MaBal

dusnyeckaa npumpoaa rUPOCKOMUYECKUX SIBJIEHUM,

“knaccuyeckune”’

OBYX- U TpexcTeneHHble NMMPocKonbl C ObICTPOBpAaLLalOLLUMCA POTOPOM

1.1. T'mupockonu4YecKUd MOMEHT B THPOCKONAX € OBLICTPOBPAIIAIIIMMCS

poropoM, rupockonbl Jlarpan:ka, Jiijiepa

Kpamkue ceedenus no meopuu

Pusnyeckas npupoaa rupOCKONUYECKUX SABICHUN - JEUCTBUE
KopronrcoBbIX CHII HHEPLIMU HAa TUPOCKON C KHHETUYECKUM
MOMEHTOM H mpu Hanu4um yrimoBoi ckopocTu @, (puc.l.1)

M[’ :[I_—I ><(I)e]

I'mpockonuyecKui MOMEHT

VYrnoBasi CKOPOCTh Tpeleccuu (Win
JIPYyTHE TTapaMeTPhl) MOKET ObITh
HaWJIeHa U3 YCIIOBUs paBeHCTBa M-
¥ MOMEHTAa BHEIIHUX cui M

 Tsxennlii rupockon (azpanica) -
TPEXCTENEHHOM TUPOCKOI, 3aKPEIJICHHBIN B
HENOJBW)KHOU TOUKe (puc.l.2), meHTp macc z
WIN Yz KOTOPOTO CMEIIEH OTHOCUTEIBHO
TOYKHU I1OJBECA I10 ITITABHOU OCH

» ActaTnueckuii rupockon (Jitriepa) -
TPEXCTENIEHHON TUPOCKOTI, 3aKPEIICHHbBIN
B HEMOJIBMKHOU Touke (puc.l.2), neHtp
Macc KOTOPOTro COBHAAAET C TOUKOM
noaseca, Z-=0, y-=0.

M, =H®o.sind (12)

(1.1)

Puc.1.1. HanmpaBnienue nevicreust M- u
HalpaBJIEHUE NPELECCUU THPOCKOMA
(1.3)

AN

X

Puc.1.2. I'mpockon Jlarpanxa (z #0, Yy #0) u rupockon
Oinepa (2:=0, y-=0) npu 6a30BOM BEepTUKAILHOM U
TOPU30HTAIILHOM TOJIOKEHUH OCH TUPOCKOTIA




2 a2
Kunern4eckasi SJHepIrusi THPOCKONA _ 2,0 p= 1 i o2
Jlarpamsxa win Ditnepa ¢ 6a30Boi E = Acos” 3 57 A? + EC(B)(Y +asinf)” (14)

BEPTUKAJIBHOU (TOPU30HTAIIEHON) A=B,C nm A=C, B—- MoMeHTbI HHEpLIUU TUPOCKOTIA

OopHUeHTalen ocu BpaiieHus (puc.1.2) ¢ 6a30B0i1 BEpTHKAJILHOI (rOPH30HTAILHOI)
OpUEHTALMEN OCU BpalLlCHUs

O0001IeHHBIE CHJIBI

Q, = 1,4 + Mgzs sina.cos B + Mom, cos m,t (1.5)
ba3oBoe nonoxxeHue

OCH 6EPMUKANLHO Qp = _HBB + Mgz sinfcosa + Mom cosat, (1.6)

"| Ba3zoBoe MONOKECHHE Q, =—H, 6+ Mom,cosw,t  (1.7)

OCH 20pusoHmansho Qg = —HBB — mgyc cosa.cos P + Mom, cosmt, (1.8)

YpaBHenus aBu:KeHus: rupockona Jazpanica
Ba30BO€ HOIOKEHHIE AG.cos? B+ & — Aapsin 2B + HBcosp = mgze sina.cos B+ Mom, cos,t, (1.9)
OCH GEPIMUKATLHO AB + pgB + Ad.” sinBcos B — Hecos B = mgz sinBcos o + Mom, cos ayt, (1.10)

