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5 KunemaTuka 1 AMHaAMHIKa TBEPAOIrO TeJia

5.1 KwuHemaTuka TBEpPI0OTro TeJa.

5.1.1 TBepaoe Tej0 KaK CHCTEMAa MaTEPUAJbHBIX TOueK. CreneHn
CBOOOIBI.

I/I3yquI/Ie JABU2KEHUA TBEPAOIr'o TeJjla IIPOBOAUTCA B IIPEAIIOJIO?KEHUN, YTO Te-
JIO SIBJISI€TCST aOCOMOMHO MEePIbiM. DTO O3HAUAET, 9TO PACCTOSTHUE MEXKTY
JIBYMs JTIOOBIMH TOYKAMHU HE H3MEHSIeTCS CO BpPeMeHeM, T.e. TBEPIOe TeJio
He nedgopmupyercd. /lamee Mbl OyaeM BMeCTO TepMUHA “abCOTIOTHO TBEPI0e
Te0” UCIOJIB30BATh TEPMUH “TBepaoe Teao’.

Yucso creneneil ¢Bo0O/bl — YMCJIO HE3ABUCUMbBIX BEJIMYUH, OHO3HATHO
OTIPEIE/ISIIONIUX MOJI0YKEeHNEe TeIa B MPOCTPAHCTRE.

J11s1 TOrO, 9TOOBI OMHO3HAYHO OINpEIEIUTh MOJOKEHNE TBEPJIOro Tejaa B
IIPOCTPAHCTBE, HY?KHO 33/1aTh KOOPJAMHATHI TPEX €ro TOYeK, He JIesKalluxX Ha
oxHOIl mpamoit. Kazkmas Touka mMeeT TpH CTemeHH CBOOOIbI, KpOME TOTO
KazK/Jad Iapa TOYEK 2KeCTKO CBA3aHa YPaBHEHUEM

2 2 2
= (z— )" + (g —95)" + (2 — %)
Takux ypaBHeHHil 3, MOTOMY YHCJIO CTeHeHeil cBOOOIbI paBHO
3+3+3—-3=6

[Ipu ana/u3se ABUKEHUS TBEPJIOIO TeJia OOBIYHO BBIJIEJIAIOT ClEIHAJIbHbIE
CJAyYau JIBUZKEHUS:

[locTynaresbHOE TBUKEHUE;

BpamarenpHoe JIBHXKEHHE;

[L1ockoe nBUXKeHUE;

JIBuzkeHue TBEP/IOIO TeJia ¢ OJIHOW HEIOABUZKHON TOYKOI;

JIBuzkeHue CBOOOIHOTO TBEPJIOTO TEJIA.

5.1.2 IloctynarenbHOe, BpaljaTeJibHOE U MJI0CKOE JIBUXKEHNS TBEP-
JO0ro TeJja.

JIroboe TPOU3BOIbLHOE JIBHZKEHUE TBEPJAOr0 TeJa MOYKHO MPEeJICTaBUTh KaK

CYTIEPIIO3UINAIO MOCTYMATEIbHOIO U BPAIIATEeIbHOTO JIBUKEHUIA.
ITocmynameavHbim HA3BIBAECTCS TAKOe JIBUKEHHE, KOTJIA BCe TOUYKHU Te-

Jia JIBUKYTCS 110 OJIMHAKOBBIM TPAaeKTOPUsM. B 3TOM cjiydae CKOPOCTH BCEX



TOYEK Tesia B JIIOOOH MOMEHT BPEMEHH OJMHAKOBBI, U €r0 JIBUZKEHUE MOK-
HO XapaKTepu30BaTh JIBUYKEHWEM OJHOI JIUIIh TOYKU Teja. AHAIN3 TAKOTO
JBU2KEHU A IMPOU3BOJIUTCA MO 3aKOHAM, CIIPABEJJINBBIM JIJId JIBUKCHUA MaTe-
PHUATBHON TOYKH.

Bpawameavrvim deudHceHuem OTHOCUTETHHO OCU HA3BIBACTCS TaKOe
JIBUKEHUE, 1IPU KOTOPOM TPAEKTOPUM BCEX TOUYEK TeJiad SIBJISIIOTCS OKPYZKHO-
CTSIMU C IIEHTPaMU, JIEKAITUMHI Ha OJTHON IPAMOI, HA3bIBAEMOW OCBIO Bpallle-
Hug. [Ipu Bpammernn TBepaOro Tesia MPOeKIusd paInyc-BeKTOpa KazKI0il ero
TOYKHU HA IJIOCKOCTHb MEPIEHIUKYAAPHYIO OCA BpAIEHUd 3a MAJBII IIpOMe-
JKYTOK BpeMeHH df MOBOPAYMUBAETCS HA OMUH U TOT ke yroa dg. CKOpocThb
U3MEHEHUs y1Jia

W= ——
dt

HA3BIBAETCS YIJIOBOI CKOPOCTHIO U, TaK YK€, KaK dy SIBJII€TCSI BEKTOPOM. YT-
JIOBasl CKOPOCTb CBsI3aHa ¢ JIMHEHHON CKOPOCTBIO JIF0O0H TOYKK Tesa V; cooT-
HOIIIEHUEM

Vi=d; xr; o,
rJie Tj- PaJUyCc-BeKTOP JII00OH yKa3aHHON TOYKH.

V3menenne @ co BpeMeHeM OIIPejIe/igeTCs BeJIMIMHON YIJIOBOIO YCKOpe-
HUS

L do

T

ITaockoe dsuotcerue. TIIOCKUM TBHKEHIEM TBEPIOTO TeIa HA3BIBACTCS
TaKoe JIBHZKEHUe, TP KOTOPOM TPAEKTOPUH BCEX €r0 TOYEK JIeZKAT B Mapasl-
JIEJIBHBIX IJIOCKOCTSIX. CBSIZKeM HAYAJ0 CHCTEMBI KOODJAMHAT, JBUZKYIIEHCs
MOCTYNATEJbHO, ¢ KAKOH-IM00 TOUKOii A TBepaoro reia (To4koii orcyera).
Tora ckopocThb J11000i Apyroii Toukn B Tesa MOXKHO MpeICTaBUTH KaK BEK-
TOPHYIO CYMMY CKOPOCTH JBHZKCHHS CHCTEMbI KOOPAHHAT V, (CKOPOCTH TOUKH
A ) u V- orrocnTensnoi cxopocTn Toukn B

V=W+V (1)
B kadecTtBe TOYKM OoTcUeTa MOXKeT OBIThL BbIOpaHa Jir00asg TOYKA TBep-

JIOr0 TeJia, WM HPOCTPAHCTBA (€C/IM MOJIOKEHHe STOH TOYKH OTHOCHTEIHHO
TBEPJIOTO TeJla He MEHsIeTCsl CO BPEeMEHeM), MOITOMY U pasJjiokeHue Oyjer
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HeonHo3HaIHbIM. OHAKO yroJI H0BOpoTa d@ 3a MaJblii IIPOMEKYTOK BpeMe-
HU dt He 3aBHCAT OT BLIOOpA TOYKH OTCYETa W ABILAETCA OJUHAKOBBLIMU JIJId
BCEX TOYEK TBEPJIOro Tejia (CM.PUCYHOK ).

