1.2. Tupockonm B KapAaHOBOM IIOABece, YyKa3arejlb HaIPaBJIEHUSA

opToaApoMHuHa, THPOMAATHUK - THPOBCPTHUKAJIb

Kpamkue C8e0eHUS NO meopuu

* ['mpockon B kapaanoBoM mnojasece (puc.l.4) - crmoco6
peanuzanuu cPepruyecKoro IBUKEHUS Tea.

* Yka3are/ib HanpaBJieHus oproapomun (YHO) - tpexcrenennon
aCTaTUYECKHII TUPOCKON B Kap/IaHOBOM IMOJBECE, KUHETUUYECKUI
MOMEHT poropa 3 (puc.1l.5) koTOporo JIEKHT B TOPHU30HTAIBHOU
MJIOCKOCTH.

e [Ipunuun  geuicrBust  YHQO: rupockonm COXpaHSE€T  CBOO
IIEPBOHAYAIILHO BBICTABIICHHYIO 2OPUZ0HMANbH)I0 OPUEHTALUIO OCH.

Kunernueckasi JHeprusi 1 00001eHHbIE CHJIbI
.2 52
E- 0‘7[c2 +(A+Cy)cos? B+ Bysin? B+ %(A+ A)+ % B(y + asinp)? (1.34)
Q, =My 6 + Mom, cos w,t (1.35)
Qs = _“BB —mgy cosa.cosf3 + Mom, cos mqt, (1.36)
* Ypaenenua osusxcenunas YHO
(Cz + (A+Cy)cos? B+ B, sin? [3)'01 + 1,6 —(A+C; —B))apsin2p + HBcosp =
= Mom, cos m,t,
(A+ ADB+pgB+ (A+Cy — By)a®sinBcosp — Hocos B =
= —mgyc cos P + Mom, cos m;t,
H = B(y + asinp) = const

“lIIpeueccuonnvie” ypasnenus 08UHCEHUA

Puc.1.4. BHeuiHuii 1 BHyTpeHHUN
KapJlaHOBbI nmoasec: 1 — porop, 2,3 —
BHYTPCHHSIS U HApYKXHasl pamMku, 4 —
OCh BpalllCHHs pOTOpa, 5 — OCHOBaHUE

(1.37)  Puc.1.5. CucreMsl KoOpMHAT,
KHHeMaTndeckas cxema: 1,2 —
BHYTPEHHSIS U Hapy>KHasI

(1.38)  pamku; 3 —poTop

HBcos B = Mom, cos m,t, (1.39)
— Haucos B = —mgy cos + Mom, cos ot (1.40)

(Co + A+Cy)d +p 0+ HB=Momy cosampt,  (1.41)

jIUHetlpu306aHHble YypaeHenun osulICeHUS

(A+ A)B +upB — Ha =—mgyc +Momcosat (1.42)




* KapranoBasi norpemHocTb rHPOCKOIOB

[Ipy HaKJTOHHOM JBHKEHUU OCHOBAHUA,
IJIOCKOCTH OTCUETA U3MEPSIEMBIX TUPOCKOTIOM
YIJIOB He CO6nadarom ¢ IIOCKOCTAMU YIIIOB
MOBOPOTa OOBEKTA.

Taxoe necoBnaaenue ais YHO mokasano puc.1.6,
KOT/1a OOBEKT UMEET HEHYJIEBOM YroJl TaHTaxa.
Ecnu tanrax 6=0, To yroi noBopoTa HapyKHOM
paMKH OIpeAesieT Kypc 00ObeKTa o = .

Ecnu 0 # 0, To o0 # y, T.€. UMEET MECTO KapaaHOBas

MOT'PEITHOCT. Puc.1.6. K nosicuenuto kapnanoBoii norpemnocta Y HO
dopmyna 11 MaJor KapAaHOBOM IOIPEIHOCTH Ay 02 _ 2 ,
M3MEPEHUs Kypca \y THPOCKOIIOM HalpaBJIeHHs IS Ay =y, -y = TSII’] 2y — Ok cos y (1.43)

MaJIbIX YIJIOB TAHTa)Ka U KpEHa:
0, K — Masble yIibl TaHra)Xa U KpeHa camoJIeTa; Y1, Y — IPUOOPHBIN U UCTUHHBIN KYpC.

