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PaccmatpuBaetcs yetBepToe 00o0ImeHne Mexanuku HploTOHA, Ha3BaHHOE aBTOPOM MexaHukoi Jlekapra, mo-
CKOJIbKY B HEll BCe JIB)KEHHS CBOJATCS K BpalleHHIO. Takas MexaHHKa 00beIMHSIET O0IEPesII THBUCTCKYIO Me-
XaHUKy DHHIITelHA ¢ kBaHTOBOM MexaHukoi Illpeaunrepa. OCHOBHYIO poib B MexaHuke JlekapTa urparot Top-
CHOHHBIE OIS Pruaum Ty, KOTOphle (PM3HUECKN MHTEPIPETUPYIOTCS Kak Mot nHepiun. [IpocTpaHcTBO cOOBI-
TAW B HOBOW MEXaHHKE PAacCIOCHO, NECATHMEPHO M 00J1a1aeT NByMsI METPUKAMHU - TPAHCISAIIUOHHON METPHKON

Pumana ds? = gikdxidxk U BpamaTeabHOU MeTpukoi dr? =T 2T e dx¥dx" . [IpoBelicH aHaIM3 TEOPETUUECKHUX
BBIBOJIOB MeXaHMKH JlekapTa, KOTOpble MPOSBIAIOTCS B dKcnepuMente. [lokazaHo, 4To KaHTOBas MeXaHUKa,

KOTOpas ClenyeT u3 MeXaHUKHU JlekapTa, OMUCHIBACT JUHAMUKY ITOJICH WHEPIUH, CBSI3aHHBIX C JIOOBIM (hr3mde-
CKUM OOBEKTOM.

Bsenenue

W3 uctopun ¢Gpu3NKM MBI 3HaeM, YTO KaX[blii pa3 (yHIAaMeHTalnbHOE pa3BUTHE HAYKHU MPU-
BOJIMJIO K M3MEHEHMIO HAIIMX MPEACTaBICHUH O TaKuX 0a3MCHBIX MOHATUAX, KaK CHCTEMa OT-
c4eTa, Pa3MEPHOCTh MPOCTPAHCTBA COOBITHUM, AIEMEHTApHBIA (HU3UYECKUA OOBEKT, HOBBIC
¢u3uueckue nons u T.14., IPUUYEM BCE 3TU HOBBbIE MOHATHUS OKa3bIBAIOTCS OCHOBOMU Ooiiee 00-
el MEXaHUKH, MOTJIONMIA0IIEH BCe CylIecTByonme. Tak, HanmpuMep, pelaTUBACTCKAs MeXa-
HUKa OiHIITeiiHa-MuukoBckoro (1905 r.) o6obumia mexanuky HpioToHa Ha ciydail 607b-
IIMX CKOPOCTEH, CpaBHUMBIX CO CKOPOCTBIO cBeTa. B cBor0 ouepens, peisiTUBUCTCKAs MeXa-
HUKa ObLIa MOTJIONIEHA OOMIEPENITUBUCTCKON Mexanukon DiHmTeiHa (1915 1.) Ha cmyuait
OOJIBIINX YCKOPEHUH, KOTAa MPOCTPAHCTBO COOBITHII CTAHOBUTHCS MCKPUBJIEHHBIM. BmecTo
IPaBUTALlMOHHBIX YpaBHCHHH MexaHuku HerotoHa A@p=-47Gp, B MexaHuke OUHIITEHHA

CHUJIbHOE TPaBUTAIMOHHOE TT0JIE UCKPUBJISIET TPOCTPAHCTBO COOBITHI M YIOBJIETBOPSET ypaB-
HEHUAM DUHIITEHHA
1 872G
Rik _EgikR = Tik . (1)

C4

CoBepIIeHHO B CTOPOHE OT Pa3BUTHS TEOPUU OTHOCUTEIBLHOCTH CTOUT KBAHTOBAs MEXaHUKa,
OCHOBHO€ ypaBHEHUE KOTOpoH — ypaBHeHue [lIpeaunrepa Mbl 3anuiinemM B BUAE KBAHTOBOTO
ypaBHeHUs ["aMuIbTOHA [T IBUYKEHUS BOTHOBOW (DYHKIUU I/

oy i ~
E_—E[W,H]. )

A. DUHIITEHH cYMTAall, 9YTO ypaBHEHHUE (2) HOCUT BPEMEHHBIA XapaKTep, MOCKOJIBKY BEPOST-
HOCTHasl TPaKTOBKA BOJIHOBOM (DYHKIIMH i B 3TOM YpaBHEHUHU IMPHUBENA K OTKa3y OT 00pa3HO-

ro mMbiuuieHust B puszuke. Ckopee BCero, Mo 3Toi MpUYKMHE, HECMOTpPsI HA HEBEPOATHBIE yCH-
J¥sl, TEOPETHKAM JI0 CUX THOp HE yAajock o0benuHuTh ypaBHeHus (1) u (2). [IBe Haubonee
npoABHHYThIE Teopun - CTaHaapTHas MOJENIb U Teopus (CyHep)CTpyH, MPETEHAYIOIINE Ha
00beTMHEHNE BCEX BUJOB (PU3MUECKUX B3aMMOACUCTBHM, IalleKu OT PELIeHUs MMOCTABICHHOM
3a7jauy, MMOCKOJIbKY HE 3aTparuBarOT OCHOB MeXaHUKH. OKa3alock, YTO TaKOe OObEINHEHHE
MOJIy4aeTcsl He 3a CUET MCIOJIb30BaHUS M30LIPEHHBIX MaTEMAaTHYECKUX METO/IOB, a IIyTEM I10-
CTPOEHHUs HOBOI MeXaHUKH - Mexanuku Jlekapra [1] .