Bripazkenue (1) MozkeT ObITh HPEICTABICHO B CJIELYIONIEM BHJIE

V=V,4+dx7,

rje J - yraoBas CKOPOCTh BpAIleHHsl TBEPJIOro Tejia (He 3aBUCSIIAs OT BbI-
Gopa TOUKH OTCUeTa),i~ pPajuyc-BEKTOP, HAYATO KOTOPOTO JIEKUT B TOUKE
A, a koHer B TOW TOYKe TBEPJOrO Teja, 3a KOTOPOit Mbl Hab/ogaem. [lo-
cTynaTebHas CKOPOCTh TeJia Up- 3aBHCHT OT BHIOOPA TOYKHU OTCUYeTa. TOUKa
orcuera A KEeCTKO CBSI3aHA C TBEPJBIM TEJIOM, HO HEOOSI3aTETbHO TOJIZKHA
JIe’KaTh BHYTpH Hero. B dactHoctu, TOUKY A MOYKHO BBHIOpATH TaKuM 0Opa-
30M, UTOOBI Uy OBLJIA paBHA HYJIO, B 9TOM CJIy9ae OCh BPAIEHUs, TTPOXOISIIA
yepe3 TOYKY A, sBJISETCs MIHOBEHHOI OChIO BpalleHus (M2HOBEHHAA OCD
8PAULEHUA TBEPJIOTO TeJIa — MOKOSINAsiCs B J1abOPATOPHOI crcTeMe OTcYeTa
0Cb, OTHOCHTEJIBHO KOTOPOii MOCTyHaTe bHas CKOPOCTb Tea paBHA HYJIIO).
[11ockoe aBUKEeHUEe TBEPIOro Tejia B KazK/IbIii MOMEHT BPEMEHH MOZKET OBbITh
peJICTaBIeHO KaK BpAIaTebHOe JIBHKEeHIEe BOKPYT HEKOTOPOil MIHOBEHHOMN
ocu.

5.1.3 IBmkeHue c OAHOI 3aKpeIIEHHOII TOYKOIl 1 CBODOAHOE ABU-
>KeHHe TBepIoro TeJja.

Jlj1st TBEpIOrO TeJia, ¢ OHOU HEMOJABUMYXKHOI TOYKOI ClipaBe//inBa Teope-
Ma Diiepa: TBepaoe TeJo, 3aKPelyieHHOe B OJHOIl TOYKe MOXKeT OBITH Tie-
PEBEJICHO U3 OJIHOTO IIOJIOZKEHHS B JII0OO0E JIPYTroe OJHUM IOBOPOTOM BOKPYT
HEeIMOJBUKHONU OCH, TPOXOMIIell depe3 TOUKY 3aKpeIeHus. .

Takum ob6pa3oM, JBUKEHHE TBEPIOTO TeJa, 3aKPEeIIEHHOTO B OHOH TOY-
K€, MOYKHO pacCMaTpuBaTh KaK BpallleHHe BOKPYI MI'HOBEHHOIl OCH, HPOXO-
Jdieil yepe3 TO4Ky 3aKpeleHus.



B sTom cirydae ckopocTh J11000if TOUKH TBEPIOTO Teja MOYKHO KakK JIW-
HEiHYI0 CKOPOCTh BpallaTeIbHOIO JBHKEHHsI BOKPYT MIHOBEHHOIl OCH Vi =
W; X T;. B psme caydaeB IBUKEHHE Tejla € 3aKpEILIEHHONW TOYKOi yI00HO
MPEeJCTABATDL KAaK CYMEPHO3UINI0 ABYX BPAIEeHHil BOKPYT IMePeCeKafomnXCs
OcCerd.

Pacemorpum aBuzkermne TBEPIOTO Tejia, BPAILAKONIEr0Cst BOKPYT ABYX ITe-
pecekaromuxcst oceii — ¢ yraoBoii ckopocthio & Bokpyr OA KoTopast B CBOIO
ovepe/ib BpaIaeTcs ¢ YIJIOBO CKOPOCThIO (Jy BOKpyT ocu OB.

3a mpoMexkyToK BpeMeHH dt Teso coBepHuT MOBOPOT d@ BOKPYL OCH
OA u nosopor dgy Bokpyr ocu OB. Tak kak MaJible yIJIOBbIE [1€PEMEeICHHS
CKJIAJBIBAIOTCS KaK BEKTOPa, TO /sl CyMMapHOTO TOBOPOTA MOYKHO 3aIlUCATh
dg = dpy + dF. Paznenus obe yactu 31010 paBeHcTBa Ha dt 10Ty UnM

O =dy+d

Ocb, BOKPYT KOTOPO#i B JIAHHOM CJIydae BPAIAETCsl TBepIoe Tesio (¢ yr-
JIOBOII CKOPOCTHIO W) HEMPEPHIBHO MEHSET CBOE MOJOKEHHE B MPOCTPAHCTBE
(Tak ke Kak 1 ocb OA), M0dTOMY JlazKe KOIJIa 110 MOJLYJII0 CKOPOCTH Wy U w' He
MEHSIOTCs, TeJIO OyjeT 00/1a/1aTh YIJIOBBIM YCKOPEHHEM, TaK KaK (J MEeHSAeTCs
10 HAIIPABJIEHHUIO.

CB0060/1HOE OBU>KEHUE TBEPJOrO TeJIA.

JIist Ipou3BOIBHON TOUKH A Tesa (CM. PHCYHOK) MOYKHO 3aIlHCATH

Ra= Ry +T.

