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|PAHIAqIIbIE YCNOBH'I CYIIIF'CTBOBAHT{'{ ACCYPOBbIX I,I
I{EACCyPOBbIX CAMOyCTAHABTIBAIOIqI,D(C' ilPOCTPAHCTBEHI{bIX

KYNAIIKOBbIX MEXAHI,I3MOB

?Kanamee II.X., IlayPue6aen P.K.

Rae mauil H aquoH Ntbtratil azp apaatil yuus ep c umem

CosAaHr.re npuHrll{nuaJrbHo HoBbrx - yHr,rBepcaJlbHbrx HruKeHepHbIX MeroAoB paql{oHanbHofo

upoerffr{poBaun caMoycraHaBJruBarorql{xcs o6belffoB pa3r[tlnbrx xonmpyrquft raocKID( H

[pocTpaHcTBeHHbD( acnonHr,rreJlbHbx MexaHu3MoB KyraqKoBoro TI'Ina 6asupyYrct, Ha qacrublx

perueHr.r,rx e,{nuofi ruroqesofi crpyKTypHofi <}oprvrynu (1) conperraenuofi reopnll MexaHu3MoB I{ MaIunH.

I,lccneAosaHus BbrnorHrlorct B coorBercrBllu c na5 {Hq-1gxHI{qecKI-IMII [porpaMMaMIa HHP

Kagt{AY a HT ifarynbTera B paMKax reMbr: <CosAaHne llpldHqunplaJlbHo HoBbrx ysl'IBepcailbHbrx

HrDKeHepH6x MeroAoB paq[oHaJrrnoro npoeKr[poBaHfic caMoycraHaBJluBarcIqrxcr ycrpoficm,

MexaHH3MoB, nepeAarr r,r MaruLrH Ha ocuoBe 6agosrrx KI,IHeMarI4rIecnux qenefi>1, (Pyxorogmelb reMbl

A.T.H., npo$eccop Hayptrs6aen P.K.. Ornercrsennsrfi I{cnoJrHI{reJIb - K.T.H., AoIIeHr XaHaues pI.X.)

Cauoyctauannr,IBaroryuecs KyJraqKoBbre MexaHrBMbI 3To cTaTI{qecKH o[pe.4eJII'IMbIe MexaHH3MbI'

T.e. MexaHlIsI\,IH 6es prsorrtoqnrrx cetsefi [1,2 n gp'].

PagsHrEe HrDKeHepHbrx MeroAOB paquoHaJrbHoro npoeICrIrpoBaHI{JI IIJIoCKI'IX H npoCTpaI{CTBeHHbx

KynatlKoBbrx MexaHlr3MoB BEDKrrbr He roJrbKo c nayurofi ToqKI,I gpeHpIA, Ho I'I I{MeIor 6olruoe

npaKTr,IqecKoe 3HaqeHr4e - AaK)T HOBOe HayrrHoe HanpaBneHue, oTKpblBarcr uHpoKI{e [epcneKII{BbI AJIfl

pa:pa6orru ux eAunofi Teopr{H crpyKTypbr. 3ro }IcKnrorlldreJlbtlo BalKHo B KoHcrpyKTopcrofi

Ae{TeJrBHocrr4 r{rD6egepa }rqeHoro B AeJre co3AitH}rr nan6olee o6rqlx MeroAoB crpylcrypnoro cI'IHTe3a

caMoycTagaBJrrrBarou{u)(cr acq/poBrrx I,I HeacoypoBblx KyJIaqKoBbrx MexaHI'I3MoB. Hosylo lvloaeJlb

crrcreM3TH3auuu lrccJre,ryeMbrx MexaHr,r3MoB [peAcraBI{M B HI/DKecJIel0ruouIeM BI|Ie (cu. m6nuqy 1).

Paspaoorxa MeToAoB paqnoHaJrbHoro [poeKTnpoBaHHt accypoBbrx H HeaccypoBblx KyJraqKoBbrx

Mexarr[r3MoB 6asnpyercr na AalrsefrureM pa3BI{ndI{ ee KIIacc}tqecKID( [oAXoAoB - <fyruar"rerralrurx

ocHoB crpyKTypgofi reoprn Mexanr,rsMoB, Mar[r,rH r{ ocHoBblBaerct Ha Hosofi crpyKTypHofi <foprvryle,

rrpeAJroxeHHofi npo$eccoporr,r P. K. Haypus6aeBbrM s 2001 ro4y B nrage: [3,4,5]:

I  k = m - l

)w  =m1n+n t+nz -1 ) -  I  (m-k )p r ,  ( t )
1 r=r

tm=605,4,302.

Hosa{ MoAeJrb cgcreMaru3ar4tru v tfopuyna (1) 6yruru cJryxl{rb ocHoBaH}IeM pa3BI{TI'IH Teopldlr

Kn{eMaruqecKr{x qenefi caMoycraHaBiruBarcrqrxcs I(yJIaqKoBbIx MexaHI'I3MoB accyponofi r neaccyporofi

crpyKTypbr KoHcrpyKqlru. OcHosHas vryefl - cr{rrre3 6asoerx KoucrpyKllulr I(yJIaqKoBbIX MexaHI43MoB

HeaccypoBofi cryrrypn, ptr]BI4TI{e ee Ha}rqHo - upaKr6qecnofi rcopru, paspa6orra Kmoqesofi M9ASJIH

pa3Burqs HeaccypoBofi reopru [10,11]. Mexarutsruu oAuoro tpyt*ul,lonalbHoro Ha3HaqeHI{t' Ho pal3nble

B KoHcTpyKTLIBHoM I,IcnoJIHeHHH (crra. pnc 1,2).
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Ta6.nrqa 1.

C auoycranaanr{Balorqr{ec.rr KynarrKoBbre
MexaHr{3Mbr (CKM) CKM)

{x *zt) = J,
/(1,4) + II(2,3),

D  _ Ar l - : '

m = 3 ,
W = 7

Puc 1. r{eurpexseeunrrfi uocrcrafi
xyra.rxoeuft MexaHr.t3M accyponofi
crpyrcryphr. Mexarrasrvr IIle KJracca, 3'o
celreficrsa.

C auoycrauauunaroulufi c.a
ryaauromrfi Mexaur.t3M c rrocr1marenbno
ABlErrcyqlrMcr roJrKareneu 3 c ponuronr 2.
Crpyrcypa MexaHE3Ma I (1,4) ecr6
MexaHH3M nepBoro KJracca, rrcmouaroqrafi
BeAyrqee gseHo 1- KyJrarroK, crofi'ry 4 c
napofi suaa Pr. rlplclo creneneft cro6ogrr
MexaHLBMa oflpeAeJrrercr no crpyxrypuofi
$opuyre JI.B. Accypa - Haypus6aena P.K.,
[3]:

W =3(n + /\)- 2P, = 3. 3 - 2. 4 =1.
(2)

Ourosa qenr,r MexaHr.BMa - II(2,3)
ecTb caMoycTaHaBnHBaroulajrcfl .4BJar(3BeHHUr
rpyrma Accypa IIP uacca u nepBofo Br{Aa:
r A e 2 - p o J r H K , 3 - T o J r K a r e J r b ,
t n  = 3 ,  n  = l r n ,  = 1 ,

( n + \ ) : 2 , 4 = 3 , 7 = 0 .
Prac. 3. fpynna Accypa repBoro BrrAa.

Oopuyaa crpoeHru Mexanr,r3Ma EMeer
men5noqufi BrdA 3arrucu:

Puc. 2. Tpexsreuuufi npocrparrcrBesnufi

xynarronuE MexaHH3M ueaccyporofi crpyr(rypbr.
MexanusM IIP xracca, 0P ceil,{eficrsa.

