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Onopbl

J171st TOro 4To0BI B MPOIIECCE CO3/AaHUS U MOCIEIYIOUIEH SKCIUTyaTallui COOPYKEHNE
OCTaBaJIOCh TEOMETPUYECKN HEU3MEHSIEMBIM U HEMOABUKHBIM 110 OTHOILLEHHUIO K
OCHOBAHHMIO (KaK TOBOPSAT B CTPOUTEIHLHOM MEXaHUKE, K 3€MJIE), COOPY>KEHHUE C
3eMJIEN COECIMHSIOT CIIEIMAIbHBIMHA YCTPOUCTBAMH, Ha3bIBAEMBIMHU OITIOPAMH, KaXK1ast
U3 KOTOPBIX JIMIIAET COOPYKEHHUE OIPEAEIEHHOTO YHciia cTeneHel cBoooabl. Besikoe
yCTPOMCTBO, OTHUMAIOIIIEE Y HKECTKOTO TUCKA OJHY CTENEHb CBOOOIbI, HA3bIBACTCS
MIPOCTOM KUHEMATUYECKOM CBS3bIO.

B onopax BO3HUKAIOT OMOpPHBIE PEAKIIUHU, KOTOPHIE BMECTE C BHEIIHUMHU Harpy3KaMu
CO3al0T YPAaBHOBEILLIEHHYIO CUCTEMY CHJI, IEUCTBYIOILYIO HA COOPY KEHUE.

B cTpouTenpHON MEXaHUKE pa3aIndaroT TPU TUIIA ONIOP, COCTOSIIUX U3
OIPEEIEHHOI0 YHCIIa TPOCThIX KNHEMAaTUYECKUX CBsA3e. KnHemaTndeckast cBs3b
MpeCTaBIsAeT COO0N MPSIMOTUHENHBIN CTEPKEHb, OTPAHUYEHHBIN ¢ 00X CTOPOH
mapaupamu. [lapaupel OBIBaIOT MPOCTHIMU, KOT/1a OHU COSUHSIOT 1B CTEPKHS, U
KpaTHBIMH, KOTJIa OHU COCIMHSIOT OoJiee ueM JiBa cTepskHs (puc.1.2). KpatHocTh
[IApHUpPA OMPEACNIICTCS YUCIOM CTeP)KHEH, CXOIAIuXcs B HEM, 0€3 eTMHULIBI.

e
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O HOKpPaTHBIH MIapHHP TpéxKpaTHLIH ITAPHHP HT. 1.

Puc. 1.2

Kaxx bl MpOCTON MIapHUP MPEATIONAraeT HaJuyue B HEM JIBYX ITPOCTBIX
KMHEMATUYECKUX CBA3EH.

s

b ] 8

Fuc. 1.3



[MapHupHO-noBHKHAs oropa (puc. 1.3, a) cOCTOUT U3 OJHOM MPOCTOU
KHMHEMaTU4YeCKoU cBsA3M. Takas oropa JIMIIAaeT JUCK Ha TUIOCKOCTH OJTHOM CTEIECHH
cBO0O/IbI, TO €CTh OHA HE AAET BO3MOKHOCTH MOCTYNATEIbHOIO EPEMELLIEHHS B/I0JIb
IIPOJOJILHOM OCH 3TOM onopHO cBsi3u. [Ipu n1r000M xapakTepe HarpyXeHus AUCKa
BHEIIHEW HATPy3KOW OMOpHAas peakuus R B MIapHUPHO-MOABUKHON OMOPE MOKET
OBITh HAIIPABJIEHA TOJIKO B0 OCH ATOM MPOCTONM KUHEMATUYECKON CBS3H U
NEPIEHIUKYJIIPHO IPOIOIBHOM OCH IUCKA.

[[TapaupHO-HenoABMKHAs onopa (puc. 1.3, 6) COCTOUT U3 ABYX MPOCTHIX
KMHEMaTUYeCKUX cBsA3el. [Ipu TakoM xapakrepe NpUKpeIIeHNs TUCKa K 3eMJIe
ornopHas peakiusi R MoxeT ObITh HampaBlieHa MO/ YTJIOM K IPOJOJIbHOM OCH JUCKA.
Takyro ONMOPHYIO PEAKIMIO PA3lararT Ha JIBE B3aUMHO-IIEPIEHAUKYISPHBIC
COCTABJIAIOIINE — BEPTUKAIBHYIO V U ropuzoHTanbHy0 H. llapHupHO-HENOABMKHAA
OII0pa OTHUMAET Y JMCKa Ha IJIOCKOCTH JIBE€ CTENEHU CBOOObI, JIUIIAs €ro
BO3MOXHOCTH IOCTYNATEIBHOTO NIEPEMEIIEHNUS 1O IByM B3aHUMHO-
NEPIEHINKYJISIPHBIM HaIPaBIICHHSIM.

Kéctkas 3aaenka (3amemIIeHre) MpeIoiaracT HaIHIue B Hel TPEX MPOCTHIX
KMHEMaTHYeCKHX cBs3el (puc. 1.3, B), OTHUMAIONINX Y AUCKA HA TUIOCKOCTH TPU
CTETIEHU CBOOO/IBI, JIMIIAsl M0 BO3MOYKHOCTH KaK MOCTYMATEIbHBIX, TAK U YTIOBBIX
nepemeleHuid. [Ipu Takom 3aKkperuieHnH McKa BO3HUKAIOIIYIO OOPHYIO PEAKIUIO
packJiaJibIBalOT Ha TpH coctapistomue — V, H u M. Xapakrep BO3HUKHOBEHUS
onopHoro MoMmenTa M=V (0 nmrocTpupyercsi HapHUPHO-CTEPKHEBBIM
HKBUBAJIEHTOM 3atemieHus (puc. 1.3, r).

[Ipu 3TOM BeMYMHA OMOPHOTO MOMEHTa paBHa M=V (0.

MexaHn4ecKoe COCTOSSHUE He H3MECHHTCS, €CITM OCBOOOIUTH €€ OT CBS3EH, MIPUIIOKUB
K TOYKaM CUCTEMBbI CUJIbl, PABHBIE PEAKIIUSM CBSI3€i. DTy aKCUOMY HA3bIBAIOT
AKCUOMOM O CBs3siX. MaTepualibHbIE TEIa, OTPAHUYUBAIOIINAE NEPEMEILIEHUE JTAHHOTO
TeJla B MPOCTPAHCTBE, HA3bIBAIOT CBA3sIMU. CHIla, ¢ KOTOPOM CBS3b ACHCTBYET Ha TEJO,
MPEMSITCTBYSI €r0 MEPEMEIICHUSIM, HA3bIBAETCS CUIJION peakiuei CBsI3U, WU TPOCTO
peakiuen CBs3u.



f[eomMeTpUYECcKMn aHANN3 UBSMEHAEMOCTUN CTEPIKHEBBIX CUCTEM

Yucno creneHeil cBOOOIBI N COOPYKEHUS B LIEJIOM MOKET ObITh ompeneneHo mo Gpopmyse I1.J1.
YeOrnlimmena

n= 3] - 21 - CO. (1.1)

Kaxxnas mudpa u cumMBOI 3TOM (hOPMYIIBI HECYT CBOIO CMBICIIOBYIO Harpy3Kky: [l omnuceiBaeT
YHUCIIO KECTKUX TUCKOB pacCMaTPUBAEMOM CTEP)KHEBOM CUCTEMBI; 3 03HAYAET, YTO KAXKIbIA JTUCK
Ha IJIOCKOCTH 00J1aaeT TpeMs creneHs Mu cBo0obl; LIl onuceiBaeT 4nuciio npocThIX MapHUPOB;
2 CO 3HAKOM MUHYC O3HA4YaeT, YTO KaKJbIH MPOCTOM IIApHUP «OTHUMACT» Y KECTKOTO HUCKa HA
TJIOCKOCTH JIBE CTENIEHH CBOOO/IBI, T. €. IPEIOTBPAIAcT BO3MOXHOCTh TTOCTYATeITLHBIX
nepeMelIeH!i TMCcKa Mo JBYM B3aMHO-TIEPIEHAUKYIIIpHBIM HanpaBieHusM; CO onuchiBaeT
YHCJIO MPOCTHIX KHHEMAaTUYECKUX CBsI3ei; 1 M 3HaK MUHYC O3HAYaeT, YTO Kaxaast MpocTas
KHHEMAaTHYEeCKas CBSA3b «OTHUMAET» y JKECTKOTO JIMUCKA OJHY CTETICHb CBOOO/IBI, T.C.
MPEIOTBPAIIAET BO3MOXKHOCTh JIMHEWHOTO MEePEMEIICHUS TUCKA BIOIb CTEP KHSI MPOCTOM
KHHCMaTI/IIIQCKOfI CBJsI3H. HOMGCTI/IB Ha4YaJI0 CUCTEMBI KOOpI[I/IHaT B HGHTpe TAXKECCTHU KpaﬁHCFO
JIEBOTO MOMEPEYHOT0 ceueHus OaKu, U paccekas ee B mpejaenax ydactkal, paccMoTpum
paBHOBECHE JICBOH YacTH OaKu JTHHOU Z1

JI7sl KHHEMaTUYEeCKOT0 aHaIN3a TAaKMX CTEPIKHEBBIX CHCTEM, KaK (pepMBbl, yI00HO MOJTb30BAThCS
dopmyoin

n=2V -C¢ - Co, (1.2)

re Y OMMCHIBACT YMCIIO Y3JIOB (hepMBl, a 2 03HAYAET, UTO KK/BINA y3el (pepMbl Ha TUIOCKOCTH
obnanaer aAByms creneHsMu cBo0oabl; Ch u CO omuchIBarOT YMCIIO CTepKHEH (PepMBbl U YHCIIO
OTIOPHBIX MPOCTHIX KUHEMATUUYECKUX CBSI3€ COOTBETCTBEHHO; —1 Mepe/l HUMU 03HAYaeT, YTO
KaKIbIA CTEpKEHb HallaraeT Ha KOOPAUHATHI y3JI0B (DepMBbl YCIOBUE MOCTOSIHCTBA PACCTOSHUS
MEXIy y3namu Gepmbl. Ecim B pe3ynbrarte onpeaeneHus Yucia cTerneneil cBo00Ib! (CTeneHn
M3MEHSEMOCTH) CTEP>KHEBOM CHCTEMBI OKa3bIBaeTCs, 4To n>0, TO CCTeMa CUUTAETCS
M3MEHSEMOMH, TaK KaK OHa He 00J1a/laeT He0OXOAMMBIM MHHUMYMOM CBsi3el. Takas cucrema
SIBIIICTCS TCOMETPUUYSCKU U3MEHSIEMOM M HEe MOXKET OBITh MCITOJIb30BaHA B KAUeCTBE
COOpYKECHHUS.

Cuctema, 17151 KOTOpo n = 1, Ha3bIBAETCSI MEXAaHU3MOM U OHA TOXE HE MOXKET ObITh
UCIOJIb30BaHa B KauecTBe coopykeHus. Cirydal, korna n=0, o3HadaeT, 4To paccMaTpuBaeMas
cucreMa 00J1a1aeT He0OX0JUMBIM MUHUMYMOM CBSI3€H U NP ONPEACTEHHBIX YCIOBUAX MOXKET
OBITH MCIIONIL30BaHA B KauecTBe coopyxenus. [Ipu n < 0 paccmarpuBaemasi cucrema obiaiaet
YHCIIOM CBsi3el O0JiblIe HE00X0AUMOro MUHMMYMa. ECTeCTBEHHO, UTO Takasi CUCTEMA MOXKET
OBITH HCIIONIL30BaHA B KauecTBe coopyxenus. [locnennee ycnosue n <0 sBusieTcs
HE00XOMMBIM, HO HEJOCTATOYHBIM Il TOYHOH OLEHKH I€OMEeTPUYECKON U3MEHAEMOCTH
CTEP’KHEBOI CUCTEMBI, TOCKOJIbKY T€OMETPUYECKAsI U3MEHSAEMOCTb CTEPKHEBON CHCTEMBI
3aBUCUT HE TOJIBKO OT YMCIIA CBA3EH, HO U OT UX PACHOJIOKECHHUS.

J1J1s1 TIOJTHO# OIIEHKH M3MEHSIEMOCTH CTEPKHEBOI CHCTEMBI HEOOXOJMMO COOII0ATh
CJIEYIOLIE IPUHIUIBI 00pa30BaHUs T€OMETPHUUECKU HEU3MEHAEMBIX CUCTEM:

1) npucoearHEeHNE K KECTKOMY AUCKY CUCTEMBI ABYXCTEPKHEBOTO 3BE€HA (JIMabl) HE U3MEHSIET
CTEIEeHU CBOOOIbI CTEP)KHEBOU crucTeMsl (puc. 1.4, a);



2) nBa KECTKUX JAMCKA MOTYT OBITh COEMHEHBI KECTKO ¢ moMoInbio mapuupa C u crepxus AB,
OCh KOTOPOTO HE TTPOXOIUT Yepe3 IeHTp mapHupa (puc. 1.4, 0);

3) ABa )kECTKUX HUCKA MOTYT ObITh CO€IMHEHBI T€OMETPUUECKH HEU3MEHIEMO APYT C APYTOM
TpeMsl CTEPKHAMHU, OCH KOTOPBIX HE MepeceKkaroTcs B oJHOU Touke (puc. 1.4, B);

4) TpH KECTKUX NUCKA (WIIU CTEPKHS) MOYXKHO COEIMHUTH B TEOMETPUUYECKU HEU3MEHSIEMYIO
CHUCTEMY C IIOMOILBIO TPEX IIAPHUPOB, HE JEKAIIUX HA OJHOU MPSIMOA.

Frc. 1.4

Hecobmroienne yka3aHHBIX PUHITUIIOB 00pa30BaHUs T€OMETPUUISCKH HEM3MEHIEMBIX CUCTEM
MOXET MPUBECTU HE TOJBKO K MOSBIEHUIO IIPOCTO TEOMETPUUYECKU HEU3ZMEHSIEMON CUCTEMBIL, HO
Y K TaK Ha3bIBAEMOIl MTHOBEHHO U3MEHSIEMOM cucTeMe. PaccMOTpuM Bcerjia reoMeTpuIecKu
HEU3MEHSEMYIO IBYXCTepkHEBYIO cucTteMy ACB, HarpyxxeHnnyto B mapuupe C
cocpenoToueHHoM cuinoi F Tak, kak 3To nmoka3zaHo Ha puc. 1.5.

FPuc 1.5

Ha noctpoennom cunoBoM TpeyroibHuke ctopoHa JIE napamiensna crepaxaio AC u 1iHa €€ B
COOTBETCTBUU C MPUHATHIM MacIITabOM CUJI paBHa BelnuuHe npoaoibHoro yeunus NAC, a

mmHa BC coorBeTcTBeHHO paBHa BenuunHe NBC. IIpu yMeHbIIeHNH yIiia o, YTO BUJHO U3
CUJIOBOTO TpeyroyibHUKa, BennunuHbl yeunii NAC u NBC npu Hem3aMeHHOCTH 3HaueHUs cuiibl F
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OyayT yBeIMUMBAThCSA U B KAKOE-TO MTHOBEHHUE, KOT'/1a BCE TPH IIAPHUPA OKAXKYTCsl Ha OJJTHOM
NPSIMO¥, BEJTMYMHBI 3TUX YCUJIMIA CTAHYT PAaBHBIMU O€CKOHEYHOCTH M CTEP)KHU paspymiarcs. Bot
[IOYEeMY MTHOBEHHO U3MEHsEMbIE€ CUCTEMbl HE MOTYT ObITh HCIOJIb30BAHbI B KAUECTBE
CTPOUTEIIBHBIX KOHCTPYKIIAM.

MexaHnyeckoe COCTOSIHUE HE U3MEHUTCS, €CIM OCBOOOAUTD €€ OT CBA3EH, MPUIIOKUB K TOUKaM
CUCTEMBI CHJIbI, PABHBIE PEaKIUsAM CBSA3EH. DTy aKCMOMY Ha3bIBalOT aKCHOMOM O CBA3SIX.
MarepuanbpHble Tella, OTPAaHUUUBAIOLIUE IEPEMEIIEHNUE JaHHOTO TEJIa B IPOCTPAHCTBE,
Ha3bIBAIOT CBsI3siMU. CHila, ¢ KOTOPOM CBSI3b JACMCTBYET HA TEJO, MPEMIATCTBYS €r0
IIEPEMELICHUSAM, Ha3bIBACTCS CUJION PEAKLIMEN CBSA3H, WIM IPOCTO PEAKIMEN CBA3H.

Pacuet MHOTOMpPoOeTHbIX CTaTUHYECKU Ornpeae/IMMbIX banok

Pacuy€T MHOTONPONIETHRIX CTATUYECKU OTPEICTUMBIX OAIOK Ha JICHCTBHUE
CTaTUYECKOU HATPY3KH

Jl om r
Ag B (;;%W D E WEWG ngw

Fuc. 2.1

KonnuecTBo HEOOXOAUMBIX HIAPHUPOB MOXKHO OnpeneauTs no popmyie (1.1).
N3BecTHO, 4TO 1)1 )KECTKOTO MPUKPETUICHHSI 0aJKK K 3eMJIe HEOOXOAMMO MUHUMYM
TPH MPOCThIE KHHEMATHYECKHE CBSI3U. YMCIIO MPOCTHIX KNHEMAaTUYECKUX CBA3EH,
IPEBBIIIAIONINX 3TOT MUHUMYM, PAaBHO YHUCITY HIAPHUPOB, KOTOPHIE HA/I0 BBECTH B
HEpa3pe3Hyro OalIKy, YTOOBI MPEBPATUTH €€ B MHOTONPOJIETHYIO CTATUYECKU
onpenenumyto 6anky. [Ipu mocTaHOBKE 3THX MIAPHUPOB HEOOXOIUMO
NPUIEPKUBATHCS CIEAYIOUX MpaBuil: 1) ecau KpailHUi nposi€T Hepa3pe3HoH OaKu
UMEET IIAPHUPHOE OMUPAHKE, TO B HEM JIOJDKHO OBITh HE 00JI€€ OJJHOTO IIapHUpa; 2)
€CJTM KpaWHUU MPOJIET HEpa3pe3HOU Oaku 3aIeMyIEH, B HEM TOJDKHO OBITH He Oojiee
JBYX MIAPHUPOB; 3) €CIU B OJTHOM U3 MPOJIETOB HEPA3pe3HOW OaNKu CTOUT JBa
HIApPHUPA, TO JOJHKEH ObITh 0053aTeNbHO OJUH MPOJIET, B KOTOPOM HET HIAPHUPOB.

Pacuér MHOronpoaETHON CTATUYECKH ONPECTUMON OAJIKU Ha JEHCTBUE CTATUYECKOM
Harpy3Kku ya00HO BECTH C MCIIOJIb30BAHHEM TaK Ha3bIBAaeMOM ATaxHOU cxembl. [Ipu
MOCTPOEHHUH 3TAXKHOM CXEMbI 13 MHOTOIPOJIETHON OanKu BEIOUPAIOT OCHOBHYIO U
JOTIOJTHUTEIIbHBIE Oaku (puc. 2.2).

[Ipu 3TOM OCHOBHOM cuuTaeTcs Ta 6ayika, KOTopasi MPUKPEIUICHa K 3eMJIe TpeMsi
CBsI3IMH. B MHOTOMIPOIETHOM OaIKe MOKET OBITh OJ{HA MUJIM HECKOJIBKO OCHOBHBIX



OayioK. J{omOJIHUTENIbHBIMU CUMTAIOTCS T€ OANIKK, KOTOPBIE TPUKPEIIIEHBI YaCThIO
CBsI3el K OCHOBHOM Oalike, a 4acThlO — K 3eMJi€ JJM0O BCEMU CBSI3IMH MPUKPEIJICHBI K
OCHOBHOM Oasike. B cxeme, npecTaBlIeHHON Ha pUc. 2.2, OCHOBHBIMU SBJISIOTCS
oanku AB u GH, a 10moHUTEIBHBEIMHE — BCE OCTaJILHBIE.
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B3aumopeiicTBue 6aiok Mex Iy co00 nMpu NEUCTBUU HA HUX CTAaTUYECKOW HArpy3KH
WUTIOCTpUpyeTcst Ha puc. 2.3. CiieyeT OTMETUTD, UTO TOPU30HTANIbHAS MPOCTAs
KHUHEeMaTuueckas cBsi3b mapHupa E npunannexur 6anke GH, uro u orpaxkeHo Ha puc.
2.3.

