JIBa:K/Ibl CTATHYECKH HeollpeaeiMMasi Hepa3pe3Hasi 0ajika

Bajky ¢ mpoMexyTOYHBIMU OIOpaMH IIPHHSTO Ha3bIBATh
Hepa3pe3Hod (MM MHOTOOIMOPHOM, WM MHOT'OIPOJICTHOM ).
Haubonee pacmpocTpaHeHHBIM (XOTSI W JAJEKO  HE
€IUHCTBEHHBIM) PEAbHBIM OOBEKTOM, MPUBOJSLINM K 3TOU
pacyeTHO# cxeme, SBJISETCS MOCT 0aJIOYHOTO THIIA.

Paccmorpum, Hanpumep, Puc. 1,a. Touku A uD -
oepera, B u C — mpoMexyrouynbie oropbl («ObIku»). PasHas
mmHa 1poseroB AB u BC Moxer ObITh  00ycloBICHA
OonbIION TIYOMHOW peku mox cepeauHod mnponera AC w,
CIIe/IOBATENIbHO, TEXHUYECKHUMHU CIIOKHOCTSIMH C YCTAaHOBKOM
ObIKa.

OcHOBHasi 3ajjaya COCTOUT B pacyere Ha IIPOYHOCTD.
Heo0xonuMo mHOCTPOUTH 3MIOPY H3rHOAIOUIEr0 MOMEHTA,
MIPOBEPUTH pellleHe, HAWTH OMAcHOE CEYEHHE U BEIUYUHY
HauOOJIBIIEr0 MOMEHTA.

[ToGouHast 3amaua 3aKiIOYaeTCS B CPAaBHEHUHM Pa3HBIX
OCHOBHBIX CHCTEM METOAa CHJI JISl HEpa3pe3HbIX OallioK |
HM3ydeHUH Bompoca 00 ux ymobctBe. Kpome Toro, Oymer

IIOKa3aHoO MMPUMECHCHUEC METOA0B KOH_II/I-KpI)IJ'IOBa u
MOMCHTHBIX rmomaz[eﬁ U4 paCKpbITUA CTaTHYECKOM
HEONpEACINMOCTH.

PacuerHas cxema mokazaHa Ha Puc. 1,6, npudem
pachpe/elieHHas Harpy3ka BbI3BaHa BECOM CaMOr'o MOCTa.

Buauane Haigem CTEIIeHb CTaTU4eCKOU
HeolpeaeTuMocTi. B mapHupHoi omope A BO3HHMKArOT JBE
peaxIyu — BepTUKAJIbHAS U TOPU3OHTAIbHAS, B OCTAIBHBIX —
TOJILKO BepTUKalbHasA, Bcero2 + 1+ 1+ 1=15. YpaBHeHuii
paBHOBECHs, KaK OOBIYHO JJIS TUIOCKHX 3ajad, TPH — CYMMBI
CHJI Ha BEPTUKaJIb W TOPU3OHTAJbh, © CyMMa MOMEHTOB. To
€CTh 3ajlaua 5 — 3 = 2 pa3a CTaTUUECKU HEOpeIeInma.

Ha Puc. 1,6 mnokazanel BoceMb M3 BCEX BO3MOXKHBIX
ocHOBHBIX cucTeM. B OC1...0C6 orOporieHs! 1Ba U3 YeThIpex
IIapHUPOB (IIPH 3TOM OJMH W3 OCTABIIMXCS BO H30ekKaHHE
KHHEMATHYCCKOH W3MEHIEMOCTH CICJIaH HEMOIBMKHBIM ).
B OC7 Bpe3ansl n1Ba IIapHHpa B NPOMEXKYTOUHBIX TOYKaX
mposieToB. To, YTO KOOPAWHATHI ATUX BPE3aHHBIX IIAPHUPOB
MOTYT OBITh MPOH3BOJBHBIMH, JIUIIHUN pa3 IMOTYEPKHUBACT
0CCKOHEYHOCTh KOJHMYECTBA OCHOBHBIX CHCTEM JUIS JIFOOOI
3amaud. Haxonen, B OC8 mapHupsl Bpe3aHBl Haj
MIPOMEKYTOYHBIMHU OITOPAMH.

Bce oTu pacuerHble CXeMbl, OYEBHUIHO, SBISIOTCS
CTaTHYECKU OTpeNeTUMBIMH u KHHEMaTHYCCKU
HEM3MEHHBIMH, TO €CTh  KOPPEKTHBIMH  OCHOBHBIMU
cuctemamu Juist aanHout 3amauu. OC ¢ Homepamu ot 1 10 6,
mo OONBIIOMY CYeTy, paBHOUEHHB. Mbl paccmorpum OCl,
MIPUBJICKAIONIYIO cuMMeTpuen u, CJIeI0BaTENbHO,
TPYAOEMKOCTBIO YK TOYHO HE OOJbIIEH (XOTS, BO3MOXHO, U
HE MEHBIIICH), YeM JPYTHe U3 TOTO XK psa.

