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KJACCUYECKAY MEXAHHUKA o Jlekiua 5

HuepuualibHble U HEMHEPUHAJbHBIE CHCTEMBI oTcueTa. JIBMkeHue
OTHOCHTEJIbHO WHEPLHANbHBIX cucTeM oTcuera. 3akoHsl HeioToHa.
IlpyHuun otHocutenbHocTH Iannnes. Ilpeo6paszoranue Iannnes

HS WKOJALHOTG Kypld (]jH'jI/IKI/I BdM H3BCCTHLOI TPH GdKOHA HLK}TUHH. Hal‘IUMHI/IM HX COACPMAHHC,
l'lepnmﬁ 34KOH HbIOTOHa. TEJID gecrdeTcs B COCTOSINMHH LOKOS WX JLIBEHXKETCS C IIOC'I‘OHIIHDﬁ CKOPOCTRHIO
(fie3 yCKOpEHHUA), eCaH OHO NpeIOCTABAEHO caMOMy cefe, To €CTh €AW Ha Hern He AeHCTBYIOT HUKAKHE
DHCLUHHC CHJILL. BTU O3HAYACT, UYTU
a—0. womaF—0. (5.1)

Bropou 3akod Hewrona. Pezyastupyiowas cuna, 1edCTBYIOULAS HA TeJN0, DABHA NPOUIEEAEHH I} MACTHI
3TOTG TCJA HA CMO YCKOPCHHC:
F_— ma. {5.2)

Tperuii 3akod Hewrona. Tpu e3aumogeidctenn 2eyx tes cuna Fop, AefCTBYIOWAA HA BTOPOE TG CO
CTOPOITH UEPHOIG, PABNA U0 BeAHYHIIE W UPOTHROLOJAOKIE 1o dupanaendio cviae F iy, aeficrayiomed ua
MepBOe TEAN CO CTOPOHB BTOROTO:

Flg = *Fglj (53)

llpH'—]EM ofia HE‘KTOpa naupan—menm L0 JHWITHA, COEJLHIIHI(}I[LE'I:I FTH Tedd.

Hmewitea onpenedeHHHe NMpezesbl NPUMEHHMOCTH TPeThera 3akoHa. Mubl 3HaeM, 1TO BCe CHrHANH, a
SHAUUT H CHJALL, NCPCAARTCS HC MPHOBCHHO, 4 € KOHCUHOH CKOPOCTLH)., OMIHAKO TPCTHH 3AKOH COACDEKHT
y'l‘HEp}K}lEIIHE‘, qro F]-_) - —F2|, Korna ofe 3TH CHI H3ME‘DSIIO'I‘CSI B OMHIT H TOT Me MOMENT H])EMEIIH. 3']‘[}
hefioBaHHe TRPOTHBOPETHT TOMY (PAKTY, HTO AAHHOE TEJO BOCTPHHHMAET AelCTBHE CHJABL, OKa3HBAEMOE
}lp}-’l‘”l\rl TeJNOM, 11e MITIOBeNno, a ‘—IE'])eS KONeunhwA llp{}ME}K}-"I‘DK HDE'ME'IIH.

[MosroMy TpeTHi 3akaoi HeoTona e BCerna siBieTcs AnCTaTonnn Xapoium UPHOAHKENHeM IPH pac-
CMOTPDCHHH CTOJKHOBCHHA ATOMODB WM 3apDAMCHHLIX "aCTHIL. PHCCM(]T[)HM. HANPHMCD, JABd TTOJOMHTCJALHLIX
TOUCIBIX 3dPSE ) H 2, CKOPOCTH KOTOPUX Vi H Vo HCPUCTIHKYISIPILL, TAK 970 X DYTH UCPECCKaloTes!,
NG 3anl e CTAAKHBAIOTCH, TAK KdK OfHIT M3 NTHX YCUeRAST UDGCKGYUHTH HERei, APYIHM, ny(,"l‘h B OUSKHE
MOMCHT HX OTHOCHTCALHOC MOJIOMKCHHC OYACT TAKHM, KdkK H3ofpamceHo Ha puc. bl Kaxaui v3 zapsaaon
COZ/1deT KROKPY I ceds FACKTPHYHECKOE W MAlrnuTioe 1nodsl, Ecan CROPOCTR 34psiiid MGG Mersine CKOpocTH
CBeTd, TO 3TH NOAA ONPEensOTe (HopMyJaaMH

7(_1[v><r].
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rie pajuyc BEKTOP T NPOBEIEH H3 3apafaa B Touky Hadsawaenus nosad. [Tockonbky, KAk CAgyeT H3 3TOM
QOPMYAB, JIBHKYUIHACH 3apHL g 118 CO3aeT MarnuTIero U0ds B MAUPaRJCITHA CHOBIO JLBHXKEIHs!, T0 1a
3apAll ¢z CO CTOPOHK 3apsAfa o OyAeT A€HCTBOBATH TOJMBKO JeKTPHU'IECKas CHAA N0 JMHHH, COETHHARIIEH
004 zapagd. OAHaKe Hd 34PAA qp CO CTOPOHLI GAPALA go, MOMHMO 3CKTPHUCCKOH CHM, OYACT ACHCTBOBATD
elle W CHAE CO CTOPONK MArMUTIOID HOAs1, COABAeMDIs 3apiioM gz, TTOCKOABKY 2HACKTPHUSCKHE CHAR,
JAHCTBYIIIHE HA 3aDAB, PABHE N0 BEJHUHHE H NPOTHBONOJIDMKHEL 10 HANPABJAEHH), TO HAJHTHE MATHHT-
NOR CHABL, JEACTBYIOINER 12 3apsijL g, UPHBEIET K Napymennio rperthera saxkona Hewrona, Hapyieiwe,
OIHAKD, GyIeT HeGOJBIIMM, B MEPY MANOCTH OTHOLIRHHA vyvs/c? < 1.

JAst CTOAKHOBCHHA ¢ aBTOMOOHACH TPCTHH 34aK0H HUoToHAa OyACT OYCHL XOPOLIHM NPHOHMKCHHCM,
HOTOMY 4T0 UPOJCAMHTEARIOCTE TAKOIG CTOMAKIIOREIHI BEAMKA 10 CPAKNLITHIO ¢ UPOMEXNKYTKOM RBDEMEIH,
HeOOXOAMMBIM AJA TOTO, 4TOGH CBETOBOH CHIHAJ MPOMIES BIOAL AJHHB MOMATOre asromoduas. (Kcratu,
MOUCMY CBCTOBOH, 8@ HC 3BYKOGOH, BCAL BOAHA ACHORMALEH DACTPOCTPAHACTES CO CKOPOCTLIY 3BYKar)

L 300 cMm

e 3100 enm/eek

L — nauna apromo6uas (3a 1078 cex aBToMoGHAb, ABHKYLIHACA 0 cKapocTery 100 KM/UAC, TO eCTh GKOJ0
2107 em/eek, NPOXOAUT NPUMCPHO 3 - 1077 cm).

[MepBre ABA 3aKOHA ABHMEHUS BEIMOJHAKITCA TOJEKD TOTAA, KOTAa HaOAKJEHHEe BEIETCH B CHCTEMAX
OTCUCTA, ABHXKYILHXCA 003 YCKopeHHA. TAdKHC CHCTCML OTCUCTA HASLIBAKITCA HHepUHANBHBIMH, Hanpumoep,
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Puc. 5.1, Crant szaumojiere tins MCRGLY JIBYMH JIBHAYILIAVHCH 3aDHJdMKA 1T BCCrd panithl W HPOTHRBONOMOMITET.

CCAM LD 1 QUTUR CHETCME OTCHCTE JLBMMKCTCH ¢ LOUTOIHIOH CKOPOCTLIO M WMCUTUL CUCTeME UTCHUTd,
KOTODAS JUBHAKETCH ¢ YCKORENWEN OTHOCHTENRID TE., TO QUERMIHO, 9T0 Ted0 GY)eT JIBMraThes 0THOCH TR
STOH CHCTCMII OTCHCTH ¢ YCKOPCHHOM.

Hzupumep, ¢ CHCTeME 0TCHOTE MOCTKO Toiidlia ¢ BRALZIoNCHS RAPYTWILY, T0 13 TAKOH CHCTCMU
OTCHCTA YCKODCHHC TOJI4 EC PARHO HYJW, KOTIE Hd 2T0 TCMO HC ICHCTBYKIT CHALL BLl MOXCTC HODOIBHXKHO
CTONTE 118 KAPYCCAH, TOALKY QCH OYETY 0T Y0ro-auio orTadkisaTnes, coolids samneMy Tedy chay mw’r
U0 NANRARJRIIHIN K OCH, VI8 7 — MACCA RANTEND TeJa, w — YIVIORAs CKOPOCTh RPANIENHWH, & + — DACCTITHE
OT Dac Jo 0CH BpaicHuA. Jpyrus OpuaMepoM MOIKCT CIYMHTL CHCTCME OTCHCT, HCTOADHIKHO CBA3AHHUA
¢ CAMOJUTOM, KOTOPBIR OBbICTpo 1Habupact CKopocTsh NpH s3dere. Baarojaps yoekopennw, sac UprKHMaeT
Hadal, K CHACHUE), 4 CHId, ACHCTBYIOINAS €O CTOPOHU COHHKH CHACHHSA, YIAO[DKHBACT BAC B COCTOAHUH
HOKOS OTHOCHTENLRO 3TOH CHCTCMIL.

Ecuu OBl BH HAXOJIHMAHCH B COCTOSHITHE PARNOMEDNOND JIBHIKENHS WKW [I0KOS OTHOCHTEJ B0 CHCTEMBI
OTCUCTY, He MMCIOLICH YCKOPCHHSA, TO S 5TOT0 HE TPEHOBAJIOChL O HHKaxod ¢uan. Ho e bu xotu-
TO MAXONHTLEH 8 COCTUMIHHE HUKOH OTHOCHTLALHG CHCTUMBL OTCHOTE, JMMYIILCHSH ¢ YCKODUHHMOM, TO Bl
JAOMTAKHELL TIPHITATATD CHAY BJAH HCITBITLIBATL ACHCTBHE CHJBI CO CTOPOHEL APYTOTo Tesd, Bam Hy»KHa Bepeb-
K, UTOOL YICPMATLEs!, HAW CHACHHE, YTofnl npuxathest ® nemy. Juumenue (ero xapakrep) o cuereMax
arcUeTa, JHHMYIMXCH © YCKOPEIHEM, HIDAeT Ramuyw posk s puarke. Takwe CHCTEMH OTCUETa Halbika-
KTCA HeHHe puHATBHBIME. QCoGeHBO B2XKHO MOHATL XADAKTCD JRMMKCHEA TGN BO BPALIAKIIICHCS CHCTCME
orederd (UPaRTHUCEKOL (PHMCHEHHC — HCITPH(YTa), Xomst GLL HOTOMY, 9T0 MBL C BAMH HAXOAHMCS KK Dad
B rTakol cucreme orcueTa (a 3emie), no 9TOr0 MH 00KE JIeSaTh 1e yJeM W 0URTASNMCH OTBETHTH T1a
BOLUPOC, ¢ KAKOH TOUHUCTLIO TY HJIH HIYI CHCTCMY OTCHOTd MUMHD CHHTATL MHCRIHANLIGH,

FAciro, uro nama 3emMas 1e SRASeTCH HIENUHENRN0H CHCTEMOR oTcueTa (sR/seTes nennepimalbini),
MOCKOLKY OHd, HANPUMOD, BPZLLACTCA BOKPYT COGUTBCHHOH 0eH. M3-32 3TOTO TOIKA HA SKBATOPC MMCET

HOHTPOCTPCMKHTCIBIOC YCKOPCIIHG
2

o o . CM
a— — —w =31 —, (5.6)
R ek
W Y INIoBdsD CKODOCTL BpallleIins 3{.‘MJIH W H pa)Hyc 3{,‘MJ1H o paptlt
27 ) .
woo—— = 0,73-10 ek, B 64107 em. (5.7)
6107 cox
—— o —
CYTKH

B posyanTaTe LOHTPOCTPEMHTCALHO YCKODSHHC TOJYTACTCS DABHLIM TPEMOPHO 3,0 eM/cor®, DTo cocTanas-
er okoso 0,3% 01 yexopenus coGofioro ugaenks g & 980 eM/cor®, 4o, B00BHIL TOBOPI, © TOUKH 3PUTIHIL
UPETHAHOTIRX QHAMILCKHX HAMEPEHHH, HBASSTCH QrpOMIOH REJHIKUHOH, KOTORYIO 1e0GX0HMO YUHTH BAThH
WpH pacderax. Ma-3a sroro, nanprmep, nabuiojdomon nad Cenopiom LOJoCs YCKOPLHHE CHIBL TSRKeCTH Lpe-
BRITIAST YOKOPENHE CHIB TsHKeCTH, mabumaiaemnoe na skeartope {ram Ganaisl BECSIT MEITRINE, BOT, NAREPINE,
MOFICMY MX DU3YT IPOIUBATL Ha CeBep).

Bropas upraung, uo xoropol 3eMust He sssicTesl MOCPUHANLIOE CHCTUMOH, — 370 0¢ JIHMKCITHE DY
apture rokpyr Coanma. Tak, COOTRETCTBYIOIIAS YIMIORAs CKOPOCTE PARIA

2210 Teek L (5.8)

[pu pajryce opture 3eman B — 1501 10% — 1,510 e noayuum a — w? R & 0,6 cm/cek?, aro npumepno
1A LODSJIOK MEHRITIE YCKOPEHHS, PAZRHBAEMOrD 32 CHET BDAITIENHS JeMIW BROKPYT CROERH ocH.

Haroneu, camo CoJHOC BPEMECTCA CO BCCMH CBOHMH IVIAHOTAMH BOKDYT OCHTpA Haweod [aqaxTexy co
CKOPOCTHIO 1oPsiiKa 300 KM/cek. DTa ckopocTh Gha WaMepena UDH HCCABADBANHH JIDINEPOBCKOD ClRH=
T4 COCKTPANDHLIX JIMHHEE CBeTd, HCOYCKAOMOTo 3BesgamMu. PaccrTosnue 1o ucHTPY Hawed lamaxrtuku, 12,



Puc. 5.2, ,[[Be HHE PHHAJBHEIE CHCTEMEL OTCHETA.

