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€...% CMER0 MOZY CXQ3QMb, NMO K@AHMOSOU Me-
XARUKH HUKMO Ne ROMUMOes.

Punapo Deiipman*
Npeducnosue

1.

PHCKHYB JIaTh CROCH KHUTE CTONb CEPHCIHOC HAIBANME, 5 CINTAI0 HEOBXOMMMEIM
NPeAynpeTHT: YHTATENH, TIO ANISIOCh AHNIETAHTOM B KBAHTODOE MeXAHHKE ¥ HANHMCAT
Ty KHHYY A TeX, k10 OTBAXWTCS NpPH3HaTh mureraHToM cobsl. Toro xe, xro
CIMTACT cebd IHATOKOM KBAHTOBOU MEXaHWKW, NMPEITATACMIN KHKTA, N AyMawo, Oyger
TOJNEKD PayIPAXATD.

[Mocxoxsxy repomyecyuit (M KpaMaTHICCKMiL) NEPHON CTAHORNCHHS KBAHTOBOMN
MEXAaHMKM 3aKOHIHICH 34 HECKONLKO JNET JO MOCTO DOXACHHR, MHE 3Ty HAYKY
NPEHOJIABAH B MHCTHTYTC € 10} XK€ YBCPCHHOCTRIO (Celfdac 5 G CKAIN — ¢ TEM Xe
aXJIOMBOM), 9TO RIEKTPOTEXHHKY ¥ HATENTATEHEHYIO TeoMeTpEI0. OHAKO MOCKONBLKY
OCHOB — MMENRO OCROS — KBAHTOBOH MCXaHMKH, HecMOTPS Ha Soisimoe ycepame,
#i M3 NEKINUOHHONO KYpca He IO (XKaK H Bee, KTO YIWICH BMECTe ¢O MHOM), & pennwn
pa3olpaThCcst B HIX, YHTAS CHCHMANLHYIO JIUTEPATYDY.

Ja mepuon ¢ 1958 mo 1994 rox s TH@ETE EHO MIYGHA B OOMEH CHOXHOCTH
QKOO TPHIUATH YICOHEX NOcoOUR, Mororpadnil, MoNynony;IIpHLEX KHHMT H OYEPROB,
HAHNCZHHNX BHAIIHMUCA cheigramucTaMn?). S Taxxe ofpamiaics 3a HOMOIILIO
K 3HaTOKaM. B HTore MEE CTaNO KA3ATLCH OYCHD CIIPABEUTABHM 3aMedanmMe hepuapaa
IHoy, 4yTo XOTs OH 3a BCI0 XM3HE He CHéC HH QWHOrO #fia, 3T0 He JTHINACT
€ro 1paBsa CYIMTh O Ka4eCTBe WHMIHWIK. VI, HECMOTPA Ha BO3pacTaOmeEe YBAKEHHE
K M3ITpaM TCODeTWItCKOR QH3MKM, 4 CTan CYRTaTh CBOM IIPETCH3HN X JMICpaType
II0 KBAHTOBOH Mexanmke O0OCHOBAHITEIME W JAKC NONYCKAW, Y10 MHOTHE YHTATCHH
C0O MHOM COrNacATCH.

2.

Jeno B ToM, wro, Syayum BCero MHImG OGOIHATEALHEIM AMISYAHTOM, A CO-
BEPIICHHO HHAade TPeACTaBisI0 cele 10, W10 HPHHATO CUMTaTh B (PVHIAMEHTAIRHRIX

* Punapd eiipman. Xapakrep umsuraecxax saxonos. M.: Mup. C. 139.

051 umeo B BHIY 9HTaTencl, xorophi¢ AO0pOCOBOCTHG IHTAAMC), FIYIRTH KPAHTOBYID ME-
xaury b0 B yaeGnoN apeHeHAM, RGO CAMOCTORATCILHO — YO0 YIcOHBM MocobiaM — H,
TAKMM 00pa3OM, XOTH OH HEKOTOPOEe IHAKOMCTHO ¢ KBARHTOBOH MEXAHHKON HMERT,

E)anmmmmmm.mﬂmawiﬂ., Hupiuy F. M. KpagTonad MeXanwka
(ucpensTaBucTcKas Teopust); Joawdoe A. C. Kpasropan mexanwuka; Jesux B. I, Bloeux 10.A.,
Masaun B.A. Kypc reopernueckon dwanxn; Jupax 1. A. M. TIpuRopns KBasTOBON MEXARNKW;
HWughp JI, Kpanrmopan mMexaHuka, Bos . KBARTOBAS TEOPUR.

[Iycrs wnraTens NOBepHT MHE BA CJIOBO, Y10 KHHEVA, KOTODHIE 8 HC CTajl LEPEYACHNTS
(M cpean XOTODHIX eCTH HANHCAHHLIE TOPANIC ITOTHEE), BOBCE HE JYTIIe JICPENRCACHELIL



6 Npeducnosue

TPYAAX obbacHenuem senenis npupodw >, Benp npexae, 9eM Havath OGBACHATD, HEO6-
XOMMMO JaTh ONHCAHHE ABICHMS, & MEXAY OIMCAHUEM H OOBACHECHHMEM CYIIECTBYET
KayecTBenHoe pasaudane. Kax MuHe xaxercd, 35eck M BO3SHHKacT npobnema, Koropad
COCTOWT B CHEIYIOUICM.

A omwcanva HaGMONAEMOTO SBICHIS NPUPOAR! {WHA CIENHAIBHO OPIaHn3o-
BAHHOIO SKCIEPUMEHTA) TpefyeTca HCHO/L30BATH ANeKBaTHEE DoHsTHS. K BX ameny
OTHOCATCHA: TOYCYHAS YaCTHNA, KOHMTUHYATLHOE TEN04, AMINYIIsc, CKOPOCTh, DMCK-
TPHICCKHM 3apdll M MACCd MOK0A YacTHilel M T. 1L TIomuepKHY: ucnoas3ceanie npu
ORUCARUY RGACHUR NpupoOh nomamuil neadexeéamnbix (TaKMX, XaK, HAIPRMEP, <BOIA
CoXnde H «DHOIIONE?) AEMOMAIMUYECKY BCKANOYQERT CUMY GOIMONCHOCMS OGSACHENKR.
Heuisast 0OBACHATE TO, 910 Ha CaMOM Jicie HeT (MITH — HENb3s HPABUALHO OOLICHHTE
TO, 9TO IPEACTARICHO B MCKAXEHHOM BHIE).

JLOMYCTHM TETIePh, WT0 MK HAXOMHMMCS Ha TAKOM 3TAIE PAIBUTHS HayKM-PHIHKH,
HA XOTOPOM YXE€ PACTIOJIATACM OrPOMHEIM MHOXCCTS0M IOHSTHIH, TIPHYCM COBEPIIEHHO
0DOCHOBAHHC CYATAEM HX (PUHUECKYM COACPXRATEILHMMU. BIOIHE 6CTECTBERHO, YT0,
MPUCTYIIAL K OPIaHM3AILME OUEPEHHOre JIaXe NO6020 SKCHCPUMCHTA, MK HMEEM
BOAMOKHOCTL OOEPHDOBATL MOALDKO HMEMA, VXE H3BECTHHMM [OHSTHWIMM, Torma
OYEBHAHO H PE3YThTaTH 3KCIEPHMEHTA HETR3d OYIeT UHTEPHPETUPOBAThH HHAYE, KaK
HCITONB3YS MMEHHO H TOABKC A e NoHnTesA. [IpeanonoxuM aaxee, 4ro ONHACAHUE
TOr0, 9470 MH HaONlomaeM, axekpaTHO OrOOpAXaeT TO, 9TO INPOMCXOOMT HA CAMOM
nene. Jimmk B 3TOM CITy98e HMEET CMEICH NEePCXOXHTh X OOBACHEHHIO, TO €CTh —
K ¥CTaHOBIEHMIO NTPAYAHHO-CNECTReHHRX chstael. Tipuseny nipnMep.

Hepexvecemca MuciacHAO 8 1927 ron M npeficTaBuM cebe, 910 B OUEPSAHONA Pas
CTABKTCS AKCHEPUMERT, B KOTODOM PE3UCTOP HPAKTHYCCKH MIHOBEHHO YIOMK/MOMACTCH
K MCTOYHHKY TocTosiuol DAC (pEc. 1). Ucnonsaya cooTRETCTBYIONME M3MEPHTEND-
Hele TpUDOPEI, MBI BHAEM, YTO C TEYEHHEM BPEMCHK 3ACKTPHYECCKMIT TOK B Herd
BO2pACTacT, a TIO OKOHYAHHY HepexonHoro MpOLCCCa BO BPCMCHM YXC HE MCHIETCH.
B panvHeHIIEM MEI YCTZHABIMBACM, UTO CMaNUONApKbie 3HAUYeHWS ToXa (i) B He-
mi » nanpaxerms (U,) na peaucrope CRA3aHHB COOTHOIMCHHEM i ~ U,. Teneps
HEeOOXOMMMO OOBICHWTE,

® nOYCMY 6 OMBEM 1A 3aMbikanue mymOiepa mok ¢ uenu soobue 8osHUKaGeH,

® ROvEMYy € OMGSEM Ha MZHOGERROE 3AMuKaNue Mymbiepa mox rapacmaem 0o ceoeco
CIMAYUOBAPHOZ0 IHAYCHUS UMEHNO ROCMIERENNO;

3) Criefyer BMeTb B BHIY, 970 2aK0H NPHPOIE MOXCT CYRTATECH TAKOBEIM A0 TeX IOP, NoKa
oH H¢ obbaCHEH. Hesenne Xe NPAPOAK OUBACHAMO ¢ TIOMOILBK YCTAHOBIEHHLIX DAHES JAKOHONH
prpoawE. Bot asa npuMepa.

1. CooTHOIDEHNE MeXAY CTAIMOHAPHBIME IHAYCHUNMH HANPIXCHHOCTH DICKTPRYECKOTO

ek

nons (E) u mrotroc wiekcrprveckoro Toka (J ) 8 Touke CIOmHOM, TOKONPOBONAIIEH Cpernt

umeer pdx; J(z,y,2) = o (2, ¥, 2)-E(z, y, 2), mie oz, ¥, 2) -- yDeIbHas anexTPOTPOBORHOCTS
CPeAb B TOYKE, KOODIMNWATHEI KOTOpUk ecTh 2, Y, z. DgHako 310 COOTHOmMEHHE HE ABISETCH
3aKOHOM UpApoARl, OHO BRBOIMTCA, M B XOAS BHBOA2 BOZHHKAET TO, YTO NPHANTC CHTATH
OOLACHEHHMEM SBACHHAA *MPOMEKANNE IACKMPULEcK020 MOKG 8 NPOCOORUeTi pede».

]

2. Coorromerye F = A% .7, (rre F — cwm msaumozeiicTans memny Zsyms

RET g
TOYEUHRIME WICKTPHYSCKMME 3apsalaMH (§] H 2}, NOCTOAHHO HAXOMALMMHCA APYT OT Apyra
HA DACCTOAHMM f]7; € -— AUNIEKTPHIECKAS TNPOHAMUACMOCTE CPEIBI, B XOTOPOH HAXOIATCS
3APANBY) CIATAETCH 3aKOHOM NpMpoms. OHO X0 CHX IOp He BWBEICHO. Bojee 1oro, oHO SxnG
000BiltcHO Ha crywall ABICKEHHS OJHOIC 3apsia OTHOCHTCILHO APYIoro.
D Ouerh 9acTo KOHTHHYANBHOE TENO, KOLIA OHO BAMMOICHCTRYET ¢ ToMewuo# JacTHHCK,
BHICTYNIACT B [PXUIM MIMEPHTENBHOYO NpEOOCPa.
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® ROYCMY UMEEI MOECIMO UMERRO AuHeUHaA 3a6ucumocms i, om U ?

ITockonexy, kax GhIIO YCHORIGHO, Aeno npoucxomwT B 1927 romy (cmycrs
100 ;mer uocrne obHapykeHMs TOTo, 9TO BCE 3T0 BpeMd OOOCHOBAHHO HA3HBANOCH
3akOHOM OMa), MEL yXe pacitodaraeM acemit QUUYECKH COAEPXATENLHEIMMA TIOHATH-
AMH, [IO3BO/MIOIIHMH, KaK HAM KaXeTcd, AICKBaYHO ONHCAThH SKCICPUMEHTAUILHYIO
CHTYAUW¥0. B pesynsraTe yaaeTca YCTAKOBMTH, UTO 3aBUCUMOCTE #(f) HMECT BHI
, : iy .
P UL) =i (Ug) - (1 —e 7 ), THE iy ~ Uy, t 2 4 (T — MOMEHT IOAKMIONCHAR
PEIUCTOPa X HCTOTHNKY NocTostHHol DC), a Beymvna + — HeKas) XapaKTepucTHKa
BEILIECTBA pe3HcTopa. Teneph MOXHO ITIEPEXONHMTD K 00bACHeHHIO, TTOYEeMY 32BHCHMOCTD
i(t, U,) uMeer UMeHHO BHINCYKAAHMHEDL BULL.

2 N 5 |

+

)"

s

t t

PUC. 1. IxcnepuMeHTanbHas CuTyaumns.
a) OnexTpyueckan uenh (CHMTAETCA, 4YTO B MOMEHT I, TymbOnep 3aMbikaeTcs
MIHOBEHHQ);

s

6} PeaynbraTel Habnioaewit: U = Uy i (4, Uy) = i (Uy) - (1 — €7 7 ).

Tlomacpkiy: MEY HM KaIDIA HE COMHEBAEMCH B TOM, YT0 [OHATHA, KOTOPHIMH
pacnofaracM, JONYCTHMO HCIIOALIORATL, TI0 KpaifHell Mepe, /Ui OMRCAMNA SKCIIEDU-
MeHTa. MMEHHO NO3TOMY MBI CUMTaeM, 9TO JHINL OT HAIUX CIMOCODHOCTEH 3aBHCHAT
BOIMOXHOCTE RATH TaK0E€ OMHCAHME, KOTOpOE OR arcKBaTHO OTOOPAXANIO BCE TO, 4TO
NPONCXOIHUT B DE3HCTOPe Ha camam dede. ECTECTBEHHO, ITO KOAL CROPO HOHATHIA,
HAKCTUICHHLIX Haykoi-dwsvkoii (x 1927 roay), Ind oOLICHEHHS BHIA 3aBHCHMOCTH
i(t,U,) mocratouHo, TO U ¢ ofvacnenuem ne eosnuxnem npobisem. Ilocnemuee o3ma-
Yaer, YTO ODSACHEHNE 8 PAMKUX YNCE W3BECHNLIX ROHRMIUE JOCMUNCNMO, BO KPARHER
aepe, ¢ npuragune. HeoBxoomumMo niims, yrohhl MOHITHA, OTOOpaHHbIE VIS OOBICHEHHSA,
HC NPOTHBOPCYNAN NORSTASM, MCIOIL30BAHHEM IIPM OIMHMCAHNA,

Teneps naraifre 0OpaTHMCA K APYroMY TIDHMEDY.

[lepenecemcn muicnenHo B 1924 rog ¥ npeacraBam cebsi YIACTHRAKAMYA 3KC-
[IePEMEHTa, COCTOAMIET0 B HporeTe TOYeuHHX vacrmn (omgHa 3a Apyro#t COyers
JHAYMTENLHEIE TIPOMEXYTKY BPEMEHH) Yepe3 Ba XPONICIHHMX OTBSPCTHA B TIEPETOPOJ-
Ke, OTACIAIOER HCTOYHWK YaCcTHI( OT 9KpaHa (B MeCTe NONANAHMN YACTHIM HA 5KpaH
3aCRCUMBACTCH MMICHLKOC ISITHREINRO), DKCIEPAMEHT IMTCS o9er aoviro. B mrore
Ha 3KpaHe TOARIETCS TOYHO TAKOM Xe CBCTAUiMHCA DMCYHOX, XaKkoW BO3SHMKact
10CAS OCBEINEHHS TEPEFOPOIMKY MOHOXPOMATAIECKMM CcBeToM. Mmewmio Onaromaps
COBIAJICHHIO XapaxTepa PUCYHKOB MB cyUTaeM ceGg BOpaBe ONepHpOBATL TAKWMH
HOHATHI MK, KAK APOMANCCHRAR (U daxce GECKOREHRO BPOMANCEHRAR) (NIONNAR CPpedd
(MaTepHATLHEIY KOHTHHYYM), BOJHK B TakoM cpene, HHTephepeHnus M audpakaud,
Ho... Benb OIHMCHBAEM-TO MH Pe3yNILTATH NPOJIETa 9eped HepelOpOAKY ¢ OTREPCTUAME
moneynsex dacTau. Jlogdepkuy. rigad HAR BKpaH, MH HA KAIUIM He COMHEBacMcCH
8 HeOOXOAMMOCTU MCIOAB30BATH IS ONMHCAHUS YBMIACHHOIO MMEHHO TONMBKO YTO
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nepouHcneHnne mordTHg. Oguaxo yasalite He 3a0KMBatTh: MH Bedb JOTOBOPIIIHCH,
ITC AeN0 Opoucxommr B 1924 romy — HAa TAKOM 2Tane PaizpuTmd Hayku-asaxy,
Hat KOTOPOM MEI HC DACTIONAracM HUWKAKHMH JPYTHMH UOHNTHAMWA, XPOME TEX, UT0
K TOMY roQy GRUIM HAKOINCHN ¥, ¥ HE BOJHHAKACT COMHEHHH KiX B IIPaBOMEPHOCTH
HCNONBL3OBAHMA AX, TAK H B MX JOCTATOTHOCTH JTH OIMCAHMA SKCHCPHMCHTA. Taxmm
ofipatoM, nNpobiieM c oMEcaHyen He BOIAMKACT (IIPOCTO MOTOMY, Y10, KAK HAM KaxeT-
¢S, HENBL3A NPOIIORMTS HHKAKOTO JPYIOT0 OHACAHWA). YBEL, UPOGIeMBl BOIHMKAIT
¢ ofmacrenwes. IlpeacTarienne ¢ pawxymeiics B gycmom NPOCTPIHCTBE monewsok
YACTHIIC HECOBMECTMMO ¢ BONHOOGPAIHEIM NEPCMEIICHUCM HH CAMON JaCTHIIRL, M 9e-
ro 6m 1o Ha 6hUI0 BOXPYT Heo. Korza M mMeeM JeI0 ¢ OPOTHXCHHEM O0LEKTOM,
er0 IPOCTPAHCTBCHHO OTHANCHHEIS MACTH MOIYT UDOHTH 6 00NO § My Me MINOSEHRe
Yepe3 MHOXSCTRO HPOCTPAHCTBEHRO PRSIEIIEHARIX OTBEPCTHH B 3KpaHe. ToueuHay xXe
GACTHHA, II0 OIPEACHACHUIO, RE MOXCT INPOHTH @ 0dne & Mo we MZROGeNNe Icpe)
MHOXCCTBO HPOCTPAHCTBCHHO PAICHCHHL OTBepcTHE,. BOT TENEPh-TO M BOIHMKACT
auneMma. JIH6o MBI OIpABMUMBAGMCA TONBEC OIMCAHHEM YBRNCHHOIO (WIS 3TOTO
BIIQJHE JOCTATOYHO YX¢ MMCIOMMXCA TOHSTHN), NHGO Mbi HPA3HACM, YTO NOROGHOE
OIIMCaHNe He ABNACTCH ANCKBaTHHM TOMY, 9T0 MPORCXOAMT HA CAMOM JCIC.

Ecxm, contocTasdb YRANCHHOE HA 3KDAHC C IMONEYNOCABG TPONETAORMY Yepes
orBepcTH obbeKToB, QHINK KOHCTATHPYET, YIO OONCAHUE IKCHNEPAMEHTA & PAMKIX
UCROALIOEARHBIX NOHAMUE HS SBIASTCH ANCKBATHHIM PEANRHOCTH, ¥ HETO OCTactcy
CMHCTRCHHMIL BLIXOA M3 TONOXEHHS - MONKTATECH CKOHCTPYHPOBATh ROGOE —
canocmosmessnoe (MHAYE 10BOps, — Reonpedessenmoe™) nongrue”.

lpnmanne neadexsamnocmy oRucaun 8 KeolUX0dNMOCHRE 8 NOGOM BONSINER RO-
300ARENS KEOCANTOCR RO sazmMoacRocms ofisscrenun. Benn oORACHATS MpHMaETCs YXE TO,
90 Oyner onMcaNo He Tak, KaKk paHBIIC. A BOT OTKA3 NPHIHATH HEANCKBATHOCTH
OIMHCAHNA Pe3VIETETOR JKCHEPUMCHTE B DAMXAX HCIOIH3OBAHHLIX ITOHATHE, a, 1eM
CEMEIM, H OTKA3 B HCOOXOAMMOCTH CKOHCTPYHMPOBAT: HOBOE HOHATHE BACHeT 38 coboli
cofma3H AM60 BNOWICACYBHA aMdams onuCONEEe 30 obascrenge, JIROC BOOCKCICTBHYH
sageums 0 RenyNcpocms (HCUCAeCOOOPA3HOCTH, HCBOIMOXHOCTE) ofsscrenun. Cyme-
CTBYCT TAKKE H BYIOIHC PEAIBHAA YyIpo3a, — JNPHEIHABAN HEOHXOMMOCTE OOLACHEHHS,
n2Th Henparmikhoe obbacrenize. [IppMepoM BenpasminHoN0 OOLACHCHHA SBISCTCH
YIBEPAHEHHE, YTO MONEYNSS MATOPHATRHAN JacTAUA OO0NaNAeT U TAKHM CROHCTROM,
KOTOpOe NpACynle }Mmlmanmnuy KOHTHHYYMY (ciorommofk cpeae), a wMeHso —
Rpomaxcersiormow ¥,

5) Minage roRopa, APYTHX MORATAN AKX HAC UPOCTO HE CYMICCTHYET

% Honobroe mongmme APAHORITHAIMEO HEAbAY OHPENCIET: © JIOMOIBIO VAP H3BECTHERIY
nopsTl. OmaeM 1 NPOCTCHHINAX NPHMEPOR HEOMPEICANCMOTO HA CETOIAA NOHATHA SRARCTCH
ACKTPESCCKHit sapsn.

?) Taxum noHSTEEM OKA3ANACK IHAMEHRTAA W-DYHEDHE COCTONANASE maosewnpl YRCTINTE,

DA neco » BHIY NPECAOBYTHR KOPIYCKYASDHO-BONHOBOH EyanuiM (rpaMOTHHM CAO-
BOCOYCTAHMCM CHEXOBANC OLI CIMTATE «TOMCHHO-KOMTHHYANBHEI AYANTH3IM»), HAITOMHHANOIIEN
YIBCDEXCHWE «0H mam He Oua, no Dbisy, KOTOPOE KOC-KTO, BOIMOXHO, HOCRTan O BlONHE
NPACMICMEN GEXACKMNNELN YTBCDXACHICM,

Xorenocy Ou OSpATHTL BHFMAHEE WMTATENA HA T0, 410 GOMBIIMHCTBO NpUBCREH-
ues XOPHYCKYARPHO-BOJHOBOIO NYVBIAMA ARML MuApovacmane (TDENIHIMTLNC HERLIMMO)
NPHITHCHBACT CTIOCOGHOCTL MPOXONMTS OMHOBPCMCHEO I¢Pe3 MAOXECTRO TIPOCTPAHCTRCHHO Pai-
BCACHHSI OTBepCTHii B neperoponke. Yenonexka (MpaMep MAKPOCOLEKTA) TdKoH CHOCOGHOCTHIO
RC HANCHEIOT, TAK YTO OH, K COXANCHVIO, JAXE B CAyYac Kpalinrell neolxoMMOCTH HE MOXET
HAXOMHTHCA OXHOBPCMCHHO B PASHBIX Meciax. Bnpodem, AOAXeR 34MCTHTR, 10 HEXOTOpDHIC
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3.

Ecny CHpOCHTD M2TD2 TeOpeTHICCKON QInKd, CMOXCT JIM OH OGhKCHHTE OCHOBR
KBAHTOBONH MEXaHHKH MIOOOTHATCIBHOMY HWIETAHTY C BRICIENM €CTECTBCHHEO-HAVIHEM
ofpa3oBaHueM, A AYMAIO, M3ITP CKOPEC BCEIO CHHCXOAMTENHHO yambHercy., K cowxa-
JIEHKIO, B XoIc OOLSCHEHMI CIYLIRIONETO He OCTARMICT OllymcHHe cobcTBeHHOMN
HCHOJHOTCHAOCTH, RO eMy HHKAK He YAACTCH NOCTHYEL «QucBHHOros, Yame Beero
MITPhI HAC NMPOCTO YCIIOKARBANT: IPHMEPHO TAK, XaK IT0 OHHANIN CACNA] BOXCTHHY
pesuKiil Bepaep ThitacHOepr, CXA33B, YTO «0embait Mt HAYNACMCR CAOBAN & BORAMURNM
He nomomy, umo Ram ux OGOACHUAU, 8 NOMOMY ¥MO MK UMY CIMARN NOALI0CAMBORY.
OpHAKO JIWYHO A XIONAFAKY, YTO KOAk CKOPO Leakio HAYKHM Aniaercd ormenexnye Hc-
THHHOTO oT JIOXHOTO, NOMMCHATE 3HAMNE yremeumdem He ropmres. Kyaa monesnmee
NPU3HATL, YTO MANOKCHME M BOCTIDHATHE OCHOB KBAHTOBON MEXaHMXM ¥ CEromud
3aTpyaHcHO. [ipuyuHa, Miie KaXercd, COCTONAT B NPOROIKCHEN MCIONLIOBAHNS Mex
RONSMuE, XKOTOPHMY TIOAL3OBAIMCL CHIC OPpH NepBhX DONHTEGX ONMACAHRMA HOBLIX
SRMeHWH NPHPOJH H IKCIEPHMEHTOR, HO xomopwse (HOBITUA) ge SWAR CORMECHIR-
Mut dpyz ¢ dpyzom. Bor B 3roil CHTVALMM H IPOM3OMIEN TIEPEHBOPOT B METOREXE
OfBACHEHHA ANICHUH NPUPOAH] M PEIYALTATOB JRCIOCDUMEHTOB (3, TEM CaMBIM,
M B METOHKC NPEHOIABAHAA HEKOTOPLIX paxieiiop GMIMKN): B HPABICKAEMEIX I HX
OIMCAHHST MATEMATHYECKHX COOTHOIMEHMAX CTANH HCIIONE30BATD YaCi0 MUNENINNSe -
CkHe TIOHATAA, B COBMCCTAMOCTH KOTOPHX COMHEBATHCH, KOHETHO, He ITPHXOMAINCS,
HO KOTOpbI€, YBH, HC yEABANOCH HHTICPINPCTHPORAT: (NMINYCCKE COJEPNCEMEILHMM
obpazom?). Tlo3ToMy BOMHAXKIO M, B KOMIE KOHIOB, CTAIO IOITH OGIEHpHEITHIM
MHEHHE 0 HeOOA3ATEMLHOCTH ONEPHPORATh B HOBHIX TCOPHMAX (HIMICCKMME MIOHATHA-
MY ROGCIOOY M [IAXE O MeoBXOORMOCIE TCPEXOITh K COBCPIICHAD afCTPATHDORAHHEIM
OT (pH3IMYECKOR PEeaATBHOCTH — YHCTO MATEMaTHYCCKAM INOHATHAM B KOHCTPYKIIMAM.
M xoTa HeOOXOmMAMOCTE B 3thDEeKTABHOCTY IPUMEHERNS MATCMATHAKH B GUINKE HAKO~
I3 He BLI3MBANA COMHCHWS, CHHIPOM <nenocmuwcamol d3dhdextupHocTds ¥ poanpk
JMIUb TOLAR, KOXTA caMA (PUINKM, CTANH COINAMEANRO OTKASHIBATLCE OT QHIMICCKON
HHTCPTIPCTAIIMHY HEKOTOPDHIX MATEMATHICCKHMX COOTHOINCHHMH. A, wrobW onpasxaTh
nono6urns obpas achcremit (UpUMEHMTEILHO K KRAWTOBON MEXAHMECE), GwUTe TPEN-
JOXCHO CYHTATH RPENRURUGALIO RESOIMONCAMM COXPDAHWTE B XBAHTOBOM MEXAHHKS
KNacCHIeCKyio HarATHOCTh. ECTECTREHHMM CACHCTBHEM YNOMaHyTOro obpasa nei-
CTBMl (¥ MLICNeH) SBMAACE YBCPCHHOCTH B GE3HAKA3AHHOM OORACHCHAM JBICHAN
npupons!, Hampumep, cpoiicrBamu AMpepeHndamroro ypasnenus!). 3arem mua
OOBACHEHHA CTAIM IPURICKATh VEE W YHCTO PUIHICCKHE IKIOTHISCREC TEOHSTTHS.

3 YNOMAHYTHX NPABCPRCHIEE H MAKPOOOBEKT HAXLASIOT YARBHTCHBHEIMA CROHCTPAMM, JIHOb
/IR OTOBOPKY, TTO NPOJBRCHREE HOROOGHONO CRONCTRA NPORCXOAWT SPeIFBNUMANO PLIKO.

Boobiie-10 1 Haacocs Ba COrNAacHe THTATCHA DPHIHATD, Y10 TaM, TI¢ HET AOrMKM, DpH-
CYTCTBYOT (roBopd 8e3 OOMHAKOB) HAM TAYIOCTS, WM KOXE.

9 Kctams, mepBhiMiM MEpTRAMA METORONOTHIECKOTO MEPERODOTA TAAM OTHIONS HE TCODEeTH-
IBPYIOIHE AMIETAHTH (0T HMX HH3PKA NOCTPANAT, HE MOXeT), 4 TAKNC TMIAHTH MECIH, KaX
A. Dimameita u 3. Hlpexunrep, tak ® ne BOCHPHHSBINME HIICTO M3 TOTO, B 26M YOCKAAN HX
Hume Bop.

10 3101 CHEIPOM CBOIIITCA K CTOMKOMY YOCKHCREIO, UTO, ONCPHDYH TACTO MRTEMATHICCKAMA
ROHCTPYKUMAME, B KOTOpHC HE 3aKINARMBANOCH (DMIAYCCKONO CORCPRARMSE, MOXHO, TEM HE
MEHEE, WONYIATH COBCPINCHNO HOBRE (DHIMIECKHE M JAXKE TEXAMYCCERE DEIVILTATH.

I Bor mpumep. B pamkxax pesepopOBCEON MOAETH TOMA POROPORS EKTPOH CUNTANH
BPAIIAKONIEMCSH BOKDYT YIPOTORA, TO SCTh — MMICKYIMMCA ¢ yoxopenaeM. (JIHAKO YCRODERHOR
JBMECHHE ANEKTPOHA AOAXHO OPHBOXHT: ¢I'0, B KOHOC KOHIOB, K DalcAE0 B EPOTOoH. JTo
npoTHBOpeIMY PaxTy crabHNEHOCTH 4TOM2. B paMKaX TPaMiHOHHONG KBAHTOBO-MESAHHYECROTO
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K uneny ax crenyer OTHECTH «BAPTYAABHYIO T2CTHILY», TO eCTh TaKyI0, KOTODaH, XOTH
H IDHHMMACT YIACTHE BO BIaHMOASHCIBNE, HO Me cymrecTByeT 2.

B cBA3H C BRINCCKasAHHLM MBe XOTeNoch 6k ofparnT, pHAManHe Henpeaybe-
EACHHOO THTITENN Ha 70, KAX OHSRIT TAK0N EPYIDILIY criemanict, kKak M, Jxemmep
46K140 8 KONYENMYAALHOE PA3GUMUE KSAHMOSDH MEXOHUKYS, BHCCCHHEI DANHTHEMA
HCCAeOBaTeIsIME 19,

M. Jdxermep OROGPSET «HeOpMOGOKCINHBX Muicrumeneti, VOENOEHHbIX 8 KOHEYNOM
moxodecmee wacmuy ¥ egtny 'Y (MO-DIIHMOMY, CUMYAs ITHX MuiCARTeNed penTesamy
<ROPIYCKYIAPHO-BOJHOBOTO AyammiMar). OH TaXXE 3aMEYaeT, 9T0 HEOPTOXOKCAID-
HOCTH GBiNa NPONEMOHCTPHpOBaa BooGIIe-T0 3a10Mr0 10 IOTANEHNS CrexHgITIecyIX
KBaHTOAKX NApagoKcoB, — ee KOTHA NPENTATANOCHh 3aMEHHRTL TPABUTIINONHOS TS
NYCTHM, HO REXPREALHEIM IPOCTPAHCTBOM %), [ToH 9TOM «dsuncenue éetecman unmep-
NPEMUPOBAIOCH KGK RPORKIEHUL NIMEHENIWT KPUsUING npocmpavcmeas. Yidrepecio Bee
xe, 910 o3HAYseT 9710T HaGop cnop? HurepecHo rakxe, cornacwics 6u M. JxeMmep
C YYBOPAACHHEM, TT0 M3MCACHME KPABHIHE ITYCTOTO OPOCTPAHCTBA ©CTH, HA CAMOM
xene, He 9T0 MHOe, XAK HPOARNeHHE JBIDKECHMSA TOYCTHON JACTHIH?

Ha moit Bamda IuneranTa, Bee 003 MCKTOMEHHA KOMSITHA, KCHOIBIYEMEIC
Mg onncaMHA (PHIANSCKOf DeANLROCTH, MROGEHE OHTL OOS3ATENRHO OHpEACNCHR
hmumecin conepxaTeasHbpM 00pasoM. He Beeraa 370 yIaeTCH FErko W B JBYX CHOBAX,
HO ROoDHBATECA ITOTO COBEPUIEHHO HeolXOaMMO.

4,

Hepuon CTAHOBICHHS XBIHTOBOK MEXaHWKM Sakomukacd K Hagany 30-x rogos
XX croutetis. B 1o rpesa 66010 He Ko noruxn. Ha nepasill mian BIGIHE CCTECTBEHRAD

BHCTYIATY fepakue (RO BIIOCAEACTERM ONPARIEBABIIMECH) THIOTCIN, BOIHKOICITHEE

cnocofa OIMMCAHNA COCTONHMHA ICKTPOHA B NONE HPOTOHA CUNTALTCH HEMPHAWTHRM HETCDE-
COBATHCE XADAKTCPOM JBHXCHMA SNCKTPOHS. CrablnpHoCT: Xe 3TOMB OFSACHACTCH YIOHPDCTY
TCM, Y10 BE cofcpXamec speMcrn yparmenwe Lipermarepa (mws Jupaxa) mMeeT penrenwy.

12 Bor mpumep w3 xmarn M. Huxoxooma «Tsrorenue, scpume INpM n Beencmas (M.:
Mnp, 1983). Ha ¢.223 mamicano:. «...xecmuys (MepeHOcAnHe naaumonekcraae — @, B} nocam
KETBARUE ,,EUDIMYGALNB Y, MK KAK X neqvin #alA00ams HEROCHEOCIREENHD — HX CYIerneOsahiie
cruKon Kpamrospemernos. ax, ¢ 1Y CyuUIecTRYCT Bexall DPeNIbAe KOPOTERIE MPpOMEXYTOK
BpcMeHn, ornymeHRA [lpuponolt Jxs CYIHCCTROBAHAR YACTHIMI, TO IM SKCIEDAMEHTIHHAS
TCXHAKR HC gocrmza Heolxomimore nna gafmoncams yposms.. Ho, wa rolff xec ¢ 123
B CRAYE C MEPCHOCOM SACKYPOMAEHTHONO B3AMOMCHCTBAS HANMCAHO: <.,.CHAN... NEPEGQiom-
€R... C NOMOIGLIC ... SUDIMYERWINX RACRIL, HOCKORNKY MOABXO MAKUE HACMIUNL MOZYM CYIRECMB08IMb
docmamounn dan, wmobu obecrewusame exaumodelcmeue na bosviiix paccmosnuses. Ha caMon
Aene ACHOIEI0BAHNE DOBNTHS PRAPTYANhRON JACTHIN — me Golee, oM OveMs YROOHED npHeM
NpH ONACAHEA d3auMomchcTs®y oDbexTOB APYr C© Apyrom. Honanslopaane MESOWOR eI
B NICKTPOTEXHHEE ~— TOXE OYcHd YROSHLH mpHEM.

""}m M. Spomounx nougrail kpanTopolt Mexauuxu. M.: Hayxa, 1985, Maxc Jixen-
Mep —- apTOp MHOXECTSS Moporpadui, rocasmeHex 00pajOBINMI0 H PAABHTHIG (hHINIECKHY
NoHsTHR. |

'Y B nepesone Ha DOMATHRM S3NK TOXACCTRO ACTHI W BONH OIHAYAET, TTQ MOVEWMAN
acTUR, [FO KpeHHCH Mepe, HHOMNA NEASCTCH NPOMmAcenssty (B IaXe GeCKOHCYHO HPOTIREH-
HEM) OGBCKTOM, & TOT, B CROI OMCPEAL, HHOMIA ARANETCH TOYCUHEM, H JONYEKAI0, ITO KTO-10
MOXCT OHTH HCOPTONOKCANLHEIM HACTOJILEKD, UTO SCNPENHE YRCPCH B TOM, W10 YTBEPXNICHWA
eye Dby H «Duis» HROTAA OFHRGAIT ONHO W 10 Xe.

) Mae noHNYHO, 0 OIMHURET BCKDHBNCHROCTS MATepHRIRHOIO 00bokTe (Hampamep,
TIOBCPXROCTH CTOXNA), HO, GYAyIH ODTONOKCANBHAIM, S HE MOTY MOHATH, Y10 OIHAYACE HCKPH-
BACRHAOCTE DYCTOTHL.
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METOMHSECKHE MPHEME!, MIOIMpPEeHuRE (10 XpaiiHell Mepe, MO TCM BPEMEHAM) Ma-
remMaTAYeCKH# anmapar. Bnaropaps yc coTeH (PHUSHKOR ¥ MATEMATMKOB Obisia
paszpaboTrana camad neHcTeeHHAas (u3udeckas teopEs XX BeKa — KBaHTOBasl TeO-
pusi MatepHH. Ho Bce 3T0 FabHO nosaxd. K coXaneHM0, KAK 3TO Hepeoxko GHBalo
B HCTOPHH HAYKH, MMEHHO JOI'MICCKAS CTPYKTYPA TEOpWd, €€ OCHOBH CIHITKOM
BRICTPO TICPECTATH HHTEPECOBATE MNUTAHTOR MLICTM, CTOABNIMAX ¥ ¢ HCTOKOB. YHOeH-
Hule ONeCTAIMIHMHY PE3VIFTATAMY TIPRIOXCHUIX TCODHM H 3aHITHIC MPONBIEKCHHEM €¢
TIDKHIIHTIOB B HOBHE, TOpajxio Oonee CROXHNE M DOMAHTHYHNE pasaenbl (uaukH,
HMEHHO HMO3TOMY I'HTAaHTH C ROCARON OTBEPTAAM NPETEHIME BCEX TeX, KT0, KaK HM
KA3aJ0Ch, He ITOHMMAN KBaHTOBYI0 MEXaHwKy Mefo H3-33a KOHCEDRATH3MA, smbo” —
qami¢ BCero ~ H3-3d choelt Ioxo#t MareMaTHIY¢CcKoit mMoOAroToBKH.

YTo Kacaercd KDHCEPRATAIMA, TO DONODHWY ynpex CTABMIM B BWHY JOAID:
kopugrea™. TIpocThIX CMEPTHHIX OOBMHSANE B IVIOXOM 3HAAME MATCMATHKE. YBHI,
He B MaTeMaTuxe Aei0. CoppeMen il yIeGHIK KBARFOBOH MEXAHUKHE B eme Gornimeit
CTeNCHH, T¢M HPeXHEU OpeacTamRIger cobO MINOXEHES METONOR paciera (dHep-
FETHICCKAX CIEKTPOB, CCYCHHMR paccesiMd W T.1L) W B emme Meusmell cremenu
COAepXAT OORRCHEHA, oYMy IIPOHCXONHT TakK, a He nHade. Ho cyrd nena weraremo
ApeMaralor. nemait, xkax Tefie rOBORPAT, H He oIpanmMeail, 3adeM; TOrNa Bce Oyaer
XOpOIIo,

Jaxayrasax [IpeamcnoBae, xoqy 3aBepATs YMTATENS B TOM, UTO HE IIOCATAIO0
B 3TOl KHMIC¢ HM HAa ONHO H3 OOITCOPMIHAHELX COOTHOUICHHH MEXNy H3BECT-
HLIMH (QH3udeckumy BexmauHAMM. Ilpurepxumasichs TPaAHUMOHHERIX IIPeNCTARTEHHN
O JIOTHIHOCTH, 8 [FONAFAK) HEOOXOIMMEM JHIIL HHAYE ACTONKOBATH HEKOTOPHE PyH-
IAMEHTAILHRE COOTHOMICHUS (BHpaxXeHws, (GopMyIH), ¢ NOMOIIEI KOTOPHX B py-
KOBQJ/ICTBAX 10 KBAHTOROH MCXAaHHKE NMPEHATO ONMCHIBATL COCTOSHEE MRTCPHATLHOW
TogedHOR JacTiihl. OUHAKO RCKYWEHNWE JUTATCNL MOXET OHTR CIIOKOCH: HBESKHE
NEePeROPOTH B HAYKE €I'0 HE NONCTEPSralT. 1eM HE MeHee, KOe-9r0 COBepIIeHHO
HOBOE ¥ HOCTAaTOYHO JIOOOMKTHOS B XHMIE COICPXRTCA.

C ysaxcenuem, asmop.



rasa 1

~ Cmpyxkmypa
NpoCMpaHCmMBeHHO-BpPeMeHHO020

KOHMUHYYyMQ

§1.1. KAk noHUMams Hycmomy npocmpascmsa

Het cMuicna naxe nITaTHCA HaTh OIpEIeeHle NOHATHIO MPOCTPanCTEa.
Ere Aprcrorens ykasusan Ha TO, ¥T0 HCXOXHKMY ATHHEMK 000l CHCTeMH
JOYHIECKH CONIEPXRATCNLHEIX PACCYXHCHHN ARDLOTCT REOIPeIeIIeMie IO~
THS. TakuMm o0paszoM, JIHIME OZHO 'TpeByercsa BRACHHTH: MOXET NH TOHATHE
NYCTOIO NpoCTpapcTBa Guirh coxepxarensunm dusmecku V. TIpr srom Gyner
CUHTATLCH, YTO KAXKIKH wMTarelbh YTOH KHHIH NPEKPAcHO OMYIAET TaKXS
H BpeM, JAXE CCITH HE YMEST BHPA3HTH CBOH OMYINIECHEA CAOBAMHE.

Haany ¢ 3amMeuaHis, Y10 IpeIACTaBATh cefe OTCYTCTBHE «BOODHIE BCErO»
' HEBOMOXHO. -

JIerXo npeacraseTs cebe HOANOE OTCYTCTBHE MATEPHH, HO... ML BHE
WM BHYTPH BUIOQIHE MaTepHATLHOTC cocyaa. MoxHO nipencrapsaTh cebe orcyr-
CTBHE JIMINE XOE-9Er0 H TOMBKO JIOTOMY, I10 PSIOM NPHCYTCTBYET Koe-410 2,

A nonpobyiite BooOpasuTs ce6s HabmonaTeleM, CRaThIM A0 GecKoHeY-
HO MUTHIX Pa3MepoB (JIUIICeHHKM BOSMOXHOCTH OLIYINATH CBOE TENO), Hepel
I7asaMu XoToporo Her afCOoTHO HIGEro. ECmM OM CTONR HEECTECTBEHHO
YCTPOCHHEIE HaOmomaTems HAXOMUACH B pedssiol oOCTAHOBXE, OH 3ampo-
cTO pazMdan Opr o0BexTH!, PACIONOXCHHEIE B TEJICCHOM YIIe 47 cTepayBaH
(OH Bemh CRAT 10 pa3MepOB TOUKM) M Ha mobom paccrogrm. Ho, ecmm
Nepen IHasaMH BETHO HRICIO HET, TO He BOIHMKAIT CAMM ITOHSTHA <«Telec-
HEd: YTON», ¢pacCTOsHMe OT... XO...» (MM HeIb3d TPHIATH JAXE JOTHIECKYIO
COBEPXATEHLHOCTE).

