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PaccMoTpensl  mapaiielibHO-  MOCJENOBAaTEebHOE W MOCIeA0BaTeNIbHO-
napajuieIbHOEe COSAMHEHUS MOTpedUTeNed MEXaHMYeCKOM MOIIIHOCTU TIPHU BBIHYKJI€HHBIX
rapMoHUYeckux KkoneOanusx. I[lapannenbHoe coeAMHEHUE XapaKTEPU3YETCs TaKUMHU
mapamMeTpaMu KaKk MEXaHWYeCKHE pPEaKTaHC (MHEePTHBIM W YIPYrui), PE3UCTaHC W
umrienanc. [locnenoBarenbHOe COSMHEHNE XapaKTEPU3YETCsS TAKMMHU TapaMeTpaMu Kak
MEXaHMUYECKHE cacCenTaHC (MHEPTHBIM M yNpyrui), KOHAakTaHc U aamutaHc. [lokaszaHo,
YTO HMIIEIaHC W AJMUTAHC SBJISIOTCS B3aUMHO OOpaTHBIMU BelWyMHaMu. HalijgeHs
COOTHOIICHHUSI, CBSI3bIBAIOIINE PEAKTAHC U PE3UCTAHC C KOHJAKTAHCOM U CACCENTaHCOM.
OmnpeneneH aAMUTAHC CIOKHOW MEXAaHHMYECKOM CHCTEMBI KaK CYMEpPIIO3UIIHs aIMUTAaHCOB
ee (¢parmenToB. OmpeneneH UMIEAAHC CIOKHOM MEXAaHUYECKOW CHCTEMBI Kak
CYNEpIIO3UIAsl HUMIEnaHncoB ee ¢parmenToB. (Ocoboe 3HaueHWE YyYeT KoJIeOaHU!
nmpruoOpeTaeT B pakeTHOW oTpaciu. B aBuanuu 6opnba ¢ BUOpomeperpy3kaMu HECYIIEro
BUHTA ¥ M3THOHBIMU a’pOYIPYTHUMHU KOJICOAHUSMH KpPbLIa CaMOJIETa SIBIISIOTCS JKU3HEHHO

Ba’>XHBIMHU MCPOIIPUATUAMU.
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BBenenue
Panee onpenenensl cneayromue BEIUYUHbI.

WueptHplii W ynpyruii  peakTaHCchl B KOMIUIEKCHOM — M300pakeHUU
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[{enbro UCCIIEIOBaHUS SBISICTCS 3HAYUTEIHLHOE YIPOIIECHUE BBIUMCICHHHA ITyTEM
3aMEHbl HEOOXOJMMOCTH pelieHus: audQepeHnanbHbIX ypaBHEHUN Ha ajare0pandyeckue
METO/IBI.

AKTyaJIbHOCTh pabOTBhl 00YCIIOBJIEHA TEM, YTO MEXaHWYECKHE KOJeOaHUs MIHUPOKO
pacripocTpaHeHbl B Pa3HOOOpa3HBIX TexHoJormdeckux mporeccax [1-14]. Ocoboe
3HAaYEHHUE YUeT KoJIeOaHui mpruoOpeTaeT B pakeTHOM orpaciu [15, 16]. B aBuaru 6opbba
C BHOpoIeperpy3kaMu HECYIIEro BHHTAa W HM3THOHBIMH a’pOyNPYyTrdMHU KOJICOAHUSIMHU
KpbLTa caMoJIeTa SBJISIOTCS KU3HCHHO BOKHBIMU MepornpusTusmu [17-19].

Hcnonb3yeTcsi KOMIICKCHOE TIPEICTABICHHE TAPMOHMYECKUX U CBS3aHHBIX C HUMHU
BennurH. [10100HBIH TOAX0/T IIMPOKO UCIIOJIB3YETCS B DJIEKTPOTEXHUKE.

