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AHHoTaums. OTMeYeHO, YTO TPaAMUMOHHBIA PacyeT CIOXHbIX
MEeXaHU4YeCKNX YCTPOMCTB NPY BbIHYXXAEHHbLIX CUHYycoMAaanbHbIX koneba-
HWAX, KaK NpaBuno, npeacTasnsieT coboi JOBOMbLHO HEMPOCTYIO 3azady.
Yale BCero pacyeTymkoB, KOHCTPYKTOPOB M TEXHOMOMOB MHTEPECYOT
yCcTaHOBMBLUMECS pexuMbl konebaHuii. Lienbro HacTosiwero uccnego-
BaHUA SBNSETCA 3HAYUTENbHOE YNPOLLEHWE BbIYUCTIEHWI NyTEM 3aMEHbI
HeobxoaAMMOCTU pelueHust anddepeHumancHbIX ypaBHeHUn Ha Bonee
npoctble anrebpanyeckne metoabl. NMogo6bHbIN NOAXOA LLUMPOKO UCMOMb-
3yeTcsi B TEOPETUYECKON INEKTPOTEXHMKE. AKTyanbHOCTb paboTbl 0by-
CroBreHa TeM, YTO MexaHuyeckune konebaHusi LUIMPOKO pacrnpoCTpaHeHb!
B TEXHOMOrMYeCcKUx npoueccax arpobusHeca, B TOM Yucre, Npu cenapa-
uuu 3epHa. Metoguka. OCHOBHbIMM METOAAMU UCCNENOBAHNUS B paMKax
HacTosLwel paboTbl SBNSAOTCA METOAbl MaTEMaTUYECKOro MOAENMpoBa-
HUA 1 aHanusa. Mpu aTom uccnepyeTcst He cam hu3ndecknin obbekT, a
ero matemartuyeckasi Mogernb — «3KBMBanNeHT» oObekTa, oTpaxatroLwui B
MaTtemaTuyeckon hopMe BaxHelLIMe ero CBONCTBA — 3aKOHbI, KOTOPbIM
OH MNOAYMHAETCS, CBA3W, NPUCYLLME COCTaBMAOLWMUM ero YacTaMm, 1 T.4.
PesynbraTtbl. VIcnonb30BaHHble BUAbI MOOENVPOBAHUSA SBMSIOTCA Ae-
TEPMUHUPOBAHHLIMW, AMHAMUYECKUMU U HenpepbiBHbIMA. OCHOBHbIMU
aTanaMmm mMatemaTu4ecKoro MoAenMpoBaHus SBNSOTCA NOCTPOEHNE Mo-
Oenu, peLleHne mateMaTuyeckon 3agayun, K KOTOpov NPUBOAUT MOAENb,
MHTepnpeTaums NonyyYeHHbIX CrneacTBui U3 matemaTuyeckon Mopenu,
npoBepka agekBaTHOCTW moaenu, moaudukaums mogenu. Mcnonbso-
BaHHble MeToAbl MO3BOMSAOT NOMYYNTb JOCTOBEPHOE ONUcaHue uccneay-
eMblx 06bEKTOB. PacCMOTpEHbI Cxema napasnsnernibHOro CoeauHEHUs!, Npu
KOTOPOW CKOPOCTb 31IEMEHTOB MEXaHNYECKON CUCTEMbI OANHAKOBas, Npu
3TOM CWSbl OTAIMYAIOTCS, a TakkKe Cxema MocrefoBaTeflbHoro coefuHe-
HUS, NPY KOTOPOW CUNa Ha aneMeHTax MexaHU4eCckon CUCTEMbl OUHAKO-
Basi, Mpu 3TOM CKOPOCTW oTnm4yatoTcs. Hay4Has HoBuM3Ha. Vicnonb3oBsa-
HWe CMMBOMMYECKOTO (KOMMIMEKCHOMO) ONUCaHNs MEXaHUYECKUX CUCTEM
Npu BbIHYXAEHHbIX rapMOHMYecknx konebaHusix (B yCcTaHOBUBLUEMCS
pexumMe) No3BONUIo 0TKa3aTbCsl OT Ype3BblYANHO POMO3AKOr0O U TPYAo-
€MKOro anroputMa pacyera, CBA3aHHOro € pelleHnemM anddepeHumans-
HbIX YPaBHEHWI, N 3aMEHUTb €ro NPOCTLIMU U HaMmMSAAHbIMY anrebpanye-
CKMMK onepauunamu. bnarogaps aTomy BpeMsi pacHeToB yMeHbLUaeTcs
B pasbl. BekTopHble gnarpammel, He sIBNsisicb HEOBXOAMMOW COCTaBnsi-
IOLWen nccrneaoBaHUs MexaHWYecKuX CUCTEM, UMEIDT CyLLeCTBEHHOe
MeToamMyeckoe 3HauveHue, MOCKOMbKY MOKa3sbiBalT KONUYECTBEHHbIE W
hasHble COOTHOLLEHUS Mexay napaMmeTrpammn CUCTEM.