CKOpOCTb TouKHM A Tak K€, KaK U JIJIsd IIJIOCKOI'O JIBU2KCHU A, OlIpeae/iAeTCA
N3 COOTHOIICHUA



[Ipunumas 3a Ha49aJI0 CUCTEMbI KOOPJIMHAT ToYp2o PA3JIMIHbIE TOUKH TBEP-
JI0T0 TeJia (MM TOYKH BHE er0) MOYKHO MOJIYIUTh OECKOHEYHO GOJIBINOE THCII0
pa3JI0zKeHuil ero JBUKEeHHs Ha IOCTyIaTeIbHOe U Bparareabaoe. OT BbIOOpa
9TOM TOYKHU 3aBHCHT CKOPOCTBH Vj, HO yIJIOBasi CKOPOCTh (K YIJIOBOE YCKOpe-
HEE) OT BBIOOPA 3TOH TOUKY HE 3aBHCHT.

MoxkHo 110Ka3aTh, 4YTO IIPOU3BOJILHOE JIBUZKEHUE TBEPJOIO Tejia MOYXKHO
CBECTH K CYTEePIO3WINA BPAIATEIHHOTO JIBUKEHNS BOKPYT MTHOBEHHON OCH
7 TOCTYTaTeIbHOTO TepeMelieHns BI0Ib 3TOM ¥Ke OCH.

5.2 JIlmHaMuKa TBEPJOTO TeJia.

5.2.1 YpaBHeHNEe MOMEHTOB. 3aKOH COXPAaHEHWS MOMEHTA WNM-
myJIbCca.

PaccmorpuMm TBepioe Teo KakK CHUCTEMY YKECTKO CBA3AHHBIX MEXKy COOOi
MaTepruaabHBIX TOYEK. Y paBHEHUE JIBUZKEHUS T i-if MaTepuaabHON TOUKH
MacCChl 1M;AMeeT BU/I

e Fi- cymMma Bcex BHEITHUX CHJI, JIEHICTBYIONIMX Ha i-10 MaTepUuaabHyIO TOY-
Ky, fji- cmiaa, meiicTBylomas Ha i -10 MaTepHAJbHYIO TOYKY CO CTODOHBHI j
-ii MaTepHaJIbHOI TOYKHU T.e. BHYTPEHHAA cuaa. bymem momararb, YTO CHJIBI



B3aUMOJIeICTBUS SIBJIAIOTCS IEHTPAJIbHBIMHI, TO €CTh BEKTOPHI j?, u (75 —7;)
KOJIJTHHEAPHBI.
[Tocsie BEKTOPHOrO YMHOXKEHHS YPABHEHHS JIBUKEHUS HA PAINYC-BEKTOD
T; M IPOBEICHUS TMPOCTEHIINX MPeoOpa30BaHMil, MOTyIaeM % > omyT; X Vi =
K3

DT X Fi4 320 i X fij
i i it
Bemnunua L =Y m;7; X V; = 7 X pi(pi-uMmysce i-it MaTepuaibHoit
i i
TOUKH) Ha3bIBAETCH MOMEHIMOM UMNYALCA CUCTEMbI OTHOCHTEJBHO TOYKH,

BBIOpAHHO# 3a Hauano koopauHar. M = Y 7iXFi- MoMeHm SHEWHUT cun
i

OTHOCUTEJILHO TOW K€ TOYKH; BeJUYIHHA y » T3 X fi; sIBJISETCS MOMEHTOM
(]
BCEX BHYTPEHHHUX CHJI. JIErKO BHJIETh, YTO MOMEHT BHYTDEHHUX CHJI PABeH

HYJIIO.
To ecTh JOJIZKHO BBITIOJIHSATHCS CJIEAYIONIEE COOTHOIIEHNE:

dL. -
iy 'S
dt
STO YpaBHE€HUE Ha3bIBaCTCA YpasHeHUEM MOMEHTNOE.

B Tom ciiyuae, korjga cymma MOMEHTOB BCEX BHEITHWX CHJI paBHA HYJIIO,
[oJIy 4aeM

—

dL -
=M
dt ’

TO €CTb



-

L = const.

Taxknm obpazom, MOXKHO cHOPMYJINPOBATH 3AKOH COTPAHEHUA UMNYAb-
ca, 0000IIHUB ero Ha CUCTEMY TeJI:

“cyMMapHBINl UMITYJIBC CHCTEMBI TeJl OTHOCUTEIHHO HEKOTOPOl TOYKH TTPO-
CTPAHCTBA COXPAHAETCS HEM3MEHHBIM, eCJI CYMMAaPHBIE MOMEHT BCeX BHEIII-
HUX CUJI OTHOCUTEJIbHO ITOM 2Ke TOYKHM PpaBeH HYJIIO .

5.2.2 OcHOBHOEe ypaBHEHHE BpPaNIaTEJbHOrO ABUKe€HUsi. MoMeHT
WHEPIAHU.

Ecyin tBepjioe Tesio Bpamaercs BOKPYTD 3aKpeIIEeHHOW OCH, TO BEKTOPHOE
ypaBHEHHE MOMEHTOB CBOJIUTCS K CKaJIIPHOMY ypaBHeHuio. B qactaocTu, ec-
JIX OChb BPAICHUA COBIAIAeT C OCBI0 KOODAUHAT Z, TO

dL,
dt

= sz

rae L., M, - npoexkmun L u M ua ocb z.

[Ipu BpaleHun TBepAOro Teaa BOKPYT HEMOABUXKHOW OCH Z C YTJIOBOit
CKOPOCTBIO W CKOPOCTh KazKJ0# MaTepuabHON TOYKU m,;Tesa OyleT paBHA
Vi =w - p;, mae p; - ee paccrosinue 10 OCH 7z. [Ipoexiimst MOMEHTa UMITYIhCA
Ha OCb Z JIId 9TUX To4eK Oyuer paBHal,, = p;m;V; = wm,-p%. Tak Kak w
OJIMHAKOBA JI/Is BCEX TOYEK CHCTEMBI, TO MOMEHT UMIIY/IbCa BCEIO Tea OTHO-
CUTEJTbHO OCH 7Z PaBeH

LZ:ZLiZ:meip?:wJ

Bennauny
_ 2
J = Zmipi
(2

HA3bIBAIOT MOMEHTOM MHEPIUHU TeJla OTHOCUTEJIBHO 3aKpelieHHo# ocu. Mo-
MEHT WHEPINH SBJIAeTCS MepPOil MHEPTHOCTH TeJjia IPU BpallaTeJbHOM JIBU-
JKEHUN.