H = C(y+ asinB) = const

Ba30BOE HOIOKEHIE Adc.cos® B+ p,a— Aapsin2p + HBcos 3 = Mom, cos mt, (1.11)
OCH 20pU3ORMATBHO AB + paB + Ac? sinBcosB — Hé.cosB = —mgy cos o.cos B + Momy, cosant,  (1.12
K C 1 i, (1.12)

H = B(y + asin) = const
Ko puuuent nemndpupoBanusi Hop) = Hogop) T 02(Hmax + Hmin) + 0,5(Hmax — Kmin)€OS ppt (1.13)

YpaBHeHuUs1 IBHKEHUST AG.cos% B + p, & — Aapsin2 + HBcosp = Mom, cosm,t, (1.14)

rupockona Jitiepa . :
P P AB + B + AG.® sinpcosP — Hécos p = Mom, cosat, (1.15)

gepmuxare H = C(y +asinp)=const 2opusonm H = B(y + asinf) = const



IIpakTyeckue 3agaun 1-ro ypoBHsI CJI0KHOCTH

Ilpumep. Bomuok macchl M =1 ke BpaiaeTcsi IpOTUB YaCOBOM CTpEIKU BOKPYT cBoeit ocu OA
C MMOCTOSHHOM yI710B0# ckopocThio Q = 200 ¢ 1. Ocs OA HakIOHEHA K BEPTHKAIIH IO YIIOM 0.
Touka O HenonBwxkHa. LlenTp macc C Bouka HaxoauTcs Ha ocu OA Ha pacctosauu OC = a =
0,01 Mm. MomeHT nHepuuy Boauka otHocuTeabHo ocu OA pasen J = 0,005 H-m-c?.

Onpenenuts dgudicenue, modynv u HanpasiaeHue yriioBol ckopoctu m, ocu OA, monaras
YCKOPEHUE CUJIBI TSHKECTH paBHBIM g ~10Mm/c?.

Ipumep pewienua npakmuueckou 3adaqu

HanpaBienne momeHnTta M BHEMIHUX CHJI ITOKAa3aHO HA PUCYHKE.
Mo1ys1b MOMEHTA BHEIITHUX CHJI:

M = mga sin®.
HaHpaBJIeHI/IC T'IPOCKOIIMYICCKOTO MOMCHTA OIIPCHCIIACTCS

comtacHo (1.1) u moka3aHo Ha PUCYHKE.
Mopyinb rupockonuueckoro momenTa o (1.2):

M, =H®,SinO, rae kunernueckuit MoMeHT rupockona H = JQ.

N3 ycnoBus (1.3) paBeHCTBA MOMEHTA BHEIIHUX CHJI U
rupockonnyeckoro Momenra M = M. nmomyunm:

mga _ 1-10-0,01 _ O,lc_l
J2  0,005-200

Omeem. Och TUPOCKONIA BpalaeTcs BOKpYr BepTukain 0Z mpoTUB 4aCOBOM CTPEJIKH,
OIUCHIBAsI KPYTOBOM KOHYC C MOCTOSIHHOW YITIOBO# CKOpocThio m,= 0,1 ¢,
BekTop ®, HampasieH no 0z.

mgasin 0 =JQwsin0 = ;=

ITO MpenecCHOHHOE BpPAIleHHE MOKHO NMPOMOAEJIHUPOBATH ¢ MOMOIILIO NMPOTrPaMMbI
AUHAMMYECKON Bu3yaausanun ’Gyro-V”, 3ajaB cOOTBETCTBYIONIUE MAPAMETPBI.


gyro_v-зад 1-1/gyro_v.exe

Balla‘ll/l A CAMOCTOATCIBHOI'O PCIHICHUSA

3aoaua 1.1. YriioBasi CKOpPOCTb COOCTBEHHOTO BpPAIICHHUS TSIAKEIOTO

rupockoma Q = 200 ¢1. Bec G =10 H. MoMeHT MHEPLIMH THPOCKOIIA
otHocuTeNbHO ocu cuMmMerpun J =0,005x2-m2. Paccrostane OC=0,04mM.
OnpeneianTs etuuuny y2io6oii ckopocmu npeneccun o[c].