Hampumep, pu 6 = 0, k # 0 max xapaaHoBas NOTPEIIHOCTh UMEET MECTO
Ha MHTEePKApAMHAJBHBIX Kypcax y = 45° 135°, 225°, 315°,

* BausiHue MOMEHTOB CHJI B3aMMOACHCTBUSA MEKIY PAMKAMU KAPJIAHOBOI0 MMOABECA U
poropom Ha yxoa YHO npu HyrauuoHHbIX Kosie0anusax (yxonx Marnyca, 1955)

.2 52
OcpenHEeHHas yIIoBast < - > _ (AOOGO + (A + A)BO)(CZ + Bl)
o 2 -
CKOPOCTb HAPYKHOI PaMKH 2HA, cos B,
Ay =C, + (A+C,)cos? B, + B, sin’f,
* Vxo1 Maruyca acTaTH4ecKOro rHpOCKONa B KAPJAHOBOM IO/IBece HMeeT MeCTO HMPH:

OTCYTCTBUM JUCCUIIALMHU JHEPIMU;  HeNepHeHIMKYJISAPHOCTH paMok noaseca (tgf, # 0);
HAJUYUU HAYAJBLHOI0 UMITYJIbCA.

tghy (144)



e 'mpomasitHuk (I'M) - TpexcTeneHHON TUPOCKOT B
KapAaaHOBOM nozsece (puc.l.7), ueHTp macc Z.
CMeEIICH OTHOCHUTEIILHO TOYKHU II0ABEcCa 110 INIaBHOM
ocu. Takol THMPOCKOIl MOXKET OBITh HCIOJb30BaH JJIs

OIpEICIICHHUS BEPTUKAIH MecTa (rupoBepTHkaib I'B).

Kunetnuecknii MOMEHT poTOpa 3 BBICTABISACTCS
BEPTUKAIBHO U Z-< () COOTBETCTBYET YCTOWUYNBOMY
MTOJIOKCHUIO PABHOBECHUS MAsATHUKA.

e [IpuHIUN e CcTBUSA I'M-I'B: TUPOCKOIL
COXpaHsET CBOK MEPBOHAYAJIBHO BBICTABICHHYIO
BepMUKAIbIHYI0 OPUCHTALIAIO OCH.

Kuneruyeckasi JHeprus
1 00001ICHHBIE CHJIIBI

* Vpasuenusa osusxcenus 'M-I'B

(AZ +(A+ Al)cosz[3+Clsin2B)'o'c+paa— (A+ A —C))apsin2p + HPcos B = mgz sin a.cos B+ Mom, cos o,t,

Ex

& 2 in2
E=7[Az+(A+A1)COS B+ Cysin?pls

Puc.1.7. Cuctembl KOOpAUHAT, KHHEMATHYECKasI
cxema: 1,2 — BHyTpEHHSISI U HApPYKHbIE PaAMKH;
2 — Hapy)XHas paMKa MojiBeca; 3 — poTop

B

2
(A+By+ %C(y + asinp)?

Q, =—Uy 0+ mMgze sinacosP + Mom, cos m,t

Qs =—HgP + Mgz sinBcos o+ Mom, cos mt,

(A+B)B+ugB+(A+ A —C)a”sinBeosP — He.cosp = mgz sinBcos o + Mom, cos at,

H = C(y + asinf) = const

Kospdunuent nemnpupoBanus Hiap) = Hogap) T 0:9(Mmax + Hmin) + 0,5(Hmax — Kmin ) €OS Ppt

“IIpeuyeccuonnsvie” ypagHenus 08UNHCEHUA

Hpcos B = mgz sino.cos B + Mom, cos o,t,

— Hawcos B = mgze sinf3cos o + Mom, cos ot

(Ay + A+ A)d + p, 6+ HB = mgze o + Mom, cos m,t,

ﬂuneapus'oeauubw YpaeHenus OBUIICCHUS

(A+By)B + pgP — Ho = mgze B + Mom, cos gt

(1.45)
(1.46)

