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UcToKn

§ 1. HcxonHble cBegeHUS

I. B ksaccuueckoil MexaHUKe C MOMeHTa MOsIBJEHUS MePBO-
ro usganus (1687) coumnenus M.Heiorona ,Maremaruueckue
HauaJ/ja HaTypaJjbHOHW (uIoCO(HUH He MpeKpallaloTcsi CIOpbl U
NUCKYCCHH TO ONHOH OCHOBoMoJiararwlleil npobJeme - mnpobJe-
Me uHepuuH. [To mHenuio A.llafica - aBTopa KHuru ,HayuHas
IesiTeJIbHOCTb U KH3Hb AsibbepTa DHHIITeHHA - mpobsaema mpo-
UCXOXKIEeHUSl WHepUHH Oblia U ocTaeTcss HauboJsiee TEMHBIM BO-
MPOCOM B TEOPHH YacTull U noJsedl. Hecmorps Ha 316 set nmuc-
KYCCUH, pe3ysnbTaThl 3TOH MOJEMUKHU OoJjiee 4yeM CKPOMHBI, B TO
BpeMs Kak cama npobJema MHepUUH CTaja NpuoodpeTaTb KOHTY-
pbl CaMOCTOSITEJIBHOTO pasjiesa eCcTeCTBO3HaHUS OJsaromapsi Mo-
nHorpadusm A.H.[lanuenkosa ,dutponus - 2 wu [.H.lllunosa
»leopus (pu3udecKoro Bakyyma . [yiyOuHHas nmpuUuMHa 30eCh CO-
CTOUT B TOM: HBIOTOHOBA KJlaCCHMUeCKasi MexaHuKa, Oyaiy4yu Me-
XaHHUKOW B3aMMOJEHUCTBUS (PU3UUECKHUX CHUJ PA3JUUYHOU NPUPOIBI
He BKJIOYMJA B cebsl MPUUMHY U MeXaHHW3M BO3HUKHOBEHHS CHJI
UHEpLHUH.

B pesynbrate uHeplUs B KJACCUUECKOH MeXaHUKE y4acTBYeT
(hopMasbHO, HUKAaKUM 00pa3oM He MpOsIBJSASI CBOI TJIyOUHHYIO
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NPUPOLY, CTPYKTYPY M MeXaHHU3M e€ peasjM3allM B KOH(HUTY-
palHoHHOM NpocTpaHcTBe. [lo cyTH, B cyllecTByOleM BapHaH-
Te HbIOTOHOBOH MeXaHMKH OTBeT Ha Bompoc ,YTo Takoe cuia
uHepuuu? no MoHorpaduit A.H.IlanyenkoBa ,duTponus - 2 H
[.M.Iunosa , Teopus ¢pusnyeckoro BakyymMma Mbl He 3HaJIH.

Knaccuueckas mexaHuKa CKOHCTPYMpOBaHa TakKuM o0pasom,
4TO B €€ CHMBOJIbBHOM BbIBOZe IMTyOMHHAsl MPUUYMHA CUJbl HHEp-
UMM H, B 00leM ciydae - MHEPLUHUH - He y4yacTBYyeT; a KOHLEI-
TyaJibHOe 0(hOpPMJIEHHE KJIaCCUUeCKOW MeXaHHUKH BBINOJHEHO 0e3
yueTa MPUYMH BO3HUKHOBEHHS a TaKKe CylleCTBOBAaHHUS HHep-
IUU U CUJ HHepUUU. B UTOre, B HBIOTOHOBOH MeXaHHKe - Me-
XaHUKe JBHXKEHHS MacChl B OTOKE BHEIIHHUX CHJ - OTCYTCTBYET
UCTUHHAS NMPUUMHA U UCTUHHAS CTPYKTypa CHJIbl MHEPLUU U OHA
OKa3bIBaeTCsl HE3aMKHYTOH.

B pe3yJbTaTte, a4 NpulleJa K BbIBOAY O TOM, UTO KJaCCHYeCKas
MeXaHHKa - He3aMKHYTas T€OpHsd, IIOCKOJbKY B Hel OTCYTCTBYET
WUCTUHHAaA NMpUYHWHa CUJIbl MHEPLHH.

§ 2. Akcuomaruyeckas Oa3a KJjaccuue-
CKOHl MeXaHWKU

I. ®opmynpoBKy U o6CyxkKIeHHe M3BECTHBIX aKCHOM KJac-
CUYECKOH MeXaHHUKH 51 pellus HauaTbh C COMEPKaTeJNbHOro orpe-
IesleHUs] HbIOTOHOBOW MeXaHHKH.

B nanbosbiieil Mepe o6cyk1aeMOMy 0ObEKTY COOTBETCTBYET
cJefyollee onpesie/ieHHe.
Onpenenenue .1
Horomonosa mexanuka - mexanHuka 63aumooeticmeus Cui unep-
yuu ¢ opyeumu @Guaudeckumu curamu

I1. 3akoHb! KJIaccuyeckod MexaHUKH copmyarpoBanbl M. HbioToHOM,
OMUpasiCb Ha BOCEMb OINpefiesieHUH; YeTbipe U3 KOTOPBIX 51 MpH-
Bely HHKe B aBTOPCKOH penakuuu HbioToHa.
Omnpenenenune 1. Koauuecmso mamepuu (macca) ecmv mepa
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maKoeol, ycmanasiusaemas NPoOnoOpYUUOHALbHO NAOMHOCMU U
obvemy eé.

Onpenenenne 2. Koiuuwecmeo 0suicenus ecmos mepa maxkoso-
20, YCMaHABAUBAECMAS NPONOPUUOHANLHO CKOPOCMU U Macce.
Onpenenenne 3. Bposxcdennas cura mamepuu ecmoe npucyu,as
etl cnocobHOCMb COnpomuBAeHUss, N0 KOMOpPOLl 8cskoe omoesb-
HO 835iMoOe meno, NOCKOAbKY OHO npedcmasieno camomy cebe,
yoepacusaem ceoe COCMOSAHUE NOKOS UAU PABHOMEPHO20 Npsi-
MOAUHEUHO20 08UNCEHUS.

Onpenenenne 4. [lpurosxennasn cura ecmo deticmaue, npous-
gooumoe Haod meaom, umobvl U3MEHUMb e20 COCMOsSHUE NOKOS
UL PABHOMEPHOCO NPAMONUHELHO20 08UNMEHUS.

ITI. B knaccuueckoit MexaHuKe MepBOHAYaJbHBIMU SBJSIOTCS
cJenytolre MOHSATHS:
1.IIpocTpancTBo.
2.Bpewms.
3.Macca.
4.Pusnueckas cuJja.
5.YcKopeHHe.
6.Cuna uHepIuH.
7.B3aumopnelicTBus.
8.Ko/aimuecTBO OBHXKEHHS.

CayienyeT OTMETHTb, YTO B HbIOTOHOBOM MeXaHHKe MPOCTpaH-
CTBO M BpeMsi He3aBHCHMble KaTeropuu (abCOJIOTHO), a Mpo-
CTPaHCTBO - BellleCTBEHHOE €BKJHMIOBO MPOCTPAHCTBO.

IV. Tenepb, of6pamiasice K CUMBOJHMKE MOMX MOHOrpacui,
BTOpOMY 3akoHY HbioToHA, omuchbiBawolleMy abCOJIOTHOE IBH-
JKeHHe, MOXKHO NPUIATh BU:

dp
— =F;, q€93,. 2.1
o q € Iy (2.1)
3nechb q - 06061IeHHAs KOOPAHHATA

p - 0000LIeHHBIH CONPSXKEHHBIH UMMYJIbC

t - BellleCTBEHHOE BpeMs
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F - ¢usuueckas cusna
) - KOHTPYIHLHUS KOHPUTYPALHOHHOTO MPOCTPAHCTBA

Sk:{(”ak CQq}
Qy={ql CcR"}

R" - N -ME€pHO€ BEUIECTBEHHOE €BKJAHWIO0BO MPOCTPAHCTBO.
Kak H3BE€CTHO, B KJIACCUUECKOH MeXaHUKe HUMITYJIbC HMEET
HaCTHOE IpeacCTaBJEeHHE!

p2md 4= 2.2
t
m - Macca.
31ech caenyeT o6paTUTh BHUMAaHKE HA OHY BaxKHYIO JeTaJb;
BTOpPOU 3aKOH HploTOHA cripaBeniMB Ha KOHTPYSHUHUHU Iy, UMEO-
el CTPYKTYPY JIEHTOUHOTO MHOT000Opa3usi BelleCTBEHHOr0 KOH-
(urypauuoHHoro npoctpaHcTBa. B Hanbosee pacnpocTpaHeHHOM
cJydae TMOCTOSIHCTBA Macchl BTOPOH 3akoH HploToHa uMmeer us-
BECTHBIH BUJ:

mq =F; q € IJ. (2.3)

V. OcHoBHble aTpUOYTHl ONMHUCHIBAEMOT0 KJIACCHUYECKOH MeXa-
HUKOH MHpa HbloToHa - abCOJIIOTHOE NPOCTPAHCTBO, aOCOIIOTHOE
BpeMsl, MOJIeJIU peasibHbIX TeJ, HaJleJleHHbIX Maccoi, UX B3aHMO-
JNEHUCTBUE U CBOWCTBA MUHEPLIUH.

A IO . MmnuHCKUM OCHOBHBIE TMOCTYJIaThl HBIOTOHOBOH MeXa-
HUKHU C(POPMYJIUPOBAHbI B BUJE!

1. [IpocTpaHCcTBO B K/1acCUUeCKOH MeXaHHUKe fIBJISeTCS eBKJH[IO-
BbIM U XapakTepusyeTcss abOCOJIIOTHO ,HEMOABHUXKHOW CUCTEMOH
KOOpJMHAT.

2. Bpewms Teuet Bciony ,a0CO/IOTHO OAUHAKOBO.

3. Macca 3/71eMeHTOB TeJsl BCerja HEM3MEHHA, B YaCTHOCTH TIpH
JI060H UX abCOJIIOTHOHW CKOPOCTH.

4. AbcostoTHOe NBHXKeHHe Tesl B Mupe HbloToHa ompenessieTcs
HCKJIIOUMTEJbHO UX B3aHMOAEHCTBHEM.
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5. Mepa B3auMOpeHCTBUSI ONHOTO TOYEYHOrO TeJja Ha Jpyroe
MOXKeT ObIThb NpelcTaBjeHa HeKOTOpbIM BeKTopoM. OH MMeHy-
eTcsl (PU3UUECKOM CHJIOH U MOXKeT ObITb ONpEeNesEH M0 MOLYJIO
U HalpaBJIEHUIO MOCPEICTBOM TeX HWJIM HHBIX HM3MEePUTeJbHBIX
YCTPOHCTB (HampuMmep, AHHAMOMETPOB).

6. Bektop neficTBytolleil Ha Tea10 (PU3UYECKOH CHJIBI, BEKTOP €r0
abCOJIIOTHOTO YCKOPEHHUSl M Macca TeJsa CBSI3aHbl BTOPBIM 3aKO-
HoM HpbloToHa.

7. Cunbl BO3/IeHCTBUS IBYX TOUEUHBIX TeJ APyl Ha Apyra Mof-
YUHSAIOTCS TpeTbeMy 3akoHy HploToHa.

8. Ilpy BO3#EHCTBUM Ha TOUEYHOE TeJI0 HECKOJIbKHUX APYTHX TeJ
UMeeT MeCTO 3aKOH He3aBUCHUMOCTH JIeHCTBUS CHJI.

§ 3. Cuna unepuumn

Kak u3BecTHO, cusia MHEPLHUH oNpeje/seTcs c/ledyOLHUM 00-
pasom:
A .
I=—mq. (3.1)
[Ipu stom onpenesnenun BTOpoH 3akoH HbloTOHa pomyckaet
nBe (OpMYJHUPOBKHU:

I+F=0; g€, (3.2)
I=-F, qe€3. (3.3)

[lepBas ¢opmynupoBka npencrasaseT npuHuun lanamobepa;
Torga Kak BTopasi (opMyJHpOBKa OyAeT HaM HeoOXoxuMMa MpH
00CYXIeHUH KOHLEMIUHU ,YIIPABJSIOLIEr0 MOJIS

Cnenyer o6paTuTh BHUMaHHWE Ha Ba)KHYIO JeTasb; (hopMmysa
(3.1) onpenensieT CUJTy HHEPLMH HA KOHTPYIHUHHU Iy, (1€HTOUHOM
MHOr000pasuu) KOH(UTypallHOHHOTrO npocTpaHcTBa §2,. Has Ha-
LIUX LleJlell 3TOro Hel0CTaTOYHO, TO9TOMY HaM HeoOXOAHMO BBe-
CTH B TEOPHIO paCIIMPeHHe CUJbl HHEPLHUH B KOH(PUTYPALLUOHHOE
MPOCTPAHCTBO. DTO PACIIMpeHHe s TIPUHS B BUIE:

{I=—-mq;, qe€3d}—{I=1I(q); qeQ,}. (3.4)
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BBenenHnoe pacumupeHue (GopMHUpPyeT NBOHCTBEHHOCTD:

1:{ I_(?Z;l 3:3’; } (3.5)

§ 4. Ilpunuun Maxa

[Tpexxne yeM mepexoiuTh K IJIaBHOMY, JeXKallleMy B OCHOBE
KHUTH, BBIBOAY, CJAEYIOLIEMY K3 ABOHCTBEHHOCTH (3.5), KPaTKo
paccMOTPUM BOIPOC O MPHUPOJE CHJIBI UHEPLHUH.

OnuH 13 MEXaHU3MOB UX BOSHHKHOBEHHS Mpensoxua J.Max;
[0 HalLKX JHEH 3TOT MeXaHH3M Jolles B BUje NpuHUMna Maxa.
IIpunuun Maxa
Hnepyus meara obycrosirena Oelicmsuem Ha He2o 8cex macc,
Haxodauiuxcsa 6o Bceaernroil.

B coorBeTrcTBUM ¢ npuHuMnoM Maxa npupona UHepUUH KO-
peHuTcsl B riyouHax BceseHHo#; a cam npunuun Maxa paet
NPOCTOe HarJIsiHOe pelleHHe MpobJeMbl JBHKEHHS.

§ 5. Ilong wHepuuu

Psan ecrecTBoMcHBITaTE/ el MPUYMHY CHJ HWHEPLUHUU CBS3BI-
BalOT C CYllleCTBOBaHHWeM TMoJsied HHepuuu. Hpes mnoss uHep-
uuu BocxomuT K A.Dinmrteliny. Co BpemeHn lanunes u Helo-
TOHa B [BHUXKEHHUH ycMaTpuBaeTcs O6opb0Oa MexAy ABYMS TeH-
INEeHUUSAMU: UHepluel U pusndyeckod cujoi. [Ipu atom nHepuuio
A DUHIITEHH OTHOCHT K yNpaBJIEHHIO; yIpaBjeHHe eCTh He 4YTO
MHOe, KaK (pu3uvecKoe I10Jie COCTOSSHUH, B3aUMOAEHCTBYOLLEe C
MaTepHeH.

[Io muenuto l'epmana Beinsi ,ynpasasiouiee nosne - 0060-
3HaueHHe YCTAHOBJIEHHOr0 JUHIITEHHOM MPH Pa3BUTHHU 0OLIeH
TEOPUU OTHOCHUTEJNBHOCTH €MHCTBA MaTepuH U rpaBUTaUUU. B
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3TOM MeXaHHU3Me ABUKeHHe onucbiBaeTcs gopmysod ['.Belas:

Hsuxncenue = Huepyusa + Pusuueckas cuia.

B cBoto o4epenb, ynpasJeHre MOXKHO 0XapaKTeprU30BaTh 1BOK-
CTBEHHOCTBIO:

Tpasumayus }

Ynpasienue = { Hrepyus

SToi JBOUCTBEHHOCTH 6YILeT COOTBETCTBOBAThb JBOUCTBEHHO-
CTb NBH2KEHHA:

Dusuueckasa cura

Tlsucenue — { Ynpasaenue }

II. [loctynupoBaHue CyleCTBOBAHUS MOJIeH HWHEPLUHUU OaeT
BTOPYIO MPUUYUHY CHUJbl UHepUuH. OObeaUHeHHe NBYX MeXaHU3-
MOB MUHepUUH (POPMYJIHUPYET ABOHCTBEHHOCTD:

Hoze unepyu }

Cusra unepyuu = { puryun Maxa

BkJtoueHue B KOHLENTYaJbHYI0 MOJIe/Ib HHEPLMH N0JIeH HHep-
MY NPUIAeT KOHKPETHBIH MCTHHHBIH CMBIC/ pacliupeHuio (3.4)
1 (3.5). B aToM ciyyae mbl 00s13aHBI 0OPATUTBCH K KJIOUEBOH
TUnoTese MOHOrpapuu ,JHTpPONUs-2 .

LS<Ilomoku unepyuu s8aaromcs cyxcenuem noseti uHepyuu
HQ KOHEPYIHUUIO AEHMOUHO20 IHMPONULHO20 MHO2006pA3UA.

§ 6. IIpumar noas nHepuUuU

BHe BCAKOTO COMHEHHS$, OMUPAsCh HA (PaKT CYlLeCTBOBAHHUSA
noJiedl WHePLWH, Mbl IPUXOAUM K YTBEPKIEHHIO.
YrBepxaenue 1.1 Cura unepyuu cozdaemcs nosem urnepyuu.
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Ho B 3TOM c/lyyae npuMar nprHaa/IexUT N0/ HHEPLUUH. B cBoto
oyepelb, MPUMAT MOJIS HHEPLUUH BbIIBUIaeT Ha MepeJHIO M03U-
LU0 33Ja4y M0JI HHePLHH:

—mq; q € Iy,
I= 6.1
{I(q): q € Q. (6.1)

[TepBasi KOMIOHEHTa ABOMCTBEHHOCTH WHEPILHH ONpeJesisieT
CHUJTY MHEPIWH:
I£ —mg; q€3,. (6.2)

Tenepb MBI cMOXKeM MO paclinpeHuio (3.4) MOCTPOUTH CyKe-
HHe:

{L qeQ} —{I=—mi; qed}. (6.3)

[Ipucoenunsis x atomy cyxeHuto npuHuun Janambepa, Mbl
MPUXOIUM K OIHOH U3 (OPMYJIUPOBOK 3aKoHa HbroToHa:

{L, g€ Q} = {I=-mq; g€y}

I+F=0; q€9. (6.4)

B sToil hopmynrpoBKe BO3HUKJIA UHTEPECHAs 1eTaJb; B KJac-
CHUUECKOH MeXaHHKe CYLIeCTBYeT [Be KaTerOPUH CHJI:

1. Cunbl uHepUUH.

2. dusnyecKre CUJBbL.

[Ipu aTom BTOpO# 3aKoH HbloTOHA NpeacTaB/sieT 3aKOH CBSI3U
CUJ1 UHEPUUU U (DU3UUECKHUX CHJI.

§ 7. IIpoGsaema mHepuUMH

OcHoBonosaraiomuM pe3yabTaToM sBJsSETCS TOT (PakT, uTo
npobseMa MHepUUH, obsanasi MIPUMaToOM, B UCXOAHOH (POpPMYJH-
pPOBKe He CBfI3aHA C HBIOTOHOBOW MEXAaHWUKOH, U IPeACTaBJIseT
CaMOCTOSITEJIbHYIO TPO6JIeMy eCTeCTBO3HAHHUS. DTOT BBIBOI KpY-
TO MeHsSieT TMO3ULMI0 B KJACCHUUECKOH MeXaHUKe, U (hOpMHUpPyeT
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OPYTYIO JIOTHKY HMCCJEeIOBAHHUS ABHXKEHHs TeJs MO BO3IeHCTBHU-
eM (PU3UYeCKHUX CHJL.

B HoBo#l Jsiorrke npobJsema MHepUMH NprobpeTaeT Mpasa ca-
MOCTOSITE/IbHOI'O pasjiesia eCTeCTBO3HAHUS; IPUYEM paszena, pop-
MHUPOBaHHE U Pa3BHUTHE KOTOPOro MPOUCXOAUT 6e3 MpsSIMOro yya-
ctus (60 ydyeTa) (PU3UUECKUX CHII.

OnHoBpeMeHHO, 06Jsiafiasi HOBBIMH 3HAHHUSIMH O TJYOMHHBIX
NPUYMHAX W NPUPONE CUJ WHEPLUH, pa3BUBAETCS U MeXaHHKA.

§ 8. Teopus mHepuum pasgesa xaoTH-
YyeCKON MeXaHUKHU

I. CoBepilleHHO OYEBHAHO, UTO MPENIONOKEHHE O CYyIeCTBO-
BaHUM TOJIeHd UHEpLUUU MepPeBOAUT MpoOJeMy HUHEPUHUU B UUCIO
npo0JieM XaoTHUYeCKOH MeXaHWKH; B UTOTe, MPeIMeT HaCTOSLleN
MOHOrpauu  TeOpUs MHEPLUUH  CTAHOBUTCS CIEeLHUaNU3UPO-
BAaHHBIM Pa3aesioM XaoTHYeCKOW MeXaHWKH, CO3[aHHOH MHOI B
MOHOTpaduu ,DHTPOMNHUA-2 .

BaxxkHeHUH akT: BKJOUeHUe TpobJaeMbl HHEPLUHH B XaoTHYe-
CKYI0 MeXaHHUKY COo3[aeT 3TOH npobJeMe YETKYIO U SCHYIO KOH-
LeNnTyaJbHYI0 OCHOBY W BbIIEJSET IJs Pa3BUTUS TEOPUU HHep-
UUU 3(p(HeKTUBHbIE HHCTPYMeHTa/bHble CPEACTBA TEOPUU SHTPO-
MUK U XAaOTHUUECKOH MeXaHHUKH. DTOT aKT s 0OpMHUJ Cleaylo-
[IUM YTBEPXKIEHUEM.

YrBepxaenue 1.2 [Ipobrema unepuuu ssasemcs npobiemoti
XQOmu4ecKoll mexanuxku.

