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§ 10.5. YIPOUEHUSA NMPH PACHETE CTATHYECKH
HEOMPEJAEJHUMbIX CHUCTEM

Hcnonb3oBaHHe CHMMETPHYHBIX W OOpPaTHO CHUMMETPHUYHBIX 3SMIOP.
Pama, usobpaxkeHHas Ha pHC.
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ABJsieTcss B OOLIEeM cJiayuae
TPHKJbl CTATHUECKH HeoIpe-
JIeJIMMOH cHcTeMOH. Bo3amoK-
Hbl JBa cnocoba pelleHus
sajaun. B mepBoM cayuae,
NPUHSB 32 JIUIIHUE HEU3BECT-
Hble TPHU pPEAKTHBHEIX BO3-
JleficTBH A, HaIpUMEp, Ha OIlo-
pe B (puc. 10.7, 6), nosyuyum

CHCTEMY KaHOHHUECKHX ypaB-
nennst (10.1).

B paccmarpuBaemMoM ciy-
yae KaHOHMYECKHE YypaBHe-
HHS BbIPazKalOT yCJIOBUS pa-
BEHCTBA HYJIO BepPTHKa/b-
HOro, TOPH30HTAJbHOTO H
YTJIOBOTO NepeMelieHnH ceye-
HHsl B, Tak KakK CHCTeMa
paccMaTpuBaeTcsl Kak CHCTe-
Ma, BHEIIHe CTaTHUecKH He-
onpejeaumasl. IlocTpoun
smopel M,, M,, My u M,
(puc. 10. 7 6, ¢, 0 U e), Haxo-
JIUM BCe IBEHaJUaTh nepeme-
menuii. Heob6xozumo orMe-
THTb, 4TO IIPH TAKOM BHIOOpE
JIMIIHUX HEM3BECTHHIX HH OJHO M3 NMOGOYHBIX IEepEeMeLIeHHH, BXOLSLIHX
B KAHOHHYECKHE ypaBHEeHHsl, He OYLeT paBHO HYJIO H, CJEJI0BaTe/bHO,
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ans onpenenennss X;, X, u X; HeOGXOIUMO pelIaTh CHCTEMY Tpex
YPaBHEHHH C TPeMs HeH3BECTHBIMH.

Takoii BHIGODP OCHOBHOH CHCTEMBI Heb3st MPpH3HATh yAauHbIM. Pe-
LICHHE II0/1y4aeTCs MPOLIE, €CJH 3Ty CHCTEMY PacCMaTPHBATHL He BHELIHe,
a BHyTPEHHE CTATHUECKH HEONPEeNeJUMOH, NPUHSB 3a JHIUHHE HeH3BECT-
HBIE NMPOJOJIEHYIO H NMONEPEYHYIO CUJIBI U H3rHGAIOIMi MOMEHT B ceye-
HHH TIOCPEJHHE BEPXHEr0 TOPH3OHTAJbHOrO crepKHs. C 3TOH Leqblo
NPOM3BOAMM Da3pe3 CHCTEMBI B 3TOM CEUEHHH HAa ABE YacTH M B MecTe



paspesa npukJ/anblBaeM Kak B Je-

BOM, TaK M B NIPaBOi yacTsAX HEHUs- “ ji&fa A5k

BecTHble X, X, U X, mnpencras- alayy @

JISIIOLIMEe, COOTBETCTBEHHO, Ipo- 2y,

JIONIHYIO H TONEPEUHYIO CHJbI H W"l » G | "
H3rHGaIomMi MOMEHT B CEYEHHH | 7L —_
paspesa (puc. 10.8, a). Aol °l,

[ToHATHO, YTO 3TH JIHIIHHE He- I " 1
M3BECTHEIE B MecTe pa3pes3a Gyayr Tl A 8
HAnpaBJeHbl B JIEBOH W B TPaBOH v - i—'—i:

YacTsiX CHCTEMBI B NPOTHBOIOJIOXK- 20 | 20 | IatL
HBIE CTOPOHBI, KaK pe3yJibTaT B3au- A SIS
MOJIEHCTBHUSI ONHOH YacTH paMbl Ha A V] 2a 2a
apyrytio. BHeliHe kaHOHHYecKHe 9 a_a |47 | a
ypaBHEHHS OCTAHYTCS TaKHMH Ke, 2a ZT ;'0 =