TeM HEe MeHee, YENOBEYECKHMM pa3yM OKazancs CHoCoOHHM HACTONBEKO
abCTPArUPOBATECA OT PEANBHOCTH, YTO HAYYWICH COINABATD ¥HCMID MAMEME-
museckre KOHCTpYKIMH., OTHOHR B3 HHX ¥ ARIISTCS TPEXMEPHE MaTeMaTh-

!) Dusenecxarx conepERTEILHOCTE TOHSTHS XSPAXTCPRCTERH 00HEKTa [IPEYCMATPHBALT CBOPX
JOTHICCROH COACPEFTETEHOCTH OBHIATENBHOS NPATAHAS XapaKTepHCTIRE KONHIECTREMHOro (a,
IHATAT, AIMEDHMOID) 3BaYCHUN,

A Do — OQHO ¥I OPOSRICHAR TAK HAMWBACMOTO APAHNNNG JOROCINEAWIOCTIE, O KOTODOM
pedE, BIICDENH.,
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' PAVTHIHMOCTH TOUEK MOXHO MX — XOTH O

yeckuif KOHTHHYYM — CHHOHHM (PHINIECKH NyCTOrO mpocTpaHcTsa. ONHako
Ipexe, 9eM IIEPEXOUTE K €10 ONACAHRI0, Ueaecoodpaino obpaTHTECH K IBYM
IIPOCTEHINMM TIOHATHAM: TOYKE M MHOXeCTBY Tovek. Ecmu orofpasurs o-
CHERHME ¢ TIOMOMBIO PACYHKA (pHC. 1.1), T0, 0ICBHAHO, 910 MHME Graronaps

o3 ‘

B OPAHIHIE — [OEPECINTATh M, TEM CAMBIM, - s, 7. P
YCTAHOBMTE, OTIHYNEC HMCHHO SMEONCECHOD I »

OT UMEHHO oodnol TOYKH. CKA3aHHOE IIpecic- i o & I
AyeT Ners obpaTHTL BEMMAHHE HA TOT (paxT, :

10 MHOXECTBO BOIHHK3IST BMECTE C pa3- ‘&

IMIMMOCTHIO €0 WIEMEHTOB, XAXOBag pe-

AMA3YETCH C TIOMOMbI CHCTeMH (cmocoGa Lo 1-1- MMU " Wl: ghing

¥ 1. 1) orcaera. [TosroMy colepEATELHEIM Griopaewmoe. npu o
nsaHu. TIOCKDALKY PacCTORHIE

OWGTCHMMBBOHI;;JC, B 9CM COCTOMT  mawxay vowass moxer Gums we-

IIPHIRAK PATTHINMOCTH V. Y3AIOLLE MANBIM, MHOXECTRO TO-

C Y9cTOM CKA3aHHOIO TPEXMEPHEHA Y6k MOXeT DEcronaraTsCA Aaxe
TPOCTPAHCTBEHHAIY KORTHHYYM MOXeT GLiTs B CKONb YTOAHO Manom ofvame
BEEICH TOLKO BMECTE C CHCTeMOR Xoopma-  NPOCTPAHCTBA.

Hat {XY Z}, TaK 4T0 BCe TOUKY KOHTHHYYM3
ABTOMATHICCKA CYHTAKTCA PANIHIHEIMI B TOM CMBICHS, YTO OTIHYAITCH ADYT
OT ZpyIda 3HaY¢HUCM H HANMPAKWICHUEM paguyc-pexropa f.

BrioiHe ROMYCTMMO YCNOBHTBCA HAIHBATH «TOTKOM» (B Kashvxax) Ky
€O CTOPOHOH WNCYE32I0IE MANnoH IPOTERCHHOCTH -— 3IACMCHTAPHYIO IPO-
CTPaRCTBEHAYIO SYCHKY, pagAyc-BEXTOP HEHTpa KOTOpol (T0 ecTh HacToAmeH
TOYKH) TPGAMIHOHHO 0503HAYAIOT CHMBONOM F. BECKOHETHO MPOTAKCHELR
BO BCCX TpeX MIMCPCHHSAX MPOCTPAHCTBCHHHY KOHTHHYYM IIpERCTABISCTICHA
COCTARJICHHRIM W3 ITIOTHO NPHIETAIOMUX IPYT K APYTY EMEHTADHBIX SICCK.

Hpemmaraercs HashiBaTh NPOCTPAHRCTEO gasmveckn nycrnM (nagee, 1
KPaTKOCTH, ~ MPOCTO NYCTHIM), €CHH DAMyC-BEKTOP €CTh eMMHCTBEHHLIN
TIPH3HAK OTIAYAA OHOK TOIKR OT Apyrofi Y.

JanoAHEM Teneph MYCTOE MPOCTPAHTTEO MATEPHATLHON cpeiol - TAKIM
CHJIOBHIM CTATHYCCKMM MOJieM, YTOOBH NOCHe 3TOI0 KAXNAA TOUKA IPOCTPAH-
CTBR OTIHYANIACH OT APYTUX HE TONBKO PAXHYC-BEXTOPOM F, HO €IIe OMHEM —
dusnvecxum IPU3HAKOM: Hanpakennoctsio nons E. IMycrs, nanpamep,

E=EF = %'F,
r
11
. " 1
3}Bonpoc, «C ROKOU U3 MONEK CcORMECIHIMD HAYOA0 OMCYeMma?s DHUCH CAMOCTORTCLHON
CONCPEATEABHOCTH, W00, €CHM - «¢ Kaxoikr, SHaTWT, TOUKH FMe TCPEHYMEDOBAHN, 3HAYHT,
OfNE H? TOYCK yIE CHYXHT HATAIOM OTCHETA,
9 Ten canmm NONFEPKEBAOTCH, YTO PAIMYC-PEXTOpP 7 €CTH XADAKTCDHCTNER UHCTO MATC-
MATHNECKaR. D10 eCTECIHCHNO, NOCKONEKY M PAcCMurpUBACMNE OORexY (KOHTHHYYM) SRINCTCH

TPOAYKTOM HHTeUIEXTYAIRMON NeqTebHOCTH, A He uposmnesmes [Ipapoast, cymecTRymimeH
He3ABMCHMO 0T cnocobrocrelt Humemexra,
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re: fj —  XAPAKTEPHCTUKA-KOHCTAMTA OOBEKTA-TOME Y  — pagiUyc-BeK-
TOP TOYKW NPOCTPIHCTEA, IIPOBEACHHON B HEe M3 APYIoi TOUKM, NPHHATOH
B Ka4ecTBe HaTaia KOOpIHMHAT.

W3 puna 3asmeumocty E or 7 clenyeT, 9TO HET JaXe ABYX TOYEK Ipo-
CTPaHCTBA, B KOTOPHX HANPSKEHHOCTD HOJ 6BLIa G OTMHAKOBOH (¥ 11O Be)H-
qUHe, H M0 HAMPaBIeHWI0). EcTecTBeHHO, 9T0 Praunecku (3 He TONLKO TeoMe-

TPYYECKH) PAVTUYHHIME MOTYT GRITH TOYKY JIHIIE HEAYCMO20 TTPOCTPaHCTEA ®)
JTOT BRIBOA MOXKHO BOCITPHHHUMATE 110-PASHOMY. MOXHO CYUTATH, YTO PA3IH-
YUMOCTb TOYEK NPOCTPAHCTBA BO3SHHMKAA B PE3VIIBTATE TOTO, YTO PaHEE 1TYCTOE
IPOCTPAHCTBO OKA3AIOCh 3AITOIHEHHAIM HEKOEH CpENoi; HO MOXHO TIONpPO-
CTY omoxcdecmeums IPOCTPaAHCTBO CO CPeloi, Ha3BaHHON MOJEM, M 2THM
OOBACHUTE BOZHUKHOBEHME PAsAWIUMOCTH. Cyrb, KOHEUHO, ONHAa M Ta Xe.
' be3yciioBHO, DEYb WIET O MamEpuasbnold cpeae, yIMBATENBHON (pa3Be 9To
Ha NEePBRA BITIAN) JANUG TEM, YT0 B Hee MOXKHO GeCHpeIIfTCTREHHO BIOXKKHTD
M TOYEUHBIE YaCTHIIM, W KOJUTEKTHMRE TAXUX QACTHIl, U APYIUe OeCKOHEe HO
NPOTAREHHRE CIUIOTIHEIC MaTepHATLHEE CPENEL (TOXE 110,

PaccMOTPHM eI¢ OOHH IIPpHUMeEp — TIPOCTPAHCTBA, 33aMOAHEHHOTO TaKoi
CILTOMIHON MaTePHANLHOH cpeyiolf, 9TO KaXuoi ee TOUKe (ABTOMATHYECKH —
KaxIo# TOYKE MPOCTPAHCTRA) COOTBETCTBYCT OIHO M TO X€ 3HageHyie Hekoek
Be/duHE (0603HaWM ee CUMBOJNOM p), MpH3BaHHOl YIOCTOBEPUTE JIHIUD
HEIIYCTOTY HpocTpacTea. OAHAKO ec/iM p He 3aBHCHT OT 7, BCE TOYKM paHee
ITYCTOrQ MPOCTPAHCTBA M IIOCIE 3aIONHEHWS ero 1HoxodHol cpenoit ocTaroT-
cq (PHIMUECKN SKBMBATCHTHBIMK (MICHTHMHBIMK). TeM He MeHee, OHO VKe
He SIBIACTCS IIYCTHIM 8 OYKBATLHOM CMEICJIE CIIOBa — YHCTO MaTreMarW4ecKOM
KOHCTPYKIMEH, — ¥ ero 6msmo Onl XOopomo Haszearh <«sgupom». K coxa-
ACHHUIO, 3TOT TEPMUH JAMCKPEAUTUPOBAH, A NOTOMY B HaAeXJe IIOIHICK4TH
CO BpeMEHEM a/JCKBATHOC HA3BAHME JOTOBOPUMCA WMEHOBATEH NIPOCTPAHCTRO,
33TIONHEHHOE Mamepuarsnod cpeiod, «IycTiM» (B KaBHYKAX), €CIH BCE €ro0
TOYKH {OTIHYAOIHECs TONBKO [0 NEOMETPUUECKOM XAPAKTEPUCTIKE — BeJiM-
JUHE T) ANCHTHIHH Pususecks (HEOTHIMMEL IpYyr OT APYIa 10 GU3UIECKIIM
xapakrepucTukam), Haskmas IpOCTPAHCTEO «HYCTHM» /), aBaiiTe 10K MMETH
B BUIy NTHMIOb TO, 9TO B HETY OGECHPENSITCTBCHHO MOXHO BIOXUTE NIOOhE
MaTepranbHele OOBEKThI.

PaccMOTpUM HAPHIY C «OYCTHIM» HPOCTPAHCTBOM TOYEdHYI0 YaCTHILY.
YT100hI OWIMYUTH €€ OT TOYKH NPOCTPAHCTBEHHOIO KOHTHHYYMA, IIpUITHIeM
JaCTHIE XAPAKTEPUCTHKY, KOTOPOK He 00NafgaeT TOYKA NPOCTPAHCTBA M KO-

5 XapakTeprcTHKA-KOHCTAHTA NPH3BaHA 0TO0pasHTh CecOeTOXICCTBEHHOCTH OGBCKTa {p nan-
HOM CIyJag IOJM}, TO €CTh — €I0 XaYeCTSCHHOe OTIMUHE OT BCCX TIPOWMN OGBEKTOB, 1o
HECHCHE3aEMOCTE ¥ HCIPEBPANIGCMOCTD B HEYTO IDYTOE B MPOLECCE BIAMMONEHCTDAL ¢ OpPYTUMU
o0bekTaMm.

6) [ToggepxHy, 9710 PaVHMMMOCTE HHBWIECKAN — 3T0 U ©CTh MCHIMANAR DAITIEIMMOCTE —
Td, KOTOpad MMECT MECTO B ACHCTBUTENFHOCTH, a4 HE TA, T00 CO3MAHA HAMAM U3GUIPCAHBIM
BoOOpaXedHEM.

") Brionse BOIMOKHO, 10 Hd HEKOTODHIX YMTATENCH TCPMWH efuinwecxkuii saxyyms Tpond-
Befler GONbIUCe BMICUAT/ICANE, YeM TEPMMH emycmoeer (B KaBhMKax) MPOCTPAHCTEO.
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TOpasi BhIpaxacT ce0eTOXIECTREHHOCTE YacTHIEL. IlyeTs 210 GyIeT Macca m.
Torna B TOH TOYKE TPOCTPAHCTBA, B KOTOPOH MPUCYICTBYET dacTulla, Tior-
HOCTHL Macchl paBHa p = lim = = o0 (3meck ¥ — 0OBEM MPOCTPAHCIHA,

v—0
CONEpXKAMA TOUKY, B KOTOPOIl TPHCYTCTBYyeT dacTuila). Ec/M nmpumucars
Kax g0 TouKe IMPOCTPAaHCTBa OAMHAKOBOES, OTPAHMUYCHHOE CBepXy (HO OTIHY-
HOE OT HY)BI) 3HAYCHUE THIOTHOCTH MACCH Q, TO MMEHHO 3THM 3HaUEHHEM
M TOJIBKO ITUM OYIET KaNecmeenno OTIIMIATECH TOUKA «EyCTOT0» IEPOCTPaHCTBa
OT TOUEUYHON JACTHULIBI.

WUrtak, BBeieHO ABa DH3MIECKH CONeKATEIEHAIX TOHITHI. MaTePHAILHAS
TOYEYHASA 9acTHEa M KAYECTBEHHO OTAMUYHBI OT Hee «mycroif» OeCKOHEe HOo
APOTSDKCHHBIN TPEXMEPHLI KOMTHRYYM («mycToe» npoctpatcrso) ¥, Ho, no-
CKOJIBKY «IyCTOE» NPOCTPAHCTBO ABNSACTCH OTHIOAL HE MATEMATHIECKOH KOH-
cTpyxipieil (OHO CYMTAETCA CPELOM MATEPUANLHOM), BOSHUKAIOT NPOGIeMEL.

1. CoBepHIEHHO OYEBHMIHO, YTO, TOMBKO BBEAS IBA B3AUMMHO IPOTHBO-
[TOJIOKHBIX IIOHATHH «NYCTOr0» M JIYCTOIO ITPOCTPAHCTB, MOXHO NPHEATH UM
ODOHM JIOTHYECKYK) CONEPXKAaTe/IbHOCTL. Ho DA 3TOro HeoOXoAWMO Npeno-
XKUTH XOTsA ORl OOHH TIPU3HAK OTIMYMA MX HPYT OT Apyra. Ilo-BHIuMOMY,
BITONHE PA3YyMHBIM KaXeTCH NPEeITOIOXCHHE, IT0 TONLKO «HYCTOe» IIPOCTPAH -
CTBO (TO €CTh Mamepuastnas cpefa) MOXKET B3IAMMOIeHCTBOBATE J2KE C CAMBIM
SNEMEHTADHEIM MamepuanssibiM OOBEKTOM — TOYETHOU wacTauei”). Oguaxo
COBMECTHUMO JIH 3TC MPESATIONORKEHMTE C IPEJNCTABIICHUEM 0O ¢80008106 TOICIHON
qacTALe?

Yactully NpUHLETO HA3bIBAaTh CBOGONHOM — HH ¢ 4eM He B3auMoaek-
CTBYIOIUEHA, — €CAM OHA TpeOHBACT B MPOCTPAHCTRE, ITYCTOM B OYVKBANKHOM
CMEICIE CHOBA (B IIyCTOTE HET HUYETO, C WM MOr GBI BIAWMOAEMCTROBATH
¢IUHCTBEHHBI! HaXONAINUICH B Hell MATEPHANBHBY OOBEKT — YacTHIR).
B sroM cioyvae MOXHO BBECTH HMHEPHHATBHYIO CHCTEMY OTCYETa, OTHOCH-
TENBHO KOTOPOM YacTULIA BRITASIMT JTHOO0 BEYHO JBROKYIeHcs TpsMonrsHeine
¥ PAaBHOMEPHO, TG0 Beao nokostmelicst 19 Ho a uem moeda dosxcro cocmoams
G3aUMOOeUCMelle, KOMOpoe HEnpepLisro UCnLImbigaem wacmuyd, npebbleaiomas
He @ nycmoM, G UMEHHO 6«IYCTOMY RPOCMPAHCMGE, eCall, RHeCMOMPR Ha MO 630k -
Modeiicmaue, ona 6OOCHOBAHHO MOXNCEn cuumamuses ceobodnoii ? 'V Xerama, mvms
HPU TAKOM YCIIOBUM DIMTET «mycroes (ITyCTh B KABBHMYKAX) NPUMEHHTCIBHO
K MaTepyanu3OBAHHOMY IIPOCTPAHCTRY ARMSCTCE ONPABIAHHBIM.

———

8 Yroer coznars MPOCTPAHCTRO, OTVIHIAIOIIEECH 0T MYCTOTO, AOCTATOTHO IPITRCATE KAXKOH
TOIKS TYCTOIO MPOCTPAHCTRA 3HAYCHHE KaKoH-1mbo Gmamieckolt xapaxrepucraxu. Ho atoro
HEAOCTATOYHO I TOro, 4TolOm cy¥Tark OOPasoBaHHOE MPOCTPAMCTRO WMCHEO HHZHUSCKIM
— MarepHanbHuM obnexToM, ax 31om0 Tpebyerca HpMIMCATE ¥XE HCOYCTOMY OPOCTDAHCTBY
CHOCO0HOCTD BIAHMORCHCTROBATE C APYTHMY MATEpPHANLHNMY ODHLEKTAMH,

g IMpmroxkersy 1 GyseT DOXKA3aHO, WTO «MYCTOE» WUPOCTPAHCTEO FeHCTBATEALHO BIAMMO-
HEeHCTBYET B Mpaduylonnp OHEMECMOM CMEICHS QIOBA, HAMPEMED, € MEKTPOHOM.

10} Mist 0Ga3aME cHeTaTh 3TCT BHBON, ¢CNM MPH3HACM 93CTHYI) TEOPHE) OTHOCHTONLHOCTH.

') Momyepxuy, 9T0 0GOCHOBARMEM CIyKWT HAINA YECPEHHOCTS B TOM, Y10 WMEHNO aryeroes
UPOCTPAHCTEO W eCTh TR QOCMANOGKA, 6 KOMOpod wacmuua su2inbum Aule eewng ORuNCyweiicn
RDAMONUHEURD U PASHOMEPHO, Aubo gevHO noKuswelick.
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WTag, NpoCTPaHCTBO CIKTAETCH JO TAKOR CTENEHM «IyCTRIM», YTO IIpe-
GuBaioInad B HEM YacTHIA TYBCTBYET cebs copepmeHHo cpoGontofl, Ho, TeM
He MeHee, ¢ HHM B3adMoNeHcTByeT. SICHO, 9T0 BMEET MeCTO JIOTHYECKOe
NPOTHRADETHE.

2. MoXHO, OfHARO BHARNCHHYIO TOIBKC IO MpoGieMy IIpeACTABMTDb
HHAYS — KAK ApobjieMy COBMECTHMOCTR MPECACTAWICHHE 0 DECKOHETHO NPO-
TIKCHHOM <HYCTOM» NPOCTPRHCTRE C 670 CHOCODHOCTEE) K BIAUMONEHCTRER).

HAeso B TOM, 10 THOHATHH PANIACAMOCTH-HEPASIAYMMOCTH, SKBHBANCHT-
HOCTH~HEIKBHBANEHTHOCTH TOYEK NPOCTPAHCTREHHOIO KOHTHHYYMA CBEIaHEI
¢ HeoDxOIAMOCTRID NPHIMCATL KAXNOH TOYKE KAKYIO-TO XapPaKTCPHCTHKY.
Tombko DOCHEE ITOI0 MOXHO NOBOPHATL, YTO TOUKH, HapAMEp, OTIHIAIOTCH
JIPYT OT IPYIA — JHAYCHUCM 370H XapaKkTepucTuky.

Bece TOUKM MCTHHHO NYCTOIO NPOCTPAHCTBA, PASyMeeTcs; 3KBMBRICHT-
rr pusuaeckn 12, Umenno 310 ofcrosrenscmso orobpaXacT HecoCoBHOCTS
MCTHHHO MYCTOFO MPOCTPAHCTAA K B3aMMONEHCTRMIO, (AHAKO BCe TOUKH «iy-
CTOTO» IIPOCTPAHCTRA TARXe (PHIHICCKY IXBHBANCHTHEL B Nem mozda cocmoum
ING IKEUSAIEHMNOCMS, ECAU, HECMOMPS KA HEE, MOYESHAN JACMuYyd, 8 Kaxol Gu
moyxe <IYCTOTOy NPOCTIPAREMSEA ONG HU HAXOOUAGCH, ¢ BUM a30umodelicmeyem ?

3. Enie oana npofrieMa COCTOHT B BRISCHEHMH, 9eM BHI3BAHA CaMa He-~
QBXOIMMOCTS CIRTATE IPOCTPAHCTBO «UYCTHM» — JIYCTHIM JINIE B KABRIYKAX.
Fiunssu CAOBAMU, WINO BWHYICOGEIM OMONCOecmBUmMs BPOCMPANCMECKHGI KOH-
IMUNYYM CO CRAOUHOL MAMEPULRbHOE CPedoli, nocae ¥e20 npelusaioumar & npo-
cmpancmee (208 ace ee?) MONEUHAs HACMUKA AGMOMAMUKECKI OKATHEaemCR
yuacmsyioueii 8o e3aumodelicmeun ¢ smoii camoii cpedoli ?

Ha Bce BOIIPOCK BIOCHEACTBANA IPHUNECTCA KATS OTBETH.

§ 1.2. foHaMue 0 BpemeH i

Hasatte IOCMOTPHM, UTO MIONYYRTCH, €C/Id PaCCYXHATH O BpEMEHE TOIHO
TaK X€, KaK O JIPOCTPaHCTRe,

Kasanoch 68, cO3NATH YC/IOBHS, B KOTOPEIX TEPAETCH OIYNICHAS BPEMEHM,
AaXe OPOIIe, 9¢M YCJORHA, B KOTOPHX MPONATACT OMYINCHHUE ITPOCTPAHCTBA.
He Hago cxumMatees B TOWKY ¥ yOuparh w3 Beenensiol sce obpekrni. Jo-
CTaTO9HO 3a5paThes B CBETO-, 3BYKO-..., OIMMM CAOBOM, ~ B Pa3APaxXHTCNe-
HCIPOHHIACMOE NOMEHIEHIE, B KOTOPOM X TOMY X¢ HMuero Om He gBira-.
JIOCh; He MICBENHTLCH CAMOMY M IIEPECTATE, KOHEUHO, ONyIaTs BCE CROH!
norpeSaocTd. M IponageT BeAKoe MNPEACTABACHRE O TOM, CKOJALKO BpeMeHH!
APOIIUIO ¢ MOMEHTa camorsomauuy. Ho Mamis OJHO He YRacTCH: OTHeNATECS '

oT ocosHAHHS (baKTa uimexewms CBOETO cocTogHHs. To €CTh, OT OCOZHAHMA,’
|

1
|

12} Xome oru orIHRIMOTCH APYr OT Rpyra aHatenmeM d (WuE) HelpaBicaucM PaIRYC- BEXTIPR
OTHOCETSINEO BROPAHHON CHCTEMI KOOPEMHAT, HO 3TOT DRIHYC-BEXKTODP CCTh XAPAKTCPMCTHKA,
MATEMATHICCEAN. i

!

4
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YTO XOTh OJHO CODEITHE — CAMOM3ONSIHS, — HO VIMeJIO MecTo. TakuM obpa-
30M, YTBEPKACHMA «30€Ch NPOUCXOURMN UIMERERUS 0OCMAHO8KL» W <30eCh meuem
(u0em) epema» COBEPIIEHHO OTMHAKOBRI 110 CMBICIY.

OnnHaxo ¢pasy ke NMOMISPKHY, 910 COOBITHE eCTh AXBYBAICHT U3MEHEHUS
Yero YIOiHO ... B IIpocTpancTee. HecnpocTa MBI CYAUM O BpEMEHH NNO CATYAIINN,
CKRaAnIBAICUIEHCA B IIPOCTPaHCTRE.

Ecau 1onpoBoBaTh co3@aTh Npe/CTaBICHAE O BpeMeHHOM KOHTHHYY-
Me, KOTOPBI MOXHO ObUIO BR caurark mycreiM (Gea KaBRIY¢K), TO BIIOJHE
€CTCCTBCHHO OXMAATH, YTO 310 OymeT, MomoOHO AHANOTMYIHOMY KOHTHHYYMY
[MPOCTPAHCTRCHHOMY, YHCTO MaTeMaTHIeCKasi KOHCTpYKUMA. 1 BoT TyT BOSHU-
Kaet nepsas nmpobaeMa. Hrobnl yacHmTh ee CYIHOCTh, PACCMOTPUM CHAYAJA
KOHTHHYYM MPOCTPAHCTBEHHBIH, NpuyeM B Bie Tnockoetrn [XY], ¢ omHoit
U3 TOYEK KOTOPOU COBMEILCHO HAYAIO CHCTEMb] KOOPOHHAT — TOYKA Iepe-
CCUCHHA IEPIEeHANKYISIPHLIX ApyT apyry ocet X u Y (puc. 1.2). Taxk sBor
COBEPIIEHHO OYEBUIHO, YTO MOXHO BBeCTH DECKOHETHOEe MHOXECTRO CUCTEM
xoopnyHaT { X, Y }, NopepuyThiX B TO0U9KE NepeceycHus yxe Tpexocelt X, ¥V, T
BOKPYT obureit ocu T, neprneHaukynapHoi wiockoctd (X V). Tlpu arom, Ha-
paMep, acTh X ) -koopminaTs Touky A B ofHO#M cucteMe KoopauHat (i-H)

npeoGpasyercs B dacth ¥ *)-koopammate Touks A B apyroit cucreme (k-i1).
DTO CYMTACTCS BIIOAHE HOPMANLHEIM TipeoOpa3zopanueM. Ho mume rotomy,
4yro Bce OeckOHEwHOe MHOXecTBO ocelf Ha mnockoctd | XY| npmwanmexsr
K COBOKYITHOCTH OCCH NpOCMPAHCIMBEeHANX, MEXIY KOTOPRMM HeT, Kavecmeen-
rozo orana. Ecny Xe HacTawBath Ha TaKOBOM oTHHIHY oc T or oceit X
¥ Y, 370 MOXHO CAeAaTh, TOIHKO 3alPETHB OTKNIOHEeHNEe ocH Y OT HOPMAITH
K nrockoctH [ XY |. Iocie 3torc MoxHo mars ocd T Apyroe o6o3HaueHUE
1 HA3BaHHE, CUMBOJUINPYVIOINEE £€ KAYCCTREHHOE OTIMYHe oT oceif X n Y,
HA3BIBACMBIX TIPOCTPAHCTBEHHBIMH. BOT TakuM cmocoBOM MOXEHOQ IpHWATH
K {-OCH, Ka9eCTBeHHO OTAHYHOM or ocelt X u Y, XoTa H upencranmsiomeit
co0olt QHOMEPHEI KOHTMHYYM C HavajioM OTCYETa B OJHOM M3 €ro 10YeK.
Toraa Bece ocranbHble TOYKM £-0CH OVAYT OTIIMYATLCH IPYT OT APYTA TOJILKO
YUCACHHEIM 3HAYEHHWEM ¢ -KOOPIMHATHL H 3HAKOM. Jlalee, B KaYeCcTBE «TOIKW»
1-0CH MOXHO B3SITh IIPOMEXYTOK Al HCIe3a1010e MAIOR IIPONOIDKUTEIEHOCTH.

BriojiHe JOrMYHO HasBarh {-KOHTHHYYM nycmbm (6e3 xaBmuex), ecmw
SHRHCTBEHHEM IEPHU3HAKOM OTIIMUYHS €X0 TOYEK IPYT OT APYyra SIBIACTCH Ieo-
MeTpHIecKas XapakKTepHCTHKA — ¢-KOOpAMHATA. ,

Hrax, sBells janpeT Ha UpeBpaAICHMsI IPYT B APYTA eOuNCNIGeHH020 TIPO-
CTPAHCTRA {CYIIECTBYIOIIETO B KAXAON TOYKE { -KOHTHHYYMA) H e0#NCMEGENRO20
t-KOHTHHYYMA (IIPHCYTCTBYIOINEIO B KaKIOM TOYKE MPOCTPAHCTBA), MOXHO
OTOXACCTBHTD {-0Ch C OCBIO BPpEMEHH, HO OHA OYHIeT OChIO YK€ 4-1'0 H3MepeHHA.
B cBsazg ¢ 5>THM, ecny MMeTh B BANY TOCASHYIONYIO MAaTePHANM3AUMIO TIOKA
YTO YUCTO MATEMATHISCKOTO [-KOHTUHYYMa, BOJHHKAIOT €ilie ABe mMpobreMul.

Ilepsag — OaHaipHAA: ME HE B COCTOAHMM NpPEOCTaBUTH cebe 4-¢
H3IMEPEHME, B €CIH IIOXEHACM GYeM-TO 3AMONHMTE -KOHTHMHYYM, TO He-
JB3 4aTh (PU3NIECKH CONEPXATEABHOIG ONpeaAcNeHus nonobHoi oYieparuy.
Bropast npobreMa COCTOMT B TOM, 9TO MAl HE B COCTOAHUM ITPEICTABHTD
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ceho PEAbHYI0) MATEPHRIIb-
BY® Cpeny, kotopas Onum
6N NPEHIANHANEHO ONHO~
MEDHO), A pens omHoOMeEp-
HOCTH {-KOHTHHYYMA BHCTY-
~ HOR XaDAXTEDHCTHKN.
x® Hror raxod: ge poabpa-

PUC. 1.2. [lgyMepHuif NDOCTPAHCTBOHHM KOHTIHY- 1o N "‘T’ag;::  oCTh e~

yM. .
(i) BIMEPEENG, HO 3AIIOTHHTH

z, -.zj ::usa+y *sina; ”
g = 2D sma+y” F COS & YK ! !H) KoK=
' THHYYM . X HEJh3d Tak
MWWWWM”MT'WHMM{«K?M-
nepneHmmkymipia ocsm X u Y, npoxoput Nepes , Bor My

Gm, 1mm;

TOYKY O 1 CMOTDUT Ha yuTaTeNs.

CYNRTE O NPHCYTCTBHHE BpL-
MEHH TIPHXOAXTCA, Rabmoaas 3a NPOUCXOAAINMM B IPOCTPAHCTBE. A, TAX KaK
OIYIICHAE PPeMEHA O3HAYAET DHIHTECKYH) PAVIHIAMOCTD BCEX ToueK £-KOH-
THHYYMA, CICOYeT BRSCHUTH, MOXHO JIM HPESPATHIL B TAKOBHE BCE TOIKH
IIYCTOTO BPCMCHHOIO KOHTHHYYMA, 3alTOIHAA HEROoeH MarepuarbHo#i cpeqoi
KOHTHHYYM NDOCTPAHCTBCHHEIN. Baxno, IrofH NpH 3170M HoenelHni ocra-
BaNCs, IO KpaltHeHl MEpe, «uyCTRIM?, TaK KaK TONBKD TOIZA MOXET CIUTATRCH
JOKA3ZHHOM HE3aBHCHMOCThE MaTepHaMIAURM BDEMEHN OT MATepHaIMianHl
HPOCTPAHCTBA.

JU19 peamu3alyiy BCero BHINCCKAAHHOIO, DAHES DYCTOE MPOCTPAHCTRO
CNCAYeT 3aNONHKTH TAKOH CpenoH, YToOM abCOMOTHOC 3HAYCHHE H 3HAK e
bu3mgeckodl xapaxTepucTaky {oGosHauy ee caMBoRoM I) 6L OXMHAKOBEIMA
B KBXJIOH TOYKe NpOCTparcTBa. Taxum obpasom, cesavnng 1
RpOCMPARCIE0 8 NesoM — KaK yesvnsill obvexm. A, riockonexy I ne 3asn-
CHT OT 7, POCTPANCTBEHHEI KOHTHHYYM OCTAETCH sIycThid» (e HapypiaeTcs
(PHIMMECKAn IKBUBANCHTHOCTE (OAHHAKOBOCTD, HEPEATEIAMOCTE) BCeX €10 TO-
uek). TeM He MeHee, Hay He MeInacT JOIYCTHTE, ¥To peawamsa I criocobua
PHHHMATS, GECKOHETHO MHOIO PavdiHEX 3uavernit. Iipu arom npocrpan-
CTBO BCE PABHO OCTAHETCHA «MYCTLM?, €C/IH I -BelTHIAHA NO-RAPEXHCMY He OyaeT
3aBECETDH OF F.

TIoACHHTE CKA3AHHOE MOXHO, HCITONIB3Y4 H0Jiee MPHALITHYIO TEPMHHONO-
I#l0 — OTOXACCTBHB INPOCTPAHCTBO C MATEPAATHLHON cpenol (moseM) H DpH-
IHMCAB KAXAOH TOUKE MPOCTPAHCTRA NoTeHIHan ®. Ecom @ He 3aBHCHT OT T,
Hanpsxensocts not K (= — grad ) B xaxuol Todke MpOCTPaHCcTBa paBHa
HYMO, TAK 9TO NPOCTPEHCTBO OCTAETCH +NyCTuIM» (BEOJSUINT KAX LCTHHBIN,
COROMHON, 6eCKOHEYHO NPOTTRCHHERN 065eXT). TeM He MeHee, eme POIMOX-
HO UPHITMCATH IPOCTPAHCTBY B HETOM (TO €CTh KAXAOH ero TOUKe ) ¥ APyryIo Xa-
PAKTCPHCTHKY — BETHIHHY % {moTOK MOTERIMAM), OTIMIHYIO OT HyJIs (OHA-
10 B 0603HaTeHa CHMBOTOM I). Yike rOBODIIOCE, ITO 6CIM (PRINECKAN BEIH-
IHHE, XapaKTepU3yIIad TOJKY SPOCTPARCTBA, MORCT NPHHHEMATE MHOXKECTBO




§1.3. Cmpyxmypa npoCmpaHCmseHHO-BPEMEHHO20 KOHMUHyyMa i9

PA3HKIX 3HAYECHHANR, 910 HHTEPUPETUPYETCSH KAK NIPHCYTCTBUE B 3TOH TOIKE OCA
BpeMeHHM. ECIH 1MOoToK TNOTeHIHANA OTYINYEH OT HYld, 3HAYKT CAM ITOTEHIIHA
HE NPOCTO MOXET MPHHAMATL, a IPAHMAMACT pasHue 3HAYeHHd (Harnpumep,
B MpeAeax or —oo Ao +0c). Torma H Bce MOMEHTH BpeMeHM HYXHO Gyger
CUMTATH PRINRCCKR PAVIHIHEMY,. KaK BUIHMM, MaTepHAIH3AITIS IPOCTPAHCTEA
HeOOXOAMA TSI MATCPHANNZALHE BPEMERH, IpHICM BOIMORHA TAKAS MaTe-
pPRATM3ANHSA TIPOCTPAHCTBA, KOTOpasd, OCTRRIAA ero <«MyCTuM», IIPEBPRHIRET
OCh BpeMCHY, 00pa3HO BHIPAXASACh, B «HENYCTOH» BpeMEHHOK KONTHHYYM.

OaHAKO COBepHICHHO OYEBHTHO, YTO CYNIECTRVET ¥ TAKAS MaTepHRaIbHAs
Cpejfa, KOTOpas, 3aMORHMB IIPOCTPAHCTBO, OCTANIAET QH3MIecK OfUHAKOBL-
M# Bce Touki {-kouTHHyyMa. B 5T0M crnygae I = 0. IHockomsky nomobuas
CUTYalHsi O3HAaYaeT OICYICTBRE KaxuX Onl TO HM Onno coOMTHIE, moHIIHE
«MOm» MOMCHT BPEMEHY JHIBSTCA BCIKONH QU3NIeCKOH CONepXaTelbHOCTH:
«mom» NPEHIMNHAIHHO HeOTIHIWM OT emoms» ¥ T.171. TaK Kak B noaobuoM
CRTyalliH BpeMeHHON (OTHOMEDHEIY) KOHTHHYYM, JAXKE €CHM CYHTATH CIe
MATEPHATM30BAHHRM, HEBO3MOXHO OTIMIMTE OT UCTHHHO IYCTOTO, NEREeCo-~
06pa3Ho cuHTaTh {-KOHTHHYYM HPOCTO ITYCTHM (6e3 KaBHueK).

B 3akmodedne cTOMT oOpatvTh BHHMAHKE HA BaXHOE OOCTONTENLCTRO.
EciM cymecrsopaHue BECKOHEYHO IMPOTAXEHHONY NPOCTPAHCTBA ODYCIOBHTD
MPACYTCTBHEM XOA4 BPEMEHM B KAKNOH €10 TOYKe, 4 IIPHCYICTBHE XOLA
BpeMEHH OOYCIOBHTh CYNICCTBOBAHMEM IMIPOCTPAHCTEE B KAXTLIM MOMEHT
BEYHOCTH, TO 062 5T¢ cerupuieckux obbeKTa OKASKBAIOTCA HE3ABHCATIWME
OT NPACYTCTBHRS B IPOCTPAHCTEE M CYIIECTBORAHKA BO BpEMEHHU MOORIX TPYTHX
KA9eCTBEHHO OTIIMYHEX OT HAX MATEPHAILHEX 00bexToB. HO B TakOM chygyae
M BpeMEHHOH KOHTHHYYM (B IIEJIOM) He OJDKeH GHITh NYCTHIM B KAXKAOH TOYKE
IIPOCTPAHCTRA K HPOCTPAHCTBO (B LEIOM) He TOIDKHO GLITh MyCTHM B KaXasi
MOMEHT BPEMEHHA.

r

§ 1.3. Cmpykmypa npoCmpasHCcmseHHo-BpeMeHH020
KOHMUHYYyMG

HousiTie CIPYKTYPH JHIIL TOTAA MOXeT 006pecTH CcolepXaTelMhHOCTh,
€CHH TO, 4TO HONKHO HMETE CTPYKTYPY, COCTOMT U3 HEONWHAKOBRX FICMEHTOB.

B 9eM MOLIa 6H cOCTOATH PRauveckas HCOTMHAKOBOCTh, BPEMEHHBIX Apo-
Meacymxoe, HanpuMep, B OHIMYeCKH HKBHBANICHTHEIX TOYKAX ITPOCTPAHCTBA
{cTano GWTE -— <HyCTOro» IPOCTPAHCTBA) M PHINYECKAS HEOTUHAKOBOCTS,
IPOCTPAHCTBEHHEIX KHMEpEaL0s, HAUPAMED, B PUINYECKHE 3KBHBAICHTHLIE
MOMEHTH BEIHOCTH (CTano OWTh — myctoift ocu Bpemenn)? Kaxko# cmuich
B JAHHOM CIy4Yae MOXHO BRIOXHThL B HEONHHAKOBOCTE?

Y1068 coefath JanbHeHne paccyXaeHMs JOCTATOTHO HAIMSIIHBMM, Ja-
BATe CIMTATH HIPOCTPAHCTRCHHEIM KOHTHHYYM ONHOMEDHKM. B TaKoM ciiydae
npocTedInas KOHCTPYKUHS IYCTONO UPOCTPRHCTBA-BPCMCHM BHIVIAIUT TAK,
Kak nokKasaHo Ha puc. 1.3: GeckoHewHO npoTsiXeHHas X -OCk CYIIECTBYET
B KAXNOK TOouke f-0CH, a DeCKOHEYHRO POROIKeHHas [-0Ch IIPUCYTCTBYET
B RKax1o# TouKe X -ock. Ecimi npuberdayrs K TPAIMITHOHHON TCPMHAHOAOIHNA,
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cIefyeT CKa3aTh, YT0 GECKOHCYHO NPOTAACHHOS IPOCTPAHCTBO CYNIECTBYET
B KAXOOC MINOBCHMHE BEYHOCTH, 8 B KaXIOH T0uKe GECKOHETHO mpo-

TARKEHHOTO NPOCTPAHCTBA IPACYTCTRYET BEYHOCTS, ORHAKO Cieayer Io-

} MHHWTB, 910 GHIHTCCKAS WHCHTHI-
X Xt X HOCTH BCEX T09eK. X -0¢M M BCex To-

. — * e 4eK $-OCH BBIHYKISeT YIOTpeGIaTH
0.t 0, 0 ol - Uz) TEPMUEHN «DAFME» MOUKy npocmpan-
3+ 2 £ - CMEG VU <PAIRUE> MEHOBCHUS CeYNO-
0, HTY  omy, EMeR B BURY TONBKC Marte-

— 1 ) MATHIOCKHE PANINTAS, QTDRKAIOIHE
0, 7 IMms TO, MY GOCKOHEUHO BETHKO

Puc. 1.3. NMpocreiwee npepcrasnexve o B THUIC TOUCK, I KOTOPHX COCTOHT
AYCTOM NPOCTPAHCTBRHHO-BPEMEHHOM KOH-  TIPOCTPEHCTSO, 3 *ICID MIHOBCHHEK,
TMHYyMe, Havana orcueta X - u {-X00paM- B3 KOTOPHX COCTOMT.BEIHOCTS.
HBT CRBLMANLHO PI300ILeHL:, 3aMeay, WTO TPUBCACHHAS Ha
puc. 1.3 ppocreiiana KOHCTPYKUUS
JOMIXHA HpexycMaTpHBaTh COQIIOACHME 38NpeTa HE TBKO HZ H3IMCHEHNne
ymia Mexxy ocsMu X ¥ £, Ho W Ha epameHme ocel . X' u ¢ (npE coxpaHeHmrd
YA MeX/IY HMME) BOKDYT OCH, epreHmaxynspuol miockocrs [Xt] 1Y, Kax
yXe& roBopHAoch B CBE3H ¢ pHc. 1.2, Ge3 nogobioro sampera HEBOIMOXHO

oTarsaTs ToUKY {X }-XoHTRHHYYMa oT Touxu {i} mmwm“?