1. OcHoBHbIE ypaBHEHHs MEXaHUKH JlekapTa

VpaBuenus (1) MexaHWKyd DWHIITEHHA MCIOJIB3YIOT B KayecTBE 0A30BOTO MPOCTPAHCTBA TI'eO-
MeTputo PuMaHa, 3aJaHHYIO Ha YETBIPEXMEPHOM MHOT000pa3uy TPAHCISIIIMOHHBIX KOOPAUHAT
X,Y,Z,Ct, obecneuynBarOMMX TPAHCIALUOHHYIO MHBAPUAHTHOCTH ypaBHeHUH (1) mpu mepexoe
W3 OJIHOM MPOM3BOJIBHO YCKOPEHHOM CHCTEMBI OTCUETA B APYryr0. TaKUMHM CUCTEMaMH OTCYeTa
MOTYT OBITh CBOOOIHO MAJAIOIINE B TPABUTAIIMOHHOM ToJie TUQTH DitHmTeitHa. OHaKo, Koraa
CBOOOJIHO Tajarolue JUQPTH BPAIIAIOTCSI, OHU MMEIOT HE 4 CTENeHU CBOOOJBI KaK B TECOPUHU
OitHiureiiHa, a 10 crenenei, 3 KOTOPHIX 6 CTENEHEW OMHUCHIBAIOT YETHIPEXMEPHOE BpallleHHE,
UCNONB3Yysl 3 MPOCTPAHCTBEHHBIX YIria ¢, @, ,(); W TPU INCEBIOEBKINAOBBIX yrina 6, 6,, 6.
[IpocTeimuM TeoMEeTpUYECKMM MHOT000pa3ueM, KoTopoe omucbiBaeT 10 cremeHeil cBoOOABI
MIPOU3BOJILHO YCKOPEHHOM CHCTEMBI OTCUETa SBIIIETCS PacclioeHHOEe (BEKTOPHOE) MHOT000pasue
A4,(6). OnHuM U3 OCHOBHBIX 00BEKTOM TpocTpaHcTBa A,(6) sABISETCS HEroJIOHOMHAS TETpaja
e,
crembl oTcyera. Koopaunatueiit uaaekc |1=0,12,3 npuHamiexur 6a30BOMY IPOCTPAHCTBY 4X

KOTOpasi TMpeJCTaBiseT coOoi MaTeMaTuueckuit o0pa3 4D mpou3BoIIbHO YCKOPEHHOH CH-

TPAHCISIITUOHHBIX KOOpJAUHAT X, Y,Z,Ct, Ha KOTOpPOM 3a/laHa TPAHCIAIMOHHASI PUMAaHOBA METPH-
Ka

ds® = g dx'dx* | g, =77.,€%% , 1, =" =diag(l-1-1-1). 3)
Jloxkaneubiii uagekc a=0,1,2,3 HymepyeT BeKTOpa TeTpabl e? U MPUHAUICKUT BHYTPEHHEMY

IPOCTpaHCTBY 6™ HEroIOHOMHEIX BpariaTeNbHBIX KOOPAUHAT Py, @, (@5, 0,, 6,, 6, | na xoto-
pOM 3aaHa BpalaTeabHas METPHKa
dr® =dyhdy®s = —De?iDe'a =T T "an dx*dx" , (4)
I, j,k...=0123  a,b,c..=0123,

rae dy,, =—dy,, - anpdepennnansl HErOJOHOMHBIX BPAlaTEIbHBIX KOOP/MHAT,

==+ 97 (0,Q2 " + 0,2 m) (5)
- k0o unrenTs! BpameHus Puaun (Topcrontoe mnosie reomerpun 4, (6) ),
i i i na 1 i a a a
— Q=T [ =—€'a8%. )] =€ 26t —e%i), = P (6)

-kpyuenue reomerpun A,(6) (00bekT Heromonomuoctu) [2].

Teneps Bpaiaromuecs CBOOOJHO Naaone JTU(TH JBUKYTCS COTJIACHO YPaBHEHHUSM C
YPaBHEHUSIMH

Vi eia+Aijkeja =e'ak +Fijkeja +Tijkeja=O, @)
rie
ANx=T"+T'x =€ae®jx =—€%e'ax, (8)

- CBSI3HOCTH a0COIIOTHOTO nmapajujicin3Ma u

1 im
k 259 (9imk + Gimj — 9jem) (9)

- cumBoJbl Kpuctoddens.



