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BeepneHue:

C nmnoMompbH YpaBHEHHH CTaTHYECKOrOo paBHOBecHs TeopeTHdecKoi
MEXaHUKHU WHXKEHEPhl HAYYMIIMCh OMpPENENsATh Peaklu CBsi3ed B omopax Oalok u
paM H TOJIy4aTh TakKUM O0Opa3oM CHIJIOBBbIE CXeMbl. Pacu€r cuioBoil cxembl
(BHYTpeHHHE CHJIOBBIE (DAKTOpPbI, HANpPSKEHUS, MEpPEeMElIeHUs1) O0COOBIX
CJIOKHOCTEH HE MPEACTABIISIET, 3TOT MPOIECC JABHO U XOPOIIO OTPabOTaH.

Crathyecku HEONpEAEIUMbIE CHUCTEMBI (KOJIMYECTBO CBsi3eld Oouble
YPaBHEHHMI CTAaTHYECKOTO PABHOBECHS) IOCTABWIIM WH)XCHEPOB B TYIHUK —
YPaBHEHUH JJI ONpEEIeHUs peakuuid He XxBaTaeT. Uto nenars?

[Iponiecc BBIUMCIIEHHS] PEAKIHMM CTOJIBKMUX CBA3€H, CKOJIBKO HYKHO IS
IIPEBPAILECHNS] CUCTEMBI B CTATUYECKH ONPEICITUMYI0 HA3BIBACTCS «PACKPbIIMUEM
cmamuueckou Heonpedeaumocmu». OH MOXKET OBbITh pEAIN30BaH PA3HBIMU
METOIAMH.

«MeTon cui»  3a7a€T  CBOIO  IIOCJIEAOBATCIBHOCTH  JCHCTBUM,
HEOOXOAMMBIX ISl PACKPBITUS CTATUYECKOW HeomnpeaenuMocTu. Jlemaercs, mo
CYTH, TO K€ CaMO€, YTO M B CTaTUYECKH HEOIPENEIMMBIX 33Ja4ax pPACTKECHHS
(coxkaThs) M KPYUYEHUS: COCTABIISIIOTCS TOTIOJHUTENbHbIE YPABHEHHSI COBMECTHOCTH
neopmanuii. C TOM TONBKO pa3HUIEH, YTO B 3a/auyax pacTsHKEHHS (CKaTus) U
KpyY€HUS ypaBHEHUS COBMECTHOCTHU JedopMaluil pelaJuch COBMECTHO C
YpaBHEHUSIMU CTaTUYECKOIO paBHOBECHSA, a B METOAE CWJI YpaBHEHUS
COBMECTHOCTH JAedopmanuii (MX HA3bIBAIOT «KAHOHUYECKUMU YPAGHEHUAMUY)
CaMOJIOCTAaTOYHBI, HEU3BECTHBIE CHJIbI (PEAKLUH CBA3EH) BBIUMCISIOTCA TOJIBKO W3

HHUX.



Hanpumep, MokeM JId Mbl HAWTH peaKIuy CBsI3eH B Takou Oanke?
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He w™oxem. KommuectBo cBsizedt ( 4 ) Oosbllie KOJIWYECTBA YpaBHEHUU

cTaTU4eckoro paBHoBecuss Ha 1uiockoctd ( 3 ). CremeHb CTaTUYECKOU

Heonpeaeaumoctn N=4-3=1.

A B Takoii?
F
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MozxeM. TpI/I PCAKINH HAXOIATCA U3 TpéX ypaBHeHI/Iﬁ CTaTHYCCKOI'O PaBHOBCCHA.

3HAUUT, HY’KHO HAWTH PEAKIMIO BCEro OJHOM CBSI3U JIJISl TOTrO, 4TOOBI Oajka

IIpHUHsIIA HpHBBI‘IHBIﬁ HaM CTaTHUYCCKH OHpCI[CJ'II/IMI:Jﬁ BH.

Haiitu peakuuio MoXHO u3 ycioBusi: Touka C Tpu Harpy>KeHUH He
cmemaercs. To ecTh, HACKOJIBKO OHA OIyCKAaeTCs IMOJ JeHcTBUEM Harpys3ku (puc.

VII.1a), HacTONBKO e MoAHMMAETCs o AekicTBreM peakiuu (puc. V1. 1a).

Puc. VII.1.

YpaBHeHHe
A +4, =0 (VIL.1)

Ha3bIBACTCsI KAaHOHUYECKUM. M3 HEro MoxxHO ONpCACINTE HCU3BCCTHYIO CHITY R.

OrmpeensTs nepeMenieHus Touek ocu oanku A MerogoM Mopa MBI yiKE YMEEM.



OAVH pa3 cTAaTMyYeCKU Heonpepenumble CUCTEMbI

JKEcTkue CBA3M:

Bo3bMEM cTaTHuecku HeonpeaeaIumMyo Oalky:
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Buemnux cBszeit 2+1+1=4, ypaBHEHUN CTaTU4YECKOrO pPaBHOBECUS Ha
MJIOCKOCTH 3, CTETICHb CTATHYECKON HeompeneaumMocT: N=4-3=1.

3HAYUT, AJIsI TOTO, YTOOBI MPEBPATUTH CUCTEMY B CTATUYECKU OMPEIAETUMYIO,
HY)KHO OTJIENIbHO BBIUHUCIUTH peakiuio 1 cBs3u. CBs3b, peakiuio KOTOpor OyaeM
UCKaTh, pellasi KAHOHMYECKNUE YPAaBHEHHU S, HA3bIBAIOT M 36EITOYHOJA.

Kakyro u3 4eTplpéXx BHEIIHMX CBs3€H Ha3HAYUTh H30bITOYHON? JlaBaiite,
MEePEYUCIUM BO3MOXXHBIE BapUaHThI, W300pa3WB Hally PACUETHYHO CXeMy Oe3

BHEIIIHEH HArpy3Kku U 0e3 N30bITOYHOU CBSI3U:
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DTH cxeMbl HasbIBatOTCS ocHosnvimu cucmemamu (0.C.). 3amauy MOKHO
pEIINTh, UCIOIL3Ys 00y M3 HUX. Henb3s M30bITOYHON Ha3HAayaTh CBS3b, 03

KOTOPOM CUCTEMA IPEBPAILIAETCA B MEXAHU3M.



Bribepem, nanpumep, O.C. Nel. N300pa3um Hallly KOHCTPYKIIUIO. 3HAYEHUE

peaKkiuu, OKa He U3BECTHO, MOATOMY Ha30BEM €€ X!
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Dra cxeMa HasbIBaeTcs dxkeusarenmmnoi cucmemou (3.C.).

Puc V1l .A4.

3HaueHue peakuuu X; HaXOAUM, UCXOAS U3 TOTO, YTO MEPEMELICHUE TOUKH
b b
C mopx AEHCTBUEM BHEIIHEN HAarpy3ku g paBHO MO MOIYIIO M IPOTHBOMOJIOKHO

0 3HAKy MEePEMEIICHUIO STON TOYKH 1Mo AericTBueM peakiuu (puc. VII.1.).
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[
Hanpumep, HaIpaBJICHUE HEU3BECTHOU lF I
) A B Cl
peakiMy) W BBIYUCIMM MeTojaoM Mopa %g ”17 T
Xl

MNEPCMCIICHUC TOYKHU C B aTOM HallpaBJICHUHU

OT Harpy3Ku U OT peaklMH U30bITOYHON CBS3U:
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X1 106OBIBaEM M3 ypaBHEHHUS A +4, =0 (VIL.2)



Crom!