DKBHUBaJIGHTHasI CUCTeMa COCTOUT u3 Puc. 1, 2 u cuctemsl
KaHOHHUYECKHUX YPaBHCHHI METOIA CHII

81]X1 +8]2X2 +81F =0 (1)
821X1 +822X2 +82F =0

W3rubHast kecTKocTh El,, cuMTalomascs H3BECTHOH U
MTOCTOSIHHOW IO JJIMHE OalKH, BXOIUT BO BCE CllaraeMbIe
cucreMsl (1) u, cremoBaTenbHO, cokpamiaercsa. [loatomy B
BBIPAXKCHUAX T 000OIIEHHBIX TEPEMEIICHHUH 3Ta )KECTKOCTh
JIJIS1 KpaTKOCTH OIyIIIeHaA.

HamoMHMM, YTO HampaBJIeHHS HEU3BECTHBIX CHIIOBBIX
(daxTopoB X u X,, BOOOIIE TOBOPS, MPOU3BOJILHBI, OIHAKO B
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JaAHHOM CJIydae JOCTATOYHO OUYCBUIHBI — BPA JIU OBLIKH 6y)1yT TAHYTb MOCT BHUS.
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Takxum obpa3om, ypaBaenus (1) B pa3BepHyTO# (popMe IPUMYT BHI:
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PemeHHe CHUCTEMBbI TaKOBO:
93 16
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O0e cuITbl MONYYHIIMCH MOJOXKUTEIBHBIMU, YE€ro U CIIEI0BANIO OXKUJATh. Y MHOXKAsl €AWHUYHBIE SITIOPHI
Puc. 1, 3, k Ha COOTBETCTBYIOIINE CUIIOBBIE (DAKTOPBI, OIydaeM smropsl Puc. 1, 7, m. 3aTeM ckiiajpiBaeM UX ¢
amropoi BHemHUX cuil Puc. 1, e u monydaeM cymmapnyto amropy Puc. 1, . IIpu 3ToM IpuxoauTcs BEIYUCIATH
MOMEHTHI HaJl ortopamMu B u C coOoTBETCTBEHHO:
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Ha Puc. 1,n kpacHbIM mOKa3aHa W30THyTass OCb Oanku a)

(IpUHIMI HAYaNBHBIX Pa3MEpPOB YMBIILIEHHO HApyLIeH B LEJSIX oC8

<=
HarsgaHocTH). Kak HM TOKaKeTcsh mapajoKCallbHbIM, HO Ha q
yuyactke BC ynpyras kpuBast 1eliCTBUTEILHO BBITHYTa BBEpX. JDTO  6) \&MMM%M%
CllelyeT HE TOJBKO W3 CYMMAapHOW OIIOPbI, HO M W3 TOJHOTO Q. Qo
pacdyera Ha JKECTKOCTb, KOTOPBIH B JaHHOE MCCIIEJOBaHUE HE

Paccmorpum Tenepr OC8. DKkBUBaJIeHTHAs cHCTEMa MOKa3aHa @
Ha Puc. 2, a. KaHoHndeckue ypaBHEHHS MeETOJa CWJI HMEIOT, 1\ [ 1

pazymeercs, ToT xe Buf (1). ) Jou PR “8“

Jnst  BbIOOpa HampaBICHUH MOMEHTOB X| H.X; MOXXHO
PYKOBOJICTBOBATLCSI CyMMapHO# smropoit Puc. 1, » — Ham obeumu 1) @
OIOpaMU CIKATHIE CJIOU CHU3Y. W

Boobmie roBops, ecaM I EOMHOXKIBI  CTATHYECKH 1 1
HEONmpeAeNUMbIX 3aJad 3HaK HEM3BECTHOW OUYEBHUIEH B e) xéi\‘ «é« é@ “SN
OOJIBIIMHCTBE CIIy4aeB, TO JJIsI BTOPOH CTENEHHW CTaTUYECKOH

HEOIPEACTUMOCTH 3TH 3HAKM MOKHO HAJIeKHO NpeAyramaTh X) W/ @

KpaiiHe peJKo. 371ecb Mbl UMEEM KaK pa3 TaKod MPOCTON Ciiydail.
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Pe3ynbTaThl (MOMEHTHI HaJl OIIOPaMHK) COOTBETCTBYIOT IMOJMydeHHBIM paHee (5). [Iposepka comuiack.

BbisicHuM, Kakast U3 pacCMOTPEHHBIX OCHOBHBIX CHCTEM Hamboliee yJ00Ha 1 MPOoCTa.