(1.47)
(1.48)

(1.49)

(1.50)
(1.51)
(1.52)

(1.53)
(1.54)




IIpakTH4yeckue 3a1a4m 1-ro ypoBHsI CJI0KHOCTH

3aoaua 1.8. ITonp3ysach NpUOIUKEHHBIMU ““TIPEIECCUOHHBIMU YPABHEHUSAMU JIBUKCHUS
(1.39),(1.40) yka3arens HanpaBJICHHS OPTOAPOMHUH (pHC. K 3aaa4e 1.8), onmpeneauTn
yKa3aHHbIE XapaKTePUCTUKU JABUKEHUS 1O 33JaHHBIM UCXOIHBIM JaHHBIM (Ta0J. K 3a/1a4e
1.8). IlpoBepuTH U MOATBEPAUTH MOJYUYeHHBIE Pe3yJbTAThl KOMIbIOTEPHBIMU
IKCIHEPUMEHTAMHM € MOMOIIbIO MPOrpaMMbl IMHAMUYecKOi Bu3yaauzanuu ’Gyro-K-N”.

9999 N a——
3Hak ”’?” o3Hauaer ’HalTH”. Ta6ua k 3anaue 1.8

K 3agaue 1.8 .

N | H M, | M, | By | P=mO | yc o B.=B(ty)

Bap | H'mc H-m H'm | pan H M ct pan
1 2 0,2 0 /3 0 0 ? -
2 1 0,2 0 /3 0 0 ? -
3 2 0 0 0 4 5-10° ? -
4 2 0 0,2 0 0 0 - ? t,=1c
5 2 0 0,2 | n/6 0 0 - ? t,=1c
6 2 0 0,3 | n/6 0 0 - ? t,=1c

H — xuHeTU4YEeCKUII MOMEHT TUPOCKOTIIA;
M,, M, — mOCTOSIHHBIE MOMEHTBI, IPUIIOKEHHBIE K BHYTPEHHEHN U
HAPY>KHOM pamMKam;
By — HaYaJIbHOE OTKJIOHEHNE BHYTPEHHEN paMKu OT
TOPU30HTAIBLHOM TUIOCKOCTH;
dl Yc — CMEIIEHUE LIEHTPa MacC BAOJb OCU TMPOCKOIIA B IIOJIE CUJII
TSKECTH,
P = mg — Bec rupockona;

OL - YIJIOBasi CKOPOCTh MPELIECCHU HAPYKHOM PaMKH;

QN

B3, - yrioBast CKOPOCTb M yTrOJI IOBOPOTA BHYTPEHHEN PAMKH.
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Ilpumep pewrenusa npakmuueckou 3ao0auu 1.8

ITycts kuHeTnueckuiit MomeHT H =4 H-M'c. HauansHO€ OTKIIOHEHUE BHYTPEHHEN paMKH 3, = /4.
Cwmernenue neHTpa macc orcyrcTryer. Heo0xoammo onpeaeuTsb:

a) YITIOBYIO CKOPOCTB MPEIIECCUU O HAPYKHOM paMKH M YTOJ 3 OTKIIOHEHHUsI BHYTPEHHEH paMKu
IIPU JEUCTBUU MOCTOSTHHOTO MOMEHTA OTHOCHUTENIBHO OcH BHYyTpeHHer pamku M, = 0,1 H-m;

0) BeIpayKeHUS ISl YITIOBBIX CKOPOCTEH Tpeneccuu ¢, [3, ymia moBoporta (t) BHyTpennei pamku u B(t;)
npu t,=1C npu AeCTBUU MOCTOSHHOTO MOMEHTa OTHOCUTENIBHO ocH HapyxHoU pamku M, = 0,1 H-wm;

BoinosHum: _
a) cornacHo ypaBHeHusM aBmwxkenus (1.39),(1.49): HBcosB =0 mmm) cos BdB =0

‘ jcosBdB =0 ‘sin B=sinPg ‘ B=B,=const=n/4
. M, 01 .
_He -M, ) q=- - = const =—-0,025+/2
Ho.cosp =My * Hcosp  4cosm/4 ©
¢ = const =—0,025+/2 ¢ *

