJOXUTETb-
Hag BEAMUMHA paBHA ds = vdt. [loaromy npeasiaynryto ¢opMyay MOXHO
nepennucatb B BUAC
ds _ 1, (4.10)
ds r
B satom BUAC (I)OpMy.IIa HE COACPXUT HUKAKNX KMHEMATHUYCCKUX BCJIN-
uyuH. B Hee BXOAAT TOJBKO T€COMETPUUCCKUEC BCAUUMUHBI, XaPAKTCPUIYIO-
IIAE OKPYXHOCTh. [109TOMY OHA MOXeT GBITh IOJYyUEHA UMCTO TEOMETPHU-

uecku 6e3 NPUBJICUCHUSI KHMHEMATHUUECCKHUX nouaruii. OHa onpeaecasacT

MPOM3BOAHYIO EAMHUYHOTO BEKTOPA KACATEIbHOM § MO ATMHE AYTU OKPY K-

ds ds

HOoCcTH. B3aumMHas nepneHauKyaspHOCTh BEKTOPOB S U (wm —) 00B-

dt ds

ACHAETCS TEM, UTO IJIMHA BEKTOPA § IOCTOSHHA, MEHSETCS TOJbKO Ha-
MpPABJAEHHUE ITOTO BEKTOpA. TPEYroJbHUK, COCTABIEHHBIN U3 BEKTOPOB S,
s + As u As (puc. 10), — pasuoGenpennsiii. [Ipu cTpemiennn 51eMeHTa
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AyTH AS K HYJI0 CTPEMUATCS K HYJIIO M YTOJ o Tipu ero Bepmmae. [Toaromy
As
HAIIpaBJIEHUE BEKTOpPA As B Ipeaesie 0Ka3plBAeTCd NePNeHANKYAIPHBIM K

BeKTOpY S. OTMeueHHOE CBOMCTBO, Pa3yMEETCs, HE ABJISETCS crenuduue-
CKMM CBOMCTBOM E€IWHUYHOTO BekTopa S. IIpomsBomHas
As MoGoro BEKTOpa A MOCTOSIHHOM AJMHBL 1O JTI000MY CKa-
JEIPHOMY APryMEHTY €CTh BEKTOpP, NEPIEHAUKYJIIPHBIA K

BEKTODPY A.
4. ®opmyaa (4.10) gomyckaer o0o0mEHnEe HA CIyYal
MPOU3BOIBLHOM TIaAKON KpuBoit, O003HAUMM MO-TIPEXKHE-
s S+As My uepes S eAMHUYHBIN BEKTOP KAcaTeJbHOU K KPUBOM, a
uepes ds — ANMHY DJEMEHTAa OyTw 9Toi Kpusoi. [Ipowns-

d .
BOAHASL d_: €CTh BEKTOpP, HANPABJICHHBIM HOPMAJBbHO K

KPUBOM B CTOPOHY €€ BOTHYTOCTH. DTy TPOW3BOTHYIO
MO>XHO MOITOMY mpeactasuth B Buae (4.10), paccmarpu-
Bas BeamumHy 1/r kak Kod(pHUIIMEHT MPOMOPIMO-
ds
ds
AepXaHue 9TON (HOPMYJIBI CBOXUTCS K TOMY, UTO TPOU3-

Puc. 10 HAJBHOCTM MEXAy BekTopamu —— u n. GakTuueckoe co-

d . .
BOHAS d—: €CTh BEKTOP, HOPMAJbHBINM K KPUBOii. B ocTasbHOM HA Hee HAmO

CMOTPETh KaK Ha OMpeAesIeHWe ABYX HOBBIX TOHITUN: BEJMUUHBL 1/r u
EIMHIYHOTO BEKTOpa n. Benwuwna 1/r Ha3BIBAETCS KpUU3HOU KPUBOU,
r — paduycom KpususHsl, a N — eOUHUUHBIM GEKMOPOM 2JAGHOU HOPMA-
s K Kpusoit. [Ipu sTom Kpuu3Ha 1/r cumtaercs CymiecTBEHHO MOJIOXM-
TEJbHOU, 4 TTIOTOMY €AMHUYHBIN BEKTOP N BCETNA HAMPABJEH B CTOPOHY
BOTHYTOCTH KpuBoit. OTipaBIaHUEM TaKON TEPMUHOJIOTUAN CIY>KUAT WHTYU-
TUBHOE TMPEACTABJICHUE, UTO MPH PACCMOTPEHUN KPUBU3HBI MAJIBIN dJ1€-
MEHT KPHBOIA MPUOIMKEHO MOXKHO PACCMATPUBATH KAK AYTY OKPY>KHOCTH.
Orto npubaMXeHue TeM TOUYHEE, yeM MeHblIe AauHa ayru As. B cayuae
OKPY>XHOCTM KpWBM3HA 1/r MOCTOSIHHA HA TIPOTSKEHWHM BCEM KpWBOUM. B
ofuieM cyuae MpOM3BOJBHONM TIAAKON KPMBOW KPUBU3HA HETPEPHIBHO
MEHSIETCS OT TOUKH K TOuKe. HempepslBHO MEHSIETCS M HATIPABJICHUE Eau-
HUYHOTO BEKTOPA IJIaBHOM HOpMaau n. Kunematnueckaa dopmyna (4.9)
TaKXe CIPaBEAJUBA AT ABUXEHUS BIOIb MPOU3BOIBHON KPUBOM U TIPU-
TOM HE3aBHCHMO OT TOTO, TIOCTOSIHHA BEJWYMHA v WJIM MEHSIETCS C Teue-
Huem Bpemenn. [eiictBurensHo, hopmyna (4.10) moayuaercs u3 hopmy-
Jet (4.9) ¢ moMorupo cooTHOLIEHUsT ds = vd1.

Bce reomerpuueckue KpuBBIE pa3aeasdioTCs HA TUIOCKUE Y KPUBBIE ABO-
IKOU KPUBU3HBL. [110CKOU Kpuaol HA3bIBACTCI KPUBAsl, BCE TOUKHU KOTO-
poii Jexar B OqHOM miockocTh. [IpuMepamMu NAOCKMX KPUBBIX SIBJISIEOTCS
OKPYKHOCTb, 9/UIMTIC, runepbosa, mapaboaa, cuaycouaa u np. Kpussimu
080stKOU KpUGU3HbL HA3BIBAIOTCS TAKUE KPUBBIE, KOTOPBIE HE JIEXAT B OO-
HOM maockocTH. [IpuMepoM mogoOHOM KPUBOM MOXKET CIYXKUTh BUHTOBAS
JuHUS — cnupanb. [110CKOCTh, B KOTOPOIT JI€XAT KACATENbHAS U TJIaBHAS
HOpPMaJIb K KPUBOM, HA3BIBAETCS conpukacarouielicss naockocmoro. ns
MJIOCKOM KPUBOM COMPUKACAIOMANICH MIOCKOCTh COBMAAAET C IUIOCKOCTHIO,
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B KOTOPO¥ JIEXUT KpuBas. K MOHATHIO COMPUKACAFOIIENCS TIOCKOCTH TTPH-
BOAWT CAEQYIOUIEE MHTYUTUBHOE TpeacTasaeHne. [1pon3BoabHy0 KOHEU-
HYIO OyT'y KPUBOU ABOSIKOM KPUBU3HBI, PA3YMEETCSI, HEJIb3S yJIOXUTH B
maockocTh. Ho uem Kopoue myra KpuBoOi, TEM TOUHEE OHA MPUOIMXKAETCS
K 3JEMEHTY TUIOCKOM KPHMBOM, TEM ¢ MEHbBIIEH OIUOKOM €€ MOXHO yJI0-
KUTh B TIOCKOCTH. Takas mIocKoCTh MPUOIMKEHHO M BOCIIPOM3BOIUT CO-
MPUKACAOIMYIOCH TUIOCKOCTh., JTO MHTYUTUBHOE MPEACTABICHUE MOXKHO
MPEBPATUTH B TOUHOE OMPEAEICHME C MOMOLIBIO MPEAEJbHOIO MEpexoaa.
IMycte M (cM. puc. 7) — mpousBosibHAS TOYKA HAa KpuBoil. [Iposenem B
Hel kacarenpHyo MC u xopry MM|. DTuMu gByMs MPSIMBIME, BOOOIIE
TOBOPSI, OIPEAEAUTCS HEKOTopast maockocts CMM,. Bynem HeorpaHuueH-
HO TmpuOaMXaTh TOUKY M, K Touke M. Torna ykasaHHas TUIOCKOCTb, BO-
o0ure roBops, 6yAET CTPEMHUTHCH K HEKOTOPOMY OIPEAEIEHHOMY TIPENETb-
HOMY TIOJIOKEHUI0, DTO TPEAETbHOE MOJOXEHNE W HA3BIBAETCS COMPUKA-
CAMENCS TIOCKOCThI0. [lepneHanKyIsp K COnprKacamencs MmIOCKOCTH
B TOUKE M HA3BIBACTCS OUHOPMAILbIO K KPUBOU.

