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Annomayus — PaccMoTpeHa mpo0iiemMa packayrBaHHS TPY30BOro mojBeca. [IpeanoxeHo
rameHue KojaeOaHui mocpeCTBOM MPUMEHEHHS THPOCTa0mm3aropa. TeopeTndecku 000CHOBaH
U pa3paboTaH Ha yPOBHE U300PETECHUS OJIHOOCHBIN CHIIOBOM THPOCTAOMIN3aTOp, MPEIHA3HAUCH-
HBII TSI 00€CTICUCHHS CTA0MIIM3AIMH B IBYX BEPTHKAIBHBIX TIIOCKOCTSIX.
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The summary — The problem of rocking of cargo is considered. Clearing of fluctuations by means
of application of the gyroscopic stabilizer is offered. The monoaxial power gyroscopic stabilizer intended
for maintenance of stabilization in two vertical planes is theoretically proved and developed at invention

level.
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TpaBmaTu3M, BBI3BIBAEMBIM aBapHii-
HOCTBIO CTPOUTEIBHBIX KPAHOB MPU MPOU3-
BOJICTBE CTPOHMTENHHO-MOHTQXKHBIX padoT,
BO3HMKACT BCJICACTBUE OTKA30B OTACIHHBIX
KOMIIOHEHTOB CHUCTEMBI «YEJIOBEK — CTPOU-
TeJIbHAasl MalllMHA — CPeIay, a MO3TOMY YCT-
paHEeHUWE TEXHUYECKUX HEUCIPaBHOCTEHN
MalIuH U MEXaHU3MOB, COBEPIIICHCTBOBAHUE
X KOHCTPYKLUHH JOJIKHO OCYILECTBIATHCS
pa3paboOTKONl M BHEIPEHHEM MEPOIPHUSITHIMA
[0 aKTUMBHOM, MacCMBHOM W IOCI€aBapUi-
HOM 0€30ITacHOCTH.

AKTHBHas 0€30IMaCHOCTh BO3MOXKHA
TOJBKO B CiIy4dae, €CJIM MallluHa SBJISETCS
yrapaBisieMoil. ABTOMaTU3UPOBAHHBIE CPEJI-
CTBa YIPaBJICHUS CTPOHUTEIBHBIX MAaIIuH
MO3BOJIAT OCBOOOJUTH OrepaTopa OT YacTH
omnepanyii Mo ympaBJICHHIO MAIIMHOW, TeM
CaMbIM TIOBBICUTH 0O€30MaCHOCTh, MPOU3BO-
JTUTEIBPHOCTh W KadecTBO pabor. OmHako
aBromaru3anus 3(QQPeKTUBHA JHIIL TOT/A,

KOI'Zla IPUMEHSIOTCSI CUCTEMBI TallleHUs KO-
nebanuit Tpy3a. B mpoTtuBHOM ciydyae pac-
KauuMBaHUs TIpy3a BHOCAT HEONPEIEIICH-
HOCTb B YIIPaBJICHHE KPAHOM, yBEINYUBAs
sHTponuio cuctemsl OCMC, u cBOIAT K HY-
710 3 PEeKT OT aBTOMATH3AIUH.

W3BecTHO, 4TO BCE NOMBITKH J10-
OUTbCS YBEIMYEHHUS TPOU3BOAUTEIHHOCTH
KPaHOB TOJBKO YBEIMYEHHEM HX pabouux
CKOpPOCTEl  OKaHYMBAJIUCh  CHI)KEHHEM
CpeHEN NPOM3BOAMTEIBLHOCTH KpaHa I10
JIBYyM MpUYMHAM: BO-TIEPBBIX, YBEJIUYMBa-
JIOCh BpeMsl Ha TOYHYIO OCTaHOBKY M YCIIO-
KOeHHe KoJiebaHWi Ipy3a; BO-BTOPBIX, BO3-
pacTano BpeMs IPOCTOEB KpaHa B pe3yJsbTa-
T€ MOBBIIEHUS HW3HOCA U OTKA30B armapa-
TYpBl YIPaABJICHUS M3-32 YBEIMYEHUS YHCIIa
BKJIIOUEHUHM, HEOOXOIMMBIX I TalleHus
KosnebaHui Tpy3a.