Omeem Hapyx pamka Bparaercs ¢ ocCT yIil CKOPOCTbIO
BHyTp paMKa OTKJIOHEHA Ha [OCT yroJ B =Py =const=n/4 pao

_ M M
0) cormacHo ypaBHeHuAM asrkeHus (1.6),(1.7): HBcosPp =M, ) (= H conB m==) cospdp = ?Zdt

—> sinﬁz%usin Bo mmm) sinp = 0,025t ++/2 /2 mmm) B(t) = arcsin(0,025t + /2 / 2)
—Hcécosp=0 By =0

Omeem HapyxHas paMmka Ha mecTe
BnyTtp pamka Bpamaercs o 3akoHy

M, B(t) = arcsin(0,025t + /2 / 2)

a=0 —_ "z
Hcosfp  B() =arcsin(0,025+~/2/2) ~ 0,82 pao



3aoaua 1.9. OnpeneauTb HAUMEHBIINN KYpCOBOM YToJ Y cCaMoJieTa U BEJIMUUHY KapAaHOBOI
NOrpemHocTH Ay U3MepeHus yriia , Ipu KOTOPOM dTa MOTPEITHOCTh MaKcCuMalibHa. CaMoJieT
JIeJaeT BUPAX C 3aJJaHHBIMU B Ta0NIuIE K 3a/1a4e 1.9 yrmamu kpeHa k u tanraxa 0. [Tpu

pellIeHUH BOCTIONIb30BaThbCs popmyoit (1.10).
Tabnuma k 3amaue 1.9

Ne Bap 1 2 3 4 5 6 7 8
Kpen, k° 0 1 2 1 2 0 2
Tanrak, 0° 1 0 1 1 2 0 2 2

Ilpumep pewrenusa npakmuueckou 3ad0auu 1.9

TTo gopmyre (1.43) Ay =0,25(0% — k?)sin 2y — Bk cos? y

PemmmM 3amauy nipu ymie kpeHa K =35° u
yriax Tanraxa 1) 0=0° 2)0=1°,

1) Tlpu 6 =0° Ay =-0,25k*sin2y =)
Ay TIPU Kypce = 45°,
Ipu xpene k =5° Ay, =—0,25- 52sin(2- 45°) = —6,25°

Omeem

K 3amaue 1.9 npu Kypce ¢ =45° Ay, =-6,250

2) IMpu 6 = 1° u k= 5° kapaaHOBas MOTPEIIHOCTH C YIETOM TPUTOHOMETPHUCCKUX TPEOOpa30BaHMIMA
Ay = —65in 2y — 5082 y = —(6SiN 2y + 2,508 2y + 2,5) = —/62 + 2,52 sin(2y +8) — 2,5
g5=25/6 (5~23°)  EEE) Ay npuKypce 2y+d =900, EEE =335

[Ipu kpeHe K = 5°  AY 0 = 6% +2,5°sin(2-335° + 23%) - 2,5=—9°
Omeem 1pu Kypce y =33,5° Ay, . =-9°
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3aoaua 1.10. OnpenenuTh yIJIOBYIO CKOPOCTh yxo1a Maruyca rnpy UCXOJHbIX TaHHBIX:
A=0,005+0,01 H-m-¢?; A,=B,=C,=0+0,01 H-m-c?; C,=0+0,01 H'm-c?;, H=1-10H'mc;
HauanbHEIE ycnoBus oy =0, o= 0+1 pam, ¢u=0+5¢c™ Bo=0+5c¢

KoHKpeTHbIE JaHHBbIE W3 TMPEAJIaraéMoro JAvana3oHa 3aJaroTcsl MpenoaaBaTesieM WA
BBIOMpPAIOTCS caMOoCTOATEbHO. [Tpu permennu Bocnonb3oBathes hopmyoii (1.44).