5. [Ipn paBHOMEPHOM BpaUIEHWM TOUKM TIO OKPYXXHOCTH YCKOpPEHUE
HATIPaBJECHHO K €€ LEHTPY, T. €. MEePHeHANKYJIPHO K TPAeKTOpuu. Yc-
KOPEHne MEePHEHANKYISIPHO K TPAEKTOPHM W MPH ABUXEHHH MO JIHO00i
KPUBOM, €CJU TOJBKO CKOPOCTh ABUXKYIIENCS TOUKMA HE MEHSIETCd 0 MO-
aymo. He tak Gyaer, Kkorna MEHSETCS TAKXKE M MOAYJb CKOPOCTH. YTOOHI
pa3o0paTbcd B 3TOM BOMPOCE, MPEACTABMM BEKTOP CKOPOCTH B BUIE
v =vs. [Ipumenssa k saTomy BeIpaxeHWO pasuao auddepeHmmpoBaHms
TIPOM3BENCHUS, TTOJIYUUM

d d d
a=E(vs) =d—;’s+vd—:,
nan Beuny dopmyst (4.9)
_dv
a=_s+n (4.11)

Otrciopa caegyer, 4To GeKmop YCKOPeHus a JeXum 6 HJIOCKOCMU
GEeKMOpPO8 S U N, M. €. 8 CONPUKACAIOUELCSt NIIOCKOCMU; GeKmop a He
umeem cocmasasiouteli no ounopmanu Kk mpaekmopuu. B obmem ciy-
yae yCKOPEHHWE a HAMPABJIEHO MOA YIJIOM K Tpaekropuu. [lepsoe ciara-
emoe B (opmyse (4.11)

a, =% (4.12)

€CTh BEKTOP, HAMPABJEHHBIH 0 KACATEIbHON K TPAEKTOPUH. DTOT BEK-
TOP HA3BIBACTCSl KACAMEJbHbIM WIH MAHZEHUUAIbHbIM YCKOPEeHUeM.
Bropoe cmaraemoe
2
v
a,="n (4.13)
r
€CTb BEKTOP, HaHpaBJIEHHbIﬁ BAOOJIb TJIABHOM HOpMAJn B CTOPOHY BOTHYTO-
cru Tpaektopun. OH HAZBIBAETCS HOPMAALHBIM Yekoperuem. Takum odpa-
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30M, B OGH.ICM cayuae yckopenue a MOXHO npeacmaeumb 8 aude zeo-
Mempultecxoﬁ CYMMbL MAHCEHUUAIIbHOZO U HOPMAILbHOCO ycxopeHuLZ:

a=a,ta, (4.14)

TanzeHyuarbHoe YCKOperue Mensiem cKopocms MmoJbKo N0 MOOYIIO,

HOPMAbHOE YCKOPEeHUe MeHsiem ee moJbKO N0 HANPAGJIeHUO.
Pucynok 11 mogcHger pazioxeHue MOJHOTO YCKOPEHWS] HA TAHTEH-
nuanabHOe U HopMasbHOE. [lycTh Vv — CKOpOCTh MAaTEpHaJbHON TOUKH B
MOMEHT BPEMEHH 7, KOraa OHA Ha-

M v Av

¢+ xogmiack B mosoxenun M. 0603-
~ Sv E HaumM uepe3 v, =v -+ Av cko-
! POCTH TOM XK€ TOUKM B MOMEHT
Av,  Av 1 + At, xorga oHa mepeMecTUIach
B moJioxenue M, (He o003HaueH-
Hoe Ha pucyske). Orioxum oba
BEKTOpPA V M V; W3 ONHOM M TOM
J)Ke TOUKM M ¥ pasjaoXuM IpupaimeHue Av CKOpocTH Ha ABE COCTaBJIS-
IOIIAE: COCTABJSIONYI0 AV, BIOJb BEKTOpAa V M COCTaBISIOMYIO Av,,
MEPIEHANKYIIPHYI K 3ToMy BeKTopy. [Ipm ymenbimenun Af o6a oTHO-
Av, Av,
mWEeHNA E n At
BBIil M3 HUX €CTh TAHTeHLIMAIbHOE, & BTOPONl — HOPMAJIbHOE YCKOPEHME.
IMpu BHIYKMCAEHUH CKOPOCTH TOUKM GECKOHEUHO MY AYTY TPAaeK-
TOPHU MOXHO AMMpoKCUMMHPOBATh OECKOHEUHO KOPOTKMM MpPSIMOJIMHEN-
HBIM OTPE3KOM, HANpaBJEHUE KOTOPOTO COBMANAET C HAIPABJIEHHEM Ka-
catesibHOM K TpaekTopuu. [Ipm ompemesieHMM YCKOPEHWS TaKas ammpo-
KcuManmsa yxe He rogutcd. OgHAKO, KaK BHUAHO W3 PACCyXIACHUU
HACTOMIIEro maparpada, mpyu BBHIUMCAECHUN YCKOPEHUs OECKOHEUHO Ma-
JIYIO AYTY TPAEKTOPUM MOXKHO amNMpOKCUMUPOBATH AYTOM OKPY>KHOCTH,
IJIOCKOCTh KOTOPOM COBHAAAET € CONMPHMKACAIOMIENCS IJIOCKOCTBIO, a pa-
JUYC paBeH paanyCy KPUBU3HBI TPACKTOPHMU B PACCMATPUBAEMOU TOUKE.
Ho u Takag anmpoxkcumarys oKaszanach Obl HEAOCTATOUHOM, eCu Obl 1Mo-
TpeGOBaNOCh BBIUMCINTE TIPOM3BOAHBIE PAAMYCA-BEKTOPA 0OJIEE BBICOKOTO

mopsaaka: r, r u T. I,

Puc. 11

OyaoyT CTPEMHTBCA K ONpPENeNeHHbIM mpeneaam. [lep-

SAAAYMU

1. Ilapuk, KoTopoMy cOOOIIEHA TOPHU3OHTAJIbHAS CKOPOCTb ¥, MajaeT Ha TIo-
PUBOHTAJIBHYIO TVIUTY ¢ BBICOTHI A. Ilpu KaxxaoMm ymape o IJIMTY TepsieTCs 4acThb
CKOpOCTH (OTHOUIEHME BEPTHKAJBHOM COCTABJISIONIECH CKOPOCTU TOCJE yAapa K
ee 3HAUCHUIO A0 yHapa MOCTOSHHA U paBHA ).

Ornpenenutb, HA KAKOM PACCTOSHUM X OT MeCTa OpocaHUsl OTCKOKH IlapHKa
npekparsarcs. CuMrarb, 4To TPEHHE OTCYTCTBYET, TAK UYTO TOPU3OHTAJIbHAS CO-
CTABJIAIONIAS CKOPOCTH LIAPUKA ¥ HE MEHSETCS.

2h 1+a

OrBeT: X =v|— .
g l—a
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2. Touka ABUXKETCA B IIJIOCKOCTH, IIPUUCM €€ TIPAMOYTOJIbHBIC KOOPAWHATDI
OIIPEAC/IAITCA YpaBHCHUAMUN

x=Acos wf, y=Bsinwt, (4.15)

rge A, B, ® — nocroguubie. [To kakoil TpaekTopum apuxercsd touka? Beiuncaurb
ee YCKOpEHHUeE.
Pemenue. Uckimouas BpeMda ¢ u3 ypaBHeHuit (4.15), Haxoaum

2oy
2R

2 2

=1.

Touka peuxercsa no asuncy. Ee paguyc-pektop r= xi+ yi, a yckopeHue
a = xi+ yj, Quddepenuupopanue naer

X=—wAsin of, ¥= —w?A cos of = —w?x,
V= wBcos wf, y=—w?Bsin wf = —n’y.
ClieoBaTesibHO,
a=—w?(xi+yj) = —or. (4.16)

YcKopeHMe HAIpaBJicHO K LEHTPY dJUIMIca WM NPONOpLHOHA/bHO r. B yacTHOM
ciyuae A = B — syiuInc Bblpoxaaercs B Kpyr, a dopmysa (4.16) nepexoguT B
U3BECTHYIO (DOPMYJIY IS LEHTPOCTPEMUTESILHOTO YCKOPEHUS TIPU PaBHOMEPHOM
BpAILlEHUU TIO0 KPYTY.

3. Touka ¢ MOCTOSIHHOM 1O MOIYJIIO CKOPOCTBIO ¥ ABUXKETCS I10 JIIUIICY C
nosyocaMu A u B. HaliTu ee yckopeHMe B BeplLIMHAX dJUIMIICA.

Pemenue. BBepmnHax simca yckopeHye TOJbKO HopMasibHoe. Ero MosxxHO
HaliTu 110 ob1eit dopmysie (4.13) u npuroM B Jst060it Touke auunca. OgHaKko B
BEPIIMHAX HJIJIUIICA TIOYYHTE/IbHO MOJYUHUTh PElIeHUE, BOCIIOIb30BABIINCH TEM 00-
CTOSITE/ILCTBOM, UTO HJIJIUIIC MOXKET ObITh [OJIyueH OXHOPOAHBIM PACTSKEHUEM WU
cxxatueM kpyra. Bosbmem kpyr pa-
auyca r =B U paBHOMEPHO pacTs-
HEM ero napajuieibHo ocu X
(puc. 11a) B A/B pas. Ilosyunurcs
SJUIATIC ¢ TIONYOChlo A, mapajelib-
HoOU ocu X. beckoneuno majnas gyra
CED xpyra nepeiiner B gyry C'E'D'
sunca. Bpems IBUXEHUS TOUKU
BIOJIb O9TUX IyT OYAET OXHO M TO Xe.
OxuHaKkoBbI OYAYT U CKOPOCTH TOUKH
B nonoxenusx E u E'. OgHako HOp-
MasibHOE cMelleHue FE nepeiiaer B
F'E', 1. e. ysenuuurca B A/B pas. B Puc. 1la
TAKOE X€ UMCJIO pa3 YBEJUUUTCS
HOpMaJIbHOE YcKopenue. B Touke E oHo 6ynet a = (v*/r) A/B = Av*/B?. Cxxumas
KpYT paguyca A BOOJIb OCH Y, TAKHUM 3Ke MyTeM NoJIyyaeM YCKOpPEeHUe B TOUKe Tepe-
CeueHus BIIMIICA ¢ MaJIoi 0cblo. OHO paBHO a = Bv?/AZ,

4. YCTaHOBUTH CBSI3b MEXIY 3BE3AHBIMH M CPEOHUMHU COJIHEUHBIMU CYTKaMM.
36e30Hblil 200, T. €. IPOMEXKYTOK BpeMeHH, B TeueHUe Kotoporo CoslHlle coBepIlaeT
CBOM BUAMMBIN IyThb 10 HebecHOU cdepe OTHOCHUTENIBHO 3BE3L, COCTABJISET
365,2564 cpeaHUX COTHEUHBIX CYTOK. (3BE3AHBIN IO CJICYET OTJIMYATD OT MPONL-

Y
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4eckoeo 20da, KOTOPbIM COOTBETCTBYET NMEPHUOAY CMEHBI BPEMEH Iofla U COCTaBJISIeT
365,2422 cpeaHUX COTHEUHBIX CYTOK.)