KntoueBble cnoga: I'IOTpeGMTeJ'II/I MeXaHN4eCKOW MOLLHOCTW, Bbl-
HY>XOEHHble kone6aHus, napannenbHoe, nocnenosartefnibHOE coeauHe-
HWe, pe30HaHC CWM, PE30HaHC CKOPOCTEN.

Abstract. It is noted that the traditional calculation of complex me-
chanical devices with forced sinusoidal oscillations, as a rule, is a rather
difficult task. Most often calculators, designers and technologists are in-
terested in steady-state oscillation modes. The purpose of this study is
to simplify significantly the calculations by replacing the need to solve dif-
ferential equations with the simpler algebraic methods. A similar approach
is widely used in theoretical electrical engineering. The relevance of the
work is due to the fact that mechanical vibrations are widespread in the
technological processes of agribusiness including the separation of grain.
Methodology. The main research methods in the framework of this work
are methods of mathematical modeling and analysis. In this case it is not
the physical object itself that is investigated but its mathematical model -
the “equivalent” of the object, which reflects in mathematical form its most
important properties - the laws to which it obeys, the relations inherent in
its constituent parts, etc. Results. The types of modeling used are deter-
ministic, dynamic, and continuous. The main stages of mathematical mod-
eling are building a model, solving a mathematical problem that a model
leads to, interpreting the results from a mathematical model, checking the
adequacy of the model, modifying the model. The methods used make it
possible to obtain a reliable description of the studied objects. A parallel
connection scheme is considered, in which the speed of the elements of
the mechanical system is the same, while the forces are different, as well
as a series connection in which the force on the elements of the mechani-
cal system is the same while the speeds are different. Scientific novelty.
The use of a symbolic (complex) description of mechanical systems under
forced harmonic oscillations (in steady state) made it possible to abandon
the extremely cumbersome and laborious calculation algorithm associat-
ed with solving the differential equations and replace it with simple and
clear algebraic operations. Due to this, the calculation time is reduced sig-
nificantly. Vector diagrams not being a necessary component of the study
of mechanical systems have significant methodological significance since
they show quantitative and phase relationships between the parameters
of systems.

Keywords: consumers of mechanical power, forced vibrations, par-
allel, series connection, force resonance, velocity resonance.
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BBepeHune. TpaauMUMOHHBLIA pacye€T Mexa-
HU3MOB NMpPU BbIHYXXAEHHbIX KonebaHnax 3avacTyto
npegcraBnsdeTr cobor HenpocTyk 3agady [1-3].
Yalle BCero pacyéT4nMKoB MHTEPECYIOT YCTaHOBUB-
Lmecs pexumbl konebanun [4, 5].