[IpoGnema packauumBaHus Tpy3a Ha
ruOKOM I0/IBeCe W MPUYHMHBI 3TOrO MpoIiec-
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ca B IIEJIOM HM3BECTHBI. HeycTpaHuMmblid KO-
nebaTeNbHbIN MPOIECC TPY30BOT0 MOJIBECA B
BEPTUKAIBHON M TOPU3OHTAIBHOHN IIOCKO-
CTSIX BIIEYET 3a COOOW CHUXKCHHE IMPOU3BO-
TUTEIIbHOCTH KpaHa 3a CuUeT YBEIHYeHUs
BPEMCHH, HEOOXOJUMOT0 Ha HABOJAKY U
TOYHYIO MOCAJKY Ipy3a, cO3/laBas MpH 3TOM
OTTACHBIC YCJIOBUS TPYJa JJIsi MOHTXKHUKOB
U CTpomlajbIIMKOB. PackaunBaHue rpy3a
OPUBOAUT K KOJNEOAHUSIM METaNIOKOHCT-
PYKIMH KpaHa, KOTOpPBIE BBI3BIBAIOT BUOpa-
MU KaOWHBI, OKA3bIBAIOIINE BPEAHOE U TI0-
poii omacHoe BO3/EHCTBHE HEMOCPEACTBEH-
HO Ha omepatopa. OCYIIECTBISASI MOHTaX-
Hble PabOTHl B TEYEHHE CMEHBI MOJ ACHUCT-
BHEM HU3KOYACTOTHBIX BHOPAIIHIA, OTIEPATOP
HAXOJHUTCS B COCTOSSHUU «MOPCKOW KauKu,
KOTOPOMY CBOMCTBEHHBI PAacCPEIOTOUYCHUS
BHUMaHUs, ObICTpas yTOMIISIEMOCTb, TOJO-
BOKPYXXEHHE, TOITHOTA. B TakoM COCTOSTHUU
OrepaTop CTaHOBUTCS MOTEHIIMAIBLHO OMac-
HBIM, IIOCKOJIbKY HAa HEM JIKHUT OTBETCT-
BEHHOCTb, KaK 3a COOCTBEHHYyIO Oe3ormac-
HOCTh, TaK M 3a O€30MaCHOCTH JIIOJICH Ha
cTpouTenbHOi momanke. Ilostomy mpo-
OyieMa raimieHusi KojaeOaHUN rpys3a SBISETCS
aKTyaJIbHOM Kak B IJaHe oOecreyeHus Co-
MPOTUBJICHHUSI YCTAJIOCTH METATHICCKHX
KOHCTPYKIIMH, TaK U B IJIaHE OOecreueHus
0e30IMacHBIX YCIIOBUH Tpy/ia KPAaHOBIIUKY U
qyrieHaM OpUTajIbL.

Crnenyer Takke OTMETHTh, YTO TIO-
MUMO TPUYHMH, TEPEYUCICHHBIX BHIIIE U
OOBSACHSIONUX HECOMHEHHYIO aKTYaIbHOCTh
MOCTaBIIEHHOW 3aJa4i, CYIIECTBYIOT U JIPY-
rUe, HaJ PEHICHHEM KOTOPBIX YXKE JOJTHE
roJIbl PadOTaIOT 3apyOeKHBIE U OTEYECTBEH-
Hble cneruanuctel: M.II.  Anekcanapos,
A.A. Aneiinep, B.U., bpayne, A.A. Baiin-
con, [.Il., Bonkos, H.W. I'puropees, C.A.
Kazak, b.I'. Kopenes, B.®. Cuporckui,
Corriga Giorgio, Gina Alesscmdro, Thie-
mann Peter, Arend Detlef, u Mmuorue npyrue
[1-5].