Takum obOpa3om, MoTydaeM OCHOBHOE YPABHEHUE BPAULATNEABHO20
deudtcenus Tesia BOKPYT 3aKPEIIeHHON OCH Z :

d(wJ)

)
dt



Tak Kak B3anMHOE PacCIioJIozKeHre TOYEK B TBEPAOM TeJie HEe U3MEHACTCA
CO BpeMeHeM, TO MOMEHT MHEPHUU ABJIACTCA HOCTOSSHHON BQJII/I“II/IHOfI, n

dw
JE =Je= MZ,
[Ipu HEIpepBLIBHOM pacipeae/IeHIN MacC /Il BBITUCIeHIS MOMEHTa HHep-
M1 IOJB3YIOTCA HE CYMMHUPOBaHUEM, a HHTEIrpupOBaHUEM IO BCEMY O6"beMy

TeJla 1 TOorJa AJid MOMEHTAa MHEPIHUNU MO2KHO 3alliCaTb:

J = /dem.

Teopema TI'toiirenca-IIlTeitnepa. Eciau u3pecren MoMeHT uHepun J,
OTHOCUTEJIbHO HEKOTOPO# ocu, NpoXojdineit depe3 IMeHTp MacC, TO MOMEHT
uHepIuu Tejia J OTHOCUTEbHO JI000i Apyroit ocu, mapaJuiebHO mepBoHa-
YaJIbHOW W HAXOAAIIEHCd HA PACCTOAHAU @ OT Hee, PaBEeH

J = Jo+ma2,

e m - Macca TeJa.

4

5.2.3 Tenzop nHepnumn.

Tenzop unepruu. [Ipeamonokum, 9T0 TBEpAOE TEJO 3aKPEIJIEHO TaKUM 00-
pasoM, YTO OHO MOYKeT BPaIaThCsd BOKDPYT HEKOTOPOil HEMOJIBUZXKHON TOUKH
O. BeesieMm B 1abopaTopHoii cucTeMe oTcUeTa JIEKAPTOBY CUCTEMY KOODIMHAT
XYZ ¢ nagajiom B 310ii Touke. [IpousBosibHag i-g TOUKa TBEPJIOIO T/ MaC-
cbl M; ByIeT UMETh CKOPOCTh U; = W X T3, TJe W - BEKTOP yIJIOBO CKOPOCTH
BpAIlleHNusT TBEPJOrO Teja, a T; - PaInyC-BEKTOP, MPOBEIEHHBIN U3 HaJaJa



KOOP/IMHAT B TOYKY, IJle B JIAHHBIIT MOMEHT BPEMEHW HAXOJIUTCHL-S MaTepH-
aJibHast ToYKa. MOMEHT UMITY/IbCa 3TOM TOYKHM PaBEH IO OINpe/IeICHUIO

Li = m X T = miTs X (& x 75) = m; [ (7)) — 7 (Fd)] -

BekTopsr E,(D,FiMomHo paccMaTpuBaTh KaK B IPOEKIUSX HA OCH JIabo-
paTopHOIl cucTeMbl KoopamHAT X YZ, TaK W Ha OCH CUCTEMBI TyZ, KEeCTKO
CBSI3aHHON C TEJIOM.

[Tepenuiiiem Bbipakenue Jijist [_;Z B IIPOEKIUAX HA OCHU KECTKO CBA3AHHOMI
C TEJIOM CHCTEMBI KOODIMHAT TYZz, HAYaJI0 KOTOPOil JiexkuT B Touke O. Yuu-

ThbIBad, 9TO

(1) =o; +y; + 2,8 W = 2w, + Yiwy + 2iw,, HOTyIaeM

Liz = my; [we (22 + y2 + 22) — 2i(viw, + Yiwy + ziw,)] =
= m; [we (Y7 + 27) — 2wy + Tizw.)]

Liy = m; [w, (%2 + 212) — TiYiWy — YiZiwz)]

Liz = mj [w. (07 + 47) — ziziws — yiziwy)] -

MowmeHnT HMIIYJIbCa BCEro Tejla paBeH CYMMe€ MOMEHTOB HMMITIYJIbCOB BCEX
dJIEMEHTapHbIX MacCC. B MAaTPpUYIHOM BHJIE MO2KHO 3allUCaATb.

Lx J:vx J:L"y J:L"z Wy
L, = Jyo Sy Jys Wy =
Lz sz Jyz Jzz Wz

Somi(yi +27) = ma () — 2y (i)
— | =X mi(ya) Yo (af+27) =2 ma (yizi) X | wy
=>omi(ziwy) = omi (i) Doy (zF +y7) W

CoBokynnoctb 9 Bewand Jyg, Joy, Jozs Jyzs Jyy, Jyzs Jo, Joy, J22 Olpene-
JISIET MEH30P UHEPUUL

_ JICL’ Jﬂcy Ja:z
J=\ Ty Jyy Jy:
Jzac Jzy Jzz
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OTMQTI/IM, Y9TO BbIpazKeHue J1Jisd MOMEHTa UMITYJIbCa IIPpUHUMaET TOYHO Ta-
KOil yKe BHUJI, eCJIU BEKTOPHI E, W, T TTPOEIIPOBATH Ha OCH JabOPATOPHOH CH-
creMmbl KoopnHaT XY Z. OTindne 3aK/II09aeTCA B TOM, 9TO B IMOKosIeiics J1a-
O0paTOpHOil cucTeMe KOOPJAMHAT IIOCTOSHHO MEHSIOTCS KOOPAUHATHI T, VY;, 2
KazKJI0ro 6ECKOHETHO MAJIOTO 3JIEMEeHTa TeJa, IOITOMY B KOMIIOHEHTHI TeH30-

pa J MeHSIOTCS €O BpemeHeM. B BeIOpaHHOiT cucTeMe KOOpMHAT LYz pauyc-
BEKTOD T; - HEU3MEHHAsl BeJIMUUHA, & IIPOEKIUU YIVIOBOH CKOPOCTU Wy, Wy, W,
MEHSIOTCSI CO BPEMEHEM.

Jnaronajbnabie 3JeMeHTHI TeH30pa Jyq, Jyy, J.. HazbpiBaoTCsS ocesbvimu
momenmamu urepyuu.Hequmaronaapusie smeMeHTrL Joy, Jyz, Jozy Jon.Jyzs oy
HA3BIBAIOTCI UEHMPOOEHCHBIMU MOMEHMAMU UHEPUUL.