N3 ananu3a puc. 2.3 04€BUAHO, YTO PACUET MHOTONPOJIETHBIX CTATHYECKU
OTpeNeTUMBIX 0aTOK HE0OXO0IMMO HAYMHATH C IOTIOJTHUTEIBHBIX, TaK KaK OMOPHBIC
peaKny Takux OAJIOK SIBJISIFOTCSI BHEITHEH HArpy3Kou it 0ajoK, Ha KOTOPbIE OHH
OIUPAIOTCH.

MexaHn4ecKoe COCTOSIHUE HE U3MEHUTCS, €CIIM OCBOOOIUTH €€ OT CBSI3EH, MPUIIOKUB
K TOYKaM CUCTEMBI CHJIbl, PaBHBIE PEAKIIMSIM CBSI3€i. DTy aKCHOMY Ha3bIBAIOT
AKCUOMOMH O CBsI3siX. MaTepualibHbIE TEJIa, OTPAHUYUBAIOIINAE EPEMEILIEHUE JAHHOTO
TeJla B IPOCTPAHCTBE, HA3BIBAIOT CB3sIMU. Cuia, ¢ KOTOPOM CBSI3b JEHUCTBYET HA TEIIO,
MIPEMSITCTBYSI €r0 MEePEMEICHUSIM, Ha3bIBAETCS CUJION peakIuel CBsI3HU, WU MPOCTO
peakiuen CBs3u.



PacyéT cTeprKHEBbIX KOHCTPYKLMM Ha AENCTBME MOABUKHOW HArpy3KM

K noaBwxHOW Harpy3Ke, OKa3bIBAIOLIEN BHEIIHEE CUJIOBOE BO3ACHCTBHE HA
COOPY’KEHHUS, OTHOCAT aBTOMOOUJIbHBIHN U JKEJI€3HOAOPOKHBII TPAHCIIOPT, MOCTOBBIE
KpaHbl U T.1.

Oco0eHHOCTBIO pacué€Ta COOpPYKEHHI Ha MOABIKHYIO HArpy3Ky SIBJSIETCS TO, YTO IS
OLICHKHU HANPsHKEHHO-1€(POPMUPOBAHHOTO COCTOSIHHS BO BCEX MOMEPEUYHBIX CEUCHHSIX
0 JUIMHE COOPY>XKEHUS He00X0 MO (PUKCUPOBATh OECKOHEYHO OOJIBIIOE YHCIO Pa3
MOJABM>KHYI0 HArpy3Ky, IpeBpaias e€ B CTaTUIECKY0. Takoi pacy€T, ECTECTBEHHO,
HepauuoHaieH. [loatomy npu pacuére coopyKeHUN Ha OJABUKHYIO Harpy3Ky He
CTPOSIT 3MIOPbl BHYTPEHHUX YCUIINN, ONMCHIBAIOIINX UX U3MEHEHUE 10 JIMHE
COOPYXKEHUSI.

Jns penieHus 3Toi 3a71a4u B CTPOUTENILHOM MEXaHUKE pa3padoTaH ammapar JUHUN
BIUsHUS. JIMHWEH BIUSHAS Ha3bIBACTCS TpaUK M3MEHEHHS KaKOTO-TH00 ImapaMeTpa
(MOMEHT, cuiia, HapsDKeHUE, IEpeMeEIIeHre 1 T.J.) B 3aBUCUMOCTH OT TMOJIOKEHUS
0e3pa3MepHoOi critbl TakuM o0Opa3oM, TUHUS BIUSHUSA (J1.B.) ONMMMCHIBACT U3MCHEHHUE
M3y4aeMoro napamMerpa B KaKOM-TO KOHKPETHOM ceueHUH. OU3NYECKU CMBICI
OpJIMHATHI J1.B. 3aKJIIOYAETCSA B TOM, YTO TaKas OpJAUHATA OMUCHIBAET BEIIMUYNHY TOTO
napamerpa J. B., I KOTOPOro OHa rnocrpoeHa (puc. 2.4).

JINHWM BANAHNA ONOPHbIX PeakLmi

N3BecTHO, 4TO 11000 pacy€T KOHCTPYKIIMU HAYMHAIOT C ONPEAENICHUS OOPHBIX
peakuuii. He sABisieTCs MCKIIFOYEHUEM U PACU€T, CBA3AHHBINA C IOCTPOCHUEM JINHUMN
BIISIHUSL.

PaccMoTpuM nocTpoeHue TMHUIN BIUSHUS ONOPHBIX PEAKIUU ISl IBYXOITOPHOM
6anku. [Tomectum Ha HEeE cuily , IBUKEHUE KOTOPOI Mo Oanke OyeM ONuChIBaTh
U3MEHEHHEM KOOPAMHATHI X (cM. puc. 2.4). [Ipu pukcupoBaHHOM MOJIOKEHUH CHUITBI
COCTaBUM YpaBHEHHE MOMEHTOB OTHOCHUTENIBHO IIapHUpa B, Kak u mpu 0ObIYHOM
pacyére:

£—x
£

SMB=RA { —F({ —x)=0=RA=F .(2.D)

N3 ananu3a BeipakeHus (2.1) o4eBUIHO, YTO OHO OMUCHIBAECT MPSAMYIO JIMHUIO. Toraa
u3 (2.1) npu x = 0 u ¢ yuérom HaiaéM, uyto RA = 1, a npu x=f RA = 0. Cocrasiss
AHAJIOTUYHOE YPaBHEHWE MOMEHTOB OTHOCUTEJIBHO apHUpa A, MOKHO MTOCTPOUTD
JIMHUIO BIIMSHUS ONOpHOU peakuuu RB. B crpouTtenbHON MEXaHUKe PUHATO
MOJIOXKUTENIbHBIE OPAMHATHI TMHUH BIUSIHUS OTKJIAbIBaTh BBEPX OT 0A30BOM JTMHUU.

OTH Ke JIMHUU BIUSHUS MOKHO TOCTPOUTH, BOOOIIIE HE OCYIIECTBIISSA
AHAJIMTUYECKUX BBIBOJIOB. SICHO, UTO B TOT MOMEHT BPEMEHH, KOT1a ITOJBUKHAsI CUJIA
OKaKeTcs HaJl onopoil A, OyneT BOCIIPUHUMATHCS TOJIBKO OMOPOoit A, onopHas



peakuus KoTopoi OyeT paBHa 1, Torja Kak onopHas peakuus Ha onope B B aToT ke

MOMEHT BpeMmeHH OyzeT paBHa 0. [Ipu 3TOM U3BECTHO, YTO €CITH MEXTY IBYMSI

apHUPAMHU HET HATPY3KH, TO JIFOOOE BHYTPEHHEE YCHIINE HA TAKOM yYaCTKE CTCPKHS

OyZeT U3MEHATHCS 110 3aKOHY IPSIMON TUHUU.

Ecnu paccmaTtpuBaTh 06anky ¢ AByMsi KOHCOJSIMU (puc. 2.5), TO ypaBHEHHUS JIJIs
peakuuu OyIyT TAKUMHU Ke, YTO U JIsl Oamku 6e3 KOHCOJIEH.

YuuTeIBas, 4TO 32aBUCUMOCTh MEXKY ONMOPHBIMU peakuusimMu RA u RB u
KOOPJMHATOM X sBIsieTCs (QyHKIMEH MepBoil cTeneHu (cM. Beipakenue (2.1), To,
IIPOIOJIKAS IPSIMBIE JIMHUU HA KOHCOJIH, NIOJIY4aloT JJUHUU BIMSIHUS ONIOPHBIX
peakuuii RA u RB. ®opma nuauii BiusHus RA u RB v 3HaueHust ux opauHar
MOKa3aHbl HA puUC. 2.5.

F=1
X
p f
A % B
?
A

Ry 7 Rp
¥y=Ry

1.0

@ JLE. B
=R
y==e 5 JLB.Rp
1.0
Puc 2.4
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= R
,f L. s, R, JLe. M,
@)/ \R
= - b/ SNE
JLE. Rp TLe. RA

Fuc 2.6

[TocTpouMm JIMHUM BAUSHUS ONMOPHBIX PEAKIIMH 3aIEeMIIEHHON Oaku, n300paKEHHON
Ha puc. 2.6. B 3amemieHnn BOZHUKAIOT ABE onopHbIe peakunu: MA u RA. 13
ycioBus paBHoBecus 2. MA = 0 moiaydaem MA +

+F-x =0 = MA = —x. Torga npu x = 0 MA = £ U3 ypaBHeHus npoeknuit 2.Y = —F
+RA=0=RA=1.

Ha puc. 2.6 moka3anbl ¢OpMbI ¥ 3HAYCHHUS OPAWHAT JIMHUHN BIUSHUS OTIOPHBIX
peakruit MA u RA 1151 KoHCOBHOM OaKw.

11



PacyeTt pacnopHbIX CUCTEM

PacniopHOi1 Ha3bIBaeTCs Takas CUCTEMA, B PE3YJIbTATE ACHCTBUSA HA KOTOPYIO

BEPTUKAJIBHBIX BHEIIHUX HATPY30K B HEM BOZHUKAIOT HAKIIOHHBIE OTIOPHBIE PEAKIIUH.

Ha puc. 3.1 noka3ansl 1Ba TUMNA PaCIIOPHBIX CUCTEM.

el
Fuc 3.1 6

IIpu pacuére pacniopHBIX CUCTEM HAKJIIOHHYIO OIIOPHYIO peakuuio R packiansiBaroT
Ha JIB€ COCTABJIAIOIINE: BEPTUKAIbHYIO V U ropu3oHTanbHyro H. ['opuzoHTanbHas
cocTasiaomas H onopHoy peakuyuu Ha3bIBaeTCs pacriopoM. Eciau ropuzoHTanbHas
cocrasisomas H HanpasiieHa BOBHYTpb KOHCTPYKIHAH, TO TAKYIO KOHCTPYKLHAIO

Ha3BIBAIOT apOYHOU cucTeMoi (puc. 3.1, a), eciu Hapy»Ky — BUCSYEH CUCTEMOH (pucC.

3.1, 6). B HacTosmem Kypce paccMaTpuBaeTCsl TOJIBKO apovyHas cuctema (apka).

[To cTemenn cTaTUYECKOM ONMPEACIUMOCTH PA3IMUIAIOT apKU: TPEXIIAPHUPHBIE (pHC.
3.2, a), aByxmmapHupHsie (puc. 3.2, 6) u Oectrapuupusie (puc. 3.2, B).

7]

Fric. 3.2

ApKU MOTYT OBITh KaK CIUIOIIHBIMHU, TaK U pelméryaTbiMu. OMoOpsl apKu MOTYT
pacronararbCs Kak B OJJHOM YPOBHE, TaK U B Pa3HbIX YPOBHSX.

KOHCTpYKTHBHBIE 371€EMEHTHI apKU MTOKa3aHbl Ha puc. 3.3: L npon€T apku; f — crpena

noabEMa apku; WapHUpel A ¥ B Ha3bIBatoTCs NATOBBIMU, a MapHUpP C — 3aMKOBBIM.
DJIEeMEHT apku Mexay mapHupamMu A u C Ha3bIBaeTCs JICBOM MOJTyapKOn, a MEXKITY
mapaupamu B u C — nmpaBoii osryapKomu.

12



ITo oTHOIIEHHIO CTPENIBI MOABEMA APKU K €€ JUIMHE PA3IMYarOT CICAYIOLIHUE TUIIbI

Sl f.1

apok: £ 5 —mombémucras apka; £ 5 — momoras apka.

Y

¥

1

Fuc. 33

Ocp apku MOKET OBITh OUepUYCHA pa3NTuYHbIMU KpuBbIMU. Hanbomnee yacto B
NPaKTHKE TPAHCTIOPTHOTO CTPOUTEIHCTBA UCIIONIb3YETCs Mapadosia, ONMHCcaHHas
BbIpakeHueM (3.1), u gyra oKpy>KHOCTH, OIUCAHHAs BbIpaxkeHueM (3.2).

-EIE
— napaboua. (3.1)

Tpuronomerpuyeckue GyHKIIMH, COOTBETCTBYIOIINE MTapadoiie, UMEIOT CIASIY IO
af 1
2 (e—2x) —_—
7 2
BUI: tE2P = £ ; COSQ = 1+1g ILI); sing = cosQ - tgo.

2
y =\/R2 —(E—x] —R+f
2 — nyra okpyxHocTu. (3.2)

Tpuronomerpuueckue GyHKINUU, COOTBETCTBYIOIINE JYTe OKPYKHOCTH, UMEIOT TaKOU

BUJL: 2 8f ; iR ; i . B mocnenuux
dbopmynax - paanyc OKpYy HOCTH.

13



PacyéT TpEXLAPHMPHOM apKM Ha NOABUMKHYHO Harpy3Ky

Pacuér Ha moABMXKHYIO HArPy3Ky NPEANOIAracT MOCTPOSCHNUE JIMHUM BIMSHUS BCEX
HCKOMBIX MapaMeTPOB, OMPEIEISIONINX HAMPKEHHO-e()OPMUPOBAHHOE COCTOSHUE
paccUUTHIBAEMOM KOHCTPYKILIHH.

Kak 00bI4HO, pacy€T HAUMHAIOT C MMOCTPOESHUS JIMHUM BIUSHUS OMTOPHBIX

peakuuil. JINHUYM BIUSHUS BEPTUKAIBHBIX VA 1 VB cOCTaBIsAIONIMX OMOPHBIX
peakiuii (puc. 3.6) CTpOSAT Tak ke, KaK CTPOST JMHUHW BIUSHUS OTIOPHBIX PEAKITUN B
JIBYXOIMOpHOM 06e3 KoHcoJieh 6anke. [Ipu a3ToM mponéT apku paccMaTpuBaeTCs Kak
poJIET OaIKU C TTMHOM MPOJIETA, pABHON PACCTOSHUIO MEXAY MSITOBBIMU
mapaupamMu A u B.

Jlunus BAUsSHUS TOpU30HTANBHOU (pacnopa H) cocTamsiomieii onopHol peakuuu
MOET OBITh MOCTPOEHA B COOTBETCTBUU C BhIpakeHUEM (3.4), COTJIacCHO KOTOPOMY

J.e”
TdeH =215Yc

.(3.8)

U3 (3.8) BUAHO, YTO JIMHUS BIMSHUS pacliopa UMEEeT B TOUHOCTU TaKOM ke BUJ, YTO U
JIMHUS BAUSHUS U3rudaroniero MoMeHTa Jiisi ceuenust C, IOCTpOCHHOM U3
paccMOTpeHus IPOJIETA apKHU KakK MPoJIETa IPOCTOM IBYXOIOPHOU Oanku (cM. puc.
3.5). B cooTBeTCTBUU C 3THM BCE OPAMHATHI JAHHOW JTMHHUH BIHUSHHUS MOJIEICHBI HA

MOCTOSIHHYIO 7 , PAaBHYIO CTpeJie MoAbEMA apKu.
a

JIuHus BIUSHUS I/ISFI/I6aIOH_ICFO MOMCHTA kg IMPOU3BOJILHOM CCUHCHUU K APKH,
HaxoaAmeMcesa Ha paCcCTOSAHUU X OT JIEBOM OIIOPBI, MOXET OBITH MOCTpOCHA UCXOAA U3

dbopmyel (3.5):

TeM; =/LeM, - /TeH y, (3.9)

14



A
?
11_?=1
e — _______________;;ii;’B
Vi VE,T
14 D JLE. V,
5 1 JLB. Vg

@ JLe. H

71T
f-?
Fuc 3.6
ol
B COOTBETCTBHUM C 3TUM BBIPAKCHHEM JI.B. ~  * TIpEACTaBJISIET COOOM

anreOpanyeckyro CyMMy JIBYX JIMHUW BIUSHUS — JIUHUU BIUSHUSA OaJIOUHOTO

MOMEHTA U JIMHUHU BJIMSAHUSA pactiopa H, opauHaThl KOTOpON yMHOXKAOT HA
fur)

nocTosiHHy0 BeianunHy yk. Ha puc. 3.7 nmoka3zaHo noctpoenue = * myTém
IF€OMETPUYECKOIO CIIOKECHUS YKAa3aHHBIX JIMHUN BIMSHHUSL.

[TocTpoenue TMHUM BIUSHUS TIOTIEpeUHON criibl Q ocHOBBIBaeTcs Ha popmyie (3.6) u
COOTBETCTBYET BBIPAKECHHUIO

7607 =760y -cos@, —JIeH -sing, 5
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71 73
?
COS Qg "7y

CO8 O -(7-X)
i?

?

COS Oy %Hﬁ%h_qm JLe.Q"; cos ¢y

\ COS @y "Xx
?

72 X8in Py
71

_axk

71 7o08in Qg
1

o8 Qg (?-X)  PorXosin @

2 71
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sin ¢y (2-%,)

8N @y *7;

=in @y

_ ]

_—_—__——_————_
sin Qg "X
?

?
_ 7
T JLe.Q" sin @,
e

P2 X £ COS Py
71
F%}\ JLE. H: cos
P79 COS @
. JLe.N%
sin @y =
Jh-—_ﬁ_
2N Qg 72 ?1° 79" CO® Oy
I -2t

18



0
Cornacho (3.10) n.8. Cr HpGHCTaBHHe@EO60ﬁ reOMETPUUECKYIO0 CYMMY JBYX JTUHUMN

BIUSIHUS — OQJIOYHOW JIMHUM BIMSIHUSL ~ , IOCTPOCHHOM JJI CEYeHUs K U3 Ff
paccMOTpeHHs IPOIETA APKHU KaK MPONeTa Oagidipyl THBAIBIISHIS pacnopa

YMHOKEHHBIX COOTBETCTBEHHO Ha 3HAYCHUS e , IMCIOIITUX MECTO B
ceueHuu K. Ha puc. 3.8 nokazaHo nmocTpoeHue Ji.B.

Nﬂ
[TocTpoeHue JIMHUK BIUSHUS MPOIOIBHOM CHIIBI =~ * , cormacHo dopmysie (3.7),

MOKHO OCYIICCTBHUTL 110 BBIPAKCHUTIO

J.eN; =-|/TeQ sing, +/1.eH-cosg,] (3.11)

Ha puc. 3.9 nokazano nocTpoeHue 3Toi JUHUU BIUSHUS. AHAIU3 BCEX TPEX JTUHUIN
BJIMSIHHS TIOKA3bIBAET, YTO HA KAXKJIOW U3 HUX €CTh TaKasi TOUKA, PU MOJIO0KEHUH HaJ
KOTOPOM MOJABMXKHOU cuiibl F=1 nckomoe ycuime paBHO HYJIIO. DTa TOUYKA
HA3bIBACTCS HYJICBOU U MOXKET OBITh HCIIOJIb30BaHa ISl TEOMETPUUECKOTO
MOCTPOCHHMS YKA3aHHBIX TMHUN BIHSHUS.

W3BecTHO, 4TO MPU PACHOJIOKEHNUH HArPY3KHU TOJIBKO HAJl OJHOM U3 JBYX IOJyapOK
(Hampumep, JIEBOI) BEKTOP HAKJIOHHOM OMOPHOM peakluu B APyTrou (Harmpumep,
npaBoi) OyJeT MpoXOoauTh Yepe3 MAToBbIA B 1 3aMKkoBbIi C 1IapHUPHI.

ol
[Ipy MOCTPOCHUY TUHHUH BIMSHUS U3TUOAIOIIETO MOMEHTA ~  *

(puc. 3.10) MeToroM HyJIeBOM TOUKH (ceueHue k pacnosioskeHo Ha JIEBOU MOJIyapKe)
BEKTOp onopHoil peakiuu RB npoBoasaT yepes mapuupsl B u C, a BEKTOp 0nopHOit

peakunn RA — gyepes nsaToBsiii mapuup A u cedenue k. VI3 paccmorpenus
ol

paBHOBECHS JICBOW OT CeYCHHMSI K 4acTH apKku OYEBHUIHO, UTO ~  * B cllydae
MIPOXOKICHUS BEKTOpa OMmopHOM peakiuu RA depe3 ceuenue k . Touka D
nepecedueHust BeKTopoB RA u RB sABnsieTcst ToM TOUKOM, MPHU MOJTOKEHUN HAT

7 MZ2=0
KOTOPOU MOJBH>KHOM CHJITBI =1 M3ru0arouii MOMEHT ~ & s
OTpeIeJICHUs] AHATMTUYECKUA TOYHBIX 3HAUCHUN OpJIMHAT JIMHUM BIIUSHUS

)
U3ruOaroIero MoMeHTa ~  * u3 nogoous tpeyroiibnukos DOB~CPB u DOA~KEA
HAXOJAT PACCTOSIHHE

S
Y. f

£y —+ —
o £ a2
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2
A
+ TLe. M,
Prc. 3.10

a
HOCTpO@HI/Ie JIMHUHU BJIUSHUSA Honepequﬁ CHJIbI Qk MCTOAOM HYJICBOfI TOYKH

=0

2
nokaszaHo Ha puc. 3.11. [[is Toro 4ToObI monepeyHas cuia B ce4eHuu k Qs ,
BEKTOP OMOPHO peakiuu RA 1omkeH NpoXoAUTh MapaJlieIbHO KacaTeIbHOM,
MIPOBEJICHHBIN K OUepPTaHUIO OCH apKu B Touke k. dopmMyrna 1715 onpeeneHus

X
pacCTOSHUS 2 , OMydYEHHAs 110 TOMY ke IPHHIUITY, 4TO M B IPEbLIyIIEM CIydae,
MMEET BUJT

xQ = L tg & /(teok+ tg ¥). (3.13)

B paccmoTpenHOM mpumepe tgo Z,

Paccrosinue xN (cM. puc. 3.11) MOXHO onpenenuTs 1o 1no ¢popmyie

N = £t & /(cteok — tg ). (3.14)

20



COS Oy

S JLe. Q%

Puc. 3.11

B ciyuae pacnonoxenus ceuenus k Ha npaBoii noiyapke ¢popmyisl (3.12), (3.13) u
(3.14) MOXHO UCIOJIB30BATH C YYETOM TOTO, YTO 3TU PACCTOSHUS HEOOXOIUMO
OTMEPATH OT IPABOW MATOBOU OMOPHI B.