IIpoBepuTh M NOATBEPAUTH MOJYYE€HHbIE Pe3yJbTAThl KOMIIbIOTEPHBIMHU 3KCIIEPUMEHTAMHU
¢ IOMOIIbI0 MPOrpaMMbl IMHAMHUYeckol Busyanusanuu ’Gyro-K-N”,

Ipumep pewenua npakmuueckoit 3aoauu 1.10
OnpenenuTh YIVIOBYI0 CKOPOCTh yxo1a Marnyca npu UCXOJIHbIX TaHHBIX:

A =0,005 Hm-c?, A =B;=C;=0,004 HwMm-c c:2 = 0,006 Hm-cZ H=10
H-™m-c; PRSP
HauaIbHbIE yolIoBus oy =0, Bo=1pag, 0 5 . Bo =
dopmyna (1.44) npumMeT BULI: <oc2> = 65 (Cp + Bl)t gB, ~0,036¢7*
2H cosf,

Omeem  YrimoBast CKOPOCTb yXoZa Marayca mpH 3aJaHHbIX [TapaMmeTpax (6,) = oc; I—(Iizo:BBl)tho ~0,036¢™
0



Kzamaue 1.12

K 3amaue 1.13

3a11a‘m AJIA CAMOCTOATECJIBHOTO PCIICHUS

3aoaua 1.11. beicTpoBpamaromieecss ¢  yIJIOBOH
ckopocthio  Q=100c! Komeco, 3akperuieHHOE Ha
TOPU30HTAJIBHON OCH AB, ynaepXKuBaercsi B PyKax, Kak
NoKazaHo Ha pucyHke. AB=a=0,2m.

Onpenenuteb cupockonuueckue cuawl [H], npunoxeHHbie
K KHCTSAM PYK IPH BpallCeHUU OCU AB B rOPU30HTAIBHOU
IUIOCKOCTH C YIJIOBOM CKOpocThio 0=0,2¢™1.

Macca koneca m =lke, paauyC MHEPUUU OTHOCHUTEIBHO
ocu AB 1=0,2m.

3aoaua 1.12. Camonier C BpalllalONUMCS C YIJIOBOU
ckopocthio Q=200c! BHHTOM coOBepIaeT BHPaK B
TOPU30HTAIIBHON TUIOCKOCTH C YIJIOBOM  CKOPOCTBIO
®=0,05¢! kax moOKa3aHO Ha PHUCYHKE. MOMEHT HHEPIHHU
Buara J=10H'm'c?. BO3HHKarOUMi TI'MPOCKOIMYECKHUI
MOMEHT TIepeflaeTcsl 4Yepe3 MOIIIUMITHUKKA Ha CaMOJET U
BBI3bIBACT KaOpHUPOBAHKUE CaMOJIETA.

Kakoe ycunue [H] pomkeH DPUIOKUTH JIETYUK K
IITYypBaJly, YTOOBl KOMIICHCUPOBATh a3POJIMHAMUYECKUMHU
CWJIAMU TUPOCKOIIMYECKUM MOMEHT. PaccrosHue Mexay
MMOAIIUITHUKAMU AB = 2 M.
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3aoaua 1.13. TypOuna xopabis, coaepxaiiias Bajl U poTop,
3aKperyIeHHAas B MOAMIMITHUKAX, BPAIIaeTCs C YITIOBOH

ckopocthio Q =300 ¢ . Kopabnb coBepiiaeT MUpKYISIUIO
(ABMIKETCS 110 OKPY>KHOCTH B TOPU30HTAIBLHOM NIOCKOCTH) C
YIIOBOH CKOpOCTHIO ® = 0,1¢™! kKak mOKa3aHO Ha PHCYHKE.
Paccrositnne mexay noamunaukamu AB = 5 M. Macca potopa
m = 2000 e, pagnyc HHEPIIUHA OTHOCUTEIBHO OCH AB 1=1 M.
Haiitu eupockonuueckue peaxkyuu [H] B nogmmnHukax.

K 3amaue 1.13

3aoaua 1.14. CpaBHUTH TUPOMASTHUK C MATEMATUYECKUM MAasiTHUKOM JJIMHOM £, IPUPABHAB UX
27H

mgzc
KOJICOQHUH [C] THpOMAasITHUKA TIPHU CIECIYIOIIUX XapaKTePUCTUKAX

NEPHUOABI KOJICOAHUN Ty, = , Tapy =27 \/Z Y HAUTU npusedenHyro oauny £[M] v nepuon
g

H=1HwMc, m=1lke; z.=0,001m; g=10m/c?, n=3,14.