Llenbto nccnenoBaHusa ABNAETCA 3HaAYMTESb-
HO€e ynpoLLEeHNe BbIYUCIIEHNI NyTEM 3aMeHbl Heob-
XOOANUMOCTU peLueHnst anddepeHumnanbHbIX ypaBHe-
HWUI Ha anredpaundeckme metoapl. [MogobHbIN Nogxon
LLUMPOKO UCMONb3YETCS B AMEKTPOTEXHUKE.

AKTyanbHOCTb paboTbl 00ycrnoBrneHa Tew,
4YTO MexaHudeckue KonebaHusi LUIMPOKO pacnpo-
CTpaHeHbl B TEXHONOrM4yeckmx npoueccax arpo-
©usHeca [6-9].

MeTtoauka. OCHOBHbIMW MeTO4aMM MCChe-
AOBaHUSA B pamKax HacToswen paboTbl SBNAKTCS
MeToAbl MaTeMaTUYeCKoro MOgeNMpPOBaHNs N aHa-
nunaa. lNpun aToM nccnegyercs He cam (PU3ndeckmi
0o6bekT, a ero matemarmyeckasi Mogesnb — «3KBUBa-
NeHT» 00bekTa, OTpaxawwmin B MaTeMaTU4eCKon
dopme BaXKHENLLME ero CBOMCTBA — 3aKOHbI, KOTO-
pbIM OH MOOYMHSAETCS, CBA3W, NPUCYLLME COCTaBNsA-
oMM ero 4actsaMm, u T.4. Wcnonb3oBaHHble BUAbI
MOOENUPOBaHUS ABNAIOTCA AeTEPMUHUPOBAHHbI-
MKW, OUHAMUYECKUMU U HenpepbiBHbIMW. OCHOB-
HbIMW 3Tanamm MaTtemMaTU4eckoro MogennMpoBaHNS
ABMSAOTCA NOCTPOEHVME MOAENW, pelleHne maTte-
MaTM4YEeCKOW 3a4aun, K KOTOPOW NPMBOLAUT MOLESb,
WHTEepnpeTaunsa nofyvYeHHbIX CneacTeBuMi u3 mare-
MaTUYeCKON MOAenun, NpoBepka ageKkBaTHOCTU MO-
aenu, mogudukauma mogenu. Kcnonb3oBaHHble
MeToAbl MO3BOMAOT NONYYUTbL AOCTOBEPHOE onnca-
HWe nccrnegyemMbiX OObeKTOB.

Pe3ynbraTtbl. Cxema napannenbHoro coeau-
HeHus. CKOPOCTb 3N1EMEHTOB MEXaHN4eCcKon cucTe-
Mbl oguHakoBasi (PUCYHOK 1).

r
PucyHok 1 — Cxema napannenbHOro coeguMHeHus

v=Vsinowt.

(1)

I'IpV| 3TOM CWUJ1bl OTIINYAaKOTCA

fm:m%:mecoscot, (2)

Ji=—hkx=k|vdt= —ﬁVcoscot
o)

3)

f.=rv=rVsinowt.

(4)

Pe3yr| bTUPYyKOLWaa cumna:

Q]

f=f+f+f=V (mw—kjcosmt+rsinmt =

mo—k/o

\/(m(;)—/’c/oo)2 +77

cosof +

= V\/(mo)— k/o))2 +r°

r .
+ Sin ®f

\/(mm—k/oa)2 +7

Yno0Ho BBecTU 0003Ha4YeHne

mo—k/o
¢p=arctg———.

MNpwn aTom

f= V\/(m(o - k/oo)2 +7° (sin(pcosc)t + coscpsin(ot) =

= V\/(moo - k/o))2 +7” sin(wt + @) = Fsin(ot + ). (6)

OTO Kknaccuyeckoe BblpaXeHue (pesynbrar
peweHna anddepeHunanbHOro ypaBHeHus). B
paccMmaTpuBaeMoM criydae HeobxogmMMocTb B and-
dhepeHumanbHOM ypaBHEHNN HE BO3HUKAET.