CBs3b MEKAY MEXAaHUICCKMMU BEITHNIHHAMHU

Teopema 1. IMeeT MECTO BBIpOKECHHUE: Y =

IN |

HHokazamenvcmeo. C yuerom (1) z =

Vv

C yuerom (2) y=—=

Tl <o
IN | =

Teopema nokasana.

Creocmeue. Tlpu r =0 b =1/x, T.x. npu aToM Yy =b, z = X.

Teopema 2. JIist 0OOpaTHBIX SKBUBAJICHTHBIX BEIMYUH UMEIOT MECTO BBIPAKCHUS:

.TC .TC
RLIRLE S S S B B )
r’+x> = r’+x? g°+b’ g°+b’
ﬂOKCZS’Clme]ZbCWl@O.
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Z=r+X=r+Ix,

211 r-ix_r-ix o il X grap*
X_;_r+ixr—ix_r2+x2_r2+x2 o R
X:g+Q:g+m,

;:l: 1- g_!b: 92—|b2: zg 7| 2b 7= +x*

y g+ibg-ib g°+b” g°+b g°+b

Teopema nokasana.

T eopema 3. I[J'DI CXEMBbI ITOCJIICAOBATCIBHOI'O COCAMHCHHMHN MCXaHHMYCCKUX CHUCTEM

HNMCCT MCCTO BBIPpAKCHUC!

Jloxazamenvcmeo. Cuma F  sgBiasgercs oOmiedt BeawuuHoi. Jlms moboi  u3

MEXaHHYECKUX CUCTEM C YUETOM (2) MOXKHO 3aMucaTh

Vi=Yy,F.
B cooTBeTcTBHH € MPUHIMIIOM CYIIEPIIO3ULIAN
. N o n . e N .
V=2V;=>yF=F}y=Fy.
j=1 j=1 j=1
Teopema nokasana.

Cneocmesue 1.

Cneocmeue 2. g
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Cneocmsue 3. Imnenanc 110001 U3 COCTABIAIOMIMX MEXAHUYECKUX CUCTEM OOJIBIIE

OKBUBAJICHTHOT'O UMIICJaHCA

Cneocmeue 4. Ecrm 2, =2,=...=2,=...=2,=2%,T0 Z =

Crneocmeue 5. lim z =

Teopema 4. [1na cxeMmbl MapajuIeIbHOTO COCIUHEHNA MEXAHUYECKUX CUCTEM UMEET

MCCTO BBIPAKCHUC!
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Jloxazamenvcmeo. Ckopocth V sBuseTcss oOmiedt BenwumHOW. Jlnms mro0oit w3

L]

COCTaBJIAIOIIMX MEXAHUYECKUX CHCTEM C yueToM (1) MoxHo 3amucarts F; =,V .

B cooTBeTCTBHM € MPUHIIMIIOM CYNEPIO3ULIAN

F=) R =22V =V Yz -V,
i1 -1 i1

TeopeMa JOKa3aHa.

Cneocmesue 1.

Cneocmeue 2. y——it
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Cneocmesue 3. AnMurtasc JJF000M U3 COCTABIAIOIINX MEXAaHUYECKUX CUCTEM OOJIBIIIE

OKBUBAJICHTHOI'O aAMHUTAHC a

Crneocmeue 4. Ecrm Y, =y, =...=y;=..= Y, =y*, 10 y =

Cneocmeue 5. lim y=

CxeMa mapaJjijieJibHO-TOCJIe0BaTeJIbHOr0 coexnuenus (puc. 1.)

r
2 m.

Puc. 1. — Cxema NapajuICIbHO-IIOCIACA0OBATCIIbBHOI'O COCAMHCHUS

C yueroM Teopemsl 1 Z, :ZI/ Y, -

C yuetoM Teopembi 4 Z =7 + Z,.

