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Camapckuil rocyJapCTBEHHBIN YHUBEPCUTET IyTEH COOOIEHUS

Brimonnen TeOpeTI/I‘IeCKI/Iﬁ aHaJIn3 CIEKTpa BI/I6paHI/II/I, FeHeppreMOﬁ paCHeHTpOBKOﬁ BaJIOB, COETMHEHHBIX
NIIUICBBIMU U 3y6‘IaTI)IMI/I My(l)TaMI/I. Br[epBHe IOKa3aHo IMPU KaKuX YCJIOBHAX BO3MOXKHA I'CHEpAIUA TpeTLeﬁ rapmo-
HUKH 4aCTOTBI BpallilCHUA POTOPOB. PeSyJ'H)TaTI)I aHaJIn3a NOATBCPKACHBI SKCIICPUMCHTAJIbHBIM MaTCPUAJIOM.

Pacyenmposxa 6anos, mygmoi, cnekmp subpayuu, nepeas, mopas, mpemusi 2apMOHUKU

[Ipn skcmuryatanuu arperaroB, COCTOS-
IIUX U3 JBUTATENIl U Harpy3Kd, 4acTO BO3HH-
KaloT BHOpaluy, BbI3BaHHbIE PACLIEHTPOBKON
ux BajoB. CIOXXHOCTb JAMArHOCTUKU 3TOTO SIB-
JIEHUs 10 mapaMerpaM BHOpainuu o0ycioBIeHa
TEM, YTO OCHOBHAs 4acToTa KOJcOaHMI, CBS-
3aHHAas C 3TUM Je(eKTOM, paBHA 4acTOTE Bpa-
1ieHust poTopoB. M3menenue ypoBHs BUOpauuu
Ha ATOW YacTOTE MOJKET ObITh BBI3BAHO U JPY-
TUMU UCTOYHUKAMU (TTOBBIIIIEHHBIM HCOAJIaH-
COM WJIM 3a30pOM B TIOJIIUITHUKE, O0EM BaJlOB

i MypTel U T.1.). Bo3MOXXHBIE BapHaHTHI
pacLieHTPOBKM MpencTaBieHbl Ha puc. 1. Ilpu
paanuaIbHOM CMEIIEHUU BaJlOB UX OCH Mapall-
JIeNbHBl U CMEIIEHBbI Ha BenuunHy O . llpm yr-
JIOBOW pacUEHTPOBKE OCH BaJIOB PACIIOJIOKEHbI
oj yrjiaoM 7Y M IepeceKkaroTcsi B reoMeTpuye-
CKOM LieHTpe My(Thl. Banbl ¢ paguaibHbIM U
YIJIOBBIM CMELIEHHEM, B OOlIeM ciydae, OyayT
CKPEIMBATHCS M0, HEKOTOPBIM YIJIOM & .

Puc. 1. Cryuau necoochocmu 6an06 ¢ 00HOU My@moui: a - paduanivhas,; 6 — y2nosas; 6 — paouaibHas
U Yenoeas (PAcnONOACEHbL 8 OOHOU NIOCKOCTNUL); & — CKPeUWUBAIOWUECS 6ATbL

[Ipu coenuHeHUM BaJIOB KECTKOM KOH-
TakTHOM My(TOoil (3yOuaToil, HUIMIEBOM) B
cllydae pacLEHTPOBKH JlaXKe IPU PaBHOMEPHOM
BpallleHUHM BEAYyIIEro Baja BEAOMBIM Oyxaer
Bpamarbcs HepaBHoMepHo [1]. Paccmorpum,
Kakue Koje0aHusl TeHEPUPYIOTCS TaKUM COEH-
HEHUEM BaJIOB. YT0JI HOBOPOTa BEAOMOTO Bala
B cBsizaH ¢ yriaoM MOBOpOTa BEAYIIEro Bajia

Ol cooTHOmIeHUEM [1]
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r7ie 7 — paguyc TOYKH TMPHIIOKEHUS KPYTAIIETO
MOMEHTa B My(QTe.