Haunewm c smrop BHemnux cui Puc. 1, e nius OC1 u Puc. 2, ¢ nyist OCS8. HerpyaHo BUAETH, YTO BTOpas U3
HUX COCTOMT U3 TpeX OOOCOOJEHHBIX YacTell — B KauecTBE WX pa3jeNuTeNnedl BBICTYNAIOT BPE3aHHbBIE
LIAPHUPBL, B KOTOPBHIX MOMEHT, Pa3yMeercsi, paBeH HYJII0. YMHOXaTh Takylo JIIOPY Ha JIIOOYI0 IPYryro
ropasJio Mpole, YeM «CIUIOMIHYI0». KOoCBeHHOe /10Ka3aTellbcTBO COCTOUT B TOM, YTO JUIA Smiopsl Puc. 2, 6
HaM He NOTpeOOBaJOCh BBHIYUCITH HU OJHOW OpAMHATHI, a it amopbl Puc. 1, e — membix nse. Takum
obpazomM, cuer 1:0 B oJIb3y OCHOBHOM CHCTEMBI C IIaPHUPAMU, BPE3aHHBIMH Ha/Jl OTIOPAMHU.

Ennanansie snropst st OC1 (Puc. 1, 3, k) npoctupatorcst Ha Bcro 0anky, a gt OC8 (Puc. 2, 0, orc) — Ha
JIBa ydacTka. IHBIMU clioBaMH, KaX/ast U3 3III0P BO BTOPOM CITydae MMEET HYJIEBOH Y4acTOK, YTO He TpeOyeT
nepeMHOoXeHus »mop Ha HeM. Cuer 3:0.

[anee, npu BerYmcIeHHH 00001IeHHOr0 niepeMerteHust Oy, st OC1 npunuiocs nepeMHoOKaTh HE TOJIBKO
TPEYroJIbHUK Ha TPEYrONbHHUK (ABaXK[bl), HO W TpAlElHUI0 Ha TPANelHio, B TO BpeMs Kak JUIsl JIIOOBIX
OCHOBHBIX CHCTEM C BPE3aHHBIMU IIAPHUPAMHU TaKOE IEPEMHOKEHHE BCET/1a BBITIONHAETCS TOJILKO HAJl ABYMSI
TpeyroJbHUKaMH, YTO HecpaBHeHHO npore. Cuer 4:0.

B Tabn. 1 mpuBenensl K03 QUIMEHTH TP 00OOUIEHHBIX IEPEMENICHUSIX U NPU Taba. 1

HEHM3BECTHBIX Il 00EUX OCHOBHBIX CHUCTEM, 0e3 ydera 3HaKoB M pa3MmepHocTeil. Uem OCI | OC8
«TIpOLIE», «KOpOoue» U «KOMIIAKTHEe» KOI((HUIMEHT, TEM MEHBIIE BEPOSTHOCTH 4
OUIMOWTHCS TPH pacdeTax, TeM ObICTpee IMoiydaeTcs pe3yjibraT — TeM ymoOHee Si1 3 1
ocHOBHas cuctema. Ilo ctpoukam Oy, u X B Tabn. 1 — paBeHCTBO, HUYbs. [Io BceM 11 1
OCTaJIbHBIM TISITH TTO3UIMsIM BeIMrpbiBaeT OCS. Tekymuii cuer 9:0 B ee momb3y. S12 E g
Janee, s BBIMHMCIEHHS MOMEHTOB HaJ OIOpaMH B TIEPBOM CJlydae Ham
NPUXONUTCS OTAENBHO CKIAABIBATG TPH 4ucia (5), BO BTOPOM Cilydae HHYEro | g 3 2
CKJIaJIbIBaTh HE HaJl0 — MOMEHTHI HaJl orlopamu yxe nonydens! (9). Cuer 11:0. 4 3
Haxkonern, s cioXeHUs SMIOp OT HalIEHHBIX HEW3BECTHBIX PEeaKkIUil ¢ 3MIOpoit 10 3
BHemHuX cuit 11t OC1 BHOBb OTPEOOBaIOCHh BEIYMCIICHUE TPOMEXYTOUHBIX OpANHAT Oir 3 8
(Puc. 1, 7, m). Y BTOpO# M3 3THX 3IIOp JaXe IS MaKCUMaJbHOW OpPIMHATHI HYXHO 19 1
JIOTIOJIHUTENIBLHOE TIEPEMHOKEHHE, MyCTh M odeHb mpocroe. Jusg OC8 smopsl ot X; | Oz ) D
nX, (Puc. 2,3, u) B NpOMEXYTOUHBIX OpAMHATAX HE HYKIAIOTCS, 2 MaKCHMYyMBI
COXPaHSIOT MOJYJIM HaHIEHHBIX HEU3BECTHBIX, MOTOMY YTO Ha €IMHUYHBIX JIIOpax | X, 23 17
5TOT MaKCUMYyM BCEI/Ia PAaBEH CIHHHUIIE. 46 46
OxonuatenbHbIil pe3ynbraT 13:0. Y1 370 mpu ydere ympoliiamooumei cuMMeTpuu p% 16 3
nByx u3 Tpex amop OC1 (Puc. 1, e, 3)... 21 23 | 92