)
PaccmoTpuM 1Ba 4acTHBIX Ciydasi IOCTPOEHUS J1.B. Ok , IOKa3aHHbIC HA puc. 3.13 u
3.14. Eciu ceuenne, Hanmpumep k1, pacmonokeHo Ha JIEBOH MOTyapKe OJIKe K

3aMKoBOMY mapHupy C, TO HampaBjeHUE BEKTOpa OMOPHON peaKkuu R, nepeceveT

HAMpPaBJICHUE ONIOPHOW pEaKIUU Ry B TOUKE (HYJICBOM TOYKE), paCIOJIOKEHHOMN Hal
npaBoii nmoyapkoi (cm. puc. 3.13). Ho Mexay nByms mapHupamu (B JaHHOM CIIy4ae
C u B) ycunue n0KHO U3MEHSTHCS 10 3aKOHY MpsiMoi TuHuu. Eciu cedyenue,
HarpuMep k2, pacrosio’keHO Ha JIEBOM MOoJyapKe TaKuM 00pa3oM, YTO HANpPaBICHUS

. R R
OIMOPHBIX pPeakiuii ~2u ~ P mepecekyrcs B mapaupe C, To mpasast mpsmasi (CM. puc.
3.14) Oyzaet coBnagath ¢ 6a30BOM JTMHUCH.
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JLe. N°,

Fuc 313

Puc. 3.14

JLe. Q7%
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MJOCKNE CTATUYECKW ONPEAE/TMMBIE BA/TOYHbBIE ®EPMbI

MoHATNE 0 pepme

PeasnpaBIC PepMBI SBISIOTCS MHOTOKPATHO CTATHYECKU HEOTIPEACTTMMBIMH
CHUCTEMaMHU, TaK KaK CTEPKHU B y3JIaX COCAMHEHBI MEXIYy c000ii skecTko. TouHbIN
pacueT Takux (epM TpeOyeT BBIMOTHEHHsI 00hEeMHBIX BbrancieHuid. OaHaKo, KaK
MOKa3bIBAIOT CPABHUTEIBHBIE PACUETHI, IIPU ACHCTBUH HA CTAIBHBIC (PEPMBI

y3JI0BOM HArpy3KH YCUJIUS B CTEPXKHSIX (PEpM C )KECTKUMH Y3JIaMH Majlo OTINYAIOTCS
OT YCHJINH B pepMe C IIapHUPHBIM COSTUHCHUEM CTEP)KHEH B y371aX. ITO TO3BOJISAET
OTIPENICIIATh YCUJTUS B CTEPXKHIX (PepM crIocOOOM BBIPE3aHHS Y3JI0B U

METOJIOM CEUYCHMH.

depmbl UMEIOT TaKOE ke Ha3HauUeHUE, KaK M OAJIKH CIIONIHOTO CEYEHUS, TOIBKO
JUI OOJIBIIKX MPOJIETOB, U PA3IMYAIOTCS 110 CIEAYIOIUM MpU3HaKkaM: 1) xapakrepy
OuepTaHMs BHEIIHETO KOHTYpa; 2) TUITYy PEeUIETKH; 3) TUITYy ONMOPHBIX CBS3EH (PepMbI;
4) Ha3HAYEHUIO; 5) YPOBHIO €3bl.

[To xapakTepy odepTaHusi BHEIIHETO KOHTYpa pa3audaroT (pepmbl ¢ mapajieTbHBIMU
nosicamu (puc.4.1) u ¢ MOJIUroHAJIBLHBIM OUYepTaHHEM OsICOB (puc. 4.3).
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[To Tumy pemreTku paznuyaroT GepMbl C TPEYTOJIbHON pemieTKoit (puc. 4.7), ¢
packocHoOM penieTkoi (puc. 4.4), ¢ moaypackocHOM pemreTkot (cm. puc. 4.1) u
MHoropeuieryatsie (puc. 4.2).

Frc. 4.4

[To Tumy onopHBIX cBsA3€H paznuyaioT GepMbl: Oanounble (puc. 4.3), apoyHbie (CM.
puc. 4.4) u koHCcOaBHBIE (CM. puc. 4.1).

[To KOHCTPYKTUBHOMY Ha3HAYEHUIO PA3INYalOT EepMbI CTPOMUIIbHBIC, KPAHOBHKIE,
MOCTOBBIE U JP.

MocToBsle (hepMBbl IO YPOBHIO €3/1bI AENATCS Ha (pepMBbl ¢ 37101 MOBEPXY, C €3/101
IIOHU3Y U C €3710M OCEPEAUHE.

JIVHUN BANSHUA YCUANI B CTEPXKHAX Gepm

[Tpu mocTpoeHnn TUHUHN BAUSHUS YCUIIUN B CTEPXKHSIX (hepM paccMaTpUBaIOT JIBa
nonoxenust equananoit cuist £ =1 ciesa n CIIpaBa OT PACCEYEHHOW ITaHENH

esnoBoro monorha. Cuma £ =1 mosxer IepeMeaThCs N0 TaK Ha3bIBAEMOMY
€3/10BOMY MOJIOTHY, OTMEYEHHOMY Ha PUCYHKAX JaHHOTO pa3jesia MyHKTUPHON
nuHuel. Kak nmpaBuiio, €310BbIM TIOJOTHOM OBIBaeT MO0 BEpXHUI MosC, 1100
HIDKHUM.

Tak kak ¢epma ABISETCS KOHCTPYKIIMEH C y370BOM mepeaadeii Harpy3Ku, JIMHUA
BJIUSIHUSL YCWIINN B CTEPXKHSIX OylyT UMETh BUJ JIOMAaHOW JIMHUU C BEPILIMHAMU 0]
y3namu. Ecnu aiid onpeneneHus yCuius UCIoJIb3yeTcsl Croco0 BbIPE3aHus y3J10B, TO
paccMaTpHUBaETCsl CTAaTHUECKOE paBHOBECHUE y3I1a, Harpumep y3na S (puc. 4.5), ans
JIBYX TIOJIOKEHUW €TUHUYHON O€3pa3MEepHON CHIIBI : B y3JIe U BHE y3J1a (PEPMBI.

B cnydae onpenenenus yCHINM METOAOM CEUYEHUM JIMHUS BIUSHUSA COCTOUT U3 TPEX
OTPE3KOB MPSIMBIX: JIEBOU MPSIMOM, ITPABOU NPSIMOU U COEAUHUTEIIBHON IPSAMOM.
JleBas npsimasi COOTBETCTBYET MOJIOKEHUIO
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CJIEBA OT PACCEKAEMOM MMaHENH, a MpaBas IpsMas CpaBa OT pacCeKaeMOoM MaHen
€3710Boro nojotHa. [lepexogHas npsiMasi COEIMHSAET OpAMHATHI M0 y3JIaMU
paccexkaeMol aHeNH €370BOro MOJIOTHA.

PaccMoTpuM mocTpoeHre TUHUHN BIMSHUS YCUITUN B BEPTUKATBHBIX dJIEMEHTaX IS
dbepmbl Ha puc. 4.6.

J71st TOro 4To0BI MOCTPOUTH JTMHUIO BIUSHUS ycuiusa V5-6, mpu e€3/i€ OHU3Y
HE0OXO0IMMO BbIpE3aTh Y3€Il 5 U pacCCMOTPETh €r0 PaBHOBECHE I IBYX MOJIOKEHUIN
IIOJABUKHOM CHUJIBI :

1) cuna HaxoaMTCS B JTIOO0OM y3J1€, KpoMme y3ia S (JeBee y3iia 3 win npasee y3ia 7)

(cM. puc 4.5,a). TornaYY = Ve 0= Ve = 0.
2) cuia HaXOJAMUTCA HEMOCPEACTBEHHO B Y3JI€ 5, 4TO COOTBETCTBYET €3/1€ MMOHU3Y (CM.
puc 4.5,0). Torga XY = F~ Vss_ 0= Vs 1.
Vs
Yiaen s
UE-S Us4 Ug'j
a

Jlvaus BmustHus yeunus V5-6 1s e3/1p1 TOHU3Y NpUBea¢Ha Ha puc. 4.6,0.
[Ipu e3ne moBepxy cuiia HE MOXKET JIEMCTBOBATH Ha y3el S5 (cM. puc 4.5,a), MOATOMY
Vis _g

JIunua BnusiHus yeunus V5-6 U1s e3/1b1 TOBEPXY MPUBEACHA Ha puC. 4.6,B.

JlJ1s TOCTpOoeHus TMHUY BIUSHUS ycuus V3-4 npu e3ze moHUu3y Heo0X0uMOo
MBICJIEHHO pacceub (hepMy HAKJIOHHBIM ceueHHEeM B naHensax 1 — 3 u 4— 6 (cm. puc
4.5,a) 1 pacCMOTPETh PaBHOBECHUE JIEBOM OTCEUEHHOMN YaCTH (IIPU 3TOM IOJIBUKHYIO
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Harpy3Ky cHayaja OCTaBJIsIEM B IPABOM OTOPOIIEHHON YacTH (hepMbl).

€ v

>Y=RA- 32=0= 33 =RA — npasas npsmas.

Takum 00pa3zoM, nosiydeHa npasas npsiMasi, KOTopas ClipaBeyiuBa 10 TeX Iop,
MOoKa €JJMHUYHAs CUJIa HAaXOJIUTCS TipaBee y3ia 3 (e3aa nonusy). Touka Purrepa
(MOMEHTHas TOYKa) JIEKUT B OECKOHEUHOCTH, TIOTOMY YTO BEKTOPHI IBYX JAPYTUX
HEU3BECTHBIX ycuiaul, nonasmux B ceueHue (U1-3 u O4-6), napamienbHbl U
nepeceKkarTcs B 06CKOHEUHOCTH. B cBsi3U ¢ 3TUM JieBas npsAMast 10JKHA TPOUTH
Yyepe3 HOJIb Ha JIEBOM omope U ObITh MapajuiesibHa MpaBoil mpsMoi. JleBas mpsmast
CIIpaBEIJIMBA JI0 TEX MOP, OKA MOABUKHAS CHJIA PACIIOIAraeTcs JeBee y3iia

1. IlepexonHas mpsiMasi COEIMHIET OPANHATHI JIMHUU BIVSAHUS 0] y3J1amMu 1 u 3

pacceu€HHOM nma”enu | — 3 e310BOro nojaoTHa.
Jlunus BnusiHug yewnust V3-4 1iist €316l IOHW3Y NIPUBEAEHA HA
puc. 4.6, 1.

[lepexoanas mpsMasi Mpu €3/1¢ TOBEPXY COSTUHSAET OPAMHATHI TUHUH BIIMSTHUS TI0]T
y3iamu 4 u 6 pacceuéHHoi nanenu 4 —6 €370BOro MoOJIOTHA.

Jlunus Bnusinus yewnust V3-4 1uist €311 NOHU3Y NPUBEICHA HA
puc. 4.6, 1.

[TocTpoenue IMHUI BIUSHUS YCUIUN B 3JIEMEHTaX MOSICOB (pepMbl pACCMOTPUM Ha
npumepe hepMbl, TpeAcTaBICHHON Ha puc. 4.7.

Jnst onpenenenus ycunusa U3-5 HUKHETO mosica He00X0uMO pacceds (hepmy B
naHessix 3 — 5 u 4 — 6 ¥ paccMOTpETh paBHOBECHE JIEBOM OTceueHHOM yacTtu (puc. 4.7,
a) (IIp¥ 3TOM HOJIBIKHYIO CUJIY , KaK M B IIPEJbIAYIIEM Cllydae, OCTaBJIsIEM B IPaBoOi
otOpomieHHo# yactu pepmbl). CocTaBUM ypaBHEHHE MOMEHTOB OTHOCHUTEIHHO
MOMEHTHOU TOYKH 4:

154
>Mues4= RA-1,5- U3-5-h=0= U3-5= 7 RA — npasas upsmas.

[TonyueHHas npaBas npsiMasi CopaBeJIMBa 10 TEX MOP, MOKa MOABUKHAS
CHJIa HAXOJUTCH IIpaBee y3ia 5.
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(‘B Je Vg
Espa monnay
Ve g=0

ﬁ Ie Vg
Espa mopepxy

2 4 Oas
{
Wi
! CegeHHe
Tis
Ka 1 Ilpagan

IpAMAadA

‘_\_\_\_\_\_\_\_‘_‘—‘——\_
/ (—B JIe Vs
—~——__[ Ezpa monmay
Ilepexonuan T i Jeean
IpAMad " MpAMat

Heean Ilepexonuan T
npAMad IpAMaT

Fuc 4.6

Je Vi
Esma noeepxy

27



JIns1 mocTpoeHus 1EBOW NPSIMOM TIPH MOJI0KEHUU TTOJABUKHOU CUIIBI F=1 IpaBee
CEUYEHHUs CHOBA COCTABUM YPAaBHEHHE MOMEHTOB OTHOCHTEIIBHO MOMEHTHOM TOUKH 4,
paccmaTtpuBas paBHOBeCHE MpaBoil oTrced€HHoM yactu (puc 4.7, B):

154
2Mmp4=-RB-2d+U3-5-h=0= U3-5= A RB. - nesas npsimas.

AHaIOrn4yHO CTpOUTCS JUHUS BausHUsA ycuins O4-6 BepxHero nosica. MoMeHTHOM
TOYKOM ISl TAaHHOTO CTEPIKHS SIBJISIETCS Y3€l 5.

Yceunue B packoce D2-5 mist dhepMbl, pencTaBieHHON Ha puc. 4.8,

MOKHO OIPEEINTh, TAK)KE MBICJIEHHO paccekasi ceueHrueM (epMy depes3 maHenu
2 —-4u3 - 5. MOMEHTHOU TOYKOM JJIsl JAHHOTO CTEPKHS SABIISIETCS TOUYKa K. M3
ypaBHEHHSI MOMEHTOB OTHOCUTEIBHO 3TOM TOUYKH OMPEACIIUM MOJI0KEHUE MTPAaBON
NpSAMOM JIUHUU BiausiHUsS D2-5.

2>Mk =D2-5 - 12-5 — RA -¢c = 0 = D2-5 = RA-c / r2-5 — mpaBas npsiMasl.

[TonoxxeHue JIeBOM MPAMON JIMHUU BIAUSHUS D2-5 MOKHO HATH U3 TOTO, YTO JieBas
U TIpaBasi MpsSMbIe JOJKHBI 00s13aTEIHHO MEePECeKaThCs MOJ MOMEHTHON TOUKoi. B
JTAHHOM CJIy4dae — 3TO TOYKa K , UTO IT0Ka3aHo Ha puc. 4.8. Cripoerupyem 3Ty TOUKY
Ha IPaBYIO NPAMYIO — TOUKy 0. CoeIMHUM €€ C TOUKOM, Haxoas1encst Ha 6a30BOi
JIMHUY MO/ JIEBOU omopoii (Touka 1 ) paccmarpuBaemoit epmbl. Takum 00pazom
MOJIYYEHO TOJIOKEHNE JIEBOW NMpsAMON TuHUK BiustHUA D2-5 . [lepexoanas nmpsmast
COCAMHSET OPJIMHATHI JIEBOW MPSAMOM JTUHUU BiusiHUSA D2-5 nox y3namu 3 u 5
paccekaeMol nmaHenu 3 — 5 €370BOro MoJIoTHA.
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CeYEHHE g

O e @Q\ e Das

Ilepexoguan
Tepag [ OpAMad
IpAMaT

Puc 4.8

3arpysKeHne AMHUIN BANAHUA YCUAUIA B CTEPKHAX hepm

3arpy:KeHue JUHUN BIUSIHUS YCWIMKN B CTEPXKHAX ()epM B MPUHLIMIIE HUYEM HE
OTJIMYAETCS OT 3arpy>KEHUN JINHUM BIUSHUS APYTUX YCUIIMWA U OCYILIECTBIIAETCS B

n
Sz’ - Z E Vi

COOTBETCTBUU C BHIPAKEHUEM 1=l . OIHaKO U151 HEKOTOPBIX CTEPIKHEN

JIMHUH BIMSIHUSL YCUITHI Oy IyT HMETh Pa3IndHbIi BHJ] B 3aBUCHMOCTH OT

PAaCIONIOKEHHS €3I0BOTO MOJIOTHA IS €3/1bI IOBEPXY M €376l MOHU3Y (CM. pHC.

4.6). B cBsI3M C 9TUM BEJIMUMHA YCHIIHA B CTEPIKHE OYIyT 3aBUCETH OT TOTO, K y3JIaM

KaKoOro 1mosca, BEPXHCIro I HUKHCTO, IIPUJIOKCHA HAarpy3Ka U II€ pacCIiOJIOKCHO

€3J0BO€C IIOJIOTHO.

Hampumep, 4T00bI BBIYUCIUTD yCuiIKe B cTepaxHe V3-4 nns cunbl FB, neiicTByromieit
Ha y3ena 4, Heo0X0auMo €€ BEeIMYMHY YMHOXKHUTh Ha OPJIMHATY YB JIWHUU BIUSHUS,
COOTBETCTBYIOIIEH 1151 €3I MOBEpXY (CM. puc. 4.6, €). [{ns onpeaesaeHust yCuiaus ot
FH, npu10)keHHON B y3Ji€ 3 HUKHETO M0sica, BEITUYrMHA V3-4 onpenenseTcs myTémM
yMHO€HUs FH Ha yH JIMHUU BIUSHUS, COOTBETCTBYIOIIEH JIJIs €3/1bl IOHU3Y (CM. pUC.
4.6, n).
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OnpeaeneHne nepemeLleHmnin.

NHTerpan Mopa

PaCCMOTpHM TCIICPb ABA COCTOAHUSA CUCTCMBI, IIOKaA3aHHBIC HA PUC. 5.12.B IICPBOM
N3 HUX HAa CUCTEMY ):[GI\/JICTByeT HpOHBBOHLHBIfI KOMILIEKC BHCITHHUX HAIrpy30K, BO

F =1

BTOPOM — TOJIBKO €JUHUYHBIN CUIOBOM (hakTOp — cuiia

Cocrosaue m Cocrosaue k

Fl 2.!”@\{[ ﬂﬁu | zlf:g:l ?
B i e N G,

Fuc 512

CocTaBuM BbIpaK€HHE BO3MOXKHOM pabOThI, COBEpIIaeMOil 3aJaHHBIM KOMILJIEKCOM
BHEIIHUX U BHYTPEHHUX CHJI COCTOSIHUS K Ha mepeMenieHusIX COCTOSIHUS m.
CornacHo MPUHIIKITY BO3MOXKHBIX MIEPEMEIICHUH, TOKHO YIOBICTBOPATHCS
PaBEHCTBO

Wi + B B =05 53

[Tpu 3TOM BO3MOXHasi paboTa BHYTPEHHUX CUJI COCTOSIHUSA K Ha nepe-MemeHusx
COCTOSIHUS M

. (5.29)

BosmorkHast paboTa BHEITHUX CHJI COCTOSTHUS k Ha MepeMeIIeHus X COCTOSHUS m
OyzaeT paBHa

Fﬁ: Ay, =1 ‘ﬁ‘km_ (5.25)

[Toncrasmnsst B Beipakenue (5.23) Beipakenwns (5.24) u (5.25), nocne
apupMeTHUYECKUX MPeoOpa30BaHUN MMOITYUUM

Myds | 1o Ol
B~ GA

z: ZIM

E
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YepTa Haj 0003HAYCHUSMH YCHIINN 03HAYAET, YTO STH YCUIIHS HAalWJCHBI OT ACHCTBUS
eIMHUYHOTO CHIIOBOTO (pakTopa. Takum oOpazoMm, mepeMenieHus oT Jito00i Harpy3Ku
MOJKHO BBIPA3UTh Yepe3 BHYTPCHHUE YCUIIHSI, BOSHUKAOIINE B ATON CHCTEME OT
JIeiCTBUS Ha He€ 3aJJaHHOM BHEIIHEH HArpy3KU U OT IEHCTBUS Ha He€ eMUHIUYHOTO
cuioBoro Qaxropa. [Ipu 3ToM HampaBiIeHne eMTUHIYHOTO CHIIOBOTO (pakTopa
COBIIAJAET C HANPABJICHUEM HCKOMOTO TIepEMETICHHSI.