3aoaua 1.15. V3BecTHO, YTO Uil YMEHBIICHUS OAJUIMCTUYECKUX (BBI3BAHHBIX YCKOPEHUSIMU

TOJIBUKHOTO 00BEKTA) MOrPEIHOCTEN THPOMAasATHAKA €ro HacTpauBaroT Ha nepuof Llynepa,
H
=2mn./R/g ~5064c,

rne R — paguyc 3emnu. KakuM J0KHO OBITH cMeujeHue uenmpa macc TUPOMasiTHUKA B TOJI€

cun Tsokectu puy H=20H-m'¢c, mg=50H; =n=3,14.
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Y4eOHo - uccieaoBare/ibCKue 3a1a44 2-10 YPOBHS CJI05KHOCTH

3aoaua 1.4u. IlpoBecTH aHAJIUTHYECKOE W YHCICHHOE WCCIECIOBAaHUE YKa3aTes
HanpaBjenus oproapomuu (YHQO) B kapaanoBom nojasece (puc.1.5):

Yacmo A.
1. BeiBectn HenuHelHble ypaBHeHus Buaa (1.37), (1.38) nBwkeHHs] THPOCKOIIA M3 ypaBHEHMH Jlarpamka
2-ro poaa. Kunernueckas sHeprust 1 00o01eHnsie cuibl (1.34) - (1.36).

2. IMonyunts n3 HenmuHeWHbIX ypaBHeHU# (1.37), (1.38) “npeneccuonnnie” ypaBuenus (1.39), (1.40), ve
YYHUTHIBAIOIINE WHEPIMOHHBIC UYJICHBI, MOMCHTBI BS3KMX CHJI U HEJIMHCHHBIC COCTABIISIOIINE, TMOTYYUThH
nuneapusoBanubie ypapuenus (1.41), (1.42) npu p,= pu=0 u Mom, = Mom, =O0.

3. U3 nuneapusosannbix ypaBHenui asuwkenus (1.41), (1.42) npu p,=pz=0 u Mom,;= Mom, =0 u y. # 0
OIPEACIIUTh COOCTBEHHYIO YacTOTY KOJICOAHUH W XapaKTep MPEICCCHOHHOTO0 M HYTAallMOHHOTO JBM)KCHHSI
IIPH 3aJaHHBIX HAYaJbHBIX YCIOBUSAX JIBHKCHUS.

Qacmo b.

[IpoBeCcTH KOMIIBIOTEPHBIE YKCIEPUMEHTHI C ITOMOIIBIO
IporpaMMbl YHUCJICHHOTO PEIICHHS M JUHAMHUYECKOMN
Bu3yanuzaiuu ’Gyro-K-N”, moarBepauTh moyuyeHHbIC
aHAJIUTUYECKUE PE3YJIbTATHI.

Jlononnumenvno, No 3aJaHUI0 TIpenoaaBarTelisi, C
nomompto mporpammel  ’Gyro-K-N”, ucciegoBathb
BJIMSIHUE Ha JIBUKEHHE THMPOCKOINAa MOMEHTOB HHEPIUU
PaMoK, BSI3KOTO neMndupoBaHus, MOMEHTOB

FapMOHUYECKUX  BHEIIHWUX CWJI, Baphaudl H.Y.,
KMHETUYECKOTO MOMEHTA U APYTHX NapaMeTPOB.

Ba3oBble HCXOAHBIE TaHHBIE H~By=01H m-c;
A=C=0,01 H-m'¢?; A;=B,=C,=0+0,02 H-m-c?; C,=0+0,02 H-m"c?, m=1xe; y.=0,01m; g =9,8=10 m/c?;
H.y. 0y =0+1pan; By=0+1pag; oy=0+2 ch Bo =0+2c¢™ Mg Mg = 0+0,005 H-m-c.



Ipumep pewrenusn yueono-ucciaeoosamenvckoi 3a0auu 1.4u
Yacmo A. ) d(0E) OE d(oE) OE
1. YpaBuenus Jlarpanxa 2-ro poaa dt( 6(1} . =Q ) op =Qp

Kunernueckas sHeprust a [C2 + (A+C;)cos® B+ B;sin B] B (A+ A)+= B(y +asinp)?