COCTARAICT TPUMCPHO 30 TLICAUY CBCTOBLX JACT, B PesyanTaTe YCKODCHHC DABHO
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(5.9)

T CUTL 3TU COBCPLICHHO HUYTOXKHEA By HHE, [lo5ToMy HHOMAA FOBOPAT, YT CHCTCMA OTCUCTd, CBASEHHAEA
C NENIBHKITLIMH 3BE3/IAMKW, MGXKET CHUTAThRCSI HIIE‘pI[Ha.}IhII(}ﬁ ¢ D4erh XODOIIIE‘l:I CTenenbld TO9NMGCTH.

Ecau cywectsyeT X0TA OB 0jHa HHEPUHAJLHAA CHCTEMAd, TO TAKHX CHCTEM A0KHO OLITh OeCKOHEUHOE
MHOXKCUTRO, TdK KAK awlad CHCTOMA, ABHAKYIIAACH © MOCTOAHHOH CEOPOCTLREY OTHOCHTCJALHD HH(,‘[JLLI/I&J]LHUI:I,
TOKE ABAAETCA MHepUHanbHOH. CyllecTBYeT (hyHAAMEHTAJIBHEH (PM3K'ECKHH NMPHHUHN, KOTOPBIH HA3HBA-
CTCH MPHHOUIOOM OTHOCHTEJILHOCTH raJlPlJlﬁﬂl.

OCHOBHI)IC JAKOHBbI q)M3HKH OAHMHAKOBO (bOpMyJI UPYHTCH Oad BCEX CHCTEM OTCUETA, KOTOPBIC ABH-
KYTCA OTHOCHTENBHO APYT APYra ¢ MOCTOAHHOH CKOPOCTBIO {TO €CTh §€3 ycKopeHms).

CoTaacHo 3TOMY NPHHUMOY, HadawaaTedb, HaX0AAWHHACA B KafkHe 0e3 OKOH, He MOXKET 2KCIePHMEeH-
TAALHO ONMPCACAHTL, MOKOHTCA OH MJAH HAXOAHTCA B PABHOMCPHOM TIPAMOJHHCHHOM JIBHMXCHHH OTHOCH-
TEABIG MMEUOJIBHAKITHIX 3Be3). TO.}IHKO FASIAE B OKITO U HMEH, TdKHM (}Gpa?.(’)l\rl, BO3MOXKNOCTE CpaBnvBaTh
CBOC ABHMKCHHC ¢ ABHMCHHCM 3BC3J, HAGAKMIATCAL MOXKCT CKA34TL, YTO OH DARHOMCPHO ABHMKCTCA OTHO-
CHTRSIRITD TTHX, HO Jd¥e W oTarja o orne Mor On PEHTL, CaM JIH OI1 JIBHXKETCS HWaKW JIBHAKYTCS 3BE3/1h.
[MpuHuun oTHOCHTeALHOCTH [aznaen OH OAHKM W3 NMepBEIX OCHOBHEIX NPHHUHNOB (bHAHKH. OH dBadeTcd
GCHOBHLIM 11 KAPTHHE BeedcHHOM, npeagoskeHHod HLloToHOM, DTOT NDHHIKN BLACPXKEA MHOTOKPATHYK)
SKCUEPUMENTAJBIYIO HPOBEPKY H CHYKHT celyac QJUITAM M3 KPaeyrodblibiX KamMien Cllel[HaJIhllOf’l TEOPHA
UTHOCHTCJLHOCTH,

nOC'I‘apaeMCSI TEUEPR UPWAATE UPHITIHLY OTNOCHTENRITOCTH raJIHJIE‘H MATEMATHUHECKY IO ‘L'IZ)ODM}-’. 06031|a-
SHM epe3 S KaKy-au00 HHePUHAABHYK) A€KAPTOBY CHCTEMY KOODAKHAT, 2 'lepes 5" — APYTYK HHEePLHAb-
HYH) JCKAPTOBY CHCTCMY KOOPIAHHAT, KOTOPAA AGHKCTCH CO CKOPOCTLI) V. OTHGCHTCALHG nepBoi (pue. 5.2),
[yers &', o', 27, ocw cueremu 87 nanpasaenn napasgentno ocsm i, ¥, = cHeTemn S, Bufepem amu ocu rak,
9ol BeKTOD V0L HANPABJACH MAPAAACaLHD OCH @, M1 XOTHM CPABHHTL PCBYALTATH M3MCPCHHA Bpe-
MEIKW H DHCC'I'DSHIHI:I, KOTOPpLIE CHAeddllBl NeN®IBHAKNEIM OTIOCHTEABIG CHCTEMEI S Ilaé.:'ll(}}la'l‘e.:'lel\rl, C TAKHMHA
He HIMEPSHHAMH, KOTOPHE BHOGJIHEHH HaGKAATeqeM, MOKOALLHMCS OTHOCHTEABHO cHeTeMEl S Kakum
GYACT PU3YILTAT TAKOTO CPABHCHHS, MOMHO OYACT OKOHYATCILHO PCLUHTL TOJALKG ¢ NOMOLLLE) ONLITA.

EC.:'IH Ka}Kthlf’l W3 JIBYX IIa@JIIO}la'I'e.}IE‘I:I pacuoaaraer HOJBINTHM YHCAOM 4aCoB C COBEPIMENTIO OJIMITaAKOBLIM
XOA0M, TO OHH MOTYT Opofedats clenyiiee. [TycTto cHaaga HadamwaaTesb B CHCTEME S PACIpPeLesHT CBOH
qachl Bj0dL OCH 2 H YCTANGHUT HX KBCE 11d OJUTO W TO XKe BPems., OC}-’I[LEC'I‘HH'I‘FJ 3T0 COBCEM ne upocTao, 1o
MEl OTJA0XKHM aHaJH3 TOrD, Kak caelyeT TOHHO BHIOMIHATL 3TH H3MePeHHA, 10 TeX Hop, NoKa aHAJOTHIHLBIA
OMLIT HC GYACT DACCMOTPCH HAMH ¢ TOUKH 3PCHHSA CMCHHAJLHOH TCOPHH OTHOCHTCALHOCTH, Eean Mo GyacM
CHATATR CKOPOCTL CBeTd Hecroaqn C,)OJIHIIDI‘:I, TOOMAND TOHNRKD “IIOCMD'I‘DE'I‘h” 11a BCe 3TH 4YacHl, Yrodm
VAGCTOBEPHTLCA, TITO HX HA'MAJLHEIE [OKA3aHHA 0AMHAKOBEL. Ternepb Mb M(XKEM CPaBHHTbL NOKA3aHHA 'ACOB
B ocHereme 57 ¢ ouokazaudsMu gacoe 1, 20 3,000 B cucTeMe S, KO@ 9ackl b ocHereme ST UpoxojsiT MHMO
KaXABX 1acOB B cHCTeMe S. B peayapraTe Mbl NPHXOIHM K BHBOLY, 'ITO

=t (V<o) (5.10)

:B"J BpeMeHa [aamaes 1 38 KOHAMHA I']'leiHKH HEHHMATHCD 13 GCHOBHOM 33KOHL MeXaHHKH. JIrinL N3 HeS STOT HPHHILKN GLI e -
JHHEH C KOGHETHHCTHIY CKROPOCTH paclpacipaliel iy HI’JHHR1"}LEI‘4L"I BHH M CTE HEZHBETHTS] NPHHITHTOM OTHOCHTCARHUOCTH FAHNITCAHA.
I3 Bpesella me Fanmnaes ek WPOCTh pachipacTpangiu B2AWMOIERCTBHI CHATAIECEH BECKMIENNH,

4



D70 03HAUACT, WP PCAYATATLL OTCUHCTOB BRCMCHU, BLIGANCHHLEX B cHETeMe S, pasibl pesydbTaraM or-
CUETOR BRpeMenH B cuerTeme S 3eck L o3naqaer wpemst CofniTHg B cHcTeMe S, a !/ — ppems cobRITHS B
cHeTeMe 87

Mbl MOKEM Jl2Xe CUPEIESTHTh OTHOCHTENBIHE PEAMEDHl TEIONEHKIOHR W Ry UIeHTs MeTPoRo#E JH-
HeHEH, MU XOTHM 3HETL, KEKOH DASMOD AAA HaBTTATCAS B CHCTCME .5 HMeCT MeTDORAA JHHCHKY, KOTODEA
HokonTest 15 erereMe ST TIpoetol clocod cUPICIHTh 310 3aKMOUACTes B HCHDALIOBAIKU dacol sl Pe-
PHCTRAIHKE LOA0MENHS QO0HX KOITIIOB JRHKYIEHCS MeTPOROE JHIEHKH. T3 PerHcTRaily IPOHIROHTCH
OAHOBPCMUHHO, TO CCTL MPH OAHOM H TOM 3O TOKA3AHHH T4C0D, HAXOASIHXCT B CHCTEME S ¥ OepPOIHCrD H
3R KOUWILOB 2TOA JHIEAKH, DKCHEPUMENTANBID ME NEX0/IHM, HT0

L LV ). (5.11)

MuT MOMCM TeHepnh BLPAzuTh pasencrea ¢ — 1 W LT — Lo onuie npeofpasosanysi, CHIsLBaoero
KooprHtaTe xf, y', 27 W orpems  kakoro-nuGo cofibiTui, Hamepeniibe B cucTeme S, ¢ KOOYIMIATAMH I,
W, 2, W BDEMOHCM L 3Tor0 ke coOuTHa B croteme S, TIpeanoqomum, Uty B HAMHALHLIH MOMCHT BROMOHM,
KOTORBIHE aMiakon st 0BeHX CHCTeM, To eeTh upk £ — 0w 1 — 0, nauzia goopariar ofeHy CHeTeM
coslajzior. Torna, ecyin MH BRBEReM CORBERMEnTn BIHNaKORAE MactnTabkr JUIKIL, TO HOJAYHHM CAENYIONHE
VpaBHCHHs Upeudpasubalius;

L A S i = ' T TR TR - (5.12)

310 H[)C()(’JI)H:’HJBHHHQ HAZLIBACTCH Hpeoﬁpa3OBaHI/IEM Tanunesa. B BCKT()I)H()I"‘] (IJ(J[)NIQ ero, OUCBHJIHO, MOXHO
3dlHCdTL TAdK?

r r+Vi, o1 (5.13)

Ecan ¢comocTaBHTL HI)C(JGI)H:S(JBHH[/IC Fanuaes ¢ OCHOBHLIM TMOCTYJAATOM (0 TOM, "ITO 3dKOHLI (IJHZH/IKH,
OUPCHCACHILIC B CHETUMAX Su S", JOJKHL QLT TOMANCCTHCITHLIMM, T MBI MOXCM CHCNATI TAKOHR BLIBOL,

QCHOBHLIC 38KOHL (i)PIHHKH JOJXKHL OLITL HHBADHAHTHLIMHE OTHOCHTCJILHOD HI)C(J(’J[J&Z%()B&HHFI [anuncs (T(J
SO TG MO HIMCITHTLO OTHOCH T LI }IHX).

ToT BRIBOL AMeeT §0Je€ YACTHBIA XAPAKTER, UeM LUPHITIHI OTH0CKHTENb0CTH [adraes, T4k KaK Mhbl ClH-
TAJIH, JITO CKOPOCTL CBCTd OCCKOHCTHA, K3 HCTO CACLOGAIO, fITO MOXHO OTHOBPCMCHHO CHHEXPOHHIHDOBATL
dacll 13 00X CHCTeMAax oTeueTa, To eeth 4to #F — 1, Ha caMom Mede M3-38 KOHCUIIOETH CKOPUCTH CluTd
GCHOBHLIMH TRCODPAZOBEHHAMH, OTHOCHTCALHO KOTOPLX AOJMMHLI (LITL MHBAPHAHTHLIMH BCC 34KOHL TPH-
pOALL, sidsorey npecdpasopanua Jdopenua, a ne Fagmaes, MMCo ome g1okBaTie sLpam’aT UpHITIKHL
ariocureabnocTd Tanuaes {1ie nyTaTh: UpHIIHD oTHOCHTEARTGCTH TanKaes gepen Tounn, a npeodnpazosa-
nua Faguaes — npUOSHKCHEO OpPH VCAOBHH, 110 ¥ <€ ¢).

Hasaire renept paceMoTpuM nropoil 3gkon HiuloTonmg ¢ TodKke 3penis ¢ro HIBERHAITHOCTH DTHOCH-
Tedkia upectpazorannii Tanuses:

ma — F. (5.14)
Mockoarky & dv/dl, a v dr/dl, to us npectipazosanvit Taawaen caepyer, uro
dr v’ . .
— Q— — |V, mmv_v |V 5.15
ot dt | ’ ! { }

JrPhepenuypys 970 BEPAKCIHE 1D BRUMCHE, HOAYHACM

dv v’

ST {Tak kax V — const), {5.16}

HaW i @, T0 ECTE YCKOPETHS MATEPHRARNOA TouKK B adenx cucrtemax covuajawr. C Ipyrod cTopsitsl, wa
UPHITILB A OTIOCHTCALHOCTH CALLYCT, 9T BTOPoH 3axkon HLwrona Jojen Bursiiers ouiarons B ofeux
CHCTEMAX OTCHETA, TH €CTh

ma F,

ma — F

(noszraem, wro Macea ar ckopactr ne zarucut). Tlockoarky a &', to coeporarteneio, w B FY, to ecrh
CHJd, ACHCTEYKILLAA Ha QACTHOY B JHOOH HHCDUHAALHOH CHCTCMC OTCHCTA, OOHY H Td XKC.

C 3THM  YTRODMKALIHOM, HHUDKMED, COMECYOTS 38KOIT BCOMHDHOI THIDTCIH, CONJACTD RUTORUMY
MENGLY JIBYMSL TeJaMy JIeHCTRYET CHAZ UPHTSKETHS, UPSUOPIHGTAJARITES IDOWARENEHHIN MacC 3THX TeJ W
0ODATHO MPONOPUHOHAJLHAA KDAAPATY PACCTOAHHA MCXITY HUMU!

(5.17)

Fy — e (5.18)

LT
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Puc. 5.3. Cuaa [PABATAUHOCHIONS HPHTHAMEIHN ABYX TOYRYIIBIX MdCT JABHCHT TOJBKO OT PACCTOMNIMA Mem Iy UMK iz,
Quac OIHHAKOBO BO BCeX MHepPIHAMABHEIX CUCTEeMAX OTCETa (l'[pld YCJAOBHH, "ITC Vo< (l).