Hamu Tteopernyecku 0OOCHOBaH
pa3paboTaH Ha YpOBHE H300pETEHHUS OHO-
OCHBII CWIIOBOU THpocTabunmmsarop (puc. 1,
2), coaep Kaluii JByXCTEIEHHONH THPOCKOIT
C JIaTYMKOM yTJa MPEIeCCHH, BBIXOA KOTO-
poro dyepe3 yCWUJIUTENb CTaOWIM3ALUU CO-
€MHEH C JBUTATeleM CTaOWIM3aIuH, I0-
CJIEIOBATENIbHO COEJAMHEHHBIE aKCelepo-

METP U YCWINTEIb KOPPEKIMH, C LENIbIO MO-
BBIIIEHUSI TOUHOCTU B HErO JOIOJIHUTEIBHO
BBEJICH ONTUMAJIbHBIN JUHEHHBIN (QHIBTD,
OTJIMYAIOMIMKACS TEM, YTO JUIsl 0OecTeYeHus
cTabuiu3aluu B JBYX BEPTHKAIbHBIX ILIOC-
KOCTSIX OCh TMPOCKOIIA PACIIONOKEHA BEPTH-
KaJlbHO, @ MAacCUBHBIM 0004 poTopa THpo-
CKOIla IMOMEILEH B YINOPHBIH TOPU30HTAJIb-
HbI TOJAIIMUITHUKOBBIM Y3€Jl, pPacIoIOkKEeH-
HbIl B BEPTUKAJIIBHOM paMe CHUMMETPUYHO
OTHOCHUTEJIBHO LEHTPAJIbHON MONEPEYHOMI
TOPU30HTAJILHOM OCU YCTPOMCTBA, BOCIpPHU-
HUMAIOIINM BEPTUKAIbHBIE HArPY3KU U UC-
KITIOYAIOIMI  teopManiid poTopa M OCH
TUPOCKONIAa W BO3HUKAIOLIUE BCJEICTBUE
3TOrO MPELECCUH, BIUSIOIINE Ha TOYHOCTDb U
CKOPOCTh cTabunu3anuu 00beKTa, a CUTHAl
C BBIXOJ@ ONTHMAJIBHOIO  JIMHEMHOIO
bunIbTpa U CUTHANI KOPPEKIIUU CYMMUPYIOT-
Cs M MOJAIOTCS Ha MPELECCUOHHBIA JBUTa-
TEIb BEPTUKAIBHOW paMbl T'MPOCKOIA, Ma-
PUPYIOIIMI COBMECTHO C JIBUraTeJIEM CTa-
OUNM3alyd TOPU30OHTATBHONW PaMbl BBIHYXK-
JIEHHOW Tmpeneccuel BO3MOMKHbIE 3Ha4u-
TeJIbHBIE OTKJIOHEHHS CTa0WIM3UPOBAHHOMN
m1aTGopMbl OT TOPU3OHTAJIBLHOTO IMOJIOXKE-
HUS 1101 A€MCTBUEM BHEIIHUX cui [6].

Pucynok 1 — Porop rupockomna (a) u cMmee-
HHUe ero meHTpa macc (2), BCJeICTBHE YHpY-
rux nedopmaunuii tuagpparmel (6) 1 Bana (s)

Pa3zpaborannoe yctpoicTBo oOmana-
€T PSAIOM CYIIECTBEHHBIX OCOOCHHOCTEH:

1. Jns obecneueHus craOMIM3aAu
00BeKTa B IBYX BEPTUKAIBHBIX TIOCKOCTSIX
0Ch TUPOCKOIIA PAaCcoJI0’KeHa BEPTUKAIIBHO;

2. MaccuBHBIH 00011 poTOpa TMOMe-
IIEH B YIOPHBIN MOAIIUITHUKOBBIN y3€1, hC-
KITIOYAIOil 1ehopMalii U OCH THPOCKO-
Ma, a Takke€ BO3MOXHbBIE IMPEIECCUU, BBI-
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3BaHHBIC AePOopMAIUIMU U BIHSIONIME Ha
TOYHOCTh CTa0MIIN3alUU O0BEKTA;