Bkstouenue npobseMbl UHEPUUH B COCTAB XaOTHUECKOH Me-
XaHUKH TPUBHOCHUT B TEOPUI0 MHEPLMUHU PSN XapaKTEePHBIX UepT,
Cpeir KOTOPBIX BeAylllee MeCTO 3aHUMAIOT:

1. Ilosiss, MOTOKK U CUJIBI HHEPUUH CYLIECTBYIOT B BUPTYyaJb-
HOW CIIJIOLIHOW cpefe.

2. Teopusi HHEPUHMH CYILIECTBYET HAJ MOJE€M KOMIJIEKCHBIX YU-
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ceJl.

3. Bce reomerprueckre 06beKTbl TE€OPUH HWHEPLHWH, BKJOUAS
KOH(UTypallMOHHOEe MPOCTPAHCTBO  KOMIIJIEKCHBIE.

4. B TeopuM MHEpUHMH CYLIECTBYIOT 1BAa KOMIJIEKCHBIX BpeMe-
HU:

- aCTPOHOMHUYECKOE KOMIIJIEKCHOE BPEMS

- DHTpoNUIHOe KoMIeKcHoe Bpewmsi.

II. B onHOM yacTHOM c/y4yae TpPeXMepHOro KOMILJIEKCHOTO
€BKJ/IMJ0BA INPOCTPAHCTBA HUCXOLHOH (popMysnHpoBKe MNpoOJeMbl
UHepLUUH MOXKHO NMpPUIATh BUL:

Ha):ac (8.1)

Q, ={d|® C CS}

3necb C3 - TpexmepHOE KOMIJIEKCHOE eBKJMA0BO MPOCTPAH-
CTBO
(2, - KOMILJIEKCHO® KOH(UI'YyPaLHOHHOE MPOCTPAHCTBO
q - KOMIJIeKcHasi 060011eHHass KOOpAruHaTa.

dopmynupoBka (8.1) momyckaeT pasjduHble 00O0OLIEHUS U
paclIUpeHus.

OTmeuy, 4TO, IPUHUMAS THIOTE3Y O BKJIOYEHHH MPOOIEMBI
UHEepPLHUH B COCTaB XaOTHUECKOH MeXaHWKH, Mbl aBTOMATHUECKH
noJydyaeM BaKHbIH MeTONOJIOTMUECKH pe3y/bTaT: eCTeCTBEHHOH
cpenod 0OMTaHUS MoJieH, TOTOKOB U CUJl HHEPLHH SBJISIOTCS KOH-
(purypauMoHHble IPOCTPAHCTBA.

ATOT (heHOMEeHOJIOTHYeCKHH (paKT oKasaJj pellaiolllee BJIHS-
HUe Ha BUJ BCeH TeopuU MHepUMU. B mepBoil rnaBe HacTosllel
KHUTU 51 He Oyny NPUBOAUTH MoAPOoOHOe 0O6OCHOBaHHE MpPUHAL-
JIE2KHOCTH TEOPUM HMHEPLUHM XaOTHUUECKOH MeXaHHKe; OHO YyiKe
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BBITIOJTHEHO MHOIO U COLEPXKHUTCH B KHUTe ,DHTponus-2: XaoTu-
yeckKasi MeXaHHKa .

BTopoe BaxKHOe 0OCTOSITE/bBCTBO: COAEpKAlLLAsCs B HACTOSI-
el KHUTe TeOpUsl MHEePLUH MOJHOCTbIO NOCTPOEHA C MOMOLILbIO
UHCTPYMEHTAJbHBIX CPEICTB U CHMBOJIBHOTO BBbIBOJA MOHOTrpa-
¢ust ,Idutponua U ,IJHTponusa-2 . [losTomy Bce HOBBIE KOH-
CTPYKLHH 51 BBOXKY B TeOpHio 6e3 MOoAPOOHBIX ClelHaIbHbIX MO-
SICHEHHUH; BCe TMOSICHEHHs U HeJOCTalollhe CBeleHUs COlepKaThb-
csl B IBYXTOMHHUKe ,DHTponus . Uurartenao u Heo6XoauMo obpa-
TUTbCS K KHHTaM 3TOro AByXToMHHKA. Hacrosias Teopus npen-
CTaBJISIeT €CTeCTBEHHOE TPOJ0JIKEHHe MOUX IBYX KHHUT (,DHTPO-
nus , ,DHTPONHUSA-2 ), ¥ HEOOXOAUMOCTb MOBTOPEHHS H3BECTHBIX
TEOpeTUYeCKUX (PPArMEHTOB UaCTO OKA3bIBAETCS M3JHUILIHEH.

§ 9. ComnporuBieHrne UHEPLUU

BupryasnbHasi cnjomHas cpena, Kak NepBUYHAs CYLIHOCTb
Xa0TUYEeCKOW MeXaHHKH, a, CJe0BaTeJbHO, U TEOPUH HUHEPLHH,
NpUAaeT OnpeaeeHHOCTb KJAaCCU(PUKALIMU U HHTepIpeTaluu CH-
Jie UHepLUH.

[Tos ¥ MOTOKM MHePUMH BO3HUKAIOT U CYLIEeCTBYIOT B BUPTY-
AJIbHOU CIJIOIIHOM cpefie; OTCIAA MOJydaeM, YTO CHUJIa UHEPLIUH
TaKKe BO3HHMKAeT U CyLIeCTByeT B BUPTYaJ/bHOM CIJIOLIHOH Cpe-
ae.

3aech 1 MPUXOXKY K caenyioliemMy Gakry:

CUNQ UHEePpYUL Peasusyemcs 6 BUPmMyaibHOL CNAOWHOL cpede.

Tenepp s chopmyaupyr0 AOCTAaTOUHO OYEBUAHOE YTBEpKJe-
Hue B [Ipupoze cyluecTByeT ABe IPyNINbl CHUJIL:

1. Cuabl, co3namolile IBUXKEHHE.
2. Cuupl, co3maBaeMble IBUKEHUEM.

OueBHIHO, UTO CHJIa UHEPLIUU CO3[AETCS BUKEHHEM H, CJe-
J0BaTeJIbHO, B BHUPTYaJ/bHOM CIJIOLIHOH Cpelle OHAa eCTb COIpOo-
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TUBJIEHHE HHEPUUH. DTOT PyHAAMEHTAbHBIA PaKT 51 chopmynu-
poBasl B BHE YTBEPXKIAEHUS.
YrBepxaenue 1.3
Cunra unepyuu conpomuseierue UHepyuu.

31ech s 10J2KEH OTMETUTh, UTO C(POPMYJIHPOBAHHYIO B yTBEP-
X)aeHnd 1.3 kaaccupuKauuio CUJbl MHEPUHUH KaK CHJBI COMpPO-
TUBJIEHUs], 110 CYyTH, BrepBble BBes H.A .KuiabueBckuil B CBOEM
u3BecTHoM yyebHHKe ,Kypc Teopernueckoil mMexaHuku . Huko-
nau AnexcanapoBud KusbueBCKHE 3Ty naeo chopMynnpoBas B
c/JedyolleM BHIE: ,, ... CJeJ0BaTeJbHO, CHUJIa UHEPLUHU CBOOOM-
HOH MaTepua/ibHOM TOYKH paBHA [VIABHOMY BEKTOPY CHJI NPOTH-
BomedcTBHS, ... (Tom I. cTp.240).

§ 10. 3axkuaioueHmue

1. Cunra unepyuu cozdaemcs norem uHepyuu.

2. Ilpobrema unepyuu 8 ucxo0OHOU QOpMYAUPOBKE He CBS-
3aHQ C HLIOMOHOBOL MEXAHUKOL U npedcmasasem camo-
cmoamenvryo npobiemy ecmecmso3HAHUSL.

3. Teopus urHepyuu 6453emcs CAMOCMOSMENbHOIM CHEeull-
QAbHbIM PA30esOM XAOMUUeCKOl Mexanuku, npobiema
UHepyuu a8aaemcs npobaemoli Xaomuueckol MexanuKku.

4. Brkarouenue npobremol uHepuuu 8 cocmas xaomuueckoll
MEXAHUKU NPUBHOCUM 8 MeOopuro uHepyuu psao xapax-
mepHbLX uepm, cpedu Komopolx sedyujee mecmo 3aHUMa-
rom:

- NOAS, NOMOKU U CUAbL UKEPUUL CYLUEeCMmBYOM 8 8Up-
myarbHOt CNAOWHOL cpede

- meopus uHepyuu cyujecmsyem Hao noiem KOMNACKC-
HbLX 4UCen
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10.
11.

12.

- 8ce ceomempuuecku 00veKmoL MeopuL UHepyUL, 8KAI-
4as KOHQuUeYpayUoHHoe NPOCMPAHCMB0 KOMNAEKC-
Hble

- 8 meopuu uHepyuu cyuiecmsyem 08a KOMNAEKCHbLX
BPEMEHU: ACMPOHOMUUECKOE KOMNAEKCHOE 8peMs U
Inmponuiinoe Komnaekcroe Bpems.

Kaaccuueckas mexanuka He3amKHYymas meopus, no-
CKOAbKY 8 Hell omcymcmeyem UCMUHHAA NPULUHA CUAbL
UHepyuU.

Heuncenue = Huepyusa + Puauueckasn cuia.

Hoeromornosa mexanuka mexanuxa ezaumodeiicmsus
cun urepyuu ¢ opyeumu Quaudeckumy curamu.

YpasHnenue Horomona ypasHenue c813uU CUL UHEPUUU
¢ Qusuueckumu CULAMU.

Ecmecmsennoti cpedoii obumanus noaeil, NOMOKO8 U CUL
UHEepYUL S6AAIOMCA KOMNACKCHbLE NPOCMPAHCMEQ.

Cunra unepyuu conpomuseierue uHepyuu.

B pamkax cyujecmsyrouux KoHyenyuti KAACCU4ecKol me-
XaHuku npobaema unepyuu He umeem aghpexmusHozo pe-
weHus.

Hemumnrnoe snanue ecmo 3nanue npuuun. (Ppencuc be-
KOH).
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AKcuoMmarnueckKkasa 06asa
TeOprHr MHEPLUU

§ 1. Teopus uHepuuu crneuUaJbHBIN
CaMOCTOSITeJbHBIN pa3fes XaoTuue-
CKUH MeXaHMKHU

[Ipu paspaboTke akcuomMaTH4ecKod 0asbl TEOPUH HHEPLUH
NepBYI0 MO3ULHI0O 3aHUMaeT BONPOC KJacCH(UKaUUU  omnpese-
JIeHHe MeCTa TeOPHH MHEePLHUH B SHTPONHUHUHOH KOHLENTyaJbHOH
MOJIeJId eCTeCTBO3HAaHMS. DTOT Bompoc si pemua B raase [ ,Hc-
TOKH U MOJyYeHHOe pellleHHe MUMeeT BHJ: TeOpPUS HHEpLUHUH
CreluaJ/bHbIH pasfes XaoTHUYeCKOH MeXaHHKH.

HMeHHO 3TOT pakT cocTaB/sieT (PyHAAMEHT KOHLENTYaJbHOH
MOJe/JU WHepUUH U olpenesisieT crocod (popMHPOBaHUS aKCHO-
MaTH4yecKol 6a3bl Teopuu HHepuuu. [Ipexkne Bcero mocTaTo4yHO
JIETKO yCTaHaBJMBAETCS CTPYKTypa akKCMOMAaTHUeCKOH 0a3bl; OHa
COCTOUT U3 TPeX KOMILJIEKTOB aKCHOM:

1. AKCHOMBI BUPTYaJIbHOH CIIJIOUIHOH CPEJHI.

2. AKCHOMBI 3KCTPEMaJbHOTO MOTPAHUYHOTO CJIOS.
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3. CnenuaJsbHble aKCHOMBl TEOPUH HHEPLUH.

[IockoabKy cOCTOSIHMS MOJied U MOTOKOB MHEPLUH COepKaT
[BHKEHHE U COOBITHUS, TO OHU pPeasu3ylTCsl Ha YHUBEpPCyMe

3=3_U3,. (2.1)

Kak u3BecTHO, B 3TOM yHUBepcyMe J_  3KCTpeMasbHbIH
MOTPAaHUYHBIH CJIOH, @ D,  BHeIlHee SHTPONUIHOe MHOrooOpa-
3ue.

CyllecTBOBaHHE B TEOPUU MHEPLUU YHHBEpPCYMa MPHUBOIUT K
IBYM 00BbeKTaM HUCC/eNOBAHUS:

1. O6beKT SHTPONUUHON KOHIENTYaJbHOH MOAENH  BHPTY-
a/JbHas CIUIOLIHAs cpena

2. OO6beKT XaOTHUECKOH MeXaHUKH 3IKCTpPeMaJsibHBIN morpa-
HUYHBIH CJIOU

Kaxapiii 13 00beKTOB UMeeT aKCHOMaTUUeCKOe OMpeeseHue:
B HACTOSILLEH KHHUTe 3TH onpeneseHus: soulu B [IpodJior.

Takum ob6pa3om, akCHOMBI BUPTYaJbHOH Cpelbl U aKCHOMBbI
9KCTPEMaJ/IbHOTO MOTPAHUYHOTO CJI0S BOLIIU B aKCHOMATHYECKYI0
6a3y TeopuM MHEepPUHH U3 KHUTH ,DHTPONUS-2 U CONEp:KaTCs B
[Ipodiore.

B nessix LleJIOCTHOCTH akKcHOMaTHuyecKod 0asbl U OoJiee Tec-
HOH CBSI3U [OIOJIHHUTEJbHBIX aKCHOM C OOILIMMHU aKCHOMAaMH 5
peLIu/ MPOUMUTHPOBATh OOLIMEe aKCHOMbI M B HACTOSILEH IyaBe.

§ 2. AKCHOMBI BUPTYaJbHOU CIJIOIIHOU
cpeabl

AXcHOMBI BUPTYaJ/IbHOM CIJIOIIHON CPeMbl COAEpKaTCs B CJe-
AYIOLleM ONpefiesIeHUH.
Omnpenenenne 0.1 Bupmyanvroi cnaouinoti cpedoil Ha3vl8a-
emcs abcmpakmmolli 06vekm, onpedessemoili AKCUOMAMU:
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1. Bupmyanvras cnaiownas cpeda Haxooumcs 8 OepaHu-
ueHHol obaacmu Komnaexcroeo npocmparcmsa C"@C,,
HQA3bl8AEMOU KOMNACKCHbIM (PA308bIM NPOCMPAHCMEOM.

2. B komnaexcrhom ¢pazosom npocmparcmae cOCmosHue 8Up-
myarbHot cCNAOWHOL cpedol Xapakmepuldyemcs 080LcmeeH-
HbIMU NOKANbHOIMU KOOPOUHAMAMU:

q o0606uwennoil koopduramoti, p 0606ujeHHbL uMm-
nyavcom. Ilpu amom q € 0, ; p€ Q,;Q, CC";Q, C C,;
Q=Q, xQ,.

3. DyHKUUOHUPOBAHUE BUPMYANbHOL CNAOULHOL Cpedbl NPo-
ucxodum 8 napamempuueckom npocmparcmee J C Cl,
NEeMEHMOM KOMOPO2O AB8ASEMC s napamemp z acmpo-
HOMUYECKOoe 8PeMsl.

4. Bupmyanvrasa cnaouwnas cpeda obradaem KOMNAEKCHOU
naomuocmoio p = p(q, p, 2).

5. Macca supmyanrvroti cnaouiHoli cpedol COXpaHsaoua-
ACS BEAUMUHA.

6. B komnaexkcrom ¢pasosom npocmparcmee onpedesena H-
mponus UpmMyaibHOL. CNAOUHOL cpedbL.

7. IKCcmpemaroHolM NPUHLUNOM BUPMYANbHOL CNAOULHOL cpe-
JoL 8A5eMmca NPUHYUN MAKCUMYMA IHMPONUL.

8. QyndamenmanrvHoli cummempueti a8asemcs 080LUcmeeH-
HoCMb.

§ 3. AKcuomMBbl 3KCTpeMaJibHOT'O Torpa-
HUYHOTO CJI0f1

AKCHOMBI 3KCTPEMaJsIbHOTO MOTPAHUYHOIO CJIOS COLEpKaTcs
B olpeleJieHUH 00beKTa Xa0THUeCKOH MeXaHHKH.
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Kak u3BecTHO, akcuoMatrhyeckoe ornpefesneHre o6bekTa Xao-
THYECKOH MeXaHUKH UMeeT BHI.
Onpenenenue 0.2 JxcmpemanrvHoim NOSPAHULHBIM CAOEM HA-
3vleaemcs abcmpakmuoili 06vexm, onpedessemoili AKCULOMAMU:

1. IkcmpemanrvHolll noeparuUuHbll CAOU HAXOOUMCA 8 KOM-
naekchom ¢gpasosom npocmparcmae €.

2. Ikcmpemanvrolli NOCPAHUUHBLL CAOU CYHCeHUe IHMPO-
nuiiHoeo mHo2co0bpasus, noddepicusarowee nocmyiam npe-
denbHOU HeKoppeKmHocmu.

3. [nobarvHoti cummempueti 3KCMpPemansbHo20 NOSPaAHULHO-
20 CN0s A68A5eMmCs 3aKOH COXPAHeHUsT IHMPONUU

Hy; = const.

4. IxcmpemanvHolii noeparuyHolil caoti obaadaem cummen-
pueil unsapuarnmrocmoio cocmosuuti. Mueapuarnmuocmo
COCMOsHULL npednoiazaem mun Opearu3ayul, npu Komo-
POM COBOKYNHOCMb NOMEHUUANLHO BO3MONMCHLLY COCMOSL-

Hutl IIIC He 3a8ucum om 3HMPONULIHOEO MHO2006paA3US
srne IlIC.

5. B akcmpemanvHom noeparuurom cioe cyuecmsyem 0sa
KOMNAEKCHOLX BPEMEHLL:

- 9nmponutinoe Bpems S,
- acmpoHomuueckoe 8pems z.

6. B akcmpemasbHOM NOCPAHUYHOM CAOE cyujecmsyem ge-
ujecmeentolil KaAUbposouHsLll paduyc ¢.

7. IKcmpemanvHolil noeparuuHbli caot cocmoum u3 aopa
IIIC u meaa IIIC: npu smom menro IIIC pasmewero 8
KOAbUe

D={z]e<|z| <+ e}
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§ 4. CneuuanbHble aKCMOMbI TEOPUM
UHEPLUU

DopMUpoBaHHe aKCHOMATHUECKON 6a3bl TEOPHUH WHEPLHUH 3a-
BepLUAIOT ClelHajbHble aKCUOMBI TEOPUU WHEPLIUH.

B kauecTBe crnelMasbHbIX aKCHOM s CPOPMYJIUPOBAJ CJeNy-
IOLIMe aKCHOMBI:

1. Bupmyanavroil cnaowrotl cpedotl urepuuu 1642emcs aQpup.

2. 3¢up pacnonroxcern 8 KOMNAEKCHOM KOHGUSYPAYUOHHOM
npocmparcmee, Aub0 paculuperHom KOMNAEKCHOM KOH-
pueypayuonrom npocmparcmae.

3. Cunra unepyuu cozoaemcs nosem uHepyu.

4. Hoas u nomoku unepyuu noas U NOMOKU 8036y deH-
HO20 COCMOAHUA 3upa.

§ 5. Idup cpesa oduTaHUA MHEPLUU

B sHTponuiHON KOHLENTya/JbHOH MOAENH eCTeCTBO3HAHMUS
oTBepraeTcs MycToTa WM IpenrosaraeTcs CyllecTBOBaHHe B (a-
30BOM MPOCTPAHCTBE HEKOH CyOCTaHUMH, Ha3BAaHHOW MHOIO BHp-
TyaJIbHOX CIJIOIIHOM CPenoH.

BuprtyanbHasi crnJjomiHasi cpena o6JanaeT BCeJEHCKOH oO0ul-
HOCTBIO U TIPU Pa3BUTHU KOHKPETHOH mpobJseMbl HeoOXoauma eé
uneHTHukauus. Mnentudukauuio cpenbl oOUTaHUS NoJeH, No-
TOKOB M CHJI MHEPLMH S BBINOJHUJ NOCPEACTBOM CIIeLHaNbHON
aKCHOMBI T€OPHUH HHEpPLHH.

B cooTBeTcTBHM ¢ mMepBOW creuLHasbHOH AaKCUOMOH CpenoH
O0OUTaHUS MHEPLUHUHU SIBJSETCS 3PUP.
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§ 6. KommnaekcHoe KOH(pUTypanioOHHOE
MPOCTPAHCTBO

OnHum U3 HanboJsiee 3HAYUMBIX (PAKTOB aKCHOMAaTHUeCKOH 6a-
3bl TEOPUU MHEPLUHU fiBJAsSeTCS (PAKT aKCHOMAaTHYeCKOro ornpeje-
JIEHUS] KOMIIJIEKCHBIX TMPOCTPAHCTB, BKJI0Yasi KOMIJIEKCHOE KOH-
(pUrypallMOHHOE MPOCTPAHCTBO.

[To 3HAUMMOCTH A/ COBPEMEHHOI'0 €CTECTBO3HAHHS aKT BBe-
NeHUs] KOMIIJIEKCHOTO KOH(MI'YpPaLMOHHOIO MPOCTPAHCTBA 3aHHU-
MaeT OJIHO M3 MepBBIX MecT. B HecTporoil WHTeprnpeTauyyd 3TO
O3HayaeT, YTO B MPOTHBOMOJOKHOCTb MHOTOBEKOBBIM yCTaHOBHUB-
lemMcsl NpeacTaBJeHUsIM Mbl, 3eMJISIHE, XKUBEM He B TPEXMepPHOM
BellleCTBEHHOM €BKJIMI0BOM MIPOCTPAHCTBE, a B TPEXMEPHOM KOM-
MJIEKCHOM €BKJIMA0BOM TPOCTPAHCTBE, JHOO B UETBIPEXMEPHOM
KOMITJIEKCHOM MPOCTpaHcTBe MUHKOBCKOTO.

