becena 2

1 YpaBHeHus jaBuxkeHus 4-D rupockoria

Hamommro, uTo B mepsoii Gecese Obliia HCCJIe0BaHA SHEPrUsd CBOOOIHON OT BHEIIHErO
BO3JIeICTBUS MEXaHHYIECKOIl CHCTeMBI, KOTOpas O0bLeIuHseT B cebe CBOWCTBA poTaTopa u
ocumiATopa. Beuio nokazano, uro sueprusi cucremsl (4-D rupockona) sanucbiBaercs Kak
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Ve = v(t) — ﬁwsin é(t) = v(t) — Bwsin é(t). (4)

CKOPOCTH TEHTPA MACC CUCTEMBI.

1.0.1 IlocTrynaresibHOE ypaBHEHUE JBUKEHUS

JL1st BBIBOJIA ypaBHEHUIT IBUZKEHUsT CBOOOTHOTO 4-D THPOCKOTIAa MBI UCIIOJIB3YeM YPaBHEHUST
Jlarpamxka
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OOBIYHO TTOC/Ie HAIMCAHHOTO CJIYIIATETN BO BpEMs MOEro BBICTYILIEHUS 33aJAI0T BOIPOC.
Bompoc 1.

Yro 2Ke B 9TOil cucTeMe HOBOIO, eC/IM BbI HCIOIb3yeTe /I BHIBOJIA €€ YPABHEHUIl /IBH-
JKeHHsI IIPUHATHIA B KJIaCCHUeCKOil ¢pu3uke Jarpamzkes popmaan3m’?



Orser 1.

Jlarpanzkes popMau3M - 3TO YHUBEPCAJIbHBII METO/] BHIBO/IA (DU3NUECKUX YPABHEHU
Kakoit-1n6o Teopun. Bee dynmaMenTaabable ypaBHeHU (DU3UKU BHIBOIATCH, KAK MPABUIIO,
¢ UCTIOIB30BaHueM 3TOro phopmammsma. [Ipu sTrom dpusnaeckoe comepkanne Teopuii MOKeT
ObITh pasubiM. Hanpumep, ucno/ib3ys Jjiarpatzxkes (popmMajin3M, MOXKHO BbIBECTH KJIACCH-
JecKne ypaBHEHUsI JIBUKeHUs 3apsina (ypaBHeHus JIOpeHIA) Wi ypaBHEHHsI JBUKEHUSI
3apsi/ia B KBAHTOBOI symekTponnuavuke (ypabHenus lupaka). 910 OyayT ypaBHEHHUS C
PA3JIHIHBIM (DU3HIECKUM COTEPKAHUEM.

[Toncrapiss garpanzkuan (1) B ypasuenue (I), oay9uM MOJIHBIR UMITYJIBC CHCTEMBbI

oL -
P=P.=—=(M+2m)z — 2mr¢sin ¢, (5)
oz
COBNAJAIONINI € UMITYJIHCOM HeHTpa Macc. JleficTBUTENIbHO, YMHOXKHUB paBeHCTBO (4) Ha
noJiHyo Maccy cucrembl (M + 2m), TOJyYnM HATIMCAHHOE BHIIIE.
CoOTBETCTBEHHO, /I CUI, JeHCTBYIOIINX Ha [EHTPa MAaCC, NMeeM

d OL
(M +2m)v,. = dt(gx) = (M + 2m)& — 2mra sin ¢ — 2mrw? cos ¢,
OL
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[OTOMY TOCTYHATeNbHOe ypaBHeHue jpukenns (1) umeer Buj

(M + 2m)v, = (M + 2m)v — 2mré sin ¢ — 2mrw?® cos ¢ = 0. (6)

W3 sToro ypaBHeHnus BUJIHO, YTO UMILYJIbC IEHTPA Macc ¢BoOoHOTO 4-D rupockomna mocro-
SHEH.

Banmanne!

Mpur 371€Ch OISITh CTOJKHYJIMCH ¢ HEOOBIUHOM (pusndeckoii curyanumeit. CMoTpuTe, €C/In
CKOPOCTh IEHTPa Macc MOCTOSTHHA, TO ¢ HUM MOYKHO CBSI3aTh WHEPIHAILHYIO (B CMBIC/IE
MexaHuKi HbIOTOHA) CHCTeMy OTCUera.