Pemenue. Ilycts B nonoxxenun I (puc. 12) mjocKoCTb 36MHOIO MepUIUA-

Ha AB npoxoput uepes HeHTp CosnHua C M Kakywo-1u60 (6eCKOHEUHO yHasieH-

Hyw) seesny D. Korma 3emius B cBoeM opOu-

D TaJIbHOM ABUXKCHUM IepeieT B IOJIOXeHUe 2,

MJIOCKOCTBb TOTO XK€ MepUAMaHa TOBEPHETCH OT-

HOCMUTEJIbHO HAINpaBJCHUS Ha 3Be3Qy Ha YIoJ

¢, a OTHOCHUTEJbHO HAIlpaBJIeHUS Ha LEHTpP

CosnHua — Ha yros . Yrjel o u 3 MOTyT Ipe-

BBbIILIATb 27T, HO OHU BCErda CBSI3aHbI COOTHOILIE-

HUEeM o =P + v, THe ¥ — YroJl MeXAy Halpas-

C JeHusMu Ha LeHTp CoJsiHLAa B MOJOXEHUsX [ U

2. CriycTs 3BE3AHBIN rof, Korga 3emilst BepHeT-

a ¢Sl B UCXOAHYIO TIIOCKOCTh ICD, yros vy npumer

>/ 3HaUeHUe 27, a TOTOMY B STOM IMOJIOXKEHUH

a=0f+2n. 3a or0 BpeMsa  mpoizer

B N,, = «/2n sBesguelx U N, = B/2n cpegnux
conHeuHblX cyTok. Iloatomy N, =N, + 1.

A Ecom Ty, u T, — TIPOHOJIKUTEIBHOCTD 3BE31-
Puc. 12 HBIX W CPEOHUX COJIHEUHBIX CYTOK, TO OYEBHII-
Ho, uro N T . = N T ., TaKk KaK 00a 5TH BbI-

paxeHud NnpeacTapasgoT OqHO U TO XKE BpEMA — 3BE3AHBIN TOM. I/ICl'lOJIbfiyﬂ Co-

ortHowenus N, = N_ .+ 1, Haxogum

N,

_ con
T = N, +1 T

Ton—T L

COJI 3B = ]\]Cwl + 1

IMoncrasue croma T, = 24-60-60 = 86 400 ¢, N, = 365,2564, nosyunm
T —T,,=3259003 c~236¢c, T, ~ 86164c.

C

coJr’

TCOJ'I ‘

3aMeTuM, 4TO NPU PEUICHUM Mbl HE BBOAWJIM IIPEAIOJIOXEHHUS, 4TO 3eMJs I1o
cBOei OpOMTE ABUXKETCS PABHOMEPHO.

5. Onpenesautb CKOPOCTh, ¢ KOTOPOHM ABUkKeTcs TeHb JIyHBI 10 3eMHOM IO-
BEPXHOCTH BO BPEMsl TIOJHOIO COJIHEUHOTo 3aTMEHUS.

Pemenwue. [Ing npocToTel NpUMEM, UTO 3aTMEHHE HaOJOaeTcsl Ha dKBa-
TOPE M UTO 3€MHasl OCh MEPIEHIUKYSPHA IVIOCKOCTSIM COJIHEUHOM U JIyHHOM Op-
o6ur. CkopocTb cBeTa OyAeM cuMTaTbh OECKOHEUHO OOJIBLION 110 CPAaBHEHMIO CO
BCEMU OCTaJIbHBIMM CKOPOCTSMHM, BXOASAIIMMHU B 3afauy. IlycTe B paccmarpuba-
eMblif MOMEHT BpeMeHH IipsaMas ConHue—JlyHa neprneHAMKYJ/IspHA K 3eMHOI TI0-
BEPXHOCTH B Touke HabmoaeHus A (puc. 13). ITosepxHocTb 3emMiiM B OKPECTHO-
CTU TOHM Xe TOUKK MOXKHO cUMTaTh Ijockoil. Ilpu pemeHuM BbIOepeM cHaualia
CHCTEMY oTcueTa, B KoTopoil 3emiis nokourcs. IlycTb we M wy — yIVIOBBIE CKO-
poctu Bpamenus Cosnnua u JIyHsl BOKpYT UeHTpa 3emii, Re U R;; — paccros-
HUS UX OT TOTO Xe lieHTpa, r — paauyc 3emau. 3a 1 ¢ Connue u JlyHa nepe-
MECTSITCS ¢ BOCTOKA Ha 3arnaf Ha paccrosuus CC' = weRe u JUI' = wyRy. Coe-
JUHUB HOBblC MNoJioxxeHus CosHnla W JIyHBI npsiMoii JIMHUMEH, HaitgeMm, 4uTo 3a | ¢
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rpaHulia JYHHOU TEHU MEePEeMECTUTCS 110 3eMHOM MOBEPXHOCTH C 3amaja Ha BO-
cToK Ha paccrosHue v = AA'. DT0 paccTosiHue U eCTh CKOPOCTh ABMXEHUS TEHU
Jlynsr. W3 puc. 13 BugHo, uto

Tak Kak paccrosuue n0 JIyHbl npeHeOpekuMo Majio 10 CPaBHEHHIO C PaccTos-
HueMm 1o CosHua, M MoxHO npuHarh OC = R.. Ta-

KUM 06pasoM, v = wex. S HaXOXAEHUS X CO- C1 c’
CTaBJIIEM T1POTIOPLIHIO

IMonaras 8 neit OC = Ry, OJI =Ry — x —r, 1o-
JIy4UM ypaBHEeHHUE [yl HaxoxaeHus x. OHo maer

W — Oy

x= R 0
®c

CreoBaTe/IbHO, CKOPOCTD ABMXKCHUS JIYHHOU TEHU X
¢ sanajza Ha BOCTOK Oyner

A e Bocrox 3anajg

V=weX = (We — @) Ry — wer. A A

3pecy we =20/Ty,, we— wy=20/T ., THE Puc. 13
Ty, =86 400 ¢ — MpPOJOIIKMUTE/IBHOCTE  COJIHEY-

HBIX CYTOK, & Tyeo = 29,6 Ty — MPOJOIKHUTEILHOCTE Mecsilia. Mcnosbsys ot
COOTHOIIEHMS M NOHCTaBJss — UMC/IOBble — 3HaueHus Ry = 3,8-10° km,
r = 6400 KM, TOJYUUM

2nR; 2

kil G\ 4.17)
v T T~ 0,47 km/c.

Mec cyr

Cwmbics niocienHed (popMyJibl JIETKO YSICHUTB, NEepPeiasl B CUCTEMY OTCueTa, B
kortopoit Cosnile nokoutcs. Cunrast Costile 6€6CKOHEUHO YAaJeHHBIM, MOXHO OT-
BJICUbCS OT JABMXKEHUS LIEHTpPa 3eMJIM, MPUHSB BO BHUMAaHUE JIMIIb BpalleHUe
3eMJIM BOKPYT CBOE OCH, a Takke ABMKeHUe JIyHbI IO ee opOUTE BOKPYT 3eMJu.
Jlyna aBuxeTcs 1o opOUTe ¢ 3amajga Ha BOCTOK €O CKOPOCTBIO vy = 2TR /T, ..
Ecsm Obl 3eMis He Bpalllanach, TO ¢ TOM Xe CKOPOCTbIO M B TOM X€ Halpaslle-
HUM 110 ee TIOBEPXHOCTH Oexkajia Obl yiyHHas TeHb. Ho u3-3a BpamieHus 3emiu
9KBATOPHAJIbHBIC TOUKU MOCJCAHEH ABUXKYTCS € 3anaja Ha BOCTOK CO CKOPOCTBIO
vy = an/TCYT. I8 HAXOXIEHUS CKOPOCTH JIYHHOM TEHM OTY BEJIMUMHY HAIO BbI-
4ecTb U3 vy, UTO U chenaHo B dopmyne (4.17).

§ 5. TPAHAULUDbI NPUMEHNMMOCTU KINNACCHUYECKOTO CNOCOBA
ONMUCAHMA ABMMKEHMA

B knaccuueckoil mexanuke cocmosiiue 08UXeHUs. YACMULbl @ JLF000U
MOMEHM @peMeHU XapaKkmepusyemcest noaoxenuem (KOOPAMHATON X TIpA
ONHOMEPHOM ABMXKEHUW ) M CKOPOCHMbIO V. BMECTO CKOPOCTH MOXHO TOJTb-
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30BATHCS TAKIKE UMMYIALCOM, T. €, BEIUWUUHON P = mvV, PABHOM NPOU3BEae-
HUIO MACChL HACM UL, M HA €€ CKOPOCTh ¥). O0pasoM uacTuLbl IBISETCS Te-
OMETPUUECKAd TOUKA, OMUCBIBAOIIAA C TCUCHUCM BPEMECHU HCTIPCPBIBHY IO
TpaekTopHO. B KBAHTOBOM MEXaHMKE MOKA3aHO, UTO TAKOM CIIOCO0 omuca-
HUA ABUXKXECHUS UMCET NMPUHLUUIINAJIbHBIC TPAHWNLbI TPUMECHUMOCTH.

3nech MpeXAEeBPEMEHHO BIABATHCA B MOAPOOHOE OOCYXXIEHHE ITOrO
Borpoca. J1ocTaTOUHO OrPAHUYNTBCH MPENBAPUTEIBHBIM COOOIIEHNEM OC-
HOBHOTO Pe3y/bTaTa, He KAacasach ero o00CHOBAHMS.

Co2aacHO KGAHMOBOU MEeXAHUKE COCIOSIHIE YACULbL 8 KAXObLIL MO-
MEHM BPeMEHI Heb35l XAPAKMEPUI0BAMb MOUHIMU ZHAYCHUSIMU ee KO-
OPOUHAMBL U UMIYSLCOM 6 IMOM momenm épemeny. Ecnim B kakoM-1u60
COCTOSTHMM KOOPAMHATA M3BECTHA C HEOMPEAENEHHOCTBIO OX, 4 UMITYJIbC —
C HEOIPEOENEHHOCTBIO O p, TO 00€ 5T BEIMUMHBL ONHOBPEMEHHO HE MOTYT
OBITH CAEIAHBI CKOJb YTOOHO MaabiMu, OHM CBSI3aHBI COOTHOIIEHUEM

dx-dp = h, (5.1)

rie A — yHuBEpCAJbHASA MOCTOSHHASA, HA3BIBAEMAd nocmosinnoi Ilaan-
Ka B 4eCTh HeMeukoro ¢gpusnka-reopernka Makca ITnanka (1858—1947).
OHa urpacT OCHOBHYIO POJIb BO BCEX KBAHTOBBIX ABJCHUAX. Ee YUCJI0BOC
3HAUCHUEM PABHO

h=6,626171-10=% opr-c.