OrepupHo, UTO 3Ta BeNH'IHHA OVAeT OAHHAKOBOH BO BCEX HHEDUHANBHEX CHCTEMAaXx (TCHeTa, NOCKOABKY
UAMHAKOBY DACCTOSTHHY MUY ABYMA TOUKamMu 1 1 2;

r, =r] | Vt,

(5.19)
Iy — l‘{; + Vi

Cheporareneno,
rig —Ty—T)] —rh — 1) — s, {(5.20)

NpH 3TOM ME ODRCANOAATANH, YUTO MACCHEl TeJ HE 3aBHCAT OT CKODAOCTH, TO €CTb OJHHAKOBBL B n6erx HHEP-
HHdJILHLIX CHCTCMEX 0oTedeTd.



KJACCHUUECKAY MEXAHUKA e Jlekiva 6

3akoH coxpaHeHusl umnyabca. HleHTp uHepuuu. JIBuKeHUe LeHTpa
uHepurH. CBs3b 3aKOHA COXPAaHEHUSl MMIYJbCA C MPUHIMIIOM
oTHOCUTeabHOCTH lanunes

Bropo# zakon HweioTona MO0 UEDEUHCATE B TAKOM RUJE!

dp

i S (6.1

dt : )
TAC ML BDBJIH BCJAHUHHY

p— mv, (6.2)

HUSLIDACMYEK) B (H3MKC HMOYABCOM. [1pH 3TOM ML NPCAMOJATANH, YT MACCA YACTHIILL 9 OT CKOPOCTH (&
ANAYHT H OT HPEMETH) 1E 3aRHCHT,
dv d(imv) dp

ma — m— —

dt dt di 6.3)

A cemu saprent? B kaxoll GopMe CHpaRCAJAME BTOPOH 3aKkoH HLHTOHA, OMHCLIRAIINE JRMMKCHHE PEJSTH-
BHCTCKHX uacTHur OTeeT:

dp
— —F. (6.4)
dt

Turum ofpasom, UMOYALC — 3T0 G0CC (PYHAZMCHTAALHEA (JH3HUYCCKAA BOJHUMHY, HCM CKOPOCTL, 3T

CTANMOBHTCH QTUETHHHED BHANIO 1Hd NPAMEDE JIBHUMEITA CHCTEMEAI, COC'I‘{JS[[[LEﬁ M3 MaTERHAJRIIRIX TOYEK,

PacemoTpum, HanpeMep, CEOO0LHOE ABHXKEHHE ABYX TeJ C MAacCaMHM rey M #ig. CBARAHHEIX APYT C APYTOM
MEYRHHKOH, KOTORYK AJA MROCTOTH ML OVACM ¢udTaTh Hepecomod (pue, 6,1}, Ha 31y cuertemy oo ach-
CTBYIOT BIEIITIHE CHJRL, NO3TEMY, COIadaCluo NepBOMY 3dKOITY Hbl'{J'I‘OIIa, CUCTENMA JIOJHKTIE JIHGO HAXOMIHTRCH
B TOKOC, AHGO AGMTETLOA ¢ MOCTOAHHOH M) BCAMYHHC M HAMRABJCHHE) CKOPOCTLEY, HO CKOPOCTL Kada0T0 U3
TEJ B UPIUECCE JIHHMKETIHMY CJAOMIIBIN oc’)pagom MEIHETTH 110 HEeJHYHIIE W NMalPaBIeivIo, HOGCKOJIRKY CHCTEMd
OAHOBDEMEHHO COBEpLIZeT MOCTYHATeNbHOe, KoJaeDaTeqbHOE U BPAIIATENbHOE IBHMeHHS. JHATIHT, Tep-
B 3dKOH HBEHOTOHA TDHMCHEM HC KO BCCM TOUKEM CHCTCMEL, A TOTA4 TAC K¢ HEXOIMTCA T4 TOYKY, KOTOpad
JIBHXKETCH C© HOCTOMHITOH CKO[L‘OC'I‘I—;IO? Ona Cylecrryer (XO'I‘SI Onl O,’LEla), Hiade Hethlﬁ JaK0N HhIC-'I'OHE He
OulT 0Ll CORaBoIAHBLIM,

q'I'O(’)hI OTHETHTh HE UOCTABJRHITRIA BOUPOC, 3dUuMIneM ypasleide, seipdxKalange H'I'ODOﬁ 3AK0N HhIC-'I'C-HE,
A7 KaXIOH M3 MATEPHAABHEX Toex 1 W 2

dp1 dpy
= F.. — F; 6.5
" 12 g 21, (6.5)

rie Fio — cuna, ae#cTByK0WAas Co CTOROHEL BTOPOH HacTHUL HA nepbyw. a B9y — cuaa, nedersyomwan co
CTOPOHLI MCRBOH Y4CTHLL Ha BTOPYI, COTMUCH) TROTLEMY 3aKoHy HLToHA, 3TH CMIIL PaBHL! 10 BJAHYHHC
{1 NPOTHBOTIGJKHE 10 HANPEBACHHK:

Fis = —Fay. (6.6)
CJ\O)KHM 'I‘E'lleph JlBd ypaHIIE'HHH JIBH XIS
"% ‘{i” ~F+Fsy 0. (6.7)
3TO MOXHO [ICPCIHCETL B BHIOC
% (p1 +p2) — 0. (6.8)

B posyanTate MoMyusaeM 3aKOH COXPAHEHMS MMMYALCA CHCTCMLl ABYX TCJ
p1 ! p2 = const. (6.9)

TIoACTaBJIAA CHAIA BHIDAMKEHHE 148 MMIYABCOB HaCTHL, U0JyUAeM N0CE CACAYKILEH Henouxky npeatpa-
30HAITHE
V] 4+ mavy  consl, HIH (6.100)
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Puc. 6.1. Crodonioe jpuKerus JABYX Tedl, CBH3ANNbIX l[py)KPlIIKOf/'L

(1:1'1 ({1‘2 o
mi— +m2_dt — const, HJH (6.11)
dimr dlmar-
Almiry) + dimar) — const, HaH (6.12)
i at
i
il {41 + mara) — const. (6.13)
dt -

Pazzeans ofie MaCTH NOCJAeIHEr0 PABEHCTEA Ha CYMMAPHYK) Maccy, # — oy + g, TI0JYHaeM YpaBHeHME

d [ miry + mara consl,
— Ll 2 = = const’. (6.14)
i g+ o mi+ s
Boeacum tenepn BeKTOD
AT+ e
= D et (6.15)

ey + s

Touka ¢ xoopasHarame R, HASEEBAETCH WEHTPOM MHEPLMU (MM LEHTPOM MACC) CHCTEMBL H3 JBYX MATE-
DHAJLELIX TodcK, Mo ypasucnua (6.14) cacayet, uTo, KaKUM 6Ll CA0MKHELIM HH KA34J10CL ADMMKCHHC KA 0H
13 mace, upoussoinas dR., /dt — const. Takum 06pazom, HEHTR MANEPIFM JIRUMETCH T UOCTONTION CKOPO-
CThE) (HE3ABHCHMO 0T HAMUUHA KOJeGATENBHOTO M EDAIIATENBHOTO ABMMKeHHa cHCTeMi). Q003HatuM 5Ty
CKOPUCTDL KaK V.

dR..

i
[Toacraeassa cena Bepamenue aaa R, v pudhdepenuupys, nonyiaem

T (6.16)

d (?il1r1 ergrg) IVt inavVy V.. (6.17)

ol ™my + e M1+ e

ATa PopMyaa oOpefeqseT CKOPOCTh LeHTPA HHEPUHH WV, "Epes MacChl ¥ CKOPOCTH COCTABMAKILHMX CH-
CTCMY 4acTHL. K ABKXKCHHK) HMOHHG TOH TOYKH OTHOCHTCA NCPRLIH 3ax08 HLHOTOHE, M CKOPOCTL »TOH
TOUKH N3J0 CYHTATR CKODOCTRIO JHHAKEHHS CHCTEMB KK 1e40ro . Ecau Mal Covacumes 1a Takce onpe-
JCJACHHC CKOPOUTH JABHMUOHHS CHCTUMDL KAX LRJ0T0, TO TONLd HMOYALC CHCTCMU KAK LCAOCD A0MKCH OLITD
DABEH UPOH3REIEITHID CYMMAPNOH MACCH CHOTEMBI 17y + M1z 118 €8 CKOPOCTh V., 10 2CTh (my +m)V,.. C
APYTOH CTOPOHHL,

{my t o mo)Ve=mvy | mave =py | po (6.18)

M MMOYJALC CHCTCMLL OKASLIBACTCS PABHLIM CYMMC HMITY/ILCOD COCTABAAIIMX ¢ 94¢THL, Taxum ofpasom,
MMUYJIRC, KAK [OBOPIT, — HBEJAWMYHIEd aJAWTUBHARA, TO MKe CdMOe MOXKIIO CKd3dTh W O mMdCle TeJsd. Mhni
MOKA3EIH, YTO B OTCYTCTBHY BHOIIHMX CHJ 3TOT HMOYALC HC MUOHACTCA CO BRUMCHCM, TO CCTL COXPAHACTCH,
O'—IEHF’U[HO, QIO HCR BRINECKAZIANTTOE MOXKHD OTHECTH H K CHUTEME C G(ju'thIHM HHCHOM MaTEPHAJIBHBIX TOYEK,

Ecny Ha cueTeMy Teneph AeHCTBYIOT BHELUHHE CHJEL, HalpHMep Ha mepboe Teso Fy W Ha BTopoe Fa,
TO YPADHCHHA ADHMCHHA IJ8 KaXIOH Hi MATCPHAJLHLIX TOUCK 3AIHLIYTCA B BHAC

dpy
— _F;z:+Fq,
pm iz + By,
(6.19)
D
e Foi+Fy.
dl
CKJIa,’LbIHaSI 3TH ypaHHeHHH, HOJIy'—laeM
d
—(p1 I p2) =F | Fo,
it
(6.20)
AV .
- Fi+F;.
ol

lB CHCTOMO OTCHETA. I[B]/]}K)TLL[C?ICH CO CKOPOCTLIO Vo, HMITVALC CHOTCMLI MATCPHAMALIILIK TOYCK papell IIV.IIO.



Oreona caciyer, 4ro

LUEHTP Macc CHCTEMBI ABHMKETCA KAaK MATepHalbHash TOUKA, MAacta KOTOPOH PaBHA CyMMapHOH
Macce BCed CUCTeMBl, a AEHCTBYHILAA CHNA — TeOMEeTPHYECKOH CyMMe BceX BHEIIHHX CHA, Aeii-
CTBYHMIHX HA CHCTEMY.

[TpumMepam MOMET CJAYMKHTH ZBMMKENHe cuapsia uo napadoge B 0303y INIOM npocTpancree, Ecau
b K4KGH-JIHG0 MOMCHT BPCMCHH CHAPAL Pa30pBOTCA Hd MOJIKHC OCKOJAKH, TO 3TH OCKOJAKH OYIyT Z4/C¢
pasdaerarthest B opasieie cropoirsl, OJaks 1enTp MACC OCKOAKGE M Irazon, 0Gpazsearinuxcsl UPH B3aphike,
OyjeT NMPOANJNKATE CBOE JBHXKEHHE N0 napadoaqteck0id TPAGKTOPHH, KAK eCJH Obl HHKAKOrO B3DHIBA He
Oy,

IIpuHHun oTHOCUTENbHOCTH lannnesn
M 3aKOH COXpPaHEHUS UMMYJbCa

CihopMynHPORAE NPHHLKI OTHOCHTeAHBLOCTH [aauaea v 3akoHn HpiTOHA, MU HALLAH, T OHH He NPOTHED-
PeYAT APYT APYTY, T8 CCTL BTUPUH 3aK0H HLITUHY HHBAPHAHTCH §THOCHTUILHG npesbpasonanuil Taznacs,
3aTeM H3 BTOPOTO H TPETbEr0 3aKOHOB HbHTOHA MBI BHBEJH 3AKOH COXPAHEHHS HMOyAbca (3THX ABYX
S4KOHOB, TO CYLIGCTBY, AOCTATOUYHO! MOPBUH 3AKOH — Y4CTHUH CAYYdd BTOPOTY, KOTAY CHJd PABHA HY-
JIIO). TBKHM Oépa:"vOM, BOSNHKEST eCTeCTBeNNNe WMeddiTue NPOBePHUTE 3AKOIT COXPAlIenHs UMUYALCA C TOUKH
3DEHHA NPUHHUHNA OTHoCHTeNbHOCTH laanded. A MMeHHO: AaBaliTe MOKAXKEM, UTO eCAH 3TOT 3aKOH COXpa-
HCHHA BCPCH B JHOH HHOPUHAJALHUH CHCTCMC, TG UH DUPCH H BO BCCX OCTAJMLHLIX CHCTCMAX, ABHIKYILHXCHA
OTHOCATEABIG 11ee ¢ UDCTOSIIIOH CHOPOCTRIO,

LCHCTBHTCALHG, PACCMUTRHM ADBC CHCTCMI KOOPAHHAT & H S” B NYCTL NGCACAHAA ADHMCTCA CO CKOpO-
creio Voomocureasno ueprod, Torna, ecan v — 3710 CKOPOCTL 4acTHIN B cHereme S, a v/ — CKOPOCTH B
cucTeMe S, TO, KAK Mbl BHAEJAH, ¥TH CKOPOCTH CBSZAHE COOTHOLIEHHEM

v—_v +V. (6.21)

nyCTL TCHOCPL B CHCTCMO OTCHCTA S5 MPOHCKOAAT CTOAKHOBOHHC ADYX YdCTHLL 1y H me CO CKOPOCTAMH V)
M Vo, B pe3vanrare CTOJKNORBENHS GITAW Pa34eTaloTes, NG V2Ke C JIPDYIHMWA CKOPGCTHMH Wi W Wi, 38KOII
COXPAHCHHA HMNOYAbCA B CHCTEME OTCHET4d S BRITJAAIHT TOTAA CACAYHIUIHM ()()[)af%OMZ

MV Ve — Wy e wa. (6.22)

[Mogcrapass cmaa
I3 I3
vi=v, IV, vy=v; |V,
(6.23)
wi—wi+V., wy — whtV,

ML OTYYHM
mi(vi 1L V) ma(vh | VY = m(w) [ V) | ome(wh | V), uau
(6.24)
my v 4 maevh + (my ) Vo mw + mawl + (my + ma)V.