Hau6o.urnee pacnpocrpaHeHr{e B MarrrrrHil(
IIoJrr{Ena cxeMa caMoycTaHaBJll{Balorqeroct
KyraqKoBoro MexaHs3Ma co urranrofi (cna. puc. 2).
Be4rulee 3BeHo MexaHr,BMa rcylauxonrrft Biur 1.
Tpexrrennufi rcyraurcorrrfi MexaHH3M cocrol.rr r,r3
MexaHr.BMa I p ruacca - I (1,3). 3ro xylauor I e napofi

4 co crofixofi 3. guclo crenenefi cso6oAbl

Tpex3BeHHOfO MeXaHH3Ma O[peAeJr.rreTCS nO
crpyKTypuofi Qopuyne A.fI. ManurreBa - Haypus6aena
P.K., [3]:

W =6(n * nr) - sPr - 4P2 -3P, - 2Po - Ps, 4)

m = 6, n =I, n, =t, (n * nr) = 2, P, = 2o P, = 0,

4  =  0 ,  Pn =0,P,  =1 ,  W =1,

Ocuona qenn MexaHusMa - II(2) ecru oAHo3BeHHa{
caMoycrauaBJmBaroqalrcfl HeaccypoBar rpynla IIrq

KJracca, HyJreBoro celreficrsa:
r4e:.2- ruraHrq

m = 6 r n = l r P t = 1 ,

P ,  = l , W  = 0 .

Pnc. 4. Ognosaeuxar (n=I) HeaccypoBat
fpynna.

Ooprvryla crpoeuar MexaHH3Ma:

I(1,3) -+ II(2) (s)

Kyaauromrfi uexanugna, ocHoBa rlenn Koropoft emr
oAHOSBer{Hzur HeaccypoBru rpyrma, H:l3brBaeTct
KyJraqKoBbrM uexaunguolrl ueagcyponofi mpyrrypu u.nn
HeaccypqxrbrM MexaHlr3MoM c rqyJraqKoBbrM BaJroM
f 1.2"3.4.s1.

(n+n r1=2 ,

-; lll?\

\  F r = Z '

l l  P r = 1 ,

J  n t = 6 .
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I(1,4) -+ II(2,3) (3)

TaxuM o6pagona K.vaa.rrosHfi
MexaHI{3M, ocHoBa rleru{ roropoft ecrb
rpyrma Accypq Ha3brBarorcf, KynarrKoBhrM
I4exa!il{3MoM accwosofi crDyKTVDhr wru
xvnaqrornu uexanr.rguona AccJpa
|,2,3,4,57. Eagncnue <fopir,rr gseHres 3
u3BecTHbr B TeopI{H MexaHI{3MOB I,I MarrrHH,
IrocrT H{I3BaHI{S TOJIKaTeJTf, C OClpXeM, C

rnocnofi raperucofi r,r T.A.: a rarc(e luranrr,r
l2l. Porurrc 2 raxxe rBJrtrerct
xoncr:pyrrunnofi pa3HoBtrAHocrbro 3BeHa
qerm. I{cxoAHaJr Kl{HeMarr{qecKar rlenb c
carvroycTaHaBJrEearoqefi cr crpynrypofi (cu.
puc. 3) cocrorr rrc AByx pa3Hbrx no $opue r,r
KoHcTJrKTUBHrIM oco6enHocrstu xecrKra(
3BeHbeB Brr4a f7,2,3,4f .

,/b\"pJft
Pnc. 5. KoucrpyrrranHue ycJroBr.rrr

currresa rpyflubr Accypa repBoro BHAa
B Qopuyle 2 nueeu:
P, -'rrcno

(o4nono4nuxnux,

B tloprvry:re (4) zueena:
Pl - qrcJro reoMgrpr{r{ecrurx (o4norroABn)iKnbrx,

nparqatenrxux) KrlHeMarr{trecKrr( rlap Vre Krracca,
BxoA.f,IrtrHX B cocraB caMoycranaBJlugarcqefic.f,
(n + nr) = 2 rmreMaruqecxofi qenu (puc. 2)

Tpex3BeHHOIO KyJIaTTKOBOTO MeXaHH3Ma
npoc'rpaHcrBenHofi KoHcrpyrflIur,r.

P, - vllcno reoMerpr,rsecKr{x (nrwrno4nr,rxnrrx)

KHHeMarr{qecKID( nap I ry rcnacca, BxoArrqrrx B cocraB
caMoycraHaBrnsaroqefics oAHo3Berurofi Kr{HeMarr{-
cecxofi qem{ (puc. 2) Tpex3BenHoro KynarrroBoro
MexaHlBMa npocrpitucrBennoft KoucrpyKrlr4n. Mexanugu
II P rnacca, 0E

(uylenoro) ceueficrra, ocuoBa uerru -
o.rIHo3BeHHaff Heacc)poBalr lp)mna. ,{o HacrortrIero
BpeMeHlr B Teopfiu MexaHr{3MoB H MarIrHH TaKOe nOHrTHe
KaK HeaccypoB:!.rr rpynna 6ulo Mrurou3BecrnrrM, B
6omuefi qacrr,r AtrcKycclroHnbrM.

reoMeTpr{qecKrD(

npaqarcmurx)
KaHeMarr{qecKr{x nap Ve xlacc4 BxoArrqrD(
B cocraB caMoycraHasrusarorqeftcs
trcxognofi xnreuarr.rqecxofi qenn
(yrarlKoBoro MexaurmMa rurocxoft
KoucrpyKrlpru (puc. 1).

Bonpocu palryIouaJlbuoro currre3a caMoycraHaBirr.{Baroqnxcr npocrpaucrBeHubrx HeaccypoBbrx
KyrarlKoBbrx MexaHlI3MoB oKarurucb BecbMa He npocrbrMu. B rcnaccuqecxofi Teopru MexaHLr3MoB u
MaIUI.IH 6ruu ugrectrut qynaqKoBbre MexaHr.rsMbr roJrbKo accyporofi crpyrcrypbr. 3aunueu clrcreMy
crpyKrypHbD( arroprrMoB (1) n 6oree ynpouleuHoM Br{Ae, 4rrr sroro npr.rMeM cneAyrorqre ycJroBE :
m = 6, n, -l = 0. Torla LrMeeM:

W = 6(n+ rr)-SP, - 4P, -3P, -ZPo - Ps = 0 (4)

Mu nonyuurpl crpyKrypnyro Sopnnyry (4). tL.rcro crenenefi cro6ogu caMoycraHaBJrnB{rroul}D(cff
npocrpaHcrBeHHbtx KyraqKoBbrx MexaH[3MoB rryJreBoro ceMeficrsa accypouofi ]r ueaccyponoft
srpylffypbl onpeAertercs oAHo3Haryo no crpyKTypuofi tfopuyire (4). Ilpll sroM ocnoBHaf, cr.rcreMa, AJrt
cul{fe3a crpyKrypHrlx amopHTMoB accypoBbrx HcxoAHbrx KuneMarr{qecKax {enefi Ha ocuoBe AByx
IroABlr)I(Hbrx 3BeHFeB fl*n, =2, tnueer cJreAyrouylo {opr'ry sauuca, [5,6]:
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[6 (n + n ) - 5P, - 4P, -3p, - 2po - ps = 0,
I

1frt 
= /t, (6)

l n  =1 .
ocnornas clrcreMa, Nrfl cI.IHre3a crpyKrypnrrx anroprrMoB accypoBbx lrcxoArrhrx

KuHeMarHrlecxra:x qeuefi Ha ocHoBe rpex noABtDKHbrx 3BeHbeB n+ nt = 3, aueer cJre^/ro[Sfio 6oprrry
sanucu, [5,7]:

- 2 P n - P r = 0 ,

floc.ne4oratenbHoe peIueHLIe dasosofi cr{creMbr (7) uosnonaet nararr aBToHoMHbre cprcreMbr ,qJrt
crpyKTypHOfO CUHTe3a Cal{oycraHaBJll4BaroqrD(cr l{cxoAHbrx Kr{HeMarr,rqecrux qenefi KyrarrKoBbrx
MexaHr,r3MoB nyneBoro ceueficrna Ha ocHoBe, ft* n, = 3, r.e. Tpex xecrKr{x 3BeHbeB BvAa n u 2nr.