MBI HCIIOIB3yeM TPH SIOPhl. OIHAKO BUIHO, YTO JABE U3 HUX JTMHEHHO 3aBHCHMBI:
M Xl M 1 . Xl _ 1 .
ImIopa pocTO B X1 pa3 GOJBILE SIIOPEI M =X, -M7;

1
3Ha‘{HT, I IIOJIYUYCHUA AX AOCTATOYHO JIIHIOPY M YMHOXHUTH CaMy Ha 06651, a

pe3yNbTaT YBEIUUUTH B X; pa3:
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PucVII.7.
YpaBHEHUE TPUMET BUI:
X, 0, +0,=0 (V11.2)

31ech MepBoe ciaraeMoe — IMepeMEelIeHUEe TOYKH TMPUIIOKEHUS peakuuu X; OT

camMoi peakuuu X;, BTOpPOE cjaraeMoe — IEepEeMEIIeHNe TOUYKH MPUIIOKEHUS

peakiuu X; ot BHeltHel Harpy3ku. B cymme 0 6o Touka C He nmepemeniaeTcs.

0y, - nodamausocmp (NEpEMEIICHHE TOYKH MPUIOKEHHS PEAKIUH MO MEPBOMY
HAIMpPaBJICHUIO OT CIMHUYHOM CHIIBI TI0 3TOMY K€ HAIIPABJICHUIO).

HwxHre MHAEKCH MOJATIMBOCTH HE TOJBKO MOKA3bIBAIOT YmMo TMEPEeMEIIaeTcs U

om Oelicmeus 4e20, HO W KAKyl0 JIIOPY Ha KaKyl HYXHO YMHOXHUTbH [JIs

A
nosy4eHus pesynbrara. [loatomy obo3Haunm: A = O .



Hanpaenenue 1 (puc. VII.5.) moxer ObITh He TOJABKO JuHEHHBIM. Eciu B

KayecTBE M30BITOYHOM BBIOpaHa yTioBasi CBs3b, HampaBieHHe 1 OyaeT yrioBBIM.

Hampumep:
KomuecTBO BHEITHUX CBSI3EN:
PacuérHas cxema: 4 C
n6H€lM.C€. = 3+ 1 = 4
1A lB c KonnyecTBO ypaBHEHUI paBHOBECHUsS Ha
1 ' P IUIOCKOCTH: 3.
CreneHb CTaTHYECKOW HEOTTPEAETUMOCTH:
n=4-3=1
0.C .
N30bITOUHOI Ha3HAYaeM yTJIOBYIO CBSI3b B
A B C

237—7& . 3 Touke A.

2.C.
} >2 h \1 Peakuust oTOpOIIEHHOW CBS3M — MOMEHT
1
F X1. HammpaBnenue 1 yriosoe.
A B C

Breruucnenus:
MIXMF M1XM1 51|:
O =—————— Oy =—— | X,-0.+0,.=0; X, =-
1F E.| 11 E.| 1% 1F 1 511
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Jlnsg Toro, 4yTOoOBl HAWTH TMEpEMEIIeHHE TOYKHU YIPYTrod OCHU CTaTHYECKU
HEOIpEeEeTUMON cucTeMbI (0K WM paMbl) HY’)KHO YMHOXUTh UTOTOBYIO 3IIOPY
Ha SMIOPY OT SAUHUIHONW 0000IIEHHONM CHUITBI, MPUIIOKEHHON K MHTEPECYIOIICH HaC

TOYKC B HHTCPCCYIOIICM HAC HAIIPABJICHUH B JI10001 OCHOBHOLL cucmeMme.

. z
To ecTh, HApUMeEp, epeMHOKEHHE nToroBoi smopsl M = Ha mobyio u3

1 1
equanynbix dmop M mmm M mact omum u ToT Xe pesymsrar (puc.VINL8.).

[TpoucxoauT 3TO MOTOMY, YTO TakuM OOpa3oM Mbl HAXOJIUM IEpEMEIICHUE
paccMaTpuBaeMON TOYKH B JKBUBAJICHTHBIX CUCTEMAX, COOTBETCTBYIOUIUX ITUM
OCHOBHBIM CHCTeMaM. A B DKBUBAJICHTHBIX CHCTEMAax BHYTPEHHUE CHIIOBBIE
(GakTopbl, HANpsKEHUS U TMEpEeMEUICHHs TOYHO TaKue >K€, KaK WU B Hauleu
MCXOJTHOM CTaTUYECKH HEONPEIEIMMON KOHCTPYKIMH, IOATOMY, COOCTBEHHO, OHU

W HA3BIBAIOTCA O9K8UBATIEHMHbIMU.

O.C. Nel 0.C. Ne2

E-I E-I Puc. VII.8.



[IpaBWILHOCTh TOJMYYEHHOrO pEIICHUS (CHUJIOBOM CXEMbl U  BIIOpPHI

BHYTPEHHUX MOMEHTOB) MOKHO MPOBEPUTH TPEMsI CIIOCOOAMMU:

1) Bviuucaums kakoe-1ub60 0606wéHnoe nepemeujerue, 3a6e00M0 PAeHoe HYI0;

Hanpumep B KoHCTpyKuuu, moka3zanHoi Ha puc.VII.8. 3aBemomo paBen
HYJIIO YTOJI MIOBOPOTA MONEPEUYHOTO CEYCHUs B TOUKE A, 3aB€ZIOMO PaBHO HYIIIO
BepTHKanbHOe mepemenienne Touku C u T.4. IlepBoe mepemereHre MO>KHO
onpenenuts ¢ nomoipio O.C. Nel (k Touke C NpUIOKUTh €MIUHUYHBIN MOMEHT,
MOJYYCHHYIO 3MI0pY IMEPEMHOXKUTh C OBMOIOPOM CYMMApHOW, IOJIYyYHUTh
pe3yabTaToM HyJb). BTopoe nepemeliienre MoxHO MpoBeputh ¢ momoiibio O.C.
No2 (x Touke C TPUIOKUTH BEPTUKAIBHYIO E€IMHUYHYIO CHILY, MOIYYEHHYIO

MIOPY MEPEMHOXKUTH C CyMMapHOH, MOJIyYUTh PE3yJIbTATOM HYJIb).

2) Boviuuciumes 0000wéHHOEe nepemewerue KAKO20-IUOO cedeHust 08axicobl,
UCNONB3YS PA3HblE OCHOBHbBIE CUCTEMDb,
PaBencTBo, moka3zanHoe Ha puc. VII.8., BBIONMHIETCS TOJNBKO B Clydae

0€30IIMO0YHOCTH CYMMapPHOM 3ITIOPHI BHYTPEHHETO M3THOAIOIIEI0 MOMEHTA.

3) Pewums 3a0auy nosmopHo, UCNOIb3YA Ol peueHus Opyeylo OCHOBHYIO

cucmemy.
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Hano: E, Iy, q, 1.

[TocTpouth AIIOPY BHYTPEHHETO

-
U3ru0aroniero MOMEHTa B IUIOCKOH — pame.

[IpoBepUTH MOTYUYEHHOE PEILICHHUE.
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Pewenue (no nynkmam xoncnexma L-01):

A C
a) Konmuecto BHemHux ceszei: N, ., =3+1=4 ;

6) KonuaecTBO BHYTPEHHHUX CBSI3CH: M,y 0 =3 K =3-0=0;

K — xonuuecTBO 3adMKHYTBIX KOHTYPOB.