AmMnnuTyga pesynsTupyoLlen cunbl:

F=Vz, (7)

2 -
z:\/(mo;)—k/oo) +717 (ke-c7). (8)
MepBas (makcBennoBckas) cuctema mexa-
HO-3MEKTPUYECKUX aHanornm MeeT BUA;:
-V =>| (CKOpOCTb => TOK),
- F =>U (cuna => HanpspkeHue),
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-m => L (macca => MHAYKTUBHOCTb), . "
- k => 1/C (koadbcpuumeHT ynpyroct => sermunta V' =Ve"

obpaTtHas éMKOCTH
- r => R (k03 MUMNEHT BA3KOrO CONPOTUBIIEHUS
=> COMNPOTUBIIEHNE)

AmepukaHckun msmk Bebctep gononHun
3TV aHanoruu:
- wm => wlL (uHepmHbIl peakmaHC => NUHOYKTUB-
HOE COMpOTUBIEHNE),
- k/w => 1/(wC)(ynpyauli peakmaHc => EMKOCTHOE
COMpPOTUBINEHNE).
YunTtbiBas npuBedeHHbIE MeXaHO-aneKkTpuyeckune
aHanorum, oopmyna (7) ssBnsieTcs aHanorom ms-
BECTHOro 3akoHa Oma:

U=1z
rneZ = \/[(DL - 1/((1)6')]2 +R® _ conpotuenenve.

Takum obpasom, hopmyna (8) — aTo MexaHu-
yeckun mmnegaHc (impedance). CooTBETCTBEHHO
3TOMY MexaHu4yecKkui peakTaHc (reactance):

X=mo—-——.
®
Ecrm x=0, o ®=+/k/m — xnaccuyeckoe
Bblpa)KeHne, MonyyYyeHHoe 3Ha4YMTenbHO MpoLle
Knaccumyeckoro pelueHus. MNpu 3TomM npoucxoauT
pesoHaHc cun [10]. Mpu =0, z=0. MexaHuam
He NPensaATCTBYET MCTOYHUKY KornebaHWi.
Mo aHanornm ¢ aNEeKTPOTEXHUKOWN I — MexaHu-
YecKkun pesnctaHc (resistance).
KomnniekcHoe onmncaHve onga napansiernbHon
cxembl coeauHeHus. CuHycoupanbHasi BenvynHa
MMeEeT crieyoLLyo hopmMy 3anucu:

a = Asin(of + @) = Im[Ae““’”“”} ,

i(0t+¢)

rae Ae — KOMIMMEKCHbIN BEKTOP.

Takne BEKTOpPbI, KaK npaBuio, 3anmncbiBaloT
ang MOMeHTa [ = 0. B cooTBeTcTBUM C 3TUM

Aei(m0+(p) — Aei(p — A

MPUHATO CYMTaTb KOMMMEKCHON aMNnuTyaou.
dopmyna (1), Takum obpa3om, UMeeT cne-
AYOLMIA BapuaHT 3anucu:

v=Vsinot =Im(Ve™)

3 BbipaxkeHns (2) cnegyerT, 4To v OTCTaeT no
daze ot f,, Ha Tt/2 . Takum oBpasom,

L] L] T L]
i
— 2 —
F,=moVe*=x,V

(9)

OTO MHEPTHbIV peaKkTaHC B KOMMIEKCHOW 3anucu.
HecuHyconpanbHble BENUYMHbI B KOMMIEKC-
HOM MpeacTaBNEHUN MNOAYEPKMBAKOT  (CUMHYCOW-
AarbHble OTMEYaloT TOYKOW).
AMNNUTYOA UHEPTHOM CUIbl (B KOMMIEKCHOM
n3obpaxeHnn) MMeeT BUA:

o T

.
1— 0 1—
F =ome?Ve” =omle?.

TouHo Takxe, umes B Buay (3) u (4),

F=-tpeioyyp
Q)

X, = —keiE :keig =—1 (10)
@ ®

OTO ynpyrum peakTaHc B KOMIIIEKCHOW 3anncu.