1.3.1. HeoduHakosoCMb NPOCMPAHCMBA 8 mc M2HOBEHUR
BeYHOCMU (8 SMOM Cayude £-0Cb YXE HENLIR cHumams

usugecxut nycmoii)

Ecm nNpocTpaHCTBY CYXACHO UIMEHATROS © TEHRCHHEM BPEMEHM, TO 370
HE OOMXHO ORITh PARHOCWIHLHEIM OTRA3Y CYMIATh €10 HO-HpeXHEMY NIpo-
CTPAHCTBOM — cCeferoxiaecTseHHREIM obrexroM. Iloromy npEaeTca npumm-
CaTh paHee MyCTOMY TPOCTPAHCTREHHOMY KOHTHHYYMY XKAR LCABHOMY O0b-
€KTy, N0 EpalfiHeR Mepe, OOHY XAPAKTEPACTHXY-XOHCTEHTY, BHPAXAXONIYIO
€ro CeOETOXIECTBCHHOCTS, M, YO KpaiHe# Mmepe, ele OXHy, HIpaionymo
ponb edunamavecxoiy Hatmomaemoit, C foMompio nonoSHol XapaKTepHCTH-

13) Yoxymensosy Tamarenio CERyeT MMETh B BRAY, 1O BPOISHEEG SAECH NPUHUKIT 3A0pera
IONHOCTHI0 COBMCCTHM ¢ AODCHRICBMME MPeofpAjEAARIME KOODXHESTI B MOMCHTS BPCHCHH,
KOTODEIE B <AYIRC BOOGXOMEMOCTH NPHEOZMTCH KCHQILIOBATE PN PEANTHRHCTCKOM OIMCRRAH
tocToaHRY yacTiM. Celidac, OAHARO, HC CTOWT OTHICKATL MHEMAMMC HA H3VICHHC IeTweel
BERICYTIOMAHYTOR COMMECTEMOCTH,

Y)B paccuatpumsencii cETysuEE OCh, NCpUCRARKYApHAS mROCKocrE [Xi), e Aowsua
CUNTATECE OPOCTPARCTRCHNOR ochio. Bexs conm On moxso Gano asofpazwms 4-Mmepunid
{X,Y, Z,1}-xoHTEHYYM, TO, TOBOPA O 3ADPCTS MM PADCIICENA RA GOPOPOTH, TPHILIOCH Gkl
HMETHL B BUAY 3a0DET HA NOBOPOT BOKPYr OCH S-To EAMOpeHNd.

BooOme rosops, HOME3A JEGHBATE, TTO TEOMSTPRIONKAS CIPYKIVPE B BIAAMHO NCPICHIH-
EyRapHnEx ocelt (e n =2, 3,4, 5, ... ) nnaercx mpoayETOM ReRTCARHOCTH
B MOXCT (8ITh HPCARATHAYCHS UL 4799 Yao6cTEa ONNCIHAN, MOP, COCTOMHMA HaCTIIE.
Jlafcc HYKHO NPOBORMIS CTOXICCIBAEHMC C DEANRHOCTMO, BCHONLIYH OIOBOPEH, NpABMAA
OOPAIICHME M T. 0., CCTECTICHHO, HOCSIINE XAPAKTCP DOCTYANTOR. .
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KH B KIMACCWIECKOH MEXAHWKE ONMHACHBAIOT COCTOSINUE OOBERTA. A, NOCKONLKY
COCTOANHSA MOTYT OHTH pa3’HbIMH, TO AVMHAMHYCCKad HabmomaeMas obssaHa
«oDIaNATh CMOCOBHOCTEIOP NMPMHMMATL PasHHE 3HAUYeHHd. Takum oBpaszoM,
M3MEHATECS ¢ TeUERHEM BpeMeHH OYHET He ¢aMO IPOCTPRHCTBO (BHCTYIA-
J0HIce TeNeph B KA9eCTRE cebemomcdecmeennoo 00HEKTa), 4 HEYTO, JeM OHO
obnamaer. Ho He Opespardarcd JM NpU 5TOM (PHBHYECKN MACHTHIHEE TOSKE
<HyCTOIO» TIPOCTpaHCTEa B dusAueckH pasniansie? Ecnu tak B npomsoiiner,
TO BO3HUKHET, XOTA Oul nono0He CTPYKTYDHL,

[dycte B podM XapaKTePHCTHKH-KOHCTAHTH BHCTYIIaeT BeIMIHH2 P,
npeacTanmomas cobolf  yepeHeHHOe TI0 BCeMy OecXoHeyHo OONBHIOMY
{ Xt} -xoHTUHYYMY aGCOmMoTHOE 3HAYCHMEE KOTEHITHARA HeKoeTo & -most, ¢ Xo-
TOPHIM JaBaiTe H OTOXASCTBHM mpocTpaHceTso. [lpeiaraeTcd HazpaTs pesm-
quHy ©, cOOCTBEHHBM MOTCHIIHANOM IIPOCTPAHCTBA- NN, IIPHIEM, COTTIACHD
TONBKO ATO JAHHOMY ONpemecHHIO,

, 5 :
. 2 . .
{M.M / 82z, 1) - do dt}. (L1)

MoyqepkHy, 9T0, XoT# BenwunmHa P, sAIdercs KOHCTaHTOM (xapakTte-
PH3yeT HPOCTPAHCTBO KARK HENbHBIM 0FBEKT), H3 €€ OmpeleleHUs Cleuyer
CYIIECTBOBAHUC CIHE OXHOH BANMYHHE — IoreHipana $, KoTopoMy OTHIONb
He 3aNPeIuaeTCs] 3aBUCeTs OT T U L. Tloomomy npednosodcum, Smo M2RoseHNO-
Aoxaavnoe snavenne O uyxmyupyem (xaoTeaecku xoneGnercs) stods obeux
ocei X u . CnepcrBueM COeNaHHONO NPETIONOKEHHS ARNSCTCE HEBOIMOX-
HocTh Bojice cyaTars X -KOHTHHYYM «INyCThIM». B caMoM Jene, eciii B3MISHYTh
B IIPOU3BOABLHEIT MOMEHT BpeMEeHHM Ha oCh X , MOXXHO O0HAPYXHUTE: HE TOILKO
OeCXOHETHO MHOIO TOYEK ¢ OAHHAKOBAIM NOTEHIHaIOM ®,, HO H BeckoHedHo
MHOTO TOYEK ¢ OIWHAKOBNM MOoTeHHMaIOM P, (# P,); GecKoHegHO MHOTO
TOUCK C ONHHAKOBBIM MoTeHimanoM P (# $,, # &,); m 1. 1.

' Hapsny ¢ semawnamy ® 1 &, (mycts O, > () apTOMaTHIECKH BOSHHKAIOT

BeyuHb E(z, 1) 7 E.(2):

Bz, ) = - (.‘9'1’;2’ ﬂ):. J (1.2)

&,

H
3

!

i

_ T '15}
)=/ (B),, (0= M_@{ [ (22 az} a3
\ &

13) Cnenyer IPHEATE BO BHEMAHME, 11'1‘0 OTAHYHC OT HYAM 3HAYCHHEC MOQyAS BEKTOpa
MANPSDKCHROCTH (OYCMY H CHAT cMBon - ¢ BeAasas E.). 3uaverne sexvopa E(z, tj OCIIE
YCPCEHEHMS BITOSHE MOXET OKASAaThCs DABHEM nymo: (E)a (1) = 0.
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Tax xak E, = E.(f), 1o, nonaras, sanpamep, aro E(i) > 0, Moxno
IPEACTASATE ITY BEIAHY (COGCTREHHYI0 HAPAXKEHROCTD FIOIA) B BHIE:

B =15 (1.4)

' Haspa® BexwaHBy A.(f) «nocmorumnod mpocmpaucmeasr (AHQIOT ROCMONHNGH

KpucTammgeckoli pemetxn). Daxrriecku pupaxenue (1.4) onpenenser se-

JaEHy A(t).

Hopuepxyy, 910, ABAAACE PEIVARTATOM YepeuHeRus o X -oCH, Bend-
e ¥, Ec(f) xapaKrepusyior NPOCTPAHCTBEHHKIE KOHTUHYYM B LIeJIOM, TO |

€CTh, e X ~OCh DPESACTABATE COCTOAIEH U3 AYCEK ONMHAKOBOR IIPOTAXEH-

HOCTH A, KaXaad, TO B NIPOH3BOILIBYE MOMEHT BEYHOCTH KGO0l A, -A9ehKe
OTBEHAET 00N0 B mo ce 3HaucHue D., 0dno u mo e 3navenue E (). Orciona -

ChellyeT O4CHE BAXHHI BHBOI: TAK KAK 3HAYSHHE BEJMIMHE A () orpaxugeHo
CBEPXY, BeCKOHETHO NPOTOKCHHB IPOCTPAHCTBERHRN KOFTHHYYM BRTIOUIUT

busnaeckn «NycTHIMs B MENKOM Macmirafe (B KOTOPOM OTPe30K IMMHOM A, °

KAXETCA TOUKOI), HO BOBCE He NMYCTHIM (PM3IWIECKM B KPYWHOM Macirrabe
(B npenenax orpesxa wranok A, noreHnMAal P BCeX TOYCK PadIMUHEIL), Bor
TAK ¥ BOSHHKACT B HAEM NPEACTARICHMN CTPYKTYpa npocrpancraa 1),
ITocKONBKY MEl DaCHOJIATACM HABYMS HE3aBECHMEIMU APYT OT ApYra Be-
nauuHaMM (D, B, Happumep, A;), OAHY H3 Hux (),) MOXHO OTHECTH X KAi-

TErOPAH YIOMHHABOTHXCH BHIIE [MHAMRISCKAX HaGmomaeMerx. Tem camuiM
He HCKMIOIAETCs, YT0 0HA CHOCObHA IPUHUMATE MHOXECTBO Pa3BITHbX 3HA- .

qeHuii. B 210M cirydae DOMyCTHMO OpeanoAOXHTh, 10 BENHINHA A, SRIACTCA

dyuxument spemenn: A, = A(t) 19,
Ha punc. 1.4 npencrannena cutryauusd, B KOTOPO BEIMIHHA A, BETHO

ymetibinaercs ‘%), O6pasHO BLPaXasch, «HyCTOe» HPOCTPAHCTBO HEIIPEPHIBHO

CXHMACTCH, OCTaBAACH, TeM HE MeHee, GECKOHEOUHO NPOTSLKEHHAIM. Cheayer

w&mmmm,hmumpaxem &. uc JAACAT HE OT ¥, HK OF £,
) Qurrarens, amaxoMuilt ¢ YREPHOTEMLEON DACKTPOHMKOR, YBRAMT 3%6Ch AHANOTH C KDH-

cTummwdcckoll pemierzolt, Bee TOURH BHYTDH JeMeRTApHON sty xpucramna oBOCHOBAHRHD °
KOxyTed SMCKTPOHY (PHIWIeckd DEINAITHLWMA, 3 BCe AIcHKH — DUINYCCKR SXRMBANCHTHRIMI, -

Bor nooToMy IHEprermIeckmii CIEKTP KPRCTALTHMYECKOIO SICKTPOHA COHMCRMET B ¢SO YCPTH
STOMHOTO SACKIPOHA (PAIPSINEHHME RHEPrEINYECKHC YPORSE H JANPCINCHHHE 308M) W CBO-

GomHOID 3nexTpOHA (paspemenHan 308a). TREXE NMOITOMY KPRCTAHYSCKHE SACKIPOH MOKET °

HAXQEMTECA ¥ B COCTOAREN, B XOTOPOM OH, REIHO «OCHIUULMPYIs OKOAO HCETPA MCMCHTApHOL
sgelxn (C pABHOM BEPOATHOCTHY OKOAO WEHTPS J0GoH M3 HeckoHeMo SONLIIOI0 MX YHCHZ),

B CpCAHEM IO BPEMCHHA HOXOBTCH, B B COCTOSHAY, B KOTOPOM OH, OCIUITHDYS, SIS B BOIHO
ABKRETCH NMPAMOAHEIHO & PABHOMCPHO {DPH 3TOM MWW €10 CPERENS IO BPEMERN CXOPOCTH )

OTTINYHA OT HYIS} HECMOTPA HA TO, UTO. HCNPEPRIBHO KAMMONCHCTBYCT €O BCOMM HOHAMMN,
OOPA3IVIOITEMHE KPRCTAIVIHYCCKYID PEIICTKY.

%) 3nech BMecTo HPCACTARICHEN 06 HIMCHEHEE cO BpeNcReM cOOCTRERNON HANpAReHNOCTH
(E;) mcmomnaosano Gonee 3ddEXTHOC MPEACTARICHHC — O CRATHU-DACTRCHHN «HYCTORO®
OpOCTPAHCTHA,

‘”&ommnpnmmcmm IpUICM B HANPABACHHA H3 «TOI0+, Y10 NPHHSTO |
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§ 1.3. Cmpykmypa npocCmpaHCmBeHHO-BPEMERH020 KOHMUHYYMO

3AMETHTH, 9TO BMECTO HENPEPRBHONO CXATHA MOXHO HOIYCTHTh ¥ HENPEPLIB-
HOe PACT{KCHHAE, W IAKIH CKATHA-PACTIHKEHU.

Hrax, MpANKCaB NPOCTPAHCTBEHHOMY KOHTHHYYMY ABE KAa98CTBEHHO pal-
THYHEIE XapAXTEPUCTHKHA (B, H A, ) ¥ yMOIr9aB, IT0 ITH BEIHHEL ABILTIOTCS
PesyILTATOM YCPETHEHHS, MBl IOAYIaeM BOIMOXHOCThL CHHTATE IPOCTPAHCTBO
«pycTaiM» (Ha CAMOM JEJIE — JIHNIG B MEJIKOM MacmTate) H PacCMOTPETh TPH

IMPHHIMITMANLHO PAINYHEES CHTYVAITUH,

1. CymecTByeT BCEIO OO 3HAYCHHE IIOCTOAHHOY «HyCTON0» IPOCTPAHCTRA,
970 ABTOMATHICCKM O3HAYACT (PHEIHIECKYI0 MIECHTHYHOCTE BCEX MIHO-
BeHMH BEYHOCTH, TO €CTh ITYCTOTY BPeMEHHOro EKOHTHHYyMa. B 3T1oit
CHTYAl[MH, FOBODA TIDHBRIHEM S3HIKOM, OTCYTCTBYET colicTaeHEMI X0
BPEMECHH: MOHATHA «IIPONUIONO», <«HACTOAMEro», <«OyAyInero» RWIDEeHL
OHIMIECKOR COTePRATEABHOCTH.

2. TNocTodnuad A, «ycroror» {B MenXoM Macilitabe) IPOCTPAHCTBA TIPAHY-
MAET PANTHYHEBIC ¥ TONBKO PAINAYHAIC, TACTCHILIC SHAICHNA: eCTECTREH -
HO, — HE B pa3HRIX yactax X -OCH, a, CCAOBATEIRHO, B PAJHEIX TOYRAX
t-oc. B 310¥ cHTYAUUR BCe MOMEHTH BETHOCTH HeOOXOMHMO NMPU3HATE
bH3HYecKH PasTHIHEMH (BPEMCHHGK KOHTHHYYM BHITSIAUT YX€ HEILY-
crsiM). JoBOp4 HHAYeE, B IIPOCTPRHCTBE NPHCYTCTBYET cobemeennni LY xon
Bpemenn 2!) (omHH ® TOT Xe B KAXNOH TOIKE IPOCTPAHCTRA).

3. Mocroguas A, «HYCTOro» {8 MeNKoM Maciuralie) MpOCTPAHCTBa HPHNM -
MACT PAINAYHKE 3Ha9eHHA, HO IIDH 3TOM HEKOTOPHIe 3HA9eHAS (MM Ka-

XJI0¢ 3HAYCHUE) MOTYT IIOBTOPATLCH MEOOROKPamHO. DTa CHTYALHs 06Cy-
XAAThCH He Oyner.

1.3.2. Heo0uHakosacmb BpemeHHG20 KOHMUHYYMO B PA3HBIX MOYKGX
NpoCMpaHcMaa (8 3MoOM CIyNae NPOCMPAHCMBO KNYCMbIMD
yXe He cuumaemcs)

IIpexnae Bcero crenyer UMeTh B BHAY, 970 B PAMKaX YHCTO (hOPMAILHOTO
TIOFXOJa MOXHO TIOCTRBHTh B COOTBETCTBHE KAXHEOH TOUKE {-OCH HEKYIO BeM-
ITHHY-KOHCTaHTY, NPH3BAHHYIO OTOOpaxaTh CeOeTOXRAeCTBEHHOCT: STOH OCH
MIPH NIEPEHOCaX €€ U3 OTHOH TOYKH B APYIYIO Touky X -ocH. Toraa B kagecrse
K3MERREeMOM XAPAKTCPHCTURA {~0CH JOIYCTHMO BBECTH HEKHH NMPOMEXRYTOK 7,
¥ IPeITONOXHTE, IT0 B pa3sHEX TouKax X -ocy oH Gyner pasmmaunM. OnHako
HEMThaA 3a0RBaTH, 9TO O NPHCYICTBHH XOIA BPEMEHM B CMEICHE PHMIHICCKOIL
PATNMHINMOCTH WIH HEDATHIHMOCTH BCEX MTHOBEHMH BEYHOCTH APYT OT ADYyTa

) Yreercs B BHIY, 94TO XOTA B IPOCTPAHCTBE M MOTYT HAXQIWTECH KAKHE-TO MATCPHANLHELE
OFBERTH, €10 COCTOTHHC M3MEHACTCS BO BPEMCHM HE M3-32 RIAMMOIEHCTRAS C HIMH,

' D10 o3mavacy, 970 MOMEHTH BpeMeHM GEIRYCCKH PavIHIHH. TeM HE MEHee, Ha OCHO-
BEHAR ONKOTO JHIUE OTMCYSHHOIO DATAUMA HEMLIA CKA3aTh, — H «NMONOXHTCALHOM» N
«OTPRUATCIFHOMs HanpaencHuy f-ocn Teder spemsa, MHase roBopa, oOHMIcHERNE SI0HRATHMA
<NIPOUIAOTOF, +HACTORIOCTO» W «GyAylIeros KBAAKICA B PECCMITPHBACMON CHYYAILHE 4ECTO
YCIOBHEIMH.
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Puc. 1.4. Jlycroes npocTpancTsg (OHO NPENCTARNEHO 3A9Ch B MAnKom Mmacurabe),
CYWECTBYR BOHHO, HENPEPHEHO CKAMABTCR, OCTABASICH, TEM HE MeHEeE, BBCKOHeYHD
NPOTSEXEHHLIM. BCS MOMENTH BPeMeHK HE £-0CH Tenaps 00ASaHE CHTATECR GUSHHECKH

Pa3AMYHBIMK (NP STOM XOR BPEMSHK B KEXZ0R TOMKe X -OCH OCTEETCH OOMHax0OBbLIM).
BUAKO, YTO NPOCTPAHCTED CXUMASTCH HE K KAXOR-TO TOMKe, 8 — TaK, xax GacxoHauHo

nNPOTHXERHL xpucTans. ,

CYINTE MPIDIGHATES 110 CHTVAIMMA B TpOcTpaHCTBe, TT09T0MY M OCYIRECTRII-
e1TCHd MATEpUANUIAIHAA BPEMEHHOIO KOHTHHYYMA BROXCHHEM MATEpHANBHON
CPCEN B JO TONC NYCTOS IPOCTPAHCTBO. TeHeph OCTACTCH, NO CYTH nena,
TOBTOPHTE ¢Ka3aHHOS B IPEIklAyIeM IVHKTE.

Yro6K OPHCYTCTBHE X0 BPEMEHH B TOUKE HPOCTPAHCTBA (B KARIOHN ero
TOUKe) GRUIO OBYCTIORIIEHO CBORCTBAMI TONBKO CAMOTO IIPOCTPAHCTRA, TOTEH-
LEHAT 3TOH TOYKI JIOKCH NPHHHEMATD PAAUTHIHEKIC 3HAYCHHA. B TakoM ciaygae
HYXKHO IIPHIMCATh CPEXe, MATCPHAH3YIOMKEH ITyCcToe (20 TOro) IpOCTPAHCTRO,
enle KaKylo-To GR3HMIecKylo XapaKTepHCTHKY. B KayecTse TakoBOM Npelia-
raerca senuanna [, waspawman pasec NorokoM morenmuara (I = 235d)
BeeaeM Teneps IoHATUE colicmeennoze 1oTOKa I,: ~

Al

T

L) = /(P)n @) = ;,gnm{-&!;' / (3@§”))2-ﬁ}, (1.9
oA

HpEYEM 10 AHATOIEH ¢ BupaxeHHeM (1.4) MoxHO HamMcaTh:
P,
Te(z)’

Ife 7. BIPAeT POJh BpeMeHNGH oCTOTHHON 22,

(1.6)

I(2) =

) BerecTsenno, B BRMpORCHMN {1.6) ®. B¢ 3MBACHT HH OT &, AU oT {.
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$X(t = 0)

Puc. 1.5. Bpems NPUCYTCTBYET B KEX/I0# TOMK@ APOCTPAHCTBE, U B XAXAOMA M3 MiX CBO0/
«coBCTBeHHLIA XOR BpemMeHis: T, = 7.(z). 910 oB6CTOATeNLCTBO NPEBPAILABT BCO T04KH
X -0CH, pacnoOXeHHbLIe BHIUe Myns OTCYeTa, B OW3NYetxy pasnuynbe, ITO Xe Pac-
NPOCTPAHRETCA U H2 TOKK X -O0CU HIDKe Hyna OrcueTa. OnHOMEePHD8 N HEOAHOPONHOS
NPOCTPAHCTBO, MIVOPIMKBHHOS KA PUCYHKE, NIPSACTABNGHO UAOTPONHEIM (TD 8CTh Buan-
HOCKM NAGHTUHNGLL «BOPXHAN K sHitxHAR» X -nonyocn). Havanom otcseta X -k00pauHaTH
saibpasa Touxa X -0Ch, KOTOPOM OTBENAET HAMOBONLILES FHANSHWE BAITMMMHNIT,.

Ecrecrsenno, permauHN $., I, xapaxtepusylor ppeMeHHON KOHTHHYYM
(t-ock) B LEJMOM, TAK 9TO KAWOOMY T.-IPOMERYTKY 1-OCH OTBEYALT odno
u mo e 3uaucHue ., odno & mo we 3Hagenne I .(z). Taxum obpazoM, Bce
Te-TIDOMEXYTKH OKASHBAKTCH UINYECKH JKBUBAICHTHLRIMH, XOTH BHYTPH
T,-TIPOMECKYTKR HMEET MECTO MIMCHEHWE MOTeHIMana P, ¥, CaenoBarenh-
HO, Bce MTHOBEHHS BHYTPH NpoMeXyTka GHIAYeCKE PAMIHIHE (TAM-T0 XON
speMeHy TipACyTCTRYyet) 2,

Hrax, 09eBHAHO, Y10 NMOAOOHC IPOCTPAHCTBEHHOMY, BPEMEHHOH KOH-
TUHYYM (t-DCb) MOXCT OHTh HE TONBLKO ITYCTHM, HO A <«myCThM» (JIAUD:
B KaBRIUKaX), U ofiagats crpykrypoit. lanee, pacmroiaras AByms XapaxrepH-
cTHKamMM (P, A, HaupAMED, 7, ), JOIYCTHMO NPEIIICIOXKTh, 970 OJHA W3 HUX
(T.) 3aBECHT OT Z. OTO O3HATALT, TTO XON BPEMEHH PAZNHICH, MPHIEM — TO-
Ia yxe B PH3IMIECEH PANAMHAIX TOYKAX Ipocrparcred. HapaMmep, B ommx
TOYKAX BpPeMA HIeT OBicTpee, yeM B apyrax {puc. 1.5).

TakmM ofpasoM, UPEIIHCES BPEMEHHOMY KOHTAHYYMY (BEUHOCTH) /e
K39eCTBEHHO pasmyHbie Xapakiepwctdku ($, ¥ 7,) H yMOMM&B, 4TO TH

23) BoaMoxBO, 910 HEXECHERYIOUME NMPEMED TOMOXKET nyqmc IFOASTE CKA3AHHOC,
bBes coMHeHMH peabhbil HalipomaTellh Be B COCTOSHMAH YNIORKTH IN43aM¥ KoneGanmnd
cipemxy HaMepHTensHOro npwbopa, ecnr wactora xonefamwl pasda, Waupsmep, 1 Ml
Ha smom ocHoBaHEw HaOIates MOXST TIOXYMRTH, IT0, HATPHMED, B TCUSHKE CCKYHTH, IIOKA
OH CMOTPHT Ha npMbOp, HITYero He MPOMCXOMAT — HHKAKHX COOHTHH — BPEMS <OCTAHOBRIOCES.
Hs camom xc gene Xaxad-To BEIATHHA HIMCHYCTCY 09¢HD BLICINO — xonclineTcs ¢ orpomuof
YACTOTOH,
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Be/IMSHHK ABJIAIOTCS PEIVALTATOM YCPENHCHHN, MBI NIONYYaeM BO3MOXHOCTD
CIHTaTh BPEMEHHOH KORTHHYYM «HyCTRIM» H DACCMOTPETh TPY CHTYALIHH.

1. Hapagy ¢ «mycTaiM» -KOHTMHYYMOM (BCE T,-TPOMEXYTKH KOTOPOIQ
busHIecKH SKBHBUIEHTHA) CYLIECTBYET CTOU> XK€ enyeToits X ~-KOHTHHYYM
(Bce A, -sraeiky KOTOPOro PUIMIECKH SKBUBATCHTHE). B 2T0if cuTyanwi rakne
IOHATHSA, K8K «3cCh», «I03a0A», «BIepenu», duzpgeckut SecconepXkare/ibHH.
ITpocTpaBCTBO~-BpeMs SRIACTCH OFHOPOIHEM (B MEIKOM MacmTale), rpudeM
370 — €10 COBCTBEeHHAs OHOPOHHOCTD.

2. TlocrosEHas T, NO-MIPEXHEMY «IHYCTOrO» #-KOHTHHYYMa IpHHIIMAaET
PAVINIHEIC JHAYCHMA: CCTECTBEHHO, — HE B pa3HbIX dacTax £-ocwh, a, cie-
NOBATEABHO, B pasHBX YacTaX X -ocH. B 1ol cHTYAMH YXE Bee A -sT4eikuy
HeoBXOMMMO NpH3HATs PUMICCKA PDAIMIHHMA {3 HE TOHBKO BCE TOUKH
BHYTDH suelikn). TIpoCcTpaHCTBO BHITIENHT HEIIYCTHM. B HeM He TIpOMCXOIAT
HHKAKHX COONTHN ({-0CH «HycTa», Tak 4TO COOCTBEHHRIN XOR BPEMCHH OTCYT-
CTBYET), HO OHO CTAIO HEOTHOPOXHEIM *%): A -sueiiki, A3 KOTOPHIX CAOXEHA
X -0ch, BCE — PAVTHYHON NMPOTIKCHHOCTH 2.

3. Tpernha cuTyanua noacbua ynoMuHaBmeHcsd Ha €. 23 1 Taxxe He Oyner
obcyxnaTned.

Teneps nopa nodsecmu umozu.

Ecid orHOCHTECA K TPOCTIPAHCTBEHHO-BPEMEHHOMY KOHTHHYYMY Kak
K MaTepHANBHOMY O0bEKTY, MOXHO BRIOHADATEH CIHCAYIOIHHE KOMOHHAIRN:

1) «uycro» HpOCTPaHCTBEHHBIH KOHTHHYYM BMECTE C «HOYCTHIM* BpeMcEH-
HbIM;

2) emycroli» DPOCTPAHCTBEHHLIM ROHTHHYYM BMECTE ¢ HETYCTHIM BpPEMEH-
HEIM («IyCTOe» IIPOCTPAHCTBO, HAMMPUMED, MOHOTOHHO PACTATHBAETCH);

3) memycrolt MPOCTPAHCTBEHHNA KOHTHHYYM {o6naigiommil coGCTREHHON
HEOXHOPOAHOCTEIO, &, BOSMOXHO, H AHM30TPOITHE) BMECTE ¢ «ITyCTRM»
BpEMEHHEIM;

4) HenycTo# NPOCTPaHCTBEHHMEI KONTHHYYM BMECTE C HEIYCTHM BPEMCH-
HEIM,

Ecma $HM3MgecKod peambHOCTY COOTBETCTBYET «IIYCTOE» ITPOCTPAHCTBO
H €CJIM OHO PACTSTHBACTCS WM CRUMALTCS, JHAYMT B KAXAOH TOYKE <HYCTOTO»
TIpOCTPAHCTRA OPHCYICTEYET cobemoennui X0 BpeMeHH. Torma HE OOAR 00h-
eKT (B TOM YHCIE H YCNIOBEK-HAGIIONATEN) He MOXET CIHTaTh ceBg BHE xoaa
BpEMEHH YXe€ TQIBKO MIOTOMY, 9TO NpeHRBaeT B MpocTpaHCTee. TeM He MeHee,
cOGCTBEHHBIR TEMIT H3MEHEHAR COOCTBEHHON Xe NMOCTONHHON (A,) «mycro-
ro» NPOCTPAHCTBA MOXEYT OKA3AThCs COMMIKOM ORICTpHIM (9TOOK! 33 MepHoOn

#) 9ra cobcrecHMAs HOONHOPOFHOCTED HAYETO OBINEro HE MMCET ¢ HEOMHOPOMHLIM Pacnpe-
ACICHMCM B LPOCTPAHCTBS, HANPHMED, IVIOTHOCTH KaKOro-10 Bemectsa, IlonyTHO 3amewy, 910
B PACCMATPHBACMON CMIyAllMR TpexMepHOC (pcambioe) coGCTBEHHO-HEONHOPOAHOE MPOCTPAH-
180 obnagano 6w cobeTPeHmOM WIOTPOIMOCTRIO.

25) Teneps MOXHO NOIIPABATL paNice CXAIAHHOS, 4 HMCHHO — 3AMEHWTD MOMEHTH BEYHOCTH
HA T,-TIPOMEXYTXH,
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NOPSIKa 7. IPONU30OLTO 3aMeTHOE s Rabmojarens MaMeHeHUe IUCIeHHONO
3HAYCHUS KAKOH-TM060 DH3MIecKoil XapaKTepUCTHRM HAOMONAEMOL YACTHIN)
WM, HAOGOPOT, CAHITKOM MeATeHHEM (T106H 33perHCTPMPOBRATE HPOKCXONs -
oyue usMenenus). Torna-to ¥ noTpebylorca Gonee yroOHRIE YacH!.

OnHako yenoBeK-HAOMIONATENH BUOSHE MOXCT OMIYINATE XON BPEMEHH,
KOTOPDHWH BOBCE HE ARISIETCA COOCTBEHHLIM XOIOM, Hleiio B TOM, 94T0 HAOmona-
TENTH BHIHYXICH KOHCTPYHPOBATH ANEKBATHLIE CHOCODR OIHCAHNA COCTOSIHUS
OOREKTOB IO PHHYINTENBHOMN CHION PeaTbHOCTH. A B JI000H peassnodi CH-
Tyal¥ HafumoZaTess OXPYXeH YAaCAMM, B POSIH KOTOPRIX MOTYT BRICTYIIaTh Kak
OOBEKTHl NPHPOAKL, Ybe COCTOGHHE H3MEHSICTCH, TAK M NPOXYKTH HHTEIICK-
TYALHOM TeATELHOCTH (HanpuMep, OYAMIEHEK). JIoCTATOYHO HCNOMLE30BaTh
XOTH OBl eNMHCTBCHHEIN TakoM OGBEKT (KOTOpHIA MpeGHBAET, pasyMeeTcs,
B TOM X€ NpOCIpaHcTse, 910 W HaGmonarean), ¥ Habmonarenrn GymeT BIpase
CCHUTATHCH HA «CBOM» XOF BPeMeEHH, He 00paniasd BHAMAHNA Ha X0 BPEMEHU,
npucymuit coberseHno npoctpanctry 2. BoT B 9TOR CHTYalMM BCE MIHOBE-
HUSl BEYHOCTH {(MOMEHTH BPEMEHM) OKA3ZRBAIOTCH DUIHYSCKH Da3IMIHLIMMA
Auls © MOYKU IPEHUR KOBKpemHozo nabriodamenn. TaxuM obpa3oM, B peaih-
HOM CcWTyaumy Kaxpki#t HaGmoparent (QaKrHYeckKd NOMLIYETCH HEe TOMLKO
cBoell cucTeMol NPOCTPAHCTBEHHEIX KOOPHMHAT (CBOMM STANOHOM UIWHE),
HO ¥ CBOMM CTIOCODOM OTCYETa BpeMeHM (CBOMM 3TANOHOM nepuoza). B arom
cnydae HeOOXOMAMO CHENRATLHO BRECHSATH, COBNAIRIOT MM STAIOHH AJIHHH
H TAIOHM NCPHOAE ¥ HAGMIONATENCH, HAXOIAMAXCH B PASHRX COCTOMHMAX.

§ 1.4. HanpagneHHOCMb X00G BpemeHu

Hapatre monpobyeM BRISSCHUTH, KaKOM CMEICT HYXHO WM MOXHO BKIT4-
JHEATH B TRANHLUMOHHOE IOHATHE HEApASACHHocmy XON2 BPCMCHH.

C 3T0M LEIBI0 HPEANONOKUM CHAYMIA, YTO HPOCTPAHCTBO, 00nagaeT cod-
CTBEHHON HEOAHOPOKHOCTLIO (CTANO OBITh, BCE €10 TOUKH PANIHN dusngec-
KH), 2 BpeMEeHHON KOHTHHYYM HyCT {(COOCTBEHHEDE X0 BpEMEHH OTCYTCTBYET).
Hanee BBEOEM IIOHUTHE CMENENN IQNOARENUR MOYKE RPOCMPANCINBE Moyey-
oK wacmuyed — TACHA YACTHII, IPACYTCTAYIOMHHX B TOUKE NMPOCTPaHCTBA
(0460 exmauna, JmGo Hynep). Temeps BBEZEM XOX BDEMEHM, WId 9er0 HOME-
CTUM B IIPOCTPAHCTHO HIOKA BCEIG OAWH-CHAWHCTBCHHBINA OTAMYHLIA OT HEro
O0BEKT — TOYCHHYIO YacTHHy, YTobel OHa MOIIAa BHIIOJHATH POJIb YaCcOB,
OHA J0ANCHA CU2AMBCR ¢ KOREXHOR CKOPOCIILIO, M TOrHA CTENCHD 3a00NHCH Y
X051 OBl YACTH TOUCK IIPOCTPAHCTBA CMOXET NMPUHHMATL PA3HWE 3HAYCHHS.
H3mMerenue CTENICHN 3alI0HEHNA OMHOR ONpeneAcHHON TOYKH 1 Oyuer CBu-
AETEILCTBOBATH, 9T0 B HEl NPUCYTCTBYET XOH BPEMEHH.

HTaK, ycnosMMcs, YTO B OAHOMEpPHOM HEOTHOPOAHOM X -KOHTHHYYME
NPACYTCTBYOY: 00Ha eOMRCMGERHAR BITKYIIascsad TOYeYHAZ YACTHIA M TOT,

. 2 310 O3HAYACT, 910 HAGQTOAATENL HTHOPHDPYCT EIMCHCHAC COCTOSHMH ITPOCTPAHCTRA KAk
HeRofo, €Ch, KOHeYHO, Takopoe MMeeT MecT0. Cobcrrermniit &e Xos BpeMonH, KOHEYHO,

ONMHAKOB JU1d BCEX, IPCORBAKOIIMX B TPOCTPAHCTEE.

!
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PUC 1.6. [IswkoHre TO4eHHOW Yactmubl B {X1}-koHTrHYyy™me.

B momeuT ;4acTrua CTapTyeT na TONKK Tp, 3 QUHMLNDYET 8 TONKE T2 B MOMEHT I;.
CKopoCTL HaCTHLL, YCP@AHOHHAA NO MHTePBANY NPOCTPEHCTRA (Z) < Z7), 1 NPOMEXYTKY
spemenn (3, +¢;) pasHa V = 4 "‘ > 0.

Ecnhu yacruua siue pa3 c'raprye'r — YXE U3 TOUKK 2, (B MOMENT £,), a wuuumpxm
(ewe paz) 8 TONKE 2, HO MeiEN cxopoct, T0 E(zy) =t + B2 = +{— (8, - ¢;)] =¢

Ecan xe wacrvua tlmuumupyer 8 TONKS Z), HO B MOMEHT Bpemern £ (> &), 'ru
HOBBH CXDPOCTL papHa ¥V = H=R o <0.

Kak BWAMM, HANULIO OXKBMBIANGHTHOCTS (HEPAINMMMMOCTL) ABYX YTBEPXAEHWN:
4acTiLId HOGRHOXPATHO DK33LIRASTCH B OAMON M TOW X6 TOMKS NPOCTPAHCTEA, He MOHRS
HanNPABACHHR CKOPOCTH HE NPOTHOONOMONNOO; YACTULIS NEQQHOXPATHO NGPEeMELI3eTCA
BNOPSA-HESAA M B NPOCTPAHCTES, M BO BDOMEON.

- XT10 HeGoxaeT 38 COCTOAHAEM NMPOCTPAHCTRA. Xorenocs Gkl Taxwe, YOG
He OHAO HEKAKHX COMBCHMH B CHOCOOHOCTH YACTHIIN CKONBKO YIOJAHO pa3
MEHSTH, HAIIPABICHME CBOCH CXOPOCTH B IVia3aX Habuonarels H CKOJNEBXKO
YTOJTHO Da3 ODOABNATHCH B OHON M TOH XC TOYKE UPOCTPAHCTSA.

ITycrs gacTHIIa MPHCYTCTBYET B TOYKE C KOOPXMHATO! Z;, ofnanas cxopo-
¢Ts0 V', HanpapieHHON B NOJOXHTENSHOM HanpasneHun X -ocu (pmg. 1.6).
YCIOBANCA CYBTATH 3TC COCTOSHHE YACTHIIM OTBEYROUMM MOMEHTY Bpe-
MeHH {;, Bcmr uacTins nogmasercs B TOYKE C KOODAMHATOM 2;, obJanas
TOM Xe€ CaMOH 1O BEJIHTMHE M HAMPARNEHHIO CKOPOCTRIO V', OyACM CUHTaTh,
IT0 HACTYIHI MOMCEHT BpeMmeHU i), mpuaeM 2, > ¢,. MoXer s dacTAlla
BHOBD OKA3AaTHCH B ToUKe ¢ xoopmuHaTod x,? Ecnm <mas, To Habmoxaren
CITpABCIVITBO PEIIHT, YTO CTEICHD 3ANTOMHEHHS KAXKION H3 YIIOMAHYTRHIX TOYEK
X -ocH u3MeHMNACE ABAXN (Z)-Touxy: 1 — 0 — 1; z)-10ukE 0 — 1 — 0),
H TorZa 0e3yCNOBHO BpeMS B HMX NpHCYTCTBYET. [IpH 3TOM, Kasanoch O,
BIIONHE €CTECTBEHHO CUYNTATh, YTO QIR GO3I6DAMA RACMuuM U3 00KOU MOvKU
nPpOCMPancmea 8 Apyzy10 NeobxpOuUMO RIMERERRE HANPASALRRS CXOPOCMN.

A MOXeT /M 9acTHUA, HaXomWBIiasicsd B MOMEHMT BpeMeHM I; B TOUKE
C KOOpIUHATOH 2, OKA3ATHCA BHOBL B T|-TOYKE, HE HIMERNG HARPGEIENNS
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cKOpocmi 6 XaKoi-nrbyos mouxe X -ocu? Bor yxe Ana 3TOro 4acTHNA J10/DK-
H2 OHITH <«IICPCHECEHA» H3 «HACTOMUICTO» B «IIPONIOSs, NPHYEM B PAMKaX
PacCMATPHRBACMOTO NPEATIONIOREHMA HHasi HHTepApeTaya HepoaMoxHa. Bens
IS H3IMEHEHHA CKOPOCTH HeODXOTMMO TelcTBYE Ha JaCTHIY HEKOET'O CTOPOH -
HEno CHIIOBOTO thakTopa. ECim Xe cXopocTh He MIMCHMIACh, 3HAYHT YACTHIIA
MIEPEMECTIIIACH U3 Z2-TOYKH B &} -~TOYKY HE HHATE, KaK CBEPXbECTCCTBEHHEIM
CIIOCOBOM.

Bor, qro o3nagaeT «ofpamuas ngnpassexnocms xoda spemenu» (YW «nepe-
HOC HACMUYULS U3 HACMORKIEZ0 @ npowager). Kak BUEHO, puxomurcd BHOHPaTh
MEXRY ECTECTBEHHEIM B CBEPXLECTERAHEHHLIM.

Ho..., BO BCeM ngumcmannm’?ﬁt HET JOTMYCCKHX NPOTHLOpSTHH IIpR
OHHOM, He cpasy OpocaiaieMCcs B IES3E VCAOBHN: C/IH YACTHIIA, BRHIIOIHBINAS
pOJib 9aCOB MPHCYTCTBOBANA B HPOCTPAHCTBE (HHAYE TOBOPS, CYIIECTBOBATA)
umero nenpepoiono. OnHaxo, YTolH HabMOAATE b MOT OKTE B 3T0M YBCPEH, OH
noyskeH ofnagarh CoCOOHOCTRIO BAIETL CPAsY 6ech SECKORENNO NPOMRNCEHRWI
xonmunyym. Jlumns Torma oH Maxer yOeAUTECH B TOM, 970, HCUYE3asd U3 OTHON
TOYKH NIPOCTPAHCTBA H BO3HMKAR B IPYTOH, FACTHIA HHM HA MUI' HE NOXKWIAET
NPpOCTPaHCTRa. B NpoT¥RHOM cnygae, — chield TOALKO 38 OTHOK TOdKOH
[pocTpancTea (IIHM KOHEIHRM HX WHCHOM) M OOGHapyXupas, 970 CICleHb
3ANONHEHUSA €e ROJNeONeTCs MeRay eIgHMIeH H HyneM, — Habmopmarens
BIIpaBe 3a510J03pHTh, 9T0 YaCTHIIA MTOTIPOCTY NTPEKpatiacT H BO30GHORIAET CBOE
cymectBopare 27, Ho, €cm 210 T2, TO BHOBL BO3HHKAET Mpo6nema. Cnens
33 OIHON TOYKOH IPOCTPARCTRA, HAOMOIATENs HS B COCTOSHHUM YCTAHOBATD,
Ta JIA 3TO YACTHII@ BO3IHHMKN2 B TOYREe HaO0MoHeHIE, ITO M3 Hee HCYeina.
Bean He HCK/DOICHO, YTO «TA» QaCTUNE HCYeiNa HABCEHAA, 4 BHOBh BO3HUKNA
HYacTHLa «ApYras», BCE XapaKTepHCTHKA KOHCTaHTH KOTopoH, TeM He MeHee,
TOXJSCTBEMHEL TAKOBHM «TOH» 4acTHITE! 2%,

PayyMeercs, Bce BHINECKA3aHHOE HE MIMEET HIXAKOro OTHOMEHAS K 6a-
HUTBHOW CHTYallMH, KOIA2 BpeMs RICT TQABKO B OXHOM HAOPABICHMH («BME-
pei»), & BCIATL MOBOPAYMBACT KAXOH-TO MPOLIECC, NMPHUYEM — B IIQIHOM

COOTBETCTBHH C 3aKOHaMH IpHpons 29,

§1.5. OmBembl Ha BONPOCDH!

B camom xoHue § 1.1 GRUIH MOCTaBASHH TPH BOINPOCA, HA KOTOPHE, KAaK
G610 CKa3aFHo, MpencTosne Hadlti orBetar. M, xors ¢ orseroM nHa Tperwit

mﬁpnmmummmwmmcnomoﬁmewm
a PO30GHOBHTD B ApYrod, oTcrosmicl or nepbol Ha moloe paccTroduAe,

%) Beowt me ANTATECH OOBLSCHATS UPHPONY BOSHHXHOBCHEN-HCYEIHOBEHES JaCTHII, a OIpa-
HMYHTECH ML OMHCIHMCM 2TOIYD ABICHAES, JONYCTHMO BBECTH BOMSTHR «Dayrms» M «pefnirmn»
YaCTHLEI, H TOTAA NOCHCAHAR BOJHHXACT U3 HeOHTHY ¥ TYIA K¢ NDOBAANBACTCA.