8) CTeneHb CTaTUYECKON HEONPEAEITUMOCTH:

0= (Mo, + Mo )~ 3=(4+0) =3 =1,

a) BapuaHTbl OCHOBHBIX M SKBHBAJICHTHBIX CHCTEM:

0.C. Nel 0O.C. Ne2 O.C. Ne3

B C B B

A

3.C. Nel 9.C. Ne2 3.C. Ne3

2-1

O.C. N4

MEXAHU3M


http://www.tychina.pro/app/download/7960986693/L-01.pdf?t=1421762976

0) BeiOnpaeM mepBblii BApUaHT:
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6) CucrteMa KAHOHMUYECKUX YPaBHCHHIA: Xl . 511 + 51,: =0

2) KoapunmeHThl KaHOHUYECKUX YPaBHCHUI:
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0) Peakiust n30bITOYHOM CBA3H:

X1'511+51F =0

¢) DKBHBaJICHTHAs CHCTEMA!
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OHpC,IIeJII/IM YIJIOBOC CMCIICHHUC IIOIICPCUHOI'O CCUCHHA, CBA3AHHOI'O C

Toukoi B, ucnonb3yst ocHoBHbIE cucTeMbl Nel 1 No2.
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ABa pa3a cTaTuyecKu Heonpepennmblie CUNCTEMbl

n:2, 3HAYUT B CHUCTCMC YIKC JIBC M30BITOYHbBIE CBs3U, HYKHO COCTAaBHTb

CUCTEMY M3 JIByX YPAaBHEHUH JIJisl UX MOJy4YEHHUs U3 IBYX ycinoBui. Hanmpumep:

0.C. :
1

Puc.VIIL.9.

IlepBoe yciioBue: cymMMa nepeMelieHnii Touku A 1o IEpBOMY HANpaBIICHUIO

ot peakuuu X; (@ uMeHHO X;'011), OT peakuuu X, (a IMEHHO X;1'015) M OT BHEIIHEH
Harpy3ku (a IMEHHO J1F) paBHA HYIIIO.

X1'511+X2'512+51F =0

Bropoe ycnoBue: cymMma nepeMenieHnii Touku B 1o BTopoMy HamnpaBlieHUIO
oT peakiuu X, (a UIMEHHO - X,'0p), OT peakuuud X; (a umMeHHO - X;'dr1) U OT

BHEIITHEH HAarpy3KHu (a2 UMEHHO o) PaBHA HYJIIO.
X0y +X,:0,, +6,- =0

N BOT y Hac ecTp cHCTEMaA [BYX YPaBHEHMHM Ui OIIPEHEIICHUs IBYX

HEU3BECTHBIX PEaKIMi N30bITOYHBIX CBSI3EH:

X, 04+ X,:0,+0, =0 VI13)
Xl '521"' Xz '522 +52F =0
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i .
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- My
no l— Hanpaejieruro .

/

(VIL.4)



n _pa3 CTaTUvYeCKU Heonpepaeannmble CUCTEMbI

Kak OpUT0 mokazaHo paHee, CUCTEMa KAaHOHUYECKMX ypaBHeHU# mis 1 pas
CTaTUYECKU HEOMPEACITUMON CTEPKHEBOM CUCTEMBI (OQJIKH MUK PaMbl) C KECTKHUMHU

cesa3samu umeet Bua (VI1.2):
Xy 0y +0 =0

Cucrema KaHOHHYCCKHUX ypaBHCHI/Iﬁ JJIA JABAXKbI CTaTU4YCCKHU

HCOIPECIIMMON CUCTEMBI ¢ kEcTkuMU cBsi3simu umeeT Bun (VI1.3):

X0y +X,:0,+0,=0
X0y +X,:0,,+0,- =0
Hepr,ZIHO A0Ka3aTb, YTO AJIsI CUCTCMBI C n=3 CUCTEMA KAHOHHUYCCKUX ypaBHeHHﬁ:
X0+ X,:0,+X;:0,5+0, =0
X0, +X,:0,,+ X305+ 0, =0
X, 0g + X, 05+ X;:053+0,- =0

A nosa cucremsbl ¢ N=K :

(X, O, + X, 0, + X, O+ X, O+t X, -8y +, =0
X0, + X, 00, + Xy 00+ X, -0y +.oc+ X, -0y + 0, =0

\ X0+ X, 0,+ X303+ X, 0, +...¥ X, -0 +6, =0

[IpyuémM HU OT KakuX KOHCTPYKTHBHBIX OCOOEHHOCTEW paccMaTpuBaeMoun

CUCTEMBI 3TOT BUJ KAHOHUYECKNUX YPAaBHEHUI HE 3aBUCHT.
Koa(puientsl 0, KOIMYECTBO KOTOPHIX MPOIOPLUOHAILHO KBaapary
CTEIIEHU CTaTUYECKOW HEONPENEIMMOCTH, BBIUMCIIAIOTCS TaK K€, KAK 3TO YKa3aHO B

dopmynax (VI.4). HMx BbelumciacHHe 00JerdyaeT CIEACTBHE W3 TEOPEMBI O

B3aMMHOCTHU TI€PEMEILECHHN: é‘ij =0 i



3aMKHYTbIM KOHTVD

Hasnauenue n30BITOYHBIMHA BHEIIHUX CBSI3CH BITOJIHE IMpUIroaHo IJId 0aJloK H

paM, He UMEIOIIUX B CBOCH KOHCTPYKIIMH 3aMKHYTBIX KOHTYPOB U3 CTEPIKHEH.

Ecnm xe TakoBple IPUCYTCTBYIOT, TO [UI PACKPBITUS CTATHYECKOU
HEOIPEAECTUMOCTH M30BITOUHBIMM HA3HAYalOTCS CBSI3W BHYTPEHHHE (MEXIy
YacTSIMU CamMoOro KOHTYpa), a UX PEaKUUsIMH CUUTAIOTCS BHYTPEHHHE CHUJIOBBIE
(bakToOphl, ¢ KOTOPHIMU YacTH pambl JCUCTBYIOT APYr Ha Jpyra B BBIOPAHHBIX

HOTEPEYHbIX ceueHusiX. [IoCKobKy y MIOCKUX paM U OaJloK MpH MpsIMOM M3rude B
TIONIEPEYHBIX CEYCHUSIX U3 IIECTH BHYTPCHHUX HeHyseBbIMU OyayT TpH (N, Q u My),

TO B 06HIGM ClIydac Ha IIIOCKOCTHU 3aMKHYTBIﬁ KOHTYP 6y,Z[CT CTaTHU4YCCKU

HEOIIPEAEIUM TPH pa3a N0 NPUYUHE HATUYHS TPEX BHYTPEHHUX CBA3EH:

M

° KonnuecTBO BHEITHUX CBA3EN:

n =1+2=3 ;

6Heul.ce.

KosmuecTBO BHYTpEHHUX CBS3EMH:

n =3.K=31=3 "

6HYmMP .C6.

K — xonmuecTBO 3aMKHYTBIX KOHTYPOB.

: CreneHb CTATUYECKON HEONPENEITUMOCTH:

N=(Nyce + Myppen )3 =(3+3)—3=3 .

BHEU.C8. BHYMP.C6.

s

HUcnonb3yercs OIMH W3 JABYX PacUETHBIX

pUEMOB: PacCEUCHUE WIIM BpE3Ka MIApPHHPOB. P e
Hmwxe Mbr paccmorpum oba mpuéma. Ilepen
paccMOTpPEHHUEM X04eTCs T00aBUTH:
MPUMEHUMBI OHH HE TOJIbKO K KOHCTPYKITHSIM,

HMCHOIIMM SIBHBIC 3dMKHYTBIC KOHTYpPbI, HO

TAK)KE M K KOHCTPYKHOUAM, TOYKH KOTOPBIX << ==

KECTKO (PUKCUPOBAHBI U TEM HESIBHO CBS3AHBI: o
HeABHAA CBA3b



a) Konmyp paccexaemcs 6 11060m y0obHom mecme.

