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e HeonrToneMeeBckast MEXaHHUKA - ’TO HE HOBAas MEXaHUKA, 4 HOBBIU
S3bIK MEXaHUKH Ha (DyHIaMEHTE HbIOTOHOBCKOM. AHAJIOTUYHO
MexaHukaM Jlarpanxa,, I'aMuiasToHa U T.I. Pa3paboTaHa
IPUMEHUTEIIBHO K 3aJa4aM MEraMeXxaHUKU — HeOCCHOM, 3BE3IHOM,
rajJakTU4eCKOM, KOCMOJIOTHYCCKOU U KOCMOHABTHKH.

e J[J1s1 KOCMOHABTHUKH KONEPHUKHUAHCKHN MOAXO0] PACCMOTPEHMS
nBrkeHHd B cructeMe CoirHIIa Wik, BOOOIIe, BEIACIICHHBIX CHCTEMAaX
oTcueTa Hecoaep kareieH. B Hell HeoOXoAuMO paccMaTpUBaTh
JIBUXKEHHE BCceX 00beKTOB — CoHIla, 36MJIM, aCTEPOUIOB U
METECOPUTOB, INIAHET U JIYH, HHBIX KOCMUYECKUX O0OBEKTOB B CUCTEME
OTCYeTa KOCMHUYECKOTO Kopaodjsi. DaKTUUECKH, p€Ub HUJET O BO3BpaTe
K IITOJIEMEEBCKOMY ITOJXO1Y B MEXaHHUKE.

e Jlns co3maHus HEONTOIEMEEBCKOTO SI3bIKa TPEOYETCSl HOBBIM aHAIN3
OCHOBHBIX MEXaHUUYECKHUX ITOHATUM, UCXOA] U3 NPAKTHKH
KOCMOHaBTHKH (!!!!!



[ToHATME O MEXaHUYECKOM COCTOSIHUN MEeXaHNYEeCKNX OObEKTOB

MexaHN4YeCcKO€e COCTOSIHUE MEXaHUUECKUX OOBEKTOB — HOBOEC
ITOHATHNC MCXAaHHUKMU.

PaccmarpuBaroTcs JiBa TUIIA COCTOSIHAM — CBOOOJHOE U
HECBOOOIHOE.

[TapamroTucT B CBOOOIHOM MaJICHUH, CHAPS I 00ETr0JIOBKA,
KOCMHYECKHUI KOpadjib, KOCMOHABT Ha opoute, 3emis, JIyHa,
CoiHlie, 3B€3/1bl, TaJaKTUKH, paCCMaTpUBaeMbIe KaK
3JIEMEHTapHble MeXaHn4deckrue 00beKThl (OMO) — mpumMepsl
OOBEKTOB B CBOOOJHOM MeXaHHYECKOM COCTOSIHHUM.

YemoBeK WM MHOW ITPEAMET HA MOBEPXHOCTH WJIM BHYTPH
3emin, 00beKT Ha JIyHe u Conaie, KK 1 kocMOHaBT B HEM Ha
AKTUBHOM Y4YaCTKE TPACKTOPUH WJIM Ha OPOUTE IIPU YUETE
«HETPABUTAILMOHHOTO TOPMOKEHUS», SJICKTPOH B aTOME,
4aCTHIIbl COJIHEYHOIO BETpa B MarHutrocdepe 3eMiiu —pruMepbl
O00OBEKTOB B HECBOOOAHOM MEXaAaHUYECKOM COCTOSIHMM.



BecoMOoCTb KaK XxapakTepucTuka u mepa HecBo6ogHOro

MEXaHNYECKOIo COCTOAHNA

NcTtounuk HECBOOOIBI B MEXAHUKE HA3bIBaeTC cuou. B a3b1ke HproTOHA
MMEHHO CHUJIa SBJISIETCS (PyHAAMEHTAJIbHBIM, IEPBUYHBIM, HEONPEACTIECMbIM
noHstuem. /I HeroToHA crna acConuupoBaliach C MBIIIIEH U TETUBOM.

B TpeTbheit MexaHuKke B KauecTBE ()yHIaMEHTAILHOTO TOHATHUS MPUHUMAETCS
XapaKTEPUCTUKA MEXaHNUYECKOTO cocTossHus, Ha3biBacMass BECOMOCTDBIO.

BecoMOCTh €CTh BEKTOP, PUIIOKEHHBIN K CAMOMY TEITY.

CBOOOHBIC MEXaHUYECKUE OOBEKTHI HAXOAATCS B HE8eCcOMOCmU, T.€. B UMEIOT
HYJIEBYIO BECOMOCT.

HecBoOomHbIE 00BEKTHI HAXOASATCS B BECOMOM COCTOSIHUHM C HEHYJICBOM
BECOMOCTBIO.

YerpoiictBo s u3amepenust Becomoctu HazbiBaeTcss BECOMOMETP.
BecoMOMeTprUUECKMMHU YCTPOMCTBAMHU WJIM MHIMKATOPaMH 00JIa1at0T MOYTH BCE
’KUBBIE OpraHu3Mbl. B BeCcTHOYIApHOM anrapare 1ebiidi Habop BECOMOMETPOB
DTO MIECTON OpraH YyBCTB.

[IpocTenmmi BECOMOMETP NMPEJICTABIACT IPY3UK C MPYKUHKOU. ITO IMIUPOKO
HCIOJIb3YEMBIA IPUOOP, HA3bIBAEMBIN celUac (HEBEPHO) aKCEIECPOMETPOM HIIH
IrpaBUMETPOM (3TO BEPHEE) UM HBIOTOHOMETPOM (TOKE HEBEPHO).