Takum 00pa3oM, ¢ pa3rPOMHBIM «CyXHM» CUETOM MOOequIa OCHOBHASI CUCTEMa C
LIaPHUPAMU, BPEe3aHHBIMU HaJ| OIopamMu. AHAJIOTHYHBIA BBIBOJ OyAET clellaH NpU €€ CpaBHEHUH C APYToi
OCHOBHOI CHCTEMOM, Kak IokaszaHHoi Ha Puc. 1, ¢, Tak u BoobOuie ar00o0ii. Uro xe xacaercs OC7, To oHa
BUAWTCS HaWMEHee yJayHOH M3 BCEX PACCMOTPEHHBIX OCHOBHBIX CHCTeM. IIpemocraBisieM YHTaTENIO
BO3MO)KHOCTb CAMOCTOSITEIILHO B 3TOM YO€IHUTHCSL.

[Nokazannoe npenmymniectBo OC ¢ Bpe3aHHBIMH IIApHUpaMu — He (OKYC, He CIeHaIbHO T0A00paHHbIH
npuMep, He 4YacTHBIA ciydall, a WH)KEHEpHas NpaKTHKa, HCTOpUsl KOTOPOM HCUUCISIETCSl yXKe He
JIECATHIIETUSIMH, a BeKamu (TiepBasi Hepa3pe3Has Oajka C NIapHUpaMH, BPE3aHHBIMH HaJl Onopamu, ObLia
paccmotpena b. I1. O. Knanediponom B 1848 T.). Jlaxke Kkorma MeTOJ CHJI €Ille HE 3aBOCBAT HBIHCIITHEH
MIONYJISIPHOCTH, BO BCe YYEOHMKM BXOJWIAa TIJlaBa O pacyeTe Hepa3pe3HbIX O0alioK, TAe HAaCTOSITENbHO
PEKOMEHIOBAJIOCH pellaTh IMOAO0OHYIO 3ajady, IpeBpalnas Hepa3pes3Hylo 0anky B paspesnyro. [lpu stom
UCIIONIb30BAINCHh pPa3iMyHble rpadoaHaJIUTHYECKHE METOMbl, HAampUMep, TaK Ha3bIBAEMbBIH «METOJ TpeX
MoMmeHToB» [1]-[5]. Meroga cun numb 00000, (GopMaIH30Ball U YHNPOCTHI 3T NPUEMBI pacyera, He
MIOMEHSB X CMBICT [6].

Ocranock BBITIOIHUTE PacyueT Ha MPOYHOCTh, TO €CTh HAWTH MaKCUMaJIbHbIE MOMEHTBHI BO BCEX MPOJIETaX U
CPaBHHTB UX C HAMOOJBIIUM W3 MOMEHTOB HaJ ormopamu (9). OmsTh ke, pemmM 3anady ¢ nomouipio OC1 u
npoBepuM pereHue Ha OCS.



Peakiuu kpalfHUX OIlOp OT AEWCTBUS BHELIHMX CHJI JIETKO ONperessitoTcs 1o 3miope Puc. 1, e — B cuity
CUMMETpUU

1
Rj:RE:E(q-M):qu (10)

[TonoxxuTenpbHBIM HANpPaBJIEHUEM CHII 3/1eCh U Jaliee CUMTAETCsl HalpaBJeHHE BBEpX. Peaknum Tex ke
OIOp JJIsl pacyeTHBIX cxeM Puc. 1, 3, k paBHBI

11 1, 2 1, 2 3

ry=irp=—— ry=—— p =——
2’ 4’ 4
CTpO‘IHLIe 6yKBH ¥ TOBOPAT O TOM, 4YTO 3TH PCAKLIHU — OT CAMHHUYHBIX CHJI. I[J'IH MOJTYYCHUSI UCTUHHBIX
CHJIOBBIX peaKHI/Iﬁ OITIOp YMHOXAa€M PE3YyJIbTAaThl Ha X 1 K Xz, COOTBETCTBCHHO:
R 1 93 93
Ry=Rp=ry-Xy=———ql=——ql;
2 46 92
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CyMMapHBbIe peaKkiuy KpaiHux orop, cornacHo ¢popmynam (10) u (11):
Dy
927
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Peakiiuy nmpoMexyTOYHBIX OMOP H3BECTHBI — 3T0 X| U X, q
COOTBETCTBEHHO. l1300paskaeM pacyeTHYI0 CXeMy, I/ie CBSI3H
3ameHeHbl peakuusamu (Puc. 3, a). Ha Beskuit cryuait yoenumest
B COOJIIOJICHUU YpaBHEHUs PaBHOBECHSI:

75 93 16 43

F,=—ql+—ql+—ql+—ql—q-4=0 %
LEy =gyl g 31 gy 1

IIpoBepka comuace.