0O.C.

X0 +X,:0,+X;:0,+0, =0
X0+ X,:0,,+ X;:0,5+ 0, =0
X, 0g+ X, 05+ Xg:055+0,- =0
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a) B rxomumyp @pezaromcs mpu wapnupa. Kaoxcowiti ymenvuiaem cmenems
cmamuyeckou Heonpeoeaumocmu Ha eounuyy. Lllapuupvl ne 0ondcHvl nexcamo

Ha 0OHOU NPAMOU, UHAye OyOem MexaHu3M.

M
0O.C. 2.C. -E-; Xz y
0 O — o)

X0+ X,:0,+X;:0,+0, =0
X0y + Xy 0,0+ Xg:0,5+0, =0
X, 0+ X, 05 + X053+, =0

[Tpumep pacuéra pam ¢ Bpe3aHHBIMH LIApHUpaMH, 3To, Hanpumep K-06.



http://www.tychina.pro/app/download/7960983893/K-06.pdf

CHMMeTPpHYHEIMY HA3bIBAIOT CHCTEMbI, OOpa30BaHHBIC CHUMMETPHYHBIMH
CTEP)KHEBBIMH KOHCTPYKIIMSMH, K KOTOPHIM TPUJIOKEHA CHMMETPHYHAsI Harpys3ka
(pucVIl.11a.).

KococummeTpruursmy (0OpPAaTHOCUMMETPHUYHBIMU) HA3bIBAIOT CHCTEMBI,
00pa3oBaHHBIE CHMMETPUYHBIMH CTEPKHEBBIMU KOHCTPYKIHUSMH, K KOTOPBIM
IPUIIO’KEHA oOpaTHOCUMMETpUYHAs Harpyska (puc.VIl.116.), 1100
00paTHOCUMMETPUYHBIMUA KOHCTPYKIUSMH, K KOTOPBIM MPUJIOKEHA CUMMETPHYHAs

(puc.VI11.116) mu60 xococummerpuunas (puc.VIl.112) Harpyska.

6 {ITITIY

BN
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i
2) : i '
|
!
i
i
\ N _/
Y Y
Cummerpus. Kocasa cummeTpus.

Puc.VII.11.



BHyTpeHHue cuioBbie (hakToOphl B pa3pese 3aMKHyToro kourypa (puc.VI1.10.)
TaKKe TMOAPA3JCISIIOTCS HAa CHMMETPHYHBIE M KOCOCMMMeETpuuHble. Kak 3To
onpenensiercs? [lo BexkTopam Cuil: CUMMETPUYHBIE CTPEIKH COOTBETCTBYIOT
CUMMETpUYHBIM (akTopaMm (X; u X;) KOCOCUMMETPHYHBIE CTPEIIKH COOTBETCTBYIOT

KococuMMeTpruaHOMY (pakTopy (X3).

OCOOEHHOCTPIO CHUMMETPUYHBIX M KOCOCUMMETPUYHBIX CHUCTEM SIBIIETCS
OOHYJICHHE «YYXUX» CHJIOBBIX (DaKTOPOB B paspese, COBMAJAIONIEM C OCHIO

CUMMCTpPHUH, 3TO ITIOHUIKACT CTCIICHDb CTaTUYECKOM HCOIIPCACINMOCTH:

Pacuérnas cxema: PacuérHas cxema:
| |
T i
! !
| |
| |
| |
0.C. | 0.C. ,
| |
i |
| |
— : - —_— | =
i |
i |
i |
9.C. 9.C.
XZ X2 X3
Y i
1! 1 3!
i i
| | Kcratu:
| |
Oniopa  BHYTPEHHETO
n=2 n=1
M3ru0ArONIEro MOMEHTA Y
Xl .511 i X2 .512 i 51F =0 X .533 i 53F 0 CUMMETPUYHBIX  CUCTEM
X0y + X, 0y +0,. =0
TAK)K€ CUMMETPUYHA, A Y
| | KOCOCUMMETPUYHBIX —
LT My
4 ! 3 I KOCOCUMMETPUYHA.
| | -—
—é | ?— | — =
S | A |
T I
| |

Puc VII1.12.



Bpe3aHHbIAN WWAPHUD

Wnes wHazHavyaTh W30BITOYHBIMH CBS3M HE BHEIIHUE, a BHYTPCHHUE,
BO3HHUKIIAS MIPH PacyéTe paM C 3aMKHYTBIM KOHTYPOM, MOXET OBITh IIPHMEHEHA U K
Oankam Toxe. Pe3arb Oainky Henlb3s, MEXaHHW3M IONYYUTCA. A Bpe3aTh MIAPHHP
BITOJTHE JTOITYCTHMO.

Bpeska mapHupa MeEXIy OIMOpaMH HE ONTUMalbHa, OHA MPUBOIUT K
CIIO’)KHBIM pacuéram (cMm. koHcTieKT F-08). Bpeska mapaupa Haj ormopoii, Ha000poT,
MIOPOX/IAET CTATUYECKU OINPEACIHMYIO CHCTEMY, PacdéT KOTOpPOW OYEHb IPOCT:
ciokHas 06anka (paKkTHYeCKH paclagaeTcs Ha JIBE MPOCTHIE, «HE 3aMeUalole» APYyTr
npyra (cMm. korcrekt F-09).

PemuMm Takum o6pazom 3amauy, n3o00paxkénnyto Ha puc.VII.2.


http://www.tychina.pro/app/download/7942172393/F-08.pdf
http://www.tychina.pro/app/download/9854923493/F-09.pdf

Ilpumep VIl .2

E, I, Hano: E, Iy, F, |
////’ ]
HOCT OUTH IJIIIO BHYTPCHHCT O
o A Bi p py BHYTp

C
usrubaromero MomeHrta. lIpoBeputsb
| P N | IIOJIy4E€HHOE PEILCHNUE.

Pewenue (no nvukmam koucnexma L_-01):

O A C
a) KonmuectBo BHEMHAMX cBszel: N, ., =2+1+1=4;

6) KonuaecTBO BHYTPEHHHUX CBSI3CH: M, 00 =5 K =3-0=0;

6) Crenenp cratudeckoil meonpenemumoct: N=(4+0)-3=1,

a) BapuaHTbl OCHOBHBIX M SKBHBAJICHTHBIX CHCTEM:

0.C. Nel l|:
(0] A B C 0 A B C
e ¥ e ¥ T
0.C. N2 l F
0] A B C 0] A B C
°e 3 v T 3
Xl
0.C. Ne3 lp
e, A B C 0 A B C
bo—x pd 3‘1 pd pd
O.C. N4 xl xl F
B C N f Bl C

3.C. Nel

9.C. Ne2

9.C. Ned


http://www.tychina.pro/app/download/7960986693/L-01.pdf?t=1421762976

0) BeiOupaem nsAThIN BapHaHT:

O.C. Ne5 9.C. Ne5

N
1 s
A

6) CucrteMa KAaHOHHUYECKUX YPaBHCHHIA: X1 . 511 + 51,: =0

2) KoapunmeHThl KaHOHUYECKUX YPaBHCHUI:
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0) Peakiust n30bITOYHOM CBA3H:

2
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e) BKBI/IBEU'ICHTHEUI CUCTEMA.
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0) BeiOupaeM mnepBhIii BApUaHT:

0.C. Nel 3.C. Nel F

i 4

1

6) CucrteMa KAHOHMUYECKUX YPaBHCHHIA: Xl . 511 + 51,: =0

2) KoapunmeHThl KaHOHUYECKUX YPaBHCHUI:

F M xM,
0] A B C 51F_ E.| =
|5 S -
o I :ﬁ. —(%-I-F-Ij%—
N
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R s TERI
. 2 37 2 E-l,
o A c
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SRR E-1,
| 33 N 1
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3 2-1 §'| W,
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0) Peakiyst n30bITOYHOM CBA3H:

W % _3FYV BL 3
' 2 BN, 4. 8

PeaKHI/I}I CoBIIajla C OCHOBHBIM PCIICHUEM, OTOT'O 1OCTATOYHO.