VYpaBHenus (7) pacnafaroTcs Ha CIEAYIONIYI0 CHCTEMY YpaBHEHUI

de' dx* dx*
4T elo—+T'kelo—=0, 10
ds e ds e ds 10)
de'a . oodx* _. o dx
+T kela——+T'kela—=0, 11
ds e ds KA ds 1)

i, jk..=0123  AB,C..=123,

npruyeM ypaBHeHus (10) onuchIBalOT BpallleHUE B IICEBIOECBKINIOBLIX yriuax 6, 6,, 0,, a ypas-
HeHus (11) BpalieHue B IPOCTPAHCTBEHHBIX YIiax ¢, @, ,@,. BbiOupas B ypaBHeHusx (10)
BEKTOP KacaTeIbHbIM K MHPOBOW JMHUM M YMHOXas €ro Ha HNpOOHYI0 MacCy fi,, HOIy4UM

«TPaHCISIMOHHBIC» YPaBHEHUS BIKCHUSI OPUEHTUPYEMOM MaTepualibHON TOUKH [2]

d’x' dx’ dx* i dx! dx*
—2+ﬂ0rljk__ Uy T'xk———=0. (12)
ds ds ds ds ds
Takum oOpa3om, Tr000€ JBMKCHHE B HOBOW MEXAaHUKE SIBIISICTCS BpAIaTEIbHBIM, B CHIIY Y€ro
OHa u ObuIa ompeseneHa kak Mexanuka Jlekapra [1]. Jlerko BunmeTsh, uro ypaBHenus (12) 0600-

[IAI0T YPaBHEHUSI JBHKEHUS TEOPUM IPaBUTALMU DWHIITEHHA, TOCKOJIBKY COAEpkKAT JOMOIHH-

Hy

TEIBHYIO CHITY, TIOPOXKIAEMYI TOPCHOHHBIM TosieM T 'j . Bmecrto ypaBuenuit (1), B MexaHuKe
JlekapTta Mbl UMeeM ypaBHeHUS [1]

Ve + Tl =0, (A)
1
Ry _EgikR =v Ty, (B.1)
Cljm + 2V, T, i +2TS[kT‘S‘m] 13" (B.2)

KOTOpBIE OIHCHIBAIOT TMHAMUKY TOPCHOHHBIX mosieii T'j , mpu 5ToMm ypaBHerus (B.1) mpen-

CTaBJISIIOT COOOM TMOJHOCTBHIO T€OMETPU3UPOBAHHBIC (BKJIIOYAs MPABYIO YacTh) YpaBHEHUS
OliHmTeiHa. [leficTBUTENbHO, TEH30p PHEPrUU-UMITyJIbca MaTepuu B mpaBoil yactu (B.1)

OIIpeeNsSeTCs Yepe3 TOPCHOHHBIE o T'jk Kak [2]

2 : : 1 : -
T. =—=|Vv.T' +7' TS ~=g. gMvT', +T'TS , 13
n { i ifm st mmJ 29im? V0 o s 4
OTKy,Z[a CHGI[yeT OHpeI[eJIeHI/Ie JJIA IIJIOTHOCTHU MaTepI/II/I
g™, jm | |
p=t = im_20 {v T TS } 14)
c? c? pe2 Lo fim T s i)

U MHEPIIMOHHAA MacCa HCTOYHHUKA I'PaBUTATUOHHOI'O I10JIA

_ _ _ Zgjm i m 1y 2
p=[p-gadv _j—vcz {v[iij] s[.m]}\/_ dv , g =detjg’|, dv =dx'dx’dx’.  (15)

VYpaHenus (B.2) mnpencraBusitor coOoii ypaBHeHus SHra-Mmica anis Ten3opa Beiins

o jkm+ B 9THX yPaBHEHMSX TOPCHOHHOE IOJIE T'j BBICTYHAeT KaK KalTMOPOBOYHBINA MOTEH-

nuan rpynnsl O(3.1). YpaBHeHuil monobHOro tuna B Teopuu DifHIITeHHA HeT. B mpaBoit
yacTHu ypaBHeHuil SlHra-Musuica (B.2) B kauecTBe MCTOYHMKA KpUBM3HBI Belins crout mnosn-
HOCTBIO T€OMETPU3UPOBAHHBIN TEH30p TOKa [2]



1
Jijm =290 T jymy _ngi[mgk]j , (16)
KOTOPBI OmpenemseTcs 4epe3 TeH30p sHepruu-umnyiabca (13). Uto kacaercs ypaBHEHUH
(A), To, B cuiry cooTHoIeHHs (6), UX HY)KHO pacCMaTpuBaTh Kak OINpejesieHue KpyueHUus

npocrpancta 4,(6) .