Coorrowrenve (5.1) HA3BIBACTCH APUHUUNOM HEONPEOeACHHOC el
Taiizenbepea No MeHn HeMeUKoro huamka-reopernka Bepuepa laitzen-
Oepra (1901--1976). DT0 COOTHOIIEHHE OMPEAEAAET MPUHIUIHAATBHBIA
Mpenea TOYHOCTH OAHOBPEMEHHOTO M3MEPEHHS KOOPAMHATHI M MMITY/IbCA
YACTHIBI, KOTOPHIA HE MOXET ObITh MPEB30OMAEH HUKAKUM yCOBEPIIEHCT-
BOBAHMEM NPUOOPOB U METOAOB m3MmepeHus. leno 3aech He B ommOKax
naMepenmii, Takoa yX TpUpOmA peasbHBIX UACTHI,, YTO MTHOBEHHBIE
COCTOSIHMS MX ABMXKEHHS HE MOTYT OBITh OXapaKTEPU30BAHBI KJIACCHUE-
CKM — TOYHBIMM 3HAUEHUIMH KOOPAMHAT M MMILYJIbCOB. YaCTUIBI BEXYT
ceBs Gosiee CAOXKHO, UeM MATEPUABHBIE TOUKM KJIACCMUECKOW MEXAHMU-
ku. Kimaccmueckas KapTWHA ABMXKEHHUS TI0 HEMPEPHIBHBIM TPAEKTOPUIM
JUIOb TPUOIMKEHHO COOTBETCTBYET 3aKOHAM IIPUPOABI. [ paHWLbl ee
MPUMEHUMOCTH  OMPEIEISIOTCS  COOTHOIIEHHEM  HEONPENEJEHHOCTEN
(5.1). U3 Hero caenyer, 4T0 MTHOBEHHOE COCTOSIHUE ABVXKEHUS YACTULbI
HEIb35 TAKXKE XapaKTepu3oBaTh aGCOIKOTHO TOUHBIMU 3HAUYEHUSMU KO-
OPAMHATHI M CKOPOCTH. HeonpeneaeHHOCTH 5THX BEJHMUMH JOKHBI YIOB-
JIETBOPATH YCIOBHIO

ox-mdv = h. (5.2)
g MAKPOCKONMUYECKMX TEA MPAKTUUECKAS MPUMEHUMOCTDh KJIACCH-
4yeCKoro crnocofa ABMXXEHMS HE BBI3BIBAET COMHEHHIA, [[OmyCcTHM, HATIPU-

MEp, UTO Peub MAET O ABMXKEHMM mapuka ¢ maccoit m = 1 r. OObuHO
MOJIOKEHNE IAPUKA TIPAKTHUECKU MOXKET OBITh OMpPENETEHO C TOUHOCTHIO

*) TloHATHS MACCHI M MMITYJIbCA BBOIATCS M MOAPoObHO obcyxaatorcsa B § 10.
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J0 AeCATOM WM COTOM A0M MWIIMMETpa. Bo BcIkoM ciayuae, BpsA Ju
MMEET CMBICJI TOBOPUTH O MOTPECUTHOCTU B ONPEACTCHUN ITOJIOXKCHUA Ia-
puKa, MeHbInel pasmepoB aTtoma. Ilosoxum mostomy Ox = 1078 cm.
Torma u3 coorHoweHus HeonpeaeaenHocren (5.1) Haiimem

Sy 0:63:1077

2 S ~ 10718 cm/c.

OpgHOBpeMEHHAS] MaJIOCTh BEAWUUH OX W v M ABJISETCS JOKA3ATETbCT-
BOM MPAKTUUECKOW MPUMEHMMOCTH KJIACCHMUYECKOr0 Crocoba omucaHus
ABIDKEHMS I/ Makpockomuueckux Tesa. He tak obcrout meno, Korma
peub maeT 00 aTOMHBIX SABJACHHUAX — GBJCHUAX, TMPOMCXOOIIIUX C 4ac-
TUIAMKM OYEHb MAJOH MACCHI B OUEHb MAJbIX 00beMax MPOCTPAHCTBA.
Paccmorpum, Hampumep, OBUXKEHME DEKTPOHA B aToMe Bomopoxa. Mac-
ca anektpona m = 9,11-10728 r, [TorpemHOCTh B MOIOXKEHUH 2IEKTPOHA
OX BO BCAKOM CJIyuae HE JOJKHA MPEBHIMIATh Pa3MEPbl aTOMA, T. €. TO-
rpemHocTh Ox AomkHA Obith < 1078 cm. Ho Torna ms cooTHomeHns He-
ONpPENEIEHHOCTEN TOyUaeM
h 6,62-107
ov = ="

_ho_ ~7-10°
= e = 911102 107 7-10% cm/c.

Ora BeAMUMHA HE MEHbIIE, a Aaxke 0oJbLIe CAMOl CKOPOCTH 3JIEKTPOHA
B atoMme, KOTopas Mo mopsiaky seamumsbl pasHa 108 cm/c. ITpu Takom
MOJOXEHUM KJIACCUUECKAS KAPTUHA OBVXEHHUS TEPSIET BCAKUAU CMBICI.

§ 6. O CMbICJIE MPOM3BOAHON U MHTETPANA B
APUNIOXKEHUAX K PU3SUHECKUM BOMPOCAM

1. Ilpouecc npemenpHoro mnepexoma (3.4), ¢ MOMOLIBIO KOTOPOrO
OTPEAESIeTCsl TPOM3BOAHAS, HAZBIBAETC duddepeniuposanuem. TloHs-
THEe HpOHSBOZ{HOﬁ MUPOKO UCOOJb3YETCA B MCXAHUKE U BO BCCX APYTUX
pasgenax uszuku. VMeHHO 3amaua 06 OmNpemeseHud CKOPOCTH TPOU3-
BOJIbHOTO ABMXKCHUA TPUBCIAAd K ITOMY MOHATHIO HbIOTOHa, KOTOprﬁ,
Hapany ¢ Tordpumom JleiGuunem (1646—1716), asagerca oCHOBOIO-
JIOKHUKOM audPepeHnaspbHOr0o 1 WHTErpasbHoro ucuucaeHuit. 00603-

dx . .
HaueHue - A9 MNPOM3BOAHOM NPUHAANEKUT JleitGuuny. Ha cumson

dx
dt
OTHOILEHUE ABYX «OECKOHEUHO Majabix» mpupameHuid dx u di. CMbICa

B MATEMATUKE CIACAYCT CMOTPETh KAK HA €AMHOEC LECJI0C, 4 HC KaK Ha

o dx
TNPOM3BOJHON X =~ TOUHO OMNPEEIEH COOTHOLWIEHUEM (3.4). Cuauana

. Ax
Hamo 06pasoBaTh OTHOIIEHWE KOHEUHBIX MPUPALIEHNI A7 npenmonaras,

yTO Af HEe PaBHO HYJI0. 3aTeM MyTeM MpeoOpa3oBAHUI DTOTO OTHOIIE-
HUS WM KAKUM-T00 MHBIM CIIOCO0OM CAEAyeT COBEPUIMTH MEPEXOX K
npeneny. Ho Hu B KOeM ciyuae HeIb3s MPEacTaBaaTh cede, uTo cHauaaa
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COBEpILEH KAKOM-TO MPEmesbHbIM mepexom oT Ax u Af K «OECKOHEUHO
MaJIbIM» BEeJWUMHAM dX M df, HA3BIBAEMBIM Oudhdpepenyuaramu HyHK-
OV X ¥ apryMeHTa f, a 3aTeM B34T0 OTHOWeHue stux anddepeHnmanos

d—f. Takoil B3r/g HA MPOM3BOAHYKO CYLIECTBOBAJI B HAUYAJIBHOM CTAgMU
passutusa puddepenuuaabaoro ucuncaeHnda. OQHAKO OH HECOBMECTHM C
TpebOBAHMEM MATEMATMUECKOW SCHOCTH MOHATHH, Aa ¥ BOOOINE JWLIEH
cmbica. Ipasaa, moxHO Tak onpenesnnts auddeperunans dx u dt, uto
WX OTHOIIEHHWE CAEIAETCS PABHBIM MPOM3BOXHOI X. B mMaremaruke aud-
dbepenuman df onpenensieTcss Kak MPOM3BOJIBHOE MPHUPALIEHUE APTYMEH-
ta {, a nuddepennman dx — ¢ MOMOIMIbI COOTHOMmEHuS dx = xdt. Ho
TENEPb B YTBCPXKACHUU, UTO MPOU3BOAHAA €CTh OTHOLICHUC ABYX KOHCU-
HBIX BeIMUWH dX ¥ df, HET HUUYETO YAMBUTEJBHOTO, 3TO — MPOCTAsT TAB-
TOJIOTHS, MHOU CIIOCO0 BHIpAXKeHMS. [IepPBUUHBIM TO-TIPEXKHEMY ABIIETCH
MOHATHE MPOM3BOAHOM, a He mucdepeHiuana.

OZ{HaKO B ITIPUJIOKEHUAX MATEMATUKHN K (I)I/ISI/IKG HAa0 CUUTATHCA C TEM,
uTo (bI/ISI/I‘—IeCKI/Ie BCJIMUMHDBI MOJYYAKTCAd B KOHIIC KOHLIOB B PE3YyJabTATC
KOHKPETHBIX U3MEPEHMIA, 4 BCE M3MEPEHHUS COMPOBOXAAIOTCS MOrPEIIHO-
CTSIMHU M BHOCSAT MCKAXKEHUY B €CTECTBEHHBIM X0 9BJEHUU. DTO 00CTOS-
TEJIBCTBO, CTPOTO TOBOPS, AEJAET HEBO3MOXHBIM MPENEJbHBIA MEPEXOX
At—0, Ax— 0, BBOOUMBIII B MATEMATHKE TIPU OMPEAEICHUN IPOU3BOA-
HoW. JomycTum, HAampuMep, UYTO N3MepIeTCd CKOPOCTh ABVKYIIENCS MyJIn
B BO3ayXe. 3amaua CBOOUTCS K MBMEPEHUIO PACCTOSHUS AX M IPOMEXYTKA
BpeMeHU Af, 3a KOTOPBIN MyJs MPOXOAUT 3TO paccrosiane. Ecam Bpems
At B34Th OUeHb OOIBIINM, TO 34 9TO BPEMS CKOPOCTD ITyJIM MOXKET 3aMETHO

Ax
YMEHBIINTHCS M3-3a COMPOTUBIICHNS BO3ayxa. OTHOIWeHME Af BOTOM CIIy-

yae MOXKET 0Ka3aThCsl 3aMETHO MEHBIIE CKOPOCTH ITyJIM B paccMaTpuBae-
MBIl MOMEHT BPEMEHW. Y MEHbIIAS BpeMs Af, Mbl 3AMETUM, UTO HAUMHAS