A ellle Heslemnee — nepegpy:mMeTp.
BECOMOMETP



Becomuka

B cucteme CHU Becomocts uamepsierca B H/kr. HazeiBaercs «I'anuneo» - [1.
3emHas BecoMocTb 9.81 I, mynnas — 1.6 I'n, conmneunas — 27 1.

BecoMocTh MOXKET OBITh MOCTOSHHOM M TIEPEMEHHOM, U3MEHSTHCS 0 BEJIMUMHE
(OonTaHka, TPsICKa) WJIW MO HAIPaBJICHUIO (Kauka), ObITh OTHOPOJHOM B
IIPOCTPAHCTBE U HEOJHOPOTHOM.

HoBb1l pa3nenn MEXaHUKU — BECOMHUKA. JTO HAyKa O MEXaHUYECKOM COCTOSIHUU
00bekTOB. [I1aHeTHAs BecoMuKa, 3eMHasi BECOMUKA (TpaBUMETPUS),
KOCMHUYECKasi U aBUALIMOHHAs BECOMUKU. BecoMuKa pa3BieueHU Il MapKOBBIX
aTTpaKkUMOHOB. BecoMuka rpu NPOYHOCTHBIX pacyeTax U KOHCTPYUPOBAHUU
KOCMHUYECKUX, aBUALIMOHHBIX, MOPCKUX U UHBIX TPAHCIIOPTHHIX AMIIaparoB, B
TMM oHa mHUPOKO UCONB3YETCA IO HEKOPPEKTHBIMU UMEHAMU. MennHCcKas
Y BeTepUHapHas BeCoMuKu. U T.1.

Mertposiorust BECOMOCTH €CTh 0a3a BooOIIe Bcel MeTposioruu. Moo cuna
TAJIOHUPYETCS YepE3 BECOMOCTh U MaccCy.

BecoMuka 0IMH U3 BAXKHEUINIUX PA3AECIIOB MEXaHUKU, 3HAUEHUE KOTOPOU TPYIAHO
MEPEOLICHNUTh. Ee MOKa HET TaK KaK HET TEPMHUHOJIOTAU. IDTO YXKE MEPBBIU IO
HOBOT'O A3bIKA MEXAHUKHU.

Ceityac B 3TO# 00JIACTH UCTIIOJIB3YETCSI HEUTO THUIA KIIEPETPY3Ka», «HEIOTPYy3Kay,
«HeAomeperpy3kay» (a 4To Takoe «rpy3ka»?), «COOCTBEHHOE YCKOPEHHE» (a 3TO
4yT10?). HEBHATHOCTH s13bIKa O0YCIaBIMBAECT HEBHATHOCTh MBICIIH U
HEBO3MOKHOCTb CYIIIECTBOBAHUSI HAyKU. YETKOCTH SI3bIKA €CTh ICHOCTh MBICIIU U
naet 3PHEKTUBHYIO HAYKY U NPAKTHUKY.
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[ToHATVE MexaHM4YeCcKOro NPoCTpaHCTBa

MexaHudeckoe IMpoCTPaHCTBO —CIICHA, HA KOTOpOﬁ HUI'pacTCs IIbCCAa MCXAHUKH.

[IepeHOoC MPaKTUYECKON AEATEIBHOCTH YEI0BEKA B KOCMUYECKOE MPOCTPAHCTBO
TpeOyeT NMepeOCMBICIICHUS 3TOTO OHATHA. Belb B KocMOCE HET I0POT, TOpOJIOB,
OCTPOBOB, KOHTUHEHTOB, TOP U T.]I., HET reorpaduueckux kapt. B HeM Bce
MOJABUKHO M JUHAMHUYHO. BO3HMKAaeT HOBAas HayKa — reOMeTPHMKA, KOTOPask CO37acT
0a3y reoMeTpumr3alii KOCMUYECKOTO MPOCTPAHCTRA.

I’ maBHOE MOHATHE T€OMETPUKU —TIOHATHE CHCTeMBbI oTcdeTa. Ho mpenBapuTenbHO
HaJI0 BBECTH IJIaBHBIC THUITHI MEXaHUUYECKUX OOBEKTOB. ITO 3JIeMEeHTAPHbIN
MexaHn4decknii 00bekT (OMO), mexannueckoe Teao (MT) 1 mexaHnuyeckasi
cpena (MC). MT moxet ObITh pazaeiaeHo Ha OMO, MC Ha oTaenbHbBIE TENa U 1ajee
Ha OMO

CucremMa orcuera 3To NpeKAC BCCIo MCXaHNYICCKaA Cpca. Ee onucanune
COACPKUTCA B OITMCAHNU COCTOSIHUH DJIECMEHTOB M MX B3aMMOCBS3CH.

BBoauTcs noHaTue adCOJMI0OTHO KeCTKOM CBSI3U U MPAMOM Kak oOpa3a
HaIpsH>KEHHOW TMOKOM CTpyHBI (HO HE JIyda CBETA).

AOCOJIIOTHO JKeCcTKasi cpea —cpea, MeXKIy AJIeMEHTaMU KOTOPOU CyIIECTBYET
a0CONIOTHO KecTKas CBA3b. CHCTEMBI OTCUETa Ha a0COJIFOTHO KECTKUX Cpeaax 3TOo
HBIOTOHOBCKHE CHCTEMBI 0TCYeTa. B UCIIONB3yI0TCSI 1 HEHBIOTOHOBCKHUE CHCTEMBI
OTCYeTa.

Cucrema KOOpJAWHAT — COBOKYITHOCTD YHCEI, MPUIIUCAHHBIX AlIeMeHTaM oTcueTa. Ha
OJIHO# cucTeMe (TelI) OTCYeTa MOXKHO BBECTH MHOXKECTBO CUCTEM KOOPAUHAT
(I1eKapTOBY, NOJIIPHYIO, C(HEPUIYECKYIO U T.1.).