Ecnu onpenensiercs nuHeiHoe nepeMenienue (puc. 5.13), To B eAMHUYHOM
(IONOJTHUTENBHOM) COCTOSIHUM K CUCTEME, B TOM TOUKE, [IEpEMEIIEHIE KOTOPOU

onpenensercs, npuknaasBaercs cuna £ =1, Ecim onpenensercs yrnosoe
nepemenenue (puc. 5.14), To K TOMy CEYEHHUIO, YToJl IOBOPOTA KOTOPOTO

OIpENICIISICTCS, IPUKIIAABIBAIOT COCPEAOTOUYCHHBIA MOMEHT M=1.

l13=1 M=1
s Y R A

Ecnu onpenensitor B3auMHoOe IMHEHHOE cMenieHue (puc. 5.15) AByX TOYEK CHCTEMBI,
TO B €IMHUYHOM COCTOSIHUU K 3TUM TOUYKAM I10 JIMHUH UCKOMOI'O CMEIIEHUs
MPUKJIABIBAIOT €AMHUYHBIE COCPEIOTOUYEHHBIE CUJIbI, BEKTOP KOTOPHIX HAIPaBJIEH B
pa3HbIE CTOPOHBI.

M=1 M=l

Y e

Fuc 515 Fuc 516
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Ecnm onpenenstoT B3aMMHOE YIJI0BOE IIEPEMELIEHUE JBYX CEUEHUH, TO B €IMHUYHOM
COCTOSIHUU K 3TUM JIByM CeueHUsM (puc. 5.16) mpuKIIagpIBalOT COCPEIOTOUYCHHBIC
€AMHUYHbIE MOMEHTBI, BEKTOP KOTOPBIX HAIIPABJIEH B CTOPOHY BO3MOKHOIO
B3aMMHOI'0 YIJIOBOT'O MEPEMEIICHUS.

B o6miem Buze Gpopmyma aiist onpeaeneHus MepeMeneHnil TIPUHUMACT BUT
BhIpakeHus (5.26), Ha3pIBaeMOro UHTErpasioMm Mopa.

MopAaaoK onpeaeneHns nepemeLLeHun:

— HaXOJT aHAJIUTUYECKHUE BBIPAKECHUS LIS OIIPEACIICHUS BHYTPEHHUX YCUIMM IIPH
JIEUCTBUU HA CUCTEMY 3aJIaHHON BHEIITHEN HArpy3KH (IEHCTBUTEIBHOE COCTOSIHHIE
CUCTEMBI — COCTOSIHUE M);

— I10 HAITPaBJIEHUIO UCKOMOTI'O IEPEMEIICHUS ITPUKIIAIBIBAIOT COOTBETCTBYOIIHMA
HMCKOMOMY IEPEMEIIICHHUIO SIMHUYHBIN CUII0BOM (aKTOp, OT IEUCTBUS KOTOPOTO
HAXOJST aHAIUTUYECKOE BHIPAKEHNE BHYTPEHHETO CHIIOBOTO (haKTopa (€IUMHUIHOE
COCTOSIHUE CUCTEMBI — cocTosiHME k);

— INOJIYYCHHBIC aHAJITUTUYICCKHEC BBIPAXKCHNA BHYTPCHHUX CHUJIOBBIX (I)aKTOpOB
MMOACTAaBJIAIOT IMOJA 3HAKW MHTCTPAJIOB U OCYHICCTBIIAIOT HHTCIPUPOBAHUC,
PE3YJIBTATOM KOTOPOTO ABJIACTCA OIIPCACICHNC BCIIMYUHBI HCKOMOTI'O IICPCMCIICHUA.

[Tpu 3TOM CiielyeT OTMETUTh, UTO €CJIM 3HAK HAlJACHHOIO MepEMEICHUS] OKaXKeTCsI
OTPHUIATENBHBIM, TO 3TO O3HAYAET, YTO ACHUCTBUTEIHHOE HAMIPABICHHE HCKOMOTO
MEePEMEIICHUS HAMIPABIECHO B MPOTHUBOMOIOKHYIO CTOPOHY JIEUCTBHS €IMHUYHOTO
CHJIOBOTO (hakTOpa.

Mpasuno . BepeuwarmHa

Ha npakTuke 4acTo BCTpEYaroTcs CiIy4yau, KOrja Ha OTACNbHBIX YYaCTKaX CTEPKHU
UMEIOT OIMHAKOBBIE (PU3NYECKNE U TEOMETPUUECKUE apaMeTphl, a O/IHA U3
HOJIBIHTETpaIbHBIX QYHKUMN NU3MEHsETCs JIMHEWHO. Toraa npu yuére ToJbKo,
HaIpUMep, U3rHOAIOIEro MOMEHTa COOTBETCTBYIOIIEE cllaraeMoe UHTerpaia Mopa
NPUHUMAET CIEAYIOMHUMA BUI:

A B (5.27)

[MonsiHTerpanbHble GYHKIMH MPEACTABISAIOT COO0U (DYHKITHH, IO KOTOPBIM CTPOST
COOTBETCTBYIOIIHE 3MIOPHI (puc. 5.17).

[IpuHuMas B =1y Iepexoisd K MHTErPUPOBAHUIO 110 KOOPAUHATE X, ITOIYYUM
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L (5.28)

R Se—

Ha puc. 5.16 smopa =~ * npezcTaBiasieT co00ii S0Py, IIOCTPOSHHYIO OT TOrO MM

M
MHOTO CHJIOBOTO (haKTOpa, paBHOTO €UHUIIE (€IMHUYHAS JMI0pa), a smopa ~ ™
MPEACTAaBISET COOOM AMIOPY, MOCTPOCHHYIO OT ACHUCTBUS 3aJaHHOMN BHEIIHEH
Harpy3ku. Takyro 3Mopy Ha3bIBAKOT IPY30BOM SMOPOM.

U3 puc. 5.17 oueBHIHO, YTO M, = (“x + a)

3HaK uHTerpania (5.28), noayuum

tgow. [loicTaBUB 3TO BRIpaXKE€HUE O]

b
A zf(x+a)-tgiz-Mm -cixztgaff(x-l—cz)-ci

¢ = Q. (5.29)
B Beipaxkennu (5.27) dQ2 =M, -dx — nmuddepeHIan mIomaIy P M,
[(x+a)e2
A u M
; — CTaTUYECKUI MOMEHT IUIOIIAIU AIIOphl ™ (momaau Q)

r
OTHOCHTCIIbHO OCH 0-0 . OTOT CTAaTHYCCKHUIT MOMEHT MOKHO 3aIMCaTh

S =(x, +a) M,
KakK Q), rae (xc + a) — pacCTOSIHUE OT LIEHTPA TSHKECTH SMIOPBI 10

r
ocu @~ T Takum o0Opa3om, BeipaxeHue (5.29) MOKHO nepenucarhb

b
Ay = [ M, - M, - dx=(x, +a) 2

TaK: tgo.

. X, +a)
[TpousBeneHue B MpaBoOi 4acTH —( ¢ ) tgo = yc.

Q'
| I _
: Hﬂ_ﬂd-fi'é: m DI M,

Q¥ o b
a X
#
b [
~ amn My
C | dK b
| x
Puc o 17

34



B Bripaxxenuu (5.27) Q= M, - — nuddepennman miomaau mopbl M,,

[(x+a)
; L () — cTaTU4YeCKU MOMEHT ILJIOIIAAH AIIOPbI M, (1o Q
; p anu Q)

r
OTHOCHUTCIIbHO OCH 0-0 . DTOT CTaTHYCCKUIT MOMEHT MOJKHO 3aIiCcaTh

Sy =5, +a)

Kak Q, rae (xc + a) — paccTosHUE OT LIEHTPA TAKECTH

f
SIIOPHI M, 10 OCH O-0 . Takum o6pa3zom, BeipakeHue (5.29) MOKHO
b
A, =M, - M, -dx=(x, +a)
IepenucaTh TakK: ¢

. x,+al
Qtgo. [IponsseneHne B npaBoil 4acTH —( ¢ ) tga = yc. Ha ocHOBaHuun
U3JI0KEHHOTO

A, =M, M, -di=

m

Ry Se—

Q-yc. (5.30)

OKOHYATEIbHO MOKHO 3aIIUCaTh CJIcayromee paBCHCTBO:

Q-y, OnM, 5nM,

EJ EJ (5.31)

Ay, =—|M, M, -ds

m

TakuMm oOpa3om, JoKa3aHa BO3MOKHOCTh HHTETPUPOBAHUS METOA0M IIEPEMHOKCHUS
smtop. [lepeMHOXKUTH JBE AMIOPHI — HAWTH TJIOMIA/Ib OJHOM U3 HUX U YMHOXXHUTh Ha
OpJAMHATY, CHATYIO Ha IPYTOM U HaXOASIIYIOCS MO IEHTPOM TSKECTH MEPBOM. 3HAK
MIPOU3BEICHUS CUMTACTCS MOJOKUTEIBHBIM, €CIIM 00€ EPEMHOKAEMbIE ITIOPHI
HaxXOoATCS 1O OJIHY CTOPOHY cTepkHs. ClieyeT MOMHUTD, UTO €CJIM EPEMHOKAOTCS
JIBE MPSMOJUHEUHBIC SITIOPHI, TO HE UMEET 3HAUYCHMS, HAa KaKOW U3 HUX OpaTh
IUJIOIA/Ib, @ HA KAKOW — OpAMHAaTy. Eciin 01HA U3 IEPEMHOKAEMBIX JIIOP SBJISETCS
KPUBOJMHEWHOM, TO HEOOXOAUMO OpaTh IIIONIaAh UMEHHO KPUBOJIUHEHHOM IMIOPHI.
[TepeMHOXaTh 3MIOPHI MOKHO TOJBKO HA TEX y4aCTKax, HA KOTOPHIX 00€ SIIOPHI
SIBIISIFOTCS HEJIOMAHBIMH M AKECTKOCTHBIC XAPAKTEPUCTUKH ITONIEPEUYHBIX CEUEHHUMN
SIBJISIFOTCSI TIOCTOSTHHBIMH. B MMPOTHUBHOM CJTydae MepeMHOKECHHE S0P HE0OXO0 MO
OCYIIECTBIIATH 10 yuacTkaM. Torma Beipaxenue (5.31) mpumeT Bus

1, — M, -5nM
A =S—[M,  -M_ -ds= i m

(5.32)
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CyMMupoBaHH€ MO BBIPAKEHUIO (5.32) T0JKHO OCYIIECTBIISITHCS IO BCEM Y4acTKaM,
0 JUTMHE KOTOPBIX UMEET MECTO HEMPEPBHIBHOCTH MOIBIHTErPAIBHBIX

M, M

u m,

byHKIUH

Puc. 5.18

B kauectBe npumepa (puc. 5.18) mokaxem NepeMHOKEHUE ABYX TPATICIIHMA.

+m2-y5)=i lﬁf Ec +laf la’ +lbf lf: +lbf Ea’ =
EJ\{2 \3 2 \3 2 \3 2 \3
14
= ——(2iac + bd)+ad + be
7 ac b} ad -+ be)

[TomyueHHOE BBIpa)Ke€HNE HOCUT Ha3BaHUE (POPMYIIBI TPATICIIHH.

Omnpeznenenue nepeMenIeHUd OT ACHCTBHS TEMIIEPaTyPbl

I/IHTerpan Mopa, KaK OTMCHAJIOCh B MPCAbIAYIICM ITOAPAa3aCIIC, MOXKET OBITH
npeacCTaBJICH B CICAYIOIIEM BUAC!

‘ﬁkm :Z.Ilﬂk "'ﬁgrr +Z.|.FTFII: "J‘l.s +Z.|.£_2n -ﬂy
E E 5 . (5.33)
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M, ds
A, =0

ar
B Boipaxkenuu (5.33) BJ  _ pzanmusit yTOJ1 MIOBOPOTA TOPLEBBIX CEUCHUN
(puc. 5.19) snemenra, nMero1Iero 0ECKOHEYHO MATyI0 JJIMHY dS CTEpXKHS OT
N -ds
ﬂ _ m
" EA
3aJJaHHOW BHEIIHEH Harpy3Ku; — B3aMMHOE CMEIICHHE TOPIEBBIX

O s
"ﬁ}f =7 ——

cedyeHui ds; GA  _ psaumnoe cmemenne TOPLIEBBIX CEUEHUM BJIOJIb OCH,
NEPIEHIUKYJIIPHON OcH 3yieMeHTa. B TakoM Buzie nHTerpan Mopa MoxeT ObITh
MCIIOJIb30BaH JIJIsl ONIPEEICHUS] IEPEMEILLIEHUI HE TOJIBKO OT JEHCTBUS CUJI, HO U OT
TEMIIEpaTypHl.

[TycTh BepxHee BOJIOKHO dseMeHTa ds Harpeto Ha tl, a HuxHee — Ha t2. [1pu sTom tl
> t2 . Pacnipenenenue TeMIeparypsl 0 BBICOTE CEYEHUS MPUHATO 0
npsiMoJinHeHOMY 3aKkoHy. [Ipu TemnepatypHoM ko3 HHUIIEHTE TUHEHHOTO
pacHIMpeHus o BEpXHEe BOJIOKHO YUTMHUTCS Ha atlds , a HikHee — Ha at2ds. Ha
YPOBHE HEUTPATBHON OCH 3TO yAJIMHEHHUE, YTO OYEBUIHO U3 puUC. 5.19, cocTaBuT
MOJIyCYMMY yJIMHEHUN BEPXHETO M HIDKHETO BOJIOKOH 3JieMeHTa ds.

M sF
2 . (5.34)

Bripaxxenue (5.34) COOTBETCTBYET TOMY COCTOSTHHUIO AJIeMeHTa ds, Tpu KOTOPOM OH
0 BCEHl BBICOTE CE€UEeHUS h OTydn paBHOMEpHOE U3MEHEHHEe TeMiepaTypsl. OT
HEPaBHOMEPHOI'0 HarpeBa TOPLEBbIE CEYEHMSI AJIeMEHTa ds MOBOPAaYMBAIOTCS HA yroJl

Ay =By :Mdg
h . (5.35)

A, =0
Jedbopmanus cipura B aeMeHTe ds He BO3HUKACT, T.€. ¢

[oxacrasnss (5.34) u (5.35) B (5.33), nonyuum unTerpain Mopa st onpeeneHus
TEeMIIEpaTypPHBIX IEPEMEILICHUN.

Ay=Ta T2 (3, asr e TR g
nos 2 . (5.36)
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2 ds T .

| ds

Fuc 519

HNurerpan Mopa (5.34) 3HaunuTenpHO YNPOIIAETCs TOT/1a, KOTJIa UHTETPUPOBaHUE
BEETCS IS MPSIMOJIMHEWHBIX WM JIOMAHbIX CTEPKHEHN, UMEIOIINX I10 JJIMHE
MOCTOSIHHOE TIOTIEpeYHOe ceueHue. B aToM ciiyuyae uHTerpaisl MOTyT ObITh
ONpPENEIICHB], KAK IUIOMAINA €AUNHUYHBIX JITIOP.

to—t t o+t
A=l 20+ a0

A 2 , (5.37)
rae QM u QN — IUIOIIAAY €AUHUYHBIX JITHOP M u N .

[Ipu monepeyHOM CEUECHUU AJIEMEHTA, HECUMMETPUYHOM OTHOCUTEIHLHO HEUTPAITBHOU

ocH, B hopmyinax (5.34) u (5.35) Bo BTOPOM clraraeMOM MHOKHUTEITb, CBI3aHHBIN C

TEMIICPATypPOH, TPUHUMAET BU]I ty + [ — )y IJIc Y — PACCTOSIHME OT HUYKHETO
b b
BOJIOKHA /IO TOPU3OHTAIBHOM OCH, MPOXOIAIIEH Yepe3 HEeHTpP TsKecTH. [Ipu sToM

HEO0OXO0MMO TTIOMHUTH CIICTYIOIIEe MPABIIIO 3HAKOB: ecliv AedopManun daeMenTa ds

OT TCMIICPATYPELI U OT CHHHHQHOﬁ CHUJIbI OJHOT'O 3HAaKa, TO COOTBECTCTBYIOIIIHC

ciaraemsbie B opmynax (5.34) u (5.35) OyayT MOJIOKUTEILHBIMU, 1 COOTBETCTBEHHO

Ha00OpOT.
Onpenenenue NepeMeIeHnd 0T 0CAIKHA OTIOP

[Ipu nepemernieHUsAx OMoOp J000H CTATUUECKH OMPEISTUMON KOHCTPYKIIUU B €€
ONOPHBIX 3aKPEIUIEHUSIX OIIOPHBIE PEAKIIUU HE BO3HUKAIOT.
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[Tycts onopa B pamsl, npencraBieHHoM Ha puc. 5.20, mogy4yuia ocaaky Ha BEIUYHUHY
A. ITpu onpeneneHnn TMHEHHOIO NEPEMEILEHUS TPOU3BOJIBHOM TOUKH, HAIIPUMED K, B
€AMHUYHOM COCTOSIHMH K 3TOM TOUYKE B HAIIPABICHUH UCKOMOTO IIEPEMEILICHUS

NPUKIIAEIBAIOT cocpepoToueHnyo cuty £ =1, Ot nelicTBus 3T0# cHTBI ONpenensIoT
OTIOPHBIC PEAKIIUU.

Ha ocHoBaHuu IIPHUHOUIIA BO3SMOXKHBIX HepeMemeHHﬁ MOJXHO COCTaBHUTh CJICAYIOIIYIO
AHAJIMTHUYCCKYIO 3aBUCHUMOCTD!:

FkﬂM—Rbﬁll:D,

JlericTBUTENBHOE COCTOSIHUE ENMHUYHOE COCTOSIHUE

H
7
e

ey Ry

Fuc. 520

B cooTBeTcTBUU ¢ TpeThuUM ypaBHEHHEM B (5.37) MOXKHO 3amucaTh 0011y GopMyTy
JUI OTIpeieNieHUs IepeMEIIeHUH OT i-i ocaiku onop:

Bea= 284 (5 39

[IpousBenenue B (5.37) cunTaeTcs MOJOKUTEILHBIM, €CJIM OTIOPHAS PEaKITUS
HaIpaBJICHA B MPOTUBOMOJIOKHYIO CTOPOHY OT OCaJIKH OTOpP.
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PACYET CTATUYECKM HEOMPEAENMMbIX CUCTEM METOAOM CWK/I

[MOHATME O CTAaTUYECKOMN HeonpeaeanmoCcTHn

CraTtryecku HEONpeAeIMMbIMU Ha3bIBAIOTCSA TAKUE CTEPKHEBBIE CUCTEMBbI, JUIS
OILICHKH HaMPsHKEHHO-Ie(POPMUPOBAHHOTO COCTOSTHUS KOTOPBIX HEJOCTATOYHO TPEX
ypaBHEHMI cTaTUKU. J{7151 TOr0 4TOOBI OCYIIECTBUTH OLICHKY HANPSKEHHO-
ne(hOpMHUPOBAHHOTO COCTOSIHUS TAKUX CUCTEM, HEOOXOJUMO COCTABUTh
JOTIOJIHUTEIIbHBIE YPABHEHMUS.

[To ciocoOy cocTaBieHHs TAKMX YpPaBHEHUH (UTO HA3bIBACTCS PACKPBITHEM
CTaTHYECKOW HEOMPEIETUMOCTH) B CTPOUTEIHFHON MEXaHUKe pa3pabOoTaHO HECKOIBKO
MeTo10B. OHUM U3 MEPBBIX TAKUX METOJIOB OBLI pa3paboTaH METO| CHIL

CraTtuuecku HCOMMPECACITIUMBIC CUCTCMBI UMCIOT TaK HA3bIBACMBIC <«JIMIITHUEY CBA3H.
«JInrHuMM) MOT'YT OBITH KaK BHCIIHHUEC, TaAK 1 BHYTPCHHHUC CBA3U. HOBTOMY
Pas3InvdarOT KaKk BHCIIHIOO, TaAK H BHYTPCHHIOIO CTATHYCCKYIO HCOMMPCACIINMMOCTD.