Ax
C onpeaes e HHOr0O MOMEHTA OTHOIONCHUE ——— Ar

CTH M3MECHSIECTCA, €CJAN OTBJACUbCA OT cnyanHbe HOI‘peIJ.IHOCTeI/I, compo-
BOXAAKOLIMX Kaxaoe uamepenue. [lanpueimee ymenbenne A7 6eccMbic-
serH0. OHO MOXET TOJIbKO YXYAMUTh AE0, TAK KAK TPU JaJbHEUIIEM

B TIpeAesiax JOCTYITHON TOUHO-

Ax
yMeHbIIeHUH Af OTHOLIGHUE — A7

Bce Oonee m Gosee HeperyaapHo. OHO NMPUHUMAET PA3IUUHBIE 3HAUECHUS
OT OUeHb OOMBIIUX A0 OUEHb MAJIBIX. ITO 00YCIOBAEHO TEM, UTO TOUHOCTH
JIIOGOI‘O N3IMEPECHUI TEM MECHBIIEC, UEM MECHBIIC N3MEPsIEMad BEJINUMNHA. He
MpPEACTABAIET, HATIPUMED, 0C060 GOJIBIIOrO TPyAd M3MEPUTH IIMHY B 1 M
C TOTPEITHOCTBIO A0 1 MM, T. €. ¢ OTHOCHTEIbHOM TouHOCThIO 1/1000. Ho
N3MEPUTH C TAKOU K€ OTHOCUTEJIbHOM TOUHOCTHIO AJINHY B 1 MM 3HaAuM-
TEJBHO TpyaHee. Uem MeHbme At, Tem GoJbIlE MOrPEMIHOCTD, ¢ KOTOPOM

HAUMHACT N3MCHSITbCSI CHOBA M IIPUTOM

MBI BBIUMCISEM OTHOIICHUE E Ecaun At ymeHpmaTh GeCripenesbHo, TO

Ax
BBIUYMC/ICHHBIC 3HAUCHWS OTHOLICHUA E HE GYZ(YT CTPEMUTBHCI HU K KAKO-

My OnpeacJCHHOMY MPEACay. 210 ODOKa3bIBAET, UTO B PACCMATPUBACMOM
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TMpUMEpe M3-3a MNOTPEITHOCTEN WM3MEpEeHUN TMpeAeabHBIA TMEpPexon K
At — 0 He MOXeT GBITh OCYINECTBIEH B CTPOTO MATEMATHUECKOM CMBICIIE.
BbIurcmTh MCTUHHYIO CKOPOCTh MJIM MPOM3BOTHYIO v = X U3 (DU3NUECKUX
M3MEPEHMH MOXKHO JIMIIb IPUOJMKEHHO, OTOXIECTB/IAS €€ C OTHOIIEHUEM

. Ax
KOHEYHBIX IIpUpALICHNN AL OnruManbHOE 3HAYEHHE BpeMeHu Af, mpu

KOTOPOM TOUHOCTb BBIUMCJICHUS] ICTUHHOM CKOPOCTH MAaKCMMAaJIbHA, OTpe-
JEJIETCS KOHKPETHBIMU YCAOBMIMH. Masibie, HO KOHEUHbIE TPUPAILEHUS
Ax m Af, OTHOIIEHHE KOTOPBIX C AOCTATOUYHOM TOUHOCTBHIO AaIMpoO-
KCHUMUPYET MPOU3BOAHYIO X, (DM3MK HA3BIBAET GECKOHEUHO MAAbLM WM,
MOJTHEE, usuyeck 6eckoneuHo maavimi seaununamu. OH 0003HAUAET MX
uepes dx u dif u oOpamaerca ¢ HUMU Kak ¢ MaTeMatuueckumu auddeper-
uuanamu, TakuM 06pasoM, B gusuke HPOUIBOOHAS. BbICIMYRACM KaK O~
HOWleHUe KOHEeUHbLX, HO 0OCMAMOYHO MAJbLX NPUPAULeHUll GYHKUUU U
apeymenma, a He Kkax npeoes dmozo OMHOUEHUSL.

OpgHako HE TOJBKO TOTPEITHOCTH M3MEPEHW MOTYT COEIaTh HEBO3-
MOXHBIM TPAKTUUECKOE BHIMOJHEHUE TIPEAETBHOTO TIEPEXOAa B CTPOTO
MATEMATUUYECKOM CMBICIE. Takas HEBO3MOXHOCTh MOXET OBITh M TIPUH-
LIUIHAIBHOM, 00YCIOBJEHHOM CAMOI MPUPONO (PM3NUECKUX BEJIUUYMH U
(puznuecknx 3akoHOB. Tak, TOUHOE BBHITIOJHEHUE TPEAETHHOTO MEPEX0aa
HEBO3MOXHO M3-3a COOTHOLIeHWs Heompeneaennocrei (5.1). eiictsu-
TEJbHO, eCIM TTPOMEXYTOK BpeMeHu Af CTPEMUTCS K HYJIIO, TO TIPH STOM
Oymer CTpeMHThCA K HY/II0 M mpoxomumoe paccrosHme Ax. Heompenme-
JIGHHOCTb OX B M3MEPEHUH TTPOXOAMMOTO PACCTOSHUS HE JOJIXKHA TPEBOC-

xoauTh Ax. HWuHaue BwuUmMcAeHME CpeaHen CcKopocTu mo dopmysie
Ax .

Vep =37 TOTEPSIO Obl BCakmii cMbica. Takum oOpasom, mpu Af—0
JOJIKHA CTPEMUTBCS K HYJII0 M HEOMpPEIeJeHHOCTh B KoopauHate ox. Ho
TOIMA, COMJIACHO COOTHOIIEHWIO (5.1), HeompemeaeHHOCTh CKOpOCTH Ov
Oymer CTpeMuTbCa K OECKOHEUHOCTH. DTO 3HAUMT, UTO MOrPELIHOCTD,
BO3HUKAIOWAS MPH BBHIUMCAEHUN CKopocTH v mo dopmyse (3.3), ckomb
YTOOHO BEJMKA MO CPABHEHMIO C CAMOM CKOPOCTBIO V.

2. UznoxeHHble BBIBOABI OTHOCATCS HE TOJBKO K MPOM3BOAHOM KO-
OpAMHATBI, HO ¥ K MIMPOU3BOAHBIM BCIAKHUX (I)I/ISI/I‘ICCKI/IX BC/JIMUUH. ,H,Ol'[y-
CTUM, HAIpuMep, 4UTOo Tp36y3TCSI onpeaeanTh MJIOTHOCTh BEIIECCTBA B
Kakoi-mu0o Touke mpocTpaHcTBa. C ATOM LEABIO MOXHO MOCTYNHTH
caegyomum 00pazoM. OKPyKMM pPACCMATPUBAEMYIO TOUKY 3aMKHYTOM
MOBEPXHOCTBIO, OrpaHmumsammei obbem AV. OGosHauum uepes Am
MAcCy BEIECTBA, comepxamerocs B 91oM o0beme. OTHoOmeHue

_Am
Pep = AV

HA3BIBAETCH CPeOHell NAOMHOCMbIO deutecmaea ¢ obeeme AV. Cpenrsist
IJIOTHOCTb, BOOOHIE TOBOPS, 3aBUCHT OT 00beMa AV, BHYTpH KOTOPOTO
HAXOAUTCH PACCMATPUBAEMAS TOUKA, 4 TAKXKE OT ero popmbl. UToObI mc-
KJIFOUHTD JTY 3aBUCUMOCTD, BBOISIT MOHATUE UCHUHHOU HJOMHOCMU BE-
HIECTBA, OMpEnesds ee myTeM mpeaeabHoro mepexoma AV — 0. O6buHO
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TOBOPSIT, UTO IPHU 3TOM CPEAHIS TIJIOTHOCTb pcp CTPEMUTCA K OImpeac-
JICHHOMY mpeaeay P, KOTOprﬁ M HA3BIBAETCI MCTUHHOM IJIOTHOCTHIO BE-
IIECTBA B PACCMATPHUBAEMONM TOUKE MPOCTPAHCTBA:

p=1imi—';/1=‘é—';1. (6.1)
AV=0

Hemunnas, naAomuocme onpedeisiemcst, TAKAM 00pa3oM, Kak npous-
600HAsL MACCHL NO 00BEMY. ITA BEINUMHA 3ABUCAT TOJBKO OT TOJIOXEHUS
TOUKM, K KOTOpOit oHa otHocuTcs. Oxnako ecau B dhopmyae (6.1) mpe-
Z(e.}IbeIfI nepexon NOHMMAThb 6yKBaJIbHO B CTPOro MaTeéMaTnucCKOM CMBIC-
JIe, TO A/ PEaIbHBIX TET OH BBHITOJHEH OBITh HE MOXKET M3-33 ATOMUCTH-
YECKOM CTPYKTYPHI BEMECTBA. [Ipu yMeHbIneHrr 00beMa B HEM PAHO MU
MO3AHO OKAXKETCS JMIIb HEGOBIIOE UNCI0 MOJEKYJl, HATIPUMED OAHA WK
Jaxke HU OJHOM MOJIeKyJbl. KpoMe Toro, MoJieKyibl coBepmarT Oecrnops-
JAOUHBIE TEIUIOBBIE ABYWDKEHWS, OOHM MOJIEKYJIB yxXoaar u3 oobema AV,
ApyTHe BCTYHAlOT B HEero. Beuay 91010 umcyio Moieky/1 B (MKCMPOBAHHOM
Masiom oobeme AV BecbMa ObICTPO 1 6ecnop51;:(quo MEHSETCS BO BPEMEHH.

Ipu ymenbmenun AV OTHomeHHe 6y;:(eT OBICTPO ¥ OECTIOPITOUHO Me-

HATBCS OT HYJIS, KOTAA BHYTPU 06’b€Ma AV Her MOJIeKyJ1, 10 OUeHb 00Jb-
WIUX 3HAUEHWI, KOTAA B HETO TMOMAJAET OAHA WJIM HECKOJBKO MOJIEKYJI.