Hau6olee o6rqar cncreMa Nrs. cr,Iureea dasosrx crpyrTypHbrx anropqTMoB
caMoycraHaBnHBaloqExc.f, HcxoAnrrx KuHeMarlrqecxux qenefi KynarrKoBbtx MexaHH3MoB rryJleBoro
ceMeficrsa r,rMeer HrDrecne45ilorquft rug 3ailprcr f5,6,7,t1:

(n + nr) - sPt - 4P2 - 3P, - 2Po - p, = 0,
=  d f l ,

-  1 .

Hg cncreurt (8) ouerugHo, rrro rtpu A = 0 napaMeTp /1, 1at<xe paBeH HyJrro, r.e. l,t, = 0.
Cucrenaa (8) npeo6pasyercr B Hrrlrecner0ftorqNfi an4 [5,9]:

-3Pt -2Po - P, =9,

Taxr'rrrl o6pasou, B Aene crpylffypHoro cr{HT$a qErbrpex3BeHHbrx, rrf,Tg3BeHgbrx,
MHOTO3BeHHbX accypoBbrx I'I TpercBelrHbrx HeaccypoBbrx [pocTpaHcTBeHHbrX KyJraqKoBbrx MexaHH3MOB
HyileBoro ceueficrn4 KaK cBf,3blBaloqee 3BeHo r{ o6qnfi MareMarxqecxnfi annapar Bbrcrynaer - e1u1afl
K[IoqeBat crpyl(rypHat $opr'ryaa (i) corpeueHuoft reopur.r Mexarrrd3MoB r{ Marlr.ru [1,3,4]. Ha ocroae
crpyKTypHbrx affopunaor (1) ror)nreHbr cucreMbr crpyrcfypnBrx arropr.frMon - (6), (1, 1s;, 1l;.Cncreua crpylffypHblx anropllTMon (6) pa6oraer s lo"e cnrrresa accypoBbx qerhrpex3Begurrx
npocrpaHcrBeHrrbD( KyJrarrKoBbrx MexaHr{3MoB HyneBoro ceuefiona [5,6].

ocHosHat cucreMa Nrs. cuHre3a crpyKTypnbrx a*oprirMoB accypoBbrx lrcxoAg6rx
Kr'rHeMarHqecxrax qeuefi Ha ocHoBe AByX noABpDKHbIx 3BeHbeB fll n, =2,-ycnovue (6).

floc.ne4oeatenrHoe peureHue 6asosofi cacreMbr (6) no3BoJrrsr o[peAeJrr4Tb oAr{HHaArIarb
npocrefturx aBToHoMHbIX cucreM ,4IIt cI,IHT€a caMoycrar{aBJlllBgloqrD(cr ucxoAHbrx KnHeMarI4rrecKKX
qeneft KynarrKoBsD( MeXaHI,I3MOB Ha OCHOBe AByX X(eCTKnx 3BelrbeB B]fIAA n U n..
' B ocHoBy uacu'r$uraquu crpylrrypHbrx accypoBbrx rpyrn KyrarrKoBbrx MexaHr{3MoB rryJreBoro

ceMefictea Ha ocHoBe qMoycraHaBJluBauq[xcr ficxoArrrrx KuHeMarr.rqecrm qenefi Ile AByx MoAyJrbHo-
6agncHrx rpopu xecrxr.rx 3BeHbeB rronoxeHa uaccu$uxaquoHHaJr m6luqa 2,12,3,4,s,6j.

Cucreua crpyKTypnbx iurroplTMoB (7) pa6oraer B 3oue cnare3a accypoBhrx rurrr,BBengbrx
npocrpaHcrBeHHEx l(yJrallKoBhrx MexaHH3MoB HyJreBoro ceMeficrga [5,7]. OcHoBHaJr cr.rcreMa Ar.fl
cI{I{Te3a CTpyKT'ypHErx aJIropI-frMoB accypoBbrx HcxoAHbrx Kr{HeMarr.rqecrux qenefi Ha ocHoBe rpex
IoABI'DKHbIX 3BeHFeB (n+nr)-3 - ycnoBue (7). flocneaoBareJrbHoe perueHr{e 6agosofi clrcreMbr

l1fn 
+ n,)- 5P, - 4P2 -3p3

ln '  
=2n'

l n  = 1 .
(7)

(8)
r
1n ,

l.

(e)
lan-sn -+p,

{ n = t .

t l l



crpyKlypr{brx amoprrMoB (7) uosnorrer onpeAeJrr{rl BoceMb aBroHoMHbx cucreM Art cnrrre3a
caMoycranaBirr{Barolqnrct HcxoAubrx KnHeMaruqecxro< qeneft KynaqKoBbx MexaHu3MoB Ha ocl{oBe rpex

)KeCTKIrtx 3BeHbeB F,nAA n U 2nr.

Fbraccu$nraql{t AByx3BeHHLrx n+ nr = 2 accyponux crpyKTypHbIX rpyrn

lpocTpaHcTBeHHbrx KynarIKOBbrx MexaHlrsMoB.
Tadtnua2.

Kracc rpynnbr
II

Pt  =2n,  Pc = f r ,  f t l  =  f i ,  n=1.

,,alw l["i t- iTi ro't
,dr.tlrd*1[ut 

er

ru
P, =2n,P, =2n,
n = l r n = n t .

ry
P, =n, Pz =fl ,  P, =3n,

n = n o  = 1 .

= / t ,  P r = 3 n r P 4 = P r = n ,

n = f l r = 1 .

D. J

Pt = /1, P t = f l r P r = n o P o

P s = f l r f l = f \ = 1 .

P,  =3n,  f l  =  t \  = I P, =2n, Po =3n,

t l  =  / \  =7 .

P z = f r , P + = 4 n ,

f l  =  / \  =1 .

P, =2n,  Pq =3n,

l l  =  t \  =1 ,

Pz = /1, Po = 4n,

l t  =  f t t  =1,

Cauoycranaml4Baro[$,rec{ KyrarrKoBbre MexaHH3Mbr Ha 6age rpex3BeHubrx HcxoAubrx
KnueMarr{qecrru< qenefi B npaKTr,rKe MarunnocrpoeHr{r Bcrpeqarorcr B ocHoBHoM trI u IV KIIaccoB, lITo
no3BoJrf,er gru MexaHrr3Mbr cacreMaru3npoBarb B eAr{rrJiro nnaccuSuraqnounylo ra6nutry 3. I,IcxoAHas
caMoycranaBJrr{Barorqaf,cfl KuueMarr{qecrar qe[b (W = 0) Brciloqaer B cocraB Tplt xecrrl{x 3BeHa BItAa

n u 2n1, 12,3,4,5,7J.
Hosue MeroAbr crpyKTypnoro clrr{resa caMoycra}raBJruBarcrrtrrl(cr KyraqKoBbrx MexaHI,I3MoB Ha

6are rpex rrcxoAHrrx KlrHeMarr{qecxro< qenefi He roirbKo co3Aaror uaAexuufi n o6o:puturtft cnoco6
rrocrpoeuwr Ha ocxoBe npocrefiuuor crpyrTypHbrx anroparMoB, Ho r{ rro3BoJuror [poI,I3BoAIrrb Ha ID(
ocHoBe crpyKTypulrft anutus pasnoo6pasrrbrx cxeM HoBbrx, a rapr(e cyqesrByloull/D( KyrarrroBbrx
Mexaur,r3MoB acclporofi crpyKrypbr [5,7 u ru.].

CNoreua crpyKrypHbrx anropl{TMon (8) pa6oraer B 3oue currre3a accypoBbrx tuecru3BeHHbrx,
ceMrr3BeHHbtx, ... MHoro3BeHHlx npocrpalHcrBeHnbu< KyJIaqKoBbrx MexaHH3MoB r{yJleBoro ceMefictea

[5,8]. Ouroruarr cr{creMa AJrr c}rHTe3a crpyKrypHux arropwrMoB accypoBbtx MHoro3BeHI{bIx ucxoAlrbrx
KrrneMarr{qecrcrx qenefi - ycnoBne (8). I,Is c}rcreMbr (8) o.renngHo, uro npu 3Harleuu{x napaMerpoB
CHCTEMbI d =3 U N = 1 NOTTY'II,IM C}ICTEMY CTPYKTYPHEIX AJITOPI{TMOB BHAA:

Mexa$n3M yroqEoro
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fe{n 
+ n,) - 5P, * 4P, - 34 - 2P4 - P, = 0o

ln,  
=3n,

l r = 1 .