29) Hanpumep, crapbime oprasuaMa CMEHACTCH €70 OMOVIORCHMEM BIH — CMCHIMBAEAS ZBYX

Pa3HHX BOTICCTB CMCHACTCH HMX painencwuweM. [Iperaaraerca anech me ofCyEnarn, mo kKagum
NpHEIAHAM TARKOE MOMO O MPOHCXONHTE.
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BOKPOC IPHRETCS nonpeucm (cu Tipmroxerue 1), ™o B2 Iwa npyrue
OTBETHTD YKE MOXHO.

Hrak, cHagana oreeT Ha BOUPos: « B vem mo20a cocmoun sma SBUBRACHM-
HOCMb, eCil, HECHOMPR KA nee, MOMCNHAN HQCIMULR, 8 Kaxol ke movxe ,OycTo0”
NPOCMPaKCMAq GRA Hu Haxpdusdcs, Baqusodelicmeyem ¢ 3moii mowxoi %

fIpexie BCETO cHeNyeT aMETWiS, WTO TIOCTE TOTO, O YoM TOBOPHIOCH
B Opeasymmx maparpagax, GopMymmpoBKy BoITpoca HYXHO H3MEHMTH. Te-
NePh HYXHO IOHATE, KK COSMEUAEMCH IRSREANEHMHOCD BCEX A, -STIECK i+
CTOTO» NPOCHIPGHCMES ¢ MEM, YN0 YUCAENNOE INaneRUe A, Modcem Dotmy ucue-
INI0UE MATNM, ¥ MO200 ANElRG CHENEMCH 8 MOYKY, G SBYCTORY RPOCMPAHCMST
OKANCEMCR COCMORMUM W3 Quauneckn sxensasenmuwx movex. Ho, sedp moxey+
HaA sacmuKa, 6 Raxol G mowxe, RPOCMPAHCMEs OMA HU HAXOORAACH, MOLLKY
noMomMy cumaemcs aaa“mmﬁ C HPOCIPGHCIIBOM, HIMG 6CE €20 MOUKK
dusunecxu nexencatermnn ),

3neck HeobGXOIAMO momm, w10 A, = ﬁ a E. # 0 (aMenro Hepa-

BeHCTBO B # 0 oTpaacT MATEPHAILHOCTS IPOCTPANCTREHHOIO KORTUHYYMa).
Ho Torna sroiHe JONyCTAMO CUATATh, YTO HoTeHIHan $.cxom yroaso Mai, a,
CJICIOBATENEHO, H BEIITIHHA A, CTOIE K& Maid, Mass, Ho Ke pasna nyaw0. A BOT
NPOTAXEHHOCTH TOYEGHON YACTHIG PABHA HY/IIO TOIHO, H nosromy B oGok
CHTYAllHH JACTHIA B MAHHE# MOMOHT BDCMEHHE MOXET npncywtwnan TOMLKO
BHYTPH OmHOH (2 He MHOYEX) M3 GCCKOHCYHO GOMLIIONO YHCHE (HIMICCKH
SKBHPAICHTHEIX SSCEK, COCTARIONMX NIPOCTPAHCTBO. TeM He MEHES, BHYTPH
KAXION MIeHKA BCe eINe OCTAeTCa AOCTATOUHO MHOTO To%ek’), M Bee omy
burUYeCKA HEOKBHBANCHTHH,

Teneps JErko OTBETATH ¥ Ha Ipyrol Bompoc: «B vew doiwao cocmoamp
G3aUMODelicmEue, KOMOPOe HENPEPHEHD LCHWNIMNEOEm YacmuiR, npebuearuan
UMERHO 8 HHICTOM™ HPOCMPAHCIRGE, €CAU, HECMOMPR KA MO ﬁmma&eﬁcmaue,
“acmia oBOCHOBNRO MoKems CHuigmuen ceobodnoii % 22

3necs cnexyer uMers B BHIY, YT cBobonHasT YaCTHIE MOXCT, XaK no-
KOWTECS (BEIHO) B OFHON TONKE HPOCTPAHCTBA, TaK W BEMHO JABHTATHCH
ripaMomHe#HO W paBRoMepHo. Ho B mobGoM cirywae, ecimt 2acTAng ~— ¢go-

0} apaiiTe OTOKNCCTERM OPOCYPAHCTDO, HADHMCD, ¢ TDABHTAMMORHKIM HoNeN. OGO3EATIM
cumponod $(z,1) 3HATCHNE IPIEWTANEOHNOTY IHTEHNHANA B IPOHIBONLEON TOYKE HPOCTPaK-
€rpa B HPOMSBONGLMER MomcHT BearoeTd, ECxE MW DpHIHACM TOUCYHYID TACTHIV TAKKE
METCPAATEHWNM OOLCKTON, off IPEACTCA UPRINICATS: TPIBRTAUHOHHME 3apa {TOXMASCTHENHO
COBMABAIOUMA ¢ ¢ RECPIMaRLHOH saccoll m), Cwna RsauMonelicTRMY Yacamd ¢ Bpo-
CIPEHOTBOM-TIQNieM paBNa —m - grad &z, 1), Tpwaes,, COTIACHO pR¥ee CKAZARHOMY, DEAMTIRHA
grad ®(z, {) He momer GeiTh PABHA HYID /U BOSX £ (MR B KaX0d MOMEHT BDCMEHR) M BE MOXOY
6wty pamsa BHymIo iz Beox T (Hm B xAXOR ToIXS UpocTpARCTBA). HMENHO 3TH HCPABCECTBA
A orofpaxaioT GuEMECKYN HESKRHPANECHTHOCTD BCEX TOUMEK nHpocTpaycrsa: B M0boH MOMEHT
BPCMCHH KAXXOK ¥ -KOOPHHHSTE (2 970 — IPRYHAK AL METCMATHYCCKOTO DAIIHYMS TOYEK)
OTRETACT CBOC FHAUCHHS NoTeaumMand 9.

31)C‘1p0m TOPOPA, HX TOXC SCCKOHEUHO MHOMO.

¥ B19 -~ ctne oma NPWTHA, TOIPORAMIA OTPABIATE RPHCHOCHES IPOCTUACTEY STATCT
anyeroes {CHa9ANR GBUTO pPRNICRO CYMTATh MATEPEATMIOBARHOC [POCTPAHCTBO +IYCIRNS i TOM
OCHOBGHHH, IT0 B HETO MOXHO DeCHpPendICTBCHHO WIOKWIE JHOSHE MATCPHANEHLIC OFRCKTH).



§1.6. Ha2ns0HAA MOOE/L €NYCMO203 NPOCMPAHCMBA L

bodnas, e CKOpOCTh, YCPEAHEHHAS 1O CKOMDH YTONHO GOJBINOMY NPOMEXYTKY
BpeMEHH, O(83aHa CORIANATE C MIHOBEHHON CKOPOCTHIO.

EcrectBeHHO, CKOPOCTE WRACTHIN, HOCTOAHHO OPHCYICTBYIOIIEHE B more
baykTynpyromero (8 APOCTPAHCTBE B BO BPEMCHH) [IOTCHITHANA, HE MO-
XeT, B CBOK OYepels, HE QHYKTYRPOBaTh. TeM HE MeHee, IOCAe YCPeRHeHH:
IO O2POMAOMY TIDOMEXYTEY BPeMEHNH JHaYCHHE CKOPOCTH OyeT TaKkMM Xe, Kak
¥ NPH OTCYTCTBHHA (UIyKTyaImi 33), KoHeyro, YCPEAHWE CKOPOCTD IO RCYesq-
10le KOPOMKOMY TPOMEKYTKY BPEMEHH, Ml TIOJYIAEM BOIMOXHOCTh CYMTATH
€€ MIHOBEHHOW, HO 5T0, KA3A710Ch 6, He¢ 03HaYaeT H3OaRNeHHA OT RAVAHK
diykryauut. OmHako, ecrs «3acToras (IyKTYauEi cKopoctd (BH3BAHHBIX
dnykryasiMm ovesyana) > HeOrpaHHICHHO BeMKA, YCPERHEHHE IT0 BECH-
Mi KODOTKOMY NPOMEXYTKY BPCMCHR JaCT TOT XK€ PEIYARTAT, 10 H YCPEAHEHHE
IO CKONb YIrogHO HposcipruTehbdoMy. Ho Tora oTiMase MIHOBEHHON CKO-
POCTH OT CPEEHEH ORAKETCE Hede3aolle MankM. B pesyanrare salimoxaresns,
€CHH OH TONBKO HE BOGPYRCH H3MEPHTCIHHEIME HPHGOpaME ¢ HCKAIOUHTENb-
HO BHICOKOH pasperaronieif c11ocoGHOCTHIO, CPAaBEA/IABO NOCIHTAET YaCTHILY,
BIAHMOJEACTBYIONYIO CO CTOAb CHEIMPHICCKIM KOHTHHYYMOM, abCOMIOTHO -
CBOBOAH .

§ 1.6. HaznadHan modenb «nycmozo» npocmpaHcmsa

TIpemnaraercd MOCTYAPOBATh, 9TO:

Hem Hu OOHOU MOUKU DECKOREUHO NPOMANCEHNOZ0 NPOCMPAHCIEBA, 8 KOMOPOi
eenununa ¥ pasnanace 6w nyaro @ xaxoil 6ot mo Hu GbiA0 MOMEKM BPEMENY,

HU 8 XaKoe M2HOGeHUE aexrocmu geauuuna I ne paswa Hyso & Kaxou u mo
KU Ouino mouxe npocmpancmea.

MoOXHO cKasaTh MHAa9e: HET AaXe [BYX TOYEX IIPOCTPAHCTBA, MTHOBEHHOE
3HaYeHHe HoteHovana § koYopelx 6nno Obl OJMHAKORKM B KaxoH O 1o
HH GHLTO MOMEHT BPEMCHM; HET AaXe ABYX MTHOBEHHH BETHOCTH, KOTOPLIM
OTBEIAIO OBF OHO H TO XK$ IHageHue NoreHIMAaTa P B kakol O To HM ORUYO
TO9Ke HpocTpancTsd. B moaobroM mpocTpacTBEHHO-BpeMeHHOM KOHTHHYYME
BCC TOYKH M BCE MTHOBCHWY BETHOCTH (DHZKHYCCKE PRyIMYHE. JT0 HOTHHHO
MaTepHaTsHEGE 0GbeKT, _

Termepp rMeeT CMEICT TPEITIONOKUTE KOHKPETHYIO 3aBHCHMOCTE D (7, t),
KOTOpad, ¢ ONHOM CTOPOHE HO3IBOIAIIA Oh MpH HeOBXOIUMOCTH YHecTb Helpe-
PHBHOE ¥ BEYHOE B3AUMORSHCTBHE TOYSIHOH JaCTHIIN ¢ IIPOCTPAHCTBEHHO-

3 Vepenmesme o Geckopeymo GoASMOMY NPOMEXYTKY BPEMEHH DONHOCTHIO OYHIIACT
CKOPOCTEH OT ¢ityKryarmi.

) Xomi, cYporo T0Bops, NOHATHE FACTOTH (6¢3 KABWYCK) KQICOARIEH HEMPIMEHIMO X (uIyK-
TYAMHAM — DONHOCTRO XAOTHICCKHM EONCOAMHAM, ~— B ASHHOM CIydae 510 OOCTOSTCALCTBO

POJM HE AIPaEcT.
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BPEMEHHBM KOHTHHYYMOM »)) 2, ¢ Ipyro#f cTopoHN, He mpensTcrBoBais Gk
OpH HeOOXOMAMOCTH CIHTATH €10 IYCTHIM.

Ha puc. 1.7 (a, B) mpeacTaBAcHa 3aBHCHMOCTS $(2) B MPOAZBOMBHEN MO-
MeHT ppeMenn t,. Bee sHaueHAs NOTEHIHANA OT 00 KO +-00 ,paaﬁpacauu BIONE

”}'lh.m; uooﬁxommmammnpnoﬁmmmmmwﬁmﬂm (cy. Iipm-
noxemae 1 .

a) D(z,t.)

Puc. 1.7. Pacnpenensume notexsunana s NPOCTRAHCTEE-BEMEHA:

a) U 6) — manxomacwTabHue MICOPAKSHUN;

B) ¥ ) — xpynHomaclWTalHuwe YypeapuNaiHO yrpuposanHse kaolpaxenrs. Oy
npecnenyioT uenk Noxkasare, YT0 KONeLAHWA NOTeHUMANRA B TONKS 2, B8O BPEMEHM
W OCUN/URILMM 870 B MOMENT ¢, B NPOCTPAHCTEE He SRMIGTCR MARANLHO NapHognve-
CkMM 1 KDOME TOTOC, YTO NOTeHUMANBI CODBAMWX TONEX TPOTHBOHONCKHE 1D AHAKY.
Untepsanat Az; u npomexyrnn Af; — 80 PadanNHLL W, ToM NE MEHES, BCE OHM
BCHE3AIoWS Mankl. Kpome Toro, xpynksomaciiTalime naotpaxstmsa v3sans NOKA3AThH,
4TO HANPAXEHHOCTL NOMA NDUHAMABT BCRrD 483 3HAYEHMS (£00), CFAMHAKILNecY NKlLL
3HAKOM, AHAIOFMMHO, TIOTOK NOTSHUMANA TAKKE MPUHWMAGT BCOrs ABa 3HaveHus {00),
OTAMYACIUMET UL SHAKOM.

Kakasn Omt 7O H1 6b10, KkOppenAuMA (MPWMUWMHO-CROACTEAHHAR CBA3L) MEeXAY
anaueHuAamMy P (z,), BaATLIMK B PB3HLIC MOMEHTLI BPEMEHM, OTCYTCTBYET, pasBHO Kak

W xoppeniums mexay avadeHusmu D (f,) B pasHbix Toukax X-ocu. MosTomy u He cy-

macraye'r YPaBHeHN# HeNPePLIBHOCTH M + ¥, - -3{--‘9 == {}. KpoMe TOro, nocxonhxy
L] # | 5], ) # |33, nyxono ynepxarbcn nor coﬁnasna oBpPaTUTLCS! K YDRBHEHWIO

Henpepuamcm 8 BMAS ”; = -V, - 2% £ 0 (rae V, Morna Ot Mrpath POAL CKOPROCTH
nepeTaKkanns CoBCTBeHHOO nomﬂuuana $. 13 0fHOR TOMKM TIPOCTPAHCTRA B APYIYIO).
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=

6eCKOHETHO HPOTAXEHHON X -OCH xaomuueckn, NpHYEM TakK, 910 HH OXHO
1“3 3HAYCHRI He mobropaercd. Kasanock 66, 01C1043 AOIKECH CIeA0BATh BRIBOA
O INpeBpaAICHNA Beex Touek X -ocu B duavaeckn payvmwaxane. Ho...

O6paTimcs k puc. 1.7 (6, r), HA KOTOPOM IIPEACTARICHA 3aBUCEMOCTD $(t)
B IPOH3BONLHOR TOUKE 4. JTa 3ABHCHMOCTh TakkKe ARIETCS XAOTAIECKOMH.
Ec/4 He 3HaTh O pacmpeieleHER NOTCHIEANR n,umm X -ocu B MmoMenT £,,
TO, DLAA Ha 3apHcHMocTh P (., 1), MOXHO GBUIO 6K CHENATE BRIBOL O BH-
3MYMECKOX PEVIMTAMOCTH BCCX MOMEHTOB spemcHH. Ho... cormocranieHne
zapucuMoctelt P (z,,t) v @ (z, {,) cCBHRCTEIRCTRYET, Y10 DH3EYCCKaT PasIH-
TUMOCTE BCeX ToYeK X -ocH uMena OBl MecTO TONRKO, eciH OH 33aBHCUMOCTD
® (z,t,) coxpapanace BeyHo. VI (Mavdeckas pasiMUMMOCTh BCEX MOMEH-
TOB BpeMeHM MMeNa GH Mecro TonbKo, Gymp sasmceMocts ® (z,,%) ommol
¥ Toit Xe noBcony (B kaxnoit Touxe X -ocn). (Caedyem npunsms 6o snumanue,
umo MroMecmso 3navenuii nomenyuasa P(z)a npoussonskuiii Momenm epeme-
HU UOERIMUYHO MHONCECMEY 3navenuii nomenyuana B(L) & npousseasvnoii mowxe
APOCMPARCINEa. )

3aMeTHM Tenepb, 4T0 NPOCTPAHCTBCHHEIE HHTepBATH AZ; H BPEMEHHEIE
TpoMeXYTKH At; ncuesaonle Mans (Hs3-3a TOro, 910 XAOTWYECKOE pacupe-
feleHue ncrrcﬂunana HMeeT MECTO B KOHTHHYyMe), A MOTOMY GeCKOHETHO
BEJKO YHCNIO 3HAYCHHH TOTEHIIUAJA HA CKOMh YIOIH0 ManoM (Ho obs3aTens-

HO OTIIMYIHOM OT HyNs#) MHTepBAe Az, paBHO K4K M Ha B TOH Xe creneHu

MAJIOM TIPOMEXYTKE At. B cpowo ovepenh M3-332 91000 HCYEIAINE MATO
OTIFHIUE APYr OT APYTa BEAHIUH;

t+3
1 N gyt
x f) = = - S{x,t)-d
@@z O == ] (2. t)
X
u .
%
1
(B(2)) A, {——-i &(z, t) dt},
At
YA
-
1 ,
{‘I’(t))g; (Z)—-——;::::' "I’(.’B’, t} dz
Az J_
H
v
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A TIOCKOJLKY, 1O OIpeaeAcHHIO Xa0TUIHOCTH,

(@ g =05 (B agrce =0,

TOYSACTCS, TTO HCIEIRIOIIE MATHIMH ROKHE GLITs 1 seamarnn {D(x))z; ()
H (B(1))x: (z). Ecnu xe yvecth emie ¥ Manocts 3HaucHud At m Az, Mo-
XET CHOXHTECH BIICIATHEHHE, YTO MOTCHINAAT BOOOIE PaBEH HYILO ITOBCIONY
B BCCIJA.

OpHAKO H8 CAMOM Aene MIHOBCHHO-JOKANBHOE IHAYCHWE MOTCHIMAIA
HUKAKON pOTH HE AIPaeT, ¥ €10 MOXHO CYHTATH OECKOHEeTHO MamhM, YToba
IIDOCTPAHCTBEHHO-BPEMEHHOR KOHTAHYYM CHpaBeaHBO OLITO MAIMBATE «Hy-
CThIM» {70 CTb — HYCTHIM MMEHHO B KABHYKAX), HEOGXOMAMO R JIOCTATOYHO
OTIHYHAE OT HYNS ABYX APYTHX COCLHAMDHIECKIX BETHIAH:

2 &t s

o BCAUNUNB \[( (_._2'!5;_‘!) ) v (avicrynaroweii & pasu 3nasenus MzHogeHNOl

HANpAMCERHOCIMU HOAR), 6 KOMODOT 8 KAYEeCmSe oYKy T excmynaem no6an
mosxa X -ocu;

. sequunyl \R (22 2}5 (¢mcmynalowieis & poau IHaRERUA AOKANBHO20 NO-
MOKQ NOMEeRUUANT), 8 KOMODOil 6 Kakecmee MOMeHMa epesery t sxcmynaem
aobar moyxa t-ocu.

Onmaxo NMPUCYTCTBHE TIOAA B IPOCTPAHCTRE OKAXCTCH COBEPIICHHO He-
OIIYTHMEIM, ecTi 3HaX npowssognol 222 ociumpyet co CTOM KOpPOTKHM
NIPOCTPARCTREHHEBIM IEPHONIOM, YTO H JIS GECKOHETHO MATOro HHTEPBAN: Az

() & 0
o (17)
VA(ZE2) )5

AHANOTHIHO, BPEMEHHON XOHTHHYYM YIOK3XKETCS 9YTS M He IIYCTRIM (U,

CTAI0 OHTH HET HMKAXoro xona Bpmeuﬁ), C€CIIH 3HAK ITPOHIBOITHOMN 81},—”2
xoaebiercsd CO_CTONb Sonpmoil gacTOTOM, 9TO H ANA HECKOHEUHO MAJIONo

mpoMeXyTEa Al
Qggm,t[ .
St w7 — 0. : (1.8)

85(z.0)\ 2
V(B 5
Taxmm 00pazoM, cielnyer 10CTAaTOYHO HeoXnAaHHNY BuBoa. IIpocTpan-
CTBEHHO-BPCMEHHON KOHTHHYYM OKA3KIBACTCS OTOXACCTRICHHHM €O CTOIb
crenAdaueckuM QUIYKTYHPYIONAM IIOREM, 9T0 B JOO0H dnriawgeckod pe-
ANBHOCTH, B XOTOPOH YT0-TC HPOUCXOIMT — IMYCTh B TCUCHUE YPSIBHIYAKHO
KOPOTKOTO MPOMEXYTK2 BpeMeHH Al H B OYeHb YIKOM IPOCTPAHCTBEHROM
AuTepBaie Az, — BedaawHR Al 4 Az oxasRpalTCs eme boNee HEITOX-
HBMHE — HACTONLKO, YT0 NPOCTPAHCTBEHHO-BPEMEHARON KOHTHHYYM MOXHO
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CYHTATH «HYCTWM» B HHTepBaIc Az H B nmpoMexyrke Af. B monobHoll ¢u-
3UIECKOH PEanbHOCTH HPOMEXYTOK Al cosepiieHHO 3aKOHHO HIpaeT pOib
MOMEHMA BPEMECHH, & MHTEPBAN AZ — DONbL MOYKE MPOCTPAHCTBA.

Onsako Tenepsh BIOPY HOBTOPHTD TOT CAMB TDETHI BOIPOC, KOTOPHIEE
beL1 chopmymipoBan B camoM Koule § 1.1. Uto BEMyxXnaer Hac MPHIMCATE
IIPOCTPAHCTREHHO-BPEMERHOMY KOHTHHYYMY CIIOCOOHOCTE K B3aMMORCHCTRIIO
(Mmaye roBopst, - MaTepHATEHOCTE)? BOT B 9T0# CBAIH XoTenoch 6w 06paTHTS
BHAMAHMC IHTATSIH HA ONHO OOCTORTENRCTBO.

Ha puc. 1.7 3asucumocts HoTeHupana ¢ or koopruHarn (B IPOMABOIE-
HBI MOMEHT BpeMeHHM) H OT BpeMeHH (B NPOWIBONLHON TOYKE TIPOCTPAH-
CTBA) NOKA3aHA TPEPHBHCTON MINHeH UCKMOYHTENLHO DAIM HATISTHOIO
IIPEACTARICHES WMEHHO OYeHb ODHCTPHIX U NPHTOM XSO0THWIHLIX HM3MEHEHNH
nmotreHInzana. Ha caMoM Aene MOXHO HORO0paTs M TAKYIO NENPEPRSNYIO 3aBH -
cumocTs &(z, t), arobn Bupaxenns (1.7) u (1.8) ocramact cnpaBefMBRMY,
CrenayHni BHINE BRBOA M B 9TOM CNTYY2E HC HIMEHMTICSH, HO «IEyCTO» IPO-
CTPaHCTBO (TO €CTh BCE Xe MATePUANBHHN 06neKT) UHpHOGpeTeT MOGOMLITHOS
ceOHCTBO. Ecoma' oroXecTsith BesinaaHy ©, HampaMep, ¢ JIeKTPIIECKUM Ho-
TCHIMAIOM, TO €TI0 Xa0THYECKKE KONeOAHHA B MPOCTPAHCTEE CBHACTEILCTRY-
K0T, YTO OHO ABISICTCS JMEKMPONEEMPASLHHIM ANWS 8 CPeOneM TIO HEKOTODOMY,
IOCTATOYHO MatoMy o6beMy3®). CrienoBaTensHO, OHO CIIOCOGHO TIOJAPHIO-
BATECS, €CIIM B HEM MOABUTCH JapaXKeHHAsA ToYedHad JacTHria. Bor B 3roit
CHTYallH YX€ NPAHLMITAATILHO HEBOSMOXHO HIHOPAPOBATE SNCKTPHYSCKOE
B32aUMONIEACTBHE MEXTY JBYMHA MATEPHALHRME OOEEKTAME — ITEKTPHYCCKH
3APAXCHHOR YACTHIIEH M MPOCTPAHCTBOM-TIOVIEM,

MoxHO OTOXICCTBATH BeMYHHY P ¢ IPABHTAMHOHHEIM FOTCHUMAIOM,
¥ TOIJIA «IYCTOe» NMPOCTPAHCTBO CTAHET CKHMacMBHM. Ecnd B HeM MOSBHUTCH
IaXe He3APIREHHAs TacTHIa (Macca NOKOA KOTOPo# TOYHO PaBHA HYMMO), OHA
YIUIOTHUT IPOCTPAHCTBO B OMHOM MeECTe 33 CY9eT paspeXxeHMd ero B APYIoM
MecTe. B pesynbrate ondTh-TakKM BO3HMKHET BIAHMOXCHCTBAE MEXHY ABYMS
MaTEPHANLHRIMA 00bEKTaAMH,

36) [Ipu 2TOM ancKTpHYCCERIt 3apan oGNACTH MPOCTPAHCTRA CONACTCA BOBCE HE YACTHIAMM,
¥ TNOTOMY BOAWYWHA €10 JANG COBCPIICHNO cAyYaliHo MOXET OKA3aThCA KPARTRON 3uaucHHIO
3aPKAY, HABPHEMED, NCKTPORA. INekTprdeckHll 3apax OMGNACIH NPOCTPAHCYBR pacrpepeIcH
B HEM HEHPEPRIBHO M pPaBeH NPOMIBCACHEN O0OBEMHOM HAOTHOCTH 3apuma Ha OOBEM OlmicTH
HPOCTPAaHCTHA.



Inasa 2

Cmamucmuveckuii cnocob onucaHus
COCMORHUA Move4YHOU Yacmuybl

§2.1. NPeONoCHIAKU CIMamMuCmMuYecKo20 cnocoba
onucaHus cocmosiHug obexma

A He CMOT HPETOXUTE KAHOHHYECKOE ONpeNeICHHE TOHATHA «COCMORREE
MAMEPRALLR020 DOSEXMar W TOTOMY IIPEIIArard HMETH B BHIY, IT'OBOPSA O COCTO-
aHAM obbeKTa, COBOKYIIHOCTD BCeX TeX (PMIHTIECKAX XAPAKTEPHCTHK, KOTOpHe
HeoGXOMAMO IPHITCATE OOBEKTY B KOHXpeTHO# obcranonke. Hanpumep, cio-
BA «Co00004as (MO eCMb Hut ¢ YeM He 63aUMOOLICAEYIONIAR) Yacmiula RAXOIUMCn
8 COCIMORRUR C ONPEOCALHINM UMBYABCOM, ONPEOereHHOU CXOpOCmbIo, onpedeiey-
HOUl Maccol OsuMenus» N COBa «ceolodnan uacmuya obsadaem onpedeseniom
WMIYALC0M, ONPEOCNEHNDI} CKOPOCTbIO, ORPeOerenHOl MaCCOl QOUNCERURY — ITO
CHBOHMMBYHEC 3a9n1eHus, Hpeanoarenue, KOTOpOE OTIAHO TEPMITHY COCMo-
Anue, CBA3AHO UMEHHO ¢ BHHYXACHHEIM HCHOABIOBAHHCM CTATHCTAYECKOTO
CRocoba ONMCAHNA... Cormoarua o0beKTa.

IpEHIAITHATEHAs HEOGXOMHMOCTh IIEPEXORA OT KIIACCHIECKOro (IOpo-
CTY FOBOp#, AOKBAHTOBOID, TO €CTh — MEXAHMIECCKOIO) CHocoba OIMCanus
X KBaHTOBO-MEXAHWIECKOMY (TO eCTh — CTATHCTHUCCKOMY) o6yCHOnNeHa BO-
Bee Be cnetMduKoil o6rexToB, B pacxoxee MHeHHE 00 0coOGHX cBoOficTBaX
HMCHHO MEKPOYACTHIL ARNACTCH He Goriee SeM HAUBHBIM 330Ny XaeHHeM, YHA-
CHEAOBAHHEIM CO BPEMCH CTAHORISHWH KBarToBoi Teopun V. Hoasil crioco6
ONACAHMA AMKTYeT 0OCTANOBKA, B KOTOPOIT mpebuipaet obkext Y. TIpeacransre

) Jiobomirio, X XKAKON EATSropuE omuechn GM IDHBCpXeHNH NORobHOH TOYKH Ipemms
TaXOR 0OBRCKT, XAK, HADPHMED, cpObOIHBIR GECKOHCYHO NPOTAKEHABIN MITEPHANLHWA KOH-
THRYYM (CKTPOMAIHATHOC HOAe), KOTODHH OHM Xe HafefinT W YACTO KOPIYCKYTINPHRIME
tBOBCTRAMME.

2 Crporo roBopd, HAIRANNC <KeRNNIOSEN MEXSRRKE? BDIJ JH MOKMO NPMINATL YIATHLM.
OHD BCETO JHIIE DTPAXACT TO YAHRICHNE, ¢ XOTODRIM FAYTHAS OOMIECTRCHROCTD B CAMOM HATATE
XX Bexa OTHOCRACH X HEOUXOMAMOCTH DMPEIHATH, 4TO0 B HEXOTOPHX CIYHasX S5HEPIMS MOXST
H3MCHATECH HC HA CKWIb YTOMHO MANYI0 BCAHIHHY, 4 HMCHRO Ha OTPARHNICHHYIO cmrsy. Orcioma
M BOIHEXJIO HPGACTRANCHME O NHCEPCTHOCTA 4BCETO H Bef», ko0 npacymelt Ilprpone.
Pasymeerct, mo Mepe 1010, K3K pPSHCS JATATONHBIC ANICHEA NPAPOAN CTAMM ONMMCHIBATHCR
REEKPATHRM 00PaloM K NONYI2TE OGLICHCHUS, HPRIBIO NOHBMAHHNE TOTO, 910 KHCKPETHOCTD —
BOECE HE NOBCCMECTHOC MBICHMC,

HaspaHHe «CTATHCTHYCCKAN MEXAHMKA TOPAINO JIYINIS OTPAXZST CYTh JC/A, 9eM KA3Ba-
HIA «KBARTOBAA MEXAHMKgs MIX «BO/MOBEH MexaHuka», KcTaTd, 1ocnemHee Massande OHLDIO
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cede, 9T0 HYXHO OTBETHTEH HA BOIIPOC, B XaKo¥ U3 MHoNcecmed (Dusudeckn
wdenmuaux (HEPANMHINMEBIX) T96EK HPOCTPAHCTRA HAXOMITCH B HAHHEIN MO~
MEHT TOYCYHas JacTHNd. EFHHCTBERHO Pa3yMHEIL OTBET — & L1000K ¢ pasuok
sepasmuocmuio. Biymaiirech, 910 3HIIUT 8 Kaxoii %, ey OxHA saelika o1IH-
3aeTCs OT APYrod HOMEPOM, KOTODRIH eif MPOH3BOMEHO NPHCBOEH B KOTODKIMA,
pasyMeercd, He apngerca PN3A9ecKoi XApAKTEPHUCTHKON ek,

Eme oquw npusep. asaifré BIrsaHeM Ha 3HEKTPOH, ABREyIWitcs B cde-
pUYeCKH CUMMCTRIYHOM 3JIEKTPOCTaTHICCKOM mone. [Ansg cwoemesoes 8 moy-
Ky Rabmozarens (PacrioOXWBIIENoCH B HeHTPe cheph) GuINvecks paTHIHE
TOJBKO TOUKE RPOCTPAHCTRA, HAXOMAIIHECH HaE PAIHOM YIANICHRH, YTON 3DCHAA
NOHOOHOrO Hablnogarens paseH 47 CrepaaMaH, M MTOITOMY OTBET HA BONIPOC,
8 KaKOi movKe NoeepxXrocmi cepvl HAXO0UMES IeKMPOH 6 OGHKHU MOMerm
épemenu, MOXKET OHTH HIL TAKAM: C PABHOY BEPOATHOCTHIO B OG0

Tenieps creayer 0OPATHTE BHUMAHHE elie HA OIHO OBCTOSTEABCTBO.

B pamxax xnaccudecko#t MexaHmx¥® oUpeKr (HANpHMEP, Y4CTHIA) BH-
CTYIIACT B POJIM HOCHTEJA 6CeX CBOHX XAPAKTEPHCTHK B TOM IIPOCTPAHCTBE
(B mMycroM HAH 3IIOAHEHHOM CHJIQBHIM NOJEM), B KOTOPOM IIPMCYTCTBY-
eT. EcTecTBEHHO, YTO TOTHA CopepIeHHO DeCCMBICIEHHO NPEACTANIATE cebe,
CYIMECTROBAHNE MROXECTBA IHAYCHMI, HAMPHMepP, AMITYIIHCA OMJessH0 OT Cy-
ECTBOBAHMA YACTHL,

CTaTECTHIECKHH CIIOCcO0 OIMHMCAHMA OCHOBAH Ha TIPCHCTARICHMH O TOM,
9TO YACTMIA SB/SETCA HOCHTENNEM K¢ $ceX CBOMX XapaKTepHCTHK, a JIHIIE TeX,
KOTOPHE SRIAKICA NPH3HAKAMHA XAYeCTBCHHOrO OTIUYMA JaHHOM Da3HOBHA-
HOCTH JACTHIL OT BoeX MMPOYMX PAIHORMAHOCTEH gactiu M 0O0ReKTOB. JIpyrue
XapaKTEPHCTHKY IIPHHATO OTHOCHTE K BeJIMYMHAM «HAGIonaeMbiM» (To eCTh —
BeIMYMHAM, CIOCOOHBM H3MEHITRCH, «IIPHCIIOCA0IVBAACE» K OKpYyXalomest
OOCTAHOBKE), KOMOPHE 8 PAMKAY CIRAMECIENECKO20 CROCODA ORBCBNUR DOANC-
HBE CHUMAMBCR CYUCCIGYIONIME KEIRGNCEMO OM CYMECINGOSANRA olsexma.
Ho, notepsis 00beXHHAOMETO UX HOCHTENs], OHA NPEBPAIIAIOTCH B HE3aBH-
CSAIME EUle M PYT OT Apyra. Kaxnas xapakTepucTaka Tereph obpasyer csoe
«[IPOCTPAHCTRO» (CBOE MHOXECTBO) 3HadcHNH. BromkEe pasymHo accomumpo-
BATH KAXA0E TAKOE 3HAYCHHE C «HIIIRKOM» — C COCTOSHFEM, KOTOPOe JacTUIa
MOXET COB0I0 3amoNHuTs (HaBedHO WIK HA HEKOTOPOS BPEM), a MOXET
¥ He 3aTONHATb.

O1aKe XapakTepBCTHKH, CIIOCOOHON mpHHAMATH TONBKO OJHO 3Hade-
HHE, OT XAPaKTePUCTHKM, clIocoOHOM NpAMMMAETE MBOXECTBO 3HAYCHHMIA, pea-
JIHIVETCH B IKCIEPHMEHTe, KOTOPHI Tpefyer 0043aTENbHONO MHOIOKPATHOIO
BOCTIDOH3IBSCHMS SKCIEPHMEHTANRHON CHTyailmK (3TO HYXHO BOBCE He [UIS

yCTpaHeHusI CrydainoN ITOrPeIHOCTH MIMEpEHAS 3)). Toneko TAK MOXHO pa3-
JTUYHTG JBa GN3HIECKH CORCPXATEIHHBIX [IOHATHA. 4«00N0» H aMRONCECTIO0Y,

06VCIORICHO BCE TEM X¢ KODMYCEYANPHO-BOAHOBNM RYSIAIMOM, COIMACHO KOTOPOMY TACTHINA
mooEHa OuTh RHOTNa ynofgolnela BOJEE, TO eCTh — NPOTRECHAOMY 0ObexTy.
3 CrrygaffHas morpelrHocTh AAMEPEHAN ~ 910 TAKOES OTENORCHES NOKAZAHMH M3IMECPWTICHL-

HOro npAGOPa OT HCTAHHOFO JHAYCHHN (npmmom O0LEXTEBHO cymecmymmn:u}, XOoTOpOC
BRMBAHO QIVKTVALNANMY HAPZMETPOB SKCHEepUMERTATHOH obGCcTaHOBKH.
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OcoBeHHOCTRIO CTATUCTHIECKOIO Clocobs omucanud (B OTHHIHE OT Me-
XAHWYECKOI0) SBIACTCH BOSMOXHOCTh YiecTs TPR bakropa, cocTammsnonmpx
BMECTE MM JIOPO3HD CreliMUKY HKCHEPHAMEHTARSHON CHTYAIIMW:

1. Puadgeckyi0 HepaVITIHMOCTh KaK TOYEK IYCTOro GECKOHEYHO HpOoTH-
XKECHHOTO HPOCTPAHCTBA, TAK ¥ MTHOBCHWIH BETHOCTH.

2. Ou3NICCEYI0 HEPATHINMOCTS JACTHH, XKOTODHE o6pajyioT KOWIEKTHB,
COCTOSIMH M3 MHOXCCTRA YacTHil.

3. ASCIOTHYI0O XAOTHYHOCTP M3MEHEHHE B IPOCTPAHCTBE H BO BPEMEHH
[apaMETPOB MO, ¢ KOTOPHM BRIHYXICH2 BIaHMONCACTBOBATE YacTHIIA,
€ClIA OHa BHIHYXAeHA NpeOnBaTh B TAKOM TOJE,

]

§ 2.2. TpGOUYUOHHbIE NPedCMABNEHUR O CpedHeM
3HAYEHUN KAKOU-NUBO BeNUUHDI

2.2.1. CodepXamenbHOtMb NOHAMUS €CPEHEZ0 3HAYEHUAD

Ha nepsurif B3NSR COACPXATENBHOCTh TAKOIO NOHATHS, KK ecpednee
IHANEHUE HEKOMOPOU GEAUMUNN» — BEIIMIMHE], MOTyme# NpHHAMAaTh MHOXO - -
Pa3HKIX 3HAYCHHAN, IIOVTHOCTHIO ONPEUCATETCH COOCHXATEIHHOCTHIO TeX HOHS-
THM, C IOMOIKO KOTOPHX ¥ 0BpasyeTcs KOHCTRYKUHES, HASRAHHAR «CPeOHUM
FHANEHUEM BeAununy», YBhI, 3T0 HE BCETNA TaK.

Bor, Haripumep, MOHATWe O CpemHel ypoxakHocTh aepHoshx (CY3).
ITycrs ata camasa CY3 = l%. Ho B yeMm e& cmuicn? Huage rosops, s

9ero ee MOXHO Henoik3oate? Otser mpoct. Foim Bac HETepecyer, CKOMbKO
TORH 3epHa (Q) Gyaer cobpaHo 33 TeKymMil CeapXo3roN BO Beeil Hamrett
OTPOMHOH CTPaHE ¢ PAATHIHEIM II0NOPOAHEM CEIBX03YIOul, TO AOCTATOYHO
3HaTh, YeMy paBHA YIOWATs (S) BCeX CEMBXO3YTOAUN, 3aHATAS 3EPHOBBRIMH
RynbTypamMu, ¥ geMy paBRa CV3. Iuag oma nse semaunn, Bol Halinere, aro
Q = (C¥3)- 5. '

Pasymeercs, cama senwanna CY3 ecTh He 910 mHOe, Kak CY3 = $ =

o
2%
= 5, Ihe ¢; — Bec 3tpHa, COGpaHHLI ¢ - miomagy, 2 I — KO/HIecTso
pIL
=
TAKUX IUOIMane® B cipade. [loaToMy BHOAHE clpaBef/iMB BOIPOC: €CTH
Hac HHTEpeCyeT Ypoxaid €, 1o niodeMy Obl He MOJCYMTATH €0 Cpazy —

=1
o dopmyne @ = > ¢;? 3aueM o6pamaTscd X IIPOMEXYTOIHOR — Kak Hyaro
§=1
HuymmHel — sexaarHe? BoT ofHO M3 BO3MOXHBIX OOBSCHeHMH. Ypoxal
Jaxe enie He caspesyr, HO BeHYHHA CV3 yxe paccuyralia BeChMa ONBITHLRIMH
TCOPETHKAMH CENIBCKOIO XO3AKCTBA MCXONSA H3 MPOTHO33 NOTOIHHIX YCIOBHHi
Ha BECHY, JETO, OCCHb, HCXOIS M3 pPecypcos yao00penmii, yucia paboOTHHKOR,
3aHATHX B MPOM3BOACTBE 3€pHa, M T. 1. Torna, BRquCIMB ¢ nomonkic CV3

BEIMINHY {J, yXe MOXHO IUIaHAPOBATE norpebHoe A yOOpKH ypoxad
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KOMHUYECTBO 3epHOYOOPOTHON TEXHRKY, MARIHH H XENe3HONOPOXHLIX BATOHOD
S IepeBO3KH 3epHA, K T. I1.

WTaK, Mul yBepeHH, 9TO XOPONIO MOHKMACM COREDXATEBHOCTD MOHATHA
C¥3, nockomeky npeacrasiseM, mid yero a1y camyno CY3 MOXHO MCIONhL30-
BATE,

Ho 80t - Apyroll apuMep: «Cpednss memnepamypa no MHozonpoQuavHoi
bonsruye».

CnoxuM remuepatypsl (T') Beex manuerToB (KaK Tex, KOMY OKASHIBACTCH
B 3TOT AEHD MEIMIMHCKASN IOMOHIE, TAK ¥ MOATOTORTCHHEX K BHIIACKE, PABHO
K4K ¥ HANPaBIAEMEX B MOPI), BCEX COTPYIHUKOB GONBLHMIIH, BCEX IOCETH-
TeNleH M DOJeNMM YIONYIeHHOEe YMCRO TPalycoB Ha wacno {N) Bcex Buinele-
PEYACHCHHRIX rpaxjad. B pesyasrare JCHCTBHTENHHO IPHXOMMM K CPEOHCH

=
ST
TeMnepartype, onpenensieMolt sppaxesnem (T)y = 5.

Ho g0 Bhipaxaer penmauaa (T}, , KOTOpasd OKA3anach, JOHYCTHM, pas-
HOit +36,6° C. s xaKux mHesiell MOXXHO HCTIONh308aTh YCTAHOBISHHHI (hakT?
51 xymato, 9TO NOHATME «cpedueil meunepamypu no boasuuye» JTMIHEHO Meily-
IHHCKOH COOEPRATENLHOCTH, XOTH ODNAAaeT CONePRATEALHOCTHIO MATEMATH-
yeckoi (BeIpaxkeHHeM qua (T ).