MHOroonopHble 6anku

MHuoroonopHsIMH (MJIM HEpa3pe3HbIMU) HA3bIBAIOT OajKu, Jiexaliue oosee
YeM Ha JIBYX IIAPHUPHBIX OTMOPaX U HE UMEIOIIHE TPOMEKYTOUHBIX IIAPHUPOB.
Taxue Ganku, MUPOKO MPUMEHIEMBIEC B PA3TUYHBIX KOHCTPYKIUSX, TPUHAJICKAT
K YHCITYy CTATUYECKH HEOIPEICITUMBIX.

Omnopsbl Takux OajJoOK MPHUHATO HyMEpOBaTh CJIE€Ba HANpaBO, HAYMHAs OT
HyJS, Y4acTOK Oallku HMeeT HOoMep IMpaBoil omopbl. Eciu kpas Oanku He
3allleMJICHBI, CTEMEHb CTATUYCCKOH HEOIPEISIMMOCTH paBHA  KOJIUYECTBY

MPOMEKYTOUHBIX omop: N=m-1.

E, |
" F M

Vet VR he
e A A A A A A A A

PaccunteiBaTh HOI[O6HBI€ KOHCTPYKOHNHN MOKHO TdK, KaK 39TO ITOKa3aHO Ha

(puc.VI11.9.), Ha3Hayast K30BITOYHBIMK BHEIIIHUE CBS3HU - TPOMEKYTOYHBIC OTIOPHI:

O.C.

(R O O P O O B B T



Kanonuyeckue ypaBHEHUS: (VI1.5)

[

O+ X, 0, + Xy 03+ X, 0, + X 0s+ X 0g + X0+ X0+ X,:0,,+, =0
Oy Xy 0py + Xy 0,5+ X, 0, + X 0ps + Xy -0 + X0+ X -0+ X, -0,,+0, =0
Oq + X,y 0gp + Xy - 0gg + Xy o035 + X 03 + X 03 + X0+ X0+ X, -0;, +0, =0
O+ X, 0+ X203+ X, 20y + X 0y + Xg - 0pg + X -0+ X0+ X,-0,,+, =0
05 + Xy 0y + Xy 0y + Xy -0y + X0 + X O0gg + X0+ X0+ X, -0, + 5 =0
O+ Xy Oy + Xy -0 + Xy gy + X0 + Xg 0gg + X0+ X -0+ X, -0, +0¢ =0
0 +X,00 +X;:0 +X,-0 + X0 + X0 +X-0+X-6+X,-0 +6 =0
0 +X,00 +X;00 +X,00 X0 A X0 + X0+ X-6+X,-0 +6 =0
0+ Xy 0, + X320+ X, 0, + X 0,5+ Xg 00 +X-04+X-0+X,-0,,+0,=0

- [ - [’ 5

(e

(e

X X X X X X X X X

=

ONIOpHI VI BBIYACICHU KOO(QOUIIMEHTOB Jj; (pUCyeM IpsAMO Ha Oaike):

> IRY q
0 . 74 5 6 ﬁm
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Oto Oyaet npaBwibHO. Ho He onTHMaNbHO.



PacuéTrhl CylIeCTBEHHO YMNPOUIIAIOTCS, €CJIM B KauecTBE OCHOBHOW Oyner

BeIOpaHa cucreMa ¢ BpesaHHbIMH, Kak B mpumepe VII.2, mam omnopamwm

HIapHUPAMH:
O.C.
0 GRS GRS GRS G GRS GRS GRS GRS GRS G §

2.C.

M

Vaf Adt st Ysf \f mﬁ

0 fl\Z
.8 ,;g,\ 7

l x2

QLA@,\;@;@”@;,\”@

X, X, X, X

6 n

OMIOpBI AJIs1 BBIYUCIIEHHU KO3()(OUIHEHTOB djj (PUCYeM MPSAMO Ha OajKe):




BI/II[HO, 4TO OIIOPBI OT CAMHUYHBIX MOMCHTOB Ha paCCTOSAHUU Ooiece OAHOI'O
HOMCpa BOO6H_[C HE IMCPCCCKAIOTCA, 4YTO 3HAYUTCIBHO YMCHLIIACT KOJMYCCTBO

HEHYJICBBIX KOA(PHUIIMECHTOB B CUCTeME KaHOHWYeCKuX ypaBHenuit (VI1.5) :

i j
jmis1:5, = Me g 525,
E-l,
X,0,+X,6,b+ 0 + 0 + 0 + 0 + 0 + 0 + 0 +6,=0
X170y +X,:0,,+X3:0,+ 0 + 0 + 0 + 0 + 0 + 0 +0,=0
0 +X,:0,+X;:0,+X,:05,+ 0 + 0 + 0 + 0 + 0 +6,,=0
0 + 0 +X;:0,+X,:0,,+X;:6s+ 0 + 0 + 0 + 0 +,=0
0 + 0 + 0 +X,:04+X;:0+X,:65+ 0 + 0 + 0 +06,=0
0 + 0 4+ 0 + 0 +X;:065+Xs5:0+X-0+ 0 + 0 +6=0
O + 0 + 0 + 0 + 0 +X;:0 +X-0+X-6+ 0 +0 =0
O + 0 + 0 + 0 4+ 0 + 0 +X:-0+X:6+X,-0 +6 =0
o + 0 + 0 + 0 4+ 0 + 0 + 0 +X-0+X,:0,,+0,=0
WA

X0y + Xy 0, +0 =0
Xy 0p + Ky = 0pp + Xy = 0py + 05 =0
Xy 05 + X3 053+ X, -0y + 03 =0
X303+ Ky 0y + X5 045 + 0, =0
X
X
X

D

Ogy + Xg O + X O +0 =0 (VI1.6)
Ogs + X 0gg + X -0 +0,- =0
s0 +X:0 +X:0 +0 =0
X0 +X-6 +X,-6 +0 =0
Xog Oyt X, 6, +0,=0

(&)

, i
[Ipuuém cTpOUTH >SMIOPHI Mx BOBCE HE 00dA3aTeJbHO B CHIy UX

OAHOTHUIIHOCTH. (DOPMYJILI pInIb: | KOB(i)(I)I/ILII/IeHTOB OT MNCPCMHOXKCHUA CIAUMHUYIHBIX
SIIOP MOXKHO 3aIIMCaTh aHAJIMTHYCCKH.

J1eablll mpey2ojlbHUK /I[)L[()’I)][/ mpeycojlbHUK

MM ()2 )2 ke
E-l, E-I, [(2 3 2 3| 3-E-I,




i—muwitl Il])([(‘{l)[l? mpey2ojlbHUK v/‘*/l?[)[[‘[ neavlil mpey2onbHUK

i j
é‘iszXXMX = - 1°Ii+l'1 ‘ = =
E-l, E-I 2 3
S b , i+l=j; 5,=9;.
6-E-I,

Tak »xe, B 3aBUCUMOCTH OT Harpy3Kd, MOKHO BBIBeCTH (opmyny s

OIpCACICHUA é‘”: N Ha 3TOM HC€ OCTAaHABJIMBATLCA, KaK 3TO IIOKa3aHO B y‘—Ie6HI/IKaX

deonochea (ctp. 285) mm [ucapenko (ctp. 413).