ITOT MOBOPOT cOObITUH B KapTuHe Mupa mpuBesa (cM. Mo-
HOTpauu ,DHTPOMHUS U ,DHTPONUS-2 ) U ellle TPUBEIET K pe-
BOJIIOLIMOHHBIM H3MeHeHUsIM B KapTuHe [lpuponsl. Kak caeny-
eT M3 MOHOrpaduu ,DHTPONUS-2 , KOMIJIEKCHBIE TIPOCTPAHCTBA,
Oyayund abCTPaKTHBIMH CYLIHOCTSIMM T€OPHUH 3HTPOMHHM, MPUBO-
OST K YIMBUTEJNbHO COTJIACOBAHHBIM pe3Y/bTaTaM B KOHKPETHBIX
npo6semMax ¥ eIMHOH 11eJI0OCTHON KapTHHe BcesleHHOH U OKpyxa-
oied JleHcTBUTEbHOCTH. DTO yCTAaHOBJEHHOE TEOPETHUECKHUM
NyTEéM CBOHCTBO IMOJABHTaeT Hac K KOHBepTaUHUH aOCTpPaKLUHH B
UHTeprnpeTaluio. B utore Mbl IPUXOAUM K MBICJU O PeasbHOCTH
KOMIIJIEKCHBIX IPOCTPAHCTB. B npobJieMe HHEpLUUH 3TO 0COOEHHO
BaKHO, MTOCKOJIbKY, KpOMe MPOoOJ/ieMbl HHEPLUH, 31eCh CYLeCTBY-
eT Apyrasi, BaxkHeH11as aas Oynylield UUBUAX3ALUU TTpobaemMa
npobJieMa cBOOOAHON Hepruu sgupa.

B npo6/ieme cBOOOAHOH 3HEpPruu 3¢upa 4eTKO MPOSIBJsETCS
KJl04eBas 3HaUMMOCTb MOCTYNHPOBAHUS KOMIJIEKCHOCTH; TOJBKO
B KOMIIJIEKCHOM KOH(UT'YPALIMOHHOM ITPOCTPAHCTBE U €ro paclliu-
PEeHUH JIOCTHUTraeTCs COrJIaCOBAHHOE, MOJIHOE, HEMPOTHBOPEUHBOE
pelueHue npoOsieMbl KOHBEPTALLUM CBOOOAHON Hepruu supa.
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§ 7. IlpuumHa cuabl MHEePUUHU

Onwupasice Ha BBeleHHOE B KHHUTe ,DHTPOMUs-2 obllee npea-
CTaBJIeHHe MOTOKA Ha SHTPOMHHHOM MHOT006pasvH, s YCTaHO-
BHUJI, YTO CYLIECTBYET JBa MeXaHW3Ma CHJIbl HHEPLHH:

1. Cuna uHepUMM CO3LAETCH UMITYJIbCOM.
2. Cuna uHepUHUM CO3[aeTCs MOJIEM HHEPIUH.

Tpetbs cnenunanbHas akcMoMa M onpefessieT eJUHCTBEHHBIN BbI-
60p; BO3SHHKHOBEHHE CHJIbl HHEePUHUH 0053aHO IOJI0 WHEPLHUH.

[anee, BcrioMrHasi KOHKPETU3AUIO BUPTYaJJbHOH CIJIOLIHOH
cpenbl B BUIe 3(pupa, s NPUX0XKY K BBIBOAY, YTO CHJIa UHEPLHH,
(baKTHUeCKH, SIBJIsSIeTCS CONPOTHBJEHHEM 3(pHpa HeCTalLlMOHAPHO-
MY JIBHKEHHIO MacChl.

§ 8. Bo30yxkaeHHoe cocTrosiHue 3dupa

[TocsienHss cneunanbHass akcMoMa TEOPUH UHEPUHUH chopMy-
JIMPOBaHA MHOIO 110 MaTepuaJiaM rjassl ,,[1o/1s ¥ NOTOKK MHepUHH
MoHorpaduu ,dHTponus-2: XaoTnyeckass MexaHuka . Hamnowm-
HIO YMTAaTeJo, YTO NpobJeMy HHEpPLUHUH f HadaJ U3yyaTb elle B
MoHorpaduu ,dHTtponusa-2 . B rnase ,Ilons u moTokn nHepuuu
S YCTAHOBUJI PSifl KJIIOUEBbIX U 0a30BbIX CBOHCTB HTPOMUHHO-
ro OMHCAHUSA U SHTPONMUUHON KOHUENTYaJbHOU MOJAEIN UHEPLHH.
FmenHo 31ech g ¥ yCTaHOBHUJI, UTO 110J151 U TIOTOKH UHEPLHUH CO-
JEPXKUT BO30YKEHHOE COCTOsIHUE 3(upa.
B pesysbrate s mpuilesa K rnpeacTaBaeHUsM OOLIEro CocTosi-
HUSl 3(prpa B BUOE IBYX COCTOSIHUH:

OIIOPHOI'0 COCTOSAHHA

B0O30YKEHHOT'O COCTOSIHHUS.
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OmnopHoe coCTOsIHHE MPEACTABJSAET CTALMOHAPHOE BHUKEHHE
»110 MHEPLHUH ; TOTAA KakK BO30yXKJIeHHOe COCTOSIHHE XapaKTepH-
3yeTcsl HeCTaUHOHAPHBIM JIBHUKEHHEM MacChl.

OTMeuy BakHOe AJis1 AasbHEHIIero cjelcTBHe YeTBepTOH ak-
CUOMBI; 000011eHHas KOOpAUHATa MoJiell U NMOTOKOB MHEepLHH
BO3MYylleHHas 00001eHHasi KOOpAuHaTa. 31ech MoJ BO3MYILEH-
HOW KOODAMHATOW 1 MOHUMAK BO3MYILIEHHE OMOPHOM KOOPAUHA-
THI.

B cuMBOJIbBHOM BHIE 3TO BBITIIAUT TaK. B COOTBETCTBHM C
YeTBEPTOH ClelralbHOM aKCHOMOH /151 0600111eHHOH KOOpAUHA-
Thl OyZeT CIpaBelJUBO MpeNCTaBJEHHE!

a2d’+aq qeQ,
3nech
q° - onopHas 0600IIeHHass KOOPAHUHATA
dq - BO3MYIIEeHHe OMOPHOH KOOPAHHATBHI.

VMeHHO KOOpOMHATa M BHICTYNaeT B poJiu 0600IIEHHOH KOOp-
JIUHATHI 110J1€d U NOTOKOB MHEPLHH.

Tenepp nss ympolleHUsI CUMBOJMKHM HaM CJefyeT NPUHATb
cor/allleHue o nepeo0O3HaYeHUH:

q—4q.
B cooTBeTCTBHM C 3THM corJyalleHHeM BCrOAY, MO TEKCTY KHHUTH,
CHUMBOJIOM ,,q o6o3HaueHa 006001IeHHas KoopAruHaTa KOMIIJIEKC-

HOrO KOH(UT'YpalLlMOHHOTO MPOCTPAHCTBA BO3MYylleHHas 06006-
lleHHas: KOOpAMHATA.

§ 9. IurponuiiHoe BpeMms

I.OgHUM K3 OCHOBHBIX YpaBHEHHH TEOPHUH 3KCTPEMaJjbHOTO
TOTPAaHUYHOTO CJIOS SIBJISIETCS Mepellefilliee U3 KHUTH ,JHTPO-
NUSl ypaBHEHWE CTPYKTYPHOH SHTPOIHHU:

dH,
d—q:al;5<|z|<\/§; qed_.
y4
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3necb 01  OUBEPreHTHBIH WHBApUAHT.
II.Akcuomatuka IIIC mpenmnosaraeT CyliecTBOBaHHE IBYX
KOMIIJIEKCHBIX BPEMEH:

1. OurponuitHoro BpemeHu.
2. ACTpPOHOMHUYECKOTO BPEMEHH.

®opmasbHO JHTpoNUNHOe Bpems BBOIUTCS MPOCTO: AJs 3TO-
TO HY?KHO MPHHSATb [B€ aKCHOMBI:

1. Axkcuomy DuTponuiiHoro BpemeHu.
2. AKcrOMY KOMIJIEKCHOH CKOPOCTH.

Onupasice Ha MaTepuasbl MOHOrpaguil ,DHTPONUS B COOT-
BETCTBHE C MepBOH akCHMOMOH DHTponuiiHoro BpemeHu Heobxo-
IMMO OTOXJAECTBUTb DHTPONHUHHOe BpeMsi co CTPyKTYpHOH 3H-

TpPONHUEH
S=H,

BTOpaH dKCHOMa OTO2XKIECTBJIAECT KOMIIJIEKCHYIO CKOPOCTb C OU-
BEPreHTHbIM WHBapHaHTOM

w=o,; €< |z| <+Ve
PesynbTaToM 3TOro 6yneT ypaBHeHHe DHTPONUHHOTO BpemeHu:

ﬁ:w; e < |z] < Ve
dz

Heob6xonumo o6paTuTh BHUMaHUe Ha BaxKHEUIIUH (DaKT: mpo-
6jeMa JHTponUiHOro BpemeHH sB/sieTCS LIeHTPaNbHOH npobJe-
MOM XaOTHYECKOHM MEeXaHUKH M SHTPOINUHUHOU KOHLEILUH ecTe-
CTBO3HAHHS.

['ny6uHHble KOPHU 3TOM Mpo6JeMbl BOCXOAAT K ABYM KaTero-
pUsim:

1. abcrpakuus,
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2. WHTepIpeTalusl.

Axcuomarnyeckasi 6aza IIIC onpenessier abeTpaKTHBINA 06b-
eKT, U BCe aKCHOMBl 3TOr0 00beKTa UMeT aOCTPaKTHBIH CMBI-
ca1. Ho ecrecTBoucnbITaTENSIM U aBTOPY aOCTPAKTHOTO CMbICJa
TEOPUH IKCTPEMAJIbHOTO TIOTPAHHUYHOTO CJIOS HEIOCTATOUHO; HAaM
HY»KHa UHTeprpeTauus 3Tod Teopuu B [Ipupone u okpyzxkatolei
Hac JleHCTBUTE/IbHOCTH.

WMHuTtepnpertaunsa npuHHMaeT BUA BTOPOHW CTOPOHBI U BTOPOU
npo6ieMBl TEOPHH IKCTPEMAJBHOTO MOTPAHUUHOTO CJOS. IDTOT
(akT, B CBOIO ouepelb, BBIABHHYJ Ha MNepelOBble MO3WULHH Ha-
CTOSILLEH KHUTH NpoOJeMy peasibHOW MHTepnpeTaluud HUCXOAHOH
abCTpPaKTHOH aKCHOMBI 'CTPYKTYpHasl SHTPONUS  DHTPOIMUIHOE
Bpems".

Peuienve 370l mpo6seMbl B HY>KHOH MOJHOTE U OOLIHOCTH,
U Ha HY>KHOM OHTOJIOTMYECKOM YPOBHE 0Ka3aJsoChb 4pe3Bbluai-
HO TPYIOHOH 3ajauel, a ee cojep:xkalleecss B KHUTe ,DHTPOMNUS-
2 TOJIOXKHUTEeNbHOEe pellleHHe 0Ka3asJocb, B HEKOTOPOM CMBbICIIE,
OoTKpbITHEM ofHOU M3 Besnukux Taiin [Ipuponsi.

§ 10. 3axkuaroueHue

1. B cospemerrom ecmecmso3nanu pyroameHmanrvHoe 3Ha-
yeHue, npusodsulee K Kpymomy nosopomy nO3Uuuil 8 KOH-
yenuyuu, memodos0cUU U MeopUl, umeem aKm 88e0eHus KOoMm-
naexcholx npocmparcms. Caedyroujuil 3a amum aKmom uae
passumue pasiutHolX QyHOAMeHmarbHblX Meopuil 8 Kom-
nAeKCHolLX npocmparcmeax. B uucao amux ¢yrnoamenmanroHolx
meopuil 8xo0um u meopus uHepuuu.

2. Akcuomamuueckas 6asa meopuu uHepuuu cooepHcum
Mpu YposHs AKCUOM:

1. Axcuomol 8upmyasrvHoti cnaouLHOL cpedbl.

2. Axcuomsl IKCMPeMANLbHOEO NOcparHuUdHoco CA0A.
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3. Cneyuanvrole aKcuombl meopul UHepyuu.

3. Akcuombr 0syx nepsovix yposueti codepacamcs 8 08YX-
momruke ,Iumponus, moeoa Kax cneyuaibHvle AKCUOMbL Meo-
puu uHepyuu CHOPMYAUPOBAHbL MHOIO 8 HACMOAULEM U3OAHUU.

4. Akcuomamuueckoe onpedeserue 3pupa KAk SUPMYaLb-
HOU cnaowlHol cpedol uHepyuu omxpovieaem dopoey nepsomy
onvimy pa3sumus yroamernmarvrol guauieckor meopuu Ha
OCHOB8e KOHuenyuu agupa.

0. Tpemveli cneyuaavroil akcuomot 1, no cymu, 3aKpvL8aro
MHO20AMHIO0 OUCKYCCUIO O NPUYLHE CUNbL UHEPYLULU.
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I'nasa III

KoHuenryaJjgbHbI€ OCHOBBI
TEOPUU WHEPLHUU

§ 1. Ilocrynar npenejibHOM HEKOPPEKTHO-
CTH

I.BHe BCSIKOTO COMHEHHS$, B TEOPHH 3KCTPeMaJsbHOro Morpa-
HUYHOTO CJIOS M BO BCEH TEOPUH HTPOINHH OCHOBOIIOJArawlllee
3Ha4YeHHe UrpaeT TeOpHUs NpefesbHOM KOPPEKTHOCTH; NPU 3TOM
3HaYUMOCTb 3TOH TEOPUH OIpelesIseTCsl He TOJNbKO LIUPOKHUM HC-
N0JIb30BAHUEM €€ MHCTPYMEHTAJbHBIX CPeACTB, HO B OoJblIel
Mepe ee MeTonoJiorveii. Teopusi npenesbHON KOPPEKTHOCTH Tpe-
JKJle BCero CUJbHa CBOEH MeTON0JOTHEH; B KHUTAX ,DHTPOINHUS U
»OHTPOINHUSA-2 3TON METONOJIOTHH 5 NpUaaJ BCeJeHCKUH yPOBeHb
OOLIHOCTH, U B OCHOBY SHTPOMUKHON NapaaurMbl U SHTPOMUHAHOM
KOHLENTYya/JbHOW MOJE/JU €CTEeCTBO3HAHUS § IOJIOXKHUJ HMEHHO
MeTOJ0J/IOTHIO TpeJe/IbHOH KOPPeKTHOCTH. B ocHoBe MeTonoJ10-
THU JIEXKUT KJACCU(PHUKALMOHHBIM NMPHU3HAK NpenesibHOM HEeKOp-
PEKTHOCTH; U UMEHHO C NTOMOLIBI0 3TOr0 NMPU3HAKA U3 ABYX aljlb-
TEePHATHBHBIX BapUaHTOB CTPYKTyphl [Ipuponsl u [lelcTBUTENb-
HOCTH 51 BbIOpaJl MpefesibHO-HEKOPPeKTHbIHM BapuaHT. [lo atomy
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BAPUAHTY OCHOBHBIM cBOHCTBOM [Ipuponbl u JlelicTBUTENBHOCTH
SIBJISIETCS ee MpeJiesbHAs HEKOPPEKTHOCTb. DTOT OCHOBOIIOJAra-
WU (akT cayXUT nepsonpuunHod Beero Cyuero u onpene-
JISleT Bce NBHKeHHUS U pa3BuTHe. CJIeICTBUEM 3TOrO U SIBUJIOCDH
pa3BUTHE SHTPONUUHONW KOHLEINTYaJbHOU MOJEJNH eCTeCTBO3Ha-
HHUSl Ha OCHOBE METOJOJIOTHH MpPelesbHOM KOPPEKTHOCTH.

B 370l KOHIeNTyaIbHON MO/ TTPUMAT MPUHALJIEKUT HEU3-
BECTHOMY B KJ/acCHUeCKOH (pU3HMKe HOBOMY OOBEKTYy  3KCTpe-
MaJIbHOMY TIOrpaHUYHOMY cJiol0. B cBolo odepenb, B akcHoma-
tTuueckoil 6asze IIIC mpuopuTeT NpUHAMJIEKHUT OONanAOLIEMY
KJIaCCU(PUKALMOHHBIM MPHU3HAKOM MOCTYJATY TpenebHOR HEKOp-
pekTHOCTH. [locKO/IbKY BHpTyasbHasi CIJIOLIHAS CPela sIBJSET-
Csl OCHOBHBIM OOBEKTOM eCTEeCTBO3HaHHs, TO Mbl, ONHpPasCh Ha
MPUHLIKI TIpeJeIbHOH HEKOPPEKTHOCTH, MPUXOAUM K MOCTYyJaTy
Npeae/IbHOH HEKOPPEKTHOCTH BUPTYaJIbHOW CIJIOLUIHOW CPemBl.
IToctynar npenesbHON HEKOPPEKTHOCTH BUPTYAJbHOH CILIO-
IIHOU CpeJpbl.

Bupmyaaonasn cnaownasn cpeda we obaadaem npedesbHoll
KOpPeKmHocmoio.

II.B Teopuu mnpenesbHONH KOPPEKTHOCTH CYILIECTBYET OIUH
XapakKTepHbIH BUI INpeeJbHOM HEKOPPEKTHOCTH  JIOKaJsbHad
HEKOPPEKTHOCTb; B 3TOM CJydae CyIeCcTByeT B (pa3oBOM Ipo-
CTPaHCTBe JI0OKa/lbHast 00/1aCTb, B KOTOPOH NMPOUCXOAUT Hapyllle-
HHe TMpeaesbHOH KOPPEKTHOCTH (MMEHHO MpeaesbHOH KOPPEKT-
HOCTH, a He KoppeKTHocTH mo JlaBpeHTbeBy  Anamapy). 3a-
MeuyaTesJbHbIM CBOHCTBOM O0JIACTH JIOKAJBbHOW HEKOPPEKTHOCTH
ABJISETCSA TO, YTO €€ (PEHOMEHOJIOTHUS IOJHOCTbI COOTBETCTBY-
eT (DeHOMEHOJIOTHH Xaoca. DTOT (PEHOMEHONOTHUeCKUH (PaKT Mo-
CJY>KUJ HaBoislled CTpesod npu BbiOOpe B KauecTBe 0Obek-
Ta Xa0TUYECKOH MeXaHHMKH 3KCTPEMAJIbHOrO MOTPAHHYHOTO CJIOS.
VimMeHHO 3KcTpeMasibHBIM MOTPaHUYHBIA CJIOH M OKasajcs TeM
00BEKTOM, TeOpHs KOTOPOro 0Ka3aJsach TOXKAECTBEHHa XaoTHue-
CKOW MexaHHKe. ToyHee, HallMM COBpPeMEHHBIM IpeACTaBJEHH-
M O Xa0Ce, CaMOOPraHU3aLM1H, CHHEPreTUKe B CaMOM LIMPOKOM
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CMBICJIE.

§ 2. OtcyrcTBUE CBOOOXHOTO UMMYJbCa

I. Kak n3BecTHO, B BUPTYyaJsIbHOH CIJIOLIHON cpejie CYL1ecTBY-
eT Ba BUJA UMITyJIbCa:

1. IlprucoenviHeHHBIA UMITYJbC.
2. CBOGOIHBINA UMITYJIbC.

B KHure ,QHTponus NpPUCOeAUHEHHBIH UMMYJbC 51 BBEJ CJle-
AYIOILKM ONpesie/leHHeM.
Omnpenenenne II1.1 [Ipucoedunennoim umnysocom Ha3ol8a-
emcs CONPANCEeHHbLIL UMNYALC, C8A3AHHbIU ¢ 0000UjeHHOl KO-
opouHamotl 83aUMHO 0OHO3HAUHbLIM OMObBPAJCEHUEM.

B cBoo ouepenb, CBOGONHBIH HMMIMYJbC BBOAUTCS IOCpPEN-
CTBOM BTOPOIO OIpeaeseHUs.
Onpenenenne II1.2 Hunyroc, umerouwjuii cmoica kKoopoura-
molL npocmparcmea umnyavca ), Hazvieaemcs c60600HbIM UM-
nYAbCOM.

JIBOHCTBEHHOCTD MpeACTaBJEHHUs HMITYJIbCA OKA3bIBAETCS BaX-
HBIM 3JIEMEHTOM Xa0THYECKOH MeXaHHUKH.

II. BMmecTo, NpUHSATOTO B KJ1acCHUYECKOH MeXaHUKe, YAaCTHOTO
npencrasyenus ummnyibea (1.2.2)

p=méd; q€3,

s obOpallycb K 0O0LIeMY TpeIcTaBJeHHI0 SHTPONMUHUHOIO OINHuca-
HUS:

q=a(p—9yA); qe€dq (2.1)
31ech:

A pU-TIOTEHIMAJ MOJIS

- T
1
®=—
m
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7Y - HEKOTOPBIA KO3(P(ULHUEHT, UMEIOLIHH
CMBICJT HHTEHCUBHOCTH 3apsiaa (Jau60 moJisi)
P - CBOOOAHBIA UMMYJbC.

O6paTuMcs Temepb K ClelHaIbHBIM aKCHOMaM TEOPHH HHep-
LMH; B COOTBETCTBUMU C TpPeTbel aKCUOMOMW, CHJA HMHEPLUUH CO-
3/12eTCS M0JIeEM MHEpLUH.

Ecau npumMenuTh ypaBHeHHe (2.1) K MOTOKY WHEpPLUHUH U HH-
TeprnpeTHUpoBaTbh A Kak TPU-NOTEHLHAJ 0JS HUHEPLHUH, TO CBO-
OOLHBIA UMMYJbC HE NOJIXKEH y4acTBOBATb B (POPMHUPOBAHUH CH-
Jiel uHepuru. Ho 3T0 B MpoM3BOJIBHON CUTYaLUKU BO3MOXKHO MPH
paBeHCTBe HYJ/I0 CBOOOJHOIO UMIYJbCA.

p=0; q€3, (2.2)

YpaBHenue (2.2) ompenessier (pyHIaMeHTaJbHOE CJIEICTBUE
TpeTbel CrelHraJbHOH aKCHOMBl TEOPUH HMHEPLHH.
YrBepkaenue II1.1
B nomoke unepyuu c60600HbLL UMNYALC OMCYMCMBYEem.