[loHATNE MexaHM4YecKoro NpocTpaHcTBa (NPOAOIMKEHNE)

Cpena, BBIIIOJHEHHAs] CBOOOAHBIMY, HEBECOMBIMU 3JIEMEHTAMHU, Ha3bIBACTCS
a0co/II0THO MsATrKoii. CucTeMa oTcueTa Ha adDCOIIOTHO MSATKHUX Cpejlax
Ha3bIBaeTCs MATKOM CHCTEMOHM OTCUETA.

Msirkast HblOTOHOBCKAsl CUCTEMa OTcUeTa (OJHOBPEMEHHO U MSITKasl, U KECTKasl)
HA3bIBACTCA HHEPUHUAIBHON CUCTEMOM oTCYeTa. /[JIs1 MHEPIHUATIBHBIX CUCTEM
oTcueTa crpaBelyiuB npuHIun ["anuies: cBo0ogHOE (HEBECOMOE) TEIO
JIBWKETCS B HEW PABHOMEPHO U MPSIMOJIMHEWUHO

HpOCTpaHCTBO, B KOTOPOM MOIH#CHO BBCCTH HHCPLHUAJIBbHYIO CUCTEMY OTCUCTA,
HAa3bIBACTCI IaJIHJICEBbIM.

HMHble npocTpaHCTBA HAa3bIBAIOTCS HerajJujieeBbIMH. PacnipenencHue
BECOMOCTH 3JIEMEHTOB CpeJibl (B HhIOTOHOBCKOM CUCTEME OTCUETa) CO3/1aeT
BECOMOCTHOE I10JI€ HETAJIMICEBOM CUCTEMBI OTCUETA.

Hcuncnenue Bpemenu. MaeanbHbie yachl. Hackl, Ha X0 KOTOPbIE HE BIUAIOT
HUKAKUE MEXAHUYECKUE BO3ICUCTBUA: ECIIM TaKKe 4achl CHHXPOHU3UPOBAThH B
OJIHOM MECTE, a 3aTe€M HX IIPOU3BOJILHO OpocaTh, KUAaTh, BpalllaTh, BO3UTH B
11000€ MECTO, TO MOCJIe BO3BpaTa B OJJTHO MECTO M OCTAHOBKH JIPYT
OTHOCHUTEJIBHO JAPyra UX MOKa3aHUs COBIANYT.

Yacel pazMenaroTcs ToJIbKOo y Habmtoaarens. KoopimHaTtHOE BpeMsl
onpeAesieTcs 3aKOHAMU JIBUKEeHUS Tell. M eciin mpeackazaHus TEOpUU U
HaOIIOJICHUST COBINAJIAIOT, TO U KOOPAUHATHOE BpEMS HCUUCIIEHO BEPHO.



HTO TakKoe epasumauus

['paBuTaIIMs 3aKJII0YAETCS B CYIIECTBOBAHUM B OKPECTHOCTH TE€J 00JIaCTH
HETAJIMICEBOCTU. [ paBUTALIMS HE B3AUMOJECUCTBUE, a CBOUCTBO. Er0 MOXHO
W3MEHUTh UCKIIOUUTEIBHO BO3JECUCTBUEM HAa UCTOYHUK T'PABUTALIUM. .
HocureneM cBoMCTBa SBISCTCA NPOCTPAHCTBO. [ paBUTALIMS HE MEHSAET CBOOOIBI
1 HEBECOMOCTH. [IposiBiIeHHE 3TOr0 CBOMCTBA COCTOUT B TOM, UTO CBOOOHBIE
T€Ja B HEM HE JBUTAIOTCS PABHOMEPHO U MPSAMOJIUHENHO.

O06acTh NPOCTPAHCTBA, B KOTOPOU MPOSIBIISIETCS] HEraIUJIEEBOCTh, Ha3bIBACTCSI
rpaBMTAIIMOHHBLIM MoJsieM. Ha 10cTaro4yHOM yaieHur OT MCTOYHHUKA
IpaBUTAIIMUA TI0JIC IIApOOOPa3HO M TOMOIOTHYECKH OTKPBITO.

BenuuuHa, nponopiioHaibHas KBaJpaTy paguyca 00JacTH HEralnJIeeBOCTH
00BEKTA XapAKTEPHU3yET NMMAHEHTHOE CBOMCTBO 00OBEKTA, HA3bIBAEMOE MACCOM. .

Cucrema oTcueTa, aCHMITOTUYECKH MHEpIMaJIbHAs Ha OECKOHEYHOCTH,
HA3bIBACTCA FApMOHMYeCKOM. [1ose BECOMOCTH B TrapMOHUYECKOU CUCTEME
OTCYETA SIBJISIETCS COOCTBEHHO I'PaBUTALIMOHHBIM MoJieM. O0I11ee BECOMOCTHOE
M10JI€ AJJIMTUBHO U COCTOUT U3 COOCTBEHHO I'PABUTALIMOHHOIO TOJIS U TTOJIA
BECOMOCTH HEMHEPIIMAJIbHON CUCTEMBI OTCUeTa 0€3 yueTa rpaBUTAIUH
(HarpuMep, CBA3aHHOIO C BpalllEcHUEM CUCTEMbI OTCUYETA I PEAKTUBHOIO
BO3ACHCTBUS). JIOKATbHO 3TH MOJISI HEpA3AeIMMBbI (IPUHIUIT DUHIITEHHA).



OyHOaAMEHT MexXaHUKU
NMOCTPOEH.
HaynHaem nocTtpoeHune
caMoun MeXaHUKU
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AKcmnomaTuka

OnpeneneHue CUIBL:
L]

L
F=-mW.
F — cuna, W — BeCOMOCTb.