2.2.2. pocmoii npumep

QbpaTuMCca K NOHATHIO CPEJHETO 3HAYCHMS TaKoH dusuueckoll pemH-
YHHK, KOTOpas MOXeT NPHHUMATL pasHbie avadenus. Ha scaxwil chygaii
CHAYAMNA IEeNeCOO0PAIHO BhIACHUTS, YTO O3HEYANOT OHSTHA «CPEEHENO JHade-
HUS» U «pa3HbIX 3HaYeHuii». C 370N NEBI0 BOGbMEM HECTHIPAHHUK (KYGuK),
HaIMIEM Ha ero rpassx nudpsl or 1 A0 6 B GyieM -NOAGPACKIBATG €IC Haj
CTONIOM, CHeHNs 34 TeM, KaKas IpaHb (BCE OHM TeNepsb JODKHEI CIMTATHCS
Pa3nb6IMU) OKAXETCH mnpwieralomell k. nosepxaocra crora. Taxum obpazom,
71a TpaHb ecTh obbexT HaGmomeHuli, olnanalCHi XapaKTePHCTHKOH (HO-
MEPOM), KOTOpast MOXET MEHATHL CBOE 3Hadenwe. QueBHIHO, 9ro HOMED (i)
310it rpady Gyzmer or Gpocka kK Opocky (OT ciydad K CIOYIai0) NMPUHAMATH
pasHbie 3HAUeHHA (f = 1; { = 2 ¥ T.11.). Taxas XOpoOWo HIBECTHAS BENHINHE,
kak «pepostHocTs (W;) Toro, 9ro ¢ npuHMMaer OnpeHEHEHHOES 3HAYCHUES,
€CTh OTHOIICHHE Y¥caa (N;) MMEHHO 3THX CIYIach [TAACHHS KyOMKa Ha CTou
K ofiueMy qucny (N} nagerust: W, = ?:,

=6 i=6

Ecrectseno: Y W; = 3 M = + - E

=3 | =1
Ha scaxpdi cnygaii 3amedy, 9T0 nonymmax t.bnmecm COnEPEATEH-

HOC oNpeneieHue BEIMAHa W; mo 3MOoMy CaQMoMy ORDEOCACRUI6 RE MONCEN:
sasucems Hu out HOMEPa Opocka, HR om wucaa bpockoe Kybuxa. MoxHo Be cO-
MHEBATLCS . 6eposmuocms mo2o, umo s1oboe no cuemy nadenue Kybuxa npueodum
K onpedeseRnoMy pelysvmamy (HanpuMep, 1 = 4), odna » ma we — parHa %
{anee Gymer moxasaxo, or yero BejHIMHA W; MOXeET 3aBHCETD.)

sz
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Puc. 2.1. a) XaoTuyeckwe Kanebannn HOMEPa rPaHu BO BPEMBHY;
6} Xaoruyockue KoneGaHus KORMMECTRA rPaHel C HOMEPOM 4 B0 BPEMEHH.
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A Teneps [HoAyMaeM, ITO OIHATYACT «om OpocKa K OPOCKY» ual «om CAVYAR
K cayqgior. Bers, 0 CYTH AeNa, MH DHKCHPYEM NOCHCAO0BATENEHOCTE MOMEH -
TOB BPCMCHY ¥ BAJMM, 9TO B pa3sHue, CACAyIONMWe APYT 34 JPYTOM MOMEHTH,
HOMED TpaHH, HPIWICTAIOmMeH X CTOAY, IPHHEMAEST PA3HAEC 3HAYCHHA.

Pamu ynoGcTBa noroBopimMcs, 910 AIf paclo3HABaHHS HoMepa Habimo-
nareno Tpebyerc nycTs Ype3BHYAHO MANOE, HO BCAXKHH pa3s OJHHAKOBOC
W HE PABHOC HYII0 BpeMA 7p. Janaiite cIe s TOABKO 33 DOBEPXHOCTHIO CTOJA
M CYMTaTh, ITO KAKAA-MO I'PA4b KyOMKA K Hel [PHICraeT MOCTOSHHO, IPH-
YeM BITONHE PasyMHO CYMTATh, ITO B TEUCHHE OMEHb KOPOTKOro ITPOMEXYTKA
BPEMEHH Ty TDAHDb C OBpedesernbM HOMEPOM § HA NIOBEPXHOCTH IPACYTCTBYET
RERPEPHIGRO, 3ATEM MIHOBLHHO MCYE3AET, HO CTONp X¢ MIHOBEHHO BOSHHKACT
IPAHb OIBITH-TAKM € ONPENEICHHRIM HOMepoM (mbo TeM Xe camwM, 6o
apyrusm). LeHTp 7p-npoMeXyTKka Ha30BeM MOMEHTOM BpeMeHH H OymeM ro-
BOPHTH, ITO B Pa3Hbie MOMEHTH BpeMEHH Ha ITOBEPXHOCTH CTONA BOIHUKAET
(ncuesaeT) IpaHb ¢ OHpENeNIeHHHM HOMEPOM. 3aBHCHMOCTD HOMEPA YPany,
OPHIETAIONIEH K CTONY, OT BPCMEHH TipeacTasneHa Ha puc. 2.1,a. Ha puc. 2.1,6
HPEICTARICHA 33BUCHMOCTS OT BPEMEHH KOIMYECTBA HPHJICTAIONIAX K CTONY
I'paHel C onpedesenum HOMEPOM. A TakK Kak, 10 YCIOBYIO, B TEYEHHE IpPOMe-
XYTKA BPEMEHH Tp IPWICTaTs MOXET TONBKO OlHA I'PaHb, B KAYSCTRE MPAMEpPA
Ha puc. 2.1,6 0 oCH OpEHMHAY OTTIOXEHO KONMHYECTBO rpaHeit ¢ HOMepOM 4.
YHCIO TEX MOMEHTOB' BPEMCHM, B KOTOPSIE 3HAYCHHE HOMEDA OKAIMBAETCH
DaBHBIM %, H €CTh PaHee VIOMMHABIIeecs: auciio N;.

BrionHe pa3symHo Ha3BaTh BeaMuuHY N; Ty (= 7;) IPOMEXYTKOM BPEMEHH,
B TEUECHHE KOTOPOro KyOHK, XOTH H HE HEelIpepHBHO, HAXOXUTCA B COCTOSHHH
«{-ZDARbIO HA ROBEPXHOCMU cmoAay». A BOT BeJNUHHA

W (== (S men) = (En) >n)

€CTh NPOMEXYTOK BPCMEHM, B TEICHHE KOTOPOIO KyOUK MMEHHRO RENPEPWENO
HAXOIMTCS B COCTOSHNH <npuAeeas X Cmeiy Xaxod-mubyds cpanbvior (B HHOM
COCTOSHHH KyOHK HAXONWTHCS IMPOCTO HE MOXeET, ubo, mo nnmnopenuocm
OH uenpepuano nexur Ha crone). Tenepr W; % = A} , 8 BEIMJWHa
i- =i -W; = (i), — 3T0 YCPETHEHHOE IO BPEMEHH <SHAYEHUE HOMEPO»
(OCKONMBKY HOMED PHHEMAET 3HAYEHHE: TO' HYNb, 10 1) Y.

+ﬂ

Draag Ha puc. 2.1,6, MOXHO HammcaTsh X Tak: (i),, = m' j:(t) dt.
Ad

2
TaknMm 00Gpa3zoM, HpemIOXEHHOE ONpelAcicHUE YCPETHEHHONo HO BPeMEHH

3HAYCHHS BCIMYHMHKEE i COBIIAZNACT C YMCTO MATEMATHMECKMM ONpeAcieHHeM

4 S10 — MaTeMaTERecKM COZCPEKATCTRHOC TOHSTHE, XOTR PERRHO HE CYIRCCTEBYCT DAy
C TAKAM HOMcpoM. B 3T0H CRE3E CACKYCT HPHESTbD K GBCATHMK, 9TO MCIOELIOBARRID TREOTO

noHATYd, Kak CV3, ge npensIcrsyeT BUOAHE BOIMOKHOE OTCYICTBHEC B CTPAHS TAKOYO IeKTapa,
YPOXaH ¢ KOTOpOro oxalancs O YXCHeHHO DapHHM aMeREH0 CV3,
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cpennero 3HaueHud Gyukuna f(f) B mpoMexyrke Af:
t+%!f

Na®) =+ [ 16)- ot
§—

(6 3mone svipaxcenuu {f) 5, (L) ecrmb 3navenue eemumunw f | ycpeduennoii no wucry
gcex 3navenud apzymenma . xax ecau Ow xawcdomy t w3 npomexcymia At om-

aeuanc o9mo u mo Jce snawenue semwvunst f, pasnoe (fyo, ). iz
A Tenepn o6paTHMCA K TAKO# NOMYNAPHOR KOHCTPYXDEH, KaK Y W; -
YeMm gmigeTCH ITA Bennqlma‘? J'lemn BUIETH, 4T0 i=1

S W =-—§3+—- =3 (a

1=1 At 3=1
TO eCTh -— 3T0 UPOCIO- Harrpocm cyu:ua YCPeIHEHHRX TI0 BpeMeHH 3IHAYe-
HHH HOMEDOB BCEX MecTH IpadeH xyOmxa. Ho nasaitre seegem obosnavenne
t=6
3 W, i =], nopMepxupas, TeM CaMhIM, 9T0 J BCE-TAKH €CTh HEKAN NAPAKTE-
=1 =6
pACTHKa KyOnxa. Torna HCTONROBATH BRpakeHKe J = ) (1} ,, MOXRO TONBKO

3=1

TaK: B CATYAIME TafeHud KyOHKA 3Ha9ecHAE J-BeMIANL! {HEKOTOPOE YHCI0)
B IMOGO# MOMEHT BPEMEHM DaclIpefiesieHO IO BCEM HIECTH paissiM TDPAHAM,

XOTS ¥ HEOTHHAKOBLIMY JaCTSIMH (A0NIAMM) — TaK, Kax noxzaaaﬂo Ha pHC. 2.2

Crpase gso cumras, mncnyqaecxyﬁmuw—- g mobGoro €,

HAXOXHM, YTO B CHTYAIIHH cnoﬁo;moro naneHuA KyouKa ynommanuweca 3Ha-
=6

qyeHue J-BeJHIUMHE PaBHO: J = E {(#) os = 3,5. Ylpu 210M uBcHO 3,5 pacupe-
TEy |

ICJICHO 1O rpaHaM KyOuxa Heonﬂnamnm gacTaMK (gonsmu). Hampumep,

Ha FPaHb C Houepon 1 mpmxomaTeq - 2! YACTH BENWYMHE J; HA I'DAHE ¢ HOMEPOM

2 MPAXONMTCH 37 HACTH BeMHIMHE J, M T. 1. (pHc. 2.2). EcrecTBeHHO, 9TO
CYMMa BCEX qac:rcil OTHOH BEIMIHHK PaBHA cIHHHIE.

Ha »pcaxmit cnysali mogdepkHy, 9T0 HCIOMB3OBAHAE TAKOTO IIOHATHS,
KaK «3HAYEHHE, YCPEIHCHHOE 110 BpeMenu» ( (1) 5,), aemomamusecxs NpPExTo-
Naract, Ir0 UCHONBIYIOIMAN J-BeMUIHHY of0RIyemen CINTATh €€ NEWIMENNON
80 GPEMENN.

HapafiTe TeNeps NPeAHOIOKXHM, 9TO KyOMK BCAKHHM pa3z B lpolecce
NAJMCHHA HMCHAITRBACT HCKOEC CTOPOHHEE mancﬁcmm, B pe3yabTaTe 9ero,
manpavep, = LB =LA = ==& = 5 Toma

1 1
]

3

[

% Crntwon {f)as () npwssan OTCGPASHTL BOIMOINYI) IABMCHMOCT: CPGHETO IHANCHUA
OT MOMeHTA BpoMeHE { — WeRTpa npomexyrxa Al Bexy HPOMEXYTOR BpEMEHM KOHETHOMN
NPOACHXHTEIBHOCTH — 310 BCErO ML SNIHOBEHHE» HCTHOCTH, H TOT NPONEXYTOK MOXHO

epeMeRiaTs BRONE £-0CcH.
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{ Tona semrmaH §,
NPAXOHAMAACST KA TPAHD
C HOMEPOM 1%

i Howmep
rpasn(i)

b—

0 i 2 3 4 3 6
Puc.2.2. Crauponaproe pacnpeasnenve J-BeauunHbi No rpaqam KyOuxa.

T4 1.1 __ Ty T .3 o
Acomw 2h =& = d o = B e 2 10 J=3,65> 3,5,

Kak pranM, J-xapakrepucTHE2 XKyOMKA (BCe €mie He MMCKIAs HA3Ba-
HUST) OTHOCHTCH K IUCHY TeX, CIIOCOOMEIX MIMEHSITHCH, BEAMIMH, XOTOpHIE
IPHHATO HAIHBATE <OuraMuyeckumy kabnrodaemumur. C HX MOMONIHIO OIIHCH-
BAIOT cocmonRue 00BCKTa, XOTOPOE, €CTECTBEHEOC, TIONHOCTHIO ONpEHACAAeTCS
cuTyanmel, B Koropoit oH Haxogurcs. Ophako xybux olGiamaer i npyroid
XApaKTCPUCTHKOH, OTHOCAINEHCS] K WHCHY TeX, KOTOphIe YAOSTOBEPSIOT ce-
bemoxcdecmeennocms o0nekTa B MOl curyampv. C noMonsio NoxoGHEX
XapaKTEPHUCTAK MH B MOBOM cHTyalum ormugacM Oo0beKT, NPAHANICKALINA
«Halled pPASHOBHIHOCTH», OT OOBEKT2 JIOOOH Apyrol pazHOBHAHOCTH. Xa-
PaKTepUCTHXA-KOHCTaHTa KyOHKa — 370 9¥cHe ero rpaded. Ho ects u eme
OfHA MONOOHAA XapaKTepHCTHKA -— 3HaYeHME HOMEpa TPaHH, YCPSAHEHHOE
1o yucny (I) rpaneii. OGo3HaTHM DTY BeJMTIHY CHMBONOM {i);. OUEBAHO,

sl
T
910 {1); = S = 3,5 81060k cHTyai(My, IO OIPEAENEHRIO,

Wtak, semmausi (§); (XapaxTepHcTHKA O6LEKTAa, MMEOINAd CaMOCTOos-
TeNbHOe HaspaHpe) # J (Heé UMEIMAs CAMOCTOSTENLHOIO HA3BAHUA) — 3TO
Pa3nsie XapaKTepHCTHKH, HECMOTDA HA TO, 9TO MX YHCNCHHRE 3HAYCHUT MOTYT
COBTIAATh. '

Tenepr xorenoce 6m obparwrs BHAMaHMe UMTATENd HA OJHO BAXKHOE
OBCTOATEIILCTRO.

i=6
Ilpexcranimy sexanny J B e J = > i - Wy, 2 peauny (i), B Bune
i=1
- f==1 | f=1=6
(1); = ) i-w; (roe, KOHEUHO X€, W; = g, ) w; = 1). BeaywioBHO, MeXAY
i=1 i=1
BenmyuHamMr § B (f); MMeeT MECTO BHEeWIHee cxoAcTeo. He BOSHMKaeT i
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TOIZIA XeNXaHUA HA3BATL BEIHYHMHY %; BepoATHOCTLIO? HO, €CiM BO3HMKAET,
nonpolyiite BHIPa3HTHCA He HEPSIIIHBO, 4 AKKYPAaTHO. «W; eCMb 8epoRmuocms
mo2o, YMmo...». .
A, B CaMOM Jene, 3610 mp2o?
WraK, ~ BHBOA: HMES Jeo ¢ BupaxerueM suma (B) = Y Wi - B ©
k

(rme W} mius saseans BEPOATHOCTHIO NPWYEM, HEH3BECTHO YETO), JIO TEX NOp
HEBOIMOXHQ CKA3aTh, TT0 MMEHHO MpeAcTanismior coGolt penwduna (B), noka
He JaHO PHINYECKH CONEPRATENLHOTO COPCACACHIS BEPOSTHOCT Wy U, TeM
CaMbiM, HE CTANIO ACHO, B0 ¥eMy UMENNO BHITOTHEHO YCpeTHERUE,

Tereps noaBEREM HEKOTOPHIES HTOrH.

ChenyeT MMeTS B Biy, 970 BEPOATHOCTh BHIIANIEHUS rPaHK C ONPEHEICH-
HKM HOMEpOM (HampHMep, Ne 4) CyIecTByeT KaK CONEPXATETHHOE TOHATHE
TONLKO IO TOIO, KaK Xy6ux okaxercs Ha crojie . IlpugeM, NOXa KyGHK,
KYBBIPKASCHh B BOGHYXC, €HI¢ TONLKO IIafaeT, YIIOMsIHYTad BEPOSTHOCTD, 110~ |
nobno mobolt xapaxrepucTure Xybuka (dopme, ofpemy, paiMepaM, macce,
HMITYIECY, H T I.), JBHXETCS X CTONY BmecTe ¢ KyGUKoM {10 ecTh — C Tol Xe
CKOPOCTBIO, HE OTPHBASCH). ECTECTBEHHO, BEpOSIHOCTD, KaK # KYRHPKAO-
OMACK HAD CTOIOM KYOHK, NPMCYTCTBYeT B KaXHOH «Touxe» IPOCTPAHCTBA
(B obBeMeE, 3aHATOM KYGHKOM, B Ha TPAeKTOPHE €10 ABHXCHWS) H CYIIECTBYeT
B KAXHNH MOMeEHRT BpemeHH, [loche conprKocHOBEEAY ¢ OBEPXHOCTRIO CTO-
T2 «6EPaAMHOCITL MO20, 4M0 KyDUK AsXcem zpanvio Ne4 6Hus> HIMEHHTCH C |
zo 1. Muave roBopd, «BEPOATHOCTH» MYHOBEHHO HCIGIHET, 2 I0CTOBEPHOCTRY
Croih X¢ MTHOBEHHO BOJHAKHET. C

He rak yx TpyAHO OpencTapHTh ce6e, IT0 BCIKMM pa3 BO BpeMA Hepe-
MEIIERHA K CTONY KYBHPXAIOMEIOcs B BOAYXe KyOHKa, Ha HeTo MOXET ORITE
OXKA38HD OMPOACHCHHOC ROIACHCTRIIE, H3-38 YCI0 BHQIHE JONYCTAMO CIMTATD,
YTO BEPOATHOCTH BRIHANCHUS, HALIPAMED, «2panbio Ned snus» A ezpanvio Neb
SRU3» BO3PACTAIOT IIO Mepe HpUGIIXeHRNA K IIOBEPXHOCTH CTOMR, & BEpOST-
HOCTH BHUIANEHMS «KAXIONH M3 OCTAABRHRIX IpaHel sHu3» yOnBawor. B Takok
CHTYBUMH K MOMEHTY Tiepe] CAMEDM YABDOM O CTGH ABE ¥3 BEPOATHOCTEH MOTYT
CTaTh PABHEIMH 3, 3 HpYTHE — 3.

B saxmueHHe — ONMH MEICACHRE 3KcnepuMmenT, JIpeacrapmMm ce-
Oe, YTC HA HAIN CTON CBAJIUICA OTKYNR-TO CBEPXY IPEIMET, B KOTODOM ME
3an0R03pWIE MHOTOIpaHHuK. Hogoipense BuizBan ToT GakT, IT0 NpeaMer
OIHPANCH Ha TUIOCKYIO TIOBEPXHOCTS CTONA TUIOCKOH XK€ IDAHBo, Ha KOTOPO#
6501 BEITpaBMposal HoMep 137, [ToctaBuM cebe Nenbio YCTaHORUTE, CKOILKO
rpaHel y CBANHBINETOCs Ha HAC IIPEAMETA. DTO YHCNO, JAMETHM, ABIHCTCS Ol -
HOH H3 XapaRTepPHCTHK-KOHCTAHT, KOTOPHMM IIpeaAMeT H3YUeHHS OTAMYAETCS
IpeXAe PCETO OT CTOVEA, OONIANAIOMIETO odwo# «rpakbios ¥,

6) Canponom B 0GO3RAYEHY APARIBOIEAAT (PRANICCKRT XAPAKTEPHCTHKA. -
7 «BeposTHOCTS HACTYIUTEHUN COCHITHR» AOUYCTHMO CIHTATh A02NNECAN CODERARMIELANIMM
DOHATHSM, NICKA Cakc cODRTHE eme HC HacTYIIHIO,

® Hom crox ofimagaer nonmySeckoneynofl TOMIMACHE B HCOTPARRTCHHOR YIPOTEMCHHOCTIN
B IAOCKOCTH. 1O 2¢Th HAZI CTOA — 9T0 SQIHOTPEHEUKY.
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J106m aoburhed NOCTABNCHHOU [enH, HYXKHO HONOGPpOCHATE MHOIOrpaH-
HHK. HeoTpaHuieHHO GONpiioe YHCHo pa3 ¥ NOACYATaTh, CKONBKO pas rpaib
C ONHAM K TEM X¢ HOMEpPOM HPHIErana K HoBepXRocTH croia. JomycTaM,
Y10 Macca IpenMera paclpeleiieHa BHYTPH HEIo CTob XUTPeiM o8pasoM,
UT0 OCTORYHMBOCTE €10 COBEPIICHHO OAMHAKOBA, kKakod 6 dopMul mpadbio
OH HM TIpHNICIAN K cTOoNy. YOCXMBIIACH B 9TOM W TIONCIHTAB, I10 B 492480

CAyYasX MANCHM® Ha CTOJ MHOTOYPAHHMK HpH/IETaN K IOBEPXHOCTH CTONA
I'PaHIMM C PA3SHRIMHA HOMEpaMK Mo 760 pa3 Xaxioi, MOXHO YTBEPXIATH, 9TO
u3ydaeMbli npeaMer 648-rpaHHuk. Teneps MOXHO CRA3aThH, YTO ITOCIE 00020
Bpocka HAIT IPEIMET OKARECTCH HA TIOBEPXHOCTH CTONA <000l 2paublo eHuUS»
C 00uUNAGKO080E BEPOATHOCTHIO (PABHOM 4 ). ‘

A Tenepp NONpoSyeM ONMKCaThL NPONECC nepemenjenus (BIOML HOPMAIM
K TIOBEPXHOCTH CTOJIA) BEPOATHOCTH TONO, YT0 MEOINOIDAHMME, KYBHIDKAlO-
IHHACA MOKA YTO B BO3AYXE, JHIKET Ha IMOBEPXHOCTL CTONA <«ONpEAe/IeHHON
IpaHei0 BHu3». [IpobreMa, Koropad B 970M Cly4yae BOZHHKACT, CBH3AHA:

80-NEPBLIX, C UCRONLIOBARUEM NONAMUR <«CCPOAMHOCTD MO0, ¥MO...»,

B0-8MOPHIX, C MeM, ¥MO Hepes BECKOHEYHO DONBUINE HUCAD MOYEK HODMAAU
K naockocmu cmoia MONCHO nposecmu BGeCKOHEYHO MHO20 NAOCKOcmel,
NapassEALHBIX NAOCKOCMI cmona («Bupmyassisas cmonoe) ).

[IpurrMag B0 BHUMaHHE CKAZAHHOE, CIelyeT CHHTATh, 10 B Moboit
MOMCHT BPEMEHM ellie He ynasmmii IMpeAMeT NEXHT Ha nIockocTH (snoobpa-
XAEMOM») ¢ PABHOK BEPOSITHOCTHIO «1/060ii 2panvio ruz» %, DTy — TOIHYIO ~—
QOPMYIHPOBKY MOXHO, KOHEYHO, 3aMECHUTh SMOIHOHATHHON: CKa3arh, ITO
MHOI'OTPaHHHK, IIPeORBas B COCTOTHUH YIANCHASA, «1eHCUm», NPUMEM — CPa3y
acemu zpansmu «egepxs (uru «enu ). TeM He MeHee CKalaHHOE BOBCE HE 03HA-
9acT, YTO HANAIOIHN MHOMOTPAHHMK — XKOMIAKTHOE TpeXMEpHOE Telo —
M B CAMOM Jie/ic PasBepHYT ONHOBDEMEHHO BCeMH 648 rpansmMu «BBepX» (e
«prn3») 11, Kerats, npeRmonarastes, I70 [MHA NYTH, NPORIEHHOIO MHOIO-
(PRHHHKOM B ITATEHAHK, CTWIh BEIMKA, 4 IO Pa3MEPR! CTOIb MAaNEI, IT0 Kaxaas
I'PaHB YCTICeT MHOIO pa3 ITODKIBATL B HONOXCHHH <«BHH3» Ha «BUDTYAILHOM»
cTONE.

Kak BumuM, craracTHaeckmit crioco6 omucaHus, cocrodsus (MM Io-
BeAeHHUA) OOBEKTA HABAIAH TEM, YTO HalGHOmacMas H HIMepaeMas BeJanHa

" Nowrrae «omua IPaEh MHOTOTPAHHHKA» NRIACYCH CONCDERTCILRHMM TOXREOG BMCCTC
C DOHATHCM IUIOcKOCTH {Croua).

10) Moxao CXa3aTk, II0 O HCHCTRATCNHHO JIEXHUT B MOOOH MOMCAT NAZCHEA, HO —
Ha BoofpaxacMott («BRpTYWILHOM») INTOCKOCTH, EMpARICHBHOM NHOCKOCTH cTONA,

) Crenyer o6parars BHMMamme Hp HEOCBMBANERTHOCT: AEYX RECTO BCTPCIAIOMIAXCH YTBED-
XKNCHHMH: +TOYCHHAR JACTRIIA MPACYICTHYTT ¢ OAMHAKOBON BCPOATHOCTRI) B KANAOH B3 MBOMeCTIA
TOYeK DPOCTPAHCTRCHHOTO RHTCDRANA (HampHMep, CoNuDol HPOTIXEHROCTH) B TPOMIBQTE-
Hhift MOMCHT BPCMCHE (CYWISCTBOBAHMSA TICTHINH)® H «TOMETHAN SACTHLA NPACYICTHYCT CPASY
(omaoBpeMeNHO) BO BOEX TOYKAX HETepsaaas. Cosepmenso a6CypaEO yrnogoGnsTs 109cTHy™
YACTHIY MPOTIKCHHOMY TENY, KOTOPOC I Hi CAMOM JIC/C NPHCYTCTRYCT cpaly {OAHOBDEMEHHO)
BO MAOTHX TOWKAX.
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p— —i J—

(Homep rpamH, npiieraloniell X crony) obranacT MHOXECTBOM 3HaYCHHI.
EcTecTseHRO, KOMIIAKTHOC TPEXMCDHOE TeNO, 3aHMMAIICE OrpaHHICHHLIN
CBEDXY ODBLOM IIPOCTPAHCTBA, OCTAETCA TAKOBMM B mMoO0OH MOMEHT BpEeMEHH
ITAACHUA, ¥ B JODOH MOMeHT odng rpavs oGpalicHa K IMACCKOCTH, Tapal-
NEILHON IMHOCKOCTH CTOMA, HO — ONHA H3 MHOXECTBE (UINNECKR abCanomuo
udenmunnux. Bonpoc xe, «<Kakag HMEHHO» [IPSIIIONATACT OTHYHE, HO MegR-
3ynecKoe — MO HOMEPY. A BHSBISET B OTOGPAXACT 3TY «HEDHINIHOCTES KAK
paz YrsepEKICHHE O«pasnol (B OTCYTCTBHE BOIMymMAlomero Gaxropa B Hpo-
Hecce NANEHHA MHOTOIPARNMKA) SEPORMHOCMY MO20, ¥MO...»

2.2.3. 3anonHenue AUAUKG WAPUKOM U YCpeoHeHue no BpemeHu

DKCIIEPEMEHT COCTORAT B 3alpachIBAHAN [DADHUKA B SITHK.

ITpemonoxaM, 10 B moGoi MoMeHT BpeMeHH () B SUMES MOXer Ha-
XQUHTHCA JHGO OXMH INApUK, ME60 HH ofHOrO. CKazaHHOE MOXHO BHPpaIUTh
W APYTHMHE CHOBAMH: COCTOMHME SIHKA MEHAETCS BO BPEMEHW CIICAVIOUIMM
00pa3oM: 4acTh BPEMEHH M3 MPOMEXYTKA BpeMeHy Al SmHK 3anoxHes (mua-
PUKOM), TaCTh BpeMEHH fNMK TycT. TOrZa MIHOBEHHOE GUCHO INAPHKOR
B AmMuKe ~ 0003HAYAM €10 CHMBONIOM 7i(f) — paBHO: 7{t) = {gz {1}

Hasonem cpedwam ro spemeny TUCIOM IDAPHKOB B AIGHKS BeTMYNHY

| {ﬁ)mzA]gi{Elz-fﬁ(t)-dt}Eﬁ. (2.1)

)

Kak yxe rosopuiock, onpeaeerye ITON BeIuYMHLE COBHABRACT ¢ 00-
DIENPUHITEM B MarTcMaTHKS ONpPENCICHHEM Cpeanero 3HaYeHWS (DYHKIHT
(n(t)) B npomexyrke Afl. BoT Teneph, ecii B OTBET Ha BOIIPOC €KaKosd
EEPORINHOCME MO20, ¥MO & NPOU3GOALHWI MoMenm epement | u3 RPOMENCYM -
Ka At 6 Aauuxe naxodumcs wapux? CKA3aTh; «C GEPOSMHOCMbIo, pasnoli N»,
3mo Gydem O3RaHAMb NPUIRANUE «CPERAETO BO BPEMCHN TACAA MAPHAKOR B SIIR-
E€» U ¢BEPONTHOCTE TOIO, YT0 B JM00Ol MOMENT SpeMeHM B AUTMKE BRAXONETCS
IADHK> IKSUSAsENMuLIME (cunonsmusnsimu) dopmyanposkamu. Jlanee Tep-
MHH «CDEiHCe IO BPEMCHH YMCIO M2PUWKOB B AIMMKEs 3AMCHHM TePMHHOM
«CTRHUOHAPHAS CTENCHB 3aAIIOMHERAR SupKas 12,

12) HHTaTeno, SHAKOMOMY ¢ OCHOBAMY TCPMONIEAMHKXA ¥ CTRTRCTHICCIKON OWIAKM, JOIKHO
OHTL MIBCCTHO, YTO CCAH PEUh AEST O KOJCKTHBC OECKOHETHO GOABNIOTO YHCUA TOYLUHKR
SBCTUN, HAXOZAMOMCH TPE Temucperype T u ofiragamomicss XummoteHuHanoxu By (o xe —
yposeHb DepME), TO CTANMOIMPHAN CICIHCHE 3AIVBCHAS ONHOIO ONIPEACHCHHOIC COCTONHMS

,'- e
{(samwxar) ¢ sncpraedt E ecrs N(B) = A(EN a0 = (! +e1§?) l, e kg — nocroANEaq

botsumana. W3 popuysss caepyer, wo 0 § (i(B)) s, € . Crneaomaremno semaudna
n (F, 1} Moxer NpEHAMATL TOMGKO ABE JHAYCHEY: 0 H 1, Tro X OTpaxaeT slamper [laymms
HAXOINTECA B OMHOM COCTOSHUH AAXC ABYM TOUCTHRIM YECTHIIAM, HACATHIRAM 0 BCEM CBOMM
XapaKTepHCTHKAM-KONCTAHTAM.
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Cnenyer o6patuTh 0co00e BHHUMAHHE HA TO, YTO «BEPOATHOCTH» ofipena
CTaTyC PUIHIECKH COAePEATEALHOrO IOHATHS. M cHOBa TIONYEPKHY, ITO RC-
nOA6I08GNHE 3TOTO MOHATHS OGA3LIBACT CINTATE BENMIUHY N vKe sensmennof
80 Gpemenu B IpoMexyTke Af. '

2.2.4. YcpedteHue no KOnaexmuBy 4acmuy

BriteuM B3 KOJUTEKTHRA 1 JaCTHIL TPYINTY YMCACHROCTLIO N; (1-10 Tpyn-
IMy) ¥ JONYCTHM, YTO KaXJasd U3 m; JACTHU oGAAmaeT SHeprueil, pasHol E;.
HasoBeM cpednunt no xossexmuay 3HA9ICHAEM 3HEPTHH, IPUXONSANTHMCA Ha O)f-
"y (xaxnyo) 4acTHIy KOWIEKTHB2, BENAIHHY
- s=J1
>~ Ei-n;
(B), = = (2.2,8)

i=I ’
2N
t=1|
g==J
roe I -~ TCHo TPYNI U, DasyMeeTcs, Y n; = n.
' =1

Ecau rageams BEPOATHOCTHIO TOIC, YTO DHEPIMA YACTHOE MOXET TPH-

s=I
HHMaThk 3HaveHWe K, senmavay 7 = X = W, (npu stom Y W; = 1),
o i=l1

fe=1
TO

L
> EBing g \ i=1 |
(B}, = ’:i__J = z EB-|]——| = Z B -W; 13, (2.2,6)

2B =1 >y i=1
= /

KoHeuaro, BHpaxenne (2.2,6) — 3TO HpocTo HHad 3AMMCh BRpPLXCHUS
{2.2,a). ‘

Ecm morpefyercs 3aMeHHTH CYMMUPOBAHME WHTCIPHpPOBRAHWEM, TIDH-
HETCH CHAYANA BBECTH HEBYIO BEJIHIHHY — YUCAO RACMUY, NPUXOORUECECH Na
eQununnviii unmepeas E -ocu (na 1 3B). OBosHauws 310 wacho caMBonoM Gg,

oNipelieliNM €ro BhipaxeHmeM Gg = ﬁ‘% (MpHYeM BIIOJIHE BOSMOXHO, MTO
Gy = Gg(F), n npuMep 3aBucMMOCTH TipescTawnes Ha pmc. 2.3). Teneps
dn (= Gg - dE) — 370 9HcI0 9acTHU B IDyNOE, B KOTOPOM KAXIAS 9acTHLA
obnagaeT ONMHAXOBOMH SHepTuel, pasHok £, Tak MEI MPAXOMMM K BRPAXCHUIO

f EE'-(GE~dE) , - |
B, = === = — . f E-(Gg- dE). 2.
o nceM B no sceM F

-

13) [NonpoGyiiTe MOrREATLCA, HO YcMY WMEHHO YCDEDHCHA IRCPIES, ¢C/M Ncped Bunwqa ra-
i=I f:l:I
3aMH TONBKC KOHCTPYKURS 3 K - W;, a B3BCCTHO TONMeXo TO, ¥T0 Y, Wi = 1,
f=1 =1
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{Gp

B

Pl

PUC. 2.3, FpuMOD 3aBHCAMOCTH BeAMunHE Ge OT axeprvn E.

x Ol
OPRCYTCTYIONIMY. B v o o~
O6GuuHo: Gy = - d e o + N{F), rne N(E} —
cpeaHes No BPEMeHW YMCN0 NaCTUL, NMPUCYTCTBYIOWINX B ORHOM COCTORHWY C 3Heprieil 5.

B 3axnioucHde e pa3 HATOMHIO, YTO QHINIeCKad CONePXATeNHHOCTD
[TOHATHAA O CPEOIHCM IO KWINEKTHRY JHAYCHMN HEPYAM NPEINIOIAracT IIpH-
3HaHME KaXAOH B OTACILHOCTH 9aCcTHUR KOJIEKTHRA ofnasaonici suepruel,
papHoit (F),. lna onpenencHHBX Lejed BIOOJHE AONYCTHMO HCIIOMB3OBATH
noAoOHOe MPENCTARIEHNE, NTOCKOIBKY IIPH 3TOM OCTACTCS: CHPABETHBEM pa-

ey

BeHCTBO (E}, + (B), +(E), +... = (B}, 'n = >, F;-n,. Ho, ot — BOHpOC,
i=1

HE OKa3HB3CTCH U BeIMaHHA (F), enie H ycpegHeHHO! no spemenu? A Bee
3aBACHT OT TOTO, YeM WMEHHO SBAACTCS BENHUNHA 7; (MMM 5%). Ecm n;
€CTh CpédHee BO SPEMEnR TACNO JaCTHIL, [IPHHANICKAUTHX TPYIIHHPOBKE, KO-
TOPOH OTBEYAeT ONpeReicEHOE 3HAYCHUE SHeprwK E;, T0 M Besnmunna (F),
ORAIRIBACTCA ABTOMATHYECKH elIe B YCpeRHeHHOMN mo BpeMenu 14,

§ 2.3. O CpedHUX 3HAYEHUAX XapaKkmMepucmux
. mMoyMeMHOl Yacmuybl

2.3.1. flpedBapumensHble 3aMeHaHUs

Pamy onpegeleHHOCTH peas nolixer o6 onHol TogeaHolt SacTHIIe, Be9HO
NpeORBaOICH B IPOCTPAHCTBE, XKOTOPOS, NPOCTOTH pamd, OyleM CHHTaTH
OHOMEPHEIM H KOTOPOE OTOXAGCTBHM ¢ HOCKOHCTHO Mpormaxennol X -ocun,
Pasmenum BC10 ITY OCh Ha sdeitn opaxaxkosol pomu §z(puc. 2.4). Tpu He-
0bXONHMOCTH JUMHY 62 MOXKHO Gyzer camrath Geckonedro manol (6z — dx).
JorycTiM, I10 yacTuna — ofpexT HabmoneHHi — IIPHCYICTBYET B OIIpe-
IeneHHoH sueiiKe (KOOPAWHATA IEHTPa XOTOpO# pasHA ;) He HeIIpepBIBHO.
Ha puc. 2.5 npescTanier npuMep 3aBHCHMOCTY JHCI2 FaCTHH, HPHCYTCTBYIO-
IMX B i-I guedike, o1 MOMEHTA BpEMEHH ¢.

14) EcrectbeyHO, TOrAg CYRTRETCH, 4TO YHCNQ TaCTHY B IpymImpoBKe (f;) quiykTynpyer
BO BPEMCHH, IMOYCMY H DPHXOIATCH BBOJHTE [TOHATHS O CDEANCM MO BPOMGHH THCTE SRCTHLL
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PUC. 2.4. Slyerixmn savnoi Jo KaXnan PaBHOMEPHO pacnpegencHsl aaons aceid X -ocu.

UeHTp #HTepBaNa NMPOTSHKEHHROCTHIO Az HAXOMTCH B Touke 0 — Hanane orcue-
Ta X -KOOPAYHAET LEHTPOB AYeeK. .

0 | '
Puc. 2.5. MNpumep 3aBACKMOCTV $MCHa acTuLt B §-it npocrpauﬁaaumﬁ AIoliKe {(MIrHo-

BOHHON CTONONM IANONHEMIER SYelim) 0T MOMEHTa apemern. Havano orcuera spameHn
MOXHO $BR3ATh C KakuM-nnbo coluiritem.

ComiacHo MATEMATHYCCKOMY ONPEISNCHRIO CPEAHEro 3uayeHns GyHk-
M, KOHCTPYKUHA

ECTh CPE/(HEE II0 BPEMEHH 3HAYEHUE MIHOBEHHONO YHCNA YaCTHI, ITPHCYTCTBY-
IONINX B i-H maekxe X -ocH. ,

Beruaune % (2, t) MOX¥HO HATh ¥ APYIOC HASBAHWC: MZHOSCRRAR CMERENS
3GROAMERUR 1-ii Avelixr. Torna BeAvIHHY

+5
1 ~
&ltiﬁo{z;' /ﬁ($i,t)' df} = (fi (2:)) 50 = N (m:)
ot

CieayeT CIUTATE H HA3KIBATL CMONMONGPHOHE CTETICHBEK) 3aTTONHCHHSA OIHON
OIpEHENEeHHONR — t-# Ageiiky, PasymMeeTcst, Cn YacTANa PUCYTCTBYET B £~
sAyeliKe me HeTIPEPHBHO, a JIMb BpeMs OT BpeMeHM, To 0 < N (:Bi) < 1. Ho,
HOCKOJBKY JaCTHIE, 110 YCIOBHIO, CYIICCTBYET BeYyHO, OHa B JHODOH MOMCHT
EpEMEHH B KAKOW-TO W3 sigeex X -0CH, KOHEIRO, MPHECYTCTBYeT. To3ToMy

$==4-00 _ =400 1 +&2£
N(x;} = i —— n{x;,t): =
-3 | g [en-af]

)
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l 2 1 =400 l 2

:th'}m {E/[z ﬂ(ﬂ:g,t)]-dt}:ﬂ]:-]?m {Et-'fldt}zl
. Al

Ad =00
3

Y ey |

Hanee MOxHO0 06pazopaTh IOHATHE CTAIMOHAPDHOM CTETICHM 3aIIOMHEHN,
YCPEeRHCHHOM clle N 110 ¥mety AveeK (HJIH — HT0 TO X€ CaMO¢ — IO YHCIY
MX NEHTPOB, WIM — YT0 TO X€ CaMoe — 0O YMcay BceX X -KOOpPOMHAT,
YMEWAIOHIMXCA Ha OTpe3ke IMHHOH Az, pacnonoxeHHoOM Ha X -0CH, WIH

JT0 TO XK€ CAMOE — RO APOCMPGHCMEY):

=i T

69: —~ dx
E N (z;) = y N (z;

T Az
;__a jo— f2
- 2z

(@ ar)ay = (Whae = (&,)

OnpeneneHHyo Takim 06pasom pesauny (N)a, YXe HeoGXOmMMO Cim-
TaTh CTAIIHOHAPHON CTEIeHbIO 3aNoiHeHns Avbol s3eiki (10 ecTh — o0RnA-
KoeoR s MoOOk sdeiixu). Ecid HPOTTIKEHHOCTh MHTEPBAaga AZ YCIPEMHTD

K 00, To, pasymeercss, {N)az-o — 0.

2.3.2. Cmamucmudeckliii cnocob onucaHus
COCMOSIHUS MOYEHHOIR Yacmuyb!

Tlonpo6yem omrcarts COCTOSHME TOYCYHOH YACTANH B NPOCTPAHCTBEHHO-
BpeMCHHOM KOHTWHYYME, BCNOAL3ys Bexwauky N (z;) U cuuras, aro X -ockh
COCTOMT W3 f9eex JHHOA dr (Beckoneuno Manoi) xaxpmas. ITpuHuamasn

BO BHMMaHMe HenpephiBHOCTh X -OCH, BeNeco0BpasHo BBECTH IIOHSATHE «I1pO-

OTpEHGTBEHHOﬂ INIOTHOCTH CTCHCHH 3ATIONHCHRA» — BCIWG{HEL %ﬂ M Torga

=400 dﬁ ﬁ:r_-i-m N;-_l
/ ( df)) . dz = / N (z) = / iN(z) = 1.
= ~00 N{z=-00) N=0

CoBepuIeHHO 0Y€BMAHO, Y10, XOJIhF CKOPO

7+m( ‘m("’)) '_imN () = 1,

IF=-00

pesravza N (z;) urpaet posib doam (vacmu) odnok mosewnok nacmuyss — Toit
JIOnM, KoTopas AK00L! HEPEPLIBHO MPUCYTCTBYET B 1-ji sTIciKe X -ocu. Honn
OMHOH JaXe moweynod YacTHIBI — 3TO JIOTHYECKH COBCPIICHHO copepXa-
TENBHOE NOHATHE. [N HEKOTOPHIX BHOITHE IIPOIANMECKWX LICHCH — onucanus,
RO Ne obsRCReNER — TIONBLIOBATHLCH UM JOIYCTHMO M PajyMHO.

00

Teneps nepeiineM K MareMaTHUecKoM KoHCipykuun [ B(z)- NGE) . de.
- OO0

(Xomeaocv 6w cpasy obpamumv GHUMaHUue 4UMAMENS KA MO, MO BeAUMUHY
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6N (z;) (yce ne Geckoneuno Maayio) HEpedKo HAIWEIOM SEPORMNOCMILIO MOZ0,
umo onpedesennas sweixa X -ocu 3anama wacmuyeii, u o60IHAUAIOM CUMBOAOM

£=4-00
W (z;}. 3amesm paccmampusaiom xoncmpyxyuio 3 B (i) - W (z;}).)
i =00 .
IIycTe st onpeieNeHHOCTH BemmanHa B Gyper X -ipoexuuelt vy nnca
qacTHiiH (B = P,), mocne 1ero, Kazanoch 6h, MOXHO HepedTH K BHPAXCHHIO,

HANMPAMED, i=to0

(P} = D, Pe () W), (2.4)

*
=00

rae W(x;) ( = % -Ea:) eCTh BEPOSTHOCTE TOrO, Y10 B 060 MOMEHT BpeMeHH
i-g quelika (IPOTTKEHHOCTHIO §T) 3aHATE YacTHICH. |

 Jlanee min KpaTRoCTH OYOET HCTIONL3OBAHO CIOBO «HMITYILCS BMECTO
CHOB « X -NPOCKIMS AMIIYIBCa».