B ciydae TOJIBKO YIIIOBOTO CMEIICHUS
0 =0, Trorga cootHouienue (1) mpumer BuJ
tgf =tgacosy .
CnengoBaTennHO,



ABMnaunoHHas 1 pakeTHO-KOCMMN4YecKana TeXHUKa

B =arctg(tga cosy). (2)
OmnpenenuM YrioBylO CKOPOCTh Bparle-
HUS BEJIOMOro Bana @, . Jlns storo npoaudde-

peHIpyeM cootHoueHue (2) no Bpemenu. Ilo-
CJIe HECJIOXKHBIX MpeoOpa3oBaHuil MOITyYUM
dp cosy
_—= a)2 =
dt

r7ie @, — yrioBas CKOPOCTb BEIYIIEro Baja.
YuutbiBas, 4TO BEJOMBIN BaJl BpallaeTcs
HEPaBHOMEPHO, OMPEIEIUM €ro yrioBO€ YCKO-
penue. IlpoauddepenuupoBaB CoOOTHOLIEHHE
(3) mo BpemeHH U czenaB npeoOpa3zoBaHus, MO-

Jy4UM YIIJIOBOE YCKOPEHHE BEJOMOI0O Baja:
ap = cos;zfsm2a(cosy -1 @12 (4
dt s”y
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cos’ oL +sin’ a cos” ¥
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. 4 (o) ) 4 4
sin” o + sin” 2a +cos” e cos” y

[IpucyTcTBHE COCTABIAIOMIUX C JBOHHBIM
yrjaoM O CBHJETENbCTBYET O HAJIUYMUU KoOJie-
0aHUl cO BTOpPOH T'apMOHUKON YacTOThl Bpa-
LIEHHS BEAYILEro Baja.

Jnia paguanbHbix cMmenieHuit (Y = 0) co-
otHouieHue (1) npumer BuA
rsino —osin &

tgh = .
&b rcosa —o0 cosé
Torma

B = arctg rsino —osiné

rcosa — 0 cosé
VTioBas CKOpPOCTh BpaIIEHHs BEJOMOTO Bala
r* —rd(cosé cosa +sin & sin a)

R 2r8(cosé cosa +sin £ sin o)
BeipaxkeHue [uid @, mOJIydaeTrcss Ipo-
MO3JKHUM, HO B HEM IIPUCYTCTBYET COCTABJIAIO-
mas sin2¢ , 9TO CBHUAETEIBCTBYET O HATHUHU
BTOPOM TapMOHHKHM YacCTOTHI BPAILCHUS BEIY-
IIETo Baa.
Jlnia obiero ciyyast

rsina cosy —o sin &

B =arctg (5)
rcoso —O cosé
Orcrona
2 . .
_ r cosy —rdcosy(cos§ cosa +siné sina) a)l.(6)

P (rcoso—8 cosé) +(reosysina — 5 sin &)’
Belpaxkenue Ui yriioBOro ycKOpPEHHs
mojy4yaercsi BechMa TpoMo3nkuM. OJHAaKo B
HEM HMMEIOTCS COCTAaBJISIOIIUAE C YIJIIOM 20 .
Kpome Toro, mpucyTcTBYIOT KOMOMHAIIMK BUAA

r*§cos’ ysin’ o —2r’d cosé cosysina.  (7)
Bripaxkenue (7) MOXHO 3amucarh Kak
3 3
rocosy | 80Se o —asin’a | (8)
4 cos” y
v 8cos &
pu =2 =3 (8) mpumer  BUZI
cos’y
r?cos ’y . s
n (3sin @ —4sin "a) .

CooTHomeHne B ckoOkax ectb sin3a . Cuemno-
BaTEJIbHO, TIPH ONPEICIICHHON KOMOMHAIIUN YT-

JIOB a n y BO3MOKHO IOSIBJICHHE 3 rapmMmoOHH-

k. Hanpumep, npu 15° >y >0, & maxoautes
B mpenenax 68...69°. Tloatomy mnposBieHHE
TPETheil TAPMOHHMKH BCTPEYACTCS JIOCTATOYHO
peKo.

PaccMOTpUM COEIMHCHHE BajJOB TOPCH-
oHHBIM BasioM (puc. 2). 3meck a, 3,3’ - yris
MOBOPOTa COOTBETCTBCHHO BEIYIIETO, TOPCH-
OHHOTO M BEIOMOTO BAJIOB; a, 0 — Beaymas u

senomas nomymydrel mybTs;; M, B, r — Be-

qymas noJiyMy(pTel  My(QTHI;
M >,y - yron ckpyuuBaHHs TOPCHOHHOTO Ba-

U BeIoMas

na. Jlnsg sToro ciydast B pabote [2] momydeHO

BBIpQKEHHUE, CBSA3BIBAIOIICE YIIIbI IIOBOPOTA Be-

JIOMOTO ¥ BEIYIIETO BAJIOB

_ cosy,tga(l+1g’y) _
cosy, —tgatgy +cos’ y,1g¥(tga +1gy cosy))
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Puc. 2. Cxema necoocnocmu 6anog ¢ osyms mygpmamu M;, M: 1 — eedywuil éan;
2 — mopcuonublil 6ajl; 3 — 6e00Mblil 64l
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[Tpu aHanm3e KMHEMATHKH TaKOTO COEH-
HEHHsI pacCMaTpPUBAETCs CIyJail Kak Iisi OJHO-
3JIEMEHTHOM KOHTakTHOM My(Thl. OHaKo B [1]
MOKa3aHo, YTO B 3TOM CiIydae IMOJIy4YeHHBIE pe-
3YJIBTAThl MOYKHO PACIPOCTPAHUTH HA BCE THUIIBI
KECTKHX  MHOTOZJIEMEHTHBIX  KOHTaKTHBIX
MyQT.