(10)

K.naccuQurcaqr4r rpercBeHHbrx (n+ nr) = 3 accyposbrx crpyrTypHbrx rpynl

npocTpaHcTBeHH6rx KylarrKoBbrx MexaHH3MoB.
Tadruua 3.

Ifrracc KoHTypa
IV

P, = 4n, Ps =2n,

f l t  =2n

P, =2n, Pq = 4n,

f i t  =2n ,  n - l

P z = P r = P 3 = / t ,

n ,  = 2 n ,  n = l

Pz = 4n, Pq = fr, l) P, =3n, Pt =3n,

f l t =2n ,n - l  2 )  p r :6 ,

P, =3n, P, =2n, P, = Pz = P3 = ll,
r \ = 2 n , n - l  p ,  = 3 n

m
Pt =3n, P4 = P, = 2,

f n r = ) Y 1 r n - l

P, = P, =2n, Po =3n,

n ,  = 3 n ,  n - l

a
{ ro

P, =2n,

t l

I

t\l
I

F4{

fa
I

6( \

rt
I

Ri
rf,

I

i-

Pr=4n,  Ps=2n,  Pt=f r ,

f t l  =3n, n=l

P, =2n, Po = P, = n,

f l t = 3 n r n - I

P, = 5n, P+ =2n,

n ,  =3n,  n  = t

,{auuar cncreMa (10) pa6omer B 3oHe cr4HTe3a accypoBbx rrrecrrBBeHHrrx [pocrpaHcrBeunbx
IqyJIaqKoBbx MexaHI{3MoB HyJreBorc ceueficraa. Cym,rapuoe qnciro 3BeHbeB prcxoAnofi rr.nreuarrqecrcofi

rdem{ MexaHr.BMa Br{rrpr.r oAuoro KJracca paBga (n+3nr) = 4 (o"r. rpaByro vacg ra6ir. 3).
CoorsgrcrsenHo He rpe6yer AoKa3areJrbcrBa ror $axr, qro c yBenuqeur,reM 3HarreHn{ rrapawstpa a us
6a3osofi cllcreMbl crpyKTypHlrx anropr.rrMoB (8) uoxuo noJqrrarb Bce HoBbre r{ HoBbre ycroBus Art
clllme3a ceMlI3BeHHbrX, BOC6MI{3BeHHbr\ AeBrTU3BeHHbrX, MHOTO3BeHHLTX [pOCTpaHCTBeHHbrX
KynarrKoBbrx MgxaHr,r3MoB HyJIeBoro ceMeficrsa u accyponofi crpyKTypbr f2,3,4,5,81.

Ha puc.6 lroKa3aHa B KarlecrBe [pr{Mepa KoHcrpyKTr,rBHas cxeMa raKxe caMoycrauaBJrr{Barorqerocff
uecrHaAIIarI,BBeHHOrO MeXaHr,BMa AJrt BO3BparHO-[OCTynareJIEHOrO nepeMerqeHl{r peM}r3oK TKaqKoro
craHKa. PeMprsxa 15 npI,IBoAI{Tcr or KyJraqKa I vepes nocJreAoBarenbuo coeArasennrrfi
AByxKopoMblcrosrrfi MexaHI{3M (rnenrr 2,3, 4,5, 6), ury 7 u naexanusM, cocrorrqufi us uapnNpno

4
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coeAI.IHeHHbIx 3BeHbeB 10, 11, 12, 13, 14.3seHrs 6 nor:ynHux MexaHr,r3MoB cBr3aHbr Melr(Ay co6ofi
3BeHoM 8, o6paryx [ap{urJleJlbHoe coeAHHeHHe Mexaur{3Ma.

Puc.6. Illecmagqar:usseHHrrfi caMoycraHaBJrnearoulufic.n MexaHr..r3M Anr Bo3Bparuo-nocryflareJrbHoro
nepeMerrleHwl peMrE3oK TKaqKOTO CTaHKa.

Enarogapa raKol\,ry coeAI'IHeHI,ilo peMrmKa 15 upra oAHoBpeMeHHoM nepeMeuleHr.ru noJr3ynoB 12, 14
coBepulaer nocrJmareJrbHoe ABIDKerne. (Dopuyla crpoeHrar caMoycraHaBnr,rBaroruerocr MexaHr,BMa AJrt
Bo3Bparno-flocrynareJlbHoro flepeMeuleHr,rs peMr.fioK TKartrKoro craHKa uMeer nsg [5,8]:

I ( 1, 1 6) --+ T'l (2,3,4,5,6,7,8,9, 1 0, 1 1, 1 2, 1 3, I 4, I 5) (1 1)

rge I (1,16) - MexaHHsM uepBoro KIIacc4 roropnfi cocrouT r.ts BeAyrr{ero 3BeHa 1 co crofircofi 16 u
Kl-IHeMarl{qecrofi napofi eura Pri IV (2,3,4,5,6,7, 8,9,10,L1,12,I3,14,15) - qerbrpHaArlaru3BeHnarl
caMoycraHaBJll{Balolqaf,ct KuHeMarr{qecKar llenb IV rgracca (or,r. pnc.7). Taruu o6pasou, ocuoBy
cTpyKrypbl MexaHH3Ma COCTilBJrteT IdCXOAHaJT r{erhrpHaArtraTn3BeHHaJr caMoycTaHaBnHBaroqarct
Kl4HeMarl{qecKaf, llerrb fV uacca. 9nclo 3BeHbeB acxognofi KHHeMarrqecrofi qema ofipeAeJr{ercr KaK
(n+ nr), npFIeM flr'= d./t, d = 13, nprn n = 1-(crnr. puc.7).

f i  = 1 ,

{ = lon,
Pr= 4n,
Pr= 5n,
t r -  ln

fit= 13r'

Puc. 7. rlerrrpnanuarr.BBeHHair caMoycraHaBJrrBaroularrcfi K[rHeMarr{qecKaJr
rlellb MexaHr,BMa peMr43oK TKar$oro cTaHKa.

Hg uccle4osaHnfi [prrBeAeHHlrx Bbrrue cJreAyer HrDrecneAyrouee:

1. O6quu MareMarl.rqecKr.rM alllaparoM B AeJre crpyrrypHoro cHHTeBa caMoycranaBirrBarounxct
npocrpaHcrBeuHbrx accypoBbrx rcyratrKoBlrx MexaHr{3MoB HyneBoro ce}reficrea Bblcryflaer - e4unafr,
KIIIoqeBarI ctpyKrypHat $oprvryna (1) coapeueHnofi rcopua Mexarr.r3MoB r.r Marrr,rH [10, 11 rd Ap.].

2. O6tercmrvru cuHTe3a .f,Bnrrorcs caMoycraHaBrr.rBaroul[ec.f, npocrpancrBeHHbre KynarrKoBbre
MexaHIt3MhI HyJIeBoro ceMeicrea u accypoaofi crpyKTpbr. 3rn uexanrcMbr cJre.ryer Aervrrb Ha
creAylou{ue ocHoBnbre rpylrrbr Bnyrpu KaxAoro Klracca f5,6,7,8 lr gp.l:

2.1. AccypoBbre qerhrpex3BeuHbre KyJrarrKoBbre MexaHH3Mbr (n = 6).

2.2. AccypoBbre rrrru3BeHHlre KyrarrKoBbre MexaHH3Mbr (m = 6).
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2,3. AccypoBble IuecrH3BeHHbIe, ceMr.r3BeHubre, ,... MHoro3BeHHrre KyJIaqKoBbIe MexaHH3Mbr
(m = 6).

3. Cryyrrypuble rpynnLl Accypa B IrerIH KyJIaqKoBbx Mexalrrd3MoB cneAyer noApa3AenflTb :
3.1. [ryrcnennble rpyrnbl Accypa, r1e (n+ nr) = 2, a =I, ra6t.2.