O000IIEHHBIE CHJIIBI Q, =10 + Mom, cos m,t QB = ‘“BB mgyC cosoccosB + Mom, cos o t,

®dopmanusm Jlarpanxka, cienarb, Kak B 3adaue 1.1u |:>
Heauneitnbie ypaBaenus aswokenus (1.37), (1.38) 'H B xapaaHoBoM IoaBece
(C2 +(A+C;)cos? B + B;sin? B)'o‘c + 10— (A+C, —B)afsin2p + HPcosp = Mom, cos ,t,
(A+A)B+pB+(A+C - B, )& sincos B — Hecos B = —mgy cos B + Mom, cos iyt

H = B(y + asin) = const
2. “Ilpeneccuonnnie” ypaBHenus npmxenus (1.39),(1.40)

HBcos B = Mom, cos m,t,
— Hacos B =—-mgy cosf + Mom, cos ot

JInHeapu3oBaHHbIE ypaBHeHMSI JBUKECHUS
(1.41),(1.42)

(Cy + A+C))d + 6 + HB = Mom, cos o.t,
(A+ A)B +pgP — Ho. =—mgyc + Mom, cos oyt

JluneapusoBanubie ypasuenus npwikenns (1.41),(1.42) npu p,=p;= 0, Mom;=Mom,=0
(Cy + A+C)é+HBR=0 (1.55)
(A+ A)B—Ha=-mgyc (1.56)



3. JInneapuszoBannble ypaBHeHusn aprxeHus (1.55),(1.56):
AG+HB=0 (A+A)B-Ha=-mgy, A =Co+A+C

ITocne npeoOpa3zoBaHui MOJYYUM YPaBHECHUS B __ ﬁ G O+ k2§ = mgy, H
H (A+A)A
2
r7e, KBaJpaT YaCTOThl COOCTBEHHBIX HYTAIIMOHHBIX KOJICOAHUM: k2 = H
(A+A)A
Pemenne 5TuX ypaBHEHUU IPU H. Y.  t =), a(0)=a,, B(0)=Py &(0)=dy, B(0) = Bo
. . m .
oc=DS|n(kt+8)+& B=-— /iDcos(kHS)
H A+ A
[TpousBOIbHEIE Comgy, )" A+ A (. mgy, Y
H(%:)CTOHHHI)IC D=\/(0ﬁo - Ely j + ZOAl 85 tgs_(ao H ]\/ A+ Al/Bo
BrniBoabl

€

KoJleOanuamu 9acrorol K.

(1.57)

(1.58)

(1.59)

(1.60)

. e lna cayyas I'H ¢ MagTHMKOBBIM MOMEHTOM M
)V OTCYTCTBHEM BSI3KOI0 AeMII(PUPOBAHUA HMEET MeCTO
npeyeccus HAPYKHON PaAMKH C HOCHOAHHOU CKOPOCTHIO
Jmo  yry o " “OBICTPBIMM”  HYmMAWUOHHbIMU

* OxHOBpEeMEHHO COBEpIIAOTCH HymauyuoHHble
KolebaHus BHyTPeHHel paMKu mo yriry f ¢ yacroroii K.



Ilpumep pacuema

A=C=A,=B,=C;=C,=0,01 H'm¢?;, m=lke; Ve =0,01m;  g=9,8~=0 m/c?;
H~By=01H -Mm-c;

nY. 0o=B=0; ¢,=01cy; Bp=0; m,=p=0.

Cobocmeennas uacmoma ManbIX HYmMayuoHHsix KojaedaHui rupockora 1o (1.57)
H 0,01 ]
J(A+A)C,+A+C)) /0,02-0,03

3akonvt Oeusicenus HapyXHOW paMku (npeyeccus u HymayuoHuvle KoieOaHus) W
BHYTpeHHEH pamku (nymayuonnvle konedanus) 1o (1.58) mo (1.59):

a=t—0,225sin4t & =1-09cos4t P=-0,276(1—cosdt) B=-11sin4t