Temsop uHepnuu ABIAETCA CUMMETPHUHBIM, TaK KaK Jgy = Jyz, Jos
oz Jyz = Juy.CHUMMeTpUYHBII TEH30D BCerja MOXKHO HPHBECTH K JIHAro-
HaJbHOMY BHJLY, TO €CTh BHIOpATH TAKYIO CHCTEMY KOOPIMHAT, OIPEIEIeHHY O
¢dopmoii Testa, B KOTOPOIl Bce HeTHaroHaJbHbIE 3/IeMEHTHI OY/LyT PaBHbLI HYJIIO.
CooTBeTcTBYIONINE HAITPABICHU KOOPIUHATHBIX OCeil HA3bIBAIOTCS 2/4a6Hbl-
MU OCAMU UHEPUUU, & BeJUIUHE J, = Juu, Jy = Jyy, J. = J., - anae-
HOLMU MOMEHMAMU UHEPUUY. OCH, IPOXOIMIINKE Yepes3 [MEeHTP Mace TeJia,
OyaeM Ha3BhIBATH UEeHMPAALHBMU OCAMU, & OCH, IPOXOIAIINE YepPe3 IEHT]
MacC ¥ OJJHOBPEMEHHO SBJISIONINECS TJIABHBIME, OY/eM HA3bIBATh 2.4a8HbLMU
UEHMPAADHBLMU OCAMU.

5.2.4 Bpamienune BOKpPYr 3akpenJjieHHOl ocu. CBA3b MEXKAYy MO-
MEHTOM MHEPHUHU U KOMIOHEHTAMU T€H30pa WHEPIINHU

Paccmorpum Bpatienue TBeporo re-
Jla OTHOCHUTEJIbHO HEKOTOPO# 3aKpeIlIeH-
Hoit ocm AA’, mmeromeii mpPOM3BOIBLHOE
HallpaBJieHHe B IpocTpaHcTse. [Ipemcra-
BUM PaJINYC-BEKTOP - MaTepruaIbHOU TOU-
KM Maccel dm B Buje 7 o= d; + Di, L€
d;||&, p;Ld (BexkTop J HANpPAB/IEH BAOJIH OCH B COOTBETCTBHU C IPABUJIOM
npaBoro BuHTa). Tak Kak och AA’ 3aKkperieHa, TO JMHefHAsT CKOPOCTh TOY-
KI [MepHeHIuKY/IsIpHa 3TOi OCH M paBHA U; = W X p;. Ilpeamomoxum, 9To B
JKECTKO CBSI3aHHOM ¢ TeJIOM cucreme KoopauHaT zyz ock AA’ (em puc. 5.2.4)
JIEZKUT B IJIOCKOCTH IY, & TEH30pD MHEPIUU UMEET JMarOHaJ bHbI BHJL
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BekTop yrioBoit ckopocTH Oy1eT uMeTh KOMIOHEHTH & = {w,,w,,0}. B
cooTBeTcTBuu C L, = Jyw,, L, = Jyw, L, = 0. Otcioga ciaenyet, 910 B 00-
wem ciaydae (J, # J,) HaupasjieHHe BEKTOPA MOMEHTA UMILYJIbCA, JIAZKe LHPU
BpAIlleHNH BOKPYT 3aKPEIJIeHHON OCH, He COBIA/IaeT ¢ HAPABIEHHEM BEKTO-
pa yrioBoit ckopoctu. Kpome Toro, B pacCMaTpUBAaeMOM CJIyUIae MOJIOKEHNE
BEKTOPAa L ecTKO CBA3AHO ¢ TEJIOM. [TosTOoMy npu BpaleHuu Teja BEKTOp
MOMEHTa UMIIY/IbCa MeHsIeT CBOe HallpaB/ieHHe B IIpocTpancTBe. KoHer 3Toro
BEKTOPA OIIMCHIBAET OKPYZKHOCTD € HEHTPOM, JexkaimuMm Ha ocu AA’. Bekrop
L Tax JKe, KaK U PaJInyC-BEKTOD, YI00HO PA3/I0KUATH HA JBE COCTABJISIONIIE —
OJTHY, COBIIQIAIOIILYIO C BEKTOPOM YTJIOBOil CKOPOCTH (W, U APYTYIO, MEPIEH/ -
KYJISPHYIO K HEMY, T.€. L=Lxy+L,.Bsrou cJydae BEKTOPHOE ypaBHEHHE
MOMEHTOB MOYKHO Pa30UTh Ha JIBa CKATAPHBIX ypPaBHEHUSI:

dL A4
dt AA’, ( )
dL |
— =M. 3
dt + )
3mech My — mpoekIiusi MOMeHTa BHeImHuX cii Ha ock AA’ (Brirodas

CHUJIBI TPEHUS B OCH). DTO ypaBHEHUE MOJHOCTHIO ONMUCHIBAECT BPAIIATEIHHOE
JIBIZKEHUE TBEPJIOTO Tesia BOKPYT 3akperyiennoit ocu. [locme mpencrasienns
Lay = wd, e J — MOMEHT WHEPIUU Tejla OTHOCUTEJIHLHO 3aKpeIJIeHHON
ocH, ypaBHeHue (2) IpUHAMAET BH/

B ypasuenun (3) M, — 970 nepreHanKy/spHasi MPOEKIHsi CyMMapHOTrO
MOMEHTa, BHEITHUX CHUJI, BKJIOYas CHJIbI YIIPYTOCTH, JIEHCTBYIONINEe Ha TeJso
€O CTOpOHBI OcH. Hanmmume 3TOro MOMeHTa NPUBOAUT K HOBOPOTY BEKTOPA
L Bokpyr AA’. Ypasuenue (3) HEOOXOIUMO peIllaTh, €CJIU BCTAET BOIPOC O
nedbopMaIuax, BO3HUKAIONIUX B OCH.

3HaueHue MOMEHTa MHepUUK J TBEpIOro Tejia OTHOCUTEJbHO HEKOTOPOil
0OCH, MOXKHO HaiiTH, 3Hasi HAIIPABJIEHUE ITOW OCH B MPOCTPAHCTBE W 3HAYEHUS
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KOMIIOHEHT TeH30pa MHepuuu. BhipasuM MOMEHT MHEPIMH OTHOCHTEILHO 3a-
kpemienHoii ocu AA" (em.puc.5.2.2), mpoxosieil Yepe3 HAYAI0 KOOD/MHAT,

qepe3 KOMIIOHEHTHI TeH30pa J.
Jlutst 3TOTO 3aIuIeM:
Lywy + Lywy + Low,

LAA’: :LCOSQS‘,
w

-

rje 9 - yroa Mexkay Bekropamu L u .
Bocuosib3yemest coorHOIIEHusIMEI

LAA’ =wdJ
Laar =Ly -cosa+ Ly -cosB+ L, -cosv,

Wy =W COSQ, Wy =w:-cosf3, w,=w:-cos"?,

a, 3,7— yrasl, onpejaensionye nojaoxkenne ocu AA’ orHocUTENBHO Oceit
KoopauHaT. B obmeMm ciaydae, KOrga OCH CHCTEMbI KOOPIHHAT HE SBJISIOTCSH
[JIABHBIME OCSIMHE, TOJTYYaeM:

J = Jypcos® a+ Jy, cos? 3+ J., cos® v+
24y cos acos B + 2J,, cosacosy + 2J,, cos 3 cosy

5.2.5 CsobogHble ocCH.

Ocu Bpaienust, KOTOpble B OTCYTCTBHE KAKUX-IHNO0 CBsA3€il MOTYT COXPaHATH
CBOE IOJIOKeHHEe B IIPOCTPAHCTBE, HA3LIBAIOTCI CB80O000HBLMU OCAMU TeJa.