Janaiire BRISCHAM, IeM ABAACTCA BENHYHHA, ODO3HAYCHHAN CHMBOIOM
(P:} u onpenencnfas peIpaXeHnem (2.4).

[Ipexne Bcero ciefyeT BCHOMHWTS, 9T0 B PAMKAX CTATHCTHYECKOIO CIO-
c0ba onpcandy Cymiecrsopane P -KOHTHHYYMA HE 3aBACHT OT CYIeCTBOBAHNHA
KaK YaCTHIb, TaK B [POCTPAHCTBA, H He 3aBHCHT OT Xofia BpéMeHE. O6pasHo
BRIPAXAACH, P-KOHTHHYYM HOPHCYTCTBYET B Xax)oi touxe X -ocm B mobolt
MOMEHT BpeMeHH, [To3TOMY B TO MTHOBEHHE, B KOTOPOE JACTHIIA OXRIRBACTCS
B onpeneneHHoM Touxe X -0CR, YacTHIC MpEdemca TIPHITUCATE /moboe IHage-
HAe eMIIyibca Py B penenax or —oo o -+00 ¢ pasHON BEpOATHOCTRIO 1), On-
Haxo BCAKUH pa3l 310 OyHeT Kakoe-To, HO odno HascEne, CITOXHEB BMECTe BCe
3HAYCHUSA MMIYIBCA, KOTOPHIC BOCHDRHMMANA JaCTRIA, MHOIO Pa3 nomagad
B ONHY H TY X€ TOUKY X -OCH, H pasne/He CYMMY Ha IRCI0 Honazasnil, momy-
YHUM YCPCNHEHHOE 110 BPCMEHM 3HAYeHHE BMNYALCA TON NOMN YacTHN, KOTO-~
past IPHYPOYEHA K ONpeacaeHHoN Tokke X ~ocq. Bee CRa3aHROe 03HATALT BO3-
MOXHOCTh 0003HaYHTE CUMBONOM (P; (;)) 5, wacms manynuca (Fy),, vacru-
LW B 1E7I0M (2 He €€ oK), HABSYHO IPAYPOTSHHYIO K i-if guetixe X -oca '6).

Wmes B BMpy, YTO B BRIpaXeHuH (2.4) He QHIYpApyeT npeMd, XoTexoch Gt
OOpaTHTh BHEMARHE YUTATENS HA TMPABOMEPHOCTH BOIDOCA: NO VEMY RMERRO
yCPeMHEeH UMITYNBC YaCTHIIH B BuipaxenHn (2.4)? Ha sror BOfIPOC HETPYAHO
HATh OTBET, TAK KAK B paccMarpuBacMoM npamepe W(x) = 6N(z). Torma
IPECHOBYTas BEPOATHOCTD OKAIWBACTCSl ONpENECHHOH gdusnnecxs codepaca-
miessnpim oOpasoM. Beay SN (2) U ecTh ma Kong IaCTUINI, KOTODas olmsane
CIATATECA HAXORMIelca B guclike (KOOPIWHATA LEHTPR KOTOPON pasHa ),
npuyeM — B J0OO0H MOMCHT BPEMEHH, TO €CTh — HenmpepusHo. H ecin va-
crana B moboi MOMEHT BPEMEHI CBOSIO CYIECTBOBAHNUA O0NANeT KAKAM-T0

15) OPYHPOBAHHIE THTATENS, 10-PHAMMOMY, DASTANUNT JWCCH COOTHOMICHEC MEXAY TAK
RAZLBACMLIMIT HEONPEASIICHBOCTIMM HAMOYILCA M KOOPIWHXATH, COOTBETCTBYIONIMME GIHOMY
H TOMY ¢ MOMCHTY BpeMenu (moapobiiee 06 atom B § 4.1).

15 Gacms unTynBCa Yacmulm # Werom PABHA MMIIYNRCY doai TACTHNHM (Toft Aomw, xotopas
IOCTOTHHO HAXORATCH B #-1 sueline)
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AMIIYTIECOM, MBl #MMyNeOens CUMTATh, IT0 Ha XAXAYI0 (i-10) AQMO0 YacTHIE
nocmognno npuxonurcs papnast P -0N (x;) xacms Toro caMoro aMIyibca Py,
KOTOPEIM nocmosnnos 0ORARACT JaCTHIIA B IIe/IOM. TO ecTh:

P, - 6N (2;) = (P (%)} o, = 6P < P,.
EcrecTBeHHO, Ha BCE HONM YARCTHIIEI IPHXOIATCH HMIYIILC, PABHEIA

i=fo0
Pi".z ﬁN(ﬂ:d:Pz;

= Liked 1=—00

D, P 6N (z) = -
e ' E (P, (‘Bi))m = Py,
f:~00

Taxyim obpazom, ovesmpro, a0 P, = (F,}),,. Hrave ronops, 10, 9ro
CUMTACTCH MMHIYILCOM YACTUIE!, M €CTh BENMIHHA (P;)a,.
Tloce BCEro Cxa3saHHOTO BrIpaXeHWE (2.4) COBEPINEHHO HEOOXOMAMO
npeobpaszoBaTs K BEIY
§=-+00
(Poyae= D (Pe(@))ar (2.5)

1=—00

TaK Kax B BHpaxenuy (2.4) (F;) — 370 HOTPOCTY MMIIY/LC SAaCTHIH B HENOM.
U yx scxn mpemmonaranoch HCNONL30BATh CKOOKM {) B KadyecTBe CHMBONA
CPERHEIO 3Ha49CHWA, TO — JIMINL CPeJHEro mo epemenn. ONHAKO HA BCSIXKWM
caydad crenyeT 06paTHTE BHEMAHHE HA TO, 9TO ONpPEACIICHHYI) BRIPAKeHHI -
MH (2.4), (2.5) Benmumny (P;) o, He BO36GpaHLETCH CINTATH YCPSIHEHHOH eme
110 BCEM AOJIAM YACTHUBI (THCNO KX B HAINEM NPUMEPE PABHO GECKOHEIHO-

e
CTH), JIOCKOIBLKY CyMMa BCeX Ao/iel odnod yacTwi (pemauna », 6N (z;))

I=—00
PaBHA EAUNHIIE, YTO HASRIBACTCH, — HO ONpPEHCICHHWIO. A, TaK KAk AOMM 9Ya-
CTHHH 3alIQUTHSIOT BCe MPOCTPAHCTBO, UMNYNEC (F,),, HONMYCTHMO HAIKBATH
TAKXe YCPCIHERHNM U 10 IPOCTPAHCTRY. _

Pasymeercs, t-s qois YacTHs (paBHas §N (z;)) maxomuTCs NocmosKio
(Bearo M HenpepseHO) B cBoeli (i-i1) auetike 1), Tak wro (B} ,, - 6N (2;) —
97O YACTH HMITYNECA, ROCRGINNO IPHXOSINASCA Ha oY (1 -10) saciiky X -ocH,
a (Pz) Ay — MMIYIBC, MOCTOARHO NPHXOANULicA Ha BClO X -0Ck,

Teneps uMeeT CMEICT CPABHMTh Bhipaxewnus (2.4) u (2.5).

B pamMgax CTaTHCTHYECKOIO crioco0a OonmucaHdsd COCTOAHMA HacTHIL! Bhi-
paxcHue (2.4) (HINYECKA REHHTEPNPETHPYEMO M NOTOMY TpelyeT 3aMeHh.
Bupaxenwe (2.5) — BHOMHE AOCTOHHas 3aMEHa, HO 00AanaeT BECHMA CIe-
IMPHICCKHM HETOCTATKOM. B HEM ITOTHOCTRIO CKPRTA HHGOPMAIIHA O HEeW3-
MEHHOM BO BPEMEHH paclpefeNieHMu JacTamel o agelkam X -ocw. A Bens

1) YacTuid Pa3ieicHi POBHO HA CTOIRKO Xe Aoed, HA CXamhKo paygcredad BCR X -och.
CyMMHpOBAHHC BCACTCA TQ BeeM sucHxam X -ocs HA®, To ~— 70 & caMmoc, JIO BCEM AQnsM

ONHCH YRCTHIML.
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gm CAMOM JieJic HMEHHO CTelleHb 3amoNHeHmst N (z;) orpaxaer cocrosHue
k’!@muu B KOHKpeTHOH curyaumd, ITpHM 3TOM BHIy 3aBECHMOCT® 7 OT &
ML BITOHE KOHKPETHOH siaeikid X -0CH COOTBETCTBYET ONpeAeeHHAsd sacli-
i¥a P, -ocH. EcM HEoGXOMMMO COXPAHHTH BHINEYIIOMSHYTYIO HH(POPMALMIO
i BEIDAXCHUM, UTPAIOLIEM POJh OTIPEICIEHMS YCPEAHEHHOIO 10 BPEMEHA HM-
l'.r{sca HACTHLBI B IIEJIOM, HHIErO APYTOro He OCTaeTcs, Kak BBECTH HEXUHU
gimBon P — daxtop pasmepHocT ummynsca. Torma P - 6N (z) = (P, ()} ps
'f MOXHO HAITHCATS:
g =400

(P = Y P ON (z;) 9.

$7=—00

Tlo cyru nena {P,(z)) 5, = £ [8N(x)]. Koucrpyxuma P-6N () monpocry
b33 U3BAHA [IPOJCMOHCTPUPOBATE, IT0 BeisuHa (F;(z)) 5, susterca dynxiguelt

a 4

O— et SN(z), a Ha MpakTAKE — HYHKIMEN BETRIHHE %ﬁl

v ACIVES (dN(-'ﬂ))

b
Teneph creayeT MoABeCTH HEKOTOPHIE HTOTH.

’ig 1. Benwwmna (P,} 5, IpeacramisieT coboit yepeaHeHHOe N0 spemenu (TI0 Bed-
4 HOCTH) 3HATEHHE HCTHHHOIO MMITYIIBCE, KOTOPEIM 00IafaeT BEIRO CyIRe-
2o CTBYIOLAs TOYeTHAas JacTuna (B xakoil Ou Touke X -OCH OHa HW Haxo-
. JHATach).

%: 2. B Teuenne Beero 6ECKOHETHO NPOAOIKHTENHHOTO TPOMEXYTKA BPEMEHH
31’ gacTHIa MOXET IPHCYTCTBOBATE B KAXIOM M3 S9eck X -OCH He HEIpe-
' PEIAHO.

% 3. DyAydu ycpeaHEHHEM NO BPEMEHHA 3HATCHHAEM HMITYTLCA JACTHIIN, BEJA-
" quma (Pr)a; MOXET CUMTATHCH 3HAYCHHEM HMITYILCA, YCPEUAHCHHRIM CHIE
By M IO BCEM JONAM YacTHIIH, PACTIpeACNCHHNM I10 BCEMY TPOCTPAHCTRY.
BOT TakX W CO3NAETCH PBIIEQATICHUE, IT0, XOTS NOIOXCHMUE YACTHIIN
anocmaﬂcmc HENPEPRIBHO MEHSACTCH, MMITYIHC €€ OCT2ETCA BO BPEeMEHHM
7 CHHBIM.

g . VITaK, yCPENHEHHRI 10 BPEMEHH HMITY/IBC YACTHI(H B L(€JI0M OIIPeHeis-
b ,  BEIpAKEHUEM

.'I‘ .
fi\
|

. + &
' =4 1
'%;’s) = lim *—l"fpﬁ(m t)y-dt 3 =
Al , At-co | At P
;. $=—00C _ A
7
4 At
1= 2 l_—t-m
=S p tim d—. [ ft)-a =3 P.N( 2.6
o , At—oo { Al " AE :Ut) ( ) )
f==—0 At t=-—00
2
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PUC. 2.6. KonaBGanna BO BpeMoHy CTRREHeH 32NOAHONAS ABYX Pa3HLIX siveer X -OCu.

HIIH
(P = ]mf(dif’) dz = 7(“ R o)

U3 pupaxenudt (2.6) u (2.7) cremyer, 9T0 MCTHHHBIA HMITYILC Ya-
CTYUR (YCPERHEHHES 1o BpEMEHHE), paBHEIA (F,),,, TTONPOCTY BOCTOSHHO
pacupeaeeH o BCOM €€ N0/AM, KOTOphIe, B CBOX OYepelh, PACIPEICHCHEL
(«pa3MazaHii») 110 BeeM stielikaM X -ocu. Bemwmmna (P,),, ecth He Goriee,
9€M CYMM2 JacTeil HMITYymhCa, Ha KOTODHE 374 CYMMA 6HI/Ia ¢ KAKOR-TO LENKIO
(manpuMep, ynoGeTea Onvcani) pasienesa. |

Koncrpyknua Py (x,t) = P-#i(z, t) (rae semrauna iz, ) papsa ymbo 1,
6o 0), bArypRpyIDMmas B BRpAXeHuR (2.6), NPEACTARIASTCS OYEHS YAAY-
HOH#. OHA NO3BONACT <BHNETH» AMIYNLC YACTHIR B T MOMEHTH BPEMEHH,
B KOTOPHG JACTHIA OKA3KBACICH B TOYKE . 3aBACHMOCTH BENHIWHH Ti(1)
EMIE ¥ OT & (KaK OT napamerpa) O3HAYaeT, YTO B PasHKIX TOYKAX X -OCH
PAINMYHBIM SBIIETCA CaM BUJ, (XapaKTep) 3aBACHMOCTH % OT ¢ {puc. 2.6).

2.3.3. Pa3Bumue cmamucmudeckozo cnocoba ONUCAHUS
COCMOAHUA MoYedHOU Yacmuybl

ObpatiMcs K Brpaxeno
i=4¢0 +% =
(B) = Z B (z;): 6N (z;) = fB(:n)- dﬁx) - de, (2.8)

bl 4]
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‘ As] VI3 XAPAKTEPUCTUK TOYCTHOM JACTHIIN, C nouommo KOTOPAIX IPBHATO
pm{cmna'm ee cocroaHue. OTMeqy, 9TO OCHOBONIONATalomcH BE/MYTHHON B Bh-
ApaxeHHM (2.8) smnsiercs /mGO CTEMEHb 3aNMONHEHUS s9eiiki MPOCTPanCcTBa

';B BAHHOM ciyyae — X -0CH) acTHleo — BeIMurHa N(z), b0 nioTHOCTS

PTOi CTEIICHM IATIONHEHHS — BEITHTHHA aNG)

iH  DpYAMPOBAHHWMH UWTATeSlh MMO-BHANMOMY 3HAET, YTO, COINACHO BCEM
AyqeOHHM NocoOMsAM MO XBaMTOBOM MexXaHWKe, BemiumHa (B), ompepense-
BhIpaxenueM (2.8), curraercs (u Hasmsae'rca) «KBaHTOBO-MEXAHHICCKAM

. bpednum 3HaveHneM» %), Offako MHe KAXeTCs, IT0 M3 ABYX SIUTETOB BTOPO
4 e MOXET He BIShIBATH YIHRICHUA. Cpemiee HO... deMy?
vo: . IlycTh, Hanpamep, B Gymer mmmymcoM (B = P,). Bems AcHO Xe, 410

P,
dﬁ”) « }ﬂ“ STO NPOCTPAHCTREHHAS RAOMINOCHLS MMITY/IbCa, KOTO-

NMOCTOAHHO OOAAAET BEYHO CYIECTBYIOMAs JacTuIia {TACTHIIA € KEeIaM).
L1IDAYEM 5TO — IIOTHOCTSH, IpHYPOIEHHAS K ONpeleacHHOM Touke X -oCH.
&% YTo Xe UMENM B BUAY aBTOPHl YIEOHRIX OCOOKI, rOBOpPA O «KBaHTOBO-
meaﬂuqecxou cpeqreM»? Ilo semy MMEHHO yepenyeH BMIYIEC B BHpaXe-
t,,;,;mm (2.8)? Vuureman, 910 BpeMs ¢ B 3T0M BHpPAXCHEE JAKE <HE HOYEBAIO»,
a BOOOIIE O BPEMCHH HE TOBODHTCI HHM CIIOBA, MOXHO BEIbL 3aTOROIPUTH,
amopm rfocobK WMeM B BURY YCpeHeHMe 10 opocTpaHcTsy. Ilocien-
e BoMHE JOMYCTAMO, YIMTHIBaH, TT0 peAduHy (P,) B BRpaxend: (2.4)
:.nﬁe BO3JOpaHACTCA CIMTATh 3HAYCHUEM HMILYIIECA, YCPESHHEHHRM MO BCEM JONAM
#amuum, a MO 9TR PAcIpeAeHe b 10 BceMy IIPOCTPAHCTBY. TaKuM o6pasoM,
_'mpuuﬁ «KBAHTOBO-MEXAHWYCCKOE CPEIHES» TIPEACTERIBICTCA, 110 KpaWHeH Me-

, HEXOCTATOYHO ONPEIEICHHRM.
t
y

.. Ha Mol B3raap, nydimie BCEIO HCTIONB3OBATH TONBKO TEPMUH «MMMYADC
I Weo%eunod HACMKHGI, YCDCOHENHWE BO OOCMAMONRO RPOGOINCUMEALROMY HDOME -

$)deymscy apemengs. TIpy 3TOM HYXHO IIPHHSATE K CBEICHHIO, YTO NCROLLIOSANRE
{PHOHSTHSL «@eMUULHY, YCPEOUERHDH NO NPOMENCYMKY GDEMeNU» ABTOMATHUECKH
E$PEATIONATACT CIMTATE £€ KEMIMEHRON 60 GPEMENIN GO BCEM IMOM NPOMENCIMIKe.
PTaKKe HYXHO NPUHATSH K CBEAEHMIO, IT0 B PA3HEIX CHTYAINGX (B KOHKDETHRIX
mnepmemm 00CT4HOBKAX), B KOTODHX YACTHIIA MOXET OKA3aThes,

,m BENWIIHA %ﬂ MOXET OKA3aTBCS Pa3HOM B pasamix Toukax X -ock. Ha-

/pEiMep, ecIM 3Ta BeIMUMHA HE SRISETCH O-(yHKIMEH, 3HAYNT 9YACTHIY
UYpHIeTCa cIMTaTh B M0G0 MOMEHT BPEMEHH «paCpeNcIeHHONY 110 BCEMY
ihpocrpaﬂmy 3mecy uMmeer cMBICH OOPATHTE BHMMAHKE Ha TO, JTO, ecym OB
MacTULa TPEICTARIsa coGol IPOTSKEHHOE TeNo (cmlomliym Cpexy, npu-
M — JY9IIe BCEro — OECKOHEYHRIX PasMEpOB), B TOMBKO YTO CKAIZHHOM

L)
.
L]

A
g 1 ) Npumexy upeMep w3 Xopomo E3BecTHOTO «Kypca Teoperwyecxod dbusmkus JI T, Jlarnay
},E];;J Jlupmaa (Tawday A 4., Judwuy E. M. Keanroban mexanmga, M.: Ousmarrys, 1963,
K

i

= -‘t

«Bsedem nowsmue o cpedmem smovennn (F) eenwsuiine F ... (F) =5 F, - lan[*».
a8
Takoe POT JACTCH ONPCHENCHMN NOHATHA.

A oo
- - r F
i " Tl
-
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He Onro OB HUYero yausaTeNLHOIO. Ho, YTO MOXET O3HAYATH pacrpeie-
ACHHE B IPOCTPAHCTBE IaCTHIIR movewrodl? Benh, npenircas YacTHIE MACCY
IIOKOA H SNEKTPMYCCKHH 3apga, MR OTHIONb HE JIMKBHAWPVEM JOTHISCKOE
[IPOTHBOpPETHE, COUEPXAINSSCH B NOHSTHH <«DACAPEOCLCHRE 68 NPOCMIPANCINGE
MACCHL M 3ap§la, cocpedomouennsix ¢ mouxes. PaiyMecTcs, Ha CaMOM Ne-
ie TOYEYHas 9YACTHNA (BMECTe C ¢e MACCOif M 3apsaioM) B smboil Monenm
MPUCYTCTEYET B oduoH 13 MEOXecTBa ToYeK X -ocH. Bemraasa
N(z) — 310 DpoCTO YCpeAHEHHOEe MO BPEMEHY {CTAMHOHAPHOE) 3HAYCHNES
MIHOBEHHOK crerieHKr samonuenns (#(z, 1)) uactielo GecKoHedHO MATOH
NPOCTPAHCTBEHAON sAyeitk. Bexuranya %(z, £) Moxer 6uI1E paBua bo exn-
Hue (4acTHia B JIAHHOE MrHOBEHHE TIPMCYICTBYeT B NAHHON TOYKE); IM6o
HYHO (B AaHHOM TOYKe IMPOCTPARCTBA YacTHUR Het). Ho, ecis ME IT0 CaMOCTO-
ATCMLHNM Hpiautam?) cauraem 1eneco0BPA3HLM OEPHPOBATH BEJIHIUHON
{fi(z)) 5 (= N(2)), yepenHEHHON N0 BPEMCHM, MM @EIOMGIRUYECKE SUiHY-
xcdenvs CIATATH TOICHAYIO YacTHy npeONEBajoriel B Touke X -och (B Kaxyoili
Toaxe X -OCH), C OTHOM CIOPOHLL, €eUN U NPUMOM NERPEPHSHD, HO, C APYTOl
CTOPOHH, JIMIIL B KAYCCTRE yacmy camolk ceby. Kopewmio, Takoe MouaTHe, XaK
49aCTh (HOMA) TOYCUHOK JacTIikls, HE MOXET Hackars Ciyx. OnHaxo He cie-
JyeT XyMarh, 910 <9acTh MRCCH B (WUIH) YaCTh SMEXTPHUYECKONO 3apafas —
COBCEM Jpyroe HeNo, MOCKOABKY, HATIPAMEDP, MACCA BRPAXACTCH OHpeie-
JCHHBIM KOMHYCCTBOM IPAMMOB, KOTOPOE MOXHO UpeAcTasdYs cebe B Bune
CYMME! XK4KOI0 YTONHO YHCI4 MEHLUINX KOJIRYECTB rpaMMoB, TTorobuas miuno-
3M4, €CTECTBCHHO, MCYE3AET, I HEOUDSACNCHHELE TEPMMH #4ACMb MACCH»
(MaccH 4Yero?) 3aMeHHUTH ONPEJEICHHLIM: «4acmb Macch 00beKma, MOZyie20
IAHUMAIMD Auwb UcHesarue Markiil (moveunuil) olfisem npocmpancmeas.

Takum o6paszoM, ME BRIHYXHCHH ACTATL BHA, 970 6¢€ IA0IY OONDE mo-
weuno# YACTHILI Odmospestenno (2 KaK K& MHAYE) NPOXOHAT IEPES MRONECHED
OTBEPCTHI B HEPEIOpOIKe, 2 Ha IKPaHe CAMBAIOTCA B OJIHO NSTHRIIKO ~— CHE,
OCTABNCHHEIN ofHOH ToYeuHol SacTaIled, NTpomeNelt Yepes pOR0, KOHETHO,
orpeperae 21, Tako#t yx 6hUI Bubpad cHOCO6 OMHMCAHKS HOBENEHNST YACTHIL.

Teneph CTOMT BRISCHHTH, MOXHO TH OTHECTH K X -KOODAMHATE TO €CTh
X T0UKe X -OCH (TO9Ke, B KOTOPOH YacTHHA MOXET HPHCYTCTBOBATD, HO MOXET
¥ HE NPUCYTCTBOBATH) RCC TO, YTO MOBOPHIOCH BHINE of MMIyimsce. YTo6u
OTBETUTS HA 3TOT BOIPOC, HYXHO COITIACHTHECHA C TEM, 9TO TOYEUHAN JACTUNE 34-
paHce YIpe/ICTaB/AeTCS HAM B BHRE Heckonewno npomsancensozo (R1oMs X -ocn)
obrekTa, HpHyeM B oOmHeM CAydae Ha KaxXAylo TouKy X -OCH HPAXOXHTCH
BOECC He ONHHAKOBag nond odsexra. Ho cHagana — HeGOAbHIoe OTCTYIUICHME,

Xopouio uzeecmuo nonsmue yenmpa macc {on ¥ce — yenwmp unepyuu) npo-
mAYcerroze mesa. X -KoopouHama ueHmpa Mace OnPedeARemcs GhPaNcENueM

) Hanproep, 1 OMUCAHMI HEXFX HOBMX IKCICPAMENTOB, HO ¢ HCUOIL3OBAHMEM CTAPHX
TPATMIAORHRX — IIOHATHIL.

) Ecnin pee OB GUIENCCKH SKAEBATCHTHA, TO ¢ PAaBHON BepORTHOCTER Mepes MIG0e
H3 HYX.
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: 3.z om(z;)
By = JETHTET 2’}, KOMOpOe MONCHO Ucmosxosamy caedyiomum obpaszom. 0o-

AYCRIUMO cHuUmamp, ¥mo xaxcoi dose maccw M({ =3 m(z;)) mera omsenaem

" 00HO U mo e 3nauenue X -Koopdunamu, pasHoe Ty . - Omobpasuy ckazannoe

8 sude gopmyan:
Z Zu.sc M AZi) = Zm -m ().
i i

Ha 31OM OTCTYINICHME 3aKOHYEHO, K HYXHO BEpHYTLCA K Hamlell qacTure.
OueBHAHO, 970 2; — ITO FHAYCHME KOOPAWHATHL TOH SONHM TACTHI,
11'l\'.at:vfl‘\t::opaﬂ pasua SN(z;). Crnenoparensuo, Halifiercs TAKOS ONHO 3HAYCHME
Eﬁ;mpmam KOTOpOe MOXHO IIPHINCATE KKAOM Nojie YACTHIHL, DTY KoOp-

- AHHATY CAedyeT HajBaTh KOODIMHATOM LeHTpa Beex ponecld (HH KOTOpHE MEI
* pRasenMmI YaCTHIY) U 0603HAYMTH CHMBOIIOM Ty , . ECTCCTREHHO:

Z Li - JN (z;)
Tna = -

.'%.r

- g
BT T RN %,

GO Ez. - 6N (24), (2.9)

TAX KAK CYMMa BCEX JOJIEH YacTHIIN pABHA CIHHUIE, Mo ompeaeacHmo. Ipu-
' mman BO BHHMAHHE, YTO YRCTULIA BHLJLSLAAT PACIPEACIeHRON CBOMMM JOMIMA
mwm Bceft X -ocH, a Kaxnmas Ao/ 33HMMAET CBOKXO TOYKY X -OCH, HE BO3-
hfipailaeTcs HABATL BeMIIHY, ONPENENCHHYI0 BRpakoHueM (2.9), sHateHHeM
‘momﬂnam (wacmugss), yopetHerHOH NoO BeeM KOOPAMHSATAM Touek X -OcH
E’gm 70 GUIAr03ByYHEE, 10 BeeMy X ~IPOCTPAHCTBY), B OGO3HAYMTE CUMBO-
bipan (Zasommns) o, - ToOrDa: ~

-4

—
s

?f E_ici - 8N (z;) N

5 L Zy g = (Cosorm) g = >R () = Zi:zi 6N (z;) (2.10)
T (@)

Zan = (Toacrmon) pg = / z-( - )»dz- (2.11)

-0

Ha Besxut cyqail 3aMeqy, 910 3HAYEHME ROOPIMHATH Touku X -ocH,
ycpemeﬂnoe 0 BCeM KOOpAWHATAM, CONCPRAIMMAMCH BHYIDH HHTeppana
?Az (= z; ~ z1) (10 ecTB, BOBCE He 3HATCHVE BEMMINHM {Zgoruu) A, ), OFIDE-

—y

") Ecam macca (M) CILIOIINOTO NPOTSCAEHHEOIO TEls HENPCPLEHO PACTPANEICH? 110 X -0CH

: +e0
f ¢ AROTROCTHIO %,mzn_m=%= f z-[(%)-dm] .
=00

¥,

R,
P
-
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HeAgeTcsl BhpaKeHHeM

x;

. 1 T4z
(@ae = == / 2 do =2 (2.12)

*1

B naHHOM cayvae mouxe (He KaKOW mouano, a HMEHHO HEHTPY OTpe3ka
IMHOU Ax) CyXaeHO PEACTARIATL APOMIANCEERbE OOBEKT — OTpe3oK., TakuM
obpa3zoM, «ycpeaHeHHe O MPOCTPAHCTBY>» — 3TO HE 00/Iee, YeM JTAKOHHIHBIH
TepMHH, Pagu HarnsaHoCTH, BripaxeHHe (2.12) MoxHO GbUIO G NIPEACTABUTS
B BMIE:

6 t:%f .
T .
Tip, = lim | —- ; .
{ }M 3 —0 (&z Zz‘l)j (2 13)
=0
THE Tiy1 = 2 + 02, a TUCIO 3HATCHUH X -XOOPAMHATH paBHO s]j{lio %f—,—
b=

PazymeeTcst, MOHATHE LCHTpa BCex Aoieit ToYedHOM vactHusl (cTaro
GuiTh, M NOHATHE BMIMHE 2y ; WM (Tgscruma)a,), PABHO, K&K H IOHITHE
HEHTPA Macc, MOXET MOTPe6OBATECA TOMBKO WA KAKMX-TO NMPAKTHYSCKMX Lie-
neH. B atoM ciryyae cnezyer MOMHMTD, YTO, CTPOTO TOBODS!, YACTHIA AOMKHA
cummeamycs (Ho He Goniee TOTD) TPeGLIBAIOMEN TOMBKO B TOYKE ¢ KOODIMANA-
TOH Zp , H HPHTOM HENPEepHBHO B TCYCHHUE AOCTATOYHO NPOAODKHTEIRHOTO
NpOMeXyTKa Bpemer¥ Al. HanomHio enme, YTo NPHCYTCTBYIOMAS B BRpaxe-
muax (2.9) pemmrHa N €CTb pedyaeTaT VCpemHEHMS IO BDEMEHM, TaK 9TO
Gollee aNeKBATHHM CAE/YeT IPH3HATh CHMBOJ (Luserama) pr Az -

Bor, 910 CKpHIBANTOCE 32 MaNOTPAMOTHHIM TEPMUHOM «3¢PORMHOCTb KO-
OpouHamMb» W HEOIIPEILCHHEIM TEPMHUHOM SCPEOREe IHAYERUE KOOPOUHAMbS,

OOpaTMCs Telleph K OMHCAHMIO COCTOAHMA TOUEUHOM YACTHIBI, B KO-
TOPOM OCHOBONIQUIAralomyro ponb Gynetr urpars semamua N (P) — crauu-
OHapHas (WM KBA3UCTALMOHAPHAA) CTENEHb 3ANOJHEHMSA YaCTHUCK) JICHKU
OCH MMHYIECOB, IIpOCTOTH pamH, MMIIYNIBECHOE ITPOCTDAHCTBO OyaeM cum-
TaTh OHOMepPHEM: P = &, - P,. Bemamuna ﬂ%ﬂ - 6P, 2) ecn pona onHol
JaCTHIL, HPHXONAINAACA Ra OMHY F4EeNUKY MMITYICHOre IpocTpatcersa. [Ipo-
TIXCHHOCTS SYEeMXM B >TOM IPOCTPAHCTBe paBHa §F;, a8 KOOPHWHATa e
erTpa pasHa P;. KoHeIHO, MOXHO BHIPA3KTHECS M MO-APYIOMY: CKA3aTH, YTO
BesmunHa SN (P,) — 3To Joas YaCTHIE, OTBEUAIOMIT SHAYCHHIO MMILYJIb-
ca, pasHoMy F%. EcTecTBeHHO TakXe, 9T0, «pa3Ma3abBs 00Ky YACTHLY {BedHO
CYDIECTBYIOINYIO) 11O €ceMy MMIYALCHOMY NPOCTPAHCTRY, TMIOHEBOJIE MPHICTCA

At—a0

+8
— 2
®) 3pech N (P) = lim {El“ J (Pz,t)-dt}.BHaqemﬁnmﬁmpaanmﬁu1,
-
2

moo 0.
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j—

OpPHHEATH PABCHCTBO
4N (P)
ap. -dP, = 1.
—00
Terepb pacCMOTPHM KOHCTPYKIIAIO
AN (Py)
z _
‘/X‘ dP 'dpzz(:g}m,

rie CHMBONOM X 0603HaYeH QaxTop paMepHoCTH KOOPAMHATH 24,

Tlockonexy X -ROHTRHYYM IPHCYICTRYET B XaXU0H TOIKe P.-0ocH B no-

. GOt MOMEHT BPEMEHH, B TO MIHOBCHHE, B KOTOPOS 4acTHIa obnajaer ompese-
|- JCHHEIM NIMITYABCOM, eif IPANCTCH IPMIMCATs Moboe 3HaYeH e X -KoopaHa -
. THL B ¥pPENeHAX OT —00 JO +00 C PaBHOH BeposTHOCTHI0, OTHAKO BCAKHKI pa3

310 OyIeT Kaxoe-10, HO OfHO 3HavcHue. Ifo cyrH Aena panee HYXHO NPOCTO

- HOBTODMTE BCE, O WeM OUia peds Ha €. 50-54, mumn <noMeHss MecTaMi»

" penwanHN x B P,

- e,

Bemmuuna (¢}, — 310 X -xoopfuMHata To# To9kM X -0cH, B KOTOpOi
YACTHIOZ HODKHA CYHMTAThCH NPUMCYTCTBYIOmMEH B OO0 MOMEHT BpPEMEHH
(HempepHIBHO), KakmM Gkl HMIYJILCOM OHA B HaMHWH MOMEHT Hu obnagara.

" A sesomamna X - 6N (P,) — 910 Ta 10mA (%) ,,-KOODIHHATH OXHOH-€/IfH-

CTBEHHOHR TOYKH NPOCTPAHCTBA (B ROTOPOH 9ACTHIIZ NOIKHA CINTATECE BETHO

' TIpHCYTCTBYIOmEl ), KOTOpad WPUXOTUICH HA OJHY ONpEAENeHHYI0 sS9cehKy
P, -ocu #3 6eCKOHETHOIO HX MHOXECTBA.

- PasyMeeTcd, IpU HEOGXOMIMOCTY MOXHO 06Pa30BaTh, 0 KpaitHel Mepe,
AOZRNECKN CONCPXATEIRHEOC HOHATRE IIOTHOCTHA pacrperenesnsi X -KoopaH-

. HATH (TOUKM NPUCYTCTRYA “ACTMIIN) IO OCH HMIOYILCOB — BEANTHHE

.. dN (B,) _ d (= (Po))as
ar, dp,
B 3aKII0OYeHHe CTOHT 3aMEeTHTS, YTO, MOXOOHO KOHCTPYKITHE

+00 dﬁ(
/ X x) * dm:
dx

00

| KOHCTPYKLMSA

Vi dN(P)
f?- —p 4P

npeacrawsier cobod AMIYIES LEHTPA BCEX NONCH YACTHIIN, TOILKO Pacipe-

ACNCHHBIX YXe 110 HMITYJICHOMY HPOCTPAHCTEY, TO €CTh BEJIAYMHY, KOTOPYIO

24}}{.{31{(:1:1}3’!1{“1 x-ﬂ%fﬁ ~ 0 OPOCTO m:x-d%?laf(%).
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cle1opano 6s1 0603HAYUTE CHMBOJIOM P, 4 , . TeM He MeHee, clieiyeT IOMHHTE,
YT pedb UAET O YaCTHIIE, HAaXOAAMSHCS B TAKOM COCTOSHMHM, B KOTOPOM €€
MMITYIEC MPUXOTHTCA CUATATh HEIPEPHBHO MCHSIONINMCH, XOTH, H3 CAMOM
Jejie, YJACTHIA BEYHO MPHCYTCTBYET B OAHOM H TOM X¢ TOYKE IIPOCTPaHCTRa.

§ 2.4. CocmosiHue moyedHoll Yacmuybl, yuacmsyiouieii
BO B3aumodelicmBLuu ¢ MenoM B3aumoodelicmsun

TenoM B3saumMoneHcTBHS GyAeT Ha3RBaThCS JIOB0e CTPYKTYPHPOBAHHOE
rronie 25}, 3amonmsIonice NPOCTPAHCTBO, NPebhBag B KOTOPOM, YaCTHIIA BRIHY-
XJIEHA ¢ TeM HOJEM BI3aAKMOICHCTBORATE.

Jnst orcaHus COCTOAHMS JaCTHUH B [T0J0OHOM IIPOCTPAHCTEE BYIET M-
HOMB30BAHO MOHATHE MIHOBEHHOR CTERNCHA 3ANONHECHAA -a9eixky X -ocH —
BEIHIMEN R(T;, ¢}, CNOCOGHON NPHHUMATD TONBKO JIBa 3HAYEHHN: HYJIb ¥ €M~
HHLLY.

TipeanonoxuM, YT0 YacTAUA CYIIECTBYeT BEYHO M IOTOMY B OGO
MOMEHT BPEMEHH B KaKO#-T0 si9efike X -0CH DPHUCYTCTBYET OGS3aTEIBHO.
IIpu 3TOM, ecnyM cYMTATh, 9I0 BCE TOYKHA IPOCTPAHCTBA BHYTPM sYCHKH
HPOTAXKSHHOCTHIO 02 (DU3AYCCKY IKBHBATCHTHE, TO X -KOOPAHHATA JaCTHIIHI,
IIPHCYTCTBYIOIIER B sI9eike, ¢ PaBHON BEPOSATHOCTHIO HAXOAWTCH B DpEAeiiax
orz—F oz +%.

Hanee HeoOXoaHMO NPHHATEL BO BHUMAHHE, ITO HH C YeM He plapMoIe-
cTBYIoN@ (T0 ecTh — cBOBOXHAA) JacTHA 06IANAET B Ia38X AHEPUHATBHOTO
HabAIOAATE S HeUuMenHol CKOPOCTHIO (HEHSMEHHEIM uMIyiscoM) 25, Eom xe
YACTUA B TCUSHHC HEKOTOPOTO TIPOMEXYTKA BPEMEHH HE TOIBKO JBIDKETCH,
HO €II¢ ¥ YJaCTBYET BO B3aMMOJACHCTBHH, €€ CKOPOCTh (MMITYILC), pasyMeeT-
¢, H6 MOXET B 3TO BpPEMSI HE MEHATHCH, & CAMA YaCTHIA HE MOXET BCYHO
HAXOMTHCS B OXHOH M TOH Xe€ TOYKE IMPOCTPAHCTBA, CCIA TOABKO HE MPEHN0-
JIOXMTh, 9T0 YaCTHII@ CTAHOBHTCH YACTBIO Tea B3aMMOAEHCTBHA (C KOTOPHIM
CBA33HA CACTEMA KOODIMHAT). " ,

Hrak, Hcnons3yeM BeAMIUHY #(z;, ) Jas BIeNeHUs 13 obmero (6onb-
UT0r0) IPOMEXYTKA BpemeHH Al TOT, B TeYeHHE KOTOPOro 9aCTHIA MPHCYT-
ctByeT (MycTs ¥ HE HEMPEPLIBHO) HMEHHO B j-I saelke:

H'-%
At{z;, ) = / i(z;, 1) - at’ = AL;(t). {2.14)
t-%-l |

25) CTpykTypHPOBAHHLIM HQ3BRHO IIOJE, MOTERIAAN KOTOPOID BIIONHE OMpeNeHeHHRM 00pa-
30M 3aBYCHT OT KOODAHHAT B spemcHE. Thxoe Mazpanmeé NAHO C DETHK OUIHYHTS DOXOGHOE
moAe OT TOre QAYKTYHDYIOIEro, © KOTOPHM paHec OhLI OTOXACCTRISH DPOCTPAHCTPCHHEXH
KOHTHHYYM.

%) YucieBHOS 3HEYCHWE CKODOCTH MOXET GHTh KAK PasHO HYMO (moxosmasicd wacTuma),
TeK ¥ OTIEIHO OT HYIN (YaCTANA, MBHXYMIASCA DARHOMCPRO X MPIMORMHCEHRO).
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| A ﬁ(:cj,ﬁa:,t)
_ —}’V' . p—
i L
At 0 —— 1 At !
9 Ty e T axe _{

Puc.2.7. MNpumep aasucumocty 7 (z;, ¢, Az) oF epeMenn B NpomexyTke Al

3neck: 1. — MOMEHT BpeMeHM (TO9Ka Ha {-0CH, SRIAIOINASCH DEHTPOM

: ApoMeXyTKa At;(t)), oTcYMTaHHEIT OT IPOM3BOIBHO BRIGPAHHOTO B KAUECTRE

. HasampRoro. Ecmi sgeiixu X -ocn duuideckn pauimdHHE, 3HAYUT H IpoMe-
xtyrm At; ToXe pasiTHIHON TiPONOITKNTEIBHOCTH.

Ha prc. 2.7 npezcTanieH MpUMep 38BUCAMOCTH BETHIHHE 1t OT BpEMEHH,
MPUYEM T; — OTO NPOMEXYTOK BPEMCHH, B TCICHHE KOTOPOTO IACTUIIA HMEH-

. HO HENIPEpHBHO NMPUCYTCTBYET B j-H sqedike, a r — JIPOMEXYTOK BpPEMEHH

4
]

MEXKAY COCCOHAMH MOMEHTAMH yﬁm—npﬂﬁum qacTHUR. EcrecrseHHO,

| ¢ POCTOM 9HCJIA f96EK, TO €CTh ¢ PACHIMPCHMEM HHTepBaa A, GHCIO aK-

TOB YORTHS-IIPHOKTHN JaCTHI(N B OAHY OIpPEREIEHHYIO (7 -10) Mueiky MoXer

' M1 YMEHBINWTECS, N VBEIWIWThcqd. CledoBaTeIbHO, MIHOBEHHAA CTCIICHb 33-

NOTHEeHNA OOHOM saeiiki B ofmeM cnydae 3aBUCHT elie H ot Az. IToaromy
MIMEET CMBICK BBeCTH 00O3HaueHue N(zj, ¢, Az). IIpocTOTH pann ZOITYCTUHM,

. 9T0 M3IMEHEHNE JHCJIA aKTOB YOWTHA-IPHONTAS OTPAXACTCH TONBKO Ha 3Ha-

QEHUAX 7; — MPOMEXYTKOB.

C yueToM CheaHHEX 3aMedaHiit HMeeT CMEICT MOAHPHIKpOBaTh BEpa-

' KeHue (2.14), wammcas:

148
At(z;, t, Az) = f Re;, ), A7) - dF = ALi{t, Az).  (2.15)

-
-3

Tefleph KBa3HCTAUMOHAPHON CTENEHBID 3alIOMHEHHS sT9efiKH YACTHLIEIO

_ CNIeAyeT HadBaTk TY QOO OT MpoMeXyTKa At, KoTopast IIPUMXOAMTCS HA TPH-

CYTCTBHE YACTHLIH B §-H SdeilKe, TO eCTh — BEIMIMHY m"-"tm’ .
PasyMeeTcs,
At(z;, t, Az _ ~ ~
( jﬁt ) == (n(mj, ﬁlz»m = N(:Bj,ﬂ:l:) = N,-(A:c), (2.16)

TaK YT0 UIMEHWIOCH TONBKO Ha3BAHUC,
M3 pupa saBucuMOCTH 7i(z;,t, Az), npencrapieHHON Ha puc. 2.7 ana
YACTHULIN, YIaCTBYIODIEH BO B3aMMOJICHCTBHM, CICOYET BO3MOXHOCTb BBECTH
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p—

ellle OJKHH DPOMEXYTOK BpeMEHH (Et), VAOBNETBODAIOIHUN HEDABCHCTRAM
(T + Thae) € At € AL 7).