KaKk U B INepBOM cJyuae, OIHAKO Lo |
cofiepKaHue ux u3MeHurcs. B aTom A 8 4 fi
cayyae HyJ/MO OYAYT pPaBHATBCS & Ay<7 . A<t 7 1 7
He aGCoJIIOTHBIE NepeMelleHus ce- ARES = meg
YeHHH, a MepeMelleHHs KOHIOB 2a ;l P M E
OTHOCHTEJNBHO JIPYT Jpyra. ; "+ ,3 -

[TocTpouB B 3TOM cilyuae 3Mopkbl
M,, My, Myn My (puc. 10.8 6, s, Puc. 10.8
e, ), BUAUM, uto smopbsl M, u M,

ABJISIOTC CHMMETPHYHBIMH OTHOCHTE/BHO BEPTHKAJBHOH OCH, NMpOBe-
JleI-E'HOﬁ uepes ceueHue paspesa, a smopa M, — o6paTHO CUMMETpHY-
HOH 3MI0pOIi. | -

Hetpynuo y6enurhcsi, 4TO mpH «MepeMHOMKEHHH» CHMMETPHYHBIX H
OGpaTHO CHMMETPHYHBIX SMIOD COOTBETCTBYIOIME NOGOYHLIE MEpeMe-
IEHHS1 OKAa3LIBAIOTCS PABHBIMH HYJIIO.

B paccMmarpuBaeMoM ciiyuyae

019 =891 =0 H 893 = 83, =0.

OGpatienue B HyJb Psiia NOGOUHLIX NepPeMelleHHil IPUBOAUT K YIIPO-
IIEHHI0 KAHOHHYECKHX YpaBHEHHH:
X101 4 X3845 4 Alp =0; Xo0q + Agp = 0;
- X043 4 Xaésa + A3p = 0.
Takum o6pasoM, nepBoHayasbHast CHCTEMA TPEX KAHOHHUECKHX YPaB-
HEHHH ¢ TPEMsl HEM3BECTHBIMH JJ1l paHee B35ITOH OCHOBHOH CHCTEMEI pac-

naJjiach, B Pe3yJibTaTe uero TNoJyyaercs: OfHO ypaBHEHHE C OJIHUM HEH3-
BecTHBIM X, U JIBa ypPaBHEHHs C JBYMS HeH3BecTHmIMH (X; H Xj).
CiienoBatesibHO, BBIGOP OCHOBHOH CHCTEMBI, NPHBOAALIEH K NOJyYe-
HHIO CHMMETPHUHBIX H OOPaTHO CHMMETPHYHBIX 3MIOp, yNpOLIaeT pertie-
HHUE CTaTHUECKH HEOMNpPENEJHMBIX CHCTEM.



Hcnonb3oBaHHe CHMMETPHH KOHTYpa cHCTeMbl. CHMMETDHUHBIH KOH-
TYP IPH PacCKPLITHH CTaTHUYECKOH HEONPENEJHMOCTH AAaeT BO3MOXKHOCTHb
VIPOCTHTL pellleHHe 3a GUeT YAAayHOro BHIOOpA OCHOBHOH CHCTEMBI.

B 3toMm cayuae HeoGXonu-
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N ¥ paspe3 NpPOU3BOLHTL B Ce-
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", _ ", IJIsT KOHTypa KOHCTPYK-

Ax Bx ' iuu. Mcnoab3oBanune cuM-
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A s f 4 METPHH KOHTypa MO3BO-

4, 4, JISIeT, HalpHMep, TPUK b

CTATHYECKH HEONpeNet-

Puc. 10.9 MYIO CHCTEMY CBECTH 3a

. CyeT YyIayHOro BHIOOpa

OCHOBHOH CHCTEMBI K KOHCTPYKLHMH JBaXKAbl MJIH JaKe OLHa»KAbl CTa-
THYECKH HEONPEJeJHMOH, UTO CYLIECTBEHHO ynpolulaeT peilreHue. Pac-
CMOTPHM HauOoJiee YacTO BCTpEualollHecs cjyuyad.