ITOT KJIIOUEBOH (pakT MpHUBEJS MeHs K YpPaBHEHHUIO MOTOKA
UHEepLHH:

q= —2vA; q€3,. (2.3)

§ 3. IuTponuiiHble MHOT000Opa3us

Crnenysi MatepuajaM KHUTH ,DHTponusi-2: XaoTudeckas Me-
XaHUKa , BBeleM psi 0a30BbIX [VIAJKHX SHTPOMUUHBIX MHOIO-
obpasuii. [lepBuuHbIli 6a30BbIH reOMeTPUUECKUH OOBEKT  KOM-
nJeKcHoe (ha3oBoe MPOCTPAHCTBO  BBeleHO MHOW0 yxke B IIpo-
Jqore. I.

Q={a,pla€Qy pe,; Q,CC" Q CCy
N=Q,x0Q, QcC"aC,}

KomMnoHeHTaMu KOMIJIEKCHOTO (pa30BOro MPOCTPAHCTBA ABJISIOT-
csl

(3.1)

€y = {d] 2, CC"}, (3-2)
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Q,={p| Q, CC,}. (3.3)

[lepBoe cykeHHe KOMIJIEKCHOTO ()a30BOTO MPOCTPAHCTBA Ha-
3bIBaeTCS SHTPOMUHHBIM MHOT006pa3neM, MOJyUaeTcsi Ty TeM BKJIIO-
4eHHUs ryI006abHON CUMMETPUHU

Hy = const.

Kak n3BecTHO, SHTpONUIHOE MHOTOOOpa3ue UMeeT BU:

3={qp|dcQ, Hy, 3=3,x3,} (3.4)
3, ={q| 3, c Q, H,}. (3.5)
3, = {p| 3, C Q,, H,}. (3.6)

3nech:
d, - SHTpONMIHOE MHOrooOpasHe KOMIIJIEKCHOTO
KOH(UI'YyPaLlMOHHOTO NPOCTPAHTCBA
d, - 3HTpPONMKHOe MHOroodpasue KOMIIJIEKCHOTO
NPOCTPAHCTBA UMIIyJIbCa.

HanomHio uurtaresio, 4To 4acTo NpHUMeHsieMoe B JaJibHei-
eM MHOroo0pasue, Ha KOTOPOM pAacroJioXKeH MOTOK HHEePLHUU
KOHI'PYHLHUSA ),  BXOOUT B COCTAB SHTPOMUHHOrO MHOrooopa-
31 KOMIJIEKCHOTO KOH(UTYpPALMOHHOTO MPOCTPAHCTBA (BMJIOTH
JI0 COBIaJeHUS)

d. C 3q. (37)

II. [Ins nocTpoeHUs] MHTEPECHBIX HaM HTPONUHUHBIX MHOTO-
o6pasuil o6paTuMcs K MaTepuasaM ABYXTOMHHUKA ,DHTPOIMHUS

dq 0
3anaBasi Ha MHOT00Opa3uu J CTPYKTypy AuBepreHuuio o = divA; A = 8_(251+6_I:

MOJYYHUM COJIEHOMJa/bHOEe MHOroo0pasue
M = {q,p| M C 3J; o0 =divA}. (3.8)

III. 3apanue Ha cojeHOMAIBHOM MHOTO0OPA3UH ABYX CTPYK-
TYyp:
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1. © - noteHuMana ycKopeHUH

2. 5: < (1) _01 > - KOCOCHMMeTqueCKOﬁ METPHKH;

Co3JlaeT HOBOe MHOroo6pasue MHOrooGpasue MoTeHLHaJa yc-
KOPEHUH

H:{q,p|HCM; @,g:(? _01)} (3.9)

KitoueBeIM CBOHCTBOM MHOr000pasusi MOTeHIHasla yCKope-
HUS SIBJISIETCS TO, YTO HA HEM OKa3bIBAETCS CIIPaBeIJIMBON KaHO-
HUUYecKasi CUCTeMa ypaBHEHUH MoTeHIMasna yckopeHHH [laHueH-

KOBa: P 90
%4_ % s,
0z op
o 56 (3.10)
9: ~oq P

[lone3HO BCMOMHHUTBH Upe3BblUaHHO BaxKHbIH (DaKT: B ciaydae
IBHXKEHHS] MacChl 10 XapaKTePUCTHUECKOH TTOBEPXHOCTH Y ., BXO-
Aslllled B COCTaB MHOroo0pasusl NMOTeHLHasa YCKOPeHWH OypeT
crpaBelJMBa KaHOHWYecKasl chucTeMa [aMusbTOHA:

. OH
4= lapel}
p (3.11)
. OH '
. dgq . dp
3pecb Q= —; p=—.
dz dz
[Tpu 3TOM, KakK yCTaHOBJIEHO B KHUTe ,DHTPOMHUS ,
H=-0: Y{q,p € 2} (3.12)

YuraTesio HeOOXOAUMO HAIOMHHUTD, UTO CyIIHOCTH { H, ©} - pas-
JIMUHbIe CTPYKTYpHI, U ypaBHeHHe (3.12) siBisieTcs ypaBHEHHEM
CBSI3H.
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IV. Euwe onHO M3BecTHOe B TeOpeTHUeCKOH (pU3HKe IHTPO-
nuiiHoe MHOroo0Opasue KOHCTPyHUpyeTCs NMyTeM 3afaHHUsl MOTeH-
1aJja UMIyJbca.

[TonmHoroo6pasue MHOroo6pasus noreHana yCKopeHui, co-
Lepaxkalllee MOTeHIMaN HMIYJbca, HOCUT Ha3BaHHe [u/bbepToBa
noJsl.

['mnb6epToBO moJie UMeeT BUI:

I'={q,p| T CII,V}. (3.13)
[lo onpenenenuto
p £ grad ¥
U= U(q,2): qel.

Ha Tunb6epToBOM mosie cripaBediMBO W3BECTHOE ypaBHEHHE
NOTeHIIMaJ/a yCKOPEHHUH:

ov
— =0 Ir. 14

§ 4. Cummerpus

Kak ycraHoBsieHO B §2, MOTOK MHepUuK 06/1a1aeT CUMMETpPHU-
el - paBeHCTBOM HYJIIO CBOOOJLHOTO MMITYJ/bCa.

BBINOJHUM aHa/nM3 9TOH CUMMETPUHM C IpPUBJEYEHHEM XOpo-
110 U3BECTHOU CHMMETpPHHU:

©=0; qed,. (4.1)
B 3TOM cilyuae GyneT CyllecTBOBATh U3BECTHASH ABOMCTBEHHOCTD:
p €
pP= { " . 0 (4‘2)
P(q,2); q€ Q.
Tenepb /st BTOPOTO 4JjieHa JBOMCTBEHHOCTH MMEEM:

dp Jp
a—a—f—lgp.
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31ech:
Z¢p- npoussopHas Jlu.

[Tockosnbky Z¢ = (q|grad)csp, TO B clyyae CHMMeTPHH
p=0; g3y

u npousBofHas JIlu Oynet paBHa Hyqo. Ho Tenepb s npuxoxy K
POCTOMY pe3ynbTary:

d 0

poo o oy (4.3)
dz 0z

O6patumcsi Temepb KO BTOPOMY ypaBHEHHIO KaHOHHUYECKOH
CHUCTeMBbl MTOTEHLIUAJa YCKOPEHUH:

)
a—z — grad®; q € 3. (4.4)

[IpucoenuHsis K 3TOMy ypaBHeHHIO pe3dynabrat (4.3), s ycra-
HaBJIUBAI0 ypaBHEHHE:

grad® = 0; q € Jy. (4.5)

Takum 06pasoM, s yCTaHOBMJI, UTO MOTOKH MHEPLMH B TpeX-
MEPHOM KOMIJIEKCHOM KOH(UTI'YPallMOHHOM IMPOCTPAHCTBE, pac-
TOJIOXKEHHOM B KOMIIJIEKCHOM €BKJIKI0BOM npocTpaHcTse C3, yo-
BJIETBOPSIIOT ypaBHeHUIO (4.5).

JIerko ycTaHoBHTh, YTO U3 ypaBHeHHs (4.D) cienyeT U3BeCT-
Hasi cumMmMeTpus (4.1).

Tenepb Ham Hamo BBeCTH CTaHIAPTHOE MpeNCTaBJeHHe IO-
TeHllMasa yckopeHHH. Bes yyera cummerpuu p = 0 MOTOK Ha
KOHTI'PYHLHH ) OMHUCHIBAETCS M3BECTHOH JBOHCTBEHHOCTBIO:

. [ eP—7A); g€y
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31ech:
~ A o
P =p—7A - BcriomMoraTtesibHbIH MMIYJbC

B cBoto odepenb, m/is MOTOKA UHEPLHH JABOHCTBEHHOCTH(4.6)

MPUMET BH:
.| A
i= { - (47)
SIcHO, UTO B MOTOKE MHEPLUH BCIIOMOraTe bHbIH UMITyJIbC OY-
[eT:
P = —7A. (4.8)

B cooTBeTCTBHH ¢ MOHOTpaUsIMU ,DHTPONHUA H ,DHTPONHSA-2 ,
s IPUMY CTaHIApTHOe MpeACTaBJeHHe MOTEeHIHala YCKOPEeHHH
X, =
©=—5/PP)e—1L gl (4.9)
A Ttenepb s mocMOTpI0 Ha cuMMeTpHio (4.2) ¢ mpyroi ctopo-
HBbI.
[IpuHKrMasi BcrioMoraTeJibHbIH UMIYJAbC O ypaBHeHHIO (4.8)
¥ BHOCS cuMMeTpuio (4.1), u3 npencrabienus (4.9) s noayuyato:

2
1= —%(Am)cs. (4.10)
Ho npu nomo6HoM ucxome cummerpusi (4.1) 6yner umeTb BUA
TOXeCTBa
I-1I=0

Jau60
(dld)cs — (d]@)cs = 0.

B cBorw ouepenb, ypaBHeHue (4.10) Oymer uCXomHBIM, 3a1at0-
UM pynkuuio 1 no onpenenenuo:

2
2 —%(AUS)@. (4.11)
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YpaBHeHue (4.11) urpaer BaxKHYI pOJib B TEOPUH MOTOKOB
MHEPLUH; TI0yUaeTcsi, UTo CUMMeTpust p = () prBesia K eTUHOH
obwel dopmyne aas yHkuuu II. IMeHHO 3TO CBOHCTBO (pyHK-
uuu Il onpenesnnao MHoOrve XapakTepHble 4epTbl CHMBOJIbHOTO
BBIBOJIAa TEOPUU HHEPLHH.

§ 5. Iloas maccel

Cpenu ecTecTBOMCHIBITATE EH, HauWHast ¢ A.DUHIITeHHa, Cy-
11ecTByeT 00JbIIOH pa3HOOOH W Pa3HOUTEHUS] B BOMPOCE O KJac-
cuuKauuu mnoJedl Mmaccel. HekoTopele aBTOpBI JHILAIOT MOJS
UHepLUH MpaBa Ha CaMOCTOSATEbHOCTb U MPEANoaaraiT, YTO BO
BcesleHHOH cylecTByeT TOJbKO OAMH THI MOJEH Macchl — rpa-
BUTALlMOHHbIE Tosid. [lpyrasi rpynmna yuyeHBIX MNpPHAEPKHUBAeTCs
IPYTOH, MPOTUBOIMOJOKHON MO3ULIHMH, pacCMaTpHUBasi B KayeCcTBe
noJied Macchbl TOJbKO MOJis HHepUUH. B kHuUre ,DHTponus-2 4
BBIJIE/IUJ [1BA THUMA TOJIEH MacChl:

1. I'paBUTaLlOHHBIE MOJS.
2. Tlonst uHepuuy.

ITH Ba MOJs Macchl, obJanasi pa3JuyHON MPUPONOH, UMEIOT
OoJbLIMe PA3NUUNS, U UX OOBEeAUHATDb B €IMHOE M0Jie HeJb3sl.

Ho npu ananuse noJsiefl HHEPUMH U I'PAaBUTALMOHHBIX TOJEH
BO3HMKAaeT OflHa UHTepecHasl AeTaJb.

Kak n3BecTHO, cyulecTByeT ABa BUAA MOJEH:

1. Co6cTBEHHBIE TTOJIS.
2. BHewuHue mnoJid.

¥ 3]1eCh, U3yyYast M0JIst MAcChl, Mbl, IPEXK/e BCEro, B CIyydae moJeu
MHEPIMH Ha MepBoe MeCTO BbIABHTaeM MpodJeMy cOOCTBEHHOTO
T0JISt MHEPLIMH, TOTA KaK JJIsi TPaBUTALMOHHBIX T0JIeH OCHOBHOM
3ajauel sIBJIsieTCsl TPaBUTALMOHHOE B3aUMoOJeHcTBHE Te (Mace).
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Htorom storo ¢gparmeHTa KOHLENUHWH HHEPLUH SIBJASETCS TO, UTO
B YPaBHEHHH IIOTOKA HA HTPONMHUHOM MHOTrooOpasuu NOTOKH
WHEPLUU U FPAaBUTALIUM HAXOAATCA B Pa3HbIX YACTAX U pasfaeJe-
Hbl 3HAKOM PaBeHCTBa.

§ 6. KomMmnaekcHoe KOH(pUTypallMOHHOE
MPOCTPAHCTBO-2

I. YHukanbHbIM siBJeHHeM MpoOJieMbl HHEPLHUH SIBJISETCS TO,
9TO €€ pellleHHe CYILIeCTBYeT B KOMILJIEKCHOM KOH(UTYpPalMOH-
HOM MPOCTpaHCTBe W ero paciiupeHud. C APyrod CTOPOHBI, BCe
M3BeCTHble Ha CEeroJHAIIHMH OeHb HCCJAeJOBAHUSI IO KJacCHye-
CKOW MeXaHUKe W €€ MHOTOYMCJEHHBIM MPHUJIOXKEHHUSIM BbINOJHE-
Hbl B BelLIECTBEHHOM KOH(HUTYypallMOHHOM TMpocTpaHCTBe. B 1e-
JIOM, MOXKHO CYMTaThb, UTO YCTAHOBHBLIASICS TPATUIIUOHHAS I10-
3ULLUS 3/leChb CeAyIolllas: KJAacCuyeckasi MeXaHHKa MeXaHHKa
BElleCTBEHHBIX MPOCTPAHCTB.

B ¢Bs3M ¢ BO3HUKIIHUM COCTOSIHUEM [eJI IOABJSIOTCS HECKOJb-
KO BOMPOCOB, CPeld KOTOPBIX S BBIAEJUJ [Ba:

1. CornlacoBaHue KOMIJIEKCHOW TEOPUH UHEPIIUH C BellleCTBEH-
HOH KJAaCCUYEeCKOH MeXaHUKOH.

2. CyulecTBYIOT JIM B TEOPHUM WHEPLIMHU MOJS U MOTOKH, HMe-
IOIIMe BelleCTBEHHbIE MPOEKIUH B KOMIIJIEKCHOM KOH(UTY-
PaLMOHHOM TPOCTPAHCTBE?

OTBeT Ha mepBbIi BOMPOC AOCTATOYHO TMPOCT U OUEBHUJEH.
Ecnu ucxXonnuTh U3 MpeanoioKeHHus, YTO UCTUHHOE IBU2KEHHe
OIMHUCBIBAETCS BellleCTBEHHBIM BTOPBIM 3aKOHOM HbloToHA

mg=F; q €3Iy (1.2.3)

B KOTOPOM Bce KoJaudectBa {q,{,m,F,d,} - BelllecTBEHHBI, TO
TPY BBEIEHUH KOMIIJIEKCHOIO KOH(HUIYPALIMOHHOTO MPOCTPAHCTBA
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notpebyeTcst BCero JIMLIb nepedopmynupoBka ypaBHenus (1.2.3).
mReq =F; q € J. (6.1)

3mece:
F - BeliecTBeHHas BHEIIHSS CHJa
q - KOMIlJIeKCHasi 060011eHHas KOOpauHaTa
9, C (), - KOMIJIEKCHasi KOHI'DY3HLHSA
(), - KOMIJIEKCHOe KOH(HUTYPALIHOHHOE TPOCTPAHCTBO
Red - BellecTBeHHasi 4aCTb KOMIIJIEKCHOIO YCKOpPEHHUS
m - BellleCTBEHHAs Macca.

B cBol0 ouepesib, KOMIJIEKCHAST CHJIa MHEPLIUH OyIeT:
I=-mq; q€ 3. (6.2)

Teneps, B cooTBeTcTBHH ¢ ypaBHeHueM (1.3.2.), BTopo# 3akoH
HbioToHa OyneT umeTb (hOPMYyNUPOBKY

Rel +F =0; q € 3. (6.3)

ATo ypaBHEHHe M JaeT COrJIacOBaHHE KOMILJIEKCHOH TeOpHH
WHEPLUU C BELIeCTBEHHOM KJ/JACCUUeCKOW MeXaHHWKOM.

II. ITocmoTpuM Tenepb, Kak 0OCTOSIT fieJ1a CO BTOPHIM BOIPO-
coM. C 1e/1bl0 MOJYUYeHHUs] 10CTAaTOUHO yOeqUTebHOrO OTBETa Ha
3TOT BOIPOC S NPOAHAJHU3UPOBAJ ,,B KPYMHBIX KYyMIOpaxX KJac-
CUYECKYI0 MeXaHUKY U TpHlles] K MapajoKcanbHO yApPyYarOLIUM
BBIBOZIAM:

1. B kJaccuyeckoit MexaHHKe, KaK MeXaHHUKe [1BHKEHHs Mac-
Cbl B TIOTOKE BHEIIHUX CHJI, HAaHOO Iblllee Pa3BUTHE MOJTYUH-
Jia mpo6JieMa BHeIIHUX cuJl (1160 BHEMHUX MOTOKOB). [To
CYTH, C HEKOTOPBIX TOp KJIACCHYECKYI MeXaHHKY CTaJu
OTOXAECTBJISITh C MEXaHUKOH BHELIHUX MOTOKOB. B kaye-
CTBe MpPUMepa MPHUBeNY ABa OCHOBHBIX (hopMasu3ma:

® TaMUJIbTOHOB (DOPMaJIH3M,
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e JlarpaHxeB (POpMa/IU3M.

anee, 3T opmMann3Mbl IproOGpPeEIH 06MHUK CAMOCTOSTENb-
HBIX MeXaHHK:

® TaMHJIbTOHOBA M€XaHHKaA,

® JlarpaH2KeBa MeXaHHKa.

B uTore, B ryiaBHOH 4acTH KJjaccuueckass MexaHhKa npruoob-
pesia BHI HayKH, COCTOSILEH W3 NBYX pa3fiesioB (raMuJib-
TOHOBa MeXaHHKa, JlarpaH»KeBa MeXaHHKa).

2. A rne ke uHepuusi? Teopuu HHEPLUUH B KJIACCHUECKOH Me-
XaHUKH He CYILIEeCTBYET; OHa CBeJaCh TOJBKO K HEMOJHOH
KJIacCU(DUKALMKM CHJT MHEPLUH U >KOHTJIMPOBAHHIO PA3JIHU-
HBIMH CHCTeMaMH KOOpAWHAT. B Kjaccuyeckodl MexaHHKe,
KaK MeXaHHKe BellleCTBEHHBIX MPOCTPAHCTB, CHMBOJIbHBI
BBIBOJl TEOPUU MHEPIMU HACTOJBKO ¢/1a0 (MPaKTHUECKH OT-
CYTCTBYET), UTO B HeH sl He HaIIEJ HU ONHOW PelléHHOH (B
CTPOTOM CMbICJIE) 3a/laud O CHJIAX WHEPLHH, BKJOUas 3a-
Jauy o LeHTpoOexXHOH cuJje. fcHo, 4To mpu nogoOHOM Co-
CTOSTHUM TE€OPUH UHEPLHUH U MPU OTPULIAHUH dpHpa BOMIPOC
0 HeOOXOMUMOCTH BKJIIOUEHHSI B KOHLENTYaJbHYIO MOAEJb
MHEePIUH KOMIIJIEKCHBIX MPOCTPAHCTB HE MOT BO3HHUKHYTb.

II1. JInsi mosicHeHUsl CyTH [eJia pacCMOTPUM HeboJbIIoH (par-
MEHT TeOPUH TOTOKOB MHEPLUHUH C HEOOJbILIUM ONepeKeHUeM.

B KOMIJIeKCHOM TpeXMepHOM KOH(UTypallMOHHOM MPOCTpaH-
ctee ), C C? BBeeM HEKOTOPOE OMOPHOE BUXDPEBOE MOJIe, HMe-
[olee TpU-moTeHuran A,,.

[Tpu sToM s mpuMy, 4TO ONOpPHOE BUXPEBOE TMO0Je YyAOBJETBO-
pAT MONEepedyHor KaJuOpOoBKe:

divA, =0; q € Q. (6.4)



42 Trasa 11

OnuH U3 KJacCOB BUXPEBBIX OTMOPHBIX MOJEH, YIOBJIETBOPSIIO-
KUK MonepeyHON KaJquOpoBKe UMeeT BUI:

Awl Awl == Awl (q27 Q3)
Aw == Aw2 ; Aw2 - Aw2 (q17 (l3) (65)
Aw3 Aw3 = Aw3 (qlv q2)

fcHo, 4TO B 3TOM Ciyyae MOTOK MHEPLHMH HA SHTPONUHHOM
MHOroo6pasuu Oyner:

q=—ayA,; q €I, (6.6)

Teneps, 51 6yny npennoJiaratb, 4To ONOPHOE BUXpeBOE IOJIE
o0J1afaeT CUMMeTpHeH:

(AulAL)es = Io; q €3, (6.7)
1,
o= (LlE) i Io=|| I3
I3

Jlerko ycraHoBUTh, uTo B cuMmmetpuu (6.7) Iy = 0.
Ilnst 3TOrO CyefyeT oOpaTUThCS K cUMMeTpuu (4.1).