Onmako, ypaBHenne (6) MOKa3bIBaeT, 4TO B CHCTEMe OTCYETA, CBSI3AHHON € MEHTPOM
MacC 4eThIPEXMEPHOI'0 M'MPOCKOIIA, Ha MEHTP MacCC JIefCTBYIOT TPU CUJIbl MHEPIUH :

1) B HOJIOKATEJILHOM HAIPABICHUN OCH T JEHCTBYeT MOCTYNaTeJbHAs CHJIa WHEPIHH

F=(M+2m)i ;

7 JBe CHJBI MHEPIUH JeVCTBYIOT B OTPHUIATEJIHHOM HAIPABJIEHUU ITO:
2) TpPOeKIHst HA OCh T HEHTPOOEKHON CHJIBI WHEPIUH

G = —2mrw?cos¢
3) MPOEKINsT HA OCh T CUJIbI WHEPINH, BHI3BAHHON YCKOPEHHEM BPAIeHHs

R = —2mrwsing .



a, cymma Bce cuJi, JAefiCTBYIONIUX HA IEHTP MacC, paBHA HYJIIO
S=F+G+R=0,

Ho onu jeiicrBytor! ITo onpegenenunio, cucremMa OTCYETa ABJISETCSI YCKOPEHHOM, €CIu B Heil
JEeUCTBYIOT CUJIbI UHEPIUU, MIYCTh JIaKe CKOMIIEHCUPOBAHHBIE.

Brisog 1.

B mpupone cymiecTByoT yCKOpeHHBIE CHCTEMBI OTCYeTa, KOTOPbIe IBUZKYTCS OTHOCH-
TeJILHO JPYT JApYyTa NPSIMOTUHEHHO U PABHOMEPHO WU TMOKOSTCA.

Y Hac, Buepsbie B (pusuke, MOSB/ISIETCS BO3MOXKHOCTH UCKJIIOYUTH U3 TEOpUH 'Takyio
HepeaJbHYO Belib' (110 BhipazkeHnio A.DiHINTeliHA ), KAK WHePIHATbHAsSI CHCTEMa OTCYeTa
B HHIOTOHOBCKOM TOHUMaHUU. MHe mpecTaB/isieTcst, 970 OOJBITMHCTBO TPOOIEM COBPEMEH-
HOIT TeopeTn4decKoil (DU3MKN CBA3AHO C UCMOJb30BAHIEM HWHEPIHATBLHON CHCTEMBI OTCUeTa
B OOJTBIITITHCTBE COBPEMEHHBIX TEOPHIi.

B cBoeit kuure "Teopusi pusuueckoro Bakyyma. Teopusi, SKCIepUMEHTBI U TEXHOJIO-
run', Mocksa, Hayka, 1997 r. s Ha3BaJs cucremy orcydera, CBS3aHHYIO ¢ eHTpoM macce 4-D
THPOCKOTIA, YCKOPEHHOT NOKAALHO UHEPUUAALHOT CUCTNEMOT 0OMCYEma 6Mopo2o poda.

Bompoc 2. [Touemy BTOpOro poma?

Orser 2.

VekopeHHas JIOKATLHO HHEePIHAIbHAS CHCTeMa OTCYeTa MepBOro poja ObLIa BBeIeHA
A.DitHmTeifHOM B €ro TeOpUH I'PABUTAIMU. DTa CUCTEMA OTCUYETA CBA3aHA C MEHTPOM MACC
sudTa, CBOOOIHO MaIA0NIero B IPaBUTAIMOHHOM Mojie. B ciiydae ¢BODOIHO Ia1ai0iero
qudTa Ha €ro MeHTP Macc JeHCTBYIOT JiBe CKOMIIEHCHPOBAHHBIE CILIBI:

1) rpaBUTAIMOHHAS CHJIA PUTSIZKEHUsT 3eMiedi

F,= Mg,
rae M - macca qudra, g - yCKOpeHne cBOOOIHOTO HajieHust (cautaeM, 4ro JudT magaer