C yuetom (1)\} = F/g
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Ipumep 1. F =100e" (H), w=2pan/c, m=10xr, k=20 (ke-c?), r=7(ke-c™).
OmpenenuTs BCe OCTAIbHBIE TAPAMETPHI.

2,=1/y,=1/(15,135-10%e"**") ~ 6,607 "***" (xr-c™),
71=12+12,=12,207¢" +6,607e "***" =15,372e"***" (xkr-c™),
V = F/2 2100/(15,3726™%") = 6,508 0" (¢,
F =,V =206 6505 5" =130,1e'* (H),
F., = x,V =106 . 6,505¢"5"" = 65,056 257 (H),
F,=rV =7e°.6505¢ "0 = 45 5356 57" (),
F, = 2,V = 6,607e %" .6,505¢ 15" = 42,979¢ 9% (H),
V., =h ,F,=5-10%e"" . 42,9796 %" = 2 149 9% (3. ¢y,

V;Z = g«z IE2 =10 .:|_0—2eigoo . 42’97ge—i49,86° _ 4,298e“‘°'14° (M ‘ C_l),

V:z =0, |£2 =14,286-10" -42,979e_i49*86° — 6’14e—i49,86° (M- C_l).

Ha pucynke 2 n300paxeHbl Bce pacueTHbIE TapaMeTpBhl.
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Puc. 2. — IlapanienbHo-TI0CI€ 10BATEILHOE COCTMHEHNE

Ilpumep 2. Jlna napannenvho-nociedosamenvho2o (06ounozo) pesonanca [20].

-2
Otiaunune ot npumepa 1 cocrout B Tom, uto K =40 (ke-¢ ™).

2=2,=r=7€" (ke-c?), 2=2 +2,=2r=14e'" (xr-c™),

V =F/z =100/(146") = 7,143¢" (m-c ™),

Fou = XV =208 . 7,143¢"” =142,8576" (H),

Foo = XV =208 .7,1436" =142,857¢ " (H),

F,=F =rV =7e°.7,143¢" =50¢" (H),

F, =2,V =76 .7,143¢" = 506" (H),

V. =b,F,=5-102"" .50¢"" = 2,56 " (m-c?),

m

V,, =h,F,=5-102e"" .50 =2,5¢'" (m-c™),
8
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V,,=0,F,=14,286-10"7-50e" =7,143¢'" (m-c™).

Ha pucynke 3 n3o0paxeHsl Bce pacueTHbIE TapaMeTpBhI.
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Puc. 3. —IlapamienbHo-nocne0BaTEIbHbIN (ABONHOI) pe30HAHC
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Cxema mocJjie10BaTeIbHO-NAPAJIeJIbHOTO coequHeHust (puc. 4.)

AMAWCE— S,
. . - W\’E
@ —
I

Puc. 4. — Cxema nocnenoBaTeabHO-MAPAUIETbHOIO COETUHEHMS
C yuerom teopemsi 1 y, =1/z,.

C y4eroM TeopeMst 3 Y =Y, +Y,.

C yuerom (2) ckopocts mroka V =y F .

IIpumep 3. 3HaU€HHUsI BCEX BEJIMYMH TaKue ke Kak B mpumepe 1.

Y, =1/2,=1/(12,207¢") =8,192-10 %™ (ko™ - ),
y=Y,+Y,=15135-10"e"*" +8,192-10%e "™ =19,061-10e™**** (ko™ - ¢),
V =F y=100-19,061-10%€ 5" =19,061e " (- c™),

V, =Fy, =100-8,192-10% " =8,192¢ " (s-c™Y).

_V,+V, =15,1356™% 1 8,192%¢"%'=19,061e "% (m-c ) =V .

Ha pucynke 5 n3o6paxeHsl Bce pacyeTHbIE apaMeTpBhI.