B KkoHIle KOHIIOB, MpU TUIIOBOM HArpy3Ke MOXXHO BOOOIIE 0OOMTHCH O€3

IIOCTPOEHUS SIIOP:

1) TMoxcunTaTh KOJIUIECTBO MPOMEKYTOUHBIX OIIOP;

2) Jlns xaxmaou MpOMEXyTOYHOW OMOPHI HANKMCaTh CTEPEOTHITHOC ypaBHEHue
Tpéx momenTor (VI|.6); ypaBHeHHsS Tak Ha3bIBAlOTCS IOTOMY, 4YTO B
Ka)K70€ BXOJIST TPU HEM3BECTHBIE X, KOTOPHIE U SBIISAIOTCS MOMEHTAMH;

3) Ilo ¢hopmynaam BEIYUCTUTE KOI(DPHUIIUEHTHI O |

4) PemmB cucTeMy ypaBHEHUH, OJYYHTh 3HAYCHUSI HEU3BECTHBIX X , PACKPHITS,

TaKuM 00pa3oM, CTAaTHUECKYIO HEOMPEIEITMMOCTb.

B nanHoMm ciiydae B mepBoM u nociieaneM ypaBHeHun cuctembl (VI1.6) Bb
BUJIMTE BCETO JBA MOMEHTA, MIOTOMY, YTO Kpas CTEeP>KHs IMIAPHUPHO OMEPTHI, a HE

3aj/ieNIaHbl (3alEeMIICHBI).


http://www.tychina.pro/app/download/8073376593/%D0%A4%D0%B5%D0%BE%D0%B4%D0%BE%D1%81%D1%8C%D0%B5%D0%B2+%D0%92.%D0%98.+%D0%A1%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5+%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2.pdf
http://www.tychina.pro/app/download/8073642193/%D0%9F%D0%B8%D1%81%D0%B0%D1%80%D0%B5%D0%BD%D0%BA%D0%BE+%D0%93.%D0%A1.+%D0%A1%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5+%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2.pdf

NMNOCKONPOCTPAHCTBEHHbIE pPamMbl

HHOCKOHpOCTpaHCTBCHHLIMI/I Ha3bIBAKOTCA IIJIOCKUC pPaMbl, HAIpPY>KCHHBIC
0606HIéHHI)IMI/I CUJlaMi, IICPIICHAUKYIIIPHBIMHA ATOM MJIOCKOCTH.
Me1 6y,ZIeM pacCMaTpuBaTb paMbl, IINIOCKOCTb KOTOPBIX OJHOBPCMCHHO

SIBIISICTCS TJIABHOW TUIOCKOCTRIO cliararommux crepxkuei (puc.VI1.13.).

Puc. VII1.13.

B momnepeuHbIX CEUEHUAX CTEPKHEU IIOCKONPOCTPAHCTBEHHOM pambl HE
paBHBI HYIIO 1Ba MOMeHTa — u3rubarommii My i kpyrsimuit My, Iosromy mpu

BBIYMCJIEHUH NIEPEMEIIECHUN TOUYEK YIIPYTOM OCH METOI0M Mopa MOMHUMO TPETHETO
ciaraemoro B ¢opmyse (VI.9) npunércst yuuthiBath emié u BTopoe. A JUisl 3TOTO
IpPEeIBApPUTEILHO HEOOXOAUMO HAWTH COOTHOIIEHHE MEXAY KpPYTHIbHOU

KECTKOCTBIO CTEPIKHEN H UX KECTKOCTBIO HA U3THO U3 INIOCKOCTH:
G-I, u E-I,

BepHee, HaWTH KOX((ULUEHT MPONOPLUOHAILHOCTH K MeXIy MoaaTaMBOCTHIO

CTEp>KHEW Ha U3TUO M MOJIATIMBOCTHIO HA KPYUCHHE:

k=—2X (VIL.7)



P

Hano: E, q, |, v=0,25. f.d[ )
q ‘

[TocTpouTh 3IIOPY BHYTPEHHHX \
I
A”g/_ B |
2-1

MOMEHTOB. [IpoBeputrs mnosrydeHHOE

PCIICHUC.

Pewenue:
Brruucienue kodddunmenta K:
— 2-(1+v) 2-(1+0,25) 255 5
g9} X 3 3
: > . a-(3-a
o - IX:b h = ( ) :g-a4 ;
12 12 4
a |.=p-h-b°=0,263-3-a-a°=0,789-a*;
<
9 4
$=0,263 . E-=.a
k==L -— —7120~ 2
G-l = E-0789 ' !

Oxpyrnenust K 10 00BIKHOBEHHOW JpOOU JOMYCTUMBI C MOTPEIIHOCTHIO, HE

npeBbIaroniei 4% (MHKEHEpHAs TOUHOCTD).

Hanee cienyem myHKTaMm kKoHcrekTa L-01:

A C
a) Konmuecto BHemmnux ceszei: N, , =1+3=4 ;

6) KonuuecTBO BHYTPEHHHUX CBSI3CH: M,y =3 K =3-0=0 ;
K — KOTM4ecTBO 3aMKHYTHIX KOHTYPOB.

8) CTeneHp CTaTUYECKON HEONIPEAEITUMOCTH:

n:(n +n 3=(4+0)-3=1,

BHEUL.CE. BHYmMp.c6. )


http://www.tychina.pro/app/download/7960986693/L-01.pdf?t=1421762976

a) BapuaHTbl OCHOBHBIX M SKBHBAJICHTHBIX CHCTEM (JIBYX JIOCTATOYHO):

0.C. Nel 0.C. No2
C
//c /%’&&
A B A %, B
3.C. Nel 3.C. Nel X,
q q ¢
~C
HHHHHHH/ IR REEERRRER
A B A 5, B
Xl
0) BeiOupaem rnepBbiii BapuaHT:
0.C. Nol 3.C. Nel
~C -

e

A B

q
HH&HHHH/
A B

X

1

6) CrcremMa KaHOHHYECKHX ypaBHenuit: X, -0, + 0, =0



2) KoapunmeHThl KaHOHUYECKUX YPaBHEHUI:
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0) Peakiust n30bITOYHOM CBA3H:

T
X 0w 656 ql' 7 BT 65 | _oes0d.q.l.

5. 21 E-, 221 R 663

¢) DKBHBaJICHTHAs CHCTEMA!

C

q
¢HH\HHHH¢/
B

A

656
——-Qq-1=0,9894-q-1
663 | |

CYMMapHYIO SIIIOPY MOMCHTOB MOJKHO 3allMCAaTh B IIPABUJIbHBIX IIp065[XZ

%, ) =

A AT UV TUTo8 | LT
5 T 14 12 663
£q| 663q
663 14
_q|2—\
663
100 B ACCATUYHBIX IPOOSX:
@ i B
T \
A A I T TTINGE .L 1011.q-12

0,9894.q.|1 0,0212-q-1?