B HOBOW MEXaHUKE HET IPAaBUTAIMOHHBIX CHJI. BCe MakpOCHIIBI B HEN
UMEIOT AJIEKTPOMArHuTHBIN xapakrtep. Hampumep, Teno Ha
ITOBEPXHOCTHU 3€MJIM UMEET BECOMOCTb, HAIPABICHHYIO BHU3. B HEmMy
MIPUWIOKEHA CHUJIA, HAPABIIEHHAS BBEPX. JTO CUJIA YIIPYTOCTHU OIOPHI.
OHa SBJISIETCA SIIEKTPOMArHUuTHOM.

3aKkoH (aKCHMOMa) B3aUMOJIEMCTBUS (TpeTuii 3akoH HproTOHA) :
L] L]
by, +Fy =0

YpaBHEHUE ABUKEHUSI B MHEPIIUAIBHOM CUCTEME OTCcUeTa (BTOPOM
3aKOH (akcuoma) HeroToHa):

| |
W=

W — BECOMOCTb, W — YCKOPEHHUE.
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OCHOBHbIE 3aKOHbI

e IloneBbie ypaBHEHMS (YpaBHEHHUS T10JI BECOMOCTH)
Pl
divV —20°" = —kp;
P
rotV -20Q=0

3neck V(r) — nosieBast BeCOMOCTh. U — BECOMOCTh I'paBUTALIMOHHAs, H —
BECOMOCTb, CBSI3aHHAsI C HEMHEPIIMATbHOCTbIO CUCTEMbI OTCUETA.

Q - Y1J10BaA CKOPOCTb BpalllCHUA CUCTEMbI OTCUCTA, P - INIOTHOCTD.

Haganeubie ycnosus: V, = W(r = 0). B sToM npuHIUNHATEHOE OTANYUE OT
YPABHEHUN 3JICKTPOMATHUTHOTO MOJISA, B KOTOPBIX 3aJAI0TCA TPAHUYHBIC
ycioBus. [loueMy BOJIH TpaBUTAIIMOHHOW UJIA HEMHEPLIMAIBHOW BECOMOCTHU HE
CYIIIECTBYET?

e YpaBHEHME JBUKCHUS MTPOU3BOJIBHOIO TEJIA B MTPOU3BOJIbLHONM (HBEOTOHOBCKOM )
CUCTEME OTCUETA B ITPOU3BOJILHOM MPOCTPAHCTBE

vlT/|+2£%><\|7|—Vu:—V%.

910 YHUBCPCAJIIbHOC YPABHCHHUC NIBHUKCHUA, TAK KdK B HCTO HC BXOJAT HUKAKHC
CO6CTB€HHI)IG, NMMAHCHTHBIC XaPAaKTCPUCTHUKH TCJIA.
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Haxkowner, 3akoH COXpaHEHMsI MacChl (YpaBHEHHUE HEPA3PBIBHOCTH ):
op .. [
—+div pvy=0.
ot
Bce NMoHATHS 1 3aKOHBI HOBOM MEXaHUKH C(PopMynrpoBaHbl. OHU OJTHOCTHIO

BBITCKAIOT U3 HbIOTOHOBCKON MEXaHUKH.

MCTOI[ JUHAMHYCCKHUX CUCTCM OTCUCTA COCTOUT B UCIIOJIB30BaAHHUA CUCTCM
OTCUYCTA, XapaKTCPUCTHUKHN KOTOPBLIX ABJIAIOTCA IICPCMCHHBIMU 3a/1a49N.

o ® @
0 0 0 Y 0.\ Y
2'
® ® ® .
1 1 1 4
42‘
o
X X X 3

OpueHTanms CUCTEM OTCYeTa B 3a1a4dax 1, 2, 3 u 4-x Tel.
XapaKTepUCTUKAMHU CUCTEMbI OTCUETA SIBJISIIOTCS YIVIOBasi CKOPOCTh
BpamieHust ()(t) ¥ BECOMOCTh Hadana CuCTeMbl oTcuera W (t).
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YPaBHGHI/IC I10JI1 BCCOMOCTU B HGI/IHGpHHaHBHOﬁ CUCTCMC OTCUHCTA

i N
H=HO—5><1|;|—Q><Q><1|;|.

YpaBHEHHE TPaBUTALIMOHHOTO MOJISI aHCAMOJIs n+1 CBOOOIHBIX TEJI HA CaMMX
Tenax (Hayajao CHCTEMbI OTCYETa Ha HyJaeBoM Tene, U, =0).

- J I .
U,=-x 3T Z 3 |7t Zmir,. R
I"]. i=1 rjj i=1 rjj 7”1

PacxomumocTen 1 OECKOHEYHOCTEN HET.
[TostHOE pa3BEpHYTOE YPABHEHUE ABUKECHUS

M- 2(—Q EH Q. 1) = () + Q2 )x +
+(- -0 )y+@, -Q.0)z+U -W,

OcTtanbHble KOMIIOHEHTHI IMOJIYy49arOTCA HHKHH‘IGCKOﬁ HCpCCTaHOBKOﬁ. Ono
CJIOKHCC HBIOTOHOBCKOI'O Fzma, HO €TI0 BO3MOXHOCTH IIOTPACAIOT.
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IIpocTeiiinue 3axauun

3eMJIsl B CUCTEME OTYETa KOCMUYECKOro kopaois. Oce Ox HampapisieM Ha

neHTp 3emiii. MimeM craTudecKoe pelieHne Ha YIAIEHUU X IEHTPa 3eMIIn
ot KKC 1oCTOSsHHOM yIII0BOM CKOPOCTBIO CUCTEMBI OTcueTa. LlenTp 3emin
1 KK nHeBecombl. COMIaCHO ypaBHEHUSIM JBUKCHUSI UMEEM

KK @O
M3‘|‘mKK :QZX_K%:O;

V=H+U=Qx—«k > 5
X X \_— x

3emiisa

X
OO1as 3a1a4ya IByX rpaBUTHPYIONIUX Tesl. HyleBoe Teno - Hayalio oTcyera.