Am
Ipu GeckOHEUHOM yMeHbIIeHNH AV OTHOIEHHE ~— He OyAeT CTPEMUTHCS

AV
K OmpeneseHHOMY Tpeneny. Beuay 9TOro mpu ompeneacHud MCTHHHOM
IJIOTHOCTH BEIIECTBA HEJIb3d OpaTh BeJWUMHB Am u AV CKOJb yTOZHO
manbiMu., O0beM AV J0MXKEH MMETh MaKpPOCKOMUUECKUE PasMEpHI, T. €.
COmEpXATh eIIe OUeHb BOMbIIOe YKCI0 MosieKya. Ho oH moskeH ObiTh 10-
CTATOUHO Masi, YTOOBI COOEPKAIIEECT B HEM BEILECTBO MOTJIO PACCMATPH-
BAThCA MPUOIMKEHHO KAK MAKPOCKOMMUECKH ogHoponHoe. Ecam oba atu

Am
TpGGOBaHI/ISI BBITIOJTHAIOTCS, TO OTHOLIEHUE AV 6y):(eT NMETh MPAKTUUECKU

BIIOJIHE OINpPENEJECHHOE 3HAUEHWE, HEe MEHJIOmEeecs IpHU AajbHEeHIeM
YMEHBIIEHUHA MAKpPOCKOMMUECKoro oobema AV. DTO OTHOmIEHHE MBI U
MPUHUMAEM B (DH3HMKE 3d MPOM3BOTHYIO MACCy m 10 00beMy V. Besnunust
Am u AV, yAOBAETBOPAIOIIME YKA3AHHBIM ABYM TpeOoBaHuAIM, B husnuke
paccMaTpUBAIOTCA KAaK usutecki 0ecKOHeHHO Majble, U ¢ HUMH (PU3UKa
oOpamaercs Kak ¢ MateMatnueckumu auddepennmnanamu. Marematuue-
CKM 5TOMY COOTBETCTBYET 3aMEHA PEaJIbHOTO TEJa UAEaIu3MPOBAHHON MO-
AEJbI0 C HEMIPEPBIBHBIM PAaCIpeAes eHneM Macc.

3. CoBepiieHHo Tak e 00CTOMT A0 C MOHATHMEM MHTErpasa. B ma-
TEMATUKE WHTErPaJ OMPENEsieTCS MPEASTbHBIM TIEPEX0IOM

b

S f(x) dx=1im Y f(x;) Ax;.
a Ax~0

YucnoBoit mpoMexxyTok (a, b) pa3buBaeTcst HA 1 YACTHYHBIX MPOME-
XKYTKOB AX|, AX,, ..., Ax,. [lnuHa kaxaoro u3 HUX Ax; yMHOXaeTcd Ha
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3HaueHue pyHKumu f(X) B MPOM3BOJIBHON TOUKE, JIEXKALIEH BHYTPH pac-
CMATPUBAEMOTO YACTHYHOTO TPOMEXYTKA. 3aTeM COCTABJSIETCS CyMMa
2 f(x;) Ax; n BHIOJHIETCS TEPEXOR K MPEfeay #—> © B MPEAIoIoXKe-
HUW, UYTO AJIMHA KAXXKAOTO M3 YACTUUHBIX MPOMEXYTKOB CTPEMUTCH K HY-
a0. B dmsuke, ognako, m3-3a MOTpemIHOCTEN M3MEPEHUN WM TIO TPWH-
IUIHAIBHBIM COOOpakeHuaM (HAPUMED, U3-34 ATOMUCTUYECKOM CTPYK-
TYpH  BeWeCTBA) JeseHue mnpoMexyTtka (a, b) HA  UACTHUUHBIE
MPOMEXYTKHM MEHbBILNE OMPEISTEHHON AMMHBI (3HAUEHHE KOTOPOM 3aBU-
CHT OT KOHKPETHBIX YCJIOBHUI) TepsieT CMBICA. BBUAy 5TOro mpeneabHblil
nepexox K Ax; — 0 He MoxeT ObIThb BHIIIOJTHEH [0 KOHIA, a AOJKEH ObITh
000pBaH B KAKOM-TO MECTE. DTO 03HAUAET, UTO @ PuU3UKe UHMEZPAL Gbl-
cmynaem He Kax npeoei cymmbl, a Kak cymma 00Jbuioz0 wucaa oocma-
MOUHO MAJbLX CAA2ACMBLX 2 f(x;) Ax,.

§ 7. O BEKTOPAX U CNOXEHUMU ABMIKEHMUH

1. TToHaTHE BEKTOPAa M OCHOBHBIE OMEPALMHA BEKTOPHOM aareOpbl MbI
cunTaeM u3BeCTHBIMU. OCTAHOBUMCS TOJBKO HA PA3bACHEHMH HEKOTOPHIX
MPUHIUITHAAIBHBIX MOMEHTOB, TIPEICTABISIONIHIA 0COObI MHTEPEC B husn-
ke. Cpean (PU3MUECKMX BEJMUMH BCTPEUAIOTCH BEJIMUYMHBI, HE MMEIOIINE
HATIPABJICHNS, W BEJMUMHBI, KOTOPHIM MOHO TPHUIIACATH ONMpPENETEHHOE
HATpaB/eHne. BeanumHbl IepBOro poga Ha3BIBAKOTCA cKkaaspHoimu. K HIM
OTHOCATCH, HAMPUMEpP, MACCA, DSHEPIUs, TEMIEPATYpa, SJEKTPUUECKUN
3apsaa v Ip. BenmurHBl BTOPOTo poga HA3KIBAIOTCS dekmopamu. Ilpumepa-
MU BEKTOPOB SBJISIOTCI CKOPOCTb, YCKOPEHHE, CHJIA, HATPSIKEHHOCTH
SJEKTPUUECKOT0 M MATHUTHOTO ToJiel u 1mp. BekTopsl mpuHaTo m3obpa-
KATh HATPABJECHHBIMU OTPE3KAMU MJIU CTPEIKAMU U 0003HAUATH TPAMBI-
mu Gyksamu nosy>kupHoro wpudra (A, B, C, ...) nau (pexe) Gyksamu,
HAA KOTOPHIME TocTasiensl crpenku (A, B, C, ...).

B xauecTBe mONONHEHHS K TMPUBEIEHHOMY OTPEAEJECHUIO HHOTIA YKa-
3BIBAKOT, UTO HE BCAKHE HAMPABJCHHBIE BEJIMUYMHBI SBJASIOTCS BEKTOPA-
MU, & TOJBKO TAKHME, KOTOPbIE CKAAABIBAIOTCI 2eOMEMPUUECKU, T. €. TIO
npasuny napainenoepamma. OZHAKO HTO YKAZAHUE OCTAETCSA PACILIBIB-
yaTHIM M GECCOAEPKATENbHBIM, MOKA HE CKA3aHO, UTO CAEAYET MOHUMATH
MOA CJAOXKEHUEM PACCMATPUBAEMBIX (puamueckux BesnumH. CMBICT CI0-
XeHuMd (DUBMUECKMX BEJMYMH EIIe HE OMpeneadercd ux (HUuandecKon
npuponoit. CHauasa HAZO yKasaTh, 4TS Mbl MOHMMAEM IO CIOXEHHEM
AByX (PM3MUECKUX BEIMUWH, A 3aTEM YX€ HAXONHUTH MPABUIA, IO KOTO-
PBIM IOJIKHO TIPOBOAUTBCA ITO CAOXKEHME. TOJBKO TOrAa yKA3aHHE, O
KOTOPOM TOBOPWJIOCH BBILIE, TPHOOPETAET OMpENeNeHHOE CONEPXKAHME.
Hepenko ans pemenus BOmpoca, ABASIOTCS JU PACCMATPUBAEMBIE (PU3H-
YECKHE BEJMUMHBL BEKTOPAMHU MJIH HET, B X CIOXEHHE BKAAABIBAIOT Ta-
KOM CMBIC/I, KOTOPHIM K 3TOMY BOMPOCY HE MMEET HMKAKOTO OTHOIIEHUS.

2. Hampumep, crnoxenmne CKOPOCTEN B MEXaHMKE TOHUMAIOT B CJIEY-
fomeM cMbicae, [lycTh TouKa ABMXKETCS OTHOCHTENBHO CUCTEMBI OTCUETA
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S| €O CKOpOCTBIO V; (Hampumep, maccaxxup WAer no maayde kKopabuis).
IMycte panee cucrema orcuera S; cama ABMXKETCS CO CKOPOCTBIO V, OT-
HOCHUTEIBHO APYTOM CUCTEMBI OTCUETA S,, YCIOBHO IPUHUMAEMON 3a HE-
MOABMXKHYIO (Hampumep, KopaOab ABMXKETCS OTHOCUTEIbHO Oepera). Ilox
CJIOXKECHUEM ABUXCHUS TMOHMMAKIOT ONEepauni, ¢ MOMOIIBIO KOTOpOﬁ mo
9TUM JAHHBIM MOXXHO HAWTH CKOPOCTh V TOUKM (MAacca>kupa) OTHOCH-
TEJBHO HEMOABIKHOM cuctemsl S, (Oepera). B pensituBucrckoi kuuema-
THKE 3TO OMPENENEHNE AOKHO OBITh JOTMOMHEHO YKA3AHUEM, UTO KAXK-
Jas U3 CKOPOCTEN V| U V, U3MEPSETCS C MOMOIIbIO JIMHEEK W YacoB B TOM
CUCTEME OTCUeTa, OTHOCUTEIbHO KOTOPOI paccMaTpuBaercsl ABUKeHue. B
HepeJIHTHBHCTCKOﬁ KMHEMATUKE TAaKOE€ YKA3aHWC W3JIUIIHC, TAaK Kak
IJIMHBL B TIPOMEXYTKH BPEMEHU B HEN MMEIOT AGCOTIOTHBINA CMBICT, T. €.
HE 3aBUCAT OT CUCTeMBI OTcueTa. M BOT OKasbIBAETCH, UTO CJIOXEHUE
Z(BI/I)KeHI/Iﬁ B YKA3aHHOM CMBICJIC B HepeJISITHBHCTCKOﬁ KMHEMATHUKE TIPO-
M3BOAMUTCS IO MPABUILY MAapajesorpaMma, a B peIsITUBUCTCKON KMHEMAa-
THUKE 5TO IPABUJIO HE CIPABEIINBO. TeM HEe MEHEE CKOPOCTh TOUKY CUM-
TAeTCd BEKTOPOM KAakK B TOW, TAaK M B APYroi KMHEMATHKE. DTO TOKA3bI-
BAE€T, UTO IMPaBWIO MApaIeJOrpaMMma CKOPOCTEH AN CJIOXKEHUS
Z(BI/I)KeHI/Iﬁ B YKA3aHHOM CMBICJIC HC MMEET HUKAKOrO OTHOLICHUA K BOII-
pocy O TOM, IBJSETCS CKOPOCTh BEKTOPOM WJIM HET *).