3. TloAMITHUKOBBIA Yy3€sl pacroio-
JK€H Ha BEPTUKAJIBHOM paMe€ CUMMETPUYHO
OTHOCHUTEIIBHO LICHTPAJIbHON IIONEPEYHOU
TOPU30HTAIILHOW OCH YCTPOMCTBA;

4. TOopu30HTANbHBIA MOAIIMITHUKO-
BbII y3€J] BOCHPUHHMMAET HAarpy3ku OT Po-
TOpa TUPOCKOTIA;

4. 3HAUWTENBHBIE OTKJIOHEHHUS OT
TOPU30HTAILHOTO TIOJIOKEHUS CTa0WITH3H-
pyeMoil miatopmbl MapUPYIOTCS Iperec-
CHOHHBIM JIBUTaTEJIEM BEPTHKAJIBLHON paMbl
COBMECTHO C JBUTATeleM CTaOWIN3aluu
TOPU30HTAIILHON PAMBI.

Pucynok 2 — OgHOOCHBIN CHJI0BON rHpocTa-
omamsarop: 1 — rupockom; 2 — [laTumk yria
NPELEeCcCUy BEPTUKAIBHON paMbl THPOCKONa; 3 —
Ycunurens crabunuzanuu; 4 — JIpuratens cra-
Oounuzanuy; 5 — AKCenepoMeTp ropu30HTaIbHON
pambl THpOCKONa; 6 — Y CUIUTENb KOPPEKIUH; 7
— Jluratenp CTaOWIM3alUUd TOPU3OHTAIBHOU
pambl; 8 — OnTUMaNbHBINA TUHEHHBIN GUIBTD; 9
— Cymmatop; 10 — BeprtukanbHasg oCh THPOCKO-
na; 11 — YmopHBI TOPU30HTAIBHBIN MOALIUI-
HUKOBBIA y3enm; 12 — Beprukanshas pama; 13 —
LenTpanpHas mpoAoIbHAS TOPU3OHTAIIFHAS OCh;
14 — Croiiku cTaOWIN3UPOBAHHON TUIAT(OPMEI
o0bekra; 15 — TopuzoHTanbHas pama; 16 —
Huadparma; 17 — LlentpanbHas mnomnepeyHas
TOpU30HTAJIbHAs OCh

B  ycrpoiicTBax, UCHONB3YIOIINX
CTaOUITM3UPYIOIIME CBOMCTBA THMPOCKOIA,
pOTOp Bparaercs ¢ OOIBIION YIIIOBOM CKO-
pocThio €2, YTO CO3JaeT KMHETUYECKUN MO-
MEHT, HEOOXOIUMBIN JJII COXpAaHCHHS He-
WU3MEHHOTI'O MOJIOKEHHS TJIABHOM OCU THPO-
CKONa B MHEPUMAIBHOM IPOCTPAHCTBE. YT-
JIOBBIE CKOPOCTHU OTKJIOHEHUS TJIABHOM OCH
TUPOCKONA B MHEPLUAIBHOM IPOCTPAHCTBE
ONPEAEISIOTCS 3HAYCHUEM KHUHETHYECKOTO