JIBM>KEHHE OMHOMEPHO, Pa3MEPHOCTD — 2, paHr — 3.

HE Q2x—x Mo ™™, Pemenne — KOHUYECKOE CEYEHHE C
X’ napaMeTpoM - cymma macc. CyIecTByeT
_20f]= Qx. MIperecCHPYIOLIEe PEIIEHUE.
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3amaya Tpex ten. OIHO ABUKEHUE OJHOMEPHO, BTOPOE — AIBYXMEPHO.

PasmepnocTs 6, paHr 8.

Hl=(Q +Q))x + U,
~20.4=@ -Q.Q )x +U, ;
~20.8=(-4 -0.0)x;

B+20.01 = (2 + Q) + (-8, - 0.0 )y, + U,
B-20.8=@ -00)x+@Q+Q)y, +U,.;
2-Q0+Q,8)=(-84,-0.0)x,+@,-2,0,)y,

yﬂ

m,+m, m, 11 1 1]}
U,.=kK —[ —+ jxﬁm xz( - | Uy, =k|my,| - |
H ’”12 Ny 0 h, 5
1 1 m.+m, m m,+m, m
_ 0 2 I : _ 0 2 |
Ha  h ) N 2 N




TouHble pemieHUs B 3a1a4e MHOTHMX TeJl, HaiaeHHble B HITM

B 3agade ABYX TeJ1 BCce pelIeHUs aHAIMTUYEeCKUE. JIOMOTHUTEIbHO 00OHAPYKEHO
pEUICHUE B MPeleCcCUPYLIeH cCUcTeMe oTcuera. PeasbHOE NOATBEPKICHUE —
npeneccusi COTHEYHOM CUCTEMBI.

KosuimHeapHblie pelieHus BO BPAIIAKOIIECHCS U TPELECCUPYIOLIEN CUCTEME
11000r0 KOJIMYECTBA TEJ.

ILiockas 3agaya Tpex Tes TEl NPOU3BOJIbHON MACChl BO BPAILIAOIIECHCSA CUCTEME
OTCYeTa B KOH(UTYpallUK MIPABUIBHOIO HEMOABUYKHOTO WIJIH MOJBUKHOTO
TPEYTOJIbHUKA.

Ilnockast 3aa4ya NPOM3BOJIBHOI0 KOJHMYECTBA TeJI OMHAKOBON MacChl B
KOH(HTypally HEITOABKHOTO WIIH TIOIBHUKHOTO IIPABUILHOTO MHOTOYTOJIbHUKA
BO BpaIaIOMICHCsI CHCTEME OTCUETA.

IIpocTpaHcTBeHHAas 32/1a4a YeThIpeX TeJl IPOU3BOJIbHON MACChl B
HEBPAIAIOIICHCS CHCTEME OTCYETA B KOH(PUTYpaIlUK OJABUKHOTO MTPABUIIBHOTO
TETpadapa.

IIpocTpancTBenHas 3aga4a 6, 8, 12 u 20 Ten oqMHAKOBOM MACChI B
HEBPAILIAIOMICHCS CUCTEME O0TCUETa B KOHPUTypALIUH HOABUKHOIO MPABUIBHOTO
MHOTOIpaHHHKA. 17



HoBbIi KJ1aCC MEXaHMYE€CKUX 00bEKTOB — POCHUJLIIATOPbI

*PociiyuissiTop (poTarop-oCHUIIISITOP) €CTh COBOKYITHOCTD 3JIEMEHTOB,
COCMHEHHBIX YIIPYTUMHU CBA3SIMU, KOTOPasi OJHOBPEMEHHO MOXKET
y4aCTBOBAaTh BO BpaIllaTeIbHOM JIBUKEHUHU. B3auMojelicTBUE BpalllaTeIbHbIX
U KOJIeOaTEIbHBIX CTEIEHENH CBOOO bl MPUBOAUT K MHTEPECHBIM d(hPEeKTaM —
3aMOPAKUBAHUIO TEX WJIM MHBIX KOJIE0ATEIbHBIX CTEIEHEW CBOOO MBI MPU
HEKOTOPBIX CKOPOCTAX BpamieHusi. O0pa3zoM OCIUILIATOPA SIBISECTCS
MOJIeKyJIa. 3aMOpakMBaHUE CTEeEHEN CBOOOIbI MPUBOIUT KakK ObI K
M3MEHEHHUIO CTETNIEHEN CBOOObI 1 COOTBETCTBEHHO K M3MEHEHUIO
TEIUIOEMKOCTH. DTO MOXKHO TaKX€ OMUCATh KaK MOSBJICHUE aHTUPE30HAHCOB
WJIY TI0JI0C MPO3PAYHOCTH.

[Ipocrenimii OCUUIIATOP — ABYXYACTUYHBIN
OCLHMJLISATOP, 00NaJar0LINi MPOCTPAHCTBEHHOMN
CBOOOJOM. Y HErO UMEETCS TOJIBKO OJIHA
AHTUPE30HAHCHAS CKOPOCTh BpAILLICHUA. Y
MHOTOYaCTUYHBIX POCIHUIIISTOPOB MOKET OBIThH
HECKOJIBKO aHTUPE3OHAHCHBIX CKOPOCTEM.
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OaHOpOAHBIEC HECTALIMOHAPHDbIE CPebI

OaHOpoAHBIE CPEIbI IEPBOTO Kjlacca. DTO ra3, ’KUAKOCTb, TBEpAas cpeaa. Mx
CBOMCTBO OJJHOPOJIHOCTh, OJJMHAKOBOCTh BCEX XapAaKTEPHUCTHUK BO BCEX €€
MeECTax.