Coxpawas Ha (rmy + eV, MH OPHXOAHM K BHBOAY, 'ITO H B CHCTeMe 57 BHIOJAHASTCA 3aK0H COXPAHEHH
HMITYJLCH:
miv) -+ mavh — o wl + mawl, {6.25)

ITOT BLIGOA MOXKHO 0600IHTL M HY TOT CAIyUad, KOTAd MACCU YACTHIL B MPOLCCCe COYAAPCHHA Mepepacnpe-
JLEJBIOTCS, 110 UMERT MOCTO 3AK01T COXPATenai MaCconr,

my — My wome — M, noomy 4 me — M+ Al (6.26)

Takum O@]JQSDM, 3dKME COXPAnends UMUYJAhCd 1Me UPOTHBOPEYHT URHITINHULY GTNOCHTENhITOCTH Tasnnes.

Ecav HMOyAbLC COXPAHAETCH B OJHOH HHEPUMAJBHOH CUCTEME, TO OH COXPAaHAeTCs H B J0doi
APYTrol CUCTEME, ABHIKYIEUCH OTHOCHTENLHO HEE ¢ NPOM3BONBHONW CKOPOCTHI} NPSIMOAHHERHO H
PaBHOMEPHO.

Tocae sToro YTREERKICHHAA BOZMHKALT GIHN PlH']‘epeCthrl RGUPGC. Hearas au BRBECTH 3aK0N COXpanelds
AWMUV LA, AEXOHN A3 0010 TOALKY HPHITINHIE OTNOCH TCALITOSTH Tasmges? 3aMeadreanin TO, HTO OTBLT
Ha 3TOT BOUPOC }"I‘He])}l”'l‘e.!lhl]hlﬁ.



JasaiTe cliaydand paccMoTPHM CAayYdd, KOLE jIa COBLPINCTIIG SIHTAKOBLIX TeAd SHsaln Moy cofoi
NPYAKHITKOH HiH HeM-TO 2118 B TAKGM DOJE H IIOKDNTCH, @ 3aTeM BIADYT G1TH OCBOGOMIAIGTCH H PasieTaloTes!
NG ACHCTBHCM 5TOH NPYAHHBL, HAM OEITL MOKeT HCOOALIIOTD BAPLBA, B pasHuce ctoponu {puc. 6.2).
JLast npoCcToTH PACCMOTPHM JIRHIKEIIHE TOJBKD B N0M naupasdenud. [IpejuonomuM rakme, 1To 3TH
IBa Tesa PAcToNozKeHEl alcoATHO CHMMETPH'THO. Koraa Mexay HHMH NPOU30HAET B3PEIB, OJHO M3 HHX
NOACTHT HAMPARO ¢ HCKOTOPOH CKopocTLiy v Toraa eCTCCTBUHHG, 4TO APYTOC TCAG NOACTHT HAACDO ¢ TOH
Me CaMOH CKOPOCTRID v, UOCKOJLKY 004 rTesa 10061 W NeT NHKAKHX OCHOBANHA CHHTATh, 4T4 JeBasl
CTOPOHBI OKAMETCA MPEANOITHTeABHeH npapoi. B pesyaprare, BCJASACTBHE CUMMETPHH, HMIYJALC CHCTEME
coxpaisiercs (01 pasen yo A0 B3PKRKA W UOCHE RIPHIBE),

v=10

i n 1O B3pblBa

Puc. 6.2, Paznet 1BYX paBHRIX MacC B Pesy/bTaTe B3pRHEA.

Tenepn paceMoTpuM oGPATHLIH MPOLCCe, KOTAA ABA COBCPLUICHHG GAMHAKOBLIX TCAd ABHXKYTCS HABCTPCUY
JIPYE SIPYIY C PABIBIME CKOPOCTSIMH, @ UocAe croJknosenuy cannaorcs (puc. 6.3). 35ech custh na oMo,
MPHXOAAT COOGPAKeHHA CHMMETPHH {TO 8CTh T MeXKAY JeBOH W NMPABCH CTOPOHAMH HeT HHKAKOTO pas-
JAMYMA), H3 KOTOPUX CACAYCT, UTH 00Ra3eBaBIICeca TeaD AUIKHO CTUATL Ha MeeTe, Teneph mocMoTpuM Ha
3TOT e NPOLECS B CHCTEMe OTCIeTa, B KoTopol nepeoe teqao nokonted (puc. 6.4). Toraa sropoe aBHzKeTCA
OMY H4BCTPOUY €0 CKOPUCTLIG 20, QUeBHAHG, YTO TOCAA B 3TOH CHCTOMO OTCYLTd CAMIIIHCCH Tega GyayT
JIBHIATHSH 1184880 C0 CKGPOCTRIG, B JBA pasa menbimed v parnci v, Orcioa cagiiyer BHBOL, 40 e 1a
MOKOALLeSCH TeJI0 HAJCTAST APYroe TAKOe e TeJ(, KOTOPNe ABHMKETCA CO CKOPOCTBE) v, TO NOC/e coyia-
POHHA 004 CAUMIIAXCS TeAd OYAYT AGHTATLCH B TOM K¢ HANPAGJACHHM ¢ CKOPOCTLIY, B /B4 Pd3d MCHLLUCH,
v/2 (M. puc. 6.5). MMoyabe onate coxpanserca’

TouHG TEK e MOKHO PACCMOTROTL HOYOPYLOC CTOAKHODBOHHC ABYX OAHHAKUBLIX TCJ, KaXAGO H3 KO-
TOPBIX JIBHIKETCS C MPOM3BOALHON CKOPGCTRIG. TTpejcravum cede, 4ro GG TeAD JARTHT CO CKOPOTThID 7,
a APYToe — €O CKOPOCTBRKY w2 B TOM Ke HanpaBdeHdH (vp > wa) {puc. 6.6). Kakol GyaeT HX CKOpoCThb
MOCAC COYAAPCHUA? JlaBalTe CHOBA NCPCHACM B CHCTCMY GTCYCTA, B KOTOPOH BTOPOC TeAe NoKoHTed, B Hel
NepBoe Teo HajeTaeT Ha BTopoe (MoKodlleecs) co CKOPOCTBIY vy — . M 3HaeM, T B TAKOH CHTYALHH
MOCAC COYAAPCHUS CKOPUCTL CAUMUICTOCA Todd GYACT panHa (v — 0)/2, B HCX0AHOH e CHCTCME OTCUCTY
ona oyjer na vy B0akine, T eCTh PaBnon

vy — vy | U

) = 2 N

B peaydbrare Mbl ClIToBa HMeeM 3aKOIM COXpaireirds iMUyinsca

| —

muy +mes — 2 =g+ we). {6.27)

S

I

Takum o0pazoM, NPHHUHN OTHOCHTEALHOCTH [adHsed noapoaseT pazodpaTthed B JAHGOM HEYIPYLoM
COYA4PCHHH GAMHAKODLIX Mace. M X0TA MU pacCMOTPCAN YHCTO OHOMCDHYH) CHTYALHE), CC JACTKO 0000WNTL
1ma IIpOHSHO.}IhIIhH:I C.,?I}-”—laf’l. Ha,’lO TOJIhKO llE‘])Ef’I'I‘H B CHCTEMY OTCHETd, JIBHXKYILYIOCH 1MTe BJIOdAL TalparJAeinis
ABMMCHUA TCJ, d MO KAKHM-HHOYAL YraoM, [IpHHIMO 0¢TACTCS TCM MC CAMLIM, XOTA JCT4dAH HCMHOTO
YCAMKITIOTCS,

[poaBuHeMea HeMHOrO Aadblwie. PaceMoTpHM TPH OAHHAKOBHX Tedad. [TepBHe ABa CKpPenagHE NPY>KHHOHA
{HAM MCXKAY HUMH 3aJ03KCH B3PLIBATCIL), d PAAOM HA OYCHL GAMZKOM PACCTOAHHH A HAXOIUTCH TPCTLE
reao, Tlyers revepr uponzoiijer “sapuin”, Jlna 1epBHX Teja PasdaersTes ¢0 CKOPOCTHME & B PA3IEIEe <10+
poHu. Hepes HeOOALWOH NPOMCKYTOK BPEMCHH (A4} BTOPOC TCAD CTAAKHBACTCHE ¢ TPCTLHM H CJHMACTCA
¢ nin. OOpa3cBaneecy NoRCe Te0, KAk ME YKe YOeHAMCh, OyAeT ABRIATRCH BUPARD CO CKOPOCTHIC 10/2
{puc. 6.7).

A UTO NPOHIOHACT, CCJH BIPLID YCTPOHTL MCOKAY TCAOM MACCL 72 H TCJA0M Maccell 2m? OTBeT OMCBHACH.
JLast 31010 Najn noBTOPHTL upeRy i skcuepamenT ¢ A — O {cm, puc, 6.8}

Harafite Tenepb 06paTHM JIRHMKEHHE KCOATh, TO ECTR URGKPYTAM “aenty” v abpartnyw cropony. Hro
NPCUIOAILT, CCAN TCAO MACCH NP JCTHT €0 CKOPOCTRIC @ NARCTREYY TCAY MACCH 201, CKOROLTL KOTORUID
parna /2% HITynTHBnG Kamerc, 1To, KOa Tead CAMNNYTCH, Pe3yARTHPYIAN CKopncTh GyieT pasna

10



L& 1O COVIAPCHH
1 pJ
HOCIE Coy;1apelns
=0

Puc. 6.3, Heyvupyroe covagpeiive jIBYX paiiinix Mace.

v =

)

)

2v
m 1O COVIAPCHUSL
1 2
v TOCTIC COVTApCTIT

. 6.4, FIPYIOe COYIE d X MACT B CHC OTCUETA UAHOH M3 11HX.
Puc. 6.4, Heyupyroe coygapelse ABYX PaBlIbIX MACC B CHCTEME OTCUETA CAIIVH H3 1IMX

Y10, D70 JEHCTRHTENRITG TAK, €CJH YPARTQNHS MEXAIMKE HITBAPHATITITH OTHOCHTERITD HITEENCHH BREMETTH:
f— —f, BUOCJGeTsHE M yOOIMME, 910 310 ACHCTRHTCILI0 TAK M UDOUCXOAHT, A CCHYLC HDUMOM 370
for granted. Mrax, curyauns Syjier BHIEASAETH TAK, KAk H300paxent na puc. 6.9a.

Tenepy BUACHKM, TITO OPOH3OHACT B CHOTCMC OTCUCTE, KOTOPYA MBHIKCTCHA BMCCTC ¢ TegoM 2. Kak
caeiyer v pre, 6.9, cropocth Tedd, ofRazoBaRImerss 1oee CTONKIOBCHEY, pania /2, MiuiMu closamm
(cn. puc. 6.10), uncae CTONKIORENHI CKOPOCTE TREX T&/ OYIET B TPH PA34 MEITRINE CKOPGCTH NaASTa0NIEN D
redd, Qustrn UMIYALE CoXPaisieres!

Querwnno, 9To 3T0T UPGUECS MOXKITD GRIG G UPOAGAMKATE 10 GECKOIEUNTOCTH W BHIBECTH 33KOTT COXPa-
HCHHA HMIIVALCA A5 JHO0T0 COOTHOIICHHA MACC CTAJIKHDAKIINACA U 34TeM CHHOZKIIHXCA HaeTHI. Ho M
g sroM oeranosumes! Haeryngor speMs HopasMucauTh najl 310l curyaiueil’

11



v=1)

v
10 coylapelns
M o2 noLle coyiapensd

Puc. 6.5. Heynpyroe coynapenve jIBYx paBlnix viace, ollfa o KOTOPHIX IOKOKRTCH, — UTOL.

)= 1y v=1_{
NG COVIapertid | m | | 1 |
1 2
(v —vy)
2
LIOC1C COYUAPCHESL m
1 2
Prc. 6.6. Heynpyroe coynapeiine JIRYX pasiinix Mace, JARHKYUIMXCH ¢ POMBBOABIHOR CRopoCThIc, Chesa — Jaalopa-
TOPLIASL CHCTEMA OTCHETH, CLUPABA — CUCTEME OTCUETA, CBsIsallllds ¢ GUlICH W3 Macc,
A
- [—
a) | m E m m |
1 2 3
- v—m v=0
) I m ” " ” i |
1 2 3
w2 —-
B) " m

(XS}
-

Puc. 6.7, TpH CAMUAKOBEIX MACUEL &) CHTYALKS AU B3PEEY, G) depes o'lelib KUDOTKOR BPeMS Oce BIPbIBA, B) ClyCTs
HCKOTODOR BREMA TIOCAC BapLIRA.

v =10
| m ! m | m | 1O B3pHIBA
1 2 3
- U W2 —
| m | | m | m | LIOCIC B3PhIBA
1 2 3

Puc. 6.8. Pazner Tea Macewl v W Macell 2.

3
v = - /2 /

=0
] [ 1
a) | m | il | wm |
v =0

0) | m | m | n |—)-1J/2

Puc. 6.9. a) Heynpyroe oTofKHOBEHHS IRYK Tea ¢ MaccaMu m o 2. 6} To ke camne, Un b CHCTOME OTCTCTE, B
KOTOROH TCAO MaceH 2m HOKOMWTCH.

Puc. 6.10. Okomgarednisii wrol.

12



KJTACCUYECKAA MEXAHHUKA o Jlekuus 7

Cuna. ¥YpaBHenue npuxkenuss Horotona. OcHoBHbBIEe 3agauu
AMHAMMKH MaTepuanbHOU TouKu. PaGora. Kunernueckas sHeprus.
KoHcepBaTnBHBIe M HeKOHcepBaTHBHbIE cuJbl. [IpuHLKAN
00paTUMOCTH JBHIKEHHS B I0JIe¢ KOHCEPBATUBHBIX CHUJ

Hrak, pas Toro 4To0n ONPCACAHTL ABHRKCHHC MATCPHAJILHON TOUKH, HAA0 DOMIATL YPABHCHHC ABHIKCHHA
Huorona

)
d<r )
m—r F{r, v, {), (7.1}
LI S |
pie evda F o ofimeM ciaydas MokeT 3aBHCOTh 03
— KOOPAMIAT 4acTHI P (KoaeGanus 1pyad na npykuie, Fo— ke, Judkende 3umiu sokpyr Connng,

.
Fe1/97),
— CKOPOCTH Y4aCTHIL v (CHaz TPCIMS: IDE SUALITIHX CKOPUTTIX ~ €2, @ P Madulx ~ 1),

— ppeMeHH ¢ {ICPCMCHEOC BO BPCMCHE BO3ACHCTBHC).