MOMEHTa THPOCKOIA: 4eM OOJIbIe KUHETH-
YeCKUid MOMEHT J«2, TEM MEHbIIIE YIJIOBbIE
CKOPOCTH Jpeiia ocu THpocKora, TeM BbI-
e TOYHOCTh paboThl ycrpoiictBa. Ho on-
HOBPEMEHHO C YBEIMYEHHEM KHHETUYECKO-
ro MOMEHTa, PACTyT MOMEHTBl BHEIIHHX
BO3MYyILaOIuUX cui. Jis onpenenenus Tpe-
O0oBaHUU K KOHCTPYKIIMHM pPOTOpa HEOO0XO-
JUMO BBISICHUTBH CHJIBI, CO3JIAIOIIUE BO3MY-
[IAIOIIME€ MOMEHTBl OTHOCUTENIBHO Ocei
nozBeca rupockomna. [{ist aroro paccMoTpum
UJeabHO COAJIaHCUPOBAHHBIN pOTOp, CO-
CTOSIIUN M3 MacCUBHOrO 000/1a U THOKOTO
Baja, COECIUMHEHHBIX MEXAY COOON TOHKOMN
nuadparmoii (puc. 1, a).

[Ipn paBHOMEpHOM [BHXKEHUSI O0B-
€KTa CO CKOpPOCThIO V €ro yCKOpeHHue paBHO
nymio; V '= 0, a uentp Op Maccsl Mp poTopa
COBMeILIEH ¢ TOYKoil O nojaBeca TMpPOCKoOIa
(puc. 1, a). Ilpu ycKOpEHHAX MOJOKEHHUE
touek Op u O Oyner Hapymatbcs M Ha TH-
POCKON HAaYHYT BO3JIEUCTBOBAaTH MOMEHTHI
BO3MYIIAIONIUX CHUJI, BBI3BIBAIOIINE OTKJIO-
HEHUSl ero OT MEePBOHAYATIBLHOTO HaIlpaBiie-
Hud. B pesynbpraTe ycKOpeHMH BIOJIb OCEH
X u Z (PucyHok 1, 6, B) BOSHUKHYT CHJIbI

HHCPLUU:
Rx =mp-Vx’;
Rz=mpV;’; (1)

KOTOpBIE€ BHI3OBYT Jedopmanuu auadparmol
u Banma poropa. B pesynbrare mnentp Op
MacChl Mp pOTOpPa CMECTUTCA OTHOCHUTCIIBHO
Toukn moaBeca O Ha pacctosHust X u Z.
AMmmuTyasl nedpopManuidi 3aBUCSAT OT Oce-
BOW Cx M paguajbHOM Cz KECTKOCTEH aua-
¢dbparMbl ¥ Baja THPOCKOIA, W OMPEACIIAETCS
13 YCIIOBUW PABEHCTBA YNPYTUX M HUHEPIHU-
AJTBHBIX CHJI TI0O KOOPJIMHATHBIM OCSIM:

Xex =mpVyx’;

Zcz=mpVz’ . (2)

B o6mewm cinydae (puc. 1, 2) cuiibl nHEpIHU
Rx u Rz cozmamyr otHOcuTenbHO ocu Oy,
npoxodiei yepe3 touky O moaseca, BO3-
MYIIAIOIINI MOMEHT:

MI/I:RX'Z—RZ )(, (3)
KOTOPBIA BBI30BET MPELIECCHI0 THPOCKOIMA
OTHOCHUTEJIBHO OCEl IoJBeca poTopa. YTio-
Bas CKOPOCTh TMPEIECCUH BOKPYT BEPTH-
KaJIbHOW OCH mojiBeca Z paBHa:

1
= Mn _ =Y (4
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PaBHonelicTBytomas cwn uHepuuu Ry u Rz,
HarpaBjeHHas 1o ocu O — Op Oyzaer co3na-
BaTb Ha OMNOpPHI, YCTAaHOBJICHHBIE HAa OCH Y,
CHJIOBOE BO3JICHICTBHE:

F=./Rg +RZ, (5)

Co3aaBad B MOAIIMUITHUKAX MOMCHT CHJI TpC-

HUA:
M, =%-/R% +RZ, (6)

o4 BIIMAHUEM KOTOPOT'O Yy I'MPOCKOIIa TOXE
HA4YHETCA MPELHNECCUOHHOC ABUXKCHHUEC, YIJIO-
Bas CKOPOCTb KOTOPOro omnpcacidacTCsa pa-
BCHCTBOM:

’ M mp.7\’ 12 12
=—=L = «/V +V,o, (7
Wt 3.0 1.0 X z (7

rae A — KoO3pPUIIUESHT MOMEHTA CHJI TPEHHUSL.
Otcrofa: nansi TOBBIIICHUS] XapaKTEPUCTHUK
THPOCKOITUYECKOTO YCIIOKOUTENSI HE00X0-
JTUMO YMEHBIITUTh YTIJIOBBIE CKOPOCTH TIpe-
[[ECCUOHHOTO JIBHKEHUS
Jl7is BBISICHEHUS BIUSHUSA KOHCTPYK-
TUBHBIX IMapaMEeTPOB THPOCKOINA HA MPOU3-
BEJICHHE YTJOBBIX CKOpPOCTEH MpPEeleccuu
obpatumcs k npousBeacHuto (4) u (7):
3 ’
R =xw(i_i)x“_
J-Q C, Cyx

X 4/0;(2 +V52. (8)

3aMEHHUB MacCy poTopa €ro BECOM, IMOJy-
YUM:

., Vi -Vy G?

Wi Wt =24 g 'Jz.sz""

R S SV VTS 9)
CZ.CX

AHaJn3 NOJIy4eHHOTO paBEHCTBA MOKAa3bIBa-
€T, YTO YCKOPEHUS CTaOMIN3UPYEMOro 00b-
€KTa, YCKOPEHHE CHJIbI TsDKeCTU U Kodhdu-
[IUEeHT MOMEHTa CUJI TPEHMs B OMOpax MoJ-
BECa HE 3aBUCAT OT MapaMeTPOB pOTOpa T'H-
pockora.

Jlisi OLlEHKH PalMOHAIBHOCTH KOH-
CTPYKTHBHOTO HCIOJHEHHUS pOTOpa THUpPO-
CKOIla PacCMOTPHUM IPOU3BEJICHHE BTOPOTO
U TPETbEro COMHOXHTeJeH BblpakeHUs (9)

— ko3¢ Punment K, xapakrepusyrommii pa-
00TOCIIOCOOHOCTH KOHCTPYKITHU:
K=G-(_C y2.5x=%2 0. (10)
J-Q° ¢y Cy

Hcxons u3 3HaueHus kodpduimenta
paborocniocobHocTH K TrHpOCKONUYecKOro
ycriokoutenst (10) panuoHanabHas KOHCT-
PYKIIMS BO3MOXHA, KOTJa KHHETHYCCKHA
MOMEHT THpockona J-Q — oo, a pa3HOCTh
KECTKOCTEH pPOTOpa B OCEBOM Cy U Paju-
albHOM ¢z HampaBiieHusx (cy — c¢z) — 0.
[ToBBICHTH KHHEMAaTHYECKUH MOMEHTA TUPO-
CKOTIa MOXXHO YBEJIMYHMB YHCIO 000pOTOB (2
poTopa M COCPEIOTOYHMB OOJBIIYIO YacTh
Macchl THPOCKOIAa B €ro 000je OOJbIIoro
nuametpa (mo3. 1, puc. 2), pa3mMecTuB €ro Ha
CpaBHUTEIBLHO TOHKOW nuadparme (16), a
JUIS UCKITFOUeHHs nedopmanuii nuadparmbl
(16) u ocu (10) rupockona onpeTrb MacCHB-
HBI 0007 Tupockona (1) Ha ynopHBbIi noA-
munHUK (11), pa3MenieHHbI B BEPTHUKAb-
HOUM pame (12) u mapupyromuii oceBble U
0TYacTU pajauainbHble Aedopmanuu, B pe-
3yJIbTaT€ YEro >KECTKOCTh OIOp pOTOopa B
OCEBOM Cx M PaaUalIbHOM Cz HAIPaBJICHUSX
OyzeT mpuMepHO OJAMHAKOBOM (cx = ¢7).
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