©=0:

X =z
Z BB +T=0; a€d, (63

J11s onopHOro coCTOsSIHUSA

M=0: qc3, (6.9)

B 3ToM caydyae cHMMeTpHsl OMOPHOTrO COCTOSIHUSA OyieT UMeThb
BHU.:
(PIP) s = 0. (6.10)

[Tockonbky p = —vA,,, To cummerpus (6.10) ToxxnecTBeHHa
cummerpuu (6.7) mpu [, = 0. Temepp s Oymy mocTyaupoBaThb
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CTPYKTYpPY TPH-IIOTEHLIMANa B BUJE!
A2 =1+ 15+ 1§
Az =1 — I3+ 1§ (6.11)
A2 =l — 1+ T
Lh=p5(a); lo=0(a); L=pa): Lo=0

L5 omHOrO YacTHOro cjayyas

N
L =6idi; Lo =Paqe; I3 =0sqz: o =0. (6-12>

ITOMY YaCTHOMY CJy4al COOTBETCTBYET CUCTEMAa ypaBHEHHUH
MOTOKA UHEPLHH:

o = By + F3q3;  q €Iy
o = iy — Paqs (6.13)
'q§ = —fid1 — (2Q2
ByneMm wuckath pelieHue 3TOH CHCTEMbl, YIOBJETBOPSIOIIEE
YCJIOBHIO:
Sign 2 =1
a1 = Req;.
Brocsi nepBoe ycaoBue (6.14) B onopHyto cummerpuio (6.10),
Mbl TIOJTy4yaeM BaKHbIH pe3yJIbTar:

(6.14)

Sign ¢f = 1 — Sign (&5 + q3) = —1. (6.15)

Ho 3ToT pesynbTaT 03Hauyaer, 4To B CJydyae BellleCTBEHHO-
CTH IepBOM KOOPAMHATHI IOTOKA, [0 KpaWHeHd Mepe, ONHA W3
OCTaBIIMXCS KOOPAUHAT (q2 MO0 q3) OYHET KOMIJIEKCHOH. DTOT
BaXKHBIH BBIBOJ MPUBOAUT K (yHAAMeHTaJbHOMY (haKTy, comep-
JKallleMycsl B CJefyIolleH JeMMe.

Jlemma 3amnpera
Ecau onopnolti suxpesoti nomok

q = _837Aw; qc 3q
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obaradaem cummempuer
(Aw|A_w>(C3 =0; qe€ 3q7

mo OH He umeem 8 KOMNAEKCHOM KOH@UEYPAUUOHHOM Npo-
cmparcmeae 8euieCmeeHHoll pearudauui.

BakHOCTB JleMMBI 3ampeTa HEBO3MOXKHO MePeOLeHUTh; 110 Cy-
TH, OHa YyTBEPXKIAeT, UTO CPedd OMOPHBIX KOMIIJIEKCHBIX BHX-
PEBHIX TIOTOKOB HET HU OJHOW BeIleCTBEHHOH peasusauuu. A
3TO, B CBOIO Ouepellb, O3HAUAET, UTO MPobJeMa OMOPHOH BHUXpe-
BOU WHEpIMU HepaspellrMa B BeLIeCTBEHHOM KOH(HUTypallMOH-
HOM TIPOCTPAHCTBE.

IV. M3yuum Teneppb yacTHbIN caydad 3agauu (6.13).

BHocs ponyienue qs = 0 U npruHuUMas (B, = i3, U3 CUCTEMBI
(6.13) mosyuruM MPOCTEHUILYIO CUCTEMY:

°2 el

q7 = i0'qe

. 6.16

a3 = Aai- ( )
B cBow ovepenp, us cummerpuu (6.10) caenyer ypaBHeHHe KOH-
TPYy3SHLHUH

i0'qz = —fia1.
B sTom cayuae cucrema (6.16) npumer Bum:
2
a; = —fiaa
. 6.17
43 = fian ( )

s (6.17) cnenyet BaxkHOe ypaBHeHUE

Q2 =iqi, qe€3I, (6.18)

onpezeJsiolllee BUXPeBOe MHOr0o6pasue B KOMILIEKCHOM KOH(H-
rypaiioHHom npoctpaHcTBe. CrenyeT oO6paTHTh BHUMaHHE UH-
TaTeJ/isi Ha OJIHY JeTaslb: 3[eCh s MOJYYUJ ypaBHEHHEe BUXPEBOTO
MHOroo6pasusi M3 MpocTeiiliedl xapakTepHoi 3amaud (6.17) Ho
OHO MUMeeT 3HaYUTEJIbHO 0oJsiee OOILIMH CMBIC] U UTPaeT BaXKHYIO
pOJIb B TEOPUH TIOTOKOB MHEPIIHH.
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§ 7. Kuaccudukauusa noJserd MHepUUN

I. B ecTecTBO3HAHHU TPAAUIIMOHHO MPEATIOJIATAETCS, YTO CY-
leCTBYeT ABa THMa (hU3UUECKUX MOoJeH:

1. BHeluHee modie.
2. CobcTBeHHOE moJe.

Takxke s gymas W nucan B IByXTOMHHKE ,DHTPOIMHUS MO Ha-
yaja pabot Han KHUrod ,MHepuus , HO B mpouecce paboThl HAA
HACTOSIIleHd KHUTOM 51 YCTAaHOBUJI 3aMedaTesbHbIH (PakT, chopmy-
JIMPOBAHHBIA MHOIO B CJIeNyIOLLeM YTBEPXKIEeHHH.

YrBepxkaenue I11.2
Cpedu noaeil unepyuu cyuecmsyrom nois, cozoasaemvie mac-
coti, Ho obaadarouiue ceoticmeamu BHEULHUX NOAeL.

ATtoT (DaKT 0KazaJ PeBOJIOIMOHHOE BO3[eHCTBHE HA KOHILIE-
LU0 HHEPUUH U PEe3KO M3MEHHJ CUTYalUI0 B TEOPUHU IOJEH U
NIOTOKOB MHEPLIUH.

CoO6cTBeHHbIe 10J11 UHEPLUH, 06Jafatole CBOUCTBAMU BHELI-
HUX T0JIeH, MHePLUHUH g pellu/ Ha3BaTb BO30yXKIEHHbIM BHell-
HUMH TOJISIMH; @ COOTBETCTBYIOLIME MOTOKH  BO30OYKAE€HHBIMH
BHELIHUMU NOTOKaMU. OTKpBEITHE BO30YKIEHHBIX BHELIHHX IO-
Jiell U3MEHUJIO BBEEHHYI0 MHOIO B KHHUTe ,DHTpOMusi-2: XaoTu-
yeckasl MeXaHMKa KJacCU(PUKALHUI0 MOJIeH UHEPLIUH.

Tenepp B cocTap noJieil WHepUHUH BXOAAT TPU THIA:

1. BHeliHee noJie UHEPLHH.
2. CoOCTBEeHHOE MoJle HHEPLHHU.
3. BosOyx/eHHOe BHellHee M0Jle HHEePLUHU.

I1. Co6cTBeHHBIE 10151 U BO3OYKIeHHbIe BHELLHUE 10Js1 UHep-
LMY OTJIMYAIOTCS Pa3/MYHBIM NOBeJeHHeM Ha OeCKOHEYHOCTH.

3nech, Mpexkae BCEro, peub HAET O TOBENEHUM TIpagveHTa
¢pynkuuu I1I.
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B kHure ,QHTponusi-2 mNpU Pa3BUTHU TEOPUU COOCTBEHHBIX
noJied U MOTOKOB UHEPLIUU 51 BBEJ B CUMBOJIbHBIN BBIBOJ| YCJIOBHE
Ha 0eCKOHEYHOCTH

grad IT — 0
laf o0

ITO yCJ0BUE He BHIMOJNHSAETCS B CAydyae BO30YKAeHHbIX BHeEIL-
HUX T0JIeH U NMOTOKOB MHEPLHH, U ero cjaefyeT U3biATb U3 obpa-
ILIeHUs MPH PA3BUTHHU TEOPHH ITOrO HOBOTO THMA moJjed (aubo
MOTOKOB) MHEPLHH.

ITI. OTKpeITHE BO36YKIEHHOTO BHEIIHEr0 MOJIs UHEePLHUH 1a-
eT 3(ppeKTUBHOE U MPOCTOe pelleHUe napagokca npuHuuna Ma-
Xa, colepxKallerocst B JBOHCTBEHHOCTH:

{ Co6CcTBeHHOe M0J1e HHepLHH
Cuna vHepuuH =
[Ipunuun Maxa

To, yuro Max cuurtas [gedcTBHEM Ha TeJO BCeX Macc, Ha-
xonsaumuxcss Bo BceseHHOH, Ha camoMm gese Oblio HelcTBHEM
BO30YK/I€EHHOTO BHeIlIHero moJss. [pyrumu cjoBamu, He 3Has
0 CYILleCTBOBAaHUU BO30OYKIEHHBIX BHEIIHUX MOJIEH WHEPLUH, UX
pe3ysnbTaT OH OIIMOOYHO WHTEpPNpeTHUPOBaJ KakK pe3ysbTaT Ael-
cTBUsl Bcex Macc Kocmoca.

OTkpbiTHE BO30YXKIEHHBIX BHEIIHUX TOJeH JIMKBUAUPOBAJIO,
OMHUCAHHYIO B IaBe ,ICTOKM JBOHCTBEHHOCTb MEXAHU3MOB CHJI
UHEPLHUH.

IV. B MeTonosornueckoM v UCTOPUYECKOM IJIaHe MpeAcTaB-
JIleT UHTepecC U TO, UTO PsSi[l eCTECTBOUCIBbITATENEH SKCTIepUMEH-
TaJibHO HabJIOfAMU sSBJEHUs, OJU3KHe K BO3OYXKIEHHBIM BHeLl-
HUM noJisim unepuru. Hanpumep, H.A.Ko3bipes, Habmonas nose-
JieHue ,BpeMeHHOH CyOCTaHIIMK , OTMeyYaJl eé ClI0COOHOCTb MTHO-
BEHHO B030ykaaTbest (MO0 MEeHSITh COCTOsIHHE) BO Beell Beesen-
HOH.

Ecnu cyuiHocth, Kotopyto H.A.KosbipeB HasbiBas ,,BpeMeH-
HOU cyOcTaHlMed UuAeHTU(PUUHUPOBATh Kak ,3(up , To HabJIO-
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JaeMO€e UM CBOWCTBO U OyHeT CBOWCTBOM BO30YKAEHHOTO BHeELI-
HEro mnoJisi UHePLHUHU.

§ 8. Tunsl N0oTOKOB MHEepPLUMN

Cy11ecTByeT HECKOJBKO KPUTEPHEB KJIacCH(HUKAUHU MOTOKOB
WHEPLHUH, ONHUM U3 KOTOPBIX SIBJISETCH KPUTEPUH XAOTHUUHOCTH.

[To kpuTepHio XaOTHUHOCTH MOTOKH HHEPLUHU JAeJATCH Ha JBa
THMA:

1. PerynsipHble MOTOKH HMHEPLHH.
2. XaoTuyecKue MOTOKH HHEPLHUH.

Camo Ha3BaHHe KOHKPETHOrO THIA MOTOKA JAeT OTBET Ha BO-
MpoC O HAJMYUU B HEM XaocCa; B PEryJspHOM MOTOKE HHEPIHUH
Xa0C OTCYTCTBYET, TOTJa KaK B XaOTHUECKOM CYIIECTBYET Xaoc.
Kak wmsBecTHO, Xaoc BosHukaeT B JIIC u, ciemoBaTesbHO, Xa-
oTudeckue MoTokH uHepuuu copepxkat IIIC. OnuH, Hanbosee
XapaKTepPHbIH CJy4yad, XaOTHUYECKOTO TOTOKA HHEPLUHH BBeeH
¥ MOAPOOHO M3yueH MHOK B KHUTe ,DHTponus-2: XaoTudeckas
MexaHWKa . Peuyb HIeT 0 MOTOKax MHEPLHH, BO3HHUKAWOIIMX H3
CTallMOHAPHOTO JIBHMXKEeHHs1 Macchl. Kak H3BecTHO, mepexoi cTa-
[IMOHAPHOTO JBHKEHHUs1 B HecTallmoHapHoe npoucxoaut B IIIC u
COTMPOBOXKIAeTCs BO3HUKHOBEHHEM Xaoca.

Kak cjenyer uM3 moc/jenyommux MaTepyuasoB HaCcTOSIIEH Mo-
HorpaduH, CyIIeCTBYIOT U IPyTHe BaXKHble CJAYYaHd XaOTHYECKHX
MIOTOKOB HHEPIIUH.

31ech 5, ¢ HEKOTOPBIM OlepexKeHueM, X049y COOOIINUTb YHTa-
TEJII0 TO, YTO XaOTHUECKHe TIOTOKH HHEPILMH UI'PAIOT OTpefiesito-
Y0 poJib B MpobJieMe KOHBepPTAaLUK CBOOOAHON dHEPruu 3upa
B MEXaHHUECKYI0 SHEpPTHIO.

dyHnameHTasbHasi 3HAYUMOCTDb MPOGJIEMbl KOHBEPTALIMH CBO-
6onHOM 5HEprur aupa onpenessieT BaXKHOCTb JeJI€HHST TTOTOKOB
WUHEPIMH Ha JIBA THMA 10 KPUTEPHIO XaOTHYHOCTH.
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§ 9. Kuaccudukanusa nojaen M MOTOKOB
UHEPLUHU

I. O6patumcs K oblieMy MpeacTaBJAeHHUIO TOTOKA UHEPLUH B
TPeXMEPHOM KOMIIJIEKCHOM €BKJIMIOBOM NPOCTPAHCTBE:!

4= —2yA; q€d, (2.3)

OrpaHuyMMCcs cydyaeM, KOTAa TPU-TIOTEHLHAN SBHBIM o6pa-
30M He 3aBHCHT OT BpEMEHH.
Tenepb 51 BBy B pacCMOTpeHHe HOBYIO 6a30BYIO BEeJMUYHHY
- BUXpb:
Q=Er0t A; qeQ, (9.1)

YpaBuenue (9.1) naeT BO3MOKHOCTb TPEICTABUTh TPU-TIOTEHIHAJ
CJIeLYIOUUM 00pa3oM:

AEA,+A,; qeQ, (9.2)

[Ipu atom
rot A, = Q; rot A, =0.
Tenepsb s mepeiiny oT notoka (2.3) K MOTOKY YCKOpeHHs

G=—ayA; q€3,. (9.3)

[lockosibKy A SIBHO He 3aBUCHUT OT BPEMEHH,TO MPOU3BOAHAS
A Oynet paBHa Npou3BOAHOHU JIu

A=/A; qe3,. (9.4)

B cBowo ouepens, npoussonHas JIu 6ynet

LeA = —ey(Algrad)cs A. (9.5)

OO6patumcsi Termepb K H3BECTHOMY M0 KHHUTe ,DHTPONUS-2
BEKTOPHOMY YPaBHEHHUIO:

1 -
5grad(A|A)(c3 = (Algrad)csA + [A X Qs . (9.6)
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Kpowme storo, MHe HeoGxonumo ypaBHeHHe (4.11)

2 —_—
02 -=-(A[A).

Tenepsb ¢ nomowbio ypasrenni(9.5),(9.6) u (4.11) npoussoz-
Has A TmpuUMeT BUI:

. 1
A= §gradH — &y[A X Qcs.

B utore Oyzner crnpaBefyiMBO YpaBHEHHE NOTOKA YCKOPEHHS:

g=—a gradll + &7’ [A x Q]es; q €I, (9.7)

YpaBHenue (9.7) 51 ¥ MOJNOXKHUJI B OCHOBY KJIaCCHU(PHUKALMH IO~
TOKOB HHEpPLHH.

B sTolt kaccuUKaUUK CyIIeCTBYeT 1Ba BUIA TIOTOKOB HHEP-
[HH:

1. BuxpeBble NOTOKU MUHEPLUH.
2. TloTeHuHa/NbHBIE TOTOKH WUHEPLUH.

fcHo, uTo cnenys 3ToH KaaccHPUKAUMHU, OJ5 MOTOKA YCKO-
PEHUH MOXXKHO NPHUHATH NpeACTaBJEeHHE!

4= ds+4m; g€, (9.8)

B KOTOPOM:
(B - BUXPeBOH MOTOK YCKOPEHHS.
dn - MOTeHLHAaJbHBIH MTOTOK YCKOpPEHHUS.

B cBoto oyepenb, BUXpPEeBOH U MOTEHLHAJNbHBIH MOTOKH YCKO-
peHHs OYAYT ONpefessiTbCs yPABHEHUSIMMU:

ds = @’ [A x Qs qed,, (9.9)
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4n £ —ee gradll; q¢€ . (9.10)

II. [IpunsTasa kaaccuuKauus pacnpocTpaHseTcss U Ha M0J4
MHEePLHUHU.

B sToMm csayuae 6ynyT cyluecTBOBaTh ABa BUAA IOJed UHEP-
LMH:

1. BuxpeBble nosisi UHepLUH.
2. TloTeHuHa/bHBIE M0JIS HHEPLUHU.

[Ipu aTOM BUXpeBOe MoJie UHEPLUU ONpefessieT BUXPb §); To-

rga Kak IoTeHMaJJabHOE T10JI€ MHEPLU WU OIIpeae/ideT TPHU-TIOTEHL haJa
A

p-
ITI. YcTaHOBUM OHO BaxKHO€ CBOMCTBO BUXPEBBIX MOJIEH HHEP-

WU, ONKUpasiCb Ha M3BECTHOE ypaBHEHHUE

<A|m)@ —0; qe?, (9.11)

O6paiasicb K ypaBHEHHsIM NMOTOKa WHepUMH (2.3) U BHUXpe-
BOTO MOTOKA ycKopeHHH (9.9) a4 mosydns BaxKHYI CHMMETPHIO:

(4dp) s =0; q €3y (9.12)

Takum o6pasom, MOTOK MHEPUUU 00JaLaeT CUMMeETpHUEH
OpTOrOHAJBbHOCTBIO NMOTOKA WHEPLUHH U BUXPEBOT'O MOTOKA YCKO-
peHuH. DTa CUMMETPUS UMEeEeT U IPYTryl0 UHTEPIpeTaLHuIo.

Ecau onpenennTh cuiy BUXPeBOH HHepUUU (POPMYJIOH

Iw - _%; qc aqa
X

to cummetpus (9.12) npumer BUA:

(C.Iﬁw)(cg = 0; qc aq~

CMBICT 3TOH CUMMETPHH OUeBHJEH: CHJIa BUXPEBOH MHEPLUH
OpPTOrOHaJ/IbHa MOTOKY (.



Kownyenmyanrornole ocrosol meopuu uxepyuu 5l

MMeHHO 3TO pyHIaMeHTaJbHOE CBOWCTBO U aeT MHE OCHOBA-
HUe 115 UHTEePIIPeTaLuU CUJIbl BUXPEBOH MHEPLMH He KaK CONpo-
THUBJIEHUS MHEPLUHH, a KaK MOABEMHOH CHJbl MHEpUHH. TepMUH
,IIObEMHAs CHJa 1 B35J M3 TMIPOAMHAMMKH; B KOTOPOH CH-
Jla BAXPEBOH MPHUPOJbI, OPTOTOHAJNBHASA MTOTOKY KHIKOCTH Ha3bl-
BaeTcsl MOABbEMHOHU cuiod. [IpocTedinii npumep noxbéMHas
CHJIa Kpbljla CaMOJIETA.

§ 10. 3akarouenue

I. Cpenyn HemOCTaTKOB CYLIECTBYOIIMX (yHIAMEHTAJbHBIX
(pu3MUeCKUX TEOPUH 5 BbIIEIUJ TPU OCHOBHBIX HEJOCTaTKa.

[lepBBIll HEIOCTATOK: HENOCTATOUHO pa3paboraHa (nu6o moJ-
HOCTBIO OTCYTCTBYeT) KOHILEMLHS OCHOBHBIX TEOPHH (DU3UKH U
€CTeCTBO3HAHHUS B LEJIOM.

Bropoi#t Henocratok: ciaba (qu60 yapydarolne MPOTUBOPeUH-
Ba) MeTojoJorHueckas 6asa.

Tpetuit HenocTaTok: cnab ¥ HeappeKTHBEH CHMBOJIbHBIN BbI-
BOZ.

B pesynbrate ksaccuueckas (pU3MKa U TeOpeTHUYECKOe ecTe-
CTBO3HAaHHE UMEIOT MHOIOYUCJ/EHHble H3bSIHBl U HEOCTATKH.

B ux yucsao BXoAsT:

1. OTcyTcTBHE aKCHOMATHUECKH OMpeneEéHHOT0, N0CTaTOYHO
o011ero o0beKTa UCCAeJ0BAHUA.

2. OTcyTCcTBHE €IMHOr0 (PyHIAMEHTAJbHOTO 3KCTPEMAJIbHOTO
NpUHLMIA.

3. OmwubouHOCTh KOHLENLHH ,IyCTOTa | OTPHULIAHHE CYIIle-
CTBOBaHHUSA 3dHupa.

4. Tynuk B npo6seMe TypOy/JeHTHOCTH.

5. HepaspaboTaHHOCTb TEOPHH Xaoca B BHIE XaOTHUECKOH
MeXaHHKH.
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6. HenmooueHnka 3HauuMOCTH Mpo6JIeMbl HHEPIIUH U OTCYTCTBHE
TEOPHUHU TOJIeH WHEPLUH.

7. HepaspaboTaHHocTb npobJieMbl BpeMeHH.

8. ¥Y30cTh U HeJOCTATOYHOCTDb BeIleCTBEHHOI'O q)aSOBOFO po-
CTpaHCTBa M BELIEeCTBEHHOT'O BpPEeMEHH.

9. Ilepeouenka pyHaaMeHTa bHOH 3HAUUMOCTH U HEKOHCTPYK-
THBU3M BTOPOTO 32KOHA TePMOAUHAMHKH.

II. B nByxTOMHMKe ,DHTpPONHsS s MpeAJaral0 HOBYIO KOH-
LeNnTyaJdbHyI0 MOJeJb, METONOJIOTHI0O W MeTOAbl onucaHus Bce-
JIEHHOH U okpyxKatoule#l Hac J{eACTBUTENbHOCTH.