DKcTpeMalbHbIe 3HAUSHUS! MOMEHTa JOCTUTAIOTCS TaM, TJe A
MIPOU3BOJIHAsI MOMEHTA (TO €CTh ITOTIepeyuHas cuiia) oopamaercs 75
B Hynb. Haiinem Takyro Touky Ha ydactke AB (Puc. 3, 6). lns 92
IIBYX HEHM3BECTHBIX (zap ¥ Mag) MOXHO COCTaBHUTH JiBa Puc. 3
ypaBHEHHSI pAaBHOBECHSI: q

F 1 2 93 4
R, =R, +R,+Ry=|2———-——|qgl=
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Moyis MOMEHTa HaJl ornopoii B coriacHo dopmysie (9) paBeH 2]

1
|MB| =4—2q12 z0.37q12, TO ecTh Oonblie, yeM M, p. Berunciaenue q

OCTJIBHBIX IKCTPEMAILHBIX MOMEHTOB MIPOU3BOANUTCS aHAIOTHYHO. ﬁ
MOoXHO TIOKa3aTh, YTO OHH HE TIPEBOCXOJIAT |Mp|. [
IIpoBenem mnposepky, ucnonb3ys OC8. Bo3pmeM pacdeTHyo q
cxemy Puc. 2, 6, pa3zoObeM ee Ha TpU HE3aBHCUMBIX OaJIKH, Hal1eM
peaxImu, a 3aTeM «cobepeM» pacueTHyro cxemy obpatHo (Puc. 4). é / é
Jlis pacyeTHBIX cxeM eIMHH4YHbIX MoMeHTOB (Puc. 2, 2, e) Tarke
Haiinem peakiuu omop — Puc. 5. Temepp, BHOBb HCIONB3YS q
TPUHIAT CYTIEPITIO3UIINH, BEIYUCIUM UCTHHHBIC PEAKIIHH:
1 1 17 75 i 3
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[NonyueHHsie pe3yIbTaThl MOJHOCTHIO COOTBETCTBYIOT Puc. 3, a. 1
IIpoBepka comuace.
3aece npeumymectBo OC8 mepen OC1  yxe He CTONb
ouyeBnaHO. C OIHON CTOPOHBI, ONpe/IelIeHHe PEaKkuuii OT IeHCTBUS q
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BHCIIHUX CHJ M HaWIeHHBIX CHIOBBIX (hakTtopoB st OCS 1\h/ 1

Heckoibko mpoine, yeM gt OC1. C apyroit cTopoHsl, BO BTOPOM 2 {é\} ﬂgﬁ “3‘“
cllydae TPHUXOAMTCS OTACIBHO HaxXOMUTh CHJIOBBIE PEaKIHH 1 1

CpeIHUX OIOop, B TO BpeMs KaK B IEPBOM CIIydae OHH SIBJISIOTCS o @
pemenusivu ypaBHenuit (1) — utoro ase ¢popmynsl (OC1) npotus l1 ‘(Té l

yereipex (OC8). Ho, Tem He menee, roBoputh 0 ToM, 4yro OCl }
okazanachk mpoire, yeM OCS8, Bpsaa au ymectHo. J{ns pacuera Ha 1
MIPOYHOCTh OHH, IO OOJBIIOMY CUETy, OO0JIaJal0T OJUHAKOBOM o \ﬁ/
TPYILOEMKOCTBIO. K “@ YA
Takum 00pa3om, TpH pelIeHHH 3ajad ¢ Hepa3pe3HoW Oaykoi 1
PEKOMEHAyeTCsl TOCTYNaTh CIIEAYIOUIMM 00pa3oM: pPacKphIBaTh
"
[

CTaTUYECKYIO HEONPEIEIMMOCTh IIPU ITOMOIIH OCHOBHOM CHCTEMBI l @
C NIApHUPAMH, BPE3aHHBIMHU HaJ| ONIOPAaMHU, TI0CJIE Yero MPOBOIUThH
npoBepky. Oxnaxo npoepka Bropoit OC sBisieTcsl HEpa3yMHOI, Puc. 5
MIOCKOJIbKY pellIeHre OyneT 3aBeoMo ciioxHee, yeM 1o nepBoit OC. IIpoBepka «IepeMHOKEHHUEM SITIOp», Ha
TIepBBIN B3IJIS, TPENCTABIISIETCS €AMHCTBEHHBIM BapHaHTOM. OJHAKO M3BECTHO, YTO OHA CTPaJaeT HU3KOM
HaJIe)KHOCTBIO.
B xauecTBe asibTepHATHBEI 1S 314 CTEIIEHH CTATHYECKOH HEONPEIeIMMOCTH JIBa U OoJiee Mpeiaraercs
BeCbMa HaJIe)KHasl IPOBEPKa, Ha3bIBaeMasi yHUBEPCAJIbHOW IPOBEPKOM BCEX €MHUYHBIX IIepeMelieHni [7]:
n n
Og5 = 2.0 228y
i=l =1 (12)
J=1
1#]
e Og — YCIOBHOE TepeMellleHHe 110 HAaNPaBIeHUsIM BCeX €AMHUYHBIX CHJI, pABHOE MPOMU3BEICHUIO CaMOH Ha
ce0s1 SMIOPHI, TTOyYEHHOH NMPUIOKEHNEM K OCHOBHOM CHCTEME BCEX SIMHUYHBIX CHIL.
O4eBUIHO, YTO JUIS EAWHOXKIBl CTATHYECKHM HEONPEJeIMMO KOHCTPYKLIMH BTOpOE CllaraeMoe B
¢dbopmyie (12) obparaercs B Hy/Ib, @ PABEHCTBO — B TOXKICCTBO.
IIponemoncTpupyem mnposepky Ha mnpumepe OCl. Hmeem a)
pacueTHyto cxemy Puc. 6, a u amopy Puc. 6, 6. 1@“ 1T 1T @«\