YeroitunBoe BpallleHre TBEepPIOro Teja HaOJIIIaeTcss OTHOCHTEIHLHO CBO-
00/1HOI ocu, umelolieil Jnbdo MakKCUMaJIbHbIN, JMOO0 MUHUMAJIbHBIE MOMEHT
uaepruu. st ocu, OTHOCHTE/JILHO KOTOPOW TEJI0 MMeeT CPeJIHUil MOMEHT
WHEPINK, Bpallenne Oy/1eT HEyCTORIUBBIM.

5.2.6 CmnocobsI pacueTa MOMEHTOB WHEPIINN U MOMEHThI NHEPIINN
HEKOTOPBIX TeJl

[Ipu ompenesieHHE MOMEHTa WHEPIUU TeJa MPOU3BOJIBHON (POPMBI OTHOCH-
TeJIbHO HEKOTOPOU OCU ero OObIYHO MPEeJICTAB/IMIOT B BUJIe COBOKYIIHOCTH Ma-
JIBIX 3JIEMEHTOB, HAXOISAT MOMEHT MHEPINN KarK/I0T0 3JIeMeHTa OTHOCUTETHHO
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BBIODAHHON OCH U, 3aTeM, IPOBOJAT CyMMHUDOBaHUE (WM WHTEIPUPOBAHUE)
1Mo Bcemy oObemy Tesa. Ecau dopma Tena sBisieTcsl MPaBUJIBHON reomMer-
pudeckoii purypoii, To IpoIecc BbIYUCICHUsS BEJIUYUMHBI MOMEHTA WHEPIUU
3HAYUTEIBHO YIPOIIAeTCs, & HWHOTAA MOT'YT OBITh MCIIOJIb30BAaHBI HEKOTOPbHIE
CIeIuaabHble CIOCOOBI, KOTOPBIE Ha OTIEJbHBIX MPUMepax OYIyT pacCMOT-
peHbl HUZKE.
IpsAMOe WHTErPUPOBAHNE;
UCIIOJIb30BaHus 1101001 DUryp;
HCIIOJIb30BAHUE CBA3UM MEXKJIY MOMEHTAMU HHEPIHUH OTHOCUTEJTHbHO Pa3/IHd-
HBIX OCelf;

Wcnonib3oBanue cuMMeTpun Tel.

1* Onpenenenne MOMEHTa MHEPIUHN TOHKOTO CTEPYKHS, OTHOCHU-
TEJIBHO OCH, IPOX0osleil yepe3 ero cepeauny (mpsMoe HHTErPUPO-
BaHUe).

[Tycts ToHKMit cTepxkens nmeer aauny | w maccy m. Pasmenum ero Ha
MaJible 3JIEMEHTBI JTHHBL dr, Macca KOTOpeIX dm = Fdx. Ecim BeiOpanHbIii
9JIEMEHT HaXOJUTCA Ha PACCTOSHUU X OT OCH, TO er0 MOMEHT uHepiuu dJ =
x2dm, T.e.

dJ = TZL'ZdZ‘.

Uurerpupyst nocsepnee coorHonenue B upesesnax or 0 10 1/2 u yaBanpast
HOJIy9eHHOe BhIpazkKeHue (JJIs1 ydeTa JeBOi MOJOBUHBI CTEPKHS ), MOJLY IUM

1/2
m m a3 | 2 mil?

J=2[ —a?de =2— = = —.
/zx TTET S 12

0

2* OmnpeaejieHue MOMEHTA MHEPIMU TOHKOTO CTE€P>KHS, OTHOCH-
TEJIBHO OCH, Ipoxondineii yepe3 ero cepenuny (memod nodobus).
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2" 2 Al 2

Bynem cumrarh, 9TO paccMarpuBaeMblii CTep:KeHb COCTOUT U3 JIBYX MOJIO-
Bun. Kaxnas u3 wux nmeer maccy m/2 u piauny (/2. Beipaxkenue st Mo-
MEHTa WHEPINHU CTEePKHS JIOJZKHO BKJII0YATH €r0 Maccy ¥ JJINHY, TaK KaK 3TO
eJIMHCTBEHHbIE TTapaMeTPBI, OIPeIeIAoNIne ero NHEPIMOHHBIE CBOUCTBA IPH
Bpammenuu. [IycTb

J = kml2,

rae k — Hem3BeCTHBIH K03(UIHEHT.
Jlist Kazk 1011 U3 1OJI0BUH CTEPKHS IPU BpalleHun BOKPYT ocu A A’ MoxKHO
HaflTH MOMEHT WHEePIUU, Ucnoab3ys Teopemy ['oiirenca—IlITeiinepa:

G (LY m (LY
%9\ 2 2 \4)