st ciywast ¥, =0 peanusyiorcs Bapu-
aHTBI, paccMOTpeHHbIe Bbime. Ilycte Y =0
(T.e. cuMTaeM TOPCUOHHBIN Bajl aOCOJIFOTHO KE-
CTKUM), mpu ¥, =Y,=Y, (9) npumer Bun
tgB' =tgo . CnemoBarelibHO, BEIYIIUH W Be-
JOMBII BaJIbl BPAIIalOTCSl CHHXPOHHO.

Ipn y =0, v, #7,, tgﬁ’:tgacos—yz. Torna
CosY,
B' = arctg| tga cOS7>
cosY,

VrioBas CKOPOCTh BEIOMOIO Baja OIPEIeIsi-
€TCSI COOTHOIIIEHHEM
COSY, COSY,

d !
3 2 2 2 s 2 1
dt COS™ ¥, Cos" a +COS™ ¥y, sIn” o

VYrioBoe yckopeHue

: 2 2
. cosy, cosy, sin20(cos’y, ~cos’y,)
o, =

1 °

2 2 2 .2 2
(cos y,COs a + cos y,sin a)
T.e. W 3/IEChb MPHUCYTCTBYET COCTABJISIONIAS C
JIIBOMHOI 4aCTOTOM.

Hns cayqas w =0, y,=y,=7

xeHue (9) npuMeT BUJL
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1of' = cos yiga (1 +1g*y)
cos y —tgatgy +cos’yigy (Igo +1gy cos y)
Orcrona
2
1
P cos ytgar(1+1g” )

C0S ¥ — 1gaUgy + cos 2 g W (1gat + (g y cos ¥)
BelpaskeHust U1 @; U @, TOJy4aroTcs Ipo-

Mo3akuMu. OIHAKO B HUX MPHUCYTCTBYIOT CO-
CTaBJISIIONINE, CBHUACTEIHCTBYIONINE O BO3MOXK-
HOCTHU TIOSIBJICHUS KOJICOAHWW C JIBOWHOM dYac-
TOTOM BpAILICHUS BEAYIIErO Baja.

Hnsa  obmero caywas (Y 0,7, #7,)

BBIPOKCHUS U 0; U O, emé Ooyee rpoMo3-

ku. Ho u 31€ch IpUCYTCTBYIOT COCTaBIISIFOIIME
C yIiioM 2qa .

PaccmoTpuM sKcnepUMEHTal bHbIE JaH-
uele. [lpu ucneitanun nsurarens HK-14CT na
CTEHJI€ 3aBOJa—M3TOTOBUTENSI HMEIH MECTO
Cllydau paclieHTPOBKHU C MOCIEAYIOIIUM 3aKIH-
HUBaHUEM B NUIHIICBOW MydTe. JIBurartens co-
€IMHAJICS C THAPOTOPMO30M TOPCHUOHHBIM Ba-
JIOM II0 CX€Me, IpPEACTaBICHHOM Ha puc. 2.
PacuenTpoBka M 3aKkJIMHMBaHUE MPOUCXOIUIH
Ha MepexoqHOM pexume. B atom ciydae Ha-
OJI0JJAJIOCh CHUHXPOHHOE HW3MEHEHHE YpPOBHS
BHOpaIii 1O OCEBBIM BHUOpPOJATYHKAM, YCTa-
HOBJICHHBIM Ha KapTepe CBOOOJHOW TypOWHBI
(CT) u runporopmose (puc. 3).
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Puc. 3. Bpemennvie peanuzayuu ocesotl subpayuu osuecamens (a) u cuopomopmosa (6) na pesicume nepexiaoku BHA
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The theoretical analysis of a spectrum of the vibration generated by not centered shafts, connected by gear gear-
ing. For the first time it is shown under what conditions generation of the third harmonic of frequency of rotation of
rotors is possible. Results of the analysis are confirmed by an experimental material.

Not centered shaft, the vibration spectrum, the first, second, third harmonics
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