2 2

e " T
6|2 2 4 4 4 2 4 3 4

= 5
2 4 3 =1
=I3B+é&1+5)+f‘_ﬂz%ﬁp=%Z3=f_§z3 ] AWAAWA
) 8 28s, 18k 3

IMoncrapnss 00oOmeHHbBIC TIepeMenicHus (2)...(4) B Gopmymy

4 3 _11) 16+9+22 3 47 3
8y =8y +8yy +2:8p =1 | 242 42— |=—— =2 P =2y 1
ss O 12 (3 4 12} 12 12 Puc. 6
IIpoBepka conutace. Teneps mpoaenaeM Tot xe npueM ¢ OCS. PacuerHas cxema Puc. 6, 6, amtopa Puc.
6, e

5 1 2

=—~1~2l~—~1+l+l~l~1~2~1=l g+1+l =2/

2 3 2 3 3 3
IToncranoBka 0000MIeHHBIX TiepemenicHuit (6)...(8) B hopmyiy (12) maer:
SSS 281] +822 +2'812 =l(1+§+2%}=2[

IIporepka conutack. M3nuiHe oOpaliaTh BHUMaHHE Ha TO, YTO yHUBepcaibHas mpoBepka mis OCS
MoJTy4nsIach CyIIECTBEHHO MeHee TpyaoeMkoH, ueM st OC1. q

Jlnst etie oTHOM MIPOBEPKH TY Ke 3a7a4y MOXKHO PEIIUTh METOA0M HHHH‘QIHHHH M”}”” m”}””

Komm-KpsutoBa  (Metozom HavanbHeIx —mapamerpos). OtOpocum | R R, R, R,
CBsI3M, 3aMeHsst ux peakuusmu (Puc. 7), u cocraBuM 1Ba ypaBHEHHS A B o) D
paBHOBECHS: Puc. 7
ZFy2R1+R2+R3+R4—4ql=0 (13)

SMp =R -41+Ry -2l +Ry-1-8¢l* =0
COKpaH_laH MOCJICAHEC YPABHCHHUE HA l, noaydacm

4R, +2Ry + Ry —8ql =0 (14)
Ter[epl) 3almuieM (1)yHKHI/IIO MOMCHTOB U JIBAXXIbI €€ IPOUHTCIPUPYEM!



M (z)=Rz —%qzz +H(z—=20)Ry(z = 21)+ H(z—=31)Ry(z =3I)

2 N2 a2
E[Xe(z)zRlz_—lq23+H(Z—21)R2M+H(Z—3Z)R3(Z 31) +C1

2 6 2 5

2 1 4 (z=21)’ (2= 31}
Elv(z)=R < 2% +H(z-2D)R, T+H(z—31)R3 — Ciz+GC,

I'paHnYHBIX YCIIOBHH YeThIpe: Ha BCEX OMOpax MpOruObl paBHBI HYIIO0. TakuM 00pa3oM, UMEeM CHCTEMY
JMUHEHHBIX anreOpanueckux ypaBHeHui (CJIAY) mecroro mopsaka: (13), (14) u dyeTblpe TpaHUYHBIX
YCIIOBUS, C IECThI0 HEU3BECTHBIMU: R, R, R3, Ry, Cy, C,. Pemas CJIAY, HaxonuM, BO-TIEPBBIX, pEaKIIUU

29
(Puc. 3, a), a BO-BTOpBIX, KOHCTaHTHI MHTErpupoBanusi: C, = ——138ql3, (C, =0. [TocnenHrue MOTYT OKa3aThCs

TIOJIE3HBIMU IS TIOJTHOTO pacyera Ha JKECTKOCTb, B YaCTHOCTH, JUIsl TIOCTPOCHHS YIIPYTOW OCH.

Boo6me, meron Komm-KpbuioBa 1yist 7 pa3 cTaTHYECKH HEONPEIeTMMOH KOHCTPYKIMU TPeOyeT perieHust
CJIAY mnopsanka (n+4), a meron cun — CJIAY mnopsnka n. Takum o0pa3oM, IPUMEHEHHE METONA CHII
npeanodtuTenbHedl. OmHAKO HMMEHHO Uil Hepa3pe3Hblx Oanok, rae Joobie OC, KpoMmMe TakoBOH C
LIaPHUPAMU, BPE3aHHBIMHU HaJl OIIOpaMH, BeChbMa TPyAOeMKH, rpoBepka MeronoM Komm-KpsitoBa pemieHus
ToOM camolt onTuMabHO OC MOXKET OKa3aThCs JaXke mpoire, yeM oo uroi OC.