B aroMm ciryuae MOXHO 06pa3oBars MOHATHE © YacToTe (v;) aKToB YOH-
THA-TIPUOWITHA M3 j-# A9eiKM M B j-10 syeiiky. Oupelesm BeHIAHY V;
BHpAXSHUCM . )
N;(Az, At)

At

tie N; — 9MCiO BRINCYNOMIHYTHX aKToB 33 Bpema Af. Uto Xe Kacaercs
IIPOMEXYTK3 BPEMCHH 75, TO 3THM X¢& CHMBOJIOM 0003HaTUM U BETHIHHY, YXke
 YCPEMHCHHYIO IO YHCTY akTOB YORTH%-IIPMOBITH:

v; (Az) = , (2.17)

PR T — 2.18
1=\ = e A (2.18)
Hmerno ona Gyner panee GHIYPHPOBATE B KAYCCTBE NENPEPLEN020 1pO-
MEXYTEKa BPEeMEHH NPHCYTCTBAA YacTunM 8 j -i saelixe., |
Hcnonsayem BesMaMHN ¥; B T; UL peoGpasosalus Bupaxenns (2.16)
K BHAY

| ee(A) .
@(zs, Axhar = 2+ D (1) [ (Aa)). - (A2)]. (2.19)
b=

3peck MMACKC ! YKASHIBACT Ha HOMep mNpoMexyTka Af, B Xormopom
7; M V; HMEIOT ONPEACICHHHE 3HAYCHHH, 8 lup(Al) ecTb UeNoe THCHO

IPOMEXYTKOB EE, EPAMBKAIOIMX IPYY K APYIY ¥ YMEIMAIORIXCS Ha CoapIneM
opoMexyTke Al, NpHYEM JONMYCKASTCS BO3MOXHOCTh BHOHpaTs YHMCACHHO

pazuste suaveHus A, EcrecTenmo, 910 ""f('&i)‘ = Al, ¥ TOTOMY bugee =
= tuanc(AL). =1

OueBHIHO, 910 BemHIMHA (R(Z;, AT))a: ABIACTCH JOKATHHON W Kea-
sucranmMoHapHoH. IIpennonaras B ZamnHemeM epeim™ 1 K Bpeneny At — oo,
MOXHO M 1eJiecoo0pasHo 3apaee BuGparh jdaveume Al, HaCTONBKO GOJL-

M, 900K He HOTPefOBAIOCH ACNATH €10 PASHEIM Ha BCEM IMPOMeXyTKe Af.

Torna ity = i-:-, a 7;, 1 vj (Az) }nepecraﬂyr JABKCETH OT ¢. Bemn MHAEKC

¢! YRA3HBACT, MONPOCTY IOBOPH, H3 DACIIONOXEHHS IIPOMCRYTKA At, omo-
CHTeJLHO Xpad mpoMexyTka Af. C yderoM CKa3aHHOIO CTAUUMOHApHOE —

e

) 3amoTiM, TTO MPOMEXYTOR BpeMerd Al, yOBNCTBOPAIME FAMHCAHHOMY HEPABEHCTRY,
Hafinerca nud #0000 QuIngecRol peanbHOCTE, €CAH NPENHATS, TI0 Y JiwGol peanhsbcTR
B 3AMace BOYHOCTS (At ~ 00), 8 BENUTHHA (T) \qur + 7} yurc) OFPAHWICHEA CREPXY. Bexmnioin 7]
He MoXeT OWTE OMpARMYCHA CBCPXY ML N caobomHolf YacTuIM, MOCKONEKY TAKAS TACTRLR
DCCIO JIRIG: OXMA pa3 moluisacr B j-it smefixe X-oca (pamto, kax ¥ B Jmobodi spyroit).
Onsaxo A1 ONHCAANA COCTOMMA HMMCHHO cPODONHON HACTHIM W He HYXHO IIPRRICKATH
CIRTHCTHYECKMH Citocob, ‘



§2.4. COCMOAHUE YACMUUbI, YIGCMBYIOULCIH BO B3GUMOOCUCMBUU 63

YCPCAsICHHOE Ha BeCKOHeTHO OOMBLIOM MPpOMEXYTKE BpEMEHHW — 3HAYCHHL
CTCHCHH 34IMONHEHAA PpaBHO

. . 1 —
&1;1_1330(11(3}, Az = 111:13100 {E‘: - byaxe(AL) - At - T; - v; (&m)} =

= lim {—L ' —A,_.—_t, AT Y (Aa:)} =13 -4 (Az). (2.20)
At-oc | Al A '

Ecim HaMepeBaTsCsl B BaTkHEHIeM NnepeiT enie u K npeueay Az — oo
(TeM caMbIM yIecTb GECKOHETHYIO IPOTSREHHOCTD X -OCH), IPHAETCH 33paHee
NOCTYAUPOBATb, YTO COOTBETCTBYIOWIEE 3HAYEHUE JaCTOTHL V; CYILIECTBYET.
B wrore npuxonum X GHINIECKH COASPXRATEIbHOMY IOHATHIO CTALMOHAPHOLK
CTENCHY 3amnoiHeHus YacThielo moboi (f-#) u3 GecKoHEeYHOro MIOXECTBa
NPOCTPAHCTREHHEIX AMEEK

N (z;) = lim {r(z)) v(z;, Az)}, (2.21)

npyuem 0 < N (=) < 1. ’

KOHEYHO, FIOCAE BCEFO CKa3aHHOTO BeNNuuHy N (z;) HeoGxomumo cuu-
TaTs ONKWHAKOBOW ANd Juoboro MOMEHTA BPEMEHH.

PasyMeeTcsl, BITOJIME HOIYCTHMA CHTYallusd, B KOTOpOM dYacTHLA Bey-
HO HPUCYTCTBYET JMIIbL B QIHON M3 MHOXECTBZ NPOCTPAHCTBEHHBX S4YECK
(Hampumep, B j-it). TIpm oTOM wacrora v; BO3pacTaer KO GECKOHEYHOCTH,
TIOCKOJIbKY, 06Pa3sHO BHIpaXascCh, JTUUIEL OfHA [ueifka (f-1) obmenHuBaeTCs ga-
CTULEH CO BCEMH OCTANBHEIME (TTPOMCXOINT 3ATIONHEHHE 1ay3, 0003HATEHHAIX
Ha puc. 2.7 CHMBOMOM 7;) 28} BcTecTBEHHO, YTO ABTOMATHICSCKH PACIIUPAETCS

10 BECKOHEYHOCTU U AMANaioH 3HadYeHu# ckopoctn V., ¢ KOTOpol 9acTHia
BCAKMA pa3 mosaAmBnAercsa B j-# svelike. danee, ecin cyMTATh JUIHHY sTaeh-
KY UCYE3aj0UIe MANON, 4 YaCTHIY ABIDKYIUCHCA, MPUAETCA CTOAbL X& MAJO#
CUMTaTh ¥ BeJARIMHy 7;. OAHAKO, NOCKOIEKY JHAYEHME T; CIMTAETCA OTHUM
H TeM Xe BAOJb Beeit $-ocu (cM. BhIpaxense (2.18)), a yactoTa v; Bo3pacTaer
J0 BECKOHETHOCTH, HOMYIaeTCH, IT0

{1 NpH T = %;,

. ﬁ —
lim N{z) 0 mpu =z #az;.

Yy—00

Xora pegonycTMMa CHTYallusi, B Kotopo#l N(z) TouHO paBHAa HYMO LIS
BeeX A9eek (MHAYe MMONYIMTCS, ITO WACTHUE, BETHO CYMISCTBYS BO BPEMEHH,
HH B OOHOR W3 Y€K MPOCTPAHCTRA HE HNPUCYTCTBYET), TEM HE MeHEe, BIIONHE

BO3MOXHO, YTO 3HageHue N (2) Ansa BceX g9eeK OMMHAKOBO (TIPH TOM OHO
ncgesamome mMano). OGpa3HO BHIPAXasiCh, YACTHLA 33 GECKOHEYHO HOJroe

BpEMS BCE-TAKM BCETO JIMLIbL 11O OXHOMY Da3y (ONHO MTHOBEHHE) MOOLBaeT
B KAXION K3 6ecxoHedHo DONBOIOND IMC/Ia AUeeK.

%) To ecTL BeNUTHHE T{ COKPENATCK IO HYMS, 3 BEAHTHHLN 7jO0CTAIOTCE HEMIMCHMHLIMH,
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b

TlocKOTLKY OMHHAKOBOCTH CTENeCHH 3anosHerdd N(z) oroGpaxaer (u-
3UYECKYI0 3KBHBAZEATHOCTH BCEX TPOCTPAHCTIBEHLIX SUYEEK, TPOCTPARCTBO
ClReyeT CUMTATDL ITYCTRM, a HaCTUILY, CICIOBATEHHO, CBODOIHOM, MPHIEM —
;B0 BeuHO Nokoginencd, b0 BeYHO ABMXYINEHCA PaBHOMEPHO M OPAMO-
naHedEo. B noboM ciayyae ee CKOpOCT: HeOOXOAUMO CIHTATH HEHU3IMEHHON
80 BpeMeHH. Cnedyer TAKXE HOMHWTD, ITO B OHHCHIBAEMOMN CHTYAIIHU TOHI-
TUE «3mMoii» TOIKM HPOCTPEZHCTBA ABASETCH (PHINIECKH OecconepXaATeIbHEIM.
«Jma» T09KA DV3UUYecK# HEOTIHYMMA OT «mio». T103TOMY eHMHCTBEHHO Pa-
3YMHBIH OTBET Ha BOLIPOC, 202 HAX00UMCR 6 QarHuik MOMeRm apemertl ca0000HaA
HQCMUGa, TRKOB: ¢ PaBHON (Hcdesaiine Matolt) BEpOsSTHOCTSIO B 0Bl Touxe

NPOCTPAHCTRA B MO00I MOMEHT BpEMEHH,

Hueem cmbica cderamb Helossluoe omemynienue.
Ecau oxaxcemen, umo & gusuuecxoii peasbhocmu sesuvuna

(ﬁ-m + T;.mxc)

OZPOARUMCHA CEEPXY, MOJKHO GBECHIN NOHAMUEC 0 KGAIMCMAUMORAPRON crmieneny
IQROAREHUA COCMOANUR (BLPOAMROCTUL NPUCYIICMEUA 4ACMULN 8 MOYKe FpPO-
CIMPAHCMBa, Koopousama Komopoit pasua x), NOROINUE

-2

~ . I - Y
Nz )= Jim = [ 5@ Avt) & | = Nomlo.)

A
2

Hogyio xapaxmepucmuxy MOXWCHO UChoAb308aMb 6 CUMYGUUY, 8 KOMOpOLl
deiicmayiom dea mpouecca: Gwucmpwli, omeeHaiowuh 30 KorebaHun 60 epemeni
M2HOBEHHOU cmenenu 3QNOAHEAUR, U MeOseHHbll, OmeeuaIouuli 3a uIMenenue
xapaxmepa (esacmomu) Kone6anud, meM CambiM, 30 UIMEHEHUE 60 EPeMEHU

yoce camoli eeautuni Ngo(2,1) % & menenue npomexcymrxa gpemenu At,

CEPOMHOZ0 RO CPUBHEHUIO & NPOMENCYMKOM YCPeOHEr s Af. Caedvem maksice
uMems 6 audy, ¥mo ecau T- U TV -NPpOMENCYMKU  UCHEIARWE KODOMKUEL, MG
u npomexcymorx AL, npueodnsili I8 UCNORBIOGUHUR €20 ¢ UEABIO VCPEGHeHUR
A0 SPEMetil, MONCHO G616DAMY MONCE UCHEITIOWE KOPOMKUM.

Tenenh nonpadyeM OTHCATL COORITHA, PAILITPAIBAIILKECA B NMPOCTPAH -
CTBCHHO-BPEMEHHOM KOHTUHYYME, WCIIONL3YS BBEACHHbLIC [HOHATUS. C 3TON
LUeNRI0 00paTHMEes CHadana K pyc, 2.8,a. TaM npeacrtapneda KpynHoMacnrrad-
Had KapruHa, W3 KOTOPOHE CAeayer, Uro B TeYEHHUE 5-T0 IIPOMEXYTKa Bpe-
MEHM TIPONOIDKUTENBHOCTHIO (7;); JACTHLA HEIIPEPRIBHO IBICKETCA (C OTAUY-
HOW OT HYNd CKOPOCTLIO) B OAPENENEHHOM HANpaBIeHUH (HanpuMep, BHH3
no X -ocu), Mpoxousl Bce — CHOAOCIS — TOYKM OTpe3xa AAuHOH A;. Moxuo
OLINO O M YCOMHUTLCA B TOM, 4TO, MPUCYTCTBYS B 7-it Agelike, acTua

2) Namenenne peraaHEN Npgau (2, 1) OBYCIORTCHD, KOHCIRO, UIMEHCHBEM COOTHOIICHHN
MEXTY BEAHIHBAMB TX ¥ T BHYTPH IpoMexyrea Af.
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'q‘

l'
FJIHH}KET{:H a HE NOKOWTCH, ecny Ohl He oo 0bcToATENLCTBO. ObpaTHRIMNCE
r}K puc. 2.8,6, MH BHAMM, YTO YaCTHIIA NMOKUIAET j-10 sYcHKY W3 KakoH-To
BHyrpeHHeﬁ TOIKH B MOMEHT BPEME€HM, SAMAIOIMMHHACA KOHIIOM XaKOro-TO
3 5 HEIPEPHBHOIO MIPOMEXYTKA. A IOCKONBKY MAI TOCTYIMPOBAIH, YTO YacTHIA
ﬂncme"msx Ha X -ocw, TO, YBIAEB, KaK OHA NMOKHMIAET 7-10 S9€lKY B yIiOMA-
! HYTBII# MOMEHT BPEMEHR, Helb3A HE HNPHITACATS JacTHile, NO KpaiiHeit Mepe,
: MTHOBEHHOM CKOpocTH. Jlajee, TOT (akT, UTO YACTHId BHOBL BO3BPAIIACTCA
. B J-10 SUCHKY CIYCTA OTIHIHBIA OT HYJS TIPOMEXYTOK BpeMeHM — B Gonee
' IO3AHKAM MOMEHT, -~ BLIHYXIAeT NPUIMACATh YacTUIEe CrnoCOOHOCTh MCHSTD
» HATIpaBNEHUE CKOPOCTH Ha TPOTUBOHONOXHOe, B caMoM jgefe, HOIYCTHM,
' 9TO YACTHIIA B KaxOH-TO MOMEHT NMOXHHYAA j-10 sAveiKy, Hanpanisach BHH3
. no X -ock, Yacruua Gonploe He BEPHETCA B TY Xe S9CHKY, €I He Ipenio-
'} RJOXUTH, YTO OHA TAC-TO H KOTAA-TO H3MEHHUT HAIMpABICHUE NBAXCHHS BIOJb
* X -ocr Ha mpomiBononoxsoe 3. Ho w10 osuataer, yro, no xpatineit mepe,
+ 8 HEKOTOPHIX TOMKAX X -OCH gacTMila WCIMITbIBacT ReHCTBHE CHA M, CTAjO
. BBITB, TO YCKODAETCS, TO TOPMO3IUTCH.
CiemyeT 3aMeTHTD, 9T0 IOCKOMBKY KOKAB aKkT yOBITUSI-IIpHONTUS CO-
. POBOXNAETCA UIMCHCHHCM HapaBJICHKA CKOPOCTH, BBCACHHAA paHce YacTo-
. T& ¥j 2KTOB YOLITHSI-TIPHORITHS HE MOXET He COBIAAATE C YaCTOTON A3MEHEHHA
HANPARIEHAS CKOPOCTH.
Tenepr obpatimes x puc. 2.8,8. Ha BeM oTobpaxeno 1o, 910 npocTpad-
| £TBO AWISCTCS KOHTHHYYMOM, M HOTOMY HHMYTO He NpemsTCIBYET Buibparth
A9eHiKy CKOJIb YIOOHO MAION AAMHEL. B 9TOM CIIyYae HEBOIMOXHO pasIngiers,
KYIi2 HanpasieHa W 9eMy paBHa 110 BeJIMYHHE CKOPOCTh YACTHIILI B TCYEeHHE
BPEMCHM €€ HENIPEPEIBHOIO NpeORBaAHNA B § -i Auciike. EcTecrBeHno, nuyero
APYTOI0 HE OCTACTCA, KAK TONBKO PUKCHPOBATH COOLITHS NOSBIEHHST YACTHIIE!
B 7-A s4elke M MOCHenyIoumero McYe3Hopewnsa. Ho rorma wHuuero apyro-
IO HE OCTACTCH M, KAK CIMTath, YT0 B §-10 A9EHKY ZACTHIIA MOXET IONACTH
u3 mo6oi Apyroit ° ¢ paBHOM BEPOATHOCTHIO, 4, CACAOBATEABHO, B CKOPOCTHIO
obnanas mobol — mo BENMYHHE K HATPABICHIIO — C PaBHOH Xe& BEpPOsT-
HocTEIO. Ha puc. 2.8,8 nokasaHo, 910 B MOMeHTsl VOBRITHY Y4acTUIla TOKUIAET
MgeiiKy MHOora B TOM Xe HallpaBiIeHiH, B KaKOM OHa B Hee monaia, HO HepeaKo
¥ B [IPOTHBOMOJOXHOM, MHaYe YacTyle OaUI0 BN CyXaeHO SBHUraThCA TONBKO
- npsiMoimEeitHo *Y . OnHako HanpasTeHHs CKOpocTelf B MOMEHTHI (t; ).
u {f;)5°™ 0Gsg3arebHO TPOTHBONONOKHEL
TakumM ©0pa3oM, OIKCAHHOE BEIUC MOBEAEHHE YACTHIURI MOXET HMETH
MECTO TOJNBKO, €CHM B IIPOCTPRHCTBE NPHCYICTRYET CHIOBOE IOV, TIPMTOM
AOCTATOYHO crelHdHIeckol KoH(pHIypailuu,

30) TNpenaaraercs OTBEPYHYTL BOIMOXHOCTL MIMEHCHHS HANPABICHWA XOAa BPEMCHH, B pe-
IYAKTATE YEro YACTHIIA MOoina O} BepHYTHECI B TO CAMOE «POIINOSs, B KOTOPOM OHA YXE OIIH
pas NPUCYTCTROBAIA B §-H guehke.

DS YACTHOCTH, HAXOASIREHCA CKOAB YIOOHO JAIeX0o OT j-i mgefixu.

3 Criepyer TOMHATS, 910 peuy WAST O YACTHNE, YIACTEYIOMCH BO BIAHMOICHCTBHM, 3 HC
0 cpobopsiol.
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(AD),. (At "

(ﬂt)
- At -

B) x‘

e bW g

Puc. 2.8. [IsnxeHve Yactviupt B Npeaenax OAHON S4eiku.

a) OueHb KpyrHomacwTalbHas kaptuHa.

NpeanonoxeHo, wro, NpUCYTCTBYR 8 j-H NPOCFPAHCTBEHHON suelike AnuHOW &z,
HacCTMLIA ABUXETCA BHU3 NO X -OCH HOMPEPLIEHO B TEYSHUE IS-TO NPOMEXYTKA BPGMEHM
NPOACKHTENLHOCTLIO (T;),, NPOXOAA NPK 3TOM &c2 ~— CRAOMD — TOUKH OTPe3Ka
AnuHoi (A;),. B npegenax j-ii suelik MOXET DasMeCTUTLCR AOCTATONHO MHOMO
MPOCTPAHCTBEHHO PasoBLIeHHLIX 1/ wnK NepPeKPLIBALUMXCH Aj-0Tpe3kos. MoxasaH Bcero
MWL OfME U3 HUX. OBOSHAYEHL HANGNbHbIN U KOHEMHBIA MOMSHTH 5-rD MPOMEXYTKA
BpemeHu: (£;)7" u (£;);7.

Yactuua enerena 8 j-10 aueiiky cRepxy, @ BwneTena M3 Hee BHM3, [1pubuiTh
B -0 Aveiky CHOBA 48CTWUA CMOXET nniilh B 50N NOAOHWIA MOMESHT BPEMEHW

bl
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()0, - OMGPeRHOTD 7;-NPOMEXYTKA M TONLKD Chuay. HO AMm 9TOro el NPUAAeTes
NOMEHATL 33 BPEMA OTCYTCTEMA B8 - RYEHKO HANPABNeHNEe CKOpOCTM Ha NPOTUBONO-
NOXHOS.

6) Macumat no X <01 SHEUUTENLHO YMBHLILIGH, a N0 £-0CK COXPaHeH. PasrnmneT,
KaK ABWXETCH HSCTHUA BHYTDH JaTemHeHHbX 0Dnacrei {X1}-xonuTnHyyma, HBBOZMOXNO.

8) MPOCTPAHCTBEHHAN AYeiika COKPALIeHA [0 UCYB3RIOWE MANNIX PRIMEPOB.

CrOpocTYA “acTitnl B MOMEMTH NPUBHTUA 68 B j-10 A¥eliky W YOLITHR U3 HEe Xe
MOTYT OuiTb HaNPaBAeHH KaK B QLHY CTOPOHY, TaK W B FPOTUAONONONHLS, HO HaNPaBNGHVA
CKOPOCTeH B KpaAhMe MOMOHThL BDOMBMW COCENHMX 7;-NPOMEXYTKos OOR3aTeNbHO
APOTUBONOROXHE. CTpenkw Bo3ne CumsoioB V., OroOpamaT TOMLKD Hanpasnesne,
afCoMOTHLIG X8 3HAYOHWSN CropocTedl V, B amm MOMEHYH MOryT ObiTh KAKWMW YrOAHO
B8 fipenenax o7 Hyna A0 GeCKOHEUHOCTH.

O1HaK0 BCe CKa3aHHOE MOXHO HRUTO L KHTepIPeTHPOBATH COBEPIHEHHO
no-mpyromy. MMEHA(: NPEATIOAOXUTS, YTO JACTHIA BOODINE MIPEXPAIALT CBOC
CYHIECTBOBAHHE B TOT MOMEHT, KOTOPHI ORI HAa3BaH MOMEMTOM YDNTHS, H,
€CTECTREHHO, B Tol Touxe X -oCH, KOTOpas DPHBALIEXNT, AOMYCTHM, §-i
sdefike. TIpu 9TOM 9acTuua o0ianaeT oNpefiesieHHON CKOPOCTRIO Kak Io Be-
JIM9MHE, TAK ¥ 1O HanpabneHmio. CriyCT HCIE3al0Ie KOPOTKHE ITpOMEXYTOK
BpEMEHH, B MOMEHT, KOTOPHHA GEUI Ha3BaH MOMEHTOM IIPROLITHSA, BOAHHKACT
(poxnaerca) — B Zpyro# Touxe X -OCH, NpHHAmIeXamelt, NONYCTAM, j-H
f9eiKe, -~ 9ACTHIA, WACHTHIHAS HCICIHyBIIEH N0 XapakTepHCTHKAM-KOH-
CTaHTaM, IPHTOM ODIARAIOIIAS CKOPOCTHIO, TOXE BIOAHE ONpeReNieHHON Kax
1O BEMMUMHE, TAK K 1O HATIPABNCHMIO, HO BOBCE HE oba3aTensHo TaKolk, Kax
B MOMEHT HCYC3IHORCHHA.

BuGop B nonbay To# MAA HHOM HHTEPNPCTAIHE SABACHT JTHIG OT MpR-
FHAHUSA YacTHILI CYIICCTBYIOMEH ¢euNe & NeApeptiono Ry xe criocobnoit
BO3HMEATE U MCUE3RTH B paskilc MoMerTs ppemenn ), Iockomky ¢ camoro
Haqa1a ObLTo pellieHO CIHTATH JACTHRY CYNISCIBYIOMEH oewHo N Nempepuiano,
IIPHNETCA OCTAHOBUTHCS HA NepRON WHTepIpeTAIIRA.

Ha puc. 2.9 npeacrasneR gacTHRY cnyvall, KOTI3 cMERNONEPHAN CTEIICHY
3aNMOJIHCHHA KAXAOR H3 DeCXOHeYHOIv MHOXECTBa AYeex onHuakona. Ilpm
STOM OHA HMCYEe3alODIC MANA, INOCKONbKY BeJIHYMHA 7 OIPaHWYeHA CBEpXY,
a 9acToYa KoJcOanull HAMpARNEHAS CKOPOCTH KCYe3amlle Mana. 370 K eCrb
COCTOSIHME, B KOTOPOM YACTHIIA ABISETCHS CBODGMHOM.

B jaxmoyeHHe CTOHMT OOpDaTMTH BHAMASHHE HA CYINECTBCHHYHO OCOGeR-
HOCTh CTATHCTHIECKOIO CIocoha OIMHCAHMA COCTOAHMS TOYCTHOH JACTHIH,

Ecrm gacTuiy cauTars cRoBomHOR, NPOCTPAHCTBO CHEAYET CIHTATh ITy-
CTHIM {COCTOSIOMM W3 (PH3UUECKH HEPAATANMMEX ayeeX). CoGoAHAN YaCTHIA
MOXET BNIISAETH B INa3aX OMHOro HHEPOHATLHOro Habmonarens ABuxyweit-
¢S BEYHO UPAMQUIMHEHED ¥ PaBHOMEPHO, a B IVia3aX APYIOro -— BEYHO

ﬁ)ﬂpnsmﬂmmucmmnwucmﬂyminmwwm
a BOGMAKIDeH CHyCTH CKOML YIOMHO KOPOTKHIE HpPOMEXYTOK BpeMeHN B Apyrofli, ypeanu<aitac
YIATCHHOHK Touxe, Bor TaX ¥ MOXET POIMMXKKYTIL HUIOINA, XTO THRCTHEA cTiocofiHa obnamars
Becxodeano GAIGIHOH CKOPOCTHI0 B BRCTIHTHBATL GECKOHSIHO GOALITOS YCKOPCREE.
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noxkosmieics. B mobGoM cnydae wacTHHa 3a OecKoHeyno SOMBIOON MmpoMme-
KYTOK BPEMEHH BCEIO JNHINL #0 pasy (Ha OXHO MTHOBEHHE) MOTIPHUCYICTBYET
# Kaaco0oi W3 6CCKOHEIHO BOMBINOrO IACHA (PHIMIECKA FSKBHBANEHTHLIX Bpo-
CTPaAHCTBEHHLIX sYeek. JpyIriMu CJI0BAMH, YACTHIIA B JHODO MOMEHT BpeMeH |
C paBHON BEPOATHOCTHIO MPHCYTCTBYET B KAKIOM TOUKE IPOCTPAHCTREA.

Ecim cydTaTh 9acTRlly B3aMMOpeHcTayIomes, beckoneuno Soxpnioe wi-
C/I0 TOYEK NMPOCTPAHCTBA HEOOXOMMMO CIRTATh PRINISCKM padTIHEIMHE. Eoim
OPENMONMOXHTE, I10 JACTHIIA BEYHO NIPHACYTCTRYET B OXHOW, ECTECTBEHHO, OT-
Tqatomeics OT BCEX OCTATIHEIX, TOUKE IPOCTPAHCTBEHHOTO KORTHHYyMa Y,
TO B PaMEAX CTAaTHCTUYECKOIO cnocofa ONMCaHMAa 3TO 03HAYAET, 9TO OFHA

1

PuC. 2.9. Mpencrasnekne NPsiMONWHEAHONO 1 DABHOMSDHOrQ HEHKEHKS,

[LivpuxoBas nutmna 8 nnockoctw {X¢} — roporpad.

PDUANNSCKas WISHTHYHOCTL BCOX ToNeK X -0CU U BCEX MOMBNTOB BPEMOHW (TOHEK
£-0CH) 3aCTaBNReT CmTaTh BECKOHEMHOE MHOXECTBO NapannensHulX APYr ApYry Wipu-
XOBLX AMHUA Taloke GUIMECKH UASHTHHBIMK. TanreHc yrna € BLipaxaeT CKOpoCTL
YACTUL.

Ha Bpe3ke NokasaHo, Y0 B TOuxe Zx; vactuug nobussna «BOBro OOMH pass —
BCOIO NMlth B TEYPHMS NPOMEXKYTKA BPOMEHW 7; W3 BOYHOCTM.

“}Emm, YTOON 4318 — OcOfas — TOYKS OUIMUANACH, BCETO JIATI)L OT OHON <Apyroits
TOUKH, Tormg paayc-pexTop Name AKO0H TOWEN GCCRKOHEIHO NPOTAKCHHOIO BPOCTPEKCTRS,
OpOBERCHEEIN K3 OCOGON TOUMKN, NPCBPATHTCR HI MATCMATHYCCKOM XAPAKTEPHCTHKR TOTXK B o

DIREICCKYI0 XAPAKTCPACTHRY
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SAVHCTBCHHAA A9eHKa OOMEHIBALTCH YACTHUEH CO BCEMHM OCTAMBHRIMH TIpO-
CTDaHCTBEHHAIMA sueiikaMu. Ho 3mo aemomamuxecxn oznaugem ¥ Heobxo-
‘dumocms npuskams, wacmuyy 064a0ar0wmeii 6 1000% Momenm spemens a10boi
| CROPOCIBIG — ¥ RO SeAuvuIe, B RO RANPOSACHRIO — C PASHOE GEPORMAROCHIVIO.
To ecTp — 4acTHIl2 3a GOCKOHETHO GONLIIOH MPOMEXYTOK BPEMEHH BCEIo
JIMINE 2o pazy (Ha OIHO MIHOBEHHE) TIONMPUCYTCTBYET & KaMeooR B3 HCCROHETHO
HONBIION0 YHCHA AYeeK POCTPAHCTBA CKOpocTel, Wiy ~ B MoBOH MOMEHT
‘PPEMEHH YaCTHLa ¢ pasHON (WcUesaiome Majiodl) BEPOSTHOCTHIO IpebEBacT

B KAXA0M TOIKE i"—npncmchTBa

[ockonpky muTeppanm AV, BHyTpM KoToporo Besaguna N (Vi) — 0
(oﬂmaxm HcgesamLIe Mana), GeCKOHETHO IMPOK, 8 WHTepsan AT, BHYTPH
.Koroporo N(z) — 1, 6eCKOHEUHO Y30K, MOXHO HAHCATS:

ecr lim AV, =00, T0 _ lim Az=090.
N (V)0 N({z=z.)—1

{ Torzia He eosfpannemes (Ho He HoJee Toro) cmaam BeNHYMHN AV, 1 Az

¢cooTHOWEHMAMHA AV, ~ ﬁllmﬂ Rz AT ~ M1131:1:1 “'?‘1 He 3a0pBast, ROREYHO,
=0

-0 HeOOXOIMMOCTH NPABHIEHON HX MHTePIPETAIIL.

OueBnmHO, 9T0 eCIM CYHTATh YacTHY 806ComoTHO CcBofomHOll, T0
N(V.) — 1 BAympM Hcdesaome Manoro Wurepsaia AV,, a BerudEHa
N(z) ~ 0 (odunoxpes HcueaaoIne MANA) BHYTPH HEOTPAHKYEHHO IIHPOKOTO
{mpma Az. Torma MOXHO HAGKUCATH:

M) 1 Hm. AV, =0, 0 lim Az =
f N(V,=V..)—1 N{z)—0

Torna He Bosbpansgerca (HO He Gonee Toro) cmsam penuauAn AV, 1 Az

COOTHOWICHHEME AV, ~ m=1u:|t1 s Az ~ ﬂ}[lrm ZW"' He 3a0mBasg, KOHEYHO,
—+00 -0

[b HEOOXOMMMOCTH NPABHIHHON HX WHICPTIPeTAIEH.

s.a T
w

v §2.5. BeposamHocmb cymecmsomuuﬂ moieyHoul

; Yacmuybi 8o spemeHuy (cmenexb 30NONHEHUS
; vacmuyeii cocmosHus CywlecmsoBaHus

B onpedefieHHOe MZHOBEHUE BeMHOCMU)

B upeanyrymem naparpade pacCMaTpHBAIICH COCTOSIHAE YACTHIRI, CYIIe-
ICIBYIONIEH BETHO U nempepweno. Tenieps 1ipenaracTcs CITaTh, I10 JaCTHIA
¥ pesyibraTe BIAHMOAEHCTBHA C HEKRM OHBeKTOM HEONHOKPATHO HCYE3aeT
B Boarmkaer. MHLIMM C/IoBaME y9acTHE JaCTHHE BO BIaHMOHACHCTBAN COCTORT
WOALGK0 B 6¢ HCUSIHOBEHHH -BOSHUKHOBCHHHA.

HomycTeM CHaYana, 910 YacTHU@ CYIHECTBYCT RERpEPLIsSKO, HO WL
M TeYeHde HENPONOIXHTC/IBHONO FPOMEXYTKR BpeMeHu. B 510 BpeMsa oHa
SWOXET AHBO TIOKOMTHCH B KAKOM-TO ONHOM TOYKEe NPOCTpaHCTBa (XoTopoe,
BYDOCTOTH pagd, oroxaecTistercs ¢ X -ocsio), imbo NBUEATHCA, TPOXOHML,
DaIyMeeTCs, 6ce cAtowms TOYK¥ oTpeska mmuolt A. Hepememasich BHYTDH
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pacctogHue. Ha scaxuit cryyadl moA9epKuy, 910 pevb WIET BOBCE He O nepe-
MeTNEHMH Y9aCTRIE B NpPOCTpaHcTee (B 2T0M Cllydae YacTHIIE NPHHUIOCH Ol
KHOIZA MTPHICHBATE DecKoHeYHO OOJBLITYIO CKOPOCTE: ¥ cOocoDHOCTSL 6ecko-
HETHO ORICTPO H3MEHATD BETMMHY H HAaNpaBlleHHe CKOPOCTH).

HunekcH «BX0A» K «BeIxod» {pHc. 2.11) 03HAYAI0T BXO]] YSCTHUL B Halle
peANbHOE IIPOCTPAHCTRO (HAIIPHMED, C «M020 Coema») W BRIXOH H3 Hero (B «mom
cgen» ). UTo IMEHHO CNIEAYET HOBHUMATD TIOK «MmexM Coemoms, TIPEITATacTCs oKa

He obCyXaarh ).

Tenepy Hamla 3a8a9a — CKOHCTPYHPOBATH PHIMISCKY COHEPKATETLHOES
[IOKSITHE BEPOSTHOCTH CYINECTBOBAHNA (BOIHHKHOBEHHS, POXICHHS H T.11.)
9ACTHLIH B -OMpeAceHHEI MOMEHT TOIO CAMOCIO BpeMEHH, XOZ KOTODOID
COBEPRICHHD He 3ABHCHT OT CYIIECTBOBRHHS-HECYIHECTBOBARMSA FACTHIIH.

B unengx marnamHocTH paocdbeM £-0Ch Ha FUEHKH MPOAOIKHTE TLHOCTRIO
&1, IWIoTHO Npurreraionye APYT K APYTY, H BBIACTHM TIPOMEXYTOR OTPOMHOM
npogosokuTebaocT Al (P 6t), B TeueHde Koroporo GyIyT EpPOHCXOAHTEH
uHTEpecylomye Hac co6uma. [lanee BreneM momaTue Mecmonpeluganus 9Ia-
cTHuE. Tak GyneT BASHBATHCH YIOMUHABINHGICA BRI OTPE30K HeGOMLLIOH
JUMHE A; Ha X-OCH, BO BCEX — CR4OKSA — TOYKAX KOTOPOrO YacTHIla
IONPUCYTCTBOBANA, CYUICCTBYY WMEHHO RENPePMENO B TCUCHUE TPOMEXYTKA
BPEMEHH T7;. Buifie,uM 214 pasMenieHNa A -OTpe3KOB KHTEDBAN OYeHb GONb-
wok ampual Az, EchB cwmbHO coxparsrb MacmrraG mo £-ocu, T0 M BCe
T; ~-IDOMEXYTKE BHYTPH j-# s9eiix| (a 9MCIO WX OrPOMHO), M CaMa AdciHRa
COXMYTCH B CILUIOIIHYI0O KOPOTCHRKYIO YEPTOUKY Ha #-OCH, TAK YT0 HEIm3A
Oyler pasmisaneTb NMPOCBETH BHYTPH sA9eMKM (BOZHUKHET BIEYATICHHE, YTO
9acTHIIA CYHNIECTBYET BHYTPH AYCHKH HermpephbHo) *). Bor K arofi yeprouxe
H OKaXeTcs MPHYPOUCHHEIM BCE MHOXECTBO A;-oTpeskos. Ha puc. 2.11,6 mo-
Ka3aHbl pa3IOpPOCAHHRE 10 OYeHS 0OMBNIOMY HHTEPBANY AZ MecTa npebsiBanusg
JaCTHUR 33 BpeMs e CYHISCTBOBAHUA B j-# M k-# saeligax {-ocH.

Cmpoco 2o80ps, ne caedyem cuumamb Mecmonpebvieaiue Xacmulis o04-
3amenvho npomAXCeHHsim, Bedb wacmuya eoece ne obwiang deuzamyea, Koab
CKOPO DEliend. Ymo y4acmue €e 6o ssaumodeiicmauu (¢ npecrogymoim Hexum
06beKmom) COCMOUM MOALKO 8 ee HEOONOKPAMNOM UCHLIHOBERUN-803HUKHOGE-
nuu. Ipomscensocms HyscHa AUs OAR HOZAAOROCIIU: CYMMO KONEMRO20 WUCAA
RPOMRNCEHHBIX OMPLIKOB, PAIMECMUBLIUXCT SHYMPU OPOMHO2O0, HO KOHEYHOZO
AZ-unmepsana, npeccmasganemca HAM, KaK GNoARe IPUMAR 00AR SMO20 CAMO0
unmepsang. A 6om wmo KGcaemcs CyMmvi GECKORENRO DOADRO0 WUCAS NCHEIa-
JORLe KOPOMKEX OMpe3Kos, mo RPuxXodumca RpoCmo-Hanpocmo nocmyAuposams,
4O U 3MA CYMMA COCMAGLREMm MAKYyi0 000 seauyunts Ax, 3Hauerue xomopoli
3AKAIOUEHO MEXCAY HyAeM U edunruuyel.

35}Hacamume.mqaﬁmcrmmmcm AHTHIACTHIICH, O0C Keuc3HYT,
TIOPOXJIAA B ITOM 8KTC MATEpMAGHLE KOHTHRYYM — noie, Hopofmuli KORTMAYYM B cBOIO
O9epenbh MOXET RCILIHYTH, MOPOXIAS NPH ATOM JacTHIY ¢ agtwsacTaneit,

%) Bee 910 oTHOCHTCS ¥ Xaxnoft sgefixe F-~OCH.
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Puc, 2.11. CyweCraosanne 4acTvisl B apegenax §-W suediw.

a) KpynHomaciurabhas kapTuHa.

B 1euenne O[HOTO 13 NPOMEXYTKOS BpemeHm (T;), HENPEPHBHOMO CYLeCTBOBANUA
8 npegenax j-# aueniar £-0C1 HACTULA NpowLTa NyTe Aankoit (A;) .

6) Maciwral no oty 8peMEHK CURBLHO CoKpalLeH.

Moxazamul MECTONPEOLIBAHAS HaCTWLL 38 BPEMR CYLUBCTBOBAHWA €@ B Npeasnax
J-i seiikn t-ocn. Ha unrapsane Az, KOTOPLIA RBARETCR AKLL O4SHSL Mant}i't HaCTLIO HH-

Tepsana Az, YMBUWASTCR BLE X@ MHOTO (V) MeCT, NOCKGABKY (A saxc + A7 yure) € Az.
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8) OueHb MenxoMacurrativas xapTuHa.
EOMHCTREHHOS, 4TO XOPOID BUAHO, TBK 3T0, YTO YMCNO AKTOB BOIHMKHOBAHWA-
MCHEIHOBEHUA DOCKOHENHO BeNMKD.

TaxuM obpa3oM, OTKpHBaeTCHd BO3MOXHOCTh JIOCTAEMTH B COOTBETCTBHE
mouxe t-0cE (Manoeen0) ONPEICNCHHOE SHCIO — SHOIO MPOCTPAHCTBEHHO
pasofImeHHLX MeCT peObBaHMA JaCTHITH, 310 OYeHL BAXHOE OGCTOSTENL-
CTBO, MOCKWIBEKY £«0Ch SRIAETCH KOHTHHYVYMOM, a, TeM HE MEHeée, HeoOXOUMO
06pa30BaTh HOHATHE BEPOATHOCTH manumomm—cymecmnmm-nmmo»
BeHHS YaCTHUL! HMEHHO B MOMEHIM BPSMEHH,

flo ananorum c Tem, kxak 9T0 ObLIO cnenano B § 2.4, npejnaraercs
HA3BaTh BEDOATHOCTEK) CYIMECTBOBAHWS (OHa Xe cTeredn 3anoideHus j-i
sueiixy 1-0cH} TY JoMmo WHIepBana Az, B TOYXaX KOTOpPOro IofmBana ua-
CrHlla, IIOKa OHA CYNIECTBOBANA (XOTH H He HENPEPRIBHO) MMEHHO B j-H
sgeike t-ocu. To ecTh HA30BEM BEPOSTHOCTHIO CYIIECTROBAHMSA IACTHINN (Cre-

NEHBIO 3ANQIHCHAS YaCTHIICIO S9eHXH OCH BPEMCHM) BENRIHHY -A—‘iw .
LRE YHCIATEIN NpeJIicTannger cobolt CyMMy UTHH BCEX A;-OTPEIKOB, UPHICM:

Ax
T+

Az(t;, At, 7) = j RlE;, At, o) - de’ = Azj(Al, z);

— Ax
=5

1, ecxm wacTEmA, ¢ymIeCTBYS
B J-# myelixe ¢{-ocH, npH-
CYICTRYST B TOUXe 2/;

O, ecmm uacTyma, CymecTRys
B j-# suehxe {-ocH, oOT-
CYICTBYeT B TOAXE Z'.

(TipocroTsl pamm 6yseM Hanee CUWTaTh, ITC JIMHa AuTepsata Az;(At)
HE 3aBHCHT OT BENHUYMHE & — ITONOXCHHS UeHTpa AZ-HHTepBana Ha X -0CH.)

Taxrm obpasoM, sreHxy BpeMeHH («MIHOBEHMSI») MOTYT MINYECKR OF-
JHSATHCH APYT OT APYTA -— NPOTSCKEHHOCTRIO TIPOCTPaHCTREHHONO HHTEPBAIA,
B TOMKAX KOTOPOI'O IMPUHCYTCTBYET YACTHINA, CYINECTBYS B TO MM HHOE «MIHO-
BeHME». ECTECTBEHHO, C POCTOM YHCIA T9€€K, TO €CTh C YBCTRISHHSM ITPOROA -~
XKHUTENRHOCTH Af-HpOMEXYiKa YHMCIO AKTOB BOSHMKHOBEHMA-MCIC3HOBEHHS
YaCcTHUK B OTHOH ONMpeIeNeHnoN (j-#) sueifxe £-0CH MOXET ¥ YMCHALIIHTHCH,

¥ yBempauThes ), D70 OGCTORTENECTEO OTOGPAREHO 3ABHCAMOCTRIO 7 CIIE
4 ot At.