Yucno IMITHAX CBA3€M OMPENENSeT CTENEHb CTATUYECKON HEONPEICIIMMOCTH
CUCTEMEI;

n=3K-1I, (6.1)

rae K — konm4ecTBo 3aMKHYTBIX KOHTYPOB cucTeMbl; 111 — unciio oJTHOKpaTHBIX
IapHUPOB.

3aMKHYTBIM CUMTAETCS TAKOM KOHTYP, KOTOPBIM MOJHOCTHEO OTPAHUYEH CTEPKHAMU
pambl Wiu cTepkHaMu u 3emiéid. [{udpa 3 o3HayaeT, 4To 3aMKHYTHIN KOHTYP
SABJISICTCS] TPUKIBI CTATUYECKHA HEOTIPEAECTUMON CUCTEMOU.

Bripaxxenue (6.1) siBnsieTcss 4acTHBIM city4daeM BbIpakenus (1.1) u npegHazHadeHo
JUISL OIIPENIENIEHUSI CTATUYECKOM HEONPENEeTMMOCTH IITOCKUX paM. Eciu mocne
ONpEeNIeNICHNs] CTENIEHU CTaTUYECKON HeonpeneauMocTy n < 0, 3To 03Ha4YaeT, 4YTo
paccMaTpuBaeMas CTep)KHEBasl CHCTeMa He 00J1a1aeT He0OX0AUMMbIM MUHIUMYMOM
CBS3EH M MOATOMY HE MOKET OBITh UCIIOJIb30BAaHA B KAUECTBE COOpYyKeHus. B cimydae
n = 0 cucrema o0naaeT HEOOXOAMMBIM MUHUMYMOM CBSI3€H, ABIISIETCS CTATUYECKU
ONpPENENUMON U IPU MPABUIILHOM PACIIONIOKEHUU ITUX CBS3EH, HE 1Oy CKAIOLIUX
10001 TEOMETPUUYECKON N3MEHSIEMOCTH CUCTEMBI, MOXKET OBITh UCTIOJb30BaHA B
KauecTBe coopyxkeHus. B ciryyae n > 0 paccMatpuBaemas CTepKHEBasi CUCTEMA
00Ja1aeT «IMILIHUMUY» CBA3SIMU U TIO3TOMY SBJISIETCS CTATUYECKU HEONPEIETUMON U
MOJKET OBITh UCIIOJIb30BAaHA B KAUECTBE COOPYKEHHU. Tak, JUisl paMbl, IOKa3aHHOU Ha
puc 6.1, K=2; 11 = 4.

[loacTaBnsig 3Tu JaHHbBIE B BeIpaxkeHue (6.1), moimyyum

n=3-2-4=2(62)

40



JajjaHHas CHCTeMa {JCHORHAA
CHCTERA MCTOOA

Puc. 6.1

N3 Beipaxkenus (6.2) oueBUIHO, YTO paMa, u300paxEnHas Ha puc. 6.1, sBisercs
JIBXKbl CTATUYECKN HEONPENECIUMON CUCTEMOM.

CraTtuuecku HCOMMPECACITUMBIC CUCTCMBI O6J'Ia):[aIOT CIcayromumMn CBOMCTBaAMMU:

1. B ctaTnyecku HEONpeaETUMbIX CUCTEMAX, IO CPABHEHUIO CO CTATUYECKH OIpeIe-
JMMBIMH, IPY OAHOM M TOM K€ HATPY3KE 3HAUYCHUS BHYTPEHHUX YCHIIAM MOJIYYAOTCS
MEHBIIIUMH.

2. Ctatuuecku HCOIIPCACITIUMBIC CUCTCMBI ABJIAIOTCA 0osee KECTKUMU 110 CpaBHCHUIO
CO CTATUYCCKU OIIPCACIIUMBbIMHU.

3. Pa3pylieHue «JIMIITHUX» CBSI3€M B CTATUYECKU HEONPEAEITMMBIX CUCTEMAX HE BEIET
K pa3pyLIEHUIO BCEN CUCTEMBI.

4. B cTaTU4YeCKH HEOMPEACIMMBIX CUCTEMaX TEMIIEpaTypHbIE BO3ICHCTBUS U OCaJIKa
OITOP BBI3BIBAIOT IOSIBJIICHUE JIOMOJHUTEIbHBIX YCUINN B OTJIMYNAE OT CTATUYECKU
ONPEAETUMBIX CUCTEM.

OCHOBHas cMcTema meToaa Cui

JIr060i1 crioco0 pacKphITUS CTATUYECKON HEONPEAEIUMOCTH IPEIINOIaraeT BbIOOP
JUISl 3aJTAaHHOM CHUCTEMBbI OCHOBHOW CHCTEMBI. B MeTO/ie CHJI OCHOBHYIO CUCTEMY
BBIOMPAIOT U3 3aJaHHOM, YCTPAHSS «IHIIHUE)» CBA3H. 3a «JIUITHUE» MOTYT OBITh
MPUHSATHI KaK BHEIIHHUE, TAK U BHYTPEHHUE CBSI3H. BHENIHUE CBSA3H SIBISIOTCS
ONOPHBIMHU CBSI3IMH, & BHYTPEHHUMH SIBIISIIOTCS CBSI3U, IPENATCTBYIOIINE B3aUMHOMY
NEPEMEILIECHUIO IBYX CMEXHBIX CEUEHUN MTPU MBICIEHHOM PAaCCEYEHUU CTEPHKHS WU
yAQJICHUHU U3 HETO IIapHUpA.

Jlst 1r060# cTaTUYEeCKHU HEOTIPEETUMON CUCTEMBI CYIIECTBYET HECKOJIBKO
BAPUAHTOB OCHOBHOW CHUCTEMBI.
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PanyioHanbHONM OCHOBHOW CHCTEMOM SIBISIETCS TaKas, U1l KOTOPOU IpHU €€ pelieHun
Han0OoJee MPOCTO COCTABISAIOTCS YPABHEHUS CTATUKU.

OcHOBHasI cUCTEMa METO/Ia CUJT JOJIKHA OBITh JKEJIaTeIbHO CTATUUECKHU ONPEeIeTUMON
¥ TEOMETPHUYECKH HEU3MEHsIeMou. J{J1s Toro 4ToObl OCHOBHAS CHCTEMa OCTaBajach
ADKBHUBAJICHTHA 33JaHHOM, BMECTO YCTPAHEHHBIX «JIAIIHUX» CBSA3EU BBOASAT
HeusBecTHbIe yeuinus X. Ha puc. 6.2 mpuBeeHbl ABa BApUaHTa OCHOBHOU CHCTEMBI. B
KadeCTBE «JIMITHUX» CBS3eH BHIOpaHbI BHEITHHE.

33,.[[31—]]—1&5{ CHCTEeMa {JCcHORHAA CHCTEMA {CICHOEHAT CHCTEMA
MeTOOa CHIT MEeTOOd CHIT
I 1|
EﬂpHHHT BﬂpHHHT
X1

Haubonee npocteiM npeactanisiercs [l BapuaHT OCHOBHOM CHUCTEMBI.

Ha puc. 6.3 st 3a1aHHON CUCTEMBI IPUBE/IEHA OCHOBHAS CUCTEMA, TJE 32 <«JIUITHUE
BBIOpaHbI BHYTPEHHUE CBS3H, MOJTYUYEHHBIC MTyTEM MBICIIEHHOTO YCTPAHEHUS
BHYTPEHHETO IIapHUPA.

OcHOBHas1 cucTeMa, MpUHATAsH I pacyéTa U Harpy KEHHAasi BHELIHEN Harpy3Kou u
yCIHSIMH X, IPUIIOKEHHBIMU BMECTO YCTPAHEHHBIX CBSI3€H, Oy/1€T SKBUBAJICHTHA
3a/laHHOM B Clly4ae, €Cclii IEPEMEILEHUS B 3TUX CUCTEMAaX PaBHbI MEKy COOOM.

Ecnu npu pacuére yaansioTcsi BHEIIHNE CBSA3U, TO YCIOBUEM SKBUBAJICHTHOCTU OyeT
PaBEHCTBO HYJIIO NIEPEMELIECHUM 110 HAIIPABJICHUIO YCTPaHEHHBIX CBsA3er. Ecin 3a
«JTUIIHKUE) CBSI3U NPUHITHI BHYTPEHHHE, TO YCIOBHUEM SKBUBAJIEHTHOCTH Oy€T
PABEHCTBO HYJIIO B3aUMHBIX NIEPEMEIIECHUN CMEXKHBIX TONIEPEYHBIX CEYEHUN B MECTE
pa3pesa CUCTEMBL.

JIJ14 3a1aHHBIX CUCTEM, UMEIOIIMX N JIMIIHUX CBSA3EH, YCIOBHAE YKBUBAICHTHOCTH
UMEET BUJ
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4=0. ,4=0. 4=0 3

. . .
rac A1 — MNEPEMCIICHUS 110 HAITPABJIICHUIO YIAJICHHBIX CBsI3CH.

Hcrnonb3yst MpUHIKIT HE3aBUCUMOCTH JIEUCTBUS CUll, ycioBue (6.3) 3amuiiieM B BUIE

A dn Ay cAL A AT (6.4

re A _ TIepEeMEIICHHUE TI0 HAMTPABJICHUIO ! - yIaIEHHOM CBSI3H, BRI3BAHHOM

neicTBrUeM k-1 HEeM3BECTHOM CUJTBI, Gp_ NIepeMEIleHrE IO HAMpaB-JICHUIO 1- i
YIAAIEHHOU CBA3U OT JCUCTBUS HAIPY3KH.

Xl K1
) — —
o H %
3agaHHas (JCHOBHAaA
CHCTEMA CHCTeMa
MeToJa CHII

Puc. 6.3

KaHOHMYecKne ypaBHeHMA MeToaa CUn

JIro6oe nepemernieHmne, BbI3BAHHOE KaKON-IMO0 CUIIOH, JIJIsl IMHEWHO Ae(pOMHUPYEMBIX
CHCTEM MOYKHO BBIPA3UTh B BUJE IIPOU3BEICHUS ITON CUJIBI HA IIEPEMEILEHUE OT
JNEUCTBUS CIUHUYHOU CUJIBI:

d:'j.: = Xk"-g:'k (6.5)

A 8, :
rme — UCKOMO@ yCUIIHE; F — mepeMelieHre o HalpaBIeHUIo ! - i CBSI3U

. o X
OCHOBHOHU CUCTEMBI OT ACUCTBUA CUJIIbI k=1,

JIns cTaTH4ecKu HEeOoNIpeIeIMMOM CUCTEMBI C N «JIUIIHUMI CBA3SIMU CUCTEMA
YPaBHEHUN UMEET BUJ]
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KO+t X Oy et Xy Oy + A =0 (6.6)

CucreMma (6.6) Ha3pIBaETCS CUCTEMOM KAHOHMYECKUX YpaBHEHHUM MeToa cuil. B cBs3u
C TEM, YTO 3aJjaHHAasl PACCUUTHIBAEMAs CTATUYECKU HEOIPEAETUMAasi KOHCTPYKIIUS MO
JIECTBUEM BHEIIHMX U BHYTPEHHHUX CHJI HAXOJIUTCS B PABHOBECHH, KAXKI0€
YpaBHEHHE CUCTEMbI ypaBHEHUH (6.6) OTpULIaeT HAIMYUE TIEPEMEILIEHUI 110
HaIPaBJICHUIO YCTPAHEHHBIX CBS3EH.

KOC—)(I)(l)PIHI/IeHTBI C OJMHAKOBBIMH MHACKCAMHU HA3bLIBAIOTCS I''TaBHBIMU U MOT'YT OBITH
TOJIBKO ITOJIOKUTCIbHBIMU.

KoaddutineHTs! ¢ pa3HBIMA HHICKCAMH HA3bIBAFOTCS MTOOOYHBIMU, OHH MOTYT OBITh
KaK MOJIOKUTEIbHBIMU, TaK U OTpULIaTeNIbHBIMU. [[000uHBIE KO3 DUITMEHTHI

. o y
00J1a1aI0T CBOMICTBOM B3aMMHOCTH, T.€. ¥ m

Koaddunuents Air HA3bIBAIOTCS TPY30BBIMU U MPEACTABIISIIOT COOO0H MepeMeleHus
B OCHOBHOM CHCTEME B HaIIpaBJICHHUH i-i YCTPaHEHHOM CBSA3M OT 3a/IaHHOI BHEIIHEH
Harpy3KH.

OnpeaenerHne KOIPPMUMEHTOB KAHOHMYECKUX YPABHEHMI

Brruncnenne ko3 PuimeHToB Npy HEU3BECTHBIX CUCTEMbI KAHOHUYECKUX YPABHEHUM
METOJa CUJI U €€ TPY30BbIX YICHOB, IPEACTABIIAIOIINX €IUHUYHbIE U IPY30BbIE
nepeMeIEHHUs, MPOBOJUTCS C MOMOIIBIO U3BECTHBIX METOOB ONPEIETCHUS
NepeMEIEHUN, U3JI0’)KEHHBIX B MPEABIIYIIEM pa3/iee.

OOBIYHO TP paCcUETE CUCTEM C MPSAMOJIMHEHHBIMU JIEMEHTAMH MPUMEHSIETCS
npasuiio [1.Bepemaruna, B COOTBETCTBUH ¢ KOTOPBIM OCYIIECTBIISIETCS
nepeMHoxeHue 3mop. [lpu 3ToM, ecnu paccmMaTpuBalOTCs Tak Ha3bIBaeMble U3THOHBIC
KOHCTPYKIIMH (OaKu, paMbl U apKH), TO OINpeieNieHue IepeMeIleHuid BeIETCS ¢
y4€TOM TOJIBKO M3TMOAIONIUX MOMEHTOB M, Tak Kak nmepeMenieHus, yYuThIBatoIIe
3HAYCHUSA MPOIOJIBHBIX N U MonepedHbIx Q CHil, OKa3bIBAIOTCS HECOMOCTABUMO
MaJIbIMU MO CPABHEHHIO C TEMH, KOTOPhIE UMEIOT MECTO OT ACHCTBUS M3rHOAIOIIETO
MOMEHTa M, 1 UMM peHEeOperaroT.

Jlns onpeneneHrst e TMHNYHBIX KOA()PUITMEHTOB HCTIONB3YIOT (OPMYITY
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oM, - oM -y
=3 Y e B

BT BT ,(6.7)
.M, .
e — BITOpa M3rUOAIOIUX MOMEHTOB, ITOCTPOCHHAS B OCHOBHOM CHCTEME OT
o o X = o ..
JIEUCTBUS HEU3BECTHOM CHJIBI ~ ¢ , IPUJIOKEHHOHN B TOYKE YCTPaHEHUS 1-U

. M
«JIMIIHEN CBS3M; DI.~ * — 3MI0pa U3THOAIOIIUX MOMEHTOB, TOCTPOCHHAS B
OCHOBHOH cUCTE€ME OT JAeHCTBHS HEM3BeCTHOM criibl Xk=1, NpuIokeHHOU B TOUKe

o o 33
ycTpaHeHUs K-# «JIUITHeW» CBSI3M; ! — IUIOMIAb MIOPHI U3THOAOIINX

M ¥y M,
MOMEHTOB ; — KOOpAMHATa Ha JII0pe , PacCIIOJI0KEHHAs! IO LEHTPOM

M,
TSDKECTH DITIOPBI .

CB0oOOIHBIE YJIEHBI CUCTEMbl KAHOHUYECKUX YpaBHEHUH (6.6) MeToaa cui
OTIPENIETISIOT IO (hopMyIie

SH.M; - OnM, -5 Wg -V,

Ag =
w2 BEJ BJ (6.8

0
o G

Wi — BII0pa U3rUOAIOITMX MOMEHTOB (TPy30Basi 3MI0pa), IOCTPOSCHHAS B

o o iy
OCHOBHOM CUCTEME OT ACUCTBHA 3aJaHHBIX BHCIIHUX HArpy30K; F— mIomanb
N My, M,
T'Py30BOH SIIOPbI ;¥ — OopAuHaTa Ha 3MI0pe , PaCIIOJOXKCHHAasA 1o HCHTPOM
1]
TSKECTH TPY30BOM DIIOPHI ~ & .

J71st mpoBEpKU NPAaBUIIBHOCTHU ONPEENIeHHS KO3(PPUIUEHTOB IPU HEU3BECTHBIX

piti
CTPOSAT B COOTBETCTBHU C BhIpaxkeHHeM (6.9) CyMMapHyO €IMHUYHYIO S0Py ~ ~ .

. i=1 .(6.9)

& o
[TpaBriIbHOCTD OmpeesieHuss KO3PPUIMEHTOB ~ % (e MIMHUYHBIX TIEPEMEIICHHI) TIPU
HEN3BECTHBIX B CUCTEME KAHOHUYECKUX YPABHEHUI METOAA CHJI B COOTBETCTBUH C
YHUBEPCATILHON MPOBEPKON OCYIIECTBIsIeTCS BhipakeHueMm (6.10), coracHo

. . M
KOTOPOMY KBaJIpaT CyMMApHO# eIMHUYHON SMIOPBI ' ©  paBeH CyMME BCEX
KO3 PHUIIMEHTOB PU HEU3BECTHBIX:

mMLI o»
Rech S o2
Bl et (6.10)
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B cnyuae HeynoBneTBopeHus paBeHCTBA (6.10) OCYIIECTBIISAIOT COTTIACHO BBIPAXKEHUIO
(6.11) mocTpoUHYIO MPOBEPKY, KOT/Ia MTPOU3BEACHUE CYMMAapHOH € IMHUIHOM

pitig
SIIOPHL ~ #  Ha JII00YI0 €AMHUYHYIO JIIIOPY T0JDKHO IaTh CYMMY €JMHHYHBIX
IIEPEMELICHAN TOT0 YPaBHEHUS, HA €AMHUYHYIO 3II0PY KOTOPOU OCYILECTBIIAIOCH
IIEPEMHOKEHUE:

Eﬂ.ﬂs 'Eﬂ.ﬂk _ iﬁ
77 = ik

(6.11)

[TpaBuiIbHOCTH ONpeieIeHUSI CBOOOJHBIX YWJIEHOB CUCTEMbl KAHOHMUYECKUX YPaBHEHUI

METO/1a CUJI OCYIIECTBIIAETCA B COOTBETCTBUU C BhIpaxkeHueM (6.12). B coorBeTcTBUM
Mg MY

¢ (6.12) cymmapHyI0 €IMHUYHYIO 3MIOPY YMHOKAIOT Ha TPY30BYIO 3IIOPY

. Pe3ynpTaT 3TOr0 yMHOKEHUS JOJIKEH OBITH PaBEH CyMMe CBOOOHBIX YJICHOB

CHUCTEMbI KAHOHHNYECKHUX ypaBHeHHﬁI

ondMg-OnMy
=S A
£J . (6.12)

[Tocne KOHTPOJIS MPABUIIBHOCTH OINPEEIEHUS TAPAMETPOB CUCTEMBI KAHOHUYECKUX
YPaBHEHUU KX TOJICTABISIOT B 3Ty CUCTEMY. B pe3ynbprare pemeHus nojy4eHHOM
CUCTEMBI TMHEHHBIX aNre0paniecKnX ypaBHEHUN HAXOMSIT 3HAUCHUS «JTUIITHIX)

P
HEHU3BCCTHBIX ',

[MocTpoeHme antop BHYTPEHHUX YCUANM B 3a4aHHON CMCTEME

OcHOBHas1 cucTEMA, B KOTOPOM ONPEIETIECHBI 3HAYEHHS BCEX <JIMIIHUX» HEU3BECTHBIX,
IpeCTaBIsAeT COO0M CTATUUECKH OINPEACIUMYIO CUCTEMY C IEUCTBYIOLIMMHU Ha HEE

. . . X
3aIaHHOM BHEITHEH HArpy3KOM W yCUIMSAMHA ~ . J[7s MOCTPOEHHMS 3MI0P BHYTPEHHUX
yeunui M, N, Q cOCTaBISIFOTCS aHATUTUYECKUE BBIPAXKEHUS STUX BHYTPEHHUX
YCUJIUH JJISl XapaKTEPHBIX YYaCTKOB PACCUUTHIBAEMON KOHCTPYKIIUU.