3.2. TpexsneHubre rpynnn Acc;rpa, rAe (n+ nt) =30 d = 2, 'ta6n,3.
3.3. llerr_rpex3BeHHble, IUITn3BeHHLre,... MHoro3BeHHbre rpyrmrr Accypa (crrl. m6n.3, npaear

.racrr), pnc.6-7.

4. r{ucao ctenenefi cuo6o4rr caMoycraHaBJrr4Baroqnxcr npocrpaHcrBenHbrx KynaqKoBbrx
MexaHI43MoB HyJIeBoro ceMefisrsa (m = 6)u accyporofi crpyKrypbr onpeAeir{ercr oAHo3HaqHo 11o
crpyKrypHofi $opuyre (4) [5, 6,7,8f:

W = 6 (n + nr) - 5 P, - 4P, - 3 4 - 2P4 - Ps.
Conaona n.O. - Manuuresa A.tI. - Haypns6aena p.K,
(1887 r.) (1923 r.) (1991 r.)

5. r{ucno crenenefi cro6oAs caMoycrauaBJruBarorqrD(cr crpyrcrypHbrx rpynn Accypa HyJreBoro
ceueficlBa, B IIeru plccJle4yeMbrx KyrarlKoBbrx MexaHLI3MoB, onpeAenrerct Ha ocHoBe cr{creMbr
crpyKTypHbrx ruroprrrMon - (8).

6. Honrre MeroABI crpylcrypHoro cplnre3a caMoycrauaBJrr{Baro[ryrxcs npocrpaHcrBeHHbrx
KyJlarrKoBbrx MexaHlI3MoB I{yJIeBoro ce}rer?crsa u accypooofi crpyKTyplr na 6ase crpyrcypHbrx
afiropllrMoB LI3 cHcreM - (l), (6), (7), (8) no3BorII{JIo co3Aar6 uagexuufi u o6ospuuirfi iuoco6
nocrpoeHllt HoBbtx cxeM accypoBrlx Mexaur.r3MoB KyrarrKoBoro runa 15, 6,7,8 u ry.]. Crpyrryprrufi
aHiurI,I3 I.I cHHTe3 caMoycraHaBJrnBaloulrD(cr accypoBhrx KyraqKoBbrx MexaHH3MoB HyJIeBoro ceueficrna
Ha ocHoBe MHoro3BeHHEIx I,IcxoAHhIx KHHeMaTI{r{ecKLD( qenefi TapKe 6asupyercx ua egr,rHofi xmo.resofi
crpyKTypHofi $oprvryne (1) conpeuensofi reopalr Mexaulr3MoB u MarrrrrH, BnepBhre npegloxenuoil
AoKropoM rexHurrecKrx nayr, nporfeccopoM P.K. Haypug6aesrru s 2001 ro4y [1, 2,3,4,5,6,7,9 u
Ap.l.

7. <CryyrrypHaff rpynra HnI{ rpyrma Accypa, rpyfl[a Accypa-Apro6orescKoro * raKalr
KHHeMarIilIecKruI qe[b, KoropaJl nocile np[coe.u.IHenur rpafinnr,rn cno6o4nstMu gJIeMeI{raMLt flap K
croftre, 6ya"t o6na4aru nynenofi creleHbro noABrDKHocra H Koropafi He Mo)r(er 6rrtr pacvleHeHa Ha
caMocroffTeJlblrbleKI,IHeMarruecKHe rlefir.rHyneBofiuo.4ruxnocrtrD, fl,2,3,415, l0, llr12, 13 uap.].

Taxuna o6pa:ona, BbII[enpHBeAeHHbre Ha) rHbre p*yJrbrarbr, o6o6rqenr{6re B paMKax la6ruqrr 4,
TIeTKO OnpeAeJI.f,IOr TpaHHIIFI CaMOyCTaHaBJrr,rB{trOrqEXcr [pocrpaHcTBeHHbrx accypoBbrx rcyrarrKoBbx
MexaHr43MoB HyJreBofo ceMeficrsa [1... 5, 6,7,8,10, 11 u ap.].

Cucreua crpyKTypHbIX arroprrMor (9) pa6oravr B 3oHe cHHTe3a HeaccypoBbrx rpex3Beuu6x
npocrpaHcrBeHHbx IqyrarlKoBllx MexaHr,r3MoB r{yJreBoro ce}reficrsa [5, 9]. Mo,ryl*ro-6asucuse 3BeHb{
l'tcxo4uofi Kl{HeMarl4lecrofi qenn KynaqKoBLD( MexaHH3MoB qenecoo6pa:no maccn$uqupoBarb no
cJre,qfiorrllrM npH3HaKaM [5, 9]:

I. IIo $opue KoHcrpyKrIHn 6asrcHoro sBeua:
l. Jft.trefilrqe (crepxuerue) xorrrarcurbre rrurbr{r-r.
2. Jlunefisrre, r,Bon{/r6re (crepxnenue) romaxrlhre macrnHhr.
3. Jlunefinue, H3orlryr6re (crepxnenue) rourarrrbre pbrqanl.
II. flo tfopue nporfNnr rolrraKTa 6a3ucnoxo 3BeHa c BeAyrrlraM KyrarrKoM:
l. Eagprcnoe 3BeHo c roqeqgbrM KoHTaKroM.

. Z.Baslaclgioe 3BeHo c rrHeft.ra'rrrM KoHTaKToM.
3. Eagucuoe 3BeHo c rlJrocKocrrrblM KorrraKToM.
4. Eagucsoe 3BeHo c o6reusurrl KorrraKToM.
III; IIo.ucJry KorrraKToB 6agpronoro 3BeHa c BeAyrqHM rqynarrKoM:
1. Eagucsoe gBeuo c oAHHM KoHTaKToM.
2. Eagncgoe gBeHo c IByMf, KoHTaKTaMH.
3. Basncnoe 3BeHo c rpeMr Kor{raKTaMr.r.
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4. EalucHoe 3BeHo c rlerblpbMf, KornaKTaMX.

5. Easncsoe 3BeHo c flf,Tblo KoHTaKTaME.

IV. flo KoHCTpyKLIuH coeAI,IHeHus 6a3I,IcHOro 3BeHa c na3OBbIM tutn$rou KyIarIKa:

l. EasncHoe 3BeHo coeAHHeHo c [a3oBbIM mrutptou HeIroABl'DKHo'

2. Basgcgoe3Beuo coeAI{HeHo c lra3oBbrM rutrftort'r noABI'DKHo'

8. Mexamlgurt Accypa lqyraqKoBol'o rlrna
(o6ruar rulaccuif unauux) ra6n.4.

CauOyCranaulllBaloulrxct npOCTpaHcTBeHHbx KyJIaqKOBbrx MexaHI43MoB

HyJreBoro ceMefictsa (m = 6)

c

W =6(n + nr)- sPt - 4P2 -3Pt -2P4 - Ps,

getupexareulrble, .. . .... Mnoro3BeHlrble.

l,lcxoAurte KHHeMaruqecKI,Ie qeflI'I MexaHL3MoB c

6(n + nr)- 5P, - 4P, -3Pt - 2Po

n | = a n '

n = l  q  = L o 2 , 3 , 4 , . . , ,

- P s = 0 '

,{ryxerenuue accyPoBble,

( n + n r )  = 2 ,  a  = 1 .

..... MnorogBenHble accypoBble.

I  n( l+a),  q =2,3, . . . . .

V. flo KoHcrpyKltruu coeAldHel{nt 6agucsoro 3BeHa c poJIHKoM:

1. EasucHoe 3BeHo coeAlrgeHo o poJrHKoM r{enoABIDKHo (6asncnne 3BoHbt c rpnborugurtnau

rorxarenruu).