BOJIM3U TOBEPXHOCTH 3eMJTH) 1
2) cusia uHEpIUH

Ener = _Mg>
MOPOYK/IEHHAs] YCKOPEHHBIM JIBHKEHHEM JTudTa.
CyMmMma TUX CHJI TaKzKe PaBHA HYJII0, MOCKOIBKY JIOKAJTHHO OHU KOMIIEHCHPYIOT JIPYT
apyra. B aTom u 3ak/iodaeTcs CyThb ABJIE€HUS HEBECOMOCTH BHYTPH CBOOOJIHO I IAIOIIErO
audTa nIn KabnHe KOCMHYIECKOTO KOpad.Jid.

1.0.2 BpamarejabHOEe YypaBHEHUE IBUXKEHUSA

[MoncraBnsgs narpanzkuan (1) B ypasuenue (II), moydum yrioBoit HMITyJIbC
oL -
Ly, = — = 2mr’¢ — 2mri sin ¢

=9



1 MOMEHTbI CUJI HHEPIUU

%(%) =2mr<¢ — 2mrx sin ¢ — 2mri¢ cos ¢,
oL :
= = _9mri
9 mri¢ cos ¢,

JefCTBYIOIAX B CUCTEMe.
[Tocie Heobx0MMBIX HTpeoOpa3oBaHuil BpalarejbHOEe ypaBHEHUE JIBUZKEHUST 3alUAIIET-

Csl B BUJIE )
2mr?¢ — 2mri sin ¢ = 0 (7)

In |
w— —Zsing = 0. (8)
r

I3 nocrynarensaoro ypasuenust (6) Haxoaum

i = B(wsing +w?cos¢), B =rk’. 9)

[TofcraBiisst 5T0 COOTHOIIEHNE B ypaBHeHHe (8), moTydnm

T sin ¢ cos ¢ e
1 — k2sin® ¢

C apyroii ¢cTOpoHbI, U3 ypaBHeHus (8) HAXOAUM

0, 1-—Fk*sin®¢#0. (10)

W = —Isin .
r
[Tocste moCTaHOBKK 9TOIO COOTHOLIECHHsI B ypaBHernue (9), umeem

Bw? cos ¢

= et e (11)

[Tepenumem ypasuenns asmkennst (8) u (9) 4-D c¢Boboguoro rupockona B Bije
rw — Zsin¢ = 0, (12)
d
T — Bg(w sing) = 0. (13)

VYMHOKAM MEPBOE U3 ITUX ypaBHEeHHUil Ha 2mrw, sropoe Ha (M + 2m)i n croxum. B
pe3yJibTare Mmpeoopa3oBaHuil Mbl TPUXOJIUM K 3aKOHY COXPAHEHUs IMOJHOW SHEPTUU CBO-
00/IHOIO THPOCKOIIA,

d,, d/1 5 5 o _ B
%T— p (2(M—|—2m)v +mriw —2mrvwsmgb) =0. (14)



2 TopcmoHHBIE CUJIBI

Baunmanune!

Mpr oOHapy:KuBaeM HEOOBIUHYIO I8 KJIACCHYEeCKOW MEXaHWKH CUTYAIHIO - B CIydae
HaIlleil CUCTeMbl 9HEPTUs HMeHTpa Macc cBobogHoro 4-D rupockoma He oO6aA3aHa
BCEr/ja COXpPaHATBhCA. Beerjia coxpansieTcs JIMIb M0JIHAs SHEPIus, YaCThI0 KOTOPOH sB-
JISIeTCS SHEPTUS MeHTPa Macc.

JelicTBUTEIBHO, TIOJACTABAM B cooTHOHmeHue (14) moinyio sHepruto B Buge (2). B pe-
3yJIbTaTe Oy IUM

! Gorame) - hwsavae)

Paccyxtast Teopernvdecku, Mbl IPUXOJUM K BBIBOJLY, YTO U3MEHEHUE SHEPIUU IEHTPA
Macc cBOOOJHOrO 4-D MOXKHO TOJIBKO B TOM CJIydae, eCIu:

1. BuyTpu rupockona JIediCcTByIOT CHJIbl, HE MEHSIONIUE IOJHYIO SHEPIUIO I'MPOCKOIA.
2. DTH CUJIBI MEHSIIOT CKOPOCTh IEHTPaA MaCC.