2. CooTBeTCTBHE ypaBHEHUM MeXaHMKHU JlekapTa ypaBHEHUsIM DUHILITEHHA

VYpaBuenus (B.l) BHemHe HamOMUHAIOT ypaBHEHUs JiHINTEiHA (1), HO KaYeCTBEHHO OT-
JIUYAIOTCS OT HUX. JIeWCTBUTENBHO, €CIM MOJIOKUTh B ypaBHEHUsX (B.1l) TopcumoHHOE moe

T' paBHBIM HYJIIO, TO OHH, TaK K€ Kak U ypaBHeHus Beiunsg (B.2), oOpamaroTcs B TOXKIe-
] s ’
ctBa Buga 0=0. [Ipu 3TOM e ycnoBuM U3 ypaBHeHUH (A) IoyiyyaeM, 4TO TETpaja e"j‘ cTa-

HOBHUTHCSI TOJIOHOMHOM W BpalmaTtenbHas MeTpuka (4) oOpammaercs B Hydb. OIHOBPEMEHHO
oOparaeTcst B HyJIb TUIOTHOCTh Matepuu (14) u macca uctounuka (15). 310 06CTOATETHLCTBO
TOBOPUT O TOM, uTO ypaBHeHUs (A),(B.1) u (B.2) sBisitoTcs NpUHIMIHAIEHBIM 0000IICHH-

eM ypaBHeHud DuHmTeiHa (1). TeM He MeHee, COOTBETCTBHE MEXIY TEOPUEH T'paBUTAIIUU
OlHmTeliHa U cucreMoi ypaBHeHuit (A),(B.1),(B.2) cymectByer. [l noka3zaTenscTBa 3T0-

ro yTBEp>KJIEHUs IOCTaTOYHO HAWTH pelieHue cucremsl ypaBuenuii (A),(B.1),(B.2), koropoe
NPUBOIXT K TPAHCIAIIMOHHON MeTpHKe (3), coBmaaaroriei ¢ merpukoit [IBapiimmisaa [2]

29 2¢
ds? =| 1+ —N |c2dt? —|1-—N (dx2+dy2 +dz2), o =—uGlr. 17)
o2 o2 N
st mpocToTsl, MeTpuka (17) 3anmucana B (KBa3H)IeKapTOBBIX KOOpAUHATaX. B ca0bix mossix

‘ZgoN / cz‘ <<1 ¥ mpoCcTPaHCTBO COOBITHI Majo OTIMWYAETCs OT mockoro. Ilpu aToM ycnoBuu

u3 (17) cnenyroT COOTHOLIEHUS

2¢ 2¢ 2
gOO = 1+—2N ' gaa == __2N ’ 1>> Q)ZN y a’ﬂvj/"' =112y3 ) (18)
c c c
20 Y2 0 20 Y2 o
el ={1+—N | 5% a1+ |57 , % =|1+—N 5% ~|1-—N | 5% . (19)
c? c? c? c?

[Ipu moacTaHOBKE STUX BETUYHH B cOOTHOIIEHUs (5) u (9), HaX0AMM U3 YpaBHEHHI I'e0Ie31-
yeckuX (12) B HEPENATHBUCTCKOM MPUOIMIKCHUH

d?x*
Hy——5= —,uoczraoo — ,uOCZT %00 = ,110/31(3 X — #OI;G X4 = 0, (20)
dt r r
a,p..=123.

CpaBHMBas 3TH YpaBHEHHS C YPaBHEHUSMH JIBUKECHUSI CBOOOTHO Majatomiero jgudra JitH-
mreiiHa (6e3 BpallleHHs B IPOCTPAHCTBEHHBIX YIJax ¢, @, ,{; ), 3alIICAaHHBIMU B CUCTEME

0TCcUeTa, CBA3aHHOU C MU TOM
d’x _ =
Ho—— = MG — W =0, (21)
dt
21a o~
MBI BUJIUM, 4TO cuia — 4,C %0 B (20) mpeacTaBiseT co0oii rpaBUTAIMOHHYIO CHIY, a CHIIa

— 14,C°T “00 BBICTYNAET B POJIM CHJIBI MHEPIUHU, KOTOPAs JOKAILHO KOMIEHCHPYET IPaBUTA-



LMOHHYIO CUJTy, CO3/aBasi yCiIoBHE HeBecoMocTu. OTcro/a clieiyeT, 4To B ypaBHeHUsx (12)
BEJIMYMHA

: o odx! dxX
S LA 22
Ho 1 jk ds ds (22)

OKa3bIBaeTcs cuioi nuepnuu. U3 ypasuennii (20) u (21) BunHO, 4TO

T =W*, (23)
T.e. TOPCHOHHBIE IO T'j OMPENeNsioT B ypaBHEHHAX ABIKeHHs (12) 10N HHEpIMH.

Ionenus BpamaTenbHyo METpHKy (4) Ha ds’, mmeem

2 a b k n
drz = dr 07 =TT "an o di:Qabea =Q7, (24)
ds ds ds ds ds
rac
k
Q% =T % . (25)
ds

- 4D yrnoBasi CKOPOCTh BPAIICHUS TETPAIBI e? (v 4D yCKOpEHHOM CHCTEMBI OTCUETA).