Z.Easuamoe 3BeHo c noABIDKHIIM poJII{KoM.

vI. flo KoHcrpyKrIr{H coeArrr{eHtf; 6asHcHoro 3BeHa c nasoBblM Urrf}rstorra I(ynaqKa I'I C ponl'IKOM'

1. EaSHCHOe 3BeHo, nagOsgfi mtu$r, KynaqoK I't ppJIt'{K COSALII{9H6I noABlDK}Io'

flpe,4laraeuar HaMI,I sTpyKryp"* *rraattQuraryra uo.aynrno-6a3l{cublx 3BeHbeB ncxoffrofi

xrruer,,rarnqecrofi qeflu no3BoJrr.rJra coSAaTb npIrHLIunlIaJIbHO nOSHfi KIIaCC npocTpaHcTBeHI{FIX

CaMoyCTaHaBJIIIBaTIqID(ct lqyJlaqKoBbrx MexaHU3MOB' a TaK)I(e paSpa6Omtr eAuHbIe MeTOAsI ID(

crpyKrypuoro aHilIlara I{ cl{Hresa [5, 9].- - 
B 

-rraarepuanax 
uaccusurarslonnux ra6nn\ 5-7 HaHItAHo npI'IBeAeHbI ocHoBIIbIe MoryJIbHo-

6a3uCHble Sopt"t KOIITaKrH6D( 3BeI$eB ncXoAuOfi KltHeMaTl{qecrofi qema 45q KynarIKoBE'rx IIJIOCKI{X u

[pocTpaHCTBeHHbx MexaHI,I3MoB. OCnosHrre BuAbI oAHOKoHTaKTHbIx' uO,rylrno-6agl{cHbIx oOpt't

mlHefinrrX AByxIuapHlIpI{bIX 3BeHbeB w]u OAHOKoHTaKTHbIX [aIrbIIeB HaTI'AHO IIpI'IBeAeHbI B

Mar€plraJrax tuO*q"t 5. Oqesr,IAHo, qro HcxoAHbre KnHeMarlrqecKlre qenn nan6olee npocrblx [JIocKI4x

E npocrpaHcrBeHHbx KyrarrKoBbrx MexaHlr3MoB AoJDKHrI 6urr oAnogBeI{HbIMlt. Tarse qeru{ cocrotr I'I3

nnnefiHirx noBoAKOB. .{nyxruapnrnpHbre noBoAKtr - m*reftnrre KoHTaKrIrbIe IIaJIbIIbI I4MeIor 3aMKlryrylo

Sopr"ry KuueMarnqecrofi qenu.
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Ta6.ruua 5.

F$
Mo4ymuo-6a3ltcHbre Soprrau
KoHrzrKTrrhrx gseHres nKlI

i a )I
L

I
I

t
a

I

\

o u N

$A** aKq.

"t\

a'F*.) $r-op.
Pf tn +L)

6i
KyraqoH t ,
THHEI{HLIM
Iip0q]rJreM

9uc.no noABLDKHrIX coegnnennfi o4noeneunofi runeuarNqecrofi qerur ortpeAejrrercs no
3IIBIiCI.IMOCTI{ BPIJIA :

P = n * I , (12)

rAe P - qltcro [oABIDKHbrx coe4unenufi, n - qucJro noABIDKHbrx 3BeHbeB ucxoAHofi
KuHeMarl.rqecrofi qenu (n = 1) .

Tarue 6asacHHe $oprrlrr 3BeHEeB u3BecrHbr B Teopuu MexaHH3MoB H Merrrlur, Hocsr HagBa1ufl,
TorKarers HJIII IIITaI{M, KopoMErcna u r.A. Hanpuuep, ToJIKareJr6 c ocrp}reM (crr.r.ra6n,5, nor.l),
KopoMhIcJIo c ocrpneM (cna. ra6n.5, no:.2), KopoMbrcno c uapoM (crrr.ra6n.5, no:.3), ToJrKareJro c
rpa6onugHruvr KoI{TaKToM, ToJrKareJrb c nnocrofi rapenxofi, KopoMblcno c nnocrofi r:apenxofi,
KopoMbIcJIo c npanaoft (cu.'ra6r.5, no3.4, 5, 6, 7). Polur raKlKe flBilflercfl xoucrpyrcruauofi
pa3HoBI{AHocrbIo AByxluapnnpgoro oAHoKoHTarrrHoro 3BeHa ncxoAuofi KugeMarr{qecrcofi qenu (q"r.
ra6a.5, nos.8).

OcnosHbre BI,IrbI AByxKoIITaKTHbrx, rrao.rynrno-6asucHbrx $opru rpexruapHr{pubrx 3BeH6eB r.rJra
AByxKoHraKTHbIx prlqaroB HaHItAHo [pr{BeAeHbr B Marepr{aJrax ra6luqu 6. Bryrpa Ka}rqgoro BHAa
KyJrarlKoBbrx MexaHH3MOB CyqecrByror pa3nr.rqHbre KoHcrpyKTHBHbre p:BHOBLTAHOCTT4 AByXKOrrraKTHhtX
phlqaroB I{n}I TpexuapnlrpHhlx 3BeHbeB, cocraBJr{roqtrx ocHoBy acxognofi KuueMarrlsecnofi qenn
KynaqKoBbrx MexaHH3MoB.
Ta6.nuua 6.

ha:oBsrft
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m- I
I

\ L l

-r

o $ln
*uT

ffi

flln groro runa KyraqKoBbrx MexaHr43MoB qI,IcJIo noABI'DKHID( coeArnennfi oAHogseHHofi

Kr{HeMaTr,rqecrofi qenn o[peAeJrreTcs rto 3aBI4CLIMOCTH eUAa [5' 9]:

r?"\ . .l
t fL | r'ilFl
V  ' T - I E  i l

FryI
+

l a )
A

:t 
, Tu,
I vl4!4

F7777773t

L,, n)

P  = n * 2 ,

t1e n - qlICiIo IqABIDKH6D( 3BeHbeB nCxOAlrofi KI'IHeMATI{qeCxofi qenu (n = l) '

(1 3)

Ocnosnbre BHAhr rpexKorrraKTrrbrx, uogyluro-6a3l,Icublx Qoprvr uerupexulapHl{pHblx 3BeHbeB HJII{

TpexKonTaKTnHX pbrrraroB HarnrAHO npHBeAeHbI B MarepgaJlax ra6mpt 7' Bnyrpu KaxAolo BI{Aa

nnocKr{x [r npocTpaIICTBeHHbtx KynaIIKOBbIX MeXaHI',I3MOB CyUIecTByIOT ptlSJlfiqHble KOIICTpyKpTBHbIe

pelHoBlrIHocTI{ TpexKOHTaKTHbTX pblqaroB HnIt qerblpexulapHl{pHblx 3BeHbeB' cocTaBJltlolql{x ocHoBy

ucxo,Enofi KnueMaTl{qecroft qerm - [1tx gToro rlma KyJIaqKoBbrx MexaHI{3MoB tIHcJIo noABLDKHbrx

coeAuHeHr,rfi oAHO3BeHHofi rsneuaurqecroft qemd ollpeAeilflstcfl. no 3aBLICLIMOCTI{ BI4Aa:

P  =  n t 3 ,

Ue ft- qucJro nOABrDKrrbx 3BeHbeB ncxorurofi KI,IHeMaTI{qeCrofi qerur (n = 1) .

(14)
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Ta6.nnqa 7.

n P \

1 -  ' . / "

f , F= ru+4

Mo,rylruo-6asucHrre $oprvtrr nflrlirrlapHupubrx 3BeHbeB HnH qErbrpexKoHTaKTHbre oAHo3BerrHble
I'IcXoAHbIe KHHeMaTI4qecKI'Ie q,enE HafntAHo npI,IBeAeHbI B llraTepl.ranax m6lulpr 8. AJ1q erofi rpyunu
IqfraqxoBblx MexaHIl3MoB qHcJIo I]oABI{)KHEIX coeguHeHnft oguosnexnofi xr+renaaruqecrofi uenu
onpeAeJUIeTC.fl IIO 3aBr{cr,rMocTlt BtUa:

P = n * 4 , (l s)

fi)--ft.
sp Yt

#+
F

@ s

0 P-? 
,E

#P

=-@

il-J
P A J P

B apcenale npaKT'rlecKoro M4lrrl{HocrpoeHr,rr KyJraqKoB're MexaHr{3Mbr Ha ocHoBe oAHo3BeHHbD(
IIfiTI'IlIIapHI'IpHbIX HcxoArlbrx KHHeMaTl{lrecrnx qenefi Bcrpeqalorct otreHb peAKo, go suercrcr. B
Qoprvryne (15) (z = 1).