Tax, HaIpHMEeD, CCaAM 3APANKCHHAA MACTHUA JGHMCTCA D 2JICKTPHUICCKOM H MATHHTHOM NOJAX, TO Hd HCC
Jedersyer ernda Jlopenig

F_4E ‘v xH], (7.2)
[

PG 3dsL HACTHIUN, 3aMOTHM, YT 3J0Ch 008 CAZrdeMBbIX — HOSIPHLE BeRTOR!

Ouuiako, Kak M3BCCTHL, 34JEHHEM CHABL JIBHMKOITHG WHo3nadne e ne onpeiedaseres, HeoBxoiumo
381aTh TAKKE HAvanbHble YCaoBusa r(0] u v{(0], T0 €CTh 3TAYENHs KOOPAMITATH H CKOPACTH B NEKOTOPRIF
HATAMLHLIH MOMCHT bpeMets ¢ — 0.1 Toraa, XaK I0Ka3LbACTCA B MaTeM4THKe, ypapaerue (7.1) Gyaer uMeTL
gAHICTRENINE pemenne ¥ r(l).

Mockoabry B ypaniciue, eliMesnaoniee proped sakon Huorona, sxosit ne ToanuKe caMa (Jynxims vt
HO M cC TepBad, dr/dl — v, u pTopad, dr/dl* — a, IPOU3BOAHLIC TI0 BPCMCHH, 3T0 YPABHCHHC HASLIBACTCHA
AMhepeHLHANLHLIM YPABHEHHEM BTOPOTO NOpAAKa. He cyieersyer YIHBeRCannioh Teopul HaM po-
HEUTA, KAK PEMATE TakWe ypasnenus b ofmem cayaae. DocTaroann Xopoms paspadoTantl JHITE THCAEITTIRE
MOTOAL, HO AJ HHX “[dCTO GedpassIHiHe, HACKOILKO CA0XHEM BLTIAAUT BLUPAKCHHC AN CHILL. ONHEKO B
JRUTATOUNGD HPOCTHIX CAYUESX TEAKHE PUIICHUS MOYT GLITH 1TaFACHT a1HadHTHYCCKH,

Padora

Kak nspectHo M3 Kyped HSHKE cpeanell Koau, paboTd — 3T0 CK4dADHAEA BOJHTHHY, PABHAA NDOHIBCLC-
THES CHIBD 118 HCPOMOIILCTIHMG B HA KOCHIYC ¥ MeXY MH. st koneunore depeMetienis Ar uMeeM

AA_F - -Ar — 'Ar cosa, (7.3}

e MBI BOCUCABRIORAJHCE THOMHTHEM CKAMIPHOTD HPGUIBLHLHTHS JIBYX BEKTOROB.

dr

F

Puc, 7.1, Pacoura PABHA CKAJAPIIOMY LPpOKHsBRISHIHMIG CHJIBL HA lIRpeMellelive.

B otuiem ¢ayude, KOrjaa MaTCpHANLHAA TOTKY, ABHTEAChL N0 KPRBOJAHHCHHOH TPUCKTOPHK L, TPOXOAHT
UYTE KONCUHUH JLAKIE, 3TOT Y TL MOKIO MLICACITD PEsdMTL 11a GOCKOHICYHD MaLIC YHACTKH, Hd KAXUM
H3 KOTOPWX cuda B omoxer caurarhes upuGawxenno uocroaniiol, a saementapias padora mMomer OpTh

V!“U}KHU FEANETH e NPYIUX BCTHTAHLL, HATIPHMEP SHATTCHHE KOopUIHHETRH (Hon CKU])OL"T‘H) BB DAIHBIX MOMCHTE BPUVCHHA.
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pugpcacna 1e hopMyie dA — Foodr, Econ teleph CAmKHTL BCC TH 3JCMUIITAPILE PA0OTH, T LIy 4NN
BRIPaXKenue ;Wi paGnTh B BUIE HHTETPAJA

A= / F . dr. (7.4)
4T

D70 BLPAKCIHE HAZLBALTCH KPUBONUHEHMHBIM MHTErpanom ot nekropa B osnoan kpusol L.
PafoTa cuawl, 0THCCCHEAA K COMHHUC BROMCHH, HAZLIDACTCA MOMHOCTBIO:

el
P = 7.5
= (7.5)
Mockonury y ]
s ilr s

TO DUPMYAY A8 paGUTHT MUK LCDOHHCATL B B

fa [
A— / 1t — / F vt (7.7)
Ji J

TOOCETH MOMITD BLHPAZATH paloTy 4epoes MITCrPEad 0T MOIUIGCTH LY BPCMCHH, HAK 42Pe3 HETerpadt uo
BPEMENTH 0T CKAMPIOTD UDPOHAREIEINS CHAB 118 CKOPGCTh G2CTHIE. B nocaeinen cayiae scio, 110 e
CHAE, NCHCTBYIONLES 12 HACTHILY, NCRUCIMKYILIPIA CKOPUCTH Vv, To padora Takedl CuilLl pasia nyi,
[Mosromy, HAUPWMED, MAMTHTIOE N6AS THKAKOH PEGOTH nag aactrugi ne upowzpomt {CMoTpH RTODOE
caaracmoc 5 thopmyac (7.2)).

Bocuonarayemcs tenepk GopMyacH Broporn aakona Heiorona v BRDAZKM CHAY eDes DO ABHIITYIO0 07
UMOVALCH 10 SpeMeHH B — dp /el

i .
A—[F-vrh?—/%'vdf—/dp-v. (7.8)
D “ ('- .
[Mockvunky p — mv, to dp — mdv, [ostomy
' " TS s’
A—= / dp v — [mdv SV — / v.dv —m / d;—) — ) | const. (7.9)

TIpK 3TOM MH BGCUOMRZ0BANKCE TeM, uTo du®  div-vi  2v-dv. Ecav teneprh Mu Gy)eM paccMarpirarh
pAdOTY CHJLL TIPH MCPCMCLLCHHE METCpPHANLHON TOUKH K3 MOJOXKCHHA 1 B ODOA0MKCHHC 2, TO HCKoMasg padoTd

GyaleT paiig
) ‘)

.9 2 92
FraT
Az dp-v m v - dv -
1 1 2

1

mad _ it (7.10)

2 2

Kax wapectio, cxadspiigs neauunig
9
. s
N — (7.11)

2

M43LIBACTH KMHETHUeCKOM SHEPFMeﬁ 4acTHILl. TaKKM Uﬁpasum, MLI JOKA3AAM, HTO

11?:160’]‘21 CHJIBL I DepeMeliienyin NIE]'I‘E]JHEJIBHOIBI TOUKH PaBHa [(IPHPATTIENHIO ee KHHeTHYeCKOH INEPIrHH. ‘

[Mpw 3toM um CHaO® Hain, DHaKo, 1I0HHMaTh 104Ny CHIY, lefieTrytoniyto na touxy. Tak, nanupumep,
CUJTH BBl TALIHTC CAHKH [0 HC OTICHL CKOALAKOH aopore (mocumanHo# meekom), To patoTy, KOTOPYEY BRI Co-
pepIIgeTe, 0TiAHENa 07 nyas. OAnaKko HHKEKoro IPHPALIENHs KHUETHIECKOH IITeNIHK CalnK e NPOHSXOHT.
Bee aea0 B TOM, UTO CHflg TPCHHA TOXKC DDOMSBOAMT paboTy {otpuugteaunyw). B pesyastarte noanas cuaa
M ouodias padoTa URASLIBETC DABIBIMU N0,

[loayreHHLE pesyanTaT MoxceT GUTEL 603 TpyAd 000601CH Ha Iy ad TPOHIBOJLHOR CHCTCME MATOPHAL-
nex Torek. Kunerdiecknf sirepruefl cHCTEMbBl HA3RIBACTCH CYMMa KHITETHHECKHX FHEPIHHA MaTepHadhiiHX
TOUCK, H3 KOTOPLIX COCTOMT 2Td CHCTCMA!

oS (7.12)

i
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B peavanrare:

Cymmapuas pa®oTa BCeX CHJ, AEUCTRYIOIMX HA CUCTEMY MATEPHANLHBLIX TOUYEK, PABHA MPUpalLE-
HUHK) KMHETHUYECKON SHEPTHHU 3TOH CUCTEMBI,

[Tpu 5TOM HYKHO YUHTLIBATL TAKXE H PAGOTY BCCX BHYTPCHHHUX CHIL. CPABHHUTC: BHYTRCHHHC CHAL CYMMAp-
1KIA MUY BC CHCTEMBL 11€ H3MEIHLDT ('I‘O..’IFJKO HIIE‘IIIIIHe), d KHNEeTHYeCKYID} IMEPIHLD CHCTEMBI MAMENHIT,
Hanpumep, B npouecce coyiapeHus CYLIECTBYeT MOMEHT, KOT44 jABa CTaJKHBAIOILHXCA Teja 0CTAHaB.JIH-
ByloTeA, KHHOTHUCCKAA HOPTHS CHCTOML B 3TOT MOMCHT DaBHZ HYJAK), 4 SHCPPHA yOpyro# acdopmMaluu
MAKCHMAhIld. ECJIH Coy/ldpentve yupyroe, TG nacde nerd KAimeTudeckas 1meprus, pasyMeercs, soccrandr-
JHBAETCA H OCTAeTCA TakKOH e, Kak H 10 COYIapeHHA.

KOHCCpBaTI/IBHBIe U HEKQHCCPBATHBHBIC CHJIbI

Beo eudlLl, BOTPeYARLMCCA B MOXAHHKS MAKPOCKOTHYCCKUX TOJ, NPHHATS PASACAATL HY KOHCEPBATHBHBIE
H HCKOHCEPBATHUBHBIE, KOIICQDH&'I‘HHHHMH MA3LIBALDTCH CHJIRI, pa()O'ra KOTGPRIX 1€ 3dBHCHT OT [p(}th] HyTH
MeXAY ABYMS TOUKAMH (MPH MepeMeleHHH Teaa MeXay HHMH).

2

All(”) :“113(17) = All(t')

[

1

Puc. 7.2, Padiota KOHCCPRATHRHOHN CUAL HC 3aBHCHT OT NYTH Mepexna.

l'lpnmepiw KOMCERBATHRBITRIX CHA ABJANETCH, NalIDHMER, CHAd TSIRECTH. BHucaum ])8(’)(1'1‘)" 3TOH CHJR
MpH OCPRCXOAC MHTC[)HHJILH()H TOUKH K3 TOJ0KCHHA 1 B DOJ0MCHHAC 2 BAOIL H[)Hl\d().}IHHCI:IH()l‘() OTPC3KA Iya:

hl

Puc. 7.3, PadoTa ¢HAL THKECTH 32BHCHT TOJbKS OT PAsHOCTH BHICOT iy — ha.
Az —mg e — mygriacosa — myglhy — he) — mghy — myghs, (7.13)

rae hy W he — BLICOTHL, HA KOTOPHIX HAXOAWJaCk MaTepHaqdbHasd TOUKA B Hauajae W B KoHLe nyTH. OHH
OTCYHTLIBAKITEA OT KAKOTO-AK00 MPUH3BOALHOTG YPOBHA, HAIPHMCD 0T 3CMHOH MOBCPXHOCTH HJH OT YPUBHA
MOP3I.

Dopmyaa aag patoru A = mghy — mghs 0CTACTCA COPABCANHEOH H OPH MCPCMOLICHHH BAOAL MPOH3-
BOARNGH KPUBGH 1a2 naw 162, as jokazareiwcrea 3r6ro yIBeRKAeHs 13,0 pazbuTe BECh UYTE IOPHEGIH-

Puc. 7.4, To e, 4To W Ha MPCALAYILCM PUCYHKE, HO B CAYYAC KPUROAWHCHHOH TPACKTOPHW YacTHIILI.
TAALHLIMH MJIOCKOCTAMH Hd MAJILIC YY4CTKH, KA¥ALH H3 KOTOPUX MOMCT OULITL NPHHAT 34 NPAMOJHHCHHLIA,
[TpUMEnnE K KaxJoMy YUacTKy BeBeIRyIe iopmyay A — mghy —mghs v caoxuve uoayaenmise padorh,
ME NIPHAEM K NPEeXKHEMY pesyanTarTy. TakuMm o0Gpasow,

paGoTd CHAL TAMCCTH HC 34BHCHT 0T (popMnl nyTH. OHa OOPCACAACTCS TOJLKD HAY9aJLHLIM H KOHCYHLIM
NOJOKEHHAMH MepeMellanlefica TONKH.
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KDOMB TOrG, CPARIHWREs

2
nevy oy

2 2

A= H A =mgh) —mgh.,
UPUXOJHM K BHIBOJLY, 470

- o
muy s
= mgh | 5 =

& Fq

TO €CThL NPH OBHMCHHH B MOJE CHJAB TAMECTH COXDAHACTCA BCJIH'IHHA

mghy |

2
ma-

E —mngh+ 5

— const, (7.14)

Oua, KaK BBl 3HAeTe, HAZLIGAETCA MOMHOH IHEPrUed CHCTEMEl H CXIALLIBACTCA MY KHHETHUECKOH M MOTeH-
NHATBHOH 3Heprud. [oa MoTeHIHAALHOH SHCPTHCH 3100 HAAU TOHHMETH BEAHUHHY LN = mgh.