0,0212-q-1>— )

OHpGI[GJ'II/IM YTJI0BOC CMCHICHUC IIOIICPCHHOIO CCUYCHHUA, CBA3AHHOIO C

Toukoi B, nucnonb3yst ocHoBHbIE cucTeMbl Nel 1 No2.



lIposepra npasunbHocmu 3n0psl, 3aNUCAHHOU 8 NPABULLHBIX OPOOSX:

@ L l WJV“ VIl
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1 14 . [1270 1 28 1
n : ql2-1}2-1|=q-1*- : _ : =
G-1.|\663 1989 E-I. 663 G-I,

670 q-I’
1989 E-I,

4
L9 17030 gal
1089 E-I, 7

O W Og coBnaim abCoOTHO. Tak W JOJDKHO OBITH TIpH paboTe ¢ SIIOpPOH,
3allMCaHHON B TMPaBWIBHBIX JAPOOSIX — MOJHOE coBmajeHue. M, mpu mpoBepke

3aBCIOMO HYJICBOI'O IICPEMCIICHUSA, TOXKE JOJIZKCH ITOJTYUYUTHCA CTPOTO HYJIb.



lIposepra npasunbHocmu 3n0pbl, 3aNUCAHHOU 8 0eCAMUYHBIX OPODSIX:
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OB U O COBIAAAOT YACTUYHO. XOPOIIIO ATO WIH TI0X0?
[Ipu mepexone K AECATUYHBIM APOOSIM 3HAUEHUE peaKIusi X; OKPYTIsIoCh
70 uemblpéx 3HAYaUIMX HUQp (OKpyriaseTcss mocieAssss uudpa); AaabHEHIme

paC‘IéTBI TAKKC IMPOU3BOAUIIUCE C A9TON XK€ TOYHOCTBIO. 3Ha‘{I/IT, MMOTPCIIHOCTD



MOKET MPOSABUTHLCS, HAUYMHAS C mpemvbeti 3Havaien udpsl. [lepBbie 1Be AOIKHBI

COBIIACTh. Tax Jix ATO?
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LY
I[a, IICPBLIC ABC 3HAYAIINUC HI/I(prI COBITIaAAIOT. 3Ha‘-II/IT, pe3yjibTaT MOXKHO

IIPU3HATH BEPHBIM.

A, CCJIM IIPOBCPHUM HYJICBOC JIMHEHHOE IICPCMCIICHUC TOYKH A, HCIIOJIB30BAaB

CYMMAapHYIO 3ITI0pY, 3alIMCAHHYIO B JECATUYHBIX APOOSIX?
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Toxe He HYJIb. H ne IIOHATHO, OT KaKou IMO3HMIHH OTCUHUTBIBATH MNMOI'PCIIHOCTL.

Tax, 4To Jyy4Iiie SMOPhI B JECATHUHBIX APOOIX TaKUM 00pa3oM HE TPOBEPSITh.



[TpumMmeuanue:

Hckomas peakrust X; Bcero Ha 1% wmenbmre (1. JlaBaiite mompoOyem eé
okpyrmute 1o q1? X, =0,9894.q-1=q-|

HpI/I 9TOM CyMMapHas1 31MIopa MOMCHTOB U3MCHUTCS HC3HAYUTCIIbHO!
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[IpoBeprM MPaBUILHOCTH AMIOPHI, BHIYUCIUB JUHEUHOE MepeMelleHrue Touku B B

%

JBYX OCHOBHBIX CHUCTECMAaX.
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PesynbpraThl pasznuyaroTcs 6060e. BOT K uYeMy MNPUBOAUT HEOOJBIIOE
OKPYTJICHHE 3HAYCHUS PEAKITUH JTaKEe B MpeEJenax HHKECHEPHOW TOYHOCTH.
BeIBoa: mocnenHee 4uCIo, KOTOPOE MOKHO OKPYTJIUTH 0 YAOOHOTO 3HAYCHHS B
npeaenax 4% — koadduiment K . JlanbHeiIre BEIYACICHHS CIEIyeT BECTH JTU00

B IIPABHJIBHBIX APOOAX, TUOO C OKPYTICHUEM JI0 YETHIPEX 3HAYAIIUX LUPP.



0cob6eHHOCTU NNOCKONPOCTPAHCTBEHHbIX pam

SABnssAch, MO CYTH, NPOCTPAHCTBEHHOM KOHCTPYKUUEH (B CEUYEHUSX
IPOCTPAHCTBEHHOTO CTEP)KHSA, B OOILIEM ciydyae, HE paBHbl HYJIO BCE IIECTh
BHYTPEHHUX CHJIOBBIX (DaKTOPOB) IIJIOCKOIIPOCTPAHCTBEHHBIE pPAaMbl HUMEIOT
OCOOCHHOCTh, OOJEryarouly0 WX pacu€T: TpU U3 IIECTH CHIIOBBIX (aKTOPOB,
JNEUCTBYIOIUX B IUIOCKOCTH PaMbl, 3aBEIOMO paBHbI HYJIO. IIpuunHa: BHEHIHAA
Harpy3ka, JCHCTBYyIOIIasl 43 TUIOCKOCTH, HHU TMepeMelleHud (Mpu YCJIOBUH,
nokazanHoM Ha puc.VI1.13.) HU BHYTPEHHHUX CHUIIOBBIX (PAKTOPOB B JPYTHX
HaIIpaBJICHUAX BBI3BATh HE MOXKET.

Tak ke Mo NpUYMHE OTCYTCTBHs BHEIIHEW HArpy3KH, JIEUCTBYIOLIEW B
IUIOCKOCTH paMbl, U3 IIECTH YPAaBHEHHH PABHOBECHs TeJla B MPOCTPAHCTBE, TPU
YIOBIIETBOPSIIOTCA  TOXKJIECTBEHHO: CyMMa CWJI [0 JIBYM HallpaBJICHUSIM B
IJIOCKOCTH U CyMMa MOMEHTOB B IUIOCKOCTH. Takum 00pa3oM, HETPUBUAJIBHBIX
YPaBHEHUH CTaTUYECKOTO PABHOBECHS JUISl TUIOCKOIIPOCTPAHCTBEHHON paMbl HE 6,
a 3, 4TO W HaXOAUT CBOE NpUMEHEHHE B (HOPMyJE€ BBIYKMCICHUS CTEIECHU
CTaTHYECKOM HeompeaeauMocTH (cM. koHcmekT L-01).

Crartnueckass  HEONPEAEIUMOCTh  IUIOCKOIIPOCTPAHCTBEHHBIX paM €
3aMKHYTBIM KOHTYpPOM, JIM0O, ONMUPAIOIIMXCS HAa HECKOJBKO 3aJI€JI0K, MOXKET ObITh

pacKpbITa Ha3HAYCHUEM M30BITOYHBIMA BHYTPEHHUX CBSI3€H, TO €CTh, Pa3pE30M.


http://www.tychina.pro/app/download/7960986693/L-01.pdf?t=1421762976

XY ¢ a

F _a P
[TocTpouTs 5mHI0pY BHYTPEHHUX V B L /

MOMEHTOB. [IpoBeputrs mnosyueHHOE

¢ g D
penieHue.
Pewenue:
Brruucienue kodddunmenta K:
/\y G= E = E = E :gE )
al X 2-(1+V) 2-(1+0,25) 2,5 5
.hd 3.a)-a°
3. IX:b h :( ) :1.a420’25.a4 ;
«2a 12 12 4
p=0.263 |.=p-h®-b=0,263-a°-3-2a=0,789-a*;
E-I 4

k = =0,7921~ —.
G-I, 5
Oxpyraenust K 10 00bIKHOBEHHOW JAPOOU JAOMYCTHUMBI C MOTPEIIHOCTHIO, HE

npeBbilaronei 4% (MHxKeHepHast TOYHOCTb).

Hanee cnenyeM myHkTam KoHcnekTa L-01:

[Tonnpobyem pamy pemuTh, Kak MPOCTPAHCTBEHHYIO — 6 CHIJIOBBIX (DaKTOpOB B

ceYeHuH, 6 peakuuii B 3aJieTKe, 6 ypaBHEHU paBHOBECHSI.