3adaua 1.2. YrioBasi CKOPOCTh IPELECCHH TSHKEIOro Bomuka v=0,1c,
Bec Bomuka G =1 H. Paccrosaue OC = 0,1 m. MomeHT uaepiuu
BOJIUKA OTHOCUTEIHHO ocu cuMmMmeTpun J = 0,002 ke-m2. OnpenenuTsb
Y2N08yI0 CKOPOCMb COOCMEEHH020 épawienusn Boaaka Q [c1].

K zanaue 1.4

3aoaua 1.3. llpenieccus TAKEIOrO BOJTYKA MIPOUCXOJUT C YIIIOBOU

CKOPOCTBIO ® = 1¢1. YroBas ckopocTh COOCTBEHHOIO BPALEHHS
Bomuka QQ =100c1.

Bec Bomuka G = 5000 H. Paccrosiune OC= 0,1m. Omnpenenutb
MOMEHM UHePYUU 80JIUKA OMHOCUMENbHO ocu cummempuu J [ke'm?] .

3aoaua 1.4. Ilpu NBUKEHUH THPOCKOIIA BEKTOP YINIOBOM CKOPOCTH
cobcTBeHHOrO Bpamernust Q= —2j +120k [c1].

BekTop NmepeHoCHOi YIIoBoii ckopocTu mpeneccun @ = 3K

MOMEHT HHEPIIUH THPOCKOIa OTHOCUTEIBHO OCH cUMMeTpuH J = 1 ke M2,

OnpenennuTb, ¢ TOYHOCTHIO JI0 LENBIX, MO0Y/Ib 2UPOCKORUYECKO20
momenma M [H-m].


Отв и реш практ-зад 1-12.doc

3aoaua 1.5. YrioBasi CKOpOCTb COOCTBEHHOTO BpAIlIEHUS TSHKEI0T0 (BEC
G) rupockoma Q = 200 ¢, Yrosas ckopocTs npereccuun o = 3¢,
VYron mexay Bektopamu Q u @ 6 = 30°. MoOMEHT UHEpIMY THPOCKOTIa
OTHOCUTENLHO ocu cuMmmeTpun J =0,01xe M2,

Onpenenuts mModyno momenma cunvt maxcecmu M [H-Mm].

3aoaua 1.6. BuHT 1 Baa MOTOPHOM JIOJKU UMEIOT MOMEHT
HHEPIMH J = 2K2'M?.

Paccrosinue mexay noamunaukamu a = 0,8m.

VrimoBast ckopocTh BpamieHust Bunta Q = 200 ¢,

HNmMeeT mecTo Kauka J01Ku 1o AU EpeHTy ¢ yriioBon

ckopocteio ® = 0,1sin t ¢l. Onpenenuts Maxkcumanvuyio
2upockonu4eckyto peaxkyuro Ha nonmunaukuy  GM&[H].

3aoaua 1.7. Koneco maccel M =1 xe cBOOOAHO HACaXEHO Ha
ocb OA nmmuaoit a = 0,0lMm. MomeHT uHepHUH KoJjeca
orHocutenbHo ocu OA pasen J = 0,01H-m-c?.  Komecy
COOOIIUIIM BpaIllEHUE C IOCTOSHHOM YIJIOBOM CKOPOCTHIO
Q=10c! BOKpyr 3TO# OCH, PACIIOJOKEHHOH TOPH30HTAILHO.
Touka O memoaBwxHa. OnpenenuTs deuiceHue, mMooyib u
Hanpaeenue y2no6ou ckopocmu ®,; ocu OA, mnonaras
YCKOPEHUE CUIIBI TSHKECTH paBHbIM § =~ 10 M/c2,

YG'=mg

K zamaue 1.7


Отв%20и%20реш%20практ-зад%201-12.doc

Y4eOHo - uccieaoBare/ibCKue 3a1a44 2-10 YPOBHS CJI05KHOCTH

3aoaua 1.1u. [IpoBecTH aHAIMTUYECKOE U YUCIICHHOE MCCIICIOBaHHE THpockona Jlarpan:xka
(zc # 0) ¢ 6a30Bo¥i 6epmuxanbroil OpUeHTANIMEH OCH BpamieHus (puc.l.2 JeBsrii):

Yacmo A.