B'J‘ODHM UPHUMEPRONM KGICERBATHURITRIX CHJ HBJBICTC TAK 1Td5hIBAEMBIE LEHTPAABHBIC CHWIbI. TaK 1ma-
3BIBAETCA CHJE, KOTOPAA BCerda HalpaBJeHa Mo PadHyc-BeKTOPY, COCLHHAKILIEMY MaTepHaJLHYK TOUKY C
HCKOTUDOH TOUKOH B NPOCTPEHCTEC, H 3dBHCHT TOJLKG OT PACCTOAHHE 10 a0l Toukd (pue, 7.5}, Cema a1a
TOURKA Md3RIBACTCY LEIITROM CHJIR, WJAH CHJOBLEIM ENTPOM. anMepOM TAKHX CHJ MOIYT CAYXHTE CHJIR

TPaeKTOPHAA TaCTHTIL

Prc. 7.5. Touxkas O — cuacsoil venrp. Cuaet Fi (o) 0 Fa(ran) 3aBHOIT TOABKO 0T DACCTOSIIMS 10 LEITTPE.
IPABMTALHGHAOTG TIPHTAMEHHs Seman K Coanuy (naw Jlyue k Semne). das rors aradel pre. 7.5 cooTset-
CTHOBAN FTOMY CHAYYEIO, NAN0 TOALKO HIMCITHTH NAUDENACITHI CHI 112 PHCYTIKD 113 UPOTHEOHMIEK LD, 18K
Kak Tam anHl H3oOPaMmensl Kak CHJR DTTaJKHRaTH.

[Mokaxen, uTo pafoTd LCHTPAJALHLIX CHJA TAKXKC HC 34BHCHT OT (OPMBI IVTH B ONPCICIACTCA TOJSLKO
NEGAIDLIIHIM H KOTCHI LM LOJOKCTHSIME MaTCRHANLITOR TourK, JLas 970100 UPUHIBEICM SCCKOILHID Mado
nepememenve dr. TIpu arom |dr|cos o dr, mne dr — upupamenwe paccrosniks 0 nenTtpa {(CmMoTDu

0

Puc. 7.6. PaCora ueirrpaibliblX Sl

puc, 7.6), Takum otpasoM, dA = Fdr u

.Alj—./kF-llr—/ -F(r)a’sr. (7.15)
1 ri

3“8‘—[6”1’[@ OUpenenelnorg turerpddad 3aBHcrT TCABKD OT HHMKHErD W BepXIEro Upejedcl ry U 1 W, TdKHM
00pasoM, He 3aBHCHT 0T (HODPMLI TYTH.

PzeemorpaM npemMep. Tak, ¢uaa TPABUTAIHOHHCTO MPHTXCHHA MCRIY ABYMS TOYCYHLIMH MACCEMM m
u M JABHCHT TOJNLKD O PACCTOHIIUS T MEX]LY TTHMH!

mMr
F= o0 (7.16)
reor
[loMecTHM HAUaas KOOPAMHAT B TOUKY, M€ PACTIOJAMKEHO 0AHO Teno Maccs Ad (mycTs 310, ckamem, Oyaer
3@[\'”[”), TOrna H'I‘Opl)e TEJND MACCKRL 1, Iaxajsuieecs ud paCL‘.'I‘OHIIHH T ar uepHOt‘O, upHTm‘HHaE’I‘CH K Hemy
¢ cunoit (7.16) {(pue. 7.7).
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Puc, 7.7, PadoTa cunn FRABUTATUNHHOTY TTRPHTHKCHUA JIBYX TOMCHHLIX Macc.

PaBora 3710l CHALL 0UPLLCISICTSS BLIDAMKOITHCM
p 2

Y - B

“ " My ]
Ay — / F . dr— — / o S Y e — —omMi / —r - dr —
I St Sy
- ’
* iy 1 z 1 ]
—CimA / % — — (imM (—) — (ImM (— — —) . (7.17)
S, 2 iR P

71/ 2
[Tpw zroM MR BOCUOAR3OB2AUCK Ten, uTo r-dr  {(1/2)drs  ydr. Takum ofpazom,

G GimM

fhg — (718)
I I
y‘-iH'l‘I)Hi'dSI, e paﬁu‘ra panpiia H3MCHCHH0 KHHCTHYCCKOH SHCPLIHH,
moy o] GmM Gl
Ay ——==-— - , {7.19)
2 2 e T
MLI TIOJIYTTACM, TTO B IPOHCCCE ABHMIKCHHS OCTACTCA TOCTOSHHOM BeJTMTHHA
2] N " ¥ P
mas (M mer GmM
= — - L — const. (7.20)

2 1y 2 T

OHg, KdK W TIPEOKAL, HASHIBACTCH MOJHOW IHCPIHCH M CKJASJLIBACTCH M3 KMHOTHIOCKOH H DOTQHIMANLHOW
INEPIuH,

LT+ (7.21)
HpAYeM o) HOTENIHANBIOH 71'HepT‘Heﬁ NeCh CJC/IYeT HOITHMATH BLJHYHIY
, GmM
17— _ _ (7.22)
-

Ona orpHiarednia, Tak Kak ConTReTCTRYCT IPHISIKCITKIO,
PacemoTpum Tenenh 3aMKiIyTHA KOHTYD, KOTOPHH coeirusieT Touky | u 2. Ecsiv cuiia koncepraTHria,
To Ao — Ao, ECay ML H3MOHEM HALDABACTIMC JLIBHXKCHHS K OyIeM ABHraThes e o 1 K 28 or 2 K 1,

3 2

Ayzat Ay =0
1 4

Puc. 7.8, Padura KOHCEPBATHEHEIX CHel 11d 3dMKIY TOM KOHTYPE Ddbld Y10,

T Hd KdXJIOM OTPC3KC HALOCTO OVTH CHJY (—)Y,ECT TOHR ¥e CaM()]:I, d MOPDCMCIICHHC HIMCHHT 3HAK, TO CCTD

Avn —Aa, (7.23)

B POSYIALTATE
Al — —Augy, HlH Ay | Aag — 00 {7.24)

Taxum 00pa3eM, MU IPHXGAHM K RaXKHOMY DESYALTATY, UTO

paf0Ta KOHCEPBATHEHBIX CHI HA 3AMKHYTOM KOHTYPE DABHA HYNH),
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Frp v
s —
777 71777, 7

Puc. 7.9, Cuna Tpenus Bceria HanpapjeHa NpOTHB CKOPOCTH YaCTHIIEL

Bee cumul, He SBAAWIHECH KOHCEPBATHBHBIMH, HA3LIBAKTCH HEKOHCEPBATHBHBIMH cHIamu. K HuM
OTHOCATCS, [IPEXKJIE BCEr0, TAK HAZLIBAEMEE IUCCUMATHBHBIE CHABI, HAIPHMED CHJL TPEHKS, BO3HKKAWLIHE
NPH CKOJILYKEHHH OJHOrD Tesia OTHOCHTeNbHO Apyroro. Ceia TpeHHsi B 3TOM Cly4ae BCerja Hanpagsdena
MPOTHB CKOPOCTH JBHAKEHHSA, TO €CTh NPOTHB MepeMellenus Teqaa. Pabora 3T0# CHJH BCeraa OTPHLATELHA.
W ecau Teso cMecTHAOCH HaJeBo, A NOTOM BEPHYAOChL HA3aj, T OUEBHAHO, 4T cyMmapHas patora Oyner
BEJHUMHOA OTPHLETeNbHOH U He papHOoH Hynwo. Takum o0pasom, patoTa CHJBL TPEHHS CKOJBKEHH:A [pH
JIBHXKEHHH [0 3aMKHYTOMY KOHTYpPY He paBHa Hy/10! K HEeKOHCepBATHBHEIM CHJIAM OTHOCATCS TAKMKE CHIH

FT P v

Puc. 7.10. PafoTa cHEl TpeHHsl Ha 3aMKHYTOM KOHTYDe He paBHA HYJIO.

COUPOTHEJ/EHHH, KOTODBIE ILeleC'I'HyTOT Ha TeJJO NpH ero ABHMXEHHH B }KHIlKOﬁ HJIH FE3GO(’)D85HO|?‘T cpejie. S'J‘Vl
CHJB HA3HBAKT HHOTAA CHJAMH BA3KOTO TPeHHA. B OTJIHYHE 0T TPeHHA CKOJBMEHHS, OHH BCErA 3aBHCAT
0T a0COI0THOR BeJHYHHBL CKOPOCTH Teqa! M nanpassieHn npoTHBONOMKHO e,

3nech HeOOXOMHMO OTMETHTb, YTO HA MHKPOCKOMMYECKOM YPOBHE, KAK 3TO BHSICHEHO Hd Ceropnsii-
HHH JleHb, BCE CHJIBL, JIEACTBYIOLLIME MeXY 3JeMeHTapHBIMKM HacTHlaMH, Koncepeatusibl! Takum 0Gpazom,
HEKOHCEPBATHBHOCTL CHJ HA MAKPOCKOMHYECKOM YDPOBHE — 3TO €CTh CJAEACTBHE TOMO, UTO MEL He pac-
CMATPHBAEM JIeTa/bHO JIBHXKEHHE COCTABJSIOUINX TEJ0 ATOMOB, MOJEKYJ, 3JeKTPoHoB U T.. Ecsu Gl MH
MOTJIH TIPEACTABUTh cefe 3aMKHYTHH KOHTYD B KOH(DUTYPAIMOHHOM MPOCTPAHCTBE BCEX COCTABJSIOUINX
TEAO YACTHIL, TO Torja pPadora BCeX CHJ IPH JIBHMXEHHMH 110 3TOMY KOHTYPY Oblia Ghl BCEr/la DaBHA HYJIO,
A Tak B MCXOJHOE N0JIOXKEHHe BO3BPALLAeTCH OJHO JIMIIL MAaKDOCKONHYECKOE TeJ0, U TO NPUOJHIKEHHD,
MOCKOJBKY COCTABJAWIIME TEJN0 MOJEKYAE TENePb JBHXKYTCA CHCTpee — Teae Harpencch. Harpesace B
pesysbrarte TPeHMs W OKPYXKaIollas Tejio BHEWIHssl Cpeid, TO €CTh OHA TOXKE M3MEHWJA CBOE COCTOsIHUE,
Taxum 00pa3oM, B pesynbTarte ABHXKEHHS MAKPOCKOMUYECKOTO TeJd 110 3aMKHYTOMY KOHTYDY BCH CHCTEME,
CTPOTO TOBOPS, He BO3Bpalaerces B HexogHoe cocrosuue! [losromy otanana ot Byas u patota. Dra pabora
B KOHEUHOM cuete mepetia B Tensio. M Her yxe crnocofa pepHyTh 3aTpadyeHHYI0 3HEPrHio, 2ToT npolece
HeoOparum!

Ewe opun BHA CHA — 3TO THPOCKONUYEeCKHe CUIbl. OHH 34BHCAT OT CKODOCTH MATepHAJbHOH TOUKH,
HO HalpapJieHbl BCeraa NepueHMKyaspHo 3Tol ckopocTH. TlosToMy paloTa TakKiX CHJ BCerja paeHa HYJIO,
HM3-32 3TOr0 MX MOXHO YCJOBHO OTHECTH K KOHCEPBATHBHEIM. EAMHCTBEHHBIM NPHMEPOM THPUCKONHYECKHX
CHJ B HHEDUHAJLHLIX CHCTEMAax OTCHETa BJAAETCH CHaa Jloperua, AeHCTByWIAS HA 3apAN, ABHMKYLUIHHCA
B MarHHTHOM HOJE,

g v x H] . (7.25)

IIpuHIMO 06PAaTUMOCTH ABUIKEHUS
B M0JIe KOHCePBATUBHBIX CHJI

Ias Toro uTo6H cHId GHJA KOHCEPBATHBHOH, AOCTATOMHO, UTOOL OHA HE 34BHCENA OT CKOPOCTH HACTHIH
u 0T Bpement (apno):

F(r,v,{) = F(r). (7.26)

HestBio ona MoxeT 3aBHCETE OT BPEMEeNH — uepes 3aBHCHMOCTE r(t). B 3ToM cayuae ypaBHenHe ARHMKENHs
Heworona (7.1) HHBAPHAHTHO OTHOCHTE/ILHO ONMEpPAalli¥ MHBEPCHH BPEMEHH

{— —t. (7.27)
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ﬂpyl‘HMH CAOBAMH, QCHH MBI HAlIlH pellicide r — I'(IL) YPannoiHst JIBHMCHHL

APy

- F), (7.28)

™
TO PCUICHHCM 5TOTH YPABHCHHSA OyaeT Takke u (pyuxumsa v — r{—4), Tlocaeancy Cupasoinso MOTOMY, HT0
GUCPAIMS JBYRPATHOrS AMGPePCHIHPoBAIIHS HITBAPHANTHE CTHOCHTLALID 3aMetn £ — —:

2 2l
R (7.29)
2 1
Lie # — —¢,

[Mposigienner 3ToH CHMMETPHE SIBASETCS TO, 4TO €CJH, HAIPHMED, YACTHIIA JBHMKETCH N0 HEKOTOROH
TPHCKTODHH, OIPCACTACMOH KdKMUMH-TO HAUALHLIME 3HAMCHHAMHE KOODIHHATE H CKOPOCTH, H MLl B KdKO#-
T MOMCHT BRCMCITH 0BPATHM JIBHAKCITHE, HAMUITHIE CKODOLTD YACTHILL 1A IDUTHBOUOAUMITYD, TO UPHITHMAES]
2€ 33 HORYID 118484 BIYI0 CKOPOCTh, MBl YRHJAHM,4TO CHCTENMA OyieT JRHIaThCs o0parno 1o Toi e To4an0

w0}

Prc. 7.100. OGpauienine Mskekeridst eisith, Haetiia nofier nasail 1o TeR Ke caMoR TpackTopri!