=rV=rl.

w.

7

r=r,

OTO pe3ncTaHC B KOMMNIEKCHOW 3anuncuy.

B cooTBETCTBMM C 3TUM aMinUTyabl yrpyron
N PE3NCTUBHOM CUi (B KOMMIIEKCHOM N300paXKeHnn)
UMELOT BUA;

F = ﬁe_iEVei 0= & Ve_ig _
o ®

F =rV=rVe".

KomnnekcHble npeacrtaBneHna MexaHun4e-
CKMX peaKTaHCa h nmnegaHca:

ki
X=x,+x = m(o—g e,
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AbcontoTHaa BenuuMHa nocnegHero cosna-
naert c (8)

2
k
7= r2+(mco——j :
®
dasa nmnegaHca onpegensieTca opmyron
(5), nosTomy

z=7e".

Cwuna BHELLHEro UCTOYHUKA nMmeeT BMAa:

F=zV=27ZVe" (11)

OT10 noaTBepxaaetcs opmyrion (6).

Mpumep 1. F =100€” (H),0 =2 pan/c
m=10kr k=20(ke-c>) r=7(xke-c').

Ol'lpe,El,eJ'II/ITb BCe€ OCTaJlbHblE NAapaMETPbI.

_ i90° i90° -1

x, =ome” =20e" (ke-c ),
_ —i90° —i90° -1

x,=—e " =10e"" (ke-c)

0
Z:\/r2 +(xm —xk)2 =

=72 +(20-10)" =12.207 (ke - c ™).

- X 20-10

'xm k
(p = arctg——— =arctg
r

=55°,

z=27e"=12207¢"" (ke-c™")

- F 100" e 1
V:_:—"z&lgzel M.C'

z 12,2076 (M-c™) (12)
F.m =X, V=206 .8.192¢7% =163.846¢ (H),

Fo=xV =10e™"-8,192¢™ =81,923¢™"*" (H)

Fo=rV =7¢"8,192¢7 =57 344¢™ (H),

Kak 1 crnegoBano oxunaarth,

F'm+ F'k+ F =163,846€" +81,923¢™"*" +
+57,344e7 =100 (H) = F

PacuyéTt c npumeHeHnem aunddepeHumnanbs-
HbIX YpaBHEHWI 3aHAN OGbl HECKONBbKO CTPaHWUL,.

[aHHbIM npuMepa 1 COOTBETCTBYET BEKTOP-
Has gnarpaMmma Ha pUcyHke 2.

PucyHok 2 — MNapannensHoe coeguHeHne

Mpumep 2. Onsa pesoHaHca cun. OTnvyne ot
)
npumepa 1 coctonT B ToM, yto kK =40 (ke -¢c ™).

z=r=7¢" (ke-c™)
. ; i0
ot 100_‘;0 ~14,286€"" (m-c™),

z €
F, =1,V =20e" -14286¢" =285,72¢"" (H),
Fo=x,V =200 14286¢" = 285,72¢ " (H),
E.=rV=7¢"-14286¢" =100 (H).

Kak 1 cnepoBano oxunaarts,

Fo+F+F =28572¢" 428572 ¢

+100¢'” =100¢” (H)= F = F.

,D,aHHbIM npuMepa 2 COOTBETCTBYET BEKTOP-
Had anarpamMmma Ha pUCyHkKe 3.
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t- f=Fcosot
[pn 3TOM CKOPOCTU OTNNYAIOTCA
1 F .
v :—J.fdt =——sinot, (13)
m wm
1 dx 14d oF .
v, = ——k———i:——sm W7 (14)

ko dt kdt k
PesynbTupytoLas CKOpocTb:

I o). 1
v=v +v, +v, =F|| — —— [sSIn®f+—COoS®f
om r

= F[/(om) - /K] +(1/r)’