Kpome Toro, 11st TOCTpOEHHUSI 3MIOP BHYTPEHHUX YCHIIMM MOKET OBITh UCIIOIb30BaH
TaK)Ke MPUEM, OCHOBAHHBIM Ha NIPUHIIUAINE HE3aBUCUMOCTH JiercTBUs cuil. Ha ocHoO-
BAHMUM HTOT0 IIPUHIMIIA IS 3aJaHHOM N Pa3 CTATUYECKU HEOIPEAECTUMON CUCTEMBI
YCUJIUSI OTIPENIEIISIIOTCS. B COOTBETCTBUHU C BBIPAKEHUEM

M=Mp+ T M, - X, (6.13)

[To nonyyeHubiM opauHaram (6.13) ctposT snropy M B 3a1aHHOM cucTeME.
JlocTaTOYHBIM yCIOBUEM MPABUIIBHOCTH IIOCTPOEHUS SIIOPBI M sABIISIETCS
npoBejieHue aedopMalMoOHHON TTpoBepku. [7ist mpoBeaeHus neopmMaiimioHHON
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IIPOBEPKH U3 33JJaHHOM pPaCCUUTHIBAEMON CUCTEMBI BBIOMPAIOT JIFOOYI0 OCHOBHYIO
y M, y
CUCTEMY METOJa CHJI, B KOTOPOI CTPOST JIFOOYIO 3II0OPY MOMEHTOB ~ ! OT AeMCTBUS

. X =1
HEU3BECTHOU CUJIIBI = ! .

On.M - OnM (mem.cun)

0

CobmtoneHue ycioBus BJ CBUJIETEIBCTBYET O
IIPAaBUJIBHOCTHU NOCTpOEHU d1Iopsl M. Ilonepeunsie cuiibl B 3a1aHHON CUCTEME
OTPEENSIIOTCS 10 U3BECTHOM U3 Teopuu n3rnda nuddepeHnraibHON 3aBUCUMOCTH

dM M opae — M
Qx =" = g= QE + behaleld nea

0
rae & — yron mexay smopoit M u ockio cTepxHS pamsr; Cr _ 0al0uHOE 3HAYEHUE
HONEPEYHON CUJIBL.

[IpoonbHbIE CHITBI N g 3aJJaHHOM CUCTEME OMPEACISAIOT IyTEM BBIPE3aHUS Y3JI0B

Ha 3II0pe QI . CoCTaBySIOT YpaBHEHHSI PABHOBECHS JJIsl 3TUX Y3JI0B, IPOCLUPYS
CHJIBI HA OCH CTEPKHEH, U3 KOTOPHIX U HAXOISIT UCKOMbBIE 3HAUCHUS yCHIUN N.

1o amropam A & , N ONPEACIAIOT PEAKTUBHBIE YCUIIUSA B OIOpax
pacCUUTHIBAEMOM PaMbl U MPOBOJAT JIBE IMTPOBEPKHU MTPABUIBHOCTH OCTPOCHUS
WUTOTOBBIX 3MIOP BHYTPEHHUX YCHIIAM.

Y3noBas poBepka. Beipesast y3uel Ha smope M | cocraBisiror ypaBrenus
> M
paBHOBECHUS CTaTUKU , PABEHCTBO HYJIIO KOTOPBIX CBUIETEIBCTBYET O

IMPaBUJIBbHOCTU HOCTpOCHHOﬁ OIIIOPBI M .

Cratnueckas npoBepka. J{s ocylecTBIeHHs CTATUYECKON TPOBEPKU IMOKA3BIBAIOT
3aJIaHHYIO CXEMY paMBbl C JEUCTBYIOIICH Ha HEE 3aJaHHOM BHEIIHEW HArpy3KOu,
HaWJACHHBIMU YCHIIUSIMH X1 M YCUIUSAMU B onOpHBIX cBA3siX Q u N. CripaBelsIMBOCTb

. x=0 =0
ypaBHEHHI CTaTUKH 2 " 2 CBUJIETENHCTBYET O MPABHILHOCTH
nOoCTpOeHHBIX 3Mtop Q u N.

PacyéT ctaTnyecKku HeonpeaeanmblX pam MeToaoM CU1 Ha TEMNEPATYPHbIE BOBLI,el\/JICTBI/lFI
BOS}IGIZCTBHG Ha KOHCTPYKIHUIO TEMIICPATYPHI ABJSICTCA OAHUM U3 BUJIOB BHCUIHETO

cuoBoro (akropa. [IoaToMy cucTeMa KaHOHUYCCKHX YPABHCHHH B ATOM CIIydae
OyZeT OTIMYaThCs OT YpaBHEHUH (6.6) TOJBKO CBOOOIHBIMU WICHAMHU.
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X O+t X O+t Ky O+ A =0

" (6.15)
B cucteme ypaBuenuii (6.15) ko puiueHTs Ipu HEU3BECTHBIX (€TUHUYHBIE
MIepEMEIICHUS ) ONIPEACIISAIOTCS TaK ke, KaK P pacuéTe Ha ICUCTBUE CTATUYECKOM

. i .
Harpy3KH, TOr1a Kak cBOOOHBIN wieH — I cucremsl (6.15) nmpencrasiser coOoi
NIEPEMEILIEHUE B OCHOBHOM CUCTEME PAaCCUUTHIBAEMOM paMbl IO HANPABIIECHUIO
YCTpPaHEHHOM 1-1 CBSI3U OT JACHCTBUS TEMIIEPATYpPHI.

B pe3ynbrate pemienns cucteMbl ypaBHeHUH (6.15) HaX0aAT 3HAYEHUS HEU3BECTHBIX

. f
YCUIINH Xit. TOI‘)Ia anfopaM MOJKET OBITH INOCTPpOE€HA B COOTBETCTBHUH C
BBIPAXXCHHUEM

by
; —
M =3>M X,
1=l . (6.16)
B ocHOBHOM cuCTEME pambl OT IEUCTBUA TEMIIEPATYPbl BOSHUKAIOT TOJIBKO
IIEpEMELIEHNS], 4 BHYTPEHHUE yCUJIMS IIPU 3TOM PaBHbI HYJIIO. B 3a1aHHOM cucteme
paMbl BOZHMKAIOT KaK NIEPEMEIIEHUS, TAK U BHYTPEHHUE ycrins. PaccMoTpum

npUMep pacué€ra CTaTUYECKU HEONpEeAeTUMON pamsl (puc. 6.4), B KaUeCTBE BHELIHEN
HArpy3KH Ha KOTOPYIO IEHCTBYET U3MEHEHHUE TEMITePaTypPhl.

Ucxonnbie nanubie 115 pacuéra: £=10m; 00— K03 (HUIIMEHT TUHEHHOTO
t t
TEMIIEPATypHOTO PACHIMPEHHUS; | — TEeMIIepaTypa HapYKHBIX BOJIOKOH PaMbl; < —

TeMIepaTypa BHYyTPEHHUX BOJOKOH; B> h :h=0,125¢ — BeICOTA MIOIIEPEYHOTO
ceyeHus pamel (puc. 6.5).

CreneHb CTaTHUECKOM HCOMMPCACINMOCTHU SBI[aHHOfI CUCTCMBEI OIIPCACIINUTCA U3
BbIPpAXXCHHA

n=3K-11=3-2-4=2(6.17)

N3 (6.17) oueBUAHO, UTO 3aJjaHHAS CUCTEMA SBJISETCS ABAXK]IbI CTATUYECKHU
HEOIPEIEITUMOM.

48



# @y ET tl

£ /
SajaHHas CHCTeMa ( (
5 h »
| o |1 \ \
t
Y, )
t;
A i
? Puc. 6.5
Frc. 6.4

OcHoBHas cucTema paMbl BbIOpaHa U3 3a/laHHOM MYTEM YCTPAHEHUSI U3 HEE IBYX
IPOCTHIX KHHEMATHYECKUX OMIOPHBIX CBA3€H. J{J1s TOro 4ToObl OCHOBHAA CUCTEMA
pambl OblTa SKBUBAJICHTHA 33JaHHON, BMECTO YCTPAaHEHHBIX CBA3EH MOCTABICHBI
uckomble yemmus X1t m X2t.

B cBs3u ¢ TEM, YTO IIPU ONPEACICHUN NIEPEMEILIEHUI OT JEHUCTBUS TEMIIEPATYPhI
YYUTHIBACTCS BIUSHUE U U3TUOAIONINX MOMEHTOB M, U MPOIOIBHBIX CHII N,
SAMHUIHBIC ITFOPBI IOCTPOCHBI JIJIS ATUX CHIIOBBIX (hakTopoB. Ha puc. 6.7 u 6.8
MPEJICTABJIEHBI AMIOPHI OT JEUCTBUS COOTBETCTBEHHO X1=1 1 X2 = 1.

Cucrema KAHOHMYECKUX YPaBHEHUI B IaHHOW 3a7a4€ NPUHUMAET BHJI BBIPAKEHHUS

Oy~ Xy + 0y - Ay + 4 = 0;

Ogp " Xpp +05 - Xy + 4 =0. (6.18)
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L 2

h

X

(O CHOBHAS CHCTEMA

METOOA CHIT
T
?
Fuc. 6.6
7
T X=1 ]
3. M,
?
i
Fuc. &7
—
=1
ML I'h_'f[g
s

Onpenennum K03PHUIIMEHTH KAHOHUYECKUX YPaBHEHUM:

Puc. 6.8

3. I:TI




M, -onM 1 2.1 1 58

&y = S B Bl DU B B D
EJ 2 3" EJ 28] 6EJ
SnM oM, 1 1 &
O3 =03 = : Lol — =
BJ 2 2E] 4EJ
5 Oy on i, 1 2, 1 _ &
= EJ 2 3" 28] 6EJ (6.19)

CBOOOIHBIE YJIEHBI CUCTEMbI KAHOHUYECKUX ypaBHeHul (6.19) onpenenum mno
dbopMyam npeaplIyero pas3aena:

At
g = T2 RPN e
QM F QN (6.20)
At =1t -t :

rae I 72 — u3meHeHUe Temneparyp; h — BEICOTa MONEPEYHOTO CEUCHHUS

£

78 1 =307 1, =20 - M,
s1eMenTa; 1 ; 1 ; 2 C; Q¥  muomanaps SM0pPbl MOMEHTOB ~ ! B

o — I o
OCHOBHOM cucteMe; QF  1I01a/1b SMIOPHI MPOJOIBHBIX CHJI ~ ! B OCHOBHOM
CHCTEME.

3naku B (6.20) onpenenstoT, cpaBHUBAs AePOpMaIIMU OT TEMIIEPATYPhI H OT
€AMHUYHOTO BO3/eiicTBus. Eciii KpuBHU3HA OT CHIIBI M TEMITEPATypPhl OJHOTO 3HAKa, TO
3HaK B cllaraeMoMm Oepércs IUTIoC.

Ecau I[e(l)OpMaHI/II/I OT CHUJIBI U OT TEMIICPATYPBI OAHOT'O 3HAKA, TO BTOPOC CJIAracMoc
6YJICT ITOJIOKHUTECIBHOC.

Ay ma o B g —(1 +3Z )
2 PR
App=—a gLy f:%(é—n

[ToncraBnsist HaliIeHHBIE 3HaYeHUA niepemeneHuit (6.19) u (6.20) B cuctemy
ypaBHeHul (6.18), mosy4aroT CuCTeMy YpaBHECHUI

3 3
IR . FRRCA TS
6 EJ 457 f
¢’ & oAl ¢
E'X“E'X“_T'[I_E]:D'
(6.21)
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[Tocne pemienus JIFOOBIM U3BECTHBIM B MaTEMAaTHUKE METOJIOM CUCTEMbl KAHOHMYECKUX
ypaBHeHui (6.21) HaxomsT 3HaueHus X1t u X2t YCHINNA B «JTUIITHUAX) CBSA3SIX OT
JIEUCTBHS TEMIIEPATYPBHI.

X, = —15,8362 EJaAf - 15836 Bl X, = 2,45?;&?&&

7 = 02457 i

b

VMHOXKas S0Py Miya X1t, a smropy My _waXotu CYMMUPYS MX, TIOJYYHM

M
AIIOPY , OT IeUCTBUS TemmepaTypsl (puc. 6.9).
£
[To amrope , ICTI0JIB3Y s TG (HEepeHIMATBHYIO 3aBUCUMOCTh MeXay Q u M,
orpeesieM

i @}/

15.84 EJa ﬁf/f/’ 15.84 Ela. if:; 0
ML MQXQ : W
a1 MX, om. M
15.84 Ela. 2 46 Ela 1338 EJu
e | 1
Puc 6.9

quzanb —
tgal =—1,8362EJa;

o _, 15,8362 -133787 ) B
= tga.2 10

_ 2ASTSE oAt _ 0.2457E a

fz

”

Qcmoz‘im

[To moxyyeHHBIM 3HAYEHUSIM CTPOUM UTOTOBYIO AMIOPY MONEPEUHBIX CUJI B 3aJaHHOM
cucreme (puc. 6.10). [l mocTpoeHus >mopbl TPo1obHBIX cuil Nt Ha amope Qt
BbIpe3aem y3en C (puc. 6.11).

CocraBnsieM ycrnoBus paBHOBecus y3ia C:
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Elat

Sx=-24575 - N, =0
£ - (6.22)

Sy=-N_ —158362 E"Ff‘f =0
£ .(6.23)

W3 (6.22) u (6.23) Haxogum Npue

[To moyry4eHHBIM 3HAYEHUSIM CTPOUM JIIOPY

MpoBEepKM NPaBUIbHOCTN MOCTPOEHHbIX 3MHOP:

eCTaTmnyecKas NMpPOBEPKa.

f

=-024575EJac IV, =-158362E

(puc. 6.12).

JIns 3aTaHHON paMbl TOKa)KEM BCE PEaKTUBHBIE YCHIINS, B3AThIE ¢ 3mop Q t, Ntu M

t (puc. 6. 13).

1.584 Ela

S

.

.. ¥aern

S QF

Prc. &.10

0.246 Ela.

NCT

L J

Puc. 6.11

R
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E f;) l 1.584 Ela
SN
@ 13.38 Ela /—"""
1.584 EJa. “ -
ﬁ\\ 0.246 EJa
- TI.S 84 EJa
Puc 613
Puc. ¢.12
CocTtaBUM ypaBHEHUSI PABHOBECHS JJISl PAMBbl:
2A5T5 B 2 ASTSE e
>x=- > + > =0
£ £ :
158362 EaeAf 158362 Elok
Z.}’ = - 3 + 3 =0
£ £ :
Zmﬂ _ _13,37’8? EJoAt N 2,45?55’&}:45 e —15,836§ EToAt 1=0
£ £ £

Crartnueckasi IpOBEPKA BBINOJIHEHA U MIOATBEPAUIIA IPABUIBHOCTD TOCTPOCHHBIX

TIIOP.

e/lechopMayUOHHAA NPOBEPKA.

X

Pesynbrar nepemMHoxxeHus >mop Mt Ha € TMHUYHYIO SMIOPY B OCHOBHOM cucteMe (Ipu

BO3JICHCTBUU TEMIIEpaTyphl) paBHseTcs Ait, Trie e _ TEMIIEpATypHOE IIEpEMELCHUE

X .
B HaIIpaBJICHUHA ! B OCHOBHOU CHCTEME.

2 EJ

[TpoBepuM 3T yCIOBUS:

S - OnM,
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1 1 Ejat 2 1 146074 EJaA
_ - .. Y Ml S B B 5 =12 5aAi;
B 2 £ 3 2ET
— A, = —125E atd;
£ £ 133787 EJoA 15 8362 EJaAl
ot A, 183 g 108 {| = 35004 EJAH e,
2E7 © £ £

— 2y, = -35EJalt -4

BrinmonHeHHas I[e(l)OpMaIlI/IOHHaH IMPOBCPKA MOATBECPKIAACT IIPABUIIBHOCTD
MMOCTPOCHHBIX 3ITHOP.

PacyéT cTaTMyeckn HeonpeaeMMON pambl Ha OCaZiKy onop

OmnopHble 3aKpeIuIeHus J1I000H CTPOUTENBHOW KOHCTPYKIIMU MOTYT IepeMEeNaThCsl.
Yarie Bcero 3T0 MOKET MPOSBIATHCS MPU ocaake pyHaaMeHTOB. OT 3THX
NEPEeMEIICHNI CTATUYECKU Heompeeanmas cuctemMa a1eopMupyercs u B e
JIEMEHTAX BO3HUKAIOT BHyTpeHHUE ycuius. [loaToMy HE00OX0IMMO IPOU3BOIUTH
pPacyET TaKUX CUCTEM C YUETOM NEPEMEIIEHUN UX OTIOPHBIX CBS3EH.

Kanonuueckue ypaBHEHMS 11 CTATUYECKU HEOMPEICIUMBIX CUCTEM,
PaCCYUTHIBAEMBIX METOJOM CHJI, aHAJIOTUYHO PACYETY HA TEMIIEPATYPHOE
BO3/IeHICTBHE UMECIOT BU]I

X1 Ot + oot Xy B+t Xy B+ By = 0. 65

Koaddutinents! npu HeU3BeCTHHIX B (6.24) onpenemnstoTcs Tak Ke, Kak U Mpu

OOBIYHOM pacuéTe, a CBOOOTHBIC YIICHBI 4y , IPEJICTABIISIFOIITE COOOM TepEeMEIICHUS
OT OCAJIK/ OTIOPHBIX CBS3CH, OMPEACISIOT MO MOJYYSHHOMY B pa3Jieiie 5 BRIPAXKCHUIO

I
ﬁ:’ﬂ = ZR: "€y
i=1 L (6.25)

riae Ri — peakTUBHOE YCHIIME B OTIOPHOM CBSI3U OT JCHCTBHSI HA OCHOBHYIO CHCTEMY
CIMHUYHOTO CHJIOBOTO (PaKTOpa; ¢i — 0cajika paccMaTprUBacMON OTIOPHOH CBSI3U.
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PaccmoTpuMm npumep pacu€ra CTaTUYECKHA HEOIIPEAECIMMON paMbl HA CME-1LICHUE
omop (puc. 6.14). JIeBas ormopa pamMbl CMECTHJIACh B BEPTHKAILHOM HAIIPaBICHUH HA
BennuuHy © . [TocTporM SIIOPBI BHYTPEHHHUX YCHUIIUH MIPU CMEIICHUH STOW OTIOPHI.
CreneHpb cTaTUYECKON HEOTIPEAECIUMOCTH PACCMATPUBAEMON paMbl U €€ OCHOBHAs
CHCTEMA METO/IA CUJI ONPEAEIIEHBI B MPEIBIIYIIEM IIPUMEPE.

Kanonnueckue YPaBHCHUA MCTO/J[a CHUJI 3alIMIITYTCA B BUAC

Oy " Xy + 0y Xy + 8, =0
Gy Xy + 0 Hpp+dyy=0. (6.26)

B nanHoM npuMepe HaiiZIeHHBIE 110 BBIpaXXEHHUIO (6.25) Aa—c ; =¥ =0.

Ecnu noacraBuTh HaliICHHBIE IEPEMEIICHUS B KAHOHUYECKUE YPABHEHUS METO/1a
CUJI U PELIUTH 3Ty CUCTEMY, TO OKAXKETCH, YTO

24 EJ 36 EJ
Xl =—'—3'C 5 =—'—3'C
11 ¢ 11 ¢

Nroroas snropa U3rudaronmx MOMEHTOB OT OCAJIKU OMOpP B 3aJaHHOM cUCTEME
MOJXXET OBITh MOCTPOEHA M0 U3BECTHOMY BBIPAKECHHIO

nM* =2nM, - X, +2ni, Xow 627)

(O CHOBHASA CHCTEMA
METO g4 CHIT

3aaHHas CHCTeMa

R LY

Puc &.14 Fuc 6.15



Ha puc. 6.16 noka3zaHo mocTpoeHUEe UTOTOBOM AMIOPhl MOMEHTOB B 3aJJaHHON CUCTEME
OT CMEIICHUS OTIOPHI.

ALt
HO I/ITOI‘OBOI71 amope MOMCHTOB CTpOI/IM I/ITOFOByIO 3HIOpy HOHe—pe‘{HBIX
A

CHJI Cumos B COOTBETCTBUH C BBIPAKECHUEM

0.0873 EJvfglf 0.0873 EJ? /f’
_ 2. MyX,
A MX| 0.0436 EJ?
0.0873 ET? 0.1309 EJ? S M
[ |
Fuc 6,16

Torma
_ e _2AEI
teall 115
36 EJ
=0 = ——

&
Ha puc. 6.17 noka3ana 3mopa NonepeyHbIX CUIT Q B 33IaHHOU CUCTEME OT OCAJIKU

or10p.
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F
0.0174 EJ? Qperr
b N N
@ VYzen C i | C
“\ - ] >
X
1 ——Q
S Q 0.0262 EJ?
- ISII:T
¥
Puc. 6.17 Puc. .18
Qﬁ
JIns mocTpoeHUsI SMIOPBI MPOAOJBHBIX CHIT BhIpekeM y3en C Ha smope U
paccMoTpuM ero paBHoBecue (puc. 6.18).
24 EJc
ZIZ_EEU;TC_ pu.?:D Z},?:_ 3 _Ncm =D

11 ¢ ; £ . (6.29)

N3 ypaBHeHnuit paBHOBecus (6.29) Haxoaum
36ETC
Iy pus 3
1187 _ MPOJIOJIbHAS CHUJIa B pUTEJIE;

24 BT

I em 3 -
£ — IPOAOJIbHAS CHJIA B CTOMKE.
Nﬁ

[To mosiy4eHHBIM 3HAUYEHUSIM CTPOUM JMIOPY MPOJOJIbHBIX CHJT B 3a/IaHHOM

cucreMe ot ocagku onop (puc. 6.19). Ilpoeném craTuuecKyro MPOBEPKY
IIPaBUIILHOCTHU MTOCTPOEHHBIX 31mop. Ha puc. 6.20 nmoka3ana cxema paMbl C OIOPHBIMU
peakuusIMH, BOSHUKIIUMU B HEM oT ocaaku onop. CocTaBiisieM ypaBHEHUS
pPaBHOBECHS, 3aMTMCaB CYMMBbI ITPOCKIIUMA CHJI, IEHCTBYIONINX HA paMmy,
COOTBETCTBEHHO HAa OCU X U Y.