,Z[a U B caMOn HepeJIHTHBHCTCKOﬁ KMHEMATUKE MOXKHO yKa3aTb BCIU-
YUHBI, KOTOPBIE CUMTAIOTCI BEKTOpaMHu, HO TEM HE MEHee He Bcerga
CKJIAABIBAIOTCS MO IPABWIYy MapasiesorpamMma, €ciau B CJIOXKEHHE ITHX
BC/IMUMH BJIOXKMWTH IPHUMEPHO TAKOU Xe CMBICJI, UTO U B CJIOXCHHEC CKO-
pOCTEﬁ B BBILMICTIPUBCACHHOM IIPUMEPE. K Takum BeamumHaMm OTHOCHUTCA,
HanpuMep, yCKOPEHUE. HyCTb TOUKA ABUXKETCI OTHOCUTC/IBHO CUCTECMBI
oTcuera S; C YCKOPEHMEM a;, & CUCTeMa S; MMEET YyCKOPEHHUE a, OTHO-
CUTECJIBHO <<H€HOZ(BPI)KHOﬁ>> CUCTEMBI OTCUETA SZ‘ ITo stum JAHHBIM MOX-
HO HAWTH YCKOPEHHME a TOUKM OTHOCHTEJbHO CUCTEMBI S, TOJbKO B TOM
cIyuae, KOTaa CKJIAagblBAEMble ABMXKEHMS MOCTymaTesabHbie. B aToMm ciy-
yae BEKTOp a HAXOAMTCI MO IMpaBuiay mapasienorpamma. B ocrasbHbIx
cayuasax A HAXOXACHUS PE3YJAbTUPYIOIICTO YCKOPCHUA 3HAHUA YCKO-
peHuil a; 1 a, HENOCTATOUHO, W CAMO HAXOXAEHME BEKTOPAa a IPOM3BO-
auTcd 1o Gosiee CI0XKHOMY MpPaBHIY, KOTOpoe OyaeT paccMoTpeHo B § 64.

3. [lpuBeneHHble mMpuMeEpHl MOKA3bIBAIOT, UTO ONpPEEIEHUE BEKTOPA
HyX7gaercs B yTouHeHnr. HeoBXOAMMOCTh 9TOTO AMKTYETCH TAKXKE CJie-

*) Ecim Obl BCe CKOPOCTHM MBMEPSUIMCh B OZHOM M TOM K€ <HEMOJBMIKHON» CUCTEME
orcuera $2, TO HPABUJIO HAPAILIEIOrPAMMA COXPAHSUIO Obl CHUIY U B PEJISITUBUCTCKON KHHE-
martuke. OJHAKO NPM 9TOM M3MEHMJICST Obl CMbICA ckopoctu vi. IMox vi csiepoBaso Obi
TIOHUMATH CKOPOCTH TOUYKK OTHOCUTECJIBHO Z[BI/I)KyH.leI‘;ICSI CUCTEMBI OTCUETA Sl, USMEPEHHYIO 6
«HenodsuxHoi» cucmeme S2. TIpy CIOKEHUM K€ CKOPOCTEH B TOM CMBICJIE, B KAKOM OHO
TIOHUMAETCS B TEKCTE, V1 €CThb CKOPOCTh TOUYKKU OTHOCUTECJIBHO ﬂBMmymeﬁCﬂ CUCTEMbI Sl,
U3MepeHHas 8 MOil Xe cucmeme. A 310 CylIeCTBEHHO MHas BesnuuHa. TOJIBKO B IIPEeIbHOM
ciyuae GECKOHEUHO MEUIEHHBIX IBMXKEHUN 00€ CKOPOCTH COBHAmAOT. IIpM M3I0XEHHUU
TEOPUM OTHOCUTEJIBHOCTH 3ATPOHYTHIE BOIPOCH! OyAYT padodpaHbl MOAPOOHO.
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ayromuMu coobpaxenuamu. He Bcerga Ou4eBHAHO, KAKOE HATMPABJICHUE
cAenyeT MpUmucaTh TOM wan wHOW m3nueckon BenmumHe. Hampumep, B
CIyuyae TeOMETPUUECKOro 0Tpe3Ka AB He BOZHMKAET BOIPOCA, UTO CJIEAYET
CUMTATD €r0 HAMPABJCHUEM. 34 TAKOBOE MOXKHO MPUHATH MO0 HATIPaBJIE-
HUE OT TOUKM A K TOUKe B, 100 MPOTHBOMO/IOXKHOE HAMPABIECHUE — OT
Touku Bk Touke A. He Bo3HmMKaeT Bompoca, utd caeqyer CUMTaTh HAMpPaB-
JIEHUEM CMEIIEeHMS, CKOPOCTU UM YCKOPEHMS TOUKM, a TAKXE HAIpaBJe-
HUEM CUJIbI, Ha Hee AelicTByiomiei. OQHAKO He OUeBHIHO, UTS CIEAYET CUn-
TaTh 34 HAMpPaBJECHUE YIVIOBOM CKOPOCTH WM TEOMETPUUECKON MOBEpX-
HOCTH, B OCOOEHHOCTHM, KOTmA TMOC/AEHHAS M30rHyTa. HakoHer, TOuHOE
OMpeAeseHne BEKTOPA HEOOXOAMMO AaTh A TOTO, UTOOBI 0000MMUTH 3TO
MOHATHE HA CAYYail MHOZOMePHbLX npocmpancma. UToObl mpuiiTi K TaKo-
MY OTPEAESCHUI0, PACCMOTPUM CHAYAIa MPOCTEUIINI BEKTOP, a UMEHHO
TEOMETPUUECKUN TPSIMOJMHEHHBIM OTPE30K, HA KOTOPOM YCTAHOBJIEHO
onpeaeseHHoe HanpasaeHue. Takou HAPaBJIEHHBIA OTPE30K OyaeM n300-
paxathb CTpeskoi a. BosbMeM Kakymo-aub0 Mpou3BOJIbHYO TPIMOYTOIb-
HYIO UM KOCOYTOJBHYIO CUCTEMY KOOPAMHAT U CTIPOEHMPYEM OTPE30K a Ha
KoopauHaTHBIE ocu X, Y, Z. [Ipoeuuposanue OyaeM Mpou3BOIUTb IJIOCKO-
CTIMH, TAPAIENbHBIMI KOOPOAMHATHBIM MJIOCKOCTSIM. Hanmpumep, uto0sr
TMOYUYUTh MPOEKINIO HA OCh X, HAZ0 uepe3 KOHLBI OTPe3Ka a MpPOBECTH
MJIOCKOCTH, MMAPAJLIEIbHBIE KOOPANHATHOM TIOCKOCTH Y Z. DTH MJI0CKOCTH
U OTCEKYT Ha ocu X OTPE30K a,, SBJISIOMUICS NpoeKnuen oTpe3ka a Ha
paccMaTpuBaeMy0 0Chb. AHAJOTMUHO TOIYUAIOTCS TPOEKLIMH a, m a,.
OGBIUHO PACCMATPUBAIOT MPIMOYTOIBHBIE KOOPANHATHBIE CUCTEMBI. Toraa
Ay Ay, a, OYAYT NPSIMOY2OSbHbLMIL, WU OPHLOZOHALLHBLMU, NPOCKUUSIMU
orpeska a. Ecim npoekunn a,, a,, a, N3BECTHBI B KakKoi-mbo cucreme
KOOpAMHAT S, TO MX MOKHO HAWTH U B JIOO0M APYroi KOOPAUHATHOM CHC-
Teme S’, 0CM KOTOPOi MPOM3BOJbHBIM 00Pa30M MOBEPHYTHI OTHOCHTEIBHO
cucremsbt S. [ly1st 9T0T0 MO MPOSKUMSIM d ., dy, d, B CUCTEME S HAZ0 BOCCTA-
HOBUTb OTPE30K @ KaK AUATOHAJIb MapaIeJIEIUIEna, TOCTPOEHHOTO HA OT-
pesKax a,, a,, a,. 3aTeM CJAEAyeT, CIPOEUMpPOBATD OTOT OTPE3OK HA OCH
X', Y', Z' wosoit cucremsl koopaurat S'. [Toayuntcsa Tpoiika umcen a,.,
Qyr; A, KOTOPBIC W SIBSIFOTCS IPOCKUMSIMKI OTPE3KA @ B HOBOI CHCTEME KO-
opauHat. Tenepb MBI JaeM CAEAYOIIEE ONPeAeIeHne BEKTOpa.

Bekmopom a Ha3bIBACTCS yHOPSAOUCHHAS TPOMKA UMCET dy, Ay, A,
3agaHHas B KaXmou cucreme koopaumHat. (YmopsaoueHuWe COCTOMT B
TOM, UTO MEPBOE UUCJIO @, MPUBOAMUTCS B COOTBETCTBUM OCH X, BTOPOE
4nCA0 @, — ocu Y, TPEThe UUCI0 @, — OCH Z.) DT umcia Ha3bBAKOTCS
npoexyusmMu eKkmopa a Ha COOTBETCTBYIOIIME KOOpPAWHATHbIE ocu. Mx
HA3BIBAIOT TAKXE COCMAGISIOUUMY, WIA KOMNOHEHmMamu, GeKmopd.
IIpu nepenoce nawania u nogopome KOOPOUHAMMHBIX OCEU COCMAGSLIO-
wue a, a,, a, Npeobpasyiomcest no NPasULy npeodpaso8anus NPoeKyul
2eomempuuecKkux OmpesKos.

Kopoue, gekmopom HA3BIBAETCS YMOPIAOUEHHAS TPOWKA UWCEN, 3a-
JAHHAS B KaXXKAOW CHCTEME KOOPAMHAT, KOTOPBIE MpHU MEepeHoce Hayasa
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M TIOBOPOTE KOOPAMHATHBIX OCel MpeoOpasyroTcd KaK PasHOCTH KOOPIU-
HATHBIX KOHLIOB HAIIPABJECHHOTO F€OMETPUUECKOTO OTpe3Ka.