1/(om) — w/k
JIV(wm)—o/kT +(1/r)’

sin ®f +

N 1/r
JIV(om) - o/kT +(1/r)’

o= arctg 1/(om) — w/k |
> 1/r

COSM! |

-
T .nwh:‘] *

V= F\/[l/(com) — (x)/k]2 +(1/r)’ (sinsin ot +

F

. i
I
/

PucyHok 3 — Pe3oHaHc cun

+cospcosmr) = F\/[l/(com) —o/k] +

|
1r"|

5

+(1/7)? cos(wt — @) =V cos(wt — @)

f

F
V., =—=—COSWI . (15)
Cxema nocJriegoBarteribHOIro coeanHeHn4. r 7 7

Cuna Ha anemeHTax MexaHM4ecKon cuctemMbl oau-

HakoBasi (PUCYHOK 4). .
OTO BbIpaXeHue CUHycoMaarbHON CKOPOCTU

f O5Aa CXemMbl nocrieaoBaTtesibHOro CoeaAnHeHnA ane-

| MEHTOB MEXaHWYEeCKON CUCTEMBI.
| <}» AMNNUTYOa pesynsTMpyoLLen CKOPOCTH:
r k
m V=Fy

PucyHok 4 — Cxema nocnegoBaTenbHOro

coeanHeHUs y= \/[1/(03;”) - Q)/k]Z + (l/r)2 _ (16)
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M3 ycnoeus 1/(om)—w/k=0 crenyer

Knaccumyeckoe BblpaxeHue m:\/k/m, nony4ex-
HOe 3HaYMTENbHO NPOLLE KNacCUYECKOro peLleHuns.
Mpn aTom npoucxogut pesoHaHc ckopocmedl [10].
Mpu 1/r=0, y=0. Mexanuam npenstcreyet (ab-
CONIOTHO) MCTOYHMKY KonebaHwmii.

KomnnekcHoe onucaHne ans nocnegosartenb-
HOM CXeMbl COeaANHEHUs. ANTOPUTM PacCMOTPEHUS
TaKoW Xe, Kak 1 Npu napannenbHOM COeQUHEHUMN.

f =Fcosot =Re(Fe™) F = fe?

W3 euipaxeHns (13) cneayer, uto f onepexaet no
ase v, Ha Tt/2 Takum o6pasom,

AL S A
wm X,
1 -2 1 1
ém:_e 2:—i—:—
om om X,

OT0 MHepTHLIN caccenTaHc (susceptance) B
KOMMJIEKCHOM 3anncu.
AMNNMTYda WHEPTHOM CKOPOCTU (B KOM-
NNEKCHOM n306paXkeHnn) umeeT Bua;

. 1 —iE iE
V =——e *Fe? =
om

_FelO
om '

TouHo Takxe, umesa B Buay (14) n (15),

v =-CFe-Llpop F
k %,
[_jkzgeiizigzi
k k  x

OT0 ynpyrum caccentaHc B KOMMIEKCHOW 3anncu.

B cooTBeTCTBUM C 3TUM aMnnAnUTyabl YyApyromn
N Pe3anCTUBHOM CKOPOCTEN (B KOMIMMEKCHOM W30-
OpaxeHun) nmetoT BUA:

V.= Do2pe = 9Fe”‘_
k k

. T

vo-LliogF—gre”
r

109

1
:g:—
r

9710 KOoHfakTaHc (conductance) B KOMNIEKCHOW 3a-
nmcu.

KomnnekcHble npeacTaBneHns MexaHuye-
CKMX caccenTaHca n agMmuTaHca (admittance):

ABconioTHasa BenuuMHa nocrnegHero cosna-
naert ¢ (16)

2 2 1 ()] 1 ?
Y:\/g +(b,=b,) =5+ ——| .

r k om

b,—b, "~ arctg w/k —1/(om) _
g

¢ =arctg—~-—"
r
= arctg[(m(o — k/(o)—} :
mk
y= Ye'

CKOpOCTb LUTOKA BHELUHEro UCTOYHMKA UMeeT
BUA;:

i+ f)

V yF Ye"PFe 2 = YFe (17)
Mpumep 3. OTnnumne ot Nnpumepa 1 cocTouT B

TOM, YTO ArIEMEHTbI COeANHEHbI NOCNeoBaTeribHO.