58



0.0262 EJ? 0.0262E] T ¥

-

— lﬂ.ﬂ1?4 EJ?
S N
o 0.0436 EJ? |,
0.0174 EJ? . x
S 0.0262 EJ?
0.0174 EJ?
Puc 6.19 Puc. 620
sz_EEic_EEic:ﬂ ZJ”=_§E§C+%E§C=G
11 2 11 ¢ . 11 75 11 ¢
S m z_ﬁﬁ_f_f_gﬁic_f_u%rczﬂ
11 ¢ 11 ¢ 117

YpaBHEeHUs paBHOBECHUSI BBITIOIHSAIOTCS, UTO CBUJIETEIILCTBYET O MPABUIBLHOCTH
BBITIOJTHEHHBIX PAaCU€ETOB.

PACYET HEPA3PE3HbIX BA/TOK

YpaBHeHMe TPpeX MOMEHTOB

Hepa3zpe3noii Ha3pIBaeTCs CTATUUECKU HEonpeaenanmMas 0ainKka, IpUKperi€éHHas K
3emJie 6oJiee 4eM TpeMsi IPOCTHIMU KHHEMATUYECKUMU CBSI3SIMHU.

[Tpu pacuére Hepa3pe3HbIX OAOK OMOPHI MPUHATO HYMEPOBATh clieBa HanpaBo. Ha
puc. 7.1 nokazaHa MHOTOIIPOJIETHAsI HEpa3pe3Has Oalika U €€ OCHOBHAsI CUCTEMA,
BBIOpaHHAs B COOTBETCTBUU C METOJIOM CHIL

59



Fuc. 7.1

CrerneHb CTaTUYECKOM HEONPEACIUMOCTH I HEpa3pe3HbIX 0aT0K MOYKHO
OTIpEeIeNSITh HECKOJIBKUMU criocobamu. Hanbosee paninoHanbHBIM U3 HUX SBISETCS
Croco0, KOTOPBIN 3aKII0YAETCS B TOM, YTO CYUTAIOT OOIIIEE YMCIIO MPOCTHIX
KMHEMAaTUYECKUX CBs3€H, KOTOpbIMU Oajka MpUKperuieHa K 3emiie. M3 storo yucna
BBIYUTAIOT PPy 3, 03HAYAIONTYI0 MUHUMAJIFHO HEOOXOAMMOE YUCIIO TIPOCTHIX
KMHEMAaTHUYECKHUX CBSA3EH AJIs ®KECTKOTO MpUKperieHus 0anku k 3emuie. [lonydyennoe
TaKUM 00pa30M YHUCIIO MPEACTABISIET COOON CTENEHb CTATUYECKOW HEONPEIETUMOCTH
paccMmaTtpuBaeMoi Hepaspe3Hou Oanku. Tak, moka3anHas Ha puc. 7.1, a 6anka
MPUKPEIJIEHA K 3€MJIE€ IIECThIO0 TPOCTHIMA KHHEMATHUYECKUMH CBSI3SIMU. 3HAUMT,
CTETNICHb €€ CTATUYECKON HEONPEACIMMOCTH PABHA TPEM.

Ecnu paccunteiBaTh Hepa3zpe3Hyo 0aiKy METOIOM CHJI, TO HauboJiee paluoHaIbHON
OCHOBHOM CHUCTEMOM JIJIsl He€ SIBIISICTCS Takas, B KOTOPOil B HAJIOTIOPHBIE CEUCHUS
HEepa3pe3Hoil 0aJKky BBEACHBI HIAPHUPHI, BHICBOOOXKAAIOIINE KaX/IbIH OJIHY CTETEHb
cB0o0o B! (puc. 7.1, 6), 1aBast BO3MOXHOCTh YTJIOBOTO MEPEMEIICHHS () HAJOOPHBIX
cedeHul Oasku.

Ha puc. 7.2 nocTpoeHbl €qMHUYHbBIE SIIOPbl MOMEHTOB JJIsl HEPa3pe3HOl Tpu pasza
CTaTUYECKHU HEOIIPEAEIINMOM OAJIKHU.
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3a1aHHAY CHCTeMAa

= X I

{JCHOBHAsI CHCTEMA MeTOa
CHII

-
—T
‘gl
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>~(—B(/ 30 My

1.0
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I
ok
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®/ I if.[l

1.0

ML Iﬁr_‘Ig

1.0

Fuc. 7.2

ComnocTaBiisist 3TU SMIOPBL, MOXKHO CIEJIAaTh BHIBOJ O TOM, YTO B KaXKJI0M U3
KaHOHMYECKUX YPaBHEHHUU METOJa CHJI OYAyT HMETh MECTO TOJIBKO TPU
kod(dUIMEeHTa IPU HEM3BECTHHIX. Bhigennm u3 paccMarpuBaeMon HEpa3pe3Hoit
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Oasiku (puc. 7.3), uMeroniei mo Bcen JuiuHe KECTKOCTh EJ=const, 1Ba conpsmkEHHBIX
JPYT C IPYTOM TPOJIETA.

OrnpenensgeM yroJdi MOBOpOTa P (cM. puc. 7.3) Ha n onope B OCHOBHOW CUCTEME:

& = 5?1;1—1 'Mn—l + 5an 'Mn + 5:r1Jn+1 'M:PHI + 41}‘7' =0 . (71)

I?In+2

2 n-1 i W%Wn Wgwnﬂ n+2£w W

M, M My

5 —_—
(—B DML Mg
1.0
a @ DML i‘f[l
eN 1.0
l:-"n+1
?n+1 _
&Q// e
1.0
Cn :‘C“-H
w‘)/ T/ 3. Mg
Wyt
I w
dy bn iyt bn+1
Puc. 73
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[lepemMHOXXE€HHNEM COOTBETCTBYIOIINX €AMHUYHBIX S0P OMPEaeTUM KOIPPUITUEHTHI
TP HEU3BECTHBIX.

5}1?4—1:2 . nl = ! lfn 1'1: -
: EJ Bl 2 "3 6E] (7
Sn M
5nn = il - ! l 'En'%']'_i_i ! 'Eln+1'%' _i(fn+'€n+)
By B2 3 i 2 3 0T (7.3)
5 -y Snd,-onM,, 1 R _l_l_f'n+1
et EJ B2 "™ 37 6ET (74

o
ITpu onpeneneHnu rpy30BOro NEPEMEILICHHUS Lo Ha rpy30BO#i dmiope = ¥ MPHHATHI

. @ Pt
o0o3HaueHus: ~ # u ~ **l — muomanu rpy30BbIX SMOP MOMEHTOB (METO/Aa CHJI)

. £ £ + . [ b +1
COOTBETCTBEHHO Il MPOJCTOB " " ©® M+l "7 g """+l — pacCTOSIHUSA OT LICHTpa

TSHKECTH 3THUX JMHOP (CM. puc. 7.3) COOTBETCTBEHHO 10 omop (n—1) u (n+1).

SnM% -l _ 1 a 1 by

. S ¢ SR .
EJ g7 e TEr (7.5)

¥

Ap=2.

[ToacraBum Haitnennsle epemerienus B (7.1), mepeHocs rpy30Boe NepeMenieHre B
IPaBYIO YaCTh YpPaBHEHUS U COKpallas BCce ciaraeMble Ha U3ruOHyo xECTKOCTh EJ:

+ Z(E]n +E]H+1).Mn + JE]r:s+1 'Mn — _[dn - &, _|_bn+1 | ]
(7.6)

f
nar
6

nl 6 { !

o] n+l

Crnenyet 0OpaTuTh BHUMaHUE Ha MPaByIo0 4acTh BeipaxkeHus (7.6). [1o cytu, ona
IpeiCTaBIsgeT cOO0M CyMMY JBYX YCJIOBHBIX ((DUKTHUBHBIX) OTIOPHBIX PEAKIUH,
ITOJTYYEHHBIX OT 3arpy>KEHUs YCIOBHOM HArpy3KOM, OITMCAHHOM 1O 3aKOHY

Gy ", D1 * @y
MC‘ B&b = nf A/4)'i--‘l.!-h'|':|. = n+'€ *
MOCTPOEHHBIX TPY30BBIX dMt0p ~ ¥ . O003HAYHB moou n+l

(B f + A}il ) Rf

, & UX CyMMY 3a Y TIOJICTaBUB UX B BeIpakeHue (7.6), moaydum
YPaABHCHHE, KOTOPOC B CTpOI/ITeHLHOﬁ MEXaHUKEC HOCUT Ha3BaHHUC YPaBHCHHUA Tpéx
MOMCHTOB.

EI:—'1 'Mn—l +2(€n+1 +'€J’1).M?’! +'€n+1 M +1 :_6Rf

4]

(7.7)
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[Tpu pacuéTe MHOTONMPOJIETHBIX HEPA3PE3HBIX OAIOK HA CTATUUECKYIO HArPYy3KYy AJIs
KaXJI0U IPOMEKYTOYHON ONOPBI 3aMMCHIBAIOT YPABHEHUE TPEX MOMEHTOB. TaKnx
YPaBHEHUH 3aMKMCBHIBAIOT CTOJIBKO, CKOJIBKO Pa3 ABISETCS CTATUYECKH
HEONpEENNMON paccunThiBaeMas Oanka. B pesynbrare pelieHus noixy4eHHOW TaKUM
00pa3oM CUCTEMBI alre0pandecKnX ypaBHEHHUN HAXOAT 3HAUEHUSI ONTOPHBIX

MOMEHTOB. CTPOSAT 3MIOPY ONOPHBIX MOMEHTOB, KOTOPYIO T€OMETPUYECKU
M3
CKJIaJIBIBAIOT C TPY30BOH 3IMIOPOi ~~ ¥ . B pe3ynbTare CII0KEHUS MOydYaroT SI0pY

MOMEHTOB B 3aJJaHHOU CUCTEME.

AP po
B npuin. 2 npuBeneHbl 3HaueHUs] GUKTUBHBIX OTIOPHBIX PEaKIIHil 15 RGP 1 6
Han0oJiee XapaKTEPHBIX CIIy4aeB 3arpy>KEHHs OJTHOMPOJIETHBIX OAJIOK.

PacyeT cTaTnyecku Heonpeae/IMmMmblX CUCTEM METOAOM ﬂepe/\/\eu_LeHle

OcHOBbI MeToAa

Meron nepeMeieHni B CTPOUTEIIbHOW MEXAHUKE SIBJISIETCA BO MHOTOM
OCHOBOTIOJIATAOIIHUM JIJISI OOJIBIIIMHCTBA COBPEMEHHBIX METOJ0B (METO I KOHEYHBIX
AJIEMEHTOB U JIP.) PACKPBITHS CTATUUECKON HEONPEISTIUMOCTH CIOKHBIX CTEPKHEBBIX
KOHCTPYKLIHH.

B merozne cuit 3a HeM3BECTHBIE IPUHUMAIOT YCUIIUS 4 B YCTPAHEHHBIX CBA3sX, 4
JIOTIOJTHUTEIIBHBIMU YPABHEHUSAMMU SIBJISIOTCS YCIIOBUSI COBMECTHOCTH OCHOBHOU U
3aJJaHHOM CHCTEM, 3aIIMCBHIBAEMBIX B BUJIC YPABHEHUMN, ONMCHIBAIOIIMUX PABEHCTBO
IIEPEMENICHUN B HAPABJICHUU ITUX YCTPAHEHHBIX CBS3EH.

B meTone HepeMemeHHﬁ, HaO60pOT, HCHU3BCCTHBIC BLI6I/IpaIOT B BHJC

e
NEepPEMEIEHUN ~ !, a JOIOJHUTEIbHBIMUA YPABHEHUSAMU SABJISIOTCS YCIOBUS
COBMECTHOCTH OCHOBHOM U 3aJaHHOM CUCTEM, 3aIIMCAHHBIX B BUJIE€ CTATHYECKUX
YPaBHEHHM.

OcHOBHasi cucTeMa B METOJI€ CHJI OOBIYHO BHIOMPACTCSI CTATUUECKHU OMPEICTUMOM.
B meTone nepemenienrii OCHOBHasi CUCTEMa BCErla CTAaTUYECKU HEOIpeAeTuMasl.

Merton nepemenieHnii UMeEeT TPEUMYILIECTBO MTEPE]l METOJOM CUJI B TOM, YTO IS
CIIOYKHBIX KOHCTPYKIIMHA KOJMYECTBO HEU3BECTHBIX B METOJE MEPEMEIICHUI MEHBIIIE,
YeM B METOJIE€ CUJ. [[pyruM npeuMyIecTBOM METO/1a NEPEMELICHUN NIEPE]T METOI0OM
CHUJI ABJISIETCS TO, UTO B METOJIE TIepEeMEIICHUM IS JIF0OOH 3aJaHHON CHUCTEMBbI
BO3MOJKEH TOJIBKO OJIMH BAPUAHT OCHOBHOW CUCTEMBI, TOTJ]a KAK B METOJI€ CUJI JJIs
3aJTaHHOM CHUCTEMBI MOYKHO BBIOpATh HECKOJIBKO BAPHAHTOB OCHOBHOM CHCTEMBL.

64



IIpu pacu€re paMHBIX CHCTEM METOJIOM IIEPEMEILICHUI IPUHUMAIOT CJIEYIOIINE

JOITYIICHUS:
a) neopmanusiMu CTEpKHEN, pabOTarOIIMX HA U3TMO OT MPOJOJIBHBIX U MOIEPEYHBIX

CUJI, IPEHEOPEraloT;

0) BBHy MaJIOCTH NIEPEMEILICHUN OTPE3KHU, COCIUHSAIOIINE KOHIIBI JII0OOTO
ne(OpMHUPOBAHHOTO CTEPKHSA, TPUHUMAIOT PABHBIMHU JIJTMHE CAMHUX CTEP)KHEH;

B) COJIMKEHUE KOHIIOB CTEPKHS MIPU €ro U3rude Kak OT BHEIIHEH HAarpy3KH, TaK U OT

CMCHICHHA Y3JIOB paMbl HC YUYHUTBIBAIOT.

3a HEU3BECTHBIE B METOJIE NIEpeEMELIEHUI MpUuHUMatoT (puc. 8.1) nepemenieHus
7 — yriibl TOBOPOTA KECTKUX Y3JIOB PAMbI U JIMHEHHBIE CMELIECHHUS Y3JI0B PAMBI.

Vaen 1
I PP Yen2
;"\Izl z ’fﬁzz
h/2 4 | 7
F h 'JJ’ IIJ
h L ;," II|
h2 i f
r :
?
Fuc. 5.1

Bbi6Op OCHOBHOW CUCTEMb

OCHOBHYIO CUCTEMY B METO/I€ IEPEMELIEHUI BEIOUPAIOT U3 3aJaHHON yTEM
BBEJICHUS BO BCE KECTKUE y3JIbI YCIOBHBIX KECTKUX 3aJ1e]0K. B HampaBieHuu
BO3MOXKHBIX JIMHEWHBIX MOJBUKEK 3JIEMEHTOB 3aJaHHONW CUCTEMBI CTaBST YCIOBHBIE
MPOCThIE KWHEMATUYECKUE CBS3H, MPEMATCTBYIOIINE JTUHEHHBIM MOABUKKAM ITUX
arieMeHTOB. ClielyeT OTMETHUTD, YTO YCJIOBHBIE KECTKUE 3aJIeJIKU MTPEeIOTBPALAtOT
TOJIBKO YTJIOBBIE MIEPEMEIIEHUS, HO HE MPEMSATCTBYIOT JIMHEWHBIM TIEPEMEIICHUSIM

3THUX Y3JIOB.

B MECTOJIC HCpCMeIHeHI/Iﬁ 3a/laHHas CTCPIKHEBAA CUCTEMA IIPCBPAILIACTCS B
COBOKYITHOCTB O,ZIHOHpOJ'IéTHI)IX CTATUYICCKU HCOIIPCACIIUMBIX CTCp)KHCﬁ, HN3BCCTHBIC

pPELIEHUS KOTOPBIX UCIIOJIb3YKOTCS IIPU PACUETE pACCMATPUBAEMBIX 3aJaHHBIX CHUCTEM.
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B meTonie nepeMenieHuii MMeeT MeCTO He CTaTUYecKas, Kak B METOJIe CUJI, a
KHHEMaTH4YecKasi HEONPEACIMMOCTh 3aJaHHOM cucTeMbl. KnHeMaTHnaecKyro

HEOIPEIEIUMOCTD N ONPEAEIAIOT IO BEIPAKECHUIO
H=H,6+H
Fooo2 (80)
f N
rae  F — 4UCio )KECTKUX Y3JI0B, B KOTOPhIE HEOOXOJUMO BBECTH YCIOBHBIC KECTKHE
3aJICIKH, YCTPAHAIOIINE BO3SMOXKHBIE IIOBOPOTHI Y3JIOB;  # — YHCJIO IMIPOCTHIX
KMHEMAaTUYECKHUX CBA3EH, KOTOPbIE HEOOXOAMMO BBECTH B 33JaHHYIO CUCTEMY, YTOOBI

YCTPaHUTh BO3MOKHBIE JIMHEWHBIE ITOJBUKKH JIEMEHTOB PAMBI.
[Tpumep. OnpenenuTs CTENEHb KHHEMAaTUYECKONH HEONIPEAECIICHHOCTH PaMBbl,

MoKa3aHHOU Ha puc. 8.1.
, T.K. paccMaTpuBaemas pamMa UMeeT JBa KECTKUX y3Ilia, 0003HaUYECHHBIX Ha

J = 2
cxeme mudpamu 1 u 2;

71 .
2 BO BCE y3JIbl 33/IaHHOM paMbl BBOJAT IIapHUPHI (puc. 8.2), Tem
CaMbIM IIpeBpaIlas 3aJaHHYI0 CXEMY paMbl B TEOMETPUYECKH U3MEHIEMYIO CUCTEMY.

o JIs1 OIIpPEACIICHUS
Viaer2

Viaenl o

Fuc 2.2

B nanpHeliem uccienoBaHuE TaAKOW CUCTEMBI CBOJMUTCS K OIIPEACIIEHUIO TOTO
KOJIMYECTBA MPOCTHIX KHHEMATUYECKUX CBSI3€H, KOTOpbIE HEOOXOIMMO MOCTABHUTH B
He€ JJI TOTO, YTOOBI IPEBPATUTD €€ B TEOMETPUUECKU HEU3MEHIEMYIO cucTemy. Jlis

storo no ¢opmyse ni = 3 /] — 2111 — CO u3 nepBoro paszesna HaCTOALIETO Kypca

ornpeensieM

n,=3:5-2:4-6=1 4,



N3 (8.2) oueBuIHO, 4TO 3aaHHas HA puc. 8.1 cucTemMa uMeeT OJIHY JTUHEHHYIO
MOJABUXKKY.

Takum oOpa3zoM, coryiacHO BeIpakeHHIo (8.1), cTeneHb KHHEMAaTUYECKOM
HEONPEEIMMOCTU paccMaTpuBaeMon pambl OyieT paBHa

n=n,+n, =2+1=3

. (8.3)

[Tpu BEIOOpE OCHOBHOM CHCTEMBI METO/Ia IEPEMEILICHUN B HKECTKUE y37bI 1 U 2
3a/IaHHOM CUCTEMbI BBOJIUM YCIJIOBHBIE 3aLIEMIICHHUS], YCTPAHSIOIINE TOBOPOT
IIPUMBIKAIOIIUX K ATOMY Y3JIy IIOIIEPEYHBIX CEYEHUN CTEPKHEN. 3aTEM B
HaIPaBJICHUH BO3MOXHOM JIMHEHHOMN MOABUKKH BBOAUM OJIHY YCIOBHYIO ITPOCTYIO
KHHEMATUYECKYIO CBA3b 3, KOTOpasi yCTPAHAET BO3MOKHOE JINHEHHOE CMELIEHUE
rOPU30HTAJIBHOTO 3JIeMeHTa paMbl (puresns). Ha puc. 8.3 nmoka3zana BeiOpaHHas U3
3aJlaHHOM (CcM. puc. 8.1) ocCHOBHas cucTeMa.