OI[HOpOI[HBIe CpCAbl BTOPOI'0 KjIaCCa: CPCAbl, KOTOPLIC OIIMChIBAKOTCA
OANHAKOBO C TOYKH 3PCHUI JIF000r0 Ha6JHOI[aT€J'I$I, CBA3aHHOI'O CO CpCI[OfI.

Otu cpenbl HecTtannoHapasie OHC. Kpurepun OHC:

1. OpHOPOIHOCTH INIOTHOCTHU Cpeibl. OHA HE 3aBUCHUT OT PACCTOSAHUS, HO
MOXET MEHSTBCS CO BPEMEHEM.

2. IIponopuroHaJIbHOCTh CKOPOCTHU JIBUKECHUS DJIEMEHTOB CPE/IbI
pPacCTOSTHUIO ) (7'75 = H7. H na3zoem xabauanom. H=H(t).

3. OTCYTCTBI/IC B3aMMOJCHCTBHS — HEBECOMOCTD DJICMEHTOB CpCabl.

OHC os1Barot Herpaputupyromue (MakpoOHC) u rpaBuTHpyrOmme
(MmeraOHC), Bpamaromniuecs 1 HeBpallaromecs, M30TPOIHbBIEC U
HEU30TPOMHBIC, OJTHO-, IByX- U TPEXMEPHBIMH, DTO 1IEJIBIMI

(PU3UYECKUN MHUP, OU€Hb OOTaThIN MPUIIOKCHUSIMU. 19



OaHOpoaHBbIEe TPEXMEPHBbIE TPABUTHPYIOIIUE HECTAIIMOHAPHBbIE CPebl.
OHM PKCIIEpUMEHTAIILHO OOHAPYKEHBI ABUHOM Xa00JI0M B TEOPETUYECKU
ONKCaHbl AHIJIMMCKHUM acTPO(YHU3UKOM, MATEMAaTUKOM M MEXAaHHUKOM D]1yapJIoM
MunoM (1996-1950) B cepenriHe TpUALIATHIX TOAOB.

pl=—3pH;
}E:—%Kp—Hz.

[ paBuTHpYIOIMI (MEra) B3pbIB MOKET OBITH HEOOPATUMBIM U OOPATHMBIM -
cpezia MocJje B3pbIBa pa3jIeTaeTCs, 3aT€M. OCTAHABIUBAETCA U BHOBb
CKUMAETCS.

Ecnu nocrosinayto HetoToOHa 00paTuTh B HYJIb, TO MOJIy4aeM MaKpOB3pPHIB,
B3pbIB 00bIYHOTO BB B KOCMOCE 1 BHE rpaBUTAIMOHHOTO 101, Bee
YaCTHIIBI JIETAT MO MHepuuu. Hanbonbias ckopocTh Ha (DpOHTE B3phIBA

A%
V., - ckopocTs ppoHTa Vf — 1 826'\/ w.

f

W — YVACJIIbHOC OHCPIOBBIACICHHUC.
__ Pacnipenenenne

CKOpOCTEU

i 20




OaHOpoaHAsA HECTAlMOHApHAs cpea 1Mo J.MunHy

VA

CkopocTtu (ppoHTOB B3pbIBa B pazinuuHbIX ciieHapusix OHC

L\ A\ A

B

C
O - ——
D r

Pacnipenenenue ckopocrert B OHC B
pa3HbIE MOMEHThI BPEMEHU.
Xa00nuaH paBeH TaHT€HCY yIyia

1 2 HaKJIOHA.
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JAByxmepubie OHC
CyliecTByET YaCTHOE CTAIlMOHAPHOE COCTOSIHUE.

&l=-20H; VIioBas CKOpOCTh BPALICHUS CBA3aHA CO
1 CTAllMOHAPHOM IJIAaHAPHOU IIJIOTHOCTHIO:
2 2
=07 - 5 ko —H~; "
ﬁ Q= 5 KO .
G- IBYXMEPHAS ILIOTHOCTD. € Mopgaenb ranaktuku. [Ipu 3TOM JTMHEWHOCTD
- YITIOBast CKOPOCTS. OKPY>KHOM CKOPOCTHU COOTBETCTBYET JaHHBIM. 1

OTHaJaeT NOTPEOHOCTh B «KHEBUJAUMBIX MACCAX).
ITpu k=0 umeem

MaKpOB3PEIB I'nnore3a: ragakTukKu IMPOUCXOIAT HC AKPCIHHUCHU
BpAIArOIIETOCA TENA, pacCCAHHOI0 BEIICCTBA, 4 B3PbIBOM MACCHUBHbBIX
HaIpUMEP, MAXOBUKA. IIPOTOIaJJaKTUYCCKUX O6paBOBaHPII/I.

JlokazarenbcTBO. Hallla rajakTuka uMeeT CTapyro chepruyecKyro
MOJICUCTEMY M MOJIOAYIO TUIOCKYI0. DTO JIOKA3aTEILCTBO B3PHIBHOTO
IIPOUCXOKICHMS HaIlIEH raJlaKTUKH, IIPUYEM IEPBBIA B3PHIB ObLI
TPEXMEPHBIM, 4 OCTABIIUKCA KEPH, IIPUILICAIINN BO BPaIlICHHUE, B30PBAJICA
10 THIOCKOMY THITY. 7



Onnomepubie OHC

fd=—pH;

2 2.
@zQp—K,u—H ;
0 =-20H;

H=Q .

B3peiB uaer Booibs ocu
Ox. u - nuHEWHAsA
IUIOTHOCTb.
IIpeneccupyromas
cUucTeMa.
HerpaButupyrommii
JVHEWHBIX B3pPbIB
IIOKa3bIBACT MpPEAEII
CKOPOCTHU IYJIU WIIA
CHapsaa

v, =2.450 \w.