TPACKTOPHE H € TOH e (¢ TOTHOCTLH) A0 SHAKE) CKOPOCTLRE. STO MPOHCXOIHT TAK, KAK CCJH L1 ML 3ACHAH
JABHAKCHHMD YACTHIL 1d KHIOIGICHTKY M UPOKDYTHAM LACHKY Ha3d)l, DTOT BOKULE UPHIIIKL AN BALTCS)
npuaunnom ofparumoctn apumenns. On cupaveuine, Korja 1acTuid (MiH Teso) JRHMETCS! B 1oJe
KOHCCPBATHBHLIX CHJ, HC 34BHCALIEX OT CKOPUCTH MaCTHILL

Xorst padora PHPUCKOIMUCTKHX CHYL PRl W0 M HD3TOMY HX MOXIO OTHELTH K KOHCCDRBETHBITLIM,
K HHM HC OpPUMCHHM B OPCXKHCM BHAC MPHHOKI OOPATHMOCTH AGBHIKCHHS, TOCKOJILKY »TH CHJLI 34BHCAT
HE TUALKO O HOJUKOHHY MaTepHadaniiof Todry, 1o v 0T o¢ Cropuerr, Tlogramy, ndipuMep, eean 3apsit
JBKXKETCS 10 KaKOH-1MG0 TPAEKTOPHH H FJNEKTRHUSCKOM H MAUHHTIOM U0J8X W ME B KaKOH-TO MOMENT
BPCMOHH O0PATHM Cro ABHIKCHHC, TO 38D HC DOBICT HA3Al 00 TOH ¥KC CaMOH TPUCKTOPHKE. ITO IPOH30HACT
JWOTL 18 TUM CAYYEL, CCAH MBI OINUBDUMUTIIG MAMUTIMM M 311aK Maririoro noas H;

[v x H — [(-v) x (=H)]. (7.30)
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KJTACCUYECKAA MEXAHUKA e Jleknus 8

IloTeHunanbHasa JHEPTHUL. 3aKkoH COXpaHE€HUA SHCPIrUN B MECXAaHHKC.
Cuna n NOTEeHNHAJbHAA 2HCPITrHAL. O,[[HOMepHOB JABHIKCHHCE. rpaHHHbI
ABHKECHUS. 3akoH COXpaHEeHHNA HMNIVJIbC4A H 9HEPIrUH KaK CJEACTBHE
OJHOPOAHOCTH IPOCTPAHCTBA-BPEMCHH

,EL.HH KOHCEDBATHEHHX CH.JI, paﬁoTa KOTODHIX HE 3dBHCHT OT fl)Oprl TMYTH, MOXHO BBECTH BAXKHOC IMOHATHE
nomnunamsuoﬁ FIHEPTHH, Hapafite Kakoo-audo NpOUIBRALHOD TOJOKCHHE CHCTCMLL, XAPAKTCPHIVOMOL
saj arnuem KoopaHMnar ee MaTtepyasdhiihiX TOYeK, YCJAOBNO LPHMEM 3d NyJeroe. TOI'}LB

paOU’I"d, COBCPIIACMAA KOHCCDDATHBHLIMHY CHJAAMK T HCDCXOAC CHUTOMDL U3 HCKOTODROTO MOADKOHKA B
Hysepde, maanbagTey I'IOTeHLlHa.JIbHOFI SHEpI‘HEﬁ L7 CHCTeMBl B 3TOM NOJ0MKENMH,

U1y = Ay

5 U(2) = Azo

0
Puc. 8.1, OnpefeacHye NoTedMAALHON SHEPTHY.
PaCoTa KOHCCPBATHRHLIX CHJ HC 340HCHT OT OYTH MOPCXCGNd, 4 TO3TUMY NOTCHUHANLHAA SHCPTHA CHCTC-
MBI IPH HHKCHPOB2AHHOM HYJIEBOM NMOJ0KEHHH 34BHCHT TOJEBKG OT KOOPIHMHAT MATEPHAABHBIX TOUEK CHCTEMEL
L PaCCMATPHDACMOM T0J0KCHHE. MHLIMY CA0BaMH,

|HOT€H]_I,HaﬂbHaH 3Heprus cucTeMul U seadeTca (DYHKUHEH TOJbKO ee KOOpPLHHAT.

STIa'-leHHe HO'I'EHI[HBJH—)HOE SHEPIHH, HDDE‘IILB FOBODS, 3ABHCHT O TAU0, KAKOE LOJ0KelTHe CUCTEME YCNOR-
HO TIPHHATO 3d HYICBUC. ECAHM 34 HYACBOC NPHHATL NOAWKCHHS (), TO B mosgoxkendr 1 cuerteMa OyneT of-
ganartk norenumanknai sneprued U — Aqn, pasnoi padore KONCEPHATHRIIEIX CHI UPH LBREXTHIE CHCTENE
13 noaoxedns 1 B nonmxenne O Ecnw e 3a vyaesoe npuEsTh noaokedde 0, T0 N0TEHUHAALHASA JHEPTHA
Gynoet pasag () = Ao, BOACACTEHC KOHCCRBETHBHOCTH CHI

A — A+ Aoy HIU [T; — 7 4 Agy. (8.1)

Patora Ager NOCTOARHA, TO eCTL HE 3ABUCHT 0T KOOPAHHAT CHCTEMEL B paccMaTpysaeMoM coctosArul 1. Ona
NOMHOCTLEY OMDCACAACTe BLUOCPOM HYNCBLIX noaosxceHui 0 u 0/,

Mur BHIHM, TdKHM 06138301\4, YTO O UPH 3daMene jUraro nyJIesors UoA0MeNH)L ADYIHM HOTernivasisiias)
IHEPrUs CHCTEMEL HAMEHAETCHA HA NOCTOSAHHYH BeJHUHHY. HeompeneneHHOCTE MOMHD YCHIHTE ellle GoJbile,
CCHH YCHOBHTRECH CHHTATE UOTEHTHAJRTIIYIO JTEDIHI0 B NTVALBEOM HOJOK2TTHHA paHIlOﬁI He 1y, d KEIKOMy-JlH(’)O
MNOCTGAHHOMY NPOH3BOJMEHOMY 3HAYICHHK). T\’JF,’la B NPHBEALHHUM BEILLIE GIPEASIECHHK BEMECTO HDTeHLLI/IaJIbH\’)]‘;I
SHCPTHH CACAYCT TOBOPHTDL 00 ¢C pa3HOCTH b ADYX NOJUMKCHHAX.

PasHoCTEI NOTEHLUHMAABHEIX $HEPMHHA B PACCMATPHBAEMOM H HYNEEOM NOJOMEHHMSX HasteasTeqa padoTa,
COBCPIIACMAS KOHCCPBATHBHLIMH CHJEMH NPH NCRCXOLL CHCTCMBI HI DACCMATPHBACMOTD OOJA0MCHHAA B
Hylepae.

Taxkm 00pa3oM, NOTCHUHAJLHAS SHCPIHA ONPCACACHZ HC OAHOZHAYHO, @ ¢ TOYHOCTLEY A0 NMROMIBGJILHUOH
HOCTRSNTIOH, JTOT UPOKIB0I HECTPAINET, TAK KAK 114 CAMOM JIEJE HCEIIA BAXKHA JHIUB PA3ITOCTE LOTEITIH-
AJNBHEIX FHERTHH.

[lyeTh cHCTOMa IOpCLIE M3 NOJT0KCHHA 1 B noaoamcHue 2 o KakoMy-au0o nyTu 12, Torga, xax cacayct
H3 puc. 8.3,

A — A | Apg — A — Aoy = U — 8 — —([_.*’Q_ — Ul),\
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o

Puc. 8.2, HC‘TE‘.HU,HHJT]:H?IH AHEepPTHA 3ABHCUT OT BbIGC‘DH HYJRBOTO MOJMOXEHNUA.

0

Puc. 8.3. Pafora koHCEPBATHBHHX CHA PABHA YORIH TIOTEHIHATLHOR 2HEPTHH CHCTEMEL

TO ©CTL pad0Td KOHCUPBATHBHLIX CHJ PASHA YOLIIM NOTCHUMAJALHOH $HCRIHH CHOTCMLL PH HCPOXOAC CC H3
Touky 1 8 Toury 2,
C apyroit cTopoHl, pafioTa CHAE pabHa NPHPALLEEHK) KHHETHNIECKOH SHePTHH CHCTEME

Ap U =l — Ky — Ky, (8.2)
MOSTOMY
Kyt U, =Kot U, (8.3)

CyMMa KHH@TH'—IGCKOI:I H [I{J'I‘e“[LHaJ[hHOﬁ aHepl'HH CHCTEMRI Hd3hlBAETCH e¢ "0JlH0ﬁ SHeereﬁ E Mh]
MOGTYHAH, UTO MOJHBE JHEPCHH B NOAMKeHHAX | ¥ 2 paBHb: [r) — [, WAH, 9T TO XKe CaMoe, N0JHAas
Silepl‘m[ COXpa”HeTCH:

I — K+ 17 _ const, (8.4)

Takum oCpasom,

B CHcTemMe C OJIIMMMH TOJIBKO KONCEPBATHBITRIMH (H I'HDOCKOIIHHECKHF\JH) CHJIAMW UQITds JITeprs oora-
eTCA HeuaMeEHOH. MoryT MpoHCXOIUTE JHILL NPEBPalleHKA M0TeHUHANLHOR HEPrHH B KMHeTHUECKYH
M OCPATHO, HO MOJHLIH 3404¢ YHCPPHHE CHCTCMEL H3MCHHTLCS HC MOMCT,

IT0 UONOKEIHE T1A3RBAETCH 3AKOHOM COXPAHCHMSA JHEPTUM B MEXAITHKE,
[TpuMeps NOTEHUHAJBHOH SHEPrHH B HEKOTOPHX NPOCTEHIIHX CayTladx:

— U7 — ingh — moTeduuanbHas yHEPrUs OAHODOOHOTO T0JA TsxkecTH. Hauano oteiera & — 0.
— U = kax? /2 — NOTCHUMANLEES 3HCPTHS DACTAHYTOR TpYXHHL, Hadaao oteucra = =0,

— U= —GMm/r — TOTCHUMAILHAST SHCPTHS TPEBHTAIHMUHHOTO MPETIMKCHHA IBYX TOYCYUHLIX MACC m
w M. 32 navano orcusra Bpbpana Jeckonedio yiadenas TodKa,

Cuna u NOTCHIOHAJbHAA IHCPTHHA

35 CHITY KUK (DYHKIMI KOODAMHAT MATOPHAALHOH Toukd F(z,y, ), MOXHO OYTOM MHTCrDHpOBaHus (Ha-
XOMJ(EHHI paé@'[‘bl) C‘llpe,’LeJtH'l‘b 110’1‘emmauh|1y10 SIIepI'HIO CHLTEMBI

1
Uy — U,y 2 = U(0) — Apg — —App — — / F-dr (8.5)
A0

(3HEKR MHHYC OOPCA HHTCTPAAOM DOVCIOBACH TOM, 9T0 OPH HHTCTPHUPUBAHHE B 9TOH (QUDMYIC MLl IBHKCMCS
o1 Touku 0 K rouke ], TO eCThR B nalpaBdaennv, UROTHBOLUQJMOMITOM TOMY, 4T0 HSOE‘DE}K(—!IIO 1a pHc, 84)
Hpyras 2agaua — Buducaenue cHaE Fla. y,2) 00 3anauuofl noTeHuHaAsHOH sHeprud L {x, y, 2). 310,
CCTOCTBUHHO, 00DATHAA oncpanvs — AufihepeHurposanie. [lyets y Hac ¢oTu gBe OCCKOHCHMHD ONH3KHC
TOUKY, P+ dr nr. Torna
e | de) —U(r) — dly — —F - dr. {8.6)
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1 (.=

0

Pac. 8.4, Cusish 1omeinlnaibiiol s1epruu ¢ euich.

Pacnucuinag CRagapHoe TPOMABCACHHE, TOTY TACM
dtr —(Fode + Fydy + T, dz).

CaeaoBaTeaLHO,
7 a7
g, - L —_

du Sy

f a=rulinl

(3710 ecrTh wacTHan I'IpOHSBOIlHElFI) H, ainadiruina,

otr al’
. .- = .
4 dy - - dz

[MoapoGHee MOXKHO J4AMHCATL
, . M, y. )
Folr.oy 2] —(_— H T
dur

Takum ofpazomM, KOMIGUENTH CHAB MOKITO HAHTH, AAhQepenHpys UGTENHAJARIYID S1EPIHIG

KOODAHHATAM *, ¢y H 2.

(8.7}

(8.8)

(8.9)

CHCTEMB 11D

Ecau wueerTyw caunuannpie opro 1, j o k saoan oced koopadnar X, ¥ w2, 1o fiopMyay ads CHARL MoK

OyJer sauncarh CAenyniny obpasom:

ot ottt olr

F_"'.r‘lli"u.]l #:k_i(),ili()y.]i()zk_
ot ar ar’
— = ——il —j k| = —gradl/
(i):r:l l iy 1l az ) srades

[AC MLI BBCJH OOO3HAUCHHA: )
L Y E R | ar, | r‘)(:"k
gracdlt) = — = —1 - —K.
” ir i Ay 1 itz

{(8.10)

(8.11)

Beawnuuia, Crosings cAesa, NashiRaeTes rpaganeHTom ckanapHon dywkunn U7 (IF{x, g, 23 — cxkaanp).
ITa BOJH'IHHE ABJIACTCA BCKTOPOM, MOCKOJILKY OOPCICAACT ICHCTEYHNIYE) Hd MATCPHAJILHYE) TOUKY CHIY.
Taxkum ofpazom, AHBECPCIIHPOBANHE U0 KoLpAKIIETaM CKaasapiol diyirkiuu aaer wekrop, Tponepum sro,
Corgacio JamiomMy namu B JekiHn 4 CUPEASABIKIG, BEKTOD — 3T0 (DHAKIECKEs BeartMna, kepyuias ceds

UPH UPCoOPA3nBATTHY CHOTEMI KOOPAMIET CACAYINIMM 06pa3oM:
A, Al
A; Vil Ay -

H()CK()JII:K}’ KOODAKHATLI H[)C()(][)HZ’;}’H)TCH KdaK KOMIOHCHTLI BCKTODA

!

Lp gy, MM X el

TO . .
U OU xl,  OU 9U
dug  Oxy, De; Bt

Takum oOpazom, ME BHJHM, 970 uporarourme U7/ du; jefcrrrTentia npendnasyiorcs

GCKTOPA.