1.

A

© oo~

BriBectn Henmuuerinbie ypaBHeHus Bua (1.9),(1.10) nmwkenus rupockona u3 ypaBHeHu# Jlarpamka
2-ro pona. Kunetuueckas sneprust u 00o6mienunie cunisl (1.4) - (1.6).

JIluHeapHu30BaTh HEJIMHEHHBIC YPABHEHHMS JJI MAJIbIX YIJIOB U UX MPOU3BOIHBIX.

[omyunTs nuHEapu30BanHble ypaBHeHus npu p,=p,= 0 m Mom, = Mom, =0.

[Tomy4unTh, 63 ydyeTa HHEPIIMOHHBIX YWICHOB, “NPEICCCHOHHBIC” YpaBHEHHUS THPOCKOIIA.

[omyunTh ypaBHEHHs MaNbIX KOJIeOaHUA (PU3NIECKOTO CHepUIECKOro MasTHUKa npu W, =H=0,
Mom;=Mom,=0, mnonaras H = 0.

W3 “nperiecCHOHHBIX” ypaBHEHUH ONPEICINTh COOCTBEHHYIO YAaCTOTY €ro MaJIbIX KOJIeOaHHUH.

3 ypaBHEHUH MajIbIX KOJICOAHHMIA MasTHUKA OIPEICIIMTh €r0 COOCTBEHHYIO YacTOTY KOJIeOaHUH.
CpaBHUTH COOCTBEHHBIC YaCTOTHI THPOCKOIIa JlarpaH»a U cooTBeTCTBYIOIIero emy Mastauka (H=0).
[Tomy4nTh OIICHKH COOCTBEHHBIX YaCTOT MPEIECCHOHHBIX M HYTAIIMOHHBIX KOJIeOaHUH T'MPOCKOIa U3

JINHEAPU30BAHHBIX YPAaBHEHUN C YYETOM MHEPIIMOHHLIX WICHOB U pH W1, =1.=0, Mom,=Mom,=0 .
p yp y p pu =l 1 2

Yacme b. 1IpoBeCcTH KOMIIBIOTEPHBIE IKCIIEPUMEHTHI C ITIOMOILBIO
MPOrpaMMbl YHACJIEHHOTO PEUICHUS U JUHAMUYECKOW BU3YAIU3ALUH
”Gyro-V”’, noaTBEepAUTH MOTYUYCHHBIC aHATUTUYECKUE PE3YIbTaThl.

Jlonoanumenvno, 10 33J]aHUI0 TpPeNoJaBaTelisi, ¢ IOMOIIbIO
nporpammbl  ’GYyro-V”, wuccienoBartb BIMSHHUE Ha JBUXKCHUE
TUPOCKOIA BSI3KOTO JieMI(UpOBaHUSA, MOMEHTOB TapMOHUYECKUX
BHEIIHUX CWJ, Bapvaluil HayaJbHBIX YCJIOBUW, KUHETUYECKOTO
MOMEHTA U JPYTUX MapaMeTpoB.

ba3oBble HCXOJHBbIE JaHHbIE
A=B=0,01H-m-c? m=1ke; z,=0,01m; 9=9,8~10m/c?; H ~Cy=01H -M-C;

5]

H.y. a9=01+1pam By=0; co=Pp=0; M, Mg =0+0,0005 H-m-c.