Hcrnonb3ys yriaoByr CKOPOCTh (25) M 3amuChiBasi €€ B MUPOBBIX KOOPJUHATAX

Q'j =e,T*weldx" /ds , 3ammmem ypasrenns (12) B Bue

d?x' . dx! dx* ; dx!

d—2+ﬂorljk——+#oQ'i—=0- (26)
S

Ho ds ds ds

U3 (23) cnexyer, uto Q% =W */c®, T.e. mocTynareabHOe ycKOpeHue Hauana O yCKOpeHHO#

4D cucrteMbl OTCUYETa MPEACTABISACT COOOM YIIOBYIO CKOpPOCTh %, KOTOpas OIMHCHIBACT
BpallleHHE B IPOCTPAaHCTBEHHO-BPEMEHHBIX yriax 6, 6,, 6, . D10 ele pa3 NoATBEPKIAACT
runote3y Jlekaprta, 4To J1000€ pearbHOe ABHKCHHE SBISIETCS BPALLICHUEM.

[Tepexon ot ypaBHeHUH ABMkeHUs (12) K ypaBHEHHUSIM TEOPUHU TPAaBUTALUHM DWHINTEHHA
UMEET MECTO MPH YCIOBUH, YTO CHIIa HHEpUUH (22) oOparaercs Hylb, IPH 3TOM T0JIe HHEP-
min T'i (B cumy onpenenenus (5)) OKa3bIBAeTCs OTIMYHBIM OT HYJIS, AHTHCHMMETPUYHEIM

I10 BCEM TPEM MH/CKCaM U COBIMAIAIOIINM C KpydeHueM mpoctpanctea 4, (6) [2]
Tijk = _Tjik :Tjki = _Qijk . (27)
[Ipu ycnoBuu (27) cuisl HHEPUUHU B ypaBHEHUSX ABWxkeHus (12) oOpamaorcs B HyJIb, HO-
STOMY CUCTEMBI OTCUETa, B KOTOPBIX BBHIMIOJHSAETCS 3TO YCIOBUE MBI OyleM Ha3blBaTh YCKO-

peHHBIMU (KBa3W)MHEPLUUATHHBIMU CUCTEMaMH OTCYeTa. B TakuxX cucTeMax oTcueTa IUIOT-
HOCTh MaTepud (14) 3HAUUTENBHO YNPOLIAETCs, MPUHUMAs BU]L

1 i 1 i 1
pP=—"7 inst"sji = ——2T JIsTJ-i = 7 (pz > 0. (28)
ve ve ve
B sTtom cinyuae TeH3op sHeprun-umiyinbca (13) 3anuceiBaeTcs Kak
Tim =pc2Uij + PG jm s (29)
rjae
1., 1 .
a) p=—¢ >0, 0) p=—_pc <0, (30)
ve 2

[To cBoeit cTpykType TeH30p (29) HamOMUHAET TEH30p YHEPTUU-UMITYIIbCA «HI€ATHHON KHUIKO-



CTH» C OTPHIIATEIBHBIM JABIICHUEM, OJTHAKO MBI 3JIECh UMEEM JIEJIO C TIOJICBBIM MPOTIKCHHBIM
00BEKTOM — CTYCTKOM TIOJISI HHEPITHH, KOTOPBIA CO37]aeT BOKPYT ce0sl TpaBUTAIIMOHHOE TIOJIE.
Taxum 06pa3oM, B (KBa3H)MHEPLUUAIBHBIX CUCTEMAX OTCUETa CHJIbI MHEPLUU PaBHBI HYJIO, HO
MOPOXK/IAIOLIIE UX TTOJISI HHEPLIUU OMAUYHbL OM YA U 00pazyiom niomuocms mamepuu (30 a).
Hamr ananu3 nmokasan, 4yTo ypaBHeHHs ABMxeHMs (12) mpoOGHON Maccel g4, COBHAJAIOT C

YpaBHEHUSMH JBIWKCHUS TEOPUM TpaBUTAIMU OWHIITeHHA mpu ycnoBuu (27). Ucnonwiys
meTpuky (17) u ycrnosue (27), Mbl osy4aeM U3 cucteMsl ypaBuenuii (A),(B.1),(B.2) npu-

OJIMKEHHBIE ypaBHEHUS

Vi€ -op el =0, (31)

1
Rik_EgikR:O’ (32)
C jam =2V + 224 2y = 0, (33)

U3 KOTOPBIX BUIHO, YTO COOTBETCTBHE ypaBHeHuUM (32) ¢ ypaBHeHusMu (1) umeer MecTo ass
BaKyyMHBbIX ypaBHeHU OiiHmreliHa R, =0. /lelficTBUTENBHO, TEH30P SHEPIUU-UMITYJIbCA T,

B ypaBHeHusx (1) He umeer (B oriiume ot ypaBuenuii (B.1)) reomerpuueckoit mpupos 1 ,
(akTHUECKH, BCTABJIEH, 10 MHEHHUIO A. DifHIITeliHa, B ypaBHeHus (1) «pykamu». [Toatomy A.
OHHIITEHH paccMaTpuBal BakyyMHbIe ypaBHeHHs R, =0 Kak HCTHHHBIC ypaBHEHUS IPaBU-

TAI[MOHHOTO T0JIs, a ypaBHeHUs (1) Kak «BpEMEHHBIH BBIXO/I U3 TOJI0XKeHUs [3]».