III. Tlo cytu, B MoHOrpadusx ,DHTPONHUS U ,DHTPOINHUSA-2:
XaoTruyeckass MexaHWKa pa3paboTaH ajbTepPHATUBHBIA Crocob
OMHCAHMUS, M0 CPABHEHHIO C (PU3UUECKHUM. DHTPONMHUHHBIA CIOCOO
ONHCaHUsl CBOOOLEH OT TPEX OCHOBHBIX HENOCTATKOB CYILECTBY-
IOLUX (PU3NYECKUX TEOPUH.

[Ipexxne Bcero:

1. DHTpomnus KMeeT KOHIENTyaqbHOe O(OpPMJEHHE.

2. MHow paspaboTaHa akCcHOMaTHueckas 6a3a SHTPONHUUHOU
KOHLeNTya/JJbHOHU MOZEJIH.

3. B nByxTOoMHHKe ,DHTponusi conepxKarcs 3(pQpeKTHBHbIE
MHCTPYMeHTaJbHble CPeACTBA (CHMBOJbHBIH BBIBOA), TPHU-
TOLHBIE /151 UCCJIe[]JOBaHUS U pelleHHs] pa3HOOOPa3HbIX CO-
BpPeMeHHbIX (DyHIaMeHTaJlbHbIX NPo6JeM ecTeCTBO3HAHHSI.

HMHcTpymeHTabHBIE CpeACTBA MOWX KHUT AOMYCKAIOT pellle-
HUS TIpoOJeM KJaaccuyeckod (usuku, sdupa (husnyeckoro Ba-
KyyMa), BpeMeHH.

B cBoio ouepenb, SHTpoONUIHAS KOHLENTYaJbHas MOJEJb BOC-
NPOU3BOAUT €IMHYI0 KapTUHY BcesieHHOHM M OKpyxKalolled Hac
JleHdCTBUTEIBHOCTH.



I'naBa IV

KoHuenryaJjbHbIe 371€MEHTbI
TEOPUU VWHEPLUU

§ 1. Cuna uHepuuu B TPEXMEPHOM KOH-
¢purypaniuoHHOM IPOCTPAHCTBE

I. Tlponomxum uccnenoBanue, Hadatoe B §9 ,Knaccuduka-
s noJsiedt v nmotokos MHepuuu [nassl I1I.

Kak y»e H3BeCTHO, B TPEXMEPHOM KOMIJIEKCHOM KOH(HUTypa-
LIMOHHOM TMPOCTPAHCTBE MOTOK UHEPLUHH UMeeT o0lllee MpeacTaB-
JIeHHe:

4= —=yA; qe€d, (11T 2.3)

[Tpu sTOM, 51 BpeMeHHO Oyay Mpeanosaaratb, 4YTo TPU-MOTEHIHAJ
A §IBHO He 3aBHCHUT OT KOMIIJIEKCHOTO aCTPOHOMHYECKOTI'0 BpeMe-
HHU.

Jns nanbHeHdlero okaseiBaeTcss YAOOHBIM 3HAaKOMOe TMpeN-
CTaBJieHUe TPHU-TIOTeHIHaJa:

AZ2A,+A,; qe, (I11 9.2)
B stom cayuae nepBasi 6a3oBasi BeJMUMHA  BUXPb

Q£ rotA; qef,
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omnpenessieT Cocod pasnesieHUs TPU-TIOTeHIMAaa YCJIOBHEM
rotA, = €; 10tA, =0.
Tenepb HaM HYKHO 0OpPaTUTBbCS K KJAaCCU(PUKALNUU MTOTOKOB:
1. BuxpeBble TOTOKH UHEPLIUH.
2. IloTeHunanbHble MOTOKH HHEPLHH.

B cooTBeTcTBHU C 3TOH KJaccHu(UKalMeld NOTOKOB MHEPLHH,
IJ1s TIOTOKOB YCKOPeHHH OyleT cripaBelMBO IpeACTaBJeHHe:

G2 §s+dm qe€ 9, (I1I 9.8)

3nech:
(p - BUXPeBOH MOTOK YCKOPEHHSI.
dn - MOTEeHUHaJNbHBIH MOTOK YCKOPEHHUS.

,U,JIH [IPUHATOrO MpeAacCTaBJ€HHA MMOTOKAa YCKOPEHHUA JIOTUYHO
[NPUHATE CUJY UHEPUHHU B BUOE!:

121, +1, (1.1)

B stom mpencraBieHuu:
I, - BUXpeBas Cujia UHEPLUHU.
I, - noTeHuMaNbHOE CONPOTHBJIEHHE HHEPLHH.
Onupasich Ha 00LLYI0 (GOpMYyNy HHEPLHUH:

d

Ha ocHoBe ypaBHenu# (III 9.11) u (III 9.12) monyuaem dopmyibl
/IS KOMIIOHEHT OO1ed CHUJIbl UHEPIHH:

L, = -2’ [A x Qes; q€I,, (1.2)

I, =gradll; q €3, (1.3)



KownyenmyanroHnole anemenmor meopuu uxepyuu 55

3meckb BTopasi popmysa 1Jist IOTEHIIMANBHOTO COMPOTUBJIEHHUS
vHepuuu I, xopowo sHakoma HaMm Mo KHure ,JHTponus-2: Xao-
THUYeCKasl MeXaHUKa .

B cBoto ouepenb, popmyast (1.2) u (1.3) npuBonsiT K caeny-

folied Gopmysie /s CUJIBI HHEPLHH:
I = gradll — &v?[A X Q|cs; q €3I,
2 (1.4)

A XY n

II. B cayuae siBHOU 3aBUCUMOCTH TPHU-NMOTEHLMANa OT BpeMe-
HU npousBofHas A Oyner

. 0A

Teneps, obpamiasck K ¢popmysie AJ5 MOTOKA YCKOPEHUH
q=—x7A; qed,

[oJiydaeMm:
OA

[TpuBnekas usBectHytw no §9 raasel 11 popmyny mias npowus-
BOAHOH JIM, MOTOK YCKOpeHHH ompeneuM Tak:

0A
(.:'l = —EE’Y@ — gradH + %272 [A X Q](C3 ; qc SQ‘ (]‘7)

OTOMy ypaBHEHHIO COOTBETCTBYET TpeXuJieHHOe TpeacTaBJe-
HHUe CHUJIbl HHEPLUHU:

121, +1,+1; q€3, (1.8)

B stom NpeacTaBJ€eHUHU KpoMe BHXpeBOﬁ CHJIbI M TOTEHIH-
AJIbHOT'O CONPOTHBJIEHUSA WHEPUHU NPUCYTCTBYET elé OfHa KOM-
[IOHEHTA:

It: q€3q

75;
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ITy KOMIIOHEHTY §1 pellu/ Ha3BaThb HeCTALHOHAPHOH CHJIOH
UHepLHUH; BMeCTe C TeM, 3TO Ha3BaHHE MHe KaXKeTcs He COBCEM
yIAuHbIM, HO HAa COBPEMEHHOM 3Tare pPa3BUTHUS TEOPUHU UHEPLUHH
TPYAHO HAaWTHU 4TO-TO OoJiee ryyOoKoe.

C yuétoM HecTallMOHApHOW CHUJbI HHepLUHUH obuias (opmyJa
(1.4) npumet Bun:

A
I= + gradll — &y?[A x Q)55 q €I, (1.9)

"oz

B TpéxmepHOM KOMIJIEKCHOM KOH(pUTYPaLHOHHOM MPOCTpPaH-
CTBe 3Ta (popMysa W OnpefessieT CUNy UHEPLHUH.

3nech Halo YUYMUTHIBATb CJENYIOLLYI0 fAeTalb; obsanas ¢yH-
IaMeHTa/JbHbIM MPEUMYIIeCTBOM B CMbICJe pa3fieseHus oO0Lel
CUJIbl Ha KOMIIOHEHTBl Pa3/JMYHOH MPUPOIbl, B HEKOTOPBIX KOH-
KPETHBIX BBIUMCJEHUSX OHA YCTynaeT Mo 3P(peKTUBHOCTH 0OLIel
(dopmyJie ¢ onpezneseHUEM MOTOKA yCKopeHUH ypaBHeHueM (1.6).

§ 2. Cuna uHepuuuU

I. B TpéxmepHOM KOMIJIEKCHOM €BKJHMIOBOM MPOCTPAHCTBE
C3 cusBl MHEPLWH, CO3/laBaeMble Pery/sPHBIMKM IOTOKAMH MHEp-
1, 6e3 Kakux-a1060 NOMOJHUTEJNbHBIX 000CHOBAaHUH OnpeneJisi-
10TCS (hOpMyJIaMU U ypaBHeHUAMH §l.

B npyrom cnydae XaoTHUeCKHX MOTOKOB MHEPLUH  HeoO-
XOIMMO JOMOJHUTEbHOE UCCAe0BaHKE 10 BBIBOLY U 000CHOBA-
HUIO (HOpMYJT AJsi cuJbl (MO0 CONPOTHBJEHHUS) WHepuuu. [Ipu-
YMHA 3TOrO, MOAPOOHO OMUCAHHAs B KHUTe ,IJHTponus-2: XaoTu-
yecKas MexaHuKa , KpoeTcs B TOM, YTO Ha SHTPONMHHOM MHOIO-
o6pasuu I, XaoTHYeCKHUX NOTOKOB MHepuuu cyuectsyer IIIC.
AIIC nckakaeT HalIM MPeCTaBJEHHS O MEXaHU3Me BOSHUKHOBE-
HUSl CUJl MHepUMHU U TpeOyeT yuéTa (pakTa ero CylleCTBOBAHHUS.

Kak u3BecTHO M3 MpeblayLIUX MaTepUaJsoB, B PEryJspHOM
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c/ayyae CyLIeCTByeT ofiHa obuias GopMysa A/s CUJ UHEPLUH

A 4
I=-——=; qe€d, (2.1)
e
Hanee, s mpeanosarao, 4To CylLlecTByeT pacliipeHHe BTOPO-
ro 3akoHa HbrOTOHa Ha KOMIJIEKCHOE €BKJHWI0BO MPOCTPAHCTBO:

mg=F; qe€I, (2.2)

3nece F nmelicTBytoiasi BHEIIHSIS CHJIA.

CyluecTBeHHBIM siBJIsieTcsl TO, B ¢opmyne (2.2) F  BHew-
HsAs cusa. CoefcTBHEM 3TOrO CTaJ KOHLENTYaJbHBIH 3JeMeHT
KJaccuyeckod MexaHWKH: HblOTOHOBa MexaHHMKa  MexaHHKa
BHEIIHHUX CH.JI.

[Iprpona BHeWIHUX CUJ MOXKeT ObITh Pa3JU4YHON, HO B (DU3U-
YeCKHUX NpobJeMax OHM HauboJjee 4acTO MOPOXKAAIOTCS MOJSIMH.

3nech (DeHOMEHOJIOTUSl NOCTaTOUHO OYeBHJAHA W NPOCTa; Ha
TOUEYHYI0 Maccy, NOMellEHHYI0 B (pU3UUeCKOM MoJie AeHCTBY-
eT cuJa, Bo30yxJaawllas ABHXKEHHE, ONHCbiBaeMasi ypaBHEHHEM
Hetotona. Cnenyst ycTaHOBHBIIEHCS TPAAULKH, 3Ty CUMy 5 Oyny
Ha3blBaTh HbIOTOHOBOH CHUJION. XapaKTepHOoe CBOHCTBO KOMILJIEKC-
HOU HBIOTOHOBOH CHJIBI JONMYCKaeT CUMBOJIbHOE OINMCAHHE.

Ecau BBecTH Kpyr

I ={z| |z| < b}, (2.3)

TO KOMIIJIEKCHAsl HbIOTOHOBA CHUJ/a OyleT aHaJIUTH4YeCKOH (DyHK-
L1el BHYTPH 3TOrO Kpyra

F e C¥(J1). (2.4)

[Ipu o6palieHNH K Moell TeopuH KCTpeManbHoro cJjos (II1C)
(,OHTponus-2 ) c/efyeT BBECTH B CHMBOJIbHbBIH BBIBOJ KalHuOpo-
BOYHBIH PagHyC U KOJbLO

. ={z] e < |z| < b}. (2.5)
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Teneps cBoficTBO (2.4) mpuMeT APYry0 (OPMYJTHPOBKY:

Fecv(d,); [F]=0
[F]=F, —F_.

31ech:
F. - 3HaueHue BHelIHeH CHUJBI IPU MOAXOME CIpPaBa
(u3 Gymyiero).
F_ - 3HaueHHWe BHeLIHEH CHUJbI NIPU MOAXONE CJEBa
(M3 MpOILJIOTO).

fcHo, uTo Tenepb

F F_
F = Fcp; Fcp - L7
2
160 F=F,.
B pesysbrate, Mbl MoJiy4aem TP BapuaHTa ypaBHeHus Hbio-

TOHa:
1. mq=F qe€23,

2. mq=F, qe,
3. md:F+ q€3q

[Tpu ycaosuu [F| = 0 Bce Tpu BapuaHTa OyyT TOXKAECTBEH-
HBI.

I1. JIn5 BO3OYKA€HHBIX BHEILIHUX MOJIeH HHEPLHUU CHJIa UHEp-
UK OyIeT OTnpenessiTbCsl OOIIMMH YPaBHEHUAMHU:

o A

q=-—ayA; q€,

.. 0A
q=-—®y - —@ gradll + a*72[A x Qlc,. (2.6)
Ié_g
e
Ortcrona:
A 2
I= + gradll — &y*[A X Q]c,. (1.9)

"oz
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13 ¢dopmynsl (1.9) smerko mosydaercss U KOMIOHEHTBI TPEX-
yjieHHOTOo npenctaBjeHus (1.8).

ITI. [Ipyras cuTyauus CKJaAblBaeTCs B Caydae XaoTHUECKHUX
MOTOKOB MHepUUH. 31ech B 00LIeM C/ydyae OKa3blBaeTCs Heclpa-
BEeJIJIUBBIM YCJIOBHE HBIOTOHOBOCTH:

1 =0; qe€3, (2.7)

U HY>KHO KOHCTPYMPOBATb HOBble (opMyJibl, MO0 pa3pada-
TBIBATh NOTOJHHUTE/bHbIE 060CHOBaHUS (opmya (2.6).

OnbIT MOKOGHOrO HCC/IENOBAHUS Y MeHsl yXKe eCThb; B [IJa-
Be ,llosiss ¥ MOTOKM WHEPUMH KHHUTHU ,DHTpoNUs-2 s paspa-
6oTan OfMH crocob ompeneseHHs CHJ HHEPIHH, CO3IaBAEMBIX
COOCTBEHHBIMH TIOJISIMH.

31ech KJIHOYEBYH pPOJib UrpaeT (DakT MPOMOPLHOHATBHOCTH
CUJIBl UHEPLUHUH YCKOPeHHI0 (160 CKOPOCTH BCIOMOTATeNbHOTO
UMITYJIbCa).

YckopeHHe M CKOPOCTb BCIIOMOTaTeJbHOI0 UMIYJbca (POPMH-
pYIOT 1o 3HayeHHUsIM Ha rpanuie sapa IIIC TosbKo ABa Kosmuue-
CTBa - CKaYOK U CpelHee 3HAYeHHE:

1. Cxkauok.
[d) =4" —§ - ckayoK yCKOpeHHs
[Pl =p" — P~ - CKayOK CKOPOCTH BCIOMOTATEJIbHOTO
MMITyJIbCa

2. CpenHee 3HaueHUe.

.4 +d

Adep = T - CpeaHee 3Ha4deHHe YCKOpPEHUdA
. pT+p”

Pep = T - CpeaHee 3HadyeHHue CKOPOCTH

BCIIOMOraTeJIbHOro UMITyJibCa
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Teneps, B 00111eM ciydae, CUIY UHEPLUU MOXKHO ONpeNeUTh
CJIeAyIoIUM 00pasoMm:

1.1 £ 041[(.3.1] + OZQ(.:.le; qE 3q.

2. 12 Bi[p] + fabep; A €Iy

OTH (opMyJ/bl OXBATbIBAIOT ABA M3BECTHBIX CJydas.
1. HetoToHOBa cHsla MHEPLUH.
HeloToHOBa cHUJ/1a MHEpUUM XapaKTepusyeTcsl YCJOBUEM HBbIOTO-
HOBOCTH

(2.8)

4] = 0.
1
[lonarast ay =0, az = ——, qcp = Q, MBI U3 NIEPBOK (HOPMYIbI
%
(2.8) monyyaem usBecTHyIO hopmyay:

I:é-—ég; q€cd,.

B TepmHMHax BcroMoraTe/JibHOrO MMIyJbca CJefyeT NPUHATb
B1 =0, By = —1; B 3TOM cJyydae 1oJy4aeTcsl 5KBUBAJIEHT Mpebl-
ayued popmydsibl: '

| qcd,

2. Cpenu BO3MOXKHBIX BapUaHTOB HEHBIOTOHOBOU CHJIbI MHEp-
MU BblJeJsIeTCs Cyyail OMMUCAaHHOH MHOI0 B KHHUTE ,DHTPONHUS-
2 mpoO6neMbl BO3HUKHOBEHHS CHJIbl HHEPIUH.

[Ipo6sema BO3HMKHOBEHMS! CHUJIbl UHEPLUMH 3aHHMaeT CaMo-
CTOSITeJIbHOE MeCTO B Halllel TeOPUU XaOTHUECKUX MOTOKOB HHEP-
L1H

B 3Ttoli mpobseme cKayok U cpefHee 3HaueHHe 00JaAAIOT
CBOMCTBAMH:

.y .. qr
[Q] - q+; Qep = 7
1
Teneps, nmonarasgs oy = ——; ay = 0 u3 obuweld GopmyJibl
UMeeM: "fe

q
I=——; . 2.
%a qE q (9)
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HanowmHro, uTo 31€Ch CBOHCTBA CKayKa M CPEHEro 3HAUEHUS
LOMYyCKAIOT U APYTYI0 (POPMYJHUPOBKY:

Reg ™
2

Re[d] = Red™; Req,, =

[Tpu sTolt hopmy/aMpoOBKe BelleCTBEHHAsl YaCTb CHJIbl HHEP-
My Oyner

R l¢+
Rel = ——3; Req~ =0; q€3,. (2.10)
X

IV. ®yHnameHTanbHOe 3HaueHHE B TEOPUM MHEPLHUH MPHOO-
peTaeT cjaenywolUHA (pakT: obuire (opMyJbl ANS YCUJIUH OAIOT
OCHOBY JJIsl IlepeHoca LieHTpa BHUMAHHUA HCCJeloBaTess C yCH-
JIMH Ha MOTOK YCKOpeHHUst (160 CKOPOCTH BCIIOMOTaTe/IbHOIO HM-
nysbca).

B npo6seme vHepLUHH AOCTATOYHO HAUTH, ONHUCATH, JUOO U3Y-
YUTb [IOTOK YCKOPEHMS; N0 U3BECTHOMY MOTOKY YCKOPEHHS JIeTKO
HaxoouTCsl JI0OOH peasiM3yeMblil BApUAHT CHUJI MHEPLUH, Olpejie-
JsieMbIX 0OIKMMH popmyaamu (2.8).

BTopoii Ba)KHbII MeTOAUUYECKHUH acleKT: B cjydae XaoTHue-
CKOI0 TOTOKAa WHePLUUH Mbl MOXeM AOCTUTHYTb YHH(HUKaLUH,
NP OTOXKAECTBJEHHH (" C yCKOpeHHeM 060O0IIEHHOH KOOpAHHA-
ThI

(.:.l:(.:.l+; qeaq-

[Ipu nopoGHOM corJiallleHHH U B CJydyae Xa0THYeCKOro MOTOKA
CUJla MHepUUM OyneT onpenesitbCsl (POpPMYJIOH:

I1£ —

8 |

DTO MPUBOAUT K 3aMeyaTe/bHOMY pe3ysbTaTy: B XaoTHdye-
CKOM M DETYJISIPHOM MOTOKAX MHEPIMH CHJla MHEePLHH Olpejessi-
etcs popmyaamu (2.6) u (1.9).



62 [nasa IV

Tenepn, ecan BBecTH BTOPOH 6A30BbIA BEKTOD

0A
Gé—g—gradﬂ; qe€d, (2.11)

4! HpHHHTb

IT£yp; q€3,,
TO YpaBHEHHs MOTOKOB OyIYT:

A

q=—xyA; qed,
4= ®&7G — &’y [A X Qcs. (2.12)

B sTom cayuae cuna uHepuuu (hopMyaupyeT ABOHCTBEHHO-

CTh: .
q.
1={ o 9€% (2.13)
—7G + @&y A x Qcs.

DopmMys0i TBOUCTBEHHOCTH 1 U PEILU/ 3aBEPLIUTb HACTOSI-
LUK naparpad.

§ 3. CBoOogHasi sHeprusa acgupa

YnuBUTEbHBIM U (PAHTACTUUECKHUM (PAaKTOM HOBOH Mapajur-
MBI €CTeCTBO3HAHUS fIBJSETCS TO, UTO BceseHHas npeacTaér mne-
pel HaMH B BHAE CYNEPruraHTCKOro0 BMECTHJHILA CBOOOAHOH
SHEpPTHUH.

Hocurenem n xpanurtesnem cBOOONHOW 3HEPTHU U SIBJSETCH
acup.

B cooTBeTCTBHH C ONHOH akCHOMOH HHeplUuH, 3hHUpP  3TO
KOHKpPEeTHAasl peann3alusl BUPTYyaJbHOHU CIJIOIIHOK cpeabl  00b-
€KTa SHTPONUUHON KOHLENTyaJbHOU MOJAEJNH U MOEU TEOPUU 3IH-
TPOIHH.

C npyro# CTOpPOHBI, B MOMX KHUTaX ,DHTPONUS U ,,DHTPOIHS-2
U B HACTOSILLEH KHUATe HAKOMUJIOCh OCTAaTOYHO 3HAHUH NI yCTa-
HOBJIEHUS] OCHOBHOTO CBOHCTBa 3(upa. TO OCHOBHOE CBOHCTBO
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1 cpOpPMYJIUPOBaJ B CJENYIOLEM YTBEPKIEHUH.
YrBepxkaenue IV.1
Idpup 3amo suxpe-duccunamusras CnAOULHA cpeda.