M3 aHanu3a OCHOBHOW CHCTEMBI BUJTHO, YTO OHA MPEJCTABIAET cO00i HabOp
OJIHOIIPOJIETHBIX CTATHUECKH HEeolpeaeanMbIx Oanok. Kak npaBuio, Takumu OaakaMu
SBJIAIOTCS OAJIKU JBYX TUIIOB — 3allleMJIEHHBIE C 00EUX CTOPOH U OaJKH,
3aleMJIEHHBIE C OJTHOM CTOPOHBI U IIAPHUPHO ONEPTHIE ¢ Apyrou. Mcxons us storo,
OCHOBHYIO CHUCTEMY METO/1a NIepeMEIICHUIM B 0000IEHHOM BHUI€ MOXKHO MPEACTABUTH
KaK CHCTEMY, COCTOSAIIYIO U3 Ha0opa ONpeaeIEHHOr0 KOJTUYEeCTBA KOHEUHbIX
31eMeHTOB. OJTHaXK/bl PACCUUTAB ATU CTATUYECKU HEONIPEAETUMBIE OAJIKU OT
JIEUCTBHUSI PA3JIMYHOIO BHU/IA BHEIIHEN HArPy3KHU U MEPEMELIEHNM, UX MOXKHO
UCIIOJIb30BaTh JIJISl pacuéra JF0ObIX CTATHUECKH HEONPENEITUMBIX CTEP)KHEBBIX CUCTEM
METOJOM IepeMeleHui. B nmpui. 2 npuBeaeHsl JaHHbIE pacyéTa 4acTo
BCTPEYAIOIIMNXCS B NHKEHEPHOU MTPAKTUKE CTATUYECKHU HEONPEIETUMBIX OAJIOK.

Zy Za
Za 2 P

» J—
Elp

Ceseep3d | Cessb1l Cpsi3p 2
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KaHOHMYecKne ypaBHEHMA MeToa NepemMeLl,eHni

B xaxxnoi ycIIOBHO BBEJEHHOU CBSI3M OCHOBHOM CHUCTEMBI BO3HUKAIOT PEAKTUBHBIC
YCHJINSI KaK OT JEHUCTBUS BHEIIHEN HArpy3KH, TaK U OT CMEIEHUs CcBsA3er. B 3anenkax
BO3HUKAIOT PEAKTUBHBIE MOMEHTBI, & B JIMHEHWHBIX CBA3SIX — PEAKTUBHBIC YCUIIHS.

Y cnoBUs SJKBUBAJIEHTHOCTH 33JJaHHOM U OCHOBHOM CUCTEM B METOJI€ IEPEMELLICHUN
3aIMCHIBAIOT B BUJE CUCTEMbl KAHOHUYECKUX YPAaBHEHUN

Hi-Z 4t 2+ 0+, 2, + e =0

Fal ) Font by i+t by 2, + e =0, (8.4)

.~

Kanonunueckue ypaBHEeHHs METO/1a niepemelieHu (8.4) onmuchIBalOT peakTUBHbBIC
YCUJIUS B YCIOBHBIX CBSI3SIX U 3aJ€JIKaX OCHOBHOM CUCTEMBI KaK OT IEPEMEILICHUI
ATHUX CBSI3€M U 3aJI€JIOK, TAK U OT 3aJJaHHON BHEIIHEN HATPY3KHU.

®duznyeckuit cMbIC] KOA(QPUIIMEHTOB NMPU HEU3BECTHBIX MEpEeMELICHUsX Z1
3aKJIIOYAETCs B TOM, YTO T1j IPeJICTaBIseT CO00I peaKTUBHOE YCUIIME B 1-i1 yCIOBHOM
3aJIeJIKe UJIU CBSI3U B OCHOBHOM CHUCTEME OT MEepEeMEIIEHUs j-i1 YCIOBHOM 3a/1e1KU WU
CBSI3M Ha €IMHUILY.

duznyeckuii CMbICT cBOOOAHOTO WwieHa RiF cucTteMbl KaHOHMUECKHX ypaBHEHHIM
METO/1a IEPEMEILICHUM 3aKITI0YaeTCsl B TOM, YTO OH IPEJICTaBIseT COO0I peakTUBHOE
YCWINE B 1-i YCIIOBHOM CBSI3M WJIM 3aJI€JIKE OT BHEIIHEW Harpy3KHu.

PaBencTBo HYJIO KaXXI0T0 U3 ypaBHeHI/Iﬁ 03Ha4dacT, 4TO B 3aI[aHHOI>'I CHUCTCEMC HCT HU
3a4€JI0K, HA CBHBGﬁ, T.K. OHH ABJIIIOTCA YCIIOBHBIMU.

CucremMa KaHOHUYECKHUX YPaBHEHHM METOa TIepeMEeIeHN B MaTPUIHOHN dopme
VMEET CIEAYIOIINMN BUI:

—

[T

—+

7. : . 5 _
rae ¥ — Marpuiia peakiui; fap _ BEKTOP PEAKIMi OT BHENIHEW HATPY3KH; =
— BEKTOp UCKOMBIX NIEPEMEILICHUN.

. ryor 5
B MaTpuiie peakiuii pa3nuaroT «riiaBHbley peakiuu 11, 42T pMmeromnue
I#]

s e .rlz ,?"13 ,i"i H
WHACKCBI 1 = ], U IMOOOYHBIE pE€aKnuun , s eeey - HUT.A., Y KOTOPBIX
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1 Az Hn fip Zy
- 1 T Bl s | far Z Zy
L » R{F— i
Pt ez e B _RnF_ _En_ (8.6)

«I'1aBHBICY pe€aKuunn BCCraa moJIOKUTCIbHLI. ITo6ounEbIE pe€aKinun MOTYT UMCTb

. . Fo = Fy
1r000M 3HAK U 00J1aJat0T CBOMCTBOM B3aUMHOCTH, T.€. ¥ "

—+

, Fa .
Martpuna xéctkoctu ¥ 001anaer psIoM CBONCTB:

ONIpCACIINTCIIb ATOH MaTpulbl BCCraa MmOJIOKUTCIICH,

7 .
MaTpuna u BCCraa CMMMCTPUYHA OTHOCUTCIIbHO I'NTAaBHOW JHAIOHAJIN,

IMPOU3BCACHUC JIBYX «TJIaBHBIX» pCaKHI/Iﬁ BCCTa OoJIbIIIE KBaapara

;
}‘;.!. F.oo== }’;
COOTBETCTBYIOIIETO TOOOYHOTO Mepemenienus * & ¥

. 7y .
I[J'IH ONpCACIICHUS 3HAYCHUHN 3JICMCHTOB g MaTpuObl pCAKIIUU CTPOAT SIIOPLI

M, L Zo=1 .
MOMEHTOB OT NIEpEMEIIECHUN ~ ! YCJIOBHBIX 3a/1€JI0K U cBsA3eil. Ha puc. 8.4
MOKAa3aHbI TaKWE SMIOPHL, TOCTPOEHHBIE JIJIsI OCHOBHOM CHCTEMbI, H300paXEHHOM Ha

M;
puc. 8.3. 3HaueHus1 OpAMHAT S0P B3SIThI U3 IIPUIL. 2.

B cTpouTenbHON MEXaHUKE UMEIOTCS JBA METOAA ONPEAECIEHUS 3HAUCHU

F. . . .
3JIEMEHTOB ¥ MAaTPHIIBI peakiuii: 1) KHHEMaTUYeCKHU, KOTOPBI OCHOBAaH Ha
npasuiie [1.Bepemaruna (aHaJoru4Ho onpeeeHUIo NepeMEeIIeHN) TyTEM
NEPEMHOXKEHUS SMIOP; 2) CTATUYECKUH, UCTIOIB3YIOLINUN YpaBHEHUS] paBHOBECHS.

o F
Haubornee panoHaIbHBIM METOJ/IOM OIPEICTICHHUS PCAKTUBHBIX YCUIIHNA ¥ SIBIISCTCS
CTaTUYECKUM METOJ. B COOTBETCTBHM C 3TUM METOJIOM MCIIOJIB3YIOT JIBa YPABHEHUS

M .
CTaTUKHU — 100 ypaBHEHUE MOMCHTOBZ , THO0 CyMMY MPOEKIMI Ha Ty WU
=0 .
UHYIO OCb, HAaIIpUMEp Yy, 2 , CWJI, IEHCTBYIOIINX HA pacCCMaTPUBAEMYIO YacCTh
OCHOBHOM CHUCTEMBI METOJA NTEPEMELICHH.
o }’;
PaccmoTpum B KadecTBe IpuMepa ONPEICIICHUE PEAKTHBHBIX YCHWIIMKA ¥ TI0 AIIOpaM,

MOKAa3aHHBIM Ha puc. 8.4.
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CEASE 1

CB4sb 1
CEAsh 2 “ 5(
@ CBAsE 3
4EJP ' ZEJp
?
- 1. I'\-_'Ig
2. M,y

6EJ:  3El:
B 3E] 3El. 3EI:
4ET:. GEJ: h ?
= h h
1L M3 6EJI:I
2E]: 6El: ?
oE: h

\ DML E‘I?

Fuc 24
Z3=1

f;
Jl1st onipeieNieHus, HapuMep, PEaKTUBHOTO YCHIINS 1l | KOTOPBIM SBIISETCS
M3TUOAOIINI MOMEHT B YCJIOBHOM 3aJieJIke 1 OT OBOPOTA TOH 3a/IeTIKH Ha CANHUILY,

Ml 1 ,?‘i 1
MBICJICHHO BBIPEKEM Ha JIIOPE y3en 1 (puc. 8.5, a). PeakTUBHBII MOMEHT
HaIlpaBJICH B CTOPOHY 3aJJaHHOTO nepemMenienus Z1. PaccmarpuBasi paBHOBECHE 3TOTO

Shon (4B, 4m), o 4ET, 4B,
y3I1a, 3aMuiieM £ h = £ h
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CBA5b 2

CEAsE 1 3ET, ‘\_/_,

“““ PEICTEH}’TO ¢ BOJIOKHO

CBA5b 1

-~ -~
12EI: 3EI:
I’ 2 I’

i . .

PeakTrBHOE ycuiue 12 mpeacraBisieT U3ruOaroIuii MOMEHT, BOSHUKAOIIU B
b

YCJIOBHOM 3aJieJIKe | OT MOBOPOTA YCIIOBHOM 3a/I€JIKU 2 HA €IUHULLY.

M
B COOTBETCTBUM C 3TUM Ha SIIOPE ~ 2 MBICJIEHHO BBIpEskeM y3el 1 (cm. puc. 8.5) u
CHOBA COCTaBHM YpaBHEHHE PaBHOBECHSI:

2B, 2E7,

M =h, - =0 ny=
12 7 12 7
—

ITpoBOas aHANOTMYHBIE PACCYXKACHUS, HETPYIHO HANTH PEAKTUBHOE YCUIIME (CM. PHC.

IET,

Fog = —
23 3

8.5, B) A" B CIIy4ae, €CJIM PEAKTUBHBIM YCUJIUEM SIBIISIETCS MPOJIOIBHOE

YCHUJIME B YCIIOBHOM CBsI3M (B JAHHOM CJIy4yae 3TO YCJIOBHAs CBs3b 3) ypaBHEHHE
L2 x=10
paBHOBECHS MPEACTABIISIET COOOM . 1715t TOro 4TOOBI COCTABUTH ITO

M . .
ypaBHEHHE Ha dImope (3mopa = ), IOCTPOEHHOM OT JMHEWHOTO TEPEMEILCHUS
YCIIOBHOM CBSI3U 3, MBICJIEHHO JIEJIal0T CEYEHHUE U pacCMaTpUBAIOT paBHOBecHE (puc.
8.5, ) ocTaBLIEHCSA YaCTU PaMBl.

71



12EJ 3EJ 15EJ
LX=ty —— s~ =0 =
B paccmatpuBaemMom npumepe h h = h

¥
JJ1st OLIeHKH MPaBUIIBHOCTH BBIYUCIIECHUS KO3PPUIUEHTOB ¥ CTPOAT CyMMapHYIO

eMHMYHYIO SIIOPY Mz (cm. puc. 8.4).

[IpousBeneHue ITOM MIOPHI caMy Ha ceOsl TOHKHO JIaBaTh CyMMY BCEX
KO2(PUIIMEHTOB NMPU HEU3BECTHBIX.

Sﬂ.ﬂz . Sﬂ.jlr_ﬁrz _
EF

B cnyuae HeBbINOIHEHUS paBeHCTBA (8.7) MPOBOASIT OCTPOUYHYIO IPOBEPKY.

Z‘Sﬂ.ﬂz 'Sﬂ.jlr_’irl
BT

=H1+tH .+ 8,

=Fy + gy ety
EJ P 88) e

Ziﬂnﬂz oM _
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Jns onipenienieHnust CBOOOIHBIX YWICHOB Bp CHUCTEMBbI KAHOHUYECKUX ypaBHEHUH (8.4)
METO/1a IEPEMEILICHUN B OCHOBHOM CHUCTEME CTPOSIT TaK HA3bIBAEMYIO TPY30BYIO

ol
S0Py Mp , IOKa3aHHYIO0 Ha pHC. 8.6.

[Ipy mOCTpOECHUH 3TOM SIMIOPHI UCIIONB3YIOT CTAHAAPTHBIE PEIECHUS U3 TIPUIL. 3.

3HaueHHU R’F HaxoIsT, UCTIOJb3YA TC KC€ MCTOAbI, KOTOPBIC UCTIOJIb3YIOTCS IJIA

F..
omnpeneneHus koapduimentos ¥ . Tak, as onpeaencHus 3HAYCHUS! PEaKTHBHOTO

fip Ryp i
yCUIUA MBICJIEHHO BBIPE3aK0T y3el 1, a ycuinus — y3en 2. 13 ypaBHeHHi

2 2

o Fh, _ g P gt
1F = T 1R = T

PaBHOBECHS HAXOIAT COOTBETCTBEHHO g 12y 12 PeakruBHOE

E . .
ycwiIne ~ ¥ | KOTOpBIM B JaHHOMW 3aJ1adye SBJISCTCS IPOJIOJIbHOE YCHIINE B YCIIOBHOM
MY
CBSI3M 1, OTIpENeIsIFOT, MBICIICHHO JIejiasi CEYCHHE Ha dITIope ~ F 10 cTOMKaM OJIM3KO

F
fap =——

K puremnto. 3 cyMMbI IpoeK1Mii Ha TOPU30HTAIbHYI0 OCh MOXHO HaWTH 2
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CBA5E 3

o4
12

CEAsE 1 q?d

24

311 MDF

Puc. 2.6
q2°
_2 v
q2°
-2
_Clﬁ + Fh 3. M- F
Z Z {(MeTOA CHI)

[IpoBepka NpaBUIBHOCTH OMPEICIICHUS] 3HAYCHU Fp OCYILECTBIISIETCS B

COOTBCTCTBHUH C BBIPAXKCHHUEM

ZSHJEE -3 M 5 (mem cun)
27

a
e N

H

i=1

= —Z fip

, (8.9)

q?
1

CEAsb 2

— BMIOpa U3rUOAOIIMX MOMEHTOB (pHUC. 8.7) OT BHEIIHEH HATrPY3KH,

IOCTPOEHHAS B JIFOOOW CTATUYECKHU ONPEEISIEMON CUCTEME, SBIISIOLIENHCS OCHOBHOM
CHUCTEMOM METO/Ia CUJI PACCUYUTHIBAEMOM 3aJJaHHOW CUCTEMBI.
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PelleHMe cucTeMbl KAHOHUYECKUX YPABHEHMIA 1 MOCTPOEHME 3MOP BHYTPEHHUX YCUIUI

v ..
Haiinennsie 3HaueHUst KO3()PUIUESHTOB MPU HEU3BECTHBIX ¥ U CBOOOJHBIX YWICHOB

Bp MOJICTABIISAIOT B cUCTEMY (8.4) KAHOHMUYECKHUX YpaBHEHHM METO/a IepeMeleHui
U pelaroT JI00BIM U3BECTHBIM B JIMHEHHOH anredpe crnocoOom.

B pesynprare pemeHnst CucteMbl KAHOHMYECKUX YPABHEHUN METO/1a IEPEMEILICHU I
HAXOJIAT 3HaYEHUs Z1 UICKOMBIX Tiepemeniennii. Haxoxxaenne ncCKkoMbIX 3HaU€HUN
nepeMeIleHnid Z1 03Ha4aeT, YyTo 3a/1aHHasl K pacuéTy (3a/laHHas CUCTEMa) CTEPKHEBAsI
KOHCTPYKIIMSI CTAHOBUTCSI KHHEMATUYECKU OIPEACITMMON.

Bce BHyTpeHHUE yCHIINS, BOSHUKAIOIIUE B MONIEPEYHBIX CEUEHUAX CTEPKHEN OT
HaWJCHHBIX TIEpeMeIleHni Z1 ¥ OT 3aJIaHHOM BHEIIHEH Harpy3Ku, MOTYT OBITh B
COOTBETCTBHM C MPUHLIMUIIOM CYNEPIIO3ULIMU ONIPEAECTICHBI U3 BBIPAKCHUS

M=3-M,-Z +M:
i1 . (8.10)

HeobxoaumbIM KOHTpOJIEM MTPaBUIIBHOCTH MTOCTPOEHUS MIOPHI M SIBIIsIeTCS yCIOBUE
paBHOBECHS N3TMOAIOLIMX MOMEHTOB B KECTKUX Y3JIaX pacCUUTHIBAEMO

. . M
KOHCTPYKIIMH. B OCHOBHOM cHUCTEME METO/1a IEPEMEILICHUN €AUHUYHBIE ~ ‘U
M5 :
rpy3oBas = ¥ SIIOpHI ABIAIOTCS HEYpPaBHOBEHICHHBIMU. HO eIMHUYHBIE SMIOpBI ~ ¢,

OyIydr KaXkaasi yMHOKEHHAsI HA COOTBETCTBYIOIIEE €if IepeMenieHne Zi u
. . MG
CIIOKEHHBIC IPYT C APYTOM M IPY30BOM 3IIOPOH ~ ¥ , 00s13aTEIbHO JTOJIKHBI B UTOTC

JIaBaTh AMIOPY MOMEHTOB M ¢ ypaBHOBEIICHHBIMU B KECTKUX Y371aX MOMEHTaMHU.
OTMeueHHOE YCI0BUE MPABUIILHOCTH MTOCTPOECHUSI UTOTOBOM SMIOPHl MOMEHTOB

M siBnsieTcss HEOOXOAMMBIM, HO HEIOCTAaTOYHBIM. Jl0CTaTOYHBIM yCIIOBUEM
MPaBUIILHOCTHU MTOCTPOCHUS AMIOpHI M siBIIgeTCst mpoBeaeHue AehopMamoHHON
MIPOBEPKH, CYyTh KOTOPOW M3JI0KEHA B pazneiie 6 HacTosuiero kypca. [Ipu atom He
MMEET 3HAYEHUS, C UCIIOIb30BAHUEM KaKOI'0 METOJIa — METOAA CUJI I METOJa
IIEPEMELICHNAN — IIOCTPOEHA UTOTOBas d1opa MOMeHTOB M. I1oatomy s
poBeACHUS Ae(HOPMAIIMOHHON MMPOBEPKH M3 3aJaHHOW pacCUUTHIBAEMOMN CUCTEMBI
BBEIOMPAIOT JTI00YI0 OCHOBHYIO CUCTEMY METO/a CHJI, B KOTOPOH CTPOSIT JIFOOYIO SMIOPY

MI ~ ~ X = 1
MOMCHTOB OT ACHUCTBUA HCU3BCCTHOM CHIJIBI ! . CO6JIIOI[CHI/IC

Snd - Sndd, (.ﬂ,iemcwz) -0

yCIIOBUS ES CBUJIETENBCTBYET O MPABHIBHOCTH
OCTPOEHUS MIOPbI M.

[TocTpoenue 3mrop nonepedHsix Q U MPoIOAbHBIX N CHII OCYIIECTBIISIOT TOYHO TaK
e, KaK 3TO JiejaeTcs (CM. pasfen 6 HaCTOSIIero Kypca) Npy PelieHnH CTaTUYeCKU
HEOIPEACIUMBIX 3a1a4 METOJIOM CHJI.
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