CylIecTByeT CTAallMOHAPHOE YaCTHOE PEUICHUE.
OHO MOXET CTaTh MOJICIBIO OJTHOMEPHOM
COJTHEYHOM cucTeEMBI. OMHOBPEMEHHO MO3BOJISIET
BBIIBUHYTh TUMNOTE3Y MPOUCXOXKIACHUS COITHEUHOM
CUCTEMBI U3 JTMHEHHBIN B3PbIBA 3BE3/Ibl B JBOMHOU
3Be3JHOM cucTteMe ee u CoHIIa.

DTO NO3BOJISIET OOBSICHUTh Pa3HOOOpa3ue IIAHET,
KOTOPBIC MPOM3OIILIN U3 PAa3HBIX YaCTEH 3BE3/bI.
Hampumep, Hanuare MariuTHOTO II0JIS IIO3BOJISICT
IPEAITOI0KUTh, YTO 3eMJISI ITPOM3OIILIA U3
IICHTPaJIbHBIX YacTCH 3Be3/bl. A BHEIIHUE YaCTH
ciaoxunu FOmurep.

Ha 3TOoM 0o4eHb O0raTyro TeMy OJJHOPOAHBIX
HECTAIMOHAPHBIX CPEJI 3aBEPIIACM.
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Teopernyeckass KOCMHYECKAsd MEXaHUKA

Hogast HeonTomeMeeBCKask MEXaHUKA CIIENUAIIBHO «3aTOYCHA» MO/
3aJ1a4 KOCMOHABTUKU. B CyIIECTBYIOIIEM SI3BIKE KOCMHUYECKUN
amnrapar siBjisieTca 00beKTOM HaOmoneHus. [lpu 3ToM ncnonb3yeTcs
00JIBIIIOE KOJIMYECTBO «BHEIIHUX)» CUCTEM OTCUETa — CUCTEMa 3E€MIIH,
ComnHna, JIyHbl, 00beKTa CONMKEeHUs U T.J1. Pe3yabTarsl pacyeToB
KOOPJAMHATBI, U3 KOTOPBIX €I HaJ0 U3BJIeUb TPpeOyeMbI€ JAHHBIE C
MTOMOIIBIO «BBIYUTATEIBHBIX» MPOLEAYDP, YMEHBIIAIOIIUX TOYHOCTD.
HeonrosieMmeeBCKM OAX0T COCTOUT B UCTIOJIb30BAHUN CUCTEMBI
orcuera KK, B KOTOpO# paccMarpuBaeTCs IBUKECHUE BCEX OCTAJIbHbBIX
KOCMHUYECKUX 00beKTOB — 3emin, CoJHIla, 3B€3/1, Iu1aHeT, JIyHbI,
O00BEKTOB CTHIKOBKH, YTPOKAIOIINX OOBEKTOB U T.J. DTa CUCTEMA
OTCYETa C CAMHCTBCHHBIM HAYAJIOM, HO C BO3MOXXHOCTBIO HUMETH
MHO>@XECTBO CUCTEM OTCUETA PAZJIMYHBIX OPUCHTAIINEH B
3aBUCHUMOCTH OT 00beKTa(0B) HaOMroAeHU. PacueTsl mpsiMo Jar0T
KOHTPOJIMPYEMBIC WJIN YIIPABJISIEMbIC YIAJICHUS U HAIIPABJICHHUS,.
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MexaHnunka 3anmycka.

Paccmotpensl 3angaun 3anycka. [Ipeanoxxenbl 1 npoaHaIM3uPOBAHBI HEKOTOPBIE
CXEMBI, OIpeieIsieMble MporpaMMaMu BecoMocTu W (?) 1 yriia pazBopota ¢(?).
BBeneHo noHsTHEe UHTETPaJIbHOU BECOMOCTU P U K.11.11. K CXeMBI 3a1yCKa,

3
P:det; K = ;ff.

PaccMoTrpeHa 3aga4a HaXOKICHUS CXEMBI BBIBEACHUS, MUHUMHU3UPYIOIIEH
MHTErPaJbHYI0 BECOMOCTb, M HAX0XKACHUS OPOUTHI, HA KOTOPOU TOCTUTAETCS
MaKCUMYM K.I1.1. [TokazaHo, 4TO Takoi OpOUTOM SIBISIETCAS OpOUTA C BHICOTOM
okoy10 650 kM 1 MakcuMabHbIX K.11.1. paBeH 0.725. Becomocts paBHa 3.2 G
(3eMHOI), a yroJ pa3Bopora asurarensd 133°. Bo3aM0oKHO OHa OKaXETCs MOJIE3HOM B
KauyeCTBE K MIPOMEKXYTOUHOM MPH 3aITyCKE HA BBICOKHUE U JTAJICKUE OPOUTHI.

PaccMoTpena cxeMa IBYXCTaAUMHOIO 3alyCcKa Ha KPYroByI0 opOUTY (C
BEPTUKAJIBHBIM CTApPTOM): TIepBasi CTaaus — BbIXOJ HA OpOUTY, BTOpas —
OpOUTaJIbHBIN Pa3TOH /10 KOCMUYECKON CKOPOCTH.

Jlymaercsi, 4To TeopeTHYEeCKre NpeaeabHble 3P(OEKTUBHOCTA MOTYT OKa3aThCs
CTOJIb K€ MOJIE3HBIMU B KOCMOHABTHKE, KaK TAKOBBIE )K€ B TEPMOJIMHAMUKE U
TEIUIOOHEPTETUKE.
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2. OpOuTanbpHass MEXaHUKa

B opOuTanbHyt0 MEXaHUKY BXOJIUT:

A) IBUXEHME T10 TTOYTH KPYTrOBBIM OpOUTaM. BMECTO 3/IIUNTHYECKOM
TPACKTOPUH PACCMATPUBAETCS OBAI. TPACKTOPHS ONMUCHIBACTCS JBYMS
OKPY>KHOCTSIMU, UMEIOIIUMHU YTJIIOBYIO CKOPOCTH ariores U Mepures.