FIMeHHO 3TO OCHOBHOE CBOHCTBO U OOBACHSET MeXaHHU3M CO-
nepaHusi sHepruu B 3¢upe. OcHOBHAS YacTb CBOOONHOU 3HEp-
TUU CONEPXKUTCS B BUXPEBOH KOMIOHEHTe 3¢upa.

Hpyrumu cnoBamu, BceseHHass mpenctaBsisieT CKyNepakky-
MYJSTOP 9HEPrHH, B KOTOPOM aKKyMYJHPOBaHHE M COXpaHEHHe
SHEPruu MPOUCXOAMUT C MOMOLIBIO BUXPEBOH Cpelbl U BUXPEBBIX
CTPYKTYp. [ocTaTouHo oueBUAHBIN 115 CIIELUANUCTOB MeXaHU3M
AKKYMYJIMPOBaHHUSl U COXpPaHEHHUS CBOOOAHOW 3HEepPTHH BUXPEBBI-
MU CTPYKTYpPaMH 5 TMOSICHIO C MOMOLILbIO THAPOAHHAMHUYECKOH Me-
tacopel. Eciv B noToke naeanbHOU XKHUAKOCTH CO3AATh MJIOCKHN
BUXPb, TO OH MOXET COXPaHATb OECKOHEYHO [0J/IT0 COodeprKallly-
10csl B HEM 3Hepruto. M3bsATHe HEpPruM 3TOro MJOCKOIO BUXPA
MOXKeT TMPOU30HUTH TOJIBKO B MpOLlecce ero paspyllieHus.

ATo yapylolllas npaBaa CyLleCTBOBaHUe MpPaKTHUeCKH bec-
KOHEYHBIX 3aMacoB CBOOOAHOM 9HEpPryuy 3(hvpa BBbIABUTAET TPaH-
NMO3HYI0 pobyieMy: npobieMy KOHBePTAaLUU CBOOOJHON SHEPTUU
3(pupa B H3BECTHble U OCBOEHHble COBPEMEHHOW HAayKOW BHJIbI
HepPruu (MeXaHUUEeCKYyl0, TEIJIOBYI0, 3JEKTPHUUYECKYI H T.I.).
1 3mech s moaxoxy K LEHTPaJbHOW YaCTH: BUXPEBble MOJS U
BUXpEBble CTPYKTYPHl 3(pHUpa  3TO CyOBEKTbl TEOPUHM HHEPLUH
U, CJenoBaTesbHO, NpobJjeMa KOHBePTALHUU CBOOOAHOW 3HEPTUU
3(hrpa BXOAUT B NpobJeMy HHEPLHH.

ITOT OCHOBOMOJIOXKHBIH (PAaKT NPUBOIUT K PE3KOMY pPOCTY
3HAYUMOCTH MpoOieMbl UHEPLUH B COBPEMEHHOM eCTeCTBO3Ha-
HHUH, NTPAKTHUUYECKH BBIBOISl €€ Ha MPHUOPUTETHOE MECTO.

B HexkoTopoMm cMmbic/e, Oyayliiee LUBUIU3ALMWNA TECHO CBsi3a-
HO C pasBUTHEM MpoOJeMbl UHEPUUU W ycleXaMu B IMpobseme
KOHBEepTaLWK HePruu sdupa.

HmenHo 3TOT, OTBepraeMbli KOMaHAHO-aAMUHHUCTPAaTUBHOMN Ha-
yKoi Poccuu peBOJIIOLMOHHBIA Pa3BOPOT COOBITUH U COCTOSIHUS
neJ MpUBEJ MeHS K (DOPMYJIMPOBKe NBYX OCHOBHBIX LeJied Ha-
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CTOAILEH KHUTH:

1. PasBuTHe Teopuu MHEpPLUU B BUIE CAMOCTOATENbHOTO pas-
JeJla Xa0OTHYeCKOM MeXaHUKH.

2. Pelenue npobseMbl KOHBEpTALUH IHEPTUU 3PUpa B MeXa-
HUYECKYIO SHEprHUIo.

§ 4. OrpunaresbHasi 3Heprus

I. B npo6sieme akKyMyJMpOBaHHSs, CYILeCTBOBAHMS ¥ KOHBEp-
TalMK SHePruM 3(hMpa KJAOUEBYI0 POJb UTPaeT HaJlHYKe B BUXpe-
JIMCCUITaTHBHOM cpeie 3(upa OTpULaTeNbHOl sHepruu. Jlis mo-
SICHEHHS] MeXaHHM3Ma OTPULIATENbHOM SHEPTHH 0OPaTHMCS K OMOp-
HOH BMXpeBO# cpele B TPEXMEPHOM KOMIJIEKCHOM EBKJHI0BOM
npoctpaHctee C3.

Jlnst 3TOro, Mpexkue Bcero, BBeleM oOllee MpeACcTaBjeHHe
15 BUXPEBOTO TPH-TOTEHIMaNa ¥ BUXPEBOTO MOJI:

AwéAw+Aw; qeaq (41)
Q2Q,+Q.

3mecs:
A, ONOpHBIHA BUXPEBOH MOTEHLHAJ
A,  BO30YXJeHHHIH BUXPEBOH MOTEHIHAJ
)y omnopHOe BUXpeBOe MoJie
Q  B03GyXKIEHHOE BHXPEBOE IOJe.
O6parumcst Tenepb K CUMMETPHH MOTOKA HHEPLHH:

I .=
0=0: ﬁ(q|q)@+H:0; q €, (4.2)

Cnenyst ycTaHOBHUBILIEHCS TPaJHLMK MEPBbIH UJieH 3TOro 3a-
KOHa COXpaHeHHUs JIOTMYHO Ha3BaTb KMHETHYECKOH 3Heprued mno-
TOKa WHEePUHH U ONPEeNe/UTh €€ TakK:

1 .+
TZ 7 (4ld)es; a€d, (4.3)
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Tenepp B TepMHHAX BCIIOMOraTeJbHOIO MMIYJ/bCA KUHETHUE-
cKasl sHeprus Oynet

T=2(@lp)e. acd, (4.4)

Onupasice Ha npexacraBjeHue (4.4), 1 B IBYXTOMHHKe ,IH-
TPONHUS KOJMUYECTBO T Ha3blBat0 SHEPrHed WMIMYJbCa; HO B MpHU-
HSTOH KOHKpPEeTU3alHUH TeOpPUH MHepUUH OoJiee yIOOHBIM Oy-
IeT OPYroi TePMHUH ,KHHETHUecKasi SHeprus

JI7151 OTIOPHOTO COCTOSIHUSL BUXPe-AUCCUNIAaTUBHON cpelbl 3(hu-
pa OymeT crpaBelJ/iMBa FHIOTE3A:

II=0. qe€3, (4.5)

CMBIC/T 9TOH T'MNOTE3bl OYEBHEH: OTMOpPHAsh BUPTYyaJsibHasH CII-
JIOILIHasl cpena 3¢upa BUXpeBas cpeja.

Bropoii 6a30Bblli (pakT TakxkKe JIerKO YCTAHABJHWBAETCS U3
cuMMeTpuH (4.2): onopHoe cocTosiHUe 3(hupa obaafaeT CHMMeT-
puefl 3aKOHOM COXpaHeHHsl HYJEeBOIO 3HAaUeHHUs KHHeTHYeCKOoH
3Hepruu

T=0; qe?3, (4.6)
Jlpyro#i BUA 3TO CHMMETPHH HaM y»Ke H3BECTEH:
(AJA)y =0 qed, (47)

13 cummerpuu (4.7) u caenyeT (akT CylIeCTBOBaHUS OTpPHU-
LlaTeJIbHOH HEPTHH.

ITOT (aKT CONEPKHUTCS B YTBEPKIEHHH.
YrBepxkaenue 1V.2
B onopnulii suxpesoil cnaownoti cpede agupa, xapakmepusye-
motl ycaosuem A, # 0 cywecmsyem ompuyamenrvHas IHepeus.

Cy1ecTByeT AOCTaTOYHO MPOCTOE M HAIJISIAHOE NOKa3aTesib-
CTBO 3TOro (pakTa. BermoMuHas CBSI3b OMOPHOrO MOTOKA WHEPLUH
C OTMOPHBIM TPHU-MOTEHIHAIOM

él = _%’YAw; qc 3q7
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BbIPAa2KE€HHUIO KHUHETHYEeCKOH 9HEpPruu npruaaiuM BUI:

2
T= (A2 + A2 +A2).

B 3TOM BBIpakeHUM CYLIECTBYeT MOJNOXKHUTeNbHAS KOMIIOHEH-
ta Ty; ¥ a5 mopnepkKaHUsi CUMMETPUU  HYJIEBOTO YpPOBHSA
KUHETUYECKOH Hepruh  HeoOXONHMO CYLIeCTBOBAHHE OTPHULLA-
TeJIbHOW KOMIOHEHThl T_.

Tenepb cummetpusi (4.6) Gynet

T=0: T,+T_=0: qe2, (4.8)

B sTo#t cummeTpuu:
T, nmnosoxuTesnbHas KUHeTHYECKas SHEPrus
T_  oTpuuaresnbHass KMHeTHYeCKas SHEpPTUS.
PaccmoTpuM BakHBIH A/ a/nbHEHIIEro YaCTHBIH Caydai:

signAi1 =1
signAZ =1 (4.9)
signA2, = —1

B stom yacTHOM ciyyae oTpuLaTesbHON 3Heprueir 6yaet 06-
JlajaTbh TPeTbsl KOMIIOHEHTA MOTOKA MHEPUUU U ypaBHeHue (4.8)
NpUOOPeTET BUA:

Al + A2 =|ALl: qe3, (4.10)

II. Cummerpus (4.6) momyckaeT oueBHAHOE pacIIMpeHHe Ha
TPEXMepHOe KOMIJIEKCHOe KOH(UTYpallMOHHOE MPOCTPAHCTBO

T=0, qeq, (4.11)

ATo paciivpeHue uMeet rayOboKUi cMblc; Bo BeesenHoit oH
OTMIOPHOTO COCTOSIHUS 3(pUpa UMeeT HYJeBOH ypOBeHb KHHEeTHue-
CKOH JHEepruH.

MmeHHO 3TOT (hakT ompenesisieT OAHY U3 IMyOMHHBIX MPUYHUH
MPOTHBOPEUHH OPTONOKCATbHBIX (PU3UKOB (J1UOO0 MpeacTaBUTeNeH
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KOMaHIHO-aIMUHUCTPATUBHON HAyKH) C €CTECTBOHCIBITATESIMH
HOBOH (DH3HUKH.

B BeliecTBeHHOM KOH(HUI'YPAaLHOHHOM MPOCTPAHCTBE B CJY-
Yae CylleCcTBOBaHUS CUMMeTpuu (4.6) oTpulaTesbHasi SHEPrus
He CYyLIecTByeT, a, CJel0BaTesJbHO, (POH OMNOPHOTO COCTOSIHHMS,
MMEIIIUH HYJeBOM yPOBE€Hb KHHETHYECKOH 3HEepruH, COOTBeT-
CTBYeT OTCYTCTBHIO ABHKeHHS. [lasee...npsiMod NyTb K OTPH-
aHHI0 3(Hpa U K KOHLENUUHU ,TyCTOThI

3nech § M MPUX0XKY K KJIOYEBOMY BBIBOAY: Mpobjema OT-
puLlaTesIbHOH 3HEPrHMHM He HMeeT MPOEeKLHMH Ha BellleCTBEHHOe
npocTpaHcTBo R3.

AtoT (akT onpenessieT MPUUUHY TOrO, YTO IO HACTOSIIIETO
BpPeMeHH B KJaCCHYeCKOH MeXaHHUKe HeT HU OJHOr0 CTPOroro pe-
LIeHUs] KaKUX JU00 3a1a4d TeOpuu NMOTOKOB HHepuuu. CyliecTBo-
BaHHEe OTPULIATEJbHOH KHHETHYECKOW 3HEPruM SBJISIOTCS HeoO-
XOIMMBIM U KJII0YEBBIM 3J€MEHTOM TEOPUH UHEPLHH.

ITI. O cyuiecTBOBaHUM OTPULIATENBHOH SHEPTUU (PU3UKU 3HA-
I0T I0CTaTOYHO AaBHO. I ¢ 3TUM (PaKTOM CTOJIKHYJCS BO BpeMs
paboThl Hajx MoHorpadued ,DdHTponus-2: XaoTHuecKas MeXaHH-
Ka . 3aHUMasiCh JHTPONUHHBIM pellleHHeM 3afayd O B3PbIBHOH
HEYCTOWYUBOCTHU CHUCTEMBl U3 TPEX CBA3aHHBIX OCLHJJSATOPOB, A
oOHapyXuJs B psine MoHorpadui [51,278] sHepreTHuecKyr HH-
TepIpeTaluio 3TOr0 SIBJEHHS.

[Ipy sHepreTHueckodl MHTepHpeTaLUHd MeXaHU3Ma B3PbIBHOH
HEeyCTOWYUBOCTH, B3PbIBHAS HEYCTOMUMBOCTb BO3HUKAET MPH Of-
HOBPEMEHHOM HapacTaHWW BCeX PE30HAHCHO CBS3aHHBIX BOJH.
ITO fIBJIEHUE peasiM3yeTcsl TOraa, KOorjga B CUCTEMe CYIIeCTBYIOT
[1Be BOJIHBI C [TOJIOKUTEJbHOH 9HEpPruel W oflHa BOJIHA C OTPHULA-
TeJiIbHOU 3Heprued. [Ipyu aToM BosiHA ¢ OTpULIaTeNbHON SHeprueH,
OT/aBast SHEPTUI0 APYTHUM BOJHAM U YBEJUUHBAS UX aMILJIUTYH,
HapacTaeT Mo aMIIUTYAe U cama. DTOT MeXaHU3M U OmpeneJs-
eT OIHOBPeMEeHHBIH POCT BCeX B3aWMOJAEHCTBYIOLIUX BOJH. JKC-
nepuMeHTasbHble (PAKTbl 3TOrO SIBJEHHsl colepKaTcs B (PU3HKe
TJ1a3MBl.
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IV. CBoiicTBO CylIeCTBOBaHHUS OTPHULIATENBHON SHEPTHUH 3(Du-
pa coxpaHsieTcs MPH PACUIMPEHHH B KOMILJIEKCHOE NPOCTPAHCTBO
Munkosckoro Cg ), 160 YeThipeXMePHOe KOMIIEKCHOE eBKJIH-
noBo mpoctpancteo C*.

§ 5. Ilo3HaBareabHBIA NpPUMeEpP

I. [lonpo6HO paccMOTPHUM MOTOK WHEPUHUU B BelleCTBEHHOM
eBKJIKMI0BOM npoctpanctee R3. [losaras Bce KoJuMyecTBa M Be-
JIMUUHBI B MIPeJleslaX HACTOSIIEero naparpada BellecTBEeHHbIMH, s
IJisl TOTOKA WHEPIMH MPUMY NBOUCTBEHHOE TpeICcTaBJeHHe:

. [ ®p: qe€3,; I, eR?
1= { —@yA. (5-1)

Ha mHoroo6pasuu noreHuuana ycCKOpeHHH, Kak HM3BeCTHO,
CrpaBe]/IMBa KaHOHHWYeCKasi CUCTeMa ypaBHeHHH:

00
q=-7 acll
o P (5.2)
— = grad©®.
0z

Tenepb s1 BHecy B cuctemy (5.2) yc/J0BHE HHEPIUH
p=0; qe€R? (5.3)

B stom cJydae y Hac U3 BTOPOro ypaBHEeHHUSA BOCCTaHaBJIH-
BaeTCd M3BECTHOEC YpPABHEHHE IMOTOKA MHEPUHUH!

grad® =0; qe€3,. (I1I 4.5)

B 3anaue no3HaBaTe/ibHOrO NnpuMepa s NPUMy MOTeHLHaN yc-
KOPEHHUH B BHIE:

X | -
O=-3 1Plas; qell (5.4)
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['pagueHT 3TOrO MOTEHLMANA YCKOPeHUH OyneT
grad® = vy(qglgrad)rs A +7[q x Qgs.

Tenepp nss BbIYMC/IEHHOrO 3HaueHHUs grad© K3 ypaBHeHHUS
notoka uuepuuu (III 4.5) cienyer ypaBHeHUe

[A X Q]R3 = —(A|grad)R3A. (5.5)

3nech, Kak u npexie, 2 = rotA.
B ciyyae He3aBUCHMMOCTH TPHU-TMOTEHIHAla OT BPEMEHH M3
ypaBHeHUs (5.5) cjenyeT NBOHCTBEHHOCTb:

A { (QI.grad)RsA (5:6)
—[q X Q]Rs

[TockosbKy cusa MHEpUUU
I= ”yA,

TO M3 JABOHCTBeHHOCTH (5.6) mosyyaem ApPyTyI0 IBOHCTBEHHOCTb
IBOUCTBEHHOCTb CHJIbl HHEPLHUH:

| grad)rsA; €d
I— 7(q|.g )R q k (5.7)
—[q X Q]grs.

I[BOIjICTBeHHOCTb CHJIbI MHEPUHUH MNPUBOAUT K ABYM BaXHBIM
BbIBOJAM:

1. B BelllecTBeHHOM €BKJIMAOBOM MPOCTPAHCTBE CYLIECTBYeT
CUMMeTPHUS

© = const; q €3I, (5.8)

ecJ/M cyulecTByeT BUXpb €2 # 0.

2. B caydae 2 =0
A =0wu A = const.
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3nech Npu U3MEeHEHUH HHTeprpeTanun 0000LEHHON KOOPAHU-
HaThl T10J1y4aeTcsl CTALMOHApHOE [BHKEHHE 10 UHEepLHH.

Haubonee BaxkHBIM 31eChb fIBJISIETCS TO, YTO ABHUKEHHE TIPH
COXpaHeHHH 3aKoHa © = const (CHMMEeTPHH) BO3MOXKHO IIPH CY-
11eCTBOBaHUM BUXpS (2.

II. [lepeiiném Tenepb K M3y4eHHI0 KOHKPETHOH 3aJayu MO-
3HABAaTeJIbHOTO NpHUMepa.

Jta 3ajaya xapaKkTepusyeTcsl TPU-NOTEHLHAJIOM:

A=A, |. (5.9)

[IpuHATBHIH TpU-TIOTEHMAJ onpenenns BekTop €2

0
A, OA
Q=1 0 |; 93:&—@. (5.10)
0 day daz
3

B cBotw ouepenb, BeKTOpHOE MPOU3BENEHNE NPUHSIO BHIL:

ArQ2s
[A X Q}R3 = —Alﬂg, . (511)
0

CooTBeTcTBeHHO, MpousBoaHass JIu ompepenusaace cjienyio-
UM 00pasoMm:
0A, 0A,
Al —+Ay—
' a1 T 0qs
= A A
(A] grad)ps A = Ala 2+A28 2 | . (5.12)
Oax dqs
0

JLn1si BBIUMC/IEHHBIX 3HAaYeHHH BEKTOPHOTO Mpou3BeneHus (5.11)
1 npousBonHod JIu (5.12) us BekTopHOro ypaBHeHus (5.2) 51 mo-
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JIYUHJl CUCTEMY [BYX ypPaBHEHUH:

0A;  0A}
dan O (5.13)
OA7  0A3
aCIQ aCIQ '

PelenneM 3To#l cucTeMbl ypaBHEHHH SBJSETCS CUMMETPHS
A% + A3 = const. (5.14)

HetpynHo 3ameTuts, uto cummerpus (5.14) caenyer u3 cum-
MeTpuu (5.8) AJs MpUHSITOrO TpU-TIoTeHUHMana (5.9).

III. O6patumcs Tenepb K NMOTOKY MHEPLHH, ONpeaessieMOMy
TpU-nioTeHUHasoM (5.9):

q = —2vA;; q€3,
= 0.

Jlns aToro motoka MHepuuM cuMMmeTpus (5.14) npeobpasyer-
csl K BUAY:

V =Vy; Vg =const (5.16)

V =/ + a3

Bes orpanuueHusi 06IIHOCTH KOHCTAHTY B (5.14) MoXHO mpu-
HSITb PABHOW €IMHHUIIE U B 3TOM CJydae cuMmeTpus (5.14) Oynert

A? L AZ=1.

ITOMYy ypaBHEHMIO YAOBJETBOPSiIET TPU-NMOTEHLHAN U MOTOK
UHEepLUH
coswt
A = || sinwt

0
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4, = —&y coswt; q € g

Qo = —aey sinwt . (5.17)
gz =0
CJleoBaTeJibHO
—coswt
I=qwl|l sinwt [,
0

W, BBOAS Pe3yJbTUPYIOLLYIO CHUJIY HHEPLHH
I =/ + 15

I = yw. (5.18)

HMeeM:

IV. Tlotok unepuuu (5.17) B KaaccHYecKoil MeXaHHKe OTpe-
feJisieT LeHTPOOEKHYIO CHITy WHEPLHH.

B 3akJioueHuUH 51 BBITIOJNHIO HEOOXOAUMBIE COTJIACOBAHMUS.

KuneTtnueckasi aHeprusi notroka uHepuuu (5.17) Gyner:

Jlanee U3 CBSI3U CKOPOCTH V C YIJIOBOM CKOPOCTBIO w IOJY-
yaeM paiuyc:
&y
—

V=r-w: r=

Kak usBecTHO, B KJlaccHueCcKol MeXaHUKe LleHTpoOexKHas CU-
Jla UHEPLUUH onpenessietTcss (popmMyJion

J = mw?r
BHocst B 3Ty dopmyny paauyc r, UMeeM:

J = meyw.
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[lockonbky mae = 1, To U3 nocjenHeld (GopMysbl NoJyUaeM
J =w.

Teneps, obpamasice Kk (opmyne (5.18), g ycraHaBaMBaw pa-
BEHCTBO
1| =J.

Takum o6pa3oM, s yCTAHOBHJ, YTO MOTOK HHepuuu (5.17)
TI03HABATEJbHOTO TIPUMepa eCTh MOTOK [eHTPOOEXKHOH HHEPLHUH.

Ho ocHOBHasi 3HaUMMOCTb MO3HABATEJNBHOTO TIPUMepa 3aKJIi0-
yaeTcs B ABYX (paKTax:

1. B BelecTBeHHOM eBKJMAOBOM mpocTpaHcTBe R3 He pea-
JIU3yeTCsl CUMMETPHs

©=0;, qe€3,.