1. CHUMMeTPUHUYHBH KOHTYP CHCTEMB H CHMME T-
pHUHAas Harpyaska. '

KOoHCTPYKIMS HMEEeT BEPTHKaJbHYIO OCh CHMMETPHH I/si KOHTypa
¥ Harpy3kH (puc. 10.9, a). B obuwieM ciydae cucteMa TPHKIB CTATHYECKH
HeonpeaeauMa. B cusly cCHMMeTpHH ONOpHbIE peaKlHH U MOMEHTH B 3a-
Jnenqkax A u B 6yiyT COOTBETCTBEH-
HO OfMHAaKOBHIMH A, = B, = P.
Torna JIMIIHAX HEHU3BECTHBIX OCTa-
HeTCs JiBa: FOPH30OHTaJbHAsl peaK-
IIMsl U pEaKTHBHbIH MOMEHT B 3a-
neake (A wumu B). Ilpunsis 3a
JIUILIHHE HEHU3BECTHBHIE CHJIbI B3aH-
MOJEHCTBHSI B CEUEHHH II0 OCH Puc. 10.18
CUMMETPUHM H IPOU3BOJS paspsif
no ocu cummerpuu (puc. 10.9, 6), moJyuyHM OCHOBHYIO CHCTEMY C ABYMsI
JIMIIHAMH HEHSBECTHBIMH X; H X,, TaK KaK B 3TOM CEUEHHH IONEpeyHas
CHJIa paBHa HYJIO.

Takum 06pasoM, mpu CHMMETPHYHOCTH KOHTYPA CUCTEMbI H HArpy3KH,
B CEUEHHH II0 OCH CHMMETDHH BO3HHKAIOT TOJIBKO «CHMMETDPHUUHBIE
BHyTpeHHHE Bo3aeHcTBuA N u M.

Ananoruysoe ynpolieHHe GyAeT W JJIsi 3aMKHYTOrO KOJbLia, Haxo-
ASLIEToCst MOJ BO3NEHCTBHEM TpPEX PaBHBIX PajHaJbHBIX CHJI, Paclo-
JIOXKEHHBIX MOA yryioM 120° Mexxny co6oii (puc. 10.10, a).
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2CuMMeTPHUHBE BAMKHYTHH KOHTYp C CH M-
METPHYHOH HaArpyskoH.

CucreMa umeeT [Be OCH CHMMETPHH — TODHM3OHTA/IBHYIO H BEDPTH-
KanpHyto (puc. 10.11, a).

PaspesaeM saMKHYTHIH KOHTYp Ha fABe 4YacTH MO Ji06o# U3 oceil
CHMMETPHH H OTOpachiBaeM OJHY TIOJIOBHHY, 3aMEHSsl €€ BJHAHHE
Ha OCTaBIIyIOCS, BHYTPEHHHMH BO3JEHCTBHAMH )
(puc. 10.11, 6). = —

Tak Kak ropHaoHTa/bHAast OCb SABJSETCS OCHIO P
CHMMETPHH, TO NPOAOJbHLIE CHJIBl B MeCTax pas-
pesa onpeaesisiloTcHd H3 YCJIOBHA paBHOBecHs. [lo-
TNepeyHble CHJIBI B 3THX CEUEHHAX PaBHBI HYJIO, TaK
KaK BepPTHKa/JbHast OChb fBJIAETCS OChIO CHMMETPHH.
JIMIIHHMYE HeM3BeCTHBIMH OKa3aJHCh H3rHGalolye
MOMEHTHl X; B MecTax paspesos.

Takum o6pasoM, 3aMKHYTHIil KOHTYpP, HMEIoUHH
ZIB€ B3aHMHO NEPNEHJHKYJSPHBIE OCH CHMMETPHH,
B OOLIEM CJiyyae TPHKIBI CTATHYECKH HEONpPe/esH-
MBI, MOXHO MNpDH YIauHOM BBIGOPE OCHOBHOI CH-
CTEMbI (pa3pe3 Ha [Be 4YacTH 10 OLHON H3 ocel
CHMMETPHH) CBeCTH K CHCTEMe, ORHAaXKAbl CTaTH- Puc. 10.11
YeCKH HeoNpeieHMOH.

AHaJornuHoe ynpoimenne GyAeT 1 AJa 3aMKHYTOrO KOJbIA, Harpy-
XEHHOro JByMsi cujamMu P (puc. 10.12).