Haroneq, AlIt rpex3BeHHblx IUIocKI{x E llpocrpaHcrBeHHbrx KynarIKoBbIx MexaHI{3MoB, 'HgJIo
noAB,DKHblx coe4uuenufi oAHo3BeHHOfi rrtrerrlaruqecroft qenH onpeAeJrrerc.fl IIo 3aBucltMocrH rrnga [5,9 ra ap.l:

P = 1 + d * , (16)
rye q - H-LrcJlo KoHTaKToB naogylrno-6a3ucHoro 3BeHa c BeAyrr{raM gBeHoM - KynaqKoM.
H3necrHo, HTo B ocnoBe HayKI,I o MexaHE3Max Jrexar [peAcraBJresas o6 r* rrio"n"r, flpvHrlrilax

odpasoranus H Kraccu$Hraqnn. Hcc.ueAonanue nrc6ofi cieon", cJro)r(Horo Kyraq*oBoro MexaHr,BMa
3HarII{TenbHO ynpoqaerct' eCJIII npeABap[ITenBHO pacKpblTa ero cTpyKTypa, T.e. ycTaHoBJreHo CTpoeHne

n
E{

I
I
\
1
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r{cxoAnofi KuHeMarr{qecKoft qenn Mexanfi3Ma flyreM pacqIIeHeHI{n ero Ha orreJrstrsle 6asucHHe $oprrarr
HatraJrbHBrx 3BeHEeB. B csxsil c grnM 3aBr{clrMocrB (16) rnnxercr HcKnIotMTeJIrno saxuofi s
KoHcrpyKTopcrofi AerreJrbHocrlr r{rDreHepa, a rapr(e )^{euoro B AeJre co3AaHI{t nar,r6onee o6rqlor
M9TOAOB CTpyKTypHOrO ar{aJrH3a [r cr{HTe3a caMoycTaHaBJrHBaroul[xct KynaqKoBED( MexafiI{3MoB.

Bnepnue pa.spa6omuuafi crpyKTypnar xnaccx$rdKar.Iur caMoycraHaBnnBarorqrxct KynarlKoBhrx
MexaHr{3MoB Ha ocHoBe oAHo3BeHHbrx r,rcxolpbrx Kr,rHeMarr{qecxrx qenefi npI{BeAeHa B Marepl4aJlax
ra6nuqn 8. B nesorr,t BepxHeM yrrry ra6lrurr 8 npure4eua ocHoBHaJr saBllcrrMocrb, onpeAeJltloqiul
ycnoBur caMoycraHaarrr{BaeMocru ucxoApcfi Klnenaarrrecrofi qerra Ms KynarIKoBErx
npocrpaHcrBeHrrbx ficnoJrnr,rreJrbHrrx MexaHr{3MoB [5, 9]. faasHoe ycnoBl,Ie caMoycraHaBnliBaeMocrn
o,quo3BeHnbrx r,rcxoArrbx Kr,rHeMarnrrecxr.or qenefi Arr KyraqKoBbrx MexaHE3MoB garrncaHo u Soprue,
npeAJroxenuofi npoSeccopou C.H.Kox(eBHr{KoB6ru [a]. Haun paspa6otana o6qar rutaccu$uraqur
r.IcxoAHrrx Kl,rreMarnrlecnro< qenefi KyJIarIKoBbrx MexaHn3MoB c fleroM Bcex BpIIoB KHHeMaTI{qecKID(
trap lro A.fl.ManuureBy, a rarcKe MoAyJrbHo 6agvcrmx Qopu eneHrer (rorrraxrHble IIaJIrIIII, prnaru).
OAlrosseHHHe HcxoArrbre KuneMarr{qecKae rlerru pas6mu Ha ntrb ocHoBHbIx K,IaccoB (tr, trL tV, V).
CarvroycraHaaauBaroqrdecr 6asucH6re 3Ber$f, onpeAeneHbl rro ceueficrsau. Crarneg
caMoycranaBJruBarouu{xcr ucxoAr{brx Kr{HeMaruqecrrrx qeuefi oc)iulecrBnrerct rro crpyKrypnblM
arroprrMaM. Hanpurraep, caMoycraHaBJrr{Barorunecr [cxoAHble Kr,IHeMarI{qecKI,Ie qenn II KJIacca
cuHTe3r{pyrorcr no cJre4/rorqr,rM ocHoBHbIM crpyICrypHEIM arropwrMau (cu.m6n. 8), [5,9]:

P s = P t = 7 1 ,

P r = P o = n ,

Pz =2n,

(r7)
(18)

(1e)

Knaccu$rmauuonnas ra6rlrqa I coAepro{T HauLflAHbIe Marepl,Ianbl, BecbMa opsruInaJlbHo I,I Moxer
cJryxrnb ynr{BepcaJrbnHra csoeo6pa3nbrM armaparoM cl{rrre3a npocrhrx H cJlolrlrbrx, npocrpaHcrBeunbtx
rr,rorurtbmaryrfi KraneMarrqecKlrx qenefi c caMoycraJrasJfltsarcIqeftcr upyrrypofi. Taxue
caMoycranaBnr{Baror{precf, KuHeMarr.rqecKr{e qerm tfoprraupyrorcr I,I3 oAHoro 6aguuroro 3BeHa
ronrpenrofi nao4npurcaunrn (cu. m61.8).

Taruau o6pa:ou, H3 MareprraJros m6rrarsl 8 cranosrrcs orIeBuAHbIM cyulecrBoBarl[e crarl{qecKll
onpeAeJrr,rMbx npocTpaHcTBeHr{brx rpynfl, cocTosulrD( tr3 oAHoro 3BeHa u coBolqmHocTll
Kr,rHeMarr,rqecKr{x nap no rulaccuQurcaqrr,r A.IlMarbrrueBa A[5 npHHIII{nsa.[bHo HoBoro KIIacca
caMoycraHaBJrnBaurlrD(cf, (yJraqKoBbx MexaHr.r3MoB [5, 9]. Jho6ax I,I3 paccMorpeuHbD(
caMoycranaBm{Barouuxcr oAHo3BeHHbrx r,rcxoAHrx KHHeMaTI{qecrrx qenefi n IE( pa3Hoo6pasnue HoBbIe

uo4nifraraqun, currre3upoBanrrbre no ycJroBnru rcnaccn(fmaquouuofi ra6nnqu 8, rtpu npHcoeAI'IHeHITE
K HarraJrbgbrM 3BeHbrM npuo6peraror noABr.pKHocrB. rfticno crenenefi cno6oAu rlolr) IeHHofo MexaHu3Ma

crauoBr{Tcr paBHbIM 'rlrcJly crenenefi cso6oAH Haqlulbuhlx aoenrer [5, 9].

I{g nccaeAosannfr npI,IBeAeHHbrx Bblme cJle.uyer Hl,IrrecJre[J[oqee :

l. O6qnrvr MareMarr{qecKr{M armaparoM B AeJre cTpyKTypHoro cHHTe3a rtpI{HIryrnHaJIbHo HoBoro

rrrua caMoycTaHaBlr,rBauq[xcfl npocTpaHcTBeHHbIx HeaccypoBbrx KyIarIKoBbx MexaHI{3MOB IIyJIeBOTO

ceMeficrBa Bbrcryrraer - eAlrnaf, KJrrlqeBarr crpyKrypHa{ i[oprrayna (l) corpeueunofi teopun MexaIM3MoB

E Mamr,ru [10, 1l r{ Ap.].
2. O6terrauu cr.rrrrega sBrrrorcff caMoycraHauuBarolquect npocrpaHcrBeHuble HeaccypoBble

KyraqKoBbre MexaurrcMbr HyneBoro ceMeficrea. 3ru naexanugMbl Tpex3BeHHEIe BIry{pLI KaXAoro KIIacca

rryneBoro ceMefiffsa (m = 6),[5, 9 ra gp.].