2. Tosnbko uacTHas 3ajadya 3agada O LIEHTPOOEKHOU HHep-
UMM HUMeeT 3((eKTHUBHOe pelleHHe B BeLEeCTBEHHOM €B-
KJHI0BOM pocTpaHcTBe R3.

§ 6. KomMmnaekcHble mpocTpaHCTBa

I. Ilpu pa3uuHBIX paclIMpeHUsIX TPEXMEPHOro KOMIIJIEKCHO-
ro KOH(UTypaLHOHHOro NPOCTPAHCTBA B TEOPUU UHEPLIUH BO3HH-
KaeT He0OXOAMMOCTb BBeJleHHs], KpOMe KOMIJIEKCHOTO €BKJIMI0Ba
npoctpaHcTBa C3, IpyrUX KOMIJIEKCHBIX TPOCTPAHCTE.

B knaccryeckodl (pr3uKe CyllecTBYeT TONBKO OJWUH BApUAHT:
nepexos OT TPEXMEPHOTO BelLleCTBEHHOI'0 €BKJWJ0BA MPOCTPaH-
CTBa K MPOCTPAHCTBY MMHKOBCKOI0O

3 4
R”— Rj;.

Curnarypa ¢usuueckoro mnpoctpaHcTBa MUHKOBCKOro R‘ig
OKasaJiacb Heyl0OHOW B CHMBOJIbHOM BbIBOJIE SHTPOIHH; U 51 BBEJ
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B TEOPHI0 SHTPOIHHU APyroe MPOoCTPaHCTBO MHUHKOBCKOTO Rg{l c
curnarypo#t R3, = {+,+,+, -1}

B pesysabTaTe, B MOMX KHUrax ,DHTPONHUS U ,IJHTPONUS-2
UCIOJIb3yeTCsl PacLIUpeHne

3 4
R”— Rj;.

O600611eHre 3TOr0 paclIMpPeHNs U MPUBOIUT K KOMIJIEKCHOMY
npocTpaHcTBY MHHKOBCKOrO

3 4
C -Gy,

KomnisekcHoe npocTpaHcTBo MUHKOBCKOTO (Cé1 sBJseTcs Oa-
30BBIM I'€OMETPUUYECKUM 00BEKTOM XaOTHYECKOHW MeXaHHKH; MOo-
3TOMY OHO MOJIYUHJIO TIPUMEHEHHE U B T€OPUU UHEPUUH  Tpel-
MeTa HacTosilled MOHOTpaduu.

II. B nauane pa6otsl Hanx npoOJeMOH WHEPUWU U HaCTOSI-
1led KHUTOM g MoJaraj, 4To A/ Pa3BUTUS (PyHAAMeHTaJbHOH
TEOPUM HMHEPLHH, KaK CaMOCTOSITEJbHOrO pasjiesa XaoTHYeCKOH
MeXaHUKH, OyneT AOCTAaTOYHO ABYX KOMIJIEKCHBIX MPOCTPAHCTB:

1. TpéxmepHoe KOMIIEKCHOE eBKJIUI0BO mpocTpaHcTBo C3.

2. KommiekcHoe mpoctpanctBo Munkosckoro C3 ;.

Ho curtyauus okazanacb 3HauKMTeNbHO MHOT0OOpa3Hee, CJI0XK-
Hee U MHTepecHee; B pe3ysabTaTe, Yy MeHs BO3HHKJA HeoOXOIH-
MOCTb OOpallleHHsl K 4eThIpEXMePHOMY KOMIJIEKCHOMY €BKJIMJO0-
By npoctpanctey C*.

Htorom sToro crano BefeHHe B TEOPUI0 MHEPLHH UeThIPEX-
MePHOT0 KOMIJIEKCHOTO eBKAKA0Ba npoctpancTa C*. Takum 06-
pasoM, KOHLeNTya/JbHasi MOJe/]b HHEPLUUHU COLepXKHUT TpH 0aso-
BbIX TeOMeTPHUUYEeCKHUX 00beKTa:

1. TpéxmepHOe KOMIJIEKCHOE eBKJIUA0BO mpocTpancTso C3.
2. KommiekcHoe mpoctpanctBo Munkosckoro C3 ;.

3. UeTbIpéXMePHOE KOMIIEKCHOE eBKJINA0BO pocTpancTBo C4.
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§ 7. KoHcTpyunpoBaHue 4eTBEPTOUN KOOP-
AUHATBI

I. B xaoTuueckoil MexaHuKe, U B HTPONUU B LeJOM, (PyH-
JaMeHTaJ/lbHOe 3HaueHHe UMeeT OTKPhITHe DHTponuiHOro Bpeme-
HU. DTOT OCHOBOIOJIATAIOLIUH Pe3yabTaT MOeH KHUTH ,JHTPOINHUS-
2 mpuBEJ K MepecMOTpPy HaIlMX BO33peHHUH Ha mpobJjaemMy BpeMme-
HHU U JIET B OCHOBY SHTPONHUIHOrO CHUMBOJBHOIO BBIBOAA. B pe-
3yJbTate, npobsema DHTponuiHOro BpemeHu 3aHsina Benyllee
MeCTO B XaOTHYECKOH MeXaHHKe W, CJel0OBaTe/IbHO, B TEOPUU
MHepLHH.

HcxonHoll 3aech aB/sieTCs COBPeMeHHas KOHLeNLHUsl BpeMe-
HH; KOHLENTYa/lbHOe 0(opMJIeHHe BPEMeHH, BKJOUAlollee aKCH-
omaTHyeckyto 6asy, B KHUre ,DHTponusi-2  jAaJj B BUIe Habopa
AKCHOM.

J15151 NOJTHOTBI U CBSI3aHHOCTH U3JI02KEHHUS1 9TH aKCUOMBbI BKJIIO-
YeHbl B TEKCT HACTOSILLEH KHUTH:

1. ,Ilpocmparncmeo-Bpemsa pearvrnan abcorromuasn gop-
MQ CYUeCmeo8anus MamepuaiLbHO20 MUpPQ.

2. B ®usuueckom Mupe wemoipexmeprolti npocmparcmaeen-
HO-8peMeHHOl KOHMUHYYM HaOeseH cmpyKmypoLl.

3. B cocmase npocmpancmeerHo-8pemenH020 KOHMURYYMAQ
8pemsi 3aHUMAem NPUBUAESUPOBAHHOE NOAONHEHUE , OHO
BbINOAHSAEM OPSAHUSYIOUYIO POAb.

4. B cocmase npocmpaHcmeerHO-8pemerH020 KOHMUHYYMA
daumenvHocms obaadaem 6oavueli eAa0KOCMbIo, Hem npo-
MANCCHHOCMD.

5. B Ilpupode u oxpyxcaroweli nac [eiicmsumesonocmu cy-
wecmsyem 08a spemeru, 00veduHEHHbLX 8 080LicmBeH-
HOCMb:
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<acmponomuueckoe spems | cobcmeenoe 8pems.

II. 3anaya KOHCTPYHPOBaHHUS YETBEPTOH KOOPAMHATH BO3HHU-
KaeT Npu (pOPMHUPOBAHUH NPOCTPAHCTBEHHO-BPEMEHHOIO KOHTH-
Hyyma ,[IpocTpancTBo - Bpems

B kaaccuueckoidl usrke MpoCTPaHCTBEHHO-BPEMEHHOH KOH-
TUHYYM HMeeT BHUJ BeLIeCTBEHHOrO NMPOCTPaHCTBa MUHKOBCKO-
ro R‘ig. C npyro#i CTOPOHBI, B 3HTPONHUHHOH KOHLENTyaJbHOH
Monesiu BcesneHHOH UM okpyxKatouledt Hac JleHcTBUTENbHOCTH o
copmyarpoBaJs CTPYKTypy ,IIpocTpaHcTBo - BpeMs B Buae KoM-
MJIEKCHOTO MpOCTpaHCTBA MUHKOBCKOTO «:g{l. Ho B npob6seme
MUHEPLHH KOMIIJIEKCHOI0 MpocTpaHcTBa MUHKOBCKOrO Cg{l OKa-
3a/10Cb HEJI0CTATOYHO; IOSBU/IACh HEOOXOAHMMOCTb BBEIEHHS B
CUMBOJIbHBIH BBIBOJ €111 OHOI'0 MPOCTPAHCTBA YeThIpEXMepHO-
ro KOMIJIEKCHOTO eBKJuaoBa npoctpanctea C*. U tenepsb dyH-
JaMeHTa/JbHOe 3HaueHHe MPHUOOPEN BOMpoc O crocobe 3afaHUs
4yeTBEPTOM KOOPAMHATBI KOMIJIEKCHOTO NMpocTpaHcTBa MHHKOB-
ckoro Cj3, ¥ UeTEIpEXMepHOro eBKJHMA0Ba npocTpanctsa C*.

B kusaccuueckoil (pu3uKe U3BecTeH OAUH croco®, Oepyllui
HayaJso OT CllellMaJbHOH TeOPUU OTHOCUTeNbHOCTH . MUHKOBCKOTO,
[.Be#nsa, A.9éHmTelina.

[Ipexxne Bcero, s ellé pa3 HAOMHIO OfIHY T€XHUUYECKYIO Jie-
Tajb: B IPOTHUBOINOJOXKHOCTb TEOPUU IHTPONHH, B KOTOPOH IMpHU-
HSITO BelleCTBEHHOe MPOCTPAaHCTBO MUHKOBCKOr0 Rg{l, B KJac-
CHYECKOH (pM3HKe MpocTpaHCcTBO MHUHKOBCKOro MMeeT BHA Rf 4.

B 3TOM BapuaHTe peub yxxe HAET He O YETBEPTOH KOOPAHHATE,
a 0 MepBOH KOOpAMHATE.

a1 2 ct.

CoOTBeTCTBEHHO, pacIIupeHHas 00001IEHHAs KOOPIUHATA Clie-
[IMaJIbHOH TEOPUH OTHOCHTEJNbHOCTH OYyHeT

q=(ct,q); §e€ Rzll,3'
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B Moe# Teopry 3HTPONUU BBIBOJ UeTBEPTOH KOOPIHMHATHI OIHU-
paeTcsl Ha ypaBHeHHe CTPYKTYPHOH SHTPOINMHU:

— =o01; qE€ Iy (7.1)

31ech 0y - AMBEPreHTHbIH HHBApUAHT.

B cooTBeTcTBUM ¢ MOHOrpapUsMH ,DHTPONUS U ,DHTPONUS-
2, DHTponuiiHoe BpeMmsi Haf0 OTOXKAECTBJATh CO CTPYKTYPHOH
SHTPOMHUEH:

S=H, (7.2)

Tenepb ypaBHeHMe CTPYKTYPHOH 3HTPONUU MepeHAET B ypas-
HeHHe DHTPONUIHOro BpemeHnu:

dsS

& =01, qE€ . (73)

B Moell Teopuu HTPONHMHU OCHOBHOH CrOCOO KOHCTPYHPOBa-
HUsl 4eTBEPTOH KOOpAMHATHI mpocTpaHcTBa Munkosckoro Ci
NPUBOJUT K pe3ynbTary:

qs == 3S. (7.4)

B cBoto ouepenb, 060061EHHas KoopauHara npoctpadcTtsa Ch
oynet
N N 4
a=1(q,85); a €GC;,. (7.5)
III. YeTbipéxMepHOE KOMIJIEKCHOE €BKJHA0BO MPOCTPAHCTBO
BO3HHKAET B TEOPHH MHEPLHHU B pe3y/bTaTe peayKLHH

4 4
C;, — C.

DTa penyKUHUs ¥ ONpefeaseT Crnocob 3a1aHus 4eTBEPTOH KO-
opaMHathl mpocTpaHcTea C1.

Ecau nns 4etBépToit KoopauHathl npoctpanctBa C* npuuaTh
0603HaueHue ,y , TO OHa ONpeneNuTCs (POPMYJION:

y = idy.
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YuutbiBasi pesysbrat (7.4), MOXKHO ,y , ONPENesUThb CJAeyIo-
UM 06pasom:
y = 1ifS. (7.6)

COOTBETCTBEHHO:
a=(q,i85); §eC"

[losie3ubiM Gynet 31ech U clefyoWUi (HakT: OpraHU3yIOLLYIO
posib DHTponuiHOe Bpemsi peasnusyer yepe3 4eTBEPThHIE KOOPIH-
HaThl, ONpelessieMble ypaBHeHUsIMU cBsi3u (7.4), (7,6).

IV. Henb3s ynyckaTe U3 BUIYy TO, UTO B MOE€H TeOpHUH HHep-
MM CYLIECTBYeT ABa KOMIIJIEKCHBIX BPEMEHH:

- DHTponuiHoe Bpewms S.
- aCTPOHOMHYECKOe BpeMs Z.

Posb duTponuiiHoro BpemeHu sicHa: KOHCTPYHpPOBaHHE YETHI-
pPEXMEPHOr0 MPOCTPAHCTBEHHO-BPEMEHHOr0 KOHTHHyyMa ,[Ipo-
CTpaHCcTBO Bpemsi U BbiMoJHeHHe OpraHU3yOLIeH (PYHKLHH.

B cBoto o4epenp, po/ib aCTPOHOMHUYECKOTO BPEMEHH TOXKe UéT-
KO OIlpelie/ieHa: C ero MOMOILbI0 MPOUCXOAUT MapaMeTpHU3aLus
MOTOKOB MHEPIUH. 31eCh OKAa3blBaeTCs CHPABENJHBHIM MPABHUJIO
,[IOTOKH HMHEPLHUU MapaMeTPU3yIOTCs aCTPOHOMHUECKUM BpeMe-
HeM .

§ 8. KanuGpoBouHble ycJ/OBHUS

I. B Teopun HHepuuu cyllecTBYeT [Ba MOTOKA:

q=—ayA; qe€d,

q=—-=27b; qe€3, (8.1)

[lepBblli MOTOK MOTOK CKOPOCTH  COOCTBEHHO, U Ha3blBa-
eTCsl TOTOKOM MHEpPLHH; TOTAA KaK BTOPOH MOTOK  MOTOK YCKO-
peHHH  COXpaHHJ/ CBOE MepBUYHOE Ha3BaHHE.
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OTU [Ba MOTOKa MAOMYCKAIOT paclIMpeHHe B KOMIJIEKCHOE
npoctpanctBo Munkosckoro C3,, JH60 B UeTHIPEXMEPHOE KOM-
MJIEKCHOE eBKJIMI0BO mpocTpancTso C*.

= _387*’&3 qce éq
q=—=vb; qe3,

O

(8.2)

1

[Ipu stom pacmivpeHHOe KOH(UTYypaLHOHHOE MPOCTPAHCTBO
obJialaeT CBOMCTBOM:

A .
Q; Q,cC

CyuiecTBoBaHHe NBYX MoTokoB (8.1) u ux pacuupenuii (8.2)
noTpe6OBasO BBEIEHHS NOMOJHUTENbHBIX KaJHOPOBOUHBIX YCJIO-
BUU B TeopHio MHepuuH. [Ipexxne Bcero, 3nech CyIIeCTByeT 1Ba
KaJHUOPOBOUHBIX YCJOBHS KJIaCCHUECKOH (DUBHKH:

1.divA=0; qeQ,; 9,cC?

A N A 8.3
2.divA=0; qe€9Q, Q,C C%}l. (8.3)

[lepBoe KanUOPOBOUHOE YCJOBHE BOLIJIO B TEOPETHUUECKYIO
(HU3UKYy TOI Ha3BaHHWEM ,MONepedyHasi KaJuOpoBKa ; TOTAA Kak
BTOpPO€ YCJIOBHE onpefensieT ,Kaaubposky JlopeHua .

K nBy™m kanu6poBodyHbIM ycaoBusiM (8.3) s1 no6aBus ycJoBHE,
00s13aHHOE BBeJleHHe B KOHLENTYaJbHYI0 MOJE b HHEPLHH HOBO-
TO MPOCTPAHCTBA  UETHIPEXMEPHOTO KOMIIJIEKCHOTO €BKJIHI0BA
TPOCTPAHCTBA.

DTa HOBasi KaJUOPOBKA UMEET BU/:

divA=0; qeQ, Qcch (8.4)
II. Kpome ycnoBuit (8.3)u (8.4), B Teopuio mojied WHEPUHH S
BBE&J KaJMOPOBKH, 00sI3aHHBIE NTOTOKAM YCKOPEHHSI:

divb=0; qeQ, Q,cC?

divB=0; §eQ,; Q,C Cs. (85)

divb=0; qeQ, Q,ccC.
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B utore, s mosy4yus npeacTaBiaeHHbIH HAOOpP  11eCTb KaJauob-
POBOUHBIX YCJOBUH 0a30BBIX CTPYKTYP TEOPHH MOJEH HHEPLHH.

§ 9. HonogHeHus K Kaaccupukanmm

Cusia vHepUUMM He sBJseTCS CHUJOH B cMbicjae HbloToHa, a
SIBJISIETCSl CONPOTHBJEHHEeM. B CBfI3W ¢ 3TUM Hal0 BBECTHU [Be
KaTerOpuH:

1. Cuna

2. ConpoTHBJieHHe HHEPLUH.

Teneps, no npunuuny lanambepa GyneT cnpaBeaauBa Gop-
myJa:
Cunra + Conpomueaernue urnepyuu = 0
BakHo TO, 4TO I/l 3TUX KATEropui CyIIeCTBYIOT CBOH ypaB-
HeHUs] NBUXKEHHsS  OTCIOla CJelyeT, UTO JAOJKHBI ObITb JABa
MOTOKA U, COOTBETCTBEHHO, /IBA YPaBHEHHS MOTOKOB.
B HbI0TOHOBOH MexaHUKe MOJO0OHBIM yYpaBHEHHEM OyeT ypas-
HeHue HbroToHa
q=«F;, qe€d,
F - HbloTOHOBaA cua.
Bropoe ypaBHeHHe, MO onpesiesieHHIO, 3a1aET COMPOTHBIIEHHE
HHePIUH
g2 —=I; qed,
I conpoTuB/eHHe HHEPLHH.
B pesysbrate, npo6/eMy UHEPLUHH OMUCHIBAET U3BECTHAS J1BO-

HCTBEHHOCTD:
. o“S‘F; qc Sk
9= _aL

M3 3710l 1BOHCTBEHHOCTH CJenyeT OAUH (PyHIAMeHTaJ bHbIH
BeIBOA: [lomenuuan yckopewutl He mosxcem OOHOBPEMEHHO CO-
depacamo uaeHbl, Yuumol8aroujue CUulbl U CONPOMuUBAEHUE UHep-
yuu.
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OHM IO/KHBI YUHUTBIBATHCS TOPO3HD: THOO HBIOTOHOBBI CHJIH,
JIMOO COTNPOTUBJIEHHE HHEPLUH.

§ 10. 3akuaroueHue

1. B mpéxmepHom KOMNAEKCHOM KOHDU2YPAUUOHHOM NPO-
cmpaxcmee 8 cAyuae He3asucumMoCmy mpu-nomeryuala uLep-
UUU Om aCMpPOHOMUHECKO20 BPEeMEHL CUAQ UHEePUUL COCmOoum
u3 08Yx KOMNOHEHM.:

- BUXPEBOLL CUNbL UHEepYUU
- NOMEHUUANbHOEO CONPOMUBACHUS UHEPUULL.

2. B cayuae s8HoOll 3a8ucUMOCU MPU-NOMEHUUALQ UHED-
Uuu om QacCMmpOHOMUUECKO2O BPEeMEHU, KPOME BUXPEBOL CUbl
UHepuuu 1 NOMEHUUANbHO2O CONPOMUBLEHUS UHEpUULU, CYuye-
cmeyem ewyé 00Ha KOMNOHEHMA HeCMAauUOHAPHAS CULQ UHep-
uuu.

3. Iup amo suxpe-duccunamusras cnaAoULHAsA cpeoa.

4. BcenrenHas 3amo cynepakkymyaismop auepeuu, 8 Ko-
MopomM AKKYMYAUPOBAHUE U COXPAHEHUE IHepeul npoucxooum
C NOMOULbIO BUXPEBOLL cpedbl U BUXPEBbLX CIMPYKMYP.

5. Yapyrowas npasda cyujecmsosanue npakmuuecku bec-
KOHeuHblx 3anacos c80000HOU 3Hepeuu agupa svidsueaem
eparouosHyo npobiemy: npobremy Koxeepmayuu c80600HOL
aHepauu agupa 8 u3BecmHvle U 0CB0EHHbLE COBPEMEHHOU Ha-
YKol eudvl anepeuu (mMexanuueckyr, meniosyro, dneKmpuue-
ckyro u m.o.)

6. [Ipobrema konsepmayuu c80600HOLU 3Hepauu ddupa 16-
asemcs yenmpanvHot npobaemoti uxepyuu. Imom gynoamen-
manvHobLil pakm npueooum K peaxomy pocmy 3HaA4UMOCMU Npo-
Oaremol UHepyUL 8 COBPEMEHHOM eCmecme803HAHULU, NO CYyuje-
cmsy, 6v18008 eé Ha npuopumemruoe gedyuiee mecmo.
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7. [{se ocrosHble yeau Hacmoawett KHu2u 1 copmysupo-
gan max:

1) Passumue meopuu unepuuu 8 sude camocmosmesbHo2o
pasdera xaomu4ecKkou MexanHuxu.

2) Pewenue npobremor Konsepmayuu anepeuu ajupa 8 me-
XAHUYECKYIO dHEepeuUro.

8. B npobaeme cyujecmsos8anus, AKKYMYAUPOBAHUS U KOH-
sepmauuu c80000HOL 3Hepeul KAUe8yo poAb uepaem Ha-
Audue 8 suxpe-ouccunamusroll cpede agupa ompuyamesbHol
aHepeul.

9. Konuyenmyaavras modesv uxepuyuu codepxrcum mpu 6a-
308bLx eeomempuueckux obvexma:

1) Tpéxmeproe komniekcroe eskiudoso npocmparcmso C3.
2) Komnaekcroe npocmparcmeo Munkosckoeo Ci |.

3) UYemuwipéxmeproe Komniekcroe e8KAULO080 NPOCMPAHCMBO
c*.