Opbura 3emus
B) Onpenenenue napameTpoB
OpOUTAIBHOIO ABUKECHUS I10
aBTOHOMHBIM HaOmoneHusIM ¢ KK. ‘
C) ManeBpupoBaHre Ha OpOUTE C ®,=
TIOMOILbI0 UMITYJILCHBIX BO3JAECUCTBUU U 0)1_ A C01

nBurareiie Majion Taru. CTHEIKOBKA.
D) Unentuduxanust opour.

E) OpOutasibHbI€ BO3MYIIICHUS BBUY

HEeC(PEpUUYHOCTH TpaBUTAIMOHHOTO noJis,  F) M3Mepenust Ha opOuTe: MaccChl Tel

OCTAaTOYHOM aTMOC(EpPHI U . U caMOoro Kopaossi, LiEHTpa 1
MOMEHTOB MHEPIIUM U T.I.
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bynyuiee KOCMOHABTHKM.

OcBoenure CoTHEYHON CUCTEMBI C MMOMOIIbIO BECOMOW KOCMOHABTHUKH, T.€. TIpU padoTe
JIBUTATEJIEN B TeUEHUE BCErO MOJIETA.

B tabnuiie ykazaHbl BpeMeHa NPSAMOJIMHEIHOTO noJieTa Ha paznuyHblie Tena CoaHeuHOM
CHUCTEMBI C IIEPEBOPOTOM JBUTATENEH B CEPEAUHE MOJIETA IIPU PAZIIMYHOU BECOMOCTH.

ITlimanerst
Benepa | Mapc | Ypaun Hentyn | Ilmyton | JIyna
Paccrostnue B a.e. 0.3 0.5 18 29 39 300000 xkm
Bpewms B cytkax mpu W=10 I'n 1.4 1.5 12 15 18 34
Bpewms B cytkax mpu W=0.1 I'n 14 15 120 150 180 30 4.

CxeMa BHE3KJIIMNTUYECKOTO [IUKJIOUIAIIBHOTO TTOJIETa
(nutenbHOCTH Ha 20% MpeBbIlIaeT NPSIMOIUHEHHBIN)

Comane

Hentyn

OueHp nanekoe Oyayliee — OCBOCHUE HOBBIX 3BE3/IHBIX CUCTEM M

rajJlaKTHK. CpCI[CTBO MNEPCMCIICHUS — IIJIAHCTBI MJIM UX CITYTHHUKH.
I[J'II/ITCJ'H)HOCTI) ITIOJICTOB — COTHH U TBICAYHU JICT

Semia

[110CKOCTB AKIIMNTUKHU




3akuouenne. PaboTa HaJl HOBBIM SI3BIKOM MEXaHUKH BeJlach Oosiee TpUALATH JieT. S
ABJISItOCH YueHrKoM Jlannay u Kanuiiel. Ho B cuity onpeienieHHbIX 00CTOSTENbCTB ObLIT
JIUIIEH BO3MOXKHOCTH pabOTaTh HA MEPEIHEM YPOBHE HAYKU U MOTOMY MPHUIIIOCH 3aHATHCS
€€ OCHOBaMH, yH/TAMEHTOM.

DT MaTepualibl B 00CYyXIalrCh WK pacckasbiBaauch Tapry, CenoBy, UnuimHckoMYy,
Paymen0Oaxy, JlerocraeBy, Tokapro, Anudanoy, Xypasneny, Kapacky, [peOecHHUKOBY,
CepebpoBy, gokiaasiBajiack Ha IV Cwes3ne mexanukoB B Kuese, B [AWllle, MAU, UM
MTI'Y, a KpacHomapckoM yHuBepcuTeTe, Ha kadeape mexanuku MOTHU u ap.

OOO0CHOBAaHHOCThH U HEOOXOJIUMOCTh CO3/ITaHUSI HEONTOJIEMEEBCKOIO SI3bIKa JIJIs MEXaHUKHU U
peXkie BCEr0 KOCMOHABTUKH, JyMAaeTCs, HE BbI3bIBAET COMHEHUH. [IprueM OCHOBBI €10
YUCTO HhIOTOHOBCKHE U HE BBI3BIBAIOT MOJIO3PEHUIN B HEKOPPEKTHOCTHU. XOTS 3TO HE
MCKJIIOYAET BO3MOKHOCTU KaKUX-TO OMMUOOK (haKTUYECKOTr0, HEKOHIIENTYaJIbHOTO
XapakTepa. 3/1eCh OTKphIBAETCs 001101 (PPOHT PadOT ¢ BO3MOXKHOCTBIO CO37aHUS HOBBIX
paszieIoB MEXaHUYECKOM HAyKH, HOBBIX MPUJIOKEHUHN €€, B TOM YHUCJIE U JJIsl 3aBOCBAHUS
BEIYIIMX MO3UIIUN B MUPOBOM HAayKe POCCUUCKUMHU yueHbIM, CKa3aHo, 4TO HET OoJiee
PaKTUYHOTO, YEM XOPOIIlasi TEOpHsi. 3aUHTEPECOBABIIUMCS U KEJIAIOIIUM MPUHSATH Y4acTHe
B pa3paboTke HOBOM MexaHuku: TesnedoH 8-926-314-9817, e-mail: vladimir@yur.ru, web:
WWW.yur.ru

biaromapro 3a BHUMaHWE U TePIICHUE.
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