Ipumep pewenusa yueono-ucciaeoosamenwvckoii 3a0auu 1.1u

Hacmo A. 1. VpasHenus Jlarpamxka 2-ro poma | 25 |- 2E - dfoE) 2E_
7P P Pold il 3a) a0 % Gtlop) op
2 OLZ BZ 1., .. 2
KuHeTnueckas SHEprus E = Acos B7+A7+EC(Y+0€S”15)
Q. =1, + Mgz sinoacos P + Mom, cos m,t
8| OO000I1EeHHbIE CHIBI . _
Qp =—MpB + Mgz sinfcos o + Mom, cos et
oE : S .
dopmanusm Jlarpamxka T Acicos” B +C(f + asinB)sin
gt(ZEJ 6ACos? B — aPpAsin2p + HBcosp
oE : d (0E . OE L2 .
—=AB Z|Z=|=A —=—-Aa“sinpcosP + Hacos ‘
op dt(a[ﬁ) P

HenuHelinble ypaBHeHUs1 IBIDKEHUS TUpockona Jlarpamka (1.9), (1.10)

AG.coS% B + 1,6 — AaPsin 2B + HBcos B = mgzc sina.cos B + Mom, cos m,t,
AB + pgB + Ac® sinBcos B — Hé.cos B = mgzc sinBcos a + Momy cos H = C(y +asinB) = const
Ad + p o+ Hp = mgzc o+ Mom, cos,t, (1.16)

2. JIluHeapr30BaHHbIC YPaBHEHUS JIBUKECHUS .. : _
AB + pgP — Ha=mgzcp + Mom; cosant  (1.17)

3. JIuneapu3oBaHHbIC YpaBHEHUS JABUKCHUS A& + HB = mgzca, (1.18)
mpu K, =p;=0 u Mom; = Mom, =0 AB—Ho=mgzep  (1.19)
4. TTouG . ., HB = mgzca, (1.20)

. [IpubnmkeHHbIe “TIpeleCCHOHHbIC” YPAaBHCHUS TBHKCHUS ~ He = mgzep (1.21)
5. YpaBHeHus ManbIx KojeOanuii cepuaeckoro masTauka (2.<0) Ad. =mgzca, (1.22)

npu p,=p=0 u Mom; = Mom, =0 AB =mgzc (1.23)



.. 2 0 2 _
0. YacrTora MaJIbIX COOCTBEHHBIX a+ks a=0 B + kGLB =0
IIPENECCUOHHBIX KOJICOAHU M TAPOCKOIIA

u3 (1.20), (1.21) kgL =mgze /H (1.24)
G +ka,0=0  P+ks,p=0

/. YacTtoTa MaibiX KojJI€OaHUW THPOCKONa

cepuueckoro mastarka u3 (1.22), (1.23) Kopr =~mgzc /A (1.25)

8. CpaBHEeHHE COOCTBEHHBIX YaCTOT _ Kons _ H
X (1.26)
(u3MYeCcKoro MasiTHUKa U TUpocKomna Jlarpanxka ke, +AMQZ-
BbeIiBOaALI

e lna caydas rupockona JlarpaHika ¢ BepTHKAJbHON
0a30BOM OpHEHTAlMel OCH COOCTBEHHOI0 BpPAILCHUS U
OTCYTCTBHEM BSI3KOr0 JeMI(UPOBAHUS HMeeT MeCTO
npeyeccus Mo yriiy o u yriy f§ yactorsl K , onpenesnsieMoi
npuoamkeaHo mo (1.24)

e JTa npeueccus NMpeacTraBjaser co0ou “0osee MeaJIeHHOE”
ABMKEHME MO0 YyYIiaMm ¢ ¥ [ 1Mo CpaBHEHHIO C
COOTBETCTBYIOIIUMHU KOJCOAHUAMHU HETMPOCKONMUYECKOTO
Teja (pusudeckoro chepuyecKoro MASITHUKA) IOJ
AeMCTBHEM TAKOI0 K€ MOMEHTA CUJI TH/KECTH.




9. ITonmydeHne OIEHOK COOCTBEHHBIX YacCTOT MPEIECCHOHHBIX W HYTAIIMOHHBIX KOJICOAHUM
TMpOCKoIla M3 JuHeapu3oBaHHbIX ypaBHenmi (1.18), (1.19) ¢ ydeTroM HMHEpPLMOHHBIX
YICHOB ¥ MpH W= pe=0, Mom;= Mom,=0.