JIJ1s TEOPETHYECKOTO JOKA3ATENbCTBA TPUHIUIAATLHON BO3MOKHOCTH CYIIECTBOBAHIA
TAKUX CHUJI, 3anuiieM ypasuenust apuzkenus (12) u (13) B Buge

rw — sin¢ = — P, (16)
To=10 — Bjt(w sin¢) = BOw, (17)

rjie yckopenne BPw mopoxk1eHo BHyTpeHHeil cuioi

Fini = (M + 2m)Bow, (18)

MEHAIOEed CKOPOCTh LEeHTpa Macc.

Onsrh ymuokuM ypasrenne (16) va 2mrw, a ypasuenne (17) va (M + 2m)i u cio-
KuM. B pesysibrare npeoOpa3oBaHuii Mbl IPUXOJIUM K 3aKOHY COXPAHEHHs MIOJTHON SHEPruu
¢BOGOIHOTO TUpOCKONa (14), Ipu 9TOM SHEprusi MEHTPA MACC MEHSETCS B COOTBETCTBUH C
ypasuennem (15).

[TpeaBapuTebHbIE 3aMeYaHUS:

Cuny (18) mbI GyjiemM Ha3bIBATH TOPCUOHHOM cujroii. Huzke Mbl mOKazKeM, 9TO TOP-
CUOHHbBIE€ CHUJIbI IIOPO2KAAI0TCA TOPCUOHHBIMU I1OJIAMUA. B MeEXaHUKE TOPCUOHHbIEC CUJIbI WMH-
tepuperupyorcs cuibl unepruun. Co Bpemen HboToHa 3TH CHIBI TPeACTaB/IsIIOT CODOOiT
3araJKy AJjisd MHOT'UX MOKOJIEHU I (bI/I3I/IKOB. HO eIre 6OJIe BrevaT/IdeT CBA3b TOPCUOHHBIX
moJieil ¢ BOTHOBO# (DyHKIIMEHh KBAHTOBOW MeXaHHUKH.

Briog 1.



B nopupoae MOryT CymecCcrsoBaTh IIOJIA U1 CHUJIbl, KOTOPbI€ HE MEHAIOT SdHEPTUIO
CUCTEMBbI, HO MEHLAIOT XapaKTEP ABUXKEHUA €€ gacreii.

[IpenBapuTebHbIe SKCIEPUMEHTAILHBIE JOKA3ATE/ILCTBA STOI0 TEOPETHIYECKOTO BBIBO-
J1a OyyT jganbl B beceje 3.

B 3akmogenne 1oii becenpl g He MOTy He yKa3aTh HA HEKOTOPYIO aHAJOTHIHYIO CHTY-
aIuio U3 OOIMIEIPUHATON DUUKH.

[IpencraBbre cebe urypucra Ha KaTKe, KOTOPBIH BPaIaeTCs, PACCTABUB IMHPOKO PY-
ku. Korjpa durypucr naunnaer npuzkuMarb PyKd K TOPCY, €ro yrjioBas CKOPOCTb yBe-
JMYUBAETCS] TP COXPAHEHUH MOJTHON SHEPIUH CHCTEMBI (XOPOIIO W3BECTHBIN MepeMeHHbIil
MOMEHT HHepIn#). 3a yBeJHYeHne ero yrjaoBoili CKOPOCTH BDAIIEHUs OTBEYAIOT MOMEHTBI
CIJT MHEPINH, KOTOPbIe JeHCTBYIOT He MeHssd SHEePIHH CHCTEMbI, HO MEHSIIOT TPaeKTOPHIO
OTJIEBHBIX ee dacreil (Hampumep, Kucteit dburypucra). Ho s10 Beero nnmb ananorus. B
HAIIEM CJIyYae BCE TOPa3/10 CJIOXKHEe.