[ToTHBLIIE MOMEHT WHEPIUH CTEPKHS

Jean—a (k™ (1) 1 (LY
G 2\ 2 2 \ 4

Ho sToT ke MoMmenT mueprun, paser kml?. To ectnb

o (Y o (1Y e
2 \2 2 \a) — """
WIn g + %6 = k. CieoBaresibHO,

k=,
12

re.J = %mlg, 4TO COBHAJaeT C BbIparKEHHWEM, MOJYYEHHBIM B pe3yJibTaTe
MIPAMOTr0 UHTETrPUPOBAHUS.
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3* MOMEHTHI MHEPIINU PSIMOYTOJIbHOM IJIACTUHBI OTHOCUTEIHHO
IJIaBHBIX [EHTPAJIBHBIX Oceil (IMCIoIb30BaHNe CBA3M MEXK Iy MOMEH-
TaM¥ MHEPIMU OTHOCHUTE/JILHO PA3JIMYHbIX Ooceil). [[1g pacyera MOMEH-
TOB MHEPIMH MPAMOYTOJbHO IJIACTHHKU CO CTOPOHAMHU a U b u Maccoit m
BBIOEPEM CHCTEMY KOOPJAMHAT TaK, YTOOBI €€ OCH COBIAIAH C TJTABHBIMHE IIeH-
TPAJIbHBIMU OCSAMHE (CM.pHC.). /151 IpSMOYTOIbHOMN MJIACTHHKH JIETKO BBIUUC-
JINTh MOMEHTBHI MHEPIIUU OTHOCUTEIbHO oceit z u y. Paccmorpum, nanpumep,
pacder J,. I[L1acTHHKY MOXKHO IIPeJICTaBUTH KaK COBOKYITHOCTH TOHKHUX IIO-
JIOCOK, JIJIsI KaXKJI0i M3 KOTOPBIX MOMEHT WHEPITUU BBIUUCTIETCS TaK 2Ke, KaK
JIJISI TOHKO# TMAJIOYKU JIUHBI ¢. MOMEHT WHepIuN MIACTHHKA OTHOCUTETHHO
OCU T PaBeH CyMMe MOMEHTOB MHEPIUHU ITUX HOJIOCOK, T.€.

Jo =3 Ju, = 15 (dm) a* = 5 ma® :

AHaJIOrNYHO BBIYUCJIAETCI MOMEHT nHepnuu 1aa-
CTHHKH OTHOCHTEJIbHO OCH Y

1

Jy = —mb>. —

12

JI1st BEIYMCIEHNsT MOMEHTa WHEPIWHU TLJIACTHHKA
OTHOCHUTEJIHHO OCH 2 BOCIIOJIb3yeMCs CJIeYIomuM npueMoM. PacecMorpuM Ma-
JIBI 371eMeHT Macchl 0m. Ero MomenT mHepnum O J, OTHOCHUTETBHO OCH 2
paBeH

0J, =om (ZL’2 + y2) ,
T.e. MOXKHO 3aIllHCATh, YTO
§ Jp = dma® + omy* = 6.J, + 6J,,

rae 0 Jy,0 J, — MOMEHTBI HHEPIUH ITOIO MaJIOrO
9JIeMeHTa OTHOCUTE/IHHO Oceil y u T.

DTO Ke COOTHOIIEHNEe CIIPABEINBO He TOJIBKO JJIsT OTAEILHOTO JJIEMEHTa,
HO H JJIs JTI0OOI0 IJIOCKOTO Tejia B IeJioM. B 3ToM J1erko ybeauThes, mpe/i-
CTaBJISASA IJIOCKOE TeJI0 KaK COBOKYIHOCTH OTJEJbHBIX MAaJBIX 3JIeMEHTOB U
IPOU3BO/sI CYMMUPOBAHUE TI0 BCEM ITUM 3JIEMEHTAM.

Takum obOpasom, mojrydaemM OKOHYATEIbHOE BhIparkeHue st J,:
1

J, = Em (a2 —1—62).
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4* MowmeHT mHepruu miapa (MCIOJH30BaHWE CHMMETDPHUU TeJ).
CmtormHol ap Macchl M u pajamyca R MOXKHO paccMaTpuBaTh KakK COBO-
KYIHOCTH OECKOHEYHO TOHKUX C(HepUIeCKUX CJI0EB ¢ MaccaMu dm, paJuyCcoM
r, TOJIAHOR dr.

PacemoTrpum Mastsii smeMeHT chepuaecKoro ¢aos ¢ m ¢ KOOpIHHATAMHE T,
Y, . Er0 MOMEHTHI MHEPIUH OTHOCUTEIBHO OCEll X, Y, Z, IPOXOJIAIINX Yepes
HeHTp ciaost — 0J,,0J,,0.J,, paBHbI

0J, =dm (y2 + 22) ,0Jy = o0m (x2 + 22) ,0J, =dm (IQ + y2) )
Takum oOpaszom, MOXKHO 3amucaTh
0y +0Jy +6J, = 20m (x2 +y? + 22) )
Tak Kak a5 37aeMenToB cdepraeckoro cios x2 + y? + 22 = 2,10

0Jy +0Jy +6J, = 26mr?.

[Tocsie maTErpUpOBaHUs 110 BCEMY O0bEMY CJIOS MOy YUM

dJ, +dJy+dJ, = 2dmir?.

Tax Kak, B cujly cUMMeTPUH Jijisd C(PepuuecKoro cjos

dV Ar r2dr
sz:dJy:dJZ:dJ,a dm:mvzmw,
TO
ridr

2
dJ = gmeQ =2m 5

Nurerpupys 1o Bcemy oObemy 1apa, 1moJjiydaem

R
ridr
Jz/dJ:/Zng.
0

OxonuaTesbHO (T0CIe HHTerPHPOBAHNS) TIOJYYNM, YTO MOMEHT HWHEPIIUH
mrapa OTHOCUTEJIBHO OCH, MPOXOAMAINeil 4yepe3 ero MEeHTP paBeH

2
J=-"mR?
5
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5.3 Kuneruveckasa 3Heprusa TBEpPAOTO TeJa.

5.3.1 KwuHeTrndeckad 3Heprusd BPaNIAlOIIEerocsa TBEPAOrO TejJaa U pa-
6oTa BHEITHUX CHJI.

CkopocTb i-if 9acTHIlbl Te/1a, BPAIIAIOIIEroCs BOKPYT 3aKPeIJIEHHONR OCH PaB-
Ha

Vi = Wp;g

Kunernueckast sneprusi

K — ZmQUZZ :%Zmzp?uﬂ

TaK KaK yIJIOBasd CKOPOCTH BPAllleHUd Jid BCEX TOYEK OJIMHAKOBA
DjieMeHTapHyI0 PabOTy BHENTHEl CHJIbl HaiigeM Kak HmpupalieHne KuHe-
TUYECKON SHEPIruM TeJia

1
0A=d (§Ju}2) = Jw - dw = Mywdt = M dy

5.3.2 KwuHernmueckad 3Heprud IIPHU ILIOCKOM JIBUXKEHUU TBEPIOTO
Tejaa

Tak kak cymMMapHBIil UMITY/JIHC YACTHUI[ B CUCTEME IEHTPa MacC paBeH HYJIIO
(>-m;u; =0 ), To B cucTeMe TEeHTPa MACC KHHETHYECKAsh SHEPrUs PABHA
i

mi? m (T + ;)° m (T + 20yi; 4 ©2)
T 2 5 2 5 2
Muv? N Jow?
2 2

3/1eCh Ug- CKOPOCTH LEHTPa MAacCC.