Wcxonnbie ypasaenus (1.18), (1.19) Ad + HB =mgzea, Ap - Ha = mgzc3

O003HaYUM o=y B=o
VYpaBHEHHE I OTIPEACIICHUS] COOCTBEHHBIX YaCTOT Py, P, KOJICOAHMIA:

2 2 2
‘-4-,+(H _zmgzc}d{%j a=0, (1.27) q'>+(H _2mng}B+(mgz ) B=0 (1.28)

A2 A A A2 A A

[Io Teopuum MexaHMUECKHX KOJEOaHM, Za‘ 4 Zbu . =0 (1.29)
€CJIM ChUCTeMa UMeeT BUJ, 17 17
TO €€ pelleHHe Xi =U; Sln( pt+3) i=12...n (1.30)
rae U; - MOCTOSIHHBIE aMIUTUTYAbI;, P, O —4YacToTa U (pa3a KojaeOaHUil.

n

2
[Moxcrasnsas (1.30) B (1.29), momyunm CHCTEMY > (b —a;p?)u; =0 (1.31)
OJHOPOJIHBIX aJareOpandecKuX ypaBHCHUH -
VcIoBrE CyLIECTBOBAHUS HEHYIIEBBIX , by —ayp®.. by, —2y,p? (1.32)
pemenmii (1.31) APT) =] e, =0 '
by —ayp2.. .. By — @y P2

s (1.27), (1.28) n=2 u yacrorHoe ypaBHeHue (1.32) npumet Bua

2 2
a2 mgz. )\ 2 i_zmgzc H2 2mgz mgz 2
A(p?)=| P K Aj p(AZ A j]—o =) p“—(y— o p2+(%j =0 mm)
- i 2 2
* YacToThl HYTAMOHHBIX M IPELeCCHOHHBIX p12 ) LB 2mgz, iﬂ \/ H” _4mgz. (1.33)
COOCTBEHHBIX MAJIBIX KOJIeOaHU I “ 2| A? A A\ A A




Ilpumep pacuema
A=0,01H-m'¢?; H=0,1H-m¢c; m=1ke; 2z, =001m; g~=10m/c?

Coocmeennana uacmoma MaiblX HpeYecCUOHHbIX mgz. 1-10-0,01 "
KoJjie0anuii rupockomna 1o (1.24) mist mpuOIMKESHHBIX KoL = H . o1 =1c
“HMpeleCCUOHHBIX YPABHEHUM JIBUKCHUS ’
Coocmeennasa uacmoma ManblX HpeyecCUOHHBIX 1(H? 2mgz.) H [H? 4mgz »
kojieOanuii rupockomna mno (1.33) g Ooiee TOUHBIX Po = 2l A2 A - N = =113c

YPaBHEHUU, YUATHIBAKOIINX UHEPIIUOHHBIX WICHBI

Cobcmeennas uacmoma MajibIX Hymayuonnvlx Kojaebanuii rupockona 1o (1.33) mis Goee
TOYHBIX YPABHECHUH, YUUTHIBAIOIIUX HHEPITUOHHBIX YJICHBI

2 2
= |H[HZ _2moz, +i\/H2 _Amgz, g oo o
2\ A A AV A A
BruiBoabl

* Y4eT MHEePIHUOHHBIX YJICHOB B YPABHCHUSX IBUKCHUSA
,| THPOCKOIIA IMO3BOJIsAET BLISIBUTEH 00/1€€ MOJHYI0 KAPTHHY
® IBHKeHHUS HedeMII(pUPOBAHHOIO rupockomna Jlarpan:ka c
0a30B0Il BePTHKAJIbHOI OpHEHTAIIMEH 0CH BpallleHHS].

*Ilpu wumewmIeMCsT  HAYAJBbHOM  OTKJOHEHHUHM  OT
BEPTHKAJIM OCb T'HPOCKONA IIpeleccupyer ¢ YIJIoBOi
CKOPOCTHIO [, OKOJIO BEPTHKAJHU, ONMHUCHIBAs KPYroOBOM
KOHYC, U coBepuiasi 0osee ObICTPble HYTAIlHOHHBIE
KOJICOAHUSA € YACTOTON Pg > ..