Haxkoger, paccMOTpyM MPUMEHEHWE METOIa MOMEHTHBIX ILIONIaneH, pa3padorannoro A. CeH-Benanom.
Teoperndeckrue OCHOBBI METOJAa MOXHO W3Y4YHTh MO MCTOYHHMKaM [3, 8]. 3mech CTOWUT JMIIbL KpaTKo, 0e3
BBIBOJI, IPUBECTH TaK HAa3bIBAEMYIO BTOPYIO TEOPEMY O MOMEHTHBIX TIOMIAISX !

Paccmosinue om ceyenus B 0o kxacamenvhoil k ynpy2oii ocu 8 ceveHuu A YUCIeHHO pAGHO CMAMUYECKOMY
MOMEHMY OMHOCUMENbHO MOYKU B niowaou snoper uzeubarouwux MomMeHmos Ha yuacmczlce AB.

Kak u Meromsl cuin W TepeMelieHWi, MEeTOJl MOMEHTHBIX
roniaael TpedyeT NpeaBapUTeIbHOIO BHIOOpPa OCHOBHOW CHCTEMBI. a)éi“$“*““$“*“¢ HHHHIHH I
Bossmem paccmorpennyro OC1 (Puc. 1, 6), a BMECTO IKBHBaJICHTHOM R, R,
cucteMsl Puc. 1, 2, monydaem Puc. 8, a. B cymnocTy, 1 peakuuit q
MPOMEKYTOYHBIX IMIAPHUPOB MOXKHO OBUIO OCTaBUTH 0003HaUEHUs X 6) TN
u X,, TIOCKOJIbKY METOJ] MOMEHTHBIX IUIONIajiell He TpeOyeT KaKux- “5“
00 CIIeIUANTBHBIX 0003HAUEHUH.

Teneps pa3iaokuM IO CYNEpHO3UIMN SKBUBAJICHTHYIO CUCTEMY Ha B)@“ Rt «5«

2
&

cymmy cocrostauit «F» (Puc. 8, 0), «1» (Puc. 8, ¢) u «2» (Puc. 8, 2), u
pPacCMOTPUM HUX MOCIIEIOBATEIBHO. r)
Haunem ¢ wucxomnoro cocrosuus (Puc. 8, a). Bosbpmem K Rt
MPOM3BOJBHO ceYeHHEe A (JICBYIO OIOpPY) U MPOBEIAEM B HEM ’
kacarenbHyto AD' (Puc. 9) x ynpyro# ocu (mokazaHa KpacHBIM).

BeeneM obo3HaueHue tg_] — pacCTOAHUC OT CCUYCHUA J no kacarenbHOI

K YOpYyroi ocH, MocTpoeHHoH B ceueHnu H, mpudyem BepxHuit unjexc G
Oynmer o0Oo3HayaTh cocrosHue. OTCYTCTBHE HHJIIEKCA COOTBETCTBYET
HCXOJHOMY COCTOSIHHIO.

YyuTeiBas, 4TO B MHOCIICAHEM MporuObl B ceuenusx A, B, C u D 2/
pPaBHBI HYIIO, U UCXOJs M3 momodust tpeyronbHukoB ABB', ACC' u
ADD', MOXXHO 3amucaTh

tDA =2tBA (15)

3
ca =5tBA (16)

Teneps paccmorpum cocrostaue «Fy». Halinem peakuuu (Puc. 10, a) q

U BBIOCpEM IPOHM3BOJIBHOE CeucHHEe X C KOOPAUHATOH X, IMOCIE Yero R R R R R R AR R AR
cleBa OT BBIOPAHHOTO CEUEHHS IIOCTPOMM SIOPHI  OTACIBHO OT 2q! 1 2ql

X
peakimu B CcedeHHH A (KEATBIM I[BETOM) W OT BHEIIHUX CHJI 3 2qlx
(opamxeBbiM) — Puc. 10, 6. Ilnomamu moj »SmopamMu  PaBHBI X

1 1 1 1 6)
COOTBETCTBEHHO 3 x-2qlx = qlx2 u —5- X -quz = —gqx3. [Tnomane T
1 2
o ~aX
Gburypsl, Jexaimeil Iox OChbl0 OalKd, TPAJAUIMOHHO CUHUTACTCS 1y 29

OTpHULIATEIbHOW. [ICHTPBI TSOKECTH OOBIYHOTO M IapabOIUIECKOro X
TPEYroJbHUKOB OTMEUYEHBI CUHEH U 3€JIEHON TOUKaMH COOTBETCTBEHHO.