3.CHMMETPHUHBHE KOHTYD CHCTEMSH HDpH OG-
PaTHO CUMMMEeTPHUYHOH Harpysxke,

Ilnockas pama, uMeiomas och cHMMeTpHH, HarpyeHa o6paTHO CHM-
METPHUHOH (M/IH aHTHCHMMeTpHYHOH) Harpyskoit (puc. 10.13, q).
B kauecTBe OCHOBHOH CHCTeMB BO3bMEM CHCTeMY
C paspesoM mo ocu cummerpuu (puc. 10.13, 6).

PaccmarpuBas jeficTBHe TONbKO JeBOH Har-
PY3KH, MOJIyYUM B CEUEHHH Ha OCH CHMMETPHH
TPH HeusBecTHbX N, Q, M (puc. 10.13, ¢). Hs-
MEHMB HanpaBJieHHe 3TOH HarpyskH Ha NpsIMO
NPOTHBONOJIOKHOE, MOJYYHM B CEYEHHH [0 OCH
CHMMETDHH TakKue ke BeJauuuHn N, Q, M, Ho
NPOTHBOMOJIOKHOIO HanpasJeHus (puc. 10.13, 2).
TloBepHyB cHCTEMY BOKPYT OCH CHMMETPHH Ha
180°, nmosryuHuM MoJio:KeHHe CHCTeMB, H300paKeH-
Hoe Ha puc. 10.13, 9. TlpocymmupoBaB Ha oc-

Puc. 10.12 HOBAHHH HE3aBHCHMOCTH JEHCTBHS CHJ 3arpy-
’KeHusl mo cxemam puc. 10.13, ¢ u puc. 10.13, 0,

MOJTYYHM BaJlaHHOE 3arpyxenue cucreMmsl (puc. 10.13, ¢). Cummer-
puuHbie HeussecTHele N M M B CEUGHHH 1O OCH CHMMETDHH, TpH
CYMMHDOBaHHY, KaK paBHble N0 BeJHYHHE H TNPOTHBONOJOXKHLIE 110
HaNpaBJ/IeHHIO, CBEYTCH K Hymo. Hto Kacaerca Q, To, Gyayuu paBHOM
MO BEJHYHHE M OJHMHAKOBO HaNpaBJEHHOH B OGOMX C/IyuasiXx 3arpyxe-
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HHsl, 9TH CHUJIBI B CEUEHHH CUMMETPHH CJIOXKATCH W JanyT JIHIIHEe HeHs-
BectHoe X; = 2Q (puc. 10.13, ¢).

Taxum o6pasoM, MPH aHTHCHMMETPHYHOM 3arpyeHUH CHMMETPHY-
HOH paMbl B CEYEHHMH IO OCH CHMMETPHH BO3HHKAET TOJBKO 06paTHO
CUMMETPHUYHOE HeH3BecTHoe (), CHMMETPHYHBble Ke HeH3BecTHhe N H
M B 3TOM CeYEHHH paBHBI HY.JIO.
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Puc. 10.13

CrefoBaTe/IbHO, B 3TOM CJIyuae 3a CUeT YAaYHOro BHIGOpa OCHOBHOM
CHCTEMbl (pa3pe3 Mo OCH CHMMETPHH AJs1 KOHTYPa CHCTEMBI) BO3MOXKHO
CHCTEMY B OOIIEM cJyyae TPHIK]bl CTATHYECKH HEONPENENHMYI0 CBECTH
K CHCTEME OJHAaXK/bl CTaTHYECKH HEONpPENeTHMOH, CYLIECTBECHHO YIIpo-
CTHB TEM CaMbiM ee pellleHHe.

[TonyyueHnue OCHOBHON CHCTEMBH C HNOMOILBIO
A06aBOYHBX mapHHDOB. Kak ykaseBaioch, WIAPHHP HE
nepenaer Harubarouux MoMeHTOB. OCHOBBHIBAasICh Ha 3TOM, MOXKHO HC-
N0/1b30BaTh BBEJIEHHE IIapHHpAa B 3aJaHHYIO CHUCTEMY KakK NpHEM s
ITOJTyYeHHsI OCHOBHOH cHcTeMbl. Huxxe naH npuMep Ha MpHMEHEHHE 3TOro
npHeMa IpH BbIGOpE OCHOBHOH CHCTEMBI.