TeopeMa KeHI/II‘a HpI/I IIJIOCKOM JIBHU>KECHHNN TBepﬂOFO TeJla KHHETHUYEeCKad
SHepFI/IH paBHa CyMMe KUHETUYCCKON SHepFI/H/I HOCTyHaTeJIbHOFO JABUZKEHUA
U KHHETHYIECKOIl SHEePIuH BPaIaTe/IbHOI'O JIBUKEHUSI.
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5.4 T'mpockoribl, BOJTYKH.
5.4.1 JIBu2keHue rupockKoIiia.

['upockon — OBICTPO BparIaloneecss CAMMETPITHOE TBEP/I0e TeJI0, OCh Bpale-
HUsL KOTOPOI'O MOYXKeT U3MEHsITh CBOE HAllpaBJ/IeHHE B IIPOCTPAHCTBE.

[Ipu ObicTpOM BpallleHUU BEKTOPbHI L NgWOBIAIAIOT 0 HAIPABJIEHUIO —
00a HaIpaBJIeHbI BJOJb OCH T'HPOCKOIIA.

[Ipeneccus rupockomna 1o, JeiicTBU-
eM BHemrHUX cui. [lpubiuzkennas Teo-
pusi.

Paccmorpum nosejienne rupockoria, mo-
Ka3aHHOTO Ha pucynke. llpu jeiicTBun
Ha HETO0 MOMEHTA BHEIIHUX CHJ CO Bpe-

= > MeHEM MeHSeTCs HalpaBJIeHHe BEKTOpPa
M%Q:QJE E::’\"ia.;u{' MOMEHTA, KOJIMYECTBA JIBUKEHUSI B COOT-
B ?E*-?T BETCTBUH C YPABHEHHEM MOMEHTOE.
L=lx &l [Tocko/IbKY BeKTOPHI L ngWpaKkTHIECKT

COBIAJIAIOT 10 HAIIPABJIEHUIO, TO TEJIO0 I'M-
pockoma OyJeT coBeplIaTh BpalllaTeabHOe JIBUKEHHE BOKPYT BEPTHKAILHOM
ocu. ['0BOPAT, ITO TUPOCKOII COBEPIIAET MPEIECCHIO.

[IycTh yriioBast CKOPOCTbH HPEHECCUU PaBHA Os TorIa

AL = [ﬁ X E] - dt
MMOCKOJIBKY

dL
dt

ypaBHEHNe, ONNCHIBAIOIIEE MPETECCH0 THPOCKOTA

= M, nony4aem

6] = ¥,

B 9acTHOCTH, e/ U3BeCTeH MOMEHT HHepPIHH THPOCKONA I ero yIJoBas
CKOPOCTD BPAIIEHNS, MOYKHO 3aIMHCATD
0 M M
L Jw’
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5.4.2 T'mpockomnmyeckKkue CHUJIBI.

PaccmoTpuM Bo3zeiicTBHe IMPOCKOIA Ha PaMKy, B KOTODOiIl OH 3aKpeIlTeH.

[Ipu moBopote pamku Bokpyr ocu OO’ OyaeT moBOpavYnBaThCA U OCh THPOCKO-

a4 M, COOTBETCTBEHHO MEHSITH CBOE HAIPABICHUS BEKTOP MOMEHTa KOJHYe-
dL

crBa apuzkennd. COrmacHo ypaBHEHHIO MOMEHTOB & = M moBopoT BeKTOpa

L 00yCJIOBJIEH JIEHCTBHEM HA THPOCKOI MOMEHTa cuji M €O CTOPOHBI PAMKH.
Bosunknosenue Moventa M 00yCJIOBJIEHO JIeficTBHEM TaphI cunk , TOKa3aH-
HBIX Ha pucyHkKe. B coorBercTBHM ¢ TpeThuM 3aKOHOM HbIOTOHA CO CTOPOHBI
OCH TIPOCKOIIA HA MOIIMMIUMHAKY KPeTIeHus OyIyT 1eiicTBOBATH CHJIBI F'.Stu
CUJIBI HA3BIBAIOT rUpocKonmdeckuMu. logBienne rupockonunueckux CUI Ha-
3pIBAIOT rupockonmieckuM dddexrom. OH nposiBsiercss y poropoB TypOuH
Ha KOpabJisiX HPU [MOBOPOTAX M Ka4dKe, y BUHTOBBIX CAMOJIETOB HA BHPazKax.
OH ke sBJIsIeTCS] TPUIUHONW TOTO, YTO THPOCKON B KapJIaHOBOM IIOBECE CO-
XpaHgeT HAIPaBJeHHe CBOEr0 BPAIleHNUs HE3aBUHCHMO OT MOBOPOTA MOJBECA.

|10’

it

[Ipumenenne TUPOCKONIOB — THPOKOMITAC, THPOBEPTUKATH, THPOTOPU3OHT,
TUPOCKOTINYECKHUIT YCIIOKOUTEIb KAuKHu.

5.4.3 Bouukmn.

Bosrakamu Ha3hIBAIOT OBICTPO BPAIIAIONIAECS OCECUMMETPUYHBIE TeJla, HMeo-
IUe OJHYy TOYKY OIOpbI. BaKHBIM OT/IMYHEM OT F'HPOCKOIOB SBJISI€TCS TO, 9TO
B 00IIIeM cJIydae BOTUKH He UMEIOT HHU OJHOU HemOABUKHON TOUKU. OOBIYHO
IEHTP MacC BOJTYKA PACIOJIATAETCS BBIIIE TOUYKH OMOpHI. /I ycToitanBoro
BpallleHusi BOJIYKY HYZKHO COOOIIUTDH J0CTATOYHO ObICcTpOE Bpalenue. B aTom
CJIy9ae BOJTUOK B IIPOIECCE IBUYKEHUST CTPEMHUTCSI 3aHATh BEPTHKAIBHOE T10JI0-
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skenue. [IpuanHOi TaKOro ABUKEHUS BOJIYKA SIBJISIETCs] CUJIA TPEHUS CKOJIb-
skernst. Cuia TpeHusl CKOJIbYKEHNsT CTPEMUTCS YCKOPHTH MPENeCCH0 BOTIKA,
9TO MPUBOJIUAT K MOJHATHIO IEHTPa Macc BoTYKa. Benrmdanaa yrioBoit cKopo-
CTH, IPA KOTOPOil HAO/II0/IaeTCsd yCTOIINBOE BpallleHne BOTIKA, OIpe/Ie/IaeT-
csl er0 TeOMEeTPUIEeCKUMHU pa3MepaMu.
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