3. Crpyrrypubrx, gJreMerrrapnblx (.qayx3souHblx) rpyrm Accypa B cocraBe qenn rpercBeHHbD(

rtpocrpaHcrBenHhrx KyrarrKoBbrx MexaHr{3MoB ner. CryyrrypHble rpynflbl * HeaccypoBble rpylmbl H oHI{

oAHo3BeHHbIe(ora. ra6n. 8), [5, 9, 10, 1l].
4. lluclo menexeil cno6o4u caMoyorauaBJrr{Baroqrxct npocrpaHcrBeHl{bx lleaccypoBbx

KyJraqKoBbrx MexaHH3MoB r{yJreBoro ceueficrBa onpeAeJlterct oAHo3Ha{ro no crpyKryPuoft $opuyle
(4) F,  2,3,4,5,  9,  10,  t  1 l .
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K-naccnSnKaqur oAHo3BeHHbrx HeaccypoBrrx grpyrTypHbrx rpynn
, [pocTpaHcTBeHHbrx KyJraqKoBhrxMexaHu3MoB.

Tadmrua 8.
6n-5P,*4Pz-34-2Po-P, =0 Klacc 6asrnuroro

3BeHa- ( n ))
I Kouranru (II) naJrbrlbr Puuarn (III)

P, =)fi": '2, P, = n =1,

P o  = J n = J .

P r = P o = P s = I Po = P,  =)n- /

P:k

Vry

P r = n - 1 ,

P ,  = J 7 7 = J .

Pr "f1 = n = l
N @

P n = n = 1 ,

P, = {n= {,

Konraxtsr rro noBepxuocru
P z = P + = n = l

P = k
P -qucro

K}IHEMATHq

ecKr4x nap
6asucnoro
3BeHa (n >

Kornarrrr no o6reuuoft
noBepxuocrn Pz=Zn-2

5. ![uuo creneHefi ceo6o4st caMoycraHaBJrnBitrcq]rxcr oAHo3BeHHbrx HeaccypoBbrx rpynfl
HyneBoro ceueftcrna, B qelrH Tpex3BeHHbDr KynarrKoBbrx MexaHH3MoB, onpeAeJrrerct Ha ocHoBe cH0TeM6r
crpyKTypubrx arroprrMoB - (9), [, 2,3, 4,5, 9, 10, 1 1].

' 6. Hosrre MgToAbI crpyrTypHoro cI.IHTe3a caMoycrauaBnuBarorqnxcfl npocrpaHcrBeHrrbD(
KynaqKoBblx MexaHH3MoB lryneBoro celvreficrea r,r HeaccypoBofi crpyKTyp6r Ha 6a3e crpyKTypHErx
{uropmMoB a3 cl{creM - (1) er (9) nornonaapr co3Aar6 uoUnufi cnoco6 nocrpoeHr.rf, HoBbrx cxeM
HeaccypoBErx MexaHrBMoB KynarrKoBofo rr.rra [1, 2,3,4,5, 9, 10, 11 H gp.]. CrpyrcrypnHfi analug lE
clIHTe3 CaMOyCTaHaBJTHBaIOIqEXC' HeaCC)pOBbrX KyJraqKOBbrx MexaHr.r3MoB rryJleBoro ceMeftcTBa Ha
ocHoBe oAHo3BeHHbx HcxoAHbrx Kl,IneMarr,rqecKr{x qenefi TaK}Ke 6a.:upyercr Ha eAHHoft KlrorreBoft
crpyKTypHoft <poprvryne (1) conperr,resnofi reopLIH MexaHr.r3MoB r{ MarrrHH, BnepBrre npegloxeunofi
AoKropoMrexHl-rqecKl{xuayr, npo{eccopoMP.K. Haypus6aesnMs 2001rory [1,2,3,4,10, 11uap.].

7. <HeaccypoBafl crpJKTypuu rpyflra B rlenu MexaHr.BMa KynaqKoBoro rt,tna, 3ro raKarr
oAHo3BeHHit^f, KuHeMarIrIecKaJI IIen6, Koropa:I nocJle [pHcoeALIHeH]rr KpafiHHMr{ cBo6oAHbIMH
gJreMeInaMH flap K croflKe, 6yl"t o6ragars nyrerofi creneH6ro noABrd)KHocrlr, T.e. IlpeBparr,rrcr B
xecTKyIo cTaTLrqecKI{ onpeAenl,Ilryro [pocTpaucTBeuHyro HenoABrurtryro MexaH]rqecKyro cucreuy>. [1,
i0, 11 u ap.l. /A.r.n., upo$eccop Haypus6aen P.K.., 2001 r./

8. HeaccypoBbre Mexaur,r3Mbr KyJraqKoBoro r[r[a
(o6qaq MoAeJrb lcnaccurpunarym).

\*%^^Mil,ry&,*tr
"h'a|E +,fi \
r," be ta bi' b", b
Kornarru, oynuoor 

"Torme SJII4 nO JWIHId}.I

PN'\9,:*{' P-t-'kt
@ !, r3f

F t.T-r

tuflF, a
o
C}
C)
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Ta6.nuqa 9.

CauoyCraHamnBalolqueCs npOCTpaIICTBeHHhIe Heacc)PoBbre ryJIaqKoBEIe

MexaHH3MbI rryJleBoro ceMeficrBa (n = 6).

Taruru o6pasou, Bbrruenpr{BeAeHubre Ha) rI{FIe p$ynbrarbl, o6o6tqerurrte B paMK{x ra6lnqn 9,

rreTKo o[peAen ilor rpaHr{rFr gtMoycraHaBrr,rBaroqaxcr npocrpaHcrBeHH6rx HeaccypoBblx KyraqKoBbD(

Mexanr,r3MoB I{yJIeBoro ceMeficrBa [1...5,9' 10, 11 ulp.].

Haroneq, B paMKil( ra6luqu 10 noKa3aHbr r{erKue lpaHl{tlHble ycJIoBI'Ifl c)rutrecrBoBaHllt

accypoBbrx n HeacqryoBbrx caMoycraHaBJrHBarorrlrD(Cs npoclpaHcTBeHHbrx KyrarlKoBbrx MexaHI{3MOB

HyJreBoroceMefictsa [1. . .5,9, 10, 11, 16, 17,18I ' IAp.] .

CKM.- Cauoyctanarirl'IBtllouryIec.fl .KyJIarIKoBbIe MexaHr'I3MEt
HvileBoro ceueficrna

c

W -6 (n+n , ) -54  -  4P2-34 -2P4*  Ps

Toexgseuubte MexagLI3MbI.

l,Icxo,[Hgre KHHeMaTI{qecKI'Ie qenu MexaHI'I3MoB-oAHo3BeHHHe a

l w  
=  a n -  5 P ,  -  4 P 2  - 3 P 3  -  2 P o  -  P s  =  o ,

l n  =  l .

w = m " (n + nt) -llol-' @ - Dn *

Caruoycrauannnrapquect upocrpaHcrBeuuLle
Heacc)fpoBble xynaqKoBble MexaHs3MbI.

CaMoycraHaBJll{Balorq,uecf, [pocrpaHcrBe]ilIble
accypoBble KyJIaqKoBbIe MexaHrI3MbI.

{ernpexsrennue, ... MHoro3BeHffiIe
MEXAHI{3MbI.

Cucteua cHHTe3a HeaccypoBhD( rrcxoAllblx
KFHeMarIFIecrcrx qeuefi :

lw = 6n-5P1- 4P2 -3P, -ZPo - Pq =0,

l n  = 1 .  ( 9

CficreMa culrre3a accypoBbD( I'IcxoAHbIx
Kr{HeMartrqecrrN qeneft :

lW =61n+n)-s4t-4P2-34-2P4-Ps = 0,
t '

4n  =a . r ,  (8 )
I

ln=1, a =1,203,4,...

llnc,nO Crcneneft cSO6O,&r MexaHu3Ma: I

W =6n* f r t -5Pt -4Pz-3Pr -2Po-P,  =  0 ,  (4 )
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