10
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Puc. 5. — IlocnenoBarenbHO-IapaIeIbHOE COCTUHEHNE

Ilpumep 4. [[na nocnedosamenvHo-napaiieibHo2o (080tino2o) pezonanca OTandue

OT IIpuMcEpa 2 COCTOUT B TOM, YTO JJICMCHTBLI COCAMHCHLI ITOCJICAOBATCIIbHO-TIAPAJIJICIIBHO.

VW=Yz=9,=y,=Yz,=9, =1/(12,207€"%") =14,286-10%'" (ko™ -¢),

Y=Y, +Y,=2-14,286-107%" = 2857110 %" (ke -¢),
V- 'EX =100-28,571-10%e'" =28,571e'” (m-c?),

V =—V+V,,

~V,=—Fy,=V, = F y, =100-14,286-10 % =14,286¢'* (3-c ™),

_V:nl = bml |E —5.102e% .100e!® = 5e1%" (M ' C_l),
_V:(l = *_% |E =5 ,10—Zeigoo -]_OOGiOO _ 5e‘9°° (M - C_l) |

11
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V=g, F =14,286-10 -1006'" =14,286e"” (v-c™),
F:nz = anv'z =20 .14,286¢'" = 285,714e'"" (H),

F'kz = x,V, =209 .14,286¢'" = 285,714 (H),

F.I‘Z = IEZ = IE = I’z\/.2 = 7ei0 '14,286€i00 =lOOeiOO (H)

JlanubIM npuMepa 4 COOTBETCTBYET BEKTOpHAs UarpaMmma Ha pucyHke 6.

12
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Puc. 6. — IlocnenoBatenbHO-MapaiyieIbHbIN (ABONHOM) pe30HaHC

Xapakrep peakTUBHOCTH UMIIeIaHCA
Eciu F = Feio,

13
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. X
jarctg—™ .
Z=r+Xx =4I’+xe " =2ze",

TO \}:

Ilpumep 5. llpu TeX xe KONMYECTBEHHBIX 3HAYEHHUI, UTO U BBIIIIE,

20

- X .
iarctg—™ iarctg— . o ~
z=r’+xle " =47*+20% 7 ~21,19¢™ (k2-c™),

i0
_ 1008471007 (4. 0y,

V== __
21,1977

N[ e

Ha pucynke 7 n3o0pakeHbl pacyeTHbIC apaMeTPHhl.

S
Tley

vV

Puc. 7. — «IHEepTHBIN» UMIIETAHC

X
iarctg—%-

[TycTh TeMeph z =1+ X, =+/r>+Xx’e ' =ze".

llpumep 6. 1Ipu TeX xKe KOMMYECTBEHHBIX 3HAYEHHUI, UTO U BBIIIIE,

-10

X ;
iarctg k- iarctg—— _is5e -
£=me r =77 +10% 7 =12,207e"% (ke-c™),

. i0 -
V = 2&.550%8,1926'55 (M'Cil).
12,207e™"

IN | T1e

Ha pucynke 8 n300pakeHbl pacueTHbIE TaPAMETPHI.

14
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Puc. 8. — «Ynpyruii» umrenanc

W3 nmpumepoB 5 1 6 BBITEKAET JOKa3aHHAs 3TUMU IPUMEPaAMU

Teopema 5. llpum nuccUNaTUBHOM (PE3UCTHUBHOM) HArpy3ke cuia M CKOPOCTH
u3MeHsitorcs cuHpaszHo. I[lpu peaktuBHOU — ux (aspl He coBnagatroT. CaBur no Qasze
MOJIOKUTEIIbHBIN MIPU «MHEPTHOM» UMIIEJAHCE U OTPULIATEIbHBIN [IPU «YTIPYTOM.

3ameuanue. llpn x=x_+Xx U X,

< X, MMnenanc «ynpyrui». Ilpu x, > x, umnenanc
«UHEPTHBIN.