OTJI0XXHMB 9TH YKC/IA BIOJIb KOOPAMHATHBIX Oocer X, Y, Z, MBI OTCEUEM
HA HUX Tpu oTpeska. Ecu Ha Takmx Tpex oTpeskax Kak pedpax moCTPOUTh
apaIesIEnunen, TO €ro AMaroHaJab MOXHO pacCMaTPUBATh KaK HATIPaB-
JIEHHBI OTPE30K, CAYXAIIMNA HATISIHBIM M300paXkeHneM BEKTOpa. DTOT
OTPE30K TOJYUUTCS OTHUM U TEM XKe, KAKYK Obl CUCTEMY KOOPAMHAT MBI
HE WCTIOB30BAJM MPU €r0 MOCTpoeHnu. B aTOM mpogasasercs uxsapuanm-
Hblll XapaKTepP BEKTOPa, T. €. HE3aBUCUMOCTD €0 OT CUCTEMBI KOOPAWHAT,
UCIIOIb30BAHHON ISt €ro npeacTasaenus. KOMIOHEHThl BEKTOPA a, dy,
@, B pa3HbIX CUCTEMAX KOOPAMHAT PA3HBIE, HO CAMBII BEKTOP 4 OUH U TOT
xe. BekropHoe paBeHCTBO a = b, 3ammcaHHOE B KOOpAWHATHOU hopme,
PaBHOCHJIBHO TpeM paseHcTBaM a; = b; (i=x, y, z). Ilpu nepexoxe K
apyroi (IITPUXOBAHHOM) CHCTEME KOOPAMHAT 00€ 4acTH ITHX PABEHCTB
npeoOpasyrTcd omuHAKOBO. I103TOMY B HOBOM CHCTEME KOOPAMHAT OHU
COXPAHSIOT MPEXHUil BUA, T. €. a; = b;, (i' =x', y', z'). Ypasuenns, obe
YaCcTH KOTOPHIX TP MEPEXORe K APYyroM CUCTEME KOOPAMHAT Mpeodpasy-
I0TCA OMMHAKOBO M OJIATOAAPS 9TOMY COXPAHSIOT CBOM BHI BO BCEX KOOP-
JUHATHBIX CUCTEMAaX, HA3BIBAIOTCS KOGAPUAHMHBIMU UAU UHBAPDUAHMHbL-
Mi TIO OTHOIIEHHIO K PACCMATPHBAEMOMY TIPEOOPA30BAHMIO KOOPAMHAT-
HBIX cucTeM. MBI BUANM, UTO dekmoproe ypasHenue a = b unsapuanmno
nO OMHOWEHUIO K NepeHOCcy HA1ald U NOBOPOMY KOOPOUHAMHBLX Ocell.
Bsudy amoi uneapuanmHocmu ypagHeHust, ablpaxaroujue gusuueckue
3AKOHbL 8 BEKMOPHOU hopme, He 3a8UCsIm Om bldopa ocell KOOpOuHam.
C moMo1Ipi0 BEKTOPOB (huanueckue 3aK0HbI GOPMYTUPYIOTCS B TIPOCTON U
0003puMoii (popMe, KOTOpasd HE COXPAHIETCH, €C/IM BBHIPA3UTh MX UEpe3
MpPOEKIMK BEKTOPOB B KAKOW-IM00 CHCTEME KOOPAMHAT.

3aMeTuM, uTO KOOpAuHATHBIE ocu X, Y, Z He 0083aTeIbHO AOKHBI
MOBOPAUMBATBCA BMECTE MOAOOHO MOBOPOTY TBepAoro Tesaa. Onpenenenne
NpeaycMaTpuBaeT U Takue cayuau, Korga ocu X, Y, Z noBOpaunBarTCs
HezasucuMo. [TyTeM MOBOPOTOB TAKOTO THIA MOXET OBITH COBEPIUEH IE-
pexon oT a60i TPIMOJHHENHON CHUCTEMBI KOOPAMHAT K APYTOM IPAMO-
JIMHEWHOU CUCTEME — TIPAaBOM WM JIEBOM, OCH KOTOPOU OPMEHTHPOBAHBI
COBEPIIEHHO TPOM3BOMBHO. B uacTHOCTM, TaKMMU MOBOPOTAMU MOXKET
OBITH OCYIIECTB/AEHA MHBEPCUS OCEM, T. €. OMHOBPEMEHHOE M3MEHEHNE HA
TIPOTUBOMOJIOXKHBIE MOJOXKUTENbHBIX HATIPABJICHUN BCEX TPEX OCEH.

Ecan o6e KOOpAMHATHBIE CHCTEMBI MPIMOYTOJBHBIE, TO (POPMYJIbI
npeoOpa3oBaHus MPOEKIMIA UMEIOT CASAYIOUHIA BUI:

Ay = Uya, + agpa, + ag.a;,
Ay = Oy a, + aya, + og.a., (7.1)
ay=0,.a, +a,,a,+a,.a,

TAC Gy Oyryy oo — KOCHHYCBI YIVIOB MEXAY COOTBETCTBYIOMIMMU KOOP-
AMHATHBIMU OCAMHU 00enx cucTeM KoopamHat. Hampumep, @, O3HAUaeT
KOCHHYC YIJa MEXAY MOJOKMTEIbHBIMU HAMpPABICHUAMHU oceit Y u Z.
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4. AHAJIOTMYHO CKAASLPOM VI UHGAPUAHIMOM HABBIBAETCS UUCJIO, 3a-
JAHHOE B KAXAOW CHCTeME KOOPAMHAT, IPUUYEM TIPU MEePEHOCe HAYaaa u
MOBOPOTE KOOPAMHATHBIX OCEN 9TO UMCJIO OCTAETCS HEM3MEHHBIM. Takum
00pa3oM, Kak W OMpEeneIeHne BEKTOpa, 9TO ONpEeaeJeHre MpeaycMaTpu-
BAET TOJBKO MEPEHOC HAUAIA M TTOBOPOT KOOpAMHATHBIX oceit. OHO mpen-
moJiaraer, urto o0e KOOPAMHATHBIE CHUCTEMBI HOJKHBI OCTABATHCS HEO-
BIZKHBIMU OHA OTHOCHUTEIBHO APYTOM. IIprMepaMu cKaisipoB SIBJISIIOTCS
BpEMS, MAacca, SJIEKTPUUECKMI 3apsam m mp. AGcuucca X HEMOABYMIXKHOM
TOUKH HE SIBJSIETCS CKAJIPOM, TAK KAK €€ UMCAOBOE 3HAUEHUE B PA3HBIX
cucreMax KoopamHaT pasHoe. CKaasgpbl MOXHO 00pPa30BBIBATh M3 BEKTO-
poB. Hanmpumep, ckanspom sBAGETCS OiuHa 8eKmopa WIHA ee Kaaopam,
KOTOPBIN B MPSIMOYTOJIbHOWM CHCTEME KOOPAMHAT TPEACTABJSIETCS BBIPA-
xeHueMm a2 + a§ + a2 Ckansipom si6asemcs. ckaisproe npoussederue
0syx gekmopos a u b, m. e. sequuuna (ab) = ab cos ¥, Tne ¥ — yrona
MEXOy 9TMMM BeKTOpamu. B mpaMOyrosbHON cuUCTeéME KOOPAMHAT, KakK
W3BECTHO, CKAJASIPHOE TMPOM3BEACHUE TPEACTABISIETCH BBIPAXKEHUEM

(ab) = a,b, + a,b, + a.b, (cm. 3amaum 1 u 3 x sromMy maparpady).

5. Ha ocHOBaHMM W3JI0KEHHOTO SICHO, UTO A/ AOKA3aTEAbCTBA BEK-
TOPHOTO XapakTepa TON WM MHON HATIPABJAECHHON (DU3MUECKON BETUUMHBI
HAJ0 TOJBKO YCTAHOBUTH, KAK OMPEAEISTIOTCS €€ COCTABSIOMNE BAOIb KO-
OPAMHATHBIX OCEH M KAaK OHM MPeo0pasyroTcd IpH IMepexoae OT OMHOM KO-
OPAMHATHOM CUCTEMBI K JIH000M APYToif, 0CM KOTOPOH MOBEPHYTHI OTHOCH-
TEJBHO OCEN EPBOHAYATBHOM cucTemMbl. [1pn 5TOM MMEIOTCS B BUAY KOOpP-
JUHATHBIC CUCTEMBI, HETIOABUKHBIE OAHA OTHOCUTEIBHO JPYTOM.

Hanpumep, asyM BekTOpam a u b ¢ COCTaBASIOIUMHU a,., a,, a, n
b,, by, b, MOXHO COMOCTABUTHh B KAXKAOH CHCTEME KOODAMHAT yHOPSIAO-
UCHHYIO TPOWKy uncen ¢, = a, + by, ¢, =a, + b, c,=a, +b.. Jlerko
BUETh, UTO TAKasd TPOMKA umcesa obpasyer BEKTOp, TAK KAK OTH YMCIA
MOTUMHSIOTCA TEM K€ MPABUIAM MPeoOpPa30BaHuUs, UTO M COCTABJSIONINE
BekTOpoB a u b. Bekrop c(c,, Cy ¢,) HA3BIBAETCSI CYMMOU GEKMOPOS a
u b. Jlerko mokaszaTh, uTO OH MOXET OBITH TMOJYUEH W3 BEKTOPOB a U b
reOMETPUUECKAM TOCTPOEHUEM TIO TIPaBWJIY MapaJiesorpamma. AHaso-
TUYHO OMPEAEseTCsl M gbluumanue 8eKkmopos. Pasznocme 08yx sekmo-
poé a u b ectb BeKTOp d, ONpEeRenasIeMbl YyIOPIAOUEHHON TPOUKON um-
cend,=a,— b, dy=a,— by, d,=a,—b,. Ina ero nocrpoeHns Ha-
J0 W3MEHWUTh HA TPOTHBOMOJOXHOE HANpaBJeHWE BekTopa b
(mosyyaeMbIii TAKMM IyTEM BEKTOP 0003HAUAKOT —b), a 3aTeM HA BEK-
TOpax a U —b MOCTPONUTH MAPAIETOTPAMM.

B takom cmBICTE CAOXEHHME W BHIUMTAHUE BEKTOPOB BBOOUTCS MyTEM
Mamemamuueckozo onpedesenust. Han BekTopamMu MOXHO TPOM3BOOUTH
¥ JApyTUE OMmepauuu, BBOOUMBIE TAKWM XK€ MyTEM, HAMpPUMEp yMHOXe-
HHE BEKTOPA HA CKaJSIp WM CKAJIPHOE M BEKTOPHOE MEPEMHOXEHUE
ABYX BEKTOpOB. Bce omepanmwm Takoro Twna Mbl HA3bIBAEM MarmeMamu-
yeckumuy. VIX CBOMCTBA yCTAHABAMBAIOTCY COOTBETCTBYIOIMMMH MATEMa-
THUYECKMMH Teopemamu. He mMeer CMbICa CTABUTh BOMPOC 00 OMBITHOM