3. CooTBeTcTBUE ypaBHEHHM MexaHuku [lekapTa ypaBHeHusam llIpeaunrepa

YpaBHenus nBmwkeHus (12) onmuchBalOT ABMKEHUE TPOOHON YaCTHUIIBI, Y KOTOPOH HET cO0-
CTBEHHOTO 1OJIsL. J1Jis1 TOro, YTOOBI HAUTH YpaBHEHHUSI IBUYKEHUS HCTOYHHUKA TTOJISI, MBI BOCITIOJIb-

3yeMcst ToxaecTBoM branku npoctpanctea A4,(6)
VS ikm = 2Q" 1S kinm (34)
rie
Sljkm = R'jkm + ZV[kT'mm] + 2T's[k Ts|j|m] = R'jkm + Pljkm =0 (35)

- TEH30P KPUBHU3HBI IPOCTPAHCTBA aOCONFOTHOTO MapauieTu3Ma. 31eCh
i i i s
R jkm =20, T jjim) + 21 s Tjim3 (36)
- TeH30p Pumana, V « - koBapraHTHas POU3BOIHASI OTHOCHTEIBHO CBSI3HOCTH (8) mpocTpaHcTBa

A,(6) n V, - xoBapuaHTHasl IPOM3BOJHAS OTHOCHTENbHO cuMBONIOB Kpucropdens (9). MUc-

nonk3ys (34) u yuntsiBas cootHomenne V' g " =0, modyunM i TeH30pa YHEPrHU-UMITYIIbCA
(13) ypaBHEHHS IBUKECHUS

ViT* =0. (37)
B (kBasu)uHEepHUaIbHON CHCTEME OTCcUeTa A TeH3o0pa (29) umeem

VAT =V (pc?u'u*)+V'i(pg™)=0 . (38)

Eciu JapjieHye P KOBapPMAHTHO HOCTOSHHO, TO V'ip =0 U MbI HMeeM



ViT* = Vi(pc?u'u®) =c’u*V'i (pu') + pc?u' Viu* +c’u*u' Vip =0 (39)
VYpaBuenus (39) pacrnagarorcs Ha: ypaBHEHHE HEPEPHIBHOCTH

Vi(pu') =V, (pu') + pu"T oy =V (pu') =3, (pu') + pu"T' 'y =0, (40)
ypaBHeHI/IH JOBUXKCHUS ITIJIOTHOCTHU p B COOTBCTCTBUU C ypaBHeHI/IHMI/I TCOAC3NYCCKUX I'€O-

merpun A4,(6)
duk k m, . n k m, . n
pd—+pr mnlU U +pT mU"u" =0 (41)
S

N YpaBHCHHA HECOKUMACMOCTH <CKUIAKOCTH
V'ip=08.p=0. (42)

VYpasuenus (40)-(42) mb1 OyzieM paccMaTpuBaTh Kak YpaBHEHUS JBIKCHUS UCTOYHUKA, 00J1a-
JIAFOIIIETO COOCTBEHHBIMU TPAaBUTAIIMOHHBIM ITOJIEM H TOJIEM HHEPHIUH. B (kBa3u)nHEepIuaibpHOU
CHCTEME OTCUETa U IPHU YCIOBUH ¢1ab0CTH moJiei moTHOCTH (30a) MOKHO B BHJE IJIOCKHX
BOJIH HHEPIIMA HOPMHUPOBAHHBIX HA €AUHUILY

l//:(//oexp{—i(IZ)?—a)t)}, J.l//*l/lql—ng =1, (43)
ey, = Uue?) . Torna muotHocTs (30a) M Macca HCTOUHMKA 3aITMCHIBAKOTCS KAk
1
p=F(p2=ﬂl//*l//, p=[py-gav. (44)
U3 dopmyssl (25) cnenyer, uro, B 00IIeM ciiydae, MoJist HHEPIHUK 3aBUCAT OT 10TH KOOpIUHAT
T =T'w(X,y,2,¢t,0,, @, .05, 6,, 6,, 0;), (45)
IIO3TOMY, B O0ILIEM cily4yae, IoJie i/ Tak ke 3aBUCHUT OT 10TH KoopAMHAT
v =y(X,Y,2,ct,0, 0, .03, 6, 0,,06;). (46)

B namewm cirygae 3D ckopocTs V, onpenensercst 4epe3 IpoCTPaHCTBEHHO-BPEMEHHBIE YTJIbI
6, 6,, 6, B coorBeTcTBHHU C (hopMyIoif
v,=c-thd, , «a p,7..=123. (47)

BBoas umnyssc Macebl 1

pa = /uva 1 (48)
HIepPETHUIIIEM 3aBHCHMOCTD TIOJISL i/ Kak
v =y (X Y,Z,Ct, 0, @, .05 Ppy Py Ps) - (49)