Teopema 6. Ecnu X, # X, TO PEaKTUBHBIM XapaKTep HMMIIEJAHCAa U3MEHSAETCSA Ha
IPOTHBOIOJIOKHBIA IIPH 3aMEHE CXEMBI COCIUHEHHSA DIEMEHTOB (C IOCIEI0BATENBHOIO
Ha MapajieIbHOe WK HA000pOT).

ﬂOKdemeﬂbcmBO. Ecan X, > X B COCAMHCHUC I1apauICJIbHOE, TO

X

k) 2
l:_m-i_zk: mo —— e2'
()
C yueToM 3aMedaHHs K TEOpEME 5 MMIIENAHC SBISETCS «MHEPTHBIM», IPU 3ToM (asa

in/2>0.

Ecau 3TH ke 3J1eMeHThI COCOAUHUTD ITOCIACA0BATCIILHO, TO

b=b +h :(ﬂ_ijeiz :MeiE_

kK om km
15
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C yderoM ciencTBus U3 TEOpeMHI |

__ km %

1
X =_—
~ b om-k/o

®a3a nomeHsa 3HaK (—in/2<0). IpyrumMu c10BaMu, IMIENAHC CTAT KYIPYTHM.
OueBUAHO, YTO IIPU X < X, AEJI0 OOCTOUT TOUHO TaK XKe.

Teopema ngokazaHa.
3akjloueHune

PacueT kOMOMHUPOBAHHBIX MEXaHU3MOB TPAIUIIMOHHBIMU METOJIAMU TIPEACTABIISCT
co00¥i CIIOKHYIO ¥ TPYIOEMKYIO 3a7a9y.

Hcnonp30BaHWE CHUMBOJHUYECKOTO (KOMIUIEKCHOTO) OIMCAHMS MEXaHUYECKHUX
MPOIIECCOB U CHUCTEM TO3BOJISIET MPUMEHSITH BMECTO 3TOr0 MPOCTHIE UM KOMIIAKTHbBIC
anreOpanyecKue MeTOIbl, TPYJA0EMKOCTh KOTOPBIX MEHBIIIE B JIECITKH Pa3.

BekropHbie nuarpaMMebl, HE SIBIISISICH HEOOXOJAMMOM COCTAaBIISIONIEH HMCCIeI0BaHUs
MEXaHUYECKUX CHCTEM, HMEIOT CYIIECTBEHHOE METOJMYECKOE 3HAUYCHHE, TOCKOJIBKY

IIOKAa3bIBAKOT KOJIMYCCTBCHHBIC U CbaBHBIe COOTHOHICHHA MCIKAY ITapaMEeTpaMu CUCTCM.
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Abstract

The article considers both parallel-series and series-parallel connection of consumers
of mechanical power. The purpose of the work consists in developing compact algebraic
methods for ramified mechanical systems computing at forced vibrations in the steady-state
modes. Speeds of mechanical systems’ elements and forces applied to them are being
determined algebraically through the known systems parameters and disturbing harmonic
impact. A complex representation of harmonic and related mechanical quantities is used.
This approach is widely used in electrical engineering. The main research methods within
the framework of this work are methods of mathematical modeling and analysis. It is not
the physical object itself herewith, which is being studied, but its mathematical model,
namely the object “equivalent” reflecting its major properties, i.e. the laws it follows,
connections peculiar to its constituent parts etc. As for the considered ramified mechanical
systems, classical methods based on solving the second order differential equations are
being multiply complicated and require solving the systems of equations, which are being
reduced to the systems of higher orders. Symbolic (complex) description employing for the
mechanical processes and systems allows apply instead simple and compact algebraic

methods, which labor intensity is tenfold less.


mailto:ip.popow@yandex.ru

A relation between mechanical values for various types of elements connection of
mechanical systems was established. Being an unnecessary component of mechanical
systems studying, vector diagrams are of great methodological value, since they demonstrate

quantitative and phase relationships between systems’ parameters.

Keywords: consumers of mechanical power, forced vibrations, parallel, series connection,

resonance of forces, resonance of speeds.
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