1=5.107e"" (k27 v c),
x1=10-102e™ (kr -c),

14286107 (ko - ),
\/g + b bm)

:\/(14,286-10‘2)2 +(10-107 —5-10-2)2 =

x,'

b,
b,
&=
Y =
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~15,135-102 (x2™" - ¢). Y=g =14286-107 (ko - ¢),
— . 2_g5, -2 =(°
¢ = arctg b =b, :arctg10 107 =5 LO =19,29°, ¢=0 ' ) 1
14,286-10 y=Ye" =14,286-10"¢" (xr -c),
y=Yet =15,135-107¢ (™ -¢) V= yF=14286-102-100=14286¢" (m-c")

V=yF=15135-107¢"%"-100=
=15,135¢"7%" (m-¢ ™),

V o=b F=5-102e""-100=5¢"" (m-c™),

m —n

V.o=b F=10-102¢""-100=10e"" (m-c™),

V. =gF=14286-10"7-100=14,286 (m-c™").

Kak n cnegosano oxugaTb,

V4V 4V, =5 110" +14,286=
=15,135¢"*" (Mm-¢c) =V,

Pac4éTt ¢ npumeHeHnem guddpepeHumnans-
HbIX YpaBHEHW 3aHAN 6bl HECKONBbKO CTPaHWL.

[daHHbIM Nnpumepa 3 COOTBETCTBYET BEKTOP-
Has gnarpaMmma Ha pUcyHke 5.

v

A 4

I“Hl v

PucyHok 5 — lNocnegoBaTtensHoe coeguHeHue

Mpumep 4. Ons pe3oHaHca ckopocTten. OTnu-
4yme OT npumepa 2 COCTOUT B TOM, YTO SrEMEHTHI
COeIMHeHbI nocneoBaTeribHoO.

b, =5-107&"" (xr - ¢)

~

L =b F=5-107""-100=5¢"" (m-c™").

Kak n cnegosano oxugarb,

V4V, + V. =56 456 +14.286=
~14286¢" (M-c)=V =V,

[aHHbIM npumepa 4 COOTBETCTBYET BEKTOP-
Hasi AMarpaMmMa Ha pucyHke 6.

- A
V,

\4
B A A

PucyHok 6 — Pe3oHaHC ckopocTen

BbiBoAbl. Vicnonb3oBaHWe CUMBONMYECKOrO
(KOMMMEKCHOr0) OnMcaHUs MEXaHMYECKNX CUCTEM
NpW BbIHYXXAEHHbIX FapMOHMYECKMX konebaHusax (B
YCTAHOBMBLUEMCSI PEXMME) NO3BOMUMO OTKa3aTb-
CA OT Ype3Bbl4alHO rPOMO3OKOr0 U TPY4OEMKOro
anropuTMa pacyéTta, CBS3aHHOIO C pelleHuneM
andpepeHumanbHbIX  ypaBHEHUA, U 3aMeHUTb
ero NpocTbiMM M HarnsaHbIMKM anrebpanyeckumn
onepauuamu. bnarogaps atomy Bpems pacyéToB
yMeHbLUaeTcs B pasbl.

BekTopHble anarpaMmbl, He ABNAACb HeOO-
XOAMMOM COCTaBnsALEeNn uccnefoBaHus MexaHu-
YeCKMX CUCTEM, UMEIOT CyLLLeCTBEHHOe MeToanYe-
CKOe 3HayeHue, NOCKOMbKY MOKa3blBalT KOnm4ye-
CTBEHHble N (pasHble COOTHOLLEHUA Mexay napa-
MeTpaMu CUCTEM.
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