(R.12)

(8.13)

(8.14)

KadK KOGMUGHENTH

Hapsiny ¢ ofoangucninem rpaxdentd Kar grad L uprveisieres ofoanaucnne VE, rae ouepartop V (na-

6.1a) oupeseaseTcy CASYINHIIMM HEPA3OM:

(8.15)



HCIJUJH;'&}"“ 310 OCOINMAYCHMEG, MBI MUMKUM 3A1UCATI:

gradl/  VI7

(8.16)
oA au

e dy az
T'eomeTpHUeCKMI CMBIC] TpPagHEHTa
JLitst BREBICHEN S FeNMeTPMUECKOID CMEICHA PAJHENTA IR0 HRECTH FHBUNOTEHUWANBHBIE NOBEPXHO-
CTH, TO CCTH TAKHL LOBCPXHUCTH, 11 KOTORLIX CRAMIPIEs Py KM 7 0CTauress noeTosigii

Uiz y. z) — const. (8.17)

[Mycrn 17— piig M3 TAKHX HOBCPXHOCTOHR, W UYCTL 0ld UPOXOUHT HCPLd TOUxy upoerpanctia (O, 1
koTopoed wercs paament (puc. 8.5). Tlamecrum b 3108 Touke nawano koopaunar. Ock Z naupasus uo
HOPMAJE K TOBCPXHOCTH (1 — ¢OMHEMIHDH 0pT HopMadn), & ocH X H ¥ [03KaT B 0J0CKOCTH, KACATCALHOH K
nosepxuoerd borodke ) TTosromy s 0epBoM UPHONMMCITHE 0L OCUH 20 H oy (DY TIKIMSL 1711 MamMensieres);

U M
= = (8.18)
e Hy
Cuenonareibig,
N
gradl’ — (an, (8.19)

HOCKOJLKY 13 namen cayuae k — oo Beaw (7 wospacracr 6 nanpapicnun ek 4, to 7 /dz > 0w, caeaoue-
TEABIN, PPAJHENT TAURARJLH 110 THOPMAJIH 11 K 3KBALOTEHIHAJBIOH 1TOREPXITOCTH B CTODONY BO3DACTAMHSI
HoTeHAALTeH sneprid, Ouenulig, 9To 13 3ToM HAUPABJCITHE UOTCHIHAALIEN SHCPIHL HIMCHSHOTCS) 11aU-
Ondiee dwcTRo:
ool .
grad 7' —mn. (8.20)

n

Taxkum ofpasen, MU 00 JUXOOHMM K BLIBOOY, "TO
H H

rpajent cxamipnoi qiynrin 7 ecth pexTop, nanpasgaeninié 1o ropMand K SKRMUOTENIHadRH0E no-
pepxitecty Uie, y, 2) — consl b cropony sospacrandst dynkiky . Ero jlanig udedeniio paeia 1poms-
RO;UOH o7 L7 10 nopMani K IKEHIOTeNKaaRiof 11oBepxuncTH,

3To ONPEACJACHUE, KEK TOBOPAT, HHBAPHAHTHO, OHO HC 34BHCHT 0T BUOOPE CUCTOMEL KOODJIHHAT.

Hapstly ¢ 3KBEHUOTCHIHENBHUR HOBCPXHOTTLIO YUPU3 KAMIYI0 TOUKY UDOCTPENCTHA MUK D UPUBCCTH TdX
1123BIRAEMY T CHIOBYHY TMHWKW. Haupasseine xacaTedbliol K el B KamjI0H TOKe CORLAAET C Halpane-
HUCM CHIILL, ACHCTBYIOWICH Hd T2CTHLY B AToH Totke, QUeBHAHD, TITO CHIIDEBLIC JMHHY U 3KBUIOTCHIHAILHLIC
NOBEPXIOCTH BAAWMIIO GRTOFOTAIBIE ARy Jpyry (puc. 8.6).

[Monnsyacs, DOHATHCM TPAAMEHTE, BTOPOH 3akOH HBOTOHA NMPH JBHMCHUH OJHOH MUTODHAJILHOH TOKHA
B CHAOBOM LOJC MOMHO HDUUCTABMTL B BHAL

m— —— (8.21)

U+dU

Puc. 8.5. [coverpuacckni embic rpajiderita (di7 > 0).
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[loxasmkeM Teoepn, KAk M3 9TOCG YPARHCHHA CACIYCT HEKOH COXPAHCHHR YHCPTUH. YMHOXUM IA7 3TOCO
UDABYIY B JICBYI YECTH YPEBICHIHS CKaJBIPIID 118 CKOPULTL 9aCTHIL v — dr /ot

dv Ol A dr AU (x(t)
mv .~ v — R S A2 (8.22)
dt ar dr et
{upw STOM MEI BOCHNRIOBANHCK UPABHIION adpdeperuuporanig CHTKNION

prHK]_LI/IH). Bb]péi)KL‘HI/IC CACRd MOMHO TICPCTHCATL HOPLs NPUH3IBOAHY I [T0 BDCMCHHK 0T KHHCTHYCLKOH SHLD-

MH YaCTHILR
d fma ol
— =} - ==, R.23
ot ( 2 ) dt ( )

WJH, NMCRCHOCA BCC B JICBYRY HACTL,

d [mo’ . . ma? i |
il Pl . " eons .
dt ( 5 t ) ) = B + U — const (8.94)

— UOJYYEEM 2AKOI COXPANETHI 3TEPIuM. 32MeTHN, YTO LPH HBIHOJIE 31eCh OO BAXKIO, urolnl LCTen-
UHAJIbHAS YHEDTHA TIACTHIUB He 3asHceaa 0wl ABHO 0T Bpemedu ! (To ecth kaxk € [r(l).!]). 3asucHMoCT
0T BPUMOHE DXOAMJA B OOTCHUHAJLHYE) 3HCPTHE AMIIL HESBHO, HSCPC3 3EBHCHMOCTL OT DRUMCHE Dajuye-
kexropa wacriun rit) (to ecrs kax U7 |r(#)] ).

OpHoMepHOE JBUIKEHHE

B atom CAYHEl YREBHCHMC IBHMCHHA MOMHO NPOUHTCTIDHDOBATL A0 KOHUA H BLIDA3WTL OTBOT HCped MH-
TErpad, HIAHW, KdK FOBGDIT B KBajparypax. Jlerue wcero 3o CJeNarTh, BOCUOARIOEABITIMCH 34KCHOM COXPDa-
HCHHH 3HCPTHH

1 de )’ . )
E 5 (W) + Uix). {R.25)

&

HOCKOJH)K}’ KHHCTHUCCKAA ZHEDIHA BCeria NOJA0MHTE/bHA, TO HEPABCHCTED

Pl
ne

— — E-U{z) =0 (8.26)

‘iHI[Je,’Le.;‘ISIe'I' KJACCHYECKH }I.")C'l‘yllllble 06JI8CTH JIBHKEITH S ([‘pElHMleI ;usumemm) 2 0;[1101\1ep|101\1 CJIy'—lae.
JpyrumMy CloBaME, ARHMKCHUC MOMKCT MROHCXOAMTL JHIIL B 0OMdCTEX ORPOCTREHCTDY, Tae & > U(Jr).1

Husxe, va pue. 8.7, noxkasad nprsep, Corgacio sTOMY NPUMOPY, JBHMKOHHC MOXCT NPOMCXOAMTL JKIIL
HAa KOHEUHOM OTPe3Ke wa < o < wp, UTO COOTBETCTEYET (DMHHTHOMY IBHMKCHHK M B NOJY0ECKOHEUHOM
HHTUPBAAC ®er < @ <7 o¢, B NOCACAHCM CAYYAC ABMMCHHY HHOMHUTHO, TdK KAK YaCTHIA MOMKCT YXOIHTD
na C’)ECKOIIE'-HIOC'J‘F;. TOLIKPI X4, Tp W X HASREBADT TOUKAMHW OCTAHOBKH, lIOCKOJIbe CKO]JOC'J‘h B OTTHX
0GpalaeTcea B Hyb.

HaltacM TCOopL 34GHCHMOCTL KOUPAHHATLL & 0T BPCMCHH £, JaA 3TOTO BLpP4sHM H3 ypapHcHEA (8.25)

CKOPOCTh
—_—
2

da F2 . :
— = :t\{/E (£ — U (). (8.27)

IATU CCTL ,EH@JEl)Cp(_‘HLLHaJ’[LH(JC VYPAGHCHHC C pa3ieqHIUMHA IMIEPEMCHHBIMHA, KOTODOC MOXHO JICTKO TIDO-

MuTerpupaRaTh (1o ecth penmThl;
V3 - U@

ni

lNlLI VBHIHM, 4YTO B KBAIITOBOH MeXallHKe 3TO OTpallHdeliie OTCYTCTBYET.

U/ =const

Puc, 8.6, CeMelCTEO CUAUBHIX JHIIHH U 9KBULIOTEILHAABIIBIX JlL)BerJIL)C'J‘EJ;I B3dHMIU OPTOIOMHEAJBHEL APYT LPYIY.

24



Uyt

=
=

s
sl

XA

HC, oA el (B ok DHOM CJ de.,
Puc. 8.7. I'panuny IBHMKeHUS B OTHOMEPHOM CJyT1ag

U(,\T) L

b
'
'
'
'
'
'
:

x

1 Xa X

2z

Puc. 8.8. [lepuonnueckoe npnmeline.

B caytae IUHHTHONO ABHMKEHHS, KOTOPOE ML CEHHAC PACCMOTPHM, MOMKHO BEMHCAHTL TEPHOM ABHMKEHHA
KdK (DYHKUMK 9Hcprud cueremul £ {em, pue, 8.8);

T(E) = vV2m / \/7[ (8.29)
TAC @) W @e — TOUYKH O0BOPOTH, TAC CKOPOCTE o0pallaeTes B HyaL, T ¢¢Th & = L{x).
[TpuMeHEM TCOCPL 3TY (POPMYJY I KAUeCTBe NPHMODA A48 JRHAKCHHA T 1008
e
{)’(11)) - T. (830)
B srom cayuae wa — —x1 — +/2F/k (em. pre. 8.9), nosrom
_ VREdR Ja ) V2ETk it |
T — v 2m - —2m - (8.31)
. —\/'QE«‘A- / A"Q Jo / A"Q
i JfF;'f :L. - ifF* !
Brejiem Telepr HORYIO NEDEMENNYID HITEIPHDORATIHS
(2K (2K
T = v Y = dr =/ A dy. (8.32)
Toraa
J2L
r—avam [ 2vam Yk / gL (8.33)
— 2v2m — N 2m—= ) K
Jo VvE Jo /1 —¢?
HeTerpan pasen
"
7'}_ = arcsiny. (8.34)
V=2
Caejonaraansin,
1
[
1= 44/ arcsin| =
V k 0
— —
TPy {n
— a2 (E 0y = [ 8.35
Vi G /g (5.35)
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Puc, 8.9. I[BH}KEHPIE B KBAAPATHIHOM MOTeHIHade. FHDMC‘HHTIECKHE KogaeBaHus.

TO €CTE B 3TOM CJIyrlae [IOAyiaeTcsa HagecTHas hopMmyda
fm

;R

ANA OCPHOAA KOJCGAHUE TPY3HKE He NpPYXXHEC, KOTODLH HC 3ADUCHT OT 3HCPTHH (TA4K HASLIDACMLIC Tap-
MOHHUECKHME KoaeBanua), Bo BCexX COTainnbix CAydasx Heprojl KoJeGanii 3a8UcHT 0T 31T8PIHK CHCTEMH
{(anrapMonnueckue Koaebauun).

3aKoH coxpaHeHHs UMNYJbCa U FHEPTUH
1 OJHOPOAHOCTh MPOCTPAHCTBA-BPEMEHH

Eciu DOTCHUMAALHAR SHOPTHA HC 3dBHCHT 0T KakoH-u00, CKEXCM ofHOH koopauHatul x, 10 dU7/de = 0,
M CaeaBaTed b,

dp
Py, (8.37)
dl

TS eCTh p.,; - (3()HSI. —_ COXDaHHE‘TCH HMI]}’J]hC HACTHILRL B 3TOM EIa[IpaHJIeHHH, HeBaHHCHMOC']‘h [JT OT K-

OPAWHATH & 03HAY4ET, YTO NPOCTPAHCTBO OQOHOPOOHO B HANDABJACHHMH OCH &, T(O €CTh YT(O NOTEHIOHAJADHEA
FHCDTHA HC HIMCHSAQTOS DM AHIOLIX NEePCMCIICHHAX B 3TOM HANPDABJACHH K]

Ul y, 2) — Uiz + o, y, 2). (8.38)

Takum aGpasoM, 3ax0H COXPATENH WML ILCE (IPDEKIMK) B KEKOM-AKE0 Haupardendn CRY2an ¢ 9Nopoi-
HOCTBE) NPOCTPAHCTEA B 3TOM K€ HaNpaBJeHHH.

[ToxoKHe BLIBOAM MOXHO CACJETL H B CTHOLWICHHH IOJHOH 3HCPIHH CHCTCMU £ KdK ML V3¢ BHACJHH,
eCM LoTeMMANRNAN 3neprust cueremil [ {m, g, 2.F) ue 2asucur senam o0pazoM 01 spemMeny ¥, To BCTh
apaAeTcsd (YHRLIMER TOMBKG KoOpAKMHAT cHeTeMEl, UV{w, y, £}, TO MUMEET MeCTO 3aKOH COXDAHEHHA IHENTUH

E—T 417 — const. (8.39)

H()STUMY 0 dHAJOTHH ¢ 3dKOHOM COXPDAHCHHA HMIOY/ALCH MOXHO CKd3dTL, UTO 3dKOH COXPAHCHHA SHCPIHH
CHsIZATl ¢ OAHOPOAHOCTBH) BPEMEHHA.
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OraaBiaeHue

Jlekuun 5.

Miepiianbiee 1 erHepLHalbEbe CHETCMBL 0TCHeTA.

JrrmKenne oTHOCHTEIBITD HHEPILHANBIBIX CHCTEM OTCHETA.

3axonu HuoTong,

[lpsmpn orockreanioer Faauaes,

[Mpeotipazoranue Tanuies 2

Jexuuna 6.

3aK0I COXpPANENTHS UMUYAIRCA,

UeHTp HHCPLHA.

JBHMKETTHE TETITPA HTTEPITHHA.

CBA3L 38KOHY COXPAHCHHSA HMIYILCE C NPHHLHIOM

OTIOCHTCABITOETH Tadanacs 7

Jleguun 7.

Craa.

Ypannenue jeuxenns Huorona.

OCHOBHLIC 3474%H THHAMHEH MaTCPHANLHOE TOTKH.

Patora.

KuneTurieckasn sHeprus.

Koncopsariisine M iiekoireepiaTiBIbIC CHIL,

TIpuinp i OBPRTHMOCTH JIRHAKRITHG B 1I0JE KOIMCEPRATHRITRIX CHI 13

Jekuua 8,

TTorenmantuast eprs.

3EKOH COXPAHCHHA HCPIHH b MCX4HUKL.

CHila W UOTCITIHENLITES SHUPUHSL,

OnnonMepiioe JRMMKEIHE,

CRat v UK HsI,

32RO COXPANENHs HMUYABCA W STENIHH KEK CAEACTEHE DATIOPOANOCTH

IPOCTRAHCTDA-BPCMCHH 20
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