7i(t;, At, :B') =

¥) Omacanpe seunove CYIECTBOBARYS c#0SoON0R TBCTHIN BHIAART CHCIVIOTIAM OGPA30M.
TpEcyTcTEyR: BHYTPE AZ-HHICPSANA, HACIMIW JOMXHA, YCOCTH HOCYIISCTEORRTh BO  BCEX
t-puchxax, YMECTHRIMACA HR AL-NpoMeXyTxe, TaK KaK RO SIclKH 37010 HPOMCHYTKA
{propgecEd maeHTHIsR. [loToMy, deM GONBIZG NPONOIXMTCALHOCT: OpoMexytka Al, TeM
MCHBIIAS Q07 MHTEpBana AZ TPAXOJKTCE He ORHY onpeacacHEy© (7-10) suclxy f-och.
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Tenepb NOACEMTAEM YHCHO MECT NPeCBIBAHHA YACTHIE (32 BPEMS CY-

WEeCTBOBAHUA €¢ B j-il suelike), NPUXORSIINMXCHY HA Takoil WHTepBan Az,
KOTOPEIA YIOWIETBOPSET HEpaBeHCTBAM

(Apas + A ) € Az € Az .

O6o3gagnM 310 wHeno camponoM N;(At, Az). BeeneM Takyio BeJHIMHY, KaK
qucio MecT npeGumanma (k;), npuxonsmeecs ua 1 eM X -ocm: kj{(Af) =
_ (o15%)
= =D,
Uto KacaeTcd mapaMerpa A;, To 3THM X¢ CHMBOJIOM 00O3HAYMM M BETH-
JUHY, yXe YCPEeAHERHYIO HO SUCTY MECT TIPeORBaHMT:
=N;

Z (’\J')a
— !:l —'-'
N;(At, Az)

Jlanee B HONHON aHaJIOIHH C TeM, KaK 210 OBUI0 ¢aenaso B § 2.4, mpeaeM
K MPOMEXYTOYHOM dopMyne i MrHOBEHHON H KBa3HBCCOXBATHOM (m Kax
AT # 00) CTENeHH 3aNONKEHMST:

A = (Al =

{ b (AZ) .
(ﬁ(tjs At)}&z = E ) Z .()‘j)c ’ [kj(At)s ) (’am)a]‘
=1 )

. 376Ch, KAK ¥ NPEXNE, Lyey, €CTH UENOE SHCIO HHTEPBANOB NIAHOM Az,
ILIOTHO TIPHAMRKAIONHX IPYT K OpYTY K yMEIAoIMuXcs na S0Xbluem MHTEp-
Bae Az, npudeM HONMYCTHMO BRIOMPATL M THCICHHO PA3HBE 3HageHHS Az,

tono(AZ)
Ecrecrsenno, aro ). (Az), = Az, B IOTOMY Loy = byaxe (AT).
. =1
PyROBONCTBYACE TeNEph TOYHO TAKHMHU X COODDaXeHMIMY, KOTOPHE
ObUIH MCIIONB30BAHEL B § 2.4, IpAXoIHM X GopMYyIIe ITH YepeRHeHHOHR Ho Gec-
KOHEYHO OONBLIIOMY NPOCTPANCTBEHHOMY WHATEPBANY CTEICHW 3aTOHEHUA
B BHJIC

» - 1 o —
ﬁlﬂlm(ﬁ(t LA Az = .&Eglm {E:E Gaxc(AZ) Az - Ay - k(t;, At)} —

38) 3aMeTHM, 9YTC NPOCTDRACTEEHNWH WHTepRan AZ, YIOBIETBOPAOIANA HANHCEHHOMY HE-
paBCHCTEY, Hadtaeres ans mobolt uangeckoil pealkHOCTH, eciM NPH3HATL, Y10 AZ — 00,
B8 BOIAIEHA (Ajraxc + AY yarc) OIPAHHYCHA CBEpXy. BOIMOXHOCTL NPHIHATR, 10 AT — 60
o modod QHIAICCKOH peaThHOCTH, CUPABCIVIKBO CIATATH OYCBANHON, HBO To, 9T0 MH
HAIIBACM HPOCTPAHCTBOM, DecXoReuHO mporaxenso. 910 Xe xacaerca BenuanHm A:, To oHa
HE MOXET OHTh OrpAHMICHS CBEPXY SEMIL fas cBoHOMHOM IACTHIN, NOCKONGKY TAKAS YACTHLA
BCETO JMMINIb OORH P&3 BOIMEKANA B J-W sucitke f-och. Omaxo ond ONMMCAHMA COCTORHAN
PMEHHO CBOGOAHON SACTHIIN W He HYXHO HPHMBICKATh CTATECTHICCKHHA crocol, Crenyer Taxxe
UMETh B BEIY, ITO €M A-HATCPBRIH ¥ NPOMEAYTEE MCXAY HHWMH HCIC3AIIMNE MAfhl, TO
H HETCPBANT AZ, NPHIOXHHIH il HCIOMBIOBAHWS €10 C LCIELI0 YCPEXHERNS N0 IPOCTPAHCTBY,
MOXHO BRODATE TOXE WCYe3aI0NIS MATLM.



§2.5. Bepoam1ocmb CylECMBOBAHUA MO4EHHOU YACMULbI 75

1 Az —~
— 1 —— ——— . X-. . = A:*
thm{ﬁx = Az - Aj k(tj,ﬁ)} A;j - k(ty, At).

Haxonen, nepexons k npeneay Al -+ 00, nomydseM OKOHYATEALHOE
BLIDAXEHAC 718 MTHOBOHHOH M BCEOXBATHOH CTENeHW 3aroMBeHms ONHoMH
13 HECKOHEYHOTO MEOXECTRE 96K OCH BPEeMEHI:

Jim {At) - k(t, AD)} = N(ty), (2.22)

npuyeM 0 < N(t;) < 1.

HHO, TIOCE TOINO, KiK MIHOBEHHYIO CTEleHbH SaIIQUTHEHNS MH
CAEHaH BCEOXBATHON, YCPeAHHB e¢ IO OCCEKOHETHO HOpOTIEECHHOMY TIPO-
CTpaHCTRY, e¢ — BenanHYy N{t;) — meofixedumo cxsmams odrRaxcevid dan
KaNcOOk MOSKY APOCPANCING. N

Teneph yxe BeTPYHHO WHYCDUDPETHPOBATh BeamIuHy N(1) duanvecku
COfEPXATETRHLIM 00pa3oM. D10 Ta JoJis BOSHRKAOINEH (¢ paBHON BEPOATHO-
CTBEO B M0G0t TOUKE MPOCTPAHCTRA) TOYEUHON YACTHIE, KOTOPAs CYIECTHYET
Ha MoMeHT Bpemert ¢ 39, Koxedno, cemyer KMeTh B BAZY, 9T0 370 TR J0-
JI YACTHIH, KOTOpad BOZHHKAA B HEKOTOPOE MTHOBEHHE M OWEHL HEJONTe
[Ipocyniecteosana. OMHAK0 BpeMs WAEST, M HA CMeHY 3TOK Jode NPHXQAMNT
CHeAYIOMAN, CYIIECTBYIOMAS CTOML X& HEAOIO, K T. 4. CRoeoOpasHLIl «1Ipo-
HeCC POXICHMSI» TOGCUHON 9acTHm npencrammeH na puc. 2.12. (IIpouecc
HCHIeIHOBCHHS AACT B OOPaTHYIO CTOPOMY. )

Brionse nouycraMa CHTYAINH, B KOTOpOH wacTHma poobme cymecTByer
TONBKO B TeIeHHE HCYEaRIoNIe KOPOTKONO MPOMEXYTKR BpeMeHH (HANDHMED,
TONBKO BHYTPH BCEro ogaoit — j-il — sagelixu t-ocu). EuHCTBEHHAT BO3-
MOXHOCTE IS CTONL HEZONTO XUBYIUCH JacTHUN NOOHBATE BO BCEX TOUKAX
GeCKOBeYHO npoTsixeHHOR X -OCH 270 — BOZHHXATHE H MCYe3aTh BeckoHey-
HO MHOIO pa3 B2 KAKIOM CRHTHMerpt X -OCH B CAMBIX PajsHBX ¢ MEcTax,
1o6LIBaB B ¥TOTE IOBCIONY. Jdanee, ¢ciy COMraTs, HCYe3a0iIe KOpOTKol Hpo-
JORXKTIEARHOCTE §t g9eliKH, TPUACTCS) CINTATL CTOML X€ KOPOTKHM H OTPEI0K
mHON A(t;). OnHako, OCKONBKY B PECCMATPHBACMON CHTYAUMH BeXAIH-
Ha k(t;) Bo3pacTer 10 GECKOHEYHOCTH, OKAHBALTCS, ITO

o~ 1 npm t=1;,

]i]]ll. N(t) e { ]
k(t;) oo 0 npm ©#¢.

CiexyeT OTMETHTB, STO XOTS H HEIONMYCTHMA CHTYAISA, B KoTopoit N (£)

paBHA HYMO TOYHO B KAXXHH MoMeHT bBpemenm ‘) reM He Menee, BIONHE

BO3MOXHO, Y10 NpOTKEHROCTh A{f) oMHAKOBa W1 MoGoro ¢ TIpH YCIOBHM,
gr0 A — 0. B 310M Citygae BenuymHa k() omrHakoBa (M HCYE3aW0NIe MaNa) s

moSoro #. Tem caMuM H CTellcH: sanonuesms N () OXHHAXOBO MCIEIAIOME

”)&vr MOMCSHT OTCUMTHBACTCA 0T HOEOTOPOIQ HAYAIA B COQTBSTCIBHE € HEIZBUHCHMEIM
OT 8XTa BOSHERXHOBLEMS YSCTENN XOZOM EBPEMEHH,

40) Torma 6. OKaszanock, Tr0 YACTRAIIA, OPHCYICIEYE B MPOCIPRHCTAS, HE CYIHCCTEYET
HE ¢AMHOIO MTHOBCHHA AC BpeMcHH.
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Puc. 2.12. CraTncTuieckiiid Crocoll ONKCAHMA BOSHUKHOBOHMS TOMEWHOIT Mactuuw Ha
PUCYHKE NPOACTABNEH MPOLOCC POMOEHUS 4acTMUL (KOTOPbLI POUCXORUT 8 MOBO
TOUKE8 GBCKOHEYHD NPOTAXOHHOTO NPOCTPAHCTEA ¢ PABRHOA BEPOSTHOCTLIO).

BO3HMKILAA B HEKOTOPLIA MOMEHT BpeMeHn AONA YacTipl (MeHLWAN efuHnUL
Aanee He UC4e3aeT, a AMWb pacTer. MOXHO CKa33Th # NO-RPYroMy: Ta JONA HaCTHLbI
(BaanumHa N'), KOTOPaR CYWIGCTEOBANMA 8 MOMEHT BpBMBHH ), yxe He cywecTayer

B MOMEHT BPOMBHH ;.
K momenTy £, YaCTULA CYILSCTRYET YXE LIeBNKOM.

Mayia mna peex ¢, BromHe yMECTHO CKa3aTh TOTHA, Y10 YACTHLA B LEIOM
cymiecTByeT (BOSHMKAET) ¢ PABHOM BEPOATHOCTEHIO B JIOGOH MOMEHT BpeMEHH

o B moBolt ToIRe npocTparcTaa

41} Tiono6uan GOPMYTHPOBKA OTPANACT HEYIACTAC 9acTHUN B KRKOM 0N 10 i 6wio
Bsaruonchcronu (oM. puc. 2.10).
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e

Fcnu oKaXeTcd, 9TO B peafbHOM CHTYAIHH BENKIMHA {Agpc + Alaxc)
OIpPAHWIECHA CBEPXY, MOXHO BBECTH TIOHSATHE KBAIHWIOKAJNRHOM CTEeeHH 3a-
FONMHEHHAs L-COCTOAHMA (MHade TOBOPA, — TaKOH BEPOSTHOCTH CYILECTBOBA-
HU# (BOIHMKHOBEHHS) YaCTHIIH B MOMEHT Bpemesin £, KoTopasi 3aBUCHT ele
H OF KOOPAWMHATH TOYKH HPOCTPAHCTHA), IOTOXKMB:

"
~ 1
Ninesalt, ) = Altigw “A:.; ' ] n(t, At, m') dz' ),

tie Az — OTPEHHYCHHBIH CRepXY HHTEPBAN, YAORIETBOPAIOMMEA YCIOBHIO
Asaxc + Adarc) € Az.

Hopoe HOHATHE MOXHO MCHIONL30BATh B CHIYALMM, B KOTOPOM AeltcTny-
FOT Ba (PAKTOPA: MEHSIONIHIACH B IIPOCTPAHCTEE OUCHD PE3KO — OTBEYaIONHA
3a xoneGanus B Apocmpancmee BEIMIMHE (T} — H MEHSIOIMHHUCH IDIARHO

(oTBevaonIMt 38 MIMEHEHRE YXe BeMIHHE Nigam(f, ) 42 BHyTpH mpocTpan-

CTBCHHOIO MHTEpBaNa Az, OrpoMHOTO 1O CPABHEHMIO ¢ AZX).

Teneph, BCNONBLIYA BBCAEHHHIE IOHATHA, CTOWT TIONPOGOBATS OIMMCATH
COORITHS, Pa3HTPHBAIOIIKECS B IIDOCTPEHCTBEHHO-BPEMCHHOM KOHTHHYYME,
O IPUMEDY TOTO, KaK 10 0o caenano B § 2.4,

O6paTHBIIACH K puc. 2.1]1, BHOMM, 9TO, CYIOCCTRYS B NPEACIaX OTHON
¥ TOM Xe (j-H) T9eHKy BPEMEHH, 9ACTHIA IIPHCYTCTBYET B PRINHIX MECTAX
X -ocr, — yHANCHHRIX OPYT OT APYTa Ha CaMbie PAIHEIC, B TOM YHC e ¥ HA CKOTH
yrogHo OONbHIMe pacCcTOspana. HaltoMHK0, 970 HO YCIOBHIO YacTHIIA B HpO-
CTPAHCTRE HE epeMeinaeTcs, a IOTOMY ¥ CKOpPOCTHIO He obnamaer. Tem He Me-
Hee, BOSHHKHOBEHHE JaCTHIIE 03HAYaeT BOIHMEHOBCHHE MATEPHATLHONO Ofh-
¢xTa, Kaxosoll 0b6a3aH obnamars, WO KpadtHeil Mepe, cobcTBeHHON 3Hepruei.
CirenopatelbHO, AXTH BOSHWKHOBEH IS KAXKOH JOHA YaCTHIN aBTOMATHYCCKH
COYIPOBOXRAIOTCA, SCIH TAK MOXHO BHIPAIKTLCH, FOGHUKHOGERUCM FHEDIHM.

Koueuro, Bce BUICOIMACAHHOS HE BO3DDaHACTCS HHTEPIPETHPOBATS CO-
BEPHICHHO HHAYE — AONYCTHTD, II0 OMHO IHCIO0 wacThi (aBComorHO MaeH-
THYHRX IO BCeM CBOMM XapPAKTEPHCTMKAM-KOHCTAHTAM) NPEKPALiaeT CBOE
CYLIECTBOBANNC 0ONOGPEMERRD 60 MBONCECINEE TONEK YIPOCTPAHCTBa, a JPyroe
yncno 9actil (abcomoTHO HASHTAYHMX 0 BCEM CBOMM XAPAKTEPHCTHKAM-
KOHCT@HTaM) B TO X MTHOBeHHE (M TOXE OJHOBPEMEHHO) BOIHUKAET BO MHO-
KECTBe TeX X¢ WM JpyraX (WA M TeX, W APYIHX) TOYEK HPOCTPAHCTRA.
IopoOHoe He BHI3WBANO OH HWKakoro ynueieHasa. OmHaKo, €CiM CYHTaTh,
970 9aCTHI{A BCEIO OFHA, HPWACTCH NPH3HATH, ITO UMCHHO OONA MOMENRaN
JACTHIIE CIIOCOOHa B3RHMONEHCTROBATH ¢ DECKOHEYHO HPOTAXCHHHM TCHOM
BIAMMOIEICTEBAS BO BCEX €10 TOUKAX OJHOBpeMeHHO %),

¥ i
‘%15 ecrs — 31 WIMEHEHHE OTHOWCHHS -"‘3— RRYTPR HHTepsata AZT.

"'3}Pa3wee'rca, S9TO BHHYXICHHOS Dpassapme. Mi caMu ero cebe Hapgan®, peVIMB
HCTIONB30BATE EMEHHO CTAaTHCTEYeCKHWH CHocob omMcaHnd,
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OdepuaHO, ITO BBEAESHHOC paHee YHCHO MECT npeObBauBEd YaCTHIM
COBIAMIAET ¢ THCIIOM TOUEK BRAMMONEHCTBUS (OHO XKe — qUCIO AKTOB HOYes-
HOBEHMA-BOIHUKHOBEHHA). .

Ilomsang MTOMM BeeMy CKASAHHOMY B TOM naparpacde, M NPHXOTHM
X BAXHOMY BHBOZY. JIMIOE ITPH ONHOM YCIIOBHH TAKAM IIOHSTHAM, KAK CYILNe-
CTBOBAHHE TOYCIHON QACTHINN B TEUCHHES HCYe3ai0Me KOPOTKOTO IIPOMEXYTKA
BPEMEHM H BEPOSTHOCTH 3TOTO CYIReCTBOBaRMs ), MOXHO npyuzaTs HrsnIec-
KYK COACPXATERRHOCTHh, — SCIH HOIYCTHTS, YT0 JacTlla cIrocobHAa npekpa-
IUark ¥ BO3OBHOBANTE cBOE CymecTBOBalue moboe uucno pas (B auanasoue
ot 0 2o 00) Ha eNMUHMILY ANMMHA MPOCTPAHCTBA.

Ecay c9uTaTs 9acTHUY B3aMMozaelcTBywmell Tak, Kak 210 6RO oftnca-
HO, BCC MTHOBEHRSN BEYHOCTH HEOOXOMHEMO CUTATHh DHIHIECKH pPa3EINLI-
mH. 1IpocToThl payd Aasaiite OpermONOXAM, TTO YACTHIA CYIIECTRYET ML
OIHO MIHOBEHME, OTIAYAloNecca or Beex ocramsuex ). B pamxax cramm-
CTHYECKOTO ¢rioco0a OOMCAHAE COCTOSHUS YACTHIE 9TO O3HAYAET, 9T0 Oonua
CIMHCTBCHHAY HYeHKA {~-0cH oOMeHNBaETCd YaCTHIEH CO BCeMH OCTANLHEME
suelikamu. Ho Imo asmomamuseckd osnaiaem B xeobxodumocms Bpusnamy,

SACMELY SICUMOCCUCHIEYIONEE 8 IMO MZHOBEREL C HOOLM KOAUNECIRGOM M0~
Y€K DECKORENHO RPOMANCEHRD20 APICMPAKCINGS ¢ PASHOE SEPOSTMAROCHING. Imo,
8 C80I0 O%epeds, PUSHOCUALHO RPUINARKIO, YMO INEDIHR, NOAVHERNAR HACHIM-
Kel @ Dpespatmame €¢ YNACMAR 86 830UMOOPHCIMGRN, RDURNUMAEN C DOSHON
SEPORMROCINGID 23000€ Inanenke om Hyar do becxonewnocmu. KoHewio, pw
1oM HeoOXOOUMO CIVTaTh, YT0 OCh 3Hepruit (F-ochb) NPHCYICTBYET B Ka-
XA0e MTHOBCHHE BeHocTH. JIomuepKHy, 4TO ceifdac peys MaeTr ¥MeHHOo
¥ TONEKO 00 2HEprAyd, NPHOOPETEHHOH JacTHIICH MCKANYEMesHno ¢ aKme eg
sosnxrosenn. MHE Kaxercs pasyMHEM Ha3BaTh 3Ty 3HEPIHIo COBCTBEHHOH,
Cnenyer 3aMeTHTh, MTO €CAM B IPOCTPAHCTBEHHO-BPEMEHHOM KOHTHHYYME
eue 40 BOSHUKHOBEHMSE YACTHILI UPUCYTICTBYET HEXKOE CTPYKTYPHPOBAHHOE
nosie ¥ | K ymoMsHyTOM 3HEPTHA B MOMEHT BOIHMKHONCHIS JACTHIIN aBTOMA-
THMECKH ITpMOaRNMAeTCS M DOTEHIHAIBEHAA 3HEPTRAS B3aUMOICHCTBI ee elle
H C ITHM LIONEeM. |

Taxym ofpaszoMm, MOXHO IPHMEHHATE CTATHCTAYECKHN cliocod omucanms
CYMECTBOBAHHS TAKOH TOYCIHOM JacTUIH, KOTOopas 6xina 6m cnocobHA BOSHM -
KaTh U3 <HeOLITHSI» M B HEIO Xe BO3BPAIlATECS & pesyiamame ezaumodelicmaeus
¢ npocmpancrseon’’). TIpH 5TOM, ec)Hi 9ACTHUA BOIHMKRET HA JIMITH MTHO-

“}CJWCT TBOMHKIE, IT0 372 BEPOSTHOCTE — BENIHHZ, YCPEAHSHHAS Mo GECKOHETHO
OPOTHXEHHOMY DPOCTPAHCTBCHHOMY METCPBANY.

‘s}ﬂncmmnﬂ, q1e0nl «3T0» -~ OCODOE — MTHOBEHHE OTIMISIOCH BCETO JNHINB OT QNHO-
ro — <YPYroIgs MUHOBCHMA BETHOCTH. TOrAA BPECMCHHON TPOMEXYTOX, pajicamomydt mobre
MIHOBCHHA, IIDCBPATHTCE M3 YHCTO MaTeMarwdeckol B GHIATSCKYIO XAPIKTEPHACTRKY.

46) IIpaMepoM TAKOTO 10JH MBISETCH CORMAHMOC YECHEPHMEHTATOPOM,.

1) Ha camom fese BeqHO CYHISCTSYIOMAS HACTHIA MOXST B PEAYIBTATC HIMCHCHAS, HANDH-
MCp, HHTCHCHEHOCTH BIAHMQICHCTRES ¢ CHAOBEIM WIDNCM IICPEXOANTH M3 OMHOIO COCTONHRA
(B XoTOpoM uaCTHUA Morna O mpeluBars PCIHO, GYAL CHAOCROS TIONE CTAMOHADHMLM) B APY-
roe. Huenno nomobusill mpolece MOKHO OIHCATH KAK HOYEIHOBCHHC GACTHIE (A3 ONHOIO
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BEHHE, TO UNTEPBAX 3Heprut AF, BHYIDE KOTOPOTO BEAMUYHHZ N (E) =0
(0dunaxose vicuesaonie Mana), 6eckonesHo uMpok*®), a npomexyrox Bpe-
MCHM CymecTBoBaHug Af, BHYTPH Xoroporo N ({) — 1, DeckoHeTHO YIOK.
TTo3TOMY MOXHO HAITHCATH!

ecsm lim AE=o00, 10 _lim Af=0. |
N(E)—¢ N(t=t,)~1

Torna ve Bosbpanderca (Ao He Gonee TOro) cBA3ATH BeJMIHHE AFE u At

cOOTHOIeHNAMY AFE ~ lim 31;; At ~ 1im ﬁ, K¢ 3a0KIBasi, KOHEUHO,
Azr-—0 AE-r00

0 HeoOXOMUMMOCTH HPaBUABHON WX HHTePIIpETAlH.

AHanorvyHada omepanns OuDIa npoaesala B caMoM Korue § 2.4,

oM 9acTHii2 CYMIECTBYET BEYHO H B TakOM COCTOSHHH, B KOTODOM
ee SHEPIEA He MEHsETCH Co BpeMmeHeM, To pexmauna N(f) — 0 (odumaxoeo
Heaesaonle Maia g Juoboro ) B HeoTpaHHIEHHO TPOIONKMTEISHOM IIPO-
mexyTke At, a semmunna N(E) — 1 BHyrpu 6ecKOHEYRO Y3KOTO MHTepBana
AE. Tora MOXHO HAIHCATE;

ecaxr  lim AF =0, 10 lim At=o00
N{B=R.}-1 N{t)~0
Torna He Bo36pangercs (Ho He Gonee Toro) ceazars semuauHE AFE u At

COOTHOIEHMIME AF ~ lim 3-, At ~ lim a—;;, He 3a0RIBas, KOHEYHO,
Atl—ao AR -0

0 HeoOXOAMMOCTH NIPABWALHOE ¥X AHTEPIPETAIMH,

A Teliepek — 3aMedaHMe IO NOBOAY Bammonemm H3 s<Hebumius» K yXona
B «Hebimle»,

Ha caMoM nHejie, BETHO cymemymﬂxaa YACTHIIA MOXET B PE3yNbTaTe
B3aHMONEHCTBIA (HApUMEp, C CHAOBKM HOJNEM) HEPEATH M3 OJHOTO CTALWO-
HAPHOTO COCTOAHHA B APYTOE — UCYEIHYNMb U3 OTHOTO COCTOSHHS ¥ G03HUKHYMb
B apyroM ¥). Himenso mofobHoe cOBLITHE B ZONYCTHMO GIMCATE, HCIIONb3yS
SKIOTUIECKYIO TEPMHAHOIOIHK,

§2.6. ¥moau

Honsons MTOTH BCEMY CKA3ZHHOMY B IVIABE 2, XOTeJOCh OW oBparuth
BHHMAaHHE 9MTaTeNil Ha TO, 9YTO CYIIECTBYIOT IIBe TOUKM 3pPEHHS HA TO, XKak
OTTHCLIBATD COCTORHEE TOYCTHON YaCTUIEL.

A. JNoxsawrosan («KIACCAYSCKAR») TOUKA 3PERRE.
1. Tpusnaiomes neonpeOesseMolMy NOHAMUAMY NPOCMPARCMEO U GPEMA.

CTANEOHAPHOIO COCTOSMES) ¥ BOIHAKHOBCHMC (B ADYrOM CTRUMOHAPHOM cocrosnnm). TMpm
ITOM Geapadliaype, B Eakof HMEHHO TOYKE HPOCTPAHCTRA JACTHIA <«HCYS3acT», 4 B Kakoil
CBOSHEKAETS.

) CKA3RHHOE O3HATALT, IY0 DHEPTHA YACTHIA, NPOCYHICCTROBABIICHE BCETO UG MIHOBCHYE,
C ONHHAXOBOM! BEPORTHOCTHI0 PaBHA JNODOMY 3HAYEHAKY H3 ITOr0 HHTCDBAjA.

49) 3aMedy, ITO UPH ITOM YalTe BCEr0 COBCPIMICHHO Ge3pauAIHO, B KAXKOM TOYKE NPHECYT-
CTBOBANA YacTHHA B MOMEHT MEpexoda U3 ONHOTC COCTOSHAA B EDYIoc.
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Tem Me MeHee, B KA9€CTBE HH OT Yero He saBucamedt ¢pmszecKkol XapaKTe-.
PUCTUKH (HE3aBHCHMON IIEpEMEHHOM BO BCEX COOTHOMEHHIX W ypanﬂem)

IIPHHEMAETCH TOBKO MOMEHT BpeMeHH (Togka Ha ¢-och) Y. l.

2. TIpunumaromcs KuneuamuyecKue onpedesenun ckopocmis u YCKOpenus mo-
YEUHOU YACMUUN SBIPANCEHUAMU:

Voscres = = (2.23)
,, &7 .
- 'Et-z-. (224)

ClieayeT y4ecTh, 970 B 3THX BHDPAXCHHIAX ¥ — He TONBKO paguyc-BeKTop
~ TOYXH HPOCTPAHCTsA, B XOTOPOH B MOMEHT BpEMEeHH £ NPUCYTCTBYET TOYEYHAN
JAaCTHIIA. JTO HE TONBXKO XApaKTEpACTUKA TIPOCTPAHCTBEHHOTO KOHTHHYYMA,
HO eNle ¥ XaAPaKTePUCTAKA YacTHIEI, CYIECTBYRINAS H JBHXYINAACA TONHKO
BMecte ¢ YacTHuei. CTporo rosops, B BuipaxeHusx (2.23}, (2.24) cienosano 61
3AMCHHTL CHMBOJI T CHMBOJIOM Tozorsmy -

Tlocne rpymaTns onpeeneruit (2.23), (2.24) MoxHO JaTh onpeacIcHES
H ZDYTHM BEIAIHHEM.

a) OmnpenesMM roXOrpad ¢ NOMOIEBIO BEPaXEHHS
¢
#t) = 7t = 0) + f V) -at. (2.25)
0 ' '

6) BupaszHs BeKTOP CKOPOCTH Jepes NPOEKIIHA HA OCH KOODAMHAT, IMPHAEM
K TPEM COOTHOIMCHHSM:

Al
zt=At)=2z2(t =0) + / V(t) - dt; (2.26)
]
At
y(t = Af) = y(t = 0) + / Vi(t) - dt; (2.27)
Dm
2t = At) = 2(t = 0) f Vilt) - dt. (2.28)

HMcxmodas B3 3THX COOTHOINEHWH BPEMSA, MOJAYRAcM ypaBHEHUWE JTMHBEH,
BO BCEX TOYKAX KOTOPOH YacTHLA NOpuUCyrcrBoBana 3a ppems Af. B pe-

3YIbTaTe ofpemaem (DRIUNECKYIO COOCPIXAMEADHOCING NOHAMUE MPAEKMOPUN
HACNNM

) Taxum 06pa3oM, B II. 1| ABHO COREPEATCT ITPOTHBOPETHE.
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B) Pacriqnarasg ypaBHeHWeM TPAEKTODHHM, MOKHO BRIMHCJIMTL HyTh, Hpoli-
AcHHKI yacTuiel 32 BpeMa Al:

t4-At

o= [ |7e)]-ar 229)

¢

3zecs |Vi] — MOIYITB BEKTODA CKOPOCTH B TOSNKE TpaeKTopuis >,

3. Hpunumaemes KunemamuiecKoe onpedeteniie UMRYALCa Yacmuisl aupaice-
Huem di"

Pmm Meygcranga * me Mwncraru dt (2.30}

NpHYEeM Macea JRIKymieRca YaCTHL MOXET 38BUCETh OT €6 CKOPOCTH.

4, Ilpunumaemcs & xauecmse COOMNOUEHUR, YCMARAGAUBRIORIE2( CAATL MENCOY
XAPAKMEPUCMUKAMU HACTRULG U OKPYICAIOUuel] 00CmanosKl, YPasHERE

%(w ‘Z) B(, ) %2, (2.31)

rie F(F,) — cima — H ecTs XapaKTepucTiEA IPOCTPAHCTBEHHO-BDE-
MCHHOIO KOHTHHYYMA, B KOTOpOM BLIHYXAEcH2 HpeOWBaTs sacTviia. 3a-
BHCHMOCTD F OT 7 ut ¢ CIRTaeTCH H3BECTHOIL,

Co3naercs BrcyATIeHHe, IT0 ypabHeHHC (2.31) COOCpXMT OZHY HEH3-
BeCTHYIO Bejauny (F), XoTopas apmaercs Gyurunedt onpolf nepemeisioi (2).
TeM He MeHee, €CIM CIMTATh, TIO CHIR F(r t} xapakTepHIyeT HMEHHO po--
CTPaHCTBEHHO-BPEMEHHOR KOHTHHYYM (cnnom none}, T0 B Apasol UACTR -
ypastenns (2.31) ofe pemrosus — H £, B § — NOMKHE CYUTATECH NEIEW»
cMbIMR TiepeMeRENME. Thiov oﬁpaaom IONAras, IT0 YpapHeHUS conepm
'mnsm ONHY HEM3BECTHYIO (F), M (DaXTHYeCKd OTOXICCTRIASM Iy

~— XApaKTePACTHKY NPOCTPAHCTBEHHOIO KOHTHHYYMA (DamMyc-BEKTOp mitiie:
K Apocmpancmsa) ¢ BeywamHol ¥ — xapaxTepucruiol vacTmu Y. T
3TOM ML He CIpamrdBacM cebf, HA KaKOM OCHOBAHHY MK TakK I
OnHaxo, KOIA MOCHE 9TOTO MK pelmvM ypashewuse (2.31) B b peaymmpgve
MONYIMM 3aBHCHMOCTh (I}, a 3aTeM — ¢ NMOMOMBI ONpeNeacHHH (2;23}

|f"i

5‘}3101'3:1:11:1: mummmnommoﬂxmempmnnmﬁmmc B-cayeac
HEDABHOMEPHOIO NEHNEHAR JACTHUEL TO TPACKTOPAH MIHHA 2T0r0 BeXTopa mncmurmw

®opuyna (2.29) yuATHBACT, 9TO YACTHIA MOTAA HPOXONMTh HEROTODHE YUACTEH I
HAH JAKE BCIC €6 HEONMHOKPETHO,

32 Bro mmmmmmﬁmm:{a EEnqcnnemncuunnl'mm
mmmcxupom:(mmmmqemnpommnﬂ 2), HO B ITOM CAYIAS IABHIIMOCTR
DORKHE CIMTATECR HIBSCTHOM.

%) BoT TAX PASPEIIMIOCH NPOTHEOPCUMS, CONEPRARIOECH B IL 1: B DAMKAX ASKRIHIOBOIO
cocoGa omncanud ARFXKCHMA CAMOCTOSTONRLELIM IOHETHeM (IKTEUCCKRE RPHINSSTCE TOREG

BDEMA.
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-

{2.24) — u zasucumocTr V(t), &(t), He HyXHO GYIET YIMBINTECSH, ITO Ka-
XAOMY MIHOBEHMIO OTBEIRIOT — OONOEPEMENNO — MOYRMEe SHATCHUSR BEJTIHH
7, V,4. Hukaxux «geonpenencHnocteis Az(f), AV, (f), Aa, (t), momobHbIX
TéM, O KOTOPHX [IUia peys B §§ 2.4 i 2.5.

B. Knanronas («HeKIaCCHIeCKAY») TOUKS apernn .

1. Ilpusnaiomca neonpedeaneMbiMu NOHSNLUAMYU HPOCMPAHCIMEO U 6peMA, U 4
darenetitue cyumaemcn, ¥mo obe eéeauwvunt — U T, u ¥ — seamiom-
C8 XAPOKMEPUCMUKAME BMEHND B MOASKG NPOCMPGHCIRECHHO-8DeMERNTZ0
KOHMUHYYMG U HEIQEUCHMBLME NEPEMEHHHMU.

2. Ilpusnaemcs HeoOXOOUMBM OMKAIAMBCR OM UCROABIOSARUS NOHAMUS <KOOD-
dunam YacmREbY, om KuneMamuseckux onpedeacnuii (2.23), (2.24) cxopo-
emu u yexopenus (asmomanusecku omnadarwom onpedeenus (2.25)—(2.29)),
u om emopozo saxona Heromona, Ocolio nod4epriy. coaMEeCMRMbE MOABKO
ace uemsipe omxain>>.

3. Hpusnaemen neonpedenneMum nOHAMUEM UMNYASC, TTO TIOIBOJSIET BBECTH

HapALY € NPOCTPABCTBEHHO-EPEMEHBRM eilie ¥ P -KOHTHHYYM, CYIHe-
CTBYIONHH BEUHO M NPACYTCTBYIONIMH B KaXAOH TOYKE MPOCTPAHCTHA.
3amewy, Iro BeIAHHA, 0603HAYEHHAN CHMBONOM P, Terieph He CauTacTCA

UMITYIBCOM NaACTMRHBL.
4. Ipunumaemcs SunaMisseckoe onpedenenie cKopocmu 4acmuu alpaiceruem

Pracrau ,
- (2.32)

Vaseruou - T 3
5. Hpunumaemcs onpedesenue ycxopeuﬁa acmuyn SLIPANCEHUEM
) ZA—
dt
3nech CleayeT OTMETHTH, 970 B PAMKAX XOKBAaHTOBOIO MOAXONA CHAYANa
yCTaHABAMBAIOT YCKOPEHHE, BHI3BAHHOE HEKOeH BHEIMHeH cUAol, a 3areM

HaXOJAT CKOpPOCTE ITo QopMyie

Eﬂaﬂﬂtﬂ:

1
‘?m(t) — ﬁm(t[}) _" f Eqaﬂm(t') * 'dtf.
' L

]

54) CIporo ropops, cncaoBato G yOOTPEGUTL TCPMMH <CTATECTHMECKANY TOTKA IPEHIA.

) Orxas o1 MaTemaTHIECKIX BHpAXKCHUH, HIPAOUTHX polh ONMpEeNeNeHHi MOHATHI RORCE
HE O3HAYACT, YTO CaMH IIOHATHA CKODOCTA, YCKODCHWH, TPECKIOpHi, NPORACHHONG NyTH
mamnanTey GEInTeckol coXepRarenpoctit, OnHaxn, NOCKONBKY OHH He ARIMOTCE CAMOCTO-
ATCILHEIMA, AM HeOOXOXMMO JATE onpeAcnenus. ¥ BOT OXKA3BBACTCH, YTO B PAMKAX OXHOMO
Crocoba OEMCAHMA COCTOAHMA YACTHINE, HRITPAMCD, KENCMATHIECKOS OHDEHSICHNE CKOPOCTH

HMACTHIIH COBMCECTMMO ¢ ONOPCASTEHHMAMM IPYTHX NOHRTHR, a B paMKax Apyroro cnocoGa
(cTaTHCTHIECKOID) HECOBMECTHMO.
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p—s J——

B paMKax XBaRHTOBOIO IIOAXONA — TOJNLKO HR060POT: 3HAS 3ABHCHMOCTE
CKOPOCTH OT BPEMEHM, MOXHO HANTH YyCKOPEHHRE, MCIHTHBACMOE SacTALICH.

TTocae ece2o0 cxasanno2o aneendng, Mo ROMPEIYEMCR RPLOLONNME SHPA-
HCERME, UZPAIOWEE POSL ORPEDEACKER BMBYALCH UMENND HACMURD. 660b & RAKIEM
pacRepancensn noxa auins neobsammui P -xonmunyym. -

B xauecTne npamMepa MOXHO HPERJIOXHMT: BRIPAXEHHE

Py anctmma = / I{(z,y,2) dz, (2.33)

IAe MonsHTerpanshas GyHKmus npeAcrabiset co6oi Ty tomo F, -ocH, Koro-
past TIPMXOIUTCS HA TPOCTPAHCTRCHHYIO M4y (IMHOU dZ), KOODAHHATH
LEHTPA KOTOPO eCTh 2, ¥, 2. C Nelb0 YBENRINTS B2DAHOCTS MOXHO Npel-
crasuTe GyHKOKIO f B BARS

1z, y,2) = ﬁ(dN(zm ?) ) | (2.34)

3nech: P — oneparop, npeobpasyionmil HyHKINO KOOPUUHAT Z, ¥, Z

(emrumpy “4E)) B ynomsmuyTyio BeONe GyHRmEO f; W) . gy
Boist q%:mm mmmmm ONPCACACHHYIO INPOCTPAHCTBEHHYIO SICHKy
X -ocH

Ecmecmeenno, omxazaemucs om m saxona Hiomone, npudemca
RCEQAMS KAKOL-MD RROC COOMNOMENNE, ROIOOARIONICE YCMGNOORMIL CERIb MENC-
Oy SeARUSHAME, XEPAKMEPRIYIOIEME B COCIRORNRE YACIMREUM, B OKPYACEIOWFI0
obcmanoexy. O¥eBRIHO, YTO ECIA HMETH HAMEPCHHE B fATEREHIIEM 0GpaTHTh-
cs K BepaxeHaw (2.33), TO XapaKTepH30BaTh COCTOAHME YACTHIM JOIXHA
BeamaEa f{z, y, z). OnHAKO, YIHTHBAY GYHXIMOHANEHYIO CBA3L B BRHS
(2.34), 310 KOMXHA GKTHL Bee-Tak# Bemamina N(z,y, 2), TpAveM Heoﬁxum{

MO ¢INe HalTH cliocob, TIOSBOMSIONIAN CTARKUTE B COOTBETCTBHE BENMYAHE -;;
BeIHRy f.

§2.7. NoHAMUe Cpedneil cxopocmu

B paMxax AOXKBAHTOBOM MEXaHHMKY CKOPOCTh YACTHI(N MOXKET OHTD PyHK-
et Tombko Bpemenm. Ilosromy, copaseymmBo cumTas pepaxeswe (2.23)
OTIPE/ICICHNEM HMCHHO MI'HOBEHHOH CKOPOCTH, MOXHO 00Da30BaTh €II¢ OMHC
HOHATHE -~ CKOPOCTH, YepenHeHHOHN 1o BpeMeRd. TpagMIIHOHHOE ONpeACHE-

mm'wmmnommmmmmmw
IMHRT — Beawapsz f — zopkaf Owre, B CBOXW odepens, (yHkuEeNM xpyrol dymxigHH

KOODABHAT ~— BEJIAYAHE ‘ﬁ-—%lﬁ
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HHUE 9TOM 6eXmopNoil BCJITIUHE TaKOBO:
1 E+-11“i
o= — V(') - dt’' =
(V) ault Al / ()

-4

1 AL\ /. A\ AF(ALD)
()9}

3aBHCHMOCTD Beaursl {V)as OT MOMeHTA BpeMeHy OGYCIORICHA TeM,
0 UEHTP Al-IPOMEXYTKa (¢TOUKY»> £)MOXHO CIBHIATE IO OCH BPEMEHH. |

HonyctuMo, KoHeuHo, nepeity K npeneny At — oo, IOCHe 9ero pos- i
HUKHET [ICHATHE CIMAKHONAPHOZ0 SHAUCHYIA CPERHEHR CKopocTH (IIo-ITpeXHeMy
SeKMOpNOR BEIWHL). .

Pazymeerca, MOCKONRKY 34 chm At YacTHA TNPOXOIMT BCE mm
TPAeXTOpHH (NIpUYeM HEKOTOpHE — HEONTHOKPATHO), MOXHO oBpazoBars eme
U IIOHATHE cpeduetli nymesoii cKopocTh. OnHaxo 310 GyAeT yXe cKaldapHas
BeIHINHA: |

vy, =122,

rae { — ayTs, npolneHMKNL yacTHIel 33 speMa At IO HEXOTOPOK TPAEKTODHU
MeXIy TOUKAMH, PA3feNcHHEIMI MHTepBanoM AfF.

IMockonsky 32 OXMH H TOT Xe IMPOMEXRYTOK Bpemenu Al umeer Mecro
cootHomenme I{At) > |AF|, M CKopocTelt cIIpaBeIEBO COCTHOLICHHE -
(V)I 2 i(V)mL

Ecau MH Iy XaKUX-TO MPAKTHIECKHMX Helell cobupaeMcs HCnOib30BaTh
HOHSTHE CpEAHeN MYTEBOM CKOPOCTH, 10 ODA3AHKW CYNTITH, UTO B KA
MOMEHT BpeMeHH (B3 npoMexyTKa At) B KAXJIOH TOUKe MPOCTPAHCTRA HA TPR-
CKTOPHH a6COMOTHOE 3HAYEHRE CROPOCTH JACTHIIN OMHO ¥ TO Xe, TOHO FaK
Xe, pEIMHBIIMCE MCTIONLIOBATH [TOHATHE CPEIHCH IO BPEMEHH CKOPOCTH, MBI
00f3aHEI CYMTATh, UTO B KAKAHIH MOMEHT BpeMeHM (M3 NpOMEXyTKa At)
B KAXHOM# TO9KE MPOCTPAHCTBA (M3 MATEpBANa AF) BeKTOD CKOPOCTH JACTHIYL
OIMH H TO X€ KK II0 MOAY/IO, TAK H I10 HANPARACHHIO.

Tenepk HeOOXOMMMO BRIACHHTD, KAK OBCTOAT AeN4 CO CKOPOCTBHIO B paM-
KaX KBaHTORO-MEXAHKHYCCKOIO CIIOCO0a ONMNCAHMA COCTOAHMS TOYEeYHOH 4a-
CTHHLL. Beap nmoxa 7710, COIMACHO CKa3aNHOMY B 1.3 | 4 (c. 82), B Hamewm

pacnopaxenyy namn V -xontHayym ), B ToM MM mMo#t suelixe koTopo-
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