[Tone (49) comepkuUT BCIO MHPOPMALIMIO O TUHAMUKE HEPEIATUBUCTCKON MAacChl (I, TIPU ITOM
KOOPAWHATHI X, Y,Z, ONHCHIBAIOT MOJOXEHHUE «EHTpa Macc» MOJEBOro makera (KOOpAMHATY
TOYEYHON MPOOHON YacTHIBI ¢ MacCcod (4 ), YIJIOBBIC KOOPAUHATHI @, ¥, ,; OIMCHIBAIOT
IPOCTPAaHCTBEHHOE BpalleHue (CIIMH) Macchl f/, a KOOpAWHATHl 6, 6,, 6, xapakrepusyror 3D
UMITYJIBC ¥ SHEPTHIO MACChI U .

[Tycth, HammpuMep, MBI ONKCHIBAEM JWHAMHKY TIOJIS MHEPIIMH, CBSI3aHHOTO C OECCITIMHOBOM
HEpEJSITUBUCTCKOU Maccor 4 . Torna mose (49) umeeT clieyroniyro 3aBUCUMOCTh

W :W(X1 plt’) . (50)
Ecnu npu IBM>KEHUU MOJIEBOTO KITyOKa BOoJTHOBOE oOpazoBanue (50) (u3menss popmy) Bener
ce0sl KaK eIMHOE IIeJI0e, TO €0 JHMHAMHKA OIMCHIBACTCS ypaBHEHUEM | aMUIbTOHA



AV _%V  lyH], (51)

dt ot
rac
dw 6H ow oH
pH]=2E SR (52)
oX 0p Op oX
- ckoGku ITyaccona, V=dX/dt=0H/op , F=dp/dt=—0H/0X wu
—p'2
H=—+U(x) (53)
2p

- ramwibToHUaH. [Tone unepuuu (50) — 370 00BEKT, KOTOPBIN CBSI3aH C MAcCOi 4 U, MOJT0OHO

Macce, COXpaHsIeTCs ¢ TCUEHHEM BPEMEHH, UTO CIIEAYET U3 ypaBHeHHs Hepa3psiBHOCTH (40).
3TO0T (haKT MBI AHATUTUYECKU 3aITUIIEM KaK

v _oV  [yH]=0, (51a)

dt ot

YpaBHenue (51a) MOXKHO paccMaTpuBaTh KaK CBOETO POJia 3aKOH COXPaHEHHsI ISl TIOJIEBOTO
KIIyOKa TOJIi MHEPLUUU IPU €ro JABM)KEHWH BO BHEUIHEM I0JI€ C MOTEHIMAIbHON 3Hepruen
U (X) . IIpearnonoxumM Terephb, 9To TS OISt MHEPIHH (43) BBIMOIHSIIOTCS SKCIIEPUMEHTATBHO
oOHapyxeHHbIe cooTHOEeHUs [Imanka u DHHIITEHA

w=Eln, k=plh. (54)
Torna none nnepiuu (43) npeacrasiser codboi BoHY 1e bpoitns
W, (X, Bit) = (270)"? exp{i(%—%j}, (56)

rae (277) %% - HopMEpOBOUHBI MHOKHUTENS. JI106YI0 BonHOBYIO hynKimio (X,t) B ypaBHe-

HUAX (51) MOKHO IPENCTaBUTh B BUJE TPOHHOTO MHTErpana dypre
+00

(%) = [e(B.tw, ,(X,t)dp, dp,dp,, (57)

—00

rae ¢(P,t) - ammmaryaa Bosansl ge Bpoiiisa ¢ umMnynscom P . Beenem QyHKImio

o(p.t) = C(ﬁ,t)exp{(—i%},

toraa uHTerpai (57) 3anumiercs Kak
~ ~ +00 - . _.X
w(%,1) = (270) %2 j o(p,1) exp{(%}}dpx dp,dp, , (58)
[To Teopeme @ypre 06 obOpamennn uaTerpaa (58) nmeem
pX

o(P,t) = (272h) 2 T w(X,t)exp {— i[YJ}dx dydz. (59)

HecnoxHo nokasare, 4To 1S OJIS MHEPLUH, IPEACTABIEHHOIO HHTErpaioM (57), BBITOIHS-
I0TCS CIEAYIOIIUE COOTHOILIEHUS

i pr=pr=-in-L, (60)

T.€. KJIaCCHYECKHE KOOPINHATHI K UMITYJIbChI OKA3bIBAIOTCS PaBHBIMU AU epeHIInaTbHbIM



onepatopam (60). B pesynwsrate mst monst unepimn (58) ypaBHenue ['amumibrona (51a) npu-
HUMAET BU]I

o il -
v __1sal, 61
a  n¥ ] (61)

DKBUBAJICHTHBIN ypaBHeHusAM llIpenunrepa
.. 0 h? L oy* i’
Ih—w+—Aw—Ul//=O, in’? ——Aypy*+Uyp*=0. (62)
ot 2u ot 2u
Koneuno, ypaBHenust (62) comepikaTelbHO OTJIMYAIOTCS OT YPaBHEHHUM COBPEMEHHOW KBaH-