Torga, cormacHO BTOpOM TeopeMe, MOXKHO 3amlucaTh BBIPAKEHUE B)
F F
s BenuuuHbl ty, (Puc. 10, g). XKectkocts EI, 31ech U ganee _\_ItXA

OIy1IcHa:



F 5 1 1 31 1 3
tyy=qlx* —x——qgx” - —x=—qx (8—x 17
X4 = QTS xm g X =g (8—x) (17)

[Moxacrasnsist B popmyny (17) 3nauenus x, paBusie 2/, 3/ u 4] nsa ceyennit B, C 1 D cooTBeTCTBEHHO,
HOJTyJaeM:

tgA = 2ql4 (18)
4
£ =§qz4 (19)
2
&, =3?qz4 (20)

Iepetinem k cocrosuuio «1». Pacuernas cxema Puc. 11, a, peakimu Puc. 11, 6, ctaTudecKue MOMEHTBI
Puc. 11, 6:

1 2
thy = —5'21 Ryl '51 = —§R213 (romy6ast 3aIMBKa) 1)
tICA=l-R21-l-l-l—léR21-l~3l=1R213 19 =—§R213 (3emeHas 3anMBKa M KpacHas 22)
2 3 22 2 3 2 12 IITPHXOBKA)

1 1 1 1 4 1
o= torror o Lopa o g (218 2 _4p,p  (Guonerosas w o enras g
2 3 2 3 33 IITPHXOBKH)
AHAJIOTUYHO JUIS COCTOSIHHS «2»: pacueTHas cxema Puc. 12, a, peakimu Puc. 12, 6, cratuyeckue
MoMeHTHI Puc. 12, 6:

1 1 1 1

(g =—=2 =Ryl 2l == Ryl (romybast 3anuBKa) (24)
2 2 3 3

iy =L 3 pga Ly 2R 25

C4="5418 3T (xpacHast IITPHXOBKA) (25)

2 1 1 1 1 31 5,3 (3emeHas 3aqMBKa W JKeNTas
thy=—-Ral-1-—1——=-R3l-4]-—- 4]l =R3I°—(1-16)=——Ry/ 26
baA=5 "3 3 2 3 3 3 6( ) 273 LITPHXOBKA) (26)

L& M& Rl &

6) 3/ /
‘% R, Rst %RJ
2R,
B)
2R,
SRl
Puc. 11 Puc. 12
Teneps no cynepnosuimu u3 Gopmyn (18), (21) u (24) nonygaem:
2 1
tBA =tl§A +t}?A +t123A =2ql4 —§R213—§R313 (27)
Amnanoruuno, u3 popmyi (19), (22) u (25):
4 2
tCA =tgA +t1CA +t%A =?Sql4 —1—§R213—%R313 (28)
U, HakoHer, u3 dopmyn (20), (23) u (26) cnenyer
2
tDA =t/§,4 +t1DA +t%A =3?ql4—4R213—§R313 (29)

[Monyuena CJIAY nsroro nopsiaka: ypasaenus (15), (16) u (27)-(29) ¢ naTeio HEU3BECTHBIMHU: R, R3, pa,
fca W Ipa, HO ee yerko cBect k CJIAY Broporo mopsaka. Hampumep, u3 ypaBrenwit (15), (27) u (29)
TOJTyYaeM:

%qz“ — 4R, —§R3l3 = 2(26114 —§R213 —%R3l3j
OTKYZa IocJIe MpeoOpa3oBaHuil cienyeT

16R, +11Ry = 40! (30)
Awnanoruuano, u3 Gopmyin (16), (28) u (29) Haxoaum

45 4 25 3 9 3 3( 4 2.3 1 3)
Rl Wy I DY SR
g I Tt Tt Tt Ty TR

YTO NPUBOJUT K YPAaBHCHUIO



26R, +15R5 = 63¢q! 3D
U, oxonuarensHo, pemast CJIAY uerBeproro nopsaxa (13), (14), (30) u (31) ¢ 4eTblpbMsi HEU3BECTHBIMU
peakuusIMHU Orop, MPUXOAUM K TOMY XKe pe3ynbraty — Puc. 3, a. Emie onHa npoBepka conuiacs.
KoneuHo, MeTOl MOMEHTHBIX IUIOIMIAEH 110 TPYIOEMKOCTH CYIIECTBEHHO MPEeBOCXOIUT MeTox cui ¢ OC8
u ngaxe Moxxet cpaBHUTBCS ¢ OC1, oJHaKo cieqyer HaOMHHTh, YTO YeM CIIOXKHEE MyTh IPOBEPKU U YEM OH
1o (PM3MYECKOMY CMBICITY JIaJIblIIe OT OCHOBHOTO PEIIEHHMsI, TEM IPOBEPKA HaIeKHEE.

Pe3yabTatThl:

17
CymmMmapHhas smiopa Puc. 1, #. MakcumanbHbIIT MOMEHT 4—6ql 2 Onacuoe ceuenne — B.
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