6Heul.ce. 1

B G
a) KommuecTBo BHemHuX cBs3eit: N =6+6=12:
3

K=3-0=0:

6) KonndecTBo BHYTPEHHUX CBA3CH: Mgy 6.
K — KxosM4ecTBO 3aMKHYTBIX KOHTYPOB.

8) CTeneHp CTaTUYECKON HEONIPEAEITUMOCTH:

N=(Nycs. + Mopps. ) —6 =(12+0) =6 =6

6HEUL.C6. GHYMp .CE.


http://www.tychina.pro/app/download/7960986693/L-01.pdf?t=1421762976

a) BapuaHTbl OCHOBHBIX M SKBHBAJICHTHBIX CHCTEM (JIBYX JIOCTATOYHO):

0.C. Nol 0.C. Ne2
//B ///G //B /G
C D c - D
2.C. Mol 2.C. Mol

0) BeiOupaem rnepBbiii BapuaHT:

0.C. Nel 2.C. Nel

P

C D

6) CrcTteMa KAaHOHMUYECKUX YPaBHCHHIA:

(X, 0+ X, 8, + X0+ X, -8, + X, -8+ X, -0, +5, =0
X0+ X, 0, +X;:0,,+X,:0,,+ X0, + X, -0, +0,- =0
X705+ X, 05, + X055+ X, 05, + X0y + X, -0y +0,- =0
X0+ X,:0,+X,:0,+X,:0,+X.:0,.+X,-6,, +0,- =0
X0+ X, 0, +X;:0,+X,:0.,+X.:0,.+ X,y +0.- =0
X0+ X, 0,+ X305+ X,:0,+ X0, + X,y +;c =0




2) KoadduimenTsl KaHOHMUECKUX YPaBHEHHI:
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Dmopbl BHYTPEHHUX MOMEHTOB OT EIMHUYHBIX OOOOMIEHHBIX CHIJI U3
1 2 3
naockocmu (M=, M“, M) cocroar ux smop H3rubaromMX MOMEHTOB U3
IUIOCKOCTHU M KPYTAIIMX MOMEHTOB; DIIOPHI BHYTPEHHUX MOMEHTOB OT €JMHUYHBIX
v 4 5 6
0000mEnneix cun ¢ naockocmu (M7, M*™, M7”) cocroar wux smop
M3rUOAONINX MOMEHTOB B IUIOCKOCTH. B3aMMHOE MEPEMHOKEHUE TAaKUX OIIOP
" i j
maét ayms: M'x M =0.
Tak e HyI0 OyayT paBHBI IPOM3BEAEHUS SIIOPHI OT BHELIHEH HArpy3Ku

F E -
M " ¢ smropamu oT enuHMYHEIX cua B mtockoctu: M x M =0,

COOTBGTCTBGHHO, HYJICBBIMHU 6y,Z[YT MoAATIMBOCTH, PABHBIC O3THUM
IIPONU3BCACHUAM:

-

X, 0+ X,:0,+X;:0,+0,=0
0y + X, 0, +X;3:0,,+0,- =0
0y + X, 05 + X305+ 0, =0
0, +X. 0, +X,-6,,=0
Oy + X0 + X, -0, =0
L 4O+ Ky Oy + X - 05 =0

IN = =

N

X X X X X

Cucrema miecTd ypaBHEHUU pacmaaeTcsi Ha JBE HE3aBUCHUMBIE CHCTEMBI:
NIEpBBIC TPU YPaBHEHUS U TOCIEAHNE Tpu ypaBHeHUs. [locnennue Tpu ypaBHEHUs
MIPU HEHYJIEBBIX KOA(P(HUIIMEHTAX J YIAOBJIETBOPSIOTCS TOJIBKO B TOM cllydae, eclid
BHYTPEHHUE CHJIOBBIC (DaKTOPHI, IEHCTBYIOIINE B MIIOCKOCTH paMbl PaBHBI HYIIIO:
X, =0;

Xs=0;
Xs =0.

Hecnoxxno yOenutbcs B TOM, 4YTO Tak OyJaeT Mpu pacuére 000
IUIOCKONPOCTPAaHCTBEHHOM pambl. [loaTomMy mpu pemieHHMH MOAOOHBIX 3a1a4 3TH
CHJIOBBIE (DAKTOPHI allPHOPH CUMUTAIOT PaBHBIMHU HYII0. HeT peakinu — HET CBS3H U

3aMKHYTBIA KOHTYP TUIOCKOTIPOCTPAHCTBEHHOW paMbl B O0IIIEM Cllydae CTaTUYECKU

HEOIPEIeIIUM TPH pa3a, a He MIEeCTh.



3HaYUT;

0.C. Nel 2.C. Nel

=

C - D

X0+ X,:0,+X;:0,5+0,=0
X0, +X,:0,+X;:0,,+0,- =0
X0+ X,:05 +X;:055+0;: =0

Yro emé MoXKeT 00JIETYUTh HaM >KU3Hb?
B cityyae Hanuuus y paMbl OCH CHMMETPUH U Pa3pe3a HMEHHO 10 3TOM OCH
o 1 3 2
(kak B mamHOM 3amaue), smopsl M~ u M* kococummerpuunsl, smopa M

cuMMmeTpruuHa. [IpousBeneHre CHUMMETPUYHONW 3MIOPBl HA KOCOCHMMETPUYHYIO

BCErJia Ja€T HyJb. JHAUUT:
Opp =0, =0
Oy =05 =0
U cucrema kKaHOHUYECKUX YpaBHEHUU
X, 0+ X;:0,5,+0,- =0
Xy 0y +0,e =0
X, 05+ X503+ =0

pacraaercs Ha JBe:

X, 0, + 6, =0 ()

X, 04+ X;:0,5+0,- =0

b
X, 05+ X505+, =0 ®)



Breruucnsem ko PuiiueHTsr:

st A (L) 2l 2 [

E-l,

Sy =M?ZxM? :.i-[(l-llv)-l}+6.2| -[(I-T)-I}

2-1° { 4} 2-1° {5 } 108 I°
= : 1+_ - =t — = ;
E-l, 5/ E-1, |5 5/ 30 E-I

=M= 2 (1)1 | '{('Y;I)"}:%'E'f.;

Z |__1FPr_ 10 FI*
3

3 3
5. ~M3xMF =1 (1 o |j| _LFP_15 FI°
E-1, [\2 2 E-1, 30 E-I,
VI
-Z K 30 I




0) Peakiiuy n30bITOYHBIX CBS3CH:

W3 cuctemsl (a):

Ko g

22

W13 cuctemsl (0):

88 I’ 30 I° 10 F- |°
X, —- + X5+ ——- +
30 E-I, 30 E-I, 30 E. I,
3 3 3
X, - 230 | +)(3.108. I 15 F -
30 E-I, 30 E-I, 30 E-I,

X,-88—X,-30-10-F =0
~X,-30+X,-108+15-F =0

X, 44— X,-15-5-F =0
X,-30—X,-108-15-F =0

5715

= .F ~0,1838 - F ;
31086
Xy =— 1980 -F ~0,06369 - F .
31086
IIpoBepka:

5715 _ 88 I’ +(_ 1980.F]' 30 P ) (10 F-I°).
31086 30 E-I 31086 30 E-I, 30 E-I,
5715 (.30 I {_ 1980 )108. > 15 F-I° _
31086 | 30 E-I, 31086 ) 30 E-l1, 30 E-I,




Pemaem cucremy (a):