TOBOH MCXAaHUKH, TOCKOJIbKY B HUX BOJIHOBAsA (byHKL[I/IH — 9TO IIOJIC MAaTCPUH, B KaUCCTBC KO-

TOPOTO BHICTYTAET HOPMUPOBAHHOE HA €IMHMILY TIoNe HHepuu T j . HamomamM, uto cam 3.
[lIpenuurep BHAYaJIE paccMaTpUBall BOJIHOBYIO YHKIIMIO B ypaBHEHHX (62) Kak I1Moje Marte-
pun. C HuM ObUT cornmaceH A. DHHIUTEIH, KOTOPBIM CUMTAN, YTO BOJHOBAas (PYHKLHUS — 3TO
peanbHOE T0JIe, MTOKa Hen3BecTHOU npupoabl. [logodnoe muenue umen JI. ge bpoiins, mona-
rasi, 4To BOJHOBas (DYHKIMs MpPEICTABISAET cOO0M BOJHY HEKOTOPOro MoJsl, KOTOpOe COo-
IPOBOXKAAET JII0OYI0 MaTepuanbHyio yacTuily. Kak Obuto HaMu mokaszaHo, B Mexanuke Jlekap-
Ta 3TUM I10JIEM SIBJIAETCS 110JI€ HHEPLHH.

4. PeakTuBHOE JIBHKEHUE 0€3 0TOpachIBaHUS MACChI

OpHuM M3 BaXHBIX CIEACTBUM MexaHUKU JlexapTa sBIsSeTCS ABM)KEHHE MEXaHMUYECKOH CH-
CTEMBI 3a CUET YNPABJICHUS BEJIMYMHON €€ MHEPIHUOHHOW MacChl. DTO CIEAYET U3 ompeelie-
HUs Macchl (15), koTopasi, B o01ieM citydae, spisiercs Gpyakiuei 10 mepeMeHHbIX

H=u(XY, 2,0, @, .03, 6,,6,,06;). (63)
[ToaTomy u3 3akoHa coxpaHeHuss 3D nuHEWHOTO UMITYIIbCa Macchl (63) ciaemyer
dp _ d(s4) v _ du
i a O (64)

rne —Vdu/dt - nokanpHas cuia MHEPIHMH, B KOTOPOi yckopeHue a =dv/dt moxxeT OBITH
CO3/IaHO IyTE€M YIPABJICHUS BHYTPEHHUM BpAIICHUEM 3JICMEHTOB, COCTABJISIOIIUX MAacCy
u(t) . HeiicTByromuM npruOOpoOM, JEMOHCTPUPYIOIIMM TaKyH BO3MOXHOCTh, siBisercs 4D
rupockorn [4].

B mocnenHee BpeMst JIIOOUTENSIMU Pa3HbIX CTPaH MOMOIIBIO BHICOKAMEp OBLIO MOJYYESHO
OTPOMHOE KOJMYECTBO HAOIFOICHUH JieTatonx 00beKToB [5], koTopsIe:

1) Hmerot pa3Mepsl OT HECKOJIIBKUX CAHTHMETPOB JIO JECSITKa METPOB.
2) JBmxytes co ckopoctsamu ot 3000 go 10000 u 6omee km/gac [6].
3) Moryt MrHOBEHHO MEHSThH HAIlPaBJICHHE JABMKECHHS Ha oOpaTHoe [7].

OTH 00BEKTHI, OJYYUBIINE HA3BAHUE «JICTAIOUINE CTPEKHU» WIH «HEOECHBIC PHIOBI», IBH-
KYTCs HEU3BECTHBIM COBPEMEHHON HayKe CIIoCOOOM, Hapyllasi XOpOoIlIo MPOBEPEHHbIE 3aKOHBI
MexaHuku HpioTona. YacTs HabmogaTeneil OTHOCAT 3TH OOBEKTHI K )KUBBIM CyIecTBaM. Jlpy-
ras 4acThb CYMTAET, YTO 3TO OECHUJIOTHBIC YIpaBIii€Mble ammapaThl, CO3JaHHbIE WHOILIAHET-
HBIM Pa3yMOM, MPOU3BOISIINE MOHUTOPHHT 3€MJIH C IIETIbI0 UCCIICAOBAHMS COOBITHI, Mpouc-
xonaumx Ha Hed. Kak Obl TaM HU OBLJIO, HO OTCHATBIE MaTepHalIbl YETKO YKa3bIBaIOT, YTO 3TU
00BEKTHI IBIXKYTCS B aTMocdepe 3eMITu U B KOCMOCE 110 3aKOHaM 0oJiee 00IIeld MEXaHUKH, He
oTOpackIBasi peakTUBHOM Macchl. [1o Moemy MHEHHIO, OoJiee BCEro it OOBSICHEHUS UX JIBU-
KEHUS TOAXOTUT MexaHHuka JlekapTa, KoTopas mpeacTaBisieT co0oil yeTBeproe 0000IIeHe
MexaHuku HproToHa.
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